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+DVWDQHPL] \HQLGR÷DQ VHUYLVLQGH DFLO JOXNR] DQDOL]L� |]HO ELU JOXNRPHWUH

\DUGÕPÕ\OD NDSLOOHU WDP NDQ |UQH÷LQGH� EL\RNLP\D ODERUDWXYDUÕQGD LVH

RWRDQDOL]|U �2� UDWH \|QWHPL� LOH VHUXP |UQH÷LQGH oDOÕúÕOPDNWDGÕU� $QDOL]
V�UHVLQLQ NÕVDOÕ÷Õ YH |UQHN PLNWDUÕQÕQ D]OÕ÷Õ QHGHQL\OH VÕNOÕNOD LON \|QWHP WHUFLK

HGLOPHNWHGLU� %X oDOÕúPDGD KHP JOXNRPHWUH LOH |Oo�OHQ JOXNR] VRQXoODUÕQÕQ

J�YHQLOLUOL÷LQL KHP GH ]DPDQÕQGD oDOÕúÕOPD\DQ |UQHNOHUGH JHFLNPHGHQ
ND\QDNODQDQ JOXNR] D]DOPDVÕQÕ WHVSLW HWPH\L DPDoODGÕN� %X PDNVDWOD

\HQLGR÷DQGDQ DOÕQDQ �� NDQ |UQH÷L KHU LNL \|QWHPOH GH DQDOL] HGLOGL� $\UÕFD

EX |UQHNOHUGHQ ��¶VL QRUPDO SÕKWÕODúPD V�UHVLQH �� YH �� GDNLND LODYHOHUGHQ

VRQUD VHUXPODUÕ D\UÕúWÕUÕODUDN� JOXNR] VHYL\HOHUL |Oo�OG�� 6HUXP D\ÕUPDGD ��
GDNLNDOÕN JHFLNPHQLQ� DQDOL] VRQXFXQGD ����
OLN� �� GDNLNDOÕN JHFLNPHQLQ

GH ����
OLN D]DOPDODUD QHGHQ ROGX÷X VDSWDQGÕ�

<|QWHPOHU DUDVÕQGD ��� OLN IDUND UD÷PHQ� NXYYHWOL ELU NRUHODV\RQ �U ������

YH OLQHHU LOLúNL �\ ����[��� WHVSLW HGLOGL� %XUDGDQ NDSLOOHU JOXNRPHWUH LOH

JOLVHPL WDNLELQLQ DFLO YH SUDWLN PDNVDWODU LoLQ X\JXQ ROGX÷X VRQXFXQD YDUÕOGÕ�

$QDKWDU NHOLPHOHU� <HQLGR÷DQ� KLSRJOLVHPL� NDSLOOHU JOXNR] |Oo�P�

)LQJHUVWLFN JOXFRPHWHU DQG DXWRDQDO\VHU LQ PRQLWRULQJ RI QHZERUQ
K\SRJO\FHPLD

,Q WKH QHZERUQ XQLW RI RXU KRVSLWDO� VWDW JOXFRVH DQDO\VLV LV GRQH ZLWK D

VSHFLDO ILQJHUVWLFN JOXFRPHWHU XVLQJ FDSLOODU\ ZKROH EORRG VDPSOHV� ,Q RXU

FHQWUDO ELRFKHPLVWU\ ODERUDWRU\� VDPH DQDO\VLV LV GRQH ZLWK DQ DXWRDQDO\VHU

�2��UDWH PHWKRG� LQ VHUXP VDPSOHV� )LUVW PHWKRG LV IUHTXHQWO\ SUHIHUUHG

EHFDXVH RI UHTXLULQJ OHVVHU YROXPH RI EORRG VDPSOHV DQG KDYLQJ VKRUW
PHDVXULQJ WLPH� ,Q WKLV VWXG\ ZH HYDOXDWHG ERWK FRQILGHQFH RI JOXFRPHWULF

PHDVXULQJ PHWKRG DQG GHFUHDVLQJ RQ JOXFRVH FRQFHQWUDWLRQ RI WKH VDPSOHV
WKDW FDQ QRW DQDO\VH LQ WLPH� )RU WKLV UHDVRQ� ZH PHDVXUHG �� EORRG

VDPSOHV
 JOXFRVH FRQFHQWUDWLRQ ZLWK WZR PHWKRGV� DQG FRPSDUHG DQDO\VLV
UHVXOWV ZLWK HDFK RWKHU� ,Q DGGLWLRQ� ZH VHSDUDWHG VHUXP RI �� VDPH EORRG

VDPSOHV ZLWK �� DQG �� PLQXWHV H[WUD GHOD\HG VHSDUDWLRQ WLPH DQG

PHDVXUHG WKHLU JOXFRVH FRQFHQWUDWLRQV XVLQJ DXWRDQDO\VHU 2��UDWH PHWKRG�

,Q WKH UHVXOWV RI VWDWLVWLFDO HYDOXDWLRQV� FRUUHODWLRQ FRHIILFLHQW DQG OLQHDU

UHJUHVVLRQ HTXDWLRQ EHWZHHQ WZR PHWKRGV ZHUH U  ����� DQG \  ����[ �

� � 7KH GLIIHUHQFHV EHWZHHQ QRQGHOD\HG DQG GHOD\HG VDPSOHV ZLWK �� DQG

�� PLQXWHV ZHUH ��� � DQG ��� � UHVSHFWLYHO\� ,Q FRQFOXVLRQ� ZH FDQ VD\

WKDW WDNLQJ FDUH K\SRJO\FHPLD YLD D ILQJHUVWLFN JOXFRPHWHU LV DV UHOLDEOH DV
DXWRDQDO\VHU 2� UDWH PHWKRG� EXW GHOD\LQJ LQ VHUXP VHSDUDWLRQ SURFHVV

FDXVHV LPSRUWDQW GHFUHDVLQJ JOXFRVH FRQFHQWUDWLRQV�

.H\ ZRUGV� 1HZERUQ� K\SRJO\FHPLD� FDSLOODU\ JOXFRVH PHDVXUHPHQW
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+LSRJOLVHPL� NDQ úHNHUL G�]H\LQLQ �� PJ�G/¶ QLQ

DOWÕQD LQPHVL\OH RUWD\D oÕNDQ YH ]DPDQÕQGD

P�GDKDOH HGLOPHGL÷L WDNWLUGH EH\LQ �]HULQGH

NDOÕFÕ KDVDUODUD QHGHQ RODQ FLGGL ELU NOLQLN

GXUXPGXU� 2UWD\D oÕNDQ NOLQLN EHOLUWLOHU VDGHFH

KLSRJOLVHPL\H |]J� ROPDGÕ÷ÕQGDQ WDQÕ YH

]DPDQÕQGD P�GDKDOH LoLQ DFLO NDQ úHNHUL

DQDOL]LQH LKWL\Do GX\XOXU���� <HQLGR÷DQGD

KLSRJOLVHPL ROXúWXUDQ ELU oRN QHGHQ PHYFXWWXU�

%XQODUÕQ ELU NÕVPÕ JHoLFL� ELU NÕVPÕ NDOÕFÕ

KLSRJOLVHPL\H QHGHQ ROXU� %HVOHQPH\OH LOJLOL

oHúLWOL VRUXQODU� VROXQXP J�oO�÷�� PDWHUQDO

GLDEHW� VR÷XN VWUHVL� SROLVWHPL JLEL QHGHQOHU

JHoLFL� JOLNRMHQ GHSR KDVWDOÕNODUÕ� HQGRMHQ

KLSHULQV�OLQL]P� DQWLLQV�OLQHU HWNLOL KRUPRQDO

\HWHUVL]OLNOHU� JOXNRQHRJHQH]LVOH LOJLOL NDOÕWVDO

HQ]LP GHIHNWOHUL YH JDODNWR]HPL JLEL QHGHQOHU

NDOÕFÕ KLSRJOLVHPL ROXúWXUXU
���
�

*HUHNOL |UQHN PLNWDUODUÕ YH DQDOL] V�UHOHUL GLNNDWH

DOÕQGÕ÷ÕQGD ELUoRN ODERUDWXYDUGD NXOODQÕODQ DQDOL]

\|QWHPOHULQLQ SHGLDWULN YH DFLO DPDoODUD X\JXQ

ROPDGÕ÷Õ J|U�O�U� g]HOOLNOH PHWDEROL]PDVÕ KÕ]OÕ YH
RUDO EHVOHQPH ]RUOX÷X RODQ EHEHNOHULQ oRN NROD\

KLSRJOLVHPL\H JLUGL÷L G�ú�Q�O�UVH� D] PLNWDUGD

NDQ |UQH÷L NXOODQDUDN NÕVD V�UHGH VRQXo YHUHQ

J�YHQLOLU NDQ úHNHUL DQDOL] \|QWHPOHULQH LKWL\Do

ROGX÷X J|U�O�U� *�Q�P�]GH ELUoRN NOLQLNWH EX

JHUHNVLQLPL NDUúÕODPDN �]HUH �KDVWD EDúÕ

ILQJHUVWLFN JOXNRPHWUHOHU� NXOODQÕOPDNWDGÕU�

)LQJHUVWLFN JOXNRPHWUH NXOODQÕPÕQÕQ ELU GL÷HU

DYDQWDMÕ LVH� gUQHN WUDQVSRUWX YH\D VHUXP
D\ÕUPD LúOHPOHULQGHNL JHFLNPHOHUL RUWDGDQ

NDOGÕUPDVÕ YH KLSRJOLVHPL ú�SKHVL GR÷XUDFDN

\DQÕOWÕFÕ JOXNR] D]DOPDODUÕQD IÕUVDW

YHUPHPHVLGLU
���

�

+DVWDQHPL] \HQLGR÷DQ VHUYLVLQGH DFLO JOXNR]

WDNLEL LoLQ �%RHKULQJHU 0DQQKHLP $FFXWUHQG

$OSKD� PDUND ILQJHUVWLFN JOXNRPHWUH� PHUNH]

EL\RNLP\D ODERUDWXYDUÕQGD LVH DFLO DPDoOÕ

%HFNPDQ 6\QFKURQ &;� RWRDQDOL]|U�

NXOODQÕOPDNWDGÕU� <|QWHP IDUNOÕOÕNODUÕ YH

X\JXODPDGD NDUúÕODúÕODQ SUREOHPOHUGHQ GROD\Õ

JOXNRPHWUHOHULQ J�YHQLUOL÷LQLQ WHVW HGLOPHVL

JHUHNPHNWHGLU�

%X oDOÕúPDGD \HQLGR÷DQ VHUYLVLQGH NXOODQÕODQ

JOXNRPHWUHGHQ HOGH HGLOHQ VRQXoODU� UHIHUDQV

RODUDN NDEXO HWWL÷LPL] %HFNPDQ 6\QFKURQ &;�

RWRDQDOL]|U VRQXoODUÕ LOH NÕ\DVODQGÕ� øODYH RODUDN

NOLQLNWH JOXNR] |Oo�P� LoLQ DOÕQDQ IDNDW

]DPDQÕQGD DQDOL] HGLOHPH\HQ NDQ |UQHNOHULQGH

JHFLNPH\H ED÷OÕ RODUDN PH\GDQD JHOPHVL

PXKWHPHO NRQVDQWUDV\RQ D]DOPDODUÕ DUDúWÕUÕOGÕ�

0$7(5<$/ 9( 0(72'

<HQLGR÷DQ VHUYLVLQGH WDNLS HGLOPHNWH RODQ YH

KLSRJOLVHPL EHOLUWLVL QHGHQL\OH DFLO NDQ úHNHUL

DQDOL]L JHUHNHQ EHEHNOHUGHQ DOÕQDQ NDQ |UQHNOHUL�

KHP KDVWD EDúÕQGD JOXNRPHWUH LOH� KHP GH

EL\RNLP\D ODERUDWXYDUÕQGD RWRDQDOL]|U LOH

oDOÕúÕOGÕ�

%X PDNVDWOD KLSRJOLVHPL EHOLUWLVL EXOXQDQ ��

\HQLGR÷DQ D\DN WRSX÷X VWHULO ELU ODQVHW LOH

GHOLQGLNWHQ VRQUD oÕNDQ LON GDPOD NDQ VLOLQGL�

øNLQFL GDPOD� JOXNRPHWUH VLWULSWL �]HULQH

GDPODWÕODUDN JOXNR] |Oo�POHUL \DSÕOGÕ�

3ÕKWÕODúPD\D IÕUVDW YHUPHGHQ D\DN WRSX÷X

KDILIoH VÕNÕODUDN �o DGHW PLNUR VDQWU�I�M W�S�Q�Q

KHU ELULQH \DNODúÕN ���
HU PLNUROLWUH NDQ |UQH÷L

WRSODQGÕ� (ú ]DPDQOÕ RODUDN WRSODQDQ NDQ

|UQHNOHUL GHUKDO EL\RNLP\D ODERUDWXYDUÕQD

J|QGHULOGL� %XUDGD |UQHNOHUGHQ ELUL QRUPDO

SÕKWÕODúPD V�UHFLQH WHUN HGLOGLNWHQ VRQUD� GL÷HU

LNLVL VÕUDVÕ\OD �� YH �� GDNLNDOÕN LODYH

EHNOHPHOHUGHQ VRQUD VDQWU�I�M HGLOHUHN VHUXPODUÕ

D\UÕúWÕUÕOGÕ� $QFDN� WRSODQDQ |UQHNOHUGHQ �
LQGH

\HWHU PLNWDUGD VHUXP D\UÕúWÕUPDN P�PN�Q

ROPDGÕ÷Õ LoLQ LODYH SÕKWÕODúPD V�UHOHUL

X\JXODQPDGÕ� %|\OHFH �� |UQHN QRUPDO

SÕKWÕODúPD V�UHVL VRQXQGD� �� |UQHN LVH LODYH

EHNOHPHOHU VRQXQGD VHUXPODUÕ D\ÕúWÕUÕODUDN�

�%HFNPDQ 6\QFKURQ &;�� DFLO RWRDQDOL]|U�QGH

DQDOL] HGLOGL�

(OGH HGLOHQ VRQXoODUÕQ GH÷HUOHQGLULOPHVLQGH�

�6366 IRU :LQGRZV YHU ���� LVWDWLVWLNVHO DQDOL]

SURJUDPÕQGDQ� EXOJXODUÕQ JUDIL÷H DNWDUÕOPDVÕQGD

LVH �([FHO IRU :LQGRZV YHU ���� JUDILN

SURJUDPÕQGDQ \DUDUODQÕOGÕ�

%8/*8/$5

(ú ]DPDQOÕ NDQ |UQHNOHULQLQ JOXNRPHWUH YH

RWRDQDOL]|U DQDOL]OHULQGHQ HOGH HGLOHQ JUXS

RUWDODPDODUÕ YH VWDQGDUW VDSPDODUÕ VÕUDVÕ\OD� ����

± ����� PJ�G/ YH ���� ± ����� PJ�G/ RODUDN

EXOXQGX� %X VRQXoODU ELUELUL\OH NÕ\DVODQGÕ÷ÕQGD�
*OXNRPHWULN RUWDODPDODUÕQ � �� RUDQÕQGD GDKD

ID]OD ROGX÷X J|U�OG�� 6RQXoODUÕQ UHJUHV\RQ
JUDIL÷LQH DNWDUÕOPDVÕ\OD� \|QWHPOHU DUDVÕQGD

NXYYHWOL SR]LWLI ELU NRUHODV\RQ �U ������ YH

OLQHHU ELU LOLúNL �\  ����[ � �� QLQ PHYFXW
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ROGX÷X J|U�OG� �ùHNLO ���

1RUPDO SÕKWÕODúPD V�UHVLQH LODYHWHQ �� YH ��

GDNLNDOÕN JHFLNPHOHU VRQXQGD D\UÕúWÕUÕODQ

VHUXPODUGDQ HOGH HGLOHQ JOXNR] VRQXoODUÕ LIDGH

VÕUDVÕQD J|UH� ���� ± ����� PJ�G/ YH ���� ±
����� PJ�G/ RODUDN WHVSLW HGLOGL� %X LNL JUXS

RUWDODPDODUÕ QRUPDO SÕKWÕODúPD V�UHVLQH VDKLS

JUXS RUWDODPDVÕ LOH NÕ\DVODQGÕ÷ÕQGD� VÕUDVÕ\OD �

��� YH � ��� RUDQODUÕQGD GDKD G�ú�N ROGXNODUÕ

J|U�OG� �ùHNLO ���

7$57,ù0$

3HGLDWULN KDVWDODUGDQ YHQ|] NDQ DOPD ]RUOX÷XQX

RUWDGDQ NDOGÕUPDVÕ� GLDEHW WDNLELQGH |]HOOLNOH

KLSRJOLVHPL ú�SKHVLQLQ ROGX÷X DFLO GXUXPODUGD

oRN NÕVD V�UHGH VRQXo YHUPHVL� |]HO GHQH\LPOL

ODERUDWXYDU HOHPDQÕQD LKWL\Do GX\PDPDVÕ YH

KDVWD EDúÕ DQDOL] NROD\OÕ÷Õ VD÷ODPDVÕ QHGHQL\OH

JOXNRPHWULN JOXNR] |Oo�P \|QWHPL |QHPOL

DYDQWDMODUD VDKLSWLU� 2\VD DQDOL] LoLQ SOD]PD

DYDQWDMODUD VDKLSWLU� 2\VD DQDOL] LoLQ SOD]PD

YH\D VHUXP NXOODQÕODQ \|QWHPOHUGH LODYH

SÕKWÕODúPD YH VDQWULI�JDV\RQ LúOHPOHUL KHP

JHUHNOL |UQHN KDFPLQL KHP GH WRSODP DQDOL]

V�UHOHULQL DUWÕUPDNWDGÕU�

+HPHQ DQDOL] HGLOPH\HFHN NDQ |UQHNOHUL

KDVWDGDQ DOÕQGÕNWDQ VRQUD \D VDQWULI�M HGLOLS NDQ

K�FUHOHULQGHQ NXUWDUÕOPDVÕ� \D GD LoHULVLQH 1D)

YH\D L\RGRDVHWDW JLEL DQWLJOLNROLWLN |]HOOLNWH

NRUX\XFXODU LODYH HGLOGLNWHQ VRQUD VDNODQPDVÕ

JHUHNLU� $NVL WDNWLUGH EHNOH\HQ |UQHNOHULQ JOXNR]

NRQVDQWUDV\RQXQGD |QHPOL G�ú�úOHU J|U�O�U�

g]HOOLNOH KHPDWRNULW G�]H\OHUL \�NVHN RODQ

\HQLGR÷DQ NDQ |UQHNOHULQGH JOXNR] G�]H\OHUL

GDKD NROD\ D]DODUDN \DQOÕú KLSRJOLVHPL WDQÕVÕQD

QHGHQ RODELOLU������ dDOÕúPDPÕ]GD GD EHQ]HU

VRQXoODU HOGH HGLOPLú ROXS� �� GDNLND ID]OD

EHNOHWLOHQ |UQHNOHUGH ���� �S� ������ �� GDNLND

ID]OD EHNOHWLOHQOHUGH ���� �S������ G�ú�N

VRQXoODU EXOXQPXúWXU�

dHúLWOL DUDúWÕUPDODU NDSLOOHU WDP NDQ JOXNR]

NRQVDQWUDV\RQXQXQ VHUXP YH SOD]PD\D NÕ\DVOD

� ���� NDGDU GDKD ID]OD ROGX÷XQX RUWD\D

NR\PXúWXU
���������

��%L]LP oDOÕúPDPÕ]GD GD NDSLOOHU

NDQ |UQH÷L ��� GDKD \�NVHN EXOXQPXúWXU�

6RQXoODUÕQ OLWHUDW�UH X\JXQ ROPDVÕ YH

JOXNRPHWULN |Oo�POHUOH UHIHUDQV RODUDN NDEXO

HGLOHQ DQDOL]|U |Oo�POHUL DUDVÕQGD OLQHHU LOLúNL YH

NXYYHWOL SR]LWLI NRUHODV\RQ EXOXQPDVÕ� EL]H�

*�YHQLOLU \|QWHPOHUOH NÕ\DV oDOÕúPDVÕ \DSÕOGÕNWDQ

VRQUD ³ILQJHUVWLFN JOXNRPHWUHOHULQ³ DFLO YH SUDWLN

PDNVDWODU LoLQ NXOODQÕODELOHFH÷LQL J|VWHUPHNWHGLU�

.$<1$./$5

�� øQDQo 1� $UVODQ 3� <HQLGR÷DQ YH oRFXNOXN oD÷Õ KLSRJOLVHPLOHUL YH EHVOHQPH |]HOOLNOHUL�

%HVOHQPH YH 'L\HW 'HUJLVL ����� �� ���� �������

�� &RUQEODWK 0� 6FKZDU] 5� $\QVOH\�*UHHQ $� HW DO� +\SRJO\FHPLD LQ LQIDQF\� WKH QHHG IRU

D UDWLRQDO GHILQLWLRQ� 3HGLDWULFV ����� ��� ������

�� &DUDZD\ :7� :DWWV 1%� &DUERK\GUDWHV LQ� 7LHW] 1:� 7H[WERRN RI &OLQLFDO &KHPLVWU\

VHFRQG HG� :�%� 6DXQGHUV &R 3KLODGHOSKLD ����� ��������

�� 6SHUOLQJ 0$� +\SRJO\FHPLD LQ WKH QHZERUQ� LQIDQW DQG FKLOG� ,Q� /LIVKLW] )� HGLWRU�

3HGLDWULF (QGRFULQRORJ\� ��QG HG� 1HZ <RUN 0DUFHO 'HNNHU� ����� �������

�� 7KRPDV 6+� *RXJK -(� %HQVRQ 1� HW DO� $FFXUDF\ RI ILQJHUVWLFN JOXFRVH GHWHUPLQDWLRQ LQ

SDWLHQWV UHFHLYLQJ &35� 6RXWK 0HG - �������������������

�� *RXJK -+� -RQHV -/� *DUULVRQ +*� )LQJHUVWLFN GHWHFWLRQ RI K\SRJO\FHPLD FDQ SUHYHQW

GDQJHURXV GRVHV RI GH[WURVH� 1 & 0HG - ����� ������ ������

�� :LHQHU .� :KROH EORRG JOXFRVH�ZKDW DUH ZH DFWXDOO\ PHDVXULQJ" $QQ &OLQ %LRFKHP �����

��� ����

�� 6RFUDQVN\ 6-� 3LUDOOR 5*� 5XELQ -0� 2XW�RI�KRVSLWDO WUHDWPHQW RI K\SRJO\FHPLD� UHIXVDO RI

WUDQVSRUW DQG SDWLHQW RXWFRPH� $FDG (PHUJ 0HG ����� ������ �������

�� 0F/HDQ 0+� 5\DQ :7 DQG +HDUQ '-� &RPSDULVRQ RI EHFNPDQ R[\JHQ UDWH JOXFRVH

PHWKRG WR D QDWLRQDO UHIHUHQFH DQG RWKHU PHWKRGV� $P - 0HG 7HFK ����� �� ���� ������

��� (OLPDP $� +RUDO 0� %HUJVWURP 0 HW DO� 'LDJQRVLV RI K\SRJO\FHPLD� HIIHFWV RI EORRG

VDPSOH KDQGOLQJ DQG HYDOXDWLRQ RI JOXFRVH SKRWRPHWHU LQ WKH ORZ JOXFRVH UDQJH� $FWD

3HGLDWU �������� ������

��� %LOJL &� <ÕOGÕUÕPND\D 0� <ÕOPD] .� .XWOXD\ 7� .DUDFD /� .XUX NLP\D DQDOL]|UOHUL LOH |Oo�OHQ

NDQ JOXNR] G�]H\LQH KHPDWRNULWLQ HWNLVL� *�OKDQH $VNHUL 7ÕS $NDGHPLVL %�OWHQL ����� ��

���� ��������

��� /LQ +&� 0DJXLUH &� 2K :� &RZHWW 5� $FFXUDF\ DQG UHOLDELOLW\ RI JOXFRVH UHIOHFWDQFH

PHWHUV LQ WKH KLJK�ULVN QHRQDWH� - 3HGLDWU ����� ���� ���������
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