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)DFXOW\ RI 6FLHQFH� 3DODFN\ 8QLYHUVLW\� 2ORPRXF� &]HFK 5HSXEOLF
�'HSDUWPHQW RI (FRORJ\� )DFXOW\ RI 6FLHQFH�
&KDUOHV 8QLYHUVLW\� 3UDJXH� &]HFK 5HSXEOLF

�(QYLURQPHQWDO ,QIRUPDWLFV 6HFWLRQ� 2NLQDZD ,QVWLWXWH RI 6FLHQFH
DQG 7HFKQRORJ\ *UDGXDWH 8QLYHUVLW\� 2QQD�6RQ� 2NLQDZD� -DSDQ

�'HSDUWPHQW RI =RRORJ\� )DFXOW\ RI 1DWXUDO 6FLHQFH�
&RPHQLXV 8QLYHUVLW\� %UDWLVODYD� 6ORYDNLD

$%675$&7

%LUG VSHFLHV SDUWLWLRQ HFRORJLFDO VSDFH GXH WR GLYHUJHQW
IRUDJLQJ EHKDYLRU DQG VXEVWUDWH XVH� 7KH YROXPH RI HFRORJLFDO
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VSDFH �SRWHQWLDO QXPEHU RI QLFKHV� LQFUHDVHV ZLWK YHJHWDWLRQ
FRPSOH[LW\� $W WKH VDPH WLPH� IRUDJLQJ EHKDYLRU PLJKW EH
FRQVWUDLQHG E\ SK\ORJHQHWLFDOO\ FRQVHUYHG PRUSKRORJ\� 7KXV�
UHODWLRQVKLSV EHWZHHQ IRUDJLQJ EHKDYLRU� PRUSKRORJ\� SK\ORJHQ\�
DQG YHJHWDWLRQ FRPSOH[LW\ PLJKW VKHG FULWLFDO OLJKW RQ UHVRXUFH
SDUWLWLRQLQJ DQG VSHFLHV FRH[LVWHQFH LQ FRPPXQLWLHV� $XVWUDOLD LV
DQ LGHDO SODFH WR LQYHVWLJDWH WKHVH LVVXHV EHFDXVH LW KRVWV DQ
DQFLHQW� DXWRFKWKRQRXV UDGLDWLRQ RI SDVVHULQHV� :H VWXGLHG
IRUDJLQJ VWUDWHJLHV LQ SDVVHULQHV LQ ZRRGODQGV DQG IRUHVWV RI
HDVWHUQ $XVWUDOLD DORQJ D ����� NP ORQJ ODWLWXGLQDO WUDQVHFW
VSDQQLQJ IURP WKH WURSLFV WR VRXWKHUQ WHPSHUDWH UHJLRQV� :H
REWDLQHG ����� SUH\ DWWDFNV� UHFRUGHG ����� LQGLYLGXDO ELUGV� DQG
TXDQWLILHG YHJHWDWLRQ FRPSOH[LW\ RQ �� OLQH WUDQVHFWV� ,Q DGGLWLRQ�
ZH H[WUDFWHG GDWD RQ !������ IRUDJLQJ UHFRUGV IURP SXEOLVKHG
OLWHUDWXUH� 8VLQJ FOXVWHU DQDO\VLV� ZH TXDQWLILHG JXLOG VWUXFWXUH LQ
�� VSHFLHV DFURVV $XVWUDOLD ZLWK DW OHDVW �� IRUDJLQJ UHFRUGV HDFK�
:H LGHQWLILHG GLVWLQFW JXLOGV EDVHG RQ IRUDJLQJ VXEVWUDWHV DQG
EHKDYLRUV WKDW FRQWDLQHG SK\ORJHQHWLFDOO\ XQUHODWHG VSHFLHV
�FRQYHUJHQW EHKDYLRUDO HYROXWLRQ�� :H IXUWKHU VKRZHG WKDW
IRUDJLQJ EHKDYLRU ZDV SDUWLDOO\ SUHGLFWHG E\ PRUSKRORJ\� ZKLFK LQ
WXUQ ZDV FORVHO\ WLHG WR SK\ORJHQ\ �KLJK SK\ORJHQHWLF VLJQDO��
)RUDJLQJ EHKDYLRU ZDV SK\ORJHQHWLFDOO\ PRUH ODELOH� DOORZLQJ IRU
IDVWHU DGDSWDWLRQ DQG VZLWFKLQJ EHWZHHQ IRUDJLQJ JXLOGV� ,Q ORFDO
FRPPXQLWLHV� WKH QXPEHU RI LQGLYLGXDOV� VSHFLHV ULFKQHVV� DQG
PRUSKRORJLFDO DQG EHKDYLRUDO GLYHUVLW\ DOO LQFUHDVHG ZLWK
YHJHWDWLRQ FRPSOH[LW\ �LQGH[HG E\ FDQRS\ KHLJKW�� 2YHUDOO� RXU
UHVXOWV VKRZ WKDW RQ D FRQWLQHQWDO VFDOH� SDVVHULQH ELUGV HYROYHG
UHSHDWDEOH IRUDJLQJ JXLOGV DQG JXLOG PHPEHUVKLS ZDV OLWWOH
FRQVWUDLQHG E\ PRUSKRORJ\ RU SK\ORJHQ\� 6DPSOLQJ IURP WKHVH
JXLOGV WR ORFDO FRPPXQLWLHV ZDV WKHQ SUHGLFWHG E\ WKH YROXPH RI
HFRORJLFDO VSDFH GLFWDWHG E\ YHJHWDWLRQ FRPSOH[LW\� 7R VXP XS�
ZH GHPRQVWUDWH DQ LQWHUSOD\ EHWZHHQ SK\ORJHQHWLF FRQVHUYDWLVP�
EHKDYLRUDO IOH[LELOLW\� DQG HFRORJLFDO RSSRUWXQLW\ LQ VKDSLQJ VSHFLHV
ULFKQHVV DQG IXQFWLRQDO GLYHUVLW\ IURP UHJLRQDO DYLIDXQDV WR ORFDO
FRPPXQLWLHV�

,1752'8&7,21

2QH RI WKH IXQGDPHQWDO SDWWHUQV LQ QDWXUDO KLVWRU\ LV WKDW FR�
RFFXUULQJ VSHFLHV GLIIHU LQ PRUSKRORJ\� SK\VLRORJ\� DQG EHKDYLRU� 7KLV
LV WUXH IRU ERWK UHJLRQDO VSDWLDO VFDOHV �H�J�� RQ FRQWLQHQWV� DQG ORFDO
FRPPXQLWLHV� +RZ WKHVH GLIIHUHQFHV RULJLQDWH DQG ZKHWKHU WKH\
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IDFLOLWDWH VSHFLHV FRH[LVWHQFH LV QRW ZHOO XQGHUVWRRG� +RZHYHU�
XQGHUVWDQGLQJ WKHVH LVVXHV LV IXQGDPHQWDO� EHFDXVH XQHTXDO
GLVWULEXWLRQ RI VSHFLHV GLYHUVLW\ RQ (DUWK LV DPRQJ WKH ELJ TXHVWLRQV RI
HFRORJ\ DQG HYROXWLRQ� 7KLV SUREOHP KDV WZR SDUWV� ILUVW� WKH HYROXWLRQ
RI GLIIHUHQFHV GXULQJ WKH KLVWRU\ RI WKH FODGH DQG� VHFRQG� WKHLU LPSDFW
RQ VSHFLHV HFRORJLFDO UROHV DQG DVVHPEO\ LQ ORFDO FRPPXQLWLHV� +HUH�
ZH DGGUHVV WKHVH TXHVWLRQV XVLQJ $XVWUDOLDQ SDVVHULQH ELUGV DV D
PRGHO V\VWHP�

'XULQJ FODGH GLYHUVLILFDWLRQ� WUDLW GLYHUJHQFH KDSSHQV HYHQ ZLWKRXW
VHOHFWLRQ IRU VSHFLILF HFRORJLFDO UROHV GXH WR ³QHXWUDO´ WUDLW HYROXWLRQ �DV
LQ %URZQLDQ PRWLRQ PRGHOV� %ORPEHUJ� *DUODQG� DQG ,YHV ������
0RUHRYHU� DGDSWLYH UDGLDWLRQ LQWR GLYHUJHQW HFRORJLFDO UROHV KDV EHHQ
DPSO\ GRFXPHQWHG� HVSHFLDOO\ LQ DUFKLSHODJRHV DQG LVRODWHG DQFLHQW
ODNHV� LQ SODQWV� LQYHUWHEUDWHV� ILVKHV� DQG ELUGV �6FKOXWHU ����� *UDQW
DQG *UDQW ����� 5RQFR HW DO� ������ +RZHYHU� HYHQ RQ FRQWLQHQWDO
VFDOHV� ZH FDQ REVHUYH UHSHDWDEOH HYROXWLRQ RI HFRORJLFDO UROHV LQ
ZKROH FODVVHV RI DQLPDOV� ZKLFK LV XVXDOO\ WLHG WR WKH HYROXWLRQ RI
VSHFLILF PRUSKRORJLHV DQG OLIHVW\OHV �0F*KHH ����� 3LJRW HW DO� ������
1HYHUWKHOHVV� XQOLNH LQ LVODQG�OLNH VHWWLQJV� ZH DUH XQVXUH ZKHWKHU
HFRORJLFDO RSSRUWXQLW\ DQG VSHFLHV LQWHUDFWLRQV SOD\ DQ\ UROH �6WURXG
DQG /RVRV ������ 7KH UHDVRQ LV WKDW FRQWLQHQWV KDYH EHHQ ³IXOO RI
VSHFLHV´ PRVW RI WKH WLPH� DQG LW LV QRW HDV\ WR LPDJLQH DQ DGDSWLYH
UDGLDWLRQ LQWR DQ RFFXSLHG HFRORJLFDO VSDFH DFURVV D FRQWLQHQW� XQOHVV
UDUH HYHQWV RI UDGLFDO FOLPDWH FKDQJH RU PDVV H[WLQFWLRQ KDYH RFFXUUHG�
&OLPDWH FKDQJH PLJKW PDNH DYDLODEOH D FRQWLQHQW KLWKHUWR GHYRLG RI
KLJK ELRGLYHUVLW\ �WKLQN RI WRGD\¶V $QWDUFWLFD�� ZKLOH PDVV H[WLQFWLRQV
FUHDWH QHZ HFRORJLFDO RSSRUWXQLW\ �0DRU HW DO� ����� /RZHU\ DQG
)UDDVV ������ 7R PDNH D SURJUHVV LQ RXU XQGHUVWDQGLQJ RI FRQWLQHQWDO�
VFDOH HYROXWLRQ RI HFRORJLFDO UROHV �L�H�� VSHFLHV PRUSKR�HFR�W\SHV�� ZH
QHHG D UREXVW TXDQWLILFDWLRQ RI WKHVH UROHV DQG WKHLU OLQNV WR SK\ORJHQ\
DQG PRUSKRORJ\� +HUH� ZH DWWHPSW VXFK D TXDQWLILFDWLRQ RQ D PRGHO
FDVH RI IRUDJLQJ EHKDYLRU LQ $XVWUDOLDQ SDVVHULQHV�

)RUDJLQJ EHKDYLRU DQG UHODWHG PRUSKRORJLHV KDYH DOZD\V EHHQ DW
WKH IRUHIURQW RI HFRORJLFDO DQG HYROXWLRQDU\ UHVHDUFK� 3ULPH H[DPSOHV
LQFOXGH 'DUZLQ¶V ILQFKHV RI WKH *DODSDJRV LVODQGV �*UDQW ������
KRQH\FUHHSHUV RI +DZDL¶L �3UDWW ������ YDQJDV RI 0DGDJDVFDU
�-¡QVVRQ HW DO� ����� 5HGG\ HW DO� ������ $QROLV OL]DUGV RI WKH /HVVHU
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$QWLOOHV �/RVRV ������ ODEULG ILVKHV RI FRUDO UHHIV �%XUUHVV DQG
:DLQZULJKW ����� *DMG]LN� $JXLODU�0HGUDQR� DQG )UpGpULFK ������ DQG
FLFKOLG ILVKHV RI ODUJH $IULFDQ ODNHV �6HHKDXVHQ ������ 7KH UHDVRQ ZK\
IRUDJLQJ EHKDYLRU LV VR LPSRUWDQW LV WKDW LW SURYLGHV D GLUHFW OLQN WR
UHVRXUFH SDUWLWLRQLQJ �/DFN ����� 6FKRHQHU ������ 5HVRXUFH
SDUWLWLRQLQJ KDV WKH VWURQJHVW UHOHYDQFH LQ ORFDO VSHFLHV DVVHPEODJHV
DQG� DFFRUGLQJO\� WKH VWXG\ RI IRUDJLQJ EHKDYLRU DQG HFRPRUSKRORJ\ RI
FRPPXQLWLHV SURYLGHG HDUO\ H[DPSOHV RI QLFKH SDUWLWLRQLQJ �0DF$UWKXU
����� 3LDQND ����� ����� +ROPHV� %RQQH\� DQG 3DFDOD ����� 5LFNOHIV
DQG 7UDYLV ����� 0LOHV DQG 5LFNOHIV ����� 0LOHV� 5LFNOHIV� DQG 7UDYLV
����� )RUG ������ +RZHYHU� ZKDW KDSSHQV LQ WKH ORFDO FRPPXQLW\ LV
QRW WKH ZKROH VWRU\� WKH FRPSRVLWLRQ RI FRPPXQLWLHV LV VKDSHG E\
VSHFLHV DYDLODEOH LQ WKH UHJLRQDO VSHFLHV SRRO �0LWWHOEDFK DQG
6FKHPVNH ������

5HJLRQDO VSHFLHV SRRO LQIOXHQFHV WKH IXQFWLRQDO GLYHUVLW\ RI ORFDO
VSHFLHV DVVHPEODJHV E\ FRQVWUDLQLQJ IXQFWLRQDO W\SHV RI VSHFLHV WKDW
FDQ EHFRPH PHPEHUV RI WKHVH DVVHPEODJHV �5LFNOHIV DQG 6FKOXWHU
����� 0LWWHOEDFK DQG 0F*LOO ������ 7KLV UHJLRQDO�ORFDO G\QDPLFV LV
VKDSHG E\ DYDLODEOH QLFKHV� ZLWK PRUH QLFKHV SURYLGLQJ HFRORJLFDO
VSDFH IRU PRUH DQG GLYHUVH VSHFLHV �5LFNOHIV ������ 7KH YROXPH RI WKH
HFRORJLFDO VSDFH PLJKW IRU H[DPSOH LQFUHDVH ZLWK LQFUHDVLQJ YHJHWDWLRQ
FRPSOH[LW\� 7KH OLQN EHWZHHQ YHJHWDWLRQ FRPSOH[LW\ DQG GLYHUVLW\ ZDV
FODVVLFDOO\ GHPRQVWUDWHG IRU ELUG VSHFLHV ULFKQHVV �0DF$UWKXU DQG
0DF$UWKXU ����� 5HFKHU ����� .DUU DQG 5RWK ������ ,W KDV UHFHQWO\
EHHQ H[WHQGHG IRU IXQFWLRQDO GLYHUVLW\� DOWKRXJK WKHVH VWXGLHV IRFXVHG
RQ FRDUVH VSDWLDO JUDLQ DQG XVHG VSHFLHV UDQJH PDSV DQG UHPRWHO\
VHQVHG HQYLURQPHQWDO YDULDEOHV �5HPHã DQG +DUPiþNRYi ����� )HQJ
HW DO� ������ 6WXGLHV OLQNLQJ PXOWLSOH DVSHFWV RI IXQFWLRQDO GLYHUVLW\ LQ
ORFDO FRPPXQLWLHV WR YHJHWDWLRQ FRPSOH[LW\ PHDVXUHG RQ WKH JURXQG
DUH PRVWO\ ODFNLQJ �EXW VHH 9ROOVWlGW HW DO� ������ <HW� WKH\ DUH FULWLFDO
IRU GHHSHU XQGHUVWDQGLQJ RI WKH UROH HFRORJLFDO RSSRUWXQLW\ SOD\V LQ
VKDSLQJ VSHFLHV DVVHPEO\ DQG FRH[LVWHQFH�

+HUH ZH VWXG\ IRUDJLQJ EHKDYLRU DQG PRUSKRORJ\ RI �� SDVVHULQH
VSHFLHV LQ $XVWUDOLD DFURVV VSDWLDO VFDOHV� IURP FRQWLQHQWDO WR ORFDO�
)LUVW� ZH GHOLPLW IRUDJLQJ JXLOGV EDVHG RQ IRUDJLQJ PHWKRGV DQG
VXEVWUDWHV� UHODWH WKHP WR SK\ORJHQ\ DQG PRUSKRORJ\� DQG DQDO\]H WKH
FRUUHODWLRQV EHWZHHQ EHKDYLRU DQG PRUSKRORJ\� ,Q WKLV ZD\� ZH VKHG
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OLJKW RQ WKH HYROXWLRQ RI EHKDYLRUDO DQG PRUSKRORJLFDO GLYHUVLW\ RQ D
UHJLRQDO �L�H�� FRQWLQHQWDO� VFDOH� 6HFRQG� ZH DQDO\]H WKH VWUXFWXUH RI
ORFDO SDVVHULQH DVVHPEODJHV DQG OLQN WKHLU GLYHUVLW\ DQG GLVSDULW\ WR
YHJHWDWLRQ FRPSOH[LW\� ,Q WKLV ZD\� ZH LOOXPLQDWH OLQNV EHWZHHQ UHJLRQDO
SURFHVVHV RI GLYHUVLILFDWLRQ DQG DGDSWDWLRQ� DQG ORFDO SURFHVVHV RI
FRPPXQLW\ DVVHPEO\ DQG VSHFLHV FRH[LVWHQFH�

0(7+2'6

)LHOG :RUN

:H ZRUNHG DW �� VLWHV GXULQJ WKH DXVWUDO EUHHGLQJ VHDVRQ IURP
6HSWHPEHU WR 'HFHPEHU LQ ���� DQG ���� �)LJXUH ��� 6LPLODU VHDVRQDO
WLPLQJ PHDQV WKDW RXU VDPSOLQJ ZDV VWDQGDUGL]HG DFURVV VLWHV LQ WHUPV
RI VHDVRQDO HIIHFWV� EXW DOVR WKDW ZH FDQQRW WDNH VHDVRQDO GLIIHUHQFHV
LQ IRUDJLQJ EHKDYLRU ZLWKLQ VLWHV LQWR DFFRXQW� $OO VLWHV ZHUH ORFDWHG LQ
HXFDO\SW ZRRGODQGV DQG RSHQ IRUHVWV RI HDVWHUQ $XVWUDOLD� :H WKXV
OLPLWHG WKH KDELWDW EUHDGWK WKDW ZH LQYHVWLJDWHG E\ DYRLGLQJ L� VKUXEE\
DQG JUDVVODQG YHJHWDWLRQ LQ PRUH DULG SDUWV RI $XVWUDOLD� DQG LL�
UDLQIRUHVWV GXH WR WKHLU WKLFN YHJHWDWLRQ� ZKLFK SUHFOXGHV HDV\
REVHUYDWLRQ RI IRUDJLQJ ELUGV DQG WKXV UHTXLUHV PXFK PRUH LQWHQVLYH
VDPSOLQJ WKDQ ZDV SRVVLEOH LQ RXU VWXG\� :H VHOHFWHG KDELWDWV ZLWK
QDWLYH YHJHWDWLRQ� ZLWKLQ SURWHFWHG DUHDV �PRVWO\ 1DWLRQDO 3DUNV�� DQG
ZLWKRXW DQ\ DJULFXOWXUDO DFWLYLW\ LQFOXGLQJ JUD]LQJ E\ OLYHVWRFN� $W HDFK
RI �� VLWHV� ZH GHOLPLWHG WKUHH WUDQVHFWV� HQGLQJ XS ZLWK �� WUDQVHFWV LQ
WRWDO� (DFK WUDQVHFW ZDV � NP ORQJ DQG �� P ZLGH ��� KD� DQG ZDV
GLYLGHG LQWR WZR ��P ZLGH VLGHV ± ULJKW DQG OHIW ± WKDW ZHUH GLYLGHG E\
WKH SDWK RU QDUURZ IRUHVW URDG DORQJ ZKLFK ZH ZDONHG� :H SODFHG WKH
WUDQVHFWV VXFK WKDW WKH\ ZHUH UHSUHVHQWDWLYH RI ORFDO YHJHWDWLRQ DQG
KDG KRPRJHQHRXV YHJHWDWLRQ FRYHU� ZLWK WKUHH VSDWLDO UHSOLFDWHV DW
HDFK VLWH� 7UDQVHFWV ZHUH XVXDOO\ DW OHDVW � NP DSDUW� ,Q JHQHUDO� LW ZDV
QRW HDV\ WR ILQG VLWHV DQG WUDQVHFWV ZLWK GHVLUHG FKDUDFWHULVWLFV DQG
WKXV RXU VLWH VHOHFWLRQ ZDV LQIOXHQFHG E\ FRQYHQLHQFH �DYDLODELOLW\ RI
VLWHV� DFFHVV WR VLWHV� DYDLODELOLW\ RI SDWKV RU VPDOO URDGV�� ,Q VSLWH RI
WKHVH SUREOHPV� ZH DFKLHYHG D ODUJH�VFDOH FRYHUDJH RI HXFDO\SW
ZRRGODQGV DQG RSHQ IRUHVWV DFURVV HDVWHUQ $XVWUDOLD �)LJXUH ���
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)LJXUH �� 0DS RI $XVWUDOLD ZLWK WKH ORFDWLRQ RI RXU �� VWXG\ VLWHV �³2ZQ GDWD´�
DQG VHYHQ VWXG\ VLWHV RI SXEOLVKHG VWXGLHV �³/LWHUDWXUH´��

9HJHWDWLRQ 'DWD

,Q RUGHU WR TXDQWLI\ YHJHWDWLRQ VWUXFWXUH DW HDFK WUDQVHFW� ZH XVHG
D V\VWHPDWLF VDPSOLQJ GHVLJQ E\ SODFLQJ �� SRLQWV ���� P DSDUW� DORQJ
WKH WUDQVHFW� $W HDFK SRLQW� ZH GHOLPLWHG D VHPL�FLUFOH ZLWK WKH UDGLXV
RI �� P �DUHD FD� ��� KD RU ����� P�� ZLWK DOWHUQDWLQJ OHIW DQG ULJKW
GLUHFWLRQ IURP WKH WUDQVHFW� 7KXV� WKH DUHD VXUYH\HG IRU YHJHWDWLRQ
VWUXFWXUH ZDV FD� � KD �L�H�� ������ P�� RQ HDFK WUDQVHFWV DQG �� KD LQ
WRWDO� $W HDFK SRLQW� ZH UHFRUGHG YHJHWDWLRQ FRYHU LQ ILYH KHLJKW VWUDWD
��±� P� ���±��� P� ���±� P� ���±�� P� !�� P� DQG YHJHWDWLRQ FRYHU
DQG KHLJKW RI IRXU YHJHWDWLRQ VWUDWD �KHUEDFHRXV� VKUXE� VXEFDQRS\�
DQG FDQRS\�� +HLJKW VWUDWD ZHUH GHOLPLWHG E\ D SULRUL VHOHFWHG KHLJKW
EDQGV� ZKLOH YHJHWDWLRQ VWUDWD ZHUH GHWHUPLQHG E\ PDMRU YHUWLFDO
YHJHWDWLRQ OD\HUV W\SLFDO RI ZRRGODQGV DQG IRUHVWV� 7KXV� IRU YHJHWDWLRQ
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VWUDWD� EHVLGHV FRYHU ZH DOVR KDG WR PHDVXUH WKH KHLJKW RI LQGLYLGXDO
VWUDWD� 7KH KHLJKW RI WKH KHUEDFHRXV VWUDWXP ZDV HVWLPDWHG YLVXDOO\�
ZKLOH WKH KHLJKW RI VKUXE� VXEFDQRS\� DQG FDQRS\ VWUDWD ZDV PHDVXUHG
E\ WDNLQJ WKUHH PHDVXUHPHQWV E\ D ODVHU UDQJHILQGHU �1LNRQ )RUHVWU\��
9HJHWDWLRQ FRYHU RI HDFK KHLJKW RU YHJHWDWLRQ VWUDWXP ZDV HVWLPDWHG
E\ H\H RQ WKH VFDOH UDQJLQJ IURP � �QR YHJHWDWLRQ� WR �� �IXOO\ FRYHUHG��
7KH HVWLPDWH ZDV GRQH LQGHSHQGHQWO\ E\ WZR REVHUYHUV ZKR WKHQ
FRQYHUJHG RQ D FRQVHQVXV HVWLPDWH�

:H FDOFXODWHG IRXU LQGLFHV RI YHJHWDWLRQ FRPSOH[LW\ IRU HYHU\ VLWH�
�� VXPPHG YHJHWDWLRQ FRYHUDJH RI KHLJKW VWUDWD� �� VXPPHG
YHJHWDWLRQ FRYHUDJH RI YHJHWDWLRQ VWUDWD� �� DYHUDJH FDQRS\ KHLJKW
�P�� DQG �� FDQRS\ FRYHUDJH ���� 7KHVH IRXU YDULDEOHV ZHUH KLJKO\
FRUUHODWHG �U ! ����� H[FHSW WKH FRUUHODWLRQ EHWZHHQ FDQRS\ KHLJKW DQG
FDQRS\ FRYHUDJH ZKHUH U  ������ 7KLV FROOLQHDULW\ ZDV FRQILUPHG E\ D
3&$ DQDO\VLV UXQ RQ DOO YHJHWDWLRQ FKDUDFWHULVWLFV� 7KH ILUVW 3& D[LV
H[SODLQHG ��� RI YDULDELOLW\� FRUUHODWHG SRVLWLYHO\ ZLWK PRVW YHJHWDWLRQ
FKDUDFWHULVWLFV� DQG FRUUHODWHG DOVR ZHOO ZLWK RWKHU YHJHWDWLRQ PHWULFV
�U ! ������ :H XVHG FDQRS\ KHLJKW LQ IXUWKHU DQDO\VHV� EHFDXVH LW
UHOLDEO\ H[SUHVVHG RYHUDOO YHJHWDWLRQ YROXPH DQG KDV EHHQ UHFHQWO\
XVHG LQ QXPHURXV VWXGLHV RI DQLPDO GLYHUVLW\ �&RRSV HW DO� ����� )HQJ
HW DO� ����� *RXYHLD HW DO� ����� 5HPHã DQG +DUPiþNRYi ����� 5ROO�
*HIIHQ� DQG <RP�7RY ������

%HKDYLRUDO 'DWD

(DFK WUDQVHFW ZDV ZDONHG WZLFH E\ WZR REVHUYHUV ZLWK �±� GD\V
EHWZHHQ WKH WZR VHVVLRQV� 7KH WZR REVHUYHUV ZRUNHG RQ GLIIHUHQW VLGHV
RI WKH WUDQVHFW DQG VZDSSHG VLGHV EHWZHHQ WKH WZR VHVVLRQV� :H
VWDUWHG REVHUYDWLRQV VKRUWO\ DIWHU GDZQ DQG ZDONHG DORQJ WKH WUDQVHFW
ZLWK URXJKO\ FRQVWDQW VSHHG IRU � K� WKXV VWDQGDUGL]LQJ REVHUYDWLRQ
HIIRUW� :H OLPLWHG REVHUYDWLRQV WR GD\V ZLWKRXW UDLQ DQG VWURQJ ZLQG�
:H UHFRUGHG DOO SDVVHULQHV �3DVVHULIRUPHV� GHWHFWHG RQ WKH WUDQVHFW�
0RUHRYHU� ZH DOVR UHFRUGHG WKH ELUG¶V IRUDJLQJ EHKDYLRU ZLWK WKH
H[FHSWLRQ RI LQGLYLGXDOV IRUDJLQJ KLJK DERYH WKH FDQRS\ �³DHULDO
IRUDJHUV´�� 7KHVH ZHUH PRVWO\ VZDOORZV DQG PDUWLQV �+LUXQGLQLGDH�
DQG ZRRGVZDOORZV �$UWDPLGDH�� :H FRQVWDQWO\ DQG V\VWHPDWLFDOO\
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VFDQQHG DOO YHJHWDWLRQ IRU ELUGV� :H WKXV DLPHG WR PLQLPL]H ELDV
LQWURGXFHG E\ ORFDWLQJ RQO\ VLQJLQJ RU RWKHUZLVH FRQVSLFXRXV
LQGLYLGXDOV�:H ORFDWHG PRVW RI WKH ELUGV E\ VLJKW ZLWKRXW XVLQJ DXGLWRU\
FXHV �Q  ������ ZKLOH ��� ELUGV ZHUH GHWHFWHG GXH WR VLQJLQJ DQG ���
GXH WR YRFDOL]LQJ �XVXDOO\ FRQWDFW YRLFHV DPRQJ PHPEHUV RI D JURXS��
2QFH ZH ORFDWHG D ELUG� ZH FRXQWHG WR ILYH EHIRUH UHFRUGLQJ LWV EHKDYLRU
WR DYRLG ELDV WRZDUGV UHFRUGLQJ FRQVSLFXRXV EHKDYLRUV� ,I LW GLG QRW
IRUDJH ZLWKLQ � PLQ� ZH OHIW LW DQG FRQWLQXHG VHDUFKLQJ IRU DQRWKHU ELUG�
:H ZHUH LQWHUHVWHG LQ SDWWHUQV RI UHVRXUFH SDUWLWLRQLQJ� DQG WKXV GLG
QRW UHFRUG WKH SURFHVV RI VHDUFKLQJ IRU IRRG� EXW RQO\ DQ HYHQW RI
DFWXDOO\ SURFXULQJ RU DWWHPSWLQJ WR SURFXUH IRRG �SUH\ DWWDFN�� )LUVW
REVHUYHG SUH\ DWWDFNV PLJKW VRPHWLPHV GLIIHU IURP VXEVHTXHQW RQHV
�5HFKHU DQG *HEVNL ����� DQG WKXV VDPSOLQJ PRUH SUH\ DWWDFNV IURP
WKH VDPH LQGLYLGXDO FDQ EH XVHIXO� 2Q WKH RWKHU KDQG� WKLV FRXOG OHDG
WR XQGHUHVWLPDWLQJ XQFHUWDLQWLHV LQ TXDQWLI\LQJ IRUDJLQJ EHKDYLRU �+HMO
DQG 9HUQHU ������ :H WKXV FRPSURPLVHG DQG IRU HDFK LQGLYLGXDO
UHFRUGHG DW PRVW WKUHH SUH\ DWWDFNV �PHDQ  ���� DWWDFNV SHU LQGLYLGXDO
ELUG� Q  ���� LQGLYLGXDO ELUGV�� )RU HDFK SUH\ DWWDFN� ZH UHFRUGHG ELUG
VSHFLHV �RU JHQXV� LI VSHFLHV LGHQWLILFDWLRQ ZDV LPSRVVLEOH�� IRUDJLQJ
PHWKRG DQG VXEVWUDWH� IRUDJLQJ KHLJKW� KHLJKW RI WKH SODQW WKH ELUG
IRUDJHG RQ� GLVWDQFH IURP WKH SODQW VWHP� DQG IROLDJH GHQVLW\ DURXQG
WKH IRUDJLQJ ELUG�

,Q WHUPV RI EHKDYLRU� ZH UHFRJQL]HG HLJKW W\SHV RI IRUDJLQJ
PHWKRGV XVHG E\ ELUGV IRU DWWDFNLQJ WKH SUH\ WKDW ZH DGDSWHG IURP
SUHYLRXV VWXGLHV RI IRUDJLQJ LQ $XVWUDOLDQ ELUGV �5HFKHU HW DO� �����
)RUG� 1RVNH� DQG %ULGJHV ������

�� *OHDQLQJ ± PRYLQJ RQ�WKURXJK WKH VXEVWUDWH DQG WDNLQJ SUH\
IURP LWV VXUIDFH� SUH\ LV WDNHQ ZKLOH WKH ELUG LV RQ WKH VXEVWUDWH
�H�J�� PDQ\ WKRUQELOOV� $FDQWKL]LGDH DQG KRQH\HDWHUV�
0HOLSKDJLGDH�

�� +DQJ�JOHDQLQJ ± JOHDQLQJ ZKLOH WKH ELUG LV KDQJLQJ XSVLGH�
GRZQ �H�J�� 6WULDWHG 7KRUQELOO� $FDQWKL]D OLQHDWD DQG 6LOYHUH\H�
=RVWHURSV ODWHUDOLV�

�� 6QDWFKLQJ ±PRYLQJ RQ�WKURXJK WKH VXEVWUDWH DQG PDNLQJ VKRUW
IOLJKWV WR WDNH WKH SUH\ IURP QHDUE\ VXEVWUDWHV� SUH\ LV WDNHQ
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ZKLOH WKH ELUG LV LQ WKH DLU �H�J�� 5XIRXV :KLVWOHU� 3DFK\FHSKDOD
UXILYHQWULV�

�� +RYHU�VQDWFKLQJ ± VQDWFKLQJ ZKLOH WKH ELUG VWD\V LQ WKH DLU
�KRYHUV� ZKHQ WDNLQJ WKH SUH\ IURP D VXEVWUDWH �H�J�� :HHELOO�
6PLFURUQLV EUHYLURVWULV�

�� 3URELQJ ± H[WUDFWLQJ IRRG IURP�ZLWKLQ WKLFN RU GHHS VXEVWUDWH�
VXFK DV VRLO� OLWWHU RU IORZHUV �H�J�� IORZHU�IHHGLQJ KRQH\HDWHUV
DQG EDUN�IHHGLQJ WUHHFUHHSHUV� &OLPDFWHULGDH�

�� 0DQLSXODWLRQ ± LQFOXGHV D YDULHW\ RI PHWKRGV VXFK DV
VFUDWFKLQJ� GLJJLQJ DQG WHDULQJ WR H[SRVH WKH SUH\ �H�J��
&UHVWHG 6KULNH�7LW� )DOFXQFXOXV IURQWDWXV DQG $XVWUDOR�3DSXDQ
EDEEOHUV� 3RPDWRVWRPLGDH�

�� 3RXQFLQJ ± GLUHFW IOLJKW IURP D SHUFK WR WKH VLWH ZKHUH WKH SUH\
LV WDNHQ �XVXDOO\ JURXQG�� ZKHUHE\ WKH ELUG ODQGV DQG WDNHV WKH
SUH\� LW PD\ FRQWLQXH IO\LQJ DIWHUZDUGV �H�J�� EXWFKHUELUGV�
&UDFWLFLGDH DQG VRPH $XVWUDODVLDQ URELQV� 3HWURLFLGDH�

�� )O\FDWFKLQJ �VDPH DV +DZNLQJ RU 6DOO\LQJ� ± IO\LQJ IURP D
VXEVWUDWH WR WDNH D IO\LQJ SUH\� ZKHUHE\ ERWK WKH IRUDJLQJ ELUG
DQG SUH\ DUH LQ WKH DLU �H�J�� PRQDUFK IO\FDWFKHUV� 0RQDUFKLGDH
DQG IDQWDLOV� 5KLSLGXULGDH��

:H UHFRJQL]HG HLJKW PDLQ FDWHJRULHV DQG �� ILQH FDWHJRULHV �L�H��
VXEFDWHJRULHV� RI IRUDJLQJ VXEVWUDWHV IURP ZKLFK WKH ELUGV FROOHFWHG
IRRG �VXEFDWHJRULHV DUH LQ SDUHQWKHVHV��

�� *URXQG �WKUHH VXEFDWHJRULHV� EDUH JURXQG� OHDI OLWWHU� JUDVV�
�� /HDI �WZR VXEFDWHJRULHV� VPDOO OHDYHV ± DQ\ GLPHQVLRQ EHORZ

�� FP� ODUJH OHDYHV�
�� %DUN �IRXU VXEFDWHJRULHV� WZLJ ± EHDUV OHDYHV DW WKH HQG RI D

EUDQFK� VPDOO EUDQFK ± GLDPHWHU EHORZ �� FP� ODUJH EUDQFK�
WUXQN ± YHUWLFDO VWHP VXSSRUWLQJ D VKUXE RU D WUHH�

�� %XG �XQRSHQHG OHDI RU IORZHU� QR VXEFDWHJRULHV�
�� )ORZHU �DQ\ VL]H RU W\SH� QR VXEFDWHJRULHV�
�� )UXLW �LQFOXGLQJ GU\ DQG IOHVK\ IUXLWV� QR VXEFDWHJRULHV�
�� $LU �IRXU VXEFDWHJRULHV� DERYH WUHHV ± EXW QRW KLJK LQ WKH VN\�

EHWZHHQ WUHHV ± EHWZHHQ FDQRSLHV RI VKUXEV DQG WUHHV� ZLWKLQ
WUHHV ± ZLWKLQ D FDQRS\� RYHU JURXQG ± EHORZ � P KLJK�



9ODGLPtU�5HPHã��(YD�5HPHãRYi��1LFKRODV�5��)ULHGPDQ�HW�DO����

�� 2WKHU �LQFOXGHV VSHFLDO VXEVWUDWHV VXFK DV VSLGHU ZHEV� QR
VXEFDWHJRULHV��

7DEOH �� 6XPPDU\ RI GDWD IURP SXEOLVKHG VWXGLHV DQG RXU RZQ
ILHOG GDWD RQ IRUDJLQJ EHKDYLRU LQ $XVWUDOLDQ SDVVHULQH ELUGV�

2QO\ VSHFLHV ZLWK DW OHDVW �� IRUDJLQJ UHFRUGV ZHUH LQFOXGHG �Q  
�� XQLTXH VSHFLHV DFURVV WKH VWXGLHV�� )LJXUH � VKRZV WKH

ORFDWLRQ RI VWXG\ VLWHV

/RFDWLRQ 6SHFLHV )RUDJLQJ
UHFRUGV

+DELWDW &LWDWLRQ

1RUWKHUQ $XVWUDOLD �� ��� 0DQJURYHV 1RVNH ����
1HZ 6RXWK :DOHV �� ����� (XFDO\SW ZRRGODQG )RUG HW DO� ����
1HZ 6RXWK :DOHV �
 ����� (XFDO\SW ZRRGODQG 5HFKHU ����
6RXWK�(DVW
$XVWUDOLD

�� ������ (XFDO\SW ZRRGODQG DQG
IRUHVW

5HFKHU HW DO� ����

6RXWK�:HVW
$XVWUDOLD

�� ����� :DQGRR HXFDO\SW IRUHVW 5HFKHU DQG 'DYLV
����

&HQWUDO $XVWUDOLD �� ����� 0XOJD �$FDFLD DQHXUD�
VKUXEODQG

5HFKHU DQG 'DYLV
����

7DVPDQLD �� ����� 0DWXUH VFOHURSK\OO IRUHVW &DOH ����
(DVWHUQ $XVWUDOLD �� ����� (XFDO\SW ZRRGODQGV DQG

IRUHVWV
7KLV FKDSWHU


 2QO\ WKRUQELOOV DQG DOOLHV �$FDQWKL]LGDH� ZHUH VWXGLHG�

:H DOVR H[WUDFWHG GDWD RQ WKH IRUDJLQJ EHKDYLRU RI $XVWUDOLDQ
SDVVHULQHV IURP SXEOLVKHG OLWHUDWXUH� ,Q VHYHQ VWXGLHV� LW ZDV SRVVLEOH
WR DOLJQ WKH FDWHJRULHV RI IRUDJLQJ EHKDYLRU DQG VXEVWUDWH VHOHFWLRQ ZLWK
RXU FDWHJRULHV� DQG WKXV WKH\ FRXOG EH XVHG IRU FRPSDULVRQ� +RZHYHU�
ZH KDG WR UHGXFH WKH QXPEHU RI FDWHJRULHV WR VL[ IRU IRUDJLQJ PHWKRGV
�ZH PHUJHG JOHDQLQJ ZLWK KDQJ�JOHDQLQJ DQG SURELQJ ZLWK
PDQLSXODWLRQ� UHVSHFWLYHO\� DQG IRUDJLQJ VXEVWUDWHV �ZH PHUJHG IUXLW
DQG EXG LQWR RWKHU VXEVWUDWHV�� :H ZHUH WKXV DEOH WR FRYHU YDULRXV
KDELWDWV DQG JHRJUDSKLF UHJLRQV LQ $XVWUDOLD �7DEOH �� )LJXUH ��� 2Q WKH
RWKHU KDQG� ZH ZHUH QRW DEOH WR LQFOXGH VHYHUDO VWXGLHV WKDW XVHG WKH
FDWHJRULHV RI IRUDJLQJ EHKDYLRU QRW FRPSDUDEOH WR RXUV� 7KLV SUHFOXGHG
XV IURP LQFOXGLQJ GDWD IURP ZHW IRUHVWV RI QRUWK�HDVWHUQ $XVWUDOLD
�&URPH ����� )ULWK ������
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0RUSKRORJ\ DQG 3K\ORJHQ\

:H REWDLQHG PRUSKRORJLFDO PHDVXUHPHQWV IRU WKH �� VSHFLHV ZLWK
DW OHDVW �� IRUDJLQJ UHFRUGV LQ PXVHXP FROOHFWLRQV� :H YLVLWHG
FROOHFWLRQV RI 1DWXUDO +LVWRU\ 0XVHXP LQ 7ULQJ �8.�� $PHULFDQ
0XVHXP RI 1DWXUDO +LVWRU\ LQ 1HZ <RUN &LW\ �86$�� DQG $XVWUDOLDQ
1DWLRQDO :LOGOLIH &ROOHFWLRQ LQ &DQEHUUD �$XVWUDOLD�� :HPHDVXUHG EHDN
OHQJWK� ZLGWK DQG GHSWK� ZLQJ OHQJWK� WDUVXV OHQJWK� DQG WDLO OHQJWK LQ DW
OHDVW WKUHH PDOHV DQG WKUHH IHPDOHV SHU VSHFLHV� :H WRRN ERG\ PDVV
IURP WKH +DQGERRN RI $XVWUDOLDQ� 1HZ =HDODQG� DQG $QWDUFWLF %LUGV
�+LJJLQV HW DO� ������ :H XVHG WKHVH PRUSKRORJLFDO PHDVXUHPHQWV
WRJHWKHU ZLWK GHWDLOHG ILHOG�EDVHG IRUDJLQJ GDWD WR DQDO\]H WKH
UHODWLRQVKLS EHWZHHQ PRUSKRORJ\ DQG IRUDJLQJ EHKDYLRU�

:H REWDLQHG WKH SK\ORJHQ\ IRU RXU VSHFLHV IURP D SXEOLFO\ DYDLODEOH
DUFKLYH ELUGWUHH�RUJ �-HW] HW DO� ������ :H GRZQORDGHG ����
SK\ORJHQLHV XVLQJ WKH +DFNHWW FRQVWUDLQW DQG YHUVLRQ � RI WKH
GDWDEDVH� :H FDOFXODWHG RQH %D\HVLDQ PD[LPXP FUHGLELOLW\ WUHH XVLQJ
7UHH$QQRWDWRU �'UXPPRQG HW DO� ����� DQG XVHG WKLV WUHH LQ DOO
VXEVHTXHQW DQDO\VHV�

6WDWLVWLFDO $QDO\VHV

8VLQJ DOO GDWD IRU DOO �� VSHFLHV� ZH UHFRQVWUXFWHG JXLOG VWUXFWXUH
DFURVV $XVWUDOLDQ SDVVHULQHV XVLQJ WKH FOXVWHU DQDO\VLV� :H XVHG %UD\�
&XUWLV GLVWDQFH IRU WKH FDOFXODWLRQ RI WKH GLVVLPLODULW\ PDWUL[ �WKH YHJGLVW
IXQFWLRQ LQ WKH YHJDQ SDFNDJH� 2NVDQHQ HW DO� ����� DQG WKUHH GLIIHUHQW
FOXVWHULQJ DOJRULWKPV� DYHUDJH �HTXLYDOHQW WR 83*0$�� FRPSOHWH� DQG
ZDUG�'� �WKH KFOXVW IXQFWLRQ LQ WKH VWDWV SDFNDJH� 5�&RUH�7HDP ������
:H VHOHFWHG %UD\�&XUWLV GLVWDQFH� EHFDXVH LW LV UHFRPPHQGHG IRU
SURSRUWLRQDO GDWD �%RUFDUG� *LOOHW� DQG /HJHQGUH ������ :H HYDOXDWHG
KRZ ZHOO WKH GHQGURJUDPV UHSUHVHQWHG GDWD E\ FRUUHODWLQJ WKH RULJLQDO
GLVWDQFH PDWUL[ ZLWK WKH GLVWDQFH PDWUL[ REWDLQHG IURP WKH GHQGURJUDP
LWVHOI �VR FDOOHG 6KHSDUG GLDJUDP� %RUFDUG� *LOOHW� DQG /HJHQGUH ������
7KH RULJLQDO GLVWDQFH PDWUL[ ZDV EHVW UHSUHVHQWHG E\ WKH DYHUDJH �L�H��
83*0$� FOXVWHULQJ PHWKRG �L�H�� LW KDG WKH KLJKHVW FRUUHODWLRQ
FRHIILFLHQW� U  ����� DQG WKXV ZH XVHG LW IRU IXUWKHU SUHVHQWDWLRQ� :H
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DOVR UHFRQVWUXFWHG D GLVWDQFH PDWUL[ DQG GHQGURJUDP EDVHG RQ
PRUSKRORJLFDO VLPLODULW\ XVLQJ WKH (XFOLGHDQ GLVWDQFH �RQ ORJ���
WUDQVIRUPHG WUDLWV� DQG WKH FRPSOHWH FOXVWHULQJ PHWKRG �VHOHFWHG XVLQJ
WKH 6KHSDUG GLDJUDP� VHH DERYH�� :H YLVXDOL]HG WKH UHODWLRQVKLSV
EHWZHHQ IRUDJLQJ EHKDYLRU DQG SK\ORJHQ\ XVLQJ FR�GHQGURJUDPV
LPSOHPHQWHG LQ WKH WDQJOHJUDP IXQFWLRQ RI WKH GHQGH[WHQG SDFNDJH
�*DOLOL ������

:H DQDO\]HG UHODWLRQVKLSV EHWZHHQ GLVWDQFH PDWULFHV IURP
SK\ORJHQLHV DQG EHKDYLRUDO DQG PRUSKRORJLFDO WUDLWV XVLQJ 0DQWHO WHVWV
LPSOHPHQWHG LQ WKH HFRGLVW SDFNDJH �*RVOHH DQG 8UEDQ ������ 7R
TXDQWLI\ UHODWLRQVKLSV EHWZHHQ IRUDJLQJ EHKDYLRU DQG PRUSKRORJ\ LQ
PRUH GHWDLO� ZH XVHG SK\ORJHQ\�DGMXVWHG FDQRQLFDO FRUUHODWLRQV ILW
XVLQJ WKH SK\O�FFD IXQFWLRQ RI WKH SK\WRROV SDFNDJH �5HYHOO ������ :H
DQDO\]HG DOO WKH �� VSHFLHV �� PRUSKRORJLFDO WUDLWV� DQG ILW WKH
SK\ORJHQ\�DGMXVWHG FDQRQLFDO FRUUHODWLRQV VHSDUDWHO\ IRU IRUDJLQJ
PHWKRG DQG IRUDJLQJ VXEVWUDWHV� :H DOVR SHUIRUPHG UHVDPSOLQJ
DQDO\VHV WR TXDQWLI\ KRZ WKH VWUHQJWK RI FRUUHODWLRQ EHWZHHQ IRUDJLQJ
EHKDYLRU DQG PRUSKRORJ\ FKDQJHG ZLWK WKH QXPEHU RI WUDLWV XVHG� 7R
GR VR� ZH XVHG UHVDPSOLQJ ZLWKRXW UHSODFHPHQW� ZKHUH ZH UDQGRPO\
VHOHFWHG IURP WZR WR WKH PD[LPXP QXPEHU RI WUDLWV DQG ILW WKH
FRUUHODWLRQ RQ WKLV VHOHFWLRQ� :H UHSHDWHG WKLV UHVDPSOLQJ �� WLPHV IRU
HDFK FRPELQDWLRQ RI WKH QXPEHU RI WUDLWV DQDO\]HG� )XUWKHUPRUH� ZH
TXDQWLILHG WKH SK\ORJHQHWLF VLJQDO LQ PRUSKRORJLFDO DQG IRUDJLQJ WUDLWV
XVLQJ WKH . VWDWLVWLF RI %ORPEHUJ� *DUODQG� DQG ,YHV ������� . YDOXHV
FORVHU WR ]HUR FRUUHVSRQG WR D UDQGRP RU FRQYHUJHQW SDWWHUQ RI
HYROXWLRQ� . YDOXHV RI � FRUUHVSRQG WR D %URZQLDQ PRWLRQ SURFHVV�
ZKLFK LPSOLHV VRPH GHJUHH RI SK\ORJHQHWLF VLJQDO RU FRQVHUYDWLVP�
ZKLOH . YDOXHV JUHDWHU WKDQ � LQGLFDWH VWURQJ SK\ORJHQHWLF VLJQDO DQG
FRQVHUYDWLVP RI WUDLWV�

)RU HDFK WUDQVHFW �Q  ���� ZH FDOFXODWHG WRWDO DEXQGDQFH �WKH
QXPEHU RI LQGLYLGXDOV REVHUYHG�� VSHFLHV ULFKQHVV �WKH QXPEHU RI
SDVVHULQH VSHFLHV REVHUYHG�� DQG EHKDYLRUDO DQG PRUSKRORJLFDO
IXQFWLRQDO GLYHUVLW\� 7R FDOFXODWH EHKDYLRUDO IXQFWLRQDO GLYHUVLW\� ZH
FDOFXODWHG 6KDQQRQ LQGH[ RQ EHKDYLRUDO FDWHJRULHV �Q  ��� ZKHUH Q  
� IRU IRUDJLQJ PHWKRGV DQG Q  �� IRU IRUDJLQJ VXEVWUDWHV�� 7KLV LQGH[
LV FRPPRQO\ XVHG LQ FRPPXQLW\ HFRORJ\ DQG WDNHV LQWR DFFRXQW ERWK
WKH QXPEHU RI FDWHJRULHV DQG WKH GLVWULEXWLRQ RI REVHUYDWLRQV DPRQJ
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WKH FDWHJRULHV �L�H�� WKHLU HYHQQHVV� .UHEV ������ 7R FDOFXODWH
PRUSKRORJLFDO IXQFWLRQDO GLYHUVLW\� ZH XVHG WKH K\SHUYROXPH PHWKRG
RI %ORQGHU HW DO� ������ DSSOLHG WR VHYHQ PRUSKRORJLFDO WUDLWV� 7KLV
PHWKRG KDV WKH DGYDQWDJH RI WDNLQJ LQWR DFFRXQW ELUG DEXQGDQFHV DQG
DOORZLQJ IRU KROHV LQ PRUSKRORJLFDO K\SHUVSDFH �%ORQGHU ������ :H
DQDO\]HG WKH UHODWLRQVKLSV EHWZHHQ WKHVH FRPPXQLW\ FKDUDFWHULVWLFV
DQG YHJHWDWLRQ VWUXFWXUH �LQGH[HG E\ FDQRS\ KHLJKW� VHH DERYH� XVLQJ
OLQHDU PL[HG�HIIHFWV PRGHOV ILW LQ WKH OPH IXQFWLRQ RI WKH QOPH SDFNDJH
�3LQKHLUR HW DO� ������ :H XVHG WKH WUDQVHFW DV D VDPSOLQJ XQLW
�Q  ���� ZLWK WKH VLWH DV D UDQGRP HIIHFW �Q  ���� :H ILW RQO\ WKH
UDQGRP LQWHUFHSW IRU VLWHV� &DQRS\ KHLJKW ZDV ORJ���WUDQVIRUPHG DQG
DOO YDULDEOHV ZHUH VFDOHG WR HQDEOH FRPSDULVRQ RI SDUDPHWHU HVWLPDWHV�

5(68/76 $1' ',6&866,21

:H REWDLQHG ����� SUH\ DWWDFNV DQG UHFRUGHG ����� LQGLYLGXDO
ELUGV DFURVV DOO �� VWXG\ WUDQVHFWV LQ HDVWHUQ $XVWUDOLD� :H DOVR
H[WUDFWHG ������ IRUDJLQJ UHFRUGV IURP SXEOLVKHG VWXGLHV �7DEOH ���
7KH PRVW IUHTXHQWO\ XVHG IRUDJLQJ PHWKRG ZDV JOHDQLQJ� EHFDXVH LW
ZDV D GRPLQDQW VWUDWHJ\ LQ DOO EXW RQH VWXG\ �PHDQ DFURVV DOO VWXGLHV
 ������ PHDQ DFURVV VWXGLHV ZKHUH JOHDQLQJ ZDV GRPLQDQW  ������
)LJXUH ��� 7KH RQO\ H[FHSWLRQ ZDV D VWXG\ IURP PDQJURYHV �1RVNH
������ ZKHUH WKH GRPLQDQW VWUDWHJ\ ZDV SURELQJ ������� IROORZHG E\
JOHDQLQJ �������� ,Q WHUPV RI WKH PRVW IUHTXHQWO\ XVHG IRUDJLQJ
VXEVWUDWH� WKH VLWXDWLRQ ZDV PRUH YDULHG� /HDYHV ZHUH WKH GRPLQDQW
VXEVWUDWH LQ IRXU VWXGLHV �PHDQ  ������ )LJXUH �� 5HFKHU HW DO� �����
)RUG� 1RVNH� DQG %ULGJHV ����� 5HFKHU ����� WKLV FKDSWHU�� DOO RI ZKLFK
ZHUH FRQGXFWHG LQ HXFDO\SW ZRRGODQGV DQG IRUHVWV RI HDVWHUQ $XVWUDOLD
�)LJXUH ��� *URXQG ZDV WKH GRPLQDQW VXEVWUDWH LQ WZR VWXGLHV �PHDQ  
������ 5HFKHU DQG 'DYLV ����� ������ ZKLOH WKH WZR UHPDLQLQJ VWXGLHV
KDG HLWKHU EDUN ������� &DOH ����� RU IORZHUV ������� 1RVNH ����� DV
WKH GRPLQDQW VXEVWUDWH�
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)LJXUH �� 7KH SURSRUWLRQDO GRPLQDQFH RI IRUDJLQJ PHWKRGV DQG VXEVWUDWHV
DFURVV WKH VWXGLHV�

)RUDJLQJ *XLOG 6WUXFWXUH LQ $XVWUDOLDQ 3DVVHULQHV

8VLQJ FOXVWHU DQDO\VLV� ZH TXDQWLILHG JXLOG VWUXFWXUH LQ �� VSHFLHV
ZLWK DW OHDVW �� IRUDJLQJ UHFRUGV HDFK� :H GHOLPLWHG HLJKW JXLOGV EDVHG
RQ IRUDJLQJ EHKDYLRUV DQG VXEVWUDWH XVH �)LJXUH �� 7DEOH ��� %HVLGHV
VHYHQ VSHFLHV �RQH =RRWKHUD WKUXVK� RQH 'LFDHXP IORZHUSHFNHU� WZR
=RVWHURSV ZKLWH�H\HV� DQG WKUHH HVWULOGLG ILQFKHV�� DOO VSHFLHV DQDO\]HG
EHORQJHG WR DXWRFKWKRQRXV UDGLDWLRQV WKDW WRRN SODFH HLWKHU ZLWKLQ
$XVWUDOLD RU LQ WKH $XVWUDOR�3DFLILF UHJLRQ �)MHOGVn� &KULVWLGLV� DQG
(ULFVRQ ������
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7DEOH �� )RUDJLQJ JXLOGV RI $XVWUDOLDQ SDVVHULQH ELUGV GHOLPLWHG
EDVHG RQ IRUDJLQJ PHWKRG DQG VXEVWUDWH XVH DFURVV $XVWUDOLD �Q

 �� VSHFLHV DQG ������ IRUDJLQJ UHFRUGV�� 0HWKRGV DQG
VXEVWUDWHV LQ SDUHQWKHVHV ZHUH XVHG OHVV RIWHQ DQG RQO\ E\

VRPH RI WKH VSHFLHV LQ WKH JXLOG� *HQHUD ZLWKRXW WKH QXPEHU RI
VSHFLHV LQ SDUHQWKHVHV ZHUH UHSUHVHQWHG E\ RQH VSHFLHV RQO\ LQ

D JLYHQ JXLOG

*XLOG
,'

0HWKRG 6XEVWUDWH �
6SS

7D[D �� VSS�

� 3RXQFLQJ
�*OHDQLQJ�

*URXQG � 3HWURLFLGDH ���� 5KLSLGXUD� $UWDPXV

� )O\FDWFKLQJ $LU � 5KLSLGXUD ���� 0\LDJUD� $UWDPXV
� 6QDWFKLQJ /HDYHV � 3HWURLFLGDH ���� 0\LDJUD ���� 3DFK\FHSKDOD

���� 0RQDUFKD� &RUDFLQD
� 3URELQJ *URXQG � =RRWKHUD� 0HQXUD
� 3URELQJ

�*OHDQLQJ�
)ORZHUV
�/HDYHV�

�� 0HOLSKDJLGDH ����

� *OHDQLQJ 	
3URELQJ

%DUN � &OLPDFWHULGDH ���� 0HOLSKDJLGDH ����
&ROOXULFLQFOD� 'DSKRHQRVLWWD� )DOFXQFXOXV

� *OHDQLQJ *URXQG
�/HDYHV�

�� $FDQWKL]LGDH ���� 0DOXUXV ���� (VWULOGLGDH ����
&OLPDFWHULV� &RUFRUD[� (SWKLDQXUD�
*\PQRUKLQD� 3RPDWRVWRPXV� 3VRSKRGHV

� *OHDQLQJ /HDYHV �� $FDQWKL]LGDH ����� 0HOLSKDJLGDH �����
3DUGDORWXV ���� =RVWHURSV ���� 'LFDHXP�
6WDJRQRSOHXUD� 6WUHSHUD

2QO\ WZR JXLOGV ZHUH GRPLQDWHG E\ D VLQJOH WD[RQRPLF IDPLO\� *XLOG
� �SURELQJ IURP IORZHUV� ZDV GRPLQDWHG E\ KRQH\HDWHUV
�0HOLSKDJLGDH�� ZKLOH JXLOG � �JOHDQLQJ IURP OHDYHV� ZDV GRPLQDWHG E\
WKRUQELOOV� JHU\JRQHV DQG DOOLHV �$FDQWKL]LGDH�� +RZHYHU� RWKHUZLVH WKH
WD[RQRPLF FRPSRVLWLRQ RI JXLOGV ZDV KHWHURJHQHRXV� DQG PDQ\
IDPLOLHV DQG JHQHUD ZHUH VFDWWHUHG DFURVV GLIIHUHQW JXLOGV� )RU
H[DPSOH� KRQH\HDWHUV ZHUH UHSUHVHQWHG DOVR LQ JXLOGV �� � �JOHDQLQJ
IURP JURXQG� DQG � �SURELQJ IURP EDUN�� ZKLOH WKRUQELOOV LQ JXLOG ��
$XVWUDODVLDQ URELQV �3HWURLFLGDH� ZHUH UHSUHVHQWHG LQ JXLOGV �
�SRXQFLQJ IURP JURXQG� DQG � �VQDWFKLQJ IURP OHDYHV�� 7KH VDPH ZDV
WUXH IRU VHYHUDO JHQHUD� QDPHO\ $UWDPXV� 0\LDJUD� DQG 5KLSLGXUD
�7DEOH ��� 2Q WKH RWKHU KDQG� WKHUH ZHUH FDVHV RI FRQVHUYHG JXLOG
PHPEHUVKLS� IRU H[DPSOH� DOO WKUHH VSHFLHV RI IDLU\ZUHQV �0DOXULGDH�
DOO LQ WKH JHQXV 0DOXUXV� EHORQJHG WR JXLOG � �7DEOH ���
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)LJXUH �� 'HQGURJUDP GHSLFWLQJ IRUDJLQJ JXLOGV RI SDVVHULQH ELUGV LQ
$XVWUDOLD� ,W ZDV FRQVWUXFWHG EDVHG RQ VLPLODULW\ DPRQJ VSHFLHV �%UD\�&XUWLV
GLVWDQFH� LQ IRUDJLQJ PHWKRG �� PHWKRGV� DQG VXEVWUDWH XVH �� VXEVWUDWHV��
XVLQJ ������ IRUDJLQJ UHFRUGV DFURVV $XVWUDOLD� 1XPEHUV GHQRWH JXLOGV IURP
� WR � �VHH 7DEOH ��� %ODFN FLUFOHV VKRZ WKH SURSRUWLRQDO XVH RI IRUDJLQJ
PHWKRGV DQG VXEVWUDWHV �RQ D QRQ�OLQHDU VFDOH�
VHH WKH OHJHQG��
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5HSHDWHG HYROXWLRQ RI PHPEHUVKLS LQ IRUDJLQJ JXLOGV KDV EHHQ
GHPRQVWUDWHG SUHYLRXVO\ LQ YDULRXV WD[D� )RU H[DPSOH� 1HZ :RUOG
IO\FDWFKHUV �7\UDQQLGDH� UHSUHVHQW DQ LPSUHVVLYH 1HZ :RUOG UDGLDWLRQ
LQWR D QXPEHU RI IRUDJLQJ QLFKHV� H[HPSOLILHG E\ WKH XWLOL]DWLRQ RI
GLYHUVH IRUDJLQJ PHWKRGV DQG VXEVWUDWHV� LQFOXGLQJ DLU� OHDYHV� WZLJV�
DQG JURXQG� ZLWK FRUUHVSRQGLQJO\ LPSUHVVLYH HFRPRUSKRORJLFDO
GLYHUVLW\ �.HDVW ����� 7D\ORU DQG )LW]SDWULFN ����� )LW]SDWULFN ������
$OWKRXJK PXFK \RXQJHU� FD� �� 0\ �2OLYHURV HW DO� ����� RU �� 0\
�)MHOGVn� &KULVWLGLV� DQG (ULFVRQ ������ WKH\ DUH IXQFWLRQDOO\ HTXLYDOHQW
WR WKH UDGLDWLRQ RI PRVWO\ $XVWUDOLDQ OLQHDJHV� EHVW UHSUHVHQWHG E\ WKH
FODGH 0HOLSKDJRLGHD �RU 0HOLSKDJLGHV� FD� �� 0\ DFFRUGLQJ WR 2OLYHURV
HW DO� ���� RU �� 0\ DFFRUGLQJ WR )MHOGVn� &KULVWLGLV� DQG (ULFVRQ ������
ZKLFK PDNHV D ODUJH SDUW RI VSHFLHV ZH VWXG\ ��� VSHFLHV RXW RI ���
)LJXUHV � DQG ��� $V VXFK� WKHVH WZR UDGLDWLRQV UHSUHVHQW SDUDOOHO
DGDSWLYH GLYHUJHQFH GXH WR H[SORLWDWLRQ RI DYDLODEOH HFRORJLFDO VSDFH�
6LPLODU UDGLDWLRQV DUH UHSUHVHQWHG E\ 2OG :RUOG V\OYLRLG� PXVFLFDSRLG�
DQG FRUYRLG FODGHV �VHH 2OLYHURV HW DO� ����� )MHOGVn� &KULVWLGLV� DQG
(ULFVRQ ������ EXW WKHLU IRUDJLQJ EHKDYLRUV DQG QLFKH SDUWLWLRQLQJ RQ
WKH ORQJ WLPHVFDOHV RI PLOOLRQV RI \HDUV KDYH QRW EHHQ TXDQWLWDWLYHO\
GHVFULEHG� 7KH HYROXWLRQ LQWR GLYHUVH HFRORJLFDO UROHV KDV EHHQ ZHOO
GRFXPHQWHG LQ SDVVHULQHV RI WKH $XVWUDOR�3DFLILF UHJLRQ� HVSHFLDOO\ LQ
YDULRXV KRQH\HDWHU OLQHDJHV �.HDVW ����� ����� 1RUPDQ HW DO� �����
7RRQ� +XJKHV� DQG -RVHSK ����� 0LOOHU HW DO� ������ ,Q WHUPV RI ORFDO
JXLOGV� WKH HYROXWLRQ RI D VLPLODU JXLOG VWUXFWXUH LQ SDVVHULQH ELUGV KDV
EHHQ GHPRQVWUDWHG E\ FRPSDULQJ JXLOG VWUXFWXUH LQ $XVWUDOLD� (XURSH�
DQG 1RUWK $PHULFD �.RUĖDQ HW DO� ������ 7KHVH FRPSDULVRQV VKRZHG
WKDW VLPLODU JXLOGV GHOLPLWHG E\ VXEVWUDWH XVH DQG IRUDJLQJ PHWKRGV
HYROYHG LQGHSHQGHQWO\ LQ SDVVHULQH ELUGV RI GLIIHUHQW ]RRJHRJUDSKLF
UHJLRQV� LQFOXGLQJ $XVWUDOLD �5HFKHU HW DO� ����� )RUG� 1RVNH� DQG
%ULGJHV ����� )RUG ����� 1RVNH ����� 5HFKHU DQG 'DYLV ������ 1RUWK
$PHULFD �+ROPHV� %RQQH\� DQG 3DFDOD ������ (XURSH �.RUĖDQ DQG
$GDPtN ����� .RUĖDQ HW DO� ����� DQG DW OHDVW RQH KLJK�DOWLWXGH IRUHVW
RI ,QGLD �6RPDVXQGDUDP DQG 9LMD\DQ ������ +HUH� ZH FRQILUP WKLV
REVHUYDWLRQ E\ GRFXPHQWLQJ JXLOG VWUXFWXUH RQ WKH ODUJHVW VDPSOH RI
IRUDJLQJ UHFRUGV DQG VSHFLHV DQDO\]HG VR IDU�
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2Q WKH RWKHU KDQG� WKHVH JHQHUDOL]DWLRQV GR QRW H[WHQG WR WKH
WURSLFDO IRUHVWV RI 1HZ *XLQHD DQG 0DOD\VLD� ZKHUH WKH IRUDJLQJ
VWUXFWXUH RI FRPPXQLWLHV LV ILUVW SDUWLWLRQHG E\ IRUDJLQJ KHLJKW DQG RQO\
WKHQ E\ IRUDJLQJ EHKDYLRU �%HOO ����� 0DQVRU DQG 0RKG 6DK ������
ZKLOH WKH VLWXDWLRQ LQ $XVWUDOLDQ ZHW WURSLFV LV VRPHZKHUH LQ EHWZHHQ
�&URPH ����� )ULWK ������

)RUDJLQJ %HKDYLRU DQG 0RUSKRORJ\ LQ 5HODWLRQ
WR 3K\ORJHQ\

4XLWH VXUSULVLQJO\� WKH FRUUHODWLRQ RI WKH SDWULVWLF GLVWDQFH RQ
SK\ORJHQ\ ZLWK WKH GLVWDQFH PDWUL[ RI IRUDJLQJ EHKDYLRU ZDV KLJKHU
�U  ����� S � ������ WKDQ ZLWK WKH GLVWDQFH PDWUL[ RI PRUSKRORJ\
�U  ����� S � ������� $OWKRXJK VWDWLVWLFDOO\ VLJQLILFDQW� WKH FRUUHODWLRQ
FRHIILFLHQWV ZHUH LQ JHQHUDO ORZ� EHFDXVH U  ���� PHDQV RQO\ ��� RI
WKH YDULDELOLW\ LQ GDWD H[SODLQHG� 7KH ORZ FRUUHVSRQGHQFH EHWZHHQ
SK\ORJHQ\ DQG IRUDJLQJ EHKDYLRU LV DSSDUHQW IURP WKH WD[RQRPLF
VWUXFWXUH RI JXLOGV �VHH DERYH DQG 7DEOH �� DQG FDQ EH IXUWKHU
LOOXVWUDWHG E\ FURVVHG OLQNV LQ WKH FR�GHQGURJUDP OLQNLQJ SK\ORJHQ\ DQG
EHKDYLRU �)LJXUH ��� +RZHYHU� WKHUH LV VWLOO VRPH FRUUHVSRQGHQFH DW
KLJKHU OHYHO� GHPRQVWUDWHG E\ EXQGOHG OLQNV WKDW VRPHWLPHV FRQQHFW
VHYHUDO VSHFLHV IURP WKH VDPH JHQXV RU IDPLO\ WR RQH SDUWLFXODU JXLOG�
1HYHUWKHOHVV� DPSOH FURVVLQJ RI FRQQHFWLQJ OLQHV VXJJHVWV WKDW
SK\ORJHQ\ GRHV QRW FRQVWUDLQ JXLOG PHPEHUVKLS �)LJXUH �� 7DEOH ���

7KXV� LQGHSHQGHQW HYROXWLRQ RI WKH H[SORLWDWLRQ RI HFRORJLFDO VSDFH
WDNHV SODFH �VHH DERYH�� 2XU UHVXOWV FRPSOHPHQW SUHYLRXV ZRUN�
GHPRQVWUDWLQJ UHSHDWHG HYROXWLRQ RI QLFKH H[SORLWDWLRQ OLQNHG WR
PRUSKRORJLFDO HYROXWLRQ IRU H[DPSOH LQ ELUGV �.HDVW ����� )LW]SDWULFN
����� 0LOOHU HW DO� ����� 3LJRW HW DO� ����� DQG OL]DUGV �0HOYLOOH� +DUPRQ�
DQG /RVRV ����� /RVRV ����� 0DKOHU HW DO� ������

0RUSKRORJ\�ZDV�FORVHO\� WLHG� WR�SK\ORJHQ\�DV�HYLGHQFHG�E\�KLJK�
YDOXHV�RI�. �)LJXUH�����0HDQ�YDOXH�RI�. IRU�DOO����VSHFLHV ZDV�������
LQGLFDWLQJ�VWURQJ�SK\ORJHQHWLF�VLJQDO�DQG�SK\ORJHQHWLF�FRQVHUYDWLVP�RI�
PRUSKRORJLFDO�WUDLWV �%ORPEHUJ��*DUODQG��DQG�,YHV�������



)RUDJLQJ�%HKDYLRU��*XLOG�6WUXFWXUH��DQG�6SHFLHV�'LYHUVLW\�« ���

)LJXUH �� &R�GHQGURJUDP RI WKH SK\ORJHQ\ DQG RXU EHKDYLRUDO GHQGURJUDP
ZLWK OLQNV FRQQHFWLQJ VSHFLHV� ,Q RQO\ IRXU FDVHV �GHSLFWHG E\ EODFN OLQNV� GLG
VLVWHU VSHFLHV IDOO VLGH E\ VLGH LQ WKH EHKDYLRUDO GHQGURJUDP �RQH FDVH HDFK
LQ $FDQWKL]D� *HU\JRQH� 3DFK\FHSKDOD� DQG 3DUGDORWXV�� +RZHYHU� FHUWDLQ
KLJKHU VWUXFWXUH LV DSSDUHQW IURP D ³EXQGOHG´ DSSHDUDQFH RI FRQQHFWLQJ OLQHV�
ZKHUH WKH VDPH JHQXV�IDPLO\ VRPHWLPHV OLQNV WR WKH VDPH JXLOG RU UHODWHG
JXLOGV� /HWWHUV GHQRWH IDPLOLHV� ZKHUH RQO\ IDPLOLHV ZLWK DW OHDVW WKUHH VSHFLHV
DUH ODEHOHG �$ � &OLPDFWHULGDH� % � (VWULOGLGDH� & � 3HWURLFLGDH� ' �
0RQDUFKLGDH� ( � 5KLSLGXULGDH� ) � 0DOXULGDH� * � $FDQWKL]LGDH� + �
0HOLSKDJLGDH�� ZKLOH QXPEHUV GHQRWH IRUDJLQJ JXLOGV �VHH )LJXUH �� 7DEOH ���
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)LJXUH �� 3K\ORJHQHWLF VLJQDO �%ORPEHUJ¶V .� LQ PRUSKRORJLFDO DQG EHKDYLRUDO
WUDLWV LQ �� VSHFLHV RI $XVWUDOLDQ SDVVHULQH ELUGV� 0RUSKRORJ\ ZDV
SK\ORJHQHWLFDOO\ FRQVHUYHG �. YDOXHV ! ��� ZKLOH IRUDJLQJ EHKDYLRU ZDV
SK\ORJHQHWLFDOO\ ODELOH �. YDOXHV � ��� .  � PHDQV QHXWUDO HYROXWLRQ RI WKH
WUDLW DFFRUGLQJ WR %URZQLDQ PRWLRQ IROORZLQJ WKH EUDQFKLQJ SDWWHUQ RI WKH
SK\ORJHQ\� .  � PHDQV WUDLW HYROXWLRQ XQUHODWHG WR WKH SK\ORJHQ\
�XQVWUXFWXUHG UDQGRP ZDON��

2Q WKH FRQWUDU\� EHKDYLRUDO WUDLWV ZHUH PRUH SK\ORJHQHWLFDOO\ ODELOH
�)LJXUH ��� 0HDQ YDOXH RI . IRU IRUDJLQJ VXEVWUDWHV ZDV ����� ZKLOH LW
ZDV ���� IRU IRUDJLQJ PHWKRGV� LQGLFDWLQJ IDVWHU RU FRQYHUJHQW
HYROXWLRQ RI EHKDYLRUDO WUDLWV� %DUN XVH �.  ����� DQG KRYHULQJ �.  
����� ZHUH UHODWLYHO\ PRVW SK\ORJHQHWLFDOO\ ODELOH� ZKLOH IORZHU XVH �.  
����� DQG SURELQJ �.  ����� ZHUH UHODWLYHO\ PRVW FRQVHUYHG� )RU
H[DPSOH� VXEVWDQWLDO XVH RI EDUN IRU IRUDJLQJ HYROYHG UHSHDWHGO\ LQ
VHYHUDO GLIIHUHQW IDPLOLHV� ,W ZDV GRPLQDQW LQ PRVW VSHFLHV RI
$XVWUDODVLDQ 7UHHFUHHSHUV �&OLPDFWHULGDH�� WKUHH VSHFLHV RI
KRQH\HDWHUV �HVSHFLDOO\ LQ WKH 6WURQJ�ELOOHG +RQH\HDWHU RI 7DVPDQLD�
0HOLWKUHSWXV YDOLGLURVWULV� ��� RI DOO IRUDJLQJ UHFRUGV�� &UHVWHG 6KULNH�
WLW �)DOFXQFXOXV IURQWDWXV� )DOFXQFXOLGDH� ������� 9DULHG 6LWWHOOD
�'DSKRHQRVLWWD FKU\VRSWHUD� 1HRVLWWLGDH� ������ DQG WR D OHVVHU H[WHQW



)RUDJLQJ�%HKDYLRU��*XLOG�6WUXFWXUH��DQG�6SHFLHV�'LYHUVLW\�« ���

LQ WKH *UD\ 6KULNHWKUXVK �&ROOXULFLQFOD KDUPRQLFD� 3DFK\FHSKDOLGDH�
������ DQG LQ WKH 'XVN\ 5RELQ RI 7DVPDQLD �0HODQRGU\DV YLWWDWD�
3HWURLFLGDH� ������ )LJXUH ��� 2Q WKH RWKHU KDQG� IORZHU XVH HYROYHG
RQO\ LQ KRQH\HDWHUV �0HOLSKDJLGDH� )LJXUH ��� DOWKRXJK E\ QR PHDQV LQ
DOO VSHFLHV� EHFDXVH KRQH\HDWHUV DOVR IRUPHG D VXEVWDQWLDO SDUW RI
JXLOG � �JOHDQLQJ IURP OHDYHV�� 7KH FRQFHQWUDWLRQ RI IORZHU�IRUDJLQJ
VSHFLHV LQ RQH WD[RQRPLF IDPLO\ PLJKW EH H[SODLQHG LQ WZR
FRPSOHPHQWDU\ ZD\V� )LUVW� IORZHU XVH PLJKW QHHG VSHFLDO EHDN
PRUSKRORJ\ �)ULHGPDQ HW DO� ������ ZKLFK PLJKW EH UDUH WR HYROYH�
6HFRQG� WKH RFFXSDWLRQ RI DYDLODEOH HFRORJLFDO VSDFH� QDPHO\ IRUDJLQJ
IURP IORZHUV� PLJKW HQDEOH IDVW FODGH GLYHUVLILFDWLRQ DQG IXOO H[SORLWDWLRQ
RI WKLV UHVRXUFH �0DUNL HW DO� ������ 2WKHU FODGHV PLJKW EH SUHFOXGHG
E\ FRPSHWLWLRQ IURP XWLOL]LQJ WKLV UHVRXUFH LQ DQ\ VXEVWDQWLDO ZD\�

)RUDJLQJ %HKDYLRU LQ 5HODWLRQ WR 0RUSKRORJ\

$GMXVWLQJ IRU SK\ORJHQ\� WKH FRUUHODWLRQ EHWZHHQ PRUSKRORJ\ ��
WUDLWV� DQG IRUDJLQJ PHWKRGV \LHOGHG WKH ILUVW FRUUHODWLRQ FRHIILFLHQW RI U
 ���� �L�H�� ��� RI YDULDELOLW\ LQ GDWD H[SODLQHG� S � ������� 7KLV LV WKH
FRUUHODWLRQ EHWZHHQ WKH ILUVW FDQRQLFDO D[HV RI WKH PXOWLYDULDWH VSDFHV
RI IRUDJLQJ PHWKRGV DQG PRUSKRORJ\� 7KH ILUVW FDQRQLFDO D[LV RI
IRUDJLQJ PHWKRGV KDG QHJDWLYH ORDGLQJV RI IO\FDWFKLQJ DQG SRVLWLYH
ORDGLQJV RI DOO RWKHU EHKDYLRUV �HVSHFLDOO\ SURELQJ�� 7KH ILUVW
PRUSKRORJLFDO D[LV KDG QHJDWLYH ORDGLQJV RI EHDN ZLGWK� ZLQJ OHQJWK�
DQG WDLO OHQJWK� ZKLOH RWKHU WUDLWV KDG SRVLWLYH ORDGLQJV �HVSHFLDOO\ EHDN
OHQJWK DQG GHSWK�� 7KHVH UHVXOWV GHPRQVWUDWHG WKDW IO\FDWFKLQJ VSHFLHV
KDG UHODWLYHO\ ZLGH� IODW� DQG VKRUW EHDNV DQG UHODWLYHO\ ORQJ ZLQJV DQG
WDLOV� ZKLOH VSHFLHV XVLQJ SURELQJ KDG WKH RSSRVLWH FKDUDFWHULVWLFV� 7KLV
DJUHHV ZLWK SUHYLRXV ILQGLQJV IRU H[DPSOH LQ W\UDQW IO\FDWFKHUV
�7\UDQQLGDH�� ZKHUH IO\FDWFKLQJ VSHFLHV KDYH DOVR IODW DQG ZLGH EHDNV
�.HDVW ����� )LW]SDWULFN ������ 7KH FRUUHODWLRQ EHWZHHQ PRUSKRORJ\
DQG VXEVWUDWH XVH \LHOGHG WKH ILUVW FRUUHODWLRQ FRHIILFLHQW RI U  ����
���� RI YDULDELOLW\ H[SODLQHG� S � ������� 7KH ILUVW FDQRQLFDO D[LV RI
IRUDJLQJ VXEVWUDWH XVH KDG QHJDWLYH ORDGLQJV RI DLU DQG SRVLWLYH
ORDGLQJV RI DOO RWKHU VXEVWUDWHV� HVSHFLDOO\ IORZHUV� 7KH ORDGLQJV RU WKH
ILUVW PRUSKRORJLFDO D[LV ZHUH VLPLODU DV DERYH� 7KLV DJUHHV ZLWK



9ODGLPtU�5HPHã��(YD�5HPHãRYi��1LFKRODV�5��)ULHGPDQ�HW�DO����

SUHYLRXV ILQGLQJV RI KRQH\HDWHUV IRUDJLQJ H[WHQVLYHO\ RQ QHFWDU IURP
IORZHUV KDYLQJ QDUURZ DQG HORQJDWHG EHDNV �)ULHGPDQ HW DO� ������
0RUHRYHU� WKH REVHUYDWLRQ WKDW IORZHU�H[SORLWLQJ KXPPLQJELUGV
�7URFKLOLGDH� DQG VXQELUGV �1HFWDULQLLGDH� KDYH H[FHSWLRQDOO\ QDUURZ
DQG ORQJ EHDNV LV DOVR LQ OLQH ZLWK RXU ILQGLQJV� 2YHUDOO� ZH GHPRQVWUDWH
WKH RSSRVLWH PRUSKRORJLFDO GHVLJQ RI DLU�IO\FDWFKLQJ YV� IORZHU�SURELQJ
VSHFLHV� 2XU UHVXOWV DJUHH ZLWK SUHYLRXV HFRPRUSKRORJLFDO ZRUN
GRFXPHQWLQJ PRUSKRORJLFDO FRQYHUJHQFH RI GLVWDQWO\ UHODWHG VSHFLHV
XVLQJ WKH VDPH IRUDJLQJ UHVRXUFHV �/HLVOHU DQG :LQNOHU ����� 3LJRW HW
DO� ������

+RZHYHU� WKH FRUUHODWLRQ EHWZHHQ PRUSKRORJ\ DQG EHKDYLRU GLIIHUV
DFURVV VWXGLHV �5LFNOHIV DQG 7UDYLV ����� 0LOHV DQG 5LFNOHIV �����
0LOHV� 5LFNOHIV� DQG 7UDYLV ����� 3LJRW� 7ULVRV� DQG 7RELDV ����� 0LOOHU
HW DO� ����� )ULHGPDQ HW DO� ������ 2QH RI WKH UHDVRQV PLJKW EH
GLIIHUHQFHV LQ WKH QXPEHU RI PRUSKRORJLFDO DQG HFRORJLFDO RU
EHKDYLRUDO WUDLWV DQDO\]HG� :H WKXV UHSHDWHG WKH SK\ORJHQHWLFDOO\�
FRUUHFWHG FDQRQLFDO FRUUHODWLRQV ZLWK GLIIHUHQW QXPEHUV RI WUDLWV� :H
XVHG UHVDPSOLQJ ZLWKRXW UHSODFHPHQW� ZKHUH ZH UDQGRPO\ VHOHFWHG
IURP WZR WR WKH PD[LPXP QXPEHU RI WUDLWV DQG ILW WKH FDQRQLFDO
FRUUHODWLRQ RQ WKLV VHOHFWLRQ� :H UHSHDWHG WKLV UHVDPSOLQJ �� WLPHV IRU
HDFK FRPELQDWLRQ RI D JLYHQ QXPEHU RI WUDLWV DQDO\]HG� $V H[SHFWHG�
WKH ILUVW FRUUHODWLRQ IURP WKH FDQRQLFDO FRUUHODWLRQ DQDO\VLV LQFUHDVHG
ZLWK WKH QXPEHU RI EHKDYLRUDO DQG PRUSKRORJLFDO WUDLWV DQDO\]HG
�)LJXUH ��� 7KH FRUUHODWLRQ VWDUWHG DW ���� IRU IRUDJLQJ PHWKRGV DQG
���� IRU IRUDJLQJ VXEVWUDWHV ZKHQ WZR EHKDYLRUDO DQG WZR
PRUSKRORJLFDO WUDLWV ZHUH XVHG� 7KLV PHDQV FD� �� RI YDULDELOLW\ LQ GDWD
H[SODLQHG� &OHDUO\� WZR WUDLWV DUH WRR IHZ� +RZHYHU� WKH FRUUHODWLRQ
LQFUHDVHG TXLWH IDVW DQG UHDFKHG ���� DQG ���� ZKHQ XVLQJ �� WUDLWV
WRJHWKHU �WKH VXP RI EHKDYLRUDO DQG PRUSKRORJLFDO WUDLWV�� 7KLV LV TXLWH
HQFRXUDJLQJ� DV DQ DFKLHYDEOH VDPSOLQJ LQ WKH ILHOG DQG LQ PXVHXP
FROOHFWLRQV HQVXUHG D VLJQLILFDQW LQVLJKW LQWR WKH HFRPRUSKRORJ\ RI WKH
ZKROH DXWRFKWKRQRXV UDGLDWLRQ RI SDVVHULQHV LQ $XVWUDOLD� ,Q VXP� ZH
VKRZHG WKDW IRUDJLQJ EHKDYLRU ZDV SDUWLDOO\ SUHGLFWHG E\ PRUSKRORJ\�
ZKLFK ZDV LQ WXUQ FORVHO\ WLHG WR SK\ORJHQ\ �KLJK SK\ORJHQHWLF VLJQDO��
)RUDJLQJ EHKDYLRU ZDV SK\ORJHQHWLFDOO\ PRUH ODELOH� DOORZLQJ IRU IDVWHU
GLYHUJHQFH DQG VZLWFKLQJ EHWZHHQ IRUDJLQJ JXLOGV�
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)LJXUH �� &RUUHODWLRQV EHWZHHQ IRUDJLQJ EHKDYLRU DQG PRUSKRORJ\ LQ
$XVWUDOLDQ SDVVHULQH ELUGV� &RUUHODWLRQ FRHIILFLHQW LV WKH ILUVW FDQRQLFDO
FRUUHODWLRQ EHWZHHQ D PDWUL[ RI EHKDYLRUDO �PD[� Q  �� DQG PRUSKRORJLFDO
WUDLWV �PD[� Q  ��� :H UHVDPSOHG �� WLPHV HDFK FRPELQDWLRQ RI D JLYHQ
QXPEHU RI EHKDYLRUDO DQG PRUSKRORJLFDO WUDLWV �IURP � WR WKH PD[LPXP
SRVVLEOH� DQG DOZD\V FDOFXODWHG SK\ORJHQHWLFDOO\ FRUUHFWHG FDQRQLFDO
FRUUHODWLRQ� :H VKRZ WKH VXPPHG QXPEHU RI EHKDYLRUDO DQG PRUSKRORJLFDO
WUDLWV DORQJ WKH KRUL]RQWDO D[LV�

'LYHUVLW\ LQ /RFDO &RPPXQLWLHV

,Q ORFDO FRPPXQLWLHV� WRWDO DEXQGDQFH �L�H�� WKH QXPEHU RI
LQGLYLGXDOV�� VSHFLHV ULFKQHVV� DQG PRUSKRORJLFDO DQG EHKDYLRUDO
GLYHUVLW\ DOO LQFUHDVHG ZLWK YHJHWDWLRQ FRPSOH[LW\ �LQGH[HG E\ FDQRS\
KHLJKW� )LJXUH �� 7DEOH ��� 7KH VWURQJHVW ZDV WKH UHODWLRQVKLS ZLWK WRWDO
DEXQGDQFH� ZKLFK PDNHV VHQVH LQ WHUPV RI PRUH YHJHWDWLRQ SURYLGLQJ
HFRORJLFDO VSDFH �IRRG� VKHOWHU HWF�� IRU PRUH LQGLYLGXDOV� +LJKHU
DEXQGDQFH PLJKW WKHQ EULQJ PRUH VSHFLHV� LQ DFFRUGDQFH ZLWK WKH
PRUH�LQGLYLGXDOV K\SRWKHVLV �6WRUFK� %RKGDONRYi� DQG 2NLH ������
+LJKHU PRUSKRORJLFDO DQG EHKDYLRUDO GLYHUVLW\ PLJKW WKHQ IROORZ IURP
PRUH VSHFLHV EHLQJ SUHVHQW� 6SHFLHV ULFKQHVV DQG PRUSKRORJLFDO
GLYHUVLW\ ZHUH WKH PRVW UHSHDWDEOH ZLWKLQ VLWHV �7DEOH ��� 7KLV SUREDEO\
IROORZV IURP WKH REVHUYDWLRQ WKDW WKH GLVWULEXWLRQ RI VSHFLHV LV KLJKO\
VSDWLDOO\ VWUXFWXUHG GXH WR WKH KLVWRULFDO OHJDF\ RI F\FOHV RI DOORSDWULF
VSHFLDWLRQ DQG VHFRQGDU\ RYHUODS �:DUUHQ HW DO� ������ 7RWDO
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DEXQGDQFH DQG EHKDYLRUDO GLYHUVLW\ ZHUH OHVV UHSHDWDEOH� UHYHDOLQJ
WKHLU VWURQJHU GHSHQGHQFH RQ ORFDO HFRORJLFDO FRQGLWLRQV�

)LJXUH �� $OO DVSHFWV RI SDVVHULQH GLYHUVLW\ LQFUHDVHG ZLWK FDQRS\ KHLJKW
�PHWHUV� DFURVV RXU �� WUDQVHFWV �QHVWHG ZLWKLQ �� VLWHV�� 7RWDO DEXQGDQFH LV
WKH QXPEHU RI LQGLYLGXDOV DQG VSHFLHV ULFKQHVV LV WKH QXPEHU RI VSHFLHV ZH
UHFRUGHG GXULQJ WKH WZR FHQVXVHV RQ HDFK WUDQVHFW� 0RUSKRORJLFDO GLYHUVLW\
LV UHODWLYH YROXPH RI WKH ��GLPHQVLRQDO PRUSKRORJLFDO K\SHUVSDFH GHOLPLWHG
E\ LQGLYLGXDOV SUHVHQW DW D JLYHQ WUDQVHFW� ,WV YDOXH LV GHSLFWHG DV UHODWLYH WR
WKH WRWDO YROXPH RI DOO LQGLYLGXDOV UHFRUGHG DFURVV DOO WUDQVHFWV� %HKDYLRUDO
GLYHUVLW\ LV WKH 6KDQQRQ LQGH[ FDOFXODWHG XVLQJ IRUDJLQJ PHWKRGV DQG
VXEVWUDWHV� ,WV YDOXH LV GHSLFWHG DV UHODWLYH WR EHKDYLRUDO GLYHUVLW\ RI DOO
LQGLYLGXDOV UHFRUGHG� &RUUHODWLRQ FRHIILFLHQWV DUH DOVR VKRZQ ZLWKLQ WKH
SDQHOV�

7KH�LQWHUSOD\�EHWZHHQ�UHJLRQDO�SURFHVVHV�GULYHQ�E\�HYROXWLRQ DQG�
ORFDO� SURFHVVHV� GULYHQ� E\� HFRORJ\ DUH� FXUUHQWO\� WKH� IRFXV� RI� PXFK�
UHVHDUFK� �0LWWHOEDFK�DQG�0F*LOO� ������� ,Q� WKH�SUHYLRXV�VHFWLRQV��ZH�
VKRZHG�KRZ�HYROXWLRQ�IRUPV�UHSHDWHG�EHKDYLRUDO�JXLOGV��+HUH�ZH�VKRZ�
KRZ�PHPEHUV�RI�WKHVH�JXLOGV�DUH�WKHQ�VDPSOHG�WR�ORFDO�FRPPXQLWLHV�
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7DEOH �� 5HVXOWV RI OLQHDU PL[HG�HIIHFWV PRGHOV UHODWLQJ
SDVVHULQH GLYHUVLW\ WR FDQRS\ KHLJKW� &DQRS\ KHLJKW ZDV ORJ���
WUDQVIRUPHG� DQG DOO YDULDEOHV ZHUH VFDOHG WR HQDEOH FRPSDULVRQ
RI SDUDPHWHU HVWLPDWHV� 'HQRPLQDWRU ')  ��� 7KH UDQGRP HIIHFW

RI VLWH �DOZD\V WKUHH WUDQVHFWV SHU VLWH� LV HTXLYDOHQW WR WKH
LQWUDFODVV FRUUHODWLRQ FRHIILFLHQW �,&&�� VKRZLQJ KRZ UHSHDWDEOH

WKH REVHUYDWLRQV RQ WUDQVHFWV ZLWKLQ VLWHV DUH

5HVSRQVH (VWLPDWH �6(� ) 3 ,&& ���
7RWDO DEXQGDQFH ���� ������� ���� ������ ����
6SHFLHV ULFKQHVV ���� ������� ���� ����� ����
0RUSKRORJLFDO GLYHUVLW\ ���� ������� ��� ����� ����
%HKDYLRUDO GLYHUVLW\ ���� ������� ���� ����� ����

/DUJHU HFRORJLFDO VSDFH ZLWK PRUH SRWHQWLDO QLFKHV �KLJKHU FDQRS\
DQG WKXV PRUH YHJHWDWLRQ� HQDEOHG WKH FRH[LVWHQFH RI PRUH LQGLYLGXDOV
DQG PRUH VSHFLHV ZLWK YDULHG PRUSKRORJLHV DQG IRUDJLQJ VWUDWHJLHV�
7KH FULWLFDO UROH RI YHJHWDWLRQ YROXPH DQG KHWHURJHQHLW\ IRU VSHFLHV
ULFKQHVV KDV EHHQ GHPRQVWUDWHG E\ VHYHUDO FODVVLFDO VWXGLHV
�0DF$UWKXU DQG 0DF$UWKXU ����� 5HFKHU ����� .DUU DQG 5RWK �����
DQG FRQILUPHG E\ UHYLHZV DFURVV KDELWDWV DQG WD[D �7HZV HW DO� ������
5HFHQW VWXGLHV H[WHQGHG WKLV UHDVRQLQJ WR IXQFWLRQDO DQG SK\ORJHQHWLF
GLYHUVLW\ �5HPHã DQG +DUPiþNRYi ����� )HQJ HW DO� ������ 2XU
ILQGLQJV FRQILUP WKH LPSRUWDQFH RI DYDLODEOH QLFKHV DQG HFRORJLFDO
VSDFH LQ VKDSLQJ WKH VWUXFWXUH RI PXOWLSOH DVSHFWV RI ORFDO SDVVHULQH
FRPPXQLWLHV�

&21&/86,21

2YHUDOO� RXU UHVXOWV VKRZHG WKDW RQ D FRQWLQHQWDO VFDOH� SDVVHULQH
ELUGV HYROYHG UHSHDWDEOH IRUDJLQJ JXLOGV ZKRVH PHPEHUVKLS ZDV OLWWOH
FRQVWUDLQHG E\ PRUSKRORJ\ RU SK\ORJHQ\� 6DPSOLQJ IURP WKHVH JXLOGV
WR ORFDO FRPPXQLWLHV ZDV WKHQ SUHGLFWHG E\ WKH YROXPH RI HFRORJLFDO
VSDFH GLFWDWHG E\ YHJHWDWLRQ FRPSOH[LW\� 2YHUDOO� ZH GHPRQVWUDWHG DQ
LQWHUSOD\ EHWZHHQ SK\ORJHQHWLF FRQVHUYDWLVP� EHKDYLRUDO IOH[LELOLW\� DQG
HFRORJLFDO RSSRUWXQLW\ LQ VKDSLQJ VSHFLHV ULFKQHVV DQG IXQFWLRQDO
GLYHUVLW\ IURP UHJLRQDO DYLIDXQDV WR ORFDO FRPPXQLWLHV� 6LPLODU
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FRPSUHKHQVLYH VWXGLHV IURP RWKHU FRQWLQHQWV DUH QHHGHG WR WHVW WKH
JHQHUDOLW\ RI RXU ILQGLQJV�

5()(5(1&(6

%HOO� +� /� ����� ³$ %LUG &RPPXQLW\ RI /RZODQG 5DLQIRUHVW LQ 1HZ
*XLQHD� � )RUDJLQJ (FRORJ\ DQG &RPPXQLW\ 6WUXFWXUH RI WKH
$YLIDXQD�´ (PX ��� ���±���

%ORPEHUJ� 6LPRQ 3� 7KHRGRUH *DUODQG� DQG $QWKRQ\ 5 ,YHV� �����
³7HVWLQJ IRU 3K\ORJHQHWLF 6LJQDO LQ &RPSDUDWLYH 'DWD� %HKDYLRUDO
7UDLWV $UH 0RUH /DELOH�´ (YROXWLRQ �� ���� ���±���

%ORQGHU� %HQMDPLQ� ����� ³'R +\SHUYROXPHV +DYH +ROHV"´ 7KH
$PHULFDQ 1DWXUDOLVW ��� ���� (��±���� KWWSV���GRL�RUJ����
������������

%ORQGHU� %HQMDPLQ� &HFLQD %DELFK 0RUURZ� %ULDQ 0DLWQHU� 'DYLG -�
+DUULV� &KULVWLQH /DPDQQD� &\ULOOH 9LROOH� %ULDQ -� (QTXLVW� DQG
$QGUHZ -� .HUNKRII� ����� ³1HZ $SSURDFKHV IRU 'HOLQHDWLQJ 1�
'LPHQVLRQDO +\SHUYROXPHV�´ 0HWKRGV LQ (FRORJ\ DQG (YROXWLRQ �
���� ���±��� KWWSV���GRL�RUJ�����������������;�������

%RUFDUG� 'DQLHO� ) *LOOHW� DQG 3LHUUH /HJHQGUH� ����� 1XPHULFDO
(FRORJ\ ZLWK 5� �QG HG� 1HZ <RUN� 6SULQJHU�

%XUUHVV� (GZDUG '�� DQG 3HWHU &� :DLQZULJKW� ����� ³$GDSWLYH
5DGLDWLRQ LQ /DEULG )LVKHV� $ &HQWUDO 5ROH IRU )XQFWLRQDO
,QQRYDWLRQV GXULQJ �� 0\ RI 5HOHQWOHVV 'LYHUVLILFDWLRQ�´ (YROXWLRQ
�� ���� ���±��� KWWSV��� GRL�RUJ���������HYR�������

&DOH� 3HWHU� ����� ³7HPSRUDO &KDQJHV LQ WKH )RUDJLQJ %HKDYLRXU RI
,QVHFWLYRURXV %LUGV LQ D 6FOHURSK\OO )RUHVW LQ 7DVPDQLD�´ (PX ��
���� ���±��� KWWSV���GRL�RUJ���������08��������

&RRSV� 1LFKRODV &�� *UHJRU\ -� 0� 5LFNEHLO� 'RXJODV .� %ROWRQ�
0DUJDUHW (� $QGUHZ� DQG 1LHOV &� %URXZHUV� ����� ³'LVHQWDQJOLQJ
9HJHWDWLRQ DQG &OLPDWH DV 'ULYHUV RI $XVWUDOLDQ 9HUWHEUDWH
5LFKQHVV�´ (FRJUDSK\ �� ���� ����±��� KWWSV���GRL�RUJ����
�����HFRJ�������

&URPH� ) + -� ����� ³)RUDJLQJ (FRORJ\ RI DQ $VVHPEODJH RI %LUGV LQ
/RZODQG 5DLQIRUHVW LQ 1RUWKHUQ 4XHHQVODQG�´ $XVWUDOLDQ -RXUQDO RI
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(FRORJ\ � ���� ���±���� KWWSV���GRL�RUJ���������M����������������
WE������[�

'UXPPRQG� $ -� 0DUF $� 6XFKDUG� ' ;LH� DQG $QGUHZ 5DPEDXW� �����
³%D\HVLDQ 3K\ORJHQHWLFV ZLWK %($8WL DQG WKH %($67 ����´
0ROHFXODU %LRORJ\ DQG (YROXWLRQ ��� ����±���

)HQJ� *DQJ� -LDQ =KDQJ� 0DUFR *LUDUGHOOR� 9LQFHQW 3HOOLVVLHU� DQG -HQV
&KULVWLDQ 6YHQQLQJ� ����� ³)RUHVW &DQRS\ +HLJKW &R�'HWHUPLQHV
7D[RQRPLF DQG )XQFWLRQDO 5LFKQHVV� EXW 1RW )XQFWLRQDO
'LVSHUVLRQ RI 0DPPDOV DQG %LUGV *OREDOO\�´ *OREDO (FRORJ\ DQG
%LRJHRJUDSK\ �� ���� ����±��� KWWSV���GRL�RUJ���������JHE�������

)LW]SDWULFN� -RKQ :� ����� ³)RUP� )RUDJLQJ %HKDYLRXU� DQG $GDSWLYH
5DGLDWLRQ LQ WKH 7\UDQQLGDH�´ 2UQRWKRORJLFDO 0RQRJUDSKV� QR� ���
���±��� KWWSV���GRL�RUJ������������������

)MHOGVn� -RQ� /HV &KULVWLGLV� DQG 3HU * 3 (ULFVRQ� ����� 7KH /DUJHVW
$YLDQ 5DGLDWLRQ� %DUFHORQD� /\Q[ (GLFLRQV�

)RUG� +XJK $�� 6XVDQ 1RVNH� DQG /\QGD %ULGJHV� ����� ³)RUDJLQJ RI
%LUGV LQ (XFDO\SW :RRGODQG LQ 1RUWK�(DVWHUQ 1HZ 6RXWK :DOHV�´
(PX ��� ���±���

)RUG� +XJK $� ����� (FRORJ\ RI %LUGV� DQ $XVWUDOLDQ 3HUVSHFWLYH�
&KLSSLQJ 1RUWRQ� 6XUUH\ %HDWW\ 	 6RQV�

)ULHGPDQ� 1LFKRODV 5�� (OLRW 7� 0LOOHU� -DVRQ 5� %DOO� +DUXND .DVXJD�
9ODGLPtU 5HPHã� DQG (YDQ 3� (FRQRPR� ����� ³(YROXWLRQ RI D
0XOWLIXQFWLRQDO 7UDLW� 6KDUHG (IIHFWV RI )RUDJLQJ (FRORJ\ DQG
7KHUPRUHJXODWLRQ RQ %HDN 0RUSKRORJ\� ZLWK &RQVHTXHQFHV IRU
6RQJ (YROXWLRQ�´ 3URFHHGLQJV RI WKH 5R\DO 6RFLHW\ %� %LRORJLFDO
6FLHQFHV ��� ������� ��������� KWWSV���GRL�RUJ���������UVSE�
����������

)ULWK� 'DZQ:� ����� ³)RUDJLQJ (FRORJ\ RI %LUGV LQ DQ 8SODQG 7URSLFDO
5DLQIRUHVW LQ 1RUWK 4XHHQVODQG�´ $XVWUDOLDQ :LOGOLIH 5HVHDUFK ��
���� ���±��� KWWSV���GRL�RUJ���������:5��������

*DMG]LN� /DXUD� 5RVDOLD $JXLODU�0HGUDQR� DQG %UXQR )UpGpULFK� �����
³'LYHUVLILFDWLRQ DQG )XQFWLRQDO (YROXWLRQ RI 5HHI )LVK )HHGLQJ
*XLOGV�´ (FRORJ\ /HWWHUV �� ���� ���±��� KWWSV���GRL�RUJ�
��������HOH� ������

*DOLOL� 7� ����� ³'HQGH[WHQG� $Q 5 3DFNDJH IRU 9LVXDOL]LQJ� $GMXVWLQJ
DQG &RPSDULQJ 7UHHV RI +LHUDUFKLFDO&OXVWHULQJ�´ %LRLQIRUPDWLFV ��
����� ����±���
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*RVOHH� 6� &�� DQG '� /� 8UEDQ� ����� ³7KH (FRGLVW 3DFNDJH IRU
'LVVLPLODULW\�%DVHG $QDO\VLV RI (FRORJLFDO 'DWD�´ -RXUQDO RI
6WDWLVWLFDO 6RIWZDUH �� ���� �±���

*RXYHLD� 6LGQH\ )�� )DEULFLR 9LOODORERV� 5LFDUGR 'REURYROVNL� 5DRQH
%HOWUmR�0HQGHV� DQG 6WHSKHQ )� )HUUDUL� ����� ³)RUHVW 6WUXFWXUH
'ULYHV *OREDO 'LYHUVLW\ RI 3ULPDWHV�´ -RXUQDO RI $QLPDO (FRORJ\ ��
���� ����±��� KWWSV���GRL�RUJ�������������������������

*UDQW� 3HWHU 5� ����� (FRORJ\ DQG (YROXWLRQ RI 'DUZLQ¶V )LQFKHV�
3ULQFHWRQ� 3ULQFHWRQ 8QLYHUVLW\ 3UHVV�

*UDQW� 3HWHU 5� DQG 5RVHPDU\ % *UDQW� ����� +RZ DQG :K\ 6SHFLHV
0XOWLSO\� 7KH 5DGLDWLRQ RI 'DUZLQ¶V )LQFKHV� 3ULQFHWRQ� 3ULQFHWRQ
8QLYHUVLW\ 3UHVV�

+HMO� 6 -� DQG -DUHG 9HUQHU� ����� ³:LWKLQ�6HDVRQ DQG <HDUO\
9DULDWLRQV LQ $YLDQ )RUDJLQJ /RFDWLRQV�´ 6WXGLHV LQ $YLDQ %LRORJ\
��� ���±��

+LJJLQV� 3 -� - 0 3HWHU� : . 6WHHOH� DQG 6 - &RZOLQJ� ����� +DQGERRN
RI $XVWUDOLDQ� 1HZ =HDODQG DQG $QWDUFWLF %LUGV� 9RO� ����
0HOERXUQH� 2[IRUG 8QLYHUVLW\ 3UHVV�

+ROPHV� 5LFKDUG 7� 5 ( -U %RQQH\� DQG 6 : 3DFDOD� ����� ³*XLOG
6WUXFWXUH RI WKH +XEEDUG %URRN %LUG &RPPXQLW\� $ 0XOWLYDULDWH
$SURDFK�´ (FRORJ\ �� ���� ���±���

-HW]� :DOWHU� *DYLQ +� 7KRPDV� -HIIUH\ %� -R\� 'DYLG :� 5HGGLQJ�
.ODDV +DUWPDQQ� DQG $UQH 2� 0RRHUV� ����� ³*OREDO 'LVWULEXWLRQ
DQG &RQVHUYDWLRQ RI (YROXWLRQDU\ 'LVWLQFWQHVV LQ %LUGV�´ &XUUHQW
%LRORJ\ �� ���� ���±��� KWWSV���GRL�RUJ���������M�FXE�������������

-¡QVVRQ� .QXG $� 3LHUUH�+HQUL )DEUH� 6XVDQQH $ )ULW]� 5DPSDO 6
(WLHQQH� 5REHUW ( 5LFNOHIV� 7RELDV % -¡UJHQVHQ� -RQ )MHOGVn� HW DO�
����� ³(FRORJLFDO DQG (YROXWLRQDU\ 'HWHUPLQDQWV IRU WKH $GDSWLYH
5DGLDWLRQ RI WKH 0DGDJDVFDQ 9DQJDV�´ 3URFHHGLQJV RI WKH
1DWLRQDO $FDGHP\ RI 6FLHQFHV RI WKH 86$ ��� ����� ����±���
KWWSV���GRL�RUJ���������SQDV� �����������

.DUU� -DPHV 5�� DQG 5 5 5RWK� ����� ³9HJHWDWLRQ 6WUXFWXUH DQG $YLDQ
'LYHUVLW\ LQ 6HYHUDO 1HZ :RUOG $UHDV�´ 7KH $PHULFDQ 1DWXUDOLVW
��� ������ ���±���

.HDVW� $OOHQ� ����� ³&RPSHWLWLYH ,QWHUDFWLRQV DQG WKH (YROXWLRQ RI
(FRORJLFDO 1LFKHV DV ,OOXVWUDWHG E\ WKH $XVWUDOLDQ +RQH\HDWHU
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*HQXV 0HOLWKUHSWXV �0HOLSKDJLGDH��´ (YROXWLRQ �� ���� ���±���
KWWS���ZZZ� MVWRU�RUJ�VWDEOH���������

²²²� ����� ³(FRORJLFDO 2SSRUWXQLWLHV DQG 'RPLQDQW )DPLOLHV� DV
,OOXVWUDWHG E\ WKH 1HRWURSLFDO 7\UDQQLGDH �$YHV��´ (YROXWLRQDU\
%LRORJ\ �� ���±���

²²²� ����� ³$Q ,QWURGXFWRU\ (FRORJLFDO %LRJHRJUDSK\ RI WKH
$XVWUDOR�3DFLILF 0HOLSKDJLGDH�´ 1HZ =HDODQG -RXUQDO RI =RRORJ\
�� ���� ���±��� KWWSV���GRL�RUJ��������������������������������

.RUĖDQ� 0�� 5� 7� +ROPHV� +� )� 5HFKHU� 3� $GDPtN� DQG 5� .URSLO�
����� ³&RQYHUJHQFH LQ )RUDJLQJ *XLOG 6WUXFWXUH RI )RUHVW %UHHGLQJ
%LUG $VVHPEODJHV DFURVV 7KUHH &RQWLQHQWV ,V 5HODWHG WR +DELWDW
6WUXFWXUH DQG )RUDJLQJ 2SSRUWXQLWLHV�´ &RPPXQLW\ (FRORJ\ �� ����
��±���� KWWSV���GRL�RUJ���������&RP(F��������������

.RUĖDQ� 0DUWLQ� DQG 3HWHU $GDPtN� ����� ³)RUDJLQJ *XLOG 6WUXFWXUH
ZLWKLQ D 3ULPDHYDO 0L[HG )RUHVW %LUG $VVHPEODJH� $ &RPSDULVRQ
RI 7ZR &RQFHSWV�´ &RPPXQLW\ (FRORJ\ � ���� ���±���
KWWSV���GRL�RUJ���� �����&RP(F������������

.UHEV� &-� ����� (FRORJLFDO 0HWKRGRORJ\� �QG HG� 0HQOR 3DUN�
$GGLVRQ :HVOH\�

/DFN� '� ����� (FRORJLFDO ,VRODWLRQ LQ %LUGV� 2[IRUG� %ODFNZHOO�
/HLVOHU� %HUQG� DQG +DQV :LQNOHU� ����� ³(FRPRUSKRORJ\�´ &XUUHQW

2UQLWKRORJ\ �� ���±���
/RVRV� -RQDWKDQ %� ����� /L]DUGV LQ DQ (YROXWLRQDU\ 7UHH� (FRORJ\ DQG

$GDSWLYH 5DGLDWLRQ RI $QROHV� %HUNHOH\� 8QLYHUVLW\ RI &DOLIRUQLD
3UHVV�

/RZHU\� &KULVWRSKHU 0�� DQG $QGUHZ -� )UDDVV� ����� ³0RUSKRVSDFH
([SDQVLRQ 3DFHV 7D[RQRPLF 'LYHUVLILFDWLRQ DIWHU (QG &UHWDFHRXV
0DVV ([WLQFWLRQ�´ 1DWXUH (FRORJ\ DQG (YROXWLRQ � ���� ���±����
KWWSV���GRL�RUJ���������V�����������������

0DF$UWKXU� 5REHUW +� ����� ³3RSXODWLRQ (FRORJ\ RI 6RPH :DUEOHUV RI
1RUWKHDVWHUQ &RQLIHURXV )RUHVWV�´ (FRORJ\ �� ���� ���±����
KWWSV��� GRL�RUJ�����������������

0DF$UWKXU� 5REHUW +�� DQG -� :� 0DF$UWKXU� ����� ³2Q %LUG 6SHFLHV
'LYHUVLW\�´ (FRORJ\ �� ���� ���±���

0DKOHU� '/� 7 ,QJUDP� /- 5HYHOO� DQG -% /RVRV� ����� ³([FHSWLRQDO
&RQYHUJHQFH RQ WKH 0DFURHYROXWLRQDU\ /DQGVFDSH LQ ,VODQG /L]DUG
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5DGLDWLRQV�´ 6FLHQFH ��� �-XO\�� ���±��� KWWS���ZZZ�VFLHQFH
PDJ�RUJ� FRQWHQW� �������������VKRUW�

0DQVRU� 0RKDPPDG 6�� DQG 6KDKUXO $� 0RKG 6DK� ����� ³)RUDJLQJ
3DWWHUQV 5HYHDO 1LFKH 6HSDUDWLRQ LQ 7URSLFDO ,QVHFWLYRURXV %LUGV�´
$FWD 2UQLWKRORJLFD �� ���� ��±��� KWWSV���GRL�RUJ����
�������������� ;�������

0DRU� 5RL� 7DPDU 'D\DQ� +HQU\ )HUJXVRQ�*RZ� DQG .DWH (� -RQHV�
����� ³7HPSRUDO 1LFKH ([SDQVLRQ LQ 0DPPDOV IURP D 1RFWXUQDO
$QFHVWRU DIWHU 'LQRVDXU ([WLQFWLRQ�´ 1DWXUH (FRORJ\ DQG (YROXWLRQ
� ����� ����±��� KWWSV���GRL�RUJ���������V�����������������

0DUNL� 3HWWHU =�� -RQDWKDQ '� .HQQHG\� &KULVWRSKHU 5� &RRQH\�
&DUVWHQ 5DKEHN� DQG -RQ )MHOGVn� ����� ³$GDSWLYH 5DGLDWLRQ DQG
WKH (YROXWLRQ RI 1HFWDULYRU\ LQ D /DUJH 6RQJELUG &ODGH�´ (YROXWLRQ
�� ���� ����±��� KWWSV���GRL�RUJ���������HYR�������

0F*KHH� * 5� ����� &RQYHUJHQW (YROXWLRQ� &DPEULGJH� 0,7 3UHVV�
0HOYLOOH� -DQH� /XNH - +DUPRQ� DQG -RQDWKDQ % /RVRV� �����

³,QWHUFRQWLQHQWDO &RPPXQLW\ &RQYHUJHQFH RI (FRORJ\ DQG
0RUSKRORJ\ LQ 'HVHUW /L]DUGV�´ 3URFHHGLQJV RI WKH 5R\DO 6RFLHW\
RI /RQGRQ % ��� ������� ���±��� KWWSV���GRL�RUJ����
�����UVSE�����������

0LOHV� 'RQDOG %� DQG 5REHUW ( 5LFNOHIV� ����� ³7KH &RUUHODWLRQ
EHWZHHQ (FRORJ\ DQG 0RUSKRORJ\ LQ 'HFLGXRXV )RUHVW 3DVVHULQH
%LUGV�´ (FRORJ\ �� ���� ����±���

0LOHV� 'RQDOG %� 5REHUW ( 5LFNOHIV� DQG -RVHSK 7UDYLV� �����
³&RQFRUGDQFH RI (FRPRUSKRORJLFDO 5HODWLRQVKLSV LQ 7KUHH
$VVHPEODJHV RI 3DVVHULQH %LUGV�´ $PHULFDQ 1DWXUDOLVW ��� ����
���±���

0LOOHU� (OLRW 7�� 6DUDK .� :DJQHU� /XNH -� +DUPRQ� DQG 5REHUW (�
5LFNOHIV� ����� ³5DGLDWLQJ GHVSLWH D /DFN RI &KDUDFWHU� (FRORJLFDO
'LYHUJHQFH DPRQJ &ORVHO\ 5HODWHG� 0RUSKRORJLFDOO\ 6LPLODU
+RQH\HDWHUV �$YHV� 0HOLSKDJLGDH� &R�2FFXUULQJ LQ $ULG $XVWUDOLDQ
(QYLURQPHQWV�´ 7KH $PHULFDQ 1DWXUDOLVW ��� ���� (��±���
KWWSV���GRL�RUJ����������������

0LWWHOEDFK� *DU\ *�� DQG 'RXJODV:� 6FKHPVNH� ����� ³(FRORJLFDO DQG
(YROXWLRQDU\ 3HUVSHFWLYHV RQ &RPPXQLW\ $VVHPEO\�´ 7UHQGV LQ
(FRORJ\ DQG (YROXWLRQ �� ���� ���±��� KWWSV���GRL�RUJ����
�����M�WUHH� ������������
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0LWWHOEDFK� *DU\ *� DQG %ULDQ - 0F*LOO� ����� &RPPXQLW\ (FRORJ\� �QG
HG� 2[IRUG� 2[IRUG 8QLYHUVLW\ 3UHVV�

1RUPDQ� -DQHWWH $�� )UDQN (� 5KHLQGW� 'LDQH /� 5RZH� DQG /HV
&KULVWLGLV� ����� ³6SHFLDWLRQ '\QDPLFV LQ WKH $XVWUDOR�3DSXDQ
0HOLSKDJD +RQH\HDWHUV�´ 0ROHFXODU 3K\ORJHQHWLFV DQG (YROXWLRQ
�� ���� ��±��� KWWSV���GRL�RUJ���������M�\PSHY�������������

1RVNH� 5 D� ����� ³$EXQGDQFH� =RQDWLRQ DQG )RUDJLQJ (FRORJ\ RI
%LUGV LQ 0DQJURYHV RI 'DUZLQ +DUERXU� 1RUWKHUQ 7HUULWRU\�´:LOGOLIH
5HVHDUFK �� ���� ���±��� KWWSV���GRL�RUJ�KWWS���G[�GRL�RUJ�
��������:5��������

2NVDQHQ� -� )� *XLOODXPH %ODQFKHW� 0� )ULHQGO\� 5� .LQGW� 3LHUUH
/HJHQGUH� 'DQ 0F*OLQQ� 3� 5� 0LQFKLQ� HW DO� ����� ³9HJDQ�
&RPPXQLW\ (FRORJ\ 3DFNDJH�´

2OLYHURV� &DUO +�� 'DQLHO -� )LHOG� 'DQLHO 7� .VHSND� )� .HLWK %DUNHU�
$OH[DQGUH $OHL[R� 0LFKDHO -� $QGHUVHQ� 3HU $OVWU|P� HW DO� �����
³(DUWK +LVWRU\ DQG WKH 3DVVHULQH 6XSHUUDGLDWLRQ�´ 3URFHHGLQJV RI
WKH 1DWLRQDO $FDGHP\ RI 6FLHQFHV RI WKH 8QLWHG 6WDWHV RI $PHULFD
��� ����� ����±��� KWWSV���GRL�RUJ���������SQDV������������

3LDQND� (ULF 5� ����� ³+DELWDW 6SHFLILFLW\� 6SHFLDWLRQ� DQG 6SHFLHV
'HQVLW\ LQ $XVWUDOLDQ 'HVHUW /L]DUGV�´ (FRORJ\ �� ���� ���±����
KWWSV��� GRL�RUJ�����������������

3LDQND� (ULF 5� ����� ³7KH 6WUXFWXUH RI /L]DUG &RPPXQLWLHV�´ $QQXDO
5HYLHZ RI (FRORJ\ DQG 6\VWHPDWLFV � ���� ��±��� KWWSV���GRL�RUJ����
�����DQQXUHY�HV������������������

3LJRW� $OH[ /�� &DWKHULQH 6KHDUG� (OLRW 7� 0LOOHU� 7RP 3� %UHJPDQ�
%HQMDPLQ *� )UHHPDQ� 8UL 5ROO� 1DWKDOLH 6HGGRQ� &KULVWRSKHU +�
7ULVRV� %ULDQ &� :HHNV� DQG -RVHSK $� 7RELDV� �����
³0DFURHYROXWLRQDU\ &RQYHUJHQFH &RQQHFWV 0RUSKRORJLFDO )RUP WR
(FRORJLFDO )XQFWLRQ LQ %LUGV�´ 1DWXUH (FRORJ\ DQG (YROXWLRQ � ����
���±��� KWWSV���GRL�RUJ���������V�����������������

3LJRW� $OH[ /�� &KULVWRSKHU +� 7ULVRV� DQG -RVHSK $� 7RELDV� �����
³)XQFWLRQDO 7UDLWV 5HYHDO WKH ([SDQVLRQ DQG 3DFNLQJ RI (FRORJLFDO
1LFKH 6SDFH 8QGHUO\LQJ DQ (OHYDWLRQDO 'LYHUVLW\ *UDGLHQW LQ
3DVVHULQH %LUGV�´ 3URFHHGLQJV RI WKH 5R\DO 6RFLHW\ %� %LRORJLFDO
6FLHQFHV ��� ������� ��������� KWWSV���GRL�RUJ���������
UVSE������ �����
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3LQKHLUR� -RVH� 'RXJODV %DWHV� 6DLNDW 'HE5R\� DQG 'HHSD\DQ 6DUNDU�
����� ³1OPH� /LQHDU DQG 1RQOLQHDU 0L[HG (IIHFWV 0RGHOV�´ 5
3DFNDJH� KWWSV���FUDQ�U�SURMHFW�RUJ�SDFNDJH QOPH�

3UDWW� + '� ����� +DZDLLDQ +RQH\FUHHSHUV� 2[IRUG� 2[IRUG 8QLYHUVLW\
3UHVV�

5�&RUH�7HDP� ����� ³5� $ /DQJXDJH DQG (QYLURQPHQW IRU 6WDWLVWLFDO
&RPSXWLQJ�´ 9LHQQD� $XVWULD� 85/ KWWS���ZZZ�5�SURMHFW�RUJ�� 5
)RXQGDWLRQ IRU 6WDWLVWLFDO &RPSXWLQJ� KWWS���ZZZ�U�SURMHFW�RUJ��

5HFKHU� +DUU\ )� ����� ³)RUDJLQJ 6HJUHJDWLRQ RI $XVWUDOLDQ :DUEOHUV
�$FDQWKL]LGDH� LQ 2SHQ )RUHVW QHDU 6\GQH\� 1HZ 6RXWK :DOHV�´
(PX �� ���� ���±��� KWWSV���GRL�RUJ���������08��������

5HFKHU� +DUU\ )�� DQG :LOOLDP (� 'DYLV� ����� ³)RUDJLQJ (FRORJ\ RI D
0XOJD %LUG &RPPXQLW\�´ :LOGOLIH 5HVHDUFK �� ���� ��±���
KWWSV���GRL�RUJ���������ZU������

²²²� ����� ³7KH )RUDJLQJ 3URILOH RI D :DQGRR :RRGODQG $YLIDXQD
LQ (DUO\ 6SULQJ�´ $XVWUDOLDQ -RXUQDO RI (FRORJ\ (FRORJ\ �� ���� ���±
��� KWWSV���GRL�RUJ���������M����������������WE������[�

5HFKHU� +DUU\ )� ����� ³%LUG 6SHFLHV 'LYHUVLW\ DQG +DELWDW 'LYHUVLW\ LQ
$XVWUDOLD DQG 1RUWK $PHULFD�´ 7KH $PHULFDQ 1DWXUDOLVW ��� ������
��±��� KWWSV���GRL�RUJ���������VFLHQFH������������

5HFKHU� +DUU\ )� DQG 9 *HEVNL� ����� ³$QDO\VLV RI WKH )RUDJLQJ
(FRORJ\ RI (XFDO\SW )RUHVW %LUGV� 6HTXHQWLDO YHUVXV 6LQJOH�3RLQW
2EVHUYDWLRQV�´ 6WXGLHV LQ $YLDQ %LRORJ\ ��� ���±���

5HFKHU� +DUU\ )� 5LFKDUG 7 +ROPHV� 0 6FKXO]� - 6KLHOGV� DQG 5
.DYDQDJK� ����� ³)RUDJLQJ 3DWWHUQV RI %UHHGLQJ %LUGV LQ (XFDO\SW
)RUHVW DQG :RRGODQG RI 6RXWKHDVWHUQ $XVWUDOLD�´ $XVWUDOLDQ
-RXUQDO RI (FRORJ\ �� ���� ���±���� KWWSV���GRL�RUJ���������M������
����������WE������[�

5HGG\� 6�� $� 'ULVNHOO� '� /� 5DERVN\� 6KDQQRQ - +DFNHWW� DQG 7� 6�
6FKXOHQEHUJ� ����� ³'LYHUVLILFDWLRQ DQG WKH $GDSWLYH 5DGLDWLRQ RI
WKH 9DQJDV RI 0DGDJDVFDU�´ 3URFHHGLQJV RI WKH 5R\DO 6RFLHW\ RI
/RQGRQ %� -DQXDU\� KWWSV���GRL�RUJ���������UVSE�����������

5HPHã� 9ODGLPtU� DQG /HQND +DUPiþNRYi� ����� ³'LVHQWDQJOLQJ 'LUHFW
DQG ,QGLUHFW (IIHFWV RI :DWHU $YDLODELOLW\� 9HJHWDWLRQ� DQG
7RSRJUDSK\ RQ $YLDQ 'LYHUVLW\�´ 6FLHQWLILF 5HSRUWV � ���� ������
KWWSV���GRL�RUJ���������V����������������Z�
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5HYHOO� /LDP -� ����� ³3K\WRROV� $Q 5 3DFNDJH IRU 3K\ORJHQHWLF
&RPSDUDWLYH %LRORJ\ �DQG 2WKHU 7KLQJV��´ 0HWKRGV LQ (FRORJ\ DQG
(YROXWLRQ � ���� ���±��� KWWSV���GRL�RUJ���������M���������;������
������[�

5LFNOHIV� 5REHUW (� ����� ³(YROXWLRQDU\ 'LYHUVLILFDWLRQ� &RHYROXWLRQ
EHWZHHQ 3RSXODWLRQV DQG 7KHLU $QWDJRQLVWV� DQG WKH )LOOLQJ RI
1LFKH 6SDFH�´ 3URFHHGLQJV RI WKH 1DWLRQDO $FDGHP\ RI 6FLHQFHV
RI WKH 86$ ��� ���� ����±��� KWWSV���GRL�RUJ���������
SQDV������������

5LFNOHIV� 5REHUW (� DQG 'ROSK 6FKOXWHU� ����� 6SHFLHV 'LYHUVLW\ LQ
(FRORJLFDO 6RPPXQLWLHV� &KLFDJR DQG /RQGRQ� 8QLYHUVLW\ RI
&KLFDJR 3UHVV�

5LFNOHIV� 5REHUW (� DQG -RVHSK 7UDYLV� ����� ³$ 0RUSKRORJLFDO
$SSURDFK WR WKH 6WXG\ RI $YLDQ &RPPXQLW\ 2UJDQL]DWLRQ�´ $XN ���
���±���

5ROO� 8UL� (OL *HIIHQ� DQG <RUDP <RP�7RY� ����� ³/LQNLQJ 9HUWHEUDWH
6SHFLHV 5LFKQHVV WR 7UHH &DQRS\ +HLJKW RQ D *OREDO 6FDOH�´
*OREDO (FRORJ\ DQG %LRJHRJUDSK\ �� ���� ���±��� KWWSV���GRL�RUJ�
��� �����JHE�������

5RQFR� )DEUL]LD� 0LFKDHO 0DWVFKLQHU� $VWULG %|KQH� $QQD %RLOD� +HLQ]
+� %�VFKHU� $WKLPHG (O 7DKHU� $GULDQ ,QGHUPDXU� HW DO� �����
³'ULYHUV DQG '\QDPLFV RI D 0DVVLYH $GDSWLYH 5DGLDWLRQ LQ &LFKOLG
)LVKHV�´ 1DWXUH ��� ������� ��±��� KWWSV���GRL�RUJ����
�����V�����������������

6FKOXWHU� '� ����� 7KH (FRORJ\ RI $GDSWLYH 5DGLDWLRQ� 2[IRUG� 2[IRUG
8QLYHUVLW\ 3UHVV�

6FKRHQHU� 7KRPDV :� ����� ³5HVRXUFH 3DUWLWLRQLQJ LQ (FRORJLFDO
&RPPXQLWLHV�´ 6FLHQFH ��� ������� ��±��� KWWSV���GRL�RUJ���������
VFLHQFH�������������

6HHKDXVHQ� 2OH� ����� ³$IULFDQ &LFKOLG )LVK� $ 0RGHO 6\VWHP LQ
$GDSWLYH 5DGLDWLRQ 5HVHDUFK�´ 3URFHHGLQJV RI WKH 5R\DO 6RFLHW\
%� %LRORJLFDO 6FLHQFHV ��� ������� ����±��� KWWSV���GRL�RUJ����
�����UVSE�����������

6RPDVXQGDUDP� 6HOODPXWKX� DQG /DOLWKD 9LMD\DQ� ����� ³)RUDJLQJ
%HKDYLRXU DQG *XLOG 6WUXFWXUH RI %LUGV LQ WKH 0RQWDQH :HW
7HPSHUDWH )RUHVW RI WKH 3DOQL +LOOV� 6RXWK ,QGLD�´ 3RGRFHV �
�6HSWHPEHU�� ��±���
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6WRUFK� 'DYLG� (OLãND %RKGDONRYi� DQG -RUGDQ 2NLH� ����� ³7KH 0RUH�
,QGLYLGXDOV +\SRWKHVLV 5HYLVLWHG� 7KH 5ROH RI &RPPXQLW\
$EXQGDQFH LQ 6SHFLHV 5LFKQHVV 5HJXODWLRQ DQG WKH 3URGXFWLYLW\±
'LYHUVLW\ 5HODWLRQVKLS�´ (FRORJ\ /HWWHUV �� ���� ���±���
KWWSV���GRL�RUJ��������� HOH�������

6WURXG� -DPHV 7�� DQG -RQDWKDQ %� /RVRV� ����� ³(FRORJLFDO
2SSRUWXQLW\ DQG $GDSWLYH 5DGLDWLRQ�´ $QQXDO 5HYLHZ RI (FRORJ\�
(YROXWLRQ� DQG 6\VWHPDWLFV �� ���� ���±��� KWWSV���GRL�RUJ�
��������DQQXUHY�HFROV\V���������������

7D\ORU� 0 $� DQG -RKQ : )LW]SDWULFN� ����� ³$ 6XUYH\ RI WKH 7\UDQW
)O\FDWFKHUV�´ 7KH /LYLQJ %LUG ��� �±���

7HZV� -�� 8� %URVH� 9� *ULPP� .� 7LHOE|UJHU� 0� &� :LFKPDQQ� 0�
6FKZDJHU� DQG )� -HOWVFK� ����� ³$QLPDO 6SHFLHV 'LYHUVLW\ 'ULYHQ
E\ +DELWDW +HWHURJHQHLW\�'LYHUVLW\� 7KH ,PSRUWDQFH RI .H\VWRQH
6WUXFWXUHV�´ -RXUQDO RI %LRJHRJUDSK\� KWWSV���GRL�RUJ���������
M����������������������[�

7RRQ� $�� -� 0� +XJKHV� DQG /� -RVHSK� ����� ³0XOWLORFXV $QDO\VLV RI
+RQH\HDWHUV �$YHV� 0HOLSKDJLGDH� +LJKOLJKWV 6SDWLR�7HPSRUDO
+HWHURJHQHLW\ LQ WKH ,QIOXHQFH RI %LRJHRJUDSKLF %DUULHUV LQ WKH
$XVWUDOLDQ 0RQVRRQDO =RQH�´0ROHFXODU (FRORJ\ �� ����� ����±���
KWWSV���GRL�RUJ���������M���������;������������[�

9ROOVWlGW� 0D[LPLOLDQ *� 5�� 6WHIDQ :� )HUJHU� $QGUHDV +HPS� .LP 0�
+RZHOO� 7LOO 7|SIHU� .DWULQ %|KQLQJ�*DHVH� DQG 0DWWKLDV
6FKOHXQLQJ� ����� ³'LUHFW DQG ,QGLUHFW (IIHFWV RI &OLPDWH� +XPDQ
'LVWXUEDQFH DQG 3ODQW 7UDLWV RQ $YLDQ )XQFWLRQDO 'LYHUVLW\�´ *OREDO
(FRORJ\ DQG %LRJHRJUDSK\ �� ���� ���±��� KWWSV���GRL�RUJ�
��������JHE�������

:DUUHQ� 'DQ /�� 0DUFHO &DUGLOOR� 'DQ )� 5RVDXHU� DQG 'DQLHO ,� %ROQLFN�
����� ³0LVWDNLQJ *HRJUDSK\ IRU %LRORJ\� ,QIHUULQJ 3URFHVVHV IURP
6SHFLHV 'LVWULEXWLRQV�´ 7UHQGV LQ (FRORJ\ DQG (YROXWLRQ �� �����
���±��� KWWSV���GRL�RUJ���������M�WUHH�������������


