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/I[LVW RI)LIXUHV

BURMHEW 7DVNDQG'HVLJQ

BURMHFW %HKDYLRUDO UHVXOWYV

3URMHFW 56$DQDO\VHV VKRZ WKDW YP3)& HQFRGHV ERYV
HYDQW H[SHFWHG YDOXHV JLYHQ WKH FXUUHQW WDVN FRQ
3URMHFEW ([SHFWHG YDOXHDQG FRQWH[W VLJQDOV FR U
B3URMHFW  YP3)& UHSUHVHQWDWLRQV RI WDVN FRQWHI[W
H[SHFWHG YDOXH LQWHUDFW

3URMHFW YP3)& UHSUHVHQWDWLRQV RI FRQWH[W DQG YI
B3URMHFW 7DVNDQG'HVLJQ

B3URMHFW &RPSXWDWLRQDO PRGHO WRFDSWXUH FKRLFF
3URMHFW B5HZDUG LQGXFHG FKDQJHLQEHKDYLRUDO DF)
3URMHFW *HQHUDOL]JHGUHZDUG LQGXFHGFKDQJHLQEH
DUHDV

B3URMHFW 6LPXODWLRQRIXQLYDULDWHHIIHFWV IRU SOD
FRIJQLWLYHPDS

3URMHFW 3UHOLPLQDU\XQLYDULDWHUHVXOWV VXSSRU
B3URMHFW 6LPXODWLRQRIPXOWLYDULDWHHIIHFWV IRU ¢
BURMHFW 3UHOLPLQDU\PXOWLYDULDWHUHVXOWYV VXSS
B3URMHFW 6XPPDU\RIUHSUHVHQWDWLRQDO FKDQJHV LQ
B3URMHFW 9DOXHVDQG WDVNVWDWHYVLQ RUELWRIURQW |
3URMHFW ,QWHUOLQNHG YP3)& UHSUHVHQWDWLRQV RI W
3URMHFW &RQWH[W HQFRGLQJPRGXODWHY LUUHOHYDQ'
3URMHFW 3ULQFLSOHVRIGHHS5/PRGHOVDQGHPHUJHQV
OD\HUV

*HQHUDO GLVEXVVLRQ 3RWHQWLDO PHFKDQLVPVIRUFRP:
WDWLRQDO VSDFHYV
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*HQHUDO DEVWUDFW

OD[LPL]LQJ FXUUHQW RU IXWXUH H[SHFWHG UHZDUGV LV RQH RI
GHFLVLRQV ZH PDNH 'HFLVLRQV DUHDOZD\VPDGH ZLWKLQ WKH
DFKLHYH RXU JRDOV ZHPXVW FRPELQHNQRZOHGJHRIWKH VWU
FXUUHQW JRDO WR RSWLPDOO\SUHGLFW GLIITHUHQW SRWHQWLTE
SURYLGH GLIIHUHQW UHZDUGY GHSHQGLQJRQ WKH WDVN DW KD
GHPDQGY HQYLURQPHQWDO VWUXFWXUH DQG UHZDUG PD[LPL]
3ULRU ZRUNV KDYH VKRZQ WKDW WKH YHQWURPHGLDO SUHIURQ
RUELWRIURQWDO FRUWH[ 2)& DUHNQRZQ WR FRQWDLQ VLJQDC
GHFLVLRQV NQRZQDV H[SHFWHG YDOXH VLJQDOV WKDW LQIRU
LV NQRZQ WR PDLQWDLQ D UHSUHVHQWDWLRQ RIWKHHQYLURQF
NQRZQDVDFRJQLWLYHPDS 7KLV WKHVLV FRPSULVHV WKUHH S
EHWZHHQ WDVN VWUXFWXUH YDOXHUHSUHVHQWDWLRQ DQGF
KLSSRFDPSDO IRUPDWLRQ

, QWKHILUVW SURMHFW ORQHWD HW DO 1DWXUH &RPPXQLFDW
IOH[LEO\ VZLWFKHV EHWZHHQ GLITHUHQW YDOXHUHSUHVHQWD\
SDUWLFLSDQWY FRPSOHWHG D UDQGRP GRW PRWLRQ WDVN LQ Z
SUHGLFWHG UHZDUGV OXOWLYDULDWHO5,DQDO\WVHV VKRZHG W
UHSUHVHQWDWLRQ WKDWLQFOXGHV WKHFXUUHQW WDVN VWDV
DVVRFLDWHG ZLWK WKH VWDWH DQG FUXFLDOO\ WKHLUUHOHY
‘HDOVRILQG WKDW LUUHOHYDQW YDOXH UHSUHVHQWDWLRQV L
LOQWHUDFW ZLWK WDVN VWDWHUHSUHVHQWDWLRQYVY DQG UHOD
UHVXOWY VKHG OLJKWRQ YP3)&MVUROHLQ GHFLVLRQ PDNLQJ

REVHUYDWLRQVRQWR WKHWDVN VWDWHV RIDPHQWDO PDS DQ
SRWHQWLDO VWDWHYV

, QWKHVHFRQG SURMHFW ORQHWD HWDO LQSUHS WDNLQJUELC
HIDPLQHKRZQRQ VSDWLDO FRIJQLWLYHPDSV DUHDIIHFWHG E\°
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FRIJQLWLYHPDS UHIHUVWR PHQWDO UHSUHVHQWDWLRQV RI DE)\
KHOSLQJDQDJHQW QDYLJDWH GHFLVLRQ PDNLQJE\HQFRGLQJ
RQHDQRWKHU $QLPDO ZRUN KDV VKRZQ WKDW QHXUDO UHSUHV
DIIHFWHG E\UHZDUG ,Q WKLV SURMHFW ZH WHVWHG LIVLPLOD
KXPDQV 6HYHQW\ WZR SDUWLFLSDQWY RIZKLFK XQGHUZHQV
VHVVLRQV RID SHUFHSWXDO GLVFULPLQDWLRQ WDVN EHIRUH L
VHVVLRQV VWLPXOL YDULHG DORQJWZR SHUFHSWXDO GLPHQV
FRIJQLWLYHPDS $IWHUUHZDUG OHDUQLQJ SHUIRUPDQFHLQ Wi
DPRQJSUHYLRXVO\UHZDUGLQJVWLPXOL 7KHHIIHFWRIUHZDU
FRIJQLWLYHPDS WKDW ZHUH QHYHU UHZDUGLQJ 7KH SUHFLVH S
MXGJPHQWV LV FRQVLVWHQW ZLWK WKHLGHD WKDW UHZDUG OH
GLVWDQFH EHWZHHQ VWLPXOLLQ WKHUHZDUGLQJDUHD DQG G
6LPXODWLRQV VKRZ WKDW D VKLIWRIUHSUHVHQWDWLRQDO ILH
JUDYLWDWLRQ SXOOLQJ FDQ H[SODLQ WKH EHKDYLRUDO FKDQJ
DQDO\VLV VKRZVHYLGHQFH IRUVXFK JUDYLWDWLRQDO SXOO L
WKH PHGLDO 2)& UHSUHVHQWDWLRQV )XWXUHDQDO\VHV LQFO
IRUPDWLRQ DQG WKH SUHIURQWDO FRUWH[DUH SODQQHG 7KH)\
QRQ VSDWLDO FRJQLWLYHPDSVDQG VXJIJHVWV DFFRPSDQ\LQJ

, QWKHWKLUG SURMHFW ORQHWD *URVVPDQ 6FKXFN 7UHQGYV
UHFHQW OLWHUDWXUH FRQQHFWLQJYDOXHDQG VWDWHUHSUH
WKHVHUHJLRQVLQWHIJUDWH VWLPXOXV FRQWH[W DQG RXWFR
VSDFH &RPSDUDEOHHQFRGLQJSULQFLSOHV HPHUJH LQ ODWH
PRGHOV ZKHUH VLQJOH QRGHV H[KLELW VLPLODU IRUPV RIPL[H
UHDGRXW RIUHOHYDQW YDULDEOHV E\GRZQVWUHDP QHXURQYV
VXIJIHVW WKDW RXWFRPH PD[LPLIDWLRQ OHDGV WR FRPSOH[ UH
LQVXIILFLHQWO\ FKDUDFWHUL]HG E\OLQHDU YDOXH VLJQDOV W
RQWKHWRSLF :HDOVR GLVFXVVPDMRURXWVWDQGLQJ TXHVWI
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OHDUQLQJDFURVV WDVNV HQFRGLQJRIWDVN LUUHOHYDQW D\
LQWHUDFWLRQV

&ROOHFWLYHO\ WKHVH SURMHFWY VKHG OLJKW RQ WKH G\QDPL
UHSUHVHQWDWLRQV WKHLULQWHJUDWLRQLQWRDFRJQLWLYF
2)& YP3)& DQG WKH KLSSRFDPSDO IRUPDWLRQ 7KHILQGLQJV SL
PHEFKDQLVPVJXLGLQJEHKDYLRUDQG VXJJHVW IXWXUH UHVHDU



67$7(6 9%$/8(6$1'*2%$/6,1&2*1,7,9(0$36

*HQHUDO ,QWURGXFWLRQ

7KLV WKHVLV H[SORUHV KRZWKH EUDLQ LQWHJUDWHY YDOXH VL
VXSSRUW JRDO GLUHFWHG EHKDYLRU ,WFRQVLVWV RI WKUHH L
RIWKHRUELWRIURQWDO FRUWH[ 2)& DGMDFHQWDQG RYHUOD
YP3)& DQGKLSSRFDPSXVLQUHSUHVHQWLQJVWDWHY FRJQL\
7KHJHQHUDO LQWURGXFWLRQ SURYLGHY WKHFRQFHSWXDO IR
H[DPLQLQJKRZ YDOXHV LQIOXHQFHJRDO GLUHFWHG EHKDYLRU
DQGLQWURGXFHVY WDVN VWDWHYV DV D SRWHQWLDO IUDPHZRUN
WKHQ H[SORUHV FRJQLWLYH PDSV WKHLU UHODWLRQ WR WDVN
UHSUHVHQWDWLRQV DQG WKHLU LQWHUDFWLRQ ZLWK YDOXHYV
EURDGHU ORRNLQWR SRWHQWLDO WKHRUHWLFDO DEFFRXQWV R
LQWHUDFW ZLWK RWKHU WDVN DVSHEWYV $IWHU SUHVHQWLQJ W
FRPELQHV LQVLJKWYV IURP WKH WKUHH SURMHFWY DGGUHVVLQ.
DQG YDOXHV DQG WKH SRWHQWLDO UROHV RIYP3)& 2)&DQG KLS
VWDWHY DQG FRJQLWLYHPDSV 7KHWKHVLV FRQFOXGHV ZLWK
UHSUHVHQWDWLRQDO VSDFHVY QHXURQDO PHFKDQLVPV WKDW F
GLUHFWLRQV

7TKHUROHRIYDOXHV LQJRDO GLUHFWHG EHKDYLRU

, Q WKLV WKHVLY UHZDUG UHIHUVWRDFRQFUHWH RIWHQ WDQJ
QXWULWLRQDO EHQHILW RIHDWLQJDQDSSOH 5HZDUGYV DUH W\
UHLQIRUFHEHKDYLRU ,Q FRQWUDVW YDOXHLVDPRUHDEVWULI
HISHFWHG RXWFRPHRIDQRSWLRQ 9DOXHLQWHJUDWHY QRW R
FRQVLGHUDWLRQV VXFKDV SHUVRQDO SUHIHUHQFHYV ORQJ Wt
YDOXH (9 LVDPRUHVSHFLILFWHUP WKDW UHIHUV WR WKH H[SF
WKHVXP RISRVVLEOHIXWXUHUHZDUGYV ZHLJKWHG E\WKHLU SU
REMHFWLYH DVLWLVDS SUREDELOLVWLFFDOFXODWLRQ ,Q SV\
XVXDOO\RQ PRUHVXEMHFWLYHH[SHFWHG YDOXHV DV WKH\UH
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DQG IXWXUHRXWFRPHY )RUH[DPSOH ZKHQ FKRRVLQJEHWZHH
HISHFWHG YDOXH PLJKWFRQVLGHU QRWRQO\LPPHGLDWH WDV\
EHQHILWVY RULQGXOJHQFH VDWLVIDFWLRQ $V GHWDLOHG EHOF
XQGHUVWDQGLQJYDOXH EDVHG EHKDYLRUDQG LWV QHXUDO XC(
YDOXHVDUHQRWDOZD\VDOLIJQHGDQG RWKHUIDFWRUV EH\RQ
WKHGHVLUDELOLW\RIFKRLFHYV

, QUHLQIRUFHPHQW OHDUQLQJWKHRU\ DVWDWHUHSUHVHQWYV
HQFRPSDVVLQJDOO UHOHYDQWLQIRUPDWLRQ QHHGHG IRU GHF
KHOS LGHQWLI\ZKLFKIHDWXUHV DUH SUHGLFWLYHRIIXWXUH U

'LWKLQ WKLV WKHVLY FRQWH[W UHIHUV WR VSHFLILFIHDW
RIUHZDUG DQGDUH RIWHQ XVHGWR GHVFULEH VXEVHWYVY RI VWD
LQWKHFRQWH[WRIVHDUFKLQJIRUDQDSSOHWRVQDFNRQ WH
IRFXVRQ DQG WKHVSHFLILFWH[WXUHV RIWKHDSSOHYV H J FU
UHZDUG SUHGLFWLYH VWDWHYVY KHQ FKRRVLQJDQDSSOH WKH
RIDOO SDVWH[SHULHQFHVY ZH KDG ZLWK DSSOHV RI VLPLODU WH

9DOXHV VKRXOGJXLGHEHKDYLRU

*URFHU\ VKRSSLQJLQ WKHVXSHUPDUNHW FDQEHD YHU\FRPSO!
DLVOHVY ZHQHHG WR QRW RQO\PDNHVHQVHRIWKHFRQVWDQW
DOVR PDNHFRPSOH[ FKRLFHVY EHWZHHQ WKHP :KDW JXLGHV XV |
LWHPV" $ ORQJ EHOLHYHG JXLGLQJ SULQFLSOHIRUGHFLVLRQ F
UHZDUGV UHVXOWLQJIURP RXUGHFLVLRQV 3HDVJRRG 6DP
6XWWRQ %DUWR

7TKHLGHD RIRXWFRPH PD[LPLIDWLRQJRHV EDFNFHQWXULHV WH
WHUQRXOOL 3HDVJRRG 6DPXHOVRQ ZKLFK VWDWI
WKHH[SHFWHG YDOXHRID XWLOLW\IXQFWLRQ WKDW UHSUHVHC(
PXFKZRUNRQLGHQWLI\LQJ XQGHUO\LQJYDOXHIXQFWLRQV RU
JXLGH GLITHUHQW WA\SHV RIGHFLVLRQV *LJHUHQ]HU *DLVVPDL
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(YHQDIWHUFHQWXULHV RIHFRQRPLF DQG ODWHU QHXURHFRQ|
RQWKHVKDSHDQG QDWXUH RIVXFKIXQFWLRQV HYHQ TXHVWLF
+D\GHQ 1LY 2QH NH\ VKDUHG EHOLHI PRVW RI WKHVH WKH
SHRSOH ZRXOG ZDQW WR FKRRVH WKH RSWLRQ WKDW\LHOGYV WK
DUHD FUXFLDO SDUW RI WKHFRPSXWDWLRQV UHTXLUHG WR GR"

JURPD QHXURVFLHQWLILF SHUVSHFWLYH WKHYHQWURPHGLDO
RUELWRIURQWDO FRUWH[ 2)& DUHWZR NH\DUHDV LQYROYHG L

DQG URGHQWY H J 3DGRD 6FKLRSSD $VVDG 3ODVVPDQQ F
IRUUHYLHZV VHH %DUWUD HW DO &OLWKHUR 5DQJHO
3DGRD 6FKLRSSD $VVDG TKHLGHD WKDW WKHVH UHJLRQV

EURDGO\VXSSRUWHG E\OHVLRQ VWXGLHVY %DOOHVWDHW DO
9DLG\D )HOORZV $QDWRPLFDOO\ YP3)&DQG 2)& FDQ EH V|
HW DO FRPSULVHG RIPDQ\VXEGLYLVLRQV &DYDGD HW DO
EURDGHU IXQFWLRQDO SHUVSHFWLYH DOWKRXJK VRPH VWXGLE
UHJLRQV LQ SULPDWHV H J %RXUHW 5LFKPRQG &DVWHJIQ

WKH ODFN RI FRQVHQVXV RQ WHUPLQRORJ\ZLWKLQ DQG EH
IXOO\VHSDUDWH WKHP 7KLV WKHVLVY WKHUHIRUH GRHV QRW PD
UHJLRQV DQGDLPVWRIRFXVRQ WKHLUIXQFWLRQDO UROHV LQ.
/HY\ *OLPFKHU gQJ-U 3ULFH

9DOXH EDVHG GHFLVLRQ PDNLQJLV QRWD VWDWLF SURFHVV L'
IDFWRUV VXFKDV OHDUQLQJ H[SHULHQFH DQG FRQWH[WXDO F.
YDOXHH[SHFWDWLRQLIZHDUHDWD WLPHRIWU\LQJWRNHHSD
WKHODVWDSSOH ZH ERXJKW ZDV URWWHQ 9DOXHV DVVLJQHGYV
RYHU WLPH ' /HHHWDO 2TGRKHUW\ SXVKZRUWK HW D
2QHRIWKHOHDGLQJDQG PRVW SURPLQHQW WKHRULHV RI'YDOX
OHDUQLQJWKHRU\ 6 XWWRQ %DUWR $PDLQIRFXV SRLQW
SUHGLFWLRQ HUURUV ZKLFK VHUYH WR XSGDWH YDOXH UHSUHV
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HUURUVDUHGHILQHG DV WKH GLITHUHQFHV EHWZHHQ H[SHFWH(
WKHUHSHDWHG H[SHULHQFH RIUHFHLYLQJD PRUH VDWLVI\LQJ
VXEMHFWLYHYDOXHRIWKDW RSWLRQLQIXWXUHGHFLVLRQV Z
VXEMHFWLYHYDOXDWLRQ 7KLV SURFHVV RIYDOXH XSGDWLQJ 2
GRSDPLQHUJLF VA\VWHPDQG LWV LQWHUDFWLRQV ZLWK WKH YP:
JUDQN &ODXV ORQWDJXHHWDO ZKLFKIXUWKHU VWU
JXLGLQJEHKDYLRU &XUUHQWHVWLPDWHYV RI SRWHQWLDO RXW
UHIHUUHG WR DV FDVKHG YDOXHV &RPSXWDWLRQDOO\ NHHSLC
GHFLVLRQ PDNLQJVLQFHZHGRQYWQHHG WR FRPSXWH WKHP IU
H[SHULHQFHV HYHU\WLPH ZH HQFRXQWHU D FKRLFH

, /I YDOXHVY QHHG WR EHFRQVWDQWO\ XSGDWHG DQG FKDQJHG L
IXWXUH SUHGLFWLRQV WKHQUHJLRQV WKDW DUHLQ FKDUJH RI
UHSUHVHQWD VLQJOHILQDO YDOXHHVWLPDWH ,QGHHG WKHY
LQWHIJUDWLQJWKHH[SHFWDWLRQV IURP GLITHUHQW UHZDUG S
HW DO .DKQW HW DO SHOOHWLHU )HOORZV 6KHQ
WLPH WKHVHUHIJLRQVDUHLQYROYHGLQRSWLPL]JLQJRWKHUR
FRQILGHQFH %DUURQHWDO ‘'HODUWLQR HW DO *KHU
HW DO HYHQ ZKHQ LWLV RUWKRJIJRQDO WR FODVVLF H[SHF\
$GGLWLRQDOO\ LQWHUQDO VWDWHYVY VXFKDV WLUHGQHVV PR(
EUDLQ 3DVWRU %YHUQLHU HW DO <RVKLPRWR HW DO

HPSKDVL]HV WKH G\QDPLFV RI' YDOXHFRPSXWDWLRQ PXFK OLNI
ZKLOH KXQJU\FDQ OHDGWRD YHU\GLITHUHQW VHOHFWLRQ RI L)\

WURXIJKW WRIHWKHU WKHVHILQGLQJY KLIKOLIJKW WKH FRPSOL
GHFLVLRQ PDNLQJLVQRWRQO\DIXQFWLRQRILPPHGLDWHUHZ
PXOWLSOHLQWHUDFWLQJFRJIJQLWLYHDQG QHXUDO SURFHVVHYV
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IRWDOOYDOXHV VKRXOG JXLGHEHKDYLRU

2IWHQ ZH PLJKW KDYH PRUH WKDQ RQHJRDO LQ DQ HQYLURQPHQ
LQ WKH VDPH WULS WR WKH VXSHUPDUNHW ,WHPV RQ WKH VKHO
GHSHQGLQJRQ WKH JRDOLQPLQG 7KHVDPHDSSOHPLJKW KDY
GHSHQGLQJLIWKHJRDOLVYWRVQDFNRUWREDNHDFDNH 'HFL)
FROQOWH[WRIDJLYHQ WDVNDQG FRQWH[W LV FUXFLDO IRURSWLF
-XHEKHPV 6XPPHUILHOG .QXGVHQ :DOOLV OLOOHU HV
IHEUHWRQ (YHQ ZKHQ WDNLQJLQWR DFFRXQW DOO WKH LQ
UHVXOWLQJYDOXHH[SHFWDWLRQV DUH QRW DEVROXWH EXW U
&RQWH[W FRXOG UHSUHVHQW LPPHGLDWH LQIOXHQFHV VXFK W
EHPRUHYDOXDEOHWKDQRQDVXQQ\GD\ %HUQV HW DO 7
ORQJ ODVWLQJ )RUH[DPSOH DIWHU SDUWLFLSDQWY ZHUH H[W
VSHFELILEF FRQWH[WV WKH\ZHUH SUHVHQWHG ZLWK FKRLFHV EH
WR FKRRVH RSWLR Q\Z WK B MQ2M K HHRUSFRRIGPVDIEMA ZHUH QRW WKH PR
RSWLRQ SUHVHQWHG 7KLV ELDV VKRZV WKDW H[SHFEWHG YDOX*F
HYHQ OHDG WR YLRODWLRQ RI WKH SULQFLSOHRIYDOXH PD[LPL
HW DO OROLQDUR &ROOLQV D 3DOPLQWHUL HW DO

FRQWH[W LV WKDW LW LV QRW DOZD\V FOHDUO\REVHUYDEOH :K
DSLH ZHGRQIW KDYH WKH JRDO H[SOLFLWO\SUHVHQWHG LQ IU
WR UNHHS LQ PLQGu WKDW ZH DUH KHUH WR EX\LQJUHGLHQWYV IF
REVHUYDELOLW\HPSKDVL]HV JRDO XQFHUWDLQW\LQ GHFLVLRC
JRDO GLUHFWHG EHKDYLRU 7KH 2)& YP3)& ZDV IRXQG WR UHSUI

LVSDUWLDOO\REVHUYDEOH HJ %UDGILHOG +DUW &KDQ
(OOLRWW :LPPHU %°*FKHO J)DURYLN HW DO OXKOH .DUL
:LOVRQ HW DO =KRXHWDO

.QRZLQJDQG NHHSLQJWUDFNRIWKHFRQWH[W LV WKXV FUXFLD
UDLVHV WKH TXHVWLRQ RIWR ZKDW HIWHQW FRQWH[W SOD\V D L
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VWXGLHV VXJIJHVWHG WKDW 2)& YDOXH VLIQDOV DUHLQGHSHQC
IHDWXUHV PRWRUDVSHFWVY RURWKHU FKRLFHRSWLRQV 3DGF
BFKXOW] ‘LWK WLPH WKH SLFWXUHRIKRZWKH2)& DQG D
GHFLVLRQ PDNLQJKDV EHFRPHPRUHFRPSOH[ :KHQ WDVNHG W
LJQRUH RWKHUV OHVLRQV RIWKH 2)& KLQGHU WKHDELOLW\ WR
HW DO VXJIJHVWLQJ WKH 2)& PLJKW KDYH D FUXFLDO SDUW L
FRQWH[W GHSHQGHQW YDOXHV (YHQ ZKHQ ORRNLQJDW GLIIHU
VLIJQDOV DUH QRUPDOL]JHG ZLWKLQ WKHLU FRQWH[W ZLWKLQ PD
3DGRD 6FKLRSSD 3DGRD 6FKLRSSD KXPDQ 05, 1HOOL
ZRUN =LPPHUPDQQHW DO VXJIJHVWLQJWKDW YDOXHV LQ
FRQWH[WDQG QRWLQDQDEVROXWH PDQQHU

%URXJKW WRIJHWKHU WKHVHILQGLQJV KLIJKOLJKW WKH LPSRUYV
ZKLFK YDOXHV VKRXOG JXLGHEHKDYLRU &RQWH[W FDQEHDQ L
SHUFHSWLRQV DQG GHFLVLRQV E\JXLGLQJ ZKLEK IHDWXUHV DU
HYDOXDWHG %XW ZKDW H[DFWO\LV fFRQWH[W{" +RZ GR ZH XQG

7TDVN VWDWHY PLIKWGHWHUPLQH ZKLFK YDOXHV JXLGH EHKDYL

6WDWHYV DV SUHYLRXVO\PHQWLRQHG HQFRPSDVV DOO WKH RE
QHFHVVDU\WR SUHGLFW GHFLVLRQ RXWFRPHV 3UHVHQWHG ZL"
WKHVXSHUPDUNHW ZLWKRXW NQRZOHGJH RI WKHFRQWH[W PX
VXFKDV {fDOO WKHLQIRUPDWLRQ QHHGHG WR EDNHD FDNHY RU "
&RIQLWLYHFRQWURODQGDWWHQWLRQ SURFHVVHV VXSSRUW \
JRDO LUUHOHYDQW LQIRUPDWLRQ )U|PHU 6KHQKDY ODF/F
HW DO E\HQKDQFLQJIHDWXUHV WKDW DUHUHOHYDQW JLY
6KXOPDQ 6WRNHV HW DO DQG VKDSHZKLFKIHDWXUHYV
UHSUHVHQWDWLRQV LQYP3)& &DVWHIQHWWL HW DO JU|PE
HW DO 5XGHEHFN O0XUUD\ &RPSXWDWLRQDO PRGHOL
VWXGLHV VXJIJHVW WKDW WKHYP3)& 2) & QRW RQO\HQFRGH YDO
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HQYLURQPHQW SRWHQWLDOO\VHIJPHQWLQJH[SHULHQFHV LQW
IXWXUH GHFLVLRQV &KDQ HW DO 1DVVDU HW DO 6 F KX
6FKRHQEDXP SHFHQW HYLGHQFH VXJJHVWY WKDW VWDW H\
LQIRUPDWLRQ EXW DFWLYHO\VKDSH QHXUDO UHSUHVHQWDWLR
SDUWLFXODU WKH YP3)&DQG 2)& DSSHDUWRHQFRGH ODWHQW
FROQWH[WXDO FXHV WR JXLGH EHKDYLRU %DUDP HW DO &UI
6BEKXFN 1LY 6FKXFN HW DO = =KDQJHW DO 7KHV
PDLQWDLQ DQ DEVWUDFW KLJK GLPHQVLRQDO UHSUHVHQWDW|
EDVHG RQ H[SHULHQFH DQG SUHGLFWLRQ HUURUV 1LY :LO\
IRUUDSLG DGDSWDWLRQ WR HQYLURQPHQWDO FKDQJHV HQVXL
HYHQ ZKHQ IDFHG ZLWK XQFHUWDLQW\ ORPHQQHMDG HW DO

6WDWHV DUH WKXV D JRRG IUDPHZRUN WR XQGHUVWDQG ZKDW F
VKRXOG SUHGLFW YDOXHV DQG DV D UHVXOW ZKLEK YDOXHV VK
VWDWH VHSDUDWLRQ PLJKW QRW EH DV FOHDQ DV WUDFHV RI SL
IRXQG LQ VHYHUDO FRUWLFDO UHJLRQV LQFOXGLQJDUHDV UHV
ODQWHHW DO 6EFKXEFNHW DO 6KDKDU HW DO 7DNE
YP3)& ZDV VKRZQ WR EH FULWLFDO WRHYDOXDWLQJFRXQWHUIC
EHHQ /HYHQV HW DO DQG WRLQWHJUDWH FRXQWHUIDFW >
DOORZLQJIRUWKH FRPSDULVRQ EHWZHHQ DEFWXDO RXWEFRPHV I
6FKZDU]H %|KPHU HW DO 6LPLODUO\ QRW RQO\WDVN UH
YDOXDWLRQ KDV EHHQ VKRZQ WR LQIOXHQFH FRJQLWLYH FRQW!
ZHOO DVDFWLYLW\LQ YP3)& /HEUHWRQ HW DO VXJIHVWL
VLPXOWDQHRXVO\FRQWULEXWH WR JXLGLQJEHKDYLRU

%WURXIJKW WRIHWKHU ZKHQ WKLQNLQJDERXW WKHFRPSXWDWL
RSWLPDO GHFLVLRQ PDNLQJ YDOXHVDUHQRWHQRXJK 7KH\ P>
EX\LQJD PHWDO FKDLULV RQO\YDOXDEOHLI\RXZDQW WR VLW
OLNHO\WKDW FRQWH[W ZRXOG GLUHFWO\LQIOXHQFHDQG LQWF
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DUHWKHFRUUHFWYDOXHV WRJXLGHEHKDYLRU 7KHILUVW SUF
EHWZHHQ VWDWHYVY UHOHYDQWDQG LUUHOHYDQW YDOXHV DQG

&RIQLWLYHPDSVDQGJRDO GLUHFWHG EHKDYLRU

BWUXFWXUDO NQRZOHGJH RI WKH ZRUOG DURXQG XV DQG VSHF]
UROHLQJXLGLQJRXUEHKDYLRU 7RHIILFLHQWO\KDQGOH D VK|
PRUHWKDQ MXVW WKHJRDOLQPLQG :HQHHG WRNHHS WUDFN F
LWHPV ZHDOUHDG\VDZ ZKHUH ZHDUH KHDGHG DQG HYHQ SRWH
GHVLUHG LWHPV PLJKW EH ORFDWHG +XPDQV DQGDQLPDOV ED
DQG KDYH WKHDELOLW\WR JHQHUDOL]HIURP VSHFLILE SDVW H|

*HUVKPDQ HW DO 7KH\FDQ DOVR GUDZ RQ H[SHULHQF#}
FRQQHFWHG RUHYHQHQYLVLRQ QHZ GHFLVLRQV DQG WKHLU RX
H[SHULHQFHG %DUURQHW DO *XSWD HW DO 6FKDFWFH

$OUHDG\GHFDGHV DJR LQVSLUHG EN\UDWV PDNLQJ XQH[SHULHC
UHZDUGY 7ROPDQ FRLQHG WKHWHUP fFRIJIQLWLYHPDSYTUHIHUL
UHSUHVHQWDWLRQ RIWKH ZRUOG DURXQG XV 7TROPDQ HW DO
EURDG VHQVH FRIJQLWLYHPDSVFDQEHVHHQDV WKHVWUXFWX
DPRQJGLIITHUHQW VWDWHY %HKUHQV HW DO 'HFDGHV RI1 L
PHGLDO WHPSRUDODQG PHGLDO SUHIURQWDO UHSUHVHQWDW!
FRIQLWLYHPDS 7KHPRVW SURPLQHQW GLVFRYHU\ZDV KLSSRF
ORFDWLRQV RIWKHPDS ORVHUHW DO 29.HHIH 'RVWURYV
JULG FHOOV ZKLFKILUHDW GLITHUHQW ORFDWLRQV IRUPLQJD K
HW DO +DIWLQJ HW DO $ORQIVLGH SODFHDQG JULG F
GLVFRYHUHG LQ WKH KLSSRFDPSDO IRUPDWLRQ VXFKDV FHOO\
GLUHFWLRQ 7DXEHHWDO GLVWDQFHWRERUGHUV 6ROV
HQFRGLQJORFDWLRQV RIUHZDUGV *DXWKLHU 7DQN 7TRJI
DFRRUGLQDWH V\VWHP LQFRUSRUDWLQJNQRZOHGJHIURP WKF
.DSODQ HW DO 6KDUSHHW DO 7TKHYHV HW DO
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OXFKRIWKHIRFXVRQFRJQLWLYHPDSVDQG WKHLU XQGHUO\LQ.
SK\WVLFDO VSDFH %HKUHQV HW DO 29.HHIH SHFHQW Z|
VIVWHP LV QRW UHVWULFWHG WR SK\VLFDOO\QDYLJDWLQJLQ YV
ZKHQ LPDJLQLQJQDYLJDWLRQ %HOOPXQGHW DO +RUQHU
(YHQ PRUH VWULNLQJO\ WKHVDPH V\WWHP FDQ UHSUHVHQW P X|
GLPHQVLRQV VXFKDV YLVXDO IHDWXUHV &RQVWDQWLQHVFEX H
DQG VRXQGV $URQRYHWDO %DR HW DO 5DGYDQVN\
FKRLFH SUREDELOLWLHV DQG PDJQLWXGHV %RQJLRDQQL }
WZR GLPHQVLRQDO VRFLDO KLHUDUFKLHY 3DUNHW DO
VSDWLDO DQG QRQ VSDWLDO RUJDQL]DWLRQ RIH[SHULHQFHV D
JRDO GLUHFWHG EHKDYLRU %HKUHQV HW DO %HOOPXQG
6FKXFN HW DO BWDFKHQIHOG HW DO 7ROPDQ
$V GHVFULEHG DERYH VWDWHY FDQ EH FRQFHSWXDOL]HG DV IR
WKHLU DFWLRQV WR PD[LPL]HUHZDUGY &RJQLWLYHPDSV RQ W
LQWHUQDO UHSUHVHQWDWLRQV WKDW HQFRGH WKH UHODWLRQ
EHWZHHQ VWDWHV DQG FRIJQLWLYHPDSV LV FUXFLDO IRU XQGH!
GHFLVLRQV 2& -RUGDQ HW DO 3LUD\ 'DZ 7KHLQWHJL
SULQFLSOHV ZLWK WKH FRQFHSW RI FRJQLWLYH PDSV RIIHUV D F
XQGHUVWDQGLQJKRZDJHQWY QDYLJDWH FRPSOH[HQYLURQPH
HW DO BWDFKHQIHOG HW DO BWRHZHU HW DO 1
ZHPLJKWEHDEOHWR GUDZ SDUDOOHOV EHWZHHQ ILQGLQJV RQ
FRIJQLWLYHPDSYV

&RIQLWLYHPDSVDVDG\QDPLFUHSUHVHQWDWLRQ RIWKHHQYL

TR RSWLPDOO\JXLGHRXUEHKDYLRU FRIJQLWLYHPDSV PLJKWH
UHSUHVHQWDWLRQ 2QH VSHFLILFVLPLODULW\FRJQLWLYHPDS
ILOWHULQJDQG VRUWLQJIHDWXUHUHOHYDQF\IRURSWLPDO EF
DFKLHYHDJRDO GLVUHJDUGLQJRUFRPSUHVVLQJFHUWDLQ IHL
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DFKLHYLQJDJRDO )OHVFKHWDO 0OXKOH .DUEH HW DO
OHDYHV VKRXOGQITWLQIOXHQFH WKHDSSOHYV WDVWHDQG WK
UHSUHVHQWDWLRQRIGLITHUHQW VRUWYVY RIDSSOHV RQ WKH VKF
OHDYHV 3UHYLRXV ZRUNLQGHHG VXJIHVWYVY WKDW QHXUDO UH S
SURSRUWLRQ WR IHDWXUHUHOHYDQFH ODFNHW DO $W W
LQIRUPDWLRQLVYQRWFRPSOHWHO\ILOWHUHG RXW HYHQDIWH
7TDNDJLHWDO ‘HPLIKWHYHQNHHS WUDFNDQGDVVRF
QHYHUEHHQ UHODWHG WR RXUJRDO %HQ $UW]JLHWDO 6 K
FRORURIWKHDSSOH SUHGLFWV LWV WDVWH EXWVWLOO NHHS'
ZHXVHWRSLFNLWIURP WKH VKHOI 7KLV VXJIJIHVWY WKDW ZKLO
DFKLHYHPHQW JRDO LUUHOHYDQW IHDWXUHYVY PLIKW SHUVLVW
ILQGLQIJV LQGHHG IRXQG WKDW WKH KLSSRFDPSXV ZKLOH HQFR
EHWZHHQ VWLPXOL DOVR VLPXOWDQHRXVO\UHSUHVHQWHG WK
LUUHOHYDQW WR WKH WDVN DW KDQG =KHQJHWDO TKHVE
WKHFRIJQLWLYHPDS OHYHO SUHYLRXV JRDOVDQG WDVN LUUH(
UHSUHVHQWDWLRQ RIWKHGHFLVLRQ VSDFH L H WKHFRJQLWL

'LITHUHQW JRDOV PLIJKW UHTXLUH GLITHUHQW RSWLPL]DWLRQV |
YDULRXVUHSUHVHQWDWLRQDO FKDQJHV WR WKH FRJQLWLYH P|
DIWHUWDVWLQJPDQ\DSSOHYVY DQDJHQW PLJKW OHDUQ WKDW U
VRXU 7R PD[LPLIHVZHHWQHVYV WKHDJHQW PLJKW QHHG WRILQ
SHLQIRUFHPHQW OHDUQLQJRIIHUV PHWKRGV VXFKDV IXQFWLR(
DOORZLQJIRUWKHUHSUHVHQWDWLRQRIFRQWLQXRXV IHDWXU
WKDQ GHILQLQJ GLVFUHWH VWDWHY OLNH TFKRRVLQJVZHHW UF
IXQFWLRQDSSUR[LPDWLRQ HQDEOHV WKHDJHQW WR WUHDW FR
JHQHUDOL]J]HV OHDUQHG YDOXHIXQFWLRQVDFURVV VLPLODU VYV
OLQHDU RUQHXUDO QHWZRUN PRGHOV ZKLFKDOORZV WKH DJF
GLUHFWO\HQFRXQWHUHG E\OHDUQLQJWKHUHODWLRQVKLSV E
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VWDWHVY KDYHD UROHLQ HPSKDVL]LQJWKHULJKW YDOXH DV K\
EURDGO\RQ WKHFRJQLWLYHPDS YDOXHJHQHUDOL]DWLRQ RY'}
WKHFRJQLWLYHPDS WRHPSKDVL]HUHZDUGLQJDUHDV )RULQV
LQUHSUHVHQWDWLRQLQVSHFLILFUHZDUGLQJDUHDV H J HQK
UHG VKDGHJRDO ORUHRYHU VXFKUHSUHVHQWDWLRQDO FKDQ
DUHD EXWFRXOGDOVRLQIOXHQFH WKHHQWLUHPDS DIIHFWLC

2XWVLGH DQG DGMDFHQW WR UHLQIRUFHPHQW OHDUQLQJ WK
FOXVWHUHG LQWR GLVFUHWH FDWHJRULHV KDV D ORQJ KLVWRU
WKHLQIOXHQFHRIDSSO\LQJGLVFUHWH FDWHJRULHV WR WKH S
FDXVLQJDQLQFUHDVHDQG VRPHWLPHV D GHFUHDVH LQ GLVFUL
ILEHUPDQ HW DO OFOXUUD\ 7KDOPDQQ HW DO

TXHVWLRQ RIKRZFRQWLQXRXV FRJQLWLYHPDSV DUHLQIOXHQF
FDWHJRULFDO VWUXFWXUHVY LQWHUDFW RYHU WLPH

%URXJKW WRIJHWKHU FRJQLWLYHPDSVDOORZLQGLYLGXDOV W
JXLGH WKHLU EHKDYLRU 2QH PHFKDQLVP WKH\PLJKW XVH LV RL
DQGHYHQ SUHGLFWLQJIXWXUHVWDWHY +DYLQJDPRUH G\QDP
FRIJQLWLYHPDSV DQG VWDWHY FDQKHOS XVEHWWHUDFKLHYF
UHZDUGV LVD FUXFLDO SDUW RI JRDO GLUHFWHG EHKDYLRU 6D
% DUWR 7KHUHIRUH WKH LQWHUSOD\RIVWDWHVY FRJQLWL
XQGHUVWDQG KRZKXPDQVDQGDQLPDOV QDYLJDWH FRPSOH[ H(

7TKHUROHRIYDOXHVLQ FRIQLWLYHPDSV

ODQ\DSSURDFKHV WKXV IDUIRFXVHG RQ WKH VHSDUDWLRQ EHW
HQYLURQPHQW 2QH SURPLQHQW H[DPSOHLV WKHWZR VWHS WI
WR VWXG\WKH LQWHUDFWLRQ RIVWUXFWXUHDQG UHZDUG ,Q W
ZLWK HDFK GHFLVLRQ LQIOXHQFLQJVXEVHTXHQW VWDWHV DQG
EHWZHHQ PRGHO IUHH OHDUQLQJ ZKLFK UHOLHV RQ GLUHFWO\
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ZLWKVSHFLILFVWLPXOLRUDFWLRQV DQGPRGHO EDVHG OHDU
PDS RIWKHWDVNVWUXFWXUH WR SUHGLFW IXWXUH RXWFRPHYV
UHSUHVHQWDWLRQLVDQRWKHU FRPSXWDWLRQDO IUDPHZRUN "
OHDUQLQJWKURXJKWKHVHSDUDWLRQRIYDOXHDQG WDVN VWL

6XFFHVVRU UHSUHVHQWDWLRQ HQFRGHV WKH H[SHFWHG IX
FRPELQLQIJWKHWHPSRUDODQG VSDWLDO VWUXFWXUH RIWKH F
WKRXJKWRIDVD1TYDOXH IUHHfT UHSUHVHQWDWLRQ RI WKHHQY
YDOXH SUHGLFWLRQ ZKHQ WKRVH FKDQJH 1HXURVFLHQWLILF U
VXFFHVVRUUHSUHVHQWDWLRQVLQ WKHEUDLQYV QDYLJDWLRQ
HW DO 6WDFKHQIHOG HW DO 6WRHZHU HW DO LW

6LQFH VWDWHVY LQFRUSRUDWH DGGLWLRQDO LQIRUPDWLRQ EH\
PRUHRSWLPDO IXWXUHRXWFRPHY 7KHDSSURDFK WR VHSDUDW
EHQHILFLDO WR XQGHUVWDQGLQJWKH GHSHQGHQF\RIYDOXH R
DVVXFFHVVRUUHSUHVHQWDWLRQV VKDUH WKH QRWLRQ WKDW |
LQIOXHQFH DQG HPSKDVL]HWKHUHOHYDQW YDOXH SUHGLFWLQ
RSWLPDO EHKDYLRUDQG FRUUHFW JHQHUDOL]DWLRQV )RU H[D
VXSHUPDUNHW ZKLOH EX\LQJLQJUHGLHQWYV IRUD FDNH ZLOO D
% %4 +RZHYHU LW UDLVHV WKH TXHVWLRQRIZKHWKHU VXFK LQ
YDOXHV GLUHFWO\VKDSH WKH UHSUHVHQWDWLRQ RI WKH VWU X
VXSHUPDUNHW KDV RXU IDYRULWH VZHHWV ZKLFK ZH YDOXH PR
HOVHZKHUH :LOOWKHUHSUHVHQWDWLRQ RI WKHVXSHUPDUNH
SRVVLEOH WKDW RYHU WLPH UHSHDWHG H[SRVXUHV WR UHZDU
WKH XQGHUO\LQJUHSUHVHQWDWLRQ RIWKHVWUXFWXUH VXJJ

:KDW UROHGR YDOXHYV SOD\LQ FRIJQLWLYHPDSV" 2QH ZD\ WR Wk
DORQJZKLFKLQIRUPDWLRQ LV RUJDQL]HG VLPLODU WR RWKHU
ILWVFKHWDO $UHDV LQ WKHPHGLDO WHPSRUDO OREH D!
PDSV DUHDOVRLQYROYHGLQ UHSUHVHQWLQJUHZDUGV /H*DW
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=HLWKDPRYD HW DO +RZHYHU DV PHQWLRQHG DERYH YD
VKDSLQJFRJQLWLYHPDSVDQG WKHLU XQGHUO\LQJUHSUHVHQ\
WKH DFWLYLW\RI SODFHDQG JULG FHOOV DUH GLUHFWO\LQIOX
30DFH FHOOV FDQ FRQGLWLRQDOO\UHVSRQG RQO\LQ D FHUWDI
UHSUHVHQW DUHDV DURXQG UHZDUG YHUVXV QRQ UHZDUG ORFI
UDWHDQG ORFDWLRQ WRR %RFFDUD HW DO 'XSUHW HW DO
*LRFRPR 7KLV UDLVHV WKH SRVVLELOLW\WKDW UHSUHVHQC
PDSDUHQRW IXOO\LQGHSHQGHQW DQG PLJKW LQIOXHQFH HDFK
VHFRQG SURMHFW DLPVWR LQYHVWLIJDWHKRZNQRZOHGJHRI U
LQ WXUQ JXLGH EHKDYLRU

SHWKLQNLQJWKHQHXUDO FRGHIRUYDOXHV LQYP3)& 2)&

&RIQLWLYHPDSVDQG VWDWHVY H[KLELW IOH[LEOH G\QDPLFV WR
GHFLVLRQV ,GHQWLI\LQJWKH ULJKW YDOXHV LV DFUXFLDO SI
DUHVWURQJO\GHSHQGHQWRQ RWKHU WDVN UHODWHG IDFWRU
VKDSHKRZYDOXHVDUHFRPSXWHG VWSURMHFW EXWYDOXH!?
UHSUHVHQWHG QG SURMHFW 7KLVLQWHUSOD\UDLVHV D EUR
YDOXHVUHSUHVHQWHG LQ WKHEUDLQ" $UHYDOXHV UHSUHVHQ
HQFRPSDVVLQJUHSUHVHQWDWLRQDO VSDFH" 7TRWU\DQG VKHG
ZHUHYLHZHG UHFHQW OLWHUDWXUH IRFXVHG RQ WKH YP3)& DQ¢
YDOXHVLIQDOV %DUWUD HW DO &OLWKHUR 5DQJHO
SDGRD 6FKLRSSD $VVDG

20H SURPLQHQW LGHD LQVSLUHG E\HDUO\HFRQRPLFWKHRU\ |
HQFRGHV H[SHFWHG YDOXHV RIGLITHUHQW IHDWXUHV LQ D FRPP
WKDW JXLGHV GHFLVLRQV &KLEHWDO JHKU 5DQJHO
QRWLRQLVVXSSRUWHG E\HYLGHQFH WKDW YP3)& YDOXH VLJQD
GLITHUHQW JRDOV VXJIJHVWLQJWKDW YDOXHV PLIKW EH WDVN
HW DO *URVV HW DO +RZDUG HW DO .RED\DVKL +
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"HVWEURRNHWDO <DRHWDO = =KDQJHWDO
DVSUHGLFWHG E\WKHILUVW SURMHFWDQG SUHYLRXVO\PHQWI
WKHVHVLIJQDOV VXJIJHVWLQJWKDW YDOXHV PD\QRW EHHQFRG
RWKHU WDVNLQIRUPDWLRQ

(YLGHQFH VXJJHVWY WKDW QHXURQV LQ YP3)& HQFRGH VXPPDU\
SUHYLRXV RITHUVDQG RXWFRPHV RUWKHORFDWLRQ RI WKH FX
5HFRUGLQJ VWXGLHV KDYHDOVR VKRZQ WKDW WKH VDPH QHXUR
DWRQFH DSKHQRPHQRQNQRZQDV PL[HG VHOHFWLYLW\ 5LJRW
QHXURQV LQ PDFDTXH 2)& FDQ UHSUHVHQW ERWK VSDWLDO DQG
XQUHODWHG <RR HW DO 7KLV UDLVHV D FKDOOHQJH WR W
YDOXH VLJQDO LIYDOXHUHSUHVHQWDWLRQV DUHLQWHUZRYH
VLQJOH QHXURQV KRZVKRXOG ZHFRQFHSWXDOL]HWKHLU URO
RXUGHFLVLRQV" 7KH TXHVWLRQ RIKRZFRQWH[W DQG YDOXHV P
RIWKHILUVW SURMHFW 7KH ODVW SURMHFW WDNHV D EURDGH L
UHFRQFLOH FRPPRQ FXUUHQF\DFFRXQWV RIYDOXH UHSUHVHQ
UHSUHVHQWDWLRQV LQ YP3)& P2)& 'UDZLQJIURP HQFRGLQJ SU
GHHS UHLQIRUFHPHQW OHDUQLQJPRGHOV ZKHUHLQGLYLGXDO
H[SORUH KRZ YDOXH UHSUHVHQWDWLRQV PD\EH HPEHGGHG ZLW
VXJIJHVW WKDW RXWFRPH PD[LPL]DWLRQ OHDGV WR FRPSOH[ UH
UHVWULFWHG WR YP3)& P2)& WKDW DUHLQVXIILFLHQWO\ FKDU!|

SHSUHVHQWDWLRQDO VSDFHV DFURVV WKH YP3)& 2)&8 DQG WKH |

$OWKRXJK WKH WKLUG SURMHEW IREFXVHG PDLQO\RQ YP3)& 2)&
LQWHUDFWLRQ ZLWK YP3)& 2)& DOVR SOD\DQ LPSRUWDQW URO}
EHKDYLRU 7KHKLSSRFDPSXV KDV DZHOO HVWDEOLVKHG UROH
%HKUHQV HW DO 6RVD *LRFRPR DQG LV FUXFLDO IRU
HW DO $W WKH VDPH WLPH VWDWH UHSUHVHQWDWLRQV L
HQFRGLQJRQHYV FXUUHQW ORFDWLRQ ZLWKLQ D FRJQLWLYH PL
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UHJLRQV VKDUH VWURQJDQDWRPLFDODQG IXQFWLRQDO FRQQF
VKRZQ WR UHSUHVHQW VSDWLDO ORFDWLRQV VLPXOWDQHRXVO
,Q KXPDQV WKHLUFR DFWLYDWLRQ KDVEHHQ DOVR OLQNH
LPDJHU\ VXFKDV VFHQHV ORQNHW DO XVDJH RI WRROV IF
DQG DXWRELRJUDSKLFDO PHPRU\UHFDOO OF&RUPLFN HW I
IRUPDWLRQ DQG WKH 2)& FRQWULEXWH WR FRQVWUXFWLQJ VSD
WUDMHFWRULHYV ZLWKLQ WKHP WR JXLGH GHFLVLRQ PDNLQJ 3
KLSSRFDPSDO UHSOD\ L H UHDFWLYDWLRQRIVHTXHQFHV RI Q
H[SHULHQFHV IRUUHYLHZ VHH :LWWNXKQ HW DO KDV EH}
WDVN VWDWHV LQ WKH 2)& 6FKXFN 1LY DQG WKH 2)& ZDV Vi
KLSSRFDPSDO UHSUHVHQWDWLRQV WR RSWLPL]H FKRLFH LQIHU
VXJJHVW D FROODERUDWLYH PHFKDQLVP EHWZHHQ WKH KLSSRF
WDVN UHODWHG LQIRUPDWLRQ ZKLFK OLNHO\ SOD\V D NH\ UROH
WKLV WKHVLY RQO\EULHIO\WRXFKHV RQ WKLV LGHD LQ WKH WK
VHFRQG SURMHFW DUH PRUH IRFXVHG RQ WKHVH UHJLRQV VHSD
VHFRQG SURMHFW ZLOO SURYLGH DGGLWLRQDO LQVLJKWYV LQW!|
DQG KRZKLSSRFDPSXV 2)& LQWHUDFWLRQV JXLGH EHKDYLRU
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7TKHVLV UDWLRQDOH

8QGHUVWDQGLQJ KRZWDVNJRDOV YDOXHUHSUHVHQWDWLRQV
RXUEHKDYLRULVDIXQGDPHQWDO TXHVWLRQLQ FRIQLWLYHQF
LOQGHSHQGHQWO\RIWDVN VWUXFWXUH RUGRWKH\HPHUJH ZLW
HQYLURQPHQW" 'RHV HI[SRVXUH WR UHZDUG VKDSHKRZ ZH RUJD
VR KRZ" +RZGR UHJLRQV VXFKDV WKHYP3)& DGMDFHQW 2)& D
HOHPHQWYV LQWR D MRLQW UHSUHVHQWDWLRQDO VSDFH WR JXL
7TKLVWKHVLY DWWHPSWV WR VKHG VRPHOLJKWRQ WKHVHORQJ
ELGLUHFWLRQDO UHODWLRQVKLS EHWZHHQ WDVN VWUXFWXUH
VXEVWUDWHY WDSSURDFKHV WKLVIURP WKUHHDQJOHV KRZ:
UHSUHVHQWDWLRQV KRZYDOXHJHQHUDOL]DWLRQLQIOXHQFH
EHLOQWHIJUDWHG LQWR D XQLILHGUHSUHVHQWDWLRQDO VSDFH

SURMHFW +RZGRHV WDVN VWUXFWXUHVKDSHYDOXHUHSUHVI

, QWKHILUVW SURMHFW ZHDVN ZKHWKHU WKH YP3)& UHSUHVHQ
RUZKHWKHU LWDOVRHQFRGHV RWKHUDVSHFWYV RI WKHWDVN V
HQFRGH RQO\WKH YDOXHV WKDW DUHUHOHYDQW IRUWKH FXUU
LQIRUPDWLRQ DERXWDOWHUQDWLYH FRQWH[W LQDSSURSULD
WHOO XVDERXW WKH XQGHUO\LQJ VWUXFWXUHRIYDOXHUHSUH
TRWHVW WKLV ZH GHVLIQHG D WDVNLQ ZKLFKHLWKHU VWLPXO
DUELWUDWLQJEHWZHHQ WZR SRVVLEOH FRQWH[WYV RU VWDWF
YP3)&ZLOO UHSUHVHQW GLIITHUHQW YDOXHV WKDW RFFXU LQ GL
LQWKHFXUUHQW FRQWH[W DV ZHOODV RWKHU FRQWH[W LQDS
YDOXHVY :HSUHGLFWHG WKDW YP3)&ZLOO UHSUHVHQW YDOX
WKHFDVH ZHZRXOG H[SHFW WKDW LWV VLIQDO DQG EHKDYLRU
YDOXHRISRWHQWLDO FKRLFHV ZLWKLQ HDFK FRQWH[W WKH UFE
RQHZRXOGKDYHPDGHLQDQDOWHUQDWLYHVWDWH )XUWKHUTI
FRQWH[W ZH ZRXOG H[SHFW WRILQG RYHUODSSLQJVLJQDOV
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IHDWXUH UHOHYDQFH WR VKDSHEHKDYLRU

2XUILQGLQJIV VXIJIHVW WKDW WDVN VWDWH UHSUHVHQWDWLRQ
WKDW ZKHQ IDFHG ZLWK PXOWLSOH SRWHQWLDO VWDWHV D FRF
WKHH[SHFWHG YDOXHVDFFRUGLQJWRHDFK VWDWH

SURMHFW +RZGRHVYDOXHJHQHUDOL]DWLRQLQIOXHQFH FRJ!

, I RWKHUWDVNUHSUHVHQWDWLRQV VXFKDV VWDWHYV LQIOXHC(
EHWUXH" '"RHVYDOXHLQIOXHQFH EURDGHU WDVN UHSUHVHQWL
VSHFLILFDOO\LQ FDVHV ZKHUH YDOXH LV QRW REVHUYHG EXW J
H[SHULHQFHV" $V PHQWLRQHG DERYH ORQJH[SRVXUH WR VSHF
WR SHUFHSWXDO GLVFULPLQDELOLW\ 6XFKFKDQJHV PLJKW UH
UHSUHVHQWDWLRQ RIWKHFRJQLWLYHPDS ,QWKHVHFRQG SUF
DITHFWV QRQ VSDWLDO FRIQLWLYHPDSV LQ KXPDQV :HDVNLIF
KRZWDVN UHOHYDQW GLPHQVLRQVDUHUHSUHVHQWHG LQ D SH
TRDGGUHVV WKHVH TXHVWLRQV DFURVVIRXUO0S5, VHVVLRQV SI
GLVFULPLQDWLRQ WDVN EHIRUHDQG DIWHU HIWHQVLYH UHZDU (
JHQHUDOL]DWLRQ DFURVV WLPH VXFKWKDWDUHDV DVVRFL
EHKDYLRUDODQG QHXUDO DFXLW\HYHQLQ ODWHU VHVVLRQV Z
ZKHUH WKH HIITHFWV RIUHZDUG ZRXOGLQGXFH D V\VWHPDWLF U
DIIHFWLQJDUHDV WKDW ZHUH QHYHU GLUHFWO\UHZDUGHG

‘HVLPXODWHG SRWHQWLDO PHFKDQLVPV XQGHUO\LQJFKDQJHYV
FRQVLGHULQJWKUHHPDLQ SRVVLELOLWLHYV SDUWLDO UHPD
UHSUHVHQWDWLRQDO ILHOGVY FHQWHUV DURXQG UHZDUG *O
UHSUHVHQWDWLRQDO ILHOGVY DFURVV WKHVSDFHUHPDS ZLWK |
VLIQDOWR VFDOHE\GLVWDQFHWRUHZDUG HTXLYDOHQW WRJ
UHZDUG GULYHQ "JUDYLWDWLRQDO SXOO0" ZKHUH UHSUHVHQWD
UHZDUG %HKDYLRUDODQG SUHOLPLQDU\I05, UHVXOWYV VXJJHYV
WKLV HITHFW LQ ERWK WKH KLSSRFDPSXVDQGPHGLDO 2)& 7KLV
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UHVXOWV DQG FRQFOXVLRQVDUH SUHOLPLQDU\DQG VKRXOG Et

3URMHFW +RZDUHWDVNDQG YDOXHUHSUHVHQWDWLRQV RUJ
VSDFHLQ WKH 2)& YP3)&"

$IWHULQYHVWLIDWLQJWKHELGLUHFWLRQDOLQIOXHQFHRI WL
YHUVD WKHILQDO SURMHFWDVNV KRZWDVNVWUXFWXUH VWD
EHKDYLRU :HUHYLHZHG UHFHQW OLWHUDWXUH ZKLOH IRFXVLQ
VWURQJFRQQHFWLRQ EHWZHHQ YDOXHDQG VWDWHUHSUHVHQ!
LOQWHJUDWHYV VWLPXOXV FRQWH[W DQG RXWFRPHLQIRUPDWLF
EHKDYLRU :HH[SORUHWKHRUHWLFDO IUDPHZRUNV LQFOXGLQ
SRWHQWLDODQDORJLHVIRUKRZWKHVHUHSUHVHQWDWLRQV D
WUHDWLQJYDOXHDVDQLQGHSHQGHQW RYHUDUFKLQJVLJQDO
UHSUHVHQWDWLRQV DV WKHRUJDQL]JLQJ SULQFLSOHRIVLJIQDO
EHKDYLRU 7KLV VXJJHVWYV WKDW YDOXHV DUHRQO\RQH SDUW F
UHSUHVHQWDWLRQV WKDWDOO UHVLGH ZLWKLQ WKH VDPH UHJI

$ XQLILHGIUDPHZRUNRIKRZWDVN YDOXHV DQG FRJQLWLYHPI
WR JXLGH EHKDYLRU

%ULQILQI WKHVH SURMHFWV WRIJHWKHU WKLV WKHVLYVY SUHVHQC
WDVNDQG YDOXHUHSUHVHQWDWLRQV 7KHILUVW SURMHFW GH
KRZYDOXHLVFRPSXWHGLQYP3)& 7KHVHFRQG SURMHFW VKRZ
UHVKDSHVY WDVN UHSUHVHQWDWLRQV )LQDOO\ WKH WKLUG SU
LOQGHSHQGHQW EXWUDWKHU SDUWRIDVLQJOHUHSUHVHQWDW
LOQWHIJUDWHY WDVNDQG YDOXHLQIRUPDWLRQ WR JXLGH FXUUH
TKHVHILQGLQJY KLIKOLIKW WKHLQWHUDFWLRQ EHWZHHQ VWD
FRPSXWDWLRQ DQGWKHLUUROHLQ VKDSLQJFRJIJQLWLYHPDSYV
SUHFLVHPHFKDQLVPVJRYHUQLQJWKHVHLQWHUDFWLRQV H[S(
DFURVV GLITHUHQW WDVN GRPDLQV DQGIXUWKHU GLVHQWDQJC
KLSSRFDPSXV LQ G\QDPLFDOO\VWUXFWXULQJDQGJXLGLQJEHE
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SURMHFW 7DVNVWDWHUHSUHVHQWDWLRQV LQYP3)& PHGLEL
VLIQDOVDQG WKHLU EHKDYLRUDO LQIOXHQFH

‘RUN ZLWK ORQD O *DUYHUW +DXNHS5 +HHNHUHQ + 5 1LFROL
3XEOLVKHG DW 1DWXUH &RPPXQLFDWLRQV ‘2, KWWSV GF
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,QWURGXFWLRQ

'"HFLVLRQV DUHDOZD\VPDGHZLWKLQ WKHFRQWH[WRIDJLYHQ
DSSOHVZLOO GHSHQG RQ ZKHWKHU WKH WDVN LV WRILQG D VQD
ZRUGV 7KHVDPHREMHFWYVY FDQ\LHOG GLITHUHQW RXWFRPHV LC
FRPSOLFDWH WKHFRPSXWDWLRQV XQGHUO\LQJUHWULHYDO RI
RXWFRPHH[SHFWDWLRQVIURP WKHZURQJFRQWH[W PLJKW H[H!
RIWKHDYDLODEOHRSWLRQV

KLFK UHZDUG D FKRLFHZLOO\LHOGLQDJLYHQ WDVN FRQWH[W
.DKQHPDQ 7YHUVN\ S9HQWURPHGLDO SUHIURQWDO FRUWH
H[SHFWHG YDOXH (9 LQDYDULHW\RIVSHFLHV %DUWUDHW DO
29T"RKHUW\HW DO SDGRD 6FKLRSSD $VVDG 30DVVPDC
DQG WKHUHE\LV FUXFLDOLQ GHWHUPLQLQJFKRLFHV %DO
KDYHDOVR VKHG OLJKWRQ KRZWKHEUDLQ PDSVIURP FRPSOH["
WKHDVVRFLDWHG FRIQLWLYH FRQWURO SURFHVVHV WLV NQR
FROQOWURO QHWZRUN HQKDQFHV WKH SURFHVVLQJ RITHDWXUHV \
FRQWH[WRUJRDO &RUEHWWD 6KXOPDQ 6WRNHV HW DO
IHDWXUHV LQIOXHQFH H[SHFWHG YDOXHUHSUHVHQWDWLRQYV L
HW DO /IHRQJHW DO 1LY HW DO SXGHEHFN OXUULI
VHHPV WR DOVR UHSUHVHQW H[SHFWHG YDOXHRIGLITHUHQW IH

OFIDPHHHWDO DOQGLVLQYROYHGLQLQWHJIJUDWLQJU
IHDWXUHV RI WKHVDPHREMHFW %DVWHQ HW DO .DKQW HW
6KHQKDY HW DO ,WUHPDLQV XQFOHDU KRZHYHU KRZ FRCQ

DYDLODEOH IHDWXUHY L H UHZDUGV WKDW ZRXOG EH REWDLQ
YP3)& VLIQDOV DQGKRZVXFK3IXQGXH LQIOXHQFHUHODWHV W

7KLV LV SDUWLFXODUO\UHOHYDQW EHFDXVHZH RIWHQ KDYH WF
HQYLURQPHQW VXFKDV VKRSSLQJLQ WKHVDPHVXSHUPDUNHW
SURFHVVHV DUH NQRZQ WR DUELWUDWH EHWZHHQ UHOHYDQW D
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ORQVHOO DQG LW KDV EHHQ VXJJHVWHG WKDW WKH\DOVR.
YDOXH QHWZRUN )U|PHU 6KHQKDY 6KHQKDY HW DO 9
GRHV JDWH UHOHYDQW LQIRUPDWLRQ LWLVDOVRNQRZQ WKDW
VHSDUDWLRQ EHWZHHQ WDVN FRQWH[WV JRDOV ORQVHOO
WDVN LUUHOHYDQW DVSHFWV ODF/HRG BHYHUDO VWXGLH
LQ VHYHUDO FRUWLFDO UHJLRQV LQFOXGLQJDUHDV UHVSRQVL
ODQWHHW DO 6FKXFNHW DO 6KDKDU HW DO 7DNI
RQO\WDVN UHOHYDQW EXW DOVR WDVN LUUHOHYDQW YDOXDW!|
$QGHUVRQ JU|PHUHW DO DVZHOODV DFWLYLW\LQ YP
SRVWHULRU SDULHWDO FRUWH[ *UXHVFKRZHW DO ‘H WKF
WKH YP3)& ZLOO UHSUHVHQW GLIITHUHQW YDOXHY WKDW RFEXU L
DSSURSULDWHLQ WKHFXUUHQW FRQWH[W DV ZHOO DV RWKHU
FKRLFH LUUHOHYDQW YDOXHV ,PSRUWDQWO\ XQOLNHLQ VWD
ZKHWKHU WKHDERYHPHQWLRQHG FRQWURO GXULQJYDOXH ED
WKH H[SHFWHG YDOXHV WKDW ZRXOG UHVXOW IURP WKH FRXQW
DQRWKHU FRQWH[W

I WKDW LV WKH FDVH WKH QHXUDO UHSUHVHQWDWLRQ RI FRQW
FRQWH[W GHSHQGHQW YDOXHV LQ YP3)& 3UHYLRXV ZRUN KDV V
UHSUHVHQWLQJVXFK FRQWH[W VLJQDOV &KDQ HW DO 6FK
%eFKHO ZKLFK VXJJHVWVY WKDW LWV UROH JRHV EH\RQG UH
1RWH WKDW NQRZLQJWKH FXUUHQW FRQWH[W DORQH ZLOO QRW
SUHVHQWHG RSWLRQV VKRXOG EHUHSUHVHQWHG VLPLODU WR
RUVQDFN ZLOO QRW DQVZHU ZKLFK RIWKHDYDLODEOH DSSOHV
K\SRWKHVL]HG WKDW YP3)& ZRXOG KDYHD UROH WKDW JRHV EH\
QDPHO\WKDW LW ZRXOG DOVREHLQYROYHG LQ WKHDUELWUDW
PHDQLQJWKDW D VWURQJHU DFWLYDWLRQ RIWKHUHOHYDQW W
UHSUHVHQWDWLRQ RIWDVN UHOHYDQW YDOXHV 6XFKDPXOWL
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WDVN FRQWH[WYV ZLWKLQ WKHVDPH UHJLRQ ZRXOG UHFRQFLOH
YDOXHUHSUHVHQWDWLRQVLQYP3)&DQG RUELWRIURQWDO FRL
HW DO &OLWKHUR 5DQJHO 21T"RKHUW\HW DO 3DC
30DVVPDQQ HW DO SLFK :DOOLV ZLWK ZRUN ZKLFK HP
DVSHFWV RI WKHFXUUHQW WDVN &RQVWDQWLQHVFX HW DO

6FKOLFKWLQJHW DO 6FKRHQEDXP 5RHVFK LQ SDUWL
HW DO 6FKXFNHWDO LPPHU % FKHO ZLWKIL
DOVR )DURYLNHWDO =KRXHW DO ORUH VSHFLILFDO

UHSUHVHQWDWLRQV LQIOXHQFH YDOXHFRPSXWDWLRQVLQYP3
FRPSDULVRQ EHWZHHQ WKH YDOXHV RIRSWLRQV DV WKH\ ZRXO(
VWDWH FRQWH[W ,QFRQVHTXHQFH WKHYDOXHRIWKHRSWLRC(
EHFRPHUHSUHVHQWHG DQG SDUWLDO FR DFWLYDWLRQ RI GLII
YDOXHUHSUHVHQWDWLRQV WKDW FDQ UHIHU WR GLITHUHQW FK
DQGWKHYDOXHRIWKHDSSOHEHVWIRUEDNLQJ HYHQ LI WKRVI
LQZKLFK VWDWHUHSUHVHQWDWLRQV GRQRW LPSDFW YDOXH F/|
YDOXHV ZRXOGDOZD\VUHIHUWR WKHFKRLFHRQHLVJRLQJWR |
WKHDSSOH FKRVHQ IRUVQDNLQJZRXOGEHIRUEDNLQJ

"HLQYHVWLIDWHG WKHVH  TXHVWLRQV XVLQJD PXOWL IHDWXUFE
WKHVDPHVWLPXOXVY SUHGLFWHG GLITHUHQW RXWFRPHYV DQGD
ZDVUHOHYDQW HVKRZWKDW SDUWLFLSDQWYVY FRPSXWH ERWK
DVZHOODV YDOXHH[SHFWDWLRQVRIDQDGGLWLRQDO H[SOLFI
%HKDYLRUDO DQDO\WVHV LQGLFDWHG DFKRLFHFRQIOLFW PRG X
UHOHYDQWDQG LUUHOHYDQW FRQWH[W OXOWLYDULDWH 105,V
WR D UHOHYDQW YDOXHV E FRQWH[WXDOO\LUUHOHYDQW YD
'HDOVRIRXQG WKDW LQFUHDVHG UHSUHVHQWDWLRQ RILUUHOF
E\DGHFUHDVHG UHSUHVHQWDWLRQ RI WKHUHOHYDQW YDOXHYV
7KLV FRPSHWLWLRQ ZDVPRGXODWHG E\WKHWDVN FRQWH[W VL
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WKDW QHXUDO LQGLFDWRUV RIFRQWH[W YDOXHVDQG WKHFRP
LQFUHDVHG FKRLFH FRQIOLFW ‘HVXJIJHVW WKDW LQIRUPDWLRC(
FRPSOH[PXOWL IDFHWHG UHSUHVHQWDWLRQLQ ZKLFKPXOWLS
WDVN FRQWH[WV DUHFR UHSUHVHQWHG DQG FRPSHWH LQ JXLG
VLIQDO PLIKWDFWDV DPRGHUDWRU RI WKLY FRPSHWLWLRQ

SHVXOWYV

YLIXUH

7DVN DQG 'HSUL@DWR YDOXH OHDUQLQJ D SDUWLFLSDQW VSHFLILF VWDLU
SDUDPHWHUV VXFK WKDW YDULDQFHRIUHDFWLRQ WLPHV DFURVV GLIIHUHQV
W WHVW Q %R[FRYHUV LQWHUTXDUWLOH UDQJH ,45 PLG OLQH UHIOHF
XQWLO .45 DQG VROLG SRLQWV UH SHE & WHIQW\VRXMQIFHDW\Y. G H\R O BFAK L F N
DVVLJQHG WR HDFK RI WKH IRXU FRORUDQG IRXUPRWLRQ GLUHFWLRQV VXF
ZLWK WKH VDPH UHZDUG YDOXH )HDWXUH YDOXH P D $SIIDQUMZIDAL 5B QYW HDUFKD ¢
QHDU FHLOLQJ DFFXUDF\LQ FKRRVLQJWKH KLIJKHVVQY D O %HRGS GRW OWH QI W H
6LQJOH IHDWXUH ' WRS DQG GXDO IHDWXUH ' ERWWRP WULDOV ERWK VV
S0RWLRQ’ V IROORZHG E\D IL{DIWQB® FKRLFWEHWZHHQ WZR FORXGV  V
FORXG RQO\KDG RQH UHOHYDQW IHDWXUH FRORUHG GRWV EXW UDQGRP PR
WULDOV HDFK FORXG KDG D PRWLRQ DQG D FRORU IHDWXUH 3DUWLFLSDQWYV
KLIKHVW RXWFRPH LQ WKH FXHG FRQWH[W DQG LJQRUH LUUHOHYD/QW IHDW X
DQG WKHYDOXHDVVRFLDWHG ZLWK WKH FKRVHQ FORXGYTV IHDWXUH RI WKH F.
DQRWKHU IL[DWLRQ H(MHULPHQWDO PDQLSXODWLRQ RILUUHOHYDQW YDO X
IHDWXUH SDLU HJ EOXHDQG RUDQJH DOO SRVVLEOH FRQWH[W LUUHOH)
H[FHSW VDPH IHDWXUH RQ ERWK VLGHV &RQJUXHQF\ OHIW WULDOV ZHUH \
WKH VDPH FKRLFH DV WKH UHOHYDQW IpkkD WX UKW RWKIHE Z H U B PROQYRU KK
K\SRWKHWLFDO H[SHFWHG YDOXHRIFRQWH[WXDOO\ LUUHOHYDQW IHDWXUH
WKDW ERWK DVSHFWV GLG QRW KDYH DQ\LPSDFW RQ RXWFRPHV,RQG ZHUH L
DQG &RQJUXHQF\ ZHUH RUWKRJRQDO E\GHVLJQ GLERWWRRHG FHOO UHIOHF
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%HKDYLRUDO UHVXOWYV

7KLUW\ ILYHULJKW KDQGHG \[RX% Q76D Go<GB5V VHARPIMEKRGV IRU
H[FOXVLRQV ZHUHDVNHG WR MXGJH HLWKHU WKH FRORU FRQW
PRYLQJGRWVY RQDVFUHHQ UDQGRP GRW PRWLRQ NLQHPDWRJU
GLIIHUHQW FRORUV DQG PRWLRQ GLUHFWLRQV ZHUH XVHG %HI
SHUIRUPHG D VWDLU FDVLQJWDVNLQ ZKLFK SDUWLFLSDQWYV IL
IHDWXUH D FRORURUGLUHFWLRQ ZLOO EHWKH WDUJHW RI WK
PDWFKLQJVWLPXOXVIURPWZRUDQGRP GRWPRWLRQ VWLPXOL
PRWLRQ FRKHUHQFH DQG WKH VSHHG ZKLFK GRWV FKDQJHG IUR
VXFK WKDW WKH GLITHUHQW VWLPXOXV IHDWXUHV FRXOG EH GL)\
EHWZHHQ FRQWH[WV L H &RORU ORWLRQ )LJ 6 F $VLQWHQG
GLIIHUHQFHV LQ UHDFWLRQ WLPHV 57V EHWZHHQ WKH HLJKW V
FRQWH[WV SDLUHG W WHVW RQ 57 YDULRQRFH2EHRIOH DQG DIWH
)LJ D DOVR ZKHQ WHVWHG IR@ H DR KSBEX \§ MORREI M SIDL D W H O\
)L 6 G

2Q0\WKHQ SDUWLFLSDQWV OHDUQHG WR DVVRFLDWHHDFK FR(
SRLQWYV RU SRLQWYV ZKHUHE\RQHPRWLRQ GLUHFWLR
UHZDUG FRXQWHUEDODQFHGDFURVV SDUWLFLSDQWYV )LJ E

EHWZHHQ FORXGV WKDW KDG RQO\RQH IHDWXUH W\SH ZKLOH W
DPELIXRXV FORXGV ZHUHJUH\LQ PRWLRQ RQO\FORXGV DQG P
HQFRXUDJH PDSSLQJRIDOO IHDWXUHV RQD XQLWDU\YDOXH VF
DOVRKDGWREHPDGHEHWZHHQ FRQWH[WYV HJ EHWZHHQD JUI
SDUWLFLSDQWV DFKLHYHG QHDU FHLOLQJDFFXUDF\LQ FKRRVL
=89 =006 W WHVW DJDiyGFUMWBHKDOFHLI) F DOVR ZKHQ WHVWH
VHSDUDWHO\IRU FRORU PRWIB8Q78Q G-DASUIRY WF RIGIWWMVWD JIDLQV
FKD Q) 23:9,204,199 p¥:001 UHVSHFWLYHO\ )LJ 6 H 2QFHLQVLGH
RQHDGGLWLRQDO WUDLQLQJEORFNHQVXUHG FKDQJHV LQ SUH’



67$7(6 9%$/8(6$1'*2%$/6,1&2*1,7,9(0$36

IHDWXUH VSHFLILF57 FKDQJHV $QRYBR/RQ=-AHOR=DRBIRU HDFK IHLC
7KHVH SURFHGXUHV PDGH VXUH WKDW SDUWLFLSDQWVY EHJDQ W
YDOXHV DQG WKDW 57 GLIIHUHQFHVY ZRXOG QRW UHIOHFW SHUF
WKH DVVRFLDWHG YDOXHV $GGLWLRQDOLQIRUPDWLRQ DERXW
OHWKRGV DQGLQ)LJ 6

'‘XULQJWKHPDLQ WDVN SDUWLFLSDQWY KDG WR VHOHFW RQH R
SDUWLFLSDQWYVY ZHUH ILUVW FXHG ZKHWKHU D GHFLVLRQ VKRXO
DQGWKHQ KDG WR FKRRVH WKHFORXG WKDW ZRXOG OHDG WR W
FKRLFH SDUWLFLSDQWV UHFHLYHG WKH SRLQWYVY FRUUHVSRQGI
FORXGYVUHOHYDQW IHDWXUH 7R UHGXFHFRPSOH[LW\ WKH WZ
KDG D YDOXHGLITHUHQFH RI LH WKHFKRLFHVRQ WKHFXHGF
YV YV RU YV 2QHWKLUG RIWKHWULDOV FRQVLVWH(
FORXGV RIWKHVDPHFRQWH[W KHQFHIRUWK 'WULDOV )LJ G
wuLDOV L H HDFKFORXG KDGD FRORUDQGDPRWLRQ GLUHFW |
)L GERWWRP EXWRQO\WKHFRQWH[WLQGLFDWHG E\WKH FX
IRXUIHDWXUHV LQ WRWDO WZR FORXGV ZLWKWZR IHDWXUHYV HI
IHDWXUHVY ZHUH UHOHYDQW IRUGHWHUPLQLQJWKHRXWFRPH 7
VHYHQ WULDOV ,PSRUWDQWO\ IRUHDFKFRPSDULVRQRIUHOH"
LUUHOHYDQW FRQWH[W VXFKWKDWHDFKUHOHYDQW YDOXH ZD
)L H KLOHWKHLUUHOHYDQW FRQWH[WLQDWULDO GLG QR
LQIOXHQFH EHKDYLRU 6SHFLILFDOO\ WKHK\SRWKHWLFDO RXW
FRQWH[WFRXOGIDYRUWKHVDPHVLGHDV WKHUHOHYDQW RQH
)L HOHIW DQGKDYHODUJHURUVPDOOHU YDOXHV FRPSDUHC

"HLQYHVWLIJDWHG WKHLPSDFW RIWKHVHIDFWRUV RQ57V LQ FF
WUDLQLQJHQVXUHG QHDU FHLOLQJ SHWH®RAWUP BQ:BFH W KWUHRWKWK R X\
DIJDLQVW&HKRQMBH<:0001 )L D 57VZHUH ORIJWUDQVIRUPHG WR
QRUPDOLW\DQG DQDO\WHG XVLQJPL[HG HIIHFWV PRGHOV ZLWK
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OHIW ULJKW WLPHRQWDVN WULDO QXPEHU GLIIHUHQFHYV EI
DQG QXPEHU RIWULDOV VLQFH WKH ODVW FRQWH[W VZLWFK DO
RQ57V 7\SH ,2 WHW@¥ @O0 :H XVHG KLHUDUFKLFDO PRGHO FRPSD
HITHFWYV RI WKHREMHFWLYHYDOXHRIWKHFKRVHQ RSWLRQ |
IHDWXUHV RQWKHFXHG FRQWH[W WKH PD[LPXP SRLQWYV WKL
LUUHOHYDQW IHDWXUHVY ZHUH WKH UHOHYDQW RQHV WKHH[SH!

YLIXUH
%HKDYLRUDO3IDMWIFEWYDQWY SHUIRUPHG QHDU F HLOCODE JWI0H RX JKRXW WK H
%R[FRYHUV LQWHUTXDUWLOH UDQJH ,45 PLG OLQHUHIOHFWYV PHDQ ZKLYV
VROLG SRLQWYV UHSUHVHQWERDW LK US EGHWR/QEHDEM/BNG UDNVWHU WR KLIKHU (
DQG VORZHU WR LQFRQJUXHQW SXUSOH FRPSDUHG WR FRQJUXHQW JUHHQ
UHSUHVHQW FRUUHFWHG ZLWKLQ VXEMHFW 6(0V &R&RPSHDXWRQ RO ORJ 5 D\
E\WULDO FRQGLWLRQ ,QFRQJUXHQW WULDOY ZH U HD\WQGGR Z MU WIXD\W) VOWR B HD
FRQJUXHQW WULPOV SSDUBIBEWWWMNWW FRQPUXH QW YR UEPRIYIWKHDHN HQ W
ZLWKLQ VXEMHFW 6(0V &RXVLQHDX HW DO ORUH\ H® TKH &R QJ BXHIMFX H V
HIITHFW ZDV PRG %@ DWHG WK PRUH SDUWLFLSDQWY FRXOG H[SHFW WR UHFF
VORZHU WKH\ ZHUH ZKHQ WKH FRQWH[WV GLVDJUHHG DQG UHVSHFWLYHO\ ID\
JLNHOLKRRG UDWLRWHVW /55 WRDVW/HV tPBURRMHIRREBO OVDH GHSLFWV V
"WULDOV DFURVV VXEMHFW YV DH-EL (BU DWFR U FEIDQ F FORSIER.YIRQ RI ' WULDO OR
WKDW LQFOXVLRQ RI D &RQJUXMBRA\IPWLARMMIFW LPSURYHG PRGHO ILW +R?Z
LQFOXGLQJ DQ DGGLW (R DL YVHYDIIPWHLERQ LPSURY HS PRGHEHI BW BOXB\WP R UH
IURP /5 WHVWV DVDERYH QWDUNULBSQEBPOWHHG WKH EHKDYLRUDO UHVXOWV L
SDUWLFLSDQWY RXWVLGH WKH 05, YEDQQEXNW, QRONOLQLRRQRYNE @PRGHO
ILW ,QFOXGLQJ DQ DG G (B4R IQDVD HURIDRIW XRIQ FI\ S Op=L Q H G 3V X Bl GBXOHADVEMHIVUW D\
H
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(%ack )LI HULIKW DQG ZKHWKHU WKHLUUHOHYDQW IHDW XU
RQHV RUQRW &RQJUXHQF\ )LJ HOHIW $Q\HIIHFW RI WKH ODV
RXWFRPHDVVRFLDWLRQV WKDW ZHUH LUUHOHYDQW LQ WKH FXL
DQRG WKHUHIRUH FRXOGEHUHSUHVHQWHGLQ YP3)&

'HIRXQG WKDW SDUWLFLSDQWV UHDFWHG IDVWHU LQWULDOV W
LOQOFRQJUXHQW FRPSDUHG WR FRQJUXHQW WULDOV OLNHOLKRR
(21):1374:6 p<:001 &RQJUXH)QEEQZO p<:001 )L EF ORUHRYHU FRPSD!
‘wuLbDOV SDUWLFLSDQWYV ZHUH VORZHU WR UHVSRQG WR LQFR
FRQJUXHQW WULDQ)W SAT8 pPH 818Vt My HYW= 017UHVSHFWLYHO\

))5S FRUUHFWHG VHH)LJ E F &UXFLDOO\ ZHIRXQG WKDW &RQ.
YDOXHRI WKHRWKHUY,kRQWHHWYV B O SDHUMIOFLSDQWV VSHHG RQ
WKHRSSRVLWHHIIHFW RQ LQ?E)RG)S]ZL‘DX)HQDWV)/IUJ.DCDV?/rGHWH‘HWHFV\
VKRZ WKDWHYHQ ZKHQ SDUWLFLSDQWY FKRVHDFFXUDWHO\ ED
RIWKHLUUHOHYDQW FRQWH[W ZDV QRW FRPSOHWHO\ILOWHUH
FKRLFHUHVXOWLQJIURP FRQVLGHUDWLRQ RIWKHLUUHOHYDOQ\
FRXOGKDYHOHGWRLQIOXHQFHG UHDFWLRQ WLPHV $I1XO0O PR
FRQILGHQFHLQWHUYDOV FDQEHIRXQGLQ6, WDEOH 6

IHLWKHU DGGLQJ D BR LQRMIWAHKERVLIRW HYUDFEMNWILRURIIG PRGHO IL)Y
/5 WH‘?bV\#\Z:leZ:Z? (21)=:Olp=0:9 UHVSHFWLYHO\ LQGLFDWLQJ WK
SUHVHQFH RIODUJHU LUUHOHYDQW YDOXHV DORQH QRU WKHLL
SDUWLFLSDQWVY57V $GGLWLRQDOO\ WKHORZHU YDOXHG LUU
HITHFWV DQG GLG QRW LQWHUDFW ZLWK &F%lQ-—JQJ%I-ﬂ)@FBBWS WHVW YV
ZLWKLQWIﬂ)U:[ZWWFER:%l 5HSODRJQ@ILWK D SDUDPHWHU RIRYHUD
WKHLUUHOHYDQW IHDWXUHV GLG QRW LPSURYH WKH ILW ZKLFK
RIWKHLUUHOHYDQW FRQWHE{W&RQ@IRIXARGHNO ZLWK ($,& RI PRGH
ZLWK 2YHUD GG QDOXHQ F\ )LJ 6 TKHVHUHVXOWYV IXUW
VSHFLILFDOO\WKHH[SHFWHG UHZDUG RIWKHLJQRUHG FRQWH]
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$0O0 PDMRU 57 HIITHFWV KROG ZKHQ UXQQLQJ WKH PRGHOV QHVW
VZLWFK )LJ 6 ORUHRYHU WKHQXPEHURIWULDOV VLQFHFRQ'
PDLQ HIIHFW /5 WHVW ZLWK DG (o5& WH U REFRKB:B0RE JIBK HQ F\

DQG RXUPDLQ57 HIIHFWV VWLOO KROG ZKHQ ZH H[FOXGHG WKH
/5 WHVWYV &RYFOAHIFFO04 &RQJUXEBRE\ 4, = 16:61 p <:001

‘H QRWH WKDW DQ LQ&RIUDFNHERQ RO@ELFDWHG VWURQJHU &RQJL
(9 /5 WHVW ZLWK BG@BGHWIBIP)L) E EXW GLG QRW UHSOLFDWH#
UHSOLFDWLRQ VDRSO3 yHIBEHERDLOV RI RWKHU VLIQLILFDQW
DOWHUQDWLYHPRGHOV FRQVLGHULQJIRULQVWDQFH ZLWKLQ F

EHIRXQGLQ)LJ 6 DQG)LJ 6 UHVSHFWLYHO\

:H UHSOLFDWHG WKHVH ILQGLQJVLQDQDGGLWLRQDO VDPSOH F
age=27:1; ae=4:91 WKDW ZHUH WHVWHG RXWVLGH RIWKH 05, VFDQQ
2)=6:89 p=:009 (Qack 7y =:23p=:63 &RQJIUXMRE\ 7 =5:69 p= :017

)LI H

:H QH[W PRGHOHG FKRLFHDFFXUDF\LQ 'WULDOV XVLQJWKH VD
YDULDEOHV VHHPHWKRGVDQG)LJ 6 DQGIRXQG WKHVDPH HII
DFFXUDF\ IRU KLJKH}94:65pWHMW GHFUHDVHG SHUIRUPDQFH F
LQFRQJUXHQW WULDOV ZLWK  KLJKHU HUURW UB WHIW RFF X U UL
2, =66:12 p<:001 % =6:99p=:03 UHVSHFWLYHO\ )LJ 6

, QVXPPDU\ WKHVHUHVXOWV LQGLFDWHG WKDW SDUWLFLSDQW
DPRQJIHDWXUHV RQ WKHFXUUHQWO\UHOHYDQW FRQWH[W 5D\
LQGLFDWHG WKDW SDUWLFLSDQWYVY DOVR UHWULHYHG WKH YDO:
UHVXOWLQJFRXQWHUIDFWXDO FKRLFH ‘HQH[WWXUQHG WR WF
LQFRUSRUDWH VXFKFRXQWHUIDFWXDO FKRLFHVY DQGLIVR KR.
LUUHOHYDQW FRQWH[WV DQG WKHLUDVVRFLDWHG YDOXHV PLJI
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105, UHVXOWYV

2XWFRPH UHOHYDQWDQG RXWFRPH LUUHOHYDGEW MOODYHGE BR
YDOXH VHQVLWLYHYP3)& 52, IROORZLQJFRPPRQ SURFHGXUHYV |
&OLWKHUR 5DQJHO VHH)LJ D DQGOHWKRGYV DQG WEH
LUUHOHYDQW H[SHFWHG YDOXHVDUHUHIOHFWHG LQ PXOWLYDL
YDOXH UHODWHG DFWLYLW\ SDWWHUQV ZLWKLQ WKH YP3)& PDV
ZLWKRQHVHSDUDWH UHJUHVVRU IRJJHDBKHREHEQYD WH RQWK HIF
FURVV YDOLGDWHG '"WULDOV PRGHOHG VHSDUDWHO\ $IWHU
SDWWHUQ VXEWUDFWLRQ VHH :DOWKHU HW DO ZH FRPSXW
HDFK FRPELQDWLRQ RI UHJUHV YV RBWH SAKH.WHHWV X WRHGDL@M)' RYWL P L
5'0 )L DQGOHWKRGV SHUVXEMHFW ZKLFKZHDQDO\]JHG XVL
IDPLO\ZLWKDLQYHUVHOLQN ODJQXVVRQHWDO "HILUVW
WKH5'0V DVH[SHFWHGJLYHQ WKDW ZH XVHG D IXQFWLRQDOO\ (
PDLQ HITHFW IRU (9 GLVVLPLODULW\ ZKHQWZR UHJUHVVRUYV Vi
LPSURYHG PRGHO ILW FRPSDUH(%)WERO@)@OC((HPR_GHG /% HYWYVXIH
DVNHG LIWKHDFWLYLW\SDWWHRQLYHURPWRUHDNQY ZQ VK WKBIQ/ B
UHIOHFWLQJhGLIEWUHRWYDIO\ DGGLQ IR BLVE HR LMW RW(9 ZKHOQ
VKDUL@JO®9G RWKHUZLVH IXUWKHULPSURYHG PRGHO ILW /5 V
fy =24767p<:001 )LJ F
‘HWKHQ UHDVRQHG WKDW WKH QHXUDO FRGHV RIH[SHFWHG YDC
DJUDGXDOPDQQHU :HWKHUHIRUHDVNHG ZKHWKHU SDWWHUQ
wWuLDOV KDG WKHVDPHYDOXH HJ FRPSDULQJY WRYT 91 )LJ (
WKHYDOXHVLQWZR WULDOV KDGD GLITHUHQFH RI HJ T T WI
YDOXHGLITHUHQFH RI HJ f TWRYT 1 )LJ G \HOORZ ,QGHF
HITHFWV IRU WKH YDOXH GLIIE H®8EHRY HGCPAREHHIBON\DW \( 9V
FRPSDUHG WR D(ZQXQG4FDRGGGD9'EVback /5 WHVW ZLWK DGGHG WHUP
(21)2256298p<2001 )L F G I1RWHWKDW WKHIXOO PRGHO ZLWK ER\
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YLIXUH

56$ DQDO\VHV VKRZ WKDW YP3)& HQFI
ERWK UHOHYDQW DV ZHOO DV LUUHOHY
YDOXHV JLYHQ WKH FXUUHQW WDVN FI
YP3)& UHJLRQ XVHG LQ DOO DQDO\VHV
HOV GHILQHG IXQFWLRQDOO\DV WKH .
RI D XQLYDULDWH YDOXH UHJUHVVRU V
PFDR RQH VLGHG W WHVW VHH PHW
1RWH WKDW QR LQIRUPDWLRQ UHJDUGL
WXDOO\ LUUHOHYDQW YDOXHV ZDV XV}
WKH 52, $[LDOVOLFH OHIW DW | 6DJ
ULJKW EWHIW ORGHO 5'0 HDFK FHOO
UHSUHVHQWY RQH FRPELQDWLRQ RI (9 I
VHH D[HV &RORUV UHIOHFW ZKHWKHU L
RIWULDOV KDG WKH VDPH (9 SXUSOH F
ORZ 5LJKW 'LVVLPLODULW\ RI YP3)&
WLRQ SDWWHUQV IRUWULDOV ZLWK WK}
(9 'LVVLPLODULW\ZDV ORZHU LQ WULD
WKH VDPH H[SHEWHG YMOXH (9
FORGHOG5'0 OHIW WHVWLQJZKHWKHU I
H[SHFWHG %R OXHHEWHG VLPLODULW\ L
YP3)& :HIRXQG OHVV GLVVLPLODULW\
ZLWK WKHMDRH (9 Q ULJKW

G/HIW ORGHO 5'0 WKDW WHVWHG ZKHW
WHUQV VLPLODULW\ ZDV LQIOXHQFHG |
(9 GLIIHUHQFHV SXUSOH W XUTXF
\HOORZ 5LJKW $YHUDJH GLVVLPLOD
FLDWHG ZLWK WKH YDU\LQJ OHYHOV RI
HQFH LQGLFDWLQJWKDW ODUJHU (9 Gl
WZHHQ WULDOV ZHUH UHODWHG WR KLJ
VLPLODULW® H7KHVDPHHIIHFW
ZDV IRXQG ZLWK bhid \ZKHHFOA \8 B W9
WHUQV WKDW V KgyU H. WU HWSDHFHV(L9Y H
WR (9 DOVR VKRZHG D GHFUHDVH LQ G
L Wo\ < Q 'DWD VKRZQ LQ EDU SOR!
DUH GHPHDQHG E\ WULDO IUHTXHQF\ L
WR PDWFK WKH PL[HG HIITHFW PRGHOV \
DQG)LJ 6 (UURUEDUVLQSDQHOV E H
FRUUHFWHG ZLWKLQ VXEMHFW 6(0V &]
DO ORUH\HW DO 3 YDOXHV L
HOVE HUHIOHFW OLNHOLKRRG UDWLR
PRGHO ILW VHHPDLQ WH[W

UHVXOWHG LQ D EHWWHU ORZHU $,& VFRUH WKDQ WKH PRGHO Z
$,& DQG $,& UHVSHFWLYHO\ )LJ 6 LQGLFDWLQJWKE
QRW PHUHO\GULYHQ E\WKH GLDJRQDO )XOO PRGHOVLQFOXGL
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EHIRXQGLQ6, 7DEOH6 DQG 7DEOH 6

+HQFH QHXUDO SDWWHUQV LQ YP3)& ZHUH DIIHFWHG E\ FRQWH]
YDOXH H[SHFWDWLRQV 1RWDEO\ WKH YDOXHV RILUUHOHYDQW
FRXQWHUIDFWXDO QRW UHODWHG WR WKH FKRLFH DQG FR HJL
LQ YP3)&

YP3)& YDOXHDQG FRQWH[W VLIJQDOV FR H:[H \D\M [MQ\E YDUWGHHSRW RW |
LQYHVWLIDWH KRZ WKH QHXUDO YR ®XHG UFHRSIUNHHY/[FVQIDIWAHLLRDGPWAVR
RWKHURQD WULDO ZLVH OHYHO :HWKHUHIRUH WUDLQHG D P X
FODVVLILHURQ WKH 105, LPDJHV DFTXLUHG DSSUR[ VHFRQGV I
52, XVHG DERYH $Q H[SHFWHG YDOXH FODVVLILHU ZDV WUDLQH
ZKHUH QR LUUHOHYDQW YDOXHVY ZHUH SUHVHQW KHQFHIRUWK
OHDYH RQH UXQ RXW WUDLQLQJ VHHPHWKRGY )RUHDFKWHYV
SUREDELOLW\RIHDFKFODVV JLYHQ WKH GDWD FODVVHV DUH W
DQG SUREDELOLWLHV VXP XSWR )LJ D ULJKW &UXFLDOO\ L
FROQWH[W RIHDFKJLYHQ WULDO WUDLQLQJVHWY ZHUH XS VDPS
VHH PHWKRGVY :HILUVW YDOLGDWHG WKDW WKH FODVVLILHU Z|
QDWXUH RIWKH 52, ,QGHHG WKHFODVV ZLWK WKH PD[LPXP SUR
RXWFRPHVLJQLILFDQWO\PRUHRIWHQ WKDQ FKDQFH ERWK ZKF
WULDOV DV ZHOO DV ZKHQ W H\:38 HG=R@Dt\:R ©2 :8NpE OIS V

oo = 135 op = 1033ty =2:20p=:017 UHVSHFWLYHO\ )LJ E 6LPLODU WR
ZHUHDVRQHG WKDW WKH VLPLODULW\ EHWZHHQ WKH YDOXHV D\
JUDGXDO SUREDELOLW\GLIIHUHQFHV 6SHFLILFDOO\ ZH H[SHF
ZLWK WKH FRUUHFW FODVV EH KLJKHVW HJ p 1 EXWDOVR WK
FORVHVW FODVV HJ p § ZRXOGEHKLJKHUWKDQ WKH SUREDE
)LJ F ,QGHHG ZHIRXQG WKDW VLPLODU YDOXHY HOLFLWHG VLI
UHODWLRQ EHWZHHQ YDOXH G LI fHu12:@4H<D0QIG IKMDIVY GLRED K LK
EHIRXQGLQ)L)J 6 $GGLWLRQDOFRQWURODQDO\WHVLQGLFDW
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QRWWKHUHVXOWRIDELDVFDXVHG E\RYHUODS RI SHUFHSWXD

$ PDMRU IHDWXUH RIRXU WDVN ZDV WKDW ZKLFK YDOXH H[SHFW
FRQWH[W :HWKHUHIRUH K\SRWKHVL]HG WKDW YP3)& ZRXOG DO
LV QRW GLUHFWO\YDOXH UHODWHG WKHDYHUDJH YDOXHV RIE
DVHFRQG FODVVLILHURQ WKH VDPH GDWD IURP WKH (9 VHQVLW
EXW WKLV WLPH WRLGHQWLI\LIWKHWULDO ZDV f&RORUY RU 101
LQIRUPDWLRQ DV WR ZKDW ZDV WKH (9 RIHDFKJLYHQ WULDO DC
EDODQFH WKH (9V ZLWKLQ HDFK VHW VHH PHWKRGV 7KHFODV)
GHFRGLQJWKHFRUUHFW FRQWH[W DJDLQ ERWK ZKHQ WHVWHG
DV ZKHQ WHVWHG RQO\RQ ' W Utls]) ©3/93/p W1Vt B BR2LQVW FKDQFF
p=:001 UHVSHFWLYHO\ )LJ H ORUHRYHU WKHFRQWH[W ZDV VW
SHUFHSWXDO LQSXW LGHQWLFDO EHWZHHQ WKHWZR FODVVHYV
GLIIHUHQFHRIWKHLUUHOHYDQW YDOXHV RI VLQFHWKHYDO}
D O ZD\sg =2:73 p= :0005

‘HILUVW K\SRWKHVL]HG WKDW LI YP3)& LVLQYROYHGLQ VLJQDC
VWUHQJIJWK RIFRQWH[W VLIJQDO PLJKW UHODWH WR WKH VWUHQ.
FRUUHVSRQGLQJPL[HG HIIHFWV DQDO\VLV LQGHHG IRXQG WKD\
DVVLIJQHG WR WKH FRUU&hEW KD G DVS RKIQFIHY R WK F3V RQ WKH G+
KHQFHIRUS KVBVW FRPSDUHG@WR:RYE OM®RGHO | ,Q RWKHU
ZRUGYV WKHEHWWHU ZH FRXOG GHFRGH WKH FRQWH[W WKH KLJ
FRUUHFW (9 FODVYV

,QVXPPDU\ ZHIRXQG WKDW WKH &RQWH[W LV UHSUHVHQWHG ZL
WKHVWUHQJWKRILWY UHSUHVHQWDWLRQLY GLUHFWO\OLQNH
&ERQWH[WDQG UHOHYDQW (9 VLIJQDOV VXJIJHVW WKDW WKH &RQV
ZKLFK YDOXHV GRPLQDWH YP3)&

&RPSHWLWLRQRI YP3)&VV2DABOMWLY PRGHUDWHG E\D FRQWH[W L
2Q0HPDLQ K\SRWKHVLVY ZDV WKDW FRQWH[WXDOO\ LUUHOHYDQMW
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YLIXUH

([SHFWHG YDOXH DQG FRQWH[W VLJQD®\DRBLYMAMIFGRFDDIMVK LIGHYUPBD & VDU D L Q +
DFFXUDWH 'WULDOV WR SUHGLFW WKH WUXH (9 IURP YP3)& SDWWHUQV “9D¢
UHFWQHVV DQG SUHGLFWHG SURE D EEDQRAE GV WRJQEN \WORY VU LLIKWD WKR DO
SUREDELOLW\WR WKH FRUUHFW FODVV REMHFWLYH (9=VLJQQILF DIRAWAR PR U
ZKHQ WHVWHG RQJHQHUDPLILQQW R 7K\HUS. IDROEDIEARQW LHY WKH FODVVLILHU I
\ D[LV FRORUV LQGLFDWH WKHGLIIHUHQW FODVVHV VHHOHJHQG VSOLW E
WKHKLJKHVW SUREDELOLW\ZDVDVVLJQHG WRWKHFODVVFRUUHVSRQGLQJ)\
PDWFKHG WKH ; D[LV ODEHO Q IRULQGLY VEXRQ G D\W DLYRLGFWA\O DN M 1) LLIH |
RQ WKH VDPH GDWD WR GLVWLQJXLVK EHWZHHQ WDVN FRQWH[WV FRORU YV |
H7KH &RQWH[W FODVVLILHU DVVLJQHG WKH KLJKHVW SUREDELOLW\ WR WKH
RIWHQ WKDQ FKDQFH IRUDOO WULDOV S Q DOVR ZKHQ WHVWHG RQ J
|  QFUHDVHG HYLGHQFH IRU WBH. REKMMFBAYRRODWHG ZLWK VWURQJHU FRQW
[ D[LV ZKHUH SUREDELOLWLHV] VFRUHG DQG ORJLW WUDRVIRBOR® W5 GVH)
DUH PRGHO SUHGLFWLRQV DQG JUD\ OLQHV UHSUHVHQW LQGLYLGXDO SDUW
EDQGV UHSUHVHQW WKH FRQILGHQFHLQWHUYDO 3 YDOXHVLQSDQHOVE
EDUVLQ SDQHOVE FDQGHUHSUHVHQW FRUUHFWHG ZLWKLQ VXEMHEW 6(0V

HISHFWHG YDOXHLQYP3)& DQG WKHUHIRUH VKRXOG LQWHUDF\
YP3)&LQDWULDO ZLVHPDQQHU 6LPLODUWRRXUDQDO\VHV DE
WHVW ZKHWKHU WKH9DOXH FODVVLILAdU 'ADYURHE O K HQk\W GRE\WK |
DQG RU&RQJIJUXHQF\RIDJLYHQ '"WULD Q« KL/ QB DD WLLW U HHY HH
R®yv /5 WHVW FRPSDUH%)WRQQKQ!DlBRG\HOE PHDQLQJ WKDW ODL
LUUHOHYDQW H[SHFWHG YDOXHOHG WR ZHDNHU UHSUHVHQWDYV
SUREDELOLW\RIWKHRPERBWDXHWWO\ WKLV HITHFW FDQQRW EH
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HIITHFWV FDXVHG E\ SHUFHSW XRO2LQONK IV UM Q FIW VRS QQ BILG D (9L ¢
RILWY FRUUHVSRQGLQJSHUFHSWXDO IHDWXUHLQ WKH WUDLQL
SURYLGHD EHWWHU PRGHO ILW $,&V UHVSHEWLYH
WKHPLQLPXP YDOXHRIWKHLUUHOHYDQW FRQWH[W RI WKH WUL
LWLV VSHFLILFDOO\WKH KLIKHVW RI WKHWZR LUUHOHYDQW IHI
WHUP=063p=:43 :HIRXQG QR HYLGKQFHLRUOWHUDFWLRQ /5 W
ZLWK DGGHE=WHI@P=:91 2XU56$DQDO\WVLV DOVR SURYLGHG IXU\
HIITHFW ZKHUH ZHydREQGRVKIDAVD D HIDWLYH HITHFW RQ WKH (9 VL
GLVVLPLODUL Wyl RA SKH. J K:HADNGB! Y \W 36:6 p<:001 VHH)LJ 6
6LPLODUO \(eKROK RIGLVUXSWHG WKH VLPLODULWLHV EHWZHHQ R
FODVVLILHY, #5:18H¥ W13 VHH)L) 6 $ QXPEHURIFRQWURO DQD
LQGLFDWHG WKH YDOLGLW\RIILQGLQJ ,QWHUHVWLQJO\ DQG X
QHLWKHU &RQJUXHQF\ QRU L W\ LLQQV B ¥R@ AH & QMBE WK (9 RU (9
p=:852 %, =0:48 p=:787 %, =:99p=:317 UHVSHFWLYHO\ )LJ F DQGD PC
H[SHFWDWLRQV RI ERWEyfR QWGE [MRVF REHD ¥j8=R#5 p= :502 VHH
PHWKRGY :HDOVRIRXQG QRHIIHEFWRIWLPHVLQFHVZLWFKRQ
2 WHV,W0:85p=:36 )LIJ6 EXWVHHGLVFXVVLRQRQOLPLWDWLRQ\
Pw HJ LQFOXGLQJZLWKLQ RSWLRQRUEHWZHHQ FRWH[W YD
)LJ 6

7KHGHFUHDVHLQ YDOXHGHFRGDELOLW\GXHWRKLIJKLUUHOHY
JHQHUDO GLVWXUEDQFH RI WKHYDOXHUHWULHYDO SURFHVV FI
$OWHUQDWLYHO\ WKARIQUFRGLYQBHRWO@\ FRPSHWH ZLWK WKH UHS
UHIOHFWLQJ WKDW WKHUHOHYDQWDQG LUUHOHYDQW YDOXH H
QHXUDO FRGHVY QRWH WKDW WKH FODVVLILHU ZDV WUDLQHG LQ
REMHFWLYH (9 RI "WULDOV ,QRUGHUWRWHVW WKLV LGHD ZH
LQWULDOWABRWUHKEY DOORZHG XVWRLQWHUSUHW WKH FODVV
FODVVLILHUDV HLWKHUWU %d I J\LRU DIYBOXH WKDW ZDV H[SHF W'
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FDVdder3)LI G HWKHQH[DPLQHG WKHFRUUHODWLRQ EHWZHHC
DQ\GLVDGYDQWDJH RI WKH fRWKHUYJ FODVV ZHLQFOXGHG RQO
DVVRFLDWHG IHDWXUH DSSHDUHG RQ WKH VFUHHQ UHOHYDQW
SUREDELOLWLHV IRUHDFK WULDO VXP XSWR DQGKHQFHDUH YV
3 DQ&3 KDGDVLIQLILFDQWO\PRUH Qi D)LY HFEEEUHODW LR Q
=22 = 40 =25UHVSHFWLYHOWgSDLAFAB=WOM VW H 7KLV
VKRZV WKDW ZKHQ WKH SUREDELOLW\DVVLJQHG WR WKH (9 GHF
LQFUHDVH LQ WKH SUR EQE DNIL\Y \VWDR D LFIFOA-SHWR VWL RQ EHWZHHQ |
H[SHFWDWLRQV )RUPDOO},ZHWKWEK W R R @& H@ SUHAIBFWY. QQ B
VPDOOHU $,& WKD@ZKHQPWGGLQUBYVSHFWLYHO\ )LJ | OLNHOL
D PRGHO:ZLWER, 3144:34 p<:001 DQG Zyhd K3=43:83 p < :001

7KH SUHYLRXV DQDO\VLV RQO\LQIRUPV XVDERXW WKHRYHUDO
HQWLUH H[SHULPHQW 7RLQYHVWLJDWHWKHWULDO ZLVH G\QD
YP3)& ZHWUDLQHG DQ DGGLWLR QR ® 6 EBKWDLYIILRWDNDROG Bl AHXFU/D V
$OWKRXJK WKLV FODVVLILHU VXIIHUV IURP VRPHFDYHDWV VHH
ZHUHDVRQHG WKDW WULDOZLVH SUREDELOLW\IOXFWXDWLRQYV
SUREDE L Ogh VR OIKAV(OILHU DV VLJIQHGWR WKIKMRUK®G B W H Q/IRVH/Q B
WKH UHOHYDQW YDOXH DV LQGLF D:W H GPEB\RWKWDIDMOXH ERW K \FIO DI
ZHUH WUDLQHG RQ L Q@HSOHG/HOW B RWD' QG 9DOXH FODVVLIL
LQ ERWK FDVHV RQ EHKDYLRUDOO\DFFXUDWH WULDOV L H WUL
DVLQGLFDWHG E\WKH UHOHYDQW FRQWH[W 7KLV PRGHO VKRZ}F
RI (89« ZKHQ PHDVXUHG LEGHSHRGXRMWMEO(9 BHFRGDELOLW\RQ D
ORZHUHG $,& VFRUH IURP W R E2X W3QRNME:UBK DW LQ Wk
)LI G ORVW UHPDUNDEO\ Wit HIQMFHW B F 3RIGVWZHEMK B KH HIIHF
VXFK WKDW ZKHQ WKH FRQWH[W VLJQDO ZDV VWURQJHU WKH QF
UHOHYDQW YDOXH VLIQRODVEAB¥\EHDGNHUH DH BF L DWERQ EHWZH
/5 WH¥{W5:22p=0:022 )LJ H ,Q RWKHUZRUGY WKHVWURQJHU WK
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&RQWH[WDQG (9 UHSUHVHQWDWLRQV WKHOHVV YP3)&V LUUHO
UHSUHVHQWDWLRQV DNLQ WR D VKLHOGLQJHIIHFW 7KH VDPH I
WKDW WKH VWUHQJIJWK RI FRQWH[W HQFR Gke@ J /BI MAFVWMG YD O XH
2,=9:99p=:002 1RWH WKDW WKHDERYHDQDO\VLV ZDV FRPSOLFD\
EHWZHHQ Gl FOMQWHY ZKLFK ZH FRQW UR O Og¢ @ E WIKX.LDQL®R PV K
HIITHFWV QHVWHG ZjWIKRLQHDHKHXERIHBEW L H DQVHIIHFW IRXQG
WKH ELDVHG PHDQ GLIIHUHQFHEHWZHHQ WKH SUREDELOLWLH
LQWXLWLYHO\ WKLV LV VLPLODUWRUXQQLQJHDEK FRUUHODW
)XOO PRGHOV LQFOXGLQJHIIHFW VLIHVDQG FRQILGHQFH LQWH !

,Q VXPPDU\ ZHVKRZHG WKH QHXUDO UHSUHVHQWDWLRQ RI (9 ZL
H[SHFWHG YDOXH RIWKHLUUHOHYDQW FRQWH[W DQG ZHDNHQF
DQLQFUHDVHLQ QHXUDO UHSUHVHQWDWLRQV RIVXFKLUUHOH
UHJLRQ 7KHHIIHFW RFFXUUHG LUUHVSHFWLYHRIDFWLRQ FRQ
YDOXHV XQOLNH SDUWLFLSDQWVTEHKDYLRXU ,L.@RVW VWULNLOC
UHSUHVHQWDWLRQRQ (9 GHFRGDELOLW\ ZDV PHGLDWHG E\ D QF
EHWZHHQ &RQWH[W DQG (9 LOQEVHBYHIBY WEW BIWHRQWRG (PLQLVK
GLVFXVVHG ODWHU LQ GHWDLO ZHFRQVLGHU WKLV WREHHYLG
DVSHEWV LQ WKLV LRHILRQ (9DQG (9

1IHXUDO UHSUHVHQWPWQB@RQWH(W JXLGH PKRDFHOEHAKD Y LR U

LQYHVWLIDWHG KRZ YP3)&TV UkkSIUH B R @B M[IWR RV IR IX(HQEH SD U
EHKDYLRU :HILUVWLQYHVWLIJDWHG WKLV LQIOXHQFHRQ FKRL
LQGLFDWH GLIIHUHQW FKRLFHVLQ LQFRQJUXHQW WULDOV ZKH
LQIOXHQFH RIWKHLUUHOHYDQW FRQWH[W ORWLYDWHG E\ RXU
LQIOXHQFHRIWKHLUUHOHYDQW FRQWH[W BQ GEIRKUBBRWZRQD V|
EHKDYLRUDOO\ZURQJRULQFRQJUXHQW WULDIXRQJIHXRREG DQ L
7\SH ,, :POMH YW 4:51 p=:034 )LJ D WKDW LQGLFRWH®LQFUHDVH\
DFFXUDWHFRQJUXHQW WULDOV DQG GHFUHDVHV LQ ZURQJ LQF]
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YLIXUH

YP3)& UHSUHVHQWDWLRQV RI WDVN FRQWH[W H[SHFWHG YD[®PEORG\LUUH
"FRORUWULDO WRS LWV UHOHYDQWRXWFRPHV PLGGOH FRORU EDVHG
ERWWRP 7KHPD[LPDRIUHOHYDQW DQG LUUKQHY B QSHIWLKMERMBDUH WHUP
ZDV UHODWHG WR GHFUHIPAH G G EFKG®Y ERODWOR IDPFXUDWH WPLDOV OLNHO
Q &RORUVHHOHJHQG (UURUEDUVUHSUHVHQWFRUUHFWHG ZLWKLQ VXE!I
&RXVLQHDXHWDO FRORHB\ HHAVORLQ J WKH SUREDELOL W L HPM/D VK RZBIEG W R W
DQ HIITHFMWuRpP (9 EXW QRW &RQJUXHQFOXGLQIIG FRQWH[W Bbi&RGDELOL W\
\LHOGHG WKH EHV3VYIDWXHV UHIGHG WX¥ WUHDMLORQ WKDW 9DOXH FODVVLILHU |
DYV H[DPSOHFRXOG Ui/ O MAKHNIGH W URH QHBWK Hld (BRU (B8 7KH FRUUHODWLRC
EHWZHHIQ¥%& 3 \HOORZ ZDVVLJQLILFDQWO\PRUH QHJRWRD QB3 KD@XMKH FR U |
SDLUHGW WIQVW %R[FRYHUVLQWHUTXDUWLOHUDQJH ,45 PLG OLQHUHIO
GDWD XQWLO ,45 DQG VROLG SRLQW V IU&SRSIVHIQW R R\GARIM IR EHER Q G
WKDW D:G.GLIOISURYHG ILW PRUWHWEDEQ DGENVQJI 3 /5 WHVW ZLWK HDFK LQGLY
p Q J 7KH QHXUDO UHSUHVHQWRW LRPQMWR DQEOMNK B Q U9 OBIYRYW (9 3
] VFRUHG DQG PXOWLQRPLDO ORJLW WUDQVIRUPHG EHUH PDUJL@DAO\ QHJ
EDQGVUHSUHVHQW FRQILGHQFHLQWHUYDODQG JUK\ QEQHYD V@ G IHYYLLGSXDF
IRUD &RQWH[W U k%W H ¥R QWHDOLR B G ZdWKRPISHW(OW(IORQ L H ZZHDREGU HIITHFW
¥y ZKHQud« ZDV VWURQJIHU /5 WHVWEZLWK L Q@HMW D MDIHFQVWPHRIGAM O SUHGLFWL
UHSUHVHQW &,DQGYHUWLFDOOLQHVVKRZJURXSPHDQVRIWKHWRS ERW
IRULQGLYLGXDO OLQHV ¥dkH FIDIVEVSOLW WEKWR WKUHH OHYHOV IRU YLVXDOL
FRQWLQEZRRSDULQJPRGEBVWRHSE ZLWOKLYHO@V UHYHDOH QW KRWRGEGLQJI HL Wk
LPSURYHG PRGHO ILW SDR®GV J IDQYGZK OO DV WK reld LEWH U/B PWH R 3L W K
LQWHUDFWLRQ FRASD WHG WBR®RERND\ B Q IRWR/WKEWG@HOV D |
LQGLFDWHV WKH 9DOXH FODVVLILH L& FODWW SURBHEDHERIDBMWQR Y I R | IKGLWW B W K
(%ack FODVVLIKhkHBODYY SUREDELOLWLHYV WKHIRUPHU ZDV WUDEBHIG RQ ' WK
UHSUHVHQWPWKUHVKROG RI
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SDUWLFLSDQWV HUURQHRXVO\ FKRVH WKH RSW/|LRRODAMWK KLIKH
LQFUHDVHG )RFXVLQJRQO\RQEHKDYLRUDOO\DFFXUDWH WULI
RQ3, 7\SH,, :DPOMHVANAD:07 p=:794 % =0:00 p=:987 UHVSHFWLYHO\
7KLV HIIHFW LV SUHVHUYHG ZKHQ PRGHOLRQW RQW \RZ2 GRQ@I WXHQ B
fy =4:36 p=:037

ORWLYDWHG E\WKHGLITHUHQW SUHGLFWLRQV IRUFRQJUXHQW |
PRGHO WKHVHWULDO W\SHVY VHSDUDWHO\ :KHQIRFXVLQJRQ L¢
UHSUHVHQWDWLRQ RIWKHUHOHYDQW FRQWH[W ZDV PDUJLQDO
QHIDWLYHGHMHRYRABXUDF\ LQGLFDWLQJDQLQFUHDVHG UHSL
FRQWH[W ?l§=\BI:GB\@W:055 )L E ORUHRYHU ZHIRXQG WKDW WKH
WKHZURQJFRQWH[WDQG LWV DVVRFLDWHG LKYIMHOHYDQW H[SH

VWUHQIJWKHQG WKLV dd HFW, L WHWHODB ROVIOHSPRGHO RIHUURU U

-
PRGHO ILW Z5=®33pW:012 )LJ E 1% WKDW ZH IRXQG QR PDLQ HIIH
(Oback /5 WHEWAD:28 p=:599 2, =0:0 p= :957 UHVSHFWLYHO\ :HQH[W W>
FRQJUXHQW WULDOV ZKHUH D ZURQJFKRLFH VKRXOG QRW EH D
FRQWH[W VLQFHERWKFRQWH[WV LQGLFDWH WKH Y\ RPREKRLFH
DFFXUDF\LQ &RQJUXHQWONp:=DDY ARWHWMU VWURQJIUHSUHVH
HLWKHU UHOHYDQW RULUUHOHYDQW (9 VKRXOG OHDG WR D FRU
LQFUHRWHDQG PDUJLEDKDIB DLYRBVLWLYH UHODWLRQ WR EHKDY

(21)23:5 p=:061 (21):6:48p22011 UHVSHFWLYHO\ )LJ F

)LQDOO\ ZHLQYHVWLIJDWHG UHDFWLRQ WLPHV RIEHKDYLRUDO
SUHVHQWHG DERYH ZHIRXQG WKDW SDUWLFLSDQWY ZKR KDG D
WKHLU (9 UHSUHVHQWDWLRQ DOVR KDG D:39p/=U:B2Q JIHU 67 &RQ JU »
1H[W ZH K\SRWKHVL]HG WKDW LQFUHRYHE FRIQOVE QFRD BH\R DI HRQ
LQIOXHQFH 57 ,QGHHG DOO QkXFMD® UL FHDAVRIWHNOBRMWBE GZ LWK |
&RQJUXHQF\ UHODWHG 57 HIITHFW WKH PRUH QHJD\WRGH D SDUW
%v,.., ZDV WKH VWURQJHU KHU 57 &#Q 3 LDBH QLFA HHIHBPWRUH QHJD W
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DVVRFLDWLRRQEHWMZEBDY OLOQNHG WR, R PWOGRQDMUL R RI WKH 57
&RQIJUXHQF¥HA3pHWM )LJ | ILQDOO\ WKHVDPH ZDV WUXH ZKHQ

VWUHQJIJWK RIWKH HITHFW RI W Kk Q& X U [RQ WHKSHJ B! N K Q@ DVD {9 WVRLQ @

back

UHODWLRQ WR WKHDER¥BbpRHIMY )LIRUDO POBMKWHU ZRUGV WKH
LQIOXHQFH RILUUHOHYDQW (9DQG LWV QHXUDO UHSUHVHQWDYV
LOQWHUDFWLY&E HIERPWUIRHHYF\RQ 57V L H VORZHU57 IRULQFRQ

FRQIJUXHQW WULDOV

,QVXP FKRLFHDFFXUDF\ZDV QHJDWLYHO\UHODWHG WR WKH W
LWV DVVRFLDWHG YDOXHRQO\LQ LQFRQJUXHQW WULDOV L H 2
QHXUDO UHSUHVHQ WV RRAWR EWEWR DEFFXUDF\ 57 DQDO\V
PDUNHUVRI D ZHDNHU UHSUHVHQWDWLRQDO OLQN EHWZHHQ F
EHWZHEQXOQG (9 ZHUH ERWK DVVRFLDWHG ZLWK D VWURQJHU LQ|
FKRLFHRQ WKHLU57 %URXJKW WRJHWKHU WKHVH ILQGLQJIV VK
DQG &RQWH[W LQ YP3)& GRQIW RQO\LQWHUDFW ZLWK HDFK RWK
LQ DFFXUDF\DV ZHOO DV 57 LQ EHKDYLRUDOO\DFFXUDWH WULD:

1R XQLYDULDWHHYLGHQFH IRUHIIHFWV RILUUHOHYDQW YDOXH
7KHDERYHDQDO\WHV LQGLFDWHG WKDW PXOWLSOH YDOXH H[S}H
YP3)& /DVWO\ ZHDVNHG ZKHWKHU ZKROH EUDLQ XQLYDULDWH
IRUSURFHVVLQJRIPXOWLSOH YDOXHUHSUHVHQWDWLRQV 'HW
FDQEHIRXQGLQ)LJ 6 8QOLNHWKHPXOWLYDULDWHDQDO\VL)
&RQIUXHRFRYMWKHLU LQWHUDFWLRQ ZDV REVHUYHG LQ DQ\ IUR
ZDV IRXQLLUO WKH 6 XSHULRU pKMBIRDIOE*\BXVH DOVR IRXQG QR L
IRUWKH XQLYDULDWH H (19hFIM) RV HARBOFIWIRRI@FN HIRE IBYWH U Z H

IRXQG D QHIJDWLYH XQLY D U L DMbk H.IQ FFKHRS &IRRDIWNPHRMFER U FR U W
OLEHUDO WKUHVKROG ZKLFKLQGLFDWHG WKDW WKH GLIITHUHQ
LQFUHDVHG Z L)W KIKNU®MUR(D UHV B RQOFH)ER BIOG FWKHVH ILQGLQJ
FRQWUDVW ZLWK WKH LGHD WKDW FRPSHWLQJ YDOXHV ZRXOG K
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YJLIXUH

YP3)& UHSUHVHQWDWLRQV RI FRQWH[W BQ® M D ¥ OHRAVLRLRDNXG\H X O @ WVEH_HOIDWLF
VKRZ RQO\EHKDY LR UDIDMKHFEFG KB WE DWWILDIOHLY V &R EDELYL WD R IL@FUHDVH
ZKHQ SDUWLFLSDQWV FKR VW KR IRSHMVFRDBLYH VRO (BURQJ FKRLFH LQ LQFF
DQG FRUUHFW FKRLFH LQ FRQJUXHQW WPLDOW JUHMQ R U5E DBV W HS/U HOKHOWDAF
ZLWKLQ VXEMHFW 6(0V &RXVLQHDX HWED'®IFUHDVYRUW\FHKDOLRUDO DFFXUD
LQFRQJUXHQW WULDOV ZDV PDUJLQDOO\DVVRFLDWHG ZLWK ORZRAKLAR QW H [V
HIITHFW ZDV PRGXQ DWEHGHYHOWDWLRQ L H VW&HRQIBL PQ)& ULPDE H\L WKJIRIQ)
p GLVFUHWLVDWLRQ RQO\IRU YLVXDOL]DWLRQ 3 YDOXHV UHSUHVHQW
WKH B,9DOXHFODVVLILHU GHFRGDELQLWIRO@ EOIW CZAHWH EQ® K9SRV LW
WR EHKDYLRUDO DFFXUDF\ LQ FRQGU X H QUM WIHPWLYHO\ \ D[LV /LQHV DUH
GRWV DUH JURXS PHDQV RI WRS DQG ERWWRP RIGDWD ZLWKLQ SDUWLFLS
UHSUHVHQW /5 WHVW ZLWK DGGHG WHUPV DQG HUUR 3 EDW GNLSHRUNHW HIQWK VL |
DVVRFLDWLRQV EHWZHHQ &RQWH[W DQG (9 UHSUHVHQWDWLRQV \ D[LV )LJ
ODUJHU YDOXHV LQGLFDWH VWURQJHU 57 GLIIHUHQFH EHWZHHQ LQFRQJUXH
DQGJUHHQ OLQHHORIWH)QHIBWLYH FRUUHO D Wd RGNS BHWH € WO YOLIRMS (9 D[LV )L
DVVRFLDWHG ZLWK VWURQJHU &RQJUXH @ B\DIIMH FH BYW§ W VDZ L W KV ¥ \8 D R @ DHG
EHWZHHD®EGL \ D[LV VHH)LJ H DOV R.KPRGVWURIRIG BQIWKH &RQIUXHQH
[ D[LV VHHGLVWDQFHEHWZHHQ SXUSDWHWLFGE 3D BMY @ LYHWDLRR)EE QB IDWLY
DQ&®3, \D[LV PRUH QHIJDWLYHLQGLFDWH VWURQJHU GHFUHRYHR@HH)LJ .
&RQJUXHQF\57 HIIHFW [ D[LV VHH SDQHO!| 3DQHOV G JSUHVHQW 3HDUVR
VWDWLVWLFWRHVWLPDWHD UDQN EDVHG PHDVXUHRIDVVRFLDWLRQ %HVW
UHSUHVHQW FRQILGHQFHLQWHUYDO

UHSUHVHQWDWLRQLQYP3)& EHFDXVH WKLV DFFRXQW ZRXOG K
&RQIJUXHQW FRPSDUHG WR LQFRQJUXHQW WULDOV
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'LVFXVVLRQ

"HLQYHVWLIDWHG KRZFRQWH[WXDOO\ LUUHOHYDQW YDOXH HJ
DFWLYDWLRQ SDWWHUQVLQYP3)& 3DUWLFLSDQWYVY UHDFWHG V
GLITIHUHQW FKRLFHDQG IDVWHU ZKHQ LW IDYRUHG WKH VDPH 71
LQFUHDVLQJUHZDUGDVVRFLDWHG ZLWK WKH K\SEWHKBWLFDO F
DQDO\WHV RIYP3)& YR[HOV VHQVLWLYHWR WKHREMHFWLYH L
WKDW D YP3)& FRQWDLQVDPXOWLIDFHWHG UHSUHVHQWDWLR
H[SHFWHG YDOXHDQG FRQWH[W DQG WKDW E KLJKHULUUHOH"
UHSUHVHQWDWLRQ RIWKHP LPSDLUHG WKHH[SHFWHG YDOXH V
EHWZHHQ WKHWZR YDOXHV 7KLV FRQIOLFW ZDV PRGHUDWHG E
WKDWD VWURQJHU FRQWH[W VLJQDO ZDVDVVRFLDWHG ZLWK D \
GLPLQLVKHG QHJDWLYH HIIHFW RIWKHH[SHFWHG YDOXH RI WK
YP3)&MTVUHSUHVHQWDWLRQV ZHUH OLQNHG WR SDUWLFLSDQWYV
ZLWK WKHLGHD WKDW WKHUHSUHVHQWDWLRQV RI WKHDOWHUC
ZHUH SUHVHQW ZLWKLQ YP3)& DQG IJXLGHG EHKDYLRU 7KH VWU
YP3)&zZDV UHODWHG WR VORZHUDQG OHVVDFFXUDWH FKRLFHYV
GLIIHUHQW DFWLRQV DQGIDVWHUDQG PRUHDFFXUDWH FKRLFF

20H QRWDEOHDVSHFW RIRXUH[SHULPHQW ZDV WKDW IHDWXUH
UHZDUGYV ZHUH QHYHU LQIOXHQFHG E\LUUHOHYDQW IHDWXUHYV
LQIOXHQFHG E\WKHH[SHFWHG RXWFRPHRIWKHFRXQWHUIDFW.
FRIQLWLYHFRQWURO EDVHGDUELWUDWLRQ EHWZHHQ UHOHYD
6KHQKDY ODQWHHW DO 7TDNDJL HW DO 2XU QHX!
LQWHUQDO YDOXHH[SHFWDWLRQ V ZLWKLQ YP3)& ZHUH VKDSH
LIQRUHG FRQWH[W SHU VHLQIOXHQFHG YP3)& VLIJQDOV EXW UD
FRXQWHUIDFWXDO FKRLFHWKDW ZRXOG KDYHEHHQ PDGH LQ WK
WKDW WKHH[SHFWHG YDOXH RIWKHEDFNJURXQG FDSWXUHG 10
FRQWURODQDO\VLV VKRZHG WKDW WKLV FDQQRW EHH[SODLQH
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SHUFHSWXDO IHDWXUHRQ WKHVFUHHQ +HQFH RXUUHVXOWYV
DWWHQWLRQ FDSWXUH FDXVHG E\ WKH pGLVWUDFWLQJYLUUHOI
UHVHDUFK RQ FRIQLWLYH FRQWURO VXFKDV WKHG6WURRS 7DVN

‘HDOVR DVNHG ZKHWKHU UHOHYDQW DQG LUUHOHYDQW H[SHEW
IRXQG QHLWKHU XQLYDULDWH QRU PXOWLYDULDWHHYLGHQFH I
XQLYDUhPRHARQIUXHQF\HIIHFWV DQG QR LQFUHDVHLQ (9 GHF
(%ack 7KLV VXIIHVWV VRPHGLIIHUHQFHV LQ WKH XQGHUO\LQJ Ut
LUUHOHYDQW H[SHFWHG YDOXHV $W WKH VDPHWLPH RXUDQD ¢
VHQVLWLYH WR WKHH[SHFWHG YDOXH RI WKHLUUHOHYDQW FRQ
'WULDOV GXULQJ ZKLFKLUUHOHYDQW YDOXHV ZHUH QRW SUHV
HFRQYHQWLRQDOYJH[SHFWHG YDOXHV DQG FRXQWHUIDFWXDO Y
FRPSOHWHO\ VLPLODU SDWWHUQV ORUHRYHU RXUUHVXOWV \
DFWLYDWHG VLPXOWDQHRXVO\DQG FRPSHWHG ZLWK HDFK RWK
VLIQDO :KLOH QHXUDOHYLGHQFHIRU (9 FRPSHWLWLRQ GLG OL
ZHIRXQG QR LQIOXHQFH RIDFWLRQ FRQJUXHQF\RQ YP3)& VLJIQ
FRQIOLFWY EHWZHHQ LQFRQJUXHQW PRWRU FRPPDQGV PLJKW E
DQDO\WHY UHYHDOHG WKDW SULPDU\PRWRU FRUWH[ZDV VHQVL
VLWHRIFRQIOLFW UHVROXWLRQ LQ OLQH ZLWK VWXGLHV WKDW
WDVN H[HFXWLRQ FRUWH[LQ KXPDQV DQG PRQNH\V ODQWH HW L
WKDW WKH FRQIOLFW EHWZHHQ PXOWLSOH YDOXHVY HQFRGHG LC
DOVRLQ OLQH ZLWK RXULQWHUSUHWDWLRQ WKDW YP3)& GRHV
UHSUHVHQWDWLRQ WKDW GULYHV FKRLFH

SDUWLFLSDQWYV UHSHDWHGO\KDG WR VZLWFK EHWZHHQ FRQWH
HQJDJH FRJQLWLYH FRQWURO PHFKDQLVPV )U|PHUHWDO
ORQVHOO 6KHQKDY HW DO 'HHYDOXDWHG WR ZKD
DITHFWHG RXUUHVXOWV DQGIRXQG WKDW EHKDYLRUDO HIITHFW!
FRQWH[WVZLWFK DQG WKDW WKH  GLVWDQFHIURP WKH ODVW V.
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LUUHOHYDQW YDOXHV )LJ 6 /LNHZLVH ZHIRXQG QR LQIOXHQ]
HIITHFWV LQ YP3)& 1RWH KRZHYHU WKDW GXHWRRXU GHVLJQ Z
VHWV ZLWK UHVSHFW WR QXPEHU RIWULDOV VLQFH FRQWH[W V
WKRURXJKLQYHVWLIJDWLRQ RI WKH HIIHFW RI WULDOV VLQFH V?
WKDW ZKLOH FRQWH[W VZLWFKLQJLYV SDUW RI WKHLQYHVWLJDV
H[SODLQ RXUILQGLQJV

$QRWKHULPSRUWDQW LPSOLFDWLRQ RIRXUVWXG\FRQFHUQV V
YP3)& P2)& DQGLQ SDUWLFXODU WKHUHODWLRQVKLS EHWZHH!
:LOVRQ HW DO 'LPPHU %FKHO DQG YDOXH %DUWUD F
21T"RKHUW\HW DO SDGRD 6FKLRSSD $VVDG 30DVYV
:DOOLV FRGHVLQ WKLVDUHD ,QRUGHUWRFRPSDUH ERWK
IRUYDOXHDV ZHOODV VWDWHY UDWKHU WKDQ H[DPLQLQJFRQ\
ZHEHOLHYH WKDW WKHYDOXHVLPLODULW\DQDO\VLV ERWKLQ
SUREDELOLWLHYV )LJ 6 DGGLWLRQDOO\VKRZVHYLGHQFHIRU\
VSHFLILFDOO\FKRVHWRIRFXVRQ WKHYP3)& UHJLRQ WKDW LV F
GHFLVLRQ UHVHDUFK ‘HWKHUHIRUHGHILQHG RXUO52,LQ D XQL"®
OLWHUDWXUH HJ %DUWUD HW DO &OLWKHUR 5DQJHO
YDOXHVLIQDO ZLWKLQ WKLV 52, HJ 6FKXFNHWDO ;|
HI[ISHFWHG YDOXHLQIRUPDWLRQ YP3)& P2)& DOVR UHSUHVHOQ\
LGHQWLILHG UHOHYDQW LQIRUPDWLRQDQG WKHUHE\GLVDPEL]J
HJ 6FKXFNHWDO :LOVRQ HW DO 1RWH WKDW LC
DIQRVWLFWRYDOXH ZKLFK ZDV EDODQFHG DFURVV FRQWH[WYV
RIDVXSHUVHW RIWKHPRUHVSHFLILFPRWLRQ GLUHFWLRQ FRO
PRUHVSHFLILFVWDWHY ZRXOG WKHUHIRUH DOVR VKRZ GHFRGL
PHWKRGRORJLFDODVSHFW ZDV WKDW ZH GHFRGHG EDVHG RQ W
GHFRQYROYHGDFWLYLW\SDWWHUQV OXPIRUGHWDO DV L
SDSHUV OF1DPHH HW DO ORPHQQHMDG HW DO 3RO\Q F
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'"HFRGLQJOHYHODQGDSSURDFK PD\KDYHLPSOLFDWLRQV
XQFRYHUHG LQIXWXUHUHVHDUFK 2YHUDOO RXUILQGLQJV DU
FRXOGEHRQHDGGLWLRQDO DVSHFWRI2)&DFWLYLW\ =KRX HW
RWKHU WDVN UHODWHG LQIRUPDWLRQ &UXFLDOO\ WKHLGHDYV
NLQGV RIWDVN UHOHYDQW LQIRUPDWLRQ 1LY 6FKRHQEDX
WKLV UHIJLRQ ZDVIRXQGWREHFUXFLDOIRULQWHJUDWLQJYDO
DUHUHOHYDQWIRUFKRLFH 3HOOHWLHU )HOORZV 6 FKRHC
ZRUN VXJIJHVWYVY WKDW LW PLIJIKWDOVRUHIOHFW LQWHJUDWLRQ

TRFRQFOXGH WKHPDLQ FRQWULEXWLRQRIRXUVWXG\LVY WKDV
WDVN FRQWH[WDQG YDOXHUHSUHVHQWDWLRQV ZLWKLQ YP3)&
WKH VDPHRSWLRQLQ GLITHUHQW FRQWH[WV ZH ZHUHDEOH WR
VWUXFWXUHLQYP3)& ZLWKERWKWDVN FRQWH[WVY DQG WKHLU
SDUDOOHO 7KHGHFRGDELOLW\RIERWKFRQWH[WV DQG (9V LQ(
UHODWLRQ WR FKRLFH EHKDYLRU KLQWV DWLQWHJUDWHG FRP
WKDW WKLV EULGJHV EHWZHHQILQGLQJVRI(9UHSUHVHQWDWL!
UHJLRQ DV UHSUHVHQWLQJWDVN VWDWHYV ZKHUHE\UHOHYDQYV
DVSDUWRIDPRUHHQFRPSDVVLQJ VWDWHUHSUHVHQWDWLRQ



67$7(6 9%$/8(6$1'*2%$/6,1&2*1,7,9(0$36

OHWKRGYV

7TKHVWXG\FRPSOLHV ZLWK DOO UHOHYDQW HWKLFDO UHJXODW
WKH)UHH 8QLYHUVLW\%HUOLQ 5HI 1XPEHU

SDUWLFLSDQWYV

JRUW\ULJKW KDQGHG \RXQJDGXOWY WRRN SDUW LQ WKH H[SHU
age =276, 2ge=3:35 LQ H[FKDQJH IRUPRQHWDU\UHLPEXUVHPHQW 3
XVLQJWKH SDUWLFLSDQW GDWDEDVHRIOD[ 30DQFN ,QVWLWXW
05, VDIHW\ UHODWHG H[FOXVLRQ FULWHULD H J SLHUFLQJV S|
DOVRGLG QRW DGPLW SDUWLFLSDQWY WR WKH VWXG\ LI WKH\ Ul
WHQGHQF\IRUEDFN SDLQ FRORU SHUFHSWLRQ GHILFLHQFLHYV |
WKDQ FP GXHWRWKHOLPLWHG VL]JHRIWKH FKDQQHOKHDG
VHOl UHSRUWHG QRWH WKDW WKH VWXG\ZDV FRQGXFWHG LQ W
GLVWLQFWLRQ EHWZHHQ VH[DQG JHQGHU :HKDG QRUHDVRQ W
WDVN DQG WKHUHIRUH GLG QRW LQFOXGH WKLV LQIRUPDWLRQ L
H[FOXGHG ILYH SDUWLFLSDQWYVY IURP WKHDQDO\VLVY RQH IRU VI

OHVV YR[HOV LQ IXQFWLRQDO GDWD FRPSDUHG WR WKH 2)& PI
SDUFHOODWLRQRIWKH 7 LPDJH 'DOHHW DO .OHLQ HW DO
GXHWR H[FHVVLYH PRWLRQ GXULQJ 105, VFDQQLQJ PRUH WKDQ
SDUWLFLSDQWV IRUORZ SHUIRUPDQFH OHVV WKDQ DFFXUDF
EHKDYLRUDO UHSOLFDWLRQ \RXQJIPBEXQWMVWRRKRSMAR  ZF
ZHUH H[FOXGHG IRUWKH VDPHDFFXUDF\WKUHVKROG 'XHWR W
UHSOLFDWLRQ VDPSOH ZHUH H[FOXGHG VLQFHDQVZHUV ZHUH L
DQG WULDOV QRQLQ WKHUHSOLFDWLRQ LQ ZKLFK 57 ZDV IDV\
SUHPDWXUH UHVSRQVH 7KHPRQHWDU\UHLPEXUVHPHQW FRQ\
KR XU IRUUHSOLFDWLRQ VDPSOH SOXV D SHUIRUPDQFH GHS|
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([SHULPHQWDO SURFHGXUHYV

'"HVLJZDUWLFLSDQWY SHUIRUPHG D UDQGRP GRW PRWLRQ SDUD
VKRUW EUHDN PLQLPXP PLQXWHV ,Q WKHILUVW SKDVH SV\F
DQG IRXUPRWLRQ GLUHFWLRQV ZHUH ILUVW WLWUDWHG XVLQJ |
WKH UHZDUGYV DVVRFLDWHG ZLWK HDFK RI WKHVH HLJKW IHDW X |
VHFRQG SKDVH WRRN SODFH LQ WKH 05, VFDQQHU DQG FRQVLVW
SDUWLFLSDQWY ZHUH DVNHG WR PDNH GHFLVLRQV EHWZHHQ WZ
ZKLFK KDG RQHFRORUDQG RURQHGLUHFWLRQ IURP WKH VDPH
PLQL EORFNV RI 'WULDOV RQO\ DWWKHHQGRIILUVW DQG DW
DQDWRPLFDO VFDQ VHHEHORZ 7KHUHSOLFDWLRQVDPSOH FR
EUHDN OHQJWK EXW ZLWKRXW 05, VFDQQLQJ 7KDW LV ERWK Sk
WHVWLQJURRP 'HWDLOV RIHDFK WDVNDQG WKH VWLPXOL DUH
UHFRUGHG GXULQJDOO H[SHULPHQW SKDVHV 05, GDWD ZDV UH|
FROOHFWHG H\H WUDFNLQJ GDWD (\H/LQN 65 5HVHDUFK /WC
VWDLUFDVLQJDQG WKHPDLQ GHFLVLRQ PDNLQJWDVN WR HQVX
7KHRYHUDOO H[SHULPHQW ODVWHG EHWZHHQ DQG KRXUV L
$GGLWLRQDO LQIRUPDWLRQ DERXW WKH SUH VFDQQLQJ SKDVH

5RRP /XPLQDQFH DQGSBISIMNILIRWPY VHVVLRQV ZHUH FRQGXFWH
ZLWKRXW QDWXUDO OLJKW VRXUFHV VXFK WKDW OLJKW IOXFW>
IHDWXUHV $VPDOO ODPS ZDV VWDWLRQHG LQ WKHFRUQHU RI W
VKDGRZV RQ WKH VFUHHQ 7KHODPSKDGD OLJKW EXOE ZLWK
DQ\LQIOXHQFHRQ FRORU SHUFHSWLRQ 3DUWLFLSDQWV VDW R
FPIURPD FPKRUL]JRQWDOO\ZLGH 'HOO PRQLWRU UHVROXWL
IUDPHV SHU VHFRQG 'LVWDQFHIURP WKHPRQLWRU ZDV IL[HG X
6WLPXOL ZHUH SUHVHQWHG XVLQJ SV\FKWRROER[ YHUVLRQ

HW DO 3HOOL 9LVLRQ 0@ VISP BV LEQ

5 E ,Q WKH 05, VFDQQHU URRP OLJKWV ZHUH VZLWFKHG RI
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RSHUDWLQJURRPZHUH FRYHUHGLQ RUGHU WR SUHYHQW LQWH!
FDVWRQWKHVFUHHQ 3DUWLFLSDQWYV OD\LQVLGHWKHVFDQQ
KRULIRQWDOO\ZLGH VFUHHQ RQ ZKLFK WKH WDVN ZDV SUHVHQYV

BURMHNWRU 6;*$ UHVROXWLRQ [ UHIUHVK UDWH |IUDF
SUHVHQWHG XVLQJ SVIFKWRROER[YHUVLRQ %UDLQDUG 9
9LVLRQ LQO0$7/$%5%7/$8 YHUVLRQ 5 RE D'HOO SUHFLVLR

7 FRPSXWHUUXQQLQJZLQGRZV ;3 YHUVLRQ

6WLPXODEK FORXG RIGRWV ZDV SUHVHQWHG R@ WKWXTFOBRQQAK IC
GLDPHWHU ,QDOOWULDOVLQYROYLQJIWAR KD XX®V OMKIL FWHDX
EHWZHHQ WKHP LQFOXGLRUOPHWHVULRQ WIKLHFRIHGG A8 UHV XOWIL
ILHOG RI'YLHZ IROORZLQJWRWDODSSDUDWXV VL]HIURP 3LOO\

VTXDUHGRWVRI [ SLIHOV :HXVHGIRXUVSHFLILFPRWLRQ DC

TR SUHYHQWDQ\ELDVUHVXOWLQJIURP WKHFRUUHVSRQGHQFH
HDFK RI WKHIRXUPRWLRQ IHDWXUHV ZDV FRQVWBX PWKH®& R1 WZF
WKDW PRWLRQ IHDWXUHV UHIOHFWHG DQ D[LV RIPRWLRQ UDWK
IRXU FRPELOQIBO LARHJIW 451 2PK WERWWRP ULJKWWHOX SSH G RAQW
D@6 315 ERWWRPOHIW XSSHUULJKW HXVHGD %YURZQLDQ PF
6HLW] PHDQLQJLQHDFKIUDPHD GLITHUHQW VHW RIJLYHQ
WRPRYHFRKHUHQWO\LQ WKHGHVLIJQDWHG GLUHFWLRQV LQ D I
LQDUDQGRP GLUHFWLRQ )LJ ® SHRWHMNBQEGLZBY VHWWHRH DSF
GLDPHWHU SHU VHFRQG IROORZLQJ 3LOO\ 6HLW] 'RWYV Ol
UHDFKHG WKHHQG RIWKHDSHUWXUH VSDFH LW ZDV VHQW YJEDF
DSHUWXUH &UXFLDOO\ WKHQXPEHURIFRKHUHQW GRWV KHQF
HDFK SDUWLFLSDQW WKURXJKRXW WKH VWDLUFDVLQJ SURFHGX
3LOO\ 6HLW] $QDGGLWLRQDO W\SHRIPRWLRQ GLUHFWLF
LQ "FRORUFORXGYV ,QWKHVHFORXGY GRWV ZHUHVSOLW WR
WKHIRXUPRWLRQ IHDWXUHVDQG WKHLUDGMXVWHG FRKHUHQF
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VXEMHFW VSHFLILFUHSUHVHQWDWLRQRIUDQGRP PRWLRQ

,QRUGHU WR NHHS WKH OXPLQDQFHIL[HG DOO FRORUV SUHVHQ
<&E&U FRORU VSDFH ZLWK D IL[HG OXPLQDQFH RI < <&E&U L\
SHUFHSWLRQLQD UHODWLYHO\DFFXUDWHPDQQHU FI $EERWYV
DGMXVWDEOH SDUDPHWHU IRUWKH SXUSRVHRIVWDLUFDVLQJ
< )L 6 LQZKLFKWKHUHSUHVHQWDWLRQ RI WKHGRWYV FR(
DOJRULWKP DV ZHOO 6SHFLILFDOO\ DOO GRWV VWDUWHG FOR\
HDFKIUDPH D GLITHUHQW VHW RI RIGRWV ZDV FKRVHQ WR PRY
LOQD FHUWDLQ VSHHG ZKHUHDV DOO WKH UHVW ZHUH DVVLIQHG .
UHVXOWHGLQDOO WKHGRWV EHLQJJUD\DW WKHVWDUW RI WK
6WDUWLQJ SRLQWIRUHDFKFRORU ZDV FKRVHQ EDVHG RQ SLOR

XQLWVLQFRORUVSDFHIURPWKHPLGGOH ,QLWLDO VSH
FRORU VSHHG zZzDV VHW VR WKH GRWV DUULYHWR WKHLU WDUJH
FHQWHU E\WKHHQG RIWKHVWLPXOXV SUHVHQWDWLRQ V L
RITUDPHV SHUWULDO GXUDWLRQ &RORU VSHHG ZDV DGMXVWH:
DGGLWLRQDO W\SHRIFRORUZDV fQRFRORUYIRUPRWLRQ "WU
WKHFRORU VSDFH

6WDLUFDVIQRWGNNMWR HQVXUH57V PDLQO\GHSHQGHG RQ DVVF
VWLPXOXV SURSHUWLHY HJ VDOLHQFH ZHFUHDWHG D VWDLL
YDOXHOHDUQLQJ ,Q WKLV SURFHGXUH PRWLRQ FRKHUHQFH D
SDUWLFLSDQWLQ RUGHU WRPLQLPLIJHEHWZHHQ IHDWXUH GHW
)L 6 LQ WKLV SHUFHSWXDO GHWHFWLRQ WDVN SDUWLFLSDQW
OHQJWRK D VPDOO FRG RWIHFPHWHWHVR LOGLFDWH ZKLFK PRWLR
WKH\ VKRXOG FKRRVHLQ WKH XSFRPLQJGHFLVLRQ $IWHU D VKF
FLUFOH VO L GPHWHBLSDQWY PDGHD GHFLVLRQ EHWZHHQ W
WKLV SDUW FRXOG EH HLWKHU ERWK VLQJOH IHDWXUH RU ERWK
VWLPXOXV KDG RQHFRORUDQGRQHPRWLRQIHDWXUH EXW WK
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VSHFLILF FRORU $IWHUD FKRLFH SDUWLFLSDQWV UHFHLYHG I|
DQGIDVWHU WKDQ VHFRQG E FRUUHFWDQGVORZHURU F ZU
WULDO VWDUWHG $0OO0OWLPLQJV ZHUH IL[HGLQ WKLV SDUW 3DU
ILIDWLRQ FLUFOHLQ WKHPLGGOHRIWKHVFUHHQ WKURXJKRXW
SDUWLFLSDQWV DQG FRQWLQXHG SHUFHSWXDO LPSURYHPHQW
SDUWLFLSDQWYVY ZHUH WROG WKDW LI WKH\ZHUH FRUUHFW DQG |
wWuLDOV WKH\ZLOO UHFHLYHDQDGGLWLRQDO PRQHWDU\ERQX

7TKHVWDLUFDVLQJ VWDUWHG DIWHUD VKRUWWUDLQLQJ FKRRYV
PLIHG RIERWK FRQWH[WY DQG FRQVLVWHG RIWZR SDUWV WZR
EORFNV $OODGMXVWPHQWVY RIFRORU VSHHG DQG PRWLRQ FR

Bl oty RT{ RT°
i i i RTO

ZKHUHUHSUHVHQWY WKH QHZ FRKHUHQFH i VGHWHLE IRW KPHR W3 FRROPR

WLPHLQWHUYDQ\E@RHANDHYHO DW WKRTWLPW IRH PG 2 R \6W PRI WK t
VSHFLILR GO RUNLPRT,QWMWEKHDPO QFKRU 57 WRZDUGV ZKLFK W
PDGH DQ®BSUHVHQWY D VWHS VLIHRIWKHDGMXVWPHQW ZKLFKF

7TKHEDVLF EXLOGLQJEORFNRIDGMXVWPHQW EORFNV FRQVLVW
FRQWH[W L H FRORUV HDFKGLVFULPLQDWHG DJDLQVW

VFUHHQ 7KHVDPHIHDWXUHZDV QRW FXHG PRUH WKDQ WZLFH I
FRXOG QRWLQFOXGHDOO SRVVLEOHIHDWXUH SDLULQJFRPELC
‘HWKHUHIRUH SVHXGR UDQGRPO\FKRRVHIURP DOO SRVVLEOH
IHDWXUH FKRLFH XQOLNHODWHU VWDJHV WKLV SURFHGXUH ZL
WULDOV ZLWKLGHQWLFDO EDFNJURXQG IHDWXUHYV ,Q WKH ILU
wWuLDOV L H FRORU FXHG DQG PRWLRQ FXHG LQWHUOHDY
QRQ SUHGLFWLYHPDQQHU 7KLVLQFOXGHG IRUHDFKFRQWHIV
WULDOV DQG KDOID EORFNRI "WULDOV EDODQFHG WR LQFOXG
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WULDOV GLG QRW UHSHDW PRUH WKDQ WLPHVLQDURZ $W WKF
57 RI WKH ODVW DFFXUDWH W URTD O/QZ® M MAKNLHQGG D VY MGKD DQ A K
DGMXVWHG XVLQJ WKHBDERMHIRHPKQG BGWMKVWPHQW EORFN VW
PRWLRQ FXHG RQO\WULDOV ZKLFKZHUH XVHG WR FRPSXWH D Q|
WUuULDOV PRWLRQ FXHGIROORZHGE\ FRORU FXHGWULDO
IRUWKHVDPHIHDWXUH UHVXOWHG LQDQDGMXVWPHQW VWHS I
DYHUDJH57 RI RKHV @ GQVWKBICP\R\ RTRIRD @RMRAUUFRQWH[WV 7KLV Ul
PD[LPXP RIVL[DGMXVWPHQW VWHSY SHUIHDWXUH ZKHUH DOSK
WR SUHYHQW RYHU DGMXVWPHQW

1HW SDUWLFLSDQWY FRPSOHWHG WZR PHDVXUHPHQW EORFNYV
EHORZ ZLWKWZR H[FHSWLRQV )LUVW DOWKRXJK WKLV ZDV SU
SHUFHSWXDOO\FXHG WR FKRVHWKHIHDWXUH WKDW ODWHU ZR:
6HFRQG WR NHHS WKHUHOHYDQFHRIWKHIHDWXUH WKDW ODW|
UDUHO\EH FKRVHQ ZHDGGHG DGGLWLRQDO WULDOV FXHG W
FRORUWULDOV SHU EORFN

2XWFRPH OHD UxQ WHIUWKXMNVWDLUFDVLQIJDQG SULRU WR WKH PD]
DVVRFLDWHHDFKIHDWXUH ZLWK D GHWHUPLQLVWLF RXWFRPH
RQHDFKFRQWH[WYV ZHUH DQG FUHGLW SRLQWYV 7KH YLD
ZDVDVVLIQHGUDQGRPO\EHWZHHQ SDUWLFLSDQWYV VXFK WKD
PRWLRQ FRPELQDWLRQV ZHUH XVHG DW OHDVW RQFH FRPE
PRWLRQ YDOXH PDSSLQJWKDW FRUUHVSRQG WR FORFNZLVH RU
OHDUQLQJWDVN FRQVLVWHG RQO\RIVLQJOH IHDWXUHFORXGYV
HZLWKRXWY FRORU JUD\ 7KHUHIRUHHDFK FORXGLQ WKLV SDU
HQFRXUDJHPDSSLQJRIWKHYDOXHVIRUHDFKFRQWH[WRQ VLPI
RI'WKHVDPHFRQWH[W HJ FRORUDQGFRORU RUIURP GLIIHUH
FRQWH[W PL[HGWULDOV GLG QRW UHSHDW LQ RWKHU SDUWYV RI

7TKHILUVW EORFN RIWKHRXWFRPHOHDUQLQJWDVN KDG IRUF
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YDOXHRQWHMLGHYV RIVFUHHQ LQ ZKLFKRQO\RQHFORXG ZD'"
SDUWLFLSDQWV VWLOO KDG WR FKRRVHLW WRREVHUYH LWV DV
EORFNV RI WULDOV ZKLFKLQFOXGHG IRUFHG FKRLFH LQWHU
WZR '"FORXGYV YDOXH FKRLFHV YV FRQWM[WFRPENQDW

VLGHV RIVFUHHQ IRU KLIJIKHVW YDOXH 7REDODQFH WKHIUH
SDLUV ZRXOG EH FKRVHQ ZHDGGHG IRUFHG FKRLFH WULDOV L
UHTXLUHG 7ULDOV ZHUH SVHXGR UDQGRPL]JHG VR QR YDOXH ZR
VLGHDQG VDPHVLGH ZRXOG QRWEH FKRVHQ PRUH WKH WKUHH F
XQWLO SDUWLFLSDQWYVY UHDFKHG DW OHDVW DFFXUDF\RI FKR
ZLWKDPLQLPXP RIWZRDQG D PD[LPXP RIIRXUEORFNV 6LQFHD
FRXOGEHEHWZHHQ FRQWH[WYV WKHVHWULDOV VWDUWHG ZLWHEK
"FORXGYV V. 3DUWLFLSDQWYV WKHQ PDGHD FKRLFH DQGDIW
ZLWK WKHYDOXHRIERWKFKRVHQDQG XQFKRVHQ FORXGYV \%
VTXDUHDURXQG LW VHH)LJ 6 $IWHUDQRWKHU VKRUW IL[DW |
SDUWLFLSDQWYVY GLG QRW FROOHFW UHZDUG SRLQWYV LQ WKLV V\
DVVRFLDWLRQV ZLOO UHVXOWLQ PRUH SRLQWYV DQG WKHUHIRL
H[SHULPHQW SDUWLFLSDQWY ZHUH LQVWUXFWHG WKDW FUHGL\
LQWR D PRQHWDU\ERQXV VXFK WKDW HYHU\ SRLQWYV WKH\ ZL(
EHKDYLRUDO UHSOLFDWLRQ FRKRUW UHFHLYHG (XURIRUHYHL

ODLQ WDVN SUHQBUBWDRQOQWLRQ RI WKHPDLQ WDVN SDUWLFLSE
wuLDOV DW WKHHQG RI SKDVH DQG WKHQ DW WKH VWDUW RI1 WK
7TKHVH EORFNV ZHUHLQFOXGHG WR YDOLGDWH WKDW FKDQJLQJ
FRPSXWHUVFUHHQ YHUVXV SURMHFWRU GLG QRW LQWURGXFH
ILQDO FRUUHFWLRQ IRU SRVWYDOXH OHDUQLQJS57 GLITHUHQFH
FRORUDQG PRWLRQ '"WULDOV LQWHUOHDYHGLQ FKXQNYV RI
7TKHYDOXHGLIIHUHQFH EHWZHHQ WKH  FORXGV ZDV IL[HG WR S
FRPSDULVRRXQYWH[WV 7ULDOV ZHUH SVHXGR UDQGRPL]JHG VR QI
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WKDQ RQFH ZLWKLQ FRQWH[W L H QRW PRUH WKDQ WZLFHDOO
VLGHRIVFUHHQ PRUH WKDQ FRQVHFXWLYHWULDOV ZLWKLQ FF
ILUVW SUHVHQWHG ZLWK D FRQWH[WXDO FXH V IRUWKH WULI
SUHVHQWDWLRQRIWZR VLQJOH IHDWXUH FORXGV RI WKH FXHG
YDOXHG FORXG $IWHUD VKRUW IL[DWLRQ V SDUWLFLSDQW
RXWERPH V 7KHWLPLQJRIWKHWULDOV ZDV IL[HG DQG VKRL
EHFDXVH QR IXQFWLRQDO 05, GDWD ZDV DFTXLUHG GXULQJ WKH
WKDW IURP WKH ILUVW SUHSDUDWLRQ EORFN WKH\ VWDUWHG W
ZHUH XVHG WR LQVSHFW DQG DGMXVW IRUSRWHQWLDO GLIIHUH
J)LUVW SDUWLFLSDQWY UHDFW H @238)© H@MNH0\: 800 RSZHW HG WK H V
W WHVW SHU VXEMHFW SHU IHDWXUH ,PSRUWDQWO\ KRZHYHU
DFURVV IHDWXUHV L H QRHYLGHQFH ZDVIRXQGIRUD VSHFLILI
WKH UHVW $129$ WHVW RQ WKH G LA(H238 @ E®EHWIZHHQ WKH SKD
6HFRQG EHFDXVH SLORW GDWD LQGLFDWHG LQFUHDVHG 57 GLI|
OHDUQLQJWDVN ZH WRRN WKH PHDQ 57 GLIIHUHQFH EHWZHHQ F
PLQL EORFNLQ XQLWV RIIUDPHV 57 GLIIHUHQFH GLYLGHG E\ Wk
SRLQW RIHDFK FRORU UHODWLYH WR W K HIWWWSBHMHW ER® RIUD O/¢
GLUHFWLRQ RIWKHPRYH FORVHU IXUWKHU WR WDUJHW ZDV W
LQGXFH ZLWKLQ FRQWH[W 57 GLIIHUHQFHYV

ODLQ WPMQDOO\ SDUWLFLSDQWY EHJDQ ZLWK WKH PDLQ H[SHUL
ZHUH DVNHG WR FKRRVH WKH KLJKHU YDOXHG RIWZR VLPXOWDZC
NLQHPDWRJUDPVY EDVHG RQ WKH SUHYLRXVO\OHDUQHG IHDW X1
WKH PDLQ WH[W HDFK WULDO VWDUWHG ZLWK D FXHWKDW LQGL
,QDGGLWLRQ ERWKFORXGY FRXOG HLWKHU KDYH WZR IHDW XU
RQHIHDWXUH RQO\IURP WKH FXHG FRQWH[W H J FRORUHG EX

TKHPDLQ WDVN FRQVLVWHG RIITRXUEORFNV LQ ZKLFK "DQG 'W
FRQWDLQHG "WULRQWH[WNSHWLWLRQV DQG &RMUNBOW (9
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IHDWXUH FRPELQDWLRQV VHHILI F 6LQFH WKLV WDVN WRF
IL[IDWLRQ FLUFOHV ZHUH GUDZQ IURP D WUXQFDWHGW[SRQHQW |
UDQJH \% V IRUWKHLQWHUYDO EHWZHNQ FXH B Q®V WIKmHXO
LOWHUYDO EHWZHHQ VWLPXOXV DQWG RXWRRRRWWY & HD IPHW I LRY D (
RXWFRPHDQG WKHFXHRIWKHQH[WWULDO 7KHFXH VWLPXOX)

VDQG V UHVSHFWLYHO\ 7LPLQJZDV RSWLPL]HG XVLQJ?9,)
PRGHOV VHH &ODVVLILFDWLRQ SURFHGXUH VHFWLRQ EHORZ

7KHRUGHU RIWULDOV ZLWKLQ EORFNV ZDV FRQWUROOHG DV IR
WULDOV LQD QRQ SUHGLFWLYHPDQQHU WRSUHYHQW FRQ\
VZLWFKLQJ 1RPRUHWKDQ UHSHWLWLRQVRI 'RU 'WULDOV ZL
PRUHWKDQ UHSHWLWLRQRYHUDOO 7KHWDUJHW GLG QRW DS
WKDQ FRQVHFXWLYHWULDOV &RQJUXHQW RULQFRQJUXHQW V
URZ ,QRUGHUWRDYRLG UHSHWLWLRQ VXSSUHVVLRQ L H DGF
RILQIRUPDWLRQ HJ %DUURQHW DO *DUYHUW HW DO
WULDOVLQDURZ PHDQLQJWKH (9 FRXOG UHSHDW PD[LPXP RQF
DQDGGLWLRQDO FRQWURO RYHU UHSHWLWLRQ ZHJHQHUDWHG
UXOHV DQG FKRRVH WKH GHVLJQV LQ ZKLFK WKH WDUJHW YDOXF
DFURVV WULDO W\SHV DV ZHOO DV ZKHQ FRQVLGHULQJ FRQJUXI

,QDOOPL[HGHIIHFW PRGHOV :KHQ GHVF LEH QU IPDH QW VI AV, |
'DOEWHVWY ZKHUHDV ZKHQ GHVFULEUQGSPRESHQWR RMSKDHJORRBR @ |
UDWLR WHVW ORGHO FRPSDULVRQ WKURXJKRXW WKH SDSHU ZD
UHDVRQ ZHWKWWW LV WKDW FODVVLILFDWLRQ SUREDELOLWLHV D
QRUPDOO\GLVWULEXWHG WKHVHIROORZEHWDDQGJDPPD GLV
JOPP70% WRROER[MDWOVWRKEHVDXOW IRUWKHVH GLVWULEXWLRQ!
SULRUWRILWWLQJWKHPRGHOVIRUDOODQDO\VHV

TKURXJKRXW WKHEHKDYLRUDODQG 105, DQDO\VHVY ZHUHSRUW |
LQZKLFK FDWKZ2HIUHSRUW
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%HKDYLRUDODQDO\VLV

57GDWD ZzDVDQDO\|HGLQS5 5YHUVLRQ 5 &RUH 7HDP 56\
THDP XVLQJOLQHDU PL[HG HITHFW PRGHOV OPHU LQ OPH
EHKDYLRUDO PRGHO WKDW ZH IRXQG WR ILW WKH EHKDYLRUDO 5

IogRT§= o+t ot 1EV+ ,Congruency+ 3Congruency EVpak, + 4Congruency EV;

+ .t + ,sidg + sswitchy + scontext;

Z K HIbRT! LV WKH ORJUHDFWEKRQ WURB @& ESWHFM QW JOREDO D
VXEMHFW VSHFLAEHIQWH HBMSMAM | O H FsitleRX WD QFHWIRIE MH ¥ WR ¢
VLQFEH OD WiclF R Q@& M[K\HcEektU H @R FDSWXUHG WKH IL[HG HITHFW |
&RQJIJUXHQF\ &R (Bl OHEF& RQJIJUKHQFHVSHFWLYHO\ 7KHDGGLWL
UHSRUWHG LQ WKH 6, LQFOXGHG LQWHUFHSW WHUPV VSHFELILF |
(9 %ORFNDQG &RQWH[W VHH)LJ 6 $QH[SORUDWRU\DQDO\V]
LQWHUDFWLRQV ZLWK DOO QXLVDQFH UHJUHVVRUV FDQ EH IRXC
,QYHVWLJDWLRQV RIDOWHUQDWLYH SDUDPHWUL]DWLRQV RI Wt
$FFXUDF\GDWD ZDV DQDO\JHGLQ5 5 YHUVLRQ 5&RUH 7HDP
56WXGLR 7HDP XVLQJJHQHUDOL]HG OLQHDU PL[HG HIIHFW |
HW DO HPSOR\LQJD ELQRPLDO GLVWULEXWLRQ IDPLO\ ZLW
ZHUH VFDOHG SULRU WR ILWWLQJWKHPRGHOVIRUDOODQDO\V
WKLV DQDO\VLV 7KHPRGHO IRXQG WR ILWWKHEHKDYLRUDO DF
WKH 57 PRGHO H[FHSW IRUWKH IRXUWKZWWBER LQYROYLQJ&RQJ

ACC} = o+ o+ 1EV+ ,Congruency+ sCongruency EVpa + sCongruency switch

+ 1t + ,sidg + 3switch; + scontext;
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ZKHACKE, LV WKHDFFXUDF\ IRUFRUUHFW RQQ W RIQDEIDFRUW KAW
UHVWRIWKHUHJUHVVRUV DUHHTXLYDOHQW WR (T $Q H[SORL

ZD\LQWHUDFWLRQV ZLWK DOO QXLVDQFH UHJUHVVRUV FDQ EH
LOWHUDFWLRQWARWNWRKHQGELFDWHY WKDW SDUWLFLSDQWYV ZHUF
ZHUHIURP D FRQWH[W VZLWFK SRLQW 2XW RIWKH QXLVDQFH YL
DFFXUDF\ 7\SHAWHNMW/AQ EDVIﬂ)OEI_’I.Q:EIZIBRG)GIlO

105, GDWD

105, GDWD DFTREYGWWR@DV DFTXLUHG XVLQJD FKDQQHO KHD
UHVHDUFK GHGLFDWHG 7HVOD6LHPHQV ODJQHWRP 7ULR7LP 0!
*HUPDQ\ ORFDWHG DW WKH OD[30DQFN ,QVWLWXWH IRU +XPDQ
+LJK UHVROXWLRQ 7 ZHLJKWHG 7 Z DQDWRPLFDO ODJQHWL]D!
035$*( VHTXHQFHV ZHUH REWDLQHG IURP HDFK SDUWLFLSDQW
UHFRQVWUXFWLRQ VHTXHQFHVSHFLILFDWLRQ VOLFHV 75
LQYHUVLRQ WLPH 7, PV PDWUL[VL]H [ )29 [ PP
PP 7KLV ZDVIROORZHG ZLWK WZR VKRUW DFTXLVLWLRQV ZLW
XVLQJ WKH VDPH VHTXHQFH SDUDPHWHUV DV IRUWKH IXQFWLRG
SRODULWLHV UHVXOWLQJLQ SDLUV RILPDJHV ZLWK GLVWRUWL
WZR DETXLVLWLRQV DOVRNQRZQDV WKHEOLS XS EOLS GRZQ
GLVSODFHPHQWY ZHUH HVWLPDWHG DQG XVHG WR FRUUHFW IRL
VXVFHSWLELOLW\ LQGXFHGILHOG LQKRPRJHQHLWLHV DV LPSO
SLSHOLQH ,Q DGGLWLRQ DZKROH EUDLQ VSRLOHG JUDGLHQW
LPDJHV VHTXHQFHVSHFLILFDWLRQ VOLFHV $ 3 SKDVHHQFR

PV 7( PV )$ GHJUHHV PDWUL[VL]H [ )29 [
YR[HO VLIH [ | PP ZDVREWDLQHG DV D SRWHQWLDO DOWH
DERYH +RZHYHU WKLV *5|IULHOG PDS ZDV QRW XVHG LQ WKH SU
IXQFWLRQDO UXQV XVLQJD PXOWL EDQG VHTXHQFH VHTXHQFH
DVFHQGLQJRUGHU DQWHULRU WR SRVWHULRU $ 3 SKDVH HQTF
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7( PV YR[HOVL]H [ [ PP PDWUL[ [ ILHOGRIYLHZ )2
IOLS DQJOH )$ GHJUHHV GLVWDQFH IDFWRU 0% DFFHOHU
GHJUHHV IURP $& 3& WLOWHG EDFNZDUGV RU IURQW VLGH R1)
PD[LPL]H VLJQDO IURP WKH RUELWRIURQWDO FRUWH[ 2)& VHH :
IXQFWLRQDO UXQ WKHWDVNEHJDQ DIWHU WKHDFTXLVLWLRQ F
DYRLG SDUWLDO VDWXUDWLRQ HIIHFWV DQG DOORZ IRUVFDQQF
LQ OHQJWK LQFOXGLQJD VHFRQGVEUHDNLQWKHPLGGOH RI
WR DOORZ SDUWLFLSDQWY D VKRUW EUHDN :HPHDVXUHG UHVS
VHVVLRQ XVLQJ SXOVH R[LPHWU\DQG D SQHXPDWLF UHVSLUDWI
OHDVXUHPHQW 8QLW )XOO GHWDLOV RIWKHVHTXHQFHV XVHG

VKDUHG LQ WKH VDPH UHSRVLWRU\ ZLWK WKH FRGH VHH "05,B6F

%,'6 FRQYHUVLRQ DOQ&OGHRIDVFWDQUDQJIJHG DFFRUGLQJWR WKH EUL
%,'6 VSHFLILFDWLRQ . - *RUJROHZVNLHWDO XVLQJ WK}
GHY IUHHO\DYDLODEOHIURP KWWSV JLWKXE FRP QLS\ k
WKH 1,17, ITRUPDW XVLQJGFP QLL[>YHUVLRQ *& &
RUGHU WR PDNHLGHQWLILFDWLRQ RIVWXG\SDUWLFLSDQWYV KL
I[URPDOO KLJK UHVROXWLRQ VWUXFWXUDO LPDJHV XVLQJ S\GHI
KWWSV JLWKXE FRP SROGUDFNODE S\GHIDFH 7KHGDWD TXD
DFTXLVLWLRQVZHUHHYDOXDWHG XVLQJWKHDXWRPDWHG TXD(
(VWHEDQ HW DO DQG WKHO05,4& GRFXPHQWDWLRQ@ 7KH"
WKDW WKHRYHUDOO 05, VLIQDO TXDOLW\ZDV FRQVLVWHQW DF1

105, SUHSURFBDWRLQYDY SUHSURFHVVHG XVLQJI0O5,3UHS (VW
(VWHEDQ %ODLU HWDO 55,' 6&58B ZKLFK LV EDVH
*RUJROHZVNL HW DO . - *RUJROHZVNLHWDO 55," €
RSHUDWLRQV RII05,3UHS XVH 1LOHDUQ $EUDKDP HW DO
ZLWKLQ WKHIXQFWLRQDO SURFHVVLQJ ZRUNIORZ

6SHFLILFDOO\ WKH7 ZHLJKWHG 7 Z LPDJH ZDV FRUUHFWHG IF



67$7(6 9%$/8(6$1'*2%$/6,1&2*1,7,9(0$36

XVLIBIB b6B2H/*Q " ZXBWMVRQ HW DO $17V DQG XVHG
7 Z UHIHUHQFH WKURXJKRXW WKH ZRUNIORZ 7KHDQDWRPLFDO
Mib" BM1ti® +iBGMXWY? XVLQJ2$6,6 DVWKHWDUJHW WHPSO
ZHUH UHFRQVWYXFW@)BIKMWIE® L | H U 55, 6&5B 'DOH HW D
DQG WKHEUDLQ PDVNV ZHUH HVWLPDWHG SUHYLRXVO\ ZDV UHIL
WR UHFRQFLOH $17V GHULYHG DQG JUHH6XUIHU GHULYHG VHJP
OLQGERJJOH 55,' 6&58B _.OHLQ HW DO 6SDWLDO QRUPL
1RQOLQHDU $V\PPHWULFDO WHPSODWH YHUVLRQ F JRQRY H\
SHUIRUPHG WKURXJK QRQOM @HR{BUH JIBMEDWLRQ ZLWK

55, 6&5B $YDQWV HW DO XVLQJEUDLQ H[WUDFWHG Y
WHPSODWH %UDLQ WLVVXHVHJPHQWDWLRQRIFHUHEURVSLQD
JUD\ PDWWHU *0 ZDV SHUIRUPHG RQ WKIH FBJDLQ H[WUDFWHG 7
55, 6&5B < =KDQJHW DO

7R SUHSURFHVV WKH IXQFWLRQDO GDWD D UHIHUHQFH YROXPH
ZHUH JHQHUDWHG XVLQJ D FXVWRP PHWKRGRORJ\RI105,3UHS §
VXVFHSWLELOLW\GLVWRUWLRQV ZDVHVWLPDWHG EDVHG RQ W.
RSSRVLQJ SKDVH HQFRGJLR TI&RH FWAIGRQ YV XV$)XA]

%DVHG RQ WKHHVWLPDWHG VXVFHSWLELOLW\ GLVWRUWLRQ D¢
DPRUHDFFXUDWHFR UHJLVWUDWLRQ ZLWK WKH DQDWRPLFDO |
FR UHJLVWHUHG WR WK##72ZBJHIHBIHG K H IX\UL QIKLFK LPSOHPHQV
ERXQGDU\ EDVHG UHJLVWUDWLRQ *UHYH )LVFKO &R UHJ
GHJUHHV RITUHHGRP WR DFFRXQW IRUGLVWRUWLRQV UHPDLQL
SDUDPHWHUV ZLWK UHVSHFW WR WKH %2/' UHIHUHQFH WUDQVIF
URWDWLRQDQG WUDQVODWLRQ SDUDPHWHUV DUHHVWLPDWHZ(
K+7HB)®/ -HQNLQVRQ HW DO %2/'UXQV ZHUH VOLFH W
i/hb?BTWRP $)1, &R[ +\GH 55, 6&5B DQG DOLJQH
PLGGOH RIHDFK 75 7KH %2/' WLPH VHULHY LQFOXGLQJVOLFH \
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RQWR WKHLU RULIJLQDO QDWLYHVSDFHE\DSSO\LQJD VLQJOH
KHDG PRWLRQDQG VXVFHSWLELOLW\GLVWRUWLRQV )LUVW D
ZHUH JHQHUDWHG XVLQJD FXVWRP PHWKRGRORJ\RI105,3UHS

BHYHUDO FRQIRXQG UHJUHVVRUV ZHUH FDOFXODWHG GXULQJ S
VHH DERYH )UDPHZLVHGLVSODFHPHQW VL[DQDWRPLFDO FRF
FRPSRQHQWY D&RPS&RUU DQG SK\VLRORJLFDO SDUDPHWHU
WKHLU LQWHUDFWLRQ 7KHKHDG PRWLRQHVWLPDWHY ZHUH F|
DERYH )UDPHZLVHGLVSODFHPHQW ZDV FDOFXODWHG IRU HDF|
LPSOHPHQWDWLRQV LQ 1LS\SH IROORZLQJWKH GHILQLWLRQV E
SK\WLRORJLFDO UHJUHVVRUV ZHUH H{(WUDFWHG WR DOORZ IRU F
&RPS&RU %HK]DGL HW DO BULQFLSDO FRPSRQHQWYV DUH
%2/' WLPH VHULHV XVLQJDGLVFUHWHFRVLQHILOWHU ZLWK
WHPSRUDO W&RPS&RU XQXVHG DQG DQDWRPLFDO D&RPS&RU
FDOFXODWHG ZLWKLQ WKHLQWHUVHFWLRQ RI WKH DIRUHPHQW
PDVNV FDOFXODWHGLQ 7 ZVSDFH DIWHU WKHLU SURMHFWLRQ
XVLQJWKHLQYHUVH %2/' WR 7 ZWUDQVIRUPDWLRQ $00 UHVI
VLQJOHLQWHUSRODWLRQ VWHS E\FRPSRVLQJDOO WKH SHUW L (
WUDQVIRUP PDWULFHV VXVFHSWLELOLW\GLVWRUWLRQ FRUUH
WHPSODWH VSDFHV *ULGGHG YROXPHWULF UHVDPSOLQJV ZH
Mib TTHvh Mb3$D7¥b FRQILJXUHG ZLWK /DQF]JRVLQWHUSRODWL
VPRRWKLQJHIIHFWV RIRWKHU NHUQHOV /DQF]RV /DVWO\
FRUUHFWLRQ IRU SK\VLRORJLFDO QRLVH ZDV SHUIRUPHG YLD 5(
HW DO XVLQJ)RXULHU H[SDQVLRQV RIGLIIHUHQW RUGHU IF
SXOVDWLRQ UGRUGHU UHVSLUDWLRQ WKRUGHU DQG FDUG
$ . +DUYH\HW DO 7KH FRUUHVSRQGLQJFRQIRXQG UHJUF
ODWODE 3K\V,2 7RROER[ .DVSHUHW DO RSHQ VRXUFH FRGH
VRIWZDUH FROOHFWLRQ 9HUVLRQ KWWSV ZZZ WUDQVOL
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GHWDLOV RIWKHSLSHOLQH DQG GHWDLOV RQ RWKHU FRQIRXQ
WKHVHFWLRQ FRUUHVSRQGLQJWR ZRUNIORZV LQIO5,3UHSYV G

JRUXQLYDULDWHDQDO\VHV %2/ WLPH VHULHV ZHUH UH VDPSO
VWDQGDUG VSDFHLQ WKHI105,3UHS SLSHOLQHDQG WKHQ VPRRYV
630 ZLWK PP):+0 H[FHSWIRU52, JHQHUDWLRQ ZKHUHD
XVHG OXOWLYDULDWHDQDO\VHVY ZHUH FRQGXFWHG LQ QDWLYH
):+0 XVLQJ 630 3HQQ\HWDO 630 &ODVVLILFDWLRQ
WKUHH SUHSURFHVVLQJ VWHSV RIYR[HOWLPH VHULHV )LUVW
GHYLDWLRQVIURPD YR[HOV PHDQ ZHUH FRUUHFWHG E\PRYLQJ
PHDQ WRZDUGV WKHPHDQ WKLV ZDV GRQHWR QRWELDV WKH OI
RIHDFK YR[HO ZzZDV GHWUHQGHG D KLJK SDVVILOWHU DW +] Z
UHJUHVVHG RXWLQRQHDFWLRQ XVLQJ1LOHDUQ ODWHU FK
/IDVWO\ WKHWLPH VHULHV RIHDFK YR[HOIRUHDFK EORFN ZDV ]

8QLYDULDWHI05,DQDO\VLV

$00 */0V ZHUH FRQGXFWHG XVLQJ 630 3HQQ\HWDO 630

0$7/$% YHUVLRQ 5 $80 */0VFRQVLVWHG RIWZR UHJU|
LQWHUHVW FRUUHVSRQGLQJWR WKHRQVHWY RI WKHWZR WULD
RQVHWY ZHUH VSOLW E\ &RQJUXHQF\ DQGLQFOXGHG RQH SDUD
RQVHW DQG GLIIHUHQW FRPELQDWLRQV RI SDURKP BWE WFKRHR.GX O
LQWHUDFWLRQV VHH)LJ 6 IRU*/0 YLVXDOL]DWLRQ $00 SDUL
EHIRUHHQWHULQJWKH */0 EXW QRW RUWKRJRQDOL]JHG 5HJUH)
ORWLRQ DQG &RORU WULDOV VWLPXOXV RQVHWV LQ ZURQJDQG
QXLVDQFH UHJUHVVRUV HJ PRWLRQDQG SK\WVLRORJLFDO SDU
GXUDWLRQRIVWLPXOXV UHJUHVVRUV FRUUHVSRQGHG WR WKH
GXUDWLRQV IRUWKHUHVW RI WKHRQVHW UHJUHVVRUV ZHUH VF
VOLFHV 0% IDFWRU DQGPLFURWLPHRQVHW ZDV VHW WR WKH
PLGGOH VOLFH VHH 105, SUHSURFHVVLQJ 'DWDIRUDOO XQLYL
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EUDLQ PDVN FRPSXWHG DV LQWHUFHSW RIHDFK IXQFWLRQDO U>
HW DO .OHLQ HW DO 01, FRRUGLQDWHY ZHUH WUDQVC
UHJLRQV XVLQJWKH DXWRPDWHG DQDWRPLFDO SDUFHOODWLR®
7]JRXULR OD]JR\HU HW DO $$/ Y IRU630 :HYHULILHG WKH H
PDWULFHV E\DVVHVVLQJWKH 9DULDQFH ,QIODWLRQ )DFWRU 9,
+5) FRQYROYHG GHVLJQ PDWUL[ 6SHFLILFDOO\ IRUHDFK VXEM
VFULSWV IURP KWWSV JLWKXE FRP VMJHUVKP FFQO IPUL IRU
GHVLJQ PDWUL[DQGDYHUDJHG WKH 9,)VRIFRUUHVSRQGLQJRQ
VXUSDVVHG D YDOXH RI DYDOXHRI LVFRQVLGHUHG D FRQVH|
UHJUHVVRUV HJ OXPIRUG HW DO VHH)LJ 6 IRUGHWDLO\
DUHUHSRUWHG LQ WKHPDLQ WH[W $GGLWLRQDO */0V YHULI\LQ
UHJLRQ FDQ EHIRXQG LQ)LJ 6

)XQFWLRQDOO\GHILQHGYP3)RGDO\WHV IRFXVHG RQ XQGHUVWEL
UHSUHVHQWDWLRQV RI H[SHFWHG YDOXHV LQ YP3)& :HWKHUHII
YDOXH VHQVLWLYHUHJLRQRILQWHUHVW 52, WKDW UHIOHFWH
IROORZLQJFRPPRQ SURFHGXUHV LQ WKH OLWHUDWXUH H J %D
GDWD XVLQJJHQHUDO OLQHDU PRGHOV */0V ZLWK VHSDUDWH F
'DQG 'WULDOV DW VWLPXOXV SUHVHQWDWLRQ ZLWK V GXUDV
YDOXHUHSUHVHQWDWLRQV FHQWHUHG RQ YP3)& XVLQJ WKH WK
'WULDQV (0% ! )LJpR:0005)'5 FRUUHFWHG 1RWH WKDW WKLV *,
LQIRUPDWLRQ UHJDUGLQJ WKH FRQWH[WXDOO\LUUHOHYDQW FI
VSDFHDQG LQFOXGHG YR[HOV OXOWLYDULDWHDQDO\VHV ZH
ZDV WUDQVIRUPHG WR QDWLYH VSDFH XVLQJ $17VDQG QHDUHV\
$YDQWV HW DO ZKLOH NHHSLQJRQO\YR[HOV ZLWKLQ WKH )
PDVNV SURGXFHG E\ WKH I105,SUHS SLSHOLQH 'DOH HW DO
VXEMHFW VSHFLILF52,VWKHUHIRUHKDG YDU\LQJQRPEHU RI YF
PD[
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SHULI\LQJ GHVLIQWULDORZYNHIHVWKPWEWRHWR GLYLGXDO WULI
WKHWULDO ZLVHPXOWLYDULDWHDQDO\VLVY DQGDVDFRQWUR

ZHFRQYROYHGD GHVLJQ PDWUL[ZLWK WKH +5) IRUHDFK VX

UHJUHVVRUV ZLWK GXUDWLRQ HTXDO WR WKH VWLPXOXV GXL
E\FRQWH[W DQG WKUHHUHJUHVVRUIRUDOORXWFRPHV RQHIF
HDFK VWLPXOXV UHJUHVVRU L H KRZSUHGLFWLYHLV HDFK UH.
9,)VVXUSDVVHG DFURVYV LG WAZLPOV.E3 ® VXEMHFWRHQ
UHSHDWLQJWKLVDQDO\VLV ZLWKD */0OLQ ZKLFKDOVR RXWFRPF
ZHIRXQG QR VWLPXOL 9,)y@PBRo4 Yy MNKIDBR PLQ I1RWHWKDW 1
WKHPLQLPXP EHVW YDOXHDQG LVDUHODWLYHO\FRQVHUYD\
OXPIRUG HWDO 7KLV PHDQV WKDW WKH %2/ UHVSRQVHV R
VHSDUDWHO\DQG VKRXOG QRWKDYH FROLQHDULW\LVVXHV ZLW
SUHVHQWDWLRQ RIHDFKWULDO

OXOWLYDULDWHDQDO\VLV

5'0 DQDO\BHVZDYV FRQGXFWHG XVLQJEHWDV WDNHQ IURP D */0 IL
PPVPRRWKLQJ ZLWK RQHRQVHW IRU (9 Rl 'WULDOV DQG RQH
DQGuQIRU 'WULDOV HJ RQHRQVHW IRU ROO WVRIOIHDRYZHWUH (¢
ZKHQ (9 D& (9HWF 'XUDWLRQRIWKHRQVHWYV ZDV VHW WR
ZHUHLGHQWLFDO WR WKH */0V GHVFULEHG LQ 18QLYDULDWH I0E
VXEMHFW ZHH[WUDFWHG WKH EHWD YDOXHV IRUHDFK UXQ IURT
RQHRIWKH 'RQVHW UHJUHVVRUV :HWKHQ SHUIRUPHG PXOWYL
HDFK YR[HO E\LWV UHVLGXDOV :DOWKHUHW DO DQG PHDOQ
PHDQ SDWWHUQ DFURVV FRQGLWLRQV IRUHDFK YR[HO IURP HDF
/IDVWO\ ZH FRPSXWHG WKH (XFOLGHDQ GLVWDQFH EHWZHHQ HD
1LOHDUQ $EUDKDP HW DO 1RWH WKDW QRLVH QRUPDOL]H
WKH ODKDODQRELYV GLVWDQFH :DOWKHU HW DO 7R SUHYH
DQ\FRUUHODWLRQ ZLWKLQ D UXQ DFURVV FRQGLWLRQV ZKHUH
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[ 550 IRUHDFK VXEMHFW DQG HDFK EORFN FRPSDULVRQ 7KH UH
LQFOXGLQJWKH GLDJRQDO IRUHDFK VXEMHFW ZHUH DQDO\]HG
56WXGLR YHUVLRQ 56WXGLR 7HDP ZLWK *HQHUDOL]HG
7HPSODWH ORGHO %XLOGHU JOPP70% %URRNV HW DO PRG
GLVWULEXWLRQ IDPLO\ZLWKD JLQYHUVHT OLQN IXQFWLRQ :KH
UHSUHVHQWY 2\HYWBDOTKHUHDV ZKHQ GHVFULEUGSPREBHQWRP
WKH ORJ OLNHOLKRRG UDWLR WHVW ORGHO FRPSDULVRQ WKUF
IXQFWLRQ 7KURXJKRXW DOO WKHDQDO\WHV HDFKUHJUHVVRU
7KHEHVW H[SODLQLQJPRGHO IRUWKHPDLQHIIHFWV RI WKH 5'0

d:(,j = 0 + 0k + 1DiagonaEV + 2Diagonal§VbaCk + Ok; frequency

ZKHIH V WKH ODKDODQRELV G LiVDAGIORAHVRGENR IR FEIDRYIBIIL FRQ
UHSUHVHQW DOO SRVVLEOH SDWW Hl QD Q& UFHBRIEH\VHIQW. RORRE [
DQG VXEMHEW V S HiggohlE, LIQW H K ASMKH (9 RV SDKHWHDWP® DV WK H |
RI SDWDiagbr@ley,., LV ZKHQ MKRI (DD WMVHW IQH V DRHRINE DWW H U Q
Ocrewey LVDQDGGLWLRQDO LQWHUFHSW IRUHYHU\OHYHO RITUHT

VXEMHFW OHYHO )RUGHWDLOVRQWKHHIIHFWRIITUHTXHQF\ VI

7TKHEHVWH[SODLQLQJPRGHOIRUWKHYDOXHGLIITHUHQFH HIIHF

k — . .
dij = ot o+ 1ValueDierencegy + ValueDierenceey,, + o qequeny

ZKHUH DOO SDUDPHWHUYV DUH LG NQWDif&éad/R AR U UDBRARD RYD
WKH YDOXH GLIITHUHQFH EH \DDBHOKKKE BIBEPS\DMHUKDU Q

ValueDi erencegy,,, LV WKH YDOXH GLIIHU KL RHEMHMKGE Q/ VHHRD (9
SDWWHUQ

&ODVVLILFDWLR®&B WRHHGEXNDH VHW IRU 9DOXHDQG &RQWH[W FO
GDWD IURP EHKDYLRUDOO\DFFXUDWH "WULDOV )RUHDFK WUL
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VHFRQGYV DIW H U rdd(¢hxetns)y RVRVDW FK WKH SHDN R1 WKH +DHPF
5HVSRQVH )XQFWLRQ +5) HVWLPDWHG E\ 630 3HQQ\HW DO

FODVVLILHUV ZDV GRQH XVLQJD OHDYH RQH UXQ RXW VFKHPH L
DYRLG ELDVLQ WKHWUDLQLQJVHWDIWHU VXE VHWWLQJRQO\V
RYHU UHSUHVHQWDWLRQ RIVRPHLQIRUPDWLRQ ZH XS VDPSOH
RIH[DPSOHV LQ WKHWUDLQLQJVHW IRUHDFKFRPELQDWLRQ RI
6SHFLILFDOO\ LIRQH SDUWLFXODUFDWHJRU\ZDV OHVV IUHTXH
FRORU WULDOV WKDQ YDOXH OHIW FRORU WULDOV ZH XS VD
VHOHFWLQJD WULDO IURP WKH VDPH FDWHJRU\ WR GXSOLFDWH
EORFN ZLVHEDODQFH L H LIRQHEORFNKDG WULDOVLQ WKH
ILUVW GXSOLFDWHG WKH WULDO IURP XQGHU UHSUHVHQWHG EC
7KH % FODVVLILHUV ZHUH WUDLQHG RQ EHKDYLRUDOO\DFFXUD
RQVHW DQG XS VDPSOHG E\ (9paek & RDLWHKRWX W BIQRV(8Q 6LGH DV
UHVXOWHG LQ H[FOXGLQJPDQ\VXEMHFWV IRUODFNRIWULDOV
LPEDODQFH RI XQL T Xk L[® WEKOHWURDILOLQJI VHWY VHHEHORZ ZH
FODVVLILHUV HDFK WDVNHG Z LMK 7 I6IENQUWMH.T X LQIHREQW FOBIG M R \RW (
ZHLJKWV LQ RUGHU WR DFFRXQW IRU WKH KLJKHU IUHTXHQF\ RI

'"HFRGLQJ ZDV FRQGXFWHG XVLQJPXOWLQRPLDO ORJLVWLF UHJ
SHGUHJRVD HW DO SDUD PXW.IQU R / UHJXODUL]DWLRQZEC
JRUHDFKWHVWH[DPSOH L H WULDO ZHREWDLQHG WKH SUHGI
QXPHULFDO LVVXHVLQ WKHVXEVHTXHQW PRGHOLQJRIWKHFOL
FRQVWUDLQHG WROLHZLWKLQ DQG UDWKHU WKDQ
ZHREWDLQHG WKHEDODQFHG FODVVLILFDWLRQ DFFXUDF\ L H
WKHFRUUHFWFODVYVY RI WKHWHVWWULDO :HVHSDUDWHO\DY'
IROGDQG ODEHO WKLV HQVXUHG FRQWUROOLQJIRUDQ\ODEHO

,QWKHFODVVLILFDWLRQDQDO\VHVY ZHPRGHOOHG GLUHFWO\ W|
FODVVLILHUV ZLWK EHWD UHJUHVVLRQ PL[HG HIITHFWV PRGHOV
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UHDVRQV EHIRUHPRGHOOLQJWKH S SUREDELOLWLHYV XVLQJOLQ
FODVVLILHUVY SUREDELOLWLHV DFURVV WKHQXLVDQFHHIIHFWV
HDFK FRPELQDWLRQ RIUHOHYDQWDQG LUUHOHYDQW YDOXHV ¢
HDFKOHYHORILUUHOHYDQW YDOXHRIWKHFKRVHQ VLGH FRPEL
VLGH OHYHO VHH)LJ UHVXOWHGLQ FRPELQDWLRQV SHU
YDOXHRIWKHXQFKRVHQ FORXG ZDV DOZD\V (9 DQG WKHUHIR
SDUDPHWHU RILQWHUHVW $IWHUDYHUDJLQJ ZHFRESXWHG IR
&RQIJUXHQF\DQG DOWHUQDWLYH SDUDPHWHUV VHH )LJ 6 7K
ODFNRIHIITHFWV RIDQ\QXLVDQFHUHJUHVVRU ZDV FRQILUPHG
SUREDELOLWLHYVY VHH)LJ6 DQG 6 % HF D X%y H OQ WWKLH LRHUH WAK Y
WKUHH FODVV SUREDELOLWLHVIRUHDFKWULDO ZHUH REWDLQH
ILUVW QRUPDOL]HG WKH SUREDELOLWLHVIRUHDFKWHVWLQJW

SUREDELOLWLHVY ZHUH DQDO\]JHGLQ5 5YHUVLRQ 5 &RUH 7H
S6WXGLR 7HDP ZLWK*HQHUDOL]JHG/LQHDUOL[HGORGHOV X
JOPP70% %URRNV HW DO PRGHOV HPSOR\LQJD EHWD GLV

IXQFWLRQ :KHQ GHVFULELQJPDBWLHBUHVFWQEWY PFREHH\OWD O/ & H

ZKHUHDV ZKHQ GHVFULELQJ PBBSOHRPEWD VY WKRHQORK M LNHOLKR
ORGHO FRPSDULVRQ WKURXJKRXW WKH SDSHU ZDV GRQH XVLQJ
DQDO\WVHV HDFKUHJUHVVRU ZDV VFDOHG SULRUWR ILWWLQJ W
EHKDYLRUDO DFFXUDF\ )LJ ZHDOVRLQFOXGHG EHKDYLRUDO

$GGLWLRQDO FRGLQJRI WK D/QORAVHYV LQ 3\XWKLRXY 1 X P 3\
+DUULV HW DO DGIE 5PN G DYDORIMNW R WKH SORWYV ZH U
SURGXFHG XVLQJJIJSORW 'LENKDP

9DOXH VLPLODUDWNBQG@QXBEHWWKHU WKH SUHGLFWHG SUREDELOLW
IURP WKHREMHFWLYH SUREDELOLW\FODVYV
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7TKHPRGHO ZHIRXQG WR EHVW H[SODLQ WKH GDWD ZDV

PS = o+ ot 1EVi Gj+ 2EVi  GiEViau,
ZKngCHLS/WKH SUREDELOLW\WKDW WKH 8DQ XMHURO DI HRW DV VL
DQ&E& UHSUHVHQW JOREDO DQG VIEEM BB VISHWKIHL B EQ R/GIXINWHS W'
GLIIHUHQFHEHWZHHQ WKH (9 RI WKHWULDODQG WKHFODVV WK
JEV: Class:tjEVpack, LV WKH LQWHUDFWLRQ RI WKLY¥«DERBRORGHGM I1HL
QHVWHG LQ WKHOHYHQV,REMLEZKLWOQWEBKGHEFESHFLILF LQWHUFH S
HDFK ZLWKLQ HDFK VXEMHFW OHYHO ,Q WK HMHRRIRIRHOIW XVAKDFW L
ZDV QRW VHQVLEOHEHFDXVHERWKIDFWRUY GRQYW GLVFULPLC
VDPHYDOXHWRDOOWKUHH SUREDELOLWLHV IURP WKDW WULDC
YL 6

9DOXHV QRW SHUFHSWXDO IHDWXUHV DQG QRW DWRNHWQKH. RQ FI
IHDWXUH VLPLODULW\/PRG&HOUZRIPVKEVWLWXWHEBLPLODULW\" SD
HQFRGHG WKH SHUFHSWXDO VLPLODULW\EHWZHHQ HDFK WULD
FRQVWLWXWHG WKHWUDLQLQJH[DPSOHV RIHDFKFODVV RI WK
SDUDPHWHU ZDVLGHQWLFDO WRjEWVKHcY DOXHWZPVY EBBDWYV EDUR!
VKRZQ SDLUV RIFRORUV ERWK FRORUV RYHUODSSHG EHWZHHQ
LGHQWLFDO RQHFRORURYHUODSSHG LIWKHYDOXHYV ZHUH GLI
FRPSDULVRQ FRUUHVSRQGHG WRWZR WULDOV WKDW LQYROYHC
VKDULQJWKHFRORUJUHHQ DQG QR FRORUV RYHUODSSHG LI W
YV 2Q "WULDOV KRZHYHU GXHWRFKDQJLQJEDFEFNJURXQG IH
YDULDWLRQ SHUFHSWXDO VLPLODULW\RIWUDLQLQJDQG WHVYV
WKRXJKERWK WKH YDOXH VLPLODULW\DQG WKH=SHA8FHSWXDO V
=005 ZHIRXQG WKDW WKHYDOXHVLPLODULW\PRGHO SURYLG'
$,& JHDWXUH VLPLODULW\ $,& )L SDQHO G 'HWDLOF
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EHIRXQGLQ)LJ 6 &UXFLDOO\ HYHQ ZKHQ NHHSLQJWKH YDOXH
WKXV OLPLWLQJWKHWHVWLQJVHW RQO\WR WULDOV ZLWK IH
RXU YDOXHVLPLODULW\PRGHO SURYLGHG D EHWWHU $,& v
7R WHVW IRU D SHUFH $W X B @ B DWHLUDOWMH.GE MRH(BRUUHVS

IURP WKH PRGHO ZkWKKALMS ODHHSW XDO SDUDPHWHU WDNHV RQ
FRUUHVSRQG LK DWRHDKH @LQ WKH 'WUDLQLQJFODVV DV KLJK
RWKHUZLVH $V GHVFULEHG LQ WKHPDLQ WH[W QRQHRIWKH St
SURYLGHG D EHWWHU ILWWKDQ RXUPRGHOV WKDW IRFXVHG RQ
ORGHOOLQJWKHLQIOXHQFHRILUUHOHYDQW YDOXHVRRG &RQV
IROORZLQJPRGHO RI WKH SUREDELOLW\RIWKHREMHEWLYH (9 Z

k — k
I:)t;EV = ot ot lEVbath + 2Pt;Context

ZKHUk 8V WKH SUREDELOLW\DVVLIJQHG WR WKH REMHFWLYH FO
FRUUHVSRQGLQJWRRD RMEMB R UBNSUHVHQW JOREDO DQG VXE
LOQWHUFRBSMWWKH PD[LPXP RI WKH WZR LJQRUHG YDOXHV RU WK
LUUHOHYDQWKERQ WW WK HDRWGREDELOLW\DVVLIQHG WR WKH REM
FODVVLILHU ORJLVgtR)BIRYFR UPEG VEMOHG IRUHDFK VXEMHFW
QHVWHG LQ WKH OHYHQ), RAKRFEH VQFUSBHAIGLF LQWHUFHSW QH
ZLWKLQ HDFK VXEMHFW OHYHO VHH)LJ 6 ,QYHVWLJDWLRQV I
YDOXHV FDQEHIRXQGLQ)LJ 6 ,QFOXGLQJDQDGGLWLRQDO U|
(9= (%ax RU PDWFK ZKLFK GLG QRW LPSURYHPRGHO ILW DQG QI
WKH PDWFK UHJU HMVRINZIRX K & K8 WOH VW Z LAYKODIG BHE0W HU P V

2,=0:77p=:379 UHVSHFWLYHO\ 7KLV PLJKWLQGLFDWH WKDW ZKt}
FRQWH[WV PDWFKHG WKHUH ZDV QHIPWWKHU DQ LQFUHDVH QRU D
7R FRPSXWH WKH FRUUHODWLRQV EHWZHHQ HDFK SDLU RI FODV
HDFK FODVV XVLQJD PXOWLQRPLDO ORJLW WUDQVIRUP )RU H[D
SUREDELOLWLHV ZH bildgit(R} )G 0 IReHB:H & ldg WK 7R H[DPLQH WKH

Pt 50
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UHODWLRQVKLS E W ZHHRQYO DIQIF@XGHG ' WSU(ORP VIIKQ ZKLFK (9
DOORZHG XV WR FDWHJRUL]H DOO W§JMRH SWREDEZ OH WH BV2DWKH
UHIOHFWHG WKH YDOXH WKDW Z&R V7®RHLWHKYHHOW/KEH DOV @ R U QRCHX @
WULDOV LQ ZKLFK 2WKHU ZDV SUHVHQWHG RQ VFUHHQ DV UHOH
DFURVV QXLVDQFH UHJUHVVRUV VHH &ODVVLILFDWLRQ SURFHC
WULDOV 6SHDUPDQ UDQN FRUUHODWLRQ /DVVeSIbgZH )LVKHU ]
WR DSSUR[LPDWH QRUPDOLW\IRUWKHW WHVW 7R YDOLGDWH W
PRGHO FRPSDULVRQ LQ ZKLFK ZH DG GH GeR WRU RBIWK HTORJILW V
,mlogit(Peev,., ) RUMIogit(Proner) UHVSHFWLYHO\ $V UHSRUWHG LQ WKI
WHUP UH IgQ,H FMWHMVQKIGBWHG LQ D VPDOOHU EHWWHU $,& VFRUH WK
Jiher UHVSHFWLYHO\ 7KLV ZDV DOVR SUHVHUYHG ZKHQ L
QXLVDQFH UHJUHQYRUV RKHWKH QRQ DYHUDJHG GDWD $,&YV
WKDW VXEVHWWLQJ WKH GDWD WKH ZD\ZH GLG UHVXOWHG LQ D"
PDWUL[EHWZHQ (¥DQ@YDYHUDIHG DFURVV VXEMHFWYV $OWHE
GLUHFWO\LQIOXHQFHRXULQWHUSUHWDWLRQ ZH YDOLGDWHG
HITHFWV KLHUDUFKLFDOO\ QHVW HG Z$ WHUDIW & HOMYDHIQ ¥ R | (9 D
5DZ GDWD $,&V

$V SUHYLRXV@?,blfckOZ)DJ\LG_HHLGL\GHGIURPDFODVVLILHU WUDLQHG R
XQLTXHH[DPSOHV IRYJHOGEKHFOBEGRDMWMWLFDOO\ GXHWR RXU Gl
6 ZKLFK PRWLYDWHG XV WRMSWRWWHKHHKGHERGVY.QILRUM HDFK \
GLITHUHQW ODEHO VHH T&ODVVLILFDWLRQ SURFHGXUHY +RZH
WUDLQLQJZLWK RYHUVDPSOLQJDQG VDPSOH ZHLJKWYV FRXOG Q
EDODQFHG DFFXUDF\GLG QRW VXUSDVMW&H)KDhOtp=-QHY DQ GV WHV
WKH SUREDELOLWLHV HDFK FODVVLILH@MQVZHJUQ-II-I\G/\M[(D\EVEF\RHUG
FODVV LPEDODQFHYV GSHFLIE,EPOQG&@BIZI—H)VRQGH@WWLRQ R1 3

DFURVV VXEMHFWY ZKHUHY 'fLQGLFDWHV WKH FODVVLILHU ZD
F*,.o ZKLFKFRPHVIURPDFODVVLILHUWUDLQHGRQ (9LQ "WULD
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PDLQO\LQWHUHVWHG LQ WKH, HXUDO GG VUWRBHIZRHMWKIHRWL(BR 1 (9
RU LQJIJLYHQWULDO ZHVROYHG WKLV LVVXHE\XVLQJPL[HGH
LOQWHUFHSW IRU gD EKHO UKHD@QRQMOWKH PRGHOV QHM¥MWHG ZLWKLC
,PSRUWDQWO\ GXHWR WKHV\PPHWULF QDWXUH RIWKHJ5'0 WKL
WKHPDLQ HLIKPWRRYWHG HDUOLHU )LJ 6 D F

TKXV ZKHQ WHVWLQJ DRIIKRWKWRROHY MVMEKDRIEHVW H[SODLQHG

k - k k;2D k k;2D
Pt;EV = ot ot 1EVpao * 2Pt;Context + 3Pt;EVback + 4Pt;Context Pt;EVback T Ocev back

ZKHUH VLPLODY WR WKH SUREDELOLW\DVVLIQHG WR WKH (9 FOI
IRUWDQBO/XEMBEOW UHSUHVHQW JOREDO DQG VXEMHEWWSHFLII
WKH ORJLW WUDQVIRUPHG SURED E£0 L W I/'KWLS QRIBDER @ RV VWY
FODVVLILHUDVVLIQHG WKH ER U UAHKERUMO DY R WLHQVPYDK QW W KWL V 3F ¢
WUDLQHG RQ 'oWULD®YYDMSE FLILF LQWHUFHSW QHVWHG ZLWKL:
VXEMHEW OHYHO

JLOQNLQJO5, HIITHFWV:WR@RRDBWIOROL QJ WK H.5URB RP BALIOH. 9D @ X (P
FODVVdy|LHWYLIB D ZHGLGQRWDYHUDJHDFURVV QXLVDQFH UH
ZDVt';(Evback = o+ o+ iSide(t) + ,switch(t)+ sContext(t) 1HLWKHU LQFOXGLQJD
HITHFW QRU LQWHUDFWJ PQGRBRWYIHKRYPF\(PSURYHG PRGHO ILW
EHKDYLRUDOO\ZURQJ WULDGWVIRQ RRKAER R G VAR DANKHREFO P
SDFNDJH %DWHV HW DO WR WHVW ZKLFK RI WKH PDLQ HIIHF
UHVXOWHGLQ WKHIROORZLQJPRGHODV EHVW H[SODLQLQJ WK

Peve = ot o+ 1EVi EVpa + 2Congruency Accuracy,

+ 1t + ,sidg + sswitchy + 4Context;

ZKHl{"Jéglba?& LVWKHSUREDELOLW\WKH 9D O Xk FOOIMWWL IERIUWHWIR Q¢
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WRKQ RIWULROVXEMBRW UHSUHVHQW JOREDODQG VXEMHFW V¢
LVWKHPD[LPXP RI WKH WZR VMOKHYBDmWHAXPRIWKH WZR LIQRUHC(
&RQIJUXHQF\UHIOHFWY ZKHWKHU WKHDFWLRQV FKRVHQ LQ WKH
VDPH DQG WKH $FFXUDF\UHJUHVVRU KDV LI SDUWLFLSDQWYV F
RWKHUZLVH ‘HQRWH WKD(\Nba\A[KﬁB‘E@:Wlplslﬂi)ﬂ:lWU_(BQL(BDWHV KLIKHL
WULDOV LQ ZKLEKZMHWHBERYH VLPLODU WKH SUREZDELKIALUWMHDV VL.
+RZHYHU ZHILQG WKLV HIITHFW KDUG WR LQWHUSUHW VLQFH WK
ZH SUHYLRXVO\UHSRUWHG

,Q RUGHUWRLQYHVWLJDWH WKHHIIHFWRIYP3)& QHXUDO UHSU
XVHG KLHUDUFKLFDO PRGHO FRPSDULVRQ WR GLUHFWO\WHVW \
(%ak DQG &RQWH[W RQ EHKDYLRUDO DFFXUDF\VHSDUDWHO\ IRU
EF )LUVW ZH WIbgit(® o) | rilagiaR.Q,) Ridlogit(Pey,.,) WR (T

ZRXOG KHOS WR H[SODLQ WKHEHKDYLRUDO DFFXUDF\EHWWHU
DQG LQFRQJUXHQW WULDOV ZHH[FOXGHG WKHWHUPVLQYROYI
W U L D Qogit(R:@@4) LPSURYHG WK HIbgitP, d&ieVY H ¥ W ¥:66 p= :055

mlogit(Pyey) %) =0:28 p= :599 mlogit(Piev,.,) & =0:0p=:957 ,Q DVHFRQG VWH!
ZHWKHQ VHSDUDWH O\ \gitPN4G )W KntbditPWAH RBIGMPLEB.QY
mlogit(Piev,.,) DQG IRXQG WKDW RQO\WKH OB WWFBHKOEBLPSURYHG V
2,=6:33p=:012 UHVSHFWLYHO\ )RU FRAIB(HIVD YG PDOVLRQOD\
mlogit(Pcey) LPSURY HG W K H l0gisP;. ey H %()W ¥:0 p= :922 mlogit(P:gv)

2, =3:5 p=:061 mlogit(Pyey ) 4)=6:48p=:011 ,QDVHFRQG VWHS ZHWHV
VHSDUDWH O\ Waghi(R. QW U Dbyt (PR-Q Mogit (P.conext)  MIOgit(Peev,.. )
Ridlogit(Peey,,, ) mlogit(P,ey) DQG IRXQG QRQH RIWKHVHLPSURYHG PRG
WKHP WR DPRGHO WKDW LQFOXGHG ERWKZPDLE b#+IHEOWYV I[URP W
2)= 1278 p=:598 2 =2:49p=:115 UHVSHFWLYHO\

TRLQYHVWLIJDWH WKHHITHFW RIYP3)& QHXUDO UHSUHVHQWDW
ZHDVNHG ZKHWKHU VXEMHFWY ZKR KDG D VWURQIJIRQKHIIHFW RI
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UHSUHVHQWPWDL R WBRQJHU 6SHDUPDQ UD QI BERU WVHIDNDMQA RQ EH
IURP WKH 9DOXH FODVVLILHU DOVR KDG D VWURQJHU HIITHFW R
DVNHG ZKHWKHU VXEMHFWYV ZK ReK R GBDMCGURID D HWHIIRIQEW R H( 9H
2 RQBDOVR KDG D VW URQJ Hdk RRGKIOHD BRBQUKIHQF\ 57 HITHF W
VXEMHFW VSHFLILF HIITHFW R1 & RQdngrXen€ B\ORSQ 57 ZH DGGHG
xCongruencyEMag, WR WKH 57 PRGHO (T UHSUHVHQWLQJ VXEMHFV
&RQJUXHQF\ KRINDQXEMHWWH LQWHUDFW L RQ R IHVFSGIFWKLHYQHO \D @ G
VXEMHFW VSHFLIkFBFQEGHDDWHRGIRAIBWHG E\ XVLQJ BQO\ WULD
(%ax 3UREDELOLWLHY ZHUH PXOWLQRPLDO ORJLW WUDQVIRUPH
] WUDQVIRUPHG VHHDERYH EHIRUHDYHUDJLQJDFURVV WULDZ
VXEMHFW ,Q WKHPDLQ WH[WDQGLQ)LJ HI1ZHGLG QRWDYHUD
VHQVLWLYLW\WRWULDO ZLVH YDULDWLRQV 7KHUHVXOWYV UHS
WKH VDPH SURFHGXUH ZKLOH DYHUDJLQJWKH GDWD DFURVV QX
PXOWLQRPLDO ORJRW:38pD MBI RUR BWLBRDQFW VXEMHFW VSHFLILF
HITHF WoR IR@B3ZH LQFOXGHG D W H UREMBL, WKL WTH | | EFKWY G X H W R
FROQYHUJHQFHLVVXHV GXULQJPRGHO ILWWLQJ Z§ KIDGWKD B/UR

PRGHO 6LPLODUO\ WR H[WUDFW VXEM#FWRQSHHLIQF DG B SIG\DI F
WHUP IRU W KBSAH | I HIW T

'‘DWDDYDLODELOLW\ VWDWHPHQW

%HKDYLRUDO GDWD FDQ EHIRXQG LQ KWWSV JLW PSLE EHUOL
LQGLYLGXDO 105, GDWDVHWY FDQ EHIRXQG DW KWWSV JLQ J G
VKDUHG XQGHU &UHDWLYH &RPPRQV $WWULEXWLRQ 6KDUHS$OLI
/,&(16( ILOHLQ UHSRVLWRU\ :HVXSSO\WKHI05, GDWD QHHGHG
SUHVHQWHG LQ WKH PDQXVFULSW L H FRQYHQWLRQDOO\SUHS
HW DO (VWHEDQ ODUNLHZLF] HW DO IURP WKH IXQFW
VPRRWKHG DW PP DQG PP LQO1,DQG QDWLYHVSDFH :HDGGI
VWHSV RIWKHDQDO\VHYV GHIDFHG 7 LPDJHV IXQFWLRQDOO\G
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VSDFH SUHSURFHVVHG GDWD UHDG\WR EH FODVVLILHG LQFOXC
LQGLYLGXDO56%$V VHHS5($'0(LQ KWWSV JLW PSLE EHUOLQ PS
IRUIXOO GHWDLOV RQ WKHGDWD IROGHU VWUXFWXUH ,Q FDVH
FROWDFW WKHFRUUHVSRQGLQJDXWKRUV 6RXUFHGDWDDUH S

&RGHDYDLODELOLW\VWDWHPHQW

&XVWRP FRGHIRUWKHWDVN EHKDYLRUDODQDO\VHVY SUHSUREF
DQDO\WHV WR UHSURGXFHWKHILQGLQJY SUHVHQWHG LQ WKH P
KWWSV JLW PSLE EHUOLQ PSJ GH PRQHWD SDUDOOHOUHSUH
SWWULEXWLRQ 6KDUH$OLNH , QWHUQDWLRQDO 3XEOLF/LFHQ

$XWKRUFRQWULEXWLRQV

7KHIROORZLQJOLVW RIDXWKRU FRQWULEXWLRQV LV EDVHG RQ
HW DO 10 1:6 FRQWULEXWHG WR FRQFHSWXDOL]DWLRQ IF
OHWKRGRORJ\ SURMHFW DGPLQLVWUDWLRQ VRIWZDUH YDOLC
GUDIW UHYLHZLQJDQGHGLWLQJ 1:6 VXSHUYLVHG WKH SURMHI
FRQWULEXWHG WR 'DWD FXUDWLQJDQG ,QYHVWLJDWLRQ 00* D
WKH SODQQLQJ DQDO\VLVDQG ZULWLQJRIWKHPDQXVFULSW

&RPSHWLQJLQWHUHVWYV

00*LVHPSOR\HHRI $\D 7THFKQRORJLHV /WG 7KHUHVW RIWKH DX
LOQOWHUHVWYV

$FNQRZOHGJPHQWYV

1:6 ZDV IXQGHG E\DQ ,QGHSHQGHQW OD[30DQFN 5HVHDUFK *UR;
3ODQFN6RFLHW\ 0 71 $ %,/ DQG D 6WDUWLQJ*UDQW IURP W
(5& 6W* 5(3/$< DQG WKH)HGHUDO OLQLVWU\ RI (GXFDW
DQG WKH)UHHDQG +DQVHDWLF &LW\RI +DPEXUJ XQGHU WKH ([F
*RYHUQPHQW DQG WKH /IQGHU 10 ZDV IXQGHG E\DQG LV JUDWH|
IXGZLJ (KUOLFK 6WXGLHQZHUN (/(6 DQG (LQVWHLQ &HQWHU IR
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WKURXJKRXW WKLV VWXG\ :HWKDQN $QJHOD - /DQJGRQIRUFR
*UHJRU &DUHJQDWR IRU KHOS ZLWK SDUWLFLSDQW UHFUXLWPH:
6RQDOL % HFNPDQQ DQG 1DGLQH 7DXEHIRUKHOS ZLWK GDWD DF
SDUWLFLSDWLRQDQG WKH1IHXURFRGHODEIRUQXPHURXV FRQ\
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SURMHFW 5HZDUG PRUSKV QRQ VSDWLDO FRJQLWLYH

'RUN ZLWK /XLDQWD 9HUUD &KDUOH\O0 :X &KULVWLDQ) 'RHOOI
7KLV ZRUNLV QRW SXEOLVKHG DQG KDV QRWEHHQ SHHU UHYLHZ
UHVXOWY SUHVHQWHG DUH SUHOLPLQDU\
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,QWURGXFWLRQ

8QGHUVWDQGLQJKRZKXPDQVDQGDQLPDOV QDYLJDWHDQG UH
EHHQ D FHQWUDO TXHVWLRQ LQ FRIJQLWLYH QHXURVFLHQFH 'R
JROORZLQJWKHREVHUYDWLRQ WKDW LQ SXUVXLW RIUHZDUG U
PD]JHV 7ROPDQ FRLQHG WKH WHUP fFRJQLWLYH PDSYDVDQLQW
7ROPDQ HW DO 7ROPDQ +RQ]LN E IRUUHYLHZ VHH %
RIUHVHDUFK KDYHUHYHDOHG D VHW RIPHGLDO WHPSRUDO DQG
VXFK DV KLSSRFDPSDO SODFHFHOOV ZKLFK ILUHDW VSHFLILF O
29.HHIH 'RVWURYVN\ DQG HQWRUKLQDO JULG FHOOV WKDW
KH[DJRQDO JULG 'RHOOHU HW DO *DUGQHU HW DO +D
DQG JULG FHOOV PRUHFHOO fW\SHVY ZHUH GLVFRYHUHG LQ WK
6DUHO HW DO DQG HYHQ ORFDWLRQV RI UHZDUGV *DXWKL
DUHVHHQDV IRUPLQJD FRRUGLQDWH VIVWHP LQFRUSRUDWLQ.
VSDWLDO QDYLJDWLRQ %HKUHQV HW DO -DFREVHW DO

5HFHQW ZRUN VXJJHVWV WKDW WKLV VIVWHP LV QRW UHVWULFW
HQJDJHG ZKHQ LPDJLQLQJ QDYLJDWLRQ %HOOPXQG HW DO
DQG DOVR UHSUHVHQWY GLVWDQFHV DQG WUDMHEWRULHV ¢
GLPHQVLRQV VXFKDV YLVXDO IHDWXUHV &RQVWDQWLQHVFEX H
%DR HW DO VRXQGV $URQRY HW DO FKRLFH SUREDE
HW DO DQGHYHQ GHFLVLRQV DORQJWZR GLPHQVLRQDO VF
7KHVHILQGLQJV VXJIJHVW WKDW UHSUHVHQWDWLRQV RI FR
EH\RQG SK\VLFDO VSDWLDO QDYLJDWLRQ &RJQLWLYHPDSV LQ
DQG QRQ VSDWLDO RUJDQL]DWLRQ RI H[SHULHQFHV DQG NQRZO

JRDO GLUHFWHG EHKDYLRU %HKUHQV HWDO WHOOPXQG F
6FKXFNHWDO 6KDUSH HW DO 6RVD *LRFRPR
7TROPDQ :LOVRQHWDO

7TRIXLGHJRDO GLUHFWHG EHKDYLRUV LQ FKDQJLQJHQYLURQP|
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DGDSWLYH 6WXGLHV KDYHVKRZQ WKDW UHFHSWLYHILHOGV RI
VKDSHRIWKHHQYLURQPHQW *ULHYHV HW DO .UXSLFHW D
DQG WR VDOLHQW ORFDWLRQV ZLWKLQ LW %RFFDUD HW DO
6DQIJXLQHWWL 6FKHFN %UHFKW HYHQ FDXVLQJJULG I
RUJGLVWRUWHGYT *LQRVDU HW DO *ULHYHV HW DO U
&RUUHVSRQGLQJO\ LWKDV EHHQ VXJJHVWHG WKDW WKH U
DQ REMHFWLYHPHWULFRIVSDFH VSDWLDO RURWKHUZLVH EX)\
H[SHULHQFH GULYHQ UHSUHVHQWDWLRQ %HKUHQV HW DO
BWDFKHQIHOG HW DO 2QH PDLQ DVSHFW RI WKLV VXEM
FDQRYHU RUXQGHU UHSUHVHQW FHUWDLQ UHJLRQV IRULQVW
FKDQJHV PLJKW KHOS JXLGH RXU SHUFHSWLRQ RI WKHHQYLURQ
HW DO %HOOPXQGHW DO *LQRVDU HW DO 7KHYH)
RIWKHPDS ZLWK DQ LQFUHDVHLQ ILHOG GHQVLW\PLJKW EH UH S
FRQWULEXWLQJWR KLJKHU DEXLW\ DQG PDNLQJLW HDVLHU WR
WKHUH 5HFHQW ZRUN VXJJHVWVY WKDW REMHFWV LQ DUHDV EHOC
HTXLYDOHQW WR WKH KLJKHU GHQVLW\RIJULGILHOGV DUH VX
WR WKHLU WUXH GLVWDQFH %HOOPXQG HW DO 7KLV VXJJI
SHUFHLYHG GLVWDQFHV LQFUHDVH ZLWK LW +DYLQJD PRUH G\
FDQ WKXV KHOS XV DFKLHYH GLIIHUHQW JRDOV PRUH HIITHFWLYH
RQH SRWHQWLDO DFFRXQW IRUVXFK D PHFKDQLVP

7KHDELOLW\WR SUHGLFW UHZDUG ORFDWLRQV LV FUXFLDO IRU
6LOYHU HW DO 6XWWRQ %DUWR 8QGHUVWDQGLQJ ZK
UHSUHVHQWHG LQ WKH EUDLQ KDVEHHQ D ORQJ VWDQGLQJJRD
%DOOHVWD HW DO %DUWUD HW DO &OLWKHUR 5DQJt
279'RKHUW\HW DO :KDW UROH GR YDOXHV SOD\LQ FRJQLWL
LV DVDQRWKHU GLPHQVLRQ DORQJ ZKLFK LQIRUPDWLRQ LV RUJ
YDOXHPLJKW VLPSO\EHDQRWKHU WDVN GLPHQVLRQ %RQJLRD
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,QGHHG DUHDVLQ WKHPHGLDO WHPSRUDO OREH DVVRFLDWHG
LOQYROYHGLQUHSUHVHQWLQJUHZDUGY /H*DWHV HW DO |
'XULQJQDYLIJDWLRQ WRZDUG UHZDUG FHOOV LQ WKH KLSS
DFWLYLW\ZKHQ DSSURDFKLQJUHZDUG (LFKHQEDXP HW DO
VXEMHFWLYHO\DQWLFLSDWHG RXWFRPHV GHSHQGLQJRQ UHFI
VXJIHVWYV WKDW GXULQJUHZDUG IRUDJLQJ WKHKLSSRFDPSXV
ZLWKDQLQFUHDVHG VLIQDO FORVHU WR WKHUHZDUG ORFDWLF
RQWKHUHSUHVHQWDWLRQ RIWKHPDS $IWHU H[SRVXUH WR UH
KLSSRFDPSXVUH DOORFDWH WKHLU UHFHSWLYHILHOGV D SKH
DURXQG WKHUHZDUG ORFDWLRQ +ROOXSHWDO 7KLV W\S
ZKHQ WKHUHZDUG ORFDWLRQLVWREHLQIHUUHGDQG QRW ZKH
6LPLODU FKDQJHVLQ ERWKILULQJUDWHDQG UHFHSWLYH I
HQWRUKLQDO FRUWH[ %RFFDUD HW DO +ROOXS HWDO
6RVD *LRFRPR SHFHQW WKHRUHWLFDO ZRUN VXJJHVWV W
UHSUHVHQWDWLRQDURXQGUHZDUG RURWKHU VDOLHQW ORFD!
H[SHULHQFH GULYHQ UHSUHVHQWDWLRQLQ WKHVHUHJLRQV P
*LQRVDU HW DO TDNHQ WRIJHWKHU WKHVHILQGLQJV LPSH
RWKHUHOHPHQWY RI WKHFRJQLWLYHPDSDUHLQWHUGHSHQGH
YDU\LQJ WHPSRUDO VFDOHV *DUYHUW HW DO ORQHWD HW |

7TKHJIJRDO RIWKLV VWXG\LVWKHUHIRUHWRLQYHVWLJDWHKRZL
UHSUHVHQWDWLRQRIDQDEVWUDFW FRIQLWLYHPDS %\H[DPL(
GLVFULPLOQDWLRQ EHWZHHQ VWLPXOL ZLWKLQ WKHPDSDQG WK
LQVLIKWY LOQWR WKH XQGHUO\LQJ QHXUDO PHFKDQLVPV DQG Wtk
K\SRWKHVLVY ZDV WKDW H[SRVXUH WR UHZDUG ZLOO LQFUHDVHV
SUHYLRXVO\UHZDUGLQJVWLPXOL DFFRPSDQLHG E\D VA\VWHPD
QHXUDO UHSUHVHQWDWLRQDO ILHOGV ZLOO IRUPLQ WKH UHZD

2QHLPSRUWDQW TXHVWLRQ WKLY K\SRWKHVLV UDLVHV LV ZKHU
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ZRUN KDV VKRZQ WKDW FOXVWHULQJ RIUHSUHVHQWDWLRQDO I1
RWKHUDUHDV RIWKHPDS 6FKDIIQHU HW DO 7TKDOPDQQ HW
UHDOORFDWLRQRIILHOGVLVD UHVXOWRIDUDQGRP DOORFDW
UHSUHVHQWDWLRQ RIWKHHQYLURQPHQW %DVHG RQ SUHYLRX
6FKDIIQHU HW DO ZHSUHGLFWHG WKDW WKHLQFUHDVH LQ
WKHH[SHQVHRI WKHLPPHGLDWHO\VXUURXQGLQJDUHDYV ORUH
LQFUHDVHLQILHOG GHQVLW\ZRXOGEHD UHVXOWRIDVFDOHG
ILHOGV FORVHU WR WKHUHZDUG KDYHD KLIKHU FKDQFH WR EH ¢
3XOOLQJ K\SRWKHVLV

‘HDOVR FRQVLGHUHG DOWHUQDWLYH K\SRWKHVHV VXFK DV SDU
UDQGRP VHOHFWLRQRIILHOGVDURXQG WKHUHZDUG RUJORED
VFDOHG DV DIXQFWLRQRIGLVWDQFHWR UHZDUG $V GLVFXVVH
JHQHUDOL]J]HG UHZDUG SUHGLFWLYHPDS 6XFKYDOXHUHSUHVH
HW DO DQG ZHUH DOVR SUHYLRXVO\UHSRUWHG LQ WKH KL S
WRZDUGV UHZDUG HJ + /HHHWDO ,PSRUWDQWO\ WKHYV
HIFOXVLYHDV VRPHEUDLQ UHJLRQVPLIJKWEHPRUHIRFXVHG RC
RWKHUV PLIKWIRFXVRQUHSUHVHQWLQJRWKHUDVSHFWYV RI Wi
VLPXODWHG DOO WKUHH K\SRWKHVHV DQG IRXQG WKDW DOWKR?
UHJDUGLQJ WKH FOXVWHULQJRIILHOGVY DURXQG WKHUHZDUG
UHZDUG KDVRQDUHDVDURXQGLWDV ZHOODV JHQHUDOL]DEOH
IRFXVRQUHZDUGHG DUHDV RI WKHPDS RXUH[SHULPHQWDO GH
PDS WKDW ZHUH QHYHU UHZDUGHG DQG WR WHVW WKHVH SRWHQ
XQLYDULDWHDQG PXOWLYDULDWH 105, DQDO\VHYV VKRZ VXSSRU
DQDO\WVLVLVYSODQQHG WREHWWHU XQGHUVWDQG WKHUHSUHYV
PLIKWPDWFK WKHVH GLITHUHQW K\SRWKHVHYV
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YJLIXUH

7DVN DQG 'HYQXDPD WKH SHUFHSWXDO GLVFULPLQDWLRQ WDVN 35( ZDV IR
5(: 2QGD\ WKHUHZDUG OHDUQLQJVHVVLRQ 5(: ZDVIROORZEGE\DUHS
,QWKHSHUFHSWXDOWDVN DWDUJHW WUHH V7> VVZ V@ RIOQOREHA R € HDH UHDWWFH
OHIW T%fULJKW V VIRUEHKDYLRUDO 05, 7KHWDVN ZDV WR VHOHFW D L
IL[DWLRQ FURVV DSSHDUHG EW$RUW Wi QHZW WAJQBDUQLQJ 5(: 5(: SDUW
FKRVH EHWZHHQ WZR WUHHYV V VIRUEHKDYDMRYD® 08@ |REKGIRZMIHEV DAL
UHDSSHDUHG ZLWK RXWFRPHYV V $IL[DWLRQ FWRVV \DSG@ D UHIGH E N | RRBIH/
VDPH VL]H LQ BRWKMAMDKDNY EH PDSSHG E\ WKH QXPEHU RI OHDYHV [ D[LV DQC
LQIRXU T TXDGUDQWY HDFKVSOLWE\ OLQHVDW GHJUHHLQWHUYDOV JUD
ZLWK WDUJHW WUHHV 7 EHWZHHQ WKHP (DFK OLQH UHSUHVHQWY WULDO\
PLGSRLQW RU WKUHH TXDWHWEWBSRDQ® GHWZOHQIWEKBPWLFLSDQWY ZHUH VS
ORFDWLRQ WRS OHIW 7RS /HIW JURXS WHDO RU ERWWRP ULJKW %RWWRF
JDYH SRLQWV VXUURXQGLQJWUHHYV DQG RWKHUV  &KRLFHV ZHUH P
WUHH RUDQJH SRLQWV IURP IRXU TXDGUDQWYV ZLWK D VOLJKWO\VVPDOOHU
3DUWLFLSDQWY SHUIRUPHG DERYH FKDQFH LQ ERWK SHUFHSWXDO VHVVLRQ
pV:001 J 3DUWLFLSDQWYV SHUIRUPHG DERYH FKDQFH LQ ERWK UHZDUG VHVVL
WR WKH VIpFRELG KDBWWWLFLSDQWY DOVR SHUIRUPHG DERYH FKDQFH LQ HDFK
ZKHQ RQO\ FRPSDULQJ WKH PRVW UHZDUGLQJ WUHH DQG WUHHV PRUH WRZD
pV:001 L2QO\WKH UHZDUGHG TXDGUDQW VKRZHG D VLJQLILFDQW LQFUHDVH L
JURXS LQ ERWWR Pp U017 KMR $ XODHE WDL@MWW RoS:08 H & OF WR@EUMAM W LFLSDQW YV VKR Z
PDUJLQDO LPSURYHPHQW LQ DFFXUDF\LQ WKH UHZD (pGHIBITXDGUDQW FRPSD
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SDUWLFLSDQWY WDVNV DQG GHVLJQ

$ WRWDO RI SDUWLFLSDQWN=26ARBHQ@69CUIHHBEVHWLFLSDQWYV
LQPHWKRGVIRUIXOO H[FOXVLRQ FULWHULD FRPSOHWHG IRXU
)L D RI'ZKLFK SHUIRUPHG IRXU VHVVLRQV LQDQO5VFDQQH
age = 26:84;, =496 DQG SDUWLFLSDQWY SHUIRUPHG WKH VDPH WI
ZRPHQ GL¥HRBBH ;=433 $FURVV WZRFRQVHFXWLYHGD\V SD!
SHUIRUPHG RQHVHVVLRQRID SHUFHSWXDO GLVFULPLQDWLRQ"
35( IROORZHG E\DUHZDUG OHDUQLQJWDVN WKDWLQYROYHG
DQRWKHULGHQWLFDO SHUFHSWXDO WDVN 3267 )LJ E F 2XU
UHZDUG FKDQJHG EHKDYLRUDQG QHXUDO VWLPXOXV UHSUHVHC
GLIlTHUHQFHEHWZHHQ 35(WR 3267 VHVVLRQV

,Q WKHPHDUBHSWXDO GLVFYLPLED®DBY MWDRB®QWY PDGH SHUFH $
MXGJPHQWY E\LQGLFDWLQJZKLFKRIWZR UHIHUHQFH WUHHV L\
LPPHGLDWHO\SULRU (DFKWUHH ZDV FKDUDFWHUL]HG E\ WKH Q
SXUSOH GRWV 7KHVHIHDWXUHV YDULHG LQGHSHQGHQWO\DQ
OHDI IUXLW VSDFH )LJ G ,QDQWLFLSDWLRQRIWKHOQRQ OLQ!
GDWDDQG DV VWLSXODWHG E\WKH :HEHU JHFKQHU ODZ WKH W
PDQQHU ,PSRUWDQWO\ RXUPRGHOV FDQDFFRXQW IRUDQ\SDL
RIWKHVSDFH VHHEHORZDQG)LJ 6 7KHUHIRUH IRU VLPSOLF
LQ ORJJHG VSDFH :LWKLQ WKLV ORJVSDFH WUHHV ZHUH PDLQC
WKH IRXU TXDGUDQWYV RI WKH PDS VXFK WKDW WKH WDUJHW DQG
OLQH DORQJWKH T TXDGUDQW ZLWK WKH WDUJHW WUHH HLWKHU !
WKUHH TXDUWHU SRLQW EHWZHHQ WKH UHIHUHQFH WUHHV VHE
ORFDWLRQ EDVHG UHZDUG IRU WKLV WDVN +RZHYHU WR PRWL"
ZHUH FRUUHFW LQ RYHU RIDOOWULDOVLQWKH VWDQG WK \
PRQHWDU\ERQXV )HHGEDFN ZDVRQO\JLYHQ DW WKH HQG RI WK
DFFXUDF\RI WKDW VSHFLILF EORFN
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,Q WKHZDUG OHDU QIQDA\®D WNs VHVVLRQV 5(: 5(: SDUWLFLSD
WZR IRUFHG FKRLFHWDVNDQG OHDUQHG WKURXJK WULDO DQG
DFLUFXPVFULEHG DUHD ZLWKLQ WKH GLPHQVLRQDO WUHH VSI
OHDI SURSRUWLRQV ZHUH UHZDUGHG ZKLOH RWKHUV ZHUH QRW
LQD 'FRIJQLWLYHPDS 3DUWLFLSDQWYV VWDUWHG WKH WDVN ZL
ZHUH RQO\WROG WKDW VLPLODU WUHHV \LHOG VLPLODU UHZDU
35( DQG 3267 VHVVLRQV ZRXOG EH UHZDUG VSHFLILF ZHVSOLW
ZKLFK GHWHUPLQHG ZKLFK TXDGUDQW ZRXOG EH UHZDUGLQJ H
KHQFHIRUWK 7RS /HIW %RWWRP 5LJKW JURXSV )LJ H 7KH
VHVVLRQV $OVR KHUH ZHPDLQO\VDPSOHG IURPIRXU TXDGUDC
RIWKHUHZDUGLQJ TXDGUDQW ZDV PRVW UHZDUGLQJ SWV
UHZDUGLQJ SWV EXW VWLOO PRUHUHZDUGLQJWKDQ WKH
3DUWLFLSDQWY ZHUH WROG WKDW SRLQWY ZRXOG EH WUDQVOD
WKH HIITHFW RI WKH UHZDUG WKH VDPSOHG WUHHV IURP HDFK TX
SHUFHSWXDO WDVN

,PSRUWDQWO\ WKURXJKRXW HDFK VHVVLRQ RIHDFK WDVN SDU
PDS SUHYHQWLQJRYHU H[SRVXUH WR DQ\DUHD 7KHUH ZHUH D
SDUWLFLSDQWY FRXOG QRW FRQWURO ZKLFK WUHHV ZRXOG EH
FDQ EHIRXQGLQ)LJ LQWKHPHWKRGV VHFWLRQ

5HVXOWYV
EHKDYLRUDO UHVXOWYV
*HQHUDO SHUIRUPDQFH

SDUWLFLSDQWY SHUIRUPHG ZHOO DERYH FKDQFH LQ ERWK 35( D
WKHWUHH FORVHVW W RASK HO¥6 DW JW MMWUDHIHD 3@ A 8O FpK @D F H

3267 787 044 W WHVW DJDisGBWpFBMQEHR | HTXLGLVWDQW WUHI
ORJDULWKPLFVSDFHZHUH UHPRYHG 33HUIRUPDQFHLQFUHDVH
W WiEANVAE9 p :001 SDUWLFLSDQWYV DOVR OHDUQHG ZLWK KLJK DFF X
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UHZDUGLQJWUHH LQ WK H:TBB Z DI2GW VN V6 0 J Dds G2V FKDQFH
p:001 5(: 83 082 W WHVW DJDiyGEFBN6HKMOHHI J DQG
VLIQLILFDQWO\LPSURYHG IURP WKH Q G\ >\RMDK pl :001G VHVVLRQV
)LJ J 7RHQVXUH SDUWLFLSDQWYV OHDUQHG WKH UHZDUG GHSH
OHDYHV DQG QRW D JHQHUDOL]JHG UXOH VXFK DV fPRUH OHDYHV
WULDOV LQ ZKLFK SDUWLFLSDQWY GHFLGHG EHWZHHQ WKH PRV
RUPLQLPXP DPRXQW RIIUXLWY OHDYHV )LJ K ORZ 3DUWLFLS
VKRZHG LPSURYHPHQW DOVRLQ WKHVH WULDOV LQGLFDWLQJV
ORFDWLRQRIWKH ":®BS:15(W WHVW D J DG\ &7 HKIQ F H

5(: 8 11 W WHVW DJDjy@EFWsE K MQFEDLUHG W WHVW EHW ZHHC
VHVVLRQV 5(: 86 :17tgs =7:78 p :001

,QFUHDVHG DFFXUDF\ LQ WKHH KZERIWGKHHVTXIDG WKQW H[SRVXUH
ZRXOG LQFUHDVH SHUFHSWXDO DFXLW\LQ WKH 3267 WDVN LQ W
LQYHVWLIJDWHG WKH DFEXUDF\LPSURYHPHQW IURP 35( WR 3267
PHDVXUHV $129$%$ ZLWK JURXS[VHVVLRQ [ TXDGUDQW DV IDFWRU
KREWHVWYV IRXQG WKDW IRUHDFK JURXS DEFFXUDF\LPSURYHG \
TXDGUDQW EXW QRW LQDQ\RWKHU TXDGUDQW 35( 3267 FKDQJ
TERWWRP ULJKI8Y JOIRSS 2:41p 017 7RS OHIW LQ WKH VO3S OHIWT .
0:016 tpgs 2:18p :03 %R QIHUUR QuI:BRIRWHFOCHRBWKHU TXDGUDQWYV IR L
VHH EHKDYLRUDO DQDO\VLV PHWKRGV IRUGHWDLOV $ GLUHF\
UHZDUGHG TXDGUDQW DJDLQVW WKH PHDQ LPSURYHPHQW LQ DC
D PDUJL QD Qs QIBEHDOSH )LI M

%HKDYLRUDO PRGHO

7TKHVH FKDQJHVLQDFFXUDF\ VKRZ WKDW H[SRVXUHWR UHZDUG
GLVFULPLQDWLRQDELOLW\HYHQLQDVXEVHTXHQW WDVN ZLWK
SHUFHSWXDO FKDQJHV FRXOG XQGHUOLH WKHVH FKDQJHV LQ St
PRGHO RI SDUWLFLSDQWVYT FKRLFHV WKDW LQFOXGHG VHYHUDG
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YLIXUH

&RPSXWDWLRQDOPRGHO WR FDSWXUH FKRAWFBEE D R LEDVWRBNF RH G LW HYH BB § |
UHODWLYHGLVWDQFHRIHDFK UHIHUHQF HD®Y UM IS RSV L%V LY R WK b FAHDSULIVH FNOVR U H &
DQG ZBIHRV QHIJDWLYH WUHH % LK 'FHOR¥WWH & R WKW KMDHH MW LDOV VKDULQJ W
DQG RQO\GLIIHULQ WKH ORFDW KB @ B IG/RKID\ER Y YHYIR V6 FEORQYH WKH FRUUHFW
RQO\KRZ VWURQJ WK HHIZIGEIIPHK RIKL WKRLFHY EHFRPH HDVLHU WKHQ D SR
DVLIDOOWUHHVDUHHTXDOO\IXUWKHUDSDUW IURPRQHDQRWKHU 'HSLFW!|
XQGHUO\LQJ SHUFHLYHG GLVVDD QE @ XGGHLH) W\RRDL GL IDZYIHNZH MAKSREGH. G B IV L V
WHUP WR WKHPRGHO DOORZV FDSWXULQJDQJXODU GHSHQGHQW FKRLFH ELI
WUHHV SRLQW IHQRDW R WKH HHHWW LD OV | UR P;SPHIHIDVED B QDM WMRWKRRVH WKH V
OHIW KHUH $ PHDQLQJWKHGLVWDQFH IURP $WR WKH WDUJHW LV SHUFHL
FORVHUWRLW ILUVWURZ LQWKHPLGGOH $/HFR GHEW Q B LFD WEIR WHKUDWRGA W\
EHWZHHQ WUHHV SRLOQWLQJLQRQHGLUHFWLRQ WR WKHLUUHVSHFWLYH WDL
VLGH 2QHLQWHUSUHWDWLRQRIVXFKDQHIIHFWLVY GHSLFWHG VLPLODUO\ W
LQGLVWDQFHVHTXLYDOHQILWR D SR D NVSRYG X BEWGRIW Y H ZHW KAVKZR SHDNV
WHUP DOORZV XV WR FDSWXUH D[LDO FKRLFH ELDV 'HSLFWHG LV DQ H[DPSO
OHIW RU ULJKW RY H UKWSIQH-H VHKFSADEDESLG B WGV WKDW DO O WKH GLVWDQFHV EHW
KHUH KRULJRQWDO DUH VPDOOHURRPSQWH G SHRHMIBNYR/EY PRERDDOHV VLR Q
UHVSHFWLYH TXDGUDQW DORQJDQD[LVY HJ PDNLQJFKRLFHVDORQJWKH KF
YHUWLFDO D[HV 1RWH WK D & KDNKIW AR GO VEHRINXG DPSOLWXGH DQG FRXOG
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ELDVHVDQGDOWHUDWLRQV 6SHFLILFDOO\ ZH ORRNHG DW WK
ZKHUHWUHH $LVDOZD\VWKHWUHH SUHVHQWHG RQ WKH OHIW
DWDUJHW SUHVXPHG WR EHURXJKO\LQ WKHPLGGOHEHWZHHQ
DFFXUDF\DQDO\VLV DERYH

7KH JRDO RI WKLV DQDO\VLV LVWR LVRODWH GLIITHUHQW FKRLFF
UHZDUG :HIRFXVHG RQ WZR PDLQ FRPSRQHQWY 7KH ILUVW ZDV
RIHDFK UHIHUHQFH WUHH WR WKH WDUJHW WUHH GLVWDQFH RI
WDUJHW KBDQFHIRDW KOHIY SRVLWLYH LW PHDQV WUHH $LV FOR
WKH FRUUHFW DQVZHU :KHQLW LV QHIJDWLYH LWPHDQV WUHH
RDD GRHY QRW LQIOXHQFH ZKLFK LV WKH FRUUHFW UHVSRQVH V
KLIJKHUDPRXQW RIHYLGHQFH VLQFH WKH VLPLODULW\RIWKH W
$ KLJK EHWD FRBO IKFQREWHRQV WKDW SDUWLFLSDQWYV ZHUH PR
GLIIHUHQFHV LQ ZKLFK WUHH ZDV PRUH VLPLODU WR WKH WDUJH
VHH H[DPSOHLQ)LJ F ,QFODIGZQW KVKHVO\QLRIOU DERNR @DRIG T XL
XV WR FRPSDUH JURXS VSHFLILF FKDQJHV LQ DFXLW\IURP 35( W

‘HUHDVRQHG WKDW UHZDUG ZRXOG QRW RQO\FDXVH FKDQJHV L
WR WKH ZKROH PDS LQWURGXFLQJSHUFHSWXDO GLIIHUHQEHYV |
IHDWXUH RI RXU SHUFHSWXDO GHFLVLRQ PDNLQJWDVN ZDV WK#
RQDOLQH VHH)L) G WKDW SRLQWHG LQ D SDUWLFXODU GLUHI
FKRLFHELDVHV IRUSDUWLFXODU WULDOV DV DIXQFWLRQ RI WK
IRUHDFK TXDGUDQW WKDW FRXOG URWDWH LQ DQ\VLQJOH GLUF
KDUPRQLFDGGLWLRQRIDVLQHDQGDFRVLQHUHJUHVVRU WKD)
VLQJOHVLQH ZDYHLQ GLUHFWLRQDO VSDFH KDUPRQLFDGGLW
SHDNHG GLUHFWLRQDO UHJUHVVRU KHQFH DOORZHG XV WR ED
GLUHEWWRWQSHFWLYH LI WK H \KIHUQH W KRHMRU U W \W BXPEYQ L IF] RHU

IRUGHWDLOV 2QHLQWHUSUHWDWLRQ RIVXFK FKRLFHELDV LV
SHUFHLYHG FORVHU WR WKH FHQWHU RI WKH TXDGUDQW FRPSD!L
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)L 1 :HDOVRLQFOXGHGDWZR SHDNHG GLUHFWLHRQ UHJUHVYV
)L J K WRFDSWXUH SRVVLEO\PRUHFRPSOH[GLUHFWLRQDO |
MXGIJPHQWYV $QLQWHUSUHWDWLRQRIVXFKFKRLFHELDV LV GH
DQGULIKWWRWKHFHQWHUDUH SHUFHLYHG FORVHU WR WKH Pl
ERWWRP RIWKHTXDGUDQW 7KHLQWHUSUHWDWLRQ RI WKLV UH
SUDFWLFH FKRLFHV ZHUHDOZD\VEHWZHHQ $DQG % ZKLFK ZHUI
PDLQ UROH LV FRHAS PIRRGXOMMWL\QVRWY HITHFW LQ VRPH GLUHFWL
WKLV IXUWKHU LQ WKH IXWXUH

‘HWHVWHG IRUDQ HIIHFW RI WKHVH FRPSRQHQWY RQ DOO WKH C
LJQRULQJDQ\LQWHUDFWLRQRIVHVVLRQDQG JURXS )LJ M :H
QXLVDQFH UHJUHVVRUV IRUFRKRUW EHKDYLRUDO RQO\RU 05,
RIVHVVLRQ DQG TXDGUDQW DQG DGGHG HDPKDERPISWQHQW HKUWB E
ZLWK TXDGUDQW ERWK LPSURYHG WKH ILW LQGLFDWLQJWKDW
GLIIHUHQW TXDGUDQWY OLNHOLKRRG UDWLR WH¥@W FRPSDULQ
2, =9340:19 p<:001 FRPSMDOLRRIGHO ZLWK PR ®BE OQ Q8 WHWIDFW LR Q

2, =63295p<:001 $GGLQJ D PDLHY HIQHFMIVR/ILQWHUDFWLRQ ZLWK T3
WKH ILW IXUWKHU /5 WHVWH;K B G M&4561 J:600 L\@ KH (HPW WKHU DG
Hi Q % =897:254p<:001 7KHILWLPSURYHG HYHQ IXUMKHU ZH ZH D
W HMMW ¥, =15:090 p<:001 ZLM)K Q % =34:058p<:001 1RWH WKDW ZH IRXQ
QR HY LG HIDFIHQWKIDM) FWHG ZLWK DQ\ R1 WBIH \H; WXR/ W K® EDIYMW D (
PRGH=1:1235p= 57 DG@DQH, WR WKH EH }W 8:B6(H A69 6LQFH
WRB PDLQO\LQGLFDWHY ZKLEFK WUHH LV WKH FRUUHFW RQH WK
HIITHFW RI WKH ZDYHV ZDV LQGHSHQGHQW RI ZKLFK WUHH LV FRU
ILWWLQJ35(RU 3267 VHVVLRQV VHSDUDWHO\ VHH)LJ 6

I1H[W IRFXVLQJRQ WKHPDLQTXHVWLRQRIWKLY SURMHFW ZH W
ZLWK WKHVHVVLRQDQGJURXS 6LQFHPRGHO FRPSOH[LW\LQFU
LOQOWHUDFWLRQV ZHIRFXVHGRQ WKHJHQHUDOLPSURYHPHQW



67$7(6 9%$/8(6$1'*2%$/6,1&2*1,7,9(0$36

YLIXUH

5HZDUG LQGXFHG FKDQJH LQERHXDY ERBBDWIAXR@UBYHDOHG WKDW DOO WKF
RQ SDUWLFLSDQWVY FKRLFHV DQG LQWHUDFWHG Z L WHK/M0K HET XDFEWXIEQ W J L U U
LQWHUDFWLRQ ZLWK WKH VHVVLRQ RUJURXS LPSURYHG WKH ILW \HW WKH E|
VHVVLRQ DQBVIOR ¥ YOHOUD JHG SDUWLFLSDQWY FKDQJHLQ UHVSRQVH WR DOC
3267 3267 35( \ D[LV ZLMDK UBVISHF®RWRWY DQG OLQHV UHSUHVHQW SDUWL!
VKDGHV UHS UG YRIQMOSUHGLFWLRQ HTXLYDOHQW WR SDOPHQ GFOR VK RD WK H
FRHIILFLHQWYV DDVROUMFYEZYWKQ VORSHLQGLFDWHV DQ LQFUHDVH LQ DFX
LQ D KLJKHU FKRLFH SUREDELOLW\ (DFKJURXS 7RS /HIW %RWWRP 5LJKW
TXDGUDQKH KLJKHVW LQFUHDVH DFXLW\ PHDVXUHG DV DD LRBV HQWHKIH) FR
UHZDUGHG 4XDGUDQW %DUVLQGLFDWHWKHPHDQHIIHFWRIDQLQFUHDVH L
3267 FRPSDUHG WR WKH PHDQ HITHFW Rl :000 @ ZWROHORHEV. W JRW WK N T KB ®RD QRVIV\
FRQWUDVWLQJVSHFLILFDOO\WKH UHZDUGHG TXDGUDQW ZLWK WKH RSSRVL
OHIW TXDGUDQW DJDLQVW ERWWRP ULJKW TXDGUDQW IRUpWHH 7RS /HIW JUR
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WXUQHG WR SRVW KRFWHVWYV IRUVSHFLILF SUHGLFWLRQV JHQ
DQLQWHUDFWLRQ BD BIOKy FRIPSR Q@ HWWHU VHVVLRQ RU JURXS LP S
/5 W idegshon (DD+H;+Hjy) fg =51:532 p<:001group (DD+H+H>)

(22)=66:155p<:001 TKHLOQWHUDFWLRQ ZLWK WKH VHVVLRQ KLQWYV D
TXDGUDQW VSHFLILFFKDQJHLQ FKRLFHELDVHV IURP WKH 35( W
UHZDUG ORFDWLRQ 7KHLQWHUDFWLRQ ZLWK WKH JURXS LV OH’
VHVVLRQ LQGHSHQGHQW JURXS GLITHUHQFHLQ SHUFHLYLQJ WK
ERWKJURXSDQG VHVVLRQ SURYLGHG WKH %@VW&&W RYHU RQO\
p<:001 RURQO\JURXS L@@WRQJS)[FW(DDERQVRJHWKHU WKHVHUHJUHYV
H[ISODLQ WKHGLITHUHQFHVY EHWZHHQ FKRLFHV LQ WKH 35(YV 32
TXDGUDQW VSHFLILFPDQQHU 1H[W ZHZLOO ORRNDW VSHFLILI
ORFDODQGJHQHUDOL]J]HG FKDQJHV LQ SHUFHLYHG GLVWDQFHYV

(ISRVXUHWR UHZDUG LQFUHDVWHGWIRFXY BE)RQW KHIDLVWDQFH
ZKLFKUHSUHVHQWYVY WKH GLITHUHQFHLQ (XFOLGHDQ GLVWDQFH
IRUFKRRVLQJWUHHS$ )L DF $VPHQWLRQHGDERYH DQLQF
ZLWMIXGRHY QRW LQIOXHQFH ZKLFKLVY WKHFRUUHFWUHVSRQVH
DWHPSHUDWXUH SDUDPHWHU )LJ F G "HWKHOBIIRWH LQWHU
SUR[\IRUDOO WKH SHUFHLYHG GLVWDQFHV RIHDAOTXDGUDQW
FRHIILFLHQWV IURP 35( WR 3267 UHYHDOHGDQLQFUHDVH LQ WK
JURXS )LJ H &RQWUDVWRIWKHLQWHUDFWLRQ HITHFW XVLQJ
] WHVW IRU VLIQLILFDQFHUHYHDOHG D VSHFLILFKLJKHULQFUH
3267 FRPSDUHG WR D O &tRA&k+P134B 6B S UIBQWWX001 )LJ | 7KLV
HITHFW KROGVHYHQ ZKHQ VSHFLILFDOO\WHVWLQJWKHUHZDUG
LW ZLWK UHVSHFW WeRimate H QUBYIEF-G®: 200 R BGL76 )LJ J 7KH
ODWWHU VKRZVDQHYHQ FOHDUHU HITHFW RI RXU UHZDUG PDQL:
FRQWUDVW WDNHV WKHWRS OHIWTXDGUDQW PLQXV WKH ERWW
JURXS HIDFWO\WKHRSSRVLWHGLUHFWLRQ
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YLIXUH

*HQHUDOL]JHG UHZDUG LQGXFHG FKDQJH LQ EHKD Y'HSU B O/HRHR IRAR W RADRNH Q H
IURP )LE 'HSLFWHRB®IRHFW WDNH@ ORRPHQ BUHGLFWLRQ RI FKDQJH LQ FKRLFt
3267 E\JURXSDQG TXDGUDQW &RORUVFKHPHUHSUHVHQWY PRGHO FKRLFH S
PDUNV WKH TXDGUDQW WKDW ZDV UHZDUGHG EHWZHHQ WKH VHVVLRQV IRU H
WKH DQJXODU GLUHFW DRG HROUSW K6 UFVZDR@ RI FKDQJH LQ FKRLFH ELDV IURP
TXDGUDQW VRUWHG E\DQJOH \ D[LVUHSUHVHQWY PRGHO FKRLFH SUHGLFV
RIWKH T TXDGUDQW ZKHUHDV YHUWLFDO OLQHVLQHDFKTXDGUDQW VKRZ WKF
TXDGUDQW HTXLYDOHQW WRDUURZVLQSDQHOF 1RWHWKDWIRU7RS OHIW
DQG WKHVDPHIRU %RWWRP ULJKWJURXS 6WDUV UHSUHVHQWYV VLJQLILEDQ!
DW SDUWLFXODUDQJOHV XVLQJ HVWLPDWHIE PUDXUH GO D FRH 5 Q VU WLHH. § DVQW/Y/
1 |1 7UXHGDWDRISDUWLFLSDQWYV VDPHDV G 1 3RLQWV UHSUHVHQW D
OLQHUHSUHVHQW ORFDOO\HVWLPDWHG VEDWWHU SORW VPRRWKLQJ /2(66
XVHG IRU YLVXDOL]DWLRQ ZLWKRXW DVVXPLQJD VSHFLILF SDUDPHWULF IRU
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*HQHUDOL]J]HG HIITHFW RIUHZDU G WIRHOW LWKREW d Y/ @/ JI R X DAGU-D JH/DWH
LQIOXHQFHRIUHZDUG RQ DUHDV WKDW ZHUH QRW SUHYLRXVO\
ZDYHY H, WRFDSWXUHDQJOH GHSHQGHQW FKRLFHELDVHYV )L.
RIWKHVHDQJXODU UHJUHVVRUV DW WK 5 WWRF H SAMXHADA) LVDHS\L\M HE
FKRLFHHIIHFWV WKDW ZRXOG EHLQYLVLEOHLQDQ\LQYHVWLJD
FKRLFH ELDVGLUHFWHG WRZDUGV WKH UHZDUG LQ WKH QHLJKE
WKHIRUPHUO\UHZDUGHG TXDGUDQW SDUWLFLSDQWYV WHQGHG
WR WKHWDUJHW DQGLQTXDGUDQWV WR WKH ZHVW WKH\ZHUH
7KLV RFFXUUHG HYHQ WKRXJK QRQH RIWKHWUHHV LQ TXHVW
5(: VHVVLRQDQG LQDPDQQHU WKDW ZDV VSHFLILF WR WKH 32
RIWKHTXDGUDQW ZLWK UHVSHFW WR WKHUHZDUG ORFDWLRQ
SRLOQW WRZDUGV WKHUHZDUGLQDJURXSDQG TXDGUDQW VSHF
35( 3267 HPHUJHQFH RI FKRLFHELDVHVDW UHZDUG GLUHFWHG |
EHWZHHQ WKHJURXSVLQ PRVWRIWKHTXDGUDQWY LQGLFDWLC
H[SRVXUH VHH7DEOH EHORZ /DVWO\ ZHH[DPLQHG WKHDYHU
DSSOLHG ORFDOO\HVWLPDWHG VFDWWHU SORW VPRRWKLQJ /2
IRUP DFURVV DOO SDUWLFLSDQWVIDYHUDJHG UHVSRQVHV DQC
)LJ HI ‘HQRWHWKDWLQWKHULIJKWTXDGUDQWY WKHHIIHF
GDWD HVSHFLDOO\ZLWK UHVSHFW WR WKHWRS OHIW JURXS :F
WKHIXWXUHDQG KRSH WKH 05, GDWD FRXOG VKHG VRPH OLJKW

%URXIJKW WRIHWKHU RXUEHKDYLRUDO PRGHOV VXJJHVW UHZD
7TKHLQIOXHQFHRIUHZDUG LV JHQHUDOL]J]HG WR QHLJKERULQJ T
6LOQFHGXULQJ SHUFHSWXDO VHVVLRQV SDUWLFLSDQWVTWDVN
KDG WKHOHDVWGLVWDQFH WR WKHWDUJHW ZHUHDVRQHG WKI
JHQHUDOL]J]HG FKDQJH LQILHOG GHQVLW\UHSUHVHQWLQJ WKHF
GLVWDQFHV EHWZHHQ WKH WUHHY $Q DOWHUQDWLYHLQWHUSL
WDVNLQWR WKH SHUFHSWXDO VHVVLRQ VXFKWKDW WKH\ NHHS
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&RQWUDVW 4XDGUDQW $QJOH f (VWLPDWH 6 ( ] UD\
7TRS /HIW4XDGUDQW
7RS 5LIKW 4XDGUDQW
7RS 5LIKW 4XDGUDQW
%RWWRP 5LIJIKW 4XDGUDQW
%RWWRP /HIW4XDGUDQW
%RWWRP /HIW4XDGUDQW

7TDEOH

3RVW KRFWHVWV RIJURXS GLITHUHQFH LQ WKH FKDQJH RIFKRLFHELDV IURP
WKHUHZDUG RIHDFKJURXS )RUHDFK TXDGUDQW ZH WHVWHG WKH GLIITHUH(
DQJOHVY SRLOQWLQIJWRZDUG HDFKRIWKHWZRUHZDUG ORFDWLRQV 1RWH WK
TXDGUDQW WKHUHLVQRUHZDUG SRLQWLQJDQJOHIRUWKH7RS/HIWJURXS
LQWKHRWWRP 5LIKW TXDGUDQW 7KHUHZDUG QHLJKERULQJTXDGUDQW

SRLQWV RQFH SRLQWLQIJWRZDUG WKHUHZDUG ORFDWLRQ RIHDFKJURXS

UHZDUGLQJWUHHY +RZHYHU WKLV DOWHUQDWLYHFDQ QRW HJ
JURXSYVUHZDUGHG TXDGUDQW $V GLVFXVVHGLQ PRUHGHWDL
QHFHVVDULO\H[FOXGHD FKDQJHLQ WKHUHSUHVHQWDWLRQ RI
ZKDW UHSUHVHQWDWLRQDO FKDQJHV FRXOG DFFRPSDQ\WKH RI

6LPXODWLRQVRIUHZDUG LQGXFHG UHSUHVHQWDWLRQDO FKDQC

TREHWWHU LQWHUSUHW RXU EHKDYLRUDO UHVXOWV DQG JHQH!
DVNHG ZKDW ZRXOG KDSSHQ WR D XQLIRUPO\UHSUHVHQWHG FR
LWDFFRUGLQJWRHDFKRIWKHWKUHHK\SRWKHVHY GHVFULEHC
UHPDSSLQJ DQGJOREDO YDOXH GULYHQ UHPDSSLQJ (DFK K\SF
HISODQDWLRQIRUWKHFOXVWHULQJRIILHOGVIROORZLQJUHZI
IRUWKHUHSUHVHQWDWLRQDO FKDQJHLQ WKHPDS :HUHDVRQL
FRUUHVSRQG WR D FKDQJHLQ GLVFULPLQDELOLW\ZKLFK ZRXOC
GLVWDQFHVY %HOOPXQG HW DO VXFKWKDW WUHHV LQ DUF
GHQVLW\ZRXOGEH SHUFHLYHG PRUHVLPLODUWRRQHDQRWKH

‘HILUVW VLPXODWHG D VLPSOLILHG K\SRWKHWLFDQ DR&SUHVHQ
y FRRUGLQDWHVIMIRBHGLIRIRGDWLQJ FHOOV ZLWK ' *DXVVL
UDQGRP FHQWHUYV ZLWK UDQ GR RO0:UMIND)Q CONLE GNHRY K DS\ RRRKDW S X'V
FHOOV VKRZLQJILULQJ SDWWHUQV VHQVLWLYH WR VSHFLILF OR
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YLIXUH
6LPXODWLRQRIXQLYDULDWHHIIHFWV IRUSODFH FHB ONQGLRM W R S GHI\GH 6 WY
FRORU VFKHPH WKURXJKRXW SDQHOVD G ZLWK WHDO LQGLFDWLQJDQ LQFL
DQG EURZQ FRORUV LQGLFDWLQJD GHFUHDVHLQ ILHOG GHQVLW\ 3DQHOV E
RQO\ V\PPHWULF HIIHFWV ZHUH VLPXODWHG |R UDN&KUHP %®PMHRE 5D QIGWR P PXOGSL
DFWLYLW\PDS 35(PDS 2UDQJHSRLQWVY VKRZWKHUHIHUHQFHEWKHHVY ORF
SXOOLQJK\SRWKHVLY SUHGLFWV WKH SXOOLQJRIILHOGY WRZDUGV WKH UH?Z
ERWWRP OHIW &RQWUDVWLQJWKH 3267 35(PDS VKRZV WKDW DIWHU VFDOH
WKH UHZDUGHG DUHD WHDO LV DFFRPSDQLHG EF BIBWHWUBO Wi PQ HIJKERU
WKH FHOOV WR UHGLVWULEXWH DURXQG WKH UHZDUG DOVR SUHGLFWV DQ L
SUHGLFWLRQ IRU FKDGJHDORE RW KHB DIHOM RI DOO FHOOV VFDOHG E\ WKH
UHYHDOHG DQ LQFUHDVH LQ ILHOG GHQVLW\ DURXQG WKH UHZDUG ORFDWLF
FORVHU WR WKH UHZDUG VKRZ DQ LQFUHDVH LQ ILHOG GHQVLW\ WHDO FROR
YDOXH PDSSLQJ ZKHUH WKH ILULQJ UDWBINEBOHWY KLWKR B EXWBDQD W MYR{ IDHZNDI
FHQWHU RI HDFK TXDGUDQW WR D VLQJOH UHIHUHQFH WUHH DV LQGLFDWHG
VKRZV WKH WRS OHIW JURXS D Q GIUIXG® DK R 2 \K WSHRHVEKRIW VAR 8 UHLGIIKFW HG D G HF |
DQG XQLYDULDWH VLJQDO \ D[LV IRUWUHHVDWDQDQJOH SRLQWLQJWRZD
SUHVHQWHG LQ SDQHO H (DFK SDQHO UHSUHVHQWY D TXDGUDQW DQG YHU!
HDFK JURXS 6KDGHV UHSUHVHQWH WM KD U3 G HXIDIBWIDRW IRU WKH SDUW
SDQHO | 1R FOHDU SUHGLFWLRQ IR &l HGLRFW URQ 36 LTRIDTEDEQNVD QRUNVW K H
VLPLODU WR SDQHOV IDQGJ *OREDO UHPDSSLQJSUHGLFWV DQ LQFUHDVHL
TXDGUDQWV
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WKHVXP RIWKHDFWLYLW\RIDOOFHOOVDWHDFKORFDWLRQ LC
PDS RUDIWHUWKH SUHGLFWHG FKDQJHV DFFRUGLQJWR HDFK K

WLPHV 2XUPDLQ PRWLYDWLRQ ZDV WR WHVW ZKLFK FKDQJHYV
EHKDYLRUDO UHVXOWYV $VPHQWLRQHGDERYH ZHH[SHFWHG W
LQFUHDVHLQ XQLYDULDWHVLIJIQDO DW WKHUHZDUGHG ORFDWL
JHQHUDOL]J]HG HITHFW RQ WKH UHVW RI WKH PDS %HIRUHDQ\ UH.
ZDV URXJKO\ XQLIRUP )LJ D DVH[SHFWHG

BWDUWLQJ ZLWK WKH SXOOLQJK\SRWKHVLV ZHVKLIWHG WKH FI
SURSRUWLRQDOO\E\WKHLU GLVWDQFH WR WKH UHZDUG VLPLO
IRUFH ZDV FDOFXODWHG XVLQJDQ H[SRQHQWLDO GHFD\ IXQFWL
ORFDWLRQ

$WWUDFWLR Q )Rl )R k8 WO @xpW K ZKHUWW WKH GLVWDQFH |
WKH UHZDUG VWUHQJWK LV WKHIRUFHVWUHQJWK VHWWR D

'HWKHQ FRQWUDVWHG WKH 3267 35(PDSV VKRZLQJWKH SUHGI
VHVVLRQV ,WLVDOUHDG\YLVXDOO\DSSDUHQW WKDW XQGHU W
UHZDUGHG TXDGUDQW FRPHVY DW WKH FRVW RID GHFUHDVH LQ IL
DUHDV LQ )LJ E

7KHILUVW DOWHUQDWLYH K\SRWKHVLY ZDV WKDW WKH LQFUHD\
ILHOGV WKDW ZHUH UH GLVWULEXWHG WR VDOLHQW ORFDWLRQ
ZHUDQGRPO\VHOHFWHG RIWKHFHOOVDQGUH GLVWULEXWFE
YDULDWOEQ 6LQFH FHOOV ZHUH UDQGRPO\VHOHFWHG WKLV GL
DQ\RWKHU TXDGUDQWYV )LJ F DQG WKHUHIRUH SUHGLFWV QR
QHLJKERULQJTXDGUDQWYV

$ VHFRQGDOWHUQDWLYHLV WKDWDOO  FHOOV ZRXOG UHPDS VI
UHPDSSLQJ ,QSUDFWLFH WKLV ZRXOGPHDQ WKDW WKH ILULQ
ORFDWLRQV FORVHU WR WKHUHZDUG DNLQWRDJHQHUDOL]HG
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WKLV ZHUH GLVWULEXWHG DOO FHOOV XVLQJD PXOWLYDULDW
ORFDWLRQ QHZ OREFDW L R® @ WWILDMWLIR)QY 3267 35(PDSVUHYHDO
LQFUHDVHLQILHOG GHQVLW\WRZDUGV WKHUHZDUG DFURVV W]

%\ GHILQLWLRQ DOO K\SRWKHVHV SUHGLFW DQ LQFUHDVH LQ VL
EHKDYLRUDO SUHGLFWLRQV LQ WKH QHLJKERULQJ TXDGUDQWYV
WULDOV WUDMHEWRULHYV IURP WKH FHQWHU RI HDFK TXDGUD QW
RUDQJH SRLQWYV )LJ H DSSUR[LPDWLQJWKHOQXPEHURIILHC
PHQWLRQHG DERYH DGHFUHDVHLQILHOG GHQVLW\FRXOG FRU
7KH SXOOLQJ K\SRWKHVLV SUHGH F WN@HDQG >XGHI IG\M 'S HRLGHDLW
WKH UHZDUG LQ DOO QRQ UHZDUGHG TXDGUDQWYV )LJ | 7KH S
SUHGLFWLRQV IRUDQJOH GHSHQGHQW FKDQJHLQILHOG GHQVL
+RZHYHU WKH JOREDO UHPDSSLQJ RUYDOXH PDSSLQJ PDGH W
WR WKH SXOOLQJ K\SRWKHVLV 7KLV DO W HDQQINVF UBHLEHMHGE L FW V
GHQVLW\DW QRQ UHZDUGHG TXDGUDQWY SRLQWLQJWRZDUGV
GHSHQGLQJRQDOORZHG YDULDWLRQ LQ WKH UH GLVWULEXWLF
VLPLODU HIIHFW WR *OREDO UHPDSSLQJPLJKW DSSHDU VHH WH
GHSHQGHQW GHFUHDVH LY YHU\ XQOLNHO\ VHHGLVEXVVLRQ IR

2XUEHKDYLRUDO UHVXOWYVY LQGLFDWHG WKDW GLVWDQFHV RQV
SHUFHLYHG DV VPDOOHU )LJ $OWKRXIJKIRUPDO WHVWLQJR
HITHFW FRUUHVSRQGV WR WKH VDPHDQJXODU GHFUHDVH LQ ILH
K\SRWKHVLYVY 2XUEHKDYLRUDO UHVXOWV WKHUHIRUH VKRZ VXS
UHSUHVHQWDWLRQDO FKDQJH WR WKH FRIJQLWLYHPDS GXH WR
K\SRWKHVHV UHJDUGLQJWKHFKDQJHLQ XQLYDULDWHVLJIQDO ¢
WKH SXOOLQJ K\SRWKHVLV VXJIJHVWDQLQFUHDVHLQ XQLYDULL
DFFRPSDQLHG E\DQDQJOH GHSHQGHQW GHFUHDVHLQVLJQDO
WUHHYV SRLQWLQJWRZDUGV WKHUHZDUG ZRXOG VKRZ WKH ELJJ

$VPHQWLRQHG EHIRUH EHKDYLRUDORQHFDQ QRW IXOO\UXOH
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VWLOO SHUIRUPLQJWKHUHZDUG WDVN GXULQJWKH SHUFHSW X
PLJKWH[SHFW FR DFWLYDWLRQ RIERWK D XQLIRUP SHUFHSWXD
PDS ZKHUH WKH VLJQDO LV VFDOHG E\GLVWDQFH WR UHZDUG H°
UHPDSSLQJPDSLQ)L) G 7KHUHIRUHZHVWLOO WHVWHG IRUH
WKH QH[W VHEWLRQV

BUHOLPLQDU\NIO5, XQLYDULDWH UHVXOWYV

7R WHVW IRUWKHHIIHFW RIUHZDUG RQ WKH QHXUDO UHSUHVHQ
ZLWK RQH UHJUHVVRU IRUHDFK XQLTXH WDUJHW WUHH DQG RQH
LJQRULQJWKHLU VLGH RQ WKH VFUHHQ VHH*/0 VHFWLRQ LQ PH
RQO\IRFXVRQ WKHEHWDV RI WKHWDUJHW WUHHDQG WKHLU VL
LQWHUHVW 52,V VHH52, VHFWLRQLQ PHWKRGV DQG)LJ D 6
FRIJQLWLYHPDS UHSUHVHQWDWLRQV ZHORRNHG LQWR WKH +L¢
FRUWH[ P2)& DQGOI9LVXDO FRUWH[ YLVXDO :HDUHFEXUUHQW:/
52,VDQG SODQ PRUH GHWDLOHG ZKROH EUDLQ DQDO\VHV LQ WK

‘HILUVW WHVWHG IRUDQ LQFUHDVHLQ VLJQDO LQ WKH UHZDUGH
TXDGUDQW 6LQFHWKHUHZDUG ZDV ORFDWHG RQ RSSRVLWH TX
PRVW FRQWUROOHG WHVW ZRXOG EH WR FRPSDUH WKH UHZDUG
H[DFW RSSRVLWH TXDGUDQWV IRUHDFK JURXS :HWKHQ VHW XS
VLIQDO LQ WKH UHZDUGHG TXDGUDQW IURP 35( WR 3267 FRPSDU
Qoo Qe > Qopposiepss  Qopposiere  KHQ DYHUDJLQJDFURVV DOO WULDO
VLIJQLILFDQW LQFUHDVHLQ WKHPHDQ VLJQDO E 1HYHUWKH
PHDQ VLJQDO LQ UHZDUGHG DUHDV UHODWHG WR SHUIRUPDQFH
FRUUHODWHG DFURVV VXEMHFWY WKH LQFUHDVH RIDFFXUDF\ L
RSSRVLWH ZLWK WKH LQFUHDVH LQ PHDQ VLJQDO :HIRXQG D VL
DQG 9LVXDO FRUWH[DQG QRW LQ P2)& RQH VLGHG ®SHDUPDQTV
9LV X086 p=:017 P2)& =:32 )LJ F )XWXUH ZRUNLYV SODQQHG WR
LQYHVWLIJDWH WKH SRWHQWLDO PHDQ VLJQDO FKDQJH LQ WKH L
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YJLIXUH

3UHOLPLQDU\XQLYDULDWH UHVXOW YV WKSLFRVWLVR @ R HVB X B G L Q 3 K\F-B@RWY & 24, W WD
EOXH P2)& JUHHQ DQG+LSSRFDPSXV UHG &RRUGLQDWHV DUHLQ WKHDO
WKH IHDW X UE:WHRNOW IQRQXQLYDULDWH LQFUHDVH RIVLJQDO LQ WKH UHZDU (
IURP 35(WR 3267 LQ DQR BDWWHBR2SW QWY ZKR VKRZHG D KLJKHU LQFUHDVH LQ L
WKH UHZDUGHG TXDGUDQW FRPSDUHG WR WKH RSSRVLWH:D20 W ROLKRZHG DQ L
UHVSHFWLYHO\ 1R HTXLYDOHQWGHRIEGF®\WZRXE SRMHEE EW PRIERI DQJIJXODU G
VLIJQDO RQO\LQ WKH QHLJKERULQJ  TXDGUDQWY OHIW DFFRUGLQJWR WZR
QRUPDOL]DWLRQRIDOO IRXUZDYHV WRJHWKHU ZKLFK NHHSV WKH DPSOLWX
VKRZ QRUPDOL]DWLRQ E\ZDYH LJQRULQJDPSOLWXG H HDHVIRE® Y WXHRIGHD\QR
6TXDUH (UURUEHWZHHQ WKH ZDYHVDFURVV QRUPDOL]DWLRQ PHWKRGV DQG
VLIQHG EHKDYLRUDO PRGHO MXVW DV WKH SXOOLQJK\SRWKHVLV SUHGLFW!
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1H[W ZHWHVWHG IRUJHQHUDOL]DEOH XQLYDULDWH HIITHEWV R
UHVXOWV VXJJHVW D FKRLFH ELDV SRLQWLQJWRZDUGY WKH UH:
GURSLQVLJQDO WRDFFRPSDQ\VXFKDFKRLFHELDV SXOOLQJ k
SUHGLFWHG E\WKH JOREDO UHPDSSLQJ RUFDUU\ RYHU YDOXH
05, SUHGLFWLRQV EDVHG RQ WKH EHKDYLRUDO GDWD HLWKHU L
WR WKH VDPH GLUHFWLRQ RQO\GLIIHUHG E\WKHLU VLJQ 3DUW
SUHGLFWLRQV WR QHLJKERULQJ TXDGUDQWY 7R WHVW IRU WKF
HDFK WDUJHW WUHH SUHVHQWDWLRQ IURP WKHDERYH PHQWLR
WKH EHKDYLRUDO PRGHO IRUGDWD FRPLQJIURP +LSSRFDPSXV
PRGHO LQFOXGHG WKHYDPHS URIU DOV XR DY HRUHFWV DDWKRXW D
VLQFH WKH ODWWHU GHSHQGV RQ WKH UHIHUHQFH WUHHV ZKLFI
WRRN WKH FXPXODWLYH FRHIILFLHQWV RIJURXS VHVVLRQ TXD
PHDQ VLIJQDO IRUHDFK 52, &RQWUDVWLQJWKH 35(DQG 3267 UH
VLIQDO FKDQJHIRUHDFK TXDGUDQW DQG JURXS IRUHDFK 52, :t
SUHGLFWLRQV RIWKHEHKDYLRUDO PRGHOV RQFH SRVLWLYHD
LQFUHDVH RUGHFUHDVH VLJQDO :HIRFXVHG RQO\RQ WKH QHL.
DEFFRUGLQJWR RXUVLPXODWLRQV WKRVHVKRXOGKDYH WKH V'
GLIIHUHQFHV EHWZHHQ WKHWZR JURXSV ,Q)LJ G ZHVKRZ WKt
EODFN OLQHH DOMELWKHG EHKDYLRUDO SUHGLFWLRQ DGKHULQJ
K\SRWKHVLVY FRORUHG OLQHV 6LQFHFKRLFHDQGO05,VLJQDO
QHHGHG WR EULQJWKHP WR WKH VDPHUDQJH :HWHVWHG WZR L
QRUPDOIGOYHY WRIHWKHU HPSKDVL]LQJSRWHQWLDO EHWZHH
DPSOLWXGHDQG SKDVH )LJ G ZDHMM S RWIQRKED 6 PISIQD\HD E® J
DQJXODU GLUHFWLRQDQG LJQRULQJEHWZHHQ TXDGUDQWV DP
IRUPDOO\WHVW IRUFRUUHVSRQGHQFH EHWZHHQ WKH EHKDYLR
OHDQ 6 TXDUH (UURU 06( EHWZHHQ WKH 05, DQG WKH WZR RSSR\
RUQHJDWLYHDQJXODU FKDQJH DQG FRPSDUHG LW WR D SHUPX
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WKHQRUPDOL]DWLRQ PHWKRG WKH 06( RIRWRBKKBESRFEDP S X\ JC
ZDV VLIJQLILFDQWO\EHORZWKH WK SHUFHQWLOHRIWKH SHUP >
DGURSRIVLIQDO SRLQWLQJWRZDUGV WKHUHZDUG LQ QHLJKEF
K\SRWKHVLVY SUHGLFWYV )LJ H 1RHTXLYDOHQWUHVXOWYV ZHL
%URXJKWWRIHWKHU WKHVHVKRZ SUHOLPLQDU\HYLGHQFH IRL
UHZDUGHG TXDGUDQW IRU SDUWLFLSDQWYV ZKR VKRZHG D VWUR
TXDGUDQW VXJIHVWLQJD OLOQNEHWZHHQDQLQFUHDVHG VLJQ
DFFXUDF\ )XUWKHUPRUH WKHVLIQDO LQ WKHKLSSRFDPSXV LC
DQDQIJXODUGHFUHDVHLQVLIQDO SRLOQWLQJWRZDUG WKHUHZ
SXOOLQJ K\SRWKHVLV

6LPXODWLRQVRIUHZDUG LQGXFHG UHSUHVHQWDWLRQDO FKDC

I1HW ZHWHVWHG IRUSRWHQWLDO PXOWLYDULDWHVLJQDO FKEL
GHQVLW\ 7KHPDLQJRDO RIWKLV VLPXODWLRQLV WRVKRZ ZKD
ZKHQ ILHOG GHQVLW\FKDQJHV 7RDQVZHU WKLV TXHVWLRQ ZH
UHSUHVHQWDWLRQDO VSDFH ZKLFK VLPSOLILHV YLVXDOL]DWLF
GHPDQGV 7KH XQGHUO\LQJQHXUDO PHFKDQLVPV WKDW JRYHU (
GLITHUHQW VSDWLDO GLPHQVLRQV HJ 6RVDHWDO THVVE
VI\VWHPDWLF FKDQJHV REVHUYHG LQ RQH GLPHQVLRQDO VLPXO
WZR GLPHQVLRQDO PDSV ,QWXLWLYHO\ LWLV DVLIZHWRRND
FKDQJHVLQGLVVLPLODULWLHVY EHWZHHQ GLITHUHQW SRVLWLR
‘HVLPXODWHG FHOOV ZLWK WKH VDPH *DXVVLDQ DFWLYLW\L
WKH XQLYDULDWH VLPXODWLRQ ZLWK HDFKFHOO FHQWHU DW H°
WKHFHOO FHQWHUV WRZDUGV D VLQJOH TfUHZDUGLQJY SRLQW
DURXQG WKHUHZDUG SDUWLDO UHPDSSLQJ RUUHPDSSHG DO
WKHUHZDUG FDXVLQJWKHILULQJUDWHWREHVFDOHG E\GLVW
RUYDOXHPDSSLQJ )LJ D XVLQJWKHVDPHSDUDPHWHUYV DV E
WLPHV WR DOORZYDULDWLRQVLQVDPSOLQJRIWKHFHOOVTVW
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FHOOV

‘HILUVW ORRNHG DW WKH FKDQJH LQ XQLYDULDWH VLJQDO DFFF
XQLYDULDWH VLPXODWLRQ 7KLVUHVXOWHGLQDQLQFUHDVHR
WKHUHZDUG IRUDOO K\SRWKHVHV DGHFUHDVHLQ WKHQHDUE)
K\SRWKHVLY DFRQVWDQW GHFUHDVHRYHUGLVWDQFH WR UHZI
PDSSLQJ DQGRQO\YHU\ORFDO FKDQJHIRU WKH SDUWLDO UHPI

‘HWKHQ ORRNHG DW WKH PXOWLYDULDWH GLVVLPLODULWLHV R
OLQH ZLWKLQ HDFK PDS DQG FRQWUDVWHG LW ZLWK WKH GLVVLI
WHVWLQJFKDQJHV RI ZLWKLQ VHVVLRQ GLVVLPLODULWLHV IUR
ORRNHG DW ERWK 3HDUVRQ DQG (XFOLGHDQ GLVWDQFHV VLQFH
GLIIHUHQFHV EHWZHHQ WKH SDWWHUQV 3HDUVRQLV PHDQ LQV
LQVSHFWLQJWKHVH GLVVLPLODULW\PDWULFHV VKRZV WKDW D
ORFDWLRQV ZLWKLQ HDFK VLGH RIWKH UHZDUG ZRXOG JHQHUD (
DQRWKHU EULJKW\HOORZFRORUVLQ)LJ F 7KHSXOOLQJK\S
SUHGLF®HROHDIMH/GPLODULWLHY DFURVV ERWK VLGHV RI WKH U
YHU\FORVHWR LW GDUNEOXHVKDGHVLQ)L) F 7REHWWHU )
UHVXOWY ZHH[DPLQHG IRXUVSHFLILFORFDWLRQVDQG WKHLU
PDS WKHUHZDUG ORFORMRRQK B OREDWGE RIMPLG GLVWDQFH ORFL
ZRXOG H[SHFW D GURS LQ XQLYDULDWH VLJQDO DQG SHUFHLYH
K\SRWKHVLV DQG D IRXUWK SRLQW ORFDWHG IDUIURP WKH UHZLE
)L G $VH[SHFWHG E\WKH UHSUHVHQWDWLRQRIDFRQWLQXI
GLVVLPLODULW\IRUSRLQWY FORVHWR WKHP VHH JGLSVILQGL

TKHUHLVVWLOODORWWRXQSDFNIURP WKHVHVLPXODWLRQV I
V\VWHPDWLFWHVWDFURVV GLITHUHQW SRWHQWLDO SDUDPHWH
QRZ ZHIRFXVRQRQHILQGLQJUHIDUGLQJ GLVVLPLODULWLHYV L
7KH SXOOLQJ K\SRWKHVLV XQOLNHWKHJOREDO UHPDSSLQJ PI
GLVVLPLODULWLHVIRUORFDWLRQVRQRSSRVLWHVLGHV RI WK|
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YLIXUH
VLPXODWLRQRIPXOWLYDULDWHHIIHFWV IRKISWERBH H KB®RW QHNH W HSW BN S|
FKDQJH GXH WR UHZDUG 7KH ILUVW URZ VKRZV WKH SUHYLRXVO\SUHVHQWH
"SUHGLFWLRQV DFFRUGLQJ WR HDFK K\SRWKHVLV 7KH SXOOLQJK\SRWKHV
EHFDPH JUDGXDOO\FORVHU WR LW VFDOHG E\ WKHLU GLVWDQFH 3DUWLDO
DOORFDWHG DURXQG WKH UHZDUG DQG JOREDO UHPDSSLQJ YDOXH PDSSLC
GLVWULEXWHG DURXQG WKH UHZDUG 5LEERQV UH EUHMIKDW YWDNDDWBA G G H '
DFURVV DOO VLPXODWLRQV DW HDFK ORFDWLRQ VKRZV HTXLYDOHQW UHV X
VHOHFWHG ORFDWLRQV QKOS DFGMH/G/ LPLODWH W GPDWUL[ RI DOO ORFDWLRQ S
LQVHQVLWLYH (DFK SDQHO VKRZV WKH SUHGLFWLRQRIDGLIITHUHQW K\SRW!
WKH 3267 35( WHVW OHDQ VHQVLWLYH (XFOLGHDQ LV GHSLFWHG RQ WKH U
GOHDQ GLVVLPLODULW\RIVHOHFWHG ORFDWLRQV SDQHOE DQG DOO RWKF
GHYLDWLRQDFURVV VLPXODWLRQV 3HDUVRQ ILUVW URZ VKRZV WKH VWU
RQ RSSRVLWH VLGHV RIWKHUHZDUG



67$7(6 9%$/8(6$1'*2%$/6,1&2*1,7,9(0$36

WKHUHVXOWRIWKHVWURQJSXOORIILHOGV DURXQG WKLV DUH
I WKHVHFHOOVKDYHODUJHUHFHSWLYHILHOGYVY L H VLPXODW
QHXUDO VLIQDO PLIKWEHFRPH OHVV GLVWLQFW VLQFH WKH RY
TFORVHT OREGRPWKIROQYPIHUBIRFDWLRQV ZKHUH WKHUH LV WKH ELJJ
LH XQLYDULDWH VLIQDO EHFRPHV QHIJDWLYH YfPLGGOHYTSRLQ
PXFKPRUHDGMDFHQW WR WKHUHZDUG fFORVHYSRLQWLQ)LJ
GHFUHDVHLQILHOG GHQVLW\LQ WKH QHLJKERULQJTXDGUDQW
WKHVLPXODWLRQ KHUHPLJKWEHPRUHORFDOL]JHG SRWHQWLD
QRWLQ WKHQHLIJKERULQJRQHYVY 7KHGHFUHDVHLQGLVVLPLOD
DSSHDUVLQ ERWK 3HDUVRQ PHDQ VHQVLWLYH DV ZHOO DV (X

%URXJKW WRIJHWKHU WKHPXOWLYDULDWH VLPXODWLRQ SUHG!
ORFDWHG LQ WKHLPPHGLDWH VXUURXQGLQJV RIWKHUHZDUG Z
7KHJOREDO UHPDSSLQJ YDOXHPDS PDNHV WKHRSSRVLWH SUH}
GLVVLPLODULW\DFURVVY WKH VLGHV RI WKHUHZDUG UHJLRQ 1H
UHSUHVHQWDWLRQDO FKDQJHVY WKDW FRXOG PDWFK WKH GLIIH!
IRFXVLQJRQ FKDQJHV ZLWKLQ WKH UHZDUGHG TXDGUDQW :H QI
XQGHU SDUWLDO UHPDSSLQJFRXOG FDXVHD VLPLODU HIIHEW W
TXDGUDQW 7KHUHIRUH ZHFRQWLQXH IRUQRZ E\FRPSDULQJ
K\SRWKHVLV DJDLQVW WKH JOREDO UHPDSSLQJ VHH GLVFEXVVLI

SUHOLPLQDU\PXOWLYDULDWH I0O5, UHVXOWYV

1HW WRWHVWRXUPXOWLYDULDWH SUHGLFWLRQV ZH WRRN W
ZKLFKFRUUHVSRQGHG WR WKH VLIJQDO GXULQJ WKH SUHVHQWD
PXOWLYDULDWHGLVVLPLODULWLHV RIDOO WUHHV ZLWKLQ HDF
VHH56%$ VHFWLRQLQ PHWKRGVIRUGHWDLOV 7KHDERYHVLPXC
ILHOGV WRZDUGV WKHUHZDUG ZRXOG UHVXOW LQ D GHFUHDVH L
UHZDUG EXWRQO\LQLWYVY LPPHGLDWH VXUURXQGLQJV *OREDC
DQLQFUHDVHLQGLVVLPLODULW\IRUWKHVHFRPSDULVRQV )LJ
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ZLWKLQ WKHUHZDUGHG TXDGUDQWBDRIMKW R WKHVSHRNG V MZRD W/
&XUUHQWO\ ZHRQO\WHVWDYHUDJH GLVVLPLODULWLHV DQG S
IXWXUH $00 WHVWV EHORZDUHWZR VLGHG WR DOORZIRUDQR
K\SRWKHVHV DOWKRXJK RXU K\SRWKHVLVIDYRUHG WKH SXOOL

‘HILUVW IRFXVHG RQ WKH SUHGHILQHG KDB SRFD®SMHW5ZHD QG V
DYHUDJHG WKH GLVVLPLODULWLHY DFURVYV SDUWLFLSDQWYV E\ \
UHZDUGHG TXDGUDQW DJDLQVW LWHRSSRVIBWMB UVR 6 BQMGLIPY L
ZKLFK PDWFKHV WKH SXOOLQJ K\SRWtgdi¥ L 238 ZF3V)IGHGFW WH V"
IRHTXLYDOHQW UHVXOW ZDV I|Rt%Q-G:IRH:367F Q R &/HDUH @ H\QWIHGF He
RXUVLPXODWLRQV SUHGLFWHG WKDW WKLV HIITHFW VKRXOG EH
LW UHODWHY WR KRZDFFXUDWH SDUWLFLSDQWY ZHUHLQ LGHQ\
WKLV ZHWRRN WZR EHKD Y LRUHDYAL R ® UFEDMWHRDUMI IURPWHR/W L R Q V
WKHJHQHUDO LPSURYHPHQW LQ DEFXUDF\IURP WKH ILUVW WR \
PHDVXUH RI SDUWLFLSDQWVY OHDUQLQJFXUYHV DFURVV WKH G
DKLJKHUOHDUQLQJFXUYHEHWZHHQ WKHUHZDUG OHDUQLQJ VI
GLVVLPLODULW\ VSHDUPDQ:52p ®OLF)RU U HD DIKIROHFRQWE LQGLFI
WRRN ZDV WKH SHUIRUPDQFH RQO\RQ WKH UHZDUG VHVVLRQ RQ
LPPHGLDWH UHFHQW UHZDUG H[SHULHQFH +HUH ZHIRXQG QR
UHSUHVHQWDWLRQDO FKDQJH VSHDRY®DQ HDQN FRUUHODWLRQ

1H[W ZH SHUIRUPHG WKH VDPHDQDO\VHV RQ WKH VLJQDO IURP
ZHIRXQGDQ LQGLFDWLRQ IRU DEPDRUH@BHDVHIL R E & DAKIRZ L IQRP 3 E
3267 LQ WKH UHZDUGHG TXDGUDQW FRPSDUHG WR LWV RSSRVLW
PXOWLYDULDWH PHDVXUH WZR \LZBH:GOW) W H VIWDIRI® QERWM R U

3HDUVRQ PHD Qg ©VHIOYLME QRW SUHVHQWHG :HWKHQ FRPS
FKDQJHLQ VLJQDO WR WKHDFURVV GD\OHDUQLQJFXUYHDQG V
UHZDUG 1R UHODWLRQVKLS ZDV IRXQG ZLWK ®WRHDFURVV GD\ C
+RZHYHU SDUWLFLSDQWY WKDW VKRZHG D VWURQJHU GHFUHD\
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YLIXUH

3UHOLPLQDU\PXOWLYDULDWH UHVXOW VKN RRRRG\EG I W HNSOHOROXLAW KX S R WKW W
DOO WUHHV ZLWKLQ HDFK TXDGUDQW 7KH UHG OLQHV RQ WKH ULEKW SDQH(C
&ORVHO\H[DPLQLQJ WKH S UHRSRH GURAMHRXIQEL QLW \RIQWK KHUH ZDUG UHYHDOH
LQ GLVVLPLODULW\RQ ERWK VLGHV RIWKHUHZDUG 6XFKD GHFUHDVH LV RQ!
UHSUHVHQWYV W K HF&KZQ UHGLAR FDHMULRQR Q GLVVLPLODULWLHY PHDQ LQVHQVL
WR 3267 LQDOO TXDGUDQWV E\JURXS OHIW 'LUHFWO\FRQWUDVWLQJWKH U
WKH JURXS UHYHDOHG D GHFUHDVH LQ GLVVLPLO DpUQH L HWU R X \EW DWW WHKIHI SN/
WKHVWDQGDUG HGIDRIRIPLRE WD QW KDW VKRZHG DKLIJKHU LQFUHDVH LQ DFF
VHVVLRQ [ D[LV DOVR VKRZHG D VWURQJHU G H F UpH:00¢ H HIQR KIFSGIRWD R 8 X X IGS
ZDVIRXQG EHWZHHQ FKDQJHLQKLSSRFDPSXV GLVVLPLODULWLHV \ D[LV DQ
VHVVLRQp [9D[L¥KDQJH LQ (XFOLGHDQ GLVVLPLODULWLHY PHDQ VHQVLWLY]
DOO TXDGUDQWYV E\JURXS OHIW 'LUHFWO\FRQWUDVWLQJWKHUHZDUGHG "
UHYHDOHG D GHFUHDVHLQ GLVVLPLODULW pHOM3 N &R WHYDWMKHRSADO/LIR X IQ\G B W
SDUWLFLSDQWVY LQFUHDVH LQ DFFXUDF\ IURP WKH ILUVW WR VHFRQG UHZD
\ D[pV52 K3DUWLFLSDQWY WKDW SHUIRUPHG EHWWHU RQ WKH VHFRQG UHZD
LQ P2)& GLVVLPLOPUWBWLHWRWHLWKDW GXH WR WHFKQLFDO UHDVRQV ZH KD
DOODQDO\WHY SUHVHQWHG KHUH ERWKLQ WKH %5 JURXS :HKRSHWRVROY
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DOVR SHUIRUPHG EHWW:B3UpRQ4W KIHJVDR KKEQWLQJ DW D OLQN EHYV
UHSUHVHQWDWLRQDO FKDQJHDQG PRUHUHFHQW H[SHULHQFH\
9LVXDO FRUWH[ VKRZHG QR VLJQLILFDQW FKDQJHLQ WKHUHZDL
SHDUMRQ 036 p 097 (XFOLGHHO03 p 00308 DQG QR UHODWLRQ WR
FXUYHRYHU WKH GD\0O2 p3o9® UXRQLGH®O@Op 0082 7KH RQO\
HITHFW VHHQ LQ WKH YLVXDO FRUWH[LVUHODWHG WR UHZDUG S
P2)& DQGRQO\IRU 3HDUWVRQ® HD\DOQHYRW (XFOLGHDQ
p031 VLPLODU WR WKHKLSSRFDPSXV )XWXUHZRUNLV QHHGHG
%YURXIJKWWRIHWKHU WKHVHUHVXOWV IXUWKHU VXSSRUW WKH
UHSUHVHQWDWLRQDO FKDQJH RID FRIQLWLYHPDS DV D UHVXO\
VXIJIHVWYV WKDW KLSSRFDPSXVUHSUHVHQWDWLRQDO FKDQJH Z
UHZDUG SHUIRUPDQFH ZKHUHDV P2)& PLJKW EH VHQVLWLYH WR
ZLWKUHZDUG )XWXUHDQDO\VHVDUH SODQQHG WR GLYH GHHSI
UHJLRQV DV ZHOODVPXOWLYDULDWHIHQHUDOL]DEOHHIIHFWYV

'LVEXVVLRQ

, QWKLV SURMHFW ZHDVNHG ZKLFKUHSUHVHQWDWLRQDO FKDC
DQDEVWUDFWFRJQLWLYHPDS 3DUWLFLSDQWV LPSURYHG GLV
UHZDUGHG DUHD DQG VKRZHG D JHQHUDOL]HG FKRLFH ELDV WRZ
UHZDUGHG EHIRUH %\ VSOLWWLQJRXU SDUWLFLSDQWV LQWR W
ZHHQVXUHG WKHREVHUYHG FKDQJHV ZHUH QRW GXH WR JHQHU
OLWHUDWXUH ZHWHVWHG WKUHH SRWHQWLDO UHSUHVHQWDW
FKRLFHELDV DV\VWHPDWLF SXOORIILHOGV WRZDUGV WKH UH.
DURXQG WKHUHZDUG RUJOREDOUHPDSSLQJZKHUHDOO FHOO?
GLVWDQFHWRUHZDUG DFURVV WKHPDS HTXLYDOHQW WR YDO>
QHLIJKERULQJTXDGUDQWY PDWFKHG DQJXODU GHSHQGHQW GH
WKH SXOOLQJ K\SRWKHVLY SUHGLFWLRQV 3UHOLPLQDU\ILQGL
VXSSRUW IRU WKH SXOOLQJ K\SRWKHVLV DV WKHJXLGLQJSULQI
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FKDQJHV LQ WKH KLSSRFDPSXV )LUVW DOWKRXJK ZH FRXOG QR
IRUDQ LQFUHDVHLQ PHDQ VLJQDO FORVHUH[DPLQDWLRQ RI EH
SDUWLFLSDQWY ZKR VKRZHG D VWURQJHU LQFUHDVHLQ VLJQDO
EHKDYLRUDO SHUIRUPDQFHLQ WKHUHZDUGHG TXDGUDQW )LJ

RWKHU TXDGUDQWY ZHIRXQG DQDQJOH GHSHQGHQW GHFUHDV
TXDGUDQWY ZKLFK ZDV UHODWHG WR D EHKDYLRUDOO\REVHUY'
6XFK DQJXODU GHFUHDVH ZDV XQLTXHO\SUHGLFWHG E\ WKH SX
UHYHDOHG D GHFUHDVHLQ QHXUDO GLVVLPLODULWLHV LQ WKH
VXUURXQGLQJVRQ WKHJURXS OHYHO DQHIIHFW ZKLFK RQ WKt
UHZDUG OHDUQLQJLPSURYHPHQW )LJ D $OORIWKHVHILQGL
PXOWLYDULDWH VLPXODWLRQV RIUHSUHVHQWDWLRQDO FKDQJ
VLIQDO GXULQJ WKH WDUJHW SUHVHQWDWLRQ GLG QRW VKRZ X
PXOWLYDULDWH GLVVLPLODULWLHY LQ WKH UHZDUGHG TXDGUD
UHODWHG WR UHZDUG SHUIRUPDQFH RQ WKH VHFRQG UHZDUG V|
%URXJKW WRIJHWKHU EHKDYLRUDO DQG SUHOLPLQDU\I05, UHV.
UHSUHVHQWDWLRQDO ILHOGY SXOOHG WRZDUGYV WKH UHZDUG

LQ P2)&

2QH DOWHUQDWLYH H[SODQDWLRQ WR WKHEHKDYLRUDO ILQGL
VHVVLRQ WDVN LWVHOI L H FRQWLQXLQJWRDOVRDQVZHU 12K
IXOO\UXOH RXW WKLV H{SODQDWLRQ PHUHO\EDVHG RQ WKH EHI
UHDVRQV )LUVW VXFKUXOHFRQIXVLRQ FDQ QRW H[SODLQ WKH
LQ WKH UHZDUGHG TXDGUDQW DFEXUDF\HIIHFW )LJ L M GLVFL
D PLQXWHEUHDNEHWZHHQ WKHODVW UHZDUG VHVVLRQDQG
SDUWLFLSDQWY ZHUH WROG WKDW LI WKH\ ZHUH DFFXUDWH LQ F
WDVNLQ ERWK 35(DQG 3267 VHVVLRQV WKH\ZRXOG JHW DQ DGC
SHUVSHFWLYH LIWKH\NHSW RQ SHUIRUPLQJWKH UHZDUG WDVI
ERQXV 7KHFRUHT TXHVWLRQ RI WKLV SURMHEW LV WR WU\ WR FK



67$7(6 9%$/8(6$1'*2%$/6,1&2*1,7,9(0$36

WDVNV | SDUWLFLSDQWYV ZHUH IROORZLQJD UXOH RIFKRRVLQ.
WKHQ ZH PLIJKW VHHHYLGHQFHRIYDOXHPDSSLQJ ZKLFK VKRXO!
DWDVN 'HIRXQGQRHYLGHQFH WKDW VXSSRUWY YDOXH PDSSL
OHDVWGXULQJWDUJHW SUHVHQWDWLRQ DOWKRXJK ERWK KDY
YDOXHVLIJQDOVLQRWKHUWDVNYVY HJ + /HHHWDO ORQHMW
WRLGHQWLI\HYLGHQFHIRUVXFKYDOXHPDSSLQJGXULQJ WKH 1
WKH VDPHPDSSLQJ GXULQJWKH 3267 VHVVLRQ

2XU VLPXODWLRQV RIERWK PXOWLYDULDWHDQG XQLYDULDWH
JOREDO UHPDSSLQJDFFRUGLQJWR WKH YDOXHDQG SXOOLQJ K\
YDULDQFH RIWKH GLVWULEXWLRQ RIWKH QHZ ORFDWLRQV IRU \
UHPDSSLQJ SUHGLFWLRQV 8QLYDULDWHO\ LQFUHDVLQJWKH Y
VLPLODU WR WKH JOREDO UHPDSSLQJ +RZHYHU VLQFH FHOOV I
DQJXODU GHFUHDVHLQ VLJQDO LQ WKH QHLJKERULQJ TXDGUDQ
VKRZ VSHFLILFVXSSRUW IRUWKH SXOOLQJK\SRWKHVLY 0XOWL
DURXQG WKH QHZ ORFDWLRQ FRXOG SRWHQWLDOO\FDXVH WKH |
UHZDUG REVHUYHG XQGHU WKH SXOOLQJ K\SRWKHVLV 7KLV PHI
GR QRW FOHDUO\GLVWLQJXLVK EHWZHHQ WKH SXOOLQJ K\SRWHK
UHVXOWY VKRZHYLGHQFH WKDW LW LV XQOLNHO\WKDW WKH EH
ZKLFK VKRZVXSSRUW RIDFR DFWLYDWLRQRID YDOXH PDS WKL
WKH IXWXUH ZHKRSHWRILQG EHWWHU PDUNHUV IRU WKH GLIIH
XQLYDULDWH VLPXODWLRQ FORVHUH[DPLQDWLRQ RIWKH PXOV
PLJKWKHOS EHWWHU GLVWLQJXLVK WKH K\SRWKHVHV )XUWKH
WKH VHVVLRQV 35( 13267 DQG QRW RQO\WKHGLIIHUHQFH RIV
SUHVHQWHG KHUH PLJKW EHWKHLGHDO WHVW WR VKRZ WKH SX
SODQQHG IRUWKH QHDU IXWXUH

2QHLQWHUHVWLQJIJDQG VRPHZKDW FRXQWHU LQWXLWLYHILQG
KLSSRFDPSXV LQDVLPLODUDUHD RIWKHPDS ZKHUH ZHVDZ DQ
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YJLIXUH

6XPPDU\RI UHSUHVHQWDWLRQDO FKEXPRDWL @ WMKHSKIHSRFWB®XRQDO FKDQ
SRFDPSXKMWSXOOLQJ K\SRWKHVLY SUHGLFWV DQ LQFUHDVHLQILHOG GHQVL
WKH FKDQJH RI QHXUDO VLJQDO GXULQJ WDUJHW WUHH SUHVHQWDWLRQ LQ
RQ WKHOHIW FRPSDUHG WR WKH RSSRVLWH TXDGUDQW SDUWLFLSDQWVTY L¢
[ D[LV PLGGOH ZDV UHODWHG WR LQFUHDVHLQ XQLYDULDWH LQFUHDVH L
DVWHHSHU OHDUQLQJ FXUYH EHWZHHQ WKH UHZDUG VHVVLRQV [ D[LV ULJI
VLPLODULWLHVE\7BH 8 XOIQIKW K\SRWKHVLY SUHGLFWHG D GHFUHDVH LQ ILH
UHZDUG QHLJKERULQJTXDGUDQWY OHIW 7KHGHFUHDVHLQXQLYDULDWH
ZDV UHODWHG WR EHKDYLRUDO FKRLFH ELDV FRUUHVSRQGLQJ WR GHFUHDYV

DUHPRGHO SUHGLFWLRQV 2Q WKHULJKW LV WKH SHUPXWDWLRQ WHVW DIW
VFDOH
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, I WUHHV LQ WKHUHZDUGHG TXDGUDQW EHFDPHPRUHQHXUDOO
DQLQFUHDVHLQDFFXUDF\DQG GLVFULPLQDELOLW\" 2QH SRWH
ORFDOL]DWLRQ RIWKHUHZDUG HIITHFW $FARUBEZRWWKR RKUZDINVUB
WKDWLQFUHDVHG WKHLU VLPLODULWLHYVY 2QH VSHFXODWLRQ Z
ORFDOL]HG WKHQ WUHHV DURXQG WKHPLGGOH ZRXOG EHFRPH
DZD\ZRXOG EHFRPHPRUH GLVWLQFW ,QWKH56%$DQDO\VHV ZH
IRUPDQ TLQQHUYTFLUFOH RIWKH T TXDGUDQW 3DUWLFLSDQWVT I
OLQHDFURVV WKH fRXWHUY FLUFOH RI WKH TXDGUDQW )LJ |
WKDW FRPSDULVRQVPDGHLQ WKHUHZDUGHG VHVVLRQ ZHUH EH
TXDGUDWH WKDQWKHUHIHUHQFH WUHHV URXJKO\ VHH GHVL
GLVFULPLQDELOLW\ZDV YHU\ORFDOL]HG DPRQJWKHWDUJHW
FKRRVHDPRQJ $OWKRXJK WKLV GRHVY QRW SURYLGHD IXOO DFF
LQYHVWLIJDWH WKLY FRPSOH[LW\PRUH WKRURXJKO\

SHODWHG WR WKLY WKH ODFNRIDFOHDU XQLYDULDWH VLJQDO
KLSSRFDPSXV LV SX]]OLQJ 2QH SRWHQWLDO H[SODQDWLRQ LV \
WKH GLVWULEXWLRQ RIFHOOV WKDW PRYHG GLG QRW WUDQVOD
SRVVLELOLW\LV WKDW VXFKDQ HITHFW LV SUHVHQW PRUHDW W
ZDVKHV RIITRYHU WLPH ([DPLQLQJWKHDFFXUDF\RIWKHEHKDY
HITHFWV ,QIDFW LW ZDV FUXFLDO WRDFFRXQWDRWWKH IXOO V
DG WRILQGD FOHDUDQG VWURQJEHKDYLRUDO HIITHFW ,Q WK
PLIKWEHWWHU LGHQWLI\VXFKHIIHFWYV /DVWO\ DVPHQWLRQH
DQDO\WHVY SRLQWHG DW D GLITHUHQW JIOLSY SRLQWLQ WKH VLJ
SUHGLFWLQJDIOLS FORVHUWR WKHUHZDUG 7KHORFDWLRQ RI
UHFHSWLYHILHOGV RI WKHFHOOV DV ZHOO DV RQ WKH VORSH RI
SXOOLQJ K\SRWKHVLVY %YHWZHHQ VXEMHFW GLITHUHQFHV LQ Wk
KDUGHU WR LGHQWLI\ :HSODQWRDGGUHVV WKHVHFKDOOHQJF

'HDOVR GLG QRWILQGDQLQFUHDVHLQ XQLYDULDWHVLJIQDO LC
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DOWKRXJK WKLV UHJLRQ LV RIWHQ DVVRFLDWHG ZLWK UHSUHVH
HW DO 7KHUH FRXOGEHD IHZ SRWHQWLDO H[SODQDWLRQ\
SUHVHQWDWLRQ RI WKH WDUJHW WUHH 7KHUH LV VRPH OLPLWH
ZKHQ WKH\ DUH DFWLYHO\UHOHYDQW IRU FKRLFH QRW ZKHQ LP
HW DO 6LQFH WKHUH ZDV QR FKRLFH GXULQJ WKH WDUJHW
VLPSO\QRW EHHQ WKHUH $QRWKHU LVVXH FRXOG EH WKDW RXU
QRW LQFOXGH WKHDGMDFHQW DQG RYHUODSSLQJYP3)& UHJLR
WKLV WDVN P2)& GRHVY QRW UHSUHVHQW YDOXH DQG VLPSO\ VKI
2QHELJFRQXQGUXP ZH SODQ WR IDFHLQ WKH QHDU IXWXUH LV W
DQHIIHFWLQ 3HDUVRQPHDVXUHV ZKHUHDV WKH P2)& VKRZHG
GLIIHUHQFH EHWZHHQ PHDQ VHQVLWLYHDQG LQVHQVLWLYH PH|
VLIQDOV EXW UHTXLUHV PRUH GHWDLOHG DQDO\VHV )XWXUH P
H[SODQDWLRQVLQ FORVHU GHWDLO

%URXJKW WRIJHWKHU EHKDYLRUDODQG SUHOLPLQDU\I05, UHV.
LQFUHDVHG SHUFHSWXDO GLVFULPLQDWLRQ DURXQGLW LQDP
ILHOGYV VFDOHG E\WKHLU GLVWDQFH WR LW 5HZDUG WKXV FDX
DQDEVWUDFW FRJQLWLYHPDS 7KLV HIIHFWRIUHZDUG LQ EHKE
JHQHUDOL]HG ERWKLQ WLPH WRDIROORZLQJWDVN ZKHUH WK
DVLQVSDFH WRDUHDV RI WKHPDS WKDW ZHUH QHYHU UHZDUGH
PRGHOLQJRIXQL DQGPXOWLYDULDWHVLIJQDOV GXULQJWDUJF
DQG SRWHQWLDO UHZDUG LQGXFHG LQIOXHQFHV GXULQJ FKRLF
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OHWKRGYV

7TKHVWXG\FRPSOLHV ZLWK DOO UHOHYDQW HWKLFDO UHJXODW
'"HXWVFKH*HVHOOVFKDIW I+U 3V\FKRORJLHH 9 '*3V 5HI 1XPE
6FKXFN1ILFRODYV :9

SDUWLFLSDQWYV

\RXQJ QHXURW\SLFDO DGXOWY WRRN SDUW LQ WKH H[SHULPHC
age = 26:3, 4ge=4:54 PLQLPXP DJH PD[LPXP DJH LQ H[FKDQJH IR
UHLPEXUVHPHQW 2XW RIZKLFK SHUIRUPHG WKH WDVN LQVLG
ZRPHQe=27:1, ,.=48 DQG SHUIRUPHGDOOVHVVLRQV RXWVLGH
GLYHJLV¥H55 =42 3DUWLFLSDQWYV ZHUH UHFUXLWHG XVLQJ WK
OD[ 30DQFN ,QVWLWXWH IRU +XPDQ 'HYHORSPHQW
JRUWKH 05, FRKRUW %H\RQG FRPPRQ 05, VDIHW\ UHODWHG H[F
SUHJQDQF\ ODUJHRUFLUFXODU WDWWRRY HWF ZHDOVR H[F
FLUFXPIHUHQFH ODUJHU WKDQ FP GXHWR WKHOLPLWHG VL]H
FRKRUWY ZHDOVRGLG QRWDGPLW SDUWLFLSDQWY WR WKH VW
GLVRUGHUV WHQGHQF\IRUEDEN SDLQ RUFRORU SHUFHSWLRQ
ZDV VHOI UHSRUWHG QRWH WKDW WKH VWXG\ZDV FRQGXFWHG
FOHDU GLVWLQFWLRQ EHWZHHQ VH[DQG JHQGHU :HKDG QR UH
WKH WDVNDQG WKHUHIRUH GLG QRW LQFOXGH WKLV LQIRUPDW L
7DVN SHUIRUPDQFH H [ ZMXH[IERX BHIGWSHDWIWDL FLSDQWY EDVHG RQ
FULWHULD
J)LUVW SDUWLFLSDQWVY LQ WKHEHKDYLRUDO FRKRUW DQG SD
LQ WKH ODVW WZR UHZDUG OHDUQLQJEORFNV ZLWK DFFXUDF\ D
PDNHVXUH WKH\OHDUQHG WKH H[DFW UHZDUG ORFDWLRQ 6HFF
RUPRUHQRDQVZHUWULDOV LQ ERWK UHZDUG VHVVLRQV DV ZH(
3DUWLFLSDQWY ZHUH LQVWUXFWHG WKDW QR DQVZHU ZRXOG FF
UHZDUGV 7KLUG LQ WKH SHUFHSWXDO WDVN ZHLQWHUOHDYH
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WDUJHW WUHH VKRZHG ERWK OHDYHV DQG IUXLWYV EXW WKH IRC
RQO\VIUXLWY 7KHVHZHUH FRQWURO WULDOV WR PDNH VXUH SD
UHDVRQLQJZDV H[SOLFLWO\WROG E\SDUWLFLSDQWYV DQG WKH
VSHFLILFDOO\RQ WKHVH W\SHV RIWULDOV 1HYHUWKHOHVV W
SHUIRUPHG EHORZ LQWKRVHWULDOVDFURVYVY SHUFHSWXDO \
ZLWKLQFUHDVHG QR DQVZHU WULDOV

$OWRIHWKHU ZHH[FOXGHG SDUWLFLSDQWV IURP WKH EHKDY
05, FRKRUW ‘:HQRWHWKDW WKHUHODWLYHO\ODUJH QXPEHU RI
FRKRUW ZDV PDLQO\GULYHQ E\D ODFNRIUHZDUG OHDUQLQJ 7t
TfHDV\f EORFNLQ WKHILUVWUHZDUG VHVVLRQ IRU WKH 05, FRKR
LPSURYHG SHUIRUPDQFH +RZHYHU 7KLV LQFUHDVHFRXOG EH\
ORZHU VHHEHORZ ORZHULQJJHQHUDO PRWLYDWLRQ $QRWKI
UHDVRQV ZH KDG OLPLWHG FRQWURO RYHU WKH VL]H RI WKH VF!
SRWHQWLDOO\ODUJHU VWLPXOL IRU WKLV FRKRUW

05, EDVHG HI[FOXVLRMFFROAXGHGDQ DGGLWLRQDO SDUWLFLSDQ
GXHWR 05, EDVHG FULWHULD 7KUHH SDUWLFLSDQWY H[KLELW'F
RI'WKHSHUFHSWXDO VHVVLRQV RQHRIZKLFKDOVR KDG D WRWI
VHVVLRQVY :KHUHDVRQDYHUDJH WKHUHVWRIWKHJURXS KDG

=38 ZKHUHIUDPHZLVH GLVSODFHPHQW ZDV DERYH PP 1XO
WKUHH VXEMHFWY KDG DQG 75V )UDPHZLVH GLVSODFH
VHH EHORZIRUGHWDLOV

$OWKRXIKZH WULHG WR RSWLPL]JHWKHWLOWDQJOHRIWKHILH
07/ DQG 2)& WZR DGGLWLRQDO VXEMHFWY H[KLELWHG VLJQLILF
FRUWH[DQG ZHUH WKHUHIRUH HI[FOXGHG IURP WKHDQDO\VHV F
UHZDUG OHDUQLQJWKUHVKROG 7RVHW WKHH[FOXVLRQ WKUF
DFFRUGLQJWR WKHIUHHVXUIHU EDVHG RXWSXWRIIPULSUHS D
OHVV WKDQ RI'WKHPHDQ VLIQDO RIWKH ZKROH WLPHVHULHYV
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VXEMHFW DQG 52, WKH PD[LPXP GURS LQ YR[HOV IRUHDFK VHVVL
WKHQ H[FOXGHG WZR SDUWLFLSDQWV IRUKDYLQJPRUH WKDQ
QDWLYHVSDFH 2QHDGGLWLRQDO SDUWLFLSDQW ZDV H[FOXGH
UHVXOWLQJLQ UHSHWLWLRQV RIWKHILUVWEORFNRIWKH 326
7KHILQDO VDPSOH RISDUWLFLSDQWY UHVXOWHG LQ SDUWLFL
e =261 2e=4:69 ZLWK LQ WKH 05, FRKR\E6:84ZRPHU:H DQG

LQ WKH EHKDYLRUDO FRKR YW 25:3BRRH@:33GLYHUVH

(ISHULPHQWDO SURFHGXUHYV

6WLPXOHH JHQHUDWLRQ ZDV LQVSLUHG E\ )OHVFKHW DO
luxXLwyvy bV ZHOODV DOO FRORUV XVHG IRUWKH WUHHEDVH WU
VDPHOXPLQDQFH WR PDNHVXUHPRUHOHDYHVDQG RUIUXLWYV |
OXPLQDQFH 7KH VDPH WUHHEDVH ZDV XVHGIRUDOO WUHHV DQ
VXFKWKDW WKH VKDSHRIWKHWUHH VKRXOG QRW LQIOXHQFH R
I[UXLWY ‘HQRWHWKDW GXHWRWHFKQLFDO UHDVRQV EH\RQG R
VWUDQJH FRORUJUDGLHQW IURP RQHVLGH WR WKHRWKHU PDN
GHVLIQ WKHWUHHYVY SUHVHQWHG RQHDFK VLGH RI WKHVFUHHQ
EHORZ EXW WKLV PLIKWKLQGHUIXWXUHDQDO\VHV LIWKH\SO
FRUWH[UHVSRQVHYV

JRUDOO SDUWLFLSDQWYV IUXLWYV ZHUH GLVWULEXWHG RQ WKH (
WKHWUHH DQG OHDYHV ZHUH RQ WKH WRS SDUW 7KLV VHSDUD
ERWKDPRXQWY VHSDUDWHO\ +RZHYHU WR SUHYHQW D WRR KD
LQHDFKWUHH ZHUH GLVWULEXWHG RQ WKHRSSRVLWH VLGH OF
JHQHUDWHG DW WKHEHJLQQLQJRIHDFKVHVVLRQ 7KHVDPHED
WRWDO DPRXQW RIOHDYHVDQG WKH WRWDODPRXQW RIITUXLWYV
HDFK RWKHU 7KHLPDJHV XVHG ZHUH D GLVWULEXWLRQ RIHDFK
QHHGHG /RFDWLRQDFURVV LPDIJHV GLG QRWRYHUODS 7R PDN
WKHDPRXQWV DQG D PRUHKROLVWLF SHUFHSWLRQ RIWKHDPR?
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UHZDUGLQJWUHH ZHDOZD\WVDGGHGD VPDOO QRLVHWR WKH Q
TKLVDGGLWLRQ LQFRPELQDWLRQ ZLWK XVLQJ SULPH QXPEHU
UH GLVWULEXWLRQ RI WKHLWHPV RQ WKHWUHH QRWRQO\EHW
QXPEHU HJ WUHHZLWK OHDYHV GLG QRW ORRN H[DFWO\ OLT
DOVR QRW H[DFWO\OLNH SOXV LWHPV UDWKHUHYHU\WLPH

([SHULPHQWDO GHVLJQ

$IWHU D JHQHUDO GHVFULSWLRQ RI WKHH[SHULPHQWDO GHVLJ¢
)LJ D 7KHH[SHULPHQWDO VHVVLRQVVSDQQHGRYHU FRQVF
SDUWLFLSDQWV ILUVW SHUIRUPHG D SHUFHSWXDO WUDLQLQJV
7KLV VHVVLRQ KDG PDLQO\IXOO RQH IHDWXUH WULDOV PHDQLC
RQO\OHDYHV RURQO\VIUXLWV 7KLV ZDV GRQHRXWVLGH WKH 05
SHUIRUPHG WKH ILUVW VHVVLRQ RI WKH SHUFHSWXDO GLVFULPI
UHZDUG OHDUQLQJ 7KHVHWZR VHVVLRQV WRRN SODFH LQ WKH
GD\SDUWLFLSDQWYV ILUVW SHUIRUPHG DQRWKHU UHZDUG OHDU
GLVFULPLQDWLRQ VHVVLRQ DOVRLQVLGH WKH 05, IRUWKH 05, |
SHUIRUPHG D PHPRU\ SODFHPHQW WDVN WR WHVW WKHLU PHPRL
QRW SUHVHQWHG (DFKRIWKHVHVVLRQV VWDUWHG ZLWK D VKI
H[SOLFLW TXHVWLRQV WR FRQILUP SDUWLFLSDQWV IROORZHG V
WKH VHFRQG GD\ WR IXUWKHU HQVXUH QR WDVN FRQIXVLRQ ,Q
VFUHHQ IRUD IL[HG DPRXQW RI WLPH LUUHVSHFWLYHRIFKRLFF
JLYH SDUWLFLSDQWV DQ LQGLFDWLRQ WKDW WKHLU FKRLFH ZD)\
VHFRQG SDUW RIHDFK WULDO WZR VPDOO FLUFOHV DSSHDUHC
GLVDSSHDUHG RQFH D FKRLFH ZDVPDGH %HWZHHQ WKH WZR PD

PLOQXWHV LQ WKH 05, FRKRUW DQG DW OHDVW PLOQXWHYV L

*HQHUDO WUDLQRQ WKHHVVYHBRHSWXDO WUDLQLQJWDVN PDLQO\
WULDOV SHUFRQWH[W VLPLODULQ VWUXFWXUHWR WKH PDLC
UHIHUHQFHVY KDG HLWKHU RQO\OHDYHV RURQO\IUXLWYV 7KH Gl
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YLIXUH

7ULDO W\SHV LQ WKH G)XI®@ HQSM WIDPHQW DO GHVLIQ 2Q WKH ILUVW GD\ SI
SHUFHSWXDOWUDLQLQJVHVVLRQRXWVLGHWKHOS5VFDQQHU 7KHQ WKH\SH
WKHSHUFHSWXDO GLVFULPLQDWLRQ WDVNIROORZHG E\UHZDUG OHDUQLQJ
UHZDUG OHDUQLQJ WDVNDQG WKHQ WKH VHFRQG SHUFHSWXDO VHVVLRQ $I
SODFHPHQW WDVN WR WHVW WKHLU PHPRU\RIWKH UHZDUG ORFDWLRQ 7KHE
E,QWKH SHUFHSWXDO GLVFULPLQDWLRQ WDVN WKHUH ZHUH WKUHH WULDO
PDLQ DQDO\VHV WULDOV GUDZQIURPDELJIJHUDUHD DFURVV WKH PDS FUR"
ERWK OHDYHV DQG IUXLWV DQG WKH UHIHUHQFH WUHHYV KDG HLWKHU OHDYH
FLUFOH ZKHUH WKH WDUJHW ZDV QRW LQ WKH PLGGOH UG WR 'WULDOV G
PHWKRGV IR ®HWKOH. OMZDUG OHDUQLQJ WDVN WKHUH ZHUH WZR W\SHV RI E(
PDLQO\ODUJH GLVWDQFHV DQG PDLQO\ GHJUHHV PDNLQJLW HDVLHU WR O
PDLQO\WULDOV ZKHUH SDUWLFLSDQWY QHHGHG WR FRPSDUH WKH FHQWHU F
VLPLODU WR WKH ORFDWLRQ RI WKH UHIHUHQFH WUHHV VOLJKWO\ FORVHU
DFURVV WKH VSDFHWR HQVXUH HTXDO H[SRVXUH WR WKH ZKROH VSDFH

VwDQGDUGWULDOV ZKLFKZHUH WKHQ IOLSSHGLQ SRVLWLRQ V
ZHUH FRQVLVWHQW ZLWK "VKRUW GLVWDQFH  WULDOV ZLWK L
wuLDOV ZKHUH WKH WDUJHW ZDV LGHQWLFDO WR RQH RI WKH UF
VKRUW GLVWDQFHYVY ZKHUH WDUJHWYV ZHUH SUHVHQWHG LQ ' Wk
WRWKHLQWHJUDWLRQ RIWKHD[HV WRJHWKHU 7ULDOV IRUHDT
LQIRXUEORFNVLQ WRWDO 7KHVWDUWLQJFRQWH[W ZDV SVHX(
ZLWKLQ HDFKUHZDUG ORFDWLRQ JURXS 7KHWULDOV ZHUH SVF
VXUHQRKLGGHQ VWUXFWXUH FRXOG ELDV SDUWLFLSDQWYVY FKI
RQHUHSHWLWLRQ RIWULDOV ZKHUH WKH WUHH ZLWK WKH KLJK'E
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PRUHWKDQ WZR FRQVHFXWLYH WULDOV FKRRVLQJWKH VDPH PR
ZLWK WKHWDUJHW LQ WKHPLGGOH SRVLWLRQ YHU\KDUG WULD
GHFLVLRQ GLIILFXOW\OHYHO HJ VKRUW DQG QR PRUHWKDQ
RIWKH KLIJKHVW RUORZHVW YDOXH 7ULDOVIHDWXULQJ '"WDU
DSDUW WR PDLQWDLQ UHJXODU H[SRVXUH

3HUFHSWXDO GLVFULPLQDWLRQ WDK/H P®I(Q S HAFHBWWXIR@ W D V N
' LQFOXGHG WULDOV GLYLGHGLQWR EORFNVRI WULDOV F
JHRPHWULFDOO\RUJDQL]JHG ZLWK SHULSKHUDO "FLUFOHV’' RU
SRVVLEOHDQJOH SRVLWLRQV GHJUHHLQFUHPHQWY DQG R
SRVLWLRQV GHJUHHLQFUHPHQWYV )LJ E (DFKWULDO SUH\
OLQH ZLWK SRVVLEOH SRVLWLRQV DORQJHDFK OLQH ZLWK WKE
DQG WKH FHQWHUHG WKUHH DFWLQJ DV WDUJHW WUHHV 7ULDO
WULDO RIHDFK VPDOO TXDGUDQW LQ UDQGRP RUGHU IROORZHC
ZDV GRQH WR HQFRXUDJH SDUWLFLSDQWY WR RULHQWDWH WR V
SUHYHQW UHSHWLWLRQ RI WKH VDPH DQJOH OLPLW FRQVHFXWI
GHJUHHELQ WR QR PRUHWKDQ WZR DQG UHVWULFW FRQVHFX
WKDQ WKUHH 7KH GHVLJQ LQFRUSRUDWHGDQDGGLWLRQDO V
WUHHV WR PDNH VXUH SDUWLFLSDQWY SDLG DWWHQWLRQ WR EF
WUHH 7KHVHWULDOV ZHUH VWUDWHJLFDOO\SRVLWLRQHG DW ¢
WULDOV VDPSOHG IURP WKHELJFLUFOH ZKHUH WKH WDUJHW ZD
FKDQJHG RQO\WKH UHIHUHQFH :HPDGHVXUHWKDW HDFK KDC
VDPSOHG DOO SRVVLEOH DQJOHV IURP WKH VPDOO TXDGUDQWYV
WKH VFUHHQ $RU % DUH SODFHG ZDV RQO\SRVVLEOH DFURVV E
VPDOO TXDGUDQWY DUH XVHG LQ WKHDQDO\WVHV ,Q HDFK WULLI
WKH UHIHUHQFH WUHHV IRU  VIRUWKHEHKDYLRUDO FRKRUW
VORZHULQ WKH VFDQQHU ZKLFKLV ZK\ZHLQFUHDVHG WKH GXU
IL[DWLRQ EHWZHHQ WKH WDUJHW DQG UHIHUHQFH WUHHV ZDV G
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GLVWULEXWLRQ ZLWK D PHDQRI VDQGUDQJHG EHWZHHQ Vv
DPHDQRI VDQGUDQJIJHG IURP Vv

5HZDUG OHDUQLQJWDVN 5(: BKHVHYBUR@HDUQLQJWDVN KDC
FRPSRQHQWV ZLWK GLITHUHQW GLIILEXOW\OHYHOV "HDV\  DQC
)LJ F 7KHHDV\FRPSRQHQW WULDOV SHU EORFN IHDWXUH
FRUQHUV DQG FHQWHUV ZKLOH WKH KDUG FRPSRQHQW  WULD
DUUDQJHPHQWYV VLPLODU WR WKH ' SHUFHSWLRQ WDVN EXW ZL\
FHQWUDOL]H WKH UHZDUG HIIHFW SHUFHSWXDO WDVN KDG D UL
ZDV  ZKLFK LYV 5HZDUG YDOXHV ZHUH GLVWULEXWHG DEFRI
SDWWHUQ FHQWHUHG DW HLWKHU WKH ERWWRP ULJKW RU WRS
VXEMHFWV ZLWKUHZDUG YDOXHV RI FHQWHU RI TXDGUDQW
TXDGUDQW RU UHVWRIWKHPDS 7KHGHVLJQLQFOXGHG VHY
UHSHWLWLRQRIQRQ JHURUHZDUG GLIIHUHQFHVY QR PRUH WKD
GLIIHUHQFH DQG QR PRUH WKDQ WZR FRQVHEXWLYH WULDOV ZL
WKH EHKDYLRUDO FRKRUW DQG WKH ILUVW WZR 05, SDUWLFLSD
VWDUWHG ZLWK DQ HDV\EORFN IROORZHG E\ KDUG EORFNV $1V
VWUXJJOHG ZLWK OHDUQLQJWKHUHZDUG ORFDWLRQ ZH LQWUI
UHZDUG VHVVLRQ HDV\ KDUG KDUG HDV\ KDUG KDUG 6DPSOL
VHVVLRQ ILUVW DQG ODVW SDLU RIKDUG EORFNV VDPSOHG WK
TXDGUDQW ,Q HDFKWULDO WKHGXUDWLRQ RIWKH FKRLFH SHL
$IWHU QRWLFLQJVRPH SDUWLFLSDQWY VWUXJJOHG ZLWK OHDU
WLPLQJWR VIRUWKHO5, FRKRUW 7KHRXWFRPH SUHVHQWDW
EHIRUHWKHRXWFRPHDQG DIWHU LW ZHUH WKH VDPHDV LQ WKH
DQG PHDQRI V UDQJH V UHVSHEWLYHO\

%HKDYLRUDODQDO\VHYV

DFFXUDF\)\WRHDWW®Y DFFXUDF\WHVWV LQ WKH 35(DQG 3267 VHVVLE
WKHWDUJHW ZDV SUHVXPHG WR EHURXJKO\LQ WKHPLGSRLQW I
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KRZHYHU WKDW VLQFH WKH PRGHOV EHORZDFFRXQW IRU VXEMH
DQGIRXQGHTXLYDOHQWDQGHYHQ VWURQJHU HITHFWV VHH EH
VHVVLRQV ZHRQO\LQFOXGHG WULDOV ZKHUH WKH YDOXH GLIIF

LQHDV\DQG KDUG EORFNVY :HXVHGUHSHDWHG PHDVXUHV $12
IURP 35(WR 3267 VHVVLRQV ZLWKJURXS VHVVLRQ DQG TXDGU|I
UDQGRP HIIHFW 3RVWKRFWHVWY LQFOXGHG HVWLPDWHG PDU.
MHPPHDQVUu SDFNDJH /HQWK 7TKHIXOO UHVXOW RIWKH SDL
GLIITHUHQFHV ZLWKLQ HDFK TXDGUDQWDQG JURXS ZLWK %RQIHL
FRPSDULVRQVUHYHDOHG VLIQLILFDQW LPSURYHPHQWYVY RQO\ L

4XDGUDQWRXS &RQWUDOQOVWLPRDWH Gl| W UDWLHOXH
71/ %RWWRP3RSERW35
%/ %YRWWRPBRPBERWS3IS
75 %RWWRP3RSERW3I5
%5 %YRWWRPSBRBERWSIS

71/ 7TRS/HIW3267 35
% / 7TRS/HIW3267 35
75 7TRS/HIW3267 35
%5 7TRS/HIW3267 35

~| |~~~ ~|~|—~|—~

7TDEOH
3DLUZLVH FRPSDULVRQ UHVXOWV IRUDFFXUDF\LQHDFKTXDGUDQWDQG JUR

EHKDYLRUDOHPRIBIHQWG WKH GLVVDD QEFWY W KEG LWHNIDWIHWH GLV WD C
WDUJHW WUHH IURP UHIHUHQFH WUHH % PLQXV LWV GLVWDQFH \

q q
DDI = (TXt th)2 (Tyt BYt)z (TXt AXt)2 (Tyt Ayt)2

ZKHUBA D@GDUH WKH WDUJHW WUHH DU i WK SAWZHR/ H B MA WE FIHUXIP
OHDYHWWXMQXPEHU RI TUXLWV LQ ORJJHG VSDFH

7RPRGHO DQJXODU GHSHQGHQW FKRLFH ELDVHV ZHLPSOHPHQ
ZKLFK VWDWHY WKDW D OLQHDU FRPELQDWLRQRIVLQHDQG FRV
H[SUHVVHG DV D VLQJOH VLQH IXQFWLRQ ZLWK D GLITHUHQW DP S
Asin()+ Bcos() WKLV FDQ EH B#iif UL WV KERDYW WKH DPSOLWW&H DQG
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SKDVH VKLIW 'RK[B-IQ(CBD(&I—IE\HRLRH%AE\I- B2 =tan ! %

7TKHEHVWILWWLQJPRGHO WR FDSWXUH FKRLFHELDVHV LUUHV
WDVN ZDV

IogP(A)t: + okt
P(B)k 0 Ok

DD + 2qDD+
3(sin +cos )+ 4q(sin +cos )+
5(sin2 +cos2 )+ 4q(Ssin2 +cos2 )+

1C+ 20+ 38+ 40+ s5(S

ZKHIng%%L LV WKH SUREDEA ®RI\BIWR R ¥ XKKRIRM R Q B D Q &
UHSUHVHQW JOREDO DQG VDIE MHWWK HVG H\FW D GsiiD) RIBEIAVSDVQF H V
DQM(2) D@@(2) UHSUHVHQW WKH VWDQG QG KDUPRQLF FRPSRC
LV WKHDQJOHEHWZHHQ WKH UHIHUHQFH WUHHV R&$if¢(KH VSHFLII
DQE@() LVHTXLYDOHQW WR DB RO O RZIQIDH HH SKDPAMKHHD QG DP S
FRKRUW 05, RU EH K BWKLHR LEDROKISIQVCH VY T R Q ®QIEQ WV §61 G WHMH Q W
QXLVDQFH UHJUHVVRUV RIQRLQWHUHVW

7KHEHVW ILWWLQJPRGHO WR FDSWXUH FKRLFH ELDV LQFOXGLC
PDLQ FRPSRQHQWYV ZDV

P(A)' _

lOgP(B)k = o+

okt

(1t 20+ 38+ 40+ Qs+ egs+ 709+ sqg9DD+

( o+ i+ 16099(sin +cos )+

( 17+ :+ 32999(sin2 +cos2 )+

1€+ 20+ 38+ 40+ QS
KHUHDOO WKH SDUDPHWHUV DUH WKH VYBIBH BVHQW WKHRPQ@Q DM
DD LQWHUDFWLRQV ZLWK JURXS VHVVLRQ DQG TXDGUDQW DO«
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LOWHUDFWLRKRRZ WKH VDPH IRUWKHDIQEVW KRUPRKHVHFRQG
KDUPRIQLF

S3RVW KRF WHVWYV ZHUH GRQH XVLQJ (VWLPDWHG PDUJLQDO PHD
/IHQWK WRROER[LQS5

105, GDWD

105, GDWD DFTREYGCGWWRRDV DFTXLUHG XVLQJD FKDQQHO KHD
UHVHDUFK GHGLFDWHG 7HVODG6LHPHQV ODJQHWRP 7ULR7LP O
*HUPDQ\ ORFDWHG DW WKHOD[3ODQFN ,QVWLWXWH IRU +XPDQ
(DFK05, VHVVLRQ FRQVLVWHG RI IXQFWLRQDO UXQV VHHDEF
PDSV VHHEHORZ SODFHG ULJKWDIWHU WKH UGIXQFWLRQDO L
PLGGOH RIWKHVHVVLRQ WR SURYLGHD PLG VHVVLRQ VKRUW Ut
EDODQFHG EHWZHHQ WKHWZR KDOYHV VHHDERYH
TKHVWUXFWXUDO LPDJHVY ZHUH DFTXLUHG XVLQJD 7 ZHLJKWHC(
JUDGLHQW HFKR 035%$*( VHTXHQFH VHTXHQFHVSHFLILFDWLRC
PV )$ GHJUHHV LQYHUVLRQ WLPH 7, PV PDWUL[VLI]H
[ PP 7KHVFDQ ZLWK SDUDOOHO LPDJLQJ *5%$33$DFFHOHUDW
UHVROXWLRQDOORZIRUSUHFLVHDQDWRPLFDO PHDVXUHPHQW
7TR FRUUHFW IRUVXVFHSWLELOLW\ LQGXFHG GLVWRUWLRQV W.
PDSVZHUHDFTXLUHG LPPHGLDWHO\DIWHU WKHVWUXFWXUDO V
VHTXHQFH VSHFLILFDWLRQV 75 vV 7( PV )$ GHJUHH'
IDFWRU SDUWLDO )RXULHU PDWUL[ VL]H i YR[HO V
VOLFHYVY 7KHILHOGPDSVZHUH  FROOHFWHG ZLWK LGHQWLFDO J
EXWZLWK SKDVH HQFRGLQJGLUHFWLRQVUHYHUVHG RQHLQW
ROQHLQ WKH SRVWHULRU WR DQWHULRU GLUHFWLRQ 3% 7KHVF
FRUUHFWLRQ RIWKHIXQFWLRQDO GDWD GXULQJSUHSURFHVVL
TKHIXQFWLRQDO LPDIJHVY ZHUH DFTXLUHG XVLQJD PXOWLEDQG |
VHTXHQFH VSHFLILFDWLRQ VOLFHV 75 vV 7( PV )$
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DFFHOHUDWLRQ IDFWRU SDUWLDO )RXULHU SKDVH HQFF
YR[HO VL]H [ i PP 7KHVFDQZDV SHUIRUPHG ZLWK
PV EDQGZLGWK SHU SL[HO SKDVHHQFRGH RI +] S[ DQG

$ WRWDORI YROXPHV ZHUHDFTXLUHG GXULQJHDFKIXQFWLR
WKH FRUSXV FDOORVXP L H QRWLOWDQJOH EDVHG RQ SLORW
07/ DQG WKHRUELWRIURQWDO FRUWH[ 2)& VHH :HLVNRSIHW DC
FROOHFWLQJWKHIXOOVDPSOH LW VHHPV WKDW WKH HQWRUKL
H[FOXVLRQV )RUHDFKIXQFWLRQDO UXQ WKHWDVNEHJDQ DIW
HIITHFWV DQG DOORZ IRUVFDQQHU HTXLOLEULXP (DFKUXQ ZDV
PHDVXUHG UHVSLUDWLRQ DQG SXOVH GXULQJHDFKVFDQQLQJV
SQHXPDWLF UHVSLUDWLRQ EHOW SDUW RI WKH 6LHPHQV 3K\VLR

%,'6 FRQYHUVLRQ DO&OGHRID\VFWDQUDQJIJHG DFFRUGLQJWR WKH EUL

%,'6 VSHFLILFDWLRQ . - *RUJROHZVNL HW DO XVLQJ WKH
GHY IUHHO\DYDLODEOHIURP KWWSV JLWKXE FRP QLS\ k

WKH 1,17, ITRUPDW XVLQJGFP QLL[>YHUVLRQ *& &

05, SUHSURFHVVLQIHWVIQOWVYHFOXGHG LQ WKLV PDQXVFULSW

SHUIRUPHGXSU®R S (VWHEDQ ODUNLHZLF] HWDO (VWHEL
55,"' 6&5 ZKLFK LVMIEBV3HG RQ*RUJROHZVNL HW DO
- *RUJROHZVNL HW DO 55,' 6&5

BUHSURFHVVYIQXRRRBHQHLWSY WRSSL@RY ILHOG PDSV ZHUH IRXQ
ZLWKLQ WKHLQSXW %,'6 VWUXFW X %HIRQXIDKL R \$DILMM FEXSDRW V X
ZDV HVWLPDWHG EDVHG RQ WZR RUPRUH HFKR SODQDU LPDJL
WRSX& 1RQH

$QDWRPLFDO GDWDSSWRVEDARHVYLQBLIKWHG 7 Z LPDJHV ZHUH
LQSXW %,'6 GDWDVHW $00 RI WKHP ZHUH FRUUHFWHG IRU LQWH
11 %LDV)LHOG&RUUHFWLRQY 7XVWLVRQ HW DO GLVWULE
55," 6&5B $YDQWV HW DO 7KH7 Z UHIHUHQFH ZDV WKH
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1LS\BEPSOHPHQWDWLRQ RI WKH 1DQWV%UDLQ([WUDFWLRQY ZRU
2$6,6 $17VDV WKHWDUJHW WHPSODWH %UDLQ WLVVXHVHJPH
ZKLWHPDWWHU :0 DQGJUD\PDWWHU *0 ZDV SHUIRUPHG RQ W
>)6/ YHUVLRQ XQNQRZQ 55,' 6&5 < =KDQJHW DO @
7 Z UHIHUHQFH PDS ZDV FRPSXWHG DIWHU UHJLVWUDWLRQ RI 7
PULBURE XV W BWHHRESX@ DAWH 5HXWHU HW DO @ %UDLQ V>
XVLQJ JUHFRQ DOOY >)UHH6XUIHU 55," 6&5 'DOH HW D
HVWLPDWHG SUHYLRXVO\ZDV UHILQHG ZLWK D FXVWRP YDULDW
$17V GHULYHG DQG J)UHHB6XUIHU GHULYHG VHIJPHQWDWLRQV RI"
>55,' 6&5 .OHLQ HW DO @ 9ROXPH EDVHG VSDWLDO Q
VSDFHV 01, /LQ 01, 1/LQ F$V\P ZDV SHUIRUPHG WKURXJK
ZLWK f1DQWV5HJLVWUDWLRQY $17V YHUVLRQ XQNQRZQ XVLQ.
UHIHUHQFH DQG WKH 7 ZWHPSODWH 7KHIROORZLQJWHPSODW
DQG DFFHVAHPEDIDWKH ) ORZHP SOD®@IRPOR Z 1RQOLQHDU $V\PPHWL
WHPSODWH YHRQILRQOL® BEBV\P&5B 7HPSODWH)ORZ ,'
01, 1/LQ F$V\P

)XQFWLRQDO GDWD SUHS URAHVIVEIQRIWKHS UKS/' UXQV IRXQG St
DFURVV DOO WDVNV DQG VHVVLRQV WKHIROORZLQJSUHSURF
YROXPHDQG LWV VNXOO VWULSSHG YHUVLRQ ZHIDB JBUMSBU D W H C
+HDG PRWLRQ SDUDPHWHUV ZLWK UHVSHFW WR WKH %2/' UHIHU
FRUUHVSRQGLQJURWDWLRQDQG WUDQVODWLRQ SDUDPHWHUYV
ILOWHULQJ XVLQJ JPFIOLUWY >)6/ YHU! -H QNLODYMBISH WHID

DOLJQHG ZLWK ULJLG UHJLVWUDWLRQ WR WKH WDUJHW (3, HFK
FRHIILFLHQWY ZHUH PDSSHG RQWR WKH UHIHUHQFH (3, XVLQJ W
FRUUHFWHG WR Vv RIVOLFHDFTXLVLWLRQ UDQJH V Vv
55,' 6&5B &R[ +\GH 7KH %2/' UHIHUHQFH ZDV WKHQ FR
7 ZUHIHUHQFH XVLQJ fEEUHJLVWHUY JUHH6XUIHU ZKLFKLPSO



67$7(6 9%$/8(6$1'*2%$/6,1&2*1,7,9(0$36

*UHYH )LVFKO &R UHJLVWUDWLRQ ZDV FRQILIJXUHG ZLWK

BHYHUDO FRQIRXQGLQJWLPH VHULSIWYHSHWRIFHYMEMGPBRE H\GHE D V H
GLVSODFHPHQW )' '9$56 DQG WKUHH UHJLRQ ZLVH JOREDO VL.
IRUPXODWLRQV IROORZLQJ3RZHU DEVROXWH VXP RIUHODWLY|
-HQNLQVRQ UHODWLYHURRW PHDQ VTXDUH GLVSODFHPHQW EH
DQG '9$56 DUH FDOFXODWHG IRUHDFK IXQFWLRQDIOLSXSH ERWK
>IROORZLQJWKH GHILQLWLRQV E\ 3RZHU HW DO @ 7KH WK
WKH &6) WKH:0 DQG WKH ZKROH EUDLQ PDVNV $GGLWLRQDOO
ZHUH H{WUDFWHG WR DOORZ IRU FRRRPG & &@¥H K P/GIIGHYR D OH FR L
BULQFLSDO FRPSRQHQWYV DUH HVW L BD WS GRF MAHHIBLZS B M DIVIM L
XVLQJD GLVFUHWH FRVLQH ILOW KR E 8§ &R0 L\D XYW RWIH PRIIRW B 8
W&RPS&RU DQG DQDWRPLFDO D&RPS&RU W&RPS&RUFRPSRQ
YDULDEOH YR[HOV ZLWKLQ WKH EUDLQ PDVN )RUD&RPS&RU V
DQG FRPELQHG &6) :0 DUHJHQHUDWHG LQ DQDWRPLFDO VSDFH
WKDW Rl %HK]DGLHW DO LQ WKDW LQVWHDG RIHURGLQJWKH P
SL[HOV WKDW OLNHO\FRQWDLQ D YROXPHIUDFWLRQ RI *0 LV VXI
PDVNLVREWDLQHG E\GLODWLQJ D *0 PDVDVHYWN UPDHFQM BWU R B WX
LWHQVXUHV FRPSRQHQWYV DUH QRW H{WUDFWHG IURP YR[HOV F
)LQDOO\ WKHVHPDVNV DUHUHVDPSOHG LQWR %2/' VSDFHDQG [
WKH RULJLQDO LPSOHPHQWDWLRQ &RPSRQHQWVY DUHDOVR FD
PDVNV )RU HDFK &RP S &R U NFHRPFEFRSRHVQ W/ B QWW KAHKH ODUJHV W V
UHWDLQHG VXFKWKDW WKHUHWDLQHG FRPSRQHQWV WLPH Vt
YDULDQFH DFURVV WKH QXLVDQFH PDVN &6) :0 FRPELQHG RU"
FRPSRQHQWY DUH GURSSHG IURP FRQVLGHUDWLRQ 7KHKHDG F
FRUUHFWLRQ VWHS ZHUH DOVR SODFHG ZLWKLQ WKH FRUUHVSR
VHULHY GHULYHG IURP KHDG PRWLRQ HYWLPDWHV DQG JOREDO
WHPSRUDO GHULYDWLYHV D ER DXRXGQ®WAL\FDMHNHP N DRCZHBY DN HI B W
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H[FHHGHG D WKUHVKROGRI PP)'RU VWDQGDUGL]HG '9$56 Z
RXWOLHUV $GGLWLRQDO QXLVDQFH WLPH VHULHV DUH FDOFXC
DQDO\VLV RIWKHVLJQDO | EX®GRZ LYVR KH. Q \D DMKRXQEDWIGH HGJH R1
SURSRVSIBVWUYLDWBLPSURKH®B/' WLPH VHULHYV ZHUH UHVDPSOH
VWDQGDUG VSDFHV FRUUHVSRQISP)PLDEQHQRWRRO WKIGIBOE
%2/'UX@Y, /LQ 01, 1/LQ F$V\P )LUVW D UHIHUHQFH YROXI
VNXOO VWULSSHG YHUVLRQ ZHUH JHQH UDBWHGETSH. ®2D FXVWRP
WLPH VHULHVY ZDV UHVDPSOHG RQWR WKH IROORZLQJVXUIDFHYV
|V Q D WWDYH BMIHUHVDPSOLQJV FD @ FH G HUHR QRHHEBIRMOKW WLRQ V
FRPSRVLQJDOO WKHSHUWLQHQW WUDQVIRUPDWLRQV L H KHE
GLVWRUWLRQ FRUUHFWLRQ ZKHQ DYDLODEOH DQG FR UHJLVW!
*ULGGHG YROXPHWULF UHVDPSOLQJV ZHUH SHUIRUPHG XVLQJ
FRQILIXUHG ZLWK /DQF]JRVLQWHUSRODWLRQ WR PLQLPL]H WKH
IDQE]RV 1RQ JULGGHG VXUIDFH UHVDPSOLQJV ZHUH SHU
JUHH6XUIHU 0DQ\LQWIHSB BLE\EE DHDWQRR,YV R& 5B

$EUDKDP HW DO PRVWO\ZLWKLQ WKH IXQFWLRQDO SURFH
SLSHOLQH VHH >WKH VHFWLRQ FRUUHVSRQGLQJWR ZRUNIORZ\
GRFXPHQWDWLRQ@ KWWSV [PULSUHS UHDGWKHGRFV LR HQ
GRFXPHQWDWLRQ"

$GGLWLRQDO SK\WLRORJLFDO SDUDPHWHUV ZHUH FDOFXODW|
UHVSLUDWRU\ KHDUWUDWH DQG RIWKHLULQWHUDFWLRQ

SK\VLRORJLFDO GDWD )RU WKHVH SK\VLRORJLFDO SDUDPHW
SHUIRUPHG YLD 5(752,&25 *ORYHUHWDO +XWWRQHW DO

GLITIHUHQW RUGHU IRUWKH HVWLPDWHG SKDVHV RI FDUGLDF SX
DQGFDUGLR UHVSLUDWRU\LQWHUDFWLRQV VWRUGHU $ . +
FRQIRXQG UHJUHVVRUV ZHUH FUHDWHG XVLQJ WKH ODWODE 3K\
VRXUFH FRGHDYDLODEOHDV SDUW RIWKH 7$3%$6 VRIWZDUH FRO
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KWWSV 2727Z2Z WUDQVODWLRQDOQHXURPRGHOLQJ RUJ WDSDV )
RQRWKHUFRQIRXQGV IJHQHUDWHG EXW QRW XVHGLQ RXUDQDO
ZRUNIORZV LQIO5,3UHSTVGRFXPHQWDWLRQ

SHILRQV RI ,QWHUHVWYV 52,V DHRERIGDWXXNHAWH® W WHRQO SHJIL
52,V EDVHG RQ WKHRXWSXW RIIPULSUHSDQGIUHHVXUIHU )R
WKHIUHHVXUIHU RXWSXW DFURVV ERWKKHPLVSKHUHV (QWRU
DQG I9LVXDO &RUWH]

7TKHQ VLPLODUWRWKH SURFHGXUH GRQHLQ630IRULPSOLFLW
HIFOXGHG YR[HOV WKDW VKRZHG D PHDQ VLIJQDO ORZHU WKDQ

YR[HOVDQG 75V IRUHDFKIXQFWLRQDO UXQ XQVPRRWKHG EXW
LOQOWHUVHFWDFURVV UXQVDQG VHVVLRQV WR UHVXOWLQ WKH V
FRPSXWHWKH ORVV XVHG IRUH[FOXVLRQ ZHGLYLGHG WKH QX
QXPEHURIYR[HOVIURP WKHIUHHVXUIHUPDS L H LIQRPHDQYV

*ODQDO\VH¥RQGXFWHG D EORFN ZLVH*HQHUDO /LQHDU ORGHO
GDWDWRLQYHVWLIJDWH QHXUDO UHVSRQVHYVY GXULQJ WKH SHUF
ZHUH SUHSURFHVVHG XVLQJIPULSUHS DQG SK\VLRORJLFDO SD
QRLQWHUHVW 7KHDQDO\VLV ZDV SHUIRUPHG LQO01, VSDFH ZLW

JRUHDFKEORFN ZHVSHFLILHGD */0 ZLWK WKHIROORZLQJFRPS
E\WKHLU ORFDWLRQLQ WKHPDS VXFKWKDWRQHUHJUHVVRU Z
UHSHDWHG WZLFH ZLWKLQ D VHVVLRQ H[FHSW ZKHQ WKH WDUJF
UHSHDWHG PRUH )RUWKHUHIHUHQFH WUHHYVY ZHVSOLW WKH U
GHIJUHHV LQ MXPSV RI 6HSDUDWH UHJUHVVRUV ZHUH XVHG IR
WuUuLDOV $0O UHJUHVVRUV KDG D GXUDWLRQ RI $ WRWDO RI l
SK\VLRORJLFDO SDUDPHWHUVY ZHUH LQFOXGHG DV UHJUHVVRUYV
XVLQJ FODVVLFDO UHVWULFWHG PD[LPXP OLNHOLKRRG 7KH PR
$5 PRGHO WR DFFRXQW IRUVHULDO FRUUHODWLRQV
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56$DQDOSVHADY FRQGXFWHG XVLQJEHWDV WDNHQ IURP WKH DE
FXUUHQWO\RQO\WDNLQJWKHEHWDV DVVRFLDWHG ZLWK WKH W
QRLVH QRUPDOL]DWLRQ QRUPDOL]J]HHDFKYR[HO E\LWV UHVLG)>
IDVWO\ ZHFRPSXWHG HLWKHU WKH 3HDUVRQ RUWKH (XFOLGH
DFURVV UXQV WRDYRLGWHPSRUDO DXWR FRUUHODWLRQV XV
QRLVH QRUPDOL]HG (XFOLGHDQ GLVWDQFHLVHTXLYDOHQW WR

TR FRQWUROIRUWHPSRUDO DXWRFRUUHODWLRQ ZHRQO\
WKHWKH GLDJRQDO ZHH[FOXGHG DQ\FRUUHODWLRQ ZLWKLQ D
ZRXOG EH 7KLV UHVXOWHGLQDQS'OIRUHDFKVXEMHFWDQG |
SRVVLEOHWDUJHW WUHHYVY )RUWKHFXUUHQWO\ SUHVHQWHG D
VPDOO TXDGUDQWYV
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SURMHFW S5HSUHVHQWDWLRQDO VSDFHV LQ RUELWRIURQWD (
7TDVN VWDWHY YDOXHV DQG EH\RQG

ZRUN ZLWK 6KDQ\*URVVPDQ 1LFRODV: 6FKXFN
3XEOLVKHG DW 7UHQGVLQ1IHXURVFLHQFH ‘2, KWWSV GR
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+LIJKOLIJKWYV

F2UELWRIURQWDO DQG YHQWURPHGLDO SUHIURQWDO DUHDYV
LOWHUWZLQH YDOXH WDVN VWDWH DQG RXWFRPH SURSHU!

t$ FRUHEHQHILWRI WKLY UHSUHVHQWDWLRQDO VSDFH LV WK
DUHQRWGLUHFWO\REVHUYDEOHEXWDUHUHTXLUHG IRU SL

t7DVN VWDWH UHSUHVHQWDWLRQV HPHUJHLQ GHHS UHLQIRL
YDOXH OLNHVLJQDOV RIIHULQJLQVLIKWV LQWR ZK\ WKH EL
WDVN UHODWHG YDULDEOHYV

17KHFRPSOH[DFWLYLW\SDWWHUQV LQ2)& YP3)& FDQEHLQW
UHSUHVHQWDWLRQ WKDWPDSVLQWHUQDO VWDWHY VHQVR
YDOXHVDQG FKRLFHSUHIHUHQFHYV

ODLQ 7H[W
&RPSXWDWLRQDODQG QHXUDO XQGHUSLQQLQJV RIYDOXH EDV

+XPDQV DQG RWKHU PDPPDOV DUH YHUVDWLOH GHFLVLRQ PDNH
DFKLHYH WKHLU JRDOVLQ GLYHUVHHQYLURQPHQWY 7R GR VR
FKRLFHVY %XW ZKLOH OHDUQLQJRXWFRPHH[SHEFWDWLRQV LV V!
UHDO ZRUOG EHKDYLRU LV PRUHFRPSOH[ ,WUHTXLUHV JHQHUI
XQGHUVWDQGLQJKRZFKDQJLQJJRDOVDIIHFWRXWFRPH GHVLU
2QH SURPLQHQW QRWLRQ LV WKDW WKH JRDO RI GHFLVLRQ PDNL
YDOXHRID GHFLVLRQ 6LOYHUHW DO BXWWRQ %DUWR

WLPH GLVFRXQWHG VXPRIDOOH[SHFWHG IXWXUH UHZDUGYV D
YDOXH PD[LPLVDWLRQ JRHV EDEFN FHQWXULHY WR ([SHEWHG 8W1
VWDWHY WKDW GHFLVLRQV DLP WR PD[LPL]H WKH H[SHEWHG YDC
VXEMHFWLYH SUHIHUHQFH ([SHFWHG 8WLOLW\WKHRU\ KDV KDC
HYHU VLQFH LW ZDV REVHUYHG WKDW UDWLRQDO GHFLVLRQ PDN
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HISHFWHG XWLOLW\ 6DPXHOVRQ DOWKRXJK SVI\FKRORJLF
LPSRUWDQWDGGLWLRQDO SHUVSHFWLYHV RQ ZKDW GULYHYV KX
.DKQHPDQ 7YHUVN\

,Q SDUDOOHO WR WKHVH GLVFXVVLRQV VHYHUDO QHXURVFLHQ
SUHIURQWDO YP3)& DQGDGMDFHQW RUELWRIURQWDO 2)& DU
KXPDQV QRQ KXPDQ SULPDWHV DQG URGHQWV >H J 271'RKHUW
$VVDG IRUUHYLHZV VHH %DUWUD HW DO &OLWKHUR
DQG LQWHUDFW ZLWK WKH ZLGHU FRUWLFROLPELF GRSDPLQHU.

2QHLQIOXHQWLDO VWXG\VKRZHG WKDW ZKHQ PRQNH\V FKF
IODYRUHG MXLFH RU ZDWHU VLQJOH QHXURQV LQ WKH 2)& UHIO|
GLIIHUHQW RXWFRPHV 3DGRD 6FKLRSSD $VVDG 7KHH[LV
WKH YP3)& DQG 2)& KDV VLQFHEHHQ FRQILUPHG LQ KXPDQV PRC

HW DO VHH %DUWUD HW DO 21T""RKHUW\HW DO IR
VXSSRUWHG E\OHVLRQ VWXGLHV %DOOHVWD HW DO JHOO
JHOORZV 1RWHWKDW ZH ZLOO XVH WKH WHUP H[SHFWHG YI

EHOLHIRI WKHVXEMHFW DERXW WKHH[SHFWHG RXWFRPHRIDG
DQRG VXEMHFWLYHYDOXHVDOLJQ VRPHH[SHULPHQWDO SDUDG!

, QWKLVUHYLHZ ZHDUJXHWKDW WKHUROHRI2)& YP3)& JRHV EI
VLIQDO DQG VXJIJHVWLQVWHDG WKDW WKH\KDYHD EURDGHU I>
WKHVHWHIFBMRRE@GUHGLFW RXWFRPHV LQULFKDQG SDUWLDOO\F
ILUVW VXPPDULJHILQGLQJVIURP KXPDQ SULPDWKHVINQGWRWHQV
VHH *ORVVDU\ UHSUHVHQWDWLRQV WR WKHVHUHJLRQV DQGV
LQWHUWZLQHG )LJ % ‘HWKHQVKRZWKDWDVLPLODULQWHL
QHXUDO QHWZRUNV FDSDEOH RI SHUIRUPLQJ FRPHHOSH[ WDVNYV )
UHLQIRUFHPHQW OHQ@IQAITMW P RVGKBDOWY DO XH PD[LPL]LQJ FRPSXW
WKHGRPLQDQFHRIYDOXHUHSUHVHQWDWLRQV DV HQYLVDJHG |
DV DXVHIXOPRGHORI2)& YP3)& IXQFWLRQ WKDW HPSKDVL]JHV W
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SRVVLEO\ XQREVHUYDEOH WDVN VWDWHV ZLWK H[SHFWHG YD O X
'KLOH RXU IRFXVLVRQOHDUQLQJ RXUFRQFHSWLRQRI2)& YP3
LQWHUDFWLRQ ZLWK PHPRU\ SURFHVVHV ZKLFK FDQ UHLQVWD Q'
ZKHQ QHHGHG $ELWEROHW DO JUIPHU HW DO $ + +DI

/JRSH] 3HUVHP HW DO 30DVVPDQQ HW DO BX]XNL H!
FUXFLDO ZKHQ ROG NQRZOHGJH QHHGV WR EH UHFRPELQHG LQ V

DQG GXULQJFRQWLQXDO OHDUQLQJ SURFHVVHV WKDW LQY
WKHLQWHUDFWLRQ EHWZHHQ 2)& YP3)& DQG WKH KLSSRFDPSX\
'HDOVR DFNQRZOHGJH WKDW 903)& DQG DGMDFHQW 2)& DUH DQI
PDQ\VXEGLYLVLRQV &DYDGD HW DO $OWKRXJK PDQ\ VWX
VXE UHJLRQV 0 = :DQJHWDO DQDWRPLFDO GLIIHUHQFH\
WHUPLQRORJLFDO DJUHHPHQW PDNHLQWHJUDWLRQ RIHYLGHQ
IRFXVRQ WKH 32)& YP3)& UHJLRQ UHIOHFWV WKH PRVW SURQR X
ODWHUDO DUHDV H J ,]JTXLHUGR LQ OLQH ZLWK SUHYLRXV
EURDGO\FRUUHVSRQGVY WR WKH *RUELWDO DQG PHGLDO SUHIUF
2QJXUDQG 3ULFH gQJ-U 3ULFH

$OO\RXQHHG LV YDOXH"

,QVSLUHG E\HDUO\HFRQRPLF WKHRU\>H J 6DPXHOVRQ @
YDOXHVLIJQDOV UHIOHFW D 33FRPPRQ FXUUHQF\" WKDW DFWYV DV
LQGLYLGXDOVYGHFLVLRQV )HKU 5DQJHO /IHY\ *OLPFKHU
FRQFHSWXDOL]DWLRQ RQHRI203)&fVPDLQ IXQFWLRQV LV WR F
XQLGLPHQVLRQDO FDUGLQDO VFDOH (DUO\REVHUYDWLRQV W!
VHQVRU\IHDWXUHV PRWRUDVSHFWV RURWKHUFKRLFHRSWLF
7TUHPEOD\ 6FKXOW] VXSSRUW WKLV LGHD OHDGLQJ WR WK
WDLORUHG WR JHQHUDOL]J]HDFURVV DVSHFWV WKDW DUH UHSUH
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WKHILQGLQJ WKDW YP3)& VLIQDOV  FDQ EHGHFRGHG DFURVV WI

HW DO JUIPHUHW DO *URVV HWDO +RZDUG HW DC
OF1IDPHHHWDO "HVWEURRNHWDO <DRHWDO =
ZKHQ FRIQLWLYH HIITRUW HVWEURRNHWDO RUDFTXLVLYV

GULYHYDOXDWLRQ RUFKRLFH

2ZWKHU OLQHV RIUHVHDUFK KRZHYHU FKDOOHQJHG WKLV LGHD
DIlIHFWHG E\LUUHOHYDQWDOWHUQDWLYHYV DQG WKHUDQJH RI
FRXQWHU WR WKH SUHGLFWLRQV RIFRPPRQ FXUUHQF\ DFFF
LPSRUWDQW IRUYDOXHHQFRGLQJ DVLOOXVWUDWHG LQ VHYHL
UHYLHZ VHH -XHFKHPV 6XPPHUILHOG @ ,QWHUQDO VWDW
DQGDOVRDIIHFW YDOXHVLQ WKHEUDLQ > SDVWRU %YHUQLHU H'
ZLWK WKHREVHUYDWLRQ WKDW GHVLUDELOLW\DQG QHXUDO YL
KDPPHULVEHWWHU WKDQ DVSRRQLI\RXZDQW WR GULYHD QDL
\RXZDQW WR HDW VRXS &DVWHIJQHWWL HW DO (OOLRWW :L
ORQHWD HW DO =KRXHWDO 6RPHHYLGHQFHDOV
LOQYROYHG LQRSWLPL]JLQJRWKHUREMHFWLYHIXQFWLRQV 'HFL
203)& ILULQJ VXJIJHVWLQJWKDW WKLV UHJLRQ PLJKW VXSSRUW
'HODUWLQR HW DO *KHUPDQ 3KLOLDVWLGHYV /HEU
LVRUWKRIJRQDO WR H[SHFWHG YDOXHV 6KDSLUR *UDIWRQ

&RQWH[W PDWWHUV KRZWDVNV VKDSHFKRLFHDQG QHXUDO YD

OXFKZRUNKDV KLJKOLJKWHG FRQWH[W GHSHQGHQF\RIGHFLVL
IRUHPHQWLRQHG FKDOOHQJHV WR FRPPRQ FXUUHQF\LGHDV VF
6 XPPHUILHOG .QXGVHQ :DOOLV OLOOHU HW DO 31
'"HFLVLRQV PDGHDFURVV FRQWH[WYV IRULQVWDQFH FDQ V\VWH
PD[LPLIDWLRQ %DYDUG 3DOPLQWHUL %DYDUG HW DO
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YJLIXUH
9DOXHVDQG WDVNVWDWHVY LQ RUELWRIURQW DPALGH BHIQMURE N & EVQ 8B Q RIIU
EUDLQ 01, WHPSODWH RYHUODLG ZLWK PHGLDO SUHIURQWDO UHJLRQV LGH ¢

105, HISHULPHQWY %DUWUD HW DO LQRUDQJH 7KLV UHJLRQ RYHUODS)
ZKHUHUHSUHVHQWDWLRQVRI SDUWLDOO\ REVHUYDEOH VWDWHYVY ZHUH
UHSRUWHG LQ ORQHWD HW DO ZKHUH YDOXH DQG VW B\WIHOXH S\ULHDAM IQRN))

RIKRZ WDVN VWDWHY LQIOXHQFH RSWLRQ YDOXHVY 7DVN VWDWHV UHIOHFW
WKDWDUH SUHGLFWLYHRIIXWXUH RXWFRPHVY 7KHFRPSXWDWLRQRIWDVN YV
ZKLFKVXSSO\WHQVRU\SURFHVVLQJ PHPRU\IXQFWLRQ DQGDFFHVVWRLQW
7KLVLQIRUPDWLRQ VHUYHVY WR PDS RSWLRQVRQWR WKH YDOXHV WKH\KDYH
WR KDYH GLITHUHQW YDOXHV LQ GLITHUHQW FRQWH[WYV ,PDJHV RIVXLWFDVH
XQGHU && %< DQG :LNLPHGLD &RPPRQV /LFHQVHG XQGHU && %< UHVS)

SDOPLQWHUL HW DO ,QRQHVWXG\ SDUWLFLSDQWYV ZHUH
UDQJLQJHLWKHU IURP WR SRLQWV RUIURP WR SRLQWYV ¢
WR SLFN RSWLRQVDFURVV VHWYV SDUWLFLSDQWY FKRVHEDVHCGC
DEVROXWHYDOXHY PDNLQJVHHPLQJO\LUUDWLRQDO GHFLVLR
ZLWKLQHDFKFRQWH[W 6LPLODUO\ VLQJOHFHOO UHFRUGLQJV
DUHQRUPDOL]JHG E\WKHUDQJHRIWKHFXUUHQW FRQWH[W &RQ
3DGRD 6FKLRSSD LQOLQH ZLWK KXPDQ I05,ILQGLQJV 1HO
=LPPHUPDQQ HW DO , QWHUHVWLQJO\ YDOXHUDQJHDGD:
GXULQJIRUFHG FKRLFHV VXJIJHVWLQJWKDW WKLV IRUP RI FRQV



67$7(6 9%$/8(6$1'*2%$/6,1&2*1,7,9(0$36

<DPDGD HW DO

2QHRIRXUUHFHQW VWXGLHVY KDV SURYLGHG DGGLWLRQDO LQV
YDOXHVLIQDOVLQYP3)& ORQHWD HW DO SDUWLFLSDQWYV
FRORUVDQG IRXUPRYHPHQWGLUHFWLRQV ZKLOH XQGHUJRLQJ
FKRLFHEHWZHHQ WZR PRYLQJDQG FRORUHG VWLPXOL EDVHGF
PRWLRQ GLUHFWLRQ EXWQRWERWK IHDWXUHUHOHYDQFH ZD°
WULDOV VHH)LJ D 6WDQGDUGDQDO\VHV FRQILUPHG WKDW
IRQHWKHOHVV XVLQJRQO\YDOXH UHVSRQVLYH YR[HOV FXUUI
DOWKRXJK FRQWH[WYV ZHUH PDWFKHG LQ YDOXH )LJ % 7ZR N
YDOXHDQG FRQWH[WZHUHUHODWHG L H VWURQJHU FRQWHI[W
ZLWKLQ SDUWLFLSDQWYV )LJ & DVZHOODVZLWK WKHGHJUHI
LUUHOHYDQW FRQWH[W )LJ G ORUHRYHU WKHVHWZRHIIHF\
EHWZHHQ YP3)& FRQWH[WDQG YDOXHVLJQDOV ZDV OLQNHG WR
EHKDYLRU )LJ ( SRQWH[W WKXV VHHPHG WR FR H[LVW ZLWK D
GHWHUPLQHG ZKLFK YDOXHV LQIOXHQFHG EHKDYLRU 6HFRQG

LQIOXHQFHG E\WKHLUUHOHYDQW IHDWXUH ZLWK WKH KLJKHVW
RSWLRQ 7KLV LPSOLHV DK\SRWKHWLFDO FDOFXODWLRQ RIWKF
DOWHUQDWLYHFRQWH[W DQG SRVVLEO\DQRWKHU FKRLFH )LJ
YP3)& FDOFXODWHG WKHYDOXHV RIHDFK FRQWH[W ZKLFK WKH(¢
FRQWH[W VLIQDOV PRGXODWHG ZKLFK YDOXH VLJQDO GRPLQDW
DERYH PHQWLRQHG K\SRWKHWLFDO YDOXH )LJ & +HQFH WD
DFWLRQV RUJDQL]JHG YDOXHUHSUHVHQWDWLRQV DQG FKRLFH\
YP3)&8 YDOXH VLIJQDOVWRUHIOHFW SRVVLEOH IXWXUHJRDOV LC

7TKDW YP3)& UHSUHVHQWDWLRQV RIFRQWH[WV DQG YDOXHV LQV
ZLWKHYLGHQFHIRUFRQWH[W VLIJQDOVDORQJVLGH YDOXHV LQ
HW DO J)DURYLN HW DO = =KDQJHWDO EXWDOVI
GHPRQVWUDWLQJDQLQWULFDWHLQWHUSOD\RIYDOXHDQG FR
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JLIXUH
,QWHUOLQNHG YP3)& UHSUHVHQWDWLRQV BRFKBFNWWDIL\GB RQ\G BDS\HRQHG W
SDUDGLJP LQ ORQHWD HW DO $IWHU OHDUQLQJ WR DVVRFLDWH UHZD

SDUWLFLSDQWY PDGH FKRLFHV EHWZHHQ WZR FRORU PRWLRQ VWLPXOL %H
UHZDUGV ZHUH GHSHQGHQW RQ FRORU RU GLUHFWLRQ KHUH FRORU 7KHt
RIWKHFXHG IHDWXUHV KHUH 2Q FRQJUXHQW WULDOV FKRRVLQJWKH P|
PRVW UHZDUGLQJ XQFXHG IHDWXUH RQ LQFRQJUXHQW WULDOV WKH UHYHL
HDFK FKRLFHRQO\GHSHQGHG RQ WK #b 31D BWAHIUHY FRO DWKH. FLXHHUG/ FZRIQUW B WD L Q +
HLWKHU GLVWLQJXLVK EHWZHHQ GLIIHUHQW YDOXHY LUUHVSHFWLYH RI FR
LV LQGLFDWHGELQI9HFWEBG YDOXH DQG FRQWH[W FRXOG ERWK EH GHFRGHG |
ZDV GHILQHG EDVHG RQ YDOXH RQO\ PDLQ HIIHFW QRW VKRZQ ORUHRYHU
DQRWKHU D VWURQJHU FRQWH[W VLJQDO [ D[LV DFFRPSDQLHG D VWURGQJH
HITHFWV PRGHOV WHVWLQJ WKH DVVRFLDWLRQ EHWZEBH® H{SSF QWG X DK M
RQLQFRQJUXHQW FRPSDUHG WR FRQJUXHQW WULDOV L H ZKHQ WKH FRQW
WKDW DOWHUQDWLYH FRQW3] WW QF OSBIQWN & ER KB RIZRIG D ZHDNHU UHODWLF
YDOXHUHSUHVHQWDWLRQVLQYP3)& \ D[LV SDQHOF DOVRVKRZHG D VWUR
FRQJUXHQF\HIIHFW [ D[LV SDQHO G 30RW VKRZV WKH FRUUHODWLRQ RI\
\ D[LV ZLWK WKH FRQJUXHQF\HIIHFWLQ UHDFWLRQ WLPHV [ D[LV 3DQHOV
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YLIXUH
&RQWH[W HQFRGLQJ PRGXODWHYV LBFKHEBWLEW O OOXW WDWQRQW ISWKH H[SH
ORQHWD HW DO 3DUWLFLSDQWY PDGH FKRLFHVEHWZHHQ WZR FRORU F

RQPRWLRQ 5HZDUGZDVRQO\SUHGLFWHG E\WKHFXHGFRQWH[W KHUH FRO
WR WKH FXHG GLPHQVLRQLVRQ WKHULJKW GHQRWHG H[SHFWHG YDOXH Zk
LIQRUHFRQWH[WLVRQWKHOHIW PDNLQJWKLVWULDOLQFRQJUXHQW 7KXV
QXPEHURISRLQWYVY WKDWZRXOGKDYHEHHQREWDLQHGLQWKHDOWHUQDWLY
ROQHWSOWHUQDWLYH H[SHFWHG YDOXHLQIOXHQFHG EHKDYLRU EXW RQO\ L
LUUHOHYDQW YDOXHVY OHG WR IDVWHU UHDFWLRQ WLPHV LQ FRQJUXHQW W/
wuLDOV EURZQ 1RWHWKDWRQLQFRQJUXHQW WULDOV WKHLUUHOHYDQMW
FI SDQHOSBHODWLRQVKLS EHWZHHQ QHXUDO VLJQDOV IRU H[SHFWHG YDO
H[SHFWHG YDOXH [ D[LV VHSDUDWHO\IRU WULDOV LQ ZKLFK WKH FRQWHI\
UHSUHVHQWDWLRQ RI ERWK H[SHFWHG YDOXHVY VWHPPLQJIURP WKH UHOHY
+RZHYHU WKLVQHIJDWLYHUHODWLRQZDVPRGXODWHGE\WKHFRQWH[W VLJ(
RI WKH LUUHOHYDQW YDOXHV RQ WKH YP3)& VLIJIQDO ZDV UHGXFHG DNLQ W
VLIQDOV 6KRZQ UHODWLRQVKLSV UHIOHFWV PL[HG HIIHFWV PRGHO WHVWL
DOQGDOWHUQDWLYHH[SHFWHG YDOXH GHFRGLQJ

JURP &RQWH[W WR 7DVN6WDWHYVY KRZFRJQLWLYHPDSV LQIOXH!

7KHFRQWH[W VHQVLWLYLW\RIYDOXHVLIJQDOVLQ WKHEUDLQF
EHKDYLRU QHHGV WR UHIOHFW KRZ JRDOV DQG FRQWH[WV LQIO>
VKRXOG fFRQWH[WY EH GHILQHG" 2QH SHUVSHFWLYH DOEHLW C
OHDUQLQJ 5/ WKHRU\ 6XWWRQ %DUWR ZKLFK IRUPDOL]F
PD[LPL]LQJEHKDYLRU IURP WULDO E\ WULDO IHHGEDFN 7KH VL
KDQGFUDIWHG LQIRUPDWLRQ DERXW WKH FXUUHQW 3VWDWH" R
KDYHWREHGLUHFWO\REVHUYDEOHEXW FDQ IRULQVWDQFH EH
5/ PRGHOV DFWLYDWH WKH ZURQJ VWDWH WKH\ ZLOO DOVR UHW
UHZDUG OHDUQLQJLVDOZD\V FRQWLQJHQW RQ FXUUHQW VWDW
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SHUVSHFWLYHDJUHHV ZLWK RWKHU WKHRULHV WKDW YDOXHV D
LQFRPPHQVXUDEOH RSWLRQV LW VXJIJHVWV WKDW UHOHYDQW \
OHYHO RIVSHFLILFLW\WKDW KDV EHHQ GH HPSKDVL]HG LQ SDU\
7KHDIRUHPHQWLRQHG ILQGLQJV RIFRQWH[W VLIQDOV WKDW Ut
HW DO &URPZHOO HW DO )DURYLN HW DO BFKXFEN
DQG WKHLU FORVH FRQQHFWLRQ WR YDOXH VLJQDOV LQ WKH VD]
SHUVSHFWLYH

:KDWDUH VWDWHYVY VSHFLILFDOO\" )LUVW 5/ DFFRXQWY HPSKD\
LQIRUPDWLRQ WKDW LV QHHGHG WR SUHGLFW IXWXUHUHZDUG
VXQLVVKLOQLQJRUQRW EXWLWFDQDOVREHVRPHWKLQJWKD
PXFKWLPHKDV SDVVHG 7KHVHFRQG PDMRUDVSHFW LV WKDW
FRIQLWLYH PDS WKDW VSHFLILHVWUDQVLWLRQV EHWZHHQ WK
LVFRUHWRS5/DSSURDFKHVY WKDW SURYLGHDGGLWLRQDO IOH][L
VXFFHVVRUUHSUHVHQWDWLRQV 6WDFKHQIHOG HW DO RU U
EHORZ ,QVXP WKH5/SHUVSHFWLYH WKHUHIRUHHPSKDVL]HV!
SUHGLFWLYHQHVV DV GHILQLQJIHDWXUHV RI FRQWH[W %RWKLEL
UHSUHVHQWDWLRQV LQ203)& %UDGILHOG +DUW 1LY €
DVZHOODVRQ2)&UROHLQJHQHUDOL]DWLRQDQGLQIHUHQ
6KLHWDO ORUHEURDGO\ LWFDQDOVRH[SODLQ WKH
VLIQDOVLQ203)&LQ FDVHV ZKHUH YDOXHV GHSHQG RQJRDO FR
HW DO *UXHVFKRZ HW DO +DUHHWDO ORQHWD H\

$GRSWLQJ WKLV SHUVSHFWLYH RQHVWXG\VKRZHG WKDW 2)& O
GRSDPLQHILULQJLQOLQH ZLWK SUHGLFWLRQVIURPDQDFFRXC
ODWHQW WDVN VWDWHY WKDWDUHLQGHSHQGHQW IURP VHQVRI
:LOVRQHWDO $105, VWXG\LQ KXPDQV DOVRIRXQG WKDW
GHFRGHG IURP PHGLDO 2)& 6FKXFNHWDO LQOLQH ZLWKEL
+DUW &KDQHWDO &RVWD HW DO (OOLRWW :LPPF
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HW DO ORQHWD HW DO OXKOH .DUEHHW DO =KRX
PD\LQIHU ODWHQW VWDWHYVY WKDWDUH QHHGHG WR UHWULHYH I
WKHVDPHFKRLFHVY OHDG WR GLITHUHQW RXWFRPHV JLYHQ SDUYV
VXIJIHVW WKDW 2)& UHSUHVHQWY WDVN VWUXFWXUHV DQG UXOF
HW DO 6FKXFNHWDO =KRXHWDO DNLQ WR 3VFK
203)& WRR %HLQ 1LY *LOERD ODUODWWH 2)& UHSUH
VLPLODU ZKHQ WKH VDPH WDVN LV GRQHZLWKDQG ZLWKRXW UH
VWLPXOXV VWLPXOXV DVVRFLDWLRQV 6DGDFFD HW DO DI
+RQ]JLN D WKDW HPSKDVL]HKRZVWLPXOXV VWLPXOXV OHDU
FDQ EH XVHG IRUODWHU UHZDUG WDVNV 7KLV VXJIJHVWYVY WKDW
FRIQLWLYHPDS WKDW JXLGHVY GHFLVLRQV %HKUHQV HW DO
IXQFWLRQ WKDW LV OLNHO\WRRFFXULQFORVHFRQQHFWLRQ Z
GLVFXVVLRQ DQGF I *DUYHUW HW DO .DSODQHW DO
':LNHQKHLVHU HW DO

, QVXP DVWDWHUHSUHVHQWDWLRQ SHUVSHFWLYHHQYLVDJHV
FDQEHIOH[LEO\SURMHFWHG RQWR GLITHUHQW H[SHFWHG YDO X
LQIOXHQFHV KRZGHVLUDEOHDQRSWLRQLYVY 6WDWHV DOVR VXS
FRIQLWLYHPDS WKDW IDFLOLWDWHYVY JHQHUDOL]DWLRQDQG SO
FRPSOH[WHPSRUDO VWUXFWXUH VHHH J (SSLQJHUHWDO

KLOHWKHHYLGHQFH GLVFXVVHG DERYH JHQHUDOO\VXSSRUW\
20HQRWDEOHGHYLDWLRQLV WKDW 203)& VI\VWHPDWLFDOO\ UH
HYHQ3LUUHOHYDQW  YDOXHV tDILQGLQJWKDW ZH GLVFXVV LQ
ZKLFKQRQ YDOXH  TXDQWLWLHV DUHRSWLPL]HG VXFKDV GLVW
WKH SUHGLFWLYHQHVV RI203)&VLIQDOV ZLOO QRW UHIHU WR IX
)LQDOO\ ZHDFNQRZOHGJH WKDW ZKLOH VRPH KDYH SUHVHQWH
HYLGHQFH WKDW FRQWH[WDQG FRJQLWLYHPDSV FDQ EH XQGHU
HJ 6WDFKHQIHOG HW DO "KLWWLQIJWRQ HW DO I XUV
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%R
$PDMRUUROHRIVWDWHUHSUHVHQWDWLRQV LV WR GH
LQDJLYHQFRQWH[W 6WDWHUHSUHVHQWDWLRQV KDY
HW DO
ORUHRYHU 203)& DEFWLYLW\FRPSUHVVHV LQSXWYV
LW]HW DO ODFNHW DO OXKOH .DUEHHW DO
UHZDUG SUHGLFWLYHUHODWLRQDO PDSV *DUYHUW H

QHWZRUNYV DOWKRXJKFRQWLQIJHQWRQIDFWRUV VXFK
7KLV UDLVHV Y\

LQLWLDOL]DWLRQ )OHVFK HW DO
LH LI203)&VWLOOPDLQWDLQV VRPHUHSUHVHQWDWL
LUUHOHYDQW YDOXHYV

, QD VWXG\DGGUHVVLQJ WKHILUVW TXHVWLRQ SDUWI

WZR VWLPXOXV IHDWXUHV EXW ODWHU XQEHNQRZQV
VXGGHQO\EHFDPH WDVN UHOHYDQW 6FKXFN HW DO

UHOHYDQFH +*HYHQ ZKHQ WKLV ZDV QHYHU QHHGHG WR

05, UHVXOWV VKRZHG LUUHOHYDQW LQIRUPDWLRQ SUR
FKDQJHG FKRLFHV WR WDS LQWR FKDQJHG UHOHYDOQF

GHPRQVWUDWH WKDW UHJXODUL]J]HG JDWLQJ FDQ OHDG
ZKLFKFDQEHDFFHVVHGUDSLGO\LIQHHGHG DQG OHDG
VZLWFKHVDVWKRVHREVHUYHGLQKXPDQV /RHZHHW D

WKLV LGHD VRPHVWXGLHVY KDYHVKRZQ WKDW WDVN L

H\HILHOGV LQ PRQNH\VDQG PRWRUFRUWH[LQ KXPDQV

.l VRPH UHSUHVHQWDWLRQ RI WDVN LUUHOHYDQW LOQ
LU UHOHDYOXIVQ\ 105, VWXGLHY UHSRUWHG WDVN UHOH Y
YDULDWHHYLGHQFHRIWDVN LUUHOHYDQW YDOXHV KO
*UXHVFKRZHW DO +DUHHWDO EXW VHH
$ + +DUYH\HW DO JHEUHWRQ HW DO JHY\
YDOXH OLNH VLJQDOV@ +RZHYHU XVLQJPXOWLYDUL
WKDW VXFK WDVN LUUHOHYDQW YDOXHV GRH[LVWLQ Y
DQG QRQ YDOXH UHSUHVHQWDWLRQV DQG LQIOXHQFH
WKDW PXOWLYDULDWH 105, PHWKRGV DUH EHWWHU VXL

*(

SHSUHVHQWDWLRQDQG FRPSUHVVLRQ RI WDVN 1|

ZKHUH OHVLRQV KLQGHU WKH DELOLW\ WR

[ UUHOHY
ILQH ZKL
HEHHQ O
LIQRUH
WR IRF X’
DQG
W DO
DV DFWL
NKH TXH)
RQRI 1

 FLSDQW
W WR SD
6RP
 FRPSOH
FHVVLQJ
H 1HXUI
, WR SUH
V WR VLF
o) /|
UUHOHY
ODQWH
IRUPDWI
‘'DQW YD
)V EHHQ |
SELWER(
DLPFKHU
DWH PHW
P3)& OR(
i EHKDYL
WHG WR

$FRPSOH[DQG YHUVDWLOHFRGHLQ 203)&

TKHHYLGHQFHUHYLHZHG VR IDU VXJJHVWYVY WKDW YDOXHV DUH <

PXOWLSOH GLPHQVLRQVUHODWHG WR FKRLFH YDOXHYV

SDUWL
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YDOXHV &RQHQ 3DGRD 6FKLRSSD ORQHWD HW DO 3D«
HW DO :LOVRQ HW DO (OHFWURSK\VLRORJLFDO VWXG
GLYHUVHLQIRUPDWLRQ HQFRGLQJLQ 2)& )DURYLNHW DO
LQVWDQFH QHXURQVLQ203)& HQFRGH VXPPDU\VWDWLVWLFV R
DQG RXWFRPHV RUWKHORFDWLRQRIWKHFXUUHQWO\DWWHQC
VWXGLHV KDYHDOVR VKRZQ WKDW WKH VDPH QHXURQV LQ 2)& R
SKHQRPHQRQNQRZQDV PL[HG VHOHFWLYLW\ 5LJRWWLHW DO
PRQNH\V SHUIRUPLQJD FKRLFHEHWZHHQ RSWLRQV FKDUDFWH L
MXLFHUHZDUG 7KHDXWKRUV UHSRUWHG WKDW PRVW QHXURQ\
SUREDELOLW\DQGIODYRU 6WROO 5XGHEHFN $QRWKHU V
PDFDTXH 2)& FDQ UHSUHVHQW ERWK VSDWLDO DQG UHZDUG LQIF
<RRHW DO $OWKRXJK GLITHUHQW YDULDEOHV FDQ EH HQF
RUYR[HOV ORQHWD HW DO PHUHO\UHSUHVHQWLQJ GL
WKH\DUH LQWHJUDWHG 3HUKDSV WKH PRVW GLUHFW HYLGHQF|
HW DO VHHDERYH ZKHUHFRQWH[W VLJQDO VWUHQJWK FR
EHKDYLRUDO PDUNHUV RUFRQWH[W DGDSWLYHEHKDYLRU

7TKLVOLQHRIHYLGHQFHUDLVHV D PDMRU FRQXQGUXP +RZFDQ
PXOWLSOH[HV PDQ\WDVN YDULDEOHV ZLWK UHZDUG H[SHFWDW
JHQHUDOL]DEOH FRQWHQW LQGHSHQGHQW YDOXHUHSUHVHQV
EHWKDW RQDSRSXODWLRQ OHYHO QHXURQV ZLWKPL[HG VHO|
UHSUHVHQWDWLRQLQ ZKLFK PRVWO\RUWKRJRQDO SODQHV UHI
7KLV PHDQV WKDW GRZQVWUHDP QHXURQV FDQ HDVLO\UHDG\ R’
,QGHHG LQ 6WROO 5XGHEHFN WKH VXEVSDFHV RI SRSXOD
SUREDELOLW\DQGIODYRUDQG ZHUH PLQLPDOO\GHSHQGHQW |
PLIHG VHOHFWLYLW\LVY QRW XQLTXH WR 203)&DQG SUHYDOHQW
HW DO 7\HHW DO 7KLV VXJIJHVWV WKDW PL[HG VHOHF
KLJK RUGHUDQG IOH[LEOH FRIJQLWLRQ WKDW JRHV EH\RQG WKH
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$QRWKHU QRW H[FOXVLYH SRVVLELOLW\LV WKDW JRDO LQGHS
FRPSXWDWLRQDO VWDJH ZKHQ VWDWH GHSHQGHQW YDOXHV WL
,Q VXSSRUW RI WKLV LGHD LW KDV EHHQ VKRZQ WKDW ZKLOH WK
LQYROYHG LQHYDOXDWLRQDQG VHOHFWLRQ GXULQJYDOXH JX
GLIIHUHQW SKDVHVY OLHRQ DOPRVW RUWKRJRQDO VXEVSDFHYV
H[SHFWHG YDOXHV LQ 203)& DULVH RQO\ ZKHQ WKH WDVN UHTXL!
EXW VHH /HEUHWRQ HW DO @ ZLWKRXW HQFRGLQJPR
.QXGVHQ :DOOLYV ORQHWD HW DO 3DGRD 6FKLRSSD $

$QHXUDO QHWZRUN SHUVSHFWLYHRQ YDOXHDQG VWDWH UHSU

$VUHYLHZHG DERYH 203)& GRHV QRW DSSHDU WR EHH[FOXVLYF
RURQO\WDVN VWDWHV %XWFDQDQH[FOXVLYHIRFXV RQ XQLY
HYHQEHH[SHFWHG IURPD FRPSOH[FRPSXWDWLRQDO V\VWHP O
WKLV TXHVWLRQLVWRVWXG\GHHS 5/ PRGHOV ZKLFKUHIOHFW
QHWZRUNV %RWYLQLFNHWDO ,QDGGLWLRQWREHLQJ SF
OQLKHWDO 6LOYHUHWDO RUFRQWURO VHOI GULYL
PRGHOV FDQ EH XVHIXO IRU QHXURVFLHQWLILFUHVHDUFK RI OH

'HHS 5/ PRGHOVY{DGYDQWDJHRYHU FODVVLF5/LVWKHLUDELOL
HQYLURQPHQWY E\OHDUQLQJWDVN VSHFLILFUHSUHVHQWDWL
RXWSXW &ODVVLF5/PRGHOVGLUHFWO\UHFHLYHLQIRUPDWLR
GLVFUHWH VWDWHYV VXFKDV WKHLU SRVLWLRQLQDQDUWLILFL
PRGHOV E\FRQWUDVW FDQ OHDUQ GLUHFWO\IURP D KLJK GLP}
GHVFULSWLRQ HJ SHUFHLYHG GLVWDQFH WR WKH ZDOO E\UH
WRIRUP WDVN DSSURSULDWH ORZHU GLPHQVLRQDO UHSUHVHQ
)LJ &ULWLFDOO\ WKHVHHPHUJHQW UHSUHVHQWDWLRQV DL
QHWZRUNTV REMHFWLYH IXQFWLRQ ZKLFKIRUGHHSS5/LV W\SLF
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RUSROLF\IXQFWLRQ HJ +HHVVHWDO OHKWD HW DO
HQG XS KDYLQJPDQ\IHDWXUHV RI SDUWLDOO\ REVHUYDEOH W
UHZDUG IRFXVHG REMHFWLYH IXQFWLRQ WKHUHIRUH GRHV QRW
WR WDVN DSSURSULDWHDEVWUDFWLRQV RIWKHVHQVRU\LQSX

YLIXUH

BULQFLSOHV RIGHHS 5/ PRGHOV DQG HPHUJHQW UHSHENH QW B RKHRRY R IQDOEH
5/PRGHO +LJK GLPHQVLRQDOLQSXWV HJ WKRXVDQGVRISL[HOV DUH ILU\
DNLQWR VHQVRU\SURFHVVLQJ XVXDOO\IROORZHGE\QRQ FRQYROXWLRQI
E\ WKH \HOORZ RUDQJH DUURZ $GGLQJ UHFXUUHQF\ WR WKH QHWZRUN JL
ZLWK SUHVHQW REVHUYDWLRQV IRUUHSUHVHQWLQJ SDUWLDOO\ REVHUYDE
DV '41V WKH RXWSXW QRGHV DUH WUDLQHG WR DSSUR[LPDWH WKH H[SHFWH
RXWSXW QRGHV DUH WUDLQHG WR UHIOHFW DFWLRQ SUREDEL®EWRHY VRPF
&ULWRRFH DQ DFWLRQ LV FKRVHQ DQG UHZDUGHG WKH HUURU LV XVHG WR X
IRUPLQJKLGGHQ UHSUHVHQWDWLRQV :KLOHWKHOHDUQLQJSURFHVVLVIRF
SUREDELOLW\HVWLPDWHY LWDOVRVKDSHY WKHUHSUHVHQWDWLRQV LQ W|
WDVNDQG YDOXHUHOHYDQW YDULDEOHV WKDW UHSUHVHQAM M FRRSDWWRZ R U
H[HPSOLI\LQJ WKH IRUPDWLRQ RI KLGGHQ WDVN UHSUHVHQWDWLRQV LQ ODV
YDOXH ZLWK QRQ YDOXH WDVN YDULDEOHY 7KHD[HV UHIOHFW UHGXFHG GLP
SULQFLSDOFRPSRQHQWDQDO\VLVRURWKHUGLPHQVLRQDOLW\UHGXFWLRQ
WKHLQSXWDQG WKHQHWZRUNQHHGV WRLQIHUFRQWH[WV RIWHQ EDVHG RC
DVLVWKHFDVHLQ SDUWLDOO\ REVHUYHG WDVNV
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%HFDXVHRIWKHLU GHQVHO\FRQQHFWHG PXOWL OD\HU DUFKLYV
GLIIHUHQWO\ 6WDQGDUG PRGHOV RQO\XSGDWH WKH FXUUHQW
LQ GHHS 5/ PRGHOV LQSXW DQG RXWSXW DUHFRQQHEWHG YLD P
IHDWXUH PL[HG VHOHFWLYLW\ 'DEQH\HW DO 6RQJHW DO
HW DO VLPLODU WR ZKDW KDV EHHQ REVHUYHG LQ WKH 203
ZHLJKW XSGDWH ZLOO WKHUHIRUH DIIHEW PDQ\UHSUHVHQWDW
RQHVWDWH )LJ E

9DOXHDQG VWDWHUHSUHVHQWDWLRQVLQGHHS5/PRGHOV

8VLQJWKH SULQFLSOHV RXWOLQHG DERYH GHHS 5/ PRGHOV VR
PXOWLSOH OD\HUV RIUHSUHVHQWDWLRQV ZLWKDQ LQFUHDVLC
PDMRU TXHVWLRQ LV ZKDW FKDUDFWHUL]HY ODWH OD\HU UHSU}
DZD\IURP WKH GHFLVLRQ RXWSXW DQG ZKHWKHU WKHLU IHDW X
203)& 2QH QRWDEOH SDSHU KDV VKRZQ WKDW D UHFXUUHQW GH
DVSHEFWV RI2)& IXQFWLRQ DQG PLJKW UHFRQFLOH YDOXHDQG \
3HVVLJOLRQH 'DXQL]JHDX 2WKHU HYLGHQFH IURP QHXUDC
OD\HUUHSUHVHQWDWLRQV DUH QRW PHUHO\ VRUWHG E\ WKH YD
VWXG\ O0QLKHW DO DGHHS 4 QHWZRUN '41 DIRUP RIGHHS
YDULRXV $WDUL JDPHV 9LVXDOO\LQYHVWLJDWLQJWKH'417V O
GLIIHUHQW LQSXW IUDPHV ZHUH QRW XQLIRUPO\VRUWHG E\ WKF
5DWKHU YDOXHOHG WR VRPHFOXVWHULQJ EXW RWKHU IDFWR
ZHUH UHIOHFWHG WRR $ VXEVHTXHQW VWXG\ &URVV HW DO
UHSUHVHQWDWLRQV LQ ODWH OD\HUV RI WKH VDPH '41 L H WKH
KDQG FUDIWHG JHRPHWU\ ZKLFK UHWDLQV DEVWUDFW LQIRUPD
SRVLWLRQ RUWKHSRVLWLRQRIWKHWZR SDGGOHYV LQ WKH JDF
UHPLQLVFHQW RIWKHWDVN VWDWHY GLVFXVVHG DERYH &RXQ\
QROLQN ZDV IRXQG EHWZHHQ WKHVH UHSUHVHQWDWLRQV I

2ZWKHU ZRUN KDV XVHG HQFRGLQJPRGHOV WR DVN ZKHWKHU KLC
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FRQFHSWV 2QH VWXG\ OF*UDWK HW DO GHPRQVWUDWHG V
FKHVV $O0SKD=HUR 6LOYHUHWDO DOQGIRXQG ODWH KLGC
FRQFHSWV RWKHU WKDQ WKH H[SHFWHG YDOXH RIWKHFXUUHQV
FKHFN RUZKHWKHU WKHRSSRQHQW FDQ FDSWXUH WKH TXHHQ
GHHS 5/ PRGHOV SRUWUD\V D VLPLODU SLFWXUH ,QDGHHSV5/PF
WDVN DUHFHQW VWXG\ 6XKDLPLHWDO IRXQG WKDW JRRC
HPHUJHQFH RIYDOXH VHOHFWLYH XQLWYV %XW WKHVH XQLWYV P!
DQG XQLWYV QRW UHODWHG WR YDOXH ZHUHDOVR KLIJKO\ FRUUH:
DOWKRXJK WKLV DQDO\VLVY ZDV SHUIRUPHG RQ XQLWYV WDNHQ I1
HIFOXVLYHWR WKHODWHOD\HUV

6LPLODU REVHUYDWLRQV KDYHEHHQ PDGH IRU GLITHUHQW GHH¢
GHFLVLRQ QHWZRUNRIDQ DFWRU FULWLF EDVHG UHFXUUHQW &
WR FRPELQDWLRQV RIWDVN FRQGLWLRQV VXFKDV FRQWH[W DC

2WKHU ZRUN RQ UHFXUUHQW 5/ PRGHOV KDV VKRZQ WKDW K
VWUXFWXUH E\UHWDLQLQJLQIRUPDWLRQ DERXW UHFHQW FKRL
- : :DQJHWDO = =KDQJHW DO $QRWKHU OLQH RI1 ZR!
LPSRUWDQFHRIQRQ YDOXHUHSUHVHQWDWLRQV PRUH EURDGO
RQKLGGHQ UHSUHVHQWDWLRQV WKDQ D UHZDUG PD[LPL]DWLRC
HW DO /JHVRUW HW DO 8QVXSHUYLVHG SUHWUDLQLQJ
VSHHG XS ODWHU WU DREN BB & L WH+DWRBIRQBEODNKXWGLQRY
DGGLWLRQ PD[LPL]LQJPXWXDO LQIRUPDWLRQ EHWZHHQ KLGG
DGMDFHQW LQ WLPHDQG VSDFHFDQHQDEOH EHWWHU DEVWUDF
HW DO )XUWKHU D GHHS 5/ DUFKLWHFWXUH FDQ EHQHILW
UHSUHVHQWDWLRQV SULRU WR OHDUQLQJ %DQLQRHW DO
BWDFKHQIHOG

,QVXP ZHDUJXH WKDW WKHODWHOD\HUV RIGHHS 5/ QHWZRUN\\
FRPSXWDWLRQDO UROHRI1203)& 7KLV UROHFRQVLVWV LQ XVLQ
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PLIHG VHOHFWLYLW\FRGHLQD ZD\WKDW HPSKDVL]HV RXWFRPF
UHSUHVHQWDWLRQV 7KLV SURFHVV GHSHQGV FULWLFDOO\RQ |
LQVWDQFH SURYLGHDSSURSULDWHO\ SURFHVVHG VHQVRU\ LQI
3HUKDSV WKHELJJHVW FKDOOHQJHWR WKLV LGHD LV WKDW VW)
5/PRGHOVDQG 203)&VLIJQDOVDUHODUJHO\ODFNLQJ DQGDYDI
JXWXUH H[SHULPHQWY VKRXOG WHVW WKHH[WHQW WR ZKLFK GH
203)& VLIQDOV

%H\RQG VWDQGDUG GHHS 5/ IOH[LELOLW\WKURXJKORQJ WHUP
PRGHO EDVHG 5/

,1203)& VLIQDOV UHIOHFW FRPSXWDWLRQV DNLQ WR ODWH OD\H
DFFRXQW IRUYDOXHRUOLNLQJVLJQDOVLQ?203)& WKDW REFXU
$ SRWHQWLDO H[SODQDWLRQ LV WKDW RQFH YDOXH LQIRUPDWL
IRRG LWHPV WKHLQIRUPDWLRQFDQEHUHLQVWDQWLDWHG LQ
VWLPXOLDUH SUHVHQWHG 7KLV UHLQVWDWHPHQW LV DOVR FU
UHYLVLWHG DQGHYHQFDQRFFXUVSRQWDQHRXVO\LQ WKH DE\

7TKHLPSRUWDQFH RIITOH[LEOHDFFHVV WR ORQJWHUP PHPRU\ KI
ODERUDWRU\WDVNV FDSWXUH3LVRODWHG  OHDUQLQJ SURFHV"
FRPSOHWHG DIWHUD IHZ KRXUV RIH[SHULHQFH <HW WKH SHUK
DQG KXPDQ OHDUQLQJLVWKHIOH[LELOLW\ZLWK ZKLFK VXEMHF
SUREOHPYV 6DQGEULQN 6XPPHUILHOG DQG OHDUQRYHU C
FRPPRQDOLWLHY EHWZHHQ OHDUQLQJ SUREOHPYVY /DNHHWDO

FDSWXUHV WKLV LGHD DQG FDQ PDNHGHHS5/PRGHOV PRUH IOF
PHWD 5/ XVHV D PHWD OHDUQLQJDSSURDFKLQ ZKLFKVORZ ZHL.
OHDUQLQJLQ WKHDFWLYLW\G\QDPLFVRIDUHFXUUHQW QHWZR
FDSWXUHLQVWDQFHV RIDFFHOHUDWLQJ OHDUQLQJRYHUD VHYV
HW DO 1RWDEO\ UHFHQW ILQGLQJV KDYHVKRZQ WKDW SO
DSURFHVV +DWWRULHW DO +HQFH WKHFRPELQDWLRQR
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NQRZOHGJH ZLWK WKHDIRUHPHQWLRQHG OHDUQLQJ SRZHUYV FR
PHWD OHDUQDQG LQWHJUDWH IDVW ZLWK VORZOHDUQLQJ SURI
SRWHQWLDO UHOHYDQFH IRUWKLY QRWLRQLV WKHLQWHUDFWI
LPSRUWDQW UROHRIWKHKLSSRFDPSXVLQORQJ WHUP PHPRU\
VLPLODULWLHVEHWZHHQ ERWK UHJLRQV DQG WKHLU FORVH FR
EHQRWHG WKDW WKLV LGHD VXJJHVWV D PRUHFRPSOH[GHHS 5/
YDOXHVWRUDJH VA\VWHPVY WKDW LQWHUDFW ZLWK 203)&

$ VHFRQG DSSURDFK ZLWKLQ UHLQIRUFHPHQW OHDUQLQJIUDPF
DGDSWLQJWR QHZ SUREOHPV LVPRGHO EDVHG 5/ ZKLFK OHDUQ
IURP YDOXHV 7KH FRPELQDWLRQRIYDOXHVDQGDVWDWHWUD
RQ WKH IO\ YDOXH FDOFXODWLRQV <HW PRVW GHHS 5/ PRGHO\
PRGHO IUHH L H WKH\GR QRW LQFRUSRUDWH VWUXFWXUDO NQ
LQIOH[LEOH :KHQLW FRPHVWR WKHEUDLQ RQH SRVVLELOLW\ |
RXWVLGHRIWKH 203)& EXW FDQ VWLOO LQIOXHQFH 203)& FRPS}
HW DO ,Q OLQH ZLWK WKLV LGHD SUHYLRXV ZRUN KDV IRX
SXWDWLYHPHFKDQLVP XVHG E\WKH EUDLQ WR VDPSOH IURPD P
HW DO +LVOLQNHG WR VWDWH UHSUHVHQWDWLRQV LQ WK
UROHRIKLSSRFDPSDO 2)& LQWHUDFWLRQV LQ WKH VHUYLFH RI

$I1LQDO FRQVLGHUDWLRQ FRQFHUQV WKHDYDLODELOLW\RI WD
LQ OLQH ZLWK ILQGLQJV DERXW LUUHOHYDQW VLJQDOV LQ WKH :
$ + +DUYH\HW DO ORQHWD HW DO 6EFKXFNHW DO

LV ZKHWKHU VXFK LUUHOHYDQW VLJQDOV DUHLQWHQWLRQDOO
HQYLURQPHQW ZLWK FRQVWDQWO\ FKDQJLQJFRQWH[WYV 3D IHD
PDFKLQHU\LV OLPLWHG LQ VXSSUHVVLQJWKHP IXOO\ 3D EXJ’
LQ GHHS 5/ PRGHOV WUDLQHG RQ VHYHUDO WDVNV PLIJKW KHOS +
FRXQWHUSDUWYV



67$7(6 9%$/8(6$1'*2%$/6,1&2*1,7,9(0$36

%R[ 8VLQJGHHS5/PRGHOVIRUWKHOQHXURVFLHQWLI
7KHFRUHLGHD RIGHHS 5/ PRGHOV LVWR WUDLQ D GHH §
IHHGEDFN UDWKHUWKDQ WKURXJKVXSHUYLVHG WUDL
WLRQVDVLQSXWV VXFKDVLPDJHSL[HOV DQGDUH WU
PD[LPL]JHUHZDUG ORVW GHHS 5/ PRGH O W RQR RH\XWYLIRK
WRS RI ZXOPK FRQQHPWHGF ODHNHG $ SRISH O B U WWSARD!
ZKLFK DSSUR[LPDWH WKH H[SHFWHG YDOXHV RI D VHW R
GLWLRQV WR WKLV VW D® E B U GHQNKIODW B B RAKLUGHDWIKH Q
DQG UHSOD\EXIIHUV WKDW DOORZ RIIOLQH VDPSOLQJ
'HHS 5/ PRGHOVDUHUHJDUGHG DV D XVHIXOWRROLQQH
HUWLHV ZLWK WKH EUDLQ 7KH\SURFHVV LQIRUPDWLRC
LQDVWDJH OLNHIDVKLRQ DQG OHDUQE\DGMXVWLQJ
RIITHHGEDFN 7KHVHEURDG SULQFLSOHV DUHUHPLQLV
VIQDSWLF SODVWLFLW\IRXQG LQ UHDO QHXURQV $OW
VXEVWDQWLDO GLITHUHQFHV H[LVW IRULQVWDQFHLQ ¥
RXW WKH QHWZRUNV WKHPDLQ SURPLVHRIGHHS 5/ QH
IRUVWXG\LQJ DOJRULWKPLF DVSHFWV RI FRIQLWLRQ
FRIJQLWLYH WDVNV RQ SDU ZLWK KXPDQV OQLK HW DO
DW OHDVW VRPH RI WKH QHFHVVDU\LQJUHGLHQWYV IRU
XVHV GHHS 5/ DV PRGHOV IRUEHKDYLRU .XSHUZDMV HV
GHULYLQJDQDO\WLFDO VROXWLRQV RIOHDUQLQJG\QI
FLVHH[SODQDWLRQVIRUREVHUYHG OHDUQLQJWUDMH
GHULYHWHVWDEOH QHXURELRORJLFDO SUHGLFWLRQV
RUWRSURYLGHH[SODQDWLRQVDERXW ZK\FHUWDLQ F¥f
KXPDQ OLNH OHDUQLQJ )OHVFKHW DO 1HOOL HW
EHFDXVH WKH\DOORZVWXG\LQJWKHLQWHUDFWLRQ RI
SURYLGLQJIRULQVWDQFHLGHDV DERXW ZKLFK UHSUK
QHWZRUNV 2QH H[DPSOH WKDW VKRZFDVHV WKLV VWL
PRGHOV %HOOHPDUHHW DO ZKLFK VXJJHVWYV EH
ZDUG SUHGLFWLRQ HUURUV 53(V UDWKHU WKDQ RQO
WKH VLQJOH 53(VLJQDO KDV IDPRXVO\EHHQ IRXQG LQ

WKH QRWLRQ RI GLVWULEXWLRQDO 5/LQ PLGEUDL
'DEQH\ HW DO OXOOHU HW DO ,QDVLPLODU
XQGHUVWDQGLQJRI203)& FRGHV LQ WKH EUDLQ

[ F VW XG\
5 QHXUDC
QLQJ 7K
DLQHG W
XIDAD @ D\
NN 41V
I GLVF U
HWZRUN
%RWYLQ
IXURVFLI
D WKUR X.
NKHFRQ
FHQW R
KRXJK W
KRZ V\QD
IWZRUN YV
%HFDXV
6LC
FRPSOH
V DO
DPLFV LQ
FWRULH
DERXW I
RPSXWDYV
DO
OHDUQL
HVHQWD\
JHQJIWK F
QHILWYV
\ WKH VL
WKH ILUL
Q FLUFXL
YHLQ G

&RQFOXGLQJUHPDUNVDQG IXWXUH SHUVSHFWLYHYV

‘HSURYLGHGDQRYHUYLHZRILQIRUPDWLRQ HQFRGHG

LQ 203)&

203) 8  UHSUHVHQWDWLRQV DUHPXOWLIDFHWHG VKDSHG QRW R

EXWDOVRE\VHQVRU\DQG QRQ VHQVRU\LQIRUPDWLRQ UHTXLU
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WDVNV $V GLVFXVVHG LQ SUHYLRXV VHFWLRQV VXFK UHSUHVH
WDVN VWDWHV LQ UHLQIRUFHPHQW OHDUQLQJ DQG ZLWK ODWH
PRGHOV WKDW OHDUQ WR SHUIRUP FRPSOH[WDVNVY 8OWLPDWH
FRPSXWDWLRQV GR QRW QHFHVVDULO\OHDG WR VLPSOH UHSUH
XQLYHUVDO FXUUHQF\IRUGHFLVLRQ PDNLQJ ,QVWHDG ZH SUF
SURYLGHVDQLQWHJUDWLRQRIYDOXHDQG WDVNVWDWHV LQ W
HQYLURQPHQWY :HDOVRKLJKOLJKWHG WKHLPSRUWDQW REVH
VLPXODWLRQ ZRUN WKDW VLQJOH QHXURQV DUH FKDUDFWHUL]F
PLIWXUHV RI YDOXH RXWFRPH WDVN VWDWHDQG RWKHU YDULL
RQWKHVLQJOH QHXURQ OHYHO LWLV VWLOO SRVVLEOHIRUGL
RQWKH SRSXODWLRQ OHYHO H[DPSOH YLVXDOL]JHGLQ)LJ %
ZKLFK IHDWXUH LQIRUPDWLRQ LQWHJUDWLRQ RQ WKH VLQJOH Q
PRUHDEVWUDFW LQGHSHQGHQW UHSUHVHQWDWLRQV RQ WKH ¢

KLOH GHHS 5/ FDQ RITHU XVHIXO LQVLJKWV IRU 203)& IXQFWLRQ
WREHFRQVLGHUHG 2I SDUWLFXODU UHOHYDQFHLV WKHQHHG
VWDQGDUG PRGHOV ZLWK DFFHVV WR ORQJWHUP PHPRU\LQ D ZI
ODUJHU KRUL]JRQV 6RPH SURPLVLQJILUVWUHVXOWY KDYHLQG
PHWD OHDUQLQJDQG PHPRU\UHSOD\ EXWPRUHZRUN ZLOO EH !
RI KLSSRFDPSXV 203)& LQWHUDFWLRQVLQ WKLVUHJDUG :HDO
HVWDEOLVKHG YDOXH NQRZOHGJHFRXOG H[SODLQ WKH GRFXF
JHQHUDOL]DWLRQ DVZHOODVLQWDVNV WKDW QHLWKHU UHTX
REVHUYDWLRQ WKDW UHTXLUHVY GHHSHU LQYHVWLJDWLRQ LV W
DOVR IXWXUH RU K\SRWKHWLFDO WDVNV VHHORQHWD HW DO

IXQFWLRQUHIOHFWY QRW RQO\SDVW WDVNV EXWDOVR IXWXUF

KLOH QHXUDO QHWZRUN EDVHG FRPSXWDWLRQDO PRGHOV PLJI
FRQFHUQLQJUHSUHVHQWDWLRQVLQ203)& DQRWKHU UHPDLQL
FRUUHVSRQGHQFHEHWZHHQ QHWZRUN FRPSRQHQWYV RUFRPSX
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REVHUYDWLRQVDERXW VLPLODULWLHV RIGHHS 5/ PRGHOV DQG
VWXG\ &URVV HW DO IDLOHG WRILQGDQ\GLUHFW UHODWL
105, DFWLYLW\LQ 203)& $GGLWLRQDOLQ GHSWKLQYHVWLJDWL
2XWVWDQGLQJ4XHVWLRQV

)LRQDOO\ ZHEHOLHYH WKDW LWLV WLPHWRUHFRQFHSWXDOL]H
GLVWDQFHWR WKHFXUUHQW WDVN JRDO UDWKHU WKDQ DFFXP
6 XPPHUILHOG ODUWLQR &RUWHVH 7TKLVDSSURDFK F
IUDPHZRUNV WKDWLQWHJUDWH JRDODQG YDOXHVLJQDOV ORO
FRQILGHQFHLQWR WKHGHFLVLRQ %DUURQ HW DO 'HODUW
SKLOLDVWLGHYV /IHEUHWRQ HW DO DQGHYHQ RQHYV ZKI
YDOXHDWDOO +D\GHQ 1LY TRIHWKHU ZH EHOLHYH WKH\
XQGHUVWDQGLQJRIWKHIXOO FRPSOH[LW\RI2)& YP3)&V IXQFW

2XWVWDQGLQJ4XHVWLRQV

1" RODWHOD\HUVRIGHHS 5/ PRGHOV RIITHUD PRGHO IRU UHSU|
QHWZRUNDUFKLWHFWXUHV DQG OD\HUV WKHUHLQ EHVW PD\

F&DQUHFXUUHQWQHXUDO QHWZRUNDUFKLWHFWXUHV UHYHL
5/PRGHOVDQG 203)& JLYHQ WKHLUUROHLQ SDUWLDOO\ RE

$:KDWLQIOXHQFHVHQFRGLQJRIQRQ YDOXHVLIJQDOVDQGLQ
LQ 203)&" &DQ WKLV EH OLQNHG WR REMHFWLYH IXQFWLRQV
IXQFWLRQV LQ QHXUDO QHWZRUNV"

1 ' KDWFRQWUROVWKHDPRXQWRIFRPSUHVVLRQDQG GLV HQ

¥/ HDUQLQJLVDG\QDPLF SURFHVV WKDW HYROYHV RYHU WLPI
PRVW SURPLQHQW GXULQJHDUO\OHDUQLQJVWDJHV"

+1t+RZGRWKHUHSUHVHQWDWLRQ OHDUQLQJG\QDPLFV RIGHH
HSLVRGHV FRPSDUH ZLWK WKRVHLQ 203)&"

$'RHV 203)& JXLGH YDOXH IUHH GHFLVLRQ PDNLQJ SURFHVVH
HQWDQJOH YDOXH EDVHG YV YDOXH IUHH OHDUQLQJDQG FK

+1t+RZGRYHQWURPHGLDODQG RUELWDO DUHDV LQWHUDFW ZL
DQG GXULQJRQ WDVN SHULRGVWR JXLGHGHFLVLRQPDNLQ.
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*ORVVDU\

F$FWRU &Y ISWDEF\ EDVHG 5/ DOJRULWKP WKDW OHDUQV WKH UHZDUG PD
DPRQJ SRVVLEOH DFWLRQV LQDJLYHQ VWDWH RI WKH WDVN WKH DFWR
VWDWHIY YDOXH LQGHSHQGHQW RIZKLFK DFWLRQ ZLOO EH FKRVHQ DQC
SROLF\ WKHFULWLF

$+&RQYROXWLREMCERDOHBLQJ EORFN RI FRQYROXWLRQDO QHXUDO QHWZR
LQSXW IURP D VPDOO VHW RI VSDWLDOO\ FRQILQHG QRGHV UHFHSWLYH
FRQQHFWLYLW\OHDGV WR QRGHV DFWLQJDVILOWHUV ZKLEFK GHWHFW D"
&RQYROXWLRQV DUH W\SLFDOO\ DSSOLHG RYHU VXFFHVVLYH OD\HUV T
ILOWHUV

F'HHS UHLQIRUFHPHQW OHDUWQHISQQHXU PGB @ HOWZRUN PRGHOV WUDLQHG ZL
LOQOVWHDG RI VXSHUYLVHG WHDFKLQJ VLIQDOV 7KLV IXVLRQLQWHJUDW
OHDUQLQJZLWK WKH GHFLVLRQ PDNLQJDELOLWLHV RI5/ DQG DOORZYV
OLIHWDVNV VXFKDV DXWRQRPRXV GULYLQJ

$'41 "HHS41HWZRWYINOXH EDVHG GHHS5/PRGHO ZKLFKUHFHLYHV LQSXWYV |
RI SRVVLEOHDFWLRQV ZLWKHDFKDFWLRQ EHLQJDQ RXWSXW QRGH RI V

F2EMHFWLYH FXGFAWQRYLRQ WKH PRGHO LV WUDLQHG WR PLQLPL]H XVXEC
EHWZHHQ D PRGHO SUHGLFWLRQ DQG D WDUJHW L H ZKDW WKH PRGHO
5/ PRGHO FDQ EHWUDLQHG XVLQJD 4 ORVVIXQFWLRQ LQ ZKLFKWKH RXW
DQG IXWXUH UHZDUG UHVXOWLQJ IURP HDFK DFWLRQ LQ D JLYHQ VWDW
FRPPRQ REMHFWLYHIXQFWLRQLVFURVV HQWURS\

F)XOO\ FRQQHRNVWNHO OOV\RRQWBDRDYWE KV L REKROMIFNRIQQHFWHG OD\HU LV F§
RIDUWLILFLDO XQLWV ZKLFKDUHDOO FRQQHFWHG WR HDFK RWKHU E\ D

F5HFXUUHQWUHRXWUHQW OD\HU KROGYV SUHYLRXV REVHUYDWLRQV LQ LW
UHVSRQVHV WR FXUUHQW LQSXWV 7KLV FDQEHHVSHFLDOO\XVHIXO IRL
HVWLPDWLRQ RIWKHFXUUHQW VWDWHRIWKHZRUOGFDQQRWEHIXOO\G
UHQW OD\HUV DUH XVXDOO\ FRQWUDVWHG ZLWK IHHG IRUZDUG OD\HUYV
RI' SUHYLRXV RQHV

$17DVN 6VARWBHFWLRQ RIREVHUYDEOHDQG QRQ REVHUYDEOH LQIRUPDW
FRPHY 7TKHWUDQVLWLRQVEHWZHHQ WDVN VWDWHV FRQVWLWXWHDODL
WR VROYHWKHUHZDUG PD[LPL]IDWLRQ SUREOHP
$FNQRZOHGJHPHQWYV

‘HWKDQN &KULV 6 XPPHUILHOG 2QGUHM =LND DQG $OH[D 5XHO I/
PDQXVFULSW 1 :6 LVIXQGHGE\D6WDUWLQJ*UDQW IURP WKH
5(3/%< DQG WKH)HGHUDO OLQLVWU\RI (GXFDWLRQDQG 5H)
+DQVHDWLF &LW\RI+DPEXUJ XQGHU WKH ([FHOOHQFH 6WUDWH]J
IIQGHU 6 *LVIXQGHG E\WKH=XFNHUPDQ &+(IHPDOH SRVWGRF'
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*HQHUDO 'LVFXVVLRQ

7KLV WKHVLV H[DPLQHG WKH ELGLUHFWLRQDO HIIHFWV RI WDVN
UHSUHVHQWDWLRQV DQG WKHLU MRLQW LQIOXHQFHRQ JXLGLQ.
H[SORUHV KRZWDVNDQG VWDWH UHSUHVHQWDWLRQV JXLGH YD
UHSUHVHQWDWLRQDO FKDQJHRIFRJQLWLYHPDSVDQG VWDWH)
LQWHJUDWH LQWR UHSUHVHQWDWLRQDO VSDFHV WR JXLGH EHK

6 XPPDU\RIWKHGLITHUHQW SURMHFWYV

7KHILUVW SURMHFW DVNHG KRZ FRQWH[WXDOO\LUUHOHYDQW Y
LQYP3)& :KHQ SDUWLFLSDQWY ZHUH IDFHG ZLWK GHFLVLRQV E}
SUHGLFWHG WKHRXWFRPH WKH\VWLOO UHDFWHG VORZHU ZKH
FKRLFHDQG IDVWHU ZKHQ LW IDYRUHG WKH VDPH 7KLV FRQJUXI
UHZDUG DVVRFLDWHG ZLWK WKH K\SRWKHWLFDO FKRLFH LQ WK
SDUWLFLSDQWYV IXOO\ SURFHVVHG ERWK FRQWH[WV DQG VLPXO
FRQWH[W ZDV H[SOLFLWO\FXHG WR LIQRUH ,Q WKH 105, DQDO\V
ZHUH VFDOHG E\WKH UHOHYDQW H[SHFWHG YDOXH DQG IRXQG \
WKHLUUHOHYDQW FRQWH[W DQG LWV H[SHFWHG YDOXH ORUHR
VWURQJHU QHXUDO UHSUHVHQWDWLRQ RI WKHP LPSDLUHG WKt
UHSUHVHQWDWLRQLQ YP3)& GXULQJFKRLFH ZDV FRQIOLFWHG E
UHSUHVHQWDWLRQDO FRQIOLFW EHWZHHQ WKH WZR FRQWH[WYV
FOHDU VLJQDO UHSUHVHQWLQJWKH WDVNVWDWH FRQWH[W PF
YDOXH VHQVLWLYH YR[HOV :HWKHQ VKRZHG WKDW D VWURQJH
VWURQJHU WDVN UHOHYDQW H[SHFWHG YDOXH VLJQDO EXW DO\
FRPSHWLWLRQ EHWZHHQ WKH UHOHYDQW DQG LUUHOHYDQW HJ[S
YP3)& QDPHO\WKH UHODWLRQ EHWZHHQ H[SHFWHG YDOXH DQG
FRPSHWLWLRQ ZHUH OLQNHG WR SDUWLFLSDQWV{EHKDYLRU L
WKDW WKH UHSUHVHQWDWLRQV RI WKHDOWHUQDWLYH LUUHOH
ZLWKLQ YP3)& DQG JXLGHG EHKDYLRU 7KH VWUHQJWK RI WKHVF
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YP3)&ZDV UHODWHG WR VORZHUDQG OHVVDFFXUDWH FKRLFHYV
GLITHUHQW DFWLRQV DQGIDVWHUDQG PRUHDFFXUDWHFKRLFF
%YURXIJKW WRIHWKHU WKHILUVW SURMHFW VKRZV WKDW WDVN
FRQWH[W GHSHQGHQW GHFLVLRQ PDNLQJDQG WKDW VWDWH UF
I UDPHZRUN WR GHWHUPLQH ZKLFK YDOXHV VKRXOG JXLGH EHKD

,QWKHVHFRQG SURMHFW ZHDVNHG KRZH[SRVXUHWRUHZDUG
S3DUWLFLSDQWY ZHUH WDVNHG ZLWK PDNLQJ VLPLODULW\ MXGJI
WKHDPRXQWRIOHDYHVDQG RUIUXLWY 7KHQ LQDVHSDUDWH
WKDW VSHFLILF WUHHVY ZHUH PRUHUHZDUGLQJWKDQ RWKHUV L
VSDWLDO PDS )ROORZLQJUHZDUG OHDUQLQJ SDUWLFLSDQWYV
SDUWLFLSDQWYV LQFUHDVHG SHUFHSWXDO GLVFULPLQDWLRQ DI
VKRZQ E\DFFXUDF\DQG EHKDYLRUDO PRGHOV %DVHG RQ SUHY|
WKDW WKLV LQFUHDVHLQDFXLW\ZRXOGEHDUHVXOWRIDQLQF
UHZDUG WKDW ZRXOG FRPHDW WKHH[SHQVH RI RWKHUDUHDV R
UHSUHVHQWDWLRQDO ILHOGV WRZDUGV LW DNLQWRDJUDYLW
HITHFW RIUHZDUG RQ SDUWLFLSDQWVY FKRLFHV JHQHUDOL]HG
UHZDUGHG DOLJQLQJZLWK WKH SXOOLQJ K\SRWKHVLV 6SHFLI
EHOLHYHG WR KDYHD GHFUHDVHLQILHOG GHQVLW\DV PRUH VL!
GHFUHDVHLQ KLSSRFDPSXV XQLYDULDWH VLIJQDOV LQ WKHVDP
VLPLODU IXUWKHU VXSSRUWLQJD GHFUHDVHLQILHOG GHQVLW
DQDO\VHVUHYHDOHGDQLQFUHDVHLQ VLPLODULW\DPRQJWUH
WKHKLSSRFDPSXVDQGP2)& DUHSUHVHQWDWLRQDO FKDQJHD
DFFRUGLQJWRVLPXODWLRQV 5HSUHVHQWDWLRQDO FKDQJHYV
SDUWLFLSDQWVYJIJHQHUDO OHDUQLQJRIUHZDUG DFURVV PXOW
OLQNHG WR PRUHUHFHQW LPPHGLDWHH[SHULHQFHVY ZLWK UHZ
WRIJHWKHU WKHVHILQGLQJV VXJJHVW WKDW UHZDUG QRW RQO\
FRIQLWLYHPDS EXWUDWKHULQGXFHV D VI\VWHPDWLF FKDQJH E
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PDS WRZDUG LW

,Q WKHWKLUG SURMHFW ZHWRRNDEURDGHU SHUVSHFWLYH DC
YDOXH H[SHFWDWLRQV JXLGH KXPDQV DQGDQLPDOV WR DFKLHY
IRFXV ZDV RQ WKH YP3)& DQG 2)& FUXFLDO UHJLRQV IRU YDOXH
LQIRUPDWLRQ IRUOHDUQLQJ :HVKRZVXSSRUW IRUD UHLQIRUF
WKHLPSRUWDQFHRIFRQWH[WDV WKHVWDWHRIWKHHQYLURQT
LGHD RI12)& YP3)& DV VXSSRUWLQJFRJQLWLYHPDSV LQ JXLGLQ.
FKDOOHQJHV HDUOLHU QRWLRQV RI D WDVN LQGHSHQGHQW “FR
UHJLRQV :HVKRZHG WKDW YP3)& DQG 2)& HQFRGH PXOWLIDFHW
DQG WDVN VWDWHYV IRUGHFLVLRQ PDNLQJ DQG VXJIJHVWHG WK
YHUVDWLOH FRGLQJ HQDEOLQJDEVWUDFW UHSUHVHQWDWLRQ

URXJKWWRIHWKHU WKHILUVW SURMHFW VKRZHG KRZWDVN YV
LQIOXHQFH LWV QHXUDO VLIQDWXUH VWDWHUHSUHVHQWDWLR
VKRZHG WKDW YDOXH JHQHUDOL]DWLRQLQIOXHQFHG WKH HQW!I
E\FDXVLQJ V\VWHPDWLF FKDQJHV WR RWKHU WDVN UHOHYDQW
UHFHQW OLWHUDWXUH WR WU\DQG UHFRQFLOH KRZYDOXHYV FR?
UHSUHVHQWDWLRQDO VSDFHDQG ZKDW JXLGHV WKLV UHSUHVH

7TDVN VWUXFWXUHDQG VWDWHV JRYHUQ YDOXHUHSUHVHQWDW

7TKHPDLQILQGLQJRIWKHILUVW SURMHFW ZDV WKDW WKH H[SHF
YP3)8 UHSUHVHQWDWLRQDQG FKRLFHEHKDYLRU $QDOWHUQD
IHDWXUH RIWKHVDPHREMHFW ZRXOG KDYHJXLGHG EHKDYLRU I
EHKDYLRUDOO\QRULQYP3)& ,WLVDVLIZKLOHFKRRVLQJEHW?Z
RQWKHWH[WXUH WKHYDOXHDVVRFLDWHG ZLWK WKH EHVW DS
HYHQ LI WKDW ZDV WKHDSSOH WKDW ZDV QRW FKRVHQ 7KLV ILQ
IXOO\SURFHVVHG DQG VLPXODWHG WKH SRWHQWLDO DOWHUQD
PLQG 6XFKVLPXODWLRQLVVWURQJO\GHSHQGHQW RQ WKH WD
VWDWHYVY WKDWJRYHUQ ZKLFK YDOXHV ZRXOG JXLGH SDUWLFLS
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2QHDVVXPSWLRQ ZHPDGH LQ WKH ILUVW SURMHFW ZDV WKDW N
GXULQJWKHPDLQ WDVN 7KLV DVVXPSWLRQ ZDV VXSSRUWHG E\
YDOXH IHDWXUH PDSSLQJEHIRUH WKH PDLQ WDVNLQ PXOWLSO|
QHDU FHLOLQJLQLGHQWLI\LQJWKHPRVW UHZDUGLQJFKRLFH
RUFKDQJHV WR VXEMHFWLYH YDOXHV DFURVV WLPH GXULQJ WK
IRFXVRQ FKRLFH GHOLEHUDWLRQLQ WKH 105, DQDO\VLY L H ZK
SHUFHSWXDO LQSXW DQG PDNHD FKRLFH +RZHYHU LILUUHOHY
GXULQJFKRLFHGHOLEHUDWLRQ WKHQ WKH\PLJKW DOVR LQWH
RXWFRPH ,Q UHLQIRUFHPHQW OHDUQLQJ LGHQWLI\LQJWKH UL
NQRZQ DVWKHFUHGLW DVVLIQPHQW DQG LV FUXFLDO LQ GHWH UL
XSGDWH FDVKHG YDOXHV H J $VDDG HW DO 6XWWRQ %DU
\RIJXUWV WKDW GLIIHUEDVHG RQWZR IHDWXUHV VKDSHDQG WL
\RIJXUW DQG WKHRWKHU LVDVTXDUHG SDFNDJHG SLQHDSSOH \
FKRLFH WR PD[LPL]H SRWHQWLDO RXWFRPHV ZRXOG OLNHO\ EH
KDSSHQ WR WKH YDOXH RI WKRFMVE RRNDOSOW'IGRPRQ D BRHADL QWL
LQIRUPDWLRQ RI XQFKRVHQ RSWLRQV %RRUPDQHW DO +D
6FKZDU]H %RHKPHU HW DO DQG HYHQ XSGDWH WKRVH RSV
%LGHUPDQ 6KRKDP\ 7KLV VXJIJHVWV WKDW WKH SRVLWLY
PLJKWQRW RQO\SRVLWLYHO\UHLQIRUFHFKRRVLQJVWUDZEHU
OLNHOLKRRG RI FKRRVLQJWKH SLQHDSSOH RSWLRQ HYHQ LI VV
ILQGLQJV UDLVH WKH TXHVWLRQ LI WKHVHUHSRUWHG VSLOO RY
LUUHOHYDQW IHDWXUHV )RU H[DPSOH DIWHU D JRRG H[SHULHC
VTXDUH VKDSHG \RJXUW ZHFRXOGILQG RXUVHOYHV RQ IXWXU'
WRZDUGV VTXDUHG SURGXFWYVY PLVWDNHQO\UHLQIRUFLQJ WKH
UHOHYDQW RQH WDVWH :HDUHFXUUHQWO\ZRUNLQJRQD IRO
EHKDYLRUDO GDWD WRLQYHVWLJDWHLIDOVRWDVN LUUHOHYD
GHFLVLRQV 2QH SRWHQWLDO PHFKDQLVP WKURXJK ZKLFK VXFEK



67$7(6 9%$/8(6$1'*2%$/6,1&2*1,7,9(0$36

FDXVLQJIDOVH YDOXH XSGDWLQJ YLD FRQWH[WXDOO\LUUHOHY
FRXOG KRSHIXOO\VKHG OLJKWRQ KRZGLIIHUHQW YDOXH IXQFW
UHSUHVHQWDWLRQDO VSDFH QRW RQO\ZKHQ QHHGLQJ WR LGHC
LQWHUIHUHQFHV JHQHUDOL]JH RYHU WLPH EDVHG RQ UHFHQW HJ

$UH QHXUDO UHSUHVHQWDWLRQV VXE RSWLPDO DW VHSDUDW L (

2QHLPSRUWDQW TXHVWLRQ WKH ILUVW SURMHFW UDLVHV LV ZK
QRW SUHGLFWLQJWKHFXUUHQW RXWFRPH ,VLWDEXJLQ WKH \
EHQHILFLDO" ,Q RXUH[SHULPHQW ZH DUWLILFLDOO\ LPSRVHG
VXFK WKDW WKHLUUHOHYDQW FRQWH[W QHYHU LQIOXHQFHG W
SDUWLFLSDQWYV H[SOLFLWO\ EXW ZHDOVR PDGH VXUH RXWFRP|
ZKHQ UHOHYDQW DOZD\VJDYH SRLQWY :HUHDVRQHG WKDW C
SRWHQWLDO LQIHUHQFHRIKLGGHQ UXOHV H J DFFLGHQWDOO
IHDWXUH ZKHQ SDLUHG ZLWK GLDJRQDO PRWLRQ SURYLGHV D |
GLIIHUHQW FRQWH[WYV UDUHO\H[KLELW VXFKLQGHSHQGHQFH 2
RUWKRJRQDO EXWRQHLVFRPSOHWHO\UHOHYDQW LQ RQH FRQ
(YHQ WKH H[DPSOH RIDSSOHV SUHYLRXVO\SUHVHQWHG LV QRW
WH[WXUH LV D FUXFLDO IHDWXUH IRUVQDFNLQJ EXW WKH FROR
H[SHFWHG RXWFRPH RI WKH VDPH H[SHULHQFH RI VQDFNLQJ OR!
WKHPVHOYHV DUH QRW IXOO\ RUWKRJRQDO )RUH[DPSOH PD\E!
\RXU VXSHUPDUNHW JUHHQ DSSOHV DUHRIWHQ WKH FULVSLHV\
IHDWXUH GLPHQVLRQV PLJKWEH PRUH UHODWHG LQ UHDO OLIH
$OWKRXJK WKH ODFN RIHFRORJLFDO YDOLGLW\PLJKW EH FRQV |
SHUVSHFWLYH VXJJHVWVY WKDW WKHREVHUYHG LQWHUDFWLRQ
HFRORJLFDOO\YDOLG H[SODQDWLRQRIWKHILQGLQJV 2XU UHYV
LQWR WKH UHSUHVHQWDWLRQDO VSDFH GHSHQGHQFLHV DQG D
WKURXJK GDLO\H[SHULHQFHYV

$QRWKHU UHODWHG DVSHFW RI RXU WDVN ZDV WKDW GHFLVLRQ\
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LQIRUPDWLRQ QHHGHG IRU WKH GHFLVLRQ ZDV SUHVHQW DW WK
GLVFXVV WKHLPSRUWDQFHRIDFFRXQWLQJIRU SDUWLDO REVH!
PRUHGHWDLO 3DUWLDO REVHUYDELOLW\LQKHUHQWO\LQWURH
PLWLIJDWH WKLV XQFHUWDLQW\ ZH GHVLJQHG WKH H[SHULPHQV
SUHGLFWDELOLW\ L H RQO\RQHFRQWH[W SUHGLFWHG UHZDU
ZDQW WR RSWLPL]HIRUPXOWLSOH JRDOV DW WKH VDPH WLPH :
EDNLQJD SLH EXWLIZHGRQIWKDYHWKHWLPHWREDNH ZHPL
WKDW HYHQ ZKHQ RQH LV FHUWDLQ LQ WKH FXUUHQW VWDWH W]
EHQHILFLDO ,Q RXUWDVN LW ZDV EHQHILFLDO WRKDYHD FRPS
WKH FRQWH[W DQG LJQRUH WKH tLUUHOHYDQWH FRQWH[W +RZI
PLJKW PRUHRIWHQ WKDQ QRW EH EHQHILFLDO WR FRQVLGHU D
7KLV VXJIJHVWV WKDW HYHQ LI IHDWXUHV DUHLQGHHG fLUUHOH
DGHFLVLRQPLJKW QRW KDYHEHHQD JEXJfLQ WKHV\VWHP DV |
UDWKHU D TIHDWXUHT

6XSSRUWLQJWKHLQWHUSUHWDWLRQ RIGHFLVLRQV DV DQLQW
WKHLUUHOHYDQW FRQWH[W GLG QRW RQO\PDNH SDUWLFLSDQV
DOVR PDGH WKHP IDVWHU ZKHQ WULDOV ZHUH FRQJUXHQW 7KL\
UHDFWLRQ WLPHRIVLQJOH IHDWXUH WULDOV ZKHUH WKH LUUF
SRVVLELOLW\WKDW WKHWZR FRQWH[WV LQWHJUDWHG LQWR D
ZLWK WKH RWKHU 2QH OLPLWDWLRQ RIRXUVWXG\ZDV WKDW ZF
FRQWH[W ZDV SUHVHQW \HW GLG QRW LQGLFDWH D SUHIHUUHG
ZHUH WKH VDPH &RPSDULQJWKLY FRQGLWLRQ WR VLQJOH IHDV
WKH UHSUHVHQWDWLRQ RI WKHLUUHOHYDQW FRQWH[W LQ WKH
DFWLRQ VLJQDOV ,I WKHLUUHOHYDQW FRQWH[W LV tRQO\pLQW
QRW KDYH VHHQ D GLIIHUHQFH EHWZHHQ VLQJOH IHDWXUH WULI
WKH UHSUHVHQWDWLRQ RIWKHLUUHOHYDQW FRQWH[W LQ WKH
WKH OHYHO WR ZKLFK WKH LUUHOHYDQW FRQWH[W LV DEWLYHO\
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JXLGH EHKDYLRU VHHEHORZIRUD GHWDLOHG GLVFXVVLRQ RQ
WURXIJKWWRIHWKHU WKHILQGLQJV RIWKHILUVW SURMHFW EU
UHSUHVHQWDWLRQVIRXQGLQ WKHYP3)&DQG 2)& :HVXJIJHVWYV
VWDWH GHSHQGHQW EXW WKDW WKHLUUHSUHVHQWDWLRQV DU
SRWHQWLDO YDOXH SUHGLFWLQJIHDWXUHYVY WKHVWDWHVLJQ|
EHKDYLRU $W WKHVDPHWLPH VWDWHVHSDUDWLRQLV QRW IX
FR DFWLYDWHGDQG WKHVWUHQJWK RIHDFKVWDWHUHODWHYV'
VHSDUDWLRQ KRZHYHU PLJKWEHEHQHILFLDOLQ PRUHHFROR

9DOXHJHQHUDOL]DWLRQ WULJJHUV UHSUHVHQWDWLRQDO FKD(

7KH VHFRQG SURMHFW WRRN D GLIIHUHQW DQJOH RQ WKH LQWH
IHDWXUHV DQG DVNHG KRZ YDOXHV LQIOXHQFH WDVN UHSUHVHC
PHQWLRQHG EHIRUH UHZDUG LV RIWHQ UHIHUUHG WR DV D WDQ.
GHULYHG IURP HDWLQJ FKRFRODWH 9DOXH H[SHFWDWLRQV KR
LOQWHUSUHWDWLRQ LQWHJUDWLQJGLIIHUHQW HOHPHQWV VXF|
ZD\WR WKLQN RI H{SHFWHG YDOXHV LVDVDJHQHUDOL]DWLRQ R
'KHUHDV LQ WKH ILUVW SURMHFW ZH GHPRQVWUDWHG KRZ OHD!
DQG DUHLQWHJUDWHG JLYHQ WKH VWDWHY LQ WKH WDVN VWU X|
ZKHWKHU JHQHUDOL]LQJUHZDUG H[SHULHQFHV LQWHJUDWH LQ
UHSUHVHQWDWLRQV RID FRIJQLWLYH PDS

,Q WKH SXUVXLW RI XQGHUVWDQGLQJKRZWDVNV DUHUHSUHVH!
WDVN VWUXFWXUH ZDV WKH JRDO RI PDQ\VWXGLHV LQFOXGLQJ
GHEDWHG LQ WKH WKLUG SURMHFW FODVVLF QHXURHERQRPLF"
WDVN LQGHSHQGHQW JFRPPRQ FXUUHQF\Y{ ZKHUHDV VWXGLHYV J
IUDPHZRUNV KLJKOLJKW WKH LPSRUWDQFH RIWDVN VWUXFWXU
SURPLQHQW IUDPHZRUNV LQ UHLQIRUFHPHQW OHDUQLQJ WKDW
GHFLVLRQ PDNLQJDQG VXFFHVVRUUHSUHVHQWDWLRQV 'DZ HV
HW DO ,QDZD\ ERWKDSSURDFKHV KDYHD IRFXV RQ GHER.
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UHZDUG VWUXFWXUHYVY 7KHDGYDQWDJH RI WKHVHDSSURDFKHYV
EHWZHHQ YDOXH IXQFWLRQV ZLWKRXW UHTXLULQJD FRPSOHWH
7KLVLVHVSHFLDOO\EHQHILFLDOLQHQYLURQPHQWY ZKHUH UH
DOORZ XVWRJHQHUDOL]HVWUXFWXUDO NQRZOHGJHIURP RQH"
DUULYHDWDQHZVXSHUPDUNHW ZHKDYHQHYHUVHHQ EHIRUH
HITHFWLYHO\HYHQ LI ZHQHYHUVDZ ZKHUH SURGXFWV DUH SODF
IRXQG WKDW H[SRVXUHWRUHZDUG DOWHUHG WKHUHSUHVHQW
WDVNV ZKHUH UHZDUG ZDV QRW SUHVHQW DQ\PRUH 7KLV VXJJH
DQG WDVN VWUXFWXUHY HIHUW ELGLUHFWLRQDO LQIOXHQFHV L
GLVHQWDQJOHIURPRQHDQRWKHU :KLOH G\QDPLFDOO\DGDSW
HI[SHULHQFH RIUHZDUGY FRXOG EHH[SHFWHG IURP WKH 2)& DV
KLSSRFDPSDO IRUPDWLRQLV RIWHQ EHOLHYHG WR KROG D PRUFEG
*RQ]J]DOH]HW DO WKDW FDQ EHJHQHUDOL]J]HG DFURVYV WDV N

2QH TXHVWLRQ EURXJKW E\ WKH GHSHQGHQF\RIUHZDUG DQG W|
IRUUHZDUG WR FDXVH VXFKD VWUXFWXUDO FKDQJH 2QH DVSHF
URXJKO\GHWHUPLQLVWLFDQG VWDEOHRYHUORQJSHULRGV L
UHZDUGYV ZKHUHDSSURDFKHV DV VXFFHVVRU UHSUHVHQWDWLF
VHSDUDWLQJWDVN VWUXFWXUHDQG YDOXHPLJKW QRW EH RSW
SHUPDQHQW FKDQJH WR WKH VWUXFWXUH RI WKH HQYLURQPHQ\
FKRFRODWH DQG OHDUQ RYHU WLPH WKDW DOO W\SHV RI FKRFR
ZHPD\JUDGXDOO\LQFUHDVH WKHUHVROXWLRQRIRXUUHSUHV
LQFUHDVHLQ UHVROXWLRQ FRXOG EHEHQHILFLDOWR ILQGLQJ |
VWDELOLW\LQ WKH H[SHULHQFHRIILQGLQJRXUIDYRULWH FKRI
WR RWKHU VXSHUPDUNHWY +RZHYHU LI WKHVXSHUPDUNHW U
PLJKW QRW EH EHQHILFLDO WR SULRULWL]H UHVRXUFHV WRZDU
FKDQJHV WR QHZ HQYLURQPHQWY 7KLV LGHD LV WRVRPH GHJU}
ILHOGV VKLIW WKHLU UHFHSWLYH ILHOGY SULPDULO\ ZKHQ UHZI
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%RFFDUD HW DO 'KHQ DGGLWLRQDO VSDUVH UHZDUGYV ZH
LQFUHDVHG WKHLU ILULQJUDWH UDWKHU WKDQ VKLIWLQJ WKHL
VDPH WLPH WKH KLSSREFDPSXV RQO\VKRZHGDQLQFUHDVHLQ S
UHZDUG QHHGHG WR EH LQIHUUHG FRPSDUHG WR H[SOLFLWO\F
WKDW UHZDUG UHODWHG UHSUHVHQWDWLRQDO FKDQJHV DUH Q
DUHVXOWRIJHQHUDOL]LQJYDOXHV XQGHU SDUWLDO REVHUYD
SRWHQWLDOO\VXJJHVWV WKDW KLSSRFDPSDO IRUPDWLRQ UHS
WKHHQYLURQPHQW WR FKDQJH WKHLU UHSUHVHQWDWLRQV 7K
RXUILQGLQJLQ WKHVHFRQG SURMHFW WKDW KLSSRFDPSXV FKI
SHUIRUPDQFH PDWULFHV DQG QRW WR UHFHQW VDPH GD\H[SHU
FRQVLGHUHG D fVWDEOHY UHZDUG ORFDWLRQ FDQ EH FKDOOHQ
WKH VDPH WDVN KLSSRFDPSXV SODFH FHOOV FDQ VKLIW WRZDU
SHULRGV RIDIHZWULDOV 6RVD HW DO 7HVVHUHDX HW DO
VKRZHG WKDW WKLV G\QDPLF DGDSWDWLRQ ZDV VWURQJHU ZKH
7KLV VXJIJHVWV WKDW WKH SUHGLFWDELOLW\RI FKDQJH PLJKW !
LQ WKH KLSSRFDPSXV ZLOO FKDQJH 7KHLGHD WKDW UHSUHVHQ
FRQFHSWV VXFKDV SUHGLFWDELOLW\RU YRODWLOLW\LVLQOL
OHDUQLQJPHWD UHSUHVHQWDWLRQV WR QDYLJDWH XQGHU XQ
6LQFH WKH UHZDUG LQ RXUWDVNLQ WKHVHFRQG SURMHEW ZDV
QRLVHLQWURGXFHG ZHZLOO OLNHO\QRW EHDEOH WR GLUHFW
KLSSRFDPSXV UHSUHVHQWDWLRQDO FKDQJHV OHDYLQJWKLV L

$QRWKHU PRUH QXDQFHG TXHVWLRQ WKLY GHSHQGHQF\UDLVE
FRIJQLWLYHPDS DVSRWHQWLDOO\UHSUHVHQWHG LQ WKH PHGI
%HKUHQV HW DO 6FKXENHW DO BWDFKHQIHOG HW DO
FKDQJH WR WKH LQSXW RI WKH VI\VWHP HJ LQKRZWKHYLVXDO
5HZDUG LQGXFHG FKDQJHV LQ WKH YLVXDO FRUWH[KDYH EHHQ |

DQG WR WKHEHVW RIP\NQRZOHGJH ZRUN WKDW IRXQG UHZ
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WKH KLSSRFDPSDO IRUPDWLRQ GLG QRW VLPXOWDQHRXVO\ PHD
1RWDEO\ HYHQ LI WKH FKDQJH RULJLQDWHY RQ WKH pORZHUp S|
GLPHQVLRQV WKDW DUH LQ SULQFLSOH LQGHSHQGHQW RIUHZ]
DQLQIOXHQFHRIUHZDUG RQ WKHIRUPDWLRQDQG VWUXFWXUH
VHFRQG SURMHFW ZH KRSHWR ORRNDW VXE GLYLVLRQV RI WKF
RQ WKH ORZ OHYHO SHUFHSWXDO SURFHVVLQJFRQWULEXWLRQ
FRIJQLWLYHPDSV

5HODWHG WR WKLY DQRWKHULPSRUWDQW DQDWRPLFDO VXEGL
PDS UHSUHVHQWDWLRQV LQ WKH SUHIURQWDO FRUWH[ $V PHQ\
PDQ\RSHQ TXHVWLRQV UHJDUGLQJWKH GLVWLQFWLRQ EHWZHH
FRPSDULQJILQGLQJV DFURVV VSHFLHY :KHQ FRQVLGHULQJ UH:
WKLV GLVWLQFWLRQ EHFRPHV HYHQ PRUH LPSRUWDQW DV WKH |
IRXQG LQ DPXFKPRUHGRUVDO UHJLRQ ZKLFKPLJKW RYHUODS |
XVXDOO\GLVWLQFW IURP WKHP2)& HJ %RQJLRDQQLHWDO
3DGRD 6FKLRSSD $VVDG BFKXFNHW DO )XWXUH ZR U
IXQFWLRQDO UROH RI WKHVH UHJLRQV LGHDOO\JXLGHG E\ WKH
VWUXFWXUHV DQG SRWHQWLDO OLQN WR WKHPHGLDO WHPSRUL
%URXJKW WRIJHWKHU KLSSRFDPSXV UHSUHVHQWDWLRQV FDQ V
ORFDWLRQV SRWHQWLDOO\HVSHFLDOO\ZKHQ FKDQJHV DUH SL
SOD\D UROHLQ JHQHUDOL]JLQJWKHVH UHSUHVHQWDWLRQDO FK
WKH VHFRQG SURMHEW H J DQDO\]LQJ 105, GDWD IURP WKH UHZ
LQWR IXUWKHU DQDWRPLFDO VXE UHJLRQV RI WKH YLVXDO FRU\
KRSHIXOO\VKHG PRUH OLJKW RQ VRPHRIWKHVH LPSRUWDQW T

YP3)& P2)& 7TKHLQWHUVHFWLRQRIYDOXHV VWDWHYV DQG FRJC

,Q WKHODVW SURMHFW ZHGRYHLQWR WKH XQGHUO\LQJQHXUD
EULGJLQJILQGLQJVRIYDOXHDQG VWDWHV FR H[LVWLQJDQG L(
VXSSRUW SUHYLRXVILQGLQJV WKDW WKH 2)& UHSUHVHQWYV VWL
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GLVFXVVHGDERYH VWDWHV FDQEHFRQFHSWXDOL]HG DV D ORF
VWUXFWXUDO NQRZOHGJHDQG SUHYLRXV H[SHULHQFHV ZLWK F
WRUHSUHVHQWD VRPHZKDW PRUH VWDEOHUHSUHVHQWDWLRQ
PRUHG\QDPLF UHSUHVHQWDWLRQVDVLWQHHGVY WR WDNH D OR
ILQGLQJVLQ WKHVHFRQG SURMHFWDOVR SDUWLDOO\VXSSRUW
WR VDPH GD\UHFHQW H[SHULHQFHV 7KLV LV VXSSRUWHG E\RW
G\QDPLFDOO\ XSGDWHV KLSSRFDPSXV UHSUHVHQWDWLRQ WR R
HW DO

2QHDVSHFWRI2)&MVQHXURQDO FRGLQJWKDW PLJKW VXSSRUW
GLVFXVVHG LQ GHWDLO LQ WKH WKLUG SURMHFW VLQJOH QHXU
VHOHFWLYLW\WRPL[WXUHV RIYDOXH RXWFRPH WDVNVWDWH
UHSUHVHQWDWLRQDO VSDFHGRHV QRWPHDQ WKDW VLQJOH UH
EHUHDG RXWIURPLW EXWLWGRHVHPSKDVL]HWKHSRVVLELOL
VWURQJO\FRQQHFWHG ,IPL[HG VHOHFWLYLW\LV SDUW RIELQC
WKHQ LW PLIJKW SRWHQWLDOO\IDFLOLWDWHOHDUQLQJLQ ZKLF
FR YDU\ZLWK YDOXHDQG FRQWULEXWH WR JRDO GHSHQGHQW L
VXFKUHSUHVHQWDWLRQDO FKDQJH LV SUHVHQWHG LQ WKH VLP
RYHUWLPH UHZDUGDFWV DVDJUDYLWDWLRQDO SXOO ZLWKLQ
D[HVWKDW ZHUH SUHYLRXVO\ XQUHODWHG WR UHZDUG OL[HG V
G\QDPLFV RIOHDUQLQJDQG FKDQJLQJWDVN  VWUXFWXUHUHSU!
VXJIHVWLRQV EHORZ

&RPSUHVVLRQDQG FRPSHWLWLRQRIDOWHUQDWLYHJRDOV ZLV

, QWKHILUVW SURMHFW ZHVDZPXOWLSOHVWDWHV FR DFWLYD
IRUVLPXOWDQHRXVO\SURFHVVLQJUHOHYDQWDQGLUUHOHYD((
ZHUH VWLOO KIR M HKUHHQ@HRHMNHLUHSUHVHQWHG ZLWKLQ WKH YP3)&
YDOXHLQWKHIURQWDO FRQWH[W ZDV RQO\IRXQGLQ WKHPXOW
7KLV VXJIJHVWYV WKDW WDVN LUUHOHYDQW YDULDEOHV DUH UHS
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HDVLO\GHWHFWDEOH XVLQJ XQLYDULDWH WHVWV $W WKH VDPI
SURMHFW VRPHVWXGLHVLQGHHGIRXQG OLQHDU VFDOLQJZLW
DVWKHEHDXW\RIIDFHV RUPRUHJHQHUDO OLNDELOLW\ $ELWE
$ + +DUYH\HWDO /IHEUHWRQ HW DO /IHY\ *OLPFKHU
LOQWHUHVWLQJ FRQXQGUXP QDPHO\ZK\DUH VRPH WDVN LUUHO
RWKHUV" $QG VSHFLILFDOO\LQ RXUWDVN LUUHOHYDQW YDOXF
OLQHDU WUDFH 2QHDVSHFW RIRXUWDVNLV WKDW FRQWH[WYV F
RQHWULDO LUUHOHYDQW LQ VXEVHTXHQW WULDOV :HDOVRPD
FRQWH[WYVY SRLQWHG DW GLITHUHQW RSWLRQV LQFRQJUXHQWF
EHWZHHQ WKH FRQWH[WYVY 2QH SRWHQWLDO VSHFXODWLRQ LV W
WREHDFWLYHO\VXSSUHVVHGLQ RUGHU QRW WR LQWHUIHUH ZL
QRWGHWHFW XQLYDULDWHHYLGHQFHIRUWKHLUUHOHYDQW YI
RIQHXUDO FRPSUHVVLRQRILUUHOHYDQW IHDWXUHV LQ YP3)& S
FRQWH[W GHSHQGHQW GHFLVLRQV ODFNHWDO DQG FRXO
PLIJIKWUHODWH WR WDVN GHPDQGY $FRPSOLPHQWDU\SRLQWR
DHVWKHWLFV RUJHQHUDO OLNDELOLW\ ZKLFKZHUH REVHUYHG
GbLO\OLIH WKDW WKH\DUHDXWRPDWLFDOO\DFWLYDWHG LQ D

7TKLVZRXOGEHLQOLQHZLWK WKHKLSSRFDPSXV UHSUHVH:¢
REMHFWV HYHQ WKRXJK WKRVHZHUH LUUHOHYDQW IRU WKH WD"
WKH\ZHUH QRW SRVLQJD FRPSHWLWLRQRQ ZKLFK LV WKH ULJK)
FRXOG WU\ WREHWWHU XQGHUVWDQG XQGHU ZKLFK FRQGLWLRC(
DQG VWDWHY DUHFRPSUHVVHG

%LQGLQJLWDOO WRIJHWKHU LQWHJUDWLQJJRDOVDQG YDOXH

2QH TXHVWLRQ WKDW UHODWHV WRDOO WKUHH SURMHFWYV LV Z|
JXLGHJRDO GLUHFWHG EHKDYLRU" % RWK WKHILUVWDQG VHFR
JRDOV WKDW RIWHQ SRLQWHG WR RSSRVLQJDFWLRQV ,Q WKH II
YDOXHPDSSLQJYV ZKHUHDV LQWKHVHFRQG SURMHFW LW ZDV |
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YLIXUH

3RWHQWLDO PHFKDQLVPV IRUFRPSHWLQJ JRDQ@WIXHG MKHAL S UREHAWHDR \WR @
DSSHDUHG LQ HYHU\WULDO LQVWUXFWLQJ SDUWLFLSDQWYV ZKIEEFRRRQWH[W
VHSDUDWH SRWHQWLDO VSDFHV IRUWKH WDVN V SUHVHQWHG LQ WKH ILUV\
PRWLRQ GLUHFWLRQV ERWWRP \ D[LV E\WKHLU YDOXHV [ D[LV LQ ERWK
VSDFH 7R DFKLHYH WKH ULJKW JRDO LQ WKH H[LVWHQFH RI WZR VHSDUDWH
DQG WKH RWKHU E'VQDXSLSADHVOAMFRPSUHVVHG UHSUHVHQWDWLRQDO VSDFH IR
\ D[LV DQG YDOXHV [ D[LV FR UHSUHVHQWHG ZLWKLQ WKH VDPH VSDFH
WKH D[HV LV H[SDQGHG DQG WKH RWKHU LV FRPSUHVVHG ,Q WKLV WR\ H[DF
GLIIHUHQW PRWLRQ VWDWHY UHPDLQHG LQWDFW RQO\ IRUJUHHQ ZKHUHDYV
UHZDUGLQJIHDWXUH &RULKRIQWMBR®BWURMHFW WKHJRDO ZDV SUHVHQWHG
VHVVLRQDQG UHPDLQHGH/RR VW5 DWIWMKHNMNIDIKRKVMRU SHUFHSWXDO VLPLODUL
ERWWRP 7R DFKLHYH WKHULJKW JRDO LQ WKH FDVHRIWZR FRPSHWLQJ V!
LV DFWLYDWHG DQG WKH YDOXH PDS VKRXOG EHVXSSUHVVHG :HFXUUHQWO
IXUWKHU LQYIHWHIDWWRIGWHSUHVHQWDWLRQDO VSDFH IRU SHUFHSWXDO I1
JUDYLWDWLRQDO SXOO FRQFHSWXDOO\LOOXVWUDWHG E\UHG SRLQWV DQC
LQGHSHQGHQW D[LV EXW UDWKHU LQWHJUDWHG LQWR DWZR GLPHQVLRQDO
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LGHQWLI\LQJD VSHFLILFUHZDUGLQJWUHH %RWK SURMHFWYV D
VHQVH WKDW WKHFRQWH[W ZDV QRW SUHVHQW ZKLOH FKRRVLQ
ZKLFKPLIKWHQFRXUDJHFR UHSUHVHQWDWLRQV RIPXOWLSOH
SURSRVHG WKDW WKH 2)& UHSUHVHQWADD R XD IHXOPPMWY VRRQ D O
DORQJPXOWLSOHD[HV ZLWK YDOXHEHLQJRQHRIWKHP ,Q ERW
RSSRVLQJIJRDOLQWHUIHULQJ ZLWK WKHRWKHU DOWKRXJK LQ
VLPXOWDQHRXVO\RSSRVLQJJRDOVUDLVHV WKHTXHVWLRQ LIV
FRPSHWLQJUHSUHVHQWDWLRQDO VSDFHV RULIWKH\FR H[LVW

JREXVLQJRQ WKH ILUVW SURMHFW RQHLQWHUSUHWDWLRQ RI V
UHSUHVHQWDWLRQDO VSDFHVY D FRORUVSDFHDQGD PRWLRQ V
TIREXVRQFRORUY )LJ D RQHPDSPLJKWEHDFEWLYDWHG ZKH
'LVFXVVHG ILQGLQJV WKDW WKH KLSSRFDPSXV PDLQWDLQV WDV
P2)& UHSUHVHQWLQJFRPPRQO\ XVHG WDVN LUUHOHYDQW DWW!
FR DEWLYDWHG PDSV *DUYHUW HW DO /HEUHWRQ HW DO

DQDO\WHV VXJIJHVW WKDW ZKHQ VWDWHV VZLWFK IURP UHOHYDC
FRPSUHVVHG 6XFKFRPSUHVVLRQ FRXOGEHDUHVXOW RIVXSSL
SHUVSHFEWLYH LV WKDW WKH UH SD G@WH W Q W HRBQ DORASDIFWM LLRYF R
G\QDPLFDOO\FRPSUHVVHV IHDWXUH GLPHQVLRQV GHSHQGLQJ |
SHUVSHFWLYHLV QRWLQ FRQWUDGLFWLRQ WR WKH FRQFOXVLR
LQWHUSUHWDWLRQ RI fUHOHYDQFHTE\HPSKDVL]LQJWKDW VXF
WKDQ ZKDW LV LPPHGLDWHO\JRDO UHODWHG 6LPLODU WR WKH
UHDG RXW PRGHO FRXOG VWLOO H{WUDFW WKH WZR VHSDUDWH
LQWHJUDWLQJRYHU WKH LUUHOHYDQW D[HV IURP)LJ FWR)LJ
VLQJOH GLPHQVLRQRIYDOXH UHSUHVHQWDWLRQ DV VXJJHVWE
+RZHYHU FRQVLGHULQJWKHVSDFHDVLQKHUHQWO\RQH RSHQ
H[SODLQHG LI UHSUHVHQWDWLRQ LV VHSDUDWHG )RULQVWDQHI
WKURXJK H[SHULHQFH FR YDULDWLRQ DQG GHSHQGHQFLHV EHV
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LOGHSHQGHQWDQG HYHQDVVLIQ YDOXHV WR WDVNDVSHFWV W
HW DO 6KDKDU HW DO 7KLV SHUVSHFWLYH VWLOO OH!
JRYHUQV FRPSUHVVLRQ ZKDW UHPDLQV LQWDFW DIWHU VXFK F
FRPSUHVVLRQ FDQ WDNH VHHH[DPSOHV LQ)LJ F

7KHILQGLQJV RIWKHVHFRQG SURMHFW SURYLGHD GLIITHUHQW !
DQG KLQW DW GLIITHUHQW W\SHV RIUHSUHVHQWDWLRQDO FKDQ.
H[SOLFLWO\SUHVHQW GXULQJWKH FKRLFH SHULRG EXW ZDV UD
VHVVLRQ )LJ G PDNLQJWKHWDVN SDUWLDOO\REVHUYDEOH
FRPSHWLQJ RIMSM RIHVHQWLQJ WKH SHEOBS WX B 0H/GW E @ DRRONR
YDOXHV $FFRUGLQJWR WKLV SHUVSHFWLYH WKHREVHUYHG E|
VXSSUHVV WKH UHZDUG PDS )LJ H +RZHYHU ZHGR QRW FXU
XQLYDULDWH RUPXOWLYDULDWH YDOXHPDSSLQJ LQFRQWUDYV
DQDO\WHV IRXQG WKH UHSUHVHQWDWLRQ RI WKH VR FDOOHG TV
WDVN WKH SUHYLRXVO\OHDUQHG YDOXH PLJKW QRW EH GLUHF)\
ILQGLQJV SRLQW WR D GLIIHUHQW IRUP RI UHSUHVHQWDWLRQDC
NQRZOHGJH RUVDOLHQF\ LVLQWHJUDWHG RYHU WLPHLQWR W

7KH GLVFUHSDQF\EHWZHHQ WKH ILUVW DQG VHFRQG SURMHFW\
HDFK WDVN DQG WKH IUHTXHQF\RI FKDQJH EHWZHHQ WKH WDVN'
VZLWFKHG HYHU\ PLQXWHV LQ WKHVHFRQG SURMHEW WKH W
VRPHWLPHVY KRXUVDSDUW ZLWK QRLQWHUOHDYHG DSSHDUL
WKH JRDO GXULQJ WKH H[WHQVLYH UHZDUG OHDUQLQJVHVVLRC
D[HVLQ WKH KLSSRFDPSXV DQG 2)& UHSUHVHQWDWLRQDO VSDF
UHZDUG DQG SHUFHSWXDO GLPHQVLRQV RYHUD ORQJWLPHHQI
SRWHQWLDOO\WR VXSSRUW RSWLPDO UHZDUG PD[LPL]DWLRQ L
LPSRUWDQW WR QRWH WKDW QRQH RI WKH SURMHFWV DLPHG WR
QRW LQFOXGH FRQWUROOHG FRQGLWLRQV OHDYLQJWKLVLQW

$VPHQWLRQHG LQ WKH WKLUG SURMHFW PL[HG VHOHFWLYLW\F
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UHSUHVHQWDWLRQDO FKDQJHV RIWDVN VSDFHV 7KLV PHFEKDQL
GHSHQGHQFLHV EHWZHHQ GLIIHUHQW UHSUHVHQWDWLRQDO D|
HQFRGHPXOWLSOH WDVN UHOHYDQW GLPHQVLRQV VLPXOWDQH}
GHSHQGLQJRQ WKHEHKDYLRUDO FRQWH[W 7KLV SURSHUW\ FR
WDVN GLPHQVLRQV LQWHUDFW RYHU WLPH ,I PL[HG VHOHFWLYL
UHSUHVHQWDWLRQV EDVHG RQ WDVN GHPDQGY WKHQ GXULQJV
VHFRQG SURMHFW QHXUDO SRSXODWLRQV PD\JUDGXDOO\UHIL
EHKDYLRUDOO\UHOHYDQW IHDWXUHV ZKLOH GHSULRULWL]LQJ
KDYHEHFRPHLQFUHDVLQJO\LQWHJUDWHG ZLWK SHUFHSWXDO
LQGHSHQGHQW D[LV 7KLV LV VXSSRUWHG E\WKH FXUUHQW OD
RIWKH YDOXHPDSSLQJ &RUUHVSRQGLQJO\ ZKHQ WDVN GLPHQ
VXFKDV ZKHQ RQHPXVW EH VXSSUHVVHG WR RSWLPL]H GHFLVLF
HQFRGLQJRQHGLPHQVLRQ PD\VKLIWWKHLU WXQLQJDZD\IURP
UHGXFLQJLQWHUIHUHQFH

1RWDEO\ PL[HG VHOHFWLYLW\ZDV IRXQGLQGLIIHUHQW DUHDYV
UHWURVSOHQLDO FRUWH[ ZKLFKLVDGMDFHQWDQG FRQQHFWH
LW .LUDHWDO SLIRWWL HW DO 7\HHW DO TR Wi
FXUUHQWO\QR GLUHFWHYLGHQFHIRUPL[HG VHOHFWLYLW\RQ"
IRUPDWLRQ ,WLVSRVVLEOHWKDWLIPL[HGVHOHFWLYLW\SOD'
GLPHQVLRQV VXFKOHDUQLQJPLIJIKWKDSSHQ RXWVLGHRIWKH |
SRWHQWLDOO\LQIRUPLQJLWRQVXFKOHDUQHG GHSHQGHQFLH

$V OHDGLQJFDQGLGDWHV WR UHSUHVHQW WDVN VWUXFW X
PXFKWR XQFRYHUDERXW WKH VSHFLILFUROHV RIKLSSRFDPSD(
WKH\DGDSW WR FXUUHQW DQG SDVW JRDOV DQG KRZ WKH\SRW
EHKDYLRU
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&RQFOXGLQJUHPDUNYV

7DNHQ WRJHWKHU WKH SURMHFWYV LQ WKLV WKHVLV SURYLGH Q
LQWHJUDWH VWUXFWXUDO NQRZOHGJH YDOXH UHSUHVHQWDW]
EHKDYLRU %\GHPRQVWUDWLQJKRZWDVNVWDWHUHSUHVHQW
KRZUHZDUG UHVKDSHV FRJQLWLYH PDSVLQ WKH KLSSRFDPSXV
VWUXFWXUHGLQDPXOWLGLPHQVLRQDO UHSUHVHQWDWLRQDO
WR D JURZLQJXQGHUVWDQGLQJRIKRZWKHEUDLQ G\QDPLFDOO
HQYLURQPHQW 7KHILQGLQJV FKDOOHQJH VLPSOLILHG QRWLRC
KLIJKOLJKW WKH IOH[LEOH FRQWH[W GHSHQGHQW QDWXUH RI W
ILQGLQJVY FKDOOHQJH VWURQJVHSDUDWLRQV EHWZHHQ YDOXH
DUHVWDEOHDQG SUHGLFWDEOH %\EULGJLQJSHUVSHEWLYHV
DQG UHSUHVHQWDWLRQDO JHRPHWU\ WKLV WKHVLV SURYLGHYV
WDVN GLPHQVLRQV ZKHWKHU SHUFHSWXDO VWUXFWXUDO RU
WR JXLGH GHFLVLRQ PDNLQJ )XWXUH UHVHDUFK FRXOG IXUWK#
VSDFHVHYROYH ZLWK H[SHULHQFH KRZ WKH\DUH LQIOXHQFHG
VEDOHV RUXQFHUWDLQW\OHYHOV DQG KRZLQWHUDFWLRQV El
VXE UHJLRQV FRQWULEXWH WR WKH FRQWLQXRXV DGDSWDWLR
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6XSSOHPHQWDU\LQIRUPDWLRQ IRU VW SURMHF\
)L 6 )XOO SURFHGXUHDQG H[SHULPHQWDO GHVLJQ IRU DC

)L 6 1HVWHGS57PRGHOV (9 &RQWH[W %ORFNDQG VZLWF

)L 6 $OWHUQDWLYH57 PRGHOV H[WHQGHG 57 PRGHO FRP
DOOUHJUHVVRUV UHODWHG WR )LJ

$)LJ 6 ([SORUDWRU\DQDO\VLV RI57PRGHO SUHVHQWHG LQ
$)LJ 6 %HKDYLRUDODFFXUDF\UHVXOWY UHODWHG WR )LJ

$)LJ 6 )UHTXHQF\ELDVLQ WKHGHVLIJQDQGVXSSOHPHQWD!L
6LPLODULW\ $QDO\VLY UHODWHG WR)LJ DQG)LJ

)L 6 6XSSOHPHQWDU\LQIRUPDWLRQIRU9DOXHVLPLODUL

f)LJ 6 6XSSOHPHQWDU\LQIRUPDWLRQ IRUSHUFHSWXDO VLF
)LJ

)L 6 ORGHOOLQJSUREDELOLW\DVVLIJQHG WR WKH (9 FODYV
T)LJ 6 ODLQ HITHFWV DQG FRUUHVSRQGLQJGDWD 105, HIIH|

$)LJ 6 ODLQHIIHFWVDQG FRUUHVSRQGLQJGDWD OLQN RI |
UHODWHG WR)LJ

T)LI 6 ODLQ XQLYDULDWH UHVXOWYV

T)LJ 6 $GGLWLRQDO XQLYDULDWH UHVXOWYV

t7DEOH '"HWDLOHG XQLYDULDWH UHVXOWYV &OXVWHUV IRU .
F(IIHFWVL]IHVDQG FRQILGHQFHLQWHUYDOV IRUEHVWH[SOD

I+

7DEOH 57 PRGHO

7DEOH 105, RRGHDA BPRGHO

7DEOH 105, RRGHOVWHGLQ (9

7DEOH 56%$PRGHO ODLQHIIHEWPRGHOV

+ 7DEOH 56$PRGHO ODLQHIIHFWPRGHOV YDOXH GLIIHU|

+ I+

I+

6RXUFH GDWD IRUDOO ILIXUHV DUH SURYLGHG DV D G6RXUFH 'DW
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JLIXUH 6
)XOO SURFHGXUHDQG H[SHULPHQWDO GHVLJQ IRUDOO SKDVHYV

JLIXUH6 )XOO SURFHGXUHDQG H[SHULPHQWDO @HVLJQ IRUDC
%URZQLDQ DOJRULWKP IRUFRORUDQGPRWLRQ (DFKLOOXVWU
161 DQG (1 PDUNHG GRWV UHIOHFW 6WDUW DQG (QG SRVLWLRQ"
ORFDWLRQLQ VSDFHIRUGLIIHUHQW IUDPHV /HIW SDQHO +RUL
GRW SRVLWLRQV EHWZHHQ VWDUWDQG HQG ,Q HDFKIUDPH D G
GHVLJQDWHG GLUHFWLRQ JUD\ ZLWKD IL[HG VSHHG UHPDLQL

FRQFHSWXDOO\WDNHQ IURP 3LOO\ 6HLW] SLIKW SDQHO
VLPXODWHG WKH <&E&U FRORU VSDFHWKDW LV EHOLHYHG WR U
DFFXUDWH ZD\ FI $EERWW HW DO $ILIHG OXPLQDQFHRI <

UHDVRQV ZH VOLFHG WKH ; D[LV E\ RQHDFKVLGHDQG WKH < C
VSDFHWRHQVXUH WKHPLGGOHRIWKHVSDFHUHPDLQHG JUD\ JlI
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DGLIITHUHQW VHW RI GRWV DOZD\V RIWKHGRWYV PRYHG FRKF
FHUWDLQ VSHHG ZKHUHDV WKH UHVW ZHUH DVVLJQHG ZLWK D UL
RITVHW E\ IURP WKH FHQWHU WRZDUGV HDFK FRUQHU 5LJK\
E)XOO SURFHGXUH 7KH H[SHULPHQW FRQVLVWHG RIWZR SKDVF
EHKDYLRUDO ODEDQG LQFOXGHG 6WDLUFDVLJ 2XWFRPH OHDU
VHFRQG WRRN SODFHLQVLGH WKH 05, VFDQQHUDQG FRQVLVWH
PDLQ WOMNPSOH WULDO SURFHGXUHV DQG WLPLQJRIWKHGLIIHLU
GHSLFWHG EH O RZW DIOXADN UMFKLBRHIMD O VWDUWHG ZLWK D FXH RI
IHDWXUH (DFKFORXG KDG RQHRUWZRIHDWXUHVY PRWLRQDQG
WKHFXHG IHDWXUH 3DUWLFLSDQWVYWDVN ZDV WR FKRRVH WK
SDUWLFLSDQWY UHFHLYHG IHHGEDFN LI WKH\ ZHUH FRUUHFW DC
ZURQXWFRPHOHDUQRRUWLFAGOBWY ZHUH SUHVHQWHG ZLWK H
VLQJOH IHDWXUH FORXGV DQG DVNHG WR FKRVH WKH KLJKHVW Y
ZHUH SUHVHQWHG ZLWK WKH YDOXHV RI ERWK FORXGV ZLWK WK
ZLWK D VTXDUHDURXQG LW 7KH SDLURIVKRZQ VWLPXOLLQFOX
EHWZHHQ XS ULJKW DQBLEOXEHO RFNSWRDIGNWH QG RI WKH ILUVW SK
EHIJLQQLQJRIWKHVHFRQG SKDVH SDUWLFLSDQWY FRPSOHWHG
DQDWRPLFDO VFDQ FRORU RQO\ PRWLRQ RQO\ LQWHUOHD
PDNHD YDOXH EDVHG WZR DOWHUQDWLYH IRUFHG FKRLFH FKRL
SUHVHQWHG ZLWK D FRQWH[WXDO FXH FRORU PRWLRQ IROOR.
FORXGV RIWKHFXHG FRQWH[W $IWHUD FKRLFH WKH\ZHUH SUF
%2/' UHVSRQVH ZDV PHDVXUHG GXULQJWKHVHEORFNV DQG WLP
WKDQLQ WKHPDLQ WDVN VHH 0D L Q MIOI)VW SWN FRIVDWRR QY LQ PH'
LQFOXGHG EORFNV HDFKFRQVLVWLQJRI 'DQG 'WULDOV\
IDVKLRQ VHH PHW IGREXMQBGRIQYV SHFLILF UHGXFWLRQLQ 57 YDULI
VWDLUFDVLQJ :HYHULILHG WKDW WKHVWDLUFDVLQJ SURFHG X
EHWZHHQ IHDWXUHV ZKHQ WHVWLQJHDFK EXWWRQ VHSDUDWHC
57V DFURVV GLIIHUHQW FRORUDQG PRWLRQ IHDWXUHV \D[LV
GLIIHUHQW IRU GLITHUHQW IHDWXUHV EHIRUH VWDLUFDVLQJ SLU
ZDV REVHUYHG DIWHU WKH SURFHEXUH S&KRL SDD B FGWD AN H QW
RXWFRPH OHDUQLQJWULDOV 3DUWLFLSDQWYV DFKLHYHG QHDU
YDOXHG IHDWXUHLQ WKH RXWFRPH OHDUQLQJWDVN DOVR ZKH
V H 'S D UDAVaa D \L OL[HG WULDOV RQO\DSSHDUHG LQ WKLV SDUW
HQFRXUDJH PDSSLQJRIWKH YIGEKY RE WLKPULRDIKRKMNOWMKH H[S F
SORWWHG IRUHDFK EORFN R H,QFK KSHD WU W DRL WAEHOH HXFSAHOUHIPRM Q RVU
WKHDGMXVWPHQW DQG PHDVXUHPHQW EORFNV HQVXUHG W
GHWHFWLRQ RIQZWKHWARPKDHADHQUQDFUHDVH LQ DFFXUDF\ WKU
LQGLFDWHG OHDUQLQJRIIHDWXUH RXWFRPHDVVRFLDWLRQV |
LQFOXGHG IRUWKRVH ZKR GLG QRW DFKLHYH ' PDGE EQORFWEH IR L
PLGGOH DQG WKNIRXWRMIWWXBIWLO WKHHQG RI WKHOHJSHULPH

I[IURP OHIWWRULIJKW 6WDLUFDVLQJ 2XWEFRP
"PLQL EORFNYV ODLQ WDVN
1 ,QSDQHOV G ER[HVPLG OLQHUHSL

XSSHUWKH WKDQG WKSHUFHQWLOHDQG ZKLVNHUV HIWHQG
RIWKHIXOO ER[UDQJH 'DWD EH\RQG WKH ZKLVNHUV DUH SORW
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YLIXUH 6
1HVWHG 57 PRGHOV UHODWHG WR )LJ

JLIXUH6 1HVWHG57PRGHOV UHODWHG WR )LJ
DG 1HVWHG PRGHOV(DIF KIIRZ ) DHFSMRHUWHQWY RQH FRQJUXHQF\ D
VHSDUDWHO\IRUHDFKOHYHO RIH[SHFWHG YDOXH D WRSURZ

RUVZLWFK G ERWWRPURZ 7KH %%k ILNPWRZ Q@ RQIJWKH @FH\IW
FRUUHVSRQGLQJ $,&VIRUPL[HGHIIHFWPRGHOV ZLWK QHVWHG |
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OLQH DQG6(0 VKDGHV IRUWKHFRUUHVSRQGLQJ '"WULDOV LV
PHDQ DFURVV DOO 'WULDOV ZKHUH (9 DUHRQWRSOHIW SDQF
DQG JUD\HUURU EDQG UHSUHVHQW FRUUHFWHG ZLWKLQ VXEMH
HW DO 1XOO PRGHOV VKRZQ RQ WKH ULJKW,_D @K LLREHIQM L F L
WKH IDFWRW IVGWRUIEKFSW QHVWHG ZLWKLQ HDFK ZLWKLQ HDFK V
ILNHOLKRRG UDWLR WHVWVY ZHUH SHUIRUPHG WR DVVHV LPSURY
RU @ WHUPV WR WKH 1XOOPRGHODQG ZK%¥%.Q DL®QEL®GLWERQ W
&RQJUXHQF\ 6WDUV UHSUHVHQW S YDOXHV OHVV WKDQ JRU
LQFOXGHDPDLQHIIHFW IRU (9DQG WKH OLNHOLRRFRBEADWLR /5
p<:001  2,=1:47p=:226 2, =19:37 p<:001 )RUPRGHOV QHVWHG ZLWK
&RQWH[W WKH /5 §y H30/01ZiDV001 %) =1:5 p= :22 2, =18:9
p<:001 )RUPRGHOV QHVWH G ERBIOB Q @R FNZ =1:27 p= :26
2,=18:25p<:001 $QG IRUPRGHOV QHVWHZ Z230&h € 00Z LW F K
2,=1:13 p= :29 2,=1766p<:001l 1 |IRUDOO SDQHOVDQGPRGHOV
QHVWHG DFURVV (9 WKHLQWHUDFWLRQ ZLWK (9 LV YLVLEOH L
HITHFWV RILQWHUHVWYV ZHUH
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JLIXUH 6
$OWHUQDWLYH57 PRGHOV H[WHQGHG 57 PRGHO FRPSDULVRQV DQG FRUUHO

JLIXUH6 $OWHUQDWLYH57 PRGHOV H[WHQGHG 57 PRGHO FRP
RIDOO UHJUHVVRUV UHODWHG WR)LJ

D$OWHUQDWLYHPL[HG HIIHFW PRGHOV HDFK UHSUHVHQWHG D\
‘HFOXVWHUHG GLITHUHQW DO W H U QUDHMLYY P FFGRRBXABVH IGQI\Y R WVRKUA \
UHIOHFWHG WKH GLITHUHQFH EHWZHHQ WKH S HG WOHCGLIA X H V
XQVLIJQHG (9EDRWBHOV LQFOXGH LQVWHDG IDFWRU WKDW UHIO
FRQWH[W ZLWKLQ HDFK FORXG ZKHUH pWJWYT WDUJHW LV WKH F
WR WKH UHOHY RQW @ RO WOIYW QRBXGHG WZR DOWHUQDWLYH SDL
WKHQRQ UHOHYDQW FRQWH[W LUUHOHYDQW IHDWXUHVY 9DO X
ZKLFK DUH DOVR RUWKRJRQDO WR &R QJQ>XHOPRWERIPD LRPR & RA
FRPSDULVRQ DV SUHVHG@EWH® HQ W/HG PRWU Q MEFAMLIRIHBOARWIU[H O C
DFURVV VXEMHFWVY RIDOO VFDOHG UHJUHVVRUV IRUDFFXUDWH
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