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$EVWUDFW� 7KH DLP RI WKLV VWXG\ ZDV WR FODULI\ WKH GHQWRVNHOHWDO WUHDWPHQW HIIHFWV LQGXFHG E\ D SUHRU�
WKRGRQWLF WUDLQHU DSSOLDQFH WUHDWPHQW RQ &ODVV ,,� GLYLVLRQ � FDVHV� 7ZHQW\ SDWLHQWV ��� JLUOV DQG �� ER\V�
PHDQ DJH ��� ��� \HDUV� ZLWK D &ODVV ,,� GLYLVLRQ � PDORFFOXVLRQ ZHUH WUHDWHG ZLWK SUHRUWKRGRQWLF WUDLQHU
DSSOLDQFHV �0\RIXQFWLRQDO 5HVHDUFK &R�� 4XHHQVODQG� $XVWUDOLD�� 7KH SDWLHQWV ZHUH LQVWUXFWHG WR XVH WKH
WUDLQHU HYHU\ GD\ IRU RQH KRXU DQG RYHUQLJKW ZKLOH WKH\ VOHSW� $ FRQWURO JURXS RI �� SDWLHQWV �PHDQ DJH
���� ��� \HDUV� ZLWK XQWUHDWHG &ODVV ,,� GLYLVLRQ � PDORFFOXVLRQV ZDV XVHG WR HOLPLQDWH SRVVLEOH JURZWK
HIIHFWV� /DWHUDO FHSKDORJUDPV ZHUH WDNHQ DW WKH VWDUW DQG HQG RI WUHDWPHQW� )LQDO FHSKDORJUDPV ZHUH WDNHQ
���� ��� PRQWKV DIWHU WUDLQHU DSSOLFDWLRQ� FRPSDUHG ZLWK D PHDQ RI ���� ��� PRQWKV ODWHU IRU WKH
FRQWURO JURXS� 7KH PHDQ DQG VWDQGDUG GHYLDWLRQV IRU FHSKDORPHWULF PHDVXUHPHQWV ZHUH DQDO\]HG E\ SDLUHG�
VDPSOHV W�WHVW DQG LQGHSHQGHQW�VDPSOHV W�WHVWV� $W WKH HQG RI WKH VWXG\ SHULRG� WKH WUDLQHU JURXS VXEMHFWV
VKRZHG VLJQL¿FDQW FKDQJHV LQFOXGLQJ DQWHULRU URWDWLRQ DQG VDJLWWDO JURZWK RI WKH PDQGLEOH� LQFUHDVHG 61%
DQG IDFLDO KHLJKW� UHGXFHG $1%� LQFUHDVHG ORZHU LQFLVRU SURFOLQDWLRQ� UHWURFOLQDWLRQ RI XSSHU LQFLVRUV� DQG
RYHUMHW UHGXFWLRQ� +RZHYHU� RQO\ WRWDO IDFLDO KHLJKW LQFUHDVH� ORZHU LQFLVRU SURFOLQDWLRQ� DQG RYHUMHW UHGXF�
WLRQ ZHUH VLJQL¿FDQWO\ KLJKHU ZKHQ FRPSDUHG ZLWK WKH FKDQJHV REVHUYHG LQ WKH FRQWURO JURXS� 7KLV VWXG\
GHPRQVWUDWHV WKDW WKH SUHRUWKRGRQWLF WUDLQHU DSSOLFDWLRQ LQGXFHV EDVLFDOO\ GHQWRDOYHRODU FKDQJHV WKDW UHVXOW
LQ VLJQL¿FDQW UHGXFWLRQ RI RYHUMHW DQG FDQ EH XVHG ZLWK DSSURSULDWH SDWLHQW VHOHFWLRQ� �$QJOH 2UWKRG �����
������±�����

.H\ :RUGV� 0\RIXQFWLRQDO WUHDWPHQW� 3UHRUWKRGRQWLF WUDLQHU� &ODVV ,,� GLYLVLRQ �

,1752'8&7,21

0XFK DWWHQWLRQ KDV EHHQ SDLG WR WKH SUREOHP RI FRQWURO�
OLQJ GHQWRIDFLDO JURZWK LQWHUIHUHQFHV FDXVHG E\ DEQRUPDO
OLS DQG WRQJXH IXQFWLRQ LQ WKH PL[HG GHQWLWLRQ SHULRG� 9DU�
LRXV DSSOLDQFHV KDYH EHHQ SUHVHQWHG IRU WKH WUHDWPHQW RI
WKLV SUREOHP��±� 7KH PDLQ SXUSRVH RI WKHVH DSSOLDQFHV KDV
EHHQ WR HOLPLQDWH RUDO G\VIXQFWLRQ� HVWDEOLVK PXVFXODU EDO�
DQFH� DQG FRUUHFW RU GLPLQLVK PD[LOODU\ LQFLVRU SURWUXVLRQ��

D $VVLVWDQW 3URIHVVRU� 'HSDUWPHQW RI 2UWKRGRQWLFV� 6FKRRO RI 'HQ�
WLVWU\� 6HOFXN 8QLYHUVLW\� .RQ\D� 7XUNH\�

E 5HVHDUFK $VVLVWDQW� 'HSDUWPHQW RI 2UWKRGRQWLFV� 6FKRRO RI 'HQ�
WLVWU\� 6HOFXN 8QLYHUVLW\� .RQ\D� 7XUNH\�

F $VVRFLDWH 3URIHVVRU DQG +HDG� 'HSDUWPHQW RI 2UWKRGRQWLFV�
6FKRRO RI 'HQWLVWU\� 6HOFXN 8QLYHUVLW\� .RQ\D� 7XUNH\�

G $VVRFLDWH 3URIHVVRU� 'HSDUWPHQW RI 2UWKRGRQWLFV� 6FKRRO RI 'HQ�
WLVWU\� 6HOFXN 8QLYHUVLW\� .RQ\D� 7XUNH\�

&RUUHVSRQGLQJ DXWKRU� 7DQFDQ 8\VDO� ''6� 2UWKRGRQWLFV� 6HOFXN
8QLYHUVLWHVL 'LV +HNLPOLJL )DNXOWHVL� 2UWRGRQWL $� '�� .RQ\D ������
7XUNH\
�H�PDLO� WDQFDQX\VDO#VHOFXN�HGX�WU��

$FFHSWHG� 2FWREHU ����� 6XEPLWWHG� 6HSWHPEHU �����
���� E\ 7KH (+ $QJOH (GXFDWLRQ DQG 5HVHDUFK )RXQGDWLRQ� ,QF�

([FHVVLYH GHQWDO SURWUXVLRQ DQG H[FHVVLYH RYHUMHW DUH
FKDUDFWHULVWLFV RI WKHVH FDVHV� SDUWLFXODUO\ LQ FRQQHFWLRQ
ZLWK WKXPE RU OLS VXFNLQJ DQG WRQJXH WKUXVWLQJ�� 0F1D�
PDUD� FODLPHG WKDW WKH PRVW IUHTXHQW VNHOHWDO SUREOHP LQ
&ODVV ,, PDORFFOXVLRQV LQ SUHDGROHVFHQWV LV PDQGLEXODU UHW�
URJQDWKLD� 7KLV VXJJHVWV WKDW DQ DSSOLDQFH ZLWK WKH GHP�
RQVWUDWHG DELOLW\ WR VWLPXODWH VLJQL¿FDQW PDQGLEXODU JURZWK
ZRXOG EH DQ LPSRUWDQW SDUW RI WKH FOLQLFLDQ¶V DUPDPHQWDU�
LXP� $QLPDO VWXGLHV KDYH VKRZQ WKDW DSSOLDQFHV WKDW SRVL�
WLRQ WKH PDQGLEOH DQWHULRUO\ FDQ VWLPXODWH VLJQL¿FDQW PDQ�
GLEXODU JURZWK� SULPDULO\ E\ DQ HQKDQFHG UHPRGHOLQJ UH�
VSRQVH DW WKH FRQG\OH���±��

0\RIXQFWLRQDO DSSOLDQFHV KDYH EHHQ XVHG IRU PDQ\
\HDUV� 7KHUH LV D GH¿QLWH SODFH IRU WKHVH DSSOLDQFHV LQ RU�
WKRGRQWLFV WRGD\ EHFDXVH WKH\ DUH VLPSOH DQG HFRQRPLFDO�
EXW WKH FDVHV QHHG WR EH FDUHIXOO\ VHOHFWHG� DQG WKH RSHUDWRU
QHHGV WR EH ZHOO WUDLQHG LQ WKHLU XVH�
&ODVV ,,� GLYLVLRQ � PDORFFOXVLRQV PD\ EH WUHDWHG HIIHF�

WLYHO\ LQ DFWLYHO\ JURZLQJ SDWLHQWV ZLWK DQ\ W\SH RI IXQF�
WLRQDO DSSOLDQFH������ 7KH SULQFLSDO DLPV RI GHQWRIDFLDO RU�
WKRSHGLF WUHDWPHQW RI VNHOHWDO &ODVV ,,� GLYLVLRQ � PDORF�
FOXVLRQV ZLWK DQ DFWLYDWRU DUH WR FRUUHFW WKH GHQWDO DUFK
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D 16� QRW VLJQL¿FDQW�

 3 ����


 3 ����



 3 �����

UHODWLRQVKLS DQG WR LPSURYH WKH SDWLHQW¶V IDFLDO SUR¿OH E\
SURPRWLQJ IDYRUDEOH PDQGLEXODU JURZWK FKDQJHV������

%HUJHUVHQ�� VWDWHG WKDW H[FHVVLYH RYHUMHW LGHDOO\ VKRXOG
EH FRUUHFWHG EHIRUH IXOO HUXSWLRQ RI WKH SHUPDQHQW LQFLVRUV
VR WKDW WKH OLQJXDO VXUIDFHV RI WKH XSSHU LQFLVRUV ZLOO SUR�
YLGH VWRSV WR SUHYHQW LQFUHDVHV LQ RYHUELWH� +RZHYHU� WZR
PP RI RYHUMHW VKRXOG UHPDLQ DIWHU FRUUHFWLRQ WR HQVXUH WKDW
FRQWLQXHG PDQGLEXODU JURZWK GRHV QRW OHDG WR SURJQD�
WKLVP���

7XOORFK HW DO�� LGHQWL¿HG �� VWXGLHV FRQGXFWHG EHWZHHQ
���� DQG ���� WKDW UHSRUWHG WKH WUHDWPHQW RI \RXQJ SDWLHQWV
ZLWK &ODVV ,, PDORFFOXVLRQ� %HFDXVH RI WKH YDULRXV LQKHUHQW
OLPLWDWLRQV RI WKH GLIIHUHQW LQYHVWLJDWLRQV� WKH\ ZHUH XQDEOH
WR GHWHUPLQH ZKHWKHU RUWKRGRQWLF WUHDWPHQW VLJQL¿FDQWO\ LQ�
ÀXHQFHG WKH JURZWK SRWHQWLDO RI &ODVV ,, SDWLHQWV�
:RRGVLGH HW DO�� LQGLFDWHG WKDW PDQGLEXODU JURZWK LV

DFKLHYHG E\ FKDQJHV LQ WKH PRGH RI EUHDWKLQJ DQG WKDW SDV�
VLYH PD[LOODU\ H[SDQVLRQ SOXV ELWH RSHQLQJ ZDV DFKLHYHG

E\ FKDQJHV LQ WRQJXH SRVLWLRQ� /LQGHU�$URQVRQ HW DO��

FODLPHG WKDW D FKLOG SDVVLQJ IURP RUDO WR QDVDO EUHDWKLQJ
LQFUHDVHV WKH KRUL]RQWDO JURZWK RI WKH PDQGLEOH DQG QRU�
PDOL]HV LQFLVRU SRVLWLRQ�
7R LQLWLDWH &ODVV ,, RUWKRSHGLF WKHUDS\ DW DQ HDUOLHU DJH

DQG WR FRUUHFW IXQFWLRQDO SUREOHPV RI VRIW WLVVXHV VXFK DV
OLQJXDO PDOSRVLWLRQ� WKH FHQWULSHWDO WKUXVW RI WKH OLSV DQG
FKHHNV� RUDO UHVSLUDWLRQ� DQG EUX[LVP QHHG WR EH SDUW RI WKH
JRDO� :LWK WKLV DLP� RXU DWWHQWLRQ ZDV GUDZQ WR WKH SUHRU�
WKRGRQWLF WUDLQHU �)LJXUH ��� D IXQFWLRQDO GHYLFH XVDEOH LQ
FKLOGUHQ IURP WKH DJH RI IRXU WR �� \HDUV� 4XDGUHOOL HW
DO��±�� UHFRPPHQGHG WKLV DSSOLDQFH WR FRUUHFW WKH LQWHUSR�
VLWLRQ RI OLSV EHWZHHQ GHQWDO DUFKHV� DW\SLFDO VZDOORZLQJ�
DQG WKH FHQWULSHWDO WKUXVW RI FKHHNV XSRQ WKH GHQWDO DUFKHV�
WR GLVFRXUDJH RUDO UHVSLUDWLRQ� WR DYRLG EUX[LVP� DQG WR ID�
YRU WKH DFWLRQ RI WKH H[WHUQDO SWHU\JRLG DQG WKXV HQFRXUDJH
WKH DFWLYH SXVK RI WKH PDQGLEOH�
7KH WUDLQHU DQG VLPLODU DSSOLDQFHV DUH FODLPHG WR HQ�



���())(&7 2) 35(257+2'217,& 75$,1(5 $33/,$1&(

$QJOH 2UWKRGRQWLVW� 9RO ��� 1R �� ����

7$%/( �� ([WHQGHG

&RQWURO *URXS �Q ���

)LUVW 2EVHUYDWLRQ�
� PR

0HDQ 6'

6HFRQG 2EVHUYDWLRQ�
���� ��� PR

0HDQ 6'

'LIIHUHQFH

0HDQ 6'

3�9DOXH

3DLUHG�6DPSOHV
W�7HVW

,QGHSHQGHQW�
6DPSOHV
W�7HVW

�����
�����
����

�����
�����
�����

������
������
������
�����

����
����
����
����
����
����
����
����
����
����

�����
�����
����

�����
�����
�����

������
������
������
�����

����
����
����
����
����
����
����
����
����
����

����
����
����
����
����
����
����
����
����
����

����
����
����
����
����
����
����
����
����
����

16
16
16
16
16
16
16
16
16
16

16
16
16
16
16
16
16
16
16
16

����
�����
�����

������
�����
�����
�����

������
�����
�����

����
����
����
����
����
����
����
����
����
����

����
�����
�����

������
�����
�����
�����

������
�����
�����

����
����
����
����
����
����
����
����
����
����

����
����
����
����
����
����
����
����
����
����

����
����
����
����
����
����
����
����
����
����

16
16
16

����


����



����

����

����

16
16

16
16
16

����



16
16
16
16
16
16

����
�����
�����
����

�����
�����

������
����
����

����
����
����
����
����
����
����
����
����

����
�����
����
����

�����
�����

������
����
����

����
����
����
����
����
����
����
����
����

����
����
����
����
����
����
����
����
����

����
����
����
����
����
����
����
����
����

16
16
16
16
16
16
16
16
16

16
16
16

����

����

����


16

����



16

FRXUDJH WUDQVYHUVH ERQH JURZWK E\ DFWLQJ DV D µµVKLHOG¶¶ IRU
WKH FKHHNV DQG EULQJLQJ DERXW PXVFXODU UHOD[DWLRQ DQG SUR�
WHFWLRQ RI WKH WHHWK DQG DUWLFXODWLRQV IURP EUX[LVP� E\ YLU�
WXH RI WKH µµELWH HIIHFW�¶¶����� 7KH WUDLQHU LV FODLPHG WR FRUUHFW
D VNHOHWDO &ODVV ,, E\ DQ DFWLYH PDQGLEXODU IRUFH� %\ GLV�
WDQFLQJ WKH ORZHU OLSV IURP WKH GHQWDO DOYHRODU DUFK� WKH
WUDLQHU LV FODLPHG WR SUHYHQW D PDOSRVLWLRQ RI WKH WRQJXH
DQG ORZHU OLS GXULQJ VZDOORZLQJ� WKXV VROYLQJ WKH DVVRFL�
DWHG GHQWDO RSHQ ELWH� ,W LV DOVR UHSRUWHG WR SURPRWH QDVDO
UHVSLUDWLRQ���

7KHUHIRUH� WKLV VWXG\ FHSKDORPHWULFDOO\ HYDOXDWHV WKH
RYHUDOO FKDQJHV WKDW RFFXU GXULQJ WUHDWPHQW ZLWK D SUHRU�
WKRGRQWLF WUDLQHU DSSOLDQFH DQG FRPSDUHV WKHVH FKDQJHV
ZLWK DQ XQWUHDWHG &ODVV ,,� GLYLVLRQ � FRQWURO JURXS�

0$7(5,$/6 $1' 0(7+2'6

7KH VWXG\ LQFOXGHG �� FKLOGUHQ ZLWK VNHOHWDO &ODVV ,,�
GLYLVLRQ � PDORFFOXVLRQV� 7HQ PDOH DQG �� IHPDOH SDWLHQWV�
WUHDWHG EHWZHHQ ���� DQG ����� ZHUH VHOHFWHG DV WKH WUHDW�
PHQW JURXS� 7KH $1% DQJOHV RI DOO SDWLHQWV ZHUH JUHDWHU
WKDQ IRXU GHJUHHV� DQG WKHLU RYHUMHWV ZHUH JUHDWHU WKDQ ���

PP� 1RQH RI WKH FKLOGUHQ LQ WKH WHVW RU FRQWURO JURXS KDG
D WKXPE�VXFNLQJ KDELW� $OO ZHUH &DXFDVLDQ� DQG WKHLU DJHV
UDQJHG IURP ��� WR ���� \HDUV ���� ��� \HDUV�� $OO ZHUH
WUHDWHG H[FOXVLYHO\ ZLWK WKH SUHRUWKRGRQWLF WUDLQHU DSSOLDQFH
�0\RIXQFWLRQDO 5HVHDUFK &R�� 4XHHQVODQG� $XVWUDOLD�� 7KH
SDWLHQWV ZHUH LQVWUXFWHG WR XVH WKH WUDLQHU HYHU\ GD\ IRU RQH
KRXU DQG RYHUQLJKW ZKLOH WKH\ VOHSW�
7KH UHPDLQLQJ VDPSOHV IRUPHG WKH XQWUHDWHG FRQWURO

JURXS WR HOLPLQDWH SRVVLEOH JURZWK HIIHFWV� 7KLV JURXS FRQ�
VLVWHG RI �� ER\V DQG �� JLUOV� ZLWK VLPLODU &ODVV ,,� GLYLVLRQ
� PDORFFOXVLRQV �$1% � � DQG DQ RYHUMHW JUHDWHU WKDQ
¿YH PP�� $OO ZHUH &DXFDVLDQ ZLWK DJHV UDQJLQJ IURP ���
WR ���� \HDUV ����� ��� \HDUV�� 7KH VXEMHFWV LQ WKH FRQWURO
JURXS ZHUH LQIRUPHG DERXW RUWKRGRQWLF WUHDWPHQW EXW UH�
IXVHG WUHDWPHQW�
/DWHUDO FHSKDORJUDPV ZHUH WDNHQ DW WKH VWDUW DQG HQG RI

WUHDWPHQW� )LQDO FHSKDORJUDPV ZHUH WDNHQ DIWHU ���� ���
PRQWKV RI WUDLQHU DSSOLFDWLRQ DQG ���� ��� PRQWKV RI
JURZWK LQ WKH FRQWURO JURXS� 7KH UDGLRJUDSKV ZHUH WUDFHG
DQG PHDVXUHG E\ WZR LQYHVWLJDWRUV �'U 8VXPH] DQG 'U
8\VDO�� 7KH ODQGPDUNV ZHUH ORFDWHG DFFRUGLQJ WR WKH GH¿�
QLWLRQ SURYLGHG E\ %DVFÜLIWFÜL HW DO���
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),*85( �� 7KH SUHRUWKRGRQWLF WUDLQHU DSSOLDQFH�

$OO VWDWLVWLFDO DQDO\VHV ZHUH SHUIRUPHG XVLQJ WKH 6366
VRIWZDUH SDFNDJH �6366 IRU :LQGRZV� YHUVLRQ �������
6366 ,QF� &KLFDJR� ,OO�� 7KH PHDQ GLIIHUHQFHV EHWZHHQ WKH
SUHWUHDWPHQW DQG SRVWWUHDWPHQW PHDVXUHPHQWV DQG WKH ¿UVW
DQG VHFRQG REVHUYDWLRQ SHULRG PHDVXUHPHQWV IRU WKH FRQ�
WURO JURXS ZHUH HYDOXDWHG XVLQJ WKH SDLUHG W�WHVW� 6WXGHQW¶V
W�WHVW ZDV DSSOLHG IRU FRPSDULVRQ RI WKH JURXSV�
7ZR ZHHNV DIWHU WKH ¿UVW PHDVXUHPHQWV� �� UDGLRJUDSKV

ZHUH VHOHFWHG DW UDQGRP DQG UHWUDFHG� $ SDLUHG�VDPSOHV W�
WHVW ZDV DSSOLHG WR WKH ¿UVW DQG VHFRQG PHDVXUHPHQWV� ,W
ZDV IRXQG WKDW WKH GLIIHUHQFH EHWZHHQ WKH ¿UVW DQG VHFRQG
PHDVXUHPHQWV RI WKH �� UDGLRJUDSKV ZDV LQVLJQL¿FDQW� &RU�
UHODWLRQ DQDO\VLV DSSOLHG WR WKH VDPH PHDVXUHPHQWV VKRZHG
WKDW WKH KLJKHVW U YDOXH ZDV ���� IRU WKH LQWHULQFLVDO DQJOH
DQG WKH ORZHVW U YDOXH ���� IRU )+�03���

5(68/76

7KH GDWD IURP VNHOHWDO DQG GHQWDO PHDVXUHPHQWV RI WKH
SUH� DQG SRVWWUHDWPHQW DQG SUH� DQG SRVWFRQWURO ODWHUDO
FHSKDORJUDPV DUH VXPPDUL]HG LQ 7DEOH ��

3UH� DQG SRVWWUHDWPHQW VNHOHWDO GLIIHUHQFHV

3UHRUWKRGRQWLF WUDLQHU JURXS� ,Q JURXS ,� WUHDWPHQW ZDV
DVVRFLDWHG ZLWK LQFUHDVHV LQ WKH PHDQ YDOXHV IRU 1�0H
����� ����� �3 ������ 61% ����� ������ 6�*R �����

����� �3 ����� DQG &R�*Q ����� ����� �3 �����
,Q JURXS ,� WUHDWPHQW DOVR ZDV DVVRFLDWHG ZLWK GHFUHDVHV LQ
$1% � ���� ������ 61�*R*Q � ���� ����� �3
����� )+�03 � ���� ������ DQG 23�61 � ���� �����
�3 ���� �7DEOH ���
&RQWURO JURXS� ,Q WKH FRQWURO JURXS� WKH PHDQV LQFUHDVHG

IRU 6�*R ����� ����� �3 ������ 1�0H ����� �����
�3 ����� *R�$U ����� ������ *R�0H ����� ������
DQG *R�0H ����� ����� �3 ���� �7DEOH ���
,QWHUJURXS FRPSDULVRQV� 7KH PHDQ GLIIHUHQFHV LQ WKH

VWXG\ JURXS ZHUH FRPSDUHG ZLWK WKH PHDQ GLIIHUHQFHV LQ

FRQWURO JURXS XVLQJ WKH 6WXGHQW¶V W�WHVW IRU XQSDLUHG VDP�
SOHV� 7KH PHDQ GLIIHUHQFH RI WKH VWXG\ JURXS ZDV ODUJHU
WKDQ WKDW RI WKH FRQWURO JURXS IRU RQO\ IDFLDO KHLJKW� 1�0H
�PP�� �3 ������

3UH� DQG SRVWWUHDWPHQW GHQWDO GLIIHUHQFHV

3UHRUWKRGRQWLF WUDLQHU JURXS� ,Q JURXS ,� WUHDWPHQW UH�
VXOWHG LQ GHFUHDVHV LQ 8��61 �GHJ� � ���� ����� �3
���� DQG RYHUMHW �PP� � ���� ����� �3 ������ 7KH
PHDQV LQFUHDVHG ZLWK WUHDWPHQW IRU /��1% �PP� �����
������ /��1% �GHJ� ����� ����� �3 ����� DQG ,03$
����� ����� �3 �����
&RQWURO JURXS� 1R VWDWLVWLFDOO\ VLJQL¿FDQW GLIIHUHQFHV

ZHUH REVHUYHG EHWZHHQ WKH ¿UVW DQG VHFRQG PHDVXUHPHQWV
RI WKH FRQWURO JURXS�
,QWHUJURXS FRPSDULVRQV� 7KH PHDQ GLIIHUHQFHV ZHUH VLJ�

QL¿FDQWO\ GHFUHDVHG PRUH LQ WKH VWXG\ JURXS WKDQ LQ WKH
FRQWURO JURXS IRU 8��61 �GHJ� DQG /��1% �3 �����
,03$ �3 ����� DQG RYHUMHW �PP� �3 ����� �7DEOH ���
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7KLV VWXG\ RI D VDPSOH RI �� FKLOGUHQ ZLWK &ODVV ,,� GLYLVLRQ
� PDORFFOXVLRQ ZDV GHVLJQHG WR VWXG\ WKH HIIHFW RI WUHDWPHQW
ZLWK WKH SUHRUWKRGRQWLF WUDLQHU DSSOLDQFH� 7KH REVHUYHG
FKDQJHV GXULQJ WUHDWPHQW UHÀHFW WKH FRPELQHG HIIHFWV RI WUHDW�
PHQW DQG LQGLYLGXDO JURZWK� ,GHDOO\� D PDWFKHG RU DW OHDVW
FRPSDUDEOH FRQWURO JURXS VKRXOG EH LQFOXGHG IRU LGHQWLI\LQJ
WKH FKDQJHV GXH WR JURZWK���������±�� 7KHUHIRUH� D FRQWURO JURXS
FRQVLVWLQJ RI ORQJLWXGLQDO JURZWK GDWD IRU XQWUHDWHG &ODVV ,,�
GLYLVLRQ � PDORFFOXVLRQ VXEMHFWV ZDV XVHG LQ WKLV LQYHVWLJDWLRQ
WR HOLPLQDWH SRVVLEOH GLIIHUHQFHV LQ JURZWK SDWWHUQ�
,W ZDV GHFLGHG WR LQLWLDWH &ODVV ,, RUWKRSHGLF WKHUDS\ DW DQ

HDUOLHU DJH WR FRUUHFW IXQFWLRQDO SUREOHPV LQ WKH VRIW WLVVXHV
VXFK DV OLQJXDO PDOSRVLWLRQ� WKH FHQWULSHWDO WKUXVW RI OLSV DQG
FKHHNV� RUDO UHVSLUDWLRQ� DQG EUX[LVP� $ IXQFWLRQDO GHYLFH� WKH
SUHRUWKRGRQWLF WUDLQHU DSSOLDQFH �)LJXUH ��� ZDV XVHG LQ WKLV
VWXG\ IRU WKLV SXUSRVH� 4XDGUHOOL HW DO��±�� LQGLFDWHG WKDW WKH
WUDLQHU DSSOLDQFH FDQ EH XVHG IRU FKLOGUHQ IRXU WR �� \HDUV ROG
DQG UHFRPPHQGHG LW WR FRUUHFW WKH LQWHUSRVLWLRQ RI OLSV EH�
WZHHQ GHQWDO DUFKHV� DW\SLFDO VZDOORZLQJ� DQG FHQWULSHWDO
WKUXVW RI FKHHNV XSRQ WKH GHQWDO DUFKHV� WR GLVFRXUDJH RUDO
UHVSLUDWLRQ� WR DYRLG EUX[LVP� DQG WR IDYRU WKH DFWLRQ RI WKH
H[WHUQDO SWHU\JRLGV DQG WKXV HQFRXUDJH WKH DFWLYH SXVK RI WKH
PDQGLEOH�
)RU SDWLHQWV ZLWK D &ODVV ,, PDORFFOXVLRQ� WKH SUHRUWKRGRQ�

WLF WUDLQHU DSSOLDQFH LV FRQVWUXFWHG ZLWK WKH PDQGLEOH LQ D
OLJKWO\ SURWUXGHG SRVLWLRQ� VLPLODU WR WKH WKHUDSHXWLF SRVLWLRQ
XVHG LQ DFWLYDWRU WUHDWPHQW� )RU RUDO VFUHHQ WUHDWPHQW� *UDEHU��

LQGLFDWHG WKDW WKH FRQVWUXFWLRQ ELWH FDQQRW EH DV SURWUXVLYH DV
WKDW ZLWK DQ DFWLYDWRU� DQG D VFUHHQ LV RI YDOXH PDLQO\ LQ FDVHV
RI PLOG &ODVV ,, PDORFFOXVLRQV� 6LPLODUO\� ZH WKRXJKW WKDW
P\RIXQFWLRQDO DSSOLDQFHV PLJKW EH D UHOLDEOH DOWHUQDWLYH IRU
VDJLWWDO DFWLYDWLRQ RI WKH PDQGLEOH LQ WKH HDUO\ PL[HG GHQWLWLRQ
SHULRG� $ UHYLHZ RI WKH OLWHUDWXUH SUHVHQWV QR LQIRUPDWLRQ RQ
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$QJOH 2UWKRGRQWLVW� 9RO ��� 1R �� ����

ZKHWKHU WKH SUHRUWKRGRQWLF WUDLQHU DSSOLDQFH FDQ DFWXDOO\ LP�
SURYH D &ODVV ,, VNHOHWDO UHODWLRQVKLS� $OWKRXJK WKH XVH RI
P\RIXQFWLRQDO DSSOLDQFHV VXFK DV WKH RUDO VFUHHQ LQ WKH SUL�
PDU\ DQG PL[HG GHQWLWLRQV DUH PHQWLRQHG LQ WKH OLWHUDWXUH�����

RQO\ RQH VWXG\ KDV EHHQ SXEOLVKHG FRQFHUQLQJ WKH VSHFL¿F
DOWHUDWLRQV LQGXFHG E\ WKHVH SURFHGXUHV LQ WKH HDUO\ RFFOXVDO
GHYHORSPHQWDO VWDJHV��� 2QH VWXG\ KDV EHHQ SXEOLVKHG FRQ�
FHUQLQJ WKH WUDLQHU DSSOLDQFHV FRPELQHG ZLWK WKH VWUDLJKW ZLUH
V\VWHP���

$W WKH HQG RI WKH VWXG\ SHULRG� WKH P\RIXQFWLRQDO WUDLQHU
JURXS VXEMHFWV VKRZHG DQWHULRU URWDWLRQ DQG VDJLWWDO JURZWK RI
WKH PDQGLEOH� LQFUHDVHV LQ 61%� IDFLDO KHLJKW� DQG ORZHU LQ�
FLVRU SURFOLQDWLRQ� UHGXFWLRQV RI $1% DQG RYHUMHW� DQG UHWUR�
FOLQDWLRQ RI XSSHU LQFLVRUV� +RZHYHU� RQO\ WRWDO IDFLDO KHLJKW
LQFUHDVH� ORZHU LQFLVRU SURFOLQDWLRQ� DQG RYHUMHW UHGXFWLRQ
ZHUH VWDWLVWLFDOO\ VLJQL¿FDQWO\ GLIIHUHQW ZKHQ FRPSDUHG ZLWK
WKH FKDQJHV LQ WKH FRQWURO JURXS� 7KLV LPSOLHV WKDW WKH VNHOHWDO
FKDQJHV ZHUH QRW VLJQL¿FDQW HQRXJK WR EH GLVWLQJXLVKHG IURP
QRUPDO JURZWK� DQG WKH UHGXFWLRQ RI RYHUMHW ZDV PDLQO\ UH�
ODWHG WR WKH ORZHU LQFLVRU SURFOLQDWLRQ� 7KHVH UHVXOWV DUH LQ
DFFRUGDQFH ZLWK WKH ZRUNV RI 7DOOJUHQ HW DO� DQG 2ZPDQ�0ROO
DQG ,QJHUYDO��� ZKR UHSRUWHG VLPLODU FKDQJHV ZLWK WKH XVH RI
DQRWKHU W\SH RI P\RIXQFWLRQDO DSSOLDQFH �RUDO VKLHOGV��
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$W WKH HQG RI WKH VWXG\ SHULRG� LQ WKH WUDLQHU JURXS� RQO\
WKH WRWDO IDFLDO KHLJKW LQFUHDVH� ORZHU LQFLVRU SURFOLQDWLRQ� DQG
RYHUMHW UHGXFWLRQ ZHUH VLJQL¿FDQWO\ KLJKHU FRPSDUHG ZLWK WKH
FKDQJHV REVHUYHG LQ WKH FRQWURO JURXS� 7KLV VWXG\ GHPRQ�
VWUDWHV WKDW SUHRUWKRGRQWLF WUDLQHU DSSOLFDWLRQ LQGXFHV EDVLFDOO\
GHQWRDOYHRODU FKDQJHV WKDW UHVXOW LQ D VLJQL¿FDQW UHGXFWLRQ RI
RYHUMHW DQG FDQ EH XVHG ZLWK DSSURSULDWH SDWLHQW VHOHFWLRQ�

5()(5(1&(6

�� :DOSROH 'D\ $-� 7URWWHU 3$� 1RUULV 1� $ PRGL¿HG RUDO VFUHHQ
PDGH RI ODWH[� %U 'HQW -� �����������±����

�� .XUHU -� ,PSURYHG RUDO VFUHHQ� ,QW 'HQW -� ����������±����
�� 7D\ORU $7� 7KH XVH RI RUDO VFUHHQV ZLWK ¿[HG DSSOLDQFHV� ,QW 'HQW

-� ����������±����
�� 0DVVOHU 0� 7KH RUDO VFUHHQ� - 'HQW &KLOG� �����������±����
�� .UDXV )� 9HVWLEXODU DQG RUDO VFUHHQV� 7UDQV (XU 2UWKRG 6RF� �����

������±����
�� 7RHSIHU $.� 0DVVOHU 0� %URZQ :$%� (IIHFWLYHQHVV RI WKH RUDO

VFUHHQ LQ WKH WUHDWPHQW RI XSSHU LQFLVRU SURWUXVLRQV� $P - 2UWKRG�
�����������±����

�� 7RZQHQG %5� 7KH PRXWK VFUHHQ� %U 'HQW -� �����������±���
�� 7DOOJUHQ $� &KULVWLDQVHQ 5� $VK 00� 0LOOHU 5/� (IIHFWV RI D

P\RIXQFWLRQDO DSSOLDQFH RQ RURIDFLDO PXVFOH DFWLYLW\ DQG VWUXF�
WXUHV� $QJOH 2UWKRG� ����������±����

�� 0F1DPDUD -$� &RPSRQHQWV RI &ODVV ,, PDORFFOXVLRQ LQ FKLOGUHQ
�±�� \HDUV RI DJH� $QJOH 2UWKRG� �����������±����

��� &KDUOLHU -3� 3HWURYLF $� +HUUPDQ�6WXW]PDQQ -� (IIHFWV RI PDQ�
GLEXODU K\SHUSURSXOVLRQ RQ WKH SUHFKRQGUREODVWLF ]RQH RI \RXQJ
UDW FRQG\OH� $P - 2UWKRG� ����������±���

��� 6WRFNOL 3:� :LOOHUW +*� 7LVVXH UHDFWLRQV LQ WKH WHPSRUR�PDQGLE�
XODU MRLQW UHVXOWLQJ IURP DQWHULRU GLVSODFHPHQW RI WKH PDQGLEOH LQ
WKH PRQNH\� $P - 2UWKRG� �����������±����

��� 0F1DPDUD -$� 1HXURPXVFXODU DQG VNHOHWDO DGDSWDWLRQV WR DOWHUHG
IXQFWLRQ LQ WKH RURIDFLDO UHJLRQ� $P - 2UWKRG� �����������±����

��� %DVFLIWFL )$� 8\VDO 7� %X�\X�NHUNPHQ $� 6DUÕ =� 7KH HIIHFWV RI
DFWLYDWRU WUHDWPHQW RQ WKH FUDQLRIDFLDO VWUXFWXUH RI &ODVV ,, GLYL�
VLRQ � SDWLHQWV� (XU - 2UWKRG� ����������±���

��� 6DUL =� *R�\HQFÜ <� 'RUXN (&� 8VXPH] 6� &RPSDUDWLYH HYDOXDWLRQ
RI D QHZ UHPRYDEOH MDVSHU MXPSHU IXQFWLRQDO DSSOLDQFH YHUVXV DQ
DFWLYDWRU²KHDGJHDU FRPELQDWLRQ� $QJOH 2UWKRG� �����������±
����

��� $QGUHVHQ 9� +DXSO .� )XQNWLRQVRUWKRSD�GLH�'LH *UXQGODJHQ GHV
1RUZHJLVFKHQ 6\VWHPV� /HLS]LJ� *HUPDQ\� -RKDQQ $PEURVLXP
%DUWK� �����

��� %HUJHUVHQ (2� 3UHYHQWLYH HUXSWLRQ JXLGDQFH LQ WKH � WR � \HDU
ROG� - &OLQ 2UWKRG� �����������±����

��� 7XOORFK -)� 0HGODQG :� 7XQFD\ 2&� 0HWKRGV XVH WR HYDOXDWH
JURZWK PRGL¿FDWLRQ LQ FODVV ,, PDORFFOXVLRQ >UHYLHZ@� $P - 2U�
WKRG 'HQWRIDFLDO 2UWKRS� �����������±����

��� :RRGVLGH '*� /LQGHU�$URQVRQ 6� /XQGVWUR�P $� 0F:LOOLDP -�
0DQGLEXODU DQG PD[LOODU\ JURZWK DIWHU FKDQJHG PRGH RI EUHDWK�
LQJ� $P - 2UWKRG 'HQWRIDFLDO 2UWKRS� ����������±���

��� /LQGHU�$URQVRQ 6� :RRGVLGH '*� +HOOVLQJ (� (PHUVRQ :� 1RU�
PDOL]DWLRQ RI LQFLVRU SRVLWLRQ DIWHU DGHQRLGHFWRP\� $P - 2UWKRG
'HQWRIDFLDO 2UWKRS� ������������±����

��� 4XDGUHOOL &� *KLJOLRQH 9� 0DUFKHWWL &� 5HODWLRQVKLSV EHWZHHQ
SRVWXUH� G\VIXQFWLRQV RI WKH VRIW WLVVXHV RI WKH VWRPDWRJQDWLF DS�
SDUDWXV� UHVSLUDWLRQ DQG RFFOXVLRQ LQ HDUO\ WUHDWPHQW RI VNHOHWDO
&ODVV ,,� 3DSHU SUHVHQWHG DW� &RQJUHVV µµ2FFOXVLRQ DQG 3RVWXUH�
1HZ 7UHQGV DQG 1HZ 3UREOHPV¶¶� -XQH ����� 0LODQ� ,WDO\�

��� 4XDGUHOOL &� *KLJOLRQH 9� *KHRUJKLX 0� 5HODWLRQVKLSV EHWZHHQ
SRVWXUH� G\VIXQFWLRQ RI VRIW WLVVXHV RI WKH VWRPDWRJQDWLF DSSDUD�
WXV� UHVSLUDWLRQ DQG RFFOXVLRQ LQ WKH HDUO\ WUHDWPHQW RI VNHOHWDO
&ODVV ,,� 3DSHU SUHVHQWHG DW� ;9, 1DWLRQDO &RQJUHVV 6LGR� 2F�
WREHU ��±��� ����� *HQRD� ,WDO\�

��� 4XDGUHOOL &� *KHRUJLX 0� 0DUFKHWWL &� *KLJOLRQH 9� $SSURFFLR
PLRIXQ]LRQDOH SUHFRFH QHOOH ,, &ODVVL VFKHOHWULFKH� 0RQGR 2UWRG�
����������±����

��� 2ZHQ $+� 0RUSKRORJLF FKDQJHV LQ WKH WUDQVYHUVH GLPHQVLRQ XV�
LQJ WKH )UDQNHO DSSOLDQFH� $P - 2UWKRG 'HQWRIDFLDO 2UWKRS�
�����������±����

��� *LEEV 6/� +XQW 13� )XQFWLRQDO DSSOLDQFHV DQG DUFK ZLGWK� %U -
2UWKRG� �����������±����

��� 8QJ 1� .RHQLJ -� 6KDSLUR 3$� 6KDSLUR *� 7UDVN *� $ TXDQWLWDWLYH
DVVHVVPHQW RI UHVSLUDWRU\ SDWWHUQV DQG WKHLU HIIHFWV RQ GHQWRIDFLDO
GHYHORSPHQW� $P - 2UWKRG 'HQWRIDFLDO 2UWKRS� �����������±
����

��� +RXVWRQ :%-� 7KH DQDO\VLV RI HUURUV LQ RUWKRGRQWLF PHDVXUH�
PHQWV� $P - 2UWKRG� �����������±����

��� 'HUPDXW /5� YDQ GHQ (\QGH )� GH 3DXZ *� 6NHOHWDO DQG GHQWR�
DOYHRODU FKDQJHV DV D UHVXOW RI KHDGJHDU DFWLYDWRU WKHUDS\ UHODWHG
WR GLIIHUHQW YHUWLFDO JURZWK SDWWHUQV� (XU - 2UWKRG� �����������±
����

��� &XUD 1� 6DUDFÜ 0� 2� ]WX�UN <� 6X�UPHOL 1� 2UWKRGRQWLF DQG RUWKR�
SHGLF HIIHFWV RI DFWLYDWRU� DFWLYDWRU�+* FRPELQDWLRQ DQG %DVV DS�
SOLDQFH� D FRPSDUDWLYH VWXG\� $P - 2UWKRG 'HQWRIDFLDO 2UWKRS�
�����������±���

��� 5XI 6� %DOWURPHMXV 6� 3DQFKHU] +� (IIHFWLYH FRQG\ODU JURZWK DQG
FKLQ SRVLWLRQ FKDQJHV LQ DFWLYDWRU WUHDWPHQW� D FHSKDORPHWULF
URHQWJHQRJUDSKLF VWXG\� $QJOH 2UWKRG� ���������±���

��� *UDEHU 70� 7KH XVH RI PXVFOH IRUFHV E\ VLPSOH RUWKRGRQWLF DS�
SOLDQFHV� $P - 2UWKRG� ���������±���

��� 2ZPDQ�0ROO 3� ,QJHUYDOO %� (IIHFW RI RUDO VFUHHQ WUHDWPHQW RQ
GHQWLWLRQ� OLS PRUSKRORJ\� DQG IXQFWLRQ LQ FKLOGUHQ ZLWK LQFRP�
SHWHQW OLSV� $P - 2UWKRG� ����������±���

��� 0DKRQ\ '� &RPELQLQJ IXQFWLRQDO DSSOLDQFHV LQ WKH VWUDLJKWZLUH
V\VWHP� - &OLQ 3HGLDWU 'HQW� �����������±����


