¢ LIVERPOOL
JOHN MOORES
UNIVERSITY
Lot S
%  %& % (% ))&
) (%" (& () (" C C

Tk ( +, + (+ * 1k *_ [0-*

$ (
%!
Lt# " $243 %
%& % (% ))& ") (%" (
"& (Y (" ( ( (+45 6 &
1 (

# %

* 4 %



http://researchonline.ljmu.ac.uk/
mailto:researchonline@ljmu.ac.uk

2SWLPDO OLJKWLQJ OHYHOV IRU VWD
W\SH DQG EULJKWQHVV RQ FRQILGHOQI
VWHSSLQJ FKDUDFWHULVWLFV

1HLO 0 7KRPIPPLRQ BNMHBKDQGP-7KRPWNU 2M0DWINHEO &BUSHQWHF
&RQVWDQWLQRY 94D \WDQ DR BHDHOHMNRSRIOOHRNNYV $ +ROODQGV

BHVHDUFK WR ,PSURYH 6WDLU &OLPELQJ 6DIHW\ 5,6&6 )DFXO
6FLHQFHYV /LYHUSRRO -RKQ ORRUHV 8QLYHUVLW\ %\URP 6WUH|
EBFKRRO Rl .LQHVLRORJ\ 7KH 8QLYHUVLW\ RI %ULWLVK &ROXPE
ADFXOW\ RI (GXFDWLRQ +HDOWK DQG &RPPXQLW\ 6FKRRO RI 1
ORRUHV 8QLYHUVLW\ %\URP 6WUHHW J/LYHUSRRO / $) 8QLWEF

&RUUHVSRQGLQJ $XWKRU 1 0 7TKRPDV#OMPX DF XN

+LIJKOLJKWYV
X <RXQJ DQG ROGHU DGXOWYV H[KLELWHG PRUH FDXWLRXV VV
OLJKW
x 5LVNLHU VWHSSLQJ SDWWHUQV ZHUH VKRZQ LQ \RXQJ DQG
IOXRUHVFHQW ODPS EXOE OLJKW
x +LJK SRZHUHG : /(' EXOEV PD\ RIIHU D VDIHU DOWHUQD\
EXOEV IRU XVH RYHU VWDLUZHOOV

$SEVWUDFW

, QWURGXRFRMULROQJIJKWLQJ KDV EHHQ DVVRFLDWHG ZLWK VWDLU IL
FXUUHQW JXLGHOLQHV IRU LOOXPLQDWLQJ VWDLUV VHHP DUEL
GLIILFXOW WR LQWHUSUHW



$LP¥HUH ZH H[DPLQHG WKH LQIOXHQFH RI UHDO ZRUOG EXOE L
LQ \RXQJ DQG ROGHU DGXOWYV ZLWK D YLHZ WR JHQHUDWLQJ S
XVH VWDLU LOOXPLQDWLRQ
OHWKB®DYLU WUHDG LOOXPLQDWLRQ OX[ ZDV PHDVXUHG LQ D
ORZ : OP DQG D KLJK : OP SRZHU FRPSDFW IOXRU
WLPH WKH\ ZHUH WXUQHG RQ XQWLO WKH\ UHDFKHG IXOO EULJ
LOOXPLQDWLRQ FKDUDFWHULVWLFV GXULQJ ZDUP XS ,00XPLQ
DQG D KLJK : OP SRZHU /(' EXOE DW ILUVW WXUQ RQ &F
WKHQ UHSOLFDWHG WKHVH SURILOHV LQ DGGLWLRQ WR D %UL
GHVFHQGHG 1iTWULDOV SHU OLJKW FRQGLWLRQ E\ \RXQJ
+$29% “ \HDUV PDOHV DQG ORZHU DELOLW\ ROGHU /%
DGXOwWV 20GHU DGXOWV ZHUH DOORFDWHG WR DELOLW\ JURX:
6WDLU VSHFLILF FRQILGHQFH ZDV DVVHVVHG SULRU WR WKH IL
ZKROH ERG\ ' NLQHPDWLFV 9LFRQ TXDQWLILHG PDUJLQV RI V
WKH VWHS HGJHV OL[HG $129%V H[DPLQHG WKHVH PHDVXUHYV IF
EHWZHHQ VXEMHFW HIIHFWV RI DJH T DQG LQWHUDFWLRQV E}
S5HVX®OWHVRI &)/ EXOEV OHG WR ORZHU VHOI UHSRSBWHGIFR®ILGF
LQFUHDVHG PDUJLQV BI VWDRICOLRRW FOHDUDQFHYV ZLWK UHVS
S ,PSRUWDQWO\ XVLQJ &)/ EXOEV LQFUHDVHG IRRW F
ERWWRP VWBS ZKLFK LV ZKHUH D KLJK SURSRUWLRQ RI IDO
&RQFOXW.RIQY WUHDG LOOXPLQDWLRQ IURP &)/ EXOEV DW ILUVV
'H VXJIJHVW KLJK SRZHUHG /(' EXOEV PD\ RIITHU D VDIHU DOWHU

.H\ZRUGV $JHLQJ )DOOV ULVN ,O0XPLQDWLRQ ODUJLQ RI VWI

'"HFODUDWLRQV RI LOQOWHUHVW QRQH

L, QWURGXFWLRQ

6WDLU IDOOV DUH D OHDGLQJ FDXVH RI LQMXU\ DQG PRUWDOLV
DVVRFLDWHG ZLWK DQ LQFUHDVHG ULVN RI IDOOV RQ VWDLUYV



LOOXPLQDWLRQ WR IDOO ULVN GXULQJ VWDLU GHVFHQW ZKHQ
OLIKWEXOEV FRPPRQO\ IRXQG LQ KRPH HQYLURQPHQWYV LV OL
DV FRPSDFW IOXRUHVFHQW ODPS &)/ EXOEV FDQ WDNH PLQX\
VWDLUZHOOV SRRUO\ OLW LQLWLDOO\ /LIJKW HPLWWLQJ GLRGF
LQVWDQWDQHRXVO\ DQG PD\ RIITHU D VDIHU DOWHUQDWLYH IR
LPSDFW RQ VWDLU VDIHW\ KDV QRW SUHYLRXVO\ EHHQ H[DPLQ

'"HVFHQGLQJ VWDLUV LV FKDOOHQJLQJ WR VWDELOLW\ ,QGHHG
VWDLU GHVFHQW WKDQ GXULQJ DVFHQW 6WDUW]HOO HW DO

RI PDVV &RO LV VKLIWHG RXWVLGH Rl WKH EDVH RI VXSSRUW
XSSHU ERG\ WR DFFHOHUDWH IRUZDUGY DQG GRZQZDUGV DQG
FRQWDFW WKURXJK DGHTXDWH KLS NQHH DQG DQNOH PRPHQW
%URXZHU &RQWUROOLQJ IRRW WUDMHFWRU\ ZLWK UHVSH
GHVFHQW &RKHQ &DWFKLQJ D KHHO RU WRH RQ D VWHS |
SODQQHG PRYHPHQW DQG GHSHQGLQJ RQ WKH VHYHULW\ PD\
SUHYHQW D IDOO

20GHU DGXOWV H[KLELW ULVNLHU PRYHPHQW SDWWHUQV WKDC
LQGLFDWLYH RI D UHGXFHG DELOLW\ WR FRQWURO EDODQFH )
DQWHURSRVWHULRU $3 PDUJLQV RI VWDELOLW\ WKDQ \RXQJH
WKH GLVWDQFH EHWZHHQ WKH H[WUDSRODWHG &R0 DQG WKH I
PDUJLQ RI VWDELOLW\ OHDYHVY OHVV WLPH WR GHFHOHUDWH W
LQFUHDVH WKH FKDQFHV RI IDOOLQJ GXULQJ D PLVVWHS ,Q DC

VPDOOHU +DPHO HW DO DQG PRUH YDULDEOH IRRW FOHD
\RXQJ DGXOWV =LHW] HW DO ZKLFK FRXOG LQFUHDVH Wk
UHFRYHU IURP WULSV RQ IODW JURXQG 3DYRO HW DO R C

IDOOLQJ IROORZLQJ D WULS RQ VWDLUV )XUWKHUPRUH LQMXL
-DFREV

3RRU OLJKWLQJ KDV EHHQ OLQNHG WR LQFUHDVHG LQFLGHQFH
LOOXPLQDWLRQ IURP DURXQG OX[ WR OX[ LQFUHDVHG VWH



S FLWHG LQ 7KRUSH 7KLV PD\ EH UHODWHG WR L
RU YLVXDO FXHV VXFK DV VWHS QRVLQJV RU HGJH KLIJIKOLJKWH
EHHQ VKRZQ WR DIIHFW IDFWRUV UHODWHG WR IDOOV ULVN GX
DGXOWV LQFUHDVH WKHLU IRRW FOHDUDQFHYV ZLWK UHVSHFW \

DO 20GHU DGXOWV WKXV KDYH D VPDOOHU DQG PRUH YD
WKH FKDQFHV RI D WULS LQ SRRU OLJKW ,Q DGGLWLRQ ERWK
VSHHGV LQ SRRU OLJKW =LHW] HW DO ZKLFK PD\ VHHP D

LQIRUPDWLRQ LV FRPSURPLVHG ,W LV WKXV FOHDU WKDW DGH
GHVFHQW ZLWK UHJDUG WR IRRW VWHS HGJH FOHDUDQFHYV DQ
DQG FRQWUDVW VHQVLWLYLW\ PD\ SOD\ D UROH LQ ROGHU DG.
SDUWLFXODUO\ FRQVLGHULQJ ROGHU DGXOWV ORRN DW WKH V
QRUPDO OLJKW =LHW] DQG +ROODQGYV

3UHYLRXV VWXGLHV Rl VWDLU OLJKWLQJ DQG LWV LQIOXHQFHYV
IRRW VWHS HGJH FOHDUDQFH YDULDELOLW)\ ZDV VKRZQ ZLWK O
OLJKW +DPHO HW DO ZKLFK PD\ QRW EH HFRORJLFDOO\
GHVFHQW LQ SRRU OLJKW ZHUH OLPLWHG WR FRPSDULQJ YHU\
FRPSDUHG OX[ =LHW] HW DO DQG PD\ WKXV QRW EH U}
ZRUOG EXOEV RU RQO\ LQFOXGHG ROGHU DGXOWV ZLWK YLVLF
ERWK RI WKHVH VWXGLHV IRFXVHG RQ WKH PLGGOH SKDVH RI \
HVWHDG\ VWDWHY DQG ORZHU OLPE WUDMHFWRULHV VHHP RQO
ZDONLQJ RQ WKH WRS RU ERWWRP WKUHH VWHSV 7HPSOHU

VWDLUV 'LITHUHQW VWUDWHJILHY DUH UHTXLUHG WR VDIHO\ PD
JUHDWHU QHXURPXVFXODU UHFUXLWPHQW LQ WKH VXSSRUWLQ
ERG\ VZD\ UHJXODWLRQ LQ ROGHU DGXOWV /HH DQG &KRX

NQRZQ LQ WKHVH WUDQVLWLRQ SKDVHV OL\DVLNH GD6LOYD DC
FOHDUDQFHV FDQ EHFRPH PRUH YDULDEOH LQ SRRU OLJKW GX|
HW DO WKH LQIOXHQFH RI DPELHQW OLJKWLQJ RQ G\QDP
QRW EHHQ H[DPLQHG $QRWKHU IDFWRU RYHUORRNHG LQ OLJK)
KDV SUHYLRXVO\ EHHQ VKRZQ WR EH DVVRFLDWHG ZLWK ULVNL
WDVNV <RXQJ DQG +ROODQGYV DQG LQFUHDVHG FRQILGHC



ZHUH DEOH WR SUHYLHZ WKH REVWDFOHYVY SULRU WR VWHSSLQ.
OHYHOV FDQ LQIOXHQFH FRQILGHQFH DQG DQ[LHW\ GXULQJ VW
DOWHUHG EDODQFH DQG VWHSSLQJ SDWWHUQV )LQDOO\ FXUU

OX[ ,UHODQG 'HSDUWPHQW RI WKH (QYLURQPHQW DQG
RQO\ JLYHQ LQ PHDVXUHV RI LOOXPLQDWLRQ ZKLFK PD\ EH GL
7TKHUHIRUH WKHUH LV D QHHG WR JHQHUDWH SUHOLPLQDU\ HY
VWDLUZHOOV

7KH DLPV Rl WKH SUHVHQW LQYHVWLJDWLRQ ZHUH WR H[DPL
OHYHOV RQ FRQILGHQFH DQG DQ[LHW\ G\QDPLF EDODQFH DQC
HQWU\ VWHDG\ VWDWH DQG H[LW RI VWDLU GHVFHQW W R
LQIOXHQFHG E\ ORZ LOOXPLQDWLRQ OHYHOV WR JHQHUDWH
XVH LOOXPLQDWLRQ RYHU SXEOLF DQG SULYDWH VWDLUZHOOV

OHWKRGYV

SDUWLFLSDQWYV

7ZHOYH \RXQJ <$ \HDUV DQG LQGHSHQGHQW DQG FRPP
KHDOWK\ DGXOWYV ZHUH UHFUXLWHG IURP WKH KRVW LQVWLWX
RI SDUWLFLSDQWY UHSRUWHG LQ 7DEOH $ SULRUL VWDWLVW
XVLQJ GDWD IURP +DPHO HW DO LQGLFDWH SDUWLFLSD
(IIHEW VL]H G . SRZHU WR LGHQWLI\ DJH UHO
UHVSHFW WR VWHS HGJHV GXULQJ VWDLU GHVFHQW LQ ORZ OL
ZLWK WKH 7UDLO ODNLQJ 7HVW GHVFULEHG LQ $VVHVVPHQWYV

3DUWLFLSDQWY ZHUH LQFOXGHG LQ WKH VWXG\ LI WKH\ FF
ZLWKRXW ZDONLQJ DLGV FDQHV RU FUXWFKHV DQG KDG QR V
ZKLFK PLJKW LQIOXHQFH VWDLU QHJRWLDWLRQ 7KH LQYHVWLJ
LQVWLWXWLRQ JXLGHOLQHV IRU UHVHDUFK LQYROYLQJ KXPDQ
SDUWLFLSDQWY DQG FRQVHQW IRUPV ZHUH DSSURYHG E\ WKH
$00 SDUWLFLSDQWYVY JDYH ZULWWHQ LQIRUPHG FRQVHQW LQ DF



$VVHVVPHQWYV

20GHU SDUWLFLSDQWY ZHUH FDWHJRULVHG LQWR DELOLW\ JUF
DVVHVVPHQWYV 7KHVH ZHUH YLVXDO DFXLW\ DQG FRQWUDVW
DQG % WR PHDVXUH H[HFXWLYH IXQFWLRQ WKUHH LVRPHWU
FRQWUDFWLRQV PHDVXUHG ZLWK D KDQG KHOG G\QDPRPHWHU
OLPE PDWFKLQJ WDVN V TXLHW VWDQFH RQ D IRDP PDW
SDUWLFLSDQWV VFRUHG IURP KRZ FRQILGHQW WKH\ IHOW
ZHUH PHDVXUHG DFFRUGLQJ WKH SURWRFRO RXWOLQHG E\ /RU
GHWDLOHG EHORZ ZDV XVHG WR FROOHFW NLQHPDWLFV 7KH\
DVVRFLDWHG ZLWK VWDLU GHVFHQW SHUIRUPDQFH )RU H[DPS(
H[WHQVLRQ VWUHQJWK ORZHU OLPE SURSULRFHSWLRQ HGJH
DQG IHDU RI IDOOLQJ ZHUH DOO VLJQLILFDQW DQG LQGHSHQG
([HFXWLYH IXQFWLRQ FDQ VORZ VWDLU GHVFHQW XQGHU GXDO
DQG YLVXDO IXQFWLRQ DV SUHYLRXVO\ GLVFXVVHG PD\ EH RI
GLPLQLVKHG OLJKW

7KH ROGHU SDUWLFLSDQWYV ZHUH UDQNHG IURP ILUVW WR ODV'
HIDPSOH WKH SHUVRQ ZLWK WKH KLIJKHVW YLVXDO DFXLW\ ZD\
ZLWK WKH ORZHVW ZDV UDQNHG DV WK 7KLV UHVXOWHG LQ H
(DFK ROGHU SDUWLFLSDQWYV UDQNV DFURVV WKH DVVHVVPHQ)
FRQWDLQLQJ DOO ROGHU SDUWLFLSDQWVY FXPXODWLYH UDQN
FDWHJRULVHG DV ORZHU DELOLW\ ROGHU DGXOWV /$2%$ DQG '
FDWHJRULVHG DV KLIJKHU DELOLW\ ROGHU DGXOWV +$2% =LHW
SDUWLFLSDQW DQWKURSRPHWULFYVY DUH SUHVHQWHG LQ 7DEOL

6WDLUFDVH DSSDUDWXYV

SDUWLFLSDQWY GHVFHQGHG D FXVWRP PDGH LQVWUXPHQWHG
7TKH VWDLUFDVH KDG D WRS DQG ERWWRP ODQGLQJ RI VXIILFLF
SURWRFRO (DFK VWHS KDG D ULVHU KHLJKW RI FP DQG D
FXUUHQW 8. EXLOGLQJ UHIJXODWLRQV IRU FRPPHUFLDO DQG SU
VWHSV HDFK FRQWDLQHG D IRUFH SODWIRUP )3 .LVWOHU VDF



SDUWLFLSDQWYV ZRUH D SDVVLYH RYHUKHDG VDIHW\ KDUQHVYV |
RI VWDLUFDVH

7TDEOH SDUWLFLSDQW DQWKURSRPHWULFVY DQG DVVHVVPHQW

<$ ( +$28 ( 1$28% ( 20GHU
TPDOHV TPDOHYV TPDOHVFRPELQHG
$IH \}
+HLJK\
obvyv

9LVXDO DFXL
&RQWUDVW VHC
([HFX'IXQFW
/JRZHU OLPE PD
.QHH H[WHQVLR
4XLHW VWDQFH F
5SHDFWLR
*HQHUDO VWDLL

6LJQLILFDQWSGLIIHWWBIRK®RJ DQG <BRX®J DQG+$2% DQG /$2$

([HFXWLYH IXQFWLRQ WLPH WDNHQ WR FRPSOHWH WUDLO PDN
PDWFKLQJ 6' Rl VXFFHVVLYH WULDOV .QHH H[WHQVLRQ WRU"
IRDP PDW WRWDO SDWK RI WKH &R0 5HDFWLRQ WLPH DYHUDJ
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J)LIXUH ID\RXW RI VWDLUFDVH $ WRS YLHZ % VLGH YLHZ 7
DQG HQG OHIW DUHDV 7KH VKDGHG DUHD RYHU WKH VWDLUV



VWDLUV LQ % UHSUHVHQW WKH FXVWRP OLJKWLQJ ULJ ZLWK W
DUH WR VFDOH

/ILIKWLQJ

7R HQVXUH UHDO ZRUOG DSSOLFDELOLW\ RI WKH UHVXOWYV LO
'LDOO /RQGRQ 8. ZDV PHDVXUHG DQG WKHQ UHSOLFDWHG RY
ZHUH ORZ DQG KLJK SRZHUHG &)/ DQG /("' EXOEV &)/V DUH XQLT
EULIKWQHVV /('V RQ WKH RWKHU KDQG UHDFK IXO0 EULJKWAQ
ZDV WKXV PHDVXUHG 'LJLWDO LQVWUXPHQWYV OX]| 7DLZDQ
P FHLOLQJ IURP D ORZ DQG D KLJK SRZHU &)/ EXOE IRU WZR Pl
IX[ zZDV DOVR UHFRUGHG IURP D ORZ DQG D KLJK SRZHU /(' EXO
&) DQG /(' EXOEV ZHUH PDWFKHG DV FORVHO\ DV SRVVLEOH %

7TDEOH %XOE W\SH SRZHU UDWLQJV DQG PHDVXUHG VWDLU \
YHU\ GLP ORZ LOOXPLQDWLRQ ZKHQ ILUVW WXUQHG RQ DQG |
WDNHQ WR GHVFHQG WKH VWDLUV LQ HDFK UHVSHFWLYH FRQG
LOOXPLQDWLRQ IURP WKH /(' EXOEV

% XOE 5DWLQJ L,OOXPLQI
&) IRZ ‘DWW OXPHQV +  OX]
&)/ +LJK ‘DWW OXPHQV +  0)
I(" IRZ ‘DWW OXPHQV O X[
/(" +LJIK ‘DWW OXPHQV O X
%ULJKW FRQWURO 1% 1$ C

$ FXVWRP PDGH FRPSXWHU FRQWUROOHG OLJKWLQJ ULJ H[DPS
7 /8;,BOLIJIKWBGLPPHU UHSOLFDWHG WKH EXOE LOOXPLQDWLRQ
EULJKW FRQWURO RYHU WKH H[SHULPHQWDO VWDLUFDVH 7KL
FKDUDFWHULVWLFV RI WKH &)/ EXOEV 7KH WHPSHUDWXUH UDW
RULJLQDO &)/ DQG /(" EXOEV DV FORVHO\ DV SRVVLEOH 7KH OL
EXOEV SRVLWLRQHG RYHU WKH WRS DQG ERWWRP ODQGLQJV W



VWDLUFDVH )LJ (DFK DUUD\ UHFHLYHG SRZHU IURP LQGHS|
FRPSXWHU 'XULQJ DQ LQLWLDO FDOLEUDWLRQ D /8; VHQVRU Z
VWHSVY DQG DW WKH PLGGOH VWHS ZKLFK IHG EDFN PHDVXUHI
VXEVHTXHQWO\ PRGXODWHG SRZHU WR HDFK OLJKW DUUD\ XQW
DFKLHYHG IRU HDFK EXOE SURILOH 7KLV SRZHU PRGXODWLRQ
EXOE FKDUDFWHULVWLFV :KLOVW HYHU\ HIIRUW ZDV WDNHQ W
KDYH EHHQ VXEWOH YDULDWLRQV LQ VRPH UHJLRQV RI WKH VW
SUHVHQW VHW XS HJ DW WKH H[WUHPHV RI WKH ODQGLQJV 7
WKH KDQG UDLOV EXW QRW ZDOOV RU VWHSYV 6XFK YDULDWLI

THVWLQJ SURWRFRO

'‘DWD FROOHFWLRQ WRRN SODFH LQ D VLQJOH VHVVLRQ ODVWL
WKH YLVXDO SK\WLFDO DQG FRIJQLWLYH DVVHVVPHQWY SULRU
HIWHQVLRQV 7KHVH ZHUH FRPSOHWHG DIWHU WKH VWDLU WUL

JRU WKH VWDLU WULDOV WKH SDUWLFLSDQWY ZHUH LQVWUXFV
RYHU VWHS PDQQHU $ WULDO EHJDQ ZLWK WKH SDUWLFLSDQW
VLGH E\ VLGH ZKLOVW PDLQWDLQLQJ WKHLU JD]JH RQ D YLVXDC
7KLV HQVXUHG VWDQGDUGLVDWLRQ RI YLVXRPRWRU SODQQLQJ
3DUWLFLSDQWY ZHUH WKHQ LQVWUXFWHG WR GHVFHQG DW ZK
LQLWLDWHG JDLW ZLWK DQ\ IRRW VR ORQJ DV LW ZDV FRQVLVW
IUHH WR XVH WKH KDQGUDLOV WKURXJKRXW WR HQVXUH HFEROTF
SDUWLFLSDQWY FRQWLQXHG DORQJ WR WKH HQG RI WKH ERWW
DQG VWDQGLQJ ZLWK IHHW VLGH E\ VLGH 7KLV HQVXUHG WKHL
GDWD DQDO\VLV SRLQW GHVFULEHG EHORZ 3ULRU WR WHVWL
H[SHULPHQWDO HQYLURQPHQW DQG SHUIRUPHG WKUHH SUDFW

7TKHUH ZHUH WKUHH GHVFHQW WULDOV LQ HDFK OLJKWLQJ FRQ
FRQVHFXWLYHO\ LQ D EORFN ZKLFK WRWDOOHG ILYH EORFNYV
PLOXWH UHVW EHWZHHQ EORFNV ZKLFK ZHUH SHUIRUPHG LQ D
IDWLJXH HIIHFWV 7KH OLJKW OHYHOV ZHUH FKDQJHG DW WKH



XS SURILOH ZDV UHVHW SULRU WR HDFK &)/ EXOE WULDO L H
UHSUHVHQWLQJ ILUVW WXUQ RQ DQG WKHQ JRW EULJKWHU GX
PLQLPXP UHDG\ IRU WKH QH[W WULDO 7KH SDUWLFLSDQWYV ZH
ZHUH QRW H[SRVHG WR LW SULRU WR WHVWLQJ 7KH FKDQJHV \

6WDWH FRQILGHQFH DQG DQ[LHW\

3ULRU WR WKH ILUVW GHVFHQW LQ HDFK QHZ OLJKWLQJ FRQGL

KRZ FRQILGHQW WKH\ IHOW DERXW GHVFHQGLQJ WKH VWDL!
JROORZLQJ WKH ILUVW GHVFHQW LQ HDFK QHZ OLJKWLQJ FRQG
WR SUREH WKHLU SHUFHLYHG DQ[LHW\ DOVR UDWHG RQ D VFD
ZRUULHG ZHUH \RX ZKHQ GHVFHQGLQJ WKH VWDLUV LQ WKDW C
IRU VRPDWLF UHODWHG DQ[LHW\ 3:KRZ SK\VLFDOO\ DQ[LRXV GL
OLJKW HJ WHQVH RU QHUYRXV "~ DQG IRU IRFXV UHODWHG D
GHVFHQGLQJ WKH VWDLUV LQ WKDW OLJKW H J GLVWUDFWLQJ
TXHVWLRQV ZHUH DGDSWHG IURP D SUHYLRXV VWXG\ RI DQ[LH\
DO

.LQHPDWLFV

$ FDPHUD PRWLRQ FDSWXUH V\VWHP 9LFRQ 0; 2[IRUG OHWULI
GDWD DW +] ZLWK WKLUW\ QLQH UHIOHFWLYH PDUNHUV SODI
KHDG XSSHU DUPV IRUHDUPY DQG KDQGV DFFRUGLQJ WR WKH
$GGLWLRQD® PZUBINHUS/ODFHG LQ FOXVWHU DUUDQJHPHQWYV RQ
XS HQVXUHG DW OHDVW WKUHH PDUNHUV ZHUH YLVLEOH RQ VH
HGJHV WKH KDQGUDLOV DQG WKH KDUQHVYVY 7KH KHHO PDUNHL
ZHUH UHPRYHG WR HQDEOH XQKLQGHUHG JDLW 7KH\ ZHUH WK}
WKHLU UHVSHFWLYH ORFDWLRQV LQ UHODWLRQ WR WKH ULJLG
ZRUH IODW WUDLQHUV VKRHVY DQG WLJKW FORWKLQJ

.LQHPDWLF GDWD ZHUH ODEHOOHG ILOWHUHG IRU VPDOO JDSV
DV F G ILOHV 9LFRQ 1H[XV 2[IRUG OHWULFV G6XEVHTXHQW
BS\WKRQ 6RIWZDUH )RXQGDWLRQ *DSV ELJJHU WKDQ PV ZHL
SURWRFRO OHYHUDJLQJ WKH HIWHQGHG PDUNHU VHW $00 PDL



RUGHU JHUR SKDVH % XWWHUZRUWK ILOWHU FXW RIlI IUHTXHQF
FDOFXODWHG ZLWK WKH FRQYHQWLRQDO JDLW PRGHO XVLQJ S

*DLW HYHQWYV LGHQWLILHG RQ WKH VWDLUFDVH LQFOXGHG LQL
RIl RQ HDFK VWHS DQG LQLWLDO FRQWDFWV RQ WKH ERWWRP
GHWHUPLQHG XVLQJ WKH PHWKRGV RI =HQL HW DO XVLQJ
SHOYLV VHIJPHQW 'XULQJ VWDLU GHVFHQW IRU WKH VWHSV ZL
YHORFLW\ WUDFH GHILQHG LQLWLDO FRQWDFWV DQG ORFDO P
WRH RIIV )RVWHU HW DO D )RU WKH VWHSV ZLWK )3V ! 1
UHVSHFWLYHO\ =HQL HW DO 7KUHH SKDVHV RI VWDLU GF
VWHDG\ VWDWH SKDVH DQG H[LW SKDVH (QWU\ SKDVH ZDV GH
VWULNH RQ WKH WRS ODQGLQJ DQG LQLWLDO FRQWDFW RQ VW
SHULRG EHWZHHQ LQLWLDO FRQWDFW RQ VWHS WZR DQG WKDYV
SHULRG EHWZHHQ LQLWLDO FRQWDFW RQ VWHS ILYH DQG WKH
ODQGLQJ L H ZKHQ WKH SDUWLFLSDQW UHDFKHG WKH ERWWR

7R HI[DPLQH WKH LQIOXHQFH RI LOOXPLQDWLRQ RQ VWDLU GHYV
G\QDPLF EDODQFH DQG VWHSSLQJ ZHUH FDOFXODWHG 7KHVH =
VSHHG DQG IRRW VWHS HGJH FOHDUDQFHV ODUJLQ RI VWDELC
HIWUDSRODWHG &R0 [&RO0 DQG WKH IRUZDUG ERXQGDU\ RI WK
ZLWKLQ WKH FRQILQHV RI WKH VWHS HGJH WKH WRH PDUNHU (
PDUNHU ZDV RXWVLGH WKH FRQILQHV RI WKH VWHS HGJH IRRW
ERXQGDU\ 6PDOOHU RU PRUH QHJDWLYH PDUJLQV RI VWDELO
VWDEOH SDWWHUQ RI VWDLU GHVFHQW %RVVH HW DO 1R

[&R0ZDV GHILQHG DV

T%KL L%KE R % Ke¥:C FP;
ZKHS&RLY WKH $3 SRVLWLERRDL R IWKKHHLOROWD QWD QHRXV I$\3 YHOR
DFFHOHUDWLRQ GOWY WK HEMROX\WHAGGLVWDQFH EHWZHHQ WKH
ODUJLQ RI VWDELOLW\ ZDV FDOFXODWHG DW LQLWLDO VWHS FR
RYHUVWHS FDQ EH H[DFHUEDWHG E\ VPDOO PDUJLQV RI VWDEL



PRPHQWXP WR FRXQWHU 1RYDN HW DO JRRW VWHS HGJH
KRULIRQWDO DQG YHUWLFDO GLVWDQFHV EHWZHHQ WKH WRH LC
OHDQ DQG YDULDELOLW\ 6' DFURVV WKUHH VXFFHVVLYH WULD
IXUWKHU DQDO\VLV ,QFUHDVHV LQ IRRW FOHDUDQFH YDULDEL?
KHHO RU WRH RQ WKH VWHS HGJH

6WDWLVWLFDO DQDO\VHYV

7ZR ZD\ PL[HG $129%$V H[DPLQHG VWDLU GHVFHQW RXWFRPH PH
OLJKWLQJ 7 &)/ /RZ RU +LJK /(' /RZ RU +LJK %ULJKW EHWZH
/$2$ +$2%$ DQG LQWHUDFWLRQV EHWZHHQ WHUPV (DFK VWHS
DQDO\WHV ZHUH SHUIRUPHG IRU HDFK RI WKH VHYHQ VWHSV ,C
PRGHO ZDV EURNHQ GRZQ LQWR RQH ZD\ $129%V DQG SRVW KR
3RVW KRF DQDO\VHYV ZHUH 7XNH\TV +6' WHVWV WR DFFRXQW IR
QRUPDOO\ GLVWULEXWHG PDLQ HIIHFWV ZHUH FURVV FKHFNHGC
J)LHOG HW DO DQG SRVW KRF DQDO\VHV ZHUH :LOFR[RQ V
FRUUHFWLRQV $129% HIIHFW VL]HV UHSS RERPHP®R @ H.QHG ISIMWLYDHD
IRU ZKLFK DUH VPDOO PHGLXP DQG ODUJH JLHO
FRPSDULVRQ HIIHFW W%k]BYP & HRW +PGHENOGHQW &ERPBRQLVRQV
LQGLFDWLYH WKUHVKROGV IRU WKHVH DUH VPDOO PHGLXF
VWDWLVWLFDO DQDO\WHV ZHUH SHUIRUPHG ZLWK WKH 5 VRIWZ
DQG JUDSKLFV ZLWK DQ DOSKD OHYHO RI ”

SHVXOWYV

&RQILGHQFH DQG DQ[LHW\

6HOl UHSRUWHG FRQILGHQFH SULRU WR WKH ILUVW GHVFHQW I
7KHUH ZDV D VLJQLILFDQW LQWHUDFWLRQSEHWZHHQRQLVKWLQJ
UHSRUWHG FRQILGHQFH 2QH ZD\ $129%V VKRZHG HIIHFWV Rl O]

) S Q ZKHUHDV <$ ZHUH XQDIIHFWHG 3RVW KRF DC
FRQILGHQFH IRU DOO OLJKW OHKYHOVZZ MWKQWARHP &l DFRJHHSSNVW R QQORIIL [
S 7TKHUH ZHUH QR PDLQ HIIHFWV RI OLIJIKWLQJ DJH RU LQW

UHPDLQLQJ FRQILGHQFH DQG DQ[LHW\ RXWFRPH PHDVXUHYV
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J)LIXUH 6HOl UHSRUWHG FRQILGHQFH SULRU WR WKHBRYWVW V
KRF DQDO\WLY UHYHDOHG +$2%$ DQG /$2% ERWK H[KLELWHG VLJC
FRPSDUHG WR %ULJKW &)/ +LJK FRPSDUHG WR %ULJKW DQG /(
XQDIIHFWHG 'DWD DUH PHDQV * 6(

'"HVFHQW VSHHG
7TKHUH ZHUH GHFUHDVHV WR Y&RO0 ZLWK &)/ OLJKW LQ DOO SKD
)LJ WKHUH ZDV D VLIJQLILFDQW PDISQ HII®FW R3ROAW KKRLFQ J
FRPSDULVRQV UHYHDOHG UHGXFHG Y&R LQX)/ /RZYBRRB SADUH G
DOVR UHGXFHG LQ &)/ +LJK FRPSBHYHG WR G( YSILIKIN
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J)LIXUH Y&RO GXULQJ VWDLU GHVFHQW RYHU VWHS WZR LQ Gl
UHYHDOHG +$2% /$2% DQG <$ H[KLELWHG VLJQLILFDQWO\ VORZ
WR %ULJKW &)/ +LIJK FRPSDUHG WR /(' +LJK DQG &)/ +LIJK FRPS

ODUJLQ RI VWDELOLW\

$O00 SDUWLFLSDQWY H[KLELWHG LQFUHDVHG PDUJLQV RI VWDE
SKDVHV RI VWDLU GHVFHQW )RU H[DPSOH WKHUH ZDV D PDLQ
) S Q ZKLFK FRUUHVSRQGV WR WKH VHFRQG VWH!:
FRPSDULVRQVY UHYHDOHG LQFUHDVHG PDUJLQV RISVWDELOLW\ |
Jov DQG %ULJIKWYy 7TKHUH ZHUH DOVR PDLQ HIIHFWV RI C
ILYH VWHS ILYH )LJ S % )& +RZHYHU QR VLIJQLILFDQW SF
ZHUH IRXQG )LQDOO\ WKHUH zZzDV D PDLQ HIIHFW RI OLJKWLQJ



VWHS RI WKH H[LW SKDVHS)LJ @ & ) 3RVW KRF FRPSDULVRQV
LQFUHDVHG PDUJLQV RI VWDELOLW\ L) &)hb#RZ FRRESDWHGI MM /|
S Jbv 1R PDLQ HIITHFWV RI DJH RU LQWHUDFWLRQV EHWZI

VWHS
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JLIXUH O0DUJLQ RI VWDELOLW\ OR6 GXULQJ VWDLU GHVFHQW
SKDVH % VWHDG\ VWDWH SKDVH & H[LW SKDVH 3RVW KRF D
H[KLELWHG VLJQLILFDQWO\ LQFUHDVHG PDUJLQV Rl VWDELOLW
'6LJQLILFDQW PDLQ HIIHFW Rl OLJKWLQJ RQ OR6 EXW QR VLJIQL

6 (



S9HUWLFDO KHHO FOHDUDQFH

JRRW FOHDUDQFH GDWD DUH SUHVHQWHG LQ 7DEOHV DQG $
FOHDUDQFHV LQ &)/ KLJK DQG /(' ORZ OLJKW GXULQJ WKH HQW!
SKDVH )RU H[DPSOH WKHUH ZDV D PDLQ HIIHFW RI OLJKWLQJ |
) S Q 3RVW KRF FRPSDULVRQV UHYHDOHG LQFUH
FRPSDUHG WR %WLIJKWDQG /(' /RZ FRPSDUSHG WoR %ULIJKWUH

ZDV DOVR D PDLQ HIIHFW RI OLJKWLQJ RQ YHUWLFDO KHHO FOt
) S Q 3RVW KRF FRPSDULVRQV UHYHDOHG LQFUH
FRPSDUHG WR %WYJIKW 7KHUH ZHUH QR FKDQJHV GXULQJ WKH V
FOHDUDQFHY ZHUH DOVR QRW DIIHFWHG E\ DJHLQJ DQG WKHUI

SHUWLFDO KHHO FOHDUDQFH YDULDELOLW\

7KHUH ZHUH QR FKDQJHV WR YHUWLFDO KHHO FOHDUDQFH YDU
WKHUH ZDV D PDLQ HIIHFW RI DJH RQ YHUWLFDO KHHO FOHDUD
VWHSV WKUHH DQG IRXUSVWHS WKUBRVW KRF FRPSDULVRQV Ul
YDULDELOLWS LQJ+$2$DQG /2% J ZKHQ FRPSDUHG WR <$ /
SOD\HG QR UROH LQ WKHVH FKDQJHV KRZHYHU DQG WKHUH ZE



&)/ IRZ

/(" IRZ /(" +LJIK %ULJIKW

OHDVXUH +$2% 1$2%

<$ +$2$ 1$2% <$ +$2$ /1$2$% <$ +$2% /1$2%

9HUWLFDO KHHO FOHDUDQFH PP

6WHS RQH HQWU\ SKDVH
OHDQ z
9DULDELOLW\

6WHS WKUHH PLGGOH SKDVH
OHDQ =
9DULDELOLW\ B I

6WHS VHYHQ H[LW SKDVH
0OHDQ .
9DULDELOLW\ .

+RUL]JRQWDO KHHO FOHDUDQFH PP

6WHS RQH HQWU\ SKDVH
0OHDQ =
9DULDELOLW\

6WHS WKUHH PLGGOH SKDVH
0OHDQ .
9DULDELOLW\

6WHS VHYHQ H[LW SKDVH
OHDQ =
9DULDELOLW\

7TDEOH OHDQ DQG YDULDELOLW\
WKH OHDG OLPE DQG WKH VWHS HGJHV

FDOFXODWHG DFURVYVY WKUHH VXFFHVVLYH WULDOV RI
3RVW KRF DQDO\VLY UHYHDOHG +$2% /$2%$ DQG =

&)/ +LIJK DQG /(' /TRZ FRPSDUHG WR %ULJKW VWHS RQH DQRG BRYVYW KRF/DRDL FWRRYDWHIGH ¥
DQG /$2% H[KLELWHG VLIJQLILFDQWO\ LQFUHDVHG IRRW FOHDUDQFH YDULDELOLW\ ZKHQ F



&)/ IRZ &)/ +LJIK /(" IRZ [(" +LIK %ULIKW
OHDV XUH +$2% /1$2$% <$ +$2% /1$23% <$ +$2% /1$2% <$ +$23% /1$2$% <$ +$2% /1$2%

9HUWLFDO WRH FOHDUDQFH PP

6WHS RQH HQWU\ SKDVH
0HDQ g
9DULDELOLW\

6WHS WKUHH PLGGOH SKDVH
OHDQ g
9DULDELOLW\

6WHS VHYHQ H[LW SKDVH
OHDQ g
9DULDELOLW\

+RUL]JRQWDO WRH FOHDUDQFH PP

6WHS RQH HQWU\ SKDVH
0HDQ s
9DULDELOLW\

6WHS WKUHH PLGGOH SKDVH
0HDQ 2
9DULDELOLW\

6WHS VHYHQ H[LW SKDVH
0HDQ s
9DULDELOLW\

7TDEOH OHDQ DQG YDULDELOLW\ FDOFXODWHG DFURVV WKUHH VXFFHVVLYH WULDOV RI
OHDG OLPE DQG WKH VWHS HGJHV 3RVW KRF DQDO\WVLV UHYHDOHG +%$2% /$2%$ DQG <$ HII
GXULQJ &)/ /IRZ FRPSDUHG WR /(' +LJK DQG &)/ IRZ FRPSDUHG WR %ULJKW 'DWD DUH PHD(



S9HUWLFDO WRH FOHDUDQFH YDULDELOLW\

,PSRUWDQWO\ YHUWLFDO WRH FOHDUDQFH YDULDELOLW\ ZDV
E\ D PDLQ HIIHFW RI OLJKWLQJ RYHUSVWHSQVHYH@RNW KRF

FRPSDULVRQV UHYHDOHG LQFUHDVHG YDULDELOLMW)\ LQ BQ/G/RZ
&)/ IRZ FRPSDUHGBWR MHULJKWKLY FKDQJH KRZHYHU ZDV QRW
DQG DJDLQ WKHUH ZDV QR LQWHUDFWLRQ EHWZHHQ OLJKWLQ.

J)LIXUH S9HUWLFDO WRH FOHDUDQFH YDULDELOLW\ GXULQJ VW
OLJKWLQJ FRQGLWLRQV 3RVW KRF DQDO\VLY UHYHDOHG +%$2%

LQFUHDVHG WRH FOHDUDQFH YDULDELOLW\ LQ &)/ /RZ DQG &)/
6 (



'LVFXVVLRQ

7KLV LV WKH ILUVW VWXG\ WR H[DPLQH WKH LQIOXHQFH RI UHD
DQ[LHW\ G\QDPLF EDODQFH DQG VWHSSLQJ FKDUDFWHULVWLF
SKDVHV RI VWDLU GHVFHQW 7KLV ZDV LPSRUWDQW WR XQGHU)

6WDWH FRQILGHQFH DQG DQ[LHW\

%RWK JURXSV RI ROGHU DGXOWYV UHSRUWHG OHVV VWDWH FRQ
/(" +LJK SULRU WR GHVFHQGLQJ WKH VWDLUV IRU WKH ILUVW V
GHPRQVWUDWHG QR FKDQJH LQ FRQILGHQFH DFURVV FRQGLWL
EXOEV LPPHGLDWHO\ DIWHU WXUQ RQ GHFUHDVHG WKH ROGHU
7KLV FRLQFLGHV WR VRPH H[WHQW ZLWK WKH REVHUYDWLRQ
LQFUHDVHG VHOI FRQILGHQFH UHSRUWHG LQ \RXQJ DQG ROGH!L
DQ REVWDFOH SULRU WR VWHSSLQJ ZKHQ FRPSDUHG ZLWK KD"
ERWK FDVHV DQ LPSURYHG DELOLW\ WR DGHTXDWHO\ YLHZ D \
REVWDFOHV ZLWK D SUHYLHZ KDG D VLJQLILFDQW HIIHFW RQ [
+RZHYHU ZRUU\ DQG VRPDWLF VWDWH DQ[LHW\ PHDVXUHV ZHU
7KLV REVHUYDWLRQ LV DOVR FRQVLVWHQW ZLWK D ODFN RI VH
EHWZHHQ REVWDFOH VWHSSLQJ FRQGLWLRQV ZLWK DQG ZLWKF

7KH ODFN RI REVHUYHG FKDQJHV LQ DQ[LHW\ PD\ EH GXH \
VWDWH DQ[LHW\ TXHVWLRQV , H SHUFHLYHG DQ[LHW\ ZDV SUF
HDFK FRQGLWLRQ DQG WKXV PD\ KDYH EHHQ ELDVHG E\ WKH V
IDOOV RFFXUUHG GXULQJ WHVWLQJ DQG SURWHFWLYH VWUDW
PDUJLQV RI VWDELOLW\

ODUJLQ RI VWDELOLW\

ObuJLQ RI VWDELOLW\ ZDV LQFUHDVHG LQ DOO SDUWLFLSDQW\
UHGXFWLRQ LQ WKH LQVWDQWDQHRXYVY YHORFLW\ RI WKH &R0 D
FDXWLRXV VWDLU GHVFHQW VWUDWHJ\ WR LPSURYH G\QDPLF V
VKRZQ PDUJLQV RI VWDELOLW\ GXULQJ VWDLU GHVFHQW WR EH
LQFUHDVLQJ PDUJLQV RI VWDELOLW\ GXULQJ GHVFHQW RI D VW
RQ VWHS OHQJWK DQG KHLJKW 7KHUHIRUH WKH PRUH FKDOOH



FDXWLRXV WKH VWUDWHJ\ WKDW ZDV DGRSWHG ,Q RXU VWXG\
DGDSWDWLRQ

$GRSWLQJ D PRUH FDXWLRXV SDWWHUQ RI VWDLU GHVFHQW LQ
HIWHUQDO HQYLURQPHQW LV GLUHFWO\ GHSHQGHQW RQ WKH D
UHOLHG XSRQ GXULQJ VWDLU QHJRWLDWLRQ =LHW] DQG +ROO
&) EXOEV LV WKXV GLUHFWO\ OLQNHG WR YLVXDO LQIRUPDWLF
VWHSV VWHS KHLJKW DQG LQWHQGHG IRRW SODFHPHQW ORFELC
WKHVH YLVXDO FXHV ,Q FRQGLWLRQV ZKHUH YLVXDO LQIRUPD!
VORZHU VSHHG DQG LQFUHDVLQJ WKH PDUJLQ RI VWDELOLW\ K
DQ DSSURSULDWH IRRW SODFHPHQW EDVHG RQ WKH VSDWLDO
SDWWHUQ 6HFRQGO\ JLYHQ WKDW WKH FKDQFHV RI QRW DFFX
D VDIHU SRVWXUH LQ UHODWLRQ WR WKH EDVH RI VXSSRUW VK
UHGXFH WKH DOUHDG\ ORZHU &RO IRUZDUG PRPHQWXP ,I WKH
WRR VPDOO D IRUZDUG ORVV RI EDODQFH FRXOG RFFXU GXULC
FRQVHTXHQFHY ZKHQ FRPSDUHG WR IDOOLQJ ODWHUDOO\ RQ V

%RWK DJH JURXSV VKRZHG VLPLODU DGDSWDWLRQV WR PDUJLC
ROGHU DGXOWV H[KLELWHG VPDOOHU PDUJLQV RI VWDELOLW\ .
XOWLPDWHO\ ULVNLHU $ OLNHO\ H[SODQDWLRQ IRU WKLV GLIII
XVHG 7KH VWDLUFDVH XVHG E\ %RVVH HW DO KDG WZR V'
QHIJRWLDWH 7KHUHIRUH LW LV OLNHO\ WKDW WKHLU ROGHU S
FRPSDUHG WR RXUV RZLQJ WR WKH LQFUHDVHG QXPEHU RI VWF
1RYDN HW DO ZKR DOVR XVHG PRUH VWHSV RQ D ELJJHU
VLPLODU PDUJLQV RI VWDELOLW\ WR \RXQJ DGXOWYV GXULQJ Wi
RI VWDELOLW\ FRPSDUHG WR \RXQJ DGXOWYV GXULQJ WKH VWHL

S9HUWLFDO KHHO FOHDUDQFH

S9HUWLFDO KHHO FOHDUDQFHVY WHQGHG WR LQFUHDVH RYHU VW
OLJKW 7KLV DGDSWDWLRQ LV OLNHO\ UHODWHG WR WKH PHFKI
GHVFULOBDHIG L@ RI VIKDLELWOKLRVAYV WKDW SRRUHU LOOXPLQDWLRQ (



EHKDYLRXU 7KHVH DGDSWDWLRQV ZHUH W\A\SLFDOO\ PDGH ZKH(
ZKLFK VXJIJHVWYV WKDW WKH %ULJKW FRQGLWLRQ LQGXFHG WKI
ROGHU DGXOWYV VHHPHG WR DGDSW LQ OLQH ZLWK WKH \RXQJH
HIKLELWLQJ PRUH ULVN\ BBDMFK HZUQW LEH FBW K A X VIVBIKSDO D W H U

'K\ ZDV IRRW FOHDUDQFH RQO\ LQFUHDVHG GXULQJ WKH HQWU
2QH H[SODQDWLRQ LV WKH NQRZQ FKDQJH LQ WDVNV GHPDQGV
$OFRFN HW DO /JHH DQG &KRX ,Q WKH PLGGOH SRUW
UHPDLQV FRQVLVWHQW 7KLV PHDQV WKH ZDONHU FDQ DLP WR
DQJOH DQG PDLQWDLQ D UHJXODU SDWWHUQ RI VWHSSLQJ ,QC
DQG IRRW FOHDUDQFHVY DUH ILQH WXQHG WR PLQLPLVH HQHUJ\
SKDVH UHTXLUHV PRWRU SODQQLQJ IRU WKH ILQDO IRRW SODF
DO $W WKLV WLPH WKH ILUVW VWHS GHSWK PXVW EH MX
UHRULHQWDWHG WR DFFRPPRGDWH WKH FKDQJH LQ SLWFK 6XI
D VORSHG SODQH WR WKH OHYHO ZKLFK LQYROYHV DQRWKHU
SRVLWLRQLQJ ,QGHHG LQFUHDVHG GHPDQGV LQ H[HFXWLYH I
OL\DVLNH GD6LOYD DQG OF,0UR\ ,Q DGGLWLRQ ERWK JUF
VLIJQLILFDQWO\ UHGXFHG H[HEXWLYH IXQFWLRQ FRPSDUHG WR
RSHUDWLQJ DW D KLJKHU SURSRUWLRQ RI WKHLU FDSDFLW\ ,Q
FRSH ZLWK WKH ELJJHU GHPDQGYV PRUH UHVRXUFHV WDNHQ IU
SUXGHQW ZKHQ OHVV YLVXDO LQIRUPDWLRQ DERXW WKH VWHS

:KLOVW RWKHU \RXQJ DQG ROGHU SRSXODWLRQV DOVR GLG QR
VWDWH SKDVH RI VWDLU GHVFHQW LQ ORZHU OLJKW =LHW] HW
IRXQG WKDW WKH\ GLG :LWK WKDW VDLG WKHLU VWXG\ XVHG
DGXOWV LQ WKHLU VWXG\ ZHUH DFFRPPRGDWLQJ IRU D ULVNLH
EHWZHHQ WKH PHWKRGV RFFOXVLRQ JRJJOHV GLVUXSWLQJ SH
H[SODLQLQJ WKH GLVFUHSDQF\ EHWZHHQ WKHLU VWXG\ DQG R>



S9HUWLFDO KHHO FOHDUDQFH YDULDELOLW\

:KLOVW QRW LQIOXHQFHG E\ OLJKWLQJ WKH ROGHU DGXOWYV G
GXULQJ WKH VWHDG\ VWDWH SKDVH ZKHQ FRPSDUHG WR WKH \|
FRXOG EH DW D JUHDWHU ULVN RI WULSSLQJ HYHQ LQ QRUPDO
YLVXDO DFXLW\ DQG FRQWUDVW VHQVLWLYLW\ ZKHQ FRPSDUHCGC
SRRU YLVLRQ PLJKW HI[DFHUEDWH GHWULPHQWY WR IRRW FOHEL
WKRXJK LQFUHDVLQJ HGJH FRQWUDVW ZLWK VWHS HGJH KLJKO
FOHDUDQFHVY =LHW] HW DO DQG WKDW VWDLUV ZLWK KL
SDUWLFXODUO\ IRU WKRVH ZLWK DJH UHODWHG YLVXDO LPSDLI
LOQOWR WKH UROH RI YLVXDO IXQFWLRQ IRU IRRW VWHS HGJH FO
YLVXDO ILHOG RFFOXVLRQ PD\ FHUWDLQO\ EH ZDUUDQWHG

S9HUWLFDO WRH FOHDUDQFH YDULDELOLW\

7KH NH\ ILQGLQJ IURP WKH SUHVHQW ZRUN LV WKDW YHUWLFDC
ERWWRP VWHS LQ DOO DJH JURXSV LQ &)/ EXOE OLJKW 7KHUHI
FOHDUDQFH D PRUH ULVN\ VWHSSLQJ SDWWHUQ ZDV LQGXFHG
6LOQFH WKH ERWWRP WUDQVLWLRQ VWHS LV D FRPPRQ SODFH I
OLIJIKWLQJ LQ WKLV UHJLRQ FRXOG EH RI SDUDPRXQW LPSRUWD

%YHFDXVH WKH FKDQJH RFFXUUHG GXH WR ORZHU OLJKW LW LV
SOD\HG D UROH )RYHDWLRQ RI VWHSY GLUHFWO\ XQGHUQHDW:
FROQGLWLRQV DQG SHULSKHUDO YLVLRQ RU pFRYHUWYT DWWHQ
VWHSSLQJ VXUIDFH ZKLOVW VWHSSLQJ RYHU LW OL\DVLNH GDG6
KDYH KDG D GHWULPHQWDO LQIOXHQFH RQ SHULSKHUDO GHWH
WKH OLPE LQ EDODQFH FULWLFDO FLUFXPVWDQFHYV 7KLV OLNH
ERWWRP VWHS LQ WKH VDPH OLJKW DV D SUHFDXWLRQDU\ PHD

2QH REYLRXV TXHVWLRQ LV ZK\ ZDV WKH LQFUHDVHG YDULDELC
K\SRWKHVLVH WKLV LV UHODWHG WR SODQQLQJ 7UDQVLWLRQ
OL\DVLNH GD6LOYD DQG OF,OUR\ DQG PRWRU SODQQLQJ I
DFWLRQ 3DWOD DQG 9LFNHUYV ,Q FRQWUDVW WR VWDLU H



RYHUJURXQG JDLW H[LW IURP WKH VWDLUV PXVW EH SODQQHG
XWLOLVH PRUH FRIJQLWLYH UHVRXUFHV ZKLFK XOWLPDWHO\ Of
SDUWLFXODUO\ ZKHQ YLVXDO DWWHQWLRQ LV GLYHUWHG 7HO]I
YDULDELOLW\ H{[DFHUEDWHG E\ SRRU LOOXPLQDWLRQ ,W VKRX
SHULRG EHWZHHQ FKDQJLQJ WKH LOOXPLQDWLRQ DQG WKH ID
YLVXRPRWRU SODQQLQJ LPPHGLDWHO\ SULRU WR VWDLU GHVFI

WLPHV LQ DGGLWLRQ WR WKH IDPLOLDULVDWLRQ WULDOV 7}
VRPDWRVHQVRU\ LQIRUPDWLRQ UHJDUGLQJ VWHS KHLJKW DQG
RI WULDOV WKXV UHGXFLQJ WKH LQIOXHQFH RI SODQQLQJ RQ

ILIJKWEXOE XVH

7KH ORZ SRZHUHG &)/ EXOE LOOXPLQDWLRQ XVHG LQ WKH SUH)
RQ IURP FROG LPPHGLDWHO\ SULRU WR VWDLU GHVFHQW KDG
WR GHVFHQG WKH VWDLUFDVH UHDFKLQJ D WRWDO RI OX[ :l
SDUWLFLSDQWY UHSRUWHG OHVV FRQILGHQFH DQG DOO RI WK
DFFRPPRGDWH D UHGXFWLRQ LQ OLJKW IURP WKDW SURGXFHG
DOO SDUWLFLSDQWY DOVR H[KLELWHG PRUH ULVN\ VWHSSLQJ ¢
&) EXOE OLJKW ZKLFK FRXOG LQFUHDVH WKH ULVN RI D WULS
WKRXJKW WR RFFXU GXULQJ WKLV SKDVH DSSURSULDWH OLJKY
WKDW /(" EXOEV PD\ RIITHU D VDIHU DOWHUQDWLYH WR &)/ EXOE
UHDFKLQJ IXOO EULIJKWQHVYV LQVWDQWDQHRXVO\ /(' EXOEV DU
ZKHQ FRPSDUHG WR &)/ EXOEV 7KH KLJKHU SRZHU /(" EXO
W\SLFDO 8. KRPH VWDLUFDVH OX[ KDV SUHYLRXVO\ EHHQ UF
WKH VWDLU WUHDG 2XU ILQGLQJV VXSSRUW WKLV ZLWK HYLGH
KLIJKHU ZDWWDJH /(' EXOEV WR KRPH RZQHUV DQG IDOO SUHYH
FRQVLGHUDWLRQ VKRXOG EH JLYHQ WR WKH IDFW VWDLU LOOX
DV VWDLU GHVLIJQ FHLOLQJ KHLIJKW DQG VFDWWHULQJ RI OLJK
LOOXPLQDWLRQ DW WKH VWDLU WUHDG ,W VKRXOG DOVR EH Q
QRQ VWDQGDUG EXOEV WKH /(' EXOEV IHDWXUHG LQ WKH SUH\
PLQLPXP RI OX[ VKRZQ KHUH VXSSRUWY UHFRPPHQGDWLRQV
VXFK VSDFHV



&RQFOXVLRQV DQG IXWXUH GLUHFWLRQV

ORUH FDXWLRXV GHVFHQW SDWWHUQV ZHUH REVHUYHG LQ ERW
HYLGHQFHG E\ VORZHU GHVFHQW VSHHGVY LQFUHDVHG PDUJLQ
,PSRUWDQWO\ WKHUH ZDV DQ LQFUHDVH LQ IRRW FOHDUDQFH
DGXOWYV ZKLFK LV ZKHUH D QXPEHU RI IDOOV DUH UHSRUWHG
LOOXPLQDWLRQ IURP &)/ EXOEV DW ILUVW WXUQ RQ LV XOWLPEL
KLJK SRZHUHG /(' EXOEV PD\ RIITHU DQ DOWHUQDWLYH WKDW RS
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$OFRFN / 2Y%ULHQ 7' 9DQLFHN 1 %LRPHFKDQLFDO G|
F\FOHV OLQNLQJ OHYHO JDLW DQG VWDLU GHVFHQW JDLW |
KWWSV GRL RUJ M MELRPHFK
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"\QDPLF VWDELOLW\ FRQWURO LQ \RXQJHU DQG ROGHU DG X
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=LHW] ' +ROODQGV 0 *D]H EHKDYLRU RI \RXQJ DQG ROG
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