
6WDUYDWLRQ DIIHFWV WKH SODVPD FRQFHQWUDWLRQ RI OLSLGV DQG

OLSRSURWHLQV� 3UHYLRXV VWXGLHV KDYH SURYLGHG FRQIOLFWLQJ

UHVXOWV� LQFUHDVH >���@ DQG GHFUHDVH >�²�@ LQ SODVPD

WULJO\FHULGH� DQG LQFUHDVH >���²�@ DQG GHFUHDVH >�����²��@

LQ SODVPD FKROHVWHURO� 6LPLODU LQFRQVLVWHQW UHVXOWV ZHUH

REWDLQHG IRU KLJK GHQVLW\ OLSRSURWHLQ FKROHVWHURO >�²������²

��@� 7KHVH FRQWUDGLFWRU\ UHSRUWV PD\ EH H[SODLQHG LQ SDUW E\

KHWHURJHQHLW\ RI WKH VWXGLHG VXEMHFWV� ZKR GLIIHUHG LQ

JHQGHU� ERG\ PDVV LQGH[ >����²��@� SUHVHQFH RI K\SHU�

OLSLGHPLD >�������@� KHDOWK VWDWXV� DQG PHGLFDWLRQV >�@�

0RUHRYHU� WKHVH VWXGLHV GLIIHUHG DOVR LQ WKH DPRXQW RI

FDORULHV FRQVXPHG� �²����� NFDO�GD\ >���������������������@

DQG WKH SK\VLFDO DFWLYLW\ RI WKH SDUWLFLSDQWV� IURP EHG UHVW >�@

WR D �� NP GDLO\ ZDON >�@� $OO WKHVH YDULDEOHV DUH NQRZQ WR

DIIHFW SODVPD OLSLGV DQG OLSRSURWHLQ OHYHOV� DQG WKXV PD\ DOVR

LQIOXHQFH WKH UHVSRQVH WR IDVWLQJ�

:H KDG WKH RSSRUWXQLW\ WR REVHUYH WKH HIIHFW RI FRPSOHWH

IDVWLQJ �� NFDO�GD\� IRU �²� GD\V RQ SODVPD OLSLGV� OLSR�

SURWHLQV DQG DSROLSRSURWHLQ % OHYHOV LQ �� SK\VLFLDQV

SDUWLFLSDWLQJ LQ D QDWLRQDO KXQJHU VWULNH� :H GLYLGHG WKH

IDVWLQJ LQGLYLGXDOV LQWR VXEJURXSV DFFRUGLQJ WR JHQGHU�

SUHVHQFH RI REHVLW\� K\SHUOLSLGHPLD� DQG FRQVXPSWLRQ RI

RUDO FRQWUDFHSWLYHV� &RQVHTXHQWO\� ZH ZHUH DEOH WR GHPRQ�

VWUDWH GLIIHUHQW EXW VSHFLILF FKDQJHV LQ SODVPD OLSLGV DQG

OLSRSURWHLQ OHYHOV GXULQJ IDVWLQJ LQ WKHVH VXEJURXSV�

)XUWKHUPRUH� WKHVH UHVXOWV HQDEOHG XV WR UHFRQFLOH PRVW RI

WKH SUHYLRXVO\ SXEOLVKHG UHSRUWV�

00HHWWKKRRGGVV

6XEMHFWV

+RVSLWDO SK\VLFLDQV� PDOHV DQG IHPDOHV DJHG ��²��� DERXW WR

VWDUW D KXQJHU VWULNH YROXQWHHUHG IRU WKLV VWXG\� $OO

(IIHFW RI 3URORQJHG )DVWLQJ RQ 3ODVPD /LSLGV� /LSRSURWHLQV DQG

$SROLSRSURWHLQ % LQ �� 3K\VLFLDQV 3DUWLFLSDWLQJ LQ D +XQJHU

6WULNH� DQ 2EVHUYDWLRQDO 6WXG\

0HQDKHP )DLQDUX 0' DQG =HKDYD 6FKDIHU 0V&

/LSLG 5HVHDUFK /DERUDWRU\ DQG 'HSDUWPHQW RI 0HGLFLQH $� 5DELQ 0HGLFDO &HQWHU �%HLOLQVRQ &DPSXV�� 3HWDK 7LTYD�

DQG 6DFNOHU )DFXOW\ RI 0HGLFLQH� 7HO $YLY 8QLYHUVLW\� ,VUDHO

.H\ ZRUGV� SURORQJHG IDVWLQJ� SODVPD OLSRSURWHLQV� SODVPD OLSLGV� REHVLW\� K\SHUOLSLGHPLD� RUDO FRQWUDFHSWLYHV

$$EEVVWWUUDDFFWW

%DFNJURXQG� '\VOLSLGHPLD DQG REHVLW\ VHUYH DV ULVN

IDFWRUV IRU WKH GHYHORSPHQW RI DWKHURVFOHURWLF FDUGLRYDV�

FXODU GLVHDVH� )DVWLQJ LV VRPHWLPHV UHFRPPHQGHG IRU

WUHDWLQJ WKHVH FRQGLWLRQV� 7KLV VWXG\ ZDV XQGHUWDNHQ WR WU\

WR UHVROYH FRQIOLFWLQJ UHVXOWV UHSRUWHG LQ WKH OLWHUDWXUH�

2EMHFWLYHV� 7R VWXG\ WKH HIIHFW RI IDVWLQJ �� FDORULHV�

ZLWK IUHH LQWDNH RI IOXLGV� IRU �²� GD\V RQ SODVPD

FRQFHQWUDWLRQ RI WULJO\FHULGH� FKROHVWHURO DQG DSROLSRSUR�

WHLQ %�

0HWKRGV� 3K\VLFLDQV� DERXW WR EHJLQ D KXQJHU VWULNH�

ZHUH GLYLGHG LQWR IRXU JURXSV� QRUPROLSLGHPLF QRQ�REHVH

PHQ �JURXS ��� WZR PRGHUDWHO\ REHVH PHQ DQG WZR PHQ

ZLWK W\SH ,9 K\SHUOLSLGHPLD �JURXS ��� KHDOWK\ QRQ�REHVH

ZRPHQ �JURXS ��� DQG KHDOWK\ QRQ�REHVH ZRPHQ RQ RUDO

FRQWUDFHSWLYHV �JURXS ��� $GKHUHQFH WR IDVWLQJ ZDV

PRQLWRUHG GDLO\ E\ GHWDLOHG LQWHUYLHZV� ORVV RI ZHLJKW�

GURS LQ SODVPD JOXFRVH� SUHVHQFH RI NHWRQXULD� SURJUHVVLYH

ULVH LQ VHUXP FUHDWLQLQH DQG XULF DFLG� DQG GHFUHDVH LQ

SODVPD S+� :H PRQLWRUHG WKHLU VHUXP JOXFRVH� HOHFWUR�

O\WHV� OLYHU IXQFWLRQ� OLSLGV� OLSRSURWHLQV DQG DSROLSRSURWHLQ

% RQ GD\V �� �� DQG ��

5HVXOWV� 3K\VLFLDQV ZKR DGKHUHG WR FRPSOHWH IDVWLQJ

ORVW PRUH WKDQ ���� RI WKHLU ERG\ ZHLJKW DIWHU � GD\V RI

IDVWLQJ �Q ���� DQG PRUH WKDQ ���� DW � GD\V �Q ��� $OO

QRQ�REHVH QRUPROLSLGHPLF PDOHV DQG IHPDOHV �JURXSV �

DQG �� VKRZHG DQ LQFUHDVH LQ SODVPD WULJO\FHULGH �E\ ��²

����� DQG YHU\ ORZ GHQVLW\ OLSRSURWHLQ FKROHVWHURO �E\ ��²

����� DIWHU � GD\V RI IDVWLQJ� 7KH REHVH DQG K\SHU�

OLSLGHPLF PHQ �JURXS �� VKRZHG D GHFUHDVH RI ��²��� LQ

WKHLU 9/'/ FKROHVWHURO� DQG WKH ZRPHQ RQ RUDO FRQWUD�

FHSWLYHV �JURXS �� VKRZHG D ��� GHFUHDVH LQ WKHLU SODVPD

WULJO\FHULGH RQ GD\ �� /RZ GHQVLW\ OLSRSURWHLQ FKROHVWHURO

LQFUHDVHG E\ ��� LQ JURXS �� GHFUHDVHG E\ ���� LQ JURXS ��

DQG UHPDLQHG XQFKDQJHG LQ JURXS � DQG �� $SROLSRSURWHLQ

% OHYHO FRUUHODWHG ZHOO ZLWK /'/ FKROHVWHURO LQ DOO JURXSV�

+LJK GHQVLW\ OLSRSURWHLQ FKROHVWHURO FKDQJHV ZHUH LQFRQ�

VLVWHQW�

&RQFOXVLRQV� 7KHVH UHVXOWV KHOS WR H[SODLQ DQG

UHFRQFLOH SUHYLRXV SXEOLVKHG UHSRUWV� 7KH PHWDEROLF EDFN�

JURXQG RI WKH LQGLYLGXDO WRJHWKHU ZLWK WKH DPRXQW RI

HQHUJ\ FRQVXPHG DIIHFW WKH EHKDYLRU RI SODVPD OLSLGV DQG

OLSRSURWHLQV OHYHOV GXULQJ IDVWLQJ�

,0$- ��������������
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9/'/  YHU\ ORZ GHQVLW\ OLSRSURWHLQ

/'/  ORZ GHQVLW\ OLSRSURWHLQ
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XQGHUZHQW D GHWDLOHG PHG�

LFDO LQWHUYLHZ� SK\VLFDO H[�

DPLQDW LRQ DQG LQL W LD O

ODERUDWRU\ ZRUN�XS� DQG

ZHUH JURXSHG LQWR IRXU VXE�

JURXSV� 7ZHOYH RI WKHP�

ZKR DGKHUHG WR FRPSOHWH

IDVWLQJ IRU DW OHDVW � GD\V�

DUH WKH VXEMHFW RI WKLV VWXG\�

7KH JURXSLQJ ZDV GHYLVHG

DV IROORZV� *URXSV � DQG �

UHVSHFWLYHO\ FRPSULVHG IRXU

PHQ DQG WZR ZRPHQ ZKR

ZHUH QRQ�REHVH �ERG\ PDVV

LQGH[ ����²���� DQG ����²

���� NJ�P�� UHVSHFWLYHO\��

QR UPRWU L J O \ FH U L GHPLF

����� PJ�GO�� KHDOWK\� DQG

WDNLQJ QR PHGLFDWLRQV�

*URXS � FRQVLVWHG RI WZR

RYHUZHLJKW PHQ �%0, ����

DQG ���� NJ�P��� RQH RI

ZKRP KDG K\SHUOLSLGHPLD

�W\SH ,, E� DQG ZDV WDNLQJ

SURSUDQRORO IRU K\SHUWHQVLRQ� DQG WZR QRQ�REHVH PHQ �%0,

����� ���� NJ�P�� ZLWK W\SH ,9 K\SHUOLSLGHPLD �RQH

QRUPRWULJO\FHULGHPLF IROORZLQJ � PRQWKV RI D ORZ FDUERK\�

GUDWH GLHW�� *URXS � FRPSULVHG WZR KHDOWK\� QRQ�REHVH

QRUPROLSLGHPLF ZRPHQ �%0, ����� ���� NJ�P�� ZKR ZHUH

WDNLQJ RUDO FRQWUDFHSWLYHV� )RXU RI WKH VXEMHFWV ZHUH

VPRNHUV� WZR LQ JURXS �� RQH LQ JURXS � DQG RQH LQ JURXS

�� $OO ZHUH RWKHUZLVH KHDOWK\ DQG QRQH RI WKH VXEMHFWV

VXIIHUHG IURP GLDEHWHV PHOOLWXV� WK\URLG� NLGQH\ RU OLYHU

GLVHDVHV�

$OO VXEMHFWV LQJHVWHG ZDWHU DQG XQVZHHWHQHG WHD RU

FRIIHH� EXW FRQVXPHG QR FDORULHV WKURXJKRXW WKH VWXG\

SHULRG RI � WR � GD\V� 7KH\ FRQWLQXHG WKHLU GDLO\ DFWLYLWLHV LQ

WKH KRVSLWDO DQG PDLQWDLQHG WKHLU PHGLFDWLRQV DQG VPRNLQJ

KDELWV� 7KHLU DGKHUHQFH WR FRPSOHWH IDVWLQJ ZDV DVFHUWDLQHG

E\ GDLO\ LQWHUYLHZV� ZHLJKW ORVV� SUHVHQFH RI NHWRQXULD� DQG

PRQLWRULQJ RI EORRG JOXFRVH� FUHDWLQLQH� XULF DFLG DQG S+�

0HWKRGV

%ORRG VDPSOHV IRU OLSLG� OLSRSURWHLQ DQG DSROLSRSURWHLQ

DQDO\VHV ZHUH REWDLQHG RQ GD\ � DIWHU �� KRXUV IDVWLQJ�

DQG RQ GD\V � DQG �� $W ���� D�P� � PO RI EORRG ZDV

ZLWKGUDZQ IURP WKH DQWHFXELWDO YHLQ LQWR FKLOOHG WXEHV

FRQWDLQLQJ GLVRGLXP ('7$ �� PJ�PO ILQDO FRQFHQWUDWLRQ��

7KH SODVPD ZDV VHSDUDWHG SURPSWO\ E\ FHQWULIXJDWLRQ DW

����� USP IRU �� PLQ DW �°&� $OLTXRWV RI SODVPD ZHUH VWRUHG
DW ²��°& IRU DSR�% DQDO\VLV DQG WKH UHPDLQGHU DW �°& IRU
OLSLG DQG OLSRSURWHLQ TXDQWLILFDWLRQ� /LSRSURWHLQV ZHUH

VHSDUDWHG DQG TXDQWLILHG DV SXEOLVKHG SUHYLRXVO\ >��@� ,Q

EULHI� SODVPD VDPSOHV ZHUH FHQWULIXJHG DW SODVPD GHQVLW\ IRU

�� K DW ������ USP DW �°& LQ D %HFNPDQ ���� URWRU� LQ D /��
%HFNPDQ XOWUDFHQWULIXJH �0RXQWDLQYLHZ� &$� 86$�� 7KH

9/'/ ZDV UHPRYHG E\ WXEH VOLFLQJ� +'/ FKROHVWHURO ZDV

TXDQWLILHG RQ WKH VXSHUQDWDQW REWDLQHG DIWHU KHSDULQ�

PDQJDQHVH SUHFLSLWDWLRQ DQG WUHDWPHQW ZLWK 1D+&2� RI

WKH ����� J�PO LQIUDQDWDQW� /'/�FKROHVWHURO ZDV FDOFXODWHG

IURP WKH FKROHVWHURO FRQWHQW RI WKH ����� J�PO LQIUDQDWDQW

DQG WKH +'/�FKROHVWHURO �/'/  ����� J�PO LQIUDQDWDQW

FKROHVWHURO ² +'/ FKROHVWHURO��

$QDO\WLFDO PHWKRGV

3ODVPD WULJO\FHULGH ZDV TXDQWLILHG E\ DQ HQ]\PDWLF PHWKRG

�%LRSDFN� %LRWURO ODERUDWRULHV� 3DULV� )UDQFH�� 3ODVPD DQG

OLSRSURWHLQ FKROHVWHURO ZDV TXDQWLILHG E\ D FKROHVWHURO

R[LGDVH PHWKRG �%RHKULQJHU�0DQQKHLP� *HUPDQ\�� $OO

DVVD\V ZHUH FDUULHG RXW LQ WULSOLFDWH ZLWK DQ LQWUD�DVVD\

DQG LQWHUDVVD\ FRHIILFLHQW RI YDULDWLRQ RI � DQG �� IRU

WULJO\FHULGH DQG � DQG �� IRU FKROHVWHURO� UHVSHFWLYHO\� 7R

PLQLPL]H YDULDELOLW\� DOO VDPSOHV IURP HDFK LQGLYLGXDO ZHUH

XOWUDFHQWULIXJHG� SURFHVVHG DQG DQDO\]HG RQ WKH VDPH GD\

��� GD\V IURP EORRG GUDZLQJ�� $SR�% ZDV TXDQWLILHG E\

UDGLDO LPPXQRGLIIXVLRQ >��@� $OO VDPSOHV ZHUH DQDO\]HG LQ

WULSOLFDWH RQ WKH VDPH GD\ ZLWK D FRHIILFLHQW RI YDULDWLRQ RI

���

'DWD DQDO\VLV

:H XVHG SDLUHG W�WHVW� RQH ZD\ DQDO\VLV RI YDULDQFH� DQG

FRUUHODWLRQ FRHIILFLHQW E\ VWDQGDUG WHFKQLTXHV >��@�

55HHVVXXOOWWVV

$OO VXEMHFWV ORVW ZHLJKW GXULQJ WKH VWXG\ SHULRG� ���±�� DQG

���±��� NJ �PHDQ±6'� DW GD\V � DQG � UHVSHFWLYHO\� :KHQ

7DEOH �� &RPSOLDQFH ZLWK IDVWLQJ
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2EHVH 2UDO FRQWUDFHSWLYHV

1RUPDO K\SHUOLSLGHPLF 1R <HV

'D\ �*URXS �� �*URXS �� �*URXS �� �*URXS ��
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� � � � �

,QLWLDO ZHLJKW �NJ� � ����±���� ����±���� ������� �������

%RG\ PDVV LQGH[ �NJ�P� � � ����±��� ����±��� ����������� �����������

:HLJKW FKDQJH ��� � ����±��� ����±��� ����������� �����������

�����²����� �����²�����

� ���� ���� ������ � � � � � �����

*OXFRVH ��� � ����±��� ����±��� ����������� ����������

�����²����� �����²�����

� ���� ���� ������ � � �� � �����

&UHDWLQLQH ��� � �����±���� �����±��� ������������� ������������

������²������ ������²������

� ����� ����� ������� � � � � �������

8ULF DFLG ��� � �����±���� �����±���� ������������� �������������

������²������ ������²������

� ����� ����� ������� � � � � �������

9HQRXV S+ � ����±���� ����±���� ����������� �����������

�����²����� �����²�����

� ���� ���� ������ � � � � ������

.HWRQXULD � 	 � �� �� �� ��
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 � RI LQLWLDO YDOXHV� PHDQ±6' �UDQJH�
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%0,  ERG\ PDVV LQGH[

DSR�%  DSROLSRSURWHLQ %
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+'+  KLJK GHQVLW\ OLSRSURWHLQ
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H[SUHVVHG DV SHUFHQW RI LQLWLDO ERG\ ZHLJKW� WKH PHDQ ZHLJKW

UHGXFWLRQ DIWHU � GD\V RI IDVWLQJ ZDV ���±��� DQG ���±���� LQ
PHQ DQG ZRPHQ UHVSHFWLYHO\ >7DEOH �@� $GKHUHQFH WR IDVWLQJ

ZDV FRQILUPHG E\ SHUVLVWHQW NHWRQXULD� GURS LQ SODVPD

JOXFRVH DQG S+� DQG SURJUHVVLYH ULVH LQ VHUXP FUHDWLQLQH

DQG XULF DFLG >7DEOH �@� 7KHVH SDUDPHWHUV ZHUH VLPLODU

DPRQJ WKH VXEJURXSV� 3!��� >7DEOH �@�

3ODVPD WULJO\FHULGH LQFUHDVHG LQ DOO KHDOWK\ PHQ �*URXS

�� DQG ZRPHQ QRW WDNLQJ RUDO FRQWUDFHSWLYHV �JURXS ��

>7DEOHV � DQG �@� $IWHU � GD\V RI IDVWLQJ WKH\ URVH E\ ��²

���� DQG ��²��� LQ PHQ DQG ZRPHQ UHVSHFWLYHO\� ,Q

FRQWUDVW� SODVPD WULJO\FHULGH GURSSHG E\ �²��� LQ PRVW RI

WKH REHVH DQG K\SHUWULJO\FHULGHPLF PHQ �JURXS ��� DQG E\

���� DQG ����� LQ WKH ZRPHQ RQ RUDO FRQWUDFHSWLYHV �JURXS

�� >7DEOH �@� ,W LV QRWHZRUWK\ WKDW RQH SDWLHQW� D WUHDWHG W\SH

,9 K\SHUOLSLGHUPLF� EHKDYHG VLPLODUO\ WR WKH QRUPDO

LQGLYLGXDOV >7DEOH �@� 7KH HIIHFW RI IDVWLQJ RQ SODVPD

WULJO\FHULGH LQ WKH ZKROH VWXG\ JURXS VKRZHG QR FRUUHODWLRQ

ZLWK HLWKHU WKH LQLWLDO SODVPD WULJO\FHULGH OHYHO� H[WHQW RI

ZHLJKW ORVV RU IDVWLQJ VHUXP JOXFRVH OHYHOV �U<����� DQG ZDV
PRVW HYLGHQW GXULQJ WKH ILUVW � GD\V� )LYH VXEMHFWV IDVWLQJ IRU

DQ DGGLWLRQDO � GD\V VKRZHG OLWWOH RU QR FKDQJH RQ GD\ �

FRPSDUHG WR GD\ � RI IDVWLQJ �3!���� >7DEOH �@�

)DVWLQJ DIIHFWHG SODVPD FKROHVWHURO OHYHOV WR D PXFK

OHVVHU H[WHQW ZKHQ FRPSDUHG ZLWK SODVPD WULJO\FHULGH�

9/'/�FKROHVWHURO FRUUHODWHG ZHOO ZLWK SODVPD WULJO\FHULGH

LQ DOO VXEJURXSV �U ����� DQG /'/�FKROHVWHURO OHYHOV

FRUUHODWHG ZHOO ZLWK SODVPD FKROHVWHURO �U ����� DQG

����� IRU PHQ DQG ZRPHQ UHVSHFWLYHO\� >7DEOHV � DQG �@�

$VLGH IURP D VOLJKW WHQGHQF\ IRU D GHFUHDVH LQ +'/�

FKROHVWHURO REVHUYHG LQ JURXS � �3!����� ZH REVHUYHG QR

FRQVLVWHQW FKDQJHV LQ WKH RWKHU JURXSV� 1R FRUUHODWLRQ FRXOG

EH GHPRQVWUDWHG DPRQJ WKH FKDQJHV REVHUYHG LQ OLSRSURWHLQ

FKROHVWHURO OHYHOV LQGXFHG E\ IDVWLQJ ZLWK HLWKHU LQLWLDO OHYHOV

RI OLSLGV� OLSRSURWHLQV DQG JOXFRVH RU ZHLJKW ORVV�

&KDQJHV LQ SODVPD DSR�% OHYHO GXULQJ IDVWLQJ IROORZHG

DQG PDLQWDLQHG D JRRG FRUUHODWLRQ ZLWK SODVPD /'/

�U ����� IRU PHQ DQG U ����� IRU ZRPHQ��

,0$- • 9RO � • 0DUFK ���� 3ODVPD /LSLGV DQG /LSRSURWHLQV GXULQJ )DVWLQJ ���

2ULJLQDO $UWLFOHV

7DEOH �� (IIHFW RI IDVWLQJ RQ SODVPD OLSLGV OLSRSURWHLQ FKROHVWHURO DQG DSR�% �PJ�GO�
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

7ULJO\FHULGH &KROHVWHURO $SROLSRSURWHLQ %

7RWDO 9/'/ /'/ +'/
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)DVWLQJ IRU � WR � GD\V LQGXFHG UHPDUNDEOH FKDQJHV LQ

SODVPD OLSLGV� OLSRSURWHLQV DQG DSR�% LQ �� SK\VLFLDQV

SDUWLFLSDWLQJ LQ D KXQJHU VWULNH� 7KHVH FKDQJHV ZHUH

GHWHUPLQHG E\ ERG\ PDVV LQGH[� SUHVHQFH RI K\SHUWULJO\�

FHULGHPLD DQG PHGLFDWLRQ LQWDNH� 9DULDELOLW\ LQ WKHVH

SDUDPHWHUV PD\ H[SODLQ PRVW GLVFUHSDQFLHV WKDW ZHUH

REVHUYHG LQ SUHYLRXV VWXGLHV >7DEOH �@� 7KHVH VWXGLHV

GLIIHUHG DOVR LQ WKH DPRXQW RI HQHUJ\ LQJHVWHG DQG WKH OHYHO

RI SK\VLFDO DFWLYLW\ LQ WKH IDVWLQJ VXEMHFWV�

:H REVHUYHG WKDW KHDOWK\ QRQ�REHVH QRUPRWULJO\FHUL�

GHPLF PHQ DQG ZRPHQ VKRZHG D PDUNHG LQFUHDVH LQ SODVPD

WULJO\FHULGHV ���²����� DQG 9/'/�FKROHVWHURO ���²�����

DIWHU IDVWLQJ IRU � GD\V� 7KHVH ILQGLQJV DUH FRQVLVWHQW ZLWK

SUHYLRXV VWXGLHV SHUIRUPHG XQGHU VLPLODU FRQGLWLRQV E\

6WRXW HW DO� >�@� 5XELQ DQG $ODGMHP >��@ DQG 0DUNHO HW DO� >�@

ZKR GHPRQVWUDWHG D ��� LQFUHDVH LQ SODVPD WULJO\FHULGHV

DIWHU � GD\V RI IDVWLQJ DQG ��� LQFUHDVH LQ SODVPD 9/'/

DIWHU �²� GD\V RI IDVWLQJ >7DEOH �@� ,Q FRQWUDVW� RWKHU VWXGLHV

E\ (QGH >�@� &DUOVRQ DQG )UREHUJ >�@� :DOOHQWLQ DQG

6NROGVWDP >�@ DQG 9DLVPDQ HW DO� >��@ GHPRQVWUDWHG D

GHFUHDVH ���²���� LQ SODVPD WULJO\FHULGHV DQG 9/'/�

FKROHVWHURO ���²����� ,Q WKH ODWWHU VWXGLHV KRZHYHU� WKH

VXEMHFWV LQJHVWHG ���²��� NFDO�GD\ PDLQO\ DV FDUERK\GUDWHV�

,Q DGGLWLRQ� WKH JURXS VWXGLHG E\ &DUOVRQ DQG )UREHUJ >�@

ZDONHG �� NP�GD\ GXULQJ WKH VWXG\ SHULRG� DQG � RI WKHLU ��

VXEMHFWV ZHUH YHJHWDULDQV� 7KH JURXS VWXGLHG E\ :DOOHQWLQ

DQG 6NROGVWDP >�@ LQFOXGHG SDWLHQWV ZLWK UKHXPDWRLG

DUWKULWLV ZKR ZHUH WDNLQJ DQWL�LQIODPPDWRU\ PHGLFDWLRQV�

$OO WKHVH IDFWRUV PD\ KDYH PRGXODWHG WKH HIIHFWV RI IDVWLQJ�

7KH REVHUYHG LQFUHDVH LQ SODVPD WULJO\FHULGHV DVVRFLDWHG

ZLWK FRPSOHWH IDVWLQJ KDV EHHQ VKRZQ WR UHVXOW IURP

LQFUHDVHG V\QWKHVLV� FDXVHG E\ HQKDQFHG LQIOX[ RI IDWW\

DFLGV WR WKH OLYHU LQGXFHG E\ D GHFUHDVH LQ SODVPD LQVXOLQ� D

ULVH LQ SODVPD JOXFDJRQ JURZWK KRUPRQH DQG FDWHFKRO�

DPLQHV� DQG SHULSKHUDO LQVXOLQ UHVLVWDQFH GXULQJ IDVWLQJ

>����²��@ 2Q WKH RWKHU KDQG� REHVH VXEMHFWV ZLWK HOHYDWHG

WULJO\FHULGH OHYHOV LQ WKH QRQ�IDVWLQJ VWDWH FDXVHG E\

LQFUHDVHG 9/'/ V\QWKHVLV DQG VHFUHWLRQ >��@ VKRZ D GURS

LQ SODVPD WULJO\FHULGHV XSRQ IDVWLQJ RU FDORULH UHVWULFWLRQ�

2XU ILQGLQJV DUH WKHUHIRUH FRQVLVWHQW ZLWK WKH UHVXOWV

REWDLQHG LQ PRVW SUHYLRXV VWXGLHV� VRPH RI ZKLFK DUH OLVWHG

LQ 7DEOH �� )XUWKHUPRUH� LW KDV EHHQ UHSRUWHG E\ +HQGULN[

HW DO� >��@ WKDW WKH GLUHFWLRQ RI WKH REVHUYHG FKDQJH LQ

SODVPD WULJO\FHULGHV GXULQJ IDVWLQJ LV GHSHQGHQW RQ WKH SUH�

IDVW WULJO\FHULGH OHYHOV� 1RUPRWULJO\FHULGHPLF VXEMHFWV

VKRZHG DQ LQFUHDVH� ZKHUHDV K\SHUWULJO\FHULGHPLF VXEMHFWV

VKRZHG D GHFUHDVH LQ SODVPD WULJO\FHULGHV GXULQJ D � GD\

IDVW� 7KH LQFUHDVHG 9/'/ V\QWKHVLV REVHUYHG LQ REHVH

VXEMHFWV LQ WKH XQIDVWHG VWDWH GHSHQGV XSRQ HOHYDWHG OHYHOV

RI LQVXOLQ DQG SURYLVLRQ RI SUHFXUVRUV IURP ERWK WLVVXH VWRUHV

DQG IRRG FRQVXPSWLRQ >��@� 'XULQJ IDVWLQJ RU FDORULH

UHVWULFWLRQ� ERWK WKH ORZHUHG LQVXOLQ OHYHOV DQG IRRG

GHSULYDWLRQ UHVXOW LQ ORZHUHG 9/'/ V\QWKHVLV� OHDGLQJ WR

UHGXFWLRQ RI SODVPD WULJO\FHULGH >�����@�

&RQVLVWHQW ZLWK SUHYLRXV REVHUYDWLRQV� IDVWLQJ KHDOWK\

QRQ�REHVH DQG QRUPROLSLGHPLF VXEMHFWV VKRZHG OLWWOH FKDQJH

LQ SODVPD /'/�FKROHVWHURO >7DEOH �@� %RWK ELRV\QWKHVLV DQG

VHFUHWLRQ RI FKROHVWHURO KDYH EHHQ VKRZQ WR GHFUHDVH XSRQ

IDVWLQJ >�����@� DQG VPDOO SODVPD LQFUHPHQWV KDYH EHHQ

7DEOH �� 5HSUHVHQWDWLYH VWXGLHV RQ WKH HIIHFW RI IDVWLQJ RQ FRQFHQWUDWLRQ RI SODVPD OLSLGV DQG OLSRSURWHLQV
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&RQVROD]LR HW DO� >�@ �0 � � :DUG ��� ���

6WRXW HW DO� >�@ �0 	 �) � � ��� ��� ��

(QGH >�@ ��0 � ��� 1RUPDO ��� ���

�) ��� ���
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2EHVH� QRUPROLSLGHPLF
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=LPPHUPDQ HW DO� >��@ �0 � ���� 1RUPDO ² ²�� ²� �� ²��
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2EHVH� K\SHUOLSLGHPLF
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� 7ULJO\FHULGHV ��� LQFOXGLQJ QLQH YHJHWDULDQV

�� �� NP ZDON�GD\ ���� 3DWLHQWV VXIIHULQJ IURP UKHXPDWRLG DUWKULWLV

��� 0� )DLQDUX DQG =� 6FKDIHU ,0$- • 9RO � • 0DUFK ����
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DWWULEXWHG WR FKROHVWHURO UHOHDVHG IURP FHOO EUHDNGRZQ DQG
LQFUHDVHG WXUQRYHU RI 9/'/ WR LQWHUPHGLDWH GHQVLW\
OLSRSURWHLQ DQG WR /'/ >�����@� 6XFK DQ LQFUHDVH LQ /'/
ZDV PRUH SURPLQHQW LQ RXU REHVH DQG K\SHUOLSLGHPLF
VXEMHFWV ZKHQ FRPSDUHG WR QRQ�REHVH DQG QRUPROLSLGHPLF
VXEMHFWV DQG PD\ KDYH UHVXOWHG IURP LQFUHDVHG 9/'/
FDWDEROLVP E\ OLSRSURWHLQ OLSDVH� ,Q SUHYLRXV VWXGLHV RI REHVH
RU K\SHUOLSLGHPLF VXEMHFWV ZLWK /'/�FKROHVWHURO� WKH
VXEMHFWV FRQVXPHG ���²����� NFDO�GD\ DQG WKXV DUH QRW
FRPSDUDEOH WR RXU VWXG\ >7DEOH �@� $SR�% FRQFHQWUDWLRQ
IROORZHG WKH FKDQJHV REVHUYHG LQ /'/�FKROHVWHURO LQ FORVH
FRUUHODWLRQ GXULQJ WKH � WR � GD\V IDVWLQJ�

&KDQJHV LQ +'/�FKROHVWHURO OHYHOV LQGXFHG E\ IDVWLQJ DUH
KHWHURJHQRXV� +'/ FRQFHQWUDWLRQ WHQGHG WR GHFUHDVH LQ WKH
QRQ�REHVH QRUPROLSLGHPLF JURXS� ZKLFK LV FRQVLVWHQW ZLWK
VRPH SUHYLRXV VWXGLHV >���@ EXW QRW ZLWK WKH UHSRUW E\
&DUOVRQ DQG )UREHUJ >�@� ZKR VWXGLHG VXEMHFWV HQJDJLQJ LQ
KHDY\ SK\VLFDO DFWLYLW\ >�@ ZKLFK LV NQRZQ WR DIIHFW +'/�
FKROHVWHURO OHYHOV >��@�

7KH WZR ZRPHQ RQ RUDO FRQWUDFHSWLYHV VKRZHG XQLTXH
FKDQJHV LQ WKHLU OLSRSURWHLQV XSRQ IDVWLQJ� D GHFUHDVH LQ
SODVPD WULJO\FHULGHV� 9/'/ DQG /'/�FKROHVWHURO� LQ FRQ�
WUDVW WR PHQ DQG ZRPHQ QRW FRQVXPLQJ RUDO FRQWUDFHSWLYHV�
2UDO FRQWUDFHSWLYHV DUH NQRZQ WR DIIHFW SODVPD OLSRSURWHLQ
OHYHOV >��@� ,W LV FRQFHLYDEOH WKDW RUDO FRQWUDFHSWLYHV DOVR
DIIHFW WKH UHVSRQVH RI SODVPD OLSRSURWHLQV WR IDVWLQJ� DV
REVHUYHG LQ WKH SUHVHQW VWXG\�

2XU REVHUYDWLRQV LQ WKLV OLPLWHG QXPEHU RI VXEMHFWV
VXSSRUW WKH IROORZLQJ FRQFOXVLRQV� )DVWLQJ XS WR � GD\V
LQGXFHV FRQVLGHUDEOH FKDQJHV LQ SODVPD OLSRSURWHLQ OHYHOV�
%RWK 9/'/�FKROHVWHURO DQG WULJO\FHULGH SODVPD FRQFHQWUD�
WLRQV LQFUHDVH LQ KHDOWK\ QRQ�REHVH RU QRUPRJO\FHULGHPLF
VXEMHFWV EXW GHFUHDVH LQ REHVH DQG K\SHUOLSLGHPLFV� ,QWDNH
RI HYHQ VPDOO DPRXQWV RI HQHUJ\ ���� NFDO�GD\ RI
FDUERK\GUDWHV� UHYHUVHV WKH H[SHFWHG LQFUHDVH LQ SODVPD
9/'/ REVHUYHG LQ QRUPDO LQGLYLGXDOV� 7KH ODWWHU� WRJHWKHU
ZLWK WKH SUHVHQFH RI REHVLW\� K\SHUOLSLGHPLD� VWUHQXRXV
SK\VLFDO H[HUFLVH RU RUDO FRQWUDFHSWLYHV� KDYH LQWURGXFHG D
UHPDUNDEOH KHWHURJHQHLW\ LQ SUHYLRXVO\ SXEOLVKHG UHSRUWV
VWXG\LQJ WKH HIIHFW RI IDVWLQJ RQ SODVPD OLSRSURWHLQV LQ
KXPDQV�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
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�� 6WRXW 5:� +HQU\ 5:� %XFKDQDQ .'� 7ULJO\FHULGH PHWDEROLVP LQ DFXWH
VWDUYDWLRQ� WKH UROH RI VHFUHWLQ DQG JOXFDJRQ� (XU - &OLQ ,QYHVW ����������²���

�� 0DUNHO $� %URRN -*� $YLUDP 0� ,QFUHDVHG SODVPD WULJO\FHULGHV� FKROHVWHURO
DQG DSROLSRSURWHLQ ( GXULQJ SURORQJHG IDVWLQJ LQ QRUPDO VXEMHFWV� 3RVWJUDG
0HG - �����������²���

�� :DOOHQWLQ /� 6NROGVWDP /� /LSRSURWHLQV DQG FKROHVWHURO HVWHULILFDWLRQ UDWH LQ
SODVPD GXULQJ D �� GD\V PRGLILHG IDVW LQ PDQ� $P - &OLQ 1XWU
������������²���

�� &DUOVRQ /$� )UREHUJ 62� %ORRG OLSLG DQG JOXFRVH OHYHOV GXULQJ D WHQ GD\
SHULRG RI ORZ FDORULH LQWDNH DQG H[HUFLVH LQ PDQ� 0HWDEROLVP �����������²���

�� -DFNVRQ 5$� 0RORQH\ 0� /RZ\ &� :ULJKW $'� +DUWRJ 0� 3LONLQJWRQ 75�
)UDVHU 75� 'LIIHUHQFHV EHWZHHQ PHWDEROLF UHVSRQVHV WR IDVWLQJ LQ REHVH
GLDEHWLF DQG REHVH QRQGLDEHWLF VXEMHFWV� 'LDEHWHV �����������²���

�� (QGH 1� 6WDUYDWLRQ VWXGLHV ZLWK VSHFLDO UHIHUHQFH WR FKROHVWHURO� $P - &OLQ

1XWU �����������²���

�� &RQVROD]LR &)� 0DWRXVK /2� -RKQVRQ +/� 1HOVRQ 5$� .U]\ZLFNL +-�
0HWDEROLF DVSHFWV RI DFXWH VWDUYDWLRQ LQ QRUPDO KXPDQV ��� GD\V�� $P - &OLQ
1XWU �����������²���

�� 6DYHQGDKO /� 0DU 0+� 8QGHUZRRG /(� =HLVHO 6+� 3URORQJHG IDVWLQJ LQ
KXPDQV UHVXOWV LQ GLPLQLVKHG SODVPD FKROLQH FRQFHQWUDWLRQV EXW GRHV QRW
FDXVH OLYHU G\VIXQFWLRQ� $P - &OLQ 1XWU �����������²��

�� -DFNVRQ ,� (IIHFW RI SURORQJHG VWDUYDWLRQ RQ EORRG OLSLG OHYHOV RI REHVH
VXEMHFWV� 0HWDEROLVP ����������²���

��� 9DLVPDQ 1� 6NODQ '� 'D\DQ <� (IIHFW RI PRGHUDWH VHPL�VWDUYDWLRQ RQ
SODVPD OLSLGV� ,QW - 2EHV ����������²���

��� /HKWLPDNL 7� )UDQNEHUJ�/DNNDOD +� 6RODNLYL 7� .RLYLVWR $0� /DLSSDOD 3�
(KQKROP &� -RNHOD +� .RLYXOD 7� 1LNNDUL 7� 7KH HIIHFW RI VKRUW�WHUP
IDVWLQJ� DSROLSRSURWHLQ ( JHQH SRO\PRUSKLVP� DQG VH[ RQ SODVPD OLSLGV� $P

- &OLQ 1XWU �����������²����

��� 6RUELV 5� 3HWHUVRQ %*� 1LOVRQ�(KOH 3� (IIHFWV RI ZHLJKW UHGXFWLRQ RQ
SODVPD OLSRSURWHLQV DQG DGLSRVH WLVVXH PHWDEROLVP LQ REHVH VXEMHFWV� (XU -

&OLQ ,QYHVW �����������²��

��� :ROI 51� *UXQG\ 60� ,QIOXHQFH RI ZHLJKW UHGXFWLRQ RQ SODVPD OLSRSURWHLQV
LQ REHVH SDWLHQWV� $UWHULRVFOHURVLV ����������²��

��� =LPPHUPDQ -� .DXIPDQ 1$� )DLQDUX 0� (LVHQEHUJ 6� 2VFKU\ <�
)ULHGODQGHU <� 6WDLQ <� (IIHFW RI ZHLJKW ORVV LQ PRGHUDWH REHVLW\ RQ SODVPD
OLSRSURWHLQ DQG DSROLSRSURWLQ OHYHOV DQG RQ KLJK GHQVLW\ OLSRSURWHLQ
FRPSRVLWLRQ� $UWHULRVFOHURVLV ����������²���

��� 2OHIVN\ -� 5HDYHQ *0� )DUTXKDU -:� (IIHFWV RI ZHLJKW UHGXFWLRQ RQ REHVLW\�
6WXGLHV RI OLSLG DQG FDUERK\GUDWH PHWDEROLVP LQ QRUPDO DQG K\SHU�
OLSRSURWHLQHPLF VXEMHFWV� - &OLQ ,QYHVW ����������²���

��� .XGFKRGNDU %-� 6RGKL +6� 0DVRQ '7� %RUKDQL 12� (IIHFWV RI DFXWH FDORULH
UHVWULFWLRQ RQ FKROHVWHURO PHWDEROLVP LQ PDQ� $P - &OLQ 1XWU ������������²
���

��� )DLQDUX 0� 6FKDIHU =� *DYLVK '� 6NXUQLN <� $UJRY 5� 'LXUQDO FKDQJHV LQ
SODVPD OLSRSURWHLQV RI IUHH�OLYLQJ KHDOWK\ PHQ FRQVXPLQJ D VWDQGDUG GLHW� ,VU
- 0HG 6FL ����������²��

��� 6HQHGHFRU *:� &RFKUDQ :*� 6WDWLVWLFDO 0HWKRGV� �WK HG� ,RZD� $PHV� 7KH
,RZD 6WDWH 8QLYHUVLW\ 3UHVV� �����

��� 5XELQ /� $ODGMHP )� 6HUXP OLSRSURWHLQ FKDQJHV GXULQJ IDVWLQJ LQ PDQ� $P -

3K\VLRO ������������²��

��� 1HZPDQ :3� %URGRZV 5*� ,QVXOLQ DFWLRQ GXULQJ DFXWH VWDUYDWLRQ� HYLGHQFH
IRU VHOHFWLYH LQVXOLQ UHVLVWDQFH LQ QRUPDO PDQ� 0HWDEROLVP �����������²��

��� *ULHV )$� .RVFKLQVN\ 7� %UHFKWROG 3� 2EHVLW\� GLDEHWHV DQG K\SHU�
OLSRSURWHLQHPLD� $WKHURVFOHURVLV 5HY ���������²���

��� 1HZPDQ :3� %URGRZV 5*� ,QVXOLQ DFWLRQ GXULQJ DFXWH VWDUYDWLRQ� HYLGHQFH
IRU VHOHFWLYH LQVXOLQ UHVLVWDQFH LQ QRUPDO PDQ� 0HWDEROLVP �����������²��

��� *DUOVRQ 0*� 6QHDG :/� &DPSEHOO 3-� )XHO DQG HQHUJ\ PHWDEROLVP LQ
IDVWLQJ KXPDQV� $P - &OLQ 1XWU ����������²���

��� 6WUHMD '$� 0DUOLVV (%� 6WHLQHU *� 7KH HIIHFWV RI SURORQJHG IDVWLQJ RQ
SODVPD WULJO\FHULGH NLQHWLFV LQ PDQ� 0HWDEROLVP �����������²���

��� +HQGULN[ $� %RQL /� .LHFNHQV /� 0HXOHSDV (� 'H 0RRU 3� &KDQJHV LQ VRPH
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