
&RPSXWDWLRQDO VWXGLHV RQ DJHLQJ
DQG DJH�UHODWHG GLVHDVHV

+DQGDQ 0HOLNH '|QHUWDú

(XURSHDQ %LRLQIRUPDWLFV ,QVWLWXWH �(0%/�(%,�
8QLYHUVLW\ RI &DPEULGJH

7KLV GLVVHUWDWLRQ LV VXEPLWWHG IRU WKH GHJUHH RI
3KLORVRSK\ RI 6FLHQFH

'DUZLQ &ROOHJH $SULO ����





$QQH YH DQQHDQQHPH� KHU ]DPDQ \DQÕPGD\GÕODU YH EXJ�Q EX WH]L \D]DELOL\RU ROPD\Õ
RQODUD ERUoOX\XP«





'HFODUDWLRQ

, KHUHE\ GHFODUH WKDW WKLV GLVVHUWDWLRQ LV WKH UHVXOW RI P\ RZQ ZRUN DQG LQFOXGHV QRWKLQJ
ZKLFK LV WKH RXWFRPH RI ZRUN GRQH LQ FROODERUDWLRQ ZLWK RWKHUV� H[FHSW ZKHQ VSHFLILHG
LQ WKH GHFODUDWLRQV DW WKH EHJLQQLQJ RI WKH FKDSWHUV� 7KLV ZRUN LV QRW VXEVWDQWLDOO\ WKH
VDPH DV DQ\ WKDW , KDYH VXEPLWWHG� RU� LV EHLQJ FRQFXUUHQWO\ VXEPLWWHG IRU D GHJUHH RU
GLSORPD RU RWKHU TXDOLILFDWLRQ DW WKH 8QLYHUVLW\ RI &DPEULGJH RU DQ\ RWKHU 8QLYHUVLW\ RU
VLPLODU LQVWLWXWLRQ� , IXUWKHU VWDWH WKDW QR VXEVWDQWLDO SDUW RI P\ GLVVHUWDWLRQ KDV DOUHDG\
EHHQ VXEPLWWHG� RU� LV EHLQJ FRQFXUUHQWO\ VXEPLWWHG IRU DQ\ VXFK GHJUHH� GLSORPD RU
RWKHU TXDOLILFDWLRQ DW WKH 8QLYHUVLW\ RI &DPEULGJH RU DQ\ RWKHU 8QLYHUVLW\ RU VLPLODU
LQVWLWXWLRQ� 7KLV GLVVHUWDWLRQ FRQWDLQV IHZHU WKDQ ������ ZRUGV H[FOXVLYH RI WDEOHV�
IRRWQRWHV� ELEOLRJUDSK\� DQG DSSHQGLFHV DQG KDV IHZHU WKDQ ��� ILJXUHV�
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$FNQRZOHGJHPHQWV

, DP LQGHEWHG WR PDQ\ SHRSOH ZKR PDGH WKLV WKHVLV SRVVLEOH� )LUVW DQG IRUHPRVW� ,
ZRXOG OLNH WR H[SUHVV P\ JUDWLWXGH WR P\ VXSHUYLVRU� -DQHW 7KRUQWRQ� , DP JUDWHIXO IRU
KHU WLPH� JXLGDQFH� GLVFXVVLRQV DQG VXSSRUW� ZKLFK ZHUH LQGLVSHQVDEOH IRU WKLV WKHVLV
DQG WKH HDUO\ VWHSV RI P\ MRXUQH\ WR EHFRPH D VFLHQWLVW� , ZDV DOVR YHU\ OXFN\ WR EH
VXSHUYLVHG E\ -DQHW� DV DW D YHU\ HDUO\ VWDJH RI P\ FDUHHU� , KDG WKH FKDQFH WR REVHUYH
ILUVW KDQG WKDW LW LV SRVVLEOH WR EHFRPH D JUHDW VFLHQWLVW ZLWKRXW FRPSURPLVLQJ YDOXHV
DQG YLUWXHV�

, DP GHHSO\ WKDQNIXO WR /LQGD 3DUWULGJH� ZKRVH LQSXW ZDV YLWDO IRU WKH GHYHORSPHQW RI
WKLV WKHVLV� , DOVR ZDQW WR WKDQN P\ WKHVLV DGYLVRU\ FRPPLWWHH� 6XVDQ 2]DQQH� 3HGUR
%HOWUDR� DQG :ROIJDQJ +XEHU� IRU WKHLU VXJJHVWLRQV DQG JXLGDQFH�

, ZDQW WR WKDQN DOO PHPEHUV RI WKH VSLFH IDPLO\ IRU FUHDWLQJ VXFK D IULHQGO\ DQG VXS�
SRUWLYH HQYLURQPHQW� 0\ VSHFLDO WKDQNV WR 'DQLHO )DELDQ DQG 0DWLDV )XHQWHDOED� ZKR
ZHUH QRW RQO\ JUHDW FROOHDJXHV EXW DOVR FRPUDGHV LQ P\ MRXUQH\� 'XULQJ P\ 3K'� , KDG
WKH FKDQFH WR ZRUN FORVHO\ ZLWK YLVLWRUV LQ RXU JURXS� 0DQ\ WKDQNV� 9HURQLND .HGOLDQ�
/RUL .UHJDU� 9LFWRU /DLJOH� DQG *R]GH 7XUDQ� , DOVR ZDQW WR DFNQRZOHGJH WKH FRQWUL�
EXWLRQV RI 8ODV ,VLOGDN� DQRWKHU JUHDW FROOHDJXH ZH ZRUNHG WRJHWKHU IURP GLVWDQFH� ,W
ZDV D SULYLOHJH WR ZRUN ZLWK DOO RI \RX� 2XU GLVFXVVLRQV ZHUH LQFUHGLEO\ KHOSIXO DQG
\RXU FRQWULEXWLRQV ZHUH IXQGDPHQWDO IRU P\ 3K'�

, DOVR ZDQW WR WKDQN DOO PHPEHUV RI WKH VRFLHWLHV , KDYH EHHQ D SDUW RI� ,6&%6& 56*�
7XUNH\� HSL67(0 7XUNL\H� DQG (NR(YR� 7KH\ JDYH PH LQYDOXDEOH FKDQFHV WR FRQ�
WULEXWH WR WKH VFLHQWLILF HQYLURQPHQW LQ P\ KRPH FRXQWU\� HYHQ WKRXJK , ZDV IDU DZD\�
, DOVR ZDQW WR WKDQN ,6&% 6WXGHQW &RXQFLO IRU VSDULQJ D SODFH IRU PH LQ WKHLU RUJDQL�
]DWLRQ DQG VKDULQJ P\ HQWKXVLDVP WR FRPPXQLFDWH UHVHDUFK WR HYHU\RQH IRU IUHH�

$ KXJH WKDQNV WR DOO 3K' VWXGHQWV DW WKH (%,� $OVR� , ZDQW WR WKDQN DOO P\ 7XUNLVK�
VSHDNLQJ IULHQGV LQ &DPEULGJH� HVSHFLDOO\ WR 3RRU\D 3DUYL]L DQG 2]JH *L]OHQFL� 0\
VSHFLDO WKDQNV WR %HWXO 7DVNRSDUDQ� +DPLW ,]JL� %XVH ,VELOLU� (NLQ 6DJOLFDQ� DQG *XOVDK
.LOLQF� ZKR NHHS SURYLQJ WKDW JHRJUDSKLF GLVWDQFH KDV QR HIIHFW RQ WUXH IULHQGVKLS� ,



KDYH UHPDLQHG VDQH��LVK� WKDQNV WR DOO RI \RXU VXSSRUW DQG IULHQGVKLS� , DOVR ZDQW WR
WKDQN 0HKPHW 6RPHO� ZKR PRWLYDWHG PH \HDUV DJR WR SXUVXH UHVHDUFK RQ DJHLQJ DQG
UHPDLQV DV D WUXVWHG PHQWRU�

, ZDQW WR H[SUHVV P\ JUDWLWXGH WR WKH HVVHQWLDO FRPSRQHQWV ZKLFK PDGH P\ MRXUQH\
WR KHUH SRVVLEOH LQ WKH ILUVW SODFH� , PXVW DFNQRZOHGJH WKH (0%/�(%, IRU IXQGLQJ WKH
VWXGLHV RI RYHUVHDV VWXGHQWV� D UDUH H[DPSOH RI WUXH LQFOXVLYHQHVV� 7KH RQO\ UHDVRQ ,
FRXOG LPDJLQH WR FRPH KHUH WR SXUVXH P\ 3K' DW WKH (%, DQG 8QLYHUVLW\ RI &DPEULGJH
LV WKH SXEOLF VFKRRO V\VWHP , VWXGLHG LQ� ZKLFK DOORZHG IUHH DQG KLJK�TXDOLW\ HGXFDWLRQ
IRU HYHU\ERG\� VWDUWLQJ IURP HOHPHQWDU\ VFKRRO WR SRVW�JUDGXDWH GHJUHHV� , KRSH WKDW
FUHDWLQJ HTXDO RSSRUWXQLWLHV IRU HYHU\RQH� UHJDUGOHVV RI WKH HFRQRPLF EDFNJURXQG�
FRXOG DOVR EH LQFOXGHG LQ WKH GLVFXVVLRQ RI GLYHUVLW\ LQ DFDGHPLD�

/DVW EXW FHUWDLQO\ QRW OHDVW� , ZDQW WR WKDQN P\ PRWKHU DQG JUDQGPRWKHU IRU WKHLU FRQ�
WLQXRXV ORYH DQG HQFRXUDJHPHQW� 7KLV WKHVLV ZRXOG QRW H[LVW ZLWKRXW WKHLU VXSSRUW DW
HYHU\ VWDJH RI P\ OLIH�
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$EVWUDFW

7LWOH� &RPSXWDWLRQDO VWXGLHV RQ DJHLQJ DQG DJH�UHODWHG GLVHDVHV

$JH LV WKH PDMRU ULVN IDFWRU IRU D YDULHW\ RI QRQ�FRPPXQLFDEOH GLVHDVHV� $V OLIH
H[SHFWDQF\ LQFUHDVHV� DJHLQJ SRVHV VLJQLILFDQW FKDOOHQJHV WR WKH LQGLYLGXDO� VRFL�
HW\� DQG KHDOWKFDUH V\VWHPV� $JHLQJ LV D FRPSOH[ SURFHVV LQYROYLQJ PXOWLSOH LQWHU�
FRQQHFWHG FHOOXODU DQG RUJDQLVPDO SKHQRW\SHV� 7KXV� XQGHUVWDQGLQJ WKH PROHFXODU
PHFKDQLVPV DQG ILQGLQJ SRWHQWLDO LQWHUYHQWLRQV LV FKDOOHQJLQJ DQG UHTXLUHV V\VWHPV�
OHYHO DSSURDFKHV� ,Q WKLV 3K' , KDYH DGGUHVVHG WKUHH PDLQ TXHVWLRQV DERXW DJHLQJ�
XVLQJ KLJK�WKURXJKSXW GDWD DQG FRPSXWDWLRQDO PHWKRGV�

0\ ILUVW VWXG\ FRQVLGHUV LQWHULQGLYLGXDO KHWHURJHQHLW\ LQ JHQH H[SUHVVLRQ GXULQJ DJH�
LQJ� 3UHYLRXV VWXGLHV KDG VXJJHVWHG WKDW SKHQRW\SH� HSLJHQRPH DQG JHQH H[SUHVVLRQ
EHFRPH PRUH KHWHURJHQHRXV ZLWK DJH� +RZHYHU� WKH OLVW RI JHQHV DQG SDWKZD\V UH�
SRUWHG DV KHWHURJHQHRXV LQ ODWH DJH VKRZHG GLIIHUHQFHV LQ WKH OLWHUDWXUH DQG GLG QRW
UHVROYH ZKHWKHU WKH LQFUHDVH LQ KHWHURJHQHLW\ LV D WLPH�GHSHQGHQW SURFHVV VWDUWLQJ DW
ELUWK RU LV UHVWULFWHG WR WKH DJHLQJ SHULRG �L�H� DIWHU �� \HDUV RI DJH�� 8VLQJ GLIIHUHQW
GDWD SUH�SURFHVVLQJ VWHSV DQG KHWHURJHQHLW\ PHDVXUHV RQ WKH VDPH WUDQVFULSWRPH
GDWDVHW� ZH KDYH VKRZQ WKDW WKH LQFRQVLVWHQF\ LQ WKH OLWHUDWXUH FRXOG UHIOHFW WHFKQL�
FDO LVVXHV DV ZHOO DV ELRORJLFDO YDULDELOLW\� 1H[W� DSSO\LQJ D PHWD�DQDO\VLV VFKHPH
WKDW UHOLHV RQ FRQVLVWHQW UHVXOWV DFURVV PXOWLSOH GDWDVHWV WR LQFUHDVH UHSURGXFLELOLW\�
ZH KDYH VKRZQ WKDW WKH LQFUHDVH LQ LQWHU�LQGLYLGXDO KHWHURJHQHLW\ VWDUWV DIWHU WKH DJH
RI ��� 0RUHRYHU� WKH JHQHV WKDW EHFRPH PRUH KHWHURJHQHRXV GXULQJ DJHLQJ KDYH
D KLJKHU QXPEHU RI WUDQVFULSWLRQDO UHJXODWRUV �PL51$V DQG WUDQVFULSWLRQ IDFWRUV� DQG
DUH DVVRFLDWHG ZLWK NQRZQ ORQJHYLW\ SDWKZD\V�

0\ VHFRQG VWXG\ IRFXVHV RQ WKH OLQN EHWZHHQ DJHLQJ DQG DJH�UHODWHG GLVHDVHV� 0DQ\
GLVHDVHV VKRZ DJH�GHSHQGHQF\� EXW WKH PROHFXODU QDWXUH RI WKLV UHODWLRQVKLS LV QRW
IXOO\ XQGHUVWRRG� 8VLQJ 8. %LREDQN GDWD� , KDYH FKDUDFWHULVHG ��� FRPPRQ GLVHDVHV
EDVHG RQ WKHLU DJH�RI�RQVHW SURILOHV DQG JHQHWLF DVVRFLDWLRQV� , ILUVW VKRZHG GLVHDVHV
IROORZLQJ WKH VDPH DJH�RI�RQVHW GLVWULEXWLRQ DUH JHQHWLFDOO\ PRUH VLPLODU� DQG WKLV VLP�



LODULW\ FRXOG QRW EH H[SODLQHG E\ GLVHDVH FDWHJRULHV� FR�RFFXUUHQFHV� RU FDXVDO UHOD�
WLRQVKLSV� 7ZR JURXSV RI GLVHDVHV VKRZHG DJH�GHSHQGHQW SURILOHV� VWDUWLQJ WR EHFRPH
PRUH SUHYDOHQW DIWHU WKH DJHV RI �� DQG �� UHVSHFWLYHO\� 7KH\ ERWK VKRZHG DQ DVVR�
FLDWLRQ ZLWK NQRZQ DJHLQJ�UHODWHG JHQHV EXW KDG GLIIHUHQW IXQFWLRQDO DQG HYROXWLRQDU\
SURILOHV� , IRXQG VXSSRUW IRU WKH WZR HYROXWLRQDU\ JHQHWLF WKHRULHV RI DJHLQJ� PXWDWLRQ
DFFXPXODWLRQ� DQG DQWDJRQLVWLF SOHLRWURS\� XVLQJ WKH YDULDQWV OLQNHG WR GLVHDVHV ZLWK
GLIIHUHQW DJH�RI�RQVHWV� , DOVR LGHQWLILHG VRPH GUXJV WKDW FRXOG EH UHSXUSRVHG WR WDUJHW
PXOWLSOH FRQGLWLRQV DQG SRWHQWLDOO\ GHFUHDVH WKH QHHG IRU SRO\SKDUPDF\ LQ WKH HOGHUO\�

)LQDOO\� , IROORZHG D V\VWHPV�OHYHO DSSURDFK WR LGHQWLI\ GUXJV WKDW FDQ WDUJHW DJHLQJ LQ
WKH KXPDQ EUDLQ� 8VLQJ WUDQVFULSWRPH GDWDVHWV IURPPXOWLSOH EUDLQ UHJLRQV� , ILUVW LGHQ�
WLILHG WKH JHQH H[SUHVVLRQ FKDQJHV WKDW FDQ FKDUDFWHULVH DJHLQJ� 7KHQ� FRPSDUHGZLWK
WKH GUXJ�SHUWXUEHG JHQH H[SUHVVLRQ SURILOHV LQ WKH &RQQHFWLYLW\ 0DS� , LGHQWLILHG ��
GUXJV WKDW DUH VLJQLILFDQWO\ DVVRFLDWHG ZLWK WKH DJHLQJ VLJQDWXUH� 6RPH RI WKHVH GUXJV
PD\ IXQFWLRQ DV DQWL�DJHLQJ GUXJV E\ UHYHUVLQJ WKH GHWULPHQWDO FKDQJHV WKDW RFFXU
GXULQJ DJHLQJ� RWKHUV E\ PLPLFNLQJ WKH FHOOXODU GHIHQFH PHFKDQLVPV� 7KH GUXJV WKDW
ZH LGHQWLILHG LQFOXGHG D VLJQLILFDQW QXPEHU RI DOUHDG\ LGHQWLILHG SUR�ORQJHYLW\ GUXJV�
LQGLFDWLQJ WKDW WKH PHWKRG FDQ GLVFRYHU GH QRYR GUXJV WKDW DPHOLRUDWH DJHLQJ�
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7DEOH RI &RQWHQWV

/LVW RI WDEOHV [L

/LVW RI ILJXUHV [LLL

1RPHQFODWXUH [Y

� ,QWURGXFWLRQ �
��� :KDW LV DJHLQJ" � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� (YROXWLRQ RI DJHLQJ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

����� 3URJUDPPHG WKHRULHV RI DJHLQJ � � � � � � � � � � � � � � � � � � �
����� 1RQ�SURJUDPPHG WKHRULHV RI DJHLQJ � � � � � � � � � � � � � � � � �

��� 7KH KDOOPDUNV RI DJHLQJ � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� 3ULPDU\ KDOOPDUNV � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� $QWDJRQLVWLF KDOOPDUNV � � � � � � � � � � � � � � � � � � � � � � � � �
����� ,QWHJUDWLYH KDOOPDUNV � � � � � � � � � � � � � � � � � � � � � � � � � �

��� +LJK�WKURXJKSXW µRPLFV¶ VWXGLHV RI DJHLQJ � � � � � � � � � � � � � � � � � �
����� *HQRPLFV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� 7UDQVFULSWRPLFV � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� 2WKHU RPLFV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� +HWHURJHQHLW\ LQ PROHFXODU FKDQJHV DVVRFLDWHG ZLWK DJH � � � � ��

��� $JHLQJ DQG GLVHDVHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 3KDUPDFRORJLFDO LQWHUYHQWLRQV WR LPSURYH OLIH� DQG KHDOWK�VSDQ � � � � � ��

����� &KDOOHQJHV LQYROYHG LQ GUXJ VWXGLHV � � � � � � � � � � � � � � � � ��
��� 7KHVLV RYHUYLHZ DQG REMHFWLYHV � � � � � � � � � � � � � � � � � � � � � � � ��

� $JH�UHODWHG FKDQJHV LQ JHQH H[SUHVVLRQ KHWHURJHQHLW\ LQ WKH KXPDQEUDLQ ��
��� ,QWURGXFWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 5HVHDUFK REMHFWLYHV � � � � � � � � � � � � � � � � � � � � � � � � � ��



��� &RPSDULVRQ RI GLIIHUHQW PHWKRGV WR PHDVXUH WKH FKDQJH LQ JHQH H[�
SUHVVLRQ KHWHURJHQHLW\ ZLWK DJH � � � � � � � � � � � � � � � � � � � � � � ��
����� 0HWKRGV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� 7KH HIIHFWV RI PHWKRGV FRUUHFWLQJ IRU EDWFK HIIHFWV DQG PHDVXU�

LQJ DJH�UHODWHG FKDQJHV LQ JHQH H[SUHVVLRQ KHWHURJHQHLW\ � � � ��
����� &KDQJHV LQ KHWHURJHQHLW\ DW WKH WUDQVFULSWRPH�OHYHO � � � � � � � ��
����� &KDQJHV LQ KHWHURJHQHLW\ DW WKH JHQH�OHYHO � � � � � � � � � � � � ��
����� &KDQJHV LQ KHWHURJHQHLW\ DW WKH SDWKZD\�OHYHO � � � � � � � � � � ��

��� 7HPSRUDO ODQGVFDSH RI WKH FKDQJHV LQ JHQH H[SUHVVLRQ KHWHURJHQHLW\
GXULQJ EUDLQ GHYHORSPHQW DQG DJHLQJ � � � � � � � � � � � � � � � � � � � ��
����� 0HWKRGV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� $JH�UHODWHG FKDQJH LQ JHQH H[SUHVVLRQ OHYHOV � � � � � � � � � � ��
����� $JH�UHODWHG FKDQJH LQ JHQH H[SUHVVLRQ KHWHURJHQHLW\ � � � � � � ��
����� &RQVLVWHQW LQFUHDVH LQ KHWHURJHQHLW\ GXULQJ DJHLQJ � � � � � � � � ��
����� +HWHURJHQHLW\ WUDMHFWRULHV � � � � � � � � � � � � � � � � � � � � � � ��
����� )XQFWLRQDO DQDO\VLV � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 'LVFXVVLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� /LPLWDWLRQV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� &RQFOXVLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� 7KH OLQN EHWZHHQ DJHLQJ DQG DJH�UHODWHG GLVHDVHV ��
��� ,QWURGXFWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 5HVHDUFK REMHFWLYHV � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 0HWKRGV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� ([SORUDWRU\ DQDO\VLV RI WKH 8.%% IRU DJHLQJ DQG DJH�UHODWHG GLVHDVH

UHVHDUFK � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 6HOI�UHSRUWHG GLVHDVHV LQ WKH 8.%% � � � � � � � � � � � � � � � � � � � � ��
��� 'LVHDVH FR�RFFXUUHQFHV � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� $JH�RI�RQVHW FOXVWHUV � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� *HQHWLF VLPLODULWLHV EHWZHHQ GLVHDVHV � � � � � � � � � � � � � � � � � � � ��
��� &DXVH�HIIHFW UHODWLRQVKLSV EHWZHHQ GLVHDVHV � � � � � � � � � � � � � � � ��
��� .QRZQ DJHLQJ�UHODWHG JHQHV DQG JHQHV DVVRFLDWHG ZLWK GLIIHUHQW DJH�

RI�RQVHW FOXVWHUV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
���� %LRORJLFDO IXQFWLRQV RI WKH JHQHV DVVRFLDWHG WR GLIIHUHQW DJH�RI�RQVHW

FOXVWHUV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
���� 'UXJ UHSXUSRVLQJ WR LPSURYH KHDOWK�VSDQ � � � � � � � � � � � � � � � � � ��
���� (YROXWLRQ RI DJHLQJ DQG DJH�UHODWHG GLVHDVHV � � � � � � � � � � � � � � � ��



���� 'LVFXVVLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
������ /LPLWDWLRQV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
������ &RQFOXVLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� 'UXJ UHSXUSRVLQJ IRU DJHLQJ ���
��� ,QWURGXFWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

����� 7KH PDOOHDELOLW\ RI DJHLQJ � � � � � � � � � � � � � � � � � � � � � � ���
����� 3UHYLRXV LQ VLOLFR VWXGLHV WR GLVFRYHU DQWL�DJHLQJ GUXJV � � � � � � ���
����� 5HVHDUFK REMHFWLYHV � � � � � � � � � � � � � � � � � � � � � � � � � ���

��� 0HWKRGV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
��� *HQH H[SUHVVLRQ�EDVHG GUXJ UHSXUSRVLQJ WR WDUJHW DJHLQJ � � � � � � � � ���

����� $QDO\VLV RI DJH�UHODWHG FKDQJHV LQ 51$ H[SUHVVLRQ LQ KXPDQ
EUDLQV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

����� 'HILQLQJ WKH DJHLQJ VLJQDWXUH � � � � � � � � � � � � � � � � � � � � ���
����� %LRORJLFDO SURFHVVHV DVVRFLDWHG ZLWK WKH DJHLQJ VLJQDWXUH � � � � ���
����� 0DSSLQJ WKH DJHLQJ VLJQDWXUH RQWR GUXJ�SHUWXUEHG H[SUHVVLRQ

SURILOHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
����� 7DUJHWV RI WKH GUXJV � � � � � � � � � � � � � � � � � � � � � � � � � ���
����� 'UXJV FDQ DFW ERWK E\ UHYHUVLQJ DJHLQJ HIIHFWV DQG PLPLFNLQJ

UHVSRQVHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
����� &KDUDFWHULVLQJ WKH ELRORJLFDO IXQFWLRQV DVVRFLDWHG ZLWK SUR�ORQJHYLW\

GUXJV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
����� 6LPLODULW\ DPRQJ VLJQLILFDQW GUXJV EDVHG RQ WKH H[SUHVVLRQ FKDQJHV

DW WKH IXQFWLRQDO OHYHO � � � � � � � � � � � � � � � � � � � � � � � � ���
����� $JHLQJ VLJQDWXUH LQ RWKHU WLVVXHV � � � � � � � � � � � � � � � � � � ���

��� &RPSDULQJ WKH UHVXOWV ZLWK RWKHU HOHYHQ LQ VLOLFR VWXGLHV � � � � � � � � � ���
��� 'LVFXVVLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

����� /LPLWDWLRQV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
����� &RQFOXVLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

� &RQFOXGLQJ UHPDUNV ���
��� 2YHUYLHZ DQG IXWXUH SHUVSHFWLYH � � � � � � � � � � � � � � � � � � � � � � ���

����� $JH�UHODWHG FKDQJHV LQ JHQH H[SUHVVLRQ KHWHURJHQHLW\ � � � � � ���
����� 7KH OLQN EHWZHHQ DJHLQJ DQG DJH�UHODWHG GLVHDVHV � � � � � � � � ���
����� 'UXJ UHSXUSRVLQJ IRU DJHLQJ � � � � � � � � � � � � � � � � � � � � ���

��� )XWXUH GLUHFWLRQV LQ FRPSXWDWLRQDO ELRORJ\ RI DJHLQJ � � � � � � � � � � � ���
����� 6LQJOH�FHOO JHQRPLFV RI DJHLQJ � � � � � � � � � � � � � � � � � � � ���



����� ,QWHJUDWLYH ELRORJ\ RI DJHLQJ � � � � � � � � � � � � � � � � � � � � ���

$ 6XSSOHPHQWDU\ ILJXUHV ���
$�� $JH�UHODWHG FKDQJHV LQ JHQH H[SUHVVLRQ KHWHURJHQHLW\ LQ WKH KXPDQ

EUDLQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
$�� 7KH OLQN EHWZHHQ DJHLQJ DQG DJH�UHODWHG GLVHDVHV � � � � � � � � � � � � ���
$�� 'UXJ UHSXUSRVLQJ IRU DJHLQJ � � � � � � � � � � � � � � � � � � � � � � � � � ���

5HIHUHQFHV ���



/LVW RI WDEOHV

��� &RQWLQJHQF\ WDEOH IRU GLVHDVH FR�RFFXUUHQFH FDOFXODWLRQV� � � � � � � � � ��

��� 'UXJV WKDW DUH VLJQLILFDQWO\ DVVRFLDWHG ZLWK WKH DJHLQJ VLJQDWXUHV� � � � ���





/LVW RI ILJXUHV

��� 7UDQVFULSWRPH�ZLGH FKDQJH LQ JHQH H[SUHVVLRQ KHWHURJHQHLW\ LQ DJH�
LQJ� XVLQJ 69$ DQG OLQHDU UHJUHVVLRQ FRPELQHG ZLWK FRQWLQXRXV DQG
JURXSHG DSSURDFKHV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 'LVWULEXWLRQV RI WKH KHWHURJHQHLW\ PHDVXUHV REWDLQHG XVLQJ D FRPELQD�
WLRQ RI FRQWLQXRXV DQG JURXSHG DSSURDFKHV ZLWK UHJUHVVLRQ DQG 69$�
FRUUHFWLRQ IRU WKH LQGLYLGXDO SDWKZD\V LQ .(** GDWDEDVH� � � � � � � � � ��

��� $JH�UHODWHG FKDQJH LQ JHQH H[SUHVVLRQ GXULQJ SRVWQDWDO GHYHORSPHQW
DQG DJHLQJ� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� $JH�UHODWHG FKDQJH LQ JHQH H[SUHVVLRQ KHWHURJHQHLW\ GXULQJ SRVWQDWDO
GHYHORSPHQW DQG DJHLQJ� � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� D� 'LVWULEXWLRQV RI DJH�UHODWHG FKDQJHV LQ JHQH H[SUHVVLRQ KHWHURJHQH�
LW\ DFURVV GDWDVHWV� E� 7KH UHODWLRQVKLS EHWZHHQ WKH DJH�UHODWHG FKDQJH
LQ JHQH H[SUHVVLRQ OHYHO DQG KHWHURJHQHLW\� F� &RQVLVWHQF\ LQ WKH FKDQJH
LQ JHQH H[SUHVVLRQ KHWHURJHQHLW\� � � � � � � � � � � � � � � � � � � � � � ��

��� &OXVWHUV RI JHQHV VKRZLQJ D FRQVLVWHQW KHWHURJHQHLW\ LQFUHDVH LQ DJHLQJ ��
��� )XQFWLRQDO DQDO\VLV RI FRQVLVWHQW KHWHURJHQHLW\ FKDQJHV� � � � � � � � � ��
��� &RUUHODWLRQ EHWZHHQ WKH FKDQJH LQ KHWHURJHQHLW\ DQG QXPEHU RI WUDQ�

VFULSWLRQDO UHJXODWRUV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 3DUWLFLSDQW GDWD LQ WKH 8.%% DIWHU TXDOLW\ FRQWURO VWHSV� � � � � � � � � � ��
��� 3DLUZLVH FRUUHODWLRQV EHWZHHQ WUDLWV� � � � � � � � � � � � � � � � � � � � � ��
��� 'LVHDVH KLHUDUFK\ IRU WKH ��� GLVHDVHV LQFOXGHG LQ WKH DQDO\VLV� � � � � ��
��� 6H[�VWUDWLILHG VWDWLVWLFV IRU WKH ��� GLVHDVHV� � � � � � � � � � � � � � � � � ��
��� 'LVHDVH DVVRFLDWLRQ PDWUL[ VXPPDUL]LQJ UHODWLYH ULVN VFRUHV DQG FRUUH�

ODWLRQV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 'LVWULEXWLRQ RI PHGLDQ DJH�RI�RQVHW DFURVV FDWHJRULHV� � � � � � � � � � � ��
��� $JH�RI�RQVHW FOXVWHUV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��



��� 'LVWULEXWLRQ RI VLJQLILFDQW GLVHDVH DVVRFLDWLRQV DFURVV GLVHDVHV� DJH�
RI�RQVHW FOXVWHUV� DQG GLVHDVH FDWHJRULHV� � � � � � � � � � � � � � � � � � ��

��� *HQHWLF VLPLODULWLHV DQG FDXVH�HIIHFW UHODWLRQVKLSV EHWZHHQ GLVHDVHV� � ��
���� (QULFKPHQW DQDO\VHV IRU WKH JHQHV DVVRFLDWHG ZLWK GLIIHUHQW DJH�RI�

RQVHW FOXVWHUV DQG DJHLQJ�UHODWHG JHQHV RU JHQH RQWRORJ\ FDWHJRULHV� � ��
���� 'UXJ�WDUJHW JHQH LQWHUDFWLRQ QHWZRUN IRU WKH GUXJV VSHFLILF WR PXOWLFDW�

HJRU\ DJH�GHSHQGHQW GLVHDVHV� � � � � � � � � � � � � � � � � � � � � � � � ��
���� 5LVN DOOHOH IUHTXHQF\ GLVWULEXWLRQV RI GLIIHUHQW DJH�RI�RQVHW FOXVWHUV DQG

613V VSHFLILF WR RQH GLVHDVH� RQH DJH�RI�RQVHW FOXVWHU� RU DQWDJRQLVWLF
EHWZHHQ FOXVWHU � DQG �� � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� D� $JH GLVWULEXWLRQ RI WKH VDPSOHV� E� +\SRWKHWLFDO JHQH H[SUHVVLRQ
SORWV GHPRQVWUDWLQJ WKH PHWKRG� F� 3DLUZLVH FRUUHODWLRQ SORW DFURVV
GDWDVHWV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

��� 6XPPDU\ RI WKH PHWKRGV� � � � � � � � � � � � � � � � � � � � � � � � � � � ���
��� *2 (QULFKPHQW UHVXOWV IRU WKH DJHLQJ VLJQDWXUH� � � � � � � � � � � � � � ���
��� 'UXJ�$JHLQJ VLJQDWXUH VLPLODULW\ VFRUHV� � � � � � � � � � � � � � � � � � � ���
��� 'UXJ�WDUJHW QHWZRUN� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
��� 'UXJV� KXPDQ JHQHV DQG .(** SDWKZD\V GLVFRYHUHG LQ WKH SXEOLVKHG

GUXJ�UHSXUSRVLQJ VWXGLHV� � � � � � � � � � � � � � � � � � � � � � � � � � � ���

$�� $JH GLVWULEXWLRQ RI LQGLYLGXDO GDWDVHWV� � � � � � � � � � � � � � � � � � � � ���
$�� 'HPRQVWUDWLRQ RI WKH PHWKRGV WR FDOFXODWH DJH�UHODWHG FKDQJHV LQ WKH

H[SUHVVLRQ OHYHO DQG KHWHURJHQHLW\� � � � � � � � � � � � � � � � � � � � � ���
$�� 6XPPDU\ RI WKH UHVXOWV XVLQJ GLIIHUHQW DJH VFDOHV� � � � � � � � � � � � � ���
$�� 'LVWULEXWLRQ RI WKH DJH�UHODWHG FKDQJHV LQ JHQH H[SUHVVLRQ OHYHO� � � � � ���
$�� 5HVXOWV RI WKH SHUPXWDWLRQ WHVWV IRU GDWDVHW FRUUHODWLRQV RI H[SUHVVLRQ

DQG KHWHURJHQHLW\ FKDQJH GXULQJ GHYHORSPHQW DQG DJHLQJ� � � � � � � � ���
$�� 5HVXOWV RI WKH SHUPXWDWLRQ WHVWV IRU GLIIHUHQFHV EHWZHHQ GDWDVHW FRU�

UHODWLRQV� QXPEHU RI VLJQLILFDQW FKDQJHV� DQG PHGLDQ KHWHURJHQHLW\
FKDQJHV GXULQJ GHYHORSPHQW DQG DJHLQJ� � � � � � � � � � � � � � � � � � ���

$�� &RUUHODWLRQV EHWZHHQ KHWHURJHQHLW\ HVWLPDWHV FDOFXODWHG XVLQJ OLQHDU
DQG ORHVV UHJUHVVLRQ� � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

$�� 2YHUODSV EHWZHHQ GDWDVHWV IRU WKH JHQHV VKRZLQJ D VLJQLILFDQW LQFUHDVH
LQ KHWHURJHQHLW\� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

$�� 'LUHFWLRQ RI FKDQJH LQ JHQH H[SUHVVLRQ KHWHURJHQHLW\ LQ GHYHORSPHQW
DQG DJHLQJ DFURVV GDWDVHWV� � � � � � � � � � � � � � � � � � � � � � � � � � ���



$��� 5DQGRP� H[SHFWHG� DQG REVHUYHG FRQVLVWHQF\ LQ WKH KHWHURJHQHLW\ FKDQJH
DFURVV GDWDVHWV LQ GHYHORSPHQW DQG DJHLQJ� � � � � � � � � � � � � � � � ���

$��� +HWHURJHQHLW\ WUDMHFWRULHV LQ GHYHORSPHQW IRU WKH JHQHV WKDW ZHUH FOXV�
WHUHG DFFRUGLQJ WR WKHLU KHWHURJHQHLW\ OHYHOV LQ DJHLQJ� � � � � � � � � � � ���

$��� *HQH H[SUHVVLRQ WUDMHFWRULHV RI WKH JHQHV WKDW ZHUH FOXVWHUHG DFFRUG�
LQJ WR WKHLU KHWHURJHQHLW\ OHYHOV� � � � � � � � � � � � � � � � � � � � � � � ���

$��� $VVRFLDWLRQ EHWZHHQ WKH $O]KHLPHU¶V�UHODWHG JHQHV DQG WKH JHQHV WKDW
FRQVLVWHQWO\ EHFRPH PRUH KHWHURJHQHRXV LQ DJHLQJ �Q  ���� DQG EH�
ORQJ WR GLIIHUHQW KHWHURJHQHLW\ WUDMHFWRULHV� � � � � � � � � � � � � � � � � � ���

$��� $VVRFLDWLRQ EHWZHHQ GLIIHUHQW KHWHURJHQHLW\ WUDMHFWRULHV DQG .(**SDWK�
ZD\V WKDW DUH VLJQLILFDQWO\ DVVRFLDWHG ZLWK D FRQVLVWHQW FKDQJH LQ KHW�
HURJHQHLW\ GXULQJ DJHLQJ� � � � � � � � � � � � � � � � � � � � � � � � � � � ���

$��� $VVRFLDWLRQ EHWZHHQ *HQ$JH KXPDQ JHQH VHW DQG DJH�UHODWHG KHWHUR�
JHQHLW\� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

$��� &RUUHODWLRQ EHWZHHQ WKH FKDQJH LQ KHWHURJHQHLW\ DQG QXPEHU RI WUDQ�
VFULSWLRQDO UHJXODWRUV� VWUDWLILHG E\ WKH JHQH H[SUHVVLRQ SURILOH� � � � � � ���

$��� 'HJUHH GLVWULEXWLRQV LQ SURWHLQ�SURWHLQ LQWHUDFWLRQ GDWDEDVH �675,1*�
IRU FRQVLVWHQW JHQHV DQG DOO RWKHUV� � � � � � � � � � � � � � � � � � � � � � ���

$��� &HOO�W\SH VSHFLILFLW\ DQDO\VLV IRU JHQHV WKDW EHFRPH KHWHURJHQRXV ZLWK
DJH DFURVV DOO DJHLQJ GDWDVHWV� � � � � � � � � � � � � � � � � � � � � � � � ���

$��� 7KH UHODWLRQVKLS EHWZHHQ WKH DJH�UHODWHG FKDQJHV LQ JHQH H[SUHVVLRQ
DQG FKDQJHV LQ KHWHURJHQHLW\� � � � � � � � � � � � � � � � � � � � � � � � ���

$��� $VVRFLDWLRQ EHWZHHQ WKH FRQVLVWHQW KHWHURJHQHLW\ DQG SRVW�PRUWHP LQ�
WHUYDOV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

$��� +HDWPDSV IRU �� GDWDVHWV VKRZLQJ WKH KHWHURJHQHLW\ OHYHOV IRU HDFK
LQGLYLGXDO LQ ��� JHQHV WKDW VKRZ FRQVLVWHQW LQFUHDVH DFURVV DOO DJHLQJ
GDWDVHWV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

$��� 7KH SURSRUWLRQV RI VH[HV RI VDPSOHV XVHG LQ WKH DQDO\VLV� � � � � � � � � ���
$��� 6H[�VSHFLILF JHQHV LQ GLIIHUHQW GDWDVHWV� � � � � � � � � � � � � � � � � � � ���
$��� $JH GLVWULEXWLRQ RI WKH LQGLYLGXDOV XVHG LQ *7([ 51$�VHT GDWDVHWV� � � � ���
$��� 'LVWULEXWLRQ RI DJH�UHODWHG FKDQJHV LQ KHWHURJHQHLW\ �ᅻ YDOXHV� LQ GLIIHU�

HQW *7([ GDWDVHWV� FRUUHVSRQGLQJ WR GLIIHUHQW EUDLQ UHJLRQV� � � � � � � � ���
$��� 7KH UHODWLRQVKLS EHWZHHQ H[SUHVVLRQ DQG KHWHURJHQHLW\ FKDQJHV LQ*7([

GDWDVHWV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
$��� &RQILUPDWLRQ RI WKH UHVXOWV XVLQJ %UHXVFK�3DJDQ WHVW� � � � � � � � � � � ���



$��� &KDQJH LQ WKH FHOO W\SH VSHFLILF H[SUHVVLRQ OHYHO DQG KHWHURJHQHLW\ LQ
GDWDVHWV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

$��� 8. %LREDQN TXHVWLRQQDLUH UHVSRQVHV� � � � � � � � � � � � � � � � � � � � ���
$��� 'LVWULEXWLRQV RI SDUHQWV¶ DJH DW GHDWK� DJH DW PHQDUFKH� DQG DJH DW

PHQRSDXVH� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
$��� 6HOI�UHSRUWHG PHGLFDWLRQV� RSHUDWLRQV� DQG FDQFHUV� � � � � � � � � � � � ���
$��� $JH�RI�RQVHW GLVWULEXWLRQV IRU WKH FDUGLRYDVFXODU GLVHDVHV� � � � � � � � � ���
$��� $JH�RI�RQVHW GLVWULEXWLRQV IRU WKH HQGRFULQH � GLDEHWHV GLVHDVHV� � � � � ���
$��� $JH�RI�RQVHW GLVWULEXWLRQV IRU WKH KDHPDWRORJ\ � GHUPDWRORJ\ GLVHDVHV� ���
$��� $JH�RI�RQVHW GLVWULEXWLRQV IRU WKH JDVWURLQWHVWLQDO � DEGRPLQDO GLVHDVHV� ���
$��� $JH�RI�RQVHW GLVWULEXWLRQV IRU WKH LPPXQRORJLFDO � V\VWHPLF GLVRUGHUV� � ���
$��� $JH�RI�RQVHW GLVWULEXWLRQV IRU LQIHFWLRQV� � � � � � � � � � � � � � � � � � � ���
$��� $JH�RI�RQVHW GLVWULEXWLRQV IRU WKH PXVFXORVNHOHWDO � WUDXPD GLVHDVHV� � � ���
$��� $JH�RI�RQVHW GLVWULEXWLRQV IRU WKH QHXURORJ\ � H\H � SV\FKLDWU\ GLVHDVHV� ���
$��� $JH�RI�RQVHW GLVWULEXWLRQV IRU WKH UHQDO � XURORJ\ GLVHDVHV� � � � � � � � � ���
$��� $JH�RI�RQVHW GLVWULEXWLRQV IRU WKH UHVSLUDWRU\ � (17 GLVHDVHV� � � � � � � ���
$��� 'LVWULEXWLRQV RI WKH QXPEHU RI VLJQLILFDQW DVVRFLDWLRQV DFFRUGLQJ WR WKH

QXPEHU RI GLVHDVHV DVVRFLDWHG ZLWK D JLYHQ 613 DQG WKH QXPEHU RI
DJH�RI�RQVHW FOXVWHUV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

$��� 7KH GLIIHUHQFH EHWZHHQ JHQHWLF VLPLODULW\ ZLWKLQ DQG DFURVV DJH�RI�RQVHW
FOXVWHUV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

$��� *HQHWLF VLPLODULWLHV EHWZHHQ FOXVWHU �� � � � DQG RWKHU DJH�RI�RQVHW FOXV�
WHUV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

$��� 6LJQLILFDQW JHQHWLF VLPLODULWLHV FDOFXODWHG XVLQJ LQGHSHQGHQW /' EORFNV� ���
$��� 7KH GLVWULEXWLRQ RI WKH PHGLDQ ULVN DOOHOH IUHTXHQFLHV IRU /' EORFNV� � � � ���
$��� 5LVN DOOHOH IUHTXHQF\ GLVWULEXWLRQV RI GLIIHUHQW DJH�RI�RQVHW FOXVWHUV IRU

613V DVVRFLDWHG ZLWK RQH GLVHDVH� � � � � � � � � � � � � � � � � � � � � � ���
$��� 5LVN DOOHOH IUHTXHQF\ GLVWULEXWLRQV RI GLIIHUHQW DJH�RI�RQVHW FOXVWHUV IRU

613V DVVRFLDWHG ZLWK RQH FOXVWHU� � � � � � � � � � � � � � � � � � � � � � ���
$��� 5LVN DOOHOH IUHTXHQFLHV LQ 8. %LREDQN IRU WKH ORFL VKRZLQJ DQWDJRQLVWLF

DVVRFLDWLRQV EHWZHHQ FOXVWHU � DQG FOXVWHU � ILOWHUHG E\ GLIIHUHQW HIIHFW
VL]H FXWRIIV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

$��� &DQFHU � GLVHDVH FR�RFFXUUHQFHPDWUL[ VXPPDUL]LQJ UHODWLYH ULVN VFRUHV
DQG FRUUHODWLRQV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

$��� 6FDWWHU SORW EHWZHHQ ORJLW�PLVVLQJQHVV� DQG 3&$ FRUUHFWHG KHWHUR]\�
JRVLW\ PHDVXUHV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���



$��� $ KHDWPDS VKRZLQJ WKH RYHUODS EHWZHHQ VDPSOH H[FOXVLRQV EDVHG RQ
GLIIHUHQW FULWHULD� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

$��� 5HODWLRQVKLSV EHWZHHQ YDULDQW�JHQH DVVRFLDWLRQV EDVHG RQ SUR[LPLW\
DQG H47/ GDWD� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

$��� $JH GLVWULEXWLRQ RI LQGLYLGXDO GDWDVHWV� � � � � � � � � � � � � � � � � � � � ���
$��� 7KH QXPEHU RI VLJQLILFDQW FKDQJHV DQG WKH GLVWULEXWLRQV RI 6SHDUPDQ¶V

FRUUHODWLRQ FRHIILFLHQW EHWZHHQ JHQH H[SUHVVLRQ DQG DJH IRU HDFK GDWDVHW����
$��� *HQH H[SUHVVLRQ SURILOHV IRU WKH GRZQ�UHJXODWHG JHQHV LQ WKH DJHLQJ

VLJQDWXUH� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
$��� *HQH H[SUHVVLRQ SURILOHV IRU WKH XS�UHJXODWHG JHQHV LQ WKH DJHLQJ VLJ�

QDWXUH� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
$��� 'LVWULEXWLRQV RI WKH H[SHFWHG QXPEHU RI XS� DQG GRZQ�UHJXODWHG JHQHV

LQ WKH DJHLQJ VLJQDWXUHV XQGHU QXOO K\SRWKHVLV� � � � � � � � � � � � � � � ���
$��� 3DLUZLVH FRUUHODWLRQV DFURVV DOO GDWDVHWV� � � � � � � � � � � � � � � � � � ���
$��� *2 %3 &DWHJRU\ HQULFKPHQW VFRUH GLVWULEXWLRQV IRU DJHLQJ VLJQDWXUHV� � ���
$��� &RUUHODWLRQ EHWZHHQ &0DS UHVXOWV JHQHUDWHG XVLQJ WKH PLFURDUUD\ DQG

*7([ DJHLQJ VLJQDWXUHV� � � � � � � � � � � � � � � � � � � � � � � � � � � ���
$��� +HDWPDS VKRZLQJ WKH SHUFHQW VLPLODULW\ RI HDFK GUXJ WR WKH FRPSLOHG

SUR�ORQJHYLW\ GUXJ SURILOH� � � � � � � � � � � � � � � � � � � � � � � � � � � ���
$��� &RUUHODWLRQ EHWZHHQ &0DS UHVXOWV JHQHUDWHG XVLQJ WKH PLFURDUUD\ DQG

D FRPELQHG DJHLQJ VLJQDWXUH� � � � � � � � � � � � � � � � � � � � � � � � � ���
$��� 6LPLODULWLHV EHWZHHQ VLJQLILFDQW GUXJ KLWV DW WKH JHQH H[SUHVVLRQ� *2

%3� .(** DQG OLWHUDWXUH HYLGHQFH OHYHOV� � � � � � � � � � � � � � � � � � ���
$��� *HQH H[SUHVVLRQ SURILOHV RI WKH DJHLQJ VLJQDWXUH LQ GLIIHUHQW WLVVXHV� � � ���





1RPHQFODWXUH

$EEUHYLDWLRQV

$3 $QWDJRQLVWLF 3OHLRWURS\ 7KHRU\ RI $JHLQJ

$5' $JH�5HODWHG 'LVHDVH

%< %HQMDPLQL�<HNXWLHOL

&257 7HPSRUDO &RUUHODWLRQ &RHIILFLHQW

'5 'LHWDU\ 5HVWULFWLRQ

H47/ ([SUHVVLRQ 4XDQWLWDWLYH 7UDLW /RFL

)'$ 8�6� )RRG DQG 'UXJ $GPLQLVWUDWLRQ

)'5 )DOVH 'LVFRYHU\ 5DWH

*&3 *HQHWLF &DXVDOLW\ 3URSRUWLRQ

*6($ *HQH 6HW (QULFKPHQW $QDO\VLV

*:$6 *HQRPH�:LGH $VVRFLDWLRQ 6WXG\

+(6 +RVSLWDO (SLVRGH 6WDWLVWLFV

,&' ,QWHUQDWLRQDO &ODVVLILFDWLRQ RI 'LVHDVHV

,45 ,QWHUTXDUWLOH 5DQJH

,73 1,$ ,QWHUYHQWLRQV 7HVWLQJ 3URJUDP

.6 .ROPRJRURY±6PLUQRY

/&9 /DWHQW &DXVDO 9DULDEOH



/' /LQNDJH 'LVHTXLOLEULXP

0$ 0XWDWLRQ $FFXPXODWLRQ 7KHRU\ RI $JHLQJ

0$) 0LQRU $OOHOH )UHTXHQF\

0+& 0DMRU +LVWRFRPSDWLELOLW\ &RPSOH[

1(6 1RUPDOLVHG (QULFKPHQW 6FRUH

161 1XWULHQW�6HQVLQJ 1HWZRUN

3$0 3DUWLWLRQLQJ $URXQG 0HGRLGV

3&$ 3ULQFLSDO &RPSRQHQW $QDO\VLV

526 5HDFWLYH 2[\JHQ 6SHFLHV

6$63 6HQHVFHQFH�$VVRFLDWHG 6HFUHWRU\ 3KHQRW\SH

613 6LQJOH 1XFOHRWLGH 3RO\PRUSKLVPV

65 6HOI�5HSRUWHG

69$ 6XUURJDWH 9DULDEOH $QDO\VLV

7) 7UDQVFULSWLRQ )DFWRU

'DWDEDVHV DQG 7RROV

&0DS &RQQHFWLYLW\ 0DS

'2 'LVHDVH 2QWRORJ\

*2 %3 *HQH 2QWRORJ\ %LRORJLFDO 3URFHVV

*2 && *HQH 2QWRORJ\ &HOOXODU &RPSRQHQW

*2 0) *HQH 2QWRORJ\ 0ROHFXODU )XQFWLRQ

*7([ *HQRW\SH�7LVVXH ([SUHVVLRQ

8.%% 8. %LREDQN



�

&KDSWHU �

,QWURGXFWLRQ

+XPDQ OLIH H[SHFWDQF\ KDV EHHQ LQFUHDVLQJ VWHDGLO\ ZRUOGZLGH �2HSSHQ 	 9DXSHO�
����� DQG LV FXUUHQWO\ DURXQG �� \HDUV RI DJH LQ GHYHORSHG FRXQWULHV �0D[ 5RVHU 	
5LWFKLH� ������ ,PSURYHPHQWV LQ WKH KHDOWKFDUH V\VWHP� LPPXQLVDWLRQ DJDLQVW LQIHF�
WLRXV GLVHDVHV� DQWLELRWLFV� EHWWHU VDQLWDU\ PHDVXUHV� KRXVLQJ DQG OLIHVW\OH� UHVXOWHG LQ
D GHFOLQH LQ HDUO\ OLIH PRUWDOLW\ �:DLWH� ������ 7KHUH KDV DOVR EHHQ D VLJQLILFDQW LP�
SURYHPHQW LQ ODWH�OLIH PRUWDOLW\� PRVWO\ WKDQNV WR HFRQRPLF DQG VRFLDO GHYHORSPHQWV
DQG RQJRLQJ PHGLFDO DGYDQFHV �9DXSHO� &DUH\� 	 &KULVWHQVHQ� ������

7KH VFLHQWLILF FRPPXQLW\ KDV ORQJ EHHQ GLVFXVVLQJ ZKHWKHU WKHUH LV D OLPLW WR OLIHV�
SDQ �%DUEL� /DJRQD� 0DUVLOL� 9DXSHO� 	 :DFKWHU� ����� 'RQJ� 0LOKROODQG� 	 9LMJ� �����
2HSSHQ 	 9DXSHO� ����� 2OVKDQVN\� ����� 2OVKDQVN\� &DUQHV� 	 &DVVHO� ����� 2O�
VKDQVN\� &DUQHV� 	 'pVHVTXHOOHV� ������ )RU H[DPSOH� XVLQJ FRQGLWLRQDO SUREDELOLWLHV
LQWHJUDWLQJ GLVHDVH GDWD� LQ ���� DQG ����� 2OVKDQVN\ HW DO� KDG VXJJHVWHG WKH UH�
TXLUHG FKDQJHV LQ GLVHDVH UDWHV DUH WRR PXFK WR DFKLHYH �� \HDUV RI DGGLWLRQDO OLIH
H[SHFWDQF\ DW WKH DJH RI ��� DQG WKXV LW LV KLJKO\ XQOLNHO\ WR DFKLHYH �2OVKDQVN\ HW DO��
����� ������ +RZHYHU� IHPDOH OLIH H[SHFWDQF\ DW WKH DJH RI �� LQ -DSDQ VXUSDVVHG
WKLV OLPLW �2HSSHQ 	 9DXSHO� ������ 'RQJ HW DO� ������ XVHG JOREDO GHPRJUDSKLF GDWD
DQG VXJJHVWHG WKDW WKH VXUYLYDO UDWHV DW ODWHU DJHV VORZ GRZQ DQG PD[LPXP OLIHV�
SDQ LQ KXPDQV LV IL[HG� $ UHFHQW VWXG\� RQ WKH RWKHU KDQG� VXJJHVWHG WKH PRUWDOLW\
UDWH GHFUHDVHV DQG HVVHQWLDOO\ UHDFKHV D SODWHDX DIWHU WKH DJH RI ��� �%DUEL HW DO��
������ 6LPLODUO\� .RQWLV HW DO� ������ IROORZHG D SUREDELOLVWLF %D\HVLDQ PRGHO DY�
HUDJLQJ �%0$� DSSURDFK WKDW FRQVLGHUV DQ HQVHPEOH RI �� IRUHFDVWLQJ PRGHOV DQG
SUHGLFWHG D FRQWLQXHG LQFUHDVH LQ ORQJHYLW\�



� ,QWURGXFWLRQ

7KH LQFUHDVH LQ KHDOWK�VSDQ� L�H�� KHDOWK\ \HDUV RI OLIH� LQFUHDVHV DW D VORZHU UDWH DQG
�� WR ��� RI OLIH LV VSHQW ZLWK PXOWLSOH GLVHDVHV �-DJJHU HW DO�� ������ 0RUHRYHU� WKH
GLIIHUHQFH EHWZHHQ OLIHVSDQ DQG KHDOWK�VSDQ LV KLJKHU LQ IHPDOHV� DQG LQ LQGLYLGXDOV
ZLWK D ORZHU VRFLRHFRQRPLF VWDWXV� 7KH IRUFH RI QDWXUDO VHOHFWLRQ GHFOLQHV ZLWK DJH�
DQG WKXV YDULDQWV ZLWK GHOHWHULRXV HIIHFWV LQ ODWH�OLIH DFFXPXODWH DQG FDQ FDXVH GLV�
HDVHV LQ WKH HOGHUO\ �1LFFROL 	 3DUWULGJH� ������ &RPSUHVVLRQ RI WKH WLPH VSHQW LOO DW
WKH HQG RI OLIH E\ WDUJHWLQJ DJHLQJ LV RQH RI WKH WUHQGV LQ WKH DJHLQJ UHVHDUFK DV LW
EHFRPHV PRUH DQG PRUH FOHDU WKDW LW LV DFKLHYDEOH �3DUWULGJH� 'HHOHQ� 	 6ODJERRP�
������ 7KHUH DUH VRPH µEOXH ]RQHV¶ LQ WKH ZRUOG� 2NLQDZD LQ -DSDQ� 6DUGLQLD LQ ,WDO\�
,NDULD LQ *UHHFH� 1LFR\D LQ &RVWD 5LFD� DQG /RPD /LQGD LQ WKH 86 �3RXODLQ� +HUP� 	
3HV� ������ 3HRSOH OLYLQJ LQ WKHVH UHJLRQV HQMR\ LQFUHDVHG OLIHVSDQ DQG KHDOWK�VSDQ�
:H KDYH RQO\ UHFHQWO\ VWDUWHG WR OLYH ORQJ SHULRGV� DQG WKXV JHQHWLFV LV QRW H[SHFWHG
WR KDYH D VLJQLILFDQW UROH LQ WKHVH SRSXODWLRQV �3DUWULGJH HW DO�� ������ ,QGHHG� WKHVH
SRSXODWLRQV DUH QRW JHQHWLFDOO\ GLIIHUHQW IURP WKHLU QHLJKERXUV� EXW WKHLU OLIHVW\OH DQG
VRFLDO QHWZRUNV FDQ H[SODLQ WKH GLIIHUHQFH �3RXODLQ HW DO�� ������ 'LHW� HGXFDWLRQ� DQG
SK\VLFDO DFWLYLW\ FRQWULEXWHV WR D KHDOWKLHU OLIH LQ KXPDQ SRSXODWLRQV �&ULPPLQV� ������
$QRWKHU OLQH RI HYLGHQFH IRU WKH PDOOHDELOLW\ RI OLIH� DQG KHDOWK�VSDQ FRPHV IURP WKH
PRGHO RUJDQLVP VWXGLHV� 0XOWLSOH JHQHWLF� HQYLURQPHQWDO� DQG SKDUPDFRORJLFDO LQWHU�
YHQWLRQV DUH VKRZQ WR ERWK LQFUHDVH OLIHVSDQ DQG GHFUHDVH WKH IXQFWLRQDO GHFOLQH LQ
ODWH OLIH �)RQWDQD� 3DUWULGJH� 	 /RQJR� ������

1HYHUWKHOHVV� DSSOLFDWLRQ RI WKH DFFXPXODWHG NQRZOHGJH WR KXPDQV WR LPSURYH KHDOWK�
VSDQ UHTXLUHV D EHWWHU XQGHUVWDQGLQJ RI WKH PROHFXODU ELRORJ\ RI DJHLQJ� DJH�UHODWHG
FKDQJHV� DQG DJH�UHODWHG GLVHDVHV� ,Q WKLV WKHVLV� , DLP WR DSSURDFK WKLV DLP E\ XVLQJ
FRPSXWDWLRQDO VWXGLHV�

��� :KDW LV DJHLQJ"

$JHLQJ LV D SKHQRPHQRQ WKDW HYHU\ERG\ LV IDPLOLDU ZLWK WKURXJK HLWKHU REVHUYDWLRQ RU
H[SHULHQFH� \HW WKHUH LV QR FOHDU GHILQLWLRQ� :KLOH LW FRXOG EH XVHG WR RQO\ PHDQ DQ
LQFUHDVH LQ FKURQRORJLFDO DJH� WR PRVW RI WKH UHVHDUFKHUV ZRUNLQJ LQ WKH ILHOG� DJHLQJ
LV D ELRORJLFDO SURFHVV ZLWK VSHFLILF FKDUDFWHULVWLFV� 7KURXJKRXW WKLV WKHVLV� , ZLOO DOVR
PDNH D GLVWLQFWLRQ EHWZHHQ WKH FKDQJHV ZLWK FKURQRORJLFDO DJH DQG DJHLQJ� , ZLOO
FRQVLGHU DJHLQJ DV D SURFHVV WKDW VWDUWV DIWHU WKH DYHUDJH DJH DW ILUVW UHSURGXFWLRQ�
DQG WKH WLPH EHIRUH WKHQ DV SRVWQDWDO GHYHORSPHQW� 7KH UHDVRQLQJ FRPHV IURP WKH



��� (YROXWLRQ RI DJHLQJ �

HYROXWLRQDU\ WKHRULHV VWDWLQJ WKDW WKH IRUFH RI QDWXUDO VHOHFWLRQ LV WKH KLJKHVW EHIRUH
WKH UHSURGXFWLYH SHULRG �VHH 6HFWLRQ �����

,Q WKH OLWHUDWXUH� DJHLQJ LV RIWHQ GHILQHG DV WKH WLPH�GHSHQGHQW IXQFWLRQDO GHFOLQH�
LQFUHDVHG VXVFHSWLELOLW\ WR SDWKRORJLHV� DQG DQ LQFUHDVHG ULVN RI GHDWK �/ySH]�2WÕғQ�
%ODVFR� 3DUWULGJH� 6HUUDQR� 	 .URHPHU� ������ :KLOH , VWURQJO\ DJUHH ZLWK WKLV GHIL�
QLWLRQ� , ZDQW WR VWDWH WKDW DJHLQJ�UHODWHG FKDQJHV REVHUYHG WKURXJK KLJK�WKURXJKSXW
H[SHULPHQWV DUH QRW QHFHVVDULO\ DOZD\V GHWULPHQWDO� ,QVWHDG� WKH\ PD\ LQFOXGH QHXWUDO
RU EHQHILFLDO FKDQJHV DV D UHVSRQVH WR KDUPIXO HIIHFWV VHHQ GXULQJ DJHLQJ �.RZDOG 	
.LUNZRRG� ������ 8QIRUWXQDWHO\� WKH FKDUDFWHULVDWLRQ RI WKHVH FKDQJHV LV VWLOO ODFNLQJ�
7KXV� HYHQ WKRXJK� LQ SULQFLSOH� , ZRXOG FRQVLGHU RQO\ WKH SURFHVVHV WKDW UHVXOW LQ IXQF�
WLRQDO GHFOLQH DV FRQWULEXWRUV RI DJHLQJ� LQ SUDFWLFH� DOO DJH�UHODWHG FKDQJHV DIWHU WKH
DYHUDJH DJH DW UHSURGXFWLRQ ZLOO EH FRQVLGHUHG DV DJHLQJ�UHODWHG FKDQJHV LQ WKH XS�
FRPLQJ FKDSWHUV� 7KH FKDOOHQJHV DQG UHVXOWV RI WKLV DPELJXLW\ DUH IXUWKHU GLVFXVVHG
LQ WKH UHOHYDQW FKDSWHUV�

��� (YROXWLRQ RI DJHLQJ

,I DJHLQJ UHVXOWV LQ D GHFOLQH LQ RUJDQLVPDO ILWQHVV DQG DQ LQFUHDVH LQ WKH ULVN RI PRUWDO�
LW\� KRZ FRXOG LW VXUYLYH WKURXJK HYROXWLRQ� DQG KRZ FDQ LW EH DOPRVW XELTXLWRXV� VHHQ
LQ PRVW DQLPDOV" 7KHUH KDYH EHHQ PRUH WKDQ ��� WKHRULHV RI DJHLQJ �0HGYHGHY�
������ DQG PDQ\ DWWHPSWHG WR DQVZHU WKLV TXHVWLRQ� 2YHUDOO� ZH FDQ FODVVLI\ WKHVH
WKHRULHV LQWR WZR DV SURJUDPPHG DQG QRQ�SURJUDPPHG WKHRULHV RI DJHLQJ� 7RGD\� WKH
PDLQVWUHDP RSLQLRQ IDYRXUV WKH QRQ�SURJUDPPHG WKHRULHV �$XVWDG� ������ KRZHYHU�
, ZLOO EULHIO\ GHVFULEH ERWK FDWHJRULHV�

����� 3URJUDPPHG WKHRULHV RI DJHLQJ

7KH SURJUDPPHG WKHRULHV RI DJHLQJ VXJJHVW WKDW IXQFWLRQDO GHFOLQH LQ SRVW�UHSURGXFWLYH
DJH DQG VKRUWHU OLIHVSDQ FRQIHUV HYROXWLRQDU\ EHQHILW DQG WKXV LV HYROYHG XQGHU VH�
OHFWLRQ� 7KLV FRXOG EH GULYHQ WR SUHYHQW SRVW�UHSURGXFWLYH LQGLYLGXDOV IURP FRPSHWLQJ
IRU UHVRXUFHV RU WR LQFUHDVH JHQHWLF GLYHUVLW\ DQG WKH VSHHG RI HYROXWLRQ E\ LQFUHDV�
LQJ WKH QXPEHU RI JHQHUDWLRQV� 7KHUH DUH WKUHH PDLQ FRXQWHU�DUJXPHQWV DJDLQVW SUR�
JUDPPHG WKHRULHV� DQG WKHVH DUH SUHVHQWHG DQG UHYLHZHG PXOWLSOH WLPHV E\ 7RP .LUN�
ZRRG DQG KLV FROOHDJXHV �.LUNZRRG� ����� ����� .LUNZRRG 	 0HORY� ����� .RZDOG 	



� ,QWURGXFWLRQ

.LUNZRRG� ������ 7KH ILUVW FRXQWHU�DUJXPHQW LV WKDW DOWKRXJK DJHLQJ LV DOPRVW XQLYHU�
VDO IRU PDQ\ VSHFLHV LQ FDSWLYLW\ �)ODWW 	 3DUWULGJH� ������ LW LV UDUHO\ REVHUYHG LQ WKH
ZLOG� ,Q QDWXUDO FRQGLWLRQV� PRUWDOLW\ LV JHQHUDOO\ GXH WR H[WULQVLF IDFWRUV �H�J� SUHGDWLRQ
DQG SDWKRJHQV�� DQG UDUHO\ FDXVHG E\ DJHLQJ�UHODWHG PRUWDOLW\� 7KXV� DJHLQJ�UHODWHG
PRUWDOLW\ FDQQRW EH XQGHU VHOHFWLRQ� 7KLV DUJXPHQW KDV EHHQ FKDOOHQJHG E\ UHFHQW
ILHOG VWXGLHV GRFXPHQWLQJ WKDW PXOWLSOH VSHFLHV H[SHULHQFH DJHLQJ LQ WKH ZLOG �%UXQHW�
5RVVLQQL 	 $XVWDG� ����� 1XVVH\� )UR\� /HPDLWUH� *DLOODUG� 	 $XVWDG� ������ 7KH
VHFRQG FRXQWHU�DUJXPHQW LV WKDW LI DJHLQJ ZHUH SURJUDPPHG� WKHUH ZRXOG EH D OLP�
LWHG QXPEHU RI JHQHV FRQWUROOLQJ DJHLQJ� 7KLV DUJXPHQW ZDV DOVR FKDOOHQJHG E\ WKH
GLVFRYHU\ RI JHQHV DQG SDWKZD\V WKDW PRGXODWH OLIHVSDQ� +RZHYHU� WKHVH JHQHV RQO\
SRVWSRQH WKH DJHLQJ SURFHVV DQG GR QRW HOLPLQDWH LW� /DVW DQG SUREDEO\� WKH PRVW SHU�
VXDVLYH DUJXPHQW LV WKDW WKHVH WKHRULHV DUH EDVHG RQ JURXS VHOHFWLRQ� ZKLFK LV PXFK
ZHDNHU WKDQ VHOHFWLRQ RQ LQGLYLGXDOV� H[FHSW IRU D IHZ VSHFLDO FRQGLWLRQV �6PLWK� ������
,I WKHUH ZHUH IDFWRUV WKDW DFFHOHUDWH DJHLQJ EHFDXVH RI LWV EHQHILWV IRU WKH VSHFLHV� WKH\
ZRXOG QRW EH VHOHFWHG DV WKHLU GLVDGYDQWDJHRXV HIIHFWV RQ LQGLYLGXDOV ZRXOG RYHUULGH
WKH VHOHFWLRQ DW WKH JURXS OHYHO�

����� 1RQ�SURJUDPPHG WKHRULHV RI DJHLQJ

1RQ�SURJUDPPHG WKHRULHV VXJJHVW WKDW DJHLQJ LV QRQ�DGDSWLYH� DQG LV D UHVXOW RI HL�
WKHU GHFUHDVLQJ QDWXUDO VHOHFWLRQ RU LV D VLGH�HIIHFW RI WKH VHOHFWLYH SUHVVXUH RQ RWKHU
WUDLWV �)ODWW 	 3DUWULGJH� ������ 7KH IRUFH RI QDWXUDO VHOHFWLRQ DW GLIIHUHQW DJHV FDQ
EH GHVFULEHG DV D IXQFWLRQ RI UHSURGXFWLRQ DQG H[WULQVLF PRUWDOLW\ �.LUNZRRG 	 0HORY�
������ $V DJH LQFUHDVHV� HVSHFLDOO\ DIWHU WKH DJH RI UHSURGXFWLRQ� WKH IRUFH RI QDW�
XUDO VHOHFWLRQ LV SUHGLFWHG WR GHFOLQH EHFDXVH RI H[WULQVLF KD]DUGV� 7KHUH DUH WZR
PDLQ HYROXWLRQDU\ JHQHWLF WKHRULHV RI DJHLQJ WKDW DUH EDVHG RQ SRSXODWLRQ JHQHWLFV
SULQFLSOHV� L�H� PXWDWLRQ DFFXPXODWLRQ DQG DQWDJRQLVWLF SOHLRWURS\ WKHRULHV RI DJHLQJ�
0XWDWLRQ DFFXPXODWLRQ WKHRU\ RI DJHLQJ �0$� SUHGLFWV DQ LQWHUJHQHUDWLRQDO DFFXPXOD�
WLRQ RI GHOHWHULRXV YDULDQWV LQ WKH SRSXODWLRQ LI WKH\ DUH RQO\ H[SUHVVHG �L�H� IXQFWLRQDO�
DW D ODWH DJH �0HGDZDU� ������ $QWDJRQLVWLF SOHLRWURS\ WKHRU\ RI DJHLQJ �$3� IRFXVHV
RQ SOHLRWURSLF YDULDQWV WKDW KDYH RSSRVLWH HIIHFWV RQ PXOWLSOH WUDLWV� ,I WKH YDULDQW LV
EHQHILFLDO IRU D WUDLW WKDW LV LPSRUWDQW ZKHQ WKH IRUFH RI QDWXUDO VHOHFWLRQ LV VWURQJ� H�J�
VXUYLYDO RU UHSURGXFWLYH VXFFHVV� WKHVH YDULDQWV ZRXOG EH IDYRXUHG WR EH SDVVHG RQ
WKH IXWXUH JHQHUDWLRQV GHVSLWH WKHLU GHWULPHQWDO HIIHFWV LQ ODWH DJH �:LOOLDPV� ������
$ PRGLILHG YHUVLRQ RI $3 WKDW LV H[SUHVVHG LQ WHUPV RI SK\VLRORJLFDO WUDGH�RIIV LV WKH
GLVSRVDEOH VRPD WKHRU\� ,W LV EDVHG RQ WKH SULQFLSOH WKDW FHOOXODU UHVRXUFHV DUH OLPLWHG



��� 7KH KDOOPDUNV RI DJHLQJ �

DQG DUH GLVWULEXWHG EHWZHHQ JURZWK� UHSURGXFWLRQ� DQG PDLQWHQDQFH� 7KXV� JUHDWHU
LQYHVWPHQW LQ JURZWK DQG UHSURGXFWLRQ ZRXOG UHVXOW LQ UHGXFHG LQYHVWPHQW LQ PDLQWH�
QDQFH� ZKLFK ZRXOG UHVXOW LQ WKH DFFXPXODWLRQ RI FHOOXODU GDPDJHV �.LUNZRRG� ������

7KH GLVFRYHU\ RI JHQHV DQG SDWKZD\V WKDW UHJXODWH OLIHVSDQ LQ PRGHO RUJDQLVPV KDG
FKDOOHQJHG WKH QRQ�DGDSWLYH WKHRULHV RI DJHLQJ �-RKQVRQ� ������ +RZHYHU� WKH IDFW
WKDW WKHVH JHQHV DUH PRVWO\ LQ SDWKZD\V WKDW VHQVH WKH HQYLURQPHQWDO UHVRXUFHV �H�J�
QXWULHQW�VHQVLQJ QHWZRUN �161�� P725 � 3,�. SDWKZD\� RU UHJXODWH JHQHWLF PDLQWH�
QDQFH �H�J� '1$ UHSDLU JHQHV� VXSSRUWV WKH QRWLRQ WKDW WKHVH JHQHV GR QRW FRQWURO
WKH DJHLQJ SURFHVV� EXW LQVWHDG UHJXODWH WKH UHVRXUFH DOORFDWLRQ �.LUNZRRG 	 0HORY�
������ 0RUHRYHU� QRQH RI WKHVH JHQHV FDXVHV FRPSOHWH DEROLWLRQ RI DJHLQJ� EXW WKH\
UDWKHU SRVWSRQH WKH SURFHVV� ZKLFK VXSSRUWV WKH SUHGLFWLRQV RI QRQ�SURJUDPPHG WKH�
RULHV�

��� 7KH KDOOPDUNV RI DJHLQJ

7KH ILUVW VLJQDOV WKDW JHQHWLFV PD\ SOD\ D UROH LQ PRGXODWLRQ RI OLIHVSDQ VWDUWHG WR
HPHUJH DURXQG �� \HDUV DJR ZKHQ WKH ILUVW ORQJ�OLYHG VWUDLQV RI &DHQRUKDEGLWLV HOH�
JDQV ZHUH LVRODWHG �.ODVV� ������ 7KH ILUVW JHQHWLF HOHPHQW GLVFRYHUHG WR PRGXODWH
OLIHVSDQ ZDV DJH��� +RZHYHU� WKH LPSDFW RI WKLV JHQH ZDV FRQWURYHUVLDO DV LW DOVR
DIIHFWV WRWDO IRRG LQWDNH� SRVVLEO\ FDXVLQJ FDORULF UHVWULFWLRQ� /DWHU� )ULHGPDQ DQG
-RKQVRQ VKRZHG ��� OLIHVSDQ H[WHQVLRQ ZDV GXH WR WKH PXWDWLRQ LWVHOI� QRW D UH�
GXFWLRQ LQ WKH FDORULF LQWDNH �)ULHGPDQ 	 -RKQVRQ� ������ 7HQ \HDUV ODWHU� .HQ\RQ HW
DO� VKRZHG GDI��PXWDQW ZRUPV DOVR KDYH SRWHQWLDO WR GRXEOH WKHLU OLIHVSDQV� DQG PRUH
LPSRUWDQWO\� ZLWKRXW D FRVW RQ WKHLU UHSURGXFWLYH VXFFHVV �.HQ\RQ� &KDQJ� *HQVFK�
5XGQHU� 	 7DEWLDQJ� ������ GDI�� DOVR FRGHV IRU D SURWHLQ LQ WKH 161� D KRPRORJXH
RI ,*)�� UHFHSWRU LQ KXPDQV� 0DQ\ RWKHU GLVFRYHULHV IROORZHG WKHVH DQG VFLHQWLVWV
IRXQG GLIIHUHQW SDWKZD\V UHJXODWLQJ OLIHVSDQ LQ PRGHO RUJDQLVPV� /ySH]�2WÕғQ HW DO�
������� ODWHU UHYLHZHG WKHVH JHQHWLF HOHPHQWV WRJHWKHU ZLWK WKH FKDQJHV WKDW RFFXU
LQ SK\VLRORJLFDO DJHLQJ LQ PDPPDOV WR FRPSLOH D VHW RI FKDUDFWHULVWLFV WKDW GHILQH WKH
DJHLQJ SKHQRW\SH� $XWKRUV FRQVLGHUHG WKUHH FULWHULD WR FRQVLGHU WKHVH FKDUDFWHULVWLFV
DV KDOOPDUNV� L� WKH\ VKRXOG PDQLIHVW WKHPVHOYHV LQ SK\VLRORJLFDO DJHLQJ� LL� WKHLU H[�
SHULPHQWDO H[DFHUEDWLRQ VKRXOG ZRUVHQ WKH DJHLQJ SKHQRW\SH� DQG LLL� WKHLU UHGXFWLRQ
VKRXOG LPSURYH OLIHVSDQ RU DW OHDVW GHOD\ IXQFWLRQDO GHFOLQH� 1RW DOO RI WKH PROHFXODU
FKDQJHV FDQ EH WHVWHG H[WHQVLYHO\ LQ PXOWLSOH RUJDQLVPV� DQG VRPH RI WKH KDOOPDUNV
GR QRW VDWLVI\ DOO WKUHH� $QRWKHU OD\HU RI FRPSOH[LW\ FRPHV IURP WKH LQWHUFRQQHFWHG�



� ,QWURGXFWLRQ

QHVV EHWZHHQ KDOOPDUNV DV WKH\ DUH QRW LQGHSHQGHQW� 1HYHUWKHOHVV� WKH OLVW RI QLQH
KDOOPDUNV SUHVHQWV WKH IXQFWLRQDO FKDUDFWHULVWLFV DVVRFLDWHG ZLWK DJHLQJ�

����� 3ULPDU\ KDOOPDUNV

7KHVH DUH WKH KDOOPDUNV WKDW H[SODLQ OLNHO\ FDXVHV RI FHOOXODU GDPDJH� 7KHVH KDYH
DGYHUVH HIIHFWV RQ WKH IXQFWLRQDOLW\� DQG WKHLU UHGXFWLRQ ZRXOG DPHOLRUDWH WKH DJHLQJ
SURFHVV�

*HQRPLF LQVWDELOLW\� '1$ LQWHJULW\ DQG VWDELOLW\ DUH WKUHDWHQHG E\ YDULRXV LQWULQVLF
�H�J� '1$ UHSOLFDWLRQ HUURUV� UHDFWLYH R[\JHQ VSHFLHV �526��� RU H[WULQVLF �H�J� 89
UDGLDWLRQ� FDQFHURJHQLF IDFWRUV� IDFWRUV WKURXJKRXW OLIH �+RHLMPDNHUV� ������ 7KHVH
UHVXOW LQ SRLQW PXWDWLRQV� WUDQVORFDWLRQV� FKURPRVRPDO DEQRUPDOLWLHV OLNH DQHXSORLG\
WKDW FDQ DIIHFW WKH VWUXFWXUH RU UHJXODWLRQ RI HVVHQWLDO JHQHV DQG UHVXOW LQ D GHFUHDVH
LQ WKH IXQFWLRQDO FDSDFLW\ RI FHOOV �)DJJLROL� :DQJ� 9LMJ� 	 0RQWDJQD� ����� )RUVEHUJ
HW DO�� ����� *DUFÕғD�1LHWR� 0RUULVRQ� 	 )UDVHU� ������ *HQHV IXQFWLRQLQJ LQ WKH '1$
UHSDLU PHFKDQLVPV KDYH EHHQ IRXQG LPSRUWDQW IRU SK\VLRORJLFDO DJHLQJ �*RUEXQRYD�
6HOXDQRY� 0DR� 	 +LQH� ����� DV ZHOO DV DFFHOHUDWHG DJHLQJ V\QGURPHV �.XEEHQ 	
0LVWHOL� ������

7HORPHUH DWWULWLRQ� :KLOH WKH DFFXPXODWLRQ RI VRPDWLF GDPDJH WKURXJKRXW WKH JHQRPH
VHHPV WR EH UDQGRP� WHORPHUHV DUH WKH SULPDU\ VLWHV EHLQJ DIIHFWHG GXULQJ DJHLQJ
�%ODFNEXUQ� *UHLGHU� 	 6]RVWDN� ������ '1$ SRO\PHUDVH FDQQRW UHSOLFDWH WKH HQGV
RI OLQHDU '1$ PROHFXOHV DQG� LQ WKH DEVHQFH RI WHORPHUDVH� WKH WHORPHUH UHJLRQ JHWV
VKRUWHQHG LQ HDFK UHSOLFDWLRQ �6KD\� ������ 0RVW PDPPDOLDQ VSHFLHV ODFN WHORPHUDVH
LQ VRPDWLF FHOOV� DQG WKXV WHORPHUH DWWULWLRQ LV RQH RI WKH FKDUDFWHULVWLFV RI DJHLQJ� 7KLV
DOVR OLPLWV WKH QXPEHU RI SRVVLEOH UHSOLFDWLRQV DQG OHDGV WR UHSOLFDWLYH VHQHVFHQFH
�+D\IOLFN 	 0RRUKHDG� ����� 2ORYQLNRY� ������ 6KRUWHU WHORPHUHV DUH DVVRFLDWHG
ZLWK VKRUWHU OLIHVSDQ �%RRQHNDPS� 6LPRQV� +HPHULN� 	 9HUKXOVW� ������ DQG LQGXFHG
WHORPHUDVH DFWLYLW\ UHVFXHV WKLV SKHQRW\SH �-DVNHOLRII HW DO�� ������

(SLJHQHWLF DOWHUDWLRQV� -XVW OLNH VRPDWLF JHQHWLF PXWDWLRQV� HSL�PXWDWLRQV FDQ UHVXOW
LQ GLVUXSWLRQ RI FHOOXODU DFWLYLWLHV �7DOHQV HW DO�� ������ &KDUDFWHULVWLF FKDQJHV LQ WKH
HSLJHQRPH LQYROYH JOREDO '1$ K\SRPHWK\ODWLRQ� UHJLRQ�VSHFLILF '1$ K\SHUPHWK\OD�
WLRQ� DQG KLVWRQH PRGLILFDWLRQV �3DO 	 7\OHU� ������ 7KHVH FKDQJHV DUH DOVR XVHG WR
GHYHORS WKH HSLJHQHWLF DJHLQJ FORFN� WKH PRVW DFFXUDWH DJH�SUHGLFWRU WRGD\ �VHH 6HF�
WLRQ ������ �+RUYDWK 	 5DM� ������ 7KH HSLJHQRPH LV YLWDO IRU WKH UHJXODWLRQ RI JHQH
H[SUHVVLRQ DQG GLVUXSWLRQV FDQ UHVXOW LQ D GHFUHDVH LQ IXQFWLRQDO FDSDFLW\� :KLOH JH�



��� 7KH KDOOPDUNV RI DJHLQJ �

QHWLF PXWDWLRQV DUH PRVWO\ LUUHYHUVLEOH� XQGHUVWDQGLQJ WKH HSLJHQRPH�ZLGH FKDQJHV
FDQ RIIHU ZD\V WR LQWHUYHQH LQ DJHLQJ�UHODWHG SKHQRW\SHV �)UHLMH 	 /ySH]�2WÕғQ� �����
5DQGR 	 &KDQJ� ������

/RVV RI SURWHRVWDVLV� 3URWHRVWDVLV� RU SURWHLQ KRPHRVWDVLV� LV WKH VXP RI DOO DFWLYLWLHV
WR HQVXUH WKH VWDELOLW\ DQG IXQFWLRQDOLW\ RI WKH SURWHRPH� ,W LQYROYHV PDQ\ UHJXODWRUV�
LQFOXGLQJ PROHFXODU FKDSHURQHV� SURWHLQ SRVWWUDQVODWLRQDO PRGLILFDWLRQ HQ]\PHV� SUR�
WHDVRPH� DQG O\VRVRPH �+LSS� .DVWXUL� 	 +DUWO� ������ $FFXPXODWLRQ RI QRQIXQFWLRQDO
DQG PLVIROGHG SURWHLQV LV D FKDUDFWHULVWLF RI SK\VLRORJLFDO DJHLQJ DQG DJH�UHODWHG GLV�
HDVHV� HVSHFLDOO\ QHXURGHJHQHUDWLYH GLVHDVHV VXFK DV $O]KHLPHU¶V DQG 3DUNLQVRQ¶V
�.ODLSV� -D\DUDM� 	 +DUWO� ������ ,PSURYHPHQW RI SURWHRVWDVLV WKURXJK H[SHULPHQWDO
LQWHUYHQWLRQV GHOD\HG DJHLQJ LQ PDPPDOV �=KDQJ 	 &XHUYR� ������

����� $QWDJRQLVWLF KDOOPDUNV

7KLV FDWHJRU\ LQYROYHV KDOOPDUNV WKDW PLJKW KDYH SRVLWLYH RU QHJDWLYH HIIHFWV GHSHQG�
LQJ RQ WKH LQWHQVLW\� 7KH\ JHQHUDOO\ RFFXU DV D UHVSRQVH WR WKH SULPDU\ KDOOPDUNV� DQG
ZKHQ WKHLU DPSOLWXGH RU GXUDWLRQ LV H[FHVV� WKH\ UHVXOW LQ SDWKRORJLFDO FRQVHTXHQFHV�

'HUHJXODWHG QXWULHQW VHQVLQJ� *HQHV DQG SURWHLQV IXQFWLRQLQJ LQ WKH QXWULHQW�VHQVLQJ
QHWZRUN �161� KDYH EHHQ VKRZQ WR PRGXODWH OLIH�� DQG KHDOWK�VSDQ LQ PRGHO RUJDQ�
LVPV �)RQWDQD 	 3DUWULGJH� ������ ,Q JHQHUDO� DQDEROLVP DFFHOHUDWHV WKH DJHLQJ SUR�
FHVV DQG GHFUHDVHV OLIHVSDQ �)RQWDQD HW DO�� ������ ,Q OLQH ZLWK WKLV REVHUYDWLRQ�
GLHWDU\ UHVWULFWLRQ LPSURYHV OLIHVSDQ LQ D ZLGH UDQJH RI RUJDQLVPV �VHH 6HFWLRQ ����
�&ROPDQ HW DO�� ����� 0DWWLVRQ HW DO�� ������

0LWRFKRQGULDO G\VIXQFWLRQ� $JHLQJ�UHODWHG DFFXPXODWLRQ RI 526� DQG PXWDWLRQV
LQ WKH PLWRFKRQGULDO '1$ UHVXOW LQ WKH GLVUXSWLRQ RI WKH HQHUJ\ PHWDEROLVP DQG GH�
FUHDVHG $73 DYDLODELOLW\ �*UHHQ� *DOOX]]L� 	 .URHPHU� ����� .DXSSLOD� .DXSSLOD� 	
/DUVVRQ� ������ +RZHYHU� D OLPLWHG DPRXQW RI 526 ZDV REVHUYHG WR WULJJHU PLWR�
KRUPHVLV� D SURFHVV WKDW SUHYHQWV IXUWKHU GDPDJH� 7KXV� ZKLOH D VPDOO DPRXQW RI
526 FDQ DFWLYDWH SURWHFWLYH PHFKDQLVPV� WKH H[FHVV FDQ GLVUXSW HQHUJ\ PHWDEROLVP
�%DODEDQ� 1HPRWR� 	 )LQNHO� ������

&HOOXODU VHQHVFHQFH� %URDGO\� FHOOXODU VHQHVFHQFH FDQ EH GHILQHG DV FHOO F\FOH DU�
UHVW XSRQ YDULRXV WULJJHUV� VXFK DV WHORPHUH DWWULWLRQ DQG RQFRJHQH DFWLYDWLRQ �&DPS�
LVL 	 )DJDJQD� ������ &HOOXODU VHQHVFHQFH SUHYHQWV WKH DFFXPXODWLRQ RI GDPDJHG
FHOOV E\ SUHYHQWLQJ IXUWKHU GLYLVLRQV� +RZHYHU� WKH VHQHVFHQW FHOOV DOVR VHFUHWH YDUL�
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RXV SURLQIODPPDWRU\PROHFXOHV �VHQHVFHQFH�DVVRFLDWHG VHFUHWRU\ SKHQRW\SH� 6$63��
WKDW� LQ WXUQ� FDXVH QHLJKERXULQJ FHOOV WR EHFRPH VHQHVFHQW �5RGLHU 	 &DPSLVL� ������
%HFDXVH LW SUHYHQWV QRQIXQFWLRQDO FHOOV IURP GLYLGLQJ DQG DFFXPXODWLQJ� LQGXFLQJ FHO�
OXODU VHQHVFHQFH LQ PRGHVW OHYHOV PD\ LPSURYH OLIHVSDQ �0DWKHX HW DO�� ������ +RZ�
HYHU� HOLPLQDWLQJ WKH VHQHVFHQW FHOOV WKDW DFFXPXODWH ZLWK DJH DOVR H[WHQGV OLIHVSDQ
�&KLOGV HW DO�� ������

����� ,QWHJUDWLYH KDOOPDUNV

7KH LQWHJUDWLYH KDOOPDUNV DUH WKH UHVXOWV RI WKH SUHYLRXVO\ PHQWLRQHG KDOOPDUNV� 7KH\
LQGXFH V\VWHP�OHYHO FKDQJHV DQG UHVXOW LQ DQ RYHUDOO DJHLQJ SKHQRW\SH WKDW FDXVHV D
GHFOLQH LQ WKH RUJDQLVP¶V IXQFWLRQDO FDSDFLW\�

6WHP FHOO H[KDXVWLRQ� 'HFOLQH LQ WLVVXHV¶ SUROLIHUDWLYH FDSDFLW\ LV RQH RI WKH ZHOO�
NQRZQ FKDUDFWHULVWLFV RI DJHLQJ �*RRGHOO 	 5DQGR� ������ $V D UHVXOW RI WKH PXOWL�
OD\HUHG DFFXPXODWLRQ RI GDPDJH� WLVVXHV ORVH WKHLU UHJHQHUDWLYH FDSDFLW\ �-DQ]HQ HW
DO�� ����� 5RVVL HW DO�� ������ ,PSURYLQJ WKH GLYLVLRQ FDSDFLW\ RI WKH VWHP FHOOV PD\
LPSURYH OLIHVSDQ DW WKH RUJDQLVPDO OHYHO �5DQGR 	 &KDQJ� ������

$OWHUHG LQWUDFHOOXODU FRPPXQLFDWLRQ� $SDUW IURP FHOO�LQWULQVLF FKDQJHV� KRUPRQDO
DQG QRQ�KRUPRQDO LQWHUFHOOXODU FRPPXQLFDWLRQ LV DOVR GLVUXSWHG ZLWK DJH �5XVVHOO 	
.DKQ� ����� =KDQJ HW DO�� ������ ,QIODPPDJLQJ� ZKLFK LV D FRQWLQXRXVO\ LQIODPHG
VWDWH RI DJHG WLVVXHV� LV RQH RI WKH FKDUDFWHULVWLFV RI DJHLQJ DQG LW LV WULJJHUHG E\ WKH
SUR�LQIODPPDWRU\ VLJQDOV� LQHIILFLHQW FOHDULQJ RI SDWKRJHQV DQG WKHLU KRVWV� DQG 6$63
�)UDQFHVFKL� *DUDJQDQL� 3DULQL� *LXOLDQL� 	 6DQWRUR� ������ &RRUGLQDWHG IXQFWLRQDO
GHFOLQH LQ PXOWLSOH RUJDQ V\VWHPV LV DOVR REVHUYHG WKURXJK FRPPXQLFDWLRQ YLD JDS�
MXQFWLRQV� FHOO�WR�FHOO FRQWDFWV� DQG RWKHU VLJQDOOLQJ FKDQQHOV �'XULHX[� :ROII� 	 'LOOLQ�
����� 1HOVRQ HW DO�� ������ %ORRG�ERUQH LQWHUYHQWLRQV� VXFK DV SDUDELRVLV� RIIHU RS�
SRUWXQLWLHV WR PRGXODWH OLIHVSDQ DW WKH LQWHUFHOOXODU OHYHO �&RQER\ HW DO�� ����� 9LOOHGD
HW DO�� ������

��� +LJK�WKURXJKSXW µRPLFV¶ VWXGLHV RI DJHLQJ

7KH PDMRULW\ RI WRGD\¶V NQRZOHGJH DERXW DJHLQJ DQG UHJXODWLRQ RI OLIHVSDQ KDV EHHQ
GULYHQ E\ WKH JHQHWLF VWXGLHV RQ PRGHO RUJDQLVPV� LQYHVWLJDWLQJ KRZ JHQHWLF SHUWXU�
EDWLRQV LQIOXHQFH OLIHVSDQ� $ UHODWLYHO\ UHFHQW GHYHORSPHQW KDV EHHQ WKH DGYDQFHV
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LQ WKH KLJK�WKURXJKSXW WHFKQRORJLHV� DOORZLQJ WKH VWXG\ RI SK\VLRORJLFDO DJHLQJ DW WKH
PROHFXODU OHYHO� ,Q WKLV VHFWLRQ� , VXPPDULVH VRPH RI WKH FRQFOXVLRQV GULYHQ E\ WKHVH
KLJK�WKURXJKSXW RPLFV VWXGLHV IRFXVLQJ RQ DJHLQJ LQ KXPDQV�

����� *HQRPLFV

+LJK�WKURXJKSXW PHDVXUHPHQWV EHFDPH ILUVW DYDLODEOH IRU JHQRPLFV� 8VLQJ FKLSV GH�
VLJQHG WR FDSWXUH VSHFLILF VLQJOH QXFOHRWLGH SRO\PRUSKLVPV� RU ODWHU XVLQJ '1$ VH�
TXHQFLQJ WHFKQRORJLHV� LW EHFDPH SRVVLEOH WR UHVROYH JHQHWLF YDULDWLRQ DW D VLQJOH
QXFOHRWLGH OHYHO�

*HUPOLQH PXWDWLRQV DQG ORQJHYLW\

7KH KHULWDELOLW\ RI ORQJHYLW\ HVWLPDWHG WR EH RQO\ ������ �'HHOHQ� %HHNPDQ� &DSUL�
)UDQFHVFKL� 	 6ODJERRP� ����� 0XUDELWR� <XDQ� 	 /XQHWWD� ������ KRZHYHU� PDQ\
DJH�UHODWHG GLVHDVHV ZKLFK LQIOXHQFH KHDOWK�VSDQ DQG ORQJHYLW\ KDYH UDWKHU KLJK KHU�
LWDELOLW\ HVWLPDWHV� )RU H[DPSOH� $O]KHLPHU¶V VKRZ ������ KHULWDELOLW\ �9DQ &DXZHQ�
EHUJKH� 9DQ %URHFNKRYHQ� 	 6OHHJHUV� ������ DQG FDWDUDFW KDV DURXQG ��� �+DP�
PRQG� 6QLHGHU� 6SHFWRU� 	 *LOEHUW� ������

6WXGLHV FRPSDULQJ FHQWHQDULDQV� L�H� SHRSOH UHDFKLQJ ��� \HDUV RI DJH� ZLWK \RXQJHU
FRQWUROV IRXQG VHYHUDO FDQGLGDWH JHQHV LQIOXHQFLQJ ORQJHYLW\� LQFOXGLQJ &'.1�$�%
DQG $32( JHQHV DQG )2;2 WUDQVFULSWLRQ IDFWRUV ZKLFK ZHUH IRXQG UHSHDWHGO\ LQ LQ�
GHSHQGHQW VWXGLHV �'HHOHQ HW DO�� ����� 3DUWULGJH HW DO�� ����� 3LOOLQJ HW DO�� �����
:ULJKW HW DO�� ������ 'HVSLWH WKH UHODWLYHO\ ORZ KHULWDELOLW\ RI ORQJHYLW\� VWXGLHV XV�
LQJ SDUHQWDO ORQJHYLW\ DV D SUR[\ WR LQGLYLGXDO ORQJHYLW\ DOVR UHSOLFDWHG WKHVH UHVXOWV
DQG LGHQWLILHG RWKHU FDQGLGDWHV� ZKLFK ZHUH DOVR DVVRFLDWHG ZLWK ODWH�RQVHW GLVHDVHV
�'HHOHQ HW DO�� ������

6RPDWLF PXWDWLRQ DFFXPXODWLRQ ZLWK DJH

6SRQWDQHRXV VWRFKDVWLF PXWDWLRQV RFFXU LQ VRPDWLF FHOOV WKURXJKRXW OLIH� 0RVW RI WKHP
DUH WKRXJKW WR EH KDUPOHVV� EXW VRPH PD\ RFFDVLRQDOO\ DIIHFW D JHQH RU LWV UHJXOD�
WLRQ� OHDGLQJ WR IXQFWLRQDO FRQVHTXHQFHV� 7KH UROH RI VRPDWLF PXWDWLRQV DQG FDQFHU LV
EHWWHU XQGHUVWRRG WRGD\ �0DUWLQFRUHQD 	 &DPSEHOO� ������ 6RPH QRQ�PDOLJQDQW QHX�
URORJLFDO GLVHDVHV� VXFK DV FHUHEUDO FRUWLFDO PDOIRUPDWLRQ� HSLOHSV\� DXWLVP VSHFWUXP
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GLVRUGHU� DUH DOVR UHODWHG WR VRPDWLF PXWDWLRQV WKDW RFFXU HDUO\ LQ OLIH �5RGLQ 	 :DOVK�
������ 3URJUHVVLYH DFFXPXODWLRQ RI VRPDWLF PXWDWLRQV LV SURSRVHG WR FRQWULEXWH WR
DJHLQJ �/ySH]�2WÕғQ HW DO�� ������ KRZHYHU� WKH FKDUDFWHULVDWLRQ RI WKH H[WHQW UHTXLUHV
LPSURYHG VHTXHQFLQJ WHFKQRORJLHV�

7KH VRPDWLF PXWDWLRQ UDWH LQ KXPDQ % DQG 7 O\PSKRF\WHV� ILEUREODVWV� UHWLQD� DQG WKH
LQWHVWLQDO HSLWKHOLXP LV HVWLPDWHG WR EH LQ WKH RUGHU RI � WR �� PXWDWLRQV SHU GLSORLG
JHQRPH SHU FHOO GLYLVLRQ� ZKLFK LV WHQ WLPHV PRUH WKDQ JHUPOLQH PXWDWLRQV �/\QFK�
����� 0DUWLQFRUHQD 	 &DPSEHOO� ������ 8VLQJ ZKROH�JHQRPH�H[RPH VHTXHQFLQJ�
VLQJOH�FHOO '1$ VHTXHQFLQJ� RU 51$ VHTXHQFLQJ WHFKQRORJLHV� VWXGLHV VKRZHG WKDW
VRPDWLF PXWDWLRQV RFFXU VWRFKDVWLFDOO\ EXW DUH DIIHFWHG E\ WKH XQGHUO\LQJ JHQHWLF SUR�
JUDPV VXFK DV ELDVHV LQ WKH '1$ UHSDLU PHFKDQLVPV� 7KH\ FDQ OHDG WR FORQDO H[SDQ�
VLRQ DV LQ FDQFHU� DQG FDQ LQYROYH FDQFHU GULYHU PXWDWLRQV �/RGDWR 	 :DOVK� �����
5LVTXHV 	 .HQQHG\� ������ 0RUHRYHU� PXWDWLRQ ODQGVFDSH LV WLVVXH�VSHFLILF� EXW
JHQHV ZKRVH H[SUHVVLRQ LV DVVRFLDWHG ZLWK LQFUHDVHGPXWDWLRQ ORDG LQ PXOWLSOH WLVVXHV
LQFOXGH '1$ UHSDLU� LPPXQH UHVSRQVH� DXWRSKDJ\� DQG FHOO DGKHVLRQ �*DUFÕғD�1LHWR
HW DO�� ������

����� 7UDQVFULSWRPLFV

*HQHV DUH WUDQVFULEHG LQWR 51$PROHFXOHV� DQG WKH WRWDO RI WKHVH WUDQVFULSWV DUH FDOOHG
WKH WUDQVFULSWRPH� ,W LQFOXGHV ERWK FRGLQJ DQG QRQ�FRGLQJ 51$ PROHFXOHV� 6LPLODU WR
JHQRPLFV� ERWK PLFURDUUD\V DQG VHTXHQFLQJ PHWKRGV DUH XVHG WR PHDVXUH WKH DEXQ�
GDQFH RI WUDQVFULSWV LQ WKH FHOO� 0RVW RI WKH VWXGLHV KDYH D FURVV�VHFWLRQDO GHVLJQ�
L�H� KDYH PXOWLSOH VDPSOHV IURP GLIIHUHQW LQGLYLGXDOV DW GLIIHUHQW DJHV� WR PHDVXUH
KRZ WKH H[SUHVVLRQ RI JHQHV FKDQJHV ZLWK DJH� 0RVW RI WKH KXPDQ VWXGLHV KDYH D
OLPLWHG VDPSOH VL]H� DQG WKXV� UHSOLFDWLRQ RI WKH UHVXOWV LV DQ LVVXH �9DOGHV� *ODVV� 	
6SHFWRU� ������ $OWKRXJK WKH JHQHV WKDW VKRZ DQ LQFUHDVH RU GHFUHDVH LQ H[SUHVVLRQ
ZLWK DJH GR QRW RYHUODS ZHOO� VWXGLHV DJUHH RQ RYHUDOO XS� DQG GRZQ�UHJXODWHG SDWK�
ZD\V� +RZHYHU� WKHVH SDWKZD\V VKRZ D KLJK WLVVXH�VSHFLILFLW\� %ORRG WLVVXH VKRZV
VLJQLILFDQW FKDQJHV LQ LPPXQH UHJXODWHG SDWKZD\V DQG DSRSWRVLV �0DJDOKmHV� &X�
UDGR� 	 &KXUFK� ����� 3HWHUV HW DO�� ������ %UDLQ WLVVXH LV DVVRFLDWHG ZLWK FKDQJHV
LQ V\QDSVH�UHODWHG JHQHV �%HUFKWROG HW DO�� ����� &RODQWXRQL HW DO�� ����� .DQJ HW DO��
������ 'RZQ�UHJXODWLRQ RI PLWRFKRQGULDO JHQHV� RQ WKH RWKHU KDQG� LV REVHUYHG DFURVV
PXOWLSOH WLVVXHV �9DOGHV HW DO�� ������ $JH�UHODWHG FKDQJH LQ WUDQVFULSWRPH LV QRW OLP�
LWHG WR DEXQGDQFHV EXW DOVR LQYROYHV H[SUHVVLRQ RI GLIIHUHQW LVRIRUPV� %RWK WKH PRVW
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DEXQGDQW LVRIRUP DQG WKH QXPEHU RI FR�H[LVWLQJ LVRIRUPV FKDQJH ZLWK DJH� HVSHFLDOO\
LQ WKH EUDLQ WLVVXH �%KDGUD� +RZHOO� 'XWWD� +HLQW]� 	 0DLU� ������

0RVW RI WKH WUDQVFULSWRPH VWXGLHV IRU DJHLQJ IRFXV RQ RQH VSHFLHV DW D WLPH� DQG LQ�
YHVWLJDWH RQH RI WKH PRVW ZLGHO\ XVHG ODERUDWRU\ RUJDQLVPV �0F&DUUROO HW DO�� �����
6WHJHPDQ 	 :HDNH� ������ KXPDQV �&RODQWXRQL HW DO�� ����� *ODVV HW DO�� ����� /X
HW DO�� ������ RU ORQJ�OLYHG VSHFLHV VXFK DV QDNHG PROH�UDW �.LP HW DO�� ����� RU ERZ�
KHDG ZKDOH �6HLP HW DO�� ������ +RZHYHU� QDWXUDO OLIHVSDQ LV KLJKO\ YDULDEOH DFURVV
VSHFLHV DQG FRXOG EH LQYHVWLJDWHG WR XQGHUVWDQG ZKDW FRQWULEXWHV WR D ORQJHU OLIHVSDQ�
7KH ELJJHVW RI WKHVH VWXGLHV DQDO\VHG JHQH H[SUHVVLRQ LQ NLGQH\� EUDLQ DQG OLYHU RI
�� PDPPDOV �)XVKDQ HW DO�� ����� DQG IRXQG D SDUDOOHO HYROXWLRQ RI JHQH H[SUHVVLRQ
DQG OLIHVSDQV� 0RUH VSHFLILFDOO\� WKH\ LGHQWLILHG D SRVLWLYH FRUUHODWLRQ EHWZHHQ OLIHV�
SDQ DQG H[SUHVVLRQ RI JHQHV LQYROYHG LQ '1$ UHSDLU� LPPXQH UHVSRQVH� DQG GDPDJH
UHVSRQVH� 7KH\ DOVR VKRZHG GRZQ�UHJXODWLRQ RI OLSLG PHWDEROLVP� 7&$ F\FOH� DQG
DPLQR DFLG GHJUDGDWLRQ ZLWK LQFUHDVHG OLIHVSDQ� $QRWKHU VWXG\ XVHG SULPDU\ VNLQ IL�
EUREODVWV IURP URGHQWV� EDWV� DQG D VKUHZ DQG DJDLQ IRXQG '1$ UHSDLU DV XS� DQG
SURWHRO\VLV DV GRZQ�UHJXODWHG ZLWK LQFUHDVHG OLIHVSDQ �0D HW DO�� ������ +RZHYHU� LW
LV LPSRUWDQW WR QRWH WKDW WKHVH VWXGLHV FRPSDUH JHQH H[SUHVVLRQ LQ DGXOW RUJDQLVPV
DQG GR QRW FRQVLGHU WKH UHJXODWLRQ RI JHQH H[SUHVVLRQ DFURVV WKH OLIHVSDQ�

7KH GHVFULEHG VWXGLHV XVH EXON WLVVXH� DQG WKXV� ZKHWKHU WKHVH FKDQJHV DUH FHOO�
DXWRQRPRXV RU GXH WR WKH FKDQJHV LQ WKH FHOOXODU FRPSRVLWLRQ LV QRW FOHDU� 5HFHQW
GHYHORSPHQWV LQ VLQJOH�FHOO VHTXHQFLQJ WHFKQRORJ\ DOORZHG WR PHDVXUH JHQH H[SUHV�
VLRQ OHYHOV LQ D VLQJOH FHOO� 7KH QXPEHU RI KXPDQ VWXGLHV XVLQJ VF51$VHT LV PLQLPDO�
1HYHUWKHOHVV� WKH\ VXJJHVW WKDW ERWK WKH FKDQJHV LQ FHOO�W\SH FRPSRVLWLRQ DQG FHOO�
VSHFLILF FKDQJHV FRQWULEXWH WR WKH DJH�UHODWHG FKDQJHV REVHUYHG XVLQJ EXON WLVVXH
�'DUPDQLV HW DO�� ����� (QJH HW DO�� ������ $ UHFHQW VWXG\ VDPSOLQJ PXOWLSOH WLVVXHV
DW GLIIHUHQW DJHV LQ0XV PXVFXOXV VXJJHVWHG GLVWLQFW FHOO W\SHV XQGHUJR GLIIHUHQW DJH�
LQJ WUDMHFWRULHV� EXW VLPLODU FHOO W\SHV LQ GLIIHUHQW WLVVXHV VKRZ VLPLODU FKDQJHV� WKXV
DJHLQJ DQG FHOO�W\SH LGHQWLW\ DUH FRXSOHG �.LPPHO HW DO�� ������

+HUH , VXPPDULVHG WKH WUDQVFULSWRPLFV VWXGLHV IRFXVLQJ RQ FRGLQJ WUDQVFULSWV� KRZ�
HYHU� WKHUH DUH VHYHUDO VWXGLHV VXJJHVWLQJ QRQ�FRGLQJ 51$V VXFK DV PL51$V �'DQND
0RKDPPHG� 3DUN� 1DP� 	 .LP� ����� .LQVHU 	 3LQFXV� ����� 9LFWRULD� 1XQH] /RSH]�
	 0DVWHUQDN� ������ FLUF51$V �.QXSS 	 0LXUD� ����� 0DKPRXGL 	 &DLUQV� ������
OQF51$V �%LQN� /R]DQR�9LGDO� 	 %RRQ� ����� 0DUWWLOD� &KDWVLULVXSDFKDL� 3DOPHU� 	
0DJDOKmHV� ����� 6RXVD�)UDQFR� 5HEHOR� 5RFKD� 	 %HUQDUGHV GH -HVXV� ����� DOVR
VKRZ FKDQJHV ZLWK DJH DQG FRQWURO VRPH RI WKH FULWLFDO UHJXODWRUV RI ORQJHYLW\�
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����� 2WKHU RPLFV

(SLJHQRPH LV WKH WRWDO RI FKHPLFDO FRPSRXQGV WKDW FKDQJH WKH '1$ UHJXODWLRQ ZLWK�
RXW DOWHULQJ WKH EDVH VHTXHQFH� 7KLV FDQ EH DFKLHYHG E\ PRGLI\LQJ WKH '1$ RU KLV�
WRQH SURWHLQV� (SLJHQRPH XQGHUJRHV VXEVWDQWLDO FKDQJHV ZLWK DJH� LQFOXGLQJ D JOREDO
'1$ K\SRPHWK\ODWLRQ� UHJLRQDO '1$ K\SHUPHWK\ODWLRQ� DQG KLVWRQHPRGLILFDWLRQV �3DO
	 7\OHU� ������ DQG JOREDO KHWHURFKURPDWLQ ORVV �7VXUXPL 	 /L� ������ 7KH ILUVW VWXGLHV
LGHQWLILHG VSHFLILF &S* VLWHV WKDW VKRZ GLIIHUHQWLDO PHWK\ODWLRQ EHWZHHQ \RXQJ DQG ROG
LQ GLIIHUHQW WLVVXHV DQG FHOO W\SHV �%RUN HW DO�� ����� 5DN\DQ HW DO�� ����� 7HVFKHQ�
GRUII HW DO�� ������ 0RUHRYHU� RQH RI WKH FKDUDFWHULVWLF REVHUYDWLRQV LQ WKH DJH�UHODWHG
FKDQJH LQ '1$ PHWK\ODWLRQ LV WKH LQFUHDVH LQ LQWHU�LQGLYLGXDO YDULDELOLW\ �VHH 6HFWLRQ
������� ZKLFK LV FDOOHG µHSLJHQHWLF GULIW¶ �7HVFKHQGRUII� :HVW� 	 %HFN� ������ 'HVSLWH
WKLV LQFUHDVHG KHWHURJHQHLW\� '1$ PHWK\ODWLRQ RIIHUV WKH PRVW DFFXUDWH ELRPDUNHUV
RI DJHLQJ� %RFNODQGW HW DO� ������� IRU WKH ILUVW WLPH� VKRZHG WKDW HSLJHQHWLF FKDQJHV
LQ RQO\ WZR &S* VLWHV FRXOG SUHGLFW WKH FKURQRORJLFDO DJH ZLWK ��� \HDUV RI HUURU� $I�
WHU WKLV SLRQHHULQJ VWXG\� PDQ\ GLIIHUHQW HSLJHQHWLF FORFNV DUH GHVLJQHG IRU GLIIHUHQW
WLVVXHV RU VSHFLHV� +RUYDWK ������ DQG +DQQXP HW DO� ������ HSLJHQHWLF FORFNV FRQ�
VWLWXWH WKH PRVW DFFXUDWH ELRPDUNHU RI KXPDQ DJHLQJ VR IDU ZLWK ��� DQG ��� \HDUV RI
PHDQ DEVROXWH HUURUV� ,Q WKHVH PRGHOV� WKH GHYLDWLRQ IURP WKH FKURQRORJLFDO DJH LV
LQWHUSUHWHG DV DFFHOHUDWLRQ RU GHFHOHUDWLRQ RI DJHLQJ SURFHVV DQG LV DVVRFLDWHG ZLWK D
ZLGH UDQJH RI KHDOWK�UHODWHG FRQGLWLRQV� VXFK DV FDQFHU� REHVLW\� PHQRSDXVH� :HUQHU
V\QGURPH� DQG +XQWLQJWRQ¶V GLVHDVH �+RUYDWK 	 5DM� ������

3URWHRPLFV LV WKH VWXG\ RI WKH HQWLUHW\ RI WKH SURWHLQV� WKHLU DOWHUQDWLYH LVRIRUPV DQG
PRGLILFDWLRQV� 'XH WR DOWHUQDWLYH VSOLFLQJ DQG SRVW�WUDQVODWLRQDO PRGLILFDWLRQV� WKH
QXPEHU RI SURWHLQV LV HVWLPDWHG WR EH WZR RUGHUV RI PDJQLWXGH KLJKHU WKDQ WKH FRGLQJ
WUDQVFULSWV� +RZHYHU� GXH WR WHFKQLFDO FKDOOHQJHV� RQO\ D VPDOO IUDFWLRQ RI SURWHLQV RU
WKHLU YDULDQWV DUH H[DPLQHG� $OWKRXJK RQO\ DURXQG ���� SURWHLQV FRXOG EH H[DPLQHG�
VDPSOLQJ PRUH WKDQ ���� LQGLYLGXDOV� /HKDOOLHU HW DO� ������ VKRZHG WKH FKDQJHV LQ
SURWHRPH DUH QRW OLQHDU EXW VKRZ FKDQJHV LQ GLUHFWLRQ� DV DOVR UHSRUWHG IRU WUDQVFULS�
WRPH DQG SURWHRPH VWXGLHV ZLWK PXFK VPDOOHU VDPSOH VL]H �$QLVLPRYD HW DO�� �����
&RODQWXRQL HW DO�� ����� '|QHUWDú HW DO�� ����� 6RPHO HW DO�� ������ $OWKRXJK WKH QXP�
EHU RI SURWHLQV WKDW FRXOG EH LQYHVWLJDWHG LV OLPLWHG� SUHYLRXV VWXGLHV DOVR UHSRUW WKDW
WKH FKDQJHV LQ SURWHLQ DEXQGDQFH PRVWO\ UHIOHFW WUDQVFULSW DEXQGDQFHV �2UL HW DO��
����� 6RPHO HW DO�� ������ KRZHYHU WUDQVODWLRQDO HIILFLHQF\ LPSDFWV WKH SURWHLQ DEXQ�
GDQFH �2UL HW DO�� ������ 0RUHRYHU� WKH FRPSRVLWLRQ RI NH\ SURWHLQ FRPSOH[HV� VXFK
DV QXFOHDU SRUH FRPSOH[� SRO\FRPE UHSUHVVLYH FRPSOH[� H[RQ MXQFWLRQ FRPSOH[� DQG
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FRPSOH[HV LQYROYHG LQ YHVLFXODU WUDQVSRUW� FKDQJHV ZLWK DJH� SRWHQWLDOO\ OHDGLQJ WR
PLVDVVHPEO\ RU FKDQJH LQ IXQFWLRQDOLW\ �2UL HW DO�� ������

0HWDERORPH� ZKLFK HQFRPSDVVHV ORZ�PROHFXODU�ZHLJKW PROHFXOHV LQ D ELRORJLFDO
V\VWHP� DOVR VKRZV VXEVWDQWLDO FKDQJHV ZLWK DJH� 6WXGLHV UHSRUW DJH�UHODWHG FKDQJHV
LQ WZR�WKLUGV RI WKH HQWLUH PHWDERORPLF FRQWHQW PHDVXUHG �0HQQL HW DO�� ����� <X�
:DQJ� +DQ� 	 +H� ������ 7KH FKDQJHV DUH DOVR DVVRFLDWHG ZLWK D ZLGH UDQJH RI
DJH�UHODWHG IXQFWLRQDO GHFOLQH� LQFOXGLQJ FKDQJHV LQ ERQH PLQHUDO GHQVLW\� FKROHVWHURO
OHYHOV� FDQFHU� DQG W\SH � GLDEHWHV �=LHUHU� 0HQQL� .DVWHQP�OOHU� 	 6SHFWRU� ������

0LFURELRPLFV LQYHVWLJDWHV DOO RI WKH JHQHWLF PDWHULDO DQG WKHLU SURGXFWV ZLWKLQ WKH
HQWLUH FROOHFWLRQ RI PLFURRUJDQLVPV LQ D JLYHQ HQYLURQPHQW� 7KH PDMRULW\ RI DJHLQJ UH�
VHDUFK IRFXVHV RQ LQWUDFHOOXODU PROHFXODU FKDQJHV ZLWK DJH� KRZHYHU� WKHUH LV JURZLQJ
HYLGHQFH WKDW WKH JXW PLFURELRPH FKDQJHV ZLWK DJH DQG LQ DJHLQJ�UHODWHG GLVHDVHV
�%XIRUG� ������ 7KH KXPDQ JXW LV LQKDELWHG E\ RYHU ���� PLFURELDO VSHFLHV� ZKLFK
KDYH FR�HYROYHG ZLWK KXPDQV WR OLYH WRJHWKHU ZLWK PXWXDO EHQHILW� 7KHVH PLFURELDO
FRPPXQLWLHV DUH LQYROYHG LQ YDULRXV SURFHVVHV� LQFOXGLQJ PRGXODWLRQ RI WKH QXWULHQW
DEVRUSWLRQ� LQVXOLQ VLJQDOOLQJ SDWKZD\� RYHUDOO PHWDEROLF VWDWH� DQG WKH LPPXQH V\V�
WHP� ZKLFK DUH DOVR LPSOLFDWHG LQ DJHLQJ �6HLGHO 	 9DOHQ]DQR� ������ 'XULQJ DJHLQJ�
WKH LQWHUDFWLRQ EHWZHHQ KRVW DQG JXW PLFURELRWD GLVUXSWV� OHDGLQJ WR G\VELRVLV DQG
LQIHFWLRQV �$OHPDQ 	 9DOHQ]DQR� ������ 7KHUH LV VRPH LQFRQVLVWHQF\ DERXW ZKLFK PL�
FURELDO IDPLOLHV LQ WKH KXPDQ JXW DUH DIIHFWHG WKH PRVW DV FKDQJHV LQ OLIHVW\OH� EDFN�
JURXQG SRSXODWLRQ� DQG DQWLELRWLF XVDJH WKDW DFFRPSDQ\ DJHLQJ FDQ LQIOXHQFH WKH SRS�
XODWLRQV DV ZHOO� 1HYHUWKHOHVV� DOO VWXGLHV DJUHH WKDW WKH PLFURELDO GLYHUVLW\ GHFUHDVHV
ZLWK DJH �2¶7RROH 	 -HIIHU\� ������ 2OGHU DJHV DUH DVVRFLDWHG ZLWK DQ LQFUHDVHG QXP�
EHU RI SDWKRJHQLF VSHFLHV DQG D UHGXFHG QXPEHU RI VKRUW�FKDLQ IDWW\ DFLG�SURGXFLQJ
EDFWHULD �6PLWK HW DO�� ������ 7KH SHUPHDELOLW\ RI LQWHVWLQDO HSLWKHOLDO EDUULHU DOVR LQ�
FUHDVHV LQ GLYHUVH VSHFLHV �ZLWK D OLPLWHG SURRI LQ KXPDQV�� DQG OLNHO\ FDXVHV FKURQLF
LQIODPPDWLRQ �&DPLOOHUL� ������ 7KH H[SHULPHQWV LQ PLFH DQG NLOOLILVK VKRZ PLFURELRWD
WUDQVIHU IURP \RXQJ WR ROG LQGLYLGXDOV KDYH HIIHFWV RQ ERWK DJH�UHODWHG SKHQRW\SHV
DQG OLIHVSDQ DQG VXJJHVW WKDW WKH DJH�DVVRFLDWHG FKDQJHV LQ JXW PLFURELRWD SOD\ D
IXQFWLRQDO UROH UDWKHU WKDQ EHLQJ MXVW D FRUUHODWLRQ �.XQGX HW DO�� ����� 6PLWK HW DO��
������ 'LVUXSWLRQ RI WKH VWDELOLW\ LQ JXW PLFURELRWD FRQWULEXWHV WR YDULRXV IRRG DOOHU�
JLHV DQG LQIODPPDWRU\ ERZHO GLVRUGHUV� +RZHYHU� LQ UHFHQW \HDUV LW EHFDPH HYLGHQW
WKDW WKH FKDQJHV LQ PLFURELDO FRPSRVLWLRQ DUH UHOHYDQW IRU HYHQ RUJDQV GLVWDQW IURP
WKH LQWHVWLQH� 'LVHDVHV DVVRFLDWHG ZLWK FKDQJHV LQ WKH PLFURELDO FRPSRVLWLRQ LQFOXGH
FRORQ FDQFHU� 3DUNLQVRQ¶V DQG $O]KHLPHU¶V GLVHDVHV� REHVLW\� GLDEHWHV� FDUGLRYDVFX�
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ODU FRQGLWLRQV� IUDLOW\� RVWHRSRURVLV� JRXW� DQG UKHXPDWRLG DUWKULWLV� PDMRULW\ RI ZKLFK
DUH DJH�UHODWHG FRQGLWLRQV �%XIRUG� ������

����� +HWHURJHQHLW\ LQ PROHFXODU FKDQJHV DVVRFLDWHG ZLWK DJH

'HVSLWH WKH XELTXLW\ RI DJHLQJ LQ DOO OLYLQJ RUJDQLVPV� WKH PROHFXODU PHFKDQLVPV UH�
VSRQVLEOH VWLOO UHTXLUH IXUWKHU HOXFLGDWLRQ� $JHLQJ GLIIHUV SKHQRW\SLFDOO\ DPRQJ LQGL�
YLGXDOV� LQFOXGLQJ PRQR]\JRWLF WZLQV �+HUQGRQ HW DO�� ����� .LUNZRRG� ������ DQG
ZLWKLQ WLVVXHV IURP WKH VDPH LQGLYLGXDOV �+RUYDWK� ������ 5HVHDUFKHUV KDYH RE�
VHUYHG DQ DJH�UHODWHG LQFUHDVH LQ YDULDELOLW\ LQ WKH HSLJHQRPH �&KHXQJ HW DO�� �����
)UDJD HW DO�� ����� DQG WUDQVFULSWRPH �6RPHO� .KDLWRYLFK� %DKQ� 3llER� 	 /DFKPDQQ�
����� RI JHQHWLFDOO\ LGHQWLFDO VDPSOHV� ZKLFK PD\ XQGHUOLH WKH SKHQRW\SLF GLIIHUHQFHV�
$JH�UHODWHG H[SUHVVLRQ YDULDELOLW\ KDV EHHQ GHWHFWHG LQ PDQ\ GLIIHUHQW FHOOV� DQG WLV�
VXH W\SHV LQFOXGLQJ PLFH VWHP FHOOV� FDUGLRP\RF\WHV DQG LPPXQH FHOOV �%DKDU HW
DO�� ����� +HUQDQGR�+HUUDH] HW DO�� ����� 0DUWLQH]�-LPHQH] HW DO�� ������ UDW QHX�
UDO UHWLQD �/L� :ULJKW� 	 5R\ODQG� ������ IUXLW�IO\� PLFH DQG KXPDQ EUDLQ �$QJHOLGLV HW
DO�� ����� %ULQNPH\HU�/DQJIRUG� *XDQ� -L� 	 &DL� ����� 'DYLH HW DO�� ����� 6RPHO
HW DO�� ����� ;LPHUDNLV HW DO�� ����� DV ZHOO DV KXPDQ SDQFUHDV� OXQJ� EORRG� VNLQ�
IDW DQG KXPDQ ILEUREODVWV LQ YLWUR �$QJHOLGLV HW DO�� ����� (QJH HW DO�� ����� 9LxXHOD
HW DO�� ����� :LOH\ HW DO�� ������ 'HVSLWH WKHVH UHSRUWV� WKHUH LV QR DJUHHPHQW RQ
WKH XQGHUO\LQJ PHFKDQLVPV� H[WHQW DQG IXQFWLRQDO FRQVHTXHQFHV� 6XJJHVWHG PHFK�
DQLVPV LQFOXGH VRPDWLF �%DKDU HW DO�� ����� (QJH HW DO�� ����� DQG JHUPOLQH PXWDWLRQV
�%ULQNPH\HU�/DQJIRUG HW DO�� ����� 9LxXHOD HW DO�� ������ FKDQJHV LQ WKH '1$ PHWK\OD�
WLRQ �+HUQDQGR�+HUUDH] HW DO�� ����� 6OLHNHU HW DO�� ����� 9LxXHOD HW DO�� ����� DQG FKUR�
PDWLQ PRGLILFDWLRQV �&KHXQJ HW DO�� ����� DQG UHVXOWLQJ FKURPDWLQ FRPSDFWLRQ �'DYLH
HW DO�� ����� DV ZHOO DV JOREDO G\VUHJXODWLRQ� FDXVHG E\ WKH FKDQJH LQ D WUDQVFULSWLRQ
IDFWRU RU PL51$ H[SUHVVLRQ �,QXNDL� 3LQFXV� /HQFDVWUH� 	 6ODFN� ������ %RWK JHQRPH�
ZLGH DQG K\SRWKHVLV�GULYHQ DSSURDFKHV KDYH EHHQ HPSOR\HG WR H[SORUH WKH H[WHQW RI
H[SUHVVLRQ YDULDELOLW\ ZLWK DJH� $PRQJ WKH IRUPHU� VRPH VKRZ D WUDQVFULSWRPH�ZLGH
LQFUHDVH �$QJHOLGLV HW DO�� ����� 'DYLH HW DO�� ����� (QJH HW DO�� ����� +HUQDQGR�
+HUUDH] HW DO�� ����� 6RPHO HW DO�� ������ ZKLOH RWKHUV IRFXV RQO\ RQ WKRVH JHQHV
VKRZLQJ VLJQLILFDQW FKDQJHV LQ WKHLU YDULDELOLW\� %ULQNPH\HU�/DQJIRUG HW DO� ������ UH�
SRUW WKDW DQ HTXDO QXPEHU RI JHQHV VKRZ D VLJQLILFDQW LQFUHDVH RU GHFUHDVH LQ WKHLU
H[SUHVVLRQ YDULDELOLW\� ZKHUHDV D UHFHQW VWXG\ IURP 9LxXHOD HW DO� ������ VXJJHVWV
PRUH JHQHV ZLWK D GHFUHDVH LQ YDULDELOLW\ RI H[SUHVVLRQ� +\SRWKHVLV�GULYHQ VWXGLHV
PRVWO\ VKRZ DQ LQFUHDVH LQ YDULDELOLW\ IRU WKH JHQHV PHDVXUHG �%DKDU HW DO�� �����



��� $JHLQJ DQG GLVHDVHV ��

0DUWLQH]�-LPHQH] HW DO�� ����� :LOH\ HW DO�� ������ ZKHUHDV :DUUHQ HW DO� ������ VXJ�
JHVW WKLV PLJKW EH VSHFLILF RQO\ WR WKH QRQ�UHQHZLQJ WLVVXHV� 6LPLODUO\� ;LPHUDNLV HW DO�
������ VKRZ WKDW FKDQJH LQ WUDQVFULSWLRQ YDULDELOLW\ LV LQ GLIIHUHQW GLUHFWLRQV LQ GLIIHUHQW
FHOO W\SHV RI WKH PRXVH EUDLQ� 7KH UHSRUWV DOVR YDU\ LQ WHUPV RI WKH IXQFWLRQDO DVVRFL�
DWLRQ RI WKLV YDULDELOLW\� :KLOH VRPH FRQVLGHU WKDW LQFUHDVH LQ YDULDELOLW\ LV ZLGHVSUHDG
�'DYLH HW DO�� ����� 6RPHO HW DO�� ������ RWKHUV UHSRUW WKDW YDULDELOLW\ LV FRQFHQWUDWHG
LQ YDULRXV FHOOXODU IXQFWLRQV �%ULQNPH\HU�/DQJIRUG HW DO�� ����� /L HW DO�� ����� 6OLHNHU
HW DO�� ����� ± DOWKRXJK WKHVH IXQFWLRQV DOVR GLIIHU EHWZHHQ UHSRUWV� ,Q &KDSWHU �� ,
SUHVHQW DQ DQDO\VLV RI WKH H[WHQW DQG IXQFWLRQDO DVVRFLDWLRQV RI WKH DJH�UHODWHG FKDQJH
LQ JHQH H[SUHVVLRQ KHWHURJHQHLW\ LQ WKH KXPDQ EUDLQ�

��� $JHLQJ DQG GLVHDVHV

$JHLQJ LV WKH PDMRU ULVN IDFWRU IRU PDQ\ GLVHDVHV� ,QFUHDVH LQ OLIH H[SHFWDQF\ SRVHV
D WKUHDW WR ERWK LQGLYLGXDOV DQG VRFLHW\� FRQVLGHULQJ WKDW ODWH�OLIH LV JHQHUDOO\ DVVRFL�
DWHG ZLWK PXOWLSOH GLVHDVHV� 7KXV� LW LV YLWDO WR HOXFLGDWH WKH QDWXUH RI WKH UHODWLRQVKLS
EHWZHHQ DJHLQJ DQG GLVHDVHV�

0DQ\ GLYHUVH GLVHDVHV KDYH DQ LQFUHDVHG ULVN ZLWK DJH� LQFOXGLQJ FDUGLRYDVFXODU�
QHXURGHJHQHUDWLYH� PHWDEROLF GLVHDVHV� DQG FDQFHU �1LFFROL 	 3DUWULGJH� ����� 3DU�
WULGJH HW DO�� ������ +RZHYHU� HYHQ EHIRUH WKH GLDJQRVLV RI GLVHDVHV� VWUXFWXUDO� PH�
FKDQLF� DQG HQGRFULQH FKDQJHV RFFXU WKURXJKRXW WKH ERG\� )RU H[DPSOH� DJH�UHODWHG
FKDQJHV LQ ERQH GHQVLW\� PXVFOH PDVV� VWUHQJWK� FRJQLWLYH DELOLWLHV� KRUPRQH OHYHOV�
LQVXOLQ UHVLVWDQFH� DQG YDVFXODU VWLIIQHVV FDQ UHVXOW LQ PHGLFDOO\ GHILQHG GLVHDVHV DW
ODWHU DJHV�

$OWKRXJK WKHVH GLVHDVHV LQYROYH GLIIHUHQW RUJDQV DQG SDWKRORJLHV� WKH\ DOO VKRZ D
VWURQJ GHSHQGHQFH RQ DJH �1LFFROL 	 3DUWULGJH� ����� DQG FRXOG� WKHUHIRUH VKDUH
FRPPRQ DHWLRORJLHV EDVHG XSRQ WKH XQGHUO\LQJ PHFKDQLVPV RI DJHLQJ� ,W LV WKHUHIRUH
HVVHQWLDO WR XQGHUVWDQG LI WKH DJHLQJ SURFHVV LWVHOI OHDGV DJH�UHODWHG GHWHULRUDWLRQ LQ
FRPPRQ SDWKZD\V DQG WKXV GLIIHUHQW DJH�UHODWHG FRQGLWLRQV� RU LI WKHVH GLVHDVHV LQ�
VWHDG KDYH LQGHSHQGHQW FDXVHV� 3UHYLRXV VWXGLHV KDYH VXJJHVWHG WKH SUHVHQFH RI
FRPPRQ SDWKZD\V WKDW DUH DVVRFLDWHG ZLWK GLIIHUHQW DJH�UHODWHG GLVHDVHV� $ FRPSX�
WDWLRQDO VWXG\� FRPSDULQJ *:$6 VXPPDU\ UHVXOWV IRU GLIIHUHQW DJH�UHODWHG GLVHDVHV
KDV VKRZQ WKDW SDWKZD\V VXFK DV SURWHRVWDVLV DQG 161 DUH DVVRFLDWHG ZLWK YDUL�
RXV DJH�UHODWHG GLVHDVHV DW WKH SDWKZD\ OHYHO �-RKQVRQ� 'RQJ� 9LMJ� 	 6XK� ������
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6LPLODUO\� LQGHSHQGHQW VWXGLHV KDYH VKRZQ WKH LPSRUWDQFH RI 161 LQ FDUGLRYDVFXODU
GLVHDVHV �1LVKLPXUD� 2FRUU� %RGPHU� 	 &DUWU\� ����� DQG QHXURGHJHQHUDWLRQ �%RYp�
0DUWÕғQH]�9LFHQWH� 	 9LOD� ������ $ FRPSUHKHQVLYH UHYLHZ RQ WKH UROH RI DJHLQJ�UHODWHG
SDWKZD\V LQ DJH�UHODWHG GLVHDVHV VXJJHVWV WKDW QRW RQO\ 161 EXW PLWRFKRQGULDO IXQF�
WLRQ� '1$ GDPDJH UHVSRQVH DQG DXWRSKDJ\ SDWKZD\V DUH DOVR OLQNHG WR DJH�UHODWHG
GLVHDVHV �1LFFROL 	 3DUWULGJH� ������ &RPSRQHQWV RI WKH SURWHRVWDVLV V\VWHP KDYH
DOVR EHHQ UHSHDWHGO\ VKRZQ WR KDYH D UROH LQ PDQ\ DJH�UHODWHG GLVHDVHV LQFOXGLQJ EXW
QRW OLPLWHG WR $/6� $O]KHLPHU¶V� FDWDUDFWV� FDUGLRP\RSDWK\� FDUGLRYDVFXODU GLVHDVH�
IURQWRWHPSRUDO GHPHQWLD� DQG W\SH ,, GLDEHWHV �.DXVKLN 	 &XHUYR� ������

7KH XQKHDOWK\ SURSRUWLRQ RI OLIH DW ODWH DJHV� RIWHQ ZLWK PRUH WKDQ WZR GLVHDVHV �L�H�
PXOWLPRUELGLW\� �.LQJVWRQ� 5RELQVRQ� %RRWK� .QDSS� 	 -DJJHU� ����� 0DUHQJRQL HW DO��
����� 9LRODQ HW DO�� ������ DQG WKH XVH RI PXOWLSOH GUXJV IRU WUHDWPHQW �L�H� SRO\SKDU�
PDF\� �%XVKDUGW� 0DVVH\� 6LPSVRQ� $ULDLO� 	 6LPSVRQ� ����� *X� 'LOORQ� 	 %XUW� �����
*XWKULH� 0DNXEDWH� +HUQDQGH]�6DQWLDJR� 	 'UHLVFKXOWH� ����� 3DUDPHVZDUDQ 1DLU HW
DO�� ����� SRVHV FKDOOHQJHV IRU WKH LQGLYLGXDOV� WKHLU FDUHUV DQG VRFLDO QHWZRUNV� DQG
KHDOWKFDUH V\VWHPV� /LPLWLQJ WKH HIIHFW RI WKH XQKHDOWK\ SURSRUWLRQ DW WKH HQG RI OLIH
LV D KLJK SULRULW\ IRU WKH UHVHDUFKHUV� QDWLRQDO JRYHUQPHQWV� DQG LQWHUQDWLRQDO KHDOWK
RUJDQLVDWLRQV �:RUOG UHSRUW RQ $JHLQJ $QG +HDOWK� ������ $ SODXVLEOH LGHD LV WR WDUJHW
DJHLQJ WR DOOHYLDWH WKH HIIHFW RI PXOWLPRUELGLW\ DQG DVVRFLDWHG SRO\SKDUPDF\ DW ODWH
DJHV� +RZHYHU� WKLV DVVXPHV WKDW PXOWLSOH GLVHDVHV KDYH D FRPPRQ XQGHUO\LQJ IDF�
WRU WKDW FDQ EH DWWULEXWHG WR DJH�UHODWHG FKDQJHV� 7KHUH DUH D IHZ VWXGLHV LQYHVWLJDWLQJ
WKH OLQN EHWZHHQ DJHLQJ DQG DJH�UHODWHG GLVHDVHV� +RZHYHU� WR RXU NQRZOHGJH� DV D
SDUW RI WKLV WKHVLV� , SUHVHQW WKH PRVW FRPSUHKHQVLYH DQG V\VWHPLF DQDO\VLV RI GLV�
HDVHV WKDW DUH FOXVWHUHG EDVHG RQ WKHLU DJH�UHOHYDQFH XVLQJ DQ XQELDVHG GDWD�GULYHQ
DSSURDFK LQ &KDSWHU ��

��� 3KDUPDFRORJLFDO LQWHUYHQWLRQV WR LPSURYH OLIH� DQG
KHDOWK�VSDQ

7KH JHQHWLF VWXGLHV VKRZHG WKDW WKH OLIHVSDQ RI PRGHO RUJDQLVPV FRXOG EH PRGXODWHG
�.HQ\RQ� ������ /DWHU VWXGLHV VKRZHG OLIHVSDQ FRXOG EH H[WHQGHG QRW RQO\ WKURXJK JH�
QHWLF PRGLILFDWLRQV EXW DOVR E\ HQYLURQPHQWDO SHUWXUEDWLRQV� PRUH VSHFLILFDOO\ WKURXJK
GLHWDU\ UHVWULFWLRQ �)RQWDQD HW DO�� ������ 'LHWDU\ UHVWULFWLRQ �'5�� L�H� UHVWULFWHG IRRG
LQWDNH ZLWKRXW PDOQXWULWLRQ� FDQ LPSURYH ERWK OLIH� DQG KHDOWK�VSDQ LQ GLYHUVH RUJDQ�



��� 3KDUPDFRORJLFDO LQWHUYHQWLRQV WR LPSURYH OLIH� DQG KHDOWK�VSDQ ��

LVPV �)RQWDQD 	 3DUWULGJH� ����� .DSDKL� .DHEHUOHLQ� 	 +DQVHQ� ������ '5 KDV EHHQ
VKRZQ WR UHGXFH SODVPD WULJO\FHULGHV� GLDEHWHV� FDUGLRYDVFXODU GLVHDVH� QHRSODVPV�
DQG EUDLQ DWURSK\ LQ UKHVXV PDFDTXH �&ROPDQ HW DO�� ����� 0DWWLVRQ HW DO�� ������
161� LQFOXGLQJ LQVXOLQ�LQVXOLQ�OLNH JURZWK IDFWRU DQG P725 VLJQDOOLQJ SDWKZD\V� PRQ�
LWRU WKH FKDQJHV LQ GLHW� *HQHWLF SHUWXUEDWLRQV WKDW UHGXFH WKH DFWLYLW\ RI 161 KDYH
OHG WR LPSURYHG OLIHVSDQ LQ GLYHUVH RUJDQLVPV �)RQWDQD HW DO�� ����� .HQ\RQ� �����
3DQ 	 )LQNHO� ������ 7KLV� LQ WXUQ� GLUHFWHG WKH DWWHQWLRQ WR ILQGLQJ SKDUPDFRORJLFDO LQ�
WHUYHQWLRQV WKDW LPSURYH KHDOWK� DQG OLIHVSDQ� &RXOG LW EH SRVVLEOH WKDW ZH WDNH VRPH
GUXJV DQG OLYH ORQJHU DQG KHDOWKLHU"

0RGHO RUJDQLVP VWXGLHV VXJJHVW WKDW WKHUH DUH DW OHDVW VHYHUDO FKHPLFDO FRPSRXQGV
WKDW FDQ LPSURYH OLIHVSDQ LQ GLYHUVH VSHFLHV� 0RUHRYHU� FRPELQDWLRQV RI GUXJV DFWLQJ
RQ VHSDUDWH SDWKZD\V RU EUDQFKHV RI SDWKZD\V FDQ EH XVHG WR DFKLHYH HYHQ ORQJHU
OLIHVSDQ �$GPDVX HW DO�� ����� &DVWLOOR�4XDQ HW DO�� ������ $V RI 0DUFK ����� 'UXJ$JH�
ZKLFK LV D OLWHUDWXUH�EDVHG GDWDEDVH RI FKHPLFDO FRPSRXQGV WKDW PRGXODWH OLIHVSDQ
LQ PRGHO RUJDQLVPV� KDUERXUV ��� XQLTXH GUXJV WKDW PRGXODWH OLIHVSDQ RI DW OHDVW RQH
PRGHO RUJDQLVP �%DUDUGR HW DO�� ������ 1RW DOO RI WKHVH FRPSRXQGV KDYH D FRQVLG�
HUDEOH LQIOXHQFH RQ WKH OLIHVSDQ RI PXOWLSOH RUJDQLVPV� EXW WKHUH DUH D IHZ WKDW DUH
UHSHDWHGO\ VKRZQ WR H[WHQG OLIHVSDQ LQ LQGHSHQGHQW VWXGLHV� +HUH� , VXPPDULVH WKUHH
WKDW KDV EHHQ WHVWHG LQ &DHQRUKDEGLWLV HOHJDQV� 'URVRSKLOD PHODQRJDVWHU� DQG 0XV
PXVFXOXV DQG UHFRUGHG ��� H[WHQVLRQ LQ DYHUDJH OLIHVSDQ LQ DW OHDVW RQH H[SHULPHQW�

5DSDP\FLQ� 5DSDP\FLQ� RU VLUROLPXV� LQKLELWV WKH P725 &RPSOH[ � �725&�� DFWLY�
LW\ DQG LV XVHG DIWHU WLVVXH WUDQVSODQWV WR SUHYHQW UHMHFWLRQ �³6LUROLPXV�´ Q�G��� 6KRUWO\
DIWHU WKH ILUVW GLVFRYHU\ RI WKH LPSRUWDQFH RI P725 VLJQDOOLQJ LQ DJHLQJ �.DSDKL HW DO��
����� 9HOODL HW DO�� ������ OLIHVSDQ H[WHQVLRQ E\ UDSDP\FLQ ZDV VKRZQ LQ GLYHUVH RU�
JDQLVPV� LQFOXGLQJ \HDVW �.DHEHUOHLQ HW DO�� ������ ZRUP �5RELGD�6WXEEV HW DO�� ������
IO\ �%MHGRY HW DO�� ������ DQG PLFH �+DUULVRQ HW DO�� ������ ,W DOVR DOOHYLDWHV PDQ\ DJH�
UHODWHG FRQGLWLRQV LQ DJHLQJ PLFH �.HQQHG\ 	 /DPPLQJ� ������ $OO VHYHQ VWXGLHV WKDW
DUH UHFRUGHG LQ 'UXJ$JH GDWDEDVH DQG XVH WKH WKUHH PRGHO RUJDQLVPV PHQWLRQHG
DERYH H[WHQGHG OLIHVSDQ �%DUDUGR HW DO�� ������

0HWIRUPLQ� 0HWIRUPLQ LV D GUXJ XVHG WR WUHDW W\SH � GLDEHWHV �³0HWIRUPLQ�´ Q�G���
7KHUH DUH PXOWLSOH DJHLQJ�UHODWHG PHFKDQLVPV WDUJHWHG E\ PHWIRUPLQ� ,Q HVVHQFH� LW
GHFUHDVHV LQVXOLQ OHYHOV� GHFUHDVLQJ ,*)�� VLJQDOOLQJ �/LX HW DO�� ������ LQKLELWV P725
�.LFNVWHLQ HW DO�� ������ LQKLELWV PLWRFKRQGULDO FRPSOH[ �� UHGXFLQJ HQGRJHQRXV 526
SURGXFWLRQ �%DWDQGLHU HW DO�� ������ DFWLYDWHV $03. �)RUHW]� *XLJDV� %HUWUDQG� 3ROODN�
	 9LROOHW� ������ DQG UHGXFHV '1$ GDPDJH �$OJLUH HW DO�� ������ +RZHYHU� LW LV QRW \HW
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FOHDU LI WKH HIIHFW RI PHWIRUPLQ RQ OLIHVSDQ LV WKURXJK PXOWLSOH LQGHSHQGHQW SDWKZD\V
RU WKH HIIHFWV DUH GRZQVWUHDP RI RQH SULPDU\ DFWLRQ �%DU]LODL� &UDQGDOO� .ULWFKHYVN\�
	 (VSHODQG� ������ 0RUHRYHU� PHWIRUPLQ UHGXFHV DOO�FDXVH PRUWDOLW\ LQ SHRSOH ZLWK
GLDEHWHV FRPSDUHG WR WKH RQHV UHFHLYLQJ QRQ�PHWIRUPLQ WKHUDSLHV �&DPSEHOO� %HOO�
PDQ� 6WHSKHQVRQ� 	 /LV\�� ����� DQG LV XQGHU FOLQLFDO WULDOV IRU SURWHFWLRQ DJDLQVW WKH
HIIHFWV RI DJHLQJ �%DU]LODL HW DO�� ����� (VSHODQG HW DO�� ������ ��� RI �� VWXGLHV RQ
WKH WKUHH PRGHO RUJDQLVPV WKDW DUH UHFRUGHG LQ 'UXJ$JH H[WHQGHG OLIHVSDQ �%DUDUGR
HW DO�� ������

5HVYHUDWURO� 5HVYHUDWURO LV D FRPSRXQG IRXQG LQ UHG ZLQH� ,W LV QRW DQ DSSURYHG
GUXJ� WKRXJK LW LV EHLQJ LQYHVWLJDWHG WR WUHDW FROG VRUHV �³5HVYHUDWURO�´ Q�G��� 6LQFH
����� WKHUH KDYH EHHQ VHYHUDO UHSRUWV VKRZLQJ FDUGLRSURWHFWLYH� DQWL�FDQFHU� VWUHVV�
UHVLVWDQFH HIIHFWV RI UHVYHUDWURO� DV ZHOO DV LWV FDSDFLW\ WR H[WHQG OLIHVSDQ �%DXU 	
6LQFODLU� ������ 7KH PHFKDQLVP RI DFWLRQ RI UHVYHUDWURO UHPDLQV FRQWURYHUVLDO� (DUO\
VWXGLHV VXJJHVWHG LW DFWV GLUHFWO\ E\ DFWLYDWLQJ 6,57�� +RZHYHU� UHFHQW VWXGLHV VXJ�
JHVW WKDW 6,57� LV DFWLYDWHG E\ WKH LQKLELWLRQ RI F$03 SKRVSKRGLHVWHUDVH �1RYHOOH�
:DKO� 'LpJXH]� %HUQLHU� 	 &DER� ������ 1HYHUWKHOHVV� GLUHFW RU LQGLUHFW� UHVYHUDWURO
VHHPV WR DFW WKURXJK DFWLYDWLRQ RI VLUWXLQV� ZKLFK DUH 1$'��GHSHQGHQW GHDFHW\ODVHV�
DQG SURPRWH VXUYLYDO DQG VWUHVV UHVLVWDQFH �%DXU 	 6LQFODLU� ������ 2QO\ ��� RI ��
VWXGLHV XVLQJ WKH WKUHH PRGHO RUJDQLVPV WKDW DUH UHFRUGHG LQ 'UXJ$JH GDWDEDVH H[�
WHQGHG OLIHVSDQ �%DUDUGR HW DO�� ������

5HFHQW FRPSXWDWLRQDO GHYHORSPHQWV DQG KLJK�WKURXJKSXW WHVWLQJ WHFKQRORJ\ DOVR DO�
ORZHG D QHZ DUHD RI UHVHDUFK� FRPSXWDWLRQDO GUXJ UHSXUSRVLQJ� ,QVWHDG RI GHVLJQLQJ
QHZ FRPSRXQGV WKDW WDUJHW NH\ FRQWULEXWRUV RI D GLVHDVH � SKHQRW\SH� GUXJ UHSXUSRV�
LQJ VWUDWHJLHV VHDUFK IRU GUXJV WKDW DUH DOUHDG\ LQ XVH RU GHVLJQHG IRU RWKHU FRQGLWLRQV
EXW FRXOG EH XVHG IRU D QHZ SXUSRVH� DJHLQJ LQ RXU FDVH� 7KHUH DUH DOUHDG\ D IHZ
VWXGLHV LQ WKLV DUHD� DQG DV SDUW RI WKLV WKHVLV� , SUHVHQW D QHZ DSSURDFK LQ &KDSWHU ��
WRJHWKHU ZLWK DQ RYHUYLHZ RI RWKHU FRPSXWDWLRQDO PHWKRGV GHYHORSHG WR DFKLHYH WKLV
DLP�

����� &KDOOHQJHV LQYROYHG LQ GUXJ VWXGLHV

6HYHUDO GUXJV KDYH EHHQ VKRZQ WR H[WHQG OLIHVSDQ LQ PRGHO RUJDQLVPV� KRZHYHU� D
VLJQLILFDQW FKDOOHQJH UHPDLQV WR EH WKH UHSURGXFLELOLW\ RI WKH HIIHFWV� $V QRWHG LQ WKH
SUHYLRXV VHFWLRQ� DOWKRXJK WKHUH DUH PDQ\ FDQGLGDWHV� RQO\ WKUHH KDG EHHQ IRXQG WR
H[WHQG OLIHVSDQ LQ PXOWLSOH RUJDQLVPV� DQG HYHQ WKH\ GR QRW KDYH D YHU\ KLJK UHSUR�



��� 7KHVLV RYHUYLHZ DQG REMHFWLYHV ��

GXFLELOLW\ ����� ���� DQG ���� RI WKH VWXGLHV H[WHQGHG WKH DYHUDJH OLIHVSDQ RI WHVWHG
RUJDQLVPV�� 1,$ ,QWHUYHQWLRQV 7HVWLQJ 3URJUDP �,73� LV D FULWLFDO PXOWL�LQVWLWXWLRQDO
SURJUDP DLPLQJ WR WHVW WKH HIIHFWV RI FKHPLFDO RU HQYLURQPHQWDO SHUWXUEDWLRQV RQ WKH
OLIHVSDQ RI JHQHWLFDOO\ KHWHURJHQHRXV PLFH �1DGRQ� 6WURQJ� 0LOOHU� 	 +DUULVRQ� ������
7KH SURJUDP DLPV WR LQFUHDVH UHSURGXFLELOLW\ DQG ILQG FDQGLGDWHV WR PRGXODWH DJHLQJ�

$OWKRXJK VRPH RI WKH FDQGLGDWHV LQGLFDWH SRWHQWLDO XVH IRU OLIHVSDQ H[WHQVLRQ� WKHLU
HIIHFWV LQ KXPDQV DUH GLIILFXOW WR DVVHVV H[SHULPHQWDOO\� :H QHHG DFFHVV WR KXPDQ
GDWD LQ ROG DJHV� ORQJLWXGLQDO GDWD HQDEOLQJ DGYDQFHG FRPSXWDWLRQDO PRGHOOLQJ� DQG
UHOLDEOH ELRPDUNHUV RI DJHLQJ� 7KH QHHG IRU ELRPDUNHUV RI DJHLQJ LV EHFRPLQJ HYHU
PRUH FULWLFDO WR DOORZ D UDSLG DVVHVVPHQW RI WKH HIIHFWV RI D GUXJ RQ DQ RUJDQLVP
RWKHU WKDQ E\ FRQGXFWLQJ OHQJWK\� H[SHQVLYH OLIHVSDQ H[SHULPHQWV� 7KH HPHUJHQFH RI
VHYHUDO µHSLJHQHWLF DJHLQJ FORFNV¶ �+DQQXP HW DO�� ����� +RUYDWK� ����� /HYLQH HW DO��
����� SURYLGHV RSSRUWXQLWLHV WR PRQLWRU DJHLQJ LQ ERWK FHOOV DQG RUJDQLVPV DFWLYHO\�
&RPELQLQJ PROHFXODU� FOLQLFDO� DQG OLIHVW\OH GDWD LV FUXFLDO WR PRGHO WKH HIIHFWV RI GUXJV
LQ KXPDQV �'|QHUWDú� )XHQWHDOED� 3DUWULGJH� 	 7KRUQWRQ� ������

0RUHRYHU� HYHQ WKRXJK WKH WDUJHWV RI WKH FDQGLGDWHV DUH KLJKO\ FRQVHUYHG� ZH VHH
WKDW WKHLU HIIHFWV RQ OLIHVSDQ FKDQJH GUDVWLFDOO\ EHWZHHQ RUJDQLVPV� 'UXJV KDYH PXFK
PRUH QRWDEOH HIIHFWV RQ VKRUW�OLYHG VSHFLHV VXFK DV &� HOHJDQV DQG '� PHODQRJDVWHU
WKDQ LQ PLFH� +RPR VDSLHQV DOUHDG\ OLYHV PXFK ORQJHU WKDQ LWV FORVHO\ UHODWHG VSHFLHV
DQG ZKHWKHU WKH HIIHFWV VHHQ LQ PRGHO RUJDQLVPV DUH UHOLDEOH SUHGLFWLRQV IRU WKHLU
LPSDFW IRU KXPDQV UHPDLQV DQ RSHQ TXHVWLRQ� 0RUHRYHU� WKH FKDOOHQJH WRGD\ LV QRW
WR LQFUHDVH WKH OLIHWLPH RI KXPDQV� ,QVWHDG� ZH VKRXOG DLP WR LPSURYH KHDOWK\ \HDUV
RI OLIH E\ UHGXFLQJ WKH PXOWLPRUELGLW\ DVVRFLDWHG ZLWK ROG DJH� 7KLV FKDOOHQJH KDV QRW
EHHQ DGHTXDWHO\ DGGUHVVHG� HLWKHU LQ PRGHO RUJDQLVP UHVHDUFK RU LQ FOLQLFDO VWXGLHV�

��� 7KHVLV RYHUYLHZ DQG REMHFWLYHV

,Q WKLV FKDSWHU� , LQWURGXFHG VRPH RI WKH NH\ FRQFHSWV RI DJHLQJ ELRORJ\� ZLWK D IRFXV
RQ WKH FXUUHQW JDS LQ XQGHUVWDQGLQJ DQG WKH FKDOOHQJLQJ DVSHFWV� ,Q WKH UHVW RI WKLV
WKHVLV� , ZLOO LQWURGXFH WKH FRPSXWDWLRQDO DSSURDFKHV DLPLQJ WR DGGUHVV VRPH RI WKHVH
FKDOOHQJHV�

,Q 6HFWLRQ ������ , LQWURGXFHG WKH LQWHU�LQGLYLGXDO KHWHURJHQHLW\ LQ JHQH H[SUHVVLRQ
DV D FKDOOHQJH LQ DJHLQJ UHVHDUFK� $OWKRXJK PXOWLSOH VWXGLHV KDYH LQYHVWLJDWHG KRZ
KHWHURJHQHLW\ FKDQJHV ZLWK DJH� VHYHUDO TXHVWLRQV UHPDLQ XQDQVZHUHG� ,Q &KDSWHU



�� ,QWURGXFWLRQ

�� , ZLOO VXPPDULVH RXU DQDO\VHV DLPLQJ WR XQGHUVWDQG L� KRZ WKH LQWHU�LQGLYLGXDO KHW�
HURJHQHLW\ LQ JHQH H[SUHVVLRQ FKDQJHV ZLWK DJH� DW WKH WUDQVFULSWRPH�� SDWKZD\�� DQG
JHQH�OHYHO"� LL� ZKDW LV WKH LQIOXHQFH RI GLIIHUHQW SUH�SURFHVVLQJ VWHSV DQG PHDVXUHV RI
KHWHURJHQHLW\ RQ WKH FRQFOXVLRQV"� LLL� LI WKH FKDQJH LQ KHWHURJHQHLW\ LV OLQHDU WKURXJK�
RXW OLIHVSDQ RU LV GLIIHUHQW EHWZHHQ SRVWQDWDO GHYHORSPHQW �� WR �� \HDUV RI DJH� DQG
DJHLQJ ���� \HDUV RI DJH�"

,Q 6HFWLRQ ���� , LQWURGXFHG DJHLQJ DV D PDMRU ULVN IDFWRU IRU GLYHUVH GLVHDVHV� 7KH
H[DFW QDWXUH RI WKLV UHODWLRQVKLS� KRZHYHU� LV QRW \HW NQRZQ� ,Q &KDSWHU �� , ZLOO SUHVHQW
DQ DQDO\VLV RI ��� GLVHDVHV LQ WKH 8. %LREDQN� DLPLQJ WR FKDUDFWHULVH WKH FRPPRQ
XQGHUO\LQJ JHQHWLF IDFWRU EHWZHHQ GLVHDVHV ZLWK VLPLODU DJH SURILOHV FRQFHUQLQJ WKHLU
UHOHYDQFH WR DJHLQJ� IXQFWLRQDO� DQG HYROXWLRQDU\ FKDUDFWHULVWLFV� , ZLOO SUHVHQW D OLVW
RI GUXJV WDUJHWLQJ PXOWLSOH ODWH�RQVHW GLVHDVHV�

,Q 6HFWLRQ ���� , VXPPDULVHG WKH SKDUPDFRORJLFDO LQWHUYHQWLRQV WKDW H[WHQG OLIHVSDQ
LQ PRGHO RUJDQLVPV� ,Q &KDSWHU �� , ZLOO ILUVW JLYH DQ RYHUYLHZ RI WKH SXEOLVKHG FRP�
SXWDWLRQDO DSSURDFKHV WR ILQG SRWHQWLDO OLIHVSDQ�H[WHQGLQJ FDQGLGDWHV� 7KHQ� , ZLOO
LQWURGXFH D GUXJ UHSXUSRVLQJ DSSURDFK WR ILQG GUXJV WKDW WDUJHW WKH FKDUDFWHULVWLF
DJH�UHODWHG JHQH H[SUHVVLRQ FKDQJHV LQ WKH KXPDQ EUDLQ� /DVWO\� , ZLOO SUHVHQW D
FRPSDULVRQ RI WKH UHVXOWV RI DOO SXEOLVKHG VWXGLHV� LQFOXGLQJ RXU DSSURDFK�

,Q &KDSWHU �� , ZLOO VXPPDULVH RXU FRQWULEXWLRQV DQG IXWXUH GLUHFWLRQV RI UHVHDUFK�



��

&KDSWHU �

$JH�UHODWHG FKDQJHV LQ JHQH
H[SUHVVLRQ KHWHURJHQHLW\ LQ WKH
KXPDQ EUDLQ

'HFODUDWLRQ

7KLV ZRUN LQFOXGHV SURMHFWV , KDYH FRQGXFWHG LQ FROODERUDWLRQ ZLWK 9HURQLND .HGOLDQ� D YLVLWLQJ
VWXGHQW IURP WKH 7DUDV 6KHYFKHQNR 1DWLRQDO 8QLYHUVLW\ RI .\LY� DQG 8ODV ,VLOGDN� DQ XQGHU�
JUDGXDWH VWXGHQW IURP WKH 'HSDUWPHQW RI %LRORJLFDO 6FLHQFHV� 0LGGOH (DVW 7HFKQLFDO 8QLYHU�
VLW\ �,úÕOGDN� 6RPHO� 7KRUQWRQ� 	 '|QHUWDú� ����� .HGOLDQ� 'RQHUWDV� 	 7KRUQWRQ� ������ 0\
FRQWULEXWLRQV PRVWO\ LQYROYHG WKH GHVLJQ DQG VXSHUYLVLRQ RI WKH VWXG\� DV ZHOO DV VRPH FRP�
SXWDWLRQDO DQDO\VHV� , DOVR DFNQRZOHGJH WKH FRQWULEXWLRQV RI P\ VXSHUYLVRU� -DQHW 7KRUQWRQ�
DQG 0HKPHW 6RPHO ZKR FRQWULEXWHG WKURXJK IUXLWIXO GLVFXVVLRQV�

.HGOLDQ� 9� 5�� 'RQHUWDV� +� 0�� 	 7KRUQWRQ� -� 0� ������� 7KH ZLGHVSUHDG LQFUHDVH LQ LQWHU�
LQGLYLGXDO YDULDELOLW\ RI JHQH H[SUHVVLRQ LQ WKH KXPDQ EUDLQ ZLWK DJH� $JLQJ�  GHQRWHV DQ
HTXDO FRQWULEXWLRQ

,úÕOGDN� 8�� 6RPHO� 0�� 7KRUQWRQ� -� 0�� 	 '|QHUWDú� +� 0� ������� 7HPSRUDO FKDQJHV LQ WKH
JHQH H[SUHVVLRQ KHWHURJHQHLW\ GXULQJ EUDLQ GHYHORSPHQW DQG DJLQJ� 6FLHQWLILF 5HSRUWV� ������
�����

'DWD $YDLODELOLW\

6XSSOHPHQWDU\ WDEOHV DQG DOO VXPPDU\ VWDWLVWLFV DUH DYDLODEOH LQ WKH %LR6WXGLHV GDWDEDVH XQ�
GHU DFFHVVLRQ QXPEHU 6�%667���� 6XSSOHPHQWDU\ WDEOHV DUH UHIHUUHG ZLWK WKH FRUUHVSRQGLQJ
ILOH QDPHV WKURXJKRXW WKH WH[W�

https://www.ebi.ac.uk/biostudies/studies/S-BSST273


�� $JH�UHODWHG FKDQJHV LQ JHQH H[SUHVVLRQ KHWHURJHQHLW\ LQ WKH KXPDQ EUDLQ

��� ,QWURGXFWLRQ

$JHLQJ LV D FRPSOH[ SURFHVV FKDUDFWHULVHG E\ D JUDGXDO GHFOLQH LQ PDLQWHQDQFH DQG
UHSDLU PHFKDQLVPV� DFFRPSDQLHG E\ DQ LQFUHDVH LQ JHQHWLF DQG HSLJHQHWLF PXWDWLRQV�
DQG R[LGDWLYH GDPDJH WR QXFOHLF DFLGV� SURWHLQ DQG OLSLGV �*RUEXQRYD HW DO�� ����� /X
HW DO�� ������ 7KH KXPDQ EUDLQ H[SHULHQFHV GUDPDWLF VWUXFWXUDO DQG IXQFWLRQDO FKDQJHV
LQ WKH FRXUVH RI DJHLQJ� 7KHVH LQFOXGH GHFOLQH LQ JUH\ PDWWHU DQG ZKLWH PDWWHU YRO�
XPHV �6RZHOO� 7KRPSVRQ� 	 7RJD� ������ LQFUHDVH LQ D[RQDO ERXWRQ G\QDPLFV �*ULOOR
HW DO�� ����� DQG UHGXFHG V\QDSWLF SODVWLFLW\� DOO SURFHVVHV WKDW PD\ EH DVVRFLDWHG
ZLWK GHFOLQH LQ FRJQLWLYH IXQFWLRQV �'RUV]HZVND� ������ &KDQJHV GXULQJ EUDLQ DJHLQJ
DUH VXJJHVWHG WR EH D UHVXOW RI VWRFKDVWLF SURFHVVHV� XQOLNH FKDQJHV DVVRFLDWHG ZLWK
SRVWQDWDO QHXURQDO GHYHORSPHQW WKDW DUH NQRZQ WR EH SULPDULO\ FRQWUROOHG E\ DGDSWLYH
UHJXODWRU\ SURFHVVHV �3ROOHX[� ,QFH�'XQQ� 	 *KRVK� ����� 6FKUDWW� ����� 6WHIDQL 	
6ODFN� ������ 7KH PROHFXODU PHFKDQLVPV XQGHUO\LQJ DJH�UHODWHG DOWHUDWLRQ RI UHJX�
ODWRU\ SURFHVVHV DQG HYHQWXDOO\ OHDGLQJ WR DJHLQJ�UHODWHG SKHQRW\SHV� KRZHYHU� DUH
OLWWOH XQGHUVWRRG�

2YHU WKH SDVW GHFDGH� D QXPEHU RI WUDQVFULSWRPH VWXGLHV IRFXVLQJ RQ DJH�UHODWHG
FKDQJHV LQ KXPDQ EUDLQ JHQH H[SUHVVLRQ SURILOHV ZHUH SXEOLVKHG �.DQJ HW DO�� �����
/X HW DO�� ����� 0LOOHU HW DO�� ����� 6RPHO HW DO�� ����� 7HEEHQNDPS� :LOOVH\� 6WDWH� 	
âHVWDQ� ������ 7KHVH VWXGLHV UHSRUW DJHLQJ�UHODWHG GLIIHUHQWLDO H[SUHVVLRQ SDWWHUQV LQ
PDQ\ IXQFWLRQV� LQFOXGLQJ V\QDSWLF IXQFWLRQV� HQHUJ\PHWDEROLVP� LQIODPPDWLRQ� VWUHVV
UHVSRQVH� DQG '1$ UHSDLU� %\ DQDO\VLQJ DJH�UHODWHG FKDQJH LQ JHQH H[SUHVVLRQ SUR�
ILOHV LQ GLYHUVH EUDLQ UHJLRQV� ZH SUHYLRXVO\ VKRZHG WKDW IRU PDQ\ JHQHV� JHQH H[�
SUHVVLRQ FKDQJHV RFFXU LQ RSSRVLWH GLUHFWLRQV GXULQJ SRVWQDWDO GHYHORSPHQW �SUH���
\HDUV RI DJH� DQG DJHLQJ �SRVW��� \HDUV RI DJH�� ZKLFKPD\ EH DVVRFLDWHG ZLWK DJHLQJ�
UHODWHG SKHQRW\SHV LQ KHDOWK\ EUDLQ DJHLQJ �'|QHUWDú HW DO�� ������ :KLOH GLIIHUHQW
EUDLQ UHJLRQV DUH DVVRFLDWHG ZLWK VSHFLILF� DQG RIWHQ LQGHSHQGHQW� JHQH H[SUHVVLRQ
SURILOHV �.DQJ HW DO�� ����� 0LOOHU HW DO�� ����� 7HEEHQNDPS HW DO�� ������ WKHVH VWXGLHV
DOVR VKRZ WKDW DJH�UHODWHG DOWHUDWLRQ RI JHQH H[SUHVVLRQ SURILOHV GXULQJ DJHLQJ LV D
ZLGHVSUHDG HIIHFW DFURVV GLIIHUHQW EUDLQ UHJLRQV�

2QH RI WKH VXJJHVWHG HIIHFWV RI DJHLQJ LV LQFUHDVHG KHWHURJHQHLW\ EHWZHHQ LQGLYLGX�
DOV DQG VRPDWLF FHOOV� ZKLFK KDV EHHQ SUHYLRXVO\ UHSRUWHG E\ VHYHUDO VWXGLHV� 6RPH
RI WKHVH VWXGLHV ILQG DQ LQFUHDVH LQ DJH�UHODWHG KHWHURJHQHLW\ LQ KHDUW� OXQJ DQG ZKLWH
EORRG FHOOV RI PLFH �$QJHOLGLV HW DO�� ����� %DKDU HW DO�� ����� 0DUWLQH]�-LPHQH] HW
DO�� ������ &DHQRUKDEGLWLV HOHJDQV �+HUQGRQ HW DO�� ������ DQG KXPDQ WZLQV �)UDJD



��� ,QWURGXFWLRQ ��

HW DO�� ������ $ VWXG\ DQDO\VLQJ PLFURDUUD\ GDWDVHWV IURP GLIIHUHQW WLVVXHV RI KXPDQV
DQG UDWV DOVR UHSRUWHG DQ LQFUHDVH LQ DJH�UHODWHG KHWHURJHQHLW\ LQ H[SUHVVLRQ DV D
JHQHUDO WUHQG �6RPHO HW DO�� ������ +RZHYHU� WKLV VWXG\ IRXQG QR VLJQLILFDQW FRQVLV�
WHQF\ DFURVV GDWDVHWV� QRU DQ\ VLJQLILFDQW HQULFKPHQW LQ IXQFWLRQDO JHQH JURXSV� 7KDW
VDLG� WKH JHQHUDOLW\ RI LQFUHDVH LQ H[SUHVVLRQ KHWHURJHQHLW\ UHPDLQV XQUHVROYHG� )RU
LQVWDQFH� 9LxXHOD HW DO� ������ ILQG PRUH GHFUHDVH WKDQ DQ LQFUHDVH LQ KHWHURJHQHLW\
LQ KXPDQ WZLQV DQG ;LPHUDNLV HW DO� ������ VKRZ WKH GLUHFWLRQ RI WKH KHWHURJHQHLW\
FKDQJH GHSHQGV RQ FHOO W\SH LQ DJHLQJ PLFH EUDLQ� 8VLQJ *7([ GDWD FRYHULQJ GLIIHU�
HQW EUDLQ UHJLRQV ��� WR �� \HDUV RI DJH�� %ULQNPH\HU�/DQJIRUG HW DO� ������ LGHQWLI\
D VHW RI GLIIHUHQWLDOO\ YDULDEOH JHQHV EHWZHHQ DJH JURXSV� EXW WKH\ GR QRW REVHUYH
LQFUHDVHG KHWHURJHQHLW\ DW ROG DJH� 0HDQZKLOH� DQRWKHU VWXG\ SHUIRUPLQJ VLQJOH�FHOO
51$ VHTXHQFLQJ RI KXPDQ SDQFUHDWLF FHOOV� LGHQWLILHV DQ LQFUHDVH LQ WUDQVFULSWLRQDO
KHWHURJHQHLW\ DQG VRPDWLF PXWDWLRQV ZLWK DJH �(QJH HW DO�� ������ 0\ SUHYLRXV UH�
VHDUFK DOVR VXJJHVWHG PRUH VKDUHG H[SUHVVLRQ SDWWHUQV GXULQJ GHYHORSPHQW WKDQ LQ
DJHLQJ� LPSO\LQJ DQ LQFUHDVH LQ LQWHU�LQGLYLGXDO KHWHURJHQHLW\ �'|QHUWDú HW DO�� ������

����� 5HVHDUFK REMHFWLYHV

:KHWKHU DJH�UHODWHG LQFUHDVH LQ KHWHURJHQHLW\ LV D XQLYHUVDO SKHQRPHQRQ UHPDLQV
FRQWHQWLRXV� 7KH VWXGLHV DQDO\VHG GLIIHUHQW RUJDQLVPV� RUJDQV� DQG DJH UDQJHV� PDN�
LQJ WKH FRPSDULVRQ GLIILFXOW� 7KXV� ZH ILUVW HPSOR\ GLIIHUHQW PHWKRGRORJLHV WR DVVHVV
WKH VDPH GDWDVHW� WR XQGHUVWDQG WKH H[WHQW RI WHFKQLFDO LQIOXHQFH RQ WKHVH GLIIHUHQW
UHVXOWV� )XUWKHUPRUH� ZKHUH LW FDQ EH GHWHFWHG� ZKHWKHU WKH LQFUHDVH LQ KHWHURJHQHLW\
LV D WLPH�GHSHQGHQW SURFHVV WKDW VWDUWV DW WKH EHJLQQLQJ RI OLIH RU ZKHWKHU WKLV LQ�
FUHDVH DQG LWV IXQFWLRQDO FRQVHTXHQFHV DUH RQO\ VHHQ DIWHU GHYHORSPHQWDO SURFHVVHV
DUH FRPSOHWHG� KDYH QRW \HW EHHQ H[SORUHG� ,Q WKLV VWXG\� ZH UHWULHYHG WUDQVFULSWRPH
GDWD IURP WKUHH LQGHSHQGHQW VWXGLHV FRYHULQJ WKH ZKROH OLIHVSDQ� LQFOXGLQJ GDWD IURP
GLYHUVH EUDLQ UHJLRQV� DQG FRQGXFWHG D FRPSUHKHQVLYH DQDO\VLV WR LGHQWLI\ WKH SUHYD�
OHQFH RI DJH�UHODWHG KHWHURJHQHLW\ FKDQJHV LQ KXPDQ EUDLQ DJHLQJ FRPSDUHG ZLWK
WKRVH REVHUYHG GXULQJ SRVWQDWDO GHYHORSPHQW� :H IXUWKHU LQYHVWLJDWH WKH SDWKZD\V
DQG ELRORJLFDO IXQFWLRQV DVVRFLDWHG ZLWK WKH LQFUHDVHG KHWHURJHQHLW\�



�� $JH�UHODWHG FKDQJHV LQ JHQH H[SUHVVLRQ KHWHURJHQHLW\ LQ WKH KXPDQ EUDLQ

��� &RPSDULVRQ RI GLIIHUHQW PHWKRGV WR PHDVXUH WKH
FKDQJH LQ JHQH H[SUHVVLRQ KHWHURJHQHLW\ ZLWK DJH

����� 0HWKRGV

'DWD SURFHVVLQJ VWHSV

'DWDVHW 6HOHFWLRQ� :H XWLOLVHG RQH RI WKH ODUJHVW DJH�VHULHV KXPDQ EUDLQ H[SUHV�
VLRQ GDWDVHWV� IHDWXULQJ ��� SUHIURQWDO FRUWH[ VDPSOHV IURP KHDOWK\ LQGLYLGXDOV DQG
VSDQQLQJ WKH ZKROH OLIHVSDQ IURP GHYHORSPHQW �SUHQDWDO VDPSOHV� WKURXJK DJHLQJ ���
\HDUV� �&RODQWXRQL HW DO�� ������ 7KHVH GDWD ZHUH FROOHFWHG XVLQJ PLFURDUUD\ WHFKQRO�
RJ\ IURP SHRSOH RI ERWK VH[HV DQG � UDFHV� QDPHO\ $IULFDQ $PHULFDQ �$$�� &DXFDVLDQ
�&$8&�� +LVSDQLF �+,63� DQG $VLDQ �$6�� ,Q WKH FXUUHQW DQDO\VLV� ZH H[FOXGHG IRHWDO�
FKLOGKRRG DQG HDUO\ DGXOWKRRG VDPSOHV EHIRUH WKH DJH RI ��� WKXV OLPLWLQJ RXU VDPSOH
VL]H WR ���� 7KLV ZDV WR H[FOXGH GHYHORSPHQWDO SURFHVVHV WDNLQJ SODFH LQ WKH EUDLQ
XQWLO WKH HQG RI HDUO\ DGXOWKRRG� ZKLFK H[KLELW GLVFRQWLQXRXV H[SUHVVLRQ FKDQJHV EH�
WZHHQ HDUO\ DGXOWKRRG DQG DJHLQJ �'|QHUWDú HW DO�� ������ 2XU PDLQ PRWLYDWLRQ ZDV
WR VWXG\ FKDQJHV LQ JHQH H[SUHVVLRQ YDULDELOLW\ GXULQJ DJHLQJ� FRQVLGHULQJ �� \HDUV
ROG DV D VWDUWLQJ SRLQW�

'DWD &KDUDFWHULVDWLRQ� 7KH SUH�SURFHVVHG GDWD �ORHVV QRUPDOLVDWLRQ ZDV DSSOLHG
RQ WKH EDFNJURXQG FRUUHFWHG ORJ� LQWHQVLW\ UDWLRV �VDPSOH�UHIHUHQFH��&RODQWXRQL HW
DO�� ������� VDPSOH DQG JHQH �SUREH VHW WR (QWUH] JHQHPDSSLQJ� DQQRWDWLRQV ZHUH RE�
WDLQHG IURP WKH1&%,*HQH ([SUHVVLRQ2PQLEXV �*(2� DW DFFHVVLRQ QXPEHU*6(������
6DPSOHV ZHUH SURFHVVHG LQ �� EDWFKHV� KDG GLIIHUHQW TXDOLW\ PHDVXUHPHQWV� QDPHO\
S+ DQG 51$ LQWHJULW\ QXPEHU �5,1�� DQG GLIIHUHG LQ WKH WLPH RI FROOHFWLRQ DIWHU GHDWK
�SRVW�PRUWHP LQWHUYDO �30,��� 8VLQJ D 3&$� ZH IRXQG QR VDPSOH RXWOLHUV DV MXGJHG
E\ YLVXDO LQVSHFWLRQ RI WKH ILUVW WZR SULQFLSDO FRPSRQHQWV� +RZHYHU� WKH UHODWLRQVKLS
DQDO\VLV EHWZHHQ WKH DERYH�PHQWLRQHG IDFWRUV �L�H� EDWFK� 5,1� 30, DQG RWKHUV� DQG
DJH \LHOGHG VLJQLILFDQW FRUUHODWLRQV IRU VH[� SRVW�PRUWHP LQWHUYDO DQG 51$ LQWHJULW\�
SRLQWLQJ WR SRWHQWLDO FRQIRXQGHUV LQ WKH GDWD� :H IXUWKHU FKHFNHG WKH RYHUODS EHWZHHQ
VLJQLILFDQWO\ GLIIHUHQWLDOO\ YDULDEOH JHQHV LQ RXU DQDO\VLV DQG SUHYLRXVO\ UHSRUWHG JHQHV
WKDW DUH DIIHFWHG E\ 30, DQG GHWHFWHG RQO\ D OLPLWHG RYHUODS�

3UREH VHW WR JHQH VXPPDULVDWLRQ� ,I RQH SUREH�VHW ZDV PDSSHG WR VHYHUDO JHQHV�
LW ZDV GHOHWHG WR DYRLG GXSOLFDWLRQ� &RQYHUVHO\� ZKHQ RQH JHQH KDG VHYHUDO SUREH�VHW
H[SUHVVLRQ YDOXHV� WKH\ ZHUH DYHUDJHG WR REWDLQ D XQLTXH JHQH H[SUHVVLRQ YDOXH� ,Q



��� &RPSDULVRQ RI GLIIHUHQW PHWKRGV WR PHDVXUH WKH FKDQJH LQ JHQH H[SUHVVLRQ
KHWHURJHQHLW\ ZLWK DJH ��

WRWDO ����� JHQHV ZHUH PHDVXUHG RQ WKH DUUD\� %DWFK FRUUHFWLRQ� 7R FRPSHQVDWH
IRU WHFKQLFDO YDULDWLRQ EHWZHHQ VDPSOHV� TXDQWLOH QRUPDOLVDWLRQ �41� ZDV SHUIRUPHG
XVLQJ WKH µQRUPDOL]H�TXDQWLOHV¶ IXQFWLRQ IURP WKH µSUHSURFHVV&RUH¶ 5 OLEUDU\� 7R GLIIHU�
HQWLDWH EHWZHHQ WKH DJH HIIHFW DQG WKH HIIHFW RI WKH XQZDQWHG WHFKQLFDO DQG ELRORJLFDO
YDULDELOLW\� ZH KDYH DSSOLHG GLIIHUHQW H[SUHVVLRQ FRUUHFWLRQ VWUDWHJLHV� OLQHDU UHJUHV�
VLRQ RI WKH NQRZQ FRYDULDWHV� XQVXSHUYLVHG HVWLPDWLRQ RI FRYDULDWHV XVLQJ VXUURJDWH
YDULDEOH DQDO\VLV �69$� �/HHN 	 6WRUH\� ������ $V D UHVXOW� ZH DQDO\VHG WKH VDPH
GDWD WZR WLPHV� FRUUHFWHG XVLQJ 41�UHJUHVVLRQ DQG 41�69$� 'LIIHUHQW FRUUHFWLRQV
ZRUN E\ DGMXVWLQJ IRU WKH GLIIHUHQW FRYDULDWHV LQ WKH OLQHDU PRGHO WKDW H[SODLQV WKH JHQH
H[SUHVVLRQ� QDPHO\� L� 41 ± QR FRYDULDWHV ZHUH DGGHG� LL� 41�UHJUHVVLRQ ± FRQVLG�
HULQJ WHFKQLFDO EDWFKHV �1  ���� VH[ �1 ��� UDFH �1 ��� SRVW�PRUWHP LQWHUYDO� 51$
LQWHJULW\ QXPEHU� S+� LLL� 41 � 69$ ± �� VXUURJDWH YDULDEOHV �69� ZHUH LQIHUUHG IURP
WKH H[SUHVVLRQ GDWD XVLQJ WKH µVYD¶ IXQFWLRQ IURP µ69$¶ 5 OLEUDU\ �/HHN HW DO�� ������

'LIIHUHQWLDO YDULDELOLW\

7KH FRQWLQXRXV DSSURDFK� )LUVW� D OLQHDU PRGHO WR ILW JHQH H[SUHVVLRQ GXULQJ DJH�
LQJ� XVLQJ ԐԖԔЈӳϵΘ DQG SRWHQWLDO FRQIRXQGHUV� ZDV FRQVWUXFWHG� 1H[W� WKH 6SHDUPDQ
FRUUHODWLRQ ZDV FDOFXODWHG EHWZHHQ WKH DEVROXWH YDOXHV RI WKH UHVLGXDOV� ]ᅯք] IURP WKH
OLQHDU PRGHO DQG DJH� &RQVHTXHQWO\� 6SHDUPDQ FRUUHODWLRQ HVWLPDWHV ZHUH XVHG DV D
PHDVXUH RI WKH FKDQJH LQ YDULDELOLW\� UHIHUUHG DV ငԥԐԡք	ᅻ
� S YDOXHV IRU WKH 6SHDUPDQ
FRUUHODWLRQ HVWLPDWHV ZHUH FRUUHFWHG IRU PXOWLSOH WHVWLQJ XVLQJ )'5� )'5 DGMXVWHG S
� ���� ZDV XVHG DV D WKUHVKROG WR GHILQH VLJQLILFDQWO\ '9 JHQHV�

ငԥԐԡք	ᅻ
 � ᅻ	]ᅯք ԐԖԔ]

7KH JURXSHG DSSURDFK� )LUVW� D FRUUHFWHG H[SUHVVLRQ PDWUL[ ZDV REWDLQHG E\ UHPRY�
LQJ WKH HIIHFW RI FRYDULDWHV �VHH GDWD SURFHVVLQJ VWHSV� IURP WKH GDWD XVLQJ WKH UHVLG�
XDOV IURP D OLQHDU UHJUHVVLRQ PRGHO� 7KH µJURXSHG DSSURDFK¶ LV D FXVWRP UHVDPSOLQJ�
EDVHG WHVW GHVLJQHG WR FRPSDUH JHQH H[SUHVVLRQ YDULDELOLW\ EHWZHHQ \RXQJ ��� ± ��
\HDUV ROG� DQG ROG ������ \HDUV ROG� JURXSV XVLQJ DQ LQWHUTXDUWLOH UDQJH �,45�� ,45
FRUUHVSRQGV WR WKH GLIIHUHQFH EHWZHHQ WKH ��WK DQG ��WK SHUFHQWLOHV RI WKH GLVWULEXWLRQ
DQG LV FRQVLGHUHG WR EH D UREXVW PHDVXUH RI YDULDELOLW\� PHDQLQJ LW LV QRW VXVFHSWLEOH
WR RXWOLHUV DQG GHSDUWXUH IURP QRUPDOLW\ LQ WKH GDWD� ,Q RUGHU WR DGMXVW IRU WKH XQHTXDO
VDPSOH VL]H RI WKH \RXQJ �1  ��� DQG ROG �1  ��� JURXSV� ZH� ILUVW� FDOFXODWHG D QXOO
GLVWULEXWLRQ RI WKH ,45 YDOXHV IRU WKH \RXQJ JURXS E\ UHVDPSOLQJ LW ������ WLPHV ZLWK



�� $JH�UHODWHG FKDQJHV LQ JHQH H[SUHVVLRQ KHWHURJHQHLW\ LQ WKH KXPDQ EUDLQ

WKH VL]H RI WKH ROG JURXS� 1H[W� ZH FDOFXODWHG VLJQLILFDQFH DV D SHUFHQWDJH RI VDPSOHV
ZKHUH ӾԆԇ֊ևտ ZDV PRUH H[WUHPH WKDQ ӾԆԇ֔֊։ւ DQG FRUUHFWHG LW IRU PXOWLSOH WHVWLQJ
XVLQJ )'5 FRUUHFWLRQ� T � ����� 7KH µJURXSHG¶ PHDVXUH RI FKDQJH LQ WKH YDULDELOLW\�ငԥԐԡք	ӾԆԇ
� IRU WKH JHQH L� FRUUHVSRQGV WR WKH GLIIHUHQFH EHWZHHQ ,45 YDOXH IRU WKH
ROG� ӾԆԇքӴ֊ևտ � DQG ӾԆԇքӴ֔֊։ւ �L�H� PHDQ ,45 YDOXH IURP WKH \RXQJ GLVWULEXWLRQ�� ZKLFK
LV WKHQ GLYLGHG E\ WKH ODWWHU� VHH IRUPXOD�

ငԥԐԡք	ӾԆԇ
 � ӾԆԇքӴ֊ևտ  ӾԆԇքӴ֔֊։ւӾԆԇքӴ֔֊։ւ
*HQH 6HW (QULFKPHQW $QDO\VLV IRU .(** SDWKZD\VငԥԐԡ PHDVXUHV IURP WKH GLIIHUHQWLDO YDULDELOLW\ DQDO\VHV ZHUH XVHG WR SHUIRUP JHQH
VHW HQULFKPHQW DQDO\VLV� *6($ �6XEUDPDQLDQ HW DO�� ����� XVLQJ WKH µFOXVWHU3URILOHU¶
5 OLEUDU\ �<X HW DO�� ������ ��� .(** SDWKZD\V ZLWK WKH VL]H RI EHWZHHQ �� DQG ���
JHQHV ZHUH FRQVLGHUHG DV JHQH VHWV IRU WKH *6($�

+HWHURJHQHLW\ 'LVWULEXWLRQV LQ 3DWKZD\V

.(** SDWKZD\ WR JHQH PDSSLQJ ZDV REWDLQHG IURP µ.(**5(67¶ 5 OLEUDU\ DQG SDWK�
ZD\V ZHUH SUH�ILOWHUHG WR FRQWDLQ EHWZHHQ � DQG ��� JHQHV� $V D UHVXOW� ��� .(**
SDWKZD\V WKDW FRPSULVH ���� XQLTXH JHQHV ZHUH XVHG IRU WKH VXEVHTXHQW DQDO\VLV�
7KH ER[SORWV LOOXVWUDWHG GLVWULEXWLRQV RI WKH ငԥԐԡ PHDVXUH IRU JHQHV LQ HDFK SDWKZD\�
3DWKZD\V ZHUH VRUWHG DFFRUGLQJ WR WKHLU PHGLDQ ငԥԐԡ PHDVXUH LQ DVFHQGLQJ RUGHU�
7KH SHUFHQWDJH RI SDWKZD\V WKDW KDYH WKHLU PHGLDQ ငԥԐԡ DERYH ]HUR ZDV FDOFXODWHG�
'LVWULEXWLRQ WHVWV

'LVWULEXWLRQV RI WKH ငԥԐԡ � PHDVXUHV IRU DOO WKH JHQHV ZHUH WHVWHG IRU QRUPDOLW\ XVLQJ
WKH 6KDSLUR�:LON WHVW LQ 5 �µ6KDSLUR�WHVW¶ IXQFWLRQ� RQ WKH PXOWLSOH VXEVDPSOHV� FRQ�
VLVWLQJ RI ���� PHDVXUHV� 6NHZQHVV RI WKH GLVWULEXWLRQV ZDV FDOFXODWHG XVLQJ WKH
µI%DVLFV¶ IXQFWLRQ IURP µ%DVLF6WDWLVWLFV¶ 5 OLEUDU\�



��� &RPSDULVRQ RI GLIIHUHQW PHWKRGV WR PHDVXUH WKH FKDQJH LQ JHQH H[SUHVVLRQ
KHWHURJHQHLW\ ZLWK DJH ��

����� 7KH HIIHFWV RIPHWKRGV FRUUHFWLQJ IRU EDWFK HIIHFWV DQGPHD�
VXULQJ DJH�UHODWHG FKDQJHV LQ JHQH H[SUHVVLRQ KHWHURJHQH�
LW\

,Q RUGHU WR VWXG\ WKH HIIHFW RI GLIIHUHQW SUHSURFHVVLQJ PHWKRGV DQG KHWHURJHQHLW\ PHD�
VXUHV RQ JHQH H[SUHVVLRQ KHWHURJHQHLW\ GXULQJ DJHLQJ� ZH XVHG RQH RI WKH ELJJHVW
SXEOLVKHG KXPDQ EUDLQ WUDQVFULSWRPH GDWDVHWV� JHQHUDWHG XVLQJ PLFURDUUD\ WHFKQRO�
RJ\ �&RODQWXRQL HW DO�� ������ :H OLPLWHG WKH DJH UDQJH WR EHWZHHQ �� DQG �� \HDUV�
UHVXOWLQJ LQ 51$ H[SUHVVLRQ GDWD IRU ��� SUHIURQWDO FRUWH[ VDPSOHV� :H H[FOXGHG
SUHQDWDO� LQIDQW DQG FKLOGKRRG VDPSOHV �XS WR �� \HDUV ROG� EHFDXVH WKHLU H[SUHVVLRQ
OHYHOV DUH LQKHUHQWO\ FRXSOHG ZLWK GHYHORSPHQWDO SURFHVVHV LQ WKH EUDLQ�

:H DSSOLHG WZR GLIIHUHQW EDWFK FRUUHFWLRQ VWUDWHJLHV WR DFFRXQW IRU WHFKQLFDO DQG ELR�
ORJLFDO FRQIRXQGHUV�

�� 5HJUHVVLRQ� 4XDQWLOH QRUPDOLVDWLRQ IROORZHG E\ OLQHDU UHJUHVVLRQ WR FRUUHFW IRU
NQRZQ FR�YDULDWHV�

�� 69$� 4XDQWLOH QRUPDOLVDWLRQ IROORZHG E\ 6XUURJDWH 9DULDEOH $QDO\VLV

:H FKRRVH WKHVH WZR DSSURDFKHV DV UHSUHVHQWDWLYHV RI RQH VXSHUYLVHG DQG RQH XQ�
VXSHUYLVHG DSSURDFK� /LQHDU UHJUHVVLRQ UHTXLUHV WKH NQRZQ FRQIRXQGHUV WR EH DGGHG
DV IDFWRUV WR WKH PRGHO� ZKHUHDV 69$ LV XQVXSHUYLVHG DQG GHGXFHV WKH IDFWRUV IURP
GDWD� :H DOVR DSSOLHG RQO\ TXDQWLOH QRUPDOLVDWLRQ DQG &RP%DW WR FRUUHFW IRU EDWFK
HIIHFWV DQG WKH UHVXOWV DUH DYDLODEOH LQ WKH SDSHU �.HGOLDQ HW DO�� ������ )RU WKH EUHYLW\
KHUH , MXVW VXPPDULVH WKH UHVXOWV ZLWK WKHVH WZR PHWKRGV� 4XDQWLOH 1RUPDOLVDWLRQ
ZDV SHUIRUPHG XVLQJ WKH µQRUPDOL]H�TXDQWLOHV¶ IXQFWLRQ IURP WKH µSUHSURFHVV&RUH¶ 5
OLEUDU\� /LQHDU 5HJUHVVLRQ ZDV DSSOLHG FRQVLGHULQJ� WHFKQLFDO EDWFKHV �1  ���� VH[
�1 ��� UDFH �1 ��� SRVW�PRUWHP LQWHUYDO� 51$ LQWHJULW\ QXPEHU� DQG S+� 6XUURJDWH
9DULDEOH $QDO\VLV �69$� ZDV DSSOLHG XVLQJ �� LQIHUUHG VXUURJDWH YDULDEOHV XVLQJ WKH
µVYD¶ SDFNDJH LQ 5 �/HHN HW DO�� ������ 'HWDLOV RI WKH PHWKRGV DUH DYDLODEOH LQ 6HFWLRQ
������

:H DOVR DSSOLHG WZR GLIIHUHQW VWUDWHJLHV WR PHDVXUH WKH FKDQJH LQ WKH JHQH H[SUHVVLRQ
KHWHURJHQHLW\ ZLWK DJH� QDPHO\ FRQWLQXRXV DQG JURXSHG DSSURDFKHV� 7KH FRQWLQXRXV
DSSURDFK GHWHFWV FRQWLQXRXV PRQRWRQLF FKDQJH LQ YDULDWLRQ IURP �� WR �� \HDUV RI
DJH� 7KH JURXSHG DSSURDFK FRPSDUHV WKH JHQH H[SUHVVLRQ YDULDWLRQ EHWZHHQ WZR
DJH JURXSV� \RXQJ ��� � �� \HDUV ROG� 1  ��� DQG ROG ��� � �� \HDUV ROG� 1  ����
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,Q WKH FRQWLQXRXV DSSURDFK� ZH ILUVW ILW D OLQHDUPRGHO WR H[SODLQ DJH�GHSHQGHQW FKDQJH
LQ H[SUHVVLRQ� DQG WKHQ XVH WKH UHVLGXDOV IURP WKLV PRGHO WR UHSUHVHQW WKH KHWHURJHQH�
LW\� 7R PHDVXUH FKDQJH LQ WKH H[SUHVVLRQ KHWHURJHQHLW\ ZLWK DJH� ZH FDOFXODWH WKH
6SHDUPDQ FRUUHODWLRQ FRHIILFLHQW �ငԥԐԡ	ᅻ
� EHWZHHQ WKH DEVROXWH YDOXH RI UHVLGXDOV
DQG DJH�

,Q WKH JURXSHG DSSURDFK� ZH ILUVW JHQHUDWHG D GLVWULEXWLRQ RI H[SHFWHG KHWHURJHQH�
LW\ LQ JHQH H[SUHVVLRQ IRU WKH \RXQJ LQGLYLGXDOV DQG WUHDWHG LW DV D QXOO GLVWULEXWLRQ WR
FRPSDUH ZLWK WKH KHWHURJHQHLW\ IURP WKH ROG LQGLYLGXDOV� :H XVHG LQWHUTXDUWLOH UDQJH
�,45� DV D PHDVXUH RI KHWHURJHQHLW\ EHFDXVH LW LV UREXVW WR RXWOLHUV� ,Q RUGHU WR FDOFX�
ODWH D GLVWULEXWLRQ RI H[SHFWHG KHWHURJHQHLW\ LQ WKH \RXQJ JURXS� ZH UDQGRPO\ VHOHFWHG
D VXEVDPSOH RI �� LQGLYLGXDOV �WKH QXPEHU RI VDPSOHV LQ WKH ROG JURXS� IURP WKH ��
LQGLYLGXDOV LQ WKH \RXQJ JURXS IRU ������ WLPHV DQG FDOFXODWHG ,45� 7KH FKDQJH LQ
KHWHURJHQHLW\� ငԥԐԡ	ӾԆԇ
� ZDV PHDVXUHG DV D IUDFWLRQDO FKDQJH LQ WKH ,45 EHWZHHQ
ROG DQG \RXQJ JURXSV� 7KH S�YDOXH ZDV GHWHUPLQHG E\ FDOFXODWLQJ KRZ PDQ\ WLPHV
ZH REVHUYHG D YDOXH DV H[WUHPH DV ӾԆԇ֊ևտ�
'HWDLOV RI WKH PHWKRGV DUH DYDLODEOH LQ 6HFWLRQ ������

����� &KDQJHV LQ KHWHURJHQHLW\ DW WKH WUDQVFULSWRPH�OHYHO

7KH FKDQJH LQ KHWHURJHQHLW\ FDOFXODWHG XVLQJ FRQWLQXRXV DSSURDFK� ငԥԐԡ	ᅻ
� UDQJHG
EHWZHHQ ����� DQG ���� DQG ZHUH QRUPDOO\ GLVWULEXWHG �6KDSLUR�:LON WHVW� S ! �����
�)LJXUH ���$�� 7KH GLVWULEXWLRQV ZHUH VLJQLILFDQWO\ VKLIWHG WRZDUGV SRVLWLYH YDOXHV IRU
ERWK FRUUHFWLRQ PHWKRGV �:LOFR[RQ WHVW� ԟ � ���Ԕφϩ� PHGLDQ YDOXHV UDQJH EHWZHHQ
���� DQG ������ $OWKRXJK WKH VKLIW LQ WKH GLVWULEXWLRQ ZDV VPDOO� �� DQG ��� RI WKH
JHQHV VKRZHG LQFUHDVH LQ KHWHURJHQHLW\ ZLWK DJH� IRU 69$ DQG 5HJUHVVLRQ FRUUHF�
WLRQV� UHVSHFWLYHO\� +RZHYHU� ZH QRWHG WKDW WKH FKDQJHV LQ KHWHURJHQHLW\ FDOFXODWHG
IRU HDFK JHQH� XVLQJ UHJUHVVLRQ� DQG 69$�FRUUHFWHG GDWD ZHUH RQO\ ZHDNO\ FRUUHODWHG
�ᅻ � ����� )LJXUH ���%��



��� &RPSDULVRQ RI GLIIHUHQW PHWKRGV WR PHDVXUH WKH FKDQJH LQ JHQH H[SUHVVLRQ
KHWHURJHQHLW\ ZLWK DJH ��

)LJXUH ��� 'LVWULEXWLRQV RI WKH ငԥԐԡ�PHDVXUHV IRU DOO WKH JHQHV �Q  ������ REWDLQHG LQ
WKH FRQWLQXRXV �$� DQG JURXSHG �&� DSSURDFKHV� ,QFUHDVH LQ WKH KHWHURJHQHLW\ ZLWK DJH�ငԥԐԡ � �� LV FRORXUHG LQ RUDQJH� ZKLOH GHFUHDVH LQ KHWHURJHQHLW\� ငԥԐԡ � �� LV PDUNHG LQ EOXH�
7KH UHG GDVKHG OLQH GHSLFWV PHGLDQ RI WKH GLVWULEXWLRQ� 7KH ငԥԐԡ	ᅻ
 GLVWULEXWLRQV DUH QRUPDO
ZLWK WKHLU PHDQ DQG PHGLDQ YDOXHV HTXDO WR ���� DQG ���� IRU UHJUHVVLRQ DQG 69$� UHVSHF�
WLYHO\� 7KH ငԥԐԡ	ӾԆԇ
 GLVWULEXWLRQV DUH PRGHUDWHO\ VNHZHG� VNHZQHVV YDOXHV DUH ���� DQG
���� IRU UHJUHVVLRQ DQG 69$� UHVSHFWLYHO\� 7KH PHDQ DQG PHGLDQ YDOXHV RI WKH ငԥԐԡ	ӾԆԇ

GLVWULEXWLRQ DUH ���� DQG ���� IRU UHJUHVVLRQ DQG ���� DQG ���� IRU 69$� UHVSHFWLYHO\� +H[DJ�
RQDO KHDW PDSV LOOXVWUDWH UHODWLRQVKLS EHWZHHQ UHJUHVVLRQ DQG 69$�FRUUHFWHG PHDVXUHV RI WKH
KHWHURJHQHLW\ IRU HDFK JHQH� REWDLQHG LQ FRQWLQXRXV � ငԥԐԡ	ᅻ
 �%� DQG JURXSHG � ငԥԐԡ	ӾԆԇ

�'� DSSURDFKHV� 7KH FRORXU JUDGLHQW UHSUHVHQWV WKH GHQVLW\ RI WKH GDWD� 7KH OLQHDU UHJUHVVLRQ
OLQH DQG WKH 6SHDUPDQ FRUUHODWLRQ HVWLPDWH� ᅻ� IRU WKH FRUUHVSRQGLQJ YDULDEOHV DUH VKRZQ RQ
HDFK JUDSK�

7KH GLVWULEXWLRQV RI WKH FKDQJH LQ KHWHURJHQHLW\ FDOFXODWHG XVLQJ JURXSHG DSSURDFK�ငԥԐԡ	ӾԆԇ
� ZHUH PRGHUDWHO\ VNHZHG WR WKH ULJKW DQG UDQJHG IURP ���� WR ��� IRU WKH
UHJUHVVLRQ FRUUHFWHG GDWD DQG IURP ����� WR ���� IRU WKH 69$ FRUUHFWHG GDWD �)LJ�
XUH ���&�� 7KH VNHZ WR WKH ULJKW ZDV H[SHFWHG JLYHQ WKDW ZH FDOFXODWH KHWHURJHQHLW\
FKDQJH DV D IUDFWLRQ DQG WKXV� LW ZDV PRUH VHQVLWLYH WR LQFUHDVH LQ KHWHURJHQHLW\� ,Q
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ERWK FDVHV� WKH GLVWULEXWLRQV GHPRQVWUDWHG D VLJQLILFDQW GHYLDWLRQ IURP ]HUR �:LOFR[RQ
WHVW� ԟ � ���Ԕφϩ�� �� DQG �� PRUH JHQHV VKRZHG KLJKHU KHWHURJHQHLW\ LQ WKH ROG
JURXS� IRU UHJUHVVLRQ� DQG 69$�FRUUHFWHG GDWD� UHVSHFWLYHO\� 6LPLODU WR WKH FRQWLQXRXV
DSSURDFK� WKH HIIHFW VL]HV FDOFXODWHG XVLQJ GLIIHUHQW EDWFK FRUUHFWLRQ PHWKRGV ZHDNO\
FRUUHODWHG �ᅻ � ����� )LJXUH ���'��
����� &KDQJHV LQ KHWHURJHQHLW\ DW WKH JHQH�OHYHO

:H WKHQ DVNHG LI ZH FRXOG GHWHFW DQ\ JHQHV ZLWK D VLJQLILFDQW FKDQJH LQ KHWHURJHQHLW\�
8VLQJ WKH FRQWLQXRXV DSSURDFK� ZH GLG QRW GHWHFW DQ\ VLJQLILFDQW FKDQJH LQ KHWHUR�
JHQHLW\ ZLWK DJH DIWHU PXOWLSOH WHVWLQJ FRUUHFWLRQ� 7KH JURXSHG DSSURDFK OHDGV WR ���
DQG ��� GLIIHUHQWLDOO\ YDULDEOH �'9� JHQHV �)'5 FRUUHFWHG S � ����� XVLQJ WKH UHJUHV�
VLRQ DQG 69$ FRUUHFWLRQ� UHVSHFWLYHO\� +RZHYHU� WKH WZR VHWV RI '9 JHQHV KDG RQO\
�� JHQHV LQ FRPPRQ� RQH RI ZKLFK VKRZV DQ RSSRVLWH GLUHFWLRQ RI FKDQJH LQ WKH WZR
VHWV� 7KH FRUUHODWLRQ EHWZHHQ ငԥԐԡ	ӾԆԇ
 IRU UHJUHVVLRQ DQG 69$ FRUUHFWHG GDWD LV
ZHDN �ᅻ  ������ EXW FRUUHODWLRQ LQFUHDVHV ZKHQ ZH VHOHFW RQO\ WKH FRPPRQ '9 JHQHV
�ᅻ  ������ ,Q DJUHHPHQW ZLWK RXU RYHUYLHZ DQDO\VLV DERYH� ZH ILQG WZLFH DV PDQ\ '9
JHQHV ZLWK DQ LQFUHDVH LQ KHWHURJHQHLW\ DV WKRVH WKDW GHFUHDVH KHWHURJHQHLW\� XVLQJ
ERWK FRUUHFWLRQ PHWKRGV� L� ��� JHQHV LQFUHDVH DQG ��� GHFUHDVH WKHLU KHWHURJHQHLW\
DIWHU WKH UHJUHVVLRQ FRUUHFWLRQ� LL� ��� JHQHV LQFUHDVH DQG ��� GHFUHDVH WKHLU KHWHUR�
JHQHLW\ DIWHU WKH 69$ FRUUHFWLRQ�

����� &KDQJHV LQ KHWHURJHQHLW\ DW WKH SDWKZD\�OHYHO

)ROORZLQJ WKH LQGLYLGXDO JHQH DQDO\VLV� ZH H[SORUHG ZKHWKHU JHQHV WKDW WHQG WR LQ�
FUHDVH RU GHFUHDVH KHWHURJHQHLW\ ZLWK DJH DUH ORFDOLVHG LQ SDUWLFXODU IXQFWLRQDO JURXSV�
:H SHUIRUPHG PXOWLSOH JHQH VHW HQULFKPHQW DQDO\VHV �*6($� XVLQJ WKH FKDQJH LQ WKH
KHWHURJHQHLW\ ZLWK DJH �ငԥԐԡ� PHDVXUHV REWDLQHG LQ WKH FRQWLQXRXV DQG JURXSHG DS�
SURDFKHV RQ WKH JHQH VHWV IURP .(** DQG %LRORJLFDO 3URFHVV *2 FDWHJRULHV� :H
REVHUYHG QR JHQRPH�OHYHO VLJQLILFDQW HQULFKPHQW LQ SDUWLFXODU IXQFWLRQDO JURXSV RQ WKH
GDWD HLWKHU IURP WKH FRQWLQXRXV �69$ FRUUHFWLRQ�� RU WKH JURXSHG DSSURDFK �5HJUHV�
VLRQ DQG 69$ FRUUHFWLRQV�� +RZHYHU� ZH IRXQG WKDW � SDWKZD\V� QDPHO\ EHWD�$ODQLQH
PHWDEROLVP� 5DV VLJQDOLQJ SDWKZD\� 3KRVSKDWLG\OLQRVLWRO VLJQDOLQJ V\VWHP� %DFWHULDO
LQYDVLRQ RI HSLWKHOLDO FHOOV �)'5 FRUUHFWHG S � ����� ZHUH HQULFKHG DPRQJ WKH JHQHV
VKRZLQJ PRUH KHWHURJHQHLW\ RI H[SUHVVLRQ LQ WKH FRQWLQXRXV DSSURDFK �5HJUHVVLRQ
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FRUUHFWLRQ�� 7KHVH SDWKZD\V KDG SRVLWLYH QRUPDOLVHG HQULFKPHQW VFRUHV �1(6�� L�H�
HQULFKPHQW IRU WKH JHQHV WKDW LQFUHDVH KHWHURJHQHLW\ ZLWK DJH� 0RUHRYHU� WKHVH SDWK�
ZD\V DOVR KDG SRVLWLYH 1(6 IRU RWKHU DSSURDFKHV� HYHQ WKRXJK WKH\ ZHUH QRW VLJQLIL�
FDQW�

)LJXUH ��� 7KH GLVWULEXWLRQ RI WKH KHWHURJHQHLW\ PHDVXUHV �ငԥԐԡ� IRU WKH JHQHV ZLWKLQ HDFK
SDWKZD\ LV UHSUHVHQWHG DV D ER[� HQFDSVXODWLQJ SDUW RI WKH GLVWULEXWLRQ EHWZHHQ �VW DQG �UG
TXDQWLOH� PHGLDQ RI WKH ER[ LV FRORXUHG LQ EODFN� �$� UHSUHVHQWV KHWHURJHQHLW\ PHDVXUH GLVWUL�
EXWLRQV IRU WKH FRQWLQXRXV� ZKLOH �%� IRU WKH JURXSHG DSSURDFKHV� 3DWKZD\V DUH RUGHUHG E\
LQFUHDVLQJ PHGLDQ� %R[HV DUH FRORXUHG LQ RUDQJH LI WKH FRUUHVSRQGLQJ SDWKZD\V KDYH PH�
GLDQ ငԥԐԡ � �� DQG LQ EOXH� LI PHGLDQ ငԥԐԡ � �� 7H[W ODEHO RQ WKH SORW VKRZV SHUFHQWDJH RI
SDWKZD\V ZLWK PHGLDQ ငԥԐԡ � �� 5HG GDVKHG OLQH PDUNV ငԥԐԡ � �� 7KH PHDQ YDOXHV IRU WKH
PHGLDQ DFURVV DOO SDWKZD\V DUH ����� IRU ငԥԐԡ	ᅻ
֍րւ֍ր֎֎ք֊։� ����� IRU ငԥԐԡ	ᅻ
մշ բ� ����� IRUငԥԐԡ	ӾԆԇ
֍րւ֍ր֎֎ք֊։� DQG ����� IRU ငԥԐԡ	ӾԆԇ
մշ բ�
7KH JHQH VHW HQULFKPHQW DQDO\VLV VKRZV LI WKHUH DUH SDUWLFXODU JHQH VHWV WKDW LQFOXGH
WKH JHQHV ZLWK WKH KLJKHVW LQFUHDVH RU GHFUHDVH� )DLOLQJ WR GHWHFW VXFK IXQFWLRQDO
FDWHJRULHV� ZH DVNHG KRZ WKH KHWHURJHQHLW\ PHDVXUHV IRU WKH JHQHV ZHUH GLVWULEXWHG
LQ WKH GLIIHUHQW IXQFWLRQDO JURXSV RI JHQHV� )RU HDFK RI ��� .(** SDWKZD\V� HQ�
FRPSDVVLQJ ���� XQLTXH JHQHV� ZH DQDO\VHG WKH GLVWULEXWLRQV RI ငԥԐԡ PHDVXUHV�
IRFXVLQJ RQ WKH PHGLDQ YDOXH IRU WKH FKDQJH LQ KHWHURJHQHLW\ �)LJXUH ���$� %�� ,Q OLQH
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ZLWK WKH RYHUDOO WHQGHQFLHV ZH REVHUYHG �)LJXUH ���$� &�� WKH PDMRULW\ RI SDWKZD\V
FRQWDLQHG D ODUJHU QXPEHU RI JHQHV WKDW EHFRPH PRUH YDULDEOH ZLWK DJH� LUUHVSHFWLYH
RI WKH DSSURDFK RU FRUUHFWLRQ PHWKRG XVHG� $OWKRXJK WKH LQFUHDVH LQ KHWHURJHQHLW\
LV XELTXLWRXV DQG LV REVHUYHG DFURVV WKH PDMRULW\ RI WKH SDWKZD\V ��������� WKH LQ�
FUHDVH LV VPDOO �WKH PHDQ YDOXH IRU WKH VKLIW LQ GLVWULEXWLRQV UDQJH EHWZHHQ ����� DQG
������ ± LQ DFFRUGDQFH ZLWK WKH VPDOO� EXW VLJQLILFDQW LQFUHDVH REVHUYHG LQ WKH GLVWUL�
EXWLRQ IRU DOO JHQHV� 6LQFH WKH SDWKZD\V DUH QRW PXWXDOO\ H[FOXVLYH� ZH FKHFNHG LI
WKHUH DUH SDUWLFXODU JHQHV WKDW DUH SUHVHQW LQ PDQ\ GLIIHUHQW SDWKZD\V DQG FDXVH WKH
VKLIW� +RZHYHU� QR VLJQLILFDQW FRUUHODWLRQ EHWZHHQ WKH SDWKZD\ PHPEHUVKLS RI JHQH
DQG LWV KHWHURJHQHLW\ PHDVXUH �ငԥԐԡ� ZDV GHWHFWHG�
��� 7HPSRUDO ODQGVFDSH RI WKH FKDQJHV LQ JHQH H[�

SUHVVLRQ KHWHURJHQHLW\ GXULQJ EUDLQ GHYHORSPHQW
DQG DJHLQJ

����� 0HWKRGV

'DWDVHW FROOHFWLRQ

,Q WKLV VWXG\� ZH SHUIRUPHG UH�DQDO\VLV RI SXEOLFO\ DYDLODEOH WUDQVFULSWRPH GDWDVHWV
WR WHVW DJH�UHODWHG FKDQJH LQ JHQH H[SUHVVLRQ KHWHURJHQHLW\� $OO GDWD FROOHFWLRQ LQ
WKHVH SUHYLRXV VWXGLHV ZHUH SHUIRUPHG LQ DFFRUGDQFH ZLWK UHOHYDQW JXLGHOLQHV� UHJX�
ODWLRQV DQG DSSURYHG H[SHULPHQWDO SURWRFROV� LQFOXGLQJ LQIRUPHG FRQVHQWV IRU WKH XVH
RI VDPSOHV IRU UHVHDUFK IURP DOO GRQRUV RU WKHLU QH[W RI NLQ�

0LFURDUUD\ GDWDVHWV� 5DZ GDWD XVHG LQ WKLV VWXG\ ZHUH UHWULHYHG IURP WKH 1&%, *HQH
([SUHVVLRQ 2PQLEXV �*(2� IURP WKUHH GLIIHUHQW VRXUFHV �6XSSOHPHQWDU\ 7DEOH 6���
$OO WKUHH GDWDVHWV FRQVLVW RI KXPDQ EUDLQ JHQH H[SUHVVLRQ GDWD JHQHUDWHG RQ PLFURDU�
UD\ SODWIRUPV� ,Q WRWDO� ZH REWDLQHG ���� VDPSOHV IURP ��� LQGLYLGXDOV� VSDQQLQJ WKH
ZKROH OLIHVSDQ ZLWK DJHV UDQJLQJ IURP � WR �� \HDUV �)LJXUH $����

51$ VHTXHQFLQJ GDWDVHW� :H XVHG WKH WUDQVFULSWRPH GDWD JHQHUDWHG E\ WKH *7([
&RQVRUWLXP �Y�S� �$UGOLH HW DO�� ������ :H RQO\ XVHG WKH VDPSOHV ZLWK D GHDWK FLUFXP�
VWDQFH RI � �YLROHQW DQG IDVW GHDWKV GXH WR DQ DFFLGHQW� DQG � �IDVW GHDWK RI QDWXUDO
FDXVHV� RQ WKH +DUG\ 6FDOH H[FOXGLQJ LQGLYLGXDOV ZKR GLHG RI LOOQHVVHV� $V ZH IRFXV
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EUDLQ GHYHORSPHQW DQG DJHLQJ ��

RQO\ RQ WKH EUDLQ� ZH XVHG DOO �� EUDLQ WLVVXH GDWD LQ *7([� :H WKXV DQDO\VHG ���
VDPSOHV REWDLQHG IURP �� LQGLYLGXDOV�

6HSDUDWLQJ GDWDVHWV LQWR GHYHORSPHQW DQG DJHLQJ GDWDVHWV� 7R GLIIHUHQWLDWH FKDQJHV
LQ JHQH H[SUHVVLRQ KHWHURJHQHLW\ GXULQJ DJHLQJ IURP WKRVH GXULQJ GHYHORSPHQW� ZH
XVHG WKH DJH RI �� WR VHSDUDWH SUH�DGXOWKRRG IURP DGXOWKRRG� ,W ZDV VKRZQ WKDW WKH
DJH RI �� FRUUHVSRQGV WR WKH DYHUDJH ILUVW DJH RI UHSURGXFWLRQ LQ KXPDQ VRFLHWLHV
�:DONHU HW DO�� ������ 6WUXFWXUDO FKDQJHV DIWHU WKH DJH RI �� LQ WKH KXPDQ EUDLQ ZHUH
SUHYLRXVO\ OLQNHG WR DJH�UHODWHG SKHQRW\SHV� VSHFLILFDOO\ QHXURQDO VKULQNDJH DQG D
GHFOLQH LQ WRWDO OHQJWK RI P\HOLQDWHG ILEHUV �6RZHOO HW DO�� ������ (DUOLHU VWXGLHV H[DP�
LQLQJ DJH�UHODWHG JHQH H[SUHVVLRQ FKDQJHV LQ GLIIHUHQW EUDLQ UHJLRQV DOVR VKRZHG D
JOREDO FKDQJH LQ JHQH H[SUHVVLRQ SDWWHUQV DIWHU WKH DJH RI �� �&RODQWXRQL HW DO�� �����
'|QHUWDú HW DO�� ����� 6RPHO HW DO�� ������ 7KXV� FRQVLVWHQW ZLWK WKHVH VWXGLHV� ZH
VHSDUDWHG GDWDVHWV XVLQJ WKH DJH RI �� LQWR GHYHORSPHQW �� WR �� \HDUV RI DJH� Q  
���� DQG DJHLQJ ��� WR �� \HDUV RI DJH� Q  �����

3UHSURFHVVLQJ

0LFURDUUD\ GDWDVHWV� 50$ FRUUHFWLRQ �XVLQJ WKH µROLJR¶ OLEUDU\ LQ 5� �&DUYDOKR 	
,UL]DUU\� ����� DQG ORJ� WUDQVIRUPDWLRQ ZHUH DSSOLHG WR 6RPHO���� DQG .DQJ����
GDWDVHWV� )RU WKH &RODQWXRQL���� GDWDVHW� DV WKHUH ZDV QR SXEOLF 5 SDFNDJH WR DQDO�
\VH WKH UDZ GDWD� ZH XVHG WKH SUHSURFHVVHG GDWD GHSRVLWHG LQ *(2� ZKLFK KDG EHHQ
ORHVV QRUPDOLVHG E\ WKH DXWKRUV� :H TXDQWLOH QRUPDOLVHG DOO GDWDVHWV XVLQJ WKH µSUH�
SURFHVV&RUH¶ OLEUDU\ LQ 5 �%ROVWDG� ������ 1RWDEO\� RXU DQDO\VLV IRFXVHG RQ FRQVLVWHQW
SDWWHUQV DFURVV GDWDVHWV� LQVWHDG RI FRQVLGHULQJ VLJQLILFDQW FKDQJHV ZLWKLQ LQGLYLGXDO
GDWDVHWV� 6LQFH ZH GRQ¶W H[SHFW UDQGRP FRQIRXQGLQJ IDFWRUV WR EH VKDUHG DPRQJ
GDWDVHWV� ZH XVHG TXDQWLOH QRUPDOLVDWLRQ WR PLQLPLVH WKH HIIHFWV RI FRQIRXQGHUV� DQG
ZH WUHDWHG FRQVLVWHQW UHVXOWV DV SRWHQWLDOO\ D ELRORJLFDO VLJQDO� :H DOVR DSSOLHG DQ
DGGLWLRQDO FRUUHFWLRQ SURFHGXUH IRU 6RPHO���� GDWDVHWV� LQ ZKLFK WKHUH ZDV D EDWFK
HIIHFW LQIOXHQFLQJ WKH H[SUHVVLRQ OHYHOV� DV IROORZV� IRU HDFK SUREHVHW ��� FDOFXODWH
PHDQ H[SUHVVLRQ �0�� ��� VFDOH HDFK EDWFK VHSDUDWHO\ �WR PHDQ  �� VWDQGDUG GHYLD�
WLRQ  ��� ��� DGG 0 WR HDFK YDOXH� :H H[FOXGHG RXWOLHUV JLYHQ LQ 6XSSOHPHQWDU\ 7DEOH
6�� WKURXJK D YLVXDO LQVSHFWLRQ RI WKH ILUVW WZR SULQFLSDO FRPSRQHQWV IRU WKH SUREHVHW
H[SUHVVLRQ OHYHOV DV LQ '|QHUWDú HW DO� ������ DQG '|QHUWDú� )XHQWHDOED 9DOHQ]XHOD�
3DUWULGJH� 	 7KRUQWRQ ������� :H PDSSHG SUREHVHW ,'V WR (QVHPEO JHQH ,'V �� XV�
LQJ WKH (QVHPEO GDWDEDVH� WKURXJK WKH µELRPD5W¶ OLEUDU\ �'XULQFN� 6SHOOPDQ� %LUQH\� 	
+XEHU� ����� LQ 5 IRU WKH 6RPHO���� GDWDVHW� �� XVLQJ WKH *3/ ILOH GHSRVLWHG LQ *(2
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IRU .DQJ����� DV SUREHVHW ,'V IRU WKLV GDWDVHW ZHUH QRW FRPSOHWH LQ (QVHPEO� DQG ��
XVLQJ WKH (QWUH] JHQH ,'V LQ WKH *3/ ILOH GHSRVLWHG LQ *(2 IRU WKH &RODQWXRQL����
GDWDVHW DQG FRQYHUWLQJ WKHP LQWR (QVHPEO JHQH ,'V XVLQJ WKH (QVHPEO GDWDEDVH�
WKURXJK WKH µELRPD5W¶ OLEUDU\ LQ 5� /DVWO\� ZH VFDOHG H[SUHVVLRQ OHYHOV IRU JHQHV �WR
PHDQ  �� VWDQGDUG GHYLDWLRQ  �� XVLQJ WKH µVFDOH¶ IXQFWLRQ LQ 5� $JH YDOXHV RI LQ�
GLYLGXDOV LQ HDFK GDWDVHW ZHUH FRQYHUWHG WR WKH IRXUWK URRW RI DJH �LQ GD\V� WR KDYH
D OLQHDU UHODWLRQVKLS EHWZHHQ DJH DQG H[SUHVVLRQ ERWK LQ GHYHORSPHQW DQG DJHLQJ�
+RZHYHU� ZH UHSHDWHG WKH DQDO\VLV XVLQJ GLIIHUHQW DJH VFDOHV DQG FRQILUPHG WKDW WKH
UHVXOWV ZHUH TXDQWLWDWLYHO\ VLPLODU �)LJXUH $����

51$ VHTXHQFLQJ GDWDVHW� 7KH JHQHV ZLWK PHGLDQ 53.0 YDOXH RI � ZHUH H[FOXGHG
IURP WKH GDWDVHW� 7KH 53.0 YDOXHV SURYLGHG LQ WKH *7([ GDWD ZHUH ORJ� WUDQVIRUPHG
DQG TXDQWLOH�QRUPDOLVHG� 6LPLODU WR WKH PLFURDUUD\ GDWD� ZH H[FOXGHG WKH RXWOLHUV
EDVHG RQ WKH YLVXDO LQVSHFWLRQ RI WKH ILUVW DQG VHFRQG SULQFLSDO FRPSRQHQWV �6XSSOH�
PHQWDU\ 7DEOH 6��� ,Q *7([� DJHV DUH JLYHQ DV �� \HDU LQWHUYDOV� :H WKHUHIRUH XVHG
WKH PLGGOH SRLQW RI WKHVH DJH LQWHUYDOV WR UHSUHVHQW WKDW LQGLYLGXDO¶V DJH�

$JH�UHODWHG H[SUHVVLRQ FKDQJH

:H XVHG OLQHDU UHJUHVVLRQ WR DVVHVV WKH UHODWLRQVKLS EHWZHHQ DJH DQG JHQH H[SUHV�
VLRQ� 7KH PRGHO XVHG LQ WKH DQDO\VLV LV�

Ԏք � ᅬքɱ � ᅬքȯ  ӶԖԔφ�Κ � ᅯք �����

ZKHUH Ԏք LV WKH VFDOHG ORJ� H[SUHVVLRQ OHYHO IRU WKH Ԙ֏փ JHQH� ᅬքɱ LV WKH LQWHUFHSW� ᅬքȯ LV
WKH VORSH� DQG ᅯք LV WKH UHVLGXDO� :H SHUIRUPHG WKH DQDO\VLV IRU HDFK GDWDVHW �GHYHO�
RSPHQW DQG DJHLQJ GDWDVHWV VHSDUDWHO\� DQG FRQVLGHUHG WKH ᅬφ YDOXH DV D PHDVXUH
RI FKDQJH LQ H[SUHVVLRQ� S�YDOXHV REWDLQHG IURP WKH PRGHO ZHUH FRUUHFWHG IRU PXOWL�
SOH WHVWLQJ DFFRUGLQJ WR %HQMDPLQL DQG +RFKEHUJ SURFHGXUH �%HQMDPLQL 	 +RFKEHUJ�
����� E\ XVLQJ µS�DGMXVW¶ IXQFWLRQ LQ 5�

$JH�UHODWHG KHWHURJHQHLW\ FKDQJH

,Q RUGHU WR TXDQWLI\ WKH DJH�UHODWHG FKDQJH LQ JHQH H[SUHVVLRQ KHWHURJHQHLW\� ZH FDO�
FXODWHG 6SHDUPDQ¶V FRUUHODWLRQ FRHIILFLHQW �ᅻ�� 7KH FRUUHODWLRQV ZHUH FDOFXODWHG EH�
WZHHQ WKH DEVROXWH YDOXHV RI UHVLGXDOV REWDLQHG IURP HTXDWLRQ ����� DQG WKH IRXUWK
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EUDLQ GHYHORSPHQW DQG DJHLQJ ��

URRW RI LQGLYLGXDO DJH� :H UHJDUGHG WKH DEVROXWH YDOXHV RI UHVLGXDOV DV D PHDVXUH
RI KHWHURJHQHLW\� 7KHUHIRUH� KLJK SRVLWLYH FRUUHODWLRQ FRHIILFLHQWV VXJJHVW WKDW KHWHUR�
JHQHLW\ LQFUHDVHV ZLWK DJH� ZKHUHDV VWURQJ QHJDWLYH FRUUHODWLRQ LPSOLHV KHWHURJHQHLW\
GHFUHDVHV ZLWK DJH� S�YDOXHV ZHUH FDOFXODWHG IURP WKH FRUUHODWLRQ DQDO\VLV DQG FRU�
UHFWHG IRU PXOWLSOH WHVWLQJ ZLWK WKH %HQMDPLQL DQG +RFKEHUJPHWKRG XVLQJ WKH µS�DGMXVW¶
IXQFWLRQ LQ 5� :H IXUWKHU FRQILUPHG RXU UHVXOWV XVLQJ D GLIIHUHQW PHDVXUH RI KHWHUR�
JHQHLW\� %UHXVFK�3DJDQ WHVW� LPSOHPHQWHG DV µQFY7HVW¶ IXQFWLRQ LQ WKH µFDU¶ SDFNDJH
LQ 5 �)R[ 	 :HLVEHUJ� ����� �)LJXUH $�����

3ULQFLSDO &RPSRQHQW $QDO\VLV

:H FRQGXFWHG SULQFLSDO FRPSRQHQW DQDO\VLV RQ ERWK DJH�UHODWHG FKDQJHV LQ H[SUHV�
VLRQ �ᅬ� DQG KHWHURJHQHLW\ �ᅻ�� :H IROORZHG D VLPLODU SURFHGXUH IRU ERWK DQDO\VHV� LQ
ZKLFK ZH XVHG WKH µSUFRPS¶ IXQFWLRQ LQ 5� 7KH DQDO\VLV ZDV SHUIRUPHG RQ D PDWUL[
FRQWDLQLQJ ᅬ YDOXHV �IRU WKH FKDQJH LQ H[SUHVVLRQ OHYHO� DQG ᅻ YDOXHV �IRU WKH FKDQJH
LQ KHWHURJHQHLW\�� IRU ������ FRPPRQO\ H[SUHVVHG JHQHV IRU DOO �� GHYHORSPHQW DQG
DJHLQJ GDWDVHWV� ,Q HDFK GDWDVHW� WKH HVWLPDWHV RI H[SUHVVLRQ FKDQJH �ᅬ� RU KHWHUR�
JHQHLW\ FKDQJH �ᅻ� YDOXHV ZHUH VFDOHG IRU HDFK GDWDVHW EHIRUH FDOFXODWLQJ SULQFLSDO
FRPSRQHQWV�

3HUPXWDWLRQ WHVW

:H XVHG D SHUPXWDWLRQ VFKHPH WKDW ZH GHYHORSHG HDUOLHU �'|QHUWDú HW DO�� �����
������ WDNLQJ LQWR DFFRXQW WKDW VDPSOHV DFURVV 6RPHO���� DQG .DQJ���� GDWDVHWV
DUH QRW LQGHSHQGHQW �L�H� WKHVH GDWDVHWV LQFOXGH PXOWLSOH VDPSOHV IURP WKH VDPH LQ�
GLYLGXDOV IRU GLIIHUHQW EUDLQ UHJLRQV�� 6SHFLILFDOO\� ZH ILUVW UDQGRPO\ SHUPXWHG DJHV
DPRQJ LQGLYLGXDOV� QRW VDPSOHV� IRU ����� WLPHV LQ HDFK GDWD VRXUFH� XVLQJ WKH µVDP�
SOH¶ IXQFWLRQ LQ 5� 1H[W� ZH DVVLJQHG DJHV RI LQGLYLGXDOV WR WKHLU FRUUHVSRQGLQJ VDP�
SOHV� PDNLQJ VXUH WKDW PXOWLSOH VDPSOHV IURP WKH VDPH LQGLYLGXDO DQQRWDWHG ZLWK WKH
VDPH DJH� UHWDLQLQJ WKH GHSHQGHQF\ EHWZHHQ GDWDVHWV� 7KHQ� ZH FDOFXODWHG DJH�
UHODWHG H[SUHVVLRQ DQG KHWHURJHQHLW\ FKDQJH IRU HDFK GDWDVHW� XVLQJ SHUPXWHG DJHV�
)RU WKH WHVWV UHODWHG WR WKH FKDQJHV LQ JHQH H[SUHVVLRQ ZLWK DJH� ZH XVHG D OLQHDU
PRGHO EHWZHHQ JHQH H[SUHVVLRQ OHYHOV DQG WKH UDQGRPLVHG DJHV� ,Q FRQWUDVW� IRU
WKH WHVWV UHODWHG WR WKH FKDQJHV LQ KHWHURJHQHLW\ ZLWK DJH� ZH PHDVXUHG WKH FRUUH�
ODWLRQ EHWZHHQ WKH UDQGRPLVHG DJHV DQG WKH DEVROXWH YDOXH RI UHVLGXDOV IURP WKH
OLQHDU PRGHO WKDW ZH REWDLQHG IURP HTXDWLRQ ����� XVLQJ QRQ�UDQGRPLVHG DJHV IRU
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HDFK JHQH� ,Q WKLV ZD\� ZH SUHVHUYHG WKH UHODWLRQVKLS EHWZHHQ DJH DQG H[SUHVVLRQ�
DQG ZH ZHUH DEOH WR HQVXUH WKDW RXU UHJUHVVLRQ PRGHO ZDV DSSURSULDWH IRU FDOFXODW�
LQJ DJH�UHODWHG KHWHURJHQHLW\ FKDQJH �6RPHO HW DO�� ������ 8VLQJ H[SUHVVLRQ DQG
KHWHURJHQHLW\ FKDQJH HVWLPDWHV FDOFXODWHG XVLQJ SHUPXWHG DJHV� ZH WHVWHG �D� LI WKH
FRUUHODWLRQ RI H[SUHVVLRQ �DQG KHWHURJHQHLW\� FKDQJH LQ DJHLQJ LV KLJKHU WKDQ LQ GHYHO�
RSPHQW GDWDVHWV� �E� LI WKH FRUUHODWLRQV RI H[SUHVVLRQ �DQG KHWHURJHQHLW\� FKDQJH LQ
GHYHORSPHQW DQG LQ DJHLQJ GDWDVHWV DUH VLJQLILFDQWO\ KLJKHU WKDQ QXOO H[SHFWDWLRQ� �F� LI
WKH QXPEHU RI JHQHV VKRZLQJ VLJQLILFDQW FKDQJH LQ H[SUHVVLRQ �DQG KHWHURJHQHLW\� LV
VLJQLILFDQWO\ KLJKHU LQ DJHLQJ WKDQ LQ GHYHORSPHQW GDWDVHWV� �G� LI WKH RYHUDOO LQFUHDVH
LQ DJH�UHODWHG KHWHURJHQHLW\ GXULQJ DJHLQJ LV VLJQLILFDQWO\ KLJKHU WKDQ GHYHORSPHQW�
�H� LI WKH REVHUYHG FRQVLVWHQF\ LQ KHWHURJHQHLW\ LQFUHDVH LV VLJQLILFDQWO\ GLIIHUHQW IURP
H[SHFWHG� $OO WHVWV XVLQJ SHUPXWHG DJHV ZHUH SHUIRUPHG RQH�WDLOHG� :H DOVR GHPRQ�
VWUDWH WKDW RXU SHUPXWDWLRQ VWUDWHJ\ LV PRUH VWULQJHQW WKDQ UDQGRP SHUPXWDWLRQV LQ
)LJXUH $���� JLYLQJ WKH GLVWULEXWLRQV FDOFXODWHG XVLQJ ERWK GHSHQGHQW SHUPXWDWLRQV
DQG UDQGRP SHUPXWDWLRQV�

7R WHVW WKH RYHUDOO FRUUHODWLRQ ZLWKLQ GHYHORSPHQW RU DJHLQJ GDWDVHWV IRU WKH FKDQJHV
LQ H[SUHVVLRQ �ᅬ� DQG KHWHURJHQHLW\ �ᅻ�� ZH FDOFXODWHG PHGLDQ FRUUHODWLRQV DPRQJ LQ�
GHSHQGHQW WKUHH VXEVHWV RI GDWDVHWV �RQH .DQJ����� RQH 6RPHO���� DQG WKH &RODQ�
WXRQL���� GDWDVHW�� WDNLQJ WKH PHGLDQ YDOXH FDOFXODWHG IRU HDFK SRVVLEOH FRPELQDWLRQ
RI LQGHSHQGHQW VXEVHWV ��� [ � [ �  �� FRPELQDWLRQV�� 8VLQJ ����� SHUPXWDWLRQV
RI LQGLYLGXDOV¶ DJHV� ZH JHQHUDWHG DQ H[SHFWHG GLVWULEXWLRQ IRU WKH PHGLDQ FRUUHOD�
WLRQ FRHIILFLHQW IRU WULSOHV DQG FRPSDUHG WKHVH ZLWK WKH REVHUYHG YDOXHV� DVNLQJ KRZ
PDQ\ WLPHV ZH REVHUYH D KLJKHU YDOXH� :H XVHG WKLV DSSURDFK WR FDOFXODWH H[SHFWHG
PHGLDQ FRUUHODWLRQ DPRQJ GHYHORSPHQW �DQG DJHLQJ� GDWDVHWV� EHFDXVH WKH QXPEHU
RI LQGHSHQGHQW SDLUZLVH FRPSDULVRQV DUH RXWQXPEHUHG E\ WKH QXPEHU RI GHSHQGHQW
SDLUZLVH FRPSDULVRQV� FDXVLQJ ORZ VWDWLVWLFDO SRZHU�

7R IXUWKHU WHVW WKH VLJQLILFDQFH RI WKH GLIIHUHQFH EHWZHHQ FRUUHODWLRQV DPRQJ GHYHO�
RSPHQW DQG DJHLQJ GDWDVHWV� ZH FDOFXODWHG WKH PHGLDQ GLIIHUHQFH LQ FRUUHODWLRQV EH�
WZHHQ DJHLQJ DQG GHYHORSPHQW GDWDVHWV IRU HDFK SHUPXWDWLRQ� :H QH[W FRQVWUXFWHG
WKH QXOO GLVWULEXWLRQ RI ����� PHGLDQ GLIIHUHQFHV DQG FDOFXODWHG HPSLULFDO S�YDOXHV
FRPSDULQJ WKH REVHUYHG GLIIHUHQFHV ZLWK WKHVH QXOO GLVWULEXWLRQV� 1H[W� WR WHVW WKH
VLJQLILFDQFH RI WKH GLIIHUHQFH LQ WKH QXPEHU RI VLJQLILFDQWO\ FKDQJLQJ JHQHV EHWZHHQ
GHYHORSPHQW DQG DJHLQJ� ZH FDOFXODWHG WKH GLIIHUHQFH LQ WKH QXPEHU RI JHQHV VKRZ�
LQJ VLJQLILFDQW FKDQJH EHWZHHQ GHYHORSPHQW DQG DJHLQJ GDWDVHWV IRU HDFK SHUPXWD�
WLRQ� (PSLULFDO S�YDOXHV ZHUH FRPSXWHG DFFRUGLQJ WR REVHUYHG GLIIHUHQFHV� /LNHZLVH�
WR WHVW LI WKH RYHUDOO LQFUHDVH LQ DJH�UHODWHG KHWHURJHQHLW\ GXULQJ DJHLQJ LV VLJQLILFDQW
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FRPSDUHG WR GHYHORSPHQW� ZH FRPSXWHG PHGLDQ GLIIHUHQFHV EHWZHHQ PHGLDQ KHWHUR�
JHQHLW\ FKDQJH YDOXHV RI HDFK DJHLQJ DQG GHYHORSPHQW GDWDVHW� IRU HDFK SHUPXWDWLRQ�
IROORZHG E\ DQ HPSLULFDO S�YDOXH FDOFXODWLRQ WR DQVZHU LI WKH DJHLQJ GDWDVHWV KDYH D
KLJKHU LQFUHDVH LQ DJH�UHODWHG KHWHURJHQHLW\�

([SHFWHG KHWHURJHQHLW\ FRQVLVWHQF\

([SHFWHG FRQVLVWHQF\ LQ KHWHURJHQHLW\ FKDQJH ZDV FDOFXODWHG IURP KHWHURJHQHLW\
FKDQJH YDOXHV �ᅻ� PHDVXUHG XVLQJ SHUPXWHG DJHV� )RU HDFK SHUPXWDWLRQ� ZH ILUVW
FDOFXODWHG WKH WRWDO QXPEHU RI JHQHV VKRZLQJ FRQVLVWHQW KHWHURJHQHLW\ LQFUHDVH IRU
1 QXPEHU RI GDWDVHWV �1  �� «� ���� 7R WHVW LI REVHUYHG FRQVLVWHQF\ VLJQLILFDQWO\
GLIIHUHG IURP WKH H[SHFWHG� ZH FRPSDUHG REVHUYHG FRQVLVWHQF\ YDOXHV WR WKH GLVWUL�
EXWLRQ RI H[SHFWHG QXPEHUV� E\ SHUIRUPLQJ D RQH�VLGHG WHVW IRU WKH FRQVLVWHQF\ LQ 1
QXPEHU RI GDWDVHWV� 1  �� «� ���

&OXVWHULQJ

:H XVHG WKH N�PHDQV DOJRULWKP �µNPHDQV¶ IXQFWLRQ LQ 5� WR FOXVWHU JHQHV VKRZLQJ
FRQVLVWHQW KHWHURJHQHLW\ FKDQJH �Q ���� DFFRUGLQJ WR WKHLU KHWHURJHQHLW\ SURILOHV� :H
ILUVW WRRN WKH VXEVHW RI WKH KHWHURJHQHLW\ OHYHOV �DEVROXWH YDOXH RI WKH UHVLGXDOV IURP
HTXDWLRQ ������ WR LQFOXGH RQO\ WKH JHQHV WKDW VKRZ D FRQVLVWHQW LQFUHDVH ZLWK DJH
DQG WKHQ VFDOHG WKH KHWHURJHQHLW\ OHYHOV WR WKH VDPH PHDQ DQG VWDQGDUG GHYLDWLRQ�
6LQFH WKH QXPEHU RI VDPSOHV LQ HDFK GDWDVHW LV GLIIHUHQW� MXVW UXQQLQJ N�PHDQV RQ WKH
FRPELQHG GDWDVHW ZRXOG QRW HTXDOO\ UHSUHVHQW DOO GDWDVHWV� 7KXV� ZH ILUVW FDOFXODWHG
WKH VSOLQH FXUYHV IRU VFDOHG KHWHURJHQHLW\ OHYHOV IRU HDFK JHQH LQ HDFK GDWDVHW �XVLQJ
WKH µVPRRWK�VSOLQH¶ IXQFWLRQ LQ 5� ZLWK WKUHH GHJUHHV RI IUHHGRP�� :H LQWHUSRODWHG DW
�� �WKH VPDOOHVW VDPSOH VL]H� HTXDOO\ GLVWDQW DJH SRLQWV ZLWKLQ HDFK GDWDVHW� 7KHQ
ZH XVHG WKH FRPELQHG LQWHUSRODWHG YDOXHV WR UXQ WKH N�PHDQV DOJRULWKP ZLWK N  �� D
OLEHUDO FKRLFH� JLYHQ WKH WRWDO QXPEHU RI JHQHV EHLQJ ����

7R WHVW DVVRFLDWLRQ RI WKH FOXVWHUV ZLWK $O]KHLPHU¶V 'LVHDVH� ZH UHWULHYHG RYHUDOO $'
DVVRFLDWLRQ VFRUHV RI WKH ��� FRQVLVWHQW JHQHV �Q  ��� IURP WKH 2SHQ 7DUJHWV 3ODW�
IRUP �&DUYDOKR�6LOYD HW DO�� ������
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)XQFWLRQDO $QDO\VLV

:H XVHG WKH ³FOXVWHU3URILOHU´ SDFNDJH LQ 5 WR UXQ *HQH 6HW (QULFKPHQW $QDO\VLV
�*6($�� XVLQJ *HQH 2QWRORJ\ �*2� %LRORJLFDO 3URFHVV �%3�� *2 0ROHFXODU )XQFWLRQ
�0)�� *2 &HOOXODU &RPSDUWPHQW �&&�� 5HDFWRPH� 'LVHDVH 2QWRORJ\ �'2�� DQG .(**
3DWKZD\V� :H XVHG 1RUPDOLVHG (QULFKPHQW 6FRUHV �1(6� IURP &OXVWHU3URILOHU SDFN�
DJH� ZKLFK JLYHV D ZHLJKWHG .ROPRJRURY�6PLUQRY �.6� WHVW VWDWLVWLF GLYLGHG E\ WKH
PHDQ RI .6 VWDWLVWLFV REWDLQHG IURP UDQGRP SHUPXWDWLRQV� :H SHUIRUPHG *6($ RQ
DOO JHQH VHWV ZLWK D VL]H EHWZHHQ � DQG ���� DQG ZH FRUUHFWHG WKH UHVXOWLQJ S�YDOXHV
ZLWK WKH %HQMDPLQL DQG +RFKEHUJ FRUUHFWLRQ PHWKRG� 7R WHVW LI WKH JHQHV ZLWK D FRQ�
VLVWHQW LQFUHDVH RU GHFUHDVH LQ WKHLU H[SUHVVLRQ DUH DVVRFLDWHG ZLWK VSHFLILF IXQFWLRQV�
ZH XVHG WKH QXPEHU RI GDWDVHWV ZLWK D FRQVLVWHQW LQFUHDVH WR UXQ *6($� 6LQFH ZH
DUH UXQQLQJ *6($ XVLQJ QXPEHU RI GDWDVHWV VKRZLQJ FRQVLVWHQF\� RXU GDWD LQFOXGHV
PDQ\ WLHV� SRWHQWLDOO\ PDNLQJ WKH UDQNLQJ DPELJXRXV DQG QRQ�UREXVW� ,Q RUGHU WR DV�
VHVV KRZ UREXVW RXU UHVXOWV DUH� ZH UDQ *6($ ����� WLPHV RQ WKH VDPH GDWD DQG
FRXQWHG KRZ PDQ\ WLPHV ZH REVHUYHG WKH VDPH VHW RI .(** SDWKZD\V DV VLJQLILFDQW
�6XSSOHPHQWDU\ 7DEOH 6��� 7KH ORZHVW QXPEHU DPRQJ WKH SDWKZD\V ZLWK D VLJQLILFDQW
SRVLWLYH HQULFKPHQW VFRUH ZDV ��� RXW RI ����� �3KRVSKROLSDVH ' VLJQDOLQJ SDWKZD\��
0RUHRYHU� ZH UHSHDWHG WKH VDPH DQDO\VLV XVLQJ WKH KHWHURJHQHLW\ FKDQJH OHYHOV �ᅻ��
LQVWHDG RI XVLQJ WKH QXPEHU RI GDWDVHWV ZLWK D FRQVLVWHQW FKDQJH� IRU HDFK GDWDVHW
WR FRQILUP WKH JHQH VHWV DUH LQGHHG DVVRFLDWHG ZLWK WKH LQFUHDVH RU GHFUHDVH LQ KHW�
HURJHQHLW\ � :H YLVXDOLVHG WKH .(** SDWKZD\V XVLQJ µ.(**JUDSK¶ OLEUDU\ LQ 5 DQG
FRORXUHG WKH JHQHV E\ WKH QXPEHU RI GDWDVHWV WKDW VKRZ DQ LQFUHDVH�

:H DOVR SHUIRUPHG DQ HQULFKPHQW DQDO\VLV RI WKH WUDQVFULSWLRQ IDFWRUV DQG PL51$ WR
WHVW LI VSHFLILF 7)V RU PL51$V UHJXODWH WKH JHQHV WKDW EHFRPH PRUH KHWHURJHQHRXV
FRQVLVWHQWO\� :H FROOHFWHG JHQH�UHJXODWRU DVVRFLDWLRQ LQIRUPDWLRQ XVLQJ WKH +DUPR�
QL]RPH GDWDEDVH �5RXLOODUG HW DO�� ������ µ0L57DU%DVH PLFUR51$ 7DUJHWV¶ ������
JHQHV� ��� PL51$V� DQG µ75$16)$& &XUDWHG 7UDQVFULSWLRQ )DFWRU 7DUJHWV¶ ������
JHQHV� ��� 7)V� VHWV� :H XVHG WKH µIJVHD¶ SDFNDJH LQ 5� ZKLFK DOORZV *6($ RQ D
FXVWRP JHQH VHW� :H WHVWHG WKH DVVRFLDWLRQ IRU HDFK UHJXODWRU ZLWK DW OHDVW �� DQG
DW PRVW ��� WDUJHWV� 0RUHRYHU� ZH WHVWHG LI WKH QXPEHU RI UHJXODWRUV LV DVVRFLDWHG
ZLWK WKH FKDQJH LQ KHWHURJHQHLW\� :H ILUVW FDOFXODWHG WKH FRUUHODWLRQ EHWZHHQ KHWHUR�
JHQHLW\ FKDQJH ZLWK DJH �RU WKH QXPEHU RI GDWDVHWV ZLWK DQ LQFUHDVH LQ H[SUHVVLRQ
KHWHURJHQHLW\� DQG WKH QXPEHU RI 7)V RU PL51$V UHJXODWLQJ WKDW JHQH� IRU DJHLQJ
DQG GHYHORSPHQW VHSDUDWHO\� :H UHSHDWHG WKH DQDO\VLV ZKLOH DFFRXQWLQJ IRU WKH GL�
UHFWLRQ RI H[SUHVVLRQ FKDQJHV LQ WKHVH SHULRGV �L�H� VHSDUDWLQJ JHQHV LQWR GRZQ�GRZQ�
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GRZQ�XS� XS�GRZQ� DQG XS�XS FDWHJRULHV EDVHG RQ WKHLU H[SUHVVLRQ LQ GHYHORSPHQW
DQG DJHLQJ� 6XSSOHPHQWDU\ )LJXUH $����� 7R WHVW WKH GLIIHUHQFH LQ WKH FRUUHODWLRQV EH�
WZHHQ DJHLQJ DQG GHYHORSPHQW� ZH XVHG ����� UDQGRP SHUPXWDWLRQV RI WKH QXPEHU
RI 7)V� )RU HDFK SHUPXWDWLRQ� ZH UDQGRPLVHG WKH QXPEHU RI 7)V DQG FDOFXODWHG WKH
FRUUHODWLRQ EHWZHHQ KHWHURJHQHLW\ FKDQJH �RU WKH QXPEHU RI GDWDVHWV ZLWK DQ LQFUHDVH
LQ KHWHURJHQHLW\� DQG WKH UDQGRPLVHG QXPEHUV� :H WKHQ FDOFXODWHG WKH SHUFHQWDJH
RI GDWDVHWV ZKHUH DJHLQJ KDV D KLJKHU FRUUHODWLRQ WKDQ GHYHORSPHQW� 8VLQJ WKH GLV�
WULEXWLRQ RI SHUFHQWDJHV� ZH WHVWHG LI WKH REVHUYHG YDOXH LV H[SHFWHG E\ FKDQFH�

3URWHLQ�SURWHLQ LQWHUDFWLRQ QHWZRUN DQDO\VLV

:H GRZQORDGHG DOO KXPDQ SURWHLQ LQWHUDFWLRQ GDWD IURP WKH 675,1* GDWDEDVH �Y���
�0HULQJ HW DO�� ������ (QVHPEO 3HSWLGH ,'V DUH PDSSHG WR (QVHPEO *HQH ,'V XVLQJ
WKH µELRPD5W¶ SDFNDJH LQ 5� +HUH ZH DLPHG WR WHVW ZKHWKHU JHQHV VKRZLQJ FRQVLVWHQW
LQFUHDVH LQ KHWHURJHQHLW\ KDYH D GLIIHUHQW QXPEHU RI LQWHUDFWRUV WKDQ RWKHU JHQHV�
)RU WKLV ZH FDOFXODWHG WKH GHJUHH GLVWULEXWLRQV IRU WKH JHQHV WKDW EHFRPH FRQVLVWHQWO\
PRUH KHWHURJHQHRXV ZLWK DJH DQG DOO UHPDLQLQJ JHQHV XVLQJ GLIIHUHQW FXWRIIV IRU LQ�
WHUDFWLRQ FRQILGHQFH VFRUHV� ,Q RUGHU WR FDOFXODWH WKH VLJQLILFDQFH RI WKH GLIIHUHQFH�
ZH L� FDOFXODWHG WKH QXPEHU RI LQWHUDFWRUV �GHJUHH� IRU HDFK JHQH� LL� IRU ������ WLPHV�
UDQGRPO\ VDPSOHG N JHQHV IURP DOO LQWHUDFWRPH GDWD �N  QXPEHU RI JHQHV WKDW EH�
FRPH KHWHURJHQHRXV ZLWK DJH DFURVV DOO GDWDVHWV DQG KDYH LQWHUDFWLRQ LQIRUPDWLRQ LQ
675,1* GDWDEDVH� DIWHU ILOWHULQJ IRU D FXWRII�� LLL� FDOFXODWHG WKH PHGLDQ RI GHJUHH IRU
HDFK VDPSOH� :H WKHQ FDOFXODWHG DQ HPSLULFDO S�YDOXH E\ DVNLQJ KRZ PDQ\ RI WKHVH
������ VDPSOHV ZH VHH D PHGLDQ GHJUHH WKDW LV HTXLYDOHQW WR RU KLJKHU WKDQ RXU RULJ�
LQDO YDOXH� 7KH QXPEHU RI JHQHV DQG LQWHUDFWLRQV DIWHU HDFK FXWRII DUH JLYHQ LQ )LJXUH
$����

&HOO�W\SH VSHFLILFLW\ DQDO\VLV

8VLQJ )$&6�VRUWHG FHOO�W\SH VSHFLILF WUDQVFULSWRPH GDWD IURP WKH PRXVH EUDLQ �&DKR\
HW DO�� ������ ZH FKHFNHG LI WKHUH LV DQ\ RYHUODS EHWZHHQ JHQHV WKDW EHFRPH KHWHUR�
JHQHRXV ZLWK DJH DQG FHOO�W\SH VSHFLILF JHQHV� :H GRZQORDGHG WKH GDWDVHW IURP
WKH *(2 GDWDEDVH �*6(����� DQG SUHSURFHVVHG LW E\ SHUIRUPLQJ� L� 50$ FRUUHFWLRQ
XVLQJ WKH µDII\¶ SDFNDJH LQ 5 �*DXWLHU� &RSH� %ROVWDG� 	 ,UL]DUU\� ������ LL� ORJ� WUDQV�
IRUPDWLRQ� LLL� TXDQWLOH QRUPDOLVDWLRQ XVLQJ WKH µSUHSURFHVV&RUH¶ SDFNDJH LQ 5 �%RO�
VWDG� ������ LY� PDSSLQJ SUREHVHW ,'V WR ILUVW PRXVH JHQHV� DQG WKHQ KXPDQ JHQHV�
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:H RQO\ LQFOXGHG JHQHV WKDW KDYH RQH WR RQH RUWKRORJV LQ KXPDQV� DIWHU ILOWHULQJ RXW
SUREHVHWV WKDW PDS WR PXOWLSOH JHQHV�

:H ILUVW GHILQHG WKH FHOO�W\SH VSHFLILF JHQHV E\ FDOFXODWLQJ DQ HIIHFW VL]H �&RKHQ¶V '�
IRU HDFK JHQH DQG FHOO W\SH DQG LGHQWLI\LQJ JHQHV WKDW KDYH DQ HIIHFW VL]H KLJKHU WKDQ
RU HTXDO WR � DV VSHFLILF WR WKDW FHOO W\SH� $W WKLV FXWRII� WKHUH ZDV QR RYHUODS EHWZHHQ
FHOO W\SH VSHFLILF JHQH OLVWV� 7R WHVW IRU DVVRFLDWLRQ EHWZHHQ KHWHURJHQHLW\ DQG FHOO
W\SH VSHFLILFLW\� ZH XVHG WKH )LVKHU¶V H[DFW WHVW XVLQJ WKH 5 µILVKHU�WHVW¶ IXQFWLRQ�

)ROORZLQJ DQRWKHU DSSURDFK� ZH DQDO\VHG WKH UHODWLYH FHOO�W\SH FRQWULEXWLRQ WR WKH H[�
SUHVVLRQ SURILOHV DQG FDOFXODWHG ERWK KRZ WKH OHYHO DQG KHWHURJHQHLW\ RI WKH UHODWLYH
FRQWULEXWLRQV FKDQJH ZLWK DJH� 7KLV DQDO\VLV UHTXLUHV SRVLWLYH H[SUHVVLRQ YDOXHV DQG
VLQFH WKH &RODQWXRQL���� GDWDVHW LV ORHVV�QRUPDOLVHG� ZH RQO\ DQDO\VHG .DQJ����
DQG 6RPHO���� GDWDVHWV� 7R GHWHUPLQH WKH UHODWLYH FRQWULEXWLRQ RI GLIIHUHQW FHOO�W\SHV
ZH XVHG D OLQHDU UHJUHVVLRQ EDVHG DSSURDFK� ZKHUH WKH FRQWULEXWLRQV DUH GHWHUPLQHG
EDVHG RQ WKH IROORZLQJ IRUPXOD�

Ӻԧԟԡ � ᅫ � ᅬբᅰբ � ᅬհևքᅰհևք � ᅬծհևքᅰծհևք � ᅬհձդᅰհձդ � ᅬկᅰկ � ᅯ �����

:KHUH� $� $VWURF\WHV� 2OL� 2OLJRGHQGURF\WHV� 0B2OL� 0\HOLQDWHG 2OLJRGHQGURF\WHV�
23&� 2OLJRGHQGURF\WH 3UHFXUVRU &HOOV� 1� 1HXURQV� ᅬ¶V UHSUHVHQW WKH UHJUHVVLRQ FR�
HIILFLHQWV HVWLPDWH WKH UHODWLYH FRQWULEXWLRQV RI HDFK FHOO W\SH� ᅰ¶V UHSUHVHQW H[SUHVVLRQ
OHYHO RI HDFK FHOO W\SH �DYHUDJHG DFURVV UHSOLFDWHV�� DQG ᅯ UHSUHVHQWV UHVLGXDOV�
(IIHFW RI VH[�VSHFLILF JHQH H[SUHVVLRQ RQ KHWHURJHQHLW\

7R WHVW WKH HIIHFW RI VH[ RQ LQFUHDVHG KHWHURJHQHLW\ GXULQJ DJHLQJ� ZH ILUVW REWDLQHG
UHVLGXDOV IURP HTXDWLRQ ����� IRU ��� FRQVLVWHQW JHQHV� 7KHQ� ZH SHUIRUPHG WZR VDP�
SOH :LOFR[RQ WHVW� XVLQJ µZLOFR[�WHVW¶ IXQFWLRQ LQ 5� WR WHVW LI WKH GLVWULEXWLRQ RI UHVLGXDOV
GLIIHUV VLJQLILFDQWO\ EHWZHHQ VH[HV� $V ZH XVHG WKH UHDO YDOXHV RI UHVLGXDOV KHUH �QRW
DEVROXWH YDOXHV�� ZH ZRXOG H[SHFW D VLJQLILFDQW GLIIHUHQFH LQ WKHLU GLVWULEXWLRQ LI WKH
H[SUHVVLRQ FKDQJH LV LQ GLIIHUHQW GLUHFWLRQV EHWZHHQ VH[HV� S�YDOXHV REWDLQHG IURP
:LOFR[RQ WHVW IRU HDFK JHQH LQ HDFK GDWDVHW VHSDUDWHO\ ZHUH FRUUHFWHG IRU PXOWLSOH
WHVWLQJ ZLWK WKH %HQMDPLQL DQG +RFKEHUJ PHWKRG XVLQJ WKH µS�DGMXVW¶ IXQFWLRQ LQ 5�
7KH QXPEHU RI JHQHV VKRZLQJ D VLJQLILFDQW GLIIHUHQFH� DQG WKHLU FRQVLVWHQF\ DPRQJ
DJHLQJ GDWDVHWV DUH VKRZQ LQ )LJXUH $����
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&RGH $YDLODELOLW\

$OO DQDO\VLV ZDV SHUIRUPHG XVLQJ 5 DQG WKH FRGH WR FDOFXODWH KHWHURJHQHLW\ FKDQJHV
ZLWK DJH LV DYDLODEOH DV DQ 5 SDFNDJH µKHW$JH¶� GRFXPHQWHG DW KWWSV���PGRQHUWDV�
JLWKXE�LR�KHW$JH�� µJJSORW�¶ �:LFNKDP� ������ µJJSXEU¶ �.DVVDPEDUD� ������ DQG µSKHDWPDS¶
�.ROGH� ������ 5 OLEUDULHV ZHUH XVHG IRU WKH YLVXDOLVDWLRQ�

����� $JH�UHODWHG FKDQJH LQ JHQH H[SUHVVLRQ OHYHOV

7R LQYHVWLJDWH KRZ KHWHURJHQHLW\ LQ JHQH H[SUHVVLRQ FKDQJHV ZLWK DJH� ZH XVHG ��
SXEOLVKHG PLFURDUUD\ GDWDVHWV IURP WKUHH LQGHSHQGHQW VWXGLHV� 'DWDVHWV LQFOXGHG
����� VDPSOHV IURP �� GLIIHUHQW EUDLQ UHJLRQV RI ��� LQGLYLGXDOV ZKRVH DJHV UDQJHG
IURP � WR �� \HDUV �6XSSOHPHQWDU\ 7DEOH 6�� )LJXUH $���� ,Q RUGHU WR DQDO\VH WKH
DJH�UHODWHG FKDQJH LQ JHQH H[SUHVVLRQ KHWHURJHQHLW\ GXULQJ DJHLQJ FRPSDUHG WR WKH
FKDQJH LQ GHYHORSPHQW� ZH GLYLGHG GDWDVHWV LQWR WZR VXEVHWV DV GHYHORSPHQW �� WR
�� \HDUV RI DJH� Q  ���� DQG DJHLQJ ��� WR �� \HDUV RI DJH� Q  ����� :H XVHG WKH
DJH RI �� WR VHSDUDWH SUH�DGXOWKRRG DQG DGXOWKRRG EDVHG RQ FRPPRQO\ XVHG DJH
LQWHUYDOV LQ HDUOLHU VWXGLHV �VHH 6HFWLRQ ������� )RU WKH DQDO\VLV� ZH IRFXVHG RQO\ RQ
WKH JHQHV IRU ZKLFK ZH KDYH D PHDVXUHPHQW DFURVV DOO GDWDVHWV �Q  ��������

7R TXDQWLI\ DJH�UHODWHG FKDQJHV LQ JHQH H[SUHVVLRQ� ZH XVHG D OLQHDU PRGHO EHWZHHQ
JHQH H[SUHVVLRQ OHYHOV DQG DJH �VHH 6HFWLRQ ������ )LJXUH $���� :H WUDQVIRUPHG WKH
DJHV WR WKH IRXUWK URRW VFDOH EHIRUH ILWWLQJ WKH PRGHO DV LW SURYLGHV UHODWLYHO\ XQLIRUP
GLVWULEXWLRQ RI VDPSOH DJHV DFURVV WKH OLIHVSDQ� EXW ZH DOVR FRQILUPHG WKDW GLIIHUHQW
DJH VFDOHV \LHOG TXDQWLWDWLYHO\ VLPLODU UHVXOWV �)LJXUH $���� :H TXDQWLILHG H[SUHVVLRQ
FKDQJH RI HDFK JHQH LQ DJHLQJ DQG GHYHORSPHQW SHULRGV VHSDUDWHO\ DQG FRQVLGHUHG
UHJUHVVLRQ FRHIILFLHQWV IURP WKH OLQHDU PRGHO �ᅬ YDOXHV� DV D PHDVXUH RI DJH�UHODWHG
H[SUHVVLRQ FKDQJH �)LJXUH $����

https://mdonertas.github.io/hetAge/
https://mdonertas.github.io/hetAge/


�� $JH�UHODWHG FKDQJHV LQ JHQH H[SUHVVLRQ KHWHURJHQHLW\ LQ WKH KXPDQ EUDLQ

)LJXUH ��� $JH�UHODWHG FKDQJH LQ JHQH H[SUHVVLRQ GXULQJ SRVWQDWDO GHYHORSPHQW DQG DJH�
LQJ� �D� 6SHDUPDQ FRUUHODWLRQV DPRQJ DJH�UHODWHG H[SUHVVLRQ FKDQJHV �ᅬ YDOXHV� DFURVV
GDWDVHWV� 7KH FRORXU RI WKH VTXDUHV LQGLFDWHV LI WKH FRUUHODWLRQ EHWZHHQ WKH FRUUHVSRQGLQJ
SDLU RI GDWDVHWV �DFURVV ȕ YDOXHV RI ������ FRPPRQ JHQHV� LV SRVLWLYH �UHG� RU QHJDWLYH �EOXH��
ZKLOH GDUNHU FRORXU VSHFLILHV D VWURQJHU FRUUHODWLRQ� 'LDJRQDO YDOXHV ZHUH UHPRYHG LQ RUGHU WR
HQKDQFH YLVXDOLW\� $QQRWDWLRQ URZV DQG FROXPQV LQGLFDWH GDWD VRXUFH� EUDLQ UHJLRQ DQG SHULRG
RI HDFK GDWDVHW� +LHUDUFKLFDO FOXVWHULQJ ZDV SHUIRUPHG IRU HDFK SHULRG VHSDUDWHO\ �FRORXU RI
WKH GHQGURJUDP LQGLFDWHV SHULRGV� WR GHWHUPLQH WKH RUGHU RI GDWDVHWV� �E� 3ULQFLSDO FRPSR�
QHQW DQDO\VLV �3&$� RI DJH�UHODWHG H[SUHVVLRQ FKDQJHV GXULQJ DJHLQJ DQG GHYHORSPHQW� 7KH
DQDO\VLV ZDV SHUIRUPHG RQ DJH�UHODWHG H[SUHVVLRQ FKDQJH YDOXHV RI ������ FRPPRQ JHQHV
DPRQJ DOO �� GDWDVHWV� 7KH YDOXHV RI WKH ILUVW SULQFLSDO FRPSRQHQW RQ WKH [�D[LV DQG VHFRQG
SULQFLSDO FRPSRQHQW RQ WKH \�D[LV ZHUH GUDZQ� ZKHUH WKH YDOXHV LQ WKH SDUHQWKHVLV LQGLFDWH
WKH YDULDWLRQ H[SODLQHG E\ WKH FRUUHVSRQGLQJ SULQFLSDO FRPSRQHQW� 0HGLDQ (XFOLGHDQ SDLU�
ZLVH GLVWDQFHV DPRQJ GHYHORSPHQW DQG DJHLQJ GDWDVHWV FDOFXODWHG XVLQJ 3&� DQG 3&� ZHUH
DQQRWDWHG RQ WKH ILJXUH� 'LIIHUHQW VKDSHV VKRZ GLIIHUHQW GDWD VRXUFHV DQG FRORXUV VKRZ GH�
YHORSPHQW �GDUN RUDQJH� DQG DJHLQJ �EOXH� �F� 1XPEHU RI VLJQLILFDQW �)'5 FRUUHFWHG S � �����
JHQH H[SUHVVLRQ FKDQJHV LQ GHYHORSPHQW �OHIW SDQHO� DQG DJHLQJ �ULJKW SDQHO�� 7KH [�D[LV
VKRZV WKH QXPEHU RI JHQHV LQ WKH ORJ VFDOH� 7KH FRORXU RI WKH EDUV VKRZV WKH GLUHFWLRQ RI
FKDQJH� GHFUHDVH �VWHHO JUH\�� DQG LQFUHDVH �RUDQJH�� 7KH H[DFW QXPEHU RI JHQHV DUH DOVR
GLVSOD\HG RQ WKH SORW�



��� 7HPSRUDO ODQGVFDSH RI WKH FKDQJHV LQ JHQH H[SUHVVLRQ KHWHURJHQHLW\ GXULQJ
EUDLQ GHYHORSPHQW DQG DJHLQJ ��

:H ILUVW DQDO\VHG VLPLODULW\ LQ DJH�UHODWHG H[SUHVVLRQ FKDQJHV DFURVV GDWDVHWV E\
FDOFXODWLQJ SDLUZLVH 6SHDUPDQ¶V FRUUHODWLRQ FRHIILFLHQWV DPRQJ WKH ᅬ YDOXHV �)LJXUH
���D�� %RWK GHYHORSPHQW �PHGLDQ FRUUHODWLRQ FRHIILFLHQW  ����� SHUPXWDWLRQ WHVW S
� ������ )LJXUH $��� DQG DJHLQJ GDWDVHWV �PHGLDQ FRUUHODWLRQ FRHIILFLHQW  ����� SHU�
PXWDWLRQ WHVW S  ������ )LJXUH $��� VKRZHG PRGHUDWH FRUUHODWLRQ ZLWK WKH GDWDVHWV
ZLWKLQ WKH VDPH SHULRG� $OWKRXJK WKH GLIIHUHQFH EHWZHHQ GDWDVHW FRUUHODWLRQV ZLWKLQ
GHYHORSPHQW DQG DJHLQJ GDWDVHWV ZDV QRW VLJQLILFDQW �SHUPXWDWLRQ WHVW S  ���� )LJXUH
$���� ZHDNHU FRQVLVWHQF\ GXULQJ DJHLQJ PD\ UHIOHFW WKH VWRFKDVWLF QDWXUH RI DJHLQJ�
FDXVLQJ LQFUHDVHG KHWHURJHQHLW\ EHWZHHQ DJHLQJ GDWDVHWV�

7KH SULQFLSDO FRPSRQHQW DQDO\VLV �3&$� RI DJH�UHODWHG H[SUHVVLRQ FKDQJHV �ᅬ� UH�
YHDOHG GLVWLQFW FOXVWHUV RI GHYHORSPHQW DQG DJHLQJ GDWDVHWV �)LJXUH ���E�� 0RUHRYHU�
DJHLQJ GDWDVHWV ZHUH PRUH GLVSHUVHG WKDQ GHYHORSPHQW GDWDVHWV �PHGLDQ SDLUZLVH
(XFOLGHDQ GLVWDQFHV EHWZHHQ 3&� DQG 3&� ZHUH �� IRU DJHLQJ DQG �� IRU GHYHORS�
PHQW�� ZKLFK PD\ DJDLQ UHIOHFW VWRFKDVWLFLW\ LQ JHQH H[SUHVVLRQ FKDQJH GXULQJ DJHLQJ
DQG FDQ LQGLFDWH PRUH KHWHURJHQHLW\ DPRQJ GLIIHUHQW EUDLQ UHJLRQV RU GDWDVHWV GXULQJ
DJHLQJ WKDQ LQ GHYHORSPHQW�

:H QH[W LGHQWLILHG JHQHV VKRZLQJ VLJQLILFDQW DJH�UHODWHG H[SUHVVLRQ FKDQJH �)'5�
FRUUHFWHG S � ������ IRU GHYHORSPHQW DQG DJHLQJ GDWDVHWV VHSDUDWHO\ �)LJXUH ���F��
'HYHORSPHQW GDWDVHWV VKRZHG PRUH VLJQLILFDQW FKDQJHV FRPSDUHG WR DJHLQJ �SHU�
PXWDWLRQ WHVW S  ������ )LJXUH $���� ZKLFK PD\ DJDLQ LQGLFDWH KLJKHU H[SUHVVLRQ YDUL�
DELOLW\ DPRQJ LQGLYLGXDOV GXULQJ DJHLQJ� 7KH GLUHFWLRQ RI FKDQJH LQ GHYHORSPHQW ZDV
PRVWO\ SRVLWLYH ��� GDWDVHWV ZLWK PRUH SRVLWLYH DQG � ZLWK PRUH QHJDWLYH�� ZKHUHDV
LQ DJHLQJ GDWDVHWV� ZH REVHUYHG PRUH JHQHV ZLWK D GHFUHDVH LQ H[SUHVVLRQ OHYHO ���
GDWDVHWV ZLWK PRUH JHQHV GHFUHDVLQJ H[SUHVVLRQ DQG � ZLWK QR VLJQLILFDQW FKDQJH�
DQG � ZLWK DQ HTXDO QXPEHU RI SRVLWLYH DQG QHJDWLYH FKDQJHV��

����� $JH�UHODWHG FKDQJH LQ JHQH H[SUHVVLRQ KHWHURJHQHLW\

7R DVVHVV DJH�UHODWHG FKDQJH LQ KHWHURJHQHLW\� ZH REWDLQHG WKH XQH[SODLQHG YDULDQFH
�UHVLGXDOV� IURP WKH OLQHDU PRGHOV XVHG WR FDOFXODWH WKH FKDQJH LQ JHQH H[SUHVVLRQ
OHYHO� )RU HDFK JHQH LQ HDFK GDWDVHW� ZH VHSDUDWHO\ FDOFXODWHG 6SHDUPDQ¶V FRUUHOD�
WLRQ FRHIILFLHQW �ᅻ� EHWZHHQ WKH DEVROXWH YDOXH RI UHVLGXDOV DQG DJH� LUUHVSHFWLYH RI
ZKHWKHU WKH JHQH VKRZV D VLJQLILFDQW FKDQJH LQ H[SUHVVLRQ �)LJXUH $���� :H FRQVLG�
HUHG ᅻ YDOXHV DV D PHDVXUH RI KHWHURJHQHLW\ FKDQJH� ZKHUH SRVLWLYH YDOXHV PHDQ
DQ LQFUHDVH LQ KHWHURJHQHLW\ ZLWK DJH� :H DOVR UHSHDWHG WKLV DSSURDFK XVLQJ ORHVV



�� $JH�UHODWHG FKDQJHV LQ JHQH H[SUHVVLRQ KHWHURJHQHLW\ LQ WKH KXPDQ EUDLQ

UHJUHVVLRQ LQVWHDG RI D OLQHDU PRGHO EHWZHHQ H[SUHVVLRQ OHYHO DQG DJH� DQG IRXQG
KLJK FRUUHVSRQGHQFH EHWZHHQ ᅻ YDOXHV EDVHG RQ OLQHDU DQG ORHVV UHJUHVVLRQ PRG�
HOV �)LJXUH $���� 6WLOO� ORHVV UHJUHVVLRQ ZDV PRUH VHQVLWLYH WR WKH FKDQJHV LQ VDPSOH
VL]HV DQG SDUDPHWHUV DQG ZH WKHUHIRUH FRQWLQXHG GRZQVWUHDP DQDO\VHV ZLWK WKH ᅻ
HVWLPDWHV EDVHG RQ WKH UHVLGXDOV IURP WKH OLQHDU PRGHO�

)LJXUH ��� $JH�UHODWHG FKDQJH LQ JHQH H[SUHVVLRQ KHWHURJHQHLW\ GXULQJ GHYHORSPHQW DQG
DJHLQJ� 7KH SURFHGXUHV DUH VLPLODU WR WKRVH LQ WKH SUHYLRXV ILJXUH� H[FHSW� DJH�UHODWHG KHW�
HURJHQHLW\ FKDQJHV �ᅻ YDOXHV� ZHUH XVHG LQVWHDG RI H[SUHVVLRQ FKDQJHV �ᅬ YDOXHV�� �D� 6SHDU�
PDQ FRUUHODWLRQV DPRQJ DJH�UHODWHG KHWHURJHQHLW\ FKDQJHV �ᅻ YDOXHV� DFURVV GDWDVHWV� �E�
3ULQFLSDO FRPSRQHQW DQDO\VLV �3&$� RI KHWHURJHQHLW\ FKDQJH ZLWK DJH� �F� 7KH QXPEHU RI
JHQHV VKRZLQJ VLJQLILFDQW KHWHURJHQHLW\ FKDQJH LQ DJHLQJ DQG GHYHORSPHQW�

:H QH[W DVNHG LI GDWDVHWV VKRZ VLPLODU ᅻ� L�H� DJH�UHODWHG FKDQJHV LQ KHWHURJHQH�
LW\� E\ FDOFXODWLQJ SDLUZLVH 6SHDUPDQ¶V FRUUHODWLRQ EHWZHHQ SDLUV RI GDWDVHWV� DFURVV
VKDUHG JHQHV �)LJXUH ���D�� 8QOLNH WKH FRUUHODWLRQV DPRQJ H[SUHVVLRQ OHYHO FKDQJHV�



��� 7HPSRUDO ODQGVFDSH RI WKH FKDQJHV LQ JHQH H[SUHVVLRQ KHWHURJHQHLW\ GXULQJ
EUDLQ GHYHORSPHQW DQG DJHLQJ ��ᅻ YDOXHV GLG QRW VKRZ D KLJKHU FRQVLVWHQF\ GXULQJ GHYHORSPHQW� ,Q IDFW� DOWKRXJK WKH
GLIIHUHQFH LV QRW VLJQLILFDQW �SHUPXWDWLRQ WHVW S  ���� )LJXUH $���� WKH PHGLDQ YDOXH
RI WKH FRUUHODWLRQ FRHIILFLHQWV ZDV KLJKHU LQ DJHLQJ �PHGLDQ FRUUHODWLRQ FRHIILFLHQW  
����� SHUPXWDWLRQ WHVW S  ����� )LJXUH $���� WKDQ LQ GHYHORSPHQW �PHGLDQ FRUUHODWLRQ
FRHIILFLHQW  ����� SHUPXWDWLRQ WHVW S  ����� )LJXUH $����

$ SULQFLSDO FRPSRQHQW DQDO\VLV �3&$� VKRZHG WKDW� OLNH H[SUHVVLRQ FKDQJH� KHWHUR�
JHQHLW\ FKDQJH ZLWK DJH FDQ DOVR GLIIHUHQWLDWH DJHLQJ GDWDVHWV IURP GHYHORSPHQW
�)LJXUH ���E�� 6LPLODU WR WKH SDLUZLVH FRUUHODWLRQV �)LJXUH ���D�� DJHLQJ GDWDVHWV FOXV�
WHUHG PRUH FORVHO\ WKDQ GHYHORSPHQW GDWDVHWV� WKRXJK WKH HIIHFW LV VPDOO FRPSDUHG
WR WKH FKDQJHV LQ H[SUHVVLRQ OHYHO �PHGLDQ SDLUZLVH (XFOLGHDQ GLVWDQFHV DUH �� DQG
�� IRU DJHLQJ DQG GHYHORSPHQW� UHVSHFWLYHO\�� %RWK REVHUYDWLRQV LPSO\ PRUH VLPLODU
FKDQJHV LQ KHWHURJHQHLW\ GXULQJ DJHLQJ�

8VLQJ WKH S�YDOXHV IURP 6SHDUPDQ¶V FRUUHODWLRQ EHWZHHQ DJH DQG WKH DEVROXWH YDOXH
RI UHVLGXDOV IRU HDFK JHQH� ZH WKHQ LQYHVWLJDWHG WKH JHQHV VKRZLQJ D VLJQLILFDQW
FKDQJH LQ KHWHURJHQHLW\ GXULQJ DJHLQJ DQG GHYHORSPHQW �)'5 FRUUHFWHG S�YDOXH �
������ :H IRXQG DOPRVW QR VLJQLILFDQW FKDQJH LQ KHWHURJHQHLW\ GXULQJ GHYHORSPHQW�
H[FHSW IRU WKH &RODQWXRQL���� GDWDVHW� IRU ZKLFK ZH KDYH KLJK VWDWLVWLFDO SRZHU GXH WR
LWV ODUJH VDPSOH VL]H� ,Q DJHLQJ GDWDVHWV� RQ WKH RWKHU KDQG� ZH REVHUYHG PRUH JHQHV
ZLWK VLJQLILFDQW FKDQJHV LQ KHWHURJHQHLW\ �SHUPXWDWLRQ WHVW S  ����� )LJXUH $��� DQG
WKH PDMRULW\ RI WKH JHQHV ZLWK VLJQLILFDQW FKDQJHV LQ KHWHURJHQHLW\ WHQGHG WR LQFUHDVH
LQ KHWHURJHQHLW\ �)LJXUH ���F�� +RZHYHU� WKH JHQHV VKRZLQJ D VLJQLILFDQW FKDQJH GLG
QRW RYHUODS DFURVV DJHLQJ GDWDVHWV �)LJXUH $����

1HYHUWKHOHVV� RXU DQDO\VHV LQGLFDWHG UHODWLYHO\PRUH FRQVLVWHQW KHWHURJHQHLW\ FKDQJHV
DPRQJ GDWDVHWV LQ DJHLQJ FRPSDUHG WR GHYHORSPHQW� LPSO\LQJ WKDW KHWHURJHQHLW\
FKDQJH FRXOG EH D FKDUDFWHULVWLF OLQNHG WR DJHLQJ�

����� &RQVLVWHQW LQFUHDVH LQ KHWHURJHQHLW\ GXULQJ DJHLQJ

$V RXU SUHYLRXV DQDO\VHV VXJJHVWHG DJH�UHODWHG FKDQJHV LQ KHWHURJHQHLW\ FDQ GLIIHU�
HQWLDWH GHYHORSPHQW IURP DJHLQJ DQG VKRZ PRUH VLPLODULW\ GXULQJ DJHLQJ� ZH VRXJKW
WR FKDUDFWHULVH WKH JHQHV GLVSOD\LQJ VXFK FKDQJHV� 6LQFH WKH VLJQLILFDQFH RI WKH
FKDQJHV LV KLJKO\ GHSHQGHQW RQ WKH VDPSOH VL]H� LQVWHDG RI IRFXVLQJ RQ VLJQLILFDQW
JHQHV LGHQWLILHG ZLWKLQ LQGLYLGXDO GDWDVHWV� ZH OHYHUDJHG XSRQ WKH DYDLODELOLW\ RI PXO�
WLSOH GDWDVHWV DQG IRFXVHG RQ WKHLU VKDUHG WUHQGV� FDSWXULQJ ZHDN EXW UHSURGXFLEOH



�� $JH�UHODWHG FKDQJHV LQ JHQH H[SUHVVLRQ KHWHURJHQHLW\ LQ WKH KXPDQ EUDLQ

WUHQGV DFURVV PXOWLSOH GDWDVHWV� &RQVHTXHQWO\� ZH XVHG WKH OHYHO RI FRQVLVWHQF\ LQ
DJH�UHODWHG KHWHURJHQHLW\ FKDQJH DFURVV GDWDVHWV WR VRUW JHQHV�

)LJXUH ��� �D� %R[SORWV� VKRZLQJ GLVWULEXWLRQV RI DJH�UHODWHG KHWHURJHQHLW\ FKDQJHV �ᅻ YDOXHV�
RI ������� FRPPRQ JHQHV IRU HDFK GDWDVHW DQG SHULRG VHSDUDWHO\� 7KH GRWWHG UHG OLQH �YHUWLFDO
OLQH DW [  �� UHIOHFWV QR FKDQJH LQ KHWHURJHQHLW\� 7KH GLIIHUHQFH EHWZHHQ PHGLDQ KHWHURJHQH�
LW\ FKDQJH LQ DJHLQJ DQG GHYHORSPHQW LV JLYHQ DV D EDU SORW RQ WKH ULJKW SDQHO� 'DWDVHWV DUH RU�
GHUHG E\ WKH GLIIHUHQFHV LQ PHGLDQ KHWHURJHQHLW\ FKDQJHV LQ DJHLQJ DQG GHYHORSPHQW� �E� 7KH
UHODWLRQVKLS EHWZHHQ H[SUHVVLRQ DQG KHWHURJHQHLW\ FKDQJH ZLWK DJH� 6SHDUPDQ FRUUHODWLRQ
DQDO\VLV ZDV SHUIRUPHG EHWZHHQ DJH�UHODWHG H[SUHVVLRQ FKDQJHV �ᅬ YDOXHV� DQG DJH�UHODWHG
KHWHURJHQHLW\ FKDQJHV �ᅻ YDOXHV� RI ������ FRPPRQ JHQHV� VHSDUDWHO\ IRU HDFK GDWDVHW� 7KH
GRWWHG JUH\ OLQH DW \  � UHIOHFWV QR FRUUHODWLRQ EHWZHHQ H[SUHVVLRQ DQG KHWHURJHQHLW\� �F�
([SHFWHG DQG REVHUYHG FRQVLVWHQF\ LQ WKH KHWHURJHQHLW\ FKDQJH DFURVV GDWDVHWV LQ GHYHORS�
PHQW DQG DJHLQJ� 7KHUH LV D VLJQLILFDQW VKLIW WRZDUG KHWHURJHQHLW\ LQFUHDVH LQ DJHLQJ �SHUPX�
WDWLRQ WHVW S������ �ORZHU SDQHO�� ZKLOH WKHUH LV QR VLJQLILFDQW FRQVLVWHQF\ LQ HLWKHU GLUHFWLRQ
LQ GHYHORSPHQW �XSSHU SDQHO�� 7KH H[SHFWHG GLVWULEXWLRQ LV FRQVWUXFWHG XVLQJ D SHUPXWDWLRQ
VFKHPH WKDW DFFRXQWV IRU WKH GHSHQGHQFH DPRQJ GDWDVHWV DQG LV PRUH VWULQJHQW WKDQ UDQGRP
SHUPXWDWLRQV



��� 7HPSRUDO ODQGVFDSH RI WKH FKDQJHV LQ JHQH H[SUHVVLRQ KHWHURJHQHLW\ GXULQJ
EUDLQ GHYHORSPHQW DQG DJHLQJ ��

:H ILUVW H[DPLQHG SURILOHV RI DJH�UHODWHG KHWHURJHQHLW\ FKDQJH LQ DJHLQJ DQG GH�
YHORSPHQW� $PRQJ DJHLQJ GDWDVHWV ����� VKRZHG PRUH LQFUHDVH WKDQ GHFUHDVH LQ
KHWHURJHQHLW\ ZLWK DJH �PHGLDQ ᅻ ! �� L�H� KLJKHU QXPEHUV RI JHQHV ZLWK LQFUHDVH��
ZKLOH WKH PHGLDQ KHWHURJHQHLW\ FKDQJH LQ RQH GDWDVHW ZDV ]HUR� ,Q GHYHORSPHQW�
RQ WKH RWKHU KDQG� RQO\ ���� GDWDVHWV VKRZHG PRUH LQFUHDVH LQ KHWHURJHQHLW\� ZKLOH
WKH UHPDLQLQJ ����� GDWDVHWV VKRZHG PRUH GHFUHDVH ZLWK DJH �PHGLDQ ᅻ � �� �)LJXUH
���D�� 7KH DJH�UHODWHG FKDQJH LQ KHWHURJHQHLW\ GXULQJ DJHLQJ ZDV VLJQLILFDQWO\ KLJKHU
WKDQ GXULQJ GHYHORSPHQW �SHUPXWDWLRQ WHVW S � ������ )LJXUH $���� :H DOVR FKHFNHG
LI WKHUH LV D UHODWLRQVKLS EHWZHHQ FKDQJHV LQ KHWHURJHQHLW\ GXULQJ GHYHORSPHQW DQG
GXULQJ DJHLQJ �H�J� LI WKRVH JHQHV WKDW GHFUHDVH LQ KHWHURJHQHLW\ WHQG WR LQFUHDVH LQ
KHWHURJHQHLW\ GXULQJ DJHLQJ� EXW GLG QRW ILQG DQ\ VLJQLILFDQW WUHQG �)LJXUH $����

$ SRWHQWLDO H[SODQDWLRQ ZK\ ZH VHH GLIIHUHQW SDWWHUQV RI KHWHURJHQHLW\ FKDQJH ZLWK
DJH LQ GHYHORSPHQW DQG DJHLQJ FRXOG EH WKH DFFRPSDQ\LQJ FKDQJHV LQ WKH H[SUHV�
VLRQ OHYHOV� DV LW LV FKDOOHQJLQJ WR UHPRYH GHSHQGHQFH EHWZHHQ WKH PHDQ DQG YDUL�
DQFH� 7R DGGUHVV WKLV SRVVLELOLW\� ZH ILUVW FDOFXODWHG 6SHDUPDQ¶V FRUUHODWLRQ FRHIILFLHQW
EHWZHHQ WKH FKDQJHV LQ KHWHURJHQHLW\ �ᅻ YDOXHV� DQG H[SUHVVLRQ �ᅬ YDOXHV�� IRU HDFK
GDWDVHW� 2YHUDOO� DOO GDWDVHWV KDG YDOXHV FORVH WR ]HUR� VXJJHVWLQJ WKH DVVRFLDWLRQ
LV QRW VWURQJ� 0RUHRYHU� ZH VDZ DQ RSSRVLQJ SURILOH IRU GHYHORSPHQW DQG DJHLQJ�
ZKLOH WKH FKDQJH LQ KHWHURJHQHLW\ DQG H[SUHVVLRQ ZHUH SRVLWLYHO\ FRUUHODWHG LQ GHYHO�
RSPHQW� WKH\ VKRZHG D QHJDWLYH FRUUHODWLRQ LQ DJHLQJ �)LJXUH ���E��

+DYLQJ REVHUYHG ERWK DPRUH FRQVLVWHQW KHWHURJHQHLW\ FKDQJH DPRQJ DJHLQJ GDWDVHWV
�)LJXUH ���D�E� DQG DQ LQFUHDVHG KHWHURJHQHLW\ LQ WKH DJHLQJ GDWDVHWV FRPSDUHG WR
GHYHORSPHQW �)LJXUH ���D�� ZH DVNHG ZKLFK JHQHV VKRZ FRQVLVWHQW LQFUHDVH LQ KHW�
HURJHQHLW\ DFURVV GDWDVHWV LQ DJHLQJ DQG GHYHORSPHQW� :H WKHUHIRUH FDOFXODWHG WKH
QXPEHU RI GDWDVHWV ZLWK DQ LQFUHDVH LQ KHWHURJHQHLW\ GXULQJ GHYHORSPHQW DQG DJHLQJ
IRU HDFK JHQH �)LJXUH ���F� $���F�� 7R FDOFXODWH VLJQLILFDQFH DQG H[SHFWHG FRQVLV�
WHQF\� ZKLOH FRQWUROOLQJ IRU GDWDVHW GHSHQGHQFH� ZH SHUIRUPHG ����� UDQGRP SHUPX�
WDWLRQV RI LQGLYLGXDOV¶ DJHV DQG UH�FDOFXODWHG WKH KHWHURJHQHLW\ FKDQJHV� ,Q GHYHORS�
PHQW� WKHUH ZDV QR VLJQLILFDQW FRQVLVWHQF\ LQ KHWHURJHQHLW\ FKDQJH LQ HLWKHU LQFUHDVH
RU GHFUHDVH� 'XULQJ DJHLQJ� KRZHYHU� WKHUH ZDV D VLJQLILFDQW VLJQDO RI FRQVLVWHQW
KHWHURJHQHLW\ LQFUHDVH� L�H� PRUH JHQHV VKRZHG FRQVLVWHQW KHWHURJHQHLW\ LQFUHDVH
DFURVV DJHLQJ GDWDVHWV WKDQ UDQGRPO\ H[SHFWHG �)LJXUH ���F� ORZHU SDQHO�� :H LGHQ�
WLILHG ��� FRPPRQ JHQHV ZLWK D VLJQLILFDQW LQFUHDVH LQ KHWHURJHQHLW\ DFURVV DOO DJH�
LQJ GDWDVHWV �SHUPXWDWLRQ WHVW S � ������ 6XSSOHPHQWDU\ 7DEOH 6��� ZKHUHDV RQO\
RQH JHQH �*35���%� VKRZHG D FRQVLVWHQW GHFUHDVH LQ KHWHURJHQHLW\ GXULQJ DJHLQJ�
%DVHG RQ RXU SHUPXWDWLRQV� ZH HVWLPDWHG WKDW ������ JHQHV FRXOG EH H[SHFWHG WR



�� $JH�UHODWHG FKDQJHV LQ JHQH H[SUHVVLRQ KHWHURJHQHLW\ LQ WKH KXPDQ EUDLQ

KDYH FRQVLVWHQW LQFUHDVH MXVW E\ FKDQFH� VXJJHVWLQJ RQO\ a��� WUXH SRVLWLYHV� ,Q GH�
YHORSPHQW� LQ FRQWUDVW� WKHUH ZDV QR VLJQLILFDQW FRQVLVWHQF\ LQ KHWHURJHQHLW\ FKDQJH
LQ HLWKHU GLUHFWLRQ �LQFUHDVH RU GHFUHDVH�� 1HYHUWKHOHVV� FRPSDULQJ WKH FRQVLVWHQF\ LQ
DJHLQJ DQG GHYHORSPHQW� WKHUH ZDV DQ DSSDUHQW VKLIW WRZDUGV D FRQVLVWHQW LQFUHDVH
LQ DJHLQJ ± HYHQ LI ZH FDQQRW FRQILGHQWO\ UHSRUW WKH JHQHV WKDW EHFRPH VLJQLILFDQWO\
PRUH KHWHURJHQHRXV ZLWK DJH DFURVV PXOWLSOH GDWDVHWV�

����� +HWHURJHQHLW\ WUDMHFWRULHV

)LJXUH ��� &OXVWHUV RI JHQHV VKRZLQJ D FRQVLVWHQW KHWHURJHQHLW\ LQFUHDVH LQ DJHLQJ �Q  �����
&OXVWHULQJ ZDV SHUIRUPHG EDVHG RQ SDWWHUQV RI WKH FKDQJH LQ KHWHURJHQHLW\� XVLQJ WKH N�PHDQV
FOXVWHULQJ PHWKRG� 7KH [� DQG \�D[HV VKRZ DJH DQG KHWHURJHQHLW\ OHYHOV� UHVSHFWLYHO\� 0HDQ
KHWHURJHQHLW\ FKDQJH IRU WKH JHQHV LQ HDFK FOXVWHU ZDV GUDZQ E\ VSOLQH FXUYHV� 7KH FRORXUV
DQG OLQH�W\SHV RI FXUYHV VSHFLI\ GLIIHUHQW EUDLQ UHJLRQV DQG GDWD VRXUFHV� UHVSHFWLYHO\�

:H QH[W DVNHG LI WKHUH DUH VSHFLILF SDWWHUQV RI KHWHURJHQHLW\ FKDQJH� H�J� LQFUHDVH
RQO\ DIWHU D FHUWDLQ DJH� :H XVHG WKH JHQHV ZLWK D FRQVLVWHQW LQFUHDVH LQ KHWHURJHQHLW\
ZLWK DJH GXULQJ DJHLQJ �Q  ���� WR H[SORUH WKH WUDMHFWRULHV RI KHWHURJHQHLW\ FKDQJH
�)LJXUH ����� *HQHV JURXSHG ZLWK N�PHDQV FOXVWHULQJ UHYHDOHG WKUHH PDLQ SDWWHUQV RI
KHWHURJHQHLW\ LQFUHDVH �6XSSOHPHQWDU\ 7DEOH 6��� L� JHQHV LQ FOXVWHUV � DQG � VKRZ
QRLV\ EXW D VWHDG\ LQFUHDVH WKURXJKRXW DJHLQJ� LL� JHQHV LQ FOXVWHUV �� � DQG � VKRZ
LQFUHDVH LQ HDUO\ DJHLQJ EXW D ODWHU VOLJKW GHFUHDVH� UHYHDOLQJ D UHYHUVDO �XS�GRZQ�
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SDWWHUQ� DQG LLL� WKH UHPDLQLQJ JHQHV LQ FOXVWHU �� � DQG � LQFUHDVH LQ KHWHURJHQHLW\
GUDPDWLFDOO\ DIWHU WKH DJH RI ��� :H QH[W DVNHG LI WKHVH JHQHV KDYH DQ\ FRQVLVWHQW
KHWHURJHQHLW\ FKDQJH SDWWHUQ LQ GHYHORSPHQW �)LJXUH $����� EXW PRVW RI WKH FOXVWHUV
VKRZHG QR RU RQO\ ZHDN DJH�UHODWHG FKDQJHV� :H DOVR DQDO\VHG WKH DFFRPSDQ\LQJ
FKDQJHV LQ PHDQ H[SUHVVLRQ OHYHOV IRU WKHVH FOXVWHUV� ([FHSW IRU FOXVWHU �� ZKLFK
VKRZV D GHFUHDVH LQ H[SUHVVLRQ OHYHO DW DURXQG WKH DJH RI �� DQG WKHQ VKRZV D
GUDPDWLF LQFUHDVH� DOO FOXVWHUV VKRZ D VWHDG\ VFDOHG PHDQ H[SUHVVLRQ OHYHO DW DURXQG
]HUR� L�H� GLIIHUHQW JHQHV LQ D FOXVWHU VKRZ GLIIHUHQW SDWWHUQV �)LJXUH $�����

:H IXUWKHU WHVWHG WKH JHQHV VKRZLQJ GUDPDWLF KHWHURJHQHLW\ LQFUHDVH DIWHU WKH DJH RI
�� �FOXVWHUV �� � DQG �� IRU DVVRFLDWLRQ ZLWK $O]KHLPHU¶V 'LVHDVH� DV WKH GLVHDVH LQFL�
GHQFH LQFUHDVHV DIWHU �� DV ZHOO �(YDQV HW DO�� ������ KRZHYHU� ZH IRXQG QR HYLGHQFH
IRU VXFK DQ DVVRFLDWLRQ �)LJXUH $�����

����� )XQFWLRQDO DQDO\VLV

7R H[DPLQH WKH IXQFWLRQDO DVVRFLDWLRQV RI KHWHURJHQHLW\ FKDQJHV ZLWK DJH� ZH SHU�
IRUPHG JHQH VHW HQULFKPHQW DQDO\VLV �*6($� XVLQJ .(** SDWKZD\V �.DQHKLVD� 6DWR�
)XUXPLFKL� 0RULVKLPD� 	 7DQDEH� ������ *HQH 2QWRORJ\ �*2� FDWHJRULHV �$VKEXUQHU
HW DO�� ����� 7KH *HQH 2QWRORJ\ &RQVRUWLXP� ������ 'LVHDVH 2QWRORJ\ �'2� FDWH�
JRULHV �.LEEH HW DO�� ������ 5HDFWRPH SDWKZD\V �)DEUHJDW HW DO�� ������ WUDQVFULSWLRQ
IDFWRU �7)� WDUJHWV �75$16)$&� �0DW\V HW DO�� ������ DQG PL51$ WDUJHWV �0L57DU�
%DVH� �&KRX HW DO�� ������ 6SHFLILFDOO\� ZH UDQN�RUGHUHG JHQHV EDVHG RQ WKH QXPEHU
RI GDWDVHWV WKDW VKRZ D FRQVLVWHQW LQFUHDVH LQ KHWHURJHQHLW\ DQG DVNHG LI WKH H[WUHPHV
RI WKLV GLVWULEXWLRQ DUH DVVRFLDWHG ZLWK WKH JHQH VHWV WKDW ZH DQDO\VHG� 7KHUH ZDV
QR VLJQLILFDQW HQULFKPHQW IRU DQ\ RI WKH IXQFWLRQDO FDWHJRULHV DQG SDWKZD\V IRU WKH
FRQVLVWHQW FKDQJHV LQ GHYHORSPHQW� 7KH VLJQLILFDQWO\ HQULFKHG .(** SDWKZD\V IRU
WKH JHQHV WKDW EHFRPH FRQVLVWHQWO\ KHWHURJHQHRXV GXULQJ DJHLQJ LQFOXGHG PXOWLSOH
.(** SDWKZD\V NQRZQ WR EH UHOHYDQW IRU DJHLQJ� LQFOXGLQJ WKH ORQJHYLW\ UHJXODWLQJ
SDWKZD\� DXWRSKDJ\ �5XELQV]WHLQ� 0DULxR� 	 .URHPHU� ������ P725 VLJQDOLQJ �-RKQ�
VRQ� 5DELQRYLWFK� 	 .DHEHUOHLQ� ����� DQG )R[2 VLJQDOLQJ �0DUWLQV� /LWKJRZ� 	 /LQN�
����� �)LJXUH ���D�� $PRQJ WKH SDWKZD\V ZLWK D VLJQLILFDQW DVVRFLDWLRQ �OLVWHG LQ )LJ�
XUH ���D�� RQO\ SURWHLQ GLJHVWLRQ DQG DEVRUSWLRQ� SULPDU\ LPPXQRGHILFLHQF\� OLQROHLF
DFLG PHWDEROLVP� DQG IDW GLJHVWLRQ DQG DEVRUSWLRQ SDWKZD\V KDG QHJDWLYH HQULFKPHQW
VFRUHV� PHDQLQJ WKHVH SDWKZD\V ZHUH VLJQLILFDQWO\ DVVRFLDWHG ZLWK WKH JHQHV KDYLQJ
WKH OHDVW QXPEHU RI GDWDVHWV VKRZLQJ DQ LQFUHDVH� +RZHYHU� LW LV LPSRUWDQW WR QRWH
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WKDW WKLV GRHV QRW PHDQ WKHVH SDWKZD\V KDYH D GHFUHDVH LQ KHWHURJHQHLW\ DV WKH GLV�
WULEXWLRQ RI FRQVLVWHQW KHWHURJHQHLW\ OHYHOV LV VNHZHG �)LJXUH ���F� ORZHU SDQHO�� :H
DOVR FDOFXODWHG LI WKH .(** SDWKZD\V WKDW ZH LGHQWLILHG DUH SDUWLFXODUO\ HQULFKHG LQ
DQ\ RI WKH KHWHURJHQHLW\ WUDMHFWRULHV ZH LGHQWLILHG� $OWKRXJK ZH ODFN WKH QHFHVVDU\
SRZHU WR WHVW WKH DVVRFLDWLRQV VWDWLVWLFDOO\ GXH WR VPDOO QXPEHU RI JHQHV� ZH VDZ WKDW L�
JURXS �� ZKLFK VKRZHG D VWDEOH LQFUHDVH LQ KHWHURJHQHLW\� LV DVVRFLDWHG PRUH ZLWK WKH
PHWDEROLF SDWKZD\V DQG P51$ VXUYHLOODQFH SDWKZD\� LL� JURXS �� ZKLFK VKRZHG ILUVW
DQ LQFUHDVH DQG D VOLJKW GHFUHDVH DW ODWHU DJHV� LV DVVRFLDWHG ZLWK D[RQ JXLGDQFH�
P725 VLJQDOLQJ� DQG SKRVSKROLSDVH ' VLJQDOLQJ SDWKZD\V� DQG LLL� JURXS �� ZKLFK
VKRZHG D GUDPDWLF LQFUHDVH DIWHU DJH RI ��� LV DVVRFLDWHG ZLWK DXWRSKDJ\� ORQJHYLW\
UHJXODWLQJ SDWKZD\ DQG )R[2 VLJQDOLQJ SDWKZD\V� 7KH IXOO OLVW LV DYDLODEOH DV )LJXUH
$����

)LJXUH ��� )XQFWLRQDO DQDO\VLV RI FRQVLVWHQW KHWHURJHQHLW\ FKDQJHV� �D� 'LVWULEXWLRQ RI FRQVLV�
WHQW KHWHURJHQHLW\ LQFUHDVH IRU WKH VLJQLILFDQWO\ HQULFKHG .(** SDWKZD\V� LQ GHYHORSPHQW DQG
DJHLQJ� [� DQG \�D[HV VKRZ WKH QXPEHU RI GDWDVHWV ZLWK D FRQVLVWHQW LQFUHDVH DQG WKH GHQVLW\
IRU HDFK VLJQLILFDQW SDWKZD\� UHVSHFWLYHO\� 7KH GDVKHG UHG OLQH VKRZV [  ���� ZKLFK LV WKH
PLGGOH SRLQW IRU �� GDWDVHWV� UHSUHVHQWLQJ QR WHQGHQF\ WR LQFUHDVH RU GHFUHDVH� 9DOXHV KLJKHU
WKDQ ���� VKRZQ ZLWK UHG FRORXU� LQGLFDWH DQ LQFUHDVH LQ KHWHURJHQHLW\ ZKLOH YDOXHV ORZHU WKDQ
���� VKRZQ ZLWK EOXH FRORXU� LQGLFDWH D GHFUHDVH LQ KHWHURJHQHLW\ DQG WKH GDUNQHVV VKRZV WKH
FRQVLVWHQF\ LQ FKDQJH DFURVV GDWDVHWV� E� 7KH ORQJHYLW\ UHJXODWLQJ SDWKZD\ �.(** 3DWKZD\
,'� KVD������� H[HPSOLI\LQJ WKH GLVWULEXWLRQ RI WKH JHQHV �FLUFOHV�� WKHLU KHWHURJHQHLW\ DFURVV
GDWDVHWV �FRORXU ± WKH VDPH FRORXU VFKHPH DV SDQHO �D��� DQG WKHLU UHODWLRQVKLS LQ WKH SDWKZD\
�HGJHV��

7KH GLVWULEXWLRQ RI FRQVLVWHQW KHWHURJHQHLW\ LQ GHYHORSPHQW DQG DJHLQJ DOVR VKRZHG
D FOHDU GLIIHUHQFH� 7KH SDWKZD\ VFKHPH IRU WKH ORQJHYLW\ UHJXODWLQJ SDWKZD\ �)LJXUH
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���E�� FRORXUHG EDVHG RQ WKH QXPEHU RI GDWDVHWV ZLWK D FRQVLVWHQW LQFUHDVH� VKRZV
KRZ SDUWLFXODU JHQHV FRPSDUH EHWZHHQ GHYHORSPHQW DQG DJHLQJ� 2WKHU VLJQLILFDQWO\
HQULFKHG JHQH VHWV� LQFOXGLQJ *2� 5HDFWRPH� 7) DQG PL51$ VHWV� DUH LQFOXGHG DV
6XSSOHPHQWDU\ 7DEOHV 6����� ,Q JHQHUDO� ZKLOH WKH FRQVLVWHQW KHWHURJHQHLW\ FKDQJHV
LQ GHYHORSPHQW GLG QRW VKRZ DQ\ HQULFKPHQW �H[FHSW IRU PL51$V� VHH 6XSSOHPHQ�
WDU\ 7DEOH 6���� ZH GHWHFWHG D VLJQLILFDQW HQULFKPHQW IRU WKH JHQHV WKDW EHFRPH PRUH
KHWHURJHQHRXV GXULQJ DJHLQJ� ZLWK WKH H[FHSWLRQ WKDW 'LVHDVH 2QWRORJ\ WHUPV ZHUH
QRW VLJQLILFDQWO\ DVVRFLDWHG ZLWK FRQVLVWHQW FKDQJHV LQ HLWKHU GHYHORSPHQW RU DJHLQJ�
7KH JHQH VHWV LQFOXGHG VSHFLILF FDWHJRULHV VXFK DV DXWRSKDJ\ DQG V\QDSWLF IXQFWLRQV
DV ZHOO DV EURDG IXQFWLRQDO FDWHJRULHV VXFK DV UHJXODWLRQ RI WUDQVFULSWLRQ DQG WUDQVOD�
WLRQ SURFHVVHV� F\WRVNHOHWRQ RU KLVWRQH PRGLILFDWLRQV� :H DOVR SHUIRUPHG *6($ IRU
HDFK GDWDVHW VHSDUDWHO\ DQG FRQILUPHG WKDW WKHVH SDWKZD\V VKRZ FRQVLVWHQW SDWWHUQV
LQ DJHLQJ � 7KHUH ZHUH �� VLJQLILFDQWO\ HQULFKHG WUDQVFULSWLRQ IDFWRUV� LQFOXGLQJ (*5
DQG )2;2� DQG �� PL51$V �VHH 6XSSOHPHQWDU\ 7DEOH 6��� IRU WKH IXOO OLVW�� :H DOVR
DVNHG LI WKH JHQHV WKDW EHFRPH PRUH KHWHURJHQRXV FRQVLVWHQWO\ DFURVV GDWDVHWV DUH
NQRZQ DJHLQJ�UHODWHG JHQHV� XVLQJ WKH *HQ$JH +XPDQ JHQH VHW �7DFXWX HW DO�� ������
EXW GLG QRW ILQG D VLJQLILFDQW DVVRFLDWLRQ �)LJXUH $�����

,W KDV EHHQ UHSRUWHG WKDW WKH WRWDO QXPEHU RI GLVWLQFW UHJXODWRUV RI D JHQH �DSDUW IURP
LWV VSHFLILF UHJXODWRUV� LV FRUUHODWHG ZLWK JHQH H[SUHVVLRQ QRLVH �%DUURVR� 3X]RYLF� 	
'XWKHLO� ������ $FFRUGLQJO\� ZH DVNHG LI WKH WRWDO QXPEHU RI WUDQVFULSWLRQ IDFWRUV �7)V�
RU PL51$V UHJXODWLQJ D JHQH PLJKW EH UHODWHG WR WKH KHWHURJHQHLW\ FKDQJH ZLWK DJH
�)LJXUH ����� :H FDOFXODWHG WKH FRUUHODWLRQV EHWZHHQ WKH WRWDO QXPEHU RI UHJXODWRUV
DQG WKH KHWHURJHQHLW\ FKDQJHV DQG IRXQG D PRVWO\ SRVLWLYH ��� � �� IRU PL51$ DQG ��
� �� IRU 7)V�� DQG KLJKHU FRUUHODWLRQ EHWZHHQ FKDQJH LQ KHWHURJHQHLW\ DQG WKH QXPEHU
RI UHJXODWRUV LQ DJHLQJ �S  ����� IRU PL51$ DQG S  ����� 7)V�� :H IXUWKHU WHVWHG WKH
DVVRFLDWLRQ ZKLOH FRQWUROOLQJ IRU WKH H[SUHVVLRQ FKDQJHV LQ GHYHORSPHQW DQG DJHLQJ
VLQFH UHJXODWLRQ RI H[SUHVVLRQ FKDQJHV GXULQJ GHYHORSPHQW FRXOG FRQIRXQG WKH UHOD�
WLRQVKLS� +RZHYHU� ZH IRXQG WKDW WKH SDWWHUQ LV PDLQO\ DVVRFLDWHG ZLWK WKH JHQHV WKDW
VKRZ D GHFUHDVH LQ H[SUHVVLRQ GXULQJ DJHLQJ� LUUHVSHFWLYH RI WKHLU H[SUHVVLRQ GXULQJ
GHYHORSPHQW �)LJXUH $�����
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)LJXUH ��� &RUUHODWLRQ EHWZHHQ WKH FKDQJH LQ KHWHURJHQHLW\ DQG QXPEHU RI WUDQVFULSWLRQDO
UHJXODWRUV� L�H� PL51$ DQG WUDQVFULSWLRQ IDFWRUV� (DFK SRLQW UHSUHVHQWV D GDWDVHW� DQG WKH
FRORXU VKRZV WKH GDWD VRXUFH� S�YDOXHV DUH FDOFXODWHG XVLQJ D SHUPXWDWLRQ WHVW� 7KH GDVKHG
OLQH DW \  � VKRZV ]HUR FRUUHODWLRQ�

:H IXUWKHU WHVWHG LI JHQHV ZLWK D FRQVLVWHQW KHWHURJHQHLW\ LQFUHDVH LQ DJHLQJ DUH PRUH
FHQWUDO LQ WKH SURWHLQ LQWHUDFWLRQ QHWZRUN XVLQJ 675,1* GDWDEDVH �0HULQJ HW DO�� ������
8VLQJ PXOWLSOH FXWRIIV DQG UHSHDWLQJ WKH DQDO\VLV� ZH REVHUYHG D KLJKHU GHJUHH RI
LQWHUDFWLRQV IRU WKH JHQHV ZLWK LQFUHDVLQJ KHWHURJHQHLW\ �)LJXUH $�����

-RKQVRQ HW DO� ������ SUHYLRXVO\ FRPSLOHG D OLVW RI WUDLWV WKDW DUH DJH�UHODWHG DQG KDYH
EHHQ VXIILFLHQWO\ WHVWHG IRU JHQRPH�ZLGH DVVRFLDWLRQV �Q  ���� 8VLQJ WKH JHQHWLF
DVVRFLDWLRQV IRU *:$6 &DWDORJ WUDLWV� ZH WHVWHG LI WKHUH DUH VLJQLILFDQWO\ HQULFKHG
WUDLWV IRU WKH FRQVLVWHQW FKDQJHV LQ KHWHURJHQHLW\ GXULQJ DJHLQJ �6XSSOHPHQWDU\ 7DEOH
6���� $OWKRXJK WKHUH ZDV QR VLJQLILFDQW HQULFKPHQW� DOO WKHVH DJH�UHODWHG WHUPV KDG
SRVLWLYH HQULFKPHQW VFRUHV� L�H� WKH\ DOO WHQGHG WR LQFOXGH JHQHV WKDW FRQVLVWHQWO\
EHFRPH PRUH KHWHURJHQHRXV ZLWK DJH GXULQJ DJHLQJ�

8VLQJ FHOO�W\SH VSHFLILF WUDQVFULSWRPH GDWD JHQHUDWHG IURP)$&6�VRUWHG FHOOV LQPRXVH
EUDLQ �&DKR\ HW DO�� ������ ZH DOVR DQDO\VHG LI WKHUH LV DQ DVVRFLDWLRQ EHWZHHQ JHQHV
WKDW EHFRPH KHWHURJHQHRXV ZLWK DJH DQG FHOO�W\SH VSHFLILF JHQHV� ZKLFK FRXOG EH
H[SHFWHG LI EUDLQ FHOO�W\SH FRPSRVLWLRQ SURJUHVVLYHO\ YDULHG DPRQJ LQGLYLGXDOV ZLWK
DJH� $OWKRXJK WKHUH ZDV DQ RYHUODS ZLWK ROLJRGHQGURF\WHV DQG P\HOLQDWHG ROLJRGHQ�
GURF\WHV� WKHUH ZDV QR VLJQLILFDQW HQULFKPHQW �ZKLFK FRXOG EH DWWULEXWHG WR ORZ SRZHU
GXH WR VPDOO RYHUODS ± Q � JHQHV � EHWZHHQ DJHLQJ DQG FHOO�W\SH VSHFLILF H[SUHV�
VLRQ GDWDVHWV� �)LJXUH $����� :H IXUWKHU DQDO\VHG LI WKH FHOO�W\SH SURSRUWLRQV FKDQJH
RU EHFRPH KHWHURJHQHRXV ZLWK DJH� XVLQJ D GHFRQYROXWLRQ PHWKRG� 2YHUDOO� ZH VHH
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DQ LQFUHDVH LQ P\HOLQDWHG ROLJRGHQGURF\WHV LQ GHYHORSPHQW DQG DVWURF\WHV LQ DJHLQJ
�)LJXUH $���D�� )RFXVLQJ VSHFLILFDOO\ RQ WKH ��� JHQHV WKDW EHFRPH FRQVLVWHQWO\ KHW�
HURJHQHRXV ZLWK DJH� ZH GR QRW VHH DQ\ FRQVLVWHQW SDWWHUQ LQ DJHLQJ �)LJXUH $���E��
VXJJHVWLQJ WKHVH JHQHV DUH QRW PRUH UHOHYDQW IRU FHUWDLQ FHOO�W\SHV� 0RUHRYHU� ZH
FKHFNHG LI WKH FHOO�W\SH SURSRUWLRQV� FDOFXODWHG IRU DOO JHQHV DQG RQO\ IRU WKH ���
JHQHV� EHFRPH KHWHURJHQHRXV ZLWK DJH GXULQJ DJHLQJ� DQG IRXQG WKDW DOO FHOO W\SHV
VHHP WR EHFRPH KHWHURJHQHRXV ZKHQ WKH KHWHURJHQHRXV JHQH VHW DQDO\VHG� DJDLQ
VXJJHVWLQJ WKHLU HIIHFWV DUH PRUH OLNHO\ WR EH EURDG DQG QRW FHOO�W\SH VSHFLILF �)LJXUH
$���G��

��� 'LVFXVVLRQ

$JHLQJ LV FKDUDFWHULVHG E\ D JUDGXDO GHFUHDVH LQ WKH DELOLW\ WR PDLQWDLQ KRPHRVWDWLF
SURFHVVHV� ZKLFK OHDGV WR IXQFWLRQDO GHFOLQH� DJH�UHODWHG GLVHDVHV� DQG HYHQWXDOO\ WR
GHDWK� 7KLV DJH�UHODWHG GHWHULRUDWLRQ� KRZHYHU� LV WKRXJKW DV QRW D UHVXOW RI H[SUHVVLRQ
FKDQJHV LQ D IHZ LQGLYLGXDO JHQHV� EXW UDWKHU DV D FRQVHTXHQFH RI DQ DJH�UHODWHG
DOWHUDWLRQ RI WKH ZKROH JHQRPH� ZKLFK FRXOG EH D UHVXOW RI DQ DFFXPXODWLRQ RI ERWK
HSLJHQHWLF DQG JHQHWLF HUURUV LQ D VWRFKDVWLF PDQQHU �(QJH HW DO�� ����� 9LMJ� ������
7KLV VWRFKDVWLF QDWXUH RI DJHLQJ LPSHGHV WKH LGHQWLILFDWLRQ RI FRQVHUYHG DJH�UHODWHG
FKDQJHV LQ JHQH H[SUHVVLRQ IURP D VLQJOH GDWDVHW ZLWK D OLPLWHG QXPEHU RI VDPSOHV�

,Q WKLV VWXG\� ZH H[DPLQHG �� JHQH H[SUHVVLRQ GDWDVHWV FRPSLOHG IURP WKUHH LQGHSHQ�
GHQW VWXGLHV WR LGHQWLI\ WKH FKDQJHV LQ JHQH H[SUHVVLRQ KHWHURJHQHLW\ ZLWK DJH� :KLOH
DOO GDWDVHWV KDYH VDPSOHV UHSUHVHQWLQJ WKH ZKROH OLIHVSDQ� ZH VHSDUDWHG SRVWQDWDO
GHYHORSPHQW �� WR �� \HDUV RI DJH� DQG DJHLQJ ��� WR �� \HDUV RI DJH� E\ WKH DJH
RI ��� DV WKLV DJH LV FRQVLGHUHG WR EH D WXUQLQJ�SRLQW LQ JHQH H[SUHVVLRQ WUDMHFWRULHV
�'|QHUWDú HW DO�� ������ :H LPSOHPHQWHG D UHJUHVVLRQ�EDVHG PHWKRG DQG LGHQWLILHG
JHQHV VKRZLQJ D FRQVLVWHQW FKDQJH LQ KHWHURJHQHLW\ ZLWK DJH� GXULQJ GHYHORSPHQW
DQG DJHLQJ VHSDUDWHO\� $W WKH VLQJOH JHQH OHYHO� ZH GLG QRW REVHUYH VLJQLILFDQW DJH�
UHODWHG KHWHURJHQHLW\ FKDQJH LQ PRVW RI WKH GDWDVHWV� SRVVLEO\ GXH WR LQVXIILFLHQW VWD�
WLVWLFDO SRZHU GXH WR VPDOO VDPSOH VL]HV DQG WKH VXEWOH QDWXUH RI WKH SKHQRPHQRQ�
:H KHQFH WRRN DGYDQWDJH RI D PHWD�DQDO\VLV DSSURDFK DQG IRFXVHG RQ FRQVLVWHQW
VLJQDOV DPRQJ GDWDVHWV� LUUHVSHFWLYH RI WKHLU HIIHFW VL]HV DQG VLJQLILFDQFH� $OWKRXJK
WKLV DSSURDFK IDLOV WR FDSWXUH SDWWHUQV WKDW DUH VSHFLILF WR LQGLYLGXDO EUDLQ UHJLRQV� LW
LGHQWLILHV JHQHV WKDW ZRXOG RWKHUZLVH QRW SDVV WKH VLJQLILFDQFH WKUHVKROG GXH WR LQVXI�
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ILFLHQW SRZHU� )XUWKHUPRUH� ZH GHPRQVWUDWHG WKDW RXU PHWKRG LV UREXVW WR QRLVH DQG
FRQIRXQGLQJ HIIHFWV ZLWKLQ LQGLYLGXDO GDWDVHWV�

%\ DQDO\VLQJ DJH�UHODWHG JHQH H[SUHVVLRQ FKDQJHV� ZH ILUVW REVHUYHG WKDW WKHUH DUH
PRUH VLJQLILFDQW DQG PRUH VLPLODU FKDQJHV GXULQJ GHYHORSPHQW WKDQ DJHLQJ� $GGLWLRQ�
DOO\� JHQHV VKRZLQJ VLJQLILFDQW FKDQJH GXULQJ DJHLQJ WHQGHG WR GHFUHDVH LQ H[SUHV�
VLRQ �)LJXUH ����� 7KHVH UHVXOWV FDQ EH H[SODLQHG E\ WKH DFFXPXODWLRQ RI VWRFKDVWLF
GHWULPHQWDO HIIHFWV GXULQJ DJHLQJ� OHDGLQJ WR D GHFUHDVH LQ H[SUHVVLRQ OHYHOV �/X HW
DO�� ������ 2XU LQLWLDO DQDO\VLV RI JHQH H[SUHVVLRQ FKDQJHV VXJJHVWHG D KLJKHU KHW�
HURJHQHLW\ EHWZHHQ DJHLQJ GDWDVHWV�

:H QH[W IRFXVHG RQ DJH�UHODWHG KHWHURJHQHLW\ FKDQJH EHWZHHQ LQGLYLGXDOV DQG IRXQG
D VLJQLILFDQW LQFUHDVH LQ DJH�UHODWHG KHWHURJHQHLW\ GXULQJ DJHLQJ� FRPSDUHG WR GHYHO�
RSPHQW� 1RWDEO\� LQFUHDVHG KHWHURJHQHLW\ LV QRW OLPLWHG WR LQGLYLGXDO EUDLQ UHJLRQV�
EXW D FRQVLVWHQW SDWWHUQ DFURVV GLIIHUHQW UHJLRQV GXULQJ DJHLQJ� :H IRXQG WKDW DJH�
UHODWHG KHWHURJHQHLW\ FKDQJH LV PRUH FRQVLVWHQW DPRQJ DJHLQJ GDWDVHWV� ZKLFK PD\
UHIOHFW DQ XQGHUO\LQJ V\VWHPLF PHFKDQLVP� )XUWKHU� D ODUJHU QXPEHU RI JHQHV VKRZHG
PRUH VLJQLILFDQW KHWHURJHQHLW\ FKDQJHV GXULQJ DJHLQJ WKDQ LQ GHYHORSPHQW� DQG WKH
PDMRULW\ RI WKHVH JHQHV WHQGHG WR KDYH PRUH KHWHURJHQHRXV H[SUHVVLRQ�

,W ZDV SUHYLRXVO\ SURSRVHG WKDW VRPDWLF PXWDWLRQ DFFXPXODWLRQV �/RGDWR HW DO�� �����
/RPEDUG HW DO�� ����� /X HW DO�� ����� 9LMJ� ����� DQG HSLJHQHWLF UHJXODWLRQV �&KH�
XQJ HW DO�� ����� PLJKW EH DVVRFLDWHG ZLWK WUDQVFULSWRPH LQVWDELOLW\� :KLOH (QJH HW DO�
������ DQG /RGDWR HW DO� ������ VXJJHVWHG WKDW JHQRPH�ZLGH VXEVWLWXWLRQV LQ VLQJOH
FHOOV DUH QRW VR FRPPRQ DV WR LQIOXHQFH JHQRPH VWDELOLW\ DQG FDXVH WUDQVFULSWLRQDO
KHWHURJHQHLW\ DW WKH FHOOXODU OHYHO� HSLJHQHWLF PHFKDQLVPV PD\ EH UHOHYDQW� $OWKRXJK
ZH FDQQRW WHVW DJH�UHODWHG VRPDWLF PXWDWLRQ DFFXPXODWLRQ DQG HSLJHQHWLF UHJXODWLRQ
LQ WKLV VWXG\� DQ DOWHUQDWLYH PHFKDQLVP PLJKW EH UHODWHG WR WUDQVFULSWLRQDO UHJXODWLRQ�
ZKLFK LV FRQVLGHUHG WR EH LQKHUHQWO\ VWRFKDVWLF �0DKHVKUL 	 2¶6KHD� ������ 6HY�
HUDO VWXGLHV GHPRQVWUDWHG WKDW YDULDWLRQ LQ JHQH H[SUHVVLRQ LV SRVLWLYHO\ FRUUHODWHG
ZLWK WKH QXPEHU RI 7)V FRQWUROOLQJ JHQH¶V UHJXODWLRQ �%DUURVR HW DO�� ������ :H DOVR
IRXQG WKDW JHQHV ZLWK D KLJKHU QXPEHU RI UHJXODWRUV DQG D GHFUHDVH LQ H[SUHVVLRQ
GXULQJ DJHLQJ EHFRPH PRUH KHWHURJHQHRXV� )XUWKHU� VLJQLILFDQWO\ HQULFKHG 7)V LQ�
FOXGH HDUO\ JURZWK UHVSRQVH �(*)�� NQRZQ WR EH UHJXODWLQJ WKH H[SUHVVLRQ RI PDQ\
JHQHV LQYROYHG LQ V\QDSWLF KRPHRVWDVLV DQG SODVWLFLW\� DQG )2;2 7)V� ZKLFK UHJ�
XODWH VWUHVV UHVLVWDQFH� PHWDEROLVP� FHOO F\FOH DUUHVW DQG DSRSWRVLV� 7RJHWKHU ZLWK
WKHVH VWXGLHV� RXU UHVXOWV VXSSRUW WKDW WUDQVFULSWLRQDO UHJXODWLRQ PD\ EH DVVRFLDWHG



��� 'LVFXVVLRQ ��

ZLWK DJH�UHODWHG KHWHURJHQHLW\ LQFUHDVH GXULQJ DJHLQJ DQG PD\ KDYH LPSRUWDQW IXQF�
WLRQDO FRQVHTXHQFHV LQ EUDLQ DJHLQJ�

:H QH[W FRQILUPHG WKDW REVHUYHG LQFUHDVH LQ KHWHURJHQHLW\ ZDV QRW D UHVXOW RI ORZ
VWDWLVWLFDO SRZHU �)LJXUH $��� RU D WHFKQLFDO DUWHIDFW �)LJXUH ���E� $���� $����� 6SHFLIL�
FDOO\� ZH WHVWHG ZKHWKHU LQFUHDVHG KHWHURJHQHLW\ GXULQJ DJHLQJ FDQ EH D UHVXOW RI WKH
PHDQ�YDULDQFH UHODWLRQVKLS� EXW ZH IRXQG QR VLJQLILFDQW HIIHFW WKDW FDQ FRQIRXQG RXU
UHVXOWV� ,Q IDFW� WKH PHDQ�YDULDQFH UHODWLRQVKLS LQ GHYHORSPHQW DQG DJHLQJ VKRZHG
RSSRVLQJ SURILOHV� :H IXUWKHU DQDO\VHG WKLV E\ JURXSLQJ JHQHV EDVHG RQ WKHLU H[SUHV�
VLRQ LQ GHYHORSPHQW DQG DJHLQJ �)LJXUH $����� 7KH JHQHV WKDW GHFUHDVH LQ H[SUHVVLRQ
ERWK LQ GHYHORSPHQW DQG DJHLQJ VKRZHG WKH PRVW RSSRVLQJ SURILOHV LQ WHUPV RI WKH
PHDQ�YDULDQFH UHODWLRQVKLS� ZKLFK FRXOG VXJJHVW WKDW WKH GHFUHDVH LQ GHYHORSPHQW
DUH PRUH FRRUGLQDWHG DQG ZHOO�UHJXODWHG ZKHUHDV WKH GHFUHDVH LQ DJHLQJ RFFXUV GXH
WR VWRFKDVWLF HUURUV� $QRWKHU SRWHQWLDO FRQIRXQGHU LV WKH SRVW�PRUWHP LQWHUYDO �30,��
ZKLFK LV WKH WLPH EHWZHHQ GHDWK DQG VDPSOH FROOHFWLRQ� 6LQFH ZH GR QRW KDYH WKLV GDWD
IRU DOO GDWDVHWV ZH DQDO\VHG� ZH FRXOG QRW DFFRXQW IRU 30, LQ RXU PRGHO� +RZHYHU�
XVLQJ WKH OLVW RI JHQHV SUHYLRXVO\ VXJJHVWHG DV DVVRFLDWHG ZLWK 30, �=KX� :DQJ� <LQ�
	 <DQJ� ������ ZH FKHFNHG LI WKH FRQVLVWHQF\ DPRQJ DJHLQJ GDWDVHWV FRXOG EH GULYHQ
E\ 30,� 2QO\ � 30,�DVVRFLDWHG JHQHV ZHUH DPRQJ WKH ��� WKDW EHFRPH FRQVLVWHQWO\
KHWHURJHQHRXV� DQG WKH GLVWULEXWLRQ DOVR VXJJHVWHG WKHUH LV QR VLJQLILFDQW UHODWLRQVKLS
�)LJXUH $����� :H DOVR FRQILUPHG WKDW WKH LQFUHDVH LQ KHWHURJHQHLW\ LV QRW FDXVHG
E\ RXWOLHU VDPSOHV LQ GDWDVHWV �)LJXUH $���� RU E\ WKH FRQIRXQG RI VH[ ZLWK DJH �)LJ�
XUH $����� 0RUHRYHU� ZH DVNHG LI GLIIHUHQWLDO H[SUHVVLRQ WUDMHFWRULHV EHWZHHQ GLIIHUHQW
VH[HV PD\ FRQWULEXWH WR WKH REVHUYHG KHWHURJHQHLW\� 6SHFLILFDOO\� ZH WHVWHG LI WKH GLV�
WULEXWLRQ RI UHVLGXDOV GLIIHUV EHWZHHQ PDOHV DQG IHPDOHV XVLQJ ��� FRQVLVWHQW JHQHV�
:H REVHUYHG WKDW RQO\ �� RI ��� JHQHV VKRZ D VLJQLILFDQW GLIIHUHQFH LQ DW OHDVW RQH
GDWDVHW �)LJXUH $�����

*HQH VHW HQULFKPHQW DQDO\VLV RI WKH JHQHV ZLWK LQFUHDVHG KHWHURJHQHLW\ ZLWK DJH UH�
YHDOHG D VHW RI VLJQLILFDQWO\ HQULFKHG SDWKZD\V WKDW DUH NQRZQ WR LQIOXHQFH DJHLQJ�
LQFOXGLQJ ORQJHYLW\ UHJXODWLQJ SDWKZD\� DXWRSKDJ\� P725 VLJQDOLQJ SDWKZD\ �)LJXUH
���D�� )XUWKHUPRUH� *2 WHUPV VKDUHG DPRQJ WKHVH JHQHV LQFOXGH VRPH SUHYLRXVO\
LGHQWLILHG FRPPRQ SDWKZD\V LQ DJHLQJ DQG DJH�UHODWHG GLVHDVHV � :H KDYH DOVR
WHVWHG LI WKHVH JHQHV DUH DVVRFLDWHG ZLWK DJH�UHODWHG GLVHDVHV WKURXJK *:$6� DQG
DOWKRXJK QRW VLJQLILFDQW� ZH IRXQG D SRVLWLYH DVVRFLDWLRQ ZLWK DOO DJH�UHODWHG WUDLWV GH�
ILQHG LQ -RKQVRQ HW DO� ������� 2YHUDOO� WKHVH UHVXOWV LQGLFDWH WKH HIIHFW RI KHWHURJHQH�
LW\ RQ SDWKZD\V WKDW PRGXODWH DJHLQJ DQG PD\ UHIOHFW WKH VLJQLILFDQFH RI LQFUHDVHG
KHWHURJHQHLW\ LQ DJHLQJ� ,PSRUWDQWO\� ZH LGHQWLILHG JHQHV WKDW DUH HQULFKHG LQ WHUPV
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UHODWHG WR QHXURQDO DQG V\QDSWLF IXQFWLRQV� VXFK DV D[RQ JXLGDQFH� QHXURQ WR QHXURQ
V\QDSVH� SRVWV\QDSWLF VSHFLDOLVDWLRQ� ZKLFK PD\ UHIOHFW WKH UROH RI LQFUHDVHG KHWHUR�
JHQHLW\ LQ V\QDSWLF G\VIXQFWLRQ REVHUYHG LQ WKH PDPPDOLDQ EUDLQ� ZKLFK LV FRQVLGHUHG
WR EH D PDMRU IDFWRU LQ DJH�UHODWHG FRJQLWLYH GHFOLQH �0RUULVRQ 	 %D[WHU� ������ :H
DOVR REVHUYHG JHQHV WKDW EHFRPH PRUH KHWHURJHQHRXV ZLWK DJH FRQVLVWHQWO\ DFURVV
GDWDVHWV DUH PRUH FHQWUDO �L�H� KDYH D KLJKHU QXPEHU RI LQWHUDFWLRQV� LQ D SURWHLQ�
SURWHLQ LQWHUDFWLRQ QHWZRUN �)LJXUH $����� $OWKRXJK WKLV FRXOG PHDQ WKH HIIHFW RI KHW�
HURJHQHLW\ FRXOG EH HYHQ PRUH FULWLFDO EHFDXVH LW DIIHFWV KXE JHQHV� DQRWKHU H[SOD�
QDWLRQ LV UHVHDUFK ELDV WKDW WKHVH JHQHV DUH VWXGLHG PRUH WKDQ RWKHUV�

����� /LPLWDWLRQV

2QH LPSRUWDQW OLPLWDWLRQ RI RXU VWXG\ LV WKDW ZH DQDO\VH PLFURDUUD\�EDVHG GDWD� 6LQFH
JHQH H[SUHVVLRQ OHYHOV PHDVXUHG E\ PLFURDUUD\ GR QRW UHIOHFW DQ DEVROXWH DEXQGDQFH
RI P51$V� EXW UDWKHU DUH UHODWLYH H[SUHVVLRQ OHYHOV� ZH ZHUH RQO\ DEOH WR H[DPLQH
UHODWLYH FKDQJHV LQ JHQH H[SUHVVLRQ� $ UHFHQW VWXG\ DQDO\VLQJ VLQJOH�FHOO 51$ VH�
TXHQFLQJ GDWD IURP WKH DJHLQJ 'URVRSKLOD EUDLQ LGHQWLILHG DQ DJH�UHODWHG GHFOLQH LQ
WRWDO P51$ DEXQGDQFH �'DYLH HW DO�� ������ ,W LV DOVR VXJJHVWHG WKDW� LQ PLFURDUUD\
VWXGLHV� JHQHV ZLWK ORZHU H[SUHVVLRQ OHYHOV WHQG WR KDYH KLJKHU YDULDQFH �$ULV HW DO��
������ ,Q WKLV FRQWH[W� ZKHWKHU WKH FKDQJH LQ KHWHURJHQHLW\ LV D UHVXOW RI WKH WRWDO
P51$ GHFD\ LV DQ LPSRUWDQW TXHVWLRQ� $V DQ DWWHPSW WR VHH LI WKH DJH�UHODWHG LQ�
FUHDVH LQ KHWHURJHQHLW\ LV GHSHQGHQW RQ WKH WHFKQRORJ\ XVHG WR JHQHUDWH GDWD� ZH
UHSHDWHG WKH LQLWLDO DQDO\VLV XVLQJ 51$ VHTXHQFLQJ GDWD IRU WKH KXPDQ EUDLQ� JHQHU�
DWHG E\ *7([ &RQVRUWLXP �$UGOLH HW DO�� ����� �)LJXUHV $���� $���� $����� 1LQH RXW
RI WKLUWHHQ GDWDVHWV GLVSOD\HG PRUH LQFUHDVH WKDQ GHFUHDVH LQ KHWHURJHQHLW\ GXULQJ
DJHLQJ� FRQVLVWHQW ZLWK ����� PLFURDUUD\ GDWDVHWV� ZKLOH WKH UHPDLQLQJ IRXU GDWDVHWV
VKRZHG WKH RSSRVLWH SDWWHUQ �%$��� FHUHEHOODU KHPLVSKHUH� FHUHEHOOXP DQG VXEVWDQ�
WLD QLJUD�� 8QOLNH ZKDW ZH REVHUYHG IRU WKH PLFURDUUD\ GDWDVHWV� WKH FKDQJH LQ H[�
SUHVVLRQ OHYHOV DQG KHWHURJHQHLW\ ZHUH VWURQJO\ SRVLWLYHO\ FRUUHODWHG �)LJXUH $�����
8QIRUWXQDWHO\� DYHUDJH H[SUHVVLRQ OHYHOV DQG YDULDWLRQ OHYHOV LQ 51$ VHTXHQFLQJ LV
FKDOOHQJLQJ WR GLVHQWDQJOH� 7KXV� WKH ELRORJLFDO UHOHYDQFH RI WKH UHODWLRQVKLS EHWZHHQ
WKH DJH�UHODWHG FKDQJH LQ H[SUHVVLRQ OHYHOV DQG H[SUHVVLRQ KHWHURJHQHLW\ VWLOO DZDLWV
WR EH VWXGLHG WKURXJK QRYHO H[SHULPHQWDO DQG FRPSXWDWLRQDO DSSURDFKHV� 1HYHUWKH�
OHVV� 51$ VHTXHQFLQJ DQDO\VLV DOVR VXJJHVWV DQ RYHUDOO LQFUHDVH LQ DJH�UHODWHG KHW�
HURJHQHLW\�
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,Q WKLV VWXG\� PDLQO\ UHVWULFWHG E\ WKH QXPEHU RI DYDLODEOH GDWDVHWV� ZH OLPLWHG RXU
DQDO\VLV WR WKH KXPDQ EUDLQ� +RZHYHU� DJHLQJ DIIHFWV WKH ZKROH RUJDQLVP� DQG HDFK
RUJDQ�WLVVXH PLJKW EH DIIHFWHG GLIIHUHQWO\� 0RUH LPSRUWDQWO\� WKH EUDLQ LV D SRVW�PLWRWLF
WLVVXH DQG PD\ LQYROYH GLIIHUHQW W\SHV RI FHOOXODU GDPDJH FRPSDUHG WR PLWRWLF WLVVXHV
RU WLVVXHV WKDW KDYH FORVHU FRQWDFW ZLWK WKH HQYLURQPHQW� )RU H[DPSOH� RWKHU WLVVXHV
PD\ LQYROYH PRUH LQWUD�LQGLYLGXDO YDULDELOLW\ GXH WR HUURUV WKDW RFFXU GXULQJ FHOO GLYLVLRQ
RU HQYLURQPHQWDO LQIOXHQFH� ,W LV� WKXV� LPSRUWDQW WKDW IXWXUH VWXGLHV FRPSDUH GLIIHUHQW
W\SHV RI WLVVXHV DOVR WR VWXG\ RWKHU VRXUFHV RI KHWHURJHQHLW\ LQ JHQH H[SUHVVLRQ� ,W
VKRXOG DOVR EH QRWHG WKDW RXU UHVXOWV PD\ EH ELDVHG WRZDUG WKH FRUWH[ UHJLRQ� DV WKH
LQGHSHQGHQW GDWD VRXUFHV PRVWO\ LQFOXGHG VDPSOHV IURP WKH FRUWH[ UHJLRQ�

$QRWKHU OLPLWDWLRQ LV UHODWHG WR XVH RI EXON 51$ H[SUHVVLRQ GDWDVHWV� ZKHUH HDFK YDOXH
LV DQ DYHUDJH IRU WKH WLVVXH� :KLOH LW LV LPSRUWDQW WR QRWH WKDW RXU UHVXOWV LQGLFDWH
LQFUHDVHG KHWHURJHQHLW\ EHWZHHQ LQGLYLGXDOV UDWKHU WKDQ FHOOV� WKH IDFW WKDW WKH EUDLQ LV
FRPSRVHG RI GLIIHUHQW FHOO W\SHV UDLVHV WKH TXHVWLRQ LI LQFUHDVHG KHWHURJHQHLW\ PD\ EH
D UHVXOW RI FKDQJHV LQ EUDLQ FHOO�W\SH SURSRUWLRQV� 7R H[SORUH WKH DVVRFLDWLRQ EHWZHHQ
KHWHURJHQHLW\ DQG FHOO�W\SH VSHFLILF JHQHV� ZH XVHG )$&6�VRUWHG FHOO W\SH VSHFLILF
WUDQVFULSWRPH GDWDVHW IURPPRXVH EUDLQ �&DKR\ HW DO�� ������ :H RQO\ KDG QLQH JHQHV
WKDW KDYH FRQVLVWHQW KHWHURJHQHLW\ LQFUHDVH DQG DUH VSHFLILF WR RQH FHOO�W\SH� (LJKW
RXW RI QLQH ZHUH KLJKO\ H[SUHVVHG LQ ROLJRGHQGURF\WHV� +RZHYHU� ZH GLG QRW REVHUYH
DQ\ VLJQLILFDQW DVVRFLDWLRQ EHWZHHQ FHOO�W\SH VSHFLILF JHQHV DQG KHWHURJHQHLW\ �)LJXUH
$���� $�����

����� &RQFOXVLRQ

,Q WKH ILUVW VWXG\ �6HFWLRQ ����� RXU FRPSDULVRQ VKRZHG WKDW WKH FRUUHFWLRQ VWUDWHJ\
SOD\V D SLYRWDO UROH LQ LGHQWLI\LQJ WKH VSHFLILF VHW RI GLIIHUHQWLDOO\ YDULDEOH �'9� JHQHV�
+RZHYHU� LUUHVSHFWLYH RI WKH DSSURDFK DQG FRUUHFWLRQ PHWKRG XVHG� D WUDQVFULSWRPH�
ZLGH LQFUHDVH LQ WKH JHQH H[SUHVVLRQ KHWHURJHQHLW\ ZDV REVHUYHG� L�H� PRUH JHQHV
VKRZHG D WHQGHQF\ WR LQFUHDVH WKDQ WR GHFUHDVH H[SUHVVLRQ KHWHURJHQHLW\ ZLWK DJH�
:H DOVR VKRZHG WKDW PRVW RI WKH IXQFWLRQDO SURFHVVHV ZHUH VXVFHSWLEOH WR WKH DJHLQJ�
UHODWHG LQFUHDVH LQ WKH H[SUHVVLRQ KHWHURJHQHLW\�

,Q RXU VHFRQG VWXG\ �6HFWLRQ ����� E\ SHUIRUPLQJ DPHWD�DQDO\VLV RI WUDQVFULSWRPH GDWD
IURP GLYHUVH EUDLQ UHJLRQV ZH IRXQG D VLJQLILFDQW LQFUHDVH LQ JHQH H[SUHVVLRQ KHWHUR�
JHQHLW\ GXULQJ DJHLQJ� FRPSDUHG WR GHYHORSPHQW� ,QFUHDVHG KHWHURJHQHLW\ ZDV D
FRQVLVWHQW SDWWHUQ DPRQJ GLYHUVH EUDLQ UHJLRQV LQ DJHLQJ� ZKLOH QR VLJQLILFDQW FRQ�
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VLVWHQF\ ZDV REVHUYHG DFURVV GHYHORSPHQW GDWDVHWV� 2XU UHVXOWV VXSSRUW WKH YLHZ
RI DJHLQJ DV D UHVXOW RI VWRFKDVWLF PROHFXODU DOWHUDWLRQV� ZKLOVW GHYHORSPHQW KDV D
KLJKHU GHJUHH RI JHQH H[SUHVVLRQ UHJXODWLRQ� 6LPLODU WR RXU ILUVW VWXG\� ZH REVHUYHG
D ZLGHVSUHDG KHWHURJHQHLW\ LQ JHQHV DQG IXQFWLRQDO FDWHJRULHV� +RZHYHU� WKH JHQHV
VKRZLQJ D FRQVLVWHQW LQFUHDVH LQ KHWHURJHQHLW\ GXULQJ DJHLQJ DUH LQYROYHG LQ SDWKZD\V
LPSRUWDQW IRU DJHLQJ DQG QHXURQDO IXQFWLRQ� 7KHUHIRUH� RXU UHVXOWV GHPRQVWUDWH WKDW
LQFUHDVHG KHWHURJHQHLW\ LV RQH RI WKH FKDUDFWHULVWLFV RI EUDLQ DJHLQJ DQG LV XQOLNHO\ WR
EH RQO\ GULYHQ E\ WKH SDVVDJH RI WLPH VWDUWLQJ IURP GHYHORSPHQWDO VWDJHV�



��

&KDSWHU �

7KH OLQN EHWZHHQ DJHLQJ DQG
DJH�UHODWHG GLVHDVHV

'DWD $YDLODELOLW\

6XSSOHPHQWDU\ 7DEOHV DUH DYDLODEOH WR GRZQORDG KHUH� $W WKH PRPHQW WKH GDWD LV QRW SXEOLFO\
DYDLODEOH EXW UHTXLUHV D SHUPLVVLRQ ZKLFK LV JUDQWHG FDVH E\ FDVH� $OO VXSSOHPHQWDU\ WDEOHV
DQG VXPPDU\ VWDWLVWLFV ZLOO EH SXEOLFO\ DYDLODEOH LQ WKH %LR6WXGLHV GDWDEDVH XQGHU DFFHVVLRQ
QXPEHU 6�%667��� XSRQ SXEOLFDWLRQ RI WKLV ZRUN� 'DWD WDEOHV DUH UHIHUUHG ZLWK WKH FRUUH�
VSRQGLQJ ILOH QDPHV WKURXJKRXW WKH WH[W� 7KLV UHVHDUFK KDV EHHQ FRQGXFWHG XVLQJ WKH 8.
%LREDQN 5HVRXUFH �DSSOLFDWLRQ QR� �������

��� ,QWURGXFWLRQ

5LVN RI PDQ\ DJH�UHODWHG GLVHDVHV LV LQIOXHQFHG E\ JHQHWLF YDULDWLRQ� *HQRPH�ZLGH
DVVRFLDWLRQ VWXGLHV �*:$6� KDYH LGHQWLILHG JHQHWLF YDULDQWV WKDW DOWHU FRPSOH[ WUDLWV�
3OHLRWURS\� ZKHUH YDULDQWV RU JHQHV LQIOXHQFH PXOWLSOH WUDLWV� LV PRUH SUHYDOHQW WKDQ
SUHYLRXVO\ WKRXJKW �%XOLN�6XOOLYDQ HW DO�� ����� &RUWHV� $OEHUV� 'HQGURX� )XJJHU� 	
0F9HDQ� ����� &URVV�'LVRUGHU *URXS RI WKH 3V\FKLDWULF *HQRPLFV &RQVRUWLXP HW DO��
����� 3LFNUHOO HW DO�� ������ DQG LW LQGLFDWHV WKDW GLIIHUHQW WUDLWV VKDUH FRPPRQ FDXVDO
SDWKZD\V �6RORYLHII� &RWVDSDV� /HH� 3XUFHOO� 	 6PROOHU� ������ 3OHLRWURS\ ZLWKLQ WKH
GLVHDVH FODVVLILFDWLRQ V\VWHP �&RUWHV HW DO�� ����� DQG LQ FHUWDLQ GLVHDVH FODVVHV�
VXFK DV LPPXQH�UHODWHG GLVHDVHV �(OOLQJKDXV HW DO�� ����� 3DUNHV� &RUWHV� +HHO� 	
%URZQ� ����� DQG FDQFHU �%LHQ 	 3HWHUV� ������ KDYH EHHQ VWXGLHG� EXW XQGHUVWDQG�
LQJ RI SOHLRWURS\ LQ DJH�UHODWHG GLVHDVHV �$5'� PRUH EURDGO\ LV OLPLWHG� -RKQVRQ HW DO�

https://drive.google.com/file/d/1j6AJfTOD9euHCdZTlhtWYn22M1KdaQ5A/view?usp=sharing
https://www.ebi.ac.uk/biostudies/studies/S-BSST377
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������ PDQXDOO\ FXUDWHG D OLVW RI �� DJHLQJ�UHODWHG ELRPDUNHUV DQG GLVHDVHV� FROOHFWHG
WKHLU JHQHWLF DVVRFLDWLRQV IURP SUHYLRXV VWXGLHV� DQG DVNHG LI WKH\ VKDUH FRPPRQDO�
LWLHV� $OWKRXJK WKH QXPEHU RI JHQHV LPSOLFDWHG LQ GLYHUVH WUDLWV ZDV ORZ� WKH\ IRXQG
WKDW WUDLWV VKDUHG FRPPRQ SDWKZD\V� VXFK DV 161 �L�H� QXWULHQW�VHQVLQJ QHWZRUN�
DQG SURWHRVWDVLV �-RKQVRQ HW DO�� ������ 2WKHU VWXGLHV DLPHG WR XQGHUVWDQG LI DJHLQJ
DQG DJH�UHODWHG GLVHDVHV VKDUH FRPPRQ JHQHV� 6SHFLILFDOO\ WHVWLQJ LI NQRZQ DJHLQJ�
UHODWHG JHQHV DQG WKHLU LQWHUDFWRUV DUH LPSOLFDWHG LQ ODWH�RQVHW GLVHDVHV� WKH\ VKRZHG
VLJQLILFDQW EXW OLPLWHG QXPEHU RI JHQHV �)HUQDQGHV HW DO�� ����� :DQJ� =KDQJ� :DQJ�
&KHQ� 	 =KDQJ� ������ 'HVSLWH WKH FKDOOHQJHV RI FRPELQLQJ GDWD IURP SXEOLVKHG VWXG�
LHV� WKHVH VWXGLHV SURYLGHG WKH ILUVW KLQWV WKDW DW OHDVW VRPH ODWH�RQVHW GLVHDVHV VKDUH
FRPPRQ SDWKZD\V �-RKQVRQ HW DO�� ������ DQG WKH\ DUH UHODWHG WR VRPH DJHLQJ�UHODWHG
JHQHV �)HUQDQGHV HW DO�� ������

*HQRPH�ZLGH JHUPOLQH YDULDWLRQV WKDW LQFUHDVH WKH ULVN RI GLVHDVHV LQ ROG DJH PD\
QRW EH SUXQHG E\ QDWXUDO VHOHFWLRQ� RU PD\ EH DVVRFLDWHG ZLWK EHQHILFLDO SKHQRW\SHV
HDUOLHU LQ OLIH� ,QGHHG� FRPSDULQJ JHQHWLF DVVRFLDWLRQV LQ WKH *:$6�&DWDORJ �%XQLHOOR
HW DO�� ������ 5RGUÕғJXH] HW DO� ������ IRXQG VXSSRUW IRU ERWK WKHRULHV�

����� 5HVHDUFK REMHFWLYHV

,Q WKLV FKDSWHU� , SUHVHQW WKH LQYHVWLJDWLRQ RI FDXVDO FRQQHFWLRQV EHWZHHQ GLIIHUHQW
$5'V E\ FOXVWHULQJ WKHP DFFRUGLQJ WR WKHLU DJH�RI�RQVHW� DQG GHWHUPLQLQJ ZKHWKHU
WKH UHVXOWLQJ FOXVWHUV VKDUH FRPPRQ JHQHWLF ULVN YDULDQWV� 7KH 8. %LREDQN �8.%%�
�%\FURIW HW DO�� ����� LQFOXGHV JHQHWLF DQG KHDOWK�UHODWHG GDWD IRU DOPRVW KDOI D PLO�
OLRQ SDUWLFLSDQWV� :H H[WUDFWHG DJH�RI�RQVHW SURILOHV IRU ��� GLVHDVHV DQG LGHQWLILHG
XQELDVHG FOXVWHUV WR GHILQH WKH UHODWLRQVKLS EHWZHHQ GLVHDVH LQFLGHQFH DQG DJH� :H
LGHQWLILHG YDULDQWV DVVRFLDWHG ZLWK HDFK GLVHDVH DQG FRPSDUHG WKH JHQHWLF DVVRFLD�
WLRQV EHWZHHQ GLVHDVHV EDVHG RQ WKH FOXVWHUV� ,Q SDUWLFXODU� ZH DLPHG WR DQVZHU WKH
IROORZLQJ TXHVWLRQV�

� 'R GLVHDVHV IROORZ VLPLODU DJH�RI�RQVHW SURILOHV"
� $UH GLVHDVHV ZLWK WKH VDPH DJH�RI�RQVHW SURILOH JHQHWLFDOO\ VLPLODU" &DQ WKLV
EH H[SODLQHG E\ FR�PRUELGLW\ DQG GLVHDVH FDXVH�HIIHFW UHODWLRQVKLSV� RU GRHV LW
VXJJHVW D FRPPRQ DHWLRORJ\"

� 'RHV WKH JHQHWLF FRPSRQHQW VKDUHG LQ ODWH�RQVHW GLVHDVHV RYHUODS ZLWK NQRZQ
DJHLQJ�UHODWHG JHQHV DQG SDWKZD\V"

� ,V WKH VKDUHG FRPSRQHQW GUXJJDEOH"
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� 'R YDULDQWV DVVRFLDWHG ZLWK GLIIHUHQW DJH�RI�RQVHW SURILOHV VXSSRUW HYROXWLRQDU\
WKHRULHV RI DJHLQJ"

��� 0HWKRGV

8. %LREDQN 'DWD

'DWD LV GRZQORDGHG XVLQJ EDVK DQG IROORZLQJ WKH JXLGHOLQHV SURYLGHG E\ WKH 8.
%LREDQN�

6DPSOH TXDOLW\ FRQWURO

$IWHU H[FOXGLQJ DOO VDPSOHV IURP LQGLYLGXDOV ZKR KDYH ZLWKGUDZQ WKHLU GDWD IURP 8.
%LREDQN� ZH ILUVW ILOWHUHG RXW DOO VDPSOHV ZLWKRXW JHQRW\SHV �1  �������� 7KHQ� ZH
XVHG WKH IROORZLQJ FULWHULD IRU WKH UHPDLQLQJ ������� VDPSOHV�

'LVFRUGDQW VH[� 'DWD LQFOXGHV WZR HQWULHV IRU VH[� �� VHOI�UHSRUWHG DQG �� JHQHWLF
VH[ GHWHUPLQHG XVLQJ WKH FDOO LQWHQVLWLHV RQ VH[ FKURPRVRPHV� 7KHUH DUH PXOWLSOH UHD�
VRQV ZK\ WKHVH WZR HQWULHVPD\ QRW FRUUHVSRQG� VXFK DV VDPSOHPLVKDQGOLQJ� HUURUV LQ
GDWD LQSXW� WUDQVJHQGHU LQGLYLGXDOV� DQG VH[ FKURPRVRPH DQHXSORLGLHV �$QGHUVRQ HW
DO�� ����� %\FURIW HW DO�� ������ 6LQFH ZH XVHG VH[ DV D FRYDULDWH LQ RXU *:$6 PRGHO�
ZH SUHIHUUHG WR EH FDXWLRXV DERXW WKLV LVVXH DQG H[FOXGHG DOO FDVHV ZKHUH WKH JHQHWLF
VH[ DQG VHOI�UHSRUWHG VH[ GR QRW FRUUHVSRQG DQG DOO FDVHV ZKHUH VH[ FKURPRVRPH
DQHXSORLG\ LV GHWHFWHG� 6SHFLILFDOO\� ZH XVHG WKH ILHOGV µ������¶ �6H[� DQG µ���������¶
�*HQHWLF VH[� WR FRPSLOH GLVFRUGDQW LQIRUPDWLRQ� 7KHUH ZHUH ��� VHOI�UHSRUWHG PDOHV
EHLQJ LGHQWLILHG DV IHPDOH E\ WKH JHQHWLFV� DQG ��� VHOI�UHSRUWHG IHPDOHV EHLQJ LGHQ�
WLILHG DV PDOHV E\ WKH JHQHWLFV� :H H[FOXGHG WKHVH ��� FDVHV� PDNLQJ RQO\ ������
RI WKH GDWD� 0RUHRYHU� ILHOG µ���������¶ �6H[ FKURPRVRPH DQHXSORLG\� LV XVHG WR H[�
FOXGH FDVHV ZLWK VH[ FKURPRVRPH DQHXSORLG\� 7KHUH ZHUH ��� FDVHV RI DQHXSORLG\�
PDNLQJ ������ RI DOO GDWD� ��� RI WKHVH FDVHV ������� RI DQHXSORLG\ FDVHV� DUH DOVR
GHWHFWHG DV GLVFRUGDQW LQIRUPDWLRQ LQ WKH ILUVW VWHS� 7KLV FRUUHVSRQGV WR ������ RI
GLVFRUGDQW VH[ FDVHV� 2YHUDOO� ZH LGHQWLILHG ��� VDPSOHV WR EH H[FOXGHG EDVHG RQ
WKLV FULWHULRQ�

*HQRW\SH FDOO UDWH 	 +HWHUR]\JRVLW\� )RU H[FOXVLRQV EDVHG RQ PLVVLQJQHVV DQG
KHWHUR]\JRVLW\ ZH RQO\ XVHG WKH VXJJHVWHG H[FOXVLRQV E\ 8. %LREDQN� 6SHFLILFDOO\�
ZH XVHG WKH ILHOG µ���������¶ �5HFRPPHQGHG JHQRPLF DQDO\VLV H[FOXVLRQV� DQG GH�
WHUPLQHG WKH FDVHV ZLWK µSRRU KHWHUR]\JRVLW\�PLVVLQJQHVV¶ �1  ����� :H QH[W XVHG



�� 7KH OLQN EHWZHHQ DJHLQJ DQG DJH�UHODWHG GLVHDVHV

WKH ILHOG µ���������¶ �*HQHWLF UHODWHGQHVV H[FOXVLRQV� DQG QRWHG GRZQ WKH FDVHV ZLWK
µ3DUWLFLSDQW VHOI�GHFODUHG DV KDYLQJ D PL[HG DQFHVWUDO EDFNJURXQG¶ �1  ����� DQG WKH
FDVHV ZLWK µ+LJK KHWHUR]\JRVLW\ UDWH �DIWHU FRUUHFWLQJ IRU DQFHVWU\� RU KLJKPLVVLQJ UDWH¶
�1  ����� /DVWO\� WKHUH ZHUH ��� FDVHV WKDW DUH VXJJHVWHG DV RXWOLHUV IRU KHWHUR]\�
JRVLW\ RU PLVVLQJ UDWH� ILHOG µ���������¶ �2XWOLHUV IRU KHWHUR]\JRVLW\ RU PLVVLQJ UDWH��
*HQRW\SHPLVVLQJQHVV DQG KHWHUR]\JRVLW\ DUH ZLGHO\ XVHG DV DPHDVXUH RI '1$ VDP�
SOH TXDOLW\� :H WKHQ FKHFNHG WKH VFDWWHU SORWV IRU ORJLW�0LVVLQJQHVV� YV� +HWHUR]\JRV�
LW\ IRU HDFK (WKQLF %DFNJURXQG� LQ DFFRUGDQFH ZLWK WKH LGHQWLILFDWLRQ RI VDPSOHV WR
H[FOXGH E\ WKH 8. %LREDQN �%\FURIW HW DO�� ����� �)LJXUH $����� /RJLW WUDQVIRUPDWLRQ LV
XVHG WR OLQHDUL]H VLJPRLGDO GLVWULEXWLRQ RI PLVVLQJQHVV� ,QYHVWLJDWLRQ RI KHWHUR]\JRV�
LW\ FDQ GHWHFW '1$ VDPSOH FRQWDPLQDWLRQ� LQEUHHGLQJ� RU PL[HG HWKQLFLW\ �$QGHUVRQ HW
DO�� ������ 7KLV TXDOLW\ FKHFN HQDEOHV VHHLQJ WKDW SHRSOH ZLWK D PL[HG HWKQLFLW\ WHQG
WR KDYH D KLJKHU KHWHUR]\JRVLW\� HYHQ DIWHU FRUUHFWLQJ IRU 3&V� :H FRQILUPHG WKHVH
DUH LQ DFFRUGDQFH ZLWK WKH RULJLQDO DUWLFOH DQG H[FOXGHG WKH VDPSOHV VXJJHVWHG E\ WKH
8. %LREDQN�

2YHUDOO� WKHUH ZHUH ����� VDPSOHV H[FOXGHG EDVHG RQ WKHVH WZR FULWHULD� 3OHDVH QRWH
WKDW WKH QXPEHUV SUHVHQWHG DERYH PD\ QRW DGG XS WR WKLV QXPEHU� 7KDW LV EHFDXVH
WKHUH ZHUH VRPH VDPSOHV H[FOXGHG EHFDXVH RI PXOWLSOH FULWHULD� 7KH SHUFHQW RYHUODS
DFURVV PXOWLSOH FULWHULD LV JLYHQ LQ )LJXUH $����

$IWHU WKH H[FOXVLRQV� ZH KDG ������� VDPSOHV�

3UHSDULQJ WKH WUDLW GDWD

8VLQJ WKH VDPSOHV WKDW SDVV WKH TXDOLW\ FRQWURO �1 ��������� ZH VXEVHW WKH GDWD VR
WKDW LW LQFOXGHV RQO\ WKH EDVHOLQH YLVLW� $SDUW IURP WKH GDWD WKDW LV DOUHDG\ DYDLODEOH LQ
8. %LREDQN� ZH FDOFXODWHG VRPH RWKHU YDOXHV�

�� %0,� 8VLQJ WKH FROXPQV IRU µ:HLJKW¶ DQG µ6WDQGLQJ KHLJKW¶ ZH FDOFXODWHG %0, DV�
:HLJKW � �6WDQGLQJ +HLJKW � ����ϵ�

�� 3DUHQW $JH DW 'HDWK � 0LQLPXP� 7KH \RXQJHVW DJH DW ZKLFK HLWKHU SDUHQW GLHG�
�� 3DUHQW $JH DW 'HDWK � 0D[LPXP� 7KH DJH RI GHDWK IRU WKH SDUHQW ZKR OLYHG

ORQJHVW�
�� 3DUHQW $JH DW 'HDWK � $YHUDJH� 7KH DYHUDJH DJH RI GHDWK IRU WKH WZR SDUHQWV�

,I QHLWKHU RI WKH SDUHQWV GLHG� RU LI WKH GDWD LV XQDYDLODEOH� WKHVH YDOXHV ����� DUH
VHW WR EH 1$� ,I RQO\ RQH SDUHQW GLHG� ZH XVH WKH FRUUHVSRQGLQJ DJH DV ERWK WKH
PLQLPXP� PD[LPXP� DQG DYHUDJH�
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�� 7KH QXPEHU RI VHOI�UHSRUWHG QRQ�FDQFHU GLVHDVHV� 7KH QXPEHU RI XQLTXH VHOI�
UHSRUWHG QRQ�FDQFHU LOOQHVVHV HDFK SDUWLFLSDQW UHFRUGHG LQ WKH EDVHOLQH UHFUXLW�
PHQW�

�� 7KH QXPEHU RI VHOI�UHSRUWHG FDQFHUV� 7KH QXPEHU RI XQLTXH VHOI�UHSRUWHG FDQ�
FHUV HDFK SDUWLFLSDQW UHFRUGHG LQ WKH EDVHOLQH UHFUXLWPHQW�

�� 6HOI�UHSRUWHG GLVHDVHV DIWHU WDNLQJ WKH GLVHDVH KLHUDUFK\ LQWR FRQVLGHUDWLRQ �3URS�
DJDWHG GLVHDVH GDWD�� 7KH VHOI�UHSRUWHG GLVHDVHV LQ 8. %LREDQN DUH QRW LQGH�
SHQGHQW� EXW UDWKHU DUH RUJDQLVHG LQ D KLHUDUFKLFDO PDQQHU� 8VLQJ WKH UHODWLRQ�
VKLS LQIRUPDWLRQ EHWZHHQ GLVHDVHV� ZH SURSDJDWH GLVHDVH�SDUWLFLSDQW DVVRFLD�
WLRQV� XSZDUGV� LQFOXGLQJ WHUPV KLJKHU XS WKH WUHH� )RU H[DPSOH� LI D SHUVRQ
UHSRUWV KDYLQJ ³HVVHQWLDO K\SHUWHQVLRQ´� ZH DOVR DQQRWDWH WKDW SHUVRQ ZLWK ³K\�
SHUWHQVLRQ´� DQG ³FDUGLRYDVFXODU GLVHDVH´�

�� $JH DW GLDJQRVLV IRU WKH VHOI�UHSRUWHG GLVHDVHV DIWHU WDNLQJ WKH GLVHDVH KLHUDUFK\
LQWR FRQVLGHUDWLRQ �3URSDJDWHG DJH DW GLDJQRVLV GDWD�� :H UH�GHILQHG DJH DW
GLDJQRVLV XVLQJ WKH PLQLPXP DJH DW GLDJQRVLV IRU DOO WKH GLVHDVHV WKDW DUH FKLOG
WHUP IRU D SDUWLFXODU GLVHDVH�

�� 7KH QXPEHU RI VHOI�UHSRUWHG QRQ�FDQFHU GLVHDVHV DIWHU WDNLQJ WKH GLVHDVH KL�
HUDUFK\ LQWR FRQVLGHUDWLRQ �3URSDJDWHG QXPEHU RI QRQ�FDQFHU GLVHDVHV�� 7KH
QXPEHU RI XQLTXH VHOI�UHSRUWHG GLVHDVHV HDFK SDUWLFLSDQW UHFRUGV DIWHU WDNLQJ
LQWR DFFRXQW WKH GDWD SURSDJDWLRQ�

��� $JH ZKHQ WKH ODVW GHFHDVHG SHUVRQ GLHG� :H FDOFXODWHG WKH DJH RI HDFK SHUVRQ
ZKHQ WKH ODVW GHDWK HQWU\ LQ WKH 8.%% KDSSHQHG� 7KLV YDOXH LV XVHG WR FDOFXODWH
WKH SURSRUWLRQ RI SHRSOH ZKR GLHG DW D FHUWDLQ DJH LQWHUYDO LQ )LJXUH ���F�

6HOHFWLQJ GLVHDVHV WR DQDO\VH

:H FDOFXODWHG WKH GLVHDVH RFFXUUHQFHV IRU DOO VHOI�UHSRUWHG GLVHDVHV LQ 8. %LREDQN�
6SHFLILFDOO\� DPRQJ WKH FRKRUW ZH ZLOO XVH� ZH FDOFXODWHG KRZ PDQ\ SDUWLFLSDQWV DQG
ZKDW SURSRUWLRQ RI PDOHV DQG IHPDOHV UHSRUWHG HDFK GLVHDVH� 6LQFH ZH DQDO\VH WKH
VDPH VHW RI 613V WKDW KDYH 0$)! ���� DFURVV PXOWLSOH GLVHDVHV� WR GHFUHDVH WKH
IDOVH SRVLWLYH UDWH LQ *:$6� ZH OLPLWHG WKH GLVHDVHV WR D VXEVHW ZLWK DW OHDVW �����
FDVHV �Q  ��� RXW RI ����� 0RUHRYHU� ZH RQO\ IRFXVHG RQ GLVHDVHV WKDW DUH FRPPRQ
DQG QRW VH[�VSHFLILF� L�H� ZH RQO\ FRQVLGHUHG GLVHDVHV WKDW DUH VHHQ LQ � LQ HYHU\ �����
PDOHV DQG IHPDOHV �Q  ��� RXW RI ����� 7KH LQWHUVHFWLRQ RI WKHVH WZR FRQGLWLRQV ZDV
��� GLVHDVHV DQG ZH H[FOXGHG DOO RWKHUV�

,Q WKLV VWXG\� ZH RQO\ DQDO\VHG VHOI�UHSRUWHG QRQ�FDQFHU GLVHDVHV �ILHOG µ�����¶� DQG
GLG QRW FRPELQH VHOI�UHSRUWHG FDQFHUV �ILHOG µ�����¶�� PDLQO\ EHFDXVH L� WKH QXPEHU



�� 7KH OLQN EHWZHHQ DJHLQJ DQG DJH�UHODWHG GLVHDVHV

RI FDVHV LV ORZ ������� FRPSDUHG WR ������� IRU RWKHU GLVHDVHV�� LL� FDQFHU LV WKRXJKW
DV D UHVXOW RI D FRPSOH[ LQWHUDFWLRQ EHWZHHQ JHUPOLQH DQG VRPDWLF PXWDWLRQV �.DQFKL
HW DO�� ����� .KXUDQD HW DO�� ������ ZKHUHDV WKH HYLGHQFH IRU WKH HIIHFW RI VRPDWLF PX�
WDWLRQV LQ RWKHU GLVHDVHV LV OLPLWHG WR UDUH DQG QHXURORJLFDO GLVRUGHUV �3RGXUL� (YURQ\�
&DL� 	 :DOVK� ����� =KDQJ 	 9LMJ� ������ LLL� WKH UHODWLRQVKLS EHWZHHQ FDQFHU DQG DJH�
LQJ LV FRPSOH[� H�J� ZKLOH WHORPHUH DWWULWLRQ DQG FHOOXODU VHQHVFHQFH� DUH WKRXJKW WR EH
HYROYHG DV D WXPRXU VXSSUHVVRU PHFKDQLVPV� DJHLQJ�UHODWHG FKDQJHV LQ HSLJHQRPLF
ODQGVFDSH DQG JHQRPLF LQVWDELOLW\ FRQWULEXWH FDQFHU RFFXUUHQFH �)LQNHO� 6HUUDQR� 	
%ODVFR� ������ 7KXV� DOWKRXJK D VLPLODU DQDO\VLV XVLQJ FDQFHUV ZRXOG EH LQWHUHVWLQJ�
ZH RQO\ IRFXVHG RQ QRQ�FDQFHU VHOI�UHSRUWHG GLVHDVHV LQ WKLV VWXG\�

'LVHDVH FR�RFFXUUHQFHV

7DEOH ��� &RQWLQJHQF\ WDEOH IRU GLVHDVH FR�RFFXUUHQFH FDOFXODWLRQV�

� 'LVHDVHB% 1RWB'LVHDVHB% 7RWDO

'LVHDVH $ 1DE 1DQE 7D
1RW 'LVHDVH $ 1QDE 1QDQE 7QD

5HODWLYH ULVN �55� VFRUH

5HODWLYH ULVN LV DQ HVWLPDWH RI KDYLQJ WKH GLVHDVH $� ZKHQ DOUHDG\ DIIHFWHG E\ GLVHDVH
%� 2YHUDOO LW PHDVXUHV LI GLVHDVH $ FR�RFFXUV ZLWK GLVHDVH % PRUH IUHTXHQWO\ WKDQ
H[SHFWHG LI WKHVH GLVHDVHV ZHUH LQGHSHQGHQW LQ WKH SRSXODWLRQ� ,W LV FDOFXODWHG DV D
IUDFWLRQ EHWZHHQ WKH QXPEHU RI SDWLHQWV GLDJQRVHG ZLWK ERWK GLVHDVHV DQG D UDQGRP
H[SHFWDWLRQ EDVHG RQ GLVHDVH SUHYDOHQFH �6DQFKH]�9DOOH HW DO�� ������ 0DWKHPDWL�
FDOO\ LW FDQ EH H[SUHVVHG DV IROORZV� XVLQJ WKH YDOXHV IURP 7DEOH ����
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ԅր֓֊֎րտ � ԃռսԉռ  ԅ։֊֏ր֓֊֎րտ � ԃ։ռսԉ։Ԑ
ԇԇ � ԅր֓֊֎րտԅ։֊֏ր֓֊֎րտ

ӸӾ � ԛԝԇԇ  ����ఈఇఇఇఆ ԉռ  ԃռսԃռսԉռ � ԉ։ռ  ԃ։ռսԃ։ռսԉ։ռ

�����

ᅿ YDOXH �3HDUVRQ FRUUHODWLRQ IRU ELQDU\ YDULDEOHV�

,W PHDVXUHV WKH UREXVWQHVV RI WKH DVVRFLDWLRQ EHWZHHQ GLVHDVHV EDVHG RQ FR�RFFXUUHQFHV
�*XWLpUUH]�6DFULVWiQ HW DO�� ������ 0DWKHPDWLFDOO\� LW FDQ EH H[SUHVVHG DV�

ᅿբգ � Ӹբգԃ  ԅբԅգఉԅբԅգ	ԃ  ԅբ
	ԃ  ԅգ
 �����ԃ � WKH WRWDO QXPEHU RI LQGLYLGXDOVԅբ� 3UHYDOHQFH RI GLVHDVH $Ӹբգ� 1XPEHU RI SDWLHQWV ZLWK ERWK GLVHDVHVᅿ UDQJHV EHWZHHQ �� DQG �� ZKHUH WKH VLJQ LQGLFDWHV WKH W\SH RI DVVRFLDWLRQ�

'LVHDVH DJH�RI�RQVHW

'LVHDVH GLVVLPLODULW\ PHDVXUH

7HPSRUDO FRUUHODWLRQ� ,Q RUGHU WR FDOFXODWH GLVVLPLODULWLHV DPRQJ GLVHDVHV� ZH XVH
&257 �&KRXDNULD 	 1DJDEKXVKDQ� ����� GLVWDQFH DV LQFOXGHG LQ 5 SDFNDJH 76FOXVW
�0RQWHUR 	 9LODU� ������ (XFOLGHDQ GLVWDQFH DQG G\QDPLF WLPH ZDUSLQJ �%HUQGW 	 &OLI�
IRUG� ����� DUH WKH WZR PRVW ZLGHO\ XVHG SUR[LPLW\ PHDVXUHV IRU WLPH VHULHV SUR[LPLW\�
+RZHYHU� WKH\ DUH ERWK FDOFXODWHG EDVHG RQ WKH FORVHQHVV RI WKH YDOXHV DQG GLVUHJDUG
WKH JURZWK EHKDYLRXU� &RUUHODWLRQ�EDVHG PHDVXUHV DUH DOVR XVHG WR FDOFXODWH WKH VLP�
LODULW\ EHWZHHQ WLPH VHULHV� +RZHYHU� 3HDUVRQ FRUUHODWLRQ RYHUHVWLPDWHV WKH VLPLODULW\
EHFDXVH RI WKH XQGHUO\LQJ WHPSRUDO GHSHQGHQF\ DQG 6SHDUPDQ FRUUHODWLRQ IDLOV WR
FRQVLGHU WKH JURZWK UDWH DV LW LV EDVHG RQ UDQNV� &KRXDNULD HW DO�� RQ WKH RWKHU KDQG�
VXJJHVWV D PHDVXUH WKDW DOVR FRQVLGHUV WKH SUR[LPLW\�EDVHG RQ JURZWK EHKDYLRXU�



�� 7KH OLQN EHWZHHQ DJHLQJ DQG DJH�UHODWHG GLVHDVHV

&257� 7HPSRUDO FRUUHODWLRQ EHWZHHQ WZR WLPH VHULHV REMHFWV 6� �X��X��«�XS� DQG
6� �Y��Y��«�YS� LV FDOFXODWHG DV IROORZV�

ӸԄԇԉ 	Ԉφ Ԉϵ
 � ௴φք�φ 	Ԥք�φ  Ԥք
	ԥք�φ  ԥք
ఊ௴φք�φ 	Ԥք�φ  Ԥք
ϵఊ௴φք�φ 	ԥք�φ  ԥք
ϵ �����

&257 UDQJHV EHWZHHQ �� DQG �� $ YDOXH RI &257  � LPSOLHV WKDW WZR WLPH VHULHV
LQFUHDVH RU GHFUHDVH VLPXOWDQHRXVO\ ZLWK WKH VDPH JURZWK UDWH� ZKHUHDV D YDOXH RI
�� VKRZV WKH VDPH JURZWK UDWH EXW LQ WKH RSSRVLWH GLUHFWLRQ� ,I WKH YDOXH LV �� LW PHDQV
WKHUH LV QR WHPSRUDO FRUUHODWLRQ EHWZHHQ WKH VHULHV�

'LVVLPLODULW\ ,QGH[� 7KH GLVVLPLODULW\ LQGH[ VXJJHVWHG E\ &KRXDNULD HW DO� LV FDOFX�
ODWHG EDVHG RQ DQ DXWRPDWLF DGDSWLYH WXQLQJ IXQFWLRQ DQG FRQVLGHUV VLPLODULW\ EDVHG
RQ ERWK YDOXHV DQG EHKDYLRXU� L�H� WKH VWUHQJWK RI PRQRWRQLFLW\ DQG FORVHQHVV RI WKH
JURZWK UDWHV DV FDOFXODWHG E\ &257PHDVXUH LQWURGXFHG LQ WKH SUHYLRXV VHFWLRQ� 7KH\
VXJJHVW D GLVVLPLODULW\ LQGH[ ' DV IROORZV�

ӹ	Ԉφ Ԉϵ
 � ԕ	ӸԄԇԉ 	Ԉφ Ԉϵ

�ᅮվ֊։֑	Ԉφ Ԉϵ
 �����

:KHUH ԕ	ԧ
 LV DQ H[SRQHQWLDO DGDSWLYH WXQLQJ IXQFWLRQ�
ԕ	ԧ
 � �� � Ԕԧԟ	Ԛԧ
 Ԛ ଯ � �����

$V N LQFUHDVHV� WKH FRQWULEXWLRQ RI EHKDYLRXU LQFUHDVHV� :H XVH N  � DQG DV D UHVXOW
EHKDYLRXU �&257� FRQWULEXWHV ����� WR ' DQG YDOXHV �ᅮվ֊։֑� FRQWULEXWH ������ )RUᅮվ֊։֑ ZH XVHG FRQYHQWLRQDO (XFOLGHDQ GLVWDQFH�
&OXVWHULQJ GLVHDVHV E\ DJH�RI�RQVHW

:HFOXVWHUHG GDWD XVLQJ µSDUWLWLRQ DURXQGPHGRLGV �3$0�¶ DOJRULWKP �.DXIPDQ	5RXVVHHXZ�
����� EDVHG RQ WKH GLVWDQFH PHDVXUH FDOFXODWHG XVLQJ WKH SUHYLRXV VWHS� 7KH DLP
RI WKLV DOJRULWKP LV WR PLQLPLVH WKH DYHUDJH GLVWDQFH �EDVHG RQ DQ\ GLVVLPLODULW\ PHD�
VXUH� EHWZHHQ WKH REMHFWV DQG WKHLU FORVHVW VHOHFWHG PHGRLG REMHFW� ,W ZRUNV YHU\
VLPLODUO\ WR N�PHDQV� H[FHSW LQVWHDG RI GHILQLQJ DUELWUDU\ SRLQWV DV WKH PHDQV� LW GH�
ILQHV PHGRLGV DPRQJ WKH REMHFWV� 7KXV� LW FDQ LQFRUSRUDWH DQ\ GLVWDQFH PHDVXUH
LQVWHDG RI MXVW XVLQJ WKH PHDQ GLVWDQFH EHWZHHQ SRLQWV �L�H�� HXFOLGHDQ GLVWDQFHV��
7KH DOJRULWKP ILUVW VHDUFKHV IRU N QXPEHU RI REMHFWV WKDW UHSUHVHQW WKH VWUXFWXUH RI WKH
GDWD �+HUH WKH QXPEHU N LV DVVXPHG WR EH NQRZQ D SULRUL EXW VHH WKH QH[W VHFWLRQ IRU
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WKH GHWHUPLQDWLRQ RI N�� $IWHU ILQGLQJ D VHW RI N PHGRLGV� N FOXVWHUV DUH FRQVWUXFWHG
E\ DVVLJQLQJ HDFK REVHUYDWLRQ WR WKH QHDUHVW PHGRLG� 2YHUDOO� WKH JRDO LV WR ILQG N
UHSUHVHQWDWLYH REMHFWV VXFK WKDW WKH VXP RI GLVVLPLODULWLHV RI WKH REVHUYDWLRQV WR WKHLU
FORVHVW UHSUHVHQWDWLYH LV DV VPDOO DV SRVVLEOH� $IWHU HDFK DVVLJQPHQW� PHGRLG DQG
QRQ�PHGRLG GDWD SRLQWV DUH VZDSSHG DQG D FRVW �VXP RI GLVWDQFHV RI SRLQWV WR WKH
QHZ PHGRLG� LV FDOFXODWHG� ,I WKH WRWDO FRVW RI FRQILJXUDWLRQ LV GHFUHDVHG� WKHQ WKH
QHZ FRQILJXUDWLRQ LV PDLQWDLQHG� RWKHUZLVH� LW LV UHYHUVHG� :H XVHG µSDP¶ IXQFWLRQ LQ
WKH µFOXVWHU¶ SDFNDJH �0DHFKOHU� 5RXVVHHXZ� 6WUX\I� +XEHUW� 	 +RUQLN� ����� LQ 5 WR
DSSO\ WKLV DOJRULWKP�

&KRRVLQJ WKH RSWLPXP QXPEHU RI FOXVWHUV

7KH FOXVWHULQJ DOJRULWKP ZH XVHG� 3$0� FOXVWHUV GDWD LQWR N FOXVWHUV� ZKLFK LV GHWHU�
PLQHG E\ WKH XVHU� 6R� HYHQ LI WKHUH LV QR UHDO VWUXFWXUH LQ GDWD� DV ZH LQFUHDVH WKH
QXPEHU RI FOXVWHUV� ZH FDQ JHW PRUH DQG PRUH FOXVWHUV� $ SRWHQWLDO ZD\ WR GHFLGH
RQ WKH QXPEHU RI FOXVWHUV LV XVLQJ WKH JDS VWDWLVWLF �7LEVKLUDQL� :DOWKHU� 	 +DVWLH�
������ 7KLV YDOXH LV FDOFXODWHG E\ FRPSDULQJ ORJDULWKP RI WKH ZLWKLQ�VXP�RI�VTXDUHV
DQG FRPSDULQJ LW WR DYHUDJHV IURP VLPXODWHG GDWD ZKHUH WKHUH LV QR VWUXFWXUH�

ԌԈԈֆ � ֆంև�φ ం֓Վ୮դՑ ԓϵ	ԧք ԧև
 �����

Ԛ� QXPEHU RI FOXVWHUVӸԛ� REMHFWV LQ WKH O�WK FOXVWHUԧ� WKH DYHUDJH SRLQW�
&DOFXODWLQJ RQO\ :66� KRZHYHU� LV QRW HQRXJK DV LW ZRXOG EH PLQLPLVHG ZKHQ HDFK
SRLQW KDV LWV RZQ FOXVWHU� 7KXV� ZH XVH WKH JDS VWDWLVWLF ZKLFK VXJJHVWV FDOFXODWLQJԛԞԖ	ԌԈԈֆ
 IRU D UDQJH RI YDOXHV RI N DQG FRPSDUH LW WR WKDW REWDLQHG E\ :66 FDOFX�
ODWHG EDVHG RQ VLPXODWHG GDWD� 6R� DIWHU :66 LV FDOFXODWHG IRU YDULRXV YDOXHV RI N�
WKH DOJRULWKP LQYROYHV JHQHUDWLQJ % �ZH FKRRVH % ������ UHIHUHQFH GDWDVHWV� XVLQJ
0RQWH &DUOR VDPSOLQJ IURP D KRPRJHQHRXV GLVWULEXWLRQ DQG UH�FDOFXODWH :66 IRU DOO
N YDOXHV� 8VLQJ WKHVH YDOXHV JDS�N� VWDWLVWLF LV FDOFXODWHG�ԖԐԟ	Ԛ
 � ԛֆ  ԛԞԖ	ԌԈԈֆ
ԛֆ � �ӷ գంս�φ ԛԞԖ	Ԍ ֆս
 �����
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,I WKH FOXVWHULQJ LV JRRG �:66 LV VPDOO� ZH H[SHFW ON WR EH KLJKHU WKDQ ԛԞԖ	ԌԈԈ
� 7KXV
JDS VWDWLVWLF LV PRVWO\ SRVLWLYH DQG ZH DUH LQWHUHVWHG LQ WKH KLJKHVW YDOXH� 7LEVKLUDQL
HW DO� ������ VXJJHVWV XVLQJ WKH VPDOOHVW N VXFK WKDW�

ԖԐԟ	Ԛ
 ଯ ԖԐԟ	Ԛ � �
  Ԣֆ�φ �����

ZKHUH

Ԣֆ�φ � Ԣԓֆ�φఋ� � �ӷԢԓϵֆ � �ӷ  � գంս�φ 	ԛԞԖ	Ԍ ֆս
  ԛֆ
ϵ �����

8VLQJ WKLV DSSURDFK� ZH GHWHUPLQHG N  ��

*HQRPH ZLGH DVVRFLDWLRQ VWXG\

3UHSDULQJ WKH ILOHV UHTXLUHG IRU *:$6

)L[LQJ )$0 ILOHV� ,Q 8. %LREDQN )$0 ILOHV� WKH FROXPQ IRU µSKHQRW\SH¶ LQFOXGHV EDWFK
WKDW LV FRGHG ZLWK FKDUDFWHUV� ,Q RUGHU WR XVH %2/7�/00 �/RK HW DO�� ������ ZH XS�
GDWHG DOO WKH HQWULHV LQ WKLV FROXPQ WR QXPHULF YDOXHV �/RK� ������

µ5HPRYH¶ ILOHV IRU %2/7�/00� %2/7�/00 DFFHSWV D OLVW RI LQGLYLGXDOV WR EH UHPRYHG
IURP WKH DQDO\VLV DV DQ LQSXW� 7KHVH ILOHV DUH FDOOHG µUHPRYH¶ ILOHV DQG DUH LQ WKH )$0
IRUPDW� :H SUHSDUHG WKHVH ILOHV IRU L� ZLWKGUDZQ VDPSOHV �Q  ���� LL� VDPSOHV WKDW
IDLOHG WKH TXDOLW\ FRQWURO �Q  ������� LLL� VDPSOHV WKDW KDYH LQIRUPDWLRQ LQ 3/,1. ILOHV
EXW ODFN %*(1 ILOHV �Q  �����

&DOFXODWLQJ WKH 613 VWDWLVWLFV� ,Q RUGHU WR DSSO\ D TXDOLW\ ILOWHU IRU 613V� XVLQJ
3/,1. �$QGHUVRQ HW DO�� ������ ZH FDOFXODWHG L� S�YDOXHV IRU HDFK 613 VKRZLQJZKHWKHU
LW GHYLDWHV IURP +DUG\�:HLQEHUJ HTXLOLEULXP� DQG LL� 0LQRU DOOHOH IUHTXHQFLHV �0$)��

613 4XDOLW\ &RQWURO� :H H[FOXGHG 613V WKDW GHYLDWH IURP +DUG\�:HLQEHUJ HTXLOLE�
ULXP �S � �H��� Q  �������� RU ZLWK D PLQRU DOOHOH IUHTXHQF\ �0$)� VPDOOHU WKDQ ����
�Q  ��������� ,Q WRWDO� ZH GLVFDUGHG ������� 613V �1RWH WKDW WKH QXPEHUV GR QRW
DGG XS DV WKHVH 613V FDQ RYHUODS��

3KHQRW\SH )LOH� :H FUHDWHG D SKHQRW\SH ILOH WKDW FDQ EH XVHG DV DQ LQSXW IRU %2/7�
/00� LQFOXGLQJ WKH IROORZLQJ ILHOGV� VH[� DJH ZKHQ DWWHQGHG DVVHVVPHQW FHQWUH� FDO�
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FXODWHG %0,� DVVHVVPHQW FHQWUH� HWKQLFLW\� EDWFK� ILUVW �� 3&V� DQG VHOI�UHSRUWHG GLV�
HDVHV �RQH FROXPQ SHU GLVHDVH��

*:$6 UXQ XVLQJ %2/7�/00

)RU HDFK GLVHDVH� ZH UXQ *:$6 VHSDUDWHO\ XVLQJ %2/7�/00 ZLWK WKH IROORZLQJ LQ�
SXWV�

� :H UHPRYH WKH VDPSOHV WKDW DUH LQ SOLQN ILOHV EXW QRZ LQ EJHQ� VDPSOHV WKDW GLG
QRW SDVV RXU 4&� VDPSOHV IURP WKH LQGLYLGXDOV ZKR KDYH ZLWKGUDZQ WKHLU GDWD
IURP WKH 8.%%

� :H H[FOXGHG WKH 613V WKDW GHYLDWH IURP +DUG\�:HLQEHUJ HTXLOLEULXP� DQG KDYH
PLQRU DOOHOH IUHTXHQF\ ORZHU WKDQ �����

� :H XVHG 6H[� $JH� %0,� DVVHVVPHQW FHQWUH� HWKQLFLW\� EDWFK� DQG WKH ILUVW ��
3&V DV FRYDULDWHV�

� 7R UXQ WKH PL[HG�PRGHO� D UHIHUHQFH /' VFRUH WDEOH LV UHTXLUHG� :H XVHG /'
VFRUHV JHQHUDWHG XVLQJ ����* (XURSHDQ�DQFHVWU\ VDPSOHV� ZKLFK LV SURYLGHG
ZLWK WKH %2/7�/00 GRZQORDG�

� *HQHWLF PDS IRU KJ�� ILOH SURYLGHG LQ WKH %2/7�/00 ZHEVLWH�
� :H VHW µEJHQ0LQ0$)¶ DUJXPHQW WR ��� DQG µEJHQ0LQ,1)2¶ SDUDPHWHU WR ���
WR RQO\ LQFOXGH 613V WKDW SDVV WKHVH FULWHULD�

*:$6 5HVXOWV

:H UHPRYHG 0+& UHJLRQ �FKU�� ���������� � ����������� IURP WKH DQDO\VLV DQG FRQ�
VLGHUHG SRVLWLRQV ZLWK D S�YDOXH ORZHU WKDQ �  ��΅ DV D VLJQLILFDQW DVVRFLDWLRQ�
&RGLQJ 9DULDQWV

:H XVHG 9DU0DS �6WHSKHQVRQ� /DVNRZVNL� 1LJKWLQJDOH� +XUOHV� 	 7KRUQWRQ� ����� WR
PDS YDULDQWV WR SURWHLQV DQG GRPDLQV� 9DU0DS SURYLGHV GHWDLOHG LQIRUPDWLRQ DERXW
FRGLQJ YDULDQWV� LQFOXGLQJ DQQRWDWLRQV IRU WKH PLVVHQVH� V\QRQ\PRXV� DQG QRQVHQVH
YDULDWLRQV� ,Q RXU DQDO\VLV� LI D YDULDQW LV QRW DQQRWDWHG DV D FRGLQJ YDULDQW LQ 9DU0DS
RXWSXW� ZH DVVXPHG LW LV QRQ�FRGLQJ�
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*HQHWLF VLPLODULWLHV EHWZHHQ GLVHDVHV

,Q RUGHU WR FDOFXODWH WKH RYHUODS EHWZHHQ GLVHDVHV ZH XVHG WKH QXPEHU RI 613V WKDW
DUH VLJQLILFDQWO\ DVVRFLDWHG ZLWK ERWK GLVHDVHV� EXW FRUUHFWHG E\ WKH QXPEHU WKDW LV
H[SHFWHG E\ FKDQFH� LI WZR GLVHDVHV DUH LQGHSHQGHQW�

ӼԔԝԔԣԘԒԈԘԜԘԛԐԡԘԣԨ � ԃվ֊ֈֈ֊։ԃտφ  ԃտϵ  ԃ֏֊֏ռև ������ԃվ֊ֈֈ֊։� 1XPEHU RI 613V LQ FRPPRQ�ԃտ֓� 1XPEHU RI 613V DVVRFLDWHG ZLWK GLVHDVH ;�ԃ֏֊֏ռև� 7RWDO QXPEHU RI 613V DQDO\VHG LQ WKH VWXG\�
7KH VWDWLVWLFDO VLJQLILFDQFH RI WKHVH JHQHWLF VLPLODULWLHV LV FDOFXODWHG XVLQJ ELQRPLDO
WHVW� DQG WKH VLPLODULW\ LV RQO\ FRQVLGHUHG IRU GRZQVWUHDP DQDO\VLV LI S� ����� 0RUH�
RYHU� WKH YDOXH LV RQO\ FDOFXODWHG LI WZR GLVHDVHV GR QRW KDYH DQ\ KLHUDUFKLFDO UHODWLRQ�
VKLSV LQ WKH GLVHDVH KLHUDUFK\�

,Q RUGHU WR DVVHVV WKH JHQHWLF VLPLODULW\ ZLWKLQ DJH�RI�RQVHW FOXVWHUV� ZH IXUWKHU XVHG
OLQHDU UHJUHVVLRQ WR FRUUHFW WKLV YDOXH E\ GLVHDVH FR�RFFXUUHQFHV �ULVN UDWLRV� DQG GLV�
HDVH FDWHJRULHV �ELQDU\ GDWD VKRZLQJ ZKHWKHU WZR GLVHDVHV DUH RI WKH VDPH FDWHJRU\��
7KH µFRUUHFWHG JHQHWLF VLPLODULW\¶ LV WKH UHVLGXDOV IURP WKLV OLQHDU PRGHO�

/' %ORFNV

,Q RUGHU WR DVVHVV WKH VLPLODULW\ EHWZHHQ GLIIHUHQW GLVHDVHV ZH XVH RYHUODSV DFURVV
VLJQLILFDQW DVVRFLDWLRQV DQG WKXV SUHIHUUHG QRW WR GR ILQH PDSSLQJ� +RZHYHU� D VLJ�
QLILFDQW FKDOOHQJH LV WKDW JHQRPLF YDULDWLRQV DUH QRW LQGHSHQGHQW EXW LQVWHDG OLQNHG LQ
WKH JHQRPH� 7R XQGHUVWDQG WKH HIIHFW RI OLQNDJH RU RYHUFRPH LW� ZH PDGH XVH RI OLQN�
DJH GLVHTXLOLEULXP EORFNV SUHYLRXVO\ GHILQHG IRU KXPDQ JHQRPH �%HULVD 	 3LFNUHOO�
������ :H UHSHDWHG WKH DQDO\VLV IRU JHQHWLF VLPLODULW\ DIWHU FROODSVLQJ DOO SRVLWLRQV
ZLWKLQ DQ /' EORFN DQG WKXV FUHDWLQJ LQGHSHQGHQW JHQRPLF ORFL �Q  ������� :H XVH
ELQDU\ LQIRUPDWLRQ IRU /' EORFNV� L�H� EORFNV ZLWK DW OHDVW RQH VLJQLILFDQW DVVRFLDWLRQ
DUH FRQVLGHUHG DV D KLW� DQG WKH UHVW DUH QRW�

$QDO\VLV RI FDXVDO UHODWLRQVKLSV EHWZHHQ GLVHDVHV

8VLQJ WKH /&9 PHWKRG GHYHORSHG E\ 2¶&RQQRU 	 3ULFH ������� ZH WHVWHG WKH FDXVDO
UHODWLRQVKLSV EHWZHHQ GLVHDVHV� :H XVHG WKH 5 IXQFWLRQV GHYHORSHG E\ WKH DXWKRUV
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DQG SURYLGHG RQ *LW+XE �JLWKXE�FRP�OXNHMRFRQQRU�/&9��� :H FDOFXODWHG WKH JHQHWLF
FDXVDOLW\ SURSRUWLRQ �*&3� EHWZHHQ HDFK GLVHDVH SDLU� LI WKH GLVHDVHV KDYH DW OHDVW
�� VLJQLILFDQW YDULDQWV DQG D VLJQLILFDQW KHULWDELOLW\ HVWLPDWH DV VXJJHVWHG E\ WKH GHYHO�
RSHUV �=K���� :H RQO\ FDOFXODWHG *&3 LI WKH GLVHDVHV DUH QRW YHUWLFDOO\ FRQQHFWHG RQ
WKH GLVHDVH KLHUDUFK\� )ROORZLQJ WKH FULWHULD DSSOLHG E\ WKH GHYHORSHUV� ZH FRQVLGHUHG
SDLUV ZLWK )'5 FRUUHFWHG S����� DQG PHDQ *&3!��� DV VLJQLILFDQW�

613 WR JHQH PDSSLQJ

:H PDS DOO 613V DQDO\VHG LQ *:$6 WR JHQHV EDVHG RQ SUR[LPLW\ DQG H47/ UHVXOWV�

8VLQJ SUR[LPLW\

8VLQJ 9DULDQW$QQRWDWLRQ �2EHQFKDLQ HW DO�� ������ *HQRPLF5DQJHV �/DZUHQFH HW DO��
������ DQG 7['E�+VDSLHQV�8&6&�KJ���NQRZQ*HQH �&DUOVRQ 	0DLQWDLQHU� ����� SDFN�
DJHV LQ 5� ZH PDSSHG WKH JHQRPLF FRRUGLQDWHV IRU HDFK 613 WR JHQHV� 6SHFLILFDOO\�
LI D JHQH LV ZLWKLQ WKH FRGLQJ UHJLRQ� LQWURQ� �¶ RU �¶ 875� RU �NE GRZQ� RU XS�VWUHDP
RI WKH WUDQVFULSWLRQ VWDUW VLWH� ZH DQQRWDWHG WKDW 613 WR WKH JHQH� $V D UHVXOW� ZH KDG
��������� 613�JHQH DVVRFLDWLRQV IRU ��������� 613V DQG ������ (QWUH] JHQH ,'V�
:H XVHG WKH (QVHPEO ELRPD5W �'XULQFN HW DO�� ����� SDFNDJH LQ 5 WR UHWULHYH +*1&
V\PEROV ��������� (QVHPEO *HQH ,'V ��������� DQG JHQH GHVFULSWLRQV IRU WKH (QWUH]
JHQH ,'V REWDLQHG IURP 7['E�+VDSLHQV�8&6&�KJ���NQRZQ*HQH GDWDEDVH�

8VLQJ *7([ H47/ GDWD

8VLQJ 613�JHQH DVVRFLDWLRQV EDVHG RQ*7([ Y� H47/ GDWD �DFFHVVHG RQ �����������
�*DPD]RQ HW DO�� ������ ZH DVVRFLDWHG 613V ZLWK WKH JHQHV WKH\ FRXOG SRWHQWLDOO\
UHJXODWH� :H JHQHUDWHG D FRPELQHG WLVVXH OLVW� ZKLFK DVVRFLDWHV 613 WR WKH JHQH LI
WKHUH LV DW OHDVW RQH WLVVXH LQ ZKLFK WKHUH LV D VLJQLILFDQW �S � �H��� DVVRFLDWLRQ� $V D
UHVXOW� WKHUH DUH ��������� XQLTXH 613V DVVRFLDWHG ZLWK ������ (QVHPEO *HQH ,'V�
:H XVHG WKH ELRPD5W �'XULQFN HW DO�� ����� SDFNDJH LQ 5 WR UHWULHYH +*1& 6\PEROV
��������� (QWUH] ,'V ��������� DQG JHQH GHVFULSWLRQV�

&RPSDULVRQ RI SUR[LPLW\ DQG H47/ EDVHG PDSSLQJ

,QVWHDG RI RQO\ IRFXVLQJ RQ GLVHDVH�DVVRFLDWHG 613V� ZH ILUVW PDSSHG DOO 613V WKDW
ZH DQDO\VHG WR GLVFRYHU LI WKHUH LV D ELDV IRU FHUWDLQ JHQHV �H�J� VRPH JHQHV FRXOG
KDYH PDQ\ PRUH 613V EHFDXVH WKH\ DUH ORQJHU� RU EHFDXVH WKH\ DUH DOUHDG\ DVVR�
FLDWHG ZLWK FHUWDLQ WUDLWV DQG WKH FKLS LV GHVLJQHG LQ WKDW ZD\�� 7KHUH ZHUH DV PXFK
DV ������ 613V PDSSHG WR RQH JHQH �&60'�� E\ SUR[LPLW\� ZKHUHDV WKHUH ZHUH ��
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613V SHU JHQH RQ DYHUDJH �PHGLDQ�� 7KH QXPEHU RI 613V SHU JHQH ZDV RQ DYHUDJH�
KLJKHU IRU WKH PDSSLQJV E\ H47/ �)LJXUH $���D�� 7KH PD[LPXP ZDV ���� 613V IRU
+/$�& JHQH DQG WKH PHGLDQ QXPEHU RI 613V SHU JHQH ZDV ���� +RZHYHU� ZH GLG
QRW FRQVLGHU 0+& UHJLRQ LQ RXU GRZQVWUHDP DQDO\VLV DQG WKXV WKLV UHJLRQ LV DOVR H[�
FOXGHG� 7KH FRUUHODWLRQ EHWZHHQ WKH QXPEHU RI 613V SHU JHQH ZDV ORZ �UKR  �����
)LJXUH $���E�� 6LQFH WKH SUR[LPLW\ EDVHG PDSSLQJ LV E\ GHILQLWLRQ GHSHQGHQW RQ WKH
JHQH OHQJWK� ZH DOVR WHVWHG LI WKHUH LV D VLJQLILFDQW FRUUHODWLRQ EHWZHHQ WKH QXPEHU
RI 613V SHU JHQH DQG JHQH OHQJWK� :KLOH WKH FRUUHODWLRQ LV ORZ IRU JHQH PDSSLQJV
E\ H47/ �6SHDUPDQ¶V FRUUHODWLRQ UKR  ����� S  �����H���� PDSSLQJV E\ SUR[LPLW\
VKRZ D KLJK FRUUHODWLRQ DV H[SHFWHG �6SHDUPDQ¶V FRUUHODWLRQ UKR  ����� S � ���H�����
7KLV DOVR H[SODLQV WKH ORZ FRUUHODWLRQ EHWZHHQ H47/ DQG SUR[LPLW\�EDVHG PDSSLQJV�
:H QH[W FKHFNHG WKH FRUUHODWLRQ EHWZHHQ WKH QXPEHU RI 613V SHU JHQH PDSSHG E\
SUR[LPLW\ EXW RQO\ WR SURPRWHU UHJLRQ� 7KH FRUUHODWLRQ EHWZHHQ WKH QXPEHU RI 613V
DQG JHQH OHQJWK GHFUHDVHG �UKR  ������ DQG WKH FRUUHODWLRQ ZLWK WKH QXPEHU RI 613V
E\ H47/ VOLJKWO\ LQFUHDVHG EXW ZDV VWLOO ORZ �UKR  ������ 2YHUDOO� ZH FRQFOXGHG WKDW
ERWK H47/ GDWD DQG SUR[LPLW\�EDVHG PDSSLQJ FRXOG FDSWXUH GLIIHUHQW LQIRUPDWLRQ DQG
GHFLGHG WR XVH ERWK IRU WKH GRZQVWUHDP DQDO\VHV�

*:$6 &DWDORJ DQDO\VLV

:HDFFHVVHG WKH*:$6&DWDORJ RQ ���������� DQG XVHG Y����� H�� GDWDVHW �%XQLHOOR
HW DO�� ������ :H H[FOXGHG DOO VWXGLHV ZKLFK XVHG 8. %LREDQN GDWDVHW �Q  ����
GDWD FRXUWHV\ RI *:$6 &DWDORJ WHDP�� 8VLQJ WKH DVVRFLDWLRQV ZLWK D S�YDOXH ORZHU
WKDQ �  ��΅� ZH FRPSLOHG VLJQLILFDQW DVVRFLDWLRQV EHWZHHQ 0$33('B*(1(V DQG
0$33('B75$,7V� :H XVH *:$6 FDWDORJ DQDO\VLV WR FKHFN LI RXU *:$6 KLWV DUH
VXSSRUWHG E\ SUHYLRXV VWXGLHV DQG DSSOLHG D )LVKHU WHVW EHWZHHQ DOO WUDLWV LQ *:$6
FDWDORJ DQG WKH GLVHDVHV LQ RXU VWXG\� S�YDOXHV DUH FRUUHFWHG IRU PXOWLSOH WHVWLQJ XVLQJ
)'5 FRUUHFWLRQ�

$QDO\VLV RI WKH UHOHYDQFH ZLWK DJHLQJ

:H GRZQORDGHG *HQ$JH KXPDQ� *HQ$JH PRGHO RUJDQLVP �7DFXWX HW DO�� ����� DQG
'UXJ$JH �%DUDUGR HW DO�� ����� GDWD RQ $XJ ��� ���� DQG &HOO$JH �$YHODU HW DO��
����� GDWD RQ 2FW ��� ���� �&HOO$JH GDWD LV NLQGO\ SURYLGHG E\ $YHODU HW DO��� :H
XVHG +*1& 6\PEROV IRU *HQ$JH DQG &HOO$JH JHQHV� ,Q RUGHU WR FRPSLOH JHQHV WKDW
DUH WDUJHWHG E\ WKH GUXJV LQ 'UXJ$JH GDWDEDVH� XVLQJ WKH GUXJ QDPHV LQ 'UXJ$JH
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GDWD� ZH ILUVW FRPSLOHG 3XE&KHP ,'V XVLQJ 3XE&KHP 5(67 $3, �.LP HW DO�� ������
8VLQJ 8QL&KHP �&KDPEHUV HW DO�� ������ ZH PDSSHG 3XE&KHP ,'V WR &K(0%/ ,'V
�*DXOWRQ HW DO�� ������ 1H[W� XVLQJ '*,GE �&RWWR HW DO�� ������ ZH FRPSLOHG WKH JHQHV
WDUJHWHG E\ WKHVH &K(0%/ ,'V� $V D UHVXOW� ZH KDG ��� JHQHV IURP *HQ$JH KXPDQ
GDWDEDVH� ��� JHQHV IURP *HQ$JH PRGHO RUJDQLVP GDWDEDVH� ��� JHQHV IURP &HO�
O$JH GDWDEDVH� DQG ��� JHQHV WDUJHWHG E\ 'UXJ$JH GUXJV� :H QH[W FDOFXODWHG WKH
RYHUODSV EHWZHHQ WKHVH GDWDEDVHV DQG WKH JHQHV DVVRFLDWHG ZLWK PXOWLSOH GLVHDVHV
RU PXOWLSOH FDWHJRULHV LQ GLIIHUHQW DJH�RI�RQVHW FOXVWHUV� 7R FDOFXODWH WKH H[SHFWHG YDO�
XHV DQG VWDWLVWLFDO VLJQLILFDQFH� ZH XVHG ������ SHUPXWDWLRQV FDOFXODWLQJ WKH RYHUODS
IRU WKH VDPH QXPEHU RI UDQGRP JHQHV DPRQJ JHQHV WKDW FDQ EH GHWHFWHG E\ *:$6�
7KHQ� DQ RGGV UDWLR LV FDOFXODWHG E\ GLYLGLQJ WKH REVHUYHG YDOXH WR WKH PHDQ RI H[�
SHFWHG YDOXHV�

)XQFWLRQDO (QULFKPHQW 7HVW

8VLQJ WKH JRVHT SDFNDJH LQ 5 �<RXQJ� :DNHILHOG� 6P\WK� 	 2VKODFN� ������ ZKLFK
WDNHV WKH JHQH OHQJWK ELDV LQWR DFFRXQW� ZH SHUIRUPHG D IXQFWLRQDO DQDO\VLV RI WKH
JHQHV DVVRFLDWHG ZLWK GLIIHUHQW DJH�RI�RQVHW FOXVWHUV� 8VLQJ *2 FDWHJRULHV ZLWK PRUH
WKDQ �� DQG OHVV WKDQ ��� DQQRWDWHG JHQHV� ZH DSSOLHG DQ HQULFKPHQW WHVW IRU WKH
*HQH 2QWRORJ\ �*2� �$VKEXUQHU HW DO�� ����� 7KH *HQH 2QWRORJ\ &RQVRUWLXP 	 7KH
*HQH 2QWRORJ\ &RQVRUWLXP� ����� %LRORJLFDO 3URFHVV �%3�� 0ROHFXODU )XQFWLRQ �0)��
DQG &HOOXODU &RPSDUWPHQW �&&� FDWHJRULHV� %< FRUUHFWLRQ �%HQMDPLQL 	 <HNXWLHOL�
����� LV DSSOLHG WR WKH S�YDOXHV IRU DOO WHVWV IRU DOO FOXVWHUV DQG � *2 &DWHJRULHV �%3�
0)� DQG &&� FRPELQHG� :H FRQVLGHUHG DVVRFLDWLRQV ZLWK D %<�FRUUHFWHG S�YDOXH
ORZHU WKDQ ���� DV VLJQLILFDQW� )RU WKH HDVH RI YLVXDOLVDWLRQ DQG FRPSUHKHQVLRQ ZH
VHOHFWHG UHSUHVHQWDWLYH FDWHJRULHV IRU VLJQLILFDQW DVVRFLDWLRQV DV IROORZV� )RU HDFK
FOXVWHU DQG *2 2QWRORJ\ �L�H� %3� 0)� &&� VHSDUDWHO\� L� -DFFDUG VLPLODULW\ LQGH[ �L�H�
QXPEHU RI JHQHV LQ FRPPRQ GLYLGHG E\ WKH QXPEHU RI XQLTXH JHQHV LQ HDFK FDWHJRU\
FRPELQHG� LV FDOFXODWHG EHWZHHQ DOO VLJQLILFDQWO\ DVVRFLDWHG *2 &DWHJRULHV� LL� -DF�
FDUG LQGLFHV DUH KLHUDUFKLFDOO\ FOXVWHUHG DQG FXW WR N QXPEHU RI JURXSV� ZKHUH N LV WKH
PLQLPXP QXPEHU RI FOXVWHUV ZKLFK HQVXUHV PHGLDQ -DFFDUG VLPLODULW\ ZLWKLQ D FOXVWHU
LV DERYH ���� LLL� 7KH FDWHJRU\ ZLWK WKH KLJKHVW DYHUDJH VLPLODULW\ WR RWKHU FDWHJRULHV
LQ WKH VDPH FOXVWHU LV DVVLJQHG DV WKH UHSUHVHQWDWLYH�



�� 7KH OLQN EHWZHHQ DJHLQJ DQG DJH�UHODWHG GLVHDVHV

'UXJ 5HSXUSRVLQJ

:H VHDUFKHG IRU WKH GUXJV WKDW VSHFLILFDOO\ WDUJHW PXOWLFDWHJRU\ JHQHV LQ FOXVWHU ��
FOXVWHU �� RU FOXVWHU � DQG �� 8VLQJ WKH )LVKHU¶V H[DFW WHVW� ZH FRPSLOHG WKH GUXJV
LQ '*,GE �&RWWR HW DO�� ����� VSHFLILFDOO\ WDUJHWV WKHVH JHQHV �S������ DQG GUXJV WKDW
WDUJHW RQO\ RQH JHQH LQ RQH RI WKHVH FOXVWHU� 7KH LQWHUDFWLRQ GDWD LV FRPSLOHG IURP
'*,GE� DQG WKH QDPHV RI WKH GUXJV DUH REWDLQHG IURP &K(0%/ 5(67 $3, �*DXOWRQ
HW DO�� ������

(YROXWLRQDU\ $QDO\VLV

,Q RUGHU WR WHVW WKH PXWDWLRQ DFFXPXODWLRQ DQG DQWDJRQLVWLF SOHLRWURS\ WKHRULHV RI DJH�
LQJ ZH XVHG WKH ULVN DOOHOH IUHTXHQFLHV LQ 8. %LREDQN DQG ���� *HQRPHV VXSHU�
SRSXODWLRQV ����� *HQRPHV 3URMHFW &RQVRUWLXP HW DO�� ������ 5LVN DOOHOH LV DQ DOOHOH
WKDW VKRZV SRVLWLYH DVVRFLDWLRQ ZLWK D GLVHDVH� 6LQFH WKH 613V DUH QRW LQGHSHQGHQW
DQG KDYH VLPLODU DOOHOH IUHTXHQFLHV LQ D JLYHQ /' EORFN� ZH DQDO\VHG /' EORFNV LQ�
VWHDG RI LQGLYLGXDO 613V DQG XVHG WKH PHGLDQ ULVN DOOHOH IUHTXHQF\ IRU D JLYHQ /'
EORFN� :H XVHG RQO\ WKH ELDOOHOLF 613V IRU WKLV DQDO\VLV� $OOHOH IUHTXHQFLHV IRU 8.
%LREDQN DUH FDOFXODWHG XVLQJ %2/7�/00 DQG WKH DOOHOH IUHTXHQFLHV IRU ���� *HQRPH
VXSHU�SRSXODWLRQV DUH REWDLQHG IURP WKH YFI ILOH SURYLGHG RQ WKH ����*HQRPHV SURMHFW
ZHEVLWH� 7R WHVW WKH DQWDJRQLVWLF SOHLRWURS\ H[FHVV� ZH FDOFXODWHG WKH SURSRUWLRQ RI
DQWDJRQLVWLF YV� DJRQLVW 613V ZLWKLQ WKH VDPH YV� GLIIHUHQW DJH�RI�RQVHW FOXVWHUV XV�
LQJ )LVKHU¶V H[DFW WHVW� :H FRQVLGHUHG SOHLRWURSLF 613V DV DJRQLVW LI WKH ULVN DOOHOH
IRU WZR RU PRUH GLVHDVHV DUH WKH VDPH� DQG DQWDJRQLVW LI WKH ULVN DOOHOHV DUH RSSRVLWH�
:H RQO\ WHVWHG WKH ULVN DOOHOH IUHTXHQF\ GLIIHUHQFHV EHWZHHQ FOXVWHU � DQG FOXVWHU ��
$OVR� ZH H[FOXGHG DQ\ 613V WKDW DUH DQWDJRQLVWLF ZLWKLQ DQ DJH�RI�RQVHW FOXVWHU DQG
DJRQLVW EHWZHHQ FOXVWHUV�

��� ([SORUDWRU\ DQDO\VLV RI WKH 8.%% IRU DJHLQJ DQG
DJH�UHODWHG GLVHDVH UHVHDUFK

,Q WKLV VWXG\� ZH XVHG VHOI�UHSRUWHG GLVHDVHV DQG DJH�DW�GLDJQRVHV LQ WKH 8.%% �%\�
FURIW HW DO�� ������ 8VLQJ WKH VDPSOHV WKDW SDVV TXDOLW\ FRQWURO �Q  ��������� ZH ILUVW



��� ([SORUDWRU\ DQDO\VLV RI WKH 8.%% IRU DJHLQJ DQG DJH�UHODWHG GLVHDVH UHVHDUFK��

SHUIRUPHG DQ H[SORUDWRU\ DQDO\VLV XVLQJ WKH EDVLF GHPRJUDSKLFV� GLVHDVH GDWD� DQG
DJHLQJ�UHODWHG GDWD ILHOGV�

7KHUH ZHUH PRUH IHPDOHV �Q �������� WKDQ PDOHV �Q  �������� �)LJXUH ���D�� 7KH
DJH UDQJH RI SDUWLFLSDQWV GXULQJ WKH ILUVW YLVLW ZDV EHWZHHQ �� �PLQLPXP DJH RI PDOHV
 ��� IHPDOHV  ��� WR �� �PD[LPXP DJH RI PDOHV  ��� IHPDOHV  ��� ZLWK D PHGLDQ
YDOXH RI �� �PHGLDQ DJH RI PDOHV  ��� IHPDOHV  ��� �)LJXUH ���E�� 7KHUH ZHUH
������ SDUWLFLSDQWV ZKR GLHG DIWHU SDUWLFLSDWLQJ LQ WKH VWXG\ DQG WKH GHDWK UDWH ZDV
KLJKHU LQ PDOHV �)LJXUH ���F�� $V H[SHFWHG� KHLJKW� ZHLJKW� DQG %0, DOVR GLIIHUHG LQ
IHPDOHV DQG PDOHV �)LJXUH ���G�I��

3DUWLFLSDQWV ZHUH DOVR DVNHG KRZ WKH\ UDWH WKHLU KHDOWK� KRZ VDWLVILHG WKH\ DUH ZLWK
WKHLU KHDOWK� VPRNLQJ VWDWXV� DOFRKRO GULQNHU VWDWXV� LI RWKHU SHRSOH JHQHUDOO\ VD\ WKH\
ORRN L� \RXQJHU WKDQ WKH\ DUH� LL� DERXW WKHLU DJH� RU LLL� ROGHU WKDQ WKH\ DUH� DQG LI WKH\
KDG D FORVH UHODWLYH ZKR KDG QRQ�DFFLGHQWDO VXGGHQ GHDWK� 2YHUDOO� PRUH SHRSOH
UDWHG WKHLU KHDOWK KLJK DQG ZHUH KDSS\ ZLWK WKHLU KHDOWK �)LJXUH $���D�E�� 0RVW RI WKH
8.%% SDUWLFLSDQWV HLWKHU QHYHU VPRNHG RU ZHUH SUHYLRXV VPRNHUV �)LJXUH $���F� DQG
DUH FXUUHQW DOFRKRO GULQNHUV �)LJXUH $���G�� 0RVW RI WKH SDUWLFLSDQWV DOVR UHSRUWHG WKDW
SHRSOH JHQHUDOO\ WKLQN WKH\ DUH HLWKHU \RXQJHU WKDQ WKHLU DJH RU DERXW WKH VDPH DJH
�)LJXUH $���H�� 0RVW RI WKH SDUWLFLSDQWV GLG QRW KDYH DQ\ FORVH UHODWLYHV ZKR GLHG
VXGGHQO\ IURP QRQ�DFFLGHQWDO FDXVHV �)LJXUH $���I��



�� 7KH OLQN EHWZHHQ DJHLQJ DQG DJH�UHODWHG GLVHDVHV

)LJXUH ��� 3DUWLFLSDQW GDWD LQ WKH 8.%% DIWHU TXDOLW\ FRQWURO VWHSV� D� 7KH QXPEHU RI IHPDOH
DQG PDOH SDUWLFLSDQWV� E� $JH GLVWULEXWLRQ ZKHQ SDUWLFLSDQWV ILUVW DWWHQGHG WKH 8.%% DVVHVV�
PHQW FHQWUH DQG DQVZHUHG VHOI�UHSRUWHG TXHVWLRQV� F� $JH DW GHDWK �HYHU\ � \HDUV DUH ELQQHG
WRJHWKHU� IRU WKH SDUWLFLSDQWV ZKR GLHG DIWHU DWWHQGLQJ WKH 8.%% DVVHVVPHQW FHQWUH� 7KH
YDOXHV DUH FRUUHFWHG IRU WKH QXPEHU RI IHPDOH DQG PDOH SDUWLFLSDQWV ZKR SDVVHG WKH DJHV
VSHFLILHG LQ WKH \�D[LV� G� 'LVWULEXWLRQ RI ¶VWDQGLQJ KHLJKW¶ ILHOG LQ WKH 8.%%� H� 'LVWULEXWLRQ RI
¶ZHLJKW¶ ILHOG LQ WKH 8.%%� I� 'LVWULEXWLRQ RI %0, ILHOG FDOFXODWHG XVLQJ ¶VWDQGLQJ KHLJKW¶ DQG
¶ZHLJKW¶ ILHOGV LQ WKH 8.%%�

:H DOVR FKHFNHG WKH GLVWULEXWLRQ RI RWKHU DJHLQJ�UHODWHG ILHOGV� QDPHO\ SDUHQWV¶ DJH
DW GHDWK� DJH DW PHQDUFKH� DQG DJH DW PHQRSDXVH� 7KHUH ZHUH ������� SDUWLFLSDQWV
ZKRVH DW OHDVW RQH SDUHQW LV GHDG� 7KH GLVWULEXWLRQ RI DJH DW GHDWK IRU SDUHQWV ZDV
ZLGH ��� WR ����� EXW WKH PDMRULW\ RI WKH GDWD �EHWZHHQ WKH ILUVW DQG WKLUG TXDQWLOHV� OLH
EHWZHHQ �� DQG ���� �DYHUDJH DJH DW GHDWK� �)LJXUH $���D�� 7KH DJH DW PHQDUFKH
GLIIHUHG EHWZHHQ � DQG ��� ZLWK D PHGLDQ RI �� �)LJXUH $���E�� 7KH DJH DW PHQRSDXVH
GLIIHUHG EHWZHHQ �� DQG ��� ZLWK D PHGLDQ RI �� �)LJXUH $���F��

7KH QXPEHU RI VHOI�UHSRUWHG RSHUDWLRQV UDQJHG EHWZHHQ � WR ��� ZLWK D PHGLDQ RI �
DQG WKH QXPEHU RI VHOI�UHSRUWHG PHGLFDWLRQV UDQJHG EHWZHHQ � WR ��� ZLWK D PHGLDQ



��� ([SORUDWRU\ DQDO\VLV RI WKH 8.%% IRU DJHLQJ DQG DJH�UHODWHG GLVHDVH UHVHDUFK��

RI � �)LJXUH $���D�� $PRQJ ������ SDUWLFLSDQWV ZLWK FDQFHU� PRVW RI WKHP KDG RQO\
RQH FDQFHU� ZKLOH WKHUH ZDV DOVR D SDUWLFLSDQW ZLWK � FDQFHUV �)LJXUH $���E��

)LJXUH ��� 3DLUZLVH FRUUHODWLRQV EHWZHHQ WUDLWV� (DFK URZ DQG FROXPQ VKRZ D WUDLW LQ WKH
8.%%� DQG WKH FRORXU VKRZV WKH SDLUZLVH 6SHDUPDQ FRUUHODWLRQ FRHIILFLHQWV EHWZHHQ WUDLWV�
'DUN UHG GHQRWHV D VWURQJ SRVLWLYH FRUUHODWLRQ� ZKLOH GDUNHU EOXH LQGLFDWHV VWURQJ QHJDWLYH
YDOXHV� 7UDLWV DUH RUGHUHG EDVHG RQ WKH KLHUDUFKLFDO FOXVWHULQJ RI WKH FRUUHODWLRQ FRHIILFLHQWV�

:H WKHQ FKHFNHG WKH FRUUHODWLRQV EHWZHHQ WKHVH WUDLWV �)LJXUH ����� $V H[SHFWHG� DJH
ZKHQ DWWHQGHG DVVHVVPHQW FHQWUH ZDV YHU\ VWURQJO\ FRUUHODWHG ZLWK DJH DW GHDWK� ,W
DOVR VKRZHG D FRUUHODWLRQ ZLWK SDUHQWDO DJH DW GHDWK� WKH QXPEHU RI QRQ�FDQFHU GLV�
HDVHV� DQG WKH QXPEHU RI PHGLFDWLRQV WDNHQ� µ2YHUDOO KHDOWK UDWLQJ¶ DQG µKHDOWK VDW�



�� 7KH OLQN EHWZHHQ DJHLQJ DQG DJH�UHODWHG GLVHDVHV

LVIDFWLRQ¶ ZHUH DOVR FRUUHODWHG ZLWK WKH QXPEHU RI GLVHDVHV DQG PHGLFDWLRQV� 0RUH�
RYHU� WKHVH YDOXHV DOVR VKRZ D FRUUHODWLRQ WR %0, DQG ZHLJKW� :KLOH µVH[¶ DQG µVWDQG�
LQJ KHLJKW¶ DUH FRUUHODWHG ZLWK µZHLJKW¶� WKH\ DUH QRW FRUUHODWHG ZLWK µ%0,¶ DQG µRYHUDOO
KHDOWK UDWLQJ¶ ZKLFK DUH ERWK FRUUHODWHG ZLWK µZHLJKW¶� %0, LV DOVR FRUUHODWHG ZLWK µQXP�
EHU RI PHGLFDWLRQV WDNHQ¶�

��� 6HOI�UHSRUWHG GLVHDVHV LQ WKH 8.%%

7KH 8.%% LQFOXGHV GLVHDVH LQIRUPDWLRQ IURP WZR VRXUFHV� L� GLVHDVH ,&'���� FRGHV
EDVHG RQ KRVSLWDO HSLVRGH VWDWLVWLFV �+(6� DQG LL� WKH VHOI�UHSRUWHG �65� GLVHDVHV� :H
DQDO\VHG WKH 65 GLVHDVHV DV WKH SDUWLFLSDQWV DOVR LQIRUP WKH DJH DW GLDJQRVLV� $QG
VLQFH WKH\ UHSRUW WKH GLVHDVHV WKH\ KDG DW HDUOLHU DJHV DV ZHOO� WKLV GDWD LV OHVV ELDVHG
E\ WKH DJH GLVWULEXWLRQ RI WKH 8.%% SDUWLFLSDQWV� 0RUHRYHU� D SUHYLRXV VWXG\ XVLQJ WKH
8.%% VXJJHVWHG WKDW *:$6 XVLQJ VHOI�UHSRUWHG GLVHDVHV DQG ,&'��� FRGHV ZHUH
VXIILFLHQWO\ VLPLODU �&RUWHV� 'HQGURX� )XJJHU� 	 0F9HDQ� ������

)LJXUH ��� 'LVHDVH KLHUDUFK\ IRU WKH ��� GLVHDVHV LQFOXGHG LQ WKH DQDO\VLV� 7KH QRGHV DUH
FRORXUHG E\ WKH GLVHDVH FDWHJRULHV DV LQGLFDWHG LQ WKH OHJHQG�

/LNH ,&'�� FRGHV� WKH 8.%% 65 'LVHDVHV DUH GHILQHG LQ D KLHUDUFKLFDO VWUXFWXUH �)LJ�
XUH ����� 7KLV WUHH LV FRQVWUXFWHG E\ WKH 8.%% QXUVHV DQG LW PRVWO\ UHIOHFWV WKH V\VWHP
RU WKH WLVVXH WKDW GLVHDVH LV PRVW V\PSWRPDWLF LQ� 3DUWLFLSDQWV HQWHU 65 GLVHDVH GDWD
ZLWK D WUDLQHG QXUVH� ZKR JXLGHV WKHP� +RZHYHU� ZH REVHUYHG WKDW VRPH SDUWLFLSDQWV
GLG QRW FRQVLGHU WKH GLVHDVH KLHUDUFK\ ZKLOH VRPH GLG� )RU H[DPSOH� VRPH SDWLHQWV
KDYLQJ µHVVHQWLDO K\SHUWHQVLRQ¶ DOVR UHSRUWHG KDYLQJ µK\SHUWHQVLRQ¶ ZKLFK LV WKH SDU�
HQW QRGH� ZKLOH VRPH GLG QRW� ,Q RUGHU QRW WR ELDV GDWD� ZH SURSDJDWHG GLVHDVH GDWD
WRZDUGV XSSHU OHYHOV� VR WKDW D SDUWLFLSDQW ZLWK D GLVHDVH DW D ORZHU OHYHO LV DOZD\V
DQQRWDWHG ZLWK WKH FRQQHFWHG QRGHV DW XSSHU OHYHOV�

,PSRUWDQWO\� ZH RQO\ FRQVLGHUHG ��� QRQ�FDQFHU GLVHDVHV ZLWK DW OHDVW ����� FDVHV
DQG WKDW DUH QRW VH[�VSHFLILF� $OWKRXJK ZH H[FOXGH VLQJOH�VH[ GLVHDVHV� ZH LQFOXGHG



��� 'LVHDVH FR�RFFXUUHQFHV ��

WKH RQHV WKDW DUH PRUH SUHYDOHQW LQ IHPDOHV �WK\URLG SUREOHP� K\SRWK\URLGLVP� ERQH
GLVRUGHU� RVWHRSRURVLV� RU LQ PDOHV �DEGRPLQDO KHUQLD� JRXW� KHDUW DWWDFN� �)LJXUH �����

)LJXUH ���6H[�VWUDWLILHG VWDWLVWLFV IRU ��� VHOHFWHG GLVHDVHV� �D� 7KH GLVWULEXWLRQ RI WKH QXPEHU
RI VHOI�UHSRUWHG GLVHDVHV �\�D[LV� VWUDWLILHG E\ VH[ �[�D[LV�� �E� 7KH GLVWULEXWLRQ RI GLVHDVH
SUHYDOHQFH LQ PDOHV DQG IHPDOHV� 7KH [� DQG \�D[HV VKRZ WKH QXPEHU RI FDVHV LQ �����
PDOHV DQG IHPDOHV �LQ ORJ VFDOH�� UHVSHFWLYHO\� 7KH FRORXU RI HDFK SRLQW GHQRWHV LI D GLVHDVH
KDV D KLJKHU SUHYDOHQFH LQ IHPDOHV �URV\ EURZQ� DERYH WKH GDVKHG OLQH� RU PDOHV �VODWH JUH\�
EHORZ WKH GDVKHG OLQH�� 7KH OLQHDU UHJUHVVLRQ OLQH LV GHSLFWHG DV EOXH� 'LVHDVHV KDYLQJ D
UHVLGXDO YDOXH ELJJHU WKDQ � VWDQGDUG GHYLDWLRQV DUH ODEHOHG EXW QRW H[FOXGHG DV WKH\ DUH DOVR
FRPPRQ LQ WKH RWKHU VH[�

��� 'LVHDVH FR�RFFXUUHQFHV

:H QH[W FDOFXODWHG GLVHDVH FR�RFFXUUHQFHV� XVLQJ UHODWLYH ULVN VFRUH WR FDOFXODWH DV�
VRFLDWLRQV DQG ᅿ YDOXHV DV D PHDVXUH RI UREXVWQHVV �*XWLpUUH]�6DFULVWiQ HW DO�� �����
-LDQJ� 0D� 6KLD� 	 /HH� ����� 3DUN� /HH� &KULVWDNLV� 	 %DUDEiVL� ����� 6DQFKH]�9DOOH
HW DO�� ������



�� 7KH OLQN EHWZHHQ DJHLQJ DQG DJH�UHODWHG GLVHDVHV

)LJXUH ���'LVHDVH DVVRFLDWLRQ PDWUL[ VXPPDUL]LQJ UHODWLYH ULVN VFRUHV DQG FRUUHODWLRQV� (DFK
URZ DQG FROXPQ GHQRWH GLVHDVHV� RUGHUHG E\ KLHUDUFKLFDO FOXVWHULQJ RI ULVN VFRUHV� 7KH FRORXU
LV GHILQHG E\ UHODWLYH ULVN VFRUHV ZKLOH WKH VL]H LV GHWHUPLQHG E\ Ҁ YDOXH� LQGLFDWLQJ WKH UREXVW�
QHVV� 7KH GLDJRQDO WLOHV DUH FRORXUHG E\ WKH 8.%%¶V GLVHDVH KLHUDUFK\ WR YLVXDOLVH LI GLVHDVHV
IURP WKH VDPH FDWHJRU\ FOXVWHU WRJHWKHU� $VVRFLDWLRQV IRU WKH �� GLVHDVHV WKDW KDYH DW OHDVW
RQH UHODWLYH ULVN UDWLR KLJKHU WKDQ IRXU RU ORZHU WKDQ PLQXV IRXU �]ԛԞԖϵԇԇ] ମ �� DUH SORWWHG�
7KHUH ZHUH ILYH PDMRU FOXVWHUV ZLWK KLJK UHODWLYH ULVN VFRUHV DQG UREXVWQHVV DQG WKH\
VHHPLQJO\ FOXVWHU E\ GLVHDVH FDWHJRULHV� L� PXVFXORVNHOHWDO�WUDXPD GLVHDVHV DQG
HDUO\�RQVHW JDVWURLQWHVWLQDO GLVHDVHV VXFK DV DSSHQGLFLWLV� LL� RWKHU PXVFXORVNHOH�



��� $JH�RI�RQVHW FOXVWHUV ��

WDO�WUDXPD GLVHDVHV VXFK DV VFLDWLFD DQG GLVF SUREOHPV� LLL� UHVSLUDWRU\�(17 GLVHDVHV
VXFK DV EURQFKLWLV DQG SQHXPRQLD� LY� FDUGLRYDVFXODU GLVHDVHV DQG GLDEHWHV� Y� UHWLQDO
SUREOHP� JODXFRPD� DQG FDWDUDFW �)LJXUH ����� :KLOH PRVW RI WKHVH FOXVWHUV DUH ELRORJ�
LFDOO\ SODXVLEOH� VRPH FRXOG EH H[SODLQHG E\ UHSRUWLQJ ELDV� H�J� ERQH IUDFWXUHV DQG
DSSHQGLFLWLV� 0RUHRYHU� ZH VDZ D VWURQJ QHJDWLYH FRUUHODWLRQ EHWZHHQ RVWHRDUWKUL�
WLV DQG DUWKULWLV �QRV�� 7KH GLVHDVH µDUWKULWLV �QRV�¶ GRHV QRW LQFOXGH RVWHRDUWKULWLV E\
GHILQLWLRQ �QRV  QRW RVWHRDUWKULWLV� DQG VHHLQJ WKLV DVVRFLDWLRQ VXJJHVWV WKDW ZH FDQ
GHWHFW FR�RFFXUUHQFHV UHOLDEO\�

��� $JH�RI�RQVHW FOXVWHUV

,Q RUGHU WR FKDUDFWHULVH GLVHDVHV EDVHG RQ WKHLU DJH�UHOHYDQFH� ZH XVHG DJH DW GLDJ�
QRVLV DV D SUR[\ WR GLVHDVH RQVHW DQG GHULYHG GLVHDVH DJH�RI�RQVHW SURILOHV �)LJXUH
$����$����� 2Q DYHUDJH� FDUGLRYDVFXODU DQG HQGRFULQH GLVHDVHV KDG D KLJK PHGLDQ
DJH�RI�RQVHW� ZKLOH LQIHFWLRQV KDG WKH ORZHVW �)LJXUH �����

)LJXUH ���'LVWULEXWLRQ RI PHGLDQ DJH�RI�RQVHW �\�D[LV� DFURVV FDWHJRULHV �[�D[LV�� 3RLQWV VKRZ
GLVHDVHV� JURXSHG E\ WKH FDWHJRULHV �LQGLYLGXDO ER[SORWV�� &DWHJRULHV DUH RUGHUHG E\ WKH
PHGLDQ YDOXH RI WKH PHGLDQ DJH�RI�RQVHW�

:H WKHQ FOXVWHUHG GLVHDVHV LQWR � FOXVWHUV �WKH RSWLPXP QXPEHU GHWHUPLQHG E\ JDS
VWDWLVWLF� XVLQJ WKH 3$0 DOJRULWKP DQG GLVHDVH GLVVLPLODULWLHV FDOFXODWHG XVLQJ &257
�WHPSRUDO FRUUHODWLRQ PHDVXUH� GLVWDQFH �&KRXDNULD 	 1DJDEKXVKDQ� ����� �)LJXUH
���� 6XSSOHPHQWDU\ 7DEOH 6���



�� 7KH OLQN EHWZHHQ DJHLQJ DQG DJH�UHODWHG GLVHDVHV

)LJXUH ��� $JH�RI�RQVHW SURILOHV FOXVWHUHG E\ WKH 3$0 DOJRULWKP� XVLQJ GLVVLPLODULWLHV FDOFX�
ODWHG XVLQJ �&257�� 7KH \�D[LV VKRZV WKH QXPEHU RI LQGLYLGXDOV ZKR DUH GLDJQRVHG ZLWK WKH
GLVHDVH DW D FHUWDLQ DJH� GLYLGHG E\ WKH WRWDO QXPEHU RI SHRSOH KDYLQJ WKDW GLVHDVH� 9DOXHV
DUH FDOFXODWHG XVLQJ WKH PHGLDQ YDOXHV IRU ��� SHUPXWDWLRQV RI ������ SHRSOH LQ WKH 8.%%�
7KH [�D[LV VKRZV WKH DJH�RI�RQVHW LQ \HDUV� (DFK OLQH VKRZV RQH GLVHDVH DQG LV FRORXUHG E\
GLVHDVH FDWHJRULHV� 7KH KHDWPDS RQ WKH ULJKW XSSHU FRUQHU VKRZV WKH SHUFHQW RYHUODS EH�
WZHHQ FDWHJRULHV DQG FOXVWHUV� 1XPEHUV JLYH WKH � RI DQ DJH�RI�RQVHW FOXVWHU EHORQJLQJ WR
HDFK FDWHJRU\�

&OXVWHU � GLVHDVHV �Q  ��� VKRZHG D UDSLG LQFUHDVH ZLWK DJH DIWHU WKH DJH RI ���
�� ZHUH FDUGLRYDVFXODU GLVHDVHV� EXW WKLV FOXVWHU DOVR LQFOXGHG RWKHU GLVHDVHV VXFK
DV GLDEHWHV� RVWHRSRURVLV� DQG FDWDUDFW� &OXVWHU � �Q  ��� GLVHDVHV VWDUWHG WR LQ�
FUHDVH LQ WKH SRSXODWLRQ DW DQ HDUOLHU DJH RI ��� EXW KDG D VORZHU UDWH RI LQFUHDVH ZLWK
DJH� GLVHDVHV LQ WKLV FOXVWHU ZHUH WKH PRVW GLYHUVH� LQFOXGLQJ �� PXVFXORVNHOHWDO� ��
JDVWURLQWHVWLQDO GLVHDVHV� DV ZHOO DV RWKHUV VXFK DV DQDHPLD� '97� WK\URLG SUREOHPV�
GHSUHVVLRQ� &OXVWHU � GLVHDVHV �Q  ��� VKRZHG D ORZ DJH GHSHQGHQF\ ZLWK D PRVWO\
XQLIRUP GLVWULEXWLRQ DFURVV DJHV� EXW ZLWK VOLJKW LQFUHDVHV DURXQG WKH DJHV RI �� DQG
�� \HDUV� 7KLV FDWHJRU\ LQFOXGHG VLPLODU QXPEHUV RI LPPXQRORJLFDO� QHXURORJLFDO�
PXVFXORVNHOHWDO� JDVWURLQWHVWLQDO DQG UHVSLUDWRU\ GLVHDVHV EXW DOO KDYH DQ µLPPXQH¶
FRPSRQHQW HYHQ LI QRW FODVVLILHG LQ WKLV ZD\ E\ WKH 8.%% �H�J�� LQIODPPDWRU\ ERZHO
GLVHDVH �JDVWURLQWHVWLQDO�� DVWKPD �UHVSLUDWRU\�� SVRULDVLV �GHUPDWRORJ\��� &OXVWHU � �Q



��� *HQHWLF VLPLODULWLHV EHWZHHQ GLVHDVHV ��

 ��� KDG D SHDN DW DURXQG ���� \HDUV RI DJH DQG LQFOXGHG UHVSLUDWRU\ GLVHDVHV �Q  
�� DQG LQIHFWLRQV �Q  ��� 1RWDEO\� DOO LQIHFWLRXV GLVHDVHV ZHUH LQ WKLV FOXVWHU�

��� *HQHWLF VLPLODULWLHV EHWZHHQ GLVHDVHV

8VLQJ OLQHDU PL[HG PRGHOV LPSOHPHQWHG LQ %2/7�/00 �/RK HW DO�� ������ ZH SHU�
IRUPHG *:$6 RQ HDFK GLVHDVH VHSDUDWHO\ DQG LQFOXGHG DSSUR[LPDWHO\ �� PLOOLRQ
FRPPRQ YDULDQWV WKDW SDVV TXDOLW\ FRQWURO� &RQVLGHULQJ DVVRFLDWLRQV ZLWK WKH OLWHU�
DWXUH VWDQGDUG S�YDOXH ORZHU WKDQ �  ��΅ DV VLJQLILFDQW �3DQDJLRWRX� ,RDQQLGLV� 	
*HQRPH�:LGH 6LJQLILFDQFH 3URMHFW� ����� 3H¶HU� <HOHQVN\� $OWVKXOHU� 	 'DO\� ������
ZH QH[W TXDQWLILHG WKH DVVRFLDWLRQV IRU HDFK GLVHDVH� FDWHJRU\� DQG DJH�RI�RQVHW FOXV�
WHU �)LJXUH ����� 7KH PDMRU KLVWRFRPSDWLELOLW\ FRPSOH[ �0+&� UHJLRQ LV H[FOXGHG IURP
DOO DQDO\VHV� DV LQ WKH OLWHUDWXUH� EHFDXVH RI LWV XQXVXDOO\ KLJK HIIHFW VL]HV DQG /' SDW�
WHUQV �FKU�� ���������� � ����������� �%XOLN�6XOOLYDQ HW DO�� ����� ³0+& UHJLRQ RI WKH
KXPDQ JHQRPH � JHQRPH UHIHUHQFH FRQVRUWLXP�´ Q�G��� 2XW RI ��� GLVHDVHV� �� KDG
QR VLJQLILFDQW DVVRFLDWLRQ DQG WKH WRWDO QXPEHU RI SRO\PRUSKLF UHJLRQV ZLWK DW OHDVW
RQH VLJQLILFDQW DVVRFLDWLRQ ZDV ������� 7KH PD[LPXP QXPEHU RI VLJQLILFDQW DVVRFL�
DWLRQV ZDV ������ �K\SHUWHQVLRQ� DQG WKH PHGLDQ DQG PHDQ ZHUH ���� DQG �������
UHVSHFWLYHO\� :H DOVR FKHFNHG LI GLVHDVHV IURP GLIIHUHQW DJH�RI�RQVHW FOXVWHUV YDU\
LQ WKH QXPEHU RI DVVRFLDWLRQV� &OXVWHU � KDG DOPRVW QR VLJQLILFDQW DVVRFLDWLRQV �WKH
GLVHDVH ZLWK WKH PD[LPXP QXPEHU RI DVVRFLDWLRQV KDG RQO\ � VLJQLILFDQW YDULDQWV��
$OWKRXJK FOXVWHU � KDG WKH KLJKHVW QXPEHU RI VLJQLILFDQW DVVRFLDWLRQV RQ DYHUDJH� WKH
YDOXHV DFURVV FOXVWHUV �� �� DQG � ZHUH QRW VLJQLILFDQWO\ GLIIHUHQW �)LJXUH ���E�� 0RUH�
RYHU� HQGRFULQH� LPPXQRORJLFDO� FDUGLRYDVFXODU GLVHDVHV KDG WKH KLJKHVW QXPEHU RI
DVVRFLDWLRQV DQG LQIHFWLRQV KDG WKH ORZHVW �)LJXUH ���F�� 2QO\ �� RI WKH VLJQLILFDQW
SRO\PRUSKLVPV �Q ���� ZHUH LQ FRGLQJ UHJLRQV� DQG RI WKHVH ��� �Q ���� ZHUH PLV�
VHQVH DQG RQO\ �� �Q ��� ZHUH QRQVHQVH� :H IXUWKHU IRXQG WKDW ��� RI VLJQLILFDQW
YDULDQWV �Q ������� ZHUH DVVRFLDWHG ZLWK PXOWLSOH GLVHDVHV� EXW RQO\ a�� ZHUH DVVR�
FLDWHG ZLWK PXOWLSOH GLVHDVHV IURP GLIIHUHQW FDWHJRULHV �Q ������ DQG DJDLQ a�� ZLWK
GLIIHUHQW DJH�RI�RQVHW FOXVWHUV �Q ������ �)LJXUH $�����



�� 7KH OLQN EHWZHHQ DJHLQJ DQG DJH�UHODWHG GLVHDVHV

)LJXUH ��� �D� 1XPEHU RI GLVHDVHV IRU GLIIHUHQW QXPEHU RI VLJQLILFDQW YDULDQWV �S��H���� 'LV�
HDVHV ZLWK WKH KLJKHVW QXPEHU RI DVVRFLDWLRQV �1�������� DUH JLYHQ DV DQ LQVHW WDEOH� �E�
&RPSDULVRQ RI WKH QXPEHU RI VLJQLILFDQW DVVRFLDWLRQV �\�D[LV� LQ ORJ VFDOH� DFURVV DJH�RI�RQVHW
FOXVWHUV �[�D[LV� �$129$ DIWHU H[FOXGLQJ FOXVWHU �� S  ������ 6LQFH WKH \�D[LV LV LQ ORJ VFDOH�
GLVHDVHV ZLWK ]HUR VLJQLILFDQW DVVRFLDWLRQV DUH QRW VKRZQ RQ WKH JUDSK� �F� 7KH VDPH DV �E�
EXW IRU GLVHDVH FDWHJRULHV� &DWHJRULHV DUH RUGHUHG E\ WKH PHGLDQ QXPEHU RI VLJQLILFDQW 613V�



��� *HQHWLF VLPLODULWLHV EHWZHHQ GLVHDVHV ��

)LJXUH ��� �D� 1HWZRUN UHSUHVHQWDWLRQ RI WKH JHQHWLF VLPLODULWLHV� 1RGHV �Q ��� VKRZ GLVHDVHV
ZLWK DW OHDVW RQH VLJQLILFDQW JHQHWLF VLPLODULW\ DQG DUH FRORXUHG E\ WKH DJH�RI�RQVHW FOXVWHU�
(GJHV �Q ���� DUH ZHLJKWHG E\ WKH JHQHWLF VLPLODULW\ FRUUHFWHG E\ GLVHDVH FDWHJRULHV DQG
FR�RFFXUUHQFHV� �E� 7KH GLIIHUHQFH EHWZHHQ JHQHWLF VLPLODULW\ ZLWKLQ DQG DFURVV WKH DJH�RI�
RQVHW FOXVWHUV� 7KH \�D[LV VKRZV JHQHWLF VLPLODULW\ FRUUHFWHG E\ FDWHJRU\ DQG FR�RFFXUUHQFH
RQ WKH ORJ� VFDOH DQG [�D[LV JURXSV VLPLODULWLHV LQWR GLIIHUHQW RU VDPH DJH�RI�RQVHW FOXVWHUV� F�
1HWZRUN UHSUHVHQWDWLRQ RI WKH FDXVH DQG HIIHFW UHODWLRQVKLSV EHWZHHQ GLVHDVHV� (DFK QRGH
�Q ��� VKRZV D GLVHDVH� FRORXUHG E\ WKH DJH�RI�RQVHW FOXVWHU� 6L]H RI WKH QRGHV UHSUHVHQW
WKH QXPEHU RI VLJQLILFDQW FDXVDO UHODWLRQVKLSV� $UURZV VKRZ WKH FDXVH DQG HIIHFW UHODWLRQVKLS
EHWZHHQ SDLUV ZLWK )'5 FRUUHFWHG S����� DQG *&3!���� 7KH LQVHW EDU SORW VKRZV WKH SHU�
FHQW VLJQLILFDQW FDXVDO UHODWLRQVKLSV �\�D[LV� EHWZHHQ GLVHDVH � �[�D[LV� DQG GLVHDVH � �EDUV
FRORXUHG E\ WKH DJH�RI�RQVHW��



�� 7KH OLQN EHWZHHQ DJHLQJ DQG DJH�UHODWHG GLVHDVHV

:H QH[W VRXJKW WR FKDUDFWHULVH WKH JHQHWLF VLPLODULWLHV EHWZHHQ GLVHDVHV XVLQJ D VFRUH
WKDW VKRZV WKH H[FHVV RI RYHUODSSLQJ DVVRFLDWLRQV EHWZHHQ GLVHDVHV� JLYHQ WKH QXP�
EHU RI VLJQLILFDQW DVVRFLDWLRQV IRU HDFK GLVHDVH� ,PSRUWDQWO\� ZH FDOFXODWHG JHQHWLF
VLPLODULWLHV EHWZHHQ �� GLVHDVHV WKDW KDYH DW OHDVW RQH VLJQLILFDQW DVVRFLDWLRQ� H[�
FOXGLQJ WKH SDLUV WKDW DUH YHUWLFDOO\ FRQQHFWHG �L�H� DQFHVWRUV WR FKLOG� LQ WKH GLVHDVH
KLHUDUFK\ �H�J� HVVHQWLDO K\SHUWHQVLRQ DQG K\SHUWHQVLRQ�� :H IRXQG �� VLJQLILFDQW
RYHUODSV DQG GLVHDVHV ZLWK VLPLODU DJH�RI�RQVHW SURILOHV VKRZHG D KLJKHU JHQHWLF VLP�
LODULW\� HYHQ ZKHQ FRQWUROOHG IRU GLVHDVH FDWHJRULHV DQG FR�RFFXUUHQFHV �)�WHVW S  
���� [ ����� )LJXUH ���D�E�$����� 0RUHRYHU� WKLV WUHQG ZDV UHSURGXFLEOH ZKHQ HDFK
FOXVWHU ZDV DQDO\VHG VHSDUDWHO\ �)LJXUH $����� :H UHSHDWHG WKH DQDO\VLV XVLQJ �����
SUHYLRXVO\ GHILQHG /' EORFNV �%HULVD 	 3LFNUHOO� ����� LQVWHDG RI WDNLQJ DOO 613V DV
LQGHSHQGHQW� DQG IRXQG VLJQLILFDQW VLPLODULW\ RQO\ EHWZHHQ GLVHDVHV RI WKH VDPH DJH�
RI�RQVHW FOXVWHU �)LJXUH $����� ,PSRUWDQWO\ WKH GLVHDVH FDWHJRULHV �S ����� DQG FR�
RFFXUUHQFHV �S ����� GLG QRW H[SODLQ WKH VLPLODULW\�

��� &DXVH�HIIHFW UHODWLRQVKLSV EHWZHHQ GLVHDVHV

8VLQJ D UHFHQW PHWKRGRORJ\ GHYHORSHG E\ 2¶&RQQRU 	 3ULFH ������� ZH WHVWHG IRU
SDUWLDO RU IXOO\ FDXVDO UHODWLRQVKLS EHWZHHQ GLVHDVHV� ,Q SDUWLFXODU� WKH PHWKRG LGHQ�
WLILHV LI D ODWHQW FDXVDO YDULDEOH �/&9� PHGLDWHV WKH JHQHWLF FRUUHODWLRQ EHWZHHQ GLV�
HDVHV� 8VLQJ D JHQHWLF FDXVDOLW\ SURSRUWLRQ� LW DVVLJQV D FDXVDO UHODWLRQVKLS LI RQH RI
WKH GLVHDVHV LV PRUH VWURQJO\ FRUUHODWHG ZLWK WKH /&9� 7KH DXWKRUV UHSRUW WKDW� XQOLNH
PHQGHOLDQ UDQGRPLVDWLRQ� WKLV PHWKRG FDQ GLVWLQJXLVK EHWZHHQ WKH FRUUHODWLRQ GXH
WR FRPPRQ DHWLRORJ\ DQG FDXVDWLRQ� :H WHVWHG IRU SRWHQWLDO FDXVDWLRQ EHWZHHQ ��
GLVHDVHV� H[FOXGLQJ WKH RQHV ZLWK OHVV WKDQ �� VLJQLILFDQW JHQHWLF YDULDQWV DQG ORZ
KHULWDELOLW\ HVWLPDWHV �ԏփ � �� �2¶&RQQRU 	 3ULFH� ������ $OVR� VLPLODU WR JHQHWLF VLP�
LODULWLHV� ZH GLG QRW FDOFXODWH WKH FDXVDWLRQ EHWZHHQ GLVHDVHV WKDW DUH YHUWLFDOO\ FRQ�
QHFWHG LQ WKH GLVHDVH KLHUDUFK\� )ROORZLQJ WKH VDPH VLJQLILFDQFH FULWHULD SURSRVHG LQ
WKH PHWKRGV DUWLFOH �)'5 FRUUHFWHG S����� DQGPHDQӼӸԅ � ��� � L�H� JHQHWLF FDXVDO�
LW\ SURSRUWLRQ�� ZH IRXQG VLJQLILFDQW HYLGHQFH IRU IXOO\ RU SDUWLDO JHQHWLF FDXVDOLW\ LQ ��
GLVHDVH SDLUV EHWZHHQ �� GLVHDVHV �)LJXUH ���F� 6XSSOHPHQWDU\ 7DEOH 6��� '97� YH�
QRXV WKURPERHPEROLF GLVHDVH� DQG SXOPRQDU\ HPEROLVP KDG WKH KLJKHVW QXPEHU RI
RXW GHJUHHV� PHDQLQJ WKH\ ZHUH IRXQG DV FDXVDO IRU PXOWLSOH GLVHDVHV� LQFOXGLQJ DOO �
DJH�RI�RQVHW FOXVWHUV DQG � GLIIHUHQW GLVHDVH FDWHJRULHV� *DVWUR�RHVRSKDJHDO UHIOX[
�*25'��JDVWULF UHIOX[ DQG RHVRSKDJHDO GLVRUGHU� RQ WKH RWKHU KDQG� KDG WKH KLJK�



��� .QRZQ DJHLQJ�UHODWHG JHQHV DQG JHQHV DVVRFLDWHG ZLWK GLIIHUHQW DJH�RI�RQVHW
FOXVWHUV ��

HVW QXPEHU RI LQ GHJUHHV� PHDQLQJ WKHUH DUH PXOWLSOH GLVHDVHV GHWHFWHG DV FDXVDO� $
OLNHO\ H[SODQDWLRQ LV WKDW WKHUH DUH PXOWLSOH W\SHV RI GUXJV� XVHG IRU GLIIHUHQW FRQGLWLRQV�
WKDW DUH DVVRFLDWHG ZLWK LQFUHDVHG ULVN RU H[DFHUEDWHG V\PSWRPV RI *25' �0XQJDQ
	 3ÕQDUEDúÕ ùLPúHN� ������ 7KHVH FDXVDO GLVHDVHV VSDQQHG � GLVHDVH FDWHJRULHV
DQG DJH�RI�RQVHW FOXVWHUV � DQG ��

8VLQJ )LVKHU¶V H[DFW WHVW� ZH DOVR WHVWHG LI WKH FDXVDO UHODWLRQVKLSV ZHUH PRUH FRP�
PRQ EHWZHHQ GLVHDVHV LQ FHUWDLQ DJH�RI�RQVHW FOXVWHUV EXW GLG QRW ILQG DQ\ VLJQLILFDQW
GLIIHUHQFH �)'5 FRUUHFWHG S!��� IRU DOO FRPSDULVRQV� LQVHW EDU SORW LQ )LJXUH ���F��
7KXV� ZH FRQFOXGHG WKDW DOWKRXJK WKHUH DUH VRPH FDXVDO OLQNV� WKH KLJK JHQHWLF VLPL�
ODULW\ ZLWKLQ FOXVWHUV �)LJXUH ���D�E� FDQQRW EH H[SODLQHG E\ FDXVDWLRQ EXW PRUH OLNHO\
WR LQFOXGH FRPPRQ DHWLRORJLHV�

��� .QRZQ DJHLQJ�UHODWHG JHQHV DQG JHQHV DVVRFLDWHG
ZLWK GLIIHUHQW DJH�RI�RQVHW FOXVWHUV

:H QH[W PDSSHG DOO YDULDQWV WR JHQHV EDVHG RQ SUR[LPLW\ RU NQRZQ H47/V XVLQJ WKH
*7([ GDWD �*DPD]RQ HW DO�� ������ 7R DVVHVV WKH UHSURGXFLELOLW\ RI WKH JHQHV LGHQWL�
ILHG IURP WKLV VWXG\� ZH FRPSDUHG WKH VLJQLILFDQW KLWV ZH IRXQG ZLWK DOO WKRVH UHSRUWHG
LQ WKH *:$6 &DWDORJ� :H YHULILHG WKDW PRVW RI WKH GLVHDVHV KDG VLJQLILFDQW RYHU�
ODSV ZLWK WKH VDPH RU DVVRFLDWHG WUDLWV LQ WKH *:$6�&DWDORJ �H�J� RVWHRSRURVLV DQG
ERQH GHQVLW\�� FRQILUPLQJ RXU UHVXOWV DUH UHSURGXFLEOH ZLWK LQGHSHQGHQW GDWD �6XSSOH�
PHQWDU\ 7DEOH 6��� :H QH[W FRPSLOHG WKH JHQHV DVVRFLDWHG ZLWK PXOWLSOH GLVHDVHV
DQG PXOWLSOH FDWHJRULHV DQG JURXSHG WKHP EDVHG RQ WKH DJH�RI�RQVHW FOXVWHU RI WKH
DVVRFLDWHG GLVHDVHV �6XSSOHPHQWDU\ 7DEOH 6��� ,Q SDUWLFXODU ZH FUHDWHG WZR VHWV RI
JHQHV� µPXOWLGLVHDVH¶ DQG µPXOWLFDWHJRU\¶� IRU FOXVWHUV �� �� DQG �� :H H[FOXGH FOXVWHU
� IURP GRZQVWUHDP DQDO\VLV� EHFDXVH WKH QXPEHU RI YDULDQWV VLJQLILFDQWO\ DVVRFLDWHG
ZLWK WKLV FOXVWHU ZDV ORZ �Q � DVVRFLDWHG ZLWK � GLVHDVHV�� PDSSLQJ WR RQO\ � JHQHV
�=3%3�� 13&�/��� :H DOVR FRPSLOHG JHQHV DVVRFLDWHG ZLWK PXOWLSOH GLVHDVHV RU
FDWHJRULHV LQ FRPELQDWLRQV RI GLIIHUHQW DJH�RI�RQVHW FOXVWHUV� ,PSRUWDQWO\� JHQHV DV�
VRFLDWHG ZLWK PXOWLSOH FOXVWHUV DUH QRW LQ WKH JHQH VHWV IRU LQGLYLGXDO FOXVWHUV DV WKH\
RQO\ LQFOXGH JHQHV VSHFLILF WR WKRVH FOXVWHUV� H�J� FOXVWHU �� FOXVWHU � DQG FOXVWHU � 	
� VHWV DOO LQFOXGH PXWXDOO\ H[FOXVLYH VHWV�



�� 7KH OLQN EHWZHHQ DJHLQJ DQG DJH�UHODWHG GLVHDVHV

)LJXUH ���� D� 2YHUODS EHWZHHQ NQRZQ DJHLQJ�UHODWHG JHQHV LQ GDWDEDVHV DQG JHQHV DV�
VRFLDWHG ZLWK GLVHDVHV LQ GLIIHUHQW FOXVWHUV� [�D[LV VKRZV ORJ� HQULFKPHQW VFRUH� DQG \�D[LV
VKRZV WKH DJH�RI�RQVHW FOXVWHUV� 7KH QXPEHUV RI JHQHV LQ HDFK FOXVWHU �IRU ERWK 0XOWLGLVHDVH
DQG 0XOWLFDWHJRU\ JHQHV� DUH JLYHQ� 7KH VL]H RI WKH SRLQWV VKRZV WKH VWDWLVWLFDO VLJQLILFDQFH
�ODUJHU VKRZV PDUJLQDO S�YDOXH������ DQG WKH FRORXU VKRZV GLIIHUHQW GDWDEDVHV� 7KH FRORXUHG
QXPEHUV QHDU WKH SRLQWV VKRZ WKH QXPEHUV RI RYHUODSSLQJ JHQHV� E�I� *HQH 2QWRORJ\ �*2�
(QULFKPHQW UHVXOWV IRU JHQHV DVVRFLDWHG ZLWK GLVHDVHV LQ E� &OXVWHU �� F� &OXVWHU �� G� &OXVWHU
�� H� &OXVWHU � DQG �� I� &OXVWHU �� � DQG �� 5HSUHVHQWDWLYH *2 FDWHJRULHV IRU VLJQLILFDQWO\
HQULFKHG FDWHJRULHV �%<�DGMXVWHG S�YDOXH � ����� DUH OLVWHG RQ WKH \�D[LV� /RJ� HQULFKPHQW
VFRUHV DUH JLYHQ RQ WKH [�D[LV� 7KH FRORXU RI WKH EDU VKRZV WKH UHVXOW IRU PXOWLGLVHDVH DQG
PXOWLFDWHJRU\ JHQHV� 7KHUH ZDV QR VLJQLILFDQW HQULFKPHQW IRU FOXVWHU � 	 � DQG � 	 ��

:H QH[W VRXJKW WR XQGHUVWDQG LI WKH JHQHV ZH LGHQWLILHG ZHUH SUHYLRXVO\ DVVRFLDWHG
ZLWK DJHLQJ� E\ FRPSDULQJ WKH JHQH OLVWV ZH FRPSLOHG IURP WKH OLWHUDWXUH�EDVHG DJHLQJ
GDWDEDVHV� *HQ$JH KXPDQ �JHQHV DVVRFLDWHG OLIHVSDQ LQ KXPDQV RU FORVHO\ UHODWHG
VSHFLHV�� KXPDQ RUWKRORJV LQ *HQ$JH PRGHO RUJDQLVP �JHQHV PRGXODWLQJ OLIHVSDQ LQ



���� %LRORJLFDO IXQFWLRQV RI WKH JHQHV DVVRFLDWHG WR GLIIHUHQW DJH�RI�RQVHW FOXVWHUV��

PRGHO RUJDQLVPV�� &HOO$JH �JHQHV UHJXODWLQJ FHOOXODU VHQHVFHQFH�� 'UXJ$JH WDUJHWV
�GUXJV PRGXODWLQJ OLIHVSDQ LQ PRGHO RUJDQLVPV�� DQG DOO GDWDEDVHV FRPELQHG �$YHODU
HW DO�� ����� %DUDUGR HW DO�� ����� 7DFXWX HW DO�� ����� �)LJXUH ����D�� ,Q JHQHUDO�
JHQHV DVVRFLDWHG ZLWK FOXVWHUV � DQG � VKRZHG VLJQLILFDQW HQULFKPHQW ZLWK NQRZQ
DJHLQJ�UHODWHG JHQHV� EXW QRW FOXVWHU �� 7KH OLVW RI RYHUODSSLQJ JHQHV LV JLYHQ LQ
6XSSOHPHQWDU\ 7DEOH 6�� &HOO$JH GDWDEDVH VKRZHG WKH ODUJHVW QXPEHU RI VLJQLILFDQW
RYHUODSV� ZLWK JHQHV DVVRFLDWHG ZLWK FOXVWHUV �� �� DQG ERWK � DQG �� 'UXJ$JH WDUJHWV
KDG D VLJQLILFDQW RYHUODS ZLWK FOXVWHUV �� �� DQG ERWK � DQG �� *HQ$JH +XPDQ RQO\
KDG VLJQLILFDQW DVVRFLDWLRQ ZLWK JHQHV DVVRFLDWHG ZLWK ERWK FOXVWHU � DQG �� *HQ$JH
PRGHO RUJDQLVP GDWD VLJQLILFDQWO\ RYHUODSSHG ZLWK JHQHV DVVRFLDWHG ZLWK ERWK FOXVWHU
� DQG �� DQG DOO FOXVWHUV �� 	 � 	 ��� 7KH UHVXOWV VKRZHG WKDW� DOWKRXJK WKH QXPEHU
RI RYHUODSV LV ORZ� WKH FOXVWHUV � DQG �� FRQVWLWXWLQJ DJH�DVVRFLDWHG GLVHDVHV� VKDUH
D VLJQLILFDQW JHQHWLF FRPSRQHQW ZLWK NQRZQ DJHLQJ�UHODWHG JHQHV� ZKLOH FOXVWHU � GLG
QRW�

���� %LRORJLFDO IXQFWLRQV RI WKH JHQHV DVVRFLDWHG WR
GLIIHUHQW DJH�RI�RQVHW FOXVWHUV

:H QH[W GLG D *HQH 2QWRORJ\ �*2� HQULFKPHQW DQDO\VHV XVLQJ %LRORJLFDO 3URFHVV
�%3�� 0ROHFXODU )XQFWLRQ �0)� DQG &HOOXODU &RPSRQHQW �&&� FDWHJRULHV� &OXVWHU �
ZDV DVVRFLDWHG ZLWK PDQ\ OLSRSURWHLQ�UHODWHG FDWHJRULHV� FHOOXODU VLJQDOLQJ� FHOOXODU
UHVSRQVH� FHOO F\FOH DUUHVW� DQG EORRG SUHVVXUH �)LJXUH ����E�� &OXVWHU � VKRZHG
DVVRFLDWLRQ WR 0+& FODVV ,, ELQGLQJ� ILEULQRO\VLV� DQG QHJDWLYH UHJXODWLRQ RI HSLWKHOLDO
FHOO �)LJXUH ����F�� &OXVWHU � KDG DVVRFLDWLRQV WR PDQ\ LPPXQH�UHODWHG FDWHJRULHV
DQG FHOO DGKHVLRQ �)LJXUH ����G�� *HQHV DVVRFLDWHG ZLWK ERWK FOXVWHU � DQG FOXVWHU
� ZHUH UHODWHG WR QXFOHRVRPH FRPSOH[� JOXFRVH KRPHRVWDVLV� UHWLQRLF DFLG ELQGLQJ
�)LJXUH ����H�� *HQHV LQ FOXVWHUV � DQG �� DQG LQ � DQG � GLG QRW KDYH DQ\ VLJQLILFDQW
DVVRFLDWLRQV� *HQHV DVVRFLDWHG ZLWK DW OHDVW RQH GLVHDVH LQ DOO FOXVWHUV ZHUH UHODWHG
WR QXFOHRVRPH FRPSOH[� LQWHUOHXNLQ�� UHVSRQVH� GLIIHUHQWLDWLRQ� WHORPHUH� DQG JHQH
VLOHQFLQJ �)LJXUH ����I�� +HUH ZH OLVWHG WKH FDWHJRULHV WKDW DUH UHSUHVHQWDWLYH WR DOO
RWKHU VLJQLILFDQW DVVRFLDWLRQV� 7KH IXOO OLVW LV JLYHQ LQ 6XSSOHPHQWDU\ 7DEOH 6�� DQG
WKH SURFHGXUH RI VHOHFWLQJ UHSUHVHQWDWLYHV LV GHVFULEHG LQ 6HFWLRQ ����



�� 7KH OLQN EHWZHHQ DJHLQJ DQG DJH�UHODWHG GLVHDVHV

���� 'UXJ UHSXUSRVLQJ WR LPSURYH KHDOWK�VSDQ

)LJXUH ���� 'UXJ�WDUJHW JHQH LQWHUDFWLRQ QHWZRUN IRU WKH GUXJV WKDW VSHFLILFDOO\ WDUJHW PXOWL�
FDWHJRU\ FOXVWHU �� FOXVWHU � RU FOXVWHU � DQG � JHQHV DV GHWHUPLQHG E\ )LVKHU¶V H[DFW WHVW�
%OXH GLDPRQGV VKRZ WKH GUXJV ZLWK VLJQLILFDQW DVVRFLDWLRQ RU WDUJHWLQJ RQO\ RQH JHQH LQ WKHVH
JHQH JURXSV� &LUFOHV UHSUHVHQW WKH JHQHV WDUJHWHG E\ WKH VLJQLILFDQW KLWV� FRORXUHG E\ WKHLU
DJH�RI�RQVHW FOXVWHU� *UH\ FLUFOHV VKRZ WKH JHQHV WDUJHWHG E\ WKHVH GUXJV EXW DUH QRW DPRQJ
WKH JHQH VHW RI LQWHUHVW� 7KH LQWHUDFWLRQ GDWD LV FROOHFWHG IURP '*,GE�

,GHQWLILFDWLRQ RI GUXJV WKDW FDQ WDUJHW WKH PXOWLFDWHJRU\ JHQHV LQ FOXVWHUV � RU � SRVHV
D SRVVLELOLW\ WR WUHDW PDQ\ GLVHDVHV VLPXOWDQHRXVO\ DQG WKXV H[WHQG KHDOWK�VSDQ LQ
WKH HOGHUO\� 7KXV� ZH LQYHVWLJDWHG LI WKHUH DUH GUXJV WKDW WDUJHW WKHVH JHQHV VSHFLI�
LFDOO\ �S����� RU KDYLQJ RQO\ RQH VSHFLILF WDUJHW� )LJXUH ������ :H IRXQG GUXJV WDU�
JHWLQJ PXOWLFDWHJRU\ FOXVWHU � JHQHV L� $%&&� DQG .&1-��� ZKLFK FRGH IRU SDUWV RI
.�$73 FKDQQHOV� LL� &&1'�� LLL� 07$3� LY� 13&�/�� 7KHUH ZHUH DOVR VHYHUDO GUXJV
WDUJHWLQJ PXOWLFDWHJRU\ JHQHV DVVRFLDWHG ZLWK ERWK FOXVWHU � DQG � GLVHDVHV� VXFK
DV 33$5*� ,165� )*)5�� 0$3.$3.�� $/'+�� 3731��� ,QWHUHVWLQJO\� �� RI WKH



���� (YROXWLRQ RI DJHLQJ DQG DJH�UHODWHG GLVHDVHV ��

VLJQLILFDQW GUXJV ZHUH DSSURYHG GUXJV IRU �� FRQGLWLRQV� LQFOXGLQJ GLDEHWHV� K\SHU�
OLSLGDHPLD� QHRSODVPV� RVWHRSRURVLV� FDUGLRYDVFXODU GLVHDVHV �OLVW RI DOO GUXJV DQG
LQGLFDWLRQV DYDLODEOH LQ 6XSSOHPHQWDU\ 7DEOH 6��� 0RUHRYHU� RQH RI WKH GUXJV ZH
LGHQWLILHG� SUXQHWLQ �WDUJHWLQJ $/'+��� ZDV SUHYLRXVO\ VKRZQ WR LPSURYH WKH OLIHVSDQ
RI PDOH 'URVRSKLOD PHODQRJDVWHU �3LHJKROGW� 5LPEDFK� 	 :DJQHU� ������

���� (YROXWLRQ RI DJHLQJ DQG DJH�UHODWHG GLVHDVHV

)LJXUH ���� 5LVN DOOHOH IUHTXHQF\ GLVWULEXWLRQV �\�D[LV� RI GLIIHUHQW DJH�RI�RQVHW FOXVWHUV �[�
D[LV� LQ WKH 8.%% IRU D� 613V DVVRFLDWHG ZLWK RQH GLVHDVH �H[FOXGLQJ DQWDJRQLVWLF DVVRFL�
DWLRQV�� E� 613V VSHFLILF WR RQH FOXVWHU �H[FOXGLQJ DQWDJRQLVWLF DVVRFLDWLRQV� �QV� S!�����
�S������ � S������ � S������� � S���������� DQG F� 613V WKDW KDYH DQWDJRQLVWLF DV�
VRFLDWLRQ ZLWK FOXVWHU � DQG � �H[FOXGLQJ DJRQLVWV EHWZHHQ FOXVWHU � DQG ��� G� 7KH VDPH DV
SDQHO F EXW IRU GLIIHUHQW ���� *HQRPHV VXSHU�SRSXODWLRQV �$//� FRPSOHWH ���� *HQRPHV FR�
KRUW� $)5� $IULFDQ� $05� $G 0L[HG $PHULFDQ� ($6� (DVW $VLDQ� (85� (XURSHDQ� 6$6� 6RXWK
$VLDQ�� 7KH S�YDOXHV VSHFLILHG RQ WKH SORWV DUH PDUJLQDO S�YDOXHV FDOFXODWHG IRU WZR�VLGHG
WHVWV DQG DUH QRW FRUUHFWHG IRU PXOWLSOH WHVWLQJ�



�� 7KH OLQN EHWZHHQ DJHLQJ DQG DJH�UHODWHG GLVHDVHV

:H QH[W VRXJKW WR XQGHUVWDQG WKH DEXQGDQFH RI GLVHDVH�DVVRFLDWHG YDULDQWV LQ WKH
SRSXODWLRQ DQG WKHLU UHODWLRQVKLS ZLWK WKH HYROXWLRQDU\ WKHRULHV RI DJHLQJ� :H ILUVW K\�
SRWKHVL]HG WKDW DFFRUGLQJ WR WKH PXWDWLRQ DFFXPXODWLRQ WKHRU\ RI DJHLQJ �0$�� 613V
DVVRFLDWHG ZLWK ODWHU�RQVHW GLVHDVHV �&OXVWHU �� ZRXOG KDYH D KLJKHU IUHTXHQF\ WKDQ
WKH 613V DVVRFLDWHG ZLWK GLVHDVHV WKDW RFFXU DW HDUOLHU DJHV �&OXVWHUV � 	 ��� :H
WKHUHIRUH FRPSDUHG WKH ULVN DOOHOH IUHTXHQFLHV RI GLVHDVHV LQ GLIIHUHQW DJH�RI�RQVHW
FOXVWHUV� $V 613V ZKLFK DUH FORVH WRJHWKHU LQ WKH JHQRPH DUH H[SHFWHG WR KDYH VLP�
LODU DOOHOH IUHTXHQFLHV GXH WR OLQNDJH� ZH FDOFXODWHG WKH PHGLDQ ULVN DOOHOH IUHTXHQF\
IRU 613V ZLWKLQ SUHYLRXVO\ GHILQHG /' EORFNV �%HULVD 	 3LFNUHOO� ������ 'LVHDVHV RI
FOXVWHU � KDG VLJQLILFDQWO\ KLJKHU ULVN DOOHOH IUHTXHQFLHV WKDQ FOXVWHU �� ERWK IRU WKH
613V DVVRFLDWHG ZLWK RQH GLVHDVH �)LJXUH ����D� :LOFR[RQ WHVW S  �������� RU ZLWK
RQH FOXVWHU �)LJXUH ����E� :LOFR[RQ WHVW S  ������� DOVR FRQILUPHG E\ ERRWVWUDSSLQJ
Q  ��� ORFL IRU %  ������ )LJXUH $����� :H DOVR DQDO\VHG WKH ULVN DOOHOH IUHTXHQFLHV
LQ SRSXODWLRQV RI WKH ���� *HQRPHV 3URMHFW ����� *HQRPHV 3URMHFW &RQVRUWLXP HW
DO�� ����� GDWD DQG FRQILUPHG WKDW WKH VDPH WUHQG LV REVHUYHG LQ DOO VXSHU�SRSXODWLRQV
�)LJXUH $����$�����

7R WHVW WKH DQWDJRQLVWLF SOHLRWURS\ WKHRU\ �$3�� ZH ILUVW DVNHG LI WKH GLVHDVHV ZLWK GLI�
IHUHQW RQVHWV KDYH DQ H[FHVV RI DQWDJRQLVWLF 613V� +HUH� IROORZLQJ WKH OLWHUDWXUH
�5RGUÕғJXH] HW DO�� ������ ZH GHILQHG D SOHLRWURSLF ELDOOHOLF 613 DV DJRQLVWLF LI WKH ULVN
DOOHOH LV WKH VDPH IRU GLIIHUHQW GLVHDVHV� DQG DV DQWDJRQLVWLF LI RSSRVLWH DOOHOHV DUH
DVVRFLDWHG ZLWK LQFUHDVHG ULVN IRU GLIIHUHQW GLVHDVHV� ,I RQH RI WKHVH GLVHDVHV DUH
XQGHU D VWURQJHU QHJDWLYH VHOHFWLRQ� WKHQ WKH ULVN DOOHOH RI WKH RWKHU GLVHDVH FRXOG
LQFUHDVH ZLWK WLPH� &RPSDULQJ WKH SURSRUWLRQ RI DJRQLVW DQG DQWDJRQLVW 613V ZLWKLQ
DQG EHWZHHQ WKH DJH�RI�RQVHW FOXVWHUV� ZH IRXQG WKDW WKHUH LV DQ H[FHVV RI DQWDJR�
QLVWLF SOHLRWURS\ EHWZHHQ GLVHDVHV ZLWK GLIIHUHQW DJH�RI�RQVHW SURILOHV �)LVKHU¶V H[DFW
WHVW S������� 6XSSOHPHQWDU\ 7DEOH 6��� 1H[W� ZH WHVWHG WKH GLIIHUHQFHV LQ ULVN DO�
OHOH IUHTXHQFLHV EHWZHHQ WKH FOXVWHUV DV $3 SUHGLFWV D KLJKHU ULVN DOOHOH IUHTXHQF\ IRU
ODWH�RQVHW GLVHDVHV� ,QWHUHVWLQJO\� WKH GLIIHUHQFH EHWZHHQ WKH ULVN DOOHOH IUHTXHQFLHV
IRU FOXVWHU � DQG FOXVWHU � ZDV QRW VLJQLILFDQW IRU WKH 8.%% SRSXODWLRQ �)LJXUH ����F��
+RZHYHU� DOO ���� *HQRPH VXSHU�SRSXODWLRQV H[FHSW IRU (XURSHDQV KDG KLJKHU ULVN
DOOHOH IUHTXHQFLHV IRU FOXVWHU � GLVHDVHV �)LJXUH ����G�� $ SRWHQWLDO H[SODQDWLRQ LV WKDW
LW LV HDVLHU WR GHWHFW DQWDJRQLVWLF DVVRFLDWLRQV IRU 613V ZLWK D PLQRU DOOHOH IUHTXHQF\
FORVHU WR ��� EHFDXVH RI WKH LQFUHDVHG SRZHU IRU ERWK DOOHOHV� ,QGHHG� DVVRFLDWLRQV
ZLWK D ODUJHU HIIHFW VL]H VKRZHG WKH H[SHFWHG GLIIHUHQFHV LQ DOOHOH IUHTXHQFLHV� DO�
WKRXJK WKH QXPEHU RI LQGHSHQGHQW ORFL ZDV OLPLWHG �)LJXUH $����� :H DOVR H[DPLQHG
WKH W\SH RI GLVHDVHV DQG JHQHV DVVRFLDWHG ZLWK DQWDJRQLVWLF SOHLRWURS\� 7KH PDLQ



���� 'LVFXVVLRQ ��

GULYHU RI WKH SDWWHUQ ZDV WKH ORFL ZLWK $%&*� DQG $%&*� JHQHV� VKRZLQJ DQWDJRQLV�
WLF UHODWLRQVKLS IRU KLJK FKROHVWHURO �FOXVWHU �� DQG RWKHU OLSLG�UHODWHG GLVHDVHV WKDW DUH
LQ FOXVWHU �� VXFK DV JDOOEODGGHU GLVHDVH DQG FKROHOLWKLDVLV� $QRWKHU ORFXV LQFOXGHG
YDULDQWV WKDW VKRZ DQWDJRQLVWLF UHODWLRQVKLS ZLWK FDUGLRYDVFXODU GLVHDVH �FOXVWHU ��
DQG FOXVWHU � GLVHDVHV JRXW �$'+�%�� RVWHRDUWKULWLV DQG MRLQW GLVRUGHU �6/&��$���
DQG RVWHRDUWKULWLV �%$1.��� $QRWKHU SRWHQWLDO FDQGLGDWH ZDV D ORFXV DVVRFLDWHG ZLWK
K\SHUWHQVLRQ �FOXVWHU �� DQG PXVFXORVNHOHWDO GLVHDVHV �FOXVWHU ��� EXW WKLV ORFXV LQ�
FOXGHG PXOWLSOH FDQGLGDWH JHQHV �6XSSOHPHQWDU\ 7DEOH 6���

���� 'LVFXVVLRQ

7KH QXPEHU DQG WKH LQFLGHQFH RI GLVHDVHV LQFUHDVH ZLWK DJH� ,V WKLV MXVW D UHVXOW RI
WKH DFFXPXODWLRQ RI WLPH�GHSHQGHQW VWRFKDVWLF GDPDJH� RU LV WKHUH D FRPPRQ JHQHWLF
FRPSRQHQW DPRQJ DJHLQJ�UHODWHG GLVHDVHV� ZKLFK FDQ DOVR EH DWWULEXWHG WR WKH DJH�
LQJ SURFHVV" ,Q WKLV VWXG\� ZH DLPHG WR DQVZHU WKLV TXHVWLRQ E\ FRPSDULQJ JHQHWLF
DVVRFLDWLRQV DQG DJH�RI�RQVHW GLVWULEXWLRQV RI ��� VHOI�UHSRUWHG GLVHDVHV LQ WKH 8.%%�

:H ILUVW XVHG DQ XQVXSHUYLVHG� GDWD�GULYHQ DSSURDFK WR FODVVLI\ GLVHDVHV EDVHG RQ
WKHLU DJH�RI�RQVHW SURILOHV DQG IRXQG � PDLQ FOXVWHUV �)LJXUH ������ GLVHDVHV WKDW L�
UDSLGO\ LQFUHDVH DIWHU �� \HDUV RI DJH� LL� LQFUHDVH DIWHU �� \HDUV RI DJH� LLL� GR QRW
VKRZ DQ\ DJH�UHODWHG SDWWHUQ� DQG LY� SHDN DW DURXQG �� \HDUV RI DJH� 1RWDEO\� XQ�
OLNH SUHYLRXV VWXGLHV �)HUQDQGHV HW DO�� ����� :ROIVRQ� %XGRYVN\� 7DFXWX� 	 )UDLIHOG�
������ XVLQJ WKLV XQVXSHUYLVHG DSSURDFK� ZH GHWHFW D GLVWLQFWLRQ EHWZHHQ FOXVWHU �
DQG FOXVWHU �� ZKLFK VKRZ DJH�GHSHQGHQF\ EXW GLVWLQFW DJH�RI�RQVHW GLVWULEXWLRQV�

:H QH[W IRXQG WKDW WKH GLVHDVHV LQ WKH VDPH DJH�RI�RQVHW FOXVWHU VKRZ VLJQLILFDQWO\
KLJKHU JHQHWLF VLPLODULW\� HYHQZKHQ FRUUHFWHG IRU GLVHDVH FDWHJRULHV DQG FR�RFFXUUHQFHV
�)LJXUH ���D�E�� :KLOH FRUUHFWLQJ IRU WKH GLVHDVH FDWHJRULHV DQG FR�RFFXUUHQFHV� ZH
PD\ UHPRYH VRPH WUXH SRVLWLYH VLJQDOV IURP WKH DQDO\VLV� +RZHYHU� WKLV FRUUHFWLRQ LV
SDUWLFXODUO\ QHFHVVDU\ IRU RXU VWXG\� DV ZH XVH WKH VDPH FRKRUW IRU PXOWLSOH GLVHDVHV�
DQG WKXV� GLVHDVHV YHUWLFDOO\ FRQQHFWHG RQ GLVHDVH KLHUDUFK\ DQG WKRVH WKDW FR�RFFXU
XVHV WKH VDPH VHW RI VDPSOHV� 1HYHUWKHOHVV� ZH UHWDLQ D VLJQLILFDQW VLJQDO HYHQ DI�
WHU WKLV FRUUHFWLRQ� VXJJHVWLQJ GLVHDVHV RQ DYHUDJH DUH PRUH VLPLODU WR RWKHUV WKDW
KDYH D VLPLODU DJH�RI�RQVHW SURILOH� :H QH[W DVNHG LI FDXVH DQG HIIHFW UHODWLRQVKLSV�
UDWKHU WKDQ D FRPPRQ DHWLRORJ\� PD\ H[SODLQ WKLV REVHUYDWLRQ �)LJXUH ���F�� :H IRXQG
�� GLVHDVH SDLUV ZLWK D VLJQLILFDQW FDXVDO DVVRFLDWLRQ� KRZHYHU� WKHUH ZDV QR ELDV WR�



�� 7KH OLQN EHWZHHQ DJHLQJ DQG DJH�UHODWHG GLVHDVHV

ZDUGV DQ\ VSHFLILF DJH�RI�RQVHW FOXVWHU� 2YHUDOO� RXU UHVXOWV VXJJHVW WKDW HYHQ WKRXJK
HDFK GLVHDVHPD\ KDYH VHSDUDWH FRQWULEXWRUV� D JHQHWLF FRPSRQHQW PD\ LQIOXHQFH WKH
DJH�GHSHQGHQF\ RI GLVHDVHV DQG WKH DYHUDJH DJH�RI�RQVHW�

,Q WKLV VWXG\� ZH PDLQO\ UHOLHG RQ WKH LGHQWLILFDWLRQ RI LQGLYLGXDO 613V WKDW DUH DV�
VRFLDWHG ZLWK GLVHDVHV� +RZHYHU� 613V GR QRW VHJUHJDWH LQGHSHQGHQWO\� DQG WKRVH
WKDW DUH FORVH WR HDFK RWKHU DUH LQKHULWHG WRJHWKHU� 7KRVH 613V WKDW RFFXU LQ OLQNDJH
GLVHTXLOLEULXP �/'�� PHDQLQJ WKH\ VHJUHJDWH WRJHWKHU� PD\ FDXVH VSXULRXV VLJQDO DV
WKH\ FDQ ERRVW PLQLPDO HIIHFWV GXH WR GHSHQGHQF\� 7KHUH DUH PHWKRGV VXFK DV /'�
SUXQLQJ� /'�FOXPSLQJ� RU ILQH�PDSSLQJ WKDW FDQ JHQHUDWH D VHW RI XQFRUUHODWHG 613V
WR RYHUFRPH WKLV LVVXH� /'�SUXQLQJ UHPRYHV 613V WKDW DUH KLJKO\ FRUUHODWHG ZLWK
HDFK RWKHU WR FUHDWH DQ LQGHSHQGHQW VHW RI 613V� DQG WKH PHWKRG UHTXLUHV SUHYLRXVO\
VHW ZLQGRZ VL]H DQG SUXQLQJ WKUHVKROG� /'�FOXPSLQJ VXPPDULVHV D VHW RI FRUUHODWHG
613V E\ FKRRVLQJ D UHSUHVHQWDWLYH EDVHG RQ D YDOXH� VXFK DV S�YDOXHV IURP *:$6
RU 0$)� )LQH PDSSLQJ DLPV WR ILQG FDXVDWLYH 613V ZLWKLQ DQ DVVRFLDWHG ORFXV XVLQJ
H[WHUQDO LQIRUPDWLRQ VXFK DV H47/V� PHWK\ODWLRQ ORFL HWF� 7KHVH DUH SUDFWLFDO DS�
SURDFKHV� KRZHYHU� ZLWK RXU DLP WR GHWHFW RYHUODSV DFURVV FRPSOH[ GLVHDVHV� WKH\
PLJKW FDXVH SUREOHPV� 0DLQO\� L� XVH /'�SUXQLQJ LV QRW LGHDO DV WKH UHPRYDO RI 613V
ZRXOG GHSHQG RQ LQLWLDO SDUDPHWHUV DQG LL� XVH RI /'�FOXPSLQJ RU ILQH�PDSSLQJ LV QRW
SUHIHUUHG DV WKH PRVW VLJQLILFDQWO\ DVVRFLDWHG 613V� RU FDXVDO 613V PD\ QRW EH WKH
VDPH EHWZHHQ GLVHDVHV� EXW VWLOO� GLVHDVHV PLJKW LQIOXHQFH WKH HYROXWLRQ DQG LQKHUL�
WDQFH RI HDFK RWKHU EHFDXVH RI WKH /'� DQG ZH ZRXOG EH LQWHUHVWHG LQ GHWHFWLQJ VXFK
VLJQDO� 7KXV� ZH UHYHUWHG WR D FRQVHUYDWLYH DSSURDFK DQG FUHDWHG D OLVW RI JHQRPLF
ORFL WKDW DUH LQGHSHQGHQW RI HDFK RWKHU EDVHG RQ D SUHYLRXVO\ SXEOLVKHG OLVW RI LQGH�
SHQGHQW /' EORFNV LQ WKH KXPDQ JHQRPH� :H FRQVLGHUHG WKH ORFL DV D VLJQLILFDQW
DVVRFLDWLRQ LI WKHUH LV DW OHDVW RQH RYHUODS� 7KLV GUDPDWLFDOO\ UHGXFHV WKH QXPEHU RI
ORFL WKDW FRXOG EH WHVWHG LQ WKH JHQRPH DQG WKXV TXLWH FRQVHUYDWLYH ZKHQ FRPSDULQJ
WKH RYHUODSV� 6WLOO� WKLV DQDO\VLV DOVR UHYHDOHG WKDW GLVHDVHV ZLWK VLPLODU DJH RI RQVHW
SURILOHV KDYH PRUH VLPLODU JHQHWLF SURILOHV �)LJXUH $�����

%\ PDSSLQJ WKH VLJQLILFDQWO\ DVVRFLDWHG YDULDQWV WR JHQHV� ZH GHILQHG SOHLRWURSLF
JHQHV WKDW DUH VSHFLILF WR HDFK FOXVWHU RU FRPELQDWLRQV RI FOXVWHUV� )RU H[DPSOH�
07$3 DQG &'.1�% JHQHV ZHUH DVVRFLDWHG ZLWK WKH KLJKHVW QXPEHU RI GLVHDVHV LQ
FOXVWHU �� VSDQQLQJ � GLVHDVH FDWHJRULHV� FDUGLRYDVFXODU� HQGRFULQH� DQG H\H GLV�
HDVHV� 07$3� FRGLQJ IRU DQ HQ]\PH LQ SRO\DPLQH ELRV\QWKHVLV� LV IRXQG GHOHWHG LQ
D QXPEHU RI FDQFHUV �3LxHUR HW DO�� ������ %HLQJ DGMDFHQW WR D WXPRXU VXSSUHVVRU
JHQH� &'.1�$� LWV ORVV LQ FDQFHU ZDV DWWULEXWHG WR EHLQJ D E\VWDQGHU RU UHJXODWRU RI
&'.1�$ H[SUHVVLRQ �6FKPLG HW DO�� ������ 5HFHQW VWXGLHV VXJJHVW 07$3 LWVHOI LV D
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WXPRXU VXSSUHVVRU �.DGDUL\D HW DO�� ����� ����� DQG FRQWUROV ,*)�5 DFWLYLW\ �;X HW DO��
������ ZKLFK KDV EHHQ UHSHDWHGO\ VKRZQ WR KDYH HYROXWLRQDU\ FRQVHUYHG UHOHYDQFH
IRU DJHLQJ �/ySH]�2WÕғQ HW DO�� ������ &'.1�% DOVR FRGHV IRU D WXPRXU VXSSUHVVRU DQG
LV DVVRFLDWHG ZLWK PXOWLSOH DJHLQJ�UHODWHG GLVHDVHV DQG SDUHQWDO ORQJHYLW\ �3LOOLQJ HW
DO�� ������ 1RWDEO\� ZH GLG QRW DQDO\VH FDQFHU DVVRFLDWLRQV LQ RXU GDWDVHW� DQG WKH GLV�
HDVHV ZH DQDO\VHG GLG QRW VKRZ D ZLGH�VSUHDG FR�RFFXUUHQFH ZLWK FDQFHUV WKDW FDQ
ELDV WKH UHVXOWV �)LJXUH $����� $OWKRXJK FDQFHU DVVRFLDWLRQV DUH QRW LQFOXGHG� ILQGLQJ
WKHVH WXPRXU VXSSUHVVRU JHQHV LV LQWHUHVWLQJ� EXW SRWHQWLDOO\ FRXOG EH H[SODLQHG E\
WKH LQYROYHPHQW RI WKHVH JHQHV LQ FHOO F\FOH UHJXODWLRQ DQG FHOOXODU VHQHVFHQFH�

*HQHV DVVRFLDWHG ZLWK PXOWLSOH GLVHDVHV RU PXOWLSOH FDWHJRULHV LQ FOXVWHUV � DQG �
ZHUH HQULFKHG DPRQJ JHQHV SUHYLRXVO\ DVVRFLDWHG ZLWK DJHLQJ �*HQ$JH� &HOO$JH�
'UXJ$JH GDWDEDVHV�� EXW QRW FOXVWHU � DORQH �)LJXUH ����D�� +RZHYHU� WKH DVVRFLD�
WLRQ LV HVWDEOLVKHG WKURXJK D VPDOO VXEVHW RI JHQHV� DV DOVR SUHYLRXVO\ GHVFULEHG LQ
WKH OLWHUDWXUH �)HUQDQGHV HW DO�� ����� -RKQVRQ HW DO�� ������ (VSHFLDOO\ WKH JHQHV LQ
&HOO$JH GDWDEDVH� ZKLFK LQFOXGH JHQHV UHJXODWLQJ FHOOXODU VHQHVFHQFH LQ KXPDQ FHOO
OLQHV� DQG JHQHV WDUJHWHG E\ WKH GUXJV LQ 'UXJ$JH� ZKLFK LQFOXGH GUXJV PRGXODWLQJ
OLIHVSDQ LQ PRGHO RUJDQLVPV� VKRZHG VWURQJ DVVRFLDWLRQV� (OHYHQ JHQHV DVVRFLDWHG
ZLWK PXOWLSOH FDWHJRULHV DQG GLVHDVHV VSDQQLQJ DOO WKUHH FOXVWHUV KDG D VLJQLILFDQW
DVVRFLDWLRQ ZLWK WKH *HQ$JH PRGHO RUJDQLVP JHQHV� ZKLFK PRGXODWHV ORQJHYLW\ LQ
PRGHO RUJDQLVPV� 2YHUDOO� ERWK FOXVWHU � DQG FOXVWHU � VKRZHG VLJQLILFDQW DVVRFLD�
WLRQ ZLWK NQRZQ OLIHVSDQ PRGXODWRUV� 7KLV VXJJHVWV WKH DJH�DVVRFLDWHG GLVHDVHV LQ
FOXVWHUV � DQG � VKDUH D JHQHWLF FRPSRQHQW ZLWK ORQJHYLW\ GHWHUPLQDQWV�

2XU DQDO\VLV VR IDU VXJJHVWHG D SRWHQWLDO UROH RI UHJXODWLRQ RI FHOOXODU VHQHVFHQFH
LQ DJH�UHODWHG GLVHDVHV� EXW ZH DOVR IRXQG VHYHUDO IXQFWLRQDO FDWHJRULHV DVVRFLDWHG
ZLWK GLIIHUHQW FOXVWHUV� &OXVWHU � JHQHV ZHUH LQYROYHG LQ OLSRSURWHLQ�UHODWHG IXQFWLRQV�
FHOOXODU UHVSRQVH� DQG FHOO F\FOH DUUHVW� &OXVWHU �� RQ WKH RWKHU KDQG� KDG D GLIIHUHQW
IXQFWLRQDO SURILOH� LQFOXGLQJ HSLWKHOLDO FHOO DSRSWRVLV� EORRG FRDJXODWLRQ DQG ILEULQRO\�
VLV� DQG 0+& ,, SURWHLQ ELQGLQJ� &OXVWHU � KDG D VWURQJ LPPXQH�UHODWHG SURILOH� DV ZH
H[SHFW IURP WKH GLVHDVHV LQ WKLV FDWHJRU\� 7KH JHQHV WKDW DUH DVVRFLDWHG ZLWK ERWK
FOXVWHUV � DQG � ZHUH UHODWHG WR WKH QXFOHRVRPH� FKURPDWLQ VWUXFWXUH� KRPHRVWDVLV�
PHWDEROLF SURFHVV� DQG JHQH VLOHQFLQJ� ,QWHUHVWLQJO\� PXOWLFDWHJRU\ JHQHV LQ &OXVWHU �
	 � DQG �� DOVR KDG DVVRFLDWLRQV ZLWK WKH QXFOHRVRPH� FKURPDWLQ VWUXFWXUH� DQG JHQH
VLOHQFLQJ� 6LQFH FOXVWHU � GLG QRW KDYH DQ DJH�GHSHQGHQW SURILOH� WKHVH FDWHJRULHV
FRXOG UHSUHVHQW SOHLRWURSLF JHQHV LQ JHQHUDO� *HQHV LQ WKLV JURXS ZHUH DOVR DVVRFL�
DWHG ZLWK WKH LQWHUOHXNLQ�� VLJQDOLQJ SDWKZD\� 2YHUDOO� WKHVH UHVXOWV VXJJHVW� DOWKRXJK
ERWK FOXVWHU � DQG � JHQHV ZHUH OLQNHG WR SUHYLRXVO\ LGHQWLILHG DJHLQJ�UHODWHG JHQHV�



�� 7KH OLQN EHWZHHQ DJHLQJ DQG DJH�UHODWHG GLVHDVHV

WKH\ KDYH GLVWLQFW IXQFWLRQDO SURILOHV� 0RUHRYHU� WKH JHQHV DVVRFLDWHG ZLWK GLVHDVHV
VSDQQLQJ WKHVH WZR FDWHJRULHV ZHUH UHODWHG WR KRPHRVWDVLV DQG PHWDEROLF SURFHVV�
ZKLFK ZHUH SUHYLRXVO\ UHSRUWHG WR FKDQJH ZLWK DJH DQG PRGXODWH OLIHVSDQ �/ySH]�2WÕғQ
HW DO�� ������

7KHUDSLHV WDUJHWLQJ WKH PXOWLFDWHJRU\ JHQHV LQ FOXVWHU � DQG � GLVHDVHV PD\ DOOH�
YLDWH WKH HIIHFWV RI PXOWLPRUELGLW\ DW ODWH DJHV DQG H[WHQG KHDOWK�VSDQ� :H IRXQG
PDQ\ GUXJV WKDW DUH FXUUHQWO\ LQ XVH IRU GLIIHUHQW FRQGLWLRQV� LQFOXGLQJ DJH�UHODWHG GLV�
HDVHV ZH DQDO\VHG� PLJKW EH UHSXUSRVHG IRU RWKHU DJH�UHODWHG FRQGLWLRQV� 6RPH RI
WKHVH GUXJV DUH DOUHDG\ FRQVLGHUHG IRU PXOWLSOH GLVHDVHV IURP GLIIHUHQW FDWHJRULHV�
)RU H[DPSOH� DFHWRKH[DPLGH� ZKLFK WDUJHWV WKH .�$73 FKDQQHO� LV LQ XVH IRU GLDEHWHV
PHOOLWXV DQG LV XQGHUJRLQJ FOLQLFDO WULDOV IRU FDWDUDFWV �³&RPSRXQG�´ Q�G��D��

&DQZH XVH 613�GLVHDVH DVVRFLDWLRQV WR XQGHUVWDQG WKH HYROXWLRQ RI DJHLQJ" ([WHQG�
LQJ WKH ZRUN RI 5RGUÕғJXH] HW DO� ������� ZH WHVWHG WKH WZR PRVW ZLGHO\ DSSUHFLDWHG
HYROXWLRQDU\ JHQHWLF WKHRULHV RI DJHLQJ �VHH 6HFWLRQ ������� ,Q OLQH ZLWK WKH 0$ WKHRU\�
DOOHOH IUHTXHQFLHV RI WKH YDULDQWV DVVRFLDWHG ZLWK DJHLQJ�UHODWHG GLVHDVHV ZHUH KLJKHU
WKDQ WKH IUHTXHQFLHV RI FOXVWHU � GLVHDVH YDULDQWV �L�H�� GLVHDVHV WKDW VWDUW DV HDUO\ DV
WKH DJH RI ���� 9DULDQWV DVVRFLDWHG ZLWK FOXVWHU �� ZKLFK LQFOXGHV LPPXQH�UHODWHG
GLVHDVHV� ZHUH QRW VLJQLILFDQWO\ GLIIHUHQW WKDQ FOXVWHU �� DOWKRXJK FOXVWHU � GLVHDVHV
FDQ RFFXU HYHQ DW DQ HDUOLHU DJH� 7KH JHQHV LQ WKLV FOXVWHU ZHUH DOVR HQULFKHG LQ LP�
PXQH UHVSRQVH FDWHJRULHV� ZKLFK ZHUH SUHYLRXVO\ VXJJHVWHG WR EH XQGHU ORQJ�WHUP
EDODQFLQJ VHOHFWLRQ LQ KXPDQV �%LWDUHOOR HW DO�� ������ H[SODLQLQJ KLJKHU PLQRU DOOHOH
IUHTXHQFLHV� :H WKHQ VKRZHG WKDW $3 EHWZHHQ GLIIHUHQW DJH�RI�RQVHW FOXVWHUV LV PRUH
FRPPRQ WKDQ H[SHFWHG� &RPSDULQJ WKH DOOHOH IUHTXHQFLHV RI DQWDJRQLVWLF YDULDQWV EH�
WZHHQ FOXVWHU � DQG � GLVHDVHV LQ WKH 8.%% DQG ���� *HQRPHV VXSHU�SRSXODWLRQV�
ZH IRXQG VXSSRUW IRU WKH $3 WKHRU\ �L�H�� KLJKHU ULVN DOOHOH IUHTXHQF\ IRU FOXVWHU � YDUL�
DQWV� RQO\ LQ QRQ�(XURSHDQ SRSXODWLRQV EXW QRW LQ WKH 8.%% RU (XURSHDQ SRSXODWLRQ�
$ SRWHQWLDO H[SODQDWLRQ ZK\ ZH GR QRW VHH WKH VDPH WUHQG LQ WKH 8.%% DQG (XURSHDQ
SRSXODWLRQ LV WKDW WKH SUREDELOLW\ RI GHWHFWLQJ VLJQLILFDQW DVVRFLDWLRQ IRU WZR GLVHDVHV
DVVRFLDWHG ZLWK GLIIHUHQW DOOHOHV LV KLJKHU IRU 613V ZLWK D PLQRU DOOHOH IUHTXHQF\ FORVHU
WR ���� ,QGHHG� UHSHDWLQJ WKH DQDO\VLV ZLWK GLIIHUHQW HIIHFW VL]H FXWRIIV �)LJXUH $�����
ZH VDZ WKDW VWURQJHU DVVRFLDWLRQV KDG D FOHDU ULVN DOOHOH IUHTXHQF\ GLIIHUHQFH LQ WKHVH
SRSXODWLRQV DV ZHOO� ,PSRUWDQWO\� WKH QXPEHU RI LQGHSHQGHQW ORFL LV PLQLPDO� DQG WKXV�
DOWKRXJK WKHUH LV D VLJQDO VXSSRUWLQJ WKH $3 WKHRU\� LW LV XQOLNHO\ WKDW WKH HIIHFW LV
JHQRPH�ZLGH�



���� 'LVFXVVLRQ ��

2YHUDOO� ZH VKRZHG WKDW GLVHDVHV FOXVWHUHG E\ WKHLU DJH�RI�RQVHW SURILOHV VKRZ KLJKHU
JHQHWLF VLPLODULW\ DQG DUH DVVRFLDWHG ZLWK VSHFLILF JHQHV� IXQFWLRQV� DQG HYROXWLRQDU\
FKDUDFWHULVWLFV� +RZ PD\ WKHVH JHQHV DQG IXQFWLRQV DIIHFW ZKHWKHU D GLVHDVH LV DQ
DGXOW� RU ODWH�RQVHW GLVHDVH" +HUH� ZH DQDO\VHG WKH DVVRFLDWLRQV RI WKH JHUPOLQH PX�
WDWLRQV� DQG WKXV� WR XQGHUVWDQG WKHLU HIIHFWV RQ WKH DJH�RI�RQVHW� ZH VKRXOG FRQVLGHU
WKHLU G\QDPLF LQWHUDFWLRQ ZLWK WKH HQYLURQPHQW� WLPH�GHSHQGHQW VRPDWLF PXWDWLRQV�
DQG WKH DJH�UHODWHG FKDQJHV LQ WKHLU H[SUHVVLRQ� 6RPDWLF PXWDWLRQ ORDG LQFUHDVHV
ZLWK DJH DFURVV DOPRVW DOO WLVVXHV� EXW WKHPXWDWLRQ SURILOHV DUH WLVVXH�VSHFLILF �*DUFÕғD�
1LHWR HW DO�� ������ 7KXV� LI VRPDWLF JHQHWLF PXWDWLRQV OHDG WR WKH LQFUHDVHG ULVN RI
GLVHDVH� RQH PD\ H[SHFW WR VHH D FOXVWHULQJ E\ WLVVXH RU GLVHDVH FDWHJRU\ EXW QRW
QHFHVVDULO\ E\ WKH DJH�RI�RQVHW SURILOHV� *HQHV ZLWK FRQVLVWHQWO\ LQFUHDVHG PXWD�
WLRQDO ORDG DFURVV PXOWLSOH WLVVXHV ZHUH IRXQG WR EH DVVRFLDWHG ZLWK DXWRSKDJ\� '1$
GDPDJH UHSDLU� DQG VRPH LPPXQH UHVSRQVH FDWHJRULHV� $OWKRXJK WKH IXQFWLRQDO DVVR�
FLDWLRQV ZH LGHQWLILHG IRU ODWH�RQVHW GLVHDVHV GR QRW RYHUODS ZLWK WKHVH� WKH LQWHUDFWLRQ
EHWZHHQ WKH LGHQWLILHG IXQFWLRQV DQG WKRVH IRXQG WR EH DVVRFLDWHG ZLWK PXWDWLRQDO ORDG
FRXOG VWLOO SOD\ D UROH� $QRWKHU SRWHQWLDO FRQWULEXWRU LV WKH FKDQJH LQ JHQH RU SURWHLQ H[�
SUHVVLRQ� $JH�UHODWHG FKDQJHV LQ WKH WUDQVFULSWRPH DQG SURWHRPH DUH QRW OLQHDU DQG
DURXQG �� DQG �� \HDUV RI DJH� LQFOXGH FKDQJHV LQ WKH GLUHFWLRQ RU UDWH �$QLVLPRYD
HW DO�� ����� &RODQWXRQL HW DO�� ����� '|QHUWDú HW DO�� ������ 6LPLODUO\� D UHFHQW VWXG\
LQYHVWLJDWLQJ WKH FKDQJHV LQ SURWHRPH DIWHU WKH DJH RI ��� VXJJHVWHG WKUHH JURXSV RI
SURWHLQV ZLWK FKDQJHV DW ��� ��� DQG �� \HDUV RI DJH �/HKDOOLHU HW DO�� ������ 7KH\ IXU�
WKHU FRPSDUHG WKHVH JURXSV WR JHQHV DVVRFLDWHG ZLWK $O]KHLPHU¶V DQG FDUGLRYDVFXODU
GLVHDVH� 7KH DXWKRUV VKRZHG $O]KHLPHU¶V KDG D VLJQLILFDQW DVVRFLDWLRQ ZLWK RQO\ WKH
SURWHLQV WKDW FKDQJH DW ODWHU DJHV ��� DQG ���� +RZHYHU� FDUGLRYDVFXODU GLVHDVH ZDV
DOVR DVVRFLDWHG ZLWK SURWHLQV WKDW FKDQJH DW ��� DQG WKLV FRXOG SRWHQWLDOO\ H[SODLQ DQ
HDUOLHU DJH�RI�RQVHW� 6LPLODUO\� WKH JHQHV GHILQLQJ FOXVWHU � DQG FOXVWHU � JHQHV PD\
KDYH GLIIHUHQW JHQH RU SURWHLQ H[SUHVVLRQ WUDMHFWRULHV GXH WR YDULRXV HQYLURQPHQWDO RU
LQWULQVLF IDFWRUV� �

������ /LPLWDWLRQV

:H HPSOR\HG RQH RI WKH ODUJHVW FRPSUHKHQVLYH DYDLODEOH GDWDVHWV� LQFOXGLQJ PHGLFDO
DQG JHQRW\SH GDWD IRU DOPRVW KDOI D PLOOLRQ SDUWLFLSDQWV� WR SHUIRUP *:$6 RQ KXPDQ
GLVHDVHV� +RZHYHU� RXU VWXG\ LV QRW ZLWKRXW OLPLWDWLRQV�



�� 7KH OLQN EHWZHHQ DJHLQJ DQG DJH�UHODWHG GLVHDVHV

� :H XVHG WKH VDPH FRKRUW WR SHUIRUP PXOWLSOH *:$6 DQG WKXV� GDWD LV QRW LQGH�
SHQGHQW� ,Q RXU JHQHWLF DQDO\VLV� ZH FRUUHFW IRU GLVHDVH FR�RFFXUUHQFH YDOXHV
ZKLFK FRQVLGHU LI WKH VDPH SHRSOH KDYH WKH GLVHDVHV� KRZHYHU� LW LV VWLOO SRVVLEOH
WKDW WKH HIIHFW LV QRW IXOO\ QHXWUDOLVHG DQG ZH GHWHFW PRUH FRPPRQDOLW\ EHWZHHQ
GLVHDVHV WKDW FR�RFFXU WRJHWKHU� 7KLV� KRZHYHU� LV QRW OLNHO\ WR FDXVH PLVLQWHU�
SUHWDWLRQV DV PRVW RI WKH ODWH�RQVHW GLVHDVHV GR FR�RFFXU DQG WKH UHVXOWV VWLOO
FRXOG KDYH ELRORJLFDO UHOHYDQFH�

� ,Q WKLV VWXG\� ZH RQO\ XVHG VHOI�UHSRUWHG GLVHDVHV� 7KURXJKRXW WKH VWXG\� WKHUH
ZHUH VHYHUDO LQVWDQFHV WKDW UHYHDOHG UHSRUWLQJ ELDV� )RU H[DPSOH� VHHPLQJO\
XQUHODWHG GLVHDVHV VXFK DV IUDFWXUHV DQG DSSHQGLFLWLV KDG KLJK FR�RFFXUUHQFH
YDOXHV� $QRWKHU H[DPSOH LV WKH SHDNV LQ DJH�RI�RQVHW GLVWULEXWLRQV RI GLVHDVHV
DW HYHU\ � \HDUV� 7KHVH ERWK VXJJHVW WKH UHSRUWLQJ LV QRW SHUIHFWO\ DFFXUDWH�

� :H XVHG WKH 8.%% GDWDVHW� ZKLFK KDV VDPSOHV PRVWO\ IURP %ULWLVK GHVFHQGDQWV
DQG WKXV RXU UHVXOWV VKRXOG EH YDOLGDWHG LQ LQGHSHQGHQW FRKRUWV�

� ,Q RUGHU WR GLVFRYHU WKH FRPPRQ JHQHWLF FRPSRQHQW EHWZHHQ GLVHDVHV� ZH IRO�
ORZHG D *:$6 DSSURDFK DQG WKXV ZHUH OLPLWHG WR FRPPRQ YDULDQWV� $QRWKHU
UHODWHG RXWFRPH LV WKDW ZH RQO\ DQDO\VHG FRPPRQ DQG FRPSOH[ GLVHDVHV� 7KHVH
OLPLW RXU DELOLW\ WR GHWHFW WUXO\ FDXVDO YDULDQWV DQG LQVWHDG ZH GHWHFW LQFUHPHQWDO
FRQWULEXWLRQV WR ULVN RI GLVHDVH GHYHORSPHQW� ,Q JHQHUDO� FRQVLGHULQJ WKDW DJHLQJ
LV D JUDGXDO DQG VXEWOH SKHQRW\SH DQG PRVW RI WKH ODWH�RQVHW GLVHDVHV DUH FRP�
PRQ� WKLV DSSURDFK PD\ QRW SUHYHQW WKH DQDO\VLV RI PDQ\ LQWHUHVWLQJ GLVHDVHV
IRU DJHLQJ UHVHDUFK� +RZHYHU� HVSHFLDOO\ WKH DQDO\VLV IRU HYROXWLRQDU\ WKHRULHV
RI DJHLQJ FRXOG EHQHILW LQFOXVLRQ RI UDUH YDULDQWV DQG GLVHDVHV� 0RUHRYHU� LW
LV LPSRUWDQW WR QRWH WKDW FRPSOH[ GLVHDVHV JHQHUDOO\ KDYH VWURQJ LQWHUDFWLRQV
ZLWK HQYLURQPHQWDO IDFWRUV� +RZHYHU� ZH RQO\ LQFOXGHG %0, DV D FRYDULDWH LQ
RXU *:$6 PRGHO� (VSHFLDOO\ VWXGLHV DLPLQJ WR ILQG PRUH FDXVDO JHQHWLF IDFWRUV
LQIOXHQFLQJ PXOWLSOH GLVHDVHV VKRXOG PRGHO HQYLURQPHQWDO IDFWRUV�

� ,Q WKLV VWXG\� ZH KDG D OLPLWHG DJH UDQJH� FRYHULQJ LQGLYLGXDOV XS WR �� \HDUV ROG
DQG WKXV� FRXOG QRW DQDO\VH GLVHDVHV RI ODWHU DJHV� VXFK DV $O]KHLPHU¶V 'LVHDVH�

� ,Q RUGHU WR FDOFXODWH WKH JHQHWLF VLPLODULWLHV EHWZHHQ GLVHDVHV� ZH XVHG D VLP�
SOH RYHUODS�EDVHG PHDVXUH� 7KH PDLQ UHDVRQ ZDV WR VSHFLILFDOO\ WHVW WKH RYHU�
ODSSLQJ YDULDQWV VR WKDW ZH FDQ IXUWKHU DQDO\VH WKDW VSHFLILF VHW RI YDULDQWV IRU
DJHLQJ�UHOHYDQFH� IXQFWLRQDO DVVRFLDWLRQV� DQG HYROXWLRQDU\ FKDUDFWHULVWLFV� +RZ�
HYHU� WKLV PHWKRG LV OLPLWHG DV LW RQO\ FRQVLGHUV µVLJQLILFDQW¶ YDULDQWV DQG LJQRUHV
SRWHQWLDO DVVRFLDWLRQ EHWZHHQ GLVHDVHV WKDW KDYH OLPLWHG VDPSOH VL]H RU PRUH
FRPSOH[ QDWXUH GXH WR SRZHU LVVXHV� )XWXUH VWXGLHV DLPLQJ WR GLVFRYHU WKH



���� 'LVFXVVLRQ ��

DVVRFLDWLRQV EHWZHHQ GLVHDVHV PD\ XVH SUREDELOLVWLF DSSURDFKHV WR FDOFXODWH
GLVHDVH�GLVHDVH VLPLODULWLHV WKDW FDQ DOVR FRQVLGHU WKH IDFWRUV ZH FRQVLGHUHG LQ
WKLV VWXG\� VXFK DV GLVHDVH FDWHJRULHV DQG FR�RFFXUUHQFHV�

� /DVWO\� WKH 8.%% RQO\ LQFOXGHV JHQRW\SHV DQG ODFN RWKHU ¶RPLFV GDWD W\SHV�
$OVR� DOWKRXJK SDUWLFLSDQWV SURYLGH VHOI�UHSRUWHG GDWD DQG VRPH RI WKH ELRPDUN�
HUV PXOWLSOH WLPHV� WKH\ DUH JHQRW\SHG IRU RQO\ RQFH DQG WKH JHQHWLF SURILOH LV
DVVXPHG WR UHSUHVHQW JHUPOLQH YDULDQWV� $V PRVW RI WKH DJH�UHODWHG GLVHDVHV
DUH LQIOXHQFHG E\ HQYLURQPHQW� HVSHFLDOO\ WR GULYH FRQFOXVLRQV DERXW WKH FDXVDO
QDWXUH RI WKH LGHQWLILHG YDULDQWV� ZH ZRXOG QHHG GDWD VSDQQLQJ VRPDWLF PXWD�
WLRQV� WUDQVFULSWRPH DQG HSLJHQRPH�

)XWXUH FRKRUWV ZLWK D EURDGHU DJH UDQJH DQG GDWD VSDQQLQJ GLIIHUHQW ¶RPLFV GDWD�
VRPDWLF PXWDWLRQV� KHDOWK RXWFRPHV� DQG OLIHVW\OH LQIRUPDWLRQ� FDQ HQDEOH D EHWWHU
XQGHUVWDQGLQJ RI WKH JHQHWLF PHFKDQLVPV RI DJH�RI�RQVHW GHWHUPLQDWLRQ DQG HVWDE�
OLVKLQJ WKH FDXVDO OLQN ZLWK FDQGLGDWH JHQHV�

������ &RQFOXVLRQ

,Q WKLV VWXG\� ZH KDYH WDNHQ WKH ILUVW VWHSV LQ XQGHUVWDQGLQJ WKH UHODWLRQVKLS EHWZHHQ
DJHLQJ DQG GLVHDVHV WKURXJK D FRPSUHKHQVLYH DQDO\VLV RI GLVHDVH DJH�RI�RQVHW SUR�
ILOHV DQG JHQHWLF DVVRFLDWLRQV LQ WKH 8. SRSXODWLRQ� 'LVHDVHV ZLWK PRUH VLPLODU DJH�
RI�RQVHW SURILOH ZHUH JHQHWLFDOO\ PRUH VLPLODU� DQG WKLV VLPLODULW\ ZDV QRW H[SODLQHG E\
GLVHDVH FDWHJRULHV� FR�RFFXUUHQFHV� RU FDXVH�HIIHFW UHODWLRQ EHWZHHQ GLVHDVHV� VXJ�
JHVWLQJ ELRORJLFDO SOHLRWURS\ DQG FRPPRQ DHWLRORJ\� 7KH VKDUHG JHQHWLF FRPSRQHQW
EHWZHHQ $5'V RYHUODSSHG ZLWK VRPH DJHLQJ�UHODWHG JHQHV� EXW GLVHDVHV ZLWK GLI�
IHUHQW DJH�RI�RQVHW SURILOHV KDG GLIIHUHQW IXQFWLRQDO DVVRFLDWLRQV� :H DOVR LGHQWLILHG
GUXJV WDUJHWLQJ WKH FRPPRQ JHQHWLF FRPSRQHQW EHWZHHQ $5'V� ZKLFK FRXOG WDUJHW
PXOWLSOH GLVHDVHV DW RQFH DQG WKXV DOOHYLDWH WKH HIIHFWV RI SRO\SKDUPDF\ LQ WKH HOGHUO\�
/DVWO\� YDULDQWV DVVRFLDWHG ZLWK $5'V WKDW VWDUW WR RFFXU DW GLIIHUHQW DJHV KDG GLIIHUHQW
HYROXWLRQDU\ FKDUDFWHULVWLFV� VXSSRUWLQJ WKH PXWDWLRQ DFFXPXODWLRQ DQG DQWDJRQLVWLF
SOHLRWURS\ WKHRULHV RI DJHLQJ�





���

&KDSWHU �

'UXJ UHSXUSRVLQJ IRU DJHLQJ

'HFODUDWLRQ

7KLV ZRUN LQFOXGHV UHVXOWV WKDW , KDYH SXEOLVKHG DV D UHVHDUFK DUWLFOH LQ $JLQJ &HOO �'|QHUWDú
HW DO�� ������ $OO WKH UHVXOWV SUHVHQWHG LQ WKLV FKDSWHU DUH SURGXFWV RI P\ RZQ ZRUN� , KDYH
FRQFHLYHG WKH VWXG\ DQG SHUIRUPHG DOO WKH DQDO\VLV SUHVHQWHG KHUH� , PXVW DFNQRZOHGJH WKH
FRQWULEXWLRQV RI 0DWLDV )XHQWHDOED� /LQGD 3DUWULGJH� DQG P\ VXSHUYLVRU� -DQHW 0 7KRUQWRQ�
7KHLU VXJJHVWLRQV KHOSHG GHVLJQ WKLV ZRUN EHWWHU DQG LPSURYHG LW VLJQLILFDQWO\� , DOVR EHQHILWHG
IURP DQRWKHU DUWLFOH ZH KDYH SXEOLVKHG DV D UHYLHZ LQ 7UHQGV LQ (QGRFULQRORJ\ DQG 0HWDEROLVP
�'|QHUWDú HW DO�� ������ 7KH VXPPDU\ RI H[LVWLQJ GUXJ UHSXUSRVLQJ VWXGLHV LQ WKH LQWURGXFWLRQ
RI WKLV FKDSWHU VWHPV IURP WKLV DUWLFOH� DQG 0DWLDV )XHQWHDOED KDG D VLJQLILFDQW FRQWULEXWLRQ
LQ FRPSLOLQJ DQG UHYLHZLQJ WKHVH H[LVWLQJ VWXGLHV� 7KH DQDO\VLV RI GLIIHUHQW VWXGLHV� LQYHVWL�
JDWLQJ WKHLU FRYHUDJH DQG FRPSDULVRQ LV D SURGXFW RI P\ RZQ ZRUN� EXW DJDLQ EHQHILWV IURP
RXU GLVFXVVLRQV ZLWK 0DWLDV� 7KLV ZRUN ZDV DOVR VXSHUYLVHG E\ /LQGD 3DUWULGJH DQG -DQHW 0
7KRUQWRQ�

'|QHUWDú� +� 0�� )XHQWHDOED 9DOHQ]XHOD� 0�� 3DUWULGJH� /�� 	 7KRUQWRQ� -� 0� ������� *HQH
H[SUHVVLRQ�EDVHG GUXJ UHSXUSRVLQJ WR WDUJHW DJLQJ� $JLQJ &HOO� ������ H������

'|QHUWDú� +� 0�� )XHQWHDOED� 0�� 3DUWULGJH� /�� 	 7KRUQWRQ� -� 0� ������� ,GHQWLI\LQJ 3RWHQWLDO
$JHLQJ�0RGXODWLQJ 'UXJV ,Q 6LOLFR� 7UHQGV LQ (QGRFULQRORJ\ DQG 0HWDEROLVP� 7(0� ������
���±����  GHQRWHV DQ HTXDO FRQWULEXWLRQ

'DWD $YDLODELOLW\

6XSSOHPHQWDU\ WDEOHV DUH DYDLODEOH DV D %LR6WXGLHV HQWU\ 6�%667���� 6XSSOHPHQWDU\ WDEOHV
DUH UHIHUUHG XVLQJ WKH FRUUHVSRQGLQJ ILOH QDPHV WKURXJKRXW WKH WH[W�
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����� 7KH PDOOHDELOLW\ RI DJHLQJ

6LQFH DJHLQJ LV WKH PDMRU ULVN IDFWRU IRU SRRU IXQFWLRQLQJ DQG GLVHDVH� LQWHUYHQLQJ
WR DPHOLRUDWH LWV HIIHFWV FRXOG DOVR SUHYHQW PXOWLSOH DJH�UHODWHG FRQGLWLRQV VLPXOWD�
QHRXVO\� 7KHUH LV JURZLQJ HYLGHQFH IRU WKH IHDVLELOLW\ RI WKLV DSSURDFK� 3HRSOH ZKR
GLH ZKHQ WKH\ DUH YHU\ ROG ����� ���� ���� VKRZ SURJUHVVLYHO\ OHVV PXOWLPRUELGLW\ DW
WKH HQG RI WKHLU OLYHV �$QGHUVHQ� 6HEDVWLDQL� 'ZRUNLV� )HOGPDQ� 	 3HUOV� ����� &KULV�
WHQVHQ� 0F*XH� 3HWHUVHQ� -HXQH� 	 9DXSHO� ������ 7KXV� D KHDOWK\ DJHLQJ SKHQRW\SH
LQ KXPDQV FDQ EH DFKLHYHG� DQG LI ZH FRXOG XQGHUVWDQG WKH PHFKDQLVPV OHDGLQJ WR
LW� ZH PLJKW EH DEOH WR H[WHQG LW WR WKH JHQHUDO SRSXODWLRQ� 0RUHRYHU� ZRUN RYHU WKH
SDVW �� \HDUV KDV VKRZQ WKDW OLIHVSDQ RI ODERUDWRU\ PRGHO RUJDQLVPV FDQ EH JUHDWO\
H[WHQGHG E\ JHQHWLF DQG HQYLURQPHQWDO LQWHUYHQWLRQV� ZKLFK DOVR LPSURYH KHDOWK DQG
IXQFWLRQ GXULQJ DJHLQJ �&ODQF\ HW DO�� ����� /XFDQLF� /LWKJRZ� 	 $ODYH]� ����� ;LDR HW
DO�� ������

'LHWDU\ UHVWULFWLRQ �'5�� D UHGXFWLRQ LQ IRRG LQWDNH WKDW DYRLGV PDOQXWULWLRQ� FDQ H[WHQG
OLIHVSDQ DQG LQGXFH D PDUNHG LPSURYHPHQW LQ KHDOWK GXULQJ DJHLQJ LQ GLYHUVH RUJDQ�
LVPV� LQFOXGLQJ URGHQWV �)RQWDQD 	 3DUWULGJH� ����� .DSDKL HW DO�� ������ 7ZR VWXG�
LHV RI UKHVXV PRQNH\V VXEMHFWHG WR '5 IRXQG WKDW WKH DQLPDOV KDG ORZHUHG SODVPD
WULJO\FHULGHV� GLDEHWHV� FDUGLRYDVFXODU GLVHDVH� VDUFRSHQLD� LQFLGHQFH RI QHRSODVPV�
DQG EUDLQ DWURSK\� DOO IHDWXUHV RI DJHLQJ LQ KXPDQV �&ROPDQ HW DO�� ����� 0DWWLVRQ HW
DO�� ����� 9DXJKDQ HW DO�� ������ +RZHYHU� FRPSOLDQFH ZLWK '5 UHJLPHV LQ KXPDQV LV
ORZ� DQG IRU WKLV UHDVRQ� LW LV QRW D SUDFWLFDO SXEOLF KHDOWK LQWHUYHQWLRQ�

&KDQJHV LQ GLHW DUH PRQLWRUHG E\ PDQ\ QXWULHQW�VHQVLQJ V\VWHPV� LQFOXGLQJ WKH LQVXOLQ
� LQVXOLQ�OLNH JURZWK IDFWRU DQG WDUJHW RI UDSDP\FLQ �P725� VLJQDOOLQJ QHWZRUN� 0DQ\
RI WKH LQWHUYHQWLRQV IXUWKHU WDUJHW FRPSRQHQWV RI WKH QXWULHQW�VHQVLQJ QHWZRUN �161��
DQG GHFUHDVH WKH DFWLYLW\ RI ,*) � ,QVXOLQ � 725 VLJQDOOLQJ �)RQWDQD HW DO�� ������ 7KLV
KLJKO\ FRQVHUYHG QHWZRUN VHQVHV QXWULHQWV� JURZWK IDFWRUV� DQG VWUHVV VWDWXV� DQG
PRGXODWHV WKH FRVWO\ DFWLYLWLHV RI WKH RUJDQLVP� VXFK DV PHWDEROLVP� JURZWK� DQG UH�
SURGXFWLRQ� DFFRUGLQJO\� *HQHWLF LQWHUYHQWLRQV WKDW UHGXFH WKH DFWLYLW\ RI WKH QHWZRUN
KDYH SURYHG WR H[WHQG OLIHVSDQ LQ QHPDWRGH ZRUPV� IUXLW IOLHV� DQG PLFH �)RQWDQD HW
DO�� ����� .HQ\RQ� ����� 3DQ 	 )LQNHO� ������ 7KHVH ORQJ�OLYHG PXWDQWV DUH SURWHFWHG
DJDLQVW PDQ\ QDWXUDO SDWKRORJLHV RI ROG DJH DQG DOVR WKRVH DVVRFLDWHG ZLWK JHQHWLF
PRGHOV RI DJH�UHODWHG GLVHDVHV� 0HFKDQLVPV RI DJHLQJ DUH KLJKO\ FRQVHUYHG GXULQJ
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HYROXWLRQ� DQG WKH SURFHVV VKRZV D VHW RI FKDUDFWHULVWLF KDOOPDUNV RI DJHLQJ� ZKLFK
DUH DOVR SUHVHQW LQ WKH DHWLRORJ\ RI DJH�UHODWHG GLVHDVHV �/ySH]�2WÕғQ HW DO�� �����
3DUWULGJH HW DO�� ������ ,QWHUYHQWLRQV WKDW LPSURYH KHDOWK GXULQJ DJHLQJ DQG LQFUHDVH
OLIHVSDQ LQ ODERUDWRU\ DQLPDOV GR VR E\ UHGXFLQJ WKH LPSDFW RI RQH RU PRUH RI WKHVH
KDOOPDUNV�

3KDUPDFRORJLFDO LQWHUYHQWLRQ FDQ DOVR H[WHQG DQLPDO OLIHVSDQ� 7KH 'UXJ$JH GDWDEDVH
UHSRUWV GUXJ�LQGXFHG OLIHVSDQ H[WHQVLRQV XS WR ����IROG IRU &� HOHJDQV� ����IROG IRU '�
PHODQRJDVWHU� DQG ��� IRU0� PXVFXOXV �%DUDUGR HW DO�� ������ 6RPH RI WKHVH FKHP�
LFDOV PD\ PLPLF WKH HIIHFWV RI '5 �)RQWDQD HW DO�� ������ )RU H[DPSOH� UHVYHUDWURO�
ZKLFK LQGXFHV D VLPLODU JHQH H[SUHVVLRQ SURILOH WR GLHWDU\ UHVWULFWLRQ �3HDUVRQ HW DO��
������ FDQ LQFUHDVH OLIHVSDQ RI PLFH RQ D KLJK�FDORULH GLHW� DOWKRXJK QRW LQ PLFH RQ
D VWDQGDUG GLHW �6WURQJ HW DO�� ������ 5DSDP\FLQ� GLUHFWO\ WDUJHWV WKH P725&� FRP�
SOH[� ZKLFK SOD\V D FHQWUDO UROH LQ QXWULHQW VHQVLQJ QHWZRUN �161� DQG KDV DQ LPSRUWDQW
UROH LQ OLIHVSDQ H[WHQVLRQ E\ '5 �0DLU 	 'LOOLQ� ������ 5DSDP\FLQ H[WHQGV OLIHVSDQ E\
DIIHFWLQJ DXWRSKDJ\ DQG WKH DFWLYLW\ RI WKH 6� NLQDVH LQ IOLHV� +RZHYHU� LW FDQ IXUWKHU
H[WHQG WKH IO\ OLIHVSDQ EH\RQG WKH PD[LPXP DFKLHYHG E\ '5� VXJJHVWLQJ WKDW GLIIHUHQW
PHFKDQLVPV PLJKW EH LQYROYHG �%MHGRY HW DO�� ������ 1HYHUWKHOHVV� WKH PHFKDQLVPV
RI DFWLRQ IRU PRVW RI WKH GUXJV DUH QRW ZHOO NQRZQ�

����� 3UHYLRXV LQ VLOLFR VWXGLHV WR GLVFRYHU DQWL�DJHLQJ GUXJV

+HUH ZH UHYLHZ �� UHFHQW LQ�VLOLFR VWXGLHV DLPLQJ WR LGHQWLI\ DQG SULRULWLVH SUR�ORQJHYLW\
GUXJV IRU DQLPDO PRGHOV DQG KXPDQV� $OO VXFK VWXGLHV KDYH EHHQ HQDEOHG E\ WKH GH�
YHORSPHQW RI SRZHUIXO GDWDEDVHV IRU WKH DQQRWDWLRQ DQG FXUDWLRQ RI JHQHV�SURWHLQV
�(QVHPEO �+HUUHUR HW DO�� ������ 8QL3URW �&RQVRUWLXP� ������� WKHLU DVVRFLDWHG IXQF�
WLRQV DQG SDWKZD\V �*HQH 2QWRORJ\ �$VKEXUQHU HW DO�� ������ .(** �.DQHKLVD� 6DWR�
.DZDVKLPD� )XUXPLFKL� 	 7DQDEH� ������ 5HDFWRPH �)DEUHJDW HW DO�� ������ DQG
FKHPLFDO OLJDQGV DQG GUXJV LQWHUDFWLQJ ZLWK WKHP �&K(0%/ �*DXOWRQ HW DO�� ������
'UXJ%DQN �/DZ HW DO�� ������ 67,7&+ �6]NODUF]\N HW DO�� ������ '*,GE �*ULIILWK HW
DO�� ������ 3'% �%HUPDQ HW DO�� ������ RU DIIHFWLQJ WKHLU H[SUHVVLRQ �&RQQHFWLYLW\
0DS �/DPE HW DO�� ������ &5(('6 �:DQJ HW DO�� ������� DV ZHOO DV GUXJV �'UXJ$JH
�%DUDUGR HW DO�� ������ *HURSURWHFWRUV�RUJ �0RVNDOHY HW DO�� ������ DQG WDUJHWV �*HQ$JH
�7DFXWX HW DO�� ������ $JHLQJ&OXVWHUV �%ODQNHQEXUJ� 3UDPVWDOOHU� 	 'RPLQJXHV� ������
LPSOLFDWHG LQ DJHLQJ DQG DJH�UHODWHG GLVHDVH PHFKDQLVPV�
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$OWKRXJK WKH SXEOLVKHG VWXGLHV RI GUXJ UHSXUSRVLQJ WR WDUJHW DJHLQJ XVH GLIIHUHQW
VWUDWHJLHV DQG VRXUFHV RI GDWD� WKH\ FDQ EH FODVVLILHG LQWR WZR PDLQ FDWHJRULHV� PHWK�
RGV HPSOR\LQJ WKH VWUXFWXUDO LQIRUPDWLRQ WR SUHGLFW GUXJV SRWHQWLDOO\ LQWHUDFWLQJ ZLWK
SURWHLQV DOUHDG\ LGHQWLILHG DV EHLQJ LQYROYHG LQ DJHLQJ� DQG PHWKRGV EDVHG RQ WKH
VLPLODULW\ EHWZHHQ DJHLQJ�UHODWHG GUXJV RU JHQHV EDVHG RQ PROHFXODU VWUXFWXUH� LQWHU�
DFWLRQV� SDWKZD\V RU QHWZRUNV�

0HWKRGV XVLQJ VWUXFWXUDO LQIRUPDWLRQ WR ILQG GUXJV WDUJHWLQJ NQRZQ UHJXODWRUV
RI OLIHVSDQ LQ PRGHO RUJDQLVPV

7KH FRQFHSW KHUH LV WR ILQG GUXJV ZKLFK DUH NQRZQ WR WDUJHW WKRVH JHQHV WKDW KDYH
EHHQ LPSOLFDWHG LQ DJHLQJ� 7ZR VWXGLHV DGRSWHG PHWKRGV EDVHG RQ WKH K\SRWKHVLV
WKDW SURWHLQV RU OLJDQGV ZLWK VLPLODU VWUXFWXUHV DUH OLNHO\ WR ELQG VLPLODU OLJDQGV RU SUR�
WHLQV� UHVSHFWLYHO\� WR SUHGLFW GUXJ�WDUJHW LQWHUDFWLRQV� 7KH ILUVW RI WKHVH �6QHOO HW DO��
����� DLPHG WR LGHQWLI\ QRYHO GUXJV WDUJHWLQJ � VSHFLILF WHPSHUDWXUH VHQVLQJ SURWHLQV
LPSOLFDWHG LQ DJHLQJ LQ WKH URWLIHU %UDFKLRQXV PDQMDYDFDV �753�� 6�3� )K%&�� 7KH DX�
WKRUV XVHG D YLUWXDO VFUHHQLQJ VRIWZDUH FDOOHG ),1'6,7(FRPE WKDW FRPELQHV SURWHLQ
PRGHOOLQJ ZLWK VRSKLVWLFDWHG WKUHDGLQJ DSSURDFKHV WR PRGHO WKH WDUJHW� 7KH SRFNHWV
LQ WKH PRGHO DUH WKHQ FRPSDUHG DJDLQVW WKH SRFNHWV LQ H[SHULPHQWDOO\ GHWHUPLQHG
VWUXFWXUHV RI SURWHLQV ZLWK OLJDQGV RU PRGHOOHG VWUXFWXUHV ZLWK NQRZQ ELQGHUV� 7KH OLJ�
DQGV RI WKH WRS ��� UDQNHG SRFNHWV DUH WKHQ FRPSDUHG DJDLQVW D OLEUDU\ RI VFUHHQHG
OLJDQGV DQG UDQNHG E\ OLJDQG VLPLODULW\� 7KH DXWKRUV VFUHHQHG ����� )'$ DSSURYHG
GUXJV LQ VLOLFR DQG WHVWHG IRXU GUXJV IRU HDFK WDUJHW H[SHULPHQWDOO\ LQ WKH URWLIHUV IRU
WKHLU HIIHFWV RQ OLIHVSDQ DQG KHDOWK�VSDQ� )LYH RXW RI WKH �� FRPSRXQGV WHVWHG VLJ�
QLILFDQWO\ LQFUHDVHG WKH URWLIHUV¶ OLIHVSDQ� &KDQJHV LQ KHDOWK�VSDQ� DSSUR[LPDWHG E\
VZLPPLQJ VSHHG� UHSURGXFWLRQ DQG PLWRFKRQGULDO DFWLYLW\� ZHUH DOVR REVHUYHG� ,Q D
VXEVHTXHQW VWXG\ E\ WKH VDPH DXWKRUV �6QHOO HW DO�� ������ WKH QXPEHU RI SURWHLQV
DQDO\VHG ZDV H[SDQGHG WR D VHW RI DJHLQJ�UHODWHG JHQHV IRXQG LQ RWKHU DQLPDO PRG�
HOV ZLWK RUWKRORJXHV JHQHV LQ URWLIHUV� 7KLV WLPH D WRWDO RI �� WDUJHWV ZHUH VFUHHQHG
LQ VLOLFR XVLQJ WKH ),1'6,7(FRPE VRIWZDUH� 7KH WRS �� ELQGLQJ FRPSRXQGV IRU HDFK
WDUJHW ZHUH IXUWKHU UDQNHG E\ WKHLU FXPXODWLYH OLIHVSDQ H[WHQVLRQ DFKLHYHG E\ JHQHWLF
LQWHUYHQWLRQV LQWR WKHLU WDUJHWV DV WDNHQ IURP H[SHULPHQWDO PRGHO RUJDQLVP GDWD� DQG
ILOWHUHG DFFRUGLQJ WR DYDLODELOLW\ DQG SUHYLRXVO\ SUHGLFWHG VLGH HIIHFWV �=KRX� *DR� 	
6NROQLFN� ������ )URP WKH �� GUXJV H[SHULPHQWDOO\ WHVWHG LQ URWLIHUV E\ WZR WHQ�GD\V
VXUYLYDO VFUHHQV� VHYHQ GUXJV ZHUH IXUWKHU WHVWHG LQ WZR ZKROH OLIH VXUYLYDO DQDO\VHV�
WZR RI WKHP UHVXOWLQJ LQ D PHGLDQ OLIHVSDQ H[WHQVLRQ RI ������� 7KH SUR�ORQJHYLW\
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HIIHFW RI WKHVH GUXJV ZDV REVHUYHG HYHQ ZKHQ GUXJ WUHDWPHQW ZDV LQLWLDWHG LQ PLGGOH
DJH�

$QRWKHU LQ VLOLFR VFUHHQLQJ VWXG\ ZDV UHVWULFWHG WR D VLQJOH JHQH� $03�DFWLYDWHG SUR�
WHLQ NLQDVH �$03.�� ZKRVH DFWLYDWLRQ SDUWLDOO\ PHGLDWHV WKH HIIHFWV RQ DJHLQJ RI GL�
HWDU\ UHVWULFWLRQ �'5� �0RILGLIDU� 6RKUDE\� %DJKHUL� 	 $U\DSRXU� ������ 7R ILQG QHZ
PROHFXOHV WR DFWLYDWH $03. DQG WKHRUHWLFDOO\ PLPLF '5� 0RILGLIDU HW DO� ������ SHU�
IRUPHG YLUWXDO VFUHHQLQJ XVLQJ PROHFXODU GRFNLQJ RI ����� )'$ DSSURYHG GUXJV� 7KH
LQWHUDFWLRQ EHWZHHQ WKH WRS�UDQNHG FRPSRXQGV DQG WKHLU WDUJHWV ZDV WKHQ IXUWKHU
FKHFNHG E\ PRUH GHWDLOHG PROHFXODU G\QDPLFV� 7KH VWXG\ UHSRUWHG � FRPSRXQGV
ZLWK SUHGLFWHG KLJK DIILQLW\ IRU $03.� EXW WKHVH ZHUH QRW WHVWHG H[SHULPHQWDOO\�

6LPLODULW\�EDVHG PHWKRGV WR GLVFRYHU GUXJV WDUJHWLQJ DJHLQJ

8VLQJ D SULRUL LQIRUPDWLRQ RQ NQRZQ DJHLQJ�UHODWHG JHQHV� SUR�ORQJHYLW\ GUXJV RU JHQH
H[SUHVVLRQ SURILOHV� VHYHUDO VWXGLHV KDYH LPSOHPHQWHG D VHULHV RI VLPLODULW\�EDVHG
DSSURDFKHV WR LGHQWLI\ QRYHO DQWL�DJHLQJ GUXJV�

)LQGLQJ GUXJV WKDW WDUJHW NQRZQ DJHLQJ�UHODWHG JHQHV� *LYHQ WKDW GUXJV WDUJHW�
LQJ DJHLQJ�UHODWHG JHQH SURGXFWV DUH H[SHFWHG WR DIIHFW WKH DJHLQJ SURFHVV� )HUQDQ�
GHV HW DO� ������ IRFXVHG RQ ILQGLQJ GUXJV WKDW WDUJHW KXPDQ JHQHV ZKRVH RUWKR�
ORJXHV LQ DQLPDO PRGHOV DUH DVVRFLDWHG ZLWK ORQJHYLW\� 7KH GUXJV ZHUH UDQNHG E\ WKH
OLNHOLKRRG RI WDUJHWLQJ DJHLQJ�UHODWHG JHQHV DPRQJ DOO WDUJHWV� )RU WKLV FDOFXODWLRQ�
RQO\ LQKLELWRU\ GUXJV LQWHUDFWLQJ ZLWK DQWL�ORQJHYLW\ JHQHV DQG DFWLYDWRUV WDUJHWLQJ SUR�
ORQJHYLW\ JHQHV ZHUH FRQVLGHUHG� ,Q WRWDO� ��� GUXJV ZHUH REWDLQHG RI ZKLFK �� ZHUH
FRQVLGHUHG WR EH VWDWLVWLFDOO\ VLJQLILFDQW� 7KLUWHHQ WDUJHWHG KLVWRQH GHDFHW\ODVHV� DQG
WKUHH ZHUH SUHYLRXVO\ DVVRFLDWHG ZLWK OLIHVSDQ H[WHQVLRQV LQ DQLPDO PRGHOV� 5HFHQWO\�
D VWXG\ , KDYH FRQWULEXWHG XVHG D FRPSRVLWH VHW RI DJHLQJ�UHODWHG JHQHV ZLWK GLUHFW
HYLGHQFH IRU LQIOXHQFLQJ KXPDQ DJHLQJ� WRJHWKHU ZLWK SK\VLFDO DQG IXQFWLRQDO GUXJ�
SURWHLQ LQWHUDFWLRQV� WR LPSOHPHQW D VLPLODU JHQH�VHW RYHUODS DQDO\VLV �)XHQWHDOED
HW DO�� ������ 7KLV VWXG\ DOVR FRQVLGHUHG RWKHU OHYHOV RI ELRORJLFDO DFWLRQV LQFOXGLQJ
SDWKZD\V� IXQFWLRQV DQG SURWHLQ�SURWHLQ LQWHUDFWLRQV� 7KUHH RI WKH WRS �� FRPSRXQGV
UDQNHG KLJKHVW RQ DQ DJJUHJDWH VFRUH ZHUH SUHYLRXVO\ VKRZQ WR LQFUHDVH OLIHVSDQ
LQ DQLPDO PRGHOV� DQG VHYHQ KDG EHHQ SURSRVHG WR DIIHFW ORQJHYLW\ E\ RWKHU GUXJ�
UHSXUSRVLQJ PHWKRGV� 7KH SUR�ORQJHYLW\ HIIHFWV RI WKH WRS�UDQNHG FRPSRXQG �WDQH�
VSLP\FLQ� ZDV H[SHULPHQWDOO\ YDOLGDWHG LQ &DHQRUKDEGLWLV HOHJDQV�
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)LQGLQJ GUXJV VLPLODU WR NQRZQ SUR�ORQJHYLW\ GUXJV� $Q DOWHUQDWLYH DSSURDFK
LV WR ILQG GUXJV VLPLODU WR NQRZQ SUR�ORQJHYLW\ GUXJV XVLQJ PDFKLQH OHDUQLQJ� ZKLFK
LV D VWUDWHJ\ ZHOO�VXLWHG IRU SUHGLFWLRQ WDVNV� /LX HW DO� ������ DWWHPSWHG WR SUHGLFW
QHZ SUR�ORQJHYLW\ GUXJV IRU &� HOHJDQV� 7KH\ DGRSWHG D VHPL�VXSHUYLVHG DOJRULWKP
WUDLQHG ZLWK KLJK�FRQILGHQFH SUR�ORQJHYLW\ GUXJV GHULYHG IURP DQ H[SHULPHQWDO VFUHHQ
IRU &�HOHJDQV �<H� /LQWRQ� 6FKRUN� %XFN� 	 3HWUDVFKHFN� ������ WRJHWKHU ZLWK WKHLU DV�
VRFLDWHG DJHLQJ�UHODWHG JHQHV FXUDWHG IURP WKH OLWHUDWXUH DQG WKH *HQ$JH GDWDEDVH
�7DFXWX HW DO�� ������ 7KH\ SURGXFHG D UDQN�RUGHUHG OLVW RI ��� GUXJV ZLWK D SRWHQ�
WLDO WR LQFUHDVH OLIHVSDQ LQ ZRUPV� ZLWK H[SHULPHQWDO YDOLGDWLRQ IRU RQH GUXJ LQ WKHLU
OLVW� XVLQJ D OLIHVSDQ DVVD\� $ VHSDUDWH PDFKLQH OHDUQLQJ DSSURDFK ZDV WUDLQHG ZLWK
FKHPLFDO GHVFULSWRUV RI NQRZQ SUR�ORQJHYLW\ GUXJV� DQG IXQFWLRQDO DQQRWDWLRQ RI WKHLU
WDUJHWV �%DUDUGR HW DO�� ������ 8VLQJ D VXSHUYLVHG DOJRULWKP �L�H� UDQGRP IRUHVW�� WKH\
JHQHUDWHG D UDQNHG OLVW RI GUXJV SUHGLFWHG DV OLIHVSDQ H[WHQGLQJ FRPSRXQGV� DOWKRXJK
QR YDOLGDWLRQ ZDV SHUIRUPHG�

&RPSDULQJ WUDQVFULSWRPH VLJQDWXUHV IURP DJHLQJ DQG GUXJV� 7KH &RQQHFWLY�
LW\ 0DS �&0DS� 5HVRXUFH SURYLGHV GUXJ�LQGXFHG H[SUHVVLRQ SURILOHV IRU ����� FRP�
SRXQGV �YHUVLRQ ��� &RPSDULQJ WKHVH SURILOHV ZLWK DJHLQJ�UHODWHG JHQH H[SUHVVLRQ
VLJQDWXUHV XVLQJ D JHQH�VHW HQULFKPHQW DQDO\VLV FDQ UHYHDO GUXJV WKDW JHQHUDWH FKDQJHV
LQ H[SUHVVLRQ FRUUHODWHG �SRVLWLYHO\ RU QHJDWLYHO\� WR WKRVH VHHQ LQ DJHLQJ �RU DQ\ RWKHU
ELRORJLFDO SURFHVV RU GLVHDVH�� 7KLV DSSURDFK UHTXLUHV QR D SULRUL OLVW RI µDJHLQJ JHQHV¶
DQG FDQ WKHUHIRUH SRWHQWLDOO\ LGHQWLI\ QHZ WDUJHWV� EDVHG VROHO\ RQ H[SUHVVLRQ SURILOH
VLPLODULWLHV� &DOYHUW HW DO� ������ XVHG GLHWDU\ UHVWULFWLRQ �'5� H[SUHVVLRQ SURILOHV LQ
UDWV DQG UKHVXV PRQNH\V WR ILQG '5 PLPHWLFV� 7KH\ LGHQWLILHG �� GUXJV WKDW FRXOG
SRWHQWLDOO\ LQFUHDVH OLIHVSDQ E\ PLPLFNLQJ '5� 7KH\ H[SHULPHQWDOO\ WHVWHG VHYHUDO RI
WKH GUXJV LQ &�HOHJDQV DQG PRVW H[WHQGHG OLIHVSDQ� , DOVR IROORZ D VLPLODU PHWKRGRO�
RJ\ DQG LQVWHDG DLP WR ILQG GUXJV WKDW WDUJHW JHQHV WKDW VKRZ WKH PRVW UHSURGXFLEOH
DJH�UHODWHG FKDQJHV LQ JHQH H[SUHVVLRQ LQ WKH KXPDQ EUDLQ� 7KH UHVXOWV RI WKLV VWXG\
DUH SUHVHQWHG XQGHU 6HFWLRQ ���� ,PSRUWDQWO\ XVLQJ WKLV GDWD�EDVHG DSSURDFK , DLP
WR LGHQWLI\ QRYHO GUXJV DQG JHQHV� QRW SUHYLRXVO\ DVVRFLDWHG ZLWK DJHLQJ� 0RUH UH�
FHQWO\� DIWHU WKH SXEOLFDWLRQ RI WKH ZRUN , SUHVHQW LQ WKLV &KDSWHU� <DQJ HW DO� ������
XVHG D QHWZRUN�EDVHG PHWKRGRORJ\� FDOOHG $1'58 �DJHLQJ QHWZRUN�EDVHG GUXJ GLV�
FRYHU\�� ,QVWHDG RI UHO\LQJ RQ PRGHO RUJDQLVPV� WKLV DSSURDFK ZDV DOVR GULYHQ E\
KXPDQ WUDQVFULSWRPH GDWD �*7([� IURP \RXQJ DQG ROG DGLSRVH DQG DUWHU\ WLVVXHV
DQG VLJQDWXUHV IURP WKH &5(('6 GDWDEDVH �:DQJ HW DO�� ����� WR LGHQWLI\ GLIIHUHQ�
WLDOO\ H[SUHVVHG JHQHV ZLWKLQ WKH DJHLQJ�UHODWHG QHWZRUNV DQG GUXJV UHYHUVLQJ WKHVH
FKDQJHV� 7KH\ UHSRUW WKUHH GLVWLQFW GUXJV UDQNLQJ DV WKH ILUVW ILYH� $OWKRXJK QRQH LV
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SUHYLRXVO\ UHSRUWHG DV D OLIH�VSDQ PRGXODWRU� WKHVH GUXJV WDUJHW SDWKZD\V WKDW FKDQJH
LQ H[SUHVVLRQ ZLWK DJH� VXFK DV PHWDEROLF HQ]\PHV DQG OLSLG PHWDEROLVP�

$SSURDFKHV WR SULRULWLVH GUXJV IRU WHVWLQJ

2QH RI WKH PDMRU FKDOOHQJHV LQ GHYHORSLQJ DQWL�DJHLQJ GUXJV LV H[SHULPHQWDO YDOLGD�
WLRQ� 6LQFH FOLQLFDO WULDOV LQYROYH PDQ\ HWKLFDO FRQVLGHUDWLRQV DQG DUH YHU\ H[SHQVLYH�
VXFK GUXJV DUH SUH�WHVWHG LQ PRGHO RUJDQLVPV� ,Q WKLV VSLULW� $OLSHU HW DO� ������� DLPHG
WR SUHGLFW ZKLFK SUR�ORQJHYLW\ GUXJV SUHYLRXVO\ WHVWHG LQ &�HOHJDQV FRXOG ZRUN LQ KX�
PDQV� 8VLQJ \RXQJ DQG ROG KXPDQ VWHP FHOO H[SUHVVLRQ SURILOHV DQG DQ DOJRULWKP
FDOOHG *HURVFRSH WKDW PDSV WKH JHQH H[SUHVVLRQ FKDQJHV ZLWK DJH WR DJHLQJ�UHODWHG
VLJQDOOLQJ SDWKZD\V� WKH\ UDQNHG D VHW RI FDQGLGDWH GUXJV E\ WKHLU OLNHOLKRRG RI WDUJHW�
LQJ WKHVH SDWKZD\V� 7R GR WKLV WKH\ FDOFXODWH WKH SDWKZD\ DFWLYDWLRQ VWUHQJWK �3$6�
IRU HDFK GUXJ� 7KH\ VKRUWOLVWHG WHQ FRPSRXQGV ZLWK SUR�ORQJHYLW\ HIIHFWV LQ &� HOH�
JDQV� DQG WHVWHG VL[ RI WKHP IRU JHURSURWHFWLYH HIIHFWV LQ VHQHVFHQW KXPDQ ILEUREODVW
FXOWXUHV� :KLOH WKH PDMRULW\ RI WHVWHG GUXJV LPSURYHG VHQHVFHQFH�DVVRFLDWHG SKH�
QRW\SHV� RQH GUXJ �3'�������� D KLJKO\ VHOHFWLYH 0(.� LQKLELWRU� DOVR VKRZHG OLIH�
SURORQJLQJ DQG UHMXYHQDWLQJ HIIHFWV�

&RPSDUDEO\� WR DVVHVV ZKLFK µKXPDQ¶ GUXJV DQG FKHPLFDOV DUH OLNHO\ WR PRGXODWH
WKH &� HOHJDQV DQG 'URVRSKLOD PHODQRJDVWHU RUWKRORJXH RI WKH WDUJHW� =LHKP HW DO�
������ GHYHORSHG D PHWKRG WR UDQN FKHPLFDOV ELQGLQJ WR JHQHV LPSOLFDWHG LQ KXPDQ
DJHLQJ� 7KH\ JHQHUDWHG DQ HPSLULFDO VFRULQJ IXQFWLRQ WKDW FRQVLGHUV WKH FRQVHUYDWLRQ
RI WKH GRPDLQ DQG ELQGLQJ VLWH DW WKH VHTXHQFH OHYHO EHWZHHQ WKH DQLPDO DQG WKH KX�
PDQ SURWHLQ� SUHGLFWHG ELQGLQJ HQHUJ\ IRU WKH FRPSRXQGV IRU WKH KXPDQ WDUJHWV DQG
H[SHULPHQWDO ELRDYDLODELOLW\� LQ DGGLWLRQ WR VFRUHV IRU GUXJ�OLNHQHVV� SURPLVFXLW\� SXU�
FKDVDELOLW\ DQG GHYHORSPHQW VWDWXV� $OWKRXJK WKH DXWKRUV SURYLGHG QR H[SHULPHQWDO
YDOLGDWLRQ� WKH\ FRQGXFWHG D FRPSUHKHQVLYH OLWHUDWXUH PLQLQJ DQG PROHFXODU GRFNLQJ
SURFHGXUH WR YDOLGDWH WKHLU UHVXOWV�

����� 5HVHDUFK REMHFWLYHV

$OWKRXJK SUHYLRXV VWXGLHV WULHG WR GLVFRYHU GUXJV WKDW FDQ DIIHFW DJHLQJ� WKH\ DOO IRFXV
RQ JHQHV RU GUXJV UHODWHG WR OLIHVSDQ UHJXODWLRQ� 7KH UROH RI WKHVH GUXJV LQ SURPRWLQJ
KHDOWK\ DJHLQJ LQ KXPDQV LV VWLOO DQ RSHQ TXHVWLRQ� ,Q WKLV VWXG\� XVLQJ JHQH H[SUHV�
VLRQ GDWD IRU KXPDQ EUDLQ DJHLQJ� ZH DLPHG WR GLVFRYHU QRW RQO\ QHZ SUR�ORQJHYLW\
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GUXJV EXW DOVR WKRVH WKDW FDQ LPSURYH KHDOWK GXULQJ DJHLQJ� +XPDQ EUDLQ XQGHUJRHV
VXEVWDQWLDO VWUXFWXUDO FKDQJHV ZLWK DJH� LQFOXGLQJ FKDQJHV LQ EUDLQ ZHLJKW� ZKLWH DQG
JUH\ PDWWHU YROXPHV� $FFRPSDQLHG E\ WKH DOWHUHG LQWHUFHOOXODU FRPPXQLFDWLRQ DQG
V\QDSWLF ORVV� WKHVH FKDQJHV EULQJ DERXW FRJQLWLYH GHFOLQH� QHXURGHJHQHUDWLRQ DQG
PHPRU\ ORVV �6DOWKRXVH� ������ 7KH ELRORJLFDO SURFHVVHV VKRZLQJ D FKDQJH LQ H[�
SUHVVLRQ LQFOXGH SDWKZD\V UHODWHG WR V\QDSWLF DQG FRJQLWLYH IXQFWLRQV DV ZHOO DV SUR�
WHRVWDVLV �/X HW DO�� ������ VXJJHVWLQJ JHQH H[SUHVVLRQ FKDQJHV LQ WKH DJHLQJ EUDLQ
FRXOG EH XVHG DV D VXUURJDWH WR ILQG GUXJV WR WDUJHW GHWULPHQWDO HIIHFWV�

+HUH� ZH H[WHQGHG WKH SUHYLRXV DSSURDFKHV WR LGHQWLILFDWLRQ RI QHZ DQWL�DJHLQJ GUXJV
IRU KXPDQV� E\ IRFXVLQJ GLUHFWO\ RQ KXPDQ DJHLQJ GDWD� :H XVHG D IUDPHZRUN WKDW
GRHV QRW UHTXLUH DQ\ SULRU NQRZOHGJH DQG LV WKXV UREXVW WR ELDVHV LQ WKH OLWHUDWXUH
DQG GDWDEDVHV RQ DJHLQJ� 0RUHRYHU� XVLQJ KXPDQ DJH�VHULHV GDWD� WKLV PHWKRGRORJ\
KDV WKH SRWHQWLDO WR GLVFRYHU GUXJV DIIHFWLQJ ERWK OLIH� DQG KHDOWK�VSDQ� 7KURXJK D
PHWD�DQDO\VLV RI PXOWLSOH JHQH H[SUHVVLRQ GDWDVHWV� ZH DLPHG WR ILUVW FRPSLOH D UREXVW
VLJQDWXUH WKDW FDQ FKDUDFWHULVH DJHLQJ LQ WKH KXPDQ EUDLQ� :H WKHQ DLPHG WR LGHQWLI\
D OLVW RI SRWHQWLDO GUXJ FDQGLGDWHV WKDW FRXOG LQIOXHQFH KXPDQ EUDLQ DJHLQJ� XVLQJ GUXJ�
LQGXFHG 51$ H[SUHVVLRQ SURILOHV GHSRVLWHG LQ WKH &RQQHFWLYLW\ 0DS �&0DS� �/DPE HW
DO�� ������ :H DOVR SURYLGH DQ DQDO\VLV RI WKH UHVXOWV FRPELQHG ZLWK WKH UHVXOWV IURP
RWKHU LQ VLOLFR VWXGLHV�

��� 0HWKRGV

'DWDVHWV

,Q RUGHU WR GHILQH WKH JHQH H[SUHVVLRQ FKDQJHV GXULQJ DJHLQJ� ZH RQO\ LQFOXGHG GDWDVHWV
ZLWK VDPSOHV DFURVV GLIIHUHQW DJHV� ,Q WKLV ZD\� ZH FDOFXODWHG WKH FKDQJHV WKDW RF�
FXU PRQRWRQLFDOO\ WKURXJKRXW WKH DJHLQJ SURFHVV� UDWKHU WKDQ ORRNLQJ DW GLIIHUHQFHV LQ
WKH \RXQJ DQG ROG JURXS� 'DWDVHWV XVHG LQ WKLV VWXG\ DUH DOO SXEOLVKHG GDWDVHWV DQG
LQFOXGH ERWK PLFURDUUD\ DQG 51$�VHT GDWD� 7KH SUH�SURFHVVLQJ VWHSV IRU HDFK DUH
GHVFULEHG EHORZ�

0LFURDUUD\ GDWDVHWV� :H XVHG VHYHQ PLFURDUUD\�EDVHG 51$ H[SUHVVLRQ VWXGLHV
ZLWK VDPSOHV IURP �� EUDLQ UHJLRQV� WKDW DUH QRW PXWXDOO\ H[FOXVLYH �6XSSOHPHQWDU\
7DEOH 6��� 'DWD IURP GLIIHUHQW EUDLQ UHJLRQV DUH SURFHVVHG DQG DQDO\VHG VHSDUDWHO\�
UHVXOWLQJ LQ �� GDWDVHWV� 7KH QXPEHU RI LQGLYLGXDOV LQ HDFK GDWDVHW UDQJHV EHWZHHQ
�� DQG ���� 7KH WRWDO QXPEHU RI LQGLYLGXDOV LV ���� DQG WKH WRWDO QXPEHU RI VDP�
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SOHV LV ��� �DIWHU UHPRYLQJ WKH RXWOLHUV�� 6RPH VWXGLHV LQFOXGH VDPSOHV FRYHULQJ WKH
ZKROH OLIHVSDQ� +RZHYHU� LQ WKLV VWXG\� ZH RQO\ FRQVLGHUHG VDPSOHV DERYH �� \HDUV RI
DJH� ZKLFK FRUUHVSRQGV WR WKH DJH DW ILUVW UHSURGXFWLRQ LQ KXPDQ VRFLHWLHV �:DONHU HW
DO�� ������ 3UHYLRXV KXPDQ EUDLQ DJHLQJ VWXGLHV XVLQJ WUDQVFULSWRPH GDWD KDYH DOVR
VXJJHVWHG JHQH H[SUHVVLRQ SDWWHUQV EHIRUH DQG DIWHU WKH DJH RI �� DUH GLVFRQWLQXRXV
�&RODQWXRQL HW DO�� ����� '|QHUWDú HW DO�� ������ 6LQFH ZH DUH LQWHUHVWHG LQ ILQGLQJ FRQ�
VLVWHQW WHQGHQFLHV LQ WHUPV RI WKH GLUHFWLRQ RI FKDQJH� ZKLFK FDQ FKDUDFWHULVH DJHLQJ�
ZH RQO\ LQFOXGHG VDPSOHV DERYH �� \HDUV RI DJH� $V D UHVXOW� WKH VDPSOHV LQFOXGHG LQ
WKH DQDO\VLV KDG DJHV EHWZHHQ ������� 7KH PLFURDUUD\ GDWD ZHUH GRZQORDGHG IURP
1&%, *(2 �%DUUHWW HW DO�� ����� XVLQJ WKH DFFHVVLRQ QXPEHUV LQ 6XSSOHPHQWDU\ 7DEOH
6�� 8VLQJ ³DII\´ �*DXWLHU HW DO�� ����� RU ³ROLJR´ �&DUYDOKR 	 ,UL]DUU\� ����� OLEUDULHV LQ
5� 50$ EDFNJURXQG FRUUHFWLRQ LV DSSOLHG WR WKH H[SUHVVLRQ GDWD� 7KH GDWD LV WKHQ ORJ�
WUDQVIRUPHG� DQG TXDQWLOH QRUPDOLVHG �XVLQJ ³SUHSURFHVV&RUH´ OLEUDU\ LQ 5�� %\ YLVXDO
LQVSHFWLRQ RI WKH ILUVW DQG VHFRQG SULQFLSDO FRPSRQHQWV RI WKH SUREH�VHW H[SUHVVLRQ
OHYHOV� RXWOLHUV ZHUH H[FOXGHG IURP WKH IXUWKHU DQDO\VLV �6XSSOHPHQWDU\ 7DEOH 6���
7KH DJH GLVWULEXWLRQV IRU WKH GDWDVHWV DIWHU RXWOLHU UHPRYDO DUH JLYHQ LQ )LJXUH $���D�
*HQH DQQRWDWLRQV IRU WKH SUREH�VHWV DUH REWDLQHG IURP WKH (QVHPEO GDWDEDVH XV�
LQJ WKH µELRPD5W¶ OLEUDU\ �'XULQFN HW DO�� ����� LQ 5� %HFDXVH WKH DQQRWDWLRQV IRU WKH
SUREH�VHWV XVHG LQ .DQJ���� DQG &RODQWXRQL���� DUH QRW DYDLODEOH LQ (QVHPEO� ZH
XVHG WKH *3/ ILOHV GHSRVLWHG LQ *(2� ,I (QVHPEO JHQH ,'V DUH QRW SURYLGHG LQ WKH *3/
ILOHV� (QWUH] JHQH ,'V ZHUH H[WUDFWHG DQG FRQYHUWHG WR (QVHPEO *HQH ,'V XVLQJ WKH
µELRPD5W¶ SDFNDJH� 3UREH�VHW OHYHO H[SUHVVLRQ LQIRUPDWLRQ LV WKHQ PDSSHG WR JHQH
,'V� ,Q RUGHU QRW WR GXSOLFDWH H[SUHVVLRQ YDOXHV� ZH H[FOXGHG WKH SUREH�VHWV FRUUH�
VSRQGLQJ WR PXOWLSOH JHQHV� ([SUHVVLRQ YDOXHV IRU WKH JHQHV ZLWK PXOWLSOH SUREH�VHWV
ZHUH VXPPDULVHG XVLQJ WKH PHDQ H[SUHVVLRQ OHYHOV� 7KH 3&$ SORWV IRU WKH VDPSOHV
XVLQJ JHQH H[SUHVVLRQ OHYHOV DUH JLYHQ LQ )LJXUH $���E�

51$�VHT GDWDVHW� :H DQDO\VHG WUDQVFULSWRPH GDWD JHQHUDWHG E\ *7([ SURMHFW �Y�S�
�*7([ &RQVRUWLXP� ������ 6DPSOHV DUH ILOWHUHG EDVHG RQ WKH FDXVH RI GHDWK FLUFXP�
VWDQFHV ���SRLQW +DUG\ 6FDOH�� 2QO\ WKH FDVHV ZLWK D GHDWK FLUFXPVWDQFH RI � �YLROHQW
DQG IDVW GHDWKV GXH WR DQ DFFLGHQW� DQG � �IDVW GHDWK RI QDWXUDO FDXVHV� DUH XVHG
IRU WKH GRZQVWUHDP DQDO\VLV DQG WKH VDPSOHV ZLWK LOOQHVVHV DUH H[FOXGHG� $PRQJ DOO
WLVVXHV� RQO\ WKH RQHV KDYLQJ DW OHDVW �� VDPSOHV DUH FRQVLGHUHG� :H DOVR H[FOXGHG
µ&HOOV � 7UDQVIRUPHG )LEUREODVWV¶ FDWHJRU\ WR LQFOXGH RQO\ WKH VDPSOHV IURP WLVVXHV�
$V D UHVXOW� �� GDWDVHWV ��� PDMRU WLVVXH W\SH� DUH XVHG IRU WKH GRZQVWUHDP DQDO\�
VLV� �� RI ZKLFK ZHUH IURP WKH EUDLQ� 7KH ILQDO VHW WKDW ZH DQDO\VHG LQFOXGHV ����
���� IRU WKH EUDLQ� VDPSOHV IURP ��� ��� IRU WKH EUDLQ� LQGLYLGXDOV� 7KH JHQHV ZLWK
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PHGLDQ 53.0 YDOXH RI � DUH DOVR H[FOXGHG IURP GDWD� 7KH 53.0 YDOXHV SURYLGHG LQ
WKH *7([ GDWDEDVH DUH ORJ� WUDQVIRUPHG DQG TXDQWLOH QRUPDOLVHG IRU WKH GRZQVWUHDP
DQDO\VLV� 6LPLODU WR WKH PLFURDUUD\ GDWD� ZH H[FOXGHG WKH RXWOLHUV EDVHG RQ WKH YLVXDO
LQVSHFWLRQ RI WKH ILUVW DQG VHFRQG SULQFLSDO FRPSRQHQWV �6XSSOHPHQWDU\ 7DEOH 6���
'LVWULEXWLRQ RI WKH DJHV DQG WKH 3&$ SORWV DIWHU RXWOLHU H[FOXVLRQ DUH JLYHQ LQ )LJXUH
$����

%DWFK FRUUHFWLRQ� ,Q WKLV VWXG\� HDFK GDWDVHW LV DQDO\VHG VHSDUDWHO\� DQG RQO\ WKH
JHQH H[SUHVVLRQ FKDQJHV WKDW DUH FRQVLVWHQW DFURVV DOO GDWDVHWV DUH FRQVLGHUHG IRU
WKH GRZQVWUHDP DQDO\VLV� 6LQFH PXOWLSOH GDWDVHWV DUH QRW FRPELQHG� DQG GDWDVHWV
JHQHUDWHG DW GLIIHUHQW ODEV XVLQJ GLIIHUHQW SODWIRUPV XQOLNHO\ WR KDYH WKH VDPH FRQ�
IRXQGHUV� ZH GLG QRW DSSO\ D FRUUHFWLRQ PHWKRG RWKHU WKDQ TXDQWLOH QRUPDOLVDWLRQ DQG
RXWOLHU UHPRYDO EDVHG RQ WKH 3&$ �XVLQJ SUREH�VHW OHYHO H[SUHVVLRQ GDWD IRU PLFURDU�
UD\V DQG JHQH�OHYHO H[SUHVVLRQ GDWD IRU 51$�VHT DV GHVFULEHG DERYH�� 0RUHRYHU�
PRVW RI WKH GDWDVHWV KDYH D KRPRJHQRXV VDPSOH VHW DV WKH QXPEHU RI VDPSOHV LV ORZ
DQG IRU WKH GDWDVHWV ZLWK D ODUJH QXPEHU RI VDPSOHV� ZH GR QRW GHWHFW DQ\ FOXVWHULQJ�

$JH�UHODWHG H[SUHVVLRQ FKDQJHV DQG WKH DJHLQJ VLJQDWXUH

7KH 6SHDUPDQ¶V UDQN FRUUHODWLRQ FRHIILFLHQWV EHWZHHQ DJH DQG JHQH H[SUHVVLRQ OHY�
HOV DUH XVHG WR PHDVXUH DJH�UHODWHG H[SUHVVLRQ FKDQJHV� ,QVWHDG RI FRPELQLQJ WKH
GDWDVHWV� ZH FDOFXODWHG WKH 6SHDUPDQ¶V FRUUHODWLRQ IRU HDFK JHQH� IRU HDFK GDWDVHW
VHSDUDWHO\� $V D UHVXOW� HDFK JHQH KDG WZR PHDVXUHV WR DVVHVV LWV DJH�UHODWHG H[�
SUHVVLRQ� �� D FRUUHODWLRQ FRHIILFLHQW �UKR�� LQGLFDWLQJ WKH VWUHQJWK DQG WKH GLUHFWLRQ RI
FKDQJH ZLWK DJH DQG �� D S�YDOXH� VKRZLQJ WKH VLJQLILFDQFH RI WKH DVVRFLDWLRQ� 7KH S�
YDOXHV DUH FRUUHFWHG IRUPXOWLSOH WHVWLQJ XVLQJ S�DGMXVW IXQFWLRQ LQ 5� ZLWKPHWKRG ³)'5´
DUJXPHQW� $V WKH SRZHU WR GHWHFW VLJQLILFDQW FKDQJHV LQ HDFK GDWDVHW LV GLIIHUHQW DQG
WKH VDPSOH VL]H LV VPDOO IRU PRVW RI WKH GDWDVHWV� IRU WKH GRZQVWUHDP DQDO\VLV ZH RQO\
XVHG WKH FRUUHODWLRQ FRHIILFLHQWV �UKR� DQG DVVHVVHG WKH VLJQLILFDQW JHQH H[SUHVVLRQ
FKDQJH WHQGHQFLHV WKDW DUH FRQVLVWHQW LQ DOO GDWDVHWV� :KHQ D JHQH LV XS�UHJXODWHG
E\ DJH WKURXJKRXW WKH OLIHVSDQ� WKHQ LW ZRXOG KDYH D SRVLWLYH 6SHDUPDQ¶V FRUUHODWLRQ
FRHIILFLHQW WKDW LV FORVH WR RQH� ,Q FRQWUDVW� D JHQH ZRXOG KDYH QHJDWLYH FRUUHODWLRQ
FRHIILFLHQW LI LW LV GRZQ�UHJXODWHG� :KHQ WKH DVVRFLDWLRQ LV QRW VWURQJ� WKH PDJQLWXGH RI
WKH FRUUHODWLRQ FRHIILFLHQW GHFUHDVHV� EXW WKH VLJQ VWLOO UHIOHFWV WKH GLUHFWLRQ RI FKDQJH
WKDW LV REVHUYHG LQ PRVW RI WKH WLPH�SRLQWV� :H XVHG WKH VLJQ RI FRUUHODWLRQ FRHIILFLHQW�
L�H� WKH GLUHFWLRQ RI FKDQJH� WR FRPSLOH WKH VHW RI JHQHV WKDW VKRZ FRQVLVWHQW FKDQJHV
DFURVV DOO GDWDVHWV� 7KLV VHW RI JHQHV DUH UHIHUUHG WR DV WKH µDJHLQJ VLJQDWXUH¶� 7KH
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DJHLQJ VLJQDWXUH� WKXV� GRHV QRW UHIOHFW WKH GUDPDWLF FKDQJHV LQ JHQH H[SUHVVLRQ EXW
FDSWXUHV FRQVLVWHQW WUHQGV WKDW DUH REVHUYHG DFURVV DOO GDWDVHWV� 7KH VWDWLVWLFDO VLJ�
QLILFDQFH RI WKH DJHLQJ VLJQDWXUH LV FDOFXODWHG XVLQJ D SHUPXWDWLRQ VFKHPH� WHVWLQJ
WKH VLJQLILFDQFH RI WKH FRQVLVWHQF\�

3HUPXWDWLRQ WHVW

:H XVHG D SHUPXWDWLRQ VFKHPH WKDW ZH GHYHORSHG HDUOLHU �'|QHUWDú HW DO�� ������ WR
VLPXODWH WKH QXOO K\SRWKHVLV WKDW WKHUH LV QR DVVRFLDWLRQ EHWZHHQ DJH DQG WKH JHQH
H[SUHVVLRQ� ZKLOH UHWDLQLQJ WKH GHSHQGHQFH EHWZHHQ JHQHV DQG WKH GDWDVHWV� 3DUWLF�
XODUO\� WKH DJHV RI LQGLYLGXDOV LQ HDFK VWXG\ DUH SHUPXWHG �UDQGRPLVHG� ����� WLPHV
DQG LI WKDW LQGLYLGXDO GRQDWHG PXOWLSOH VDPSOHV IRU GLIIHUHQW EUDLQ UHJLRQV� HDFK VDPSOH
LV DQQRWDWHG ZLWK WKH VDPH DJH� 7KHQ� WKH 6SHDUPDQ¶V FRUUHODWLRQ FRHIILFLHQW EHWZHHQ
WKHVH UDQGRPLVHG DJHV DQG WKH JHQH H[SUHVVLRQ YDOXH IRU DOO JHQHV DUH FDOFXODWHG�
,Q WKLV ZD\� ZH UHWDLQ WKH GHSHQGHQFH EHWZHHQ JHQHV �H�J� WKRVH UHJXODWHG E\ WKH
VDPH WUDQVFULSWLRQ IDFWRU� DQG WKH VDPSOHV �H�J� GRQDWHG E\ WKH VDPH LQGLYLGXDOV��
3HUPXWDWLRQV DUH SHUIRUPHG XVLQJ µVDPSOH¶ IXQFWLRQ LQ EDVH 5�

8VLQJ WKH FRUUHODWLRQ FRHIILFLHQWV FDOFXODWHG WKURXJK SHUPXWDWLRQV SHUIRUPHG DV H[�
SODLQHG DERYH� ZH WHVWHG L� VLJQLILFDQFH RI WKH FRUUHODWLRQV DPRQJ GDWDVHWV� LL� VLJQLIL�
FDQFH RI WKH ILQGLQJ WKH VDPH RU D KLJKHU QXPEHU RI FRQVLVWHQWO\ XS� RU GRZQ�UHJXODWHG
JHQHV� L�H� WKH DJHLQJ VLJQDWXUH� ,Q RUGHU WR WHVW WKH VLJQLILFDQFH RI WKH FRUUHODWLRQV
DPRQJ GDWDVHWV� ZH FDOFXODWHG WKH FRUUHODWLRQV EHWZHHQ WKH H[SUHVVLRQ�DJH FRUUHOD�
WLRQ FRHIILFLHQWV FDOFXODWHG XVLQJ WKH SHUPXWDWLRQV� :H FRQVWUXFWHG WKH GLVWULEXWLRQ IRU
WKH PHGLDQ FRUUHODWLRQ FRHIILFLHQW DPRQJ GDWDVHWV �GLVWULEXWLRQ RI WKH ����� YDOXHV��
DQG FDOFXODWHG KRZ PDQ\ WLPHV WKH UDQGRPLVHG YDOXHV KDYH KLJKHU FRUUHODWLRQ WKDQ
WKH YDOXH ZH FDOFXODWH XVLQJ WKH UHDO DJHV� ,Q WKLV ZD\� ZH FDOFXODWH DQ HPSLULFDO S�
YDOXH� 7KH PHGLDQ RI WKH SHUPXWHG YDOXHV UHIOHFWV WKH YDOXH WKDW ZRXOG EH H[SHFWHG
E\ FKDQFH� 6LPLODUO\� LQ RUGHU WR WHVW WKH VLJQLILFDQFH RI WKH DJHLQJ VLJQDWXUH� ZH FRP�
SLOHG SHUPXWHG DJHLQJ VLJQDWXUHV� IRU ����� WLPHV� DQG DVNHG KRZ PDQ\ WLPHV ZH
KDYH WKH VDPH RU KLJKHU YDOXH WKDQ WKH FDOFXODWHG QXPEHU RI JHQHV LQ WKH PLFURDU�
UD\ RU *7([ DJHLQJ VLJQDWXUHV� ,Q WKLV ZD\� ZH FDOFXODWH WKH HPSLULFDO S�YDOXH DQG
PHGLDQ RI WKH QXPEHU RI VKDUHG WHQGHQFLHV EDVHG RQ SHUPXWDWLRQV� UHIOHFWLQJ ZKDW
ZRXOG EH H[SHFWHG E\ FKDQFH�
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*HQH 2QWRORJ\ (QULFKPHQW

8VLQJ ³WRS*2´ �$OH[D 	 5DKQHQIXKUHU� ����� DQG ³RUJ�+V�HJ�GE´ �&DUOVRQ� ����� OL�
EUDULHV LQ 5� ZH SHUIRUPHG D IXQFWLRQDO DQDO\VLV RI WKH DJHLQJ VLJQDWXUH� 8VLQJ *2
FDWHJRULHV ZLWK PRUH WKDQ �� DQQRWDWHG JHQHV� ZH DSSOLHG DQ HQULFKPHQW WHVW IRU WKH
*HQH 2QWRORJ\ �*2� �$VKEXUQHU HW DO�� ����� 7KH *HQH 2QWRORJ\ &RQVRUWLXP 	 7KH
*HQH 2QWRORJ\ &RQVRUWLXP� ����� %LRORJLFDO 3URFHVV �%3� FDWHJRULHV�

&RQQHFWLYLW\ 0DS $QDO\VLV

$ OLVW RI JHQHV VKRZLQJ D FRQVLVWHQW FKDQJH LQ DJHLQJ �WKH DJHLQJ VLJQDWXUH� LV XVHG
WR TXHU\ WKH &RQQHFWLYLW\ 0DS �/DPE HW DO�� ������ 6LQFH WKH &RQQHFWLYLW\ 0DS LQSXW
UHTXLUHV SUREH�VHW LGV� WKH ³ELRPD5W´ SDFNDJH LQ 5 LV XVHG WR FRQYHUW WKH JHQH OLVW
WR WKH SUREH�VHW LGV WKDW DUH FRPSDWLEOH ZLWK WKH &0DS GDWD� 7KH SUREH�VHWV WKDW
DUH LQ ERWK XS� DQG GRZQ�UHJXODWHG SUREH�VHW OLVWV DUH H[FOXGHG IURP ERWK OLVWV� 7KH
ILQDO OLVWV DUH XVHG WR TXHU\ &0DS GDWDEDVH WR DVVRFLDWH WKH DJHLQJ VLJQDWXUH ZLWK
WKH GUXJ SHUWXUEHG H[SUHVVLRQ SURILOHV LQ WKH GDWDEDVH� 7KH UHVXOWLQJ S�YDOXHV DUH
)'5 FRUUHFWHG WR DFFRXQW IRU PXOWLSOH WHVWLQJ DQG DGMXVWHG S����� LV XVHG DV WKH
VLJQLILFDQFH WKUHVKROG�

7KH DJHLQJ VLJQDWXUH FRPSLOHG XVLQJ WKH *7([ GDWD KDG PRUH WKDQ ��� SUREH�VHWV
LQ ERWK XS DQG GRZQ OLVWV� 6LQFH WKH DOJRULWKP UHTXLUHV DQ LQSXW ZLWK OHVV WKDQ ���
HQWULHV� ZH XVHG WKH RQHV ZLWK WKH KLJKHU PDJQLWXGH RI H[SUHVVLRQ FKDQJH �PHGLDQ
6SHDUPDQ¶V UDQN FRUUHODWLRQ FRHIILFLHQWV DFURVV �� EUDLQ UHJLRQV�� ,Q RUGHU WR VKRZ
WKDW WKLV GRHV QRW ELDV WKH UHVXOWV� ZH UHSHDWHG WKLV VWHS IRU ����� WLPHV E\ UDQGRPO\
VHOHFWLQJ ��� RI WKH SUREH�VHWV LQ WKH *7([ DJHLQJ VLJQDWXUH� ,Q RUGHU WR DXWRPDWL]H
WKLV SURFHVV� ZH UH�LPSOHPHQWHG &0DS DOJRULWKP LQ 5 DQG FDOFXODWHG WKH GUXJ VLPLODU�
LW\ VFRUHV XVLQJ WKH µUDQN0DWUL[�W[W¶ GDWD SURYLGHG RQ WKH &0DSZHEVLWH� 'UXJ VLPLODULW\
VFRUHV JHQHUDWHG XVLQJ WKH WRS ��� DQG UDQGRPO\ VHOHFWHG ��� RI WKH *7([ DJHLQJ
VLJQDWXUH VKRZHG D VLJQLILFDQW FRUUHODWLRQ �PHGLDQ UKR  ����� UDQJH  �������������
VXJJHVWLQJ WKDW WKLV DSSURDFK GRHV QRW ELDV WKH UHVXOWV�

6HDUFKLQJ WKH GUXJ GDWDEDVHV IRU &0DS GUXJV

(QWULHV LQ WKH &RQQHFWLYLW\ 0DS DUH FRPSRVHG RI WKH GUXJ QDPHV� ZKLFK DUH JHQHUDOO\
WKH FDWDORJXH QDPHV IRU WKH GUXJV IURP FKHPLFDO YHQGRUV� 6LPLODUO\� 'UXJ$JH GUXJV
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DOVR GR QRW KDYH DQ ,' WKDW LV SRVVLEOH WR PDS DFURVV GLIIHUHQW GDWDEDVHV� 7KH 'UX�
J$JH GDWDEDVH ZDV UHWULHYHG RQ ��WK 0D\ ����� IURP WKH 'UXJ$JH ZHEVLWH� ,Q RUGHU
WR FRPSDUH WKH GUXJV LQ WKH &RQQHFWLYLW\ 0DS DQG WKH 'UXJ$JH� ZH ILUVW XVHG WKH
3XE&KHP GDWDEDVH �.LP HW DO�� ����� WR PDNH D WUDQVLWLRQ DFURVV GLIIHUHQW VRXUFHV�
:H REWDLQHG 3XE&KHP FRPSRXQG ,'V IRU HDFK GUXJ LQ WKH &RQQHFWLYLW\ 0DS DQG 'UX�
J$JH XVLQJ 3XE&KHP $3, DFFHVVHG WKURXJK 5 SURJUDPPLQJ HQYLURQPHQW DQG µ5&XUO¶
DQG µMVRQOLWH¶ OLEUDULHV�

7DUJHWV RI WKH GUXJV WKDW DUH VLJQLILFDQWO\ DVVRFLDWHG ZLWK DJHLQJ

:H FRPSLOHG WKH GUXJ�WDUJHW DVVRFLDWLRQV IRU WKH GUXJV VLJQLILFDQWO\ DVVRFLDWHG ZLWK
DJHLQJ PRVWO\ WKURXJK OLWHUDWXUH UHVHDUFK� )RU WKH FDVHV ZKHUH WKH GDWDEDVH HQ�
WULHV DUH PDQXDOO\ FXUDWHG DQG FRQVLVWHQW� ZH XVHG &+(0%/ �%HQWR HW DO�� ������
'UXJ%DQN �/DZ HW DO�� ������ DQG 3XE&KHP �.LP HW DO�� ������ :H GRZQORDGHG
*HQ$JH PRGHO RUJDQLVP DQG KXPDQ GDWDVHWV �7DFXWX HW DO�� ����� RQ ��WK 2FWREHU
���� XVLQJ *HQ$JH ZHEVLWH� 8VLQJ WKH KXPDQ RUWKRORJXHV IRU WKH PRGHO RUJDQLVPV
�JHQDJHBPRGHOVBRUWKRORJVBH[SRUW�WVY� DQG WKH KXPDQ GDWDVHW� ZH DVNHG LI DQ\ RI WKH
GUXJ WDUJHWV ZHUH SUHYLRXVO\ VKRZQ WR EH LPSOLFDWHG LQ DJHLQJ� ,Q RUGHU WR FRQVWUXFW
WKH GUXJ ± WDUJHW QHWZRUN� ZH XVHG µJJQHWZRUN¶ SDFNDJH LQ 5�

7KH 3UR�/RQJHYLW\ 'UXJ ([SUHVVLRQ 3URILOH

,Q RUGHU WR FRPSLOH D VHW RI JHQH H[SUHVVLRQ FKDQJHV WKDW FDQ EH DVVRFLDWHG ZLWK
WKH NQRZQ SUR�ORQJHYLW\ GUXJ SURILOH� ZH ILUVW GRZQORDGHG WKH SUH�SURFHVVHG GDWD PD�
WUL[ ZLWK WKH GUXJ�LQGXFHG H[SUHVVLRQ FKDQJHV �µDPSOLWXGH0DWUL[�W[W¶ IURP &0DS )73
VHUYHU IWS���IWS�EURDGLQVWLWXWH�RUJ�GLVWULEXWLRQ�FPDS�� 8VLQJ WKLV PDWUL[� IRU WKH VHYHQ
SUR�ORQJHYLW\ GUXJV LQ 'UXJ$JH WKDW DUH DPRQJ WKH VLJQLILFDQW DVVRFLDWLRQV DFFRUG�
LQJ WR RXU DQDO\VLV� ZH JHQHUDWHG D SUR�ORQJHYLW\ GUXJ SURILOH� :H ILUVW LGHQWLILHG WKH
GUXJ�LQGXFHG JHQH H[SUHVVLRQ FKDQJHV IRU HDFK RI WKHVH VHYHQ GUXJV DQG HDFK RI
WKH SUREH�VHWV WKDW DUH LQ WKH PLFURDUUD\ DJHLQJ VLJQDWXUH� )RU HDFK GUXJ ± SUREH�VHW
SDLU� ZH WDNH WKH GLUHFWLRQ RI FKDQJH WKDW LV REVHUYHG LQ DW OHDVW ��� RI WKH H[SHU�
LPHQWV �XVLQJ GLIIHUHQW GRVHV RU GLIIHUHQW FHOO OLQHV� DV WKH HIIHFW RI WKDW GUXJ RQ WKH
H[SUHVVLRQ RI WKDW SUREH�VHW� $IWHU GHFLGLQJ RQ WKH LQGLYLGXDO GUXJ HIIHFWV� ZH WRRN
WKH W\SH RI FKDQJH REVHUYHG LQ DW OHDVW IRXU RI VHYHQ GUXJV DV WKH SUR�ORQJHYLW\ GUXJ
SURILOH� 7KH UHDVRQ ZK\ ZH GR QRW VHHN D SHUIHFW RYHUODS DPRQJ GLIIHUHQW GUXJV LV
WR DOORZ SRWHQWLDOO\ GLIIHUHQW PHFKDQLVP RI DFWLRQV WR EH LQFOXGHG LQ WKH SUR�ORQJHYLW\

ftp://ftp.broadinstitute.org/distribution/cmap
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GUXJ SURILOH� $V D UHVXOW� ZH JRW ILYH FDWHJRULHV� �� LQFUHDVH LQ DJHLQJ� LQFUHDVHG
E\ WKH GUXJV� �� LQFUHDVH LQ DJHLQJ� GHFUHDVHG E\ WKH GUXJV� �� GHFUHDVH LQ DJHLQJ�
LQFUHDVHG E\ WKH GUXJV� �� GHFUHDVH LQ DJHLQJ� GHFUHDVHG E\ WKH GUXJV� DQG �� WKH
RQHV WKDW DUH QRW DIIHFWHG FRQVLVWHQWO\ E\ WKH GUXJV� 7KH IXOO OLVW RI JHQHV LQ WKH ILUVW
IRXU FDWHJRULHV LV JLYHQ DV 6XSSOHPHQWDU\ 7DEOH 6�� :H DOVR DVNHG LI DQ\ RI WKH *2
%LRORJLFDO 3URFHVVHV LV HQULFKHG LQ DQ\ RI WKH ILUVW IRXU FDWHJRULHV DQG WKXV GLG DQ
HQULFKPHQW DQDO\VLV� :H FDOFXODWHG WKH RGGV UDWLR IRU HDFK *2 FDWHJRU\ E\ NHHSLQJ
WKH W\SH RI FKDQJH LQ DJHLQJ WKH VDPH� )RU H[DPSOH� ZH DVNHG LI D *2 FDWHJRU\ LV
HQULFKHG LQ JHQHV WKDW LQFUHDVH LQ DJHLQJ DQG DOVR LQFUHDVHG E\ WKH GUXJV� FRPSDUHG
WR WKH JHQHV WKDW LQFUHDVH LQ DJHLQJ EXW GHFUHDVHG E\ WKH GUXJV� %HFDXVH WKH QXPEHU
RI JHQHV LV VPDOO� LW LV QRW SRVVLEOH WR GHWHFW VLJQLILFDQW DVVRFLDWLRQV DIWHU FRUUHFWLQJ
IRU PXOWLSOH WHVWLQJ DQG WKXV ZH RQO\ UHSRUW WKH RGG¶V UDWLRV IRU WKH FDWHJRULHV �6XS�
SOHPHQWDU\ 7DEOH 6��� :H DOVR FRPSDUHG WKH NQRZQ SUR�ORQJHYLW\ GUXJ SURILOH ZH
FRPSLOHG ZLWK WKH SURILOH LQGXFHG E\ WKH �� GUXJV LGHQWLILHG LQ WKH VWXG\ �)LJXUH $�����
:H FDOFXODWHG WKH SHUFHQWDJH RI SUREH�VHWV WKDW VKRZ WKH VDPH W\SH RI FKDQJH DV
WKH SUR�ORQJHYLW\ GUXJ SURILOH� )RU WKLV� ZH DJDLQ RQO\ FRQVLGHUHG SUREH�VHWV WKDW VKRZ
WKH VDPH W\SH RI FKDQJH LQ DW OHDVW ��� RI WKH H[SHULPHQWV SHU GUXJ�

*HQH�VHW HQULFKPHQW DQDO\VLV IRU GUXJ�LQGXFHG FKDQJHV

8VLQJ WKH µDPSOLWXGH0DWUL[�W[W¶ GRZQORDGHG IURP WKH &0DS ZHEVLWH� ZH GHWHUPLQHG
WKH H[SUHVVLRQ FKDQJHV DW WKH JHQH OHYHO IRU HDFK GUXJ� :H ILUVW VXEVHW WKH PDWUL[ WR
LQFOXGH RQO\ WKH H[SHULPHQWV IRU WKH �� VLJQLILFDQW GUXJV ZH IRXQG� :H WKHQ PDSSHG
WKH SUREH�VHW LGV �WRWDO QXPEHU RI SUREH�VHWV  ������� WR (QWUH] JHQH LGV XVLQJ WKH
(QVHPEO ELRPD5W SDFNDJH LQ 5� :H PDS ������ SUREH�VHWV WR JHQHV� H[FOXGLQJ H[�
DPSOHV ZKHUH WKH VDPH SUREH�VHW LG PDSV WR PXOWLSOH JHQHV ���� PXOWL�JHQH SUREH�
VHW LGV LQ WRWDO�� 7KH JHQHV ZLWK PRUH WKDQ RQH SUREH�VHW LG DUH UHSUHVHQWHG E\ WDNLQJ
WKH PHGLDQ H[SUHVVLRQ FKDQJH LQGXFHG IRU WKH SUREH�VHWV �QXPEHU RI JHQHV  �������
:KHQ WKH H[SHULPHQWV IRU HDFK GUXJ DUH WUHDWHG VHSDUDWHO\� ZH QRWLFHG WKDW WKH UH�
VXOWV ZHUH FRQIRXQGHG E\ FHOO�OLQH� 7KXV� ZH WKHQ VXPPDULVHG PXOWLSOH H[SHULPHQWV
IRU HDFK GUXJ E\ WDNLQJ WKH PHGLDQ RI WKH FKDQJH WKH\ LQGXFH� ,Q WKLV ZD\� ZH WULPPHG
WKH FHOO�OLQH VSHFLILF HIIHFWV� 7KHQ WKH H[SUHVVLRQ FKDQJHV �IRU ����� JHQHV� IRU HDFK
GUXJ ��� GUXJV� DUH UDQN RUGHUHG� 8VLQJ FOXVWHU3URILOHU SDFNDJH DQG µJVH.(**¶ DQG
µJVH*2¶ IXQFWLRQV� ZH SHUIRUPHG *6($ IRU WKH JHQH H[SUHVVLRQ FKDQJHV LQGXFHG
E\ HDFK GUXJ VHSDUDWHO\� )RU WKH .(** SDWKZD\ DQDO\VLV� ZH RQO\ FRQVLGHUHG WKH
SDWKZD\V ZLWK DW OHDVW �� JHQHV ���� SDWKZD\V�� DQG IRU *2 DQDO\VLV� ZH RQO\ FRQ�
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VLGHUHG %LRORJLFDO 3URFHVV FDWHJRULHV ZLWK DW OHDVW �� DQG PD[LPXP RI ��� JHQHV
����� FDWHJRULHV��

&RPSDULQJ %UDLQ $JHLQJ 6LJQDWXUH WR 2WKHU 7LVVXHV

:H FDOFXODWHG WKH SURSRUWLRQ RI JHQHV WKDW VKRZ D FKDQJH LQ WKH VDPH GLUHFWLRQ ZLWK
WKH DJHLQJ VLJQDWXUH FRPSLOHG XVLQJ EUDLQ GDWD� 7KH SURSRUWLRQV DUH FDOFXODWHG IRU
DJHLQJ VLJQDWXUHV FRPSLOHG XVLQJ WKH DUUD\ DQG *7([ EUDLQ GDWD� VHSDUDWHO\� :H
DOVR DQDO\VHG XS�UHJXODWHG DQG GRZQ�UHJXODWHG JHQHV VHSDUDWHO\ WR REVHUYH DQ\ GLI�
IHUHQWLDO SDWWHUQ� ,Q RUGHU WR FDOFXODWH WKH VLJQLILFDQFH RI VLPLODULW\ RU GLVVLPLODULW\ ZH
SHUIRUPHG ������ SHUPXWDWLRQV DV IROORZV� L� 1 QXPEHU RI JHQHV� ZKHUH 1 LV WKH
QXPEHU RI JHQHV LQ D SDUWLFXODU JURXS �DUUD\ � *7([ DQG XS� � GRZQ�UHJXODWHG�� ZHUH
VHOHFWHG UDQGRPO\ IURP D JLYHQ *7([ GDWDVHW� LL� WKH SURSRUWLRQ RI FKDQJHV LQ D JLYHQ
GLUHFWLRQ LV FDOFXODWHG� DQG LLL� XVLQJ WKH GLVWULEXWLRQ RI WKHVH SURSRUWLRQV� ZH DVNHG
KRZ PDQ\ WLPHV ZH REWDLQ D YDOXH DV H[WUHPH DV WKH SURSRUWLRQ FDOFXODWHG IRU WKDW
WLVVXH DQG DVVLJQ HPSLULFDO S YDOXH�

6LGH (IIHFWV

8VLQJ FRPSRXQG 3XE&KHP ,'V� ZH VXEVHW WKH 6LGH (IIHFW 5HVRXUFH �6,'(5 ����
�.XKQ� /HWXQLF� -HQVHQ� 	 %RUN� ������ D GDWDEDVH RI DGYHUVH GUXJV UHDFWLRQV IRU
PDUNHWHG PHGLFLQHV� 7KH ODWHVW YHUVLRQ RI 6,'(5 FRGH WKH VLGH HIIHFWV E\ XVLQJ WKH
0HGLFDO 'LFWLRQDU\ IRU 5HJXODWRU\ $FWLYLWLHV �0HG'5$�� DQ DGYHUVH HYHQW FODVVLILFDWLRQ
GLFWLRQDU\� 7R REWDLQ WHUP DW WKH V\VWHP OHYHO� ZH PDSSHG WKH ORZHVW�OHYHO 0HG'5$
WHUPV LQ 6,'(5 �//7 FRGHV� WR 0HG'5$ 6\VWHP 2UJDQ &ODVV WHUPV �62& FRGHV�
XVLQJ KLHUDUFKLFDO ILOHV GRZQORDGDEOH IURP WKH 0HG'5$ ZHE�EDVHG EURZVHU �KWWSV�
��WRROV�PHGGUD�RUJ�ZEE��� $ WRWDO RI � GUXJV DPRQJ WKH �� KDG ODEHOOHG VLGH HIIHFWV�

https://tools.meddra.org/wbb/
https://tools.meddra.org/wbb/


��� 'UXJ UHSXUSRVLQJ IRU DJHLQJ

��� *HQH H[SUHVVLRQ�EDVHG GUXJ UHSXUSRVLQJ WR WDU�
JHW DJHLQJ

����� $QDO\VLV RI DJH�UHODWHG FKDQJHV LQ 51$ H[SUHVVLRQ LQ KX�
PDQ EUDLQV

:H DQDO\VHG GDWD IURP VHYHQ� SXEOLVKHG� PLFURDUUD\�EDVHG VWXGLHV RI DJH�UHODWHG
FKDQJHV LQ 51$ H[SUHVVLRQ �%DUQHV HW DO�� ����� %HUFKWROG HW DO�� ����� &RODQWXRQL HW
DO�� ����� .DQJ HW DO�� ����� /X HW DO�� ����� 0D\FR[ HW DO�� ����� 6RPHO HW DO�� �����
������ 7KH GDWD FDPH IURP �� GLIIHUHQW EUDLQ UHJLRQV� DQG WKH DJHV RI WKH GRQRUV
UDQJHG IURP �� WR ��� \HDUV �)LJXUHV ���D� $����� 7KH GDWD IRU HDFK EUDLQ UHJLRQ LQ
HDFK VWXG\ ZHUH DQDO\VHG VHSDUDWHO\� UHVXOWLQJ LQ �� GDWDVHWV�

)LJXUH ��� D� $JH GLVWULEXWLRQ RI WKH EUDLQV IURP ZKLFK WKH GDWD VHWV XVHG LQ WKH VWXG\ ZHUH
GHULYHG� 7KH HUURU EDUV VKRZ WKH VWDQGDUG GHYLDWLRQ RI WKH VDPSOH IUHTXHQF\ IRU GLIIHUHQW
EUDLQ UHJLRQV LQ GDWD VRXUFHV ZLWK PXOWLSOH EUDLQ UHJLRQV� E� +\SRWKHWLFDO JHQH H[SUHVVLRQ
SORWV� GHPRQVWUDWLQJ KRZ 6SHDUPDQ¶V FRUUHODWLRQ FRHIILFLHQW DQG S�YDOXH EHKDYH ZKHQ WKH
DVVRFLDWLRQ LV ZHDN RU QRQPRQRWRQLF� F� 3DLUZLVH 6SHDUPDQ¶V UDQN FRUUHODWLRQ FRHIILFLHQWV
DFURVV GDWD VHWV� 7KH LQWHQVLW\ RI WKH FRORXUV RQ WKH KHDWPDS VKRZV WKH PDJQLWXGH RI WKH
FRUUHODWLRQ FRHIILFLHQW

7R FKDUDFWHULVH WKH DVVRFLDWLRQ EHWZHHQ WKH JHQH H[SUHVVLRQ DQG DJH� ZH FDOFXODWHG
WKH 6SHDUPDQ¶V FRUUHODWLRQ EHWZHHQ WKH H[SUHVVLRQ OHYHO DQG DJH� IRU HDFK JHQH� LQ
HDFK GDWDVHW VHSDUDWHO\� :H ILUVW FDOFXODWHG WKH QXPEHU RI VLJQLILFDQW FKDQJHV �)'5
FRUUHFWHG S������ LQ HDFK GDWDVHW �)LJXUH $����� :KLOH WKHUH ZHUH WZR GDWDVHWV ZLWK
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D ODUJH QXPEHU RI VLJQLILFDQW FKDQJHV� PRVW RI WKH GDWDVHWV GLG QRW VKRZ VXEVWDQ�
WLDO VLJQLILFDQW FKDQJH� 7KLV FDQ EH H[SODLQHG E\ VHYHUDO IDFWRUV� PRVW LPSRUWDQWO\ L�
PRVW RI WKH GDWDVHWV KDG D VPDOO VDPSOH VL]H� SURYLGLQJ LQVXIILFLHQW SRZHU WR GHWHFW
FKDQJHV LQ PRVW RI WKH FDVHV� DQG LL� 6SHDUPDQ¶V FRUUHODWLRQ WHVW FDOFXODWHV VLJQLILFDQW
PRQRWRQLF FKDQJHV� ZKHUHDV LW LV OLNHO\ WKDW PDQ\ RI WKH FKDQJHV DUH QRW H[FOXVLYHO\
PRQRWRQLF WKURXJKRXW DJHLQJ� 7KXV� ZH DSSOLHG DQRWKHU DSSURDFK� XVLQJ WKH FRUUHOD�
WLRQ FRHIILFLHQW WR FDSWXUH VLJQLILFDQW WUHQGV DFURVV GDWDVHWV� LQVWHDG RI ZLWKLQ D GDWDVHW
�VHH 6HFWLRQ ����� :KLOH WKH S�YDOXH LV DIIHFWHG E\ WKH QXPEHU RI WKH VDPSOHV DQG WKH
VWUHQJWK RI WKH PRQRWRQLF UHODWLRQVKLS �)LJXUH ���E�� WKH VLJQ RI WKH FRUUHODWLRQ FRHIIL�
FLHQW FDQ EH XVHG WR FDSWXUH FRQVLVWHQW WUHQGV RI XS� RU GRZQ�UHJXODWLRQ RQFH FRXSOHG
ZLWK DQ DSSURSULDWH WHVWLQJ VFKHPH� 7KLV VWUDWHJ\ UHTXLUHV WKH GDWDVHWV WR EH FRQFRU�
GDQW DQG UHIOHFW JHQXLQH DJH�UHODWHG FKDQJHV� :H ILUVW LQYHVWLJDWHG LI WKLV DVVXPSWLRQ
ZDV YDOLG� 7R DVVHVV WKH FRQFRUGDQFH DPRQJ GDWDVHWV� ZH XVHG 6SHDUPDQ¶V FRUUH�
ODWLRQ FRHIILFLHQWV DQG FDOFXODWHG WKH FRUUHODWLRQ EHWZHHQ H[SUHVVLRQ�DJH FRUUHODWLRQV
EHWZHHQ GDWDVHWV �)LJXUH ���F�� :H REVHUYHG D ZHDN FRUUHODWLRQ ZLWK D PHGLDQ SDLU�
ZLVH FRUUHODWLRQ FRHIILFLHQW RI ����� 7R FDOFXODWH WKH VLJQLILFDQFH RI WKLV FRUUHODWLRQ� ZH
GHYHORSHG D VWULQJHQW SHUPXWDWLRQ VFKHPH VSHFLILFDOO\ GHVLJQHG WR DFFRXQW IRU WKH GH�
SHQGHQFH EHWZHHQ JHQHV DV ZHOO DV WKH GDWDVHWV �VHH 6HFWLRQ ����� :H FRQFOXGHG
WKDW D PHGLDQ FRUUHODWLRQ FRHIILFLHQW RI ���� ZRXOG EH H[SHFWHG E\ FKDQFH DQG WKDW
RXU REVHUYDWLRQ �PHGLDQ ᅻ ������ LV VWDWLVWLFDOO\ VLJQLILFDQW �S�������� %DVHG RQ WKHVH
FRUUHODWLRQV� GDWDVHWV FOXVWHUHG DFFRUGLQJ WR WKH GDWD VRXUFH UDWKHU WKDQ WR WKH EUDLQ
UHJLRQ� 7KLV REVHUYDWLRQ LV LQ OLQH ZLWK WKH SUHYLRXV VWXGLHV VXJJHVWLQJ WKDW DJHLQJ�
UHODWHG FKDQJHV DUH VPDOO DQG KHWHURJHQHRXV� PDNLQJ WKHP GLIILFXOW WR GHWHFW �6RPHO
HW DO�� ������ :H WKHUHIRUH WHVWHG IRU VLJQLILFDQW FRUUHODWLRQV DFURVV GDWDVHWV IURP
GLIIHUHQW VWXGLHV� :KHQ ZH H[FOXGHG WKH FRUUHODWLRQ FRHIILFLHQWV DPRQJ WKH GDWDVHWV
JHQHUDWHG E\ WKH VDPH VWXGLHV� ZH VWLOO REVHUYHG D VLJQLILFDQW FRUUHODWLRQ FRHIILFLHQW
RI ���� �SHUPXWDWLRQ WHVW S������� ᅻ ������ ZRXOG EH H[SHFWHG E\ FKDQFH�� VKRZ�
LQJ WKDW ZH KDYH VLJQLILFDQW FRUUHODWLRQV DPRQJ GLIIHUHQW GDWD VRXUFHV DV ZHOO� 8VLQJ
WKHVH FRUUHODWLRQV� ZH SURFHHGHG WR FRPSLOH WKH DJHLQJ�VLJQDWXUHV� UHIOHFWLQJ FRQVLV�
WHQW WUHQGV�

����� 'HILQLQJ WKH DJHLQJ VLJQDWXUH

7R FRQVWUXFW D UREXVW DJHLQJ VLJQDWXUH� ZH LGHQWLILHG WKH DJH�UHODWHG FKDQJHV WKDW
ZHUH REVHUYHG DFURVV DOO GDWDVHWV� LUUHVSHFWLYH RI WKH HIIHFW VL]H� :H WKXV IRFXVHG RQ
JOREDO DJH�UHODWHG FKDQJHV LQ WKH EUDLQ� UDWKHU WKDQ UHJLRQ�VSHFLILF FKDQJHV� DQG WKH
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VHW RI JHQHV WKDW VKRZHG JHQH H[SUHVVLRQ FKDQJHV LQ WKH VDPH GLUHFWLRQ DFURVV DOO
GDWDVHWV �)LJXUH ���D��

)LJXUH ���0HWKRG VXPPDU\ IRU �D� FRPSLOLQJ WKH DJHLQJ VLJQDWXUH DQG �E� WKH&0DS DOJRULWKP�

7KLV SURILOH FRQVLVWHG RI RQO\ ��� XS� DQG ��� GRZQ�UHJXODWHG JHQHV �6XSSOHPHQWDU\
7DEOH 6�� )LJXUHV $���� $����� µWKH DJHLQJ VLJQDWXUH¶� 7R HVWDEOLVK WKH UREXVWQHVV
RI WKH DJHLQJ VLJQDWXUH� ZH FDOFXODWHG WKH VWDWLVWLFDO VLJQLILFDQFH RI WKH QXPEHU RI
FRQVLVWHQW FKDQJHV ZLWK WKH VDPH SHUPXWDWLRQ VFKHPH XVHG WR WHVW WKH FRUUHODWLRQV
DPRQJ GDWDVHWV� 7KLV PHWKRGRORJ\ UDQGRPLVHV WKH DJH RI HDFK LQGLYLGXDO� PDNLQJ LW
SRVVLEOH WR WHVW WKH QXOO K\SRWKHVLV ZKHUH WKHUH LV QR DVVRFLDWLRQ EHWZHHQ H[SUHVVLRQ
DQG DJH ZKLOH UHWDLQLQJ WKH GHSHQGHQFH EHWZHHQ JHQHV DQG GDWDVHWV �VHH 6HFWLRQ ���
IRU GHWDLOV�� 7KH QXPEHU RI FRQVLVWHQW H[SUHVVLRQ FKDQJHV DFURVV EUDLQ UHJLRQV ZDV
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VLJQLILFDQW �S������� )LJXUH $���D�E�� HVWDEOLVKLQJ WKDW WKH DJHLQJ VLJQDWXUH LQGHHG
KDV ELRORJLFDO PHDQLQJ�

7R IXUWKHU WHVW WKH UREXVWQHVV RI WKH DJHLQJ VLJQDWXUH� ZH XVHG DQ LQGHSHQGHQW GDWD
VHW� FRQVLVWLQJ RI JHQH H[SUHVVLRQ LQ KXPDQ EUDLQ JHQHUDWHG E\ WKH *7([ &RQVRUWLXP
�*7([ &RQVRUWLXP� ������ FRQVLVWLQJ RI GDWD IURP �� LQGLYLGXDOV� �� EUDLQ UHJLRQV DQG
DJHV EHWZHHQ ����� �)LJXUH $���E� 6XSSOHPHQWDU\ 7DEOH 6��� 7KHVH GDWD ZHUH JHQ�
HUDWHG XVLQJ 51$�6HT� DOORZLQJ XV WR DVVHVV WKH UREXVWQHVV RI WKH DJHLQJ VLJQDWXUH
WR GLIIHUHQW WHFKQRORJ\ SODWIRUPV� :H XVHG WKH SLSHOLQH SUHYLRXVO\ DSSOLHG WR WKH PL�
FURDUUD\ GDWD WR FDOFXODWHG DJH�UHODWHG H[SUHVVLRQ FKDQJHV IRU HDFK JHQH LQ HDFK
EUDLQ UHJLRQ VHSDUDWHO\� 7KH SDLUZLVH FRUUHODWLRQV EHWZHHQ WKH *7([ GDWDVHWV ZHUH
KLJKHU WKDQ ZLWK WKH RWKHU GDWDVHW� DQG WKH\ WHQGHG WR FOXVWHU WRJHWKHU �)LJXUH $�����
:H IRXQG ���� XS� DQG ���� GRZQ�UHJXODWHG JHQHV WKDW VKRZHG WKH VDPH GLUHFWLRQ
RI FKDQJH DFURVV DOO *7([ EUDLQ UHJLRQV �6XSSOHPHQWDU\ 7DEOH 6��� FRPSDUHG ZLWK
RQO\ ��� DQG ��� LQ WKH PLFURDUUD\ DJHLQJ VLJQDWXUH� $ OLNHO\ H[SODQDWLRQ LV WKDW VDP�
SOHV IURP GLIIHUHQW EUDLQ UHJLRQV IURP WKH VDPH LQGLYLGXDOV ZHUH XVHG LQ *7([� ZKLOH
WKH PLFURDUUD\ DJHLQJ VLJQDWXUH FRPELQHG VHYHQ LQGHSHQGHQW VWXGLHV DQG GLIIHUHQW
PLFURDUUD\ SODWIRUPV� 7KH QXPEHUV RI VKDUHG H[SUHVVLRQ FKDQJHV EDVHG RQ SHUPX�
WDWLRQV ZHUH ��� DQG ������ IRU GRZQ� DQG XS�UHJXODWHG JHQHV� VXJJHVWLQJ D KLJKHU
IDOVH SRVLWLYH UDWH LQ WKH *7([ GDWDVHW� 1HYHUWKHOHVV� WKH QXPEHUV RI FRQVLVWHQW XS�
DQG GRZQ�UHJXODWHG JHQHV LQ WKH *7([ GDWDVHW ZHUH DOVR VLJQLILFDQW �S ������ )LJ�
XUH $���F�G�� 7KH QXPEHUV RI FRPPRQ XS� DQG GRZQ�UHJXODWHG JHQHV DFURVV WKH
*7([ DQG PLFURDUUD\ VLJQDWXUHV ZHUH �� DQG ��� UHVSHFWLYHO\� ERWK VWDWLVWLFDOO\ VLJ�
QLILFDQW �ELQRPLDO WHVW S � ���H��� IRU ERWK�� GHPRQVWUDWLQJ WKDW WKH DJHLQJ VLJQDWXUH
ZDV UHSURGXFLEOH�

����� %LRORJLFDO SURFHVVHV DVVRFLDWHG ZLWK WKH DJHLQJ VLJQDWXUH

:H QH[W LQYHVWLJDWHG WKH ELRORJLFDO SURFHVVHV DVVRFLDWHG ZLWK WKH PLFURDUUD\ DJH�
LQJ VLJQDWXUH� 8VLQJ WKH JHQHV WKDW ZHUH FRQVLVWHQWO\ H[SUHVVHG LQ DOO GDWD VRXUFHV
DV EDFNJURXQG� ZH GLG *HQH 2QWRORJ\ HQULFKPHQW WHVWV IRU FRQVLVWHQWO\ XS� DQG GRZQ�
UHJXODWHG JHQHV� VHSDUDWHO\ �)LJXUH ���� 6XSSOHPHQWDU\ 7DEOHV 6����� 'RZQ�UHJXODWHG
JHQHV ZHUH HQULFKHG LQ V\QDSWLF IXQFWLRQV DQG ELRV\QWKHWLF SURFHVVHV �)'5 FRUUHFWHG
S������� ZKLOH GLIIHUHQWLDWLRQ DQG SUROLIHUDWLRQ�UHODWHG FDWHJRULHV VKRZHG HQULFKPHQW
IRU WKH XS�UHJXODWHG JHQHV �)'5 FRUUHFWHG S������� 7KHVH UHVXOWV DUH FRQVLVWHQW ZLWK
WKH ILQGLQJV RI HDUOLHU EUDLQ DJHLQJ WUDQVFULSWRPH VWXGLHV �/X HW DO�� ����� 1DXPRYD
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HW DO�� ����� ;XH HW DO�� ������ 2GGO\� RVVLILFDWLRQ�UHODWHG ELRORJLFDO SURFHVVHV DOVR
VKRZHG VLJQLILFDQW HQULFKPHQW IRU WKH XS�UHJXODWHG JHQHV� +RZHYHU� H[FHSW IRU RQH
JHQH� WKHVH RVVLILFDWLRQ�UHODWHG FDWHJRULHV VKDUHG DOO JHQHV ZLWK WKH PRUH JHQHULF
GHYHORSPHQW�UHODWHG FDWHJRULHV� 7KXV� WKLV UHVXOW FRXOG EH LQWHUSUHWHG DV D JHQHUDO
XS�UHJXODWLRQ RI WKH GHYHORSPHQW�UHODWHG SURFHVVHV UDWKHU WKDQ RVVLILFDWLRQ�UHODWHG
FDWHJRULHV�

)LJXUH ��� *HQH 2QWRORJ\ %LRORJLFDO 3URFHVV &DWHJRULHV VLJQLILFDQWO\ HQULFKHG LQ �D� GRZQ�
DQG �E� XSUHJXODWHG JHQHV LQ WKH PLFURDUUD\ DJHLQJ VLJQDWXUH� 5HG FLUFOHV UHSUHVHQW WKH
JHQHV� DQG GLDPRQGV VKRZ WKH VLJQLILFDQWO\ DVVRFLDWHG *2 FDWHJRULHV� ZKHUH )'5 DGMXVWHG
S � ����� 7KH VL]H RI WKH GLDPRQGV UHSUHVHQWV WKH HIIHFW VL]H �RGGV UDWLR��

:H UHSHDWHG WKH HQULFKPHQW DQDO\VLV XVLQJ WKH *7([ DJHLQJ VLJQDWXUH DQG IRXQG ���
DQG ��� *2 %3 FDWHJRULHV DV VLJQLILFDQWO\ DVVRFLDWHG ZLWK GRZQ� DQG XS�UHJXODWHG
JHQHV� UHVSHFWLYHO\ �6XSSOHPHQWDU\ 7DEOHV 6����� 6LQFH WKH QXPEHU RI JHQHV LQ WKH
*7([ VLJQDWXUH LV KLJKHU� ZH KDG PRUH SRZHU WR GHWHFW VPDOOHU FKDQJHV DQG WKXV KDG
D KLJKHU QXPEHU RI VLJQLILFDQW DVVRFLDWLRQV� +RZHYHU� WKH HIIHFW VL]HV �RGGV UDWLRV�
IRU HDFK *2 %3 FDWHJRU\ FDOFXODWHG IRU PLFURDUUD\ DQG WKH *7([ DJHLQJ VLJQDWXUH
ZHUH FRUUHODWHG �)LJXUH $����� &RUUHODWLRQV EHWZHHQ WKH RGGV UDWLRV FDOFXODWHG IRU
DOO RI WKH *2 FDWHJRULHV FDOFXODWHG LQ ERWK PHWKRGV ZHUH ���� DQG ����� IRU WKH HQ�
ULFKPHQW LQ WKH GRZQ� DQG XS�UHJXODWHG JHQHV� UHVSHFWLYHO\� &RUUHODWLRQV LQFUHDVH
ZKHQ ZH FRQVLGHUHG RQO\ WKH *2 FDWHJRULHV WKDW DUH VLJQLILFDQWO\ DVVRFLDWHG ZLWK DW
OHDVW RQH RI WKH DJHLQJ VLJQDWXUHV� ���� DQG ����� IRU WKH HQULFKPHQW LQ WKH GRZQ�
DQG XS�UHJXODWHG JHQHV� UHVSHFWLYHO\� 7KLV IXUWKHU VKRZV WKDW WKH DJHLQJ VLJQDWXUHV
DUH UREXVW� 7KH FDWHJRULHV HQULFKHG LQ GRZQ�UHJXODWHG JHQHV LQFOXGHG ELRORJLFDO SUR�
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FHVVHV UHODWHG WR QHXURQDO DQG V\QDSWLF IXQFWLRQV� DXWRSKDJ\� SRVW�WUDQVODWLRQDO PRG�
LILFDWLRQV� DQG WUDQVODWLRQ �VHH 6XSSOHPHQWDU\ 7DEOH 6� IRU WKH IXOO OLVW�� 3URFHVVHV UH�
ODWHG WR UHVSRQVH SDWKZD\V� LPPXQH UHVSRQVH� PDFURPROHFXOH RUJDQLVDWLRQ DQG OLSLG
PHWDEROLVP VKRZHG HQULFKPHQW LQ XS�UHJXODWHG JHQHV �VHH 6XSSOHPHQWDU\ 7DEOH 6�
IRU WKH IXOO OLVW�� ,QWHUHVWLQJO\� FDWHJRULHV UHODWHG WR RVVLILFDWLRQ ZHUH DOVR DPRQJ WKH
*2 FDWHJRULHV VLJQLILFDQWO\ DVVRFLDWHG ZLWK XS�UHJXODWLRQ� EDVHG RQ *7([ GDWD�

����� 0DSSLQJ WKH DJHLQJ VLJQDWXUH RQWR GUXJ�SHUWXUEHG H[SUHV�
VLRQ SURILOHV

7KH &RQQHFWLYLW\ 0DS �&0DS� LV D GDWDEDVH RI GUXJ SHUWXUEHG JHQH H[SUHVVLRQ SUR�
ILOHV �/DPE HW DO�� ������ ,W FRQVLVWV RI ���� JHQH H[SUHVVLRQ SURILOHV IRU ���� GUXJ
SHUWXUEDWLRQ H[SHULPHQWV SHUIRUPHG RQ ILYH GLIIHUHQW FHOO OLQHV� 7KH &0DS DOJRULWKP
XVHV D PRGLILHG .ROPRJRURY�6PLUQRY WHVW VWDWLVWLF WR FDOFXODWH WKH VLPLODULW\ RI D GUXJ�
SHUWXUEHG H[SUHVVLRQ SURILOH WR WKH JHQH H[SUHVVLRQ SURILOH XVHG WR TXHU\ WKH GDWDEDVH�
$ SRVLWLYH VLPLODULW\ VFRUH PHDQV WKDW WKH GUXJ�SHUWXUEHG H[SUHVVLRQ SURILOH LV VLPLODU
WR WKH TXHU\� ZKHUHDV D QHJDWLYH VFRUH LQGLFDWHV D QHJDWLYH FRUUHODWLRQ �)LJXUH ���E��
%DVHG RQ WKH UDQGRP SHUPXWDWLRQV� WKH VWDWLVWLFDO VLJQLILFDQFH RI WKH VLPLODULW\ VFRUH
IRU HDFK GUXJ LV FDOFXODWHG� 7KXV� WKH S�YDOXH VKRZV WKH SUREDELOLW\ RI ILQGLQJ WKH VDPH
DVVRFLDWLRQ ZKHQ D UDQGRP VLJQDWXUH LV VXSSOLHG� :H TXHULHG WKH &0DS GDWDEDVH DQG
LGHQWLILHG GUXJV WKDW VKRZHG VLJQLILFDQW DVVRFLDWLRQV LQ HLWKHU GLUHFWLRQ ZLWK WKH DJHLQJ
VLJQDWXUHV� 7R GHWHUPLQH WKH UREXVWQHVV RI WKLV SURFHGXUH� ZH TXHULHG WKH &0DS GDWD
XVLQJ WKH PLFURDUUD\ DJHLQJ VLJQDWXUH� DQG WKH WRS ��� XS� DQG ��� GRZQ�UHJXODWHG
JHQHV IURP WKH *7([ DJHLQJ VLJQDWXUH �VHH 6HFWLRQ ����� 7KH FRUUHODWLRQ ZDV VLJ�
QLILFDQW �U ����� S����H���� )LJXUH $���D� VKRZLQJ WKDW WKH WZR DJHLQJ VLJQDWXUHV
SURGXFH UHSURGXFLEOH RYHUODSV ZLWK WKH &0DS GDWDEDVH� ,Q RUGHU WR WHVW WKH UHSUR�
GXFLELOLW\ DQG QRW ELDV WKH UHVXOWV GXH WR WKH WHFKQRORJ\ XVHG WR JHQHUDWH WKH GDWD�
ZH SUHIHUUHG QRW WR FRPELQH DJHLQJ VLJQDWXUHV EXW UHSRUW WKH UHVXOWLQJ GUXJ KLWV IURP
WKH WZR VLJQDWXUHV VHSDUDWHO\� 1HYHUWKHOHVV� LW LV QRWHZRUWK\ WKDW WKH GUXJ VLPLODULW\
VFRUHV� JHQHUDWHG XVLQJ WKH RYHUODS EHWZHHQ VLJQDWXUHV� VKRZ VLJQLILFDQW FRUUHODWLRQ
ZLWK WKH OLVWV JHQHUDWHG XVLQJ ERWK PLFURDUUD\ DQG *7([ VLJQDWXUHV �)LJXUH $�����
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)LJXUH ��� 6LPLODULW\ VFRUH WDEOH IRU WKH GUXJV KDYLQJ DW OHDVW RQH VLJQLILFDQW DVVRFLDWLRQ ZLWK
WKH DJHLQJ VLJQDWXUHV� (DFK URZ FRUUHVSRQGV WR D GUXJ DQG FROXPQV FRUUHVSRQG WR WZR LQGH�
SHQGHQW DJHLQJ VLJQDWXUHV²XVLQJ WKH PLFURDUUD\ DQG WKH *7([ GDWD VHWV� 7KH VL]H RI VFRUH
ODEHOV LQGLFDWHV WKH VLJQLILFDQFH RI WKH UHVXOWV �)'5�FRUUHFWHG S � ������ 7KH URZ ODEHOV ZULWWHQ
LQ EROG LQGLFDWHV WKH GUXJV LQ WKH 'UXJ$JH GDWDEDVH�

4XHU\LQJ WKH &0DS GDWDEDVH� ZH LGHQWLILHG �� GUXJV VLJQLILFDQWO\ DVVRFLDWHG �)'5
FRUUHFWHG S������ ZLWK WKH PLFURDUUD\ DJHLQJ VLJQDWXUH �7DEOH ���� )LJXUH ����� )RXU
RI WKHVH GUXJV ZHUH SUHYLRXVO\ VKRZQ WR H[WHQG OLIHVSDQ LQ ZRUPV RU IOLHV LQ DW OHDVW
RQH H[SHULPHQW �6XSSOHPHQWDU\ 7DEOH 6��� 7KH QXPEHU RI SUR�ORQJHYLW\ GUXJV UH�
GLVFRYHUHG XVLQJ WKLV PHWKRGRORJ\ ZDV VWDWLVWLFDOO\ VLJQLILFDQW �S ������� DQG RQO\ RQH
GUXJ ZRXOG EH H[SHFWHG EDVHG RQ ������ UDQGRP SHUPXWDWLRQV RI GUXJV� 5HSHDWLQJ
WKH VDPH DQDO\VLV ZLWK WKH *7([ DJHLQJ VLJQDWXUH� ZH LGHQWLILHG �� GUXJV� VHYHQ
RI ZKLFK ZHUH LQ FRPPRQ ZLWK WKH PLFURDUUD\ UHVXOWV� LQFOXGLQJ WKH IRXU NQRZQ SUR�
ORQJHYLW\ GUXJV� ,Q WRWDO� �� GUXJV ZHUH VLJQLILFDQWO\ DVVRFLDWHG ZLWK DW OHDVW RQH RI
WKH DJHLQJ VLJQDWXUHV� 7KH FRUUHODWLRQ EHWZHHQ WKH GUXJ VLPLODULW\ VFRUHV IRU WKHVH
�� GUXJV FDOFXODWHG EDVHG RQ WKH PLFURDUUD\ DQG *7([ GDWD ZDV ���� �S�����H����
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)LJXUH $���E�� LQGLFDWLQJ KLJK FRQFRUGDQFH� 6LQFH WKH VLPLODULW\ VFRUHV VKRZ KLJK
FRUUHODWLRQ� WKH UHVW RI WKH UHVXOWV ZLOO EH SUHVHQWHG IRU WKH �� GUXJV WKDW DUH DVVRFLDWHG
ZLWK DW OHDVW RQH RI WKH DJHLQJ VLJQDWXUHV�

7DEOH ��� 7KH GUXJV WKDW DUH VLJQLILFDQWO\ DVVRFLDWHG �)'5 FRUUHFWHG S������ ZLWK DW OHDVW
RQH RI WKH DJHLQJ VLJQDWXUHV� 'UXJ QDPHV GHQRWHG ZLWK �� VKRZV WKH GUXJV LQ 'UXJ$JH
GDWDEDVH� ´6FRUH´ LV WKH PHDQ VLPLODULW\ VFRUH JLYHQ LQ WKH &0DS RXWSXW� EDVHG RQ WKH .6
WHVW� 7KH VLPLODULW\ VFRUHV GHQRWHG ZLWK �� VKRZ WKH VLJQLILFDQW DVVRFLDWLRQV� 7KH OLVW LV RU�
GHUHG E\ WKH PHDQ RI WKH VLPLODULW\ VFRUHV IURP QHJDWLYH WR SRVLWLYH� 7DUJHW RU PHFKDQLVP
RI DFWLRQ LV PDQXDOO\ FXUDWHG IURP OLWHUDWXUH RU H[WUDFWHG IURP &+(0%/� 'UXJ%DQN� DQG 3XE�
&KHP GDWDEDVHV� 7KH WDUJHWV GHQRWHG ZLWK �� DUH IRXQG LQ WKH *HQ$JH PRGHO RUJDQLVP RU
*HQ$JH KXPDQ GDWDEDVHV�

'UXJ QDPH $UUD\ *7([ 7DUJHW RU 0HFKDQLVP RI DFWLRQ

6HFXULQLQH ����� ����� *$%5$���� *$%5%���
/HYRWK\UR[LQH VRGLXP ����� ����� 7+5$� 7+5%
&LQFKRQLQH ����� ����� &<3�'�
*HOGDQDP\FLQ ����� ����� +63��$$�
���GHOWD SURVWDJODQGLQ -� ����� ����� 33$5*

5LIDEXWLQ ����� ����� %&/�
$WURSLQH R[LGH ����� ����� �
7DQHVSLP\FLQ ����� ����� +63��$$�
$OYHVSLP\FLQ ����� ����� +63��$$�
9RULQRVWDW ���� ����� +'$&�� +'$&�� +'$&��

+'$&�

7ULFKRVWDWLQ $ ���� ����� +'$&�� +'$&�� +'$&�
7ULIOXRSHUD]LQH ���� ���� '5'�� '5'�� '5'�� +75�$�

+75�&
7UHWLQRLQ ���� ���� 5$5$� 5$5%� 5$5&
/<������� ���� ���� 3,�.&*
7KLRULGD]LQH ���� ���� '5'�� '5'�� '5'�� +75�$�

+75�&

6LUROLPXV ���� ���� P725
:RUWPDQQLQ ���� ���� 3,�.5�� 3,�.&$� 3,�.&*
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5HVYHUDWURO ���� ���� 68/7�%�� <$56� /7$�+� 775�
142�� 37*6�� 37*6��
0$7�%� &61.�$�� &<3�$��
(65�� 33$5*� 6,57��
6,57�� &<3�$�� &<3�$��
&<3�%�� 1&2$�� 711&�

(PHWLQH ���� ���� 3URWHLQ 6\QWKHVLV ,QKLELWLRQ
'DXQRUXELFLQ ���� ���� 723�$� 723�%

*:����� ���� ���� &'.�� &'.�
,ULQRWHFDQ ���� ���� 723�
&DPSWRWKHFLQ ���� ���� 723�
4XLQRVWDWLQ ���� ���� 3,�.&$

2YHUDOO� WKHPHWKRG UH�GLVFRYHUHG VHYHQ NQRZQ SUR�ORQJHYLW\ GUXJV LQ 'UXJ$JH GDWDEDVH
�S �������� EDVHG RQ ������� UDQGRP SHUPXWDWLRQV�� UHVYHUDWURO� /<�������� ZRUW�
PDQQLQ� VLUROLPXV �DOVR NQRZQ DV UDSDP\FLQ�� WULFKRVWDWLQ $� OHYRWK\UR[LQH VRGLXP�
DQG JHOGDQDP\FLQ �6XSSOHPHQWDU\ 7DEOH 6���

����� 7DUJHWV RI WKH GUXJV

1H[W� ZH LQYHVWLJDWHG WKH WDUJHWV RI WKHVH �� GUXJV� XVLQJ WKH &K(0%/� 3XE&KHP
DQG 'UXJ%DQN GDWDEDVHV DV ZHOO DV WKURXJK PDQXDO FXUDWLRQ RI WKH OLWHUDWXUH �7DEOH
����� DQG ZKHWKHU WKHVH WDUJHWV ZHUH SUHYLRXVO\ LPSOLFDWHG LQ DJHLQJ� XVLQJ *HQ$JH
KXPDQ DQG PRGHO RUJDQLVP GDWDEDVHV �)LJXUH ����� ([FHSW IRU IRXU �ULIDEXWLQ� VH�
FXULQLQH� WKLRULGD]LQH� WULIOXRSHUD]LQH�� DOO GUXJV RU WKHLU WDUJHW JHQHV KDG EHHQ SUH�
YLRXVO\ LPSOLFDWHG LQ DJHLQJ� 0RUHRYHU� WKH GUXJ�WDUJHW DVVRFLDWLRQ QHWZRUN VKRZHG
VHYHUDO FOXVWHUV ZLWK PXOWLSOH GUXJV VKDULQJ WKH VDPH WDUJHWV� L� TXLQRVWDWLQ ZDV LQ WKH
VDPH FOXVWHU ZLWK WZR NQRZQ SUR�ORQJHYLW\ GUXJV� ZRUWPDQQLQ DQG /<�������� WDU�
JHWLQJ 3,�. VXEXQLWV� LL� WDQHVSLP\FLQ DQG DOYHVSLP\FLQ VKDUHG WKH VDPH WDUJHW ZLWK
DQRWKHU 'UXJ$JH GUXJ� JHOGDQDP\FLQ� WDUJHWLQJ +63��� LLL� YRULQRVWDW VKDUHG RQH RI
LWV WDUJHWV� +'$&�� ZLWK WULFKRVWDWLQ $� DQRWKHU 'UXJ$JH GUXJ� LY� WKLRULGD]LQH DQG WUL�
IOXRSHUD]LQH KDG GRSDPLQH DQG VHURWRQLQ UHFHSWRUV DV WDUJHWV DQG Y� LULQRWHFDQ DQG
FDPSWRWKHFLQ VKDUHG 723� DV WKHLU WDUJHW� 7KH IDFW WKDW GUXJV WDUJHWLQJ WKH VDPH SUR�
WHLQV � DFWLQJ WKURXJK WKH VDPH PHFKDQLVP KDG VLPLODU &0DS VLPLODULW\ VFRUHV �)LJXUH
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���� IXUWKHU VKRZV WKDW RXU UHVXOWV DUH ELRORJLFDOO\ UHOHYDQW DQG UHIOHFWV SRWHQWLDO PHFK�
DQLVPV WR WDUJHW DJHLQJ�

)LJXUH ��� 6FKHPDWLF UHSUHVHQWDWLRQ RI WKH GUXJ±WDUJHW DVVRFLDWLRQV DV D QHWZRUN� %OXH DQG
UHG QRGHV VKRZ GUXJV DQG WDUJHWV� UHVSHFWLYHO\� 7KH GUXJV ZLWK D OLJKW EOXH EDFNJURXQG DUH
SUHVHQW LQ 'UXJ$JH GDWDEDVH DQG WKH WDUJHWV ZLWK D SLQN EDFNJURXQG DUH LQ HLWKHU *HQ$JH
PRGHO RUJDQLVP RU *HQ$JH KXPDQ GDWDEDVHV�

����� 'UXJV FDQ DFW ERWK E\ UHYHUVLQJ DJHLQJ HIIHFWV DQG PLPLFN�
LQJ UHVSRQVHV

7KH JHQHUDO H[SHFWDWLRQ IURP DQ ¶RPLFV�EDVHG GUXJ UHSXUSRVLQJ VWXG\ LV WKH LGHQWL�
ILFDWLRQ RI GUXJV WKDW FDQ UHYHUVH WKH DEQRUPDOLWLHV GHWHFWHG LQ WKH GLVHDVH VWDWH L�H�
LGHQWLILFDWLRQ RI GUXJV ZLWK QHJDWLYH VLPLODULW\ VFRUHV �'XUDQ�)ULJROD� 0DWHR� 	 $OR\�
������ )ROORZLQJ WKH VDPH ORJLF� RQH PLJKW H[SHFW GUXJV ZLWK DQWL�DJHLQJ SRWHQWLDO WR
KDYH QHJDWLYH VFRUHV� ,QWHUHVWLQJO\� VRPH RI WKH NQRZQ SUR�ORQJHYLW\ GUXJV KDG SRV�
LWLYH VLPLODULW\ VFRUHV WR WKH DJHLQJ VLJQDWXUHV� PHDQLQJ WKDW WKH GUXJ�LQGXFHG SURILOH



��� 'UXJ UHSXUSRVLQJ IRU DJHLQJ

ZDV VLPLODU WR WKH DJHLQJ VLJQDWXUH� $ SODXVLEOH H[SODQDWLRQ IRU WKLV REVHUYDWLRQ LV WKDW
DJHLQJ VLJQDWXUHV PD\ SDUWO\ UHIOHFW FHOOXODU GHIHQVH UHVSRQVHV� KHOSLQJ WR DOOHYLDWH
WKH GDPDJLQJ HIIHFWV RI DJHLQJ�

����� &KDUDFWHULVLQJ WKH ELRORJLFDO IXQFWLRQV DVVRFLDWHGZLWK SUR�
ORQJHYLW\ GUXJV

,Q RUGHU WR LGHQWLI\ WKH ELRORJLFDO SURFHVVHV DVVRFLDWHG ZLWK WKH FKDQJHV WKDW ZHUH
UHYHUVHG RU PLPLFNHG E\ WKH SUR�ORQJHYLW\ GUXJV� ZH XVHG WKH GUXJV GRFXPHQWHG LQ
'UXJ$JH� WKDW ZHUH UH�GLVFRYHUHG LQ RXU DQDO\VLV� :H JURXSHG WKH PLFURDUUD\ DJH�
LQJ VLJQDWXUH LQWR ILYH FDWHJRULHV� EDVHG RQ WKH H[SUHVVLRQ FKDQJHV LQ DJHLQJ �XS RU
GRZQ�� DQG WKH SUR�ORQJHYLW\ GUXJ�LQGXFHG SURILOH �XS� GRZQ RU LQFRQVLVWHQW� �6XSSOH�
PHQWDU\ 7DEOH 6��� 7R FRPSLOH WKH SUR�ORQJHYLW\ GUXJ SURILOH� IRU HDFK SUREH�VHW LQ WKH
PLFURDUUD\ DJHLQJ VLJQDWXUH� ZH DVNHG LI WKH VHYHQ 'UXJ$JH GUXJV LQGXFHG VLPLODU
FKDQJHV� ,I WKH VDPH GLUHFWLRQ RI FKDQJH ZDV LQGXFHG E\ PRUH WKDQ KDOI RI WKHVH
'UXJ$JH GUXJV� WKHQ ZH LQFOXGHG WKHVH FKDQJHV LQ WKH SUR�ORQJHYLW\ GUXJ SURILOH �VHH
6HFWLRQ ��� IRU WKH GHWDLOV�� :H WKHQ DQDO\VHG WKH ELRORJLFDO SURFHVVHV DVVRFLDWHG
ZLWK WKH JHQHV LQ WKHVH FDWHJRULHV� 7KH QXPEHU RI JHQHV LV VPDOO� ZLWK QR VLJQLILFDQW
FKDQJHV DIWHU PXOWLSOH WHVW FRUUHFWLRQ� :H WKHUHIRUH UHSRUW WKH DVVRFLDWLRQV EDVHG RQ
WKH KLJKHVW RGGV UDWLRV RQO\� )RU JHQHV GRZQ�UHJXODWHG LQ DJHLQJ� WKH FKDQJHV PLP�
LFNHG E\ WKH GUXJV ZHUH DVVRFLDWHG ZLWK DXWRSKDJ\ DQG PHWDEROLF SURFHVVHV �6XSSOH�
PHQWDU\ 7DEOH 6��� ZKLOH IRU XS�UHJXODWHG JHQHV� SUR�ORQJHYLW\ GUXJV WHQGHG WR PLPLF
WKH FKDQJHV LQ SURWHLQ FRPSOH[ � FHOOXODU FRPSOH[ DVVHPEO\�UHODWHG IXQFWLRQV DQG WR
UHYHUVH WKH FKDQJHV REVHUYHG LQ SURWHLQ ORFDOLVDWLRQ DQG LPPXQH�UHODWHG IXQFWLRQV
�6XSSOHPHQWDU\ 7DEOH 6��� 7KHVH ILQGLQJV DUH FRQVLVWHQW ZLWK WKH PHFKDQLVP RI DF�
WLRQ IRU WKH PRVW ZHOO�NQRZQ SUR�ORQJHYLW\ GUXJV� )RU H[DPSOH� VLUROLPXV �UDSDP\FLQ�
LV DQ LPPXQRVXSSUHVVDQW DSSURYHG IRU KXPDQ XVH� DQG VLPLODU GUXJV FDQ HQKDQFH
WKH UHVSRQVH RI HOGHUO\ KXPDQV WR LPPXQLVDWLRQ DJDLQVW LQIOXHQ]D �0DQQLFN HW DO��
������

����� 6LPLODULW\ DPRQJ VLJQLILFDQW GUXJV EDVHG RQ WKH H[SUHVVLRQ
FKDQJHV DW WKH IXQFWLRQDO OHYHO

,Q RUGHU WR DQDO\VH WKH VLPLODULWLHV DPRQJ GUXJV EDVHG RQ H[SUHVVLRQ OHYHO FKDQJHV�
ZH SHUIRUPHG D JHQH�VHW HQULFKPHQW DQDO\VLV �*6($� IRU WKH GUXJ�LQGXFHG H[SUHV�



��� *HQH H[SUHVVLRQ�EDVHG GUXJ UHSXUSRVLQJ WR WDUJHW DJHLQJ ���

VLRQ SURILOHV� LQFOXGLQJ DOO JHQHV LUUHVSHFWLYH RI ZKHWKHU D JLYHQ JHQH LV LQ WKH DJHLQJ
VLJQDWXUH �VHH 6HFWLRQ ����� 7R PHDVXUH WKH VLPLODULW\ EHWZHHQ GUXJV� ZH FDOFXODWH
WKH 6SHDUPDQ¶V UDQN FRUUHODWLRQ FRHIILFLHQWV EHWZHHQ WKH HQULFKPHQW VFRUHV DQG WKHQ
FOXVWHU GUXJV EDVHG RQ WKHVH FRUUHODWLRQ FRHIILFLHQWV� 1RWDEO\� GUXJV WDUJHWLQJ WKH
VDPH SURWHLQV RU SDWKZD\V� H�J� 3,�. LQKLELWRUV /<������� ZRUWPDQQLQ DQG TXLQRV�
WDWLQ� FOXVWHUHG WRJHWKHU� 8VLQJ WKLV IXQFWLRQDO OHYHO DSSURDFK� ZH JURXSHG GUXJV LQWR
IRXU JURXSV� L� NQRZQ SUR�ORQJHYLW\ GUXJV� LL� GUXJV FOXVWHULQJ WRJHWKHU ZLWK DW OHDVW
RQH SUR�ORQJHYLW\ GUXJ� LLL� GUXJV ZKLFK FOXVWHUHG WRJHWKHU EXW GLG QRW FOXVWHU ZLWK DQ\
NQRZQ SUR�ORQJHYLW\ GUXJV� DQG LY� GUXJV ZKLFK GLG QRW FOXVWHU ZLWK DQ\ RWKHU GUXJV
�)LJXUH $�����

����� $JHLQJ VLJQDWXUH LQ RWKHU WLVVXHV

6LQFH RXU DQDO\VLV LV EDVHG RQ DQ DJHLQJ VLJQDWXUH FRPSLOHG XVLQJ RQO\ WKH EUDLQ
WLVVXH� ZH DOVR H[SORUHG LI WKLV VLJQDWXUH LV UHSUHVHQWDWLYH RI WKH RWKHU WLVVXHV� $
SODXVLEOH ZD\ WR DSSURDFK WKLV TXHVWLRQ LV UHSHDWLQJ WKH VDPH DQDO\VLV XVLQJ RWKHU
WLVVXHV� +RZHYHU� LW LV QRW VWUDLJKWIRUZDUG EHFDXVH L� WKH QXPEHU RI GDWDVHWV DYDLO�
DEOH IRU WKH RWKHU WLVVXHV OLPLWV WKH FDSDFLW\ RI RXU DSSURDFK WR FRPSLOH FRQVLVWHQW
VLJQDWXUHV� LQFUHDVLQJ IDOVH SRVLWLYHV� DQG LL� ZH ILQG WKDW WKH DJHLQJ�UHODWHG FKDQJHV
LQ RWKHU WLVVXHV DUH QRW DV FRQVLVWHQW DV LQ EUDLQ �)LJXUH $���D�� 7KXV� ZH FKRRVH
DQRWKHU DSSURDFK DQG DVNHG LI WKH GLUHFWLRQ RI FKDQJH IRU WKH DJHLQJ VLJQDWXUH ZH
FRPSLOHG LV VLPLODU WR WKH GLUHFWLRQ RI FKDQJH LQ RWKHU WLVVXHV �)LJXUH $���F�� :H DOVR
WHVWHG WKH VLJQLILFDQFH RI WKH VLPLODULW\ LQ WKH GLUHFWLRQ RI FKDQJH EDVHG RQ UDQGRP
SHUPXWDWLRQV� $V H[SHFWHG� *7([ EUDLQ GDWD VKRZHG WKH KLJKHVW SHUFHQW VLPLODULW\ WR
WKH DUUD\ VLJQDWXUH� ���� GDWDVHWV VKRZHG PRUH GLVVLPLODULW\ IRU WKH GRZQ�UHJXODWHG
JHQHV �L�H� SHUFHQW VLPLODULW\ ZDV ORZHU WKDQ ����� ZKLOH RQO\ WZR ZHUH VWDWLVWLFDOO\
VLJQLILFDQW� QDPHO\� OLYHU DQG DWULDO DSSHQGDJH� 6LPLODUO\� RQO\ ���� GDWDVHWV VKRZHG
PRUH GLVVLPLODULW\ IRU WKH XS�UHJXODWHG JHQHV� ZKLOH QRQH ZDV VLJQLILFDQW� :H UHSHDWHG
WKH DQDO\VLV ZLWK WKH *7([ VLJQDWXUH DQG REVHUYHG VLPLODU UHVXOWV ZLWK RQO\ H[FHSWLRQ
WKDW WKHUH ZHUH ILYH GDWDVHWV ZLWK VLJQLILFDQW GLVVLPLODULW\ IRU WKH GRZQ�UHJXODWHG JHQHV
�)LJXUH $���H�� 7KXV� LW LV SRVVLEOH WKDW EUDLQ VLJQDWXUH LQFOXGHV VRPH EUDLQ�VSHFLILF
FKDQJHV EXW EDVHG RQ VLJQLILFDQW VLPLODULW\� ZH FDQ VD\ LW LV DOVR UHSUHVHQWDWLYH RI
RWKHU WLVVXHV�
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��� &RPSDULQJ WKH UHVXOWV ZLWK RWKHU HOHYHQ LQ VLOLFR
VWXGLHV

0\ VWXG\ DQG DOO WKH RWKHU VWXGLHV GHVFULEHG LQ WKH 6HFWLRQ ����� KDG GLIIHUHQW DLPV�
PHWKRGV� DQG GDWD VRXUFHV� 7R IDFLOLWDWH WKHLU FRPSDULVRQ� ZH KDYH VXPPDULVHG HDFK
VWXG\ LQ WHUPV RI L� WKH GUXJV LGHQWLILHG� LL� WKH JHQHV WDUJHWHG E\ WKHVH GUXJV� DQG LLL�
ELRORJLFDO SDWKZD\V �.(**� LQ ZKLFK WKHVH JHQHV DUH LQYROYHG �)LJXUH ����� $GGLWLRQ�
DOO\� ZH FRPSDUHG WKH UHVXOWV ZLWK WKH PDQXDOO\ FXUDWHG GDWDEDVHV RI DJHLQJ�UHODWHG
JHQHV �*HQ$JH� DQG GUXJV �'UXJ$JH��

'UXJV� 2YHUDOO RQO\ ��� RI DOO 'UXJ$JH GUXJV DUH SULRULWLVHG E\ DW OHDVW RQH VWXG\ ���
RI ��� GUXJV LQ 'UXJ$JH�� ZLWK RQH LQ HYHU\ IRXU GUXJV GLVFRYHUHG DOUHDG\ SUHVHQW LQ
'UXJ$JH� UHIOHFWLQJ WKH SULRULWLVDWLRQ SURFHVV DQG WKH ORZ QXPEHU RI GUXJV UHSRUWHG
DV VLJQLILFDQW E\ HDFK VWXG\ ��� GUXJV RQ DYHUDJH�� ,Q DGGLWLRQ� WKH ��� GUXJV LGHQ�
WLILHG XVXDOO\ GLIIHU EHWZHHQ VWXGLHV ZLWK ��� ���� GUXJV� RI WKHP EHLQJ VSHFLILF WR
RQH VWXG\� )URP WKH UHPDLQLQJ �� GUXJV SUHVHQW LQ PRUH WKDQ RQH VWXG\� WULFKRVWDWLQ�
JHOGDQDP\FLQ� WDQHVSLP\FLQ DQG YRULQRVWDW ZHUH LGHQWLILHG E\ WKUHH VWXGLHV �)LJXUH
���D� DQG� ZKLOH RQO\ WKH ILUVW WZR DUH SUHVHQW LQ WKH 'UXJ$JH GDWDEDVH� WKH UHPDLQ�
LQJ WZR KDYH EHHQ H[SHULPHQWDOO\ YDOLGDWHG IRU SUR�ORQJHYLW\ HIIHFWV LQ DQLPDO PRGHOV
�)XHQWHDOED HW DO�� ����� 0F'RQDOG� 0DL]L� 	 $UNLQJ� ������ 0RVW VWXGLHV UHVXOWHG LQ
D OLVW RI GUXJV FRQWDLQLQJ PDLQO\ QRYHO FDQGLGDWHV QRW SUHVHQW LQ 'UXJ$JH ���� GUXJV
ZHUH FODVVLILHG DV QRYHO GLVFRYHU\�� WKH RQO\ H[FHSWLRQ EHLQJ $OLSHU HW DO� ������� ZKLFK
IRFXVHG RQO\ RQ D VHW RI NQRZQ SUR�ORQJHYLW\ GUXJV� :H DOVR QRWH WKDW ��� RI WKH ���
GUXJV �L�H� �� GUXJV� NQRZQ WR WDUJHW DJHLQJ�UHODWHG SURWHLQV ZHUH SULRULWLVHG E\ WKH
FRPSXWDWLRQDO VWXGLHV UHYLHZHG DERYH� DV H[SHFWHG FRQVLGHULQJ WKDW WKHVH GUXJV DUH
LQFOXGHG LQ VRPH RI WKH GDWDEDVHV XVHG E\ VRPH RI WKH PHWKRGV GXULQJ WKH SULRULWLVD�
WLRQ SURFHVV�



��� &RPSDULQJ WKH UHVXOWV ZLWK RWKHU HOHYHQ LQ VLOLFR VWXGLHV ���

)LJXUH ��� 'UXJV� KXPDQ JHQHV DQG .(** SDWKZD\V GLVFRYHUHG LQ WKH �� VWXGLHV� &LUFXODU
KHDWPDS RI WKH GUXJV GLVFRYHUHG E\ HDFK RI WKH �� VWXGLHV �GUXJV VHFWRU�� JHQHV WDUJHWHG E\
WKHVH GUXJV �KXPDQ JHQHV VHFWRU�� DQG WKH SDWKZD\V LQFOXGLQJ WKHVH JHQHV �.(** SDWKZD\V
VHFWRU�� 'UXJV� JHQHV DQG SDWKZD\V DUH FOXVWHUHG LQGHSHQGHQWO\ WR UHIOHFW GLVFRYHU\ SDWWHUQV
IURP WKH VWXGLHV� )RU WKH GUXJV DQG KXPDQ JHQHV VHFWRUV� WKH LQQHU FLUFOH VKRZV ZKHWKHU
GUXJV RU JHQHV ZHUH SUHYLRXVO\ DVVRFLDWHG ZLWK DJHLQJ� EDVHG RQ WKH 'UXJ$JH RU *HQ$JH
GDWDEDVH� UHVSHFWLYHO\� ,I D GUXJ ZDV QRW SUHVHQW LQ 'UXJ$JH� LW ZDV FODVVLILHG DV ¶FDQGLGDWH¶�
DQG WKH FHOO ZDV FRORXUHG EOXH� ZKHUHDV LI WKH GUXJ ZDV DOUHDG\ LQ 'UXJ$JH� LW ZDV FODVVLILHG
DV ¶SUHYLRXVO\ GLVFRYHUHG¶ DQG WKH FHOO FRORXUHG LQ RUDQJH� $Q HTXLYDOHQW VWUDWHJ\ XVLQJ WKH
*HQ$JH GDWDEDVHV LQVWHDG RI 'UXJ$JH ZDV XVHG IRU WKH KXPDQ JHQH VHFWRU� ,Q WKH LQQHU
ZKHHO ZH SUHVHQW WKH RYHUODS ZLWK GUXJV WDUJHWLQJ DJHLQJ�UHODWHG JHQHV �GUXJ VHFWRU ± *HQ$JH
+XPDQ�0RGHO WUDFNV� DQG IRU WKH KXPDQ JHQH VHFWRU WKH RYHUODS ZLWK JHQHV WDUJHWHG E\ WKH
GUXJV LQ 'UXJ$JH �+XPDQ JHQHV VHFWRU ± 'UXJ$JH WUDFN�� 7KH .(** SDWKZD\V VHFWRU VKRZV
WKH SURSRUWLRQ RI JHQHV RQ HDFK SDWKZD\ WDUJHWHG E\ WKH GUXJV GLVFRYHUHG E\ HDFK VWXG\� 7KH
FHOOV UHSUHVHQWLQJ .(** SDWKZD\V ZHUH FRORXUHG XVLQJ D FRQWLQXRXV JUDGLHQW IURP ZKLWH WR
JUHHQ� ZKHUH ZKLWH PHDQV WKDW QRQH RI WKH JHQHV LQ WKDW SDWKZD\ ZHUH WDUJHWHG E\ WKH GUXJV
LGHQWLILHG� ,Q WKH VHFWLRQ FORVHU WR WKH FHQWUH RI WKH KHDWPDS� ZH DOVR VKRZHG WKH SURSRUWLRQ RI
DJHLQJ�UHODWHG JHQHV LQ WKHVH SDWKZD\V DV ZHOO DV WKH FRYHUDJH RI JHQHV WDUJHWHG E\ GUXJV
LQ WKH 'UXJ$JH GDWDEDVH� 'DWD DQG FRGH IRU JHQHUDWLQJ WKLV SORW DUH SURYLGHG LQ *LWKXE�
KWWSV���JLWKXE�FRP�PGRQHUWDV�DJHLQJBGUXJBUHYLHZ�
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*HQHV� 2YHUDOO� ��� RI WKH *HQ$JH KXPDQ JHQHV ���� JHQHV� DQG ��� RI WKH
*HQ$JH PRGHO RUJDQLVP JHQHV ��� JHQHV� ZHUH LGHQWLILHG LQ DW OHDVW RQH VWXG\� UH�
IOHFWLQJ DW OHDVW LQ SDUW WKH GLIIHUHQW VL]HV RI WKH GDWDVHWV� ZLWK PRUH WKDQ WKUHH WLPHV
WKH QXPEHU RI 0RGHO 2UJDQLVP JHQHV LQ *HQ$JH� )RU FODULILFDWLRQ� WKH FRPSXWDWLRQDO
PHWKRGV LGHQWLILHG FDQGLGDWH GUXJV� ZKLFK DUH SUHGLFWHG WR PRGXODWH DJHLQJ� DPRQJVW
WKH NQRZQ GUXJV� PRVW RI ZKLFK DUH FXUUHQWO\ XVHG DV WKHUDS\ IRU D VSHFLILF GLVHDVH�

%DVHG RQ WKH '*,GE GDWDEDVH �*ULIILWK HW DO�� ������ ��� RI WKH GUXJJDEOH JHQRPH
�L�H� ��� JHQHV� LV WDUJHWHG E\ DW OHDVW RQH RI WKH GUXJV LGHQWLILHG LQ WKH FRPSXWDWLRQDO
VWXGLHV �)LJXUH ���E� DQG� ZKLOH IHZ JHQHV ZHUH LGHQWLILHG LQ PXOWLSOH VWXGLHV� VRPH
RI WKHP ZHUH SUHVHQW LQ WKH *HQ$JH GDWDEDVH �7DFXWX HW DO�� ������ 7ZR RI WKHVH
JHQHV '',7� �'1$ 'DPDJH ,QGXFLEOH 7UDQVFULSW �� DQG (5%%� �(UE�%� 5HFHSWRU
7\URVLQH .LQDVH �� ZHUH WDUJHWHG E\ WKH GUXJV SULRULWLVHG LQ HLJKW VWXGLHV� +RZHYHU�
QLQH VWXGLHV DOVR LGHQWLILHG GUXJV WDUJHWLQJ %,5&� �%DFXORYLUDO ,$3 5HSHDW &RQWDLQ�
LQJ �� DQG .5$6 �.5$6 3URWR�2QFRJHQH� *73DVH�� DQG WHQ VWXGLHV SUHGLFWHG GUXJV
PRGXODWLQJ $%&%� �$73 %LQGLQJ &DVVHWWH 6XEIDPLO\ % 0HPEHU ��� ZKLFK KDYH QRW
SUHYLRXVO\ EHHQ UHODWHG WR KXPDQ DJHLQJ� 'HVSLWH WKLV� JHQHV GLVFRYHUHG E\ PXOWLSOH
VWXGLHV GR QRW QHFHVVDULO\ VXJJHVW KLJKHU UHOHYDQFH WR DJHLQJ� DQG PD\ LQVWHDG UH�
IOHFW UHVHDUFK ELDV �H�J� JHQHV WDUJHWHG E\ PDQ\ GUXJV EHFDXVH RI D UROH LQ SUHYDOHQW
GLVHDVH VXFK DV FDQFHU�� :H DOVR REVHUYHG WKDW ��� RI NQRZQ SUR�ORQJHYLW\ GUXJV
�L�H� ��� RI ��� GUXJV ZLWK NQRZQ WDUJHWV� WDUJHW DW OHDVW RQH JHQH WDUJHWHG E\ WKH
FDQGLGDWH JHURSURWHFWLYH GUXJV LGHQWLILHG E\ WKHVH WZHOYH FRPSXWDWLRQDO VWXGLHV�

3DWKZD\V� ,QWULJXLQJO\� DPRQJ DOO ��� .(** SDWKZD\V� ��� LQFOXGH DW OHDVW RQH
JHQH WDUJHWHG E\ WKH GUXJV LGHQWLILHG LQ WKH WZHOYH VWXGLHV� 7KH VDPH WHQGHQF\
ZDV REVHUYHG IRU JHQHV LQ *HQ$JH ���� 0RGHO *HQ$JH 	 ��� +XPDQ *HQ$JH��
RU JHQHV WDUJHWHG E\ WKH 'UXJ$JH GUXJV ������ :KLOH WKLV PD\ VXJJHVW DJHLQJ LV
XELTXLWRXV DQG DIIHFWV DOO SDWKZD\V� DQRWKHU SRVVLELOLW\ LV WKDW JHQHV SUHVHQW LQ PDQ\
SDWKZD\V FRXOG EH GLVFRYHUHG UHSHDWHGO\ EHFDXVH WKH\ SOD\ D FHQWUDO UROH LQ GLVHDVHV
DQG UHJXODWRU\ PHFKDQLVPV� $OWKRXJK WKLV PD\ QRW FRQFOXVLYHO\ SURYH WKDW DJHLQJ LV
XELTXLWRXV� WKH SULRULWLVHG FDQGLGDWH GUXJV FOHDUO\ KDYH D JHQRPH�ZLGH HIIHFW�

��� 'LVFXVVLRQ

,Q WKLV VWXG\� XVLQJ JHQH H[SUHVVLRQ GDWD� ZH LGHQWLILHG D VHW RI GUXJV WKDW DUH OLNHO\ WR
PRGXODWH DJHLQJ LQ WKH KXPDQ EUDLQ� 8VLQJ D PHWD�DQDO\VLV DSSURDFK� ZH JHQHUDWHG



��� 'LVFXVVLRQ ���

D UHSURGXFLEOH DJHLQJ VLJQDWXUH WKDW UHSUHVHQWV PXOWLSOH EUDLQ UHJLRQV DQG LV LQGHSHQ�
GHQW RI WKH SODWIRUP XVHG IRU WKH GHWHFWLRQ RI H[SUHVVLRQ� 8VLQJ WKH &RQQHFWLYLW\ 0DS�
ZH LGHQWLILHG GUXJV KLJKO\ DVVRFLDWHG ZLWK WKLV DJHLQJ VLJQDWXUH�

6HYHQ RI WKH �� GUXJV ZHUH SUHYLRXVO\ VKRZQ WR PRGXODWH OLIHVSDQ LQ PRGHO
RUJDQLVPV� %DVHG RQ WKH 'UXJ$JH GDWDEDVH� VHYHQ RI WKHVH GUXJV ZHUH SUHYLRXVO\
WHVWHG RQPRGHO RUJDQLVPV DQG SURORQJHG OLIHVSDQ LQ DW OHDVW RQH H[SHULPHQW� 7KH IDFW
WKDW ZH VXFFHVVIXOO\ UH�GLVFRYHUHG D VWDWLVWLFDOO\ VLJQLILFDQW QXPEHU RI NQRZQ OLIHVSDQ
PRGXODWRUV� ZLWKRXW XVLQJ DQ\ SULRU GUXJ DJHLQJ LQIRUPDWLRQ� VXJJHVWV WKDW WKH RWKHU
GUXJV WKDW ZH LGHQWLILHG DOVR KDYH D KLJK SRWHQWLDO WR EH PRGXODWRUV RI WKH DJHLQJ
SURFHVV � OLIHVSDQ�

(OHYHQ RI WKH GUXJV KDYH WDUJHWV SUHYLRXVO\ DVVRFLDWHG ZLWK DJHLQJ� 9RULQRVWDW LV
D KLVWRQH GHDFHW\ODVH �+'$&� LQKLELWRU XVHG IRU WKH WUHDWPHQW RI FXWDQHRXV 7�FHOO O\P�
SKRPD �³9RULQRVWDW�´ Q�G��� $OWKRXJK QRW UHSRUWHG LQ WKH 'UXJ$JH GDWDEDVH� YRULQRVWDW
KDV DOUHDG\ EHHQ WHVWHG RQ 'URVRSKLOD IRU OLIHVSDQ H[WHQVLRQ DQG VKRZQ WR LQFUHDVH
ERWK PRUWDOLW\ UDWH DQG VXUYLYDO ZKHQ WKH GUXJ LV JLYHQ GXULQJ µPLG� WR ODWH�OLIH¶ �0F�
'RQDOG HW DO�� ������ 7KLV GUXJ KDG WKH PRVW SUR�ORQJHYLW\ GUXJ�OLNH SURILOH �)LJXUH
$���� FOXVWHU �� EDVHG RQ RXU DQDO\VLV� VXJJHVWLQJ WKDW WKH PHWKRGRORJ\� DV ZHOO DV
WKH LQWHUSUHWDWLRQ� \LHOGV ELRORJLFDOO\ UHOHYDQW UHVXOWV� 4XLQRVWDWLQ� WDUJHWLQJ WKH FDW�
DO\WLF VXEXQLW RI 3,�.� KDG WKH KLJKHVW &0DS VFRUH ZLWK SHUFHQW VLPLODULW\ DERYH ���
WR WKH SUR�ORQJHYLW\ GUXJ SURILOH IRU DOO IRXU FDWHJRULHV �)LJXUH $����� &RQVLGHULQJ WKDW
GUXJV WDUJHWLQJ 3,�.� VXFK DV /<������� DQG ZRUWPDQQLQ� H[WHQG OLIHVSDQ LQ ZRUPV
DQG IOLHV �%DUDUGR HW DO�� ������ TXLQRVWDWLQ LV D VWURQJ DQWL�DJHLQJ GUXJ FDQGLGDWH�
$OYHVSLP\FLQ DQG WDQHVSLP\FLQ LQKLELW WKH KHDW VKRFN SURWHLQ +63��� ZKLFK LV DOVR LQ�
KLELWHG E\ JHOGDQDP\FLQ� +HDW VKRFN SURWHLQV DUH LPSOLFDWHG LQ DJHLQJ EDVHG RQ ERWK
H[SHULPHQWV RQ ZRUPV DQG IOLHV �7DFXWX HW DO�� ����� DQG KXPDQ H[SUHVVLRQ VWXGLHV�
3URWHLQ DJJUHJDWLRQ DQG GLVUXSWHG SURWHRVWDVLV DUH D KDOOPDUN RI DJHLQJ �/ySH]�2WÕғQ
HW DO�� ������ ,W LV WKXV SODXVLEOH WKDW LQFUHDVHG DFWLYLW\ RI +63�� ZRXOG UHYHUVH WKH HI�
IHFWV RI DJHLQJ E\ UHVWRULQJ SURWHRVWDVLV� DOWKRXJK LWV GRZQVWUHDP HIIHFWV PLJKW UHVXOW
LQ UHYHUVH �)XKUPDQQ�6WURLVVQLJJ HW DO�� ����� 0F&OHOODQ HW DO�� ������ 7UHWLQRLQ LV D
UHWLQRLF DFLG UHFHSWRU �5$5� DJRQLVW ZLGHO\ VWXGLHG IRU VNLQ �0XNKHUMHH HW DO�� �����
DQG EUDLQ DJHLQJ �(QGHUOLQ HW DO�� ������ 5$5 JHQHV LQ DUH LPSOLFDWHG LQ V\QDSWLF
SODVWLFLW\� OHDUQLQJ� PHPRU\� DQG SDWKRORJLFDO FRQGLWLRQV VXFK DV $O]KHLPHU¶V GLVHDVH
�/DQH 	 %DLOH\� ������ *:����� LV D F\FOLQ�GHSHQGHQW NLQDVH � � � LQKLELWRU DQG ZDV
VXJJHVWHG WR EH QHXURSURWHFWLYH �-RKQVRQ HW DO�� ������ ���G SURVWDJODQGLQ -� DFWL�
YDWHV 33$5*� ZKLFK VKRZV GHFUHDVHG H[SUHVVLRQ ZLWK DJH� ZKLFK FDQ EH UHVWRUHG E\
'5 �7DFXWX HW DO�� ������ &DPSWRWKHFLQ DQG LULQRWHFDQ ERWK WDUJHW 723�� ZKLFK DOWHUV



��� 'UXJ UHSXUSRVLQJ IRU DJHLQJ

WKH WRSRORJLFDO VWDWH RI '1$ GXULQJ WUDQVFULSWLRQ DQG FDQ LQKLELW :DUQHU V\QGURPH
SURWHLQ �:51�� ZKLFK IXQFWLRQV LQ '1$ UHSDLU �6KDPDQQD HW DO�� ������ 7KHVH WZR
GUXJV� DV ZHOO DV GDXQRUXELFLQ ZKLFK WDUJHWV 723�$� PD\ WKHUHIRUH ZRUVHQ KHDOWK
VWDWXV� &LQFKRQLQH� ZKLFK WDUJHWV &<3�'� ZDV VLPLODU WR SUR�ORQJHYLW\ GUXJ SURILOH
LQ WHUPV RI WKH JHQHV XS�UHJXODWHG E\ WKH SUR�ORQJHYLW\ GUXJV EXW VKRZ RSSRVLWH SUR�
ILOH IRU WKH GRZQ�UHJXODWHG JHQHV� 7KH IXQFWLRQV WKDW DUH DVVRFLDWHG ZLWK WKH JHQHV
GRZQ�UHJXODWHG E\ WKH GUXJV DUH DXWRSKDJ\ RU LPPXQH IXQFWLRQ UHODWHG FDWHJRULHV�
0RVW RI WKH NQRZQ SUR�ORQJHYLW\ GUXJV DUH VXJJHVWHG WR IXQFWLRQ WKURXJK LQKLELWLRQ RI
3,�. � P725 SDWKZD\V� IDYRXULQJ DXWRSKDJ\� ,W DSSHDUV WKDW FLQFKRQLQH ZRXOG QRW
IXQFWLRQ LQ WKH VDPH ZD\� +RZHYHU� FRQVLGHULQJ WKDW LW WDUJHWV &<3�'�� ZKLFK ZDV
VKRZQ WR KDYH D UROH LQ OLIHVSDQ UHJXODWLRQ LQ &� HOHJDQV� LW LV SRVVLEOH WKDW WKLV GUXJ
KDV D GLVWLQFW PHFKDQLVP WR PRGXODWH DJHLQJ� 0DQQ HW DO� SUHYLRXVO\ VXJJHVWHG WKDW
H[SUHVVLRQ RI &<3�'� LQFUHDVHV ZLWK DJH LQ WKH KXPDQ EUDLQ DQG LV ORZHU LQ 3DUNLQ�
VRQ¶V GLVHDVH �0DQQ HW DO�� ������ &RQVLGHULQJ WKDW WKH\ VXJJHVW WKLV SURWHLQ PLJKW
EH LPSRUWDQW WR LQDFWLYDWH QHXURWR[LQV� LQKLELWLQJ WKLV SURWHLQ XVLQJ FLQFKRQLQH PLJKW
IXQFWLRQ LQ WKH VDPH GLUHFWLRQ DQG H[DFHUEDWH DJHLQJ E\ GRZQ�UHJXODWLQJ RQH RI WKH
FHOOXODU UHVSRQVHV�

1HZ WDUJHWV DQG PHFKDQLVPV WR PRGXODWH DJHLQJ� 7KLRULGD]LQH DQG WULIOXRSHU�
D]LQH DUH VHURWRQLQ DQG GRSDPLQH UHFHSWRU DQWDJRQLVWV XVHG IRU WKH PDQDJHPHQW RI
SV\FKRVHV� LQFOXGLQJ VFKL]RSKUHQLD� 7KLRULGD]LQH LV ZLWKGUDZQ IURP WKH PDUNHW GXH
WR LWV VLGH HIIHFWV UHODWHG WR FDUGLDF DUUK\WKPLDV� <H HW DO� ������ VFUHHQHG D OLEUDU\ RI
FRPSRXQGV IRU OLIHVSDQ H[WHQVLRQ LQ &� HOHJDQV DQG LGHQWLILHG D FRXSOH RI GUXJV WDU�
JHWLQJ VHURWRQLQ DQG GRSDPLQH UHFHSWRU DQWDJRQLVWV LQFOXGLQJ WKLRULGD]LQH K\GURFKOR�
ULGH� ZKLFK H[WHQGV OLIHVSDQ E\ ��� LQ &� HOHJDQV� 7KXV� LW LV OLNHO\ WKDW WKHVH GUXJV
DOVR KDYH DQWL�DJHLQJ HIIHFWV� (PHWLQH LV WKH SULQFLSDO DONDORLG RI WKH LSHFDF URRW� ,W
LV D HXNDU\RWLF SURWHLQ WUDQVODWLRQ LQKLELWRU� $ UHFHQW VWXG\ LQYHVWLJDWHG WKH HIIHFW RI
SURWHLQ WUDQVODWLRQ LQKLELWLRQ RQ FHOOXODU VHQHVFHQFH� 7KH\ VXJJHVW WKDW F\WRSODVPLF
SURWHLQ DFFXPXODWLRQ LV DQ LPSRUWDQW FDXVH RI WKH FHOOXODU VHQHVFHQFH DQGPLOG SURWHLQ
WUDQVODWLRQ LQKLELWLRQ FDQ SUHYHQW VHQHVFHQFH LQGXFWLRQ LQ QRUPDO DQG WXPRXU�GHULYHG
KXPDQ FHOOV �7DNDXML HW DO�� ������ $OWKRXJK ERWK WKLV LQIRUPDWLRQ DQG RXU UHVXOWV VXJ�
JHVW WKDW HPHWLQH FDQ KHOS DOOHYLDWLQJ WKH DJHLQJ� 7DNDXML HW DO� ������ GLG WHVW WKH
HIIHFW RI HPHWLQH RQ VHQHVFHQFH DQG FRXOG QRW GHWHFW DQ\ VLJQLILFDQW UHVXOW� $WURSLQH
R[LGH LV SUHGLFWHG WR WDUJHW PXVFDULQLF DFHW\OFKROLQH UHFHSWRUV �³&RPSRXQG�´ Q�G��E��
ZKLFK DUH VXJJHVWHG WR EH LPSRUWDQW IRU YDULRXV EUDLQ IXQFWLRQV DV ZHOO DV SDWKROR�
JLHV VXFK DV $O]KHLPHU¶V DQG 3DUNLQVRQ¶V GLVHDVHV �/DQJPHDG� :DWVRQ� 	 5HDYLOO�
������ 7KH LQIRUPDWLRQ UHJDUGLQJ WKH HIIHFW RI DWURSLQH R[LGH RQ GLIIHUHQW PXVFDULQLF



��� 'LVFXVVLRQ ���

DFHW\OFKROLQH UHFHSWRUV� KRZHYHU� LV OLPLWHG WR PDNH D FRQFOXVLRQ ZKHWKHU WKLV GUXJ
FRXOG EH EHQHILFLDO RU GDPDJLQJ IRU WKH KXPDQ EUDLQ DJHLQJ� 6HFXULQLQH LV D *$%$�$�
UHFHSWRU DQWDJRQLVW� *$%$ UHFHSWRUV DUH VWDUWHG WR JDLQ DWWHQWLRQ DV SRWHQWLDO WDU�
JHWV IRU QHXURGHJHQHUDWLYH GLVHDVHV �5LVVPDQ� 'H %ODV� 	 $UPVWURQJ� ������ 7KH
GUXJV WHVWHG DQG VKRZQ WR KDYH DQ LPSDFW RQ FRJQLWLYH DELOLWLHV VR IDU� KRZHYHU� DUH
PDLQO\ *$%$�$� DJRQLVWV RU *$%$�%� DQWDJRQLVWV �/L HW DO�� ������ &RQVLGHULQJ WKDW
*$%$�$� VXEXQLW H[SUHVVLRQ OHYHOV VKRZ D GHFUHDVH ZLWK DJH �6XSSOHPHQWDU\ 7DEOH
6��� DQG VHFXULQLQH LV DQ DQWDJRQLVW� LW LV SRVVLEOH WKDW LW DFWV LQ WKH VDPH GLUHFWLRQ DV
DJHLQJ DQG H[DFHUEDWHV LW� 5LIDEXWLQ VKRZV KLJK VLPLODULW\ WR WKH SUR�ORQJHYLW\ GUXJ
SURILOH DQG FOXVWHUV WRJHWKHU ZLWK OHYRWK\UR[LQH VRGLXP DQG JHOGDQDP\FLQ� ZKLFK DUH
NQRZQ SUR�ORQJHYLW\ GUXJV �)LJXUH $���� FOXVWHU ��� 5LIDEXWLQ LV DQ DQWLELRWLF EXW LW
LV UHSRUWHG WR DOVR WDUJHW %&/� �(YDQV HW DO�� ������ %&/� JHQH LV QRW LQ *HQ$JH
GDWDEDVHV� KRZHYHU� WKHUH DUH VWXGLHV OLQNLQJ WKLV JHQH WR DJHLQJ XVLQJ KXPDQ JHQH
H[SUHVVLRQ GDWD �*ODVV HW DO�� ����� DQG WKURXJK LWV UROH LQ FHOO SUROLIHUDWLRQ DQG VHQHV�
FHQFH� UHJXODWHG E\ PL5���� �&KHQ� :DQJ� *XR� ;LH� 	 &RQJ� ������ 7KXV� LW LV SRV�
VLEOH WKDW ULIDEXWLQ KHOSV WR UHGXFH WKH HIIHFW RI GDPDJLQJ FKDQJHV LQGXFHG E\ DJHLQJ�
WKURXJK WDUJHWLQJ %&/��

&KDOOHQJHV� ¶2PLFV�EDVHG GUXJ UHSXUSRVLQJ VWXGLHV� VXFK DV WKH &0DS� DLP WR LGHQ�
WLI\ GUXJV UHYHUVLQJ WKH SURILOH LQGXFHG E\ D ELRORJLFDO VWDWH RI LQWHUHVW� $JHLQJ LV
D WLPH�GHSHQGHQW� FRPSOH[ SKHQRPHQRQ� ZKLFK LQGXFHV VXEWOHU FKDQJHV FRPSDUHG
WR GHYHORSPHQW �'|QHUWDú HW DO�� ������ RU WR D GLVHDVH VWDWH VXFK DV $O]KHLPHU¶V
�$YUDPRSRXORV� 6]\PDQVNL� :DQJ� 	 %DVVHWW� ������ 7KH ¶RPLFV SURILOH UHIOHFWV WZR
SRWHQWLDOO\ GLVWLQFW FRQWULEXWLRQV� � WKH GHWULPHQWDO HIIHFWV ZKLFK RFFXU ZLWK DJH �H�J�
DFFXPXODWLRQ RI PXWDWLRQV� DQG WKH SRWHQWLDOO\ EHQHILFLDO UHVSRQVHV WR WKRVH FKDQJHV
�H�J� WKH LPPXQH UHVSRQVH�� $V D UHVXOW� &0DS VLPLODULW\ VFRUH LV QRW FRQFOXVLYH
RQ LWV RZQ� ,Q RUGHU WR FKDUDFWHULVH WKH SRWHQWLDO HIIHFWV RI GUXJV RQ DJHLQJ �DQWL�
RU SUR�DJHLQJ GUXJV�� ZH XVH WKUHH GLIIHUHQW DSSURDFKHV� L� FRPSDULVRQ RI WKH GUXJ�
LQGXFHG H[SUHVVLRQ SURILOHV ZLWK WKH NQRZQ SUR�ORQJHYLW\ GUXJ SURILOH �)LJXUH $�����
LL� IXQFWLRQDO DQDO\VLV RI WKH GUXJ�LQGXFHG JHQH H[SUHVVLRQ FKDQJHV �)LJXUH $�����
DQG LLL� FRPSLODWLRQ RI OLWHUDWXUH RQ WKH GUXJV DQG WDUJHWV� %DVHG RQ WKHVH DQDO\VHV
ZH VXJJHVW WKDW HLJKW RI VHYHQWHHQ GUXJV �TXLQRVWDWLQ� WULIOXRSHUD]LQH� WKLRULGD]LQH�
YRULQRVWDW� DOYHVSLP\FLQ� WDQHVSLP\FLQ� ULIDEXWLQ� DQG ���G SURVWDJODQGLQ -��� ZKLFK
DUH QRW LQ 'UXJ$JH� DUH OLNHO\ WR KDYH SRVLWLYH HIIHFWV� ZKHUHDV� WRSRLVRPHUDVH LQ�
KLELWRUV �FDPSWRWKHFLQ� LULQRWHFDQ� DQG GDXQRUXELFLQ� FDQ EH GHWULPHQWDO DQG FRXOG
DFW DV SUR�DJHLQJ GUXJV� )RXU RI WKH UHPDLQLQJ GUXJV� ZKLFK DUH FLQFKRQLQH� VHFXUL�
QLQH� HPHWLQH DQG WUHWLQRLQ� GR QRW FOXVWHU FORVHO\ ZLWK DQ\ NQRZQ SUR�ORQJHYLW\ GUXJV
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LQ )LJXUH $���� /LWHUDWXUH� KRZHYHU� VXJJHVWV FLQFKRQLQH DQG VHFXULQLQH DUH OLNHO\ WR
KDYH QHJDWLYH HIIHFWV� ZKHUHDV HPHWLQH DQG WUHWLQRLQ FRXOG DFW DV DQWL�DJHLQJ GUXJV�
*:����� DQG DWURSLQH R[LGH FRXOG QRW EH FODVVLILHG EHFDXVH QHLWKHU WKH FOXVWHULQJ
UHVXOWV QRU OLWHUDWXUH HYLGHQFH DUH FRQFOXVLYH�

����� /LPLWDWLRQV

,Q WKLV VWXG\� ZH DSSOLHG D GDWD�GULYHQ PHWKRGRORJ\ WR RYHUFRPH UHVHDUFK ELDV DQG
LQFUHDVH WKH FKDQFH RI GLVFRYHULQJ QRYHO GUXJV WR WDUJHW DJHLQJ� +RZHYHU� WKHUH DUH
VHYHUDO DVSHFWV WKDW FRXOG OLPLW RXU VWXG\� ,W LV LPSRUWDQW WR QRWH WKDW QRQH RI WKH
FHOO OLQHV XVHG WR JHQHUDWH WKH &0DS GDWD RULJLQDWHV IURP WKH EUDLQ� 7KH DVVXPSWLRQ
IRU XVLQJ WKH &0DS DOJRULWKP LV WKDW WKH HIIHFW ZH VHH LQ GLYHUVH FHOO�OLQHV UHIOHFWV
WKH JOREDO SURILOH RI WKH GUXJ SHUWXUEDWLRQ DQG WKXV VKRXOG EH DOVR WUDQVIHUDEOH WR WKH
EUDLQ� +RZHYHU� LW LV SRVVLEOH WKDW GUXJV KDYH FHOO RU WLVVXH�VSHFLILF HIIHFWV� (YHQ LI WKH
GUXJV LQGXFH WKH VDPH H[SUHVVLRQ FKDQJHV LQ EUDLQ FHOOV� DQ LPSRUWDQW TXHVWLRQ LV�
&DQ WKH\ FURVV WKH EORRG�EUDLQ EDUULHU WR WDUJHW WKH EUDLQ" ,I VRPH RI WKHVH GUXJV KDYH
VLGH HIIHFWV RQ WKH &16� LW PLJKW EH DQ LQGLFDWLRQ WKDW WKHVH GUXJV FDQ DIIHFW WKH EUDLQ
DQG FDQ EH UH�SXUSRVHG WR WDUJHW EUDLQ DJHLQJ� 2QO\ HLJKW RI WKH �� FRPSRXQGV KDYH
UHSRUWHG VLGH HIIHFWV DQG DOO RI WKHP KDV DW OHDVW RQH UHSRUWHG HIIHFW RQ WKH QHUYRXV
V\VWHP� EDVHG RQ 0HG'5$ V\VWHP RUJDQ FODVVHV �6XSSOHPHQWDU\ 7DEOH 6���� 7KLV
LPSOLHV WKDW WKHVH GUXJV FDQ DIIHFW &16� DOWKRXJK ZH GR QRW KDYH LQIRUPDWLRQ RQ WKHLU
DELOLW\ WR FURVV WKH EDUULHU� 7KH UHVW PD\ RU PD\ QRW FURVV WKH EDUULHU WR LQIOXHQFH WKH
H[SUHVVLRQ LQ WKH EUDLQ� EXW WKH\PD\ DOVR LPSURYH KHDOWK E\ WDUJHWLQJ JHQHULF FKDQJHV
WKURXJKRXW WKH ERG\� 7KH DJHLQJ VLJQDWXUHV IURP EUDLQ WLVVXH VKRZ D PRGHVW EXW
VLJQLILFDQW VLPLODULW\ WR H[SUHVVLRQ SURILOHV IURP QRQ�EUDLQ WLVVXHV �)LJXUH $����� 7KXV�
LW LV SRVVLEOH WKDW ZH LGHQWLILHG QRW RQO\ GUXJV VSHFLILFDOO\ WDUJHWLQJ DJHLQJ LQ WKH EUDLQ
EXW DOVR GUXJV WDUJHWLQJ DJHLQJ LQ RWKHU WLVVXHV� ,W LV DOVR SRVVLEOH WKDW WKHUH DUH GUXJV
ZKLFK FDQ WDUJHW EUDLQ DJHLQJ ZLWK PRUH SRWHQF\� EXW ZH FDQQRW LGHQWLI\ WKHP EHFDXVH
ZH GR QRW KDYH GUXJ�LQGXFHG H[SUHVVLRQ SURILOHV IRU EUDLQ FHOOV� $QRWKHU LPSRUWDQW
WHFKQLFDO GUDZEDFN LV WKDW WKH GDWD ZH XVHG WR JHQHUDWH WKH DJHLQJ VLJQDWXUH DUH EXON
51$ H[SUHVVLRQ GDWDVHWV� ZKHUH WKH H[SUHVVLRQ SURILOH LV DQ DYHUDJH RI DOO WKH FHOO
W\SHV LQ WKH KXPDQ EUDLQ� )RFXVLQJ RQ WKH FKDQJHV WKDW DUH REVHUYHG XELTXLWRXVO\
DFURVV DOO EUDLQ UHJLRQV� ZH DLPHG WR IRFXV RQ JOREDO FKDQJHV ZKLFK DUH XQOLNHO\ WR EH
GULYHQ E\ FHOO W\SH GLIIHUHQFHV� +RZHYHU� IXWXUH GDWDVHWV JHQHUDWHG XVLQJ VLQJOH�FHOO
H[SUHVVLRQ SURILOLQJ FDQ JUHDWO\ LPSURYH WKH XQGHUVWDQGLQJ RI ERWK WKH DJHLQJ SURFHVV
LWVHOI DQG KRZ WKH LQWHUYHQWLRQV ZRUN�
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����� &RQFOXVLRQ

7R VXPPDULVH� WKLV VWXG\ SURYLGHV DQ XQELDVHG LGHQWLILFDWLRQ RI GUXJV WKDW FDQ WDU�
JHW KXPDQ EUDLQ DJHLQJ� :H ILUVW FRPSLOHG D VHW RI JHQH H[SUHVVLRQ FKDQJHV WKDW
FDQ FKDUDFWHULVH KXPDQ EUDLQ DJHLQJ DQG DVNHG LI WKHUH DUH GUXJV ZKLFK DOWHU WKH
H[SUHVVLRQ RI WKH VDPH JHQHV� :H LGHQWLILHG �� GUXJV� VHYHQ RI ZKLFK ZHUH DPRQJ
NQRZQ SUR�ORQJHYLW\ GUXJV� 2XU DQDO\VLV VXJJHVWV WKDW DQWL�DJHLQJ GUXJV PD\ DFW E\
PLPLFNLQJ WKH UHVSRQVH ZKLOH LW LV DOVR SRVVLEOH WKDW WKH\ FDQ UHYHUVH WKH GHWULPHQWDO
FKDQJHV LQ DJHLQJ� %DVHG RQ WKH OLWHUDWXUH UHVHDUFK� ZH FRQFOXGHG WKDW VRPH RI WKH
GUXJV ZH LGHQWLILHG FDQ GLUHFWO\ PRGXODWH WKH OLIHVSDQ� ZKHUHDV VRPH DUH PRUH OLNHO\
WR IXQFWLRQ E\ LPSURYLQJ WKH FRJQLWLYH IXQFWLRQV DQG SURPRWLQJ WKH KHDOWK\ DJHLQJ�
:H IXUWKHU FRPELQHG WKH UHVXOWV ZLWK RWKHU GUXJ UHSXUSRVLQJ VWXGLHV WR VXPPDULVH
WKH VWDWH RI WKH ILHOG� :H IRXQG ��� RI DOO GUXJJDEOH JHQRPH DQG ��� RI DOO .(**
SDWKZD\V DUH WDUJHWHG E\ WKH GUXJV VXJJHVWHG E\ WKHVH VWXGLHV� VKRZLQJ WKH FRPSOH[
DQG PXOWLIDFHWHG QDWXUH RI DJHLQJ�
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&KDSWHU �

&RQFOXGLQJ UHPDUNV

,Q WKLV WKHVLV� WKH DLP ZDV WR DSSURDFK D EHWWHU XQGHUVWDQGLQJ RI DJHLQJ WKURXJK FRP�
SXWDWLRQDO VWXGLHV� ,Q SDUWLFXODU� DJH�UHODWHG FKDQJH LQ KHWHURJHQHLW\� WKH OLQN EHWZHHQ
DJHLQJ DQG DJH�UHODWHG GLVHDVHV� DQG GUXJ UHSXUSRVLQJ IRU DJHLQJ ZHUH GLVFXVVHG� ,Q
WKLV FKDSWHU� , DLP WR ERWK VXPPDULVH WKHPDMRU ILQGLQJV DQG DOVR JLYH D IXWXUH SHUVSHF�
WLYH IRFXVLQJ RQ HDFK FKDSWHU VHSDUDWHO\� )LQDOO\� , ZLOO VXPPDULVH IXWXUH GLUHFWLRQV E\
ZKLFK FRPSXWDWLRQDO VWXGLHV FDQ IDFLOLWDWH UHVHDUFK RQ DJHLQJ�

��� 2YHUYLHZ DQG IXWXUH SHUVSHFWLYH

����� $JH�UHODWHG FKDQJHV LQ JHQH H[SUHVVLRQ KHWHURJHQHLW\

,Q &KDSWHU �� WKH FKDQJHV LQ JHQH H[SUHVVLRQ KHWHURJHQHLW\ GXULQJ SRVWQDWDO GHYHO�
RSPHQW DQG DJHLQJ ZHUH H[SORUHG� 7KH PDLQ FRQFOXVLRQV RI WKLV VWXG\ ZHUH�

� $JH�UHODWHG LQFUHDVH LQ KHWHURJHQHLW\ LV ZLGHVSUHDG DW WKH JHQH�� IXQFWLRQDO
FDWHJRU\�� SDWKZD\�� DQG WUDQVFULSWRPH�OHYHOV�

� 3UHYLRXV VWXGLHV IRFXVLQJ RQ JHQH H[SUHVVLRQ YDULDELOLW\ LQ DJHLQJ UHSRUWHG GLI�
IHUHQW JHQHV DV GLIIHUHQWLDOO\ YDULDEOH LQ DJHLQJ� 7KLV PD\ VWHP IURP WKH GLIIHU�
HQFHV LQ WKH WLVVXHV� RUJDQLVPV� DQG DJHV WKDW ZHUH DQDO\VHG RU FRXOG EH GXH WR
WKH VWRFKDVWLF QDWXUH RI LQFUHDVHG YDULDELOLW\� 8VLQJ GLIIHUHQW PHWKRGRORJLHV RQ
WKH VDPH GDWDVHW� ZH VKRZHG WKDW WKH SUHSURFHVVLQJ VWHSV DQG KHWHURJHQHLW\
PHDVXUHV XVHG LQ GLIIHUHQW VWXGLHV DOVR PDNH D VLJQLILFDQW GLIIHUHQFH LQ GHWHFWLQJ
WKH µGLIIHUHQWLDOO\ YDULDEOH¶ VHW RI JHQHV� 'HVSLWH WKLV GLIIHUHQFH� D ZLGHVSUHDG
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LQFUHDVH LQ KHWHURJHQHLW\ ZDV REVHUYHG ZLWK DOO FRPELQDWLRQV RI SUHSURFHVVLQJ
VWHSV DQG PHDVXUHV RI KHWHURJHQHLW\�

� :H DOVR VKRZHG WKDW WKH DJH�UHODWHG LQFUHDVH LQ KHWHURJHQHLW\ LV D FKDUDFWHULVWLF
RI SRVW�DGXOW \HDUV ����� EXW QRW SUH�DGXOWKRRG ����� \HDUV RI DJH��

� $OWKRXJK WKH LQFUHDVH LQ KHWHURJHQHLW\ LV QRW VSHFLILF WR FHUWDLQ IXQFWLRQDO FDWH�
JRULHV� RU SDWKZD\V� ZH IRXQG WKDW WKH JHQHV WKDW EHFRPH PRUH KHWHURJHQHRXV
DFURVV DOO GDWDVHWV ZHUH HQULFKHG LQ PDQ\ RI WKH ORQJHYLW\�UHJXODWLQJ SDWKZD\V�
+RZHYHU� WKH\ GLG QRW RYHUODS ZLWK WKH H[DFW JHQHV WKDW LQFUHDVH�GHFUHDVH OLIHV�
SDQ LQ ODERUDWRU\ RUJDQLVPV�

� )LQDOO\� ZH VKRZHG WKDW QRW RQO\ VSHFLILF WUDQVFULSWLRQ UHJXODWRUV EXW DOVR WKH
QXPEHU RI UHJXODWRUV LV DVVRFLDWHG ZLWK WKH LQFUHDVH LQ KHWHURJHQHLW\ GXULQJ
DJHLQJ DQG WKLV LV XQFRXSOHG IURP WKH FKDQJH LQ H[SUHVVLRQ GXULQJ GHYHORSPHQW�

+RZHYHU� VRPH TXHVWLRQV UHPDLQ XQDQVZHUHG DQG UHTXLUH IXUWKHU H[SHULPHQWDO DQG
FRPSXWDWLRQDO VWXGLHV�

� ,Q WKLV VWXG\� ZH DQDO\VHG �� GDWDVHWV FRYHULQJ �� EUDLQ UHJLRQV� 7KH EUDLQ
LV D SRVW�PLWRWLF WLVVXH DQG PLJKW LQFOXGH GLIIHUHQW VRXUFHV RI FHOOXODU GDPDJH
FRPSDUHG WR PLWRWLF WLVVXHV �H�J� OLYHU� RU WLVVXHV WKDW DUH PRUH RSHQ WR HQYLURQ�
PHQWDO LQIOXHQFH �H�J� VNLQ�� 7KXV� IXWXUH VWXGLHV FRPSDULQJ GLIIHUHQW W\SHV RI
WLVVXHV FDQ KHOS XQGHUVWDQG WKH VRXUFH RI KHWHURJHQHLW\ LQ JHQH H[SUHVVLRQ�

� :H VKRZHG DQ DVVRFLDWLRQ EHWZHHQ WKH QXPEHU RI UHJXODWRUV DQG LQFUHDVHG
KHWHURJHQHLW\� +RZHYHU� ERWK WKH PROHFXODU QDWXUH RI WKLV DVVRFLDWLRQ DQG DOVR
ZKHWKHU WKHUH DUH RWKHU FRQWULEXWLQJ IDFWRUV QHHG IXUWKHU H[SORUDWLRQ� $ QHZ
VWXG\ GHVLJQ DOORZLQJ UHOLDEOH GHWHFWLRQ RI VRPDWLF PXWDWLRQV� DQG SURWHLQ OHYHOV
FRXSOHG ZLWK WKH JHQH H[SUHVVLRQ OHYHOV LV LPSRUWDQW WR XQGHUVWDQG WKH FDXVH RI
LQFUHDVHG KHWHURJHQHLW\ GXULQJ DJHLQJ�

� :H VKRZHG WKDW WKH UHSURGXFLEOH LQFUHDVH LQ KHWHURJHQHLW\ LV OLPLWHG WR SRVW�
DGXOW DJHV� KRZHYHU� WKH UHDVRQ ZK\ WKHUH LV D GLIIHUHQFH ZLWK SRVWQDWDO GHYHO�
RSPHQW FRXOG QRW EH H[SORUHG� /LNHO\ H[SODQDWLRQV LQFOXGH DFWLYH SURWHFWLRQ IURP
GDPDJH RU KLJKHU WROHUDQFH WR GDPDJH� 0RUHRYHU� GDPDJLQJ HIIHFWV PD\ QHHG
WR DFFXPXODWH WR D FHUWDLQ OHYHO WR FUHDWH SKHQRW\SLF FRQVHTXHQFHV� 8QGHU�
VWDQGLQJ WKH UHDVRQ ZRXOG UHTXLUH ERWK D EHWWHU FRPSUHKHQVLRQ RI WKH FDXVHV
RI KHWHURJHQHLW\ DQG D EDODQFHG VWXG\ GHVLJQ ZLWK PRUH VDPSOHV IURP ERWK GH�
YHORSPHQW DQG DJHLQJ�

� ,Q WKLV VWXG\� ZH IRFXVHG RQ LQWHU�LQGLYLGXDO KHWHURJHQHLW\ ZLWK WKH DQDO\VLV RI
EXON 51$ H[SUHVVLRQ OHYHOV� +RZHYHU� WKHUH DUH DOUHDG\ PXOWLSOH UHSRUWV VXJ�
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JHVWLQJ LQWUD�LQGLYLGXDO KHWHURJHQHLW\ DOVR LQFUHDVHV ZLWK DJH �'DYLH HW DO�� �����
(QJH HW DO�� ����� +HUQDQGR�+HUUDH] HW DO�� ����� 0DUWLQH]�-LPHQH] HW DO�� ������
0RUHRYHU� GLIIHUHQW JHQHV DOVR VKRZ D GLIIHUHQFH LQ WKHLU LQWHU�LQGLYLGXDO YDULDELO�
LW\ DW DQ DGXOW DJH� $ FRPSDUDWLYH DQDO\VLV RI WKHVH WZR SKHQRPHQD WRJHWKHU
ZLWK RXU ILQGLQJV FRXOG KHOS XQGHUVWDQG WKH PHFKDQLVPV RI KHWHURJHQHLW\�

����� 7KH OLQN EHWZHHQ DJHLQJ DQG DJH�UHODWHG GLVHDVHV

,Q &KDSWHU �� ZH DLPHG WR XQGHUVWDQG WKH OLQN EHWZHHQ DJHLQJ DQG DJH�UHODWHG GLV�
HDVHV WKURXJK D JHQRPH�ZLGH DVVRFLDWLRQ VWXG\ RI ��� GLVHDVHV LQ WKH 8. %LREDQN�
7KH PDLQ FRQFOXVLRQV ZHUH DV IROORZV�

� 'LVHDVHV ZLWK VLPLODU DJH�RI�RQVHW SURILOHV VKRZ D KLJKHU JHQHWLF VLPLODULW\ ZKLFK
LV QRW H[SODLQHG E\ GLVHDVH FDWHJRULHV� FR�RFFXUUHQFHV� DQG GLVHDVH FDXVH�
HIIHFW UHODWLRQVKLSV�

� &RPPRQ JHQHWLF IDFWRUV VKDUHG EHWZHHQ DJH�GHSHQGHQW GLVHDVHV VLJQLILFDQWO\
RYHUODS ZLWK UHJXODWRUV RI FHOOXODU VHQHVFHQFH DQG WKH WDUJHWV RI GUXJV NQRZQ
WR PRGXODWH OLIHVSDQ LQ PRGHO RUJDQLVPV� +RZHYHU� WKH LQWHUVHFWLRQ LV VPDOO�

� :H LGHQWLILHG ELRORJLFDO IXQFWLRQV DVVRFLDWHG ZLWK GLIIHUHQW DJH�RI�RQVHW SURILOHV�
$OWKRXJK WKH WZR DJH�GHSHQGHQW FOXVWHUV ERWK KDG DVVRFLDWLRQV ZLWK NQRZQ
DJHLQJ�UHODWHG JHQHV� WKHLU IXQFWLRQDO FDWHJRULHV ZHUH GLIIHUHQW� 'LVHDVHV VHHQ
DIWHU �� ZHUH DVVRFLDWHG ZLWK OLSLG PHWDEROLVP� FHOO F\FOH� DQG FHOOXODU UHVSRQVH�
ZKHUHDV WKH GLVHDVHV VHHQ DIWHU �� ZHUH DVVRFLDWHG ZLWK 0+& � SURWHLQ ELQGLQJ�
ILEULQRO\VLV� DQG UHJXODWLRQ RI DSRSWRVLV� *HQHV DVVRFLDWHG ZLWK ERWK FOXVWHUV
ZHUH HQULFKHG DPRQJ UHJXODWRUV RI JOXFRVH PHWDEROLVP� FKURPDWLQ VWUXFWXUH�
DQG WUDQVFULSWLRQ� +RZHYHU� LQ JHQHUDO� JHQHV WKDW DUH KLJKO\ SOHLRWURSLF DQG
DVVRFLDWHG ZLWK DOO GLVHDVH FOXVWHUV ZHUH DOVR UHJXODWRUV RI FKURPDWLQ VWUXFWXUH
DQG WUDQVFULSWLRQ�

� :H FKHFNHG WKH ULVN DOOHOH IUHTXHQFLHV �$)� RI WKH YDULDQWV DVVRFLDWHG ZLWK HDFK
FOXVWHU DQG IRXQG GLVHDVHV ZLWK ODWHU DJH�RI�RQVHW KDG VLJQLILFDQWO\ KLJKHU $)�
ZKLFK VXSSRUWV ERWK PXWDWLRQ DFFXPXODWLRQ DQG DQWDJRQLVWLF SOHLRWURS\ WKHRULHV
RI DJHLQJ�

� :H VHDUFKHG IRU GUXJV WKDW VSHFLILFDOO\ WDUJHW DJH�GHSHQGHQW FOXVWHUV DQG IRXQG
VHYHUDO VLJQLILFDQW KLWV� �� RI WKHVH GUXJV ZHUH DOUHDG\ LQ XVH IRU �� GLIIHUHQW
FRQGLWLRQV VXFK DV GLDEHWHV� K\SHUOLSLGDHPLD� QHRSODVPV� RVWHRSRURVLV� FDUGLR�
YDVFXODU GLVHDVHV� 7KLV PHDQV ZH FDQ PRUH HDVLO\ UHSXUSRVH WKHVH GUXJV WR
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XVH IRU WKH GLVHDVHV ZH DQDO\VHG� ZKLFK JHQHUDOO\ FR�RFFXU LQ WKH HOGHUO\� 7KLV
KDV WKH SRWHQWLDO WR LPSURYH KHDOWK�VSDQ DQG PD\ DOVR DOOHYLDWH WKH HIIHFWV RI
SRO\SKDUPDF\�

7KLV VWXG\� WR P\ NQRZOHGJH� SURYLGHV WKH PRVW FRPSUHKHQVLYH DQDO\VLV RI WKH OLQN
EHWZHHQ DJHLQJ DQG DJH�UHODWHG GLVHDVHV� +RZHYHU� WKHUH DUH PXOWLSOH DVSHFWV WKDW
UHTXLUH IXUWKHU LQYHVWLJDWLRQ�

� ,Q WKLV VWXG\� ZH VXJJHVW WKDW WKHUH LV D FRPPRQ DJHLQJ�UHODWHG JHQHWLF IDFWRU
DVVRFLDWHG ZLWK DJH�GHSHQGHQW GLVHDVHV� +RZHYHU� WKH PHFKDQLVP E\ ZKLFK
WKLV IDFWRU PD\ LQIOXHQFH WKH DJH�RI�RQVHW SURILOH RI GLVHDVHV FRXOG QRW EH H[�
SORUHG� /LNHO\ H[SODQDWLRQV LQFOXGH VRPDWLF PXWDWLRQV� DJH�UHODWHG FKDQJHV LQ
JHQH DQG SURWHLQ H[SUHVVLRQ OHYHOV DQG HSLJHQRPH� DQG JHQH�HQYLURQPHQW LQ�
WHUDFWLRQV� :H QHHG D VLJQLILFDQWO\ LPSURYHG ORQJLWXGLQDO VWXG\ GHVLJQ LQFOXGLQJ
GLIIHUHQW ¶RPLFV DQG OLIHVW\OH GDWD LQ RUGHU WR DGGUHVV WKLV TXHVWLRQ�

� 7KHUH LV D VLJQLILFDQW DVVRFLDWLRQ EHWZHHQ WKH WDUJHWV RI OLIHVSDQ�PRGXODWLQJ
GUXJV DQG WKH UHJXODWRUV RI FHOOXODU VHQHVFHQFH� +RZHYHU� ZH GLG QRW GHWHFW
VLJQLILFDQW RYHUODS ZLWK JHQHV WKDW PRGXODWH OLIHVSDQ LQ PRGHO RUJDQLVPV� 2QH
SODXVLEOH H[SODQDWLRQ LV WKDW WKHVH JHQHV DUH GHHSO\ HYROXWLRQDULO\ FRQVHUYHG
DQG ZH GR QRW KDYH FRPPRQ YDULDWLRQV WKDW ZH FDQ GHWHFW LQ WKLV VWXG\� +RZ�
HYHU� D GHWDLOHG DQDO\VLV RI WKLV ODFN RI RYHUODS FRXOG LPSURYH IXWXUH VWXG\ GHVLJQ
DQG DOVR PD\ IDFLOLWDWH NQRZOHGJH WUDQVIHU IURP PRGHO RUJDQLVP WR KXPDQ VWXG�
LHV�

� ,Q WKLV VWXG\� ZH FRXOG RQO\ LQFOXGH FRPPRQ GLVHDVHV EHFDXVH RI WKH VDPSOH
VL]H OLPLWDWLRQV� +RZHYHU� D EHWWHU FRPSDULVRQ WR DQDO\VH HYROXWLRQDU\ WKHRULHV
RI DJHLQJ ZRXOG LQFOXGH YDULDQWV WKDW DUH NQRZQ WR EH FDXVDO IRU GHYHORSPHQWDO
GLVHDVHV�

� :H VXJJHVW VRPH GUXJV WKDW PD\ LPSURYH KHDOWK�VSDQ� 7KH QH[W VWHS ZRXOG EH
WR WHVW WKHVH GUXJV LQ PRGHO RUJDQLVPV� SDUWLFXODUO\ LQ PLFH DQG UDW� DQG GLVHDVH�
PRGHOV WR PHDVXUH WKHLU HIIHFW RQ KHDOWK� DQG OLIHVSDQ�

����� 'UXJ UHSXUSRVLQJ IRU DJHLQJ

,Q &KDSWHU �� ZH HPSOR\HG DQ DSSOLHG VWXG\ DQG DLPHG WR LGHQWLI\ SKDUPDFRORJLFDO
LQWHUYHQWLRQV WKDW FDQ LPSURYH OLIHVSDQ LQ KXPDQV� :H IROORZHG D V\VWHP�OHYHO DS�
SURDFK WR ILQG GUXJV WKDW PD\ PLPLF RU UHYHUVH WKH DJH�UHODWHG FKDQJHV LQ JHQH H[�
SUHVVLRQ�
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� 7KURXJK D PHWD�DQDO\VHV DSSURDFK� ZH ILUVW FRPSLOHG D UREXVW DQG UHSURGXFLEOH
OLVW RI JHQH H[SUHVVLRQ FKDQJHV WKDW FKDUDFWHULVH DJHLQJ LQ WKH KXPDQ EUDLQ�

� :H FRPSDUHG WKLV VLJQDWXUH ZLWK WKH GUXJ�SHUWXUEHG JHQH H[SUHVVLRQ SURILOHV
LQ WKH &RQQHFWLYLW\ 0DS GDWDEDVH WR ILQG GUXJV WKDW FDQ PLPLF RU UHYHUVH WKHVH
FKDQJHV�

� :H LGHQWLILHG �� FDQGLGDWHV� � RI ZKLFK ZHUH SUR�ORQJHYLW\ GUXJV WKDW ZHUH SUH�
YLRXVO\ WHVWHG LQ PRGHO RUJDQLVPV� �� RI WKH �� KDG DW OHDVW RQH WDUJHW WKDW ZDV
DVVRFLDWHG ZLWK DJHLQJ DFFRUGLQJ WR *HQ$JH GDWDEDVH� :H LGHQWLILHG � FRP�
SOHWHO\ QRYHO GUXJV ZKLFK PD\ SURYLGH DQRWKHU DQJOH LQ DJHLQJ LQWHUYHQWLRQV�

� ,PSRUWDQWO\� ZH IRXQG WKDW VRPH RI WKH SUR�ORQJHYLW\ GUXJV DFW E\ PLPLFNLQJ WKH
FKDQJHV LQ DJHLQJ� 7KDW PHDQV WKDW VRPH RI WKH FDSWXUHG JHQH H[SUHVVLRQ
FKDQJHV PLJKW EH EHQHILFLDO DQG LQFOXGH UHVSRQVHV WR WKH GDPDJLQJ HIIHFWV�

� :H DOVR FRPELQHG RXU UHVXOWV ZLWK �� RWKHU SXEOLVKHG VWXGLHV WKDW SHUIRUP LQ�
VLOLFR GUXJ UHSXUSRVLQJ WR WDUJHW DJHLQJ� $OPRVW ��� RI DOO GUXJJDEOH JHQRPH
ZDV IRXQG WR EH WDUJHWHG E\ DW OHDVW RQH GUXJ VXJJHVWHG LQ WKHVH �� VWXGLHV�
0RUHRYHU� ��� RI DOO .(** SDWKZD\V KDG DW OHDVW RQH JHQH WDUJHWHG E\ WKH VXJ�
JHVWHG GUXJV� 7KHVH DQDO\VHV UHYHDO IXUWKHU WKDW DJHLQJ LV D FRPSOH[� V\VWHP�
OHYHO SKHQRW\SH�

5HGLVFRYHU\ RI D VLJQLILFDQW QXPEHU RI NQRZQ SUR�ORQJHYLW\ GUXJV VXJJHVWV RXUPHWKRG�
RORJ\ LV SURPLVLQJ� :H DOVR H[SHULPHQWDOO\ YDOLGDWHG RQH RI WKH FDQGLGDWH GUXJV�
WDQHVSLP\FLQ� LQ &�HOHJDQV� DV SDUW RI DQRWKHU VWXG\ WKDW , FRQWULEXWHG �)XHQWHDOED HW
DO�� ������ )XUWKHUPRUH� VLQFH WKH LQSXW GDWD LV IURP KXPDQV LW LV SODXVLEOH WR VXJJHVW
WKDW WKHVH GUXJV PD\ SURYLGH EHQHILWV LQ KXPDQV DV ZHOO� +RZHYHU� WKHUH DUH VHYHUDO
VWXG\�VSHFLILF DVSHFWV WKDW PD\ IXUWKHU EH H[SORUHG�

� ,Q WKLV VWXG\� PRVWO\ EHFDXVH RI WKH OLPLWDWLRQV LQ WKH QXPEHU RI DYDLODEOH GDWDVHWV�
ZH UHVWULFWHG RXU DQDO\VLV RQO\ WR WKH KXPDQ EUDLQ� +RZHYHU� WKH ZKROH RUJDQ�
LVP LV DIIHFWHG GXULQJ WKH DJHLQJ SURFHVV� :H VKRZ WKDW WKH DJHLQJ VLJQDWXUH
FDQ DOVR UHSUHVHQW FKDQJHV VHHQ LQ RWKHU WLVVXHV� 1HYHUWKHOHVV� WKHUH PLJKW EH
RWKHU GUXJV WKDW FDQ IXQFWLRQ LQ RWKHU WLVVXHV EHWWHU� DQG WKXV� WKLV VWXG\ FRXOG
EH H[SDQGHG WR RWKHU WLVVXHV�

� :H IRXQG WKDW VRPH RI WKH NQRZQ SUR�ORQJHYLW\ GUXJV ZH LGHQWLILHG PLPLF WKH
FKDQJHV REVHUYHG GXULQJ KXPDQ EUDLQ DJHLQJ� 7KLV UDLVHV D TXHVWLRQ DERXW WKHLU
DSSOLFDELOLW\ WR KXPDQV� +XPDQV OLYH ORQJHU WKDQ WKHLU FORVHO\ UHODWHG VSHFLHV
DQG PD\ KDYH DGDSWHG VRPH UHVSRQVH PHFKDQLVPV WKDW DUH QRW REVHUYHG LQ WKH
PRGHO RUJDQLVPV� ZKLFK DUH VKRUW�OLYHG� $ FRPSDULVRQ RI WKH DJHLQJ VLJQDWXUH
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ZLWK WKH DJH�UHODWHG FKDQJHV REVHUYHG LQ WKH PRGHO RUJDQLVPV FDQ SURYLGH D
EHWWHU XQGHUVWDQGLQJ�

� $QRWKHU DVSHFW WKDW ZH KDYH QRW DGGUHVVHG LQ WKLV VWXG\ LV WKH UHDO�ZRUOG DS�
SOLFDWLRQ RI WKH LGHQWLILHG GUXJV� LQFOXGLQJ IDFWRUV VXFK DV WKH GUXJ�GUXJ LQWHUDF�
WLRQV� WKH DJH DW ZKLFK GUXJV FRXOG EH VXSSOLHG� WKH SRWHQWLDO HIIHFWV RI ORQJ�WHUP
XVH� DQG ELRDYDLODELOLW\ LQ KXPDQV� 8QIRUWXQDWHO\� FRPSXWDWLRQDO VWXGLHV UHTXLUH
PRUH FRPSUHKHQVLYH H[SHULPHQWDO GDWDVHWV WKDW FDQ DOORZ SUHGLFWLYH PRGHOOLQJ
RI WKHVH IDFWRUV�

� /DVWO\� SUHGLFWLYH PRGHOOLQJ RI WKH RYHUDOO HIIHFW RI WKHVH GUXJV RQ KHDOWK� KHDOWK�
VSDQ DQG OLIH�VSDQ FDQ KHOS SULRULWLVDWLRQ RI WKH FDQGLGDWHV� 7RGD\� LW LV QRW SRV�
VLEOH WR SHUIRUP WKLV WDVN IRU KXPDQV DV WKH KXPDQ FOLQLFDO WULDOV IRU DJHLQJ LQ�
WHUYHQWLRQV DUH MXVW EHJLQQLQJ� +RZHYHU� WKDQNV WR 'UXJ$JH GDWDEDVH� ZKLFK
UHFRUGV WKH GUXJ� RUJDQLVP� DQG RXWFRPH RI WKH OLIHVSDQ DVVD\V� IXWXUH VWXGLHV
HPSOR\LQJ PDFKLQH OHDUQLQJ DSSURDFKHV FDQ SULRULWLVH GUXJV WKDW PD\ KDYH WKH
KLJKHVW HIIHFW RQ OLIHVSDQ�

��� )XWXUH GLUHFWLRQV LQ FRPSXWDWLRQDO ELRORJ\ RI DJH�
LQJ

2XU XQGHUVWDQGLQJ RI WKH ELRORJ\ RI DJHLQJ LV LPSURYLQJ HYHU\ GD\� 7KHRUHWLFDO� H[�
SHULPHQWDO� FOLQLFDO� DQG DSSOLHG UHVHDUFK RQ DJHLQJ KDV SURYLGHG VLJQLILFDQW LQVLJKW
LQWR WKH PHFKDQLVPV DQG LQWHUYHQWLRQV WR DFKLHYH EHWWHU KHDOWK LQ ROG DJH� +RZHYHU�
VR IDU� WKHVH UHDOPV RI UHVHDUFK KDYH EHHQ GLVFRQQHFWHG� 7KH VWXGLHV SUHVHQWHG LQ
WKLV WKHVLV H[HPSOLI\ KRZ FRPSXWDWLRQDO ELRORJ\ FRXOG KHOS WR EXLOG EULGJHV EHWZHHQ
GLIIHUHQW GLVFLSOLQHV� +RZHYHU� WKH SRWHQWLDO RI FRPSXWDWLRQDO ELRORJ\ LV QRW OLPLWHG WR
WKH H[DPSOHV , SUHVHQWHG� ,Q WKLV VHFWLRQ� , VXPPDULVH WKH LPSURYHPHQWV LQ FRPSX�
WDWLRQDO UHVHDUFK WKDW FDQ KHOS XV LPSURYH RXU XQGHUVWDQGLQJ RI WKH ELRORJ\ RI DJHLQJ
DQG SURYLGH WKH WRROVHW WR WDFNOH WKH FKDOOHQJHV RI DJH�UHODWHG GHFOLQH LQ KHDOWK�

����� 6LQJOH�FHOO JHQRPLFV RI DJHLQJ

$JHLQJ KDV EHHQ VWXGLHG DW WKH SRSXODWLRQ� RUJDQLVPDO� WLVVXH� DQG FHOO�W\SH OHYHOV�
:LWK WKH DGYDQFHPHQW RI VLQJOH�FHOO JHQRPLF WHFKQRORJ\� LW LV QRZ SRVVLEOH WR VWXG\
DJHLQJ HYHQ DW D VLQJOH�FHOO UHVROXWLRQ� 6WXG\LQJ WKH PROHFXODU FKDQJHV LQ VLQJOH FHOOV
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ZLWKLQ GLIIHUHQW HQYLURQPHQWV DQG LQWHUDFWRUV ZLOO SURYLGH D PRUH GHWDLOHG XQGHUVWDQG�
LQJ RI WKH PHFKDQLVPV� 7KLV DGYDQFHPHQW LV HVSHFLDOO\ LPSRUWDQW ZLWK UHJDUGV WR WKH
GDPDJH�EDVHG WKHRULHV RI DJHLQJ� 8QGHUVWDQGLQJ WKH FKDQJHV DW D VLQJOH�FHOO OHYHO
FDQ VXJJHVW EHWWHU ZD\V RI WDUJHWLQJ DJH�UHODWHG GHWHULRUDWLRQ DQG KHOS XV PRGHO DJH�
UHODWHG FKDQJHV LQ VSHFLILF SDWKZD\V�

2XU XQGHUVWDQGLQJ RI KHWHURJHQHLW\ LQ DJHLQJ FDQ DOVR EHQHILW IURP VLQJOH�FHOO WHFK�
QRORJLHV� $W WKH PRPHQW� VWXGLHV DSSURDFK KHWHURJHQHLW\ DV D VWRFKDVWLF QRLVH� KRZ�
HYHU� &KDSWHU � GHPRQVWUDWHV WKDW WKHUH LV VRPH FRQVLVWHQF\ LQ LQFUHDVHG KHWHUR�
JHQHLW\ DFURVV GDWDVHWV� 7KLV VXJJHVWV� WKHUH PLJKW EH D PHFKDQLVP FRQWULEXWLQJ WR
WKH DJH�UHODWHG LQFUHDVH LQ KHWHURJHQHLW\� 6WXG\LQJ JHQHWLF DQG HSLJHQHWLF PXWDWLRQV
DW WKH VLQJOH�FHOO OHYHO FDQ KHOS XV XQGHUVWDQG WKH VRXUFH RI KHWHURJHQHLW\�

����� ,QWHJUDWLYH ELRORJ\ RI DJHLQJ

$OO WKH VWXGLHV , KDYH SUHVHQWHG LQ WKLV WKHVLV IXUWKHU HPSKDVLVHG WKH LPSRUWDQFH RI
KDYLQJ GDWD IURP PXOWLSOH OD\HUV RI LQIRUPDWLRQ IORZ �H�J� JHQRPH� HSLJHQRPH� WUDQ�
VFULSWRPH� SURWHRPH� PHWDERORPH�� $JHLQJ LV D FRPSOH[ SKHQRW\SH WKDW LV IDU IURP
EHLQJ GULYHQ E\ MXVW D OLPLWHG QXPEHU RI JHQHV� %\ XQGHUVWDQGLQJ WKH UHJXODWRU\
FKDQJHV DW PXOWLSOH OHYHOV� ZH FDQ DSSURDFK D EHWWHU LQWHUYHQWLRQ VWUDWHJ\� 0RUH�
RYHU� LW LV SODXVLEOH WR DUJXH WKDW WKH LQIRUPDWLRQ IORZ LV GLVUXSWHG DW PXOWLSOH VWDJHV
GXULQJ DJHLQJ� 6R IDU� VWXGLHV VKRZHG DQ DJH�UHODWHG GHFOLQH LQ HSLJHQHWLF VWDELO�
LW\� ZKLFK LQWHUUXSWV LQIRUPDWLRQ IORZ DW D YHU\ WRS OHYHO� 7KHUH DUH PXOWLSOH VWXGLHV
IRFXVLQJ RQ UHVWRULQJ WKH \RXWKIXO HSLJHQHWLF VWDWH XVLQJ GUXJV WDUJHWLQJ HSLJHQHWLF
PDFKLQHU\� +RZHYHU� DW WKH PRPHQW ZH GR QRW NQRZ ZKHWKHU WKH IORZ RI LQIRUPDWLRQ
LV GLVUXSWHG DW PXOWLSOH OHYHOV RU QRW� %\ VWXG\LQJ WKH LQWHUDFWLRQV EHWZHHQ GLIIHUHQW
OD\HUV RI LQIRUPDWLRQ� ZH FDQ JHW D PRUH GHWDLOHG LQVLJKW IRU WKH VRXUFH RI LQFUHDVHG
HQWURS\ GXULQJ DJHLQJ�

,QWHJUDWLRQ RI SKHQRW\SH OHYHO LQIRUPDWLRQ VXFK DV GLVHDVHV� IUDLOW\� DQG DJH�UHODWHG
FRJQLWLYH GHFOLQH FDQ IXUWKHU SURYLGH D EHWWHU XQGHUVWDQGLQJ RI WKH HIIHFW RI PROHFXODU
FKDQJHV RQ WKH GHFOLQH LQ IXQFWLRQDO LQWHJULW\ GXULQJ DJHLQJ� )XUWKHUPRUH� FRPELQLQJ
GLIIHUHQW W\SHV RI GDWD� HYHQ IURP GLIIHUHQW RUJDQLVPV� DQG FXOWLYDWLQJ WKH PHFKDQLV�
WLF LQVLJKW SURYLGHG E\ WKH PRGHO RUJDQLVPV� FDQ KHOS XV DSSURDFK D PROHFXODU DQG
FHOOXODU PRGHO RI DJHLQJ�





���

$SSHQGL[ $

6XSSOHPHQWDU\ ILJXUHV

$�� $JH�UHODWHG FKDQJHV LQ JHQH H[SUHVVLRQ KHWHUR�
JHQHLW\ LQ WKH KXPDQ EUDLQ

)LJXUH $�� 7KH GLVWULEXWLRQ RI DJHV IRU WKH VDPSOHV XVHG LQ WKH DQDO\VLV� �D� 6FDWWHU SORW
VKRZLQJ QXPEHU RI VDPSOHV �[�D[LV� LQFOXGHG LQ DJH LQWHUYDOV �\�D[LV�� �E� 'LVWULEXWLRQ RI VDP�
SOHV LQ IRXUWK URRW VFDOH RI DJHV� 7KH KRUL]RQWDO GRWWHG OLQHV UHIOHFW WKH VHSDUDWLRQ SRLQW RI
GHYHORSPHQW DQG DJHLQJ �DJH RI ���� 'DWD VRXUFHV DUH LQGLFDWHG ZLWK GLIIHUHQW FRORXUV�
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)LJXUH $�� 'HPRQVWUDWLRQ RI WKH PHWKRG XVHG WR FDOFXODWH DJH�UHODWHG FKDQJHV LQ H[SUHVVLRQ
OHYHO DQG KHWHURJHQHLW\ RI WZR JHQHV GXULQJ GHYHORSPHQW �D� DQG DJHLQJ �E�� /HIW SDQHOV�
$JH� UHODWHG H[SUHVVLRQ FKDQJH LV TXDQWLILHG E\ D OLQHDU PRGHO XVLQJ VFDOHG JHQH H[SUHVVLRQ
YDOXHV �\�D[LV� DQG WKH IRXUWK URRW RI DJHV �[�D[LV�� %HWD YDOXHV DQG UDZ S�YDOXHV DUH LQGL�
FDWHG RQ WKH ILJXUH� 7KH EOXH OLQH LV GUDZQ EDVHG RQ WKH OLQHDU PRGHO� DQG WKH UHG GRWWHG
OLQHV UHSUHVHQW UHVLGXDOV� 5LJKW SDQHOV� FRUUHVSRQGLQJ VFDWWHUSORWV IRU WKH DEVROXWH YDOXHV RI
UHVLGXDOV �\�D[LV� DQG IRXUWK URRW RI DJH �[�D[LV�� 5KR DQG UDZ S�YDOXHV DUH FDOFXODWHG EDVHG
RQ 6SHDUPDQ¶V FRUUHODWLRQ WHVW� 7KH EOXH OLQH LV GUDZQ EDVHG RQ D OLQHDU PRGHO EHWZHHQ WKH
DEVROXWH YDOXH RI UHVLGXDOV DQG WKH IRXUWK URRW RI DJH� RQO\ IRU GHPRQVWUDWLRQ SXUSRVHV�



$�� $JH�UHODWHG FKDQJHV LQ JHQH H[SUHVVLRQ KHWHURJHQHLW\ LQ WKH KXPDQ EUDLQ ���

)LJXUH $�� 'LIIHUHQW DJH VFDOHV \LHOGV FRQVLVWHQW UHVXOWV� :H SHUIRUPHG GRZQVWUHDP DQDO�
\VHV XVLQJ DJH LQ GD\V� DJH LQ \HDUV� ORJ� RI DJH LQ GD\V� DQG IRXUWK URRW RI DJH LQ GD\V�
�D� 'LVWULEXWLRQ RI FRUUHODWLRQ FRHIILFLHQWV EHWZHHQ DJH�UHODWHG KHWHURJHQHLW\ FKDQJHV DFURVV
GHYHORSPHQW DQG DJHLQJ GDWDVHWV �\�D[LV�� XVLQJ GLIIHUHQW DJH VFDOHV �[�D[LV�� �E� 7KH QXP�
EHU RI JHQHV VKRZLQJ FRQVLVWHQW KHWHURJHQHLW\ FKDQJH DFURVV DOO �� GDWDVHWV �\�D[LV�� XVLQJ
GLIIHUHQW DJH VFDOHV� �F� 6FDWWHUSORWV RI DJH� UHODWHG KHWHURJHQHLW\ FKDQJH YDOXHV RI ������
JHQHV IURP RQH H[DPSOH GDWDVHW �6RPHO����B3)&� FDOFXODWHG XVLQJ WKH IRXUWK URRW RI DJH LQ
GD\V �\�D[LV� DQG GLIIHUHQW VFDOHV LQFOXGLQJ ORJ� RI DJH LQ GD\V� DJH LQ GD\V DQG DJH LQ \HDUV
�[�D[LV� GXULQJ GHYHORSPHQW �XSSHU SDQHO� DQG DJHLQJ �ORZHU SDQHO��



��� 6XSSOHPHQWDU\ ILJXUHV

)LJXUH $�� 'LVWULEXWLRQ RI DJH�UHODWHG FKDQJH LQ H[SUHVVLRQ YDOXHV �%HWD YDOXHV� IRU HDFK
GDWDVHW �[� D[LV� GXULQJ GHYHORSPHQW DQG DJHLQJ� %HWD YDOXHV �\�D[LV� ZHUH FRPSXWHG E\
OLQHDU PRGHOV XVLQJ VFDOHG H[SUHVVLRQ YDOXHV DQG WKH IRXUWK URRW RI DJH IRU HDFK JHQH LQ HDFK
GDWDVHW GXULQJ GHYHORSPHQW �RUDQJH� DQG DJHLQJ �EOXH� VHSDUDWHO\�



$�� $JH�UHODWHG FKDQJHV LQ JHQH H[SUHVVLRQ KHWHURJHQHLW\ LQ WKH KXPDQ EUDLQ ���

)LJXUH $�� 5HVXOWV RI WKH SHUPXWDWLRQ WHVWV IRU GDWDVHW FRUUHODWLRQV RI H[SUHVVLRQ DQG KHW�
HURJHQHLW\ FKDQJH GXULQJ GHYHORSPHQW DQG DJHLQJ� :H FRQVWUXFWHG WKH GLVWULEXWLRQV E\ FDO�
FXODWLQJ PHGLDQ FRUUHODWLRQ EHWZHHQ DOO SRVVLEOH WKUHH LQGHSHQGHQW GDWDVHWV IURP WKUHH GDWD
VRXUFHV IRU DOO SHUPXWDWLRQV� 6LPLODUO\� WKH REVHUYHG YDOXHV ZHUH FDOFXODWHG DV D PHGLDQ
YDOXH IRU DOO WKUHH LQGHSHQGHQW GDWDVHW FRPELQDWLRQV IURP WKUHH GDWD VRXUFHV �L�H� WKH PHGLDQ
YDOXH RI� 0HGLDQ &RUUHODWLRQ�.DQJ����B$�&� 6RPHO����B3)&� &RODQWXRQL����B3)&�� 0H�
GLDQ &RUUHODWLRQ�.DQJ����B$0< � 6RPHO����B&%&� &RODQWXRQL����B3)&�� ����� �D� E� 3HU�
PXWDWLRQ WHVW UHVXOWV IRU WKH VLJQLILFDQFH RI REVHUYHG FRUUHODWLRQ LQ JHQH H[SUHVVLRQ FKDQJH
GXULQJ GHYHORSPHQW �D� DQG DJHLQJ �E�� �F� G� 3HUPXWDWLRQ WHVW UHVXOWV IRU WKH VLJQLILFDQFH RI
REVHUYHG FRUUHODWLRQ LQ KHWHURJHQHLW\ FKDQJH GXULQJ GHYHORSPHQW �F� DQG DJHLQJ �G��



��� 6XSSOHPHQWDU\ ILJXUHV

)LJXUH $�� �D� E� 5HVXOWV RI WKH SHUPXWDWLRQ WHVWV IRU GLIIHUHQFHV EHWZHHQ GDWDVHW FRUUHODWLRQV
GXULQJ GHYHORSPHQW DQG DJHLQJ� 'LVWULEXWLRQV ZHUH FRQVWUXFWHG XVLQJ WKH PHGLDQ GLIIHUHQFHV
EHWZHHQ FRUUHODWLRQV DPRQJ DJHLQJ GDWDVHWV DQG GHYHORSPHQW GDWDVHWV IRU ���� SHUPXWD�
WLRQV� L�H� QHJDWLYH YDOXHV LPSO\ KLJKHU FRUUHODWLRQ DPRQJ GHYHORSPHQW GDWDVHWV FRPSDUHG
WR DJHLQJ GDWDVHWV� ZKLOH SRVLWLYH YDOXHV LQGLFDWH KLJKHU FRUUHODWLRQ GXULQJ DJHLQJ� �D� 'LV�
WULEXWLRQ RI PHGLDQ GLIIHUHQFHV EHWZHHQ FRUUHODWLRQV DPRQJ DJH�UHODWHG H[SUHVVLRQ FKDQJHV
�ȕ YDOXHV� DPRQJ DJHLQJ GDWDVHWV DQG GHYHORSPHQW GDWDVHWV� �E� 7KH VDPH GLVWULEXWLRQ IRU
KHWHURJHQHLW\ FKDQJHV �ȡ YDOXHV�� �F� G� 3HUPXWDWLRQ WHVW UHVXOWV IRU WKH PHGLDQ GLIIHUHQFH LQ
WKH QXPEHU RI JHQHV VKRZLQJ VLJQLILFDQW FKDQJH EHWZHHQ DJHLQJ DQG GHYHORSPHQW GDWDVHWV�
LQ WHUPV RI �F� H[SUHVVLRQ FKDQJH DQG �G� KHWHURJHQHLW\ FKDQJH� )RU HDFK SHUPXWDWLRQ� S�
YDOXHV ZHUH FRUUHFWHG IRU PXOWLSOH WHVWLQJ XVLQJ )'5 PHWKRG� �H� 3HUPXWDWLRQ WHVW UHVXOW IRU
WKH PHGLDQ KHWHURJHQHLW\ FKDQJH GLIIHUHQFHV EHWZHHQ DJHLQJ DQG GHYHORSPHQW GDWDVHWV� $V�
VRFLDWHG S�YDOXHV DUH IURP RQH�WDLOHG WHVWV�



$�� $JH�UHODWHG FKDQJHV LQ JHQH H[SUHVVLRQ KHWHURJHQHLW\ LQ WKH KXPDQ EUDLQ ���

)LJXUH $�� +H[DJRQDO GHQVLW\ PDSV IRU WKH FKDQJHV LQ KHWHURJHQHLW\ EDVHG RQ WKH UHVLGXDOV
IURP D OLQHDU PRGHO �[�D[LV� DQG ORHVV UHJUHVVLRQV �\�D[LV�� 7KH FRORXU LQWHQVLW\ VKRZV WKH
QXPEHU RI JHQHV LQ WKDW KH[DJRQDO ELQ� ZKHUH GDUNHU FRORXU VKRZV PRUH JHQHV� 7KH EOXH OLQH
LV GUDZQ XVLQJ OLQHDU UHJUHVVLRQ� IRU GHPRQVWUDWLRQ SXUSRVHV� 7KH FRUUHODWLRQV EHWZHHQ WKH
YDOXHV DUH FDOFXODWHG XVLQJ 6SHDUPDQ¶V FRUUHODWLRQ WHVW�



��� 6XSSOHPHQWDU\ ILJXUHV

)LJXUH $�� 2YHUODSV EHWZHHQ GDWDVHWV IRU WKH JHQHV VKRZLQJ D VLJQLILFDQW LQFUHDVH LQ KHWHUR�
JHQHLW\� S�YDOXHV DUH FRPSXWHG XVLQJ 6SHDUPDQ FRUUHODWLRQ WHVW EHWZHHQ WKH DEVROXWH YDOXH
RI UHVLGXDOV DQG IRXUWK URRW RI DJHV� IROORZHG E\ )'5 FRUUHFWLRQ� 7KH FRORXU LQWHQVLW\ RI FHOOV
UHIOHFWV DQ LQFUHDVHG QXPEHU RI RYHUODSSLQJ JHQHV DPRQJ WZR FRUUHVSRQGLQJ GDWDVHWV� ZKLOH
WKH QXPEHUV VKRZ WKH H[DFW QXPEHUV�



$�� $JH�UHODWHG FKDQJHV LQ JHQH H[SUHVVLRQ KHWHURJHQHLW\ LQ WKH KXPDQ EUDLQ ���

)LJXUH $�� 7KH SURSRUWLRQ RI GLIIHUHQW WUHQGV LQ DJH�UHODWHG KHWHURJHQHLW\ FKDQJH LQ HDFK
GDWDVHW DQG DPRQJ WKH JHQHV VKRZLQJ D FRQVLVWHQW LQFUHDVH DFURVV DJHLQJ GDWDVHWV �Q  �����
1R HIIHFW VL]H RU VLJQLILFDQFH FXWRII ZDV XVHG� 8S�GRZQ� LQFUHDVH LQ GHYHORSPHQW 	 GHFUHDVH
LQ DJHLQJ� GRZQ�XS� GHFUHDVH LQ GHYHORSPHQW 	 LQFUHDVH LQ DJHLQJ� PRQRWRQLF LQFUHDVH�
LQFUHDVH LQ GHYHORSPHQW DQG DJHLQJ� PRQRWRQLF GHFUHDVH� GHFUHDVH LQ GHYHORSPHQW DQG
DJHLQJ�



��� 6XSSOHPHQWDU\ ILJXUHV

)LJXUH $��� 5DQGRP �H[SHFWDWLRQ FDOFXODWHG ZLWK LQGHSHQGHQW SHUPXWDWLRQV�� H[SHFWHG
�EDVHG RQ SHUPXWDWLRQV WDNLQJ GDWDVHW GHSHQGHQF\ LQWR DFFRXQW� DQG REVHUYHG FRQVLVWHQF\ LQ
WKH KHWHURJHQHLW\ FKDQJH DFURVV GDWDVHWV LQ GHYHORSPHQW DQG DJHLQJ� +HUH ZH GHPRQVWUDWH
WKH H[SHFWDWLRQ EDVHG RQ LQGHSHQGHQW SHUPXWDWLRQV �¶5DQGRP¶�� DQG GHPRQVWUDWH WKDW LW LV
OHVV VWULQJHQW WKDQ RXU SHUPXWDWLRQ VFKHPH�



$�� $JH�UHODWHG FKDQJHV LQ JHQH H[SUHVVLRQ KHWHURJHQHLW\ LQ WKH KXPDQ EUDLQ ���

)LJXUH $��� +HWHURJHQHLW\ WUDMHFWRULHV LQ GHYHORSPHQW IRU WKH JHQHV WKDW ZHUH FOXVWHUHG DF�
FRUGLQJ WR WKHLU KHWHURJHQHLWLHV LQ DJHLQJ� XVLQJ N�PHDQV FOXVWHULQJ PHWKRG� 7KH [�D[LV VKRZV
WKH DJH DQG WKH \�D[LV VKRZV VFDOHG KHWHURJHQHLW\ OHYHO �UHVLGXDOV IURP OLQHDU PRGHO�� 6SOLQH
FXUYHV UHSUHVHQW PHDQ DJH�UHODWHG KHWHURJHQHLW\ FKDQJHV RI JHQHV LQ HDFK FOXVWHU� IURP HDFK
GDWDVHW DQG EUDLQ UHJLRQ� 7KH FRORXUV DQG OLQH�W\SHV RI FXUYHV VSHFLI\ GLIIHUHQW EUDLQ UHJLRQV
DQG GDWD VRXUFHV� UHVSHFWLYHO\� 'LIIHUHQW SDWWHUQV REVHUYHG EHWZHHQ DJH RI � WR � FRXOG EH
ELRORJLFDOO\ UHOHYDQW EXW LW LV LPSRUWDQW WR QRWH WKDW WKH QXPEHU RI VDPSOHV LQ WKLV DJH UDQJH LV
ORZ� 7KH DJH GLVWULEXWLRQ RI VDPSOHV LQ GHYHORSPHQW GDWDVHWV LV JLYHQ DV D EDU SORW LQ XSSHU
ULJKW FRUQHU�



��� 6XSSOHPHQWDU\ ILJXUHV

)LJXUH $��� *HQH H[SUHVVLRQ WUDMHFWRULHV RI WKH JHQHV WKDW ZHUH FOXVWHUHG DFFRUGLQJ WR WKHLU
KHWHURJHQHLWLHV� XVLQJ N�PHDQ FOXVWHULQJ PHWKRG� 7KH [�D[LV VKRZV WKH DJH RQ WKH IRXUWK
URRW VFDOH� DQG WKH \�D[LV VKRZV VFDOHG JHQH H[SUHVVLRQ YDOXHV� 6SOLQH FXUYHV UHSUHVHQW
PHDQ DJH�UHODWHG H[SUHVVLRQ FKDQJHV RI JHQHV LQ HDFK FOXVWHU� IURP HDFK GDWDVHW DQG EUDLQ
UHJLRQ� 7KH FRORXUV DQG OLQH�W\SHV RI FXUYHV VSHFLI\ GLIIHUHQW EUDLQ UHJLRQV DQG GDWD VRXUFHV�
UHVSHFWLYHO\�



$�� $JH�UHODWHG FKDQJHV LQ JHQH H[SUHVVLRQ KHWHURJHQHLW\ LQ WKH KXPDQ EUDLQ ���

)LJXUH $��� $VVRFLDWLRQ EHWZHHQ WKH $O]KHLPHU¶V�UHODWHG JHQHV DQG WKH JHQHV WKDW FRQVLV�
WHQWO\ EHFRPH PRUH KHWHURJHQHRXV LQ DJHLQJ �Q  ���� DQG EHORQJ WR GLIIHUHQW KHWHURJHQHLW\
WUDMHFWRULHV� 7KH [�D[LV VKRZV RYHUDOO VFRUH IRU WKH DVVRFLDWLRQ ZLWK $O]KHLPHU¶V 'LVHDVH�
ZKLOH WKH \�D[LV VKRZV GLIIHUHQW KHWHURJHQHLW\ WUDMHFWRU\ FOXVWHUV� 1XPEHUV LQ WKH SDUHQWKHVLV
RQ WKH \�D[LV UHIOHFW WKH SURSRUWLRQ RI WKH JHQHV LQ FOXVWHUV IRXQG WR EH LQ DVVRFLDWLRQ ZLWK $'
�������� RYHUDOO��



��� 6XSSOHPHQWDU\ ILJXUHV

)LJXUH $��� +HDWPDS VKRZLQJ WKH DVVRFLDWLRQ EHWZHHQ GLIIHUHQW KHWHURJHQHLW\ WUDMHFWRULHV
DQG .(** SDWKZD\V WKDW DUH VLJQLILFDQWO\ DVVRFLDWHG ZLWK D FRQVLVWHQW FKDQJH LQ KHWHURJHQH�
LW\ GXULQJ DJHLQJ� +HWHURJHQHLW\ WUDMHFWRULHV DUH EDVHG RQ WKH GHILQLWLRQV LQ WKH PDLQ WH[W DQG
L� JU� LQFOXGHV FOXVWHUV � DQG �� LL� JU� LQFOXGHV FOXVWHUV �� �� DQG �� DQG LLL� JU� LQFOXGHV FOXV�
WHUV �� �� DQG �� 7KH FRORXUV UHSUHVHQW WKH 2GG¶V UDWLR� ZKHUH UHG VKRZV HQULFKPHQW DQG EOXH
VKRZV GHSOHWLRQ�



$�� $JH�UHODWHG FKDQJHV LQ JHQH H[SUHVVLRQ KHWHURJHQHLW\ LQ WKH KXPDQ EUDLQ ���

)LJXUH $��� $VVRFLDWLRQ EHWZHHQ *HQ$JH KXPDQ JHQH VHW �Q  ���� DQG DJH�UHODWHG KHW�
HURJHQHLW\� �D� %R[SORWV VKRZ DJH�UHODWHG KHWHURJHQHLW\ FKDQJHV �ᅻ YDOXHV� �\�D[LV� RI JHQHV
IURP *HQ$JH JHQH VHW �RUDQJH� DQG WKH UHPDLQLQJ JHQHV �SXUSOH� LQ GLIIHUHQW GDWDVHWV �[�D[LV�
GXULQJ DJHLQJ �ORZHU SDQHO� DQG GHYHORSPHQW �XSSHU SDQHO�� �E� &RQVLVWHQF\ LQ DJH�UHODWHG
KHWHURJHQHLW\ LQFUHDVH LQ JHQHV IURP *HQ$JH JHQH VHW �RUDQJH� DQG WKH RWKHU JHQHV �SXU�
SOH� LQ DJHLQJ �ORZHU SDQHO� DQG GHYHORSPHQW �XSSHU SDQHO�� 7KH [�D[LV VKRZV WKH QXPEHU RI
GDWDVHWV DPRQJ ZKLFK JHQHV VKRZ FRQVLVWHQW KHWHURJHQHLW\ LQFUHDVH� ZKLOH WKH \�D[LV VKRZV
WKH SURSRUWLRQV RI WKH QXPEHU RI JHQHV�



��� 6XSSOHPHQWDU\ ILJXUHV

)LJXUH $��� &RUUHODWLRQ EHWZHHQ WKH FKDQJH LQ KHWHURJHQHLW\ DQG QXPEHU RI WUDQVFULSWLRQDO
UHJXODWRUV� L�H� PL51$ DQG WUDQVFULSWLRQ IDFWRUV� (DFK SRLQW UHSUHVHQWV D GDWDVHW� DQG WKH
FRORXU VKRZV WKH GDWD VRXUFH� S�YDOXHV DUH FDOFXODWHG XVLQJ D SHUPXWDWLRQ WHVW� 7KH GDVKHG
OLQH DW \  � VKRZV ]HUR FRUUHODWLRQ� *HQHV ZHUH GLYLGHG LQWR IRXU VHWV EDVHG RQ WKH FKDQJH
LQ WKHLU H[SUHVVLRQ OHYHO LQ GHYHORSPHQW DQG DJHLQJ� H�J� ³GRZQ�GRZQ´ LQFOXGHV JHQHV ZLWK
GHFUHDVHG H[SUHVVLRQ LQ ERWK GHYHORSPHQW DQG DJHLQJ� ZKHUHDV ³GRZQ�XS´ LQFOXGHV JHQHV
ZLWK GHFUHDVLQJ H[SUHVVLRQ OHYHO LQ GHYHORSPHQW DQG WKHQ LQFUHDVH LQ DJHLQJ�



$�� $JH�UHODWHG FKDQJHV LQ JHQH H[SUHVVLRQ KHWHURJHQHLW\ LQ WKH KXPDQ EUDLQ ���

)LJXUH $��� 'HJUHH GLVWULEXWLRQV LQ SURWHLQ�SURWHLQ LQWHUDFWLRQ GDWDEDVH �675,1*� IRU FRQ�
VLVWHQW JHQHV �UHG� DQG DOO RWKHUV �EOXH�� 7KH \�D[LV VKRZ GHJUHH �QXPEHU RI LQWHUDFWRUV� LQ
ORJ VFDOH� 7KH [�D[LV VKRZV GLIIHUHQW FXWRIIV IRU LQWHUDFWLRQ FRQILGHQFH XVHG WR ILOWHU 675,1*
GDWDEDVH� 7KH FRORXU UHSUHVHQWV WZR VHWV RI JHQHV� UHG� FRQVLVWHQW JHQHV WKDW VKRZ FRQVLV�
WHQW LQFUHDVH LQ KHWHURJHQHLW\ DFURVV DOO DJHLQJ GDWDVHWV� EOXH� DOO RWKHU JHQHV� ,QWHUDFWLRQ
GHJUHH LV VLJQLILFDQWO\ KLJKHU LQ FRQVLVWHQW JHQHV DFURVV DOO FXWRIIV H[FHSW IRU ���� �SHUPXWD�
WLRQ WHVW�� 'HWDLOV� LQFOXGLQJ WKH QXPEHU RI JHQHV� LQWHUDFWLRQV DQG S�YDOXHV� DUH JLYHQ DV D
WDEOH�



��� 6XSSOHPHQWDU\ ILJXUHV

)LJXUH $���&HOO�W\SH VSHFLILFLW\ DQDO\VLV IRU JHQHV WKDW EHFRPH KHWHURJHQRXVZLWK DJH DFURVV
DOO DJHLQJ GDWDVHWV� )LVKHU¶V H[DFW WHVW LV XVHG WR FDOFXODWH WKH DVVRFLDWLRQ �2GGV 5DWLR� DQG
S�YDOXH� )'5 FRUUHFWHG S�YDOXH �)'5 FROXPQ� LV DOVR JLYHQ� ³7RWDO &HOO�W\SH´ FROXPQ LV WKH
WRWDO QXPEHU RI FHOO�W\SH�VSHFLILF JHQHV� ³7RWDO +HWHURJHQHRXV´ LV WKH WRWDO QXPEHU RI JHQHV LQ
WKH ��� FRQVLVWHQWO\ KHWHURJHQHRXV JHQHV DQG DUH FHOO�W\SH VSHFLILF IRU DW OHDVW RQH FHOO W\SH�
³D´ LV WKH RYHUODS EHWZHHQ FHOO�W\SH VSHFLILF JHQHV DQG KHWHURJHQHRXV IRU D JLYHQ FHOO�W\SH�
³E´ LV WKH FHOO�W\SH VSHFLILF JHQHV WKDW DUH QRW DPRQJ WKH ��� JHQHV EXW LQ WKH GDWDVHW� ³F´ LV
WKH QXPEHU RI KHWHURJHQHRXV JHQHV WKDW DUH VSHFLILF IRU RWKHU FHOO�W\SHV� DQG ³G´ LV WKH WRWDO
QXPEHU RI JHQHV WKDW DUH VSHFLILF IRU DW OHDVW RQH FHOO�W\SH DQG PHDVXUHG LQ WKH DJH�VHULHV
GDWDVHWV�



$�� $JH�UHODWHG FKDQJHV LQ JHQH H[SUHVVLRQ KHWHURJHQHLW\ LQ WKH KXPDQ EUDLQ ���

)LJXUH $��� 7KH UHODWLRQVKLS EHWZHHQ WKH DJH�UHODWHG FKDQJHV LQ JHQH H[SUHVVLRQ �E YDOXHV�
DQG FKDQJHV LQ KHWHURJHQHLW\ �U YDOXHV�� 7KH \�D[LV VKRZV WKH 6SHDUPDQ¶V FRUUHODWLRQ FRHI�
ILFLHQWV� ZKLOH GLIIHUHQW SHULRGV DUH LQ WKH [�D[LV� )DFHWV VKRZ GLIIHUHQW WUHQGV LQ H[SUHVVLRQ
FKDQJHV� XS�GRZQ� XS� UHJXODWLRQ LQ GHYHORSPHQW DQG GRZQ�UHJXODWLRQ LQ DJLQJ� GRZQ�XS�
GRZQ�UHJXODWLRQ LQ GHYHORSPHQW DQG XS�UHJXODWLRQ LQ DJLQJ� XS�XS� XS�UHJXODWLRQ LQ GHYHO�
RSPHQW DQG XS�UHJXODWLRQ LQ DJLQJ� GRZQ�GRZQ� GRZQ�UHJXODWLRQ LQ GHYHORSPHQW DQG GRZQ�
UHJXODWLRQ LQ DJLQJ�



��� 6XSSOHPHQWDU\ ILJXUHV

)LJXUH $��� $QDO\VLV RI WKH FRQVLVWHQF\ LQ DJHLQJ�UHODWHG KHWHURJHQHLW\ RI WKH SRVW�PRUWHP
LQWHUYDO �30,��DVVRFLDWHG JHQHV� 7KH [�D[LV VKRZV WKH QXPEHU RI GDWDVHWV LQ ZKLFK JHQHV
ZHUH VKRZLQJ D FRQVLVWHQW LQFUHDVH LQ DJH�UHODWHG KHWHURJHQHLW\ GXULQJ DJHLQJ� ZKLOH \�D[LV
UHIOHFWV WKH QXPEHU RI JHQHV� 7KHUH ZHUH ��� SUHYLRXVO\ LGHQWLILHG 30, DVVRFLDWHG JHQHV LQ
WKH KXPDQ FHUHEUDO FRUWH[ �VHH PDLQ WH[W�� �� RI ZKLFK ZHUH LQFOXGHG LQ RXU DQDO\VHV� :H
DVNHG LI WKHVH 30, DVVRFLDWHG JHQHV VKRZ PRUH LQFUHDVH LQ KHWHURJHQHLW\� DQG IRXQG WKDW
RQO\ � RI ��� FRQVLVWHQW JHQHV �L�H� JHQHV VKRZLQJ DQ LQFUHDVH LQ KHWHURJHQHLW\ LQ �� RXW RI
�� DJHLQJ GDWDVHWV� ZHUH DVVRFLDWHG ZLWK 30,�



$�� $JH�UHODWHG FKDQJHV LQ JHQH H[SUHVVLRQ KHWHURJHQHLW\ LQ WKH KXPDQ EUDLQ ���

)LJXUH $��� +HDWPDSV IRU �� GDWDVHWV VKRZLQJ WKH KHWHURJHQHLW\ OHYHOV �UHVLGXDOV� IRU HDFK
LQGLYLGXDO �FROXPQV� LQ ��� JHQHV WKDW VKRZ FRQVLVWHQW LQFUHDVH DFURVV DOO DJHLQJ GDWDVHWV
�URZV�� 7KH FRORXU VKRZV WKH UDQN RI LQGLYLGXDOV ZLWK UHVSHFW WR WKHLU KHWHURJHQHLW\ IRU WKDW
SDUWLFXODU JHQH� 'DUNHU FRORXUV VKRZ LQGLYLGXDOV ZLWK WKH KLJKHVW KHWHURJHQHLW\ IRU WKDW SDUWLF�
XODU JHQH� *HQHV DUH FOXVWHUHG XVLQJ WKH KHWHURJHQHLW\ WUDMHFWRULHV LQ )LJXUH � DQG LQGLYLGXDOV
DUH RUGHUHG E\ DJH �GDUNHU JUHHQ LQ FROXPQ DQQRWDWLRQ VKRZLQJ ROGHU DJHV��



��� 6XSSOHPHQWDU\ ILJXUHV

)LJXUH $��� 7KH SURSRUWLRQV RI VH[HV RI VDPSOHV XVHG LQ WKH DQDO\VLV� 7KH [� DQG \�D[HV
VKRZ DJH LQWHUYDOV DQG QXPEHU RI VDPSOHV� UHVSHFWLYHO\� 7KH FRORXUV VSHFLI\ WKH SURSRUWLRQ
RI PDOH �SXUSOH� DQG IHPDOH �JUHHQ� VDPSOHV�



$�� $JH�UHODWHG FKDQJHV LQ JHQH H[SUHVVLRQ KHWHURJHQHLW\ LQ WKH KXPDQ EUDLQ ���

)LJXUH $��� *HQHV VKRZLQJ VLJQLILFDQW GLIIHUHQFH �)'5 FRUUHFWHG S � ����� LQ H[SUHVVLRQ
WUDMHFWRULHV EHWZHHQ PDOHV DQG IHPDOHV� 7ZR VDPSOH :LOFR[RQ WHVW ZDV SHUIRUPHG XVLQJ
UHVLGXDO YDOXHV WR GHWHUPLQH LI WKH GLVWULEXWLRQ RI UHVLGXDOV GLIIHUV EHWZHHQ GLIIHUHQW VH[HV� �D�
1XPEHU RI JHQHV VKRZLQJ VLJQLILFDQW GLIIHUHQFH LQ HDFK GDWDVHW� �E� 1XPEHU RI GDWDVHWV LQ
ZKLFK WKH JHQHV VKRZ VLJQLILFDQW GLIIHUHQFH� ,Q WRWDO� ������ JHQHV VKRZ VLJQLILFDQW FKDQJH
LQ DW OHDVW RQH GDWDVHW�



��� 6XSSOHPHQWDU\ ILJXUHV

)LJXUH $��� $JH GLVWULEXWLRQ RI WKH LQGLYLGXDOV XVHG LQ *7([ 51$�6HT GDWDVHWV�



$�� $JH�UHODWHG FKDQJHV LQ JHQH H[SUHVVLRQ KHWHURJHQHLW\ LQ WKH KXPDQ EUDLQ ���

)LJXUH $���'LVWULEXWLRQ RI DJH�UHODWHG FKDQJHV LQ KHWHURJHQHLW\ �ᅻ YDOXHV� �[�D[LV� LQ GLIIHUHQW
*7([ GDWDVHWV� FRUUHVSRQGLQJ WR GLIIHUHQW EUDLQ UHJLRQV LQ �\�D[LV�� 7KH UHG GRWWHG YHUWLFDO OLQH
�DW [  �� UHIOHFWV QR FKDQJH LQ KHWHURJHQHLW\�



��� 6XSSOHPHQWDU\ ILJXUHV

)LJXUH $��� 7KH UHODWLRQVKLS EHWZHHQ H[SUHVVLRQ DQG KHWHURJHQHLW\ FKDQJHV LQ *7([
GDWDVHWV� 7KH \�D[LV VKRZV 6SHDUPHQ FRUUHODWLRQ FRHIILFLHQWV FDOFXODWHG EHWZHHQ DJH�UHODWHG
H[SUHVVLRQ FKDQJHV �ᅬ YDOXHV� DQG KHWHURJHQHLW\ FKDQJHV �ᅻ YDOXHV� VHSDUDWHO\ IRU HDFK
GDWDVHW� 'LIIHUHQW FRORXUV LQGLFDWH WKH GLUHFWLRQ RI H[SUHVVLRQ FKDQJH� *HQHV ZLWK WKH EHWD
YDOXHV ZLWKLQ WKH UDQJH RI ���� DQG ��� ZHUH DVVXPHG WR EH QR FKDQJH� 7KH RYHUDOO LQFOXGHV
DOO WKH JHQHV LUUHVSHFWLYH RI WKH GLUHFWLRQ RI WKHLU H[SUHVVLRQ FKDQJH�



$�� $JH�UHODWHG FKDQJHV LQ JHQH H[SUHVVLRQ KHWHURJHQHLW\ LQ WKH KXPDQ EUDLQ ���

)LJXUH $��� 'LVWULEXWLRQ RI D� PHGLDQ &KL 6TXDUH YDOXHV DQG E� PHGLDQ �ORJ�� S YDOXHV IRU
HDFK JHQH REWDLQHG IURP %UHXVFK�3DJDQ KHWHURVNHGDVWLFLW\ WHVW� VWUDWLILHG IRU WKH FKDQJHV LQ
GHYHORSPHQW DQG DJHLQJ� 7KH ��� JHQHV WKDW EHFRPH KHWHURJHQHRXV ZLWK DJH FRQVLVWHQWO\
LQ DJHLQJ GDWDVHWV VKRZQ VHSDUDWHO\ WR FRPSDUH ZLWK RWKHU JHQHV�

)LJXUH $��� D� 7KH FKDQJH LQ FHOO�W\SH SURSRUWLRQV ZLWK DJH LQ GLIIHUHQW GDWDVHWV �EHWD YDOXHV
IURP D OLQHDU PRGHO EHWZHHQ FHOO�W\SH SURSRUWLRQV DQG DJH LQ IRXUWK URRW VFDOH�� E� 7KH FKDQJH
LQ FHOO�W\SH SURSRUWLRQV EDVHG RQ WKH ��� JHQHV WKDW EHFRPH PRUH KHWHURJHQHRXV ZLWK DJH
GXULQJ DJHLQJ� F� 7KH FKDQJH LQ FHOO�W\SH KHWHURJHQHLW\ ZLWK DJH �FRUUHODWLRQ EHWZHHQ WKH
DEVROXWH YDOXH RI UHVLGXDOV IURP WKH OLQHDU PRGHO DQG DJH�� G� 7KH FKDQJH LQ FHOO�W\SH KHWHUR�
JHQHLW\ ZLWK DJH� FDOFXODWHG RQO\ XVLQJ WKH ��� JHQHV�



��� 6XSSOHPHQWDU\ ILJXUHV

$�� 7KH OLQN EHWZHHQ DJHLQJ DQG DJH�UHODWHG GLVHDVHV

)LJXUH $��� 7KH GLVWULEXWLRQ RI D� 2YHUDOO KHDOWK UDWLQJ� E� +HDOWK VDWLVIDFWLRQ� F� 6PRNLQJ VWD�
WXV� G� $OFRKRO GULQNHU VWDWXV� H� )DFLDO DJHLQJ� I� 1RQ�DFFLGHQWDO GHDWK LQ FORVH JHQHWLF IDPLO\
ILHOGV LQ WKH 8.%%� [�D[HV VKRZ WKH QXPEHU RI SDUWLFLSDQWV� ZKLOH \�D[HV DUH WKH DQVZHUV
JLYHQ E\ WKH SDUWLFLSDQWV�



$�� 7KH OLQN EHWZHHQ DJHLQJ DQG DJH�UHODWHG GLVHDVHV ���

)LJXUH $���'LVWULEXWLRQV RI D� SDUHQWV¶ DJH DW GHDWK� E� DJH ZKHQ SHULRGV VWDUWHG �PHQDUFKH��
DQG F� $JH DW PHQRSDXVH �ODVW PHQVWUXDO SHULRG��

)LJXUH $��� 6HOI�UHSRUWHG KHDOWK GDWD� D� 7KH QXPEHU RI VHOI�UHSRUWHG PHGLFDWLRQV DQG RS�
HUDWLRQV �[�D[HV� IRU WKH SDUWLFLSDQWV LQ WKH 8. %LREDQN� 7KH \�D[LV VKRZV WKH QXPEHU RI
SDUWLFLSDQWV LQ ORJ�� VFDOH� E� 7KH QXPEHU RI VHOI�UHSRUWHG FDQFHUV �[�D[LV�� <�D[LV VKRZV WKH
QXPEHU RI SDUWLFLSDQWV�



��� 6XSSOHPHQWDU\ ILJXUHV

)LJXUH $��� $JH�RI�RQVHW GLVWULEXWLRQV IRU WKH FDUGLRYDVFXODU GLVHDVHV� 7KH \�D[LV VKRZV KRZ
PDQ\ SHRSOH LQ ������ DUH GLDJQRVHG ZLWK WKDW GLVHDVH DW D FHUWDLQ DJH �[�D[LV�� 7KH SORWV DUH
DOVR QRUPDOL]HG E\ WKH QXPEHU RI SHRSOH WKDW DUH ROGHU WKDQ WKDW DJH VR WKDW LW LV XQDIIHFWHG
E\ WKH GLVWULEXWLRQ RI DJHV LQ WKH 8.%%� :H UXQ SHUPXWDWLRQV WR GHILQH FRQILGHQFH LQWHUYDOV
IRU WKH GLVHDVH RQVHW UDWHV� :H WKXV UDQGRPO\ VHOHFW ������ SDUWLFLSDQWV ZKR SDVVHG WKDW
SDUWLFXODU DJH IRU ��� WLPHV DQG FDOFXODWH WKH PHGLDQ �SRLQWV� FRORXUHG E\ WKH DJH�RI�RQVHW
FOXVWHUV� DQG ��� UDQJH RI WKH DOO SRLQWV �JUH\ HUURU OLQHV� $ EHVW�ILW FXUYH �FDOFXODWHG XVLQJ
ORHVV UHJUHVVLRQ EHWZHHQ WKH PHGLDQV DQG DJH�RI�RQVHW� LV DOVR GLVSOD\HG�



$�� 7KH OLQN EHWZHHQ DJHLQJ DQG DJH�UHODWHG GLVHDVHV ���

)LJXUH $��� 6DPH DV WKH SUHYLRXV ILJXUH� EXW IRU HQGRFULQH � GLDEHWHV GLVHDVHV

)LJXUH $��� 6DPH DV WKH SUHYLRXV ILJXUH� EXW IRU KDHPDWRORJ\ � GHUPDWRORJ\ GLVHDVHV�



��� 6XSSOHPHQWDU\ ILJXUHV

)LJXUH $��� 6DPH DV WKH SUHYLRXV ILJXUH� EXW IRU JDVWURLQWHVWLQDO � DEGRPLQDO GLVHDVHV�



$�� 7KH OLQN EHWZHHQ DJHLQJ DQG DJH�UHODWHG GLVHDVHV ���

)LJXUH $��� 6DPH DV WKH SUHYLRXV ILJXUH� EXW IRU LPPXQRORJLFDO � V\VWHPLF GLVRUGHUV�

)LJXUH $��� 6DPH DV WKH SUHYLRXV ILJXUH� EXW IRU LQIHFWLRQV�



��� 6XSSOHPHQWDU\ ILJXUHV

)LJXUH $��� 6DPH DV WKH SUHYLRXV ILJXUH� EXW IRU PXVFXORVNHOHWDO � WUDXPD GLVHDVHV�



$�� 7KH OLQN EHWZHHQ DJHLQJ DQG DJH�UHODWHG GLVHDVHV ���

)LJXUH $��� 6DPH DV WKH SUHYLRXV ILJXUH� EXW IRU QHXURORJ\ � H\H � SV\FKLDWU\ GLVHDVHV�



��� 6XSSOHPHQWDU\ ILJXUHV

)LJXUH $��� 6DPH DV WKH SUHYLRXV ILJXUH� EXW IRU UHQDO � XURORJ\ GLVHDVHV�



$�� 7KH OLQN EHWZHHQ DJHLQJ DQG DJH�UHODWHG GLVHDVHV ���

)LJXUH $��� 6DPH DV WKH SUHYLRXV ILJXUH� EXW IRU UHVSLUDWRU\ � (17 GLVHDVHV�



��� 6XSSOHPHQWDU\ ILJXUHV

)LJXUH $��� 'LVWULEXWLRQV RI WKH QXPEHU RI VLJQLILFDQW DVVRFLDWLRQV �\�D[LV� DFFRUGLQJ WR WKH
QXPEHU RI GLVHDVHV DVVRFLDWHG ZLWK D JLYHQ 613 DQG WKH QXPEHU RI DJH�RI�RQVHW FOXVWHUV �[�
D[LV�� )RU H[DPSOH� WKH XSSHU OHIW SORW LQGLFDWHV WKDW ������ SRO\PRUSKLVPV DUH VLJQLILFDQWO\
DVVRFLDWHG ZLWK RQH GLVHDVH LQ RQH DJH�RI�RQVHW FOXVWHU� ZKLOH WKH ORZHU ULJKW SORW VKRZV WKDW
WKHUH DUH ��� �� DQG � VLJQLILFDQW 613V DVVRFLDWHG ZLWK � GLVHDVHV LQ RQH� WZR� RU WKUHH DJH�
RI�RQVHW FOXVWHUV� UHVSHFWLYHO\�



$�� 7KH OLQN EHWZHHQ DJHLQJ DQG DJH�UHODWHG GLVHDVHV ���

)LJXUH $��� D� 7KH GLIIHUHQFH EHWZHHQ JHQHWLF VLPLODULW\ ZLWKLQ DQG DFURVV DJH�RI�RQVHW FOXV�
WHUV� <�D[LV VKRZV WKH JHQHWLF VLPLODULW\ RQ ORJ� VFDOH �VHH 6XSSOHPHQWDU\ 0HWKRGV�� E� 7KH
VDPH DV D� EXW WKH \�D[LV LV FRUUHFWHG IRU GLVHDVH FDWHJRU\ DQG FR�RFFXUUHQFH XVLQJ D OLQHDU
PRGHO�



��� 6XSSOHPHQWDU\ ILJXUHV

)LJXUH $��� *HQHWLF VLPLODULWLHV EHWZHHQ FOXVWHU � �D� E�� � �F� G�� � �H� I� DQG RWKHU DJH�RI�
RQVHW FOXVWHUV� 7KH \�D[LV VKRZV WKH JHQHWLF VLPLODULW\ RQ D ORJ� VFDOH DV WKH UDZ YDOXHV �D�
F� H� RU DV YDOXHV FRUUHFWHG IRU GLVHDVH FDWHJRU\ DQG FR�RFFXUUHQFH XVLQJ D OLQHDU PRGHO �E�
G� I��



$�� 7KH OLQN EHWZHHQ DJHLQJ DQG DJH�UHODWHG GLVHDVHV ���

)LJXUH $��� 6LJQLILFDQW JHQHWLF VLPLODULWLHV �S������ FDOFXODWHG XVLQJ LQGHSHQGHQW /' EORFNV�
'LVHDVHV �Q ��� ZLWK DW OHDVW RQH VLJQLILFDQW JHQHWLF VLPLODULW\ DUH GLVSOD\HG� 7KH FRORXU VKRZV
WKH JHQHWLF VLPLODULW\ VFRUH� GDUNHU UHG PHDQV D KLJKHU VFRUH� $QQRWDWLRQ FROXPQV VKRZ WKH
DJH�RI�RQVHW FOXVWHUV DQG GLVHDVH FDWHJRULHV� 7KH GLVHDVHV DUH FOXVWHUHG E\ WKH KLHUDUFKLFDO
FOXVWHULQJ RI JHQHWLF VLPLODULW\ VFRUHV�



��� 6XSSOHPHQWDU\ ILJXUHV

)LJXUH $��� 7KH GLVWULEXWLRQ RI 0HGLDQ 5LVN $OOHOH )UHTXHQFLHV �5$)� \�D[LV� IRU ��� UDQGRPO\
VDPSOHG /' EORFNV� IRU ����� WLPHV� XVLQJ YDULDQWV D� DVVRFLDWHG ZLWK RQH GLVHDVH� E� DVVR�
FLDWHG ZLWK RQH FOXVWHU� F� ZLWK DQWDJRQLVWLF DVVRFLDWLRQ EHWZHHQ FOXVWHU � DQG FOXVWHU �� QV�
S!����� �S������ � S������ � S������� � S��������

)LJXUH $��� D� 5LVN DOOHOH IUHTXHQF\ GLVWULEXWLRQV �\�D[LV� RI GLIIHUHQW DJH�RI�RQVHW FOXVWHUV
�[�D[LV� LQ 8. %LREDQN IRU 613V DVVRFLDWHG ZLWK RQH GLVHDVH� E� 7KH VDPH DV SDQHO D EXW
IRU GLIIHUHQW ���� *HQRPHV VXSHU�SRSXODWLRQV �$//� FRPSOHWH ���� *HQRPHV FRKRUW� $)5�
$IULFDQ� $05� $G 0L[HG $PHULFDQ� ($6� (DVW $VLDQ� (85� (XURSHDQ� 6$6� 6RXWK $VLDQ�� QV�
S!����� �S������ � S������ � S������� � S��������



$�� 7KH OLQN EHWZHHQ DJHLQJ DQG DJH�UHODWHG GLVHDVHV ���

)LJXUH $��� D� 5LVN DOOHOH IUHTXHQF\ GLVWULEXWLRQV �\�D[LV� RI GLIIHUHQW DJH�RI�RQVHW FOXVWHUV �[�
D[LV� LQ 8. %LREDQN IRU 613V DVVRFLDWHG ZLWK RQH FOXVWHU� H[FOXGLQJ DQWDJRQLVWLF DVVRFLDWLRQV�
E� 7KH VDPH DV D EXW IRU GLIIHUHQW ���� *HQRPHV VXSHU�SRSXODWLRQV �$//� FRPSOHWH ����
*HQRPHV FRKRUW� $)5� $IULFDQ� $05� $G 0L[HG $PHULFDQ� ($6� (DVW $VLDQ� (85� (XURSHDQ�
6$6� 6RXWK $VLDQ�� QV� S!����� �S������ � S������ � S������� � S��������



��� 6XSSOHPHQWDU\ ILJXUHV

)LJXUH $��� 5LVN DOOHOH IUHTXHQFLHV LQ 8. %LREDQN IRU WKH ORFL VKRZLQJ DQWDJRQLVWLF DVVRFLD�
WLRQV EHWZHHQ FOXVWHU � DQG FOXVWHU � ILOWHUHG E\ GLIIHUHQW HIIHFW VL]H FXWRIIV� 7KH WLWOH RI HDFK
SORW VKRZV WKH FXWRII� ZKHUH H�J� ! �� � %(7$ PHDQV RQO\ WKH 613V ZLWK D %(7$ �HIIHFW
VL]H� YDOXH KLJKHU WKDQ ��� RI DOO RWKHU DQWDJRQLVWLF 613V DUH XVHG� ! � � %(7$ PHDQV QR
ILOWHULQJ�



$�� 7KH OLQN EHWZHHQ DJHLQJ DQG DJH�UHODWHG GLVHDVHV ���

)LJXUH $��� &DQFHU � GLVHDVH FR�RFFXUUHQFH PDWUL[ VXPPDUL]LQJ UHODWLYH ULVN VFRUHV DQG FRU�
UHODWLRQV� (DFK URZ VKRZV D FDQFHU W\SH DQG FROXPQ VKRZV D GLVHDVH� 7KH FRORXU LV GHILQHG
E\ UHODWLYH ULVN VFRUHV ZKLOH WKH VL]H LV GHWHUPLQHG E\ ᅿ YDOXH �WKH VFDOH LV WKH VDPH DV WKH RQH
XVHG IRU PDLQ ILJXUH GHSLFWLQJ GLVHDVH DVVRFLDWLRQV EHWZHHQ WKH VWXGLHG GLVHDVHV IRU D EHWWHU
FRPSDULVRQ�� LQGLFDWLQJ WKH UREXVWQHVV� $VVRFLDWLRQV IRU WKH ��� GLVHDVHV DQG �� FDQFHUV WKDW
KDYH DW OHDVW RQH UHODWLYH ULVN UDWLR KLJKHU WKDQ IRXU RU ORZHU WKDQ PLQXV IRXU �]ԛԞԖϵԇԇ] ମ ��
DUH SORWWHG�



��� 6XSSOHPHQWDU\ ILJXUHV

)LJXUH $��� 6FDWWHU SORW EHWZHHQ ORJLW�PLVVLQJQHVV� DQG 3&$ FRUUHFWHG KHWHUR]\JRVLW\ PHD�
VXUHV� (DFK SDQHO VKRZV D VHOI�GHFODUHG HWKQLF EDFNJURXQG� 9HUWLFDO UHG OLQHV VKRZ WKH PLVV�
LQJ UDWH RI ����� DQG KRUL]RQWDO JUH\ OLQHV VKRZ WKH DYHUDJH KHWHUR]\JRVLW\ LQ 8. %LREDQN�



$�� 7KH OLQN EHWZHHQ DJHLQJ DQG DJH�UHODWHG GLVHDVHV ���

)LJXUH $��� $ KHDWPDS VKRZLQJ WKH RYHUODS EHWZHHQ H[FOXVLRQV EDVHG RQ GLIIHUHQW FULWHULD�
9DOXHV VKRZ WKH SHUFHQW RI WKH FROXPQ LQ WKH URZ� H�J� ����� RI ¶5HF� ([FOXVLRQV¶ DUH LQ
¶+HWHUR � PLVVLQJ RXWOLHUV¶ L� ¶+HWHUR � PLVVLQJ RXWOLHUV¶� ¶���������¶ �2XWOLHUV IRU KHWHUR]\JRVLW\
RU PLVVLQJ UDWH�� LL� ¶5HF� ([FOXVLRQV¶� ILHOG ¶���������¶ �5HFRPPHQGHG JHQRPLF DQDO\VLV
H[FOXVLRQV�� LLL� ¶+LJK KHWHUR � PLVVLQJ¶� ¶���������¶� +LJK KHWHUR]\JRVLW\ UDWH �DIWHU FRUUHFWLQJ
IRU DQFHVWU\� RU KLJK PLVVLQJ UDWH� LY� ¶0L[HG $QFHVWU\¶� ¶���������¶� 3DUWLFLSDQW VHOI�GHFODUHG
DV KDYLQJ D PL[HG DQFHVWUDO EDFNJURXQG� DQG Y� ¶'LVFRUGDQW 6H[¶� DV GHVFULEHG LQ WKH VDPSOH
4& PHWKRGV�



��� 6XSSOHPHQWDU\ ILJXUHV

)LJXUH $��� �D� 'HQVLW\ SORWV VKRZLQJ WKH QXPEHU RI 613V SHU JHQH� EDVHG RQ H47/ GDWD
�EOXH� DQG SUR[LPLW\ �EURZQ�� �E� 6FDWWHU SORW EHWZHHQ WKH QXPEHU RI 613V SHU JHQH PDSSHG
XVLQJ JHQRPLF SUR[LPLW\ �[�D[LV� RU H47/ GDWD �\�D[LV�� (DFK GRW UHSUHVHQWV D JHQH DQG WKH
EOXH OLQH VKRZV WKH OLQHDU PRGHO� 'DVKHG UHG OLQH VKRZV RQH�WR�RQH UHODWLRQVKLS� 7KH UXJ�
SORWV RQ WKH D[HV VKRZ WKH PDUJLQDO GLVWULEXWLRQ RI JHQHV�



$�� 'UXJ UHSXUSRVLQJ IRU DJHLQJ ���

$�� 'UXJ UHSXUSRVLQJ IRU DJHLQJ

)LJXUH $��� D� $JH GLVWULEXWLRQ RI WKH VXE�GDWDVHWV� E� 3&$ SORWV IRU WKH VXE�GDWDVHWV �DIWHU
RXWOLHU UHPRYDO��



��� 6XSSOHPHQWDU\ ILJXUHV

)LJXUH $��� 7KH QXPEHU RI VLJQLILFDQW FKDQJHV DQG WKH GLVWULEXWLRQV RI 6SHDUPDQ¶V FRUUHODWLRQ
FRHIILFLHQW EHWZHHQ JHQH H[SUHVVLRQ DQG DJH IRU HDFK GDWDVHW�



$�� 'UXJ UHSXUSRVLQJ IRU DJHLQJ ���

)LJXUH $��� 6FDOHG JHQH H[SUHVVLRQ SURILOH IRU WKH GRZQ�UHJXODWHG JHQHV LQ WKH PLFURDUUD\
DJHLQJ SURILOH� (DFK OLQH VKRZV RQH GDWDVHW� DQG WKH FRORXUV UHSUHVHQW GLIIHUHQW GDWD VRXUFHV�
7KH OLQHV DUH JHQHUDWHG XVLQJ JHRPBVPRRWK IXQFWLRQ ZLWK PHWKRG  ORHVV DUJXPHQW LQ WKH 5
JJSORW� SDFNDJH�



��� 6XSSOHPHQWDU\ ILJXUHV

)LJXUH $��� 6FDOHG JHQH H[SUHVVLRQ SURILOH IRU WKH XS�UHJXODWHG JHQHV LQ WKH PLFURDUUD\ DJH�
LQJ SURILOH� (DFK OLQH VKRZV RQH GDWDVHW� DQG WKH FRORXUV UHSUHVHQW GLIIHUHQW GDWD VRXUFHV�
7KH OLQHV DUH JHQHUDWHG XVLQJ JHRPBVPRRWK IXQFWLRQ ZLWK PHWKRG  ORHVV DUJXPHQW LQ WKH 5
JJSORW� SDFNDJH�



$�� 'UXJ UHSXUSRVLQJ IRU DJHLQJ ���

)LJXUH $��� 'LVWULEXWLRQ RI WKH QXPEHU RI VKDUHG H[SUHVVLRQ FKDQJHV DFURVV GDWDVHWV LQ ����
SHUPXWDWLRQV� D� 6KDUHG GRZQ�UHJXODWLRQ DFURVV PLFURDUUD\ GDWDVHWV �H[SHFWHG QXPEHU ���
E� VKDUHG XS�UHJXODWLRQ DFURVV PLFURDUUD\ GDWDVHWV �H[SHFWHG QXPEHU ��� F� VKDUHG GRZQ�
UHJXODWLRQ DFURVV *7([ GDWDVHWV �H[SHFWHG QXPEHU ����� DQG G� VKDUHG XS�UHJXODWLRQ DFURVV
*7([ GDWDVHWV �H[SHFWHG QXPEHU �������



��� 6XSSOHPHQWDU\ ILJXUHV

)LJXUH $��� 3DLUZLVH 6SHDUPDQ¶V UDQN FRUUHODWLRQ FRHIILFLHQWV DFURVV DOO GDWDVHWV� LQFOXGLQJ
*7([� 7KH LQWHQVLW\ RI WKH FRORXUV RQ WKH KHDWPDS VKRZV WKH PDJQLWXGH RI WKH FRUUHODWLRQ
FRHIILFLHQW



$�� 'UXJ UHSXUSRVLQJ IRU DJHLQJ ���

)LJXUH $��� 6FDWWHU SORW IRU WKH *2 %3 FDWHJRU\ ORJ� RGGV UDWLRV FDOFXODWHG IRU WKH PLFURDUUD\
DQG *7([ DJHLQJ VLJQDWXUH� XVLQJ )LVKHU¶V WHVW LPSOHPHQWHG LQ WKH WRS*2 SDFNDJH�



��� 6XSSOHPHQWDU\ ILJXUHV

)LJXUH $��� 6FDWWHU SORW RI WKH GUXJ VLPLODULW\ VFRUHV IRU D� DOO GUXJV DQG E� RQO\ VLJQLILFDQW
GUXJV� [�D[HV VKRZ WKH VLPLODULW\ VFRUH EDVHG RQ WKH PLFURDUUD\ DJHLQJ VLJQDWXUH� ZKHUHDV
\�D[HV VKRZ VLPLODULW\ VFRUH FDOFXODWHG XVLQJ WKH *7([ DJHLQJ VLJQDWXUH� 7KH VL]H RI WKH
GDWD SRLQWV UHSUHVHQWV WKH VWDWLVWLFDO VLJQLILFDQFH ZKHUHDV WKH FRORXU VKRZV ZKHWKHU D GUXJ LV
SUHYLRXVO\ WHVWHG RQ PRGHO RUJDQLVPV IRU OLIHVSDQ H[WHQVLRQ �EDVHG RQ 'UXJ$JH GDWDEDVH��

)LJXUH $���+HDWPDS VKRZLQJ WKH SHUFHQW VLPLODULW\ RI HDFK GUXJ WR WKH FRPSLOHG SUR�ORQJHYLW\
GUXJ SURILOH� 7KH QXPEHUV ��� VKRZ WKH FOXVWHU QXPEHU EDVHG RQ WKH KLHUDUFKLFDO FOXVWHULQJ
RI WKH GUXJV EDVHG RQ WKH VLPLODULWLHV� 7KH DQQRWDWLRQ URZV VKRZ WKH VLJQ RI VLPLODULW\ VFRUH
EDVHG RQ WKH &0DS DQDO\VLV� 7KH FROXPQ ODEHOV ZULWWHQ LQ EROG LQGLFDWHV WKH GUXJV LQ WKH
'UXJ$JH GDWDEDVH� $QQRWDWLRQ FROXPQV VKRZ WKH XS� RU GRZQ�UHJXODWLRQ RI HDFK FDWHJRU\
LQ DJHLQJ DQG SUR�ORQJHYLW\ GUXJ SURILOH� 7KH VPDOO WDEOH VKRZV WKH QXPEHU RI SUREH�VHWV LQ
HDFK FDWHJRU\ ZH GHILQHG WR UHIOHFW SUR�ORQJHYLW\ GUXJ SURILOH�



$�� 'UXJ UHSXUSRVLQJ IRU DJHLQJ ���

)LJXUH $��� 6FDWWHU SORW RI WKH GUXJ VLPLODULW\ VFRUHV EDVHG RQ WKH RYHUODS RI WKH VLJQDWXUHV
��� XS DQG �� GRZQ UHJXODWHG JHQHV� DQG D� PLFURDUUD\ VLJQDWXUH DQG E� *7([ VLJQDWXUH�
7KH VL]H RI WKH GDWD SRLQWV UHSUHVHQWV WKH VWDWLVWLFDO VLJQLILFDQFH ZKHUHDV WKH FRORXU VKRZV
ZKHWKHU WKH GUXJ LV VLJQLILFDQW EDVHG RQ WKH RYHUODS RI WKH VLJQDWXUHV� 7KH VKDSH UHSUHVHQWV
ZKHWKHU WKH GUXJ LV RQH RI WKH �� KLWV UHSRUWHG LQ WKH PDLQ WH[W�

)LJXUH $��� D�E� &RUUHODWLRQ PDWULFHV VKRZLQJ GUXJ�GUXJ VLPLODULWLHV FDOFXODWHG XVLQJ SDLU�
ZLVH 6SHDUPDQ¶V FRUUHODWLRQ FRHIILFLHQWV EHWZHHQ QRUPDOL]HG HQULFKPHQW VFRUHV IRU D� .(**
SDWKZD\V DQG E� *2 %LRORJLFDO 3URFHVV FDWHJRULHV� 'UXJV DUH FOXVWHUHG XVLQJ KLHUDUFKLFDO
FOXVWHULQJ� 7KH UHFWDQJOHV DUH GUDZQ E\ FXWWLQJ WKH KLHUDUFKLFDO WUHH �WKH QXPEHU RI FOXVWHUV LV
GHFLGHG EDVHG RQ WKH YLVXDO LQVSHFWLRQ RI WKH KHDWPDS�� /DEHOV ZULWWHQ LQ JUHHQ DUH WKH NQRZQ
SURORQJHYLW\ GUXJV EDVHG RQ WKH 'UXJ$JH GDWDEDVH� LQ EOXH DUH WKH GUXJV LQ WKH VDPH FOXVWHU
ZLWK DW OHDVW RQH SUR�ORQJHYLW\ GUXJ� LQ EODFN DUH WKH RQHV ZKLFK GLG QRW FOXVWHU ZLWK DQ\WKLQJ
DQG LQ RUDQJH DUH WKH RQHV WKDW GLG QRW FOXVWHU DQ\ SUR�ORQJHYLW\ GUXJ EXW DUH VLPLODU WR HDFK
RWKHU� F� 6XPPDU\ PDWUL[ VKRZLQJ WKH RXWFRPH RI HDFK DSSURDFK XVHG� .(** DQG *2*6($
UHVXOWV IURP SDQHO �D� DQG �E� DQG OLWHUDWXUH VHDUFK JLYHQ DW WKH EHJLQQLQJ RI WKLV VHFWLRQ� 7KH
FRORXU FRGH LV WKH VDPH DV SDQHO �D� DQG �E�� DQG GDUN RUDQJH VKRZV OLNHO\ QHJDWLYH HIIHFWV�
WKXV SUR�DJHLQJ GUXJV�



��� 6XSSOHPHQWDU\ ILJXUHV

)LJXUH $��� D� +HDWPDS VKRZLQJ WKH SDLUZLVH FRUUHODWLRQ FRHIILFLHQWV DPRQJ *7([ GDWDVHWV�
FRUUHVSRQGLQJ ��PDMRU DQG ��PLQRU WLVVXH W\SHV� 7KH LQWHQVLW\ RI WKH FRORXUV RQ WKH KHDWPDS
VKRZV WKH PDJQLWXGH RI WKH FRUUHODWLRQ FRHIILFLHQW� E DQG G� 7KH VDPH DV �D� EXW XVLQJ RQO\
WKH JHQHV LQ EUDLQ DJHLQJ VLJQDWXUH FRPSLOHG XVLQJ PLFURDUUD\ �D� DQG *7([ EUDLQ GDWDVHW �E��
F�+HDWPDS VKRZLQJ WKH SURSRUWLRQ RI WKH FKDQJHV LQ WKH VDPH GLUHFWLRQ ZLWK DJHLQJ VLJQDWXUH
FRPSLOHG XVLQJ PLFURDUUD\ VLJQDWXUH� 7KH FRORXU VKRZV WKH VLPLODULW\ �UHG�� DQG GLVVLPLODULW\
�EOXH� EDVHG RQ WKH PDMRULW\ RI FKDQJH� 7KH ODEHOV VKRZ WKH SURSRUWLRQ RI WKH VLPLODU W\SH RI
FKDQJH� ZKHUH WKH VL]H RI WKH ODEHOV VKRZV WKH VWDWLVWLFDO VLJQLILFDQFH� H� 7KH VDPH DV �F� EXW
IRU *7([ DJHLQJ VLJQDWXUH FRPSLOHG XVLQJ RQO\ WKH EUDLQ GDWD�
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PHWD�DQDO\VLV IRU FKDUDFWHUL]LQJ WKH JHQHWLF ODQGVFDSH RI KXPDQ DJLQJ� %LRJHURQ�
WRORJ\� ������ ��±��� KWWS���GRL�RUJ���������V����������������

%RFNODQGW� 6�� /LQ� :�� 6HKO� 0� (�� 6iQFKH]� )� -�� 6LQVKHLPHU� -� 6�� +RUYDWK�
6�� 	 9LODLQ� (� ������� (SLJHQHWLF SUHGLFWRU RI DJH� 3/R6 2QH� ����� H������
KWWS���GRL�RUJ���������MRXUQDO�SRQH��������

%ROVWDG� %� 0� ������� SUHSURFHVV&RUH� $ FROOHFWLRQ RI SUH�SURFHVVLQJ IXQFWLRQV�

%RRQHNDPS� -� -�� 6LPRQV� 0� -� 3�� +HPHULN� /�� 	 9HUKXOVW� 6� ������� 7HORPHUH
OHQJWK EHKDYHV DV ELRPDUNHU RI VRPDWLF UHGXQGDQF\ UDWKHU WKDQ ELRORJLFDO DJH�
$JLQJ &HOO� ������ ���±���� KWWS���GRL�RUJ���������DFHO������

%RUN� 6�� 3ILVWHU� 6�� :LWW� +�� +RUQ� 3�� .RUQ� %�� +R� $� '�� 	 :DJQHU� :� �������
'1$ PHWK\ODWLRQ SDWWHUQ FKDQJHV XSRQ ORQJ�WHUP FXOWXUH DQG DJLQJ RI KXPDQ
PHVHQFK\PDO VWURPDO FHOOV� $JLQJ &HOO� KWWS���GRL�RUJ���������M�����������
�����������[

%RYp� -�� 0DUWÕғQH]�9LFHQWH� 0�� 	 9LOD� 0� ������� )LJKWLQJ QHXURGHJHQHUDWLRQ ZLWK
UDSDP\FLQ� 0HFKDQLVWLF LQVLJKWV� 1DW� 5HY� 1HXURVFL�� ������ ���±���� KWWS�
��GRL�RUJ���������QUQ����

%ULQNPH\HU�/DQJIRUG� &� /�� *XDQ� -�� -L� *�� 	 &DL� -� -� ������� $JLQJ 6KDSHV WKH
3RSXODWLRQ�0HDQ DQG �'LVSHUVLRQ RI *HQH ([SUHVVLRQ LQ +XPDQ %UDLQV� )URQ�
WLHUV LQ $JLQJ 1HXURVFLHQFH� �� ���� KWWS���GRL�RUJ���������IQDJL�����������
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%UXQHW�5RVVLQQL� $� .�� 	 $XVWDG� 6� 1� ������� &KDSWHU � � VHQHVFHQFH LQ ZLOG
SRSXODWLRQV RI PDPPDOV DQG ELUGV� ,Q (� -� 0DVRUR 	 6� 1� $XVWDG �(GV���
+DQGERRN RI WKH ELRORJ\ RI DJLQJ �VL[WK HGLWLRQ� �SS� ���±����� %XUOLQJWRQ�
$FDGHPLF 3UHVV� KWWS���GRL�RUJ���������%�����������������������

%XIRUG� 7� :� ������� �'LV�7UXVW \RXU JXW� 7KH JXW PLFURELRPH LQ DJH�UHODWHG LQ�
IODPPDWLRQ� KHDOWK� DQG GLVHDVH� 0LFURELRPH� ����� ��� KWWS���GRL�RUJ���������
V����������������

%XOLN�6XOOLYDQ� %�� )LQXFDQH� +� .�� $QWWLOD� 9�� *XVHY� $�� 'D\� )� 5�� /RK� 3��5�� «
1HDOH� %� 0� ������� $Q DWODV RI JHQHWLF FRUUHODWLRQV DFURVV KXPDQ GLVHDVHV
DQG WUDLWV� 1DW� *HQHW�� ������� ����±����� KWWS���GRL�RUJ���������QJ�����

%XQLHOOR� $�� 0DF$UWKXU� -� $� /�� &HUH]R� 0�� +DUULV� /� :�� +D\KXUVW� -�� 0DODQ�
JRQH� &�� « 3DUNLQVRQ� +� ������� 7KH 1+*5,�(%, *:$6 FDWDORJ RI SXEOLVKHG
JHQRPH�ZLGH DVVRFLDWLRQ VWXGLHV� WDUJHWHG DUUD\V DQG VXPPDU\ VWDWLVWLFV �����
1XFOHLF $FLGV 5HV�� ���'��� '����±'����� KWWS���GRL�RUJ���������QDU�JN\����

%XVKDUGW� 5� /�� 0DVVH\� (� %�� 6LPSVRQ� 7� :�� $ULDLO� -� &�� 	 6LPSVRQ� .� 1�
������� 3RO\SKDUPDF\� PLVOHDGLQJ� EXW PDQDJHDEOH� &OLQLFDO ,QWHUYHQWLRQV LQ
$JLQJ� ����� ���±��

%\FURIW� &�� )UHHPDQ� &�� 3HWNRYD� '�� %DQG� *�� (OOLRWW� /� 7�� 6KDUS� .�� «0DUFKLQL�
-� ������� 7KH 8. ELREDQN UHVRXUFH ZLWK GHHS SKHQRW\SLQJ DQG JHQRPLF GDWD�
1DWXUH� ���������� ���±���� KWWS���GRL�RUJ���������V���������������]

&DKR\� -� '�� (PHU\� %�� .DXVKDO� $�� )RR� /� &�� =DPDQLDQ� -� /�� &KULVWRSKHU�
VRQ� .� 6�� « %DUUHV� %� $� ������� $ WUDQVFULSWRPH GDWDEDVH IRU DVWURF\WHV�
QHXURQV� DQG ROLJRGHQGURF\WHV� D QHZ UHVRXUFH IRU XQGHUVWDQGLQJ EUDLQ GHYHO�
RSPHQW DQG IXQFWLRQ� 7KH -RXUQDO RI 1HXURVFLHQFH � 7KH 2IILFLDO -RXUQDO RI WKH
6RFLHW\ IRU 1HXURVFLHQFH� ������ ���±���� KWWS���GRL�RUJ���������-1(8526&,�
������������

&DOYHUW� 6�� 7DFXWX� 5�� 6KDULIL� 6�� 7HL[HLUD� 5�� *KRVK� 3�� 	 0DJDOKmHV� -� 3� GH�
������� $ QHWZRUN SKDUPDFRORJ\ DSSURDFK UHYHDOV QHZ FDQGLGDWH FDORULF UH�
VWULFWLRQ PLPHWLFV LQ F� (OHJDQV� $JLQJ &HOO� ������ ���±���� KWWS���GRL�RUJ����
�����DFHO������

&DPLOOHUL� 0� ������� /HDN\ JXW� 0HFKDQLVPV� PHDVXUHPHQW DQG FOLQLFDO LPSOLFD�
WLRQV LQ KXPDQV� *XW� ������ ����±����� KWWS���GRL�RUJ���������JXWMQO������������
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&DPSEHOO� -� 0�� %HOOPDQ� 6� 0�� 6WHSKHQVRQ� 0� '�� 	 /LV\�� .� ������� 0HWIRUPLQ
UHGXFHV DOO�FDXVH PRUWDOLW\ DQG GLVHDVHV RI DJHLQJ LQGHSHQGHQW RI LWV HIIHFW RQ
GLDEHWHV FRQWURO� $ V\VWHPDWLF UHYLHZ DQG PHWD�DQDO\VLV� $JHLQJ 5HVHDUFK
5HYLHZV� ��� ��±��� KWWS���GRL�RUJ���������M�DUU������������

&DPSLVL� -�� 	 )DJDJQD� )� G¶$GGD GL� ������� &HOOXODU VHQHVFHQFH� :KHQ EDG
WKLQJV KDSSHQ WR JRRG FHOOV� 1DW� 5HY� 0RO� &HOO %LRO�� ����� ���±���� KWWS�
��GRL�RUJ���������QUP����

&DUOVRQ� 0� ������� 2UJ�+V�HJ�GE� *HQRPH ZLGH DQQRWDWLRQ IRU KXPDQ�

&DUOVRQ� 0�� 	 0DLQWDLQHU� %� 3� ������� 7['E�+VDSLHQV�8&6&�KJ���NQRZQ*HQH�
$QQRWDWLRQ SDFNDJH IRU 7['E REMHFW�V��

&DUYDOKR� %� 6�� 	 ,UL]DUU\� 5� $� ������� $ IUDPHZRUN IRU ROLJRQXFOHRWLGH PLFURDU�
UD\ SUHSURFHVVLQJ� %LRLQIRUPDWLFV� ������� ����±����� KWWS���GRL�RUJ���������
ELRLQIRUPDWLFV�EWT���

&DUYDOKR�6LOYD� '�� 3LHUOHRQL� $�� 3LJQDWHOOL� 0�� 2QJ� &�� )XPLV� /�� .DUDPDQLV� 1��
« 'XQKDP� ,� ������� 2SHQ 7DUJHWV 3ODWIRUP� QHZ GHYHORSPHQWV DQG XSGDWHV
WZR \HDUV RQ� 1XFOHLF $FLGV 5HVHDUFK� ���'��� '����±'����� KWWS���GRL�RUJ�
��������QDU�JN\����

&DVWLOOR�4XDQ� -� ,�� 7DLQ� /� 6�� .LQJKRUQ� .� -�� /L� /�� *U|QNH� 6�� +LQ]H� <�� «
3DUWULGJH� /� ������� $ WULSOH GUXJ FRPELQDWLRQ WDUJHWLQJ FRPSRQHQWV RI WKH
QXWULHQW�VHQVLQJ QHWZRUN PD[LPL]HV ORQJHYLW\� 3URF� 1DWO� $FDG� 6FL� 8� 6� $��
�������� �����±������ KWWS���GRL�RUJ���������SQDV�����������

&KDPEHUV� -�� 'DYLHV� 0�� *DXOWRQ� $�� +HUVH\� $�� 9HODQNDU� 6�� 3HWU\V]DN� 5��
« 2YHULQJWRQ� -� 3� ������� 8QL&KHP� $ XQLILHG FKHPLFDO VWUXFWXUH FURVV�
UHIHUHQFLQJ DQG LGHQWLILHU WUDFNLQJ V\VWHP� -� &KHPLQIRUP�� ����� �� KWWS���GRL�
RUJ����������������������

&KHQ� -�� :DQJ� 0�� *XR� 0�� ;LH� <�� 	 &RQJ� <��6� ������� 0L5���� UHJXODWHV FHOO
SUROLIHUDWLRQ DQG VHQHVFHQFH E\ WDUJHWLQJ %&/�� 3/R6 2QH� ������ H������
KWWS���GRL�RUJ���������MRXUQDO�SRQH��������

&KHXQJ� 3�� 9DOODQLD� )�� :DUVLQVNH� +� &�� 'RQDWR� 0�� 6FKDIIHUW� 6�� &KDQJ� 6�
(�� « .XR� $� -� ������� 6LQJOH�&HOO &KURPDWLQ 0RGLILFDWLRQ 3URILOLQJ 5HYHDOV
,QFUHDVHG (SLJHQHWLF 9DULDWLRQV ZLWK $JLQJ� &HOO� ������� ����±�����H��� KWWS�
��GRL�RUJ���������M�FHOO������������
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&KLOGV� %� *�� *OXVFHYLF� 0�� %DNHU� '� -�� /DEHUJH� 5��0�� 0DUTXHVV� '�� 'DQDQ�
EHUJ� -�� 	 'HXUVHQ� -� 0� YDQ� ������� 6HQHVFHQW FHOOV� $Q HPHUJLQJ WDU�
JHW IRU GLVHDVHV RI DJHLQJ� 1DW� 5HY� 'UXJ 'LVFRY�� ������� ���±���� KWWS�
��GRL�RUJ���������QUG���������

&KRX� &��+�� &KDQJ� 1��:�� 6KUHVWKD� 6�� +VX� 6��'�� /LQ� <��/�� /HH� :��+�� «
+XDQJ� +��'� ������� PL57DU%DVH ����� XSGDWHV WR WKH H[SHULPHQWDOO\ YDOL�
GDWHG PL51$�WDUJHW LQWHUDFWLRQV GDWDEDVH� 1XFOHLF $FLGV 5HVHDUFK� ���'���
'���±'���� KWWS���GRL�RUJ���������QDU�JNY����

&KRXDNULD� $� '�� 	 1DJDEKXVKDQ� 3� 1� ������� $GDSWLYH GLVVLPLODULW\ LQGH[ IRU
PHDVXULQJ WLPH VHULHV SUR[LPLW\� $GY� 'DWD $QDO� &ODVVLI�� ����� �±��� KWWS�
��GRL�RUJ���������V����������������

&KULVWHQVHQ� .�� 0F*XH� 0�� 3HWHUVHQ� ,�� -HXQH� %�� 	 9DXSHO� -� :� ������� ([�
FHSWLRQDO ORQJHYLW\ GRHV QRW UHVXOW LQ H[FHVVLYH OHYHOV RI GLVDELOLW\� 3URF� 1DWO�
$FDG� 6FL� 8� 6� $�� �������� �����±������ KWWS���GRL�RUJ���������SQDV�����������

&ODQF\� '� -�� *HPV� '�� +DUVKPDQ� /� *�� 2OGKDP� 6�� 6WRFNHU� +�� +DIHQ� (��
« 3DUWULGJH� /� ������� ([WHQVLRQ RI OLIH�VSDQ E\ ORVV RI &+,&2� D GURVRSKLOD
LQVXOLQ UHFHSWRU VXEVWUDWH SURWHLQ� 6FLHQFH� ���������� ���±���� KWWS���GRL�RUJ�
��������VFLHQFH��������

&RODQWXRQL� &�� /LSVND� %� .�� <H� 7�� +\GH� 7� 0�� 7DR� 5�� /HHN� -� 7�� « .OHLQ�
PDQ� -� (� ������� 7HPSRUDO G\QDPLFV DQG JHQHWLF FRQWURO RI WUDQVFULSWLRQ LQ WKH
KXPDQ SUHIURQWDO FRUWH[� 1DWXUH� ���������� ���±���� KWWS���GRL�RUJ���������
QDWXUH�����

&ROPDQ� 5� -�� %HDVOH\� 7� 0�� .HPQLW]� -� :�� -RKQVRQ� 6� &�� :HLQGUXFK� 5�� 	
$QGHUVRQ� 5� 0� ������� &DORULF UHVWULFWLRQ UHGXFHV DJH�UHODWHG DQG DOO�FDXVH
PRUWDOLW\ LQ UKHVXV PRQNH\V� 1DW� &RPPXQ�� �� ����� KWWS���GRL�RUJ���������
QFRPPV����

&RPSRXQG� $FHWRKH[DPLGH� �Q�G��D�� KWWSV���ZZZ�HEL�DF�XN�FKHPEO�FRPSRXQGB
UHSRUWBFDUG�&+(0%/������

&RPSRXQG� $7523,1(2;,'(� �Q�G��E�� KWWSV���ZZZ�HEL�DF�XN�FKHPEO�FRPSRXQGB
UHSRUWBFDUG�&+(0%/���������

&RQER\� ,� 0�� &RQER\� 0� -�� :DJHUV� $� -�� *LUPD� (� 5�� :HLVVPDQ� ,� /�� 	
5DQGR� 7� $� ������� 5HMXYHQDWLRQ RI DJHG SURJHQLWRU FHOOV E\ H[SRVXUH WR D

http://doi.org/10.1038/nrd.2017.116
http://doi.org/10.1038/nrd.2017.116
http://doi.org/10.1093/nar/gkv1258
http://doi.org/10.1007/s11634-006-0004-6
http://doi.org/10.1007/s11634-006-0004-6
http://doi.org/10.1073/pnas.0804931105
http://doi.org/10.1126/science.1057991
http://doi.org/10.1126/science.1057991
http://doi.org/10.1038/nature10524
http://doi.org/10.1038/nature10524
http://doi.org/10.1038/ncomms4557
http://doi.org/10.1038/ncomms4557
https://www.ebi.ac.uk/chembl/compound_report_card/CHEMBL1589/
https://www.ebi.ac.uk/chembl/compound_report_card/CHEMBL1589/
https://www.ebi.ac.uk/chembl/compound_report_card/CHEMBL2146145/
https://www.ebi.ac.uk/chembl/compound_report_card/CHEMBL2146145/


5HIHUHQFHV ���

\RXQJ V\VWHPLF HQYLURQPHQW� 1DWXUH� ���������� ���±���� KWWS���GRL�RUJ����
�����QDWXUH�����

&RQVRUWLXP� 7� 8� ������� 8QL3URW� 7KH XQLYHUVDO SURWHLQ NQRZOHGJHEDVH� 1XFOHLF
$FLGV 5HVHDUFK� ���'��� '���±'���� KWWS���GRL�RUJ���������QDU�JNZ����

&RUWHV� $�� $OEHUV� 3� .�� 'HQGURX� &� $�� )XJJHU� /�� 	 0F9HDQ� *� ������� ,GHQWL�
I\LQJ FURVV�GLVHDVH FRPSRQHQWV RI JHQHWLF ULVN DFURVV KRVSLWDO GDWD LQ WKH 8.
ELREDQN� 1DW� *HQHW�� ������ ���±���� KWWS���GRL�RUJ���������V����������������

&RUWHV� $�� 'HQGURX� &�� )XJJHU� /�� 	 0F9HDQ� *� ������� 6\VWHPDWLF FODVVLILFDWLRQ
RI VKDUHG FRPSRQHQWV RI JHQHWLF ULVN IRU FRPPRQ KXPDQ GLVHDVHV� ELR5[LY�

&RWWR� .� &�� :DJQHU� $� +�� )HQJ� <��<�� .LZDOD� 6�� &RIIPDQ� $� &�� 6SLHV� *��
« *ULIILWK� 0� ������� '*,GE ���� $ UHGHVLJQ DQG H[SDQVLRQ RI WKH GUXJ±JHQH
LQWHUDFWLRQ GDWDEDVH� 1XFOHLF $FLGV 5HV�� ���'��� '����±'����� KWWS���GRL�
RUJ���������QDU�JN[����

&ULPPLQV� (� 0� ������� /LIHVSDQ DQG KHDOWKVSDQ� 3DVW� SUHVHQW� DQG SURPLVH�
*HURQWRORJLVW� ������ ���±���� KWWS���GRL�RUJ���������JHURQW�JQY���

&URVV�'LVRUGHU *URXS RI WKH 3V\FKLDWULF *HQRPLFV &RQVRUWLXP� /HH� 6� +�� 5LSNH�
6�� 1HDOH� %� 0�� )DUDRQH� 6� 9�� 3XUFHOO� 6� 0�� « ,QWHUQDWLRQDO ,QIODPPDWRU\
%RZHO 'LVHDVH *HQHWLFV &RQVRUWLXP �,,%'*&�� ������� *HQHWLF UHODWLRQVKLS
EHWZHHQ ILYH SV\FKLDWULF GLVRUGHUV HVWLPDWHG IURP JHQRPH�ZLGH 613V� 1DW�
*HQHW�� ������ ���±���� KWWS���GRL�RUJ���������QJ�����

'DQND 0RKDPPHG� &� 3�� 3DUN� -� 6�� 1DP� +� *�� 	 .LP� .� ������� 0LFUR51$V LQ
EUDLQ DJLQJ� 0HFK� $JHLQJ 'HY�� ���� �±�� KWWS���GRL�RUJ���������M�PDG������
������

'DUPDQLV� 6�� 6ORDQ� 6� $�� =KDQJ� <�� (QJH� 0�� &DQHGD� &�� 6KXHU� /� 0�� «
4XDNH� 6� 5� ������� $ VXUYH\ RI KXPDQ EUDLQ WUDQVFULSWRPH GLYHUVLW\ DW WKH
VLQJOH FHOO OHYHO� 3URF� 1DWO� $FDG� 6FL� 8� 6� $�� �������� ����±����� KWWS�
��GRL�RUJ���������SQDV�����������

'DYLH� .�� -DQVVHQV� -�� .ROGHUH� '�� 'H :DHJHQHHU� 0�� 3HFK� 8�� .UHIW� à�� «
$HUWV� 6� ������� $ 6LQJOH�&HOO 7UDQVFULSWRPH $WODV RI WKH $JLQJ 'URVRSKLOD
%UDLQ� &HOO� ������� ���±����H��� KWWS���GRL�RUJ���������M�FHOO������������

'HHOHQ� -�� %HHNPDQ� 0�� &DSUL� 0�� )UDQFHVFKL� &�� 	 6ODJERRP� 3� (� �������
,GHQWLI\LQJ WKH JHQRPLF GHWHUPLQDQWV RI DJLQJ DQG ORQJHYLW\ LQ KXPDQ SRSX�
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ODWLRQ VWXGLHV� 3URJUHVV DQG FKDOOHQJHV� %LRHVVD\V� ������ ���±���� KWWS�
��GRL�RUJ���������ELHV����������

'HHOHQ� -�� (YDQV� '� 6�� $UNLQJ� '� (�� 7HVL� 1�� 1\JDDUG� 0�� /LX� ;�� « 0XUDELWR�
-� 0� ������� $ PHWD�DQDO\VLV RI JHQRPH�ZLGH DVVRFLDWLRQ VWXGLHV LGHQWLILHV
PXOWLSOH ORQJHYLW\ JHQHV� 1DW� &RPPXQ�� ������ ����� KWWS���GRL�RUJ���������
V�����������������

'RQJ� ;�� 0LOKROODQG� %�� 	 9LMJ� -� ������� (YLGHQFH IRU D OLPLW WR KXPDQ OLIHVSDQ�
1DWXUH� ���������� ���±���� KWWS���GRL�RUJ���������QDWXUH�����

'RUV]HZVND� -� ������� &HOO ELRORJ\ RI QRUPDO EUDLQ DJLQJ� V\QDSWLF SODVWLFLW\±FHOO
GHDWK� $JLQJ &OLQLFDO DQG ([SHULPHQWDO 5HVHDUFK� ������ ��±��� KWWS���GRL�RUJ�
��������V����������������

'|QHUWDú� +� 0�� )XHQWHDOED� 0�� 3DUWULGJH� /�� 	 7KRUQWRQ� -� 0� ������� ,GHQWLI\LQJ
SRWHQWLDO $JHLQJ�0RGXODWLQJ GUXJV LQ VLOLFR� 7UHQGV (QGRFULQRO� 0HWDE�� ������
���±���� KWWS���GRL�RUJ���������M�WHP������������

'|QHUWDú� +� 0�� )XHQWHDOED 9DOHQ]XHOD� 0�� 3DUWULGJH� /�� 	 7KRUQWRQ� -� 0� �������
*HQH H[SUHVVLRQ�EDVHG GUXJ UHSXUSRVLQJ WR WDUJHW DJLQJ� $JLQJ &HOO� ������
H������ KWWS���GRL�RUJ���������DFHO������

'|QHUWDú� +� 0�� ø]JL� +�� .DPDFÕR÷OX� $�� +H� =�� .KDLWRYLFK� 3�� 	 6RPHO� 0�
������� *HQH H[SUHVVLRQ UHYHUVDO WRZDUG SUH�DGXOW OHYHOV LQ WKH DJLQJ KXPDQ
EUDLQ DQG DJH�UHODWHG ORVV RI FHOOXODU LGHQWLW\� 6FL� 5HS�� ����� ����� KWWS�
��GRL�RUJ���������V�����������������

'XUDQ�)ULJROD� 0�� 0DWHR� /�� 	 $OR\� 3� ������� 'UXJ UHSRVLWLRQLQJ EH\RQG WKH ORZ�
KDQJLQJ IUXLWV� &XUUHQW 2SLQLRQ LQ 6\VWHPV %LRORJ\� �� ��±���� KWWS���GRL�RUJ�
��������M�FRLVE������������

'XULHX[� -�� :ROII� 6�� 	 'LOOLQ� $� ������� 7KH FHOO�QRQ�DXWRQRPRXV QDWXUH RI HOHF�
WURQ WUDQVSRUW FKDLQ�PHGLDWHG ORQJHYLW\� &HOO� ������� ��±��� KWWS���GRL�RUJ����
�����M�FHOO������������

'XULQFN� 6�� 6SHOOPDQ� 3� 7�� %LUQH\� (�� 	 +XEHU� :� ������� 0DSSLQJ LGHQWLILHUV IRU
WKH LQWHJUDWLRQ RI JHQRPLF GDWDVHWV ZLWK WKH 5�%LRFRQGXFWRU SDFNDJH ELRPD5W�
1DW� 3URWRF�� ����� ����±����� KWWS���GRL�RUJ���������QSURW��������

(OOLQJKDXV� '�� -RVWLQV� /�� 6SDLQ� 6� /�� &RUWHV� $�� %HWKXQH� -�� +DQ� %�� « )UDQNH�
$� ������� $QDO\VLV RI ILYH FKURQLF LQIODPPDWRU\ GLVHDVHV LGHQWLILHV �� QHZ DV�
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VRFLDWLRQV DQG KLJKOLJKWV GLVHDVH�VSHFLILF SDWWHUQV DW VKDUHG ORFL� 1DW� *HQHW��
������ ���±���� KWWS���GRL�RUJ���������QJ�����

(QGHUOLQ� 9�� $OIRV� 6�� 3DOOHW� 9�� *DUFLQ� +�� $]DÕࡇ V�%UDHVFR� 9�� -DIIDUG� 5�� 	
+LJXHUHW� 3� ������� $JLQJ GHFUHDVHV WKH DEXQGDQFH RI UHWLQRLF DFLG �5$5�
DQG WULLRGRWK\URQLQH �75� QXFOHDU UHFHSWRU P51$ LQ UDW EUDLQ� (IIHFW RI WKH DG�
PLQLVWUDWLRQ RI UHWLQRLGV� )(%6 /HWW�� ������� ���±���� KWWS���GRL�RUJ���������
V��������������������

(QJH� 0�� $UGD� +� (�� 0LJQDUGL� 0�� %HDXVDQJ� -�� %RWWLQR� 5�� .LP� 6� .�� 	 4XDNH�
6� 5� ������� 6LQJOH�&HOO $QDO\VLV RI +XPDQ 3DQFUHDV 5HYHDOV 7UDQVFULSWLRQDO
6LJQDWXUHV RI $JLQJ DQG 6RPDWLF 0XWDWLRQ 3DWWHUQV� &HOO� ������� ���±����H���
KWWS���GRL�RUJ���������M�FHOO������������

(VSHODQG� 0� $�� &ULPPLQV� (� 0�� *URVVDUGW� %� 5�� &UDQGDOO� -� 3�� *HOIRQG� -�
$� /�� +DUULV� 7� %�� « %DU]LODL� 1� ������� &OLQLFDO 7ULDOV 7DUJHWLQJ $JLQJ DQG
$JH�5HODWHG 0XOWLPRUELGLW\� 7KH -RXUQDOV RI *HURQWRORJ\ 6HULHV $� %LRORJLFDO
6FLHQFHV DQG 0HGLFDO 6FLHQFHV� ������ JOZ���� KWWS���GRL�RUJ���������JHURQD�
JOZ���

(YDQV� '� $�� )XQNHQVWHLQ� +� +�� $OEHUW� 0� 6�� 6FKHUU� 3� $�� &RRN� 1� 5�� &KRZQ�
0� -�� « 7D\ORU� -� 2� ������� 3UHYDOHQFH RI $O]KHLPHU¶V GLVHDVH LQ D FRPPXQLW\
SRSXODWLRQ RI ROGHU SHUVRQV� +LJKHU WKDQ SUHYLRXVO\ UHSRUWHG� -$0$� ��������
����±��

(YDQV� 6� (�� *RXOW� %� 7�� )DLUDOO� /�� -DPLHVRQ� $� *�� .R )HUULJQR� 3�� )RUG� 5��
« :DJQHU� 6� '� ������� 7KH DQVDP\FLQ DQWLELRWLF� ULIDP\FLQ 69� LQKLELWV %&/�
WUDQVFULSWLRQDO UHSUHVVLRQ DQG IRUPV D FRPSOH[ ZLWK WKH %&/��%7%�32= GR�
PDLQ� 3/R6 2QH� ����� H������ KWWS���GRL�RUJ���������MRXUQDO�SRQH��������

)DEUHJDW� $�� -XSH� 6�� 0DWWKHZV� /�� 6LGLURSRXORV� .�� *LOOHVSLH� 0�� *DUDSDWL� 3��
« '¶(XVWDFKLR� 3� ������� 7KH 5HDFWRPH 3DWKZD\ .QRZOHGJHEDVH� 1XFOHLF
$FLGV 5HVHDUFK� ���'��� '���±'���� KWWS���GRL�RUJ���������QDU�JN[����

)DJJLROL� )�� :DQJ� 7�� 9LMJ� -�� 	 0RQWDJQD� &� ������� &KURPRVRPH�VSHFLILF DF�
FXPXODWLRQ RI DQHXSORLG\ LQ WKH DJLQJ PRXVH EUDLQ� +XP� 0RO� *HQHW�� �������
����±����� KWWS���GRL�RUJ���������KPJ�GGV���

)HUQDQGHV� 0�� :DQ� &�� 7DFXWX� 5�� %DUDUGR� '�� 5DMSXW� $�� :DQJ� -�� « 0DJ�
DOKmHV� -� 3� GH� ������� 6\VWHPDWLF DQDO\VLV RI WKH JHURQWRPH UHYHDOV OLQNV
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EHWZHHQ DJLQJ DQG DJH�UHODWHG GLVHDVHV� +XP� 0RO� *HQHW�� ������� ����±
����� KWWS���GRL�RUJ���������KPJ�GGZ���

)LQNHO� 7�� 6HUUDQR� 0�� 	 %ODVFR� 0� $� ������� 7KH FRPPRQ ELRORJ\ RI FDQFHU DQG
DJHLQJ� 1DWXUH� ���������� ���±���� KWWS���GRL�RUJ���������QDWXUH�����

)ODWW� 7�� 	 3DUWULGJH� /� ������� +RUL]RQV LQ WKH HYROXWLRQ RI DJLQJ� %0& %LRO��
������ ��� KWWS���GRL�RUJ���������V���������������]

)RQWDQD� /�� 	 3DUWULGJH� /� ������� 3URPRWLQJ KHDOWK DQG ORQJHYLW\ WKURXJK GLHW�
)URP PRGHO RUJDQLVPV WR KXPDQV� &HOO� ������� ���±���� KWWS���GRL�RUJ����
�����M�FHOO������������

)RQWDQD� /�� 3DUWULGJH� /�� 	 /RQJR� 9� '� ������� ([WHQGLQJ KHDOWK\ OLIH VSDQ±
IURP \HDVW WR KXPDQV� 6FLHQFH� ���������� ���±���� KWWS���GRL�RUJ���������
VFLHQFH��������

)RUHW]� 0�� *XLJDV� %�� %HUWUDQG� /�� 3ROODN� 0�� 	 9LROOHW� %� ������� 0HWIRUPLQ�
)URP PHFKDQLVPV RI DFWLRQ WR WKHUDSLHV� &HOO 0HWDE�� ������ ���±���� KWWS�
��GRL�RUJ���������M�FPHW������������

)RUVEHUJ� /� $�� 5DVL� &�� 5D]]DJKLDQ� +� 5�� 3DNDODSDWL� *�� :DLWH� /�� 7KLOEHDXOW�
.� 6�� « 'XPDQVNL� -� 3� ������� $JH�UHODWHG VRPDWLF VWUXFWXUDO FKDQJHV LQ WKH
QXFOHDU JHQRPH RI KXPDQ EORRG FHOOV� $P� -� +XP� *HQHW�� ������ ���±����
KWWS���GRL�RUJ���������M�DMKJ������������

)R[� -�� 	 :HLVEHUJ� 6� ������� $Q 5 &RPSDQLRQ WR $SSOLHG 5HJUHVVLRQ�

)UDJD� 0� )�� %DOOHVWDU� (�� 3D]� 0� )�� 5RSHUR� 6�� 6HWLHQ� )�� %DOOHVWDU� 0� /�� «
(VWHOOHU� 0� ������� (SLJHQHWLF GLIIHUHQFHV DULVH GXULQJ WKH OLIHWLPH RI PRQR]\�
JRWLF WZLQV� 3URFHHGLQJV RI WKH 1DWLRQDO $FDGHP\ RI 6FLHQFHV� �������� �����±
������ KWWS���GRL�RUJ���������SQDV�����������

)UDQFHVFKL� &�� *DUDJQDQL� 3�� 3DULQL� 3�� *LXOLDQL� &�� 	 6DQWRUR� $� ������� ,Q�
IODPPDJLQJ� $ QHZ LPPXQH�PHWDEROLF YLHZSRLQW IRU DJH�UHODWHG GLVHDVHV� 1DW�
5HY� (QGRFULQRO�� ������� ���±���� KWWS���GRL�RUJ���������V����������������

)UHLMH� -� 0� 3�� 	 /ySH]�2WÕғQ� &� ������� 5HSURJUDPPLQJ DJLQJ DQG SURJHULD� &XUU�
2SLQ� &HOO %LRO�� ������ ���±���� KWWS���GRL�RUJ���������M�FHE������������
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)ULHGPDQ� '� %�� 	 -RKQVRQ� 7� (� ������� $PXWDWLRQ LQ WKH DJH�� JHQH LQ FDHQRUKDE�
GLWLV HOHJDQV OHQJWKHQV OLIH DQG UHGXFHV KHUPDSKURGLWH IHUWLOLW\� *HQHWLFV� �������
��±���

)XHQWHDOED� 0�� '|QHUWDú� +� 0�� :LOOLDPV� 5�� /DEEDGLD� -�� 7KRUQWRQ� -� 0�� 	
3DUWULGJH� /� ������� 8VLQJ WKH GUXJ�SURWHLQ LQWHUDFWRPH WR LGHQWLI\ DQWL�DJHLQJ
FRPSRXQGV IRU KXPDQV� 3/R6 &RPSXWDWLRQDO %LRORJ\� ������ H�������� KWWS�
��GRL�RUJ���������MRXUQDO�SFEL��������

)XKUPDQQ�6WURLVVQLJJ� +�� /LQJ� <� <�� =KDR� -�� 0F*RZDQ� 6� -�� =KX� <�� %URRNV�
5� :�� « 5REELQV� 3� '� ������� ,GHQWLILFDWLRQ RI +63�� LQKLELWRUV DV D QRYHO
FODVV RI VHQRO\WLFV� 1DW� &RPPXQ�� ����� ���� KWWS���GRL�RUJ���������V����������������]

)XVKDQ� $� $�� 7XUDQRY� $� $�� /HH� 6��*�� .LP� (� %�� /REDQRY� $� 9�� <LP� 6�
+�� « *ODG\VKHY� 9� 1� ������� *HQH H[SUHVVLRQ GHILQHV QDWXUDO FKDQJHV LQ
PDPPDOLDQ OLIHVSDQ� $JLQJ &HOO� ������ ���±���� KWWS���GRL�RUJ���������DFHO�
�����

*DPD]RQ� (� 5�� 6HJUq� $� 9�� %XQW� 0� YDQ GH� :HQ� ;�� ;L� +� 6�� +RUPR]GLDUL�
)�� « $UGOLH� .� *� ������� 8VLQJ DQ DWODV RI JHQH UHJXODWLRQ DFURVV �� KXPDQ
WLVVXHV WR LQIRUP FRPSOH[ GLVHDVH� DQG WUDLW�DVVRFLDWHG YDULDWLRQ� 1DW� *HQHW��
������ ���±���� KWWS���GRL�RUJ���������V����������������

*DUFÕғD�1LHWR� 3� (�� 0RUULVRQ� $� -�� 	 )UDVHU� +� %� ������ -XQH�� 7KH VRPDWLF
PXWDWLRQ ODQGVFDSH RI WKH KXPDQ ERG\� ELR5[LY� KWWS���GRL�RUJ���������������

*DXOWRQ� $�� +HUVH\� $�� 1RZRWND� 0�� %HQWR� $� 3�� &KDPEHUV� -�� 0HQGH]� '��
« /HDFK� $� 5� ������� 7KH &K(0%/ GDWDEDVH LQ ����� 1XFOHLF $FLGV 5HV��
���'��� '���±'���� KWWS���GRL�RUJ���������QDU�JNZ����

*DXWLHU� /�� &RSH� /�� %ROVWDG� %� 0�� 	 ,UL]DUU\� 5� $� ������� $II\±DQDO\VLV RI
DII\PHWUL[ *HQH&KLS GDWD DW WKH SUREH OHYHO� %LRLQIRUPDWLFV� ������ ���±����
KWWS���GRL�RUJ���������ELRLQIRUPDWLFV�EWJ���

*ODVV� '�� 9LxXHOD� $�� 'DYLHV� 0� 1�� 5DPDVDP\� $�� 3DUWV� /�� .QRZOHV� '�� «
6SHFWRU� 7� '� ������� *HQH H[SUHVVLRQ FKDQJHV ZLWK DJH LQ VNLQ� DGLSRVH
WLVVXH� EORRG DQG EUDLQ� *HQRPH %LRO�� ������ 5��� KWWS���GRL�RUJ���������
JE�����������U��

*RRGHOO� 0� $�� 	 5DQGR� 7� $� ������� 6WHP FHOOV DQG KHDOWK\ DJLQJ� 6FLHQFH�
���������� ����±����� KWWS���GRL�RUJ���������VFLHQFH�DDE����
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*RUEXQRYD� 9�� 6HOXDQRY� $�� 0DR� =�� 	 +LQH� &� ������� &KDQJHV LQ '1$ UHSDLU
GXULQJ DJLQJ� 1XFOHLF $FLGV 5HVHDUFK� ������� ����±��� KWWS���GRL�RUJ���������
QDU�JNP���

*UHHQ� '� 5�� *DOOX]]L� /�� 	 .URHPHU� *� ������� 0LWRFKRQGULD DQG WKH DXWRSKDJ\�
LQIODPPDWLRQ�FHOO GHDWK D[LV LQ RUJDQLVPDO DJLQJ� 6FLHQFH� ���������� ����±
����� KWWS���GRL�RUJ���������VFLHQFH��������

*ULIILWK� 0�� *ULIILWK� 2� /�� &RIIPDQ� $� &�� :HLEOH� -� 9�� 0FPLFKDHO� -� )�� 6SLHV�
1� &�� « :LOVRQ� 5� .� ������� '*,GE� 0LQLQJ WKH GUXJJDEOH JHQRPH� 1DWXUH
0HWKRGV� ������� ����±����� KWWS���GRL�RUJ���������QPHWK�����

*ULOOR� )� :�� 6RQJ� 6�� 7HOHV�*ULOR 5XLYR� /� 0�� +XDQJ� /�� *DR� *�� .QRWW� *� :��
« 'H 3DROD� 9� ������� ,QFUHDVHG D[RQDO ERXWRQ G\QDPLFV LQ WKH DJLQJ PRXVH
FRUWH[� 3URFHHGLQJV RI WKH 1DWLRQDO $FDGHP\ RI 6FLHQFHV� �������� (����±
(����� KWWS���GRL�RUJ���������SQDV�����������

*7([ &RQVRUWLXP� ������� +XPDQ JHQRPLFV� 7KH *HQRW\SH�7LVVXH H[SUHVVLRQ
�*7([� SLORW DQDO\VLV� 0XOWLWLVVXH JHQH UHJXODWLRQ LQ KXPDQV� 6FLHQFH� ����������
���±���� KWWS���GRL�RUJ���������VFLHQFH��������

*X� 4�� 'LOORQ� &� )�� 	 %XUW� 9� /� ������� 3UHVFULSWLRQ GUXJ XVH FRQWLQXHV WR LQ�
FUHDVH� 8�6� SUHVFULSWLRQ GUXJ GDWD IRU ���������� 1&+6 'DWD %ULHI� ����� �±��

*XWKULH� %�� 0DNXEDWH� %�� +HUQDQGH]�6DQWLDJR� 9�� 	 'UHLVFKXOWH� 7� ������� 7KH
ULVLQJ WLGH RI SRO\SKDUPDF\ DQG GUXJ�GUXJ LQWHUDFWLRQV� SRSXODWLRQ GDWDEDVH
DQDO\VLV ���������� %0&0HGLFLQH� ��� ��� KWWS���GRL�RUJ���������V����������������

*XWLpUUH]�6DFULVWiQ� $�� %UDYR� ¬�� *LDQQRXOD� $�� 0D\HU� 0� $�� 6DQ]� )�� 	 )XU�
ORQJ� /� ,� ������� &RPR5ELGLW\� $Q 5 SDFNDJH IRU WKH V\VWHPDWLF DQDO\VLV RI
GLVHDVH FRPRUELGLWLHV� %LRLQIRUPDWLFV� ������� ����±����� KWWS���GRL�RUJ����
�����ELRLQIRUPDWLFV�EW\���

+DPPRQG� &� -�� 6QLHGHU� +�� 6SHFWRU� 7� '�� 	 *LOEHUW� &� (� ������� *HQHWLF
DQG HQYLURQPHQWDO IDFWRUV LQ DJH�UHODWHG QXFOHDU FDWDUDFWV LQ PRQR]\JRWLF DQG
GL]\JRWLF WZLQV� 1� (QJO� -� 0HG�� �������� ����±����� KWWS���GRL�RUJ���������
1(-0���������������

+DQQXP� *�� *XLQQH\� -�� =KDR� /�� =KDQJ� /�� +XJKHV� *�� 6DGGD� 6�� « =KDQJ� .�
������� *HQRPH�ZLGH PHWK\ODWLRQ SURILOHV UHYHDO TXDQWLWDWLYH YLHZV RI KXPDQ
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DJLQJ UDWHV� 0ROHFXODU &HOO� ������ ���±���� KWWS���GRL�RUJ���������M�PROFHO�
�����������

+DUULVRQ� '� (�� 6WURQJ� 5�� 6KDUS� =� '�� 1HOVRQ� -� )�� $VWOH� &� 0�� )OXUNH\� .��
« 0LOOHU� 5� $� ������� 5DSDP\FLQ IHG ODWH LQ OLIH H[WHQGV OLIHVSDQ LQ JHQHWL�
FDOO\ KHWHURJHQHRXV PLFH� 1DWXUH� ���������� ���±���� KWWS���GRL�RUJ���������
QDWXUH�����

+D\IOLFN� /�� 	 0RRUKHDG� 3� 6� ������� 7KH VHULDO FXOWLYDWLRQ RI KXPDQ GLSORLG FHOO
VWUDLQV� ([S� &HOO 5HV�� ��� ���±���� KWWS���GRL�RUJ����������������������
�������

+HUQDQGR�+HUUDH]� ,�� (YDQR� %�� 6WXEEV� 7�� &RPPHUH� 3��+�� -DQ %RQGHU� 0��
&ODUN� 6�� « 5HLN� :� ������� $JHLQJ DIIHFWV '1$ PHWK\ODWLRQ GULIW DQG WUDQ�
VFULSWLRQDO FHOO�WR�FHOO YDULDELOLW\ LQ PRXVH PXVFOH VWHP FHOOV� 1DW� &RPPXQ��
������ ����� KWWS���GRL�RUJ���������V�����������������

+HUQGRQ� /� $�� 6FKPHLVVQHU� 3� -�� 'XGDURQHN� -� 0�� %URZQ� 3� $�� /LVWQHU� .�
0�� 6DNDQR� <�� « 'ULVFROO� 0� ������� 6WRFKDVWLF DQG JHQHWLF IDFWRUV LQIOXHQFH
WLVVXH�VSHFLILF GHFOLQH LQ DJHLQJ &� HOHJDQV� 1DWXUH� ���������� ���±���� KWWS�
��GRL�RUJ���������QDWXUH�����

+HUUHUR� -�� 0XIIDWR� 0�� %HDO� .�� )LW]JHUDOG� 6�� *RUGRQ� /�� 3LJQDWHOOL� 0�� «
)OLFHN� 3� ������� (QVHPEO FRPSDUDWLYH JHQRPLFV UHVRXUFHV� 'DWDEDVH� �����
EDY���� KWWS���GRL�RUJ���������GDWDEDVH�EDY���

+LSS� 0� 6�� .DVWXUL� 3�� 	 +DUWO� )� 8� ������� 7KH SURWHRVWDVLV QHWZRUN DQG LWV
GHFOLQH LQ DJHLQJ� 1DW� 5HY� 0RO� &HOO %LRO�� ������ ���±���� KWWS���GRL�RUJ����
�����V���������������\

+RHLMPDNHUV� -� +� -� ������� '1$ GDPDJH� DJLQJ� DQG FDQFHU� 1� (QJO� -� 0HG��
�������� ����±����� KWWS���GRL�RUJ���������1(-0UD�������

+RUYDWK� 6� ������� '1$PHWK\ODWLRQ DJH RI KXPDQ WLVVXHV DQG FHOO W\SHV� *HQRPH
%LRORJ\� ������� �±��� KWWS���GRL�RUJ���������JE������������U���

+RUYDWK� 6�� 	 5DM� .� ������� '1$ PHWK\ODWLRQ�EDVHG ELRPDUNHUV DQG WKH HSL�
JHQHWLF FORFN WKHRU\ RI DJHLQJ� 1DW� 5HY� *HQHW�� ������ ���±���� KWWS�
��GRL�RUJ���������V����������������
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,QXNDL� 6�� 3LQFXV� =�� /HQFDVWUH� $� GH� 	 6ODFN� )� -� ������� $ PLFUR51$ IHHGEDFN
ORRS UHJXODWHV JOREDO PLFUR51$ DEXQGDQFH GXULQJ DJLQJ� 51$� ������ ���±
���� KWWS���GRL�RUJ���������UQD�����������

,úÕOGDN� 8�� 6RPHO� 0�� 7KRUQWRQ� -� 0�� 	'|QHUWDú� +�0� ������� 7HPSRUDO FKDQJHV
LQ WKH JHQH H[SUHVVLRQ KHWHURJHQHLW\ GXULQJ EUDLQ GHYHORSPHQW DQG DJLQJ� 6FL�
5HS�� ������ ����� KWWS���GRL�RUJ���������V�����������������

-DJJHU� &�� *LOOLHV� &�� 0RVFRQH� )�� &DPERLV� (�� 9DQ 2\HQ� +�� 1XVVHOGHU� :�� «
(+/(,6 WHDP� ������� ,QHTXDOLWLHV LQ KHDOWK\ OLIH \HDUV LQ WKH �� FRXQWULHV RI
WKH HXURSHDQ XQLRQ LQ ����� $ FURVV�QDWLRQDO PHWD�UHJUHVVLRQ DQDO\VLV� /DQFHW�
���������� ����±����� KWWS���GRL�RUJ���������6��������������������

-DQ]HQ� 9�� )RUNHUW� 5�� )OHPLQJ� +� (�� 6DLWR� <�� :DULQJ� 0� 7�� 'RPENRZVNL� '� 0��
« 6FDGGHQ� '� 7� ������� 6WHP�FHOO DJHLQJ PRGLILHG E\ WKH F\FOLQ�GHSHQGHQW
NLQDVH LQKLELWRU S��,1.�D� 1DWXUH� ���������� ���±���� KWWS���GRL�RUJ���������
QDWXUH�����

-DVNHOLRII� 0�� 0XOOHU� )� /�� 3DLN� -��+�� 7KRPDV� (�� -LDQJ� 6�� $GDPV� $� &�� «
'HSLQKR� 5� $� ������� 7HORPHUDVH UHDFWLYDWLRQ UHYHUVHV WLVVXH GHJHQHUDWLRQ
LQ DJHG WHORPHUDVH�GHILFLHQW PLFH� 1DWXUH� ���������� ���±���� KWWS���GRL�RUJ�
��������QDWXUH�����

-LDQJ� <�� 0D� 6�� 6KLD� %��&�� 	 /HH� 7��6� ������� $Q HSLGHPLRORJLFDO KXPDQ GLV�
HDVH QHWZRUN GHULYHG IURP GLVHDVH FR�RFFXUUHQFH LQ WDLZDQ� 6FL� 5HS�� �����
����� KWWS���GRL�RUJ���������V����������������\

-RKQVRQ� .�� /LX� /�� 0DMG]DGHK� 1�� &KDYH]� &�� &KLQ� 3� &�� 0RUULVRQ� %�� «
'¶0HOOR� 6� 5� ������� ,QKLELWLRQ RI QHXURQDO DSRSWRVLV E\ WKH F\FOLQ�GHSHQGHQW
NLQDVH LQKLELWRU *:����� ,GHQWLILFDWLRQ RI �¶ VXEVWLWXWHG LQGRORQHV DV D VFDIIROG
IRU WKH GHYHORSPHQW RI QHXURSURWHFWLYH GUXJV� -� 1HXURFKHP�� ������ ���±����
KWWS���GRL�RUJ���������M����������������������[

-RKQVRQ� 6� &�� 'RQJ� ;�� 9LMJ� -�� 	 6XK� <� ������� *HQHWLF HYLGHQFH IRU FRPPRQ
SDWKZD\V LQ KXPDQ DJH�UHODWHG GLVHDVHV� $JLQJ &HOO� ������ ���±���� KWWS�
��GRL�RUJ���������DFHO������

-RKQVRQ� 6� &�� 5DELQRYLWFK� 3� 6�� 	 .DHEHUOHLQ� 0� ������� P725 LV D NH\
PRGXODWRU RI DJHLQJ DQG DJH�UHODWHG GLVHDVH� 1DWXUH� ���������� ���±����
KWWS���GRL�RUJ���������QDWXUH�����
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-RKQVRQ� 7� (� ������� $ SHUVRQDO UHWURVSHFWLYH RQ WKH JHQHWLFV RI DJLQJ� %LRJHURQ�
WRORJ\� ������� �±��� KWWS���GRL�RUJ���������D��������������

.DGDUL\D� <�� 7DQJ� %�� :DQJ� /�� $O�6DOHHP� 7�� +D\DNDZD� .�� 6OLINHU� 0� -�� 	
.UXJHU� :� '� ������� *HUPOLQH PXWDWLRQV LQ PWDS FRRSHUDWH ZLWK P\F WR DFFHO�
HUDWH WXPRULJHQHVLV LQ PLFH� 3/R6 2QH� ����� H������ KWWS���GRL�RUJ���������
MRXUQDO�SRQH��������

.DGDUL\D� <�� <LQ� %�� 7DQJ� %�� 6KLQWRQ� 6� $�� 4XLQOLYDQ� (� 3�� +XD� ;�� « .UXJHU�
:� '� ������� 0LFH KHWHUR]\JRXV IRU JHUP�OLQH PXWDWLRQV LQ PHWK\OWKLRDGHQR�
VLQH SKRVSKRU\ODVH �07$3� GLH SUHPDWXUHO\ RI W�FHOO O\PSKRPD� &DQFHU 5HV��
������� ����±����� KWWS���GRL�RUJ�������������������&$1��������

.DHEHUOHLQ� 0�� 3RZHUV� 5� :�� �UG� 6WHIIHQ� .� .�� :HVWPDQ� (� $�� +X� '�� 'DQJ�
1�� « .HQQHG\� %� .� ������� 5HJXODWLRQ RI \HDVW UHSOLFDWLYH OLIH VSDQ E\ 725
DQG VFK� LQ UHVSRQVH WR QXWULHQWV� 6FLHQFH� ���������� ����±����� KWWS���GRL�
RUJ���������VFLHQFH��������

.DQFKL� .� /�� -RKQVRQ� .� -�� /X� &�� 0F/HOODQ� 0� '�� /HLVHUVRQ� 0� '� 0�� :HQGO�
0� &�� «'LQJ� /� ������� ,QWHJUDWHG DQDO\VLV RI JHUPOLQH DQG VRPDWLF YDULDQWV LQ
RYDULDQ FDQFHU� 1DW� &RPPXQ�� �� ����� KWWS���GRL�RUJ���������QFRPPV����

.DQHKLVD� 0�� 6DWR� <�� )XUXPLFKL� 0�� 0RULVKLPD� .�� 	 7DQDEH� 0� ������� 1HZ
DSSURDFK IRU XQGHUVWDQGLQJ JHQRPH YDULDWLRQV LQ .(**� 1XFOHLF $FLGV 5H�
VHDUFK� ���'��� '���±'���� KWWS���GRL�RUJ���������QDU�JN\���

.DQHKLVD� 0�� 6DWR� <�� .DZDVKLPD� 0�� )XUXPLFKL� 0�� 	 7DQDEH� 0� �������
.(** DV D UHIHUHQFH UHVRXUFH IRU JHQH DQG SURWHLQ DQQRWDWLRQ� 1XFOHLF $FLGV
5HVHDUFK� ���'��� '���±'���� KWWS���GRL�RUJ���������QDU�JNY����

.DQJ� +� -�� .DZDVDZD� <� ,�� &KHQJ� )�� =KX� <�� ;X� ;�� /L� 0�� « 6HVWDQ� 1�
������� 6SDWLR�WHPSRUDO WUDQVFULSWRPH RI WKH KXPDQ EUDLQ� 1DWXUH� ����������
���±���� KWWS���GRL�RUJ���������QDWXUH�����

.DSDKL� 3�� .DHEHUOHLQ� 0�� 	 +DQVHQ� 0� ������� 'LHWDU\ UHVWULFWLRQ DQG OLIHVSDQ�
/HVVRQV IURP LQYHUWHEUDWH PRGHOV� $JHLQJ 5HV� 5HY�� ��� �±��� KWWS���GRL�RUJ�
��������M�DUU������������

.DSDKL� 3�� =LG� %� 0�� +DUSHU� 7�� .RVORYHU� '�� 6DSLQ� 9�� 	 %HQ]HU� 6� �������
5HJXODWLRQ RI OLIHVSDQ LQ GURVRSKLOD E\ PRGXODWLRQ RI JHQHV LQ WKH 725 VLJQDOLQJ
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SDWKZD\� &XUU� %LRO�� ������� ���±���� KWWS���GRL�RUJ���������M�FXE���������
���

.DVVDPEDUD� $� ������� JJSXEU� ¶JJSORW�¶ %DVHG 3XEOLFDWLRQ 5HDG\ 3ORWV� 5 3DFN�
DJH 9HUVLRQ ������

.DXIPDQ� /�� 	 5RXVVHHXZ� 3� -� �(GV��� ������� 3DUWLWLRQLQJ DURXQG PHGRLGV �SUR�
JUDP 3$0�� ,Q )LQGLQJ JURXSV LQ GDWD �SS� ��±����� +RERNHQ� 1-� 86$� -RKQ
:LOH\ 	 6RQV� ,QF� KWWS���GRL�RUJ�����������������������FK�

.DXSSLOD� 7� (� 6�� .DXSSLOD� -� +� .�� 	 /DUVVRQ� 1��*� ������� 0DPPDOLDQ PLWR�
FKRQGULD DQG DJLQJ� $Q XSGDWH� &HOO 0HWDE�� ������ ��±��� KWWS���GRL�RUJ����
�����M�FPHW������������

.DXVKLN� 6�� 	 &XHUYR� $� 0� ������� 3URWHRVWDVLV DQG DJLQJ� 1DW� 0HG�� �������
����±����� KWWS���GRL�RUJ���������QP�����

.HGOLDQ� 9� 5�� 'RQHUWDV� +� 0�� 	 7KRUQWRQ� -� 0� ������� 7KH ZLGHVSUHDG LQFUHDVH
LQ LQWHU�LQGLYLGXDO YDULDELOLW\ RI JHQH H[SUHVVLRQ LQ WKH KXPDQ EUDLQ ZLWK DJH�
$JLQJ� KWWS���GRL�RUJ����������DJLQJ�������

.HQQHG\� %� .�� 	 /DPPLQJ� '� :� ������� 7KH PHFKDQLVWLF WDUJHW RI UDSDP\FLQ�
7KH JUDQG&RQGXF725 RIPHWDEROLVP DQG DJLQJ� &HOO 0HWDE�� ������ ���±�����
KWWS���GRL�RUJ���������M�FPHW������������

.HQ\RQ� &�� &KDQJ� -�� *HQVFK� (�� 5XGQHU� $�� 	 7DEWLDQJ� 5� ������� $ F� (OHJDQV
PXWDQW WKDW OLYHV WZLFH DV ORQJ DV ZLOG W\SH� 1DWXUH� ���������� ���±���� KWWS�
��GRL�RUJ���������������D�

.HQ\RQ� &� -� ������� 7KH JHQHWLFV RI DJHLQJ� 1DWXUH� ���������� ���±���� KWWS�
��GRL�RUJ���������QDWXUH�����

.KXUDQD� (�� )X� <�� &KDNUDYDUW\� '�� 'HPLFKHOLV� )�� 5XELQ� 0� $�� 	 *HUVWHLQ� 0�
������� 5ROH RI QRQ�FRGLQJ VHTXHQFH YDULDQWV LQ FDQFHU� 1DW� 5HY� *HQHW��
������ ��±���� KWWS���GRL�RUJ���������QUJ��������

.LEEH� :� $�� $U]H� &�� )HOL[� 9�� 0LWUDND� (�� %ROWRQ� (�� )X� *�� « 6FKULPO� /� 0�
������� 'LVHDVH 2QWRORJ\ ���� XSGDWH� DQ H[SDQGHG DQG XSGDWHG GDWDEDVH
RI KXPDQ GLVHDVHV IRU OLQNLQJ ELRPHGLFDO NQRZOHGJH WKURXJK GLVHDVH GDWD� 1X�
FOHLF $FLGV 5HVHDUFK� ���'��� '����±'����� KWWS���GRL�RUJ���������QDU�JNX����
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.LFNVWHLQ� (�� .UDXVV� 6�� 7KRUQKLOO� 3�� 5XWVFKRZ� '�� =HOOHU� 5�� 6KDUNH\� -�� «
6FKZHLJHU� 6� ������� %LJXDQLGH PHWIRUPLQ DFWV RQ WDX SKRVSKRU\ODWLRQ YLD
P725�SURWHLQ SKRVSKDWDVH �$ �33�$� VLJQDOLQJ� 3URF� 1DWO� $FDG� 6FL� 8� 6�
$�� �������� �����±������ KWWS���GRL�RUJ���������SQDV�����������

.LP� (� %�� )DQJ� ;�� )XVKDQ� $� $�� +XDQJ� =�� /REDQRY� $� 9�� +DQ� /�� « *ODG\�
VKHY� 9� 1� ������� *HQRPH VHTXHQFLQJ UHYHDOV LQVLJKWV LQWR SK\VLRORJ\ DQG
ORQJHYLW\ RI WKH QDNHG PROH UDW� 1DWXUH� ���������� ���±���� KWWS���GRL�RUJ����
�����QDWXUH�����

.LP� 6�� &KHQ� -�� &KHQJ� 7�� *LQGXO\WH� $�� +H� -�� +H� 6�� « %ROWRQ� (� (� �������
3XE&KHP ���� XSGDWH� ,PSURYHG DFFHVV WR FKHPLFDO GDWD� 1XFOHLF $FLGV 5HV��
���'��� '����±'����� KWWS���GRL�RUJ���������QDU�JN\����

.LP� 6�� 7KLHVVHQ� 3� $�� %ROWRQ� (� (�� &KHQ� -�� )X� *�� *LQGXO\WH� $�� « %U\DQW�
6� +� ������� 3XE&KHP VXEVWDQFH DQG FRPSRXQG GDWDEDVHV� 1XFOHLF $FLGV
5HV�� ���'��� '����±��� KWWS���GRL�RUJ���������QDU�JNY���

.LPPHO� -� &�� 3HQODQG� /�� 5XELQVWHLQ� 1� '�� +HQGULFNVRQ� '� *�� .HOOH\� '� 5�� 	
5RVHQWKDO� $� =� ������ -XQH�� $PXULQH DJLQJ FHOO DWODV UHYHDOV FHOO LGHQWLW\ DQG
WLVVXH�VSHFLILF WUDMHFWRULHV RI DJLQJ� ELR5[LY� KWWS���GRL�RUJ���������������

.LQJVWRQ� $�� 5RELQVRQ� /�� %RRWK� +�� .QDSS� 0�� 	 -DJJHU� &� ������� 283 DF�
FHSWHG PDQXVFULSW� $JH DQG $JHLQJ� �� �±�� KWWS���GRL�RUJ���������DJHLQJ�
DI\���

.LQVHU� +� (�� 	 3LQFXV� =� ������� 0LFUR51$V DV PRGXODWRUV RI ORQJHYLW\ DQG WKH
DJLQJ SURFHVV� +XP� *HQHW� KWWS���GRL�RUJ���������V�����������������

.LUNZRRG� 7� %� ������� (YROXWLRQ RI DJHLQJ� 1DWXUH� ���������� ���±���� KWWS�
��GRL�RUJ���������������D�

.LUNZRRG� 7� %� /� ������� 8QGHUVWDQGLQJ WKH RGG VFLHQFH RI DJLQJ� &HOO� �������
���±���� KWWS���GRL�RUJ���������M�FHOO������������

.LUNZRRG� 7� %� /�� 	 0HORY� 6� ������� 2Q WKH SURJUDPPHG�QRQ�SURJUDPPHG
QDWXUH RI DJHLQJ ZLWKLQ WKH OLIH KLVWRU\� &XUU� %LRO�� ������� 5���±�� KWWS�
��GRL�RUJ���������M�FXE������������

.ODLSV� &� /�� -D\DUDM� *� *�� 	 +DUWO� )� 8� ������� 3DWKZD\V RI FHOOXODU SURWHRVWDVLV
LQ DJLQJ DQG GLVHDVH� -� &HOO %LRO�� ������� ��±��� KWWS���GRL�RUJ���������MFE�
���������
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.ODVV� 0� 5� ������� $PHWKRG IRU WKH LVRODWLRQ RI ORQJHYLW\ PXWDQWV LQ WKH QHPDWRGH
FDHQRUKDEGLWLV HOHJDQV DQG LQLWLDO UHVXOWV� 0HFK� $JHLQJ 'HY�� �������� ���±
���� KWWS���GRL�RUJ�����������������������������

.QXSS� '�� 	 0LXUD� 3� ������� &LUF51$ DFFXPXODWLRQ� $ QHZ KDOOPDUN RI DJLQJ"
0HFK� $JHLQJ 'HY�� ���� ��±��� KWWS���GRL�RUJ���������M�PDG������������

.ROGH� 5� ������� SKHDWPDS� 3UHWW\ +HDWPDSV� 5 SDFNDJH YHUVLRQ �������

.RQWLV� 9�� %HQQHWW� -� (�� 0DWKHUV� &� '�� /L� *�� )RUHPDQ� .�� 	 (]]DWL� 0� �������
)XWXUH OLIH H[SHFWDQF\ LQ �� LQGXVWULDOLVHG FRXQWULHV� 3URMHFWLRQV ZLWK D ED\HVLDQ
PRGHO HQVHPEOH� /DQFHW� ����������� ����±����� KWWS���GRL�RUJ���������6�������������
�������

.RZDOG� $�� 	 .LUNZRRG� 7� %� /� ������� &DQ DJLQJ EH SURJUDPPHG" $ FULWLFDO
OLWHUDWXUH UHYLHZ� $JLQJ &HOO� ������ ���±���� KWWS���GRL�RUJ���������DFHO������

.XEEHQ� 1�� 	 0LVWHOL� 7� ������� 6KDUHG PROHFXODU DQG FHOOXODU PHFKDQLVPV RI
SUHPDWXUH DJHLQJ DQG DJHLQJ�DVVRFLDWHG GLVHDVHV� 1DW� 5HY� 0RO� &HOO %LRO��
������� ���±���� KWWS���GRL�RUJ���������QUP��������

.XKQ� 0�� /HWXQLF� ,�� -HQVHQ� /� -�� 	 %RUN� 3� ������� 7KH 6,'(5 GDWDEDVH RI
GUXJV DQG VLGH HIIHFWV� 1XFOHLF $FLGV 5HV�� ���'��� '����±�� KWWS���GRL�RUJ����
�����QDU�JNY����

.XQGX� 3�� /HH� +� 8�� *DUFLD�3HUH]� ,�� 7D\� (� ;� <�� .LP� +�� )D\ORQ� /� (�� «
3HWWHUVVRQ� 6� ������� 1HXURJHQHVLV DQG SURORQJHYLW\ VLJQDOLQJ LQ \RXQJ JHUP�
IUHH PLFH WUDQVSODQWHG ZLWK WKH JXW PLFURELRWD RI ROG PLFH� 6FL� 7UDQVO� 0HG��
�������� KWWS���GRL�RUJ���������VFLWUDQVOPHG�DDX����

/DPE� -�� &UDZIRUG� (� '�� 3HFN� '�� 0RGHOO� -� :�� %ODW� ,� &�� :UREHO� 0� -�� «
*ROXE� 7� 5� ������� 7KH FRQQHFWLYLW\ PDS� 8VLQJ JHQH�H[SUHVVLRQ VLJQDWXUHV
WR FRQQHFW VPDOO PROHFXOHV� JHQHV� DQG GLVHDVH� 6FLHQFH� ���������� ����±
����� KWWS���GRL�RUJ���������VFLHQFH��������

/DQH� 0� $�� 	 %DLOH\� 6� -� ������� 5ROH RI UHWLQRLG VLJQDOOLQJ LQ WKH DGXOW EUDLQ�
3URJ� 1HXURELRO�� ������ ���±���� KWWS���GRL�RUJ���������M�SQHXURELR���������
���

/DQJPHDG� &� -�� :DWVRQ� -�� 	 5HDYLOO� &� ������� 0XVFDULQLF DFHW\OFKROLQH UHFHS�
WRUV DV &16 GUXJ WDUJHWV� 3KDUPDFRO� 7KHU�� ������� ���±���� KWWS���GRL�RUJ�
��������M�SKDUPWKHUD������������
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/DZ� 9�� .QR[� &�� 'MRXPERX� <�� -HZLVRQ� 7�� *XR� $� &�� /LX� <�� « :LVKDUW� '� 6�
������� 'UXJ%DQN ���� 6KHGGLQJ QHZ OLJKW RQ GUXJ PHWDEROLVP� 1XFOHLF $FLGV
5HV�� ���'DWDEDVH LVVXH�� '����±�� KWWS���GRL�RUJ���������QDU�JNW����

/DZUHQFH� 0�� +XEHU� :�� 3DJqV� +�� $ER\RXQ� 3�� &DUOVRQ� 0�� *HQWOHPDQ� 5�� «
&DUH\� 9� -� ������� 6RIWZDUH IRU FRPSXWLQJ DQG DQQRWDWLQJ JHQRPLF UDQJHV�
3/R6&RPSXW� %LRO�� ����� H�������� KWWS���GRL�RUJ���������MRXUQDO�SFEL��������

/HHN� -� 7�� -RKQVRQ� :� (�� 3DUNHU� +� 6�� )HUWLJ� (� -�� -DIIH� $� (�� 6WRUH\� -� '��
« 7RUUHV� /� &� ������� 6YD� 6XUURJDWH YDULDEOH DQDO\VLV�

/HHN� -� 7�� 	 6WRUH\� -� '� ������� &DSWXULQJ KHWHURJHQHLW\ LQ JHQH H[SUHVVLRQ
VWXGLHV E\ VXUURJDWH YDULDEOH DQDO\VLV� 3/R6 *HQHW�� ����� ����±����� KWWS�
��GRL�RUJ���������MRXUQDO�SJHQ��������

/HKDOOLHU� %�� *DWH� '�� 6FKDXP� 1�� 1DQDVL� 7�� /HH� 6� (�� <RXVHI� +�� « :\VV�
&RUD\� 7� ������� 8QGXODWLQJ FKDQJHV LQ KXPDQ SODVPD SURWHRPH SURILOHV DFURVV
WKH OLIHVSDQ� 1DW� 0HG�� ������� ����±����� KWWS���GRL�RUJ���������V����������������

/HYLQH� 0� (�� /X� $� 7�� 4XDFK� $�� &KHQ� %� +�� $VVLPHV� 7� /�� %DQGLQHOOL� 6�� «
+RUYDWK� 6� ������� $Q HSLJHQHWLF ELRPDUNHU RI DJLQJ IRU OLIHVSDQ DQG KHDOWKVSDQ�
$JLQJ� ������ ���±���� KWWS���GRL�RUJ����������DJLQJ�������

/L� <�� 6XQ� +�� &KHQ� =�� ;X� +�� %X� *�� 	 =KHQJ� +� ������� ,PSOLFDWLRQV RI
*$%$HUJLF QHXURWUDQVPLVVLRQ LQ DO]KHLPHU¶V GLVHDVH� )URQW� $JLQJ 1HXURVFL��
�� ��� KWWS���GRL�RUJ���������IQDJL�����������

/L� =�� :ULJKW� )� $�� 	 5R\ODQG� -� ������� $JH�GHSHQGHQW YDULDELOLW\ LQ JHQH H[�
SUHVVLRQ LQ PDOH ILVFKHU ��� UDW UHWLQD� 7R[LFRO� 6FL�� ������� ���±���� KWWS�
��GRL�RUJ���������WR[VFL�NIQ���

/LX� %�� )DQ� =�� (GJHUWRQ� 6� 0�� <DQJ� ;�� /LQG� 6� (�� 	 7KRU� $� '� ������� 3R�
WHQW DQWL�SUROLIHUDWLYH HIIHFWV RI PHWIRUPLQ RQ WUDVWX]XPDE�UHVLVWDQW EUHDVW FDQ�
FHU FHOOV YLD LQKLELWLRQ RI HUE%��,*)�� UHFHSWRU LQWHUDFWLRQV� &HOO &\FOH� �������
����±����� KWWS���GRL�RUJ���������FF������������

/LX� +�� *XR� 0�� ;XH� 7�� *XDQ� -�� /XR� /�� 	 =KXDQJ� =� ������� 6FUHHQLQJ
OLIHVSDQ�H[WHQGLQJ GUXJV LQ &DHQRUKDEGLWLV HOHJDQV YLD ODEHO SURSDJDWLRQ RQ
GUXJ�SURWHLQ QHWZRUNV� %0& 6\VWHPV %LRORJ\� ������ ���±���� KWWS���GRL�RUJ�
��������V����������������
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��� 5HIHUHQFHV

/RGDWR� 0� $�� 5RGLQ� 5� (�� %RKUVRQ� &� /�� &RXOWHU� 0� (�� %DUWRQ� $� 5�� .ZRQ�
0�� « :DOVK� &� $� ������� $JLQJ DQG QHXURGHJHQHUDWLRQ DUH DVVRFLDWHG ZLWK
LQFUHDVHG PXWDWLRQV LQ VLQJOH KXPDQ QHXURQV� 6FLHQFH� ���������� ���±����
KWWS���GRL�RUJ���������VFLHQFH�DDR����

/RGDWR� 0� $�� 	:DOVK� &� $� ������� &RUULJHQGXP� *HQRPH DJLQJ� 6RPDWLF PXWD�
WLRQ LQ WKH EUDLQ OLQNV DJH�UHODWHG GHFOLQH ZLWK GLVHDVH DQG QRPLQDWHV SDWKRJHQLF
PHFKDQLVPV� +XP� 0RO� *HQHW�� ������ ���� KWWS���GRL�RUJ���������KPJ�GG]���

/RK� 3��5� ������� %2/7�/00 Y�� ��� XVHU PDQXDO�

/RK� 3��5�� 7XFNHU� *�� %XOLN�6XOOLYDQ� %� .�� 9LOKMiOPVVRQ� %� -�� )LQXFDQH� +� .��
6DOHP� 5� 0�� « 3ULFH� $� /� ������� (IILFLHQW ED\HVLDQ PL[HG�PRGHO DQDO\VLV
LQFUHDVHV DVVRFLDWLRQ SRZHU LQ ODUJH FRKRUWV� 1DW� *HQHW�� ������ ���±����
KWWS���GRL�RUJ���������QJ�����

/RPEDUG� '� %�� &KXD� .� )�� 0RVWRVODYVN\� 5�� )UDQFR� 6�� *RVWLVVD� 0�� 	 $OW� )�
:� ������� '1$ 5HSDLU� *HQRPH 6WDELOLW\� DQG $JLQJ� &HOO� ������� ���±����
KWWS���GRL�RUJ���������M�FHOO������������

/ySH]�2WÕғQ� &�� %ODVFR� 0� $�� 3DUWULGJH� /�� 6HUUDQR� 0�� 	 .URHPHU� *� �������
7KH KDOOPDUNV RI DJLQJ� &HOO� ������� ����±����� KWWS���GRL�RUJ���������M�FHOO�
�����������

/X� 7�� 3DQ� <�� .DR� 6��<�� /L� &�� .RKDQH� ,�� &KDQ� -�� 	 <DQNQHU� %� $� �������
*HQH UHJXODWLRQ DQG'1$ GDPDJH LQ WKH DJHLQJ KXPDQ EUDLQ� 1DWXUH� ����������
���±���� KWWS���GRL�RUJ���������QDWXUH�����

/XFDQLF� 0�� /LWKJRZ� *� -�� 	 $ODYH]� 6� ������� 3KDUPDFRORJLFDO OLIHVSDQ H[�
WHQVLRQ RI LQYHUWHEUDWHV� $JHLQJ 5HV� 5HY�� ������ ���±���� KWWS���GRL�RUJ����
�����M�DUU������������

/\QFK� 0� ������� 5DWH� PROHFXODU VSHFWUXP� DQG FRQVHTXHQFHV RI KXPDQ PXWD�
WLRQ� 3URF� 1DWO� $FDG� 6FL� 8� 6� $�� ������� ���±���� KWWS���GRL�RUJ���������
SQDV�����������

0D� 6�� 8SQHMD� $�� *DOHFNL� $�� 7VDL� <��0�� %XUDQW� &� )�� 5DVNLQG� 6�� «*ODG\VKHY�
9� 1� ������� &HOO FXOWXUH�EDVHG SURILOLQJ DFURVV PDPPDOV UHYHDOV '1$ UHSDLU
DQG PHWDEROLVP DV GHWHUPLQDQWV RI VSHFLHV ORQJHYLW\� (OLIH� �� KWWS���GRL�RUJ����
�����H/LIH������

http://doi.org/10.1126/science.aao4426
http://doi.org/10.1093/hmg/ddz286
http://doi.org/10.1038/ng.3190
http://doi.org/10.1016/j.cell.2005.01.028
http://doi.org/10.1016/j.cell.2013.05.039
http://doi.org/10.1016/j.cell.2013.05.039
http://doi.org/10.1038/nature02661
http://doi.org/10.1016/j.arr.2012.06.006
http://doi.org/10.1016/j.arr.2012.06.006
http://doi.org/10.1073/pnas.0912629107
http://doi.org/10.1073/pnas.0912629107
http://doi.org/10.7554/eLife.19130
http://doi.org/10.7554/eLife.19130


5HIHUHQFHV ���

0DHFKOHU� 0�� 5RXVVHHXZ� 3�� 6WUX\I� $�� +XEHUW� 0�� 	 +RUQLN� .� ������� &OXVWHU�
&OXVWHU DQDO\VLV EDVLFV DQG H[WHQVLRQV�

0DJDOKmHV� -� 3� GH� &XUDGR� -�� 	 &KXUFK� *� 0� ������� 0HWD�DQDO\VLV RI DJH�
UHODWHG JHQH H[SUHVVLRQ SURILOHV LGHQWLILHV FRPPRQ VLJQDWXUHV RI DJLQJ� %LRLQ�
IRUPDWLFV� ������ ���±���� KWWS���GRL�RUJ���������ELRLQIRUPDWLFV�EWS���

0DKHVKUL� 1�� 	 2¶6KHD� (� .� ������� /LYLQJ ZLWK 1RLV\ *HQHV� +RZ &HOOV )XQF�
WLRQ 5HOLDEO\ ZLWK ,QKHUHQW 9DULDELOLW\ LQ *HQH ([SUHVVLRQ� $QQXDO 5HYLHZ RI
%LRSK\VLFV DQG %LRPROHFXODU 6WUXFWXUH� ������ ���±���� KWWS���GRL�RUJ���������
DQQXUHY�ELRSK\V�����������������

0DKPRXGL� (�� 	 &DLUQV� 0� -� ������� &LUFXODU 51$V DUH WHPSRURVSDWLDOO\ UHJ�
XODWHG WKURXJKRXW GHYHORSPHQW DQG DJHLQJ LQ WKH UDW� 6FL� 5HS�� ����� �����
KWWS���GRL�RUJ���������V�����������������

0DLU� :�� 	 'LOOLQ� $� ������� $JLQJ DQG VXUYLYDO� 7KH JHQHWLFV RI OLIH VSDQ H[WHQVLRQ
E\ GLHWDU\ UHVWULFWLRQ� $QQX� 5HY� %LRFKHP�� ��� ���±���� KWWS���GRL�RUJ����
�����DQQXUHY�ELRFKHP�����������������

0DQQ� $�� 0LNV\V� 6� /�� *DHGLJN� $�� .LVK� 6� -�� 0DVK� '� &�� 	 7\QGDOH� 5� )�
������� 7KH QHXURSURWHFWLYH HQ]\PH &<3�'� LQFUHDVHV LQ WKH EUDLQ ZLWK DJH
DQG LV ORZHU LQ SDUNLQVRQ¶V GLVHDVH SDWLHQWV� 1HXURELRO� $JLQJ� ������ ����±
����� KWWS���GRL�RUJ���������M�QHXURELRODJLQJ������������

0DQQLFN� -� %�� 'HO *LXGLFH� *�� /DWWDQ]L� 0�� 9DOLDQWH� 1� 0�� 3UDHVWJDDUG� -��
+XDQJ� %�� « .OLFNVWHLQ� /� %� ������� P725 LQKLELWLRQ LPSURYHV LPPXQH IXQF�
WLRQ LQ WKH HOGHUO\� 6FL� 7UDQVO� 0HG�� ������� ���UD���� KWWS���GRL�RUJ���������
VFLWUDQVOPHG��������

0DUHQJRQL� $�� $QJOHPDQ� 6�� 0HOLV� 5�� 0DQJLDODVFKH� )�� .DUS� $�� *DUPHQ� $��
« )UDWLJOLRQL� /� ������� $JLQJ ZLWK PXOWLPRUELGLW\� $ V\VWHPDWLF UHYLHZ RI WKH
OLWHUDWXUH� $JHLQJ 5HVHDUFK 5HYLHZV� ������ ���±���� KWWS���GRL�RUJ���������M�
DUU������������

0DUWLQFRUHQD� ,�� 	 &DPSEHOO� 3� -� ������� 6RPDWLF PXWDWLRQ LQ FDQFHU DQG QRUPDO
FHOOV� 6FLHQFH� ���������� ����±����� KWWS���GRL�RUJ���������VFLHQFH�DDE����

0DUWLQH]�-LPHQH]� &� 3�� (OLQJ� 1�� &KHQ� +��&�� 9DOOHMRV� &� $�� .RORG]LHMF]\N� $�
$�� &RQQRU� )�� «2GRP� '� 7� ������� $JLQJ LQFUHDVHV FHOO�WR�FHOO WUDQVFULSWLRQDO
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YDULDELOLW\ XSRQ LPPXQH VWLPXODWLRQ� 6FLHQFH� ���������� ����±����� KWWS�
��GRL�RUJ���������VFLHQFH�DDK����

0DUWLQV� 5�� /LWKJRZ� *� -�� 	 /LQN� :� ������� /RQJ OLYH )2;2� XQUDYHOLQJ WKH
UROH RI )2;2 SURWHLQV LQ DJLQJ DQG ORQJHYLW\� $JLQJ &HOO� ������ ���±���� KWWS�
��GRL�RUJ���������DFHO������

0DUWWLOD� 6�� &KDWVLULVXSDFKDL� .�� 3DOPHU� '�� 	 0DJDOKmHV� -� 3� GH� �������
$JHLQJ�DVVRFLDWHG FKDQJHV LQ WKH H[SUHVVLRQ RI OQF51$V LQ KXPDQ WLVVXHV UH�
IOHFW D WUDQVFULSWLRQDO PRGXODWLRQ LQ DJHLQJ SDWKZD\V� 0HFK� $JHLQJ 'HY�� ����
������� KWWS���GRL�RUJ���������M�PDG������������

0DWKHX� $�� 0DUDYHU� $�� &ROODGR� 0�� *DUFLD�&DR� ,�� &DxDPHUR� 0�� %RUUDV� &�� «
6HUUDQR� 0� ������� $QWL�DJLQJ DFWLYLW\ RI WKH ,QN��$UI ORFXV� $JLQJ &HOO� �����
���±���� KWWS���GRL�RUJ���������M����������������������[

0DWWLVRQ� -� $�� 5RWK� *� 6�� %HDVOH\� 7� 0�� 7LOPRQW� (� 0�� +DQG\� $� 0�� +HUEHUW� 5�
/�� « &DER� 5� GH� ������� ,PSDFW RI FDORULF UHVWULFWLRQ RQ KHDOWK DQG VXUYLYDO
LQ UKHVXV PRQNH\V IURP WKH 1,$ VWXG\� 1DWXUH� ���������� ���±���� KWWS�
��GRL�RUJ���������QDWXUH�����

0DW\V� 9�� )ULFNH� (�� *HIIHUV� 5�� *|VVOLQJ� (�� +DXEURFN� 0�� +HKO� 5�� « :LQJHQ�
GHU� (� ������� 75$16)$&� WUDQVFULSWLRQDO UHJXODWLRQ� IURP SDWWHUQV WR SURILOHV�
1XFOHLF $FLGV 5HVHDUFK� ������ ���±�� KWWS���GRL�RUJ���������QDU�JNJ���

0D[ 5RVHU� (� 2��2�� 	 5LWFKLH� +� ������� /LIH H[SHFWDQF\� 2XU :RUOG LQ 'DWD�

0D\FR[� 3� 5�� .HOO\� )�� 7D\ORU� $�� %DWHV� 6�� 5HLG� -�� /RJHQGUD� 5�� « %HOOHURFKH�
-� GH� ������� $QDO\VLV RI JHQH H[SUHVVLRQ LQ WZR ODUJH VFKL]RSKUHQLD FRKRUWV
LGHQWLILHV PXOWLSOH FKDQJHV DVVRFLDWHG ZLWK QHUYH WHUPLQDO IXQFWLRQ� 0RO� 3V\�
FKLDWU\� ������� ����±����� KWWS���GRL�RUJ���������PS��������

0F&DUUROO� 6� $�� 0XUSK\� &� 7�� =RX� 6�� 3OHWFKHU� 6� '�� &KLQ� &��6�� -DQ� <� 1�� «
/L� +� ������� &RPSDULQJ JHQRPLF H[SUHVVLRQ SDWWHUQV DFURVV VSHFLHV LGHQWLILHV
VKDUHG WUDQVFULSWLRQDO SURILOH LQ DJLQJ� 1DW� *HQHW�� ������ ���±���� KWWS���GRL�
RUJ���������QJ����

0F&OHOODQ� $� -�� ;LD� <�� 'HXWVFKEDXHU� $� 0�� 'DYLV� 5� :�� *HUVWHLQ� 0�� 	
)U\GPDQ� -� ������� 'LYHUVH FHOOXODU IXQFWLRQV RI WKH KVS�� PROHFXODU FKDS�
HURQH XQFRYHUHG XVLQJ V\VWHPV DSSURDFKHV� &HOO� ������� ���±���� KWWS�
��GRL�RUJ���������M�FHOO������������
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0F'RQDOG� 3�� 0DL]L� %� 0�� 	 $UNLQJ� 5� ������� &KHPLFDO UHJXODWLRQ RI PLG� DQG
ODWH�OLIH ORQJHYLWLHV LQ GURVRSKLOD� ([S� *HURQWRO�� ������ ���±���� KWWS���GRL�
RUJ���������M�H[JHU������������

0HGDZDU� 3� %� ������� 8QVROYHG SUREOHP RI ELRORJ\� 0HG� -� $XVW�� ������ ���±
����

0HGYHGHY� =� $� ������� $Q DWWHPSW DW D UDWLRQDO FODVVLILFDWLRQ RI WKHRULHV RI DJHLQJ�
%LRO� 5HY� &DPE� 3KLORV� 6RF�� ������ ���±����

0HQQL� &�� .DVWHQP�OOHU� *�� 3HWHUVHQ� $� .�� %HOO� -� 7�� 3VDWKD� 0�� 7VDL� 3��&�� «
9DOGHV� $� 0� ������� 0HWDERORPLF PDUNHUV UHYHDO QRYHO SDWKZD\V RI DJHLQJ
DQG HDUO\ GHYHORSPHQW LQ KXPDQ SRSXODWLRQV� ,QW� -� (SLGHPLRO�� ������ ����±
����� KWWS���GRL�RUJ���������LMH�G\W���

0HULQJ� &� YRQ� -HQVHQ� /� -�� 6QHO� %�� +RRSHU� 6� '�� .UXSS� 0�� )RJOLHULQL� 0��
« %RUN� 3� ������� 675,1*� NQRZQ DQG SUHGLFWHG SURWHLQ�SURWHLQ DVVRFLD�
WLRQV� LQWHJUDWHG DQG WUDQVIHUUHG DFURVV RUJDQLVPV� 1XFOHLF $FLGV 5HVHDUFK�
���'DWDEDVH LVVXH�� '���±�� KWWS���GRL�RUJ���������QDU�JNL���

0HWIRUPLQ� �Q�G��� KWWSV���ZZZ�GUXJEDQN�FD�GUXJV�'%������

0+& UHJLRQ RI WKH KXPDQ JHQRPH � JHQRPH UHIHUHQFH FRQVRUWLXP� �Q�G��� KWWSV�
��ZZZ�QFEL�QOP�QLK�JRY�JUF�KXPDQ�UHJLRQV�0+&"DVP *5&K���

0LOOHU� -� $�� 'LQJ� 6��/�� 6XQNLQ� 6� 0�� 6PLWK� .� $�� 1J� /�� 6]DIHU� $�� « /HLQ�
(� 6� ������� 7UDQVFULSWLRQDO ODQGVFDSH RI WKH SUHQDWDO KXPDQ EUDLQ� 1DWXUH�
���������� ���±���� KWWS���GRL�RUJ���������QDWXUH�����

0RILGLIDU� 6�� 6RKUDE\� )�� %DJKHUL� 0�� 	 $U\DSRXU� +� ������� 5HSXUSRVLQJ H[LVW�
LQJ GUXJV IRU QHZ $03. DFWLYDWRUV DV D VWUDWHJ\ WR H[WHQG OLIHVSDQ� D FRPSXWHU�
DLGHG GUXJ GLVFRYHU\ VWXG\� %LRJHURQWRORJ\� KWWS���GRL�RUJ���������V���������������[

0RQWHUR� 3�� 	 9LODU� -� ������� 76FOXVW� $Q 5 SDFNDJH IRU WLPH VHULHV FOXVWHULQJ�
-RXUQDO RI 6WDWLVWLFDO 6RIWZDUH� $UWLFOHV� ������ �±��� KWWS���GRL�RUJ����������
MVV�Y����L��

0RUULVRQ� -� +�� 	 %D[WHU� 0� *� ������� 7KH DJHLQJ FRUWLFDO V\QDSVH� KDOOPDUNV
DQG LPSOLFDWLRQV IRU FRJQLWLYH GHFOLQH� 1DWXUH 5HYLHZV� 1HXURVFLHQFH� ������
���±���� KWWS���GRL�RUJ���������QUQ����
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��� 5HIHUHQFHV

0RVNDOHY� $�� &KHUQ\DJLQD� (�� 0DJDOKmHV� -� 3� GH� %DUDUGR� '�� 7KRSSLO� +��
6KDSRVKQLNRY� 0�� « =KDYRURQNRY� $� ������� *HURSURWHFWRUV�RUJ� $ QHZ�
VWUXFWXUHG DQG FXUDWHG GDWDEDVH RI FXUUHQW WKHUDSHXWLF LQWHUYHQWLRQV LQ DJLQJ
DQG DJH�UHODWHG GLVHDVH� $JLQJ� ����� ���±���� KWWS���GRL�RUJ����������DJLQJ�
������

0XNKHUMHH� 6�� 'DWH� $�� 3DWUDYDOH� 9�� .RUWLQJ� +� &�� 5RHGHU� $�� 	 :HLQGO� *�
������� 5HWLQRLGV LQ WKH WUHDWPHQW RI VNLQ DJLQJ� $Q RYHUYLHZ RI FOLQLFDO HIILFDF\
DQG VDIHW\� &OLQ� ,QWHUY� $JLQJ� ����� ���±���� KWWS���GRL�RUJ���������FLLD������
�������

0XQJDQ� =�� 	 3ÕQDUEDúÕ ùLPúHN� %� ������� :KLFK GUXJV DUH ULVN IDFWRUV IRU WKH GH�
YHORSPHQW RI JDVWURHVRSKDJHDO UHIOX[ GLVHDVH" 7XUN� -� *DVWURHQWHURO�� ���6XSSO
��� 6��±6��� KWWS���GRL�RUJ���������WMJ��������

0XUDELWR� -� 0�� <XDQ� 5�� 	 /XQHWWD� .� /� ������� 7KH VHDUFK IRU ORQJHYLW\ DQG
KHDOWK\ DJLQJ JHQHV� ,QVLJKWV IURP HSLGHPLRORJLFDO VWXGLHV DQG VDPSOHV RI ORQJ�
OLYHG LQGLYLGXDOV� -� *HURQWRO� $ %LRO� 6FL� 0HG� 6FL�� ������ ���±���� KWWS�
��GRL�RUJ���������JHURQD�JOV���

1DGRQ� 1� /�� 6WURQJ� 5�� 0LOOHU� 5� $�� 	 +DUULVRQ� '� (� ������� ,Q )RFXV 1,$
,QWHUYHQWLRQV 7HVWLQJ 3URJUDP� ,QYHVWLJDWLQJ 3XWDWLYH $JLQJ ,QWHUYHQWLRQ $JHQWV
LQ D *HQHWLFDOO\ +HWHURJHQHRXV 0RXVH 0RGHO� KWWS���GRL�RUJ���������M�HELRP�
�����������

1DXPRYD� 2� <�� 3DOHMHY� '�� 9ODVRYD� 1� 9�� /HH� 0�� 5\FKNRY� 6� <�� %DELFK�
2� 1�� « *ULJRUHQNR� (� /� ������� $JH�UHODWHG FKDQJHV RI JHQH H[SUHVVLRQ
LQ WKH QHRFRUWH[� 3UHOLPLQDU\ GDWD RQ 51$�6HT RI WKH WUDQVFULSWRPH LQ WKUHH
IXQFWLRQDOO\ GLVWLQFW FRUWLFDO DUHDV� 'HY� 3V\FKRSDWKRO�� ������ ����±�����
KWWS���GRL�RUJ���������6����������������

1HOVRQ� *�� :RUGVZRUWK� -�� :DQJ� &�� -XUN� '�� /DZOHVV� &�� 0DUWLQ�5XL]� &�� 	
=JOLQLFNL� 7� YRQ� ������� $ VHQHVFHQW FHOO E\VWDQGHU HIIHFW� 6HQHVFHQFH�
LQGXFHG VHQHVFHQFH� $JLQJ&HOO� ������ ���±���� KWWS���GRL�RUJ���������M�����������
�����������[

1LFFROL� 7�� 	 3DUWULGJH� /� ������� $JHLQJ DV D ULVN IDFWRU IRU GLVHDVH� &XUU� %LRO��
������� 5���±��� KWWS���GRL�RUJ���������M�FXE������������
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5HIHUHQFHV ���

1LVKLPXUD� 0�� 2FRUU� .�� %RGPHU� 5�� 	 &DUWU\� -� ������� 'URVRSKLOD DV D PRGHO
WR VWXG\ FDUGLDF DJLQJ� ([S� *HURQWRO�� ������ ���±���� KWWS���GRL�RUJ���������
M�H[JHU������������

1RYHOOH� 0� *�� :DKO� '�� 'LpJXH]� &�� %HUQLHU� 0�� 	 &DER� 5� GH� ������� 5HVYHU�
DWURO VXSSOHPHQWDWLRQ� :KHUH DUH ZH QRZ DQG ZKHUH VKRXOG ZH JR" $JHLQJ
5HV� 5HY�� ��� �±��� KWWS���GRL�RUJ���������M�DUU������������

1XVVH\� '� +�� )UR\� +�� /HPDLWUH� -��)�� *DLOODUG� -��0�� 	 $XVWDG� 6� 1� �������
6HQHVFHQFH LQ QDWXUDO SRSXODWLRQV RI DQLPDOV� :LGHVSUHDG HYLGHQFH DQG LWV
LPSOLFDWLRQV IRU ELR�JHURQWRORJ\� $JHLQJ 5HV� 5HY�� ������ ���±���� KWWS���GRL�
RUJ���������M�DUU������������

2EHQFKDLQ� 9�� /DZUHQFH� 0�� &DUH\� 9�� *RJDUWHQ� 6�� 6KDQQRQ� 3�� 	 0RUJDQ� 0�
������� 9DULDQW$QQRWDWLRQ� $ ELRFRQGXFWRU SDFNDJH IRU H[SORUDWLRQ DQG DQQR�
WDWLRQ RI JHQHWLF YDULDQWV� %LRLQIRUPDWLFV� ������� ����±����� KWWS���GRL�RUJ����
�����ELRLQIRUPDWLFV�EWX���

2¶&RQQRU� /� -�� 	 3ULFH� $� /� ������� 'LVWLQJXLVKLQJ JHQHWLF FRUUHODWLRQ IURP FDX�
VDWLRQ DFURVV �� GLVHDVHV DQG FRPSOH[ WUDLWV� 1DW� *HQHW�� ������� ����±�����
KWWS���GRL�RUJ���������V����������������

2HSSHQ� -�� 	 9DXSHO� -� :� ������� 'HPRJUDSK\� %URNHQ OLPLWV WR OLIH H[SHFWDQF\�
6FLHQFH� ���������� ����±����� KWWS���GRL�RUJ���������VFLHQFH��������

2ORYQLNRY� $� 0� ������� 7HORPHUHV� WHORPHUDVH� DQG DJLQJ� 2ULJLQ RI WKH WKHRU\�
([S� *HURQWRO�� ������ ���±���� KWWS���GRL�RUJ�����������������������������

2OVKDQVN\� 6� -� ������� $JHLQJ� 0HDVXULQJ RXU QDUURZ VWULS RI OLIH� 1DWXUH� ����������
���±���� KWWS���GRL�RUJ���������QDWXUH�����

2OVKDQVN\� 6� -�� &DUQHV� %� $�� 	 &DVVHO� &� ������� ,Q VHDUFK RI PHWKXVHODK�
(VWLPDWLQJ WKH XSSHU OLPLWV WR KXPDQ ORQJHYLW\� 6FLHQFH� ���������� ���±����
KWWS���GRL�RUJ���������VFLHQFH��������

2OVKDQVN\� 6� -�� &DUQHV� %� $�� 	 'pVHVTXHOOHV� $� ������� 'HPRJUDSK\� 3URVSHFWV
IRU KXPDQ ORQJHYLW\� 6FLHQFH� ���������� ����±����� KWWS���GRL�RUJ���������
VFLHQFH��������������

2UL� $�� 7R\DPD� %� +�� +DUULV� 0� 6�� %RFN� 7�� ,VNDU� 0�� %RUN� 3�� « %HFN� 0�
������� ,QWHJUDWHG WUDQVFULSWRPH DQG SURWHRPH DQDO\VHV UHYHDO 2UJDQ�6SHFLILF
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��� 5HIHUHQFHV

SURWHRPH GHWHULRUDWLRQ LQ ROG UDWV� &HOO 6\VWHPV� KWWS���GRL�RUJ���������M�FHOV�
�����������

2¶7RROH� 3�:�� 	 -HIIHU\� ,� %� ������� *XWPLFURELRWD DQG DJLQJ� 6FLHQFH� ����������
����±����� KWWS���GRL�RUJ���������VFLHQFH�DDF����

3DO� 6�� 	 7\OHU� -� .� ������� (SLJHQHWLFV DQG DJLQJ� 6FL $GY� ����� H��������
KWWS���GRL�RUJ���������VFLDGY��������

3DQ� +�� 	 )LQNHO� 7� ������� .H\ SURWHLQV DQG SDWKZD\V WKDW UHJXODWH OLIHVSDQ� -�
%LRO� &KHP�� �������� ����±����� KWWS���GRL�RUJ���������MEF�5����������

3DQDJLRWRX� 2� $�� ,RDQQLGLV� -� 3� $�� 	 *HQRPH�:LGH 6LJQLILFDQFH 3URMHFW� �������
:KDW VKRXOG WKH JHQRPH�ZLGH VLJQLILFDQFH WKUHVKROG EH" (PSLULFDO UHSOLFDWLRQ
RI ERUGHUOLQH JHQHWLF DVVRFLDWLRQV� ,QW� -� (SLGHPLRO�� ������ ���±���� KWWS�
��GRL�RUJ���������LMH�G\U���

3DUDPHVZDUDQ 1DLU� 1�� &KDOPHUV� /�� 3HWHUVRQ� *� 0�� %HUH]QLFNL� %� -�� &DVWHOLQR�
5� /�� 	 %HUH]QLFNL� /� 5� ������� +RVSLWDOL]DWLRQ LQ ROGHU SDWLHQWV GXH WR DGYHUVH
GUXJ UHDFWLRQV �WKH QHHG IRU D SUHGLFWLRQ WRRO� &OLQLFDO ,QWHUYHQWLRQV LQ $JLQJ� ���
���±���� KWWS���GRL�RUJ���������&,$�6�����

3DUN� -�� /HH� '��6�� &KULVWDNLV� 1� $�� 	 %DUDEiVL� $��/� ������� 7KH LPSDFW RI
FHOOXODU QHWZRUNV RQ GLVHDVH FRPRUELGLW\� 0RO� 6\VW� %LRO�� �� ���� KWWS���GRL�
RUJ���������PVE��������

3DUNHV� 0�� &RUWHV� $�� +HHO� '� $� YDQ� 	 %URZQ� 0� $� ������� *HQHWLF LQVLJKWV
LQWR FRPPRQ SDWKZD\V DQG FRPSOH[ UHODWLRQVKLSV DPRQJ LPPXQH�PHGLDWHG
GLVHDVHV� 1DW� 5HY� *HQHW�� ������ ���±���� KWWS���GRL�RUJ���������QUJ����

3DUWULGJH� /�� 'HHOHQ� -�� 	 6ODJERRP� 3� (� ������� )DFLQJ XS WR WKH JOREDO FKDO�
OHQJHV RI DJHLQJ� 1DWXUH� ���������� ��±��� KWWS���GRL�RUJ���������V����������������

3HDUVRQ� .� -�� %DXU� -� $�� /HZLV� .� 1�� 3HVKNLQ� /�� 3ULFH� 1� /�� /DELQVN\\� 1�� «
&DER� 5� GH� ������� 5HVYHUDWURO GHOD\V DJH�UHODWHG GHWHULRUDWLRQ DQG PLPLFV
WUDQVFULSWLRQDO DVSHFWV RI GLHWDU\ UHVWULFWLRQ ZLWKRXW H[WHQGLQJ OLIH VSDQ� &HOO
0HWDE�� ����� ���±���� KWWS���GRL�RUJ���������M�FPHW������������

3H¶HU� ,�� <HOHQVN\� 5�� $OWVKXOHU� '�� 	 'DO\� 0� ������� (VWLPDWLRQ RI WKH PXOWLSOH
WHVWLQJ EXUGHQ IRU JHQRPHZLGH DVVRFLDWLRQ VWXGLHV RI FRPPRQ YDULDQWV� 1DWXUH
3UHFHGLQJV� KWWS���GRL�RUJ���������QSUH�����������
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5HIHUHQFHV ���

3HWHUV� 0� -�� -RHKDQHV� 5�� 3LOOLQJ� /� &�� 6FKXUPDQQ� &�� &RQQHHO\� .� 1�� 3RZHOO�
-�� « -RKQVRQ� $� '� ������� 7KH WUDQVFULSWLRQDO ODQGVFDSH RI DJH LQ KXPDQ
SHULSKHUDO EORRG� 1DW� &RPPXQ�� �� ����� KWWS���GRL�RUJ���������QFRPPV����

3LFNUHOO� -� .�� %HULVD� 7�� /LX� -� =�� 6pJXUHO� /�� 7XQJ� -� <�� 	 +LQGV� '� $� �������
'HWHFWLRQ DQG LQWHUSUHWDWLRQ RI VKDUHG JHQHWLF LQIOXHQFHV RQ �� KXPDQ WUDLWV�
1DW� *HQHW�� ������ ���±���� KWWS���GRL�RUJ���������QJ�����

3LHJKROGW� 6�� 5LPEDFK� *�� 	 :DJQHU� $� (� ������� 7KH SK\WRHVWURJHQ SUXQHWLQ
DIIHFWV ERG\ FRPSRVLWLRQ DQG LPSURYHV ILWQHVV DQG OLIHVSDQ LQ PDOH GURVRSKLOD
PHODQRJDVWHU� )$6(% -�� ������ ���±���� KWWS���GRL�RUJ���������IM����������

3LOOLQJ� /� &�� .XR� &��/�� 6LFLQVNL� .�� 7DPRVDXVNDLWH� -�� .XFKHO� *� $�� +DUULHV�
/� :�� « 0HO]HU� '� ������� +XPDQ ORQJHYLW\� �� JHQHWLF ORFL DVVRFLDWHG LQ
������� 8. ELREDQN SDUWLFLSDQWV� $JLQJ� ������ ����±����� KWWS���GRL�RUJ����
������DJLQJ�������

3LxHUR� -�� 5DPÕғUH]�$QJXLWD� -� 0�� 6D�FK�3LWDUFK� -�� 5RQ]DQR� )�� &HQWHQR� (��
6DQ]� )�� 	 )XUORQJ� /� ,� ������� 7KH 'LV*H1(7 NQRZOHGJH SODWIRUP IRU GLV�
HDVH JHQRPLFV� ���� XSGDWH� 1XFOHLF $FLGV 5HV� KWWS���GRL�RUJ���������QDU�
JN]����

3RGXUL� $�� (YURQ\� *� '�� &DL� ;�� 	 :DOVK� &� $� ������� 6RPDWLF PXWDWLRQ�
JHQRPLF YDULDWLRQ� DQG QHXURORJLFDO GLVHDVH� 6FLHQFH� ���������� ��������
KWWS���GRL�RUJ���������VFLHQFH��������

3ROOHX[� )�� ,QFH�'XQQ� *�� 	 *KRVK� $� ������� 7UDQVFULSWLRQDO UHJXODWLRQ RI YHU�
WHEUDWH D[RQ JXLGDQFH DQG V\QDSVH IRUPDWLRQ� 1DWXUH 5HYLHZV 1HXURVFLHQFH�
����� ���±���� KWWS���GRL�RUJ���������QUQ����

3RXODLQ� 0�� +HUP� $�� 	 3HV� *� ������� 7KH EOXH ]RQHV� $UHDV RI H[FHSWLRQDO
ORQJHYLW\ DURXQG WKH ZRUOG� 9LHQQD <HDUE� 3RSXO� 5HV�� ��� ��±����

5DN\DQ� 9� .�� 'RZQ� 7� $�� 0DVODX� 6�� $QGUHZ� 7�� <DQJ� 7��3�� %H\DQ� +�� «
6SHFWRU� 7� '� ������� +XPDQ DJLQJ�DVVRFLDWHG '1$ K\SHUPHWK\ODWLRQ RFFXUV
SUHIHUHQWLDOO\ DW ELYDOHQW FKURPDWLQ GRPDLQV� *HQRPH 5HV�� ������ ���±����
KWWS���GRL�RUJ���������JU�����������

5DQGR� 7� $�� 	 &KDQJ� +� <� ������� $JLQJ� UHMXYHQDWLRQ� DQG HSLJHQHWLF UHSUR�
JUDPPLQJ� 5HVHWWLQJ WKH DJLQJ FORFN� &HOO� ��������� ��±��� KWWS���GRL�RUJ����
�����M�FHOO������������
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��� 5HIHUHQFHV

5HVYHUDWURO� �Q�G��� KWWSV���ZZZ�GUXJEDQN�FD�GUXJV�'%������

5LVTXHV� 5� $�� 	 .HQQHG\� 6� 5� ������� $JLQJ DQG WKH ULVH RI VRPDWLF FDQFHU�
DVVRFLDWHG PXWDWLRQV LQ QRUPDO WLVVXHV� 3/R6 *HQHW�� ������ H�������� KWWS�
��GRL�RUJ���������MRXUQDO�SJHQ��������

5LVVPDQ� 5� $�� 'H %ODV� $� /�� 	 $UPVWURQJ� '� 0� ������� *$%$�$� UHFHSWRUV
LQ DJLQJ DQG DO]KHLPHU¶V GLVHDVH� -� 1HXURFKHP�� ������� ����±����� KWWS�
��GRL�RUJ���������M����������������������[

5RELGD�6WXEEV� 6�� *ORYHU�&XWWHU� .�� /DPPLQJ� '�:�� 0L]XQXPD� 0�� 1DUDVLPKDQ�
6� '�� 1HXPDQQ�+DHIHOLQ� (�� « %ODFNZHOO� 7� .� ������� 725 VLJQDOLQJ DQG UD�
SDP\FLQ LQIOXHQFH ORQJHYLW\ E\ UHJXODWLQJ 6.1���1UI DQG '$)����)R[2� &HOO
0HWDE�� ������ ���±���� KWWS���GRL�RUJ���������M�FPHW������������

5RGLHU� )�� 	 &DPSLVL� -� ������� )RXU IDFHV RI FHOOXODU VHQHVFHQFH� -� &HOO %LRO��
������� ���±���� KWWS���GRL�RUJ���������MFE����������

5RGLQ� 5� (�� 	 :DOVK� &� $� ������� 6RPDWLF PXWDWLRQ LQ SHGLDWULF QHXURORJLFDO
GLVHDVHV� 3HGLDWU� 1HXURO�� ��� ��±��� KWWS���GRL�RUJ���������M�SHGLDWUQHXURO�
�����������

5RGUÕғJXH]� -� $�� 0DULJRUWD� 8�0�� +XJKHV� '� $�� 6SDWDUR� 1�� %RVFK� (�� 	 1DYDUUR�
$� ������� $QWDJRQLVWLF SOHLRWURS\ DQG PXWDWLRQ DFFXPXODWLRQ LQIOXHQFH KX�
PDQ VHQHVFHQFH DQG GLVHDVH� 1DW (FRO (YRO� ����� ��� KWWS���GRL�RUJ���������
V��������������

5RVVL� '� -�� %U\GHU� '�� 6HLWD� -�� 1XVVHQ]ZHLJ� $�� +RHLMPDNHUV� -�� 	 :HLVVPDQ�
,� /� ������� 'HILFLHQFLHV LQ '1$ GDPDJH UHSDLU OLPLW WKH IXQFWLRQ RI KDHPDWRSRL�
HWLF VWHP FHOOV ZLWK DJH� 1DWXUH� ���������� ���±���� KWWS���GRL�RUJ���������
QDWXUH�����

5RXLOODUG� $� '�� *XQGHUVHQ� *� :�� )HUQDQGH]� 1� )�� :DQJ� =�� 0RQWHLUR� &� '��
0F'HUPRWW� 0� *�� 	 0D¶D\DQ� $� ������� 7KH KDUPRQL]RPH� D FROOHFWLRQ RI
SURFHVVHG GDWDVHWV JDWKHUHG WR VHUYH DQG PLQH NQRZOHGJH DERXW JHQHV DQG
SURWHLQV� 'DWDEDVH� ����� EDZ���� KWWS���GRL�RUJ���������GDWDEDVH�EDZ���

5XELQV]WHLQ� '� &�� 0DULxR� *�� 	 .URHPHU� *� ������� $XWRSKDJ\ DQG $JLQJ� &HOO�
������� ���±���� KWWS���GRL�RUJ���������M�FHOO������������

5XVVHOO� 6� -�� 	 .DKQ� &� 5� ������� (QGRFULQH UHJXODWLRQ RI DJHLQJ� 1DW� 5HY�
0RO� &HOO %LRO�� ����� ���±���� KWWS���GRL�RUJ���������QUP����
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5HIHUHQFHV ���

6DOWKRXVH� 7� $� ������� :KHQ GRHV DJH�UHODWHG FRJQLWLYH GHFOLQH EHJLQ" 1HX�
URELRO� $JLQJ� ������ ���±���� KWWS���GRL�RUJ���������M�QHXURELRODJLQJ���������
���

6DQFKH]�9DOOH� -�� 7HMHUR� +�� )HUQDQGH]� -� 0�� -XDQ� '�� &DSHOOD� 6�� $O�6KDKURXU�
)�� « 9DOHQFLD� $� ������ 2FWREHU�� 8QYHLOLQJ WKH PROHFXODU EDVLV RI GLVHDVH
FR�RFFXUUHQFH� 7RZDUGV SHUVRQDOL]HG FRPRUELGLW\ SURILOHV� ELR5[LY� KWWS���GRL�
RUJ���������������

6FKPLG� 0�� 0DOLFNL� '�� 1RERUL� 7�� 5RVHQEDFK� 0� '�� &DPSEHOO� .�� &DUVRQ� '� $��
	 &DUUHUD� &� -� ������� +RPR]\JRXV GHOHWLRQV RI PHWK\OWKLRDGHQRVLQH SKRV�
SKRU\ODVH �07$3� DUH PRUH IUHTXHQW WKDQ S��,1.�$ �&'.1�� KRPR]\JRXV
GHOHWLRQV LQ SULPDU\ QRQ�VPDOO FHOO OXQJ FDQFHUV �16&/&�� 2QFRJHQH� �������
����±����� KWWS���GRL�RUJ���������VM�RQF��������

6FKUDWW� *� ������� PLFUR51$V DW WKH V\QDSVH� 1DWXUH 5HYLHZV 1HXURVFLHQFH�
������� ���±���� KWWS���GRL�RUJ���������QUQ����

6HLGHO� -�� 	 9DOHQ]DQR� '� 5� ������� 7KH UROH RI WKH JXW PLFURELRPH GXULQJ KRVW
DJHLQJ� )����5HV�� �� KWWS���GRL�RUJ����������I����UHVHDUFK��������

6HLP� ,�� 0D� 6�� =KRX� ;�� *HUDVKFKHQNR� 0� 9�� /HH� 6��*�� 6X\GDP� 5�� « *ODG\�
VKHY� 9� 1� ������� 7KH WUDQVFULSWRPH RI WKH ERZKHDG ZKDOH EDODHQD P\VWLFH�
WXV UHYHDOV DGDSWDWLRQV RI WKH ORQJHVW�OLYHG PDPPDO� $JLQJ� ������ ���±����
KWWS���GRL�RUJ����������DJLQJ�������

6KDPDQQD� 5� $�� /X� +�� &URWHDX� '� /�� $URUD� $�� $JDUZDO� '�� %DOO� *�� « %RKU�
9� $� ������� &DPSWRWKHFLQ WDUJHWV :51 SURWHLQ� 0HFKDQLVP DQG UHOHYDQFH
LQ FOLQLFDO EUHDVW FDQFHU� 2QFRWDUJHW� ������ �����±������ KWWS���GRL�RUJ����
������RQFRWDUJHW�����

6KD\� -� :� ������� 7HORPHUHV DQG DJLQJ� &XUU� 2SLQ� &HOO %LRO�� ��� �±�� KWWS�
��GRL�RUJ���������M�FHE������������

6LUROLPXV� �Q�G��� KWWSV���ZZZ�GUXJEDQN�FD�GUXJV�'%������

6OLHNHU� 5� &�� ,WHUVRQ� 0� YDQ� /XLMN� 5�� %HHNPDQ� 0�� =KHUQDNRYD� '� 9�� 0RHG�
0� +�� « +HLMPDQV� %� 7� ������� $JH�UHODWHG DFFUXDO RI PHWK\ORPLF YDULDELOLW\
LV OLQNHG WR IXQGDPHQWDO DJHLQJ PHFKDQLVPV� *HQRPH %LRO�� ������ ���� KWWS�
��GRL�RUJ���������V����������������

6PLWK� -� 0� ������� *URXS VHOHFWLRQ� 4� 5HY� %LRO�� ������ ���±����
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��� 5HIHUHQFHV

6PLWK� 3�� :LOOHPVHQ� '�� 3RSNHV� 0�� 0HWJH� )�� *DQGLZD� (�� 5HLFKDUG� 0�� 	
9DOHQ]DQR� '� 5� ������� 5HJXODWLRQ RI OLIH VSDQ E\ WKH JXW PLFURELRWD LQ WKH
VKRUW�OLYHG DIULFDQ WXUTXRLVH NLOOLILVK� (OLIH� �� KWWS���GRL�RUJ���������H/LIH������

6QHOO� 7� :�� -RKQVWRQ� 5� .�� 0DWWKHZV� $� %�� =KRX� +�� *DR� 0�� 	 6NROQLFN� -�
������� 5HSXUSRVHG )'$�DSSURYHG GUXJV WDUJHWLQJ JHQHV LQIOXHQFLQJ DJLQJ
FDQ H[WHQG OLIHVSDQ DQG KHDOWKVSDQ LQ URWLIHUV� %LRJHURQWRORJ\� KWWS���GRL�RUJ�
��������V����������������

6QHOO� 7� :�� -RKQVWRQ� 5� .�� 6ULQLYDVDQ� %�� =KRX� +�� *DR� 0�� 	 6NROQLFN� -�
������� 5HSXUSRVLQJ )'$�DSSURYHG GUXJV IRU DQWL�DJLQJ WKHUDSLHV� %LRJHURQ�
WRORJ\� �������� ���±���� KWWS���GRL�RUJ���������V���������������[

6RORYLHII� 1�� &RWVDSDV� &�� /HH� 3� +�� 3XUFHOO� 6� 0�� 	 6PROOHU� -� :� �������
3OHLRWURS\ LQ FRPSOH[ WUDLWV� &KDOOHQJHV DQG VWUDWHJLHV� 1DW� 5HY� *HQHW��
������ ���±���� KWWS���GRL�RUJ���������QUJ����

6RPHO� 0�� *XR� 6�� )X� 1�� <DQ� =�� +X� +� <�� ;X� <�� « .KDLWRYLFK� 3� ������� 0L�
FUR51$� P51$� DQG SURWHLQ H[SUHVVLRQ OLQN GHYHORSPHQW DQG DJLQJ LQ KXPDQ
DQG PDFDTXH EUDLQ� *HQRPH 5HV�� ������ ����±����� KWWS���GRL�RUJ���������
JU�����������

6RPHO� 0�� .KDLWRYLFK� 3�� %DKQ� 6�� 3llER� 6�� 	 /DFKPDQQ� 0� ������� *HQH
H[SUHVVLRQ EHFRPHV KHWHURJHQHRXV ZLWK DJH� &XUU� %LRO�� ������� 5���±���
KWWS���GRL�RUJ���������M�FXE������������

6RPHO� 0�� /LX� ;�� 7DQJ� /�� <DQ� =�� +X� +�� *XR� 6�� « .KDLWRYLFK� 3� �������
0LFUR51$�GULYHQ GHYHORSPHQWDO UHPRGHOLQJ LQ WKH EUDLQ GLVWLQJXLVKHV KXPDQV
IURP RWKHU SULPDWHV� 3/R6%LRO�� ������ H�������� KWWS���GRL�RUJ���������MRXUQDO�
SELR��������

6RXVD�)UDQFR� $�� 5HEHOR� .�� 5RFKD� 6� 7� GD� 	 %HUQDUGHV GH -HVXV� %� �������
/QF51$V UHJXODWLQJ VWHPQHVV LQ DJLQJ� $JLQJ &HOO� ������ H������

6RZHOO� (� 5�� 7KRPSVRQ� 3� 0�� 	 7RJD� $� :� ������� 0DSSLQJ &KDQJHV LQ WKH
+XPDQ&RUWH[ WKURXJKRXW WKH 6SDQ RI /LIH� 7KH1HXURVFLHQWLVW� ������ ���±����
KWWS���GRL�RUJ�������������������������

6WHIDQL� *�� 	 6ODFN� )� -� ������� 6PDOO QRQ�FRGLQJ 51$V LQ DQLPDO GHYHORSPHQW�
1DWXUH 5HYLHZV 0ROHFXODU &HOO %LRORJ\� ����� ���±���� KWWS���GRL�RUJ���������
QUP����
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5HIHUHQFHV ���

6WHJHPDQ� 5�� 	 :HDNH� 9� 0� ������� 7UDQVFULSWLRQDO VLJQDWXUHV RI DJLQJ� -� 0RO�
%LRO�� �������� ����±����� KWWS���GRL�RUJ���������M�MPE������������

6WHSKHQVRQ� -� '�� /DVNRZVNL� 5� $�� 1LJKWLQJDOH� $�� +XUOHV� 0� (�� 	 7KRUQWRQ�
-� 0� ������� 9DU0DS� $ ZHE WRRO IRU PDSSLQJ JHQRPLF FRRUGLQDWHV WR SURWHLQ
VHTXHQFH DQG VWUXFWXUH DQG UHWULHYLQJ SURWHLQ VWUXFWXUDO DQQRWDWLRQV� %LRLQIRU�
PDWLFV� KWWS���GRL�RUJ���������ELRLQIRUPDWLFV�EW]���

6WURQJ� 5�� 0LOOHU� 5� $�� $VWOH� &� 0�� %DXU� -� $�� &DER� 5� GH� )HUQDQGH]� (�� «
+DUULVRQ� '� (� ������� (YDOXDWLRQ RI UHVYHUDWURO� JUHHQ WHD H[WUDFW� FXUFXPLQ�
R[DORDFHWLF DFLG� DQG PHGLXP�FKDLQ WULJO\FHULGH RLO RQ OLIH VSDQ RI JHQHWLFDOO\
KHWHURJHQHRXV PLFH� -� *HURQWRO� $ %LRO� 6FL� 0HG� 6FL�� ������ �±��� KWWS�
��GRL�RUJ���������JHURQD�JOV���

6XEUDPDQLDQ� $�� 7DPD\R� 3�� 0RRWKD� 9� .�� 0XNKHUMHH� 6�� (EHUW� %� /�� *LOOHWWH� 0�
$�� « 0HVLURY� -� 3� ������� *HQH VHW HQULFKPHQW DQDO\VLV� $ NQRZOHGJH�EDVHG
DSSURDFK IRU LQWHUSUHWLQJ JHQRPH�ZLGH H[SUHVVLRQ SURILOHV� 3URF� 1DWO� $FDG�
6FL� 8� 6� $�� �������� �����±������ KWWS���GRL�RUJ���������SQDV�����������

6]NODUF]\N� '�� 6DQWRV� $�� 9RQ 0HULQJ� &�� -HQVHQ� /� -�� %RUN� 3�� 	 .XKQ� 0�
������� 67,7&+ �� $XJPHQWLQJ SURWHLQ�FKHPLFDO LQWHUDFWLRQ QHWZRUNV ZLWK WLV�
VXH DQG DIILQLW\ GDWD� 1XFOHLF $FLGV 5HVHDUFK� ���'��� '���±'���� KWWS���GRL�
RUJ���������QDU�JNY����

7DFXWX� 5�� 7KRUQWRQ� '�� -RKQVRQ� (�� %XGRYVN\� $�� %DUDUGR� '�� &UDLJ� 7�� «
0DJDOKmHV� -� 3� GH� ������� +XPDQ DJHLQJ JHQRPLF UHVRXUFHV� 1HZ DQG
XSGDWHG GDWDEDVHV� 1XFOHLF $FLGV 5HV�� ���'��� '����±'����� KWWS���GRL�RUJ�
��������QDU�JN[����

7DNDXML� <�� :DGD� 7�� 7DNHGD� $�� .XGR� ,�� 0LNL� .�� )XMLL� 0�� 	 $\XVDZD� '� �������
5HVWULFWLRQ RI SURWHLQ V\QWKHVLV DEROLVKHV VHQHVFHQFH IHDWXUHV DW FHOOXODU DQG
RUJDQLVPDO OHYHOV� 6FL� 5HS�� �� ������ KWWS���GRL�RUJ���������VUHS�����

7DOHQV� 5� 3�� &KULVWHQVHQ� .�� 3XWWHU� +�� :LOOHPVHQ� *�� &KULVWLDQVHQ� /�� .UHPHU�
'�� « +HLMPDQV� %� 7� ������� (SLJHQHWLF YDULDWLRQ GXULQJ WKH DGXOW OLIHVSDQ�
&URVV�VHFWLRQDO DQG ORQJLWXGLQDO GDWD RQ PRQR]\JRWLF WZLQ SDLUV� $JLQJ &HOO�
������ ���±���� KWWS���GRL�RUJ���������M����������������������[

7HEEHQNDPS� $� 7� 1�� :LOOVH\� $� -�� 6WDWH� 0� :�� 	 âHVWDQ� 1� ������� 7KH GH�
YHORSPHQWDO WUDQVFULSWRPH RI WKH KXPDQ EUDLQ� &XUUHQW 2SLQLRQ LQ 1HXURORJ\�
������ ���±���� KWWS���GRL�RUJ���������:&2�����������������
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��� 5HIHUHQFHV

7HVFKHQGRUII� $� (�� 0HQRQ� 8�� *HQWU\�0DKDUDM� $�� 5DPXV� 6� -�� :HLVHQEHUJHU�
'� -�� 6KHQ� +�� «:LGVFKZHQGWHU� 0� ������� $JH�GHSHQGHQW '1$PHWK\ODWLRQ
RI JHQHV WKDW DUH VXSSUHVVHG LQ VWHP FHOOV LV D KDOOPDUN RI FDQFHU� *HQRPH
5HV�� ������ ���±���� KWWS���GRL�RUJ���������JU�����������

7HVFKHQGRUII� $� (�� :HVW� -�� 	 %HFN� 6� ������� $JH�DVVRFLDWHG HSLJHQHWLF GULIW�
,PSOLFDWLRQV� DQG D FDVH RI HSLJHQHWLF WKULIW" +XP� 0RO� *HQHW�� ���5��� 5�±
5��� KWWS���GRL�RUJ���������KPJ�GGW���

7KH *HQH 2QWRORJ\ &RQVRUWLXP� ������� 7KH *HQH 2QWRORJ\ 5HVRXUFH� �� \HDUV
DQG VWLOO *2LQJ VWURQJ� 1XFOHLF $FLGV 5HVHDUFK� ���'��� '���±'���� KWWS�
��GRL�RUJ���������QDU�JN\����

7KH *HQH 2QWRORJ\ &RQVRUWLXP� 	 7KH *HQH 2QWRORJ\ &RQVRUWLXP� ������� 7KH
JHQH RQWRORJ\ UHVRXUFH� �� \HDUV DQG VWLOO *2LQJ VWURQJ� 1XFOHLF $FLGV 5H�
VHDUFK� KWWS���GRL�RUJ���������QDU�JN\����

7LEVKLUDQL� 5�� :DOWKHU� *�� 	 +DVWLH� 7� ������� (VWLPDWLQJ WKH QXPEHU RI FOXVWHUV LQ
D GDWD VHW YLD WKH JDS VWDWLVWLF� -RXUQDO RI WKH 5R\DO 6WDWLVWLFDO 6RFLHW\� 6HULHV
% �6WDWLVWLFDO 0HWKRGRORJ\�� KWWS���GRL�RUJ������������������������

7VXUXPL� $�� 	 /L� :� ;� ������� *OREDO KHWHURFKURPDWLQ ORVV� $ XQLI\LQJ WKHRU\ RI
DJLQJ" (SLJHQHWLFV� ����� ���±���� KWWS���GRL�RUJ���������HSL������

9DOGHV� $� 0�� *ODVV� '�� 	 6SHFWRU� 7� '� ������� 2PLFV WHFKQRORJLHV DQG WKH
VWXG\ RI KXPDQ DJHLQJ� 1DW� 5HY� *HQHW�� ������ ���±���� KWWS���GRL�RUJ����
�����QUJ����

9DQ &DXZHQEHUJKH� &�� 9DQ %URHFNKRYHQ� &�� 	 6OHHJHUV� .� ������� 7KH JHQHWLF
ODQGVFDSH RI DO]KHLPHU GLVHDVH� &OLQLFDO LPSOLFDWLRQV DQG SHUVSHFWLYHV� *HQHW�
0HG�� ������ ���±���� KWWS���GRL�RUJ���������JLP���������

9DXJKDQ� .� /�� .DLVHU� 7�� 3HDGHQ� 5�� $QVRQ� 5� 0�� &DER� 5� GH� 	 0DWWLVRQ� -�
$� ������� &DORULF UHVWULFWLRQ VWXG\ GHVLJQ OLPLWDWLRQV LQ URGHQW DQG QRQKXPDQ
SULPDWH VWXGLHV� -� *HURQWRO� $ %LRO� 6FL� 0HG� 6FL�� ������ ��±��� KWWS���GRL�
RUJ���������JHURQD�JO[���

9DXSHO� -� :�� &DUH\� -� 5�� 	 &KULVWHQVHQ� .� ������� $JLQJ� ,W¶V QHYHU WRR ODWH�
6FLHQFH� ���������� ����±����� KWWS���GRL�RUJ���������VFLHQFH��������
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5HIHUHQFHV ���

9HOODL� 7�� 7DNDFV�9HOODL� .�� =KDQJ� <�� .RYDFV� $� /�� 2URV]� /�� 	 0�OOHU� )� �������
*HQHWLFV� ,QIOXHQFH RI 725 NLQDVH RQ OLIHVSDQ LQ F� (OHJDQV� 1DWXUH� ����������
���� KWWS���GRL�RUJ���������������D

9LFWRULD� %�� 1XQH] /RSH]� <� 2�� 	 0DVWHUQDN� 0� 0� ������� 0LFUR51$V DQG WKH
PHWDEROLF KDOOPDUNV RI DJLQJ� 0RO� &HOO� (QGRFULQRO�� ���� ���±���� KWWS�
��GRL�RUJ���������M�PFH������������

9LMJ� -� ������� ,PSDFW RI JHQRPH LQVWDELOLW\ RQ WUDQVFULSWLRQ UHJXODWLRQ RI DJLQJ DQG
VHQHVFHQFH� 0HFKDQLVPV RI $JHLQJ DQG 'HYHORSPHQW� ����������� ���±����
KWWS���GRL�RUJ���������M�PDG������������

9LOOHGD� 6� $�� /XR� -�� 0RVKHU� .� ,�� =RX� %�� %ULWVFKJL� 0�� %LHUL� *�� « :\VV�
&RUD\� 7� ������� 7KH DJHLQJ V\VWHPLF PLOLHX QHJDWLYHO\ UHJXODWHV QHXURJHQ�
HVLV DQG FRJQLWLYH IXQFWLRQ� 1DWXUH� ���������� ��±��� KWWS���GRL�RUJ���������
QDWXUH�����

9LxXHOD� $�� %URZQ� $� $�� %XLO� $�� 7VDL� 3��&�� 'DYLHV� 0� 1�� %HOO� -� 7�� « 6PDOO� .�
6� ������� $JH�GHSHQGHQW FKDQJHV LQ PHDQ DQG YDULDQFH RI JHQH H[SUHVVLRQ
DFURVV WLVVXHV LQ D WZLQ FRKRUW� +XPDQ 0ROHFXODU *HQHWLFV� ������ ���±����
KWWS���GRL�RUJ���������KPJ�GG[���

9LRODQ� &�� )RJXHW�%RUHX� 4�� )ORUHV�0DWHR� *�� 6DOLVEXU\� &�� %ORP� -�� )UHLWDJ�
0�� « 9DOGHUDV� -� 0� ������� 3UHYDOHQFH� GHWHUPLQDQWV DQG SDWWHUQV RI PXOWL�
PRUELGLW\ LQ SULPDU\ FDUH� $ V\VWHPDWLF UHYLHZ RI REVHUYDWLRQDO VWXGLHV� 3/R6
21(� ����� H������� KWWS���GRL�RUJ���������MRXUQDO�SRQH��������

9RULQRVWDW� �Q�G���

:DLWH� /� -� ������� $JLQJ� KHDOWK� DQG SXEOLF SROLF\� 'HPRJUDSKLF DQG HFRQRPLF
SHUVSHFWLYHV �9RO� ���� 3RSXODWLRQ &RXQFLO 1HZ <RUN� 1<� 86$�

:DONHU� 5�� *XUYHQ� 0�� +LOO� .�� 0LJOLDQR� $�� &KDJQRQ� 1�� 'H 6RX]D� 5�� « <D�
PDXFKL� 7� ������� *URZWK UDWHV DQG OLIH KLVWRULHV LQ WZHQW\�WZR VPDOO�VFDOH VR�
FLHWLHV� $P� -� +XP� %LRO�� ������ ���±���� KWWS���GRL�RUJ���������DMKE������

:DQJ� -�� =KDQJ� 6�� :DQJ� <�� &KHQ� /�� 	 =KDQJ� ;��6� ������� 'LVHDVH�DJLQJ
QHWZRUN UHYHDOV VLJQLILFDQW UROHV RI DJLQJ JHQHV LQ FRQQHFWLQJ JHQHWLF GLVHDVHV�
3/R6&RPSXW� %LRO�� ����� H�������� KWWS���GRL�RUJ���������MRXUQDO�SFEL��������

:DQJ� =�� 0RQWHLUR� &� '�� -DJRGQLN� .� 0�� )HUQDQGH]� 1� )�� *XQGHUVHQ� *� :��
5RXLOODUG� $� '�� « 0D¶D\DQ� $� ������� ([WUDFWLRQ DQG DQDO\VLV RI VLJQDWXUHV

http://doi.org/10.1038/426620a
http://doi.org/10.1016/j.mce.2016.12.021
http://doi.org/10.1016/j.mce.2016.12.021
http://doi.org/10.1016/j.mad.2004.07.004
http://doi.org/10.1038/nature10357
http://doi.org/10.1038/nature10357
http://doi.org/10.1093/hmg/ddx424
http://doi.org/10.1371/journal.pone.0102149
http://doi.org/10.1002/ajhb.20510
http://doi.org/10.1371/journal.pcbi.1000521


��� 5HIHUHQFHV

IURP WKH *HQH ([SUHVVLRQ 2PQLEXV E\ WKH FURZG� 1DWXUH &RPPXQLFDWLRQV� ��
������ KWWS���GRL�RUJ���������QFRPPV�����

:DUUHQ� /� $�� 5RVVL� '� -�� 6FKLHELQJHU� *� 5�� :HLVVPDQ� ,� /�� .LP� 6� .�� 	
4XDNH� 6� 5� ������� 7UDQVFULSWLRQDO LQVWDELOLW\ LV QRW D XQLYHUVDO DWWULEXWH RI
DJLQJ� $JLQJ &HOO� KWWS���GRL�RUJ���������M����������������������[

:LFNKDP� +� ������� JJSORW� ± (OHJDQW *UDSKLFV IRU 'DWD $QDO\VLV� -RXUQDO RI
6WDWLVWLFDO 6RIWZDUH� ���$SULO�� �±�� KWWS���GRL�RUJ����������MVV�Y����E��

:LOH\� &� '�� )O\QQ� -� 0�� 0RUULVVH\� &�� /HERIVN\� 5�� 6KXJD� -�� 'RQJ� ;�� «
&DPSLVL� -� ������� $QDO\VLV RI LQGLYLGXDO FHOOV LGHQWLILHV FHOO�WR�FHOO YDULDELOLW\
IROORZLQJ LQGXFWLRQ RI FHOOXODU VHQHVFHQFH� $JLQJ &HOO� KWWS���GRL�RUJ���������
DFHO������

:LOOLDPV� *� &� ������� 3OHLRWURS\� QDWXUDO VHOHFWLRQ� DQG WKH HYROXWLRQ RI VHQHV�
FHQFH� (YROXWLRQ� ������ ���±���� KWWS���GRL�RUJ����������������

:ROIVRQ� 0�� %XGRYVN\� $�� 7DFXWX� 5�� 	 )UDLIHOG� 9� ������� 7KH VLJQDOLQJ KXEV DW
WKH FURVVURDG RI ORQJHYLW\ DQG DJH�UHODWHG GLVHDVH QHWZRUNV� ,QW� -� %LRFKHP�
&HOO %LRO�� ������ ���±���� KWWS���GRL�RUJ���������M�ELRFHO������������

:RUOG UHSRUW RQ $JHLQJ $QG +HDOWK� �������

:ULJKW� .� 0�� 5DQG� .� $�� .HUPDQ\� $�� 1RWR� .�� &XUWLV� '�� *DUULJDQ� '�� « 5XE\�
-� *� ������� $ SURVSHFWLYH DQDO\VLV RI JHQHWLF YDULDQWV DVVRFLDWHG ZLWK KXPDQ
OLIHVSDQ� *�� ����� ����±����� KWWS���GRL�RUJ���������J������������

;LDR� 5�� =KDQJ� %�� 'RQJ� <�� *RQJ� -�� ;X� 7�� /LX� -�� 	 ;X� ;� =� 6� �������
$ JHQHWLF SURJUDP SURPRWHV F� (OHJDQV ORQJHYLW\ DW FROG WHPSHUDWXUHV YLD D
WKHUPRVHQVLWLYH 753 FKDQQHO� &HOO� ������� ���±���� KWWS���GRL�RUJ���������M�
FHOO������������

;LPHUDNLV� 0�� /LSQLFN� 6� /�� ,QQHV� %� 7�� 6LPPRQV� 6� .�� $GLFRQLV� ;�� 'LRQQH�
'�� «5XELQ� /� /� ������� 6LQJOH�FHOO WUDQVFULSWRPLF SURILOLQJ RI WKH DJLQJ PRXVH
EUDLQ� 1DW� 1HXURVFL�� ������� ����±����� KWWS���GRL�RUJ���������V����������������

;LPHUDNLV� 0�� /LSQLFN� 6� /�� 6LPPRQV� 6� .�� $GLFRQLV� ;�� ,QQHV� %� 7�� 'LRQQH�
'�� « 5XELQ� /� /� ������� 6LQJOH�FHOO WUDQVFULSWRPLFV RI WKH DJHG PRXVH EUDLQ
UHYHDOV FRQYHUJHQW� GLYHUJHQW DQG XQLTXH DJLQJ VLJQDWXUHV� ELR5[LY� �������
KWWS���GRL�RUJ���������������

http://doi.org/10.1038/ncomms12846
http://doi.org/10.1111/j.1474-9726.2007.00337.x
http://doi.org/10.18637/jss.v077.b02
http://doi.org/10.1111/acel.12632
http://doi.org/10.1111/acel.12632
http://doi.org/10.2307/2406060
http://doi.org/10.1016/j.biocel.2008.08.026
http://doi.org/10.1534/g3.119.400448
http://doi.org/10.1016/j.cell.2013.01.020
http://doi.org/10.1016/j.cell.2013.01.020
http://doi.org/10.1038/s41593-019-0491-3
http://doi.org/10.1101/440032


5HIHUHQFHV ���

;X� -�� &KDQJ� :��+�� )RQJ� /� :� 5�� :HLVV� 5� +�� <X� 6��/�� 	 &KHQ� &��+�
������� 7DUJHWLQJ WKH LQVXOLQ�OLNH JURZWK IDFWRU�� UHFHSWRU LQ 07$3�GHILFLHQW UH�
QDO FHOO FDUFLQRPD� 6LJQDO 7UDQVGXFW 7DUJHW 7KHU� �� �� KWWS���GRL�RUJ���������
V���������������]

;XH� +�� ;LDQ� %�� 'RQJ� '�� ;LD� .�� =KX� 6�� =KDQJ� =�� « +DQ� -��'� -� �������
$ PRGXODU QHWZRUN PRGHO RI DJLQJ� 0RO� 6\VW� %LRO�� �� ���� KWWS���GRL�RUJ����
�����PVE�������

<DQJ� -�� 3HQJ� 6�� =KDQJ� %�� +RXWHQ� 6�� 6FKDGW� (�� =KX� -�� « 7X� =� �������
+XPDQ JHURSURWHFWRU GLVFRYHU\ E\ WDUJHWLQJ WKH FRQYHUJLQJ VXEQHWZRUNV RI DJ�
LQJ DQG DJH�UHODWHG GLVHDVHV� *HURVFLHQFH� ������ ���±���� KWWS���GRL�RUJ����
�����V����������������[

<H� ;�� /LQWRQ� -� 0�� 6FKRUN� 1� -�� %XFN� /� %�� 	 3HWUDVFKHFN� 0� ������� $ SKDU�
PDFRORJLFDO QHWZRUN IRU OLIHVSDQ H[WHQVLRQ LQ FDHQRUKDEGLWLV HOHJDQV� $JLQJ
&HOO� ������ ���±���� KWWS���GRL�RUJ���������DFHO������

<RXQJ� 0� '�� :DNHILHOG� 0� -�� 6P\WK� *� .�� 	 2VKODFN� $� ������� *HQH RQWRORJ\
DQDO\VLV IRU 51$�VHT� $FFRXQWLQJ IRU VHOHFWLRQ ELDV� *HQRPH %LRO�� ������ 5���
KWWS���GRL�RUJ���������JE�����������U��

<X� *�� :DQJ� /��*�� +DQ� <�� 	 +H� 4��<� ������� &OXVWHU3URILOHU� $Q 5 SDFNDJH IRU
FRPSDULQJ ELRORJLFDO WKHPHV DPRQJ JHQH FOXVWHUV� 20,&6� ������ ���±����
KWWS���GRL�RUJ���������RPL����������

=KDQJ� &�� 	 &XHUYR� $� 0� ������� 5HVWRUDWLRQ RI FKDSHURQH�PHGLDWHG DXWRSKDJ\
LQ DJLQJ OLYHU LPSURYHV FHOOXODU PDLQWHQDQFH DQG KHSDWLF IXQFWLRQ� 1DW� 0HG��
������ ���±���� KWWS���GRL�RUJ���������QP�����

=KDQJ� *�� /L� -�� 3XUND\DVWKD� 6�� 7DQJ� <�� =KDQJ� +�� <LQ� <�� « &DL� '� �������
+\SRWKDODPLF SURJUDPPLQJ RI V\VWHPLF DJHLQJ LQYROYLQJ ,..�ᅬ� 1)�ᅴ% DQG*Q5+�
1DWXUH� ���������� ���±���� KWWS���GRL�RUJ���������QDWXUH�����

=KDQJ� /�� 	 9LMJ� -� ������� 6RPDWLF PXWDJHQHVLV LQ PDPPDOV DQG LWV LPSOLFDWLRQV
IRU KXPDQ GLVHDVH DQG DJLQJ� $QQX� 5HY� *HQHW�� ��� ���±���� KWWS���GRL�RUJ�
��������DQQXUHY�JHQHW��������������

=KRX� +�� *DR� 0�� 	 6NROQLFN� -� ������� &RPSUHKHQVLYH SUHGLFWLRQ RI GUXJ�SURWHLQ
LQWHUDFWLRQV DQG VLGH HIIHFWV IRU WKH KXPDQ SURWHRPH� 6FLHQWLILF 5HSRUWV� �����
������ KWWS���GRL�RUJ���������VUHS�����

http://doi.org/10.1038/s41392-019-0035-z
http://doi.org/10.1038/s41392-019-0035-z
http://doi.org/10.1038/msb4100189
http://doi.org/10.1038/msb4100189
http://doi.org/10.1007/s11357-019-00106-x
http://doi.org/10.1007/s11357-019-00106-x
http://doi.org/10.1111/acel.12163
http://doi.org/10.1186/gb-2010-11-2-r14
http://doi.org/10.1089/omi.2011.0118
http://doi.org/10.1038/nm.1851
http://doi.org/10.1038/nature12143
http://doi.org/10.1146/annurev-genet-120417-031501
http://doi.org/10.1146/annurev-genet-120417-031501
http://doi.org/10.1038/srep11090


��� 5HIHUHQFHV

=KX� <�� :DQJ� /�� <LQ� <�� 	 <DQJ� (� ������� 6\VWHPDWLF DQDO\VLV RI JHQH H[SUHV�
VLRQ SDWWHUQV DVVRFLDWHG ZLWK SRVWPRUWHP LQWHUYDO LQ KXPDQ WLVVXHV� 6FLHQWLILF
5HSRUWV� ����� ����� KWWS���GRL�RUJ���������V�����������������

=LHKP� 0�� .DXU� 6�� ,YDQRY� '� .�� %DOOHVWHU� 3� -�� 0DUFXV� '�� 3DUWULGJH� /�� 	
7KRUQWRQ� -� 0� ������� 'UXJ UHSXUSRVLQJ IRU DJLQJ UHVHDUFK XVLQJ PRGHO RU�
JDQLVPV� $JLQJ &HOO� ������ ����±����� KWWS���GRL�RUJ���������DFHO������

=LHUHU� -�� 0HQQL� &�� .DVWHQP�OOHU� *�� 	 6SHFWRU� 7� '� ������� ,QWHJUDWLRQ RI
¶RPLFV¶ GDWD LQ DJLQJ UHVHDUFK� )URP ELRPDUNHUV WR V\VWHPV ELRORJ\� $JLQJ
&HOO� ������ ���±���� KWWS���GRL�RUJ���������DFHO������

http://doi.org/10.1038/s41598-017-05882-0
http://doi.org/10.1111/acel.12626
http://doi.org/10.1111/acel.12386

	Table of Contents
	List of tables
	List of figures
	Nomenclature
	1 Introduction
	1.1 What is ageing?
	1.2 Evolution of ageing
	1.2.1 Programmed theories of ageing
	1.2.2 Non-programmed theories of ageing

	1.3 The hallmarks of ageing
	1.3.1 Primary hallmarks
	1.3.2 Antagonistic hallmarks
	1.3.3 Integrative hallmarks

	1.4 High-throughput `omics' studies of ageing
	1.4.1 Genomics
	1.4.2 Transcriptomics
	1.4.3 Other omics
	1.4.4 Heterogeneity in molecular changes associated with age

	1.5 Ageing and diseases
	1.6 Pharmacological interventions to improve life- and health-span
	1.6.1 Challenges involved in drug studies

	1.7 Thesis overview and objectives

	2 Age-related changes in gene expression heterogeneity in the human brain
	2.1 Introduction
	2.1.1 Research objectives

	2.2 Comparison of different methods to measure the change in gene expression heterogeneity with age
	2.2.1 Methods
	2.2.2 The effects of methods correcting for batch effects and measuring age-related changes in gene expression heterogeneity
	2.2.3 Changes in heterogeneity at the transcriptome-level
	2.2.4 Changes in heterogeneity at the gene-level
	2.2.5 Changes in heterogeneity at the pathway-level

	2.3 Temporal landscape of the changes in gene expression heterogeneity during brain development and ageing
	2.3.1 Methods
	2.3.2 Age-related change in gene expression levels
	2.3.3 Age-related change in gene expression heterogeneity
	2.3.4 Consistent increase in heterogeneity during ageing
	2.3.5 Heterogeneity trajectories
	2.3.6 Functional analysis

	2.4 Discussion
	2.4.1 Limitations
	2.4.2 Conclusion


	3 The link between ageing and age-related diseases
	3.1 Introduction
	3.1.1 Research objectives

	3.2 Methods
	3.3 Exploratory analysis of the UKBB for ageing and age-related disease research
	3.4 Self-reported diseases in the UKBB
	3.5 Disease co-occurrences
	3.6 Age-of-onset clusters
	3.7 Genetic similarities between diseases
	3.8 Cause-effect relationships between diseases
	3.9 Known ageing-related genes and genes associated with different age-of-onset clusters
	3.10 Biological functions of the genes associated to different age-of-onset clusters
	3.11 Drug repurposing to improve health-span
	3.12 Evolution of ageing and age-related diseases
	3.13 Discussion
	3.13.1 Limitations
	3.13.2 Conclusion


	4 Drug repurposing for ageing
	4.1 Introduction
	4.1.1 The malleability of ageing
	4.1.2 Previous in silico studies to discover anti-ageing drugs
	4.1.3 Research objectives

	4.2 Methods
	4.3 Gene expression-based drug repurposing to target ageing
	4.3.1 Analysis of age-related changes in RNA expression in human brains
	4.3.2 Defining the ageing signature
	4.3.3 Biological processes associated with the ageing signature
	4.3.4 Mapping the ageing signature onto drug-perturbed expression profiles
	4.3.5 Targets of the drugs
	4.3.6 Drugs can act both by reversing ageing effects and mimicking responses
	4.3.7 Characterising the biological functions associated with pro-longevity drugs
	4.3.8 Similarity among significant drugs based on the expression changes at the functional level
	4.3.9 Ageing signature in other tissues

	4.4 Comparing the results with other eleven in silico studies
	4.5 Discussion
	4.5.1 Limitations
	4.5.2 Conclusion


	5 Concluding remarks
	5.1 Overview and future perspective
	5.1.1 Age-related changes in gene expression heterogeneity
	5.1.2 The link between ageing and age-related diseases
	5.1.3 Drug repurposing for ageing

	5.2 Future directions in computational biology of ageing
	5.2.1 Single-cell genomics of ageing
	5.2.2 Integrative biology of ageing


	A Supplementary figures
	A.1 Age-related changes in gene expression heterogeneity in the human brain
	A.2 The link between ageing and age-related diseases
	A.3 Drug repurposing for ageing

	References

