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&DWKROLF 8QLYHUVLW\ RI /LOOH

IUDQFRLV�EULDWWH#VFLHQFHVSR�IU
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,Q UHFHQW \HDUV� WKH WLHV WKDW 0HPEHUV RI 3DUOLDPHQW �03V� FUHDWH E\ FRVSRQVRULQJ
OHJLVODWLRQ WRJHWKHU KDYH D॔UDFWHG LQWHUHVW IURP VFKRODUV DGRSWLQJ D QHWZRUN DSSURDFK
WR ODZPDNLQJ� ॡLV SDSHU H[SDQGV WKH HPSLULFDO EDVH RI WKHVH VWXGLHV E\ LQWURGXFLQJ DQ
RULJLQDO GDWDVHW RI ��� ELOO FRVSRQVRUVKLS QHWZRUNV WKDW FRYHU �� SDUOLDPHQWDU\ FKDP�
EHUV IURP �� (XURSHDQ FRXQWULHV� SOXV ,VUDHO� :H WKHQ XVH WKH GDWD WR PRGHO WKH DPRXQW
RI SDUWLVDQ GLYLVLYHQHVV IRXQG LQ WKH QHWZRUNV ZKLOH FRQWUROOLQJ IRU WKH QXPEHU RI SDU�
OLDPHQWDU\ IDFWLRQV� WKHUHE\ SURYLGLQJ DQ HPSLULFDO WHVW RI *LRYDQQL 6DUWRUL۟V FODVVLFDO
GLVWLQFWLRQ EHWZHHQ WKH IUDJPHQWDWLRQ RI D SDUW\ V\VWHP DQG WKH GHJUHH RI SRODUL]DWLRQ
EHWZHHQ LWV FRPSRQHQWV� ,Q OLQH ZLWK 6DUWRUL۟V REVHUYDWLRQV� WKH UHVXOWV VKRZ WKDW LQWHU�
SDUW\ LGHRORJLFDO GLVWDQFH SUHGLFWV VRPH RI WKH SDUWLVDQVKLS H[SUHVVHG E\ 03V WKURXJK
WKHLU SURSHQVLW\ WR FRVSRQVRU ELOOV ZLWKLQ DQG DFURVV SDUW\ OLQHV� UHJDUGOHVV RI WKH QXP�
EHU RI 03V DQG SDUWLHV LQYROYHG�

.H\ZRUGV 3DUOLDPHQWV y 3ROLWLFDO 1HWZRUNV y 1HWZRUN 0RGXODULW\

François Briatte




ࡑߟ xȚʀɡȫƉʗžʀǠȫȚ

/HJLVODWLYH SROLWLFV R॑HQ UHTXLUH 0HPEHUV RI 3DUOLDPHQW �03V� WR FROODERUDWH ZLWKLQ DQG
DFURVV FKDPEHUV LQ RUGHU WR DPHQG JRYHUQPHQWDO ELOOV� WR DGYDQFH WKHLU RZQ SURSRVDOV�
RU WR SDVV QRQELQGLQJ UHVROXWLRQV� 3DUW RI WKDW FROODERUDWLRQ LV UHਗ਼HFWHG LQ WKH MRLQW
DXWKRUVKLS RU VSRQVRUVKLS RI PDQ\ OHJLVODWLYH LWHPV� ZKLFK SUHYLRXV UHVHDUFK KDV IRXQG
WR EH D XVHIXO KHXULVWLF WR KRZ 03V VLJQDO SRVLWLRQV WR RWKHU OHJLVODWRUV �.HVVOHU DQG
.UHKELHO ����� :LOVRQ DQG <RXQJ ������ RU WR FRQVWLWXHQFLHV VXFK DV LQWHUHVW JURXSV DQG
YRWHUV �.RJHU ������ ॡLV NLQG RI FROOHFWLYH SRVLWLRQ WDNLQJ LV IXUWKHU HQFRXUDJHG E\
WKH ZHDNO\ FRQVWUDLQHG QDWXUH RI FRVSRQVRUVKLS� RYHU ZKLFK OHJLVODWRUV JHQHUDOO\ HQMR\
PRUH FRQWURO WKDQ WKH\ GR RYHU YRWHV �6FKLOOHU ����� 'HVSRVDWR� .HDUQH\� DQG &ULVS ������

,Q UHFHQW \HDUV� WKH WLHV WKDW 03V FUHDWH E\ FRVSRQVRULQJ OHJLVODWLRQ WRJHWKHU KDYH
D॔UDFWHG LQWHUHVW IURP VFKRODUV DGRSWLQJ D QHWZRUN DSSURDFK WR ODZPDNLQJ� ॡH JHQHUDO
REMHFWLYH RI WKDW DSSURDFK� ZKLFK WDNHV DGYDQWDJH RI LPSRUWDQW GHYHORSPHQWV LQ WKH VWD�
WLVWLFDO PRGHOLQJ RI SROLWLFDO DQG VRFLDO QHWZRUNV �&UDQPHU DQG 'HVPDUDLV ����� 6QLMGHUV
����� :DUG� 6WRYHO� DQG 6DFNV ������ FRQVLVWV LQ LGHQWLI\LQJ WKH UHODWLRQDO GHWHUPLQDQWV
WKDW XQGHUOLH OHJLVODWLYH SURGXFWLRQ� VXFK DV VKDUHG D॔ULEXWHV RI OHJLVODWRUV RU ۞IULHQG�RI�
D�IULHQG۟ H੘HFWV� )URP WKDW SHUVSHFWLYH� WKH IRUPDWLRQ RI FRVSRQVRUVKLS WLHV LV D SRVVLEOH
HQWU\ SRLQW LQWR WKH FROODERUDWLYH VWUXFWXUH RI SDUOLDPHQWDU\ FKDPEHUV �.LUNODQG �����
.LUNODQG DQG :LOOLDPV ������ DQG D XVHIXO FRPSOHPHQW WR OHJLVODWLYH SURGXFWLYLW\ DQG
UROO�FDOO YRWLQJ UHFRUGV LQ WKH VWXG\ RI SDUOLDPHQWDU\ EHKDYLRXU�

'UDZLQJ RQ H[LVWLQJ VWXGLHV RI OHJLVODWLYH FRVSRQVRUVKLS QHWZRUNV LQ WKH 8QLWHG
6WDWHV DQG LQ /DWLQ $PHULFD� WKLV SDSHU H[DPLQHV WKH UHODWLRQDO VWUXFWXUH RI OHJLVODWLYH
SURGXFWLRQ LQ �� (XURSHDQ SDUOLDPHQWV� ,Q HDFK RI WKH �� REVHUYHG SDUOLDPHQWDU\ FKDP�
EHUV� ZH PHDVXUH WKH H[WHQW RI SDUWLVDQVKLS H[SUHVVHG E\ 03V WKURXJK WKHLU SURSHQVLW\
WR FRVSRQVRU OHJLVODWLRQ WRJHWKHU� DLPLQJ DW D EH॔HU XQGHUVWDQGLQJ RI WKH FROODERUDWLYH
VWUDWHJLHV WKDW GULYH OHJLVODWRUV LQ GLYHUVH SDUOLDPHQWDU\ HQYLURQPHQWV� XQGHU GL੘HUHQW
LQVWLWXWLRQDO FRQVWUDLQWV�

ॡH UHVW RI WKLV SDSHU LV RUJDQLVHG DV IROORZV� 6HFWLRQ � VWDUWV E\ UHYLHZLQJ WKH H[LVW�
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LQJ OLWHUDWXUH RQ OHJLVODWLYH FRVSRQVRUVKLS DV D VWUDWHJLF SRVLWLRQ�WDNLQJ GHYLFH IRU OHJ�
LVODWRUV ZLWKLQ SDUOLDPHQWDU\ FKDPEHUV� 6HFWLRQ � WKHQ LQWURGXFHV RULJLQDO GDWD RQ ELOOV
DQG WKHLU VSRQVRUV IRU D VDPSOH RI OHJLVODWXUHV ORFDWHG LQ (DVWHUQ� 1RUWKHUQ DQG:HVWHUQ
(XURSH� 6HFWLRQ � R੘HUV D PHWKRGRORJLFDO IUDPHZRUN WKDW UHOLHV RQ QHWZRUN PRGXODU�
LW\ �=KDQJ HW DO� ����� :DXJK HW DO� ����� WR PHDVXUH WKH LQਗ਼XHQFH RI SDUWLVDQVKLS RQ
FRVSRQVRUVKLS LQ HDFK RI WKH OHJLVODWXUHV XQGHU H[DPLQDWLRQ� ॡH UHVXOWV RI WKDW DQDO\VLV
DUH SUHVHQWHG LQ 6HFWLRQ �� 6HFWLRQ � FRQFOXGHV RQ WKH SRWHQWLDO RI QHWZRUN DSSURDFKHV
IRU FRPSDUDWLYH VWXGLHV RI OHJLVODWLYH EHKDYLRXU�

ࡑߠ &őžǼǅɡȫʗȚƉ

/HJLVODWLYH VFKRODUVKLS R੘HUV D ZHDOWK RI VWXGLHV WKDW VWUHVV WKH LPSRUWDQFH RI FROODE�
RUDWLRQ EHWZHHQ 0HPEHUV RI 3DUOLDPHQW �03V� LQ WKH ODZPDNLQJ SURFHVV� &RVSRQVRU�
VKLS IUHTXHQWO\ IHDWXUHV DPRQJ WKHVH FROODERUDWLYH FXHV� ZKLOH LQ Rਜ਼FH� 03V DUH R॑HQ
JUDQWHG WKH RSSRUWXQLW\ WR VXSSRUW HDFK RWKHU E\ DSSRVLQJ WKHLU MRLQW VLJQDWXUHV RQ D
SLHFH RI OHJLVODWLRQ� VXFK DV DQ DPHQGPHQW� D ELOO RU D QRQELQGLQJ UHVROXWLRQ� ॡH SRV�
VLELOLW\ WR QRPLQDOO\ FRVSRQVRU OHJLVODWLRQ GRHV QRW H[LVW LQ HYHU\ VLQJOH UHSUHVHQWDWLYH
GHPRFUDF\� EXW LW LV IDLUO\ FRPPRQ LQ ERWK SDUOLDPHQWDU\ DQG SUHVLGHQWLDO VH॔LQJV� DQG
KDV EHHQ IRU VHYHUDO GHFDGHV LQ FRXQWULHV VXFK DV WKH 8QLWHG 6WDWHV �&DPSEHOO ������
$UJHQWLQD DQG &KLOH �$OHP£Q DQG &DOYR ����� 0LFR]]L ������ DQG LQ VHYHUDO (XURSHDQ
FRXQWULHV�

ॡHUH DUH VHYHUDO ZD\V WR H[SODLQ� KRZHYHU� ZK\ 03V GHFLGH WR FRVSRQVRU OHJLV�
ODWLRQ WRJHWKHU� 3DUOLDPHQWV DUH KLJKO\ VWUDWHJLF HQYLURQPHQWV ZKHUH PXOWLSOH JRDOV
VXFK DV OHDGHUVKLS� SROLF\�VSHFLਖ਼F LQਗ਼XHQFH RU UHHOHFWLRQ FDQ EH SXUVXHG DOO DW RQFH�
WKHUHE\ PDNLQJ LW LPSODXVLEOH WR WUDFH GRZQ FRVSRQVRUVKLS WR D VLQJOH H[SODQDWRU\ IDF�
WRU� $FFRUGLQJO\� VFKRODUV RI OHJLVODWLYH EHKDYLRXU KDYH FRPH XS ZLWK PXOWLSOH UHD�
VRQV IRU FRVSRQVRUVKLS WR RFFXU� ODUJHO\ RXW RI REVHUYDWLRQV RI VXFK EHKDYLRXU LQ WKH
8�6� &RQJUHVV �6FKLOOHU ����� .HVVOHU DQG .UHKELHO ����� :LOVRQ DQG <RXQJ ����� .RJHU
������
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7DNHQ DV D ZKROH� WKLV VHJPHQW RI WKH OLWHUDWXUH EURDGO\ FRQFHSWXDOLVHV OHJLVODWLYH
FRVSRQVRUVKLS DV D VWUDWHJLF SRVLWLRQ�WDNLQJ GHYLFH WKDW DOORZV D OHJLVODWRU WR FRQYH\
D VLJQDO WR RWKHU OHJLVODWRUV RU WR H[WHUQDO FRQVWLWXHQWV� $V VXFK� FRVSRQVRUVKLS PD\
VHHP VLPLODU WR UROO FDOO YRWHV� EXW DV VHYHUDO DXWKRUV KDYH SRLQWHG RXW� PDQ\ RI WKH
FRQVWUDLQWV WKDW DSSO\ WR SDUOLDPHQWDU\ YRWHV DUH OHVV H੘HFWLYHZKHQ LW FRPHV WR LQLWLDWLQJ
OHJLVODWLRQ� VSHFLਖ਼FDOO\� FRVSRQVRUVKLS LV R॑HQ OHVV VXEMHFW WR SDUW\ GLVFLSOLQH� LQVRIDU
DV SDUW\ OHDGHUV DQG SDUW\ ZKLSV H[HUW OHVV LQਗ਼XHQFH RYHU LW WKDQ WKH\ GR RYHU YRWLQJ
EHKDYLRXU �6FKLOOHU ����� 'HVSRVDWR� .HDUQH\� DQG &ULVS ����� $OHP£Q DQG &DOYR ������

&RQVHTXHQWO\� ZKLOH FRVSRQVRUVKLS PLJKW VKDUH VRPH RI WKH SURSHUWLHV RI ਗ਼RRU YRWHV
ZLWK UHJDUGV WR LWV DELOLW\ WR VKDSH WKH OHJLVODWLYH DJHQGD� LW PLJKW DOVR EH YLHZHG DV
DNLQ WR WKH RWKHU ۢQRQ�UROO FDOO SRVLWLRQ WDNLQJ GHYLFHVۣ DYDLODEOH WR OHJLVODWRUV� VXFK DV
VSHHFKHV RU ZUL॔HQ FRPPXQLFDWLRQV� ZKLFK 03V FDQ UHVRUW WR DV ۢPHFKDQLVPV WR WDUJHW
YRWHUV� EXW DOVR LQWHUHVW JURXSV� SDUW\ OHDGHUV� H[SHFWHG SUHVLGHQWLDO FDQGLGDWHV� DQG HYHQ
UDFLDO RU HWKQLF FOXVWHUVۣ �0LFR]]L ����� S� ������ ॡLV GHਖ਼QLWLRQ VWUHVVHV WKH LPSRUWDQFH
RI HOHFWRUDO LQFHQWLYHV DQG SROLWLFDO DPELWLRQ LQ WKH UHDVRQLQJ WKDW PLJKW XQGHUOLH WKH DFW
RI FRVSRQVRUVKLS� DORQJ RWKHU SRVVLEOH JRDOV VXFK DV LQFUHDVLQJ WKH OLNHOLKRRG RI DSSURYDO
RI D SLHFH RI OHJLVODWLRQ �:LOVRQ DQG <RXQJ ����� 7DP &KR DQG )RZOHU ����� RU SXUVXLQJ
D VSHFLਖ਼F SROLF\ VWDQFH �.RJHU ����� $OHP£Q DQG &DOYR ������

*LYHQ WKH PXOWLSOLFLW\ RI PHDQLQJV WKDW FDQ EH D॔ULEXWHG WR FRVSRQVRUVKLS� LW PLJKW
DOVR EH XVHIXO WR GHਖ਼QH LW QHJDWLYHO\� E\ H[SODLQLQJ ZKDW LW GRHV QRW HPERG\� 6SHFLI�
LFDOO\� VHYHUDO VFKRODUV KDYH UDLVHG WKH LVVXH WKDW FRVSRQVRUVKLS PLJKW UHSUHVHQW OL॔OH
PRUH WKDQ ۢFKHDS WDONۣ EHWZHHQ OHJLVODWRUV� VLQFH WKH DFW RI FRVSRQVRUVKLS LV WULYLDOO\
WLPH�GHPDQGLQJ LQ LWVHOI DQG WKH FRVW RI FRVSRQVRUVKLS LV ORZ� ZLWK IHZ SHQDOWLHV DQG
SRVVLEO\ KLJK UHZDUGV LQ FDVH RI OHJLVODWLYH VXFFHVV �.HVVOHU DQG .UHKELHO ����� :LOVRQ
DQG <RXQJ ����� )RZOHU ����D�� ,Q SUDFWLFH� KRZHYHU� FRVSRQVRUVKLS DSSHDUV WR EH PXFK
PRUH VHOHFWLYH WKDQ V\VWHPDWLF� H[LVWLQJ VWXGLHV VKRZ WKDW 03V FRVSRQVRU RQO\ D YHU\
VPDOO IUDFWLRQ RI DOO OHJLVODWLRQ� ZKLFK PLJKW EH H[SODLQHG E\ WKH ۢVXEVWDQWLDO VHDUFK FRVW
LQYROYHG LQ GHFLGLQJ ZKLFK ELOOV WR FRVSRQVRUۣ �)RZOHU ����D� S� ����� RU E\ WKH SULYDWH
QDWXUH RI WKH LQWHUDFWLRQV WKDW UHVXOW LQ OHJLVODWLRQ WR EH FRVSRQVRUHG �0LFR]]L ����� IQ� ��
S� ������ ,Q HLWKHU FDVH� FRVSRQVRUVKLS LV PXFK OHVV OLNHO\ WR FRPH RXW DV D JHQHUDOLVHG�
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LQH[SHQVLYH VLJQDO ZLWK OL॔OH PHDQLQJ D॔DFKHG WR LW� WKDQ DV D SUR[\ IRU WKH H[LVWHQFH
RI FROODERUDWLYH UHODWLRQVKLSV ۙ RU� IURP D QHWZRUN SHUVSHFWLYH� WLHV ۙ EHWZHHQ 03V�

(YHQ LI FRVSRQVRUVKLS FKDUDFWHULVHV DV D QRQ�WULYLDO DFW� XQFHUWDLQW\ \HW UHPDLQV ZLWK
UHJDUGV WR WKH GHFLVLRQ RI OHJLVODWRUV QRW WR FRVSRQVRU D JLYHQ SLHFH RI OHJLVODWLRQ� ॡLV LV�
VXH VHYHUHO\ D੘HFWV WKH RSSRUWXQLW\ WR XVH FRVSRQVRUVKLS DV DQ DOWHUQDWLYH PHDVXUHPHQW
WR UROO FDOO YRWHV� DOWKRXJK VRPH VWXGLHV UHSRUW EURDG DJUHHPHQW EHWZHHQ LGHDO SRLQWV
PHDVXUHG IURP ERWK VRXUFHV �$OHP£Q� &DOYR� HW DO� ������ WKH GHFLVLRQ QRW WR FRVSRQ�
VRU OHJLVODWLRQ LV KDUGO\ HTXLYDOHQW WR YRWLQJ DJDLQVW LW �'HVSRVDWR� .HDUQH\� DQG &ULVS
������ $ VDIHU FRXUVH RI UHVHDUFK PLJKW WKHUHIRUH FRQVLVW LQ DVNLQJ EURDG� GHVFULSWLYH
TXHVWLRQV DERXW WKH GHWHUPLQDQWV RI OHJLVODWLYH FRVSRQVRUVKLS� UDWKHU WKDQ IRFXVLQJ RQ
LWV SRWHQWLDO YDOXH DV D EHQFKPDUN RI LQGLYLGXDO LGHRORJLFDO SRVLWLRQV�

ॡLV EULHI RYHUYLHZ RI H[LVWLQJ UHVHDUFK OHDYHV XV ZLWK D TXHVWLRQ WKDW VHHPV SDU�
WLFXODUO\ ਖ਼W IRU FRPSDUDWLYH LQTXLU\� ZKLFK IDFWRUV� LI DQ\� PLJKW H[SODLQ WKH DFW RI
FRVSRQVRUVKLS DFURVV SDUOLDPHQWDU\ HQYLURQPHQWV" 6LQFH FRVSRQVRUVKLS LV LQKHUHQWO\
UHODWLRQDO� PDQ\ VWXGLHV KDYH EHJXQ WR DQVZHU WKDW TXHVWLRQ E\ VXJJHVWLQJ WKDW OHJ�
LVODWRUV DUH QRW VLPSO\ FRQFHUQHG E\ ZKDW WKH\ FRVSRQVRU� EXW DOVR ZLWK ZKRP� WKXV
PDNLQJ LW D GXDO DFW RI SRVLWLRQ�WDNLQJ� WKURXJK WKH MRLQW VSRQVRUVKLS RI VHOHFWHG OHJ�
LVODWLYH LWHPV� 03V QRW RQO\ H[SUHVV SUHIHUHQWLDO D॔DFKPHQW WR VSHFLਖ਼F LVVXHV� EXW DOVR
SUHIHUHQWLDO D॔DFKPHQW WR RWKHU OHJLVODWRUV �*URVV� .LUNODQG� DQG 6KDOL]L ������

ॡLV ODVW DUJXPHQW IHDWXUHV SURPLQHQWO\ LQ UHFHQW VWXGLHV RI OHJLVODWLYH FRVSRQVRU�
VKLS� ZKLFK KDYH PDGH XVH RI VRFLDO QHWZRUN DQDO\VLV WR DFFRXQW IRU LW� ,Q LWV VLPSOHVW
IRUP� WKH K\SRWKHVLV WUDQVODWHV LQWR WKH SKHQRPHQRQ NQRZQ DV KRPRSKLO\ �0F3KHU�
VRQ� 6PLWK�/RYLQ� DQG &RRN ������ OHJLVODWRUV DUH PRUH SURQH WR FRVSRQVRU WKH ZRUN RI
RWKHU OHJLVODWRUV ZKHQ WKH\ VKDUH VRPH FKDUDFWHULVWLFV� VXFK DV HWKQLFLW\ �%UD॔RQ DQG
5RXVH ������ JHQGHU �&ODUN DQG &DUR ������ FRQVWLWXHQF\ �$OHP£Q DQG &DOYR ����� RU
FRPPL॔HH PHPEHUVKLS �.LUNODQG DQG *URVV ������ 8QGHU PRUH FRPSOH[ DVVXPSWLRQV�
FRVSRQVRUVKLSPLJKW DOVR HPHUJH IURP VWUDWHJLF GHFLVLRQV ZKHUH GLVVLPLODU VSRQVRUV DOO\
LQ RUGHU WR PD[LPLVH WKHLU OHJLVODWLYH VXFFHVV� WKHUHE\ IRUPLQJ ۢZHDN WLHVۣ PRWLYDWHG E\
RXWFRPH FRQVLGHUDWLRQV �.LUNODQG ������
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$ IXUWKHU DUJXPHQW RI LQWHUHVW DERXW WKH GHWHUPLQDQWV RI OHJLVODWLYH FRVSRQVRUVKLS
KDV EHHQ ODLG RXW E\ .LUNODQG ������� 6LQFH FRVSRQVRUVKLS LV HVVHQWLDOO\ D SURFHVV RI SDUW�
QHU VHOHFWLRQ� WKH VWUXFWXUH RI OHJLVODWLYH DVVHPEOLHV PLJKW SOD\ DQ DGGLWLRQDO UROH LQ WKDW
RSHUDWLRQ� $V .LUNODQG ������ S� ���� H[SODLQV� ۢOHJLVODWRUV PXVW EDODQFH WKHLU FKRLFHV
DERXW FROODERUDWLRQ ZLWK WKH XQFHUWDLQW\ VXUURXQGLQJ WKRVH UHODWLRQDO GHFLVLRQVۣ� DV D
FRQVHTXHQFH� ۢDQ\ LQVWLWXWLRQDO VWUXFWXUHV WKDW DOWHU WKH OHYHO RI LQIRUPDWLRQ� DQG E\ H[�
WHQVLRQ XQFHUWDLQW\� LQ D FKDPEHU UHJDUGLQJ ELOO RXWFRPHV RU ELOO VSRQVRUV ZLOO D੘HFW
FRVSRQVRUVKLS FKRLFHVۣ �.LUNODQG ����� S� ����� ,Q WKDW SHUVSHFWLYH� WKH VL]H RI WKH FKDP�
EHU DQG RI LWV SDUOLDPHQWDU\ FRPPL॔HHV PLJKW UHVSHFWLYHO\ KLQGHU RU HQDEOH OHDUQLQJ
DPRQJ OHJLVODWRUV� WKHUHE\ D੘HFWLQJ WKHLU RYHUDOO SURSHQVLW\ WR FRVSRQVRU DQG�RU WKHLU
SURSHQVLW\ WR FRVSRQVRU DFURVV SDUW\ OLQHV�

7R RXU NQRZOHGJH� VXFK QHWZRUN DSSURDFKHV WR OHJLVODWLYH FRVSRQVRUVKLS KDYH VR
IDU EHHQ FRQGXFWHG RQ RQO\ D OLPLWHG UDQJH RI FRXQWU\ FDVHV� ॡH OLWHUDWXUH WKDW ZH
UHYLHZHG LQFOXGHV QXPHURXV VWXGLHV RI ERWK &RQJUHVVLRQDO KRXVHV RI WKH 8QLWHG 6WDWHV�
SLRQHHUHG E\ WKH ZRUN RI )RZOHU �����D� DQG )RZOHU �����E�� DV ZHOO DV VWXGLHV RI LWV VWDWH
OHJLVODWXUHV �.LUNODQG ����� %UD॔RQ DQG 5RXVH ����� &ODUN DQG &DUR ����� .LUNODQG �����
.LUNODQG DQG :LOOLDPV ������ :H DOVR ORFDWHG VWXGLHV RI WKH SDUOLDPHQWV RI $UJHQWLQD
�$OHP£Q DQG &DOYR ����� 0LFR]]L ����� DQG &KLOH �$OHP£Q ����� $OHP£Q DQG &DOYR
������ DQG RQH VWXG\ RI FRVSRQVRUVKLS LQ D (XURSHDQ FRXQWU\� IRFXVHG RQ WKH OHJLVODWLYH
EHKDYLRXU RI D VXEVHW RI 03V LQ WKH 5RPDQLDQ SDUOLDPHQW �&KLUX DQG 1HDPWX ������ 2XU
VHDUFK DOVR UHWXUQHG YLVXDO H[SORUDWLRQV RI ELOO FRVSRQVRUVKLS LQ WKH ORZHU KRXVHV RI WKH
)UHQFK �&RXOPRQW ����� DQG &]HFK �*UHJRU ����� SDUOLDPHQWV� DQG VLPLODU UHVHDUFK RQ
.RUHDQ OHJLVODWRUV �-L�\HRQ /HH DQG <RRQ ����E� -L�\HRQ /HH DQG <RRQ ����D��

,Q WKLV UHVHDUFK� RXU SULPDU\ DLP LV WKHUHIRUH WR FRQWULEXWH WR WKH OLWHUDWXUH RI OHJ�
LVODWLYH FRVSRQVRUVKLS E\ H[SDQGLQJ LWV HPSLULFDO EDVH WR VHYHUDO DGGLWLRQDO FRXQWULHV�
2XU H੘RUWV FRQFHQWUDWH RQ HVWDEOLVKLQJ D PHWKRGRORJLFDO IUDPHZRUN WKDW WXUQV D ODUJH
QXPEHU RI SDUOLDPHQWDU\ FKDPEHUV LQWR FDQGLGDWHV IRU QHWZRUN VWXGLHV RI OHJLVODWLYH
EHKDYLRXU� XVLQJ ELOO FRVSRQVRUVKLS DV D SUR[\ IRU WKH H[LVWHQFH RI FROODERUDWLYH UHOD�
WLRQVKLSV EHWZHHQ 03V�

ߤ



ࡑߡ 6őʀő

ॡLV VWXG\ IRFXVHV RQ OHJLVODWLYH FRVSRQVRUVKLS DFWLYLW\ LQ D VDPSOH RI (DVWHUQ� 1RUWKHUQ
DQG :HVWHUQ (XURSHDQ FRXQWULHV� SOXV ,VUDHO� 7DEOH � VXPPDULVHV WKH GDWD FROOHFWHG IRU
WKLV UHVHDUFK� ZKLFK FRYHU �� FRXQWULHV DQG �� SDUOLDPHQWDU\ FKDPEHUV� RYHU D WRWDO RI
��� \HDUV DQG ��� OHJLVODWXUHV� XQGHUVWRRG DV SHULRGV EHWZHHQ WZR QDWLRQZLGH OHJLVOD�
WLYH HOHFWLRQV� ॡH VDPSOH LV JHRJUDSKLFDOO\ EDODQFHG EHWZHHQ WKH WKUHH UHJLRQV XQGHU
H[DPLQDWLRQ DQG FRYHUV VHYHUDO SDUOLDPHQWDU\ V\VWHPV DV ZHOO� LQFOXGLQJ WKUHH IHGHUDO
UHJLPHV �$XVWULD� %HOJLXP DQG 6ZLW]HUODQG� DQG D PL[ RI XQLFDPHUDO DQG ELFDPHUDO SDU�
OLDPHQWDU\ V\VWHPV�{ ॡH GDWD DUH DYDLODEOH IURP DQ RQOLQH UHSRVLWRU\�t

{$OWKRXJK WKH GDWD IRU ,FHODQG DUH H[FHSWLRQDOO\ H[WHQVLYH DQG UDQJH EDFN WR ����� ZH UHVWULFWHG LWV
SUHVHQFH LQ WKH VDPSOH WR WKH VL[ PRVW UHFHQW OHJLVODWXUHV� ॡLV SHULRG FRYHUV DOO HOHFWLRQV VLQFH WKH $O�
WKLQJ ZDV UHIRUPHG WR VLW DV D XQLFDPHUDO SDUOLDPHQW� DQG PDNHV WKH SURSRUWLRQ RI ,FHODQGLF OHJLVODWXUHV
FRPSDUDEOH WR WKDW RI RWKHU FRXQWULHV LQ WKH VDPSOH�

t6HH KWWSV���JLWKXE�FRP�EULDWWH�SDUOQHW� ॡH FRGH IRU WKLV VWXG\ ZDV ZUL॔HQ LQ 5 YHUVLRQ ����� �5
&RUH 7HDP ������ DQG WKH FXUUHQW UHOHDVH RI WKH UHSRVLWRU\ LV YHUVLRQ ������

ߥ

https://github.com/briatte/parlnet


5HJLRQ &RXQWU\ &KDPEHU &RGH 3HULRG <HDUV /HJLVODWXUHV
(DVW %XOJDULD 8QLFDPHUDO %* ����ۙ���� �� �

&]HFK 5HSXEOLF /RZHU &=�32 ����ۙ���� �� �
8SSHU &=�6( ����ۙ���� �� �

(VWRQLD 8QLFDPHUDO (( ����ۙ���� � �
+XQJDU\ 8QLFDPHUDO +8 ����ۙ���� �� �
/LWKXDQLD 8QLFDPHUDO /7 ����ۙ���� �� �
5RPDQLD /RZHU 52�&$ ����ۙ���� �� �

8SSHU 52�6( ����ۙ���� �� �
6ORYDNLD 8QLFDPHUDO 6. ����ۙ���� �� �

:HVW $XVWULD /RZHU FKDPEHU RQO\ $7 ����ۙ���� �� �
%HOJLXP /RZHU %(�&+ ����ۙ���� �� �

8SSHU %(�6( ����ۙ���� �� �
6ZLW]HUODQG /RZHU &+�&1 ����ۙ���� �� �

8SSHU &+�&6 ����ۙ���� �� �
)UDQFH /RZHU )5�$1 ����ۙ���� ��u �

8SSHU )5�6( ����ۙ���� �� �
,UHODQG /RZHU ,(�'$ ����ۙ���� �� �

8SSHU ,(�6( ����ۙ���� �� �
,WDO\ /RZHU ,7�&$ ����ۙ���� �� �

8SSHU ,7�6( ����ۙ���� �� �
3RUWXJDO 8QLFDPHUDO 37 ����ۙ���� �� �

1RUWK 'HQPDUN 8QLFDPHUDO '. ����ۙ���� �� �
)LQODQG 8QLFDPHUDO ), ����ۙ���� �� �
,FHODQG 8QLFDPHUDO ,6 ����ۙ���� �� �
1RUZD\ 8QLFDPHUDO 12 ����ۙ���� �� �
6ZHGHQ 8QLFDPHUDO 6( ����ۙ���� �� �

$VLD ,VUDHO 8QLFDPHUDO ,/ ����ۙ���� � �

 0LVVLQJ OHJLVODWXUH �� ����������� RI WKH )UHQFK ORZHU FKDPEHU�

7DEOH �� 2YHUYLHZ RI WKH FRXQWU\ VDPSOH� ॡH FRXQWU\ DQG FKDPEHU FRGHV DUH XVHG LQ WKH UHSOLFDWLRQ PDWHULDO RI WKLV UHVHDUFK�
DV ZHOO DV LQ WKH SORWV RI WKLV SDSHU�

ߦ



ॡH LQLWLDO VDPSOH RI FRXQWULHV FRQVLGHUHG IRU WKLV UHVHDUFK LQFOXGHG DOO FXUUHQW PHP�
EHUV RI HLWKHU WKH (XURSHDQ 8QLRQ RU WKH (XURSHDQ )UHH 7UDGH $VVRFLDWLRQ� SOXV ,VUDHO�
:KLOH VHYHUDO GHFLVLRQV ZHUH PDGH ZLWK UHJDUGV WR WKH H[DFW GHਖ਼QLWLRQ RI D ELOO �VHH
QH[W VHFWLRQ�� WKH SULPDU\ FULWHULRQ IRU LQFOXVLRQ LQ WKH VDPSOH ZDV WKH DYDLODELOLW\ RI
KLVWRULFDO OHJLVODWLYH GDWD IURP Rਜ਼FLDO SDUOLDPHQW ZHEVLWHV܇�

$ IXUWKHU WHFKQLFDO OLPLWDWLRQ LQ WKH GDWD FROOHFWLRQ SURFHVV HPHUJHG IURP WKH IRU�
PDW LQ ZKLFK PDQ\ SDUOLDPHQWV FKRRVH WR SXEOLVK WKHLU UHFRUGV� 2Q WKH RQH KDQG� ZH
ZHUH DEOH WR PDNH XVH RI YDULRXV WHFKQRORJLHV WR FROOHFW ELOOV GLUHFWO\ IURP SDUOLDPHQW
ZHEVLWHV� RU IURP WKH RSHQ GDWD SRUWDOV VHW XS E\ WKHLU VHUYLFHV܈� 2Q WKH RWKHU KDQG� ZH
ZHUH XQDEOH WR SURFHVV WKH GDWD ZKHQ LW ZHUH SURYLGHG LQ XQSDUVDEOH IRUPDWV WKDW ZRXOG
KDYH UHTXLUHG PDQXDO FRGLQJ� DQG KDG WR H[FOXGH FRXQWULHV VXFK DV &URDWLD RU 0DOWD IRU
WKDW UHDVRQ�

'XH WR WKH GDWD OLPLWDWLRQV PHQWLRQHG DERYH� RQH OHJLVODWXUH RI WKH )UHQFK ORZHU
FKDPEHU LV PLVVLQJ IURP WKH VDPSOH EHFDXVH WRR IHZ RI LWV ELOOV ZHUH DYDLODEOH LQ SDUVDEOH
IRUPDW� )RU DOO RWKHU VDPSOHG FKDPEHUV DQG OHJLVODWXUHV� ZH ZHUH DEOH WR FROOHFW DOPRVW
DOO LQIRUPDWLRQ RQ ELOOV DQG WKHLU VSRQVRUV� DV GHWDLOHG EHORZ�

ࡑߟࡑߡ &ǠȂȂɱ

)RU WKH SXUSRVH RI WKLV VWXG\� ZH GHਖ਼QHG ۞ELOOV۟ DV ODZV LQLWLDWHG E\ RQH RU PRUH SDUOLD�
PHQWDU\ OHJLVODWRUV WKDW EHFRPH ELQGLQJ LI WKH\PDNH LW WKURXJK WKH OHJLVODWLYH SURFHVV RI
WKHLU FRXQWU\ RI LQWURGXFWLRQ� ॡLV GHਖ਼QLWLRQ LV FRPSDWLEOH ZLWK WKHRUHWLFDO DVVXPSWLRQV
RQ KRZ03V VLJQDO WKHLU SRVLWLRQV WR WKHLU FRQVWLWXHQWV RU WR WKLUG SDUWLHV� DQG LV FRPSD�
UDEOH DFURVV FRXQWULHV� LW FRUUHVSRQGV� IRU LQVWDQFH� WR WKH GHਖ਼QLWLRQ RI SURSRVLWLRQV GH ORL
LQ %HOJLXP DQG )UDQFH� RU WR W¸UY«Q\MDYDVODW LQ +XQJDU\ DQG ODJDIUXPY¸US LQ ,FHODQG�
DQG LQ WKH VSHFLDO FDVH RI 'HQPDUN� LQFOXGHV ERWK ۞SUHOLPLQDU\ ELOOV۟ �EHVOXWQLQJVIRUVODJ�

ॡH܇ DYDLODELOLW\ RI OHJLVODWLYH GDWD KDV PDGH FRQVLGHUDEOH SURJUHVV LQ WKH UHFHQW \HDUV� WKURXJK WKH
GHYHORSPHQW RI SDUOLDPHQWDU\ LQIRUPDWLFV DQG XQGHU WKH SUHVVXUH RI WKLUG SDUWLHV VXFK DV WKH FLYLF RUJD�
QL]DWLRQV FRQQHFWHG WKURXJK WKH 2SHQLQJ 3DUOLDPHQW SODWIRUP� VHH KWWS���ZZZ�RSHQLQJSDUOLDPHQW�RUJ��

RU(܈ DQ LQWURGXFWLRQ WR WKH WHFKQRORJLHV WKDW ZH XVHG� VHH WKH FKDSWHUV RQ +70/� -621� 64/ DQG ;0/
ਖ਼OHV LQ 0XQ]HUW HW DO� ������� DV ZHOO DV WKH FKDSWHU RQ ;3DWK V\QWD[�

ߧ

http://www.openingparliament.org/


DQG ۞IXOO�ਗ਼HGJHG۟ ELOOV �ORYIRUVODJ��

ॡLV GHਖ਼QLWLRQ H[FOXGHV ELOOV LQLWLDWHG E\ WKH H[HFXWLYH EUDQFK RI JRYHUQPHQW� DV ZHOO
DV QRQELQGLQJ VWDWHPHQWV E\03V� VXFK DV UHVROXWLRQV �RU HDUO\ GD\PRWLRQV LQ WKH 8QLWHG
.LQJGRP�� :H IXUWKHU OLPLWHG RXU D॔HQWLRQ WR ELOOV VLJQHG E\ LQGLYLGXDO 03V� L�H� ELOOV IRU
ZKLFK QRPLQDO VSRQVRUVKLS LQIRUPDWLRQ DSSHDU LQ Rਜ਼FLDO SDUOLDPHQWDU\ UHFRUGV� ॡLV
UHVWULFWLRQ UHVXOWHG LQ H[FOXGLQJ DGGLWLRQDO FRXQWULHV IURP RXU VDPSOH� VXFK DV *HUPDQ\
RU 6SDLQ� ZKHUH WKH YDVW PDMRULW\ RI OHJLVODWLYH SURGXFWLRQ LV SURGXFHG E\ FROOHFWLYH
VWDQGLQJ FRPPL॔HHV DQG FDQQRW EH WUDFHG WR LQGLYLGXDO HQGRUVHPHQWV܉�

ॡH GDWD FROOHFWHG DFFRUGLQJ WR WKLV GHਖ਼QLWLRQ DPRXQWV WR VOLJKWO\ DERYH ������� ELOOV�
RI ZKLFK DURXQG ��� ZHUH VSRQVRUHG E\ WZR RU PRUH 03V� IRU D WRWDO RI DURXQG ���
PLOOLRQ �FR�VSRQVRUVKLSV� ॡHVH VWDWLVWLFV DUH VKRZQ LQ PRUH GHWDLO LQ )LJXUHV � DQG ��
ZKLFK VKRZ WKHLU EUHDNGRZQ LQ HDFK FRXQWU\� FKDPEHU DQG OHJLVODWXUH� %HFDXVH WKH GDWD
GR QRW LQFOXGH JRYHUQPHQWDO ELOOV� WKHVH ਖ਼JXUHV GR QRW SURYLGH HQRXJK LQIRUPDWLRQ RQ
RYHUDOO OHJLVODWLYH SURGXFWLRQ� ZKLFK YDULHV GUDPDWLFDOO\ IURP RQH FRXQWU\ WR DQRWKHU LQ
DQ\ FDVH� WKHUH LV� KRZHYHU� DQ REVHUYDEOH WUHQG WRZDUGV LQFUHDVHG OHYHOV RI OHJLVODWLYH
FRVSRQVRUVKLS LQ VHYHUDO FRXQWULHV�

HFDXVH%܉ )UHQFK ELOOV FDQ EH VSRQVRUHG ERWK E\ LQGLYLGXDO 03V DQG E\ HQWLUH SDUOLDPHQWDU\ IDFWLRQV�
ZH FROOHFWHG EXW ODWHU LJQRUHG JURXS VLJQDWXUHV�

ߞߟ
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)LJXUH �� $YHUDJH QXPEHU RI ELOOV SHU \HDU LQ HDFK OHJLVODWXUH� 6ROLG OLQHV DUH PHDVXUHG RXW RI DOO ELOOV� GDVKHG OLQHV RXW RI
FRVSRQVRUHG ELOOV RQO\� ॡH YHUWLFDO VFDOH LV ORJJHG�
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)LJXUH �� 1XPEHU RI VSRQVRUV SHU ELOO LQ HDFK OHJLVODWXUH� 9HUWLFDO OLQHV LQGLFDWH WKH PLQLPXP DQG PD[LPXP QXPEHU RI
VSRQVRUV UHDFKHG LQ HDFK FRXQWU\�FKDPEHU�OHJLVODWXUH SHULRG� %ODFN SRLQWV PDUN WKH DYHUDJH QXPEHU RI VSRQVRUV� DQG ZKLWH
SRLQWV PDUN WKH PHGLDQ QXPEHU RI VSRQVRUV� 'R॔HG KRUL]RQWDO OLQHV LQGLFDWH WKH IRUPDO VL]H RI HDFK SDUOLDPHQWDU\ FKDPEHU�
DV LQGLFDWHG LQ WKH ,QWHU�3DUOLDPHQWDU\ 8QLRQ �,38� 3$5/,1( GDWDEDVH �KWWS���ZZZ�LSX�RUJ�SDUOLQH�H�SDUOLQHVHDUFK�DVS��

ߠߟ

http://www.ipu.org/parline-e/parlinesearch.asp


ࡑߠࡑߡ íɖȫȚɱȫɡɱ

8VLQJ WKH VDPH SDUOLDPHQWDU\ VRXUFHV DV ZH XVHG IRU ELOOV� ZH UHWULHYHG DV PXFK LQIRU�
PDWLRQ DV SRVVLEOH RQ WKH LQGLYLGXDO OHJLVODWRUV ZKR VSRQVRUHG WKH ELOOV� ॡH YDULDEOHV
FROOHFWHG DFURVV DOO FRXQWULHV LQFOXGH VRFLR�GHPRJUDSKLFV �DJH DQG VH[� DQG SDUOLDPHQ�
WDU\ FDUHHU LQIRUPDWLRQ �WLPH LQ Rਜ਼FH� FRQVWLWXHQF\� FRPPL॔HH PHPEHUVKLS DQG SDUW\
Dਜ਼OLDWLRQ�� IRU D WRWDO RI DSSUR[LPDWHO\ ������03V ZKR DSSHDUHG RQ DW OHDVW RQH FRVSRQ�
VRUHG ELOO� 7ZR LPSRUWDQW VLPSOLਖ਼FDWLRQV UHJDUGLQJ SDUW\ Dਜ਼OLDWLRQ DQG WLPH LQ Rਜ਼FH
KDG WR EH DSSOLHG DW WKDW VWDJH�

ۨ 3DUW\ DणOLDWLRQZDV QRW QHFHVVDULO\ VWDEOH DFURVV D IXOO OHJLVODWXUH� IRU H[DPSOH� LQ
����� VHYHUDO $XVWULDQ 03V IROORZHG -RUJ +DLGHU LQ GHIHFWLQJ IURP WKH )UHHGRP
3DUW\ RI $XVWULD �)3�� WR FUHDWH WKH $OOLDQFH IRU WKH )XWXUH RI $XVWULD �%=��� ,Q
VXFK FDVHV� ZKLFK ZHUH SDUWLFXODUO\ IUHTXHQW LQ ,FHODQG� ZH UHFRUGHG WKH ORQJHVW
SDUW\ Dਜ਼OLDWLRQ RI WKH VSRQVRU RYHU WKH OHJLVODWXUH�

ۨ 7LPH LQ RणFH� RU VHQLRULW\� ZDV PHDVXUHG DV \HDUV VSHQW LQ WKH VDPH SDUOLDPHQ�
WDU\ FKDPEHU� HYHQ WKRXJK VRPH FRXQWULHV OLNH ,WDO\ RU 5RPDQLD IUHTXHQWO\ HOHFW
PHPEHUV RI WKHLU ORZHU FKDPEHU WR WKH XSSHU FKDPEHU DV VHQDWRUV� ॡHVH WUDQ�
VLWLRQV DUH FXUUHQWO\ XQDFFRXQWHG IRU LQ RXU UHVHDUFK� EXW PLJKW GHVHUYH VHSDUDWH
D॔HQWLRQ IURP PRUH IRFXVHG VWXGLHV�

7R IXUWKHU FKDUDFWHUL]H WKH SRVLWLRQV RI ELOO VSRQVRUV UHODWLYH WR HDFK RWKHU� ZH DOVR
SURFHHGHG WR PDWFK WKHLU SDUW\ Dਜ਼OLDWLRQV ZLWK DQ LQGLFDWLRQ RI ZKHUH WKH SDUW\ VLWV
RQ D VWDQGDUGL]HG /H॑�5LJKW VFDOH� ,Q RUGHU WR GR VR� ZH XVHG WKH VFRUHV DYDLODEOH LQ WKH
ODWHVW HGLWLRQ RI WKH 3DUO*RY GDWDEDVH �'¸ULQJ ����� '¸ULQJ DQG 0DQRZ ������ ZKLFK DUH
WLPH�LQYDULDQW VFRUHV FRPSXWHG DV WKH ZHLJKWHG PHDQ YDOXHV RI SDUW\ SRVLWLRQV WDNHQ
IURP VHYHUDO H[SHUW VXUYH\V RQ SROLWLFDO SDUWLHV܊�

RU(܊ IXUWKHU GHWDLOV RQ 3DUO*RY /H॑�5LJKW SDUW\ SRVLWLRQV� VHH KWWS���ZZZ�SDUOJRY�RUJ�
GRFXPHQWDWLRQ�SDUW\�SRVLWLRQV�� ॡH VFRUHV� ZKLFK UDQJH IURP � WR ��� DUH OLVWHG LQ IXOO LQ %ULD॔H
������ $SSHQGL[� 6HFWLRQ '�� DORQJ ZLWK QRWHV RQ WKH UHFRGLQJV WKDW ZH DSSOLHG WR PDWFK WKH 3DUO*RY
GDWD ZLWK RXUV�

ߡߟ

http://www.parlgov.org/documentation/party-positions/
http://www.parlgov.org/documentation/party-positions/


ࡑߢ �ƜʀǗȫƉɱ

ࡑߟࡑߢ ¡ƜʀʸȫɡǼ žȫȚɱʀɡʗžʀǠȫȚ

ॡLV VHFWLRQ H[SODLQV WKH QHWZRUN FRQVWUXFWLRQ URXWLQH WKDW ZH DSSOLHG WR HDFK FRXQWU\�
FKDPEHU� IXUWKHU GLYLGHG E\ OHJLVODWXUH܋� :H SURFHHGHG E\ PDWFKLQJ WKH GHਖ਼QLWLRQ RI
FRVSRQVRUVKLS WLHV XVHG LQ QHWZRUN DQDO\VHV RI WKH 8�6� &RQJUHVV �)RZOHU ����D� )RZOHU
����E� *URVV� .LUNODQG� DQG 6KDOL]L ����� DQG UHOLHG RQ D VLPLODU FRQVWUXFWRU� QDPHO\ D
WZR�PRGH HGJH OLVW RI WKH IRUP

{b1, a8}, {b1, a31}, {b2, a27}, . . .
���

. . . {bn−1, a36}, {bn, a120}

ZLWK ELOOV GHQRWHG bn DQG 03 VSRQVRUV GHQRWHG an� 7R IRFXV WKH VWXG\ RQ FROODERUD�
WLRQ EHWZHHQ OHJLVODWRUV� ZH WKHQ FROODSVHG WKH b× a WZR�PRGH QHWZRUN WR D RQH�PRGH
QHWZRUN FRQWDLQLQJ VWULFWO\ 03V� E\ FRQQHFWLQJ WKH ਖ਼UVW DXWKRU RI HDFK ELOO WR DOO RWKHU
VSRQVRUV RQ WKDW ELOO� ॡH UHVXOWLQJ DGMDFHQF\ PDWUL[ A RI GLUHFWHG WLHV EHWZHHQ 03V
(i, j) LV DQ DV\PPHWULF PDWUL[ ZLWK HOHPHQWV

A(i, j) =

{
1 LI 03 i FRVSRQVRUHG D ELOO DXWKRUHG E\ 03 j�
0 RWKHUZLVH�

DQG ZKHUH DOO GLDJRQDO HOHPHQWV �03V K\SRWKHWLFDOO\ FRVSRQVRULQJ OHJLVODWLRQ ZLWK
WKHPVHOYHV� DUH GLVFDUGHG� $V D UHVXOW� WKH QHWZRUNV GR QRW FRQWDLQ DQ\ VHOI�ORRSV�

)LQDOO\� VLQFH FRVSRQVRUVKLS EHWZHHQ WZR 03V i DQG j FDQ RFFXU PRUH WKDQ RQFH
GXULQJ D OHJLVODWXUH� WKH WLHV RI WKHLU QHWZRUN PXVW WKHQ EH YDOXHG WR UHਗ਼HFW WKHLU GLI�

2XU܋ VWDUWLQJ SRLQW ZDV LQGHHG WR WUHDW HDFK SDUOLDPHQWDU\ OHJLVODWXUH DV D VHPL�FORVHG XQLYHUVH RI
OHJLVODWRUV� ZLWK IHZ HQWULHV DQG H[LWV RFFXUULQJ EHWZHHQ WZR QDWLRQZLGH HOHFWLRQV� $ VPDOO QXPEHU RI
HQWULHV RFFXUV EHFDXVH RI E\�HOHFWLRQV RU UHSODFHPHQWV� DQG D VPDOO QXPEHU RI H[LWV RFFXU EHFDXVH RI
GHDWKV� UHVLJQDWLRQV� FDQFHOOHG HOHFWLRQV DQG RWKHU UHODWLYHO\ UDUH HYHQWV�
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IHUHQW VWUHQJWK� 7R GR VR� ZH IROORZHG *URVV� .LUNODQG� DQG 6KDOL]L ������ DQG $OHP£Q
DQG &DOYR ������ E\ ZHLJKWLQJ DOO FRVSRQVRUVKLSV LQ LQYHUVH SURSRUWLRQ WR WKH RYHUDOO
QXPEHU RI FRVSRQVRUV RQ WKH ELOO� DQG E\ QRUPDOL]LQJ WKHLU VXP WR WKH PD[LPXP QXP�
EHU RI SRVVLEOH FRVSRQVRUVKLSV EHWZHHQ 03 FRVSRQVRU i DQG 03 DXWKRU j GXULQJ WKH
OHJLVODWXUH܌�

ॡLV QHWZRUN FRQVWUXFWLRQ URXWLQH KDV WZR LPSRUWDQW OLPLWDWLRQV� )LUVW� EHFDXVH ZH
IRFXV RQ LQWHUDFWLRQV EHWZHHQ 03V� ZH GR QRW DFFRXQW IRU PDQ\ RI WKH GL੘HUHQFHV WKDW
PLJKW H[LVW EHWZHHQ ELOOV� ॡLV LV D FRQVHTXHQFH RI RXU FRPSDUDWLYH UHVHDUFK GHVLJQ� LQ
D PRUH UHVWULFWHG REVHUYDWLRQDO FRQWH[W� LW ZRXOG KDYH EHHQ XVHIXO WR NHHS WKDW LQIRUPD�
WLRQ� DV VXJJHVWHG E\ *URVV� .LUNODQG� DQG 6KDOL]L ������� LQ RUGHU WR DFFRXQW IRU WHPSRUDO
RU WKHPDWLF YDULDQFH DW WKH ELOO�OHYHO� 8QIRUWXQDWHO\� PRVW FRXQWULHV LQ RXU VDPSOH GR
QRW SURYLGH H[WHQVLYH ELOO GHWDLOV� RQO\ KDOI RI WKHP� IRU LQVWDQFH� FODVVLI\ WKHLU OHJLVODWLRQ
ZLWK NH\ZRUGV�

$ VHFRQG OLPLWDWLRQ FRPHV IURP RXU GHFLVLRQ WR IRFXV VROHO\ RQ WKH WLHV EHWZHHQ WKH
ਖ਼UVW DXWKRU RI HDFK ELOO DQG KLV RU KHU FRVSRQVRU�V�� WKHUHE\ UHਗ਼HFWLQJ RQO\ VRPH RI WKH
LQWHUDFWLRQV WKDW RFFXU ZKHQ03V GHFLGH WR FRVSRQVRU OHJLVODWLRQ WRJHWKHU� ॡLV EHFDXVH�
OLNH )RZOHU �����D� DQG )RZOHU �����E�� ZH PLJKW UHDVRQDEO\ DVVXPH WKDW DOO FRVSRQVRUV
RQ D ELOO NQRZ ZKR WKH\ DUH ۞FRQQHFWLQJ WR۟ ZLWK UHJDUGV WR WKH ਖ਼UVW DXWKRU� EXW QRW WKDW
WKH\ DOVR NQRZ HYHU\ FRVSRQVRU RQ WKDW VDPH ELOO�

/DVW� ZKLOH DOPRVW DOO FRXQWULHV JLYH VRPH LPSRUWDQFH WR WKH ਖ਼UVW DXWKRU RI D ELOO
LQ WKHLU SDUOLDPHQWDU\ UXOHV �IRU LQVWDQFH� E\ PDNLQJ WKHP WKH GHIDXOW VSHDNHU IRU WKH
ELOO�� VRPH DOVR DSSO\ D GLVWLQFWLRQ EHWZHHQ ۢਖ਼UVW DXWKRUVۣ DQG ۢFRVSRQVRUVۣ LQ WKHLU
Rਜ਼FLDO UHFRUGV� %\ LJQRULQJ WKDW GLVWLQFWLRQ� ZH H੘HFWLYHO\ WUHDWHG D VPDOO QXPEHU RI
ۢਖ਼UVW DXWKRUVۣ �EH\RQG WKH ਖ਼UVW RQH� LQ %HOJLXP DQG ,WDO\ DV ۢFRVSRQVRUV �ۣ 7R PDNH VXUH
WKDW WKLV VLPSOLਖ਼FDWLRQ FRXOG EH PDGH� ZH FRPSDUHG WKH QHWZRUNV EXLOW RXW RI DOO ਖ਼UVW
DXWKRUV LQ WKHVH FRXQWULHV ZLWK WKHLU ۞VLPSOLਖ਼HG۟ FRXQWHUSDUWV� DQG REVHUYHG RQO\ PLQRU
GL੘HUHQFHV LQ WHUPV RI QHWZRUN VWUXFWXUH�

6HH܌ *URVV� .LUNODQG� DQG 6KDOL]L ������ HTQ� �� S� ��� ॡH UHVXOWLQJ ZHLJKWV� D YDULDQW RI WKRVH XVHG E\
)RZOHU �����D� DQG )RZOHU �����E�� DUH ERXQGHG EHWZHHQ 0 DQG 1�

ߣߟ



ࡑߠࡑߢ EˀɖȂȫɡőʀȫɡˁ őȚőȂˁɱǠɱ

3ULRU WR PRGHOLQJ WKH GDWD� ZH XVHG WZR GL੘HUHQW VWUDWHJLHV WR H[SORUH WKH VWUXFWXUH
RI RXU FRVSRQVRUVKLS QHWZRUNV� :H VWDUWHG E\ SOR॔LQJ HDFK QHWZRUN� XVLQJ WKH IRUFH�
GLUHFWHG DOJRULWKP E\ )UXFKWHUPDQ DQG 5HLQJROG ������ WR SODFH FRVSRQVRUV RI WKH VDPH
ELOOV QHDU HDFK RWKHU� DQG IXUWKHU DZD\ IURP RWKHU VSRQVRUV� :H WKHQ EXLOW LQWHUDFWLYH
YHUVLRQV RI WKH VDPH JUDSKV� LQ RUGHU WR H[SORUH WKH HJR QHWZRUNV RI VSHFLਖ਼F 03V DQG WR
SURGXFH DOWHUQDWLYH YLVXDOLVDWLRQV RI HDFK QHWZRUN�{܅

([SORULQJ WKH QHWZRUNV FRQਖ਼UPHG WZR RI WKH LQLWLDO LQVLJKWV WKDW HPHUJHG GXULQJ
GDWD FROOHFWLRQ� ॡH ਖ਼UVW RQH KDV WR GR ZLWK WKH LQਗ਼XHQFH RI SDUW\ GLVFLSOLQH RQ OHJLVOD�
WLYH FRVSRQVRUVKLS� PDQ\ RI WKH JUDSKV VKRZ WKDW SDUW\ Dਜ਼OLDWLRQV JRYHUQ RYHU PRVW
GHFLVLRQV WR FRVSRQVRU� ॡH VHFRQG RQH KDV WR GR ZLWK WKH GHQVLW\ RI WKH REVHUYHG QHW�
ZRUNV� ZKLFK YDULHV DFURVV FRXQWULHV DQG OHJLVODWXUHV IURP OHVV WKDQ ���� WR �����{{ ,Q IDFW�
ZLWK D PHDQ GHQVLW\ RI DSSUR[LPDWHO\ ���� DFURVV WKH REVHUYHG QHWZRUNV� WKH FRVSRQ�
VRUVKLS QHWZRUNV XQGHU VWXG\ DUH PXFK VSDUVHU WKDQ WKRVH RI WKH 8�6� VWDWH OHJLVODWXUHV
VWXGLHG E\ .LUNODQG �������

ॡLV ODVW REVHUYDWLRQ FRQਖ਼UPV WKDW WKH FRVSRQVRUVKLS WLHV FRQWDLQHG LQ WKH QHWZRUNV
XQGHU REVHUYDWLRQ DUH UHDVRQDEO\ VHOHFWLYH� RQ DYHUDJH� OHVV WKDQ �� RI DOO SRVVLEOH WLHV
LQ WKH QHWZRUNV DUH UHDOLVHG� ॡLV PLJKW EH SDUWO\ H[SODLQHG WKURXJK TXDOLWDWLYH REVHUYD�
WLRQ� VHYHUDO JUDSKV� IRU LQVWDQFH� VKRZ SDUW\ OHDGHUV RU WKHLU GHSXWLHV IUHTXHQWO\ DFWLQJ
DV ਖ਼UVW DXWKRUV IRU WKHLU SDUOLDPHQWDU\ JURXS� DQG WKHUHE\ RFFXS\LQJ D FHQWUDO SRVLWLRQ
ZLWKLQ LW� &RVSRQVRUVKLS WLHV� KRZHYHU� DUH WRR IUHTXHQW WR REVHUYH DOO WKHLU FRQਖ਼JXUD�
WLRQV ZLWKRXW UHVRUWLQJ WR VRPH TXDQWLਖ਼FDWLRQ RI WKHLU SUREDELOLW\ WR RFFXU� ZKLFK ZH
R੘HU LQ WKH QH[W VHFWLRQ�

ॡH܅} YLVXDOLVDWLRQV DUH DYDLODEOH RQOLQH DW KWWS���I�EULDWWH�RUJ�SDUOYL]�
{{1HWZRUN GHQVLW\ LV WKH UDWLR WKDW GLYLGHV WKH HPSLULFDO QXPEHU RI WLHV LQ D QHWZRUN E\ WKH QXPEHU RI

SRWHQWLDO WLHV WKDW LW FRXOG KDYH FRQWDLQHG LI DOO RI LWV QRGHV KDG EHHQ FRQQHFWHG WR HDFK RWKHU �:DVVHUPDQ
DQG )DXVW ����� S� ���������

ߤߟ
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ࡑߡࡑߢ ÜőɡʀǠɱőȚ ȔȫƉʗȂőɡǠʀˁ

ॡH WHQGHQF\ RI 03V WR FRVSRQVRU HDFK RWKHUV۟ SURSRVHG ELOOV FDSWXUHV PDQ\ GL੘HUHQW
SKHQRPHQD DW RQFH� %HFDXVH LQWURGXFLQJ D ELOO FDQ EH XVHG WR VLJQDO D SDUWLFXODU SRVL�
WLRQ WR YRWHUV �VXFK DV D॔HQWLRQ WR ZHOIDUH LVVXHV RU WR FRQVWLWXHQF\�VSHFLਖ਼F PD॔HUV��
ELOO FRVSRQVRUVKLS LV OLNHO\ WR UHਗ਼HFW VKDUHG LQWHUHVWV RU HOHFWRUDO LQFHQWLYHV EHWZHHQ WZR
RU PRUH 03V �%UXQQHU ������ %LOO FRVSRQVRUVKLS� KRZHYHU� LV XQOLNHO\ WR EH DQ HQWLUHO\
XQFRQVWUDLQHG EHKDYLRXU� SDUW\ GLYLVLRQV� DV ZHOO DV LQWUD�SDUW\ GLYLVLRQV� DUH ERWK VXV�
FHSWLEOH WR LQWHUIHUH ZLWK WKH GHFLVLRQ WR FRVSRQVRU D ELOO� LI RQO\ EHFDXVH SROLWLFDO SDUWLHV
SURYLGH LQIRUPDWLRQDO FXHV WR WKHLU PHPEHUV DERXW WKH DFWLYLWLHV DQG SRVLWLRQV RI WKHLU
RWKHU PHPEHUV�

$FFRUGLQJ WR WKLV OLQH RI UHDVRQLQJ� WKH OLNHOLKRRG RI FRVSRQVRUVKLS EHWZHHQ OLNH�
PLQGHG VSRQVRUV LV VXVFHSWLEOH WR EH KLJKHU ZLWKLQ SDUW\ OLQHV WKDQ DFURVV WKHP� HYHQ
LQ WKH XQOLNHO\ VFHQDULR WKDW FURVV�SDUW\ LQWHUDFWLRQV ZHUH QRW WR HQWDLO DQ\ VDQFWLRQV
IRU OHJLVODWRUV� <HW SDUWLVDQ FXHV FDQQRW EH H[SHFWHG WR EH WKH RQO\ RQHV WR FRQVWUDLQ WKH
GHFLVLRQ WR FRVSRQVRU D ELOO� RWKHU IDFWRUV� VXFK DV VKDUHG FRPPL॔HH PHPEHUVKLS RU WKH
RYHUDOO VL]H RI WKH SDUOLDPHQWDU\ FKDPEHU �.LUNODQG ������ PLJKW DOVR SOD\ D UROH LQ WKH
SURFHVV RI FROODERUDWLYH SDUWQHU VHOHFWLRQ DPRQJ 03V�

,Q RUGHU WR VXPPDULVH DQG GLVHQWDQJOH WKHVH LQWHUDFWLRQV� ZH ਖ਼UVW QHHG D ZD\ WR
PHDVXUH WKH DPRXQW RI LQWUD�SDUW\ DQG LQWHU�SDUW\ FROODERUDWLRQ WKDW RFFXUV LQ HDFK
FKDPEHU� 7R WKDW HQG� ZH WXUQ WR WKH VDPHPHWKRG DV WKDW XVHG LQ VHYHUDO QHWZRUN VWXGLHV
RI FRVSRQVRUVKLS LQ WKH 8QLWHG 6WDWHV �=KDQJ HW DO� ����� :DXJK HW DO� ����� .LUNODQG
����� .LUNODQG DQG*URVV ����� .LUNODQG ����� .LUNODQG ������ E\PHDVXULQJ WKLV TXDQWLW\
WKURXJK WKH QHWZRUN PRGXODULW\ VWDWLVWLF �1HZPDQ DQG *LUYDQ ����� 1HZPDQ �����
/HLFKW DQG 1HZPDQ ������

1HWZRUN PRGXODULW\ LV D VXPPDU\ VWDWLVWLF WKDW FDSWXUHV WKH H[WHQW WR ZKLFK WKH
WLHV RI WKH QHWZRUN VWD\ FRQਖ਼QHG ZLWKLQ VSHFLਖ਼F JURXSV� *LYHQ D VHW RI FRPPXQLWLHV RI
DFWRUV� PRGXODULW\ FDQ H[SUHVV WKH SURSHQVLW\ RI WKHVH DFWRUV WR IRUP WLHV ZLWKLQ WKHVH
FRPPXQLWLHV� DV RSSRVHG WR DFURVV WKHP� :KHQ PRGXODULW\ LV KLJK� WKH REVHUYHG QHW�
ZRUN FRQWDLQV FRPPXQLWLHV WKDW KDYH GHYHORSHGPDQ\ WLHV ZLWKLQ WKHP EXW IHZ EHWZHHQ

ߥߟ



WKHP� ZKLFK� DV :DXJK HW DO� ������ REVHUYH� LV FRQFHSWXDOO\ DQDORJRXV WR ZKDW VFKRODUV
GHVLJQDWH DV SRODULVDWLRQ LQ VWXGLHV RI UROO FDOO YRWHV�

1HWZRUNPRGXODULW\ LV FRPSXWHG E\ FRPSDULQJ WKH SURSRUWLRQ RI QHWZRUN WLHV IRUPHG
ZLWKLQ D JLYHQ YHFWRU RI FRPPXQLWLHV WR WKDW VDPH SURSRUWLRQ LQ D UDQGRPLVHG QHWZRUN
RI LGHQWLFDO GLPHQVLRQV� ॡH IXUWKHU DZD\ WKH REVHUYHG QHWZRUN LV IURP WKH UDQGRPLVHG
۞QXOO۟ PRGHO� WKH PRUH Hਜ਼FLHQW WKH FRPPXQLW\ YHFWRU LV DW SDUWLWLRQLQJ WKH QHWZRUN LQWR
PHDQLQJIXO FRPPXQLWLHV �1HZPDQ DQG *LUYDQ ����� 1HZPDQ ������ ,Q D SDUW\�EDVHG
VH॔LQJ� SDUWLVDQ PRGXODULW\ WKHUHIRUH PHDVXUHV WKH OHYHO RI ZLWKLQ�SDUW\ FROODERUDWLRQ
DJDLQVW UDQGRP FROODERUDWLYH WLHV�

ॡH PHWKRGRORJ\ WR FRPSXWH WKH PRGXODULW\ RI D QHWZRUN LV UHWUDFHG LQ :DXJK HW
DO� ������ DQG .LUNODQG DQG *URVV ������� )RU D JLYHQ FRPPXQLW\ YDULDEOH g� ZKLFK LQ
WKLV FDVH LV WKH SDUOLDPHQWDU\ JURXS Dਜ਼OLDWLRQ RI HDFK 03� WKH PRGXODULW\ VWDWLVWLF Q
UHSUHVHQWV WKH IUDFWLRQ RI QHWZRUN GHJUHH m FRQWDLQHG LQVLGH g� PLQXV WKH H[SHFWHG
WRWDO GHJUHH RI WKH QHWZRUN� 0RGXODULW\ FDQ WKXV EH H[SUHVVHG DV

Q =
1

2m

∑

ij

[
Aij − Pij

]
δgigj

ZKHUH m LV WKH WRWDO QXPEHU RI HGJHV LQ WKH QHWZRUN� Aij LV WKH H[LVWHQFH RI D WLH
EHWZHHQ 03V i DQG j� Pij = kikj

2m LV WKH WRWDO QXPEHU RI WLHV ki IRUPHG E\ 03 i� DQG
δgigj = 1 LI 03V i DQG j EHORQJ WR WKH VDPH SDUOLDPHQWDU\ JURXS� RU 0 LI WKH\ GR QRW�
,Q D GLUHFWHG QHWZRUN� WKLV HTXDWLRQ ORVHV WKH IDFWRU RI 2 LQ WKH GHQRPLQDWRU� DQG VWD\V
XQFKDQJHG RWKHUZLVH �/HLFKW DQG 1HZPDQ ����� (TXDWLRQ ���

ॡUHH IXUWKHU FKDUDFWHULVWLFV RI QHWZRUNPRGXODULW\ DUH LPSRUWDQW WR XQGHUOLQH� )LUVW�
PRGXODULW\ FDQ WDNH HGJH ZHLJKWV LQWR DFFRXQW WR FRPSXWH WKH GHJUHH GLVWULEXWLRQ RI WKH
QHWZRUN� :H WKHUHIRUH FRPSXWHG IRXU SDUW\�EDVHG PRGXODULW\ VWDWLVWLFV SHU QHWZRUN�
RQH IURP WKH XQZHLJKWHG QHWZRUN HGJHV� RQH IURP WKH ۞UDZ۟ QXPEHU RI FRVSRQVRUVKLSV
EHWZHHQ WZR 03V� RQH IURP WKH ZHLJKWHG TXDQWLW\ RI ELOOV FRVSRQVRUHG� FRPSXWHG DV LQ
)RZOHU �����D� S� ���� E\ ZHLJKWLQJ DOO FRVSRQVRUVKLSV LQ LQYHUVH SURSRUWLRQ WR WKH RYHU�
DOO QXPEHU RI FRVSRQVRUV RQ WKH ELOO� DQG RQH IURP WKH ZHLJKWHG SURSHQVLW\ WR FRVSRQVRU�
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FRPSXWHG DV LQ *URVV� .LUNODQG� DQG 6KDOL]L ������ (TXDWLRQ �� E\ ZHLJKWLQJ DOO FRVSRQ�
VRUVKLSV LQ LQYHUVH SURSRUWLRQ WR WKH RYHUDOO QXPEHU RI FRVSRQVRUV RQ WKH ELOO� DQG WKHQ
E\ QRUPDOLVLQJ WKDW VXP WR WKH PD[LPXP QXPEHU RI SRVVLEOH FRVSRQVRUVKLSV EHWZHHQ
03 FRVSRQVRU i DQG 03 DXWKRU j GXULQJ WKH OHJLVODWXUH�

6HFRQG� HPSLULFDO HVWLPDWHV RI QHWZRUN PRGXODULW\ DUH LQWHUHVWLQJ WR FRPSDUH WR WKH
PD[LPXP OHYHO RI PRGXODULW\ WKDW FDQ EH UHDFKHG LQ D JLYHQ QHWZRUN� ,Q RUGHU WR DVVHVV
WKDW IDFWRU� ZH IROORZHG :DXJK HW DO� ������ 6HFWLRQ �� LQWR PD[LPLVLQJ RXU PRGXODULW\
HVWLPDWHV� XVLQJ XS WR �� UDQGRPZDONV ZLWK WKH:DONWUDS DOJRULWKP E\ 3RQV DQG /DWDS\
������ WR LGHQWLI\ RSWLPDO SDUWLWLRQV LQ HDFK FRVSRQVRUVKLS QHWZRUN� DQG WKHQ VWRULQJ WKH
KLJKHVW PRGXODULW\ VWDWLVWLF D॔DLQHG E\ WKDW PHWKRG�

)LJXUH � VKRZV KRZ RXU HPSLULFDO� SDUW\�EDVHG PRGXODULW\ HVWLPDWHV FRPSDUH ZLWK
WKHVH PD[LPLVHG PRGXODULW\ VFRUHV� LQ H੘HFW� LQ PRVW REVHUYHG QHWZRUNV� ERWK PHDVXUHV
DUH UDWKHU FORVH WR HDFK RWKHU� ZKLFK WUDQVODWHV LQWR SDUWLVDQ GLYLVLRQV EHLQJ KLJKO\ HI�
ਖ਼FLHQW RQHV WR GHVFULEH WKH VWUXFWXUH RI WKH QHWZRUNV� ॡH VDPH ਖ਼JXUH DOVR VKRZV WKDW
PHDVXUHV RI SDUW\�EDVHG PRGXODULW\ REWDLQHG WKURXJK GL੘HUHQW HGJH ZHLJKWLQJ VFKHPHV
DUH LQ EURDG DJUHHPHQW ZLWK HDFK RWKHU�{t

{tॡH FRUUHODWLRQ FRHਜ਼FLHQWV IRU RXU IRXU VHULHV RI SDUW\�EDVHG QHWZRUN PRGXODULW\ HVWLPDWHV DUH DOO
VXSHULRU WR 0.9�
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)LJXUH �� 1HWZRUN PRGXODULW\ LQ DOO REVHUYHG QHWZRUNV� SDUWLVDQ PRGXODULW\ LQ VROLG OLQHV� PD[LPLVHG PRGXODULW\ LQ GDVKHG
OLQHV� DQG QXOO PRGXODULW\ DV KRUL]RQWDO GRWV� (DFK VHULHV RI KRUL]RQWDO SDQHV UHIHUV WR RQH RI WKH ZHLJKWLQJ VFKHPHV XVHG
LQ WKH PRGXODULW\ FRPSXWDWLRQV� XQZHLJKWHG �XQZ�� UDZ FRVSRQVRUVKLS FRXQWV �UDZ�� ZHLJKWHG TXDQWLW\ RI ELOOV FRVSRQVRUHG
�QIZ�� DQG ZHLJKWHG SURSHQVLW\ WR FRVSRQVRU �ZSF��
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ॡLUG DQG ODVW� PRGXODULW\ LV ERXQGHG EHWZHHQ −1 DQG +1� SRVLWLYH VFRUHV DUH LQ�
GLFDWLYH RI DVVRUWDWLYH PL[LQJ� ZKLFK LV WKH VLWXDWLRQ ZKHUH WLH IRUPDWLRQ LV PRUH OLNHO\
WR RFFXU ZLWKLQ FRPPXQLWLHV WKDQ DFURVV WKHP� ZKLOH QHJDWLYH VFRUHV DUH LQGLFDWLYH RI
GLVDVVRUWDWLYH PL[LQJ� WKH RSSRVLWH� DQG PXFK OHVV IUHTXHQW� VLWXDWLRQ �1HZPDQ DQG *LU�
YDQ ����� 1HZPDQ ������ ,I ZH H[SHFW ELOO FRVSRQVRUVKLS QHWZRUNV WR EH SULPDULO\ VWUXF�
WXUHG E\ SDUW\ Dਜ਼OLDWLRQ� WKHQ ZH VKRXOG KDYH REVHUYHG KLJK� SRVLWLYH PRGXODULW\ LQ DOO
QHWZRUNV�

,Q RUGHU WR LOOXVWUDWH WKLV ODVW SRLQW� )LJXUH � VKRZV WZR KLJKO\ GLVVLPLODU SD॔HUQV RI
SDUWLVDQ PRGXODULW\ LQ WKH REVHUYHG QHWZRUNV� )LJXUH �D VKRZV RQH RI WKH FRVSRQVRU�
VKLS QHWZRUNV IRU $XVWULD� WKH RQO\ FRXQWU\ ZKHUH WKH PRGXODULW\ VWDWLVWLFV DUH DOZD\V
QHJDWLYH� ZKLFK PLJKW EH H[SODLQHG ERWK E\ WKH VPDOO VL]H RI WKH QHWZRUNV DQG E\ WKH
RUJDQLVDWLRQ RI FRDOLWLRQ JRYHUQPHQW LQ $XVWULD� ZKHUH WZR SDUWLHV V\VWHPDWLFDOO\ VKDUH
SRZHU� ,Q WKH VKRZQ H[DPSOH� PRVW RI WKH �IHZ� FRVSRQVRUVKLS WLHV UHSUHVHQWHG LQ WKH
QHWZRUN DUH LQGHHG UHਗ਼HFWLYH RI WKH ۞EODFN�EOXH۟ FRDOLWLRQ IRUPHG E\ WKH �93 DQG WKH
)3� GXULQJ WKH ��VW SDUOLDPHQWDU\ OHJLVODWXUH�{u

,Q FRQWUDVW� )LJXUH �E VKRZV RQH RI WKH FRVSRQVRUVKLS QHWZRUNV IRU %HOJLXP� DOO RI
ZKLFK DUH KLJKO\ DQG SRVLWLYHO\ PRGXODU� ॡLV SD॔HUQ GHULYHV IURP WKH %HOJLDQ SDUW\
V\VWHP� ZKLFK LV GLYLGHG LQWR OLQJXLVWLF FRPPXQLWLHV WKDW R॑HQ FRPH LQWR FRQਗ਼LFW ZLWK
HDFK RWKHU �)URJQLHU ������ )XUWKHUPRUH� ZKLOH VRPH %HOJLDQ SDUWLHV �OLNH WKH *UHHQV� GH�
QRWHG ۞(&2/2 �۟ RU WKH )OHPLVK QDWLRQDOLVWV� GHQRWHG ۞92/.6۟� VKRZ OL॔OH VLJQ RI FRRSHU�
DWLRQZLWK RWKHUV RYHU ELOO VSRQVRUVKLS� WKH IDU�ULJKW 9ODDPV %HODQJ �GHQRWHG ۞9/$$06۟�
VKRZV QRQH DW DOO� ZKLFK KDV D SRVLWLYH LPSDFW RQ WKH PRGXODULW\ RI WKH HQWLUH FRVSRQ�
VRUVKLS QHWZRUN�{܇

{u2YHU WKDW SHULRG� WKH $XVWULDQ SDUW\ V\VWHP H[SHULHQFHG FKDQJHV WKDW DOVR FRQWULEXWH WR H[SODLQLQJ
WKH REVHUYHG SD॔HUQV� ZKLOH JRYHUQPHQW DQG RSSRVLWLRQ SDUWLHV UHPDLQHG FRPSHWLWLYH� SDUWLHV RQ HDFK
VLGH RI WKH GLYLGH EHFDPH PRUH FRRSHUDWLYH ZLWK HDFK RWKHU� OHDGLQJ WR ZKDW 0¾OOHU DQG )DOOHQG ������
FDOO D ۢZHDN YHUVLRQ RI D WZR�EORF V\VWHP �ۣ

ॡDW܇} LPSDFW FDQ EH HVWLPDWHG WR D PRGHVW 0.03− 0.04 E\ UHPRYLQJ WKH 9ODDPV %HODQJ IURP WKH QHW�
ZRUN� ॡH DEVHQFH RI OHJLVODWLYH FROODERUDWLRQ EHWZHHQ SDUWLHV GRHV QRW VLJQLI\ WKDW WKHUH DUH QR ODWHQW
LQWHU�SDUW\ G\QDPLFV LQ KLJKO\ GLYLGHG LQVWLWXWLRQV OLNH WKH %HOJLDQ SDUOLDPHQW �VHH� IRU LQVWDQFH� 9OLHJHQ�
WKDUW� :DOJUDYH� DQG 0HSSHOLQN ������

ߟߠ



GRÜNE
SPÖ
ÖVP
FPÖ

�D� %LOO FRVSRQVRUVKLS QHWZRUN IRU $XVWULD� ��VW OHJLVODWXUH� \HDUV ����ۙ����� EDVHG RQ ��� ELOOV
VSRQVRUHG E\ �� 03V� SDUWLVDQ PRGXODULW\� −0.39 �UDZ FRVSRQVRUVKLS FRXQWV� DQG −0.37
�ZHLJKWHG SURSHQVLW\ WR FRVSRQVRU��

ECOLO
SOC−F
SOC−V
CDEM−F
CDEM−V
LDD
VOLKS
LIB−F
LIB−V
VLAAMS

�E� %LOO FRVSRQVRUVKLS QHWZRUN IRU %HOJLXP� ��UG OHJLVODWXUH� \HDUV ����ۙ����� EDVHG RQ ��� ELOOV
VSRQVRUHG E\ ��� 03V� SDUWLVDQ PRGXODULW\� +0.79 �UDZ FRVSRQVRUVKLS FRXQWV� DQG +0.78
�ZHLJKWHG SURSHQVLW\ WR FRVSRQVRU��

)LJXUH �� ([DPSOH FRVSRQVRUVKLS QHWZRUNV H[SUHVVLQJ GL੘HUHQW SD॔HUQV RI SDUWLVDQ
PRGXODULW\ LQ WZR :HVW (XURSHDQ FRXQWULHV� 1RGHV DUH VL]HG SURSRUWLRQDOO\ WR WKHLU
XQZHLJKWHG WRWDO GHJUHH� DQG HGJHV DUH FRORXUHG ZKHQ WKH\ FRQQHFW WZR QRGHV EHORQJ�
LQJ WR WKH VDPH SDUW\� 3DUW\ DEEUHYLDWLRQV DUH OLVWHG LQ IXOO LQ %ULD॔H ������ $SSHQGL[�
6HFWLRQ '��
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$OO LQ DOO� WKH DPRXQW RI SDUW\ SRODULVDWLRQ FDSWXUHG E\ QHWZRUN PRGXODULW\ YDULHV�
IRU DOO FRXQWULHV EXW $XVWULD� EHWZHHQ −0.04 WR +0.81� ॡH PHGLDQ PRGXODULW\ VFRUH LV
+0.46 IRU PRGXODULW\ PHDVXUHG IURP UDZ FRVSRQVRUVKLS FRXQWV� DQG +0.44 IRU PRGX�
ODULW\ PHDVXUHG IURP WKH ZHLJKWHG SURSHQVLW\ WR FRVSRQVRU� /RZO\ PRGXODU QHWZRUNV�
VXFK DV WKRVH REVHUYHG LQ ERWK 6ZLVV FKDPEHUV� R॑HQ FRQWDLQ WZR RU WKUHH SDUOLDPHQ�
WDU\ JURXSV RQ HDFK VLGH RI WKH JRYHUQPHQW�RSSRVLWLRQ GLYLGH WKDW FROODERUDWH ZLWK HDFK
RWKHU RYHU ELOO FRVSRQVRUVKLS� %\ FRQWUDVW� VRPH RI WKH KLJKO\ PRGXODU QHWZRUNV VKRZ
D VLQJOH SDUW\� VXFK DV WKH 6RFLDO 'HPRFUDWV LQ 6ZHGHQ� FRVSRQVRULQJ DOPRVW H[FOXVLYHO\
ZLWKLQ SDUW\ OLQHV�{܈

$W WKDW VWDJH� EHFDXVH VRPH RI WKH REVHUYHG FRVSRQVRUVKLS QHWZRUNV FDPH YHU\ FORVH
WR D SDUWLVDQPRGXODULW\ VFRUH RI 0� ZH UDQ WZR GL੘HUHQW WHVWV WR GHWHUPLQH ZKHWKHU WKHVH
VFRUHV PLJKW EH REWDLQHG E\ FKDQFH� HLWKHU WKURXJK UDQGRP HGJH UHZLULQJ� ZKLFK SUH�
VHUYHV WKH GHJUHH GLVWULEXWLRQ RI WKH QHWZRUNV� RU WKURXJK UDQGRPLVHG UHDVVLJQPHQWV
RI WKH SDUW\ SDUWLWLRQ YHFWRU� DV VXJJHVWHG E\ .LUNODQG ������� ॡH UHVXOWV RI ERWK WHVWV
FRQਖ਼UPHG WKDW RXU GDWD FRQWDLQ D OLPLWHG QXPEHU RI ERUGHUOLQH FDVHV� VXFK DV ,VUDHO� LQ
ZKLFK WKH PHDVXUHPHQW RI SDUW\ SRODULVDWLRQ WKURXJK QHWZRUN PRGXODULW\ LV SUREOHP�
DWLF�{܉

/DVW� WKH SUHYLRXVO\ PHQWLRQHG 9ODDPV %HODQJ LQ %HOJLXP LV QRW WKH RQO\ IDU�ULJKW
SDUW\ WR EH LVRODWHG LQ WKH REVHUYHG FRVSRQVRUVKLS QHWZRUNV� WKLV LV DOVR WUXH� IRU LQ�
VWDQFH� RI WKH -REELN SDUW\ LQ+XQJDU\ GXULQJ \HDUV ����ۙ����� RU RI WKH 6ZHGLVK'HPRFUDWV
GXULQJ WKH VDPH SHULRG� ,Q WKHVH ODVW H[DPSOHV� SDUW\ VHJPHQWDWLRQ FRPELQHG WR LGH�
RORJLFDO GLVSHUVLRQ WUDQVODWHV LQWR KLJKHU SDUWLVDQ PRGXODULW\ VFRUHV WKDQ LQ FKDPEHUV
ZKHUH QR SDUW\ LV H੘HFWLYHO\ RVWUDFLVHG IURP FURVV�SDUW\ OHJLVODWLYH FROODERUDWLRQ� ZKLFK
LV LQGLFDWLYH RI WKH OLQN WKDW ZH ODWHU LGHQWLI\ EHWZHHQ SDUWLVDQ LGHRORJ\ DQG SDUW\ SR�
ODULVDWLRQ�

ॡHVH܈} REVHUYDWLRQV DUH LQ OLQH ERWK ZLWK WKH IXQFWLRQLQJ RI WKH 6ZLVV SROLWLFDO V\VWHP� LQ ZKLFK WKH
H[HFXWLYH LV V\VWHPDWLFDOO\ FRPSRVHG RI VHYHUDO SDUWLHV� DQG ZLWK WKH VXFFHVVIXO HOHFWRUDO KLVWRU\ RI WKH
6ZHGLVK 6RFLDO 'HPRFUDWV� ZKR KDYH ZRQ ODUJH VKDUHV RI SDUOLDPHQWDU\ VHDWV LQ DOPRVW HYHU\ 6ZHGLVK
HOHFWLRQ�

ॡH܉} FRGH DQG UHVXOWV RI WKLV SDUW RI RXU DQDO\VLV LV DYDLODEOH RQ GHPDQG� :H KDYH DOVR H[SORUHG DQ
DOWHUQDWLYH PHDVXUHPHQW RI QHWZRUN PRGXODULW\ WKURXJK VLPXODWHG DQQHDOLQJ� ZLWK UHVXOWV KLJKO\ FRP�
SDUDEOH WR WKRVH UHSRUWHG KHUH�
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ࡑߢࡑߢ ĥőɡǠőŵȂƜ ɱƜȂƜžʀǠȫȚ

7R H[DPLQH SRVVLEOH H[SODQDWLRQV RI ZKDW PLJKW GULYH VXFK SRODULVDWLRQ WR LQFUHDVH RU
GHFUHDVH� ZH UHYLHZHG H[LVWLQJ VWXGLHV RI OHJLVODWLYH FRVSRQVRUVKLS LQ WKH 8QLWHG 6WDWHV�
DQG WKDW RI .LUNODQG ������ HVSHFLDOO\� ॡH VHOHFWLRQ RI YDULDEOHV UHWXUQHG E\ RXU UHYLHZ
IDOO LQWR ਖ਼YH EURDG W\SHV� IURP ZKLFK ZH IRUPXODWH RXU K\SRWKHVHV�

:H EHJLQ E\ LQFOXGLQJ VRPH LQIRUPDWLRQ RQ ࠫDPEHU DQG SDUW\ VWUXFWXUH� ,I ZH
IROORZ .LUNODQG ������ LQ K\SRWKHVLVLQJ WKDW ۢLQ ODUJHU OHJLVODWLYH FKDPEHUV� OHJLVODWRUV
ZLOO UHO\ PRUH KHDYLO\ RQ REYLRXV FXHV OLNH SDUW\ LQ WKHLU FKRLFHV DERXW FROODERUDWLYH
SDUWQHUV�ۣ WKHQ SDUWLVDQ PRGXODULW\ VKRXOG LQFUHDVH ZLWK FKDPEHU VL]H� +RZHYHU� WKH
QXPEHU RI SDUOLDPHQWDU\ SDUW\ JURXSV DQG WKHLU VL]H PLJKW DOVR D੘HFW WKH GHJUHH RI
VHJPHQWDWLRQ PHDVXUHG LQ HDFK FKDPEHU� DQG PLJKW GR VR GL੘HUHQWO\� HVSHFLDOO\ LI WKH
FRVSRQVRUVKLS RI OHJLVODWLRQ E\ PRUH WKDQ RQH JURXS LV SHUFHLYHG WR LQFUHDVH LWV FKDQFHV
RI DSSURYDO� )RU WKDW UHDVRQ� ZH LQFOXGH WKUHH IDFWRUV WKDW ZH H[SHFW WR FDQFHO HDFK RWKHU
RXW� WKH WRWDO QXPEHU RI VSRQVRUV LQ WKH QHWZRUN�{܊ WKH WRWDO QXPEHU RI SDUOLDPHQWDU\
SDUW\ JURXSV LQ WKH QHWZRUN� DQG WKH PHGLDQ VL]H RI SDUOLDPHQWDU\ SDUW\ JURXSV LQ WKH
QHWZRUN�{܋

:H WKHQ LQFOXGH VRPH LQIRUPDWLRQ RQ WKH VSRQVRU SRSXODWLRQ SUHVHQW LQ HDFK QHW�
ZRUN� $V VHYHUDO SUHYLRXV VWXGLHV RI FRVSRQVRUVKLS KDYH VKRZQ �%UD॔RQ DQG 5RXVH
����� &ODUN DQG &DUR ������ IHPDOH 03V� QHZO\ HOHFWHG 03V DQG XQDਜ਼OLDWHG 03V DUH
R॑HQ PRUH DFWLYH OHJLVODWRUV� IXUWKHUPRUH� XQDਜ਼OLDWHG 03V FDQ DGRSW GL੘HUHQW FROODE�
RUDWLYH VWUDWHJLHV� VXFK DV ZRUNLQJ ZLWK RQO\ RQH SDUOLDPHQWDU\ JURXS� ZRUNLQJ ZLWK
VHYHUDO RI WKHP� RU HYHQ IRUPLQJ WKHLU RZQ SDUOLDPHQWDU\ JURXS ZKHQ SDUOLDPHQWDU\
UHJXODWLRQV DOORZ LW� DV LQ WKH )UHQFK 6HQDWH� :H WKHUHIRUH LQFOXGH WKH SHUFHQWDJH RI
VSRQVRUV WKDW IDOO XQGHU HDFK SURਖ਼OH DV D PHDQV WR GHWHFW DQ\ FKDQJH LQ PRGXODULW\ WKDW
PLJKW EH DVVRFLDWHG ZLWK WKHLU LQFUHDVHG SUHVHQFH LQ WKH QHWZRUNV�

:H WKHQ LQFOXGH VRPH LQIRUPDWLRQ RQ SDUOLDPHQWDU\ FRPPLWWHHV DQG OHJLVODWXUH

ॡH܊} WRWDO QXPEHU RI VSRQVRUV LQ HDFK QHWZRUN LV KLJKO\ FRUUHODWHG WR WKH VWDWXWRU\ VL]H RI WKH FKDPEHU
�ρ = 0.92�� DQG EH॔HU FDSWXUHV WKH QXPEHU RI OHJLVODWRUV ZKR H੘HFWLYHO\ HQJDJH LQWR FRVSRQVRULQJ ELOOV�
5HSODFLQJ WKH WRWDO QXPEHU RI VSRQVRUVZLWK VWDWXWRU\ FKDPEHU VL]H GRHV QRW VLJQLਖ਼FDQWO\ D੘HFW WKH UHVXOWV�

H:܋} XVH WKH PHGLDQ VL]H RI WKH SDUOLDPHQWDU\ SDUW\ JURXSV WR DYRLG FROOLQHDULW\ ZLWK FKDPEHU VL]H�
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GXUDWLRQ� H[SHFWLQJ ERWK IDFWRUV WR GHFUHDVH SDUWLVDQ PRGXODULW\ LQ WKH REVHUYHG QHW�
ZRUNV� :H DJDLQ IROORZ .LUNODQG ������ S� ���� LQ K\SRWKHVLVLQJ WKDW� EHFDXVH SDUOLD�
PHQWDU\ FRPPL॔HHV ۢD੘RUG OHJLVODWRUV WLPH WR OHDUQ VSHFLਖ਼F LQIRUPDWLRQ DERXW RQH DQ�
RWKHU DQG WKH FKDQFH WR JDLQ LQVLJKWV DERXW SRWHQWLDO SDUWQHUVKLSV�ۣ DQG EHFDXVH ۢODUJHU
FRPPL॔HHV KHOS OHJLVODWRUV GHYHORS D PRUH RSWLPDO FROODERUDWLYH QHWZRUN E\ SURYLGLQJ
WKHP FKDQFHV WR OHDUQ DERXW DQG LQWHUDFW ZLWK D JUHDWHU QXPEHU SRWHQWLDO SDUWQHUV �ۣ WKHQ
DQ LQFUHDVH LQ WKH QXPEHU DQG�RU DYHUDJH VL]H RI WKHVH FRPPL॔HHV VKRXOG KDYH D QHJD�
WLYH H੘HFW RQ SDUWLVDQ PRGXODULW\�{܌ 6LPLODUO\� ORQJHU OHJLVODWXUHV PLJKW JLYH PRUH WLPH
WR OHJLVODWRUV WR OHDUQ DERXW HDFK RWKHU� DQG PLJKW WKHUHIRUH SURGXFH D VLPLODU H੘HFW�

:H IXUWKHU LQFOXGH PHDVXUHV RI FRVSRQVRUVKLS DFWLYLW\� LQ RUGHU WR FRQWURO IRU WKH
GL੘HUHQW YROXPH RI OHJLVODWLYH SURGXFWLRQ LQ HDFK FRXQWU\� ॡH ਖ਼UVW FRQWURO ZH LQWUR�
GXFH LV WKH QXPEHU RI FRVSRQVRUHG ELOOV LQWURGXFHG GXULQJ WKH OHJLVODWXUH� DV D PHDQV WR
FRQWURO IRU WKH OLPLWHG SRWHQWLDO IRU FROODERUDWLRQ WKDW PLJKW FKDUDFWHULVH OHVV SURGXF�
WLYH DVVHPEOLHV�t܅ :H WKHQ DGG QHWZRUN GHQVLW\ DV D PHDQV WR FRQWURO IRU WKH H[WHQW RI
LQWHUDFWLRQV EHWZHHQ VSRQVRUV LQ WKH QHWZRUN� ZKLFK HQVXUHV WKDW WKH IUDFWLRQ RI PRG�
XODULW\ D॔ULEXWHG WR RWKHU SUHGLFWRUV LV PHDVXUHG QHW RI WKDW SDUDPHWHU� ॡLV FRQWURO LV
HVSHFLDOO\ LPSRUWDQW WR HVWLPDWH WKH QHW H੘HFW RI FKDPEHU VL]H� JLYHQ WKDW GHQVLW\ LV QRU�
PDOL]HG E\ WKH QXPEHU RI VSRQVRUV LQ WKH QHWZRUN� ۢDQ\ UHPDLQLQJ FRUUHODWLRQ EHWZHHQ
QHWZRUN GHQVLW\ DQG QHWZRUN VL]H LV D UHVXOW RI DFWRUV LQ WKH QHWZRUNV DFWLYHO\ DYRLGLQJ
QHWZRUN FRQQHFWLRQV LQ ODUJHU QHWZRUNVۣ �.LUNODQG ����� S� �����

)LQDOO\� ZH LQFOXGH VRPH LQIRUPDWLRQ RQ WKH SDUWLVDQ FRPSRVLWLRQ RI WKH FRVSRQ�
VRUVKLS QHWZRUNV� LQ WKH IRUP RI WZR SDUDPHWHUV PHDVXUHG IURP WKH /H॑�5LJKW VFRUHV
RI WKH SDUOLDPHQWDU\ JURXSV WKDW SDUWLFLSDWH LQ FRVSRQVRULQJ OHJLVODWLRQ� ॡH PHDQ RI
WKHVH VFRUHV LQWHQGV WR HVWLPDWH ZKHWKHU SDUOLDPHQWV GRPLQDWHG E\ HLWKHU OH॑ZLQJ RU
ULJKWZLQJ PDMRULWLHV DUH GL੘HUHQW LQ WHUPV RI WKHLU GHJUHH RI SDUWLVDQ VHJPHQWDWLRQ�
ॡH VWDQGDUG GHYLDWLRQ RI WKHVH VFRUHV FDSWXUHV D GL੘HUHQW H[SHFWDWLRQ� OHJLVODWXUHV

V$܌} RQH PLJKW H[SHFW� WKH DYHUDJH VL]H RI SDUOLDPHQWDU\ FRPPL॔HHV LV FRUUHODWHG WR FKDPEHU VL]H�
EXW RQO\ WR D PRGHUDWH H[WHQW �ρ = 0.41�� ॡLV LV OLNHO\ GXH WR RXU EURDG GHਖ਼QLWLRQ RI SDUOLDPHQWDU\
FRPPL॔HHV� ZKLFK LQFOXGHV SHUPDQHQW DV ZHOO DV WHPSRUDU\ FRPPL॔HHV� VXFK DV SDUOLDPHQWDU\ LQTXLULHV�
ERWK RI ZKLFK DUH OLNHO\ WR HQDEOH OHJLVODWRUV WR OHDUQ DERXW HDFK RWKHU�

t5܅HSODFLQJ WKH QXPEHU RI FRVSRQVRUHG ELOOV E\ WKH RYHUDOO QXPEHU RI ELOOV LQWURGXFHG GXULQJ WKH VDPH
SHULRG GRHV QRW VLJQLਖ਼FDQWO\ D੘HFW WKH UHVXOWV�
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LQ ZKLFK SDUOLDPHQWDU\ JURXSV DUH LGHRORJLFDOO\ PRUH GLYHUVH VKRXOG FROODERUDWH OHVV�
ZKLFK ZRXOG OHDG WR KLJKHU QHWZRUN PRGXODULW\�

ࡑߣ ãƜɱʗȂʀɱ

,Q RUGHU WR PRGHO SDUWLVDQ PRGXODULW\ LQ WKH REVHUYHG FRVSRQVRUVKLS QHWZRUNV� ZH
WXUQHG WR RUGLQDU\ OHDVW VTXDUHV UHJUHVVLRQV RI LWV WZR YDOXHV� WKH ਖ਼UVW RI ZKLFK ZDV
ZHLJKWHG XVLQJ UDZ FRVSRQVRUVKLS FRXQWV� DQG WKH VHFRQG RI ZKLFK ZDV ZHLJKWHG XV�
LQJ WKH ZHLJKWHG SURSHQVLW\ WR FRVSRQVRU�t{ 6LQFH RXU VDPSOH VL]H ZDV UHODWLYHO\ VPDOO�
ZH DOVR UDQ %D\HVLDQ QRUPDO OLQHDU UHJUHVVLRQV �2ZHQ HW DO� ����� S� �������� WR FKHFN
WKH GLUHFWLRQ DQG PDJQLWXGH RI RXU HVWLPDWHV� ॡH UHVXOWV RI WKHVH PRGHOV� ZKLFK FDQ
EH REWDLQHG IURP WKH UHSOLFDWLRQ PDWHULDO� ZHUH TXDVL�LGHQWLFDO WR WKRVH UHSRUWHG KHUH�
ZLWKRXW DQ\ VLJQ LQYHUVLRQ RU VLJQLਖ਼FDQW FKDQJH LQ WKH VWDQGDUG HUURUV�

)RU ERWK YHUVLRQV RI SDUWLVDQ PRGXODULW\� ZH UHSRUW WKH UHVXOWV RI IRXU PRGHOV� HDFK
RI ZKLFK ZHUH UDQ RQ VOLJKWO\ GL੘HUHQW VDPSOHV RI FRVSRQVRUVKLS QHWZRUNV GHSHQGLQJ
RQ H[FOXGHG FRXQWU\ FDVHV DQG PLVVLQJ GDWD�

0RGHO � LQFOXGHV DOO QHWZRUNV� DW WKH H[FHSWLRQ RI RQH QHWZRUN IURP WKH %HOJLDQ XSSHU
FKDPEHU DQG RQH RWKHU QHWZRUN IURP 3RUWXJDO� IRU ZKLFK LW ZDV QRW SRVVLEOH WR
PHDVXUH WLPH LQ Rਜ਼FH �N = 139��

0RGHO � UHSOLFDWHV0RGHO �ZKLOH H[FOXGLQJ$XVWULD DQG ,UHODQG� GXH WR WKH H[FHSWLRQDOO\
QHJDWLYH SDUWLVDQ PRGXODULW\ RI WKH IRUPHU DQG WKH H[FHSWLRQDOO\ ORZ QXPEHU RI
ELOOV DQG VSRQVRUV RI WKH OD॔HU �N = 135��

0RGHO � UH�DGGV DOO FRXQWULHV WR WKH QHWZRUN VDPSOH EXW DOVR DGGV WZR SUHGLFWRUV UHODW�
LQJ WR SDUOLDPHQWDU\ FRPPL॔HHV� ZKLFK KDV WKH H੘HFW RI H[FOXGLQJ VRPH QHWZRUNV
IURP %HOJLXP� WKH )UHQFK ORZHU FKDPEHU� ,UHODQG DQG 3RUWXJDO� DOO RI ZKLFK GLG
QRW SURYLGH UHOLDEOH LQIRUPDWLRQ RQ FRPPL॔HH PHPEHUVKLSV �N = 116�� DQG

t{:H RQO\ UHJUHVV HPSLULFDO �SDUWLVDQ� PRGXODULW\ HVWLPDWHV� EXW WKH UHVXOWV DUH EURDGO\ VLPLODU LI PD[�
LPLVHG PRGXODULW\ VFRUHV DUH XVHG�
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0RGHO � UHSOLFDWHV 0RGHO � ZKLOH H[FOXGLQJ $XVWULD DQG ,UHODQG� IRU WKH VDPH UHDVRQ DV
PHQWLRQHG DERYH �N = 112��

7DEOHV � UHSRUWV WKH UHVXOWV RI WKHVH PRGHOV IRU SDUWLVDQPRGXODULW\ FRPSXWHG DJDLQVW
UDZ FRVSRQVRUVKLS FRXQWV� DQG 7DEOH � UHSRUWV WKH UHVXOWV RI WKHVH PRGHOV IRU SDUWLVDQ
PRGXODULW\ FRPSXWHG DJDLQVW WKH ZHLJKWHG SURSHQVLW\ WR FRVSRQVRU�

$V LQGLFDWHG E\ RXU YDULDEOH VHOHFWLRQ PHWKRG� LQ ERWK PRGHOV� ZH FRQWURO IRU WKH
QXPEHU RI SDUWLHV� WKH QXPEHU RI ELOOV LQWURGXFHG� WKH QXPEHU RI ELOO VSRQVRUV� QHWZRUN
GHQVLW\� DQG WKH GXUDWLRQ RI WKH OHJLVODWXUH� ॡH PRGHOV DOVR FRQWURO IRU VSHFLਖ਼F VSRQ�
VRU SURਖ਼OHV� QDPHO\ WKH SHUFHQWDJH RI IHPDOH VSRQVRUV� WKH SHUFHQWDJH RI QHZO\ HOHFWHG
VSRQVRUV� DQG WKH SHUFHQWDJH RI VSRQVRUV ZLWK QR SDUW\ Dਜ਼OLDWLRQ� )LQDOO\� WKH PRGHOV
LQFOXGH LQIRUPDWLRQ RQ SDUWLVDQ FRPSRVLWLRQ WKURXJK WKH DYHUDJH /H॑�5LJKW VFRUH RI WKH
VSRQVRUV� DQG WKURXJK WKH VWDQGDUG GHYLDWLRQ RI WKH VDPH VFRUHV�

$ IHZ FKDUDFWHULVWLFV RI WKH PRGHO UHVXOWV GHVHUYH WR EH KLJKOLJKWHG�

ۨ $V VKRZQ E\ WKH UHVLGXDO VWDQGDUG HUURUV� H[FOXGLQJ WKH H[FHSWLRQDO FDVH RI $XVWULD
�0RGHOV � DQG � RI HDFK WDEOH� GUDPDWLFDOO\ LPSURYHV WKH ਖ਼W RI WKH PRGHOV� ,QFOXG�
LQJ LQIRUPDWLRQ RI SDUOLDPHQWDU\ FRPPL॔HHV �0RGHOV � DQG �� IXUWKHU LPSURYHV
WKH ਖ਼W RI WKH PRGHOV� DW WKH H[SHQVH RI ORVLQJ D VPDOO IUDFWLRQ RI WKH VDPSOH�

ۨ ॡH VWURQJHVW REVHUYHG UHODWLRQVKLS LV D QHJDWLYH UHODWLRQVKLS EHWZHHQ SDUWLVDQ
PRGXODULW\ DQG QHWZRUN GHQVLW\� DV WKH UDWLR RI REVHUYHG WR H[WHQW WLHV LQFUHDVHV LQ
WKH REVHUYHG QHWZRUNV� WKHVH DUH OHVV DQG OHVV VHJPHQWHG LQWR VHSDUDWH SDUWLWLRQV�
ZKLFK KDV WKH H[SHFWHG H੘HFW WR GHFUHDVH WKHLU PRGXODULW\ VWDWLVWLF�

ۨ 6HYHUDO SUHGLFWRUV H[SUHVV YHU\ ZHDN H੘HFWV WKDW FRUUHVSRQG WR WKHRUHWLFDO H[SHF�
WDWLRQV EXW IDLO WR UHDFK VWDWLVWLFDO VLJQLਖ਼FDQFH� ॡH QXPEHU RI ELOOV� IRU LQVWDQFH�
WHQGV WR LQFUHDVH SDUWLVDQ PRGXODULW\ LQVRIDU DV PRUH ELOOV UHSUHVHQW PRUH XQFHU�
WDLQW\ DERXW WKHLU RXWFRPHV DQG WKHLU VSRQVRUV �.LUNODQG ������tt

tt&RQYHUVHO\� DV DOVR VXJJHVWHG E\ .LUNODQG ������� WKH QXPEHU RI SDUOLDPHQWDU\ FRPPL॔HHV DQG WKHLU
DYHUDJH VL]H WHQG WR UHGXFH QHWZRUN PRGXODULW\� DOWKRXJK E\ DQ LQVLJQLਖ਼FDQW DPRXQW� ॡH VDPH LV WUXH RI
WKH SHUFHQWDJH RI XQDਜ਼OLDWHG �L�H� ۞SDUW\�IUHH۟� VSRQVRUV�
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0� 0� 0� 0�
,QWHUFHSW 0.48∗∗ 0.47∗∗ 0.31 0.30

(0.17) (0.17) (0.17) (0.16)
1XPEHU RI SDUWLHV −0.01∗ −0.01∗ −0.01∗∗ −0.01∗

(0.00) (0.00) (0.00) (0.00)
1XPEHU RI ELOOV � ���� 0.01 0.01 0.00 0.01

(0.01) (0.01) (0.01) (0.01)
1XPEHU RI VSRQVRUV � ��� 0.03∗∗ 0.02∗ 0.02 0.01

(0.01) (0.01) (0.01) (0.01)
1HWZRUN GHQVLW\ −2.67∗∗∗ −2.39∗∗∗ −2.46∗∗∗ −2.06∗∗∗

(0.36) (0.40) (0.33) (0.38)
/H॑�5LJKW SDUW\ SRVLWLRQV �PHDQ� −0.02 −0.01 0.00 0.01

(0.02) (0.02) (0.02) (0.02)
/H॑�5LJKW SDUW\ SRVLWLRQV �V�G�� 0.05 0.05 0.08∗ 0.08∗

(0.04) (0.04) (0.04) (0.03)
� IHPDOH VSRQVRUV 0.00∗∗∗ 0.00∗∗∗ 0.00∗∗ 0.00∗

(0.00) (0.00) (0.00) (0.00)
� QHZO\ HOHFWHG VSRQVRUV −0.00 −0.00 −0.00 −0.00

(0.00) (0.00) (0.00) (0.00)
� XQDਜ਼OLDWHG VSRQVRUV 0.00 0.00 0.00 −0.00

(0.00) (0.00) (0.00) (0.00)
/HJLVODWXUH GXUDWLRQ �\HDUV� −0.00 −0.01 −0.02 −0.02

(0.01) (0.01) (0.01) (0.01)
3DUOLDPHQWDU\ FRPPL॔HHV �QXPEHU� 0.00 0.00

(0.00) (0.00)
3DUOLDPHQWDU\ FRPPL॔HHV �PHDQ VL]H� 0.00∗∗ 0.00∗∗

(0.00) (0.00)

N 139 135 116 112
$GMXVWHG 52 0.43 0.37 0.57 0.53
5HVLGXDO VWDQGDUG GHYLDWLRQ 0.14 0.14 0.12 0.12

2/6 FRHਜ਼FLHQW HVWLPDWHV� 6WDQGDUG HUURUV LQ EUDFNHWV� ∗∗∗p < 0.001� ∗∗p < 0.01� ∗p < 0.05

7DEOH �� /LQHDU UHJUHVVLRQ PRGHOV RI SDUWLVDQ PRGXODULW\� ॡH GHSHQGHQW YDULDEOH LV
PRGXODULW\ FRPSXWHG DJDLQVW UDZ FRVSRQVRUVKLS FRXQWV�
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:� :� :� :�
,QWHUFHSW 0.31 0.26 0.15 0.10

(0.16) (0.16) (0.15) (0.15)
1XPEHU RI SDUWLHV −0.01 −0.01 −0.01 −0.01

(0.00) (0.00) (0.00) (0.00)
1XPEHU RI ELOOV � ���� 0.02 0.02 0.01 0.01

(0.01) (0.01) (0.01) (0.01)
1XPEHU RI VSRQVRUV � ��� 0.02∗ 0.02 0.01 0.01

(0.01) (0.01) (0.01) (0.01)
1HWZRUN GHQVLW\ −2.18∗∗∗ −2.23∗∗∗ −2.02∗∗∗ −2.09∗∗∗

(0.34) (0.34) (0.30) (0.31)
/H॑�5LJKW SDUW\ SRVLWLRQV �PHDQ� −0.01 −0.00 0.01 0.02

(0.02) (0.02) (0.02) (0.02)
/H॑�5LJKW SDUW\ SRVLWLRQV �V�G�� 0.08∗ 0.08∗ 0.11∗∗∗ 0.11∗∗∗

(0.04) (0.04) (0.03) (0.03)
� IHPDOH VSRQVRUV 0.00∗∗∗ 0.00∗∗∗ 0.00∗ 0.00∗

(0.00) (0.00) (0.00) (0.00)
� QHZO\ HOHFWHG VSRQVRUV −0.00 −0.00 −0.00 −0.00

(0.00) (0.00) (0.00) (0.00)
� XQDਜ਼OLDWHG VSRQVRUV 0.00∗ 0.00∗ 0.00 0.00

(0.00) (0.00) (0.00) (0.00)
/HJLVODWXUH GXUDWLRQ �\HDUV� −0.00 −0.00 −0.01 −0.01

(0.01) (0.01) (0.01) (0.01)
3DUOLDPHQWDU\ FRPPL॔HHV �QXPEHU� 0.00 0.00

(0.00) (0.00)
3DUOLDPHQWDU\ FRPPL॔HHV �PHDQ VL]H� 0.00∗∗ 0.00∗∗

(0.00) (0.00)

N 139 137 116 114
$GMXVWHG 52 0.41 0.40 0.58 0.57
5HVLGXDO VWDQGDUG GHYLDWLRQ 0.14 0.13 0.11 0.11

2/6 FRHਜ਼FLHQW HVWLPDWHV� 6WDQGDUG HUURUV LQ EUDFNHWV� ∗∗∗p < 0.001� ∗∗p < 0.01� ∗p < 0.05

7DEOH �� /LQHDU UHJUHVVLRQ PRGHOV RI SDUWLVDQ PRGXODULW\� ॡH GHSHQGHQW YDULDEOH LV
PRGXODULW\ FRPSXWHG DJDLQVW WKH ZHLJKWHG SURSHQVLW\ WR FRVSRQVRU�
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ۨ ॡH UHODWLRQVKLS EHWZHHQ LGHRORJLFDO GLVSHUVLRQ DQG SDUWLVDQ PRGXODULW\ LV YLVLEOH
LQ DOO PRGHOV� ॡH DYHUDJH /H॑�5LJKW SDUW\ SRVLWLRQ GRHV QRW DSSHDU WR LQਗ਼XHQFH
SDUWLVDQ PRGXODULW\� DFFRUGLQJ WR WKDW PHDVXUH� ULJKWZLQJ�GRPLQDWHG OHJLVODWLYH
DVVHPEOLHV DUH QRW PRUH PRGXODU WKDQ OH॑ZLQJ�GRPLQDWHG RQHV� +RZHYHU� ZKHQ
WKH LGHRORJLFDO GLVWDQFH EHWZHHQ SDUWLHV LQFUHDVH� WKH SURSHQVLW\ RI 03V WR FRVSRQ�
VRU DFURVV SDUW\ OLQHV WHQGV WR GHFUHDVH�

7DNHQ DV D ZKROH� WKH PRGHO UHVXOWV FRQਖ਼UP RQH RI 6DUWRUL ����������� S� ����۟V IXQ�
GDPHQWDO LQVLJKWV DERXW SDUW\ V\VWHPV� SDUW\ VHJPHQWDWLRQ� PHDVXUHG KHUH WKURXJK WKH
QXPEHU RI SDUWLHV WKDW SDUWLFLSDWH WR OHJLVODWLYH FRVSRQVRUVKLS GXULQJ D OHJLVODWXUH� LV
QRW HTXLYDOHQW WR SDUW\ SRODUL]DWLRQ� PHDVXUHG KHUH WKURXJK WKH PRGXODULW\ RI WKHLU QHW�
ZRUN� 3DUOLDPHQWDU\ FKDPEHUV H੘HFWLYHO\ YDU\ RQ ERWK GLPHQVLRQV� ZKLFK PDNHV WKH
VKHHU QXPEHU RI SROLWLFDO SDUWLHV LQ SDUOLDPHQW DQ LQVXਜ਼FLHQW LQGLFDWRU RI KRZ IUDJ�
PHQWHG DUH WKH OHJLVODWLYH SROLWLFV RI D FRXQWU\ �6DUWRUL ���������� FK� ���

ॡLV FRQFOXVLRQ LV LOOXVWUDWHG LQ )LJXUH �� ZKLFK VKRZ WKH SUHGLFWHG PDUJLQDO H੘HFW
RI LGHRORJLFDO GLVSHUVLRQ DPRQJ SDUW\ SRVLWLRQV RQ WKH PRGXODULW\ RI WKH FRVSRQVRUVKLS
QHWZRUNV� ZKLOH FRQWUROOLQJ IRU DOO RWKHU FKDPEHU� VSRQVRU DQG SDUW\ D॔ULEXWHV OLVWHG
LQ 6HFWLRQ ���� $V WKH VWDQGDUG GHYLDWLRQ RI /H॑�5LJKW SDUW\ SRVLWLRQV LQFUHDVHV� WKH
PRGXODULW\ RI WKHLU FRVSRQVRUVKLS QHWZRUNV SDVVHV WKH DYHUDJH OHYHO RI PRGXODULW\ LQ
WKH VDPSOH� ZKLFK LV FORVH WR 0.45�tu ॡLV H੘HFW OHQGV VWURQJ VXSSRUW WR WKH K\SRWKHWL]HG
LQਗ਼XHQFH RI LGHRORJLFDO GLVWDQFH RYHU SDUW\ FRRSHUDWLRQ� ZKHQ WKDW GLVWDQFH LQFUHDVHV�
GHFLVLRQV DPRQJ 03V WR FRVSRQVRU DFURVV SDUW\ OLQHV EHFRPH OHVV IUHTXHQW�

tu:KHQ $XVWULD LV H[FOXGHG� WKH PHDQ QHWZRUN PRGXODULW\ LQ WKH VDPSOH LV 0.46 XVLQJ UDZ FRVSRQVRU�
VKLS FRXQWV DQG 0.45 XVLQJ WKH ZHLJKWHG SURSHQVLW\ WR FRVSRQVRU�
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Model M4 (raw cosponsorship counts) Model W4 (weighted propensity to cosponsor)
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)LJXUH �� 3DUWLVDQPRGXODULW\ DV SUHGLFWHG E\0RGHOV 0�� ZKLFK ZHLJKWV WKH GHSHQGHQW YDULDEOH E\ UDZ FRVSRQVRUVKLS FRXQWV�
DQG :�� ZKLFK ZHLJKWV WKH GHSHQGHQW YDULDEOH E\ WKH ZHLJKWHG SURSHQVLW\ WR FRVSRQVRU� %RWK SORWV VKRZ WKH PDUJLQDO
YDULDWLRQ RI SDUWLVDQ PRGXODULW\ DV D IXQFWLRQ RI LGHRORJLFDO GLVSHUVLRQ� DV PHDVXUHG E\ WKH VWDQGDUG GHYLDWLRQ RI /H॑�5LJKW
SDUW\ VFRUHV LQ HDFK SDUOLDPHQWDU\ FKDPEHU�
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ࡑߤ -ȫȚžȂʗɱǠȫȚ

ॡLV SDSHU VKRZV WKDW VRPH RI WKH PRVW IXQGDPHQWDO DVVXPSWLRQV DERXW SDUWLHV DQG
SDUW\ V\VWHPV DUH PHDVXUDEOH WKURXJK TXDQWLWDWLYH PHDQV� XVLQJ OHJLVODWLYH LQIRUPDWLRQ
WR GHWHUPLQH WKH H[WHQW RI SDUW\ SRODUL]DWLRQ LQ SDUOLDPHQWDU\ HQYLURQPHQWV� ॡLV SD�
SHU IXUWKHU VKRZV WKDW WKH PHWKRGV DQG WHFKQLTXHV HODERUDWHG SULQFLSDOO\ LQ WKH 8QLWHG
6WDWHV IRU WKH VWXG\ RI WKH 8�6� &RQJUHVV DUH HPSLULFDOO\ DSSOLFDEOH WR VHYHUDO (XURSHDQ
SDUOLDPHQWV�

ॡLV SDSHU� KRZHYHU� GRHV QRW UHVROYH VHYHUDO RI WKH SUDFWLFDO DQG PHWKRGRORJLFDO
LVVXHV DVVRFLDWHG ZLWK WKH PHDVXUHPHQW RI SDUW\ SRODUL]DWLRQ WKURXJK QHWZRUN GDWD�
0RVW LPSRUWDQWO\ IURP D GDWD SHUVSHFWLYH� RXU UHVXOWV IRU $XVWULD DUH KLJKO\ OLNHO\ WR
EH FDXVHG E\ D QHWZRUN FRQVWUXFWLRQ HUURU� DV WKH GDWD DSSHDU WR EH WUXQFDWHG WR RQO\
WKH ਖ਼UVW FRVSRQVRU RI HDFK ELOO LQWURGXFHG LQ WKH $XVWULDQ SDUOLDPHQW� $V D UHVXOW� WKH
H[FHSWLRQDOO\ QHJDWLYH SDUWLVDQ PRGXODULW\ VWDWLVWLFV HVWLPDWHG IRU $XVWULD UHTXLUH WR EH
FRUUHFWHG E\ FRUUHFWLQJ WKH XQGHUO\LQJ GDWD IRU WKDW FRXQWU\�

ॡHUH DUH� IXUWKHUPRUH� VHYHUDO PHWKRGRORJLFDO LVVXHV ZLWK WKH XVH RI QHWZRUN PRG�
XODULW\ LQ FRPSDUDWLYH VH॔LQJV� ॡRVH LVVXHV DUH KLQWHG DW LQ RXU UHJUHVVLRQ PRGHOV� WKH
YHU\ ODUJH FRHਜ਼FLHQWV HVWLPDWHG IRU QHWZRUN GHQVLW\ FOHDUO\ SRLQW WR WKH LQWULQVLF UHOD�
WLRQVKLS EHWZHHQ WKLV QHWZRUN SURSHUW\ RQ WKH RQH KDQG DQG QHWZRUN PRGXODULW\ RQ WKH
RWKHU� 6LQFH XVLQJ PD[LPLVHG PRGXODULW\ VFRUHV ZRXOG RQO\ VKL॑ WKDW SUREOHP IURP RQH
PHDVXUH RI PRGXODULW\ WR DQRWKHU� ZH KDYH LQVWHDG VWDUWHG H[SORULQJ GHQVLW\�FRQWUROOHG
PHDVXUHV RI JUDSK VHJPHQWDWLRQ�

/DVW� RXU PRGHOV DUH OLPLWHG WR OHJLVODWXUH�OHYHO PHDVXUHPHQWV� ZKLFK VKRXOG EH VHHQ
RQO\ DV ਖ਼UVW VWHS WRZDUGV H[SORULQJ WKH ELOOV GDWD WKDW ZH KDYH FROOHFWHG� ,Q IXWXUH ZRUN�
ZH SODQ WR GHFRPSRVH WKH GDWD E\ WHPSRUDO SHULRGV� LQ RUGHU WR PHDVXUH SRVVLEOH H੘HFWV
DVVRFLDWHGZLWK HOHFWLRQ \HDUV DQG03 LQFXPEHQF\ LQ WKHVH HOHFWLRQV� ॡLV VWHS� KRZHYHU�
ZLOO UHTXLUH XVLQJ DGGLWLRQDO VSRQVRU GDWD WKDW DUH QRW DYDLODEOH IURP WKH GDWD VRXUFHV
GHVFULEHG LQ WKLV SDSHU� ZKLFK OHDYHV VSDFH IRU IXUWKHU UHVHDUFK�
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ãƜǂƜɡƜȚžƜɱ

$OHP£Q� (� ������� ۢ,QVWLWXWLRQV� 3ROLWLFDO &RQਗ਼LFW DQG WKH &RKHVLRQ RI 3ROLF\ 1HWZRUNV LQ
WKH &KLOHDQ &RQJUHVV� ����ۙ���� �ۣ -RXUQDO RI /DWLQ $PHULFDQ 6WXGLHV ������ SS� ���ۙ
����

$OHP£Q� (� DQG (� &DOYR ������� ۢ([SODLQLQJ 3ROLF\ 7LHV LQ 3UHVLGHQWLDO &RQJUHVVHV� $
1HWZRUN $QDO\VLV RI %LOO ,QLWLDWLRQ 'DWD �ۣ 3ROLWLFDO 6WXGLHV ������ SS� ���ۙ����

$OHP£Q� (�� (� &DOYR� HW DO� ������� ۢ&RPSDULQJ &RVSRQVRUVKLS DQG 5ROO�&DOO ,GHDO 3RLQWV �ۣ
/HJLVODWLYH 6WXGLHV \DUWHUOࡌ ������ SS� ��ۙ����

%UD॔RQ� .� $� DQG 6� 0� 5RXVH ������� ۢ1HWZRUNV LQ WKH /HJLVODWLYH $UHQD� +RZ *URXS
'\QDPLFV $੘HFW &RVSRQVRUVKLS �ۣ /HJLVODWLYH 6WXGLHV \DUWHUOࡌ ������ SS� ���ۙ����

%ULD॔H� )� ������� ۢ1HWZRUN 3D॔HUQV RI /HJLVODWLYH &ROODERUDWLRQ LQ 7ZHQW\ 3DUOLDPHQWV�ۣ
1HWZRUN 6FLHQFH ����� SS� ���ۙ����

%UXQQHU� 0� ������� 3DUOLDPHQWV DQG /HJLVODWLYH $FWLYLW\� 0RWLYDWLRQV IRU %LOO ,QWURGXFWLRQ�
1HZ <RUN� 1<� 6SULQJHU�

&DPSEHOO� -� (� ������� ۢ&RVSRQVRULQJ /HJLVODWLRQ LQ WKH 86 &RQJUHVV �ۣ /HJLVODWLYH 6WXGLHV
�\DUWHUOࡌ SS� ���ۙ����

&KLUX� 0� DQG 6� 1HDPWX ������� ۢ3DUOLDPHQWDU\ 5HSUHVHQWDWLRQ XQGHU &KDQJLQJ (OHF�
WRUDO 5XOHV� &RVSRQVRUVKLS LQ WKH 5RPDQLDQ 3DUOLDPHQW �ۣ ,QDXJXUDO *HQHUDO &RQIHU�
HQFH RI WKH (&35 6WDQGLQJ *URXS RQ 3DUOLDPHQWV� ۞3DUOLDPHQWV LQ &KDQJLQJ 7LPHV �۟

&ODUN� -� +� DQG 9� &DUR ������� ۢ0XOWLPHPEHU 'LVWULFWV DQG WKH 6XEVWDQWLYH 5HSUHVHQ�
WDWLRQ RI :RPHQ� $Q $QDO\VLV RI /HJLVODWLYH &RVSRQVRUVKLS 1HWZRUNV �ۣ 3ROLWLFV 	
*HQGHU ����� SS� �ۙ���

&RXOPRQW� %� ������� ۢ7UDYDLO GH G«SXW«V �ۣ %ORJ SRVW DW K॔S���FRXOPRQW�FRP�EORJ������������WUDYDLO�
GH�GHSXWHV��

&UDQPHU� 6� -� DQG %� $� 'HVPDUDLV ������� ۢ,QIHUHQWLDO 1HWZRUN $QDO\VLV ZLWK ([SRQHQ�
WLDO 5DQGRP *UDSK 0RGHOV �ۣ 3ROLWLFDO $QDO\VLV ������ SS� ��ۙ���

'HVSRVDWR� 6�:�� 0� &� .HDUQH\� DQG %� )� &ULVS ������� ۢ8VLQJ &RVSRQVRUVKLS WR (VWLPDWH
,GHDO 3RLQWV �ۣ /HJLVODWLYH 6WXGLHV \DUWHUOࡌ ������ SS� ���ۙ����

'¸ULQJ� +� ������� ۢॡH &ROOHFWLYH $FWLRQ RI 'DWD &ROOHFWLRQ� $ 'DWD ,QIUDVWUXFWXUH RQ
3DUWLHV� (OHFWLRQV DQG &DELQHWV �ۣ (XURSHDQ 8QLRQ 3ROLWLFV ������ SS� ���ۙ����

'¸ULQJ� +� DQG 3� 0DQRZ ������� ۢ3DUOLDPHQWV DQG *RYHUQPHQWV 'DWDEDVH �3DUO*RY�� ,Q�
IRUPDWLRQ RQ 3DUWLHV� (OHFWLRQV DQG &DELQHWV LQ 0RGHUQ 'HPRFUDFLHV�ۣ 6WDEOH YHUVLRQ
������

)RZOHU� -� +� �����D�� ۢ&RQQHFWLQJ WKH &RQJUHVV� $ 6WXG\ RI &RVSRQVRUVKLS 1HWZRUNV �ۣ
3ROLWLFDO $QDO\VLV ������ SS� ���ۙ����

ۚ �����E�� ۢ/HJLVODWLYH &RVSRQVRUVKLS 1HWZRUNV LQ WKH 8�6� +RXVH DQG 6HQDWH �ۣ 6RFLDO
1HWZRUNV ������ SS� ���ۙ����

)URJQLHU� $��3� ������� ۢ3DUWLHV DQG &OHDYDJHV LQ WKH %HOJLDQ 3DUOLDPHQW �ۣ /HJLVODWLYH 6WXG�
LHV \DUWHUOࡌ ����� SS� ���ۙ����
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)UXFKWHUPDQ� 7� 0� DQG (� 0� 5HLQJROG ������� ۢ*UDSK 'UDZLQJ E\ )RUFH�'LUHFWHG 3ODFH�
PHQW �ۣ 6RࡆZDUH� 3UDFWLFH DQG ([SHULHQFH ������� SS� ����ۙ�����

*UHJRU� .� ������� ۢ9LVXDOL]LQJ 3ROLWLFV� 1HWZRUN $QDO\VLV RI %LOO 6SRQVRUV �ۣ %ORJ SRVW DW
K॔S���EORJ�RSHQLQJSDUOLDPHQW�RUJ�SRVW�������������YLVXDOL]LQJ�SROLWLFV�QHWZRUN�DQDO\VLV�
RI�ELOO�

*URVV� -� +�� -� +� .LUNODQG� DQG &� 6KDOL]L ������� ۢ&RVSRQVRUVKLS LQ WKH 8�6� 6HQDWH� $
0XOWLOHYHO 7ZR�0RGH $SSURDFK WR 'HWHFWLQJ 6XEWOH 6RFLDO 3UHGLFWRUV RI /HJLVODWLYH
6XSSRUW �ۣ 8QSXEOLVKHG PDQXVFULSW�

.HVVOHU� '� DQG .� .UHKELHO ������� ۢ'\QDPLFV RI &RVSRQVRUVKLS �ۣ $PHULFDQ 3ROLWLFDO 6FL�
HQFH 5HYLHZ ������ SS� ���ۙ����

.LUNODQG� -� +� ������� ۢॡH 5HODWLRQDO 'HWHUPLQDQWV RI /HJLVODWLYH 2XWFRPHV� 6WURQJ DQG
:HDN 7LHV EHWZHHQ /HJLVODWRUV �ۣ -RXUQDO RI 3ROLWLFV ������ SS� ���ۙ����

ۚ ������� ۢ+\SRWKHVLV 7HVWLQJ IRU *URXS 6WUXFWXUH LQ /HJLVODWLYH 1HWZRUNV �ۣ 6WDWH 3ROL�
WLFV 	 3ROLF\ \DUWHUOࡌ ������ SS� ���ۙ����

ۚ ������� ۢ&KDPEHU 6L]H (੘HFWV RQ WKH &ROODERUDWLYH 6WUXFWXUH RI /HJLVODWXUHV �ۣ /HJ�
LVODWLYH 6WXGLHV \DUWHUOࡌ ������ SS� ���ۙ����

.LUNODQG� -� +� DQG -� +� *URVV ������� ۢ0HDVXUHPHQW DQGॡHRU\ LQ /HJLVODWLYH 1HWZRUNV�
ॡH(YROYLQJ 7RSRORJ\ RI &RQJUHVVLRQDO &ROODERUDWLRQ �ۣ 6RFLDO 1HWZRUNV ������ SS� ��ۙ
����

.LUNODQG� -� +� DQG 5� /�:LOOLDPV ������� ۢ3DUWLVDQVKLS DQG 5HFLSURFLW\ LQ &URVV�&KDPEHU
/HJLVODWLYH ,QWHUDFWLRQV �ۣ -RXUQDO RI 3ROLWLFV ������ SS� ���ۙ����

.RJHU� *� ������� ۢ3RVLWLRQ�7DNLQJ DQG &RVSRQVRUVKLS LQ WKH 8�6� +RXVH �ۣ /HJLVODWLYH
6WXGLHV \DUWHUOࡌ ������ SS� ���ۙ����

/HLFKW� (� $� DQG 0� (� 1HZPDQ ������� ۢ&RPPXQLW\ 6WUXFWXUH LQ 'LUHFWHG 1HWZRUNV �ۣ
3K\VLFDO 5HYLHZ /HࡉHUV �������� S� �������

0F3KHUVRQ� 0�� /� 6PLWK�/RYLQ� DQG -� 0� &RRN ������� ۢ%LUGV RI D )HDWKHU� +RPRSKLO\
LQ 6RFLDO 1HWZRUNV �ۣ $QQXDO 5HYLHZ RI 6RFLRORJ\ ��� SS� ���ۙ����

0LFR]]L� -� 3� ������� ۢ$OOLDQFH IRU 3URJUHVV" 0XOWLOHYHO $PELWLRQ DQG 3D॔HUQV RI &RVSRQ�
VRUVKLS LQ WKH $UJHQWLQH +RXVH �ۣ &RPSDUDWLYH 3ROLWLFDO 6WXGLHV ������ SS� ����ۙ�����

0¾OOHU� :� DQG )� )DOOHQG ������� ۢ&KDQJLQJ 3D॔HUQV RI 3DUW\ &RPSHWLWLRQ LQ $XVWULD�
)URP 0XOWLSRODU WR %LSRODU 6\VWHP �ۣ:HVW (XURSHDQ 3ROLWLFV ������ SS� ���ۙ����

0XQ]HUW� 6� HW DO� ������� $XWRPDWHG 'DWD &ROOHFWLRQ ZLWK 5� $ 3UDFWLFDO *XLGH WR :HE
6FUDSLQJ DQG 7H[W 0LQLQJ� 1HZ <RUN� :LOH\�

1HZPDQ� 0� (� ������� ۢ0RGXODULW\ DQG &RPPXQLW\ 6WUXFWXUH LQ 1HWZRUNV �ۣ 3URFHHGLQJV
RI WKH 1DWLRQDO $FDGHP\ RI 6FLHQFHV �������� SS� ����ۙ�����

1HZPDQ� 0� (� DQG 0� *LUYDQ ������� ۢ)LQGLQJ DQG (YDOXDWLQJ &RPPXQLW\ 6WUXFWXUH LQ
1HWZRUNV �ۣ 3K\VLFDO 5HYLHZ ( ������ S� �������

2ZHQ� 0� HW DO� ������� =HOLJ� (YHU\RQHڥV 6WDWLVWLFDO 6RࡆZDUH� 5 SDFNDJH YHUVLRQ ������
3RQV� 3� DQG 0� /DWDS\ ������� ۢ&RPSXWLQJ &RPPXQLWLHV LQ /DUJH 1HWZRUNV 8VLQJ 5DQ�

GRP :DONV �ۣ -RXUQDO RI *UDSK $OJRULWKPV DQG $SSOLFDWLRQV ������ SS� ���ۙ����
5 &RUH 7HDP ������� 5� $ /DQJXDJH DQG (QYLURQPHQW IRU 6WDWLVWLFDO &RPSXWLQJ� 5 )RXQ�

GDWLRQ IRU 6WDWLVWLFDO &RPSXWLQJ� 9LHQQD� $XVWULD�

ߢߡ



6DUWRUL� *� ������������ 3DUWLHV DQG 3DUW\ 6\VWHPV� $ )UDPHZRUN IRU $QDO\VLV� &ROFKHVWHU�
(&35 3UHVV�

6FKLOOHU� :� -� ������� ۢ6HQDWRUV DV 3ROLWLFDO (QWUHSUHQHXUV� 8VLQJ %LOO 6SRQVRUVKLS WR
6KDSH /HJLVODWLYH $JHQGDV �ۣ $PHULFDQ -RXUQDO RI 3ROLWLFDO 6FLHQFH ������ SS� ���ۙ����

6QLMGHUV� 7� $� ������� ۢ6WDWLVWLFDO 0RGHOV IRU 6RFLDO 1HWZRUNV �ۣ$QQXDO 5HYLHZ RI 6RFLRORJ\
��� SS� ���ۙ����

7DP &KR� :� .� DQG -� +� )RZOHU ������� ۢ/HJLVODWLYH 6XFFHVV LQ D 6PDOO :RUOG� 6RFLDO
1HWZRUN $QDO\VLV DQG WKH '\QDPLFV RI &RQJUHVVLRQDO /HJLVODWLRQ �ۣ -RXUQDO RI 3ROLWLFV
������ SS� ���ۙ����

9OLHJHQWKDUW� 5�� 6� :DOJUDYH� DQG &� 0HSSHOLQN ������� ۢ,QWHU�SDUW\ $JHQGD�6H॔LQJ LQ
WKH %HOJLDQ 3DUOLDPHQW� ॡH 5ROH RI 3DUW\ &KDUDFWHULVWLFV DQG &RPSHWLWLRQ �ۣ 3ROLWLFDO
6WXGLHV ������ SS� ���ۙ����

:DUG� 0� '�� .� 6WRYHO� DQG $� 6DFNV ������� ۢ1HWZRUN $QDO\VLV DQG 3ROLWLFDO 6FLHQFH �ۣ
$QQXDO 5HYLHZ RI 3ROLWLFDO 6FLHQFH ��� SS� ���ۙ����

:DVVHUPDQ� 6� DQG .� )DXVW ������� 6RFLDO 1HWZRUN $QDO\VLV� 0HWKRGV DQG $SSOLFDWLRQV�
&DPEULGJH� &DPEULGJH 8QLYHUVLW\ 3UHVV�

:DXJK� $� 6� HW DO� ������� ۢ3DUW\ 3RODUL]DWLRQ LQ &RQJUHVV� $1HWZRUN 6FLHQFH$SSURDFK �ۣ
:RUNLQJ SDSHU DW K॔S���VVUQ�FRP�DEVWUDFW ��������

:LOVRQ� 5� .� DQG &� '� <RXQJ ������� ۢ&RVSRQVRUVKLS LQ WKH 8�6� &RQJUHVV �ۣ /HJLVODWLYH
6WXGLHV \DUWHUOࡌ ������ SS� ��ۙ���

-L�\HRQ /HH� +��M� -� DQG -� :� <RRQ �����D�� ۢ1HWZRUN $QDO\VLV RI /HJLVODWRUV DQG &RP�
PL॔HHV %DVHG RQ %LOOV LQ WKH ��WK DQG ��WK 1DWLRQDO $VVHPEO\� .RUHD �ۣ -RXUQDO RI
'LJLWDO 3ROLF\ DQG 0DQDJHPHQW ������ SS� ��ۙ���

-L�\HRQ /HH� +��M� -� DQG -� :� <RRQ �����E�� ۢ1HWZRUN $QDO\VLV RI .RUHDQ /HJLVODWRUV
8VLQJ %LSDUWLWH 1HWZRUN 3URMHFWLRQ �ۣ -RXUQDO RI ,QWHUQHW &RPSXWLQJ DQG 6HUYLFHV ������
SS� ���ۙ����

=KDQJ� <� HW DO� ������� ۢ&RPPXQLW\ 6WUXFWXUH LQ &RQJUHVVLRQDO &RVSRQVRUVKLS 1HW�
ZRUNV �ۣ 3K\VLFD $� 6WDWLVWLFDO 0HFKDQLFV DQG LWV $SSOLFDWLRQV ������� SS� ����ۙ�����
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