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:H KD H VHG D UHVHDUFK PRGHO GUD Q IURP PDQDJHPHQW ILHOG KLFK LQFO GHV W R LQGHSHQGHQW

DULDEOHV L H RUJDQL DWLRQ M VWLFH DQG FRUSRUDWH VRFLDO UHVSRQVLELOLW W R GHSHQGHQW DULDEOHV

L H HPSOR HH HOOEHLQJ DQG RUJDQL DWLRQ SHUIRUPDQFH DQG W R PHGLDWLQJ DULDEOHV L H

RUJDQL DWLRQ WU VW DQG RUJDQL DWLRQ F OW UH 7KH DUWLFOH LOO VWUDWHV WKDW ERRWVWUDSSLQJ KDV DQ

DG DQWDJH R HU DURQ DQG .HQQ PHWKRG DQG 6REHO WHVW HVLGHV LW KDV KLJK VWDWLVWLFDO SR HU

DQG EHWWHU FRQWURO RQ W SH , HUURU ,W SURG FHV EHWWHU UHV OWV H HQ KHQ GDWD ODFNV WKH SURSHUW
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PDQDJHPHQW UHVHDUFKHUV LW SUR LGHV DQ LQ GHSWK QGHUVWDQGLQJ RI KR WR FRUUHFWO FRQG FW
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-363 DQG 3HUVRQDOLW DQG 6RFLDO 3V FKRORJ %XOOHWLQ UHVSHFWLYHO SXEOLVKHG IURP

WR

:KDW LV D PHGLDWRU" PHGLDWRU LV D YDULDEOH WKDW DFFRXQWV IRU D SDUW RI UHODWLRQ

EHWZHHQ DQ LQGHSHQGHQW YDULDEOH KHUHDIWHU GHQRWHG DV ; DQG D GHSHQGHQW YDULDEOH

KHUHDIWHU GHQRWHG DV < %DURQ DQG .HQQ ,Q YLHZ RI WKLV LW LV FRQVLGHUHG DV

D WUDQVPLWWHU RI WKH HIIHFW RI ; RQ < 6WRQH 5RPHUR 5RVRSD %DURQ DQG

.HQQ JR RQH VWHS DKHDG E VXJJHVWLQJ WKDW D PHGLDWRU UHIHUV WR KRZ RU ZK

VXFK HIIHFWV RFFXU

:KDW LV WKH XVH RI D PHGLDWRU" ,QFOXVLRQ RI D PHGLDWRU KHOSV LQ LHOGLQJ D PRUH

SUHFLVH GHVFULSWLRQ RI UHODWLRQVKLS EHWZHHQ D SUHGLFWRU DQG D FULWHULRQ %HQQHWW

&KRL EHOLHYHV WKDW PHGLDWLRQ DLGV LQ WKH LGHQWLILFDWLRQ RI PLVVLQJ OLQN EHWZHHQ

DQ WZR YDULDEOHV WKDW FRXOG SRWHQWLDOO SOD DQ LPSRUWDQW UROH +HQFH XQGHUVWDQGLQJ

RI VXFK UHODWLRQVKLSV FDQ SURYLGH XVHIXO LQVLJKWV WR PDQDJHPHQW SUDFWLWLRQHUV DQG

UHVHDUFKHUV 7HVWLQJ RI WKHRULHV UHODWHG WR SURFHVV DOVR LQYROYHV WKH XVH RI PHGLDWLRQ

WHVWV 5XFNHU HW DO

+RZHYHU WKHUH DUH PDQ JDSV LQ WKH H[LVWLQJ OLWHUDWXUH RQ WKH PHGLDWLRQ WHVWV

)LUVW RYHUXVH DQG PLVXVH RI PHGLDWLRQ DQDO VLV LV FRPPRQ 7DWH 6HFRQG

OLWHUDWXUH RQ FOHDU GHVFULSWLRQ DQG XVH RI PHGLDWLRQ WHVWLQJ PHWKRGV DUH VFDUFH

HVSHFLDOO RXQJ UHVHDUFKHUV IURP PDQDJHPHQW DQG VRFLDO VFLHQFHV JRW FRQIXVHG LQ

FRPSUHKHQGLQJ KLJKO FRPSOLFDWHG VWDWLVWLFDO OLWHUDWXUH RQPHGLDWLRQ DQDO VLV =KDR

/ QFK -U &KHQ KDYH KLJKOLJKWHG QRQ WHFKQLFDO IODZV RI %DURQ DQG .HQQ

PHWKRG DQG SURYLGHG LOOXVWUDWLRQ RI LWV XVH +RZHYHU OLWHUDWXUH FRYHULQJ VXFK

GLPHQVLRQV QRQ WHFKQLFDO IODZV DQG LOOXVWUDWLRQV RI WKH RWKHU PDMRU PHWKRGV L H

6REHO 352&(66 DQG 6(0EDVHGPHGLDWLRQPHWKRGV LV UDUH 7KLUG OLWHUDWXUH RQ WKH

FRPSDUDWLYH DQDO VLV RI WKHVH PHWKRGV LV YHU OLPLWHG 7KLV DUWLFOH DWWHPSWV WR EULGJH

XS WKHVH JDSV 7KH UHVHDUFKHUV 0DF.LQQRQ /RFNZRRG +RIIPDQ :HVW DQG 6KHHWV

KDYH LGHQWLILHG GLIIHUHQW PHWKRGV WR WHVW PHGLDWLRQ

7KH EDVLF REMHFWLYHV RI WKH VWXG DUH WR GLVFXVV LVVXHV DVVRFLDWHG ZLWK WKH VHOHF

WLRQ DQG DSSOLFDWLRQ RI WKH WKUHH PDMRU PHGLDWLRQ DQDO VLV PHWKRGV WR LOOXVWUDWH

KRZ WR DSSO WKHVH PHWKRGV DQG LQWHUSUHW WKHLU UHVXOWV DQG SUHVHQW D FRPSDUDWLYH

DQDO VLV RI WKH WKUHH PHWKRGV 7KH IROORZLQJV DUH WKH NH FRQWULEXWLRQV RI WKLV DUWLFOH

)LUVW WKH SDSHU LGHQWLILHV EDVLF DVVXPSWLRQV IRU WHVWLQJ PHGLDWLRQ DQG VXJJHVWV NH

FRQVLGHUDWLRQV WKDW PXVW EH NHSW LQ YLHZ EHIRUH DSSO LQJ PHGLDWLRQ WHVWV 6HFRQG

LW SUHVHQWV GHVFULSWLRQ LOOXVWUDWLRQ DQG ZHDNQHVVHV RI WKH WKUHH PDMRU PHWKRGV RI

PHGLDWLRQ 7KLUG LW VXJJHVWV WKH VLWXDWLRQV LQ ZKLFK D VSHFLILF PHWKRG FDQ ZRUN DQG

VLWXDWLRQV LW GRHV QRW ZRUN )RXUWK LW SUHVHQWV D ZD RI GUDZLQJ LQIHUHQFHV IURP WKH

UHVXOWV
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&RQFHSWXDO DQG 0HWKRGRORJLFDO &RQVLGHUDWLRQV

8QGHUVWDQGLQJ WKH OLQNV LQ PHGLDWLRQ

,Q PHGLDWLRQ DQDO VLV ZH WDNH LQWR FRQVLGHUDWLRQ WKUHH W SHV RI HIIHFWV L H WRWDO

HIIHFW GLUHFW HIIHFW DQG WKH LQGLUHFW HIIHFW RI ,QGHSHQGHQW YDULDEOH ; RQ GHSHQGHQW

YDULDEOH < +D HV 7RWDO HIIHFW LV WKH VXP RI GLUHFW HIIHFW DQG WKH LQGLUHFW

HIIHFW 7RWDO HIIHFW LV XVXDOO GHQRWHG E F ZLWKRXW LQFOXVLRQ RI DQ PHGLDWRU VHH

)LJXUH 7KH GLUHFW HIIHFW RI ; RQ < LV GHQRWHG E F LW LV PHDVXUHG RQO DIWHU

LQFOXVLRQ RI D PHGLDWRU VHH )LJXUH %

7KHUH DUH WZR PHWKRGV WR GHWHUPLQH WKH LQGLUHFW HIIHFW

0HWKRG PXOWLSO WKH HIIHFW RI ; RQ0 LWV FRHIILFLHQW LV GHQRWHG E D ZLWK WKH

HIIHFW RI0 RQ < LWV FRHIILFLHQW LV GHQRWHG E E +HQFH WKH LQGLUHFW HIIHFW  DE

0HWKRG 6LPSO VXEWUDFW GLUHFW HIIHFW FRHIILFLHQW F IURP WRWDO HIIHFW FRHIIL

FLHQW F

7KH PHGLDWLRQ SDWKV DUH H[SUHVVHG DV IROORZV

7RWDO HIIHFW F  F DE

,QGLUHFW HIIHFW DE  F F

'LUHFW HIIHFW F  F DE

)LJXUH 7RWDO 'LUHFW DQG ,QGLUHFW (IIHFW RI ; RQ <

7KHRUHWLFDO IUDPHZRUN DQG K SRWKHVHV

7KH EDVLF WKHRUHWLFDO IUDPHZRUN XVHG LQ WKLV VWXG VHH )LJXUH LV FRPSULVHG

RI WZR LQGHSHQGHQW YDULDEOHV 2UJDQL]DWLRQDO -XVWLFH DQG &RUSRUDWH 6RFLDO 5HVSRQ

VLELOLW WZR PHGLDWLQJ YDULDEOHV 2UJDQL]DWLRQDO 7UXVW DQG 2UJDQL]DWLRQDO &XOWXUH
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DQG WZR GHSHQGHQW YDULDEOHV (PSOR HH:HOOEHLQJ DQG 2UJDQL]DWLRQDO 3HUIRUPDQFH

'LVFXVVLRQ RQ WKH WKHRUHWLFDO IRXQGDWLRQV RI WKH WKHRUHWLFDO IUDPHZRUN RI WKH SUHV

HQW VWXG LV EH RQG WKH VFRSH RI WKLV DUWLFOH +RZHYHU LW LV FUXFLDO WR DFNQRZOHGJH

WKH HDUOLHU VWXGLHV ZKLFK SURYLGHG IRXQGDWLRQ WR WKH WKHRUHWLFDO IUDPHZRUN RI WKH

SUHVHQW VWXG 7KH IUDPHZRUN LV DQ H[WHQVLRQ RI WKH IUDPHZRUN GHYHORSHG E <X

&KRL 7KH K SRWKHVL]HG WKDW SHUFHLYHG FRUSRUDWH VRFLDO UHVSRQVLELOLW &65

KDV SRVLWLYH DQG VLJQLILFDQW HIIHFW RQ RUJDQL]DWLRQDO WUXVW 27 HPSOR HH ZHOO EHLQJ

2: DQG RUJDQL]DWLRQDO SHUIRUPDQFH 23 <X &KRL DOVR K SRWKHVL]HG

WKDW 27 SDUWLDOO PHGLDWHV WKH HIIHFW RI &65 RQ 2: DQG 23 7KH VXJJHVWHG WKDW

IXWXUH VWXGLHV VKRXOG DOVR WHVW WKH PHGLDWLRQ HIIHFW RI FXOWXUH EHWZHHQ &65 DQG

RUJDQL]DWLRQDO SHUIRUPDQFH

QRWKHU QRQ WUDGLWLRQDO YDULDEOH WKDW DIIHFWV WKH 27 LV WKH RUJDQL]DWLRQDO MXVWLFH

2- )RU H[DPSOH &KHQ HW DO IRXQG WKDW RUJDQL]DWLRQDO MXVWLFH 2- SRVLWLYHO

DIIHFWV 27

)LJXUH + SRWKHVL]HG 0RGHO RI 7KH &XUUHQW 6WXG

7KH WKHRUHWLFDO IUDPHZRUN SUHVHQWHG LQ )LJXUH GHSLFWV DOO WKHRUL]HG PHGLWDWHG

UHODWLRQVKLSV EHWZHHQ LQGHSHQGHQW DQG GHSHQGHQW YDULDEOHV ,Q WKH JLYHQPRGHO EDVHG

RQ GLUHFW HIIHFW ZH FDQ WHVW IRXU GLIIHUHQWPHGLDWHG UHODWLRQV K SRWKHVL]HG LQ 7DEOH

7DEOH + SRWKHVL]HG 0HGLDWHG 5HODWLRQVKLSV %HWZHHQ ,9V DQG '9V

+ 2UJDQL]DWLRQ FXOWXUH PHGLDWHV WKH UHODWLRQVKLS EHWZHHQ RUJDQL]DWLRQ -XVWLFH DQG HPSOR HH

ZHOOEHLQJ

+ 2UJDQL]DWLRQ WUXVW PHGLDWHV WKH UHODWLRQVKLS EHWZHHQ RUJDQL]DWLRQ -XVWLFH DQG HPSOR HH

ZHOOEHLQJ

+ 2UJDQL]DWLRQ WUXVW PHGLDWHV WKH UHODWLRQVKLS EHWZHHQ &65 DQG 2UJDQL]DWLRQ SHUIRUPDQFH

+ 2UJDQL]DWLRQ FXOWXUH PHGLDWHV WKH UHODWLRQVKLS &65 DQG 2UJDQL]DWLRQ SHUIRUPDQFH
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6DPSOLQJ GHVLJQ

7R VWDWLVWLFDOO WHVW K SRWKHVHV GDWD ZHUH FROOHFWHG IURP EDQNLQJ RUJDQL]DWLRQV

RSHUDWLQJ LQ 5DZDOSLQGL ,VODPDEDG XVLQJ UDQGRP VDPSOLQJ WHFKQLTXH FKLHYHG

VDPSOH VL]H 1 LV PDQDJHULDO OHYHO HPSOR HHV *HQGHU FRPSRVLWLRQ LV PDOH

DQG IHPDOH ILJXUHV URXQG RI

7HVWLQJ 0HGLDWLRQ

6LPSOH PHGLDWLRQ XVLQJ %DURQ DQG .HQQ PHWKRG XVLQJ

026

'HVFULSWLRQ

%DURQ DQG .HQQ PHWKRG LV WKH PRVW FRPPRQO XVHG PHWKRG RI WHVWLQJ

PHGLDWLRQ FFRUGLQJ WR 6RFLDO &LWDWLRQ ,QGH[ LW LV DOVR FDOOHG DV D FODVVLFDO WHVW RI PH

GLDWLRQ ,W KDV UHPDLQHG D SRSXODU PHWKRG RI WHVWLQJ PHGLDWLRQ IRU RYHU WZR GHFDGHV

,Q PDMRULW RI WKH VWXGLHV %DURQ .HQQ PHWKRG KDV EHHQ XVHG 5XFNHU

3UHDFKHU 7RUPDOD 3HWW 0DF.LQQRQ )DLUFKLOG )ULW]

%DURQ DQG .HQQ PHWKRG HPSOR V KLHUDUFKLFDO PXOWLSOH UHJUHVVLRQ

+05 ,W UHTXLUHV WKDW WKUHH FRQGLWLRQV PXVW EH VDWLVILHG EHIRUH WHVWLQJ PHGLDWLRQ

ZKLFK LQFOXGH

7KHUH LV D VLJQLILFDQW FDXVDO UHODWLRQ EHWZHHQ ; DQG <

○ (TXDWLRQ <  F F; H

7KHUH LV D VLJQLILFDQW FDXVDO UHODWLRQ EHWZHHQ ; DQG 0

○ (TXDWLRQ 0  F D; H

7KHUH LV D VLJQLILFDQW FDXVDO UHODWLRQ EHWZHHQ 0 DQG <

○ (TXDWLRQ <  F E0 H

,I RQH RU PRUH RI WKH DERYH FRQGLWLRQV DUH QRW PHW WKHUH LV QR PHGLDWLRQ

+HQFH WKHUH LV QR QHHG WR SURFHHG IXUWKHU +RZHYHU LI DOO WKUHH FRQGLWLRQV DUH IRXQG

IXOILOOHG WKHQ WKH PHGLDWRU LV FRQWUROOHG DQG WKH FDXVDO HIIHFW RI ; RQ < LV FKHFNHG

/XFLD 3DODFLRV %RUGRQDED -XVWH 3ROR 5HGRQGR *UXQKDJHQ XVHG WZR VWHSV

WHVWLQJ UHODWLRQVKLS EHWZHHQ ; DQG < ZLWKRXW PHGLDWRU DQG DGGLQJ PHGLDWRU

DQG UH UXQQLQJ WKH WHVW

(TXDWLRQ <  D F ; G0 H
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IWHU LQFOXVLRQ RI PHGLDWRU VHH HTXDWLRQ LI ; LV QR ORQJHU VLJQLILFDQW WKHUH LV

IXOO PHGLDWLRQ DV VXJJHVWHG E 6WRQH 5RPHUR DQG 5RVRSD %DURQ DQG .HQQ

VD :KHQ SDWK F LV UHGXFHG WR ]HUR ZH KDYH VWURQJ HYLGHQFH IRU D VLQJOH

GRPLQDQW PHGLDWRU ,I WKH UHVLGXDO 3DWK F LV QRW ]HUR WKLV LQGLFDWHV WKH RSHUDWLRQ RI

PXOWLSOH PHGLDWLQJ IDFWRUV %XW LI ; LV VWLOO VLJQLILFDQW EXW LWV FRHIILFLHQW KDV GHFOLQHG

WKHQ WKHUH LV SDUWLDO PHGLDWLRQ +RZHYHU D SRLQW RI FDXWLRQ LV WKDW DEVHQFH RI WKH

VLJQLILFDQFH RI ; VKRXOG EH LQWHUSUHWHG DV IXOO PHGLDWLRQ RQO LI LW LV VXSSRUWHG E

WKHRU 5XFNHU 3UHDFKHU 7RUPDOD 3HWW

,OO VWUDWLRQ

)LUVW WKH WRWDO HIIHFW RI 2UJDQL]DWLRQ -XVWLFH ; RQ (PSOR HH:HOOEHLQJ < ZDV

HVWLPDWHG K SRWKHVLV + ,W ZDV IRXQG WR EH S ZKLFK IXOILOOV WKH ILUVW

FRQGLWLRQ RI UXQQLQJ D PHGLDWLRQ DQDO VLV )LJXUH 7DEOH

)LJXUH 7KH (IIHFW RI 2UJB-XVWLFH L H ; RQ (PSB:HOOEHLQJ L H <

7DEOH 5HJUHVVLRQ :HLJKWV *URXS QXPEHU 'HIDXOW PRGHO

5HODWLRQVKLS 8QVWDQGDUGL HG

%HWD

6WDQGDUGL HG

%HWD

6 ( 3

(PSB:HOO

EHLQJ

2UJB-XVWLFH

,Q WKH VHFRQG VWHS RI %DURQ DQG .HQQ ZH DGGHG D PHGLDWRU L H RUJDQL]D

WLRQDO WUXVW 27 EHWZHHQ ; DQG < 5HVXOWV JLYHQ LQ )LJXUH DQG 7DEOH VKRZ WKDW

UHODWLRQVKLS EHWZHHQ ; DQG 0 D SDWK LV VLJQLILFDQW 3 UHODWLRQVKLS

EHWZHHQ 0 WR < E SDWK LV DOVR VLJQLILFDQW 3 GLUHFW HIIHFW F SDWK

ZKLFK LV QRQ VLJQLILFDQW S  

&RPSDULQJ 7DEOH ZLWK 7DEOH VKRZV WKDW WKH SUHYLRXVO VLJQLILFDQW UHODWLRQ

VKLS EHWZHHQ ; DQG < S  LV QR PRUH VLJQLILFDQW S  LQ 7DEOH

6XPPDU LV SUHVHQWHG LQ 7DEOH ,W LPSOLHV WKDW DGGLWLRQ RI 0 RUJDQL]DWLRQDO WUXVW

KDV WXUQHG WKH UHODWLRQVKLS LQVLJQLILFDQW +HQFH ZH FRQFOXGH WKDW RUJDQL]DWLRQDO WUXVW

IXOO PHGLDWHV WKH UHODWLRQVKLS EHWZHHQ RUJDQL]DWLRQDO MXVWLFH DQG HPSOR HH ZHOOEHLQJ

:HDNQHVVHV RI DURQ DQG .HQQ PHWKRG

0DQ VFKRODUV H J 5XFNHU 3UHDFKHU 7RUPDOD 3HWW =KDR / QFK -U

&KHQ +D HV KDYH LGHQWLILHG OLPLWDWLRQV RI WKH DSSURDFK RI WKH %DURQ
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7DEOH 5HJUHVVLRQ :HLJKWV ; 0 DQG <

5HODWLRQ

VKLSV

(VWLPDWH

XQVWDQ

GDUGL HG

(VWLPDWH

6WDQGDUG

L HG

3 YDOXH 6WDQGDUG

(UURU 6 (

2UJB7UXVW

0

← 2UJB-XVWLFH

;

(PSB:HOO

EHLQJ <

← 2UJB7UXVW

0

(PSB:HOO

EHLQJ <

← 2UJB-XVWLFH

;

)LJXUH 0HGLDWLRQ RI 2UJDQL]DWLRQDO %HWZHHQ 2- RQ (:

DQG .HQQ PHWKRG RI PHGLDWLRQ )LUVW RYHUHPSKDVLV RI WKH HIIHFW EHWZHHQ ; DQG <

EHIRUH DQG DIWHU FRQWUROOLQJ WKH 0 FRXOG EH PLVOHDGLQJ VLJQLILFDQW LQGLUHFW HIIHFW D

[ E FDQ EH GHWHFWHG HYHQ ZKHQ F LV QRW VWDWLVWLFDOO VLJQLILFDQW 5XFNHU HW DO

=KDR HW DO &ULWLFV DUJXH WKDW EHFDXVH ; PLJKW KDYH D VWURQJHU DQG VWDWLVWLFDOO

7DEOH ,GHQWLI LQJ 0HGLDWLRQ (IIHFW ZLWK %DURQ DQG .HQQ 5XOHV

5HODWLRQVKLS 7RWDO (IIHFW & SDWK LUHFW (IIHFW & SDWK 0HGLDWLRQ

5HVXOW
%HWD 3 %HWD 3

2UJB-XVWLFH  ,9 (PSB:HOO

EHLQJ  '9 2UJB7UXVW  0HG

)XOO 0HGLD

WLRQ
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VLJQLILFDQW LPSDFW RQ0 D SDWK WKDQ RQ < F SDWK WKDW PHDQV WKHUH FRXOG EH D VWURQ

JHU LQGLUHFW HIIHFW WKDQ D WRWDO HIIHFW 6HFRQG PHGLDWLRQ WHVWLQJ LQYROYLQJ WKH XVH RI

UHJUHVVLRQ DQDO VLV FDQ SURGXFH PHDVXUHPHQW HUURU LQ WKH PHGLDWRU VFRUH +RSZRRG

7KLUG HUURU WHUPV PLJKW FRUUHODWH DQG OHDG WR YLRODWLRQ RI XQGHUO LQJ DVVXPS

WLRQV ZKLFK ZRXOG PDNH FRHIILFLHQWV ELDVHG DQG LQFRQVLVWHQW 6KDYHU )RXUWK

WKH SUHVHQFH RI PHGLDWLRQ GRHV QRW QHFHVVDULO UHTXLUH GLUHFW SDWK F ILJXUH D WR

EH VLJQLILFDQW 5XFNHU HW DO 6KURXW %ROJHU 5XFNHU HW DO JDYH

VWDWLVWLFDO HYLGHQFH IRU WKH SUHVHQFH RI VLJQLILFDQW LQGLUHFW HIIHFW D [ E HYHQ ZKHQ

WRWDO DQG GLUHFW HIIHFWV DUH QRQ VLJQLILFDQW +HQFH WKH ILUVW FRQGLWLRQ RI WKH %DURQ

DQG .HQQ EHFRPHV TXHVWLRQDEOH DQG UHVHDUFKHU FDQ HVWDEOLVK LQGLUHFW HIIHFW

D [ E GHVSLWH QR WRWDO HIIHFW F =KDR HW DO )LIWK LW KDV RQO D PRGHVW DELOLW

WR SURYLGH IRU LQIHUHQFHV RI SDUWLDO RU FRPSOHWH PHGLDWLRQ 6WRQH 5RPHUR 5RVRSD

&ODLP RI IXOO PHGLDWLRQ LQ %DURQ DQG .HQQ PHWKRG PHDQV WKDW D UHVHDUFKHU

FDQQRW DGG DGGLWLRQDO LQGLUHFW HIIHFWV LI GLUHFW HIIHFW F LV VLJQLILFDQW ZKHUHDV 5XFNHU

HW DO SURYHG WKDW DGGLWLRQDO LQGLUHFW HIIHFWV D KLJKO UHOLDEOH 0 YDULDEOH FDQ EH

GHWHFWHG DGGHG WR HTXDWLRQ HYHQ ZKHQ WRWDO HIIHFW F LV VWDWLVWLFDOO QRQ VLJQLILFDQW

)XUWKHU WKH FODLPHG WKDW DGGLWLRQ RI WKLV PHGLDWLQJ YDULDEOH ZRXOG LQFUHDVH SRZHU

WR UHJUHVVLRQ ZHLJKW DVVRFLDWHG ZLWK LW ERWK LQGLUHFW HIIHFWV D E EXW ZRXOG GR

QRWKLQJ IRU WRWDO HIIHFW F SDWK %HVLGHV ZLWK D UHDVRQDEO PRGHUDWH VDPSOH VL]H D

UHVHDUFKHU ZRXOG PRUH OLNHO DFKLHYH IXOO PHGLDWLRQ WKDQ SDUWLDO EHFDXVH GLUHFW HIIHFW

F LV PRUH HDVLO UHQGHUHG QRQ VLJQLILFDQW 0RUHRYHU LI WKH UHVHDUFKHU KDV YHU VPDOO

WRWDO HIIHFW ZLWK D S YDOXH RI ZLOO OLNHO WR KDYH IXOO PHGLDWLRQ EHFDXVH S YDOXH

RI GLUHFW HIIHFW F ZLOO EH JUHDWHU WKDQ DIWHU LQWURGXFLQJ 0 YDULDEOH 7KDW V ZK

DFFRUGLQJ WR 5XFNHU HW DO DQG =KDR HW DO WKHUH LV QR QHHG WR XVH ZRUGV

OLNH SDUWLDO RU IXOO FRPSOHWH PHGLDWLRQ LI RX DUH WU LQJ WR ILQG DQ LQGLUHFW HIIHFW D [

E +HQFH WKH FODLPV DERXW WKH %DURQ DQG .HQQ PHWKRG UHJDUGLQJ L IXOO RU SDUWLDO

PHGLDWLRQ DQG LL MXVWLILFDWLRQ RI PHGLDWLRQ EDVHG RQ VL]H DQG VLJQLILFDQW HIIHFW RI

GLUHFW HIIHFW F LV YRLG DQG D VHULRXV WKUHDW WR WKHRU GHYHORSPHQW DV LW PLJKW FDXVH

UHVHDUFKHUV WR PLV WKHRUL]H UHODWLRQV WKDW DUH H[LVWLQJ LQ WKH GDWD L H IXOO PHGLDWLRQ

GRHV QRW DOORZ UHVHDUFKHUV WR WHVW DGGLWLRQDO PHGLDWLQJ SDWKZD V LQ PRGHO :KHUHDV

WKHUH LV DOZD V D SRVVLELOLW RI DGGLWLRQDO PHGLDWLRQ JXLGHG E WKHRU HYHQ LI F

LV QRQ VLJQLILFDQW DQG RQH FDQQRW FODLPV WR KDYH HVWDEOLVKHG FRPSOHWH PHGLDWLRQ

5XFNHU HW DO =KDR HW DO 6L[WK LI DQ RQH RU ERWK RI WKH HQGRJHQRXV

YDULDEOHV L H 0 DQG < DUH ELQDU WKHQ VLPSOH UHJUHVVLRQ ZLOO QRW ZRUN 0DF.LQQRQ

'Z HU 6HYHQWK %DURQ .HQQ PHWKRG LV FULWLFL]HG IRU ORZHU VWDWLVWLFDO

SRZHU WR GHWHFW WRWDO DQG GLUHFW HIIHFWV WKDQ WKH SRZHU WR GHWHFW WKH LQGLUHFW SDWK D [

E 5XFNHU HW DO 0DF.LQQRQ HW DO 5XFNHU HW DO DQG =KDR HW DO

UHFRPPHQGHG RQH DQG RQO UHTXLUHPHQW WR MXVWLI PHGLDWLRQ E H[DPLQLQJ WKH

PDJQLWXGH RI LQGLUHFW D [ E RQO 7KDW PHDQV VLJQLILFDQW RU QRQ VLJQLILFDQW LQGLUHFW

HIIHFW F GRHV QRW QHFHVVDULO PHDQ H[LVWHQFH RU QRQH[LVWHQFH RI PHGLDWLRQ (LJKWK



SS

WKH PHWKRG LV YDOLG IRU D VLWXDWLRQ ZKLFK LQYROYHV RQH ZD PHGLDWHG UHODWLRQVKLS

6DQGHUV 1LQWK DQG WKH ODVW LI GDWD LV ODFNLQJ SURSHUW RI QRUPDO GLVWULEXWLRQ

ILQGLQJV PLJKW EH PLVOHDGLQJ

6REHO WHVW RI +R DE SURGXFW  

'HVFULSWLRQ

6REHO WHVW H[DPLQHV ZKHWKHU WKH HQWLUH SDWKZD IURP ; WR < YLD 0 LV UHOLDEOH

DV D SDFNDJH ,W KDV PDQ VLPLODULWLHV ZLWK %DURQ DQG .HQQ PHWKRG ,W DOVR

LQYROYHV WKH XVH RI KLHUDUFKLFDO UHJUHVVLRQ PHWKRG 'D 6LOYHLUD DQG UNDGHU

+RZHYHU LW KDV EHHQ XVHG E UHODWLYHO OHVV QXPEHU RI VWXGLHV

:K LV 6REHO WHVW QHHGHG" 6REHO DUJXHV WKDW

7K V VRFLRORJLVWV DQG UHVHDUFKHUV LQ PDQ RWKHU GLVFLSOLQHV DV HOO W SLFDOO

WUHDW WKH LQGLUHFW HIIHFWV WKH FDOF ODWH DV SDUDPHWHU DO HV DQG IRUP ODWH LQIHUHQFHV

LWKR W DVNLQJ KHWKHU WKH HIIHFW LWVHOI LV VWDWLVWLFDOO VLJQLILFDQW S

,W PD EH QRWHG WKDW 6REHO 7HVW LV QRW D VXEVWLWXWH RI %DURQ .HQQ WHVW

,W UDWKHU FRPSOLPHQWV WKH ODWHU 5XFNHU HW DO

7KLV WHVW ZRUNV ZHOO LQ D VLWXDWLRQ ZKHQ IXOO GDWD DUH QRW DYDLODEOH DQG WKH UH

searcher has only results of regression analysis (M   X; and Y   M).

)ROORZLQJ VWHSV DUH LQYROYHG LQ XVLQJ 6REHO 7HVW

6WHS FDOFXODWH FRHIILFLHQW RI ; IRU 0 L H D DQG LWV VWDQGDUG HUURU VD

6WHS FDOFXODWH FRHIILFLHQW RI 0 IRU < L H E DQG LWV VWDQGDUG HUURU VE

6WHS 8VH YDOXHV RI D E VD DQG VE LQ 6REHO &DOFXODWRU DYDLODEOH DW KWWS TXDQW

SV RUJ VREHO VREHO KWP 7KH YDOXHV DUH SXW LQ WKH ,QSXW FROXPQ VHH ILJXUH

7DEOH 6REHO 7HVWLQJ &DOFXODWRU

,QSXW W VWDWLVWLFV 6WG (UURU S YDOXH

D 6REHO WHVW

E URLDQ WHVW

VD *RRGPDQ WHVW

VE 5HVHW DOO &DOFXODWH
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OWHUQDWLYHO W VWDWLVWLF RI HDFK RI WKH DERYH PHQWLRQHG FRHIILFLHQWV FDQ EH XVHG

WR UXQ WKH WHVW ,Q RUGHU WR LQWHUSUHW UHVXOWV RI 6REHO WHVW ZH ORRN DW S YDOXHV JLYHQ LQ

WKH 6REHO WDEOH VHH 7DEOH ,I S YDOXH LV RU EHORZ ZH FRQFOXGH WKDW PHGLDWLRQ

LV VWDWLVWLFDOO VLJQLILFDQW

,OO VWUDWLRQ

:H SHUIRUPHG WKH 6REHO WHVW IRU WKH VDPH GDWD ZH XVHG LQ WHVWLQJ PHGLD

WLRQ ZLWK %DURQ DQG .HQQ PHWKRG V GHVFULEHG HDUOLHU 6REHO WHVW LV XVHG WR

PHDVXUH WKH VLJQLILFDQFH OHYHO S YDOXH RQO RI LQGLUHFW HIIHFW ZKLFK LV SURGXFW RI D

E SDWK L H DE )LUVW WR ILQG RXW WKH WRWDO LQGLUHFW EHWD HIIHFW ZH PDQXDOO PXOWLSO

ERWK LQGLUHFW XQVWDQGDUGL]HG EHWD HIIHFWV WKDW DUH IURP ; WR 0 LV DQG IURP

0 WR < LV 7KH SURGXFW RI ERWK FRHIILFLHQWV LV  7R UXQ 6REHO

WHVW RI GLUHFW HIIHFW VLJQLILFDQFH ZH XVHG RQOLQH 6REHO FDOFXODWRU KWWS TXDQWSV

RUJ VREHO VREHO KWP :KHUH ZH QHHG WKH FRHIILFLHQWV DQG VWDQGDUG HUURUV 6( RI

LQGLUHFW HIIHFWV L H 0← ; DQG <←0 +HUH DJDLQ ;  MXVWLFH 0  WUXVW DQG <  

ZHOOEHLQJ GHWDLOHG GLVFXVV LV JLYHQ EHORZ

V WKH 6REHO WHVW LQYROYHV WKH XVH RI LQSXWV JHQHUDWHG E WKH %DURQ DQG .HQQH

0HWKRG 7DEOH FRQWDLQV DOO UHTXLUHG YDOXHV L H D FRHIILFLHQW RI 0 ← ; E

FRHIILFLHQW RI < ← 0 VD VWDQGDUG HUURU RI D DQG VE VWDQGDUG HUURU RI E 7KHVH

LQSXWV ZHUH HQWHUHG LQWR WKH 6REHO WHVW FDOFXODWRU ,QSXW DQG RXWSXW RI WKH 6REHO WHVW

DUH SUHVHQWHG LQ ILJXUH

)LJXUH 6REHO 7HVW 5HVXOWV 8VLQJ 2QOLQH &DOFXODWRU

)LJXUH GHSLFWV UHVXOWV RI 6REHO WHVW ,JQRULQJ WKH URLDQ DQG *RRGPDQ WHVW WKH

ILUVW URZ 6REOH WHVW FRQWDLQV WKH S YDOXH RI DE SURGXFW RI LQGLUHFW HIIHFW ZKLFK LV

WKDW LV KLJKO VLJQLILFDQW DQG FRQILUPLQJ WKDW WKH WRWDO LQGLUHFW HIIHFW

LV VLJQLILFDQW ,W LPSOLHV WKDW WKH RUJDQL]DWLRQDO WUXVW IXOO PHGLDWHV WKH UHODWLRQVKLS

EHWZHHQ RUJDQL]DWLRQDO MXVWLFH DQG HPSOR HH ZHOOEHLQJ

:HDNQHVVHV RI 6REHO WHVW

0XFK RI WKH FULWLFLVP DJDLQVW %DURQ DQG .HQQ PHWKRG LV YDOLG IRU WKH
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6REHO WHVW WRR +RZHYHU WKHUH DUH VRPH DGGLWLRQDO LVVXHV WRR

6REHO WHVW ZRUNV ZHOO RQO LQ FDVH ZKHUH WKHUH LV D ODUJH VDPSOH VL]H DQG WKH

VDPSOLQJ RI LQGLUHFW HIIHFW KROGV WKH SURSHUWLHV RI QRUPDO GLVWULEXWLRQ 5XFNHU

3UHDFKHU 7RUPDOD 3HWW

7KH 6REHO WHVW LQFOLQHV WR SURGXFH DQ LQFRUUHFW DSSUR[LPDWLRQ WR WKH WUXH FRQIL

GHQFH LQWHUYDO RI WKH PHGLDWHG HIIHFW 0DF.LQQRQ :DUVL 'Z HU

7KH 6REHO WHVW LV LQDGHTXDWH WR VKRZ WKDW WKH HIIHFW RI ; RQ < LV UHGXFHG LQ VL]H

ZKHQ 0 LV DGGHG WR WKH PRGHO 3UHDFKHU +D HV

6REHO WHVW LV ORZ LQ SRZHU FRPSDUHG WR D ERRWVWUDS WHVW =KDR HW DO

%RRWVWUDSSHG FRQILGHQFH LQWHUYDO IRU LQGLUHFW HIIHFW D E XVLQJ

352&(66 PDFUR +D HV

'HVFULSWLRQ

3UHDFKHU DQG+D HV VWDWH WKDW ERRWVWUDSSLQJ LV D FRPSXWDWLRQDOO LQWHQVLYH

PHWKRG WKDW LQYROYHV UHSHDWHGO VDPSOLQJ IURP WKH GDWD VHW DQG HVWLPDWLQJ WKH LQGLUHFW

HIIHFW LQ HDFK UHVDPSOHG GDWD VHW %RRWVWUDSSLQJ WHFKQLTXH KDV PDQ DGYDQWDJHV

,W KDV WKH FDSDELOLW WR WHVW D PXOWL PHGLDWLRQ PRGHO 3UHDFKHU DQG +D HV

,W LV SUHIHUDEOH RYHU 6REHO 7HVW DQG FDXVDO PHWKRG RI PHGLDWLRQ WHVWLQJ EHFDXVH LW

KDV KLJKHU SRZHU DQG EHWWHU FRQWURO RYHU 7 SH , HUURU 3UHDFKHU DQG+D HV

,W GRHV QRW UHTXLUH WKH GDWD WR EH SHUIHFW QRUPDOO GLVWULEXWHG 3UHDFKHU DQG

+D HV

7R HVWLPDWH WKH ERRWVWUDSSHG FRQILGHQFH LQWHUYDO IRU LQGLUHFW HIIHFW WKH 3URFHVV

PDFUR GHYHORSHG E +D HV LV XVHG ,W UXQV DV DGGV RQ LQ 6366 5HVXOWV JHQ

HUDWHG WKURXJK WKH 352&(66 DUH FRQWDLQHG IRXU VXE WDEOHV

6XE WDEOH ,W VKRZV WKH HIIHFW RI ; RQ 0 D SDWK

6XE WDEOH ,W VKRZV WKH HIIHFW RI ; DQG 0 RQ < ERWK ; DQG 0 DUH LQFOXGHG DV

LQGHSHQGHQW YDULDEOHV E DQG F SDWKV

6XE WDEOH ,W VKRZV WKH HIIHFW RI ; RQ < ZLWKRXW LQFOXVLRQ RI 0 F SDWK

6XE WDEOH ,W VKRZV

○ Total effect of X on Y [taken from sub-table 3]. If p ≤ 0.05, then total effect is
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VWDWLVWLFDOO VLJQLILFDQW

○ Direct effect of X on Y [taken from sub-table 2]. If p ≤ 0.05, then direct effect
LV VWDWLVWLFDOO VLJQLILFDQW

○ ,QGLUHFW HIIHFW RI ; RQ < WRWDO HIIHFW GLUHFW HIIHFW ,I VLJQV RI WKH ORZHU OHYHO

FRQILGHQFH LQWHUYDO %RRW//&, DQG XSSHU OHYHO FRQILGHQFH LQWHUYDO %RRW

8/&, DUH GLIIHUHQW RQH LV SRVLWLYH DQG RWKHU LV QHJDWLYH WKHQ WKH LQGLUHFW

HIIHFW LV QRW VWDWLVWLFDOO GLIIHUHQW IURP ]HUR ,Q RWKHU ZRUGV WKH LQGLUHFW HI

IHFW LV VWDWLVWLFDOO LQVLJQLILFDQW %XW LI VLJQV RI ERWK DUH VDPH HLWKHU ERWK DUH

QHJDWLYH RU ERWK DUH SRVLWLYH WKHQ WKH LQGLUHFW HIIHFW LV VWDWLVWLFDOO VLJQLILFDQW

+D HV S

1RUPDO WKHRU WHVWV 7KLV LV DOVR NQRZQ DV WKH SURGXFW RI FRHIILFLHQWV DSSURDFK

to interference or Sobel test. If p ≤ 0.05, then we infer that the indirect effect is
VWDWLVWLFDOO VLJQLILFDQW +D HV S

,OO VWUDWLRQ

8VLQJ 3URFHVV PDFUR LQ 6366 ZH IROORZHG WKH VWHS E VWHS SURFHVV WR SURGXFH

UHVXOWV :KHUH XVLQJPRGHO QXPEHU ZH HQWHUHG RUJDQL]DWLRQ MXVWLFH LQ WKH LQGHSHQ

GHQW YDULDEOH ER[ (PSOR HH ZHOOEHLQJ LQ WKH RXWFRPH YDULDEOH ER[ DQG RUJDQL]DWLRQDO

WUXVW LQ 0 YDULDEOH ER[ :KLOH XVLQJ WKH 352&(66 WDNLQJ VDPSOH ERRWVWUDS

ZLWK FRQILGHQFH OHYHO DW

7KH 352&(66 UXQV WKHPHGLDWLRQ DQDO VLV LQ VWHSV PRGHOV WKDW DUH DV IROORZLQJ

6WHS FDXVDO UHODWLRQVKLS EHWZHHQ ; DQG < F SDWK

6WHS FDXVDO UHODWLRQVKLS EHWZHHQ ; DQG 0 D SDWK

6WHS FDXVDO UHODWLRQVKLSV ZKHUH ; DQG0 ERWK DUH UHJUHVVHG RQ < E DQG F SDWKV

6WHS LGHQWLILFDWLRQ RI WRWDO GLUHFW DQG LQGLUHFW SDWKV ZLWK S FRQILGHQFH

LQWHUYDOV

)ROORZLQJ WKH DERYH PHQWLRQHG VWHSV WKH 352&(66 JHQHUDWHG UHVXOWV SUHVHQWHG

LQ 7DEOH

5HVXOWV JLYHQ LQ 7DEOH LQGLFDWH WKDW WKH HIIHFW RI ; L H RUJDQL]DWLRQ MXVWLFH

RQ < L H (PSBZHOOEHLQJ LJQRULQJ WKH UROH RI PHGLDWRU LV VLJQLILFDQW E  W  

S  WKH HIIHFW RI ; L H 2UJBMXVWLFH RQ 0 L H 2UJBWUXVW LV DOVR

VLJQLILFDQW E  W  S  WKH HIIHFW RI 0 L H 2UJBWUXVW RQ < L H

(PSBZHOOEHLQJ FRQWUROOLQJ IRU 2UJDQL]DWLRQ -XVWLFH ; LV VLJQLILFDQW E  W  
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S  DQG FRQWUROOLQJ IRU 0 ; LV QR ORQJHU D VLJQLILFDQW SUHGLFWRU RI < E  

W  S  ,W VKRZV WKDW PHGLDWLQJ HIIHFW LV WKHUH

7KH 352&(66 DOVR SURGXFHG UHVXOWV IRU DOO SDWKV WRWDO GLUHFW LQGLUHFW VHSD

UDWHO 6HH 7DEOH 7KH ILQDO MXVWLILFDWLRQ RIPHGLDWLRQ HIIHFW LQ ERRWVWUDS WHFKQLTXH

GHSHQGV XSRQ WKH EHWD FRHIILFLHQW DQG WKH S YDOXH RI LQGLUHFW HIIHFW 7DEOH LQGLFDWHV

WKDW WKH LQGLUHFW HIIHFW EHWD ZHLJKW LV DQG WKH LQGLUHFW SURFHGXUH DOVR SURYLGHV D

FRQILGHQFH LQWHUYDO &, IRU WKH YDOXH RI WKH LQGLUHFW HIIHFW 7KH /,&, LV DQG

WKH 8/&, LV 6LQFH ]HUR GRHV QRW IDOO EHWZHHQ WKHVH WZR YDOXHV WKH QXOO K SRWKHVLV

WKDW DE  FDQ EH UHMHFWHG ,Q RWKHU ZRUGV WKHUH LV D UHPRWH FKDQFH WKDW WKH LQGLUHFW

HIIHFW PLJKW QRW H[LVW

7DEOH 7RWDO 'LUHFW DQG ,QGLUHFW (IIHFWV 5HVXOWV *HQHUDWHG E 3URFHVV

%HWD 6 ( 7 3 //&, 8/&,

7RWDO (IIHFW

'LUHFW

(IIHFW

,QGLUHFW

(IIHFW

6REHO WHVW ZDV FRQGXFWHG XVLQJ VSHFLDO RSWLRQV DYDLODEOH LQ WKH 3URFHVV 5HVXOWV

DUH VKRZQ LQ 7DEOH ,W VKRZV WKDW WKHUH LV IXOO PHGLDWLRQ LQ WKH PRGHO ]  S  

,Q RWKHU ZRUGV 2UJBWUXVW IXOO PHGLDWHV WKH UHODWLRQVKLS EHWZHHQ2UJDQL]DWLRQ

-XVWLFH DQG (PSB:HOOEHLQJ

7DEOH 6REHO 1RUPDO 7KHRU 7HVW IRU ,QGLUHFW (IIHFW

(IIHFW 6 ( = 3

:HDNQHVVHV

352&(66 FDQ UXQ RQO SUH VSHFLILHG GLIIHUHQW W SHV RI PHGLDWLRQ PRGHUD

WLRQ PRGHOV QRWKHU OLPLWDWLRQ LV WKDW LQ DOO WKRVH PRGHOV ZH FDQ XVH RQO RQH

; DQG RQH <

0HGLDWLRQ ZLWK ERRWVWUDS WHFKQLTXH RI LQGLUHFW HIIHFW DE XVLQJ

026
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'HVFULSWLRQ

0RVW VWUXFWXUDO HTXDWLRQ PRGHOLQJ 6(0 VRIWZDUH SURYLGH ERRWVWUDSSLQJ WHFK

QLTXH WR WHVW PHGLDWLRQ HIIHFW 7KHVH SURJUDPV SURYLGH ERRWVWUDSSHG FRQILGHQFH

LQWHUYDOV DQG DVVRFLDWHG VWDWLVWLFDO VLJQLILFDQFH WHVWV IRU DE LQGLUHFW SDWKV

,OO VWUDWLRQ

:H HPSOR HG 026 D FR YDULDQFH EDVHG 6(0 DSSOLFDWLRQ WR UXQ PHGLDWLRQ

DQDO VLV E DVVLJQLQJ WKH YDOXH RI IRU ERRWVWUDS VDPSOHV DORQJ ZLWK WKH ELDVHG

FRUUHFWHG FRQILGHQFH LQWHUYDO DW

026 JHQHUDWHG VLPLODU UHVXOWV IRU 3DWK F D E DQG F ERWK VWDQGDUGL]HG DQG

XQVWDQGDUGL]HG DV LQ FDVH RI %DURQ DQG .HQQ PHWKRG DSSOLFDWLRQ 7R REWDLQ WRWDO

LQGLUHFW HIIHFW DE DQG VLJQLILFDQFH OHYHO ZH ORRNHG IRU VVWDQGDUGL]HG LQGLUHFW HIIHFW

ERRWVWUDSSHG FRQILGHQFH LQWHUYDOV &,V DQG S YDOXH

7DEOH VKRZV WKDW WKH LQGLUHFW XQVWDQGDUGL]HG HIIHFW DE EHWZHHQ ; DQG < LV

,W DOVR VKRZV &, UHVXOWV IRU WKH HVWLPDWH RI WKH VWDQGDUGL]HG DE LQGLUHFW

HIIHFW LQ WKLV H[DPSOH WKH HIIHFW RI RUJB-XVWLFH ; RQ (PSB:HOOEHLQJ < PHGLDWHG

E 2UJB7UXVW 0 7KH //&, DQG 8/&, DUH DQG 7KH UHVXOW RI D VWDWLVWLFDO

VLJQLILFDQFH WHVW IRU + DE  XVLQJ DQ HUURU WHUP GHULYHG IURP ERRWVWUDSSLQJ LV

S  

7DEOH 6WDQGDUGL]HG ,QGLUHFW (IIHFWV DE 026 RXWSXW

,QGLUHFW 5HOD

WLRQVKLSV

%HWD 6WDQ

GDUGL HG

%HWD 8QVWDQ

GDUGL HG

3 6WDQGDUGL HG

/RZHU OLPLW RI

&,

6WDQGDUGL HG

8SSHU OLPLW RI

&,

2UJB-XVWLFH

,9 (PSB

:HOOEHLQJ

'9

7DEOH VKRZV DOO SDWKV L H WRWDO GLUHFW DQG LQGLUHFW HIIHFWV XVLQJ ERRWVWUDSSHG

VDPSOH RI DW &, JDLQ WKH ILQDO MXVWLILFDWLRQ RI PHGLDWLRQ XVLQJ VXFK

WHFKQLTXH LV EDVHG RQ WKH EHWD ZHLJKW DQG WKH S YDOXH RI LQGLUHFW HIIHFW +HUH WKH

LQGLUHFW HIIHFW LV DQG LV VLJQLILFDQW DW S MXVWLI LQJ WKDW 2UJB7UXVWPHGLDWHV

WKH UHODWLRQVKLS EHWZHHQ 2UJBMXVWLFH DQG (PSBZHOOEHLQJ
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7HVWLQJ D FRPSOLFDWHG PHGLDWLRQ PRGHO

V GLVFXVVHG HDUOLHU 6(0 VRIWZDUHV VXFK DV 026 FDQ EH XVHG WR WHVW DQ FRP

SOLFDWHG LQWHUGHSHQGHQW PRGHO LQYROYLQJ PRUH WKDQ RQH PHGLDWLRQ HTXDWLRQV ZKHUH

ZH FDQ UXQ SDUDOOHO DQG VHTXHQWLDO PHGLDWLRQ RU PRGHUDWLRQ LQ D VLQJOHPRGHO ZLWKRXW

EUHDNLQJ LW LQWR SDUWV 7R WHVW D FRPSOH[ PHGLDWLRQ QXPEHU RI PHGLDWLRQ HTXDWLRQV

LQ D VLQJOHPRGHO ZH UDQ RXU SUHYLRXV PRGHO JLYHQ LQ )LJXUH XVLQJ 026 VRIWZDUH

ZLWK ERRWVWUDS WHFKQLTXH 7KHUH DUH WZR ;V LQGHSHQGHQW YDULDEOHV WZR < GHSHQGHQW

YDULDEOHV DQG WZR 0V PHGLDWRUV QG EDVHG RQ WKHVH UHODWLRQV ZH GHYHORSHG IRXU

PHGLDWLRQ K SRWKHVHV VHH 7DEOH

7R WHVWPHGLDWLRQ HIIHFW ZH IROORZHG WKUHH VWHSV W VWHS ZH IRXQG RXW WKH WRWDO

HIIHFW F L H WR H[DPLQH WKH HIIHFW RI ;V RQ <V ZLWKRXW LQFOXGLQJ PHGLDWRUV )LJXUH

GHSLFWV WKH WRWDO HIIHFW ZLWK ;V DQG <V :H DOVR FRUUHODWHG WKH ;V 7KH FRUUHODWHG

YDOXH EHWZHHQ ;V LV DQG WKH LPSDFW RI RUJB-XVWLFH LV 3 DQG HPSOR HH

ZHOOEHLQJ KDV S )RU GHWDLO VHH )LJXUH DQG 7DEOH

7DEOH 5HVXOWV RI ,QGLUHFW (IIHFW RI ,9 RQ '9

5HODWLRQVKLS 7RWDO (IIHFW & LUHFW (IIHFW & ,QGLUHFW (IIHFW D E 0HGL

DWLRQ

5HVXOW
%HWD 3 %HWD 3 %HWD 3

2UJB-XVWLFH  ,9

(PSB:HOOEHLQJ

 '9 2UJB7UXVW 

0HG

)XOO 0HGL

DWLRQ

)LJXUH 7HVWLQJ 7RWDO 5HODWLRQV F %HWZHHQ ,9V DQG '9V

7DEOH 5HJUHVVLRQ :HLJKWV *URXS QXPEHU 'HIDXOW PRGHO

5HODWLRQV %HWD XQVWDQ

GDUGL HG

%HWD VWDQ

GDUGL HG

6 ( 3

2UJB3HUIRUPDQFH ← &65

(PSB:HOOEHLQJ ← 2UJB-XVWLFH
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W VWHS ZH LQFOXGHG 0V PHGLDWRUV LQ WKH PRGHO VHH )LJXUH 6XSSRVH ZH

ZDQW WR ILQG RXW WKH LQGLUHFW HIIHFW RI RUJBMXVWLFH RQ HPSBZHOOEHLQJ ZH VHH WKDW WKHUH

DUH WZR LQGLUHFW HIIHFWV LQ WKLV FDVH RQH WKURXJK RUJBWUXVW DQG WKH RWKHU WKURXJK

RUJBFXOWXUH :H UHPRYH RQH LQGLUHFW OLQN VR WKDW ZH FDQ ILQG LQGLUHFW HIIHFW RQ WKH

RWKHU SDWK ,Q )LJXUH RX ZRXOG VHH ZH KDYH UHPRYHG OLQN EHWZHHQ2UJB-XVWLFH DQG

2UJB7UXVW VR WKDW ZH FDQ ILQG RXW WKH LQGLUHFW HIIHFW RI RUJBMXVWLFH RQ (PSB:HOOEH

LQJ WKURXJK RUJBFXOWXUH 8VLQJ ERRWVWUDS WHFKQLTXH ZLWK 026 ZH FDOFXODWHG WRWDO

LQGLUHFW HIIHFW E FRPELQLQJ ERWK ZD V IURP RUJBMXVWLFH DQG HPSBZHOOEHLQJ )LJXUH

GHSLFWV WKDW WKH SDWK IURP ; WR 0 LV S DQG SDWK % LV IURP 0 WR

< LV 3 QG WKH WRWDO LQGLUHFW HIIHFW [ LV DQG VLJQLILFDQW

DW S MXVWLI LQJ WKDW RUJBFXOWXUH PHGLDWH WKH UHODWLRQVKLS EHWZHHQ RUJBMXVWLFH

DQG HPS ZHOOEHLQJ

)LJXUH 7HVWLQJ + SRWKHVLV 2UJB&XOWXUH 0HGLDWHV WKH 5HODWLRQVKLS %HWZHHQ 2UJ -XVWLFH

DQG (PSB:HOOEHLQJ

)LJXUH GHSLFWV WKH WHVWLQJ RI RXU QG K SRWKHVLV ZKHUH 2UJB7UXVW PHGLDWHV WKH

UHODWLRQVKLS EHWZHHQ RUJBMXVWLFH DQG RUJBZHOOEHLQJ :H UHPRYHG WKH RWKHU LQGLUHFW

HIIHFW EHWZHHQ ; RUJ MXVWLFH DQG < RUJ ZHOOEHLQJ WKURXJK RUJBFXOWXUH +HUH WKH

SDWK IURP ; WR 0 L H IURP 2- WR (7 LV 3 DQG WKH SDWK % IURP 0 WR

< L H (7 WR (: LV 3 DQG WRWDO LQGLUHFW HIIHFW )LJXUH LV S  

MXVWLI LQJ WKH PHGLDWLQJ UROH RI RUJ WUXVW EHWZHHQ ; DQG <

)LJXUH GHSLFWV WKH WHVWLQJ RI RXU UG K SRWKHVLV ZKHUH 2UJB7UXVW PHGLDWHV WKH

UHODWLRQVKLS EHWZHHQ &65 DQG 2UJBSHUIRUPDQFH +HUH WRR ZH GHOHWHG WKH RWKHU

LQGLUHFW HIIHFW EHWZHHQ ; DQG < WKURXJK RUJBFXOWXUH WR ILQG RXW WKH K SRWKHVL]HG

UHODWLRQ +HUH WKH SDWK IURP ; WR 0 LV 3 DQG WKH SDWK % IURP 0 WR

< LV 3 DQG WRWDO LQGLUHFW HIIHFW VHH WDEOH LV 3  MXVWLI LQJ

WKH PHGLDWLQJ UROH RI RUJ WUXVW EHWZHHQ ; DQG < 7DEOH
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)LJXUH 7HVWLQJ + SRWKHVLV 2UJB7UXVW 0HGLDWHV WKH 5HODWLRQVKLS %HWZHHQ 2UJB-XVWLFH

DQG (PSB:HOOEHLQJ

)LJXUH 7HVWLQJ + SRWKHVLV 2UJB7UXVW 0HGLDWHV WKH 5HODWLRQVKLS %HWZHHQ &65 DQG

2UJB3HUIRUPDQFH

)LJXUH GHSLFWV D PRGHO IRU WHVWLQJ RI RXU WK K SRWKHVLV ZKHUH RUJBFXOWXUHPH

GLDWHV WKH UHODWLRQVKLS EHWZHHQ&65 DQG2UJBSHUIRUPDQFH +HUH WRR ZH UHPRYHG WKH

RWKHU LQGLUHFW HIIHFW EHWZHHQ; DQG < WKURXJK2UJB7UXVW WR ILQG RXW WKH K SRWKHVL]HG

UHODWLRQ +HUH WKH SDWK IURP ; WR 0 LV S  7KLV QRQ VLJQLILFDQW SDWK

YLRODWHV WKH EDVLF DVVXPSWLRQ RI WKH PHGLDWLRQ DQDO VLV VR ZH FDQQRW IXUWKHU SURFHHG

WR FDUU RXW WKH PHGLDWLRQ WHVW +HQFH ZH UHMHFW WKH WK K SRWKHVLV DQG FRQFOXGH WKDW

RUJ FXOWXUH GRHV QRW PHGLDWH VLJQLILFDQWO EHWZHHQ &65 DQG WKH RUJ SHUIRUPDQFH

&RPSDULVRQ RI WKH WKUHH PHWKRGV

,Q RUGHU WR FRPSDUH UHVXOWV RI DOO WKUHH PDMRU PHWKRGV RI PHGLDWLRQ DQDO VLV L H
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)LJXUH 7HVWLQJ + SRWKHVLV 2UJB&XOWXUH 0HGLDWHV WKH 5HODWLRQVKLS %HWZHHQ &65 DQG

2UJB3HUIRUPDQFH

%DURQ DQG .HQQ %RRWVWUDSSLQJ DQG 6REHO ZH SUHVHQW UHVXOWV RI DOO IRXU K SRWKHVHV

E XVLQJ WKUHH PHWKRGV RI WHVWLQJ PHGLDWLRQ LQ 7DEOH )LJXUH GHSLFWV WKH XQ

VWDQGDUGL]HG EHWD ZHLJKWV RI DOO UHODWLRQV ZKLFK ZH FDQ XVH WR WHVW WKH LQGLUHFW HIIHFWV

PDQXDOO IRU 6REHO WHVW FDOFXODWRU

)LJXUH 8QVWDQGDUGL]HG %HWD :HLJKWV IRU 6REHO 7HVW &DOFXODWRU

6HULDO VHTXHQWLDO PHGLDWLRQ

6HULDO RU VHTXHQWLDO PHGLDWLRQ LQYROYHV D VLWXDWLRQ ZKHUH YDULDEOHV DIIHFW RQH

DQRWKHU LQ D FKDLQ V GHSLFWHG LQ )LJXUH RUJB MXVWLFH DIIHFWV 2UJB7UXVW ZKLFK

LQ WXUQ DIIHFWV HPSBZHOOEHLQJ DQG ZKLFK HYHQWXDOO DIIHFWV RUJBSHUIRUPDQFH
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)LJXUH &RQFHSWXDO 'LDJUDP RI 6HULDO 0HGLDWLRQ

)LJXUH LV WKH VWDWLVWLFDO GLDJUDP RI WKH VDPH VHULDO UHODWLRQ FDUHIXO DQDO VLV

RI WKLV VHULDO UHODWLRQVKLS LGHQWLILHV DW OHDVW ILYH PHGLDWLRQ K SRWKHVHV ZKLFK LQFOXGH

2UJB7UXVW PHGLDWHV WKH UHODWLRQVKLS EHWZHHQ 2UJBMXVWLFH DQG HPSBZHOOEHLQJ

(PSBZHOOEHLQJ PHGLDWHV WKH UHODWLRQVKLS EHWZHHQ 2UJB7UXVW DQG RUJ SHUIRU

PDQFH

2UJB7UXVW PHGLDWHV WKH UHODWLRQVKLS EHWZHHQ RUJBMXVWLFH DQG RUJBSHUIRUPDQFH

(PS ZHOOEHLQJ PHGLDWHV WKH UHODWLRQVKLS EHWZHHQ RUJBMXVWLFH DQG RUJBSHUIRU

PDQFH

2UJB7UXVW DQG HPSBZHOOEHLQJ ERWK PHGLDWH WKH UHODWLRQVKLS EHWZHHQ RUJBMXVWLFH

DQG RUJBSHUIRUPDQFH

)LJXUH 6WDWLVWLFDO 'LDJUDP DQG 5HVXOWV RI 6HULDO 0HGLDWLRQ

7DEOH QXPHULFDOO HODERUDWHV WKH VW QG DQG WK K SRWKHVHV DORQJ ZLWK D

FRPSDULVRQ EHWZHHQ %DURQ DQG .HQQH DQG %RRWVWUDSSLQJ WHFKQLTXHV )RU

WHVWLQJ WKH K SRWKHVLV DQG ZH ZLOO KDYH WR UHPRYH WKH UHGXQGDQW LQGLUHFW UHOD

WLRQVKLS EHWZHHQ ; DQG < WR WHVW WKH K SRWKHVL]HG LQGLUHFW UHODWLRQVKLS 'HWDLOHG

QXPHULFDO UHVXOWV DUH JLYHQ LQ 7DEOH
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&RQFOXVLRQ

%DURQ DQG .HQQ PHWKRG VKRXOG EH XVHG ZLWK JUHDW FDXWLRQ 5HVHDUFKHUV

PXVW HQVXUH WKDW WKH GDWD XQGHU LQYHVWLJDWLRQ SRVVHVVHV QHFHVVDU SURSHUWLHV L H LW

PHHWV DOO EDVLF DVVXPSWLRQV RI UHJUHVVLRQ DQDO VLV 0HGLDWLRQ WHVW LV UXQ VWHS E VWHS

,I DW DQ RI WKH ILUVW WKUHH VWHSV UHODWLRQVKLS LV IRXQG LQVLJQLILFDQW WKHQ WKHUH LV QR

QHHG WR SURFHHG IXUWKHU %DURQ DQG .HQQ PHWKRG LV VLPSOH WR XVH +RZHYHU

LW GRHV QRW LQGLFDWH ZKHWKHU WKH LQGLUHFW HIIHFW LV VWDWLVWLFDOO VLJQLILFDQW 7KLV VKRUW

FRPLQJ FDQ EH DGGUHVVHG E WKH 6REHO WHVW 6REHO WHVW KDV WKH FDSDELOLW WR SURGXFH

VWDWLVWLFDO VLJQLILFDQFH RI WKH LQGLUHFW HIIHFW 2QH DGGLWLRQDO DGYDQWDJH RI WKH 6REHO

WHVW LV WKDW LW FDQ EH XVHG HYHQ ZKHQ UDZ GDWD LV QRW DYDLODEOH DQG WKH UHVHDUFKHU KDV

RQO EHWD FRHIILFLHQWV RI ;0 DQG0< UHODWLRQVKLSV DQG WKHLU VWDQGDUG HUURUV %HVLGHV

LW DOVR GRHV QRW UHTXLUH DQ H[FOXVLYH VWDWLVWLFDO SDFNDJH DSSOLFDWLRQ ,W FDQ EH UXQ

E XVLQJ DQ RQOLQH FDOFXODWRU +RZHYHU ERWK %DURQ DQG .HQQ PHWKRG DQG

6REHO WHVW DUH ZHDN LQ SRZHU DQG W SH , HUURU

%RRWVWUDSSLQJ WHFKQLTXH KDV DQ DGYDQWDJH ZKLFK LV QRW DVVRFLDWHG ZLWK HLWKHU

%DURQ DQG .HQQ PHWKRG RU ZLWK 6REHO WHVW +RZHYHU LW LV DYDLODEOH ZLWK

%RRWVWUDSSLQJ &RQILGHQFH ,QWHUYDO PHWKRG ZKLFK LQYROYHV WKH XVH RI 352&(66

DQ DGGV RQ DSSOLFDWLRQ WKDW UXQV LQ 6366 %HVLGHV LW KDV KLJK VWDWLVWLFDO SRZHU DQG

EHWWHU FRQWURO RQ W SH , HUURU ,W LV DOVR ZRUWKPHQWLRQLQJ WKDW LW SURGXFHV EHWWHU UHVXOWV

HYHQ ZKHQ GDWD ODFNV WKH SURSHUW RI QRUPDO GLVWULEXWLRQ :KLOH LQWHUSUHWLQJ WKH

UHVXOWV WKH UHVHDUFKHUV QHHG WR FORVHO ORRN DW WKH %RRW//&, DQG %RRW8/&, YDOXHV

DQG DW WKH UHVXOWV RI 1RUPDO WKHRU WHVWV 2QH ZHDNQHVV RI WKH 352&(66 LV WKDW LW

RSHUDWHV ZLWKLQ WKH RSWLRQV DYDLODEOH LQ WKH IRUP RI SUH GHILQHG PRGHOV ,I WKHUH

DULVHV D VLWXDWLRQ WKDW LV RXWVLGH WKH VFRSH RI WKHVH PRGHOV WKH 352&(66 VLPSO

WXUQV RXW WR EH XVHOHVV

7KLV ZHDNQHVV RI WKH 352&(66 LV RYHUFRPH E WKH 0HGLDWLRQ ZLWK ERRWVWUDS

WHFKQLTXH RI LQGLUHFW HIIHFW DE XVLQJ 026 RU VRPH RWKHU 6(0 VWDWLVWLFDO DQDO VLV

VRIWZDUHV ,W LQYROYHV WKH XVH RI FRYDULDQFH EDVHG 6(0 &%6(0 ,WV RQO VKRUWFRPLQJ

LV WKDW LW FDQ SURGXFH PLVOHDGLQJ UHVXOWV LI GDWD ODFNV WKH SURSHUWLHV RI QRUPDO GLVWUL

EXWLRQ DQG RU LI VDPSOH VL]H LV VPDOO ,Q VXFK VLWXDWLRQV UHVHDUFKHUV DUH VXJJHVWHG WR

XVH SDUWLDO OHDVW VTXDUH EDVHG 6(0 3/6 6(0 ,W VKRXOG DOVR EH QRWHG WKDW FRPSOH[

PHGLDWLRQ UHTXLUHV WKH XVH RI 6(0

/LPLWDWLRQV

7KH FXUUHQW VWXG GRHV QRW WDNH LQWR DFFRXQW DOO PHWKRGV RI PHGLDWLRQ DQDO VLV

,W KDV FRYHUHG RQO WKUHH LPSRUWDQW DQG FRPPRQO XVHG PHWKRGV 6HFRQG OLPLWDWLRQ

LV WKDW ZH KDYH XVHG RQO FRQWLQXRXV YDULDEOHV DV LQGHSHQGHQW YDULDEOHV LQ WKH FXUUHQW
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VWXG 0HGLDWLRQ DQDO VLV XVLQJ GLFKRWRPRXV RUPXOWLFDWHJRULFDO W SHV RI LQGHSHQGHQW

YDULDEOHV VXFK DV WZR RU PRUH H[SHULPHQWDO FRQGLWLRQV DV GLVFXVVHG LQ +D HV DQG

3UHDFKHU XVLQJ 0SOXV RU 6 6 VRIWZDUH DUH QRW FRYHUHG E WKLV VWXG )XUWKHU

ZH KDYH FRQVLGHUHG WKUHH PDMRU FRQGLWLRQV RI PHGLDWLQJ UHODWLRQV L H VLPSOH SDUDO

OHO DQG VHULDO VHTXHQWLDO 7HVWLQJ PHGLDWLRQ UHODWLRQV DW PXOWLOHYHO DV GLVFXVVHG E

3UHDFKHU = SKXU DQG =KDQJ DQG =KDQJ = SKXU DQG 3UHDFKHU LV DOVR

EH RQG WKH VFRSH RI WKH FXUUHQW VWXG 0RUHRYHU 3/6 EDVHG DSSURDFKHV WR PHGLDWLRQ

DUH DOVR RXW RI WKH VFRSH RI WKLV DUWLFOH )XWXUH VWXGLHV PD DWWHQG WR WKHVH ZHDNQHVVHV

5HIHUHQFHV

%DURQ 5 0 .HQQ ' 7KH PRGHUDWRUPHGLDWRU YDULDEOH GLVWLQFWLRQ LQ VRFLDO SV FKRORJ

LFDO UHVHDUFK &RQFHSWXDO VWUDWHJLF DQG VWDWLVWLFDO FRQVLGHUDWLRQV -R UQDO RI 3HUVRQDOLW DQG 6RFLDO

3V FKRORJ

%HQQHWW - 0HGLDWRU DQG PRGHUDWRU YDULDEOHV LQ QXUVLQJ UHVHDUFK &RQFHSWXDO DQG VWDWLVWLFDO

GLIIHUHQFHV 5HVHDUFK LQ 1 UVLQJ +HDOWK

&DR < ;LDQJ < 7KH LPSDFW RI NQRZOHGJH JRYHUQDQFH RQ NQRZOHGJH VKDULQJ 0DQDJHPHQW

'HFLVLRQ

&KHQ 6 < :X : & &KDQJ & 6 /LQ & 7 .XQJ - < :HQJ + & /HH 6 , 2UJDQL]D

WLRQDO MXVWLFH WUXVW DQG LGHQWLILFDWLRQ DQG WKHLU HIIHFWV RQ RUJDQL]DWLRQDO FRPPLWPHQW LQ KRVSLWDO

QXUVLQJ VWDII 0& +HDOWK 6HU LFHV 5HVHDUFK  

&KRL < < &RUSRUDWH VRFLDO UHVSRQVLELOLW DQG ILUP SHUIRUPDQFH WKURXJK WKH PHGLDWLQJ HIIHFW

RI RUJDQL]DWLRQDO WUXVW LQ &KLQHVH ILUPV &KLQHVH 0DQDJHPHQW 6W GLHV

'D 6LOYHLUD * - & UNDGHU 5 7KH GLUHFW DQG PHGLDWHG UHODWLRQVKLSV EHWZHHQ VXSSO FKDLQ

FRRUGLQDWLRQ LQYHVWPHQWV DQG GHOLYHU SHUIRUPDQFH ,QWHUQDWLRQDO -R UQDO RI 2SHUDWLRQV DQG 3URG FWLRQ

0DQDJHPHQW

+D HV ) %H RQG %DURQ DQG .HQQ 6WDWLVWLFDO PHGLDWLRQ DQDO VLV LQ WKH QHZPLOOHQQLXP &RP

P QLFDWLRQ 0RQRJUDSKV

+D HV ) ,QWURG FWLRQ WR PHGLDWLRQ PRGHUDWLRQ DQG FRQGLWLRQDO DQDO VLV 1HZ <RUN 1< 7KH

*XLOIRUG 3UHVV

+D HV ) 352&(66 YHUVDWLOH FRPSXWDWLRQDO WRRO IRU REVHUYHG YDULDEOH PHGLDWLRQ PRG

HUDWLRQ DQG FRQGLWLRQDO SURFHVV PRGHOLQJ >:KLWH SDSHU@ 5HWULHYHG IURP KWWS ZZZ DIKD HV

FRP SXEOLF SURFHVV SGI

+D HV ) 3UHDFKHU . - 6WDWLVWLFDO PHGLDWLRQ DQDO VLV ZLWK D PXOWLFDWHJRULFDO LQGHSHQGHQW

YDULDEOH ULWLVK -R UQDO RI 0DWKHPDWLFDO DQG 6WDWLVWLFDO 3V FKRORJ

+HUW]RJ 0 7UHQGV LQ PHGLDWLRQ DQDO VLV LQ QXUVLQJ UHVHDUFK ,PSURYLQJ FXUUHQW SUDFWLFH :HVWHUQ
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-R UQDO RI 1 UVLQJ 5HVHDUFK

+XVVH ' 0 (DJDQ 3 ' 8VLQJ VWUXFWXUDO HTXDWLRQ PRGHOLQJ WR WHVW HQYLURQPHQWDO

SHUIRUPDQFH LQ VPDOO DQG PHGLXP VL]HG PDQXIDFWXUHUV &DQ 6(0 KHOS 60(V" -R UQDO RI &OHDQHU

3URG FWLRQ

/XFLD 3DODFLRV / %RUGRQDED -XVWH 9 3ROR 5HGRQGR < *UXQKDJHQ 0 (%XVLQHVV LP

SOHPHQWDWLRQ DQG SHUIRUPDQFH QDO VLV RI PHGLDWLQJ IDFWRUV ,QWHUQHW 5HVHDUFK

0DF.LQQRQ ' 3 'Z HU - + (VWLPDWLQJ PHGLDWHG HIIHFWV LQ SUHYHQWLRQ VWXGLHV ( DO DWLRQ

5H LH

0DF.LQQRQ ' 3 )DLUFKLOG - )ULW] 0 6 0HGLDWLRQ DQDO VLV QQ DO 5H LH RI 3V FKRORJ

0DF.LQQRQ ' 3 /RFNZRRG & 0 +RIIPDQ - 0 :HVW 6 * 6KHHWV 9 FRPSDULVRQ RI

PHWKRGV WR WHVW PHGLDWLRQ DQG RWKHU LQWHUYHQLQJ YDULDEOH HIIHFWV 3V FKRORJLFDO0HWKRGV

0DF.LQQRQ ' 3 :DUVL * 'Z HU - + VLPXODWLRQ VWXG RIPHGLDWHG HIIHFW PHDVXUHV 0 O

WL DULDWH HKD LRUDO 5HVHDUFK

3UHDFKHU . - +D HV ) V PSWRWLF DQG UHVDPSOLQJ VWUDWHJLHV IRU DVVHVVLQJ DQG FRPSDULQJ

LQGLUHFW HIIHFWV LQ PXOWLSOH PHGLDWRU PRGHOV HKD LRU 5HVHDUFK 0HWKRGV

3UHDFKHU . - 5XFNHU ' ' +D HV ) GGUHVVLQJ PRGHUDWHG PHGLDWLRQ K SRWKHVHV

7KHRU PHWKRGV DQG SUHVFULSWLRQV 0 OWL DULDWH HKD LRUDO 5HVHDUFK

3UHDFKHU . - = SKXU 0 - =KDQJ = JHQHUDO PXOWLOHYHO 6(0 IUDPHZRUN IRU DVVHVVLQJ

PXOWLOHYHO PHGLDWLRQ 3V FKRORJLFDO 0HWKRGV

5REHUWV * 6FDPPDFFD 1 5REHUWV * - &DXVDO PHGLDWLRQ LQ HGXFDWLRQDO LQWHUYHQWLRQ

VWXGLHV HKD LRUDO 'LVRUGHUV

5XFNHU ' ' 3UHDFKHU . - 7RUPDOD = / 3HWW 5 ( 0HGLDWLRQ DQDO VLV LQ VRFLDO SV FKRORJ

&XUUHQW SUDFWLFHV DQG QHZ UHFRPPHQGDWLRQV 6RFLDO DQG 3HUVRQDOLW 3V FKRORJ &RPSDVV

6DQGHUV 1 5 Q HPSLULFDO VWXG RI WKH LPSDFW RI H EXVLQHVV WHFKQRORJLHV RQ RUJDQL]DWLRQDO

FROODERUDWLRQ DQG SHUIRUPDQFH -R UQDO RI 2SHUDWLRQV 0DQDJHPHQW

6KDYHU - 0 7HVWLQJ IRU PHGLDWLQJ YDULDEOHV LQ PDQDJHPHQW UHVHDUFK &RQFHUQV LPSOLFDWLRQV

DQG DOWHUQDWLYH VWUDWHJLHV -R UQDO RI 0DQDJHPHQW

6KURXW 3 ( %ROJHU 1 0HGLDWLRQ LQ H[SHULPHQWDO DQG QRQH[SHULPHQWDO VWXGLHV 1HZ

SURFHGXUHV DQG UHFRPPHQGDWLRQV 3V FKRORJLFDO 0HWKRGV  

6REHO 0 ( V PSWRWLF FRQILGHQFH LQWHUYDOV IRU LQGLUHFW HIIHFWV LQ VWUXFWXUDO HTXDWLRQV PRGHOV

,Q 6 /HLQKDUGW (G 6RFLRORJLFDO PHWKRGRORJ SS 6DQ )UDQFLVFR & -RVVH %DVV

6WRQH 5RPHUR ( ) 5RVRSD 3 - ,QIHUHQFH SUREOHPVZLWK KLHUDUFKLFDOPXOWLSOH UHJUHVVLRQ EDVHG
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WHVWV RI PHGLDWLQJ HIIHFWV 5HVHDUFK LQ 3HUVRQQHO DQG + PDQ 5HVR UFHV 0DQDJHPHQW

7DWH & 8 2Q WKH RYHUXVH DQG PLVXVH RI PHGLDWLRQ DQDO VLV ,W PD EH D PDWWHU RI WLPLQJ DVLF

DQG SSOLHG 6RFLDO 3V FKRORJ

<X < &KRL < &RUSRUDWH VRFLDO UHVSRQVLELOLW DQG ILUP SHUIRUPDQFH WKURXJK WKH PHGLDWLQJ

HIIHFW RI RUJDQL]DWLRQDO WUXVW LQ &KLQHVH ILUPV &KLQHVH 0DQDJHPHQW 6W GLHV

=KDQJ = = SKXU 0 - 3UHDFKHU . - 7HVWLQJ PXOWLOHYHO PHGLDWLRQ XVLQJ KLHUDUFKLFDO OLQHDU

PRGHOV 3UREOHPV DQG VROXWLRQV 2UJDQL DWLRQDO 5HVHDUFK 0HWKRGV

=KDR ; / QFK -U - * &KHQ 4 5HFRQVLGHULQJ %DURQ DQG .HQQ 0 WKV DQG WUXWKV DERXW

PHGLDWLRQ DQDO VLV -R UQDO RI &RQV PHU 5HVHDUFK


