SUHGLFWLRQ RI HQHUJ\ HISHQGLWXU}
PRQLWRULQJ GXULQJ VXEPD[LPDO |

SXEOLFDWLRQ -RXUQDO RI 6SRUWYV 6FLHQFHYV

SXEOLFDWLRQ 'DWH 0$5

$XWKRU .H
*RHGHFNH - +
1RDNHV 7
+LLORVNRUSL +
IDXNNDQHQ 5 YDQ
GHU OHUZH /
IDPEHUW ( 9

BUHGLFWLRQ RI HQHUJ\ H[SHQGLWXUH IURP KHDUW UDWH P
H[HUFLVH

SXEOLFDWLRQ -RXUQDO RI 6SRUWYV 6FLHQFHYV

SXEOLFDWLRQ 'DWH 0$5

$XWKRU .H\WHO [/ 5 *RHGHFNH - + IRDNHV 7' +LLOF
YDQ GHU OHUZH / IDPEHUW ( 9

$SEVWUDFW

7KH DLPV RI WKLV VWXG\ ZHUH WR TXDQWLI\ WKH HIITHFWV I
HI[HUFLVH ERG\ FRPSRVLWLRQ DQG WUDLQLQJ RQ WKH UHO
DQG SK\VLFDO DFWLYLW\ HQHUJ\ HISHQGLWXUH PHDVXUHG
GHYHORS SUHGLFWLRQ HTXDWLRQV IRU HQHUJ\ HISHQGLWX
HIHUFLVLQJ LQGLYLGXDOV Q DJH \HDUV ERG\ PDV
XQGHUZHQW D WHVW IRU PD[LPDO R[\JHQ XSWDNH 9>2 VXE
LQFUHPHQWDO SURWRFROV RQ HLWKHU D F\FOH HUJRPHWH
UDQJHG IURP WR [ PO >NJ VXS @ [ >PLQ VXS @ 7KH



FRPSOHWHG WKUHH VWHDG\ VWDWH H[HUFLVH VWDJHV RQ
WKH F\FOH HUJRPHWHU PLQ DW DQG RI 9>2 VXE
FRUUHVSRQGLQJ WR DQG RI PD[LPDO KHDUW UDWH
UHVSLUDWRU\ H[FKDQJH UDWLR GDWD ZHUH FREODO®HFWHG G>
DERDO\VLVY LGHQWLILHG JHQGHU KHDUW UDWH ZHLJKW 9>2
WKDW EHVW SUHGLFWHG WKH UHODWLRQVKLS EHWZHHQ KH
7KH PRGHO ZLWK WKH KLJKHVW OLNHOLKRRG UDWLR ZDV .
HISHQGLWXUH 7KH FRUUHODWLRQ FRHIILFLHQW U EHWZH]|
HQHUJ\ HISHQGLWXUH ZDV 7KH PRGHO WKHUHIRUH DFF
>5 VXS @ RI WKH YDULDQFH LQ HQHUJ\ HISHQGLWXUH LQ
PHDVXUH RI ILWQHVV VXFK DV 9>2 VXE PD[@ LV QRW DOZ|
ZLWKRXW 9>2 VXE PD[@ LQFOXGHG zZDV DOVR ILWWHG 7KH
EHWZHHQ WKH PHDVXUHG HQHUJ\ HISHQGLWXUH DQG HVWLI
ZLWKRXW 9>2 VXE PD[@ ZDV , W IROORZV WKDW WKH P
PHDVXUH DFFRXQWHG IRU RI WKH YDULDQFH LQ HQHUJ\
VDPSOH %DVHG RQ WKHVH UHVXOWY ZH FRQFOXGH WKDW
SK\VLFDO DFWLYLW\ HQHUJ\ HI[SHQGLWXUH IURP KHDUW UD\
D JUHDW GHDO RI DFFXUDF\ DIWHU DGMXVWLQJ IRU DJH Jt

.H\ZRUGV (QHUJ\ HISHQGLWXUH SK\VLFDO DFWLYLW\ SUHC(

, QWURGXFWLRQ

'XULQJ PRGHUDWH SK\VWLFDO DFWLYLW\ WKHUH LV D OLQHD
UDWH DQG R[\JHQ FRQVXPSWLRQ 7KLV KHDUW UDWH R[\JH
LV VXEMHFW WR ERWK LQWUD DQG LQWHU LQGLYLGXDO YD
GLVVRFLDWHG IURP HQHUJ\ H[SHQGLWXUH E\ IDEFWRUV VXFEF
HQYLURQPHQWDO FRQGLWLRQV +HEHVWUHLW %DU 2U

KHDUW UDWH DQG HQHUJ\ H[SHQGLWXUH LV OLQHDU RQO\ Z
RI DSSUR[LPDWHO\ EHDWV [ >PLQ VXS @ WKH VR FDO



GXULQJ SK\WVLFDO DFWLYLW\ &HHVD\ HW DO 5HQQLH

':DUHKDP 6SXUU HW DO 'XULQJ OLJKW DFWLYLW\
DOPRVW QR VORSH WR WKH UHODWLRQVKLS EHWZHHQ KHDL
DQG IRU WKH SXUSRVH RI PHDVXULQJ HQHUJ\ H[SHQGLWXU
DVVXPHG WKDW HQHUJ\ H[SHQGLWXUH LV HTXDO WR UHVWL
HW DO $ QRQ OLQHDU GLVFRQWLQXRXV IXQFWLRQ KI
DFFXUDWH WKDQ D OLQHDU UHODWLRQVKLS LQ SUHGLFWLQ
H[SHQGLWXUH IURP KHDUW UDWH /L 'HXUHQEHUJ +DXWY

+HDUW UDWH PRQLWRULQJ IRU HVYWLPDWLQJ IUHH OLYLQJ
HIWHQVLYHO\ YDOLGDWHG XVLQJ LQGLUHFW FDORULPHWU\
URRP UHVSLURPHWU\ DQG UHSRUWHG GLIIHUHQFHV EHWZH
W R IXNH ODNL %DUNH\ &RRSHU OF*HH ,Q ODUJ
SHRSOH KHDUW UDWH PRQLWRULQJ SURYLGHV RQH RI WKH
PHDQV Rl HYWLPDWLQJ HQHUJ\ H[SHQGLWXUH ,Q DGGLWLR
SURYLGHV XVHIXO LQVLJKWY LQWR WKH W\SH RI DEWLYLW\
PHDVXUHPHQW SHULRG 2WKHU DVVHVVPHQW PHYV

FDQ RQO\ FRQYH\ WKH WRWDO DPRXQW RI SK\WLFDO DFWLY
UDWH PRQLWRULQJ SURYLGHV SK\VLRORJLFDO LQIRUPDWLR
EHLQJ SHUIRUPHG DQG GHVFULEHV WKH QDWXUH RI GD\ WR
H[SHQGLWXUH +HEHVWUHLW %DU 2U IXNH HW DO
UHVSLURPHWU\ DQG LQGLUHFW FDORULPHWU\ SURYLGH SK\
QDWXUH Rl WKH DEWLYLW\ EHLQJ SHUIRUPHG WKHVH WRRC
EXW RIWHQ WDNH WKH SDUWLFLSDQW RXW RI KL\

RI WKH PHDVXUHPHQW SHULRG /XNH HW DO

,Q PRVW SUHYLRXV VWXGLHV LQYHVWLIJDWLQJ WKH XVH RI
HQHUJ\ HISHQGLWXUH LQGLYLGXDO FDOLEUDWLRQ RI WKH
UHODWLRQVKLS ZDV SHUIRUPHGH V& HDKV D\ HW/XNH /L
6SXUU HW DO ,QGLYLGXDO FDOLEUDWLRQ LU



SURJUHVVLYH H[HUFLVH WHVW GXULQJ ZKLFK WLPH KHDUW
PHDVXUHG DORQJ ZLWK LQGLUHFW FDORULPHWU\ WR HVWL
UHFHQW VWXGLHV KDYH LQYHVWLJDWHG IUHH OLYLQJ HQHL
PRQLWRULQJ XWLOL]JLQJ SUHGLFWLRQ HTXDWLRQV JHQHUD
LQGLYLGXDOV LQVWHDG RI DQ LQGLYLGXDO FDOLEUDWLRQ

SHQQLH HW DO +LLOORVNRUSL HW DO GHYHORS
HQHUJ\ HISHQGLWXUH IURP KHDUW UDWH XVLQJ PXOWLSOF
VDPSOH RI KHDOWK\ DFWLYH PHQ DQG ZRPHQ

LOQWHUDFWLRQ ZLWK HQHUJ\ HISHQGLWXUH LQFOXGHG DJH
HI[HUFLVH F\FOLQJ YHUVXV UXQQLQJ GLG QRW FRQWULEXV

,Q D PRUH UHFHQW VWXG\ 5HQQLH HW DO GHYHORSH(
D VDPSOH RI LQGLYLGXDOV )DEFWRUV IRXQG WR KDYH D
UHODWLRQVKLS EHWZHHQ KHDUW UDWH DQG HQH

LQ DGGLWLRQ WR DJH ZHLJKW DQG JHQGHU 7KHVH YDULDE
VORSH DQG WKH LQWHUFHSW RI WKH UHJUHVVLRQ OLQH EH
KHDUW UDWH 7KLV HQHUJ\ H[SHQGLWXUH HTXDWLRQ ZDV W
LQGHSHQGHQW VDPSOH RI  LQGLYLGXDOV DQG IRXQG WR |
U RI 5HQQLH HW DO GHPRQVWUDWHG WKH XWLOL
IRU HVYWLPDWLQJ SK\VLEFDO DFWLYLW\ HQHUJ\ H[SHQGLWXU
H[SHQGLWXUH UHODWLRQVKLS LQ ODUJH UHSUHVHQWDWLY
UHDVRQDEOH DFFXUDF\ DQG WKH SRWHQWLDO IRU ZLGH DS
VWXGLHV

7KH PDLQ DLP Rl WKH SUHVHQW VWXG\ ZDV WR IXUWKHU FK
LQIOXHQFH WKH UHODWLRQVKLS EHWZHHQ HQHUJ\ H[SHQGL
PRGHUDWH WR YLJRURXV DFWLYLW\ LQ UHJXODUO\ H[HUFLV
WR GHYIBORSUFWLRQ HTXDWLRQ IRU HQHUJ\ H[SH

IRU WKHVH IDFWRUYV



OHWKRGYV

3SDUW '"HYHORSLQJ WKH HQHUJ\ HISHQGLWXUH SUHGLFWLF

SDUWLFLSDQWY 7KH SDUWLFLSDQWYV ZHUH UHFUXLWHG IUR
EDVHG H[HUFLVH SURJUDPPHV UXQQLQJ FOXEV DQG F\FOH
UHJXODUO\ HIHUFLVLQJ PHQ DQG ZRPHQ YROXQWHHUHG IRL
FRPSOHWH GDWD 7KH SDUWLFLSDQWY ZHUH IDPLOLDU HLYV
PRWRU GULYHQ WUHDGPLOO DQG UDQJHG LQ DJH IURP W
IURP DQ\ NQRZQ FDUGLDF RU PHWDEROLF GLVRUGHUV DQG
FKURQLF PHGLFDWLRQ 7KH SK\VLFDO FKDUDFWHULVWLFV F
LQ 7TDEOH , 7KH SDUWLFLSDQWY ZHUH WHVWHG RQ WZR RF
PRGH RI HHHUFLVH F\FOH HUJRPHWHU Q WUHDGPLOO
SHVHDUFK &RPPLWWHH RI WKH 8QLYHUVLW\ RI &D
DSSURYHG WKH VWXG\ DQG LQIRUPHG FRQVHQW ZDV REWDL
EHIRUH WKH WULDOV EHJDQ

$ VHFRQG VDPSOH RI UHJXODUO\ H[HUFLVLQJ LQGLYLGXDO\
UHFUXLWHG LQGHSHQGHQW RI WKH ILUVW VDPSOH WR WH
PRGHO 7KH VHFRQG VDPSOH ZDV UHFUXLWHG IURP D ORFD
UHSUHVHQWHG D ZLGH UDQJH RI DJHV \HDUV  ZHLJKW
9>2 VXE PD[@ PO [>NJ VXS @[ >PLQ VXS @

%RG\ FRPSRVLWLRQ %RG\ IDWQHVYVY ZDV H[SUHVVHG DV WK
ELFHSVY WULFHSV VXEVFDSXODU VXSUDLOLDF DQWHULRL
FDOI SHUFHQWDJH ERG\ IDW ZDV HVWLPDWHG XVLQJ WKH
"RPHUVOH\

OD[LPDO R[\JHQ FRQVXPSWLRQ 'XULQJ WKH ILUVW YLVLW W
R[\JHQ FRQVXPSWLRQ[ 9PDNRPEOPOHDUW UDWH D



RU SHDN WUHDGPLOO UXQQLQJ VSHHG ZHUH PHDVXUHG 0D
PHDVXUHG GXULQJ HLWKHU D SURJUHVVLYH WUH|
WKH WUHDGPLOO WHVW WKH VWDUWLQJ WUHDGPLOO VSHH
DQG NP [ >K VXS @ IRU WKH ZRPHQ DQG LW ZDV LQFUHI
HYHU\ V XQWLO YROLWLRQDO H[KDXVWLRQ DV GHVFULEH
6FKDOO ,Q WKH F\FOH WHVW WR H[KDXVWLRQ SDUW
HOHFWURQLFDOO\ EUDNHG F\FOH HUJRPHWHU /RGH *URQL
SDUWLFLSDQW VWDUWHG F\FOLQJ DW DQ H[HUFLVH LQWHOQ\

ZHLIJKW IRU V DIWHU ZKLFK WKH ZRUN UDWH ZDV LQFUH
V 7KH H[HUFLVH LQWHQVLW\ ZDV WKHQ LQFUHDVHG E\
SRLQW RI H[IKDXVWLRQ +DZOH\ 1RDNHYV OD[LPDO KHL

WKDW KHDUW UDWH DFKLHYHG DW WKH SRLQW RI H[KDXVWIL
F\FOH WHVWV WKH SDUWLFLSDQWY ZRUH D IDFHPDVN DWW
DXWRPDWHG JDV DQDO\WHU 2[\FRQ -DHJHU 7KH 1HWKHUO]
WKH JDV DQDO\WVHU ZDV FDOLEUDWHG XVLQJ D +DQV 5XGRO
WZR SRLQW FDOLEUDWLRQ WHFKQLTXH XVLQJD &>2 VXE
PL[WXUH DQG IUHVK DLU 7KH UDWH RI R[\JHQ FRQVXPSWLR
FDUERQ GLR[LGH SURGXFWLRQ 9&>2 VXE @ DQG WKH UHYV
5(5 ZHUH FDOFXODWHG XVLQJ FRQYHQWLRQDO HTXDWLRQ
RXWSXW DQG SHDN WUHDGPLOO UXQQLQJ VSHHG ZHUH GHII
WKH SDUWLFLSDQW FRXOG QR ORQJHU PDLQWDLQ WKH SDF
FDGHQFH RI  UHY [ >PLQ VXS @

6XEPD[LPDO WHVWLQJ DQG HVWLPDWLRQ RI HQHUJ\ H[SHQG
UHWXUQHG WR WKH ODERUDWRU\ ZLWKLQ D ZHHN DQG SHUI
F\FOH HUJRPHWHU VXEPD[LPDO WHVW SURWRFRO FRQVLVW|
ZRUNORDGV HDFK ODVWLQJ PLQ GXULQJ ZKLF
DQG RI WKH SUHYLRXVO\ GHWHUPLQHG SHDN SR;

DQG RI 952 VXE PD[@ UHVSHFWLYHO\ 7KH VXEPD[LPD
FRQVLVWHG RI WKUHH FRQVHFXWLYH ZRUNORDGYV HDFK OD



FRUUHVSRQGLQJ WR DSSUR[LPDWHO\ DQG Rl 93
UHVSHFWLYHO\ RI SUHYLRXVO\ GHWHUPLQHG SHDN WUHDG
PLOQXWH KHDUW UDWH ZDV UHFRUGHG XVLQJ WKH
(OHFWUR )LQODQG DQG UHVSLUDWRU\ H[FKDQJH PHDVXUH
9&>2 VXE @ ZHUH FROOHFWHG DQG XVHG WR HVWLPDWH H
WKH HTXDWLRQV RI :HLU GXULQJ WKH ODVW PLQ RI F
VXEPD[LPDO KHDUW UDWH GDWD IURP WKH ODVW PLQ RI H
VXEVHTXHQWO\ FDOFXODWH SUHGLFWHG HQHUJ\ H[SHQGLW
UHJUHVVLRQ HTXDWLRQV )DFWRUV WKDW ZHUH VLJQLILFDC
9>2 VXE @ ZHUH XVHG LQ WKH PRGHO WR SUHGLFW HQHUJ\

3DUW 9DOLGDWLRQ RI SUHGLFWLRQ PRGHO RQ DQ LQGHS

JRU WKH SXUSRVH RI YDOLGDWLRQ WKH HQHUJ\ HISHQGLW.
VHOHFWHG FDUGLRYDVFXODU VHVVLRQ ZHUH SUHGLFWHG R
LQGLYLGXDOV UHFUXLWHG IURP D ORFDO ILWQHVV FHQWU
LOQOVWUXFWHG WR FKRRVH HLWKHU D VLQJOH PLQ FDUGLR
HIHUFLVH ERXWYV

SDUWLFLSDQWYV 7KH SDUWLFLSDQWYV PDOHV IHPDOH\
FDUGLRYDVFXODU DQG PHWDEROLF GLVRUGHUY DQG WRRN
FDUGLRYDVFXODU SK\VLFDO DFWLYLW\ DW OHDVW WKUHH W
WKH LQFOXVLRQ FULWHULD RI WKH RULJLQDO VWXG\ DQG W
SUHVHQWHG LQ 7DEOH ,,

%RG\ FRPSRVLWLRQ DQG PD[LPDO WHVW WR H[KDXVWLRQ 7
WKH ODERUDWRU\ RQ WZR GLITHUHQW RFFDVLRQV ZLWKLQ

SDUWLFLSDQWY KDG WKHLU ERG\ FRPSRVLWLRQ PHDVXUHG
UHDFWDQFH WHFKQLTXH )XWUH[ ,QF *DLWKHUVEXUJ 0' 8
D PD[LPDO WHVW WR H[KDXVWLRQ RQ DQ HOHFWURQLFDOO\



*URQLJHQ 7KH 1HWKHUODQGVYV DV SUHYLRXVO\ GHVFULEHG
'XULQJ WKH WHVW R[\JHQ FRQVXPSWLRQ DQG FDUERQ GLR]|
PHDVXUHG DV GHVFULEHG DERYH

(VWLPDWLRQ RI SK\WLFDO DFWLYLW\ HQHUJ\ H[SHQGLWXUH
SDUWLFLSDQWY UHSRUWHG WR WKH ODERUDWRU\ LQ D K ¢
LQVWUXFWHG QRW WR HQJDJH LQ DQ\ VWUHQXRXV SK\VLFD
K $00 SDUWLFLSDQWY FRPSOHWHG D PLQ FDUGLRYDVF
RI DQ LQGHSHQGHQW VWXG\ LQ SURJUHVV 7KH FDUGLRYDV
SHUIRUPHG IROORZLQJ D PLQ ZDUP XS FRQVLWWLQJ RI  F
RI OLJKW MRJJLQJ 7KH SDUWLFLSDQWY WKHQ FKRVH WR HL
FRQWLQXRXV FDUGLRYDVFEXODU H[HUFLVH VHVVLRQ RU WZF
VHOHFWHG SLHFH RI ILWQHVV FHQWUH HTXLSPHQW 7KURX.
SDUWLFLSDQWY KHDUW UDWH 9>2 VXE @ DQG 9&>2 VXE
XVLQJ WKH >. E VXS @ SRUWDEOH JDV DQDO\VHU &RVPHG
HQHUJ\ H[SHQGLWXUH N-[ >PLQ VXS @ ZDWWKHQ GHWHU
FDORULF HTXLYDOHQWYV IRU R[\JHQ %HIRUH HDFK WHVW W
FDOLEUDWHG XVLQJ D +DQV 5XGROSK LWUH VAULQJH
WHFKQLTXH XVLQJ D &>2 VXE @ VXE @ > v
7KH DQDO\VHU RXWSXWV ZHUH SURFHVVHG WR FDOFXODWH
9>2 VXE @ 9&>2 VXE @ DQG WKH UHVSLUDWRU\ H[FKDQJH
HTXDWLRQV :HLU

6WDWLVWLFDO DQDO\VLYV

,QLWLDOO\ LQGLYLGXDOV YROXQWHHUHG WR SDUWLFLS
VLIH ZDV EHFDXVH RI LQFRPSOHWH KHDUW UDWH DQG 9>
SDUWLFLSDQWYV 7KH LQLWLDO H[SORUDWRU\ GDWD DQDO\V
KDYH VLIQLILFDQWO\ FRQWULEXWHG WR WKH UHODWLRQVK
HISHQGLWXUH LQFOXGHG %R[ SORWY DQG VFDWWHU SORW\



8QLYDULDWH PHDQV VWDQGDUG GHYLDWLRQV DQG ELYDU
VXPPDU\ VWDWLVWLFVY ZHUH WKHQ FDOFXODWHG IRU DOO Y

%DVHG RQ WKHVH DQDO\VHV ZH ILWWHG D PL[HG PRGHO IR
HISHQGLWXUH 7KH IDFWRUV JHQGHU ZHLJKW DJH DQG 9>:
DV IL[HG HIIHFWV DQG SDUWLFLSDQWY DV UDQGRP HIIHFW?®
PHDVXUHPHQWY RI HQHUJ\ HISHQGLWXUH DQG IL[HG KHDU\
,Q WKH PRGHO WKH FRYDULDQFH PDWUL[ EHWZHHQ WKH PFE
SDUWLFLSDQW ZDV XQVWUXFWXUHG DQG FRPSRXQG V\PPHW
FRYDULDQFHY EHWZHHQ SDUWLFLSDQWYV

$ VHFRQG PL[HG PRGHO ZDV ILWWHG XQGHU WKH UDWLRQD
WHVW Rl PD[LPDO R[\JHQ FRQVXPSWLRQ PLJKW EH LPSUDFW
VHFRQG PRGHO LQFOXGHG DOO WKH YDULDEOHV DQG DVVX
H[FHSW 9>2 VXE PD[@ )RU LQQHU YDOLGDWLRQ ERWK PRC
LQGHSHQGHQW VDPSOH RI SDUWLFLSDQWV Q ZKR FRP
FDUGLRYDVFXODU H[HUFLVH

7KH LQLWLDO H[SORUDWRU\ DQDO\VHV ZHUH SHUIRUPHG XV
VRIWZDUH V\VWHP YHUVLRQ 6WDWVRIW 6RXWKHUQ $I1U
PRGHOOLQJ ZDV GRQH ZLWK 6%$6>5@ 3URSULHWDU\ 6RIWZDL

SHVXOWYV

&KDUDFWHULVWLFV RI VDPSOH XVHG WR GHYHORS WKH SUHE
7KH FKDUDFWHULVWLFV RI WKH SDUWLFLSDQWY DUH SUHVFE
UHSUHVHQWHG D ZLGH UDQJH RI PRUSKRORJ\ DQG ILWQHVYV

ERG\ ZHLJKW NJ SHUFHQWDJH ERG\ IDW DQG 9>
PO [ >NJ VXS @ [ >PLQ VXS @ 7KHUH ZHUH QR GLIIHUHQF



SHUFHQWDJH ERG\ IDW RU 9>2 VXE PD[@ EHWZHHQ WKH SD
WUHDGPLOO WHVWLQJ YHUVXV WKRVH WKDW XQGHUZHQW F
ZHUH VLIQLILFDQW GLIITHUHQFHYV LQ ZHLJKW SHUFHQWDJH
EHWZHHQ WKH VH[HV 7DEOH , 3

&KDUDFWHULVWLFV RI VDPSOH XVHG IRU LQQHU YDOLGDWL

7KH FKDUDFWHULVWLFV Rl WKH SDUWLFLSDQWY DUH SUHVH
LQ WKLV VDPSOH ZHUH VLPLODU WR WKRVH XVHG LQ WKH R
EURDG UDQJH LQ ERG\ FRPSRVLWLRQ 3HUFHQWDJH ERG\ ID
LQ WKH PHQ DQG IURP WR LQ WKH ZRPHQ 6LPLODU
UDQJH LQ WKH SHUIRUPDQFH GDWD ZLWK 9>2 VXE PD[@ Ul
[ >NJ VXS @ [ >PLQ VXS @ LQ WKH PHQ DQG IURP WR
>PLQ VXS @ LQ WKH ZRPHQ

7KH SDUWLFLSDQWY LQ ERWK VDPSOHV ZHUH HTXDOO\ PDW
SDUWLFLSDQWY PDOHYV DQG IHPDOHV FRPELQHG

PHDQ 9>2 VXE PD[@ > RU @ PO >NJ VXS @ >PLQ
ZKR WRRN SDUW LQ WKH YDOLGDWLRQ VWXG\ PHDQ 9>2 VX
>NJ VXS @ [ >PLQ VXS @ WKLV GLITHUHQFH ZDV QRW VW

SUHGLFWLRQ HTXDWLRQV RI HQHUJ\ HISHQGLWXUH IURP KH

$ PL[HG PRGHO ZDV XVHG WR GHULYH WKH IROORZLQJ HTXC
DFWLYLW\ HQHUJ\ H[SHQGLWXUH ((

(( JHQGHU | [ DJH [ ZHLIKW
9>2 VXE PD[@ [ KHDUW UDWH H JHQG[HIH [ [ DJ
[ 952 VXE PD[@ [ KHDUW UDWH



ZKHUH JHQGHU IRU PDOHYV DQG IRU IHPDOHYVY 7DEOH ,,,

LQ D GLITHUHQW IRUPDW 7KH OLNHOLKRRG UDWLR WHVW IF
RQ ILYH GHJUHHV RI IUHHGRP ZLWK 3 7TKH UHVX:

IRU WKH IL[HG HIITHFWV LQ WKH PL[HG PRGHO DUF

I[UHHGRP IRU WKH ) WHVWYV ZHUH FDOFXODWHG XVLQJ 6DWMW

,Q JLIXUH WKH PHDVXUHG HQHUJ\ HISHQGLWXUH LV UHJU
HQHUJ\ HISHQGLWXUH 7KH FRUUHODWLRQ FRHIILFLHQW U
RI WKH YDULDWLRQ LQ PHDVXUHG HQHUJ\ H[SHQC

PRGHO

>),*85( 20,77('@

$ VHFRQG PRGHO ZKLFRHER/QW BLRIHIGVW@®HVY ZDV

SUHGLFWLRQ HTXDWLRQ IRU HQHUJ\ HISHQGLWXUH XVLQJ D
UDWH ZDV

(( JHQGHU | [ KHDUW UDWH [ ZHLJ
JHQGHU | [ KHDUWUDWH [ ZHLIKW
ZKHUH JHQGHU IRU PDOHV DQG IRU IHPDOHV 7DEOH 9
LQ D GLIIHUHQW IRUPDW 7KH OLNHOLKRRG UDWLR WHVW IR
RQ ILYH GHJUHHV RI IUHHGRP ZLWK 3 7KH UHVX:

IRU WKH IL[HG HIITHFWV LQ WKH PL[HG PRGHO DUH JLYHQ LC
I[UHHGRP IRU WKH ) WHVWYV ZHUH FDOFXODWHG XVLQJ 6DWMW

,Q JLIXUH WKH PHDVXUHG HQHUJ\ HISHQGLWXUH LV UHJU
HQHUJ\ HISHQGLWXUH 7KH FRHIILFLHQW RI FRUUHODWLRQ
WKH YDULDWLRQ LQ PHDVXUHG HQHUJ\ HI[SHQGLWXUH LQ W
PRGHO



>),*85( 20,77('@

,QGHSHQGHQW VDPSOH DQDO\VLV IRU LQQHU YDOLGDWLRQ

'DWD IURP DQ LQGHSHQGHQW VDPSOH RI  SDUWLFLSDQWV
XVHG WR YDOLGDWH ERWK PRGHOV 3UHGLFWHG

ZKLFK LQFOXGHG D PHDVXUH RI ILWQHVV 9>2 VXE PD[@ F
HQHUJ\ H{SHQGLWXUH GXULQJ VHOI VHOHFWHG FDUGLRYDYV

3 JLIXUH 8VLQJ WKH VHFRQG PRGHO IRU PHDVXUL
H[SHQGLWXUH ZLWK QR PHDVXUH RI ILWQHVV WKH FRUUHZC
YLIXUH

>),*85( 20,77('@

$IJUHHPHQW

%HFDXVH ZH XVHG D PL[HG PRGHO ZLWK UDQGRF

PD[LPXP OLNHOLKRRG HVWLPDWLRQ LQVWHDG RI OHDVW VT
WKH HVWLPDWHY IRU WKH LQLWLDO VDPSOH ZKLFK ZDV XVt
VOLJKWO\ ELDVHG 7KH ELDV Rl WKH HVWLPDWHY DQG WKH|
VHWV RI HVWLPDWHY DUH VXPPDUL]HG LQ 7DEOH 9,, 7KH E
EHWZHHQ WKH SUHGLFWHG DQG WKH FRUUHVSRQ

DQG WKH OLPLWV RI DEVROXWH DJUHHPHQW ZHUH FDOF >
$WNLQVRQ DQG 1HYLOO W LV LQWHUHVWLQJ WR QRW
VDPSOH LV RQ DYHUDJH LQ WKH RSSRVLWH GLUHFWLRQ WR
7KH IDFW WKDW WKH DJUHHPHQW OLPLWV EHFRPH ZLGHU G
ORJLFDO :H EHOLHYH WKDW WKHVH OLPLWV DUH QDUURZ H
WR EH Rl SUDFWLFDO XVH



'LVFXVVLRQ

,Q WKLV VWXG\ ZH GHPRQVWUDWHG WKDW SK\VLFDO DFWL"
PRGHUDWH WR KLJK LQWHQVLW\ H[HUFLVH PD\ EH SUHGLEFV
JURXS RI LQGLYLGXDOV YDU\LQJ ZLGHO\ LQ DJH ILWQHVV [
QHHG IRU LQGLYLGXDO FDOLEUDWLRQ 7KLV VWXG\ GHQRW!
VWXGLHV LQ WKH HVWLPDWLRQ RI SK\WVLFDO DFWLYLW\ HQH
PRQLWRULQJ 7KH SURSRVHG PRGHO XVLQJ KHDUW UDWH
RI ILWQHVV 9>2 VXE PD[@ DFFRXQWHG IRU RI WKH YDU
H[SHQGLWXUH LQ DQ LQGHSHQGHQW VDPSOH RI SHRSOH FR
PLQ FDUGLRYDVFXODU H[HUFLVH VHVVLRQ

BUHYLRXV VWXGLHV /L HW DO 5XWJHUV .OLMQ  'HXLU
SRRU DJUHHPHQW EHWZHHQ HQHUJ\ H[SHQGLWXUH HVWLPD
PRQLWRULQJ DQG PHDVXUHG HQHUJ\ H[SHQGLWXUH 7KHVH
GHYHORSHG RQ VPDOO VDPSOHV QRW UHSUHVHQWDWLYH F
HTXDWLRQ ZDV WR EH DSSOLHG 5XWJHUV HW DO

EDVHG RQ WKH KHDUW UDWH DQG HQHUJ\ H[SHQGLWXUH GD
LQGLYLGXDOV 7KH DXWKRUV FRQFOXGHG WKDW WKH XVH R
PHDVXUH HQHUJ\ H[SHQGLWXUH ZDV LQDFFXUDWH RYHU G
ODUJH GLVFUHSDQFLHY EHWZHHQ HQHUJ\ H[SHQGLWXUH HV
FDOLEWFDNWYR@QG D JURXS FXUYH /L HW DO

IRU WKH HVWLPDWLRQ Rl HQHUJ\ H[SHQGLWXUH XVLQJ KHD!
JURXS DQG LQGLYLGXDOO\ GHULYHG HVWLPDWHV 2QFH DJI
VPDOO FRQVLVWLQJ RI RQO\ SHUVRQV

7KH FXUUHQW VWXG\ UHSUHVHQWY DQ LPSURYHPHQW RYHU
HW DO SHQQLH HW DO WKDW XVHG KHDUW UDWH
SK\VLFDO DFWLYLW\ HQHUJ\ HISHQGLWXUH ZLWKRXW LQGL
SHQQLH HW DO XVHG WKH YDULDEOHV WKDW VLJQLILF



HISHQGLWXUH WR SUHGLFW WKH VORSH LQWHUFHSW DQG \
PHDVXUHG YHUVXV SUHGLFWHG SK\VLFDO DFWLYLW\ HQHUJ
WKH YDULDEOHYV RI VLWWLQJ KHDUW UDWH DJH ZHLJKW D
VLIQLILFDQW LPSDFW RQ WKH VORSH LQWHUFHSW DQG KHI
LQYHVWLIDWRUYVY ZHUH WKHQ DEOH WR XVH WKH VORSH DQ
SODFH Rl WKH SDUWLFLSDQWYV LQ WKHLU VDPSOH LQ HLYV
TXDUWLOHYV IRU WKH PHDVXUHG DQG HVWLPDWHC
LPSOLFDWLRQV IRU SK\VLFDO DFWLYLW\ FODVVLILFDWLRQ I
FXUUHQW VWXG\ ZH GHULYHG OLQHDU HTXDWLRQV EDVHG
7TKHVH HTXDWLRQV \LHOG SUHGLFWLRQV WKDW FRUUHODWF
DV ZHOO DV WKH LQGHSHQGHQW YDOLGDWLRQ VDPSOH

SUHYLRXVO\ +LLOORVNRUSL HW DO GHYHORSHG DQ H
HISHQGLWXUH XVLQJ WKH YDULDEOHYVY RI KHDUW UDWH DJH
VKRZHG WKDW WKH PRGH RI HI[HUFLVH F\FOLQJ YHUVXV UX
DIITHFW WKH ILQDO SUHGLFWLRQ RI HQHUJ\ HISHQGLWXUH
H[HUFLVH GLG QRW DIIHFW WKH HVWLPDWLRQ RI HQHUJ\ H[.
VXIJIHVW WKDW WKH SURSRVHG HTXDWLRQ PD\ EH XVHG IRL
DFWLYLWLHV 'XULQJ RXU LQQHU YDOLGDWLRQ VWXG\ ZH H
RWKHU PRGHOV RI FRQWLQXRXV DFWLYLW\ VXFK DV VWDWI
VWDWLRQDU\ VWDLU FOLPELQJ DFWLYLWLHYV

+LLOORVNRUSL HW DO GLG QRW LQFOXGH DQ\ PHDVXU
9>2 VXE PD[@ LQ WKHLU SUHGLFWLRQ HTXDWLRQ FLWLQJ
IRU HVYWLPDWLQJ HQHUJ\ H[SHQGLWXUH LQGHSHQGHQW RI ¢
WKDW ZKHQ D PHDVXUH RI WKH OHYHO Rl FDUGLRUHVSLUDYV
9>2 VXE PD[@ LV LQFOXGHG WKH DFFXUDF\ Rl WKH SUHGLI
FRUUHODWLRQ FRHIILFLHQWY U Rl WKH VWXG\ VDPSOH ZH
9>2 VXE PD[@ ZLWK DQG IRU WKH PRGHO ZLWKRXW 9>2
LQFUHDVH LQ YDULDWLRQ H[SODLQHG E\ WKH PRGHO LQFO >



7KH FRUUHODWLRQ FRHIILFLHQWY Rl WK
WKH PRGHO ZLWK 9>2 VXE PD[@ DQG IRU WKH PRGHO ZI
7KH LQFUHDVH LQ YDULDWLRQ H[SODLQHG E\ WKH PRGHO L
DSSUR[LPDWHO\ , W LV ZHOO NQRZQ WKDW WUDLQLQJ UF
KHDUW UDWH UHVSRQVH WR LQFUHDVLQJ ZRUNORDGYV OHLN
:LOPRUH HW DO 7TKHUHIRUH LW LV QRW VXUSULYV
PHDVXUH RI FDUGLRUHVSLUDWRU\ ILWQHVYV LPSURYHV WKH
HQHUJ\ HISHQGLWXUH IURP KHDUW UDWHMVXE&LRIILQGLQJ LV
HW DO LQ ZKLFK VLWWLQJ KHDUW UDWH ZDV IRXQG W
SUHGLFWLRQ RI HQHUJ\ H[SHQGLWXUH IURP KHDUW UDWH P
SURSRVHG WKDW UHVWLQJ KHDUW UDWH ZKIPREQYWWWLQJ ZD
ILWQHVV VLQFH SUHYLRXV VWXGLHV KDYH IRXQC
WDFK\FDUGLD DQG PD[LPDO H[HUFLVH FDSDFLW\ %ODLU .LC
:LOVRQ DV ZHOO DV D SRVLWLYH UHODWLRQVKLS EHW
SK\VLFDO DFWLYLW\ DQG ORZHU UHVWLQJ KHDUW UDWH LC
DO

+LLOORVNRUSL HW DO IRXQG WKDW LQFOXGLQJ DJH L
VLIQLILFDQWO\ LPSURYH WKH YDULDQFH 7KLV LV DW RGGYV
IRXQG WKDW DJH GLG FRQWULEXWH VLIJQLILFDQWO\ WR WKI|
GLITHUHQFH PD\ SDUWO\ EH H[SODLQHG E\ GLIIHUHQFHV LQ

+LLOORVNRUSL HW DO DFNQRZOHGJHV D UHODWLYHO\
SDUWLFLSDQWV\ROGM W RWKBRRQJHU WKDQ \HDUV

DJH RI WKH PHQ ZDV \HDUV UDQJH \HDUV DQG WKI
ZDV \HDUV UDQJH \HDUV ,Q WKH VWXG\ RI +LLOORYV

PHDQ DJH RI WKH PHQ ZDV \HDUV DQG WKDW RI WKH :
7TKHLU SDUWLFLSDQWY ZHUH QRWDEO\ ROGHU WKDQ WKRVH
WR WKH DJH GLVFUHSDQFLHV EHWZHHQ WKH WZR VWXGLHV
EHWZHHQ WKH ILWQHVYV RI WKH WZR VDPSOHV ,Q WKH FXUL
9>2 VXE PD[@ IRU WKH PHQ ZDV PO [ >PLQ VXS @ [ >N



ZRPHQ LW ZDV PO [ >PLQ VXS @ [ >NJ VXS @ LQ W
HW DO WKH PHDQ YDOXHV ZHUH DQG PO [ >PLC
IRU WKH PHQ DQG ZRPHQ UHVSHFWLYHO\ 7KHVH GHPRJUDS
DFFRXQW IRU WKH GLITHUHQFHYV IRXQG EHWZHHQ WKH WZR
DO DOVR IRXQG WKDW DJH LPSDFWHG LQ WKH UHJUHYV
DFWLYLW\ HQHUJ\ HISHQGLWXUH IURP KHDUW UDWH ,W PD\
XVHG WR JHQHUDWH WKH SUHGLFWLRQ HTXDWLRQ FRPSULV
LQGLYLGXDOV EXW ZH IHHO WKDW WKH\ UHSUHVHQWHG D V
OD[LPDO R[\JHQ XSWDNH UDQJHG IURP WR PO [ >PLQ
LQ WKH ZRPHQ DQG IURP WR PO [ >PLQ VXS @ [ >NJ
ZDV WKH LQWHQWLRQ RI WKH SUHVHQW VWXG\ WR DSSO\ W
HIHUFLVLQJ SRSXODWLRQ DQG DV D UHVXOW RXU UHFUXL)
FHQWUH DPDWHXU UXQQLQJ FOXEV DQG F\FOLQJ
ZHUH XQOLNH WKRVH SUHVHQWHG LQ ERWK +LLOORVNRUSL
ZH KDYH GHPRQVWUDWHG WKDW WKHDQ@EHE®XVLRQ RI 9
ILWQHVYVY LPSURYHV WKH SUHGLFWDELOLW\ RI RXU JURXS E

KLOH PDQ\ RWKHU VWXGLHVY +LLOORVNRUSL HW DO /
6WUDWK HW DO KDYH XVHG VLPLODU DSSURDFKHYV
HTXDWLRQV ZLWKRXW LQGLYLGXDO FDOLEUDWLRQ QRW DO
6WUDWK HW DO XVHG DQ LQGHSHQGHQW VDPSOH IRU
GHYHORSHG PRGHO DQG LQ VRPH FDVHV GLG QRW UHSRU\
GHYHORSHG PRGHO 6WUDWK HW DO RU XVHG WKH VD
RULJLQDO SUHGLFWLRQ HTXDWLRQ ZDV GHYHORSHG +LLOO
OHDG WR HOHYDWHG OHYHOV RI DJUHHPHQW EHWZHHQ WKF
PHDVXUHG HVWLPDWHY GXH WR WKH KRPRIJHQHRXV QDWXU
6WUDWK HW DO HVWLPDWHG SK\VLFDO DFWLYLW\ GXU
XVLQJ KHDUW UDWH PRQLWRULQJ DQG UHSRUWHG JRRG DJL
PHDVXUHG DQG HVWLPDWHG HQHUJ\ HISHQGLWXUH KRZHYFE
YDOLGDWLRQ ZDV SHUIRUPHG RQ DQ LQGHSHQGHQW VDPSO



SHQQLH HW DO YDOLGDWHG D SUHGLFWLRQ HTXDWLRC
GHYHORSHG RQ D VDPSOH RI LQGLYLGXDOV RQ D VPDOO
'XULQJ WKLV LQQHU YDOLGDWLRAQ Rl WKH VXEVHW ZDV ¢
DGMDFHQW TXDUWLOHV GXULQJ FRPSDULVRQ RI |

OHYHOV ,Q WKH FXUUHQW VWXG\ ZH IRXQG JRR(

RI SDUWLFLSDQWYV 7KH SUHGLFWLRQ HTXDWLRQ H[SODLQH
HVWLPDWHG HQHUJ\ HISHQGLWXUH LQ DQ LQGHSHQGHQW V.
FDUGLRYDVFXODU H[HUFLVH WUDLQLQJ

)LQDOO\ IRU SUDFWLFDO DSSOLFDWLRQ WKH SURSRVHG HT
LPSURYHPHQW LQ WKH HWNWH@AMMMVRQURI IH@R WKIND |
HTXDWLRQV 7KH\ PD\ EH XVHG LQ ODUJH SRSXODWLRQ EDV
SXUSRVHV )XUWKHU UHVHDUFK LV QHHGHG RQ WKH VLPXO\
SK\WLFDO DFWLYLW\ HQHUJ\ H[SHQGLWXUH DQG KHDUW UDYV
HVWLPDWH HQHUJ\ H[SHQGLWXUH IRU KHDOWK U*t

ZLGHU YDULHW\ Rl DFWLYLWLHY SDUWLEXODUO\ IRU LQWH !
DW ORZHU LQWHQVLWLHV

7TDEOH , &KDUDFWHULVWLFV RI WKH VDPSOH XVHG WR
GHYHORS WKH SUHGLFWLRQ HTXDWLRQ PHDQ > RU @ V

7TUHDGPLOO

OHQ Q "RPHQ Q
$JH \HDUV > RU @ > RU @
"HLIKW NJ > RU @ > RU @
SHUFHQW ERG\ IDW > RU @ > RU @

9>2 VXE PD[@ PO |



>NJ VXS @ [
>SPLQ VXS @ > RU @ > RU @

OD[LPDO KHDUW
UDWH EHDWYV |

>PLQ VXS @ > RU @ > RU @

&\FOH HUJRPHWHU

OHQ Q "RPHQ Q
$JH \HDUV > RU @ > RU @
"HLIKW NJ > RU @ > RU @
SHUFHQW ERG\ IDW > RU @ > RU @

9>2 VXE PD[@ PO |
>NJ VXS @ |
>PLQ VXS @ > RU @ > RU @

OD[LPDO KHDUW
UDWH EHDWYV |

>PLQ VXS @ > RU @ > RU @
3 GLIIHUHQFHY EHWZHHQ WKH VH[HV
7TDEOH ,, &KDUDFWHULVWLFV RI WKH VDPSOH XVHG

IRU LQQHU YDOLGDWLRQ PHDQ > RU @ V

OHQ Q "RPHQ Q
$JH \HDUV > RU @ > RU @
"HLIKW NJ > RU @ > RU @
SHUFHQW ERG\ IDW > RU @ > RU @

9>2 VXE PD[@
PO [ >NJ VXS @



[ >PLQ VXS @ > RU @ > RU @
OD[LPDO KHDUW
UDWH EHDWYV |

>SPLQ VXS @ > RU @ > RU @
3 GLIIHUHQFHV EHWZHHQ WKH VH[HV
7DEOH ,,, 7KH HVWLPDWHV DQG WKHLU VWDQGDUG

HUURUV IRU WKH IL[HG HIIHFWV Rl WKH PRGHO
LQFOXGLQJ ILWQHVYV

OHQ "RPHQ
6WDQGDUG 6WDQGDUG

(ITHFW (VWLPDWH HUURU (VWLPDWH HUURU

,QWHUFHSW

+HDUW UDWH

"HLIKW

9>2 VXS PD[@

$JIH

7DEOH ,9 7DEOH ZLWK W\SH ,,, DQDO\VLV IRU IL[HG

HITHFWV RI PRGHO LQFOXGLQJ ILWQHVV

'"HJUHHYV RI
(ITHFW IUHHGRP ) YDOXH 3 YDOXH

*HQGHU
+HDUW UDWH [ JHQGHU
"HLJKW [ JHQGHU

9>2 VXE PD[@ [ JHQGHU
$JH [ JHQGHU

7TDEOH 9 7KH HVWLPDWHY DQG WKHLU VWDQGDUG HUURUV IRU WKH
IL[IHG HIIHFWV RI WKH PL[HG PRGHO ZLWKRXW ILWQHVYV



0HQ 'RPHQ

6WDQGDUG 6WDQGDUG
(ITHFW (VWLPDWH HUURU (VWLPDWH HUURU
,QWHUFHSW
+HDUW UDWH
"HLIKW
$JH
7TDEOH 9, 5HVXOWYV RI W\SH ,,, WHVWYV IRU IL[HG

HITHFWV RI PRGHO H[FOXGLQJ ILWQHVV

'HJUHHV RI
(ITHFW IUHHGRP ) YDOXH 3 YDOXH

*HQGHU
+HDUW UDWH [ JHQGHU
'HLJKW [ JHQGHU
$JH [ JHQGHU

7TDEOH 9,, 6XPPDU\ RI WKH ELDV RI WKH HQHUJ\
HISHQGLWXUH LQ N-[ >PLQ VXS @ HVWLPDWHV
DQG WKHLU UDQGRP YDULDWLRQ IRU WKH IRXU VHWYV
RI HVWLPDWHYV

6WDQGDUG

6DPSOH ORGHO OHDQ GHYLDWLRQ
,QLWLDO ,QFOXGLQJ ILWQHVV
,QLWLDO 1R ILWQHVV

9DOLGDWLRQ ,QFOXGLQJ ILWQHVYV
9DOLGDWLRQ 1R ILWQHVV

6DPSOH OLPLWV RI DJUHHPHQW

,QLWLDO



,QLWLDO
9DOLGDWLRQ
9DOLGDWLRQ

1RWH 7KH ELDV LV WKH GLITHUHQFH EHWZHHQ WKH
SUHGLFWHG DQG WKH FRUUHVSRQGLQJ DFWXDO YDOXH
RI HQHUJ\ HISHQGLWXUH

$FNQRZOHGJIJPHQWYV

‘H WKDQN DOO RI WKH SDUWLFLSDQWY IRU WKHLU FRRSHUTL
(OHFWUR 2\ .HPSHOH )LQODQG WKH OHGLFDO 5HVHDUFK &
1HOOLH $WNLQVRQ DQG +DUU\ &URVVOH\ 6WDII 5HVHDUFK )
7RZQ

SHIHUHQFHYV

$WNLQVRQ * 1HYLOO $ O $ UHYLHZ RI WKH VWDW
DVVHVV PHDVXUHPHQW HUURU UHOLDELOLW\ LQ YDULDEO|!
OHGLFLQH

%ODLU 6 1 .DQQHO : % .RKO + : *RRG\HDU 1

:LOVRQ 3 : 6 XUURJDWH PHDVXUHV RI SK\VLFDO DFWL)
(YLGHQFH IRU VHGHQWDU\ WUDLWV RI UHVWLQJ WDFK\FDUCGC
$PHULFDQ -RXUQDO RI (SLGHPLRORJ\

&HHVD\ 6 0 3UHQWLFH $ O ‘D\ . & OXUJDWUR\G 3 5

6SXUU * % 7KH XVH RI KHDUW UDWH PRQLWRULQJ
HISHQGLWXUH $ YDOLGDWLRQ VWXG\ XVLQJ LQGLUHFW ZKF
IXWULWLRQ

"XPLQ - 9 'RPHUVOH\ - %RG\ IDW DVVHVVHG IURP W
HVWLPDWLRQ IURP VNLQIROG WKLFNQHVY OHDVXUHPHQWYV
WR \HDUV %ULWLVK -RXUQDO RI 1XWULWLRQ

+DZOH\ - $ I1RDNHV 7 ' 3HDN SRZHU RXWSXW SUHC
XSWDNH DQG SHUIRUPDQFH WLPH LQ WUDLQHG F\FOLVWV (
DQG 2FFXSDWLRQDO 3K\VLRORJ\

+HEHVWUHLW + %DU 2U 2 ,QIOXHQFH RI FOLPDWH F
&RPSDULVRQ EHWZHHQ LQWHUPLWWHQW DQG FRQWLQXRXYV
3K\ VLRORJ\ DQG 2FFXSDWLRQDO 3K\VLRORJ\



+LLOORVNRUSL + )RJHOKROP 0O /DXNNDQHQ 5 3DVDQH!
1IDWUL $ )DFWRUV DIIHFWLQJ WKH UHODWLRQ EHWZHH
GXULQJ H[HUFLVH ,QWHUQDWLRQDO -RXUQDO RI 6SRUWYV 0

/L 5 'HXUHQEHUJ 3 +DXWYDVW - * $ FULWLFDO H
PRQLWRULQJ WR DVVHVV HQHUJ\ H[SHQGLWXUH LQ LQGLYLC
IXWULWLRQ

IXNH $ ODNL . & %DUNH\ 1 &RRSHU 5 OF*HH
PRQLWRULQJ RI KHDUW UDWH DQG PRWLRQ WR DVVHVV HQF
LQ 6SRUWYV DQG ([HUFLVH

OHLMHU ( 3 "HVWHUWHUS . 5 9HUVWDSSHQ ) 7 (
WRWDO GDLO\ SK\VLFDO DFWLYLW\ LQ HOGHUO\ KXPDQV (X
DQG 2FFXSDWLRQDO 3K\VLRORJ\

1IRDNHV 7 ' O0\EXUJK . + 6FKDOO 5 3HDN WUHDGF
GXULQJ WKH 9>2 VXE PD[@ WHVW SUHGLFWV UXQQLQJ SHU

SHQQLH . / +HQQLQJV 6 - OLWFKHOO - :DUHKDP 1
HISHQGLWXUH E\ KHDUW UDWH PRQLWRULQJ ZLWKRXW LQGLIL
6FLHQFH LQ 6SRUWYV DQG ([HUFLVH

SXWJHUV & - .OLMQ 0 - '"HXUHQEHUJ 3 7TKH DVVH
HISHQGLWXUH LQ HOGHUO\ ZRPHQ E\ PLQXWH E\ PLQXWH K&k
IXWULWLRQ DQG OHWDEROLVP

6SXUU * % 3UHQWLFH $ 0 OXUJDWUR\G 3 5 *ROGEHU
&KULVWPDQ 1 7 (QHUJ\ HISHQGLWXUH IURP PLQXWH E
&RPSDULVRQ ZLWK LQGLUHFW FDORULPHWU\ $PHULFDQ -R>

6WHLQKDXV [ $ '‘XVWPDQ 5 ( 5XKOLQJ 5 2 (PPHUVRQ
6KHDUHU ' ( G6KLJHRND - : %RQHNDW : + &DUGLI
\RXQJ DQG ROGHU DFWLYH DQG VHGHQWDU\ PHQ %ULWLVK

6WUDWK 6 - 6zZDUW] $ 0 %DVVHWW " 5 -U 2 %ULHQ
% ( (YDOXDWLRQ RI KRWUDNVBWH. Q¥ PREBHHWKRG |
DFWLYLW\ OHGLFLQH DQG 6FLHQFH LQ 6SRUWYV DQG ([HUFL

"HLU - % 1HZ PHWKRGV IRU FDOFXODWLQJ PHWDEROL!
SURWHLQ PHWDEROLVP 1XWULWLRQ

:LOPRUH - + G6WDQIRUWK 3 5 *DJQRQ - J/HRQ $ 6 5D



%RXFKDUG & (QGXUDQFH H[HUFLVH WUDLQLQJ KDV D F
UDWH 7KH +(5,7$*( 6WXG\ OHGLFLQH DQG 6FLHQFH LQ 6SRII

$FFHSWHG -XQH

/I 5 (<7(/ -+ 20 (& ( 7 ' 12$.(6 + +,,/26.253,
5 /$8..$1(1 / 9%$1 '(5 0(5:( (9 /$0%(57

05& 8&7 ([HUFLVH 6FLHQFH DQG 6SRUWYV OHGLFLQH 8QLW
OHGLFDO 6FKRRO 1HZODQGV B6RXWK $IULFD 7KH S8UKR .
+HDOWK 3URPRWLRQ 5HVHDUFK 7DPSHUH )LQODQG 8QL
DQG %LRVWDWLVWLFV 8QLW OHGLFDO 5HVHDUFK &RXQFI
$IULFD

&RUUHVSRQGHQFH / 5 .H\WWHO 05& 8&7 ([HUFLVH 6FLHQFH
'"HSDUWPHQW RI +XPDQ %LRORJ\ 8QLYHUVLW\ RI &DSH 7RZC
1HZODQGYV 6RXWK $IULFD ( PDLO ONH\WHO#VSRUWYV XF

W 5DWH &KHFN RXW WKLV DPD]LQJ UHVRXUFH IRU$ 7DUJHW

,PSURYH $HURELEDWXHDRROG(QHUJ\'URS] 70 ,QFUHDVHYV 2
%RG\

[@% (PDLO WKLE DUIVOME KLY DUWLFOH
&23<5,*+7 ( )1 6SRQ

$SEVWUDFW

7KH DLPV RI WKLV VWXG\ ZHUH WR TXDQWLI\ WKH HIITHFWV |
HI[HUFLVH ERG\ FRPSRVLWLRQ DQG WUDLQLQJ RQ WKH UHO
DQG SK\VLFDO DFWLYLW\ HQHUJ\ HISHQGLWXUH PHDVXUHG
GHYHORS SUHGLFWLRQ HTXDWLRQV IRU HQHUJ\ H[SHQGLW X
HIHUFLVLQJ LQGLYLGXDOV Q DJH \HDUV ERG\ PD\
XQGHUZHQW D WHVW IRU PD[LPDO R[\JHQ XSWDNH 9>2 VXE
LQFUHPHQWDO SURWRFROV RQ HLWKHU D F\FOH HUJRPHWH
UDQJHG IURP WR [ PO >NJ VXS @ [ >PLQ VXS @ 7KH
FRPSOHWHG WKUHH VWHDG\ VWDWH H[HUFLVH VWDJHV RQ |
WKH F\FOH HUJRPHWHU PLQ DW DQG RI 9>2 VXE



FRUUHVSRQGLQJ WR DQG RlI PD[LPDO KHDUW UDWF
UHVSLUDWRU\ H[FKDQJH UDWLR GDWD ZHUH FROOHFWHG G’
DQERDO\VLYVY LGHQWLILHG JHQGHU KHDUW UDWH ZHLJKW 9>7
WKDW EHVW SUHGLFWHG WKH UHODWLRQVKLS EHWZHHQ KH
7KH PRGHO ZLWK WKH KLJKHVW OLNHOLKRRG UDWLR ZDV .
HISHQGLWXUH 7KH FRUUHODWLRQ FRHIILFLHQW U EHWZH
HQHUJ\ HISHQGLWXUH ZDV 7KH PRGHO WKHUHIRUH DFF
>5 VXS @ RI WKH YDULDQFH LQ HQHUJ\ H[SHQGLWXUH LQ
PHDVXUH RI ILWQHVV VXFK DV 9>2 VXE PD[@ LV QRW DOZ
ZLWKRXW 9>2 VXE PD[@ LQFOXGHG ZDV DOVR ILWWHG 7KH
EHWZHHQ WKH PHDVXUHG HQHUJ\ HISHQGLWXUH DQG HVWLI
ZLWKRXW 9>2 VXE PD[@ ZDV , W IROORZV WKDW WKH P
PHDVXUH DFFRXQWHG IRU RI WKH YDULDQFH LQ HQHUJ)\
VDPSOH %DVHG RQ WKHVH UHVXOWY ZH FRQFOXGH WKDW
SK\VLFDO DFWLYLW\ HQHUJ\ HISHQGLWXUH IURP KHDUW UD!'
DJUHDW GHDO RI DFFXUDF\ DIWHU DGMXVWLQJ IRU DJH JlI

.H\ZRUGV (QHUJ\ HISHQGLWXUH SK\VLFDO DFWLYLW\ SUH(

, QWURGXFWLRQ

'XULQJ PRGHUDWH SK\VLFDO DFWLYLW\ WKHUH LV D OLQHE
UDWH DQG R[\JHQ FRQVXPSWLRQ 7KLV KHDUW UDWH R[\JH
LV VXEMHFW WR ERWK LQWUD DQG LQWHU LQGLYLGXDO YD
GLVVRFLDWHG IURP HQHUJ\ H[SHQGLWXUH E\ IDFWRUV VXF}
HQYLURQPHQWDO FRQGLWLRQV +HEHVWUHLW %DU 2U
KHDUW UDWH DQG HQHUJ\ H[SHQGLWXUH LV OLQHDU RQO\ Z
RI DSSUR[LPDWHO\ EHDWV [ >PLQ VXS @ WKH VR FEDC
GXULQJ SK\WLFDO DFWLYLW\ &HHVD\ HW DO 5HQQLH
':DUHKDP 6SXUU HW DO 'XULQJ OLJKW DFWLYLW\



DOPRVW QR VORSH WR WKH UHODWLRQVKLS EHWZHHQ KHDL
DQG IRU WKH SXUSRVH RI PHDVXULQJ HQHUJ\ H[SHQGLWXU |
DVVXPHG WKDW HQHUJ\ H[SHQGLWXUH LV HTXDO WR UHVWL
HW DO $ QRQ OLQHDU GLVFRQWLQXRXV IXQFWLRQ KI
DFFXUDWH WKDQ D OLQHDU UHODWLRQVKLS LQ SUHGLFWLQ
H[SHQGLWXUH IURP KHDUW UDWH /L 'HXUHQEHUJ +DXWY

+HDUW UDWH PRQLWRULQJ IRU HVYWLPDWLQJ IUHH OLYLQJ
HIWHQVLYHO\ YDOLGDWHG XVLQJ LQGLUHFW FDORULPHWU\
URRP UHVSLURPHWU\ DQG UHSRUWHG GLIIHUHQFHV EHWZH
W R IXNH ODNL %DUNH\ &RRSHU OF*HH ,Q ODUJ
SHRSOH KHDUW UDWH PRQLWRULQJ SURYLGHV RQH RI WKH
PHDQV Rl HYWLPDWLQJ HQHUJ\ H[SHQGLWXUH ,Q DGGLWLR
SURYLGHV XVHIXO LQVLJKWY LQWR WKH W\SH RI DEWLYLW\
PHDVXUHPHQW SHULRG 2WKHU DVVHVVPHQW PHWKRGV VX
FDQ RQO\ FRQYH\ WKH WRWDO DPRXQW RI SK\WLFDO DFWLY
UDWH PRQLWRULQJ SURYLGHV SK\VLRORJLFDO LQIRUPDWLF
EHLQJ SHUIRUPHG DQG GHVFULEHV WKH QDWXUH RI GD\ WR
H[SHQGLWXUH +HEHVWUHLW %DU 2U IXNH HW DO
UHVSLURPHWU\ DQG LQGLUHFW FDORULPHWU\ SURYLGH SK\
QDWXUH Rl WKH DEFWLYLW\ EHLQJ SHUIRUPHG WKHVH WRRC
EXW RIWHQ WDNH WKH SDUWLFLSDQW RXW RI KLV RU KHU Q
RI WKH PHDVXUHPHQW SHULRG /XNH HW DO

,Q PRVW SUHYLRXV VWXGLHV LQYHVWLIJDWLQJ WKH XVH RI
HQHUJ\ HISHQGLWXUH LQGLYLGXDO FDOLEUDWLRQ RI WKH
UHODWLRQVKLS zZzDV SHUIRUPHG &HHVD\ HW DO /L HW

6SXUU HW DO ,QGLYLGXDO FDOLEUDWLRQ UHTXLL
FRPSOHWH D SURJUHVVLYH H[HUFLVH WHVW GXULQJ ZKLFK
VLPXOWDQHRXVO\ PHDVXUHG DORQJ ZLWK LQGLUHFW FDOF



H[SHQGLWXUH 7ZR UHFHQW VWXGLHY KDYH LQYHVWLJDWH (
ZLWK KHDUW UDWH PRQLWRULQJ XWLOL]JLQJ SUHGLFWLRQ +
VDPSOHV RI LQGLYLGXDOV LQVWHDG RI DQ LQGLYLGXDO FI

5HQQLH HW DO +LLOORVNRUSL HW DO GHYH
HTXDWLRQ IRU HQHUJ\ H[SHQGLWXUH IURP KHDUW UDWH X
DQDO\VLY RQ D VDPSOH RI KHDOWK\ DFWLYH PHQ DQG Z
KDYH D VLJQLILFDQW LQWHUDFWLRQ ZLWK HQHUJ\ H[SHQGL
JHQGHU ORGH RI H[HUFLVH F\FOLQJ YHUVXV UXQQLQJ GLC
WR WKH PRGHO

,Q D PRUH UHFHQW VWXG\ 5HQQLH HW DO GHYHORSH(
D VDPSOH RI LQGLYLGXDOV )DEFWRUV IRXQG WR KDYH D
UHODWLRQVKLS EHWZHHQ KHDUW UDWH DQG HQHUJ\ H[SHQ
LQ DGGLWLRQ WR DJH ZHLJKW DQG JHQGHU 7KHVH YDULDI
VORSH DQG WKH LQWHUFHSW RI WKH UHJUHVVLRQ OLQH EH
KHDUW UDWH 7KLV HQHUJ\ H{[SHQGLWXUH HTXDWLRQ ZDV V
LQGHSHQGHQW VDPSOH RI  LQGLYLGXDOV DQG IRXQG WR |
U RI 5HQQLH HW DO GHPRQVWUDWHG WKH XWLOL
IRU HVYWLPDWLQJ SK\VLEFDO DFWLYLW\ HQHUJ\ H[SHQGLWXU
H[SHQGLWXUH UHODWLRQVKLS LQ ODUJH UHSUHVHQWDWLY
UHDVRQDEOH DFFXUDF\ DQG WKH SRWHQWLDO IRU ZLGH DS
VWXGLHV

7KH PDLQ DLP Rl WKH SUHVHQW VWXG\ ZDV WR IXUWKHU FK
LQIOXHQFH WKH UHODWLRQVKLS EHWZHHQ HQHUJ\ H[SHQGL
PRGHUDWH WR YLJRURXV DFWLYLW\ LQ UHJXODUO\ H[HUFL\
WR GHYHORS D SUHGLFWLRQ HTXDWLRQ IRU HQHUJ\ H[SHQC
IRU WKHVH IDFWRUYV

OHWKRGYV



3SDUW '"HYHORSLQJ WKH HQHUJ\ HISHQGLWXUH SUHGLFWLF

SDUWLFLSDQWY 7KH SDUWLFLSDQWYV ZHUH UHFUXLWHG IUR
EDVHG H[HUFLVH SURJUDPPHV UXQQLQJ FOXEV DQG F\FOH
UHJXODUO\ HIHUFLVLQJ PHQ DQG ZRPHQ YROXQWHHUHG IR
FRPSOHWH GDWD 7KH SDUWLFLSDQWY ZHUH IDPLOLDU HLV
PRWRU GULYHQ WUHDGPLOO DQG UDQJHG LQ DJH IURP W
IURP DQ\ NQRZQ FDUGLDF RU PHWDEROLF GLVRUGHUV DQG
FKURQLF PHGLFDWLRQ 7KH SK\VLFDO FKDUDFWHULVWLFV F
LQ 7TDEOH , 7KH SDUWLFLSDQWY ZHUH WHVWHG RQ WZR RF
PRGH RI HHHUFLVH F\FOH HUJRPHWHU Q WUHDGPLOO
SHVHDUFK &RPPLWWHH RI WKH 8QLYHUVLW\ RI &DSH 7RZQ
6FLHQFHY DSSURYHG WKH VWXG\ DQG LQIRUPHG FRQVHQW
SDUWLFLSDQWY EHIRUH WKH WULDOV EHJDQ

$ VHFRQG VDPSOH RI UHJXODUO\ H[HUFLVLQJ LQGLYLGXDO\
UHFUXLWHG LQGHSHQGHQW RI WKH ILUVW VDPSOH WR WH
PRGHO 7KH VHFRQG VDPSOH ZDV UHFUXLWHG IURP D ORFD
UHSUHVHQWHG D ZLGH UDQJH RI DJHV \HDUV  ZHLJKW
9>2 VXE PD[@ PO [>NJ VXS @[ >PLQ VXS @

%RG\ FRPSRVLWLRQ %RG\ IDWQHVYVY ZDV H[SUHVVHG DV WK
ELFHSV WULFHSV VXEVFDSXODU VXSUDLOLDF DQWHULRL
FDOI SHUFHQWDJH ERG\ IDW ZDV HVWLPDWHG XVLQJ WKH
"RPHUVOH\

OD[LPDO R[\JHQ FRQVXPSWLRQ 'XULQJ WKH ILUVW YLVLW W
R[\JHQ FRQVXPSWLRQ 9>2 VXE PD[ PD[LPDO KHDUW UDWF
RXWSXW RU SHDN WUHDGPLOO UXQQLQJ VSHHG ZHUH PHDV



ZDV PHDVXUHG GXULQJ HLWKHU D SURJUHVVLYH WUHDGPLC
'XULQJ WKH WUHDGPLOO WHVW WKH VWDUWLQJ WUHDGPLO
WKH PHQ DQG NP [ >K VXS @ IRU WKH ZRPHQ DQG LW ZI
>K VXS @ HYHU\ V XQWLO YROLWLRQDO H[KDXVWLRQ D\
0\EXUJK 6FKDOO ,Q WKH F\FOH WHVW WR H[KDXVWLF
WHVWHG RQ DQ HOHFWURQLFDOO\ EUDNHG F\FOH HUJRPHW
IHWKHUODQGYV (DFK SDUWLFLSDQW VWDUWHG F\FOLQJ DW
>NJ VXS @ ERG\ ZHLJKW IRU V DIWHU ZKLFK WKH ZRUN
IRU D IXUWKHU V 7KH H[HUFLVH LQWHQVLW\ ZDV WKHQ
V XS WR WKH SRLQW RI H[KDXVWLRQ +DZOH\ 1RDNHYV
ZDV GHILQHG DV WKDW KHDUW UDWH DFKLHYHG DW WKH SR
WKH WUHDGPLOO DQG F\FOH WHVWV WKH SDUWLFLSDQWYV .
2[\FRQ $OSKD DXWRPDWHG JDV DQDO\VHU 2[\FRQ -DHJHU
%HIRUH HDFK WHVW WKH JDV DQDO\VHU ZDV FDOLEUDWHG
OLWUH V\ULQJH DQG D WZR SRLQW FDOLEUDWLRQ WHFKQLT
>1 VXE @ JDV PL[WXUH DQG IUHVK DLU 7KH UDWH RI R[\JH
9>2 VXE @ UDWH RI FDUERQ GLR[LGH SURGXFWLRQ 9&>2
H[FKDQJH UDWLR 5(5 ZHUH FDOFXODWHG XVLQJ FRQYHQW
3HDN SRZHU RXWSXW DQG SHDN WUHDGPLOO UXQQLQJ
ZRUNORDG DW ZKLFK WKH SDUWLFLSDQW FRXOG QR ORQJH!
WUHDGPLOO RU PDLQWDLQ D FDGHQFH RI  UHY [ >PLQ VXS

6XEPD[LPDO WHVWLQJ DQG HVWLPDWLRQ RI HQHUJ\ H[SHQG
UHWXUQHG WR WKH ODERUDWRU\ ZLWKLQ D ZHHN DQG SHUI|
F\FOH HUJRPHWHU VXEPD[LPDO WHVW SURWRFRO FRQVLVW
ZRUNORDGV HDFK ODVWLQJ PLQ GXULQJ ZKLFK WKH SDL
DQG RI WKH SUHYLRXVO\ GHWHUPLQHG SHDN SRZHU RXW

DQG RI 9>2 VXE PD[@ UHVSHFWLYHO\ 7KH VXEPD[LPD
FRQVLVWHG RI WKUHH FRQVHFXWLYH ZRUNORDGYV HDFK OD

FRUUHVSRQGLQJ WR DSSUR[LPDWHO\ DQG RI 93



UHVSHFWLYHO\ RI SUHYLRXVO\ GHWHUPLQHG SHDN WUHDG
PLOQXWH KHDUW UDWH ZDV UHFRUGHG XVLQJ WKH 3RODU 9D
(OHFWUR )LQODQG DQG UHVSLUDWRU\ H[FKDQJH PHDVXUH
9&>2 VXE @ ZHUH FROOHFWHG DQG XVHG WR HVWLPDWH H
WKH HTXDWLRQV RI :HLU GXULQJ WKH ODVW PLQ RI
VXEPD[LPDO KHDUW UDWH GDWD IURP WKH ODVW PLQ RI H
VXEVHTXHQWO\ FDOFXODWH SUHGLFWHG HQHUJ\ H[SHQGLW
UHJUHVVLRQ HTXDWLRQV )DFWRUV WKDW ZHUH VLJQLILFD(
9>2 VXE @ ZHUH XVHG LQ WKH PRGHO WR SUHGLFW HQHUJ)\

3DUW 9DOLGDWLRQ RI SUHGLFWLRQ PRGHO RQ DQ LQGHS

JRU WKH SXUSRVH RI YDOLGDWLRQ WKH HQHUJ\ H[SHQGLW.
VHOHFWHG FDUGLRYDVFXODU VHVVLRQ ZHUH SUHGLFWHG F
LQGLYLGXDOV UHFUXLWHG IURP D ORFDO ILWQHVV FHQWU
LOQOVWUXFWHG WR FKRRVH HLWKHU D VLQJOH PLQ FDUGLR
HIHUFLVH ERXWYV

SDUWLFLSDQWYV 7KH SDUWLFLSDQWYV PDOHV IHPDOH\
FDUGLRYDVFXODU DQG PHWDEROLF GLVRUGHUY DQG WRRN
FDUGLRYDVFXODU SK\VLFDO DFWLYLW\ DW OHDVW WKUHH V
WKH LQFOXVLRQ FULWHULD RI WKH RULJLQDO VWXG\ DQG W
SUHVHQWHG LQ 7DEOH ,,

%RG\ FRPSRVLWLRQ DQG PD[LPDO WHVW WR H[KDXVWLRQ 7
WKH ODERUDWRU\ RQ WZR GLIITHUHQW RFFDVLRQV ZLWKLQ

SDUWLFLSDQWY KDG WKHLU ERG\ FRPSRVLWLRQ PHDVXUHG
UHDFWDQFH WHFKQLTXH )XWUH[ ,QF *DLWKHUVEXUJ 0' 8
D PD[LPDO WHVW WR H[KDXVWLRQ RQ DQ HOHFWURQLFDOO\
*URQLIJHQ 7KH 1HWKHUODQGV DV SUHYLRXVO\ GHVFULEHG



'XULQJ WKH WHVW R[\JHQ FRQVXPSWLRQ DQG FDUERQ GLR|
PHDVXUHG DV GHVFULEHG DERYH

(VWLPDWLRQ RI SK\WLFDO DFWLYLW\ HQHUJ\ H[SHQGLWXUH
SDUWLFLSDQWY UHSRUWHG WR WKH ODERUDWRU\ LQ D K ¢
LQVWUXFWHG QRW WR HQJDJH LQ DQ\ VWUHQXRXV SK\VLFD

K $00 SDUWLFLSDQWY FRPSOHWHG D PLQ FDUGLRYDVF
RI DQ LQGHSHQGHQW VWXG\ LQ SURJUHVV 7KH FDUGLRYDV
SHUIRUPHG IROORZLQJ D PLQ ZDUP XS FRQVLVWLQJ RI  F
RI OLJKW MRJJLQJ 7KH SDUWLFLSDQWY WKHQ FKRVH WR HI
FRQWLQXRXV FDUGLRYDVFXODU H[HUFLVH VHVVLRQ RU WZF
VHOHFWHG SLHFH RI ILWQHVV FHQWUH HTXLSPHQW 7KURX.
SDUWLFLSDQWY KHDUW UDWH 9>2 VXE @ DQG 9&>2 VXE ¢
XVLQJ WKH >. E VXS @ SRUWDEOH JDV DQDO\VHU &RVPHG
HQHUJ\ H[SHQGLWXUH N-[ >PLQ VXS @ ZDV WKHQ GHWHL
SURWHLQ FDORULF HTXLYDOHQWYV IRU R[\JHQ %HIRUH HDFI
DQDO\VHU ZDV FDOLEUDWHG XVLQJ D +DQV 5XGROSK |
SRLQW FDOLEUDWLRQ WHFKQLTXH XVLQJ D &>2 VXE @ V
PL[WXUH DQG IUHVK DLU 7KH DQDO\WHU RXWSXWV ZHUH SL
E\ EUHDWK YHQWLODWLRQ 9>2 VXE @ 9&>2 VXE @ DQG W
XVLQJ FRQYHQWLRQDO HTXDWLRQV :HLU

6WDWLVWLFDO DQDO\VLYV

,QLWLDOO\ LQGLYLGXDOV YROXQWHHUHG WR SDUWLFLS
VL]IH ZDV EHFDXVH RI LQFRPSOHWH KHDUW UDWH DQG 9>
SDUWLFLSDQWYV 7KH LQLWLDO H[SORUDWRU\ GDWD DQDO\V
KDYH VLIQLILFDQWO\ FRQWULEXWHG WR WKH UHODWLRQVK
HISHQGLWXUH LQFOXGHG %R[ SORWY DQG VFDWWHU SORW\
8QLYDULDWH PHDQV VWDQGDUG GHYLDWLRQV DQG ELYDU



VXPPDU\ VWDWLVWLFY ZHUH WKHQ FDOFXODWHG IRU DOO Y

%DVHG RQ WKHVH DQDO\VHV ZH ILWWHG D PL[HG PRGHO IR
HISHQGLWXUH 7KH IDFWRUV JHQGHU ZHLJKW DJH DQG 9>:
DV IL[HG HIIHFWV DQG SDUWLFLSDQWY DV UDQGRP HIIHFW'
PHDVXUHPHQWY RI HQHUJ\ HISHQGLWXUH DQG IL[HG KHDU\
,Q WKH PRGHO WKH FRYDULDQFH PDWUL[ EHWZHHQ WKH PF
SDUWLFLSDQW ZDV XQVWUXFWXUHG DQG FRPSRXQG V\PPHYV
FRYDULDQFHY EHWZHHQ SDUWLFLSDQWYV

$ VHFRQG PL[HG PRGHO ZDV ILWWHG XQGHU WKH UDWLRQD
WHVW Rl PD[LPDO R[\JHQ FRQVXPSWLRQ PLJKW EH LPSUDEV
VHFRQG PRGHO LQFOXGHG DOO WKH YDULDEOHV DQG DVVX
H[FHSW 9>2 VXE PD[@ )RU LQQHU YDOLGDWLRQ ERWK PRC
LQGHSHQGHQW VDPSOH RI SDUWLFLSDQWV Q ZKR FRP
FDUGLRYDVFXODU H[HUFLVH

7KH LQLWLDO H[SORUDWRU\ DQDO\VHVY ZHUH SHUIRUPHG XV
VRIWZOD\WMWHP YHUVLRQ 6WDWVRIW 6RXWKHUQ $IULFD ,
PRGHOOLQJ ZDV GRQH ZLWK 6%$6>5@ 3URSULHWDU\ 6RIWZDL

SHVXOWYV

&KDUDFWHULVWLFV RI VDPSOH XVHG WR GHYHORS WKH SUF

7KH FKDUDFWHULVWLFV RI WKH SDUWLFLSDQWY DUH SUHVFE
UHSUHVHQWHG D ZLGH UDQJH RI PRUSKRORJ\ DQG ILWQHVYV
ERG\ ZHLJKW NJ SHUFHQWDJH ERG\ IDW DQG 9>
PO [ >NJ VXS @ [ >PLQ VXS @ 7KHUH ZHUH QR GLIITHUHQTF
SHUFHQWDJH ERG\ IDW RU 9>2 VXE PD[@ EHWZHHQ WKH SD



WUHDGPLOO WHVWLQJ YHUVXV WKRVH WKDW XQGHUZHQW F
ZHUH VLIQLILFDQW GLIITHUHQFHYV LQ ZHLJKW SHUFHQWDJH
EHWZHHQ WKH VH[HV 7DEOH , 3

&KDUDFWHULVWLFV RI VDPSOH XVHG IRU LQQHU YDOLGDWL

7KH FKDUDFWHULVWLFV RI WKH SDUWLFLSDQWY DUH SUHVFE

LQ WKLV VDPSOH ZHUH VLPLODU WR WKRVH XVHG LQ WKH R
EURDG UDQJH LQ ERG\ FRPSRVLWLRQ 3HUFHQWDJH ERG\ IC

LQ WKH PHQ DQG IURP W R LQ WKH ZRPHQ 6LPLODU
UDQJH LQ WKH SHUIRUPDQFH GDWD ZLWK 9>2 VXE PD[@ Ul
[ >NJ VXS @ [ >PLQ VXS @ LQ WKH PHQ DQG IURP WR

>SPLQ VXS @ LQ WKH ZRPHQ

7KH SDUWLFLSDQWY LQ ERWK VDPSOHV ZHUH HTXDOO\ PDW
SDUWLFLSDQWY PDOHYVY DQG IHPDOHV FRPELQHG LQ WKH R
PHDQ 9>2 VXE PD[@ > RU @ PO >NJ VXS @ >PLQ
ZKR WRRN SDUW LQ WKH YDOLGDWLRQ VWXG\ PHDQ 9>2 VX
>NJ VXS @ [ >PLQ VXS @ WKLV GLITHUHQFH ZDV QRW VW

SUHGLFWLRQ HTXDWLRQV RI HQHUJ\ HISHQGLWXUH IURP KH
DQDO\VLYV

$ PL[HG PRGHO ZDV XVHG WR GHULYH WKH IROORZLQJ HTXC
DFWLYLW\ HQHUJ\ H[SHQGLWXUH ((

(( JHQGHU | [ DJH [ ZHLIKW
9>2 VXE PD[@ [ KHDUW UDWH JHQGHU [ [ DJ
[ 952 VXE PD[@ [ KHDUW UDWH



ZKHUH JHQGHU IRU PDOHYV DQG IRU IHPDOHYVY 7DEOH ,,,
LQ D GLITHUHQW IRUPDW 7KH OLNHOLKRRG UDWLR WHVW IF

RQ ILYH GHJUHHV RI IUHHGRP ZLWK 3 7TKH UHVX
IRU WKH IL[HG HIITHFWV LQ WKH PL[HG PRGHO DUH SUHVHQV
I[UHHGRP IRU WKH ) WHVWYV ZHUH FDOFXODWHG XVLQJ 6DWYV

,Q JLIXUH WKH PHDVXUHG HQHUJ\ HISHQGLWXUH LV UHJU
HQHUJ\ HISHQGLWXUH 7KH FRUUHODWLRQ FRHIILFLHQW U
RI WKH YDULDWLRQ LQ PHDVXUHG HQHUJ\ HISHQGLWXUH LQ
PRGHO

>),*85( 20,77('@

$ VHFRQG PRGHO ZKLFK FRQWDLQHG QR PHDVXUH RI ILWQH

ILQDO SUHGLFWLRQ HTXDWLRQ IRU HQHUJ\ HISHQGLWXUH X
KHDUW UDWH ZDV

(( JHQGHU | [ KHDUW UDWH [ ZHLIKW
JHQGHU [ [ KHDUWUDWH [ ZHLIKW

ZKHUH JHQGHU IRU PDOHYV DQG IRU IHPDOHYVY 7DEOH 9 !

LQ D GLITHUHQW IRUPDW 7KH OLNHOLKRRG UDWLR WHVW IF
RQ ILYH GHJUHHV RI IUHHGRP ZLWK 3 7TKH UHVX

IRU WKH IL[HG HIITHFWV LQ WKH PL[HG PRGHO DUH JLYHQ LC
I[UHHGRP IRU WKH ) WHVWYV ZHUH FDOFXODWHG XVLQJ 6DWYV

,Q JLIXUH WKH PHDVXUHG HQHUJ\ HISHQGLWXUH LV UHJU
HQHUJ\ HISHQGLWXUH 7KH FRHIILFLHQW RI FRUUHODWLRQ
WKH YDULDWLRQ LQ PHDVXUHG HQHUJ\ HI[SHQGLWXUH LQ W
PRGHO



>),*85( 20,77('@

,QGHSHQGHQW VDPSOH DQDO\VLV IRU LQQHU YDOLGDWLRQ

‘DWD IURP DQ LQGHSHQGHQW VDPSOH RI SDUWLFLSDQWYV
XVHG WR YDOLGDWH ERWK PRGHOV 3UHGLFWHG HQHUJ\ HI!
ZKLFK LQFOXGHG D PHDVXUH RI ILWQHVYV 9>2 VXE PD[@ F
HQHUJ\ HISHQGLWXUH GXULQJ VHOIl VHOHFWHG FDUGLRYDV

3 JLIXUH 8VLQJ WKH VHFRQG PRGHO IRU PHDVXUL
H[SHQGLWXUH ZLWK QR PHDVXUH RI ILWQHVV WKH FRUUH
YLIXUH

>),*85( 20,77('@

$IJUHHPHQW

%HFDXVH ZH XVHG D PL[HG PRGHO ZLWK UDQGRP SDUWLFL
PD[LPXP OLNHOLKRRG HVWLPDWLRQ LQVWHDG RI OHDVW VT
WKH HVWLPDWHY IRU WKH LQLWLDO VDPSOH ZKLFK ZDV XVF
VOLJKWO\ ELDVHG 7KH ELDV RI WKH HVWLPDWHY DQG WKH!
VHWV RI HVWLPDWHY DUH VXPPDUL]HG LQ 7DEOH 9,, 7KH E
EHWZHHQ WKH SUHGLFWHG DQG WKH FRUUHVSRQGLQJ DFW.
DQG WKH OLPLWV RI DEVROXWH DJUHHPHQW ZHUH FDOF)
$WNLQVRQ DQG 1HYLOO W LV LQWHUHVWLQJ WR QRW
VDPSOH LV RQ DYHUDJH LQ WKH RSSRVLWH GLUHFWLRQ WR
7KH IDFW WKDW WKH DJUHHPHQW OLPLWV EHFRPH ZLGHU G
ORJLFDO :H EHOLHYH WKDW WKHVH OLPLWV DUH QDUURZ H
WR EH RI SUDFWLFDO XVH



'LVFXVVLRQ

,Q WKLV VWXG\ ZH GHPRQVWUDWHG WKDW SK\VLFDO DFWL"
PRGHUDWH WR KLJK LQWHQVLW\ H[HUFLVH PD\ EH SUHGLF\
JURXS RI LQGLYLGXDOV YDU\LQJ ZLGHO\ LQ DJH ILWQHVV [
QHHG IRU LQGLYLGXDO FDOLEUDWLRQ 7KLV VWXG\ GHQRW!I
VWXGLHV LQ WKH HVWLPDWLRQ RI SK\WLFDO DFWLYLW\ HQF
PRQLWRULQJ 7KH SURSRVHG PRGHO XVLQJ KHDUW UDWH
RI ILWQHVV 9>2 VXE PD[@ DFFRXQWHG IRU RI WKH YDU
H[SHQGLWXUH LQ DQ LQGHSHQGHQW VDPSOH RI SHRSOH FR
PLQ FDUGLRYDVFXODU H[HUFLVH VHVVLRQ

SUHYLRXV VWXGLHV /L HW DO SXWJHUV .O0LMQ "H XL
SRRU DJUHHPHQW EHWZHHQ HQHUJ\ HISHQGLWXUH HVWLPD
PRQLWRULQJ DQG PHDVXUHG HQHUJ\ HISHQGLWXUH 7KHVH
GHYHORSHG RQ VPDOO VDPSOHV QRW UHSUHVHQWDWLYH F
HTXDWLRQ ZDV WR EH DSSOLHG 5XWJHUV HW DO GHY
HTXDWLRQ EDVHG RQ WKH KHDUW UDWH DQG HQHUJ\ H[SHQ
HOGHUO\ LQGLYLGXDOV 7KH DXWKRUV FRQFOXGHG WKDW V
PHDVXUH HQHUJ\ H[SHQGLWXUH ZDV LQDFFXUDWH RYHU G
ODUJH GLVFUHSDQFLHV EHWZHHQ HQHUJ\ HISHQGLWXUH HYV
FDOLEUDWLRQ FXUYH DQG D JURXS FXUYH /L HW DO L
DJUHHPHQW IRU WKH HVWLPDWLRQ RI HQHUJ\ HISHQGLWXU
EHWZHHQ JURXS DQG LQGLYLGXDOO\ GHULYHG HVWLPDWHYV
UHODWLYHO\ VPDOO FRQVLVWLQJ RI RQO\ SHUVRQV

7KH FXUUHQW VWXG\ UHSUHVHQWY DQ LPSURYHPHQW RYHU
HW DO SHQQLH HW DO WKDW XVHG KHDUW UDWH
SK\VLFDO DFWLYLW\ HQHUJ\ HISHQGLWXUH ZLWKRXW LQGL
SHQQLH HW DO XVHG WKH YDULDEOHV WKDW VLJQLILF



HISHQGLWXUH WR SUHGLFW WKH VORSH LQWHUFHSW DQG \
PHDVXUHG YHUVXV SUHGLFWHG SK\VLFDO DFWLYLW\ HQHUJ
WKH YDULDEOHYV RI VLWWLQJ KHDUW UDWH DJH ZHLJKW D
VLIQLILFDQW LPSDFW RQ WKH VORSH LQWHUFHSW DQG KHI
LQYHVWLIDWRUYVY ZHUH WKHQ DEOH WR XVH WKH VORSH DQ
SODFH Rl WKH SDUWLFLSDQWYV LQ WKHLU VDPSOH LQ HL\
TXDUWLOHV IRU WKH PHDVXUHG DQG HVWLPDWHG SK\VLFDC
LPSOLFDWLRQV IRU SK\VLFDO DFWLYLW\ FODVVLILFDWLRQ |
FXUUHQW VWXG\ ZH GHULYHG OLQHDU HTXDWLRQV EDVHG
7TKHVH HTXDWLRQV \LHOG SUHGLFWLRQV WKDW FRUUHODWF
DV ZHOO DV WKH LQGHSHQGHQW YDOLGDWLRQ VDPSOH

SUHYLRXVO\ +LLOORVNRUSL HW DO GHYHORSHG DQ H
HISHQGLWXUH XVLQJ WKH YDULDEOHYVY RI KHDUW UDWH DJH
VKRZHG WKDW WKH PRGH RI HIHUFLVH F\FOLQJ YHUVXV UX
DIITHFW WKH ILQDO SUHGLFWLRQ RI HQHUJ\ HISHQGLWXUH
H[HUFLVH GLG QRW DIIHFW WKH HVWLPDWLRQ RI HQHUJ\ HJ[
VXIJIJHVW WKDW WKH SURSRVHG HTXDWLRQ PD\ EH XVHG IRL
DFWLYLWLHV 'XULQJ RXU LQQHU YDOLGDWLRQ VWXG\ ZH H
RWKHU PRGHOV RI FRQWLQXRXV DFWLYLW\ VXFK DV VWDWI
VWDWLRQDU\ VWDLU FOLPELQJ DFWLYLWLHYV

+LLOORVNRUSL HW DO GLG QRW LQFOXGH DQ\ PHDVXU
9>2 VXE PD[@ LQ WKHLU SUHGLFWLRQ HTXDWLRQ FLWLQJ
IRU HVYWLPDWLQJ HQHUJ\ H[SHQGLWXUH LQGHSHQGHQW R «
WKDW ZKHQ D PHDVXUH RI WKH OHYHO Rl FDUGLRUHVSLUDYV
9>2 VXE PD[@ LV LQFOXGHG WKH DFFXUDF\ Rl WKH SUHGL|
FRUUHODWLRQ FRHIILFLHQWY U Rl WKH VWXG\ VDPSOH ZH
9>2 VXE PD[@ ZLWK DQG IRU WKH PRGHO ZLWKRXW 9>2
LQFUHDVH LQ YDULDWLRQ H[SODLQHG E\ WKH PRGHO LQFO)



7KH FRUUHODWLRQ FRHIILFLHQWYV RI WKH YDOLGD
WKH PRGHO ZLWK 9>2 VXE PD[@ DQG IRU WKH PRGHO ZI
7KH LQFUHDVH LQ YDULDWLRQ H[SODLQHG E\ WKH PRGHO L
DSSUR[LPDWHO\ , W LV ZHOO NQRZQ WKDW WUDLQLQJ UF
KHDUW UDWH UHVSRQVH WR LQFUHDVLQJ ZRUNORDGYV OHLN
:LOPRUH HW DO 7TKHUHIRUH LW LV QRW VXUSULYV
PHDVXUH RI FDUGLRUHVSLUDWRU\ ILWQHVYVY LPSURYHV WKH
HQHUJ\ HISHQGLWXUH IURP KHDUW UDWH 7KLV ILQGLQJ LV
HW DO LQ ZKLFK VLWWLQJ KHDUW UDWH ZDV IRXQG W
SUHGLFWLRQ RI HQHUJ\ H[SHQGLWXUH IURP KHDUW UDWH P
SURSRVHG WKDW UHVWLQJ KHDUW UDWH ZKHQ VLWWLQJ ZD
ILWQHVV VLQFH SUHYLRXV VWXGLHYVY KDYH IRXQG DQ LQYH!
UHVWLQJ WDFK\FDUGLD DQG PD[LPDO H[HUFLVH FDSDFLW\
*RRG\HDU :LOVRQ DV ZHOO DV D SRVLWLYH UHODWL
SDUWLFLSDWLRQ LQ SK\VLFDO DFWLYLW\ DQG ORZHU UHVW
6WHLQKDXV HW DO

+LLOORVNRUSL HW DO IRXQG WKDW LQFOXGLQJ DJH L
VLIQLILFDQWO\ LPSURYH WKH YDULDQFH 7KLV LV DW RGGYV
IRXQG WKDW DJH GLG FRQWULEXWH VLIJQLILFDQWO\ WR WK
GLITHUHQFH PD\ SDUWO\ EH H[SODLQHG E\ GLIIHUHQFHV LQ

+LLOORVNRUSL HW DO DFNQRZOHGJHV D UHODWLYHO\
SDUWLFLSDQWY ROGHU WKDQ \HDUV RU \RXQJHU WKDQ

DJH RI WKH PHQ ZDV \HDUV UDQJH \HDUV DQG WKI
ZDV \HDUV UDQJH \HDUV ,Q WKH VWXG\ RI +LLOORYV

PHDQ DJH RI WKH PHQ ZDV \HDUV DQG WKDW RI WKH J
7TKHLU SDUWLFLSDQWY ZHUH QRWDEO\ ROGHU WKDQ WKRVH
WR WKH DJH GLVFUHSDQFLHV EHWZHHQ WKH WZR VWXGLHV
EHWZHHQ WKH ILWQHVV RI WKH WZR VDPSOHV ,Q WKH FXUI
9>2 VXE PD[@ IRU WKH PHQ ZDV PO [ >PLQ VXS @ [ >N.



ZRPHQ LW ZDV PO [>PLQ VXS @ [>NJVXS @ LQ W
HW DO WKH PHDQ YDOXHV ZHUH DQG PO [ >PLC
IRU WKH PHQ DQG ZRPHQ UHVSHFWLYHO\ 7KHVH GHPRJUDS
DFFRXQW IRU WKH GLIIHUHQFHV IRXQG EHWZHHQ WKH WZR
DO DOVR IRXQG WKDW DJH LPSDFWHG LQ WKH UHJUHYV
DFWLYLW\ HQHUJ\ H[SHQGLWXUH IURP KHDUW UDWH ,W PD\
XVHG WR JHQHUDWH WKH SUHGLFWLRQ HTXDWLRQ FRPSULV
LQGLYLGXDOV EXW ZH IHHO WKDW WKH\ UHSUHVHQWHG D \
OD[LPDO R[\JHQ XSWDNH UDQJHG IURP WR PO [ >PLQ
LQ WKH ZRPHQ DQG IURP WR PO [ >PLQ VXS @ [ >NJ
ZDV WKH LQWHQWLRQ RI WKH SUHVHQW VWXG\ WR DSSO\ W
H[HUFLVLQJ SRSXODWLRQ DQG DV D UHVXOW RXU UHFUXL'
FHQWUH DPDWHXU UXQQLQJ FOXEV DQG F\FOLQJ UDFHV :K
ZHUH XQOLNH WKRVH SUHVHQWHG LQ ERWK +LLOORVNRUSL

ZH KDYH GHPRQVWUDWHG WKDW WKH LQFOXVLRQ RI 9
ILWQHVV LPSURYHV WKH SUHGLFWDELOLW\ Rl RXU JURXS E

KLOH PDQ\ RWKHU VWXGLHVY +LLOORVNRUSL HW DO /

6WUDWK HW DO KDYH XVHG VLPLODU DSSURDFKHYV
HTXDWLRQV ZLWKRXW LQGLYLGXDO FDOLEUDWLRQ QRW DO
6WUDWK HW DO XVHG DQ LQGHSHQGHQW VDPSOH IRU
GHYHORSHG PRGHO DQG LQ VRPH FDVHV GLG QRW UHSRU\
GHYHORSHG PRGHO 6WUDWK HW DO RU XVHG WKH VD
RULJLQDO SUHGLFWLRQ HTXDWLRQ ZDV GHYHORSHG +LLOC
OHDG WR HOHYDWHG OHYHOV RI DIJUHHPHQW EHWZHHQ WKH&
PHDVXUHG HVWLPDWHY GXH WR WKH KRPRJHQHRXV QDWXU
6WUDWK HW DO HVWLPDWHG SK\VLFDO DFWLYLW\ GXU
XVLQJ KHDUW UDWH PRQLWRULQJ DQG UHSRUWHG JRRG DJI
PHDVXUHG DQG HVWLPDWHG HQHUJ\ HISHQGLWXUH KRZHYF
YDOLGDWLRQ ZDV SHUIRUPHG RQ DQ LQGHSHQGHQW VDPSO



SHQQLH HW DO YDOLGDWHG D SUHGLFWLRQ HTXDWLRC
GHYHORSHG RQ D VDPSOH RI LQGLYLGXDOV RQ D VPDOGO
'XULQJ WKLV LQQHU YDOLGDWLRAQ Rl WKH VXEVHW ZDV ¢
DGMDFHQW TXDUWLOHYV GXULQJ FRPSDULVRQ RI PHDVXUHG
OHYHOV ,Q WKH FXUUHQW VWXG\ ZH IRXQG JRRG DJUHHPH
RI SDUWLFLSDQWYVY 7KH SUHGLFWLRQ HTXDWLRQ H[SODLQH
HVWLPDWHG HQHUJ\ HISHQGLWXUH LQ DQ LQGHSHQGHQW V
FDUGLRYDVFXODU H[HUFLVH WUDLQLQJ

J)LQDOO\ IRU SUDFWLFDO DSSOLFDWLRQ WKH SURSRVHG HT
LPSURYHPHQW LQ WKH HVWLPDWLRQ RI HQHUJ\ HISHQGLWX
HILVWLQJ HTXDWLRQV 7KH\ PD\ EH XVHG LQ ODUJH SRSXOL
KHDOWK SXUSRVHV )XUWKHU UHVHDUFK LV QHHGHG RQ WK
RI SK\VLFDO DFWLYLW\ HQHUJ\ HISHQGLWXUH DQG KHDUW L
HVWLPDWH HQHUJ\ H[SHQGLWXUH IRU KHDOWK UHVHDUFK D
ZLGHU YDULHW\ RI DFWLYLWLHYVY SDUWLFXODUO\ IRU LQWH!
DW ORZHU LQWHQVLWLHYV

7TDEOH , &KDUDFWHULVWLFV RI WKH VDPSOH XVHG WR
GHYHORS WKH SUHGLFWLRQ HTXDWLRQ PHDQ > RU @ V
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HUURUV IRU WKH IL[HG HIIHFWV Rl WKH PRGHO
LQFOXGLQJ ILWQHVYV
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6WDQGDUG 6WDQGDUG

(ITHFW (VWLPDWH HUURU (VWLPDWH HUURU
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9>2 VXS PD[@

$JIH

7DEOH ,9 7DEOH ZLWK W\SH ,,, DQDO\VLV IRU IL[HG
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+HDUW UDWH [ JHQGHU
"HLJKW [ JHQGHU

9>2 VXE PD[@ [ JHQGHU
$JH [ JHQGHU

7TDEOH 9 7KH HVWLPDWHY DQG WKHLU VWDQGDUG HUURUV IRU WKH
IL[IHG HIIHFWV RI WKH PL[HG PRGHO ZLWKRXW ILWQHVYV



0HQ 'RPHQ
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*HQGHU
+HDUW UDWH [ JHQGHU
'HLJKW [ JHQGHU
$JH [ JHQGHU

7TDEOH 9,, 6XPPDU\ RI WKH ELDV RI WKH HQHUJ\
HISHQGLWXUH LQ N-[ >PLQ VXS @ HVWLPDWHV
DQG WKHLU UDQGRP YDULDWLRQ IRU WKH IRXU VHWYV
RI HVWLPDWHYV

6WDQGDUG

6DPSOH ORGHO OHDQ GHYLDWLRQ
,QLWLDO ,QFOXGLQJ ILWQHVV
,QLWLDO 1R ILWQHVV

9DOLGDWLRQ ,QFOXGLQJ ILWQHVYV
9DOLGDWLRQ 1R ILWQHVV

6DPSOH OLPLWV RI DJUHHPHQW

,QLWLDO



,QLWLDO
9DOLGDWLRQ
9DOLGDWLRQ

1RWH 7KH ELDV LV WKH GLIITHUHQFH EHWZHHQ WKH
SUHGLFWHG DQG WKH FRUUHVSRQGLQJ DFWXDO YDOXH
RI HQHUJ\ HISHQGLWXUH

$FNQRZOHGJPHQWYV

‘H WKDQN DOO RI WKH SDUWLFLSDQWYV IRU WKHLU FRRSHUL
(OHFWUR 2\ .HPSHOH )LQODQG WKH OHGLFDO 5HVHDUFK &
1HOOLH $WNLQVRQ DQG +DUU\ &URVVOH\ 6WDII 5HVHDUFK )
7RZQ

SHIHUHQFHYV

$WNLQVRQ * 1HYLOO $ O $ UHYLHZ RI WKH VWDW
DVVHVV PHDVXUHPHQW HUURU UHOLDELOLW\ LQ YDULDEO
OHGLFLQH

%ODLU 6 1 .DQQHO : % .RKO + *RRG\HDU 1

:LOVRQ 3 : 6XUURJDWH PHDVXUHV RI SK\VLFDO DFWL"®
(YLGHQFH IRU VHGHQWDU\ WUDLWYV RI UHVWLQJ WDFK\FDUC
$PHULFDQ -RXUQDO RI (SLGHPLRORJ\

&HHVD\ 6 0 3UHQWLFH $ O ‘D\ . & OXUJDWUR\G 3 5

6SXUU * % 7KH XVH RI KHDUW UDWH PRQLWRULQJ
HISHQGLWXUH $ YDOLGDWLRQ VWXG\ XVLQJ LQGLUHFW ZKF
IXWULWLRQ

"XPLQ - 9 "RPHUVOH\ - %RG\ IDW DVVHVVHG IURP V
HVWLPDWLRQ IURP VNLQIROG WKLFNQHVY OHDVXUHPHQWYV
WR \HDUV %ULWLVK -RXUQDO RI 1XWULWLRQ

+DZOH\ - $ I1RDNHV 7 ' 3HDN SRZHU RXWSXW SUHC
XSWDNH DQG SHUIRUPDQFH WLPH LQ WUDLQHG F\FOLVWYV (
DQG 2FFXSDWLRQDO 3K\VLRORJ\

+HEHVWUHLW + %DU 2U 2 ,QIOXHQFH RI FOLPDWH F
&RPSDULVRQ EHWZHHQ LQWHUPLWWHQW DQG FRQWLQXRXYV
3K\ VLRORJ\ DQG 2FFXSDWLRQDO 3K\VLRORJ\



+LLOORVNRUSL + )RJHOKROP 0O /DXNNDQHQ 5 3DVDQH
1IDWUL $ )DFWRUV DIIHFWLQJ WKH UHODWLRQ EHWZHH
GXULQJ H[HUFLVH ,QWHUQDWLRQDO -RXUQDO RI 6SRUWYV 0

/L 5 'HXUHQEHUJ 3 +DXWYDVW - * $ FULWLFDO H
PRQLWRULQJ WR DVVHVV HQHUJ\ H[SHQGLWXUH LQ LQGLYL(
IXWULWLRQ

IXNH $ ODNL . & %DUNH\ 1 &RRSHU 5 OF*HH
PRQLWRULQJ RI KHDUW UDWH DQG PRWLRQ WR DVVHVV HQF
LQ 6SRUWYV DQG ([HUFLVH

OHLMHU ( 3 "HVWHUWHUS . 5 9HUVWDSSHQ ) 7 (
WRWDO GDLO\ SK\VLFDO DFWLYLW\ LQ HOGHUO\ KXPDQV (X
DQG 2FFXSDWLRQDO 3K\VLRORJ\

1IRDNHV 7 ' O0\EXUJK . + 6FKDOO 5 3HDN WUHDGF
GXULQJ WKH 9>2 VXE PD[@ WHVW SUHGLFWV UXQQLQJ SHU

SHQQLH . / +HQQLQJV 6 - OLWFKHOO - :DUHKDP 1
HISHQGLWXUH E\ KHDUW UDWH PRQLWRULQJ ZLWKRXW LQGI
6FLHQFH LQ 6SRUWYV DQG ([HUFLVH

SXWJHUV & - .OLMQ 0 - '"HXUHQEHUJ 3 7KH DVVH
HISHQGLWXUH LQ HOGHUO\ ZRPHQ E\ PLQXWH E\ PLQXWH Kt
IXWULWLRQ DQG OHWDEROLVP

6SXUU * % 3UHQWLFH $ 0 OXUJDWUR\G 3 5 *ROGEHU
&KULVWPDQ 1 7 (QHUJ\ HISHQGLWXUH IURP PLQXWH E
&RPSDULVRQ ZLWK LQGLUHFW FDORULPHWU\ $PHULFDQ -R>

6WHLQKDXV [ $ '‘XVWPDQ 5 ( 5XKOLQJ 5 2 (PPHUVRQ
6KHDUHU ' ( G6KLJHRND - : RQHNDW : + &DUGL
\RXQJ DQG ROGHU DFWLYH DQG VHGHQWDU\ PHQ %ULWLVK

BWUDWK 6 - 6ZDUW] $ 0 %DVVHWW ' 5 -U 2 %ULHQ
% (YDOXDWLRQ RI KHDUW UDWH DV D PHWKRG IRU D'
DFWLYLW\ OHGLFLQH DQG 6FLHQFH LQ 6SRUWYV DQG ([HUFL

"HLU - % 1HZ PHWKRGV IRU FDOFXODWLQJ PHWDEROL
SURWHLQ PHWDEROLVP 1XWULWLRQ

:LOPRUH - + G6WDQIRUWK 3 5 *DJQRQ - /HRQ $ 6 5C



%RXFKDUG & (QGXUDQFH H[HUFLVH WUDLQLQJ KDV D F
UDWH 7KH +(5,7$*( 6BWXG\ OHGLFLQH DQG 6FLHQFH LQ 6SRI

$FFHSWHG -XQH

/I 5 (<7(/ S 20 (& ( 7 ' 12$.(6 + +,,/26.253,
5 /$8..$1(1 / 9%$1 '(5 0(5:( (9 /$0%(57

05& 8&7 ([HUFLVH 6FLHQFH DQG 6SRUWYV OHGLFLQH 8QLW
OHGLFDO 6FKRRO 1HZODQGV 6RXWK $IULFD 7KH S8UKR .
+HDOWK 3URPRWLRQ 5HVHDUFK 7DPSHUH )LQODQG 8QL
DQG %LRVWDWLVWLFV 8QLW OHGLFDO 5HVHDUFK &RXQF|
$IULFD

&RUUHVSRQGHQFH / 5 .H\WWHO 05& 8&7 ([HUFLVH 6FLHQFH
'"HSDUWPHQW RI +XPDQ %LRORJ\ 8QLYHUVLW\ RI &DSH 7RZC
1HZODQGYV 6RXWK $IULFD ( PDLO ONH\WHO#VSRUWYV XI



