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$EVWUDFW

$IIL[DWLRQ DQG DOORPRUSK\ DUH RIWHQ SKRQRORJLFDOO\ SUHGLFWDEOH� WKXV� WKH (QJOLVK LQGHILQLWH
³D´ DSSHDUV EHIRUH FRQVRQDQWV� DQG ³DQ´ EHIRUH YRZHOV� :H SURSRVH D WKHRU\ RI SKRQRORJLFDO
VHOHFWLRQ WKDW VHSDUDWHV UXOHV RI PRUSKHPH UHDOL]DWLRQ IURP SKRQRORJLFDO NQRZOHGJH DERXW WKH
EDVHV DQG WKH GHULYHG ZRUGV� 7KLV SKRQRORJLFDO NQRZOHGJH LV HQFRGHG LQ PLQLDWXUH SKRQRWDFWLF
JUDPPDUV� ZKLFK DUH OHDUQHG RYHU VXEOH[LFRQV GHILQHG E\ PRUSKRORJLFDO JHQHUDOL]DWLRQV� (DFK
VXEOH[LFDO SKRQRWDFWLF JUDPPDU GHWHUPLQHV WKH OLNHOLKRRG WKDW D QHZ ZRUG ZLOO IROORZ WKH DVVR�
FLDWHG UXOH� :H H[DPLQH D FRPSOH[ FDVH RI VXSSOHWLYH DOORPRUSK\ LQ 5XVVLDQ� ZKRVH GLPLQX�
WLYH VXIIL[HV GHILQH VXEOH[LFRQV GLIIHULQJ LQ FRQVWUDLQWV RQ ILQDO FRQVRQDQW SODFH DQG PDQQHU�
SUHVHQFH DQG ORFDWLRQ RI FRQVRQDQW FOXVWHUV� YRZHO KLDWXV� DQG VWUHVV� ,Q HOLFLWDWLRQ� 5XVVLDQV
FKRRVH DOORPRUSKV IRU ZRUGV ZLWKRXW GLPLQXWLYHV EDVHG RQ KRZ WKHVH ZRUGV DQG WKH GHULYHG
GLPLQXWLYHV IDUH LQ WKH VXEOH[LFDO SKRQRWDFWLF JUDPPDUV� ,Q D QRQFH ZRUG VWXG\� 5XVVLDQV DOVR
FKRVH DOORPRUSKV EDVHG RQ VXEOH[LFDO SKRQRWDFWLF ZHOO�IRUPHGQHVV� HYHQ ZKHQ WKH SKRQRWDFWLF
YLRODWLRQV ZHUH QRQ�ORFDO WR WKH DIIL[ LWVHOI� 7KHVH SDWWHUQV DUH PLVVHG E\ DOWHUQDWLYH DSSURDFKHV
VXFK DV HPHUJHQFH RI WKH XQPDUNHG� LQVHUWLRQ UXOHV WKDW UHIHU GLUHFWO\ WR SKRQRORJLFDO LQIRUPD�
WLRQ� DQG WKH 0LQLPDO *HQHUDOL]DWLRQ /HDUQHU�

� ,QWURGXFWLRQ

$IIL[HV VRPHWLPHV LPSRVH SKRQRORJLFDO VHOHFWLRQDO UHVWULFWLRQV RQ EDVHV �6LHJHO ����� &DUVWDLUV
������ UHTXLULQJ WKHP WR KDYH FHUWDLQ SKRQRORJLFDO SURSHUWLHV IRU DIIL[DWLRQ� )RU H[DPSOH� LQ (Q�
JOLVK� WKH FRPSDUDWLYH DQG VXSHUODWLYH VXIIL[HV DWWDFK WR PRQRV\OODELF ZRUGV �VPDUW�HU� DQG VRPH
GLV\OODELF RQHV �VLOOL�HU�� EXW QRW WULV\OODELF RU ORQJHU ZRUGV �
LQWHOOLJHQW�HU�� ,Q 5XVVLDQ� PDVFXOLQH
QRXQV FDQ IRUP GLPLQXWLYHV ZLWK WKUHH DOORPRUSKV� HDFK RI ZKLFK LPSRVHV D KRVW RI SKRQRORJL�
FDO VHOHFWLRQDO UHVWULFWLRQV RQ WKH ORFDWLRQ RI VWUHVV� SODFH DQG PDQQHU RI DUWLFXODWLRQ RI WKH ODVW
FRQVRQDQW� DQG WKH SUHVHQFH DQG ORFDWLRQ RI FRQVRQDQW FOXVWHUV²WR QDPH D IHZ�


:H ZRXOG OLNH WR WKDQN $GDP $OEULJKW� 6X]\ $KQ� 0LFKDHO %HFNHU� 5\DQ %HQQHWW� 6WXDUW 'DYLV� .HQQHWK GH -RQJ�
'DYLG (PELFN� 6WHYHQ )UDQNV� *LOOLDQ *DOODJKHU� 6WHSKDQLH +DUYHV� %UXFH +D\HV� -XQNR ,WR� ,WDPDU .DVWQHU� -HUHP\
.XKQ� 6DQJ�,P /HH� $OHF 0DUDQW]� (OOLRWW 0RUHWRQ� 1HLO 0\OHU� -D\H 3DGJHWW� .DW\D 3HUWVRYD� -HQ 6PLWK� -RQDWKDQ
1RUWK :DVKLQJWRQ� &ROLQ :LOVRQ� 0DWW :ROI� DQG DXGLHQFHV DW 1<8� 81& &KDSHO +LOO� 83HQQ� 8& 6DQWD &UX]� WKH ��QG
)RUPDO $SSURDFKHV WR 6ODYLF /LQJXLVWLFV FRQIHUHQFH LQ +DPLOWRQ� 2QWDULR� DQG WKH $QQXDO 0HHWLQJ RQ 3KRQRORJ\ ����
DW 80DVV $PKHUVW DQG ���� DW 0,7� 7KDQNV DOVR WR $QQD $ULVWRYD IRU KHOSLQJ ZLWK SDUWLFLSDQW UHFUXLWPHQW� DQG WR DOO RI
RXU 5XVVLDQ SDUWLFLSDQWV� 6SHFLDO WKDQNV WR WKH $VVRFLDWH (GLWRU RI /LQJXD DQG WKH WKUHH DQRQ\PRXV UHYLHZHUV� ZKRVH
FRPPHQWV KDYH JUHDWO\ LPSURYHG WKH SDSHU� 2XU ZRUN ZDV VXSSRUWHG LQ SDUW E\ 16) JUDQW %&6��������� 7KH DUWLFOH
DSSHDUHG LQ ���� LQ /LQJXD ���� SS� ��±���
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��� 5XVVLDQ GLPLQXWLYH DOORPRUSK\� LQ EULHI

8QDIIL[HG 'LPLQXWLYH *ORVV 6RPH UHVWULFWLRQV LPSRVHG E\ VXIIL[�
D� iQܳނLO DQܳނLO�yN µDQJHO¶ VWUHVV�LQLWLDO �VWUHVV�ILQDO EDVH� QR KLDWXV� QR &&�
E� PyQVWU PyQVWUނ�LN µPRQVWHU¶ VWUHVV�ILQDO EDVH� QR ILQDO GRUVDO FRQVRQDQWV
F� DMIyQ DMIyQݹ�MLN µL3KRQH¶ VWUHVV�ILQDO EDVH� QR ILQDO FRURQDO REVWUXHQWV� QR &&�

7KHUH LV D GHEDWH LQ WKH PRUSKRORJLFDO DQG SKRQRORJLFDO OLWHUDWXUH DV WR KRZ VXFK UHVWULFWLRQV
VKRXOG EH VWDWHG LQ WKH JUDPPDU DQG ZKDW SHRSOH DFWXDOO\ NQRZ DERXW SKRQRORJLFDO FRQGLWLRQV RQ
DIIL[DWLRQ� :H SURSRVH WKDW WKHVH UHVWULFWLRQV DUH OHDUQHG IURP WKH OH[LFRQ� PXFK DV LQ WKH LQIOXHQWLDO
SURSRVDOV E\ $OEULJKW DQG +D\HV ������ DQG +D\HV DQG :LOVRQ ������� DQG WKDW WKH SKRQRORJLFDO
JHQHUDOL]DWLRQV DERXW DIIL[DWLRQ DULVH IURP SKRQRWDFWLF OHDUQLQJ RYHU VXEOH[LFRQV GHILQHG E\ PRU�
SKRORJLFDO RSHUDWLRQV �%HFNHU DQG *RXVNRYD WR DSSHDU��

:H DUJXH WKDW VHOHFWLRQDO UHVWULFWLRQV DUH HQFRGHG GLDFULWLFDOO\ LQ PRUSKRORJLFDO UHDOL]DWLRQ
UXOHV� /HDUQHUV ILJXUH RXW ZKLFK PRUSKHPHV DUH PDUNHG WR FRPELQH ZLWK ZKLFK DOORPRUSKV� RQFH
WKH VXEOH[LFRQV DUH DVVHPEOHG� SHRSOH OHDUQ VXEOH[LFDO SKRQRWDFWLF JUDPPDUV WKDW FKDUDFWHUL]H
HDFK VXEOH[LFRQ� EXW WKH SKRQRORJLFDO LQIRUPDWLRQ LV QRW HQFRGHG LQ WKH LQVHUWLRQ UXOHV WKHP�
VHOYHV� 7KXV� ZH DVVXPH WKDW PRUSKRORJLFDO UHDOL]DWLRQ LV IRUPDOO\ VHSDUDWHG IURP SKRQRORJLFDO
NQRZOHGJH²EXW SKRQRORJLFDO NQRZOHGJH DERXW WKH VXEOH[LFRQV FDQ EH XVHG LQ FHUWDLQ VLWXDWLRQV�
)RU H[DPSOH� QRQFH ZRUGV DQG ORDQZRUGV DUH QRW WDJJHG IRU GLPLQXWLYH IRUPDWLRQ UXOHV� EXW SHR�
SOH FDQ FRQVXOW WKH VXEOH[LFDO SKRQRWDFWLF JUDPPDUV WR GHFLGH RQ WKH SUREDELOLW\ WKDW WKH LWHP ZLOO
IROORZ D SDUWLFXODU UXOH �WKLV FDQ EH PRGHOHG DV JUDPPDU LQIHUHQFH� VHH %HFNHU DQG *RXVNRYD WR
DSSHDU� $OEULJKW ������

:H DUJXH WKDW ERWK WKH VKDSH RI WKH EDVH DQG WKH VKDSH RI WKH DIIL[HG ZRUG LQIRUP VXEOH[LFDO
SKRQRWDFWLF JHQHUDOL]DWLRQV� ,Q WKH WHUPLQRORJ\ RI %\EHH ������� ERWK VRXUFH� DQG SURGXFW�RULHQWHG
JHQHUDOL]DWLRQV PDWWHU� 7KLV KDV EHHQ D PDWWHU RI VRPH FRQWURYHUV\� VLQFH WKH PRUSKRORJLFDO OLWHUD�
WXUH KDV ODUJHO\ IRFXVHG RQ VRXUFH�RULHQWHG JHQHUDOL]DWLRQV DERXW VHOHFWLRQDO UHVWULFWLRQV �%REDOMLN
����� 3DVWHU ����� (PELFN ������ ZKHUHDV WKH SKRQRORJLFDO OLWHUDWXUH� HVSHFLDOO\ FRQVWUDLQW�EDVHG
IUDPHZRUNV� IRFXV RQ SURGXFW�RULHQWHG JHQHUDOL]DWLRQV �.DJHU ����� 0DVFDUy ����� %\H ����� VHH
1HYLQV ���� IRU DQ RYHUYLHZ�� :H GHPRQVWUDWH WKDW ERWK SOD\ D UROH LQ WKH 5XVVLDQ FDVH DV ZHOO
DV LQ RWKHU FDVHV� WKH NH\ WR RXU VROXWLRQ WR WKLV FRQWURYHUV\ LV WKDW UXOHV UHIHU WR GLDFULWLFV RQO\�
EXW OHDUQHUV NHHS WUDFN RI LQIRUPDWLRQ DERXW ERWK EDVH DQG DIIL[HG VXEOH[LFRQV LQ GHFLGLQJ ZKLFK
GLDFULWLFV WR SXW RQ QHZ LWHPV�

7KH FDVH RI 5XVVLDQ GLPLQXWLYH IRUPDWLRQ SURYLGHV VRPH LPSRUWDQW HYLGHQFH IRU RXU WKHRU\�
)LUVW� WKH SKRQRWDFWLF SURSHUWLHV RI EDVHV WKDW SUHGLFW GLPLQXWLYH DOORPRUSKV GR QRW QHHG WR EH
ORFDO WR WKH VXIIL[HV WKHPVHOYHV� )RU H[DPSOH� WKH SUHVHQFH RI YRZHO KLDWXV LQ WKH EDVH GLPLQLVKHV
LWV OLNHOLKRRG RI FRPELQLQJ ZLWK >�RN@� WKXV� ZRUGV VXFK DV >NOyXQ@ µFORZQ¶ GR QRW GLPLQXWLYL]H HDVLO\
HYHQ WKRXJK WKH KLDWXV VHTXHQFH LV QRW SKRQRORJLFDOO\ ORFDO WR WKH >�RN@ VXIIL[� :H LGHQWLI\ D VLPLODU
HIIHFW RI PHGLDO FRQVRQDQW FOXVWHUV� ZKLFK KLJKOLJKWV DQRWKHU DVSHFW RI VHOHFWLRQDO UHVWULFWLRQV WKDW
RXU WKHRU\ FDSWXUHV� UHVWULFWLRQV DUH RIWHQ RUWKRJRQDO WR WKH SKRQRORJ\ RI WKH DIIL[HV DQG FDQQRW EH
UHGXFHG WRPDUNHGQHVV�EDVHG H[SODQDWLRQV WKDW DWWULEXWH WKH IDLOXUH RI DIIL[DWLRQ WR WKH SKRQRORJLFDO
LOO�IRUPHGQHVV RI WKH UHVXOWLQJ ZRUG� :H DUJXH WKDW WKLV LV EHFDXVH VRPH RI WKH UHVWULFWLRQV DUH
JHQHUDOL]HG IURP EDVH SKRQRORJLFDO ZRUGV� QRW DIIL[HG ZRUGV�

2XU WKHRU\ FDQ EH GLVWLQJXLVKHG IURP DOWHUQDWLYH DSSURDFKHV WR VHOHFWLRQDO UHVWULFWLRQV� ZKLFK
LQFOXGH VXEFDWHJRUL]DWLRQ IUDPHV� *HQHUDOL]HG $OLJQPHQW� DQG WKH (PHUJHQFH RI WKH 8QPDUNHG�
:H DUJXH WKDW WKHVH WKHRULHV JHW VRPH DVSHFWV RI SKRQRORJLFDO VHOHFWLRQDO UHVWULFWLRQV ULJKW� EXW
WKH\ DUH QRW VXIILFLHQWO\ SRZHUIXO IRU FDVHV VXFK DV 5XVVLDQ GLPLQXWLYH DOORPRUSK\� ZKLFK LQYROYHV
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ERWK UHVWULFWLRQV RQ WKH VLWH RI DIIL[DWLRQ DQG OHVV ORFDO SURSHUWLHV RI WKH ZRUG� 7KH ZRUN RQ WKH
W\SRORJ\ RI SKRQRORJLFDOO\ FRQGLWLRQHG VXSSOHWLYH DOORPRUSK\ KDV HVWDEOLVKHG FRQFOXVLYHO\ WKDW VH�
OHFWLRQDO UHVWULFWLRQV RI DOORPRUSKV FDQQRW DOZD\V EH UHGXFHG WR XQLYHUVDO SKRQRORJLFDO PDUNHGHVV
�3DVWHU ����� %REDOMLN ����� (PELFN ����� 1HYLQV ������ EXW ZH VXJJHVW WKH\ FDQ EH GHVFULEHG
XVLQJ SKRQRWDFWLF FRQVWUDLQWV RYHU ZRUG VKDSHV� ZKLFK RIWHQ KDYH D ODQJXDJH�VSHFLILF FKDUDFWHU�

7KH SDSHU LV RUJDQL]HG DV IROORZV� :H VWDUW E\ SUHVHQWLQJ WKH SURSRVDO LQ VHFWLRQ �� :H QH[W
GHVFULEH 5XVVLDQ GLPLQXWLYH IRUPDWLRQ �VHFWLRQ �� DQG DQ DQDO\VLV RI WKH 5XVVLDQ OH[LFRQ DQG WKH
VXEOH[LFRQV IRUPHG E\ EDVHV DQG GLPLQXWLYHV �VHFWLRQ ��� 7KH HOLFLWDWLRQ VWXG\ LV GHVFULEHG LQ
VHFWLRQ �� DQG D IRUFHG FKRLFH QRQFH ZRUG VWXG\ LV LQ VHFWLRQ �� 2XU LQWHUSUHWDWLRQ RI WKH UHVXOWV
LV GLVFXVVHG LQ VHFWLRQ �� DQG LQ VHFWLRQ � ZH GLVFXVV DOWHUQDWLYHV VXFK DV WKH HPHUJHQFH RI
WKH XQPDUNHG� VXEFDWHJRUL]DWLRQ IUDPHV� DQG WKH 0LQLPDO *HQHUDOL]DWLRQ /HDUQHU� :H GLVFXVV
DFTXLVLWLRQ LQ VHFWLRQ �� VHFWLRQ �� LV WKH FRQFOXVLRQ�

� 3URSRVDO� SKRQRWDFWLF JUDPPDUV IRU PRUSKRORJLFDO VXEOH[LFRQV

��� $VVXPSWLRQV DERXW VHOHFWLRQ DQG PRUSKHPH LQVHUWLRQ

7KLV VHFWLRQ EULHIO\ RXWOLQHV WKH DVVXPSWLRQV DERXW PRUSKRORJLFDO WKHRU\ WKDW XQGHUOLH RXU SURSRVDO�
:H DVVXPH D UHDOL]DWLRQDO WKHRU\ RI PRUSKRORJ\ �'LVWULEXWHG 0RUSKRORJ\� +DOOH DQG 0DUDQW] �����
+DOOH ����� (PELFN DQG 0DUDQW] ����� LQWHU DOLD�� $FFRUGLQJ WR WKLV WKHRU\� SKRQRORJLFDO DQG PRU�
SKRV\QWDFWLF LQIRUPDWLRQ LV VSHFLILHG QRW IRU OH[HPHV RU ZRUGV EXW IRU PRUSKHPHV� )RU XV� D PRU�
SKHPH LV DQ DEVWUDFW DVVRFLDWLRQ EHWZHHQ VHPDQWLF UHSUHVHQWDWLRQV� PRUSKRV\QWDFWLF IHDWXUHV�
DQG SKRQRORJLFDO UHSUHVHQWDWLRQV� 7KH PRUSKRV\QWDFWLF IHDWXUHV DUH PDQLSXODWHG E\ WKH V\QWD[�
ZKLFK VXSSOLHV WKH LQSXWV WR PRUSKRORJLFDO UHDOL]DWLRQ UXOHV� 7KHVH UHDOL]DWLRQ UXOHV VSHFLI\ ZKLFK
�DOOR�PRUSKV DUH LQVHUWHG LQ ZKLFK FRQWH[WV� :H PDNH WKUHH DVVXPSWLRQV DERXW WKH PRUSKRORJ\�
SKRQRORJ\ LQWHUIDFH� ILUVW� UHDOL]DWLRQ UXOHV FDQ UHIHU WR GLDFULWLFV RQ LQQHU EXW QRW RXWHU PRUSKV�
6HFRQG� UHDOL]DWLRQ UXOHV DUH VWDWHG RQ PRUSKHPHV� DQG WKH\ UHIHU WR GLDFULWLF IHDWXUHV UDWKHU WKDQ
GLUHFWO\ WR SKRQRORJLFDO LQIRUPDWLRQ� 7KLUG� GLDFULWLF IHDWXUHV DUH GLVFRYHUHG LQ WKH SURFHVV RI OHDUQ�
LQJ WKH OH[LFRQ� ZKHQ SKRQRORJLFDO ZRUGV FRQWDLQLQJ DQ DIIL[ DUH DVVRFLDWHG ZLWK UHODWHG SKRQRORJ�
LFDO ZRUGV WKDW ODFN WKH DIIL[� 3KRQRORJLFDO JHQHUDOL]DWLRQV RYHU ZRUGV WKDW FRPELQH ZLWK DQ DIIL[
DUH OHDUQHG IURP WKHVH SKRQRORJLFDO ZRUGV�

����� 0RUSKHPH LQVHUWLRQ IROORZV VFRSH

:H DVVXPH WKDW UHDOL]DWLRQ UXOHV DSSO\ WR V\QWDFWLF WUHHV LQ WKH UHYHUVH RUGHU RI VFRSH� IURP WKH
PRVW GHHSO\ HPEHGGHG QRGH RXWZDUG �%REDOMLN ����� :ROI ����� 0\OHU WR DSSHDU�� 6XSSOHWLYH
DOORPRUSK\ FDQ EH FRQGLWLRQHG E\ GLDFULWLF IHDWXUHV RI PRUSKHPHV VXFK DV GHFOHQVLRQ FODVV RU E\
V\QWDFWLF IHDWXUHV VXFK DV QXPEHU DQG DVSHFW �WKHUH DUH VRPH LPSRUWDQW W\SRORJLFDO JHQHUDOL]D�
WLRQV DERXW WKH FRQGLWLRQLQJ RI VWHP YV� DIIL[ VXSSOHWLRQ� ZKLFK ZH GLVFXVV LQ VHFWLRQ ����� :H
LOOXVWUDWH VWHP DQG DIIL[ VXSSOHWLRQ LQ ��� DQG ���� 7KH LQSXW WR WKH PRUSKRORJ\ LV D PRUSKRV\QWDFWLF
KLHUDUFKLFDO VWUXFWXUH� WKH OH[LFDO UHDOL]DWLRQ UXOHV VSHFLI\ KRZ WR ILOO WKH VWUXFWXUHV RXW� ,QVHUWLRQ
VWDUWV ZLWK WKH PRVW GHHSO\ HPEHGGHG QRGH²WKH URRW� 7KH 5XVVLDQ URRWV LQ ��D±E� KDYH SKRQR�
ORJLFDOO\ LQYDULDQW UHDOL]DWLRQ �LJQRULQJ SKRQRORJLFDO DOWHUQDWLRQV VXFK DV YRZHO UHGXFWLRQ DQG VR
RQ�� EXW WKH GLPLQXWLYH LQ 5XVVLDQ LV UHDOL]HG GLIIHUHQWO\ GHSHQGLQJ RQ WKH LGHQWLW\ RI WKH URRW �VHH
��F±G��� 7KH FRQWH[W LV VSHFLILHG LQ WKH UHDOL]DWLRQ UXOH DV D GLDFULWLF IHDWXUH� VR DQ\ URRW WKDW
LV PDUNHG DV D �LN PRUSKHPH ZLOO FRQGLWLRQ WKH GLPLQXWLYH DOORPRUSK �@LNނ�< DQG DQ\ URRW WKDW LV
PDUNHG DV �RN ZLOO FRQGLWLRQ WKH UHDOL]DWLRQ RI >�RN@� 2Q WKH RWKHU KDQG� WKH (QJOLVK URRW LQ ��� KDV
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WZR UHDOL]DWLRQV� VHQVLWLYH WR WKH H[WHUQDO V\QWDFWLF FRQWH[W VWDWHG DV IHDWXUHV �SOXUDO YV� VLQJXODU�
VHH ��D±E��� 7KH SOXUDO LQ (QJOLVK DOVR KDV VHYHUDO DOORPRUSKV� ZKLFK LQFOXGH WKH QXOO PDUNLQJ
WKDW DSSHDUV RQ QRXQV VXFK DV ³VKHHS´ DQG ³JRRVH´ DQG DV >�V@ RQ RWKHU QRXQV �DPRQJ RWKHUV��
2QFH WKH SKRQRORJLFDO VKDSH RI WKH URRW LV NQRZQ� LWV GLDFULWLF GHWHUPLQHV ZKLFK SOXUDO DOORPRUSK LV
LQVHUWHG²LQ WKH FDVH RI ³SHRSOH´� WKH SOXUDO LV QXOO� 7KXV� LQ WKH FDVH RI 5XVVLDQ DIIL[ DOORPRUSK\�
WKH SKRQRORJLFDO UHDOL]DWLRQ RI WKH URRWV GHWHUPLQHV WKDW RI WKH GLPLQXWLYH DOORPRUSKV� ,Q (QJOLVK�
RQ WKH RWKHU KDQG� WKH V\QWDFWLF FRQWH[W GHWHUPLQHV WKH UHDOL]DWLRQ RI WKH URRWV� ZKLFK WKHQ LQ WXUQ
GHWHUPLQH WKH UHDOL]DWLRQ RI WKH SOXUDO DOORPRUSKV�

��� 5XVVLDQ� SKRQRORJLFDOO\ FRQGLWLRQHG DIIL[ DOORPRUSK\
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��� (QJOLVK� V\QWDFWLFDOO\ FRQGLWLRQHG VWHP DOORPRUSK\
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����� 0RUSKHPH LQVHUWLRQ UXOHV UHIHU WR GLDFULWLF IHDWXUHV

,Q RXU DQDO\VLV RI ��� DQG ���� VXSSOHWLRQ LV QHYHU UHDOO\ SKRQRORJLFDO� ,W LV V\QWDFWLF RU OH[LFDO� WKH
UXOHV UHIHU WR GLDFULWLF IHDWXUHV RI WKH URRW� QRW WR LWV SKRQRORJLFDO SURSHUWLHV� :H DVVXPH WKDW LQ DOO
FDVHV RI VXSSOHWLRQ� WKH SKRQRORJLFDO FRQGLWLRQLQJ LV LQGLUHFW� WKH OH[LFDO UHSUHVHQWDWLRQV RI DIIL[HV
DQG FOLWLFV LQFOXGH LQIRUPDWLRQ DERXW ZKLFK PRUSKHPHV WKH\ DSSHDU ZLWK� EXW QRW WKH SKRQRORJLFDO
SURSHUWLHV WKDW WKHVH PRUSKHPHV VKDUH� (YHQ IRU FDVHV ZKHUH WKH LQVHUWLRQ UXOH FRXOG UHIHU WR D
VLPSOH SKRQRORJLFDO FRQWH[W� DFWXDO XVDJH LV RIWHQ YDULDEOH DQG FRPSOH[� )RU H[DPSOH� WKH (QJOLVK
LQGHILQLWH LV VXSSRVHG WR EH UHDOL]HG DV ³D´ EHIRUH FRQVRQDQW�LQLWLDO ZRUGV DQG DV ³DQ´ EHIRUH YRZHO�
ILQDO ZRUGV� EXW WKHUH DUH H[FHSWLRQV LQ ERWK GLUHFWLRQV �ZKLFK ZH GLVFXVV VKRUWO\�� :H ZRXOG
IRUPXODWH WKH UXOH IRU ³D´ LQVHUWLRQ DV UHIHUULQJ WR D OLVW RI PRUSKHPHV WKDW VKDUH WKH GLDFULWLF >�$@�
DV LQ ���� 7KH SKRQRORJLFDO JHQHUDOL]DWLRQV DUH H[WUDFWHG VHSDUDWHO\�

��� 2XU WKHRU\� LQVHUWLRQ UXOHV UHIHU WR GLDFULWLFV
,1'() ↔ ԥ � >�$@ _ ^N W�$� Gܳܤ�$� WHܼEO�$� . . .`

��� $OWHUQDWLYH� LQVHUWLRQ UXOH WKDW UHIHUV WR SKRQRORJLFDO LQIRUPDWLRQ
,1'()↔ ԥ � &

7KHPRUH IDPLOLDU DOWHUQDWLYH LV ���� ZKHUH WKH LQVHUWLRQ UXOH UHIHUV WR SKRQRORJLFDO IHDWXUHV RI WKH
FRQWH[W� %XW LQ PDQ\ FDVHV RI DOORPRUSK\� WKH OLVW RI FRQGLWLRQLQJ IDFWRUV FDQ EH TXLWH ODUJH� LV RIWHQ
ULGGOHG ZLWK H[FHSWLRQV� RU GHILQHV SURSHUWLHV WKDW FDQ RQO\ EH VWDWHG DV QHJDWLYH FRQVWUDLQWV WKDW
FDQQRW EH HOHJDQWO\ VXPPDUL]HG LQ D VLPSOH UXOH �VHH :ROI ���� SS� ���±����� :H DUH SDUWLFXODUO\
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FRQFHUQHG ZLWK FDVHV WKDW GR QRW OHQG WKHPVHOYHV WR WKH HOHJDQW WUHDWPHQW LQ ��� EHFDXVH QR
RQH SKRQRORJLFDO SURSHUW\ IXOO\ GHWHUPLQHV DOORPRUSK FKRLFH²VXFK FDVHV SUHVHQW WKH FOHDUHVW
DUJXPHQW IRU RXU WKHRU\� %XW RXU DQDO\VLV ZRUNV ERWK IRU FRPSOH[ DQG VLPSOH W\SHV RI SKRQRORJLFDO
FRQGLWLRQLQJ� WKH IRUPDO UXOHV UHIHU WR GLDFULWLFV� DQG WKH SKRQRORJLFDO JHQHUDOL]DWLRQV DUH H[WUDFWHG
WKURXJK SKRQRWDFWLF OHDUQLQJ�

:H H[HPSOLI\ WKLV DSSURDFK ILUVW RQ WKH FDVH RI (QJOLVK D�DQ� :H DVVXPH WKDW WKH OHDUQHU
GHWHFWV DQ LQFRQVLVWHQF\ LQ WKH UHDOL]DWLRQ RI WKH LQGHILQLWH DUWLFOH� 7KHUH PXVW EH D PHFKDQLVP IRU
LGHQWLI\LQJ WKLV DOWHUQDWLRQ DV VXSSOHWLYH�� VLQFH LW ODFNV D ODQJXDJH�ZLGH SKRQRWDFWLF PRWLYDWLRQ�
RWKHU PRUSKHPHV HLWKHU DOWHUQDWH GLIIHUHQWO\ �>èL@�>èԥ@� 5D\PRQG HW DO� ����� RU GR QRW DOWHUQDWH DW
DOO LQ WKH VDPH FRQWH[WV �>ܼQ@ µLQ¶ LV PRUH RU OHVV LQYDULDQW�� ,Q WKH ODWWHU FDVHV� QR LQFRQVLVWHQF\ LV
JRLQJ WR DULVH IRU WKH OHDUQHU� WKH DOWHUQDWLRQV FDQ EH DVFULEHG WR SKRQRWDFWLFV DQG OHDUQHG IURP
VXUIDFH GLVWULEXWLRQDO SDWWHUQV �3HSHUNDPS HW DO� ����� &DODPDUR DQG -DURV] ����� DQG RWKHUV��

7KLV PRUSKRORJLFDO LQFRQVLVWHQF\ WULJJHUV WKH FUHDWLRQ RI OLVWV RI SKRQRORJLFDO ZRUGV WKDW HDFK
DOORPRUSK RFFXUV ZLWK²OLVWV WKDW ZH FDOO VXEOH[LFRQV� (YHQWXDOO\� WKH OHDUQHU SRVLWV GLDFULWLF UXOHV
WKDW UHIHU WR PRUSKHPHV DGMDFHQW WR WKH DOORPRUSKV �DV VKRZQ LQ ��� DQG ����� EXW WKH OHDUQLQJ
SURFHGXUH VWDUWV ZLWK SKRQRORJLFDO ZRUGV� 7KH VXEOH[LFRQV IRU HDFK DOORPRUSK DUH TXLWH ODUJH�
VLQFH WKH LQGHILQLWH LV IXOO\ SURGXFWLYH LQ (QJOLVK DQG FDQ FOLWLFL]H RQWR DQ\ 13�LQLWLDO SKRQRORJLFDO
ZRUG� DV ZH VKRZ LQ WKH QH[W VHFWLRQ� WKHVH ODUJH VXEOH[LFRQV DUH DOPRVW DV GLYHUVH DV (QJOLVK
ZRUGV LQ JHQHUDO²H[FHSW WKDW LQ WKH ³$´ VXEOH[LFRQ� WKH ZRUGV WHQG WR QRW EHJLQ LQ D YRZHO� DQG LQ
WKH ³$1´ EDVH VXEOH[LFRQ� WKH\ WHQG WR QRW EHJLQ LQ D FRQVRQDQW� 7KH VL]H DQG GLYHUVLW\ ZLOO DOORZ
WKH OHDUQHU WR ILQG SKRQRORJLFDO JHQHUDOL]DWLRQV DERXW WKH VKDSHV RI ZRUGV WKDW FRPELQH ZLWK HDFK
DOORPRUSK�

��� ,1'() ↔ԥ � >$@
D� 6XEOH[LFRQ RI EDVHV IRU >$@� ^N W$� Gܳܤ$� WHܼ�EO$� E݋ W$� . . .`
E� 6XEOH[LFRQ RI GHULYHG >$@ IRUPV� ^ԥ�N W� ԥ�Gܳܤ� ԥ�WHܼ�EO� . . .`

��� ,1'() ↔ԥQ � >$1@
D� 6XEOH[LFRQ RI EDVHV IRU >$1@� ^ �SO$1� R݋�ԥQ1$ݶ� L�ܳO$1� . . .`
E� 6XEOH[LFRQ RI GHULYHG >$1@ IRUPV� �ԥ�Q �SOݦ^ �ݶQ ݋�ԥQ�Rݦ ԥQݦ�L�ܳO� . . .`

6HSDUDWLQJ WKH IRUPDO VWDWHPHQW RI WKH UXOH IURP WKH SKRQRORJLFDO JHQHUDOL]DWLRQV DOORZV XV WR
H[SODLQ YDULDWLRQ DQG H[FHSWLRQV� 7KH ³D�DQ´ DOWHUQDWLRQ LV VXSSRVHG WR EH D WH[WERRN FDVH RI
SKRQRORJLFDOO\ FRQGLWLRQHG DOORPRUSK\� EXW WKHUH DUH H[FHSWLRQV WR WKH ³FRQVRQDQW�YRZHO´ SDWWHUQ�
(YHQ WKH QRUPDWLYH VWDWHPHQW RI WKH UXOH DOORZV IRU >ԥQ@ ZKHQ WKH IROORZLQJ V\OODEOH LV XQVWUHVVHG
DQG EHJLQV ZLWK >K@� DV LQ ³>ԥQ@ KLVWRULFDO´� 5D\PRQG HW DO� ������ HOLFLWHG LQGHILQLWH IRUPV RI (Q�
JOLVK ZRUGV� DQG WKH\ IRXQG WKDW ZRUGV EHJLQQLQJ LQ RUWKRJUDSKLF ³X´ GLIIHU IURP WKRVH EHJLQQLQJ LQ
RUWKRJUDSKLF ³\´� ³DQ XQLWHG´ LV PRUH OLNHO\ WKDQ ³DQ \HOORZ´� 0RUHRYHU� ZRUGV EHJLQQLQJ LQ D VLOHQW
RUWKRJUDSKLF ³K´ DUH VLJQLILFDQWO\ PRUH OLNHO\ WR FRQGLWLRQ ³D´ WKDQ ZRUGV WKDW EHJLQ LQ RUWKRJUDSKLF
YRZHOV� ³D �K!RQRUDEOH´ LV PRUH OLNHO\ WKDQ ³D RFWRSXV´� 2UWKRJUDSK\ PDWWHUHG HYHQ WKRXJK WKH
SDUWLFLSDQWV QHYHU VDZ WKH ZRUGV ZULWWHQ GRZQ GXULQJ WKH H[SHULPHQW� )XUWKHU HYLGHQFH DJDLQVW
HQFRGLQJ SHRSOH¶V NQRZOHGJH RI WKH ³D�DQ´ DOWHUQDWLRQ YLD D VLPSOH FRQVRQDQW�YRZHO UXOH LV LWV ODWH

�$Q LPSRUWDQW TXHVWLRQ ZH GR QRW UHVROYH KHUH LV KRZ H[DFWO\ OHDUQHUV FRQQHFW VXSSOHWLYH DOORPRUSKV WR WKH VDPH
PRUSKHPH� 7KH DSSURDFK LQ WKH OHDUQDELOLW\ OLWHUDWXUH RQ PRUSKRORJ\ VXJJHVWV WKDW OHDUQHUV IRUP H[SHFWDWLRQV DERXW
VWDWLVWLFDO GLVWULEXWLRQV RI PRUSKHPHV� :KHQ WKHVH GLVWULEXWLRQV DUH YLRODWHG LQ WKH OHDUQLQJ GDWD� PRUSKHPHV ZLWK
FRPSOHPHQWDU\ GLVWULEXWLRQV DUH FRQQHFWHG WR HDFK RWKHU� 6RPHWKLQJ OLNH WKLV SURFHGXUH FDQ DOVR H[SODLQ KRZ DIIL[HV
VXFK DV FRPSDUDWLYH ³�HU´ LQ (QJOLVK DUH LGHQWLILHG DV KDYLQJ D UHVWULFWHG GLVWULEXWLRQ� )RU UHODWHG LGHDV LQ SKRQRORJLFDO
OHDUQLQJ RI DOORSKRQHV� VHH 3HSHUNDPS HW DO� ������� &DODPDUR DQG -DURV] ������� LQWHU DOLD�
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DFTXLVLWLRQ� &KLOGUHQ OHDUQ SKRQRORJLFDOO\ FRQGLWLRQHG VXSSOHWLRQ ODWH FRPSDUHG WR SKRQRORJLFDOO\
FRQGLWLRQHG DOWHUQDWLRQV VXFK DV >èL@�>èԥ@� ZKLFK GR QRW UHTXLUH VXSSOHWLYH DQDO\VLV �VHH VHFWLRQ ���
7KLV WLPHOLQH RI DFTXLVLWLRQ PDNHV VHQVH LI VXEOH[LFRQV WDNH WLPH WR DVVHPEOH� DQG LI WKH H[WUDFWLRQ
RI WKH SKRQRWDFWLF JHQHUDOL]DWLRQV WDNHV WLPH DV ZHOO�

��� /HDUQLQJ SKRQRORJLFDO JHQHUDOL]DWLRQV RYHU VXEOH[LFRQV

:H SURSRVH WKDW SKRQRWDFWLF OHDUQLQJ KDSSHQV LQ WZR VWDJHV� ILUVW� WKH OHDUQHU ILJXUHV RXW SKRQR�
WDFWLF JHQHUDOL]DWLRQV RYHU WKH ZKROH ODQJXDJH� DQG VHFRQG� SKRQRWDFWLF OHDUQLQJ LV UHVWDUWHG IRU
HDFK VXEOH[LFRQ� LGHQWLI\LQJ VWUXFWXUHV WKDW DUH XQ� RU XQGHU�DWWHVWHG LQ HDFK PRUSKRORJLFDOO\ GH�
ILQHG VXEOH[LFRQ� 7KH LGHD WKDW JUDPPDUV FRQWDLQ FRQVWUDLQWV VWDWHG RYHU VXEVHWV RI WKH OH[LFRQ LV
QRW QHZ²LW JRHV EDFN DW OHDVW WR 0RUSKHPH 6WUXFWXUH &RQVWUDLQWV �&KRPVN\ DQG +DOOH ����� VHH
%RRLM ���� IRU D UHYLHZ�� :KDW LV QHZ DERXW RXU SURSRVDO LV WKDW ZH UHGXFH ERWK PRUSKRSKRQRORJ�
LFDO NQRZOHGJH �XVXDOO\ WKRXJKW WR LQYROYH UXOHV� VHH 3LQNHU DQG 3ULQFH ����� $OEULJKW DQG +D\HV
����� DQG SKRQRWDFWLF NQRZOHGJH WR WKH VDPH PHFKDQLVP²FRQVWUDLQWV�

/DQJXDJH OHDUQLQJ VWDUWV ZLWK JHQHUDO SKRQRWDFWLFV� :H DVVXPH WKDW WKH SKRQRWDFWLF JHQ�
HUDOL]DWLRQV DUH OHDUQHG DV LQ +D\HV DQG :LOVRQ¶V ������ SURSRVDO�� WKH OHDUQHU WUDFNV WKH FR�
RFFXUUHQFH SUREDELOLWLHV RI FHUWDLQ QDWXUDO FODVVHV LQ YDULRXV SRVLWLRQV DQG H[WUDFWV FRQVWUDLQWV
DJDLQVW XQ� DQG XQGHU�DWWHVWHG VHTXHQFHV� 7KH FRQVWUDLQWV DUH ZHLJKWHG �XVLQJ D 0D[LPXP (Q�
WURS\ SURFHGXUH� *ROGZDWHU DQG -RKQVRQ ����� UDWKHU WKDQ UDQNHG� DQG ZH ZLOO DGRSW +D\HV DQG
:LOVRQ¶V DVVXPSWLRQ WKDW WKH SKRQRWDFWLF JUDPPDUV FRQWDLQ PDUNHGQHVV DORQH� )RU H[DPSOH� WKH
OHDUQHU ZLOO QRWLFH WKDW ZKLOH >ƾ@ LV DOORZHG LQ (QJOLVK LQ PHGLDO DQG ZRUG�ILQDO SRVLWLRQ� (QJOLVK
SKRQRORJLFDO ZRUGV GR QRW EHJLQ LQ >ƾ@� 7KH OHDUQHU ZLOO SRVLW WKH FRQVWUDLQW 
>ƾ DQG JLYH LW D ZHLJKW
SURSRUWLRQDO WR WKH HYLGHQFH VXSSRUWLQJ WKH FRQVWUDLQW�

7KH FRQVWUDLQWV ZLWKLQ HDFK VXEOH[LFRQ ZLOO DOZD\V EH PRUH UHVWULFWLYH WKDQ WKH FRQVWUDLQWV RI
WKH ODQJXDJH LQ JHQHUDO� VLQFH DQ\WKLQJ WKDW LV DOORZHG LQ D VXEOH[LFRQ KDV WR EH DOORZHG LQ WKH
ODQJXDJH DV D ZKROH� 6XEOH[LFRQV WKHPVHOYHV FDQ EH QHVWHG �VHH ,WR DQG 0HVWHU ����� )XND]DZD
HW DO� ����� RU EH LQ QRQ�RYHUODSSLQJ VHWV �.DZDKDUD HW DO� ����� -XUJHF ������ %XW LQ RUGHU WR OHDUQ
UHVWULFWLRQV RQ DIIL[DWLRQ� WKH OHDUQHU KDV WR QRWLFH ZKLFK VWUXFWXUHV DUH EDQQHG LQ HDFK VXEOH[LFRQ
HYHQ LI WKH\ DUH DOORZHG LQ WKH ODQJXDJH DV D ZKROH� )RU H[DPSOH� LQ (QJOLVK� ERWK YRZHO� DQG
FRQVRQDQW�LQLWLDO ZRUGV DUH DOORZHG� DQG LQ 5XVVLDQ� ZRUGV FDQ HQG LQ GRUVDO REVWUXHQWV� %XW
LQ WKH VXEOH[LFRQ RI EDVHV IRU WKH LQGHILQLWH DOORPRUSK >ԥ@� YRZHO�LQLWLDO ZRUGV DUH XQGHU�DWWHVWHG�
OLNHZLVH� LQ WKH VXEOH[LFRQ RI EDVHV IRU WKH 5XVVLDQ GLPLQXWLYH DOORPRUSK >�LN@� WKHUH DUH YLUWXDOO\
QR GRUVDO�ILQDO EDVHV� 7KH SKRQRWDFWLF OHDUQLQJ SURFHGXUH ZLOO LGHQWLI\ WKHVH JDSV�

/LNHZLVH� WKH VXEOH[LFRQV GHILQHG E\ (QJOLVK >ԥ@ DQG >ԥQ@ DUH VR ODUJH WKDW WKH\ DUH PRVWO\
FRQVLVWHQW ZLWK (QJOLVK SKRQRWDFWLFV LQ JHQHUDO� EXW WKHUH DUH VXEVHW JHQHUDOL]DWLRQV FRQFHUQLQJ
WKH ILUVW V\OODEOH RI WKH ZRUG� LQ WKH >ԥ@ VXEOH[LFRQ� DOPRVW QRQH RI WKH LWHPV DUH YRZHO�LQLWLDO�
VR D VWURQJ FRQVWUDLQW DJDLQVW LQLWLDO YRZHOV ZLOO EH SRVLWHG� 
>9� 7KH >ԥQ@ VXEOH[LFRQ PRWLYDWHV
D FRQVWUDLQW DJDLQVW LQLWLDO FRQVRQDQWV� 
>&� ,I WKHVH DUH WKH RQO\ SURSHUWLHV FRPPRQ WR WKH >ԥ@ DQG
>ԥQ@ VXEOH[LFRQV� WKHQ WKRVH ZLOO EH WKH RQO\ FRQVWUDLQWV LQIOXHQWLDO ZKHQ GHFLGLQJ ZKLFK LQGHILQLWH
DOORPRUSK WR XVH RQ D QHZ LWHP� ,Q RXU WKHRU\� WKLV UHTXLUHV DVVLJQLQJ WKH QHZ LWHP WR RQH RI WKH
VXEOH[LFRQV�

7KLV SURFHGXUH PLJKW VHHP OLNH RYHUNLOO IRU D VLPSOH �DQG WR D OLQJXLVW� REYLRXV� JHQHUDOL]D�
WLRQ� EXW LW GRHV QRW DSSHDU WR EH DQ REYLRXV JHQHUDOL]DWLRQ IRU OHDUQHUV� /HDUQHUV GR QRW NQRZ D

�7KHUH DUH VHYHUDO DSSURDFKHV WR SKRQRWDFWLF OHDUQLQJ� VXFK DV $OEULJKW �����D� DQG $GULDDQV DQG .DJHU �������
WKDW FRXOG EH FRPSDWLEOH ZLWK RXU SURSRVDO� :H SLFN +D\HV DQG :LOVRQ¶V SURSRVDO EHFDXVH WKHLU FRPSXWDWLRQDO LPSOH�
PHQWDWLRQ LV SDUWLFXODUO\ FRQYHQLHQW WR XVH RQ RXU SKRQRORJLFDO ZRUG�EDVHG VXEOH[LFRQV�
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SULRUL ZKDW H[DFWO\ GHWHUPLQHV WKH GLVWULEXWLRQ RI VXSSOHWLYH DOORPRUSKV� 7KH FRQGLWLRQV FRXOG EH
PRUSKRV\QWDFWLF RU GLDFULWLF �FRQGLWLRQHG E\ ZRUG FODVV� VD\�� RU WKH\ PLJKW QRW DOLJQ ZLWK D VLPSOH
2QVHW�1R&RGD DQDO\VLV �VHH VHFWLRQ ��� RQ WKH ODWWHU�� :KLOH SKRQRORJLFDO JHQHUDOL]DWLRQV DSSHDU
WR EH DFFHVVLEOH WR OHDUQHUV HDUO\ RQ FRPSDUHG WR VHPDQWLF RQHV �*DJOLDUGL DQG /LG] ������ LW
UHPDLQV WR EH VHHQ ZKHWKHU SKRQRORJLFDOO\ QDWXUDO JHQHUDOL]DWLRQV DUH OHDUQHG PRUH HDVLO\ WKDQ
DUELWUDU\ RQHV�

����� $VVLJQLQJ GLDFULWLFV WR QRYHO LWHPV

6XEOH[LFDO SKRQRWDFWLF JUDPPDUV FKDUDFWHUL]H WKH VWDWLF NQRZOHGJH WKDW VSHDNHUV KDYH DERXW
W\SHV RI ZRUGV �UHDOO\� PRUSKHPHV� WKDW FRPELQH ZLWK SKRQRORJLFDOO\ VHOHFWLYH PRUSKHPHV� 7KH
JUDPPDUV FDQ DOVR EH XVHG WR DVVLJQ WKH OLNHOLKRRG WR QRQFH ZRUGV� ZKHQ WKH JUDPPDU LV JLYHQ
D QHZ LQSXW IRU ZKLFK WKH GLDFULWLF LV QRW NQRZQ� HDFK VXEOH[LFDO SKRQRWDFWLF JUDPPDU FDQ DVVLJQ
WKH SUREDELOLW\ WR WKH LWHP EDVHG RQ LWV SKRQRWDFWLF ZHOO�IRUPHGQHVV LQ WKH JUDPPDU�

2XU UHDOL]DWLRQ UXOHV GR QRW HQFRGH DQ\ SKRQRORJLFDO IDFWRUV²UDWKHU� WKH SKRQRWDFWLF JHQHU�
DOL]DWLRQV DUH OHDUQHG VHSDUDWHO\� 7KLV SURFHGXUH KDV WKH YLUWXH RI EHLQJ TXLWH JHQHUDO� ZRUNLQJ
IRU VLPSOH DQG FRPSOH[ JHQHUDOL]DWLRQV DOLNH� ,W LV DOVR UREXVW DJDLQVW H[FHSWLRQV DQG YDULDWLRQ�
%RWK H[FHSWLRQV DQG YDULDWLRQ ZHDNHQ SKRQRWDFWLF JHQHUDOL]DWLRQV RYHU WKH VXEOH[LFRQV� ,Q WKH
FDVH RI YDULDWLRQ� WKH LWHP ZLOO DSSHDU LQ ERWK VXEOH[LFRQV� DQG WKH FKRLFH RI VXSSOHWLYH DOOPRUSK
ZLOO EH GHWHUPLQHG SUREDELOLVWLFDOO\ ZKHQHYHU WKH JUDPPDU DSSOLHV �VHH &RHW]HH DQG 3DWHU �����
&RHW]HH DQG .DZDKDUD ������ ,I D VXEOH[LFRQ WUHQGV WRZDUGV D JHQHUDOL]DWLRQ EXW WKHUH DUH VRPH
H[FHSWLRQV� WKH JHQHUDOL]DWLRQ PHUHO\ EHFRPHV D VWDWLVWLFDO WHQGHQF\� VRPHWKLQJ D SKRQRWDFWLF
OHDUQHU FDQ HQFRGH�

:KHQ D QHZPRUSKHPH LV VXEPLWWHG WR WKH JUDPPDU� LW GRHV QRW KDYH D GLDFULWLF UHTXLUHG IRU WKH
DSSOLFDWLRQ RI LQVHUWLRQ UXOHV� 7KH SKRQRWDFWLF VXEOH[LFDO JUDPPDUV FDQ EH XVHG WR DVVLJQ GLDFULWLFV
WR ZXJV XVLQJ SUREDELOLVWLF LQIHUHQFH �$OEULJKW ����� %HFNHU DQG *RXVNRYD WR DSSHDU� LQWHU DOLD��
3KRQRORJLFDO JHQHUDOL]DWLRQV DERXW WKH DIIL[ ZLOO EH PRUH SURGXFWLYH ZKHQ WKH DIIL[ LWVHOI FRPELQHV
ZLWK D ODUJH QXPEHU RI PRUSKHPHV²WKH ODUJHU WKH QXPEHU� WKH PRUH HYLGHQFH WKH OHDUQHU KDV IRU
WKH UHVWULFWLRQV �VHH 3ODJ ����� +D\ DQG %DD\HQ ����� $OEULJKW DQG +D\HV ����� ����� (PELFN
DQG 0DUDQW] ������ 7DNH WKH FODVVLF H[DPSOH RI DQ XQSURGXFWLYH DIIL[ LQ (QJOLVK� ³�WK1´� ZKLFK
DWWDFKHV WR MXVW HLJKW DGMHFWLYHV ^EURDG� GHDG� GHHS� ORQJ� VWURQJ� WUXH� ZDUP� ZLGH` DQG VL[ YHUEV
^EHDU� JLUG� JURZ� KHDO� VWHDO� WLOO` �%DD\HQ HW DO� ������ 6RPH JHQHUDOL]DWLRQV FDQ EH PDGH DERXW
WKHVH PRUSKHPHV� IRU H[DPSOH� WKH\ DUH DOO PRQRV\OODELF� DQG QRQH RI WKHP HQG LQ VWULGHQWV� %XW
ZH ZRXOG QRW H[SHFW PRQRV\OODEOHV WR FRPELQH ZLWK WKH DIIL[ MXVW EHFDXVH WKH\ GR QRW HQG LQ D
VWULGHQW� VLQFH WKH OLNHOLKRRG RI DQ\ URRW FRPELQLQJ ZLWK WKLV DIIL[ LV VR PLQLVFXOH WR EHJLQ ZLWK�

$SSOLHG WR WKH (QJOLVK ³D�DQ´ H[DPSOH� WKLV PDNHV D SUHGLFWLRQ� RYHUDOO� ERWK DOORPRUSKV RI
WKH LQGHILQLWH DUH TXLWH SURGXFWLYH� EXW PDQ\ PRUH ZRUGV LQ (QJOLVK EHJLQ LQ FRQVRQDQWV WKDQ LQ
YRZHOV� VR >ԥ@ LV PRUH SURGXFWLYH WKDQ >ԥQ@ �LQ WKH &DUQHJLH 0HOORQ GLFWLRQDU\� ��� RI DOO ZRUGV
DUH FRQVRQDQW�LQLWLDO�� 7R WKH H[WHQW WKDW OHDUQHUV PLJKW JHQHUDOL]H RQH RI WKH DOOPRUSKV EH\RQG
LWV EDVHOLQH GLVWULEXWLRQ LQ WKH OHDUQHU LQSXW� ZH ZRXOG H[SHFW WKDW WKH\ VKRXOG H[WHQG WKH XVH RI
>ԥ@� 7KLV DSSHDUV WR EH FRUUHFW IRU WKH (QJOLVK GLDOHFWV H[DPLQHG E\ *DEULHODWRV HW DO� ������� >ԥ@ LV
EHFRPLQJ PRUH JHQHUDO� DQG LW LV XVHG EHIRUH ERWK FRQVRQDQW�LQLWLDO ZRUGV DQG VRPH YRZHO�LQLWLDO
ZRUGV� 7KH OHDUQLQJ LQSXW IRU >ԥ@∼>ԥQ@ VXSSOHWLRQ LV ERWK YDULDEOH �³>ԥ@∼>ԥQ@ KLVWRULFDO´�� DQG IXOO RI
H[FHSWLRQV �³>ԥ@ KRUUHQGRXV´ EXW ³>ԥQ@ KLVWRULFDO´�� 7KH VDPH LV WUXH IRU JHQHUDOL]DWLRQV RYHU WKH
GHULYHG VXEOH[LFRQV� ZRUN RQ WKLV DOWHUQDWLRQ VKRZV WKDW WKH QDVDO RI >ԥQ@ LV QRW DOZD\V V\OODELILHG
ZLWK WKH IROORZLQJ SKRQRORJLFDO ZRUG� WKH JORWWDO VWRS LV YDULDEO\ SUHVHQW EXW LV DFWXDOO\ PRUH OLNHO\
WR EH WKHUH DIWHU IXQFWLRQ ZRUGV LQ (QJOLVK� DV LQ >ԥQݦ� �SO@ �*DUHOOHN ������ 6LQFH SKRQRWDFWLF
VXEOH[LFDO JHQHUDOL]DWLRQV DUH SUREDELOLVWLF� ZH H[SHFW YDULDWLRQ� DQG WKH XVH RI WKH LQGHILQLWH LV
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LQGHHG YDULDEOH LQ QRQ�VWDQGDUG GLDOHFWV� ZKLFK JHQHUDOL]H WKH >ԥ@ WR YRZHO�LQLWLDO FRQWH[WV �/DERY
DQG +DUULV ����� *DEULHODWRV HW DO� ������ )RU D OHDUQHU ZKRVH >ԥQ@ VXEOH[LFRQ H[FHSWLRQOHVVO\
REH\V 
>&� WKH FRQVWUDLQW ZLOO EH ZHLJKWHG KHDYLO\ DQG EH LQIOXHQWLDO LQ DVVLJQLQJ QHZ LWHPV WR
WKH >ԥQ@ VXEOH[LFRQ� EXW IRU OHDUQHUV ZKRVH VXEOH[LFRQV DUH YDULDEOH� JHQHUDOL]LQJ ZLOO EH KDUGHU�
HVSHFLDOO\ ZKHQ WKHUH DUH PDQ\ H[FHSWLRQV �$OEULJKW ����E� $OEULJKW DQG +D\HV ������

����� 1RQ�ORFDO SKRQRORJLFDO FRQGLWLRQLQJ IRU VXSSOHWLYH DOORPRUSK\

2XU WKHRU\ SUHGLFWV WKDW VRPH RI WKH SKRQRORJLFDO FRQGLWLRQLQJ IRU DIIL[HV FDQ EH QRQ�ORFDO WR WKH
DIIL[ LWVHOI� 7KLV LV EHFDXVH SKRQRWDFWLF JHQHUDOL]DWLRQV DUH OHDUQHG RYHU WKH HQWLUH SKRQRORJLFDO
ZRUG� QRW MXVW WKH SDUW RI LW WKDW LV DGMDFHQW WR WKH DIIL[� ,QGHHG� WKHUH DUH FDVHV RI DOORPRUSK\
FRQGLWLRQHG E\ IDFWRUV WKDW DUH SKRQRORJLFDOO\ QRQ�ORFDO� )RU H[DPSOH� 5LQJHQ DQG +HLQDPDNL
������ UHSRUW DQ HOLFLWDWLRQ VWXG\ RQ )LQQLVK YRZHO KDUPRQ\� ZKHUH SHRSOH¶V FKRLFHV RI VXIIL[ LQ
GLVKDUPRQLF ORDQZRUGV GHSHQG RQ WKH VHTXHQFLQJ RI EDFN DQG IURQW YRZHOV LQ WKH ILUVW WZR V\OODEOHV
RI WKH ZRUG� EDFN�IURQW VHTXHQFHV DUH SURGXFHG ZLWK EDFN YRZHO VXIIL[HV PRUH RIWHQ WKDQ IURQW
RQHV �H�J�� iQDO\ǤVL�D≻ �� DQG IURQW�EDFN VHTXHQFHV DUH SURGXFHG ZLWK IURQW YRZHO VXIIL[HV PRUH
RIWHQ WKDQ EDFN RQHV �KLpURJOǤIL�  ≻ D�� 5LQJHQ DQG +HLQlPlNL DQDO\]H WKLV DV KDUPRQ\ ZLWK WKH
PDLQ VWUHVVHG YRZHO� DQG WKLV LQWHUDFWLRQ LV QRW ORFDO� 7KH VXIIL[HV WKHPVHOYHV DUH QRW QHFHVVDULO\
VWUHVVHG� VR WKHLU KDUPRQL]LQJ ZLWK VWUHVVHG YRZHOV FDQQRW EH UHGXFHG WR UHSUHVHQWDWLRQDOO\ ORFDO
IDFWRUV� H�J�� E\ DSSHDOLQJ WR DQ DXWRVHJPHQWDO WLHU IRU VWUHVVHG YRZHOV �VHH 5RVH DQG :DONHU
���� IRU UHODWHG GLVFXVVLRQ�� 7KH ZHOO�VWXGLHG FDVH RI +XQJDULDQ YRZHO KDUPRQ\ DOVR LQYROYHV
VRPH QRQ�ORFDO FRQGLWLRQLQJ E\ PXOWLSOH YRZHOV �+D\HV HW DO� ������ VNLSSLQJ RYHU WUDQVSDUHQW >L@
DQG >H@� 6XIIL[ YRZHO KDUPRQ\ LQ WKHVH ODQJXDJHV LV QRW VXSSOHWLYH� EXW LW LV OH[LFDOO\ UHVWULFWHG� ZLWK
H[FHSWLRQV FKDUDFWHUL]HG E\ VHYHUDO SKRQRORJLFDO WUHQGV� ZH DVVXPH WKDW OH[LFDOO\ UHVWULFWHG UXOHV
DQG VXSSOHWLYH DOORPRUSK\ LQYROYH H[WUDFWLQJ SKRQRWDFWLF JHQHUDOL]DWLRQV RYHU VXEOH[LFRQV XVLQJ
VLPLODU PHFKDQLVPV �VHH *RXVNRYD DQG %HFNHU ����� %HFNHU DQG *RXVNRYD WR DSSHDU��

$QRWKHU FODVV RI QRQ�ORFDO FDVHV LQYROYHV V\OODEOH�FRXQWLQJ DOORPRUSK\ �.DJHU ���� DQG RWK�
HUV�� ,Q :DUOSLUL� WKH HUJDWLYH LV UHDOL]HG DV >�ƾNX@ ZKHQ WKH VWHP LV GLV\OODELF� DV LQ >ƾiSD�ƾNX@
µZDWHU¶� EXW DV >�ܿX@ RQ ORQJHU VWHPV VXFK DV >N~ܩXMjUUD�ܿX@ µFKLOG�GXDO¶ �1DVK ������ ,Q .DLWLWM�
WKH HUJDWLYH LV UHDOL]HG DV >�ƾ@ RQ YRZHO�LQLWLDO GLV\OODEOHV VXFK DV >DNt�ƾ@ µKHDG¶� DQG DV >�O@ RQ
FRQVRQDQW�LQLWLDO GLV\OODEOHV DQG ORQJHU ZRUGV VXFK DV >DOtNL�O@ µGRJ¶� >UiUL�O@ µZLQG¶� >ܿ~1SLUL�ܿ@ µIRUH�
KHDG¶ �.RFK ���������� 7KH OHIWPRVW V\OODEOH ZLWK DQ RQVHW LV VWUHVVHG LQ .DLWLWM� VR WKH GLVWULEXWLRQ
RI >�ƾ@ FRXOG EH GHVFULEHG DV VXIIL[LQJ WR WKH VWUHVVHG V\OODEOH� %XW� WKHUH DUH H[FHSWLRQV LQ ERWK
GLUHFWLRQV� VXFK DV >ZiUL�ƾ@ µILUH¶ DQG >Wނt�O�DW@ µWKLV¶� VR OH[LFDO OLVWLQJ RI EDVHV IRU HDFK DOORPRUSK
LV VWLOO QHFHVVDU\� (QJOLVK DOVR KDV VHYHUDO VXIIL[HV WKDW DUH VHQVLWLYH WR WKH SUHVHQFH RI DQ XQ�
VWUHVVHG LQLWLDO V\OODEOH� LQFOXGLQJ WKH FRPSDUDWLYH ³�HU´ �OLJKW�OLJKWHU YV� "SROLWH�SROLWHU� ORRVH�ORRVHU
YV� "REWXVH�REWXVHU�� $OO RI WKHVH FDVHV ZRXOG EH VWUDLJKWIRUZDUG IRU D SKRQRWDFWLF OHDUQHU WKDW
JHQHUDOL]HV RYHU EDVHV� ³GLV\OODELF´� ³VWUHVV�ILQDO´� ³YRZHO�LQLWLDO´ DQG ³VWDUWV ZLWK D SULPDU\ VWUHVV´
DUH VLPSOH SKRQRWDFWLF JHQHUDOL]DWLRQV� 5XVVLDQ GLPLQXWLYH DOORPRUSK\ DOVR LQYROYHV VHYHUDO QRQ�
ORFDO FRQGLWLRQLQJ IDFWRUV� DV ZH GHVFULEH QH[W�

� &DVH VWXG\� 5XVVLDQ GLPLQXWLYHV

��� 2YHUYLHZ

:H QRZ WXUQ WR D FRPSOH[ FDVH RI SKRQRORJLFDOO\ FRQGLWLRQHG VXSSOHWLRQ� 5XVVLDQ GLPLQXWLYH DOOR�
PRUSK\� :H VWDUW E\ SUHVHQWLQJ WKH EDFNJURXQG RQ WKH PRUSKRORJLFDO DQG SKRQRORJLFDO SURSHUWLHV
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RI 5XVVLDQ GLPLQXWLYHV� :H WKHQ VKRZ KRZ ZH FRQVWUXFWHG VXEOH[LFRQV RI 5XVVLDQ GLPLQXWLYH
EDVHV DQG GHULYHG IRUPV� DQG VXPPDUL]H WKH SKRQRORJLFDO SURSHUWLHV RI HDFK VXEOH[LFRQ LQ D
VWDWLVWLFDO VWXG\� :H WKHQ SUHVHQW DQ HOLFLWDWLRQ VWXG\ LQ ZKLFK ZH DVNHG 5XVVLDQ VSHDNHUV WR
GLPLQXWLYL]H ZRUGV WKDW GR QRW KDYH FRPPRQO\ XVHG GLPLQXWLYHV� DQG D IROORZ�XS VWXG\ ZLWK QRQFH
ZRUGV� ZKHUH SHRSOH FKRVH DPRQJ WKUHH VXIIL[HG RSWLRQV� ,Q ERWK VWXGLHV� SHRSOH¶V FKRLFHV RI
DOORPRUSKV DUH ODUJHO\ SUHGLFWDEOH IURP ZKHWKHU WKH EDVHV DQG UHVXOWLQJ GLPLQXWLYH IRUPV GLG ZHOO
LQ RXU VXEOH[LFDO SKRQRWDFWLF JUDPPDUV� :H DOVR VKRZ WKDW WKH FKRLFH RI DOORPRUSK ZDV VHQVLWLYH
QRW MXVW WR IHDWXUHV WKDW ZHUH ORFDO WR WKH VXIIL[� VXFK DV WKH ILQDO FRQVRQDQW RI WKH EDVH� EXW DOVR
WR VRPH QRQ�ORFDO IHDWXUHV� 7KLV ODWWHU UHVXOW GLVWLQJXLVKHV RXU WKHRU\ IURP DOWHUQDWLYHV VXFK DV
VXEFDWHJRUL]DWLRQ IUDPHV DQG DOLJQPHQW�

��� %DFNJURXQG� PRUSKRORJLFDO SURSHUWLHV RI GLPLQXWLYHV

'LPLQXWLYHV DUH FRPPRQ LQ 5XVVLDQ VSHHFK� DQG WKH\ DUH SURGXFWLYH LQ WKH VHQVH WKDW WKH\ DWWDFK
WR QHZ ORDQZRUGV VXFK DV >DMIyQ@ µL3KRQH¶ �VHH ��F��� 5XVVLDQ QRXQV EHORQJ WR RQH RI WKUHH JHQGHUV
�PDVFXOLQH� QHXWHU� IHPLQLQH� DQG FDQ EH IXUWKHU VXEGLYLGHG LQWR GHFOHQVLRQ FODVVHV� GLPLQXWLYHV
DUH IRUPHG GLIIHUHQWO\ IRU HDFK JHQGHU DQG GHFOHQVLRQ FODVV �6WDQNLHZLF] ����� 2OPVWHG �����
+LSSLVOH\ ����� .HPSH HW DO� ����� 6WHULRSROR ������ :H GLVFXVV RQO\ WKH PDVFXOLQH QRXQV WKDW
EHORQJ WR WKH GHFOHQVLRQ FODVV WKDW LV FRQVRQDQW�ILQDO LQ WKH QRPLQDWLYH VLQJXODU� 0DVFXOLQHV IRUP
GLPLQXWLYHV ZLWK IRXU DOORPRUSKV� DV VKRZQ LQ ���� 7KH DOORPRUSKV GLIIHU LQ WKHLU VWUHVV SURSHUWLHV
DQG LQ ZKHWKHU WKH\ XQGHUJR YRZHO GHOHWLRQ ZKHQ D YRZHO�LQLWLDO VXIIL[ IROORZV�

��� 5XVVLDQ PDVFXOLQH QRXQV IRUP GLPLQXWLYHV ZLWK IRXU DOORPRUSKV� >��R�N@� >�LN@� @MLNݹ�< DQG
>��ԥ�N@�>��L�N@�

1RP VJ 'LP QRP VJ 'LP JHQ VJ *ORVV
D� iQܳނLO DQܳނLO�yN DQܳނLO�N�i µDQJHO¶
E� PyQVWU PyQVWUނ�LN PyQVWUނ�LN�ԥ µPRQVWHU¶
F� DMIyQ DMIyQݹ�MLN DMIyQݹ�MLN�ԥ µL3KRQH¶
G� UނLEނyQԥN ULEނyQԥݹM�LN ULEނyQԥݹM�N�ԥ µFKLOG� EDE\¶

'LPLQXWLYHV GR QRW FKDQJH WKH JHQGHU RI WKH QRXQ WKH\ DWWDFK WR� DQG WKH\ KDYH RQO\ D OLPLWHG
HIIHFW RQ WKH GHFOHQVLRQ FODVV� 6WHULRSROR ������ DQDO\]HV 5XVVLDQ GLPLQXWLYHV DVPRUSKRV\QWDFWLF
DGMXQFWV WR DOUHDG\ FDWHJRUL]HG URRWV� IRU H[DPSOH� WKH 5XVVLDQ PDVFXOLQH QRXQ >PRQVWU@ µPRQVWHU¶
FRQVLVWV RI D URRW DQG D QXOO QRPLQDOL]LQJ KHDG �VHH ���� ZH DVVXPH WKDW WKH Qi KHDG GHWHUPLQHV WKH
GHFOHQVLRQ FODVV�� ,Q WKH YDVW PDMRULW\ RI FDVHV� GLPLQXWLYH ZRUGV KDYH FRUUHVSRQGLQJ EDVHV WKDW
DUH DOVR IUHH�VWDQGLQJ SKRQRORJLFDO ZRUGV� :KHQ ZH WDON DERXW PRUSKRORJLFDO EDVHV DQG GHULYHG
ZRUGV EHORZ� ZH PHDQ SKRQRORJLFDO ZRUGV VXFK DV >PyQVWU@ µPRQVWHU �QRP VJ�¶ DQG >PyQVWUނLN@
µPRQVWHU�GLP �QRP VJ�¶�

��� 7KH PRUSKRV\QWDFWLF VWUXFWXUH RI GLPLQXWLYHV� DIWHU 6WHULRSROR ������
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7KH >��ԥ�N@�>��L�N@ DOORPRUSK KDV D PRUSKRORJLFDOO\ UHVWULFWHG GLVWULEXWLRQ� LW RFFXUV DIWHU VXIIL[HV
WKDW HQG LQ >N@� LQFOXGLQJ RWKHU GLPLQXWLYHV� 7KXV� WKH GRXEOH GLPLQXWLYH RI >DQܳނLO@ LV >DQܳނLO�yݹM�
LN@� DV VKRZQ LQ ����� 7KHUH DUH D IHZ PRQRPRUSKHPLF H[FHSWLRQV �>NDUPiQ@ µSRFNHW¶ ∼>NDUPiݔ�
ԥN@� >PނLݔyN@ µVDFN¶ ∼>PނLݔyݹM�LN@� VHH 3ROLYDQRYD ������ 7KLV VXIIL[ KDG WKH ORZHVW SURGXFWLYLW\ LQ
RXU HOLFLWDWLRQ VWXG\ �DV ZHOO DV LQ WKH VXEOH[LFRQV ZH FROOHFWHG�� DQG ZH GR QRW DQDO\]H LW LQ WKH
UHPDLQGHU RI WKH SDSHU� WKRXJK IRU FRPSOHWHQHVV� ZH UHSRUW WKH QXPEHUV IRU LW LQ WKH HOLFLWDWLRQ
VWXG\��

���� 5HVWULFWHG GLVWULEXWLRQ IRU >��ԥ�N@�>��L�N@� DIWHU N�ILQDO PRUSKHPHV

ZLWK DIIL[ 'LPLQXWLYH QRP� VJ� 'LPLQXWLYH JHQ� VJ�
D� UDEyW�ԥ µZRUN¶ UDEyW�QނLN µZRUNHU¶ UDEyWQނLݹM�LN UDEyWQނLݹM�N�ԥ
E� iQܳނLO µDQJHO¶ DQܳނLO�yN µDQJHO�GLP¶ DQܳނLOyݹM�LN DQܳނLOyݹM�N�ԥ

��� 3KRQRORJLFDO SURSHUWLHV RI GLPLQXWLYHV

$V FDQ EH VHHQ IURP WKH H[DPSOHV LQ ���� WKH GLPLQXWLYH DOORPRUSKV GLIIHU LQ WKHLU VWUHVV SURSHUWLHV
DQG WKH HIIHFW RQ WKH ODVW FRQVRQDQW RI WKH VWHP� 5XVVLDQ VWUHVV LV OH[LFDO DQG FRQWUDVWLYH �+DOOH
����D� 0HOYROG ����� $OGHUHWH ����� 5HYLWKLDGRX ����� *RXVNRYD DQG /LQ]HQ WR DSSHDU� LQWHU
DOLD�� PRUSKHPHV GLIIHU LQ WKH SUHVHQFH RI VWUHVV� LQ VWUHVV ORFDWLRQ� DQG VWUHVV PRELOLW\� 7KH
ORFDWLRQ RI VWUHVV LV XVXDOO\ FKDUDFWHUL]HG DV XQSUHGLFWDEOH� )RU H[DPSOH� RI WKH ����� PDVFXOLQH
QRPLQDWLYHV RI �� V\OODEOHV LQ =DOL]QMDN¶V ������ GLFWLRQDU\� ���� ����� KDYH ILQDO VWUHVV� ���
���� KDYH LQLWLDO VWUHVV� DQG WKH UHVW ����� KDYH VWUHVV VRPHZKHUH LQ WKH PLGGOH �H�J�� >D�ܳD�UyW@
µJDUGHQ¶� >Yt�PL�VނLO@ µLQYHQWLRQ¶� >Dݔ�pM�QނLN@ µFROODU¶�� )XUWKHUPRUH� VWUHVV FDQ DOWHUQDWH ZKHQ DIIL[HV
DWWDFK� DV LOOXVWUDWHG LQ ���� DQG ����� 7KH >�RN@ VXIIL[ LV VWUHVV�GRPLQDQW� HYHQ LI WKH VWHP LV
OH[LFDOO\ VWUHVVHG� DV LQ >iQܳނLO@� WKH GLPLQXWLYH SXOOV VWUHVV RQWR LWVHOI �DV LQ >DQܳނLOyN@� RU� ZKHQ
LWV RZQ YRZHO GHOHWHV� RQWR WKH IROORZLQJ YRZHO �DV LQ �iQܳނLO�RN�D� →>DQܳނLONi@�� 7KHVH H[DPSOHV
DOVR VKRZ UHJXODU IHDWXUHV RI 5XVVLDQ SKRQRORJ\ VXFK DV YRZHO UHGXFWLRQ LQ XQVWUHVVHG V\OODEOHV
DQG GHYRLFLQJ RI VWHP�ILQDO FRQVRQDQWV �ERWK VHHQ LQ �ܳRURG� >ܳyUԥW@∼>ܳԥUDGyN@� VHH &URVVZKLWH
����� 3DGJHWW ����� DQG RWKHUV��

���� 'RPLQDQW GLPLQXWLYH VXIIL[ >�RN@

%DVH� IL[HG 'LP� ILQDO %DVH� PRELOH 'LP� ILQDO
1RP VJ iQܳނLO DQܳނLO�yN JyUԥW ܳԥUDG�yN
*HQ VJ iQܳނLO�ԥ DQܳނLO�N�i ܳyUԥG�ԥ ܳԥUDW�N�i
1RP SO iQܳނLO�L DQܳނLO�Nނ�t ܳԥUDG�i ܳԥUDW�Nނ�t
*HQ SO iQܳނLO�ԥI DQܳނLO�N�yI ܳԥUDG�yI ܳԥUDW�N�yI

µDQJHO¶ µDQJHO �GLP�¶ µFLW\¶ µFLW\ �GLP�� WRZQ¶

7KH >�LN@ DQG @MLNݹ< DOORPRUSKV SDWWHUQ GLIIHUHQWO\ IURP >�RN@� )RU WKH PRVW SDUW� WKH\ DWWDFK WR
VWHPV WKDW KDYH OH[LFDO VWUHVV RQ WKH ODVW V\OODEOH� EXW WKHUH DUH D IHZ H[DPSOHV OLNH >VyNԥO@� ZKHUH

�,W PD\ EH SRVVLEOH WR DQDO\]H >�ԥN@ DV GHULYHG IURP WKH VDPH 85 DV >�RN@ LI ZH DGRSW *RXVNRYD DQG /LQ]HQ¶V �WR
DSSHDU� DQDO\VLV ZKHUHE\ D VXIIL[ FDQ ORVH VWUHVV GRPLQDQFH ZKHQ DQRWKHU DIIL[ ZLWK D ³UHJXODUL]DWLRQ IDFWRU´ LV SUHVHQW
LQ WKH SKRQRORJLFDO ZRUG²WKLV ZRXOG PDNH >�RN@ FRQGLWLRQDOO\ GRPLQDQW� MXVW OLNH 6ORYHQLDQ >�ԥݸ@� 'RXEOH GLPLQXWLYHV
>�RݹMLN@ FRXOG EH WUHDWHG DV DQ XQDQDO\]HG VXIIL[HV LQ WKHLU RZQ ULJKW�

��



VWUHVV PRYHV WR WKH VWHP�ILQDO V\OODEOH LQ WKH GLPLQXWLYH� $OO VXFK VWHPV HLWKHU DOUHDG\ IROORZ WKH
PRELOH VWUHVV SDWWHUQ RU KDYH D IL[HG DQG D PRELOH YDULDQW�

���� 6WUHVV SDWWHUQV LQ GLPLQXWLYHV GHULYHG ZLWK >�LN@

%DVH� ILQDO 'LP� IL[HG %DVH� IL[HG�PRELOH 'LP� IL[HG
1RP VJ NUyW NUyWނ�LN VyNԥO VDNyOނ�LN
*HQ VJ NUDW�i NUyWނ�LN�ԥ VyNԥO�ԥ VDNyOނ�LN�ԥ
1RP SO NUDW�t NUyWނ�LNނ�L VyNԥO�t� VԥNDO�i VDNyOނ�LNނ�L
*HQ SO NUDW�yI NUyWނ�LN�ԥI VyNԥO�ԥI� VԥNDO�yI VDNyOނ�LN�ԥI

µPROH¶ µPROH �GLP�¶ µIDOFRQ¶ µIDOFRQ �GLP�¶

7KH VWUHVV SURSHUWLHV RI WKH GLPLQXWLYHV DUH EHVW VHHQ LQ GRXEOHWV WKDW FDQ GLPLQXWLYL]H ZLWK
PRUH WKDQ RQH VXIIL[��

���� 6WUHVV DOWHUQDWLRQV LQ GLPLQXWLYH GRXEOHWV

8QDIIL[HG :LWK FDVH VXIIL[ >�RN@ >�LN@ @MLNݹ�< *ORVV
D� ܳyOXSނ ܳԥOXEނpM ܳԥOXEyN ² ܳDO~SݹMLN µSLJHRQ¶
E� NDYނyU NDYUi ² NyYUނLN NDYނyUݹMLN µFDUSHW¶
F� NOނyQ NOނyQԥ NOނLQyN NOނyQނLN ² µPDSOH¶
G� NyOԥNԥO NԥOԥNDOi NԥOԥNDOyN ² NԥODNyOݹނMLN µEHOO¶
H� VyNԥO VyNԥOL� VԥNDOi VԥNDOyN VDNyOނLN ² µIDOFRQ¶

'LPLQXWLYH DIIL[DWLRQ EULQJV YDULRXV FKDQJHV WR WKH ODVW FRQVRQDQW RI WKH VWHP� 7KH >�LN@ DOOR�
PRUSK SDODWDOL]HV VWHP�ILQDO FRQVRQDQWV WKDW KDYH SDODWDOL]HG FRXQWHUSDUWV� LQFOXGLQJ ��ݸ� ZKLFK
EHFRPHV @Mݹ< �H�J�� >SiOނLݸ@ µILQJHU¶ ∼>SiOݹނMLN@ µILQJHU�GLP¶�� 7KH >�RN@ DOORPRUSK GRHV QRW JHQHUDOO\
DOWHU WKH ODVW FRQVRQDQW XQOHVV LW LV D GRUVDO� LQ ZKLFK FDVH WKH GRUVDO FKDQJHV WR D FRUUHVSRQGLQJ
VWULGHQW� �N� ܳ� [� EHFRPH �@Mݹ< �@ݢ< �@ݔ< $V VKRZQ LQ ����� WKLV UXOH LV WULJJHUHG E\ RQO\ VRPH PRU�
SKHPHV DQG GRHV QRW DSSO\ LQ WKH FRQWH[W RI RWKHU� SKRQRORJLFDOO\ VLPLODU VXIIL[HV �VHH 3DGJHWW
����� ,RVDG DQG 0RUpQ�'XROOMi ����� .DSDWVLQVNL ������ 1RWH DOVR WKDW ZKLOH WKH GLPLQXWLYH WULJ�
JHUV WKLV FRQVRQDQW PXWDWLRQ RQ WKH VWHPV� LW GRHV QRW XQGHUJR DQ\ PXWDWLRQ LWVHOI �XQOHVV IROORZHG
E\ WKH GLPLQXWLYH >�ԥN@� ZKLFK EHKDYHV MXVW OLNH >�RN@ ZLWK UHVSHFW WR PXWDWLRQ�� )LQDOO\� WKH @MLNݹ�<
DOORPRUSK SDODWDOL]HV �O� EXW QRW RWKHU FRQVRQDQWV�

���� 6WHP�ILQDO FRQVRQDQW PXWDWLRQ LQ >�RN@ GLPLQXWLYHV

8QDIIL[HG ,QVW VJ 'LPLQXWLYH 'LP ,QVW VJ *ORVV
D� XWނ~N XWނXܳyP XWނXݢyN XWނXݔNyP µLURQ¶
E� ND]iN Nԥ]DNyP Nԥ]DݹMyN Nԥ]DݹMNyP µFRVVDFN¶
F� ODS~[ OԥSX[yP OԥSXݔyN OԥSXݔNyP µEXUGRFN¶

:H DOUHDG\ PHQWLRQHG WKDW >�RN@ ORVHV LWV YRZHO ZKHQ D YRZHO�LQLWLDO VXIIL[ IROORZV� DQG VR GR
VRPH RWKHU PRUSKHPHV �H�J�� �NRYނRU� NHHSV LWV ODVW YRZHO LQ >NDYނyU@ µFDUSHW¶� >NDYނyUݹMLN@ µFDUSHW�GLP¶

�7KHUH LV VRPH GLVDJUHHPHQW LQ WKH 6ODYLFLVW OLWHUDWXUH DV WR ZKHWKHU WKHVH GRXEOHWV DUH DOO GLPLQXWLYHV �3ROLYDQRYD
����� IQ� � RQ S� ��� =DOL]QMDN ����� S� ���� ZH WDNH WKH SRVLWLRQ WKDW SHRSOH SDUVH WKHP DV VXFK� UHJDUGOHVV RI
HW\PRORJ\� 7KHUH DUH GHILQLWHO\ VRPH FDVHV WKDW VWDUWHG RXW DV GLPLQXWLYHV HW\PRORJLFDOO\ EXW KDYH GLYHUJHG� H�J�� WKH
GLPLQXWLYH RI >OyS@ µIRUHKHDG¶ LV >OyEނLN@� QRW >ODEyN@ µSXELV¶� ,Q FDVHV VXFK DV WKLV� HLWKHU WKH VWULQJ LV GHULYHG IURP D
KRPRSKRQRXV URRW� RU LW KDV EHHQ UHDQDO\]HG DV PRUSKRORJLFDOO\ VLPSOH�

��



EXW ORVHV LW LQ >NDYBUi@ µFDUSHW �JHQ VJ�¶ DQG >NyYBUނLN@ µFDUSHW�GLP¶�� 9RZHO GHOHWLRQ LQ 5XVVLDQ LV
FRPSOLFDWHG DQG KDV EHHQ WKH VXEMHFW RI PXFK VWXG\ �/LJKWQHU ����� +DOOH ����D�E� 0HOYROG �����
<HDUOH\ ����� +HUPDQV ����� ����� *RXVNRYD ����� %HFNHU DQG *RXVNRYD WR DSSHDU� *RXVNRYD
DQG %HFNHU ������ 7KH EHKDYLRU RI YRZHO GHOHWLRQ VWHPV LQ RXU H[SHULPHQW LV QRW GLVFXVVHG LQ WKLV
SDSHU IRU ODFN RI VSDFH�

��� 3KRQRORJLFDO SUHGLFWDELOLW\ DQG OH[LFDO IDFWRUV

:KHQ GLPLQXWLYH DIIL[HV DWWDFK� EDVHV DOWHUQDWH GUDPDWLFDOO\� $W WKH VDPH WLPH� WKH GLPLQXWLYH
LWVHOI LV QRW UHDOL]HG XQLIRUPO\� )LJXULQJ RXW WKH FRQGLWLRQV IRU WKHVH DOWHUQDWLRQV SUHVHQWV D ELJ
FKDOOHQJH WR WKH OHDUQHU� )RUWXQDWHO\� WKHUH LV D ZD\ WR SUHGLFW KRZ D QRXQ ZLOO GLPLQXWLYL]H EDVHG
RQ LWV SKRQRORJLFDO VKDSH� 3ROLYDQRYD ������ LGHQWLILHV D QXPEHU RI SKRQRORJLFDO JHQHUDOL]DWLRQV
DERXW GLPLQXWLYH IRUPDWLRQ� 6KH QRWHV� IRU H[DPSOH� WKDW DOO RI WKH DOORPRUSKV UHVLVW DWWDFKLQJ WR
ZRUGV WKDW KDYH PHGLDO VWUHVV �QHLWKHU LQLWLDO QRU ILQDO�� 7KH >�RN@ DOORPRUSK WHQGV QRW WR DWWDFK WR
QRXQV WKDW HQG LQ D FRQVRQDQW FOXVWHU� 7KH >�LN@ DOORPRUSK KDSSLO\ DWWDFKHV WR &&�ILQDO QRXQV� EXW LW
DYRLGV GRUVDO�ILQDO QRXQV� DQG LW GRHV QRW HDVLO\ DWWDFK WR QRXQV WKDW KDYH VWUHVV DQ\ZKHUH H[FHSW
RQ WKH ODVW V\OODEOH� 7KH @MLNݹ�< DOORPRUSK GLVSUHIHUV ILQDO FOXVWHUV� ILQDO GRUVDOV� FRURQDO REVWUXHQWV
>W� G� V� ]� �ݔ �ݢ �ނݕݕ �@Mݹ DQG QRXQV ZLWK QRQ�ILQDO VWUHVV�

���� 6RPH RI 3ROLYDQRYD¶V JHQHUDOL]DWLRQV DERXW 5XVVLDQ GLPLQXWLYH DOORPRUSK\
@MLNݹ< >�LN@ >�RN@

D� )LQDO V\OODEOH QR ILQDO && ² QR ILQDO &&
E� )LQDO & SODFH QR ILQDO GRUVDOV� QR &25 REVWU� QR ILQDO GRUVDOV ²
F� 6WUHVV ORFDWLRQ PXVW EH ILQDO PXVW EH ILQDO QRW PHGLDO
G� )LQDO & PDQQHU SUHIHUV VRQRUDQWV ² ²

5HFDOO IURP ���� WKDW VWHP�ILQDO FRQVRQDQW PXWDWLRQ LV DIIL[�VSHFLILF� WKH GRUVDO LQ �XWނXܳ� VSLUDQ�
WL]HV LQ >XWނXݢyN@ EXW QRW >XWނXܳ�yP@� 7KH UHVWULFWLRQV OLVWHG DERYH DUH VLPLODUO\ DIIL[�VSHFLILF²WKH
FOHDUHVW HYLGHQFH IRU WKLV FRPHV IURP DIIL[HV WKDW DUH KRPRSKRQRXV EXW GR QRW LPSRVH VXFK UH�
VWULFWLRQV� %RWK WKH >�LN@ DOORPRUSK DQG WKH @MLNݹ�< DOORPRUSK KDYH KRPRSKRQHV� WKH ERUURZHG /DWLQ
VXIIL[ >�LN@ µ�LF¶ �VHH ����� DQG WKH DJHQWLYH VXIIL[ @MLNݹ< µ�HU¶ �VHH ������ 7KH ODWWHU VXIIL[ LV DQ DOORPRUSK
RI �@LNނݕݕ�< 7KHVH H[DPSOHV VKRZ WKDW LW LV QRW WKH FDVH WKDW WKH GLPLQXWLYH >�LN@ DYRLGV GRUVDO�ILQDO
VWHPV EHFDXVH GRUVDO�>L@ VHTXHQFHV DUH SURKLELWHG LQ 5XVVLDQ²WKH\ DUH DOORZHG� 7KH GLPLQXWLYH
>�LN@ LV LQ IDFW RIWHQ IROORZHG E\ WKH SOXUDO >�L@ �UHFDOO >NUyWނLNނL@ µPROHV�GLP¶ DQG >VDNyOނLNނL@ µIDOFRQV�GLP¶
LQ ������ /LNHZLVH� VHTXHQFHV RI FRURQDO REVWUXHQWV IROORZHG E\ @MLNݹ�< DUH DWWHVWHG� DQG LQ IDFW TXLWH
FRPPRQ� LQ DJHQWLYH QRXQV�

���� 'LPLQXWLYH VXIIL[HV YV� KRPRSKRQHV� >�LN@ µ�LF¶

8QDIIL[HG 3OXV ��LN� µ�LF¶ DQG ��D� µIHP QRP VJ¶ *ORVV
D� SVނt[ µSV\FKR¶ SVނt[ނLNԥ µSV\FKH¶
E� SނLGDܳyN µSHGDJRJXH¶ SނLGDܳyܳނLNԥ µSHGDJRJ\¶
F� OނLQܳYނLVW µOLQJXLVW¶ OނLQܳYނLVWނLNԥ µOLQJXLVWLFV¶

��



���� 'LPLQXWLYH VXIIL[HV YV� KRPRSKRQHV� @MLNݹ<�@LNނݕݕ�< µ�HU¶

8QDIIL[HG :LWK @MLNݹ�< µ�HU¶ *ORVV
D� SXOނLPނyW µPDFKLQH JXQ¶ SXOނLPނyWݹMLN µPDFKLQH JXQ RSHUDWRU¶
E� GDQyV µUHSRUW WR WKH DXWKRULWLHV¶ GDQyނݕݕLN µLQIRUPDQW¶
F� NDYނyU µFDUSHW¶ NDYނyUނݕݕLN µFDUSHWHU¶

$Q LPSRUWDQW IHDWXUH RI 5XVVLDQ GLPLQXWLYH DOORPRUSK\ LV WKDW VRPH RI WKH JHQHUDOL]DWLRQV DUH
VRXUFH�RULHQWHG �%\EHH ����� .DSDWVLQVNL ������ WKH\ FRQFHUQ WKH VKDSH RI WKH EDVH QRXQ� EXW
QRW QHFHVVDULO\ WKH VKDSH RI WKH UHVXOWLQJ GLPLQXWLYH� 7DNH YHODU SDODWDOL]DWLRQ� GRUVDO�ILQDO QRXQV
VXFK DV >ODS~[@ EHFRPH VWULGHQW�ILQDO RQFH >�RN@ LV DWWDFKHG WR WKHP� >OԥSXݔ�yN@� 7KH VXIIL[ >�LN@
DWWDFKHV WR �ILQDO@ݔ< QRXQV� @ݔDODݔ< µVKDFN¶ @�LNݔDOiݔ< µVKDFN�GLP¶� EXW QRW LI WKH @ݔ< LV GHULYHG IURP �[��
WKXV� >OԥSXݔyN@ DQG @LNݔDOiݔ< DUH ILQH� EXW �ODSX[�LN�→
>ODS~ݔLN@ LV LPSRVVLEOH� 7KH VWUHVV UHVWULFWLRQV
DUH VLPLODUO\ VRXUFH�RULHQWHG� $OO >�RN@ GLPLQXWLYHV DUH VWUHVV�ILQDO E\ GHILQLWLRQ� VR ZK\ VKRXOG >�
RN@ VKLUN EDVHV ZLWK PHGLDO EXW QRW LQLWLDO RU ILQDO VWUHVV" $Q HQWLUHO\ RXWSXW�RULHQWHG WKHRU\ RI
DOORPRUSK\ ZRXOG KDYH GLIILFXOW\ ZLWK WKHVH IDFWV �VHH VHFWLRQ ��� $V ZH ZLOO VKRZ� WKH SKRQRORJLFDO
VKDSH RI WKH GLPLQXWLYH GRHV PDWWHU LQ VHOHFWLQJ DOORPRUSKV� EXW VR GRHV WKH EDVH�

$Q LQVLJKW 3ROLYDQRYD EULQJV LV WKDW GLPLQXWLYH IRUPDWLRQ LV OH[LFDOO\ LGLRV\QFUDWLF� VRPH QRXQV
KDYH PRUH WKDQ RQH GLPLQXWLYH �UHFDOO ������ DQG RWKHUV GR QRW KDYH GLPLQXWLYHV DW DOO� 7KH ODVW
FDWHJRU\ LV SDUWLFXODUO\ LQWHUHVWLQJ� LQ VRPH FDVHV� GLPLQXWLYHV DUH MXVW DEVHQW� HYHQ WKRXJK QR
SKRQRORJLFDO FRQVWUDLQWV SUHFOXGH WKHLU IRUPDWLRQ �H�J�� >VRQ@ µVOHHS� GUHDP¶ KDV QR GLPLQXWLYH��
,Q RWKHU FDVHV� GLPLQXWLYHV DUH LPSRVVLEOH EHFDXVH HDFK DOORPRUSK¶V SKRQRORJLFDO SUHIHUHQFHV
DUH YLRODWHG� 3ROLYDQRYD FODVVLILHV DV ³GLIILFXOW´ ZRUGV ZLWK PHGLDO VWUHVV� VXFK DV >DIWyEXV@ µEXV¶�
ZKLFK LV DW EHVW >DIWyEXVނLN@ LQ WKH GLPLQXWLYH� 6KH JURXSV XQGHU ³LPSRVVLEOH´ ZRUGV WKDW HQG LQ
FRQVRQDQW FOXVWHUV DQG KDYH D GRUVDO DV WKHLU ODVW FRQVRQDQW� VXFK DV >OނpPނLQN@ µOHPPLQJ¶ DQG
>PDOނ~VN@ µPROOXVN¶� 7KLV GLVWLQFWLRQ EHWZHHQ ³GLIILFXOW´ DQG ³LPSRVVLEOH´ LV WUDGLWLRQDO LQ 5XVVLDQ
OLQJXLVWLFV²SDUDGLJP JDSV DUH RIWHQ FODVVLILHG LQWR WKRVH FDWHJRULHV �=DOL]QMDN ���� DQG RWKHUV��

,W VKRXOG EH NHSW LQ PLQG� KRZHYHU� WKDW 3ROLYDQRYD¶V JHQHUDOL]DWLRQV DUH EDVHG RQ KHU RZQ
LQWXLWLRQV DQG JHQHUDOL]DWLRQV VKH LGHQWLILHG E\ H[DPLQLQJ D GLFWLRQDU\²DQG LW LV QRW FOHDU WKDW 5XV�
VLDQ XVDJH REH\V WKHVH JHQHUDOL]DWLRQV� 7KXV� ZH IRXQG H[DPSOHV RI GLPLQXWLYHV WKDW VKH MXGJHV
WR EH ³GLIILFXOW´ LQ WKH 5XVVLDQ 1DWLRQDO &RUSXV� H�J�� KHU ³LPSRVVLEOH´ >JOyEXVނLN@ KDV WZR KLWV LQ
WKH FRUSXV� DQG WKH ³GLIILFXOW´ >DIWyEXVނLN@ KDV �� KLWV� )RU PRVW RI WKH JHQHUDOL]DWLRQV VKH LGHQWL�
ILHV� VKH OLVWV FRXQWHUH[DPSOHV²DQG WKLV LV WUXH IRU SKRQRORJLFDO DV ZHOO DV VHPDQWLF DQG VW\OLVWLF
IDFWRUV� 2XU LQWHUSUHWDWLRQ LV WKDW WKH OLVW RI GLPLQXWLYHV LQ FXUUHQW XVH LQIRUPV WKH SKRQRORJLFDO
JHQHUDOL]DWLRQV� EXW VDWLVI\LQJ WKH SKRQRORJLFDO WUHQGV GRHV QRW PHDQ D OH[LFDO GLPLQXWLYH ZLOO DX�
WRPDWLFDOO\ VRXQG JRRG WR D 5XVVLDQ VSHDNHU� ,QGHHG� LW DSSHDUV WKDW FHUWDLQ VWHPV DUH VSHFLILHG
DV QRW FRPELQLQJ ZLWK GLPLQXWLYHV DW DOO� %XW RQH OLQJXLVW¶V LQWXLWLRQV DUH QRW HQRXJK WR FRQFOXGH
WKDW GLPLQXWLYH IRUPDWLRQ LV LPSRVVLEOH IRU DQ\ JLYHQ LWHP� 7KLV PRWLYDWHV WKH HOLFLWDWLRQ VWXG\ WKDW
ZH GHVFULEH LQ VHFWLRQ �� DV ZHOO DV WKH OH[LFRQ VWXG\ ZH WXUQ WR QH[W�

� $ VWXG\ RI WKH OH[LFRQ

��� $VVHPEOLQJ WKH GLPLQXWLYH VXEOH[LFRQV

7R H[DPLQH WKH SKRQRORJLFDO FKDUDFWHULVWLFV RI 5XVVLDQ QRXQV WKDW FRPELQH ZLWK HDFK GLPLQX�
WLYH DOORPRUSK� ZH QHHG SUR[LHV IRU WKH VXEOH[LFRQV WKDW 5XVVLDQ VSHDNHUV ZRXOG EH H[SRVHG WR�

��



@MLNݹ�< >�LN@ >�RN@
ND]DN ND]DNݹMLN 
ND]DNނLN ND]DݹMRN µ&RVVDFN¶
YނHWނHU YHWHUݹMLN YHWHUނLN YނHWނHURN µZLQG¶
ܳROXEނ ܳROXEݹMLN ܳROXEނLN JROXERN µSLJHRQ¶
SނHQDO SނHQDOݹނMLN SHQDOނLN SނHQDORN µSHQFLO ER[¶

7DEOH �� ([DPSOHV RI FRQVWUXFWHG GLPLQXWLYHV ZH VHDUFKHG IRU� LQ SVHXGR�RUWKRJUDSKLF UHSUHVHQ�
WDWLRQ �L�H�� VWUHVV� YRZHO UHGXFWLRQ DQG GHYRLFLQJ DUH QRW VKRZQ�

:H FRQVWUXFWHG VXEOH[LFRQV E\ GRLQJ DQ H[KDXVWLYH VHDUFK IRU DOO SRVVLEOH GLPLQXWLYH IRUPV IRU
HDFK PDVFXOLQH QRXQ LQ D ODUJH HOHFWURQLF GLFWLRQDU\� :H VWDUWHG ZLWK 8VDFKHY¶V ������ HOHFWURQLF
SDUDGLJP OLVW� ZKLFK LV EDVHG RQ =DOL]QMDN ������� 7KH GLFWLRQDU\ OLVWV DSSUR[LPDWHO\ ������ PDV�
FXOLQH QRXQV� WDNLQJ HDFK RI WKHP DV D EDVH� ZH FRQVWUXFWHG WKUHH RUWKRJUDSKLF GLPLQXWLYH IRUPV�
5XVVLDQ RUWKRJUDSK\ PDUNV SDODWDOL]DWLRQ RQ FRQVRQDQWV EXW GRHV QRW UHIOHFW GHYRLFLQJ� YRZHO UH�
GXFWLRQ� RU WKH ORFDWLRQ RI VWUHVV �QRW UHIOHFWHG DW DOO XQOHVV DPELJXRXV LQ FRQWH[W�� :H NQHZ ZKHUH
WKH ³GLFWLRQDU\´ ORFDWLRQ RI VWUHVV ZRXOG EH LQ WKH QRXQV ZH VHDUFKHG IRU VLQFH LW LV PDUNHG LQ =DO�
L]QMDN ������� EXW LW LV QRW PDUNHG LQ WKH FRUSXV ZH XVHG� 7DEOH � VKRZV VRPH RI RXU FRQVWUXFWHG
GLPLQXWLYHV� ZKLFK LQFRUSRUDWH VRPH VWHP�ILQDO FRQVRQDQW FKDQJHV �H�J�� N→ݹM LQ GLPLQXWLYHV ZLWK
>�RN@� RU U→Uނ LQ GLPLQXWLYHV ZLWK >�LN@�� )RU VRPH DIIL[ FRPELQDWLRQV� 5XVVLDQ KDV JDSV� VR LW LV QRW
FOHDU ZKDW WKH GLPLQXWLYH IRUPV DUH VXSSRVHG WR ORRN OLNH �H�J�� VKRXOG WKH �N� EH VSLUDQWL]HG LQ
�ND]DN�LN�� >ND]DݹMLN@� RU VKRXOG LW MXVW EH SDODWDOL]HG WR >Nނ@� DV RWKHU VWHP�ILQDO FRQVRQDQWV"�� ,Q
VXFK FDVHV� ZH VHDUFKHG IRU SDODWDOL]HG� QRQ�VSLUDQWL]HG YDULDQWV� 2QH VXFK H[DPSOH LV PDUNHG
ZLWK DQ DVWHULVN LQ WKH WDEOH� 7KH EROGIDFHG H[DPSOHV JRW KLWV LQ WKH VHDUFK IRU WKHVH SDUWLFXODU
EDVHV�

:H WKHQ VHDUFKHG IRU VLQJXODUV DQG SOXUDOV RI HDFK RI WKH FRQVWUXFWHG GLPLQXWLYHV LQ HYHU\ RQH
RI VL[ SRVVLEOH FDVH IRUPV LQ WKH 5XVVLDQ ��JUDP SRUWLRQ RI WKH *RRJOH 1JUDPV FRUSXV �0LFKHO
HW DO� ������ 7KLV FRUSXV FRQWDLQV RUWKRJUDSKLF ZRUGV REWDLQHG E\ RSWLFDO FKDUDFWHU UHFRJQLWLRQ
IURP VFDQQHG ERRNV� DQG LW LV TXLWH ODUJH ��� PLOOLRQ ZRUGV� DQG GRZQORDGDEOH� DOORZLQJ IRU TXLFN
RIIOLQH VHDUFKHV� 7KH FRUSXV LV QRLV\� KRZHYHU� VR WKH UHVXOWV UHTXLUHG VRPH FOHDQLQJ� 7KH WRWDO
QXPEHU RI VHDUFKHV ZH SHUIRUPHG ZDV DOPRVW D PLOOLRQ ������� QRXQV × � GLPLQXWLYH VXIIL[HV ×
�� FDVH�QXPEHU IRUPV�� :H HOLPLQDWHG DOO KLWV ROGHU WKDQ ����� DQG EHIRUH FOHDQLQJ� ZH JRW ���
@MLNݹ�< ZRUGV WKDW KDG RFFXUUHG LQ DW OHDVW RQH FDVH IRUP� ���� >�LN@ ZRUGV� DQG ���� >�RN@ ZRUGV�
$IWHU FOHDQLQJ �GHVFULEHG QH[W�� ZH JRW ��� GLPLQXWLYH IRUPV ZLWK �@MLNݹ�< ��� >�LN@� DQG ���� >�RN@�
����� QRXQV GLG QRW RFFXU LQ ZKDW ZH FRQVLGHUHG WR EH GLPLQXWLYH IRUPV LQ WKH 1JUDPV FRUSXV�
7KLV PLJKW VHHP OLNH D ORZ QXPEHU IRU ZKDW LV GHVFULEHG DV D YHU\ SURGXFWLYH DIIL[� EXW WKH WKUHVKROG
IRU LQFOXVLRQ LQ *RRJOH 1JUDPV LV WKDW DQ RUWKRJUDSKLF ZRUG KDV WR RFFXU LQ DW OHDVW �� ERRNV� VR
KDSD[ OHJRPHQD DUH QRW LQFOXGHG �WKLV DFWXDOO\ OLPLWV WKH XWLOLW\ RI 1JUDPV IRU RXU SXUSRVHV� VLQFH
D KLJK QXPEHU RI KDSD[HV LV D JRRG PHDVXUH RI DQ DIIL[¶V SURGXFWLYLW\� VHH� H�J�� %DD\HQ �������

7KH ELJJHVW FKDOOHQJH LQ FOHDQLQJ WKH UHVXOWV ZDV HOLPLQDWLQJ KRPRJUDSKV WKDW ZHUH QRW GLPLQX�
WLYHV� $V PHQWLRQHG LQ VHFWLRQ ���� HDFK RI WKH DOORPRUSKV LV KRPRJUDSKRXV ZLWK D QRQ�GLPLQXWLYH
VXIIL[� @MLNݹ�< LV DOVR DQ RFFXSDWLRQDO VXIIL[ �H�J�� >SXOނHPނRW@ µPDFKLQH JXQ¶� >SXOނHPނRWݹMLN@ µPDFKLQH

�:H VHDUFKHG WKH 5XVVLDQ 1DWLRQDO &RUSXV IRU GLPLQXWLYHV� DV ZHOO� 7KH FRUSXV DOORZV WR VHDUFK IRU GLPLQXWLYHV
E\ WDJ� ZKLFK DSSHDUV WR EH DVVLJQHG E\ 1/3 PHWKRGV UDWKHU WKDQ E\ KXPDQ FKHFNHUV� WKH UHVXOWLQJ OLVW RI ���� RU VR
XQLTXH FDVH IRUPV LGHQWLILHG DV PDVFXOLQH GLPLQXWLYHV LQFOXGHG PDQ\ IRUPV WKDW ZHUH QRW GLPLQXWLYH RU QRW PDVFXOLQH�

��



JXQ RSHUDWRU¶�� >�LN@ LV DOVR WKH FRJQDWH RI WKH /DWLQDWH �LF� ZKLFK IRUPV DEVWUDFW IHPLQLQH QRXQV
LQ 5XVVLDQ �H�J�� >OނLQܳYނLVW@µOLQJXLVW¶� >OނLQܳYނLVWނLN@ µOLQJXLVWLFV �JHQ� SO��¶�� DQG >�RN@ LV KRPRJUDSKRXV
ZLWK WKH VXIIL[ >��ԥ�N@� XVHG WR PDNH IHPLQLQH QRXQV �H�J�� >XGPXUW@ µDQ 8GPXUW PDQ¶� >XGPXUWԥN@
µDQ 8GPXUW ZRPDQ �JHQ SO�¶� 7KH ODWWHU WZR W\SHV RI FDVHV ZHUH HOLPLQDWHG LI WKH\ ZHUH DWWHVWHG
LQ FDVH IRUPV WKDW GLVDPELJXDWH PDVFXOLQHV IURP IHPLQLQHV �H�J�� >XGPXUWN�RM@ µDQ 8GPXUW ZRPDQ
�LQVW VJ�¶ RU 
>OLQJYLVW�N�RY@ µOLQJXLVW �PDVF JHQ SO�¶�� $V IRU �@MLNݹ�< ZH HOLPLQDWHG DOO EDVHV WKDW HQGHG
ZLWK FRURQDO REVWUXHQWV� VLQFH PDQXDO LQVSHFWLRQ FRQILUPHG WKDW DOO RI WKHP ZHUH LQVWDQFHV RI WKH
RFFXSDWLRQDO VXIIL[�

��� $QDO\VLV

:H FRQYHUWHG WKH 5XVVLDQ RUWKRJUDSKLF UHSUHVHQWDWLRQV IURP WKH FRUSXV EDFN LQWR EURDG SKRQH�
PLF WUDQVFULSWLRQ� :H GLG QRW WUDQVFULEH YRZHO UHGXFWLRQ RU YRLFLQJ DVVLPLODWLRQ�GHYRLFLQJ� EXW
ZH HOLPLQDWHG RUWKRJUDSKLF DUWLIDFWV VXFK DV VHTXHQFHV RI LGHQWLFDO FRQVRQDQWV LQ ZRUGV VXFK
DV �ɤɢɥɨɝɪɚɦɦ! >NނLORܳUDP@ µNLORJUDP¶� ZKLFK DUH JHQHUDOO\ SURQRXQFHG DV VLQJOHWRQV �'PLWULHYD
������ :H DQQRWDWHG WKH GLPLQXWLYHV IRU YDULRXV IHDWXUHV VXFK DV VWUHVV ORFDWLRQ� SUHVHQFH RI
FOXVWHUV LQ LQLWLDO� PHGLDO DQG ILQDO SRVLWLRQ� SODFH DQG PDQQHU RI WKH ILQDO FRQVRQDQW� DQG WKH SUHV�
HQFH RI YRZHO KLDWXV� )RU EDVH VWUHVV� ZH IROORZHG =DOL]QMDN ������� IRU GLPLQXWLYH VWUHVV� ZH
DVVXPHG LW ZDV RQ WKH ODVW V\OODEOH IRU >�RN@ GLPLQXWLYHV� DQG LQ WKH VDPH ORFDWLRQ DV LQ WKH EDVH LQ
WKH GLPLQXWLYHV ZLWK >�LN@ DQG �@MLNݹ�< 0RQRV\OODEOHV ZHUH FRGHG DV KDYLQJ ILQDO VWUHVV� 7KH GLVWUL�
EXWLRQ RI WKHVH SKRQRORJLFDO IHDWXUHV DFURVV WKH VXEOH[LFRQV LV SORWWHG LQ )LJ� �� 7KH ILJXUH VKRZV
SURSRUWLRQV RI HDFK IHDWXUH LQ WKH VXEOH[LFRQV� :H VWDUW ZLWK GHVFULSWLYH REVHUYDWLRQV� D VWDWLVWLFDO
DQDO\VLV RI VRPH RI WKH WUHQGV DSSHDUV DW WKH HQG RI WKLV VHFWLRQ�

����� 'HVFULSWLYH OH[LFDO VWDWLVWLFV

3ODFH DQG PDQQHU RI DUWLFXODWLRQ RI WKH ODVW FRQVRQDQW� 2I DOO PDVFXOLQH QRXQV� DERXW ��� HQG LQ
GRUVDOV� EXW WKH SURSRUWLRQ RI GRUVDOV LQ WKH @MLNݹ�< DQG >�LN@ VXEOH[LFRQV LV FORVH WR ]HUR� 7KHUH DUH
FRQVLGHUDEO\ PRUH GRUVDO�ILQDO ZRUGV DPRQJ ZRUGV WKDW FRPELQH ZLWK >�RN@� KRZHYHU� 7KH PRVW
IUHTXHQW PDQQHU RI DUWLFXODWLRQ RI WKH ODVW FRQVRQDQW LQ OH[LFDO PDVFXOLQHV LV VWRS ������ IROORZHG
E\ OLTXLG ������ IULFDWLYH ������ DQG QDVDO ������ 7KHVH SURSRUWLRQV GR QRW GLIIHU GUDPDWLFDOO\ LQ
WKH >�LN@ DQG >�RN@ VXEOH[LFRQV� EXW VRQRUDQWV DUH QRWLFHDEO\ PRUH IUHTXHQW WKDQ REVWUXHQWV LQ WKH
@MLNݹ�< VXEOH[LFRQ� 3DUWO\ WKLV LV EHFDXVH ILQDO FRURQDO REVWUXHQWV²LQFOXGLQJ VWULGHQWV²DUH FRP�
SOHWHO\ DEVHQW IURP WKH @MLNݹ< VHW� LQ DQ 2&3�OLNH SDWWHUQ RI GLVVLPLODWLRQ� :RUGV WKDW HQG LQ >M@ PRVW
RIWHQ GLPLQXWLYL]H ZLWK �@MLNݹ�< DQG DOPRVW QHYHU ZLWK >�LN@ �DJDLQ� LQ D GLVVLPLODWRU\ SDWWHUQ�� )LQDO
FRQVRQDQW FOXVWHUV RFFXU LQ ��� RI PDVFXOLQHV DQG LQ ��� RI WKH QRXQV WKDW FRPELQH ZLWK >�LN@�
EXW WKH\ DUH SUDFWLFDOO\ XQDWWHVWHG LQ WKH @MLNݹ�< VXEOH[LFRQ ������ DQG WKH\ DUH UDUH LQ WKH >�RN@
VXEOH[LFRQ �����

6WUHVV DQG RWKHU QRQ�ORFDO SURSHUWLHV� 7KHUH LV D VWURQJ FRUUHODWLRQ EHWZHHQ V\OODEOH FRXQW DQG
FRPELQLQJ ZLWK DOO WKUHH GLPLQXWLYH VXIIL[HV� WKH VKRUWHU WKH QRXQ� WKH PRUH OLNHO\ LW LV WR KDYH D
GLPLQXWLYH IRUP LQ WKH FRUSXV� 0DVFXOLQH QRXQ EDVHV DV D ZKROH XVXDOO\ KDYH ILQDO VWUHVV �������
ZKLFK LQFOXGHV PRQRV\OODEOHV�� IROORZHG E\ PHGLDO ������� DQG LQLWLDO VWUHVV �������� /RRNLQJ DW
MXVW ZRUGV RI WKUHH RU PRUH V\OODEOHV� WKH SURSRUWLRQV DUH ��� ILQDO� ��� PHGLDO� DQG �� LQLWLDO �H[�
FOXGLQJ ZRUGV ZLWK VHFRQGDU\ VWUHVV RQ WKH ILUVW V\OODEOH�� 6WUHVV LV RYHUZKHOPLQJO\ ILQDO RQ QRXQV
WKDW FRPELQH ZLWK @MLNݹ�< DQG >�LN@� ZRUGV ZLWK PHGLDO RU LQLWLDO VWUHVV DUH XQGHUDWWHVWHG LQ DOO RI WKH
GLPLQXWLYH VXEOH[LFRQV� WKRXJK WKH\ DUH FRPSDUDWLYHO\ PRUH FRPPRQ LQ WKH >�RN@ VXEVHW WKDQ LQ
WKH RWKHU WZR� +LDWXV LV QRW SDUWLFXODUO\ UDUH²LW RFFXUV LQ �� RI WKH PDVFXOLQHV� ,W LV� KRZHYHU� UDUH
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LQ WKH @MLNݹ�< VXEOH[LFRQ ���� DQG LQ WKH >�LN@ DQG >�RN@ VXEOH[LFRQV ��� DQG �� UHVSHFWLYHO\�� 7KHVH
GLIIHUHQFHV DUH WRR VPDOO WR UHDFK VLJQLILFDQFH LQ WKH UHJUHVVLRQ ZH UDQ� EXW ZKHQ ZH LQVSHFWHG
WKH LWHPV LQ HDFK VXEOH[LFRQ PDQXDOO\� ZH VDZ RQO\ D IHZ ZRUGV ZH UHFRJQL]HG DV UHDO GLPLQX�
WLYHV �H�J�� >SD~N@�>SDXݹMyN@ µVSLGHU¶� >LGLyW@�>LGLyWނLN@ µLGLRW¶� >WURWXiU@�>WURWXiUݹMLN@ µVLGHZDON¶�� 0HGLDO
FRQVRQDQW FOXVWHUV RFFXU LQ ��� RI DOO PDVFXOLQHV� EXW WKH\ DUH IDU OHVV FRPPRQ LQ WKH GLPLQXWLYH
VXEOH[LFRQV� :H DOVR FRQVLGHUHG WKH GLVWULEXWLRQ RI YRZHOV RI GLIIHUHQW TXDOLW\ LQ ILQDO V\OODEOHV DQG
LGHQWLILHG VRPH WUHQGV WRZDUGV KHLJKW DQG URXQGLQJ KDUPRQ\ �FI� %HFNHU ���� RQ D VLPLODU WUHQG
LQ +HEUHZ QRXQ SOXUDOV�� /DVW V\OODEOH KLJK YRZHOV DUH FRQVLGHUDEO\ PRUH FRPPRQ DPRQJ ZRUGV
WKDW WDNH >�LN@� DQG URXQG YRZHOV DUH FRQVLGHUDEO\ PRUH FRPPRQ DPRQJ QRXQV WKDW WDNH >�RN@ �WKLV
LV QRW VKRZQ RQ WKH JUDSK��

7KHUH ZHUH D IHZ IHDWXUHV ZKRVH GLVWULEXWLRQ ZDV EDODQFHG DFURVV WKH VXEOH[LFRQV DQG QRW
VWDWLVWLFDOO\ GLIIHUHQW IURP WKH VHW RI PDVFXOLQHV DV D ZKROH� ZRUG�LQLWLDO FRQVRQDQW FOXVWHUV DQG
ILUVW V\OODEOH YRZHOV GLG QRW GLIIHU VLJQLILFDQWO\ �PRQRV\OODEOHV¶ YRZHOV ZHUH FRXQWHG DV ODVW YRZHOV
IRU WKH SXUSRVHV RI WKLV DQDO\VLV��

����� 6WDWLVWLFDO PRGHO IRU WKH OH[LFRQ

7R DVVHVV ZKLFK WUHQGV ZHUH VWDWLVWLFDOO\ VLJQLILFDQW� ZH ILWWHG D SRO\WRPRXV UHJUHVVLRQ �$USSH
����� SRO\WRPRXV SDFNDJH� WR WKH OH[LFRQ GDWD LQ 5 �5 'HYHORSPHQW &RUH 7HDP ������ 3RO\�
WRPRXV UHJUHVVLRQV DUH ORJLVWLF UHJUHVVLRQV ZLWK GHSHQGHQW YDULDEOHV WKDW KDYH PRUH WKDQ WZR
FDWHJRULFDO RXWFRPHV²LQ RXU FDVH� �@MLNݹ< >�LN@� >�RN@� DQG ³QRQH´� :H XVHG WKH RQH�YV�UHVW KHXULV�
WLF� ZKLFK ILWV D VHULHV RI ORJLVWLF UHJUHVVLRQV FRPSDULQJ HDFK OHYHO RI WKH GHSHQGHQW YDULDEOH ZLWK
WKH UHVW RI WKH JURXS �H�J�� @MLNݹ�< WDNHUV YV� >�LN@�>�RN@�³QRQH´�� 7KH VHW RI QRXQV WKDW GR QRW RFFXU
ZLWK GLPLQXWLYHV LV DQ RUGHU RI PDJQLWXGH ODUJHU WKDQ WKH GLPLQXWLYH VXEOH[LFRQV� ZKLFK FDQ VNHZ
WKH UHVXOWV ZKHQ WKH RQH�YV�UHVW KHXULVWLF LV XVHG� 7KXV� ZH WRRN D UDQGRP VDPSOH RI ��� QRXQV
IURP WKH ³QRQH´ FDWHJRU\ IRU WKLV UHJUHVVLRQ� �:H DOVR ILW D SRO\WRPRXV UHJUHVVLRQ WR WKH HQWLUH
GDWDVHW� ZLWKRXW VDPSOLQJ� DQG WKH UHVXOWV ZHUH TXDOLWDWLYHO\ VLPLODU WR WKH UHJUHVVLRQ ZH UHSRUW��
7DEOH � VKRZV WKH ORJ RGGV IRU HDFK SUHGLFWRU� E\ VXIIL[� /RJ RGGV DSSHDU LQ SDUHQWKHVHV IRU SUH�
GLFWRUV ZKRVH S YDOXHV H[FHHG ����� :KHQ D SUHGLFWRU LV VLJQLILFDQW LQ WKLV PRGHO� LW PHDQV WKDW WKH
OLNHOLKRRG RI HQGLQJ XS LQ WKH UHOHYDQW VXEFDWHJRU\ LQFUHDVHV �SRVLWLYH FRHIILFLHQWV� RU GHFUHDVHV
�QHJDWLYH FRHIILFLHQWV� IRU EDVHV WKDW KDYH WKH IHDWXUH HQFRGHG E\ WKH SUHGLFWRU FRPSDUHG WR WKH
OLNHOLKRRG RI HQGLQJ XS LQ WKH FDWHJRU\ ZLWKRXW WKH IHDWXUH�

$V FDQ EH VHHQ IURP WKH PRGHO� WKH OLNHOLKRRG RI >�RN@ LQFUHDVHV ZKHQ WKH EDVH QRXQ HQGV LQ
D GRUVDO� DQG WKH OLNHOLKRRG RI WKH RWKHU VXIIL[HV �LQFOXGLQJ µQRQH¶� GHFUHDVHV VLJQLILFDQWO\� $V IRU
PDQQHU� QDVDOV LQFUHDVH WKH FKDQFHV RI �@MLNݹ�< DSSUR[LPDQWV �O� U� OLNHZLVH LQFUHDVH WKH FKDQFHV
@MLNݹ�< DQG GHFUHDVH WKH FKDQFHV RI >�LN@� :RUG�ILQDO JOLGHV �M� Y� GHFUHDVH WKH FKDQFHV RI >�LN@� 7KH
TXDOLW\ RI WKH YRZHO LQ WKH ODVW V\OODEOH DOVR KDV DQ HIIHFW� KLJK YRZHOV GHFUHDVH WKH OLNHOLKRRG
RI >�LN@� DQG URXQG YRZHOV LQFUHDVH WKH OLNHOLKRRG RI >�RN@� LQ D NLQG RI YRZHO KDUPRQ\ SDWWHUQ �FI�
%HFNHU ���� IRU +HEUHZ SOXUDOV LQ >�RW@�� 7KH SUHVHQFH RI D FRQVRQDQW FOXVWHU DOVR DIIHFWV DIIL[DWLRQ
UDWHV� DQG WKLV HIIHFW LV QRW FRQILQHG WR WKH ODVW V\OODEOH� PHGLDO FOXVWHUV DUH VLJQLILFDQWO\ PRUH OLNHO\
LQ WKH ³QRQH´ VHW WKDQ LQ WKH >�LN@ DQG >�RN@ VHWV� :KHQ VWUHVV LV ILQDO� DIIL[DWLRQ ZLWK @MLNݹ�< DQG
>�LN@ LV PRUH OLNHO\ WKDQ WKH EDVHOLQH� DQG ZKHQ VWUHVV LV PHGLDO� DIIL[DWLRQ ZLWK >�RN@ LV OHVV OLNHO\�
0RQRV\OODEOHV DUH PRUH OLNHO\ WR GLPLQXWLYL]H ZLWK >�LN@ DQG >�RN@ DQG OHVV OLNHO\ WR GLPLQXWLYL]H ZLWK
�@MLNݹ�< SRO\V\OODELF ZRUGV DUH LQ JHQHUDO PRUH OLNHO\ WR KDYH QR GLPLQXWLYHV DW DOO� )LQDOO\� YRZHO
KLDWXV ZDV VLJQLILFDQWO\ OHVV OLNHO\ WR RFFXU LQ EDVHV WKDW FRPELQH ZLWK >�RN@ WKDQ LQ WKH RWKHU WZR
VXIIL[ VXEOH[LFRQV� KLDWXV ZDV VLJQLILFDQWO\ PRUH OLNHO\ LQ WKH ³QRQH´ VXEVHWV�

&ROOLQHDULW\ LV DOZD\V D FRQFHUQ ZLWK PRGHOLQJ DQ\ OH[LFRQ� VLQFH WKHUH DUH FRUUHODWLRQV EHWZHHQ
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³QRQH´ @MLNݹ�< >�LN@ >�RN@
,QWHUFHSW −0.6815 −4.736 −1.366 (−0.1948)
ODVW& GRU −0.4743 −3.379 −4.653 �����

ODVW& JOLGH (0.4075) �������� −1.816 ���������
ODVW& QDV −0.6685 ����� −1.32 −0.3231

ODVW& DSSUR[ −0.2752 ����� −0.7298 (−0.1582�
ILQDO�&& 1.078 −3.593 ������ −1.345

PHGLDO�&& ����� �������� −1.068 −2.095
KLDWXV 1.021 (−0.3324) −0.7363 −1.017

ILQDO�VWUHVV (−0.1879) ����� ����� −1.05
PHGLDO�VWUHVV ����� (−0.9343) �������� −2.143
PRQRV\OODELF −1.266 −1.139 ������ ������
ODVW9 KLJK 0.4137 (−0.1201) −0.4734 (−0.146)

ODVW9 URXQG −0.2382 �������� (−0.1535) ������
52 OLNHOLKRRG� ����� $,& ����� %,& ����� &ROOLQHDULW\ PHDVXUHV� ����≤κ≤������� ����≤9,)≤

��������

7DEOH �� 0RGHO IRU WKH OH[LFDO EDVHV¶ OLNHOLKRRGV RI DSSHDULQJ ZLWK YDULRXV GLPLQXWLYH DOORPRUSKV

SKRQRORJLFDO SURSHUWLHV �WKRXJK VHH :XUP DQG )LVLFDUR ���� IRU D GLIIHUHQW SHUVSHFWLYH RQ WKLV��
)RU H[DPSOH� 5\DQ ������ ILQGV WKDW 5XVVLDQ ZRUGV DUH PRUH OLNHO\ WR KDYH LQLWLDO VWUHVV WKH PRUH
FRQVRQDQWV WKH\ KDYH LQ WKHLU ILUVW�V\OODEOH RQVHW� FRUUHODWLRQV EHWZHHQ VWUHVV ORFDWLRQ DQG ZRUG�
ILQDO FRGDV ZRXOG DOVR EH XQVXSULVLQJ� 7KXV� ZH UHSRUW WKH FROOLQHDULW\ PHDVXUHV IRU WKH PRGHOV
VXPPDUL]HG LQ WKH SRO\WRPRXV UHJUHVVLRQ� 6LQFH WKH FRHIILFLHQW WDEOH VXPPDUL]HV IRXU VHSDUDWH
UHJUHVVLRQV� ZH VKRZ WKH UDQJH RI NDSSD �FRQGLWLRQ QXPEHU� YDOXHV DQG WKH YDULDQFH LQIODWLRQ
IDFWRUV IRU WKH PRGHOV� 7KH YDOXHV LQGLFDWH D UHODWLYHO\ ORZ GHJUHH RI FRUUHODWLRQ EHWZHHQ WKH
SUHGLFWRUV �%HOVOH\ HW DO� ������

��� 7UDLQLQJ WKH 8&/$ 3KRQRWDFWLF /HDUQHU RQ WKH VXEOH[LFRQV

:H QH[W WUDLQHG WKH 8&/$ 3KRQRWDFWLF /HDUQHU �+D\HV DQG :LOVRQ ����� RQ HDFK VXEOH[LFRQ RI
EDVHV DQG DIIL[HG GLPLQXWLYHV� 7KH OHDUQHU LV JLYHQ D OH[LFRQ �D OLVW RI SKRQRORJLFDO ZRUGV� RI D
ODQJXDJH� DQG D VHW RI IHDWXUHV WR GHVFULEH DOO WKH VHJPHQWDO DQG VXSUDVHJPHQWDO GLVWLQFWLRQV
WUDQVFULEHG LQ WKH OH[LFRQ� 7KH OHDUQHU WKHQ SRVLWV D JUDPPDU RI ZHLJKWHG PDUNHGQHVV FRQVWUDLQWV
WKDW FKDUDFWHUL]H WKH VWUXFWXUHV WKDW DUH XQDWWHVWHG RU XQGHUDWWHVWHG LQ WKH OH[LFRQ� 7KH FRQVWUDLQWV
JHQHUDOO\ UHIHU WR Q�JUDPV RI QDWXUDO FODVVHV DQG ZRUG HGJHV� DQG IRU H[DPSOH� JLYHQ D OH[LFRQ RI
(QJOLVK� WKH OHDUQHU ZLOO QRWLFH WKDW YHODU QDVDOV DUH XQDWWHVWHG ZRUG�LQLWLDOO\ DQG SRVLW D FRQVWUDLQW

�>�QDVDO� 'RUVDO@� ,Q RUGHU WR KHOS WKH OHDUQHU LGHQWLI\ JHQHUDOL]DWLRQV DERXW VWUHVV SKRQRORJ\� ZH
VXSSOLHG LW ZLWK D VWUHVV WLHU�

2QH OLPLWDWLRQ LQ WKH FRPSXWDWLRQDO LPSOHPHQWDWLRQ RI WKH OHDUQHU LV WKDW LW QHHGV DW OHDVW �����
SKRQRORJLFDO ZRUGV WR OHDUQ IURP� ZH WKXV PXOWLSOLHG WKH VXEOH[LFRQV WKDW ZH JRW IURP WKH 1�JUDPV
FRUSXV XQWLO WKDW WKUHVKROG ZDV UHDFKHG� 7R GHVFULEH WKH 5XVVLDQ VXEOH[LFRQV� ZH XVHG D IHDWXUH
VHW VLPLODU WR WKDW LQ +D\HV ������� 6LQFH RXU DIIL[HG GLPLQXWLYHV FRPH IURP DQ RUWKRJUDSKLF FRUSXV�
ZH KDG WR DGG VWUHVV WR WKH GLPLQXWLYHV IROORZLQJ WKH JHQHUDO UXOHV IRU VWUHVV LQ ZRUGV ZLWK WKHVH
DIIL[HV �VHH =DOL]QMDN ������ ZH SODFHG LW RQ ILQDO V\OODEOHV LQ DOO WKH >�RN@ ZRUGV� LQ WKH >�LN@ DQG

��



@MLNݹ�< ZRUGV� LW ZDV OHIW RQ WKH VDPH V\OODEOH DV LQ WKH EDVH DQG FRUUHFWHG E\ KDQG IRU WKH IHZ \HU
ZRUGV LQ ZKLFK VWUHVV PRYHV WR WKH OHIW ZKHQ WKH YRZHO GHOHWHV �H�J�� >NRYނyU@ µFDUSHW¶ YV� >NyYUނLN@
µFDUSHW�GLP¶��

7KH RXWSXW RI WKH OHDUQHU LV D VXEOH[LFDO SKRQRWDFWLF JUDPPDU RI FRQVWUDLQWV� DQG LW FDQ DOVR
EH XVHG WR DVVLJQ SUREDELOLW\ VFRUHV WR QHZ LWHPV LW KDV QRW EHHQ WUDLQHG RQ� 7KHVH VFRUHV UHIOHFW
WKH OLNHOLKRRG WKDW WKH QHZ LWHP EHORQJV WR WKH OH[LFRQ� $Q H[DPSOH RI WKH FRQVWUDLQW VHW JHQHUDWHG
IRU RQH RI WKH JUDPPDUV� WKH EDVH JUDPPDU IRU >�LN@� LV JLYHQ LQ 7DEOH �� (DFK FRQVWUDLQW LV DF�
FRPSDQLHG ZLWK D EULHI GHVFULSWLRQ� 6RPH FRQVWUDLQWV ZRUWK QRWLQJ DUH WKH FRQVWUDLQW DJDLQVW ILQDO
ODSVHV DQG WKH FRQVWUDLQW DJDLQVW LQLWLDO VWUHVV IROORZHG E\ D ODSVH� ZKLFK LV SDUW RI WKH UHTXLUHPHQW
WKDW >�LN@ EDVHV KDYH ILQDO VWUHVV� DQG WKH FRQVWUDLQWV DJDLQVW ILQDO GRUVDOV²WKHVH FRUUHVSRQG WR
3ROLYDQRYD¶V ������ REVHUYDWLRQV DERXW >�LN@� 6LQFH ZH REWDLQHG VL[ GLIIHUHQW VXEOH[LFRQV ZLWK ��
FRQVWUDLQWV HDFK� ZH ZLOO QRW GHVFULEH WKH FRQVWUDLQWV LQ GHWDLO �WKH IXOO JUDPPDUV FDQ EH YLHZHG RQ
WKH SURMHFW VLWH DW KWWSV���ILOHV�Q\X�HGX�PJ����SXEOLF�UXVVLDQ�GLPLQXWLYHV��� $V ZH ZLOO VKRZ� KRZ�
HYHU� WKH FXPXODWLYH ZHOO�IRUPHGQHVV RI HDFK EDVH DQG GHULYHG ZRUG LQ WKH UHVSHFWLYH VXEOH[LFRQ
ODUJHO\ SUHGLFWHG KRZ SHRSOH GLPLQXWLYL]HG WKH ZRUGV LQ WKH HOLFLWDWLRQ VWXG\�

� $Q (OLFLWDWLRQ 6WXG\

��� +\SRWKHVHV WR WHVW

:H H[SHFW WKDW LQ DQ HOLFLWDWLRQ VWXG\� SHRSOH¶V FKRLFH RI DIIL[HV ZLOO GHSHQG RQ WKH SKRQRWDFWLF ZHOO�
IRUPHGQHVV RI WKH EDVH DQG WKH GHULYHG ZRUG LQ HDFK DIIL[�GHILQHG VXEOH[LFRQ� 7R SXW LW GLIIHUHQWO\�
LI D QRXQ VRXQGV OLNH DQ >�RN@ EDVH� DQG LWV GLPLQXWLYH VRXQGV OLNH DQ >�RN@ GLPLQXWLYH� WKHQ WKH QRXQ
ZLOO FRPELQH ZLWK >�RN@²DQG KHUH� ³VRXQGV OLNH´ PHDQV ³UHFHLYHV D KLJK SUREDELOLW\ LQ WKH VXEOH[LFDO
SKRQRWDFWLF JUDPPDU´� :H H[SHFW WKDW SHRSOH ZLOO KDYH GLIILFXOW\ GLPLQXWLYL]LQJ ZRUGV WKDW UHFHLYH
D ORZ SUREDELOLW\ IURP DOO RI WKH GLPLQXWLYH VXEJUDPPDUV� ,I D ZRUG UHFHLYHV D KLJK SUREDELOLW\
IURP PRUH WKDQ RQH VXEJUDPPDU� WKH FKRLFH RI GLPLQXWLYH DIIL[ VKRXOG YDU\� 7KH UDWLQJV SHRSOH
DVVLJQ WR WKHLU RZQ GLPLQXWLYHV VKRXOG UHIOHFW WKH SKRQRWDFWLF ZHOO�IRUPHGQHVV RI WKH GLPLQXWLYH LQ
LWV VXEOH[LFDO JUDPPDU�

2XU WKHRU\ PDNHV D SUHGLFWLRQ WKDW GLVWLQJXLVKHV LW IURP DSSURDFKHV WR SKRQRORJLFDOO\ SUH�
GLFWDEOH PRUSKRORJ\ WKDW DUH HGJH�RULHQWHG� ,Q VXFK DSSURDFKHV� WKH FKRLFH RI DIIL[ LV GHWHUPLQHG
E\ SKRQRORJLFDO SURSHUWLHV RI WKH ZRUG HGJH WKDW WKH DIIL[ DWWDFKHV WR� )RU VXIIL[HV� WKH HQGV RI
ZRUGV VKRXOG PDWWHU� EHJLQQLQJV�PLGGOHV VKRXOG QRW� ([DPSOHV RI VXFK DSSURDFKHV LQFOXGH $OLJQ�
PHQW �0F&DUWK\ DQG 3ULQFH ����� DQG WKH DIIL[DWLRQ UXOHV RI WKH 0LQLPDO *HQHUDOL]DWLRQ /HDUQHU
�$OEULJKW DQG +D\HV ������ 6XFK DSSURDFKHV ZRXOG KDYH GLIILFXOW\ ZLWK D SDWWHUQ LQ ZKLFK SURSHU�
WLHV RI WKH PLGGOHV RU EHJLQQLQJV RI ZRUGV GHWHUPLQH VXIIL[DWLRQ SDWWHUQV�

��� 3DUWLFLSDQWV� GHVLJQ� DQG PDWHULDOV

����� 3DUWLFLSDQWV

7KHUH ZHUH �� SDUWLFLSDQWV LQ WKH VWXG\ ��� ZRPHQ� � PHQ�� DJHG ����� \HDUV �PHDQ DJH RI ����
$OO OLYHG LQ 0RVFRZ DW WKH WLPH RI WKH VWXG\ DQG ZHUH QDWLYH VSHDNHUV RI 5XVVLDQ� WKRXJK PRVW
KDG H[SHULHQFH ZLWK DW OHDVW RQH IRUHLJQ ODQJXDJH� 7KH\ ZHUH FRPSHQVDWHG WKH HTXLYDOHQW RI ���
IRU WKHLU WLPH� 7KH H[SHULPHQW ZDV FRQGXFWHG LQ 0RVFRZ E\ DQ H[SHULPHQWHU ZKR VSRNH 5XVVLDQ
QDWLYHO\�

��
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&RQVWUDLQW 'HVFULSWLRQ :HLJKW

>�VWUHVV@>�VWUHVV@ @:G� 6WUHVV WLHU 1R ILQDO VWUHVV ODSVHV �����

>�ODE��EDFN@ @:G 1R ILQDO SDODWDOL]HG ODELDOV �����

>�V\OO@>�YRLFH��V\OO@>�DSSUR[@ 6SHFLILF &&& FRQVWUDLQW �����

>�VRQ��YRLFH@>�YRLFH@ 9RLFH DJUHHPHQW �����

>�V\OO@ @:G 1R ILQDO YRZHOV �����

>:G >�VRQ��V\OO@>�ODWHUDO@ 6SHFLILF LQLWLDO && FRQVWUDLQW ����

>�FRQV��EDFN@>�V\OO@ 
&ނ& �����

>�EDFN��V\OO@>�KLJK��ORZ��EDFN@>�VRQ@ 6SHFLILF VHTXHQFH FRQVWUDLQW ����

>�GHOUHO@>�VRQ@ @:G 6SHFLILF ILQDO FOXVWHU FRQVWUDLQW �����

>�VWUHVV@>�VRQ@>�KLJK@ 6SHFLILF VWUHVV VHTXHQFH FRQVWUDLQW ����

>�VWUHVV@>�VWUHVV@� 6WUHVV WLHU 1R VWUHVV FODVK �����

>�YRLFH@>�FRQW��DQW@ 6SHFLILF && FRQVWUDLQW �����

>�VRQ��EDFN@>�YRLFH��ORZ��EDFN@>�VRQ@ 6SHFLILF VHTXHQFH FRQVWUDLQW �����

>�GHOUHO��YRLFH@>�VRQ��YRLFH@ 6SHFLILF YRLFLQJ VHTXHQFH FRQVWUDLQW �����

>�EDFN��V\OO@>�EDFN��V\OO@ 6SHFLILF 99 FRQVWUDLQW �����

>�V\OO@>�ORZ��V\OO@>�FRQW@ 6SHFLILF 99& FRQVWUDLQW �����

>�VWUHVV@>�V\OO@ 
9ғ 9 �����

>:G >�VWUHVV@ 9 9� 6WUHVV WLHU 1R LQLWLDO VWUHVV LQ ORQJHU ZRUGV �����

>�ODE@>�KLJK��V\OO@ 6SHFLILF && FRQVWUDLQW �����

>�ORZ@ @:G 1R ILQDO GRUVDOV�ORZ YRZHOV �����

>�QDVDO��ODE@>�DSSUR[��YRLFH@ 6SHFLILF && FRQVWUDLQW �����

>�ODWHUDO��YRLFH��EDFN@>�V\OO@ 6SHFLILF VHTXHQFH FRQVWUDLQW �����

>�DSSUR[��UHWUR@>�FRQV��ODE@ 6SHFLILF VHTXHQFH FRQVWUDLQW �����

>�EDFN��V\OO@>�QDVDO��ODE@ 6SHFLILF VHTXHQFH FRQVWUDLQW �����

>�YRLFH��EDFN��V\OO@>�YRLFH��VWULG@ 6SHFLILF VHTXHQFH FRQVWUDLQW �����

>�ODE@>�FRQW��EDFN@ 6SHFLILF FOXVWHU FRQVWUDLQW ����

>�GRU��EDFN@ @:G 1R ILQDO SDODWDOL]HG GRUVDOV �����

>�YRLFH��EDFN��V\OO@>�FRQW��EDFN��V\OO@ 6SHFLILF FOXVWHU FRQVWUDLQW �����

7DEOH �� $Q H[DPSOH VXEOH[LFDO SKRQRWDFWLF JUDPPDU IRU >�LN@ EDVHV� JHQHUDWHG E\ WKH 8&/$
3KRQRWDFWLF /HDUQHU

��



����� 3URFHGXUH

7KH H[SHULPHQWHU H[SODLQHG WR WKH SDUWLFLSDQW WKDW YDULRXV 5XVVLDQ ZRUGV ZRXOG DSSHDU RQ WKH
FRPSXWHU VFUHHQ� 7KH WDVN ZDV WR VD\ WKH ZRUG RXW ORXG ILUVW� DQG WKHQ SURYLGH RQH GLPLQXWLYH RI
LW²WKH ILUVW RQH WKDW RFFXUV WR WKH SDUWLFLSDQW� :H DOVR DVNHG SHRSOH WR UDWH WKH GLPLQXWLYHV WKH\
SURGXFHG� RQ D VFDOH RI � �ZRUVW� WR � �EHVW�� 3HRSOH ZHUH JLYHQ H[DPSOHV RI FRPPRQ GLPLQX�
WLYHV �>NDEO~N@∼>NԥEOXݹM�yN@ µKHHO¶� >NyOԥNԥO@∼>NԥODNyOݹ�ނMLN@ µEHOO¶� >PނiݹM@∼>PނiݹM�LN@ µEDOO¶�� DV ZHOO DV
H[DPSOHV RI GLPLQXWLYHV WKDW ZHUH TXHVWLRQDEOH DQG PLJKW JHW D UDWLQJ RI ³�´ �H�J�� >SUDIނpVԥU@ ∼
>SUDIނpVԥUނLN@ µSURIHVVRU¶�� 7KH ZRUG OLVW LQFOXGHG ��� UHDO QRXQV� PRVW GR QRW KDYH FRPPRQO\ XVHG
GLPLQXWLYHV� 6LQFH WKH WDVN ZDV GLIILFXOW� ZH LQFOXGHG D IHZ FRQWURO ZRUGV WKDW GR KDYH FRPPRQ
GLPLQXWLYHV �H�J�� >ND]iN@∼>Nԥ]DݹM�yN@ µ&RVVDFN¶�� (DFK SHUVRQ VDZ KDOI RI WKH WHVW ZRUGV ����� WZR
RI WKH SDUWLFLSDQWV ZRUNHG WKURXJK WKH HQWLUH OLVW�

����� 0DWHULDOV

7KH ZRUGV YDULHG DORQJ WKH GLPHQVLRQV WKDW 3ROLYDQRYD¶V GHVFULSWLRQV SUHGLFW WR EH UHOHYDQW WR DIIL[
FKRLFH� WKH SODFH DQG PDQQHU RI WKH ODVW FRQVRQDQW� WKH SUHVHQFH RI D FOXVWHU DW WKH HQG RI WKH
ZRUG� DQG WKH ORFDWLRQ DQG PRELOLW\ RI VWUHVV LQ WKH EDVH� 7KH QXPEHU RI ZRUGV LQ HDFK FDWHJRU\ LV
VKRZQ EHORZ� 1R ODELDO�ILQDO FOXVWHUV ZHUH LQFOXGHG²WKRVH WHQG WR EH VRPHZKDW XQFRPPRQ� DQG
ZH GLG QRW H[SHFW WKHP WR SDWWHUQ GLIIHUHQWO\ IURP ODELDO�ILQDO RU FOXVWHU�ILQDO ZRUGV �ERWK FRPELQH
ZLWK >�LN@� DV LQ >ܳyUS@�>ܳyUEނLN@ µKXPS¶�� :H DOVR LQFOXGHG �� ZRUGV WKDW KDG YRZHO VHTXHQFHV LQ
YDULRXV SRVLWLRQV �>ySނLXP@� >iLVW@� >DOނLiQGU@� HWF��� &HOOV WKDW DUH HLWKHU LPSRVVLEOH �H�J�� 5XVVLDQ
KDV QR GRUVDO QDVDOV� RU KDYH YHU\ IHZ PHPEHUV LQ WKH OH[LFRQ DUH PDUNHG ZLWK ³1$�´

���� 3ODFH�PDQQHU RI WKH ODVW FRQVRQDQW� FOXVWHUV

6WRS )ULFDWLYH 1DVDO /DWHUDO 5KRWLF 1R FOXVWHU &OXVWHU
FRU SDܳiWݔ ���� NDPtݔ ���� EނLGyQ ���� L[yOݹ ���� DEDݢ~U ���� EނpUNXW ���� pQWނLPݸ ����
GRU ND]iN ���� NyݢX[ ��� 1$ 1$ 1$ EiWނLN ���� pUNނMLWYݹ ���
ODE SނLUނLVNyS ���� UXNiI ��� DVWUDQyP ���� 1$ 1$ LSނMpUݹ ���� �

���� 6WUHVV ORFDWLRQ LQ EDVH DQG VWUHVV W\SH

)L[HG W\SH )LQDO W\SH 0RELOH W\SH
ILQDO DYiQV�DYiQV�L ���� EDUV~N�EԥUVXNނ�t ���� 1$
LQLWLDO iWԥP�iWԥP�L ���� 1$ SiUXV�SDUXV�i ����
PHGLDO DIWyEXV�DIWyEXV�L ���� 1$ XݹtWނLOނ�XݹLWނLOނ�i ���

����� $Q DVLGH RQ XVLQJ UHDO ZRUGV

:H XVHG UHDO ZRUGV EHFDXVH ZH H[SHFWHG GLPLQXWLYH IRUPDWLRQ WR GHSHQG RQ WKH OH[LFDO VWUHVV W\SH
RI WKH EDVH� 7KDW LV� SHRSOH PLJKW IRUP GLPLQXWLYHV GLIIHUHQWO\ GHSHQGLQJ RQ ZKHWKHU VWUHVV LV IL[HG
RQ VRPH V\OODEOH RI WKH VWHP� LV SUHGLFWDEO\ ILQDO� RU DOWHUQDWHV EHWZHHQ VWHP DQG VXIIL[ �3ROLYDQRYD
�������� 6WDQNLHZLF] ������ /H[LFDO VWUHVV W\SHV RI UHDO ZRUGV PD\ YDU\ IRU VRPH ZRUGV DQG IRU
VRPH VSHDNHUV� EXW ZH FRXOG H[SHFW DOO RI RXU VSHDNHUV WR H[KLELW VRPH FRQVLVWHQF\ LQ KRZ WKH\
WUHDWHG UHDO ZRUGV²RQ WKH RWKHU KDQG� HVWDEOLVKLQJ WKDW VRPH QRQFH ZRUGV KDYH PRELOH VWUHVV
DQG RWKHUV KDYH IL[HG VWUHVV ZRXOG UHTXLUH D FRPSOH[ PXOWL�VWDJH H[SHULPHQW�

��
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Productivity in the experiment

)LJXUH �� 2YHUDOO SURGXFWLYLW\ RI HDFK VXIIL[ LQ WKH H[SHULPHQW

%XW� UHDO ZRUGV GR SUHVHQW D SRWHQWLDO SUREOHP EHFDXVH WKH\ FDQ IDLO WR GLPLQXWLYL]H IRU QRQ�
SKRQRORJLFDO UHDVRQV� 7KLV PLJKW EH WKH FDVH IRU ZRUGV EHORQJLQJ WR D IRUPDO UHJLVWHU RU RQHV WKDW
SHRSOH ILQG RGG RU LQFRPSDWLEOH ZLWK D GLPLQXWLYH�H[SUHVVLYH VXIIL[� :H IRXQG� KRZHYHU� WKDW SHR�
SOH ZHUH KDSS\ WR GLPLQXWLYL]H >DMIyQ@→>DMIyQݹ�MLN@ µL3KRQH¶� >PDQނMiN@→>PԥQނMLݹM�yN@ µPDQLDF� VHULDO
NLOOHU¶ DQG >NԥQނLEiO@→>NԥQނLEiOݹ�ނMLN@ µFDQQLEDO¶� EXW KDG WURXEOH ZLWK >NOyXQ@ µFORZQ¶ DQG >yWSXVN@ µYD�
FDWLRQ¶� $PRQJ HVWDEOLVKHG OH[LFDO GLPLQXWLYHV� ZH ILQG >SԥQނLGނpOނQނLN@→>SԥQނLGނpOނQނLݹM�ԥN@ ³0RQGD\´�
EXW WKHUH LV QR GLPLQXWLYH IRU @pUNނMLWYݹ< ³7KXUVGD\´� ZKLFK LV SKRQRORJLFDOO\ QRW FRPSDWLEOH ZLWK DQ\
RI WKH DOORPRUSKV �HQGV LQ D FOXVWHU VR QR >�RN@ RU �@MLNݹ�< DQG LW LV GRUVDO�ILQDO VR QR >�LN@�� 7KXV�
ZH EHOLHYH WKDW VHPDQWLF�VW\OLVWLF IDFWRUV SOD\ DW EHVW D PLQRU UROH LQ WKLV H[SHULPHQW� 7KH VHFRQG
H[SHULPHQW �VHFWLRQ �� XVHV QRQFH ZRUGV� ZKLFK HOLPLQDWH VHPDQWLF IDFWRUV DOWRJHWKHU�

��� ([SHULPHQW UHVXOWV� RYHUDOO SDWWHUQV RI SURGXFWLRQ

:H FROOHFWHG ���� EDVH�GLPLQXWLYH SDLUV ZLWK UDWLQJV WKDW ZH FRXOG DQDO\]H� 3HRSOH IRUPHG ���
GLPLQXWLYHV ZLWK >�RN@� ��� ZLWK >�LN@� ��� ZLWK �@MLNݹ�< DQG �� ZLWK >�ԥN@� 7KH\ DOVR SURGXFHG �� IRUPV
ZLWK RWKHU H[SUHVVLYH VXIIL[HV �VXFK DV >�XݔNԥ@ RU >�LݔNԥ@� RU >�yQLݔ@ µRIIVSULQJ RI¶�� :H FRGHG WKHVH
DV ³RWKHU´� 7KHUH ZHUH �� JDSV� ZKHUH SHRSOH FRXOG QRW SURGXFH DQ\ GLPLQXWLYHV DW DOO� 7KH RYHUDOO
SURGXFWLYLW\ RI HDFK SDWWHUQ LV VXPPDUL]HG LQ WKH EDU SORW LQ )LJXUH �� 6LQFH WKH ILUVW WKUHH VXIIL[HV
DUH WKH PDLQ IRFXV RI RXU VWXG\ DQG WKH\ GZDUI WKH RWKHU SDWWHUQV LQ SURGXFWLYLW\� ZH IRFXV RQ WKHP
LQ WKH UHPDLQGHU RI WKH SDSHU�

)LJXUH � VKRZV WKH GLVWULEXWLRQ RI SKRQRORJLFDO SURSHUWLHV IRU WKH EDVHV WKDW DSSHDUHG ZLWK
HDFK VXIIL[� VRPH LOOXVWUDWLYH H[DPSOHV RI ZRUGV ZLWK DQG ZLWKRXW VXIIL[HV DUH JLYHQ LQ ���� DQG
����� 7KH HQWLUH GDWDVHW ZH FROOHFWHG LV DYDLODEOH RQ WKH VXSSOHPHQWDO PDWHULDOV SDJH IRU WKH
SURMHFW DW KWWSV���ILOHV�Q\X�HGX�PJ����SXEOLF�UXVVLDQ�GLPLQXWLYHV�� 7KH WRS OHIW SORW LQ )LJ� � SORWV
WKH EUHDNGRZQ RI SURSHUWLHV IRU DOO WKH QRXQ EDVHV LQ WKH H[SHULPHQW� 7KH UHPDLQLQJ ILJXUHV VKRZ
WKH GLVWULEXWLRQ RI WKHVH SURSHUWLHV DPRQJ WKH EDVHV WKDW SHRSOH DIIL[HG ZLWK HDFK DOORPRUSK� 7KHVH
SORWV DOORZ RQH WR FRPSDUH WKH UHODWLYH SURSRUWLRQ RI� VD\� FOXVWHU�ILQDO QRXQV WKDW ZHUH VXIIL[HG ZLWK
>�RN@ YV� >�LN@ RU �@MLNݹ< HYHQ WKRXJK WKH QXPEHU RI ZRUGV LQ HDFK FDWHJRU\ LV GLIIHUHQW� 7KXV� RXW
RI WKH ��� EDVHV WKDW SHRSOH VXIIL[HG ZLWK >�RN@� �� ZHUH FOXVWHU�ILQDO� DQG ��� HQGHG LQ 9&� IRU

��
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>�LN@� WKHUH ZHUH DERXW DV PDQ\ &&�ILQDO EDVHV DV 9&�ILQDO EDVHV ���� YV� ����� )HZHU EDVHV
ZLWK KLDWXV ZHUH VXIIL[HG ZLWK >�RN@ WKDQ ZLWK WKH RWKHU WZR VXIIL[HV� 7KH SRVLWLRQ RI VWUHVV LQ WKH
EDVH �LQLWLDO� PHGLDO� ILQDO� DOVR YDULHV E\ DOORPRUSK� LQLWLDO EDVHV FRPELQHG ZLWK >�RN@ IDU PRUH RIWHQ
WKDQ ZLWK >�LN@ RU �@MLNݹ�< 0HGLDO VWUHVV EDVHV DUH OHVV OLNHO\ WR FRPELQH ZLWK >�RN@ WKDQ ZLWK >�LN@ RU
�@MLNݹ�< KRZHYHU� :LWK UHVSHFW WR PDQQHU� VRQRUDQWV SUHIHUHQWLDOO\ FRPELQH ZLWK �@MLNݹ�< ZKHUHDV
IULFDWLYHV²ZKLFK ZHUH RYHUZKHOPLQJO\ VWULGHQW²WHQGHG WR DYRLG WKDW VXIIL[� SHRSOH VXIIL[HG PRVW
RI WKH IULFDWLYH�ILQDO EDVHV ZLWK >�LN@ RU >�RN@� )RU SODFH RI DUWLFXODWLRQ� GRUVDOV ZHUH PRVW RIWHQ
FRPELQHG ZLWK >�RN@� VRPHZKDW OHVV RIWHQ ZLWK �@MLNݹ�< DQG DOPRVW QHYHU ZLWK >�LN@�

���� 6HJPHQWDO FRQWHQW�V\OODEOH VWUXFWXUH� VRPH H[DPSOHV RI SHRSOH¶V SURGXFWLRQV

MLNݹ� �LN �RN
&OXVWHU NDPEiMQ�NDPEiMQݹ�MLN PԥWDݸtNO�PԥWDݸtNOނ�LN SyMLVW�SԥML]G�yN
'RUVDO MLNݹ�ԥNݸpUނԥN�ܳݸpUނܳ SDWVyOQX[�SDWVyOQX[ނ�LN PDQނMiN�PԥQނMiݹM�yN
&RURQDO DVWLUyLW�DVWLUyLGݹMLN �LNނSDܳiWݔ�SDܳiWݔ [yEԥW�[ԥEDW�yN
/DELDO SނLUނLVNyS�SނLUނLVNySݹMLN MLSނtVNԥS�MLSނtVNԥSނ�LN MLULS�yNݹ�LSނMpUݹ
+LDWXV NOyXQ�NOyXQݹ�MLN DQݹMyXV�DQݹMyXVނ�LN ySނLXP�DSނLXP�yN

���� 6WUHVV OH[LFDO W\SH DQG PRELOLW\� D IHZ H[DPSOHV RI SHRSOH¶V SURGXFWLRQV

PRYHG VWD\HG
LQLWLDO >yUGނLQ@ YV� >DUGނLQ�yN@ >NyQXV@ YV� >NyQXVނ�LN@
PHGLDO >DIWyEXV@ YV� >DIWԥEXV�yN@ >WDUiQWXO@ YV� >WDUiQWXOݹ�ނMLN@
ILQDO @ݢyނMLUWݹ< YV� @�yNݢLނMLUWݹ< >MXUނtVW@ YV� >MXUނtVWނ�LN@

��� 6WDWLVWLFDO DQDO\VLV RI VXIIL[ FKRLFH

7R XQGHUVWDQG ZKDW FRQGLWLRQHG WKH FKRLFH RI VXIIL[� ZH FRQGXFWHG WZR DQDO\VHV� )LUVW� ZH XVHG
WKH SUREDELOLW\ VFRUHV IURP WKH VXEOH[LFDO SKRQRWDFWLF JUDPPDUV WUDLQHG RQ EDVH DQG GLPLQXWLYH
SKRQRORJLFDO ZRUGV ZLWK HDFK VXIIL[� 6LQFH WKHVH VFRUHV DUH KROLVWLF DQG GR QRW DOORZ IRU DQ HDV\
H[DPLQDWLRQ RI WKH IDFWRUV DIIHFWLQJ VXIIL[ FKRLFH� ZH DOVR H[DPLQHG WKH HIIHFWV RI YDULRXV KDQG�
SLFNHG SKRQRORJLFDO SUHGLFWRUV� :H VWDUW ZLWK WKH PRUH VXFFHVVIXO DQDO\VLV� WKH VXEOH[LFDO SKRQR�
WDFWLF PRGHO�

����� 7KH VXEOH[LFDO SKRQRWDFWLF PRGHO

7KH SUHGLFWRUV ZH XVHG LQ WKH ILUVW DQDO\VLV DUH VKRZQ JUDSKLFDOO\ LQ )LJ� �� 7KLV ILJXUH ZDV
JHQHUDWHG DV IROORZV� :H WRRN DOO WKH EDVHV DQG DOO WKH �QRQ�JDS� GLPLQXWLYHV WKDW SHRSOH SURGXFHG
LQ WKH H[SHULPHQW� DQG ZH WHVWHG WKH SKRQRWDFWLF JUDPPDUV IRU HDFK VXEOH[LFRQ REWDLQHG IURP
WKH 1JUDPV FRUSXV RQ WKHVH EDVHV DQG GLPLQXWLYHV �UHFDOO VHFWLRQV ��� DQG ����� 7KH UHVXOWLQJ
YLRODWLRQV DUH VXPPHG DQG SORWWHG LQ WKH EDUSORWV� IRU H[DPSOH� LQ WKH @MLNݹ�< VXESORW RQ WKH OHIW�
WKH VKRUWHVW FROXPQ LV WKH RQH WKDW VKRZV WKH YLRODWLRQV RI WKH EDVHV DQG GLPLQXWLYHV WKDW SHRSOH
SURGXFHG ZLWK WKH @MLNݹ< VXIIL[� 7KH EDVH�GLPLQXWLYH VXEOH[LFDO JUDPPDUV IRU @MLNݹ< DVVLJQHG WKH
ZRUVW YLRODWLRQV WR WKRVH EDVHV DQG WKRVH GLPLQXWLYHV WKDW SHRSOH SURGXFHG ZLWK >�RN@� 7KH WDOOHU
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)LJXUH �� 6XPPHG YLRODWLRQ VFRUHV DVVLJQHG E\ JUDPPDUV WUDLQHG RQ EDVH DQG GLPLQXWLYH VXEOH[�
LFRQV� JURXSHG E\ SHRSOH¶V SURGXFWLRQ SDWWHUQV�

WKH FROXPQ� WKH PRUH YLRODWLRQV WKH H[SHULPHQWDO EDVHV DQG GLPLQXWLYHV JRW IURP WKH UHVSHFWLYH
VXEOH[LFDO JUDPPDU�� $V FDQ EH VHHQ IURP WKHVH JUDSKV� WKH FRUSXV�WUDLQHG VXEOH[LFDO JUDPPDUV
IRU D JLYHQ VXIIL[ DVVLJQ WKH EHVW �ORZHVW� VFRUHV WR WKH IRUPV WKDW SHRSOH SURGXFHG ZLWK WKDW VXIIL[�
7KLV SDWWHUQ LV FRQVLVWHQW ZLWK WKH K\SRWKHVLV WKDW SHRSOH DUH JXLGHG E\ WKH VXEOH[LFDO SKRQRWDFWLF
ZHOO�IRUPHGQHVV RI WKH EDVH DQG WKH GLPLQXWLYH ZKHQ WKH\ FKRRVH D VXIIL[ WR SXW RQ D EDVH�

$ SRO\WRPRXV ORJLVWLF UHJUHVVLRQ PRGHO ZDV ILWWHG IRU WKH FKRLFH RI DOORPRUSK� >�LN@ YV� >�RN@ YV�
@MLNݹ�< YV� ³QRQH�RWKHU´� :H XVHG WKH SRLVVRQ UHIRUPXODWLRQ KHXULVWLF� ZKLFK DFFRPPRGDWHV UDQGRP
VORSHV DQG LQWHUFHSWV IRU SUHGLFWRUV� 7KHUH ZHUH VL[ SUHGLFWRUV� GHULYHG IURP WKH VFRUHV DVVLJQHG WR
WKH H[SHULPHQWDO EDVHV DQG WKH GLPLQXWLYHV E\ VXEOH[LFDO JUDPPDUV� 7KH PRGHO ZLWK UDZ VFRUHV
SURGXFHG E\ WKH SKRQRWDFWLF OHDUQHU �SORWWHG LQ )LJ� �� IDLOHG WR FRQYHUJH� VR ZH VLPSOLILHG WKH
SUHGLFWRUV WR ³SDVV´ �� YLRODWLRQV� DQG ³IDLO´ �YLRODWLRQV!��� 7KH PRGHO VWUXFWXUH LV VXPPDUL]HG DV
DQ 5 IRUPXOD XQGHU WKH PRGHO FRHIILFLHQW WDEOH�

7KH ORJ�RGGV IURP WKH PRGHO DUH VXPPDUL]HG LQ 7DEOH �� 7KH ILUVW WZR URZV VKRZ WKH RYHUDOO
OLNHOLKRRG RI HDFK VXIIL[ DOORPRUSK FRPSDUHG WR WKH EDVHOLQH SRLVVRQ GLVWULEXWLRQ�� 7KXV� @MLNݹ�< DQG
>�RN@ DUH OHVV SURGXFWLYH WKDQ PLJKW EH H[SHFWHG E\ FKDQFH� DQG >�LN@ LV PRUH SURGXFWLYH� �7KLV
UHIOHFWV RXU FKRLFH RI VWLPXOL� QRW WKH SURGXFWLYLW\ RI WKHVH DOORPRUSKV LQ WKH ODQJXDJH� KRZHYHU��
7KH UHVW RI WKH WDEOH VKRZV KRZ WKH ORJ�RGGV RI FKRRVLQJ D SDUWLFXODU DOORPRUSK FRUUHODWH ZLWK WKH
EDVH SDVVLQJ WKH VXEOH[LFDO JUDPPDU WUDLQHG RQ EDVHV� DQG KRZ WKH\ FRUUHODWH ZLWK WKH GLPLQXWLYH
SDVVLQJ WKH JUDPPDU WUDLQHG RQ GLPLQXWLYHV� 3UHGLFWRUV WKDW DUH VLJQLILFDQW DW p < 0.05 DUH JLYHQ
ZLWKRXW SDUHQWKHVHV� SRVLWLYH ORJ�RGGV LQGLFDWH LQFUHDVHG OLNHOLKRRG� DQG QHJDWLYH ORJ�RGGV LQGL�

�)RU H[DPSOH� WDNH WKH EDVH >VORYiN@ µ6ORYDN¶ DQG WKH GLPLQXWLYHV SHRSOH SURGXFHG IRU WKLV IRUP� ZKLFK LQFOXGHG
>VORYDݹMyN@� >VORYiNݹMLN@� DQG >VORYiݹMLݔND@� (DFK RI WKH EDVH VXEJUDPPDUV IRU >LN@� >�RN@ DQG @MLNݹ ZDV WKHQ WHVWHG RQ WKH
H[SHULPHQWDO EDVH >VORYiN@� DQG HDFK GLPLQXWLYH VXEJUDPPDU ZDV WHVWHG RQ DOO WKH GLPLQXWLYHV SHRSOH SURGXFHG� 7KH
OHIWPRVW FROXPQ LQ WKH @MLNݹ< VXEJUDSK RI )LJ� � LQFOXGHV WKH VXPPHG VFRUHV WKDW WKH @MLNݹ�< JUDPPDU DVVLJQHG WR >VORYiN@
DQG >VORYiNݹMLN@� DQG WKH ULJKWPRVW FROXPQ LQ WKH VDPH VXEJUDSK VKRZV WKH VFRUHV WKLV JUDPPDU JDYH WR >VORYiN@ DQG
>VORYDݹMyN@�

�7KLV SRO\WRPRXV UHJUHVVLRQ VXPPDU\ LV UHDOO\ WKH VXPPDU\ RI D ODUJH KLHUDUFKLFDO �PL[HG HIIHFWV� SRLVVRQ UHJUHVVLRQ
WKDW LQFOXGHV WKH LQGLYLGXDO SUHGLFWRUV DQG WKHLU LQWHUDFWLRQV ZLWK VXIIL[ W\SH� 7KXV� ZKHQ ³RN�GLP´ LV VKRZQ DV KDYLQJ
ORJ�RGGV RI ������ LW PHDQV WKDW WKH OLNHOLKRRG RI D EDVH WKDW SDVVHG WKH ³RN�GLP´ JUDPPDU ZLWK D VFRUH RI � DQG KDG EHHQ
FKRVHQ ZLWK WKH ³RN´ VXIIL[ LV ����� WLPHV KLJKHU WKDQ WKH EDVHOLQH SRLVVRQ GLVWULEXWLRQ� 7KH VLJQLILFDQFH LV DVVHVVHG
EDVHG RQ WKH ]�YDOXH� :H DUH JUDWHIXO WR $QWWL $USSH IRU GLVFXVVLQJ WKH SRO\WRPRXV SDFNDJH ZLWK XV�

��



RWKHU MLNݹ �LN �RN
DOORPRUSK ��������� −0.516 ������ −1.358
RN�GLP (−24.54) (−24.98) (−24.11) �����
RN�EDVH �������� (−0.007772) −0.2988 (0.1333; S �����
LN�GLP −1.352 (−0.00141) ������ (−21.48)
LN�EDVH (−0.1836) −0.2938 (0.2277; S ������ �����������
MLN�GLPݹ −0.7275 ������ (−0.1542) (−22.47)
MLN�EDVHݹ �������� ���� (−0.1964) −0.3127

SRO\WRPRXV�DOORPRUSK ∼ RN�GLP � RN�EDVH � LN�GLP � LN�EDVH � MLN�GLPݹ � MLN�EDVHݹ � �� � RN�
GLP � RN�EDVH � LN�GLP � LN�EDVH � MLN�GLPݹ � �MLN�EDVH_SDUWLFLSDQWݹ � ��_EDVH�� KHXULVWLF ³SRLV�
VRQ�UHIRUPXODWLRQ´�
52OLNHOLKRRG� ������� $,&� ����� %,&� ����� 9,) ������� κ �����

&RUUHODWLRQ RI PRGHO¶V SUHGLFWLRQ ZLWK SHRSOH¶V FKRLFHV
.HQGDOO¶V τ �����
6SHDUPDQ¶V ρ ����
3HDUVRQ¶V SURGXFW�PRPHQW ����

7DEOH �� 0RGHO IRU DOORPRUSK FKRLFH LQ WKH HOLFLWDWLRQ VWXG\� ZLWK VXEOH[LFDO SKRQRWDFWLF JUDPPDU
SUHGLFWRUV

FDWH GHFUHDVHG OLNHOLKRRG� :H DOVR UHSRUW WKH FRUUHODWLRQV EHWZHHQ WKH VWDWLVWLFDO PRGHO¶V SUHGLFWHG
DOORPRUSK FKRLFHV DQG SHRSOH¶V SURGXFWLRQV�

$OO SUHGLFWRUV KDYH ORJ�RGGV WKDW JR LQ WKH ULJKW GLUHFWLRQ� EXW WKH\ GR QRW DOZD\V UHDFK VLJ�
QLILFDQFH DW p < 0.05� 7KXV� SDVVLQJ WKH JUDPPDU WUDLQHG RQ OH[LFDO >�RN@ GLPLQXWLYHV� RN�GLP�
VLJQLILFDQWO\ LQFUHDVHV WKH OLNHOLKRRG RI D EDVH DSSHDULQJ ZLWK WKH >�RN@ VXIIL[ LQ WKH SURGXFWLRQ
VWXG\� 7KH JUDPPDU WUDLQHG RQ >�RN@ EDVHV� RN�EDVH� WUHQGV LQ WKH VDPH GLUHFWLRQ EXW IDLOV WR UHDFK
VLJQLILFDQFH IRU >�RN@� GRLQJ ZHOO LQ WKDW JUDPPDU GRHV� KRZHYHU� VLJQLILFDQWO\ LQFUHDVH WKH FKDQFHV
RI EHLQJ DIIL[HG ZLWK >�LN@� 7KH ZRUGV WKDW GLG ZHOO LQ WKH >�LN@ GLPLQXWLYH JUDPPDU ZHUH PRUH OLNHO\
WR HQG XS ZLWK >�LN@ DQG OHVV OLNHO\ WR HQG XS VXIIL[HG ZLWK ³RWKHU´� 7KH SUHGLFWRU IRU WKH JUDPPDU
WUDLQHG RQ >�LN@ EDVHV WUHQGV LQ WKH ULJKW GLUHFWLRQ IRU >�LN@� EXW GRHV QRW UHDFK VLJQLILFDQFH� EHLQJ
D JRRG >�LN@ EDVH LV QHJDWLYHO\ DVVRFLDWHG ZLWK EHLQJ VXIIL[HG ZLWK �@MLNݹ�< *HWWLQJ D JRRG VFRUH
IURP HLWKHU JUDPPDU WUDLQHG RQ @MLNݹ�< LQFUHDVHV WKH FKDQFHV RI EHLQJ VXIIL[HG ZLWK �@MLNݹ�< *RRG
@MLNݹ�< GLPLQXWLYHV DUH OHVV OLNHO\ WR HQG XS LQ ³RWKHU´� DQG JRRG @MLNݹ�< EDVHV DUH OHVV OLNHO\ WR HQG XS
VXIIL[HG ZLWK >�RN@�

%RWK WKH EDVH DQG WKH GLPLQXWLYH JUDPPDUV KDYH DQ HIIHFW LQ WKH PRGHO� EXW GLPLQXWLYH JUDP�
PDUV FDUU\ WKH OLRQ VKDUH RI WKH ZRUN� 7KLV FDQ EH VHHQ IURP WKH PDJQLWXGH RI WKH HVWLPDWHV²
GLPLQXWLYH JUDPPDUV FRQVLVWHQWO\ KDYH ODUJHU ORJ�RGGV HVWLPDWHV WKDQ FRUUHVSRQGLQJ EDVHV� %XW
WKH EDVH JUDPPDUV DUH VWLOO GRLQJ VRPHWKLQJ LQ WKH PRGHO²WKH 5� OLNHOLKRRG RI WKH IXOO PRGHO
LV ODUJHU WKDQ WKDW RI WKH PRGHO LQFOXGLQJ RQO\ WKH GLPLQXWLYH JUDPPDUV �5� ������ $,& �����
%,& ����� KLJKHU 5� DQG ORZHU $,&�%,& QXPEHUV LQGLFDWH EHWWHU ILW��

��



³QRQH´ @MLNݹ�< >�LN@ >�RN@
,QWHUFHSW −0.9156 ��������� ����� �����
ILQDO�&& (−0.3778) −1.163 �������� −2.148

ODVW& GRU (−0.711) (−0.2564) −2.361 (−0.3146)
ODVW& VRQ �������� ����� −0.7354 (−0.2002)
ILQDO�VWUHVV �������� ������ ������ −0.6351

PHGLDO�VWUHVV �������� ���������� �������� −1.953
KLDWXV −1.64 −1.571 −1.805 −3.022

52OLNHOLKRRG ����� $,& ����� %,& ����� 9,) ������ κ �����
SRO\WRPRXV�ILQDO�&& � ODVW& GRU � ODVW& VRQ � ILQDO�VWUHVV � PHGLDO�VWUHVV � KLDWXV � ��� IL�
QDO�&& � ODVW& GRU � ODVW& VRQ� ILQDO�VWUHVV� PHGLDO�VWUHVV� KLDWXV_ SDUWLFLSDQW�� KHXULVWLF ³SRLV�
VRQ�UHIRUPXODWLRQ´�

&RUUHODWLRQV EHWZHHQ PRGHO SUHGLFWLRQ DQG SHRSOH¶V SURGXFWLRQV
.HQGDOO¶V τ ����

6SHDUPDQ¶V ρ ����
3HDUVRQ¶V SURGXFW�PRPHQW ����

7DEOH �� 3RO\WRPRXV UHJUHVVLRQ WDEOH IRU WKH HOLFLWDWLRQ H[SHULPHQW� KDQGSLFNHG SUHGLFWRUV

����� 7KH KDQGSLFNHG SUHGLFWRU PRGHO

7KLV VHFWLRQ PRGHOV WKH HOLFLWDWLRQ VWXG\ UHVXOWV ZLWK KDQGSLFNHG SKRQRORJLFDO SUHGLFWRUV WKDW HQ�
FRGH WKH SKRQRORJLFDO SURSHUWLHV RI EDVHV� 7KH SXUSRVH RI H[DPLQLQJ WKLV PRGHO LV �� WR HQVXUH
WKDW WKH SKRQRORJLFDO YDULDEOHV ZHPDQLSXODWHG LQ FKRRVLQJ WKH VWLPXOL DUH DFWXDOO\ KDYLQJ DQ HIIHFW�
�� WR SUHVHQW D KXPDQ�UHDGDEOH VXPPDU\ RI WKH HIIHFWV WKDW WKH SKRQRWDFWLF GLIIHUHQFHV EHWZHHQ
EDVHV KDYH RQ DOORPRUSK FKRLFH� DQG �� WR VKRZ KRZ PXFK YDULDQFH VWLOO HVFDSHV WKH KDQG�SLFNHG
SUHGLFWRU PRGHO FRPSDUHG WR WKH VXEOH[LFDO SKRQRWDFWLF PRGHO LQ 7DEOH ��

7KH GHSHQGHQW YDULDEOH LQ WKH PRGHO ZDV WKH FKRLFH RI VXIIL[ �@MLNݹ�<� >�LN@� >�RN@ DQG ³RWKHU´��
7KH SUHGLFWRUV ZHUH DQDORJRXV WR WKH PRGHO IRU WKH OH[LFRQ UHSRUWHG LQ VHFWLRQ ���� H[FHSW WKDW LW
DOVR LQFOXGHV D UDQGRP LQWHUFHSW IRU ³ZRUG´ �EDVH QRXQ� DQG D UDQGRP LQWHUFHSW IRU SDUWLFLSDQW� DV
ZHOO DV UDQGRP VORSH IRU DOO WKH SUHGLFWRUV�

7KH PRGHO ORJ RGGV DUH VXPPDUL]HG LQ 7DEOH �� 3RVLWLYH ORJ RGGV PHDQ WKH EDVH LV PRUH
OLNHO\ WR HQG XS LQ WKH VXIIL[¶V FDWHJRU\ ZLWK WKH IHDWXUH HQFRGHG E\ WKH SUHGLFWRU WKDQ RQH PLJKW
H[SHFW JLYHQ WKH EDVHOLQH OLNHOLKRRGV RI HDFK VXIIL[� :KHQ WKH ORJ RGGV DUH JLYHQ LQ SDUHQWKHVHV�
WKHLU HIIHFWV GLG QRW UHDFK VLJQLILFDQFH DW p < 0.05� )RU H[DPSOH� EDVHV ZLWK ILQDO FOXVWHUV� VXFK
DV >PԥWDݸtNO@ µPRWRUF\FOH¶� DUH OHVV OLNHO\ WR EH GLPLQXWLYL]HG ZLWK >�RN@ DQG �@MLNݹ< )LQDO GRUVDOV
GHFUHDVH WKH OLNHOLKRRG RI >�LN@� )LQDO VRQRUDQWV LQFUHDVH WKH OLNHOLKRRG RI �@MLNݹ�< EXW GHFUHDVH WKH
OLNHOLKRRG RI >�LN@� )LQDO VWUHVV LQFUHDVHV WKH OLNHOLKRRG WKDW >�LN@ RU @MLNݹ< ZRXOG EH FKRVHQ �DQG
SHUKDSV DV D UHVXOW DOVR GHFUHDVHV WKH FKDQFHV RI >�RN@� DOEHLW XQH[SHFWHGO\�� 7KH VXIIL[ >�RN@ LV
VLJQLILFDQWO\ OHVV OLNHO\ WR DSSHDU RQ ZRUGV ZLWK PHGLDO VWUHVV� DQG LW LV PXFK OHVV OLNHO\ WR DSSHDU
RQ ZRUGV ZLWK KLDWXV FRPSDUHG WR WKH RWKHU VXIIL[HV �DOWKRXJK KLDWXV LV LQ JHQHUDO XQOLNHO\�� 7KLV
UHJUHVVLRQ PRGHO KDV VRPH SUREOHPV� GXH WR WKH KLJK FRUUHODWLRQV EHWZHHQ OH[LFDO SURSHUWLHV RI
WKH EDVHV ZH FRXOG FKRRVH IURP� EXW LW VWLOO PDQDJHV WR DFKLHYH D PRGHVW PDWFK ZLWK SHRSOH¶V
FKRLFHV� 6WLOO� FRPSDUHG WR WKH VXFFHVV RI WKH IXOO PRGHO LQ WKH SUHYLRXV VHFWLRQ �FRUUHODWLRQV
DURXQG �������� WKH KDQGSLFNHG PRGHO LV LQIHULRU�

��



@MLNݹ< >�LN@ >�RN@
D� )LQDO V\OODEOH QR ILQDO && ! QRW UHVWULFWHG! QR ILQDO &&!
E� )LQDO & SODFH QR ILQDO GRUVDOV QR ILQDO GRUVDOV! QRW UHVWULFWHG
F� 6WUHVV ORFDWLRQ PXVW EH ILQDO! PXVW EH ILQDO! QRW PHGLDO!
G� )LQDO & PDQQHU SUHIHUV VRQRUDQWV! QRW UHVWULFWHG QRW UHVWULFWHG

7DEOH �� 6XSSRUW IRU 3ROLYDQRYD¶V REVHUYDWLRQV� $ FKHFN PDUN LQGLFDWHV WKDW WKH HIIHFW ZDV VXS�
SRUWHG LQ WKH HOLFLWDWLRQ VWXG\

2QH RI WKH UHDVRQV IRU WKLV LV WKDW WKH KDQGSLFNHG SUHGLFWRU PRGHO HQFRGHV RQO\ WKH SURSHUWLHV RI
EDVHV� QRW WKH UHVXOWLQJ GLPLQXWLYHV� 7KH VXEOH[LFDO PRGHO KDV ERWK� 2QH FRXOG LQFOXGH SUHGLFWRUV
FRGLQJ WKH SKRQRWDFWLF SURSHUWLHV RI GHULYHG ZRUGV LQ WKH KDQGSLFNHG PRGHO� DV ZHOO� EXW WKDW LV D
SUREOHPDWLF PRYH� WKH SURSHUWLHV D OLQJXLVW ZRXOG FKRRVH DV FKDUDFWHUL]LQJ WKH GHULYHG ZRUGV �H�J��
VWUHVV LV ILQDO RQ >�RN@� VWUHVV LV SHQXOWLPDWH DQG SDODWDOL]DWLRQ DSSOLHV LQ >�LN@ ZRUGV� DQG VR RQ� DUH
MXVW DV OLNHO\ WR EH WKH UHVXOW RI DGGLQJ WKH VXIIL[HV DV EH SUHGLFWRUV RI WKHP� WKH FDXVH DQG HIIHFW
KHUH DUH GLIILFXOW WR GLVHQWDQJOH� ,Q DQ\ FDVH� LW VKRXOG EH NHSW LQ PLQG WKDW WKHVH WZR PRGHOV DUH
LQ SDUW DWWHPSWLQJ WR H[SODLQ WKH VDPH WKLQJ� 7KH\ ERWK XVH SKRQRORJLFDO SURSHUWLHV FKDUDFWHUL]LQJ
WKH RYHUDOO SKRQRWDFWLFV RI ZRUGV XQGHUJRLQJ DIIL[DWLRQ� EXW LQ WKH FDVH RI WKH VXEOH[LFDO PRGHO� WKH
SURSHUWLHV ZHUH GLVFRYHUHG E\ D PDFKLQH OHDUQHU� ZKHUHDV LQ WKH FDVH RI WKH KDQGSLFNHG PRGHO�
WKH\ ZHUH FKRVHQ E\ WKH DQDO\VWV�

)LQDOO\� RXU VWXG\ FRQILUPHG PDQ\ RI 3ROLYDQRYD¶V ������ REVHUYDWLRQV� DV VXPPDUL]HG LQ WKH
WDEOH EHORZ�� 7KH HIIHFWV IRU ZKLFK ZH IRXQG TXDQWLWDWLYH VXSSRUW DUH PDUNHG ZLWK D FKHFN PDUN�

��� 5DWLQJV

7KH H[SHULPHQW DVNHG SHRSOH WR SURGXFH D GLPLQXWLYH IRU HDFK EDVH HYHQ LI WKH\ GLG QRW OLNH WKH
UHVXOWLQJ IRUP� DQG WKLV LV UHIOHFWHG LQ WKHLU UDWLQJV� :H SUHVHQW D VXPPDU\ RI WKH UDWLQJV JUDSKL�
FDOO\ KHUH� 7KH UDWLQJV DUH FRQVLVWHQW ZLWK WKH DIIL[ VHOHFWLRQ SDWWHUQV� SHRSOH WHQGHG WR FKRVH DQ
DIIL[ IRU D EDVH LI LW GLG ZHOO LQ WKH VXEOH[LFDO SKRQRWDFWLF JUDPPDU WUDLQHG RQ WKH EDVHV DQG WKH
GLPLQXWLYHV ZLWK WKDW DIIL[� 7KH SORWV VKRZ WKH UDWLQJV IRU ZRUGV WKDW SHRSOH SURGXFHG ZLWK HDFK
VXIIL[ VHSDUDWHO\� DQG WKH\ VKRZ WKH GHQVLW\ SORWV IRU WKRVH UDWLQJV¶ GLVWULEXWLRQV DORQJ WKH VFDOH
IURP � �ZRUVW� WR � �EHVW�� )RU H[DPSOH� WKH OHIWPRVW XSSHU SORW VKRZV WKDW WKH IRUPV WKDW SHRSOH
SURGXFHG ZLWK @MLNݹ�< JRW PRUH UDWLQJV RI ³�´ ZKHQ WKH EDVH SDVVHG WKH JUDPPDU WUDLQHG RQ OH[LFDO
@MLNݹ�< EDVHV²WKH EHDQ LV WKLFNHVW RQ WRS� 7KH DYHUDJH UDWLQJ ZDV ORZHU IRU WKH EDVHV WKDW GLG QRW
SDVV WKH @MLNݹ< EDVH JUDPPDU� VKRZQ RQ WKH OHIW EHDQ LQ WKDW SORW� 7KH OHIWPRVW ERWWRP SORW VKRZV
WKH UDWLQJV IRU KRZ WKH VDPH IRUPV GLG LQ WKH JUDPPDU WUDLQHG RQ @MLNݹ< GLPLQXWLYHV�

6LQFH WKH UDWLQJV WHOO WKH VDPH VWRU\ DV WKH DIIL[ FKRLFH SDWWHUQV� ZH GR QRW DQDO\]H WKHP
VWDWLVWLFDOO\ KHUH WR VDYH VSDFH�

�3ROLYDQRYD GHYRWHV D ORW RI DWWHQWLRQ WR ILQDO �@ݸ< ZKLFK LV VXSSRVHG WR GLVIDYRU >�LN@� :H GLG QRW LQYHVWLJDWH WKLV�
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)LJXUH �� 5DWLQJV SHRSOH JDYH IRU WKH ZRUGV WKH\ SURGXFHG ZLWK �@MLNݹ�< >�LN@� DQG >�RN@� JURXSHG E\
ZKHWKHU WKH EDVHV DQG GLPLQXWLYHV SDVVHG WKH UHVSHFWLYH DIIL[HV¶ VXEOH[LFDO SKRQRWDFWLF JUDPPDUV
�WUXH� RU IDLOHG WKHP �IDOVH�� 7KH ZKLWH GRW VKRZV WKH PHDQ�

� $ 1RQFH :RUG 6WXG\

:H QH[W FRQGXFWHG D QRQFH ZRUG VWXG\ �ZXJ VWXG\� %HUNR ����� WKDW ZDV GHVLJQHG WR WHVW WKH
HIIHFWV RI QRQORFDO SURSHUWLHV RI EDVHV RQ DOORPRUSK FKRLFH� 7KH HOLFLWDWLRQ VWXG\ LGHQWLILHG KLDWXV
DQG PHGLDO VWUHVV DV SRVVLEOH QRQORFDO SURSHUWLHV RI LQWHUHVW� ,I WKLV IHDWXUH RI GLPLQXWLYH IRUPDWLRQ
LV SURGXFWLYH� ZH KDYH VXSSRUW IRU RXU PRGHO WKDW GLIIHUHQWLDWHV LW IURP FHUWDLQ DOWHUQDWLYHV� )RU
H[DPSOH� WKH0LQLPDO *HQHUDOL]DWLRQ /HDUQHU �$OEULJKW DQG +D\HV ����� FDQQRW ILQG RU FKDUDFWHUL]H
VXFK JHQHUDOL]DWLRQV DERXW PLGGOHV RI ZRUGV� DV ZH VKRZ LQ ���� :H IXUWKHU H[SHFW WKDW ERWK WKH
EDVH DQG GLPLQXWLYH ZHOO�IRUPHGQHVV ZLOO DIIHFW DOORPRUSK FKRLFH� ZKLFK GLVWLQJXLVKHV RXU WKHRU\
IURP DSSURDFKHV WKDW DOORW DOO RI WKH VHOHFWLRQ WR WKH LQSXW RU WKH RXWSXW� VXFK DV LQSXW�RULHQWHG
VXEFDWHJRUL]DWLRQ IUDPHV �3DVWHU ����� (PELFN ������ RXWSXW ILOWHU�&RQWURO WKHRU\ �%\H ������ DQG
SURGXFW�RULHQWHG VFKHPDWD �%\EHH ����� .DSDWVLQVNL ������ 6RPH RI WKHVH PRGHOV DUH GLVFXVVHG
LQ PRUH GHWDLO LQ VHFWLRQ ��

,Q WKLV H[SHULPHQW� ZH XVH D ODUJH QXPEHU RI LWHPV WKDW DUH SKRQRWDFWLFDOO\ GLYHUVH� DQG ZH
H[SHFW WKDW WKH RQHV WKDW GR EHWWHU LQ DOORPRUSK�GHILQHG VXEOH[LFRQV ZLOO EH PRUH OLNHO\ WR EH FKRVHQ
ZLWK WKRVH VXEOH[LFRQV� :H DOVRPDQLSXODWH WKH VWLPXOL LQ D WDUJHWHG ZD\ WR FRPSDUH FKDUDFWHULVWLFV
VXFK DV WKH SUHVHQFH RU DEVHQFH RI KLDWXV� WKH ORFDWLRQ RI VWUHVV� DQG WKH SUHVHQFH RI PHGLDO
FRQVRQDQW FOXVWHUV�

��



+LDWXV 1R KLDWXV
0HGLDO VWUHVV SXG~DO ���� SXG~ODO ����
)LQDO VWUHVV LiUނLOݔ ���� LQiUނLOݔ ����

7DEOH �� 6WLPXOXV GHVLJQ IRU WKH H[SHULPHQW� KLDWXV

��� 0HWKRGV

����� 0DWHULDOV

7KH H[SHULPHQW WHVWHG D WRWDO RI ��� QRQFH PDVFXOLQH QRXQV� 7R VWXG\ WKH HIIHFWV RI YRZHO KLDWXV�
ZH XVHG ��� LWHPV� +DOI RI WKHVH QRXQV LQFOXGHG YRZHO�YRZHO VHTXHQFHV� DQG WKH RWKHU KDOI KDG
WKH VDPH YRZHOV VHSDUDWHG E\ D FRQVRQDQW� DV VKRZQ LQ WDEOH �� :H DOVR PDQLSXODWHG VWUHVV� LQ
KDOI RI WKH QRXQV� WKH ILUVW RI WKH WZR YRZHOV ZDV VWUHVVHG� DQG LQ WKH RWKHU KDOI²WKH VHFRQG�

:H DOVR WHVWHG WKH HIIHFWV RI PHGLDO DQG ILQDO FOXVWHUV� ZLWK ��� LWHPV� 2I WKHVH� �� KDG D &&
VHTXHQFH LQ WKH PLGGOH �H�J�� VҸXEPiU�� �� HQGHG LQ && �H�J�� [ҸLUiVQ�� DQG �� KDG QR FRQVRQDQW
FOXVWHUV �H�J�� VXQҸpV�� 7KH QR�FOXVWHU JURXS LQFOXGHG �� GRUVDO�ILQDO VWHPV �H�J�� UDҘy[� DQG ��
VWHPV WKDW HQGHG LQ SDODWLOL]HG FRQVRQDQWV �Qނ�Pނ� Uނ� Vݹ�ނMނݕݕ�ݔ��� 7KH PDLQ PDQLSXODWLRQ LQ WKLV VWLPX�
OXV VHW ZDV WR ELDV WKH FKRLFH WRZDUG FHUWDLQ DOORPRUSKV� WKXV� GRUVDO�ILQDO EDVHV DUH VXSSRVHG WR
FRPELQH RQO\ ZLWK >�RN@� DQG VWULGHQW�ILQDO EDVHV VKRXOG FRPELQH ZLWK HLWKHU >�RN@ RU >�LN@ EXW QRW ZLWK
�@MLNݹ�< &&�ILQDO EDVHV VKRXOG FRPELQH ZLWK >�LN@ RQO\� 7KH QRQFH ZRUGV ZLWK PHGLDO FOXVWHUV KDG
ILQDO FRQVRQDQWV WKDW ZHUH FRPSDWLEOH ZLWK DQ\ RI WKH DOORPRUSKV� EXW WKH PHGLDO FOXVWHUV WKHP�
VHOYHV ZHUH XQGHUDWWHVWHG LQ WKH VXEOH[LFRQ IRU DW OHDVW RQH RI WKH DOORPRUSKV EXW ZHUH DOORZHG
E\ WKH VXEOH[LFDO JUDPPDU RI RQH RI WKH RWKHU DOORPRUSKV� )RU H[DPSOH� WKH QRQFH ZRUG >EނDݸ[iO@
JHWV D YLRODWLRQ VFRUH RI ����� IURP WKH @MLNݹ�< EDVH JUDPPDU DQG D VFRUH RI ����� IURP WKH >�RN@
EDVH JUDPPDU� EXW LWV YLRODWLRQ VFRUH LQ WKH >�LN@ JUDPPDU LV �� 7KXV� ZH ZRXOG H[SHFW WKLV ZRUG WR
EH FKRVHQ ZLWK >�LN@ PRVW RIWHQ �DQG LQGHHG LW ZDV�� )RU WKH QRQFH ZRUG >EނXOނEނyOނ@� WKH VFRUHV ZHUH
�@MLNݹ< �� >�RN@� ������� >�LN@� ������ :H H[SHFWHG SHRSOH WR FKRRVH WKH VXIIL[ @MLNݹ< IRU WKLV ZRUG PRVW
RIWHQ� 7R IDFWRU RXW WKH HIIHFWV RI VWUHVV SRVLWLRQ� ZH UHFRUGHG DOO ��� RI WKHVH QRQFH ZRUGV ZLWK
ILQDO VWUHVV� VLQFH DOO WKUHH DOORPRUSKV FRPELQH ZLWK ILQDO VWUHVV QRXQV� )LQDOO\� ZH YHULILHG WKDW RXU
VWLPXOL ZHUH SDVVDEOH QRXQV RI 5XVVLDQ LQ WZR ZD\V� E\ LQVSHFWLQJ WKHP XVLQJ RXU QDWLYH LQWXLWLRQV�
DQG E\ WUDLQLQJ WKH 8&/$ 3KRQRWDFWLF /HDUQHU RQ WKH IXOO OLVW RI 5XVVLDQ PDVFXOLQHV DQG KDYLQJ
WKH UHVXOWLQJ JUDPPDU UDWH WKH VWLPXOL� $OO RI WKH VWLPXOL UHFHLYHG D SHUIHFW VFRUH �� YLRODWLRQV��

:H FKHFNHG WKH VWLPXOL IRU OH[LFDO QHLJKERUV� XVLQJ /HYHQVKWHLQ HGLW GLVWDQFH � DV RXU FULWHULRQ
�� VXEVWLWXWLRQ� � GHOHWLRQ� RU � LQVHUWLRQ� VHH /XFH ������ 7ZR RI WKH ��� LWHPV KDG QHLJKERUV LQ WKH
@MLNݹ< VXEOH[LFRQ� ҘXOҸSDQ∼WҸXOҸSDQ µWXOLS¶� NXYDLQ∼NXYҊLQ µSLWFKHU¶�� )RXU RI WKH LWHPV KDG QHLJKERUV
LQ WKH >RN@ VXEOH[LFRQ� [XUҸDN∼[UҸDN µERDU¶� ]DIXW∼]DNXW µVPDOO EDUQ �GLDOHFWDO�¶� ҊD]ҸRN∼ҊDҘRN µVWHS
�GLP�¶� EҸL]ҸRN∼ELWRN µFXWOHW¶� 7KHUH ZHUH QR QHLJKERUV LQ WKH >�LN@ VXEOH[LFRQ� 7KLV VPDOO QXPEHU
RI QHLJKERUV PHDQW WKDW QHLJKERUKRRG GHQVLW\ GLG QRW XOWLPDWHO\ FRUUHODWH ZLWK DIIL[ FKRLFH LQ WKH
DQDO\VLV�

$ PDOH QDWLYH VSHDNHU RI 5XVVLDQ UHFRUGHG HDFK ZRUG LQ LWV EDVH IRUP DQG ZLWK HDFK RI WKH
WKUHH GLPLQXWLYH VXIIL[ DOORPRUSKV� >�RN@� >�LN@� DQG �@MLNݹ�< VR WKH WRWDO QXPEHU RI DXGLR ILOHV ZDV �����
&RQVLVWHQW ZLWK WKH PRUSKR�SKRQRORJ\ RI WKH VXIIL[� WKH >�RN@ GLPLQXWLYHV ZHUH UHFRUGHG ZLWK VWUHVV
VKLIWHG WR WKH VXIIL[ �H�J�� >SXG~DO@∼>SXGXDOyN@�� 2Q WKH RWKHU KDQG� >�LN@ DQG @MLNݹ�< GLPLQXWLYHV ZHUH

��



ɇɚɱɚɥɶɧɚɹ ɮɨɪɦɚ ɫɥɨɜɚ� %DVH IRUP RI WKH ZRUG�
ɱɭɧɭiɩ ! MXQXiSݹ !

ȼɚɪɢɚɧɬɵ ɭɦɟɧɶɲɢɬɟɥɶɧɨ�ɥɚɫɤɚɬɟɥɶɧɨɣ ɮɨɪɦɵ� 9DULDQWV RI GLPLQXWLYHV�
�� ɱɭɧɭɚɩyɤ ! �� MXQXDSyNݹ !
�� ɱɭɧɭiɩɱɢɤ ! �� MLNݹMXQXiSݹ !
�� ɱɭɧɭiɩɢɤ ! �� LNނMXQXiSݹ !

Ʉɚɤɨɣ ɜɚɪɢɚɧɬ ȼɚɦ ɛɨɥɶɲɟ ɧɪɚɜɢɬɫɹ" :KLFK YDULDQW GR \RX SUHIHU"
>�@ >�@ >�@ >�@ >�@ >�@

Ɍɪɭɞɧɨ ɛɵɥɨ ɫɞɟɥɚɬɶ ɜɵɛɨɪ" :DV LW KDUG WR FKRRVH"
>ɞɚ@>ɧɟɬ@ >\HV@ >QR@

)LJXUH �� ([DPSOH RI D WULDO LQ WKH H[SHULPHQW

UHFRUGHG ZLWK VWUHVV RQ WKH VDPH V\OODEOH DV WKH EDVH �H�J�� >SXG~DOނLN@� >SXG~DOݹނMLN@�� 7KH DXGLR
ILOHV DQG D OLVW RI WKH VWLPXOL DUH DYDLODEOH DW KWWSV���ZZZ�Q\X�HGX�SURMHFWV�UXVVLDQ�GLPBQRQFH��

����� 'HVLJQ

7KH H[SHULPHQW ZDV FRQGXFWHG RQ WKH ZHE XVLQJ ([SHULJHQ �%HFNHU DQG /HYLQH ������ 7KH SDU�
WLFLSDQWV XVHG WKHLU RZQ EURZVHUV DQG VSHDNHUV�KHDGSKRQHV� 7KH VWLPXOL ZHUH SUHVHQWHG LQ DXGLR
DV ZHOO DV LQ 5XVVLDQ RUWKRJUDSK\ ZLWK VWUHVV PDUNHG� (DFK DXGLR ILOH KDG WR EH SOD\HG EHIRUH
DGYDQFLQJ WR WKH QH[W VWDJH RI WKH H[SHULPHQW� 7KH EDVH ZDV DOZD\V SUHVHQWHG ILUVW� EXW GLPLQX�
WLYH IRUPV ZHUH SUHVHQWHG LQ D UDQGRPL]HG RUGHU� VR WKDW QRQH RI WKH WKUHH VXIIL[HV FRQVLVWHQWO\
DSSHDUHG ILUVW� VHFRQG� RU ODVW� :H DVNHG SHRSOH WR VHOHFW RQH IRUP RI WKUHH DV WKHLU SUHIHUUHG
GLPLQXWLYH DQG WR LQGLFDWH ZKHWKHU WKH FKRLFH ZDV GLIILFXOW �\HV�QR�� $Q H[DPSOH RI D WULDO LV VKRZQ
EHORZ� DORQJ ZLWK DQ (QJOLVK WUDQVODWLRQ�

7R NHHS WKH H[SHULPHQW WROHUDEO\ VKRUW� ZH VKRZHG HDFK SHUVRQ D VWUXFWXUHG VXEVHW RI WKH ���
QRQFH ZRUGV� ZKLFK LQFOXGHG �� LWHPV SHU SDUWLFLSDQW� 7KHVH �� LWHPV LQFOXGHG VHYHQ VXEJURXSV�
� WULV\OODEOHV ZLWKRXW KLDWXV� � WULV\OODEOHV ZLWK KLDWXV� � GLV\OODEOHV WKDW HQGHG LQ 9&� � GLV\OODEOHV
WKDW HQGHG LQ &&� DQG � RI HDFK RI PHGLDO FOXVWHU ZRUGV WKDW ZHUH H[SHFWHG WR FRPELQH ZLWK �@MLNݹ�<
>�LN@� DQG >�RN@� UHVSHFWLYHO\�

����� 3DUWLFLSDQWV

:H UHFUXLWHG DQRQ\PRXV SDUWLFLSDQWV WKURXJK YDULRXV 5XVVLDQ VRFLDO QHWZRUN VLWHV DQG ZRUG RI
PRXWK� 3DUWLFLSDQWV YROXQWHHUHG WKHLU WLPH DQG LQIRUPDWLRQ DERXW WKHLU VH[� DJH� DQG OLQJXLVWLF
EDFNJURXQG� $ WRWDO RI ��� SDUWLFLSDQWV FRPSOHWHG �� WULDOV� ZH H[FOXGHG � RXWOLHU SDUWLFLSDQWV ZKR
QHYHU VHOHFWHG WKH >�RN@ DOORPRUSK� VR RXU GDWD LQFOXGH WKH UHVSRQVHV RI ��� SDUWLFLSDQWV�

��� 5HVXOWV

3HRSOH RYHUDOO FKRVH WKH @MLNݹ�< VXIIL[ PRUH RIWHQ WKDQ >�LN@� ZKLFK ZDV LQ WXUQ FKRVHQ PRUH RIWHQ
WKDQ >�RN@� 7KLV SDWWHUQ GRHV QRW QHFHVVDULO\ UHIOHFW WKH SURGXFWLYLW\ RI WKHVH DOORPRUSKV LQ 5XVVLDQ�
VLQFH ZH FKRVH RXU VWLPXOL WR WHVW VSHFLILF K\SRWKHVHV UDWKHU WKDQ EDVHG RQ RYHUDOO SKRQRWDFWLF W\SH

��

https://www.nyu.edu/projects/russian/dim_nonce/
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)LJXUH �� 2YHUDOO SURGXFWLYLW\ RI VXIIL[ DOORPRUSKV LQ WKH H[SHULPHQW

IUHTXHQFLHV LQ WKH ODQJXDJH� %XW LW LV LPSRUWDQW WKDW WKH GLVWULEXWLRQ LV VNHZHG LQ WKH GLUHFWLRQ RI
@MLNݹ�< DQG DZD\ IURP >�RN@ EHFDXVH RXU VWDWLVWLFDO DQDO\VLV RI SHRSOH¶V DIIL[ FKRLFHV EXLOGV RQ WKH
EDVHOLQH GLVWULEXWLRQ RI WKHVH DIIL[HV LQ WKH H[SHULPHQW�

$V LQ WKH HOLFLWDWLRQ VWXG\� ZH DQDO\]H WKH GDWD LQ WZR ZD\V� ILUVW� ZH XVH WKH VXEOH[LFDO SKRQR�
WDFWLF JUDPPDU YLRODWLRQV SURGXFHG E\ WKH 8&/$ 3KRQRWDFWLF /HDUQHU� WUDLQHG RQ WKH VXEOH[LFRQV
ZH REWDLQHG IURP *RRJOH 1JUDPV DQG WHVWHG RQ WKH EDVH DQG GLPLQXWLYH VWLPXOL ZH GHVLJQHG IRU
WKLV H[SHULPHQW� 6HFRQG� ZH XVH KDQGSLFNHG SKRQRORJLFDO YDULDEOHV� $V ZH ZLOO VKRZ� WKH ILUVW
PHWKRG LV PRUH VXFFHVVIXO�

,Q ILJXUH � DUH WKH &OHYHODQG SORWV IRU WKH QRQFH ZRUGV� ILUVW VKRZQ ZLWK DOO WKH EDVHV XVHG LQ
WKH H[SHULPHQW� DQG WKHQ EURNHQ GRZQ E\ DIIL[�

����� $QDO\VLV ZLWK VXEOH[LFDO SKRQRWDFWLF JUDPPDU SUHGLFWRUV

7KH UHODWLRQVKLS EHWZHHQ WKH VXEOH[LFDO SKRQRWDFWLF ZHOO�IRUPHGQHVV RI WKH VWLPXOL DQG SHRSOH¶V
DOORPRUSK FKRLFHV LV VKRZQ LQ )LJXUH �� 7KLV LV D EDU SORW RI YLRODWLRQ VFRUHV DVVLJQHG E\ WKH VXE�
OH[LFDO JUDPPDUV WUDLQHG RQ WKH EDVHV DQG GHULYHG GLPLQXWLYHV WKDW SHRSOH VDZ LQ WKH H[SHULPHQW�
$V FDQ EH VHHQ IURP WKH JUDSK� WKH VXEOH[LFDO EDVH DQG GLPLQXWLYH JUDPPDUV WUDLQHG RQ >�RN@ OH[L�
FDO EDVHV DQG GLPLQXWLYHV DVVLJQ WKH ORZHVW YLRODWLRQ VFRUHV WR WKRVH EDVHV WKDW SHRSOH FKRVH ZLWK
>�RN@� WKH VDPH LV WUXH IRU >�LN@ DQG �@MLNݹ< 7KH SDWWHUQ LV PRVW FOHDU LQ WKH >�RN@ SORW EXW GLPLQLVKHV LQ
WKH @MLNݹ< SORW� EHFDXVH @MLNݹ�< DFWV DV D GHIDXOW LQ WKH VWXG\²SHRSOH VHHP WR RSW IRU LW ZKHQ QR RWKHU
FKRLFHV VHHP JRRG� 7KXV� WKH RYHUDOO SDWWHUQ RI WKH @MLNݹ�< JUDPPDU SUHIHUULQJ WKH @MLNݹ�< EDVHV DQG
GLPLQXWLYHV VWLOO KROGV� EXW LW LV OHVV SURQRXQFHG�

7R DQDO\]H WKH HIIHFWV RI VXEOH[LFDO SKRQRWDFWLF YLRODWLRQ VFRUHV RQ SHRSOH¶V FKRLFHV RI DOOR�
PRUSKV� ZH XVHG D SRO\WRPRXV SRLVVRQ ORJLVWLF UHJUHVVLRQ PRGHO �DV LQ WKH SUHYLRXV H[SHULPHQW
GHVFULEHG LQ ������� 7KH PRGHO UHSRUWHG LQ 7DEOH � LQFOXGHV VL[ SUHGLFWRUV� WKH YLRODWLRQ VFRUHV RI
WKH EDVHV DQG WKH GLPLQXWLYHV IRU HDFK RI WKH WKUHH DOORPRUSKV¶ VXEOH[LFDO SKRQRWDFWLF JUDPPDU�
(DFK FHOO VXPPDUL]HV WKH LQWHUDFWLRQ RI WKH SUHGLFWRU ZLWK VXIIL[ W\SH� 7KH PRGHO LQFOXGHV D UDQGRP
E\�SDUWLFLSDQW LQWHUFHSW DQG VORSHV IRU DOO LQGHSHQGHQW YDULDEOHV� DQG D UDQGRP E\�EDVH LQWHUFHSW�

��
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)LJXUH �� 6XPPHG YLRODWLRQ VFRUHV DVVLJQHG E\ VXEOH[LFDO SKRQRWDFWLF JUDPPDUV WUDLQHG RQ >�
@MLNݹ EDVHV�GLPLQXWLYHV �OHIW�� >�LN@ EDVHV�GLPLQXWLYHV �FHQWHU�� DQG >�RN@ EDVHV�GLPLQXWLYHV �ULJKW�²
SORWWHG DJDLQVW SHRSOH¶V FKRLFHV �[�D[LV JURXSLQJV ZLWKLQ HDFK SORW�� 7KH VXEOH[LFDO SKRQRWDFWLF
JUDPPDUV WUDLQHG RQ >�RN@ DVVLJQ WKH ORZHVW VFRUHV WR WKH EDVHV WKDW SHRSOH FKRVH ZLWK >�RN@� GLWWR
IRU >�LN@ DQG �@MLNݹ�<

7KH DEVROXWH YLRODWLRQ VFRUHV SURGXFHG E\ WKH 8&/$ 3KRQRWDFWLF /HDUQHU DUH QRW FRPSDUDEOH EH�
WZHHQ VXEOH[LFDO JUDPPDUV� VR ZH WUDQVIRUPHG WKH VFRUHV LQWR SDVV �VFRUH ���IDLO �VFRUH!�� WR
DOORZ WKH PRGHO WR FRQYHUJH�

7KH EDVHOLQH OLNHOLKRRG RI WKH DOORPRUSKV LV LQ WKH ILUVW WZR OLQHV RI 7DEOH �� 7KH @MLNݹ�< DOORPRUSK
LV VLJQLILFDQWO\ PRUH OLNHO\ WKDQ WKH RWKHU WZR� ZKLFK GR QRW GLIIHU IURP FKDQFH �L�H�� WKH EDVHOLQH
SRLVVRQ GLVWULEXWLRQ�� $V IRU WKH VXEOH[LFDO SUHGLFWRUV� WKH\ KDYH WKH H[SHFWHG HIIHFW� IRU H[DPSOH�
LI D EDVH SDVVHV WKH >�LN@�EDVH VXEOH[LFDO SKRQRWDFWLF JUDPPDU� LW LV PRUH OLNHO\ �ORJ RGGV ����� WR
EH FKRVHQ ZLWK WKH >�LN@ VXIIL[� ZKHUHDV LWV OLNHOLKRRG RI HQGLQJ XS LQ WKH >�RN@ RU @MLNݹ�< FDWHJRULHV
LV QRW GLIIHUHQW IURP WKH EDVHOLQH SRLVVRQ GLVWULEXWLRQ� 7KH VDPH LV WUXH WR DQ HYHQ ODUJHU H[WHQW
IRU WKH >�LN@�GLPLQXWLYH VXEOH[LFDO SKRQRWDFWLF JUDPPDU²LI D GLPLQXWLYH SDVVHV WKDW JUDPPDU� LWV
OLNHOLKRRG RI EHLQJ FKRVHQ LV LQFUHDVHG E\ ����� ZKHUHDV LWV FKDQFHV RI HQGLQJ XS ZLWK >�RN@ DUH
XQDIIHFWHG� DQG LWV FKDQFHV RI EHLQJ FKRVHQ ZLWK @MLNݹ�< DUH VLJQLILFDQWO\ GHFUHDVHG �������� $OO
VL[ SKRQRWDFWLF JUDPPDUV KDYH DQ H[SHFWHG SRVLWLYH HIIHFW RQ WKH FKRLFH RI WKHLU DOORPRUSKV� DQG
WKH\ DIIHFW WKH FKRLFH RI RWKHU DOORPRUSKV HLWKHU QHJDWLYHO\ RU QRW DW DOO� 7KH RQO\ VPDOO H[FHSWLRQ
LV WKH >�RN@�EDVH JUDPPDU� SDVVLQJ ZKLFK VOLJKWO\ LQFUHDVHV D EDVH¶V FKDQFHV RI EHLQJ FKRVHQ ZLWK
WKH @MLNݹ�< DOORPRUSK� 7KLV LV XQVXUSULVLQJ� VLQFH WKLV DOORPRUSK VHUYHV DV D NLQG RI GHIDXOW LQ WKH
H[SHULPHQW� DQG WKH HIIHFW LWVHOI LV UDWKHU VPDOO�

:H UHSRUW WKUHH PHDVXUHV RI PRGHO ILW� )LUVW� WKH 52 OLNHOLKRRG� ZKLFK LV D PHDVXUH RI PRGHO ILW
IRU D ORJLVWLF UHJUHVVLRQ PRGHO� VHFRQG� WKH $NDLNH ,QIRUPDWLRQ &ULWHULRQ �$,&� DQG WKH %D\HVLDQ
,QIRUPDWLRQ &ULWHULRQ �%,&�� PHDVXUHV RI HQWURS\ XQDFFRXQWHG IRU E\ WKH PRGHO� DQG WKLUG� WKH
FRUUHODWLRQ EHWZHHQ SHRSOH¶V FKRLFHV RI DOORPRUSKV DQG WKH VWDWLVWLFDO PRGHO¶V SUHGLFWLRQV RI WKHVH
FKRLFHV� )RU WKH ODWWHU PHWKRG� ZH XVHG WKH SUHGLFW IXQFWLRQ LQ WKH SRO\WRPRXV SDFNDJH�

:H QH[W H[DPLQH WKH UROH RI VRXUFH�RULHQWHG DQG SURGXFW�RULHQWHG SKRQRWDFWLF JHQHUDOL]DWLRQV�
:H FDQQRW FRPSDUH WKH IXOO PRGHO ZLWK D PRGHO WKDW FRQWDLQV MXVW EDVH RU MXVW GHULYHG VXEOH[LFDO
SUHGLFWRUV XVLQJ $129$ PRGHO FRPSDULVRQ� VLQFH WKH PRGHOV ZRXOG QRW EH SURSHUO\ QHVWHG� :H
FDQ� KRZHYHU� ILW PRGHOV ZLWK RQO\ EDVH RU RQO\ GHULYHG SUHGLFWRUV� XVLQJ WKH VDPH UDQGRP HI�
IHFW VWUXFWXUH DV IRU WKH IXOO PRGHO� :KHQ ZH GLG WKLV� ZH IRXQG WKDW WKH ILW RI WKH IXOO PRGHO ZDV

��



MLNݹ� �LN �RN
DOORPRUSK ����� ��������� ���������
MLN�EDVHݹ� ������ ���������� �������
MLN�GLPݹ� ������ ������� ��������
LN�EDVH ��������� ������ ���������
LN�GLP ������� ������ ��������

RN�EDVH ������� ������� ������
RN�GLP ������� �������� �����

52 OLNHOLKRRG� ������ $,&� ����� %,&� ����� 9,) ����� κ ����
SRO\WRPRXV�DOORPRUSK∼ݹMLN�EDVH� �MLN�GLPݹ LN�EDVH� LN�GLP� RN�EDVH� RN�GLP� ��� �MLN�EDVHݹ �MLNݹ
GLP� LN�EDVH� LN�GLP� RN�EDVH� RN�GLP_SDUWLFLSDQW� � ��_ EDVH�� KHXULVWLF SRLVVRQ�UHIRUPXODWLRQ�

&RUUHODWLRQ RI PRGHO SUHGLFWLRQ YV� SHRSOH¶V FKRLFH
6SHDUPDQ¶V ρ ����
.HQGDOO¶V τ ����
3HDUVRQ¶V SURGXFW�PRPHQW ����

7DEOH �� 3RO\WRPRXV UHJUHVVLRQ PRGHO ZLWK VXEOH[LFDO SKRQRWDFWLF SUHGLFWRUV IRU DOORPRUSK FKRLFH
LQ WKH QRQFH ZRUG VWXG\

EHWWHU EDVHG RQ 52 OLNHOLKRRG DQG $,&�%,& WKDQ WKH ILW RI WKH RWKHU WZR PRGHOV� IRU WKH EDVH�RQO\
PRGHO ZLWK WKH SUHGLFWRUV RN�EDVH� LN�EDVH� үMLN�EDVH� WKH QXPEHUV ZHUH ������ ������ ����� UH�
VSHFWLYHO\� IRU WKH GHULYHG�RQO\ PRGHO ZLWK WKH SUHGLFWRUV RN�GLP� LN�GLP� �MLN�GLPݹ WKH QXPEHUV
ZHUH ������ ������ ����� UHVSHFWLYHO\� :KLOH WKH FRQWULEXWLRQ RI WKH GHULYHG GLPLQXWLYH VXEOH[LFDO
SKRQRWDFWLF JUDPPDUV LV ODUJHU WKDQ WKH FRQWULEXWLRQ RI EDVH JUDPPDUV� ERWK W\SHV RI JUDPPDUV
PDWWHU�

����� 5HJUHVVLRQ PRGHO ZLWK SKRQRORJLFDO SUHGLFWRUV

7KH RWKHU ZD\ WR DQDO\]H WKH UHVXOWV ZRXOG EH WR WHVW WKH LQGLYLGXDO SKRQRORJLFDO SUHGLFWRUV WKDW
ZH PDQLSXODWHG LQ GHVLJQLQJ WKH VWLPXOL²WKHVH DUH WKH SURSHUWLHV WKDW DSSHDUHG WR EH UHOHYDQW
IRU DOORPRUSK FKRLFH LQ WKH SURGXFWLRQ VWXG\� :H UHSRUW D PRGHO WKDW LQFOXGHV D QXPEHU RI ELQDU\
SUHGLFWRUV� DOO FKDUDFWHUL]LQJ WKH EDVHV� ILQDO& GRU � >WނDQy[@ YV� >VXQނpV@� ILQDO& VRQ� >VނLStUނ@ YV�
>VXQނpV@� ILQDO�&&� @LUiVQނ]< YV� >VXQނpV@� PHGLDO�&&� >VނXEPiU@ YV >VXQނpV@ �UHVLGXDOL]HG DJDLQVW IL�
QDO& VRQ�� KLDWXV� >SX�G~�DO@ YV� >SXG~�ODO@� PHGLDO�VWUHVV� >ED�Yނt�OXS@ YV� @MX�QX�UiSݹ< �UHVLGXDOL]HG
DJDLQVW KLDWXV��

$V FDQ EH VHHQ IURP WKLV PRGHO VXPPDU\� HDFK SUHGLFWRU KDV DQ HIIHFW RQ WKH FKRLFH RI DW OHDVW
RQH DOORPRUSK� )RU H[DPSOH� ILQDO FOXVWHUV DUH PRUH OLNHO\ WR FRPELQH ZLWK >�LN@ DQG OHVV OLNHO\ WR
FRPELQH ZLWK @MLNݹ�< FRPSDUHG WR WKH EDVHOLQH SRLVVRQ GLVWULEXWLRQ� 7KHUH LV DOVR DQ XQH[SHFWHG
VPDOO LQFUHDVH LQ WKH OLNHOLKRRG RI >�RN@ IRU ILQDO FOXVWHU ZRUGV� DOWKRXJK WKLV FRXOG EH GXH WR WKH
IRUFHG FKRLFH QDWXUH RI WKH VWXG\ �WKH GLVSUHIHUHQFH RI @MLNݹ�< DJDLQVW FOXVWHUV PLJKW EH VWURQJHU
WKDQ WKDW RI >�RN@� LQ D WUDGH�RII�� 0HGLDO FOXVWHUV DUH OHVV OLNHO\ WR FRPELQH ZLWK >�LN@� )ROORZLQJ
WKH OH[LFDO WUHQGV� ILQDO GRUVDOV FRPELQH PRVW IUHHO\ ZLWK >�RN@� DQG ILQDO VRQRUDQWV ZLWK �@MLNݹ�< 0H�
GLDO VWUHVV LQFUHDVHV WKH FKDQFHV RI >�RN@²XQH[SHFWHGO\� JLYHQ WKH OH[LFDO WUHQGV� %XW EDVHV ZLWK
KLDWXV DUH OHVV OLNHO\ WR EH VXIIL[HG ZLWK >�RN@ DQG PRUH OLNHO\ WR EH VXIIL[HG ZLWK �@MLNݹ�< 2QH SRV�

��



� MLNݹ �LN �RN
DOORPRUSK ����� ��������� −0.8178
ILQDO�&& −1.39 ������ ������

PHGLDO�&& �������� −0.1456 (−0.03824)
ILQDO& GRU −0.4044 −1.936 �����
ILQDO& VRQ ������ −0.4047 ������

PHGLDO�VWUHVV (−0.09861) −0.3935 ������
KLDWXV ������ (−0.14) −0.409

5� OLNHOLKRRG �������� $,& ������ %,& ������ 9,) ������ κ ��������
SRO\WRPRXV�DOORPRUSK∼ILQDO�&& � PHGLDO�&& � ILQDO& GRU �ILQDO& VRQ� PHGLDO�VWUHVV �KLDWXV �
�� � ILQDO�&& �PHGLDO�&& � ILQDO& GRU �ILQDO& VRQ�PHGLDO�VWUHVV �KLDWXV _ SDUWLFLSDQW� � ��_ZRUG��
KHXULVWLF SRLVVRQ�UHIRUPXODWLRQ�

7DEOH �� 0RGHO IRU DOORPRUSK FKRLFH LQ QRQFH ZRUG VWXG\� ZLWK KDQGSLFNHG SKRQRORJLFDO IHDWXUHV
IRU WKH EDVHV

VLEOH H[SODQDWLRQ IRU WKH PHGLDO VWUHVV HIIHFW LV WKDW WKH RWKHU WZR VXIIL[HV KDYH DQ HYHQ VWURQJHU
GLVSUHIHUHQFH IRU PHGLDO VWUHVV�

:HZHUH XQDEOH WR FDOFXODWH FRUUHODWLRQV EHWZHHQ WKLV PRGHO¶V SUHGLFWLRQV DQG SHRSOH¶V FKRLFHV
IRU WKLV PRGHO� EXW IRU D VOLJKWO\ SDUHG GRZQ DQDORJRXV PRGHO� ZH JRW FRUUHODWLRQV IURP ��� WR ���²
KRYHULQJ DURXQG FKDQFH� JLYHQ D � LQ � OLNHOLKRRG RI DQ\ DOORPRUSK EHLQJ FKRVHQ UDQGRPO\� 7KXV�
WKH ILW RI WKLV PRGHO LV SRRU FRPSDUHG WR WKH PRGHO ZH UHSRUWHG LQ WKH SUHYLRXV VHFWLRQ� �7KLV LV DOVR
YLVLEOH IURP LWV ORZ 5� DQG KLJK $,&�%,& FRPSDUHG WR WKH VXEOH[LFDO SKRQRWDFWLF SUHGLFWRU PRGHO��
7KH KDQGSLFNHG SUHGLFWRU PRGHO SHUIRUPV ZRUVH RQ DOO PHDVXUHV RI ILW� DOWKRXJK LW GRHV YHULI\ WKDW
SHRSOH DUH VHQVLWLYH WR WKH SURSHUWLHV ZH PDQLSXODWHG LQ WKH VWLPXOL²WKH\ MXVW DSSHDU WR EH XVLQJ
PRUH LQIRUPDWLRQ WKDQ RXU PRGHO LQFOXGHV�

��� ³:DV WKH FKRLFH GLIILFXOW"´

)RUFHG FKRLFH H[SHULPHQWV DUWLILFLDOO\ OLPLW SHRSOH¶V RSWLRQV� DQG WKH\PLJKW DFWXDOO\ SUHIHU DQ RSWLRQ
WKDW LV QRW DYDLODEOH WR WKHP �VXFK DV ³QR GLPLQXWLYH ZRXOG EH EHWWHU WKDQ DQ\ RI WKHVH´�� 7KHUH�
IRUH� ZH DVNHG RXU SDUWLFLSDQWV ZKHWKHU WKH FKRLFH ZDV GLIILFXOW� XVLQJ ³\HV�QR´� $ FKRLFH FDQ EH
GLIILFXOW EHFDXVH WKHUH DUH PXOWLSOH JRRG RSWLRQV� QRW MXVW EHFDXVH WKHUH DUH PXOWLSOH EDG RQHV�
7KH UHVXOWV VXJJHVW� KRZHYHU� WKDW SHRSOH WHQGHG WR ILQG WKH FKRLFH GLIILFXOW ZKHQ DOO WKH RSWLRQV
ZHUH SKRQRWDFWLFDOO\ EDG� 7KH IROORZLQJ SORW VKRZV WKH QXPEHU RI GLIILFXOW\ UDWLQJV IRU HDFK VXIIL[�
3HRSOH KLW WKH ³\HV´ EXWWRQ DERXW WKH VDPH QXPEHU RI WLPHV IRU HDFK VXIIL[� EXW WKH\ KLW WKH ³QR´
EXWWRQ PXFK PRUH RIWHQ IRU WKH @MLNݹ�< DOORPRUSK�

:H DQDO\]HG WKH GLIILFXOW\ UHVSRQVH LQ D KLHUDUFKLFDO ORJLVWLF UHJUHVVLRQ PRGHO �JOPHU IXQFWLRQ LQ
OPH� LQ 5� %DWHV ����� 5 'HYHORSPHQW &RUH 7HDP ������ ZKLFK LV UHSRUWHG LQ 7DEOH ��� 7KH PRGHO
LQFOXGHV WKH SDVV�IDLO VFRUHV IURP VXEOH[LFDO SKRQRWDFWLF JUDPPDUV IRU HDFK VXIIL[ DQG UDQGRP
LQWHUFHSWV IRU SDUWLFLSDQW DQG EDVH� $V FDQ EH VHHQ IURP WKH QHJDWLYH LQWHUFHSWV� SHRSOH DUH OHVV
OLNHO\ WR ILQG WKH FKRLFH GLIILFXOW ZKHQ WKH EDVH DQG WKH GLPLQXWLYH SDVV WKH UHVSHFWLYH VXEOH[LFDO
SKRQRWDFWLF JUDPPDUV²LI WKH EDVH RU WKH GLPLQXWLYH SDVVHV WKH JUDPPDUV� WKH FKRLFH LV HDV\� 7KH
RQO\ H[FHSWLRQ LV WKH GLPLQXWLYH JUDPPDU IRU >�RN@� SDVVLQJ ZKLFK PHDQW D PRUH GLIILFXOW FKRLFH IRU
SDUWLFLSDQWV� 7KH UHDVRQV IRU WKLV DUH QRW HQWLUHO\ FOHDU²LW LV SRVVLEOH WKDW SHRSOH ILQG LW KDUGHU WR
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)LJXUH ��� :DV WKH FKRLFH GLIILFXOW"

(VWLPDWH 6WG� (UURU ] YDOXH 3U�!_]_�
�,QWHUFHSW� −1.02555 ������� −9.162 < 2e− 16



MLN�EDVHݹ ������� ������� ����� ������
MLN�GLPݹ −0.40887 ������� −5.220 1.79e− 07



RN�EDVH −0.33170 ������� −4.112 3.93e− 05



RN�GLP ������� ������� ����� 7.13e− 07



LN�EDVH −0.08010 ������� −1.035 ������
LN�GLP −0.23527 ������� −2.770 ������ 



9,) ����� κ ����

7DEOH ��� /RJLVWLF UHJUHVVLRQ PRGHO IRU SHRSOH¶V DQVZHUV DERXW FKRLFH GLIILFXOW\

FKRRVH EHWZHHQ >�RN@ DQG �@MLNݹ�< ZKLFK DSSHDUV WR EH WKH GHIDXOW DW OHDVW LQ WKLV VWXG\¶V FRQWH[W�
)LQDOO\� WZR RI WKH EDVH JUDPPDUV� >LN@ DQG �@MLNݹ< GLG QRW KDYH D VLJQLILFDQW HIIHFW LQ WKH UHJUHVVLRQ�

� 'LVFXVVLRQ

��� +RZ SHRSOH GR WKH HOLFLWDWLRQ WDVN

:H LQYHVWLJDWHG WKH K\SRWKHVLV WKDW SHRSOH¶V FKRLFHV RI DOORPRUSKV GHSHQG RQ WKH ZHOO�IRUPHGQHVV
RI WKH EDVHV DQG WKH GLPLQXWLYH IRUPV LQ VXEOH[LFDO SKRQRWDFWLF JUDPPDUV� %RWK WKH HOLFLWDWLRQ
VWXG\ DQG WKH QRQFH ZRUG VWXG\ VXSSRUW WKLV K\SRWKHVLV� 3HRSOH OHDUQ WKH VXEOH[LFDO SKRQRWDFWLF
JUDPPDUV RYHU VXEVHWV RI WKH OH[LFRQ GHILQHG E\ HDFK DOORPRUSK RI WKH GLPLQXWLYH� DQG ZKHQ DVNHG
WR DVVLJQ D GLPLQXWLYH DOORPRUSK WR D ZRUG WKDW GRHV QRW DOUHDG\ KDYH D OH[LFDO VSHFLILFDWLRQ IRU
GLPLQXWLYH IRUPDWLRQ� WKH\ FRQVXOW WKH VXEOH[LFDO SKRQRWDFWLF JUDPPDUV WR PDNH WKH GHFLVLRQ�

:H FDQ PRGHO WKH HOLFLWDWLRQ WDVN DV IROORZV� :KHQ D ZRUG LV SUHVHQWHG IRU GLPLQXWLYH IRUPD�
WLRQ� WKH VSHDNHU ILUVW FRQVXOWV WKH UXOHV IRU GLPLQXWLYH IRUPDWLRQ WR FKHFN LI D GLDFULWLF LV VSHFLILHG�
7KH VWHP >EDUV~N@ µEDGJHU¶ LV LQ WKH >�RN@ VXEOH[LFRQ� VR LWV GLDFULWLF LV >�RN@ DQG WKH GHFLVLRQ LV
VWUDLJKWIRUZDUG�

���� ,I WKH VWHP LV VSHFLILHG IRU D GLDFULWLF� WKH OH[LFDO UXOH DSSOLHV�

��



,QSXW� >EDUV~N@
/RRNXS� ',0↔>�RN@ �>�RN@ _ ^EDUVXN�RN� . . .`
7R SKRQRORJ\� �EDUVXN�RN�
3KRQRORJLFDO RXWSXW� >EԥUVXݹMyN@

2Q WKH RWKHU KDQG� LI WKH LWHP LV QRW LQ D VXEOH[LFRQ� SHRSOH QHHG WR GHFLGH RQ D GLDFULWLF IRU
LW� 7R GR WKLV� WKH\ UXQ HDFK EDVH WKURXJK WKH VXEOH[LFDO SKRQRWDFWLF JUDPPDUV IRU EDVHV� DQG
WKH\ FRQVWUXFW GLPLQXWLYHV ZLWK HDFK DOORPRUSK DQG UXQ WKHP WKURXJK WKH VXEOH[LFDO SKRQRWDFWLF
JUDPPDUV IRU GLPLQXWLYHV� ,Q RUGHU WR GR WKH ODWWHU� WKH\ QHHG WR IRUFH WKH UHDOL]DWLRQ UXOHV IRU HDFK
GLPLQXWLYH DOORPRUSK WR DSSO\ WR WKH EDVH DQG SKRQRORJL]H WKH UHVXOWLQJ VWHP�DIIL[ FRPELQDWLRQV�
7KHUH DUH WKUHH SRVVLEOH VFHQDULRV� �L� WKH VWHP GRHV ZHOO LQ PRUH WKDQ RQH JUDPPDU� LQ ZKLFK
FDVH ZH H[SHFW YDULDWLRQ� �LL� WKH VWHP GRHV ZHOO LQ WKH JUDPPDUV IRU RQH DOORPRUSK� LQ ZKLFK FDVH
LW ZLOO JHW WKDW DOORPRUSK� �LLL� WKH VWHP GRHV SRRUO\ LQ DOO RI WKH JUDPPDUV� LQ ZKLFK FDVH H[SHFW
HLWKHU QR RXWSXW RU DQ RXWSXW WKDW SHRSOH UDWH SRRUO\� /HW XV LOOXVWUDWH HDFK VFHQDULR ZLWK H[DPSOHV�

$ ZRUG IURP WKH HOLFLWDWLRQ VWXG\ WKDW GLG ZHOO LQ MXVW RQH RI WKH VXEJUDPPDUV LV >PDQނMiN@ µVHULDO
NLOOHU¶� 2I WKH � SHRSOH ZKR JRW WKLV SURPSW� VHYHQ SURGXFHG >PԥQނMDݹMyN@� UDWLQJ LW DQ DYHUDJH �����
2QH SHUVRQ SURGXFHG >PDQނMiݹMLN@ DQG UDWHG LW D �� 2XU VXEJUDPPDUV SUHGLFW WKDW >�RN@ VKRXOG EH
WKH DOORPRUSK IRU WKLV ZRUG²LW GRHV UDWKHU ZHOO LQ ERWK WKH EDVH DQG WKH GLPLQXWLYH VXEJUDPPDUV
�VLPXODWHG E\ WKH 8&/$ 3KRQRWDFWLF /HDUQHU� WKH QXPEHUV LQ WKH WDEOHV EHORZ DUH WKH YLRODWLRQ
VFRUHV LW DVVLJQHG�� 7KH >�LN@ IRUP GRHV SRRUO\ LQ WKH >�LN@ EDVH JUDPPDU DQG LQ WKH @MLNݹ�< EDVH
JUDPPDU�� 7KH VXFFHVV LQ WKH >�RN@ JUDPPDU GHWHUPLQHV WKH FRXUVH SUHWW\ FOHDUO\� GHVSLWH WKH
JRRG SHUIRUPDQFH RI >PDQނMiݹMLN@ LQ WKH GLPLQXWLYH JUDPPDU IRU >�LN@� 7KHUH DUH GLPLQXWLYHV LQ WKH
>�LN@ VXEOH[LFRQ WKDW VRXQG OLNH WKLV �H�J�� >PނiݹMLN@ µEDOO¶�� MXVW QRQH WKDW DUH GHULYHG IURP GRUVDO�ILQDO
VWHPV� 2XU DQDO\VLV FDSWXUHV WKLV E\ DOORZLQJ ERWK WKH EDVH JUDPPDU DQG WKH GLPLQXWLYH JUDPPDU
WR FRQWULEXWH WR WKH GHFLVLRQ WR JLYH WKLV VWHP WKH >�RN@ GLDFULWLF�

���� $ VWHP WKDW GRHV ZHOO LQ MXVW RQH VXEJUDPPDU� >PDQނMiN@
>�RN@ >�LN@ @MLNݹ�<

%DVH VXEJUDPPDUV � ������ �����
IRUPV HYDOXDWHG� >PDQނMiN@ >PDQނMiN@ >PDQނMiN@
'HULYHG VXEJUDPPDUV � � �
IRUPV HYDOXDWHG� >PDQނMDݹMyN@ >PDQނMiݹMLN@ >PDQނMiNݹMLN@
&XPXODWLYH � ������ �����

7KH PRVW OLNHO\ UXOH� ',0 ↔>�RN@
7KH VWHP >DOނLiQGU@ µROHDQGHU¶ H[KLELWV D ELW PRUH YDULDWLRQ� 2I WKH VHYHQ SHRSOH ZKR JRW LW DV D

SURPSW� ILYH SHRSOH GLPLQXWLYL]HG LW ZLWK >�LN@ �PHDQ UDWLQJ ��� DQG WZR JDYH LW WKH @MLNݹ�< DOORPRUSK
�PHDQ UDWLQJ ��� 7KLV LV LQ OLQH ZLWK KRZ WKH VXEOH[LFDO SKRQRWDFWLF JUDPPDUV HYDOXDWHG WKH EDVHV
DQG FRUUHVSRQGLQJ GLPLQXWLYHV WKDW SHRSOH SURGXFHG� 7KH >�RN@ EDVH JUDPPDU DVVLJQHG LW D KLJK
YLRODWLRQ VFRUH� WKH EDVH JUDPPDU IRU >�LN@ OLNHG LW� EXW LW JRW VRPH YLRODWLRQV LQ WKH @MLNݹ< EDVH
JUDPPDU��� 6LQFH SHRSOH GLG QRW SURGXFH DQ\ >�RN@ GLPLQXWLYHV IRU >DOނLiQGU@� ZH GR QRW KDYH D
VXEJUDPPDU VFRUH IRU LW� EXW ERWK RI WKH RWKHU GHULYHG VXEJUDPPDUV DVVLJQHG JRRG VFRUHV WR WKH
FRUUHVSRQGLQJ GLPLQXWLYHV� 7KH HQG UHVXOW LV WKDW WKH PRVW OLNHO\ GLDFULWLF IRU WKLV EDVH LV >�LN@�

�,Q WKH >�LN@ EDVH JUDPPDU� >PDQނMiN@ IDLOV VHYHUDO PHGLDO FOXVWHU FRQVWUDLQWV DQG 
>−ORZ@�� ZKLFK SHQDOL]HV ILQDO
GRUVDOV� ,W IDLOV YHU\ VLPLODU FRQVWUDLQWV LQ WKH @MLNݹ< EDVH JUDPPDU�

��7KH NH\ YLRODWLRQV LQ WKH >�RN@ JUDPPDU� 
>−KLJK@>−KLJK@ IRU WKH >HD@ YRZHO VHTXHQFH� DQG 
>−DSSUR[@>�FRQW@� DQG

>−V\OO@>�VRQ@ IRU WKH ILQDO FOXVWHU� 7KH RQH YLRODWLRQ LQ WKH @MLNݹ�< JUDPPDU LV IRU WKH YRZHO VHTXHQFH� WKH FRQVWUDLQW LV
DOVR 
>−KLJK@>−KLJK@�

��



���� $ VWHP WKDW GRHV ZHOO LQ RQH RI WKH JUDPPDUV� >DOނLiQGU@ µROHDQGHU¶
>�RN@ >�LN@ @MLNݹ�<

%DVH VXEJUDPPDUV ������ � �����
IRUPV HYDOXDWHG� >ROނHiQGU@ >ROނHiQGU@ >ROނHiQGU@
'HULYHG VXEJUDPPDUV ���� � �
IRUPV HYDOXDWHG� >ROނHDQGUyN@ >ROނHiQGUނLN@ >ROނHiQGUݹMLN@
&XPXODWLYH ������ � �����

7KH PRVW OLNHO\ UXOH� ',0 ↔>�LN@
/HW¶V QRZ FRQVLGHU EDVHV WKDW SHRSOH IRXQG GLIILFXOW WR GLPLQXWLYL]H LQ HOLFLWDWLRQ� 2QH VXFK EDVH

LV >OނpPނLQN@ µOHPPLQJ¶� ,W KDV DOO WKH SURSHUWLHV WKDW 3ROLYDQRYD ������ DVVRFLDWHV ZLWK ³LPSRVVLEOH´
GLPLQXWLYHV� D ZRUG�ILQDO FRQVRQDQW FOXVWHU WKDW HQGV LQ D GRUVDO DQG QRQ�ILQDO VWUHVV� 7HQ SHRSOH
JRW WKLV SURPSW� DQG WKH\ SURGXFHG D YDULHW\ RI IRUPV� DOO RI ZKLFK WKH\ UDWHG SRRUO\ �PHDQ UDWLQJ
����� 2QH SDUWLFLSDQW SURGXFHG QR IRUP DW DOO� DQG WKH UHPDLQLQJ SURGXFWLRQV ZHUH RQH HDFK RI
>OނpPނLQܳނLN@ DQG >OނHPނLQܳyN@� WZR >OނpPނLQܳݹMLN@� DQG D QXPEHU RI ³RWKHU´ SURGXFWLRQV �>OނHPނLQܳDݹMyN@�
>OނpPނLQܳނLݔNԥ@� >OނHPނLQܳyݹMLN@� >OނpPނLQܳXݔNԥ@� >OނLPނLQܳݹMyN@�� 7KH VXEJUDPPDUV IRU WKH DFWXDO SURGXF�
WLRQV ZLWK WKHVH DIIL[HV JHQHUDOO\ JLYH WKLV EDVH SRRU VFRUHV� ZLWK WKH H[FHSWLRQ RI WKH >�RN@ EDVH
JUDPPDU�

���� $ VWHP WKDW KDV QR GLPLQXWLYH GLDFULWLF DQG GRHV SRRUO\ LQ DOO WKH VXEOH[LFRQV� >OނpPނLQN@
µOHPPLQJ¶

>�RN@ >�LN@ @MLNݹ�<
%DVH VXEJUDPPDUV � ����� �����
IRUPV HYDOXDWHG� >OނpPނLQN@ >OނpPނLQN@ >OނpPނLQN@
'HULYHG VXEJUDPPDUV ����� ����� �����
IRUPV HYDOXDWHG� >OނLPނLQܳyN@ >OނpPނLQܳނLN@ >OނpPނLQNݹMLN@
&XPXODWLYH� ����� ����� �����

$ IRUP 3ROLYDQRYD SUHGLFWV WR EH ³GLIILFXOW´ UDWKHU WKDQ LPSRVVLEOH LV >DIWyEXV@ µEXV¶� 2XU SDUWLFL�
SDQWV PRVWO\ FRQYHUJHG RQ >DIWyEXVނLN@ �� SHRSOH� PHDQ UDWLQJ ������� ZLWK RQH SHUVRQ FRQWULEXWLQJ
>DIWԥEXVyN@ �UDWHG ��� 7KLV RXWFRPH LV QRW VXUSULVLQJ� FRQVLGHULQJ KRZ SRRUO\ WKH EDVH GRHV LQ WKH
VXEOH[LFRQV IRU >�RN@�

���� $ VWHP WKDW KDV QR GLPLQXWLYH GLDFULWLF DQG GRHV SRRUO\ LQ DOO WKH VXEOH[LFRQV� >DIWyEXV@ µEXV¶
>�RN@ >�LN@ @MLNݹ�<

%DVH VXEJUDPPDUV ����� ���� ���
IRUPV HYDOXDWHG� >DIWyEXV@ >DIWyEXV@ >DIWyEXV@
'HULYHG VXEJUDPPDUV ������ ����� �����
IRUPV HYDOXDWHG� >DIWREXVyN@ >DIWyEXVނLN@ >DIWyEXVݹMLN@
&XPXODWLYH� ������ ����� �����

,W VKRXOG EH NHSW LQ PLQG WKDW WKH QXPEHUV JHQHUDWHG E\ WKH 8&/$ 3KRQRWDFWLF /HDUQHU VXE�
JUDPPDUV FDQQRW EH FRPSDUHG RU LQWHUSUHWHG LQ DEVROXWH WHUPV� 7KH QXPEHUV PHUHO\ LQGLFDWH
WKDW WKHUH DUH YLRODWLRQV²EXW QRW ZKHWKHU WKHVH YLRODWLRQV DUH FULWLFDO WR WKH VXFFHVV RI DQ LQGL�
YLGXDO EDVH RU GLPLQXWLYH IRUP� 7KXV� WKH YLRODWLRQV RI >DIWREXVyN@ LQ WKH >�RN@ VXEJUDPPDUV� DW
������� GZDUI WKH YLRODWLRQV RI >OނHPނLQܳyN@� DW ������ &RQYHUVHO\� WKH YLRODWLRQV RI >OނpPނLQܳނLN@ DUH

��



RQO\ VOLJKWO\ KLJKHU WKDQ WKRVH RI >DIWyEXVނLN@� DQG \HW WKH ODWWHU IRUP LV FOHDUO\ IDU OHVV SUREOHPDWLF
IRU SHRSOH� :H EHOLHYH WKLV LV D VLGH HIIHFW RI WKLV SDUWLFXODU LPSOHPHQWDWLRQ UDWKHU WKDQ D SURE�
OHP IRU WKH WKHRU\� KRZHYHU� 7KH ILUVW SRVVLEOH LPSOHPHQWDWLRQDO EXJ LV WKDW RXU WUDLQLQJ VHWV DUH
EDVHG RQ DXWRPDWHG VHDUFKHV RI D ZULWWHQ FRUSXV²QRW DFWXDO VXEOH[LFRQV WKDW SHRSOH KDYH LQ WKHLU
KHDGV� 3DUWO\� ZH GLG WKLV WR PLQLPL]H RXU RZQ ELDVHV� LW LV DSSDUHQW WKDW WKH LQWXLWLRQV RI OLQJXLVWV
FDQ GLYHUJH IURP ZKDW SHRSOH DFWXDOO\ GR �FI� 3ROLYDQRYD¶V ODEHOLQJ RI >DIWyEXVނLN@ DV ³EDG´ HYHQ
WKRXJK LW LV DWWHVWHG LQ WKH 5XVVLDQ 1DWLRQDO &RUSXV� DQG RXU SDUWLFLSDQWV UDWHG LW ����� RXW RI ���
7KXV� RXU VXEOH[LFRQV DUH QRW D SHUIHFW PRGHO RI ZKDW SHRSOH OHDUQ� 7KH VHFRQG VRXUFH RI LPSOH�
PHQWDWLRQDO DUWLIDFWV LV WKH 8&/$ 3KRQRWDFWLF /HDUQHU LWVHOI� ZKLFK LV EDVHG RQ D VSHFLILF WKHRU\ RI
SKRQRWDFWLF OHDUQLQJ� :H GLG QRW DVVLVW WKH OHDUQHU LQ DQ\ ZD\� VR LW DFWXDOO\ PLVVHG VRPH RI WKH
JHQHUDOL]DWLRQV DERXW WKH VXEOH[LFRQV WKDW ZH LGHQWLI\ LQ RXU VWDWLVWLFDO DQDO\VHV LQ VHFWLRQ ���� 7KLV
SUREOHP LV FRQQHFWHG WR WKH ILUVW SUREOHP²WKH JUDPPDUV DUH RQO\ DV JRRG DV WKH VXEOH[LFRQV WKH\
DUH WUDLQHG RQ� DQG LI WKH VXEOH[LFRQV DUH VPDOO� VRPH JHQHUDOL]DWLRQV DUH JRLQJ WR JR XQQRWLFHG
E\ WKLV OHDUQHU HYHQ LI WKH\ DUH SV\FKRORJLFDOO\ UHDO WR SHRSOH�

$ UHYLHZHU VXJJHVWV WKDW WKH FRPSDUDWLYH GLVWDQFH EHWZHHQ WKH FRPSHWLWRUV ZLWKLQ HDFK EDVH
VHW PLJKW EH D IDFWRU LQ GHFLGLQJ EHWZHHQ DOORPRUSKV�

1RWH� KRZHYHU� WKDW TXLWH D ORW RI ZKDW KDSSHQHG LQ WKH HOLFLWDWLRQ H[SHULPHQW VXJJHVWV WKDW
RXU DQDO\VLV LV RQ WKH ULJKW WUDFN� 3HRSOH SURGXFHG PDQ\ RGG IRUPV� VRPH WKDW DUJXDEO\ VKRXOG
QRW HYHQ EH JHQHUDWHG E\ WKH JUDPPDU RI GLPLQXWLYH IRUPDWLRQ LI LW XVHV UXOHV ZLWK SKRQRORJLFDO
FRQWH[WV� ,I UXOHV RI WKH IRUP ',0 ↔>RN@ � 9N UHDOO\ H[LVWHG� WKHQ >PDQނMiݹMLN@ VKRXOG QHYHU KDYH
EHHQ JHQHUDWHG� :H LQWHUSUHW VXFK SURGXFWLRQV DV D VWDJH LQ WKH GLDFULWLF DVVLJQPHQW SURFHGXUH�
LQ RUGHU WR GHFLGH KRZ WR GLPLQXWLYL]H D ZRUG WKDW LVQ¶W OLVWHG LQ D GLDFULWLFDOO\ GHILQHG VXEOH[LFRQ�
SHRSOH KDYH WR JHQHUDWH VRPH IRUPV E\ IRUFLQJ WKH UXOHV WR DSSO\� 7KH SURGXFWLRQV ZHUH SDUWLFXODUO\
GLYHUVH ZLWK IRUPV WKDW IDLO PXOWLSOH VXEJUDPPDUV� OLNH >OނpPނLQN@ µOHPPLQJ¶ DQG >V~IނLNV@ µVXIIL[¶� PRUH
RIWHQ WKDQ QRW� SHRSOH SURGXFHG HDFK RI >�LN@� >�RN@� DQG @MLNݹ�< LQ DGGLWLRQ WR JDSV DQG IRUPV ZLWK
RWKHU VXIIL[HV IRU WKHVH VWHPV� 7KLV FUHDWLYLW\ LV SDUWO\ GXH WR WKH KLJK�SUHVVXUH QDWXUH RI WKH
HOLFLWDWLRQ WDVN²EXW RXU WKHRU\ RI JHQHUDOL]DWLRQ RI SKRQRORJLFDO VHOHFWLRQDO UHVWULFWLRQV DFFRXQWV
IRU WKLV EHKDYLRU UDWKHU WKDQ ZULWLQJ LW RII DV PHWDOLQJXLVWLF RU XQLQWHUHVWLQJ�

��� 1RQ�ORFDO FRQGLWLRQLQJ LQ WKH QRQFH ZRUG VWXG\

7KHPDLQ SUHGLFWLRQ ZH WHVWHG LQ WKH QRQFH ZRUG VWXG\ ZDV WKDW ZHOO�IRUPHGQHVV LQ HDFK VXEOH[LFDO
SKRQRWDFWLF JUDPPDU IRU EDVHV DQG DIIL[HG GLPLQXWLYHV VKRXOG FRUUHODWH ZLWK SHRSOH¶V FKRLFHV RI
DOORPRUSK LQ D IRUFHG FKRLFH WDVN� 7KLV SUHGLFWLRQ LV FRQILUPHG� SHRSOH ZHUH PRUH OLNHO\ WR FKRRVH
QRQFH ZRUGV ZLWK D SDUWLFXODU DIIL[ LI WKH EDVH DQG WKH GLPLQXWLYH SDVV WKH UHVSHFWLYH VXEOH[LFDO
JUDPPDUV�

:H ZHUH PRUH VSHFLILFDOO\ LQWHUHVWHG LQ WHVWLQJ QRQ�ORFDO SKRQRWDFWLF FRQGLWLRQLQJ RI VXSSOH�
WLYH DOORPRUSK\ LQ WKLV H[SHULPHQW� 7KH OH[LFRQ RI 5XVVLDQ SURYLGHV VRPH PL[HG VXSSRUW IRU WKH
HIIHFWV RI KLDWXV DQG PHGLDO VWUHVV SODFHPHQW RQ DOORPRUSK\� ,Q =DOL]QMDN¶V GLFWLRQDU\ �������
RQO\ RQH ZRUG LV OLVWHG ZLWK WKH >�RN@ VXIIL[ DQG D KLDWXV VHTXHQFH� >SD~N@�>SDXݹMyN@ µVSLGHU¶� :H
IRXQG VRPHZKDW PRUH ZRUGV ZLWK KLDWXV LQ *RRJOH 1JUDPV� EXW PRVW RI WKHP DUH QRW UHFRJQL]DEOH
GLPLQXWLYHV� +RZHYHU� ERWK WKH HOLFLWDWLRQ VWXG\ DQG WKH QRQFH ZRUG VWXG\ WXUQHG XS D UHVXOW RI
KLDWXV� >�RN@ ZDV VLJQLILFDQWO\ OHVV OLNHO\ WR FRPELQH ZLWK KLDWXV ZRUGV WKDQ WKH RWKHU WZR VXIIL[HV�

7KH UHVXOWV IRU PHGLDO VWUHVV DUH PRUH FRPSOLFDWHG� $FFRUGLQJ WR 3ROLYDQRYD¶V ������ JHQHU�
DOL]DWLRQV� PHGLDO VWUHVV LV VXSSRVHG WR PDNH GLPLQXWLYL]DWLRQ GLIILFXOW LQ JHQHUDO²LQ SDUW WKLV LV
EHFDXVH >�LN@ DQG @MLNݹ< MXVW KDYH D VWURQJ SUHIHUHQFH IRU ILQDO VWUHVV� 7KH OH[LFDO WUHQG LV IRU >�RN@
WR FRPELQH ZLWK LQLWLDO DQG ILQDO VWUHVV ZRUGV EXW QRW PHGLDO VWUHVV ZRUGV� ,Q WKH HOLFLWDWLRQ VWXG\�
WKLV LV H[DFWO\ ZKDW ZH IRXQG� EXW LQ WKH QRQFH ZRUG VWXG\� WKH PHGLDO VWUHVV HIIHFW ZHQW LQ WKH

��



RSSRVLWH GLUHFWLRQ� 2XU H[SODQDWLRQ IRU WKLV LV WKDW WKH SUHIHUHQFHV RI >�LN@ DQG @MLNݹ< IRU ILQDO VWUHVV
DUH VWURQJHU WKDQ WKDQ WKH GLVSUHIHUHQFH RI >�RN@ DJDLQVW PHGLDO VWUHVV� DW OHDVW IRU WKH VWLPXOL ZH
XVHG� :H EHOLHYH WKDW WKH EHVW H[SODQDWLRQ RI SHRSOH¶V EHKDYLRU KHUH LV VXEOH[LFDO SKRQRWDFWLF
ZHOO�IRUPHGQHVV� LW PD\ EH D PLVWDNH WR IRFXV RQ LQGLYLGXDO SKRQRORJLFDO SURSHUWLHV ZKHQ LW LV WKH
RYHUDOO VKDSH RI WKH ZRUGV WKDW PDWWHUV�

��� ,V WKHUH DQ\WKLQJ WKH PRGHO FDQQRW GR"

7KH PRGHO ZH SURSRVH LV SRZHUIXO� LW FDQ LGHQWLI\ FRQGLWLRQLQJ IDFWRUV LQ HLWKHU WKH VRXUFH RU WKH
SURGXFW RI DIIL[DWLRQ� DQG WKHVH IDFWRUV PD\ HYHQ EH QRQ�ORFDO WR WKH DIIL[ LWVHOI� :H KDYH DUJXHG
WKDW WKLV SRZHU LV QHFHVVDU\ WR KDQGOH WKH 5XVVLDQ FDVH� $ IDLU TXHVWLRQ� KRZHYHU� LV ZKHWKHU WKHUH
DUH DQ\ SDWWHUQV WKDW WKLV PRGHO FDQQRW FKDUDFWHUL]H�

2QH RI WKH SDWWHUQV WKDW ZRXOG EH LPSRVVLEOH WR FKDUDFWHUL]H LV FRYHUW FRQGLWLRQLQJ EDVHG RQ
XQGHUO\LQJ UHSUHVHQWDWLRQV WKDW DUH FREEOHG WRJHWKHU IURP PXOWLSOH VXUIDFH IRUPV� )RU H[DPSOH�
FRQVLGHU D ODQJXDJH LQ ZKLFK YRZHOV GHOHWH ZRUG�ILQDOO\ �H�J�� �EDGX�→>EDG@� EXW �EDܳ�→>EDܳ@� DQG
DUH RQO\ VHHQ LQ DIIL[HG IRUPV �H�J�� �EDGX�N�→>EDGXN@�� 6XSSRVH DOVR WKDW WKLV ODQJXDJH KDV V\Q�
FRSH� PHGLDO YRZHOV GHOHWH� DV LQ �EDGX�QLN� →>EDGQLN@ �D ODQJXDJH WKDW KDV ERWK RI WKHVH UXOHV
LV 7RQNDZD�� :H ZRXOG QRW EH DEOH WR DFFRXQW IRU VXSSOHWLYH DOORPRUSK\ EHWZHHQ >�QLN@ DQG >�OLN@
ZKHUH WKH >�QLN@ VXIIL[ VHOHFWV IRU XQGHUO\LQJO\ YRZHO�ILQDO ZRUGV� DQG >�OLN@ VHOHFWV IRU XQGHUO\LQJO\
FRQVRQDQW�ILQDO ZRUGV� 7KLV LV EHFDXVH WKH OHDUQHU ZRXOG SUHVXPDEO\ DVVXPH WKDW >EDG@ DQG >EDܳ@
DUH WKH EDVHV IRU >EDGQLN@ DQG >EDܳOLN@� DQG WKH\ ERWK HQG LQ FRQVRQDQWV LQ WKH XQDIIL[HG IRUP� 7KH
DOORPRUSK\ LQ VXFK FDVHV ZRXOG KDYH WR EH WUHDWHG DV FRPSOHWHO\ OH[LFDO DQG DUELWUDU\� DQG WKH ³XQ�
GHUO\LQJO\ YRZHO�ILQDO´ JHQHUDOL]DWLRQ ZRXOG QRW EH H[WHQGHG WR QHZ IRUPV� 6RPH SXUSRUWHG FDVHV
RI WKLV VRUW KDYH EHHQ GLVFXVVHG LQ WKH OLWHUDWXUH �3DVWHU ����� LQWHU DOLD�� EXW ZH DUH VNHSWLFDO RI
WKH SURGXFWLYLW\ RI WKH JHQHUDOL]DWLRQV� ,Q RXU WKHRU\� VRXUFH�RULHQWHG SKRQRORJLFDO JHQHUDOL]DWLRQV
DERXW RXWSXW EDVHV FDQ EH FDSWXUHG� EXW LQSXW�RULHQWHG RQHV FDQQRW�

$QRWKHU W\SH RI SDWWHUQ WKDW RXU PRGHO GRHV QRW SUHGLFW LV H[WHQVLRQ WKURXJK YDULHJDWHG VLPL�
ODULW\� DV LQ DQDORJLFDO PRGHOV �VHH $OEULJKW DQG +D\HV ���� IRU DQ LQ�GHSWK GLVFXVVLRQ�� ,Q WKHVH
PRGHOV� ZRUGV WKDW VKDUH D VLPLODU VXEVWULQJ FDQ SDWWHUQ WRJHWKHU� IRU H[DPSOH� EHFDXVH ³UHQGHU´
KDV ³HQG´ DV LWV VXEVWULQJ� ³UHQGHU´ ZRXOG IRUP LWV SDVW WHQVH ZLWK >�ԥG@ �LQFRUUHFWO\�� ,Q RXU PRGHO�
LW LV SRVVLEOH IRU PLGGOHV RI ZRUGV WR PDWWHU� EXW VLPLODULW\ LV PRUH VWUXFWXUHG� SDWWHUQV DUH GHILQHG
E\ XQGHUDWWHVWDWLRQ RI YDULRXV SKRQRORJLFDO VWULQJV DQG VWUXFWXUHV� QRW RQ VKDUHG VXEVWULQJV� 7KXV�
WKHUH LV DQ H[FHSWLRQOHVV JHQHUDOL]DWLRQ WKDW DOO YHUEV WKDW FRPELQH ZLWK >ԥG@ HQG LQ D FRURQDO VWRS
LQ WKH XQDIIL[HG IRUP� DQG D SKRQRWDFWLF OHDUQHU ZLOO QRWLFH LW� MXVW KDYLQJ D VKDUHG VWULQJ LV QRW
HQRXJK WR PRWLYDWH D SKRQRWDFWLF FRQVWUDLQW�

5HODWLQJ WR WKLV� FRQVLGHU WKH IROORZLQJ K\SRWKHWLFDO H[DPSOH RI DQ LPSODXVLEOH SDWWHUQ� VXJ�
JHVWHG WR XV E\ D UHYLHZHU� DQ ³DOORPRUSK $ LV VXIIL[HG WR VWHPV WKDW KDYH D YRZHO >L@ RU >D@ LQ
WKH VHFRQG V\OODEOH� ZKRVH EDVH EHJLQV ZLWK D YRLFHG IULFDWLYH RQO\ LI LW HQGV LQ ODELDO VWRS� ZKRVH
LQLWLDO VWUHVV LQ WKH EDVH FKDQJHV WR SHQXOWLPDWH VWUHVV LQ WKH GHULYDWLYH LQ WZR V\OODEOH ZRUGV� DQG
UHPDLQV WKH VDPH LQ WKUHH V\OODEOH ZRUGV� RWKHUZLVH DOORPRUSK % LV SUHIL[HG WR WKH VWHP�´ 7KLV
W\SH RI FDVH FDQQRW H[LVW JLYHQ RXU DVVXPSWLRQV DERXW SKRQRWDFWLF OHDUQLQJ� ZKLFK DUH VKDUHG
ZLWK +D\HV DQG :LOVRQ ������� &RPSXWDWLRQDOO\ SODXVLEOH SKRQRWDFWLF OHDUQHUV FDQ HDVLO\ GLVFRYHU
FRQVWUDLQWV RQ IHDWXUH FR�RFFXUUHQFH LQ VHJPHQWV �H�J�� ³QR YRLFHG VWRSV´�� RU ELJUDP FRQVWUDLQWV
�H�J�� ³QR YRLFHOHVV VWRSV DIWHU QDVDOV´� RU ³QR YRLFHG VWRSV ZRUG�ILQDOO\´�� RU WULJUDP FRQVWUDLQWV
�H�J�� ³QR YRLFHOHVV VWRSV EHWZHHQ WZR YRZHOV´�� 3DVW WULJUDPV� WKH VHDUFK VSDFH EHFRPHV PXFK
KDUGHU WR H[SORUH� +D\HV DQG :LOVRQ GHPRQVWUDWH WKDW FHUWDLQ JHQHUDOL]DWLRQV� VXFK DV WKH GLV�
WULEXWLRQ RI YRZHOV LQ 6KRQD� UHTXLUH UHSUHVHQWDWLRQDO WLHUV� VR WKDW FRQVWUDLQWV RQ YRZHO KDUPRQ\
FDQ EH VWDWHG LQ D TXDVL�ORFDO ZD\� 1RZ� WZR 0D[(QW FRQVWUDLQWV FDQ JDQJ XS EHFDXVH FRQVWUDLQW
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ZHLJKWV DUH DGGLWLYH� EXW WKHVH W\SHV RI LQWHUDFWLRQV ZRXOG QRW UHVXOW LQ FRQGLWLRQDO DIIL[DWLRQ RI WKH
W\SH ZKHUHE\� VD\� ZRUGV WKDW VWDUW LQ YRLFHG�IULFDWLYHV DQG HQG LQ ODELDOV H[FOXVLYHO\ FRPELQH ZLWK
D VSHFLDO DOORPRUSK� ,Q RXU V\VWHP� WKH FR�RFFXUUHQFH RI SKRQRWDFWLF YLRODWLRQV LQ D VLQJOH EDVH
PDNHV DIIL[DWLRQ OHVV OLNHO\� QRW PRUH²DQG WKLV DFFRUGV ZLWK LQIRUPDO REVHUYDWLRQV E\ OLQJXLVWV
VXFK DV 3ROLYDQRYD ������� ZKR REVHUYH WKDW GRUVDO�ILQDO EDVHV HQGLQJ ZLWK FRQVRQDQW FOXVWHUV
WKDW KDYH PHGLDO VWUHVV DUH YLUWXDOO\ LPSRVVLEOH WR GLPLQXWLYL]H LQ 5XVVLDQ� 7KXV� DQRWKHU W\SH RI
SDWWHUQ WKDW ZRXOG EH GLIILFXOW IRU RXU WKHRU\ WR FKDUDFWHUL]H LV RQH LQ ZKLFK WKH PHUH FR�RFFXUUHQFH
RI SKRQRORJLFDO SURSHUWLHV LQ D EDVH GHILQHV WKH DIIL[DWLRQ SDWWHUQ� 7KLV LV LQ VWDUN FRQWUDVW ZLWK
WKH XSGDWHG YHUVLRQ RI WKH 0LQLPDO *HQHUDOL]DWLRQ /HDUQHU �$OEULJKW DQG +D\HV ������ ZKLFK FDQ
LQGHHG GLVFRYHU DW OHDVW VRPH DFFLGHQWDO JHQHUDOL]DWLRQV RI WKLV VRUW �VHH VHFWLRQ �����

$QRWKHU UHYLHZHU DVNV KRZ RXU WKHRU\ ZRXOG DFFRXQW IRU SKRQRORJLFDO FRQGLWLRQLQJ RI VXSSOH�
WLYH DOORPRUSK\ E\ ERXQG VWHPV��� (YHQ RXWSXW�RULHQWHG WKHRULHV GR QRW QHHG WR SUHFOXGH EDVHV
IURP EHLQJ ERXQG �VHH %HQXD ���� IRU D SDUWLFXODUO\ FOHDU GLVFXVVLRQ�� :H GR QRW ZDQW WR PDNH
D ILUP FRPPLWPHQW RQ WKLV LVVXH ZLWKRXW D GHHSHU H[SORUDWLRQ RI DW OHDVW RQH FOHDU FDVH RI VXFK
FRQGLWLRQLQJ� $ PDUJLQDO H[DPSOH RI WKLV PLJKW EH (QJOLVK OHDUQHG SOXUDOV �V\OODEXV�V\OODEL�� ZKLFK
SHRSOH VHHP WR JHQHUDOL]H EDVHG RQ VRPH SKRQRORJLFDO SURSHUWLHV��� 3UHVXPDEO\� SHRSOH QR�
WLFH WKH DW\SLFDO SOXUDO DQG JURXS VXFK LWHPV LQWR VXEOH[LFRQV� DW ZKLFK SRLQW WKH\ FDQ QRWLFH WKH
/DWLQDWH VWUHVV SDWWHUQV DQG RWKHU SKRQRORJLFDO IHDWXUHV VXFK DV WKH H[WUHPHO\ UHVWULFWHG ILQDO FRQ�
VRQDQW LQYHQWRU\� ,I WKH SUHVHQFH RI D GHULYHG IRUP ZLWK D VSHFLDO DIIL[ LV HQRXJK WR WULJJHU WKH
FUHDWLRQ RI VXEOH[LFRQV� WKHQ EDVHV FDQ EH ERXQG� LQ D ZD\ WKDW LV FRPSOHWHO\ FRQVLVWHQW ZLWK RXU
WKHRU\� %RXQG EDVHV GR QRW VW\PLH LPSOHPHQWHG PRUSKRSKRQRORJLFDO OHDUQHUV VXFK DV WKH 0LQ�
LPDO *HQHUDOL]DWLRQ /HDUQHU RU WKH 6XEOH[LFDO /HDUQHU �%HFNHU DQG $OOHQ VXEPLWWHG�� WKH ODWWHU RI
ZKLFK VKDUHV RXU DVVXPSWLRQV DERXW WKH QDWXUH RI SKRQRORJLFDO JHQHUDOL]DWLRQV LQ SKRQRORJLFDOO\
FRQGLWLRQHG DIIL[DWLRQ�

$ QDWXUDO TXHVWLRQ WR DVN LV ZKHWKHU OHDUQHUV UHDOO\ GR VHDUFK IRU JHQHUDOL]DWLRQV H[KDXVWLYHO\
DIWHU D UHODWLYHO\ VLPSOH RQH KDV EHHQ IRXQG� :H DUJXHG WKDW WKH\ GR HYHQ LQ VLPSOH FDVHV VXFK DV
D�DQ� DQG ZH FLWH VRPH HYLGHQFH IURP WKH WLPHOLQH RI WKHLU DFTXLVLWLRQ LQ VHFWLRQ �� %XW LW DSSHDUV
WKDW OHDUQHUV FDQ EH REOLYLRXV WR VWDWLVWLFDO WUHQGV LQ WKH OH[LFRQ ZKHQ D SKRQRORJLFDOO\ UHOHYDQW
JHQHUDOL]DWLRQ VXIILFHV WR ILJXUH RXW DQ LUUHJXODU DOWHUQDWLRQ �%HFNHU HW DO� ����� ������ :H ZDQW
WR HPSKDVL]H WKDW WKLV LVVXH LV IDU IURP VHWWOHG DQG UHTXLUHV IXUWKHU VFUXWLQ\� UHFDOO WKDW YRZHOV LQ
DIIL[HV LQ )LQQLVK DQG +XQJDULDQ FDQ EH FRQGLWLRQHG E\ IDFWRUV RWKHU WKDQ YRZHOV �VHFWLRQ ������
DQG 5LQJHQ DQG +HLQDPDNL ����� +D\HV HW DO� ������ :H FDQ VSHFXODWH WKDW FDVHV OLNH WKDW� DV
ZHOO DV WKH 5XVVLDQ FDVH� UHSUHVHQW WKH UHVXOWV RI UHDFKLQJ WKH ODWHU VWDJHV LQ D VWHSZLVH VHDUFK
SURFHGXUH� 7KLV SURFHGXUH PLJKW VWDUW ZLWK WKH VLPSOHVW DQG PRVW ORFDO FRQGLWLRQLQJ HQYLURQPHQWV
�FRQVRQDQWV YV� YRZHOV� VD\� DQG SURFHHG WR QRQ�ORFDO HQYLURPHQWV WKDW FDQ EH UHGXFHG WR OR�
FDO YLD DEVWUDFW UHSUHVHQWDWLRQV �DXWRVHJPHQWV� IHHW� HWF��� ,I QRQH RI WKHVH VXIILFH� WKHQ IXOO�RQ
SKRQRWDFWLF OHDUQLQJ RYHU VXEOH[LFRQV LV GHSOR\HG� (YHQ VXFK OHDUQLQJ LV QRW JXDUDQWHHG WR ILQG D
XVHIXO JHQHUDOL]DWLRQ LQ FDVHV ZKHUH WKH DOORPRUSK\ LV QRW SKRQRORJLFDOO\ FRQGLWLRQHG� DQG LQ VXFK

��7KH VDPH UHYLHZHU DVNV KRZ RXU WKHRU\ ZRXOG GHDO ZLWK µSURFHVV�EDVHG PRUSKRORJ\¶� 7KLV LQFOXGHV SDWWHUQV VXFK
DV XPODXW� VWUHVV�DFFHQW VKLIW ZLWKRXW DQ RYHUW DIIL[� DQG IHDWXUDO FKDQJHV� :H GR QRW KDYH PXFK WR VD\ DERXW WKHP
KHUH� EXW WKHUH LV QR VKRUWDJH RI DQDO\VHV RI VXFK SDWWHUQV IURP D IRUPDOLVW SKRQRORJLFDO SHUVSHFWLYH WKDW DVVXPHV LWHP�
EDVHG PRUSKRORJ\ �%HQXD ����� $OGHUHWH ����� :ROI ����� *RXVNRYD DQG /LQ]HQ WR DSSHDU� LQWHU DOLD�� 7KHUH DUH DOVR
DFFRXQWV RI WKH JHQHUDOL]DWLRQ RI VXFK SDWWHUQV WR QRYHO LWHPV LQ WKH OLWHUDWXUH RQ LQGXFWLYH PRUSKRSKRQRORJLFDO OHDUQLQJ
�$OEULJKW DQG +D\HV ����� %HFNHU DQG $OOHQ VXEPLWWHG� DQG VRPH KHDWHG GHEDWH LQ WKH PRUSKRORJLFDO OLWHUDWXUH DERXW
DQDO\]LQJ VXFK FDVHV ZLWK UHDGMXVWPHQW UXOHV �*ULEDQRYD ����� 6LGGLTL ����� +DXJHQ DQG 6LGGLTL ������

��6RPH HYLGHQFH IRU WKLV FRPHV IURP WKH WUHDWPHQW RI V�ILQDO *UHHN ZRUGV� ZKLFK (QJOLVK VSHDNHUV KDYH VRPH XQFHU�
WDLQW\ DERXW SOXUDOL]LQJ� :LWQHVV ³RFWRSXV´� SUHVFULSWLYHO\ ³RFWRSRGHV´ LQ WKH SOXUDO� EXW RIWHQ ³RFWRSL´ LQ QRUPDO XVDJH�
7KH VDPH LV WUXH IRU ³QHPHVLV´� ³:H¶YH DOZD\V EHHQ HDFK RWKHU¶V JUHDWHVW QHPHVLVHV. . . XK� >VιVDѲ@. . . QHPH>VL@. . .
ZK�ZKDW¶V WKH SOXUDO RQ WKDW"´ �0\VWHU\ 0HQ� 8QLYHUVDO 3LFWXUHV� ������

��



FDVHV� VXEOH[LFDO SKRQRWDFWLF JUDPPDUV ZRXOG QRW LPSURYH WKH ILW WR WKH OHDUQLQJ GDWD DQG ZRXOG
EH GLVFDUGHG� 7KLV LV QRW WKH PRGHO ZH MXVWLILHG LQ WKLV SDSHU� EXW LW LV D SODXVLEOH UHILQHPHQW RI WKH
OHDUQLQJ SURFHGXUH WKDW LV WKH VXEMHFW RI RXU IXWXUH ZRUN�

� $ FRPSDULVRQ ZLWK DOWHUQDWLYHV

7KHUH DUH PDQ\ DSSURDFKHV WR SKRQRORJLFDO VHOHFWLRQDO UHVWULFWLRQV� SKRQRORJLFDOO\ FRQGLWLRQHG
VXSSOHWLYH DOORPRUSK\� DQG SKRQRORJLFDOO\ SUHGLFWDEOH PRUSKRORJ\²ERWK LQ IRUPDO�JHQHUDWLYH WUD�
GLWLRQV DQG LQ FRQQHFWLRQLVW DQG ODQJXDJH XVH�EDVHG DSSURDFKHV� :H IRFXV RQ IRUPDO WKHRULHV LQ
WKLV VHFWLRQ�

��� 7KH HPHUJHQFH RI WKH XQPDUNHG

7KH ILUVW DSSURDFK ZH FRQVLGHU LV FDVW LQ 2SWLPDOLW\ 7KHRU\ DQG XVHV 8QLYHUVDO PDUNHGQHVV FRQ�
VWUDLQWV LQ DQ HPHUJHQFH RI WKH XQPDUNHG UDQNLQJ �7(78� 0F&DUWK\ DQG 3ULQFH ����� 0DVFDUy
����� .DJHU ������ )RU (QJOLVK LQGHILQLWH DOORPRUSK\� WKH FKRLFH ZRXOG EH KDQGOHG E\2QVHW� ZKLFK
GLVSUHIHUV ³D´ EHIRUH ³DSSOH´� DQG 1R&RGD� ZKLFK GLVSUHIHUV ³DQ´ EHIRUH ³SHDU´� 7KHVH FRQVWUDLQWV
GRPLQDWH QR IDLWKIXOQHVV LQ (QJOLVK EXW VWLOO KDYH DQ HIIHFW LQ WKH JUDPPDU E\ VHOHFWLQJ EHWZHHQ
DOORPRUSKV� 7KH PDLQ SUREOHP ZLWK WKLV DSSURDFK LV ZHOO�NQRZQ²WKHUH DUH PDQ\ FDVHV WKDW DUH
PDUNHGQHVV�QHXWUDO RU JR FRQWUDU\ WR PDUNHGQHVV �VHH 3DVWHU ����� :ROI WR DSSHDU� (PELFN �����
1HYLQV ������ $Q H[DPSOH RI WKH ODWWHU W\SH LV +DLWLDQ &UHROH GHILQLWH DOORPRUSK\� FRQGLWLRQHG LQ
WKH RSSRVLWH ZD\ RI WKH (QJOLVK LQGHILQLWH� >SDSD�D@ µWKH IDWKHU¶ EXW >SLWLW�OD@ µWKH FKLOG¶ �.OHLQ ������
2QVHW DQG 1R&RGD FDQQRW PDNH WKH ULJKW GHFLVLRQ LQ VXFK D FDVH� 2Q WKH RWKHU KDQG� LQ RXU
DSSURDFK� WKH JHQHUDOL]DWLRQ DERXW YRZHO�ILQDOLW\ IRU >�D@ DQG FRQVRQDQW�ILQDOLW\ IRU >�OD@ VKRXOG EH
TXLWH HDV\ WR VWDWH LQ WHUPV RI SKRQRWDFWLF FRQVWUDLQWV RQ EDVHV�

(TXDOO\ SUREOHPDWLF IRU WKH HPHUJHQFH RI WKH XQPDUNHG DSSURDFK DUH FDVHV RI KRPRSKRQRXV
PRUSKHPHV WKDW LPSRVH GLVWLQFW VHOHFWLRQDO UHVWULFWLRQV� &RQVLGHU WKH (QJOLVK FRPSDUDWLYH LQ ³WDOO�
HU´� DJHQWLYH LQ ³ZRUN�HU´� DQG WKH GHPRQ\P VXIIL[ LQ ³1HZ <RUN�HU´� 7KH FRPSDUDWLYH VXIIL[ SUHIHUV
PRQRV\OODELF RU GLV\OODELF WURFKHHV DQG GLVIDYRUV EDVHV WKDW HQG LQ FRQVRQDQW FOXVWHUV �+LOSHUW
����� 0RQGRUI ����� /D)DYH ����� LQWHU DOLD�� 2Q WKH RWKHU KDQG� WKH GHPRQ\P ³�HU´ GRHV QRW
DYRLG FOXVWHU�ILQDO EDVHV DQG GRHV QRW LPSRVH D VL]H PD[LPXP RQ WKH EDVH �FI� ³1HZ (QJODQG�HU´�
³%XGDSHVW�HU´ YV� ³2KLR�DQ´� ³6DQ )UDQFLVFDQ´����

$FFRXQWLQJ IRU DOORPRUSK\ DQG PRUSKHPH�VSHFLILFLW\ LQ WKH VDPH FRQVWUDLQW KLHUDUFK\ ZRXOG
EH D FKDOOHQJH IRU WKLV DSSURDFK� 2QH RI WKH WHFKQLFDO SUREOHPV LV WKDW WKH FUXFLDO YLRODWLRQ VLWHV
DUH VRPHZKHUH RWKHU WKDQ LQ WKH PRUSKHPH WKDW QHHGV WR EH VLQJOHG RXW IRU VSHFLDO WUHDWPHQW� )RU
H[DPSOH� 2QVHW LV YLRODWHG E\ ERWK ³D´ DQG ³DQ´� EXW WKH YLRODWLRQ WKDW PDWWHUV LV WKH RQH LQFXUUHG E\
WKH IROORZLQJ PRUSKHPH� 7KH OHDUQHU PXVW ILJXUH RXW WKDW WKH FUXFLDO YLRODWLRQ LV FRQWULEXWHG E\ WKH
IROORZLQJ QRXQ �L�H�� WKH VHFRQG V\OODEOH RI 
>ι�ιPL�Eι@�� EXW WKDW WKLV YRODWLRQ LV RQO\ FUXFLDO ZKHQ WKH
LQGHILQLWH DSSHDUV QHDUE\� 7KHUH LV QR OHDUQLQJ DOJRULWKP WKDW ZRUNV IRU LQGH[LQJ FRQVWUDLQWV ZLWK
WKLV ORFDOLW\ SURILOH²ZRUNHG RXW SURSRVDOV VXFK DV 3DWHU ������ UHO\ RQ YLRODWLRQV EHLQJ FRQWULEXWHG
E\ WKH PRUSKHPHV WKDW UHTXLUH LQGH[DWLRQ� QRW WKH PRUSKHPHV WKDW DUH DGMDFHQW WR WKHP�

7KH GLVSUHIHUHQFH RI WKH 5XVVLDQ DOORPRUSK >�LN@ DJDLQVW GRUVDO�ILQDO VWHPV UDLVHV WKLV LVVXH� DV
ZHOO� ,W FRXOG EH H[SODLQHG E\ LQYRNLQJ D FRQVWUDLQW DJDLQVW GRUVDO�>L@ VHTXHQFHV²WKLV FRQVWUDLQW
PLJKW HYHQ EH LQGHSHQGHQWO\ PRWLYDWHG LQ 5XVVLDQ� VLQFH RWKHU >L@�LQLWLDO VXIIL[HV FDXVH GRUVDO PX�
WDWLRQ �VHH 3DGJHWW ����� .DSDWVLQVNL ������ 7KH SUREOHP LV WKDW WKH VXIIL[ LWVHOI LV URXWLQHO\ D

��8QOLNH WKH FRPSDUDWLYH VXIIL[� (QJOLVK GHPRQ\P DOORPRUSK\ GRHV QRW DSSHDU WR EH QHDUO\ DV ZHOO VWXGLHG� *RUGRQ
������ DQG 5DIIHOVLHIHQ ������ GR LGHQWLI\ VRPH JHQHUDOL]DWLRQV�

��



SDUW RI VXFK VHTXHQFHV LQ SOXUDOV� LI >NނL@ LV SURKLELWHG LQ 
>NXODNނ�LN@ µILVW�GLP¶ �DFWXDOO\ >NXODݹMyN@��
ZK\ LV LW DOORZHG LQ >NނLUSނLݹM�LNނ�L@ µEULFN�GLP�SO¶" ,Q JHQHUDO� LW LV QRW FOHDU KRZ WR FDSWXUH WKH YDUL�
RXV UHVWULFWLRQV VHHQ LQ 5XVVLDQ GLPLQXWLYH IRUPDWLRQ LQ DQ HPHUJHQFH RI WKH XQPDUNHG DFFRXQW�
)RU H[DPSOH� WKH >�RN@ VXIIL[ WHQGV WR DYRLG FOXVWHU�ILQDO EDVHV²DQG \HW WKH VLJQLILFDQW HIIHFW RI
PHGLDO FOXVWHU DYRLGDQFH WKDW ZH IRXQG ZDV IRU WKH >�LN@ VXIIL[� QRW IRU >�RN@� /LNHZLVH� WKHUH LV
QR PDUNHGQHVV�EDVHG UHDVRQ IRU ZK\ >�RN@ VKRXOG DYRLG EDVHV ZLWK PHGLDO VWUHVV� VWUHVV DOZD\V
PRYHV LQ >�RN@ GLPLQXWLYHV� VR LW VKRXOGQ¶W PDWWHU ZKHUH LW PRYHG IURP�

7KLV KLJKOLJKWV D JHQHUDO GLIILFXOW\ IRU WKLV PDUNHGQHVV�EDVHG DSSURDFK� QRWHG E\ 3DVWHU ������
DQG RWKHUV� VXUIDFH FRQVWUDLQWV FDQQRW FDSWXUH VRXUFH�RULHQWHG VHOHFWLRQDO UHVWULFWLRQV� ,Q +DLWLDQ
&UHROH� D JOLGH LV LQVHUWHG EHWZHHQ D WHQVH YRZHO DQG >�D@� >SDSMH@�>SDSMHM�D@ µWKH SDSHU¶� EXW VWHP�
ILQDO JOLGHV FRQGLWLRQ >�OD@� OLNH RWKHU FRQVRQDQWV �>EDJDM@�>EDJDM�OD@ µWKH WKLQJ¶�� ,Q (QJOLVK ³D�DQ´�
WKH VXUIDFH V\OODELILFDWLRQ GRHV QRW QHFHVVDULO\ IROORZ WKH 2QVHW�1R&RGD JHQHUDOL]DWLRQ �*DUHOOHN
������ 7KH SURSHUWLHV UHOHYDQW IRU DIIL[ LQVHUWLRQ KROG RQO\ RI EDVHV DQG DUH EOHG E\ DIIL[DO SKRQRO�
RJ\� VR VRPH JHQHUDOL]DWLRQV QHHG WR EH VWDWHG RYHU EDVHV� 7KLV LV ZK\ LQ RXU WKHRU\� EDVH VXEOH[�
LFDO SKRQRWDFWLFV FDQ SOD\ D UROH MXVW DV GHULYHG VXEOH[LFDO SKRQRWDFWLFV� DQG LQVHUWLRQ UXOHV UHDOO\
RQO\ PDNH UHIHUHQFH WR VSHFLILF OH[LFDO LWHPV� YLD GLDFULWLFV� 7KH SKRQRORJLFDO JHQHUDOL]DWLRQV DUH
LPSRUWDQW IRU H[WHQGLQJ WKH UXOHV WR QHZ LWHPV� EXW WKH PRUSKRORJLFDO JUDPPDU LV UREXVW HYHQ ZKHQ
WKH SKRQRORJLFDO JHQHUDOL]DWLRQV DUH RSDTXH�

<HW DQRWKHU SUREOHPDWLF DVSHFW RI WKH (PHUJHQFH RI WKH 8QPDUNHG DV D WKHRU\ RI VXSSOH�
WLYH SKRQRORJLFDOO\ FRQGLWLRQHG DOORPRUSK\ DULVHV IURP FRPELQLQJ WKLV WKHRU\ ZLWK SDUDOOHOLVP �VHH
%REDOMLN ����� (PELFN ����� 1HYLQV ������ 7(78ZLWK SDUDOOHOLVP SUHGLFWV WKDW WKH URRWV FDQ FRQGL�
WLRQ WKH FKRLFH RI DIIL[HV� EXW WKH SURSHUWLHV RI DIIL[HV FDQ DOVR FRQGLWLRQ WKH DOORPRUSK\ RI URRWV²LI
ERWK W\SHV RI PRUSKHPHV KDYH PXOWLSOH 85V� )RU H[DPSOH� VXSSOHWLYH DOORPRUSK\ RI VWHPV VXFK
DV JR�ZHQW FDQ EH FRQGLWLRQHG E\ ZKHWKHU WKH IROORZLQJ VXIIL[ EHJLQV LQ D YRZHO RU D FRQVRQDQW�
DV LQ 
JR�HG YV� 
ZHQW�LQJ� %XW LW DSSHDUV WKDW FDVHV OLNH WKLV DUH XQDWWHVWHG��� 7KH H[SODQDWLRQ
IRU WKLV W\SRORJLFDO JDS LQ RXU YHUVLRQ RI 'LVWULEXWHG 0RUSKRORJ\ LV VHTXHQWLDO LQVLGH�RXW LQVHUWLRQ�
URRWV DUH UHDOL]HG ILUVW� DQG WKHLU GLDFULWLF IHDWXUHV FDQ FRQGLWLRQ WKH LQVHUWLRQ UXOHV RI RXWHU PRU�
SKHPHV� %XW WKH SKRQRORJLFDO VKDSHV RI RXWHU PRUSKHPHV FDQQRW GHWHUPLQH WKH VKDSHV RI LQQHU
RQHV� ,Q RXU WKHRU\ RI SKRQRORJLFDO FRQGLWLRQLQJ� WKH ZHOO�IRUPHGQHVV RI WKH HQWLUH GHULYHG ZRUG LQ
LWV VXEOH[LFRQ FDQ GHWHUPLQH WKH OLNHOLKRRG RI DQ DOORPRUSK EHLQJ FKRVHQ IRU D QRYHO LWHP� EXW WKH
RYHUDOO SKRQRWDFWLF ZHOO�IRUPHGQHVV RI WKH GHULYHG ZRUG PDWWHUV RQO\ LQ GHFLGLQJ ZKHWKHU WKH VWHP
FDQ EH DVVLJQHG D SDUWLFXODU GLDFULWLF²VLQFH WKH VWHP LV DOUHDG\ JLYHQ� LWV VKDSH FDQQRW EH UHWURDF�
WLYHO\ DOWHUHG DIWHU FRQVXOWLQJ WKH VXEOH[LFDO JUDPPDU IRU GHULYHG SKRQRORJLFDO ZRUGV FRQWDLQLQJ D
SDUWLFXODU VXIIL[���

��7KLV JHQHUDOL]DWLRQ� GXH WR %REDOMLN ������� LV RFFDVLRQDOO\ TXHVWLRQHG²IRU H[DPSOH� :ROI ������ LGHQWLILHV VRPH
FDVHV WKDW KH DUJXHV LQYROYH RXWHU FRQGLWLRQLQJ� %XW WKHVH FDVHV FRXOG EH DQDO\]HG DV LQYROYLQJ PRUSKRV\QWDFWLF
FRQGLWLRQLQJ� RU UHVWULFWHG PRUSKRSKRQRORJLFDO UXOHV� 6HH DOVR 0\OHU �WR DSSHDU� IRU D FDVH RI DSSDUHQWO\ RXWZDUG
FRQGLWLRQLQJ WKDW DFWXDOO\ DULVHV EHFDXVH WKH FRQGLWLRQLQJ HQYLURQPHQW LV REVFXUHG E\ V\QWDFWLF PRYHPHQW�

��6XSSRVH� KRZHYHU� WKDW WKH OHDUQHU LV H[SRVHG WR D ODQJXDJH ZLWK XELTXLWRXV PRUSKRV\QWDFWLFDOO\ FRQGLWLRQHG VWHP
DOORPRUSK\ RI WKH SHUVRQ�SHRSOH YDULHW\� DQG VKH IRUPV VXEOH[LFDO SKRQRWDFWLF JUDPPDUV RYHU WKH W\SHV RI LWHPV WKDW
GLVSOD\ WKLV DOORPRUSK\� :H VSHFXODWH WKDW WKLV LV KRZ SHRSOH H[WUDFW JHQHUDOL]DWLRQV WKDW KDYH EHHQ FDSWXUHG E\ VWHP
UHDGMXVWPHQW UXOHV LQ 'LVWULEXWHG0RUSKRORJ\� LI WKHUH DUH SKRQRORJLFDO JHQHUDOL]DWLRQV WR EH IRXQG DQG WKH FRQWH[W IRU WKH
DOWHUQDWLRQV LV PRUSKRV\QWDFWLF� VXEOH[LFDO JUDPPDUV VKRXOG EH DEOH WR FDSWXUH WKHP� 5HDGMXVWPHQW UXOHV KDYH FRPH
XQGHU FULWLFLVP UHFHQWO\ �+DUOH\ DQG 7XELQR %ODQFR ����� +DXJHQ DQG 6LGGLTL ����� *ULEDQRYD ����� VR DOWHUQDWLYHV WR
WKHP DUH D ZHOFRPH UHVXOW�

��



��� 6XEFDWHJRUL]DWLRQ IUDPHV DQG DOLJQPHQW

$QRWKHU DSSURDFK WR VHOHFWLRQDO UHVWULFWLRQV FDVWV PRUSKHPH UHDOL]DWLRQ UXOHV LQ WHUPV RI VXEFDW�
HJRUL]DWLRQ IUDPHV WKDW UHIHUHQFH SKRQRORJLFDO DQG OH[LFDO LQIRUPDWLRQ �/LHEHU ����� 3DVWHU �����
%\H ����� (PELFN ������ :KHQ WKH UHDOL]DWLRQ RI DQ DIIL[ LV SKRQRORJLFDOO\ SUHGLFWDEOH� WKH UXOH
VSHFLILHV WKH FRQWH[W� )RU WKH +DLWLDQ &UHROH GHILQLWH DOORPRUSK\� WKH UXOH ZRXOG ORRN DV LQ �����
IRU (QJOLVK LQGHILQLWH DOORPRUSK\� WKH FRQWH[WV ZRXOG EH VLPLODU �UHFDOO ����� 7KLV DSSURDFK FDQ EH
UHFDVW LQ 27 XVLQJ *HQHUDOL]HG $OLJQPHQW FRQVWUDLQWV �0F&DUWK\ DQG 3ULQFH ������ ZKLFK PD\
VWDWH WKDW DQ DIIL[ SUHIHUV WR EH DGMDFHQW WR D SDUWLFXODU VWUXFWXUH VXFK DV D VWUHVVHG V\OODEOH� RU
D FRQVRQDQW� .OHLQ ������ XVHV DOLJQPHQW IRU +DLWLDQ &UHROH� QRWLQJ WKDW LQ >OLY�OD@� WKH VWHP FDQ
EH DOLJQHG WR WKH V\OODEOH ERXQGDU\� ZKHUHDV LQ 
>OLY�D@� 2QVHW ZRXOG IDYRU UHV\OODELILFDWLRQ DQG
DOLJQPHQW WR V\OODEOHV ZRXOG EH ORVW�

���� 6XEFDWHJRUL]DWLRQ IUDPHV �IROORZLQJ WKH GLVFXVVLRQ RI +DLWLDQ &UHROH LQ (PELFN �����
D� '()↔ D � 9
E� '()↔ OD � &

���� *HQHUDOL]HG $OLJQPHQW IRU +DLWLDQ &UHROH �.OHLQ �����
5�$OLJQ�6WHP�6\OO� µ$OLJQ WKH ULJKW HGJH RI WKH VWHP ZLWK WKH ULJKW HGJH RI D V\OODEOH¶

7KH YLUWXH RI WKLV DSSURDFK LV WKDW LW GLYRUFHV SKRQRORJLFDO VHOHFWLRQ IURP XQLYHUVDO PDUNHGQHVV�
%XW LW KDV SUREOHPV� DV ZHOO� 7KH\ PDLQO\ FRPH GRZQ WR GHDOLQJ ZLWK OH[LFDO YDULDELOLW\ DQG VWDWLQJ
FRPSOH[ SKRQRORJLFDO FRQWH[WV� 7KH LVVXH RI OH[LFDO YDULDELOLW\ DULVHV HYHQ LQ WKH VLPSOH FDVH RI
(QJOLVK ³D´�´DQ´ DOORPRUSK\� WKHUH DUH H[FHSWLRQV� ZKLFK PD\ RU PD\ QRW EH SKRQRORJLFDOO\ V\V�
WHPDWLF GHSHQGLQJ RQ VSHDNHU DQG GLDOHFW� 7R GHDO ZLWK VSRUDGLF H[FHSWLRQV� WKH VXEFDWHJRUL]DWLRQ
DSSURDFK FRXOG DGG LWHP�VSHFLILF UXOHV �H�J�� '()↔ԥQ� KLVWRULFDO� DQG DVVXPH WKDW WKHVH UXOHV
WDNH SUHFHGHQFH RYHU WKHPRUH JHQHUDO UXOHV �VHH +DOOH DQG0DUDQW] ����� +DOOH DQG ,GVDUGL ������

%XW ZKHQ VXFK H[FHSWLRQV IRUP D SKRQRORJLFDO FODVV� WKH UXOHV EHFRPH KDUGHU WR VWDWH� 7KH UXOH
IRU (QJOLVK >ԥQ@ ZRXOG UHIHU WR D GLVMXQFWLYH FRQWH[W� EHIRUH YRZHO�LQLWLDO ZRUGV DQG >K@�LQLWLDO ZRUGV�
7KH VHFRQG SUREOHP DULVHV ZKHQ VXFK UXOHV DUH DWWHPSWHG IRU FRPSOH[ FRQGLWLRQLQJ HQYLURQPHQWV�
7KH HQYLURQPHQW IRU 5XVVLDQ GLPLQXWLYH DOORPRUSKV >�LN@ LV UHODWLYHO\ HDV\ WR VWDWH LQ UXOH IRUPDW� LW
RFFXUV DIWHU VWUHVVHG V\OODEOHV WKDW GR QRW HQG LQ GRUVDOV �DOWKRXJK WKHUH DUH� RI FRXUVH� H[FHSWLRQV
WR WKH VWUHVV JHQHUDOL]DWLRQ�� 7KH HQYLURQPHQW IRU WKH GLPLQXWLYH DOORPRUSKV >�RN@ DQG �@MLNݹ�< RQ
WKH RWKHU KDQG� LV KDUG WR VWDWH LQ WKLV IRUP� 5HFDOO WKDW >�RN@ WHQGV WR IDYRU LQLWLDO RU ILQDO VWUHVV EXW
QRW PHGLDO VWUHVV� LW DOVR LPSRVHV UHVWULFWLRQV RQ YRZHO KLDWXV� 7KH XQZLHOG\ UXOH LQ ���E� GRHV QRW
HYHQ VXFFHHG LQ FDSWXULQJ WKHVH HQYLURQPHQWV� VLQFH WKH\ DUH FRQVWUDLQWV RQ ZKDW FDQQRW RFFXU LQ
WKHVH EDVHV UDWKHU WKDQ D OLVW RI ZKDW FDQ RFFXU� 7R ZLW� VSHFLI\LQJ WKDW WKH SHQXOWLPDWH YRZHO PXVW
EH XQVWUHVVHG LV DFWXDOO\ ZURQJ� VLQFH LW FRXOG EH WKH ILUVW YRZHO RI WKH ZRUG� LQ ZKLFK FDVH LW FDQ
EH VWUHVVHG �WKHUH DUH OH[LFDO GLPLQXWLYHV VXFK DV >VyNԥO@�>VԥNDOyN@ µIDOFRQ¶�� /LNHZLVH� FDSWXULQJ
WKH KLDWXV UHVWULFWLRQ ZRXOG UHTXLUH OLVWLQJ WKH HQWLUH VWULQJ� VLQFH LW FDQ EH VRPHZKHUH RWKHU WKDQ
WKH ODVW WZR YRZHOV RI WKH VWHP� 7KH UXOH IRU @MLNݹ< IDUHV QR EHWWHU� :H FDQ FDSWXUH WKH DYRLGDQFH
RI ILQDO FRQVRQDQW FOXVWHUV DQG WKH SUHIHUHQFH IRU ILQDO VWUHVV� EXW WKH SURKLELWLRQ DJDLQVW VWULGHQWV
DQG FRURQDO REVWUXHQWV LV GLIILFXOW� VLQFH ILQDO FRQVRQDQWV FDQ EH FRURQDO �>OނLPyQݹMLN@ µOHPRQ�GLP¶�
>SނLQނiOݹނMLN@ µSHQFLO ER[�GLP¶� DV ORQJ DV WKH\ DUH QRW REVWUXHQW� 7KXV� VXEFDWHJRUL]DWLRQ IUDPHV KDYH
D KDUG WLPH FDSWXULQJ QHJDWLYH FRQVWUDLQWV RQ LQVHUWLRQ �VHH :ROI ��������±� IRU GLVFXVVLRQ��

���� 5XVVLDQ VXEFDWHJRUL]DWLRQ IUDPHV IRU GLPLQXWLYHV �VWUDZ PDQ�
D� ',0↔>�LN@�9>�VWUHVV@&>−GRU@
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E� ',0↔>�RN@�&�9>−VWUHVV@&�9&
F� �MLN@�9>�VWUHVV@&>�VWUݹ<↔0,' �FRU@

$OLJQPHQW FRQVWUDLQWV GR QRW IDUH PXFK EHWWHU� VLQFH WKH\ DUH LQKHUHQWO\ HGJH�RULHQWHG LQ WKHLU
IRUPDOL]DWLRQ� :KDW LV WKH SURVRGLF FRQVWLWXHQW WKDW >�RN@ LV DOLJQLQJ LWVHOI WR" 7KHUH LV QR JHQHUDO�
L]DWLRQ WKDW ZRXOG XQLI\ σσσ́ DQG σ́σσ WR WKH H[FOXVLRQ RI ´σσσ� 7KH VDPH SUREOHP FRPHV XS LQ RWKHU
FDVHV ZKHUH SURVRGLF FRQVWLWXHQF\ LV WKRXJKW WR EH LPSRUWDQW� OLNH WKH (QJOLVK FRPSDUDWLYH DIIL[�
,I WKH FRPSDUDWLYH DIIL[ LV DOLJQLQJ LWVHOI WR D WURFKDLF IRRW� WKHQ DQ LQLWLDO XQVWUHVVHG V\OODEOH RU DQ
H[WUD IRRW EHIRUH WKH PDLQ VWUHVV IRRW VKRXOG QRW SUHYHQW VXIIL[DWLRQ� $OLJQPHQW WR D IRRW LV VDWLVILHG
HTXDOO\ ZHOO LQ WKH LPSRVVLEOH 
FRQFUHWHU �Nњ̦Q��Nҁt҆�ҁ֜ DQG LQ WKH DWWHVWHG ELJJHU �EѲ̧ѩ�ҁ֜� 2Q WKH RWKHU
KDQG� WKH JHQHUDOL]DWLRQ DERXW DGMHFWLYHV WKDW FRPELQH ZLWK ³�HU´ LV HDV\ WR VWDWH SKRQRWDFWLFDOO\�
WKH\ PD\ QRW KDYH XQVWUHVVHG LQLWLDO V\OODEOHV� DQG WKH\ PD\ QRW KDYH PRUH WKDQ RQH VWUHVV SHU
ZRUG�

��� 7KH 0LQLPDO *HQHUDOL]DWLRQ /HDUQHU

7KH ILQDO DOWHUQDWLYH ZH FRQVLGHU LV 7KH 0LQLPDO *HQHUDOL]DWLRQ /HDUQHU �$OEULJKW DQG +D\HV ������
7KLV OHDUQHU VKDUHV D IHZ IHDWXUHV ZLWK RXU DSSURDFK� ,W OHDUQV E\ NHHSLQJ WUDFN RI OH[LFDO H[DPSOHV
RI DIIL[DWLRQ� DQG LW ORRNV IRU SKRQRORJLFDO JHQHUDOL]DWLRQV RYHU EDVHV WKDW IROORZ WKH VDPH SDWWHUQ�
7KH OHDUQHU IXUWKHU UHOLHV RQ W\SH IUHTXHQFLHV ZLWKLQ HDFK FODVV WR GHFLGH KRZ UHOLDEOH WKH JHQHU�
DOL]DWLRQV DUH� 8QOLNH RXU DSSURDFK� WKH OHDUQHU LQGXFHV UXOHV WKDW FRGLI\ FKDQJHV IURP EDVHV WR
DIIL[HG IRUPV� DQG LW KDV QR ZD\ RI JHQHUDOL]LQJ DERXW VHTXHQFHV WKDW DUH DEVHQW IURP FHUWDLQ VXE�
OH[LFRQV� :KHQ ZH WUDLQHG WKH OHDUQHU RQ 5XVVLDQ OH[LFDO GLPLQXWLYH IRUPDWLRQ DQG WHVWHG LW RQ RXU
QRQFH ZRUGV� LW IDLOHG WR JHQHUDOL]H LQ WKH ZD\ WKDW SHRSOH GR� IRU UHDVRQV WKDW EHDU LQYHVWLJDWLQJ�

7KH EDVLF ZRUNLQJV RI WKH OHDUQHU DUH VNHWFKHG LQ ����� *LYHQ D OLVW RI EDVH�GHULYDWLYH SDLUV� LW
LGHQWLILHV WKH FKDQJHV LQ WKH VWULQJ EDVHG RQ DQ DOLJQPHQW DOJRULWKP �H�J�� WKH DGGLWLRQ RI VXEVWULQJ
³LN´� DQG WKH SDODWDOL]DWLRQ FKDQJHV�� 7KH OHDUQHU SRVLWV LQGLYLGXDO UXOHV VXPPDUL]LQJ WKH FKDQJHV
IRU HDFK SDLU� DQG WKHQ JHQHUDOL]HV RYHU WKHVH UXOHV LI WKH FRQWH[WV KDYH SKRQRORJLFDO IHDWXUHV LQ
FRPPRQ� +HUH� WKHUH DUH VRPH ODELDO�ILQDO VWHPV DQG FRURQDO�ILQDO VWHPV� WKH OHDUQHU ZLOO VSRW
WKH JHQHUDOL]DWLRQ DQG SRVLW D SDODWDOL]DWLRQ�VXIIL[DWLRQ UXOH IRU HDFK QDWXUDO FODVV� 7KH OHDUQHU LV
³PLQLPDO´ LQ WKDW LW ORRNV IRU WKH VPDOOHVW HQYLURQPHQW WKDW ZLOO VXIILFH IRU D JHQHUDOL]DWLRQ DERXW
ZKHUH WKH FKDQJH KDSSHQV�

���� +RZ WKH 0LQLPDO *HQHUDOL]DWLRQ /HDUQHU ZRUNV

D� VNHOpW VNHOHWނLN µVNHOHWRQ¶ >−KL� −OR� −EDFN@>FRU� −YRLFH� −FRQW� �EDFN@→>−EDFN@LN
E� NOނyQ NOނyQނLN µPDSOH¶ >−KL� −OR��EDFN@>FRU� �QDV� −FRQW� �EDFN@→>−EDFN@LN
F� NOyS NOySނLN µEHGEXJ¶ >−KL� −OR� �EDFN@>ODE� −YRLFH� −FRQW� �EDFN@→>−EDFN@LN
G� NRPiU NRPiUނLN µPRVTXLWR¶ >−KL� �OR��EDFN@>FRU� �VRQ� −QDV� −ODW� �EDFN@→>−EDFN@LN
H� NUpP NUpPނLN µFUHDP¶ >−KL� −OR� −EDFN@>ODE� �QDV� −FRQW� �EDFN@→>−EDFN@LN

0RUH JHQHUDO UXOHV� >FRU� �EDFN@→>−EDFN@LN
>ODE� �EDFN@→>−EDFN@LN

7KLV DSSURDFK ZRUNV ZHOO IRU (QJOLVK SDVW WHQVH IRUPDWLRQ LQ $OEULJKW DQG +D\HV ������� ,Q
WKLV FDVH� >YRݜW@�>YRݜWԥG@� >QܼW@>QܼWԥG@� DQG >QLG@�>QLGԥG@ DUH XQLILHG XQGHU D UXOH WKDW LQVHUWV >ԥG@
DIWHU >�FRURQDO� −FRQWLQXDQW� −QDVDO@� 7KLV UXOH FRYHUV D ODUJH QXPEHU RI FDVHV LQ (QJOLVK� EXW
QRW >KܼW@�>KܼW@� >SݜW@�>SݜW@� RU >VܼW@�>V W@� WKHVH ZRXOG PRWLYDWH WKHLU RZQ UXOHV �³GR QRWKLQJ DIWHU D OD[
YRZHO IROORZHG E\ >W@´ DQG ³FKDQJH >ܼ@ WR > @ EHIRUH >W@´� UHVSHFWLYHO\�� (DFK UXOH LV HYDOXDWHG EDVHG

��



RQ D FRQILGHQFH VFRUH²UXOHV WKDW DSSO\ WR D ODUJH SURSRUWLRQ RI HOLJLEOH IRUPV KDYH KLJKHU UDZ
FRQILGHQFH VFRUHV� DQG UXOHV WKDW DSSO\ WR D ODUJH SURSRUWLRQ DQG D ODUJH DEVROXWH QXPEHU RI IRUPV
DOVR KDYH KLJKHU DGMXVWHG FRQILGHQFH VFRUHV� 7KHVH VFRUHV FDQ EH XVHG WR GHFLGH ZKLFK UXOHV WR
DSSO\ ZKHQ JHQHUDOL]LQJ WKH JUDPPDU WR QHZ ZRUGV� UXOHV WKDW DUH PRUH JHQHUDO DUH JHQHUDOL]HG
PRUH UHDGLO\� 7KLV PDWFKHV SHRSOH¶V EHKDYLRU LQ ZXJ WHVWV IDLUO\ ZHOO�

:KHQ WUDLQHG RQ 5XVVLDQ GLPLQXWLYHV� WKH 0LQLPDO *HQHUDOL]DWLRQ /HDUQHU HQFRXQWHUV SURE�
OHPV� VRPH RI ZKLFK DUH GXH WR LWV LQKHUHQW GHVLJQ� DQG RWKHUV²WR WKH LPSOHPHQWDWLRQ RI WKH
UXOH FRPSRQHQW� $W D PLQLPXP� WKH OHDUQHU VKRXOG EH DEOH WR GLVFRYHU UXOHV IRU ILQDO FRQVRQDQW
SDODWDOL]DWLRQ DQG PXWDWLRQ IRU DOO WKUHH VXIIL[HV DQG VWUHVV DVVLJQPHQW LQ GLPLQXWLYHV� 7R EH IXOO\
VXFFHVVIXO� WKH OHDUQHU DOVR VKRXOG PDWFK SHRSOH¶V ILQH�JUDLQHG GLVFULPLQDWLRQ RI EDVH SKRQRWDFWLF
SURSHUWLHV WKDW DUH QRW ORFDO WR WKH VXIIL[� WKH UROH RI KLDWXV� PHGLDO FOXVWHUV� DQG ILQDO FOXVWHUV� ,W
KDV WURXEOH ZLWK DOO RI WKHVH WDVNV�

:H WUDLQHG WKH 0LQLPDO *HQHUDOL]DWLRQ /HDUQHU RQ RXU VXEOH[LFRQV DQG WHVWHG LW RQ WKH VWLPXOL
IURP WKH HOLFLWDWLRQ DQG IRUFHG FKRLFH H[SHULPHQWV� 7KH OHDUQHU SRVLWHG PDQ\ UXOHV IRU >�LN@ DQG
�@MLNݹ< 1RQH RI WKH UXOHV ZHUH DV JHQHUDO DV WKH RQH JLYHQ LQ ����� PRVW ZHUH VSHFLILF WR LQGLYLGXDO
FRQVRQDQWV� 2QH RI WKH SUREOHPV IRU WKH OHDUQHU LV WKH VWUHVV VKLIW LQ >�RN@ GLPLQXWLYHV� )RU D KXPDQ
OLQJXLVW� WKH UXOH LV UDWKHU VLPSOH WR VWDWH� PRYH VWUHVV WR WKH ILQDO V\OODEOH� 7KH UXOH LV HTXDOO\ HDV\ WR
FDSWXUH DV D SURGXFW�RULHQWHG JHQHUDOL]DWLRQ RYHU ZRUGV VXIIL[HG ZLWK >�RN@²WKH\ DOZD\V KDYH ILQDO
VWUHVV� 7KH 8&/$ 3KRQRWDFWLF /HDUQHU LGHQWLILHV WKLV JHQHUDOL]DWLRQ YLD WZR FRQVWUDLQWV IRUPXODWHG
RQ WKH 6WUHVV WLHU� 
>−VWUHVV@� DQG D FRQVWUDLQW DJDLQVW VWUHVV DQ\ZKHUH H[FHSW ZRUG�ILQDOO\� 7KH
FRQVWUDLQW DJDLQVW XQVWUHVVHG ILQDO V\OODEOHV KDV WKH KLJKHVW ZHLJKW LQ WKH >�RN@ GLPLQXWLYH VXEOH[L�
FRQ� 2Q WKH RWKHU KDQG� WKH 0LQLPDO *HQHUDOL]DWLRQ /HDUQHU GHILQHV LWV VXEOH[LFRQV RSHUDWLRQDOO\
E\ WUHDWLQJ HDFK VWUHVV VKLIW RSHUDWLRQ DV LWV RZQ UXOH� LW LV VR IRFXVHG RQ WKH VRXUFH�RULHQWHG SDUW RI
GLPLQXWLYH IRUPDWLRQ WKDW LW IDLOV WR FDSWXUH WKH VLPSOH SURGXFW�RULHQWHG JHQHUDOL]DWLRQ WKDW VWUHVV LV
DOZD\V ILQDO LQ >�RN@�GHULYHG GLPLQXWLYHV� ,Q SDUW� WKLV SUREOHP LV LPSOHPHQWDWLRQDO� VLQFH WKH OHDUQHU
WUHDWV WKH HQWLUH FKDQJHG SRUWLRQ RI WKH VWULQJ DV XQGHUJRLQJ WKH UXOH²WKXV� IRU >VyNRO@�>VRNROyN@� LW
SRVLWV D UXOH ZKHUHE\ >yNRO@→>RNROyN@�V � DQG WKH HQWLUHW\ RI @HOyNނ[HO@�>Xނ[~< LV HQFRGHG LQ D VHS�
DUDWH UXOH� ,I WKH OHDUQHU KDG WKH UXOH YRFDEXODU\ WR VWDWH D VWUHVV IORS RSHUDWLRQ PRUH HOHJDQWO\� LW
PLJKW GR EHWWHU� 1RQHWKHOHVV� D VLJQLILFDQW SDUW RI WKH SUREOHP VWHPV IURP WKH IRFXV RQ KRZ VWUHVV
LV PRYHG UDWKHU WKDQ RQ ZKHUH LW HQGV XS²WKH VXEOH[LFRQ DSSURDFK VXFFHHGV KHUH SUHFLVHO\ EH�
FDXVH LW LV JLYHQ WKH SURGXFW RI >�RN@ DIIL[DWLRQ DQG FDQ ILQG WKH SKRQRWDFWLF JHQHUDOL]DWLRQ DERXW
VWUHVV TXLWH HDVLO\�

)LQDO FRQVRQDQW FKDQJHV SUHVHQW D SUREOHP RI D GLIIHUHQW VRUW� LW LV HDVLHU WR VXPPDUL]H WKH
QHJDWLYH FRQVWUDLQWV RQ SDODWDOL]DWLRQ WKDQ WR HQFRGH WKHP LQ SRVLWLYH UXOHV� ,Q >�LN@ GLPLQXWLYHV� DOO
VWHP�ILQDO FRQVRQDQWV WKDW DUHQ¶W DOUHDG\ SDODWDOL]HG EHFRPH SDODWDOL]HG� H[FHSW IRU WKH GRUVDOV
>N@�>ܳ@�>[@� ZKLFK GR QRW RFFXU LQ WKH VXEOH[LFRQ� DQG WKH UHWURIOH[ VLELODQWV @ݔ< DQG �@ݢ< ZKLFK ODFN
SDODWDOL]HG FRXQWHUSDUWV DQG GR QRW DOWHUQDWH� �7KH DIIULFDWH @ݸ< EHFRPHV @Mݹ< LQ WKLV PRUSKRORJLFDO
FRQWH[W�� 7KH 8&/$ 3KRQRWDFWLF OHDUQHU FDSWXUHV WKH ODFN RI GRUVDOV ZLWK D FRQVWUDLQW 
>−ORZ@�
LQ WKH EDVH JUDPPDU� DQG LW FDSWXUHV WKH ODFN RI SDODWDOL]HG UHWURIOH[ VLELODQWV ZLWK 
>�UHWURIOH[�
−EDFN@ LQ WKH GLPLQXWLYH JUDPPDU� 2Q WKH RWKHU KDQG� WKH 0LQLPDO *HQHUDOL]DWLRQ /HDUQHU QHYHU
PDQDJHV WR IRUPXODWH JHQHUDO UXOHV IRU SDODWDOL]DWLRQ EHIRUH >�LN@� EHFDXVH WKH FRPSOHPHQW RI >N
ܳ [ ݔ @ݢ LQ WKH 5XVVLDQ FRQVRQDQW LQYHQWRU\ LV QRW D QDWXUDO FODVV WKDW FDQ EH HDVLO\ GHILQHG LQ
WHUPV RI SKRQRORJLFDO IHDWXUHV� :KDW WKH OHDUQHU GRHV LQVWHDG LV SRVLW VHYHUDO FRQVRQDQW�VSHFLILF
SDODWDOL]DWLRQ UXOHV� PLVVLQJ D IDLUO\ VLPSOH JHQHUDOL]DWLRQ�

,Q >�RN@ GLPLQXWLYHV� WKH SUREOHP RI ILQDO FRQVRQDQW DOWHUQDWLRQV LV RI D GLIIHUHQW QDWXUH� 4XLWH
JHQHUDOO\� WKH GRUVDOV >N@� >ܳ@� >[@ EHFRPH �@Mݹ< �@ݢ< @ݔ< �VHH àXERZLF] ����� 3DGJHWW ����� DQG RWKHUV��
7KH 0LQLPDO *HQHUDOL]DWLRQ /HDUQHU ZRXOG EH DEOH WR GHDO ZLWK >ܳ@ DQG >[@ ZHUH VWUHVV RXW RI WKH
SLFWXUH� DQG LQGHHG� ZKHQ ZH UHPRYHG VWUHVV IURP WKH OHDUQLQJ GDWD� LW IRXQG UXOHV IRU WKLV VXEFODVV
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RI GRUVDOV� %XW LW VWLOO PLVWUHDWV WKH FKDQJH DIIHFWLQJ >N@ DV LQIL[DWLRQ� IRU >E଎ғN@�>EܺݹMyN@ µEXOO¶� LW SRVLWV
D UXOH ZKHUHE\ >଎ғ@ EHFRPHV �@Myݹܺ< VLQFH RQO\ WKH XQGHUOLQHG SDUW RI WKH VWULQJ LV FKDQJLQJ� 7KLV
LPSOHPHQWDWLRQDO LVVXH FDQ EH DGGUHVVHG E\ ELDVLQJ PRUSKRORJLFDO OHDUQHUV DJDLQVW LQIL[DWLRQ �VHH
%HFNHU DQG $OOHQ VXEPLWWHG RQ K\SRWKHVLV UHGXFWLRQ��

7KH ELJJHVW SUREOHP ZLWK WKH OHDUQHU� KRZHYHU� LV WKDW LW KDV D KDUG WLPH LGHQWLI\LQJ QRQ�ORFDO
FRQGLWLRQLQJ HQYLURQPHQWV� $OEULJKW DQG +D\HV ������ DGGUHVV WKH SUREOHP LQ WKH FDVH RI 1DYDMR
VLELODQW KDUPRQ\� ZKHUH WKH DQWHULRULW\ RI DQ DIIL[ VWULGHQW GHSHQGV RQ WKH DQWHULRULW\ RI VWULGHQWV
LQ WKH VWHP²ZKHWKHU DGMDFHQW WR WKH DIIL[ RU QRW� 7KHLU VROXWLRQ LV WR JHQHUDOL]H RYHU WKH HQWLUH
VWULQJ� ORRNLQJ IRU IHDWXUDO FRPPRQDOLWLHV LQ DOO WKH VRXQGV RI WKH EDVH� *LYHQ D VXIILFLHQWO\ GLYHUVH
WUDLQLQJ VHW� WKH OHDUQHU ZLOO KRPH LQ RQ VWULGHQWV EHLQJ WKH SUHGLFWRU RI KDUPRQ\� 8QIRUWXQDWHO\�
WKLV VROXWLRQ DOVR LGHQWLILHV PDQ\ RWKHU� XQZDQWHG JHQHUDOL]DWLRQV WKDW $OEULJKW DQG +D\HV DUJXH
WR QRW KDYH DQ\ SV\FKRORJLFDO UHDOLW\ IRU VSHDNHUV� ,W VKRXOG EH DSSDUHQW WKDW� SV\FKRORJLFDO UHDO�
LW\ QRQZLWKVWDQGLQJ� WKLV VROXWLRQ ZRXOG QRW ILQG WKH ULJKW SUHGLFWRUV IRU 5XVVLDQ GLPLQXWLYHV²IRU
WKH VLPSOH UHDVRQ WKDW DOO 5XVVLDQ ZRUGV KDYH YRZHOV DQG VWUHVV LQ WKHP� EXW LW LVQ¶W WKH SUHV�
HQFH RI YRZHOV DQG VWUHVV WKDW SUHGLFWV ZKLFK DIIL[ DSSHDUV EXW UDWKHU WKHLU SRVLWLRQV� ,W LV QRW
FOHDU KRZ WKH OHDUQHU FDQ HYHU GLVFRYHU WKDW ZRUGV FRPELQLQJ ZLWK >�RN@ WHQG WR QRW KDYH KLDWXV
LQ WKHP²WKHUH LV QR IHDWXUH�EDVHG JHQHUDOL]DWLRQ FRYHULQJ VWULQJV RI FRQVRQDQWV DQG YRZHOV DV
RSSRVHG WR YRZHOV DQG YRZHOV LQ WKH ZRUGV WKDW GR FRPELQH ZLWK >�RN@� ,Q RUGHU WR QRWLFH WKDW
VHTXHQFHV RI WZR >−FRQVRQDQWDO@>−FRQVRQDQWDO@ VHJPHQWV DUH XQGHUDWWHVWHG LQ WKH >�RN@ VXEOH[�
LFRQ� WKH OHDUQHU ZRXOG KDYH WR JHQHUDOL]H RYHU VHTXHQFHV RI >−FRQVRQDQWDO@>�FRQVRQDQWDO@ DQG
>�FRQVRQDQWDO@>−FRQVRQDQWDO@� LW LV LPSRVVLEOH WR ILQG VXFK D JHQHUDOL]DWLRQ LQ WKH OHDUQHU¶V VHWXS�
,W GRHV QRW ORRN DW Q�JUDP FRQVWUDLQWV EHFDXVH LW LV QRW HTXLSSHG WR ORRN IRU FRQVWUDLQWV LQ WKH ILUVW
SODFH� 8OWLPDWHO\� $OEULJKW DQG +D\HV FRQFOXGH WKDW FRQVWUDLQWV DUH D QHFHVVDU\ SDUW RI WKH OHDUQLQJ
SURFHVV� LPSOHPHQWHG LQ WKH 8&/$ 3KRQRWDFWLF OHDUQHU �DOEHLW IRU SKRQRWDFWLF OHDUQLQJ RQO\� QRW
IRU PRUSKRSKRQHPLF OHDUQLQJ��

8QVXUSULVLQJO\� WKHUH ZDV QR FRUUHODWLRQ EHWZHHQ WKH 0LQLPDO *HQHUDOL]DWLRQ /HDUQHU¶V SUHGLF�
WLRQV IRU WKH 5XVVLDQ WKUHH�ZD\ IRUFHG FKRLFH H[SHULPHQW DQG SHRSOH¶V EHKDYLRU ��� PHDQLQJ LW
ZDV ULJKW DERXW ��� RI WKH WLPH�� 7KH OHDUQHU QHYHU JHQHUDOL]HG >�RN@ WR DQ\ RI WKH QRQFH ZRUGV�
,W GLG JHQHUDOL]H WKH VXIIL[ WR VRPH HOLFLWDWLRQ VWLPXOL� LI RQO\ EHFDXVH WKH\ ZHUH OH[LFDO ZRUGV RI
5XVVLDQ DQG VRPH RI WKHP HQGHG LQ WKH VDPH VHTXHQFHV DV WKH ZRUGV LQ WKH VXEOH[LFRQV� %XW
WKH FRUUHODWLRQ EHWZHHQ LWV FKRLFHV DQG SHRSOH¶V SURGXFWLRQV ZDV DJDLQ SRRU� DQG WKH VDPH KHOG
IRU FRQILGHQFH UDWLQJV�

� $FTXLVLWLRQ RI GLPLQXWLYH IRUPDWLRQ DQG RWKHU VXSSOHWLYH DOWHUQD�
WLRQV

7KH ODVW WRSLF ZH GLVFXVV EHIRUH FRQFOXGLQJ LV WKH DFTXLVLWLRQ RI VXEOH[LFRQV� 5HVHDUFK RQ WKH
DFTXLVLWLRQ RI PRUSKRSKRQRORJ\ VXJJHVWV WKDW LW WDNHV FKLOGUHQ D ORQJ WLPH WR DWWDLQ DGXOW PDVWHU\
�%HUNR ���� HW VHT��� ,W LV ZHOO�NQRZQ WKDW \RXQJHU FKLOGUHQ RIWHQ RYHUJHQHUDOL]H D UXOH RU DQ
DOORPRUSK WKDW LV UHVWULFWHG LQ WKH DGXOW ODQJXDJH WR LWHPV WKDW DUH QRW VXSSRVHG WR XQGHUJR WKH
UXOH �VHH� IRU H[DPSOH� *UD]LDQR�.LQJ DQG &DLUQV ���� RQ (QJOLVK FRPSDUDWLYHV� RU .|SFNH ����
RQ *HUPDQ SOXUDOV�� 2QO\ IDLUO\ ODWH GR FKLOGUHQ VWDUW XVLQJ DGXOW�OLNH IRUPV FRUUHFWO\� DQG EHLQJ
DEOH WR DSSO\ UXOHV WR QRQFH IRUPV FRPHV HYHQ ODWHU� 7KLV ODWH DFTXLVLWLRQ RI DGXOW�OLNH XVH SDWWHUQV
UHFHLYHV D UHDG\ H[SODQDWLRQ LI ZH DVVXPH WKDW LW WDNHV WLPH WR DVVHPEOH VXEOH[LFRQV RI VXIILFLHQW
VL]H� DQG WKDW LW WDNHV WLPH WR H[WUDFW SKRQRWDFWLF JHQHUDOL]DWLRQV IURP WKHP�

,I WKH SURFHGXUH ZH DVVXPH LQ RXU WKHRU\ LV DSSOLHG WR DOO VXSSOHWLYH DOORPRUSK\� WKHQ ZH ZRXOG
H[SHFW HYHQ WKH ³VLPSOH´ SDWWHUQV OLNH ³D´�³DQ´ VXSSOHWLRQ WR WDNH D ORQJ WLPH WR OHDUQ FRUUHFWO\� $QG

��



LQGHHG� 1HZWRQ DQG :HOOV ������ ILQG WKDW (QJOLVK�OHDUQLQJ WKUHH�\HDU ROGV SURGXFH ³DQ´ EHIRUH
YRZHO�LQLWLDO ZRUGV OHVV WKDQ ��� RI WKH WLPH� WKH SURSRUWLRQ LQFUHDVHV WR MXVW ��� IRU VHYHQ�
\HDU�ROGV��� %\ FRPSDULVRQ� WKH DOWHUQDWLRQ >èL@�>èԥ@� ZKRVH FRQGLWLRQLQJ HQYLURQPHQW LV VLPLODU�
LQFUHDVHV IURP ��� DW DJH � WR ��� E\ DJH �²DGXOW�OLNH SDWWHUQV DUH OHDUQHG PXFK HDUOLHU IRU WKLV
DOWHUQDWLRQ �ZKLFK� ZKLOH YDULDEOH� LV PRUH UREXVWO\ SKRQRORJLFDO LQ (QJOLVK� VHH 5D\PRQG HW DO�
������

:KHQ LW FRPHV WR 5XVVLDQ GLPLQXWLYHV� WKHUH DUH QR VWXGLHV WKDW ZH NQRZ RI WKDW LQYHVWLJDWH
WKH SKRQRORJLFDO DVSHFWV RI WKHLU DFTXLVLWLRQ� 7KH IRFXV KDV EHHQ RQ WKHLU PRUSKRV\QWD[� :KDW
ZH GR NQRZ LV WKDW GLPLQXWLYHV DUH IDU PRUH XELTXLWRXV LQ FKLOG�GLUHFWHG 5XVVLDQ VSHHFK WKDQ LQ
DGXOW�GLUHFWHG VSHHFK �.HPSH HW DO� ������ 7KLV LV FRQVLVWHQW ZLWK WKH SUDJPDWLFV RI GLPLQXWLYH XVH�
EXW LW DOVR KDV WKH KDSS\ VLGH HIIHFW RI VLPSOLI\LQJ FHUWDLQ SURSHUWLHV RI WKH 5XVVLDQ JHQGHU�QRXQ
FODVVHV DQG LWV VWUHVV V\VWHP �WKLV LV DQ LQVLJKW RULJLQDOO\ GXH WR 2OPVWHG ����� VHH DOVR .HPSH
HW DO� ����� ����� ZKR GHPRQVWUDWH WKDW GLPLQXWLYHV DFWXDOO\ IDFLOLWDWH WKH DFTXLVLWLRQ RI JHQGHU��
2QH ORQJLWXGLQDO GLDU\ �.HPSH HW DO� ����� 3URWDVVRYD DQG 9RHLNRYD ����� VKRZV WKDW WKH SDUHQW
RIWHQ UHIHUV WR DQ REMHFW XVLQJ ERWK QRQ�GLPLQXWLYH DQG GLPLQXWLYH QRXQV �H�J�� WKH IHPLQLQH QRXQ
>QDܳi@�>QyݔNԥ@ µOHJ ��GLP�¶�� VXSSO\LQJ WKH PDWHULDO IRU WKH VXEOH[LFRQV WKDW WKH FKLOG ZRXOG QHHG WR
OHDUQ WKH JHQHUDOL]DWLRQV�

%HFDXVH WKH IRFXV KDV VR IDU EHHQ RQ WKH PRUSKRV\QWD[ RI GLPLQXWLYH IRUPDWLRQ UDWKHU WKDQ
RQ WKH PRUSKRSKRQRORJ\� QRW PXFK LV NQRZQ DERXW WKH SURFHVV E\ ZKLFK FKLOGUHQ DFTXLUH WKH
SKRQRORJLFDO JHQHUDOL]DWLRQV DERXW GLPLQXWLYH IRUPDWLRQ� 2OPVWHG ������ FROOHFWV D IHZ DQHFGR�
WDO H[DPSOHV VXJJHVWLQJ WKDW FKLOGUHQ¶V GLPLQXWLYHV DUH QRW HQWLUHO\ DGXOW�OLNH� HYHQ WKRXJK VRPH
UXOHV DQG JHQHUDOL]DWLRQV PD\ DOUHDG\ EH LQ SODFH� )RU H[DPSOH� FKLOGUHQ PD\ H[SHFW ZRUGV WKDW
HQG LQ D VHTXHQFH DQDO\]DEOH DV D GLPLQXWLYH WR KDYH D EDVH �VHH ������ RSWLQJ IRU WKH VLPSOHVW
PRUSKRORJLFDO DQDO\VLV� /LNHZLVH� LQ IRUPLQJ WKHLU RZQ GLPLQXWLYHV� FKLOGUHQ DSSO\ VRPH RI WKH JHQ�
HUDOL]DWLRQV WKDW ZH LGHQWLILHG� WKXV� WKH PHGLDO�VWUHVVHG >SDONyYQނLN@ IROORZV WKH SDWWHUQ RI ZRUGV
HQGLQJ LQ >N@�ILQDO VXIIL[HV DQG LV DIIL[HG ZLWK >�ԥN@ �VHH ���D��� 0RUH LQWHUHVWLQJO\� DQ DQHFGRWDO
FKLOG GLPLQXWLYL]HV �RYUiܳ� >DYUiN@ µUDYLQH¶ ZLWK >�RN@ �VHH ���E�� DQG PXWDWHV WKH ILQDO FRQVRQDQW
WR �@Mݹ< DVVXPLQJ LW LV >N@�ILQDO� HYHQ WKRXJK LW LV UHDOO\ �ܳ��ILQDO �FI� >DYUiܳX@ µUDYLQH�GDWLYH¶�� 7KLV
QRXQ KDSSHQV WR EHORQJ WR WKH VPDOO VXEOH[LFRQ RI >�ԥN@ EDVHV� ZKLFK FRQWDLQV ERWK >N@ DQG >ܳ@�ILQDO
QRXQV �UHFDOO VHFWLRQ ����� EXW SUHVXPDEO\ WKH FKLOG KDV QRW KHDUG RU QRWLFHG WKH UHOHYDQW GDWD \HW�
7KLV H[DPSOH UHLQIRUFHV WKH SRLQW WKDW OHDUQHUV QHHG WR EH H[SRVHG WR H[DPSOHV VXFK DV >DYUiܳX@
DQG >DYUiݢԥN@ WR NQRZ WKDW WKH EDVH FRQVRQDQW LV VXSSRVHG WR PXWDWH WR @ݢ< DQG WKDW WKH PRUH
SURGXFWLYH >�RN@ VXIIL[ GRHV QRW DWWDFK WR WKLV SDUWLFXODU EDVH�

���� 6RPH DQHFGRWDO EDFNIRUPDWLRQV LQ 5XVVLDQ FKLOG VSHHFK

³'LPLQXWLYH´ IRUP &KLOG¶V EDFNIRUPDWLRQ &RUUHFW DGXOW EDVH $JH
D� >DGXYiQݹMLN@ >DGXYiQ@ ² �SVHXGRGLPLQXWLYH� ��� µGDQGHOLRQ¶
E� >Dܳ~UݹMLN@ >Dܳ~U@ DܳXUpݸ ² µFXFXPEHU¶
F� >OXQiWނLN@ >OXQiW@ ² ��LF ORDQZRUG� ² µOXQDWLF¶

��0DUMRULH 3DN UHSRUWV VLPLODU ILQGLQJV LQ DQ XQSXEOLVKHG KDQGRXW IURP DQ /6$ WDON� KWWS���ZZZ�PDUMRULHSDN�FRP�/6$�
SDN�DOORPRUSK\�SKRQRORJ\�SGI�

��



���� 6RPH DQHFGRWDO GLPLQXWLYH IRUPDWLRQV LQ FKLOG VSHHFK

%DVH IRUP &KLOG¶V GLPLQXWLYH &RUUHFW DGXOW GLPLQXWLYH $JH
D� SDONyYQނLN SDONyYQނLݹMԥN SDONyYQނLݹMԥN ² µFRORQHO¶
E� DYUiN DYUDݹMyN DYUiݢԥN ��RYUDܳ�ԥN�� �\�PR µUDYLQH¶
F� ]YނpUނ ]YނpUނLN ]YLUނyN �\�PR µDQLPDO¶
G� ܳOiV ܳOi]ނLNނL �SO� ܳOiVNL� ܳOD]yN �LUUHJXODU VWUHVV� �\�PR µH\H¶

:KDW KDV QRW \HW EHHQ GRQH LV D V\VWHPDWLF LQYHVWLJDWLRQ RI KRZ FKLOGUHQ WUHDW ZRUGV WKDW
SUHVHQW SKRQRORJLFDO GLIILFXOWLHV IRU GLPLQXWLYH DOORPRUSK FKRLFH� RU ZKHWKHU FKLOGUHQ FDQ JHQHUDOL]H
WKH UXOH WR QHZ LWHPV LQ WKH ZD\ WKDW DGXOWV GR�

�� &RQFOXVLRQ

:H DUJXHG WKDW NQRZOHGJH DERXW SKRQRORJLFDOO\ FRQGLWLRQHG VXSSOHWLRQ LV UHSUHVHQWHG YLD SKRQR�
WDFWLF JHQHUDOL]DWLRQV RYHU VXEVHWV RI WKH OH[LFRQ GHILQHG E\ PRUSKRORJLFDO UXOHV� 7KH PRUSKR�
ORJLFDO UXOHV UHIHU WR VHWV RI EDVHV YLD GLDFULWLFV� DQG SHRSOH OHDUQ ZKDW ZRUGV LQ HDFK GLDFULWLFDOO\
GHILQHG VXEVHW VRXQG OLNH� 3HRSOH H[WHQG PRUSKRORJLFDO UXOHV E\ FKHFNLQJ ZKHWKHU WKH EDVH DQG
WKH GHULYHG ZRUG FRXOG EHORQJ WR WKH GLDFULWLFDOO\ GHILQHG VHW� 7KH\ GR WKLV E\ XVLQJ VXEOH[LFDO
SKRQRWDFWLF JUDPPDUV WR DVVLJQ SUREDELOLWLHV WR EDVHV DQG GHULYHG ZRUGV� 7KLV DSSURDFK LV SRZ�
HUIXO DQG FDQ KDQGOH FDVHV LQ ZKLFK WKHUH LV YDULDWLRQ EHWZHHQ DOORPRUSKV� DV ZHOO DV FDVHV RI
LQHIIDELOLW\� ZKHUH QR JRRG VXIIL[HG IRUPV FDQ EH FRQVWUXFWHG IRU D EDVH� 7KH DSSURDFK DOVR SUH�
GLFWV WKDW JHQHUDOL]DWLRQV DERXW DIIL[ GLVWULEXWLRQ FDQ EH PDGH RYHU WKH ORFXV RI WKH DIIL[²IRU H[�
DPSOH� SKRQRORJLFDOO\ VHOHFWLYH VXIIL[HV ZLOO EH SLFN\ DERXW ZRUG HQGV� QRW QHFHVVDULO\ DERXW ZRUG
EHJLQQLQJV²EXW LW LV DOVR SRVVLEOH IRU WKH SKRQRORJLFDO SUHGLFWRUV RI DIIL[DWLRQ WR EH QRQ�ORFDO�

:H GHPRQVWUDWHG WKLV DSSURDFK RQ D FDVH WKDW KDV QRW UHFHLYHG PXFK DWWHQWLRQ IURP ZHVWHUQ
SKRQRORJLVWV� 5XVVLDQ GLPLQXWLYH DOORPRUSK\� :H VKRZHG WKDW SHRSOH FDQ JHQHUDOL]H WKH VXIIL[HV
WR EDVHV WKDW ODFN D OH[LFDO VSHFLILFDWLRQ IRU GLPLQXWLYH IRUPDWLRQ� DQG WKDW SHRSOH¶V GHFLVLRQV DERXW
DIIL[ IRUPDWLRQ PLUURU WKH JHQHUDOL]DWLRQV WKDW WKH 8&/$ 3KRQRWDFWLF /HDUQHU H[WUDFWHG RYHU VXE�
OH[LFRQV RI 5XVVLDQ EDVHV DQG GHULYHG GLPLQXWLYHV� :H GLVFXVVHG DOWHUQDWLYHV WR RXU WKHRU\ WKDW
UHO\ RQ WKH HPHUJHQFH RI WKH XQPDUNHG DQG VXEFDWHJRUL]DWLRQ IUDPHV� ZKLFK KDYH GLIILFXOWLHV ZLWK
FHUWDLQ DVSHFWV RI WKLV FRPSOH[ SDWWHUQ� :H DOVR GHPRQVWUDWHG WKDW WKH 0LQLPDO *HQHUDOL]DWLRQ
/HDUQHU IDLOV IRU FDVHV VXFK DV 5XVVLDQ� ZKHUH WKH JHQHUDOL]DWLRQV DUH QRW PLQLPDO�

5HIHUHQFHV
$GULDDQV� )UDQV� DQG 5HQp .DJHU� ����� $GGLQJ JHQHUDOL]DWLRQ WR VWDWLVWLFDO OHDUQLQJ� 7KH LQGXFWLRQ RI SKRQRWDFWLFV
IURP FRQWLQXRXV VSHHFK� -RXUQDO RI 0HPRU\ DQG /DQJXDJH ������±����

$OEULJKW� $GDP� ����� +RZ PDQ\ JUDPPDUV DP , KROGLQJ XS" 'LVFRYHULQJ SKRQRORJLFDO GLIIHUHQFHV EHWZHHQ ZRUG
FODVVHV� ,Q 3URFHHGLQJV RI WKH ��WK :HVW &RDVW &RQIHUHQFH RQ )RUPDO /LQJXLVWLFV� HG� &KDUOHV %� &KDQJ DQG +DQ�
QDK -� +D\QLH� �±��� 6RPHUYLOOH� 0$� &DVFDGLOOD 3URFHHGLQJV 3URMHFW�

$OEULJKW� $GDP� ����D� )HDWXUH�EDVHG JHQHUDOLVDWLRQ DV D VRXUFH RI JUDGLHQW DFFHSWDELOLW\� 3KRQRORJ\ ����±���
$OEULJKW� $GDP� ����E� /H[LFDO DQG PRUSKRORJLFDO FRQGLWLRQLQJ RI SDUDGLJP JDSV� ,Q 0RGHOLQJ XQJUDPPDWLFDOLW\� HG�
&XUW 5LFH DQG 6\OYLD %ODKR� ���±���� /RQGRQ� (TXLQR[ 3XEOLVKLQJ�

$OEULJKW� $GDP� DQG %UXFH +D\HV� ����� 5XOHV YV� DQDORJ\ LQ (QJOLVK SDVW WHQVHV� $ FRPSXWDWLRQDO�H[SHULPHQWDO VWXG\�
&RJQLWLRQ ������±����

$OEULJKW� $GDP� DQG %UXFH +D\HV� ����� 0RGHOLQJ SURGXFWLYLW\ ZLWK WKH JUDGXDO OHDUQLQJ DOJRULWKP� 7KH SUREOHP RI

��



DFFLGHQWDOO\ H[FHSWLRQOHVV JHQHUDOL]DWLRQV� ,Q*UDGLHQFH LQ JUDPPDU� *HQHUDWLYH SHUVSHFWLYHV� HG� *LVEHUW )DQVHORZ�
&DUROLQH )HU\� 0DWWKLDV 6FKOHVHZVN\� DQG 5DOI 9RJHO� ���±���� 2[IRUG� 2[IRUG 8QLYHUVLW\ 3UHVV�

$OGHUHWH� -RKQ� ����� 0RUSKRORJLFDOO\�JRYHUQHG DFFHQW LQ 2SWLPDOLW\ 7KHRU\� 'RFWRUDO 'LVVHUWDWLRQ� 8QLYHUVLW\ RI 0DV�
VDFKXVHWWV� $PKHUVW� $PKHUVW� 0$�

$OGHUHWH� -RKQ� ����� 'RPLQDQFH HIIHFWV DV WUDQVGHULYDWLRQDO DQWL�IDLWKIXOQHVV� 3KRQRORJ\ ������±����
$USSH� $QWWL� ����� 3RO\WRPRXV� 3RO\WRPRXV ORJLVWLF UHJUHVVLRQ IRU IL[HG DQG PL[HG HIIHFWV� 5 SDFNDJH YHUVLRQ �����
85/ �

%DD\HQ� 5 +DUDOG� ����� 'HULYDWLRQDO SURGXFWLYLW\ DQG WH[W W\SRORJ\� -RXUQDO RI TXDQWLWDWLYH OLQJXLVWLFV ����±���
%DD\HQ� 5 +DUDOG� 5LFKDUG 3LHSHQEURFN� DQG 5LMQ YDQ +� ����� 7KH {&(/(;} OH[LFDO GDWD EDVH� {&'�520}�
%DWHV� 'RXJODV 0� ����� )LWWLQJ OLQHDU PL[HG PRGHOV LQ 5� 5 1HZV ����±���
%HFNHU� 0LFKDHO� ����� 3KRQRORJLFDO WUHQGV LQ WKH OH[LFRQ� 7KH UROH RI FRQVWUDLQWV� 'RFWRUDO 'LVVHUWDWLRQ� 8QLYHUVLW\ RI
0DVVDFKXVHWWV� $PKHUVW� 0$�

%HFNHU� 0LFKDHO� DQG %ODNH $OOHQ� VXEPLWWHG� /HDUQLQJ DOWHUQDWLRQV IURP VXUIDFH IRUPV ZLWK VXEOH[LFDO SKRQRORJ\�
3KRQRORJ\� 85/ �

%HFNHU� 0LFKDHO� DQG 0DULD *RXVNRYD� WR DSSHDU� 6RXUFH�RULHQWHG JHQHUDOL]DWLRQV DV JUDPPDU LQIHUHQFH LQ 5XVVLDQ
YRZHO GHOHWLRQ� /LQJXLVWLF ,QTXLU\ ���

%HFNHU� 0LFKDHO� 1LKDQ .HWUH]� DQG $QGUHZ 1HYLQV� ����� 7KH VXUIHLW RI WKH VWLPXOXV� $QDO\WLF ELDVHV ILOWHU OH[LFDO
VWDWLVWLFV LQ 7XUNLVK GHYRLFLQJ QHXWUDOL]DWLRQ� /DQJXDJH �����±����

%HFNHU� 0LFKDHO� DQG -RQDWKDQ /HYLQH� ����� ([SHULJHQ� $Q RQOLQH H[SHULPHQW SODWIRUP� 85/
�

%HFNHU� 0LFKDHO� $QGUHZ 1HYLQV� DQG -RQDWKDQ /HYLQH� ����� $V\PPHWULHV LQ JHQHUDOL]LQJ DOWHUQDWLRQV WR DQG IURP
LQLWLDO V\OODEOHV� /DQJXDJH ������±����

%HOVOH\� 'DYLG� (GZLQ .XK� DQG 5R\ (� :HOVFK� ����� 5HJUHVVLRQ GLDJQRVWLFV� ,GHQWLI\LQJ LQIOXHQWLDO GDWD DQG VRXUFHV
RI FROOLQHDULW\� 1HZ <RUN� :LOH\�

%HQXD� /DXUD� ����� 7UDQVGHULYDWLRQDO LGHQWLW\� 3KRQRORJLFDO UHODWLRQV EHWZHHQ ZRUGV� 'RFWRUDO 'LVVHUWDWLRQ� 8QLYHUVLW\
RI 0DVVDFKXVHWWV� $PKHUVW� $PKHUVW� 0$�

%HUNR� -HDQ� ����� 7KH FKLOG¶V OHDUQLQJ RI (QJOLVK PRUSKRORJ\� :RUG ������±����
%REDOMLN� -RQDWKDQ� ����� 7KH LQV DQG RXWV RI FRQWH[WXDO DOORPRUSK\� ,Q 8QLYHUVLW\ RI 0DU\ODQG ZRUNLQJ SDSHUV LQ
OLQJXLVWLFV� HG� .� .� *URKPDQQ DQG &DUR 6WUXLMNH� YROXPH ��� ��±��� &ROOHJH 3DUN� 0'� 8QLYHUVLW\ RI 0DU\ODQG�

%RRLM� *HHUW� ����� 0RUSKHPH VWUXFWXUH FRQVWUDLQWV� ,Q 7KH EODFNZHOO FRPSDQLRQ WR SKRQRORJ\� HG� 0DUF YDQ 2RVWHQ�
GRUS� &ROLQ (ZHQ� (OL]DEHWK +XPH� DQG .HUHQ 5LFH� YROXPH �� ����±����� &KLFKHVWHU� 8. 	 0DOGHQ� 0$� :LOH\�
%ODFNZHOO�

%\EHH� -RDQ� ����� 5HJXODU PRUSKRORJ\ DQG WKH OH[LFRQ� /DQJXDJH DQG &RJQLWLYH 3URFHVVHV ������±����
%\EHH� -RDQ� ����� 3KRQRORJ\ DQG ODQJXDJH XVH� &DPEULGJH� 2[IRUG 8QLYHUVLW\ 3UHVV�
%\H� 3DWULN� ����� $OORPRUSK\� 6HOHFWLRQ� QRW RSWLPL]DWLRQ� ,Q )UHHGRP RI $QDO\VLV"� HG� 6\OYLD %ODKR� 3DWULN %\H� DQG
0DUWLQ .UlPHU� 6WXGLHV LQ *HQHUDWLYH *UDPPDU� %HUOLQ� 0RXWRQ GH *UX\WHU�

&DODPDUR� 6KLUD� DQG *DMD -DURV]� ����� /HDUQLQJ JHQHUDO SKRQRORJLFDO UXOHV IURP GLVWULEXWLRQDO LQIRUPDWLRQ� $ FRP�
SXWDWLRQDO PRGHO� &RJQLWLYH VFLHQFH ������±����

&DUVWDLUV� $QGUHZ� ����� 6RPH LPSOLFDWLRQV RI SKRQRORJLFDOO\ FRQGLWLRQHG VXSSOHWLRQ� ,Q <HDUERRN RI PRUSKRORJ\ �����
HG� *HHUW %RRLM DQG -DDS YDQ 0DUOH� ��±��� 'RUGUHFKW� .OXZHU�

&KRPVN\� 1RDP� DQG 0RUULV +DOOH� ����� 7KH VRXQG SDWWHUQ RI (QJOLVK� 1HZ <RUN� +DUSHU 	 5RZ�
&RHW]HH� $QGULHV� DQG 6KLJHWR .DZDKDUD� ����� )UHTXHQF\ ELDVHV LQ SKRQRORJLFDO YDULDWLRQ� 1DWXUDO /DQJXDJH DQG
/LQJXLVWLF 7KHRU\ �����±���

&RHW]HH� $QGULHV� DQG -RH 3DWHU� ����� 7KH SODFH RI YDULDWLRQ LQ SKRQRORJLFDO WKHRU\� ,Q 7KH +DQGERRN RI 3KRQRORJLFDO
7KHRU\� HG� -RKQ *ROGVPLWK� -DVRQ 5LJJOH� DQG $ODQ <X� ���±���� 2[IRUG� %ODFNZHOO� �QG HGLWLRQ HGLWLRQ�

&URVVZKLWH� .DWKHULQH� ����� 9RZHO UHGXFWLRQ LQ 2SWLPDOLW\ 7KHRU\� 'RFWRUDO 'LVVHUWDWLRQ� 8&/$� /RV $QJHOHV� &$�
'PLWULHYD� 2OJD� ����� *HPLQDWH W\SRORJ\ DQG WKH SHUFHSWLRQ RI FRQVRQDQW GXUDWLRQ� 'RFWRUDO GLVVHUWDWLRQ� 6WDQIRUG
8QLYHUVLW\�

(PELFN� 'DYLG� ����� /RFDOLVP YHUVXV JOREDOLVP LQ PRUSKRORJ\ DQG SKRQRORJ\� &DPEULGJH� 0$� 0,7 3UHVV�
(PELFN� 'DYLG� DQG $OHF 0DUDQW]� ����� $UFKLWHFWXUH DQG EORFNLQJ� /LQJXLVWLF ,QTXLU\ ����±���
)XND]DZD� +DUXND� 0DIX\X .LWDKDUD� DQG0LWVXKLNR 2WD� ����� /H[LFDO VWUDWLILFDWLRQ DQG UDQNLQJ LQYDULDQFH LQ FRQVWUDLQW�
EDVHG JUDPPDUV� ,Q 3URFHHGLQJV RI WKH ��QG PHHWLQJ RI WKH FKLFDJR OLQJXLVWLF VRFLHW\ &/6� SDUW �� 7KH SDQHOV� HG�
0� &DWKHULQH *UXEHU� 'HUULFN +LJJLQV� .HQQHWK 2OVRQ� DQG 7DPUD :\VRFNL� ��±��� &KLFDJR� ,/� &KLFDJR /LQJXLVWLF
6RFLHW\�

*DEULHODWRV� &RVWDV� (LYLQG 1HVVD 7RUJHUVHQ� 6HEDVWLDQ +RIIPDQ� DQG 6XVDQ )R[� ����� $ FRUSXV�EDVHG VRFLROLQJXLVWLF
VWXG\ RI LQGHILQLWH DUWLFOH IRUPV LQ /RQGRQ (QJOLVK� -RXUQDO RI (QJOLVK /LQJXLVWLFV ������±����

*DJOLDUGL� $QQLH� DQG -HIIUH\ /LG]� ����� 6WDWLVWLFDO LQVHQVLWLYLW\ LQ WKH DFTXLVLWLRQ RI 7VH] QRXQ FODVVHV� /DQJXDJH
�����±���

*DUHOOHN� 0DUF� ����� :RUG�LQLWLDO JORWWDOL]DWLRQ DQG YRLFH TXDOLW\ VWUHQJWKHQLQJ� ,Q 8&/$ :RUNLQJ 3DSHUV LQ 3KRQHWLFV�

��

http://CRAN.R-project/org/package=polytomous
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YROXPH ���� �±��� 8&/$�
*ROGZDWHU� 6KDURQ� DQG 0DUN -RKQVRQ� ����� /HDUQLQJ 27 FRQVWUDLQW UDQNLQJV XVLQJ D PD[LPXP HQWURS\ PRGHO� ,Q 3UR�
FHHGLQJV RI WKH 6WRFNKROP ZRUNVKRS RQ YDULDWLRQ ZLWKLQ 2SWLPDOLW\ 7KHRU\� HG� -HQQLIHU 6SHQDGHU� $QGHUV (ULNVVRQ�
DQG gVWHQ 'DKO� ���±���� 6WRFNKROP� 6WRFNKROP 8QLYHUVLW\�

*RUGRQ� 6DPDQWKD� ����� :KDW GR \RX FDOO D SHUVRQ IURP «� ,Q $QQXDO &RQIHUHQFH RQ 3KRQRORJ\� 0,7� &DPEULGJH�
0$�

*RXVNRYD� 0DULD� ����� 8QH[FHSWLRQDO VHJPHQWV� 1DWXUDO /DQJXDJH DQG /LQJXLVWLF 7KHRU\ �����±����
*RXVNRYD� 0DULD� DQG 0LFKDHO %HFNHU� ����� 1RQFH ZRUGV VKRZ WKDW 5XVVLDQ \HU DOWHUQDWLRQV DUH JRYHUQHG E\ WKH
JUDPPDU� 1DWXUDO /DQJXDJH DQG /LQJXLVWLF 7KHRU\ ������±���� $YDLODEOH RQ /LQJEX]] DW

�
*RXVNRYD� 0DULD� DQG 7DO /LQ]HQ� WR DSSHDU� 0RUSKRORJLFDO FRQGLWLRQLQJ RI SKRQRORJLFDO UHJXODUL]DWLRQ� 7KH /LQJXLVWLF
5HYLHZ 85/ �

*UD]LDQR�.LQJ� -DQLQH� DQG +HOHQ 6PLWK &DLUQV� ����� $FTXLVLWLRQ RI (QJOLVK FRPSDUDWLYH DGMHFWLYHV� -RXUQDO RI &KLOG
/DQJXDJH ������±����

*ULEDQRYD� 9HUD� ����� ([SRQHQFH DQG PRUSKRV\QWDFWLFDOO\ WULJJHUHG SKRQRORJLFDO SURFHVVHV LQ WKH 5XVVLDQ YHUEDO
FRPSOH[� -RXUQDO RI /LQJXLVWLFV �

+DOOH� 0RUULV� ����D� 7KH DFFHQWXDWLRQ RI 5XVVLDQ ZRUGV� /DQJXDJH ������±����
+DOOH� 0RUULV� ����E� 3UROHJRPHQD WR D WKHRU\ RI ZRUG IRUPDWLRQ� /LQJXLVWLF ,QTXLU\ ���±���
+DOOH� 0RUULV� ����� 7KH 5XVVLDQ GHFOHQVLRQ� $Q LOOXVWUDWLRQ RI WKH WKHRU\ RI 'LVWULEXWHG 0RUSKRORJ\� ,Q 3HUVSHFWLYHV LQ
SKRQRORJ\� HG� -HQQLIHU &ROH DQG &KDUOHV .LVVHEHUWK� ��±��� 6WDQIRUG� &6/, 3XEOLFDWLRQV�

+DOOH� 0RUULV� DQG :LOOLDP ,GVDUGL� ����� U� K\SHUFRUUHFWLRQ� DQG WKH (OVHZKHUH &RQGLWLRQ� ,Q 'HULYDWLRQV DQG FRQVWUDLQWV
LQ SKRQRORJ\� HG� ,JJ\ 5RFD� ���±���� 2[IRUG� &ODUHQGRQ 3UHVV�

+DOOH� 0RUULV� DQG $OHF 0DUDQW]� ����� 'LVWULEXWHG 0RUSKRORJ\� ,Q 7KH YLHZ IURP EXLOGLQJ ��� (VVD\V LQ KRQRU RI 6\OYDLQ
%URPEHUJHU � HG� .HQQHWK +DOH DQG 6DPXHO -D\ .H\VHU� &DPEULGJH� 0$� 0,7 3UHVV�

+DUOH\� +HLGL� DQG 0HUFHGHV 7XELQR %ODQFR� ����� &\FOHV�YRFDEXODU\ LWHPV DQG VWHP IRUPV LQ +LDNL� 0V� 8QLYHUVLW\ RI
$UL]RQD�

+DXJHQ� -DVRQ '� DQG 'DQLHO 6LGGLTL� ����� 5RRWV DQG WKH GHULYDWLRQ� /LQJXLVWLF LQTXLU\ ������±����
+D\� -HQQLIHU� DQG +DUDOG %DD\HQ� ����� 3DUVLQJ DQG SURGXFWLYLW\� <HDUERRN RI PRUSKRORJ\ ������ ������±����
+D\HV� %UXFH� ����� ,QWURGXFWRU\ SKRQRORJ\� 0DOGHQ� 0$� DQG 2[IRUG� 8.� :LOH\�%ODFNZHOO�
+D\HV� %UXFH� DQG &ROLQ :LOVRQ� ����� $ PD[LPXP HQWURS\ PRGHO RI SKRQRWDFWLFV DQG SKRQRWDFWLF OHDUQLQJ� /LQJXLVWLF
,QTXLU\ ������±����

+D\HV� %UXFH� .LH =XUDZ� 3pWHU 6LSWiU� DQG =VX]VD &]LUiN\ /RQGH� ����� 1DWXUDO DQG XQQDWXUDO FRQVWUDLQWV LQ +XQJDULDQ
YRZHO KDUPRQ\� /DQJXDJH ������±����

+HUPDQV� %HQ� ����� <HU YRFDOL]DWLRQ LQ VXIIL[HG IRUPV� WKH FDVH RI 5XVVLDQ� 3URJUHVV LQ *UDPPDU� $UWLFOHV DW WKH ��WK
$QQLYHUVDU\ RI WKH &RPSDULVRQ RI *UDPPDWLFDO 0RGHOV *URXS LQ 7LOEXUJ �

+HUPDQV� %HQ� ����� 2YHUDSSOLFDWLRQ RI \HU YRFDOL]DWLRQ LQ 5XVVLDQ� ,Q /LQJXLVWLFV LQ WKH 1HWKHUODQGV� HG� +DQV
%URHNKXLV DQG 3DXOD )LNNHUW� YROXPH ��� ��±��� -RKQ %HQMDPLQV�

+LOSHUW� 0DUWLQ� ����� 7KH (QJOLVK FRPSDUDWLYH²ODQJXDJH VWUXFWXUH DQG ODQJXDJH XVH� (QJOLVK /DQJXDJH DQG /LQJXLV�
WLFV ������±����

+LSSLVOH\� $QGUHZ� ����� 5XVVLDQ H[SUHVVLYH GHULYDWLRQ� $ QHWZRUN PRUSKRORJ\ DFFRXQW� 7KH 6ODYRQLF DQG (DVW
(XURSHDQ 5HYLHZ ������±����

,RVDG� 3DYHO� DQG %UXFH 0RUpQ�'XROOMi� ����� 5XVVLDQ SDODWDOL]DWLRQ� 7KH WUXH�U� VWRU\� 7DON SUHVHQWHG DW WKH 2OG :RUOG
&RQIHUHQFH LQ 3KRQRORJ\ �� 8QLYHUVLW\ RI 1LFH� 1LFH� )UDQFH� $YDLODEOH DW

�
,WR� -XQNR� DQG $UPLQ 0HVWHU� ����� 7KH FRUH�SHULSKHU\ VWUXFWXUH RI WKH OH[LFRQ DQG FRQVWUDLQWV RQ UHUDQNLQJ� ,Q
3DSHUV LQ 2SWLPDOLW\ 7KHRU\ ,, �8QLYHUVLW\ RI 0DVVDFKXVHWWV RFFDVLRQDO SDSHUV LQ OLQJXLVWLFV�� HG� -LOO %HFNPDQ� /DXUD
:DOVK 'LFNH\� DQG 6X]DQQH 8UEDQF]\N� ���±���� $PKHUVW� 0$� */6$ 3XEOLFDWLRQV�

-XUJHF� 3HWHU� ����� 'LVMXQFWLYH OH[LFDO VWUDWLILFDWLRQ� /LQJXLVWLF ,QTXLU\ ������±����
.DJHU� 5HQp� ����� 2Q DIIL[ DOORPRUSK\ DQG V\OODEOH FRXQWLQJ� ,Q ,QWHUIDFHV LQ SKRQRORJ\� HG� 8UVXOD .OHLQKHQ]� ���±
���� %HUOLQ� $NDGHPLH 9HUODJ�

.DSDWVLQVNL� 9VHYRORG� ����� 9HODU SDODWDOL]DWLRQ LQ 5XVVLDQ DQG DUWLILFLDO JUDPPDU� &RQVWUDLQWV RQ PRGHOV RI PRU�
SKRSKRQRORJ\� /DERUDWRU\ 3KRQRORJ\ �����±����

.DSDWVLQVNL� 9VHYRORG� ����� :KDW VWDWLVWLFV GR OHDUQHUV WUDFN" UXOHV� FRQVWUDLQWV RU VFKHPDV LQ �DUWLILFLDO� JUDPPDU
OHDUQLQJXOHV� FRQVWUDLQWV RU VFKHPDV LQ �DUWLILFLDO� JUDPPDU OHDUQLQJ� ,Q )UHTXHQF\ HIIHFWV LQ ODQJXDJH� /HDUQLQJ DQG
SURFHVVLQJ� HG� 6� 7K� *ULHV DQG '� 'LYMDN� 0RXWRQ GH *UX\WHU�

.DZDKDUD� 6KLJHWR� .RKHL 1LVKLPXUD� DQG +DMLPH 2QR� ����� 8QYHLOLQJ WKH XQPDUNHGQHVV RI 6LQR�-DSDQHVH�
-DSDQHVH�.RUHDQ /LQJXLVWLFV ������±����

.HPSH� 9HUD� 3DWULFLD %URRNV� DQG 6WHYHQ *LOOLV� ����� 'LPLQXWLYHV LQ FKLOG�GLUHFWHG VSHHFK VXSSOHPHQW PHWULF ZLWK
GLVWULEXWLRQDO ZRUG VHJPHQWDWLRQ FXHV� 3V\FKRQRPLF %XOOHWLQ DQG 5HYLHZ ������±����

��

http://lingauf.net/lingbuzz/002246
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.HPSH� 9HUD� 3DWULFLD %URRNV� DQG 1DWDOLMD 0LURQRYD� ����� 'LPLQXWLYL]DWLRQ VXSSRUWV JHQGHU DFTXLVLWLRQ LQ 5XVVLDQ
FKLOGUHQ� -RXUQDO RI &KLOG /DQJXDJH ������±����

.HPSH� 9HUD� 3DWULFLD %URRNV� 1DWDOLMD 0LURQRYD� $QJHOLQD 3HUVKXNRYD� DQG 2OJD )HGRURYD� ����� 3OD\LQJ ZLWK ZRUG
HQGLQJV� 0RUSKRORJLFDO YDULDWLRQ LQ WKH OHDUQLQJ RI 5XVVLDQ QRXQ LQIOHFWLRQV� %ULWLVK -RXUQDO RI 'HYHORSPHQWDO 3V\�
FKRORJ\ �����±���

.OHLQ� 7KRPDV %� ����� 6\OODEOH VWUXFWXUH DQG OH[LFDO PDUNHGQHVV LQ FUHROH PRUSKRSKRQRORJ\� 'HWHUPLQHU DOORPRUSK\
LQ KDLWLDQ DQG HOVHZKHUH� ,Q 7KH SKRQRORJ\ DQG PRUSKRORJ\ RI FUHROH ODQJXDJHV� HG� ,QJR 3ODJ� ���±���� 7XHELQJHQ�
0D[ 1LHPH\HU 9HUODJ�

.RFK� +DUROG� ����� .DLWLWM QRPLQDO LQIOHFWLRQ� VRPH FRPSDUDWLYH QRWHV� ,Q 3DSHUV LQ DXVWUDOLDQ OLQJXLVWLFV� HG� %� 5LJVE\
DQG 3� 6XWWRQ� YROXPH ��� ���±���� &DQEHUUD� $XVWUDOLDQ 1DWLRQDO 8QLYHUVLW\�

.|SFNH� .ODXV�0LFKDHO� ����� 7KH DFTXLVLWLRQ RI SOXUDO PDUNLQJ LQ (QJOLVK DQG *HUPDQ UHYLVLWHG� 6FKHPDWD YHUVXV
UXOHV� -RXUQDO RI FKLOG ODQJXDJH ������±����

/DERY� :LOOLDP� DQG :HQGHOO +DUULV� ����� 'H IDFWR VHJUHJDWLRQ RI EODFN DQG ZKLWH YHUQDFXODUV� ,Q 'LYHUVLW\ DQG
GLDFKURQ\� HG� 'DYLG 6DQNRII� $PVWHUGDP� %HQMDPLQV�

/D)DYH� 1DWKDQ� ����� $ PRUH H[SHULPHQWDO LQYHVWLJDWLRQ RI (QJOLVK DGMHFWLYH JUDGDWLRQ� 3DSHU SUHVHQWHG DW 1:$9
��� ,QGLDQD 8QLYHUVLW\� %ORRPLQJWRQ� ,1� 85/

�
/LHEHU� 5RFKHOOH� ����� 2Q WKH RUJDQL]DWLRQ RI WKH OH[LFRQ� 'RFWRUDO 'LVVHUWDWLRQ� 0,7� &DPEULGJH� 0$�
/LJKWQHU� 7KHRGRUH� ����� 6HJPHQWDO SKRQRORJ\ RI 0RGHUQ 6WDQGDUG 5XVVLDQ� 'RFWRUDO 'LVVHUWDWLRQ� 0,7� &DPEULGJH�
0$�

àXERZLF]� $QQD� ����� 'HULYHG (QYLURQPHQW (IIHFWV LQ 2SWLPDOLW\ 7KHRU\� /LQJXD �������±����
/XFH� 3DXO $� ����� 1HLJKERUKRRGV RI ZRUGV LQ WKH PHQWDO OH[LFRQ� 'RFWRUDO 'LVVHUWDWLRQ� ,QGLDQD 8QLYHUVLW\� %ORRP�
LQJWRQ� ,1�

0DVFDUy� -RDQ� ����� ([WHUQDO DOORPRUSK\ DV HPHUJHQFH RI WKH XQPDUNHG� ,Q &XUUHQW WUHQGV LQ SKRQRORJ\� 0RGHOV
DQG PHWKRGV� HG� -DFTXHV 'XUDQG DQG %HUQDUG /DNV� ���±���� 6DOIRUG� 0DQFKHVWHU� (XURSHDQ 6WXGLHV 5HVHDUFK
,QVWLWXWH� 8QLYHUVLW\ RI 6DOIRUG�

0DVFDUy� -RDQ� ����� ([WHUQDO DOORPRUSK\ DQG OH[LFDO UHSUHVHQWDWLRQ� /LQJXLVWLF ,QTXLU\ ������±����
0F&DUWK\� -RKQ -�� DQG $ODQ 3ULQFH� ����� *HQHUDOL]HG DOLJQPHQW� ,Q <HDUERRN RI PRUSKRORJ\� HG� *HHUW %RRLM DQG
-DDS YDQ 0DUOH� ��±���� 'RUGUHFKW� .OXZHU�

0F&DUWK\� -RKQ -�� DQG $ODQ 3ULQFH� ����� 7KH HPHUJHQFH RI WKH XQPDUNHG� 2SWLPDOLW\ LQ SURVRGLF PRUSKRORJ\� ,Q
3URFHHGLQJV RI WKH 1RUWK (DVW /LQJXLVWLF 6RFLHW\ ��� HG� 0HUFH *RQ]DOH]� ���±���� $PKHUVW� 0$� */6$ 3XEOLFDWLRQV�

0HOYROG� -DQLV� ����� 6WUXFWXUH DQG VWUHVV LQ WKH SKRQRORJ\ RI 5XVVLDQ� 'RFWRUDO 'LVVHUWDWLRQ� 0,7� &DPEULGJH� 0$�
0LFKHO� -HDQ�%DSWLVWH� <XDQ .XL 6KHQ� $YLYD 3UHVVHU $LGHQ� $GULDQ 9HUHV� 0DWWKHZ .� *UD\� 7KH *RRJOH %RRNV 7HDP�
-RVHSK 3� 3LFNHWW� 'DOH +RLEHUJ� 'DQ &ODQF\� 3HWHU 1RUYLJ� -RQ 2UZDQW� 6WHYHQ 3LQNHU� 0DUWLQ $� 1RZDN� DQG (UH]
$LGHQ� ����� 4XDQWLWDWLYH DQDO\VLV RI FXOWXUH XVLQJ PLOOLRQV RI GLJLWL]HG ERRNV� 6FLHQFH �������±����

0RQGRUI� %ULWWD� ����� 0RUH VXSSRUW IRU PRUH�VXSSRUW� 7KH UROH RI SURFHVVLQJ FRQVWUDLQWV RQ WKH FKRLFH EHWZHHQ V\Q�
WKHWLF DQG DQDO\WLF FRPSDUDWLYH IRUPV� YROXPH �� $PVWHUGDP� -RKQ %HQMDPLQV 3XEOLVKLQJ�

0\OHU� 1HLO� WR DSSHDU� ([FHSWLRQV WR WKH PLUURU SULQFLSOH DQG PRUSKRSKRQRORJLFDO ´DFWLRQ DW D GLVWDQFH´� 7KH UROH RI
´ZRUG´�LQWHUQDO SKUDVDO PRYHPHQW DQG VSHOO RXW� ,Q 7KH VWUXFWXUH RI ZRUGV DW WKH LQWHUIDFHV� HG� +HDWKHU 1HZHOO� 0DLUH
1RRQDQ� *O\QH 3LJJRW� DQG /LVD 7UDYLV� 2[IRUG 8QLYHUVLW\ 3UHVV�

1DVK� 'DYLG� ����� 7RSLFV LQ :DUOSLUL *UDPPDU� 'RFWRUDO 'LVVHUWDWLRQ� 0,7� &DPEULGJH� 0$� 3XEOLVKHG E\ *DUODQG
3UHVV� 1HZ <RUN������

1HYLQV� $QGUHZ� ����� 3KRQRORJLFDOO\�FRQGLWLRQHG DOORPRUSK VHOHFWLRQ� ����±����� :LOH\�%ODFNZHOO�
1HZWRQ� &DUROLQH� DQG %LOO :HOOV� ����� 7KH GHYHORSPHQW RI EHWZHHQ�ZRUG SURFHVVHV LQ WKH FRQQHFWHG VSHHFK RI
FKLOGUHQ DJHG EHWZHHQ � DQG � \HDUV� ,Q 3DWKRORJLHV RI VSHHFK DQG ODQJXDJH� $GYDQFHV LQ FOLQLFDO SKRQHWLFV DQG
OLQJXLVWLFV� HG� %HQ 0DDVVHQ DQG 3DXO *URHQHQ� ��±��� /RQGRQ� :KXUU 3XEOLVKHUV�

2OPVWHG� +XJK� ����� 'LPLQXWLYHPRUSKRORJ\ RI 5XVVLDQ FKLOGUHQ� $ VLPSOLILHG VXEVHW RI QRPLQDO GHFOHQVLRQ LQ ODQJXDJH
DFTXLVLWLRQ� ,Q $OH[DQGHU /LSVRQ� ,Q PHPRULDP� HG� &KDUOHV *ULEEOH� 5REHUW 5RWKVWHLQ� (G\WKH +DEHU� +XJK 2OPVWHG�
5REHUW 6]XONLQ� DQG &KDUOHV 7RZQVHQG� ���±���� &ROXPEXV� 2+� 6ODYLFD 3XEOLVKHUV�

3DGJHWW� -D\H� ����� 5XVVLDQ YRLFLQJ DVVLPLODWLRQ� ILQDO GHYRLFLQJ� DQG WKH SUREOHP RI >Y@ �RU� 7KH PRXVH WKDW VTXHDNHG��
0V� 6DQWD &UX]�

3DGJHWW� -D\H� ����� &RQWUDVW DQG SRVWYHODU IURQWLQJ LQ 5XVVLDQ� 1DWXUDO /DQJXDJH DQG /LQJXLVWLF 7KHRU\ �����±���
3DVWHU� 0DU\� ����� 3KRQRORJLFDO FRQGLWLRQV RQ DIIL[DWLRQ� 'RFWRUDO 'LVVHUWDWLRQ� 8& %HUNHOH\� %HUNHOH\� &$�
3DWHU� -RH� ����� 0RUSKHPH�VSHFLILF SKRQRORJ\� &RQVWUDLQW LQGH[DWLRQ DQG LQFRQVLVWHQF\ UHVROXWLRQ� ,Q 3KRQRORJLFDO
DUJXPHQWDWLRQ� (VVD\V RQ HYLGHQFH DQG PRWLYDWLRQ� HG� 6WHYH 3DUNHU� ���±���� /RQGRQ� (TXLQR[�

3HSHUNDPS� 6KDURQ� 5R]HQQ /H &DOYH]� -HDQ�3LHUUH 1DGDO� DQG (PPDQXHO 'XSRX[� ����� 7KH DFTXLVLWLRQ RI DOORSKRQLF
UXOHV� 6WDWLVWLFDO OHDUQLQJ ZLWK OLQJXLVWLF FRQVWUDLQWV� &RJQLWLRQ ����%��±%���

3LQNHU� 6WHYHQ� DQG $ODQ 3ULQFH� ����� 2Q ODQJXDJH DQG FRQQHFWLRQLVP� $QDO\VLV RI D SDUDOOHO GLVWULEXWHG SURFHVVLQJ
PRGHO RI ODQJXDJH DFTXLVLWLRQ� &RJQLWLRQ �����±����

��
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https://files.nyu.edu/nbl225/public/LaFave%20English%20adj%20gradation%20poster.pdf


3ODJ� ,QJR� ����� 0RUSKRORJLFDO SURGXFWLYLW\� 6WUXFWXUDO FRQVWUDLQWV LQ (QJOLVK GHULYDWLRQ� YROXPH ��� %HUOLQ� :DOWHU GH
*UX\WHU�

3ROLYDQRYD� $QQD .� ����� 2EUD]RYDQLH XPHQ¶VKLWHO¶Q\[ VXVFKHVWYLWHO¶Q\[ PX]KVNRJR URGD� ,Q 5XVVNLM MD]\N Y QDW�
VLRQDO¶QRM VKNROH� UHSULQWHG LQ $QQD .� 3ROLYDQRYD� ����� 2EVFKHHH UXVVNRH MD]\NR]QDQLH� ,]EUDQQ\H UDERW\� YRO�
XPH �� �±��� 0RVFRZ� 5**8�

3URWDVVRYD� (NDWHULQD� DQG 0DULD 9RHLNRYD� ����� 'LPLQXWLYHV LQ 5XVVLDQ DW WKH HDUO\ VWDJHV RI DFTXLVLWLRQ� /DQJXDJH
DFTXLVLWLRQ DQG ODQJXDJH GLVRUGHUV ������

5 'HYHORSPHQW &RUH 7HDP� ����� 5� $ ODQJXDJH DQG HQYLURQPHQW IRU VWDWLVWLFDO FRPSXWLQJ� 9LHQQD� $XVWULD� 85/
�

5DIIHOVLHIHQ� 5HQDWH� ����� 3KRQRORJLFDO FRQVWUDLQWV RQ (QJOLVK ZRUG IRUPDWLRQ� ,Q <HDUERRN RI PRUSKRORJ\ �����
���±���� 6SULQJHU�

5D\PRQG� :LOOLDP '�� -XOLD $� )LVKHU� DQG $OLFH )� +HDO\� ����� /LQJXLVWLF NQRZOHGJH DQG ODQJXDJH SHUIRUPDQFH LQ
(QJOLVK DUWLFOH YDULDQW SUHIHUHQFH� /DQJXDJH DQG &RJQLWLYH 3URFHVVHV ������±���� 85/

�
5HYLWKLDGRX� $QWKL� ����� +HDGPRVW DFFHQW ZLQV� +HDG GRPLQDQFH DQG LGHDO SURVRGLF IRUP LQ OH[LFDO DFFHQW V\VWHPV�
7KH +DJXH� +ROODQG $FDGHPLF *UDSKLFV�

5LQJHQ� &DWKHULQH 2�� DQG 2UYRNNL +HLQDPDNL� ����� 9DULDWLRQ LQ )LQQLVK YRZHO KDUPRQ\� $Q 27 DFFRXQW� 1DWXUDO
/DQJXDJH DQG /LQJXLVWLF 7KHRU\ ������±����

5RVH� 6KDURQ� DQG 5DFKHO :DONHU� ����� $ W\SRORJ\ RI FRQVRQDQW DJUHHPHQW DV FRUUHVSRQGHQFH� /DQJXDJH ������±
����

5\DQ� .HYLQ� ����� 2QVHWV FRQWULEXWH WR V\OODEOH ZHLJKW� 6WDWLVWLFDO HYLGHQFH IURP VWUHVV DQG PHWHU� /DQJXDJH ������±
����

6LGGLTL� 'DQLHO� ����� 6\QWD[ ZLWKLQ WKH ZRUG� (FRQRP\� DOORPRUSK\� DQG DUJXPHQW VHOHFWLRQ LQ GLVWULEXWHG PRUSKRORJ\�
YROXPH ���� $PVWHUGDP� -RKQ %HQMDPLQV 3XEOLVKLQJ &RPSDQ\�

6LHJHO� 'RURWK\� ����� 7RSLFV LQ (QJOLVK 0RUSKRORJ\� 'RFWRUDO 'LVVHUWDWLRQ� 0,7� &DPEULGJH� 0$�
6WDQNLHZLF]� (� ����� 'HFOHQVLRQ DQG JUDGDWLRQ RI 5XVVLDQ VXEVWDQWLYHV� %HUOLQ� 0RXWRQ�
6WHULRSROR� 2OJD� ����� )RUP DQG IXQFWLRQ RI H[SUHVVLYH PRUSKRORJ\� D FDVH VWXG\ RI 5XVVLDQ� 'RFWRUDO 'LVVHUWDWLRQ�
8QLYHUVLW\ RI %ULWLVK &ROXPELD� 9DQFRXYHU� %&�

8VDFKHY� $QGUHL� ����� )XOO\ DFFHQWHG SDUDGLJPV IURP =DOL]QMDN¶V ������ JUDPPDWLFDO GLFWLRQDU\�
�

:ROI� 0DWWKHZ� ����� )RU DQ DXWRVHJPHQWDO WKHRU\ RI PXWDWLRQ� ,Q 8023 ��� 3DSHUV LQ 2SWLPDOLW\ 7KHRU\ ,,,� HG� /HDK
%DWHPDQ� 0LFKDHO 2¶.HHIH� (KUHQ 5HLOO\� DQG $GDP :HUOH� YROXPH ���±���� $PKHUVW� 0$� */6$�

:ROI� 0DWWKHZ� ����� 2SWLPDO LQWHUOHDYLQJ� 6HULDO SKRQRORJ\�PRUSKRORJ\ LQWHUDFWLRQ LQ D FRQVWUDLQW�EDVHG PRGHO� 'RF�
WRUDO 'LVVHUWDWLRQ� 8QLYHUVLW\ RI 0DVVDFKXVHWWV� $PKHUVW� $PKHUVW� 0$�

:ROI� 0DWWKHZ� ����� &DQGLGDWH FKDLQV� XQIDLWKIXO VSHOORXW� DQG RXWZDUGV�ORRNLQJ SKRQRORJLFDOO\�FRQGLWLRQHG DOORPRU�
SK\� 0RUSKRORJ\ ������±����

:ROI� 0DWWKHZ� WR DSSHDU� /H[LFDO LQVHUWLRQ RFFXUV LQ WKH SKRQRORJLFDO FRPSRQHQW� ,Q 8QGHUVWDQGLQJ DOORPRUSK\� 3HU�
VSHFWLYHV IURP RSWLPDOLW\ WKHRU\� HG� 0� (XODOLD %RQHW� 0DULD�5RVD /ORUHW� DQG -RDQ 0DVFDUy� /RQGRQ� (TXLQR[�
$YDLODEOH DV 52$���� RQ WKH 5XWJHUV 2SWLPDOLW\ $UFKLYH� �

:XUP� /HH +� DQG 6HEDVWLDQR $ )LVLFDUR� ����� :KDW UHVLGXDOL]LQJ SUHGLFWRUV LQ UHJUHVVLRQ DQDO\VHV GRHV �DQG ZKDW LW
GRHV QRW GR�� -RXUQDO RI 0HPRU\ DQG /DQJXDJH �����±���

<HDUOH\� -HQQLIHU� ����� -HU YRZHOV LQ 5XVVLDQ� ,Q 3DSHUV LQ 2SWLPDOLW\ 7KHRU\ ,, �8QLYHUVLW\ RI 0DVVDFKXVHWWV RFFDVLRQDO
SDSHUV LQ OLQJXLVWLFV�� HG� -LOO %HFNPDQ� /DXUD :DOVK 'LFNH\� DQG 6X]DQQH 8UEDQF]\N� ���±���� $PKHUVW� 0$� */6$
3XEOLFDWLRQV�

=DOL]QMDN� $QGUHM $QDWROMHYLFK� ����� *UDPPDWLþHVNLM VORYDU¶ UXVVNRJR MD]\ND� >$ JUDPPDWLFDO GLFWLRQDU\ RI WKH 5XVVLDQ
ODQJXDJH@� 0RVFRZ� 5XVVNLM -D]\N�

=DOL]QMDN� $QGUHM $QDWROMHYLFK� ����� 2W SUDVODYMDQVNRM DNFHQWXDFLL N UXVVNRM� >)URP 3URWR�6ODYLF WR 5XVVLDQ DFFHQWXD�
WLRQ�@� 0RVFRZ� 1DXND�
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