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7KH SXUSRVH RI WKH SUHVHQW VWXG\ ZDV WR LQYHVWLJDWH VWUXFWXUDO FKDQJHV RI WKH IHPXU
RI ODFWDWLQJ DQG SRVWODFWDWLRQ SHULRGV IHG ORZ0FDOFLXP GLHW LQ UDWV17ZHQW\ SUHJQDQF\
:LVWDU DOELQR UDWV ZHLJKLQJ EHWZHHQ 5330583 J ZHUH XVHG IRU WKLV VWXG\17KH
ODERUDWRU\ DQLPDOV GLYLGHG LQWR WZR JURXSV FRQVLVW RI 43 IHPDOH UDWV17KH
H[SHULPHQWDO JURXS ZDV IHG ZLWK ORZ0FDOFLXP GLHW IRU <3 GD\V +313;6 ( &D ,17KH
SXSS\ UDWV LQ WKLV JURXS IROORZLQJ ODFWDWLRQ DQG SRVWODFWDWLRQ SHULRGV ZHUH IHG ZLWK
VDPH GLHW17KH FRQWURO JURXS ZDV IHG ZLWK VWDQGDUG GLHW +6WDQGDUG SHOOHW0318(&D,1

$W WKH HQG RI WKH H[SHULPHQWDO IHHGLQJ SHULRG/ WKH DQLPDOV ZHUH VDFULILHG DQG WKHLU
IHPXUV/ UHPRYHG HQEORF VHFWLRQV +8µP, ZHUH WDNHQ DQG VWDLQHG ++HPDWR[\OHQ0
(RVLQ/ 0DVVRQ 7ULFKURPH/ 6DIUDQLQ IDVW JUHHQ, IRU WKH OLJKW PLFURVFRSH1 /LJKW
PLFURVFRSH H[DPLQDWLRQ> LQ WKH SXSS\ UDWV LQ ORZ0FDOFLXP GLHW JURXS VRPH
KLVWRORJLFDO VHFWLRQV RI ERQH VKRZHG GHPLQHULOL]DWLRQ DUHD/ DQ LUUHJXODULWL\ RI LQQHU
VXUIDFH RI WKH ODPHOODH DQG LQFUHDVH RI WKH QXPEHU RI RVWHRFODVWV1 5HGXFLQJ WKH
WKLFNQHVV RI ERQH FRUWH[ DQG VSRQJLRVDH WUDEHFXODH UHVXOW IURP UHVRUEWLRQ ZHUH
QRWHG1
.H\ ZRUGV= /RZ0FDOFLXP GLHW/ IHPXU/ ODFWDWLRQ/ SRVWODFWDWLRQ SHULRG/ UDW

ODNWDV\RQ YH ODNWDV\RQ VRQUDVL G|QHPGH G�ú�N NDOVL\XP GL\HWOH EHVOHQHQ
VÕoDQODUÕQ IHPXUXQGDNL KLVWRSDWRORMLN GH÷LúLNOLNOHU

dDOÕúPDPÕ]GD ODNWDV\RQ YH ODNWDV\RQ VRQUDVÕ G�ú�N NDOVL\XP GL\HWOH EHVOHQHQ
UDWODUÕQ IHPXU NHPL÷LQGHNL KLVWRORMLN GH÷LúLNOLNOHUL DUDúWÕUGÕN1 $UDúWÕUPDPÕ]GD 53 WDQH
HULúNLQ 5330583 J D÷ÕUOÕ÷ÕQGDNL :LVWDU DOELQR UDW NXOODQÕOGÕ1

.RQWURO JUXEXQGDNL UDWODU oLIWOHúWLUPH\H DOÕQGÕNODUÕ J�QGHQ LWLEDUHQ VWDQGDUW SHOHW \HP
LOH EHVOHQGL +(3/8 &D LoHUHQ,1%X JUXSWDQ HOGH HGLOHQ UDWODU/ ODNWDV\RQ YH ODNWDV\RQ
VRQUDVÕ SHUL\RWWD GD D\QÕ GL\HWOH EHVOHQGL1 'HQH\ JUXEXQGDNL GLúL UDWODU/ oLIWOHúWLUPH\H
DOÕQDUDN JHEHOLN G|QHPLQGH VWDQGDUW SHOHW \HP LOH EHVOHQGL + (3/8 &D LoHUHQ,1 'HQH\
JUXEXQXQ \DYUX UDWODUÕ ODNWDV\RQ YH ODNWDV\RQ VRQUDVÕ G�ú�N NDOVL\XP LoHUHQ +
(313;6 &D LoHUHQ , GL\HWOH EHVOHQGL1 'HQH\ KD\YDQODUÕ <31J�QGH HWHU DQH]WH]LVL
DOWÕQGD VDNULIL\H HGLOHUHN VD÷ IHPXUODUÕ DOÕQDUDN/ (43¶OXN Q|WUDO IRUPDOLQGH ILNVH
HGLOGL1 )HPXUODUÕQ GHNDOVLILNDV\RQX ( 8¶OLN IRUPLN DVLWOH \DSÕODUDN/ UXWLQ KLVWRORMLN
WDNLSOHUOH HOGH HGLOHQ 8� NDOÕQOÕ÷ÕQGDNL SDUDILQ NHVLWOHUL +HPDWR[\OHQ0(RVLQ/ 0DVVRQ
WULFKURPH/ 6DIUDQLQ IDVW JUHHQ LOH ER\DQGÕ1

<DYUX UDWODUÕQ IHPXU NHVLWOHULQGH> NRPSDNW NHPLNWH GHPLQHULOL]DV\RQ DODQODUÕ YH
ODPHOOHUGH G�]HQVL]OLNOHU LOH RVWHRNODVW VD\ÕVÕQGD DUWÕú J|]OHQGL15H]RUSVL\RQ VRQXFX/
NHPLN NRUWHNVL YH VSRQJL|] WUDEHN�OOHUGH EHOLUJLQ ELU LQFHOPH VDSWDQGÕ1
$QDKWDU .HOLPHOHU= '�ú�N NDOVL\XP/ IHPXU/ ODNWDV\RQ/ ODNWDV\RQ VRQUDVÕ/ UDW
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'XULQJ ODFWDWLRQ D 43053 ( ORVV RI WKH WRWDO DVK
FRQWHQW IURP FDOFLILHG ERQH KDV EHHQ UHSRUWHG1
7KLV ZKLFK LV GXH WR H[FOXVLYHO\ ERQH HUHVLRQ/
EXW QRW WR GHPLQHUDOL]DWLRQ1 ,Q UHVSRQVH WR
FDOFLXP LQVXIILFLHQF\ LQ WKH GLHW/ WKH VNHOHWRQ RI
WKHVH DQLPDOV PD\ UHOHDVH XS WR 83( RI éWV
FRPSRQHQWV/ ZKLFK HVSHFLDOO\ DW ZLWK WKH HQGV
RI ORQJ ERQH PRVW VHYHUHO\ DIIHFWHG4/5/6 1

7KH IDFW WKDW RVWHRSURVLV GXH WR DQ H[WUHPH
GHPLQHULOL]DWLRQ IURP ERWK D &D0GHILFLHQW GLHW DW
ODFWDWLRQ/ LV OHVV SURQRXQFHG LQ FRPSDFW WKHQ
VSRQJ\ UHJLRQV RI WKH VNHOHWRQ LQGLFDWHV WKDW
RVWHRFODVW DFWLYLW\/ LV FRYHUQHG QRW RQO\ E\
YDULDWLRQV LQ VHUXP FDOFLXP0DFWLYH KRUPRQH
OHYHOV EXW DOVR E\ ORFDO IDFWRUV17KH QDWXUH ORFDO
IDFWRUV LV QRW NQRZQ1+RZHYHU/VLQFH VSRQJ\ KDV
PRUH H[WHQVLYH IUHH VXUIDFH WKDQ FRPSDFWD/
PDQ\ ZRUNHUV VXJJHVWHG WKDW WKH JUHDWHU
WHQGHQF\ RI WKH VSRQJLRVD WR ORVH ERQH WLVVXH LV
UHODWHG WR DUFKLWHFWXUH RI WKH WLVVXH7 1

2Q WKH RWKHU KDQG/ WKH FDOFLXP LRQ LV D PDMRU
VXEVWDQFH RI LQWUDFHOOXODU PHVVHQJHU V\VWHP LQ
FHOO GLYLVLRQ DQG FHOO GLIIHUHQWLRQ DQG LV XVHG LQ
ERQH WLVVXH IRU PLQHUDOL]DWLRQ8 1 +\SRYLWDPLQRVLV
' DQG D ORZ FDOFLXP GHILFLHQF\ LQ JURZLQJ UDWV
FDXVHV RVWHRSRURVLV DQG LQKLELWV VNHOHWDO JURZWK
9 1 6HUXP &D OHYHOV YHUH GHFUHDVHG LQ WKH
FDOFLXP GHILFLHQW GLHWV: 1 /RZ0&D GLHW UHGXFHG
ERQH PLQHUDO GHQVLW\/ L1H1/ LQGXFHG RVWHRSRURVLV
; 1

6RPH LQYHVWLJDWDWRUV KDYH HYDOXDWHG WKH
DPRXQW DQG GLVWULEXWLRQ RI ERQH WLVVXH
UHVRUSWLRQ LQ VHYHUDO FRPSDFW DQG VSRQJ\ UHJLRQ
RI WKH IHPRUD IURP ODFWDWLQJ UDWV PDLQWDLQHG RQ
D QRUPDO RU ORZ0FDOFLXP GLHW WR GHWHUPLQH
ZKHWKHU WKH GLIIHUHQFHV LQ RVWHRSHQLD EHWZHHQ
FRPSDFW DQG VSRQJ\ UHJLRQV DUH H[FOXVLYHO\ WKH
UHVXOW RI WKH JUHDWHU H[WHQW WKH IUHH VXUIDFH LQ
WKH ODWWHU< 1

7KLV VWXG\ DLPV WR LQYHVWLJDWH WKH
KLVWRSDWKRORJLFDO FKDQJHV LQ IHPXU IURP WKH
ODFWDWLRQ DQG SRVWODFWDWLRQ SHULRGV IHG D ORZ0
FDOFLXP GLHW LQ UDWV1

0$7(5,$/6 $1' 0(7+2'6

93 GD\V RI DJH ZKHQ WKH H[SHULPHQW EHJDQ
WZHQW\ 5330583 J IHPDOH UDWV + :LVWDU DOELQR
VWUDLQ/ +HDOWK 0HGLFDO 5HVHDUFK &HQWHU0'h6$0/

/ 'L\DUEDNÕU 0785.(< ,/ ZHUH GLYLGHG LQ WKH WZR
JURXSV RI 43 DV IROORZV=
&RQWURO JURXS> JLYHQ D ZHOO0EDODQFHG RSWLPDO
GLHW +&RQWURO GLHW,1 7KHVH ODFWDWLQJ IHPDOHV ZHUH
IHG GLHW ZLWK QRUPDO FDOFLXP FRQWHQW + 318(
&D07DEOH0,,17KH FRQWURO JURXS ZDV IHG ZLWK
VWDQGDUW GLHW IRU <3 GD\V +318( &D,1
([SHULPHQWDO JURXS> 7KH SUHJQDQF\ UDWV ZHUH
IHG ZLWK VWDQGDUG GLHW IRU 55 GD\V +318(
&D,17KH H[SHULPHQWDO JURXS ZDV IHG ZLWK ORZ0
FDOFLXP GLHW IRU <3 GD\V +313;6 ( &D07DEOH0,,,1
7KH SXSS\ UDWV LQ WKLV JURXS IROORZLQJ ODFWDWLRQ
DQG SRVWODFWDWLRQ SHULRGV ZHUH IHG ORZ0FDOFLXP
GLHW +43,1 (DFK JURXS ZDV JLYHQ WKHLU
UHVSHFWLYHO\ GLHW DQG GHLRQL]HG ZDWHU DGG OLELWXP
IRU <3 GD\V1

$OO UDWV ZHUH VDFULILHG E\ GHFDSLWDWLRQ XQGHU
HWKHU DQHVWKHVLD DW WKH HQG RI H[SHULPHQWDO
SHULRGV17KH ULJKW IHPXUV ZHUH GLVVHFWHG
LPPHGLDWHO\/DGKHUHQW WLVVXHV ZHUH ZHOO
UHPRYHG/DQG ERQHV ZHUH WKHQ IL[HG LQ 43(
QHXWUDO IRUPDOLQ IRU WZR GD\V DW 7°&1

7DEOH0,= 6WDQGDUG 'LHW

1XWULHQW &RQFHQWUDWLRQ LQ
D GLHW +(,

'U\ 6XEVWDQFH ;<156
:DWHU 431::
&UXGH 3URWHLQ 491447
&UXGH &HOOXORVH 6157
&UXGH $VK 71:6
)DW 71::
&DOFLXP +&D, 318 -
3KRVSKRUXV +3, 317
6RGLXP +1D, 313;
6DOW +1D&O, 314
0HWKLRQLQ.&\VWHLQH./\VLQH 31:
'LJHVWLEHO (QHUJ\ +'1(1, 6398178 NFDO2NJ

7DEOR0,,=/RZ0&DOFLXP 'LHW

1XWULHQW &RQFHQWUDWLRQ LQ
D GLHW +(,

'U\ 6XEVWDQFH ;<156
:DWHU 431;9;
&UXGH 3URWHLQ 49157
&UXGH &HOOXORVH 615:
&UXGH $VK 71:6
)DW 71:<
&DOFLXP +&D, 313;6-
3KRVSKRUXV +3, 31739
6RGLXP +1D, 313;
6DOW +1D&O, 314
0HWKLRQLQ.&\VWHLQH./\VLQH 31<39
'LJHVWLEHO (QHUJ\ +'1(1, 63<; NFDO2NJ
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)RU KLVWRSDWKRORJLF H[DPLQDWLRQV/ WKH ULJKW
IHPXU ZHUH GHFDOFLILHG LQ 8( IRUPLF DFLGH/
HPEHGHG LQ SDUDIILQ E\ WKH URXWLQH
SURFHGXUH/DQG VHFWLRQHG ORQJLWXGLQDOO\ DW
WLFNQHVV 8 µP44 17KH ORQLJLWXGLQDO VHFWLRQV ZHUH
VWDLQHG ZLWK KHPDWR[\OLQ DQG HRVLQ/7ULFKURPH
0DVVRQ/ 6DIUDQLQ )DVW *UHHQ1 7KH VSHFLPHQV
ZHUH HYDOXDWHG ZLWK WKH OLJKW PLFURVFRSH1

5(68/76

7KH VHFWLRQ RI WKH IHPXU LQ FRQWURO JURXS IHG
ZLWK WKH VWDQGDUG SHOOHW ZDV QRW GHWHUPLQHG DQ\
SDWKRORJLFDO ILQGLQJV +)LJXUH04,1

7KH SXSS\ UDWV LQ ORZ0FDOFLXP GLHW JURXS VRPH
KLVWRORJLFDO VHFWLRQV RI WKH ERQH VKRZHG
GHPLQHUDOL]DWLRQ DUHD/ DQ LUUHJXODULW\ RI LQQHU
VXUIDFH RI WKH ODPHOODH DQG DQ LQFUHDVH RI WKH
QXPEHU RI RVWHRFODVWV +)LJXUH05D,1

%RWK LUUHJXODULWLHV RI FRPSDFW ERQH ODPHOODH DQG
GHPLQHUDOL]DWLRQ DUHD ZHUH VHHQ1 $Q LQFUHDVH RI
ERWK QXPEHU RI RVWHREODVW DQG RVWHRFODVWV ZHUH
SURPLQHQW1 5HGXFLQJ WKH WKLFNQHVV RI ERQH
FRUWH[ DQG VSRQJLRVD WUDEHFXODH UHVXOW IURP
UHVRUEWLRQ ZHUH QRWHG +)LJXUH05E,1

',6&866,21

$QLPDO VWXGLHV KDYH VKRZHG WKDW WKH QXPEHU RI
WUDEHFXODH LQ VSRQJLRVD LV UHGXFHG LQ UDWV IHG
ORZ0FDOFLXP GLHW1 'LIIHUHQW GLVRUGHUV DQG
LQDGHTXDWH FDOVLILFDWLRQ DUH REVHUYHG LQ WKH
VNHOHWRQ DQG RVWHRF\WHV DUH ELJJHU WKDQ QRUPDO
DQG XQVWDLQHG LQ UDWV IHG GLHW ZLWKRXW FDOFLXP
6/< / DUH SDUDOHO ZLWK RXU ILQGLQJV1

5DWV IHG RQ D ORZ0&D GLHW H[KLELW K\SRFDOFHPLD
DQG WKH GHFUHDVHG ZLWK RI WKH SUROLIHUDWLYH ]RQH
PD\ EH GXH WR LQKLELWLRQ RI FKRQGUREODVWHV
DQG2RU WKHLU SURJHQLWRU FHOOV8 1

7KH GHFUHDVHG LQWUDFHOOXODU JO\FRJHQ VWRUDJH
WRJHWKHU ZLWK OHVV GHYHORSHG FDUWLODJH FHOO PLJKW
LQGLFDWH DQ LQKLELWLRQ RI FKRQGUREODVW
F\WRGLIIHUHQWLDWLRQ DQG PDWXUDWLRQ LQ WKH ORZ0&D
UDWV/ LV LQ KDUPRQ\ ZLWK WKDW RI8 UHVXOWV1

7KH KLVWRORJLF ILQGLQJV VKRZHG WKDW RVVLILFDWLRQ
RI WKH PDQGLEXODU UDPXV ZDV FOHDUO\ LQKLELWHG LQ
WKH ORZ0&D JURXS1 :KDW ZH IRXQG DERXW WKLV
FRQIRUPHV ZLWK WKH ILQGLQJV RI 1DJD\DPD HW DO
45 1

%HFDXVH RI LQDGHTXDWH PLQHUDOL]DWLRQ WKH
DGXOWKRRG/ ERQH WUDEHFXODH EHFDPH WKLQ1 7KH

)LJXUH04 =7KH OLJKW PLFURJUDSK RI ORQJLWXGLQDO VHFWLRQ RI
IHPXU RI FRQWURO UDW VKRZLQJ SUR[LPDO HSLSK\VHDO SODTXH +H,
DQG WUDEHFXODH +W, +6DIUDQLQ0)DVW *UHHQ/RULJLQDO PDJQLILFDWLRQ
;74,1

)LJXUH05D=7KH OLJKW PLFURJUDSK RI ORQJLWXGLQDO VHFWLRQ RI WKH
IHPXU RI D QHZ ERUQ UDWV11RWH DQ LQFUHDVH RI WKH WKLFNQHVV RI
HSLSK\VHDO FDUWLODJH+H, DQG ERQH WUDEHFXODH +W, +0DVVRQ
WULFKURPH/ RULJLQDO PDJQLILFDWLRQ ;74,1

)LJXUH05E =7KH OLJKW PLFURVFRSLF YLHZ= ORQJLWXGLQDO
VHFWLRQ RI IHPXU RI D QHZERUQ UDW11RWH UHGXFLQJ WKH
WLFNQHVV RI VSRQJLRVD WUDEHFXOODH +W, ++HPDWR[\OHQ0
(RVLQ/RULJLQDO PDJQLILFDWLRQ ;49,1
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FRUWH[ EHFDPH WKLQ DV D UHVXOW RI VXESHULRVWHDO
DQG HQGRVWHDO UHVRUEWLRQ DQG DOVR KDYHUVLDQ
V\VWHPV EHFDPH ZLGH</45 1 6DPH UHVXOWV ZHUH
IRXQG UDW IHPXU*V VHFWLRQV LQ RXU VWXG\ +)LJXUH0
5D/E,1

+LSRFDOFHPLD FDXVHV WR LQFUHDVH WKH RVWHRFODVWLF
DFWLYLW\ DQG LQDGHTXDWH RI PLQHUDOL]DWLRQ RI
ERQHV LQ WKH DGROHVFHQW DQG DGXOWKRRG1 ,W LV DOVR
FDXVHV EDFNZDUGQHVV DV UHVXOW RI LQDGHTXDWH
FDOVLILFDWLRQ LQ HSLSK\VHDO FDUWLODJH DQG GLVRUGHUV
LQ WKH HQGRFKRQGUDO ERQH JURZLQJ46 LV SDUDOHO
ZLWK RXU UHVXOWV1

7KHVH UHVXOWV DOVR VXJJHVW WKDW = +D, 'HFUHDVH
WKH WKLFNQHVV RI VSRQJLRVD1 +E, 'HPLQHUDOL]DWLRQ
RI WUDEHFXOODH DQG FRPSDFW ERQH1 +F, ,QFUHDVH
WKH QXPEHU RI RVWHRFODVWV LQ WKH WUDEHFXODH DQG
FRPSDFW ERQH RI ORZ0FDOFLXP JURXS1

5()(5(1&(6

41 :LQWHU )151 DQG 6WHQGLMN 51= 7KH HIIHFW RI D ORZ0FDOFLXP GLHW LQ ODFWDWLQJ
UDWV1 2EVHUYDWLRQ RQ WKH UDSLG GHYHORSPHQW DQG UHSDLU RI RVWHRSRURVLV1
&DOFLI1 7LVV1 5HV1 4:=636049 / 4<:81

51 5DVPXVVHQ 31= &DOFLXP GHILFLHQF\/ SUHJQDQF\ DQG ODFWDWLRQ LQ UDWV1
0LFURVFRSLF DQG PLFURUDGLRJUDSKLF REVHUYDWLRQV RQ ERQHV1 &DOFLI1 7LVV1
5HV1 56=<80435 /4<::1

61 0DWVXPRWR )/ 0L]RPRWR 0/ 1RJD]RPD 01 = /LJKW DQG HOHFWURQ
PLFURVFRSLF REVHUYDWLRQV RQ WKH PDQGLEXODU FRQG\ODU FDUWLODJHV LQ JURZLQJ
UDWV RQ ORZ0FDOFLXP GLHW1 $FWD $QDW1 475= 7407;/4<<41

71 0DUVKDOO -1+1 HW DO = $ONDOLQH HDUWK PHWDEROLVP LQ DGXOW PDQ1 ,1&15131
SXEOLFDWLRQ QR 53/ 3HUJDPRQ 3UHVV/ 2[IRUG/ 1HZ <RUN/ 7RURQWR/ 6:60734/
4<:61

81 /DUVVRQ $ 1= /LJKW PLFURVFRSLF DQG XOWUDVUWUXFWXUDO REVHUYDWLRQV RI WKH
FDOFLI\LQJ ]RQH RI WKH PDQGLEXODU FRQG\OH LQ WKH UDW1 $QDW 5HF1 4;8
+5,=4:40;8/ 4<:91

91 6RQHV $'/ :GLQVN\ /(/ .UDWRFKYLO )-1= 2VWHRSURVLV DQG PDQGLEXODU ERQH
UHVRUSWLRQ LQ WKH 6SUDTXH0'DZOH\ UDW1 &DOFLI 7LVVXH éQW1 6<=59:05:3/ 4<;91

:1 <DVXL 0/ <DVH </ 2WD ./ *DUUXWR 501= (YDOXWDWLRQ RI PDJQHVLXP/ FDOFLXP
DQG DOXPLQXP PHWDEROLVP LQ UDWV DQG PRQNH\V PDLQWDLQHG RQ FDOFLXP0
GHILFLHQW GLHWV1 1HXURWR[LFRORJ\/ 45+6,= 936047/ 4<<41

;1 6KLPDUD 0/ 2QR ./ <RVKLGD </ .RQR . 1= +LVWRORJLF ILQGLQJV RQ WKH
FRQG\ODU SURFHVV RI WKH PDQGLEOH LQ UDWV ZLWK UHGXFHG ERQH PLQHUDO
GHQVLW\1 -10HG/ 55+6,=4:40;/ 4<<41

<1 /R]XSRQH (1/ )DYLD $1= 'LVWULELWLRQ RI UHVRUEWLRQ SURFHVV LQ FRPSDFWD DQG
VSRQJLRVD RI ERQHV IURP ODFWDWLQJ UDWV IHG D ORZ0FDOFLXP GLHW1 %RQH1<=5480
57/4<;;1

431 1DWLRQDO $FDGHP\ RI 6FLHQFHV=**1XWULHQW 5HTXLUHPHQWV RI 7KH /DERUDWRU\
5DW** LQ 1XWULHQW 5HTXLUHPHQW RI /DERUDWRU\ $QLPDOV/ :06: / 4<:;1

441 6DP )1/ 5HLWPHQ 61/ 6RQQHQZLUWK $1/ *URZRK*O= &OLQLFDO ODERUDWRU\ PHWKRGV
DQG GLDJQRVLV1 4=<680<93/ 4<:31

451 1DJD\DPD 01 HW DO =(QGRFKRQGUDO RVVLILFDWLRQ RI WKH FRQG\OH LQ UDWV RQ
VWURQWLXP RU ORZ0FDOFLXP GLHW1-12UDO 6XUJ176=9<60:36/4<;81

461 5DP]L/ 61 HW DO = 5REELQV SDWKRORJLH EDVLV RI GLVHDVH/ 8WK HGLWLRQ/ 45460
45:4/ 4<<71


