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��6� 5HFHLYLQJ SRZHU UHJUHVVLRQ PRGHO � � � � � � � � � � � � � � � � � � � � � � ���
��6� *LYLQJ DZD\ SRZHU UHJUHVVLRQ PRGHO � � � � � � � � � � � � � � � � � � � � � ���
��6� 8VLQJ SRZHU UHJUHVVLRQ PRGHO � � � � � � � � � � � � � � � � � � � � � � � � � ���
��6� (IIHFW RI SRZHU DQG SXQLVKPHQW UHJUHVVLRQ PRGHO � � � � � � � � � � � � � ���
��6� 8VLQJ SRZHU UHJUHVVLRQ PRGHO �H[RJHQRXV� � � � � � � � � � � � � � � � � � ���
��6�� (IIHFW RI SRZHU DQG SXQLVKPHQW UHJUHVVLRQ PRGHO �H[RJHQRXV� � � � � � � ���
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,QWURGXFWLRQ

7KH 1HZ &RQVLOLHQFH LQ
'HFLVLRQ 0DNLQJ 5HVHDUFK

8QGHUVWDQGLQJ KRZ KXPDQV DQG DQLPDOV PDNH GHFLVLRQV LV WKH JRDO RI PXOWLSOH GLVFL�
SOLQHV� LQFOXGLQJ SV\FKRORJ\� HFRQRPLFV� VRFLRORJ\ DQG ELRORJ\� +RZHYHU� WKHRULHV DQG
PHWKRGRORJLHV KDYH RQO\ UHFHQWO\ VWDUWHG WR FURVV GLVFLSOLQH ERXQGDULHV� 3V\FKRORJLVWV�
RQ WKH RQH KDQG� EHJLQ WR UHFRJQL]H WKH EHQHILWV DQG EHDXW\ RI JDPH WKHRU\ DV D IRU�
PDOL]HG ODQJXDJH WR FKDUDFWHUL]H GHFLVLRQV LQ VWUDWHJLF FRQWH[WV� ,Q HFRQRPLFV� RQ WKH
RWKHU KDQG� WKH DFFHSWDQFH RI ODERUDWRU\ H[SHULPHQWV LV LQFUHDVLQJ DQG SV\FKRORJLFDO
FRQFHSWV VXFK DV HPRWLRQV RU LPSXOVLYLW\ DUH LQFRUSRUDWHG LQWR PLFURHFRQRPLF WKHR�
ULHV�

7KH FRQYHUJHQFH RI GLIIHUHQW VFKRROV RI WKRXJKW FDQ SURYH IUXLWIXO DQG OHDG WR QRYHO
LQVLJKWV� $ SULPH H[DPSOH IRU WKLV LV WKH UHVHDUFK RI WKH SV\FKRORJLVWV 'DQLHO .DKQHPDQ
DQG $PRV 7YHUVN\� $IWHU ZRUNLQJ RQ YLVXDO SHUFHSWLRQ DQG PHDVXUHPHQW WKHRU\� WKH\
EHFDPH LQWHUHVWHG LQ GHFLVLRQ PDNLQJ DQG WXUQHG WR HFRQRPLF WKHRU\� )RU HFRQRPLVWV�
GHFLVLRQV VKRXOG EH PDGH E\ HYDOXDWLQJ WKH JDLQ LQ SHUVRQDO YDOXH RU XWLOLW\ DQ RXWFRPH
ZRXOG \LHOG DQG ZHLJKWLQJ LW E\ WKH �HVWLPDWHG� SUREDELOLW\ WKDW WKLV RXWFRPH LV UHDOL]HG�
$ VHULHV RI H[SHULPHQWV E\ .DKQHPDQ� 7YHUVN\ DQG RWKHUV� KRZHYHU� GRFXPHQWHG WKDW
KXPDQ GHFLVLRQ PDNLQJ RIWHQ YLRODWHV WKLV SULQFLSOH� +XPDQV IDLO WR IROORZ WKH UXOHV RI
SUREDELOLW\ WKHRU\ DQG V\VWHPDWLFDOO\ RYHU� RU XQGHUHVWLPDWH WKH SUREDELOLW\ RI FHUWDLQ
HYHQWV �.DKQHPDQ DQG 7YHUVN\� ������ )XUWKHU� LQ WKH GRPLQDQW HFRQRPLF WKHRU\ RI GH�
FLVLRQ PDNLQJ� H[SHFWHG XWLOLW\ WKHRU\ �(87�� FKRLFH RSWLRQV VKRXOG EH HYDOXDWHG EDVHG
RQ KRZ WKH\ DUH H[SHFWHG WR FKDQJH RQHÚV RYHUDOO ZHDOWK OHYHO� +RZHYHU� DFFRUGLQJ WR
.DKQHPDQ DQG 7YHUVN\� KXPDQV HYDOXDWH RXWFRPHV UHODWLYH WR D PHQWDOO\ FRQVWUXFWHG
UHIHUHQFH SRLQW� VXFK DV SDVW H[SHULHQFH RU H[SHFWDWLRQV� 'HSHQGLQJ RQ WKH UHIHUHQFH
SRLQW D QRPLQDO JDLQ PLJKW EH SHUFHLYHG DV D ORVV� 7KH SULFH FKDQJH RI D VWRFN FDQ H[�
HPSOLI\ WKLV� ,I WKH SDVW YDOXH RI WKH VWRFN LV XVHG DV D UHIHUHQFH SRLQW� WKH SV\FKRORJLFDO
SHUFHSWLRQ RI D UHFHQW GURS LQ SULFH LV WKDW RI ORVLQJ PRQH\� HYHQ LI WKH RYHUDOO UHWXUQ
RI WKH VWRFN LV SRVLWLYH� 2Q WKH FRQWUDU\� DQ LQFUHDVH LQ SULFH IRU D VWRFN WKDW LV IDU LQ
WKH QHJDWLYH� FDQ EH SHUFHLYHG DV D JDLQ� ,Q DQ DWWHPSW WR UHSODFH (87� .DKQHPDQ DQG
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)LJXUH ���� &RQWUDVW ,OOXVLRQ� 7KH VDPH JUH\ WRQH DSSHDUV GDUNHU ZKHQ VXUURXQGHG E\ D OLJKWHU

JUH\ WRQH �OHIW�� EXW OLJKWHU ZKHQ VXUURXQGHG E\ D GDUNHU JUH\ WRQH �ULJKW��

7YHUVN\ IRUPXODWHG WKHLU RZQ WKHRU\ RI GHFLVLRQ PDNLQJ� SURVSHFW WKHRU\ �.DKQHPDQ
DQG 7YHUVN\� ������

&RPSDUHG WR (87� SURVSHFW WKHRU\ WULHV WR FDSWXUH KRZ KXPDQV DFWXDOO\ SHUFHLYH
DQG UHIRUPXODWH GHFLVLRQ VLWXDWLRQV LQ WKHLU PLQG� 7KLQNLQJ DERXW KRZ WKH HQYLURQPHQW
LV PHQWDOO\ UHFRQVWUXFWHG LV D W\SLFDO DSSURDFK LQ PRGHUQ SV\FKRORJ\� EXW LV PLVVLQJ LQ
HFRQRPLFV� 7KH LGHD RI UHIHUHQFH GHSHQGHQW XWLOLW\ ZDV XOWLPDWHO\ LQVSLUHG E\ UHVHDUFK
RQ YLVXDO SHUFHSWLRQ�� )URP RSWLFDO LOOXVLRQV� LW LV ORQJ NQRZQ WKDW SHUFHSWLRQ LV UHIHU�
HQFH GHSHQGHQW� +XH� VDWXUDWLRQ DQG FRQWUDVW DUH QRW UHSUHVHQWHG REMHFWLYHO\ LQ RXU
YLVXDO V\VWHP� EXW SURFHVVHG UHODWLYHO\ WR WKH VXUURXQGLQJ� 7KH VDPH JUH\ WRQH DSSHDUV
GDUNHU QH[W WR D OLJKW JUH\ DUHD� EXW OLJKWHU QH[W WR D GDUN JUH\ DUHD �VHH )LJXUH ����� .DK�
QHPDQ DQG 7YHUVN\ WUDQVODWHG WKLV SKHQRPHQRQ WR FKRLFH EHKDYLRU� :KDW LV SHUFHLYHG
DV D ORVV RU D JDLQ GRHV QRW GHSHQG RQ FKDQJHV RI RYHUDOO ZHDOWK� EXW RQ SDVW H[SHULHQFH�
DVSLUDWLRQ JRDOV RU RWKHU UHIHUHQFH SRLQWV� IUDPLQJ D GHFLVLRQ DQG LWV SURVSHFWV MXVW OLNH
WKH RXWHU FLUFOHV LQ )LJXUH ����

3URVSHFW WKHRU\ LV QRZZLGHO\ DFFHSWHG DV DQ DOWHUQDWLYH DFFRXQW RI KXPDQ GHFLVLRQ
PDNLQJ� +RZHYHU� (87 LV VWLOO WKH GRPLQDQW IUDPHZRUN IRU FRQFHSWXDOL]LQJ GHFLVLRQV LQ
HFRQRPLFV� 7KH UHDVRQ IRU WKDW� , EHOLHYH� FDQ EH IRXQG LQ WKH GLIIHUHQW DSSURDFKHV WR
WKH VFLHQWLILF H[SORUDWLRQ RI WKH KXPDQ PLQG� DSSURDFKHV WKDW DUH GHHSO\ URRWHG LQ WKH
KLVWRU\ RI WKH WZR GLVFLSOLQHV DQG VKDSH WKH LQWHUGLVFLSOLQDU\ GLVFRXUVH WRGD\�

�Ü.QRZOHGJH RI SHUFHSWLRQ DQG LJQRUDQFH DERXW GHFLVLRQ WKHRU\ ERWK FRQWULEXWHG WR D ODUJH VWHS IRUZDUG
LQ RXU UHVHDUFKÝ �.DKQHPDQ� ����� S� �����
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$ VKRUW ZDON WKURXJK WKH KLVWRU\ RI WKRXJKW

(FRQRPLFV × WKH PHDVXUHPHQW RI YDOXH

7KH IXQGDPHQWDO FRQFHSW RI VXEMHFWLYH YDOXH� FHQWUDO WR ERWK (87 DQG SURVSHFW WKHRU\�
JDLQHG SRSXODULW\ ZLWK WKH ZRUN RI WKH (QJOLVK SKLORVRSKHUV -HUHP\ %HQWKDP DQG -RKQ
6WXDUW 0LOO LQ WKH ODWH ��WK DQG HDUO\ ��WK FHQWXULHV� %HQWKDP EHOLHYHG WKDW KXPDQ EH�
KDYLRU LV GULYHQ E\ WZR IXQGDPHQWDO IRUFHV� SOHDVXUH DQG SDLQ� $V D WUDLQHG ODZ\HU� KH
ZDV FRQYLQFHG WKDW KXPDQ OLIH VKRXOG EH JRYHUQHG E\ LQVWLWXWLRQV WKDW KHOS WRPD[LPL]H
SOHDVXUH DQG UHGXFH SDLQ �%HQWKDP� ������ 7KLV ÙSULQFLSOH RI XWLOLW\Ú ZDV UHYROXWLRQDU\
IRU LWV WLPH� ,W LPSOLHG WKDW DOO PHQ �LQFOXGLQJ ZRPHQ� DUH HTXDO DQG GHVHUYH WR EH KDSS\�
,Q KLV OLIHWLPH� KH WULHG WR LQIOXHQFH WKH %ULWLVK ODZ V\VWHP� DGYRFDWLQJ WKH XQLILFDWLRQ RI
ODZV XQGHU WKH SULQFLSOH RI XWLOLW\� %XW WR WUDQVODWH WKH VHQVDWLRQ RI SOHDVXUH RU SDLQ LQWR
IRUPDO ODZV� %HQWKDP QHHGHG D ZD\ WR TXDQWLI\ DQG FRPSDUH WKH H[SHULHQFH RI XWLOLW\
DFURVV LQGLYLGXDOV� +H IRUPXODWHG D PHDVXUHPHQW WKHRU\ RI SOHDVXUH� ÙKHGRQLF FDOFX�
OXVÚ� EDVHG RQ SV\FKRORJLFDO GLPHQVLRQV VXFK DV LQWHQVLW\� GXUDWLRQ RU SXULW\ DQG ZDV
FRQILGHQW WKDW XWLOLW\ LV TXDQWLILDEOH RQ D FDUGLQDO VFDOH PDNLQJ LW DEOH WR FRPSDUH WKH
H[SHULHQFH RI SOHDVXUH HYHQ DFURVV LQGLYLGXDOV� +H HQYLVLRQHG WKDW HYHQWXDOO\� ÙKHGRQLF
FDOFXOXVÚ ZRXOG JXLGH SROLF\�PDNLQJ LQ WKH VRFLDO VSKHUH�

:KLOH WKH ÙSULQFLSOH RI XWLOLW\Ú KDG D PDMRU LPSDFW RQ SKLORVRSK\ DQG HFRQRPLFV�
KLV VWXGHQW -RKQ 6WXDUW 0LOO DOUHDG\ FULWLFL]HG %HQWKDPÚV TXDQWLILFDWLRQ DWWHPSW DV WRR
QDUURZ�PLQGHG� )RU0LOO� WKH VHQVDWLRQ RI SOHDVXUH FDQPDNH TXDOLWDWLYH MXPSV� UHQGHU�
LQJ LW LPSRVVLEOH WR UHSUHVHQW LW RQ RQH VFDOH� ,Q KLV YLHZ� UHDGLQJ D SKLORVRSK\ ERRN �H�J��
%HQWKDPÚV Ü,QWURGXFWLRQ WR 3ULQFLSOHV RI 0RUDOV DQG /HJLVODWLRQÝ�� DOWKRXJK SDLQIXO DQG
FKDOOHQJLQJ� FDQ HYHQWXDOO\ \LHOG D KLJKHU OHYHO RI SOHDVXUH WKDQ DQ H[FLWLQJ EXW VKDOORZ
QRYHO FDQ HYHU FUHDWH��

)URP FDUGLQDO XWLOLW\ WR UHYHDOHG SUHIHUHQFHV

(FRQRPLVWV DGDSWHG WKH JHQHUDO LGHD RI %HQWKDP DQG 0LOO WKDW KXPDQ GHFLVLRQV FDQ EH
GHVFULEHG DV DWWHPSWV WR PD[LPL]H XWLOLW\ EXW VWUXJJOHG LQ WKHLU HIIRUWV WR GLUHFWO\ PHD�
VXUH LW� 8OWLPDWHO\� WKH\ GLVFDUGHG %HQWKDPÚV YLVLRQ RI D FDOFXOXV RI KHGRQLF VHQVDWLRQ
DOWRJHWKHU�

,Q WKH ODWH ��WK FHQWXU\� DIWHU WKH GHDWK RI -RKQ 6WXDUW0LOO� D QHZ HUD LQ WKH KLVWRU\ RI
HFRQRPLF WKRXJKW EHJDQ� 'XULQJ WKH Ù0DUJLQDO 5HYROXWLRQÚ� WKH XWLOLW\ FRQFHSW XQGHU�
ZHQW LWV ILUVW PDMRU RYHUKDXO� ,Q LWV EHJLQQLQJ� PRVW HFRQRPLVWV� OLNH WKH ,ULVK HFRQRPLVW
)UDQFLV (GJHZRUWK� VWLOO EHOLHYHG WKDW XWLOLW\ PLJKW EH GLUHFWO\ PHDVXUDEOH� (GJHZRUWK�

�$V 0LOO IDPRXVO\ IRUPXODWHG LW� Ü,W LV EHWWHU WR EH D KXPDQ EHLQJ GLVVDWLVILHG WKDQ D SLJ VDWLVILHGÝ �0LOO�
����� S� �����
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PRVW QRWDEO\ NQRZQ IRU WKH WKHRU\ RI LQGLIIHUHQFH FXUYHV� SURSRVHG WKH LGHD RI D KH�
GRQRPHWHU� D SV\FKRSK\VLFDO PDFKLQH GHVLJQHG WR PHDVXUH WKH VHQVDWLRQ RI XWLOLW\� $W
WKH VDPH WLPH� (GJHZRUWK DOVR UHDOL]HG WKH SUREOHPV IRU D WKHRU\ WKDW UHVWV RQ D KLJKO\
VXEMHFWLYH H[SHULHQFH OLNH SOHDVXUH� +H ZURWH SRHWLFDOO\� Ü:H FDQQRW FRXQW WKH JROGHQ
VDQGV RI OLIH� ZH FDQQRW QXPEHU WKH LQQXPHUDEOH VPLOH RI VHDV RI ORYH� EXW ZH VHHP WR
EH FDSDEOH RI REVHUYLQJ WKDW WKHUH LV KHUH D JUHDWHU� WKHUH D OHVV >���@ DQG WKDW LV HQRXJKÝ
�(GJHZRUWK� ����� S� ���

0DUJLQDO XWLOLW\ HFRQRPLVWV ZHUH WKH RQHV WR UHDOL]H WKDW WKHUH PLJKW EH D ZD\ WR
FLUFXPYHQW DQ H[DFW TXDQWLILFDWLRQ RI XWLOLW\� :KHQ PDNLQJ D GHFLVLRQ EHWZHHQ WZR RS�
WLRQV� LW LV QRW QHFHVVDU\ WR NQRZ WKH H[DFW DPRXQW RI SOHDVXUH RI HDFK RSWLRQ� EXW WKH
GLIIHUHQFH LQ SOHDVXUH RQH RSWLRQ SURYLGHV RYHU WKH RWKHU� :LWK WKH IRFXV RQ PDUJLQDO
FKDQJHV� WU\LQJ WR PHDVXUH WKH WRWDO DPRXQW RI SOHDVXUH LV QRW QHFHVVDU\� $OVR WKH LGHD
WKDW XWLOLW\ FDQ EH UHJDUGHG DV FDUGLQDO� DV %HQWKDP HQYLVLRQHG LW� ZDV EHLQJ PRUH DQG
PRUH TXHVWLRQHG� (YHQ LI PHDVXUDEOH� DUH DVVHUWLRQV OLNH ÙRSWLRQ $ \LHOGV GRXEOH WKH
DPRXQW RI SOHDVXUH WKDQ RSWLRQ %Ú PHDQLQJIXO" &DQ XWLOV �WKH XQLWV RI XWLOLW\� EH DGGHG
DQG VXEWUDFWHG� DQG LQWHJUDO FDOFXOXV SHUIRUPHG RQ WKHP" $QG FDQ WKH H[SHULHQFHG
SOHDVXUH EH FRPSDUHG DFURVV LQGLYLGXDOV" 0RVW PDUJLQDO HFRQRPLVWV RI WKH VHFRQG
JHQHUDWLRQ� OLNH $OIUHG 0DUVKDOO RU 9LOIUHGR 3DUHWR� KDG VHULRXV GRXEWV� 3DUHWR UHMHFWHG
DWWHPSWV WR FRPSDUH XWLOLW\ DFURVV LQGLYLGXDOV� Ü7KH XWLOLW\ >���@ IRU RQH LQGLYLGXDO� DQG
WKH XWLOLW\ >���@ IRU DQRWKHU LQGLYLGXDO� DUH KHWHURJHQHRXV TXDQWLWLHV� :H FDQ QHLWKHU DGG
WKHP WRJHWKHU QRU FRPSDUH WKHPÝ �3DUHWR� ����� S� ����� )XUWKHU� KH UHSODFHG FDUGLQDO
XWLOLW\ ZLWK DQ RUGLQDO FRQFHSW RI XWLOLW\� :KHQ GHFLGLQJ EHWZHHQ EXQGOHV RI JRRGV WKDW
YDU\ LQ WKHLU TXDQWLW\� WKH LQGLIIHUHQFH FXUYHV EHWZHHQ WKHVH EXQGOHV FDQ EH RUGHUHG
IURP KLJK WR ORZ� 7KHVH QXPEHUV RQO\ UHSUHVHQW WKH UDQN RI SUHIHUHQFHV RI DQ LQGLYLG�
XDO� QRW WKH DEVROXWH DPRXQW RI XWLOLW\� )RU 3DUHWR� WKLV LV VXIILFLHQW IRU WKH SUHGLFWLRQ
RI FKRLFH DQG D WKHRU\ RI GHPDQG�

(FRQRPLVWV LQFUHDVLQJO\ EHOLHYHG WKDW HFRQRPLF WKHRU\ VKRXOG QRW UHO\ RQ PHQWDO
SURFHVVHV WKDW DUH QRW GLUHFWO\ REVHUYDEOH� )RU 3DUHWR� DWWHPSWV WR PHDVXUH XWLOLW\ E\
VHOI UHSRUWV ZHUH QRW RQO\ XQVFLHQWLILF� EXW DOVR XQQHFHVVDU\ IRU WKH VFLHQFH RI HFR�
QRPLFV �3DUHWR� ������ 'HSDUWLQJ IURP WKH SV\FKRORJLFDO GLPHQVLRQ RI YDOXH� VXFK DV
VHQVDWLRQ RU H[SHULHQFH� OHDGLQJ HFRQRPLVWV� OLNH :LOOLDP -HYRQV RU /ªRQ :DOUDV� ZHUH
DOVR FRQYLQFHG WKDW IRU HFRQRPLFV WR EHFRPH D ÙUHDOÚ VFLHQFH� RIWHQ ORRNLQJ DW 3K\VLFV
DV D UROH PRGHO� LW PXVW EH EXLOW RQ D IRUPDO PDWKHPDWLFDO IRXQGDWLRQ� Ü,W LV FOHDU WKDW
LI HFRQRPLFV� LI LW LV WR EH D VFLHQFH DW DOO� PXVW EH D PDWKHPDWLFDO VFLHQFH� >���@ LW PXVW
UHDVRQ E\ UHDO HTXDWLRQVÝ �-HYRQV� ����� S� ���� ,Q WKH QH[W GHFDGHV� HFRQRPLF WKHRU\
EHFDPH LQFUHDVLQJO\ PDWKHPDWLFDO� DQG FRQWHPSODWLRQV DERXW LQQHU H[SHULHQFHV ZHUH
UHSODFHG ZLWK WKH DQDO\VLV RI GLUHFWO\ REVHUYDEOH GHFLVLRQV� +RZHYHU� LQ LWV FRUH WKHUH
ZDV VWLOO D SV\FKRORJLFDO FRQFHSW� XWLOLW\� 7KH DVVXPSWLRQ WKDW KXPDQV VWULYH IRU WKH
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PD[LPL]DWLRQ RI XWLOLW\ ZDV WUHDWHG OLNH D SV\FKRORJLFDO D[LRP� DQ XQYHULILDEOH WUXWK WKDW
LV QRW DFFHVVLEOH WR ULJRURXV VFLHQFH�

6LQFH %HQWKDP� WKH FKDLQ RI WKRXJKW VWDUWHG IURP WKH GHFLVLRQ PDNHU WKDW WULHV WR
DQWLFLSDWH WKH XWLOLW\ RI GLIIHUHQW RSWLRQV DQG WKHQ GHFLGHV DFFRUGLQJ WR WKH PD[LPL]D�
WLRQ SULQFLSOH� 7KH $PHULFDQ HFRQRPLVW 3DXO 6DPXHOVRQ� LQ DQ DWWHPSW WR FRPSOHWHO\
UHIRUPXODWH WKH EDVLV RI HFRQRPLF WKHRU\� WXUQHG WKLV XSVLGH GRZQ� Ü, SURSRVH >���@ WKDW
ZH VWDUW DQHZ LQ GLUHFW DWWDFN XSRQ WKH SUREOHP� GURSSLQJ RII WKH ODVW YHVWLJHV RI WKH
XWLOLW\ DQDO\VLVÝ �6DPXHOVRQ� ����� S� ���� ,Q RUGHU WR UHPRYH WKH ODVW UHPQDQWV RI WKH
SV\FKRORJLFDO XWLOLW\ FRQFHSW IURP HFRQRPLF WKHRU\� 6DPXHOVRQ UHVWULFWHG KLV DWWHQWLRQ
WR ZKDW LV DFFHVVLEOH WKURXJK GLUHFW REVHUYDWLRQ� GHFLVLRQV� 6WDUWLQJ IURP REVHUYDEOH
GHFLVLRQV� KH GHULYHG D WKHRU\ DERXW WKH FRQGLWLRQV WKDW PXVW EHPHW LQ RUGHU WR DVVXPH
WKDW WKH GHFLVLRQ PDNHU GHFLGHV DV LI KH ZRXOG PD[LPL]H VRPH NLQG RI XWLOLW\ �6DPXHO�
VRQ� ������ :KHQ REVHUYLQJ VRPHRQH FKRRVLQJ FKRLFH VHW $ RYHU FKRLFH VHW %� ZKDW
GRHV WKLV WHOO XV DERXW WKH GHFLVLRQ PDNHU" )RU 6DPXHOVRQ� WKH FKRRVHU UHYHDOV KHU
SUHIHUHQFH� $ LV FKRVHQ EHFDXVH LW LV SUHIHUUHG RYHU %� %XW ZKDW SDWWHUQ RI GHFLVLRQV�
6DPXHOVRQ FRQWLQXHG LQ KLV DQDO\VLV� QHHG WR EH REVHUYHG� VR WKDW RQH FDQ SUHWHQG WKDW
WKH GHFLVLRQ PDNHU LV PD[LPL]LQJ XWLOLW\" )LUVW RI DOO� LI $ LV SUHIHUUHG RYHU %� WKH GHFL�
VLRQ PDNHU VKRXOG QHYHU FKRRVH % RYHU $� NHHSLQJ HYHU\WKLQJ HOVH FRQVWDQW �WKH ZHDN
D[LRP RI UHYHDOHG SUHIHUHQFH�� 6DPXHOVRQ ODLG RXW WKH FULWHULD XQGHU ZKLFK FKRLFHV DUH
FRQVLVWHQW ZLWK WKH LGHD RI XQGHUO\LQJ VWDEOH SUHIHUHQFHV RU DQ XWLOLW\ IXQFWLRQ� ZLWKRXW
WKH QHHG WR VD\ DQ\WKLQJ DERXW PHQWDO SURFHVVHV� )ROORZLQJ 6DPXHOVRQ� WKH UHYHDOHG
SUHIHUHQFH DSSURDFKZDV H[WHQGHG WR UXOH RXW FKRLFH F\FOHV� ,I $ LV SUHIHUUHG RYHU % DQG
% LV SUHIHUUHG RYHU &� WKHQ LQ D GHFLVLRQ EHWZHHQ $ DQG &� $ VKRXOG EH FKRVHQ �GHULYHG
IURP WKH VWURQJ D[LRP RI UHYHDOHG SUHIHUHQFH��

:LWK WKH ZRUN RI 6DPXHOVRQ DQG KLV VXFFHVVRUV� HFRQRPLVWV IRXQG D ZD\ WR UHPRYH
DQ\ UHOLDQFH RQ SV\FKRORJLFDO FRQFHSWV LQ HFRQRPLF WKHRU\� 7KH GHFLVLRQ PDNHU WUDQV�
IRUPHG IURP WKH KXPDQ ZKR LV JRYHUQHG E\ ÜWZR VRYHUHLJQ PDVWHUV� SDLQ DQG SOHDVXUHÝ
�%HQWKDP� ����� S� �� WR WKH KRPR RHFRQRPLFXV� DQ DJHQW ZKR EHKDYHV ÙDV LIÚ XWLOLW\ ZDV
LWV GULYLQJ IRUFH� 0LOWRQ )ULHGPDQ IDPRXVO\ IRUPXODWHG WKLV SRVLWLYLVW DSSURDFK WR WKH
VFLHQFH RI GHFLVLRQ PDNLQJ DV IROORZV�

Ü&RQVLGHU WKH GHQVLW\ RI OHDYHV DURXQG D WUHH� , VXJJHVW WKH K\SRWKHVLV WKDW
WKH OHDYHV DUH SRVLWLRQHG DV LI HDFK OHDI GHOLEHUDWHO\ VRXJKW WR PD[LPL]H
WKH DPRXQW RI VXQOLJKW LW UHFHLYHV >���@� ,V WKH K\SRWKHVLV UHQGHUHG XQDF�
FHSWDEOH RU LQYDOLG EHFDXVH� VR IDU DV ZH NQRZ� OHDYHV GR QRW ÙGHOLEHUDWHÚ RU
FRQVFLRXVO\ ÙVHHN�Ú KDYH QRW EHHQ WR VFKRRO DQG OHDUQHG WKH UHOHYDQW ODZV RI
VFLHQFH RU WKH PDWKHPDWLFV UHTXLUHG WR FDOFXODWH WKH ÙRSWLPXPÚ SRVLWLRQ�
DQG FDQQRW PRYH IURP SRVLWLRQ WR SRVLWLRQ" &OHDUO\� QRQH RI WKHVH FRQWUD�

�
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GLFWLRQV RI WKH K\SRWKHVLV LV YLWDOO\ UHOHYDQW� WKH SKHQRPHQD LQYROYHG DUH
QRW ZLWKLQ WKH ÙFODVV RI SKHQRPHQD WKH K\SRWKHVLV LV GHVLJQHG WR H[SODLQÚ�
WKH K\SRWKHVLV GRHV QRW DVVHUW WKDW OHDYHV GR WKHVH WKLQJV EXW RQO\ WKDW WKHLU
GHQVLW\ LV WKH VDPH DV LI WKH\ GLG�Ý �)ULHGPDQ� ����� S� ���

3V\FKRORJ\ × WKH VWUXJJOH ZLWK ODWHQW YDULDEOHV

6LPLODUO\ WR HFRQRPLVWV� SV\FKRORJLVWV DOVR VWUXJJOHG ZLWK KRZ WR VWXG\ PHQWDO SUR�
FHVVHV DQG VXEMHFWLYH VHQVDWLRQV VFLHQWLILFDOO\� )URP DYRLGLQJ WKHVH ODWHQW XQREVHUYDEOH
FRQVWUXFWV DOWRJHWKHU WR PDNLQJ WKHP WKH FHQWUDO REMHFW RI LQYHVWLJDWLRQ� WKH KLVWRU\ RI
SV\FKRORJ\ FDQ EH FKDUDFWHUL]HG DV DQ DOWHUQDWLQJ DSSURDFK�DYRLGDQFH FRQIOLFW�

7KH EHJLQQLQJ RI SV\FKRORJ\ DV DQ DFDGHPLF GLVFLSOLQH LV RIWHQ GDWHG EDFN WR �����
WKH \HDU LQ ZKLFK:LOKHOP:XQGW IRXQGHG WKH ILUVW H[SHULPHQWDO SV\FKRORJ\ ODERUDWRU\
DW WKH 8QLYHUVLW\ RI /HLS]LJ� *HUPDQ\�� :XQGW HVWDEOLVKHG SV\FKRORJ\ DV DQ LQGHSHQ�
GHQW GLVFLSOLQH DQG GHILQHG WKH DJHQGD IRU WKH VWXG\ RI WKHPLQG� )RU:XQGW� SV\FKRORJ\
KDV WR EH URRWHG LQ WKH QDWXUDO VFLHQFHV� 0HQWDO SURFHVVHV KDYH WR EH H[SODLQHG RQ WKH
EDVLV RI SK\VLRORJLFDO FKDQJHV� ,Q WKH VDPH YHLQ� WKLV OLQN EHWZHHQ HQYLURQPHQW DQG
LQQHU VHQVDWLRQ KDV WR EH H[SORUHG HPSLULFDOO\� ,Q KLV RZQ H[SHULPHQWV� :XQGWÚV VWX�
GHQWV RIWHQ EHFDPH WKH VXEMHFWV� FRQIURQWHG ZLWK FRQWUROOHG YLVXDO� WDFWLOH RU DFRXVWLF
VWLPXODWLRQ� ZKLOH REMHFWLYH PHDVXUHPHQWV OLNH UHDFWLRQ WLPH ZHUH WDNHQ �VHH )LJXUH
�����

:XQGWÚV QXPHURXV VWXGHQWV DQG FROOHDJXHV ZHUH DOVR WUDLQHG LQ LQWURVSHFWLRQ� WKH
V\VWHPDWLF H[DPLQDWLRQ RI WKRXJKWV DQG IHHOLQJV� $OWKRXJK WKHUH LV D GHEDWH RQ KRZ LP�
SRUWDQW LQWURVSHFWLRQ ZDV IRU :XQGWÚV VFLHQWLILF SURJUDP �'DQ]LJHU� ������ LW GHILQLWHO\
EHFDPH DQ LPSRUWDQW PHWKRG IRU VRPH RI KLV VWXGHQWV� 1RWDEO\� 2VZDOG .½OSH� ZKR
ODWHU IRXQGHG WKH Ù:½U]EXUJ 6FKRRO RI 3V\FKRORJ\Ú� EHOLHYHG WKDW V\VWHPDWLF LQWURVSHF�
WLRQ LV WKH 9LD 5HJLD WR WKH VFLHQWLILF H[SORUDWLRQ RI WKH FRQVFLRXV PLQG� Ü/LNH SHUVRQDO
H[SHULHQFH LV WKH IXQGDPHQWDO VRXUFH� VHOI�REVHUYDWLRQ LV WKH IXQGDPHQWDO PHWKRG RI
GHVFULSWLYH SV\FKRORJ\Ý�� .½OSH DQG KLV FROOHDJXHV GLYHUJHG IURP WKH LGHD WKDW WKH FRQ�
WHQW RI WKH PLQG FDQ EH WUDFHG EDFN WR PHUH SK\VLRORJLFDO VWLPXODWLRQ� +HDYLO\ UHO\�
LQJ RQ LQWURVSHFWLRQ� WKH\ WULHG WR H[SORUH WKH FRPSOH[ LQQHU ZRUNLQJV RI WKH PLQG�

�3V\FKRORJ\ ZDV D WRSLF RI JUHDW LQWHUHVW DOVR RXWVLGH :XQGWÚV ODERUDWRU\� 0RVW QRWDEO\� (UQVW +HLQULFK
:HEHU� D *HUPDQ SK\VLFLDQ� ZDV LQWHUHVWHG LQ WKH UHODWLRQ RI WKH SK\VLFDO SURSHUWLHV RI REMHFWV DQG WKHLU
SV\FKRORJLFDO UHSUHVHQWDWLRQ� DQG H[SORUHG LW HPSLULFDOO\� /DWHU� *XVWDY 7KHRGRU )HFKQHU� EXLOGLQJ RQ :H�
EHUÚV ZRUN� HVWDEOLVKHG LW DV D VFLHQWLILF VXEILHOG� SV\FKRSK\VLFV� 3V\FKRSK\VLFV ZDV ZHOO HTXLSSHG IRU WKH
V\VWHPDWLF H[SORUDWLRQ RI WKH SV\FKRORJLFDO GLPHQVLRQV RI XWLOLW\� $OWKRXJK VRPH HFRQRPLVWV ZHUH DZDUH RI
SV\FKRSK\VLFV� LW QHYHU FDPH WR D EURDG LQWHUGLVFLSOLQDU\ FRRSHUDWLRQ EHWZHHQ WKHVH ILHOGV�

�2ZQ WUDQVODWLRQ� 2ULJLQDO TXRWH� Ü:LH GLH HLJHQH (UIDKUXQJ GHU *UXQGTXHOOH� VR LVW GLH 6HOEVWEHREDFK�
WXQJ GLH *UXQGPHWKRGH GHU EHVFKUHLEHQGHQ 3V\FKRORJLHÝ �.½OSH� ����� S� ����

�



)LJXUH ���� :LOKHOP :XQGW �VLWWLQJ� VXUURXQGHG E\ FROOHDJXHV LQ IURQW RI D SV\FKRSK\VLFDO DSSD�

UDWXV WKDW FUHDWHG VRXQGV ZKLOH UHFRUGLQJ UHDFWLRQ WLPHV�

2QH RI KLV PRVW IDPRXV VWXGHQWV� .DUO %½KOHU� IRU H[DPSOH FRQIURQWHG KLV VXEMHFWV ZLWK
FRPSOLFDWHG PHWDSKRUV DQG LQVWUXFWHG WKHP WR WKLQN DORXG� +H REVHUYHG WKDW VRPH
SDUWLFLSDQWV� ZKLOH ILUVW VWUXJJOLQJ ZLWK WKH PHDQLQJ RI WKH VHQWHQFHV� H[SHULHQFHG DQ
HXUHND HIIHFW� D VXGGHQ XQGHUVWDQGLQJ RI PHDQLQJ �%½KOHU� ������ %½KOHU FRQFOXGHG
WKDW WKRXJKW SURFHVVHV RIWHQ GR QRW IROORZ D ORJLFDO RUGHU� ,QVWHDG WKH\ FDQ PDNH XQ�
H[SHFWHG MXPSV WKDW DUH KDUGO\ UHGXFLEOH WR FKDQJHV LQ WKH RXWHU SK\VLRORJLFDO VWLP�
XODWLRQ� :XQGW� ZKR� LQ DGGLWLRQ WR GLUHFWO\ REVHUYDEOH PHDVXUHV� DFFHSWHG V\VWHP�
DWLF LQWURVSHFWLRQ DV RQH YDOLG PHWKRG RI SV\FKRORJ\� GLVDJUHHG ZLWK WKH QRWLRQ WKDW
VHOI REVHUYDWLRQ VKRXOG SOD\ VXFK D NH\ UROH LQ WKH PHWKRGRORJLFDO UHSHUWRLUH RI VFLHQ�
WLILF SV\FKRORJ\� +H VWURQJO\ FULWLFL]HG WKH VWXGLHV RI %½KOHU �QRZ UHIHUUHG WR DV WKH
%½KOHU�:XQGW FRQWURYHUV\�� EHOLHYLQJ WKDW VXFK KLJK RUGHU FRJQLWLYH SURFHVVHV DUH QRW
H[DPLQDEOH ZLWK VFLHQWLILF ULJRU�

1HYHUWKHOHVV� Ù'HQNSV\FKRORJLHÚ� WKH VFKRRO WKDW VHW RXW WR H[DPLQH WKH FRPSOH[
UHDOP RI WKRXJKWV DQG FRQVFLRXVQHVV� JDLQHG PRPHQWXP ZLWK SV\FKRORJLVWV� OLNH (G�
ZDUG %� 7LWFKHQHU� ZKR H[SRUWHG WKLV DSSURDFK WR WKH 8�6� RU 0D[ :HUWKHLPHU� ZKR
XVHG RSWLFDO LOOXVLRQV OLNH WKH 3KL SKHQRPHQRQ� WR GHPRQVWUDWH WKH FRQVWUXFWLYH QDWXUH
RI RXU SHUFHSWLRQ�

�
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7KH UHWUHDW DQG UHYLYDO RI WKH PLQG

,QWURVSHFWLRQ DQG WKH H[SORUDWLRQ RI LQQHU SURFHVVHV ZHUH� KRZHYHU� VRRQ GDPQHG DV
XQDFFHSWDEOH SVHXGRVFLHQFH� %HFDXVH RI WKHLU -HZLVK EDFNJURXQG� PDQ\ *HUPDQ SV\�
FKRORJLVWV KDG WR IOHH *HUPDQ\ ZLWK WKH ULVH RI *HUPDQ 1D]LVP DQG *HUPDQ\ ORVW LWV
SRVLWLRQ DV WKH FHQWUDO KXE RI SV\FKRORJLFDO UHVHDUFK LQ WKH ZRUOG� 7KH 8�6� EHFDPH LWV
QHZ KRPH� DFFRPSDQLHG E\ D GHHS UHIRUPXODWLRQ RI WKH VFLHQWLILF SURJUDP RI KXPDQ
SV\FKRORJ\�

7KLV UHIRUPXODWLRQ LV PDLQO\ DWWULEXWHG WR WKH $PHULFDQ SV\FKRORJLVW -RKQ :DWVRQ�
:DWVRQ� ZKR UHFRJQL]HG WKH LPSRUWDQFH RI ,YDQ 3DYORYÚV FRQGLWLRQDO UHIOH[ WKHRU\ IRU
KXPDQ SV\FKRORJ\� ZDV GHHSO\ GLVVDWLVILHG ZLWK WKH VWDWH RI KLV GLVFLSOLQH� $W WKH DJH RI
��� LQ D VSHHFK JLYHQ DW &ROXPELD 8QLYHUVLW\� KH VKDUHG KLV FRQFHUQV DQG SUHVHQWHG KLV
QHZ GLUHFWLRQ IRU SV\FKRORJ\� %HKDYLRULVP� D SURJUDP WKDW VKRXOG GRPLQDWH WHDFKLQJ
DQG UHVHDUFK DW XQLYHUVLWLHV IRU WKH QH[W WKLUW\ \HDUV� ,Q KLV VSHHFK� KH FOHDUO\ GHILQHG
ZKDW VKRXOG QRW EH SDUW RI SV\FKRORJ\� Ü7KH WLPH VHHPV WR KDYH FRPHZKHQ SV\FKRORJ\
PXVW GLVFDUG DOO UHIHUHQFH WR FRQVFLRXVQHVV� ZKHQ LW QHHG QR ORQJHU GHOXGH LWVHOI LQWR
WKLQNLQJ WKDW LW LV PDNLQJ PHQWDO VWDWHV WKH REMHFW RI REVHUYDWLRQÝ �:DWVRQ� ����� S� �����
)RU :DWVRQ� WKHUH ZDV QR FRQVHQVXV RQ ZKDW FRQFHSWV OLNH ÙSHUFHSWLRQÚ� ÙHPRWLRQÚ RU
ÙYROLWLRQÚ� IUHTXHQWO\ XVHG E\ :XQGW� %½KOHU RU 7LWFKHQHU� UHDOO\ PHDQ� 1RU GLG KH H[�
SHFW VXFK D FRQVHQVXV WR EH HYHU UHDFKHG VFLHQWLILFDOO\� ,QVWHDG� SV\FKRORJLVWV� LI WKH\
ZDQW WR EHFRPH ÙUHDOÚ VFLHQWLVWV� VKRXOG IRFXV RQ WKH FRQWURO DQG SUHGLFWLRQ RI REVHUY�
DEOH EHKDYLRU� Ü3V\FKRORJ\ DV WKH EHKDYLRULVW YLHZV LW LV D SXUHO\ REMHFWLYH H[SHULPHQWDO
EUDQFK RI QDWXUDO VFLHQFH� ,WV WKHRUHWLFDO JRDO LV WKH SUHGLFWLRQ DQG FRQWURO RI EHKDYLRU�
,QWURVSHFWLRQ IRUPV QR HVVHQWLDO SDUW RI LWV PHWKRGV >���@Ý �:DWVRQ� ����� S� �����

/LNH 6DPXHOVRQÚV QHZ IRXQGDWLRQ IRU D WKHRU\ RI GHFLVLRQ PDNLQJ LQ HFRQRPLFV� EH�
KDYLRULVWV WUHDWHG WKH KXPDQ PLQG DV D EODFN ER[ WKDW LV QRW SDUW RI ULJRURXV VFLHQFH�
5HVHDUFKHUV VKLIWHG WKHLU DWWHQWLRQ WR VWLPXOXV�UHVSRQVH SDWWHUQV DQG SV\FKRORJLFDO
WKHRULHV ZHUH H[FOXVLYHO\ EXLOW RQ REVHUYDEOH DQG H[DFWO\ PHDVXUDEOH EHKDYLRU� 'RLQJ
UHVHDUFK RQ PHQWDO VWDWHV RU FRQVWUXFWV OLNH PHPRU\� HPRWLRQ RU PRWLYDWLRQ EHFDPH
LQFUHDVLQJO\ GLIILFXOW DW SV\FKRORJ\ IDFXOWLHV LQ WKH QH[W GHFDGHV� ,Q WKH YLHZ RI EH�
KDYLRULVP� KXPDQ EHKDYLRU LV WKH SURGXFW RI SRVLWLYH DQG QHJDWLYH UHLQIRUFHPHQW DQG
SXQLVKPHQW�� (YHQ WKH PRVW FRPSOH[ EHKDYLRU� EHKDYLRULVWV EHOLHYHG� ZDV IXQGDPHQ�
WDOO\ GULYHQ E\ WKHVH IRUFHV� IRUFHV WKDW H[LVWHG RXWVLGH RI WKH LQGLYLGXDOV PLQG� +XPDQ
SHUVRQDOLW\� HPRWLRQV DQG KDELWV ZHUH PHUHO\ WKH SURGXFW RI WKH OHDUQHG FRQWLQJHQFLHV
RI WKHLU HQYLURQPHQW� :KDWHYHU LV UHLQIRUFHG ZLOO EH VKRZQ PRUH IUHTXHQWO\� ZKLOH WKH
UDWH RI EHKDYLRU WKDW LV IROORZHG E\ SXQLVKPHQW ZLOO GHFUHDVH� )RU WKH SUHGLFWLRQ DQG
PDQLSXODWLRQ RI EHKDYLRU� WKLV ÙODZ RI HIIHFWÚ� DV (GZDUG 7KRUQGLNH ������ FDOOHG LW� ZDV

�(FRQRPLVWV WRGD\ ZRXOG FDOO LW LQFHQWLYHV�

�



HQRXJK� ,Q UDGLFDO EHKDYLRULVP LQQHU SV\FKRORJLFDO SURFHVVHV SOD\HG QR GHWHUPLQDQW
UROH IRU EHKDYLRU�

+RZHYHU� WKH SUHGLFWLYH SRZHU RI EHKDYLRULVW WKHRULHV ZDV TXHVWLRQHG DQG HYHQWX�
DOO\ UHMHFWHG E\ D QHZ JHQHUDWLRQ RI UHVHDUFKHUV� 7KH ILUVW ZHDNQHVVHV RI D WKHRU\ WKDW
WULHV WR H[SODLQ EHKDYLRU VROHO\ E\ UHLQIRUFHPHQW FRQWLQJHQFLHV ZHUH DOUHDG\ SRLQWHG
RXW E\ (GZDUG &� 7ROPDQ LQ WKH ����V� ,Q RQH RI 7ROPDQÚV H[SHULPHQWV� KXQJU\ UDWV
ZHUH SODFHG LQ D PD]H DQG FRXOG IUHHO\ H[SORUH LW �7ROPDQ DQG +RQ]LN� ������ 2QH JURXS
DOZD\V IRXQG D IRRG SDOOHW �WKH UHLQIRUFHU� LQ D FRUQHU RI WKHPD]H DQG OHDUQHG WR GLUHFWO\
ZDON WR WKLV VSRW� ,Q WKH VHFRQG JURXS QR IRRG ZDV SODFHG LQ WKH PD]H� $IWHU VRPH WUL�
DOV� WKH H[SHULPHQWHU DOVR SODFHG D IRRG SDOOHW LQ WKH PD]H RI WKH VHFRQG JURXS� :KDW
7ROPDQ DQG KLV FROOHDJXH +RQ]LN REVHUYHG ZDV WKDW WKH VHFRQG JURXS OHDUQHG WR ZDON
WR WKH UHLQIRUFHU PXFK IDVWHU FRPSDUHG WR WKH LQLWLDO OHDUQLQJ UDWH RI WKH ILUVW JURXS�
7ROPDQ FRQFOXGHG WKDW UDWV OHDUQHG WKH VWUXFWXUH RI WKH PD]H HYHQ ZKHQ WKH\ ZHUH
QRW HQIRUFHG WR GR VR�� %DVHG RQ WKLV REVHUYDWLRQ� KH TXHVWLRQHG WKH FRQYLFWLRQ WKDW
EHKDYLRU LV UHGXFLEOH WR UHLQIRUFHPHQW OHDUQLQJ� 0RUH LPSRUWDQWO\� KH SURSRVHG WZR
FRQFHSWV WKDW SRLQWHG WR WKH UHYLYDO RI LQQHU SURFHVVHV LQ SV\FKRORJ\� ODWHQW OHDUQLQJ
DQG WKH FRJQLWLYH PDS �7ROPDQ� ������ )RU 7ROPDQ� OHDUQLQJ FDQ WDNH SODFH ZLWKRXW DQ\
H[WHUQDO UHLQIRUFHPHQW� +H IXUWKHU FRQFOXGHG WKDW WKH UDWV LQ KLV H[SHULPHQWV OHDUQHG
PRUH WKHQ MXVW VWLPXOXV�UHDFWLRQ SDWWHUQV� 7KH\ OHDUQHG WKH VWUXFWXUH RI WKH PD]H E\
FRQVWUXFWLQJ D PHQWDO UHSUHVHQWDWLRQ RI LWV DUFKLWHFWXUH WKDW WKH\ FDQ XVH WR SODQ DQG
IOH[LEO\ UHDFW WR FKDQJHV LQ WKH PD]H�

+RZHYHU� 7ROPDQÚV PXFK EURDGHU FRJQLWLYH OHDUQLQJ FRQFHSWV ZHUH ZD\ DKHDG RI LWV
WLPH� ,W WRRN DQRWKHU GHFDGH DQG DQ LQWHUGLVFLSOLQDU\ HIIRUW RI SV\FKRORJ\� OLQJXLVWLFV
DQG WKH HPHUJHQW FRPSXWHU VFLHQFHV WR RSHQ WKH EODFN ER[ DJDLQ DQG UHSODFH ÙPLQGOHVVÚ
SV\FKRORJ\ ZLWK FRJQLWLYH SV\FKRORJ\� WKH GRPLQDQW SDUDGLJP LQ SV\FKRORJ\ XQWLO WR�
GD\� 6WDUWLQJ LQ WKH ODWH ����V WKH VR�FDOOHG ÙFRJQLWLYH UHYROXWLRQÚ EHJXQ DQG UHVHDUFKHUV
UHGLVFRYHUHG WKH LPSRUWDQFH RI FRQFHSWV OLNH PHPRU\� PRWLYDWLRQ� YROLWLRQ RU SODQQLQJ
QRW RQO\ IRU SUHGLFWLQJ� EXW IRUHPRVW IRU DFFXUDWHO\ GHVFULELQJ KXPDQ EHKDYLRU� /DWHQW
YDULDEOHV� DOWKRXJK RQO\ LQGLUHFWO\ REVHUYDEOH DQG PHDVXUDEOH� ZHUH DJDLQ LQWURGXFHG
DV OHJLWLPDWH SDUWV RI SV\FKRORJLFDO WKHRULHV� ,Q FRJQLWLYH SV\FKRORJ\� LQIOXHQFHG E\ WKH
ULVH RI FRPSXWHUV DQG ZRUN RQ DUWLILFLDO LQWHOOLJHQFH� KXPDQV DUH FRQFHSWXDOL]HG DV VR�
SKLVWLFDWHG LQIRUPDWLRQ SURFHVVLQJPDFKLQHV� WKDW QRW RQO\ UHDFW WR EXW DFW LQ D FRPSOH[
HQYLURQPHQW� &RPSDUHG WR EHKDYLRULVP� EHKDYLRU LV QRW RQO\ VKDSHG E\ UHLQIRUFHUV RU
LQFHQWLYHV� ,QVWHDG ZH DOVR DFWLYHO\ PDQLSXODWH DQG LQIOXHQFH RXU HQYLURQPHQW� 7KHUH�
IRUH� LQ WKH FRJQLWLYH UHVHDUFK DJHQGD� XQGHUVWDQGLQJ WKH LQWHUSOD\ RI WKH HQYLURQPHQW
DQG WKH PHQWDO UHSUHVHQWDWLRQ WKDW LV JXLGLQJ EHKDYLRU SOD\V D PDMRU UROH�

�(FRQRPLVWV ZRXOG VD\ WKDW WKHUH ZDV QR LQFHQWLYH WR OHDUQ�

�
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7KH WUDGHRII EHWZHHQ DSSOLFDWLRQ DQG YDOLGLW\

7KURXJKRXW WKHLU KLVWRU\� HFRQRPLFV DQG SV\FKRORJ\ ERWK VWUXJJOHG ZLWK KRZ WR DS�
SURDFK WKH FRQWHQW RI WKH KXPDQ PLQG� +RZ FDQ XQREVHUYDEOH TXDQWLWLHV OLNH XWLOLW\
RU WKH FRQVFLRXVQHVV EH VWXGLHG ULJRURXVO\� LI WKH\ DUH QRW GLUHFWO\ DFFHVVLEOH WKURXJK
REVHUYDWLRQ" (YHQ ZRUVH� KRZ FDQ WHVWDEOH WKHRULHV EH IRUPXODWHG� LI WKH REMHFWV RI LQ�
WHUHVW GHSHQG RQ KRZ WKH\ DUH GHILQHG DQG ZKDW DVVXPSWLRQV DUH PDGH DERXW WKHP"
$IWHU D SHULRG RI UHGXFLQJ WKHLU IRFXV RQ EHKDYLRUDO UHVSRQVHV� SV\FKRORJLVWV WRGD\ DF�
NQRZOHGJH WKHVH FKDOOHQJHV EXW DOVR UHFRJQL]H WKDW D SV\FKRORJLFDO WKHRU\ ZLWKRXW DQ\
UHIHUHQFH WR LQQHU SURFHVVHV ODFNV GHVFULSWLYH YDOLGLW\� 2Q WKH RWKHU KDQG� LQ HFRQRPLFV
LQQHU SURFHVVHV VORZO\ UHWUHDWHG DQG PDLQVWUHDP HFRQRPLF WKHRU\ EHDUV IODYRUV RI EH�
KDYLRULVP� 8WLOLW\ VHUYHV PHUHO\ DV D WKHRUHWLFDO FRQVWUXFW DQG D WKHRU\ LV MXGJHG E\ LWV
DELOLW\ WR SUHGLFW QRW E\ LWV GHVFULSWLYH DFFXUDF\�

2QH PLJKW DVVXPH WKDW D WKHRU\ WKDW DFFXUDWHO\ GHVFULEHV PHQWDO SURFHVVHV LV DOVR
JRRG LQ SUHGLFWLRQ� +RZHYHU� HVSHFLDOO\ LQ WKH GRPDLQ RI PHQWDO FRQVWUXFWV� DFFX�
UDWH GHVFULSWLRQ DQG DSSO\LQJ D WKHRU\ WR IRUHFDVW DFWXDO EHKDYLRU GR QRW JR KDQG LQ
KDQG� 7KLV LV RQH RI WKH SUREOHPV ZLWK 7YHUVN\ÚV DQG .DKQHPDQÚV SURVSHFW WKHRU\�
3URVSHFW WKHRU\ FRQWDLQV WKUHH PHQWDO FRQVWUXFWV� VXEMHFWLYH YDOXH� D QRQOLQHDU VXE�
MHFWLYH ZHLJKWLQJ RI SUREDELOLWLHV �GHFLVLRQ ZHLJKWV� DQG WKH UHIHUHQFH SRLQW� ,Q (87 RQ
WKH RWKHU KDQG� LW LV DVVXPHG WKDW GHFLVLRQV DGKHUH WKH SUREDELOLW\ D[LRPV DQG DUH EDVHG
RQ RYHUDOO ZHDOWK OHYHOV� QRW RQ D PHQWDOO\ FRQVWUXFWHG UHIHUHQFH SRLQW� $V GLVFXVVHG
DERYH� D ODUJH ERG\ RI HPSLULFDO HYLGHQFH VKRZV WKDW KXPDQV RIWHQ YLRODWH WKH SULQFL�
SOHV RI SUREDELOLW\ WKHRU\ ZKHQ FRQIURQWHG ZLWK XQFHUWDLQ HYHQWV DQG IUDPH GHFLVLRQV
EDVHG RQ VLWXDWLRQ�GHSHQGHQW UHIHUHQFH SRLQWV� 7KXV� SURVSHFW WKHRU\ LV PRUH DFFX�
UDWHO\ GHVFULELQJ WKH ZD\ KRZ KXPDQV FKRRVH� 7KH SUREOHP LV� WKDW RQH KDV WR NQRZ
TXLWH D ORW DERXW D SDUWLFXODU LQGLYLGXDO LQ RUGHU WR SUHGLFW KHU FKRLFHV� +RZ H[DFWO\
GRHV WKH LQGLYLGXDO GLVWRUW SUREDELOLWLHV" $QG PRUH LPSRUWDQWO\� ZKDW PHQWDO UHIHUHQFH
SRLQW LV HPSOR\HG LQ D SDUWLFXODU VLWXDWLRQ" 7KLV LV RQH RI WKH UHDVRQV ZK\ HFRQRPLVWV
DUH ZDU\ RI WKHRULHV WKDW DUH EDVHG RQ PHQWDO SURFHVVHV�� 7KH DSSOLFDELOLW\ RI D WKHRU\
KDV WR EH WUDGHG RII DJDLQVW LWV GHVFULSWLYH YDOLGLW\� $QG DV RI WRGD\� SV\FKRORJ\ DQG
HFRQRPLFV VHWWOHG RQ WZR GLIIHUHQW H[FKDQJH UDWHV� ,Q SV\FKRORJ\� WKHRULHV RIWHQ WU\ WR
UHFRQVWUXFW DOO FDXVHV� HIIHFWV� DQG WKH LQWHUQDO UHSUHVHQWDWLRQ RI WKH HQYLURQPHQW DV
DFFXUDWHO\ DV SRVVLEOH� ZKLOH LQ HFRQRPLFV� WKHRULHV DUH SUHIHUUHG WKDW DUH PDWKHPDWL�
FDOO\ WUDFWDEOH DQG FDQ EH HDVLO\ XVHG IRU SUHGLFWLRQ DQG DSSOLFDWLRQ�

�$QRWKHU UHDVRQ LV WKDW WKHRULHV WKDW UHO\ RQ PHQWDO SURFHVVHV DUH KDUG WR WHVW DQG IDOVLI\� 7KLV LV WKH
SUREOHP WKDW JDYH ULVH WR EHKDYLRULVP DV ZHOO DV WKH GHFOLQH RI WKH FDUGLQDO FRQFHSW RI XWLOLW\� ,Q D QXWVKHOO�
WKLV LV DOVR WKH SUREOHP SV\FKRORJLVWV KDYH ZLWK SV\FKRDQDO\WLFDO WKHRU\�

��



+RZHYHU� WKH KLVWRU\ RI HFRQRPLF DQG SV\FKRORJLFDO WKRXJKW LV QRW RQO\ D KLVWRU\
RI FKDQJLQJ WKH UDWLR RI DFFXUDWH GHVFULSWLRQ DQG SUHGLFWLRQ SRZHU� ,I RQH EHOLHYHV LQ
VFLHQWLILF SURJUHVV� DSSOLFDELOLW\ DQG YDOLGLW\ FDQ LQFUHDVH DW WKH VDPH WLPH ZLWK PRUH
NQRZOHGJH DQG EHWWHU PHWKRGV� 7KH $PHULFDQ ELRORJLVW (GZDUG 2� :LOVRQ LV DOVR FRQ�
YLQFHG WKDW ERWK FDQ LQFUHDVH ZLWK GLVFLSOLQHV MRLQLQJ IRUFHV DQG UHVHDUFKHUV HQJDJLQJ
LQ LQWHUGLVFLSOLQDU\ HQGHDYRUV� :LOVRQ� UHIHUULQJ WR WKH SKLORVRSKHU RI VFLHQFH :LOOLDP
:KHZHOO� FDOOV WKH FRQYHUJHQFH RI GLIIHUHQW GLVFLSOLQHV FRQVLOLHQFH �:LOVRQ� ������ )RU
H[DPSOH� LQ WKH EHJLQQLQJ RI WKH ��WK FHQWXU\� FKHPLVWU\ DQG SK\VLFV VWDUWHG WR FRQ�
YHUJH DQG WRJHWKHU EXLOW WKH IRXQGDWLRQV RI PRGHUQ ELRORJ\� PROHFXODU ELRORJ\� &RQ�
VLOLHQFH� DFFRUGLQJ WR :LOVRQ� FRXOG DOVR IRVWHU SURJUHVV LQ WKH VRFLDO VFLHQFHV� )RU :LO�
VRQ� WKH SDUWLFXODUL]DWLRQ ZH REVHUYHG DFURVV VFLHQWLILF GLVFLSOLQHV VLQFH WKH (QOLJKWHQ�
PHQW FRXOG UHYHUVH� WKHUHE\ XQLWLQJ WKH QDWXUDO VFLHQFHV �SK\VLFV� FKHPLVWU\� ELRORJ\�
ZLWK WKH VRFLDO VFLHQFHV �SV\FKRORJ\� HFRQRPLFV� VRFLRORJ\�� 7KHRULHV ZLOO HYROYH WKDW
LQFUHDVH GHVFULSWLYH YDOLGLW\ DQG SUHGLFWLYH SRZHU DW WKH VDPH WLPH� (YHQWXDOO\ :LOVRQ
HQYLVLRQV WKHRULHV WKDW HQFRPSDVV VPRRWK WUDQVLWLRQV IURP DWRPV WR FHOOV� WR RUJDQLVPV
DQG XOWLPDWHO\ WR FRPSOH[ VRFLDO EHKDYLRU�

0DQ\ IDPRXV SV\FKRORJLVWV DQG HFRQRPLVWV LQ KLVWRU\� OLNH :XQGW RU -HYRQV� ZKR
DGPLUHG WKH VXFFHVV DQG SURJUHVV LQ SK\VLFV� ZRXOG SUREDEO\ FKHULVK WKLV LGHD� %XW VR
IDU� WKH PHWKRGV WR RSHQ WKH EODFN ER[ DQG URRW SV\FKRORJLFDO FRQVWUXFWV LQ WKH ELRORJ�
LFDO UHDOP ZHUH PLVVLQJ�

)LOOLQJ WKH JDS × QHXURVFLHQFH DQG VRFLRELRORJ\

$ ORW RI KRSH WR HVWDEOLVK WKLV PLVVLQJ OLQN EHWZHHQ WKH QDWXUDO DQG WKH VRFLDO VFLHQFHV
UHVWV RQ PRGHUQ QHXURVFLHQFH� :LWK WKH HPHUJHQFH RI LPDJLQJ WHFKQLTXHV OLNH IXQF�
WLRQDO PDJQHWLF UHVRQDQFH LPDJLQJ �I05,� RU SRVLWURQ HPLVVLRQ WRPRJUDSK\ �3(7� HQ�
DEOLQJ WKH QRQLQYDVLYH UHFRUGLQJ RI EUDLQ DFWLYLW\� DV ZHOO DV WUDQVFUDQLDO PDJQHWLF VWLP�
XODWLRQ �706�� HQDEOLQJ WKH V\VWHPDWLF PDQLSXODWLRQ RI EUDLQ DUHDV DQG REVHUYDWLRQ RI
LWV HIIHFW RQ EHKDYLRU� PDQ\ SV\FKRORJLVWV DQG HFRQRPLVWV KDYH VWDUWHG WR H[SORUH WKH
ELRORJLFDO VXEVWUDWHV RI PHQWDO SURFHVVHV DQG GHFLVLRQ PDNLQJ�

$QRWKHU DWWHPSW WR HPEHG FRPSOH[ KXPDQ EHKDYLRU DQG FRJQLWLRQ LQ WKH QDWXUDO
VFLHQFHV LV VRFLRELRORJ\ RU HYROXWLRQDU\ SV\FKRORJ\� $OWKRXJK KXPDQV DUH XQLTXH LQ
PDQ\ UHVSHFWV LQ WKH DQLPDO NLQJGRP� WKH KXPDQ PLQG LV QHYHUWKHOHVV D SURGXFW RI
HYROXWLRQ� 7KH SUHPLVH WKDW KXPDQ FRJQLWLRQ DQG EHKDYLRU LV VKDSHG E\ HYROXWLRQDU\
SULQFLSOHV VKRXOG WKHUHIRUH KHOS WR XQGHUVWDQG WKH UXOHV DQG FRQVWUDLQWV RI SV\FKRORJ�
LFDO V\VWHPV�

��
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,Q P\ WKHVLV� , XVH QHXURVFLHQWLILF PHWKRGV DV ZHOO DV FRQFHSWV RI HYROXWLRQDU\ ELRO�
RJ\ LQ FRPELQDWLRQ ZLWK HFRQRPLF WKHRU\ WR LQYHVWLJDWH KXPDQ GHFLVLRQ PDNLQJ� 6LP�
LODUO\ WR LWV XVH LQ HFRQRPLFV� , XVH WKH WHUP GHFLVLRQ PDNLQJ LQ D EURDG VHQVH� IURP
VLPSOH FKRLFH �OLNH GHFLGLQJ EHWZHHQ DQ DSSOH DQG DQ RUDQJH� WR FRPSOH[ VRFLDO GH�
FLVLRQV �OLNH KHOSLQJ D VWUDQJHU RU FRRSHUDWLQJ ZLWK D JURXS RI SHRSOH�� 0\ VHFRQG
FKDSWHU LV FRQFHUQHG ZLWK XWLOLW\� WKH PRVW FHQWUDO FRQFHSW RI HFRQRPLFV WKDW WUDQV�
IRUPHG RYHU WKH FHQWXULHV IURP D SV\FKRORJLFDO GULYLQJ IRUFH WR DPDWKHPDWLFDO WKRXJKW
H[SHULPHQW� %\ JRLQJ EDFN WR %HQWKDP� WKH VWXG\ LQYHVWLJDWHV LI QHXURELRORJLFDO VLJ�
QDOV H[LVW LQ RXU EUDLQ WKDW UHVHPEOH D KHGRQLF FDOFXODWRU� UHSUHVHQWLQJ VXEMHFWLYH YDOXH
DFURVV GHFLVLRQ GRPDLQV� 7KH WKLUG FKDSWHU GRFXPHQWV D GHFLVLRQ PDNLQJ DQRPDO\�
:H GHPRQVWUDWH H[SHULPHQWDOO\ WKDW SDUWLFLSDQWVÚ SXUFKDVLQJ GHFLVLRQV FDQ EH PDQLS�
XODWHG E\ FRQVWUDLQLQJ WKHLU DUP PRYHPHQW� :H SURSRVH WKDW WKLV VHHPLQJO\ LUUDWLRQDO
EHKDYLRU PLJKW EH H[SODLQDEOH E\ WKH ELRORJLFDO KHULWDJH DQG WKH QDWXUDO HQYLURQPHQW LQ
ZKLFK KXPDQV HYROYHG� 7KH IRXUWK DQG ILIWK FKDSWHUV UHSRUW ILQGLQJV LQ WKH GRPDLQ RI
VRFLDO GHFLVLRQV� ,Q WKH IRXUWK FKDSWHU� ZH VKRZ WKDW D EUDLQ DUHD LQ WKH IURQWDO FRUWH[ LV
FDXVDOO\ LQYROYHG LQ WKH DELOLW\ WR VWUDWHJLFDOO\ DGDSW EHKDYLRU E\ GLYLGLQJ D SLOH RI PRQH\
PRUH IDLUO\ ZKHQ D SXQLVKPHQW WKUHDW LV SUHVHQW� 7KH ILIWK FKDSWHU LQYHVWLJDWHV FRRS�
HUDWLYH EHKDYLRU LQ JURXSV� ,QVSLUHG E\ DQWKURSRORJLFDO DQG SULPDWH UHVHDUFK� ZH VKRZ
KRZ WKH HVWDEOLVKPHQW RI KLHUDUFKLHV DPRQJ JURXS PHPEHUV FDQ IRVWHU FRRSHUDWLRQ
DQG SUHYHQW IUHH ULGLQJ�

��
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5HIHUHQFHV

%HQWKDP� -� ������� $Q ,QWURGXFWLRQ WR WKH 3ULQFLSOHV RI 0RUDOV DQG /HJLVODWLRQ� &ODUHQGRQ
3UHVV� 2[IRUG�

%½KOHU� .� ������� 7DWVDFKHQ XQG 3UREOHPH ]X HLQHU 3V\FKRORJLH GHU 'HQNYRUJ¥QJH� :�
(QJHOPDQQ� /HLS]LJ�

'DQ]LJHU� .� ������� :XQGWÚV SV\FKRORJLFDO H[SHULPHQW LQ WKH OLJKW RI KLV SKLORVRSK\ RI
VFLHQFH� 3V\FKRORJLFDO UHVHDUFK� ���������×����

(GJHZRUWK� )� <� ������� 0DWKHPDWLFDO 3V\FKLFV� DQ (VVD\ RQ WKH $SSOLFDWLRQ RI 0DWKH�
PDWLFV WR WKH 0RUDO 6FLHQFHV� .HJDQ 3DXO� /RQGRQ�

)ULHGPDQ� 0� ������� (VVD\V LQ 3RVLWLYH (FRQRPLFV� 8QLYHUVLW\ RI &KLFDJR 3UHVV� &KLFDJR�

-HYRQV� :� 6� ������� 7KH 7KHRU\ RI 3ROLWLFDO (FRQRP\� 0DFPLOOLDQ� /RQGRQ�

.DKQHPDQ� '� ������� 7KLQNLQJ� )DVW DQG 6ORZ� 0DFPLOODQ� /RQGRQ�

.DKQHPDQ� '� DQG 7YHUVN\� $� ������� 6XEMHFWLYH 3UREDELOLW\� $ -XGJPHQW RI 5HSUHVHQ�
WDWLYHQHVV� &RJQLWLYH 3V\FKRORJ\� �����×����

.DKQHPDQ� '� DQG 7YHUVN\� $� ������� 3URVSHFW WKHRU\� $Q DQDO\VLV RI GHFLVLRQ XQGHU ULVN�
(FRQRPHWULFD� ���������×����

.½OSH� 2� ������� 9RUOHVXQJHQ ½EHU 3V\FKRORJLH� 6� +LU]HO� /HLS]LJ�

0LOO� -� 6� ������� 8WLOLWDULDQLVP� 3DUNHU� 6RQ� DQG %RXUQ� /RQGRQ�

3DUHWR� 9� ������� 0DQXHO GÚªFRQRPLH SROLWLTXH� *LDUG 	 %UL©UH� 3DULV�

6DPXHOVRQ� 3� $� ������� $ QRWH RQ WKH SXUH WKHRU\ RI FRQVXPHUÚV EHKDYLRXU� (FRQRPLFD�
��������×���

6DPXHOVRQ� 3� $� ������� )RXQGDWLRQV RI (FRQRPLF $QDO\VLV� +DUYDUG 8QLYHUVLW\ 3UHVV�
&DPEULGJH�

7KRUQGLNH� (� /� ������� 7KH /DZ RI (IIHFW� 7KH $PHULFDQ -RXUQDO RI 3V\FKRORJ\�
�����������×����

7ROPDQ� (� &� ������� &RJQLWLYH PDSV LQ UDWV DQG PHQ� 3V\FKRORJLFDO 5HYLHZ� ���������×
����

7ROPDQ� (� &� DQG +RQ]LN� &� +� ������� ,QWURGXFWLRQ DQG 5HPRYDO RI 5HZDUG� DQG 0D]H
3HUIRUPDQFH LQ 5DWV� 8QLYHUVLW\ RI &DOLIRUQLD 3XEOLFDWLRQV LQ 3V\FKRORJ\� �����×����

��



&+$37(5 �� &216,/,(1&( ,1 '(&,6,21 0$.,1* 5(6($5&+

:DWVRQ� -� %� ������� 3V\FKRORJ\ DV WKH EHKDYLRULVW YLHZV LW� 3V\FKRORJLFDO 5HYLHZ�
���������×����

:LOVRQ� (� 2� ������� &RQVLOLHQFH� 7KH 8QLW\ RI .QRZOHGJH� 9LQWDJH� 1HZ <RUN�

��







3DUW ,

6LPSOH &KRLFH





&KDSWHU �

9DOXH 6LJQDOV LQ WKH 3UHIURQWDO
&RUWH[ 3UHGLFW ,QGLYLGXDO

3UHIHUHQFHV $FURVV
5HZDUG &DWHJRULHV

$EVWUDFW� +XPDQV FDQ FKRRVH EHWZHHQ IXQGDPHQWDOO\ GLIIHUHQW RSWLRQV� VXFK DV
ZDWFKLQJ D PRYLH RU JRLQJ RXW IRU GLQQHU� $FFRUGLQJ WR WKH XWLOLW\ FRQFHSW� SXW IRUZDUG
E\ XWLOLWDULDQ SKLORVRSKHUV DQG ZLGHO\ XVHG LQ HFRQRPLFV� WKLV PD\ EH DFFRPSOLVKHG E\
PDSSLQJ WKH YDOXH RI GLIIHUHQW RSWLRQV RQWR D FRPPRQ VFDOH� LQGHSHQGHQW RI VSHFLILF
RSWLRQ FKDUDFWHULVWLFV� ,I WKLV LV WKH FDVH� YDOXH�UHODWHG DFWLYLW\ SDWWHUQV LQ WKH EUDLQ
VKRXOG DOORZ SUHGLFWLRQV RI LQGLYLGXDO SUHIHUHQFHV DFURVV IXQGDPHQWDOO\ GLIIHUHQW UH�
ZDUG FDWHJRULHV� :H DQDO\]H I05, GDWD RI WKH SUHIURQWDO FRUWH[ ZKLOH VXEMHFWV LPDJLQH
WKH SOHDVXUH WKH\ ZRXOG GHULYH IURP LWHPV EHORQJLQJ WR WZR GLVWLQFW UHZDUG FDWHJRULHV�
HQJDJLQJ DFWLYLWLHV �OLNH JRLQJ RXW IRU GULQNV� GD\GUHDPLQJ� RU GRLQJ VSRUWV� DQG VQDFN
IRRGV� 6XSSRUW YHFWRU PDFKLQHV WUDLQHG RQ EUDLQ SDWWHUQV UHODWHG WR RQH FDWHJRU\ UH�
OLDEO\ SUHGLFW LQGLYLGXDO SUHIHUHQFHV RI WKH RWKHU FDWHJRU\ DQG YLFH YHUVD� )XUWKHU� ZH
SUHGLFW SUHIHUHQFHV DFURVV SDUWLFLSDQWV� 7KHVH ILQGLQJV GHPRQVWUDWH WKDW SUHIURQWDO
FRUWH[ YDOXH VLJQDOV IROORZ D FRPPRQ VFDOH UHSUHVHQWDWLRQ RI YDOXH WKDW LV HYHQ FRPSD�
UDEOH DFURVV LQGLYLGXDOV DQG FRXOG� LQ SULQFLSOH� EH XVHG WR SUHGLFW FKRLFH�

%DVHG RQ -·UJ *URVV
� (YD :RHOEHUW
� -DQ =LPPHUPDQQ
� 6DQDH 2NDPRWR�%DUWK� $UQR 5LHGO� 5DLQHU
*RHEHO ������� -RXUQDO RI 1HXURVFLHQFH� ������� ���������� 
VKDUHG ILUVW DXWKRUVKLS

��
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��� ,QWURGXFWLRQ

/LIH FDQ EH VHHQ DV D VHULHV RI GHFLVLRQV� 2IWHQ� FRPSDULVRQV KDYH WR EH PDGH EHWZHHQ
TXDOLWDWLYHO\ YHU\ GLIIHUHQW RSWLRQV� VXFK DV JRLQJ RQ D YDFDWLRQ RU EX\LQJ D FDU� )ROORZ�
LQJ WKH XWLOLW\ FRQFHSW SXW IRUZDUG E\ XWLOLWDULDQ SKLORVRSKHUV DQG XVHG E\ HFRQRPLVWV�
LW KDV EHHQ VXJJHVWHG WKDW WKH EUDLQ SHUIRUPV GHFLVLRQV EHWZHHQ VXFK GLVVLPLODU RSWLRQV
E\ DVVLJQLQJ D YDOXH WR HDFK RI WKHP� ZKLFK LV PDSSHG RQ D FRPPRQ VFDOH RI GHVLUDELOLW\
UHJDUGOHVV RI WKH VSHFLILF W\SH RI RSWLRQ �0RQWDJXH DQG %HUQV� ����� )HKU DQG 5DQJHO�
����� /HY\ DQG *OLPFKHU� ������ ,Q OLQH ZLWK WKH K\SRWKHVLV RI D FRPPRQ VFDOH RI VXEMHF�
WLYH YDOXH� KXPDQ IXQFWLRQDO PDJQHWLF UHVRQDQFH LPDJLQJ �I05,� VWXGLHV KDYH REVHUYHG
DQ RYHUODS RI YDOXH�UHODWHG VLJQDOV LQ WKH PHGLDO SUHIURQWDO FRUWH[ �P3)&� IRU GLIIHUHQW
W\SHV RI UHZDUG� VXFK DV FRQVXPHU JRRGV� PRQHWDU\ UHZDUGV� DQG DOVR VRFLDO UHZDUGV
�&KLE HW DO�� ����� )LW]*HUDOG HW DO�� ����� /HEUHWRQ HW DO�� ����� 6PLWK HW DO�� ����� .LP
HW DO�� ����� /HY\ DQG *OLPFKHU� ����� /LQ HW DO�� ������ )XUWKHU� LW KDV EHHQ GHPRQVWUDWHG
WKDW YDOXH VLJQDOV IRU PRQH\ DQG IRRG RSWLRQV GR QRW RQO\ VSDWLDOO\ RYHUODS� EXW WKDW
HTXDOO\ SUHIHUUHG PRQH\ DQG IRRG RSWLRQV HOLFLW FRPSDUDEOH %2/' UHVSRQVHV LQ WKH
P3)& ERWK XQLYDULDWHO\ �/HY\ DQG *OLPFKHU� ����� DQG PXOWLYDULDWHO\ �0F1DPHH HW DO��
������

,Q WKLV VWXG\ ZH ZDQW WR ULJRURXVO\ WHVW WKH FRPPRQ VFDOH K\SRWKHVLV RQ WKUHH GLI�
IHUHQW JURXQGV� )LUVW� LI WKHUH LV D FRPPRQ QHXUDO FRGH IRU YDOXH� WKLV VKRXOG DOVR EH
WKH FDVH IRU JRRGV WKDW DUH UDUHO\ WUDGHG� UDUHO\ XVHG DV VXEVWLWXWHV� DQG ZKRVH YDOXH
FDQQRW EH HDVLO\ H[SUHVVHG LQ PRQHWDU\ WHUPV� 6HFRQG� DEVWUDFW YDOXH VLJQDOV VKRXOG EH
GHWHFWDEOH LQ WKH DEVHQFH RI D PRQHWDU\ HYDOXDWLRQ WDVN� 7KLUG� LI KXPDQV HPSOR\ WKH
VDPH� SRVVLEO\ LQQDWH� FRGLQJ PHFKDQLVP IRU YDOXH� YDOXH VLJQDOV VKRXOG EH FRPSDUDEOH
DFURVV LQGLYLGXDO SDUWLFLSDQWV�

:H WKHUHIRUH XVHPXOWLYDULDWH DQDO\VLV RI I05, GDWD DQG WHVW ZKHWKHU LW LV SRVVLEOH WR
SUHGLFW LQGLYLGXDO SUHIHUHQFHV DFURVV IXQGDPHQWDOO\ GLIIHUHQW FDWHJRULHV LQ WKH DEVHQFH
RI PRQHWDU\ HYDOXDWLRQ� ,Q FRQWUDVW WR XQLYDULDWH DQDO\VLV� PXOWLYDULDWH DQDO\VLV RI I05,
GDWD DOORZV H[SORULQJ ZKHWKHU YDOXH VLJQDOV DUH QRW RQO\ VSDWLDOO\ RYHUODSSLQJ� EXW DOVR
HQFRGHG LQ D VLPLODU ZD\� ZKLFK LV D SUHUHTXLVLWH IRU D FRPPRQ VFDOH UHSUHVHQWDWLRQ�
$V UHZDUG FDWHJRULHV� ZH FKRVH VQDFN IRRGV DQG HQJDJLQJ DFWLYLWLHV EHFDXVH WKH\ GLIIHU
IXQGDPHQWDOO\ ZLWK UHVSHFW WR WKH VHQVRU\ DQG PRWLYDWLRQDO V\VWHPV LQYROYHG� 6QDFN
IRRGV �OLNH GRQXW� FKHHVHFDNH� FKRFRODWH HWF�� FRQVWLWXWH SULPDU\ UHZDUGV WKDW VHUYH
HQHUJ\ LQWDNH DQG DUH GLUHFWO\ OLQNHG WR JXVWDWRU\ SHUFHSWLRQ� ZKHUHDV WKH HQJDJLQJ
DFWLYLWLHV VHUYH WKH SXUVXLW RI VHFRQGDU\ JRDOV DV GLYHUVH DV VRFLDOL]LQJ� UHOD[LQJ� ILWQHVV�
DQG FXOWXUH �OLNH JRLQJ RXW IRU GULQNV� GD\GUHDPLQJ� SOD\LQJ WHQQLV� YLVLWLQJ D PXVHXP��
,Q DGGLWLRQ� WKHVH DFWLYLWLHV DUH UDUHO\ WUDGHG DQG LW LV WKHUHIRUH XQOLNHO\ WKDW VXEMHFWV
DVVRFLDWH D PRQHWDU\ YDOXH ZLWK WKHP�

��
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��� 0DWHULDOV DQG PHWKRGV

����� 6XEMHFWV DQG WDVN

(LJKW KHDOWK\ VXEMHFWV �� IHPDOH� � PDOH� DJH ��×�� \HDUV� ZLWKRXW SULRU KLVWRU\ RI SV\�
FKLDWULF RU QHXURORJLFDO GLVRUGHUV SDUWLFLSDWHG LQ WKH VWXG\� $OO VXEMHFWV JDYH WKHLU ZULW�
WHQ LQIRUPHG FRQVHQW EHIRUH SDUWLFLSDWLRQ DQG WKH VWXG\ SURWRFRO ZDV DSSURYHG E\ WKH
(WKLFV &RPPLWWHH RI WKH )DFXOW\ RI 3V\FKRORJ\ DQG 1HXURVFLHQFH� 0DDVWULFKW 8QLYHU�
VLW\� 6XEMHFWV ZHUH DVNHG WR UHIUDLQ IURP HDWLQJ IRU � KRXUV EHIRUH WKH H[SHULPHQW�

'XULQJ IXQFWLRQDO LPDJLQJ� VXEMHFWV ZHUH DVNHG WR LPDJLQH WKH SOHDVXUH WKH\ ZRXOG
GHULYH IURP ��� HDWLQJ GLIIHUHQW VQDFN IRRG LWHPV �H�J�� SRWDWR FKLSV� D EOXHEHUU\ PXIILQ�
RU FKRFRODWH LFH FUHDP� RU ��� HQJDJLQJ LQ GLIIHUHQW DFWLYLWLHV �H�J�� OLVWHQLQJ WR PXVLF�
KDYLQJ D QDS� RU ZLQGRZ FOHDQLQJ�� 7KHUH ZHUH �� LWHPV SHU FDWHJRU\ �VHH EHORZ�� ,WHPV
ZHUH SUHVHQWHG LQ ZULWWHQ IRUP DQG UDQGRP RUGHU WR HDFK VXEMHFW IRU WKUHH VHFRQGV
VHSDUDWHG E\ D YDULDEOH LQWHUWULDO LQWHUYDO RI ��×�� VHFRQGV �)LJXUH ���D�� (DFK LWHP ZDV
SUHVHQWHG WZR WLPHV RYHU WKH ZKROH I05, VHVVLRQ�

,PPHGLDWHO\ DIWHU VFDQQLQJ� RXWVLGH WKH VFDQQHU� VXEMHFWV PDGH D VHULHV RI K\SR�
WKHWLFDO ELQDU\ FKRLFHV� ,Q WRWDO� ��� LWHP SDLUV ZHUH SUHVHQWHG� ERWK ZLWKLQ DQG DFURVV
FDWHJRULHV ZLWK WKH LQVWUXFWLRQ WR FKRRVH WKH LWHP WKDW ZRXOG \LHOG PRUH SOHDVXUH WR
WKH SDUWLFLSDQW ULJKW QRZ� 7KLV FKRLFH GDWD ZHUH XVHG WR LQIHU D SUHIHUHQFH UDQNLQJ
RYHU DOO ��� LWHPV� :H UHIHU WR WKHVH UDQNV DV REVHUYHG VXEMHFWLYH YDOXHV� $IWHU WKH EL�
QDU\ FKRLFH WDVN� SDUWLFLSDQWV UDWHG WKHLU LPDJLQHG SOHDVXUH IRU HDFK LWHP XVLQJ D YLVXDO
DQDORJ VFDOH �)LJXUH ���E�� 7KLV DOORZHG XV WR YDOLGDWH WKH SUHIHUHQFH UDQNLQJ REWDLQHG
IURP WKH ELQDU\ FKRLFH WDVN� &RQVLVWHQF\ DFURVV WKHVH WZR SUHIHUHQFH PHDVXUHV ZDV
KLJK �3HDUVRQÚV FRUUHODWLRQ UDQJHG EHWZHHQ U  ���� DQG U  ������

����� 6WLPXOL

6L[W\ LWHPV SHU FDWHJRU\ ZHUH SUHVHQWHG WR WKH SDUWLFLSDQWV� %RWK FDWHJRULHV ZHUH FRQ�
VWUXFWHG VXFK WKDW WKH\ LQFOXGHG LWHPV WKDW ZHUH SRWHQWLDOO\ OLNHG D ORW� EXW DOVR LWHPV
WKDW PD\ EH GLVOLNHG� $V DFWLYLWLHV ZH XVHG IRU H[DPSOH ÜSOD\LQJ WHQQLV�Ý ÜMRJJLQJ�Ý ÜOLV�
WHQLQJ WR PXVLF�Ý ÜREVHUYLQJ DQLPDOV�Ý ÜGD\GUHDPLQJ�Ý ÜVLWWLQJ LQ D SDUN�Ý ÜIL[LQJ D ELNH�Ý
ÜFOHDQLQJ ZLQGRZV�Ý DQG ÜWDNLQJ DQ H[DP�Ý ([DPSOHV IRU VQDFN IRRGV DUH ÜFURLVVDQW�Ý
ÜZDIIOH�Ý ÜEOXHEHUU\ PXIILQ�Ý ÜFKRFRODWH FRRNLH�Ý ÜZDVDEL QXWV�Ý ÜSDSULND SRWDWR FKLSV�Ý DQG
ÜVDOPLDN�Ý 7KH IXOO OLVW RI LWHPV LV DYDLODEOH IURP WKH DXWKRUV XSRQ UHTXHVW�

0HDVXUHPHQWV ZHUH SHUIRUPHG RQ D �7 7,0 7ULR VFDQQHU �6LHPHQV�� )XQFWLRQDO
UHVSRQVHV ZHUH PHDVXUHG LQ IRXU LQGHSHQGHQW UXQV XVLQJ D ZKROH EUDLQ VWDQGDUG JUD�
GLHQW HFKR (3, VHTXHQFH �*5$33$  �� 7(  �� PV� VOLFHV  ��� 75  ���� PV� )29  

��
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)LJXUH ���� ([SHULPHQWDO 3URFHGXUH� �D� ,Q WKH VFDQQHU SDUWLFLSDQWV ZHUH SUHVHQWHG ZLWK �� GLI�

IHUHQW DFWLYLWLHV DQG �� GLIIHUHQW VQDFN IRRGV LQ ZULWWHQ IRUP� HDFK SUHVHQWHG IRU WKUHH VHFRQGV

ZLWK WKH LQVWUXFWLRQ WR LPDJLQH KRZ PXFK SOHDVXUH WKH\ ZRXOG GHULYH IURP LW� (DFK LWHP ZDV

SUHVHQWHG WZLFH� UHVXOWLQJ LQ ��� WULDOV� �E� $IWHU VFDQQLQJ� SDUWLFLSDQWV PDGH ��� ELQDU\ FKRLFHV

EHWZHHQ WKH SUHVHQWHG LWHPV IROORZHG E\ D UDWLQJ WDVN LQ ZKLFK WKH\ UDWHG HDFK RI WKH ��� LWHPV

RQ D YLVXDO DQDORJXH VFDOH�

���×��� PP2� YR[HO VL]H  �×�×� PP3�� $ 7��ZHLJKWHG PDJQHWL]DWLRQ SUHSDUHG UDSLG
DFTXLVLWLRQ JUDGLHQW HFKR ��'�035$*(� *5$33$  �� 75� ���� PV� 7(  ��� PV� )29  
���×��� PP2� IOLS DQJOH  �◦� ��� VDJLWWDO VOLFHV� YR[HO VL]H  �×�×� PP3� DQDWRPLFDO
GDWDVHW ZDV DFTXLUHG IRU FRUHJLVWUDWLRQ� VHJPHQWDWLRQ DQG YLVXDOL]DWLRQ RI WKH IXQF�
WLRQDO UHVXOWV�

����� 05, GDWD DQDO\VLV

)XQFWLRQDO DQG DQDWRPLFDO LPDJHV ZHUH DQDO\]HG XVLQJ %UDLQ9R\DJHU 4; �%UDLQ ,QQR�
YDWLRQ� DV ZHOO DV FXVWRP FRGH LQ 5 �7HDP� ������ 3UHSURFHVVLQJ RI WKH IXQFWLRQDO GDWD
LQFOXGHG LQWHUVFDQ VOLFH�WLPH FRUUHFWLRQ� ULJLG ERG\ PRWLRQ FRUUHFWLRQ� DV ZHOO DV WHP�
SRUDO ILOWHULQJ XVLQJ D )RXULHU EDVLV VHW RI ILYH F\FOHV SHU UXQ� 7KH IXQFWLRQDO GDWD ZHUH

��
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WKHQ FRUHJLVWHUHG ZLWK WKH LQGLYLGXDO DQDWRPLFDO VFDQ DQG WUDQVIHUUHG LQWR 7DODLUDFK
VSDFH �7DODLUDFK DQG 7RXUQRX[� ������ $QDWRPLFDO GDWD ZHUH VHJPHQWHG WR LGHQWLI\ JUD\
PDWWHU IRU PDVN JHQHUDWLRQ� $OO PXOWLYDULDWH I05, GDWD DQDO\VLV ZDV SHUIRUPHG RQ D
VLQJOH VXEMHFW OHYHO DQG ZDV UHVWULFWHG WR DQ DQDWRPLFDOO\ GHILQHG JUD\ PDWWHU PDVN
�)LJXUH ���� HQWDLOLQJ HDFK VXEMHFWÚV HQWLUH IURQWDO FRUWH[ �FRUUHVSRQGLQJ WR %URGPDQ
DUHDV �×��� ��� ��� ��� ��� ���� )RU FRPSDULVRQ� XQLYDULDWH DQDO\VLV ZDV SHUIRUPHG XV�
LQJ WKH SRVW�VFDQQLQJ REVHUYHG VXEMHFWLYH YDOXH DV D OLQHDU SDUDPHWULF PRGXODWLRQ RI
KHPRG\QDPLF UHVSRQVH�

����� 0XOWLYR[HO SDWWHUQ DQDO\VLV

)HDWXUH FUHDWLRQ� (DFK LWHP ZDV SUHVHQWHG WZLFH GXULQJ VFDQQLQJ WR LPSURYH GDWD
UHOLDELOLW\� )XQFWLRQDO GDWD IRU HDFK LQGLYLGXDO LWHP ZDV DYHUDJHG DFURVV WKH WZR WULDOV
LQ ZKLFK LW ZDV SUHVHQWHG� 7KXV� IRU HDFK LWHP ZH REWDLQHG D VLQJOH WLPH FRXUVH IURP
HDFK YR[HO E\ DYHUDJLQJ DFURVV WKH WZR WULDOV� 7KLV WLPH FRXUVH IRU HDFK YR[HO ZDV WKHQ
FROODSVHG DFURVV IXQFWLRQDO YROXPHV WR REWDLQ WKH VHW RI SUHGLFWRUV �IHDWXUH VHWV� IRU
WKH PRGHO� %HFDXVH SDUWLFLSDQWV GLG QRW SHUIRUP DQ\ DFWLRQV GXULQJ I05, EXW ZHUH
LQVWUXFWHG WR MXVW LPDJLQH VXEMHFWLYH SOHDVXUH� LW FDQ EH H[SHFWHG WKDW WKH LQGLYLGXDO
RQVHW DQG GXUDWLRQ RI WKH %2/' UHVSRQVH YDU\ ZLWK SDUWLFLSDQWV� 7KHUHIRUH� IRU HDFK
VXEMHFWPXOWLSOH IHDWXUH VHWVZHUH FUHDWHG E\ FRPSXWLQJ WKHPHDQ RI WKH UDZ I05, VLJQDO
IRU VOLJKWO\ MLWWHUHG WLPH LQWHUYDOV� 7KHVH WLPH LQWHUYDOV GLIIHUHG ZLWK UHVSHFW WR WKH
VWDUW�SRLQW DIWHU VWLPXOXV RQVHW ��×� YROXPHV LQ VWHSV RI �� DQG WKH OHQJWK RI WKH WLPH
LQWHUYDO ��×� YROXPHV LQ VWHSV RI ��� 7KXV �� GLIIHUHQW IHDWXUH VHWV ZHUH FUHDWHG IRU HDFK
SDUWLFLSDQW �)LJXUH ���D��

)HDWXUH VHOHFWLRQ� 7R VHOHFW WKH EHVW WLPH LQWHUYDO IRU WKH ILQDO DQDO\VLV� ZH HYDOXDWHG
PRGHO SHUIRUPDQFH ZLWKLQ RQH FDWHJRU\ IRU HDFK IHDWXUH VHW LQGLYLGXDOO\ IRU HDFK SDU�
WLFLSDQW� )RU HDFK IHDWXUH VHW� UHFXUVLYH IHDWXUH HOLPLQDWLRQ �5)(� ZDV XVHG WR UHGXFH
WKH QXPEHU RI YR[HOV E\ ���� 7ZR OLQHDU VXSSRUW YHFWRU UHJUHVVLRQPRGHOV �ϵ�695� ZHUH
UHFXUVLYHO\ ILWWHG WR WKH GDWD� 2QHPRGHO ZDV ILWWHG XVLQJ DOO VQDFN IRRG LWHPV� WKH RWKHU
RQH XVLQJ DOO DFWLYLW\ LWHPV �)LJXUH ���E��

5)( ZDV SHUIRUPHG IROORZLQJ 'XDQ HW DO� ������� ,Q HDFK 5)( VWHS� WKH GDWDVHW ZDV
UDQGRPO\ VSOLW LQWR ��PXWXDOO\ H[FOXVLYH VXEVHWV ����IROG�� ,Q HDFK VXEVHW� DQ ϵ�695ZDV
ILWWHG WR WKH GDWD� :HLJKW VFRUHV RI WKH IHDWXUHV ZHUH REWDLQHG DQG DJJUHJDWHG DFURVV
WKH �� VXEVHWV WR VWDELOL]H WKH IHDWXUH UDQNLQJ �PXOWLSOH 690�5)(� 'XDQ HW DO�� ������
%DVHG RQ WKH DJJUHJDWHG IHDWXUH UDQNLQJ WKH ��� YR[HOV ZLWK WKH ORZHVW UDQNLQJ VFRUHV
ZHUH HOLPLQDWHG� )RU HDFK PRGHO� WKLV SURFHGXUH ZDV UHSHDWHG XQWLO WKH ��� PRVW LQ�
IRUPDWLYH YR[HOV UHPDLQHG� 7KXV� PXOWLSOH 690�5)( ZDV XVHG WR RSWLPL]H WKH VQDFN

��
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IRRG PRGHO LQ SUHGLFWLQJ WKH YDOXH IRU RWKHU VQDFN IRRGV DQG WKH DFWLYLW\ PRGHO LQ SUH�
GLFWLQJ WKH YDOXH IRU RWKHU DFWLYLWLHV� )RU HDFK SDUWLFLSDQW� WKH WLPH LQWHUYDO XQGHUO\LQJ
WKH IHDWXUH VHW WKDW \LHOGHG WKH KLJKHVW PHDQ SHUIRUPDQFH RI WKHVH WZR PRGHOV ZDV
XOWLPDWHO\ XVHG IRU DFURVV�FDWHJRU\ SUHGLFWLRQV�

$V ZLWKLQ�FDWHJRU\ SUHGLFWLRQ SHUIRUPDQFH LV QRW WKH PDLQ IRFXV RI WKLV SDSHU� ZH
GR QRW UHSRUW ZLWKLQ�FDWHJRU\ SHUIRUPDQFH PHDVXUHV� EXW RQO\ DFURVV�FDWHJRU\ SHU�
IRUPDQFH� 7KLV DSSURDFK FLUFXPYHQWV DQ\ ELDVHV UHVXOWLQJ IURP WZR�VWDJH VHOHFWLRQ
SURFHGXUHV WKDW ILUVW SLFN WKH EHVW�SHUIRUPLQJ IHDWXUH VHW DQG WKHQ ILW D ILQDO PRGHO
XVLQJ WKH VDPH GDWD �.ULHJHVNRUWH HW DO�� ����� 9XO HW DO�� ������

)LQDO PRGHO� $FURVV�FDWHJRU\ SHUIRUPDQFH ZDV FDOFXODWHG DW WKH YHU\ HQG RI WKH DQDO�
\VLV DQGZDV WKXV QRW SDUW RI DQ\ WZR�VWDJH VHOHFWLRQ SURFHGXUH� 7KH 695PRGHO WUDLQHG
RQ VQDFN IRRG LWHPV ZDV XVHG WR SUHGLFW WKH SUHIHUHQFH UDQNLQJ RYHU DFWLYLWLHV DQG YLFH
YHUVD �)LJXUH ���F�� 7UDLQLQJ DQG WHVWLQJ VHW ZHUH WKHUHIRUH HQWLUHO\ LQGHSHQGHQW� &RU�
UHODWLRQV EHWZHHQ WKH REVHUYHG SUHIHUHQFH UDQNV DQG SUHGLFWHG UDQNV ZHUH FDOFXODWHG
WR DVVHVV SUHGLFWLRQ DFFXUDFLHV EHWZHHQ FDWHJRULHV IRU HDFK VXEMHFW�

3HUPXWDWLRQ WHVWLQJ� 3HUPXWDWLRQ WHVWLQJ ZDV XVHG WR DVVHVV WKH VWDWLVWLFDO VLJQLIL�
FDQFH RI WKH FRUUHODWLRQV EHWZHHQ SUHGLFWHG DQG REVHUYHG SUHIHUHQFH UDQNV� )RU HDFK
SHUPXWDWLRQ� ODEHOV �LQ RXU FDVH WKH UDQN�YDOXH� ZHUH UDQGRPO\ UHDVVLJQHG WR WKH IHD�
WXUHV� 7KH GDWD ZLWK SHUPXWHG ODEHOV ZDV WKHQ WUHDWHG LQ H[DFWO\ WKH VDPH ZD\ DV WKH
RULJLQDO GDWD� 7KDW LV� WKH VDPH PXOWLSOH 690�5)( SURFHGXUH ZDV XVHG WR UHGXFH WKH
QXPEHU RI YR[HOV WR WKH ��� PRVW LQIRUPDWLYH �ZLWKLQ�FDWHJRU\�� 2Q WKHVH YR[HOV� WKH
ILQDO PRGHO IRU DFURVV�FDWHJRU\ SUHGLFWLRQV ZDV WUDLQHG� 7KLV SURFHGXUH ZDV UHSHDWHG
���� WLPHV� \LHOGLQJ ���� FRUUHODWLRQV EHWZHHQ SUHGLFWHG DQG REVHUYHG SUHIHUHQFH
UDQNV EDVHG RQ UDQGRPO\ DVVLJQHG UDQN�YDOXH� 7KH S YDOXH IRU WKH DFWXDO FRUUHODWLRQ
ZDV GHWHUPLQHG EDVHG RQ WKLV GLVWULEXWLRQ�

$FURVV VXEMHFW PRGHOV� )RU WKH DFURVV VXEMHFW SUHGLFWLRQV ZH ILWWHG RQH 695 PRGHO
IRU HDFK SDUWLFLSDQW XVLQJ DOO LWHPV LJQRULQJ LWHP FDWHJRU\ ���� H[DPSOHV�� (DFK 695
ZDV WKHQ XVHG WR SUHGLFW SUHIHUHQFHV RYHU DOO LWHPV IRU WKH RWKHU VHYHQ SDUWLFLSDQWV�
UHVSHFWLYHO\� 7R QRW DPSOLI\ WKH DOUHDG\ H[LVWLQJ GLIIHUHQFHV LQ EUDLQ DQDWRP\ DFURVV
SDUWLFLSDQWV� GDWD ZHUH QRW IXUWKHU UHGXFHG E\ 5)( IRU DFURVV VXEMHFW SUHGLFWLRQV� ,Q�
VWHDG� DOO YR[HOV LQ WKH LQGLYLGXDO IURQWDO FRUWH[ PDVN ZHUH XVHG�

6XSSRUW YHFWRU UHJUHVVLRQ PDFKLQH� :H XVHG /,%690ÚV �&KDQJ DQG /LQ� ����� ϵ VXS�
SRUW YHFWRU UHJUHVVLRQ PDFKLQH DV LPSOHPHQWHG LQ WKH ÙH����Ú OLEUDU\ LQ 5� :KHQHYHU D

��
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695 ZDV ILWWHG WR WKH GDWD LW ZDV ILUVW WXQHG ZLWK UHVSHFW WR WKH FRVW DQG ϵ SDUDPHWHU
XVLQJ WHQIROG FURVV�YDOLGDWLRQ� )RU EHWWHU LQWHUSUHWDWLRQ RI WKH IHDWXUH ZHLJKWV D OLQHDU
NHUQHO ZDV XVHG�

��� 5HVXOWV

7R WHVW ZKHWKHU VXEMHFWLYH YDOXH RI VQDFN IRRGV DQG DFWLYLWLHV LV UHSUHVHQWHG RQ D FRP�
PRQ VFDOH� ZH DVVHVVHG ZKHWKHU VLPLODUO\ OLNHG VQDFN IRRGV DQG DFWLYLWLHV HYRNH VLPLODU
EUDLQ SDWWHUQV� 7KHUHIRUH� DIWHU DQ 695 PRGHO ZDV WUDLQHG RQ RQH FDWHJRU\ RI LWHPV
�H�J�� VQDFN IRRG�� LW ZDV XVHG WR HVWLPDWH WKH VXEMHFWLYH YDOXH IRU LWHPV IURP WKH RWKHU
FDWHJRU\ �H�J�� DFWLYLWLHV�� )RU HDFK VXEMHFW� ZH DVVHVVHG HDFK PRGHOÚV HVWLPDWLRQ SHU�
IRUPDQFH LQ WKHVH DFURVV�FDWHJRU\ HVWLPDWLRQV E\ FRUUHODWLQJ WKH HVWLPDWHG VXEMHFWLYH
YDOXHV ZLWK WKH REVHUYHG VXEMHFWLYH YDOXHV REWDLQHG IURP WKH ELQDU\ FKRLFHV DIWHU VFDQ�
QLQJ� )LJXUH ���D LOOXVWUDWHV WKHVH FRUUHODWLRQV IRU DQ H[HPSODU\ VXEMHFW�
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)LJXUH ���� (VWLPDWLRQ SHUIRUPDQFH DFURVV UHZDUG FDWHJRULHV� �D� 6FDWWHUSORWV RI REVHUYHG DJDLQVW

HVWLPDWHG VXEMHFWLYH YDOXHV IRU RQH H[HPSODU\ VXEMHFW �VXEMHFW �� IRU VQDFN IRRGV SUHGLFWHG E\ D

PRGHO WUDLQHG RQ SUHIHUHQFHV RYHU DFWLYLWLHV �D→ V� DQG YLFH YHUVD �V→ D� DQG �E� FRUUHODWLRQ

FRHIILFLHQWV EHWZHHQ REVHUYHG DQG HVWLPDWHG VXEMHFWLYH YDOXH IRU DOO HLJKW VXEMHFWV� 1XPEHUV

LGHQWLI\ WKH LQGLYLGXDO VXEMHFWV� Ù
Ú S < ����� Ù

Ú S < ����� Ù


Ú S < ����� EDVHG RQ SHUPXWDWLRQ

WHVWLQJ�

6WDWLVWLFDO VLJQLILFDQFH ZDV GHWHUPLQHG LQGLYLGXDOO\ IRU HDFK RI WKHVH FRUUHODWLRQV
EDVHG RQ SHUPXWDWLRQ WHVWLQJ� )RXUWHHQ RI �� LQGLYLGXDO FRUUHODWLRQV ZHUH VLJQLILFDQWO\

��
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KLJKHU WKDQ H[SHFWHG E\ FKDQFH RQ WKH �� VLJQLILFDQFH OHYHO� )LJXUH ���E VKRZV WKH
HVWLPDWLRQ SHUIRUPDQFH RI HDFK PRGHO IRU HDFK SDUWLFLSDQW� 2Q DYHUDJH� HVWLPDWHG
VXEMHFWLYH YDOXHV RI DFWLYLWLHV� REWDLQHG E\ DQ 695 PRGHO WUDLQHG RQ VQDFN IRRG LWHPV�
FRUUHODWHG ZLWK REVHUYHG VXEMHFWLYH YDOXHV E\ U  ���� �3HDUVRQÚV FRUUHODWLRQ� W���  ����
S < ������ RQH VDPSOH W�WHVW�� /LNHZLVH� XVLQJ WKH 695 PRGHO WUDLQHG RQ DFWLYLWLHV�
FRUUHODWLRQV EHWZHHQ HVWLPDWHG DQG REVHUYHG VXEMHFWLYH YDOXHV IRU VQDFN IRRG LWHPV
UHDFKHG DQ DYHUDJH RI U  ���� �3HDUVRQÚV FRUUHODWLRQ� W���  ���� S < ������ RQH VDPSOH
W�WHVW�� 7KHVH FRUUHODWLRQV GHPRQVWUDWH WKDW YDOXH�UHODWHG EUDLQ SDWWHUQV DUH VLPLODU
DFURVV FDWHJRULHV�

$V PHQWLRQHG DERYH� HDFK LWHPZDV SUHVHQWHG WZLFH GXULQJ VFDQQLQJ DQG %2/' VLJ�
QDOV ZHUH DYHUDJHG RYHU SUHVHQWDWLRQV� :H DGGLWLRQDOO\ DQDO\]HG HDFK SUHVHQWDWLRQ VHW
LQGHSHQGHQWO\ WR LQYHVWLJDWH DQ\ V\VWHPDWLF GLIIHUHQFHV EHWZHHQ WKH ILUVW DQG VHFRQG
SUHVHQWDWLRQ� )RU WKDW ZH WUDLQHG D PRGHO RQ %2/' VLJQDOV UHFRUGHG GXULQJ WKH ILUVW
SUHVHQWDWLRQ RI HDFK LWHP IURP RQH FDWHJRU\ �H�J�� VQDFN IRRGV� DQG XVHG LW WR SUHGLFW
WKH YDOXH EDVHG RQ %2/' VLJQDOV WKDW ZHUH UHFRUGHG GXULQJ WKH ILUVW SUHVHQWDWLRQV RI
LWHPV IURP WKH RWKHU FDWHJRU\ �H�J�� DFWLYLWLHV�� :H WKHQ FRPSDUHG WKLV WR WKH SUHGLFWLRQ
DFFXUDF\ RI PRGHOV WKDW ZHUH WUDLQHG RQ WKH VHFRQG SUHVHQWDWLRQ RI HDFK LWHP� 3UHGLF�
WLRQ SHUIRUPDQFH ZDV VOLJKWO\ ORZHU ZKHQ XVLQJ WKH VHFRQG WULDO �VHFRQG SUHVHQWDWLRQ�
PHDQ U  ����� ILUVW SUHVHQWDWLRQ� PHDQ U  ����� 3HDUVRQÚV FRUUHODWLRQ�� SUHVXPDEO\ GXH
WR DGDSWDWLRQ RI WKH %2/' UHVSRQVH RU VXEMHFWVÚ IDWLJXH� +RZHYHU� LQ D UHJUHVVLRQ DQDO�
\VLV ZLWK SUHGLFWLRQ DFFXUDF\ �FRUUHODWLRQV� DV WKH GHSHQGHQW DQG D GXPP\ YDULDEOH
FRGLQJ IRU ILUVW YHUVXV VHFRQG SUHVHQWDWLRQ DQG D GXPP\ FRGLQJ IRU ZKHWKHU WKH PRGHO
ZDV WUDLQHG RQ VQDFN IRRGV �SUHGLFWLQJ DFWLYLWLHV� RU DFWLYLWLHV �SUHGLFWLQJ VQDFN IRRGV��
WKH GLIIHUHQFH EHWZHHQ ILUVW DQG VHFRQG SUHVHQWDWLRQ ZDV QRW VLJQLILFDQW �FRHIILFLHQW  
������ W����  ������ S  ������

����� 3UHGLFWLQJ FKRLFHV

7KH HVWLPDWHG VXEMHFWLYH YDOXHV VKRXOG QRW RQO\ FDUU\ LQIRUPDWLRQ DERXW ZKLFK RI WZR
LWHPV ZLOO EH SUHIHUUHG� EXW DOVR DERXW KRZ VWURQJ WKH SUHIHUHQFH LV� 7KLV FDQ EH WHVWHG
E\ FRPSXWLQJ KRZ ZHOO VXEMHFWVÚ DFWXDO FKRLFHV LQ WKH ELQDU\ GHFLVLRQ WDVN FDQ EH SUH�
GLFWHG E\ XVLQJ WKH HVWLPDWHG VXEMHFWLYH YDOXHV REWDLQHG IURP WKH EUDLQ GDWD� )RU WKLV�
ZH VLPSO\ DVVXPH WKDW LQ D ELQDU\ FKRLFH WKH LWHP ZLWK WKH KLJKHU HVWLPDWHG VXEMHF�
WLYH YDOXH ZLOO EH FKRVHQ RYHU WKH LWHP ZLWK WKH ORZHU YDOXH� %HFDXVH WKHUH LV QRLVH LQ
WKH HVWLPDWLRQV� FKRLFHV EHWZHHQ LWHPV ZLWK D VLPLODU HVWLPDWHG VXEMHFWLYH YDOXH VKRXOG
EH KDUGHU WR SUHGLFW FRUUHFWO\ WKDQ FKRLFHV EHWZHHQ LWHPV ZKHUH WKH HVWLPDWHG VXE�
MHFWLYH YDOXHV DUH YHU\ GLIIHUHQW� $V VKRZQ LQ )LJXUH ���� WKH SURSRUWLRQ RI FRUUHFWO\
SUHGLFWHG ELQDU\ FKRLFHV LQGHHG PRQRWRQLFDOO\ LQFUHDVHG ZLWK WKH GLVWDQFH EHWZHHQ

��
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WKH HVWLPDWHG VXEMHFWLYH YDOXHV RI WKHVH LWHPV� 7KH SUHGLFWLRQ DFFXUDFLHV ZHUH DV KLJK
DV ��� ZKHQ VXEMHFWV FKRVH EHWZHHQ LWHPV WKDW ZHUH FODVVLILHG DV KLJKO\ GLVOLNHG DQG
KLJKO\ OLNHG E\ WKH 695 PRGHO�
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)LJXUH ���� &RUUHFWO\ SUHGLFWHG ELQDU\ FKRLFHV� XVLQJ WKH SUHGLFWHG VXEMHFWLYH YDOXHV� %DUV VKRZ
WKH SHUFHQWDJH RI FRUUHFWO\ SUHGLFWHG ELQDU\ FKRLFHV GHSHQGLQJ RQ WKH GLVWDQFH EHWZHHQ WKH

HVWLPDWHG VXEMHFWLYH YDOXHV RI WZR LWHPV� 7KH KRUL]RQWDO OLQH VKRZV WKH DFFXUDF\ H[SHFWHG E\

FKDQFH ������

,PSRUWDQWO\� WR VKRZ WKDW WKH EUDLQ LQGHHG HQFRGHV YDOXH RQ RQH FRPPRQ VFDOH�
HVWLPDWHG VXEMHFWLYH YDOXHV QHHG QRW RQO\ EH FRUUHODWHGZLWK REVHUYHG VXEMHFWLYH YDOXHV�
DV WKLV PHUHO\ LQGLFDWHV WKDW LWHPV DUH RUGHUHG FRUUHFWO\� ,Q DGGLWLRQ� LW LV QHFHVVDU\ WR
GHPRQVWUDWH WKDW VXEMHFWLYH YDOXHV DUH HVWLPDWHG FRUUHFWO\ LQ DQ DEVROXWH VHQVH� 7R WHVW
IRU WKLV� ZH DVVHVVHG WKH DFFXUDF\ RI SUHGLFWLQJ ELQDU\ FKRLFHV WKDW LQYROYHG D VQDFN
IRRG DQG DQ DFWLYLW\ LWHP� ,I HVWLPDWHG VXEMHFWLYH YDOXHV ZHUH RQO\ RUGHUHG FRUUHFWO\�
WKHQ WKH SUHGLFWLRQ SHUIRUPDQFH LQ WKHVH EHWZHHQ�FDWHJRU\ FKRLFHV ZRXOG EH ZRUVH
WKDQ LQ FKRLFHV LQYROYLQJ RQO\ LWHPV IURP RQH FDWHJRU\� :H IRXQG WKDW DFFXUDFLHV IRU
ELQDU\ FKRLFHV EHWZHHQ WKH WZR FDWHJRULHV ZHUH QRW VLJQLILFDQWO\ GLIIHUHQW IURP WKH
DFFXUDFLHV ZLWKLQ HDFK FDWHJRU\ �χ2���  ����� S  ����� 3HDUVRQ χ2 WHVW�� 7KXV� HDFK 695
PRGHO GLG QRW RQO\ RUGHU LWHPV RI D FDWHJRU\ FRUUHFWO\� DV LQGLFDWHG E\ WKH VLJQLILFDQW
FRUUHODWLRQV� $GGLWLRQDOO\� QHLWKHU PRGHO RYHU� RU XQGHUHVWLPDWHG WKH VXEMHFWLYH YDOXH
UDQNV RI WKH RWKHU FDWHJRU\ V\VWHPDWLFDOO\� ZKLFK IXUWKHU VXSSRUWV WKH K\SRWKHVLV RI D
FRPPRQ FXUUHQF\ RI YDOXH�

��
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����� 3DWWHUQ DQG ORFDOL]DWLRQ RI YDOXH HQFRGLQJ

7KH PXOWLYDULDWH DQDO\VLV XVHG LQ WKLV VWXG\ LGHQWLILHG YR[HOV ZKLFK FDUU\ LQIRUPDWLRQ
DERXW VXEMHFWLYH YDOXH� ,Q FRQWUDVW WR XQLYDULDWH DQDO\VLV� LW LV QRW UHVWULFWHG WR GHWHFWLQJ
DJJUHJDWH OHYHOV RI DFWLYLW\� EXW FDQ DOVR GHWHFW HQFRGLQJ ZKLFK UHOLHV RQ PRUH FRPSOH[
SDWWHUQV� 7R EHWWHU XQGHUVWDQG WKH SDWWHUQ WKDW HQFRGHV DEVWUDFW VXEMHFWLYH YDOXH� ZH
DQDO\]HG WKH %2/' VLJQDO LQ WKH PRVW LQIRUPDWLYH YR[HOV EDVHG RQ RXU 5)( SURFHGXUH�
2QH SRVVLELOLW\ LV WKDW LQIRUPDWLYH YR[HOV H[KLELW LQFUHDVHG DFWLYLW\ ZLWK LQFUHDVLQJ VXE�
MHFWLYH YDOXH� :H WKHUHIRUH FRUUHODWHG WKH %2/' VLJQDO ZLWK REVHUYHG VXEMHFWLYH YDOXH�
$JJUHJDWLQJ DFURVV DOO YR[HOV WKDW VXUYLYHG 5)( IRU HDFK VXEMHFW� DYHUDJH %2/' UHVSRQVH
ZDV FRUUHODWHGPRGHUDWHO\ ZLWK VXEMHFWLYH YDOXH �U  ����� 3HDUVRQÚV FRUUHODWLRQ�� 2Q WKH
OHYHO RI LQGLYLGXDO YR[HOV� D PDMRULW\ RI YR[HOV ����� VKRZHG D SRVLWLYH FRUUHODWLRQ EXW
DFWLYLW\ OHYHOV FRUUHODWHG ZLWK VXEMHFWLYH YDOXH RQO\ ZLWK U  ���� �3HDUVRQÙV FRUUHODWLRQ�
RQ DYHUDJH� $QRWKHU FRGLQJ FKDUDFWHULVWLF FRXOG EH WKDW DQ LQFUHDVLQJ QXPEHU RI YR[HOV
LV DFWLYDWHG DV VXEMHFWLYH YDOXH LQFUHDVHV� 7R WHVW IRU WKLV SRVVLELOLW\� ZH ORRNHG DW WKH
QXPEHU RI YR[HOV FRQWULEXWLQJ WR FRGLQJ RI KLJKHU YDOXHG LWHPV� :H ILUVW GLFKRWRPL]HG
HDFK YR[HOÚV DFWLYLW\ UHODWLYH WR LWV PHGLDQ %2/' YDOXH� VR WKDW HDFK YR[HO WKDW VXUYLYHG
5)( KDG HLWKHU YDOXH RQH RU ]HUR IRU HDFK LWHP� � LI WKH %2/' VLJQDO GXULQJ SUHVHQWDWLRQ
RI WKLV LWHP ZDV EHORZ PHGLDQ VLJQDO PDJQLWXGH RI WKLV YR[HO� DQG � LI WKH %2/' VLJQDO
ZDV DERYH WKH PHGLDQ %2/' YDOXH� 7KLV ZD\� ZH FRXOG FRXQW KRZ PDQ\ YR[HOV VKRZHG
VLJQDOV DERYH WKHPHGLDQ LQ GLIIHUHQW REVHUYHG YDOXH UDQJHV� )RU ORZ YDOXHG LWHPV �YDOXH
UDQN �×���� DQ DYHUDJH ��� RI YR[HOV VKRZHG D %2/' VLJQDO DERYH WKH PHGLDQ� 7KLV
VWHDGLO\ LQFUHDVHG XS WR ��� IRU LWHPV WKDW ZHUH PRVW SUHIHUUHG �YDOXH UDQN ���×�����
2Q DYHUDJH� ZLWK HDFK LQFUHDVH RI �� YDOXH UDQNV� QLQH DGGLWLRQDO YR[HOV VKRZHG %2/'
VLJQDO DERYH LWV PHGLDQ �W����  ���� S < ����� UDQGRP�LQWHUFHSW UHJUHVVLRQ�� 7KXV� ZLWK
KLJKHU VXEMHFWLYH YDOXH DQ LQFUHDVLQJ QXPEHU RI YR[HOV VKRZHG DERYH�PHGLDQ %2/'
UHVSRQVH�

7R ORFDOL]H WKH YR[HOV LQ WKH IURQWDO FRUWH[ WKDW FDUU\ LQIRUPDWLRQ DERXW VXEMHFWLYH
YDOXH UHJDUGOHVV RI WKH UHZDUG FDWHJRU\� ZH ILUVW LGHQWLILHG WKH PRVW LQIRUPDWLYH YR[HOV
LQ HDFK 695 PRGHO� )RU HDFK SDUWLFLSDQW� YR[HOV ZHUH FODVVLILHG DV FDUU\LQJ FDWHJRU\�
LQGHSHQGHQW LQIRUPDWLRQ LI WKH\ ZHUH LQIRUPDWLYH LQ ERWK PRGHOV� ,Q )LJXUH ��� ZH SORW
WKH RYHUODS RI WKHVH FDWHJRU\�LQGHSHQGHQW YR[HOV DFURVV SDUWLFLSDQWV� UHYHDOLQJ FOXV�
WHUV LQ WKH $&& DQG WKH PHGLDO SUHIURQWDO FRUWH[� 7KH PDS VKRZV RQO\ YR[HOV ZLWK PLQ�
LPDOO\ ��� RYHUODS �PLQLPDOO\ � SDUWLFLSDQWV� DQG FOXVWHUV ZLWK DW OHDVW ��� DQDWRPLFDO
�L�H�� � IXQFWLRQDO� YR[HOV� 7KH KLJKHVW RYHUODS ZDV REVHUYHG LQ D FOXVWHU LQ WKH DQWH�
ULRU SRUWLRQ RI WKH P3)& ZLWK DQ RYHUODS RI ����� �� SDUWLFLSDQWV�� $ OLVW RI SHDN YR[HO
FRRUGLQDWHV RI DOO LGHQWLILHG FOXVWHUV FDQ EH IRXQG LQ 7DEOH ����

��



���� 5(68/76

7DEOH ���
%UDLQ UHJLRQV FDUU\LQJ YDOXH�VLJQDOV DFURVV UHZDUG FDWHJRULHV�

; < = � SDUWLFLSDQWV � YR[HOV

ULJKW DQWHULRU P3)& � �� � � ���

ULJKW GRUVDO P3)& � �� �� � ���

ULJKW P3)& � �� �� � ���

$&& � � �� �� � ���

$&& � �� �� �� � ���

OHIW GRUVDO 3)& �� �� �� � ���

OHIW P3)& � �� �� � � ���

OHIW P3)& � �� �� �� � ���

OHIW DQWHULRU 3)& ��� �� �� � ���

1RWH� &OXVWHUV DUH OLVWHG LI WKH\ VKRZ DQ RYHUODS IRU DW OHDVW � SDUWLFLSDQWV DQG D FOXVWHU VL]H RI DW

OHDVW ��� DQDWRPLFDO � � IXQFWLRQDO� YR[HOV� 1R VPRRWKLQJ ZDV DSSOLHG WR WKH GDWD� &RRUGLQDWHV

FRUUHVSRQG WR 7DODLUDFK FRRUGLQDWHV RI WKH YR[HO ZLWK WKH KLJKHVW RYHUODS DFURVV VXEMHFWV�

)LJXUH ���� 9R[HO�FOXVWHUV FDUU\LQJ DFURVV�FDWHJRU\ LQIRUPDWLRQ EDVHG RQ WKH ZHLJKWV RI WKH VXS�

SRUW YHFWRU UHJUHVVLRQ PRGHOV �7DODLUDFK [� \� ]  ��� ��� ��� RYHUODLG RQWR DQ DQDWRPLFDO DYHUDJH�

��
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)LJXUH ���� 9R[HO�FOXVWHUV UHVXOWLQJ IURP XQLYDULDWH DQDO\VLV �7DODLUDFK [� \� ]  ��� ��� ��� RYHUODLG

RQWR DQ DQDWRPLFDO DYHUDJH�

6XUSULVLQJO\� DPRQJ WKH ��� PRVW LQIRUPDWLYH YR[HOV� WKHUH ZDV QR FOXVWHU LQ WKH
YHQWUDO SDUW RI WKH P3)&� 7KLV UHJLRQ KDV EHHQ IUHTXHQWO\ LPSOLFDWHG LQ FRPPRQ YDOXH
FRPSXWDWLRQ LQ SUHYLRXV I05, VWXGLHV WKDW XVHG XQLYDULDWH GDWD DQDO\VLV �/HY\ DQG*OLP�
FKHU� ������ :H WKHUHIRUH SHUIRUPHG DQ DGGLWLRQDO XQLYDULDWH DQDO\VLV E\ ILWWLQJ RE�
VHUYHG VXEMHFWLYH YDOXH WR WKH KHPRG\QDPLF UHVSRQVH IXQFWLRQÚV HVWLPDWHV LQ HDFK SDU�
WLFLSDQW� 7R PD[LPL]H FRPSDUDELOLW\ ZLWK WKH PXOWLYDULDWH UHVXOWV� ZH XVHG WKH VDPH
SUREDELOLVWLF SURFHGXUH DV GHVFULEHG DERYH WR DJJUHJDWH WKH VLQJOH VXEMHFW PDSV� )RU
HDFK VXEMHFW� ZH UDQNHG WKH DEVROXWH PRGHO ILWV �EHWDV� WR UHGXFH WKH QXPEHU RI YR[HOV
FRQVLGHUHG WR ��� RI VXEMHFWVÚ IURQWDO FRUWH[ PDVN� WKXV REWDLQLQJ WKH VDPH QXPEHU RI
YR[HOV SHU VXEMHFW DV UHVXOWHG IURP WKH PXOWLYDULDWH UHFXUVLYH IHDWXUH HOLPLQDWLRQ SUR�
FHGXUH� )LJXUH ��� VKRZV WKH RYHUODS RI WKH UHPDLQLQJ YR[HOV DFURVV VXEMHFW �PLQLPDOO\
��� RYHUODS� L�H�� � SDUWLFLSDQWV�� 7KH REWDLQHG SDWWHUQ LV FRPSDUDEOH WR WKHPXOWLYDULDWH
SDWWHUQV SUHVHQWHG LQ )LJXUH ���� EXW DGGLWLRQDOO\ LQFOXGHV D FOXVWHU LQ WKH PRUH YHQWUDO
SDUW RI WKH 03)&� :H ZRXOG OLNH WR VWUHVV WKDW WKLV UHVXOW VKRXOG EH LQWHUSUHWHG ZLWK
FDXWLRQ EHFDXVH QR VLJQLILFDQFH VWDQGDUGV ZHUH PHW E\ WKLV DQDO\VLV�

*LYHQ WKH VSDWLDO RYHUODS RI YR[HOV FDUU\LQJ DEVWUDFW VXEMHFWLYH YDOXH DFURVV VXE�
MHFWV� ZH K\SRWKHVL]HG WKDW YDOXH�UHSUHVHQWDWLRQ DFURVV SDUWLFLSDQWV FRXOG EH VXIIL�
FLHQWO\ VLPLODU WR DOORZ SUHGLFWLQJ VXEMHFWLYH YDOXH RI RQH SHUVRQ ZLWK D PRGHO WUDLQHG
RQ DQRWKHU SHUVRQ� 7R WHVW WKLV� ZH WUDLQHG RQH 695 PRGHO IRU HDFK SDUWLFLSDQW� XV�
LQJ DOO ��� LWHPV� :H WKHQ XVHG HDFK SDUWLFLSDQWÚV PRGHO WR SUHGLFW WKH SUHIHUHQFHV

��
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)LJXUH ���� 3UHGLFWLRQ SHUIRUPDQFH DFURVV SDUWLFLSDQWV� (DFK ER[SORW VKRZV WKH SUHGLFWLRQ DF�

FXUDF\ IRU DQ 695 PRGHO WUDLQHG RQ RQH VXEMHFW� SUHGLFWLQJ WKH SUHIHUHQFHV IRU DOO ��� LWHPV IRU

WKH RWKHU VHYHQ VXEMHFWV� %R[SORW RQ WKH IDU OHIW VKRZV GLVWULEXWLRQ RI DOO �� FRUUHODWLRQV REWDLQHG

LQ WKLV ZD\� %DUV LQ ER[HV VKRZ WKH PHGLDQ�

RI WKH RWKHU VHYHQ SDUWLFLSDQWV� UHVSHFWLYHO\� DQG FRUUHODWHG WKHVH ZLWK WKH REVHUYHG
SUHIHUHQFHV� )LJXUH ��� VXPPDUL]HV DOO RI WKH UHVXOWLQJ �� FRUUHODWLRQ FRHIILFLHQWV LQ D
ER[SORW� DQG DOVR VKRZV WKH FRHIILFLHQWV E\ LQGLYLGXDO VXEMHFW� &RUUHODWLRQV ZHUH VLJQLI�
LFDQWO\ DERYH ]HUR �W����  ����� S < ����� UDQGRP�LQWHUFHSW UHJUHVVLRQ�� GHPRQVWUDWLQJ
WKDW YDOXH SDWWHUQV DUH WR VRPH H[WHQW FRPSDUDEOH� HYHQ DFURVV VXEMHFWV� $V FDQ EH H[�
SHFWHG� JLYHQ WKH DQDWRPLFDO YDULDELOLW\ DFURVV SDUWLFLSDQWV� SHUIRUPDQFHZDV FRQVLGHU�
DEO\ ORZHU �PHDQ 3HDUVRQÚV FRUUHODWLRQ U  ����� WKDQ ZLWKLQ LQGLYLGXDO DFURVV�FDWHJRU\
SHUIRUPDQFH�

��� 'LVFXVVLRQ

:H WHVWHGZKHWKHU YDOXH VLJQDOV LQ WKH IURQWDO FRUWH[ DUH LQGHSHQGHQW RI VSHFLILF UHZDUG
FKDUDFWHULVWLFV DQG FDQ WKHUHIRUH EH XVHG WR LQIHU WKH VXEMHFWLYH YDOXH RI LQKHUHQWO\ GLV�
WLQFW UHZDUG W\SHV� $ PDFKLQH OHDUQLQJ DOJRULWKP� ZKLFK ZDV WUDLQHG RQO\ LQ GHFRGLQJ
VXEMHFWLYH YDOXH RI VQDFN IRRG LWHPV� ZDV FDSDEOH RI SUHGLFWLQJ WKH VXEMHFWLYH YDOXH RI
HQJDJLQJ DFWLYLWLHV DQG YLFH YHUVD� +HQFH� NQRZLQJ WKH QHXURQDO SDWWHUQ WKDW LV DVVR�
FLDWHG ZLWK LPDJLQLQJ WKH SOHDVXUH RI� H�J�� HDWLQJ D GRQXW RU SRWDWR FKLSV PDGH LW SRV�
VLEOH WR UHOLDEO\ LQIHU SUHIHUHQFHV RYHU� H�J�� SOD\LQJ WHQQLV RU VKRSSLQJ� DQG YLFH YHUVD�
7KLV VXJJHVWV WKDW YDOXH VLJQDOV LQ P3)& GR QRW RQO\ VSDWLDOO\ RYHUODS� EXW DOVR WKDW WKH

��
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GLVWULEXWHG SDWWHUQ LV VLPLODU DFURVV RXU WZR FDWHJRULHV RI UHZDUG� 7KLV LV UHPDUNDEOH�
VLQFH WKHVH FDWHJRULHV GLIIHU IXQGDPHQWDOO\ ZLWK UHVSHFW WR WKH DVVRFLDWHG VHQVRU\ DQG
PRWLYDWLRQDO V\VWHPV� ,I VXEMHFWLYH YDOXH UHSUHVHQWDWLRQ ZDV HQWLUHO\ OLQNHG WR VSHFLILF
SURSHUWLHV RI D VWLPXOXV WKLV VKRXOG QRW EH SRVVLEOH�

2XU DFWLYLW\ FDWHJRU\ FRPSULVHV LWHPV WKDW DUH QRUPDOO\ QRW WUDGHG DQG KHQFH QRW
SULFHG� 7KHUHIRUH� RXU ILQGLQJ FDQQRW EH H[SODLQHG E\ FRJQLWLYH SURFHVVHV WKDW PHUHO\
UHIOHFW OHDUQHGPDUNHW SULFHV� )XUWKHU� LQ FRQWUDVW WR SUHYLRXV VWXGLHV RQ FRPPRQ�VFDOH
UHSUHVHQWDWLRQ RI YDOXH �/HY\ DQG *OLPFKHU� ����� 0F1DPHH HW DO�� ������ ZH UHIUDLQ IURP
XVLQJ DQ\ W\SH RI PRQHWDU\ YDOXDWLRQ WDVN� ,W LV WKXV XQOLNHO\ WKDW WKH VLPLODULW\ RI YDOXH
VLJQDOV ZH REVHUYH DFURVV GLIIHUHQW FDWHJRULHV LV DUWLILFLDOO\ FDXVHG E\ D WDVN WKDW HQ�
FRXUDJHV VXEMHFWV WR HYDOXDWH LWHPV LQ D FRPPRQ UHIHUHQFH IUDPH� VXFK DV PRQHWDU\
YDOXH RU D /LNHUW VFDOH� ,QVWHDG RXU GDWD VXJJHVW WKDW D FRPPRQ VFDOH UHSUHVHQWDWLRQ RI
VXEMHFWLYH YDOXH LV DQ LQKHUHQW IHDWXUH RI RXU YDOXDWLRQ V\VWHP� PXFK OLNH WKH SV\FKR�
ORJLFDO FRQFHSW RI XWLOLW\� ILUVW HQYLVLRQHG E\ -HUHP\ %HQWKDP DV DQWLFLSDWHG SOHDVXUH RU
JHQHUDO VDWLVIDFWLRQ �.DKQHPDQ HW DO�� ����� %HQWKDP� ������

,QWHUHVWLQJO\� ZH ILQG WKDW WR D FHUWDLQ H[WHQW WKLV UHSUHVHQWDWLRQ LV FRPPRQ HYHQ
DFURVV LQGLYLGXDO EUDLQV� DV LV HYLGHQW LQ WKH VLJQLILFDQW DFURVV�SDUWLFLSDQW SUHGLFWLRQV�
$ PDFKLQH�OHDUQLQJ DOJRULWKP WUDLQHG RQ EUDLQ SDWWHUQV RI RQH LQGLYLGXDO� ZKHQ DSSOLHG
WR WKH EUDLQ SDWWHUQVPHDVXUHG LQ DQRWKHU SDUWLFLSDQW� SUHGLFWHG VXEMHFWLYH SUHIHUHQFHV
DERYH FKDQFH OHYHO� $OWKRXJK SUHGLFWLRQ SRZHU ZDV FRQVLGHUDEO\ ORZHU� NQRZLQJ WKH
QHXURQDO SDWWHUQ WKDW LV DVVRFLDWHG ZLWK LPDJLQLQJ WKH SOHDVXUH RI� H�J�� HDWLQJ D GRQXW
RU SOD\LQJ WHQQLV IRU 3DUWLFLSDQW $ PDNHV LW LQ SULQFLSOH SRVVLEOH WR LQIHU VXEMHFWLYH SUHI�
HUHQFHV RYHU WKHVH LWHPV IRU 3DUWLFLSDQW %�

7R H[SORUH WKH ORFDOL]DWLRQ RI WKH DEVWUDFW YDOXH VLJQDOV WKDW HQDEOHG WKH DFURVV�
FDWHJRU\ SUHGLFWLRQV� ZH PDSSHG WKH YR[HOV ZKLFK ZHUH LQIRUPDWLYH LQ SUHGLFWLQJ VXE�
MHFWLYH YDOXH IRU ERWK UHZDUG FDWHJRULHV� 1RWH WKDW ZH GLG QRW UHVWULFW WKLV DQDO\VLV WR
D VPDOO UHJLRQ� EXW FRQVLGHUHG YR[HOV IURP WKH HQWLUH IURQWDO FRUWH[ RI HDFK LQGLYLG�
XDO SDUWLFLSDQW� *LYHQ WKLV ODUJH PDVN� LW LV YHU\ HQFRXUDJLQJ WKDW ZH REVHUYH FOXVWHUV
RI LQIRUPDWLYH YR[HOV LQ WKH P3)& LQ OLQH ZLWK SUHYLRXV KXPDQ I05, VWXGLHV �7XVFKH
HW DO�� ����� /HY\ DQG *OLPFKHU� ����� 0F1DPHH HW DO�� ������ 2XU PXOWLYDULDWH DQDO\�
VLV� KRZHYHU� GLG QRW UHYHDO D FOXVWHU RI YR[HOV LQ WKH PRVW YHQWUDO SDUW RI WKH P3)&�
ZKHUH PDQ\ SUHYLRXV VWXGLHV UHSRUWHG SHDN YR[HOV� ,QVWHDG� RXU PRVW SURPLQHQW FOXV�
WHU FRUUHVSRQGV ZHOO WR D UHJLRQ UHSRUWHG WR SUHGLFW FRQVXPHU FKRLFHV XVLQJ D VLPLODU
PXOWLYDULDWH DSSURDFK DV RXUV �7XVFKH HW DO�� ������ 7KLV GLVFUHSDQF\ FRXOG EH GXH WR D
QXPEHU RI IXQGDPHQWDO GLIIHUHQFHV EHWZHHQ FODVVLFDO XQLYDULDWH DQDO\VHV DQG WKH DQDO�
\VLV SUHVHQWHG LQ WKLV VWXG\� :KHUHDV PRVW SUHYLRXV VWXGLHV XVHG D VPRRWKLQJ NHUQHO�
RXU UHVXOWV ZHUH REWDLQHG RQ D VLQJOH�VXEMHFW OHYHO ZLWKRXW DQ\ LPDJH ILOWHULQJ� 7KH
PXOWLYDULDWH UHVXOWV GHSLFWHG LQ )LJXUH ��� UHSUHVHQW WKH SUREDELOLVWLF RYHUODS LQVWHDG RI

��
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D PXOWL�VXEMHFW DJJUHJDWH� 1HLJKERULQJ YR[HOV WKDW DUH XVXDOO\ VPRRWKHG LQ FRPPRQ
DSSURDFKHV PLJKW WKHUHIRUH QRW VXUYLYH RXU VHW LQFOXVLRQ WKUHVKROG� 'LVFUHSDQFLHV EH�
WZHHQ XQLYDULDWH DQG PXOWLYDULDWH DQDO\VHV FRXOG DOVR DULVH EHFDXVH RI GLVWULEXWHG SDW�
WHUQV LQ WKH GDWD WKDW LQIOXHQFH WKH PDFKLQH OHDUQLQJ DOJRULWKP ZKHQ SLFNLQJ WKH PRVW
LQIRUPDWLYH YR[HOV� EXW OHDYH WKH XQLYDULDWH SURFHGXUH XQDIIHFWHG �+DXIH HW DO�� ������

,Q DGGLWLRQ WR WKH PHGLDO SUHIURQWDO FRUWH[� ZH ILQG YR[HOV FDUU\LQJ DEVWUDFW YDOXH
VLJQDOV LQ WKH $&&� 7KLV LV LQWHUHVWLQJ� EHFDXVH YDOXH VLJQDOV LQ WKH $&& KDYH EHHQ UH�
SRUWHG LQPRQNH\ VWXGLHV XVLQJ VLQJOH�FHOO UHFRUGLQJV �:DOOLV DQG .HQQHUOH\� ����� .HQ�
QHUOH\ HW DO�� ����� &DL DQG 3DGRD�6FKLRSSD� ������ EXW QRW W\SLFDOO\ LQ KXPDQ I05, VWXG�
LHV� 7KH IDFW WKDW ZH GR REVHUYH YDOXH�VLJQDOV LQ WKH $&& LV OLNHO\ GXH WR WKH GLIIHUHQWLDO
VHQVLWLYLW\ RI PXOWLYDULDWH DQDO\VLV FRPSDUHG ZLWK XQLYDULDWH DQDO\VLV �:DOOLV� ������ DQG
VXJJHVWV WKDW DEVWUDFW YDOXH VLJQDOV DUH QRW OLPLWHG WR WKH P3)&�

,Q FRQWUDVW WR SUHYLRXV VWXGLHV �/HY\ DQG *OLPFKHU� ����� 0F1DPHH HW DO�� ������ RXU
WDVNV ZHUH RI HQWLUHO\ K\SRWKHWLFDO QDWXUH DQG ZLWKRXW DQ\ UHIHUHQFH WR D PRQHWDU\ RU
DQRWKHU QXPHULFDO IUDPH� 7KLV GHVLJQ DOORZHG XV WR HPSOR\ D ZLGH UDQJH RI IDLUO\ DE�
VWUDFW VWLPXOL� DQGPLQLPL]HG WKH SRVVLELOLW\ WKDW VXEMHFWV HYDOXDWH LWHPV RI GLIIHUHQW FDW�
HJRULHV LQ WHUPV RI DQ H[WHUQDOO\ LPSRVHG UHIHUHQFH IUDPH� ,W PLJKW VWLOO EH DUJXHG WKDW
WKH UHYHDOHG SDWWHUQV DUH QRW JHQHUDOL]DEOH WR YDOXH FRPSXWDWLRQV GXULQJ UHDO HYHU\�
GD\ GHFLVLRQV� 3UHYLRXV UHVHDUFK KDV VKRZQ� KRZHYHU� WKDW LPDJLQHG DQG H[SHULHQFHG
UHZDUGV HOLFLW RYHUODSSLQJ SDWWHUQV �%UD\ HW DO�� ������ 7KLV VXJJHVWV WKDW K\SRWKHWLFDO
HYDOXDWLRQ DQG HYDOXDWLRQ GXULQJ DFWXDO FKRLFHV UHO\ RQ VLPLODU PHFKDQLVPV�

7KH SRVVLELOLW\ UHPDLQV WKDW VXEMHFWV XVHG WKHLU RZQ UHIHUHQFH IUDPH UHJDUGOHVV RI
WKH LQVWUXFWLRQ WR IRFXV RQ WKH SOHDVXUH WKH\ ZRXOG GHULYH IURP DQ LWHP� 6XFK D UHIHU�
HQFH IUDPH FRXOG EH� IRU H[DPSOH� WKH PLQLPXP�PD[LPXP SOHDVXUH WKH\ FDQ LPDJLQH�
DQG DOWKRXJK XQOLNHO\ IRU RXU DFWLYLWLHV FDWHJRU\� LW LV HYHQ FRQFHLYDEOH WKDW VXEMHFWV
PLJKW VSRQWDQHRXVO\ DGRSW D PRQHWDU\ HYDOXDWLRQ VFKHPH� 2XU DFURVV VXEMHFWV SUHGLF�
WLRQV KRZHYHU SURYLGH HYLGHQFH WKDW HYHQ LI WKLV LV WKH FDVH� WKH YDOXH VLJQDO FRQWULEXW�
LQJ WR RXU PRGHOV LV DEVWUDFW HQRXJK WR JHQHUDOL]H RYHU VXFK VXEMHFW VSHFLILF VWUDWHJLHV�
)XWXUH UHVHDUFK FRXOG IXUWKHU FODULI\ WKLV TXHVWLRQ E\ UHIUDLQLQJ IURP JLYLQJ DQ\ WDVN
LQVWUXFWLRQV OLNH LPDJLQLQJ SOHDVXUH� RU HYHQ XVLQJ D GLVWUDFWRU WDVN ZKLOH GLVSOD\LQJ
GLIIHUHQW LWHPV� DQ DSSURDFK WKDW KDV EHHQ XVHG IRU H[DPSOH E\ 7XVFKH HW DO� �������

7R FRQFOXGH� RXU UHVXOWV SURYLGH VWURQJ HYLGHQFH IRU WKH H[LVWHQFH RI DEVWUDFW YDOXH
VLJQDOV LQ WKH P3)& DQG DOVR WKH $&&� 7KHVH YDOXH VLJQDOV DUH FRPSDUDEOH HYHQ IRU IXQ�
GDPHQWDOO\ GLIIHUHQW DQG LPPDWHULDO FDWHJRULHV RI UHZDUG� DQG LQ SULQFLSOH� FDQ EH XVHG
WR SUHGLFW FKRLFH�

��
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5HIHUHQFHV

%HQWKDP� -� ������� $Q ,QWURGXFWLRQ WR WKH 3ULQFLSOHV RI 0RUDOV DQG /HJLVODWLRQ� 'RYHU�
0LQHROD� 1HZ <RUN�

%UD\� 6�� 6KLPRMR� 6�� DQG 2Ú'RKHUW\� -� 3� ������� +XPDQ 0HGLDO 2UELWRIURQWDO &RUWH[ ,V
5HFUXLWHG 'XULQJ ([SHULHQFH RI ,PDJLQHG DQG 5HDO 5HZDUGV� -RXUQDO RI 1HXURSK\VL�
RORJ\� �����������×�����

&DL� ;� DQG 3DGRD�6FKLRSSD� &� ������� 1HXURQDO HQFRGLQJ RI VXEMHFWLYH YDOXH LQ GRUVDO
DQG YHQWUDO DQWHULRU FLQJXODWH FRUWH[� 7KH -RXUQDO RI 1HXURVFLHQFH� �����������×�����

&KDQJ� &� DQG /LQ� &� ������� /,%690� D OLEUDU\ IRU VXSSRUW YHFWRU PDFKLQHV� $&0 7UDQV�
DFWLRQV RQ ,QWHOOLJHQW 6\VWHPV DQG 7HFKQRORJ\� ������×���

&KLE� 9� 6�� 5DQJHO� $�� 6KLPRMR� 6�� DQG 2Ú'RKHUW\� -� 3� ������� (YLGHQFH IRU D &RP�
PRQ 5HSUHVHQWDWLRQ RI 'HFLVLRQ 9DOXHV IRU 'LVVLPLODU *RRGV LQ +XPDQ 9HQWURPHGLDO
3UHIURQWDO &RUWH[� 7KH -RXUQDO RI 1HXURVFLHQFH� ������������×������

'XDQ� .��%�� 5DMDSDNVH� -� &�� :DQJ� +�� DQG $]XDMH� )� ������� 0XOWLSOH 690�5)( IRU
JHQH VHOHFWLRQ LQ FDQFHU FODVVLILFDWLRQ ZLWK H[SUHVVLRQ GDWD� ,((( 7UDQVDFWLRQV RQ
1DQR%LRVFLHQFH� ��������×����

)HKU� (� DQG 5DQJHO� $� ������� 1HXURHFRQRPLF IRXQGDWLRQV RI HFRQRPLF FKRLFHØUHFHQW
DGYDQFHV� 7KH -RXUQDO RI (FRQRPLF 3HUVSHFWLYHV� ����×���

)LW]*HUDOG� 7� +� %�� 6H\PRXU� %�� DQG'RODQ� 5� -� ������� 7KH 5ROH RI +XPDQ2UELWRIURQWDO
&RUWH[ LQ 9DOXH &RPSDULVRQ IRU ,QFRPPHQVXUDEOH 2EMHFWV� 7KH -RXUQDO RI 1HXUR�
VFLHQFH� �����������×�����

+DXIH� 6�� 0HLQHFNH� )�� *·UJHQ� .�� '¥KQH� 6�� +D\QHV� -��'�� %ODQNHUW]� %�� DQG %LH PDQQ�
)� ������� 2Q WKH LQWHUSUHWDWLRQ RI ZHLJKW YHFWRUV RI OLQHDU PRGHOV LQ PXOWLYDULDWH
QHXURLPDJLQJ� 1HXUR,PDJH� �����×����

.DKQHPDQ� '�� :DNNHU� 3� 3�� DQG 6DULQ� 5� ������� %DFN WR %HQWKDP" ([SORUDWLRQV RI
([SHULHQFHG 8WLOLW\� 7KH 4XDUWHUO\ -RXUQDO RI (FRQRPLFV� ����������×����

.HQQHUOH\� 6� :�� %HKUHQV� 7� (� -�� DQG :DOOLV� -� '� ������� 'RXEOH GLVVRFLDWLRQ RI YDOXH
FRPSXWDWLRQV LQ RUELWRIURQWDO DQG DQWHULRU FLQJXODWH QHXURQV� 1DWXUH 1HXURVFLHQFH�
�����������×�����

.LP� +�� 6KLPRMR� 6�� DQG 2 'RKHUW\� -� ������� 2YHUODSSLQJ UHVSRQVHV IRU WKH H[SHFWDWLRQ
RI MXLFH DQGPRQH\ UHZDUGV LQ KXPDQ YHQWURPHGLDO SUHIURQWDO FRUWH[� &HUHEUDO FRUWH[�
���������×����

��
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.ULHJHVNRUWH� 1�� 6LPPRQV� :� .�� %HOOJRZDQ� 3� 6� )�� DQG %DNHU� &� ,� ������� &LUFX�
ODU DQDO\VLV LQ V\VWHPV QHXURVFLHQFH� WKH GDQJHUV RI GRXEOH GLSSLQJ� 1DWXUH 1HXUR�
VFLHQFH� ���������×����

/HEUHWRQ� 0�� -RUJH� 6�� 0LFKHO� 9�� 7KLULRQ� %�� DQG 3HVVLJOLRQH� 0� ������� $Q $XWRPDWLF
9DOXDWLRQ 6\VWHP LQ WKH +XPDQ %UDLQ� (YLGHQFH IURP )XQFWLRQDO 1HXURLPDJLQJ� 1HX�
URQ� ���������×����

/HY\� '� -� DQG *OLPFKHU� 3� ������� &RPSDULQJ $SSOHV DQG 2UDQJHV� 8VLQJ 5HZDUG�
6SHFLILF DQG 5HZDUG�*HQHUDO 6XEMHFWLYH 9DOXH 5HSUHVHQWDWLRQ LQ WKH %UDLQ� 7KH -RXU�
QDO RI 1HXURVFLHQFH� ������������×������

/HY\� '� -� DQG *OLPFKHU� 3� ������� 7KH URRW RI DOO YDOXH� D QHXUDO FRPPRQ FXUUHQF\ IRU
FKRLFH� &XUUHQW 2SLQLRQ LQ 1HXURELRORJ\� �������×�����

/LQ� $�� $GROSKV� 5�� DQG 5DQJHO� $� ������� 6RFLDO DQG PRQHWDU\ UHZDUG OHDUQLQJ HQJDJH
RYHUODSSLQJ QHXUDO VXEVWUDWHV� 6RFLDO &RJQLWLYH DQG $IIHFWLYH 1HXURVFLHQFH� ��������×
����

0F1DPHH� '�� 5DQJHO� $�� DQG 2Ú'RKHUW\� -� 3� ������� &DWHJRU\�GHSHQGHQW DQG FDWHJRU\�
LQGHSHQGHQW JRDO�YDOXH FRGHV LQ KXPDQ YHQWURPHGLDO SUHIURQWDO FRUWH[� 1DWXUH 1HX�
URVFLHQFH� ���������×����

0RQWDJXH� 3� 5� DQG %HUQV� *� 6� ������� 1HXUDO (FRQRPLFV DQG WKH %LRORJLFDO 6XEVWUDWHV
RI 9DOXDWLRQ� 1HXURQ� ���������×����

6PLWK� '� 9�� +D\GHQ� %� <�� 7UXRQJ� 7��.�� 6RQJ� $�:�� 3ODWW� 0� /�� DQG+XHWWHO� 6� $� �������
'LVWLQFW 9DOXH 6LJQDOV LQ $QWHULRU DQG 3RVWHULRU 9HQWURPHGLDO 3UHIURQWDO &RUWH[� 7KH
-RXUQDO RI 1HXURVFLHQFH� ����������×�����

7DODLUDFK� -� DQG 7RXUQRX[� 3� ������� &R�SODQDU 6WHUHRWD[LF $WODV RI WKH +XPDQ %UDLQ�
7KLHPH 0HGLFDO� 1HZ <RUN�

5 'HYHORSPHQW &RUH 7HDP ������� 5� $ /DQJXDJH DQG (QYLURQPHQW IRU 6WDWLVWLFDO &RP�
SXWLQJ�

7XVFKH� $�� %RGH� 6�� DQG +D\QHV� -� '� ������� 1HXUDO 5HVSRQVHV WR 8QDWWHQGHG 3URGXFWV
3UHGLFW /DWHU &RQVXPHU &KRLFHV� 7KH -RXUQDO RI 1HXURVFLHQFH� �����������×�����

9XO� (�� +DUULV� &�� :LQNLHOPDQ� 3�� DQG 3DVKOHU� +� ������� 3X]]OLQJO\ KLJK FRUUHODWLRQV
LQ IPUL VWXGLHV RI HPRWLRQ� SHUVRQDOLW\� DQG VRFLDO FRJQLWLRQ� 3HUVSHFWLYHV RQ 3V\FKR�
ORJLFDO 6FLHQFH� ��������×����

��
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:DOOLV� -� '� ������� &URVV�VSHFLHV VWXGLHV RI RUELWRIURQWDO FRUWH[ DQG YDOXH�EDVHG
GHFLVLRQ�PDNLQJ� 1DWXUH 1HXURVFLHQFH� ��������×���

:DOOLV� -� '� DQG .HQQHUOH\� 6� :� ������� +HWHURJHQHRXV UHZDUG VLJQDOV LQ SUHIURQWDO
FRUWH[� &XUUHQW 2SLQLRQ LQ 1HXURELRORJ\� ���������×����

��



6XSSRUWLQJ ,QIRUPDWLRQ

6WLPXOL

$FWLYLWLHV

ÜSOD\LQJ WHQQLV�Ý ÜMRJJLQJ�Ý ÜKRUVH�ULGLQJ�Ý ÜKLNLQJ�Ý ÜULGLQJ D ELNH�Ý ÜSOD\LQJ VRFFHU�Ý ÜILW�
QHVV WUDLQLQJ�Ý ÜKDYLQJ D QDS�Ý ÜVLWWLQJ LQ WKH VXQ�Ý ÜOLVWHQLQJ WRPXVLF�Ý ÜREVHUYLQJ DQLPDOV�Ý
ÜGD\GUHDPLQJ�Ý ÜVLWWLQJ LQ D SDUN�Ý ÜZDWFKLQJ WKH VXQGRZQ�Ý ÜKDYLQJ D VPRNH�Ý ÜVKRSSLQJ�Ý
ÜJRLQJ IRU D ZDON�Ý ÜUHDGLQJ D ERRN�Ý ÜUHDGLQJ D QHZVSDSHU�Ý ÜUHDGLQJ D PDJD]LQH�Ý ÜGUDZ�
LQJ�Ý ÜSDLQWLQJ�Ý ÜSOD\LQJ FRPSXWHU JDPHV�Ý ÜSOD\LQJ DQ LQVWUXPHQW�Ý ÜZDWFKLQJ D PRYLH�Ý
ÜZDWFKLQJ D SOD\�Ý ÜZRUNLQJ LQ WKH JDUGHQ�Ý ÜFRRNLQJ�Ý ÜEDNLQJ�Ý ÜFOHDQLQJ WKH KRXVH�Ý ÜSUR�
JUDPPLQJ�Ý ÜJRVVLSLQJ�Ý ÜSOD\LQJ ERDUG JDPHV�Ý ÜSOD\LQJ FDUGV�Ý ÜGDQFLQJ�Ý ÜPDNLQJ MRNHV�Ý
ÜJRLQJ WR D SDUW\�Ý ÜJRLQJ RXW IRU GULQNV�Ý ÜWDONLQJ RQ WKH SKRQH�Ý ÜSOD\LQJ ELOOLDUG�Ý ÜSOD\�
LQJ ZLWK FKLOGUHQ�Ý ÜJRLQJ RQ D GDWH�Ý ÜIOLUWLQJ�Ý ÜVLJKW�VHHLQJ�Ý ÜJRLQJ WR D OHFWXUH�Ý ÜVROYLQJ
SX]]OHV�Ý ÜYLVLWLQJ D PXVHXP�Ý ÜGHEDWLQJ�Ý ÜLQWHUQHW�VXUILQJ�Ý ÜZULWLQJ D OHWWHU�Ý ÜGULYLQJ D
FDU�Ý ÜZDVKLQJ GLVKHV�Ý ÜGRLQJ ODXQGU\�Ý ÜVWXG\LQJ�Ý ÜJLYLQJ D SUHVHQWDWLRQ�Ý ÜIL[LQJ D ELNH�Ý
ÜFOHDQLQJ ZLQGRZV�Ý ÜYDFXXPLQJ�Ý ÜVROYLQJ 6XGRNXÚV�Ý ÜWDNLQJ DQ H[DPÝ�

6QDFN IRRGV

ÜVWUDZEHUU\ VRUEHW�Ý ÜFUHSHV ZLWK FLQQDPRQ�Ý ÜFURLVVDQW�Ý ÜZDIIOH�Ý ÜGRXJKQXW�Ý ÜEOXHEHUU\
PXIILQ�Ý ÜFKRFRODWH PXIILQ�Ý ÜFXSFDNH�Ý ÜSDQFDNH�Ý ÜVWURRSZDIHO�Ý ÜFKRFRODWH EURZQLH�Ý
ÜFKRFRODWH FRRNLH�Ý ÜVSHFXODDV�Ý ÜJLQJHUEUHDG�Ý ÜEXWWHU FRRNLH�Ý ÜPLON FKRFRODWH�Ý ÜGDUN
FKRFRODWH�Ý ÜZKLWH FKRFRODWH�Ý ÜPRXVVH DX FKRFRODW�Ý ÜWUXIIOHV�Ý ÜQRXJDW�Ý ÜPLQW FKRFRODWH�Ý
ÜSHDQXWV�Ý ÜSLVWDFKLRV�Ý ÜFDVKHZV�Ý ÜFKRFRODWH LFH�Ý ÜYDQLOOD LFH�Ý ÜVWUDZEHUU\ LFH�Ý ÜZDVDEL
QXWV�Ý ÜUDLVLQV�Ý ÜGULHG SOXPV�Ý ÜVDOW\ SRSFRUQ�Ý ÜVZHHW SRSFRUQ�Ý ÜDSSOH SLH�Ý ÜFKHHVHFDNH�Ý
ÜOHPRQ FDNH�Ý ÜWLUDPLVX�Ý ÜFU©PH EUXOHH�Ý ÜYDQLOOD SXGGLQJ�Ý ÜULFH SXGGLQJ�Ý ÜWRUWLOOD FKLSV�Ý
ÜVDOW VWLFNV�Ý ÜFKHHVH FUDFNHUV�Ý ÜVRXUFUHDP SRWDWR FKLSV�Ý ÜSDSULND SRWDWR FKLSV�Ý ÜMHOO\
EHDQV�Ý ÜJXPPLEHDUV�Ý ÜZLQH JXPV�Ý ÜFDQG\ FDQH�Ý ÜEXEEOHJXP�Ý ÜOROOLSRS�Ý ÜVRXU FDQG\�Ý
ÜFRWWRQ FDQG\�Ý ÜPDUVKPDOORZÚV�Ý ÜPDU]LSDQ�Ý ÜIULHG EDQDQD�Ý ÜPDGHOHLQH�Ý ÜFLQQDPRQ UROO�Ý
ÜOLTXRULFH�Ý ÜVDOPLDNÝ�

��
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([SHULPHQWDO LQVWUXFWLRQV

,Q HYHU\ WULDO RI WKH IROORZLQJ H[SHULPHQW� RQH LWHP ZLOO EH SUHVHQWHG WR \RX RQ WKH
VFUHHQ IRU DSSUR[LPDWHO\ � VHFRQGV� $Q LWHP FDQ EH D IRRG LWHP� VXFK DV ÜPXIILQÝ� RU DQ
DFWLYLW\ \RX FDQ HQJDJH LQ� VXFK DV ÜSOD\LQJ WHQQLVÝ�

,Q HYHU\ WULDO� SOHDVH LPDJLQH KRZPXFK SOHDVXUH \RXZRXOG GHULYH IURP WKLV LWHP ULJKW
QRZ� 7KDW LV� IRU IRRG LWHPV SOHDVH LPDJLQH WKH SOHDVXUH \RX ZRXOG KDYH ZKLOH HDWLQJ
WKLV IRRG LWHP� IRU DFWLYLWLHV SOHDVH LPDJLQH WKH SOHDVXUH \RX ZRXOG KDYH ZKLOH HQJDJLQJ
LQ LW�

6XSSOHPHQWDO ILJXUHV
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7KH )R[ DQG WKH *UDSHV ×
+RZ 3K\VLFDO &RQVWUDLQWV $IIHFW

9DOXH %DVHG 'HFLVLRQ 0DNLQJ

$EVWUDFW� 2QH IXQGDPHQWDO TXHVWLRQ LQ GHFLVLRQPDNLQJ UHVHDUFK LV KRZKXPDQV FRP�
SXWH WKH YDOXHV WKDW JXLGH WKHLU GHFLVLRQV� 5HFHQW VWXGLHV VKRZHG WKDW SHRSOH DVVLJQ
KLJKHU YDOXH WR JRRGV WKDW DUH FORVHU WR WKHP� HYHQ ZKHQ SK\VLFDO SUR[LPLW\ VKRXOG EH
LUUHOHYDQW IRU WKH GHFLVLRQ IURP D QRUPDWLYH SHUVSHFWLYH� 7KLV SKHQRPHQRQ� KRZHYHU�
VHHPV UHDVRQDEOH IURP DQ HYROXWLRQDU\ SHUVSHFWLYH� 0RVW IRUDJLQJ GHFLVLRQV RI DQLPDOV
LQYROYH WKH WUDGH�RII EHWZHHQ WKH YDOXH WKDW FDQ EH REWDLQHG DQG WKH DVVRFLDWHG HIIRUW
RI REWDLQLQJ� $QWLFLSDWHG HIIRUW IRU SK\VLFDOO\ REWDLQLQJ D JRRG FRXOG WKHUHIRUH DIIHFW
WKH VXEMHFWLYH YDOXH RI WKLV JRRG� ,Q WKLV H[SHULPHQW� ZH WHVW WKLV E\ OHWWLQJ SDUWLFLSDQWV
VWDWH WKHLU VXEMHFWLYH YDOXH IRU VQDFN IRRG ZKLOH WKH HIIRUW WKDW ZRXOG EH LQFXUUHG ZKHQ
UHDFKLQJ IRU LW ZDV PDQLSXODWHG� (YHQ WKRXJK UHDFKLQJ ZDV QRW UHTXLUHG LQ WKLV H[�
SHULPHQW� ZH ILQG WKDW ZLOOLQJQHVV WR SD\ ZDV VLJQLILFDQWO\ ORZHU ZKHQ VXEMHFWV ZRUH
KHDY\ ZULVWEDQGV RQ WKHLU DUPV� 7KXV� ZKHQ UHDFKLQJ ZDV PRUH GLIILFXOW� LWHPV ZHUH
SHUFHLYHG DV OHVV YDOXDEOH� ,PSRUWDQWO\� WKLV ZDV RQO\ WKH FDVH ZKHQ LWHPV ZHUH SK\V�
LFDOO\ LQ IURQW RI WKH SDUWLFLSDQWV EXW QRW ZKHQ WKH LWHPV ZHUH SUHVHQWHG DV WH[W RQ D
FRPSXWHU VFUHHQ� 2XU UHVXOWV VXJJHVW DXWRPDWLF LQWHUDFWLRQV RI PRWRU DQG YDOXDWLRQ
SURFHVVHV ZKLFK DUH XQH[SORUHG WR WKLV GDWH DQG PD\ DFFRXQW IRU LUUDWLRQDO GHFLVLRQV
WKDW RFFXU ZKHQ UHZDUG LV SDUWLFXODUO\ HDV\ WR UHDFK�

%DVHG RQ -·UJ *URVV
� (YD :RHOEHUW
� 0DUWLQ 6WUREHO �XQGHU UHYLHZ�� 
VKDUHG ILUVW DXWKRUVKLS
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��� ,QWURGXFWLRQ

'ULYHQ E\ KXQJHU� D IR[ WULHG WR UHDFK VRPH JUDSHV KDQJLQJ KLJK RQ WKH YLQH
EXW ZDV XQDEOH WR� DOWKRXJK KH OHDSHG ZLWK DOO KLV VWUHQJWK� $V KH ZHQW DZD\�
WKH IR[ UHPDUNHG� Ü2K� \RX DUHQÚW HYHQ ULSH \HW� , GRQÚW QHHG DQ\ VRXU JUDSHV�Ý

× $HVRSÚV IDEOH

(YHU\ GD\ ZH PDNH FKRLFHV EHWZHHQ GLIIHUHQW RSWLRQV EDVHG RQ RXU SUHIHUHQFHV�
5HVHDUFK RQ GHFLVLRQ PDNLQJ VXJJHVWV WKDW WKLV LV DFFRPSOLVKHG E\ DVVLJQLQJ D VXEMHF�
WLYH YDOXH WR HDFK GHFLVLRQ RSWLRQ �0RQWDJXH DQG %HUQV� ����� /HY\ DQG*OLPFKHU� ������
+RZHYHU� WKHUH LV DPSOH HYLGHQFH WKDW KXPDQ GHFLVLRQV DUH LQIOXHQFHG E\ VHHPLQJO\ LU�
UHOHYDQW DVSHFWV RI WKH FKRLFH VLWXDWLRQ �7YHUVN\ DQG.DKQHPDQ� ������ 2QH IXQGDPHQWDO
TXHVWLRQ LQ GHFLVLRQ PDNLQJ UHVHDUFK LV WKHUHIRUH KRZ KXPDQV FRPSXWH WKH YDOXHV WKDW
JXLGH WKHLU GHFLVLRQV� 5HFHQW VWXGLHV VXJJHVW WKDW WKH VXEMHFWLYH YDOXH RI D JRRG PD\
GHSHQG RQ KRZ WKLV JRRG LV SUHVHQWHG WR WKH SHUVRQ DW WKH WLPH RI WKH GHFLVLRQ�

)RU H[DPSOH� 5HE DQG &RQQROO\ ������ DVNHG VXEMHFWV KRZ PXFK PRQH\ WKH\ ZRXOG
H[FKDQJH IRU FKRFRODWH EDUV DQG FRIIHHPXJV� 6XEMHFWVZHUH HLWKHU WROG WKDW WKH\ RZQHG
WKH JRRG� RU QRW� DQG WKH JRRG ZDV HLWKHU SK\VLFDOO\ LQ IURQW RI WKH VXEMHFW RU QRW� 7KH
SK\VLFDO SUHVHQFH RI WKH JRRG� EXW QRW RZQHUVKLS VWDWXV� VLJQLILFDQWO\ LQFUHDVHG WKH
PRQHWDU\ YDOXH WKH VXEMHFWV DVVLJQHG WR WKH JRRGV� $ VLPLODU UHVXOW KDV EHHQ REVHUYHG
E\ .QHWVFK DQG :RQJ ������� 7KH DXWKRUV UDQGRPO\ DVVLJQHG RQH RI WZR JRRGV WR VXE�
MHFWV� DQG DVNHG WKHP ZKHWKHU WKH\ ZRXOG OLNH WR VZDS LW IRU WKH RWKHU JRRG� 6RPH VXE�
MHFWV ZHUH SK\VLFDOO\ SRVVHVVLQJ WKH JRRG DW WKH WLPH RI GHFLVLRQ� RWKHUV QRW� 6XEMHFWV
ZKR ZHUH LQ SK\VLFDO SRVVHVVLRQ RI WKH JRRG ZHUH ELDVHG WRZDUGV NHHSLQJ LW� ZKHUHDV
VXEMHFWV WKDW ZHUH QRW LQ SK\VLFDO SRVVHVVLRQ RI WKH JRRG ZHUH HTXDOO\ OLNHO\ WR NHHS LW
WKDQ WR VZDS LW IRU WKH DOWHUQDWLYH� ,Q D VWXG\ E\ %XVKRQJ HW DO� ������� SDUWLFLSDQWV ZHUH
DVNHG KRZ PXFK WKH\ ZRXOG EH ZLOOLQJ WR SD\ IRU GLIIHUHQW VQDFN IRRG LWHPV XQGHU VHY�
HUDO GLVSOD\ FRQGLWLRQV� 6XEMHFWV ZHUH ZLOOLQJ WR SD\ OHVV ZKHQ LWHPV ZHUH SUHVHQWHG DV
SLFWXUHV RU ZRUGV RQ WKH FRPSXWHU VFUHHQ WKDQZKHQ WKH LWHPVZHUH SK\VLFDOO\ SUHVHQW�
7KLV ORZHU ZLOOLQJQHVV WR SD\ ZDV DOVR REVHUYHG LQ D IRXUWK FRQGLWLRQ ZKHQ VQDFN IRRG
LWHPV ZHUH SK\VLFDOO\ SUHVHQW �DW WKH VDPH GLVWDQFH DV EHIRUH� EXW SXW EHKLQG D � E\
� IHHW 3OH[LJODV EDUULHU� 7KXV� LW VHHPV WKDW WKH SK\VLFDO SUHVHQFH RI D JRRG LQFUHDVHV
YDOXDWLRQ� EXW RQO\ LI WKH JRRG LV ZLWKLQ LPPHGLDWH UHDFK�

,Q DQ\ RI WKHVH H[SHULPHQWV� REWDLQLQJ DQ LWHP ZDV VROHO\ EDVHG RQ WKH VWDWHG SUHI�
HUHQFHV� $FFRUGLQJ WR QRUPDWLYH WKHRULHV RI GHFLVLRQ PDNLQJ �H�J� 9RQ 1HXPDQQ DQG
0RUJHQVWHUQ� ����� 'HEUHX� ������ WKH SK\VLFDO SUHVHQFH RI WKH REMHFW LV DQ LUUHOHYDQW GH�
WDLO RI WKH FKRLFH VLWXDWLRQ DQG VKRXOG QRW LQIOXHQFH WKH YDOXDWLRQV RU GHFLVLRQV� 7KHUH�
IRUH� WKH UHVXOWV RI WKHVH H[SHULPHQWV DUH TXLWH SX]]OLQJ� ,Q WKLV VWXG\ ZH SURSRVH DQG

��
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WHVW DQ LQWHUSUHWDWLRQ RI WKHVH ILQGLQJV� GUDZLQJ IURP WKHRULHV DQG HPSLULFDO REVHU�
YDWLRQV LQ WKH ILHOG RI JURXQGHG FRJQLWLRQ� 7KHRULHV RI JURXQGHG FRJQLWLRQ SRVLW WKDW
SURFHVVHV OLNH PHPRU\� ODQJXDJH� SHUFHSWLRQ DQG GHFLVLRQ PDNLQJ DUH QRW H[HFXWHG LQ
HQFDSVXODWHG PRGXODU V\VWHPV EXW DUH GHHSO\ LQWHUUHODWHG �*LEVRQ� ����� :LOVRQ� �����
%DUVDORX� ������ )RU H[DPSOH� D VXEVWDQWLDO ERG\ RI UHVHDUFK VXJJHVWV WKDW WKH YLVXDO
SHUFHSWLRQ RI RXU VXUURXQGLQJ LV QRW MXVW WKH SURGXFW RI WKH YLVXDO LQIRUPDWLRQ HQWHU�
LQJ WKH YLVXDO VWUHDP EXW DOVR QRQ�YLVXDO IDFWRUV OLNH WKH SHUFHLYHUÚV SK\VLRORJLFDO VWDWH�
FDSDELOLWLHV� DQG LQWHQWLRQV �3URIILWW� ������ ,W KDV EHHQ GHPRQVWUDWHG WKDW KLOOV DSSHDU
VWHHSHU ZKHQ VXEMHFWV DUH IDWLJXHG �3URIILWW HW DO�� ������ RU DUH ZHDULQJ D KHDY\ EDFN�
SDFN �%KDOOD DQG 3URIILWW� ����� EXW VHH DOVR :RRGV HW DO�� ������ /LNHZLVH� ROGHU SHRSOH
SHUFHLYH ZDONDEOH GLVWDQFHV DV ORQJHU WKDQ \RXQJHU SHRSOH �6XJRYLF DQG:LWW� ������ DQG
GLVWDQFHV DSSHDU ODUJHU ZKHQ RYHUFRPLQJ WKHP LV DVVRFLDWHG ZLWK KLJKHU HIIRUW IRU WKH
SHUFHLYHU �:LWW HW DO�� ����� 5DPHQ]RQL HW DO�� ����� /RXUHQFR DQG /RQJR� ����� 0RU�
JDGR HW DO�� ������ ,I� RQ WKH RWKHU KDQG� D WRRO LV DYDLODEOH WKDW IDFLOLWDWHV UHDFKLQJ DQ
REMHFW� D GHFUHDVH LQ GLVWDQFH WR WKLV REMHFW LV SHUFHLYHG �:LWW HW DO�� ����� /RQJR DQG
/RXUHQFR� ������

%DVHG RQ WKHVH HPSLULFDO ILQGLQJV LW KDV EHHQ DUJXHG WKDW MXGJPHQWV RI SK\VLFDO
SURSHUWLHV RI WKH VXUURXQGLQJ HQYLURQPHQW� VXFK DV OHQJWK� KHLJKW� DQG VORSH� DUH LQ�
IOXHQFHG E\ WKH PRWRU DFWLRQV WKDW ZRXOG EH DIIRUGHG WR RYHUFRPH WKHP �&LVHN� �����
+DO¢V] DQG &XQQLQJWRQ� ������ &OLPELQJ D KLOO LV HQHUJHWLFDOO\ FRVWOLHU ZKHQ EXUGHQHG
ZLWK KHDY\ ORDG� $FFRUGLQJ WR 3URIILWW ������� WKLV EXUGHQ LV DXWRPDWLFDOO\ LQWHJUDWHG LQ
KRZ ZH SHUFHLYH WKH KLOO� :KHQ HQHUJHWLF UHVRXUFHV DUH VFDUFH RU HIIRUW FRVWV DUH KLJK�
KLOOV DSSHDU VWHHSHU DQG GLVWDQFHV ZLGHU� 7KXV� RXU UHSUHVHQWDWLRQ RI WKH ZRUOG LV WR
VRPH GHJUHH DOWHUHG E\ WUDQVLHQW FKDQJHV LQ RXU FDSDELOLWLHV WR LQWHUDFW ZLWK LW DQG WKH
DQWLFLSDWHG PHWDEROLF FRVWV RI GRLQJ VR �3URIILWW� ����� +DO¢V] DQG &XQQLQJWRQ� �����
%URFNPROH HW DO�� ������

,W VHHPV SODXVLEOH WKDW QRW RQO\ SHUFHSWXDO MXGJPHQWV� EXW DOVR SUHIHUHQFHV DQG GH�
FLVLRQV PD\ EH LQIOXHQFHG E\ ERGLO\ VWDWHV� ,Q OLQH ZLWK WKH EURDGHU OLWHUDWXUH RQ HP�
ERGLPHQW RI DWWLWXGHV DQG HPRWLRQV �6WUDFN HW DO�� ����� 7RP HW DO�� ����� 1LHGHQWKDO�
������ LW KDV EHHQ VKRZQ WKDW LWHPV DUH HYDOXDWHG PRUH IDYRUDEO\ ZKHQ WKH ERGLO\ VWDWH
VLJQDOV DJUHHPHQW �H�J� QRGGLQJ WKH KHDG�� RU DSSURDFK �H�J� IOH[LQJ WKH DUP�� ERWK RI
ZKLFK IUHTXHQWO\ FR�RFFXU ZLWK SRVLWLYH VWLPXOL �:HOOV DQG 3HWW\� ����� &DFLRSSR HW DO��
����� 3ULHVWHU HW DO�� ����� )·UVWHU� ����� /DEURR DQG 1LHOVHQ� ������

)URP WKH JURXQGHG FRJQLWLRQ SHUVSHFWLYH RXWOLQHG DERYH� DQWLFLSDWHG HIIRUW FRVWV
FRXOG DIIHFW WKH YDOXDWLRQ SURFHVV LQ D VLPLODU IDVKLRQ DV SHUFHSWXDO MXGJHPHQWV� 7KH
GHFUHDVH LQ ZLOOLQJQHVV WR SD\ %XVKRQJ HW DO� ������ REVHUYHG ZKHQ SODFLQJ D EDUULHU
EHWZHHQ WKH SDUWLFLSDQW DQG WKH REMHFW FRXOG WKHQ EH H[SODLQHG DV IROORZV� $Q REMHFW
WKDW LV EHKLQG D SK\VLFDO EDUULHU LV PRUH FRVWO\ WR UHDFK� ,W WDNHV PRUH HIIRUW WR PDNH D

��
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JUDVSLQJ DFWLRQ FLUFXPYHQWLQJ WKH REVWDFOH DQG WKHUHIRUH LWHPV SODFHG EHKLQG D EDUULHU
ZRXOG EH SHUFHLYHG DV OHVV YDOXDEOH� HYHQ ZKHQ REWDLQLQJ WKH LWHP GRHV QRW UHTXLUH DQ\
PRYHPHQW�

+HUH ZH WHVW WKLV K\SRWKHVLV E\ GLUHFWO\ PDQLSXODWLQJ WKH HIIRUW LW ZRXOG WDNH WR
SK\VLFDOO\ REWDLQ DQ LWHP� 0RUH SUHFLVHO\� ZH WHVW ZKHWKHU LQFUHDVLQJ WKH HIIRUW LW ZRXOG
WDNH WR UHDFK IRU DQ LWHP OHDGV WR ORZHU YDOXDWLRQV HYHQ ZKHQ UHDFKLQJ LV QRW UHTXLUHG�

��� 0DWHULDOV DQG PHWKRGV

����� 3DUWLFLSDQWV DQG PDWHULDOV

,Q LQGLYLGXDO VHVVLRQV� �� XQGHUJUDGXDWH VWXGHQWV ZHUH SUHVHQWHG ZLWK �� GLIIHUHQW
VQDFN IRRG LWHPV FRQVLVWLQJ RI FDQG\ EDUV �H�J� Ü0DUVÝ RU Ü6QLFNHUVÝ�� SRWDWR FKLSV �H�J�
Ü/D\VÝ�� JXPPLEHDUV� FUDFNHUV� QXW PL[HV� RU OLFRULFH ZLWK WKH FKDQFH WR EX\ RQH RI
WKH LWHPV DW WKH HQG RI WKH H[SHULPHQW� $OO RI WKHVH LWHPV ZHUH DYDLODEOH DW ORFDO FRQYH�
QLHQFH VWRUHV �VHH )LJXUH ��6� DQG 7DEOH ��6� LQ WKH 6XSSRUWLQJ ,QIRUPDWLRQ IRU DOO LWHPV��
7KH VWXG\ SURWRFRO ZDV DSSURYHG E\ WKH (WKLFV &RPPLWWHH 3V\FKRORJ\ RI WKH )DFXOW\ RI
3V\FKRORJ\ DQG1HXURVFLHQFH DW0DDVWULFKW 8QLYHUVLW\� DQG DOO SDUWLFLSDQWV JDYHZULWWHQ
LQIRUPHG FRQVHQW� 3DUWLFLSDQWV ZHUH UHFUXLWHG IURP WKH VXEMHFW SRRO RI WKH EHKDYLRUDO
DQG H[SHULPHQWDO HFRQRPLFV ODE �%((ODE� DQG ZHUH LQYLWHG YLD H�PDLO XVLQJ WKH VRIW�
ZDUH 256(( �*UHLQHU� ������ %HIRUH VWDUWLQJ WKH H[SHULPHQWDO WDVN� SDUWLFLSDQWV ZHUH
HQGRZHG ZLWK ����� HXUR WR FRPSHQVDWH WKHP IRU SDUWLFLSDWLRQ LQ WKH H[SHULPHQW DQG
WR PDNH VXUH WKH\ KDG PRQH\ WR VSHQG RQ VQDFN IRRG�

6LQFH ZH ZHUH LQWHUHVWHG LQ PHDVXULQJ WKH YDOXH SDUWLFLSDQWV DVVLJQHG WR GLIIHUHQW
VQDFN IRRG LWHPV� LW ZDV LPSRUWDQW WKDW SDUWLFLSDQWV OLNHG VQDFN IRRG DQG ZHUH PRWL�
YDWHG WR REWDLQ VRPH GXULQJ WKH H[SHULPHQW� 7KH LQYLWDWLRQ H�PDLO WKHUHIRUH FOHDUO\
VWDWHG WKDW WKH H[SHULPHQW LQYROYHG VQDFN IRRG DQG WKDW RQH SDUW RI WKH FRPSHQVDWLRQ
IRU SDUWLFLSDWLRQ ZDV PRQHWDU\� DQG DQRWKHU LQ WKH IRUP RI VQDFN IRRG� 7R IXUWKHU HQ�
VXUH WKDW SDUWLFLSDQWV ZHUH PRWLYDWHG WR REWDLQ VQDFN IRRGV� WKH\ ZHUH DVNHG WR UHIUDLQ
IURP HDWLQJ IRU � KRXUV SULRU WR WKH EHJLQQLQJ RI WKH H[SHULPHQW� 3DUWLFLSDQWV ZHUH DOVR
LQVWUXFWHG WKDW WKH\ ZRXOG EH DVNHG WR VWD\ LQ DQ DGMDFHQW URRP IRU �� PLQXWHV DIWHU
FRPSOHWLRQ RI WKH WDVN� 'XULQJ WKHVH �� PLQXWHV WKH\ ZHUH RQO\ DOORZHG WR HDW ZKDW�
HYHU VQDFN IRRG WKH\ ERXJKW LQ WKH H[SHULPHQW� 7KLV ZDV GRQH WR OLPLW WKH LQIOXHQFH RI
WKH PDUNHW SULFH DW ZKLFK SDUWLFLSDQWV FRXOG DFTXLUH WKH VQDFN IRRG LWHP LPPHGLDWHO\
DIWHU WKH H[SHULPHQW� DQG LV VWDQGDUG SUDFWLFH LQ LQFHQWLYL]HG GHFLVLRQ H[SHULPHQWV �IRU
H[DPSOH VHH 3ODVVPDQQ HW DO�� ����� %XVKRQJ HW DO�� ������ %HIRUH WKH DFWXDO WDVN� SDUWLF�
LSDQWV UHFHLYHG GHWDLOHG LQVWUXFWLRQV� FRPSUHKHQVLRQ TXHVWLRQV� DQG SUDFWLFH WULDOV WR
HQVXUH JRRG XQGHUVWDQGLQJ RI WKH WDVN�

��
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����� ([SHULPHQWDO SURFHGXUH

8SRQ FRPSOHWLRQ RI WKH LQVWUXFWLRQ DQG WUDLQLQJ SDUW� VQDFN IRRG LWHPV ZHUH SUHVHQWHG
RQH E\ RQH WR WKH SDUWLFLSDQW� )RU HDFK LWHP� SDUWLFLSDQWV ILUVW LQGLFDWHG WKH PD[LPXP
DPRXQW RI PRQH\ EHWZHHQ � DQG � HXURV WKH\ ZRXOG EH ZLOOLQJ WR SD\ WR UHFHLYH WKLV
LWHP DIWHU WKH H[SHULPHQW� :H XVHG D %HFNHU� 'H*URRW DQG 0DUVFKDN DXFWLRQ �%'0�
%HFNHU HW DO�� ����� DQG HDFKZLOOLQJQHVV WR SD\ VWDWHG E\ WKH SDUWLFLSDQWV ZDV SRWHQWLDOO\
UHOHYDQW IRU WKHLU HDUQLQJV�

7KH %'0 DXFWLRQ ZDV LPSOHPHQWHG DV IROORZV� $W WKH HQG RI WKH H[SHULPHQW RQH RI
WKH �� LWHPV ZDV UDQGRPO\ VHOHFWHG E\ OHWWLQJ WKH SDUWLFLSDQW GUDZ D QXPEHUHG FDUG
RXW RI D GHFN RI �� FDUGV� )RU WKH VHOHFWHG VQDFN IRRG LWHP D VHOOLQJ SULFH EHWZHHQ �
DQG ���� HXUR ZDV UDQGRPO\ GHWHUPLQHG E\ WKH SDUWLFLSDQW E\ UROOLQJ WKUHH GLFH �RQH
IRXU VLGHG GLH DQG WZR WHQ�VLGHG GLFH�� ,I WKH VWDWHG ZLOOLQJQHVV WR SD\ ZDV EHORZ WKH
UDQGRPO\ GHWHUPLQHG VHOOLQJ SULFH� WKH SDUWLFLSDQW GLG QRW EX\ WKH JRRG� ,I WKH VWDWHG
PD[LPXPZLOOLQJQHVV WR SD\ZDV HTXDO WR RU DERYH WKH VHOOLQJ SULFH� WKHQ WKH SDUWLFLSDQW
ERXJKW WKH JRRG IURP XV DW WKH UDQGRPO\ GHWHUPLQHG VHOOLQJ SULFH�

:LWK WKLV PHFKDQLVP� LW LV LQ WKH SDUWLFLSDQWVÚ EHVW LQWHUHVW WR VWDWH WKHLU WUXH PD[�
LPXP ZLOOLQJQHVV WR SD\� 7KLV LV EHFDXVH ZLWK WKHLU VWDWHG ZLOOLQJQHVV WR SD\ SDUWLFL�
SDQWV FRXOG RQO\ LQIOXHQFH WKH FKDQFHV WR EX\ WKH LWHP EXW QRW WKH VHOOLQJ SULFH� 6WDWLQJ
D KLJKHU ZLOOLQJQHVV WR SD\ WKDQ WKH WUXH ZLOOLQJQHVV WR SD\ PDNHV LW PRUH OLNHO\ WR EX\
WKH LWHP� EXW LW DOVR LQFUHDVHV WKH OLNHOLKRRG WKDW WKH VHOOLQJ SULFH LV DERYH WKH WUXH ZLOO�
LQJQHVV WR SD\� ,Q WKLV FDVH WKH SDUWLFLSDQWV KDYH WR EX\ DOWKRXJK WKH\ GR QRW ZDQW WR
EX\� ,Q D VLPLODU PDQQHU XQGHUVWDWLQJ WKH WUXH ZLOOLQJQHVV WR SD\ PD\ OHDG WR VLWXD�
WLRQV ZKHUH WKH LWHP LV QRW ERXJKW� GHVSLWH WKH VHOOLQJ SULFH EHLQJ ORZHU WKDQ WKH WUXH
ZLOOLQJQHVV WR SD\�

7KH %'0 PHFKDQLVP LV ZLGHO\ XVHG LQ GHFLVLRQ PDNLQJ UHVHDUFK �3ODVVPDQQ HW DO��
����� -RKQVRQ HW DO�� ������ ,W UHVHPEOHV D UHDO EX\LQJ GHFLVLRQ E\ PHDVXULQJ KRZ PXFK
PRQH\ SDUWLFLSDQWV DUH ZLOOLQJ WR JLYH XS WR DWWDLQ DQ LWHP� 7KH ZLOOLQJQHVV WR SD\ LV RXU
PDLQ PHDVXUH RI LQWHUHVW�

3DUWLFLSDQWV DOVR SURYLGHG SV\FKRORJLFDO PHDVXUHV RI VXEMHFWLYH YDOXH� QDPHO\ OLNLQJ
�Ü3OHDVH LPDJLQH \RX ZRXOG HDW WKLV LWHP ULJKW QRZ� +RZ PXFK GR \RX WKLQN \RX ZRXOG
HQMR\ LW"Ý�� DQG ZDQWLQJ �Ü+RZ PXFK GR \RX ZDQW WR UHFHLYH WKLV LWHP DW WKH HQG RI WKH
H[SHULPHQW"Ý� UDWLQJV RQ D IRXU SRLQW /LNHUW VFDOH� ,W KDV EHHQ VXJJHVWHG WKDW OLNLQJ DQG
ZDQWLQJ DUH FORVHO\ UHODWHG� EXW QHXURELRORJLFDOO\ GLVVRFLDEOH FRQVWUXFWV �%HUULGJH DQG
5RELQVRQ� ����� %HUULGJH� ������ :H ZHUH WKHUHIRUH LQWHUHVWHG WR VHH ZKHWKHU WKH\
PLJKW EH GLIIHUHQWLDOO\ DIIHFWHG E\ WKH ZHLJKW PDQLSXODWLRQ� 1RWH WKDW� HYHQ LI WKLV LV
WKH FDVH� ZLOOLQJQHVV WR SD\� OLNLQJ DQG ZDQWLQJ VKRXOG DOO UHIOHFW WKH VXEMHFWLYH YDOXH RI
DQ LWHP� DQG ZH H[SHFW WKHP WR EH KLJKO\ FRUUHODWHG� ,Q DGGLWLRQ� SDUWLFLSDQWV LQGLFDWHG

��
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WKH IDPLOLDULW\ �Ü+RZ ZHOO GR \RX NQRZ WKLV LWHP"Ý� RI HDFK LWHP RQ D IRXU SRLQW /LNHUW
VFDOH� )DPLOLDULW\ ZDV PHDVXUHG WR EH DEOH WR FRQWURO IRU WKH IDFW WKDW VXEMHFWV PLJKW
H[KLELW D KLJKHU YDOXDWLRQ IRU PRUH IDPLOLDU LWHPV� 3DUWLFLSDQWV VDZ HDFK LWHP RQO\ RQFH�
DQG DOZD\V PDGH WKHLU ZLOOLQJQHVV WR SD\ GHFLVLRQ ILUVW� IROORZHG E\ WKH WKUHH UHPDLQLQJ
TXHVWLRQV LQ UDQGRP RUGHU� 6XEMHFWV ZHUH HQFRXUDJHG WR DQVZHU VSRQWDQHRXVO\� EXW
WKHUH ZHUH QR WLPH UHVWULFWLRQV DQG VXEMHFWV FRXOG FRPSOHWH WKH WDVN LQ WKHLU RZQ SDFH�

$IWHU WKH HYDOXDWLRQ RI DOO �� VQDFN IRRG LWHPV� SDUWLFLSDQWV SURYLGHG GHPRJUDSKLF
LQIRUPDWLRQ� DQVZHUHG TXHVWLRQQDLUHV RQ IRRG FUDYLQJ DQG LPSXOVLYHQHVV IRU H[�
SORUDWRU\ SXUSRVHV� DQG ZHUH DVNHG WR LQGLFDWH ZKDW WKH\ WKRXJKW ZDV WKH SXUSRVH
RI WKH ZHLJKWV DQG WKH K\SRWKHVLV RI WKH H[SHULPHQW� %HIRUH OHDYLQJ WKH ODERUDWRU\�
VXEMHFWV ZHUH GHEULHIHG DERXW WKH SXUSRVH RI WKH H[SHULPHQW�

����� ([SHULPHQWDO PDQLSXODWLRQV

3K\VLFDO HIIRUW� :H PDQLSXODWHG WKH HIIRUW DVVRFLDWHG ZLWK PDNLQJ D UHDFKLQJ PRYH�
PHQW E\ DWWDFKLQJ ZULVWEDQGV DURXQG WKH ORZHU DUPV RI RXU SDUWLFLSDQWV �VHH )LJXUH �����
1R H[SODQDWLRQ ZDV JLYHQ DERXW WKH QDWXUH RU WKH SXUSRVH RI WKH ZULVWEDQGV� (DFK
ZULVWEDQG FRXOG KROG �� PHWDO EDUV� ZHLJKLQJ ��� NLORJUDPV ���� SRXQGV� LQ WRWDO �VHH
)LJXUH ����� )RU KDOI RI WKH LWHPV� HDFK SDUWLFLSDQW ZRUH WKH ZULVWEDQGV ZLWK WKH EDUV
�ZHLJKW FRQGLWLRQ�� IRU WKH RWKHU KDOI RI WKH LWHPV WKH\ ZRUH WKH ZULVWEDQGV ZLWKRXW
WKH EDUV �QR ZHLJKW FRQGLWLRQ�� 3DUWLFLSDQWV ZHUH LQVWUXFWHG WR VLW VXFK WKDW WKH HOERZV
ZHUH VXSSRUWHG E\ WKH DUPUHVWV RI WKH FKDLU DQG WKH ZULVWV UHVWHG RQ WKHLU WKLJKV� 7KLV
ZDV GRQH WR HQVXUH WKDW WKH\ ZHUH DZDUH RI WKH ZHLJKW� EXW GLG QRW H[HUW HIIRUW WR KROG
WKHZHLJKW� 7KHZULVWEDQGVZLWKZHLJKW ZRXOG KDYHPDGH LW VLJQLILFDQWO\PRUH GHPDQG�
LQJ IRU WKH SDUWLFLSDQWV WR JUDVS DQ LWHP SODFHG LQ IURQW RI WKHP� EXW DW QR SRLQW GXULQJ
WKH H[SHULPHQW GLG WKH\ DFWXDOO\ UHDFK IRU DQ LWHP� QRU ZHUH WKH\ LQVWUXFWHG WR LPDJLQH
DQ\ PRYHPHQWV� 3DUWLFLSDQWV ZHUH SURYLGHG ZLWK D VPDOO QXPHULF NH\SDG WKH\ KHOG LQ
WKHLU KDQGV� ZKLFK DOORZHG WKHP WR HQWHU WKHLU ZLOOLQJQHVV WR SD\� OLNLQJ� ZDQWLQJ DQG
IDPLOLDULW\ UDWLQJV ZLWKRXW PRYLQJ WKHLU DUPV�

7KH RUGHU RI WKH ZHLJKW FRQGLWLRQV ZDV FRXQWHUEDODQFHG DFURVV SDUWLFLSDQWV� 7R
UHGXFH WKH LQIOXHQFH RI VWURQJ SUHIHUHQFHV IRU FHUWDLQ W\SHV RI VQDFN IRRG �OLNH FKRFR�
ODWH� OLFRULFH RU IUXLW JXPV�� WKH DOORFDWLRQ RI WKH �� VQDFN IRRG LWHPV WR WKH ZHLJKW DQG
QR ZHLJKW FRQGLWLRQ ZDV QRW IXOO\ UDQGRPL]HG� ,QVWHDG� ZH IRUPHG SDLUV RI FRPSDUDEOH
VQDFN IRRGV �OLNH WZR W\SHV RI FKLSV RU WZR GLIIHUHQW FKRFRODWH EDUV� DQG QHYHU SUHVHQWHG
ERWK HOHPHQWV RI D SDLU LQ WKH VDPH ZHLJKW FRQGLWLRQ �VHH )LJXUH ��6� DQG 7DEOH ��6� LQ
WKH 6XSSRUWLQJ ,QIRUPDWLRQ�� 7KLV HQVXUHG WKDW WKH VDPH DPRXQW RI HDFK W\SH RI VQDFN
IRRGV ZDV SUHVHQWHG LQ ERWK FRQGLWLRQV WR WKH SDUWLFLSDQW� :KLFK SDUWLFXODU FKRFRODWH
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)LJXUH ���� :ULVWEDQGV XVHG LQ WKH H[SHULPHQW� ,Q WKH ZHLJKW FRQGLWLRQ HDFK ZULVWEDQG KHOG WHQ

PHWDO EDUV� ZKLFK DGG XS WR ��� NLORJUDPV ���� SRXQGV� RI ZHLJKW� ,Q WKH QR ZHLJKW FRQGLWLRQ DOO

PHWDO EDUV ZHUH UHPRYHG�

EDU RU FKLSV EDJ ZDV SUHVHQWHG LQ WKH ZHLJKW RU QR ZHLJKW FRQGLWLRQ ZDV UDQGRPL]HG
DFURVV SDUWLFLSDQWV�

5HDFKDELOLW\� %HWZHHQ VXEMHFWV ZH PDQLSXODWHG WKH UHDFKDELOLW\ RI WKH LWHPV� 3DUWLF�
LSDQWV LQ WKH SK\VLFDO FRQGLWLRQ KDG HDFK IRRG LWHP SODFHG SK\VLFDOO\ LQ IURQW RI WKHP
DW WKH WLPH RI GHFLVLRQ PDNLQJ� 7KXV� GXULQJ YDOXH MXGJHPHQWV� WKH LWHP ZDV UHDFKDEOH
ZLWK D VLPSOH DUPPRYHPHQW� ,Q WKH FRQWURO FRQGLWLRQ� ZKLFKZH FDOO WKH FRPSXWHU FRQ�
GLWLRQ� LWHPV ZHUH QRW SK\VLFDOO\ SUHVHQW DQG WKXV QRW SK\VLFDOO\ UHDFKDEOH� EXW ZHUH
SUHVHQWHG WR WKH SDUWLFLSDQWV DV WH[W RQ WKH FRPSXWHU VFUHHQ� 3DUWLFLSDQWV LQ WKH FRP�
SXWHU FRQGLWLRQ ZHUH LQVWUXFWHG WKDW VQDFN IRRG LWHPV ZHUH QRUPDO SDFNDJH VL]HV� DV
DYDLODEOH LQ WKH VXSHUPDUNHW� 7KH VDPH LWHPV ZHUH XVHG LQ WKH FRPSXWHU FRQGLWLRQ DQG
WKH SK\VLFDO FRQGLWLRQ� ZLWK WKH H[FHSWLRQ RI ILYH LWHPV WKDW ZHUH QRW DYDLODEOH LQ VWRUHV
ZKHQ WKH FRPSXWHU FRQGLWLRQ ZDV UXQ� 7KHVH ZHUH UHSODFHG ZLWK VLPLODU LWHPV� 1RWH
WKDW RXU SULPDU\ LQWHUHVW OLHV LQ WKH ZLWKLQ�VXEMHFW FRPSDULVRQ�

:KHQ WKH VQDFN IRRG LV SK\VLFDOO\ UHDFKDEOH� LW LV SRVVLEOH WR SK\VLFDOO\ REWDLQ WKH
LWHPZLWK DQ DUPPRYHPHQW� 7KLV DUPPRYHPHQWZRXOG EHPRUH HIIRUWIXO ZKHQZHDULQJ
ZHLJKWV� ,I WKHVH DQWLFLSDWHG HIIRUW FRVWV LQIOXHQFH WKH YDOXDWLRQ SURFHVV� VXEMHFWLYH
YDOXDWLRQ DQG ZLOOLQJQHVV WR SD\ LQ WKH SK\VLFDO FRQGLWLRQ ZLOO EH ORZHU LQ WKH ZHLJKW
FRQGLWLRQ FRPSDUHG WR WKH QR ZHLJKW FRQGLWLRQ� ,Q WKH FRPSXWHU FRQGLWLRQ LWHPV DUH
QRW UHDFKDEOH E\ DUP PRYHPHQWV DQG WKXV QRW SK\VLFDOO\ REWDLQDEOH� 7KHUHIRUH� WKH
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LQFUHDVHG HIIRUW RI PDNLQJ DQ DUP PRYHPHQW E\ KDYLQJ KHDY\ ZULVWEDQGV DURXQG WKH
ORZHU DUP VKRXOG QRW LQIOXHQFH WKH YDOXDWLRQ SURFHVV� DQG ZH H[SHFW QR GLIIHUHQFH RI
RXU SK\VLFDO HIIRUW PDQLSXODWLRQ RQ YDOXDWLRQ LQ WKH FRPSXWHU FRQGLWLRQ�

:KLOH LW PLJKW VHHP D PRUH QDWXUDO FKRLFH IRU WKH FRQWURO FRQGLWLRQ WR SUHVHQW SLF�
WXUHV RI WKH VQDFN IRRG LWHPV RQ WKH FRPSXWHU VFUHHQ� ZH FKRVH QRW WR GR VR EHFDXVH
SLFWXUHV RI SK\VLFDO VWLPXOL KDYH VRPH VSDWLDO SURSHUWLHV� DQG KDYH EHHQ IRXQG WR DIIHFW
FRJQLWLYH SURFHVVHV EDVHG RQ WKH GHSLFWHG SK\VLFDO SURSHUWLHV �H�J� GL 3HOOHJULQR HW DO��
������ ZKHUHDV WKLV VHHPV QRW WR EH WKH FDVH IRU ZRUGV �+HOELJ HW DO�� ������ $OVR QRWH
WKDW DQ\ FRQIRXQGLQJ HIIHFW RI WKH ZHLJKW RQ YDOXH MXGJHPHQWV� VXFK DV VWUHVV RU GLV�
FRPIRUW VKRXOG VWLOO EH SUHVHQW LQ WKH FRPSXWHU FRQGLWLRQ� ZKLOH DQ HIIHFW WKDW LV VSHFLILF
WR DQWLFLSDWHG HIIRUW RI UHDFKLQJ IRU WKH VQDFN IRRG VKRXOG QRW�

��� 5HVXOWV

2XU ILQDO GDWD VHW FRQWDLQHG GHFLVLRQV IURP �� SDUWLFLSDQWV ��� IHPDOH� �� PDOH� PHDQ
DJH ����� 6'  ��� \HDUV� LQ WKH SK\VLFDO FRQGLWLRQ DQG IURP �� SDUWLFLSDQWV ��� IHPDOH�
�� PDOH� PHDQ DJH ����� 6'  ��� \HDUV� LQ WKH FRPSXWHU FRQGLWLRQ� 7ZR SDUWLFLSDQWV
LQ WKH SK\VLFDO FRQGLWLRQ KDG WR EH H[FOXGHG IURP WKH DQDO\VLV EHFDXVH RI D FRPSXWHU
PDOIXQFWLRQ� )URP WKH FRPSXWHU FRQGLWLRQ WZR SDUWLFLSDQWV ZHUH H[FOXGHG� RQH ZKR
ELG ]HUR IRU DOO LWHPV� LQGLFDWLQJ WKDW KH ZDV QRW PRWLYDWHG WR EX\ DQ\ VQDFN IRRG� WKH
RWKHU SDUWLFLSDQW UHSRUWHG WKDW KH FKDQJHG KLV ELGGLQJ VWUDWHJ\ KDOIZD\ WKURXJK WKH
H[SHULPHQW� 1RWH WKDW LQFOXGLQJ WKHVH SDUWLFLSDQWV LQ WKH GDWD DQDO\VLV GRHV QRW FKDQJH
DQ\ VLJQLILFDQFH OHYHO RI RXU K\SRWKHVLV WHVWV UHSRUWHG EHORZ�

,Q WKH SK\VLFDO FRQGLWLRQ� ZKHQ VQDFN IRRG LWHPVZHUH SK\VLFDOO\ LQ IURQW RI VXEMHFWV�
SDUWLFLSDQWV UHSRUWHG DQ DYHUDJH ZLOOLQJQHVV WR SD\ RI ���� HXUR LQ WKH QR ZHLJKW FRQ�
GLWLRQ� +RZHYHU� WKH VDPH SDUWLFLSDQWV GHFUHDVHG WKHLU DYHUDJH ZLOOLQJQHVV WR SD\ E\
�� FHQWV ZKHQ WKH\ KDG KHDY\ ZHLJKW RQ WKHLU DUPV �SDLUHG VDPSOHV W�WHVW� W����  �����
S < ����� WZR�VLGHG� PHDQ &RKHQÚV G  ����� VHH )LJXUH ����� :H GLG QRW REVHUYH WKLV GLI�
IHUHQFH LQ YDOXDWLRQ EHWZHHQ WKHZHLJKW DQG WKH QRZHLJKW FRQGLWLRQZKHQ WKH LWHPZDV
QRW SK\VLFDOO\ SUHVHQW EXW LQVWHDG SUHVHQWHG DV WH[W RQ D FRPSXWHU VFUHHQ� +HUH� SDU�
WLFLSDQWV VOLJKWO\ LQFUHDVHG WKHLU ZLOOLQJQHVV WR SD\ RQ DYHUDJH E\ � FHQWV ZKHQ ZHDULQJ
KHDY\ ZHLJKW �SDLUHG VDPSOHV W�WHVW� W����  ������ S  ����� WZR�VLGHG��

)URP HDFK VXEMHFW� ZH REWDLQHG UHVSRQVHV IRU �� VQDFN IRRG LWHPV� 7KXV� RXU GDWD
VHW LV KLHUDUFKLFDOO\ VWUXFWXUHG� ,WHP HYDOXDWLRQV DUH QHVWHG ZLWKLQ VXEMHFWV� 7R DF�
FRXQW IRU WKLV� ZH ILWWHG D UDQGRP LQWHUFHSW UHJUHVVLRQ PRGHO VHSDUDWHO\ IRU HDFK RI
WKH GHSHQGHQW YDULDEOHV �ZLOOLQJQHVV WR SD\� OLNLQJ� ZDQWLQJ�� ,Q WKLV KLHUDUFKLFDO OLQ�
HDU PRGHO� HDFK VXEMHFW FRQWULEXWHV �� GDWD SRLQWV �� UHVSRQVH IRU HDFK LWHP�� DQG WKH
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)LJXUH ���� (IIHFW RI ZHLJKW RQ ZLOOLQJQHVV WR SD\ VHSDUDWHO\ IRU SK\VLFDO DQG FRPSXWHU FRQGLWLRQ�

(UURU EDUV VKRZ WKH ZLWKLQ�VXEMHFW VWDQGDUG HUURUV RI WKH PHDQ �&RXVLQHDX� ����� 0RUH\� �����

DQG DUH WKHUHIRUH RQO\ LQIRUPDWLYH IRU HYDOXDWLQJ ZLWKLQ�VXEMHFW GLIIHUHQFHV EHWZHHQ ZHDULQJ

ZULVWEDQGV ZLWK ZHLJKW �EODFN� YV� QR ZHLJKW �JUH\��

PRGHO DFFRXQWV IRU WKHVH UHSHDWHG PHDVXUHV E\ HVWLPDWLQJ D VXEMHFW�VSHFLILF LQWHUFHSW
�&RKHQ HW DO�� ����� *HOPDQ DQG +LOO� ������ %\ UHIUDLQLQJ IURP DJJUHJDWLQJ WKH GDWD
RQ WKH VXEMHFW OHYHO� ZH DUH DEOH WR LQFOXGH FRQWURO YDULDEOHV RQ WKH LWHP OHYHO �LQ RXU
FDVH WKH IDPLOLDULW\ RI WKH LWHP�� ,Q WKH UHJUHVVLRQ PRGHOV ZH DOVR FRQWURO IRU SRVVL�
EOH RUGHU HIIHFWV RI WKH ZHLJKW PDQLSXODWLRQ �VHH 7DEOH ��� IRU ZLOOLQJQHVV WR SD\�� $V D
PHDVXUH RI HIIHFW VL]H ZH UHSRUW G� FRPSXWHG E\ GLYLGLQJ WKH UHJUHVVLRQ FRHIILFLHQW E\
WKH LWHP�OHYHO VWDQGDUG GHYLDWLRQ REWDLQHG LQ WKH UHVSHFWLYH UHJUHVVLRQPRGHO �6FKDJHQ
DQG (OOLRW� ������ $JJUHJDWLQJ WKH GDWD RQ WKH VXEMHFW OHYHO� DV LW LV RIWHQ GRQH LQ $129$
DQDO\VLV UHYHDOHG VLPLODU UHVXOWV �VHH 7DEOH ��6� LQ WKH 6XSSRUWLQJ ,QIRUPDWLRQ��

,Q OLQH ZLWK WKH UHSRUWHG GLIIHUHQFHV DERYH� SDUWLFLSDQWV LQ WKH SK\VLFDO FRQGLWLRQ
VKRZHG D VLJQLILFDQW QHJDWLYH VORSH LQ ZLOOLQJQHVV WR SD\ DFURVV RXU ZHLJKW PDQLSXOD�
WLRQ �3K\VLFDO × :HLJKW FRHIILFLHQW  ������ S  ����� WZR�VLGHG� G  ������ ZKLOH WKHUH
ZDV QR VLJQLILFDQW FKDQJH LQ YDOXDWLRQ LQ WKH FRPSXWHU FRQGLWLRQ DFURVV WKH DQWLFLSDWHG
HIIRUW PDQLSXODWLRQ �:HLJKW FRHIILFLHQW  ����� S  ����� WZR�VLGHG� VHH 7DEOH ����� 7KLV
LQWHUDFWLRQ ZDV GXH WR D VLJQLILFDQW GHFUHDVH RI ZLOOLQJQHVV WR SD\ LQ WKH SK\VLFDO FRQ�
GLWLRQ ZKHQ ZHDULQJ KHDY\ ZULVWEDQGV �:DOG 7HVW� FKL����  ����� S < ����� G  ������
:KHQ LWHPV ZHUH SK\VLFDOO\ LQ IURQW RI SDUWLFLSDQWV� ZHDULQJ KHDY\ ZULVWEDQGV DURXQG
WKHLU DUPV WKHUHIRUH VLJQLILFDQWO\ GHFUHDVHG ZLOOLQJQHVV WR SD\� ZKLOH WKLV ZDV QRW WKH
FDVH ZKHQ WKH LWHPV ZHUH SUHVHQWHG RQ D FRPSXWHU VFUHHQ�
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$V FDQ EH VHHQ LQ )LJXUH ���� ZDQWLQJ DQG OLNLQJ UDWLQJV ZHUH VLPLODUO\ DIIHFWHG E\ WKH
ZHLJKW PDQLSXODWLRQ �VHH 7DEOHV ��6� DQG ��6� LQ WKH 6XSSRUWLQJ ,QIRUPDWLRQ IRU WKH IXOO
UHJUHVVLRQ UHVXOWV RQ OLNLQJ DQG ZDQWLQJ�� 7KH LQWHUDFWLRQ RI HIIRUW DQG SUHVHQWDWLRQ
PRGH ZDV VWDWLVWLFDOO\ VLJQLILFDQW IRU ZDQWLQJ �UDQGRP LQWHUFHSW UHJUHVVLRQ FRQWURO�
OLQJ IRU IDPLOLDULW\ DQG SRWHQWLDO RUGHU HIIHFWV� 3K\VLFDO × :HLJKW FRHIILFLHQW  ������
S  ����� WZR�VLGHG� G  ����� DQG PDUJLQDOO\ VLJQLILFDQW IRU OLNLQJ UDWLQJV �3K\VLFDO ×
:HLJKW FRHIILFLHQW  ������ S  ����� WZR�VLGHG� G  ������ KRZHYHU� :DOG 7HVWV GLUHFWO\
FRPSDULQJ ZHLJKW YV� QR ZHLJKW LQ WKH SK\VLFDO FRQGLWLRQ GLG QRW UHDFK VLJQLILFDQFH IRU
OLNLQJ DQG ZDQWLQJ UDWLQJV�

7R WHVW ZKHWKHU ZLOOLQJQHVV WR SD\� OLNLQJ� DQG ZDQWLQJ PHDVXUH FORVHO\ UHODWHG FRQ�
VWUXFWV� ZH FRPSXWHG KRZ VWURQJO\ WKH\ ZHUH FRUUHODWHG IRU HDFK VXEMHFW� &RUUHODWLRQV
ZHUH JHQHUDOO\ KLJK �ZLOOLQJQHVV WR SD\ DQG ZDQWLQJ� PHDQ U  ���� � S < ����� UDQJH  
>������ ����@� ZLOOLQJQHVV WR SD\ DQG OLNLQJ� PHDQ U  ����� S< ����� UDQJH  >������ ����@��
DQG KLJKHVW IRU ZDQWLQJ DQG OLNLQJ �PHDQ U  ����� S < ����� UDQJH  >����� ����@��

/DVWO\� ZH H[SORUHG ZKHWKHU LWHPV LQ WKH SK\VLFDO FRQGLWLRQ ZHUH DIIHFWHG GLIIHU�
HQWO\ E\ WKH ZHLJKWV PDQLSXODWLRQ� EDVHG RQ KRZ PXFK VXEMHFWV OLNHG WKH LWHPV� )RU
WKDW� ZH SHUIRUPHG D PHGLDQ�VSOLW RI WKH GDWD EDVHG RQ OLNLQJ UDWLQJV� DQG DJDLQ FRP�

7DEOH ���
5DQGRP LQWHUFHSW UHJUHVVLRQ ZLWK FRQWURO YDULDEOHV�

'HSHQGHQW YDULDEOH� ZLOOLQJQHVV WR SD\�

&RHI� ��� &, S

FRQVWDQW �FRPSXWHU FRQGLWLRQ� QR ZHLJKW� ���� >����� ����@ < ����

SK\VLFDO FRQGLWLRQ ���� >������ ����@ ����

ZHLJKW ���� >������ ����@ ����

SK\VLFDO× ZHLJKW ����� >������ �����@ ����

IDPLOLDULW\ ���� >����� ����@ < ����

RUGHU RI ZHLJKW FRQGLWLRQ ����� >������ ����@ ����

RUGHU× ZHLJKW ���� >������ ����@ ����

RUGHU× SK\VLFDO ���� >������ ����@ ����

RUGHU× SK\VLFDO× ZHLJKW ���� >������ ����@ ����

1RWH� ���� WULDOV� QHVWHG ZLWKLQ �� VXEMHFWV� 6WDQGDUG HUURUV DUH FRUUHFWHG IRU SRWHQWLDO KHW�

HURVFHGDVWLFLW\ DQG DXWRFRUUHODWLRQV DW WKH VXEMHFW OHYHO� $OO S YDOXHV DUH WZR�VLGHG� 2UGHU LQGL�

FDWHV ZKHWKHU SDUWLFLSDQW VWDUWHG ZLWK WKH ZHLJKW �2UGHU  �� RU QR ZHLJKW FRQGLWLRQ �2UGHU  ���

��
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)LJXUH ���� (IIHFW RI ZHLJKW RQ OLNLQJ �D� DQG ZDQWLQJ UDWLQJV �E� VHSDUDWHO\ IRU SK\VLFDO DQG FRP�

SXWHU FRQGLWLRQ� (UURU EDUV VKRZ WKH ZLWKLQ�VXEMHFW VWDQGDUG HUURUV RI WKH PHDQ �&RXVLQHDX�

����� 0RUH\� ����� DQG DUH WKHUHIRUH RQO\ LQIRUPDWLYH IRU HYDOXDWLQJ ZLWKLQ�VXEMHFW GLIIHUHQFHV

EHWZHHQ ZHDULQJ ZULVWEDQGV ZLWK ZHLJKW �EODFN� YV� ZLWKRXW ZHLJKW �JUH\��

SDUHG ZLOOLQJQHVV WR SD\ DFURVV WKH WZRZHLJKW FRQGLWLRQV� 1RWH WKDW OLNLQJ UDWLQJV ZHUH
DOVR DIIHFWHG E\ WKH ZHLJKW PDQLSXODWLRQ� 7R DFFRXQW IRU WKLV� WKH PHGLDQ VSOLW ZDV DS�
SOLHG VHSDUDWHO\ IRU HDFK VXEMHFW DQG HDFK ZHLJKW�FRQGLWLRQ� VR WKDW ZH FRPSDUH WKH
PRVW OLNHG KDOI RI WKH LWHPV LQ RQH FRQGLWLRQ ZLWK WKH PRVW OLNHG KDOI LQ WKH RWKHU FRQGL�
WLRQ� ,QWHUHVWLQJO\� WKH HIIHFW RI WKH ZHLJKWV ZDV PXFK PRUH SURQRXQFHG IRU WKH EHWWHU
OLNHG LWHPV� WKDQ IRU WKH OHVV OLNHG LWHPV �VHH )LJXUH ����� $V FDQ EH H[SHFWHG EDVHG RQ
WKH KLJK FRUUHODWLRQ EHWZHHQ OLNLQJ DQG ZDQWLQJ� D VLPLODU HIIHFW HPHUJHG ZKHQ GDWD
ZDV PHGLDQ�VSOLWWHG EDVHG RQ ZDQWLQJ UDWLQJV �VHH )LJXUH ��6� LQ WKH 6XSSRUWLQJ ,QIRU�
PDWLRQ��

$IWHU WKH H[SHULPHQW� SDUWLFLSDQWV ZHUH DVNHG WR LQGLFDWH ZKDW WKH\ WKRXJKW ZDV WKH
SXUSRVH DQG WKH K\SRWKHVLV RI WKH H[SHULPHQW� ,Q WKH SK\VLFDO FRQGLWLRQ� VL[ VXEMHFWV
LQGLFDWHG D GLUHFWHG K\SRWKHVLV� IRXU RI ZKLFK K\SRWKHVL]HG DQ HIIHFW LQ WKH RSSRVLWH
GLUHFWLRQ RI RXU K\SRWKHVLV� ,Q WKH FRPSXWHU FRQGLWLRQ� IRXU VXEMHFWV LQGLFDWHG D GL�
UHFWHG K\SRWKHVLV� WZR LQ HDFK GLUHFWLRQ� 7KXV� ZH FRQVLGHU D GHPDQG HIIHFW UHVXOWLQJ
IURP FRUUHFWO\ JXHVVLQJ WKH K\SRWKHVLV XQOLNHO\�

��
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)LJXUH ���� (IIHFW RI ZHLJKW RQ ZLOOLQJQHVV WR SD\ IRU LWHPV ZLWK OLNLQJ UDWLQJV EHORZ �OHIW� RU DERYH

�ULJKW� PHGLDQ�OLNLQJ ZLWKLQ LWV ZHLJKW�FRQGLWLRQ� (UURU EDUV VKRZ WKH ZLWKLQ�VXEMHFW VWDQGDUG

HUURUV RI WKH PHDQ �&RXVLQHDX� ����� 0RUH\� ����� DQG DUH WKHUHIRUH RQO\ LQIRUPDWLYH IRU HYDO�

XDWLQJ ZLWKLQ�VXEMHFW GLIIHUHQFHV EHWZHHQ ZHDULQJ ZULVWEDQGV ZLWK ZHLJKW �EODFN� YV� ZLWKRXW

ZHLJKW �JUH\��

��� 'LVFXVVLRQ

+HUH ZH VKRZHG WKDW SK\VLFDO FRQVWUDLQWV LQIOXHQFH VXEMHFWLYH YDOXH DQG DFWXDO SXU�
FKDVLQJ GHFLVLRQV� $WWDFKLQJ KHDY\ ZULVWEDQGV WR SDUWLFLSDQWVÚ DUPV GHFUHDVHG ZLOO�
LQJQHVV WR SD\ DQG VXEMHFWLYH YDOXDWLRQ IRU GLIIHUHQW VQDFN IRRG LWHPV� HYHQ WKRXJK
SDUWLFLSDQWV LQ WKH H[SHULPHQW QHYHU DFWXDOO\ KDG WR UHDFK RXW IRU DQ LWHP� QRU ZHUH
WKH\ DVNHG WR LPDJLQH DQ\ DUP PRYHPHQWV� 2XU ILQGLQJV VXJJHVW WKDW WKH DQWLFLSDWHG
PHWDEROLF FRVWV RI REWDLQLQJ DQ LWHP DUH DXWRPDWLFDOO\ LQWHJUDWHG LQ WKH YDOXH FRPSX�
WDWLRQ SURFHVV ZKHQ WKH LWHP LV SK\VLFDOO\ UHDFKDEOH� /LNLQJ DQG ZDQWLQJ UDWLQJV ZHUH
VLPLODUO\ DIIHFWHG E\ WKH ZHLJKW PDQLSXODWLRQ� DQG ZH GLG QRW ILQG HYLGHQFH WKDW OLNLQJ
DQG ZDQWLQJ DUH GLVVRFLDEOH FRQVWUXFWV LQ WKLV WDVN�

,PSRUWDQWO\� WKH ZULVWEDQGV DIIHFWHG ZLOOLQJQHVV WR SD\ RQO\ ZKHQ JRRGV ZHUH SK\V�
LFDOO\ LQ IURQW RI WKH VXEMHFW� DQG QRW ZKHQ JRRGV ZHUH PHUHO\ SUHVHQWHG RQ D FRPSXWHU
VFUHHQ� 7KXV� RXU GDWD VXJJHVW WKDW WKH FKDQJH LQ PHWDEROLF FRVWV RU HIIRUW GXH WR WKH
ZHLJKWV IRU PDNLQJ DQ DUP PRYHPHQW RQO\ LQIOXHQFH YDOXDWLRQ ZKHQ LWHPV DUH LQ IDFW
UHDFKDEOH� ,Q DGGLWLRQ� ZH REVHUYHG WKDW WKH HIIHFW RI ZHLJKWV RQ PRQHWDU\ YDOXDWLRQ
ZDV PRVW SURQRXQFHG IRU LWHPV WKDW ZHUH PRUH OLNHG�

��
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)URP D QRUPDWLYH SHUVSHFWLYH RQ GHFLVLRQ PDNLQJ WKLV ILQGLQJ LV SX]]OLQJ� *UDVS�
LQJ WKH REMHFW ZDV QRW UHTXLUHG DW DQ\ SRLQW LQ WKH H[SHULPHQW� DQG VXEMHFWV NQHZ WKDW
REWDLQLQJ DQ LWHP ZDV QRW GHSHQGHQW RQ SK\VLFDO HIIRUW� EXW RQO\ RQ WKHLU VWDWHG ZLOO�
LQJQHVV WR SD\� &RQVHTXHQWO\� VXFK LUUHOHYDQW DVSHFWV DV KDYLQJ ZHLJKWV DWWDFKHG WR
WKH ORZHU DUPV� VKRXOG QRW LQIOXHQFH WKH GHFLVLRQ� ,Q WKH IROORZLQJ� ZH VHHN WR H[SODLQ
ZK\ LW PLJKW EH ELRORJLFDOO\ SODXVLEOH WKDW WKH SK\VLFDO FRQVWUDLQWV GR LQIOXHQFH YDOXH
SHUFHSWLRQ QHYHUWKHOHVV�

,Q WKLV H[SHULPHQWDO VHWWLQJ� DV LV RIWHQ WKH FDVH LQ PRGHUQ GDLO\ OLIH� FKRLFHV RF�
FXUUHG GLVVRFLDWHG IURP SK\VLFDO DFWLRQ� ,Q D VXSHUPDUNHW� ZKHWKHU ZH FDQ DIIRUG D
SURGXFW GRHV QRW GHSHQG RQ SK\VLFDO FRQVWUDLQWV EXW RQ WKH DPRXQW RI PRQH\ ZH FDUU\
LQ RXU SRFNHW� 6LPLODUO\� ZH FDQ RUGHU IRRG RQOLQH� PDNLQJ WKH GHFLVLRQ HYHQ OHVV GHSHQ�
GHQW RQ SK\VLFDO DFWLRQ� +RZHYHU� DSDUW IURP PRGHUQ KXPDQ VRFLHW\� ZKHWKHU VRPH�
WKLQJ LV HDV\ WR REWDLQ RU QRW LV KLJKO\ UHOHYDQW� )RU H[DPSOH� DQ\ IRUDJLQJ GHFLVLRQ LQ
DQLPDOV LQYROYHV D WUDGH�RII EHWZHHQ WKH YDOXH WKDW FDQ EH REWDLQHG DQG WKH DVVRFLDWHG
PHWDEROLF FRVWV �.UHEV DQG 6WHSKHQV� ������ ,PDJLQH D EHDU ORRNLQJ DW D EHHKLYH KLJK
DERYH LQ D WUHH RU D JURXS RI OLRQV WUDFNLQJ WKH PRYHPHQW RI D JD]HOOH� :KHWKHU LW LV
RSWLPDO WR FOLPE WKH WUHH RU WR KXQW WKH JD]HOOH GRHV QRW VROHO\ GHSHQG RQ WKH YDOXH RI
WKH JRDO� EXW DOVR RQ WKH FRVWV LQFXUUHG E\ H[HUWLQJ WKH HIIRUW� :KHQ WZR DFWLRQV \LHOG
VLPLODUO\ YDOXHG RXWFRPHV� WKH DFWLRQ WKDW LV OHVV FRVWO\ LV WKH QDWXUDO FKRLFH �:DOWRQ
HW DO�� ������

%HFDXVH LQ QDWXUDO HQYLURQPHQWV� DQWLFLSDWHG HIIRUW LV VR FHQWUDO WR DQ\ GHFLVLRQ�
SURFHVVHV XQGHUO\LQJ WKH FRPSXWDWLRQ RI JRDO YDOXH DQG HIIRUW FRVWV FRXOG EH FORVHO\
LQWHUWZLQHG� $V D UHVXOW� FRPSXWLQJ WKH YDOXH RI D JRRGPD\ EH DXWRPDWLFDOO\ LQIOXHQFHG
E\ WKH DQWLFLSDWHG HIIRUW RI REWDLQLQJ WKH JRRG� 6RPHWKLQJ WKDW LV HDV\ WR UHDFK ZRXOG
WKHQ EH DWWULEXWHG D KLJKHU YDOXH DQG SHUFHLYHG DV PRUH YDOXDEOH EHFDXVH LW LV HDV\ WR
JUDVS� HYHQ LQ FKRLFH VLWXDWLRQV LQ ZKLFK JUDVSLQJ WKH REMHFW LV QRW QHFHVVDU\ WR REWDLQ
LW� OLNH LQ D SXUFKDVLQJ GHFLVLRQ�

6RPH GLUHFW VXSSRUW IRU WKLV K\SRWKHVLV FRPHV IURP DQ H[SHULPHQW E\ %HLORFN DQG
+ROW ������� ,Q WKLV H[SHULPHQW� ERWK VNLOOHG DQG QRYLFH W\SLVWV PDGH D VHULHV RI ELQDU\
FKRLFHV EHWZHHQ GLIIHUHQW SULQWHG OHWWHU SDLUV� HDFK WLPH FKRRVLQJ WKH OHWWHU SDLU WKH\
SUHIHUUHG� 7KH\ IRXQG WKDW RQO\ VNLOOHG W\SLVWV VKRZHG D SUHIHUHQFH IRU OHWWHU SDLUV WKDW
FDQ EH HDVLO\ W\SHG� VXFK DV Ù)-Ú� RYHU SDLUV WKDW DUH PRUH GLIILFXOW WR W\SH �H�J� Ù)9Ú��
ZKHUHDV QRYLFHV KDG UDQGRP SUHIHUHQFHV� 7KLV HIIHFW RI SK\VLFDO HIIRUW RQ SUHIHUHQFH
YDQLVKHG ZKHQ VNLOOHG W\SLVWV ZHUH LQVWUXFWHG WR KROG D W\SLQJ SDWWHUQ LQ PHPRU\� SUH�
VXPDEO\ GLPLQLVKLQJ WKH FDSDFLW\ WR FRPSXWH WKH HIIRUW DVVRFLDWHGZLWK W\SLQJ WKH OHWWHU
SDLU� ,QWHUHVWLQJO\� WKLV ZDV RQO\ WKH FDVH LI WKH W\SLQJ SDWWHUQ WKDW VXEMHFWV QHHGHG WR
UHPHPEHU DFWXDOO\ HQJDJHG WKH VDPH ILQJHUV DV UHTXLUHG WR W\SH WKH OHWWHU SDLUV� 7KLV

��
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VXJJHVWV WKDW HIIHFWV RI SK\VLFDO HIIRUW RQ YDOXDWLRQ DQG SUHIHUHQFH DUH LQGHHGPHGLDWHG
E\ VLPXODWLRQ RI WKH UHOHYDQW DFWLRQ�

$OVR� D VXEVWDQWLDO ERG\ RI QHXURSK\VLRORJLFDO DQG QHXURLPDJLQJ GDWD SRLQWV DW
D VWURQJ LQWHUDFWLRQ RI YDOXH FRPSXWDWLRQ DQG PRWRU�UHODWHG SURFHVVHV �&LVHN DQG
.DODVND� ������ 7KH EUDLQ FRQVWDQWO\ NHHSV WUDFN RI ZKHWKHU REMHFWV DUH ZLWKLQ UHDFK
�*DOOLYDQ HW DO�� ������ DQG VLPXODWHV PRYHPHQWV WKDW DUH IHDVLEOH WR PDQLSXODWH WKH LP�
PHGLDWH HQYLURQPHQW� HYHQ LQ WKH DEVHQFH RI DQ\ LQWHQWLRQ RU H[SOLFLW JRDOV �7XFNHU DQG
(OOLV� ����� &LVHN DQG .DODVND� ����� &LVHN� ����� %DXPDQQ HW DO�� ������ 7KURXJKRXW WKH
GHFLVLRQ PDNLQJ SURFHVV� GHFLVLRQ�YDULDEOHV VXFK DV VXEMHFWLYH YDOXH DUH UHSUHVHQWHG
QRW RQO\ LQ EUDLQ UHJLRQV WKDW KDYH EHHQ GLUHFWO\ OLQNHG WR YDOXH FRPSXWDWLRQ DQG GHFL�
VLRQ PDNLQJ� VXFK DV WKH YHQWURPHGLDO SUHIURQWDO FRUWH[ �3ODVVPDQQ HW DO�� ����� :DOOLV�
����� 3DGRD�6FKLRSSD� ������ EXW DUH DOVR IRXQG LQ EUDLQ DUHDV WKDW DUH OLQNHG WR PR�
WRU SUHSDUDWLRQ DQG H[HFXWLRQ �3ODWW DQG *OLPFKHU� ����� *ROG DQG 6KDGOHQ� ����� /RXLH
HW DO�� ����� .OHLQ�)O½JJH DQG %HVWPDQQ� ����� *OXWK HW DO�� ������ $ UHFHQW QHXURLPDJLQJ
VWXG\ OHQGV VXSSRUW WR RXU LQWHUSUHWDWLRQ WKDW HIIRUW LV DXWRPDWLFDOO\ LQWHJUDWHG ZLWK
YDOXH �.XUQLDZDQ HW DO�� ������ :KHQ VXEMHFWV UHFHLYHG D SRVLWLYH RXWFRPH DIWHU H[HUW�
LQJ HLWKHU KLJK RU ORZ HIIRUW� DFWLYLW\ LQ WKH YHQWUDO VWULDWXP� FRPPRQO\ LQWHUSUHWHG DV
DQ HYDOXDWLRQ RI WKH RXWFRPH LQ WKH IRUP RI D UHZDUG SUHGLFWLRQ HUURU� ZDV KLJKHU DIWHU
ORZ HIIRUW� 7KXV� HIIRUW H[HUWHG WR REWDLQ DQ RXWFRPH ZDV LPPHGLDWHO\ LQWHJUDWHG ZLWK
WKH RXWFRPH YDOXH LQWR D QHW�YDOXH� 2XU UHVXOWV VXJJHVW WKDW VXFK LQWHJUDWLRQ RFFXUV WR
VRPH H[WHQW DOVR ZKHQ DVVHVVLQJ WKH YDOXH RI WKH UHZDUG EHIRUH REWDLQLQJ LW DQG HYHQ
ZKHQ SK\VLFDO DFWLRQV DUH DFWXDOO\ QRW UHTXLUHG�

,W VHHPV SODXVLEOH WKDW DQWLFLSDWHG HIIRUW RI REWDLQLQJ D JRRG LV PRVW UHOHYDQW LI WKLV
JRRG LV KLJKO\ OLNHG� VLQFH LW LV PRUH OLNHO\ WKDW WKH SHUVRQ ZLOO DFWXDOO\ ZDQW WR HQJDJH LQ
D SK\VLFDO DFWLRQ WR REWDLQ WKH JRRG� ,I� RQ WKH RWKHU KDQG� D JRRG LV QRW OLNHG� DQWLFLSDWHG
HIIRUW VKRXOG EH OHVV UHOHYDQW DQG DXWRPDWLF PRWRU SURFHVVHV PLJKW EH WULJJHUHG WR D
OHVVHU H[WHQW� ,Q OLQH ZLWK WKLV� ZH IRXQG WKDW WKH PRUH OLNHG LWHPV ZHUH PRUH VWURQJO\
DIIHFWHG E\ WKH ZHLJKWV PDQLSXODWLRQ� +RZHYHU� VLQFH OLNLQJ HYDOXDWLRQV ZHUH REWDLQHG
GXULQJ RXU ZHLJKW PDQLSXODWLRQ� WKLV UHVXOW VKRXOG EH LQWHUSUHWHG ZLWK FDXWLRQ� )XWXUH
UHVHDUFK VKRXOG DLP WR FRQILUP WKLV ILQGLQJ� LGHDOO\ PHDVXULQJ OLNLQJ LQGHSHQGHQWO\ RI
WKH H[SHULPHQWDO PDQLSXODWLRQ�

,Q VXPPDU\� ZH VKRZ WKDW LUUHOHYDQW PRWRU FRQVWUDLQWV DIIHFW YDOXH EDVHG GHFLVLRQV�
,WHPV WKDW ZHUH PRUH GLIILFXOW WR JUDVS ZHUH SHUFHLYHG DV OHVV YDOXDEOH� 7KLV VXJJHVWV
WKDW SURFHVVHV XQGHUO\LQJ WKH FRPSXWDWLRQ RI YDOXH DQG HIIRUW DUH FORVHO\ LQWHUWZLQHG
WR DQ H[WHQW WKDW DQWLFLSDWHG HIIRUW IRU SK\VLFDOO\ REWDLQLQJ D JRRG LV DXWRPDWLFDOO\ LQ�
WHJUDWHG LQ WKH YDOXH FRPSXWDWLRQ SURFHVV� H[SODLQLQJ ZK\ JRRGV DSSHDU PRUH YDOXDEOH
WR VXEMHFWV ZKHQ SK\VLFDOO\ SUHVHQW �5HE DQG &RQQROO\� ����� .QHWVFK DQG:RQJ� ������
EXW QRW LI UHDFKLQJ IRU WKHP LV REVWUXFWHG E\ D EDUULHU �%XVKRQJ HW DO�� ������ 7KLV PHFK�

��
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DQLVP LV XQH[SORUHG WR WKLV GDWH DQG FRXOG KHOS WR H[SODLQ PDODGDSWLYH KXPDQ EHKDYLRU
WKDW RFFXUV ZKHQ UHZDUG LV HDV\ WR UHDFK� VXFK DV RYHUHDWLQJ RU LPSXOVLYH SXUFKDVHV�

��
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5HIHUHQFHV

%DUVDORX� /� :� ������� *URXQGHG &RJQLWLRQ� $QQXDO UHYLHZ RI SV\FKRORJ\� ���������×����

%DXPDQQ� 0� $�� )OXHW� 0��&�� DQG 6FKHUEHUJHU� +� ������� &RQWH[W�VSHFLILF JUDVSPRYH�
PHQW UHSUHVHQWDWLRQ LQ WKH PDFDTXH DQWHULRU LQWUDSDULHWDO DUHD� 7KH -RXUQDO RI 1HX�
URVFLHQFH� �����������×�����

%HFNHU� *� 0�� 'HJURRW� 0� +�� DQG 0DUVFKDN� -� ������� 0HDVXULQJ XWLOLW\ E\ D VLQJOH�
UHVSRQVH VHTXHQWLDO PHWKRG� %HKDYLRUDO 6FLHQFH� ��������×����

%HLORFN� 6� /� DQG +ROW� /� (� ������� (PERGLHG 3UHIHUHQFH -XGJPHQWV &DQ /LNHDELOLW\ %H
'ULYHQ E\ WKH 0RWRU 6\VWHP" 3V\FKRORJLFDO 6FLHQFH� ��������×���

%HUULGJH� .� &� ������� Ù/LNLQJÚ DQG ÙZDQWLQJÚ IRRG UHZDUGV� %UDLQ VXEVWUDWHV DQG UROHV LQ
HDWLQJ GLVRUGHUV� 3K\VLRORJ\ 	 %HKDYLRU� ���������×����

%HUULGJH� .� &� DQG 5RELQVRQ� 7� (� ������� 3DUVLQJ UHZDUG� 7UHQGV LQ 1HXURVFLHQFHV�
���������×����

%KDOOD� 0� DQG 3URIILWW� '� 5� ������� 9LVXDO�PRWRU UHFDOLEUDWLRQ LQ JHRJUDSKLFDO VODQW
SHUFHSWLRQ� -RXUQDO RI H[SHULPHQWDO SV\FKRORJ\� +XPDQ SHUFHSWLRQ DQG SHUIRUPDQFH�
����������×�����

%URFNPROH� -� 5�� 'DYROL� &� &�� $EUDPV� 5� $�� DQG :LWW� -� .� ������� 7KH :RUOG :LWKLQ
5HDFK (IIHFWV RI +DQG 3RVWXUH DQG 7RRO 8VH RQ 9LVXDO &RJQLWLRQ� &XUUHQW GLUHFWLRQV
LQ SV\FKRORJLFDO VFLHQFH� ��������×���

%XVKRQJ� %�� .LQJ� /� 0�� &DPHUHU� &� )�� DQG 5DQJHO� $� ������� 3DYORYLDQ 3URFHVVHV LQ
&RQVXPHU &KRLFH� 7KH 3K\VLFDO 3UHVHQFH RI D *RRG ,QFUHDVHV :LOOLQJQHVV�WR�3D\�
$PHULFDQ (FRQRPLF 5HYLHZ� �����������×�����

&DFLRSSR� -� 7�� 3ULHVWHU� -� 5�� DQG %HUQWVRQ� *� *� ������� 5XGLPHQWDU\ GHWHUPLQDQWV RI
DWWLWXGHV� ,,� $UP IOH[LRQ DQG H[WHQVLRQ KDYH GLIIHUHQWLDO HIIHFWV RQ DWWLWXGHV� -RXUQDO
RI 3HUVRQDOLW\ DQG 6RFLDO 3V\FKRORJ\� �������×���

&LVHN� 3� ������� &RUWLFDO PHFKDQLVPV RI DFWLRQ VHOHFWLRQ� WKH DIIRUGDQFH FRPSHWLWLRQ
K\SRWKHVLV� 3KLORVRSKLFDO WUDQVDFWLRQV RI WKH 5R\DO 6RFLHW\ RI /RQGRQ 6HULHV %� %LRORJ�
LFDO VFLHQFHV� ��������������×�����

&LVHN� 3� DQG .DODVND� -� )� ������� 1HXUDO &RUUHODWHV RI 5HDFKLQJ 'HFLVLRQV LQ 'RUVDO
3UHPRWRU &RUWH[� 6SHFLILFDWLRQ RI 0XOWLSOH 'LUHFWLRQ &KRLFHV DQG )LQDO 6HOHFWLRQ RI
$FWLRQ� 1HXURQ� ���������×����

��
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&LVHN� 3� DQG .DODVND� -� )� ������� 1HXUDO 0HFKDQLVPV IRU ,QWHUDFWLQJ ZLWK D :RUOG )XOO
RI $FWLRQ &KRLFHV� $QQXDO 5HYLHZ RI 1HXURVFLHQFH� ���������×����

&RKHQ� -�� :HVW� 6� *�� DQG $LNHQ� /� ������� $SSOLHG 0XOWLSOH 5HJUHVVLRQ�&RUUHODWLRQ
$QDO\VLV IRU WKH %HKDYLRUDO 6FLHQFHV� /DZUHQFH (UOEDXP $VVRF ,QF�� 1HZ -HUVH\�

&RXVLQHDX� '� ������� &RQILGHQFH LQWHUYDOV LQ ZLWKLQ�VXEMHFW GHVLJQV� $ VLPSOHU VROXWLRQ
WR /RIWXV DQG 0DVVRQÚV PHWKRG� 7XWRULDOV LQ 4XDQWLWDWLYH 0HWKRGV IRU 3V\FKRORJ\�
�������×���

'HEUHX� *� ������� 7KHRU\ RI 9DOXH� $Q $[LRPDWLF $QDO\VLV RI (FRQRPLF (TXLOLEULXP� <DOH
8QLY� 3UHVV� 1HZ +DYHQ� &7�

GL 3HOOHJULQR� *� *�� 5DIDO� 5� 5�� DQG 7LSSHU� 6� 3� 6� ������� ,PSOLFLWO\ (YRNHG $F�
WLRQV 0RGXODWH 9LVXDO 6HOHFWLRQ� (YLGHQFH IURP 3DULHWDO ([WLQFWLRQ� &XUUHQW %LRORJ\�
�����������×�����

)·UVWHU� -� ������� +RZ %RG\ )HHGEDFN ,QIOXHQFHV &RQVXPHUVÚ (YDOXDWLRQ RI 3URGXFWV�
-RXUQDO RI &RQVXPHU 3V\FKRORJ\� ���������×����

*DOOLYDQ� -� 3�� &DYLQD�3UDWHVL� &�� DQG &XOKDP� -� &� ������� ,V 7KDW ZLWKLQ 5HDFK" I05,
5HYHDOV 7KDW WKH +XPDQ 6XSHULRU 3DULHWR�2FFLSLWDO &RUWH[ (QFRGHV 2EMHFWV 5HDFK�
DEOH E\ WKH +DQG� 7KH -RXUQDO RI 1HXURVFLHQFH� �����������×�����

*HOPDQ� $� DQG +LOO� -� ������� 'DWD DQDO\VLV XVLQJ UHJUHVVLRQ DQG PXOWLOHYHO�KLHUDUFKLFDO
PRGHOV� &DPEULGJH 8QLYHUVLW\ 3UHVV� &DPEULGJH�

*LEVRQ� -� -� ������� 7KH (FRORJLFDO $SSURDFK 7R 9LVXDO 3HUFHSWLRQ� /DZUHQFH (UOEDXP�
1HZ -HUVH\�

*OXWK� 6�� 5LHVNDPS� -�� DQG %½FKHO� &� ������� &ODVVLF ((* PRWRU SRWHQWLDOV WUDFN WKH
HPHUJHQFH RI YDOXH�EDVHG GHFLVLRQV� 1HXUR,PDJH� ������×����

*ROG� -� DQG 6KDGOHQ� 0� ������� 7KH QHXUDO EDVLV RI GHFLVLRQ PDNLQJ� $QQXDO 5HYLHZ RI
1HXURVFLHQFH� ���������×����

*UHLQHU� %� ������� $Q 2QOLQH 5HFUXLWPHQW 6\VWHP IRU (FRQRPLF ([SHULPHQWV� ,Q .UH�
PHU� .� DQG 0DFKR� 9�� HGLWRUV� )RUVFKXQJ XQG ZLVVHQVFKDIWOLFKHV 5HFKQHQ� *:'*
%HULFKW� SDJHV ��×��� *·WWLQJHQ�

+DO¢V]� 9� DQG &XQQLQJWRQ� 5� ������� 8QFRQVFLRXV (IIHFWV RI $FWLRQ RQ 3HUFHSWLRQ� %UDLQ
6FLHQFHV� ��������×����

��
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+HOELJ� +� %�� *UDI� 0�� DQG .LHIHU� 0� ������� 7KH UROH RI DFWLRQ UHSUHVHQWDWLRQV LQ YLVXDO
REMHFW UHFRJQLWLRQ� ([SHULPHQWDO %UDLQ 5HVHDUFK� ����������×����

-RKQVRQ� (� -�� +¥XEO� *�� DQG .HLQDQ� $� ������� $VSHFWV RI HQGRZPHQW� $ TXHU\ WKHRU\
RI YDOXH FRQVWUXFWLRQ� -RXUQDO RI ([SHULPHQWDO 3V\FKRORJ\� /HDUQLQJ� 0HPRU\� DQG
&RJQLWLRQ� ���������×����

.OHLQ�)O½JJH� 0� &� DQG %HVWPDQQ� 6� ������� 7LPH�'HSHQGHQW &KDQJHV LQ +XPDQ &RUWL�
FRVSLQDO ([FLWDELOLW\ 5HYHDO 9DOXH�%DVHG &RPSHWLWLRQ IRU $FWLRQ GXULQJ 'HFLVLRQ 3UR�
FHVVLQJ� 7KH -RXUQDO RI 1HXURVFLHQFH� �����������×�����

.QHWVFK DQG :RQJ ������� 7KH HQGRZPHQW HIIHFW DQG WKH UHIHUHQFH VWDWH� (YLGHQFH
DQG PDQLSXODWLRQV� -RXUQDO RI (FRQRPLF %HKDYLRU DQG 2UJDQL]DWLRQ� ���������×����

.UHEV� -� 5� DQG 6WHSKHQV� '� :� ������� )RUDJLQJ 7KHRU\� 3ULQFHWRQ 8QLYHUVLW\ 3UHVV�
3ULQFHWRQ�

.XUQLDZDQ� ,� 7�� *XLWDUW�0DVLS� 0�� 'D\DQ� 3�� DQG'RODQ� 5� -� ������� (IIRUW DQG 9DOXDWLRQ
LQ WKH %UDLQ� 7KH (IIHFWV RI $QWLFLSDWLRQ DQG ([HFXWLRQ� 7KH -RXUQDO RI 1HXURVFLHQFH�
�����������×�����

/DEURR� $� $� DQG 1LHOVHQ� -� +� ������� +DOI WKH WKULOO LV LQ WKH FKDVH� 7ZLVWHG LQIHU�
HQFHV IURP HPERGLHG FRJQLWLRQV DQG EUDQG HYDOXDWLRQ� -RXUQDO RI &RQVXPHU 5HVHDUFK�
���������×����

/HY\� '� -� DQG *OLPFKHU� 3� ������� 7KH URRW RI DOO YDOXH� D QHXUDO FRPPRQ FXUUHQF\ IRU
FKRLFH� &XUUHQW 2SLQLRQ LQ 1HXURELRORJ\� �������×�����

/RQJR� 0� 5� DQG /RXUHQFR� 6� )� ������� 2Q WKH QDWXUH RI QHDU VSDFH� (IIHFWV RI WRRO XVH
DQG WKH WUDQVLWLRQ WR IDU VSDFH� 1HXURSV\FKRORJLD� ���������×����

/RXLH� .� .�� *UDWWDQ� /� (� /�� DQG *OLPFKHU� 3� ������� 5HZDUG 9DOXH�%DVHG *DLQ &RQWURO�
'LYLVLYH 1RUPDOL]DWLRQ LQ 3DULHWDO &RUWH[� 7KH -RXUQDO RI 1HXURVFLHQFH� ������������×
������

/RXUHQFR� 6� )� DQG /RQJR� 0� 5� ������� 7KH SODVWLFLW\ RI QHDU VSDFH� (YLGHQFH IRU
FRQWUDFWLRQ� &RJQLWLRQ� ����������×����

0RQWDJXH� 3� 5� DQG %HUQV� *� 6� ������� 1HXUDO (FRQRPLFV DQG WKH %LRORJLFDO 6XEVWUDWHV
RI 9DOXDWLRQ� 1HXURQ� ���������×����

0RUH\� 5� '� ������� &RQILGHQFH LQWHUYDOV IURP QRUPDOL]HG GDWD� $ FRUUHFWLRQ WR
&RXVLQHDX ������� 7XWRULDOV LQ 4XDQWLWDWLYH 0HWKRGV IRU 3V\FKRORJ\� �������×���

��
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0RUJDGR� 1�� *HQWD]� ��� *XLQHW� ��� 2VLXUDN� )�� DQG 3DOOXHO�*HUPDLQ� 5� ������� :LWKLQ
UHDFK EXW QRW VR UHDFKDEOH� 2EVWDFOHV PDWWHU LQ YLVXDO SHUFHSWLRQ RI GLVWDQFHV� 3V\�
FKRQRPLF %XOOHWLQ 	 5HYLHZ� ���������×����

1LHGHQWKDO� 3� 0� ������� (PERG\LQJ HPRWLRQ� 6FLHQFH� ��������������×�����

3DGRD�6FKLRSSD� &� ������� 1HXURELRORJ\ RI (FRQRPLF &KRLFH� $ *RRG�%DVHG 0RGHO�
$QQXDO 5HYLHZ RI 1HXURVFLHQFH� ���������×����

3ODVVPDQQ� +�� 2Ú'RKHUW\� -�� DQG 5DQJHO� $� ������� 2UELWRIURQWDO FRUWH[ HQFRGHV ZLOO�
LQJQHVV WR SD\ LQ HYHU\GD\ HFRQRPLF WUDQVDFWLRQV� 7KH -RXUQDO RI 1HXURVFLHQFH�
�����������×�����

3ODWW� 0� /� DQG *OLPFKHU� 3� ������� 1HXUDO FRUUHODWHV RI GHFLVLRQ YDULDEOHV LQ SDULHWDO
FRUWH[� 1DWXUH� �������×����

3ULHVWHU� -� 5�� &DFLRSSR� -� 7�� DQG 3HWW\� 5� (� ������� 7KH LQIOXHQFH RI PRWRU SURFHVVHV
RQ DWWLWXGHV WRZDUG QRYHO YHUVXV IDPLOLDU VHPDQWLF VWLPXOL� 3HUVRQDOLW\ DQG 6RFLDO
3V\FKRORJ\ %XOOHWLQ� ���������×����

3URIILWW� '� 5� ������� (PERGLHG 3HUFHSWLRQ DQG WKH (FRQRP\ RI $FWLRQ� 3HUVSHFWLYHV RQ
3V\FKRORJLFDO 6FLHQFH� ��������×����

3URIILWW� '� 5�� %KDOOD� 0�� *RVVZHLOHU� 5�� DQG 0LGJHWW� -� ������� 3HUFHLYLQJ JHRJUDSKLFDO
VODQW� 3V\FKRQRPLF %XOOHWLQ 	 5HYLHZ� ��������×����

5DPHQ]RQL� 9� &�� 5LOH\� 0� $�� 6KRFNOH\� .�� DQG 'DYLV� 7� ������� &DUU\LQJ WKH KHLJKW RI
WKH ZRUOG RQ \RXU DQNOHV� HQFXPEHULQJ REVHUYHUV UHGXFHV HVWLPDWHV RI KRZ KLJK DQ
DFWRU FDQ MXPS� 4XDUWHUO\ MRXUQDO RI H[SHULPHQWDO SV\FKRORJ\ ������� �����������×�����

5HE� -� DQG &RQQROO\� 7� ������� 3RVVHVVLRQ� IHHOLQJV RI RZQHUVKLS DQG WKH HQGRZPHQW
HIIHFW� -XGJPHQW DQG 'HFLVLRQ 0DNLQJ� ��������×����

6FKDJHQ� ,� 3� DQG (OOLRW� .� ������� %XW :KDW 'RHV ,W 0HDQ" 7KH 8VH RI (IIHFW 6L]HV LQ
(GXFDWLRQDO 5HVHDUFK� 1)(5� 6ORXJK�

6WUDFN� )�� 0DUWLQ� /� /�� DQG 6WHSSHU� 6� ������� ,QKLELWLQJ DQG IDFLOLWDWLQJ FRQGLWLRQV RI
WKH KXPDQ VPLOH� $ QRQREWUXVLYH WHVW RI WKH IDFLDO IHHGEDFN K\SRWKHVLV� -RXUQDO RI
3HUVRQDOLW\ DQG 6RFLDO 3V\FKRORJ\� ���������×����

6XJRYLF� 0� DQG :LWW� -� .� ������� $Q ROGHU YLHZ RQ GLVWDQFH SHUFHSWLRQ� ROGHU DGXOWV
SHUFHLYH ZDONDEOH H[WHQWV DV IDUWKHU� ([SHULPHQWDO %UDLQ 5HVHDUFK� ����������×����

��
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7RP� *�� 3HWWHUVHQ� 3�� /DX� 7�� %XUWRQ� 7�� DQG &RRN� -� ������� 7KH 5ROH RI 2YHUW +HDG
0RYHPHQW LQ WKH )RUPDWLRQ RI $IIHFW� %DVLF DQG $SSOLHG 6RFLDO 3V\FKRORJ\� ���������×
����

7XFNHU� 0� DQG (OOLV� 5� ������� 2Q WKH UHODWLRQV EHWZHHQ VHHQ REMHFWV DQG FRPSRQHQWV
RI SRWHQWLDO DFWLRQV� -RXUQDO RI H[SHULPHQWDO SV\FKRORJ\� +XPDQ SHUFHSWLRQ DQG SHU�
IRUPDQFH� ���������×����

7YHUVN\� $� DQG .DKQHPDQ� '� ������� 7KH IUDPLQJ RI GHFLVLRQV DQG WKH SV\FKRORJ\ RI
FKRLFH� 6FLHQFH� �������������×����

9RQ 1HXPDQQ� -� DQG 0RUJHQVWHUQ� 2� ������� 7KHRU\ RI *DPHV DQG (FRQRPLF %HKDYLRU�
3ULQFHWRQ 8QLYHUVLW\ 3UHVV� 3ULQFHWRQ�

:DOOLV� -� '� ������� 2UELWRIURQWDO &RUWH[ DQG ,WV &RQWULEXWLRQ WR 'HFLVLRQ�0DNLQJ� $Q�
QXDO 5HYLHZ RI 1HXURVFLHQFH� ��������×���

:DOWRQ� 0� (�� .HQQHUOH\� 6� :�� %DQQHUPDQ� '� 0�� 3KLOOLSV� 3� (� 0�� DQG 5XVKZRUWK�
0� )� 6� ������� :HLJKLQJ XS WKH EHQHILWV RI ZRUN� %HKDYLRUDO DQG QHXUDO DQDO\VHV RI
HIIRUW�UHODWHG GHFLVLRQ PDNLQJ� 1HXUDO 1HWZRUNV� ����������×�����

:HOOV� *� /� DQG 3HWW\� 5� (� ������� 7KH (IIHFWV RI 2YHU +HDG 0RYHPHQWV RQ 3HUVXDVLRQ�
&RPSDWLELOLW\ DQG ,QFRPSDWLELOLW\ RI 5HVSRQVHV� %DVLF DQG $SSOLHG 6RFLDO 3V\FKRORJ\�
��������×����

:LOVRQ� 0� ������� 6L[ YLHZV RI HPERGLHG FRJQLWLRQ� 3V\FKRQRPLF %XOOHWLQ 	 5HYLHZ�
��������×����

:LWW� -� .�� 3URIILWW� '� 5�� DQG (SVWHLQ� :� ������� 3HUFHLYLQJ GLVWDQFH� $ UROH RI HIIRUW
DQG LQWHQW� 3HUFHSWLRQ� ������×����

:RRGV� $� -�� 3KLOEHFN� -� :�� DQG 'DQRII� -� 9� ������� 7KH YDULRXV SHUFHSWLRQV RI GLVWDQFH�
$Q DOWHUQDWLYH YLHZ RI KRZ HIIRUW DIIHFWV GLVWDQFH MXGJPHQWV� -RXUQDO RI H[SHULPHQWDO
SV\FKRORJ\� +XPDQ SHUFHSWLRQ DQG SHUIRUPDQFH� ����������×�����

��



6XSSRUWLQJ ,QIRUPDWLRQ

6WLPXOL

3K\VLFDO FRQGLWLRQ

)LJXUH ��6�� 3LFWXUHV RI WKH VQDFN IRRG LWHPV XVHG LQ WKH SK\VLFDO FRQGLWLRQ� 6QDFN IRRGV QHDU

WR HDFK RWKHU FRPSULVH SDLUV� (OHPHQWV RI D SDLU ZHUH QHYHU SUHVHQWHG LQ WKH VDPH FRQGLWLRQ

ZLWKLQ RQH SDUWLFLSDQW� 2QH ZDV SUHVHQWHG LQ WKH KHDY\ ZHLJKW� WKH RWKHU RQH LQ WKH ORZ ZHLJKW

FRQGLWLRQ� :KLFK LWHP ZDV SUHVHQWHG LQ ZKLFK FRQGLWLRQ ZDV UDQGRPL]HG DFURVV SDUWLFLSDQWV�

��
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)LJXUH ��6� �FRQWLQXHG�� 3LFWXUHV RI WKH VQDFN IRRG LWHPV XVHG LQ WKH SK\VLFDO FRQGLWLRQ� 6QDFN

IRRGV QHDU WR HDFK RWKHU FRPSULVH SDLUV� (OHPHQWV RI D SDLU ZHUH QHYHU SUHVHQWHG LQ WKH VDPH

FRQGLWLRQ ZLWKLQ RQH SDUWLFLSDQW� 2QH ZDV SUHVHQWHG LQ WKH KHDY\ ZHLJKW� WKH RWKHU RQH LQ WKH

ORZ ZHLJKW FRQGLWLRQ� :KLFK LWHP ZDV SUHVHQWHG LQ ZKLFK FRQGLWLRQ ZDV UDQGRPL]HG DFURVV

SDUWLFLSDQWV�

��
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&RPSXWHU FRQGLWLRQ

7DEOH ��6�
6WLPXOL XVHG LQ WKH FRPSXWHU FRQGLWLRQ� 1DPHV DQG GHVFULSWLRQV �LQ SDUHQWKHVHV� ZHUH

SUHVHQWHG WRJHWKHU RQ WKH FRPSXWHU VFUHHQ� 6QDFN IRRGV LQ WKH VDPH URZ FRPSULVH SDLUV�

1DPH 1DPH

'LJHVWLYH 0LQLÚV 0LON &KRFRODWH


�&RRNLHV�

&KRF &KLS 0LQLÚV


�&RRNLHV�

6DOW\ /LTXRULFH

�/LTXRULFH�

6ZHHW /LTXRULFH

�/LTXRULFH�

6RIW )UXLWEHDUV

�)UXLWJXP�

)UXLW\ :LQHJXPV

�)UXLWJXP�

+DULER +DSS\ &ROD

�)UXLWJXP�

+DULER +DSS\ &KHUULHV

�)UXLWJXP�

+DULER *XPPLEHDUV

�)UXLWJXP�

)UXLW\ %RWWOHV

�)UXLWJXP�

-HOO\ %HDQV

�)UXLW &DQG\�

6NLWWOHV

�)UXLW &DQG\�

%RXQW\

�&KRFRODWH %DU�

%RXQW\ 'DUN

�&KRFRODWH %DU�

&RWH GÚRU %RQ%RQ%ORF 3UDOLQH

�&KRFRODWH�

%LWWHU &KRFRODWH ZLWK 2UDQJH

�&KRFRODWH�

.LQGHU %XHQR

�&KRFRODWH %DU�

5ROR

�&KRFRODWHV ZLWK &DUDPHO�

.LW.DW

�&KRFRODWH %DU�

.LW.DW &KXQN\


�&KRFRODWH %DU�

&KRFR 0	0V

�&KRFRODWH &DQG\�

0DOWHVHUV

�&KRFRODWH &DQG\�

1RWH� 
7KHVH LWHPV ZHUH QRW LGHQWLFDO EXW FORVH VXEVWLWXWHV WR LWHPV LQ WKH SK\VLFDO

FRQGLWLRQ� DOO RWKHU LWHPV ZHUH LGHQWLFDO DFURVV WKH WZR FRQGLWLRQV� 6QDFN IRRGV LQ WKH

VDPH OLQH FRPSULVH SDLUV�

��
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7DEOH ��6� �FRQWLQXHG�
6WLPXOL XVHG LQ WKH FRPSXWHU FRQGLWLRQ� 1DPHV DQG GHVFULSWLRQV �LQ SDUDQWKHVHV� ZHUH

SUHVHQWHG WRJHWKHU RQ WKH FRPSXWHU VFUHHQ� 6QDFN IRRGV LQ WKH VDPH URZ FRPSULVH SDLUV�

1DPH 1DPH

0DUV

�&KRFRODWH %DU�

6QLFNHUV

�&KRFRODWH %DU�

0LOND 0LON

�&KRFRODWH�

0LOND &UHDP

�&KRFRODWH�

7ZL[

�&KRFRODWH %DU�

/LRQ

�&KRFRODWH %DU�

%XJOHV &KHHVH

�1DFKR &KLSV�

&KLR &KHHVH

�3RWDWR &KLSV�

/D\ÚV 3DSULND

�3RWDWR &KLSV�

/D\ÚV 1DWXUDO

�3RWDWR &KLSV�

)XQ 0L[

�6DOW\ &UDFNHUV�

7ULR =RXWMHV

�6DOW\ &UDFNHUV�

.DDV =RXWMHV


�&KHHVH &UDFNHUV�

6QDFN =RXWMHV


�6DOW\ &UDFNHUV�

7XF &KHHVH

�&UDFNHUV�

7XF 1DWXUHO

�&UDFNHUV�

7KDL 6ZHHW &KLOL 1XWV

�6SLF\ 3HDQXWV�

.DWMDQJ 3HGLV

�6SLF\ 3HDQXWV�

&DVKHZV

�1XWV�

3LVWDFKLRV

�1XWV�

1XW DQG 5DLVLQV 0L[

�1XWV�

1XW 0L[

�1XWV�

1RWH� 
7KHVH LWHPV ZHUH QRW LGHQWLFDO EXW FORVH VXEVWLWXWHV WR LWHPV LQ WKH SK\VLFDO

FRQGLWLRQ� DOO RWKHU LWHPV ZHUH LGHQWLFDO DFURVV WKH WZR FRQGLWLRQV� 6QDFN IRRGV LQ WKH

VDPH OLQH FRPSULVH SDLUV�

��
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([SHULPHQWDO LQVWUXFWLRQV

! 1!

Welcome,!
!
You!are!participating!in!an!experiment!on!decision!making.!
The!study!will!last!about!90!minutes.!!
!
!
!
The!experiment!is!structured!as!follows:!
!

1. You!read!the!instructions!for!the!experiment.!
2. You!answer!some!comprehension!questions.!
3. You!can!practice!the!task!(5!min).!
4. You!do!the!task!(35!min).!
5. Your!earnings!are!determined!
6. You!answer!a!short!questionnaire!(10!min).!
7. You!will!stay!in!an!adjacent!room!for!further!30!min.!
!
!

Please!proceed!to!reading!the!instructions!on!the!next!pages.!
Whenever!you!have!a!question,!please!ask!the!experimenter!for!
clarification.!
!

)LJXUH ��6�� ,QVWUXFWLRQV JLYHQ WR WKH SDUWLFLSDQWV LQ WKH SK\VLFDO FRQGLWLRQ� 3DJH ����

��
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! 2!

Instructions*
*

Task*
In!this!experiment,!you!will!have!an!opportunity!to!buy!a!snack!food!
from!our!store!using!€14.50!that!you!receive!from!us.!You!will!receive!
the!€14.50!once!you!have!read!the!instructions!and!answered!the!
comprehension!questions!correctly.!
!
At!the!end!of!the!experiment,!you!will!be!asked!to!stay!in!an!adjacent!
room!for!30!minutes.!During!this!time,!the!only!food!that!you!will!be!
allowed!to!eat!is!whatever!snack!you!bought!from!us!during!the!
experiment.!
!
The!snack!food!items!that!are!available!in!this!experiment!are!real!
and!recently!purchased!for!the!purpose!of!this!experiment.!You!will!
see!all!of!them!during!the!experiment.!!
!
Your*task*in*this*experiment*is*to*decide*and*tell*us*the*maximum*
amount*that*you*would*currently*be*willing*to*pay*for*each*of*these*
items.!
!
!
!
!
Round*structure*
The!experiment!consists!of!many!rounds,!all!of!which!have!a!similar!
structure.!In!each!round:!
!
1.!First,!you!will!see!which!item!is!on!offer!in!this!round!
2.!Then!you!will!enter!the!maximum!amount!that!you!are!willing!to!
pay!for!this!item!(in!€).!You!will!need!to!enter!a!number!between!€0!
and!€4.!You!can!also!enter!decimal!numbers!like!€3.47!using!the!dot!
as!a!decimal!point.!
3.!You!will!answer!a!few!questions!about!the!item.!
!
There!is!no!strict!time!limit!for!giving!an!answer.!Nevertheless,!try!to!
answer!spontaneously,!without!thinking!too!much.!After!22!of!these!
rounds!there!will!be!a!break,!then!there!will!be!another!22!rounds.!
You!will!see!each!item!only!once.!The!items!will!be!right!in!front!of!
you!so!you!can!see!them!well.!Please!do!not!touch!the!items.!
!
During!this!task!a!wristband!will!be!attached!to!each!of!your!arms.!!
!

)LJXUH ��6� �FRQWLQXHG�� ,QVWUXFWLRQV JLYHQ WR WKH SDUWLFLSDQWV LQ WKH SK\VLFDO FRQGLWLRQ�
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Your*earnings*in*this*experiment!
At!the!beginning!of!the!experiment,!you!receive!€14.50.!You!can!use!
this!money!to!buy!one!item!of!snack!food!from!us.!Whatever!you!do!
not!spend!remains!yours,!just!like!in!everyday!transactions.!Although!
you!will!place!bids!on!44!items,!you!will!only!be!allowed!to!buy!one!of!
them.!!
!
How*do*we*determine*whether*you*bought*or*not?!
At!the!end!of!the!experiment,!one!of!the!rounds!will!be!randomly!
chosen.!You!will!be!asked!to!draw!a!card!from!a!stack!of!cards!
numbered!from!1!to!44.!The!round!with!the!number!that!you!draw!
will!be!the!one!that!counts.!Note!that!every!round!has!the!chance!to!
be!selected,!and!only!one!round!will!be!selected.!Therefore,!you!
don’t!need!to!worry!about!spreading!your!€14.50!budget.!In!fact,!you!
can!treat!every!round!as!if!it!were!the!only!round.!Each!time!you!have!
to!bid!on!an!item,!it!is!in!your!best!interest!to!report!exactly!your!
maximum!willingness!to!pay!for!being!allowed!to!eat!this!item!at!the!
end!of!the!experiment.!!
!
After!you!picked!a!card!to!randomly!select!the!round!that!counts,!you!
can!see!which!item!was!presented!in!this!round!and!what!was!your!
bid!on!this!item.!Then,!the!actual!price!for!the!item!will!be!
determined!randomly.!Therefore,!you!will!be!asked!to!throw!3!dice!
that!will!determine!the!price.!The!price!shown!is!the!actual!price!for!
which!you!can!buy!the!item!from!us.!Please!note!that!your!bid!does!
not!influence!the!actual!price!of!the!item.!
*
Whether!you!indeed!buy!the!item!from!us!depends!on!your!bid!and!
the!actual,!randomly!determined!price.!If!your!bid!is!higher!than!or!
equal!to!the!actual!price!(so!you!would!be!willing!to!pay!the!actual!
price)!you!will!buy!the!item!at!the!actual!price!and!keep!the!rest!of!
the!€14.50.!!
On!the!other!hand,!if!your!bid!is!lower!than!the!actual!price(so!you!
would!not!be!willing!to!pay!this!actual!price),!then!you!do!not!buy!the!
item!and!keep!the!€14.50.!
!
Note!that!if!you!buy!you!never!pay!more!than!the!actual,!randomly!
determined!price!!If!your!bid!is!higher!than!the!actual!price!you!do!
not!have!to!pay!your!bid,!but!just!the!actual!price!!Therefore,!the!
best!you!can!do!in!each!round!is!simply!to!estimate!what!the!item!is!
worth!to!you!(the!maximum!you!would!be!willing!to!pay!for!it)!and!
bid!exactly!this!amount.* *

)LJXUH ��6� �FRQWLQXHG�� ,QVWUXFWLRQV JLYHQ WR WKH SDUWLFLSDQWV LQ WKH SK\VLFDO FRQGLWLRQ�
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You!should!not!bid!more!money!on!an!item!than!you!actually!are!
willing!to!pay.!Stating!higher!bids!increases!the!chance!that!you!will!
buy!the!item.!However,!the!downside!of!this!is!that!this!involves!the!
risk!of!buying!the!item!at!a!price!that!is!higher!than!what!you!are!
willing!to!pay!for!it.!
!
For!example:!Suppose!that!the!most!you!would!like!to!pay!for!a!bag!of!
biscuits!is!€3,!but!in!order!to!increase!the!chances!of!getting!the!
biscuits!you!decide!to!bid!€4.!The!actual!price!is!randomly!determined!
at!€3.60.!Then,!you!have!to!purchase!the!biscuits!for!€3.60,!a!price!
that!is!higher!than!what!the!biscuits!are!actually!worth!to!you!(€3).!!
!
You!might!think!that!your!best!strategy!is!to!bid!lower!than!your!
actual!valuation!for!the!item.!This!is!incorrect.!The!price!that!you!pay!
is!determined!by!the!numbers!you!throw!with!the!dies!and!not!by!
your!bid.!Bidding!lower!than!your!true!value!you!would!not!affect!the!
price!that!you!pay,!but!you!run!the!risk!of!not!buying!although!the!
price!is!acceptable!to!you.!
!
For!example:!Suppose!that!the!maximum!you!would!like!to!pay!for!a!
chocolate!bar!is!€3.50,!but!in!order!to!keep!more!money!you!decide!to!
bid!only!€1.!The!actual!price!turns!out!to!be!€2.!You!will!not!buy!the!
chocolate!bar!because!you!bid!only!€1.!Had!your!bid!been!your!true!
value!of!€3.50,!you!would!have!purchased!the!chocolate!bar!for!€2!
and!kept!€12.50!in!cash.!
!
To!sum!up,!the!best!you!can!do!in!your!own!interest!is!to!bid!exactly!
the!amount!which!you!are!maximally!willing!to!pay!for!the!item!at!
stake.!!

!
!

Here!are!a!few!examples,!to!make!this!mechanism!clear:!
!
Example!1:!In!the!round!selected!for!payment,!Manuel!was!bidding!on!
chips.!Manuel’s!bid!in!this!round!was!€2.65.!The!randomly!selected!
actual!price!turns!out!to!be!€2.00.!!
Manuel!buys!the!chips!because!the!actual!price!(€2.00)!is!lower!than!
his!maximum!willingness!to!pay!(€2.65).!Manuel!gets!the!chips!and!
pays!€2.00.!He!keeps!€12.50!from!his!initial!€14.50.!
!
Example!2:!In!the!selected!round,!Manuel!was!bidding!on!popcorn.!
Manuel’s!bid!was!€1.35.!The!randomly!selected!actual!price!turns!out!
to!be!€4.00.!!

)LJXUH ��6� �FRQWLQXHG�� ,QVWUXFWLRQV JLYHQ WR WKH SDUWLFLSDQWV LQ WKH SK\VLFDO FRQGLWLRQ�
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Manuel!doesn’t!buy!the!popcorn!because!the!store’s!price!(€4)!is!
higher!than!Manuel’s!maximum!willingness!to!pay!(€1.35).!He!keeps!
the!€14.50.!
!
Example!3:!In!the!selected!round,!Manuel!bid!€2.80!on!gummibears.!
The!actual!price!for!the!gummibears!turns!out!to!be!€2.50.!
Manuel!buys!the!gummibears!for!€2.50!because!his!bid!is!greater!
than!the!actual!price.!He!keeps!€12.00!and!gets!the!gummibears.!
!

*
Please!ask!questions!NOW!if!anything!remains!unclear.!

*
*

You!will!have!a!chance!to!practice!this!task!for!5!rounds!that!will!not!
count!towards!determining!your!final!earnings.!

!
*

Please!let!the!experimenter!know!that!you!finished!reading.!

)LJXUH ��6� �FRQWLQXHG�� ,QVWUXFWLRQV JLYHQ WR WKH SDUWLFLSDQWV LQ WKH SK\VLFDO FRQGLWLRQ�
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Comprehension*questions:*(Choose!all!that!apply)!
!!

1. Suppose!that!in!the!round!that!is!selected!for!payment!you!
entered!a!bid$of$€4$for!a!bag!of!chips.!The!randomly!selected!
actual!price!turns!out!to!be!€3.!What!happens?!Choose!all!that!
apply.!
!
a) I!buy!the!chips!for!€4!
b) I!buy!the!chips!for!€3!
c) My!earnings!in!cash!are!€10.50!
d) My!earnings!in!cash!are!€14.50!
e) My!earnings!in!cash!are!€11.50!
f) I!don’t!buy!the!chips!

!
2. Suppose!that!in!the!selected!round!you!had!bid$€1$for!a!pack!

of!crackers.$The!randomly!selected!actual$price$turns!out!to!be$
€2.75.!What!happens?!Choose!all!that!apply.!
!
a) I!buy!the!crackers!for!€2.75!
b) I!buy!the!crackers!for!€1!
c) My!earnings!in!cash!are!€14.50!
d) My!earnings!in!cash!are!€11.25!
e) My!earnings!in!cash!are!€13.50!
f) I!don’t!buy!the!crackers!

!
3. Suppose!that!in!the!round!that!is!selected!for!payment,!you$

bid$€3.20!for!a!bag!of!peanuts.!The$actual$price$turns$out$to$
be$€3.20.!What!happens?!Choose!all!that!apply.!
!

a. I!buy!the!peanuts!for!€3.20!
b. I!buy!the!peanuts!for!€2.50!
c. My!earnings!in!cash!are!€11.30!
d. My!earnings!in!cash!are!€12.00!
e. My!earnings!in!cash!are!€14.50!
f. I!don’t!buy!the!peanuts!

!
!
!

*
!

)LJXUH ��6� �FRQWLQXHG�� ,QVWUXFWLRQV JLYHQ WR WKH SDUWLFLSDQWV LQ WKH SK\VLFDO FRQGLWLRQ�
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Instructions*
*

Task*
In!this!experiment,!you!will!have!an!opportunity!to!buy!a!snack!food!
from!our!store!using!€14.50!that!you!receive!from!us.!You!will!receive!
the!€14.50!once!you!have!read!the!instructions!and!answered!the!
comprehension!questions!correctly.!
!
At!the!end!of!the!experiment,!you!will!be!asked!to!stay!in!an!adjacent!
room!for!30!minutes.!During!this!time,!the!only!food!that!you!will!be!
allowed!to!eat!is!whatever!snack!you!bought!from!us!during!the!
experiment.!
!
Please*note:*All*of*the*snack*food*items*that*are*available*in*this*
experiment*are*regular*size,*as*available*in*the*supermarket.*They*
have*been*recently*purchased*for*the*purpose*of*this*experiment.*
!
Your*task*in*this*experiment*is*to*decide*and*tell*us*the*maximum*
amount*that*you*would*currently*be*willing*to*pay*for*each*of*these*
items.!
!
!
!
!
Round*structure*
The!experiment!consists!of!many!rounds,!all!of!which!have!a!similar!
structure.!In!each!round:!
!
1.!On!the!screen!you!will!see!the!name!and!a!description!of!the!food!
item!that!is!on!offer!in!this!round.!
2.!Then!you!will!enter!the!maximum!amount!that!you!are!willing!to!
pay!for!this!item!(in!€).!You!will!need!to!enter!a!number!between!€0!
and!€4.!You!can!also!enter!decimal!numbers!like!€3.47!using!the!dot!
as!a!decimal!point.!
3.!You!will!answer!a!few!questions!about!the!item.!
!
There!is!no!strict!time!limit!for!giving!an!answer.!Nevertheless,!try!to!
answer!spontaneously,!without!thinking!too!much.!After!22!of!these!
rounds!there!will!be!a!break,!then!there!will!be!another!22!rounds.!
You!will!see!each!item!only!once.!!
!
During!this!task!a!wristband!will!be!attached!to!each!of!your!arms.!!
!

)LJXUH ��6�� 3DJH � RI WKH LQVWUXFWLRQ JLYHQ WR WKH SDUWLFLSDQWV LQ WKH FRPSXWHU FRQGLWLRQ� 7KH
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5HJUHVVLRQ PRGHOV

7DEOH ��6�
5HSHDWHG PHDVXUHV DQDO\VLV RI YDULDQFH�

'HSHQGHQW YDULDEOH� ZLOOLQJQHVV WR SD\�

GI 66 06 ) S

ZLWKLQ VXEMHFWV

DQWLFLSDWHG HIIRUW � ���� ���� ���� ����

IDPLOLDULW\ � ���� ���� ���� ����

RUGHU � ���� ���� ���� ����

DQWLFLSDWHG HIIRUW× RUGHU � ���� ���� ���� ����

HUURU �� ����� ����

EHWZHHQ VXEMHFWV

SUHVHQWDWLRQ PRGH � ���� ���� ���� ����

IDPLOLDULW\ � ���� ���� ���� ����

DQWLFLSDWHG HIIRUW× SUHVHQWDWLRQ PRGH � ���� ���� ���� ����

SUHVHQWDWLRQ PRGH× RUGHU � ���� ���� ���� ����

DQWLFLSDWHG HIIRUW× SUHVHQWDWLRQ PRGH× RUGHU � ���� ���� ���� ����

HUURU �� ���� ����

1RWH� �� VXEMHFWV� 'DWD DJJUHJDWHG RYHU LWHPV� WZR GDWD SRLQWV IRU HDFK VXEMHFW� :LWKLQ�VXEMHFW

IDFWRU� $QWLFLSDWHG HIIRUW �QR ZHLJKWV YV� ZHLJKWV�� %HWZHHQ�VXEMHFW IDFWRU� 3UHVHQWDWLRQ PRGH

�SK\VLFDO YV� FRPSXWHU VFUHHQ�� $OO S YDOXHV DUH WZR�VLGHG�
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7DEOH ��6�
5DQGRP LQWHUFHSW UHJUHVVLRQ PRGHO ZLWK FRQWURO YDULDEOHV�

'HSHQGHQW YDULDEOH� ZDQWLQJ UDWLQJV�

&RHI� ��� &, S

FRQVWDQW �FRPSXWHU FRQGLWLRQ� QR ZHLJKW� ���� >����� ����@ < ����

SK\VLFDO FRQGLWLRQ ���� >������ ����@ ����

ZHLJKW ���� >������ ����@ ����

SK\VLFDO× ZHLJKW ����� >������ �����@ ����

IDPLOLDULW\ ���� >���� �����@ < ����

RUGHU RI ZHLJKW FRQGLWLRQ ���� >����� ����@ ����

RUGHU× ZHLJKW ����� >������ �����@ ����

RUGHU× SK\VLFDO ���� >������ ����@ ����

RUGHU× SK\VLFDO× ZHLJKW ���� >������ ����@ ����

1RWH� ���� WULDOV� QHVWHG ZLWKLQ �� VXEMHFWV� 6WDQGDUG HUURUV DUH FRUUHFWHG IRU SRWHQWLDO KHW�

HURVFHGDVWLFLW\ DQG DXWRFRUUHODWLRQV DW WKH VXEMHFW OHYHO� $OO S YDOXHV DUH WZR�VLGHG� 2UGHU LQGL�

FDWHV ZKHWKHU SDUWLFLSDQW VWDUWHG ZLWK WKH ZHLJKW �2UGHU  �� RU QR ZHLJKW FRQGLWLRQ �2UGHU  ���

7DEOH ��6�
5DQGRP LQWHUFHSW UHJUHVVLRQ PRGHO ZLWK FRQWURO YDULDEOHV�

'HSHQGHQW YDULDEOH� OLNLQJ UDWLQJV�

&RHI� ��� &, S

FRQVWDQW �FRPSXWHU FRQGLWLRQ� QR ZHLJKW� ���� >����� ����@ < ����

SK\VLFDO FRQGLWLRQ ����� >������ ����@ ����

ZHLJKW ���� >������ ����@ ����

SK\VLFDO× ZHLJKW ����� >������ ����@ ����

IDPLOLDULW\ ���� >����� ����@ < ����

RUGHU RI ZHLJKW FRQGLWLRQ ���� >������ ����@ ����

RUGHU× ZHLJKW ����� >������ �����@ ����

RUGHU× SK\VLFDO ���� >������ ����@ ����

RUGHU× SK\VLFDO× ZHLJKW ���� >������ ����@ ����

1RWH� ���� WULDOV� QHVWHG ZLWKLQ �� VXEMHFWV� 6WDQGDUG HUURUV DUH FRUUHFWHG IRU SRWHQWLDO KHW�

HURVFHGDVWLFLW\ DQG DXWRFRUUHODWLRQV DW WKH VXEMHFW OHYHO� $OO S YDOXHV DUH WZR�VLGHG� 2UGHU LQGL�

FDWHV ZKHWKHU SDUWLFLSDQW VWDUWHG ZLWK WKH ZHLJKW �2UGHU  �� RU QR ZHLJKW FRQGLWLRQ �2UGHU  ���
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&KDSWHU �

%H 1LFH LI <RX +DYH WR ×
7KH 1HXURELRORJLFDO 5RRWV RI

6WUDWHJLF )DLUQHVV

$EVWUDFW� 6RFLDO QRUPV� VXFK DV WUHDWLQJ RWKHUV IDLUO\ UHJDUGOHVV RI NLQ UHODWLRQV� DUH
HVVHQWLDO IRU WKH IXQFWLRQLQJ RI KXPDQ VRFLHWLHV� 7KHLU H[LVWHQFH PD\ H[SODLQ ZK\ KX�
PDQV� DPRQJ DOO VSHFLHV� VKRZ XQLTXH SDWWHUQV RI SURVRFLDO EHKDYLRU� 7KH PDLQWHQDQFH
RI VRFLDO QRUPV RIWHQ GHSHQGV RQ H[WHUQDO HQIRUFHPHQW� DV LQ WKH DEVHQFH RI FUHGL�
EOH VDQFWLRQLQJ PHFKDQLVPV SURVRFLDO EHKDYLRU GHWHULRUDWHV TXLFNO\� 7KLV VDQFWLRQ�
GHSHQGHQW SURVRFLDO EHKDYLRU VXJJHVWV WKDW KXPDQV VWUDWHJLFDOO\ DGDSW WKHLU EHKDYLRU
DQG DFW VHOILVKO\ LI SRVVLEOH EXW FRQWURO VHOILVK LPSXOVHV LI QHFHVVDU\� 5HFHQW VWXGLHV
SRLQW DW WKH UROH RI WKH GRUVRODWHUDO SUHIURQWDO FRUWH[ �'/3)&� LQ FRQWUROOLQJ VHOILVK LP�
SXOVHV� :H WHVW ZKHWKHU WKH '/3)& LV LQGHHG LQYROYHG LQ WKH FRQWURO RI VHOILVK LPSXOVHV
DV ZHOO DV WKH VWUDWHJLF DFTXLVLWLRQ RI WKLV FRQWUROPHFKDQLVP� 8VLQJ UHSHWLWLYH WUDQVFUD�
QLDO PDJQHWLF VWLPXODWLRQ� ZH SURYLGH HYLGHQFH IRU WKH FDXVDO UROH RI WKH ULJKW '/3)&
LQ VWUDWHJLF IDLUQHVV� %HFDXVH WKH '/3)& LV SK\ORJHQHWLFDOO\ RQH RI WKH ODWHVW GHYHORSHG
QHRFRUWLFDO UHJLRQV� WKLV FRXOG H[SODLQ ZK\ FRPSOH[ QRUP V\VWHPV H[LVW LQ KXPDQV EXW
QRW LQ RWKHU VRFLDO DQLPDOV�

%DVHG RQ 6DEULQD 6WUDQJ
� -·UJ *URVV
� 7HUHVD 6FKXKPDQQ� $UQR 5LHGO� %HUQG :HEHU� $OH[DQGHU 6DFN �LQ
SUHVV�� 6RFLDO &RJQLWLYH DQG $IIHFWLYH 1HXURVFLHQFH� 
VKDUHG ILUVW DXWKRUVKLS

��
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+XPDQV DPRQJ DOO DQLPDOV DUH XQLTXH LQ WKHLU DELOLW\ WR HVWDEOLVK KLJKO\ FRPSOH[ VRFLDO
QRUP V\VWHPV �6HWKL DQG 6RPDQDWKDQ� ����� 2VWURP� ����� *LQWLV� ����� 7RPDVHOOR DQG
5DNRF]\� ����� )HKU DQG 5RFNHQEDFK� ����� )HKU DQG )LVFKEDFKHU� ������ )DLUQHVV DQG
FRRSHUDWLRQ QRUPV RIWHQ GHPDQG WR UHVWULFW LPPHGLDWH VHOI�LQWHUHVW LQ IDYRU RI EHQHILWV
RI WKH JURXS� WKH VRFLHW\ RU DQRWKHU LQGLYLGXDO LQ QHHG� 7KH ZLGHVSUHDG SUHYDOHQFH RI
VXFK QRUPV LQ KXPDQ VRFLHWLHV LV SX]]OLQJ IURP DQ HYROXWLRQDU\ SHUVSHFWLYH �)HKU DQG
)LVFKEDFKHU� ����� 0HOLV DQG 6HPPDQQ� ������ DV WKH\ DUH LQIRUPDO� RIWHQ YDJXHO\ GH�
ILQHG DQG� DV VXFK� VKRXOG EH HDV\ WR FLUFXPYHQW� (VSHFLDOO\ LQ ODUJH JURXSV ZLWK DQRQ\�
PRXV LQWHUDFWLRQV� IUHH�ULGLQJ VKRXOG GRPLQDWH �%RZOHV DQG *LQWLV� ������ ,QGHHG� H[�
SHULPHQWV KDYH VKRZQ WKDW ZLWKRXW FUHGLEOH SXQLVKPHQW WKUHDWV� IDLU DQG FRRSHUDWLYH
EHKDYLRU� OLNH VKDULQJ ZLWK RWKHUV RU FRQWULEXWLQJ WR D JURXS SURMHFW� FDQ GHWHULRUDWH
TXLFNO\ �)HKU DQG *¥FKWHU� ����� (JDV DQG 5LHGO� ����� *¥FKWHU HW DO�� ����� 5LHGO HW DO��
������ 2Q WKH RWKHU KDQG� WKHUH LV FRQYLQFLQJ HYLGHQFH WKDW IDLU DQG FRRSHUDWLYH EH�
KDYLRU FDQ HPHUJH DQG EH PDLQWDLQHG ZKHQ WKHUH LV WKH WKUHDW WKDW IUHH�ULGLQJ ZLOO EH
VDQFWLRQHG �)HKU DQG *¥FKWHU� ����� )HKU DQG *¥FKWHU� ����� )HKU DQG )LVFKEDFKHU�
����� )HKU HW DO�� ����� (JDV DQG 5LHGO� ����� *¥FKWHU HW DO�� ����� 5LHGO HW DO�� ������
7KLV LQGLFDWHV WKDW KXPDQV DUH VHQVLWLYH WR SXQLVKPHQW WKUHDWV� HQDEOLQJ WKHP WR DFW
VHOILVKO\ ZKHQ WKH\ FDQ DQG WR DFW VWUDWHJLFDOO\ IDLUO\ ZKHQ WKH\ KDYH WR�

7KH QHXURELRORJLFDO EDVLV RI WKLV DELOLW\ WR DGDSW EHKDYLRU VWUDWHJLFDOO\ DQG WKHUHE\
FRQWUROOLQJ LPPHGLDWH VHOILVK LPSXOVHV KDV EHHQ H[SORUHG LQ UHFHQW VWXGLHV� 7KHVH VXJ�
JHVW WKDW DFWLYLW\ LQ WKH ULJKW SUHIURQWDO FRUWH[ LV DVVRFLDWHG ZLWK WKH FRQWURO RI VHOILVK
LPSXOVHV �:RXW HW DO�� ����� .QRFK HW DO�� ����� .QRFK DQG )HKU� ����� .QRFK HW DO��
����� DQG WKH DELOLW\ WR DGDSW EHKDYLRU VWUDWHJLFDOO\ �)HKU HW DO�� ����� 5XII HW DO�� ������
.QRFK HW DO� ������ IRXQG WKDW WKH GLVUXSWLRQ RI WKH ULJKW GRUVRODWHUDO SUHIURQWDO FRUWH[
�'/3)&�� XVLQJ WUDQVFUDQLDO PDJQHWLF VWLPXODWLRQ �706�� OHG SDUWLFLSDQWV WR DFFHSW DQ
RIIHU WKDW \LHOGHG D KLJKHU ILQDQFLDO SD\RII IRU WKHPVHOYHV PXFKPRUH IUHTXHQWO\ WKDQ WR
UHMHFW LW LQ IDYRXU RI D ILQDQFLDOO\ OHVV DWWUDFWLYH EXW IDLU RXWFRPH� $ IXQFWLRQDO PDJQHWLF
UHVRQDQFH LPDJLQJ �I05,� VWXG\ E\ )HKU HW DO� ������ VKRZHG WKDW DFWLQJ IDLUO\ EHFDXVH RI
VWUDWHJLF UHDVRQV LV FRUUHODWHG ZLWK LQFUHDVHG DFWLYLW\ LQ WKH ULJKW '/3)&�0RVW UHFHQWO\�
XVLQJ WUDQVFUDQLDO GLUHFW FXUUHQW VWLPXODWLRQ �W'&6�� 5XII HW DO� ������ GHPRQVWUDWHG WKDW
VXSSUHVVLQJ QHXUDO H[FLWDELOLW\ �ZLWK FDWKRGDO W'&6� RI WKH ULJKW ODWHUDO SUHIURQWDO FRUWH[
�/3)&� OHG WR D ORZHU GHJUHH RI VWUDWHJLF IDLUQHVV� ZKHUHDV HQKDQFLQJ QHXUDO H[FLWDELOLW\
�ZLWK DQRGDO W'&6� RI WKH ULJKW /3)& LQFUHDVHG VWUDWHJLFDOO\ IDLU EHKDYLRU� ,QWHUHVW�
LQJO\� FDWKRGDO W'&6 RYHU ULJKW /3)& DOVR GHFUHDVHG LPPHGLDWH VHOILVK UHVSRQVHV� ZKLOH
HQKDQFLQJ WKH ULJKW /3)& XVLQJ DQRGDO W'&6 OHG WR D KLJKHU GHJUHH RI LPPHGLDWH VHOI�
LVKQHVV�

��
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7KLV UHVXOW SDWWHUQ LV LQWULJXLQJ DQG \HW SX]]OLQJ DW WKH VDPH WLPH� 7KH IDFW WKDW
VXSSUHVVLQJ QHXUDO DFWLYLW\ RI WKH ULJKW /3)& ZLWK FDWKRGDO W'&6 GHFUHDVHV LPPHGLDWH
VHOILVKQHVV LV LQ FRQIOLFW ZLWK DQ HDUOLHU UHVXOW RI .QRFK HW DO� ������ ZKR IRXQG DQ LQ�
FUHDVH RI LPPHGLDWH VHOILVKQHVV ZKHQ GLVUXSWLQJ WKH GRUVDO SDUW RI WKH ULJKW /3)& XVLQJ
UHSHWLWLYH 706 �U706�� +RZHYHU� WKHVH WZR VWXGLHV GLIIHU LQ YDULRXV PHWKRGRORJLFDO DV�
SHFWV� ZKLFK PLJKW DFFRXQW IRU WKLV DSSDUHQW FRQWUDGLFWLRQ� 5XII HW DO� ������ DSSOLHG
D GLIIHUHQW LQWHUYHQWLRQ PHWKRG DQG XVHG D EURDGHU WDUJHW UHJLRQ� 7KH VWUHQJWK RI WKH
VWXG\ E\ 5XII HW DO� ������ FOHDUO\ OLHV LQ WKH GLIIHUHQWLDO HIIHFWV UHYHDOHG RQ VWUDWHJLF IDLU�
QHVV DV ZHOO DV LPPHGLDWH VHOILVKQHVV FRQWUDVWLQJ DQRGDO �HQKDQFLQJ� YV FDWKRGDO �VXS�
SUHVVLQJ� W'&6 RYHU WKH VDPH EUDLQ UHJLRQ� L�H� WKH ULJKW /3)&� 7KLV IRFXV RQ WKH ULJKW
/3)& QDWXUDOO\ QHJOHFWHG WKH SRVVLEOH FRQWULEXWLRQ RI DQG FRPSDULVRQ ZLWK OHIW /3)&�
DV WHVWHG� H�J� LQ .QRFK HW DO� ������� 0RUHRYHU� DOO PHQWLRQHG VWXGLHV XVHG EHWZHHQ�
VXEMHFW H[SHULPHQWDO GHVLJQV� ZKLFK DOORZ LQIHUHQFHV RQ WKH SRSXODWLRQ OHYHO EXW GR QRW
DOORZ LQYHVWLJDWLQJ LQGLYLGXDO GLIIHUHQFHV LQ WKHVH HIIHFWV DFURVV VWLPXODWLRQ FRQGLWLRQV�
+HQFH� DOWKRXJK WKHVH VWXGLHV VWURQJO\ VXJJHVW WKDW WKH ULJKW /3)& LV IXQFWLRQDOO\ UHO�
HYDQW IRU GHFLVLRQV WKDW LQYROYH WUDGH�RIIV EHWZHHQ LPPHGLDWH VHOILVK JRDOV RQ WKH RQH
KDQG DQG IDLU DQG FRRSHUDWLYH EHKDYLRU RQ RWKHU KDQG� LW UHPDLQV QHFHVVDU\ WR IXUWKHU
LQYHVWLJDWH WR ZKDW H[WHQW WKH ULJKW� DQG QRW WKH OHIW� /3)& LV LQYROYHG LQ FRQWUROOLQJ
LPPHGLDWH VHOILVK LPSXOVHV DQG VWUDWHJLFDOO\ IDLU EHKDYLRU� ,Q WKH FXUUHQW VWXG\ ZH XVHG
D ZLWKLQ�VXEMHFW GHVLJQ DSSO\LQJ U706 �RU VKDP� HLWKHU WR WKH ULJKW RU OHIW '/3)& RI
PDOH SDUWLFLSDQWV LQ RUGHU WR WHVW RQ WKH LQGLYLGXDO OHYHO ZKHWKHU WKH ULJKW DQG�RU OHIW
'/3)& DUH FDXVDOO\ OLQNHG WR� ILUVW� WKH FRQWURO RI LPPHGLDWH VHOILVKQHVV DQG� VHFRQG� WKH
VWUDWHJLF DFTXLVLWLRQ RI WKLV FRQWURO PHFKDQLVP ZKHQ WKH WKUHDW RI QRUP HQIRUFHPHQW
GHPDQGV LW� 0RUHRYHU� WR H[SORUH ZKHWKHU D VKLIW LQ EHOLHIV RU SHUFHSWLRQ FRXOG H[SODLQ
WKH UHVXOWV� ZH HOLFLWHG SDUWLFLSDQWVÚ EHOLHIV DERXW QRUP HQIRUFHPHQW DQG SHUFHSWLRQ RI
WKH IDLUQHVV RI EHKDYLRUV ZKLOH XQGHU WKH GLIIHUHQW 706 DQG VKDP FRQGLWLRQV�

��� 0DWHULDOV DQG PHWKRGV

����� 6XEMHFWV

:H VWXGLHG �� PDOH SDUWLFLSDQWV �PHDQ DJH ���� \HDUV� UDQJLQJ EHWZHHQ �� DQG �� \HDUV�
ZLWK QRUPDO RU FRUUHFWHG�WR�QRUPDO YLVLRQ DQG QR KLVWRU\ RI QHXURORJLFDO RU SV\FKLDWULF
GLVRUGHUV� 1RQH RI WKH SDUWLFLSDQWV KDG WDNHQ SDUW LQ D 706 H[SHULPHQW EHIRUH� 7KH\
UHFHLYHG PHGLFDO DSSURYDO IRU SDUWLFLSDWLRQ DQG JDYH ZULWWHQ LQIRUPHG FRQVHQW DIWHU
EHLQJ LQVWUXFWHG DERXW WKH SURFHGXUH� 7KH VWXG\ ZDV DSSURYHG E\ WKH ORFDO 0HGLFDO
(WKLFDO &RPPLVVLRQ�

��
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)LJXUH ���� 7DUJHW DUHD IRU WKH PDJQHWLF EUDLQ VWLPXODWLRQ� (DFK WDUJHW ZDV VHOHFWHG EDVHG RQ WKH

LQGLYLGXDO DQDWRPLFDO LPDJH REWDLQHG LQ D VHSDUDWH 05, PHDVXUHPHQW� 7KH UHG GRWV UHSUHVHQW

WKH WZR WDUJHW SRLQWV LQ 7DODLUDFK VSDFH� [  ±��� \  ±��� ]  ± ���

����� 706�SURFHGXUH

3DUWLFLSDQWV ZHUH WHVWHG LQ IRXU VHVVLRQV VHSDUDWHG E\ DW OHDVW � ZHHN� ,Q WKH ILUVW VHV�
VLRQ D 7��ZHLJKWHG PDJQHWLF UHVRQDQFH LPDJH ZDV DFTXLUHG� 7KH RWKHU WKUHH VHVVLRQV
ZHUH 706 VHVVLRQV� (DFK SDUWLFLSDQW WRRN SDUW LQ HDFK RI WKH WKUHH 706 FRQGLWLRQV
�OHIW '/3)&� ULJKW '/3)& DQG VKDP�� 7KH FRQGLWLRQ RUGHU ZDV FRXQWHUEDODQFHG DFURVV
SDUWLFLSDQWV�

$ VXUIDFH UHFRQVWUXFWLRQ RQ WKH05, LPDJHV ZDV PDGH WR UHFRYHU WKH VSDWLDO VXUIDFH
RI WKH FRUWLFDO VKHHW EDVHG RQ WKH ZKLWH�JUH\ PDWWHU ERXQGDU\ XVLQJ %UDLQ 9R\DJHU
4; ��� �%UDLQ,QQRYDWLRQ� 0DDVWULFKW� 7KH 1HWKHUODQGV�� :H WKHQ LGHQWLILHG WKH ULJKW
DQG OHIW '/3)& EDVHG RQ WKH FRRUGLQDWHV HVWDEOLVKHG E\ $URQVRQ HW DO� ������ DQG .QRFK
HW DO� ������� [  ±��� \  ±��� ]  ±��� UDGLXV  � �)LJXUH ����� 7KH FRRUGLQDWHV� JLYHQ LQ
7DODLUDFK VSDFH� ZHUH WUDQVIRUPHG WR HDFK SDUWLFLSDQWÚV LQGLYLGXDO EUDLQ VSDFH�

%LSKDVLF 706 SXOVHV ZHUH DSSOLHG XVLQJ WKH 0DJ9HQWXUH 5�� VWLPXODWRU �0DJ9HQW�
XUH $�6� )DUXP� 'HQPDUN� DQG D ILJXUH�RI�HLJKW FRLO �0&�%��� LQQHU UDGLXV ��PP� RXWHU
UDGLXV ��PP�� 7KHPD[LPXP RXWSXW RI WKLV FRLO DQG VWLPXODWRU FRPELQDWLRQ LV ��� 7 DQG
��� $�µ6� $W WKH EHJLQQLQJ RI WKH ILUVW 706 VHVVLRQ� LQGLYLGXDO UHVWLQJ PRWRU WKUHVKROGV
�507V� ZHUH GHWHUPLQHG� 7KH PHDQ 507 ZDV ����� �6'  ����� UDQJLQJ IURP �� WR ���
RI PD[LPDO VWLPXODWRU RXWSXW �062�� 6WLPXODWLRQ LQWHQVLW\ ZDV DSSOLHG DW ���� 507�

)RU VKDP VWLPXODWLRQ� D ILJXUH�RI�HLJKW SODFHER FRLO �0&�%3��� ZDV XVHG� 7KLV FRLO
SURGXFHG WKH VDPH DFRXVWLF VWLPXODWLRQ DV WKH DFWLYH FRLO ZKLOH QRW LQGXFLQJ DPDJQHWLF
ILHOG� 7KH FRLO ZDV PDQXDOO\ KHOG WDQJHQWLDOO\ WR WKH VNXOO RYHU WKH ULJKW�OHIW '/3)&
XVLQJ WKH RQOLQH YLVXDOL]DWLRQ IXQFWLRQ RI %UDLQ 9R\DJHU 706 1HXURQDYLJDWLRQ� 3DUWLF�

��
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LSDQWV UHFHLYHG �� PLQ� � +] U706 ���� SXOVHV� RIIOLQH VWLPXODWLRQ RYHU WKH OHIW RU ULJKW
'/3)&� 6KDP VWLPXODWLRQ ZDV DSSOLHG HLWKHU RYHU WKH OHIW '/3)& RU ULJKW '/3)&� EDO�
DQFHG RYHU SDUWLFLSDQWV� 3DUWLFLSDQWV ZHUH WROG EHIRUHKDQG WKDW LQWHQVLW\ RI WKH 706
VWLPXODWLRQ FRXOG YDU\ DFURVV VHVVLRQV� ,Q WKH GHEULHILQJ� ZH DVNHG SDUWLFLSDQWV KRZ WKH
GLIIHUHQW 706 FRQGLWLRQV PLJKW KDYH DIIHFWHG WKHLU EHKDYLRU� 1RQH RI WKH SDUWLFLSDQWV
LQGLFDWHG DQ\ GLUHFWHG K\SRWKHVHV�

����� 7DVN

5HVHPEOLQJ WKH WDVN XVHG LQ )HKU HW DO� ������� WZR GLIIHUHQW JDPHV ZHUH XVHG� D VWDQ�
GDUG 'LFWDWRU *DPH �'*� DQG D 'LFWDWRU *DPH ZLWK SXQLVKPHQW RSWLRQ �'*S�� ,Q ERWK
JDPHV� WZR SOD\HUV� D GLFWDWRU DQG D UHFLSLHQW� LQWHUDFW ZLWK HDFK RWKHU� (DFK SOD\HU UH�
FHLYHV DQ LQLWLDO HQGRZPHQW RI �� PRQHWDU\ XQLWV �08V� � 08  ���� HXUR�� $GGLWLRQDOO\�
WKH GLFWDWRU UHFHLYHV ���08V DQG FDQ GLVWULEXWH WKHVH IUHHO\ EHWZHHQ KLPVHOI DQG WKH
UHFLSLHQW� ,Q '*� WKH UHFLSLHQW LV SDVVLYH DQG WKH JDPH HQGV DIWHU WKH GLFWDWRU KDV PDGH
D GHFLVLRQ� ,Q '*S� WKH UHFLSLHQW FDQ SXQLVK WKH GLFWDWRU DIWHU EHLQJ LQIRUPHG DERXW
WKH GLVWULEXWLRQ� 7R SXQLVK WKH GLFWDWRU� WKH UHFLSLHQW KDV WR VSHQG KLV RZQ 08V� )RU
HYHU\ 08 WKH UHFLSLHQW XVHV IRU SXQLVKPHQW� WKH GLFWDWRUÚV SD\RII LV UHGXFHG E\ � 08V�
7KXV� LQ FDVH WKH GLFWDWRU GRHV QRW WUDQVIHU DQ\08V DQG WKH UHFLSLHQW DSSOLHVPD[LPXP
SXQLVKPHQW E\ VSHQGLQJ KLV �� 08V� ERWK SDUWLFLSDQWV HQG XS ZLWK � 08V�

����� ([SHULPHQWDO SURFHGXUH

'LFWDWRUV DQG UHFLSLHQWV ZHUH LQYLWHG VHSDUDWHO\� )LUVW� �� UHFLSLHQWV ZHUH LQYLWHG WR WKH
%((ODE �%HKDYLRUDO 	 ([SHULPHQWDO (FRQRPLFV ODERUDWRU\� 0DDVWULFKW�� 7KH\ UHFHLYHG
ZULWWHQ LQVWUXFWLRQV DERXW WKH UXOHV RI ERWK JDPHV �'* DQG '*S�� ,Q WKH LQVWUXFWLRQV�
GLFWDWRUV DQG UHFLSLHQWV ZHUH QHXWUDOO\ ODEHOOHG DV SOD\HU $ DQG %� 7RPD[LPL]H WKH QXP�
EHU RI REVHUYDWLRQV SHU UHFLSLHQW� ZH LPSOHPHQWHG WKH VR�FDOOHG VWUDWHJ\ PHWKRG �6HO�
WHQ� ������ 5HFLSLHQWV ZHUH DVNHG KRZ PDQ\ RI WKHLU 08V WKH\ ZRXOG VSHQG IRU SXQLVK�
PHQW IRU HYHU\ SRVVLEOH WUDQVIHU WKH GLFWDWRU FRXOGPDNH� 7KDW LV� ZH JDWKHUHG D SXQLVK�
PHQW UHVSRQVH IRU HDFK SRVVLEOH GLFWDWRU WUDQVIHU� ,PSRUWDQWO\� WKLV PHWKRG GRHV QRW
LPSO\ WKDW SXQLVKPHQW FKRLFHV RI UHFLSLHQWV DUH K\SRWKHWLFDO� 7KH FKRVHQ SXQLVKPHQW
LV UHDO� DV LW KDV UHDO PRQHWDU\ FRQVHTXHQFHV IRU WKH UHFLSLHQW DV ZHOO DV WKH GLFWDWRU�
6SHFLILFDOO\� GHSHQGLQJ RQ KRZPXFK WKH GLFWDWRU ODWHU DFWXDOO\ FKRVH WR WUDQVIHU WR WKH
UHFLSLHQW� WKH FRUUHVSRQGLQJ SXQLVKPHQW GHFLVLRQ ZDV VHOHFWHG DQG ILQDO SD\RIIV ZHUH
FDOFXODWHG DQG SDLG DFFRUGLQJO\ �%UDQGWV DQG &KDUQHVV� ������ $GGLWLRQDOO\ D SKRWR ZDV
WDNHQ RI HYHU\ UHFLSLHQW�

��
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7KH �� SDUWLFLSDQWV LQYLWHG WR WKH 706 VHVVLRQV ZHUH DOORFDWHG WKH UROH RI GLFWDWRUV�
7KH\ UHFHLYHG ZULWWHQ LQVWUXFWLRQV DERXW WKH UXOHV RI ERWK JDPHV �'* DQG '*S� DQG
ZHUH DVNHG WR DQVZHU D VHW RI FRPSUHKHQVLRQ TXHVWLRQV EHIRUH WKH 706 VWLPXODWLRQ� $W
WKH EHJLQQLQJ RI HDFK VHVVLRQ� DIWHU 706 VWLPXODWLRQ� WKH\ VDZ D JURXS SLFWXUH RI WKH
�� UHFLSLHQWV ZKR WKH\ ZRXOG EH SDLUHG ZLWK LQ WKH IROORZLQJ �� URXQGV� 7KLV ZDV GRQH
WR HPSKDVL]H WKDW LQ HDFK URXQG WKH\ LQWHUDFW ZLWK D GLIIHUHQW UHDO SHUVRQ DQG WKDW HDFK
GHFLVLRQ EHDUV UHDO FRQVHTXHQFHV� ,Q KDOI RI WKH URXQGV� SDUWLFLSDQWV ZHUH SDLUHG ZLWK
UHFLSLHQWV ZKR FRXOG SXQLVK �'*S FRQGLWLRQ�� DQG LQ WKH RWKHU KDOI� WKH\ ZHUH SDLUHG
ZLWK UHFLSLHQWV ZKR FRXOG QRW SXQLVK �'* FRQGLWLRQ�� 7KHVH FRQGLWLRQV ZHUH UDQGRP�
L]HG RYHU URXQGV DQG SDUWLFLSDQWV ZHUH LQIRUPHG DERXW WKH FRQGLWLRQ E\ D V\PERO RQ
WKH FRPSXWHU VFUHHQ� +HQFH� LQ WKH '* FRQGLWLRQ� SDUWLFLSDQWV NQHZ WKDW WKH\ ZRXOG
QRW IDFH DQ\ FRQVHTXHQFHV IRU DFWLQJ VHOILVKO\� ZKHUHDV LQ WKH '*S FRQGLWLRQ� SXQLVK�
PHQW E\ WKH UHFLSLHQW FRXOG GHFUHDVH WKHLU SD\RIIV VXEVWDQWLDOO\� ,Q HDFK URXQG� SDUWLFL�
SDQWV ZHUH DVNHG KRZPXFK� LI DQ\� RI WKH ��� 08V WKH\ ZDQWHG WR WUDQVIHU WR WKH RWKHU
SDUWLFLSDQW� 7R DYRLG OHDUQLQJ HIIHFWV� GLFWDWRUV UHFHLYHG QR IHHGEDFN DERXW WKH SXQLVK�
PHQW GHFLVLRQV RI UHFLSLHQWV XQWLO WKH HQG RI WKH H[SHULPHQW� :H RSWHG IRU QRW JLYLQJ
IHHGEDFN EHFDXVH SURYLGLQJ IHHGEDFN ZRXOG KDYH KDG WKH SUREOHPDWLF GRZQVLGH WKDW
SRWHQWLDO 706 HIIHFWV RQ OHDUQLQJ FRXOG QRW KDYH EHHQ GLVHQWDQJOHG IURP WKH HIIHFWV ZH
DUH LQWHUHVWHG LQ� ([SHULHQFHG SXQLVKPHQW RIWHQ KDV D ODUJHU LPSDFW RQ EHKDYLRU WKDQ
LPDJLQHG SXQLVKPHQW� ,Q UHSHDWHG SXEOLF JRRGV JDPH H[SHULPHQWV ZLWK SXQLVKPHQW�
IRU H[DPSOH� ILUVW URXQG FRRSHUDWLRQ �LPDJLQHG SXQLVKPHQW� LV RIWHQ VPDOOHU WKDQ FR�
RSHUDWLRQ LQ ODWHU URXQGV �H[SHULHQFHG SXQLVKPHQW� )HKU DQG *¥FKWHU� ����� )HKU DQG
*¥FKWHU� ����� (JDV DQG 5LHGO� ������ 7KXV� E\ JLYLQJ QR IHHGEDFN ZH DUH OLNHO\ REVHUY�
LQJ D ORZHU ERXQG RI WKH HIIHFW RI �SRWHQWLDO� SXQLVKPHQW RQ GLFWDWRU WUDQVIHUV� 7KLV
PHDQV WKDW WKH LQFHQWLYH IRU DFWLQJ VWUDWHJLFDOO\ IDLUO\ LV RQ WKH ORZHU VLGH DQG� WKHUH�
IRUH� LQKLELWLQJ HIIHFWV RI RXU 706 LQWHUYHQWLRQ DUH OLNHO\ WR EH RQ WKH FRQVHUYDWLYH VLGH
WRR�

7R WHVW ZKHWKHU IDLUQHVV SHUFHSWLRQ RU SXQLVKPHQW EHOLHIV ZHUH V\VWHPDWLFDOO\ DI�
IHFWHG E\ RXU 706 PDQLSXODWLRQ� SDUWLFLSDQWV VDZ ILYH K\SRWKHWLFDO WUDQVIHUV �IURP �
WR �� 08V LQ VWHSV RI ��� IURP D K\SRWKHWLFDO GLFWDWRU DQG ZHUH DVNHG WR PDNH IDLUQHVV
MXGJPHQWV IRU HDFK WUDQVIHU� )XUWKHUPRUH WKH\ ZHUH DVNHG DERXW WKHLU SXQLVKPHQW H[�
SHFWDWLRQ DQG RZQ SXQLVKPHQW H[SHQVHV� ZHUH WKH\ LQ WKH UROH RI WKH UHFLSLHQW�

'HFLVLRQV LQ ERWK JDPHV DQG WKH HOLFLWDWLRQ RI IDLUQHVV SHUFHSWLRQV� SXQLVKPHQW EH�
OLHIV DQG K\SRWKHWLFDO RZQ SXQLVKPHQW H[SHQVHV ZHUH FRPSOHWHG ZLWKLQ �×� PLQXWHV
DIWHU WKH U706 VWLPXODWLRQ� )RU HDFK VHVVLRQ� � RI WKH �� URXQGV ZDV UDQGRPO\ VHOHFWHG
DQGSDLG RXW LQ FDVK� 3DUWLFLSDQWV NQHZDERXW WKLV SURFHGXUH XSIURQW DQGZHUH LQIRUPHG
DERXW WKH VHOHFWHG URXQGV DQG WKH DVVRFLDWHG HDUQLQJV DIWHU WKH ODVW VHVVLRQ�

��
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����� $QDO\VLV

'LFWDWRU WUDQVIHUV DUH FHQVRUHG EHORZ E\ ]HUR� :H WKHUHIRUH ILWWHG UDQGRP�LQWHUFHSW
7RELW UHJUHVVLRQV �*HOPDQ DQG +LOO� ����� WR WKH GDWD XVLQJ 5 DQG -$*6 �VHH /XQQ HW DO��
������ ,Q HDFK UHJUHVVLRQPRGHO� YDULDEOHV� FRGLQJ WKH VHVVLRQ QXPEHU DV ZHOO DV WKH VH�
TXHQFH RI WKH FRQGLWLRQV ZHUH DGGHG WR FRQWURO IRU SRWHQWLDO OHDUQLQJ DQG RUGHU HIIHFWV
�VHH 6XSSRUWLQJ ,QIRUPDWLRQ�� 7R WHVW ZKHWKHU SDUWLFLSDQWV EHKDYH PRUH VHOILVKO\ ZKHQ
706 LV DSSOLHG RYHU WKH ULJKW '/3)& FRPSDUHG ZLWK VKDP DQG 706 RYHU WKH OHIW '/3)&�
WUDQVIHU GHFLVLRQV LQ WKH '* ZLWKRXW SXQLVKPHQW ZHUH UHJUHVVHG RQ GXPP\ SUHGLFWRUV
FRGLQJ WKH WKUHH 706 FRQGLWLRQ �VKDP FRQGLWLRQ DV EDVHOLQH��

7R WHVW WKH FDXVDO LQYROYHPHQW RI WKH ULJKW DQG�RU OHIW '/3)& LQ WKH DELOLW\ WR DFW
VWUDWHJLFDOO\ IDLUO\� ZH ILUVW FODVVLILHG SDUWLFLSDQWV LQWR ÙDGDSWHUVÚ DQG ÙQRQ�DGDSWHUVÚ�
WKRVH ZKR JDYH PRUH LQ WKH '*S GXULQJ VKDP ZHUH FODVVLILHG DV ÙDGDSWHUVÚ DQG WKRVH
ZKR JDYH OHVV RU HTXDO ZHUH FODVVLILHG DV ÙQRQ�DGDSWHUVÚ� )RU HDFK SDUWLFLSDQW WKH WUDQV�
IHU GLIIHUHQFH DFURVV '* DQG '*S DV D PHDVXUH IRU VWUDWHJLF DGDSWLRQ ZDV FDOFXODWHG
DQG UHJUHVVHG RQ GXPP\ SUHGLFWRUV FRGLQJ WKH WKUHH 706 FRQGLWLRQ �VKDP FRQGLWLRQ DV
EDVHOLQH� DQG D GXPP\ YDULDEOH LQGLFDWLQJ ZKHWKHU D GLFWDWRU ZDV D QRQ�DGDSWHU WR WHVW
IRU FKDQJHV LQ VWUDWHJLF IDLUQHVV DFURVV 706 FRQGLWLRQV IRU DGDSWHUV DQG QRQ�DGDSWHUV
VHSDUDWHO\�

��� 5HVXOWV

2Q DYHUDJH� GLFWDWRUV WUDQVIHUUHG UHODWLYHO\ OLWWOH� DOWKRXJK VLJQLILFDQWO\ PRUH WKDQ ]HUR�
WR UHFLSLHQWV LQ WKH '* GXULQJ VKDP �DYHUDJH WUDQVIHU  ���� RQH VDPSOH W�WHVW� W����  
���� S < ����� WZR�VLGHG�� 7UDQVIHU UDWHV DUH VPDOOHU WKDQ REVHUYHG LQ VRPH RWKHU '*
H[SHULPHQWV EXW VLPLODU WR H[SHULPHQWV ZLWK ODUJH VRFLDO GLVWDQFH EHWZHHQ GLFWDWRUV
DQG UHFLSLHQWV �+RIIPDQ HW DO�� ����� &DPHUHU� ������ 7KH ORZ WUDQVIHUV LQ VKDP JLYH
OLWWOH URRP IRU REVHUYLQJ WKH K\SRWKHVL]HG HIIHFW RI LQFUHDVHG VHOILVKQHVV ZKHQ LQKLELW�
LQJ WKH ULJKW RU OHIW '/3)&� 1HYHUWKHOHVV� ZH ILQG WKDW� RQ DYHUDJH� SDUWLFLSDQWV JDYH
VLJQLILFDQWO\ OHVV �DOPRVW ���� � 08V RQ DYHUDJH� WR UHFLSLHQWV ZKHQ 706 ZDV DSSOLHG
WR WKH ULJKW '/3)& FRPSDUHG ZLWK 706 RYHU WKH OHIW '/3)& DQG VKDP� UHVSHFWLYHO\ �VHH
)LJXUH ���� UDQGRP�LQWHUFHSW 7RELW UHJUHVVLRQ� U'/3)& GXPP\� ��� FRQILGHQFH LQWHU�
YDO �&,�  >������ ����@� S < ������ 7KHUH ZDV QR VLJQLILFDQW GLIIHUHQFH LQ WUDQVIHUV EH�
WZHHQ VKDP DQG 706 RYHU WKH OHIW '/3)& �UDQGRP�LQWHUFHSW 7RELW UHJUHVVLRQ� O'/3)&
GXPP\� ��� &,  >����� ���@��

7R WHVW RXU VHFRQG K\SRWKHVLV� ZKHWKHU WKH ULJKW '/3)& LV DOVR FDXVDOO\ LQYROYHG LQ
WKH DELOLW\ WR DFW VWUDWHJLFDOO\ IDLUO\� ZH DQDO\]HG WKH FKDQJH LQ VWUDWHJLF DGDSWLRQ RYHU

��
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TMS condition
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)LJXUH ���� $YHUDJH WUDQVIHUV LQ WKH '* FRQGLWLRQ� 0HDQ WUDQVIHUV WR UHFLSLHQWV ZLWKRXW WKH DELOLW\

WR SXQLVK �'* FRQGLWLRQ� IRU HDFK 706 VHVVLRQ� (UURU EDUV VKRZ WKH ZLWKLQ�VXEMHFW VWDQGDUG

HUURUV RI WKH PHDQ �&RXVLQHDX� ����� 0RUH\� ������

WKH 706 FRQGLWLRQV� 1RW DOO SDUWLFLSDQWV VKRZHG VWUDWHJLF DGDSWLRQ GXULQJ VKDP� )RXU
SDUWLFLSDQWV JDYH FRQVWDQWO\ QRWKLQJ� UHJDUGOHVV RI '* DQG 706 FRQGLWLRQ� 7KHVH SDU�
WLFLSDQWV DOVR UHSRUWHG WKDW WKH\ GLG QRW H[SHFW DQ\ SXQLVKPHQW IURP WKH UHFLSLHQWV IRU
XQIDLU WUDQVIHUV� 2QH SDUWLFLSDQW RIIHUHG YHU\ ORZ DPRXQWV WR WKH UHFLSLHQWV �EHWZHHQ �
DQG �� 08V� DQG GLG QRW FKDQJH RIIHUV DFURVV '* DQG '*S DQG RQH SDUWLFLSDQW DFWXDOO\
JDYHPRUH WR UHFLSLHQWVZLWKRXW SXQLVKPHQW SRZHU �'*� WKDQ WR UHFLSLHQWVZLWK SXQLVK�
PHQW SRZHU �'*S�� +RZHYHU� D PDMRULW\ RI WKH GLFWDWRUV ��� RI ��� DGDSWHG VWUDWHJLFDOO\
GXULQJ VKDP DQG ZHUH FODVVLILHG DV ÙDGDSWHUVÚ� 2Q DYHUDJH� ZLWK VKDP 706� DGDSWHUV
WUDQVIHUUHG �08V LQ '* EXW D ��IROG RI LW ��� 08V� LQ '*S�

)LJXUH ��� VKRZV KRZ WKLV VWUDWHJLF DGDSWLRQ ZDV DIIHFWHG E\ WKH GLVUXSWLRQ RI WKH
ULJKW DQG OHIW '/3)& E\ SORWWLQJ WKH PHDQ WUDQVIHUV RI '*S DQG '* IRU WKH WKUHH 706
FRQGLWLRQV� :KHQ IDFLQJ D UHFLSLHQW ZLWK SXQLVKPHQW DELOLW\� SDUWLFLSDQWV ZKR DGDSWHG
VWUDWHJLFDOO\ GXULQJ VKDP GLG VR VLJQLILFDQWO\ OHVV ZKHQ 706 ZDV XVHG WR GLVUXSW WKH
ULJKW '/3)& FRPSDUHG ZLWK VKDP �UDQGRP�LQWHUFHSW UHJUHVVLRQ� U'/3)& GXPP\� ���
&,  >����� ����@� S < ������ :H REVHUYHG WKH KLJKHVW VWUDWHJLF DGDSWLRQ ZKHQ WKH OHIW
'/3)& ZDV GLVUXSWHG� +RZHYHU� WKH GLIIHUHQFH WR VKDP VWLPXODWLRQ ZDV QRW VLJQLILFDQW
�UDQGRP�LQWHUFHSW UHJUHVVLRQ� O'/3)& GXPP\� ��� &,  >���� ���@��

0RVW UHFLSLHQWV ZHUH ZLOOLQJ WR XVH WKHLU 08V WR SXQLVK XQIDLU EHKDYLRU E\ WKH GLF�
WDWRUV� &RQVHTXHQWO\� E\ JLYLQJ OHVV WR UHFLSLHQWV ZLWK SXQLVKPHQW DELOLW\ GXULQJ 706

��
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)LJXUH ���� 6WUDWHJLF DGDSWLRQ DFURVV 706 FRQGLWLRQV� 0HDQ WUDQVIHUV RI DGDSWHUV LQ '* �EODFN�

DQG '*S �JUH\� DFURVV WKH 706 FRQGLWLRQV� (UURU EDUV VKRZ WKH ZLWKLQ�VXEMHFW VWDQGDUG HUURUV

RI WKH PHDQ �&RXVLQHDX� ����� 0RUH\� ������

RYHU WKH ULJKW '/3)&� GLFWDWRUV HDUQHG ���08V OHVV RQ DYHUDJH LQ HDFK LQWHUDFWLRQ FRP�
SDUHG ZLWK VKDP �UDQGRP�LQWHUFHSW UHJUHVVLRQ� U'/3)& GXPP\� ��� &,  >����� ����@�
S < ������

,Q SULQFLSOH� LW FRXOG EH SRVVLEOH WKDW 706 VWLPXODWLRQ DOWHUV WKH MXGJHPHQW RI KRZ
�XQ�IDLU DQ RIIHU LV DQG�RU WKH EHOLHI DERXW KRZ OLNHO\ LW LV WKDW XQIDLU RIIHUV ZLOO EH SXQ�
LVKHG� 7R WHVW IRU WKLV ZH H[SORUHG ZKHWKHU IDLUQHVV MXGJHPHQWV RU EHOLHIV DERXW SXQ�
LVKPHQW ZHUH GLIIHUHQW DFURVV WKH WKUHH 706 FRQGLWLRQV� $V H[SHFWHG� ZH ILQG WKDW
DGDSWLQJ GLFWDWRUV MXGJH RIIHUV WR EH IDLUHU WKHPRUH LV RIIHUHG WR WKH UHFLSLHQW �UDQGRP�
LQWHUFHSW UHJUHVVLRQ� RIIHU SUHGLFWRU� ��� &,  >����� ����@� S < ������ 7KHVH IDLUQHVV
MXGJHPHQWV GLG QRW VLJQLILFDQWO\ FKDQJH DFURVV WKH 706 FRQGLWLRQV �VHH )LJXUH ����
UDQGRP�LQWHUFHSW UHJUHVVLRQ� RIIHU × OHIW 706� ��� &,  >������ ����@� RIIHU × ULJKW
706� ��� &,  >������ ����@� 5HJDUGLQJ SXQLVKPHQW� GXULQJ VKDP� DGDSWLQJ GLFWDWRUV
H[SHFWHG WKDW XQIDLU RIIHUV ZRXOG EH SXQLVKHG PRUH VHYHUHO\ �VHH )LJXUH ���� UDQGRP�
LQWHUFHSW UHJUHVVLRQ� RIIHU SUHGLFWRU� &,  >������ �����@� S < ������ ,PSRUWDQWO\� WKLV
H[SHFWDWLRQ GLG QRW FKDQJH VLJQLILFDQWO\ DFURVV WKH 706 FRQGLWLRQV �UDQGRP�LQWHUFHSW
UHJUHVVLRQ� RIIHU × ULJKW� &,  >������ ����@� RIIHU × OHIW� &,  >������ ����@��

+HQFH� QHLWKHU IDLUQHVV MXGJHPHQWV QRU H[SHFWHG SXQLVKPHQW RI DGDSWHUV ZHUH VLJ�
QLILFDQWO\ DIIHFWHG E\ WKH 706 FRQGLWLRQV� ,QWHUHVWLQJO\� LQ FRPSDULVRQ ZLWK DGDSWHUV�
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transfer to a hypothetical recipient
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)LJXUH ���� )DLUQHVV MXGJPHQWV� )DLUQHVV MXGJPHQWV RI DGDSWHUV �IURP �  ÙYHU\ XQIDLUÚ WR �  ÙYHU\

IDLUÚ� IRU ORZ �≤��� DQG KLJK �≥��� K\SRWKHWLFDO WUDQVIHUV DIWHU HDFK 706 VHVVLRQ �EODFN� VKDP�

GDUN JUH\� 706 RYHU WKH OHIW '/3)&� OLJKW JUH\� 706 RYHU WKH ULJKW '/3)&�� (UURU EDUV VKRZ WKH

ZLWKLQ�VXEMHFW VWDQGDUG HUURUV RI WKH PHDQ �&RXVLQHDX� ����� 0RUH\� ������

transfer to a hypothetical recipient
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)LJXUH ���� ([SHFWHG SXQLVKPHQW� ([SHFWHG SXQLVKPHQW RI DGDSWHUV �IURP � WR �� SXQLVKPHQW

SRLQWV� IRU ORZ �≤��� DQG KLJK �≥��� K\SRWKHWLFDO WUDQVIHUV DIWHU HDFK 706 VHVVLRQ �EODFN� VKDP�

GDUN JUH\� 706 RYHU WKH OHIW '/3)&� OLJKW JUH\� 706 RYHU WKH ULJKW '/3)&�� (UURU EDUV VKRZ WKH

ZLWKLQ�VXEMHFW VWDQGDUG HUURUV RI WKH PHDQ �&RXVLQHDX� ����� 0RUH\� ������
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)LJXUH ���� 2ZQ LPDJLQHG SXQLVKPHQW� 2ZQ LPDJLQHG SXQLVKPHQW RI DGDSWHUV �IURP � WR ��

SXQLVKPHQW SRLQWV� IRU ORZ �≤��� DQG KLJK �≥��� K\SRWKHWLFDO WUDQVIHUV DIWHU HDFK 706 VHVVLRQ

�EODFN� VKDP� GDUN JUH\� 706 RYHU WKH O'/3)&� OLJKW JUH\� 706 RYHU WKH U'/3)&�� (UURU EDUV VKRZ

WKH ZLWKLQ� VXEMHFW VWDQGDUG HUURUV RI WKH PHDQ �&RXVLQHDX� ����� 0RUH\� ������

QRQ�DGDSWHUV UHSRUWHG GLIIHUHQW IDLUQHVV MXGJHPHQWV DV ZHOO DV SXQLVKPHQW EHOLHIV�
7KH\ VKRZHG D VLJQLILFDQWO\ VPDOOHU LQFUHDVH RI UDWHG IDLUQHVV IRU LQFUHDVLQJ RIIHUV
�UDQGRP�LQWHUFHSW UHJUHVVLRQ� QRQ�DGDSWHU× RIIHU� &,  >������ �����@� S< ������ ZKLFK
GLG QRW FKDQJH VLJQLILFDQWO\ DFURVV 706 FRQGLWLRQV �UDQGRP�LQWHUFHSW UHJUHVVLRQ� QRQ�
DGDSWHU × RIIHU × OHIW� &,  >������ ����@� QRQ�DGDSWHU × RIIHU × ULJKW� &,  >������
����@� &RPSDUHG ZLWK DGDSWHUV� WKH\ DOVR EHOLHYHG WKDW GLFWDWRUV DUH SXQLVKHG VLJQLIL�
FDQWO\ OHVV VHYHUHO\ LQ JHQHUDO �UDQGRP�LQWHUFHSW UHJUHVVLRQ� QRQ�DGDSWHU GXPP\� &,  
>������ �����@� S < ������ 7KXV� IDLUQHVV MXGJHPHQWV RI QRQ�DGDSWHUV ZHUH OHVV VHQVLWLYH
WR FKDQJHV LQ WUDQVIHUV DQG WKH\ JHQHUDOO\ H[SHFWHG OHVV SXQLVKPHQW�

:KHQ GLFWDWRUV ZHUH DVNHG WR LPDJLQH WR EH LQ WKH UROH RI WKH UHFHLYHU FRQIURQWHG
ZLWK XQIDLU WUDQVIHUV E\ D K\SRWKHWLFDO GLFWDWRU� DGDSWHUV UHSRUWHG WKDW WKH\ ZRXOG EH
OHVV ZLOOLQJ WR VSHQG WKHLU 08V IRU SXQLVKPHQW ZKLOH WKH ULJKW '/3)& ZDV GLVUXSWHG
E\ 706� DV FRPSDUHG ZLWK VKDP DQG 706 RYHU WKH OHIW '/3)& �)LJXUH ���� UDQGRP�
LQWHUFHSW 7RELW UHJUHVVLRQ� U'/3)& GXPP\� ��� &,  >����� ����@� S < ������ 1RQ�
DGDSWHUV LQGLFDWHG WKDW WKH\ ZRXOG SXQLVK VLJQLILFDQWO\ OHVV FRPSDUHG ZLWK DGDSWHUV LQ
JHQHUDO �UDQGRP�LQWHUFHSW UHJUHVVLRQ� QRQ�DGDSWHU GXPP\� &,  >������ ����@� S < ������

��
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��� 'LVFXVVLRQ

2XU UHVXOWV UHYHDO WKDW H[SHULPHQWDO SHUWXUEDWLRQ RI WKH ULJKW� EXW QRW WKH OHIW� '/3)&
V\VWHPDWLFDOO\ DOWHUHG� ILUVW� WKH GHJUHH RI SURVRFLDO EHKDYLRU DQG� VHFRQG� WKH DELOLW\
WR DFW VWUDWHJLFDOO\ IDLUO\� 7KH ILUVW UHVXOW LV FRQVLVWHQW ZLWK SUHYLRXV ILQGLQJV E\ .QRFK
HW DO� ������ ZKR VWXGLHG UHVSRQVHV WR IDLU RU VHOILVK EHKDYLRU� :H H[WHQW WKHLU ILQGLQJ
DQG VKRZ WKDW HYHQ ZKHQ VXEMHFWV FDQ DFWLYHO\ GHFLGH WR EHKDYH VHOILVKO\ RU IDLUO\ WKH\
DUH RQ DYHUDJH PRUH VHOILVK ZKHQ WKH U'/3)& LV GLVUXSWHG�

7KH DYHUDJH WUDQVIHUV GXULQJ VKDP LQ WKH '* ZHUH UHODWLYHO\ ORZ FRPSDUHG ZLWK
RWKHU VWXGLHV� %HKDYLRU LQ WKH '* LV NQRZQ WR EH VHQVLWLYH WR IUDPLQJ �/LVW �������
%DUGVOH\� ������ (VSHFLDOO\ VRFLDO GLVWDQFH KDV EHHQ VKRZQ WR LQIOXHQFH WUDQVIHU UDWHV
�+RIIPDQ HW DO�� ����� /HLGHU HW DO�� ������ /HLGHU HW DO� ������ VKRZHG WKDW GLFWDWRUV
JLYH VLJQLILFDQWO\ PRUH WR UHFHLYHUV WKDW DUH VRFLDOO\ FORVH� +RIIPDQ HW DO� ������ XVHG D
GRXEOH�EOLQG SURFHGXUH WKDW PD[LPL]HV VRFLDO GLVWDQFH DQG ILQG WUDQVIHU UDWHV RI �×���
VLPLODU WR WKH UDWHV ZH REVHUYHG LQ WKH '*ZLWK VKDP 706� ,Q RXU H[SHULPHQW� UHFHLYHUV
DQG GLFWDWRUV ZHUH LQYLWHG VHSDUDWHO\ WR WKH H[SHULPHQW� DQG UHFHLYHUV ZHUH� WKXV� QRW
SUHVHQW ZKHQ GLFWDWRUV PDGH WKHLU WUDQVIHU GHFLVLRQV� 7KLV FHUWDLQO\ LQFUHDVHG VRFLDO
GLVWDQFH EHWZHHQ GLFWDWRUV DQG UHFHLYHUV DQG PLJKW H[SODLQ WKH UHODWLYHO\ ORZ WUDQVIHUV
REVHUYHG LQ RXU VWXG\� )XUWKHU� LW KDV EHHQ VKRZQ WKDW ZKHQ SDUWLFLSDQWV KDYH WR H[HUW
HIIRUW WR HDUQ WKHLU HQGRZPHQW� WUDQVIHU UDWHV GHFUHDVH �&KHUU\ HW DO�� ����� 2[RE\ DQG
6SUDJJRQ� ������ ,Q RXU VWXG\� GLFWDWRUV KDG WR FRPH WR WKH ODE IRXU WLPHV �WKUHH WLPHV
PRUH RIWHQ WKDQ WKH UHFHLYHUV� DQG KDG WR XQGHUJR WKH 706 SURFHGXUH WKUHH WLPHV�
7KXV� FRPSDUHG ZLWK WKH UHFHLYHUV� WKH HIIRUW WKH\ LQYHVWHG ZDV PXFK KLJKHU� DQG GLF�
WDWRUV PLJKW KDYH WKRXJKW WKDW WKH\ GHVHUYHG WR NHHS PRUH�

7KH UHODWLYHO\ ORZ RIIHUV RI GLFWDWRUV LQ WKH '* ZLWK VKDP 706 OHIW OLWWOH URRP IRU D
GHFUHDVH RI RIIHUV GXH WR GLVUXSWLRQ RI WKH ULJKW RU OHIW '/3)&� 7KH IDFW WKDW ZH QHYHU�
WKHOHVV ILQG D VLJQLILFDQW GHFUHDVH LQ RIIHUV DIWHU 706 RYHU WKH ULJKW '/3)& LQ FRPSDU�
LVRQ ZLWK VKDP 706 DQG 706 RYHU WKH OHIW '/3)& LV UHDVVXULQJ IRU WKH LQWHUSUHWDWLRQ
WKDW WKH U'/3)& FRQWUROV VHOILVK LPSXOVHV QRW RQO\ ZKHQ UHVSRQGLQJ WR RIIHUV �.QRFK
HW DO�� ����� EXW DOVR ZKHQ DFWLYHO\ PDNLQJ RIIHUV�

'XULQJ VKDP DQG 706 RYHU WKH OHIW '/3)&� PRVW GLFWDWRUV DGDSWHG WKHLU EHKDYLRU
VWUDWHJLFDOO\ E\ WUDQVIHUULQJ PRUH RI WKHLU PRQH\ WR UHFLSLHQWV ZKR ZHUH DEOH WR SXQLVK
WKHP� 6LPLODU WR '* WUDQVIHUV� RXU '*S WUDQVIHUV ZHUH ORZHU WKDQ LQ FRPSDUDEOH VWXG�
LHV �)HKU HW DO�� ����� 5XII HW DO�� ������ DQG VLPLODU UHDVRQV DV GLVFXVVHG DERYH PLJKW SOD\
D UROH� 0RUHRYHU� LQ WKH '*S� SDUWLFLSDQWV GLG QRW UHFHLYH LPPHGLDWH IHHGEDFN DERXW
SXQLVKPHQW DQG� KHQFH� FRXOG QRW H[SHULHQFH EXW RQO\ DQWLFLSDWH SXQLVKPHQW� ,W LV FRQ�
FHLYDEOH WKDW SDUWLFLSDQWV WKRXJKW WKDW SXQLVKPHQW WKUHDWV DUH QRW FUHGLEOH DQGZLWKRXW
IHHGEDFN WKH\ FRXOG QRW XSGDWH WKHLU EHOLHIV� 6RPH SDUWLFLSDQWV LQGHHG UHSRUWHG WKDW

��
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WKH\ GLG QRW H[SHFW DQ\ SXQLVKPHQW IURP WKH UHFLSLHQWV IRU XQIDLU WUDQVIHUV� 7KHVH
SDUWLFLSDQWV PRVWO\ UHVSRQGHG UDWLRQDOO\ WR WKHLU EHOLHIV DQG GLG QRW DGDSW WKHLU EH�
KDYLRU WR WKH SXQLVKPHQW WKUHDW� 7KH PDMRULW\ RI SDUWLFLSDQWV� KRZHYHU� UHSRUWHG WKDW
WKH\ H[SHFWHG WR EH SXQLVKHG IRU XQIDLU RIIHUV DQG DOVR WKDW SXQLVKPHQW ZRXOG LQFUHDVH
ZLWK WKH XQIDLUQHVV RI WKH RIIHU� 7KHVH SDUWLFLSDQWV DOVR DGDSWHG WKHLU EHKDYLRU DFFRUG�
LQJO\ LQ WKH VKDP 706 FRQGLWLRQ� +RZHYHU� ZKHQ GLVUXSWLQJ WKH ULJKW '/3)&� WKH VDPH
GLFWDWRUV QRW RQO\ VKDUHG WKHLU PRQH\ OHVV JHQHURXVO\ ZLWK UHFLSLHQWV EXW DOVR VKRZHG
VLJQLILFDQWO\ OHVV VWUDWHJLF DGDSWLRQ LQ WKHLU XQIDLU EHKDYLRU LQ FDVH D SXQLVKPHQW WKUHDW
ZDV SUHVHQW� 7KXV� SDUWLFLSDQWV ZKR FRQVLVWHQWO\ DGDSWHG WKHLU EHKDYLRU VWUDWHJLFDOO\
GXULQJ VKDP DQG 706 RYHU WKH OHIW '/3)& ZHUH OHVV FDSDEOH RI GRLQJ VR ZKHQ 706 ZDV
DSSOLHG WR WKH ULJKW '/3)&� 2XU VWXG\ WKHUHIRUH SURYLGHV FDXVDO HYLGHQFH IRU WKH IXQF�
WLRQDO UROH RI WKH ULJKW '/3)& QRW RQO\ LQ RYHUULGLQJ LPPHGLDWH VHOILVK LPSXOVHV EXW DOVR
LQ DFWLQJ VWUDWHJLFDOO\ IDLUO\� DQ DELOLW\ SDUDPRXQW IRU REH\LQJ IDLUQHVV QRUPV�

,QWHUHVWLQJO\� DQG LQ FRQWUDVW WR .QRFK HW DO� ������� ZKHUH WKH GLVUXSWLRQ RI WKH ULJKW
'/3)& OHG WR DQ LQFUHDVH LQ HDUQLQJV� WKLV ODFN RI DGDSWLRQ ZDV PDODGDSWLYH EHFDXVH UH�
FLSLHQWV ZHUH ZLOOLQJ WR VSHQG WKHLU PRQH\ WR SXQLVK XQIDLU EHKDYLRU� ZKLFK GHFUHDVHG
WKH SD\RII RI WKH GLFWDWRUV VXEVWDQWLDOO\� +HQFH� E\ GLVUXSWLQJ WKH ULJKW '3/)& SDUWLFL�
SDQWV QRW RQO\ IDLOHG WR FRPSO\ZLWKZLGHO\ VKDUHG IDLUQHVV QRUPV EXW WKHUHE\ DOVR IDLOHG
WR PD[LPL]H WKHLU RZQ SD\RII�

2XU UHVXOWV DOVR LQGLFDWH WKDW WKH IDLOXUH WR DGDSW VWUDWHJLFDOO\ LV QHLWKHU H[SODLQHG
E\ DOWHUHG IDLUQHVV SHUFHSWLRQ QRU E\ FKDQJHV LQ EHOLHIV DERXW UHFLSLHQWVÚ SXQLVKPHQW
EHKDYLRU DV VXJJHVWHG E\ 6DQIH\ HW DO� ������� ,Q OLQH ZLWK SUHYLRXV ILQGLQJV �.QRFK HW DO��
����� 5XII HW DO�� ������ IDLUQHVV MXGJPHQWV ZHUH QRW VLJQLILFDQWO\ DIIHFWHG E\ 706� LQGL�
FDWLQJ WKDW GLVUXSWLQJ WKH ULJKW '/3)& LPSDLUHG WKH FRQWURO RI VHOILVK LPSXOVHV ZLWKRXW
DOWHULQJ IDLUQHVV SHUFHSWLRQ� 7KLV VXJJHVWV WKDW IDLUQHVV SHUFHSWLRQ DQG GHFLVLRQV RQ
FRPSO\LQJ ZLWK D IDLUQHVV QRUP DUH WR VRPH GHJUHH LQGHSHQGHQWO\ UHSUHVHQWHG LQ WKH
EUDLQ� HQDEOLQJ XV WR NQRZZKDW LV ULJKW� EXW GR RWKHUZLVH� 7KHUH LV DOVR QR HYLGHQFH WKDW
EHOLHIV DERXW UHFLSLHQWVÚ SXQLVKPHQW EHKDYLRU ZHUH DIIHFWHG E\ RXU 706 LQWHUYHQWLRQ�
$FURVV DOO WKUHH 706 FRQGLWLRQV� SDUWLFLSDQWV HLWKHU EHOLHYHG WKDW WKHUH ZRXOG EH QR RU
OLWWOH SXQLVKPHQW �QRQ�DGDSWHUV� RU WKDW WKHUH ZRXOG EH SXQLVKPHQW DQG WKDW LW ZRXOG
LQFUHDVH ZLWK WKH XQIDLUQHVV RI RIIHUV �DGDSWHUV�� 7KHVH UHVXOWV LQGLFDWH WKDW SHUWXUED�
WLRQ RI WKH ULJKW '/3)& FDQ DOWHU VWUDWHJLF EHKDYLRU� EXW QRW WKH XQGHUO\LQJ PRWLYH RU
EHOLHI V\VWHP WKDW OHG WR VWUDWHJLF IDLUQHVV LQ WKH ILUVW SODFH� ,PSRUWDQWO\� SDUWLFLSDQWV
XQGHU 706 RI WKH ULJKW '/3)& UHSRUWHG WKDW WKH\ WKHPVHOYHV ZRXOG XVH OHVV PRQH\ IRU
SXQLVKLQJ XQIDLU WUDQVIHUV� 7KDW LV� DOWKRXJK SHUFHLYLQJ VPDOO WUDQVIHUV DV XQIDLU� SDU�
WLFLSDQWV LQ WKH ULJKW '/3)& 706 FRQGLWLRQ LQGLFDWHG QRW WR EH ZLOOLQJ WR VSHQG PRQH\
WR SXQLVK XQIDLU EHKDYLRU RI RWKHUV� &RQVLVWHQW ZLWK WKH UHVXOWV RI .QRFK HW DO� �������
WKLV VXJJHVWV WKDW HYHQ LQ WKH UROH RI WKH UHFLSLHQW� SDUWLFLSDQWV ZRXOG DFW PRUH VHOILVKO\

��
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E\ ZLWKKROGLQJ FRVWO\ SXQLVKPHQW� 7KLV LPSOLHV WKDW OHVV VRFLDO QRUP YLRODWLRQV ZRXOG
EH SXQLVKHG DQG PRUH VHOILVK EHKDYLRU ZRXOG EH WROHUDWHG� SRLQWLQJ WR D SRVVLEOH LQ�
YROYHPHQW RI WKH ULJKW '/3)& QRW RQO\ LQ QRUP FRPSOLDQFH EXW DOVR LQ WKH HQIRUFHPHQW
RI QRUPV WKDW GHPDQG WKH UHVWULFWLRQ RI VHOILVK EHKDYLRU� )XUWKHU UHVHDUFK QHHGV WR EH
FRQGXFWHG WR LQYHVWLJDWH WKH UROH RI WKH '/3)& LQ QRUP HQIRUFHPHQW GLUHFWO\�

$Q LQKHUHQW FKDUDFWHULVWLF RI D ZLWKLQ�VXEMHFW GHVLJQ LV WKDW SDUWLFLSDQWV KDYH WR HQ�
JDJH LQ D WDVN UHSHDWHGO\� 7KLV PD\ OHDG WR PHPRU\ HIIHFWV RU KDELW IRUPDWLRQ� ZKLFK
PD\ LQIOXHQFH EHKDYLRU LQ ODWHU VHVVLRQV� :H FRQWUROOHG IRU WKLV E\ FRXQWHUEDODQFLQJ
WKH RUGHU RI 706 FRQGLWLRQV DQG DOVR FRQWUROOHG IRU LW LQ RXU VWDWLVWLFDO DQDO\VLV� (Y�
LGHQFH WKDW RUGHU HIIHFWV PD\ RQO\ EH RI OLPLWHG LPSRUWDQFH DOVR FRPHV IURP H[SHUL�
PHQWV VKRZLQJ WKDW ZKHQ SDUWLFLSDQWV UHVWDUW DQ H[SHULPHQWDO WDVN� EHKDYLRU LV VLPLODU
WR WKH RQH LQ WKH SUHYLRXV WDVN� 7KLV VR�FDOOHG UHVWDUW HIIHFW ZDV ILUVW REVHUYHG E\ $Q�
GUHRQL ������ DQG KDV EHHQ UHSOLFDWHG QXPHURXV WLPHV �$QGUHRQL DQG &URVRQ� ������
+HQFH� PHPRU\ HIIHFWV RU KDELW IRUPDWLRQ DUH XQOLNHO\ WR FRQIRXQG RXU UHVXOWV�

5XII HW DO� ������ HPSOR\HG WKH VDPH SDUDGLJP �'* DQG '*S� DQG LQYHVWLJDWHG GLI�
IHUHQFHV LQ VWUDWHJLF DGDSWLRQ DFURVV JURXSV RI IHPDOH SDUWLFLSDQWV� ZKLOH GHFUHDVLQJ
DQG LQFUHDVLQJ WKH QHXUDO H[FLWDELOLW\ RI WKH ULJKW /3)& XVLQJ FDWKRGDO DQG DQRGDO W'&6�
8VLQJ D GLIIHUHQW LQWHUYHQWLRQ PHWKRG DQG PDOH SDUWLFLSDQWV� RXU ILQGLQJV DUH PRVWO\ LQ
DJUHHPHQW ZLWK WKHLU UHVXOWV� 7KH\ VKRZ WKDW VWUDWHJLF DGDSWLRQ LV VLJQLILFDQWO\ ORZHU
ZKHQ GHFUHDVLQJ H[FLWDELOLW\ RI WKH ULJKW /3)&� ZKLOH IDLUQHVV MXGJHPHQWV DUH XQDI�
IHFWHG� 7UDQVIHUV LQ WKH '* FRQGLWLRQ ZHUH JHQHUDOO\ KLJKHU LQ WKHLU VDPSOH EXW DGDS�
WLRQ UDWHV ZHUH FRPSDUDEOH LQ VL]H� 5XII HW DO� ������ KDG DQ DGGLWLRQDO QRQ�VRFLDO FRQWURO
FRQGLWLRQ� VKRZLQJ WKDW VWUDWHJLF DGDSWLRQ LV RQO\ DOWHUHG LQ D VRFLDO FRQWH[W� ,Q FRQWUDVW
WR 5XII HW DO� ������ ZKR UHSRUW DQ LQFUHDVH LQ WUDQVIHUV LQ WKH '* ZKHQ GLVUXSWLQJ WKH
ULJKW /3)& ZLWK FDWKRGDO W'&6� ZH ILQG WKDW WUDQVIHUV WR UHFLSLHQWV ZKR FDQQRW SXQLVK
�'* FRQGLWLRQ� VLJQLILFDQWO\ GHFUHDVH ZKHQ GLVUXSWLQJ WKH ULJKW '/3)&� 7KLV ILQGLQJ LV
DOVR LQ OLQH ZLWK SUHYLRXV ILQGLQJV RI LQFUHDVHG VHOILVKQHVV �:RXW HW DO�� ����� .QRFK
HW DO�� ����� )HKU HW DO�� ����� DQG WKH VXEVHTXHQW LQWHUSUHWDWLRQ RI D FDXVDO UROH RI WKH
ULJKW '/3)& LQ FRQWUROOLQJ VHOILVK LPSXOVHV� 2QH SRVVLEOH H[SODQDWLRQ IRU WKH REVHUYHG
GLIIHUHQFHV WR 5XII HW DO� ������ PD\ EH WKDW WKH VSRQWDQHRXV UHDFWLRQ WKDW LV FRQWUROOHG
E\ D VHFRQGDU\ SURFHVV LV LQ IDFW QRW DOZD\V VHOILVK EXW VRPHWLPHV SURVRFLDO WR VRPH
H[WHQW �5DQG HW DO�� ����� 6FKXO] HW DO�� ������ DQG WKDW WKLV LV GLIIHUHQW EHWZHHQ PDOH
�FXUUHQW VWXG\� DQG IHPDOH SDUWLFLSDQWV �5XII HW DO�� ������ )XWXUH UHVHDUFK VSHFLILFDOO\
GHVLJQHG WR H[SORUH WKHVH TXHVWLRQV LV QHHGHG WR LGHQWLI\ WKH H[DFW UROH RI WKH ULJKW
'/3)& LQ YROXQWDU\ JLYLQJ �'*�� $QRWKHU SRVVLEOH H[SODQDWLRQ IRU WKH REVHUYHG GLIIHU�
HQFHV OLHV LQ WKH GLIIHUHQW WHFKQLTXHV XVHG WR VWLPXODWH�VXSSUHVV QHXUDO DFWLYLW\ �706
YV W'&6�� ,Q DGGLWLRQ WR WKH SRVVLEOH GLIIHUHQFHV LQ QHXURSK\VLRORJLFDO HIIHFWV LQGXFHG

��
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E\ ERWK WHFKQLTXHV� WKH\ DOVR GLIIHU LQ VSDWLDO UHVROXWLRQ� WKHUHE\ SRWHQWLDOO\ DIIHFWLQJ
GLIIHUHQW �VXE� UHJLRQV ZLWKLQ WKH /3)& �3ULRUL HW DO�� ������

:KLOH RXU VWXG\ GHPRQVWUDWHG D FUXFLDO LQYROYHPHQW RI WKH ULJKW '/3)& LQ VWUDWHJLF
IDLUQHVV� WKH VSHFLILF LQWHUSOD\ RI WKH ULJKW '/3)& DQG RWKHU EUDLQ DUHDV LV QRW UHVROY�
DEOH ZLWK RXU VWXG\ GHVLJQ� $ UHFHQW VWXG\� FRPELQLQJ I05, ZLWK 706� VXJJHVWV WKDW
WKH '/3)& DQG WKH YHQWURPHGLDO SUHIURQWDO FRUWH[ �903)&� DUH SDUW RI D IURQWDO FRU�
WH[ QHWZRUN� UHVSRQVLEOH IRU RUFKHVWUDWLQJ QRUPDWLYH FKRLFH �%DXPJDUWQHU HW DO�� ������
)URP WKLV SHUVSHFWLYH� DQG LQ OLQH ZLWK RWKHU UHVHDUFK OLQNLQJ WKH 903)& WR WKH FRP�
SXWDWLRQ RI DEVWUDFW YDOXH VLJQDOV JXLGLQJ VLPSOH FKRLFH �VHH H�J� &KLE HW DO�� ����� /HY\
DQG *OLPFKHU� ����� 0F1DPHH HW DO�� ����� *URVV HW DO�� ���� × FKDSWHU ��� RQH SRVVLEOH
LQWHUSUHWDWLRQ LV WKDW WKH 903)& LV FRPSXWLQJ WKH H[SHFWHG YDOXH� LQWHJUDWLQJ VHOILVK
JRDOV ZLWK H[SHFWHG SXQLVKPHQW IRU YLRODWLQJ FRRSHUDWLRQ QRUPV� ZKHUHDV WKH '/3)&
LV OLQNHG WR WKH H[HFXWLRQ RI DFWLRQV EDVHG RQ WKLV YDOXDWLRQ�

7KH FRPSOH[ QRUP V\VWHP ZH REVHUYH LQ KXPDQ VRFLHWLHV� ZKLFK LV QRW SUHVHQW LQ
RWKHU VRFLDO DQLPDOV� PLJKW EH UHODWHG WR WKH IDFW WKDW SK\ORJHQHWLFDOO\ WKH '/3)& LV RQH
RI WKH ODWHVW QHRFRUWLFDO UHJLRQV �)XVWHU� ������ ,Q D VLPLODU YHLQ� WKH '/3)& LV DOVR RQ�
WRJHQHWLFDOO\ RQH RI WKH ODWHVW GHYHORSLQJ EUDLQ UHJLRQV �*RJWD\ HW DO�� ����� 6KDZ HW DO��
������ ZKLFK LQ WKH FRQWH[W RI RXU FXUUHQW ILQGLQJV FRXOG KHOS WR H[SODLQ ZK\ \RXQJ
FKLOGUHQ XS WR WKH DJH RI �×� \HDUV DUH QRW DEOH WR IXOO\ LPSOHPHQW VRFLDO UXOHV OLNH VKDU�
LQJ UHVRXUFHV ZLWK RWKHUV �)HKU HW DO�� ������ 7DNHQ WRJHWKHU� RXU VWXG\ SURYLGHV VWURQJ
HYLGHQFH IRU D GLUHFW QHXURELRORJLFDO EDVLV RI VRFLDO QRUP FRPSOLDQFH� D FRUQHUVWRQH IRU
WKH IXQFWLRQLQJ RI KXPDQ VRFLHW\�

��
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5HIHUHQFHV

$QGUHRQL� -� ������� :K\ IUHH ULGH"� 6WUDWHJLHV DQG OHDUQLQJ LQ SXEOLF JRRGV H[SHULPHQWV�
-RXUQDO RI 3XEOLF (FRQRPLFV� ���������×����

$QGUHRQL� -� DQG &URVRQ� 5� ������� 3DUWQHUV 9HUVXV 6WUDQJHUV × 7KH (IIHFW RI 5DQGRP
5HPDWFKLQJ LQ 3XEOLF *RRGV ([SHULPHQWV� ,Q 3ORWW� &� DQG 6PLWK� 9�� HGLWRUV�+DQGERRN
RI ([SHULPHQWDO (FRQRPLFV 5HVXOWV� 9RO� �� SDJHV ���×���� 1RUWK�+ROODQG� $PVWHUGDP�

$URQVRQ� -� $� -�� 6DQIH\� $� *� $�� 5LOOLQJ� -� .�� 1\VWURP� /� (�� DQG &RKHQ� -� '� �������
7KH QHXUDO EDVLV RI HFRQRPLF GHFLVLRQ�PDNLQJ LQ WKH 8OWLPDWXP *DPH� 6FLHQFH�
��������������×�����

%DUGVOH\� 1� ������� 'LFWDWRU JDPHJLYLQJ� DOWUXLVPRU DUWHIDFW" ([SHULPHQWDO (FRQRPLFV�
���������×����

%DXPJDUWQHU� 7�� .QRFK� '�� +RW]� 3�� (LVHQHJJHU� &�� DQG )HKU� (� ������� 'RUVRODWHUDO DQG
YHQWURPHGLDO SUHIURQWDO FRUWH[ RUFKHVWUDWH QRUPDWLYH FKRLFH� 1DWXUH 1HXURVFLHQFH�
�����������×�����

%RZOHV� 6� DQG *LQWLV� +� ������� 2ULJLQV RI KXPDQ FRRSHUDWLRQ� ,Q +DPPHUVWHLQ� 3��
HGLWRU� *HQHWLF DQG &XOWXUDO (YROXWLRQ RI &RRSHUDWLRQ� 0,7 3UHVV� &DPEULGJH�

%UDQGWV� -� DQG &KDUQHVV� *� ������� 7KH VWUDWHJ\ YHUVXV WKH GLUHFW�UHVSRQVH PHWKRG� D
ILUVW VXUYH\ RI H[SHULPHQWDO FRPSDULVRQV� ([SHULPHQWDO (FRQRPLFV� ���������×����

&DPHUHU� &� )� ������� %HKDYLRUDO *DPH 7KHRU\� 3ULQFHWRQ 8QLYHUVLW\ 3UHVV� 3ULQFHWRQ�

&KHUU\� 7� /�� )U\NEORP� 3�� DQG 6KRJUHQ� -� )� ������� +DUGQRVH WKH 'LFWDWRU� $PHULFDQ
(FRQRPLF 5HYLHZ� ����������×�����

&KLE� 9� 6�� 5DQJHO� $�� 6KLPRMR� 6�� DQG 2Ú'RKHUW\� -� 3� ������� (YLGHQFH IRU D &RP�
PRQ 5HSUHVHQWDWLRQ RI 'HFLVLRQ 9DOXHV IRU 'LVVLPLODU *RRGV LQ +XPDQ 9HQWURPHGLDO
3UHIURQWDO &RUWH[� 7KH -RXUQDO RI 1HXURVFLHQFH� ������������×������

&RXVLQHDX� '� ������� &RQILGHQFH LQWHUYDOV LQ ZLWKLQ�VXEMHFW GHVLJQV� $ VLPSOHU VROXWLRQ
WR /RIWXV DQG 0DVVRQÚV PHWKRG� 7XWRULDOV LQ 4XDQWLWDWLYH 0HWKRGV IRU 3V\FKRORJ\�
�������×���

(JDV� 0� DQG 5LHGO� $� ������� 7KH HFRQRPLFV RI DOWUXLVWLF SXQLVKPHQW DQG WKH PDLQWH�
QDQFH RI FRRSHUDWLRQ� 3URFHHGLQJV RI WKH 1DWLRQDO $FDGHP\ RI 6FLHQFHV � %LRORJLFDO
6FLHQFHV� �������×����

��
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)HKU� (�� %HUQKDUG� +�� DQG 5RFNHQEDFK� %� ������� (JDOLWDULDQLVP LQ \RXQJ FKLOGUHQ�
1DWXUH� ��������×�����

)HKU� (� DQG )LVFKEDFKHU� 8� ������� 6RFLDO QRUPV DQG KXPDQ FRRSHUDWLRQ� 75(1'6 LQ
&RJQLWLYH 6FLHQFHV� ��������×����

)HKU� (� DQG *¥FKWHU� 6� ������� &RRSHUDWLRQ DQG SXQLVKPHQW LQ SXEOLF JRRGV H[SHUL�
PHQWV� 7KH $PHULFDQ (FRQRPLF 5HYLHZ� ���������×����

)HKU� (� DQG *¥FKWHU� 6� ������� $OWUXLVWLF SXQLVKPHQW LQ KXPDQV� 1DWXUH� �������×����

)HKU� (� DQG 5RFNHQEDFK� %� ������� +XPDQ DOWUXLVP� (FRQRPLF� QHXUDO� DQG HYROXWLRQ�
DU\ SHUVSHFWLYHV� &XUUHQW 2SLQLRQ LQ 1HXURELRORJ\� ������×����

)HKU� (�� 6SLW]HU� 0�� )LVFKEDFKHU� 8�� +HUUQEHUJHU� %�� DQG *URQ� *� ������� 7KH QHXUDO
VLJQDWXUH RI VRFLDO QRUP FRPSOLDQFH� 1HXURQ� ������×����

)XVWHU� -� 0� ������� 7KH SUHIURQWDO FRUWH[ × $Q XSGDWH� 1HXURQ� ������×����

*¥FKWHU� 6�� 5HQQHU� (�� DQG 6HIWRQ� 0� ������� 7KH ORQJ�UXQ EHQHILWV RI SXQLVKPHQW�
6FLHQFH� ���������

*HOPDQ� $� DQG +LOO� -� ������� 'DWD DQDO\VLV XVLQJ UHJUHVVLRQ DQG PXOWLOHYHO�KLHUDUFKLFDO
PRGHOV� &DPEULGJH 8QLYHUVLW\ 3UHVV� &DPEULGJH�

*LQWLV� +� ������� 7KH +LWFKKLNHUÚV *XLGH WR DOWUXLVP� *HQH�FXOWXUH FRHYROXWLRQ� DQG
WKH LQWHUQDOL]DWLRQ RI QRUPV� -RXUQDO RI WKHRUHWLFDO ELRORJ\� ����������×����

*RJWD\� 1� 1�� *LHGG� -� 1� -�� /XVN� /� /�� +D\DVKL� .� 0� .�� *UHHQVWHLQ� '� '�� 9DLWX]LV� $�
&� $�� 1XJHQW� 7� )� 7�� +HUPDQ� '� +� '�� &ODVHQ� /� 6� /�� 7RJD� $� :� $�� 5DSRSRUW� -� /� -��
DQG 7KRPSVRQ� 3� 0� 3� ������� '\QDPLF PDSSLQJ RI KXPDQ FRUWLFDO GHYHORSPHQW
GXULQJ FKLOGKRRG WKURXJK HDUO\ DGXOWKRRG� 3URFHHGLQJV RI WKH 1DWLRQDO $FDGHP\ RI
6FLHQFHV� ������������×�����

*URVV� -�� :RHOEHUW� (�� =LPPHUPDQQ� -�� 2NDPRWR�%DUWK� 6�� 5LHGO� $�� DQG *RHEHO� 5�
������� 9DOXH 6LJQDOV LQ WKH 3UHIURQWDO &RUWH[ 3UHGLFW ,QGLYLGXDO 3UHIHUHQFHV DFURVV
5HZDUG &DWHJRULHV� 7KH -RXUQDO RI 1HXURVFLHQFH� �����������×�����

+RIIPDQ� (�� 0F&DEH� .�� DQG 6PLWK� 9� ������� 6RFLDO GLVWDQFH DQG RWKHU�UHJDUGLQJ EH�
KDYLRU LQ GLFWDWRU JDPHV� 7KH $PHULFDQ (FRQRPLF 5HYLHZ� ���������×����

.QRFK� '� DQG )HKU� (� ������� 5HVLVWLQJ WKH 3RZHU RI 7HPSWDWLRQV� $QQDOV RI WKH 1HZ
<RUN $FDGHP\ RI 6FLHQFHV� �����������×����

��
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.QRFK� '�� )HKU� (�� 6FKQHLGHU� )�� 6FKXQN� '�� DQG +RKPDQQ� 0� ������� 'LVUXSWLQJ WKH
SUHIURQWDO FRUWH[ GLPLQLVKHV WKH KXPDQ DELOLW\ WR EXLOG D JRRG UHSXWDWLRQ� 3URFHHG�
LQJV RI WKH 1DWLRQDO $FDGHP\ RI 6FLHQFHV� ���������×������

.QRFK� '�� 3DVFXDO�/HRQH� $�� 0H\HU� .�� 7UH\HU� 9�� DQG )HKU� (� ������� 'LPLQLVKLQJ
UHFLSURFDO IDLUQHVV E\ GLVUXSWLQJ WKH ULJKW SUHIURQWDO FRUWH[� 6FLHQFH� �������×����

/HLGHU� 6�� 0·ELXV� 0� 0�� 5RVHQEODW� 7�� DQG 'R� 4��$� ������� 'LUHFWHG $OWUXLVP
DQG (QIRUFHG 5HFLSURFLW\ LQ 6RFLDO 1HWZRUNV� 7KH 4XDUWHUO\ -RXUQDO RI (FRQRPLFV�
�����������×�����

/HY\� '� -� DQG *OLPFKHU� 3� ������� &RPSDULQJ $SSOHV DQG 2UDQJHV� 8VLQJ 5HZDUG�
6SHFLILF DQG 5HZDUG�*HQHUDO 6XEMHFWLYH 9DOXH 5HSUHVHQWDWLRQ LQ WKH %UDLQ� 7KH -RXU�
QDO RI 1HXURVFLHQFH� ������������×������

/LVW� -� $� ������� 2Q WKH ,QWHUSUHWDWLRQ RI *LYLQJ LQ 'LFWDWRU *DPHV� 7KH -RXUQDO RI
3ROLWLFDO (FRQRP\� ����������×����

/XQQ� '�� 6SLHJHOKDOWHU� '�� 7KRPDV� $�� DQG %HVW� 1� ������� 7KH %8*6 SURMHFW� (YROXWLRQ�
FULWLTXH DQG IXWXUH GLUHFWLRQV� 6WDWLVWLFV LQ PHGLFLQH� �����������×�����

0F1DPHH� '�� 5DQJHO� $�� DQG 2Ú'RKHUW\� -� 3� ������� &DWHJRU\�GHSHQGHQW DQG FDWHJRU\�
LQGHSHQGHQW JRDO�YDOXH FRGHV LQ KXPDQ YHQWURPHGLDO SUHIURQWDO FRUWH[� 1DWXUH 1HX�
URVFLHQFH� ���������×����

0HOLV� $� 3� DQG 6HPPDQQ� '� ������� +RZ LV KXPDQ FRRSHUDWLRQ GLIIHUHQW" 3KLORVRSKLFDO
WUDQVDFWLRQV RI WKH 5R\DO 6RFLHW\� %LRORJLFDO VFLHQFHV� ��������������×�����

0RUH\� 5� '� ������� &RQILGHQFH LQWHUYDOV IURP QRUPDOL]HG GDWD� $ FRUUHFWLRQ WR
&RXVLQHDX ������� 7XWRULDOV LQ 4XDQWLWDWLYH 0HWKRGV IRU 3V\FKRORJ\� �������×���

2VWURP� (� ������� &ROOHFWLYH DFWLRQ DQG WKH HYROXWLRQ RI VRFLDO QRUPV� 7KH -RXUQDO RI
(FRQRPLF 3HUVSHFWLYHV� ���������×����

2[RE\� 5� -� DQG 6SUDJJRQ� -� ������� 0LQH DQG \RXUV� 3URSHUW\ ULJKWV LQ GLFWDWRU JDPHV�
-RXUQDO RI (FRQRPLF %HKDYLRU DQG 2UJDQL]DWLRQ� ���������×����

3ULRUL� $�� +DOOHWW� 0�� DQG 5RWKZHOO� -� &� ������� 5HSHWLWLYH WUDQVFUDQLDO PDJQHWLF VWLP�
XODWLRQ RU WUDQVFUDQLDO GLUHFW FXUUHQW VWLPXODWLRQ" %UDLQ 6WLPXODWLRQ� ��������×����

5DQG� '� *�� *UHHQH� -� '�� DQG 1RZDN� 0� $� ������� 6SRQWDQHRXV JLYLQJ DQG FDOFXODWHG
JUHHG� 1DWXUH� �������������×����

��
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5LHGO� $�� 8OH� $�� 6FKUDP� $�� DQG &DVRQ� 7� ������� ,QGLUHFW SXQLVKPHQW DQG JHQHURVLW\
WRZDUG VWUDQJHUV� 6FLHQFH� ��������×�����

5XII� &� &�� 8JD]LR� *�� DQG )HKU� (� ������� &KDQJLQJ 6RFLDO 1RUP &RPSOLDQFH ZLWK 1RQ�
LQYDVLYH %UDLQ 6WLPXODWLRQ� 6FLHQFH� �������×����

6DQIH\� $� *� $�� 6WDOOHQ� 0�� DQG &KDQJ� /� -� ������� 1RUPV DQG H[SHFWDWLRQV LQ VRFLDO
GHFLVLRQ�PDNLQJ� 75(1'6 LQ &RJQLWLYH 6FLHQFHV� ���������×����

6FKXO]� -� )�� )LVFKEDFKHU� 8�� 7K·QL� &�� DQG 8WLNDO� 9� ������� $IIHFW DQG IDLUQHVV� 'LFWDWRU
JDPHV XQGHU FRJQLWLYH ORDG� -RXUQDO RI (FRQRPLF 3V\FKRORJ\� �����×���

6HWKL� 5� DQG 6RPDQDWKDQ� (� ������� 7KH HYROXWLRQ RI VRFLDO QRUPV LQ FRPPRQ SURSHUW\
UHVRXUFH XVH� 7KH $PHULFDQ (FRQRPLF 5HYLHZ� ���������×����

6KDZ� 3�� .DEDQL� 1� -�� /HUFK� -� 3�� (FNVWUDQG� .�� /HQURRW� 5�� *RJWD\� 1�� *UHHQVWHLQ�
'�� &ODVHQ� /�� (YDQV� $�� 5DSRSRUW� -� /�� *LHGG� -� 1�� DQG :LVH� 6� 3� ������� 1HXURGH�
YHORSPHQWDO WUDMHFWRULHV RI WKH KXPDQ FHUHEUDO FRUWH[� 7KH -RXUQDO RI 1HXURVFLHQFH�
�����������×�����

7RPDVHOOR� 0� DQG 5DNRF]\� +� ������� :KDW PDNHV KXPDQ FRJQLWLRQ XQLTXH" )URP
LQGLYLGXDO WR VKDUHG WR FROOHFWLYH LQWHQWLRQDOLW\� 0LQG 	 /DQJXDJH� ���������×����

:RXW� 0�� .DKQ� 5�� 6DQIH\� $� *� $�� DQG $OHPDQ� $� ������� 5HSHWLWLYH WUDQVFUDQLDO
PDJQHWLF VWLPXODWLRQ RYHU WKH ULJKW GRUVRODWHUDO SUHIURQWDO FRUWH[ DIIHFWV VWUDWHJLF
GHFLVLRQ�PDNLQJ� 1HXUR5HSRUW� �����������×�����

��





6XSSRUWLQJ ,QIRUPDWLRQ

([SHULPHQWDO LQVWUXFWLRQV

1"
"

INSTRUCTIONS"
"

In"the"following"experiment"we"want"to"investigate"how"people"behave"in"an"interactive"situation."In"
addition" to" your" show" up" fee" you" will" earn" money" based" on" the" decisions" you" make" during" the"
experiment." It" is" important" that"you"understand" the"procedure"of" the"experiment."Please" read" the"
following"instructions"carefully"and"do"not"hesitate"to"ask"questions"if"anything"remains"unclear!"

During"the"experiment"you"will"not"earn"Euros"but"money"units"(MU):"
"

"

"

"

"

There"are"20"rounds."In"each"round"you"will"play"with"a"different"participant."So"you"will"never"meet"
the" same"person"again"during" the"experiment."Of" course" you" can" see" that" right" now" there" are"no"
other"people" in" this" room"to" interact"with." Instead"of"bringing"20"different"people" to" the" lab"now,"
they" have" already" taken" part" in" the" experiment" and" have" given" a" hypothetical" response" to" every"
possible" decision" you" can" make" during" this" experiment." Attached" to" the" instruction" you" can" find"
photos" of" all" participants" you" will" interact" with" during" this" experiment." The" payoffs" of" these"
participants" " depend"on" your" decisions," so" they" did" not" receive" any"money" yet," but"will" receive" it"
after"this"experiment."""

"

How$does$one$round$work?$

In"every"round"you"will"interact"with"one"other"participant,"we"call"you"participant"A"and"we"call"the"
person"you"interact"with"participant"B."In"each"round"you"will"interact"with"a"different"participant"B.""

At"the"beginning"of"each"round"you"and"participant"B"each"receive"an"endowment"of"25"MUs.""

You" receive"an"additional"endowment"of"100"MUs."You"can" transfer"as"much"of" these"MUs"as"you"
want"to"participant"B"(from"0"MUs"to"100"MUs"in"steps"of"1"MU).""In"each"round,"you"simply"type"in"
how"many"MU’s"you"want"to"transfer"to"participant"B." "You"can"change"what"you"typed"in"pressing"
“!”"on"the"keyboard."If"you"are"confident"about"your"decision"press"“ENTER”"to"confirm"it"and"the"
next"round"will"begin.""

"

"

"

"

"

100"MUs"="16€"

Thus,"

1"MU"="0,16"€"
"

)LJXUH ��6�� ,QVWUXFWLRQV JLYHQ WR WKH SDUWLFLSDQWV� 3DJH ����
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2"
"

There"are"two"types"of"rounds,"the"5:1"and"the"0:0"rounds."

5:1"rounds:"

" " "

In"the"5:1"rounds,"he"or"she"can"spend"his"or"her"MUs"to"decrease"your"payoff"in"a"ratio"of"5:1."That"
means"that"for"each"MU"participant"B"spends,"5"MU"will"be"subtracted"from"your"final"payoff."Since"
all"player"B’s"have"given"a"hypothetical"response"to"every"possible"decision"you"can"make"during"this"
experiment,"you"can"imagine"that"player"B"observes"your"decision"and"then"makes"his"decision.""

0:0"rounds:"

" " "

In"the"0:0"rounds"participant"B"cannot"spend"any"MU’s"and"therefore"cannot"decrease"your"payoff."
The" round" is" therefore" finished" after" you" have" decided" on" an" allocation" of" the" 100" MUs" and"
participant"B"will"be"informed"about"this"allocation."

After"finishing"all"20"rounds"you"will"be"asked"to"fill"in"a"short"questionnaire.""

"

At$the$end$of$the$experiment:$

At"the"end"of"the"experiment"one"out"of"all"rounds"will"be"selected"randomly"and"you"and"participant"
B"will"be"paid"based"on"this"selected"round"after"the"last"session."

"

$ $

indicates"the"
type"of"the"
next"round"

indicates"the"
type"of"the"
next"round"

)LJXUH ��6� �FRQWLQXHG�� ,QVWUXFWLRQV JLYHQ WR WKH SDUWLFLSDQWV� 3DJH ����

���



6833257,1* ,1)250$7,21

3"
"

Trainings$questions:$

In"order"to"make"sure"that"you"understand"the"procedure"of"this"experiment,"we"would"like"you"to"
answer"the"following"questions:"

1. How" much" endowment" do" you" receive" at" the"
beginning"of"each"round?"

"

"
_______________________________"

2. How"much"endowment"does"participant"B"receive"at"
the"beginning"of"each"round?"
"
"

"
_______________________________"

3. In"the"5:1"rounds,"by"how"many"MUs"can"participant"
B"decrease"your"payoff"using"one"of"his"or"her"MUs?"
"

"
_______________________________"

4. In"the"0:0"rounds,"by"how"many"MUs"can"participant"
B"decrease"your"payoff"using"one"of"his"or"her"MUs?"
"

"
_______________________________"

5. Does"the"following"picture"indicate"a"round"in"which"
participant"B"can"decrease"your"payoff?"
"

"
"

"
_______________________________"

6. Does"the"following"picture"indicate"a"round"in"which"
participant"B"can"decrease"your"payoff?"

"""""""""

"""""""""""""" "
"

"
_______________________________"
"

7. Has"participant"B"received"any"payoff"yet?"
"

8. How"many"Euros"are"100"MUs?"
"

9. How" many" MUs" can" you" maximally" transfer" to"
Player"B?"

"
10. How"many"MUs"can"you"minimally"transfer"to"Player"

B?"
"

11. With" how" many" other" people" will" you" interact"
throughout"5"rounds"in"this"experiment?"

_______________________________"
"
_______________________________"
"
"
_______________________________"
"
"
______________________________"
"
"
______________________________"

" "
$ $

)LJXUH ��6� �FRQWLQXHG�� ,QVWUXFWLRQV JLYHQ WR WKH SDUWLFLSDQWV� 3DJH ����

���



&+$37(5 �� 1(85$/ %$6,6 2) 675$7(*,& )$,51(66

4"
"

Trainingstrial:$

$

$

" " "

The"following"two"questions"are"related"to"the"offer"you"have"made."

"

How"many"MUs"would"you"earn"additionally"to"your"25"MUs"endowment?""""""""""" _________"

How"many"MUs"would"Player"B"earn"additionally"to"his/her"25"MUs"endowment?" _________"

"

"

"

"

"

"

"

The"following"five"questions"are"related"to"the"offer"you"have"made."

"

How"many"MUs"would"you"earn"if"Player"B"would"use"25"MUs"to"decrease"your"payoff?""""""

"_________"

How"many"MUs"would"Player"B"earn"if"he/she"would"use"25"MUs"to"decrease"your"payoff?"

_________"

How"many"MUs"would"you"earn"if"Player"B"would"use"0"MUs"to"decrease"your"payoff?"

"_________"

How"many"MUs"would"Player"B"earn"if"he/she"would"use"0"MUs"to"decrease"your"payoff?"

"_________"

0:0"

your"offer"

____"

5:1"

your"offer"

____"

Please"indicate"a"hypothetical"offer"

Please"indicate"a"hypothetical"offer"

)LJXUH ��6� �FRQWLQXHG�� ,QVWUXFWLRQV JLYHQ WR WKH SDUWLFLSDQWV� 3DJH ����
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5HJUHVVLRQ PRGHOV

)LUVW 0RGHO� EHKDYLRU LQ WKH 'LFWDWRU *DPH �'*�

7R WHVW �L� ZKHWKHU SDUWLFLSDQWV DFW PRUH VHOILVKO\ ZKHQ 706 LV DSSOLHG RYHU WKH ULJKW
'/3)& FRPSDUHG WR VKDP DQG 706 RYHU WKH OHIW '/3)&� WUDQVIHU GHFLVLRQV RI WKH GLF�
WDWRU JDPH ZLWKRXW SXQLVKPHQW �'*� ZHUH UHJUHVVHG RQ D GXPP\ SUHGLFWRU FRGLQJ WKH
WKUHH 706 FRQGLWLRQV �VKDP FRQGLWLRQ DV EDVHOLQH�� :H FRQWUROOHG IRU WKH RUGHU LQZKLFK
SDUWLFLSDQWV H[SHULHQFHG WKH WKUHH 706 FRQGLWLRQV LQ WZR ZD\V� )RU HDFK REVHUYDWLRQ
D VHVVLRQ YDULDEOH FRGLQJ IRU WKH VHVVLRQ QXPEHU ZDV LQWURGXFHG� DV ZHOO DV D GXPP\
YDULDEOH FRGLQJ IRU WKH FRQGLWLRQ RUGHU �H�J� VKDP�OHIW�ULJKW��

$ VXEVWDQWLDO IUDFWLRQ RI WKH GLFWDWRU WUDQVIHUV ZDV ]HUR� :H WKHUHIRUH WUHDWHG WKH
GDWD DV OHIW FHQVRUHG DQG ILWWHG D %D\HVLDQ UDQGRP�LQWHUFHSW 7RELW UHJUHVVLRQ PRGHO
WR WKH GDWD XVLQJ 5 DQG -$*6� 1RQ�LQIRUPDWLYH *DXVVLDQ SULRUV �P  �� 6'  ���� ZHUH
XVHG IRU HDFK SUHGLFWRU DQG QRQ�LQIRUPDWLYH XQLIRUP GLVWULEXWLRQV �UDQJH � WR ���� IRU
WKH OHYHO�� DQG OHYHO�� HUURU WHUP� )RU WKH ILWWLQJ ZH XVHG WKUHH FKDLQV� R̂ ZDV EHORZ
��� IRU DOO SDUDPHWHUV� LQGLFDWLQJ JRRG PL[LQJ RI WKH WKUHH FKDLQV DQG WKXV KLJK FRQYHU�
JHQFH �%URRNV DQG *HOPDQ� ������ 7DEOH ��6� VKRZV HVWLPDWHG EHWD FRHIILFLHQWV WRJHWKHU
ZLWK WKH ��� KLJKHVW GHQVLW\ LQWHUYDO �+',� DOVR FDOOHG %D\HVLDQ FRQILGHQFH LQWHUYDO� IRU
HDFK SUHGLFWRU� 1RWH WKDW� VLQFH QRQ�LQIRUPDWLYH SULRUV ZHUH XVHG� D ��� +', WKDW RQO\
FRQWDLQV QHJDWLYH RU SRVLWLYH YDOXHV FDQ EH LQWHUSUHWHG DV VLJQLILFDQW DW D S  ���� WZR�
VLGHG WKUHVKROG LQ D IUHTXHQWLVW IUDPHZRUN� +RZHYHU� VLQFH WKH SUHGLFWRUV DUH WUHDWHG
DV UDQGRP YDULDEOHV LQ WKH %D\HVLDQ IUDPHZRUN� WKH +', FDQ IXUWKHU EH LQWHUSUHWHG DV
WKH SUREDELOLW\ GLVWULEXWLRQ RI WKLV SDUDPHWHU DQG WKH HVWLPDWH DV WKH SRLQW ZLWK WKH
KLJKHVW OLNHOLKRRG�

3DUWLFLSDQWV JDYH VLJQLILFDQWO\ OHVV ZKHQ WKH ULJKW '/3)& ZDV GLVUXSWHG E\ 706
FRPSDUHG WR VKDP �706 ULJKW FRHIILFLHQW� VHH 7DEOH ��6��� :KHQ WKH OHIW '/3)& ZDV
GLVUXSWHG� ZH GLG QRW ILQG HYLGHQFH IRU D VLJQLILFDQW FKDQJH LQ WUDQVIHU UDWHV FRPSDUHG
WR VKDP �706 OHIW FRHIILFLHQW� VHH 7DEOH ��6��� ([DPLQLQJ WKH SRVWHULRU GLVWULEXWLRQV
RI WKH 706 OHIW DQG 706 ULJKW SDUDPHWHU UHYHDOHG DQ HVWLPDWHG GLIIHUHQFH RI ���� ZLWK
D ��� +', UDQJLQJ IURP ����� WR ����� 7KXV� SDUWLFLSDQWV QRW RQO\ JDYH VLJQLILFDQWO\
OHVV WR UHFLSLHQWV XQGHU ULJKW 706 FRPSDUHG WR VKDP EXW DOVR FRPSDUHG WR OHIW 706�
)LJXUH ��6� VKRZV UHVLGXDO GLDJQRVWLF SORWV IRU WKH ILWWHG PRGHO DQG D SRVWHULRU SUH�
GLFWLYH FKHFN FRPSDULQJ WKH DFWXDO REVHUYHG WUDQVIHU IUHTXHQFLHV DQG WKH IUHTXHQFLHV
H[SHFWHG E\ WKH ILWWHG PRGHO EDVHG RQ ������ VLPXODWLRQV �*HOPDQ� 0HQJ DQG 6WHUQ�
������ $V FDQ EH VHHQ LQ )LJXUH ��6�D� WUDQVIHUV DERYH �� 08V ZHUH VOLJKWO\ RYHUHVWL�
PDWHG E\ WKH PRGHO�
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7DEOH ��6�
&RHIILFLHQWV DQG ��� LQWHUYDO IRU WKH %D\HVLDQ UDQGRP�LQWHUFHSW 7RELW UHJUHVVLRQ PRGHO WHVWLQJ

K\SRWKHVLV �L��

&RHI� ��� &,

)L[HG SDUW

LQWHUFHSW 6KDP 706 ������ >�������� �����@

706 OHIW '/3)& ����� >������ ����@

706 ULJKW '/3)& ����� >������� �����@

RUGHU VHVVLRQ ���� >����� ����@

RUGHU OHIW�ULJKW�VKDP �Q  �� ����� >������� ������@

RUGHU OHIW�VKDP�ULJKW �Q  �� ������ >�������� �����@

RUGHU ULJKW�OHIW�VKDP �Q  �� ����� >������� �����@

RUGHU ULJKW�VKDP�OHIW �Q  �� ������ >�������� �����@

RUGHU VKDP�OHIW�ULJKW �Q  �� ������ >�������� �����@

RUGHU VKDP�ULJKW�OHIW �Q  �� ����� >������� ������@

5DQGRP SDUW

HUURU WHUP LQWHUFHSW ����� >������ �����@

HUURU WHUP \ ����� >������ �����@

1RWH� 'HSHQGHQW YDULDEOH� 7UDQVIHU GHFLVLRQV LQ WKH GLFWDWRU JDPH ZLWKRXW SXQLVKPHQW �'*��
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transfer range

# 
of

 tr
an

sf
er

 o
bs

er
va

tio
ns

0

50

100

150

0−5 6−10 11−15 16−20 21−25

A

−40

−20

0

20

40

Sham left DLPFC right DLPFC

● ● ●

TMS condition

pr
ed

ic
te

d 
m

in
us

 o
bs

er
ve

d

B

transfer range

# 
of

 tr
an

sf
er

 o
bs

er
va

tio
ns

0

100

200

300

400

< 10 10−20 20−30 30−40 > 40

A

−40

−20

0

20

40

Sham left DLPFC right DLPFC

● ● ●

TMS condition

pr
ed

ic
te

d 
m

in
us

 o
bs

er
ve

d

B

transfer range

# 
of

 tr
an

sf
er

 o
bs

er
va

tio
ns

0

5

10

15

20

0 1−20 above 20

A

−40

−20

0

20

40

Sham left DLPFC right DLPFC

● ● ●

TMS condition

pr
ed

ic
te

d 
m

in
us

 o
bs

er
ve

d

B

transfer range

# 
of

 tr
an

sf
er

 o
bs

er
va

tio
ns

0

100

200

300

400

500

600

700

< 10 10−20 20−30 30−40 > 40

A

−40

−20

0

20

40

Sham left DLPFC right DLPFC

● ● ●

TMS condition

pr
ed

ic
te

d 
m

in
us

 o
bs

er
ve

d

B

transfer range

# 
of

 tr
an

sf
er

 o
bs

er
va

tio
ns

0

10

20

30

40

50

1 2 3 4 5 6 7

A

−5

0

5

Sham left DLPFC right DLPFC

● ● ●

TMS condition

pr
ed

ic
te

d 
m

in
us

 o
bs

er
ve

d

B

transfer range

# 
of

 tr
an

sf
er

 o
bs

er
va

tio
ns

0

50

100

150

200

0−5 6−10 11−15 16−20 21−25

A

−40

−20

0

20

40

Sham left DLPFC right DLPFC

● ● ●

TMS condition

pr
ed

ic
te

d 
m

in
us

 o
bs

er
ve

d

Bba ba ba baba ba

)LJXUH ��6�� 3RVWHULRU SUHGLFWLYH FKHFN DQG UHVLGXDO SORWV RI WKH ILWWHGPRGHO� �D� 3RVWHULRU SUHGLF�

WLYH VLPXODWLRQ RI WUDQVIHU IUHTXHQFLHV �±� 6'� JUH\ EDUV� FRPSDUHG WR DFWXDO REVHUYHG IUHTXHQ�

FLHV �EODFN EDUV� DQG �E� UHVLGXDO GLVWULEXWLRQV VHSDUDWHG E\ 706 FRQGLWLRQ� :KLWH SRLQW VKRZV

WKH PHGLDQ�

6HFRQG 0RGHO� VWUDWHJLF DGDSWLRQ DFURVV 'LFWDWRU *DPHV ZLWK �'*S�
DQG ZLWKRXW SXQLVKPHQW �'*�

7R WHVW K\SRWKHVLV �LL�� ZKHWKHU SDUWLFLSDQWV VKRZ OHVV VWUDWHJLF IDLUQHVV ZKHQ 706 LV
DSSOLHG RYHU WKH ULJKW '/3)& FRPSDUHG WR VKDP DQG 706 RYHU WKH OHIW '/3)& ZH ILUVW
ORRNHG DW WKH EHKDYLRU RI HDFK GLFWDWRU GXULQJ VKDP 706 DQG FODVVLILHG SDUWLFLSDQWV
LQWR ÙDGDSWHUVÚ DQG ÙQRQ�DGDSWHUVÚ� 7KRVH ZKR JDYH PRUH WR UHFLSLHQWV ZLWK SXQLVK�
PHQW RSSRUWXQLW\ RYHU WKH �� GLFWDWRU JDPH URXQGV GXULQJ VKDP ZHUH FODVVLILHG DV
ÙDGDSWHUVÚ DQG WKRVH ZKR JDYH OHVV RU HTXDO WR UHFLSLHQWV ZLWK SXQLVKPHQW RSSRUWXQLW\
ZHUH FODVVLILHG DV ÙQRQ�DGDSWHUVÚ� )RU HDFK SDUWLFLSDQW ZH FDOFXODWHG WKH WUDQVIHU GLI�
IHUHQFH DFURVV '* DQG '*S DV D PHDVXUH IRU VWUDWHJLF DGDSWLRQ DQG UHJUHVVHG LW RQ WKH
GXPP\ SUHGLFWRU FRGLQJ WKH WKUHH 706 FRQGLWLRQV �VKDP FRQGLWLRQ DV EDVHOLQH� DV ZHOO
DV WKH QRQ�DGDSWLRQ�GXPP\ SUHGLFWRU� ZKLFK WDNHV YDOXH � IRU SDUWLFLSDQW FODVVLILHG DV
QRQ�DGDSWHU DQG � RWKHUZLVH� /LNH LQ WKH ILUVW PRGHO ZH FRQWUROOHG IRU WKH RUGHU RI WKH
706 WUHDWPHQWV�

$ UDQGRP LQWHUFHSW UHJUHVVLRQ ZDV ILWWHG WR WKH GDWD XVLQJ 5 DQG -$*6� 1RQ�
LQIRUPDWLYH *DXVVLDQ SULRUV �P  �� 6'  ���� ZHUH XVHG IRU HDFK SUHGLFWRU DQG QRQ�
LQIRUPDWLYH XQLIRUP GLVWULEXWLRQV �UDQJH � WR ���� IRU WKH OHYHO�� DQG OHYHO�� HUURU WHUP�
)RU WKH ILWWLQJ ZH XVHG WKUHH FKDLQV� R̂ ZDV EHORZ ��� IRU DOO SDUDPHWHUV� LQGLFDWLQJ

���
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JRRG PL[LQJ RI WKH FKDLQV DQG WKXV KLJK FRQYHUJHQFH �%URRNV DQG *HOPDQ� ������ 7D�
EOH ��6� VKRZV HVWLPDWHG EHWD FRHIILFLHQWV WRJHWKHU ZLWK WKH ��� FRQILGHQFH LQWHUYDO
IRU HDFK SUHGLFWRU� 1RWH WKDW SUHGLFWRU FRHIILFLHQWV WKDW DUH QRW LQWHUDFWLRQV ZLWK WKH
QRQ�DGDSWHU GXPP\ �IL[HG SDUW� DGDSWHUV� VHH 7DEOH ��6�� FDQ EH LQWHUSUHWHG DV WKH
EHKDYLRU RI DGDSWHUV� ZKLOH WKH SUHGLFWRU FRHIILFLHQWV WKDW GR LQWHUDFW ZLWK WKH QRQ�
DGDSWHU GXPP\ �IL[HG SDUW� QRQ�DGDSWHUV� VHH 7DEOH ��6�� LV WKH FKDQJH LQ EHKDYLRU RI
QRQ�DGDSWHUV FRPSDUHG WR DGDSWHUV�

3DUWLFLSDQWVZKR DGDSWHG GXULQJ VKDPGLG VR VLJQLILFDQWO\ OHVVZKHQ WKH ULJKW'/3)&
ZDV GLVUXSWHG �706 ULJKW� VHH 7DEOH ��6��� :H GLG QRW REVHUYH D VLJQLILFDQW FKDQJH LQ
VWUDWHJLF DGDSWLRQ RI DGDSWHUV GXULQJ WKH GLVUXSWLRQ RI WKH OHIW '/3)& �706 OHIW� VHH
7DEOH ��6��� ([DPLQLQJ WKH SRVWHULRU GLVWULEXWLRQV RI WKH 706 OHIW DQG 706 ULJKW SD�
UDPHWHU UHYHDOHG DQ HVWLPDWHG GLIIHUHQFH RI ����� ZLWK D ��� +', UDQJLQJ IURP �����
WR ������ 7KXV� SDUWLFLSDQWV ZKR DGDSWHG VWUDWHJLFDOO\ GXULQJ VKDP GLG VR VLJQLILFDQWO\
OHVV GXULQJ 706 RYHU WKH ULJKW '/3)& FRPSDUHG WR 706 RYHU WKH OHIW '/3)&�

)LJXUH ��6� VKRZV UHVLGXDO GLDJQRVWLF SORWV IRU WKH ILWWHG PRGHO DQG D SRVWHULRU SUH�
GLFWLYH FKHFN FRPSDULQJ WKH DFWXDO REVHUYHG WUDQVIHU FKDQJH IUHTXHQFLHV DQG WKH IUH�
TXHQFLHV H[SHFWHG E\ WKH ILWWHG PRGHO EDVHG RQ ������ VLPXODWLRQV �*HOPDQ� 0HQJ DQG
6WHUQ� ������ $V FDQ EH VHHQ LQ )LJXUH ��6�D� WKHUH LV QR V\VWHPDWLF RYHU� RU XQGHUHVWL�
PDWLRQ RI WUDQVIHU FKDQJH IUHTXHQFLHV E\ WKH PRGHO�

7KLUG 0RGHO� WUDQVIHU FKDQJH DFURVV 'LFWDWRU *DPHV ZLWK �'*S� DQG
ZLWKRXW SXQLVKPHQW �'*�

:H DOVR ILWWHG D PRGHO RQ WKH LQGLYLGXDO WULDO OHYHO E\ XVLQJ WKH WUDQVIHUV LQ HDFK URXQG
DQG UHJUHVVHG LW RQ DOO 706 FRQGLWLRQ× SXQLVKPHQW FRQGLWLRQ× QRQ�DGDSWLRQ LQWHUDF�
WLRQ WHUPV� :H FRQWUROOHG IRU WKH RUGHU RI WKH 706 WUHDWPHQWV DQG WUHDWHG WKH GDWD DV
OHIW FHQVRUHG� ,Q WKLV PRGHO� D FKDQJH LQ VWUDWHJLF DGDSWLRQ �706 FRQGLWLRQ × SXQLVK�
PHQW FRQGLWLRQ SUHGLFWRU� GXH WR 706 FDQ EH DQDO\]HG ZKLOH FRQWUROOLQJ IRU D SRVVLEOH
FKDQJH LQ VHOILVKQHVV LQ WKH '* GXH WR 706 �706 FRQGLWLRQ SUHGLFWRU��

1RQ�LQIRUPDWLYH *DXVVLDQ SULRUV �P  �� 6'  ���� ZHUH XVHG IRU HDFK SUHGLFWRU DQG
QRQ�LQIRUPDWLYH XQLIRUP GLVWULEXWLRQV �UDQJH � WR ���� IRU WKH OHYHO�� DQG OHYHO�� HUURU
WHUP� )RU WKH ILWWLQJ ZH XVHG WKUHH FKDLQV� R̂ZDV EHORZ ��� IRU DOO SDUDPHWHUV� LQGLFDWLQJ
JRRG PL[LQJ RI WKH WKUHH FKDLQV DQG WKXV KLJK FRQYHUJHQFH �%URRNV DQG *HOPDQ� ������
7DEOH ��6� VKRZV HVWLPDWHG EHWD FRHIILFLHQWV WRJHWKHU ZLWK WKH ��� FRQILGHQFH LQWHUYDO
IRU HDFK SUHGLFWRU� 1RWH WKDW SUHGLFWRU FRHIILFLHQWV WKDW DUH QRW LQWHUDFWLRQV ZLWK WKH
QRQ�DGDSWHU GXPP\ �IL[HG SDUW� DGDSWHUV� VHH 7DEOH ��6�� FDQ EH LQWHUSUHWHG DV WKH
EHKDYLRU RI DGDSWHUV� ZKLOH WKH SUHGLFWRU FRHIILFLHQWV WKDW GR LQWHUDFW ZLWK WKH QRQ�

���
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7DEOH ��6�
&RHIILFLHQWV DQG ��� LQWHUYDO IRU WKH %D\HVLDQ UDQGRP�LQWHUFHSW 3RLVVRQ UHJUHVVLRQ PRGHO

WHVWLQJ K\SRWKHVLV �LL��

&RHI� ��� &,

)L[HG SDUW �DGDSWHUV�

LQWHUFHSW 6KDP 706� QR SXQLVKPHQW� DGDSWHUV ����� >������� ������@

706 OHIW '/3)& ���� >������ ����@

706 ULJKW '/3)& ����� >������ �����@

)L[HG SDUW �QRQ�DGDSWHUV�

1$ QRQ�DGDSWHUV ������ >������� �����@

1$× 706 QRQ�DGDSWHUV� OHIW '/3)& ���� >������ ����@

1$× 706 QRQ�DGDSWHUV� ULJKW '/3)& ����� >������ �����@

RUGHU VHVVLRQ ���� >������ ����@

RUGHU OHIW�ULJKW�VKDP �Q  �� ���� >������� �����@

RUGHU OHIW�VKDP�ULJKW �Q  �� ������ >������� �����@

RUGHU ULJKW�OHIW�VKDP �Q  �� ���� >������� �����@

RUGHU ULJKW�VKDP�OHIW �Q  �� ���� >������� �����@

RUGHU VKDP�OHIW�ULJKW �Q  �� ���� >������� �����@

RUGHU VKDP�ULJKW�OHIW �Q  �� ����� >������� �����@

5DQGRP SDUW

HUURU WHUP LQWHUFHSW ����� >����� �����@

HUURU WHUP \ ����� >������ �����@

1RWH� 'HSHQGHQW YDULDEOH� 7UDQVIHU GLIIHUHQFH�

���
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transfer range

# 
of

 tr
an

sf
er

 o
bs

er
va

tio
ns

0

50

100

150

0−5 6−10 11−15 16−20 21−25

A

−40

−20

0

20

40

Sham left DLPFC right DLPFC

● ● ●

TMS condition

pr
ed

ic
te

d 
m

in
us

 o
bs

er
ve

d

B

transfer range

# 
of

 tr
an

sf
er

 o
bs

er
va

tio
ns

0

100

200

300

400

< 10 10−20 20−30 30−40 > 40

A

−40

−20

0

20

40

Sham left DLPFC right DLPFC

● ● ●

TMS condition

pr
ed

ic
te

d 
m

in
us

 o
bs

er
ve

d

B

transfer range

# 
of

 tr
an

sf
er

 o
bs

er
va

tio
ns

0

5

10

15

20

0 1−20 above 20

A

−40

−20

0

20

40

Sham left DLPFC right DLPFC

● ● ●

TMS condition

pr
ed

ic
te

d 
m

in
us

 o
bs

er
ve

d

B

transfer range

# 
of

 tr
an

sf
er

 o
bs

er
va

tio
ns

0

100

200

300

400

500

600

700

< 10 10−20 20−30 30−40 > 40

A

−40

−20

0

20

40

Sham left DLPFC right DLPFC

● ● ●

TMS condition

pr
ed

ic
te

d 
m

in
us

 o
bs

er
ve

d

B

transfer range

# 
of

 tr
an

sf
er

 o
bs

er
va

tio
ns

0

10

20

30

40

50

1 2 3 4 5 6 7

A

−5

0

5

Sham left DLPFC right DLPFC

● ● ●

TMS condition

pr
ed

ic
te

d 
m

in
us

 o
bs

er
ve

d

B

transfer range

# 
of

 tr
an

sf
er

 o
bs

er
va

tio
ns

0

50

100

150

200

0−5 6−10 11−15 16−20 21−25

A

−40

−20

0

20

40

Sham left DLPFC right DLPFC

● ● ●

TMS condition

pr
ed

ic
te

d 
m

in
us

 o
bs

er
ve

d

Bba ba ba baba ba

)LJXUH ��6�� 3RVWHULRU SUHGLFWLYH FKHFN DQG UHVLGXDO SORWV RI WKH ILWWHG PRGHO� �D� 3RVWHULRU SUH�

GLFWLYH VLPXODWLRQ RI WUDQVIHU FKDQJH IUHTXHQFLHV �±� 6'� JUH\ EDUV� FRPSDUHG WR DFWXDO REVHUYHG

IUHTXHQFLHV �EODFN EDUV� DQG �E� UHVLGXDO GLVWULEXWLRQV VHSDUDWHG E\ 706 FRQGLWLRQ� :KLWH SRLQW

VKRZV WKH PHGLDQ�

DGDSWHU GXPP\ �IL[HG SDUW� QRQ�DGDSWHUV� VHH 7DEOH ��6�� LV WKH FKDQJH LQ EHKDYLRU RI
QRQ�DGDSWHUV FRPSDUHG WR DGDSWHUV�

3DUWLFLSDQWVZKR DGDSWHG GXULQJ VKDPGLG VR VLJQLILFDQWO\ OHVVZKHQ WKH ULJKW'/3)&
ZDV GLVUXSWHG �706 ULJKW×'* FRHIILFLHQW� VHH 7DEOH ��6��� :H GLG QRW REVHUYH D VLJQLI�
LFDQW FKDQJH LQ VWUDWHJLF DGDSWLRQ RI DGDSWHUV GXULQJ WKH GLVUXSWLRQ RI WKH OHIW '/3)&
�706 OHIW×'* FRHIILFLHQW� VHH 7DEOH ��6��� ([DPLQLQJ WKH SRVWHULRU GLVWULEXWLRQV RI WKH
706 OHIW× 3XQLVKPHQW DQG 706 ULJKW× 3XQLVKPHQW SDUDPHWHU UHYHDOHG DQ HVWLPDWHG
GLIIHUHQFH RI ����� ZLWK D ��� +', UDQJLQJ IURP ������ WR ������ 7KXV� SDUWLFLSDQWV
ZKR DGDSWHG VWUDWHJLFDOO\ GXULQJ VKDP GLG VR VLJQLILFDQWO\ OHVV GXULQJ 706 RYHU WKH
ULJKW '/3)& FRPSDUHG WR 706 RYHU WKH OHIW '/3)&� )LJXUH ��6� VKRZV UHVLGXDO GLDJ�
QRVWLF SORWV IRU WKH ILWWHG PRGHO DQG D SRVWHULRU SUHGLFWLYH FKHFN FRPSDULQJ WKH DFWXDO
REVHUYHG WUDQVIHU IUHTXHQFLHV DQG WKH IUHTXHQFLHV H[SHFWHG E\ WKH ILWWHG PRGHO EDVHG
RQ ������ VLPXODWLRQV �*HOPDQ� 0HQJ DQG 6WHUQ� ������ $V FDQ EH VHHQ LQ )LJXUH ��6�D�
WKHUH LV QR V\VWHPDWLF RYHU� RU XQGHUHVWLPDWLRQ RI WUDQVIHU�IUHTXHQFLHV E\ WKH PRGHO�

���
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7DEOH ��6�
&RHIILFLHQWV DQG ��� LQWHUYDO IRU WKH %D\HVLDQ UDQGRP�LQWHUFHSW 7RELW UHJUHVVLRQ PRGHO WHVWLQJ

K\SRWKHVLV �LL��

&RHI� ��� &,

)L[HG SDUW �DGDSWHUV�

LQWHUFHSW 6KDP 706� QR SXQLVKPHQW� DGDSWHUV ����� >������� �����@

706 OHIW '/3)& ����� >������ ����@

706 ULJKW '/3)& ����� >������ �����@

'* ZLWK SXQLVKPHQW ����� >������ �����@

706× '* ZLWK SXQLVKPHQW� OHIW '/3)& ���� >������ ����@

706× '* ZLWK SXQLVKPHQW� ULJKW '/3)& ����� >������ �����@

)L[HG SDUW �QRQ�DGDSWHUV�

1$ QRQ�DGDSWHUV ���� >������� �����@

1$× 706 QRQ�DGDSWHUV� OHIW '/3)& ���� >����� �����@

1$× 706 QRQ�DGDSWHUV� ULJKW '/3)& ���� >������ ����@

1$× '* QRQ�DGDSWHUV� ZLWK SXQLVKPHQW ������ >������� ������@

1$× 706× '* QRQ�DGDSWHUV� ZLWK SXQLVKPHQW� OHIW '/3)& ����� >������� ����@

1$× 706× '* QRQ�DGDSWHUV� ZLWK SXQLVKPHQW� ULJKW '/3)& ����� >����� �����@

RUGHU VHVVLRQ ���� >������ ����@

RUGHU OHIW�ULJKW�VKDP �Q  �� ����� >������� �����@

RUGHU OHIW�VKDP�ULJKW �Q  �� ������ >������� �����@

RUGHU ULJKW�OHIW�VKDP �Q  �� ����� >������� �����@

RUGHU ULJKW�VKDP�OHIW �Q  �� ����� >������� �����@

RUGHU VKDP�OHIW�ULJKW �Q  �� ����� >������� �����@

RUGHU VKDP�ULJKW�OHIW �Q  �� ����� >������� �����@

5DQGRP SDUW

HUURU WHUP LQWHUFHSW ���� >����� �����@

HUURU WHUP \ ����� >������ �����@

1RWH� 'HSHQGHQW YDULDEOH� 7UDQVIHU GHFLVLRQV�

���
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transfer range

# 
of

 tr
an

sf
er

 o
bs

er
va

tio
ns

0

50

100

150

0−5 6−10 11−15 16−20 21−25

A

−40

−20

0

20

40

Sham left DLPFC right DLPFC

● ● ●

TMS condition

pr
ed

ic
te

d 
m

in
us

 o
bs

er
ve

d

B

transfer range

# 
of

 tr
an

sf
er

 o
bs

er
va

tio
ns

0

100

200

300

400

< 10 10−20 20−30 30−40 > 40

A

−40

−20

0

20

40

Sham left DLPFC right DLPFC

● ● ●

TMS condition

pr
ed

ic
te

d 
m

in
us

 o
bs

er
ve

d

B

transfer range

# 
of

 tr
an

sf
er

 o
bs

er
va

tio
ns

0

5

10

15

20

0 1−20 above 20

A

−40

−20

0

20

40

Sham left DLPFC right DLPFC

● ● ●

TMS condition

pr
ed

ic
te

d 
m

in
us

 o
bs

er
ve

d

B

transfer range

# 
of

 tr
an

sf
er

 o
bs

er
va

tio
ns

0

100

200

300

400

500

600

700

< 10 10−20 20−30 30−40 > 40

A

−40

−20

0

20

40

Sham left DLPFC right DLPFC

● ● ●

TMS condition

pr
ed

ic
te

d 
m

in
us

 o
bs

er
ve

d

B

transfer range

# 
of

 tr
an

sf
er

 o
bs

er
va

tio
ns

0

10

20

30

40

50

1 2 3 4 5 6 7

A

−5

0

5

Sham left DLPFC right DLPFC

● ● ●

TMS condition

pr
ed

ic
te

d 
m

in
us

 o
bs

er
ve

d

B

transfer range

# 
of

 tr
an

sf
er

 o
bs

er
va

tio
ns

0

50

100

150

200

0−5 6−10 11−15 16−20 21−25

A

−40

−20

0

20

40

Sham left DLPFC right DLPFC

● ● ●

TMS condition

pr
ed

ic
te

d 
m

in
us

 o
bs

er
ve

d

Bba ba ba baba ba

)LJXUH ��6�� 3RVWHULRU SUHGLFWLYH FKHFN DQG UHVLGXDO SORWV RI WKH ILWWHGPRGHO� �D� 3RVWHULRU SUHGLF�

WLYH VLPXODWLRQ RI WUDQVIHU IUHTXHQFLHV �±� 6'� JUH\ EDUV� FRPSDUHG WR DFWXDO REVHUYHG IUHTXHQ�

FLHV �EODFN EDUV� DQG �E� UHVLGXDO GLVWULEXWLRQV VHSDUDWHG E\ 706 FRQGLWLRQ� :KLWH SRLQW VKRZV

WKH PHGLDQ�

)DLUQHVV MXGJHPHQWV

$IWHU HDFK GLFWDWRU JDPH LQ HDFK 706 VHVVLRQ� SDUWLFLSDQWV PDGH IDLUQHVV MXGJHPHQWV
DERXW ILYH K\SRWKHWLFDO WUDQVIHUV �IURP � WR �� 08V LQ VWHSV RI ��� RQ D VFDOH IURP �
�ÜYHU\ XQIDLUÝ� WR � �ÜYHU\ IDLUÝ��

7R WHVW ZKHWKHU IDLUQHVV MXGJHPHQWV ZHUH V\VWHPDWLFDOO\ LQIOXHQFHG E\ 706 ZH UH�
JUHVVHG WKH UHVSRQVHV RQ D GXPP\ SUHGLFWRU FRGLQJ WKH WKUHH 706 FRQGLWLRQV �VKDP
FRQGLWLRQ DV EDVHOLQH�� DV ZHOO DV D SUHGLFWRU FRGLQJ IRU WKH GLIIHUHQW K\SRWKHWLFDO RI�
IHUV LQ LQFUHDVLQJ RUGHU� WKH QRQ�DGDSWLRQ GXPP\ DOUHDG\ XVHG LQ WKH DERYH PRGHO� DQG
FRQWURO YDULDEOHV IRU WKH RUGHU� 1RQ�LQIRUPDWLYH *DXVVLDQ SULRUV �P  �� 6'  ���� ZHUH
XVHG IRU HDFK SUHGLFWRU DQG QRQ�LQIRUPDWLYH XQLIRUP GLVWULEXWLRQV �UDQJH � WR ���� IRU
WKH OHYHO�� DQG OHYHO�� HUURU WHUP� )RU WKH ILWWLQJ ZH XVHG WKUHH FKDLQV� R̂ ZDV EHORZ
��� IRU DOO SDUDPHWHUV� LQGLFDWLQJ JRRG PL[LQJ RI WKH WKUHH FKDLQV DQG WKXV KLJK FRQYHU�
JHQFH �%URRNV DQG*HOPDQ� ������ 7DEOH ��6� VKRZV HVWLPDWHG EHWD FRHIILFLHQWV WRJHWKHU
ZLWK WKH ��� FRQILGHQFH LQWHUYDO IRU HDFK SUHGLFWRU� 1RWH DJDLQ� WKDW SUHGLFWRU FRHI�
ILFLHQWV WKDW DUH QRW LQWHUDFWLRQV ZLWK WKH QRQ�DGDSWHU GXPP\ �IL[HG SDUW� DGDSWHUV�
VHH 7DEOH ��6�� FDQ EH LQWHUSUHWHG DV WKH EHKDYLRU RI DGDSWHUV� ZKLOH WKH SUHGLFWRU FR�
HIILFLHQWV WKDW GR LQWHUDFW ZLWK WKH QRQ�DGDSWHU GXPP\ �IL[HG SDUW� QRQ�DGDSWHUV� VHH
7DEOH ��6�� LV WKH FKDQJH LQ EHKDYLRU FRPSDUHG WR DGDSWHUV�

���
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$V FDQ EH H[SHFWHG� IDLUQHVV MXGJHPHQWV VLJQLILFDQWO\ LQFUHDVHG ZLWK WKH K\SRWKHW�
LFDO RIIHU GXULQJ VKDP IRU DGDSWHUV �RIIHU FRHIILFLHQW� VHH 7DEOH ��6��� )RU DGDSWHUV� WKLV
LQFUHDVH LQ IDLUQHVV MXGJHPHQWV ZDV QRW VLJQLILFDQWO\ DOWHUHG E\ WKH 706 PDQLSXODWLRQV
�706 OHIW × RIIHU FRHIILFLHQW DQG 706 ULJKW × RIIHU FRHIILFLHQW� VHH 7DEOH ��6��� ,QWHU�
HVWLQJO\� QRQ�DGDSWHUV UDWHG RIIHUV WR EHPRUH IDLU FRPSDUHG WR DGDSWHUV �QRQ�DGDSWLRQ
FRHIILFLHQW� VHH 7DEOH ��6�� EXW ZLWK LQFUHDVHG RIIHU VKRZHG D VLJQLILFDQWO\ ORZHU VORSH
LQ UDWLQJ KLJKHU RIIHUV DV PRUH IDLU �QRQ�DGDSWLRQ × RIIHU� VHH 7DEOH ��6��� 7KLV LQGL�
FDWHV WKDW WKHLU IDLUQHVV MXGJHPHQWV ZHUH OHVV LQIOXHQFHG E\ WKH VL]H RI WKH RIIHU� 7KLV
UHODWLYH LQVHQVLWLYLW\ WR FKDQJHV LQ WKH RIIHU FRXOG H[SODLQ ZK\ WKH\ GLG QRW DGDSW LQ WKH
ILUVW SODFH� 6LQFH WKH\ GLG QRW SHUFHLYH KLJKHU RIIHUV DV IDLUHU �DW OHDVW QRW DV PXFK DV
REVHUYHG IRU DGDSWHUV�� LW FRXOG EH WKDW WKH\ GLG QRW IHHO DQ REOLJDWLRQ WR PDNH KLJKHU
RIIHUV ZKHQ XQGHU WKH WKUHDW RI SXQLVKPHQW�

)LJXUH ��6� VKRZV UHVLGXDO GLDJQRVWLF SORWV IRU WKH ILWWHG PRGHO DQG D SRVWHULRU SUH�
GLFWLYH FKHFN FRPSDULQJ WKH DFWXDO REVHUYHG WUDQVIHU IUHTXHQFLHV DQG WKH IUHTXHQFLHV
H[SHFWHG E\ WKH ILWWHG PRGHO EDVHG RQ ������ VLPXODWLRQV �*HOPDQ� 0HQJ DQG 6WHUQ�
������ $V FDQ EH VHHQ LQ )LJXUH ��6�D� IDLUQHVV MXGJHPHQWV LQ WKH FHQWHU ZHUH VOLJKWO\
RYHU� RU XQGHUHVWLPDWHG� ZKLOH MXGJHPHQWV DW WKH HQG RI WKH VFDOH ZHUH QHLWKHU V\V�
WHPDWLFDOO\ RYHU� QRU XQGHUHVWLPDWHG E\ WKH PRGHO� 2YHUDOO� WKH PRGHO FDSWXUHG WKH
JHQHUDO IUHTXHQF\ WUHQG RI MXGJHPHQWV�

([SHFWHG SXQLVKPHQW

1H[W WR IDLUQHVV HYDOXDWLRQV� SDUWLFLSDQWV ZHUH DVNHG DERXW KRZ PDQ\ 08V �IURP � WR
��� WKH\ EHOLHYHG WKH UHFHLYHUV ZRXOG RQ DYHUDJH VSHQW RQ SXQLVKPHQW IRU D JLYHQ K\�
SRWKHWLFDO RIIHU �IURP � WR �� 08V LQ VWHSV RI ����

7R WHVW ZKHWKHU SXQLVKPHQW H[SHFWDWLRQV ZHUH V\VWHPDWLFDOO\ LQIOXHQFHG E\ 706
ZH UHJUHVVHG WKH UHVSRQVHV WR GXPP\ SUHGLFWRUV FRGLQJ WKH WKUHH 706 FRQGLWLRQV
�VKDP FRQGLWLRQ DV EDVHOLQH�� DV ZHOO DV D SUHGLFWRU FRGLQJ IRU WKH K\SRWKHWLFDO RIIHU�
WKH QRQ�DGDSWLRQ GXPP\ DOUHDG\ XVHG LQ WKH DERYH PRGHOV� DQG SUHGLFWRUV FRGLQJ IRU
WKH VHVVLRQ DQG 706 RUGHU�

$JDLQ� WKH GDWD ZDV WUHDWHG DV OHIW�FHQVRUHG DQG QRQ�LQIRUPDWLYH *DXVVLDQ SULRUV
�P  �� 6'  ���� ZHUH XVHG IRU HDFK SUHGLFWRU DQG QRQ�LQIRUPDWLYH XQLIRUP GLVWULEX�
WLRQV �UDQJH � WR ���� IRU WKH OHYHO�� DQG OHYHO�� HUURU WHUP� )RU WKH ILWWLQJ ZH XVHG WKUHH
FKDLQV� R̂ ZDV EHORZ ��� IRU DOO SDUDPHWHUV� LQGLFDWLQJ JRRG PL[LQJ RI WKH WKUHH FKDLQV
DQG WKXV KLJK FRQYHUJHQFH �%URRNV DQG *HOPDQ� ������ 7DEOH ��6� VKRZV HVWLPDWHG EHWD
FRHIILFLHQWV WRJHWKHU ZLWK WKH ��� FRQILGHQFH LQWHUYDO IRU HDFK SUHGLFWRU� 1RWH DJDLQ�
WKDW SUHGLFWRU FRHIILFLHQWV WKDW DUH QRW LQWHUDFWLRQV ZLWK WKH QRQ�DGDSWHU GXPP\ �IL[HG

���
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7DEOH ��6�
&RHIILFLHQWV DQG ��� LQWHUYDO IRU WKH %D\HVLDQ UDQGRP�LQWHUFHSW UHJUHVVLRQ PRGHO WHVWLQJ WKH

LQIOXHQFH RI 706 RQ IDLUQHVV MXGJHPHQWV�

&RHI� ��� &,

)L[HG SDUW �DGDSWHUV�

LQWHUFHSW 6KDP 706� DGDSWHUV� ]HUR RIIHU ���� >������� �����@

706 OHIW '/3)& ���� >������ ����@

706 ULJKW '/3)& ����� >������ ����@

RIIHU K\SRWKHWLFDO RIIHU ���� >����� ����@

RIIHU× 706 RIIHU� OHIW '/3)& ����� >������ ����@

RIIHU× 706 RIIHU� ULJKW '/3)& ���� >������ ����@

)L[HG SDUW �QRQ�DGDSWHUV�

1$ QRQ�DGDSWHUV ���� >����� ����@

1$× RIIHU QRQ�DGDSWHUV� RIIHU ����� >������ �����@

706× 1$ OHIW '/3)&� QRQ�DGDSWHUV ����� >������ ����@

706× 1$ ULJKW '/3)&� QRQ�DGDSWHUV ����� >������ ����@

706× RIIHU× 1$ K\SRWKHWLFDO RIIHU� OHIW '/3)&� QRQ�DGDSWHUV ���� >������ ����@

706× RIIHU× 1$ K\SRWKHWLFDO RIIHU� ULJKW '/3)&� QRQ�DGDSWHUV ���� >������ ����@

RUGHU VHVVLRQ ����� >������ ����@

RUGHU OHIW�ULJKW�VKDP �Q  �� ����� >������� �����@

RUGHU OHIW�VKDP�ULJKW �Q  �� ����� >������� �����@

RUGHU ULJKW�OHIW�VKDP �Q  �� ����� >������� �����@

RUGHU ULJKW�VKDP�OHIW �Q  �� ����� >������� �����@

RUGHU VKDP�OHIW�ULJKW �Q  �� ����� >������� �����@

RUGHU VKDP�ULJKW�OHIW �Q  �� ����� >������� �����@

5DQGRP SDUW

HUURU WHUP LQWHUFHSW ���� >����� ����@

HUURU WHUP \ ���� >����� ����@

1RWH� 'HSHQGHQW YDULDEOH� IDLUQHVV MXGJHPHQWV�

���
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transfer range

# 
of

 tr
an

sf
er

 o
bs

er
va

tio
ns

0

50

100

150
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< 10 10−20 20−30 30−40 > 40
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● ● ●

TMS condition
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B

transfer range

# 
of

 tr
an

sf
er

 o
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er
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0
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0 1−20 above 20

A

−40

−20

0
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40

Sham left DLPFC right DLPFC

● ● ●

TMS condition
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d

B

transfer range

# 
of
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an
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er
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bs

er
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tio
ns

0

100

200

300

400

500
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700

< 10 10−20 20−30 30−40 > 40

A

−40

−20

0

20

40

Sham left DLPFC right DLPFC

● ● ●

TMS condition
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ed
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er
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transfer range

# 
of
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er
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bs

er
va
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ns

0
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40
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1 2 3 4 5 6 7

A

−5

0

5

Sham left DLPFC right DLPFC

● ● ●

TMS condition
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ed

ic
te

d 
m

in
us

 o
bs

er
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transfer range

# 
of

 tr
an

sf
er

 o
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ns

0

50

100

150
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0−5 6−10 11−15 16−20 21−25

A

−40

−20

0

20

40

Sham left DLPFC right DLPFC

● ● ●

TMS condition

pr
ed
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te

d 
m
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us
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er
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d

Bba ba ba baba ba

)LJXUH ��6�� 3RVWHULRU SUHGLFWLYH FKHFN DQG UHVLGXDO SORWV RI WKH ILWWHGPRGHO� �D� 3RVWHULRU SUHGLF�

WLYH VLPXODWLRQ RI WUDQVIHU IUHTXHQFLHV �±� 6'� JUH\ EDUV� FRPSDUHG WR DFWXDO REVHUYHG IUHTXHQ�

FLHV �EODFN EDUV� DQG �E� UHVLGXDO GLVWULEXWLRQV VHSDUDWHG E\ 706 FRQGLWLRQ� :KLWH SRLQW VKRZV

WKH PHGLDQ�

SDUW� DGDSWHUV� VHH 7DEOH ��6�� FDQ EH LQWHUSUHWHG DV WKH EHKDYLRU RI DGDSWHUV� ZKLOH
WKH SUHGLFWRU FRHIILFLHQWV WKDW GR LQWHUDFW ZLWK WKH QRQ�DGDSWHU GXPP\ �IL[HG SDUW�
QRQ�DGDSWHUV� VHH 7DEOH ��6�� LV WKH FKDQJH LQ EHKDYLRU RI QRQ�DGDSWRUV FRPSDUHG WR
DGDSWHUV�

$V FDQ EH H[SHFWHG� ZLWK LQFUHDVHG RIIHU� DGDSWLQJ SDUWLFLSDQWV H[SHFWHG WKH UH�
FHLYHUV WR SXQLVK OHVV� 7KLV H[SHFWDWLRQZDV QRW VLJQLILFDQWO\ DOWHUHG E\ 706 LQ DGDSWHUV�
,QWHUHVWLQJO\� QRQ�DGDSWHUV QRW RQO\ H[SHFWHG VLJQLILFDQWO\ OHVV SXQLVKPHQW LQ JHQHUDO
�1$ FRHIILFLHQW� VHH 7DEOH ��6�� EXW DOVR H[SHFWHG WKDW SXQLVKPHQW GRHV QRW LQFUHDVH
ZLWK LQFUHDVLQJO\ XQIDLU RIIHUV �VORSH RI ���� IRU LQFUHDVLQJ RIIHUV� FRHIILFLHQW 1$ × RI�
IHU SOXV RIIHU�� 7KLV FRXOG H[SODLQZK\ WKH\ GLG QRW DGDSW WR WKH SXQLVKPHQW WKUHDW LQ WKH
ILUVW SODFH� ,W FRXOG DOVR PHDQ WKDW WKH\ GLG QRW EHOLHYH WKDW SXQLVKPHQW ZRXOG DFWXDOO\
WDNH SODFH�

)LJXUH ��6� VKRZV UHVLGXDO GLDJQRVWLF SORWV IRU WKH ILWWHG PRGHO DQG D SRVWHULRU SUH�
GLFWLYH FKHFN� $V FDQ EH VHHQ LQ )LJXUH ��6�D� H[SHFWHG SXQLVKPHQW LQ WKH UDQJH IURP
���� 08V ZDV VOLJKWO\ RYHUHVWLPDWHG E\ WKH PRGHO�

���
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7DEOH ��6�
&RHIILFLHQWV DQG ��� LQWHUYDO IRU WKH %D\HVLDQ UDQGRP�LQWHUFHSW UHJUHVVLRQ PRGHO WHVWLQJ WKH

LQIOXHQFH RI 706 RQ H[SHFWHG SXQLVKPHQW�

&RHI� ��� &,

)L[HG SDUW �DGDSWHUV�

LQWHUFHSW 6KDP 706� DGDSWHUV� ]HUR RIIHU ����� >������� �����@

706 OHIW '/3)& ����� >������ ����@

706 ULJKW '/3)& ����� >������ ����@

RIIHU K\SRWKHWLFDO RIIHU ����� >������ �����@

706× RIIHU OHIW '/3)&� RIIHU ���� >������ ����@

706× RIIHU ULJKW '/3)&� RIIHU ���� >������ ����@

)L[HG SDUW �QRQ�DGDSWHUV�

1$ QRQ�DGDSWHUV ������ >������� ������@

1$× RIIHU QRQ�DGDSWHUV� RIIHU ���� >����� ����@

706× 1$ OHIW '/3)&� QRQ�DGDSWHUV ����� >����� �����@

706× 1$ ULJKW '/3)&� QRQ�DGDSWHUV ���� >������ �����@

706× RIIHU× 1$ K\SRWKHWLFDO RIIHU� OHIW '/3)&� QRQ�DGDSWHUV ����� >������ ����@

706× RIIHU× 1$ K\SRWKHWLFDO RIIHU� ULJKW '/3)&� QRQ�DGDSWHUV ����� >������ ����@

RUGHU VHVVLRQ ���� >������ ����@

RUGHU OHIW�ULJKW�VKDP �Q  �� ���� >������� �����@

RUGHU OHIW�VKDP�ULJKW �Q  �� ���� >������� �����@

RUGHU ULJKW�OHIW�VKDP �Q  �� ���� >������� �����@

RUGHU ULJKW�VKDP�OHIW �Q  �� ���� >������� �����@

RUGHU VKDP�OHIW�ULJKW �Q  �� ���� >������� �����@

RUGHU VKDP�ULJKW�OHIW �Q  �� ����� >������� �����@

5DQGRP SDUW

HUURU WHUP LQWHUFHSW ����� >����� �����@

HUURU WHUP \ ���� >����� ����@

1RWH� 'HSHQGHQW YDULDEOH� H[SHFWHG SXQLVKPHQW�

���
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transfer range
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TMS condition
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TMS condition
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B

transfer range
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 o
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0 1−20 above 20

A
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Sham left DLPFC right DLPFC

● ● ●

TMS condition
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transfer range
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 o
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< 10 10−20 20−30 30−40 > 40
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Sham left DLPFC right DLPFC

● ● ●

TMS condition
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B

transfer range
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Sham left DLPFC right DLPFC

● ● ●

TMS condition
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transfer range

# 
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0−5 6−10 11−15 16−20 21−25

A

−40
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Sham left DLPFC right DLPFC

● ● ●

TMS condition

pr
ed

ic
te

d 
m
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us

 o
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d

Bba ba ba baba ba

)LJXUH ��6�� 3RVWHULRU SUHGLFWLYH FKHFN DQG UHVLGXDO SORWV RI WKH ILWWHGPRGHO� �D� 3RVWHULRU SUHGLF�

WLYH VLPXODWLRQ RI WUDQVIHU IUHTXHQFLHV �±� 6'� JUH\ EDUV� FRPSDUHG WR DFWXDO REVHUYHG IUHTXHQ�

FLHV �EODFN EDUV� DQG �E� UHVLGXDO GLVWULEXWLRQV VHSDUDWHG E\ 706 FRQGLWLRQ� :KLWH SRLQW VKRZV

WKH PHGLDQ�

2ZQ LPDJLQHG SXQLVKPHQW

/DVWO\� SDUWLFLSDQWV ZHUH DVNHG KRZPDQ\ 08V �IURP � WR ��� WKH\ ZRXOG VSHQW RQ SXQ�
LVKPHQW ZHUH WKH\ LQ WKH VKRHV RI D UHFHLYHU UHFHLYLQJ K\SRWKHWLFDO RIIHUV IURP � WR ��
08V LQ VWHSV RI ���

$V DERYH� RZQ LPDJLQHG SXQLVKPHQW H[SHQVHV ZHUH UHJUHVVHG RQ D GXPP\ SUHGLF�
WRU FRGLQJ WKH WKUHH 706 FRQGLWLRQV �VKDP FRQGLWLRQ DV EDVHOLQH�� DV ZHOO DV D SUHGLF�
WRU FRGLQJ IRU WKH K\SRWKHWLFDO RIIHU� WKH DGDSWLRQ GXPP\ DOUHDG\ XVHG LQ WKH DERYH
PRGHOV� DQG SUHGLFWRUV FRGLQJ IRU WKH VHVVLRQ DQG 706 RUGHU� 7KH GDWD ZDV WUHDWHG
DV OHIW�FHQVRUHG DQG QRQ�LQIRUPDWLYH *DXVVLDQ SULRUV �P  �� 6'  ���� ZHUH XVHG IRU
HDFK SUHGLFWRU DQG QRQ�LQIRUPDWLYH XQLIRUP GLVWULEXWLRQV �UDQJH � WR ���� IRU WKH OHYHO�
� DQG OHYHO�� HUURU WHUP� )RU WKH ILWWLQJ ZH XVHG WKUHH FKDLQV� R̂ ZDV DJDLQ EHORZ ��� IRU
DOO SDUDPHWHUV� LQGLFDWLQJ JRRG PL[LQJ RI WKH WKUHH FKDLQV DQG WKXV KLJK FRQYHUJHQFH
�%URRNV DQG *HOPDQ� ������ 7DEOH ��6� VKRZV HVWLPDWHG EHWD FRHIILFLHQWV WRJHWKHU ZLWK
WKH ��� FRQILGHQFH LQWHUYDO IRU HDFK SUHGLFWRU�

$GDSWLQJ SDUWLFLSDQWV LQGLFDWHG WKDW WKH\ ZRXOG VSHQW OHVV 08V RQ SXQLVKPHQW WKH
IDLUHU WKH RIIHU LV �RIIHU FRHIILFLHQW� VHH 7DEOH ��6�� DQG QRQ�DGDSWLQJ SDUWLFLSDQWV GLG
QRW VLJQLILFDQWO\ GLIIHU �1$ × RIIHU FRHIILFLHQW� VHH 7DEOH ��6��� +RZHYHU� QRQ�DGDSWHUV
LQGLFDWHG WR VSHQW VLJQLILFDQWO\ OHVV RQ SXQLVKPHQW �QRQ DGDSWHUV FRHIILFLHQW� VHH 7D�

���
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EOH ��6��� $GDSWLQJ SDUWLFLSDQWV UHSRUWHG WKDW WKH\ ZRXOG VSHQW OHVV 08V RQ SXQLVK�
PHQW ZKLOH XQGHU WKH LQIOXHQFH RI 706 RYHU WKH ULJKW '/3)& �706 ULJKW FRHIILFLHQW�
VHH 7DEOH ��6���

)LJXUH ��6� VKRZV UHVLGXDO GLDJQRVWLF SORWV IRU WKH ILWWHG PRGHO DQG D SRVWHULRU SUH�
GLFWLYH FKHFN� $V FDQ EH VHHQ LQ )LJXUH ��6�D� H[SHFWHG SXQLVKPHQW LQ WKH UDQJH IURP
�×�� 08V ZDV VOLJKWO\ RYHUHVWLPDWHG E\ WKH PRGHO�

���
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7DEOH ��6�
&RHIILFLHQWV DQG ��� LQWHUYDO IRU WKH %D\HVLDQ UDQGRP�LQWHUFHSW UHJUHVVLRQ PRGHO WHVWLQJ WKH

LQIOXHQFH RI 706 RQ LPDJLQHG SXQLVKPHQW�

&RHI� ��� &,

)L[HG SDUW �DGDSWHUV�

LQWHUFHSW 6KDP 706� DGDSWHUV� ]HUR RIIHU ���� >������� �����@

706 OHIW '/3)& ���� >������ ����@

706 ULJKW '/3)& ����� >������ �����@

RIIHU K\SRWKHWLFDO RIIHU ����� >������ �����@

RIIHU× 706 RIIHU� OHIW '/3)& ���� >������ ����@

RIIHU× 706 RIIHU� ULJKW '/3)& ���� >������ ����@

)L[HG SDUW �QRQ�DGDSWHUV�

1$ QRQ�DGDSWHUV ������ >������� �����@

1$× RIIHU QRQ�DGDSWHUV� RIIHU ���� >������ ����@

706× 1$ OHIW '/3)&� QRQ�DGDSWHUV ����� >������� ����@

706× 1$ ULJKW '/3)&� QRQ�DGDSWHUV ���� >������ �����@

706× RIIHU× 1$ K\SRWKHWLFDO RIIHU� OHIW '/3)&� QRQ�DGDSWHUV ���� >������ ����@

706× RIIHU× 1$ K\SRWKHWLFDO RIIHU� ULJKW '/3)&� QRQ�DGDSWHUV ����� >������ ����@

RUGHU VHVVLRQ ���� >����� ����@

RUGHU OHIW�ULJKW�VKDP �Q  �� ����� >������� �����@

RUGHU OHIW�VKDP�ULJKW �Q  �� ���� >������� �����@

RUGHU ULJKW�OHIW�VKDP �Q  �� ����� >������� �����@

RUGHU ULJKW�VKDP�OHIW �Q  �� ����� >������� �����@

RUGHU VKDP�OHIW�ULJKW �Q  �� ����� >������� �����@

RUGHU VKDP�ULJKW�OHIW �Q  �� ����� >������� �����@

5DQGRP SDUW

HUURU WHUP LQWHUFHSW ����� >����� �����@

HUURU WHUP \ ���� >����� ����@

1RWH� 'HSHQGHQW YDULDEOH� RZQ LPDJLQHG SXQLVKPHQW H[SHQVHV�

���
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transfer range
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● ● ●
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● ● ●
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A

−40

−20

0

20

40

Sham left DLPFC right DLPFC

● ● ●

TMS condition
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● ● ●

TMS condition
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● ● ●

TMS condition
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Bba ba ba baba ba

)LJXUH ��6�� 3RVWHULRU SUHGLFWLYH FKHFN DQG UHVLGXDO SORWV RI WKH ILWWHGPRGHO� �D� 3RVWHULRU SUHGLF�

WLYH VLPXODWLRQ RI WUDQVIHU IUHTXHQFLHV �±� 6'� JUH\ EDUV� FRPSDUHG WR DFWXDO REVHUYHG IUHTXHQ�

FLHV �EODFN EDUV� DQG �E� UHVLGXDO GLVWULEXWLRQV VHSDUDWHG E\ 706 FRQGLWLRQ� :KLWH SRLQW VKRZV

WKH PHGLDQ�

���







&KDSWHU �

%XLOGLQJ WKH /HYLDWKDQ ×
9ROXQWDU\ &HQWUDOL]DWLRQ RI
3RZHU 6XVWDLQV &RRSHUDWLRQ

$EVWUDFW� 7KH SUHYDOHQFH RI FRRSHUDWLRQ DPRQJ KXPDQV LV SX]]OLQJ EHFDXVH FRRSHU�
DWRUV FDQ EH H[SORLWHG E\ IUHH ULGHUV� 3HHU SXQLVKPHQW KDV EHHQ VXJJHVWHG DV D NH\ WR
WKLV SX]]OH� EXW FXPXODWLQJ HYLGHQFH TXHVWLRQV LWV HIIHFWLYHQHVV LQ VXVWDLQLQJ FRRSHUD�
WLRQ� 3XQLVKPHQW KDV WR EH SRZHUIXO� PHDQLQJ WKDW WKH HIIHFW RI SXQLVKPHQW KDV WR EH
VXIILFLHQWO\ ODUJHU WKDQ LWV FRVW� 6LQFH JURXS PHPEHUV FDQ UHIUDLQ IURP SXQLVKLQJ QRQ�
FRRSHUDWRUV� SHHU SXQLVKPHQW SRVHV D VRFLDO GLOHPPD LQ LWVHOI� %\ H[SORULQJ D QRYHO
H[SHULPHQWDO VHWXS� ZH VKRZ WKDW WKH YROXQWDU\ WUDQVIHU RI SXQLVKPHQW SRZHU HQDEOHV
JURXSV WR RYHUFRPH WKH SUREOHP RI IUHH ULGLQJ ZKHQ SHHU SXQLVKPHQW FDQ QRW� 3DU�
WLFLSDQWV DUH ZLOOLQJ WR HPSRZHU LQGLYLGXDOV ZKR DFW LQ WKH LQWHUHVW RI WKH JURXS� 7KH
HQGRJHQRXV HVWDEOLVKPHQW RI SRZHU FHQWUDOL]DWLRQ VROYHV WKH VRFLDO GLOHPPD LQKHUHQW
WR SHHU SXQLVKPHQW� VXVWDLQV FRRSHUDWLRQ� DQG LQFUHDVHV ZHOIDUH� 2XU UHVXOWV FRXOG
H[SODLQ ZK\ KLHUDUFKLFDO SRZHU VWUXFWXUHV DUH ZLGHVSUHDG DPRQJ DQLPDOV DQG KXPDQV�

%DVHG RQ -·UJ *URVV� =VRPERU 0ªGHU� 6DQDH 2NDPRWR�%DUWK� $UQR 5LHGO �VXEPLWWHG��
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��� ,QWURGXFWLRQ

7KH VFDOH RI FRRSHUDWLRQ REVHUYHG DPRQJ KXPDQV FRQVWLWXWHV D SX]]OH IRU WKH VRFLDO
DQG ELRORJLFDO VFLHQFHV� &RRSHUDWLYH HIIRUWV EHDU WKH ULVN RI H[SORLWDWLRQ DV VHOILVK
DJHQWV FDQ UHDS WKHLU EHQHILWV ZLWKRXW FRQWULEXWLQJ WR WKH FRPPRQ JRRG� 1HYHUWKH�
OHVV� FRRSHUDWLRQ LV IUHTXHQWO\ VXVWDLQHG LQ KXPDQ VRFLHWLHV �7ULYHUV� ����� $OH[DQGHU�
����� )HKU DQG )LVFKEDFKHU� ����� 1RZDN DQG 6LJPXQG� ������ 3HHU SXQLVKPHQW KDV
EHHQ SURSRVHG DV D SRVVLEOH PHDQV WR VXVWDLQ FRRSHUDWLRQ �*½WK HW DO�� ����� <DPDJLVKL�
����� %R\G DQG 5LFKHUVRQ� ����� 2VWURP HW DO�� ����� )HKU DQG *¥FKWHU� ����� )HKU DQG
*¥FKWHU� ����� GH 4XHUYDLQ HW DO�� ����� :DONHU DQG +DOORUDQ� ����� )DON HW DO�� ������
([SHULPHQWV RQ SXEOLF JRRGV GLOHPPDV VKRZ WKDW FRRSHUDWLRQ GHWHULRUDWHV TXLFNO\ LQ
WKH DEVHQFH RI VDQFWLRQLQJ PHFKDQLVPV� EXW FDQ VWDELOL]H ZKHQ WKH SXQLVKPHQW RI IUHH
ULGHUV LV SRVVLEOH �<DPDJLVKL� ����� <DPDJLVKL� ����� )HKU DQG *¥FKWHU� ����� )HKU DQG
*¥FKWHU� ����� *¥FKWHU HW DO�� ������

+RZHYHU� SHHU SXQLVKPHQW GRHV QRW JXDUDQWHH FRRSHUDWLRQ� 5HFHQW UHVHDUFK GRF�
XPHQWHG FUXFLDO OLPLWDWLRQV RI SHHU SXQLVKPHQW LQ LWV DELOLW\ WR VXVWDLQ FRRSHUDWLRQ DQG
IRVWHU ZHOIDUH� 7KH FRVW RI SXQLVKPHQW KDV WR EH VXIILFLHQWO\ ORZ UHODWLYH WR LWV HIIHFW RQ
WKH SXQLVKHG �0DVFOHW HW DO�� ����� &DVDUL� ����� )DON HW DO�� ����� (JDV DQG 5LHGO� �����
1LNLIRUDNLV DQG 1RUPDQQ� ����� 2KWVXNL HW DO�� ������ )XUWKHU� QRQ�FRRSHUDWRUV VRPH�
WLPHV SXQLVK FRRSHUDWRUV RXW RI VSLWH RU UHWULEXWLRQ� WKHUHE\ XQGHUPLQLQJ FRRSHUDWLRQ
�'UHEHU HW DO�� ����� +HUUPDQQ HW DO�� ����� -DQVVHQ DQG %XVKPDQ� ����� 1LNLIRUDNLV�
����� *¥FKWHU DQG +HUUPDQQ� ����� 5DQG HW DO�� ����� 5DQG DQG 1RZDN� ����� 'UHEHU
DQG 5DQG� ������ 7KH H[FHVVLYH XVH RI SXQLVKPHQW FDQ VWDELOL]H FRRSHUDWLRQ EXW OHDGV
WR DGYHUVH UHVXOWV IRU JURXS ZHOIDUH �0DVFOHW HW DO�� ����� 'UHEHU HW DO�� ����� *¥FKWHU
HW DO�� ����� -DQVVHQ HW DO�� ����� (QJHOPDQQ DQG 1LNLIRUDNLV� UHVV�� )LQDOO\� QRW DOO PHP�
EHUV RI D JURXS DUH ZLOOLQJ WR SDUWLFLSDWH LQ WKH SXQLVKPHQW RI QRQ�FRRSHUDWRUV� ,W LV
IUHTXHQWO\ REVHUYHG WKDW VRPH� ZKLOH ZLOOLQJ WR FRRSHUDWH� DUH QRW ZLOOLQJ WR SXQLVK
QRQ�FRRSHUDWRUV� +HQFH� SHHU SXQLVKPHQW JHQHUDWHV D VHFRQG�RUGHU VRFLDO GLOHPPD
LQ ZKLFK FRRSHUDWRUV QRW ZLOOLQJ WR SXQLVK FDQ VHFRQG�RUGHU IUHH ULGH RQ WKRVH ZKR GR
HQJDJH LQ FRVWO\ SXQLVKPHQW �%R\G HW DO�� ����� 3DQFKDQDWKDQ DQG %R\G� ����� )RZOHU�
����� .L\RQDUL DQG %DUFOD\� ����� 3HUF� ������

6RFLDO LQVWLWXWLRQV SURYLGH DQ DOWHUQDWLYH IRU XSKROGLQJ FRRSHUDWLRQ WKURXJK FHQ�
WUDOL]HG SXQLVKPHQW PHFKDQLVPV �<DPDJLVKL� ����� 2VWURP� ����� &DVDUL DQG 3ORWW�
����� 5RFNHQEDFK HW DO�� ����� 6HIWRQ HW DO�� ����� .RVIHOG HW DO�� ����� %R\G HW DO�� �����
6LJPXQG HW DO�� ����� *XDOD� ������ /DZV DUH LVVXHG WR WDFNOH ÙWUDJHGLHV RI WKH FRPPRQVÚ�
OLNH SUREOHPV RI RYHU�ILVKLQJ� OLWWHULQJ RU DLU SROOXWLRQ� &RQWUDFWV DUH PDGH EHWZHHQ
LQGLYLGXDOV WR SUHYHQW H[SORLWDWLRQ LQ PXWXDO DJUHHPHQWV OLNH UHQWDOV� LQVXUDQFHV RU LQ�
YHVWPHQWV� $XWKRULWLHV� OLNH FRXUWV RU WKH SROLFH IRUFH� HQIRUFH WKHVH IRUPDO LQVWLWXWLRQV�

���
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$Q HVVHQWLDO FKDUDFWHULVWLF RI WKHVH H[HFXWLYH LQVWLWXWLRQV LV WKDW WKH\ HPERG\ D FHQWUDO�
L]HG SRZHU WR SXQLVK �)OHZ� ������

&HQWUDOL]HG SRZHU LV DOVR DQ LPSRUWDQW IHDWXUH RI JURXSV WKDW DUH QRW IXOO\ JRYHUQHG
E\ ODZV RU FRQWUDFWV� UDQJLQJ IURPKXQWHU�JDWKHUHU FKLHIGRPV WRPRGHUQ LQWHUQHW FRP�
PXQLWLHV� )RU H[DPSOH� :LNLSHGLD SURYLGHV D JOREDO SXEOLF JRRG WR ZKLFK HYHU\ERG\ FDQ
FRQWULEXWH� EXW RQO\ D VPDOO VKDUH RI LWV HGLWRUV KROGV WKH ULJKW WR HQIRUFH SROLF\ DQG
VDQFWLRQ DQWLVRFLDO EHKDYLRXU�

:H SURSRVH WKDW WKLV FHQWUDOL]DWLRQ LV FUHDWHG DQGPDLQWDLQHG WKURXJK WKH YROXQWDU\
WUDQVIHU RI SRZHU WR D IHZ WUXVWHG LQGLYLGXDOV� ,Q SDUWLFXODU� WKH WUDQVIHU RI SXQLVKPHQW
SRZHU� IXQGDPHQWDO WR H[HFXWLYH LQVWLWXWLRQV� FRXOG VROYH WKH SUREOHPV DVVRFLDWHG ZLWK
GHFHQWUDOL]HG SHHU SXQLVKPHQW� :H WHVW WKLV K\SRWKHVLV H[SHULPHQWDOO\ E\ LQWURGXFLQJ
D QHZ H[SHULPHQWDO VHWXS� ZKLFK ZH FDOO WKH ÙSRZHU WUDQVIHU JDPHÚ�

��� 0DWHULDOV DQG PHWKRGV

����� 7KH SRZHU WUDQVIHU JDPH

7KH SRZHU WUDQVIHU JDPH FRQVLVWV RI WKUHH VWDJHV� WKH SRZHU WUDQVIHU� WKH FRQWULEXWLRQ�
DQG WKH SXQLVKPHQW VWDJH� ,Q RXU H[SHULPHQW� SDUWLFLSDQWV SOD\HG WKH JDPH LQ JURXSV
RI ILYH�

,Q WKH SRZHU WUDQVIHU VWDJH� JURXS PHPEHUV FDQ JLYH XS DQG WUDQVIHU SXQLVKPHQW
SRZHU WR RWKHU JURXS PHPEHUV DW QR FRVW� (DFK JURXS PHPEHU KDV D SRZHU RI � DW KHU
GLVSRVDO� 3RZHU FDQ EH WUDQVIHUUHG LQ XQLWV RI ��� DQG FDQ EH GLVWULEXWHG DPRQJ PXOWL�
SOH JURXS PHPEHUV� 7KH VXP RI SRZHU NHSW DQG UHFHLYHG IURP RWKHUV GHWHUPLQHV RQHÚV
SXQLVKPHQW HIIHFWLYHQHVV �VHH EHORZ�� $IWHU DOO SRZHU WUDQVIHU GHFLVLRQV DUH PDGH� HY�
HU\RQH LV LQIRUPHG DERXW KRZPXFK SXQLVKPHQW SRZHU HDFK JURXSPHPEHU KDV� 3RZHU
WUDQVIHU GRHV QRW FKDQJH WKH WRWDO SXQLVKPHQW SRZHU LQ WKH JURXS EXW �PD\� FKDQJH LWV
GLVWULEXWLRQ DPRQJ JURXS PHPEHUV�

,Q WKH FRQWULEXWLRQ VWDJH� UHSUHVHQWLQJ WKH FODVVLF SXEOLF JRRGV JDPH� SDUWLFLSDQWV
UHFHLYH DQ HQGRZPHQW RI ��PRQHWDU\ XQLWV ���08V  ���� HXUR� DQG GHFLGH KRZPXFK
WR FRQWULEXWH WR D ÙJURXS SURMHFWÚ� *URXS PHPEHUV NHHS DQ\ 08V QRW FRQWULEXWHG� 7KH
VXP RI 08V FRQWULEXWHG WR WKH JURXS SURMHFW LV WKHQ PXOWLSOLHG E\ ���� DQG GLVWULEXWHG
HTXDOO\ DPRQJ DOO ILYH JURXS PHPEHUV� UHJDUGOHVV RI KRZ PXFK HDFK LQGLYLGXDO FRQ�
WULEXWHG� 7KLV SRVHV D VRFLDO GLOHPPD� 7KH UHWXUQ RI HDFK FRQWULEXWHG 08 LV ��� 08
IRU WKH JURXS� EXW RQO\ ��� 08 IRU WKH LQGLYLGXDO� 7KHUHIRUH� LI SDUWLFLSDQWV DUH VHOILVK
SD\RII�PD[LPLVHUV� WKH\ VKRXOG QRW FRQWULEXWH DW DOO� +RZHYHU� LI HYHU\RQH FRQWULEXWHV
WKHLU HQWLUH HQGRZPHQW WR WKH JURXS SURMHFW� SDUWLFLSDQWV ZLOO HDUQ �� 08V ��� 08V ×
� JURXS PHPEHUV × ��� PXOWLSOLHU � � JURXS PHPEHUV�� ZKHUHDV LI QR RQH FRQWULEXWHV�

���
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SDUWLFLSDQWV ZLOO RQO\ HDUQ �� 08V� &RQWULEXWLRQ GHFLVLRQV DUH PDGH VLPXOWDQHRXVO\�
$IWHUZDUGV� HYHU\RQH LV LQIRUPHG DERXW KRZ PDQ\ 08V HDFK RI WKH RWKHU JURXS PHP�
EHUV FRQWULEXWHG DQG KRZ PDQ\ WKH\ NHSW IRU WKHPVHOYHV�

)LQDOO\� LQ WKH SXQLVKPHQW VWDJH� JURXSPHPEHUV DUH DEOH WR SXQLVK WKHLU SHHUV� 3XQ�
LVKPHQW LV GHDOW RXW E\ DVVLJQLQJ EHWZHHQ � DQG �� SXQLVKPHQW SRLQWV� 3XQLVKPHQW
GHFLVLRQV DUH PDGH VLPXOWDQHRXVO\� 6XEVHTXHQWO\� JURXS PHPEHUV VHH KRZ PDQ\ SXQ�
LVKPHQW SRLQWV HDFK JURXS PHPEHU DVVLJQHG� DQG WR ZKRP� 3XQLVKPHQW UHGXFHV WKH
HDUQLQJV RI ERWK WKH SXQLVKHU DQG WKH SXQLVKHG� )RU HDFK DVVLJQHG SXQLVKPHQW SRLQW�
WKH SXQLVKHU SD\V � 08� ,PSRUWDQWO\� WKH DPRXQW RI 08V WKDW DUH GHGXFWHG IURP WKH
SXQLVKHG LV GHWHUPLQHG E\ WKH SRZHU RI WKH SXQLVKHU� )RU H[DPSOH� DVVXPH WKDW LQ WKH
SRZHU WUDQVIHU VWDJH� JURXS PHPEHU $ GHFLGHG WR WUDQVIHU DOO RI KHU SRZHU WR JURXS
PHPEHU %� DQG QR RQH HOVH WUDQVIHUUHG DQ\ SRZHU� % ZRXOG QRZ KDYH D SRZHU RI ��
ZKHUHDV $ ZRXOG KDYH D SRZHU RI �� 6XSSRVH ERWK $ DQG % GHFLGH WR SXQLVK JURXS
PHPEHU &� %HFDXVH RI KHU LQFUHDVH LQ SRZHU� HDFK SRLQW % XVHV WR SXQLVK & ZLOO OHDG
WR D UHGXFWLRQ RI � 08V LQ HDUQLQJV IRU &� 2Q WKH RWKHU KDQG� $� ZKR WUDQVIHUUHG DOO
KHU SRZHU WR %� DQG GLG QRW UHFHLYH DQ\ SRZHU IURP RWKHUV� ZRXOG KDYH D SXQLVKPHQW
HIIHFWLYHQHVV RI �� 7KXV� $ ZRXOG VWLOO SD\ � 08 IRU HDFK SXQLVKPHQW SRLQW WKDW VKH DV�
VLJQV WR &� EXW WKRVH ZRXOG QRW GHFUHDVH WKH HDUQLQJV RI &� $ JDPH WKHRUHWLF GHVFULSWLRQ
DQG D GHWDLOHG SUHVHQWDWLRQ RI WKH FRPSXWHU LQWHUIDFH FDQ EH IRXQG LQ WKH 6XSSRUWLQJ
,QIRUPDWLRQ�

����� ([SHULPHQWDO LPSOHPHQWDWLRQ

3DUWLFLSDQWV ZHUH UHFUXLWHG IURP WKH VXEMHFW SRRO RI WKH EHKDYLRXUDO DQG H[SHULPHQ�
WDO HFRQRPLFV ODE �%((ODE� DW 0DDVWULFKW 8QLYHUVLW\ DQG ZHUH LQYLWHG YLD H�PDLO� (DFK
H[SHULPHQWDO VHVVLRQ FRPSULVHG DW OHDVW � DQG DW PRVW � JURXSV� 3DUWLFLSDQWV �Q  ����
PHDQ DJH  ����� 6'  ���� ��� IHPDOH� ZHUH DOORFDWHG WR RQH RI WKUHH FRQGLWLRQV WKDW
GLIIHUHG LQ KRZ SXQLVKPHQW SRZHU ZDV GHWHUPLQHG� 7KH H[SHULPHQW ODVWHG IRU D WRWDO
RI �� URXQGV LQ IL[HG JURXSV RI ILYH� ,Q WKH HQGRJHQRXV FRQGLWLRQ �Q  ���� SDUWLFLSDQWV
SOD\HG WKH SRZHU WUDQVIHU JDPH GHVFULEHG DERYH� 9ROXQWDU\ WUDQVIHU RI SRZHU ZDV RQO\
SRVVLEOH LQ WKLV FRQGLWLRQ�

3RZHU WUDQVIHU GHFLVLRQV PDGH LQ WKH SUHYLRXV URXQG VHUYHG DV WKH GHIDXOW RSWLRQ
IRU WKH FXUUHQW URXQG� +RZHYHU� SDUWLFLSDQWV FRXOG IUHHO\ FKDQJH WKHLU DOORFDWLRQ HDFK
URXQG�

7KH UHPDLQLQJ SDUWLFLSDQWV ZHUH DOORFDWHG WR RQH RI WZR FRQWURO FRQGLWLRQV� WKH
IL[HG FRQGLWLRQ �Q  ��� RU WKH H[RJHQRXV FRQGLWLRQ �Q  ����� ,Q WKH IL[HG FRQGLWLRQ� HDFK
SDUWLFLSDQW KDG D SXQLVKPHQW SRZHU RI � DQG SDUWLFLSDQWV ZHUH QRW DEOH WR WUDQVIHU DQ\
SRZHU� 7KXV� HDFK JURXS PHPEHU KDG D ��� HIIHFWLYHQHVV�WR�FRVW UDWLR RI SXQLVKPHQW

���
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GXULQJ WKH ZKROH H[SHULPHQW� ,Q WKH H[RJHQRXV FRQGLWLRQ� SRZHU WUDQVIHU ZDV QRW YRO�
XQWDU\� ,QVWHDG� IRU HDFK JURXS LQ WKH HQGRJHQRXV FRQGLWLRQ ZH FUHDWHG D WZLQ JURXS
LQ WKH H[RJHQRXV FRQGLWLRQ� LQ ZKLFK WKH KLVWRU\ RI SRZHU WUDQVIHUV DQG� KHQFH� SXQ�
LVKPHQW HIIHFWLYHQHVV� ZDV PLUURUHG DW WKH LQGLYLGXDO OHYHO� 7KXV� HDFK JURXS PHPEHU
IROORZHG WKH VDPH FKDQJH LQ SXQLVKPHQW SRZHU DFURVV URXQGV DV LWV WZLQ� 7KH SXUSRVH
RI WKH H[RJHQRXV FRQGLWLRQ ZDV WR WHVW ZKHWKHU LW LV LPSRUWDQW WKDW SRZHU WUDQVIHU LV
YROXQWDULO\� ,Q WKH HQGRJHQRXV FRQGLWLRQ� SRZHU WUDQVIHUV FDQ PDNH VRPH JURXS PHP�
EHUV PRUH HIIHFWLYH SXQLVKHUV� +RZHYHU� JURXS PHPEHUV DUH DOVR IUHH WR GHWHUPLQH
ZKR WKHVH HIIHFWLYH SXQLVKHUV DUH JRLQJ WR EH� 7KH H[RJHQRXV FRQGLWLRQ WKHUHIRUH GLV�
HQWDQJOHV WKH HIIHFWV RI LQFUHDVLQJ SXQLVKPHQW HIIHFWLYHQHVV DQG YROXQWDULO\ VHOHFWLQJ
JURXS PHPEHUV WR KROG SXQLVKPHQW SRZHU�

,Q DOO WKUHH FRQGLWLRQV� WKH GLIIHUHQW VWDJHV RI WKH JDPHZHUH LQWURGXFHG VHTXHQWLDOO\
WR WKH SDUWLFLSDQWV �)LJXUH ����� 7KH H[SHULPHQW VWDUWHG ZLWK D URXQG FRQVLVWLQJ RI RQO\
D FRQWULEXWLRQ VWDJH �SXEOLF JRRGV JDPH�� 7KH VHFRQG URXQG FRQVLVWHG RI D FRQWULEX�
WLRQ DQG D SXQLVKPHQW VWDJH �SXEOLF JRRGV JDPH ZLWK SXQLVKPHQW�� ,Q WKH WKLUG URXQG�
WKH SRZHU PHFKDQLVP ZDV LQWURGXFHG WR WKH H[SHULPHQW DFFRUGLQJ WR WKH FRQGLWLRQ�
6XEVHTXHQW URXQGV IROORZHG WKH VWUXFWXUH RI WKH WKLUG URXQG�

��� 5HVXOWV

3DUWLFLSDQWV LQ DOO WKUHH FRQGLWLRQV WUDQVIHUUHG URXJKO\ KDOI RI WKHLU HQGRZPHQW WR WKH
JURXS SURMHFW LQ WKH ILUVW URXQG� ,Q WKH IL[HG FRQGLWLRQ ZLWK GHFHQWUDOL]HG ��� SXQLVK�
PHQW� FRRSHUDWLRQ GHFUHDVHG VWHDGLO\ �)LJXUH ���D� PL[HG HIIHFW UHJUHVVLRQ� URXQG FR�
HIILFLHQW  ������ ��� &,  >������ �����@�� ,Q FRQWUDVW� LQ WKH HQGRJHQRXV FRQGLWLRQ�
ZLWK YROXQWDU\ WUDQVIHU RI SRZHU� LQLWLDO FRRSHUDWLRQ ZDV QRW RQO\ VXVWDLQHG� EXW HYHQ
LQFUHDVHG VOLJKWO\ RYHU WLPH �)LJXUH ���D� PL[HG HIIHFW UHJUHVVLRQ� URXQG× HQGRJHQRXV
FRQGLWLRQ FRHIILFLHQW  ����� ��� &,  >����� ����@�� 7KLV ZDV QRW WKH FDVH IRU JURXSV LQ
WKH H[RJHQRXV FRQGLWLRQ� /DFNLQJ WKH IUHHGRP WR GHFLGH ZKRP WR WUDQVIHU SRZHU WR�
WKHVH JURXSV VKRZHG D GHFOLQH LQ FRRSHUDWLRQ WKDW ZDV QRW VLJQLILFDQWO\ GLIIHUHQW IURP
WKDW LQ WKH IL[HG FRQGLWLRQ �)LJXUH ���D� PL[HG HIIHFW UHJUHVVLRQ� URXQG × H[RJHQRXV
FRQGLWLRQ FRHIILFLHQW  ����� ��� &,  >������ ����@�� 7KXV� RQO\ WKH YROXQWDU\ WUDQVIHU
RI SRZHU FRXOG VROYH WKH VRFLDO GLOHPPD�

7KH SXQLVKPHQW KLVWRULHV IRU DOO WKUHH FRQGLWLRQV DUH GLVSOD\HG LQ )LJXUH ���E� 2YHU�
DOO� DYHUDJH 08V DVVLJQHG IRU SXQLVKPHQW GHFOLQHG RYHU WKH FRXUVH RI WKH H[SHULPHQW�
7KLV GHFOLQH ZDV WKH VWURQJHVW LQ WKH HQGRJHQRXV FRQGLWLRQ �PL[HG HIIHFW UHJUHVVLRQ�
URXQG× HQGRJHQRXV FRQGLWLRQ FRHIILFLHQW  ������ ��� &,  >������ �����@�� +LJKHU OHY�
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round 4-20� � �

round 1

contribution

endogenous�
power transfer

exogenous�
power transfer

fixed�
power

condition

round 3

punishmentcontribution

round 2

punishmentcontribution

)LJXUH ���� 7LPHOLQH RI WKH H[SHULPHQW� *URXSV LQ DOO WKUHH FRQGLWLRQV VWDUWHG ZLWK RQH URXQG RI

D FRQWULEXWLRQ VWDJH� IROORZHG E\ URXQG �� FRQVLVWLQJ RI D FRQWULEXWLRQ VWDJH DQG D SXQLVKPHQW

VWDJH� ,Q URXQG �� WKH H[SHULPHQWDO PDQLSXODWLRQ ZDV LQWURGXFHG� ,Q WKH HQGRJHQRXV FRQGL�

WLRQ� UHSUHVHQWLQJ WKH SRZHU WUDQVIHU JDPH� JURXSPHPEHUV ZHUH DEOH WR WUDQVIHU SRZHU WR RWKHU

JURXSPHPEHUV EHIRUH WKH FRQWULEXWLRQ DQG SXQLVKPHQW VWDJHV� (DFK H[RJHQRXV FRQGLWLRQ JURXS

PLUURUHG WKH SRZHU WUDQVIHUV RI RQH HQGRJHQRXV FRQGLWLRQ JURXS DQG WKXV JURXS PHPEHUV ZHUH

QRW DEOH WR WUDQVIHU SRZHU YROXQWDULO\� ,Q WKH IL[HG FRQGLWLRQ� SRZHU WUDQVIHUV ZHUH QRW SRVVLEOH�

DQG HYHU\RQHÚV SRZHU ZDV IL[HG WR �� 5RXQGV � WR �� IROORZHG WKH VWUXFWXUH RI URXQG �� DFFRUGLQJ

WR WKH FRQGLWLRQ�
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)LJXUH ���� &RRSHUDWLRQ DQG SXQLVKPHQW RYHU URXQGV� �D�0HDQ FRQWULEXWLRQV WR WKH JURXS SURMHFW

IRU HQGRJHQRXV �GDUN JUHHQ�� H[RJHQRXV �OLJKW JUHHQ� DQG IL[HG �JUH\� FRQGLWLRQV� <HOORZ SLH

FKDUWV VKRZ RYHUDOO HDUQLQJV DV D SHUFHQWDJH RI WKH VRFLDO RSWLPXP �PD[LPXP FRRSHUDWLRQ ZLWK�

RXW SXQLVKPHQW� �� 08V SHU JURXS PHPEHU  ������ FRPSDUHG WR WKH VHOILVK RXWFRPH �PLQLPDO

FRRSHUDWLRQ ZLWKRXW SXQLVKPHQW� �� 08V SHU JURXS PHPEHU  ��� IRU HDFK FRQGLWLRQ� �E� $YHU�

DJH DPRXQW RI 08V VSHQW RQ SXQLVKPHQW LQ WKH HQGRJHQRXV �GDUN UHG�� H[RJHQRXV �OLJKW UHG� DQG

IL[HG �JUH\� FRQGLWLRQV� 5HG SLH FKDUWV VKRZ WKH DYHUDJH DPRXQW RI 08V ORVW GXH WR SXQLVKPHQW

GHDOW DQG UHFHLYHG DV D SHUFHQWDJH RI WKH WRWDO HDUQLQJV IRU HDFK FRQGLWLRQ� (UURU EDUV VKRZ WKH

ZLWKLQ�VXEMHFW VWDQGDUG HUURUV RI WKH PHDQ�

HOV RI FRRSHUDWLRQ� DQG WKH PRUH SURQRXQFHG GHFOLQH LQ SXQLVKPHQW LQ WKH HQGRJHQRXV
FRQGLWLRQ SDLG RII IRU SDUWLFLSDQWV LQ WHUPV RI HDUQLQJV� 3DUWLFLSDQWV ZLWK WKH DELOLW\ WR
WUDQVIHU SRZHU HDUQHG SURJUHVVLYHO\ PRUH FRPSDUHG WR SDUWLFLSDQWV LQ WKH WZR FRQWURO
FRQGLWLRQV �)LJXUH ��6��� PL[HG HIIHFW UHJUHVVLRQ� URXQG× HQGRJHQRXV FRQGLWLRQ FRHI�
ILFLHQW  ����� ��� &,  >����� ����@� GLIIHUHQFH EHWZHHQ URXQG× HQGRJHQRXV DQG URXQG
× H[RJHQRXV FRQGLWLRQ FRHIILFLHQW  ����� ��� &,  >����� ����@�� ,Q FRQWUDVW� WKHUH ZDV
QR VLJQLILFDQW GLIIHUHQFH LQ HDUQLQJV RYHU URXQGV EHWZHHQ WKH IL[HG DQG H[RJHQRXV FRQ�
GLWLRQ �PL[HG HIIHFW UHJUHVVLRQ� URXQG × H[RJHQRXV FRQGLWLRQ FRHIILFLHQW  ����� ���
&,  >������ ����@�� 7KXV� YROXQWDU\ SRZHU WUDQVIHU HQDEOHG SDUWLFLSDQWV WR DFKLHYH DQ
RXWFRPH PXFK FORVHU WR WKH VRFLDO RSWLPXP� WKHUHE\ HQKDQFLQJ JURXS ZHOIDUH�

7R XQGHUVWDQG KRZ JURXSV LQ WKH HQGRJHQRXV FRQGLWLRQ VROYHG WKH FRRSHUDWLRQ
GLOHPPD� ZH ILUVW ORRNHG DW WKH SRZHU FHQWUDOL]DWLRQ WKDW HPHUJHG RYHU WLPH� 3RZHU
ZDV DOUHDG\ WUDQVIHUUHG LQ WKH ILUVW URXQG ZLWK D SRZHU WUDQVIHU VWDJH �URXQG �� VHH )LJ�
XUH ����� $ VXEVWDQWLDO IUDFWLRQ RI SDUWLFLSDQWV ����� ZHUH ZLOOLQJ WR WUDQVIHU SRZHU LQ
WKLV URXQG� 7KH DPRXQW RI SRZHU KHOG E\ WKH PRVW SRZHUIXO JURXS PHPEHU LQFUHDVHG
VLJQLILFDQWO\ RYHU URXQGV �)LJXUH ���D� PL[HG HIIHFW UHJUHVVLRQ� URXQG FRHIILFLHQW  �����
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��� &,  >����� ����@�� 7KXV� SRZHU EHFDPH PRUH DQG PRUH FHQWUDOL]HG� &HQWUDOL]D�
WLRQ RI SRZHU ZDV SRVLWLYHO\ UHODWHG WR FRRSHUDWLRQ LQ WKH HQGRJHQRXV FRQGLWLRQ� EXW
QRW LQ WKH H[RJHQRXV FRQGLWLRQ� )RU HDFK JURXS� ZH FRPSXWHG WKH FRUUHODWLRQ DFURVV
URXQGV EHWZHHQ SRZHU KHOG E\ WKHPRVW SRZHUIXO JURXSPHPEHU DQG DYHUDJH FRRSHUD�
WLRQ� )RU JURXSV ZKR FRXOG WUDQVIHU SRZHU YROXQWDULO\� KLJKHU SRZHU FHQWUDOL]DWLRQ ZDV
DVVRFLDWHG ZLWK KLJKHU DYHUDJH JURXS FRRSHUDWLRQ �)LJXUH ���E� PHDQ 3HDUVRQÚV U  �����
RQH�VDPSOH W�WHVW� W����  ���� S< ���� WZR�VLGHG�� ,Q FRQWUDVW� JURXSV LQ WKH H[RJHQRXV
FRQGLWLRQ� H[SHULHQFLQJ H[DFWO\ WKH VDPH SRZHU FHQWUDOL]DWLRQ EXW ZLWKRXW WKH DELOLW\
WR WUDQVIHU SRZHU YROXQWDULO\� FRUUHODWLRQV EHWZHHQ SRZHU FHQWUDOL]DWLRQ DQG FRRSHU�
DWLRQ ZHUH QRW VLJQLILFDQWO\ GLIIHUHQW IURP ]HUR �)LJXUH ���E� PHDQ 3HDUVRQÚV U  �����
RQH�VDPSOH W�WHVW� W����  ���� S  ����� WZR�VLGHG��
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)LJXUH ���� 3RZHU DQG FRRSHUDWLRQ� �D� &KDQJH RI DYHUDJH SRZHU RI WKH PRVW SRZHUIXO JURXS

PHPEHU RYHU URXQGV LQ WKH HQGRJHQRXV FRQGLWLRQ �EOXH�� ,Q WKH H[RJHQRXV FRQGLWLRQ� SRZHU

WUDQVIHUV ZHUH LGHQWLFDO WR WKH HQGRJHQRXV FRQGLWLRQ� DQG WKXV� WKH DYHUDJH SRZHU RI WKH PRVW

SRZHUIXO JURXS PHPEHU ZDV WKH VDPH� WRR� ,Q WKH IL[HG FRQGLWLRQ� SRZHU ZDV IL[HG WR � �JUH\��

(UURU EDUV VKRZ WKH ZLWKLQ�VXEMHFW VWDQGDUG HUURUV RI WKH PHDQ� �E� 'LVWULEXWLRQ RI FRUUHODWLRQV

DFURVV URXQGV EHWZHHQ PD[LPXP SRZHU DQG FRRSHUDWLRQ IRU HDFK JURXS LQ WKH HQGRJHQRXV DQG

H[RJHQRXV FRQGLWLRQ� 7KLFN KRUL]RQWDO EDUV UHSUHVHQW WKH PHGLDQV�

1H[W� ZH DQDO\VHG GHFLVLRQV LQ WKH HQGRJHQRXV FRQGLWLRQ RQ WKH LQGLYLGXDO OHYHO LQ
RUGHU WR XQGHUVWDQG ZKR WUDQVIHUUHG DQG ZKR UHFHLYHG SRZHU� KRZ LW ZDV XVHG DQG

���
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ZKDW HIIHFW LW KDG RQ JURXS PHPEHUV� ,QWHUHVWLQJO\� HYHQ WKRXJK SDUWLFLSDQWV ZHUH
XQDZDUH RI WKH VXEVHTXHQW LQWURGXFWLRQ RI WKH SRZHU WUDQVIHU PHFKDQLVP� EHKDYLRXU
LQ WKH ILUVW WZR URXQGV UHOLDEO\ SUHGLFWHG WKH DYHUDJH SRZHU VWDWXV RI D JURXS PHPEHU�
,QLWLDO FRRSHUDWRUV� WKRVH ZKR FRQWULEXWHG DW RU DERYH WKH JURXS DYHUDJH LQ WKH ILUVW
URXQG� UHFHLYHG VLJQLILFDQWO\ PRUH SRZHU RYHU WKH FRXUVH RI WKH H[SHULPHQW WKDQ LQLWLDO
IUHH ULGHUV� GHILQHG DV JURXS PHPEHUV ZKR FRQWULEXWHG OHVV WKDQ WKH JURXS DYHUDJH
�0DQQ�:KLWQH\ 8�WHVW� 8  ������� S < ���� WZR�VLGHG�� 6LPLODUO\� JURXS PHPEHUV ZKR
SXQLVKHG IUHH ULGHUV LQ WKH ILUVW SXQLVKPHQW VWDJH �URXQG �� UHFHLYHG VLJQLILFDQWO\ PRUH
SRZHU IURP RWKHU JURXS PHPEHUV WKDQ WKRVH ZKR ZHUH QRW ZLOOLQJ WR SXQLVK �0DQQ�
:KLWQH\ 8�WHVW� 8  ����� S  ����� WZR�VLGHG��

/RRNLQJ DW SRZHU WUDQVIHUV IURP URXQG WR URXQG� SRZHU WUDQVIHUV ZHUH PRVWO\ LQL�
WLDWHG E\ QRQ�SXQLVKHUV� *URXS PHPEHUV ZLWK D ORZHU WKDQ DYHUDJH SXQLVKPHQW H[�
SHQGLWXUH KDG D VLJQLILFDQW KLJKHU OLNHOLKRRG WR JLYH XS SRZHU �PL[HG HIIHFW ORJLVWLF
UHJUHVVLRQ� W�� SXQLVKPHQW GLIIHUHQFH FRHIILFLHQW  ����� ��� &,  >����� ����@�� ,Q OLQH
ZLWK WKH ILUVW WZR URXQGV� WKH OLNHOLKRRG RI UHFHLYLQJ SRZHU ZDV VLJQLILFDQWO\ LQFUHDVHG
E\ EHLQJ D FRRSHUDWRU RU VSHQGLQJ 08V RQ SXQLVKLQJ IUHH ULGHUV LQ WKH SUHYLRXV URXQG
�PL[HG HIIHFW ORJLVWLF UHJUHVVLRQ� W�� FRRSHUDWRU FRHIILFLHQW  ����� ��� &,  >����� ����@�
W�� SXQLVKLQJ IUHH ULGHU FRHIILFLHQW  ����� ��� &,  >����� ����@�� ,Q WXUQ� JDLQLQJ SRZHU
IXUWKHU LQFUHDVHG WKH RGGV RI SXQLVKLQJ IUHH ULGHUV �PL[HG HIIHFW ORJLVWLF UHJUHVVLRQ�
SRZHU FRHIILFLHQW  ����� ��� &,  >����� ����@�� 6LQFH WKRVH ZLOOLQJ WR HQJDJH LQ FRVWO\
SXQLVKPHQW DQG FRRSHUDWLQJ DERYH JURXS DYHUDJH ZHUH PRUH OLNHO\ WR JDLQ SRZHU� DQG�
LQ WXUQ� JDLQLQJ SRZHU IXUWKHU LQFUHDVHG WKH OLNHOLKRRG RI VSHQGLQJ RZQ 08V RQ SXQ�
LVKPHQW� SRZHUIXO JURXS PHPEHUV HDUQHG OHVV WKDQ WKH JURXS DYHUDJH �FRUUHODWLRQ RI
SRZHU DQG HDUQLQJV� 6SHDUPDQÚV UDQN FRUUHODWLRQ U  ������ S< ���� )LJXUH ��6���� 7KLV LQ�
GLFDWHV WKDW WKH EHKDYLRXU RI SRZHUIXO JURXSPHPEHUV ZDV QRW GULYHQ E\ VHOILVK SD\RII�
PD[LPLVDWLRQ�

*URXS PHPEHUV LQFUHDVHG WKHLU FRQWULEXWLRQV LQ UHVSRQVH WR SXQLVKPHQW DQG
SRZHU FKDQJHV� 7KH PRUH 08V VRPHRQH ORVW GXH WR UHFHLYLQJ SXQLVKPHQW LQ WKH SUHYL�
RXV URXQG� WKH PRUH VKH LQFUHDVHG KHU FRQWULEXWLRQ WR WKH JURXS SURMHFW �PL[HG HIIHFW
UHJUHVVLRQ� HDUQLQJ UHGXFWLRQ FRHIILFLHQW  ����� ���&,  >����� ����@�� )XUWKHUPRUH� WKH
KLJKHU WKH LQFUHDVH LQ SRZHU FHQWUDOL]DWLRQ IURP WKH SUHYLRXV URXQG� WKH PRUH JURXS
PHPEHUV LQFUHDVHG WKHLU FRQWULEXWLRQV FRPSDUHG WR WKH SUHYLRXV URXQG �PL[HG HIIHFW
UHJUHVVLRQ� SRZHU FKDQJH FRHIILFLHQW  ����� ��� &,  >����� ����@�� 7KXV� JURXS PHP�
EHUV UHDFWHG QRW PHUHO\ WR DFWXDO SXQLVKPHQW� EXW DOVR WR WKH WKUHDW RI SRZHUIXO SXQ�
LVKPHQW�

+RZHYHU� QRW DOO JURXSV LQ WKH HQGRJHQRXV FRQGLWLRQ ZHUH DEOH WR VROYH WKH VRFLDO
GLOHPPD� 2XW RI �� JURXSV� FRRSHUDWLRQ LQFUHDVHG VWHDGLO\ RYHU WLPH LQ �� �FRRSHUDWLYH
JURXSV�� ZKLOH LW GHFUHDVHG LQ �� �QRQ�FRRSHUDWLYH JURXSV�� 7KLV LQFUHDVH RU GHFUHDVH

���
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LQ FRRSHUDWLRQ LV QRW H[SODLQHG E\ LQLWLDO SURSHQVLWLHV WR FRRSHUDWH� &RRSHUDWLRQ LQ WKH
ILUVW URXQG ZDV QRW VLJQLILFDQWO\ GLIIHUHQW EHWZHHQ FRRSHUDWLYH DQG QRQ�FRRSHUDWLYH
JURXSV �W�WHVW� W����  ���� S  ����� WZR�VLGHG�� 7R UHDFK D VROXWLRQ WR WKH IUHH ULGHU
SUREOHP IURP D VWDWH RI ZHDN DQG GHFHQWUDOL]HG SXQLVKPHQW� D SXQLVKHU QHHGV WR EH
VXIILFLHQWO\ HPSRZHUHG E\ KHU SHHUV� 7KHUHIRUH� VRPH JURXS PHPEHUV KDYH WR EH ZLOO�
LQJ WR JLYH XS SRZHU DQG FRQILGH LQ WKDW WKHLU SRZHU ZLOO EH XVHG LQ WKHLU LQWHUHVW� :H
PHDVXUHG WKLV ZLOOLQJQHVV E\ WKH WRWDO DPRXQW RI SRZHU WUDQVIHUUHG ZLWKLQ WKH JURXS�
)XUWKHU� WKH\ KDYH WR VHOHFW WKH ULJKW SHUVRQ WR VKLIW SRZHU WR� VRPHERG\ ZKR ZLOO XVH
WKLV SRZHU IRU WKH EHQHILW RI WKH JURXS� 7R HYDOXDWH ZKHWKHU WKLV VHOHFWLRQ ZDV VXF�
FHVVIXO� ZH FDOFXODWHG WKH VKDUH RI URXQGV LQ ZKLFK WKH JURXS PHPEHU PRVW ZLOOLQJ WR
SXQLVK IUHH ULGHUV LQ WKH SDVW EHFDPH WKH PRVW SRZHUIXO�
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)LJXUH ���� &KDUDFWHULVWLFV RI FRRSHUDWLYH DQG QRQ�FRRSHUDWLYH JURXSV DFURVV WLPH LQWHUYDOV� %DUV

GHSLFW JURXSV LQ ZKLFK FRRSHUDWLRQ GHFOLQHG �OLJKW JUH\�� RU LQFUHDVHG �GDUN JUH\�� �D� 3RZHU FHQ�

WUDOL]DWLRQ� PHDVXUHG E\ WKH SRZHU RI WKH PRVW SRZHUIXO JURXS PHPEHU� �E� DYHUDJH DPRXQW RI

SRZHU WUDQVIHUUHG� �F� VHOHFWLRQ VXFFHVV� PHDVXUHG E\ WKH VKDUH RI URXQGV LQ ZKLFK WKH PRVW

DFWLYH SXQLVKHU RI QRQ�FRRSHUDWRUV RI SDVW URXQGV ZDV WKH PRVW SRZHUIXO�

3RZHU FHQWUDOL]DWLRQ� WKH ZLOOLQJQHVV WR JLYH XS SRZHU DV ZHOO DV VHOHFWLRQ VXFFHVV
ZHUH QRW GLIIHUHQW LQ WKH ILUVW WKLUG RI WKH H[SHULPHQW DFURVV FRRSHUDWLYH DQG QRQ�
FRRSHUDWLYH JURXSV �)LJXUH ����� +RZHYHU� SRZHU FHQWUDOL]DWLRQ LQFUHDVHG PRUH VKDUSO\
LQ FRRSHUDWLYH JURXSV DQG UHPDLQHG VWDEOH WRZDUGV WKH HQG RI WKH H[SHULPHQW �)LJ�
XUH ���D�� 7KLV UHVXOW VXSSRUWV WKH ILQGLQJV UHSRUWHG DERYH �VHH )LJXUH ���E�� ,Q QRQ�
FRRSHUDWLYH JURXSV� SRZHU FHQWUDOL]DWLRQ GHFUHDVHG WRZDUGV WKH HQG RI WKH H[SHULPHQW�

���



���� 5(68/76

7KLV REVHUYHG GLIIHUHQFH ZDV QRW GULYHQ E\ ZLOOLQJQHVV WR JLYH XS SRZHU� 7KH DYHUDJH
DPRXQW RI SRZHU WUDQVIHUUHG ZDV VLPLODU LQ WKH ILUVW WZR WKLUGV RI WKH H[SHULPHQW �)LJ�
XUH ���E�� ,QVWHDG� FRRSHUDWLYH DQG QRQ�FRRSHUDWLYH JURXSV GLYHUJHG LQ WKHLU VXFFHVV WR
FHQWUDOL]H SRZHU LQ WKH KDQGV RI D JURXSPHPEHU ZKR UHOLDEO\ SXQLVKHG IUHH ULGHUV RYHU
SDVW URXQGV �)LJXUH ���F�� 7KXV� JURXSV WKDW WUDQVIHUUHG VXIILFLHQW SRZHU WR WKH ULJKW
JURXS PHPEHU FRXOG PDLQWDLQ FRRSHUDWLRQ� )LJXUH ��� VKRZV WKH SRZHU WUDQVIHU QHW�
ZRUNV� $OWKRXJK WKH LQLWLDO QHWZRUNV KDG D VLPLODU VWUXFWXUH� QRQ�FRRSHUDWLYH JURXSV
GLYHUWHGPRUH SRZHU DZD\ IURP WKH FHQWUH� DQG DOVR WUDQVIHUUHG LW DORQJ FLUFOHV� OHDGLQJ
WR OHVV SRZHU FHQWUDOL]DWLRQ� 2Q WKH RWKHU KDQG� FRRSHUDWLYH JURXSV GLUHFWHG PRUH DQG
PRUH SRZHU WR RQH JURXS PHPEHU RYHU WLPH�
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��� 'LVFXVVLRQ

3RZHU KLHUDUFKLHV KHOS IRVWHU FRRSHUDWLRQ DQG OHDG WR D EHWWHU VRFLDO RXWFRPH LQ HQYL�
URQPHQWV ZKHUH GHFHQWUDOL]HG SHHU SXQLVKPHQW LV XQDEOH WR VXVWDLQ FRRSHUDWLRQ� 7KH
WUDQVIHU RI SRZHU VROYHV WKH VRFLDO GLOHPPD E\ HQDEOLQJ JURXS PHPEHUV ZKR GR QRW
SXQLVK �VHFRQG�RUGHU IUHH ULGHUV� WR HPSRZHU FRRSHUDWRUV ZKR DUH ZLOOLQJ WR VDFULILFH
SULYDWH UHVRXUFHV WR EULQJ IUHH ULGHUV LQ OLQH� )UHH ULGHUV DQWLFLSDWH WKLV EHKDYLRXU DQG
UDLVH WKHLU FRRSHUDWLRQ ZKHQ WKH\ REVHUYH WKDW D SRZHUIXO JURXS PHPEHU LV HPHUJLQJ�

2XU ZRUN GHPRQVWUDWHV WKH HPHUJHQFH RI FHQWUDOL]HG SXQLVKPHQW RXW RI D ÙVWDWH
RI QDWXUHÚ� FKDUDFWHUL]HG E\ ZHDN DQG GHFHQWUDOL]HG SXQLVKPHQW� 7KH UHVXOWLQJ SRZHU
KLHUDUFK\ RYHUFRPHV WKH SUREOHPV RI SHHU SXQLVKPHQW� $V SUR�VRFLDO SXQLVKHUV JDLQ
SRZHU� DQWL�VRFLDO SXQLVKPHQW EHFRPHV PRUH ULVN\� ,QWHUHVWLQJO\� WKH PRVW SRZHUIXO
JURXS PHPEHUV HDUQHG WKH OHDVW� LQGLFDWLQJ WKDW WKHLU EHKDYLRXU ZDV QRW GULYHQ E\ IL�
QDQFLDO LQFHQWLYHV� 7KH\ ZHUH LQVWHDG ZLOOLQJ WR XVH WKHLU SRZHU IRU WKH VDNH RI WKH
JURXS� &RQYHUVHO\� LW LV HVVHQWLDO WKDW SRZHU LV FRQFHQWUDWHG LQ WKH ULJKW KDQGV� :KHQ
JURXSV GLG QRW KDYH WKH IUHHGRP WR GHFLGH ZKRP WR GLUHFW SRZHU WR� RU IDLOHG WR VHOHFW
WKH ULJKW JURXS PHPEHU� FRRSHUDWLRQ FRXOG QRW EH VXVWDLQHG�

6RFLDO VWUXFWXUHV WKDW DUH FKDUDFWHUL]HG E\ DQ XQHTXDO GLVWULEXWLRQ RI SRZHU DUH QRW
RQO\ SUHYDOHQW LQ KXPDQ VRFLHWLHV EXW DOVR LQ RWKHU VRFLDO DQLPDOV �(OOLV� ������ )RU H[�
DPSOH� PDQ\ QRQKXPDQ SULPDWHV OLYH LQ FRPSOH[ VRFLDO JURXSV RUJDQL]HG LQ GRPLQDQFH
KLHUDUFKLHV �GH :DDO� ����� &KHQH\ DQG 6H\IDUWK� ������ 7KH HPHUJHQFH RI VRFLDO VWUXF�
WXUHV LQ ZKLFK VRPH JURXS PHPEHUV KDYH PRUH SRZHU WKDQ RWKHUV WR HQIRUFH VKDUHG
JRDOV PD\ WKXV EH D FUXFLDO VWHS LQ WKH HYROXWLRQ RI FRRSHUDWLRQ� ,Q KXPDQ VRFLHWLHV�
LQVWLWXWLRQV VXFK DV HOHFWHG UHSUHVHQWDWLYH ERGLHV� OHJDO FRXUWV DQG ODZ HQIRUFHPHQW
DJHQFLHV JRYHUQ PXFK RI VRFLDO OLIH� 7KHVH LQVWLWXWLRQV DUH EXLOW XSRQ� DQG HPERG\
WKH FHQWUDOL]DWLRQ RI SRZHU� 7KH ZLOOLQJQHVV WR JLYH XS� WUDQVIHU DQG FHQWUDOL]H SRZHU�
GHPRQVWUDWHG KHUH� FDQ EH VHHQ DV DQ LPSRUWDQW LQWHUPHGLDU\ VWHS DQG SUHUHTXLVLWH WR
WKH FRQVWLWXWLRQ RI VXFK FRPSOH[ LQVWLWXWLRQV�

���
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5HIHUHQFHV

$OH[DQGHU� 5� '� ������� 7KH ELRORJ\ RI PRUDO V\VWHPV� 7UDQVDFWLRQ 3XEOLVKHUV� 1HZ -HUVH\�

%R\G� 5�� *LQWLV� +�� DQG %RZOHV� 6� ������� &RRUGLQDWHG SXQLVKPHQW RI GHIHFWRUV VXVWDLQV
FRRSHUDWLRQ DQG FDQ SUROLIHUDWH ZKHQ UDUH� 6FLHQFH� �������������×����

%R\G� 5�� *LQWLV� +�� %RZOHV� 6�� DQG 5LFKHUVRQ� 3� -� ������� 7KH HYROXWLRQ RI DOWUXLVWLF
SXQLVKPHQW� 3URFHHGLQJV RI WKH 1DWLRQDO $FDGHP\ RI 6FLHQFHV RI WKH 8QLWHG 6WDWHV RI
$PHULFD� �����������×�����

%R\G� 5� DQG 5LFKHUVRQ� 3� -� ������� 3XQLVKPHQW DOORZV WKH HYROXWLRQ RI FRRSHUDWLRQ �RU
DQ\WKLQJ HOVH� LQ VL]DEOH JURXSV� (WKRORJ\ DQG 6RFLRELRORJ\� ���������×����

&DVDUL� 0� ������� 2Q WKH GHVLJQ RI SHHU SXQLVKPHQW H[SHULPHQWV� ([SHULPHQWDO (FR�
QRPLFV� ��������×����

&DVDUL� 0� DQG 3ORWW� &� 5� ������� 'HFHQWUDOL]HG PDQDJHPHQW RI FRPPRQ SURSHUW\ UH�
VRXUFHV� ([SHULPHQWV ZLWK D FHQWXULHV�ROG LQVWLWXWLRQ� -RXUQDO RI (FRQRPLF %HKDYLRU
DQG 2UJDQL]DWLRQ� ���������×����

&KHQH\� '� /� DQG 6H\IDUWK� 5� 0� ������� 7KH UHSUHVHQWDWLRQ RI VRFLDO UHODWLRQV E\ PRQ�
NH\V� &RJQLWLRQ� �����������×����

GH 4XHUYDLQ� '� -��)�� )LVFKEDFKHU� 8�� 7UH\HU� 9�� 6FKHOOKDPPHU� 0�� 6FKQ\GHU� 8�� %XFN�
$�� DQG )HKU� (� ������� 7KH QHXUDO EDVLV RI DOWUXLVWLF SXQLVKPHQW� 6FLHQFH� ��������×
�����

GH:DDO� )� ������� '\QDPLFV RI VRFLDO UHODWLRQVKLSV� ,Q 6PXWV� 5�� &KHQH\� '� /�� 6H\IDUWK�
5�� :UDQJKDP� 5� :�� DQG 6WUXKVDNHU� 7� 7�� HGLWRUV� '\QDPLFV RI VRFLDO UHODWLRQVKLSV�
SDJHV ���×���� 8QLYHUVLW\ RI &KLFDJR 3UHVV� &KLFDJR�

'UHEHU� $�� 5DQG� '�� )XGHQEHUJ� '�� DQG 1RZDN� 0� $� ������� :LQQHUV GRQÚW SXQLVK�
1DWXUH� �������×����

'UHEHU� $� DQG 5DQG� '� *� ������� 5HWDOLDWLRQ DQG DQWLVRFLDO SXQLVKPHQW DUH RYHUORRNHG
LQ PDQ\ WKHRUHWLFDO PRGHOV DV ZHOO DV EHKDYLRUDO H[SHULPHQWV� %HKDYLRUDO DQG %UDLQ
6FLHQFHV� ���������

(JDV� 0� DQG 5LHGO� $� ������� 7KH HFRQRPLFV RI DOWUXLVWLF SXQLVKPHQW DQG WKH PDLQ�
WHQDQFH RI FRRSHUDWLRQ� 3KLORVRSKLFDO 7UDQVDFWLRQV RI WKH 5R\DO 6RFLHW\ %� %LRORJLFDO
6FLHQFHV� �������×����

���
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(OOLV� /� ������� 'RPLQDQFH DQG UHSURGXFWLYH VXFFHVV DPRQJ QRQKXPDQ DQLPDOV� $
FURVV�VSHFLHV FRPSDULVRQ� (WKRORJ\ DQG 6RFLRELRORJ\� ���������×����

(QJHOPDQQ� '� DQG 1LNLIRUDNLV� 1� �LQ SUHVV�� ,Q WKH ORQJ�UXQ ZH DUH DOO GHDG� 2Q WKH
EHQHILWV RI SHHU SXQLVKPHQW LQ ULFK HQYLURQPHQWV� 6RFLDO &KRLFH DQG :HOIDUH�

)DON� $�� )HKU� (�� DQG )LVFKEDFKHU� 8� ������� 'ULYLQJ IRUFHV EHKLQG LQIRUPDO VDQFWLRQV�
(FRQRPHWULFD� ����������×�����

)HKU� (� DQG )LVFKEDFKHU� 8� ������� 7KH QDWXUH RI KXPDQ DOWUXLVP� 1DWXUH� �������×����

)HKU� (� DQG *¥FKWHU� 6� ������� &RRSHUDWLRQ DQG SXQLVKPHQW LQ SXEOLF JRRGV H[SHUL�
PHQWV� 7KH $PHULFDQ (FRQRPLF 5HYLHZ� ���������×����

)HKU� (� DQG *¥FKWHU� 6� ������� $OWUXLVWLF SXQLVKPHQW LQ KXPDQV� 1DWXUH� �������×����

)OHZ� $� ������� 7KH MXVWLILFDWLRQ RI SXQLVKPHQW� 3KLORVRSK\� �����������×����

)RZOHU� -� +� ������� 6HFRQG�RUGHU IUHH�ULGLQJ SUREOHP VROYHG" 1DWXUH� ����������(��

*¥FKWHU� 6� DQG +HUUPDQQ� %� ������� 5HFLSURFLW\� FXOWXUH DQG KXPDQ FRRSHUDWLRQ� SUH�
YLRXV LQVLJKWV DQG D QHZ FURVV�FXOWXUDO H[SHULPHQW� 3KLORVRSKLFDO 7UDQVDFWLRQV RI WKH
5R\DO 6RFLHW\ %� %LRORJLFDO 6FLHQFHV� �������������×����

*¥FKWHU� 6�� 5HQQHU� (�� DQG 6HIWRQ� 0� ������� 7KH ORQJ�UXQ EHQHILWV RI SXQLVKPHQW�
6FLHQFH� ���������

*XDOD� )� )� ������� 5HFLSURFLW\� ZHDN RU VWURQJ" :KDW SXQLVKPHQW H[SHULPHQWV GR �DQG
GR QRW� GHPRQVWUDWH� %HKDYLRUDO DQG %UDLQ 6FLHQFHV� �������×���

*½WK� :�� 6FKPLWWEHUJHU� 5�� DQG 6FKZDU]H� %� ������� $Q H[SHULPHQWDO DQDO\VLV RI XOWL�
PDWXP EDUJDLQLQJ� -RXUQDO RI (FRQRPLF %HKDYLRU DQG 2UJDQL]DWLRQ� �����×����

+HUUPDQQ� %�� 7K·QL� &�� DQG *¥FKWHU� 6� ������� $QWLVRFLDO SXQLVKPHQW DFURVV VRFLHWLHV�
6FLHQFH� ��������×�����

-DQVVHQ� 0� $� DQG %XVKPDQ� &� ������� (YROXWLRQ RI FRRSHUDWLRQ DQG DOWUXLVWLF SXQLVK�
PHQW ZKHQ UHWDOLDWLRQ LV SRVVLEOH� -RXUQDO RI 7KHRUHWLFDO %LRORJ\� ����������×����

-DQVVHQ� 0� $�� +RODKDQ� 5�� /HH� $�� DQG 2VWURP� (� ������� /DE H[SHULPHQWV IRU WKH VWXG\
RI VRFLDO�HFRORJLFDO V\VWHPV� 6FLHQFH� �������������×����

.L\RQDUL� 7� DQG %DUFOD\� 3� ������� &RRSHUDWLRQ LQ VRFLDO GLOHPPDV� )UHH ULGLQJ PD\ EH
WKZDUWHG E\ VHFRQG�RUGHU UHZDUG UDWKHU WKDQ E\ SXQLVKPHQW� -RXUQDO RI 3HUVRQDOLW\
DQG 6RFLDO 3V\FKRORJ\� ���������×����

���
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.RVIHOG� 0�� 2NDGD� $�� DQG 5LHGO� $� ������� ,QVWLWXWLRQ IRUPDWLRQ LQ SXEOLF JRRGV JDPHV�
$PHULFDQ (FRQRPLF 5HYLHZ� ����������×�����

0DVFOHW� '�� 1RXVVDLU� &�� 7XFNHU� 6�� DQG 9LOOHYDO� 0� &� ������� 0RQHWDU\ DQG QRQPRQ�
HWDU\ SXQLVKPHQW LQ WKH YROXQWDU\ FRQWULEXWLRQV PHFKDQLVP� $PHULFDQ (FRQRPLF
5HYLHZ� ���������×����

1LNLIRUDNLV� 1� ������� 3XQLVKPHQW DQG FRXQWHU�SXQLVKPHQW LQ SXEOLF JRRG JDPHV� &DQ
ZH UHDOO\ JRYHUQ RXUVHOYHV" -RXUQDO RI 3XEOLF (FRQRPLFV� ����������×����

1LNLIRUDNLV� 1� DQG 1RUPDQQ� +��7� ������� $ FRPSDUDWLYH VWDWLFV DQDO\VLV RI SXQLVKPHQW
LQ SXEOLF�JRRG H[SHULPHQWV� ([SHULPHQWDO (FRQRPLFV� ���������×����

1RZDN� 0� $� DQG 6LJPXQG� .� ������� (YROXWLRQ RI LQGLUHFW UHFLSURFLW\� 1DWXUH�
��������������×�����

2KWVXNL� +�� ,ZDVD� <�� DQG 1RZDN� 0� $� ������� ,QGLUHFW UHFLSURFLW\ SURYLGHV RQO\ D
QDUURZ PDUJLQ RI HIILFLHQF\ IRU FRVWO\ SXQLVKPHQW� 1DWXUH� ������������×���

2VWURP� (� ������� *RYHUQLQJ WKH FRPPRQV� 7KH HYROXWLRQ RI LQVWLWXWLRQV IRU FROOHFWLYH
DFWLRQ� &DPEULGJH 8QLYHUVLW\ 3UHVV� &DPEULGJH�

2VWURP� (�� :DONHU� -�� DQG *DUGQHU� 5� ������� &RYHQDQWV ZLWK DQG ZLWKRXW D VZRUG�
6HOI�JRYHUQDQFH LV SRVVLEOH� 7KH $PHULFDQ 3ROLWLFDO 6FLHQFH 5HYLHZ� ���������×����

3DQFKDQDWKDQ� .� DQG %R\G� 5� ������� ,QGLUHFW UHFLSURFLW\ FDQ VWDELOL]H FRRSHUDWLRQ
ZLWKRXW WKH VHFRQG�RUGHU IUHH ULGHU SUREOHP� 1DWXUH� �������������×����

3HUF� 0� ������� 6XVWDLQDEOH LQVWLWXWLRQDOL]HG SXQLVKPHQW UHTXLUHV HOLPLQDWLRQ RI
VHFRQG�RUGHU IUHH�ULGHUV� 6FLHQWLILF UHSRUWV� �����×����

5DQG� '� *�� $UPDR ,9� -� -�� 1DNDPDUX� 0�� DQG2KWVXNL� +� ������� $QWL�VRFLDO SXQLVKPHQW
FDQ SUHYHQW WKH FR�HYROXWLRQ RI SXQLVKPHQW DQG FRRSHUDWLRQ� -RXUQDO RI 7KHRUHWLFDO
%LRORJ\� ����������×����

5DQG� '� *� DQG 1RZDN� 0� $� ������� 7KH HYROXWLRQ RI DQWLVRFLDO SXQLVKPHQW LQ RSWLRQDO
SXEOLF JRRGV JDPHV� 1DWXUH &RPPXQLFDWLRQV� ���×��

5RFNHQEDFK� %�� *XHUHUN� 2�� DQG ,UOHQEXVFK� %� ������� 7KH FRPSHWLWLYH DGYDQWDJH RI
VDQFWLRQLQJ LQVWLWXWLRQV� 6FLHQFH� �������������×����

6HIWRQ� 0�� 6KXSS� 5�� DQG :DONHU� -� 0� ������� 7KH HIIHFW RI UHZDUGV DQG VDQFWLRQV LQ
SURYLVLRQ RI SXEOLF JRRGV� (FRQRPLF ,QTXLU\� ���������×����

���
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6LJPXQG� .�� 'H 6LOYD� +�� 7UDXOVHQ� $�� DQG +DXHUW� &� ������� 6RFLDO OHDUQLQJ SURPRWHV
LQVWLWXWLRQV IRU JRYHUQLQJ WKH FRPPRQV� 1DWXUH� �������������×����

7ULYHUV� 5� /� ������� 7KH HYROXWLRQ RI UHFLSURFDO DOWUXLVP� 4XDUWHUO\ 5HYLHZ RI %LRORJ\�
��������×���

:DONHU� -� 0� DQG +DOORUDQ� 0� $� ������� 5HZDUGV DQG VDQFWLRQV DQG WKH SURYLVLRQ RI
SXEOLF JRRGV LQ RQH�VKRW VHWWLQJV� ([SHULPHQWDO (FRQRPLFV� ��������×����

<DPDJLVKL� 7� ������� 7KH SURYLVLRQ RI D VDQFWLRQLQJ V\VWHP DV D SXEOLF JRRG� -RXUQDO RI
3HUVRQDOLW\ DQG 6RFLDO 3V\FKRORJ\� ���������×����

<DPDJLVKL� 7� ������� 6HULRXVQHVV RI VRFLDO GLOHPPDV DQG WKH SURYLVLRQ RI D VDQFWLRQLQJ
V\VWHP� 6RFLDO 3V\FKRORJ\ 4XDUWHUO\� ��������×���
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6XSSRUWLQJ ,QIRUPDWLRQ

([SHULPHQW GHVFULSWLRQ

*DPH GHVFULSWLRQ

:H LQWURGXFH D QHZ JDPH� WKH ÙSRZHU WUDQVIHU JDPHÚ� ,Q WKH SRZHU WUDQVIHU JDPH� D
SXQLVKPHQW VWDJH DQG D SRZHU WUDQVIHU VWDJH DUH DGGHG WR WKH VWDQGDUG SXEOLF JRRGV
JDPH� 7KH JDPH�WKHRUHWLF GHVFULSWLRQ JLYHQ EHORZ ILUVW SUHVHQWV WKH VWDQGDUG SXEOLF
JRRGV JDPH� DQG WKHQ DGGV WKH SXQLVKPHQW DQG WKH SRZHU WUDQVIHU PHFKDQLVPV VH�
TXHQWLDOO\� )RU HTXLOLEULXP DQDO\VLV� ZH IRFXV RQ VXEJDPH SHUIHFW DQG WUHPEOLQJ KDQG
SHUIHFW HTXLOLEULD�

3XEOLF JRRGV JDPH

7KH SXEOLF JRRGV JDPH LV SOD\HG E\ n > 2 SOD\HUV� (DFK SOD\HU KDV DQ LQLWLDO HQGRZ�
PHQW RI E PRQHWDU\ XQLWV �08V�� 3OD\HUV GHFLGH RQ KRZ PXFK RI WKH HQGRZPHQW WR
FRQWULEXWH WR D SXEOLF JRRG� NHHSLQJ WKH UHPDLQLQJ DPRXQW� &RQWULEXWLRQV WR WKH SXE�
OLF JRRG DUH PXOWLSOLHG E\m� DQG WKHQ GLVWULEXWHG HTXDOO\ DPRQJ DOO SOD\HUV� :H DVVXPH
m > 1 DQG m

n < 1� m
n LV FDOOHG WKH ÙPDUJLQDO SHU FDSLWD UHWXUQÚ� 'HFLVLRQV RQ FRQWUL�

EXWLRQ DUH PDGH VLPXOWDQHRXVO\� 7KH FRQWULEXWLRQ RI SOD\HU i LV GHQRWHG E\ ci� ZLWK
0 ≤ ci ≤ E� $IWHU WKH FRQWULEXWLRQ GHFLVLRQV DUH PDGH� HDFK SOD\HU LV LQIRUPHG DERXW
WKH FRQWULEXWLRQV RI DOO SOD\HUV� DQG WKH OHYHO RI WKH SXEOLF JRRG�

,Q WKH SXEOLF JRRGV JDPH� SOD\HU iÚV SD\RII LV JLYHQ E\�

πi = E − ci +
1

n
m

n∑

j=1

cj .

6HOILVK SD\RII�PD[LPL]DWLRQ SUHVFULEHV D FRQWULEXWLRQ RI ci = 0 IRU HDFK LQGLYLGXDO i�
DV m

n < 1� DQG WKXV WKH SULYDWH UHWXUQ RQ HDFK LQYHVWHG 08 LV QHJDWLYH� m
n − 1 < 0�

+RZHYHU� VLQFHm > 1� WKH VRFLDO UHWXUQ RI FRQWULEXWLRQV LV SRVLWLYH� m−1 > 0� 7KHUH�
IRUH� VRFLDO RSWLPXP� GHILQHG DV WKH VXP RI DOO PRQHWDU\ SD\RIIV� LV UHDFKHG ZKHQ HY�
HU\ERG\ FRQWULEXWHV WKHLU IXOO HQGRZPHQW� L�H� DW ci = E� :LWK WKHVH FRQWULEXWLRQV�
WKH HDUQLQJV RI HYHU\RQH ZLOO EH mE� +RZHYHU� DW LQGLYLGXDOO\ UDWLRQDO FRQWULEXWLRQV
RI ]HUR� HDFK SOD\HU HDUQV MXVW WKHLU HQGRZPHQW E� 7KXV� HYHU\RQH FRQWULEXWLQJ WKHLU
IXOO HQGRZPHQW FRQVWLWXWHV D 3DUHWR�LPSURYHPHQW RYHU ]HUR FRQWULEXWLRQV� $V VHOILVK
PRWLYHV FODVK ZLWK JURXS LQWHUHVWV� WKH SXEOLF JRRGV JDPH LV D FODVVLFDO H[DPSOH RI D
VRFLDO GLOHPPD�
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%HFDXVH FRQWULEXWLQJ ]HUR LV D VWULFWO\ GRPLQDQW VWUDWHJ\ IRU HYHU\ SOD\HU� ci = 0 IRU
DOO SOD\HUV FRQVWLWXWHV WKH RQO\ 1DVK�HTXLOLEULXP RI WKH JDPH� :KHQ WKH SXEOLF JRRGV
JDPH LV SOD\HG IRU D ILQLWH QXPEHU RI SHULRGV� WKURXJK D EDFNZDUG LQGXFWLRQ DUJXPHQW
ZH JHW WKDW FRQWULEXWLRQV DUH ]HUR IRU HYHU\ SHULRG LQ WKH RQO\ VXEJDPH SHUIHFW HTXL�
OLEULXP RI WKH JDPH�

,Q RXU H[SHULPHQW� WKH JDPH ZDV SOD\HG ZLWK n = 5 SOD\HUV� DQG WKH FRQWULEXWLRQ
PXOWLSOLHU ZDV VHW WR m = 1.5� 7KH LQLWLDO HQGRZPHQW ZDV E = 20� DQG RQO\ LQWHJHU
FRQWULEXWLRQV ZHUH DOORZHG�

3XEOLF JRRGV JDPH ZLWK SXQLVKPHQW

$ SXQLVKPHQW RSWLRQ LV DGGHG WR WKH VLPSOH SXEOLF JRRGV JDPH� )ROORZLQJ FRQWULEX�
WLRQV� DV GHVFULEHG LQ WKH SUHYLRXV VHFWLRQ� DQG DIWHU EHLQJ LQIRUPHG DERXW WKHLU SHHUVÚ
FRQWULEXWLRQV� SOD\HUV VLPXOWDQHRXVO\ PDNH D SXQLVKPHQW GHFLVLRQ� 3OD\HU i FDQ DVVLJQ
0 ≤ dij ≤ dPD[ GHGXFWLRQ SRLQWV �'3� WR HDFK RWKHU SOD\HU j ̸= i� )RU HDFK '3 WKDW
SOD\HU i DVVLJQV WR SOD\HU j� SOD\HU iÚV RZQ SD\RII LV UHGXFHG E\ WKH FRVW RI SXQLVKPHQW�
pc� ZKLOH WKH SXQLVKHG SOD\HU j ÚV SD\RII LV UHGXFHG E\ WKH HIIHFWLYHQHVV RI SXQLVKPHQW
pe� $IWHU SXQLVKPHQW GHFLVLRQV DUH PDGH� SOD\HUV DUH LQIRUPHG DERXW ZKR SXQLVKHG
ZKRP� DQG E\ KRZ PXFK �L�H� DOO '3 DVVLJQPHQWV dij ��

,Q WKH SXEOLF JRRGV JDPH ZLWK SXQLVKPHQW� SOD\HU iÚV SD\RII LV JLYHQ E\�

πi = E − ci +
1

n
m

n∑

j=1

cj − pc
n∑

j=1
j ̸=i

dij − pe
n∑

j=1
j ̸=i

dji.

,Q WKH RQO\ VXEJDPH SHUIHFW HTXLOLEULXP RI WKH RQH�VKRW SXEOLF JRRGV JDPH ZLWK
SXQLVKPHQW� SXQLVKPHQWV DQG FRQWULEXWLRQV DUH ]HUR� 7KH UHDVRQLQJ LV DV IROORZV� 2QFH
WKH FRQWULEXWLRQ GHFLVLRQV DUH PDGH� QR VHOILVK SD\RII�PD[LPLVHU KDV DQ\ LQFHQWLYH WR
SXQLVK� EHFDXVH GRLQJ VR ZRXOG RQO\ UHGXFH KHU SD\RIIV� 7KHUHIRUH� LW FDQ EH NQRZQ
IURP WKH VWDUW WKDW dij = 0� 7KHUHIRUH� ODWHU SXQLVKPHQW LV QRW FUHGLEOH� DQG FDQQRW
UDLVH FRQWULEXWLRQV DERYH ci = 0� ,Q WKH ILQLWHO\ UHSHDWHG SXEOLF JRRGV JDPH ZLWK SXQ�
LVKPHQW� WKH VDPH EDFNZDUGV LQGXFWLRQ DUJXPHQW FDQ EH XVHG� VWDUWLQJ ZLWK WKH ODVW
SHULRG� WR VKRZ WKDW LQ D VXEJDPH SHUIHFW HTXLOLEULXP� SXQLVKPHQW DQG FRQWULEXWLRQ LV
]HUR LQ DOO SHULRGV�

$OPRVW XELTXLWRXVO\ LQ WKH OLWHUDWXUH� WKH FRVW RI SXQLVKPHQW LV VHW DW pc = 1� ,Q
WKH PDMRULW\ RI H[SHULPHQWV� WKH HIIHFWLYHQHVV RI SXQLVKPHQW LV KLJKHU WKDQ LWV FRVW�
ZLWK WKH PRVW FRPPRQO\ XVHG YDOXH RI pe = 3� ,Q RXU H[SHULPHQW� ZH VHW WKH LQLWLDO
HIIHFWLYHQHVV WR WKH VDPH OHYHO DV LWV FRVW DW pe = pc = 1 �VHH WKH QH[W VXEVHFWLRQ��
:H OLPLWHG WKH QXPEHU RI GHGXFWLRQ SRLQWV WKDW FRXOG EH DVVLJQHG WR dPD[ = 10� :H
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LPSRVHG QR ORZHU FRQVWUDLQW RQ WKH HDUQLQJV RI SOD\HUV� 7KXV� SOD\HUV FRXOG SXQLVK DQG
EH SXQLVKHG EHORZ ]HUR LQFRPH�

3RZHU WUDQVIHU JDPH

:H PRGLI\ WKH SXEOLF JRRGV JDPH ZLWK SXQLVKPHQW E\ DGGLQJ DQ DGGLWLRQDO GHFLVLRQ
EHIRUH WKH FRQWULEXWLRQ GHFLVLRQ ZKHUH SOD\HUV PD\ WUDQVIHU WKHLU SRZHU� 3RZHU GHWHU�
PLQHV WKH HIIHFWLYHQHVV RI SXQLVKPHQW� 3OD\HUV FRQWURO DQ HTXDO DPRXQW RI SRZHU p̂e�
DQG FDQ GHFLGH WR WUDQVIHU LW WR RWKHU SOD\HUV� 7KXV� SOD\HU i GHFLGHV RQ KRZPXFK SRZHU
ptij WR WUDQVIHU WR HDFK SOD\HU j �DOORZLQJ IRU j = i�� ZLWK ptij ≥ 0 DQG

∑n
j=1 ptij = p̂e�

3RZHU WUDQVIHU LV IUHH� 0RUHRYHU� WUDQVIHUULQJ SRZHU KDV QR LPSDFW RQ WKH FRVW RI SXQ�
LVKPHQW pc� 7KH SRZHU pei RI SOD\HU i ZLOO EH WKH WRWDO SRZHU VKH NHHSV IRU KHUVHOI DQG
UHFHLYHV IURP RWKHUV� pei =

∑5
j=1 ptji� 3OD\HUV DUH LQIRUPHG DERXW HYHU\ SOD\HUÚV SRZHU

EHIRUH WKH\ GHFLGH RQ WKHLU VXEVHTXHQW FRQWULEXWLRQV�
,Q WKH SRZHU WUDQVIHU JDPH� SOD\HU iÚV SD\RII LV JLYHQ E\�

πi = E − ci +
1

n
m

n∑

j=1

cj − pc
n∑

j=1
j ̸=i

dij − pej

n∑

j=1
j ̸=i

dji

7R UHFDSLWXODWH� WKH LWHPV RI WKH VXP DUH� LQ WXUQ� WKH LQLWLDO HQGRZPHQW� WKH FRQWULEX�
WLRQ WR WKH SXEOLF JRRG� WKH LQGLYLGXDO UHWXUQ IURP WKH SXEOLF JRRG� WKH FRVW RI SXQLVK�
PHQW GHDOW WR RWKHUV� DQG WKH SXQLVKPHQW UHFHLYHG IURP RWKHUV�

7KH FRVW RI SXQLVKPHQW pc LV QRW DIIHFWHG E\ SRZHU WUDQVIHUV� 7KXV� WKH VDPH DUJX�
PHQW VKRZLQJ WKDW ERWK SXQLVKPHQWV DQG FRQWULEXWLRQV DUH ]HUR LQ WKH RQO\ HTXLOLEULXP
RI WKH SXEOLF JRRGV JDPH ZLWK SXQLVKPHQW FDQ EH H[WHQGHG WR WKH SRZHU WUDQVIHU JDPH
VWUDLJKWIRUZDUGO\� 7KHUHIRUH� ci = 0 DQG dij = 0 LQ WKH VXEJDPH SHUIHFW HTXLOLEULD
RI WKH ILQLWHO\ UHSHDWHG SRZHU WUDQVIHU JDPH� +RZHYHU� WKLV HTXLOLEULXP LV QRW XQLTXH
DQ\ PRUH� EHFDXVH DQ\ OHYHO RI SRZHU WUDQVIHUV LV FRPSDWLEOH ZLWK WKHVH FKRLFHV� :H
FDQ JHW D XQLTXH HTXLOLEULXP E\ IRFXVLQJ LQVWHDG RQ WUHPEOLQJ KDQG SHUIHFWLRQ� ,Q WKLV
FDVH� ÙVOLSV RI KDQGÚ × VWUDWHJLHV WKDW DVVLJQ D SRVLWLYH SUREDELOLW\ WR HYHU\ SXUH VWUDWHJ\
× VKRXOG EH WDNHQ LQWR DFFRXQW� 7KXV� D SOD\HU QHHGV WR FRQVLGHU WKH SRVVLELOLW\ WKDW VKH
PLJKW JHW SXQLVKHG E\ DQRWKHU E\ PLVWDNH� ,I WKH SOD\HU KDV WUDQVIHUUHG DQ\ SRZHU WR
ZKRPHYHU SXQLVKHV KHU� KHU SD\RII ZLOO EH ORZHU WKDQ LI VKH KDG FKRVHQ QRW WR WUDQV�
IHU SRZHU� %HFDXVH RI WKLV SRWHQWLDOO\ KDUPIXO HIIHFW RI SRZHU WUDQVIHUV� SOD\HUV VKRXOG
QRW WUDQVIHU SRZHU WR DQ\ RWKHU SOD\HU� 7KHUHIRUH� LQ WKH RQO\ WUHPEOLQJ KDQG SHUIHFW
HTXLOLEULXP� ZH JHW peij = 0 IRU HDFK SOD\HU i� DQG RWKHU SOD\HU j ̸= i�

,Q RXU H[SHULPHQW� HDFK SOD\HU FRQWUROOHG D WRWDO SRZHU RI p̂e = 1� VR WKH FRQVWUDLQW
RQ SRZHU WUDQVIHUV ZDV

∑5
j=1 ptij = 1�
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7LPHOLQH DQG SDUDPHWHU VHWXS

:H DVVLJQ HDFK VLPXOWDQHRXVO\ PDGH GHFLVLRQ� WRJHWKHU ZLWK WKH IHHGEDFN�LQIRUPDWLRQ
SURYLGHG DIWHU WKH GHFLVLRQ WR D VWDJH� 7KH WLPHOLQH RI WKH SRZHU WUDQVIHU JDPH LV WKXV
WKH IROORZLQJ�

�� 3RZHU WUDQVIHU VWDJH� SRZHU WUDQVIHU GHFLVLRQ�
SOD\HUV DUH LQIRUPHG DERXW HYHU\ SOD\HUÚV HIIHFWLYHQHVV�

�� &RQWULEXWLRQ VWDJH� FRQWULEXWLRQ GHFLVLRQ�
SOD\HUV DUH LQIRUPHG DERXW HYHU\ SOD\HUÚV FRQWULEXWLRQ�

�� 3XQLVKPHQW VWDJH� '3 DVVLJQPHQW�
SOD\HUV DUH LQIRUPHG DERXW DOO '3 DVVLJQPHQWV�

7R VXPPDUL]H� RXU FKRLFH RI SDUDPHWHUV IRU WKH H[SHULPHQW ZDV DV IROORZV�

á n = 5 SOD\HUV�
á FRQWULEXWLRQ PXOWLSOLHUm = 1.5�
á LQLWLDO HQGRZPHQW E = 2008V�
á PD[LPXP QXPEHU RI GHGXFWLRQ SRLQWV dPD[ = 10�
á SXQLVKPHQW FRVW pc = 1�
á RZQ SRZHU p̂e = 1�

3DUWLFLSDQWV

3DUWLFLSDQWV ZHUH UHFUXLWHG IURP WKH VXEMHFW SRRO RI WKH EHKDYLRXUDO DQG H[SHULPHQWDO
HFRQRPLFV ODE �%((ODE� DW 0DDVWULFKW 8QLYHUVLW\ DQG ZHUH LQYLWHG YLD H�PDLO� 3DUWLFL�
SDQWV ZHUH UDQGRPO\ DVVLJQHG WR JURXSV RI ILYH� (DFK H[SHULPHQWDO VHVVLRQ FRPSULVHG
DW OHDVW � DQG DW PRVW � JURXSV�

3DUWLFLSDQWV ZHUH SDLG WKH VXP RI PRQHWDU\ XQLWV �08V� HDUQHG RYHU WKH �� URXQGV
��� 08V  ���� HXUR� SOXV D VKRZ�XS IHH RI � HXUR DQG D VPDOO VXP EDVHG RQ DQ LQFHQ�
WLYLVHG VRFLDO YDOXH RULHQWDWLRQ TXHVWLRQQDLUH� ,Q WKUHH JURXSV ZH KDG WR DERUW WKH H[�
SHULPHQW EHFDXVH RI FRPSXWHU PDOIXQFWLRQ� ,Q WKHVH JURXSV GDWD LV DYDLODEOH IRU DW OHDVW
�� URXQGV DQG XVHG DV VXFK LQ WKH DQDO\VLV�

([SHULPHQWDO VHWXS

3DUWLFLSDQWV ZHUH VHDWHG LQ VHSDUDWH FXELFOHV DQG VWD\HG WKHUH IRU WKH ZKROH H[SHUL�
PHQW� (DFK SDUWLFLSDQW KDG D QRWHSDG DQG D SHQ WR PDNH QRWHV�

7KH H[SHULPHQW VWDUWHG ZLWK RQH URXQG RI D 3*� 3DUWLFLSDQWV UHDG LQVWUXFWLRQV H[�
SODLQLQJ WKH UXOHV RI WKH 3* RQ WKH FRPSXWHU VFUHHQ� ,QVWUXFWLRQV XVHG QHXWUDO ODEHOV IRU
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GHVFULELQJ WKH VRFLDO GLOHPPD� 3DUWLFLSDQWV ZHUH WROG WKDW WKH\ ZRXOG UHFHLYH �� 08V
HDFK URXQG DQG WKDW WKH\ KDYH WR GHFLGH KRZ PDQ\ 08V WR FRQWULEXWH WR D ÙSURMHFWÚ�
7KH RXWSXW RI WKH SURMHFW ZRXOG WKHQ EH GLVWULEXWHG HTXDOO\ DPRQJ DOO JURXS PHPEHUV�
LUUHVSHFWLYH RI KRZ PXFK HDFK PHPEHU FRQWULEXWHG� $IWHU UHDGLQJ WKH LQVWUXFWLRQV�
SDUWLFLSDQWV KDG WR DQVZHU D VHW RI FRPSUHKHQVLRQ TXHVWLRQV DERXW WKH UXOHV RI WKH 3*�

)LUVW URXQG� FRQWULEXWLRQ

$W WKH EHJLQQLQJ RI WKH ILUVW URXQG HDFK SDUWLFLSDQW ZDV DVNHG WR LQGLFDWH KRZ PXFK
RI WKH �� 08V WR FRQWULEXWH WR WKH SURMHFW� :KHQ HQWHULQJ D QXPEHU� WKH SDUWLFLSDQW
VDZ D JUDSKLFDO UHSUHVHQWDWLRQ RI WKH VKDUH RI 08V VKH ZRXOG FRQWULEXWH� $IWHU HDFK
SDUWLFLSDQW LQ WKH JURXS PDGH D FRQWULEXWLRQ GHFLVLRQ� WKH\ VDZ KRZ PXFK HDFK JURXS
PHPEHU FRQWULEXWHG� *URXS PHPEHUV ZHUH DVVRFLDWHG ZLWK D XQLTXH V\PERO E\ ZKLFK
WKH\ FRXOG EH LGHQWLILHG WKURXJKRXW WKH ZKROH H[SHULPHQW� 3DUWLFLSDQWV VDZ D VXPPDU\
RI WKH HDUQLQJV RI HDFK JURXS PHPEHU DQG WKH RXWFRPH RI WKH JURXS SURMHFW IRU WKLV
URXQG� 7KLV VXPPDU\ ZDV SURYLGHG DW WKH HQG RI HYHU\ URXQG�

6HFRQG URXQG� SXQLVKPHQW

,Q WKH VHFRQG URXQG� SXQLVKPHQW ZDV LQWURGXFHG� 3DUWLFLSDQWV UHFHLYHG LQVWUXFWLRQV
RQ WKH FRPSXWHU VFUHHQ DQG DQVZHUHG D VHW RI FRPSUHKHQVLRQ TXHVWLRQV DERXW WKH
SXQLVKPHQW UXOHV� ,QVWHDG RI ÙSXQLVKPHQWÚ ZH XVHG WKH QHXWUDO ODEHO ÙGHGXFWLRQÚ DQG
ÙGHGXFWLRQ SRLQWV �'3�Ú LQ WKH LQVWUXFWLRQV DQG WKURXJKRXW WKH H[SHULPHQW� 8SRQ DQ�
VZHULQJ DOO TXHVWLRQV FRUUHFWO\� SDUWLFLSDQWV HQWHUHG WKH FRQWULEXWLRQ VWDJH RI URXQG ��
$IWHU JHWWLQJ LQIRUPHG DERXW WKH FRQWULEXWLRQ RI HDFK JURXS PHPEHU� SDUWLFLSDQWV VL�
PXOWDQHRXVO\ DVVLJQHG EHWZHHQ � DQG �� GHGXFWLRQ SRLQWV WR HDFK RWKHU JURXSPHPEHU�
:KHQ HQWHULQJ D QXPEHU� SDUWLFLSDQWV VDZ WKH '3 FRVWV DV ZHOO DV WKH HIIHFW WKH SXQ�
LVKPHQW ZRXOG KDYH RQ WKH SXQLVKHG�

7KH GHGXFWLRQ VWDJH RXWFRPH VXPPDU\ VKRZHG ZKLFK SDUWLFLSDQWV ZHUH SXQLVKHG
DQG E\ ZKRP XVLQJ D JUDSKLFDO PDWUL[ UHSUHVHQWDWLRQ� %\ JRLQJ WKURXJK WKH PDWUL[ E\
FROXPQV� SDUWLFLSDQWV FRXOG VHH KRZ PXFK D JURXS PHPEHU FRQWULEXWHG LQ WKH FRQ�
WULEXWLRQ VWDJH� KRZ PDQ\ '3V LQ WRWDO WKLV JURXS PHPEHU VSHQW RQ SXQLVKLQJ RWKHUV�
DQG KRZ PDQ\ '3V ZHUH DVVLJQHG WR KHU E\ WKH RWKHUV DV ZHOO DV WKH HIIHFW LW KDG RQ
KHU HDUQLQJV� %\ JRLQJ WKURXJK WKH PDWUL[ URZ�ZLVH� SDUWLFLSDQWV FRXOG VHH KRZ PXFK
WKH FRUUHVSRQGLQJ JURXS PHPEHU SXQLVKHG WKH RWKHU JURXS PHPEHUV� 2Q WKLV VFUHHQ�
SDUWLFLSDQWV DOVR KDG WKH SRVVLELOLW\ WR ORRN DW SUHYLRXV URXQG EHKDYLRXU� 7KXV� LW ZDV
SRVVLEOH WR UHYLHZ SDVW FRQWULEXWLRQ DQG SXQLVKPHQW GHFLVLRQV RI HDFK JURXS PHPEHU�
7KH URXQG HQGHG ZLWK WKH RXWFRPH VFUHHQ�
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,Q WKH VHFRQG URXQG� IRU HDFK DVVLJQHG '3� WKH SXQLVKHU KDG WR SD\ � 08 DQG WKH
SXQLVKHG ZRXOG ORVH � 08� :LWK WKH SRZHU WUDQVIHU PHFKDQLVP LQWURGXFHG LQ WKH WKLUG
URXQG DQG H[SODLQHG EHORZ� WKLV HIIHFWLYHQHVV�WR�FRVW UDWLR RI SXQLVKPHQW FRXOG FKDQJH
IURP URXQG WR URXQG�

7KLUG URXQG� SRZHU WUDQVIHU

%HIRUH HQWHULQJ WKH QH[W URXQG� SDUWLFLSDQWV UHFHLYHG WKH WKLUG DQG ILQDO VHW RI LQVWUXF�
WLRQV� ,Q WKH IL[HG FRQGLWLRQ� SDUWLFLSDQWV ZHUH WROG WKDW FRQWULEXWLRQ VWDJH DQG SXQ�
LVKPHQW VWDJH ZRXOG QRZ EH UHSHDWHG IRU DQRWKHU �� URXQGV� ,Q WKH HQGRJHQRXV FRQ�
GLWLRQ� WKH SRZHU WUDQVIHU VWDJH ZDV H[SODLQHG WR WKH SDUWLFLSDQWV� 1HXWUDO ODEHOV IRU
SRZHU ZDV XVHG� ,QVWHDG RI ÙSRZHUÚ� ZH XVHG ÙGHGXFWLRQ HIIHFWLYHQHVVÚ DQG WKH VWDJH
ZDV FDOOHG ÙVKLIWLQJ VWDJHÚ� $IWHU DQVZHULQJ D VHW RI FRPSUHKHQVLRQ TXHVWLRQV DERXW WKH
SRZHU WUDQVIHU PHFKDQLVP� SDUWLFLSDQWV VWDUWHG WKH WKLUG URXQG ZLWK WKH SRZHU WUDQV�
IHU VWDJH� ,Q WKLV VWDJH� SDUWLFLSDQWV KDG WKH SRVVLELOLW\ WR WUDQVIHU SRZHU WR RWKHU JURXS
PHPEHUV� (DFK SDUWLFLSDQW KDG D SRZHU RI � DQG FRXOG WUDQVIHU SRZHU LQ VWHSV RI ���
WR RWKHU JURXS PHPEHUV� 3RZHU FRXOG DOVR EH GLVWULEXWHG DPRQJ PXOWLSOH JURXS PHP�
EHUV �H�J� LW ZDV SRVVLEOH WR WUDQVIHU ��� WR RQH SDUWLFLSDQW� ��� WR DQRWKHU SDUWLFLSDQW
DQG NHHS ��� WR RQHVHOI��

$IWHU HYHU\ SDUWLFLSDQW PDGH WKHLU SRZHU WUDQVIHU GHFLVLRQV� WKH\ ZHUH VKRZQ WKH
SRZHU HDFK JURXS PHPEHU KDG IRU WKLV URXQG� EDVHG RQ WKH ILYH WUDQVIHU GHFLVLRQV�
1RWH WKDW SDUWLFLSDQWV FRXOG QRW VHH WKH LQGLYLGXDO WUDQVIHU GHFLVLRQV RI WKH RWKHU JURXS
PHPEHU EXW RQO\ WKH RXWFRPH RI WKHVH GHFLVLRQV� L�H� WKH WRWDO SRZHU RI HDFK JURXS
PHPEHU IRU WKLV URXQG�

,Q WKH H[RJHQRXV FRQGLWLRQ� LQVWHDG RI WUDQVIHUULQJ SRZHU E\ WKHPVHOYHV� SRZHU
FKDQJHG H[RJHQRXVO\ EDVHG RQ WKH SRZHU WUDQVIHU GHFLVLRQV WKDW SDUWLFLSDQWV PDGH
LQ RQH RI WKH HQGRJHQRXV JURXSV� ,Q WKH LQVWUXFWLRQV VHW� SDUWLFLSDQWV ZHUH WROG WKDW
ÜGHGXFWLRQ HIIHFWLYHQHVV RI \RX DQG WKH RWKHU JURXSPHPEHUV FDQ FKDQJHÝ IURP URXQG �
WR ��� 7KHUHIRUH� WKH\ FRXOG QRW WUDQVIHU SRZHU YROXQWDULO\� EXW RQO\ VDZ WKH FKDQJH LQ
SRZHU DW WKH EHJLQQLQJ RI HDFK URXQG� VWDUWLQJ IURP URXQG WKUHH�

$ FKDQJH LQ SRZHU FKDQJHG WKH HIIHFWLYHQHVV RI SXQLVKPHQW� ,Q WKH IL[HG FRQGLWLRQ�
SRZHU ZDV IL[HG WR � DQG WUDQVIHUULQJ SRZHU ZDV QRW SRVVLEOH� MXVW OLNH LQ URXQG WZR IRU
DOO FRQGLWLRQV� ,Q WKH RWKHU WZR FRQGLWLRQV SRZHU FRXOG FKDQJH DV H[SODLQHG DERYH�

5RXQGV �×��

,Q WKH H[RJHQRXV DQG HQGRJHQRXV FRQGLWLRQ� SRZHU WUDQVIHU� FRQWULEXWLRQ DQG SXQ�
LVKPHQW VWDJH ZHUH UHSHDWHG IRU WKH FRQVHFXWLYH �� URXQGV� ZLWK WKH GLIIHUHQFH WKDW LQ

���
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WKH H[RJHQRXV FRQGLWLRQ� SDUWLFLSDQWV VDZ WKH FKDQJH LQ SRZHU IURP URXQG WR URXQG�
ZLWKRXW EHLQJ DEOH WR LQIOXHQFH LW WKHPVHOYHV�

(DFK URXQG EHJDQ ZLWK WKH SRZHU WUDQVIHU VWDJH� 7KH WUDQVIHU GHFLVLRQV PDGH LQ
WKH SUHYLRXV URXQG VHUYHG DV WKH VWDWXV TXR IRU WKH FXUUHQW URXQG� :KHQ HQWHULQJ
URXQG �� SDUWLFLSDQWV ZRXOG VHH WKH SRZHU VWDWXV HDFK JURXS PHPEHU KDG LQ WKH SUHYL�
RXV URXQG WRJHWKHU ZLWK WKH WUDQVIHU GHFLVLRQV PDGH E\ WKH SDUWLFLSDQW LQ WKH SUHYLRXV
SRZHU WUDQVIHU VWDJH� 7KXV� E\ GHIDXOW� WKH SDUWLFLSDQW ZRXOG PDNH WKH VDPH SRZHU
DOORFDWLRQ VKH GLG SUHYLRXV URXQG� +RZHYHU� WKH SDUWLFLSDQW FRXOG DOVR GHFLGH WR UH�
YHUVH RU FKDQJH WKH SUHYLRXV GHFLVLRQ E\ FKDQJLQJ WKH QXPEHUV EHORZ HDFK EDU DF�
FRUGLQJO\ �ZLWK WKH RQO\ FRQVWUDLQW WKDW WKH WRWDO DPRXQW RI SRZHU WUDQVIHUUHG FRXOG
QHYHU H[FHHG ���

%\ LQWURGXFLQJ SXQLVKPHQW DQG SRZHU WUDQVIHU VWDJH URXQG E\ URXQG WR WKH SDU�
WLFLSDQWV� ZH ZHUH DEOH WR PHDVXUH EDVHOLQH FRQWULEXWLRQ DQG SXQLVKPHQW UDWHV DFURVV
FRQGLWLRQV� 7KHUH VKRXOG EH QR VLJQLILFDQW GLIIHUHQFHV LQ DYHUDJH FRQWULEXWLRQV LQ WKH
ILUVW DQG DYHUDJH FRQWULEXWLRQV DQG SXQLVKPHQW LQ WKH VHFRQG URXQG EHWZHHQ FRQGL�
WLRQV� VLQFH WKH DFWXDO H[SHULPHQWDO PDQLSXODWLRQ VWDUWHG LQ WKH WKLUG URXQG�

&RPSXWHU LQWHUIDFH

)LJXUHV ��6� WR ��6�� VKRZZKDW D K\SRWKHWLFDO JURXSPHPEHUZRXOG VHH RQ WKH FRPSXWHU
VFUHHQ LQ WKH GLIIHUHQW VWDJHV IRU WKH K\SRWKHWLFDO URXQG � WR WKH EHJLQQLQJ RI URXQG �
LQ WKH HQGRJHQRXV WUHDWPHQW� :KDW LV VKRZQ LV PHDQW DV DQ H[DPSOH WR H[SODLQ WKH
FRPSXWHU LQWHUIDFH DQG LV QRW UHDO GDWD�

$W WKH EHJLQQLQJ RI URXQG �� RXU JURXS PHPEHU VHHV WKH ILUVW SRZHU WUDQVIHU VWDJH
VFUHHQ �)LJXUH ��6��� ,Q WKLV H[DPSOH� RXU JURXS PHPEHU GHFLGHV WR WUDQVIHU ��� RI KHU
SRZHU WR JURXS PHPEHU � DQG ��� RI KHU SRZHU WR JURXS PHPEHU � �)LJXUH ��6���

$IWHU DOO JURXS PHPEHUV PDGH WKHLU SRZHU WUDQVIHU GHFLVLRQ� WKH SRZHU WUDQVIHU
RXWFRPH VFUHHQ LV VKRZQ� 'XH WR SRZHU WUDQVIHUV RI RXU DQG WKH RWKHU JURXS PHP�
EHUV� JURXS PHPEHU � QRZ KROGV WKH PRVW SRZHU� ZKLOH RXU JURXS PHPEHU LV WKH OHDVW
SRZHUIXO LQ WKH JURXS �)LJXUH ��6���

7KH QH[W VFUHHQV VKRZ WKH FRQWULEXWLRQ VWDJH �)LJXUH ��6��� 2XU K\SRWKHWLFDO JURXS
PHPEHU GHFLGHV WR FRQWULEXWH �� 08V WR WKH JURXS SURMHFW �)LJXUH ��6��� $IWHU DOO JURXS
PHPEHUV PDGH WKHLU FRQWULEXWLRQ GHFLVLRQ� WKH FRQWULEXWLRQ RXWFRPH VFUHHQ LV VKRZQ
�)LJXUH ��6���

$IWHU WKH FRQWULEXWLRQ VWDJH� WKH JURXS HQWHUV WKH GHGXFWLRQ VWDJH �SXQLVKPHQW��
)LJXUH ��6� VKRZV WKH LQSXW VFUHHQ RI WKH GHGXFWLRQ VWDJH� ,Q WKH ILUVW URZ� WKH FRQWUL�
EXWLRQV RI HDFK JURXSPHPEHU RI WKH SUHYLRXV FRQWULEXWLRQ VWDJH LV VKRZQ� %\ HQWHULQJ
QXPEHUV EHWZHHQ � DQG �� EHORZ HDFK FROXPQ� RXU JURXS PHPEHU LV DEOH WR DVVLJQ GH�
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GXFWLRQ SRLQWV� 7KLV LV VKRZQ LQ )LJXUH ��6�� 2XU JURXSPHPEHU GHFLGHV WR DVVLJQ � '3V
WR JURXS PHPEHU � DQG � '3V WR JURXS PHPEHU ��

$IWHU DOO JURXS PHPEHUV PDGH WKHLU SXQLVKPHQW GHFLVLRQV� WKH GHGXFWLRQ RXWFRPH
VFUHHQ LV VKRZQ� ,Q WKLV H[DPSOH� ERWK RXU JURXS PHPEHU DQG JURXS PHPEHU � GH�
FLGHV WR SXQLVK JURXS PHPEHU � E\ � '3V IRU IUHH ULGLQJ LQ WKLV URXQGÚV FRQWULEXWLRQ
VWDJH �)LJXUH ��6��� 6LQFH RXU JURXS PHPEHU RQO\ KDV D SRZHU RI ���� KHU SXQLVKPHQW LV
UDWKHU LQHIIHFWLYH� 7KH � '3V FRVWV KHU � 08V EXW ZLOO RQO\ UHGXFH WKH HDUQLQJV RI JURXS
PHPEHU � E\ ��� 08V ���� HIIHFWLYHQHVV WLPHV � '3V�� ,Q FRQWUDVW� JURXS PHPEHU � UH�
FHLYHG SRZHU IURP RWKHU JURXSPHPEHUV DQG KDV D WRWDO SRZHU RI �� 7KH � '3V DVVLJQHG
WR JURXS PHPEHU � DOVR UHGXFHV KHU HDUQLQJV E\ � �FRVWV RI SXQLVKPHQW�� EXW ZLOO UH�
GXFH WKH HDUQLQJV RI JURXS PHPEHU � PRUH VXEVWDQWLDOO\� *URXS PHPEHU � ZRXOG ORVH
�� 08V GXH WR WKLV SXQLVKPHQW ���� HIIHFWLYHQHVV WLPHV � '3V�� 7KH VDPH ORJLF DS�
SOLHV WR WKH SXQLVKPHQW RI JURXS PHPEHU � E\ RXU JURXS PHPEHU DQG JURXS PHPEHU �
�)LJXUH ��6���

2Q WKH QH[W VFUHHQ WKH RXWFRPH RI WKLV URXQG LV VKRZQ �)LJXUH ��6���� *URXS PHP�
EHUV VHH WKH HDUQLQJV RI HDFK JURXSPHPEHU DVZHOO DV WKH RXWFRPH RI WKH JURXS SURMHFW�

%\ SUHVVLQJ WKH EXWWRQ DW WKH ERWWRP RI WKH VFUHHQ� RXU JURXSPHPEHU FDQ HQWHU WKH
QH[W URXQG� VWDUWLQJ ZLWK WKH SRZHU WUDQVIHU VWDJH� 3UHYLRXVO\� VKH GHFLGHG WR WUDQVIHU
VRPH RI KHU SRZHU WR JURXS PHPEHU � DQG �� 7KLV GHFLVLRQ VHUYHV DV WKH GHIDXOW RSWLRQ
LQ WKLV URXQGÚV SRZHU WUDQVIHU VWDJH �)LJXUH ��6���� %\ SUHVVLQJ ÙDFFHSW 	 SURFHHGÚ� VKH
ZRXOG DJDLQ WUDQVIHU ��� DQG ��� RI KHU SRZHU WR WKHVH JURXS PHPEHUV� UHVSHFWLYHO\�
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)LJXUH ��6�� 3RZHU WUDQVIHU VWDJH EHIRUH LQSXW� URXQG �� 6LQFH WKLV LV WKH ILUVW URXQG ZLWK SRZHU
WUDQVIHU� WKH VWDWXV TXR RSWLRQ� YLVXDOLVHG KHUH� LV QRW WR WUDQVIHU DQ\ SRZHU WR RWKHUV� 1RWH WKDW

WKLV VFUHHQ GLG QRW DSSHDU LQ WKH IL[HG DQG H[RJHQRXV FRQGLWLRQ�

)LJXUH ��6�� 3RZHU WUDQVIHU VWDJH VFUHHQ� URXQG �� ,QSXW WR HDFK ILHOG LV IROORZHG E\ D JUDSKLFDO

UHSUHVHQWDWLRQ RI KRZ WKH SRZHU VWDWXV RI WKH UHVSHFWLYH JURXS PHPEHU ZLOO FKDQJH �LI QRERG\

HOVH WUDQVIHUV DQ\ SRZHU�� 2ZQ SRZHU LV VKRZQ LQ GDUN EOXH� 1RWH WKDW WKLV VFUHHQ GLG QRW DSSHDU

LQ WKH IL[HG DQG H[RJHQRXV FRQGLWLRQ�
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)LJXUH ��6�� 3RZHU WUDQVIHU RXWFRPH VFUHHQ� URXQG �� $IWHU HYHU\ JURXSPHPEHUPDGH KHU SRZHU

WUDQVIHU GHFLVLRQ� WKH SRZHU WUDQVIHU RXWFRPH VFUHHQ LV VKRZQ� %DUV UHSUHVHQW WKH SRZHU RI HDFK

JURXS PHPEHU IRU WKLV URXQG� 3RZHU FKDQJHV GXH WR WUDQVIHUULQJ RZQ SRZHU DUH VKRZQ LQ GDUN

EOXH� 1RWH WKDW WKLV VFUHHQ GLG QRW DSSHDU LQ WKH IL[HG FRQGLWLRQ�

)LJXUH ��6�� &RQWULEXWLRQ VWDJH EHIRUH LQSXW� URXQG �� 3DUWLFLSDQWV GHFLGH VLPXOWDQHRXVO\ KRZ

PXFK RI WKHLU HQGRZPHQW RI 20PRQHWDU\ XQLWV �08V� WR FRQWULEXWH WR WKH JURXS SURMHFW�
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)LJXUH ��6�� &RQWULEXWLRQ VWDJH LQSXW VFUHHQ� URXQG �� $IWHU LQSXWWLQJ D QXPEHU� WKH SDUWLFLSDQW

VHHV D JUDSKLFDO UHSUHVHQWDWLRQ RI WKH IUDFWLRQ RI KHU HQGRZPHQW VKH ZRXOG FRQWULEXWH�

)LJXUH ��6�� &RQWULEXWLRQ VWDJH RXWFRPH VFUHHQ� URXQG �� $IWHU HYHU\ SDUWLFLSDQW PDNHV KHU

FRQWULEXWLRQ GHFLVLRQ� WKH RXWFRPH VFUHHQ VKRZV KRZ PXFK HDFK JURXS PHPEHU FRQWULEXWHG�
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)LJXUH ��6�� 3XQLVKPHQW VWDJH VFUHHQ EHIRUH LQSXW� URXQG �� (DFK SDUWLFLSDQW VHHV D 5×5 SXQLVK�

PHQW PDWUL[ �\HOORZ DQG JUH\ UHFWDQJOHV� DQG DVVLJQV GHGXFWLRQ SRLQWV �'3V�� 7KH SRZHU RI HDFK

JURXS PHPEHU LV VKRZQ E\ WKH EOXH QXPEHU� ,Q WKH ILUVW URZ� WKH FRQWULEXWLRQ RI HDFK JURXS

PHPEHU RI WKLV URXQGÚV FRQWULEXWLRQ VWDJH LV VKRZQ�

)LJXUH ��6�� 3XQLVKPHQW VWDJH VFUHHQ DIWHU LQSXW� URXQG �� 7KH SDUWLFLSDQW VHHV WKH WRWDO FRVW

�RUDQJH EDU RQ WKH WRS OHIW�� WKH FXUUHQW '3 DVVLJQPHQW �\HOORZ�� DV ZHOO DV WKH HIIHFW RQ WKH JURXS

PHPEHU �RUDQJH QXPEHUV� RI KHU '3 DVVLJQPHQW�
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)LJXUH ��6�� 3XQLVKPHQW VWDJH RXWFRPH VFUHHQ� 3DUWLFLSDQWV VHH ZKR ZDV SXQLVKHG E\ ZKRP�

(DFK FROXPQ LQGLFDWHV E\ KRZ PXFK D JURXS PHPEHU ZDV SXQLVKHG� ZKLOH WKH URZV LQGLFDWH E\

ZKRP WKHVH GHGXFWLRQ SRLQWV ZHUH DVVLJQHG E\�

)LJXUH ��6��� (DUQLQJV VFUHHQ� URXQG �� 7KLV VFUHHQ LV VKRZQ DW WKH HQG RI HDFK URXQG VXP�

PDULVLQJ HDUQLQJV DQG WKH RXWFRPH RI WKH JURXS SURMHFW �VXP RI FRQWULEXWLRQV ×1.5�� 7KH VXP

RI 08V NHSW� 08V UHFHLYHG IURP WKH JURXS SURMHFW� ORVVHV GXH WR DVVLJQLQJ '3V� DQG ORVVHV GXH

WR UHFHLYLQJ SXQLVKPHQW UHVXOWHG LQ WKH SD\RIIV VHHQ RQ WKH VFUHHQ�
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)LJXUH ��6��� 3RZHU WUDQVIHU VWDJH VFUHHQ EHIRUH LQSXW� URXQG �� (DFK EDU UHSUHVHQWV WKH SRZHU RI
HDFK JURXSPHPEHU LQ WKH SUHYLRXV URXQG� 7KH SRZHU WUDQVIHUVPDGH LQ WKH SUHYLRXV URXQG VHUYH

DV WKH VWDWXV TXR DOORFDWLRQ IRU WKLV URXQG� 'DUN EOXH EDU VHJPHQWV LQGLFDWH WKH SRZHU DOORFDWHG

E\ WKLV JURXS PHPEHU� 7KXV E\ SUHVVLQJ ÙDFFHSW 	 SURFHHGÚ� WKH SDUWLFLSDQW ZLOO DJDLQ DOORFDWH 0.5

RI KHU SRZHU WR JURXS PHPEHU 3 DQG 0.2 RI KHU SRZHU WR JURXS PHPEHU 4�

6WDWLVWLFDO DQDO\VLV

0HDVXUHPHQWV

)RU WKH VWDWLVWLFDO DQDO\VLV� ZH GHILQHG SUR[LHV DQG FRPSRXQG PHDVXUHV EDVHG RQ WKH
EHKDYLRXUDO GDWD� (DFK RI WKHVH PHDVXUHV DUH GHILQHG EHORZ�

3XQLVKPHQW EHKDYLRXU

)RU WKH UHFHLYLQJ SRZHU DQG XVLQJ SRZHUPRGHOV �VHH EHORZ�� ZH ZHUH LQWHUHVWHG LQ KRZ
SRZHU ZDV XVHG ZLWK UHJDUGV WR SXQLVKPHQW� :H ZDQWHG WR GLIIHUHQWLDWH WKH SXQLVK�
PHQW RI IUHH ULGHUV IURP WKH SXQLVKPHQW RI FRRSHUDWRUV �DQWLVRFLDO SXQLVKPHQW�� 0RUH�
RYHU� ZH RSWHG IRU D PHDVXUH WKDW DVVLJQHG KLJKHU YDOXH IRU SXQLVKLQJ QRQ�FRRSHUDWRUV
ZKR GHYLDWHG PRUH IURP DYHUDJH FRQWULEXWLRQV� 3XQLVKPHQW EHKDYLRXU ZDV GHILQHG DV�

���
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SXQLVKPHQW EHKDYLRXUit =
5∑

j=1
i ̸=j

( c̄t − cjt
σct

× dijt
)

ZKHUH cjt = FRQWULEXWLRQ RI SOD\HU j LQ URXQG t�

c̄t DQG σct =PHDQ DQG VWDQGDUG GHYLDWLRQ RI FRQWULEXWLRQV�

dijt = GHGXFWLRQ SRLQWV DVVLJQHG E\ i WR j,

LQ URXQG t� ZLWK 2 ≤ t ≤ 20�

�����

7KXV� IRU HDFK JURXS PHPEHU LQ HDFK URXQG� DVVLJQHG GHGXFWLRQ SRLQWV ZHUH
ZHLJKWHG E\ WKH VWDQGDUGLVHG FRRSHUDWLRQ RI WKH SXQLVKHG JURXS PHPEHU DQG VXPPHG
XS� 1HJDWLYH QXPEHUV WKHUHIRUH LQGLFDWHG� WKDW SXQLVKPHQW ZDV SUHGRPLQDQWO\ XVHG
WR SXQLVK FRRSHUDWRUV �DQWLVRFLDO SXQLVKPHQW�� ZKLOH SRVLWLYH QXPEHUV LQGLFDWHG WKDW
SXQLVKPHQW ZDV SUHGRPLQDQWO\ XVHG WR SXQLVK IUHH ULGHUV �H�J� SXQLVKPHQW EHKDYLRXU
YDOXH RI 1 FDQ EH LQWHUSUHWHG DV XVLQJ RQH GHGXFWLRQ SRLQW WR SXQLVK D JURXS PHPEHU
ZLWK D FRQWULEXWLRQ WKDW ZDV 1 VWDQGDUG GHYLDWLRQ EHORZ JURXS DYHUDJH LQ WKLV URXQGÚV
FRQWULEXWLRQ VWDJH�� )LJXUH ��6�� VKRZV WKH SHUFHQWDJH RI SXQLVKPHQW EHKDYLRXU W\SHV
DFURVV WUHDWPHQWV� $QWLVRFLDO SXQLVKPHQW �IUHH ULGHUV SXQLVKLQJ FRRSHUDWRUV� ZDV RE�
VHUYHG OHVV IUHTXHQWO\ WKDQ QR SXQLVKPHQW DQG WKH SXQLVKPHQW RI IUHH ULGHUV�

3RZHU FHQWUDOLVDWLRQ

:H VXPPDUL]HG SRZHU FHQWUDOLVDWLRQ WKURXJK D VLQJOH LQGLFDWRU� WKH SRZHU RI WKH PRVW
SRZHUIXO JURXS PHPEHU� ,Q WKH IL[HG FRQGLWLRQ HYHU\ JURXS PHPEHU KDG D IL[HG SRZHU
RI �� )RU WKH HQGRJHQRXV DQG H[RJHQRXV FRQGLWLRQV� SRZHU FHQWUDOL]DWLRQ ZDV GHILQHG
E\�

SRZHU FHQWUDOLVDWLRQt = PD[
i∈1,... ,5

peit

ZKHUH peit =
5∑

j=1

ptjit� SRZHU �L�H� SXQLVKPHQW HIIHFWLYHQHVV� RI i�

LQ URXQG t� ZLWK 3 ≤ t ≤ 20�

�����

$ PLQLPDO SRZHU FHQWUDOLVDWLRQ RI 1 LV DFKLHYHG E\� IRU LQVWDQFH� QR SRZHU EHLQJ
WUDQVIHUUHG LQ D JLYHQ URXQG� $ IXOO SRZHU FHQWUDOLVDWLRQ YDOXH RI 5 ZDV DFKLHYHG ZKHQ�
HYHU DOO JURXS PHPEHUV ZRXOG WUDQVIHU WKHLU SRZHU WR D VLQJOH LQGLYLGXDO�

���
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)LJXUH ��6��� &RRSHUDWLRQ DQG SXQLVKPHQW GHFLVLRQV� 3HUFHQWDJH RI SXQLVKPHQW GHFLVLRQV RE�

VHUYHG DFURVV WUHDWPHQWV �OLJKW JUH\  HQGRJHQRXV FRQGLWLRQ� JUH\  H[RJHQRXV FRQGLWLRQ� GDUN

JUH\  IL[HG FRQGLWLRQ�� &  FRRSHUDWRU� )5  IUHH ULGHU�

:LOOLQJQHVV WR WUDQVIHU SRZHU

:H GHILQHG RXU PHDVXUH IRU WKH ZLOOLQJQHVV WR WUDQVIHU SRZHU DV WKH VXP RI DOO SRZHU
WUDQVIHUUHG LQ D FHUWDLQ URXQG�

ZLOOLQJQHVV WR WUDQVIHUt =
5∑

i=1

5∑

j=1
j ̸=i

ptjit

ZKHUH ptijt = SRZHU WUDQVIHUUHG IURP j WR i�

LQ URXQG t� ZLWK 3 ≤ t ≤ 20�

�����

,Q URXQGV ZKHQ JURXSPHPEHUV GLG QRW WUDQVIHU DQ\ SRZHU EHWZHHQ WKHP� RXU ZLOO�
LQJQHVV WR WUDQVIHU PHDVXUH ZRXOG WDNH D YDOXH RI 0� $ ZLOOLQJQHVV WR WUDQVIHU RI 5 FRXOG
EH DFKLHYHG E\ HYHU\RQH WUDQVIHUULQJ DOO WKHLU SRZHU�

���



6833257,1* ,1)250$7,21

6HOHFWLRQ VXFFHVV

:H LQWURGXFHG D PHDVXUH WR JDXJH D JURXSÚV DELOLW\ WR VHOHFW WKH PRVW DFWLYH SURVR�
FLDO SXQLVKHUV DV WKH UHFLSLHQW RI SRZHU WUDQVIHUV� )LUVW� EXLOGLQJ RQ 'HILQLWLRQ ���� ZH
GHILQHG WKH DJJUHJDWH �SDVW� SXQLVKPHQW EHKDYLRXU DV�

DJJUHJDWH SXQLVKPHQW EHKDYLRXUit =
t−1∑

j=2

(
SXQLVKPHQW EHKDYLRXUij

)

LQ URXQG t� ZLWK 3 ≤ t ≤ 20�

�����

7KLV YDULDEOH VXPPDULVHG LQIRUPDWLRQ DERXW WKH SDVW EHKDYLRXU RI JURXS PHPEHUV�
DV SRWHQWLDO OHDGHUV RI WKH LQ�JURXS SRZHU KLHUDUFK\� :LWKLQ D JURXS� ODUJHU YDOXHV IRU
D FHUWDLQ PHPEHU i LQGLFDWHG ERWK WKH DPRXQW RI UHVRXUFH i VDFULILFHG IRU SXQLVKPHQW�
DV ZHOO DV KHU SURSHQVLW\ WR SLFN OHVV FRRSHUDWLYH JURXS PHPEHUV� DV D WDUJHW IRU KHU
SXQLVKPHQW� ,I WKH SDVW LV D UHOLDEOH SUHGLFWRU RI DQ LQGLYLGXDOÚV IXWXUH EHKDYLRXU� WKRVH
ZKR VKRZHG D ZLOOLQJQHVV WR SXQLVK QRQ�FRRSHUDWRUV VKRXOG UHFHLYH WKH PRVW SRZHU�
7KXV� IRU JURXSV LQ WKH HQGRJHQRXV FRQGLWLRQ� ZH GHILQHG RXU VHOHFWLRQ VXFFHVV LQ WKH
IROORZLQJ PDQQHU�

VHOHFWLRQ VXFFHVVt =

⎧
⎨

⎩

1
| DUJ PD[
i=1,... ,5

peit| LI DJJ� SXQLVKPHQW EHKDYLRXUit ∈ DUJPD[
i=1,... ,5

peit,

0 RWKHUZLVH�

LQ URXQG t� ZLWK 3 ≤ t ≤ 20�

�����

6SHFLILFDOO\� LI LQ D FHUWDLQ URXQG LQGLYLGXDO i� KDYLQJ WKH KLJKHVW DJJUHJDWH SXQLVK�
PHQW EHKDYLRXU� ZDV VWULFWO\ PRUH SRZHUIXO WKDQ DOO RWKHU JURXS PHPEHUV� WKHQ IRU
WKDW URXQG WKH VHOHFWLRQ VXFFHVV RI WKH JURXS ZRXOG EH 1� ,I� KRZHYHU� i ZDV OHVV SRZ�
HUIXO WKDQ VRPH RWKHU JURXS PHPEHU� ZH ZRXOG DVVLJQ LW D YDOXH RI 0� ,Q FDVH RI D WLH�
WKH YDOXH ZRXOG EH 1 GLYLGHG E\ WKH QXPEHU RI JURXS PHPEHUV WKDW DUH HTXDOO\ �PRVW�
SRZHUIXO� ,Q VXFK D FDVH� WKH JURXS KDV SDUWLDOO\ VROYHG WKH VHOHFWLRQ SUREOHP� DQG ZH
ZRXOG DVVLJQ 1

2 ,
1
3 � HWF� WR WKH VHOHFWLRQ VXFFHVV YDULDEOH� 7KLV LV D UDWKHU URXJK HVWLPDWH

RI VHOHFWLRQ VXFFHVV� DV LW RQO\ WDNHV LQWR DFFRXQW ZKHWKHU WKH PRVW UHOLDEOH SXQLVKHU RI
QRQ�FRRSHUDWRUV JDLQV WKH PRVW SRZHU�

���
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6WDWLVWLFDO PRGHOV

%HFDXVH RI WKH KLHUDUFKLFDO VWUXFWXUH RI WKH GDWD �SDUWLFLSDQWV FOXVWHUHG LQ JURXSV DQG
UHSHDWHG PHDVXUHV RYHU URXQGV�� ZH ILWWHG %D\HVLDQ PL[HG HIIHFWV PRGHOV WR WKH GDWD
XVLQJ 5 DQG -$*6�

1RQ�LQIRUPDWLYH *DXVVLDQ SULRUV �P �� VG ���� ZHUH XVHG IRU HDFK SUHGLFWRU DQG
QRQ�LQIRUPDWLYH XQLIRUP SULRUV �UDQJH � WR ���� IRU WKH HUURU WHUPV� ,Q HYHU\ PRGHO�
UDQGRP LQWHUFHSWV DQG VORSHV ZHUH DOORZHG WR FRYDU\� 7KHUHIRUH� WKH YDULDQFH�
FRYDULDQFH PDWUL[ ZDV HVWLPDWHG DORQJVLGH WKH IL[HG DQG UDQGRP FRHIILFLHQWV� )RU WKH
FRUUHODWLRQV EHWZHHQ UDQGRP HIIHFWV� QRQ�LQIRUPDWLYH XQLIRUP SULRUV �UDQJH �� WR ��
ZHUH XVHG� :H XVHG WKUHH SDUDOOHO FKDLQV� )RU HYHU\ HVWLPDWHG FRHIILFLHQW� WKH SRWHQWLDO
VFDOH UHGXFWLRQ IDFWRU �*HOPDQ DQG 5XELQ 'LDJQRVWLF� ZDV EHORZ ����� LQGLFDWLQJ JRRG
PL[LQJ RI WKH WKUHH FKDLQV DQG WKXV KLJK FRQYHUJHQFH� 5HJUHVVLRQ WDEOHV UHSRUWHG EHORZ
VKRZ HVWLPDWHG FRHIILFLHQWV WRJHWKHU ZLWK WKH ��� FRQILGHQFH LQWHUYDO �&,� DOVR FDOOHG
KLJKHVW GHQVLW\ LQWHUYDO LQ WKH %D\HVLDQ IUDPHZRUN�� 1RWH WKDW� VLQFH QRQ�LQIRUPDWLYH
SULRUV ZHUH XVHG� D ��� &, WKDW RQO\ FRQWDLQV QHJDWLYH RU SRVLWLYH YDOXHV FDQ EH LQ�
WHUSUHWHG DV VLJQLILFDQW DW D S  ��� WZR�VLGHG WKUHVKROG IURP IUHTXHQWLVW SHUVSHFWLYH�
)LWWLQJ WKH PRGHOV XVLQJ UHVWULFWHG PD[LPXP OLNHOLKRRG �5(0/� DV LPSOHPHQWHG LQ WKH
OPH� SDFNDJH LQ 5 UHYHDOHG VLPLODU HVWLPDWHV DQG WKH VDPH VWDWLVWLFDO LQIHUHQFHV� +RZ�
HYHU� PRGHOV RQ WKH LQGLYLGXDO VXEMHFW OHYHO IDLOHG WR FRQYHUJH DQG DOVR WKH FHQVRULQJ LQ
WKH GDWD FRXOG QRW EH DFFRXQWHG IRU LQ WKHVH PRGHOV�

*URXS OHYHO DQDO\VLV

7KH DLP RI WKH JURXS OHYHO DQDO\VLV ZDV� WR FRPSDUH FRRSHUDWLRQ �L�H� FRQWULEXWLRQ WR WKH
JURXS SURMHFW�� SXQLVKPHQW DQG HDUQLQJV DFURVV WKH WKUHH GLIIHUHQW FRQGLWLRQV� DV ZHOO
DV WR DQDO\VH WKH LQFUHDVH RI PD[LPXP SRZHU RYHU URXQGV LQ WKH HQGRJHQRXV FRQGLWLRQ
�DQG WKXV DOVR WKH H[RJHQRXV FRQGLWLRQ�� )RU WKLV� ZH DJJUHJDWHG WKH GDWD E\ JURXS
PHPEHUV� VXFK WKDW IRU HDFK JURXS ZH KDG RQH GDWD SRLQW IRU HDFK URXQG �H�J� DYHUDJH
FRQWULEXWLRQ��

&RQWULEXWLRQ� 7KH IL[HG SDUW RI WKH FRQWULEXWLRQ PRGHO FRQWDLQHG WZR GXPP\ YDUL�
DEOHV FRGLQJ WKH WKUHH H[SHULPHQWDO FRQGLWLRQV �ZLWK WKH IL[HG FRQGLWLRQ DV EDVHOLQH�� D
FRQWLQXRXV URXQG SUHGLFWRU DQG WKH URXQG × FRQGLWLRQ LQWHUDFWLRQV� 7KH UDQGRP SDUW
FRQWDLQHG D UDQGRP LQWHUFHSW DV ZHOO DV D UDQGRP VORSH IRU WKH URXQG SUHGLFWRU IRU
HDFK JURXS� 7KXV� IRU HDFK JURXS D VHSDUDWH EDVHOLQH FRRSHUDWLRQ UDWH LQ URXQG �� DQG
D VHSDUDWH VORSH RI FRRSHUDWLRQ RYHU URXQGV ZDV HVWLPDWHG �VHH (TXDWLRQV ����� 6LQFH
DYHUDJH JURXS FRQWULEXWLRQ FRXOG QRW H[FHHG �� DQG IDOO EHORZ �� WKH GDWD ZDV WUHDWHG
DV OHIW DQG ULJKW FHQVRUHG�

���
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yi ∼ N(µy,σ
2
y), IRU i = 1, . . . , n

µy = α1j + β1jURXQG+ α2 + β2URXQG

+ β3H[RJHQRXV+ β4HQGRJHQRXV

+ β5H[RJHQRXV× URXQG+ β6HQGRJHQRXV× URXQG

(
α1j

β1j

)
∼ N

((
0

0

)
,

(
σ2
α1

ρσ2
α1
σ2
β1

ρσ2
α1
σ2
β1

σ2
β1

))
, IRU j = 1, . . . , J

ZKHUH n = QXPEHU RI REVHUYDWLRQV

J = QXPEHU RI JURXSV

�����

7DEOH ��6� VKRZV WKH HVWLPDWHG FRHIILFLHQWV WRJHWKHU ZLWK WKH ��� &,� )LUVW URXQG
FRRSHUDWLRQ ZDV SUHGLFWHG WR EH ���� IRU WKH IL[HG FRQGLWLRQ� *URXSV LQ WKH H[RJHQRXV
DQG HQGRJHQRXV FRQGLWLRQ GLG QRW VLJQLILFDQWO\ GLIIHU IURP WKLV LQLWLDO OHYHO RI FRRSHUD�
WLRQ �β3 DQG β4�� ,Q WKH IL[HG FRQGLWLRQ� WKHUH ZDV D VLJQLILFDQW GURS LQ FRRSHUDWLRQ RYHU
URXQGV �β2�� 7KH GURS LQ FRRSHUDWLRQ ZDV QRW VLJQLILFDQWO\ GLIIHUHQW LQ WKH H[RJHQRXV
FRQGLWLRQ �β5�� ,Q FRQWUDVW� LQ WKH HQGRJHQRXV FRQGLWLRQ� FRRSHUDWLRQ RYHU WLPH ZDV
VLJQLILFDQWO\ KLJKHU �β6��

([DPLQLQJ WKH SRVWHULRU GLVWULEXWLRQV RI WKH H[RJHQRXV× URXQG DQG HQGRJHQRXV×
URXQG SDUDPHWHU UHYHDOHG DQ HVWLPDWHG GLIIHUHQFH RI ���� ZLWK D ��� &, UDQJLQJ IURP
���� WR ����� 7KXV� DOVR FRPSDUHG WR WKH H[RJHQRXV FRQGLWLRQ� FRRSHUDWLRQ RYHU WLPH
ZDV VLJQLILFDQWO\ KLJKHU LQ WKH HQGRJHQRXV FRQGLWLRQ�

3XQLVKPHQW� 7KH SXQLVKPHQW PRGHO IROORZHG WKH VDPH VWUXFWXUH DV WKH FRQWULEXWLRQ
PRGHO �VHH (TXDWLRQV ����� H[FHSW IRU DYHUDJH GHGXFWLRQ SRLQWV VSHQW DV WKH GHSHQGHQW
YDULDEOH� 6LQFH DYHUDJH JURXS SXQLVKPHQW FRXOG QRW IDOO EHORZ �� WKH GDWD ZDV WUHDWHG
DV OHIW FHQVRUHG�

7DEOH ��6� VKRZV WKH HVWLPDWHG FRHIILFLHQWV WRJHWKHU ZLWK WKH ��� &,� 3XQLVKPHQW
H[SHQVHV LQ WKH VHFRQG URXQG �ILUVW URXQG ZLWK SXQLVKPHQW� GLG QRW VLJQLILFDQWO\ GLIIHU
DFURVV FRQGLWLRQV �α2� β2 DQG β3�� ,Q WKH IL[HG FRQGLWLRQ� WKH XVH RI SXQLVKPHQW GURSSHG
RYHU URXQGV �β2�� *URXSV LQ WKH H[RJHQRXV FRQGLWLRQ GLG QRW GHYLDWH VLJQLILFDQWO\ IURP
WKLV WUHQG �β5�� ,Q WKH HQGRJHQRXV FRQGLWLRQ� WKH GURS LQ SXQLVKPHQW H[SHQVHV RYHU
URXQGV ZDV VLJQLILFDQWO\ KLJKHU FRPSDUHG WR WKH IL[HG FRQGLWLRQ �β6��

���
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7DEOH ��6�
&RQWULEXWLRQ UHJUHVVLRQ PRGHO�

&RHI� ��� &,

α2 LQWHUFHSW �IL[HG FRQGLWLRQ� URXQG �� ����� >������ �����@

β2 URXQG ����� >������ �����@

β3 H[RJHQRXV FRQGLWLRQ GXPP\ ����� >������ ����@

β4 HQGRJHQRXV FRQGLWLRQ GXPP\ ����� >������ ����@

β5 H[RJHQRXV FRQGLWLRQ× URXQG ���� >������ ����@

β6 HQGRJHQRXV FRQGLWLRQ× URXQG ���� >����� ����@

σ2
α1

HUURU�WHUP UDQGRP LQWHUFHSWV ���� >����� ����@

σ2
β1

HUURU�WHUP URXQG VORSHV ���� >����� ����@

σ2
y HUURU�WHUP \ ���� >����� ����@

ρ FRUUHODWLRQ EHWZHHQ UDQGRP HIIHFWV ����� >������ ����@

1RWH� 'HSHQGHQW YDULDEOH� &RQWULEXWLRQ JURXS DYHUDJH FOXVWHUHG E\ JURXS�

7DEOH ��6�
3XQLVKPHQW UHJUHVVLRQ PRGHO�

&RHI� ��� &,

α2 LQWHUFHSW �IL[HG FRQGLWLRQ� URXQG �� ���� >����� ����@

β2 URXQG ����� >������ �����@

β3 H[RJHQRXV FRQGLWLRQ GXPP\ ����� >������ ����@

β4 HQGRJHQRXV FRQGLWLRQ GXPP\ ���� >������ ����@

β5 H[RJHQRXV FRQGLWLRQ× URXQG ����� >������ ����@

β6 HQGRJHQRXV FRQGLWLRQ× URXQG ����� >������ ������@

σ2
α1

HUURU�WHUP UDQGRP LQWHUFHSWV ���� >����� ����@

σ2
β1

HUURU�WHUP URXQG VORSHV ���� >����� ����@

σ2
y HUURU�WHUP \ ���� >����� ����@

ρ FRUUHODWLRQ EHWZHHQ UDQGRP HIIHFWV ����� >������ �����@

1RWH� 'HSHQGHQW YDULDEOH� $YHUDJH SXQLVKPHQW H[SHQVH FOXVWHUHG E\ JURXS�

���
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)LJXUH ��6��� $YHUDJH HDUQLQJV RYHU URXQGV� $YHUDJH HDUQLQJV LQ WKH IL[HG FRQGLWLRQ �JUH\�� H[�

RJHQRXV FRQGLWLRQ �OLJKW \HOORZ� DQG HQGRJHQRXV FRQGLWLRQ �GDUN \HOORZ�� (UURU EDUV VKRZ WKH

ZLWKLQ�VXEMHFW VWDQGDUG HUURUV RI WKH PHDQ�

*URXS HDUQLQJV� )LJXUH ��6�� VKRZV WKH DYHUDJH HDUQLQJV RYHU URXQGV E\ FRQGLWLRQ�
7KHUH ZDV D VXEVWDQWLDO GURS LQ HDUQLQJV LQ DOO WKUHH FRQGLWLRQV DIWHU WKH LQWURGXFWLRQ
SXQLVKPHQW WR WKH H[SHULPHQW LQ URXQG �� DV LW LV RIWHQ REVHUYHG LQ 3* H[SHULPHQWV
ZLWK SXQLVKPHQW�

7KH JURXS HDUQLQJV UHJUHVVLRQ PRGHO IROORZHG WKH VDPH VWUXFWXUH DV WKH FRQWUL�
EXWLRQ PRGHO �VHH (TXDWLRQV ����� H[FHSW IRU DJJUHJDWHG HDUQLQJV �LQ 08V� DV WKH GH�
SHQGHQW YDULDEOH� 6LQFH HDUQLQJV IRU RQH URXQG FRXOG QRW H[FHHG ��� 08V �2008V ×
5 SDUWLFLSDQWV× 1.5�� WKH GDWD ZDV WUHDWHG DV ULJKW FHQVRUHG�

7DEOH ��6� VKRZV WKH HVWLPDWHG FRHIILFLHQWV WRJHWKHU ZLWK WKH ��� &,� (DUQLQJV LQ
WKH ILUVW URXQG GLG QRW VLJQLILFDQWO\ GLIIHU EHWZHHQ IL[HG DQG H[RJHQRXV FRQGLWLRQ� DV
ZHOO DV IL[HG DQG HQGRJHQRXV FRQGLWLRQ �β3 DQG β4�� (DUQLQJV ZHUH VLJQLILFDQWO\ KLJKHU
RYHU URXQGV LQ WKH HQGRJHQRXV FRQGLWLRQ FRPSDUHG WR WKH IL[HG FRQGLWLRQ �β6��

([DPLQLQJ WKH SRVWHULRU GLVWULEXWLRQV RI WKH H[RJHQRXV× URXQG DQG HQGRJHQRXV×
URXQG SDUDPHWHU UHYHDOHG DQ HVWLPDWHG GLIIHUHQFH RI ���� ZLWK D ��� &, UDQJLQJ IURP
���� WR ����� 7KXV� DOVR FRPSDUHG WR WKH H[RJHQRXV FRQGLWLRQ� HDUQLQJV RYHU WLPH ZHUH
VLJQLILFDQWO\ KLJKHU LQ WKH HQGRJHQRXV FRQGLWLRQ�

���
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7DEOH ��6�
(DUQLQJV UHJUHVVLRQ PRGHO�

&RHI� ��� &,

α2 LQWHUFHSW �IL[HG FRQGLWLRQ� URXQG �� ������ >������� ������@

β2 URXQG ����� >������ ����@

β3 H[RJHQRXV FRQGLWLRQ GXPP\ ����� >������� ����@

β4 HQGRJHQRXV FRQGLWLRQ GXPP\ ����� >������� ����@

β5 H[RJHQRXV FRQGLWLRQ× URXQG ���� >������ ����@

β6 HQGRJHQRXV FRQGLWLRQ× URXQG ���� >����� ����@

σ2
α1

HUURU�WHUP UDQGRP LQWHUFHSWV ���� >����� ����@

σ2
β1

HUURU�WHUP URXQG VORSHV ����� >������ �����@

σ2
y HUURU�WHUP \ ����� >������ �����@

ρ FRUUHODWLRQ EHWZHHQ UDQGRP HIIHFWV ����� >������ ����@

1RWH� 'HSHQGHQW YDULDEOH� $YHUDJH HDUQLQJV FOXVWHUHG E\ JURXS�

0D[LPXP SRZHU� 7KH PD[LPXP SRZHU UHJUHVVLRQ PRGHO IROORZHG WKH VDPH UDQGRP
VWUXFWXUH DV WKH FRQWULEXWLRQ PRGHO �VHH (TXDWLRQV ����� EXW VLQFH SRZHU WUDQVIHUV RQO\
KDSSHQHG LQ WKH HQGRJHQRXV FRQGLWLRQ DQG H[RJHQRXV FRQGLWLRQ JURXSV PHUHO\ PLP�
LFNHG WKHVH WUDQVIHUV RYHU WLPH� WKH PRGHO XVHG RQO\ GDWD RI WKH HQGRJHQRXV FRQGLWLRQ
DQG WKHUHIRUH FRQWDLQHG RQO\ RQH SUHGLFWRU FRGLQJ WKH URXQG� 7KH GHSHQGHQW YDULDEOH
ZDV WKH DPRXQW RI SRZHU RI WKH PRVW SRZHUIXO JURXS PHPEHU LQ D SDUWLFXODU URXQG�
6LQFH PD[LPXP SRZHU FRXOG QRW IDOO EHORZ �� WKH GDWD ZDV WUHDWHG DV OHIW FHQVRUHG�

7DEOH ��6� VKRZV WKH HVWLPDWHG FRHIILFLHQWV WRJHWKHU ZLWK WKH ��� &,� $OUHDG\ LQ
WKH ILUVW SRZHU WUDQVIHU VWDJH �URXQG ��� WKH PRVW SRZHU D SDUWLFLSDQW DFFXPXODWHG RQ
DYHUDJH ZDV SUHGLFWHG WR EH ��� E\ WKH PRGHO �α2�� 3RZHU DFFXPXODWLRQ LQFUHDVHG RYHU
URXQGV� ,Q HDFK URXQG� WKH PD[LPXP SRZHU ZDV HVWLPDWHG WR LQFUHDVH E\ ���� RQ DY�
HUDJH �β2��

,QGLYLGXDO OHYHO DQDO\VLV

7KH DLP RI WKH WKH LQGLYLGXDO OHYHO DQDO\VLV ZDV WR DQDO\VH ZKR UHFHLYHG SRZHU� ZKR
ZDV ZLOOLQJ WR JLYH XS SRZHU DQG KRZ SRZHU DIIHFWHG FRQWULEXWLRQV LQ WKH HQGRJHQRXV
FRQGLWLRQ RQ D URXQG E\ URXQG EDVLV� 7KHUHIRUH� WKH GDWD ZDV QRW DJJUHJDWHG RQ D JURXS

���
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7DEOH ��6�
3RZHU FKDQJH UHJUHVVLRQ PRGHO�

&RHI� ��� &,

α2 LQWHUFHSW �URXQG �� ����� >������ �����@

β2 URXQG ����� >������ �����@

σ2
α1

HUURU�WHUP UDQGRP LQWHUFHSWV ����� >������ �����@

σ2
β1

HUURU�WHUP URXQG VORSHV ����� >������ �����@

σ2
y HUURU�WHUP \ ����� >������ �����@

ρ FRUUHODWLRQ EHWZHHQ UDQGRP HIIHFWV ������ >������� �����@

1RWH� 'HSHQGHQW YDULDEOH� 'HSHQGHQW YDULDEOH� PD[LPXP SRZHU FOXVWHUHG E\

JURXS�

OHYHO DQG WKXV ZDV FOXVWHUHG E\ JURXSV DQG E\ LQGLYLGXDOV �RYHU WLPH�� 7KH UHJUHVVLRQ
PRGHOV DFFRXQWHG IRU WKDW E\ KDYLQJ WZR JURXSLQJ OHYHOV �VHH EHORZ��

,Q WKH UHFHLYLQJ� JLYLQJ DQG XVLQJ SRZHU PRGHO� WKH GLVWULEXWLRQV RI WKH GHSHQGHQW
YDULDEOHV ZHUH QRQ�QRUPDO DQG KLJKO\ UHVWULFWHG� :H WKHUHIRUH WUDQVIRUPHG WKH GHSHQ�
GHQW YDULDEOH LQ WKHVHPRGHOV LQWR D GLFKRWRPRXV YDULDEOH DQG ILWWHG ORJLVWLF UHJUHVVLRQV�

$OVR VRPHSUHGLFWRUVZHUH WUDQVIRUPHG WR GLFKRWRPRXV ÙW\SHÚ YDULDEOHV� 7KLV KDV WKH
GRZQVLGH RI ORVLQJ VRPH VWDWLVWLFDO SRZHU� DV ZHOO DV WKH DELOLW\ WR PDNH PRUH GHWDLOHG
TXDQWLWDWLYH VWDWHPHQWV �H�J� ZLWK D RQH SRLQW LQFUHDVH LQ WKH LQGHSHQGHQW YDULDEOH�
WKH SUREDELOLW\ RI WKH GHSHQGHQW YDULDEOH EHLQJ � FKDQJHV E\ [�� 2Q WKH RWKHU KDQG�
FRHIILFLHQWV FDQ EH LQWHUSUHWHG PRUH HDVLO\� )RU H[DPSOH� E\ FRQYHUWLQJ FRQWULEXWLRQV
WR D ELQDU\ YDULDEOH �DW RU DERYH�EHORZ JURXS DYHUDJH�� SDUWLFLSDQWV DUH FODVVLILHG LQWR
IUHH ULGHUV �WKRVH ZKR FRQWULEXWHG OHVV WKDQ JURXS DYHUDJH� DQG FRRSHUDWRUV �WKRVH ZKR
FRQWULEXWHG DW OHDVW RU DERYH JURXS DYHUDJH��

5HFHLYLQJ URZHU� 7KH GHSHQGHQW YDULDEOH RI WKH UHFHLYLQJ SRZHU PRGHO ZDV SRZHU
UHFHLYHG E\ RWKHU JURXS PHPEHUV ��  QR SRZHU UHFHLYHG� �  SRZHU UHFHLYHG�� 7KH
IL[HG SDUW RI WKH PRGHO FRQWDLQHG WKH FRQWLQXRXV URXQG SUHGLFWRU� D GXPP\ SUHGLFWRU
LQGLFDWLQJ IUHH ULGLQJ RU FRRSHUDWLRQ ��  EHORZ DYHUDJH FRQWULEXWLRQ� �  HTXDO RU DERYH
DYHUDJH FRQWULEXWLRQ� LQ SUHYLRXV URXQGÚV FRQWULEXWLRQ VWDJH� DQG D GXPP\ SUHGLFWRU
FRGLQJ WKH SXQLVKPHQW EHKDYLRXU �VHH (TXDWLRQ ���� �  DQWLVRFLDO RU QR SXQLVKPHQW�
�  SXQLVKPHQW RI IUHH ULGHUV� RI SUHYLRXV URXQGÚV SXQLVKPHQW VWDJH DV SUHGLFWRUV�

���
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7KH UDQGRP SDUW RI WKH PRGHO FRQWDLQHG D UDQGRP LQWHUFHSW DQG D UDQGRP VORSH IRU
WKH URXQG SUHGLFWRU IRU HDFK JURXS� DV ZHOO DV D UDQGRP LQWHUFHSW DQG D UDQGRP VORSH
IRU WKH URXQG SUHGLFWRU IRU HDFK SDUWLFLSDQW� 7KXV� IRU HDFK JURXS D VHSDUDWH EDVHOLQH
RI WKH OLNHOLKRRG RI SRZHU WUDQVIHUULQJ LQ URXQG � �ILUVW SRZHU WUDQVIHU VWDJH�� DQG D
VHSDUDWH VORSH LQ KRZ WKH OLNHOLKRRG RI WUDQVIHUULQJ SRZHU FKDQJHG RYHU URXQGV ZDV
HVWLPDWHG� 6HSDUDWHO\� WKH PRGHO HVWLPDWHG WKH OLNHOLKRRG RI SRZHU EHLQJ WUDQVIHUUHG LQ
URXQG �� DV ZHOO DV WKH FKDQJH LQ WKH OLNHOLKRRG RI UHFHLYLQJ SRZHU RYHU URXQGV IRU HDFK
SDUWLFLSDQW �VHH (TXDWLRQV �����

Pr(yi = 1) ∼ ORJLW−1(µy), IRU i = 1, . . . , n

µy = α1j + β1jURXQG+ α2k + β2kURXQG

+ α3 + β3URXQG+ β4FRQWULEXWLRQ W\SHt−1

+ β5SXQLVKPHQW W\SHt−1

(
α1j

β1j

)
∼ N

((
0

0

)
,

(
σ2
α1

ρ1σ2
α1
σ2
β1

ρ1σ2
α1
σ2
β1

σ2
β1

))
, IRU j = 1, . . . , J

(
α2k

β2k

)
∼ N

((
0

0

)
,

(
σ2
α2

ρ2σ2
α2
σ2
β2

ρ2σ2
α2
σ2
β2

σ2
β2

))
, IRU k = 1, . . . ,K

ZKHUH n = QXPEHU RI REVHUYDWLRQV

J = QXPEHU RI JURXSV

K = QXPEHU RI VXEMHFWV

�����

7DEOH ��6� VKRZV WKH HVWLPDWHG FRHIILFLHQWV WRJHWKHU ZLWK WKH ��� &, DV ZHOO DV
WKH RGGV UDWLR �H[SRQHQWLDO RI FRHIILFLHQW�� $FFRUGLQJ WR WKH PRGHO� FRRSHUDWRUV KDG D
��� LQFUHDVH LQ RGGV RI UHFHLYLQJ SRZHU �β4�� 7KH RGGV RI UHFHLYLQJ SRZHU PRUH WKDQ
GRXEOHG IRU SDUWLFLSDQWV ZKR SXQLVKHG IUHH ULGHUV LQ WKH SUHYLRXV SXQLVKPHQW VWDJH
�β5��

*LYLQJ DZD\ SRZHU� 7KH UHJUHVVLRQ PRGHO IRU JLYLQJ DZD\ SRZHU IROORZHG WKH VDPH
UDQGRP VWUXFWXUH GHVFULEHG LQ (TXDWLRQV ���� 7KH GHSHQGHQW YDULDEOH FRGHG WKH WUDQV�
IHU RI SRZHU WR RWKHU JURXS PHPEHU �� LQGLFDWHG QR WUDQVIHU RI SRZHU DQG � LQGLFDWHG
WUDQVIHU RI SRZHU��

,Q WKLV DQDO\VLV� ZH ZHUH LQWHUHVWHG LQ ZKHWKHU WKH ZLOOLQJQHVV WR VSHQG SRLQWV RQ
SXQLVKPHQW SUHGLFWHG WKH OLNHOLKRRG RI JLYLQJ DZD\ SRZHU� 7KHUHIRUH� ZH XVHG WKH GLI�

���
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7DEOH ��6�
5HFHLYLQJ SRZHU UHJUHVVLRQ PRGHO�

&RHI� RGGV UDWLR ��� &,

α3 LQWHUFHSW �URXQG �� ���� >����� ����@

β3 URXQG ����� ���� >����� �����@

β4 FRQWULEXWLRQ W\SHt−1 ���� ���� > ���� ����@

β5 SXQLVKPHQW W\SHt−1 ���� ���� > ���� ����@

σ2
α1

HUURU�WHUP UDQGRP LQWHUFHSWV �JURXS OHYHO� ���� >����� ����@

σ2
β1

HUURU�WHUP URXQG VORSHV �JURXS OHYHO� ���� >����� ����@

σ2
α2

HUURU�WHUP UDQGRP LQWHUFHSWV �LQGLYLGXDO OHYHO� ���� >����� ����@

σ2
β2

HUURU�WHUP URXQG VORSHV �LQGLYLGXDO OHYHO� ���� >����� ����@

σ2
y HUURU�WHUP \ ����� >����� �����@

ρ1 FRUUHODWLRQ UDQGRP HIIHFWV �JURXS OHYHO� ����� >������ �����@

ρ2 FRUUHODWLRQ UDQGRP HIIHFWV �LQGLYLGXDO OHYHO� ����� >������ �����@

1RWH� 'HSHQGHQW YDULDEOH� SRZHU UHFHLYHG ��  QR� �  \HV� FOXVWHUHG E\ JURXS DQG SDUWLFLSDQW�

���
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IHUHQFH LQ WKH DPRXQW RI SRLQWV VSHQW RQ SXQLVKPHQW FRPSDUHG WR JURXS DYHUDJH DV
D GXPP\ SUHGLFWRU ��  SXQLVKPHQW H[SHQVH HTXDO RU DERYH JURXS DYHUDJH� �  SXQ�
LVKPHQW H[SHQVH EHORZ JURXS DYHUDJH�� 7KH IL[HG SDUW RI WKH PRGHO DOVR FRQWDLQHG
WKH FRQWLQXRXV URXQG SUHGLFWRU DQG D GXPP\ SUHGLFWRU LQGLFDWLQJ IUHH ULGLQJ RU FR�
RSHUDWLRQ ��  EHORZ DYHUDJH FRQWULEXWLRQ� �  HTXDO RU DERYH DYHUDJH FRQWULEXWLRQ� LQ
SUHYLRXV URXQGÚV FRQWULEXWLRQ VWDJH�

7DEOH ��6� VKRZV WKH HVWLPDWHG FRHIILFLHQWV WRJHWKHU ZLWK WKH ��� &, DV ZHOO DV WKH
RGGV UDWLR� $FFRUGLQJ WR WKH PRGHO� SXQLVKLQJ EHORZ JURXS DYHUDJH LQFUHDVHG WKH RGGV
RI WUDQVIHUULQJ SRZHU WR RWKHU JURXS PHPEHUV LQ WKH QH[W URXQG E\ ��� �β5��

7DEOH ��6�
*LYLQJ DZD\ SRZHU UHJUHVVLRQ PRGHO�

&RHI� RGGV UDWLR ��� &,

α3 LQWHUFHSW �URXQG �� ����� >������ �����@

β3 URXQG ����� ���� >������ ����@

β4 FRQWULEXWLRQ GLIIHUHQFHt−1 ���� ���� >������ ����@

β5 SXQLVKPHQW GLIIHUHQFHt−1 ���� ���� > ����� ����@

σ2
α1

HUURU�WHUP UDQGRP LQWHUFHSWV �JURXS OHYHO� ���� >����� ����@

σ2
β1

HUURU�WHUP URXQG VORSHV �JURXS OHYHO� ���� >����� ����@

σ2
α2

HUURU�WHUP UDQGRP LQWHUFHSWV �LQGLYLGXDO OHYHO� ���� >����� ����@

σ2
β2

HUURU�WHUP URXQG VORSHV �LQGLYLGXDO OHYHO� ���� >����� ����@

σ2
y HUURU�WHUP \ ����� >����� �����@

ρ1 FRUUHODWLRQ UDQGRP HIIHFWV �JURXS OHYHO� ����� >������ ����@

ρ2 FRUUHODWLRQ UDQGRP HIIHFWV �LQGLYLGXDO OHYHO� ����� >������ �����@

1RWH� 'HSHQGHQW YDULDEOH� 3RZHU JLYLQJ ��  QR SRZHUZDV WUDQVIHUUHG� �  SRZHUZDV WUDQVIHUUHG�
FOXVWHUHG E\ JURXS DQG SDUWLFLSDQW�

8VDJH RI SRZHU� 7KH UHJUHVVLRQ PRGHO IRU XVLQJ SRZHU IROORZHG WKH VDPH UDQGRP
VWUXFWXUH GHVFULEHG LQ (TXDWLRQV ���� 7KH GHSHQGHQW YDULDEOH FRGHG WKH SXQLVKPHQW
EHKDYLRXU �� LQGLFDWHG QR SXQLVKPHQW RU DQWLVRFLDO SXQLVKPHQW DQG � LQGLFDWHG SXQ�
LVKPHQW RI IUHH ULGHUV��

���
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$V SUHGLFWRUV ZH XVHG WKH FRQWLQXRXV URXQG SUHGLFWRU� WKH JURXS FRQWULEXWLRQ RI
WKH SUHVHQW URXQG DQG D GXPP\ YDULDEOH LQGLFDWLQJ ZKHWKHU WKH SDUWLFLSDQW KDG SRZHU
DERYH � LQ WKH SUHVHQW URXQG ��  SRZHU EHORZ RU HTXDO �� �  SRZHU PRUH WKDQ ��� DV ZHOO
DV WKH LQWHUDFWLRQ RI WKLV GXPP\ ZLWK WKH JURXS FRQWULEXWLRQ�

7DEOH ��6� VKRZV WKH HVWLPDWHG FRHIILFLHQWV WRJHWKHU ZLWK WKH ��� &, DV ZHOO DV WKH
RGGV UDWLR� $FFRUGLQJ WR WKH PRGHO� KDYLQJ D SRZHU JUHDWHU WKDQ � LQFUHDVHG WKH RGGV
WR SXQLVK IUHH ULGHUV LQ WKH FRQVHFXWLYH SXQLVKPHQW VWDJH QHDUO\ ILYHIROG �β5�� +LJKHU
JURXS FRQWULEXWLRQV GHFUHDVHG WKHVH RGGV VOLJKWO\� )RU HDFK DGGLWLRQDO 08 LQYHVWHG E\
WKH JURXS� WKH RGGV IRU D SRZHUIXO JURXS PHPEHU WR SXQLVK GHFUHDVHG E\ �� �β6��

7DEOH ��6�
8VLQJ SRZHU UHJUHVVLRQ PRGHO�

&RHI� RGGV UDWLR ��� &,

α3 LQWHUFHSW �URXQG �� ����� >������ �����@

β3 URXQG ����� ���� >������ �����@

β4 JURXS FRQWULEXWLRQ ����� ���� >������ ����@

β5 SRZHU ���� ���� > ����� ����@

β6 JURXS FRQWULEXWLRQ× SRZHU ����� ���� >������ ������@

σ2
α1

HUURU�WHUP UDQGRP LQWHUFHSWV �JURXS OHYHO� ���� >����� ����@

σ2
β1

HUURU�WHUP URXQG VORSHV �JURXS OHYHO� ���� >����� ����@

σ2
α2

HUURU�WHUP UDQGRP LQWHUFHSWV �LQGLYLGXDO OHYHO� ���� >����� ����@

σ2
β2

HUURU�WHUP URXQG VORSHV �LQGLYLGXDO OHYHO� ���� >����� ����@

σ2
y HUURU�WHUP \ ����� >����� �����@

ρ1 FRUUHODWLRQ UDQGRP HIIHFWV �JURXS OHYHO� ����� >������ ����@

ρ2 FRUUHODWLRQ UDQGRP HIIHFWV �LQGLYLGXDO OHYHO� ����� >������ �����@

1RWH� 'HSHQGHQW YDULDEOH� SXQLVKPHQW EHKDYLRXU ��  QR SXQLVKPHQW RU DQWLVRFLDO SXQLVKPHQW�

�  SXQLVKPHQW RI IUHH ULGHUV� FOXVWHUHG E\ JURXS DQG SDUWLFLSDQW�

(IIHFW RI SRZHU DQG SXQLVKPHQW� 7KH UHJUHVVLRQ PRGHO IRU WKH HIIHFW RI SRZHU DQG
SXQLVKPHQW IROORZHG WKH VDPH UDQGRP VWUXFWXUH GHVFULEHG LQ (TXDWLRQV ���� 7KH GH�
SHQGHQW YDULDEOH FRGHG WKH FKDQJH LQ FRRSHUDWLRQ IURP SUHYLRXVÚ URXQG� 6LQFH WKH LQ�

���
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GLYLGXDO FKDQJH LQ FRRSHUDWLRQ FRXOG QRW H[FHHG �� DQG IDOO EHORZ ���� WKH GDWD ZDV
WUHDWHG DV OHIW DQG ULJKW FHQVRUHG�

$V SUHGLFWRUVZHXVHG WKH FRQWLQXRXV URXQGSUHGLFWRU� WKH UHGXFWLRQ LQ HDUQLQJV GXH
WR SXQLVKPHQW LQ WKH ODVW URXQG DQG WKH FKDQJH LQ PD[LPXP SRZHU IURP ODVW URXQG� DV
ZHOO DV WKH LQWHUDFWLRQ RI FKDQJH LQ SRZHU DQG HDUQLQJ UHGXFWLRQ GXH WR SXQLVKPHQW�

7DEOH ��6� VKRZV WKH HVWLPDWHG FRHIILFLHQWV WRJHWKHU ZLWK WKH ��� &,� $FFRUGLQJ
WR WKH PRGHO� FRQWULEXWLRQ GHFLVLRQV ZHUH LQIOXHQFHG E\ DFWXDO SXQLVKHG� DV ZHOO DV
FKDQJHV LQ SRZHU RI WKH PRVW SRZHUIXO JURXS PHPEHU �WKUHDW RI JHWWLQJ SXQLVKHG�� )RU
HYHU\08 D SDUWLFLSDQW ORVW GXH WR JHWWLQJ SXQLVKHG LQ WKH ODVW URXQG LQFUHDVHG KHU FRQ�
WULEXWLRQ E\ ��� 08V �β4�� $ FKDQJH LQ SRZHU RI ��� RI WKH PRVW SRZHUIXO JURXSPHPEHU�
LQFUHDVHG FRQWULEXWLRQV E\ ��� 08V �β5�� $GGLWLRQDOO\� JHWWLQJ SXQLVKHG� IROORZHG E\ DQ
LQFUHDVH LQ SRZHU� DOVR LQFUHDVHG FRQWULEXWLRQV VLJQLILFDQWO\ �β6��

7DEOH ��6�
(IIHFW RI SRZHU DQG SXQLVKPHQW UHJUHVVLRQ PRGHO�

&RHI� ��� &,

α3 LQWHUFHSW �FKDQJH WR URXQG �� ����� >������ ����@

β3 URXQG ����� >������ ����@

β4 HDUQLQJV UHGXFWLRQ �IURP SXQLVKPHQW LQ URXQG t− 1� ���� >����� ����@

β5 FKDQJH LQ PD[LPXP SRZHU �IURP URXQG t− 1� ���� >����� ����@

β6 HDUQLQJV UHGXFWLRQ× FKDQJH LQ SRZHU ���� >����� ����@

σ2
α1

HUURU�WHUP UDQGRP LQWHUFHSWV �JURXS OHYHO� ���� >����� ����@

σ2
β1

HUURU�WHUP URXQG VORSHV �JURXS OHYHO� ���� >����� ����@

σ2
α2

HUURU�WHUP UDQGRP LQWHUFHSWV �LQGLYLGXDO OHYHO� ���� >����� ����@

σ2
β2

HUURU�WHUP URXQG VORSHV �LQGLYLGXDO OHYHO� ���� >����� ����@

σ2
y HUURU�WHUP \ ���� >����� ����@

ρ1 FRUUHODWLRQ UDQGRP HIIHFWV �JURXS OHYHO� ����� >������ ����@

ρ2 FRUUHODWLRQ UDQGRP HIIHFWV �LQGLYLGXDO OHYHO� ����� >������ ����@

1RWH� 'HSHQGHQW YDULDEOH� FKDQJH LQ FRRSHUDWLRQ IURP URXQGt−1 FOXVWHUHG E\ JURXS DQG SDUWLFL�

SDQW�

���
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,QGLYLGXDO OHYHO DQDO\VLV IRU WKH H[RJHQRXV FRQGLWLRQ

7R DQDO\VH KRZJDLQLQJ SRZHU DQG D FKDQJH LQPD[LPXPSRZHU DIIHFWHG LQGLYLGXDO GHFL�
VLRQV LQ WKH H[RJHQRXV FRQGLWLRQ LQ ZKLFK SRZHU WUDQVIHUV ZHUH QRW SRVVLEOH� ZH ILWWHG
WKH ÙXVDJH RI SRZHUÚ DQG WKH ÙHIIHFW RI SRZHU DQG SXQLVKPHQWÚ PRGHOV GHVFULEHG DERYH
DOVR WR WKH GDWD RI WKH H[RJHQRXV FRQGLWLRQ JURXSV�

8VDJH RI SRZHU �H[RJHQRXV FRQGLWLRQ�� 7KH UHJUHVVLRQ PRGHO IRU XVLQJ SRZHU IRO�
ORZHG WKH VDPH VWUXFWXUH DV GHVFULEHG DERYH IRU WKH HQGRJHQRXV FRQGLWLRQ�

7DEOH ��6� VKRZV WKH HVWLPDWHG FRHIILFLHQWV WRJHWKHU ZLWK WKH ��� &, DV ZHOO DV WKH
RGGV UDWLR� /LNH LQ WKH HQGRJHQRXV FRQGLWLRQ� KDYLQJ D SRZHU JUHDWHU WKDQ � LQFUHDVHG
WKH RGGV WR SXQLVK IUHH ULGHUV LQ WKH FRQVHFXWLYH SXQLVKPHQW VWDJH�

7DEOH ��6�
8VLQJ SRZHU UHJUHVVLRQ PRGHO IRU WKH H[RJHQRXV FRQGLWLRQ�

&RHI� RGGV UDWLR ��� &,

α3 LQWHUFHSW �URXQG �� ����� >������ �����@

β3 URXQG ����� ���� >������ ����@

β4 JURXS FRQWULEXWLRQ ���� ���� >������ ����@

β5 SRZHU ���� ���� > ����� ����@

β6 JURXS FRQWULEXWLRQ× SRZHU ����� ���� >������ ����@

σ2
α1

HUURU�WHUP UDQGRP LQWHUFHSWV �JURXS OHYHO� ���� >����� ����@

σ2
β1

HUURU�WHUP URXQG VORSHV �JURXS OHYHO� ���� >����� ����@

σ2
α2

HUURU�WHUP UDQGRP LQWHUFHSWV �LQGLYLGXDO OHYHO� ���� >����� ����@

σ2
β2

HUURU�WHUP URXQG VORSHV �LQGLYLGXDO OHYHO� ���� >����� ����@

σ2
y HUURU�WHUP \ ����� >����� �����@

ρ1 FRUUHODWLRQ UDQGRP HIIHFWV �JURXS OHYHO� ����� >������ ����@

ρ2 FRUUHODWLRQ UDQGRP HIIHFWV �LQGLYLGXDO OHYHO� ����� >������ �����@

1RWH� 'HSHQGHQW YDULDEOH� SXQLVKPHQW EHKDYLRXU ��  QR SXQLVKPHQW RU DQWLVRFLDO SXQLVKPHQW�

�  SXQLVKPHQW RI IUHH ULGHUV� FOXVWHUHG E\ JURXS DQG SDUWLFLSDQW�

���
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(IIHFW RI SRZHU DQG SXQLVKPHQW �H[RJHQRXV FRQGLWLRQ�� 7KH UHJUHVVLRQPRGHO IRU WKH
HIIHFW RI SRZHU DQG SXQLVKPHQW IROORZHG WKH VDPH VWUXFWXUH DV GHVFULEHG DERYH IRU WKH
HQGRJHQRXV FRQGLWLRQ�

7DEOH ��6�� VKRZV WKH HVWLPDWHG FRHIILFLHQWV WRJHWKHU ZLWK WKH ��� &,� /LNH LQ WKH
HQGRJHQRXV FRQGLWLRQ� FRQWULEXWLRQ GHFLVLRQV ZHUH LQIOXHQFHG E\ DFWXDO SXQLVKPHQW
�β4�� +RZHYHU� FRQWUDU\ WR WKH HQGRJHQRXV FRQGLWLRQ� D FKDQJH LQPD[LPXPSRZHU IURP
ODVW URXQG �WKUHDW RI SXQLVKPHQW� GLG QRW DIIHFW FRQWULEXWLRQ GHFLVLRQV VLJQLILFDQWO\ �β5��

7DEOH ��6��
(IIHFW RI SRZHU DQG SXQLVKPHQW UHJUHVVLRQ PRGHO IRU WKH H[RJHQRXV FRQGLWLRQ�

&RHI� ��� &,

α3 LQWHUFHSW �FKDQJH WR URXQG �� ����� >����� ����@

β3 URXQG ����� >����� ����@

β4 HDUQLQJV UHGXFWLRQ �IURP SXQLVKPHQW LQ URXQG t− 1� ���� > ���� ����@

β5 FKDQJH LQ PD[LPXP SRZHU �IURP URXQG t− 1� ����� >����� ����@

β6 HDUQLQJV UHGXFWLRQ× FKDQJH LQ SRZHU ���� > ���� ����@

σ2
α1

HUURU�WHUP UDQGRP LQWHUFHSWV �JURXS OHYHO� ���� >����� ����@

σ2
β1

HUURU�WHUP URXQG VORSHV �JURXS OHYHO� ���� >����� ����@

σ2
α2

HUURU�WHUP UDQGRP LQWHUFHSWV �LQGLYLGXDO OHYHO� ���� >����� ����@

σ2
β2

HUURU�WHUP URXQG VORSHV �LQGLYLGXDO OHYHO� ���� >����� ����@

σ2
y HUURU�WHUP \ ���� >����� ����@

ρ1 FRUUHODWLRQ UDQGRP HIIHFWV �JURXS OHYHO� ����� >������ ����@

ρ2 FRUUHODWLRQ UDQGRP HIIHFWV �LQGLYLGXDO OHYHO� ����� >������ ����@

1RWH� 'HSHQGHQW YDULDEOH� FKDQJH LQ FRRSHUDWLRQ IURP URXQGt−1 FOXVWHUHG E\ JURXS DQG SDUWLFL�

SDQW�

���
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2WKHU UHPDUNV

3RZHU DQG FRRSHUDWLRQ� ,Q )LJXUH ���E� ZH UHSRUWHG WKH FRUUHODWLRQ RI PD[LPXP
SRZHU DQG DYHUDJH FRRSHUDWLRQ DFURVV URXQGV IRU HDFK JURXS� )RU WKH FDOFXODWLRQ RI
WKHVH FRUUHODWLRQV ZH RPLWWHG URXQG �� IURP HDFK JURXS� 7KLV ZDV GRQH EHFDXVH RI
WKH VKDUS GURS RI FRRSHUDWLRQ LQ WKH ODVW URXQG �NQRZQ DV WKH HQGJDPH HIIHFW�� $V FDQ
EH VHHQ LQ )LJXUH ��6��� ZLWK LQFUHDVHG PD[LPXP SRZHU� PHDQ FRQWULEXWLRQ LQFUHDVHG�
5RXQG �� FDQ EH LGHQWLILHG DV DQ RXWOLHU�

,QFOXGLQJ URXQG �� LQ WKH UHSRUWHG DQDO\VLV GLG QRW FKDQJH WKH VWDWLVWLFDO LQIHUHQFHV�
4XDQWLWDWLYHO\� WKH DYHUDJH FRUUHODWLRQ GURSSHG IURP U  ���� WR U  ��� IRU WKH H[RJHQRXV
FRQGLWLRQ JURXSV�

3RZHU DQG HDUQLQJV� $V UHSRUWHG� UHFHLYLQJ SRZHU ZDV FRUUHODWHGZLWK ORZHU HDUQLQJV
FRPSDUHG WR WKH RWKHU JURXSPHPEHUV� )LJXUH ��6�� VKRZV KRZ HDUQLQJV GHFUHDVHG� WKH
PRUH SRZHU D SDUWLFLSDQW UHFHLYHG LQ WKH H[SHULPHQW�

)LUVW DQG VHFRQG URXQG W\SHV� :KHQ H[DPLQLQJ WKH FRQQHFWLRQ EHWZHHQ EHKDYLRU LQ
WKH ILUVW WZR URXQGV� DQG ODWHU SRZHU VWDWXV� ZH RPLWWHG DQ DQDO\VLV RI DQWLVRFLDO SXQLVK�
HUV� EHFDXVH DQWLVRFLDO SXQLVKPHQW ZDV YHU\ UDUH� 7KH GLVWULEXWLRQ RI LQLWLDO SXQLVKPHQW
EHKDYLRXU ZDV DV IROORZV� �� SDUWLFLSDQWV GHFLGHG WR QRW SXQLVK LQ WKH VHFRQG URXQG�
�� SDUWLFLSDQWV SXQLVKHG SULPDULO\ IUHH ULGHUV� DQG RQO\ �� SDUWLFLSDQWV SXQLVKHG DQWL�
VRFLDOO\�

���
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'LVFXVVLRQ

&RQFOXGLQJ 5HPDUNV

,Q P\ WKHVLV , FRPELQHG WKH PHWKRGRORJLFDO UHSHUWRLUH RI EHKDYLRUDO HFRQRPLFV� QHX�
URVFLHQFH DQG SV\FKRORJ\ WR JDLQ LQVLJKWV LQWR WKH FRPSOH[ XQLYHUVH RI KXPDQ GHFL�
VLRQ PDNLQJ� ,Q WKH VSKHUH RI GHFLVLRQ PDNLQJ� SV\FKRORJLVWV FDQ SURYLGH WKH FRQ�
FHSWXDO IUDPHZRUN IRU WKH LQQHU DUFKLWHFWXUH RI RXU SHUFHSWXDO DQG FRJQLWLYH V\VWHPV�
HFRQRPLVWV GHYHORSHG D ULJRURXV PDWKHPDWLFDO DQG QRUPDWLYH WKHRU\ DERXW KRZ GHFL�
VLRQV VKRXOG EH PDGH DQG XQGHU ZKDW FLUFXPVWDQFHV UDWLRQDOLW\ LV YLRODWHG� ELRORJLVWV
OD\ RXW WKH JHQHWLF DQG HYROXWLRQDU\ JURXQG UXOHV RI GHYHORSPHQW DQG ZLWK PRGHUQ
QHXURVFLHQFH� IRU WKH ILUVW WLPH� WKH ELRORJLFDO XQGHUSLQQLQJV RI ODWHQW SV\FKRORJLFDO
FRQVWUXFWV FDQ EH LQYHVWLJDWHG� 6LPLODUO\ WR D ORW RI VRFLDO VFLHQWLVWV� , VKDUH WKH KRSH
WKDW ZLWK WKH FRQYHUJHQFH RI GLIIHUHQW GLVFLSOLQHV� LQWHUGLVFLSOLQDU\ WKHRULHV ZLOO HYROYH
WKDW FDQ GHVFULEH KXPDQ EHKDYLRU PRUH DFFXUDWHO\ DQG DW WKH VDPH WLPH FDQ EH XVHG
IRU SUHGLFWLRQ� HYHQWXDOO\ JXLGLQJ SROLF\ PDNLQJ�

&URVVLQJ WKH ERXQGDULHV FDQ DOVR KHOS WR EDODQFH WKH SHUVSHFWLYH RQ KXPDQ GHFL�
VLRQ PDNLQJ� ,Q HFRQRPLFV� WKHUH LV D VWURQJ HPSKDVLV RQ UDWLRQDO DQG RSWLPDO EHKDY�
LRU�� ZKHUHDV LQ PRGHUQ SV\FKRORJ\� KXPDQV DUH RIWHQ FKDUDFWHUL]HG DV LOO�DGDSWHG WR
WKHLU HQYLURQPHQW RU DV FRQVWUDLQHG LQ WKHLU DELOLW\ RI SURFHVVLQJ LQIRUPDWLRQ� OHDGLQJ
WR GLVWRUWHG FRJQLWLRQV DQG VXE�RSWLPDO EHKDYLRU� 7KH FRPELQDWLRQ RI WKH ELRORJLFDO�
SV\FKRORJLFDO DQG HFRQRPLF SHUVSHFWLYH FDQ KHOS WR XQGHUVWDQG XQGHU ZKDW FLUFXP�
VWDQFHV KXPDQ EHKDYLRU GRHV QRW PHHW WKH UDWLRQDO EHQFKPDUN� ZKDW SV\FKRORJLFDO DQG
QHXURORJLFDO FRQVWUDLQWV DUH UHVSRQVLEOH IRU WKLV DQG ZK\ WKHVH FRQVWUDLQWV HYROYHG LQ
WKH KLVWRU\ RI QDWXUDO VHOHFWLRQ�

%\ EURDGHQLQJ WKH SHUVSHFWLYH RQ KXPDQ GHFLVLRQ PDNLQJ DQG FDUHIXOO\ FRQVLGHU�
LQJ WKH ELRORJLFDO� HFRQRPLF� SV\FKRORJLFDO EXW DOVR FXOWXUDO SHUVSHFWLYH� FRQVLOLHQFH�
WKH DWWHPSW WR XQLWH VFLHQWLILF GLVFLSOLQHV� KDV DQRWKHU LPSRUWDQW MXVWLILFDWLRQ� ,W FDQ
RXWOLQH WKH ERXQGDULHV RI WKHRULHV WKDW ZHUH JHQHUDWHG LQ WKH HQFDSVXODWHG WUDGLWLRQ RI
D VLQJOH GLVFLSOLQH� $OO WRR RIWHQ LQ WKH ODVW WZR FHQWXULHV ZH KDYH VHHQ UHGXFWLRQLVW WKH�
RULHV� ERUQ RXW RI WKH UDGLFDOL]DWLRQ RI IHZ LGHDV VSHFLILF WR RQH VXEILHOG RI WKH VRFLDO RU

�2QH DUJXPHQW ZK\ KXPDQ EHKDYLRU VKRXOG DSSUR[LPDWH UDWLRQDOLW\ LV WKDW DW OHDVW LQ FRPSHWLWLYH HQYL�
URQPHQWV� GHFLVLRQPDNLQJ ELDVHV VKRXOG EH HDVLO\ H[SORLWDEOH E\PRUH UDWLRQDO EHKDYLRU DQG VKRXOG WKHUHIRUH
EH GULYHQ RXW LQ WKH ORQJ UXQ �$OFKLDQ� ������

���
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WKH QDWXUDO VFLHQFHV� LQ ZKLFK VLPSOLFLW\ ZDV FRQIXVHG ZLWK SUHGLFWLYH SRZHU� 7KH GDQ�
JHU RI UHGXFWLRQLVP ORRPV ZKHQ VFLHQWLVWV GHOXGH WKHPVHOYHV LQWR EHOLHYLQJ WKDW WKH\
IRXQG VLPSOH DQG SRZHUIXO� \HW GHVFULSWLYHO\ DFFXUDWH DFFRXQWV RI FRPSOH[ SKHQRPHQD
OLNH KXPDQ GHFLVLRQ PDNLQJ� DV FDQ EH LOOXVWUDWHG E\ WKUHH PDMRU FRQFHSWV RI ELRORJ\�
SV\FKRORJ\ DQG HFRQRPLFV� HYROXWLRQDU\ WKHRU\� UHLQIRUFHPHQW OHDUQLQJ WKHRU\ DQG
UDWLRQDO FKRLFH WKHRU\�

,Q WKH ODWH ��WK FHQWXU\� VFKRODUV ZHUH FRQYLQFHG WKDW IDFLDO IHDWXUHV OLNH WKH VKDSH
RI WKH QRVH RU WKH VL]H RI WKH HDUV FDQ EH XVHG WR SUHGLFW SHUVRQDOLW\ WUDLWV DQG FRJQLWLYH
DELOLWLHV� DQG WKDW HYHQWXDOO\� WKH VWXG\ RI SK\VLRJQRPLF FKDUDFWHULVWLFV ZRXOG EH DEOH
WR LGHQWLI\ FULPLQDOV RU VRRQ WR EH FULPLQDOV� 3KUHQRORJLVWV EHOLHYHG WKDW PHDVXULQJ WKH
VKDSH RI WKH VNXOO ZRXOG UHYHDO WKHPDQLIHVWDWLRQ RI ÙPHQWDO IDFXOWLHVÚ� GHWHUPLQLQJ LQWHO�
OLJHQFH RU HPRWLRQDOLW\� 7KH LGHD WKDW SV\FKRORJ\ FDQ EH UHGXFHG WR SK\VLRJQRP\� WKDW
WKH ODWHQW FDQ EH WUDFHG EDFN WR WKH PDQLIHVW �WKH VKDSH RI WKH KHDG RU WKH ERG\�� ZDV
XOWLPDWHO\ D SHUYHUWHG JHQHUDOL]DWLRQ RI WKHRULHV RI KHUHGLW\� DQG ODWHU� 'DUZLQLDQ HYR�
OXWLRQ� (YHQWXDOO\� WKHVH ELRORJLFDO SULQFLSOHV� ZHUH H[WHQGHG EH\RQG WKHLU MXVWLILDEOH
DSSOLFDWLRQ DQG XVHG IRU WKH VFLHQWLILF OHJLWLPL]DWLRQ RI GLVFULPLQDWLRQ DJDLQVW ZRPHQ�
KRPRVH[XDOV RU EODFN SHRSOH XS XQWLO WKH HDUO\ ��WK FHQWXU\ �VHH )LJXUH ����� :KDW LV
FRQVLGHUHG SVHXGRVFLHQFH WRGD\ZDV QRW D SUDFWLFH RI VRPH XQWDOHQWHG UHVHDUFKHUV� ,Q�
VWHDG� ZHOO UHVSHFWHG VFLHQWLVWV� OLNH WKH )UHQFK SK\VLRORJLVW 3DXO %URFD ZKR SLRQHHUHG
QHXURDQDWRP\� RU WKH ,WDOLDQ SK\VLFLDQ &HVDUH /RPEURVR� IRXU WLPHV QRPLQDWHG IRU WKH
1REHO SUL]H� ZHUH OXUHG E\ WKH 6LUHQÚV YRLFH RI UHGXFWLRQLVW WKHRULHV LQWR EHOLHYLQJ WKDW
FRPSOH[ EHKDYLRU FDQ EH UHGXFHG WR VXSHUILFLDO DQG VLPSOH SULQFLSOHV�

,Q SV\FKRORJ\� UHLQIRUFHPHQW OHDUQLQJ KDG WR VHUYH DV WKH RQH FRQFHSW WKDW ZRXOG
UXOH WKHP DOO� HYHQWXDOO\ SUHGLFWLQJ DQG FRQWUROOLQJ WKH PRVW FRPSOH[ KXPDQ EHKDYLRU�
6WLOO D SRZHUIXO FRQFHSW LQ OHDUQLQJ WKHRU\ WRGD\� WKH JHQHUDOL]DWLRQ RI UHLQIRUFHPHQW
OHDUQLQJ EH\RQG LWV GHVFULSWLYHO\ YDOLG ERXQGDULHV IXHOHG WKH KXEULV RI EHKDYLRULVWV OLNH
-RKQ :DWVRQ� Ü*LYH PH D GR]HQ KHDOWK\ LQIDQWV� ZHOO�IRUPHG� DQG P\ RZQ VSHFLILHG
ZRUOG WR EULQJ WKHP XS LQ DQG ,ÚOO JXDUDQWHH WR WDNH DQ\ RQH DW UDQGRP DQG WUDLQ KLP
WR EHFRPH DQ\ W\SH RI VSHFLDOLVW , PLJKW VHOHFW × GRFWRU� ODZ\HU� DUWLVW� PHUFKDQW�FKLHI�
DQG� \HV� HYHQ EHJJDUPDQ DQG WKLHI >���@Ý �:DWVRQ� ����� S� ���� 3KHQRPHQD WKDW ZHUH
KDUGO\ UHGXFLEOH WR UHLQIRUFHPHQW OHDUQLQJ� OLNH PHQWDO DELOLWLHV� ZHUH VLPSO\ GHQLHG
LQ UDGLFDO EHKDYLRXULVP� Ü0HQWDO OLIH DQG WKH ZRUOG LQ ZKLFK LW LV OLYHG DUH LQYHQWLRQV�
7KH\ KDYH EHHQ LQYHQWHG RQ WKH DQDORJ\ RI H[WHUQDO EHKDYLRU RFFXUULQJ XQGHU H[WHUQDO
FRQWLQJHQFLHV� 7KLQNLQJ LV EHKDYLRU� 7KH PLVWDNH LV LQ DOORFDWLQJ WKH EHKDYLRU WR WKH
PLQGÝ �6NLQQHU� ����� S� ����

$V WKHPLQG DQG WKH FRJQLWLYH DELOLWLHV RI KXPDQVPDUNHG WKH ERXQGDULHV DQG WKUHDWV
IRU WKH SUHGLFWLYH SRZHU RI UHLQIRUFHPHQW OHDUQLQJPRGHOV� WKH REVHUYDWLRQ RI LUUDWLRQDO

���



)LJXUH ���� 'LVWRUWHG GUDZLQJV RI VNXOOV� WU\LQJ WR UDLVH GRXEWV WKDW ÜWKH 2UDQJ�2XWDQ DQG &KLP�

SDQ]HH DUH PRUH ZLGHO\ VHSDUDWHG IURP FHUWDLQ $IULFDQ DQG 2FHDQLF 1HJURHV WKDQ DUH WKH ODWWHU

IURP WKH 7HXWRQLF RU 3HODVJLF W\SHVÝ �1RWW� ����� S� ���� SLFWXUH DGDSWHG IURP 1RWW� ������

EHKDYLRU LV D WKUHDW WR WKH SUHGLFWLYH SRZHU RI QHRFODVVLFDO UDWLRQDO FKRLFH WKHRU\� $O�
WKRXJKPRVW HFRQRPLVWV VHH UDWLRQDO FKRLFH WKHRU\ DV D VLPSOLILHG� \HW XVHIXO PLVUHSUH�
VHQWDWLRQ RI KXPDQ EHKDYLRU� DWWHPSWV ZHUH PDGH WR UHIUDPH WKH LUUDWLRQDO DV UDWLRQDO�
OLNH LQ WKH ZRUN RI WKH 1REHO SUL]H ZLQQLQJ HFRQRPLVW *DU\ %HFNHU� %HFNHU SURSRVHG
WKDW GUXJ DGGLFWLRQ LV XOWLPDWHO\ GULYHQ E\ UDWLRQDO GHFLVLRQ PDNLQJ� ÜDGGLFWLRQV� HYHQ
VWURQJ RQHV� DUH XVXDOO\ UDWLRQDO LQ WKH VHQVH RI LQYROYLQJ IRUZDUG�ORRNLQJ PD[LPL]D�
WLRQ ZLWK VWDEOH SUHIHUHQFHVÝ �%HFNHU DQG 0XUSK\� ����� S� ����� :KDW SV\FKRORJLVWV
ZRXOG FKDUDFWHUL]H DV KLJKO\ PDODGDSWLYH� %HFNHU WULHG WR LPSXWH ZLWK UDWLRQDOLW\� LQ
WKH KRSH WKDW WKH XVHIXO PLVUHSUHVHQWDWLRQ RI KXPDQV DV UDWLRQDO VHOILVK DJHQWV LV LQ
IDFW WKH ÙUHDO GHDOÚ� DQ DFFXUDWH GHVFULSWLRQ RI KXPDQ QDWXUH� %HFNHUÚV WHDFKHU 0LOWRQ
)ULHGPDQ� SHUIHFWO\ DZDUH RI WKH UHGXFWLRQLVW QDWXUH RI UDWLRQDO FKRLFH WKHRU\� QHYHU�
WKHOHVV SRSXODUL]HG IUHH PDUNHW SROLFLHV WKDW DUH EDVHG RQ WKH DVVXPSWLRQ RI UDWLRQDOLW\
WKURXJK SXEOLF VSHHFKHV DQG KLV RZQ WHOHYLVLRQ VHULHV�

(YROXWLRQ� UHLQIRUFHPHQW OHDUQLQJ DQG UDWLRQDO FKRLFH DUH LPSRUWDQW IUDPHZRUNV WR
WKLQN DERXW KXPDQ GHFLVLRQ PDNLQJ� ,Q FHUWDLQ GRPDLQV WKH\ DUH SRZHUIXO LQ SUHGLFWLRQ
DQG DW WKH VDPH WLPH GHVFULSWLYHO\ DFFXUDWH� +RZHYHU� JHQHUDOL]LQJ WKHVH FRQFHSWV WR
WKH H[WHQW WKDW GHVFULSWLYH YDOLGLW\ LV ORVW DQG WKH LOOXVLRQ RI FRQWURO DQG SUHGLFWLYH SRZHU
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VWLOO PDLQWDLQHG� ZLOO QRW DGYDQFH WKH XQGHUVWDQGLQJ RI KXPDQ GHFLVLRQ PDNLQJ� ,QWHU�
GLVFLSOLQDU\ FRPPXQLFDWLRQ DQG FRRSHUDWLRQ� , EHOLHYH� LV WKHUHIRUH SDUWLFXODUO\ ZHOO
VXLWHG WR GHILQH WKH MXVWLILDEOH DSSOLFDWLRQ RI EURDG FRQFHSWV WR EURDG EHKDYLRXU �H�J��
ZKHWKHU WKH UDWLRQDO FKRLFH IUDPHZRUN FDQ EH H[WHQGHG WR VXEVWDQFH DGGLFWLRQ DQG LI
VR� WR ZKDW H[WHQW�� 7KH FRJQLWLYH UHYROXWLRQ LQ SV\FKRORJ\ IRU H[DPSOH� WKDW GHILQHG
WKH ERXQGDULHV RI UHLQIRUFHPHQW OHDUQLQJ� GLG QRW JDLQ PRPHQWXP XQWLO UHVHDUFKHUV
IURP QHLJKERULQJ GLVFLSOLQHV VWDUWHG WR FURVV WKH GLVFLSOLQH ERUGHU� $OWKRXJK WKH ZRUN
RI (GZDUG 7ROPDQ WKDW , RXWOLQHG LQ WKH LQWURGXFWLRQ� KDV DOUHDG\ SRLQWHG WR WKH GH�
VFULSWLYH ZHDNQHVVHV RI EHKDYLRULVW WKHRULHV� 7ROPDQÚV ZRUN ZDV YHU\ PXFK LJQRUHG E\
KLV FROOHDJXHV� DQG KLV FRJQLWLYH FRQFHSWV OLNH ODWHQW OHDUQLQJ ZHQW PRVWO\ XQQRWLFHG��

,W ZDV WKH FRPELQDWLRQ RI \RXQJ SV\FKRORJLVWV� FRPSXWHU VFLHQWLVWV DQG OLQJXLVWV WKDW
IRUPXODWHG WKH OLPLWV RI EHKDYLRULVW WKHRULHV DQG FDPH XS ZLWK QHZ� PRUH FRPSOH[ WKH�
RULHV IRU EHKDYLRXU IRU ZKLFK WKH UHLQIRUFHPHQW OHDUQLQJ IUDPHZRUN ZDV LOO�VXLWHG� )RU
H[DPSOH� ZKHQ 6NLQQHU SXEOLVKHG KLV ERRN Ù9HUEDO %HKDYLRUÚ �6NLQQHU� ������ SURSRV�
LQJ WKDW ODQJXDJH DFTXLVLWLRQ FDQ EH VROHO\ H[SODLQHG E\ UHLQIRUFHPHQW PHFKDQLVPV�
KH FDXJKW WKH DWWHQWLRQ RI WKH \RXQJ OLQJXLVW 1RDP &KRPVN\� -XVW DV :DWVRQ GHILQHG
WKH ERXQGDULHV IRU SV\FKRORJLVWV LQ KLV VSHHFK DW &ROXPELD 8QLYHUVLW\ LQ ����� DERXW
�� \HDUV ODWHU� &KRPVN\ÚV IDPRXV FULWLTXH RI 6NLQQHUÚV ERRN RXWOLQHG WKH ZHDNQHVVHV
DQG H[SODQDWRU\ ERXQGDULHV RI WKH EHKDYLRULVW SURJUDP IURP D OLQJXLVWÚV SHUVSHFWLYH
�&KRPVN\� ������ 7RGD\� WKH HPHUJHQFH RI EHKDYLRUDO HFRQRPLFV DQG QHXURHFRQRPLFV�
LQ ZKLFK HFRQRPLVWV ZRUN WRJHWKHU ZLWK QHXURVFLHQWLVWV� ELRORJLVWV DQG SV\FKRORJLVWV�
FRXOG XOWLPDWHO\ VHUYH WKH VDPH SXUSRVH LQ HFRQRPLFV� -XVW OLNH FRPSXWHU VFLHQWLVWV
DQG OLQJXLVWV LQ WKH ODWH ����V DQG ����V GLG LW IRU UHLQIRUFHPHQW OHDUQLQJ PRGHOV� EH�
KDYLRUDO HFRQRPLVWV� QHXURVFLHQWLVWV� DQG SV\FKRORJLVWV VWDUW WR LQYHVWLJDWH WKH OLPLWV
RI WKH UDWLRQDO FKRLFH IUDPHZRUN�

7KHUHIRUH� P\ KRSH IRU ZKDW FRQVLOLHQFH FDQ SURYLGH LV QRW RQO\ WKH IRUPXODWLRQ RI
WKHRULHV WKDW FDQ LQFUHDVH SUHGLFWLYH SRZHU� ,QVWHDG� , EHOLHYH FRQVLOLHQFH FRXOG KHOS
SUHYHQW WKDW VLPSOH WKHRULHV� XVXDOO\ FKDUDFWHUL]HG E\ WKH QDUURZ JHQHUDOL]DWLRQ RI FRQ�
FHSWV WKDW HPHUJHG LQ RQH GLVFLSOLQH� JR URJXH� 8OWLPDWHO\� WKH FRQYHUJHQFH RI GLIIHUHQW
GLVFLSOLQHV FDQ UHPLQG UHVHDUFKHUV RI WKH ERXQGDULHV RI WKHLU RZQ GLVFLSOLQH DQG WR EH
PRUH FDXWLRXV DERXW ZKDW WKHRULHV RI KXPDQ SV\FKRORJ\ FDQ UHDOO\ SURYLGH WR WKH VRFLDO
VSKHUH�

,Q WKLV VSLULW� , ZRXOG OLNH WR FRQFOXGH E\ SRLQWLQJ RXW WKH OLPLWDWLRQV RI WKH VWXGLHV
, SUHVHQWHG LQ P\ WKHVLV�

�+RZ LPSRUWDQW 7ROPDQÚV FRQFHSWV VWLOO DUH WRGD\ VKRZV WKH ���� 1REOH SUL]H LQ 3K\VLRORJ\ RU 0HGLFLQH
WKDW ZDV DZDUGHG WR -RKQ 2Ú.HHIH DQG 0D\�%ULWW DQG (GYDUG 0RVHU ZKR ZRUNHG RQ KRZ WKH EUDLQ OHDUQV WR
VSDWLDOO\ UHSUHVHQW WKH HQYLURQPHQW� HYHQWXDOO\ FRQVWUXFWLQJ D ODWHQW PDS�
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,Q WKH ILUVW VWXG\� ZH VKRZHG KRZ YDOXH VLJQDOV LQ WKH IURQWDO FRUWH[ FDQ EH XVHG
WR SUHGLFW SUHIHUHQFHV DFURVV GLVWLQFW UHZDUG FDWHJRULHV� VQDFN IRRGV DQG DFWLYLWLHV�
7RJHWKHU ZLWK QXPHURXV RWKHU VWXGLHV �VHH /HY\ DQG *OLPFKHU� ���� IRU D UHYLHZ DQG
%DUWUD HW DO�� ���� IRU D PHWD VWXG\�� WKLV UHVXOW SRLQWV WR WKH H[LVWHQFH RI D XWLOLW\ FDO�
FXODWLRQ PDFKLQHU\ LQ RXU EUDLQ� YHU\ PXFK LQ OLQH ZLWK WKH %HQWKDPLWH XWLOLW\ FRQFHSW�
+RZHYHU� LQ RXU H[SHULPHQW� ZH GR QRW LQYHVWLJDWH KRZ WKHVH YDOXH VLJQDOV DUH DIIHFWHG
E\ GLIIHUHQW IUDPLQJV RI FKRLFHV� ,Q IDFW� ZH GR QRW LQYHVWLJDWH DFWXDO GHFLVLRQV EXW RQO\
WKH FRQVWUXFWLRQ RI VXEMHFWLYH YDOXH� ZKLFK ZH EHOLHYH XQGHUOLHV GHFLVLRQV� EXW PLJKW EH
DIIHFWHG E\ YDULRXV VLWXDWLRQDO YDULDEOHV� )XUWKHU� ZH RQO\ XVH WZR UHZDUG FDWHJRULHV� ,Q
-RKQ 6WXDUW 0LOOÚV IDPRXV FULWLTXH RI %HQWKDPÚV XWLOLW\ LGHD� KH SURSRVHG WKDW WKHUH H[LVW
TXDOLWDWLYHO\ GLIIHUHQW IRUPV RI YDOXH WKDW DUH QRW UHSUHVHQWHG RQ WKH VDPH VFDOH DQG DUH
WKXV QRW FRPSDUDEOH� ,W UHPDLQV WR EH VHHQ LI WKH YHQWURPHGLDO SUHIURQWDO FRUWH[ UHDOO\
UHSUHVHQWV VXEMHFWLYH YDOXH DFURVV DOO GHFLVLRQ GRPDLQV� IURP VLPSOH IRRG FKRLFH WR� IRU
H[DPSOH FRPSOH[ PRUDO FRQVLGHUDWLRQV�

,Q WKH VHFRQG VWXG\ ZH GHPRQVWUDWHG KRZ WKH DUELWUDU\ UHVWULFWLRQ RI DUP PRYH�
PHQWV FDQ LQIOXHQFH SXUFKDVLQJ GHFLVLRQV� $OWKRXJK ZH SURSRVH DQ HYROXWLRQDU\ WKH�
RU\� PRUH HYLGHQFH LV QHHGHG WR XQGHUVWDQG WKH FRQFUHWH PHFKDQLVP RI WKLV SKH�
QRPHQRQ� &DQ LW DOVR EH REVHUYHG LQ DQLPDOV" &DQ ZH ILQG HYLGHQFH WKDW LQGHHG DF�
WLYDWLRQ LQ WKH PRWRU FRUWH[ XQGHUOLHV WKLV GHFLVLRQ PDNLQJ ELDV"

,Q WKH WKLUG VWXG\� ZH VKRZ KRZ WKH GLVUXSWLRQ RI WKH GRUVRODWHUDO SUHIURQWDO FRUWH[
FDQ OHDG WR VHOILVK DQG PDODGDSWLYH EHKDYLRXU� ,Q WKH OLWHUDWXUH DQG DOVR LQ RXU SDSHU�
WKH SUHIURQWDO FRUWH[ LV RIWHQ FKDUDFWHUL]HG DV D )UHXGLDQ VXSHU�HJR WKDW HQDEOHV XV WR
FRQWURO VHOILVK LPSXOVHV �.QRFK HW DO�� ������ )XQGDPHQWDOO\� WKLV UHVHDUFK DGGUHVVHV WKH
TXHVWLRQ RI KXPDQ QDWXUH LWVHOI� E\ DWWULEXWLQJ VHOILVKQHVV WR WKH VXEFRUWLFDO DQG HYR�
OXWLRQDU\ ROG SDUWV RI RXU EUDLQ DQG IDLUQHVV DQG SURVRFLDO EHKDYLRXU WR WKH QHRFRUWLFDO
UHJLRQV WKDW RQO\ GHYHORSHG UHFHQWO\ LQ HYROXWLRQDU\ KLVWRU\� $OWKRXJK WKH VLPSOLFLW\
RI WKLV WKHRU\ LV WHPSWLQJ� UHFHQW UHVHDUFK VXJJHVWV WKDW VSRQWDQHRXV EHKDYLRXU� OHVV
FRQWUROOHG E\ UHDVRQLQJ DQG KLJKHU RUGHU FRJQLWLYH SURFHVVHV� GRHV QRW KDYH WR EH VHOI�
LVK EXW FDQ EH HTXDOO\ JHQHURXV DQG SURVRFLDO �5DQG HW DO�� ����� )HUJXVRQ HW DO�� �����
6FKXO] HW DO�� ������ )XUWKHU� UHFHQW H[SHULPHQWDO ZRUN VXJJHVWV WKDW WKH IUDPLQJ RI WKH
VLWXDWLRQ YHU\PXFK LQIOXHQFHV ZKHWKHU RXU ILUVW LPSXOVH LV WR EH QLFH RU JUHHG\ �%HGQDU
HW DO�� ����� 6FKXO] HW DO�� ������

,Q WKH ODVW VWXG\� ZH LQYHVWLJDWHG KRZ YROXQWDU\ WUDQVIHU RI SRZHU FDQ VROYH WKH IUHH
ULGHU SUREOHP LQ WKH SXEOLF JRRGV GLOHPPD� ,Q WKLV SDSHU ZH VKDUH WKH SHUVSHFWLYH RI
HDUO\ VRFLDO FRQWUDFW SKLORVRSKHUV OLNH 7KRPDV +REEHV� ZKR EHOLHYHG WKDW D FKDRWLF GH�
FHQWUDOL]HG VWDWH LV XQGHUPLQLQJ FRRSHUDWLRQ DQG VRFLDO VWUXFWXUHV DUH QHHGHG WR ILJKW
H[SORLWDWLRQ DQG VWDELOL]H FRRSHUDWLRQ �+REEHV� ������ +RZHYHU� GRHV SRZHU FHQWUDO�
L]DWLRQ DOZD\V KDYH VXFK EHQHILFLDO FKDUDFWHULVWLFV" :KDW LI SRZHU LV PLVXVHG DQG H[�
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SORLWHG" %\ YDU\LQJ WKH HPSOR\HG SRZHU WUDQVIHU JDPH VXFK WKDW� IRU H[DPSOH SRZHU
FDQQRW EH WDNHQ EDFN DV VRRQ DV LW LV WUDQVIHUUHG WR DQRWKHU LQGLYLGXDOV� ZH VKRXOG EH
DEOH WR H[SORUH WKH ERXQGDULHV RI WKH EHQHILWV RI SRZHU FHQWUDOL]DWLRQ DQG LQYHVWLJDWH
ZKHQ OHJLWLPDWH SRZHU WXUQV LQWR IRUFH DQG W\UDQQ\�
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5HIHUHQFHV

$OFKLDQ� $� $� ������� 8QFHUWDLQW\� HYROXWLRQ� DQG HFRQRPLF WKHRU\� 7KH -RXUQDO RI 3ROLW�
LFDO (FRQRP\� ���������×����

%DUWUD� 2�� 0F*XLUH� -� 7�� DQG .DEOH� -� :� ������� 7KH YDOXDWLRQ V\VWHP� D FRRUGLQDWH�
EDVHG PHWD�DQDO\VLV RI %2/' I05, H[SHULPHQWV H[DPLQLQJ QHXUDO FRUUHODWHV RI VXE�
MHFWLYH YDOXH� 1HXUR,PDJH� ������×����

%HFNHU� *� 6� DQG 0XUSK\� .� 0� ������� $ 7KHRU\ RI 5DWLRQDO $GGLFWLRQ� 7KH -RXUQDO RI
3ROLWLFDO (FRQRP\� ���������×����

%HGQDU� -�� &KHQ� <�� /LX� 7� ;�� DQG 6FRWW� (� ������� %HKDYLRUDO VSLOORYHUV DQG FRJQLWLYH
ORDG LQ PXOWLSOH JDPHV� $Q H[SHULPHQWDO VWXG\� *DPHV DQG (FRQRPLF %HKDYLRU� �����×
���

&KRPVN\� 1� ������� $ 5HYLHZ RI %� )� 6NLQQHUÚV 9HUEDO %HKDYLRU� /DQJXDJH� ��������×���

)HUJXVRQ� (�� 0DOWE\� -�� %LEE\� 3� $�� DQG /DZUHQFH� &� ������� )DVW WR )RUJLYH� 6ORZ WR
5HWDOLDWH� ,QWXLWLYH 5HVSRQVHV LQ WKH 8OWLPDWXP *DPH 'HSHQG RQ WKH 'HJUHH RI 8Q�
IDLUQHVV� 3/R6 21(� �����H������

+REEHV� 7� ������� /HYLDWKDQ RU 7KH 0DWWHU� )RUPH DQG 3RZHU RI D &RPPRQ :HDOWK (F�
FOHVLDVWLFDOO DQG &LYLO� $QGUHZ &URRNH� /RQGRQ�

.QRFK� '�� 3DVFXDO�/HRQH� $�� 0H\HU� .�� 7UH\HU� 9�� DQG )HKU� (� ������� 'LPLQLVKLQJ
UHFLSURFDO IDLUQHVV E\ GLVUXSWLQJ WKH ULJKW SUHIURQWDO FRUWH[� 6FLHQFH� �������×����

/HY\� '� -� DQG *OLPFKHU� 3� ������� 7KH URRW RI DOO YDOXH� D QHXUDO FRPPRQ FXUUHQF\ IRU
FKRLFH� &XUUHQW 2SLQLRQ LQ 1HXURELRORJ\� �������×�����

1RWW� -� &� ������� &RPSDUDWLYH $QDWRP\ RI 5DFHV� ,Q 0RUWRQ� 6� *�� HGLWRU� 7\SHV RI
0DQNLQG� SDJHV ���×���� /LSSLQFRWW� *UDPER 	 &R�� 3KLODGHOSKLD�

5DQG� '� *�� *UHHQH� -� '�� DQG 1RZDN� 0� $� ������� 6SRQWDQHRXV JLYLQJ DQG FDOFXODWHG
JUHHG� 1DWXUH� �������������×����

6FKXO]� -� )�� )LVFKEDFKHU� 8�� 7K·QL� &�� DQG 8WLNDO� 9� ������� $IIHFW DQG IDLUQHVV� 'LFWDWRU
JDPHV XQGHU FRJQLWLYH ORDG� -RXUQDO RI (FRQRPLF 3V\FKRORJ\� �����×���

6NLQQHU� %� )� ������� 9HUEDO %HKDYLRU� &RSOH\ 3XEOLVKLQJ *URXS� $FWRQ�

6NLQQHU� %� )� ������� %H\RQG )UHHGRP DQG 'LJQLW\� +DFNHWW 3XEOLVKLQJ� ,QGLDQDSROLV�

:DWVRQ� -� %� ������� %HKDYLRULVP� 8QLYHUVLW\ RI &KLFDJR 3UHVV� &KLFDJR�
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