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$%675$&7 ² 7KLV SDSHU LV D ILUVW VWHS WRZDUG FORVLQJ WKH DQDO\WLFDO JDS LQ WKH H[WHQVLYH
OLWHUDWXUH RQ WKH UHVXOWV RI LQWHUDFWLRQV EHWZHHQ SXEOLF DQG SULYDWH 5	' H[SHQGLWXUHV� DQG WKHLU
MRLQW HIIHFWV RQ WKH HFRQRP\� $ VXUYH\ IRFXVLQJ RQ HFRQRPHWULF VWXGLHV LQ WKLV DUHD UHYHDOV D
SOHWKRUD RI VRPHWLPHV FRQIXVLQJ DQG IUHTXHQWO\ FRQWUDGLFWRU\ HVWLPDWHV RI WKH UHVSRQVH RI
FRPSDQ\ ILQDQFHG 5	' WR FKDQJHV LQ WKH OHYHO DQG QDWXUH RI WKLV FDWHJRU\ RI SXEOLF
H[SHQGLWXUHV� <HW� D WKHRUHWLFDO IUDPHZRUN VHOGRP LV SURYLGHG ZLWKLQ ZKLFK WKH HPSLULFDO
UHVXOWV DUH WR EH LQWHUSUHWHG� 6RPH VXFK VWUXFWXUH LV QHFHVVDU\� LQ YLHZ RI WKH PXOWLSOH FKDQQHOV
WKURXJK ZKLFK SXEOLF UHVHDUFK FDQ DIIHFW SULYDWH 5	' SHUIRUPDQFH� HVSHFLDOO\ DV QRW DOO WKH
HIIHFWV IORZ LQ WKH VDPH GLUHFWLRQ� $ PDMRU FDXVH RI ´LQFRQVLVWHQFLHVµ LQ WKH HPSLULFDO OLWHUDWXUH
LV WKH IDLOXUH WR UHFRJQL]H NH\ GLIIHUHQFHV DPRQJ WKH YDULRXV SROLF\ ´H[SHULPHQWVµ EHLQJ
FRQVLGHUHG ² GHSHQGLQJ XSRQ WKH HFRQRP\ LQ ZKLFK WKH\ DUH HPEHGGHG� DQG WKH W\SH RI SXEOLF
VHFWRU 5	' VSHQGLQJ WKDW LV FRQWHPSODWHG� 8VLQJ D VLPSOH� VW\OL]HG VWUXFWXUDO PRGHO� ZH
LGHQWLI\ WKH PDLQ FKDQQHOV RI LPSDFW RI SXEOLF 5	'� :H WKXV FDQ FKDUDFWHUL]H WKH YDULRXV
HIIHFWV� GLVWLQJXLVKLQJ EHWZHHQ VKRUW�UXQ DQG ORQJ�UXQ LPSDFWV WKDW ZRXOG VKRZ XS LQ VLPSOH
UHJUHVVLRQ DQDO\VHV RI QRPLQDO SXEOLF DQG SULYDWH 5	' H[SHQGLWXUH YDULDEOHV� :LWKLQ WKH
FRQWH[W RI RXU VLPSOH PRGHO LW LV SRVVLEOH WR RIIHU LQWHUSUHWDWLRQV WKDW VKHG OLJKW RQ UHFHQW
FURVV�VHFWLRQ DQG SDQHO GDWD ILQGLQJV DW ERWK KLJK �L�H� QDWLRQDO� DQG ORZ �VSHFLILF WHFKQRORJ\
DUHD� OHYHOV RI DJJUHJDWLRQ�
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(GZLQ 0DQVILHOG MXVWO\ ZDV UHFRJQL]HG DV RQH DPRQJ WKH KDQGIXO RI
HFRQRPLVWV ZKR SLRQHHUHG V\VWHPDWLF H[SORUDWLRQV� EHJLQQLQJ LQ WKH ����·V� RI WKH
LQWHULRU RI WKH ´EODFN ER[µ RI WHFKQRORJ\� 7KDW HYRFDWLYH SKUDVH KDV EHHQ HPSOR\HG E\
1DWKDQ 5RVHQEHUJ ������ LQ DOOXGLQJ WR HFRQRPLVWV JHQHUDO GLVLQFOLQDWLRQ WR H[SOLFLWO\
H[DPLQH WHFKQRORJLFDO VSHFLILFV� DQG LQ XUJLQJ WKDW JUHDWHU DWWHQWLRQ EH GLUHFWHG WR WKH
HFRQRPLF DQG VRFLDO SURFHVVHV GHWHUPLQLQJ UHODWLRQVKLSV EHWZHHQ SURGXFWLYH LQSXWV
DQG RXWSXWV ² ZKHWKHU IRU ILUPV� LQGXVWULHV RU HQWLUH HFRQRPLHV� (G 0DQVILHOG�
KRZHYHU� KDG QRW QHHGHG VXFK HQFRXUDJHPHQW�

)URP WKH EHJLQQLQJ� 0DQVILHOG·V UHVHDUFK DSSURDFK ZDV WR JR WR WKH
PLFURHFRQRPLF OHYHO DQG JDWKHU TXDQWLWDWLYH GDWD WKDW ZDV QRW DYDLODEOH HOVHZKHUH�
5DWKHU WKDQ WU\LQJ WR PDNH XVH RI LQGLUHFW PHDVXUHV DQG SUR[\ YDULDEOHV� KH SXW KLV
HIIRUW ILUVW LQWR SUHSDULQJ WKH JURXQG E\ H[DPLQLQJ WKH SKHQRPHQD RI LQWHUHVW� DQG
FRQVXOWLQJ WKH RSLQLRQ RI LQIRUPHG SDUWLFLSDQWV ZLWKLQ WKH EXVLQHVV ZRUOG� 7KLV
GLVWLQJXLVKHG WKH VHULHV RI HDUO\ VWXGLHV RI WKH DGRSWLRQ DQG GLIIXVLRQ RI LQGXVWULDO
LQQRYDWLRQV� IRU ZKLFK KH VRRQ EHFDPH IDPRXV� DQG LW VHW D SDWWHUQ QRW RQO\ IRU KLV
VXEVHTXHQW HPSLULFDO LQTXLULHV� EXW IRU WKH UHVHDUFK FDUULHG RQ E\ KLV VWXGHQWV�

0DQVILHOG·V HPSLULFDO DQDO\VHV DV D UXOH ZHUH GHVLJQHG WR PDNH WKH ILQGLQJV
ZLGHO\ DFFHVVLEOH DQG SHUVXDVLYH� E\ OHDYLQJ KLV QHZ GDWD WR VSHDN DV PXFK DV WKH\
PLJKW IRU WKHPVHOYHV� DQG E\ RIIHULQJ LQWHUSUHWDWLRQV WKDW ZHUH JXLGHG E\ SLHFHV RI
WKHRUHWLFDO DSSDUDWXV WKDW KH SUHIHUUHG WR NHHS ´DV VLPSOH� WUDQVSDUHQW DQG UREXVW DV
SRVVLEOH�µ� %XW� WKH\ GLG PRUH WKDQ PHUHO\ VKHG IDFWXDO OLJKW XSRQ LPSRUWDQW SROLF\
TXHVWLRQV RI WKH GD\� 7KH PHVVDJHV RI 0DQVILHOG·V ILQGLQJV ² DERXW WKH LPSUHFLVLRQ RI
UHVHDUFK FRVW IRUHFDVWV� DERXW WKH JDSV EHWZHHQ VRFLDO DQG SULYDWH UDWHV RI UHWXUQ RQ
FRPSDQ\ 5	'� DERXW WKH VRFLDO UHWXUQ WR DFDGHPLF UHVHDUFK� DQG WKH FRVWV RI
LQWHUQDWLRQDO WHFKQRORJ\ WUDQVIHU ² ZHUH FDVW LQ WUDQVSDUHQW IRUPV WKDW JDYH WKHP
SDOSDEOH HIIHFW LQ VKDSLQJ JRYHUQPHQW SROLFLHV IRU VFLHQFH DQG WHFKQRORJ\�

7KLV UHVHDUFK DFKLHYHPHQW FRQWULEXWHG� HYHQWXDOO\� WR HQWLFLQJ RWKHUV WR SHHU
LQWR WKH ´EODFN ER[µ RI WKH HFRQRPLFV RI WHFKQRORJ\� 1RW DOO RI WKRVH� E\ DQ\ PHDQV�
ZHUH VR LQFOLQHG WR UHVWUDLQ WKHRUHWLFDO PRGHO�EXLOGLQJ IURP UDFLQJ IDU DKHDG RI WKH
UHOHYDQW HPSLULFDO NQRZOHGJH EDVH� %XW� DPRQJ PDQ\ HFRQRPHWULF VWXGHQWV RI WKH
HFRQRPLFV RI 5	' �DQG WKH IHZ WKDW DOVR VWXG\ WKH GLIIXVLRQ RI LQQRYDWLRQV��
0DQVILHOG·V ZRUN DSSHDUV WR KDYH OHIW D OHJDF\ RI FRQVLGHUDEOH KHVLWDQF\ LQ SODFLQJ
PXFK FUHGHQFH LQ WKH VSHFLILFDWLRQ DQG HVWLPDWLRQ RI VWUXFWXUDO PRGHOV� 7KLV KDV KDG DQ
XQIRUWXQDWH HIIHFW� ,W KDV JLYHQ IXUWKHU UHLQIRUFHPHQW WR WKH ELIXUFDWLRQ RI HFRQRPLF
UHVHDUFK LQ WKLV DUHD EHWZHHQ WKHRU\ DQG HPSLULFV� WKH IDYRUHG VW\OH LQ WKHRUHWLFDO
PRGHOLQJ WHQGV WR ZRUN ZLWK DEVWUDFW DQG VXSSRVHGO\ PRUH JHQHUDO VWUXFWXUHV� ZKHUHDV
PDQ\ HPSLULFDO VWXGLHV HVFKHZ LPSRVLQJ DQ\ EXW WKH ORRVHVW WKHRU\�EDVHG UHVWULFWLRQV
XSRQ WKH DQDO\VLV RI WKH GDWD�

7KH LQWHULRU RI WKH EODFN ER[ RI WHFKQRORJ\ E\ QRZ KDV EHFRPH LQFUHDVLQJ
FURZGHG ZLWK HFRQRPLVWV RI YDULRXV VWULSHV� DQG DOWKRXJK JURZLQJ DUHDV DUH LOOXPLQDWHG
E\ WKH DFFXPXODWLQJ UHVXOWV RI WKHLU LQYHVWLJDWLRQV� VRPH ODUJH UHJLRQV RI GDUNQHVV

                                                       
� 7KH H[WUDFW LV IURP 0DQVILHOG·V ������ YRO� ,� S� L[� RZQ GHVFULSWLRQ RI KLV ZRUNLQJ VW\OH� LQ D SDVVDJH
TXRWHG LQ IXOO E\ 'LDPRQG·V ������ VXUYH\ RI 0DQVILHOG·V FRQWULEXWLRQV WR WKH HFRQRPLFV RI WHFKQRORJ\�
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UHPDLQ� 2QH RI WKH GDUNHVW SDWFKHV RI WHUUDLQ LV WKH UHDOP ZKHUH SXEOLF DQG SULYDWH
5	' LQWHUDFW� ,W LV QRW WKDW WKLV ´KHDUW RI GDUNQHVVµ KDV UHPDLQHG LQIUHTXHQWO\ YLVLWHG�
4XLWH WKH FRQWUDU\� D VXUYH\ RI WKH HFRQRPHWULF OLWHUDWXUH �ZKLFK ZH KDYH XQGHUWDNHQ LQ
FROODERUDWLRQ ZLWK $QGUHZ 7RROH� KDV LGHQWLILHG PRUH WKDQ �� SDSHUV� PRVW RI WKHP
TXLWH UHFHQW� WKDW VHHN WR DGGUHVV LQ RQH ZD\ RU DQRWKHU WKH LVVXH RI WKH QDWXUH RI WKRVH
LQWHUDFWLRQV�� 7KH IDFW WKDW WKH TXHVWLRQ NHHSV EHLQJ UDLVHG� KRZHYHU� LV LQ WKLV FDVH
V\PSWRPDWLF QRW RQO\ RI WKH LQWHUHVW WKDW DWWDFKHV WR LW EXW RI WKH HOXVLYHQHVV RI D
VDWLVI\LQJO\ FRQFOXVLYH DQVZHU�

4XLWH REYLRXVO\ LW LV D PDWWHU RI FRQVLGHUDEOH LPSRUWDQFH IRU VFLHQFH DQG
WHFKQRORJ\ SROLF\�PDNHUV WR NQRZ ZKHWKHU JRYHUQPHQW 5	' H[SHQGLWXUHV DQG
FRPSDQ\�ILQDQFHG 5	' LQYHVWPHQWV EHKDYH OLNH VXEVWLWXWHV RU OLNH FRPSOHPHQWV�
,QVRIDU DV WKH UDWLRQDOH IRU JRYHUQPHQW VXSSRUW RI 5	' UHVWV RQ WKH SUHVXSSRVLWLRQ
WKDW WRR OLWWOH UHVHDUFK ZRXOG EH SHUIRUPHG ZHUH WKH SULYDWH VHFWRU WR EH OHIW WR LWV RZQ
GHYLFHV� LQWHQVH FRQFHUQ VXUURXQGV WKH SRVVLELOLW\ WKDW SXEOLF DOORFDWLRQV IRU WKDW
SXUSRVH DUH EHLQJ VXEVWLWXWHG IRU LQYHVWPHQWV WKDW ILUPV ZRXOG RWKHUZLVH XQGHUWDNH�
7KHUH LV� LQ VKRUW� D ZRUU\ WKDW SULYDWH 5	' PD\ EH ´FURZGHG RXWµ DQG WKH XVH RI
WD[SD\HUV PRQH\ UHQGHUHG IDU OHVV HIIHFWXDO WKDQ PLJKW EH VXSSRVHG LQ DXJPHQWLQJ
VRFLHW\·V LQYHVWPHQW LQ JHQHUDWLQJ WHFKQRORJLFDO SURJUHVV��

%XW� OLNH RWKHU SURFHVVHV WKDW RFFXU LQVLGH ´EODFN ER[HV�µ HFRQRPLF UHVHDUFK RQ
WKLV LVVXH KDV WHQGHG WR EH DFFRPSDQLHG E\ PRUH KHDW WKDQ OLJKW� 0DQ\ RI WKH ILQGLQJV
WKDW WKH OLWHUDWXUH SUHVHQWO\ RIIHUV RQ WKH TXHVWLRQ RI VXEVWLWXWHV YV� FRPSOHPHQWV VHHP
GLDPHWULFDOO\ DW RGGV ZLWK RQH DQRWKHU� ,Q JRRG SDUW WKDW UHVXOWV IURP WKH IDFW WKDW WKH
SUREOHP LV EHLQJ DSSURDFK LQ YHU\ GLIIHUHQW ZD\V� DW GLIIHUHQW OHYHOV RI DJJUHJDWLRQ� DQG
ZLWK HFRQRPHWULF PRGHOV ZKRVH VSHFLILFDWLRQV DQG HVWLPDWLRQ PHWKRGV DUH QRW WKH
VDPH� <HW� LW LV DOVR DWWULEXWDEOH LQ VRPH SDUW WR WKH ILHOG·V XQGHU�LQYHVWPHQW LQ VRUWLQJ
RXW WKH YDULRXV SRVVLEOH FKDQQHOV RI LQIOXHQFH WKDW PD\ EH LQYROYHG� DQG LQ H[DPLQLQJ
WKHLU SRVVLEOH LQWHUDFWLRQV ZLWKLQ D PRUH FRPSUHKHQVLYH HTXLOLEULXP IUDPHZRUN� 7KLV
FDQQRW EH GRQH ZLWKRXW WKH DLG RI VRPH VWUXFWXUDO PRGHOV� KRZHYHU VLPSOLILHG WKH\
PLJKW EH�

,Q VKRUW� EHFDXVH WKH HFRQRPHWULF OLWHUDWXUH GHYRWHG WR WKLV WRSLF KDV SURFHHGHG
VR IDU WRZDUGV WKH H[WUHPH RI ´PHDVXUHPHQW ZLWKRXW WKHRU\�µ ZH EHOLHYH WKDW ZKDW LV
PRVW OLNHO\ WR SURYH IUXLWIXO DW WKLV MXQFWXUH LV WKH SURYLVLRQ RI PRUH VWUXFWXUDO JXLGDQFH
LQ PDNLQJ VHQVH RI WKH HPSLULFDO ILQGLQJV� ,QGHHG� WKLV VHHPV D QHFHVVDU\ QH[W VWHS LI ZH
KRSH WR VXVWDLQ WKH SURGXFWLYH PRPHQWXP LPSDUWHG WR UHVHDUFK LQ WKLV DUHD E\
0DQVILHOG·V SLRQHHULQJ FRQWULEXWLRQV� $OWKRXJK LW ZDV QRW KLV VW\OH WR SXW IRUPDO
DQDO\WLF LVVXHV ILUVW� LQ ZKDW IROORZV ZH KDYH DSSURDFKHG WKH GHYHORSPHQW RI DQ

                                                       
� 6HH 'DYLG� +DOO DQG 7RROH ������ LQ SURJUHVV�� 7KHUH LV D YDVWO\ PRUH H[WHQVLYH ERG\ RI ZRUN LQ
HFRQRPLFV ZKLFK GHDOV ZLWK FDVH VWXGLHV RI WKH LPSDFW RI JRYHUQPHQW UHVHDUFK SURJUDPV XSRQ SULYDWH
5	' LQYHVWPHQW� DPRQJ WKHVH� 0DQVILHOG ������ DQG /H\GHQ DQG /LQN ������ H[HPSOLI\ WKH DSSOLFDWLRQV
RI PHWKRGV RI QRQ�HFRQRPHWULF TXDQWLWDWLYH DVVHVVPHQWV� ZKHUHDV DQ KLVWRULFDO FDVH VWXG\ DSSURDFK KDV
EHHQ DGRSWHG LQ 1DWLRQDO 5HVHDUFK &RXQFLO�&67% �������
� 7KH TXHVWLRQ VKRXOG RI FRXUVH EH YLHZHG LQ WKH ODUJHU FRQWH[W RI WKH SROLWLFDO HFRQRP\ OLWHUDWXUH
GHDOLQJ ZLWK WKH FULWLTXH RI VWDWH LQWHUYHQWLRQ LQ WKH HFRQRP\� )RU D WKHRUHWLFDO WUHDWPHQW RI WKH
GHWHUPLQDQWV RI SULYDWH IXQGLQJ RI SXEOLF JRRGV� VHH� H�J�� %HUJVWURP� %OXPH DQG 9DULDQ �������
'LDPRQG ������ DSSURDFKHV WKH LVVXH RI ´FURZGLQJ RXWµ RI SULYDWH IXQGLQJ IRU EDVLF UHVHDUFK IURP WKLV
ZLGHU SHUVSHFWLYH� DQG UHYLHZV WKH DSSOLHG UHVHDUFK RQ WKH UHODWLRQVKLS EHWZHHQ JRYHUQPHQW LQFRPH
WUDQVIHUV DQG SULYDWH FKDULWDEOH GRQDWLRQV� %XW RQO\ .HDOH\ ������ KDV JRHV VR IDU DV WR FRQWHQG WKDW
SXEOLF 5	' IXQGLQJ FRXOG EH VXEVWDQWLDOO\ UHSODFHG E\ D PL[WXUH RI SULYDWH FKDULWDEOH EHTXHVWV DQG
LQGXVWULDO H[SHQGLWXUH IRU WKH VXSSRUW RI EDVLF VFLHQFH�
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LQVWUXFWLYH WKHRUHWLFDO DSSDUDWXV E\ NHHSLQJ LQ PLQG 0DQVILHOG·V LQMXQFWLRQ WR VWULYH IRU
VLPSOLFLW\� UREXVWQHVV DQG WUDQVSDUHQF\�

II. WHY WORRY? IS R&D “CROWDING OUT” NECESSARILY BAD?

%HIRUH JRLQJ WR JUHDWHU DQDO\WLFDO OHQJWKV� DQG WR IXUWKHU UHILQHPHQWV RI
HFRQRPHWULF VSHFLILFDWLRQV LQ RUGHU WR HVWDEOLVK ZKHWKHU FRPSOHPHQWDULW\ UDWKHU WKDQ
VXEVWLWXWLRQ SUHYDLOV DW WKH PDUJLQ LQ WKH UHODWLRQVKLS EHWZHHQ SXEOLF DQG SULYDWH 5	'
IXQGLQJ� LW VXUHO\ LV ZRUWK SDXVLQJ WR FRQVLGHU WKLV TXHVWLRQ� 6KRXOG ZH UHDOO\ EH VR
FRQFHUQHG LI SXEOLF UHVHDUFK IXQGLQJ KDSSHQHG WR GLVSODFH SULYDWH 5	' H[SHQGLWXUHV"
7KLV VLPSOH� ORJLFDOO\ DQWHFHGDQW TXHVWLRQ KLWKHUWR GRHV QRW VHHP WR KDYH EHHQ DVNHG�
OHW DORQH DQVZHUHG LQ WKH HFRQRPLFV OLWHUDWXUH�

$V D UXOH� LQTXLULHV LQWR ZKHWKHU RU QRW WKHUH LV ´FURZGLQJ RXWµ RI SULYDWH 5	'
E\ JRYHUQPHQW FRQWUDFWV� RU JUDQWV� EHJLQ IURP WKH WUDGLWLRQDO VXSSRVLWLRQ WKDW WKH
HIIHFW RI LQIRUPDWLRQ VSLOORYHUV LV FDXVLQJ WKH SULYDWH PDUJLQDO UDWH RI UHWXUQ WR EH ORZHU
WKDQ WKH VRFLDO PDUJLQDO UDWH RI UHWXUQ� 0RUH VWULFWO\� WKH\ DVN ZKHWKHU WKLV LV WKH FDVH DW
D OHYHO RI SULYDWH LQYHVWPHQW WKDW LV ´WRR VPDOO�µ +HQFH� WKHUH LV D SUHVXPSWLRQ WKDW DQ\
IXUWKHU GLVSODFHPHQW RI SULYDWH 5	' E\ WKH GLUHFW RU LQGLUHFW HIIHFWV RI SXEOLF UHVHDUFK
SURJUDPV PXVW EH D SHUYHUVHO\ EDG RXWFRPH� 7KLV SUHVXPSWLRQ DFFRXQWV IRU WKH
DEVHQFH RI H[SOLFLW DWWHQWLRQ WR WKH TXHVWLRQ RI ZKHWKHU ´FURZGLQJ RXWµ LQ WKLV FRQWH[W
LV QHFHVVDULO\ EDG�

%XW� UDWKHU WKDQ VLPSO\ SRVLWLQJ WKDW WKH SUREOHP RI LPSHUIHFW DSSURSULDELOLW\
UHVXOWV HYHU\ZKHUH LQ D GHILFLHQF\ RI SULYDWH 5	' LQYHVWPHQW� ZH VKRXOG VWRS WR WDNH
QRWLFH RI WKH H[WHQVLYH OLVW RI H[FHSWLRQV WKDW TXDOLI\ WKH FRQYHQWLRQDO FRQFOXVLRQ EDVHG
RQ WKHRUHWLFDO FRQVLGHUDWLRQV� 5DFLQJ EHKDYLRUV� EXVLQHVV VWHDOLQJ VWUDWHJLHV� DQG ´H[FHVV
FRUUHODWLRQµ DPRQJ FRPSDQLHV· 5	' SURJUDPV� DOO FRQVWLWXWH SRWHQWLDO SDWKRORJLHV WKDW
VWHP IURP FRQGLWLRQV WKDW FDXVH WKH H[SHFWHG SULYDWH PDUJLQDO UDWH RI UHWXUQ WR DQ
LQGLYLGXDO ILUP·V LQYHVWPHQWV WR H[FHHG WKH PDUJLQDO VRFLDO UDWH RQ WKH 5	' SURMHFWV LQ
TXHVWLRQ�� ,Q VXFK FLUFXPVWDQFHV LW LV QRW LPSODXVLEOH WR VXSSRVH WKDW WKH ´H[FHVVLYH
FRQFHQWUDWLRQµ RI SULYDWH H[SHQGLWXUHV FRXOG GULYH GRZQ WKH VRFLDO PDUJLQDO UDWH RI
UHWXUQ RQ WKH 5	' SHUIRUPHG E\ WKH SULYDWH VHFWRU� ,QGHHG� LW PLJKW GHSUHVV WKH ODWWHU
WR OHYHOV ZHOO EHORZ WKH VRFLDO PDUJLQDO UDWH RQ OLQHV RI UHVHDUFK WKDW WKH SULYDWH VHFWRU
ZDV LJQRULQJ ² SRVVLEO\ GXH WR GLIILFXOWLHV LQ DSSURSULDWLQJ WKH EHQHILWV IXOO\�

7KH VLWXDWLRQ MXVW HQYLVLRQHG EHDUV VRPH UHVHPEODQFH WR WKH RQH IDPRXVO\
GLDJQRVHG E\ -�.� *DOEUDLWK LQ 7KH $IIOXHQW 6RFLHW\ ������� QDPHO\� H[FHVVLYH SULYDWH
�FRQVXPSWLRQ� H[SHQGLWXUHV LQ WKH PLGVW RI SXEOLF VTXDORU� DQG VR LW FRQYHQLHQWO\ PLJKW
EH ODEHOHG ´WKH SUREOHP RI WKH DIIOXHQW NQRZOHGJH VRFLHW\�µ $OWKRXJK ZH FDQ SXW D
FDWFK\ QDPH WR LW� GHPRQVWUDWLQJ WKDW WKHUH LV VRPHWKLQJ ZRUWK QDPLQJ LV D JUHDWHU
FKDOOHQJH� 7KH IRUHJRLQJ PDUNHW SDWKRORJLHV KDYH EHHQ DWWHVWHG WR IDU PRUH IXOO\ E\
GLVFXVVLRQV LQ WKH WKHRUHWLFDO OLWHUDWXUH WKDQ E\ WKH HPSLULFDO HYLGHQFH�� :H FDQQRW

                                                       
� 6HH 'DVJXSWD DQG 0DVNLQ ������ RQ ´H[FHVV FRUUHODWLRQ�µ DQG 1DWLRQDO 5HVHDUFK &RXQFLO ������� HVS�
SS� ������ IRU IXUWKHU GLVFXVVLRQ RI SRWHQWLDO VRXUFHV RI SULYDWH VHFWRU RYHU�LQYHVWPHQW LQ 5	'�
� 7KLV LVVXH UHFHQWO\ KDV EHHQ H[DPLQHG DW WKH DJJUHJDWH OHYHO E\ -RQHV DQG :LOOLDPV ������� 7KHVH
DXWKRUV FRQFOXGH� RQ WKH EDVLV RI VLPXODWLRQ UHVXOWV IRU DQ DJJUHJDWH JURZWK PRGHO� WKDW LW LV TXLWH
XQOLNHO\ IRU WHQGHQFLHV WR RYHU�LQYHVWPHQW WR RYHUZKHOP WKRVH WKDW ZRXOG JLYH ULVH WR WKH RSSRVLWH
HIIHFW� ([FHSWLRQV RFFXU �LQ WKHLU PRGHO� XQGHU FRQGLWLRQV WKDW DUH UHDGLO\ LQWHOOLJLEOH� ZKHUH WKH UHDO UDWH
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SUHVHQWO\ VD\ ZKHWKHU RU QRW WKHUH LV DQ\ VXEVWDQWLDO GHJUHH RI FRUUHVSRQGHQFH EHWZHHQ
UHDOLW\ DQG WKH FRQWHPSODWHG VLWXDWLRQV RI �VRFLDOO\� H[FHVVLYH SULYDWH LQYHVWPHQW LQ
5	'� :KDW VXFK HYLGHQFH DV PLJKW EH DGGXFHG LQ WKLV FRQQHFWLRQ WHQGV WR VKRZ LV
WKDW 5	' SHUIRUPDQFH E\ VRPH RI DQ LQGXVWU\·V ILUPV· GRHV QRW GHSUHVV H[SHFWHG
PDUJLQDO UDWHV RI UHWXUQ HQMR\HG E\ RWKHU ILUPV� $W OHDVW� QRW VXIILFLHQWO\ WR GULYH GRZQ
WKH UHDOL]HG DYHUDJH SULYDWH UDWHV RI UHWXUQ� WKHUHE\ ORZHULQJ WKH VRFLDO PDUJLQDO UHWXUQ
RQ WKHLU FROOHFWLYH LQYHVWPHQWV� 7KLV FRXOG YHU\ SODXVLEO\ EH VR EHFDXVH FRPSHWLWRUV·
5	' SURMHFWV JHQHUDOO\ DUH RI WKH VRUW WKDW DFWXDOO\ JHQHUDWH FRPSHQVDWLQJ EHQHILFLDO
VSLOORYHUV� HLWKHU LQ WKH IRUP RI DGGLWLRQDO VFLHQWLILF DQG WHFKQRORJLFDO NQRZOHGJH� RU
LQIRUPDWLRQ DERXW WKH UHVSRQVHV RI EX\HUV WR WKH GHVLJQ SURSHUWLHV RI QHZ SURGXFWV�

:KDW SRVVLEOH SROLF\ LPSOLFDWLRQV ZRXOG IROORZ IURP WKH H[LVWHQFH RI H[FHVV
FRUUHODWLRQ DPRQJ SULYDWH 5	' VWUDWHJLHV LQ VSHFLILF DUHDV" ,W LV GLIILFXOW WR PRYH
IRUZDUG WRZDUGV JHQHULF SROLF\ SUHVFULSWLRQ KHUH� SUHFLVHO\ EHFDXVH H[ K\SRWKHVLV WKH
VLWXDWLRQ GLIIHUV JUHDWO\ EHWZHHQ RQH UHVHDUFK DUHD DQG WKH QH[W� WKH QDWXUH RI WKH
SXWDWLYH SUREOHP ² LI LW GRHV H[LVW ² LV WKDW VRPH UHVHDUFK DUHDV DUH EHLQJ RYHU�IXQGHG�
ZKHUHDV RWKHU DUH XQGHU�IXQGHG� 7R WKLQN RI DWWDFNLQJ WKLV E\ GLUHFW WDUJHWLQJ RI SXEOLF
UHVHDUFK� DLPHG DW ´FURZGLQJ RXWµ MXVW VRPH SULYDWH 5	' H[SHQGLWXUHV DQG QRW RWKHUV�
ZRXOG SUHVXSSRVH D GHJUHH RI SUHFLVLRQ LQ WKH HYDOXDWLRQ RI WKH VLWXDWLRQ WKDW GRHV QRW
SUHVHQWO\ H[LVW� DQG LV QRW OLNHO\ WR REWDLQ�� 2QH DOVR ZRXOG QHHG WR DVFHUWDLQ WKDW WKH
SXEOLF VHFWRU ZDV DEOH WR SHUIRUP 5	' LQ WKH WDUJHWHG DUHD ZLWK DW OHDVW WKH VDPH
HIIHFWLYHQHVV DV FRXOG EH H[SHFWHG RI D SULYDWH ILUP�

7KHUHIRUH� LW PD\ ZHOO EH WKDW WKH EHVW LQVWUXPHQWV WR DGGUHVV WKH SUREOHP
ZKHUH LW GRHV H[LVW DUH WKRVH RI DQ HQWLUHO\ GLIIHUHQW VRUW WKDQ WKH GLUHFWLRQ RI SXEOLF
UHVHDUFK UHVRXUFHV� :KHUH WKH VWUXFWXUH RI WKH SD\RIIV LV WKH VRXUFH RI ZDVWHIXOO\
GXSOLFDWLYH SULYDWH UHVHDUFK VWUDWHJLHV DQG ´VRFLDOO\ H[FHVVLYHµ H[SHQGLWXUHV GLUHFWHG
WRZDUG KDVWHQLQJ WKH FRPSOHWLRQ UHVHDUFK SURMHFWV E\ VPDOO PDUJLQV� WKHQ UHVWUXFWXULQJ
WKH H[SHFWHG SD\RIIV ZRXOG EH WKH ILUVW�EHVW�IRUP RI SROLF\ UHVSRQVH� )DLOLQJ WKDW�
KRZHYHU� DOWHULQJ WKH ZD\ LQYHVWPHQW WD[ FUHGLWV DUH SDLG� VR DV WR PDNH WKH YDOXH RI WKH
ODWWHU GLPLQLVK DW WKH PDUJLQ� ZRXOG VHHP WR EH ZRUWK FRQVLGHULQJ DV D PRUH SURPLVLQJ
OLQH RI FRUUHFWLYH DFWLRQ�

$QRWKHU DUHD ZKHUH ´ZLQQHU WDNHV DOOµ SD\RIIV VWUXFWXUHV PD\ EH LQGXFLQJ
LQHIILFLHQWO\ ODUJH SULYDWH RXWOD\V IRU 5	' PD\ EH VHHQ LQ WKH ,&7 LQGXVWULHV� +HUH
WKHUH LV UHDVRQ WR H[SHFW WKDW PDMRU SRVLWLYH H[WHUQDOLWLHV ZRXOG IORZ IURP JUHDWHU
SURJUHVV WRZDUGV QHWZRUN FRPSDWLELOLW\ VWDQGDUGL]DWLRQ� 1RQHWKHOHVV� WKHUH DUH DPSOH
LQGLFDWLRQV WKDW SULYDWH ILUPV DUH LQGXFHG WR GLUHFW PXFK RI WKHLU 5	' SULPDULO\
WRZDUGV WKH JHQHUDWLRQ RI DOWHUQDWLYH EDVLF V\VWHP GHVLJQV� DQG WKDW WKH NH\ IDFWRU LQ
VXFK GHFLVLRQV LV WKH SURVSHFWV RI KLJK UDWHV RI UHWXUQ IURP EHFRPLQJ WKH UHLJQLQJ GH
IDFWR VWDQGDUGV PRQRSRO\� 7KLV LV WKH FDVH SDUWLFXODUO\ ZKHUH VXFK GHVLJQV FDQ EH XVHG
WR VKLIW DQ H[LVWLQJ FXVWRPHU EDVH DQG LPSDUW EDQGZDJRQ PRPHQWXP WR WKH
´LQQRYDWRU·Vµ PDUNHWLQJ HIIRUWV� 7KH UHVXOW WHQGV WR EH WKH FR�H[LVWHQFH LQ WKH PDUNHW

                                                                                                                                                           
RI LQWHUHVW LV YHU\ KLJK� VR WKDW WKH YDOXH RI NQRZOHGJH VSLOORYHUV HQMR\HG E\ IXWXUH JHQHUDWLRQV LV KHDYLO\
GLVFRXQWHG� DQG ZKHUH WKH PDUJLQDO UDWH RI UHWXUQ RQ DGGLWLRQDO 5	' LV YHU\ ORZ�
� 7KLV GLIILFXOW\ GRHV QRW DSSO\ WR D ´SUHHPSWLYH VWULNHµ SROLF\ IRU WKH SXEOLF VHFWRU� ZKHUHE\ UHVHDUFK
DQG SDWHQWLQJ LQ D SDUWLFXODU DUHD FRXOG EH XQGHUWDNHQ IRU WKH SXUSRVH RI SUHYHQWLQJ SULYDWH DJHQWV IURP
DFTXLULQJ LQWHOOHFWXDO SURSHUW\ ULJKWV WR GLVFRYHULHV WKDW PLJKW FRQYH\ ODUJH H[WHUQDO EHQHILWV ZHUH WKH\ WR
EH IUHHO\ OLFHQVHG� 7KH 8�6� 1DWLRQDO ,QVWLWXWH RI +HDOWK DFWXDOO\ H[SHULPHQWHG ZLWK D ´SUHHPSWLYHµ
UHVHDUFK DQG SDWHQWLQJ VWUDWHJ\ UHVHPEOLQJ WKLV GXULQJ WKH PLG�����·V� LQ UHVSRQVH WR WKH HIIRUWV RI D
SULYDWH FRPSDQ\ WR ILOH SDWHQWV RQ IUDJPHQWDU\ JHQH VHTXHQFHV�
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RI H[FHVVLYH GLYHUVLW\ RI ULYDO GHVLJQV� QRQH RI ZKLFK DUH PDQLIHVWO\ WHFKQLFDOO\ VXSHULRU�
EXW ZKLFK LQFUHDVH WKH XQFHUWDLQW\ RI DGRSWHUV DQG VR SRVWSRQH WKH UHDOL]DWLRQ RI WKH
EHQHILWV RI VWDQGDUGL]DWLRQ� %XW KHUH� DV HOVHZKHUH� WKH UHPHG\ WR FRQVLGHU ILUVW ZRXOG
DSSHDU WR EH D UHGXFWLRQ RI WKH LQFHQWLYHV DW WKH PDUJLQ� SRVVLELOLW\ E\ ZHDNHQLQJ WKH
LQWHOOHFWXDO SURSHUW\ SURWHFWLRQ WKDW WKH GRPLQDQW GH IDFWR VWDQGDUG LV QRZ DFFRUGHG
XQGHU WKH SUHYDLOLQJ LQWHUSUHWDWLRQ RI FRS\ULJKW DQG SDWHQW ODZV�

:H PD\ FRQFOXGH WKDW ZKHUH FURZGLQJ RXW PLJKW RFFXU DQG \HW QRW EH GHHPHG
QHFHVVDULO\ EDG� VXFK VLWXDWLRQV GR QRW DXWRPDWLFDOO\ PDNH WDUJHWHG SXEOLF 5	'
H[SHQGLWXUHV LQWR D JRRG SROLF\ LQVWUXPHQW� 7KLV UHDIILUPV WKH EDVLV IRU WKH SROLF\�
LQWHUHVW WKDW DGKHUHV WR DQVZHULQJ WKH TXHVWLRQ RI ZKHWKHU VXEVWLWXWLRQ RU
FRPSOHPHQWDULW\ HIIHFWV DUH GRPLQDQW LQ WKH UHODWLRQVKLS EHWZHHQ SULYDWH DQG SXEOLF
5	' H[SHQGLWXUHV�

,,,� $ 6.(7&+�0$3 2) 7+( ,17(5,25 7(55,725<

:H SURSRVH KHUH D VLPSOH� EXW QRQHWKHOHVV DQDO\WLFDOO\ JURXQGHG WD[RQRPLF
RYHUYLHZ RI WKH YDULHW\ RI SRVVLEOH LPSDFWV WKDW WKH IXQGLQJ RI 5	' LQ WKH SXEOLF
VHFWRU PD\ KDYH XSRQ WKH SHUIRUPDQFH RI FRPSDQ\�ILQDQFHG 5	'� $W WKH RXWVHW LW
VKRXOG EH XQGHUVWRRG WKDW WKH UHODWLRQVKLS RI SUR[LPDWH FRQFHUQ WR XV LV WKDW EHWZHHQ
UHDO OHYHOV RI UHVHDUFK H[SHQGLWXUH LQ WKH WZR VHFWRUV� 7KLV IRFXV IROORZV IURP WKH IDFW
WKDW WKHVH DUH WKH YDULDEOHV WKDW DUH PRVW ZLGHO\ UHSRUWHG LQ RIILFLDO VWDWLVWLFDO VRXUFHV
RYHU WLPH� DPRQJ GLIIHUHQW QDWLRQDO HFRQRPLF HQWLWLHV� DQG DFURVV YDULRXV DUHDV RI
DSSOLHG UHOHYDQFH� 0RUHRYHU� WKRVH DUH WKH PDMRU YDULDEOHV XSRQ ZKLFK SROLF\ GHFLVLRQV
LQ WKH SXEOLF DQG SULYDWH VSKHUHV DUH IRFXVHG� $FFRUGLQJO\� IRU ERWK RI WKRVH UHDVRQV�
WKH PDVV RI WKH WKHRUHWLFDO DQG HFRQRPHWULF OLWHUDWXUH GHDOLQJ ZLWK WKH UROH RI
JRYHUQPHQW 5	' IXQGLQJ KDV EHHQ GLUHFWHG WR H[DPLQLQJ LQ WKH ILUVW LQVWDQFH KRZ LW
DIIHFWV WKH FRPSDQ\�ILQDQFHG FRXQWHUSDUW��

$ PRUH FRPSUHKHQVLYH DFFRXQW ZRXOG� RI FRXUVH� FRQVLGHU DOVR LQIOXHQFHV WKDW
UDQ LQ WKH RWKHU GLUHFWLRQ ² IURP SULYDWH 5	' IXQGLQJ GHFLVLRQV WR JRYHUQPHQW
VXSSRUW RI VFLHQWLILF DQG WHFKQRORJLFDO UHVHDUFK� <HW WKDW ZRXOG QHFHVVDULO\ FDUU\ WKH
GLVFXVVLRQ LQWR WKH UHDOPV RI WKH SROLWLFDO HFRQRP\ RI VFLHQFH DQG WHFKQRORJ\ SROLF\
IRUPDWLRQ� DV ZHOO DV WKH DGPLQLVWUDWLRQ RI SXEOLF VHFWRU 5	' FRQWUDFWV DQG LQWUD�PXUDO
UHVHDUFK SURMHFW PDQDJHPHQW� 7KLV ZRXOG UDLVH LPSRUWDQW DQG FRPSOH[ LVVXHV LQWR
ZKLFK ZH FDQQRW HQWHU RQ WKLV RFFDVLRQ� (YHQ VR� HFRQRPLVWV HQJDJHG LQ HPSLULFDO
VWXGLHV RI WKH HIIHFWV RI SXEOLF H[SHQGLWXUHV IRU 5	' ZRXOG GR ZHOO WR EHDU LQ PLQG
WKDW WKH SURJUDPV WKURXJK ZKLFK WKHVH DUH XQGHUWDNHQ GR QRW DULVH VSRQWDQHRXVO\� )DU

                                                       
7 $ QRWDEOH H[FHSWLRQ LV WKH WUHDWPHQW E\ /H\GHQ DQG /LQN ������ ������ 7KH\ KDYH VRXJKW WR LPSURYH
XSRQ WKH VWDWH RI WKH OLWHUDWXUH FKDUDFWHUL]HG LQ WKH IROORZLQJ WHUPV ������ S����� ´6WXGLHV RI JRYHUQPHQW
5	' DOORFDWLRQ WR SULYDWH�VHFWRU ILUPV KDYH JHQHUDOO\ IRFXVHG RQ WKH HIIHFWV RI VXFK DOORFDWLRQV RQ
SULYDWH�VHFWRU ILUP EHKDYLRU���7KH PRWLYDWLRQV IRU JRYHUQPHQW·V LQYROYHPHQW� KRZHYHU� KDV UHFHLYHG OLWWOH
DWWHQWLRQ� :KHQ WKH LVVXH KDV EHHQ H[WHQVLYHO\ H[DPLQHG� LW KDV W\SLFDOO\ EHHQ IURP D QRUPDWLYH
SHUVSHFWLYH DQG KDV QRW EHHQ LQWHQGHG WR SURYLGH SRVLWLYH DQDO\VLV RI JRYHUQPHQWDO PRWLYDWLRQV DQG WKH
HIIHFW RI WKRVH PRWLYDWLRQV RQ WKH IRUP RI 5	' FRQWUDFWV�µ 7KHVH UHPDUNV FRXOG EH H[WHQGHG WR DSSO\
DOVR WR WKH GHILFLHQFLHV RI WKH HFRQRPLFV OLWHUDWXUH RQ JRYHUQPHQW IXQGLQJ RI QRQ�PLVVLRQ�RULHQWHG�
EDVLF UHVHDUFK VXFK DV W\SLFDOO\ LV FRQGXFWHG LQ DFDGHPLF LQVWLWXWLRQV� :RUN LQ WKH ´QHZ HFRQRPLFV RI
VFLHQFHµ KDV EHHQ GLUHFWHG WR UHSDLULQJ WKH ODWWHU GHIHFWV� 6HH� H�J�� 'DYLG DQG 'DVJXSWD ������� 6WHSKDQ
������� 'DYLG� )RUD\ DQG 6WHLQPXOOHU �������
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IURP H[LVWLQJ LQ DQ HFRQRPLF YDFXXP� WKH VSHFLILF SXUSRVHV� RUJDQL]DWLRQDO GHVLJQ DQG
IXQGLQJ OHYHO LQ VXFK SURJUDPV UHIOHFW ERWK SROLWLFDO SUHVVXUHV DQG WHFKQLFDO IHDVLELOLW\
FRQVWUDLQWV� 7KHVH DUH VKDSHG E\ WKH SDVW� FXUUHQW DQG DQWLFLSDWHG 5	' DFWLYLWLHV RI
SULYDWH EXVLQHVV� DV ZHOO DV E\ WKH SHUFHLYHG QHHGV RI JRYHUQPHQW PLVVLRQ DJHQFLHV�
$OWKRXJK IRU WKH SXUSRVHV RI DQDO\VLV ZH VKDOO VXSSUHVV DOO WKDW DQG SURFHHG DV WKRXJK
WKH YROXPH DQG FRPSRVLWLRQ RI JRYHUQPHQW 5	' SHUIRUPHG FDQ EH WDNHQ DV EHLQJ
SDUDPHWULFDOO\ IL[HG E\ DQ H[RJHQRXV SROLF\ SURFHVV� WKDW LV QRW DQ HPSLULFDO VWLSXODWLRQ
DERXW WKH ZRUOG� ,QVWHDG� LW LV DQ DEVWUDFWLRQ IURP UHDOLW\ WKDW UHPDLQV WR EH MXVWLILHG DV
UHDVRQDEOH� RU VKRZQ WR EH VHULRXVO\ PLVOHDGLQJ E\ IXWXUH HFRQRPHWULF VWXGLHV�

2XU IUDPHZRUN KDV EHHQ VWUXFWXUHG DORQJ WKUHH WD[RQRPLF GLPHQVLRQV� 7R
EHJLQ ZLWK ZH UHFRJQL]H WZR IXQGDPHQWDOO\ GLIIHUHQW VHWV RI FKDQQHOV WKURXJK ZKLFK
WKH HIIHFWV RI LQWHUHVW FDQ IORZ EHWZHHQ WKH SXEOLF DQG SULYDWH VHFWRUV� 7KH VHW ILUVW
LQYROYHV WKH GLUHFW HIIHFWV XSRQ WKH GHPDQG DQG VXSSO\ RI WDQJLEOH UHVRXUFH LQSXWV WKDW
DUH XVHG LQ SHUIRUPLQJ 5	'� 7KH VHFRQG FDWHJRU\ RI HIIHFWV DUH LQGLUHFW� VR WR VSHDN�
EHFDXVH WKH\ LQYROYH LQ WKH ILUVW LQVWDQFH WKH LQWDQJLEOH UHVXOWV RI WKH FRQGXFW RI 5	'�
QDPHO\� WKH JHQHUDWLRQ RI QHZ NQRZOHGJH� DQG WKHQ WKH LQIOXHQFH ZKLFK WKH H[LVWHQFH
RI VXFK NQRZOHGJH PD\ KDYH XSRQ WKH H[SHFWHG FRVWV DQG EHQHILWV RI 5	' ILQDQFHG E\
SULYDWH EXVLQHVV�

1HZ NQRZOHGJH PD\ EH PDGH DYDLODEOH LQ FRGLILHG IRUP� ZKHUH LW FDQ EH PRUH
FKHDSO\ WUDQVPLWWHG DQG DFFHVVHG E\ WKRVH ZKR FDQ ´UHDG WKH FRGH�µ RU LW PD\ EH
´HPERGLHGµ LQ WKH DFTXLUHG H[SHUWLVH RI UHVHDUFK VFLHQWLVWV DQG HQJLQHHUV� 6XFK
NQRZOHGJH DOVR PD\ EH HPERGLHG LQ DUWLIDFWV� VXFK DV VFLHQWLILF LQVWUXPHQWV ZKRVH
GHVLJQ SURWRW\SHV HPHUJH DV E\�SURGXFWV RI VSHFLILF UHVHDUFK SURMHFWV�� $ FRQYHQLHQW
WD[RQRPLF FRQYHQWLRQ WKDW ZH ILQG KHOSIXO LQ VWUXFWXULQJ WKH IROORZLQJ GLVFXVVLRQ LV WR
WUHDW DOO HIIHFWV WKDW DOWHU WKH HIILFLHQF\ RI UHVHDUFK LQSXWV� ZKHWKHU KXPDQ RU LQDQLPDWH� DV
RSHUDWLQJ WKURXJK WKH VHFRQG� LQGLUHFW FKDQQHO RI ´NQRZOHGJH VSLOORYHUV�µ 7KH GLUHFW
LPSDFWV� WKHUHIRUH� DUH WR EH XQGHUVWRRG DV EHLQJ UHVWULFWHG WR WKRVH DIIHFWLQJ VXSSO\
DQG GHPDQG LQ WKH PDUNHW IRU UHVHDUFK UHVRXUFHV RI D FRQVWDQW ´TXDOLW\�µ %XW LW VKRXOG
EH HTXDOO\ DSSDUHQW WKDW LQIOXHQFHV IORZLQJ WKURXJK WKH NQRZOHGJH�VSLOORYHU FKDQQHOV
DOVR LPSLQJH XSRQ WKH GHWHUPLQDWLRQ RI SULFHV LQ WKH PDUNHWV IRU UHVHDUFK�LQSXWV�

$ IXUWKHU XVHIXO GLVWLQFWLRQ PD\ EH GUDZQ EHWZHHQ JRYHUQPHQW 5	' RXWOD\V
WKDW� RQ WKH RQH KDQG � DLP WR SURFXUH UHVHDUFK UHVXOWV JHUPDQH WR WKH SUHVHQWO\ GHILQHG
PLVVLRQV RI YDULRXV SXEOLF DJHQFLHV� DQG� RQ WKH RWKHU KDQG� QRQ�PLVVLRQ�RULHQWHG
H[SORUDWRU\ 5	' RI WKH VRUW WKDW KDV FRPH WR EH ODEHOHG �XQVDWLVIDFWRULO\� DV ´EDVLF
UHVHDUFK�µ 7KH IRUPHU ZH SUHIHU WR FKDUDFWHUL]H DV FRQWUDFW 5	'� LUUHVSHFWLYH RI
ZKHWKHU LW LV SHUIRUPHG IRU WKH DJHQFLHV LQ TXHVWLRQ E\ SULYDWH ILUPV� RU LQ JRYHUQPHQW
ODERUDWRULHV� ([SORUDWRU\ UHVHDUFK� HYHQ WKRXJK LW PLJKW WXUQ RXW WR FRQWULEXWH WR
IXWXUH PLVVLRQ FDSDELOLWLHV LQ ZD\V WKDW FXUUHQWO\ DUH QRW FOHDUO\ IRUHVHHQ� DOVR PD\ EH
SXUVXHG XQGHU SXEOLF VHFWRU PDQDJHPHQW� ,Q WKH 86 LQVWLWXWLRQDO FRQWH[W� KRZHYHU�
WKLV ODWWHU FODVV RI SXEOLFO\ VXSSRUWHG UHVHDUFK� ZKLFK ZH GHVLJQDWH IRU VLPSOLFLW\ DV JUDQW
5	'� KDV EHHQ FDUULHG RQ ODUJHO\ XQGHU ´DFDGHPLFµ DXVSLFHV ² ZKHWKHU LQ XQLYHUVLW\
UHVHDUFK ODEV RU RQ WKH ´FDPSXVHVµ RI QDWLRQDO LQVWLWXWHV� �

                                                       
� 2Q WDFLW NQRZOHGJH DQG LWV HFRQRPLF VLJQLILFDQFH� VHH 'DYLG� &RZDQ DQG )RUD\ ������� DQG ZRUNV FLWHG
WKHUHLQ�
9 ,W PD\ EH UHPDUNHG WKDW WKH GLVWLQFWLRQV EHWZHHQ GHIHQVH DQG FLYLOLDQ 5	'� DQG� ZLWKLQ WKH ODWWHU
FDWHJRU\� EHWZHHQ ´EDVLFµ DQG ´DSSOLHGµ� DOWKRXJK IDPLOLDU IURP WKH 8�6� 1DWLRQDO 6FLHQFH %RDUG
VWDWLVWLFV� DQG PLUURUHG LQ WKH GDWD SXEOLVKHG E\ RWKHU QDWLRQV� GR QRW VHHP SDUWLFXODUO\ XVHIXO IRU RXU
LPPHGLDWH DQDO\WLFDO SXUSRVHV� 5DWKHU WKDQ HPSKDVL]LQJ GLIIHUHQFHV LQ WKH FKDUDFWHULVWLFV RI WKH
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7KH WKLUG RI RXU FODVVLILFDWRU\ D[HV LV RQH WKDW GLVWLQJXLVKHV EHWZHHQ WKRVH
LPSDFWV WKDW UHJLVWHU PRUH RU OHVV FRQWHPSRUDQHRXVO\ ZLWK WKH FKDQJH LQ 5	'
H[SHQGLWXUHV� DQG WKRVH WKDW HQVXH ZLWK VRPH FRQVLGHUDEOH ODJ� )ROORZLQJ FRQYHQWLRQDO
VKRUW�KDQG XVDJH� ZH FRQVLGHU WKH IRUPHU ZLWKLQ WKH IUDPHZRUN RI D VLQJOH SHULRG
´FRPSDUDWLYH VWDWLFVµ DQDO\VLV� WKH ODEHO ´G\QDPLF HIIHFWVµ LV UHVHUYHG IRU WKH RWKHUV�
7KLV DOORZV IRU WKH SRVVLELOLW\ WKDW ZKHUHDV WKH LPPHGLDWH LPSDFWV RI LQFUHDVHG SXEOLF
VHFWRU 5	' H[SHQGLWXUHV PLJKW EH WR ´FURZG RXWµ SULYDWH 5	' LQYHVWPHQW� WKH ORQJHU
UXQ UHODWLRQVKLS EHWZHHQ WKH WZR PD\ EH WKDW RI FRPSOHPHQWV DQG QRW VXEVWLWXWHV�

,QWURGXFWLRQ RI WKHVH WLPLQJ FRQVLGHUDWLRQV UDLVHV WKH LVVXH RI HYDOXDWLQJ WKH
SDWK LQWHJUDO RI VXFK HIIHFWV� DQG WKDW LQ WXUQ� SURSHUO\ SRVHV WKH TXHVWLRQ RI ZKHWKHU
�DQG ZLWK ZKDW GLVFRXQW UDWH� WKH H[SHQGLWXUH VWUHDPV RI WKH WZR VHFWRUV RXJKW WR EH
FXPXODWHG DQG FRPSDUHG WR GHWHUPLQH ZKHWKHU WKH RYHUDOO G\QDPLF UHODWLRQVKLS LV WKDW
RI FRPSOHPHQWV RU VXEVWLWXWHV� :KLOH RQH PXVW WDNH WKLV SUHOLPLQDU\ QRWLFH RI WKH
PDWWHU� LW LV QRW RQH WKDW FDQ EH UHVROYHG RQ WKLV RFFDVLRQ�

7KH RUJDQL]DWLRQ RI WKH IROORZLQJ VNHWFK LV VWUDLJKWIRUZDUG� ZH EHJLQ ZLWK
´VWDWLF HTXLOLEULXPµ FRQILJXUDWLRQV� DQG XQGHU WKDW KHDGLQJ SURFHHG E\ FRQVLGHULQJ�
ILUVW� HIIHFWV WKDW WDNH SODFH YLD WKH UHVHDUFK�LQSXW PDUNHW� DQG WKHQ YLD NQRZOHGJH VSLOO�
RYHUV� 8QGHU WKH ODWWHU� ZH GLVWLQJXLVK WKH EHWZHHQ WKH LPSDFWV RI GLIIHUHQW NLQGV RI
JRYHUQPHQW 5	' SURJUDPV�

�� 6WDWLF (IIHFWV

-RLQW SURGXFWLRQ FRQGLWLRQV DVLGH� WKH JHQHULF LPSDFWV RI LQFUHDVHG JRYHUQPHQW
5	' H[SHQGLWXUHV RQ FRPSDQ\ IXQGHG 5	' WKDW DUH OLNHO\ WR EH IHOW PRVW LPPHGLDWHO\
DUH WKRVH FKDQQHOHG WKURXJK WKH PDUNHW IRU UHVHDUFK LQSXWV WKDW DUH LQ LQHODVWLF VXSSO\�
:H FDQ GLVWLQJXLVK ZKDW PD\ EH FDOOHG ´ILUVW�RUGHU FURZGLQJ RXWµ� IURP VHFRQG�RUGHU
HIIHFWV�

��� 7KH VWDWLF ILUVW�RUGHU HIIHFW LV VLPSO\ WKH VKRUW�UXQ LPSDFW RQ SULFHV RI UHVHDUFK
LQSXWV� DULVLQJ IURP WKH FRPSHWLWLRQ IRU WKHVH EHWZHHQ WKH SXEOLF DQG SULYDWH VHFWRUV�
7KH ULVH LQ SULFHV LV H[SHFWHG WR WUDQVODWH LQWR KLJKHU FRVWV� VLQFH WKHVH DUH VSHFLDOL]HG
LQSXWV DQG WKH HODVWLFLW\ RI VXEVWLWXWLRQ� DQG KHQFH RI GHPDQG IRU� VD\� UHVHDUFKHUV DQG
HQJLQHHUV ZLWK SDUWLFXODU H[SHUWLVH� ZLOO OLNHO\ EH ORZ� 7KH ILUVW�RUGHU HIIHFWV DUH
FRQVLGHUHG WR EH VR VKRUW�UXQ WKDW WKH LPSDFW RI WKH RXWSXW IURP WKH SXEOLF 5	'
H[SHQGLWXUHV LV QRW DQ LVVXH� &RQVHTXHQWO\� WKH H[SHFWHG HIIHFW RI ULVLQJ 5	'
SHUIRUPDQFH FRVWV LV WR UHGXFH WKH H[SHFWHG UDWH RI UHWXUQ RQ WKH SULYDWH VHFWRU
V
LQYHVWPHQW� OHDGLQJ VRPH SURMHFWV WR EH FXUWDLOHG ² FHWHULV SDULEXV� %XW ZKLOH WKH VFDOH RI
UHVHDUFK HIIRUWV LV UHGXFHG E\ WKH KLJKHU UHODWLYH SULFHV RI UHVHDUFK LQSXWV� WKH LPSDFW
XSRQ WKH OHYHO RI FRPSDQ\ H[SHQGLWXUHV UHPDLQV DPELJXRXV DW WKLV TXDOLWDWLYH OHYHO RI
DQDO\VLV�

��� 6HFRQG�RUGHU VWDWLF HIIHFWV LQFOXGH WKH H[SHFWHG HIIHFWV XSRQ SULYDWH VHFWRU UDWHV
RI UHWXUQ RZLQJ WR WKH NQRZOHGJH WKDW PD\ EH JDLQHG IURP WKH FXUUHQW 5	' FDUULHG

                                                                                                                                                           
NQRZOHGJH VRXJKW� HLWKHU LQ WHUPV RI GLUHFW XWLOLW\ �FRPPHUFLDO RU PLOLWDU\� RU LQGLUHFW XWLOLW\ ��EDVLFQHVV���
ZH SUHIHU WR GLUHFW DWWHQWLRQ WR WKH LQVWLWXWLRQDO VHWWLQJ DQG FRQWUDFWXDO DUUDQJHPHQWV� 7KHVH LPSLQJH
GLIIHUHQWLDOO\ XSRQ WKH VFRSH IRU NQRZOHGJH VSLOORYHUV� DQG WKH QDWXUH RI WKH UHVHDUFK LQSXWV WKDW DUH
XVHG� 6HH 'DVJXSWD DQG 'DYLG ������ IRU IXUWKHU GLVFXVVLRQ�
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RXW LQ WKH SXEOLF VHFWRU� +HUH WKHUH DUH SRWHQWLDOLWLHV IRU �FURZGLQJ RXW� WR RFFXU LQ WKH
IROORZLQJ WKUHH ZD\V�

�D� )LUPV PD\ UHDOORFDWH WKHLU 5	' IXQGLQJ DZD\ IURP ORQJHU�WHUP SURMHFWV LQ
WKH H[SHFWDWLRQ WKDW FXUUHQW SXEOLF VHFWRU H[SHQGLWXUHV ZLOO SURYLGH UHVXOWV
WKDW WKH\ FDQ HYHQWXDOO\ H[SORLW IRU WKHLU IXWXUH DSSOLHG 5	'�

�E� )LUPV PD\ VKLIW ´DSSOLHGµ 5	' DZD\ IURP SURMHFWV ZKHUH WKH\ DQWLFLSDWH
WKDW UHVXOWV RI LQFUHDVH SXEOLF UHVHDUFK ZRXOG EHFRPH DYDLODEOH WR
FRPSHWLWRUV� DQG VR YLWLDWH WKH FRPPHUFLDO UHWXUQV IURP SURGXFW
GHYHORSPHQW LQ WKRVH DUHDV�

�F� &RQWUDFW 5	' UHVHDUFK SHUIRUPHG ZLWK JRYHUQPHQW IXQGV GLVSODFHV 5	'
WKDW ILUPV PLJKW KDYH WR GR DV SDUW RI WKH IL[HG FRVWV RI SURGXFWLRQ IRU
JRRGV RWKHU WKDQ WKRVH GHPDQGHG E\ WKH JRYHUQPHQW� ,Q RWKHU ZRUGV� LQ D
IXOO�HPSOR\PHQW�OLNH VLWXDWLRQ� JRYHUQPHQW ILQDO GHPDQG FURZGV RXW
SULYDWH ILQDO GHPDQG� DQG WDNHV RXW GHULYHG SULYDWH 5	' ZLWK LW ² SUHFLVHO\
EHFDXVH WKH JRYHUQPHQW LV VXEVLGL]LQJ WKH IL[HG 5	' FRVWV RI WKH JRRGV LW
ZDQWV�

%XW� LW LV DOVR SRVVLEOH WKDW FRPSOHPHQWDULW\ ZRXOG EH REVHUYHG EHFDXVH WKH
DQWLFLSDWHG FRQVHTXHQFHV RI FXUUHQW SXEOLF H[SHQGLWXUHV VWLPXODWHV FRQFXUUHQW SULYDWH
5	' RXWOD\V YLD WKH IROORZLQJ WZR FKDQQHOV�

�G� 3XEOLF 5	' LQ D SDUWLFXODU DUHD PD\ VLJQDO JRYHUQPHQW LQWHQWLRQ WR
SURPRWH WKH XVH RI D SDUWLFXODU WHFKQRORJ\� ,QVRIDU DV WKLV PD\ HQWDLO HLWKHU
D IXWXUH FRPPLWPHQW WR GHPRQVWUDWLRQ DQG GLIIXVLRQ DFWLYLWLHV E\ SXEOLF
DJHQFLHV� RU IDYRUDEOH WD[ LQFHQWLYHV IRU DGRSWLRQ RI VXFK WHFKQRORJLHV� WKH
H[SHFWHG SULYDWH UDWH RI UHWXUQ RQ SURSULHWDU\ WHFKQRORJLFDO LQQRYDWLRQV LQ
WKDW ILHOG ZRXOG EH UDLVHG���

�H� $GPLWWHGO\� WKH HIIHFW QRWHG LQ �G� LV WKH �VLJQDO� RI IXWXUH GHPDQG� %XW�
WKLV LV OLNHO\ WR EH REVHUYDWLRQDOO\ HTXLYDOHQW WR WKH LPSDFW RI WKH
H[SHFWDWLRQ WKDW SXEOLF 5	' ZLOO \LHOG VRPH LQIUDVWUXFWXUH NQRZOHGJH �WR
XVH /LQN
V WHUPLQRORJ\� WKDW ZLOO UHGXFH SULYDWH 5	' FRVWV� RU GHFUHDVH WKH
YDULDQFH RI SURMHFW FRVWV� ,QVRIDU DV WKHUH LV D SURVSHFW RI IXWXUH �UDFLQJ�
IRU SURSULHWDU\ LQYHQWLRQV LQ WKH ILHOG� WKHUH LV DQ LQFHQWLYH IRU FRPSDQLHV WR
VWDUW H[SORUDWRU\ 5	' SURMHFWV LQ RUGHU WR SRVLWLRQ WKHPVHOYHV WR WDNH
DGYDQWDJH RI WKH NQRZOHGJH �VSLOORYHUV� IURP WKH SXEOLF UHVHDUFK� 7KLV
SRVVLELOLW\ LV QRWKLQJ RWKHU WKDQ RQH RI WKH �WZR IDFHV RI 5	'� LGHQWLILHG
E\ &RKHQ DQG /HYLQWKDO ������� GRLQJ 5	' WR FUHDWH D FDSDFLW\ WR DEVRUE
5	' UHVXOWV EHLQJ JHQHUDWHG HOVHZKHUH� VKRXOG H[WHQG WR DEVRUELQJ SXEOLF
5	' UHVXOWV�

                                                       
10 ([DPSOHV RI WKLV ZRXOG LQFOXGH �DOWHUQDWLYH HQHUJ\ WHFKQRORJLHV�� VXFK DV VRODU� DQG PHWKDQRO IXHO�
ERWK EHLQJ DUHDV RI SULYDWH 5	' WKDW ZHUH VWLPXODWHG LQ WKH ����
V E\ SXEOLF UHVHDUFK �8�6� 'HSDUWPHQW
RI (QHUJ\� LQ WKH ILHOG� 6LPLODUO\� D PDMRU SURJUDP RI UHVHDUFK WR GHYHORS IOXLGL]HG FRDO EHG WHFKQLTXHV
IRU HOHFWULFLW\ SRZHU SODQWV� ZDV XQGHUWDNHQ LQ WKH 8�6� DW WKH WLPH E\ WKH (OHFWULF 3RZHU 5HVHDUFK
,QVWLWXWH �(35,�� DQ LQGXVWU\�VXSSRUWHG QRQ�SURILW RUJDQL]DWLRQ�
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�� '\QDPLF (IIHFWV

7KH PDLQ SRLQWV WR EH QRWLFHG XQGHU WKLV KHDGLQJ FRQFHUQ WKH FRQVHTXHQFHV RI WKH
ODJJHG UHVSRQVHV RI LQSXW VXSSO\ DQG NQRZOHGJH VSLOORYHUV IURP SUHYLRXV UHVXOWV RI
5	' SHUIRUPDQFH ZLWK SXEOLF IXQGV� ,W LV SHUKDSV ZRUWK SRLQWLQJ RXW� DV D SUHOLPLQDU\
UHPDUN� WKDW G\QDPLF FRPSOHPHQWDULWLHV PD\ H[LVW WKDW GLIIHU LQ QDWXUH IURP WKH VWDWLF
HIIHFWV RI DQWLFLSDWLRQV ZKLFK ZHUH QRWLFHG DERYH XQGHU ��� SRLQWV G DQG H�� &RQVLGHU D
VWDWLRQDU\ G\QDPLF SURFHVV� VXFK DV WKH VWHDG\�VWDWH HTXLOLEULXP SDWK HQYLVDJHG LQ D
JURZWK PRGHO LQ ZKLFK H[RJHQRXV SXEOLF DQG HQGRJHQRXV SULYDWH 5	' DUH ULVLQJ SDUL

SDVVXV� (YHQ WKRXJK FRPSOHPHQWDULW\ HIIHFWV RI NQRZOHGJH VSLOORYHUV ZHUH QRW EHLQJ
DQWLFLSDWHG EXW ZHUH EHLQJ UHDOL]HG ZLWK D ODJ WKDW LQGXFHG WKH JURZWK RI 5	'
LQYHVWPHQW E\ ILUPV� WKH JURZWK LQ WKH WZR VHFWRUV ZRXOG DSSHDU WR EH
FRQWHPSRUDQHRXV� DQG VR LQGLVWLQJXLVKDEOH IURP WKH ´VWDWLFµ HIIHFWV� 7KLV FDUULHV VRPH
LPPHGLDWH LPSOLFDWLRQV IRU HFRQRPHWULF HIIRUWV WR LGHQWLI\ WKH LPSDFW RI JRYHUQPHQW
5	' H[SHQGLWXUHV RQ SULYDWH VHFWRU LQYHVWPHQW� 2QH QHHGV �VKRFNV� LQ WKH IRUP RI D
SROLF\ FKDQJH� RQ RQH VLGH RU WKH RWKHU� WR LGHQWLI\ WKH XQGHUO\LQJ VWUXFWXUH� DQG DOVR D
WKHRU\ DERXW WKH VWDELOLW\ DQG VSHHG RI FRQYHUJHQFH WR HTXLOLEULXP�

�D� *LYHQ WKH ORQJ WUDLQLQJ SHULRGV IRU VFLHQWLILF DQG HQJLQHHULQJ SHUVRQQHO� LW LV
PRUH SODXVLEOH WR FRQVLGHU WKH LPSDFW RI GHPDQG VKLIWV XSRQ ZDJH UDWH �DQG RU
WUDLQLQJ LQFHQWLYHV� DV KDYLQJ D SURSHU ´G\QDPLFµ HIIHFW RQ WKH DYDLODEOH VXSSO\
RI 5	' ZRUNHUV��� ,Q WKH DEVHQFH RI NQRZOHGJH VSLOORYHU HIIHFWV� DQG ZLWK
VXSSO\ UHVSRQVH WDNLQJ D VWRFN DGMXVWPHQW IRUP� WKH LPSOLFDWLRQ LV WKDW WKH
JUHDWHU HODVWLFLW\ RI WKH ORQJ�UXQ ODERU VXSSO\ ZLOO VLPSO\ PRGHUDWH WKH LPSDFW
RQ WKH ZDJH UDWH� EXW LW GRHV QRW YLWLDWH LW FRPSOHWHO\� 7KHUH ZRXOG EH D
UHGXFWLRQ LQ WKH TXDQWLW\ RI ODERU HQJDJHG LQ FRPSDQ\ ILQDQFHG �SULYDWH� 5	'
SHUIRUPDQFH� :KHWKHU WKLV WUDQVODWHV LQWR D ULVH RU D IDOO LQ WKH SULYDWH VHFWRU·V
OHYHO RI UHDO 5	' H[SHQGLWXUHV ZLOO GHSHQG XSRQ WKH PDJQLWXGHV RI WKH
GHPDQG HODVWLFLWLHV LQYROYHG� �)RUPDO PRGHOLQJ FDQ DGGUHVV WKLV TXHVWLRQ��

�E� $GMXVWPHQW SURFHVVHV WKDW DUH IDU IURP VPRRWK KDYH FKDUDFWHUL]HG WKH PDUNHW
IRU VFLHQWLVWV DQG HQJLQHHUV� 5HVSRQVHV WR GHPDQG VKRFNV IURP JRYHUQPHQW
5	'� HVSHFLDOO\ WKDW GULYHQ E\ VFDOLQJ XS DQG VFDOLQJ GRZQ RI GHIHQVH DQG
QRQ�GHIHQVH PLVVLRQ DJHQF\ SURJUDPV �1$6$ $SROOR SURJUDP� 'HSDUWPHQW
RI (QHUJ\ 6\QIXHOV SURJUDP� ´6WDU :DUVµ� HWF� � KDYH OHG WR RYHUVKRRWLQJ DQG
YRODWLOLW\ LQ WKH VDODULHV RI VFLHQWLVWV DQG HQJLQHHUV LQ WKH UHOHYDQW DUHDV�
7KHUHIRUH� LW VKRXOG EH UHFRJQL]HG WKDW HLWKHU SXEOLF RU SULYDWH 5	' EXGJHW
LQFUHDVHV WRGD\� DQG WKH H[SHFWDWLRQ RI IXUWKHU H[SDQVLRQV WR FRPH� FDQ OHDG WR
SHFXQLDU\ HIIHFWV ZKLFK PD\ HQG XS H[SDQGLQJ WKH VXSSO\ RI UHVHDUFK ZRUNHUV�

                                                       
11 8QGHU XQXVXDO FRQGLWLRQV� VXFK DV PRELOL]DWLRQ IRU ZDU�WLPH HPHUJHQFLHV� LW LV SRVVLEOH WR VKLIW
VFLHQWLVWV DQG HQJLQHHUV UDSLGO\ IURP FRUSRUDWH UHVHDUFK ODEV WR JRYHUQPHQW PLOLWDU\ 5	' SURJUDPV� %XW�
DSDUW IURP WKDW� WKH TXDQWLWDWLYHO\ LPSRUWDQW VRXUFHV RI VKRUW�UXQ HODVWLFLW\ LQ WKH VXSSO\ RI WUDLQHG
UHVHDUFK SHUVRQQHO IRU HLWKHU VHFWRU ZRXOG DSSHDU WR LQYROYH LQWHUQDWLRQDO PLJUDWLRQ� ,PPLJUDWLRQ
SROLFLHV� WKHUHIRUH� VKRXOG EH UHJDUGHG ² IDU PRUH WKDQ LV XVXDOO\ WKH FDVH ² DV SDUW RI WKH LQVWLWXWLRQDOO\
GHWHUPLQHG SDUDPHWHUV WKDW LQIOXHQFH WKH LPSDFW RI QDWLRQDO 5	' SROLF\� 7KH PRELOLW\ RI UHVHDUFK
ZRUNHUV LV ZHOO UHFRJQL]HG DV D VLJQLILFDQW FRQVLGHUDWLRQ E\ FXUUHQW DQDO\VHV RI WKH UROH RI WKH ORFDWLRQ RI
5	' H[SHQGLWXUHV RQ UDWHV RI LQQRYDWLRQ DQG WKH JHRJUDSK\ RI LQGXVWULDO GHYHORSPHQW� %XW WKH WUDGLWLRQ
RI LQWHUQDWLRQDO WUDGH WKHRU\ HQFRXUDJHV DEVWUDFWLQJ IURP WKH SRVVLELOLW\ RI ODERU PRELOLW\� DQG KDV
FRQFHQWUDWHG GLVFXVVLRQ RI LQWHUQDWLRQDO 5	' ´VSLOORYHU HIIHFWVµ H[FOXVLYHO\ XSRQ WKRVH LQYROYLQJ WKH
WUDQVIHU RI NQRZOHGJH ZLWKRXW GLUHFWO\ LPSDFWLQJ WKH PDUNHW IRU UHVHDUFKHUV�
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7KDW ZRXOG UHGXFH WKH UHDO VXSSO\ SULFH WR WKH RWKHU VHFWRU� RQFH WKH GHPDQG
LQ WKH LQLWLDWLQJ VHFWRU KDG UHWXUQHG WR LWV ORQJ�WHUP WUHQG OHYHO� (YHQ LI WKH
ZDJH UDWH LV QRW UHGXFHG EHORZ LWV LQLWLDO OHYHO� WKH DGGLWLRQDO WUDLQHG ZRUNHUV
ZLOO DGG WR SULYDWH VHFWRU 5	' SHUIRUPDQFH IRU VRPH ORQJ ZKLOH� KDYLQJ EHHQ
´VXQN�µ WKHLU KXPDQ FDSLWDO LQYHVWPHQWV GR QRW GLVDSSHDU HYHQ WKRXJK WKHLU
LQFRPH H[SHFWDWLRQV DUH GLVDSSRLQWHG�

7KH HFRQRPHWULF FRPSOLFDWLRQ WKLV LQWURGXFHV LV WKDW WKH ODJJHG SRVLWLYH
HPSOR\PHQW HIIHFW LQ WKH SULYDWH VHFWRU LV OLNHO\ WR FRLQFLGH ZLWK WKH UHGXFWLRQ RI SXEOLF
VHFWRU HPSOR\PHQW� DQG� D IRUWLRUL� H[SHQGLWXUHV �DV ZDJH UDWHV GURS EDFN WR WUHQG�� 6R�
LQ WLPH VHULHV DQDO\VLV� RQH PD\ SLFN XS WKH LQYHUVH VKRUW�UXQ FR�YDULDWLRQ RI SXEOLF DQG
SULYDWH 5	' DQG FRQFOXGH WKDW WKH VXEVWLWXWLRQ HIIHFWV DUH GRPLQDQW� 7KDW WKHUH LV D
UDWFKHW�OLNH SRVLWLYH DVVRFLDWLRQ� UHIOHFWHG LQ WKH WUHQG H[SDQVLRQ RI WKH SXEOLF DQG
SULYDWH VHFWRUV� ZLOO EH KDUGHU WR LGHQWLI\ IURP WKH DJJUHJDWH GDWD� $JDLQ� WKH SRLQW LV
WKDW D VWUXFWXUDO PRGHO LV HVVHQWLDO WR LGHQWLI\ ZKDW LV JRLQJ RQ�

,W LV SRVVLEOH WKDW WKHUH DUH G\QDPLF� RU ORQJ UXQ FURZGLQJ RXW HIIHFWV WRR�

�F� 7KH QRWLRQ WKDW JRYHUQPHQW ODEV� ILUPV DQG DFDGHPLF LQVWLWXWLRQV� KDYH
VSHFLILF UHVHDUFK WUDMHFWRULHV� DQG WUDLQLQJ HIIHFWV� LPSOLHV ² LQ D QLFH ´SDWK
GHSHQGHQWµ ZD\ ² WKDW WRGD\
V PL[ RI SXEOLF DQG SULYDWH IXQGLQJ FDQ VKDSH WKH
FDSDFLW\ �DQG UHODWLYH FRVWV� RI WRPRUURZ
V UHVHDUFK V\VWHP� )RU H[DPSOH� PRUH
IXQGLQJ IRU DFDGHPLF UHVHDUFK FRXOG UHVXOW LQ WUDLQLQJ PRUH UHVHDUFKHUV ZKR
VRXJKW WR HPXODWH WKHLU SURIHVVRUV� DQG KHQFH ² LI DYHUDJH TXDOLW\ UHPDLQHG
FRQVWDQW ² ZRXOG EH OHVV LPPHGLDWHO\ XVHIXO ZKHQ HPSOR\HG RQ SURSULHWDU\
FRPSDQ\ 5	' SURMHFWV��� 7KLV LV MXVW WKH G\QDPLF IRUP RI VWDWLF FRPSHWLWLRQ
IRU UHVRXUFHV DW WKH PDUJLQ� H[FHSW WKDW WKH DSSURSULDWH PRGHO LV RI WKH SXWW\�
FOD\ VRUW� \RXQJ WZLJV EHLQJ ´WZLVWHGµ IRU OLIH E\ WKH FLUFXPVWDQFHV RI WKHLU
HDUO\ HQYLURQPHQWV� %XW� WKH QXE RI WKH SUREOHP ZRXOG VHHP WR EH SRRU
IRUHFDVWV DQG WKH KLJK IL[HG FRVWV RI VZLWFKLQJ FXUULFXOD LQ D ´WLPHO\µ ZD\�
HVSHFLDOO\ ZKHQ WKLV LQYROYHV FXWWLQJ ROG HGXFDWLRQDO SURJUDPV WR PDNH URRP
IRU QHZ RQHV�

�G� 6WLOO PRUH HVRWHULF SRVVLELOLWLHV PD\ EH FRQWHPSODWHG��� 5HGXFHG IXQGLQJ RI
DFDGHPLF 5	' FDQ OHDG WR LQFUHDVHG UHDO OHYHOV SULYDWH VHFWRU 5	'
SHUIRUPDQFH �DQG UHVXOWV� LQ WKH VKRUW�UXQ� EXW� LI VDODULHV DQG UHVHDUFK
RSSRUWXQLWLHV LQ WKH DFDGHP\ IDOO� WKH FRQVHTXHQFH PD\ EH VRPH ORZHULQJ RI
WKH TXDOLW\ RI JUDGXDWHV ZKR WDNH XS DFDGHPLF FDUHHUV� DQG SRRUHU TXDOLW\
WUDLQLQJ IRU WKH QH[W JHQHUDWLRQ RI UHVHDUFKHUV� 6R� LQ WKH ORQJHU�UXQ� WKH
GLPLQLVKHG IORZ RI IXQGDPHQWDO DGYDQFHV ZRXOG WHQG WR UHGXFH WKH UDWH RI
UHWXUQ RQ SULYDWH DSSOLHG 5	'� :HUH WKDW WR FRQWUDFW DFFRUGLQJO\� WKH HQG
UHVXOW LV WKH VKULQNDJH RI WKH WRWDO YROXPH RI H[SHQGLWXUHV RQ 5	'� 7KLV LV D
H[DPSOH RI FURVV�FDWDO\WLF SRVLWLYH IHHGEDFN� EHFDXVH WKH WRWDO EXGJHW IRU 5	'
LV QRW IL[HG� WKH FRQWUDFWLRQ LQ RQH VSKHUH HYHQWXDOO\ \LHOGV D FRPSOHPHQWDU\

                                                       
12 ,Q WKH PLG DQG ODWH ����
V WKHUH ZDV FRQVLGHUDEOH FRPSODLQW GLUHFWHG DW XQLYHUVLW\ VFLHQFH DQG
HQJLQHHULQJ GHSDUWPHQWV LQ WKH 8�6�� RQ WKH JURXQG WKDW WKH NLQG RI WUDLQLQJ WKH\ ZHUH SURYLGLQJ ZDV QRW
VXLWHG WR WKH QHHGV RI WKH SULYDWH VHFWRU� DQG ZRUVH VWLOO� WKDQ DQ DSSUHFLDEOH QXPEHU DPRQJ WKH
JUDGXDWHV ZHUH SHUFHLYHG QRW WR EH HPSOR\DEOH LQ DQ DFDGHPLF VHFWRU ZKRVH UHVHDUFK DQG WHDFKLQJ QHHGV
KDG FHDVHG WR H[SDQG�
13 7KH G\QDPLF H[DPSOH SUHVHQWHG LQ FRPSUHVVHG IRUP LQ WKH IROORZLQJ SDUDJUDSK LV EDVHG XSRQ WKH
PRUH H[WHQVLYH GLVFXVVLRQ LQ 'DVJXSWD 	 'DYLG �������
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HIIHFW LQ WKH RWKHU� HYHQ LI LQ WKH LQWHULP WKH GRPLQDQW HIIHFW LV WKDW RI
VXEVWLWXWLRQ EHWZHHQ WKHP� 2EYLRXVO\� ZLWK WKHVH K\SRWKHVL]HG VSLUDOV
PRYHPHQWV LQ HLWKHU GLUHFWLRQ ² XSZDUGV RU GRZQZDUGV ² DUH SRVVLEOH� EXW
WKHLU G\QDPLFV PD\ QRW EH V\PPHWULFDO ZLWK UHVSHFW WR VSHHG�

2XU VNHWFK�PDS KDV E\ QRZ EHFRPH VXIILFLHQWO\ FRPSOLFDWHG ZLWK OLQHV RI LQIOXHQFH
WKDW UXQ LQ RSSRVLQJ GLUHFWLRQV WKDW WKH PRVW XVHIXO IRUP RI IXUWKHU DQQRWDWLRQ ZRXOG
EH RI WKH VRUW WKDW DWWDFKHG UHODWLYH PHDVXUHV RI VWUHQJWK WR WKH LQGLFDWHG IRUFHV� 7KLV LV
D MRE IRU H[SOLFLW PRGHOLQJ�

,9� 7+( $1$/<7,&$/ (;3/25(5·6 $1127$7(' *8,'(

%\ XQGHUWDNLQJ VRPH IRUPDO PRGHOLQJ H[HUFLVHV ZH FDQ KRSH WR SDVV EH\RQG
PHUH LGHQWLILFDWLRQ RI WKH YDULRXV GLIIHUHQW FKDQQHOV RI LQIOXHQFH DQG WKH VLJQLQJ WKHLU
OLNHO\ HIIHFWV� DQG DUULYH DW DQ HYDOXDWLRQ RI WKH RYHUDOO� QHW LPSDFWV XSRQ SULYDWH VHFWRU
5	' H[SHQGLWXUH OHYHO� ,Q GRLQJ VR RQH QHFHVVDULO\ ORVHV D JRRG ELW RI WKH
FRPSOH[LWLHV DQG QXDQFHV WKDW FKDUDFWHUL]H WKH RULJLQDO SUREOHP� %XW WKHUH DOVR DUH
VRPH FRPSHQVDWLQJ UHZDUGV� ZH FDQ REWDLQ LQVLJKWV LQWR ZKLFK RI WKH V\VWHP·V
SDUDPHWHUV DUH HVSHFLDOO\ FUXFLDO LQ GHWHUPLQLQJ ZKHQ WKH RYHUDOO LPSDFW ZRXOG EH WKH
FURZGLQJ RXW RI SULYDWH 5	' E\ SXEOLF 5	'� DQG ZKHQ WKH UHYHUVH �FRPSOHPHQWDU\�
HIIHFW ZRXOG GRPLQDWH� $OWKRXJK WKH XVHIXOQHVV RI KDYLQJ D VWUXFWXUDO PRGHO WR DLG LQ
WKH LQWHUSUHWDWLRQ RI HFRQRPHWULF UHVXOWV VKRXOG KDUGO\ QHHG WR EH UHVWDWHG� WKLV WRSLF�
DUHD LV RQH ZKHUH WKH PDUJLQDO SD\RII IURP WDNLQJ WKDW DGYLFH VHULRXVO\ ZRXOG VWLOO VHHP
WR EH TXLWH KLJK�

�� $ 6LPSOH 2QH 3HULRG 0RGHO

7KLV PRGHO LV D KLJKO\ VLPSOLILHG VWDUWLQJ SRLQW IRU WKH DQDO\VLV RI WKH HIIHFWV RI
SXEOLF VXEVLGLHV WR 5	' RQ SULYDWH 5	' SHUIRUPDQFH� 6XFK YLUWXH DV PD\ EH FODLPHG
IRU LW ZLOO KDYH WR UHVW HQWLUHO\ RQ LWV KHXULVWLF YDOXH� 2XU IRUPDO DQDO\VLV DEVWUDFWV IURP
�� ODERU VXSSO\ HIIHFWV IRU 5	' ZRUNHUV� ZKLFK DUH DVVXPHG WR EH TXLWH VPDOO LQ WKH
VKRUW UXQ GXH WR WKH OHQJWK RI WLPH QHFHVVDU\ IRU WUDLQLQJ� �� VSLOORYHU HIIHFWV IURP
SXEOLF 5	' WR SULYDWH 5	'� ZKLFK DUH DVVXPHG WR RSHUDWH ZLWK D ODJ� ��
XQHPSOR\PHQW LQ WKH 5	' VHFWRU �WKDW LV� ZH DVVXPH WKDW WKH PDUJLQDO SURGXFW RI
5	' ODERU LQ WKH SULYDWH VHFWRU MXVWLILHV KLULQJ WKH ODVW ZRUNHU LQ HTXLOLEULXP ² D
VLPSOLILFDWLRQ WKDW VHHPV SODXVLEOH LQ D GHYHORSHG :HVWHUQ HFRQRP\ EXW OHVV SODXVLEOH
HOVHZKHUH��

:H GHILQH WKH IROORZLQJ YDULDEOHV�

* 3XEOLF 5	' EXGJHW �´H[RJHQRXVµ�
/ 7RWDO ODERU VXSSO\ RI 5	' ZRUNHUV �H[RJHQRXV LQ WKH VKRUW UXQ�
/
3

1XPEHU RI SULYDWH 5	' ZRUNHUV �GHWHUPLQHG E\ WKH PRGHO�
/
*

1XPEHU RI SXEOLF 5	' ZRUNHUV �GHWHUPLQHG E\ WKH PRGHO�
Z :DJH UDWH RI 5	' ZRUNHUV �GHWHUPLQHG E\ WKH PRGHO�

7KH PRGHO KDV WKUHH HTXDWLRQV�

/  /
3
� /

*
7KH ODERU VXSSO\ LGHQWLW\

*  Z /
*

7KH JRYHUQPHQW 5	' EXGJHW
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Z  I�/
3
� 7KH PDUJLQDO SURGXFW RI ODERU

ZKHUH I��� LV D FRQWLQXRXV PRQRWRQLF IXQFWLRQ VXFK WKDW I·�� DQG I··�� �L�H�� WKHUH LV D
GRZQZDUG VORSLQJ GHULYHG GHPDQG VFKHGXOH IRU 5	' ODERU LQ WKH SULYDWH VHFWRU��

 7KHVH HTXDWLRQV H[SUHVV WKH LGHD WKDW WKH JRYHUQPHQW EXGJHW GHWHUPLQHV WKH
QXPEHU RI SXEOLF 5	' ZRUNHUV JLYHQ WKH ZDJH� WKH UHPDLQLQJ ZRUNHUV JR LQWR WKH SULYDWH
VHFWRU� ZKHUH WKH GRZQZDUG VORSLQJ PDUJLQDO SURGXFW IXQFWLRQ WRJHWKHU ZLWK WKH QXPEHU
RI ZRUNHUV DFWXDOO\ GHWHUPLQHV WKH ZDJH� )URP WKHVH � HTXDWLRQV� RQH FDQ FRPSXWH WKH
VKRUW UXQ HIIHFWV RI DQ LQFUHDVH LQ WKH EXGJHW RQ WKH ZDJH DQG WKH QXPEHU RI 5	' ZRUNHUV
LQ HDFK VHFWRU� &RPELQLQJ WKH HTXDWLRQV� ZH REWDLQ�

I�/
3
� �/� /

3
�  * �

'LIIHUHQWLDWLQJ�

>I
/
� �/� /

3
� � I�/

3
� @ G/

3
 G*

RU� PRUH VLPSO\�

>I
/
/
*
� Z@ G/

3
 G*

ZKLFK LPSOLHV WKDW WKH QXPEHU RI SULYDWH 5	' ZRUNHUV DOZD\V GHFOLQHV ZLWK DQ LQFUHDVH LQ
WKH JRYHUQPHQW EXGJHW �EHFDXVH I

/
�� DQG Z!��� 2EYLRXVO\� WKH UHYHUVH LV WUXH IRU SXEOLF

5	' ZRUNHUV� GXH WR WKH DGGLQJ XS FRQVWUDLQW� ,W LV HDVLHU WR LQWHUSUHW WKH VHFRQG YHUVLRQ�

>�I
/
� �/

*
� � I�/

3
� @ G/

*
 >�I

/
/
*
� Z @ G/

*
 G*

7KLV VD\V WKHUH DUH WZR HIIHFWV� 7KH VHFRQG WHUP LV WKH GLUHFW HIIHFW RQ WKH JRYHUQPHQW
GHPDQG IRU 5	' ZRUNHUV DW D JLYHQ ZDJH� 7KH ILUVW WHUP LV WKH HIIHFW GXH WR WKH IDFW WKDW
�ZLWK D IL[HG ODERU VXSSO\� LQFUHDVHG JRYHUQPHQW IXQGLQJ LQFUHDVHV WKH ZDJH RI 5	'
ZRUNHUV DQG WKHUHIRUH WKHLU UHTXLUHG PDUJLQDO SURGXFW LQ WKH SULYDWH VHFWRU� ,W LV WKH ODWWHU
WKDW EULQJV DERXW WKH UHGXFHG TXDQWLW\ RI UHVHDUFK LQSXWV � /

3
� GHPDQGHG E\ WKH SULYDWH

VHFWRU�

2QH FDQ VKRZ H[SOLFLWO\ WKDW WKH ZDJH UDWH PXVW ULVH� 6WDUWLQJ IURP WKH ILUVW�RUGHU
FRQGLWLRQ IRU FRVW PLQLPL]DWLRQ LQ WKH SURGXFWLRQ RI LQQRYDWLRQV�

Z  I�/�*�Z� �

WRWDO GLIIHUHQWLDWLRQ \LHOGV

GZ  I
/
� �* GZ �Z� � G*�Z�  �*�Z ² Z� I

/
���G*  I

/
G* �� I

/
/
*
� Z� �

7KLV H[SUHVVLRQ LV HDVLHU WR LQWHUSUHW ZKHQ UHDUUDQJHG LQ HODVWLFLW\ IRUP�

�*�Z� �GZ�G*�  I
/
/
*
�� I

/
/
*
� Z�  ���� ² �/

3
�/

*
����ε�� �

ZKHUH ε�� LV WKH HODVWLFLW\ RI WKH ZDJH �PDUJLQDO SURGXFW� ZLWK UHVSHFW WR WKH QXPEHU RI
SULYDWH 5	' ZRUNHUV� 7KHUHIRUH WKH HODVWLFLW\ RI WKH ZDJH ZLWK UHVSHFW WR JRYHUQPHQW
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VSHQGLQJ LV ERXQGHG EHWZHHQ ]HUR DQG RQH� 7KH ILUVW WHUP LQ WKH GHQRPLQDWRU LV MXVW WKH
GLUHFW HIIHFW RQ WKH ZDJH� GXH WR WKH ODUJHU EXGJHW EHLQJ DSSOLHG WR WKH VDPH QXPEHU RI
5	' ZRUNHUV� 7KH VHFRQG WHUP LV WKH NQRFN�RQ HIIHFW RI D UHGXFWLRQ LQ WKH QXPEHU RI
SULYDWH 5	' ZRUNHUV GXH WR WKH KLJKHU ZDJH DQG WKHUHIRUH KLJKHU UHTXLUHG PDUJLQDO
SURGXFW� 7KLV PLWLJDWHV WKH GLUHFW ZDJH HIIHFW FDSWXUHG LQ WKH ILUVW WHUP� EHFDXVH DV WKH
QXPEHU RI ZRUNHUV LV UHGXFHG GXH WR WKH VXSSO\ FRQVWUDLQW� LW EHFRPHV HDVLHU WR VDWLVI\ WKH
PDUJLQDO SURGXFW FRQGLWLRQ QHFHVVDU\ WR FOHDU WKH ODERU PDUNHW IRU 5	' ZRUNHUV�

7R VXPPDUL]H� LQ WKLV VLPSOH PRGHO ZLWK IL[HG 5	' ODERU VXSSO\ ZH UHDGLO\ FDQ
VHH WKDW JRYHUQPHQW IXQGLQJ RI 5	' PXVW UHGXFH WKH QXPEHU RI SULYDWH 5	' ZRUNHUV
DQG LQFUHDVH WKHLU DYHUDJH ZDJH� ,Q RUGHU WR GHWHUPLQH ZKHWKHU WKH FRPELQHG HIIHFW LV
KLJKHU RU ORZHU SULYDWH 5	' H[SHQGLWXUH� ZH FRPELQH WKHVH UHVXOWV WR REWDLQ WKH HODVWLFLW\
RI SULYDWH 5	' VSHQGLQJ �5 Z/

3
� ZLWK UHVSHFW WR WKH JRYHUQPHQW EXGJHW *�

�*�5� G5�G*  /
*
�GZ�G*� � �Z/

*
�/

3
� �G/

3
�G*�

 Z/
*
��/

3
�I
/
/
*
�Z�� � I

/
/
*
�I
/
/
*
� Z�

 � �I
/
/
*
�Z/

*
�/

3
���Z� I

/
/
*
�  ����ε��>�/

3
�/

*
� � ε@

7KH ILUVW WHUP LQ WKLV H[SUHVVLRQ LV GXH WR WKH UHGXFWLRQ LQ WKH QXPEHU RI SULYDWH 5	'
ZRUNHUV IURP DQ LQFUHDVH LQ JRYHUQPHQW VSHQGLQJ DQG WKH VHFRQG LV GXH WR WKH
FRUUHVSRQGLQJ LQFUHDVH LQ WKH ZDJH� 7KH VLJQ RI WKH HODVWLFLW\ ZLOO EH GHWHUPLQHG E\ WKH
IROORZLQJ FRQGLWLRQ �QRWH WKDW WKH GHQRPLQDWRU RI WKH DERYH H[SUHVVLRQ LV SRVLWLYH��

3ULYDWH DQG SXEOLF 5	' DUH FRPSOHPHQWV ZKHUH � �I
/
� ! Z�/

3
DQG ε � �� �

7KDW LV� LQ WKH UHJLRQ ZKHUH WKH PDUJLQDO SURGXFW RI 5	' LV HODVWLF ZLWK UHVSHFW WR WKH
QXPEHU RI ZRUNHUV� ZH VKRXOG REVHUYHG DQ LQFUHDVH LQ SULYDWH 5	' ZKHQ WKH JRYHUQPHQW
EXGJHW LQFUHDVHV LI WKH VXSSO\ RI 5	' ZRUNHUV LV IL[HG�

7KH FRQFOXVLRQ IURP WKLV VLPSOH PRGHO LV WKDW REVHUYHG SULYDWH 5	' VSHQGLQJ ZLOO
LQFUHDVH LQ UHVSRQVH WR DQ LQFUHDVH LQ JRYHUQPHQW VSHQGLQJ LI WKH PDUJLQDO SURGXFW RI
SULYDWH 5	' LV YHU\ UHVSRQVLYH WR D FKDQJH LQ WKH QXPEHU RI ZRUNHUV� %XW� LW ZLOO GHFUHDVH
LI WKH PDUJLQDO SURGXFW RI 5	' LV QRW YHU\ UHVSRQVLYH� :H PLJKW WKHUHIRUH H[SHFW WKDW WKH
IRUPHU FRQGLWLRQ ZRXOG KROG ZKHQ WKH UHODWLYH VL]H RI WKH SULYDWH 5	' VHFWRU ODUJH� LQ WKLV
FDVH WKH ZDJH HIIHFW RQ WKH UHPDLQLQJ ZRUNHUV GRPLQDWHV WKH UHGXFWLRQ LQ WKH QXPEHU RI
SULYDWH ZRUNHUV� DQG VSHQGLQJ RQ SULYDWH 5	' LQFUHDVHV� 7KLV FDUULHV D TXLWH XVHIXO
PHVVDJH IRU HFRQRPHWULF VWXGLHV RI PDFUR�OHYHO UHODWLRQVKLSV� ZKHWKHU LQ LQWHUQDWLRQDO
FURVV�VHFWLRQ RU SDQHO GDWD� WKH REVHUYHG UHODWLRQVKLSV ZLOO QRW EH XQLIRUP LQ GLUHFWLRQ LI
SULYDWH VHFWRU 5	' DUH SUHSRQGHUDQW LQ VRPH HFRQRPLHV� ZKHUHDV SXEOLF VHFWRU 5	'
GRPLQDWHV LQ RWKHUV�

7KXV� LQFUHDVHV LQ JRYHUQPHQW 5	' H[SHQGLWXUHV XQDFFRPSDQLHG E\ WKH
H[SDQVLRQ RI WKH VKDUH RI JRYHUQPHQW FRQWUDFW 5	' VKRXOG EH H[SHFWHG WR UHVXOW LQ DQ
HTXLOLEULXP LQFUHDVH LQ WKH OHYHO RI FRPSDQ\�ILQDQFHG 5	' H[SHQGLWXUHV LQ VHWWLQJV ZKHUH
FRPSDQ\�ILQDQFHG 5	' LV DEVRUELQJ WKH JUHDWHU SRUWLRQ RI WKH QDWLRQ·V UHVHDUFK LQSXWV�
7KH ODWWHU FRQGLWLRQ PLJKW EH LQGLFDWHG� VD\� E\ WKH SUHGRPLQDQFH RI WKH EXVLQHVV VHFWRU·V
VKDUH LQ WRWDO HPSOR\PHQW RI 3K�'� VFLHQWLVWV DQG HQJLQHHUV� $PRQJ WKH 2(&' FRXQWULHV�
WKH UHODWLYH VKDUH RI WKH EXVLQHVV VHFWRU LQ FLYLOLDQ 5	' LV ODUJHU ZKHUH WKH PDQXIDFWXULQJ
VHFWRU·V VKDUH LQ *'3 LV VXEVWDQWLDO� DV LW LV LQ WKH 86� -DSDQ� DQG WKH PDMRU QRUWKHUQ
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(XURSHDQ FRXQWULHV� %\ FRQWUDVW� DPRQJ WKH FRPSDUDWLYHO\ ORZHU SHU FDSLWD LQFRPH
FRXQWULHV KDYLQJ D OHVV GHYHORSHG LQGXVWULDO EDVH� SXEOLF VHFWRU 5	' LV SUHSRQGHUDQW LQ WKH
QDWLRQDO WRWDO RI 5	'� 7KH UHVXOWV RI WKH IRUHJRLQJ KLJKO\ VLPSOLILHG DQDO\VLV VXJJHVW WKDW
LW LV DPRQJ WKH ODWWHU HFRQRPLHV WKDW SXEOLF VHFWRU 5	' H[SHQGLWXUHV PLJKW ZHOO KDYH
VXEVWDQWLDO ´FURZGLQJ RXWµ HIIHFWV� FRQWULEXWLQJ WR NHHSLQJ WKH RYHUDOO 5	' WR *'3 UDWLR
DW ORZ OHYHOV LQ WKHVH ORZHU LQFRPH FRXQWULHV� 7KLV ZRXOG EH VR HYHQ ZKHQ SXEOLF UHVHDUFK
H[SHQGLWXUHV GLG QRW WDNH WKH IRUP RI FRQWUDFW SURFXUHPHQW RI 5	' IURP GRPHVWLF ILUPV�

7KH IRUHJRLQJ UHVXOWV� DV KDV MXVW EHHQ QRWLFHG� DEVWUDFW FRPSOHWHO\ IURP WKH
TXHVWLRQ RI ZKDW VRUW RI UHVHDUFK LV EHLQJ IXQGHG LQ WKH JRYHUQPHQW VHFWRU� DQG WKH EHDULQJ
WKDW WKLV PD\ KDYH XSRQ WKH JHQHUDWLRQ RI SRVLWLYH VSLOO�RYHUV WR EXVLQHVV ILUPV� ,Q WKH
IROORZLQJ VXE�VHFWLRQ ZH H[DPLQH D VOLJKWO\ PRUH UHDOLVWLF YDULDWLRQ RI WKH PRGHO WKDW DOORZV
JUHDWHU VFRSH IRU VXFK VRXUFHV RI FRPSOHPHQWDULW\ HIIHFWV� ZKLOH PDLQWDLQLQJ WKH
DVVXPSWLRQ WKDW WKH QXPEHU RI 5	' ZRUNHUV LV IL[HG�

�� ,QIUDVWUXFWXUH �EDVLF� 5	' YHUVXV DSSOLHG �JRYHUQPHQW FRQWUDFW� 5	'

7KH ILUVW H[WHQVLRQ WR RXU PRGHO FRQVLGHUV WKH FKRLFH EHWZHHQ JRYHUQPHQW IXQGLQJ
RI EDVLF �QRQ�JRDO�RULHQWHG RU LQIUDVWUXFWXUH� UHVHDUFK DQG JRYHUQPHQW IXQGLQJ RI DSSOLHG
UHVHDUFK FRQGXFWHG LQ WKH SULYDWH VHFWRU� JLYHQ DQ RYHUDOO OHYHO RI JRYHUQPHQW IXQGLQJ� 7KLV
FKRLFH LV D VW\OL]HG UHSUHVHQWDWLRQ RI D SROLF\ TXHVWLRQ WKDW KDV EHHQ LPSRUWDQW LQ VRPH
HFRQRPLHV LQ UHFHQW \HDUV��� ,W LPSOLHV WKDW WKH JRYHUQPHQW KDV DW OHDVW WZR SROLF\
LQVWUXPHQWV DW LWV GLVSRVDO� WKH OHYHO RI JRYHUQPHQW IXQGLQJ *� DQG WKH IUDFWLRQ RI WKDW
IXQGLQJ GHYRWHG WR EDVLF UHVHDUFK� E�

:H DVVXPH WKDW WKH JRYHUQPHQW DVVLJQV D VKDUH RI UHVHDUFKHUV �F!�� WR ZRUN LQ WKH
SULYDWH VHFWRU DV DSSOLHG 5	' ZRUNHUV �H�J�� LQ WKH GHIHQVH LQGXVWU\� RU YLD $73 IXQGLQJ�
DQG WKDW WKH UHPDLQLQJ VKDUH �E ��F� LV HPSOR\HG LQ SURGXFLQJ LQIUDVWUXFWXUH NQRZOHGJH
�H�J�� YLD WKH 1DWLRQDO 6FLHQFH )RXQGDWLRQ RU 1,+�� %\ DVVXPSWLRQ� WKH ILUVW JURXS RI
ZRUNHUV LV D SHUIHFW VXEVWLWXWH IRU SULYDWH 5	' ZRUNHUV LQ WKH SURGXFWLRQ IXQFWLRQ� VR WKDW
WKH PDUJLQDO SURGXFW RI 5	' ODERU LV QRZ ZULWWHQ I>F/

*
�/

3
@� 7KH VHFRQG JURXS RI 5	'

ZRUNHUV GRHV QRW SURGXFH GLUHFWO\� EXW� EHFDXVH LW H[SDQGV WKH NQRZOHGJH EDVH DYDLODEOH WR
DSSOLHG 5	' ZRUNHUV� WKH SXEOLF UHVHDUFKHUV· RXWSXW VKLIWV WKH SULYDWH VHFWRU·V PDUJLQDO
SURGXFW FXUYH RXWZDUGV� 7KHUHIRUH WKH WRWDO PDUJLQDO SURGXFW RI 5	' ODERU QRZ WDNHV WKH
IROORZLQJ IRUP�

.>���F� /
*
@ I>F/

*
�/

3
@  .>E /

*
@ I>/�E/

*
@  .>E�/�/

3
�@ I>���E�/�E/

3
@

ZKHUH .·!� DQG .··�� �. D SRVLWLYH FRQFDYH IXQFWLRQ��

:H FDQ QRZ DVN DJDLQ KRZ WKH QXPEHU RI SULYDWH ZRUNHUV ZLOO UHVSRQG LI WKH
EXGJHW * LV LQFUHDVHG� DQG DOVR KRZ WKH FKRLFH EHWZHHQ EDVLF DQG DSSOLHG 5	' DIIHFWV WKH
GHVLUHG OHYHO RI SULYDWH 5	' VSHQGLQJ DQG LWV PDUJLQDO SURGXFW� 7KH ILUVW UHVXOW LV WKDW
FRPSOLFDWLQJ WKH PRGHO LQ WKLV ZD\ GRHV QRW DOWHU WKH EDVLF UHVXOW WKDW D KLJKHU JRYHUQPHQW
EXGJHW ZLOO LQFUHDVH WKH ZDJH DQG UHGXFH WKH GHPDQG IRU SULYDWH 5	' ZRUNHUV LI WKHLU
VXSSO\ LV IL[HG� %XW WKH FKDQQHOV WKURXJK ZKLFK WKLV SURFHVV WDNHV SODFH DUH VRPHZKDW
PRUH FRPSOH[ WKDQ EHIRUH�

                                                       
14 6HH� H�J�� 1DWLRQDO $FDGHP\ RI 6FLHQFHV ������� RWKHUZLVH NQRZQ DV ´7KH 3UHVV 5HSRUW�µ DV WKH
FRPPLWWHH UHVSRQVLEOH IRU LW ZDV FKDLUHG E\ )UDQN 3UHVV�
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7KH PDUJLQDO SURGXFWLYLW\ FRQGLWLRQ LQ WKH SULYDWH VHFWRU QRZ \LHOGV WKH IROORZLQJ
HTXDWLRQ�

.>E�/�/
3
�@ I>���E�/�E/

3
@ �/� /

3
�  *

'LIIHUHQWLDWLQJ� ZH KDYH�

>�.I′�.′I�
E�/� /
3
� � .I @ G/

3
 � �=E/

*
� Z� G/

3
 G*

ZKHUH = LV GHILQHG WR EH HTXDO WR �.′I � .I′�� 2QFH DJDLQ� HYHU\ WHUP LQ WKLV H[SUHVVLRQ LV
QHJDWLYH �XQGHU WKH DVVXPSWLRQ WKDW WKH JRYHUQPHQW EXGJHW LV SRVLWLYH�� VR WKDW WKH HIIHFW
RI DQ LQFUHDVH LQ 5	' VXSSRUW LV WR UHGXFH WKH QXPEHU RI SULYDWH 5	' ZRUNHUV LQ WKH
HFRQRP\� 7KH VHFRQG WHUP LV WKH GLUHFW ZDJH HIIHFW IURP WKH JRYHUQPHQW·V GHPDQG IRU
5	' ZRUNHUV� DV EHIRUH� %XW WKH ILUVW WHUP QRZ FRQWDLQV WZR HIIHFWV� WKH UHGXFWLRQ LQ

GHPDQG IRU 5	' ZRUNHUV GXH ERWK WR WKHLU LQFUHDVHG ZDJHV �WKH .I′ WHUP�� DQG WR WKH IDFW
WKDW HDFK ZRUNHU LV PRUH SURGXFWLYH EHFDXVH RI WKH JRYHUQPHQW LQIUDVWUXFWXUH VSHQGLQJ RQ

5	' �WKH �.′I WHUP��

7KH ZDJH HIIHFW LV DOVR VLPLODU WR WKH RQH GHULYHG LQ WKH SUHYLRXV VHFWLRQ� $ OLWWOH
PDQLSXODWLRQ VKRZV WKDW WKH HODVWLFLW\ RI WKH 5	' ZDJH ZLWK UHVSHFW WR JRYHUQPHQW
VSHQGLQJ LV QRZ JLYHQ E\ WKH IROORZLQJ�

�*�Z� �GZ�G*�  =E/
*
��=E/

*
� Z�  ϕ��� �ϕ� �

ZKHUH ZH QRZ GHILQH ϕ  =E/
*
�Z LV WKH HODVWLFLW\ RI WKH 5	' PDUJLQDO SURGXFW ZLWK

UHVSHFW WR WKH QXPEHU RI JRYHUQPHQW ZRUNHUV� KROGLQJ WKH WRWDO QXPEHU RI 5	' ZRUNHUV
FRQVWDQW� ,Q WKLV VHWWLQJ� VKLIWLQJ RQH ZRUNHU IURP SULYDWH 5	' WR SXEOLF 5	' KDV DQ
XQDPELJXRXVO\ SRVLWLYH HIIHFW RQ WKH PDUJLQDO SURGXFW� EHFDXVH WKH SULYDWH ILUP ZLOO PRYH
XS WKH PDUJLQDO SURGXFW FXUYH DW WKH VDPH WLPH WKDW LW LV EHLQJ VKLIWHG RXW E\ JRYHUQPHQW
UHVHDUFK� 7KHUHIRUH WKH HODVWLFLW\ RI WKH ZDJH ZLWK UHVSHFW WR JRYHUQPHQW VSHQGLQJ RQ
UHVHDUFK YDULHV SRVLWLYHO\ ZLWK WKH HODVWLFLW\ RI WKH PDUJLQDO SURGXFW ZLWK UHVSHFW WR
JRYHUQPHQW�IXQGHG 5	' ZRUNHUV�

7KH FRPELQHG HIIHFW RQ WRWDO SULYDWH 5	' VSHQGLQJ LV WKH VDPH DV EHIRUH�

�*�5� �G5�G*�  �=E/
*
� Z/

*
�/

3
���=E/

*
� Z�  >ϕ � �/

*
�/

3
�@��� �ϕ��

2QFH DJDLQ� SULYDWH DQG SXEOLF 5	' VSHQGLQJ DUH FRPSOHPHQWV LI ϕ LV ODUJHU WKDQ
WKH UDWLR RI SXEOLF WR SULYDWH 5	' ZRUNHUV� ,Q IDFW� LW LV HDV\ WR VKRZ WKDW WKH HODVWLFLW\ RI
SULYDWH 5	' H[SHQGLWXUH ZLWK UHVSHFW WR SXEOLF LV WKH VXP RI WZR VLPSOH H[SUHVVLRQV� RQH
IRU WKH ZDJH DQG RQH IRU WKH QXPEHU RI ZRUNHUV�

�*�5� �G5�G*�  >ϕ � �/
*
�/

3
�@��� �ϕ�  ϕ��� � ϕ� ² �/

3
�/

*
���� � ϕ�

&OHDUO\ WKH ILUVW WHUP LV SRVLWLYH DQG WKH VHFRQG QHJDWLYH� ,Q DGGLWLRQ� WKH PDJQLWXGH RI WKH
UHVSRQVH GHSHQGV RQ WKH UHODWLYH VL]H RI WKH SULYDWH VHFWRU �LW LV ODUJH LI WKH SULYDWH VHFWRU LV
ODUJH UHODWLYH WR WKH SXEOLF VHFWRU�� $OWKRXJK WKH UHODWLRQVKLS WR WKH PDUJLQDO SURGXFW
HODVWLFLW\ LV PRUH LQWULFDWH� LW LV VWLOO SRVVLEOH WR VKRZ WKDW SULYDWH 5	' HODVWLFLW\ ZLWK UHVSHFW

WR JRYHUQPHQW VSHQGLQJ LV LQFUHDVLQJ HYHU\ZKHUH DV ϕ LQFUHDVHV �WKH PDUJLQDO SURGXFW RI
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5	' ZLWK UHVSHFW WR SXEOLF 5	' ZRUNHUV EHFRPHV OHVV HODVWLF� ² DW OHDVW LQ WKH FDVH ZKHUH
ZH KROG WKH QXPEHU RI ZRUNHUV LQ HDFK VHFWRU FRQVWDQW� 7KDW LV WR VD\� LI ZH FRPSDUH WZR

GLIIHUHQW HFRQRPLHV ZLWK WKH VDPH RU VLPLODU /
3
�/

*
UDWLRV� IRU WKH RQH ZKHUH ϕ LV ODUJH�

SULYDWH DQG SXEOLF 5	' DUH FRPSOHPHQWV� EXW� DV ϕ GHFUHDVHV WRZDUGV ]HUR� WKH\ EHFRPH
VXEVWLWXWHV�

7KXV� WKH HIIHFWV RI WRWDO JRYHUQPHQW VSHQGLQJ RQ SULYDWH 5	' LQ WKLV PRGHO DUH
WKH VDPH DV WKDW LQ WKH SUHYLRXV PRGHO �DOWKRXJK WKHLU PDJQLWXGHV PD\ EH GLIIHUHQW�� 7KLV LV
D VLPSOH FRQVHTXHQFH RI WKH IDFW WKDW WKH LQIUDVWUXFWXUH HIIHFW RQ WKH PDUJLQDO SURGXFW RI
SULYDWH 5	' KDV WKH VDPH VLJQ DV WKH GLUHFW HIIHFW GXH WR WKH 5	' ZRUNHU VXSSO\
FRQVWUDLQW �/  /

3
� /

*
��

$ PRUH LQWHUHVWLQJ H[HUFLVH LV WR H[DPLQH WKH HIIHFWV RI D VKLIW WRZDUG DSSOLHG 5	'
LQ WKH JRYHUQPHQW EXGJHW� WR DFFRPSOLVK WKLV ZH KROG WKH EXGJHW * IL[HG DQG GLIIHUHQWLDWH
ZLWK UHVSHFW WR E� WKH VKDUH RI SXEOLF 5	' ZRUNHUV HQJDJHG LQ EDVLF UHVHDUFK�

�>�.I′�.′I�
�/� /
3
��@ GE � >�.I′�.′I�
E�/� /

3
� � .I @ G/

3
 �

7KLV HTXDWLRQ \LHOGV WKH UHVXOW WKDW LQFUHDVLQJ WKH EDVLF UHVHDUFK VKDUH XQDPELJXRXVO\
LQFUHDVHV WKH QXPEHU RI SULYDWH 5	' ZRUNHUV� KROGLQJ WKH JRYHUQPHQW EXGJHW DQG WKH
WRWDO QXPEHU RI 5	' ZRUNHUV FRQVWDQW�

G/
3
�GE  �/� /

3
� � ^E � .I� >�/�/

3
� �.′I�.I′�@`  /

*
�E^� � Z�=E/

*
` ! � �

2U� LQ HODVWLFLW\ IRUP�

�E�/
3
� G/

3
�GE  ϕ �/

*
�/

3
��> �� ϕ@ ! �

7KXV WKH HODVWLFLW\ RI SULYDWH 5	' HPSOR\PHQW ZLWK UHVSHFW WR WKH VKDUH RI SXEOLF
5	' GHYRWHG WR LQIUDVWUXFWXUH UHVHDUFK LV SURSRUWLRQDO WR WKH UHODWLYH VL]H RI WKH WZR
VHFWRUV� DQG LW YDULHV SRVLWLYHO\ ZLWK WKH HODVWLFLW\ RI WKH 5	' PDUJLQDO SURGXFW ZLWK UHVSHFW
WR WKH QXPEHU RI JRYHUQPHQW ZRUNHUV� ,I LQIUDVWUXFWXUH LQYHVWPHQW LV YHU\ SURGXFWLYH� RU
WKH SULYDWH PDUJLQDO SURGXFW FXUYH LV VWHHS� RU WKH JRYHUQPHQW VKDUH LV ODUJH� WKH QXPEHU RI
SULYDWH 5	' ZRUNHUV ZLOO LQFUHDVH VKDUSO\ LQ UHVSRQVH WR DQ LQFUHDVH LQ E� :KDW WKDW
PHDQV LV WKLV� WKH PRUH UHVSRQVLYH LV WKH SULYDWH PDUJLQDO SURGXFW RI 5	' WR WKH
VSLOORYHUV DULVLQJ IURP JRYHUQPHQW JUDQW�W\SH 5	' IXQGLQJ� WKH ELJJHU WKH LQFUHDVH LQ WKH
QXPEHU RI SULYDWH 5	' ZRUNHUV WKDW ZH FDQ H[SHFW LQ UHVSRQVH WR DQ LQFUHDVH LQ WKLV
VKDUH� ,I WKH SULYDWH PDUJLQDO SURGXFW RI 5	' LV XQUHVSRQVLYH WR VXFK IXQGLQJ� WKHQ
VKLIWLQJ JRYHUQPHQW ZRUNHUV IURP DSSOLHG 5	' WR EDVLF UHVHDUFK KDV QR HIIHFW RQ WKH
SULYDWH VHFWRU�

7KH ZDJH HIIHFW DOVR LV SRVLWLYH� ZKLFK LV UDWKHU WR EH H[SHFWHG�

GZ�GE  =/
*
��� � =E/

*
�Z�  ϕ�Z�E����� ϕ�

ZKLFK LPSOLHV DQ HODVWLFLW\ RI

�E�Z� GZ�GE  ϕ���� ϕ�!� �

LGHQWLFDO WR WKH HODVWLFLW\ ZLWK UHVSHFW WR JRYHUQPHQW VSHQGLQJ�
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7KHUHIRUH� WKH WRWDO HIIHFW RQ SULYDWH 5	' VSHQGLQJ RI LQFUHDVLQJ WKH VKDUH RI SXEOLF 5	'
VSHQW RQ ´LQIUDVWUXFWXUH UHVHDUFKµ LV XQDPELJXRXVO\ SRVLWLYH�

�E�5� �G5�GE�  ϕ �/
*
�/

3
���� � ϕ� � ϕ��� � ϕ� 

 ϕ�/�/
3
���� � ϕ� �

:H FDQ VXPPDUL]H RXU UHVXOWV WKXV IDU LQ WDEXODU IRUP� DV IROORZV�

7DEOH �
6KRUW�UXQ 5HVSRQVH RI 3ULYDWH 5	'

3ROLF\ ,QVWUXPHQW
(IIHFW

�HODVWLFLW\�

9DULDEOH
� 3ULYDWH 5	'
:RUNHUV �/

3
�

5	' ZDJH
�Z�

3ULYDWH 5	'
([SHQGLWXUH �5�

7RWDO JRYHUQPHQW
5	' EXGJHW

1HJDWLYH

��/
*
�/

3
� � >� � ϕ@

3RVLWLYH

ϕ�>� � ϕ@
3RVLWLYH LI ϕ ! /

*
�/

3

>ϕ - �/
*
�/

3
�@ � >� � ϕ@

6KDUH RI %DVLF
5HVHDUFK

3RVLWLYH

>�/
*
�/

3
� ϕ] � >� � ϕ@

3RVLWLYH

ϕ�>� � ϕ@
3RVLWLYH

 [ϕ �/�/
3
�@ � >� � ϕ@

,Q UHJDUG WR WKH LPSDFW RI H[SDQGLQJ JRYHUQPHQW 5	' WKDW WDNHV WKH ´QRQ�
FRQWUDFWµ IRUP� RXU ILQGLQJV DFFRUG ZLWK WKH WKUXVW RI PRVW RI WKH UHFHQW HFRQRPLFV
OLWHUDWXUH WKDW DUJXHV WKH WKHRUHWLFDO FDVH IRU JRYHUQPHQW VXSSRUW RI QRQ�FRPPHUFLDOO\
RULHQWHG FLYLOLDQ 5	'��� 7KH\ DUH LQ DFFRUG DOVR ZLWK WKH DQDO\VLV DQG HFRQRPHWULF UHVXOWV
RI VHYHUDO VWXGLHV WKDW KDYH EHHQ FDUULHG RXW DW PXFK ORZHU OHYHOV RI DJJUHJDWLRQ� 7KH ZRUN
RI /H\GHQ DQG /LQN ������ RQ WKH LPSDFWV XSRQ 8�6� LQGXVWU\ 5	' RI 1,67·V SURJUDPV RI
LQIUDVWUXFWXUH WHFKQRORJ\ UHVHDUFK LQ WKH DUHDV RI RSWLFDO ILEUH VWDQGDUGV� DQG
HOHFWURPLJUDWLRQ FKDUDFWHUL]DWLRQ� FRXOG EH FLWHG DV LOOXVWUDWLYH LQ WKLV FRQQHFWLRQ� $QRWKHU
FOHDU LQVWDQFH LV SURYLGHG E\ 7RROH·V ������ ����� GHWDLOHG VWXGLHV� ZKLFK UHYHDO
FRPSOHPHQWDULWLHV EHWZHHQ 1,+�IXQGLQJ RI UHVHDUFK DQG SKDUPDFHXWLFDO FRPSDQ\ 5	'
LQYHVWPHQWV LQ VSHFLILF FDWHJRULHV RI GUXJV�

7KHVH� DQG VWLOO RWKHU WHFKQRORJLFDOO\ VSHFLILF VWXGLHV��� VRPHZKDW SDUDGR[LFDOO\ PD\
EH VHHQ WR FRQIRUP PRUH FORVHO\ WKDQ ZRXOG EURDGHU LQGXVWU\�OHYHO DQDO\VHV WR WKH
IRUHJRLQJ PRGHO·V VWURQJ DVVXPSWLRQ ZLWK UHJDUG WR WKH LQHODVWLFLW\ RI WKH UHOHYDQW VXSSO\
RI ODERU� $W OHDVW LQ WKH VKRUW DQG PHGLXP WHUPV� E\ FDUU\LQJ RXW HPSLULFDO VWXGLHV WKDW
FRQWURO WLJKWO\ WKH VFLHQWLILF DQG HQJLQHHULQJ DUHD� RQH FDQ PRUH FORVHO\ DSSUR[LPDWH WKH
VLWXDWLRQ LQ ZKLFK WKH DJJUHJDWH ODERU VXSSO\ FDQQRW XQGHUJR PDUNHG DGMXVWPHQWV�

7R JHW DW WKH FRQGLWLRQV WKDW DUH UHOHYDQW LQ WKH LQWHUPHGLDWH OHYHOV RI DJJUHJDWLRQ�

                                                       
15 6HH� H�J�� 'DYLG ������ ����� DQG .OHWWH� 0RHQ DQG *ULOLFKHV ������ IRU UHFHQW VXUYH\V�
16 0XFK RI WKH HYLGHQFH RI D GHWDLOHG NLQG LV QRW HFRQRPHWULF� EXW UHPDLQV LQVWUXFWLYH QRQHWKHOHVV� 6HH�

H�J�� 1DWLRQDO 5HVHDUFK &RXQFLO� &RPSXWHU 6FLHQFHV DQG 7HOHFRPPXQLFDWLRQV %RDUG ������ RQ WKH UROH
RI JRYHUQPHQW IXQGHG UHVHDUFK SURJUDPV LQ WKH LQIRUPDWLRQ WHFKQRORJ\ UHYROXWLRQ�
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DQG D IRUWLRUL� WR ORQJHU�UXQ PDFUR�OHYHO UHODWLRQVKLSV� LW LV QHFHVVDU\ WR IXUWKHU HODERUDWH RXU
VLPSOH PRGHO E\ DOORZLQJ IRU VRPH UHDO ZDJH HODVWLFLW\ LQ WKH DJJUHJDWH VXSSO\ RI UHVHDUFKHU
ZRUNHUV� 7KH JHQHUDO LQWXLWLRQ RI GRLQJ VR LV FOHDU HQRXJK� IRU WKLV ZRXOG WHQG WR PLWLJDWH
WKH LPSDFW RI LQFUHDVHG 5	' EXGJHWV� ZKHWKHU SXEOLF RU SULYDWH� XSRQ WKH SULFH RI
UHVHDUFK LQSXWV� %XW� DV ZH KDYH VHHQ WKXV IDU� PXFK RI WKH LQWHUHVW� DQG WKH VXUSULVHV�
GZHOO LQ WKH PRGHOLQJ GHWDLOV� WR ZKLFK ZH PXVW DFFRUGLQJO\ WXUQ�

�� $OORZLQJ IRU DQ (ODVWLF /DERU 6XSSO\

$V ZDV LQGLFDWHG HDUOLHU� VXVWDLQHG LQFUHDVHV LQ HLWKHU JRYHUQPHQW RU SULYDWH
VSHQGLQJ RQ 5	' WKDW LQGXFH KLJKHU ZDJHV IRU VFLHQWLVWV DQG HQJLQHHUV DUH OLNHO\
HYHQWXDOO\ WR OHDG WR LQFUHDVHV LQ WKH ODERU VXSSO\ RI WKHVH W\SHV RI ZRUNHUV� 7KLV WDNHV
SODFH WKURXJK WZR FKDQQHOV� LQGXFHG LPPLJUDWLRQ RI VFLHQWLILF DQG WHFKQLFDO SHUVRQQHO�
DQG DQ LQFUHDVH LQ GRPHVWLF XQLYHUVLW\�OHDYHUV ZKR DUH TXDOLILHG WR WDNH XS 5	'
HPSOR\PHQWV� 7KXV� LQ WKH PHGLXP RU ORQJ�WHUP ZH GR H[SHFW WR VHH D ODERU VXSSO\
UHVSRQVH WR LQFUHDVHG GHPDQG IRU 5	' WKDW ZLOO PLWLJDWH VRPH RI WKH SRVLWLYH ZDJH
DQG VSHQGLQJ HIIHFWV VKRZQ LQ 7DEOH �� 7R DQDO\]H WKH PDJQLWXGH DQG FKDQQHOV IRU
WKHVH HIIHFWV� ZH FDQ HQULFK RXU PRGHO E\ WKH DGGLWLRQ RI D VLPSOH ODERU VXSSO\
HTXDWLRQ�

/  /
3
� /

*
7KH ODERU VXSSO\ LGHQWLW\

*  Z /
*

7KH JRYHUQPHQW 5	' EXGJHW
Z  .>E/

*
@ I>���E�/

*
�/

3
@ 7KH PDUJLQDO SURGXFW RI ODERU

J�Z�  / 7KH ODERU VXSSO\ HTXDWLRQ

%HIRUH H[DPLQLQJ WKH VROXWLRQV RI WKLV PRGHO LW ZLOO EH FRQYHQLHQW WR
VXPPDUL]H RXU H[SDQGHG QRWDWLRQ� ZKLFK LV SUHVHQWHG LQ 7DEOH �� 7KH NH\ QHZ

SDUDPHWHU LV η� ZKLFK LV WKH ODERU VXSSO\ HODVWLFLW\� DVVXPHG WR EH SRVLWLYH� LQ WKH
SUHYLRXV VHFWLRQ� WKLV SDUDPHWHU ZDV VHW HTXDO WR ]HUR�

7DEOH �
1RWDWLRQ DQG 'HILQLWLRQV

6\PERO 'HVFULSWLRQ 6LJQ 'HILQLWLRQ

ε 65 SULYDWH ODERU GHPDQG HODVWLFLW\ �QR E�� �� )
/
/
3
�Z

ϕ 0DUJLQDO SURGXFW HODVWLFLW\ ZLWK UHVSHFW WR
/
*
KROGLQJ / FRQVWDQW�

!� E�.·I�.I·� /
*
�Z  E= /

*
�Z

η /DERU VXSSO\ HODVWLFLW\ �ORQJ�UXQ�� !� J��Z� Z�/

ψ /DERU GHPDQG �PDUJLQDO SURGXFW� HODVWLFLW\
ZLWK UHVSHFW WR / KROGLQJ /

*
FRQVWDQW�

�� .I�/�Z

Γ 'HQRPLQDWRU LQ 7DEOH �� �WRWDO LQGLUHFW
HIIHFW RQ SULYDWH ODERU��

!� ��ηψ�ϕ
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7DEOH � SUHVHQWV WKH UHVXOWV RI VROYLQJ WKLV PRGHO� 1RWH ILUVW WKDW WKH
GHQRPLQDWRU RI DOO WKH HODVWLFLWLHV LV ODUJHU� VR WKH HODVWLFLWLHV WKHPVHOYHV ZLOO EH VPDOOHU
LQ DEVROXWH YDOXH� RWKHU WKLQJV HTXDO� 7KH QHZ WHUP LV WKH SURGXFW RI WKH ORQJ�UXQ ODERU
VXSSO\ HODVWLFLW\ �SRVLWLYH� DQG WKH GLUHFW PDUJLQDO SURGXFW HODVWLFLW\ KROGLQJ WKH VXSSO\
RI JRYHUQPHQW ZRUNHUV FRQVWDQW �QHJDWLYH�� $V PRUH 5	' ZRUNHUV HQWHU WKH PDUNHW�
WKH\ UHGXFH WKH UHVSRQVLYHQHVV RI ERWK WKH ZDJH DQG WKH GHPDQG IRU SULYDWH 5	'
ZRUNHUV E\ D IDFWRU SURSRUWLRQDO WR WKH PDUJLQDO SURGXFW RI WKRVH ZRUNHUV�

7DEOH �
/RQJ�UXQ 5HVSRQVH RI 3ULYDWH 5	'

3ROLF\ ,QVWUXPHQW
(IIHFW

�HODVWLFLW\�

9DULDEOH
� 3ULYDWH 5	'
:RUNHUV �/

3
�

5	' ZDJH
�Z�

3ULYDWH 5	'
([SHQGLWXUH �5�

7RWDO JRYHUQPHQW
5	' EXGJHW

3RVLWLYH LI ηϕ/ ! ���ηψ� /*
>��/*�/3����ηψ� � ηϕ�/� /3�@� Γ

3RVLWLYH

ϕ�Γ
3RVLWLYH LI ϕ�η/� /3� ! ���ηψ� /*
>��/*�/3����ηψ� � ϕ���η/� /3�@� Γ

6KDUH RI %DVLF

5HVHDUFK

3RVLWLYH

>�/*�/3��η �/�/3�@ ϕ � Γ
3RVLWLYH

ϕ�Γ
3RVLWLYH

 [ϕ ���η��/�/3�@ � Γ

7KH PRVW LPSRUWDQW UHVXOW LQ WKLV WDEOH LV WKDW WKH XQDPELJXRXVO\ QHJDWLYH
HODVWLFLW\ RI SULYDWH 5	' ZRUNHUV ZLWK UHVSHFW WR JRYHUQPHQW VSHQGLQJ QRZ GHSHQGV
RQ D YDULHW\ RI HODVWLFLWLHV DQG RQ WKH VL]H RI WKH JRYHUQPHQW VHFWRU�

�*�/
3
� G/

3
�G* ⇔ ηϕ � ���ηψ� ! /

*
�/ �

7KXV� UHDO SULYDWH 5	' VSHQGLQJ LV PRUH OLNHO\ WR LQFUHDVH LQ UHVSRQVH WR DQ LQFUHDVH LQ
QRPLQDO JRYHUQPHQW VSHQGLQJ ZKHQ WKH JRYHUQPHQW 5	' VHFWRU LV VPDOO� ZKHQ WKH
ODERU VXSSO\ HODVWLFLW\ LV ODUJH� ZKHQ WKH JRYHUQPHQW ZRUNHUV KDYH D ODUJH HIIHFW RQ

SULYDWH SURGXFWLYLW\� RU ZKHQ WKH PDUJLQDO SURGXFW FXUYH LV IODW �VPDOO ψ�� ,Q WKLV FDVH�
WKH UHVSRQVH LV PDJQLILHG E\ WKH SRVLWLYH ZDJH HIIHFW� DQG QRPLQDO SULYDWH 5	'
VSHQGLQJ DOVR LQFUHDVHV�

,Q FRQWUDVW� UHDO SULYDWH 5	' VSHQGLQJ ZLOO GHFUHDVH LQ UHVSRQVH WR DQ LQFUHDVH LQ
QRPLQDO JRYHUQPHQW VSHQGLQJ ZKHQ WKH JRYHUQPHQW VHFWRU LV ODUJH LQ UHODWLYH WHUPV�
ZKHQ WKH ODERU VXSSO\ HODVWLFLW\ LV VPDOO� ZKHQ JRYHUQPHQW 5	' GRHV QRW HQKDQFH
SULYDWH SURGXFWLYLW\� RU ZKHQ WKH PDUJLQDO SURGXFW FXUYH LV VWHHS� $V LQ WKH LQHODVWLF
ODERU VXSSO\ FDVH� WKH UHVSRQVH RI QRPLQDO SULYDWH 5	' VSHQGLQJ WR DQ LQFUHDVH LQ
JRYHUQPHQW VSHQGLQJ FDQ JR HLWKHU ZD\� 7KH FRQGLWLRQ IRU D SRVLWLYH QRPLQDO 5	'
UHVSRQVH LQ WKLV FDVH LV

�*�5� G5�G* ⇔ >ηϕ � ���ηψ�@ >� � /
3
�η/@ ! /

*
�/

$ VHFRQG PDMRU UHVXOW LQ WKLV WDEOH LV WKDW WKH HODVWLFLW\ RI SULYDWH 5	' VSHQGLQJ
ZLWK UHVSHFW WR WKH LQIUDVWUXFWXUH VKDUH� ZKHWKHU QRPLQDO RU UHDO� LV OLNHO\ WR EH ODUJHU
WKDQ WKH HODVWLFLW\ LQ 7DEOH �� 7KH FRQGLWLRQ IRU WKLV WR KDSSHQ �IRU QRPLQDO 5	'� LV
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WKH IROORZLQJ�

���ηψ�ϕ�����η� ! �ψ

$V ORQJ DV WKH PDUJLQDO SURGXFW FXUYH LV IDLUO\ IODW� WKLV FRQGLWLRQ LV OLNHO\ WR KROG�

,9� 620( 48$17,7$7,9( 7+28*+7�(;3(5,0(176

,Q WKLV� SHQXOWLPDWH VHFWLRQ LW LV DSSURSULDWH WR XQGHUWDNH D SUHOLPLQDU\
DVVHVVPHQW RI WKH HPSLULFDO SODXVLELOLW\ RI RXU IUDPHZRUN DQG LWV LPSOLFDWLRQV IRU
´FURZGLQJ RXW�µ 2XU DSSURDFK ZLOO EH WR FRPELQH WKH WKHRUHWLFDO UHVXOWV VXPPDUL]HG LQ
7DEOHV � DQG � ZLWK HODVWLFLW\ HVWLPDWHV IRU VRPH NH\ SDUDPHWHUV� GUDZLQJ XSRQ WKH
HFRQRPHWULF ILQGLQJV RI RWKHUV IRU WKH ODWWHU�

7KH TXHVWLRQV RI JUHDWHVW LPPHGLDWH LQWHUHVW SHUWDLQ WR WKH SUREDEOH PDJQLWXGHV
LPSOLHG IRU WKH RWKHU� XQNQRZQ SDUDPHWHUV RI WKH PRGHO� DQG WKH FRQVHTXHQW VLJQV RI
WKH HODVWLFLW\ RI QRPLQDO DQG UHDO SULYDWH 5	' VSHQGLQJ ZLWK UHVSHFW WR LQFUHDVHV LQ
SXEOLF 5	' VSHQGLQJ� 5HFDOO WKDW WKRVH PDJQLWXGHV DUH LQ TXHVWLRQ RQO\ IRU WKH FDVH
ZH GHVFULEH DV ´WKH ORQJ�UXQ�µ EHFDXVH LQ WKH ´VKRUW UXQµ WKH ODERU VXSSO\ LV WDNHQ WR
EH IL[HG DQG WKH UHDO YROXPH RI 5	' UHVRXUFHV LQYHVWHG �WKH QXPEHU RI 5	' ZRUNHUV�
KDV EHHQ VKRZQ WR QHFHVVDULO\ GHFUHDVH ZKHQ JRYHUQPHQW H[SHQGLWXUHV ULVH� ,W VKRXOG
EH HYLGHQW WKDW WKH FRPSXWDWLRQV UHSRUWHG KHUH DUH UDWKHU FRQMHFWXUDO LQ FKDUDFWHU� WKH\
DUH SULPDULO\ LOOXVWUDWLYH LQ SXUSRVH� EXW RIIHU D ´UHDOLW\ FKHFNµ RQ RXU PRGHO�

2XU ILUVW DYHQXH RI H[SORUDWLRQ H[SORLWV WKH YHU\ LQWHUHVWLQJ HVWLPDWHV WKDW KDYH
EHHQ REWDLQHG E\ $XVWDQ *RROVEHH ������ IRU WKH VKRUW DQG PHGLXP WR ORQJ�UXQ
HODVWLFLW\ RI WKH 5	'�ZRUNHU ZDJH ZLWK UHVSHFW WR 5	' VSHQGLQJ� 8VLQJ D SDQHO RI
VFLHQWLVWV DQG HQJLQHHUV GUDZQ IURP WKH 8�6� &XUUHQW 3RSXODWLRQ 6XUYH\ IRU WKH SHULRG
���������� *RROVEHH HVWLPDWHV WKDW VKRUW�UXQ ZDJH HODVWLFLW\ IRU WKHVH ZRUNHUV ZLWK
UHVSHFW WR QRPLQDO IHGHUDO 5	' VSHQGLQJ LV HTXDO WR ����� ZLWK D VWDQGDUG HUURU RI
������� $OWKRXJK KH GRHV QRW UHSRUW D ORQJ�UXQ ZDJH HODVWLFLW\� KH GRHV REWDLQ DQ
LQFRPH UHVSRQVH WR WKH DYHUDJH RI WKH SDVW IRXU \HDUV RI 5	' WKDW LV ���� EHORZ WKH
VKRUW�UXQ LQFRPH UHVSRQVH� )URP WKLV ZH ZLOO LQIHU WKDW WKH PHGLXP WR ORQJ�UXQ ZDJH
HODVWLFLW\ LV DSSUR[LPDWHO\ �����

7XUQLQJ WR 7DEOH �� ZH FDQ LPPHGLDWHO\ XVH WKLV LQIRUPDWLRQ WR FDOFXODWH DQ

HVWLPDWH RI ϕ� WKH HODVWLFLW\ RI WKH SULYDWH PDUJLQDO SURGXFW RI 5	' ZLWK UHVSHFW WR
JRYHUQPHQW ZRUNHUV /

*
� KROGLQJ WKH WRWDO ODERU VXSSO\ FRQVWDQW�

ϕ  ������������� ≅ ����

7KXV� ZH PD\ VD\ WKDW LQ WKH VKRUW�UXQ� DW OHDVW IRU FRXQWULHV VLPLODU WR WKH 8QLWHG
6WDWHV� WKH PHDVXUHG QRPLQDO SULYDWH 5	' UHVSRQVH WR DQ LQFUHDVH LQ SXEOLF VSHQGLQJ

                                                       
17 Although it is unclear from the published paper, the numbers reported in Table 1 of the paper are
actually elasticities rather than regression coefficients for the level variables as the table seems to
indicate (Goolsbee, private communication, 1998). We are interpreting this as the elasticity with
respect to nominal spending because the R&D figures he uses are not adjusted using an actual R&D
deflator, although they are adjusted (implicitly) by the GDP deflator.
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ZLOO EH SRVLWLYH LI WKH JRYHUQPHQW VKDUH LV OHVV WKDQ DERXW ������� ,I WKH VKRUW�UXQ ZDJH
HIIHFW ZHUH VLPLODU LQ RWKHU GHYHORSHG FRXQWULHV� ZH ZRXOG H[SHFW WKDW FRXQWULHV ZLWK
ODUJHU JRYHUQPHQW VKDUHV ZRXOG GLVSOD\ FURZGLQJ RXW EHKDYLRU� 7KLV LV FRQVLVWHQW ZLWK
WKH UHVXOWV LQ *XHOOHF DQG YDQ 3RWWHOVEHUJKH ������� ZKR ILQG WKDW FRXQWULHV ZLWK KLJK
VXEVLGL]DWLRQ UDWHV KDYH QHJDWLYH SXEOLF 5	' FRHIILFLHQWV LQ WKH SULYDWH 5	'
LQYHVWPHQW HTXDWLRQ� +RZHYHU� WKH ODWWHU UHVXOWV DUH EDVHG RQ HUURU�FRUUHFWHG
UHJUHVVLRQV� ZKLFK GHOLYHU ORQJ�UXQ UDWKHU WKDQ VKRUW�UXQ EHKDYLRU� ,W LV DOVR QRW FOHDU
IURP *XHOOHF DQG YDQ 3RWWHOVEHUJKH·V SDSHU ZKHWKHU WKH VXEVLGL]DWLRQ PHDVXUH XSRQ
ZKLFK WKHLU DQDO\VLV IRFXVHV UHDOO\ FRUUHVSRQGV FORVHO\ WR WKH PHDVXUH RI SXEOLF VXSSRUW
DGRSWHG KHUH ² ZKLFK HQFRPSDVVHV DOO JRYHUQPHQW 5	' VSHQGLQJ� 5HDVVXULQJ DV WKH
UHSRUWHG UHVXOWV DUH� WKH\ KDYH WR EH WDNHQ ZLWK D JUDLQ RI VDOW�

,Q WKH FDVH RI WKH 8QLWHG 6WDWHV� WKH JRYHUQPHQW�ILQDQFHG VKDUH RI 5	'
VSHQGLQJ IHOO IURP DERXW �� SHUFHQW WR �� SHUFHQW RYHU WKH FRXUVH RI WKH SHULRG
H[DPLQHG E\ *RROVEHH ������� 7KDW ZRXOG LPSO\ ERWK WKDW WKH VKRUW�UXQ LPSDFW RI DQ\
LQFUHDVH LQ SXEOLF IXQGLQJ ² ZLWKRXW D VKLIW LQ WKH PL[ IDYRULQJ JUDQW VXSSRUW ² VKRXOG
KDYH EHHQ WR FURZG RXW SULYDWH 5	'� EXW WKDW WKLV LPSDFW VKRXOG KDYH ZHDNHQHG
DSSUHFLDEO\ EHWZHHQ WKH ODWH ����·V DQG WKH PLG�����·V� 7KLV UHVXOW LV PRGHUDWHO\
FRQVLVWHQW ZLWK WKH WUHQGV RI UHSRUWHG PDJQLWXGHV VXUYH\HG LQ 'DYLG� +DOO DQG 7RROH
������� DOWKRXJK PDQ\ RI WKH UHVXOWV SHUWDLQLQJ WR WKH 8�6� LPSO\ FRPSOHPHQWDULW\
UDWKHU WKDQ FURZGLQJ RXW�

7XUQLQJ WR WKH ORQJ�UXQ UHVSRQVH RI SULYDWH 5	'� WKH HVWLPDWH RI ���� KDV WKH
IROORZLQJ LPSOLFDWLRQ�

����  ϕ�Γ  ϕ����ηψ�ϕ�  �����������ηψ�Ù ηψ  �����

:H FDQ XVH WKLV UHVXOW WR ERXQG WKH ORQJ�UXQ HODVWLFLW\ RI UHDO DQG QRPLQDO 5	' ZLWK
UHVSHFW WR DQ LQFUHDVH LQ JRYHUQPHQW 5	' VSHQGLQJ� )RU UHDO VSHQGLQJ� WKH HODVWLFLW\ LV
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7KLV KDV WZR LPSOLFDWLRQV� ILUVW� WKH ORQJ�UXQ ODERU VXSSO\ HODVWLFLW\ RI 5	' ZRUNHUV
QHHGV WR EH TXLWH ODUJH IRU WKH UHDO HIIHFW WR EH SRVLWLYH� XQOHVV WKH JRYHUQPHQW VKDUH LV
YHU\ VPDOO� 6HFRQG� DV WKH JRYHUQPHQW VKDUH RI VSHQGLQJ ULVHV� LW EHFRPHV PRUH OLNHO\
WKDW FURZGLQJ RXW EH REVHUYHG HYHQ LQ WKH ORQJ UXQ�

7KH HODVWLFLW\ RI QRPLQDO 5	' H[SHQGLWXUHV� KRZHYHU� LV VOLJKWO\ ODUJHU WKDQ WKH
PDJQLWXGH MXVW FRQVLGHUHG �EHFDXVH LW LQFOXGHV WKH SRVLWLYH ZDJH HIIHFW� HTXDO WR ������
7KH FRQGLWLRQ IRU WKLV HODVWLFLW\ WR EH SRVLWLYH LV WKHUHIRUH JLYHQ E\�
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18 The short-run elasticity of private R&D with respect to public R&D is positive if ϕ>LG/LP, or if
ϕ/(1+ϕ) > LG/L.
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ZKLFK LV VOLJKWO\ HDVLHU WR VDWLVI\� )RU D FRXQWU\ VXFK D -DSDQ� LQ ZKLFK WKH JRYHUQPHQW
VKDUH RI 5	' IXQGLQJ ZDV EHORZ RQH�ILIWK DW WKH EHJLQQLQJ RI WKH ����·V� WKH FULWLFDO

YDOXH RI WKH ORQJ�UXQ ODERU VXSSO\ HODVWLFLW\ ZRXOG EH VRPHWKLQJ OLNH η ! ���� ,W LV QRW
LPSODXVLEOH� WKHQ� WKDW WKHUH ZRXOG KDYH EHHQ OLWWOH FURZGLQJ RXW HIIHFWV IURP WKH PDMRU
SURJUDP RI H[SDQGHG SXEOLF IXQGLQJ IRU VFLHQFH WKDW ZDV FDOOHG IRU E\ WKH &RXQFLO IRU
6FLHQFH DQG 7HFKQRORJ\ LQ -DSDQ LQ ���� DQG DSSURYHG E\ WKH JRYHUQPHQW RI WKH GD\�
,Q YLHZ RI WKH WKUXVW RI WKDW SURJUDP WRZDUGV FKDQJLQJ WKH PL[ RI QDWLRQDO 5	'
H[SHQGLWXUHV VWURQJO\ LQ IDYRU RI XQLYHUVLW\�EDVHG� ´JUDQWµ UHVHDUFK� LW ZRXOG VHHP WKDW
WKH SODQ ZDV SDUWLFXODUO\ ZHOO�FDOFXODWHG WR \LHOG D ORQJ�WHUP SRVLWLYH VWLPXOXV WR SULYDWH
VHFWRU 5	'��� %XW� DV WKLV SDUWLFXODU H[DPSOH XQGHUVFRUHV� WR KDYH DUULYHG DW WKH ULJKW
VFLHQFH DQG WHFKQRORJ\ SROLF\ LV QRW WKH VDPH WKLQJ DV KDYLQJ WKH SXEOLF VHFWRU
UHVRXUFHV ZLWK ZKLFK WR LPSOHPHQW LW� $V D UHVXOW� RQH RI WKH OHVV VHULRXV FRQVHTXHQFHV
RI WKH GLIILFXOWLHV WKDW KDYH EHVHW WKH -DSDQHVH HFRQRP\ LQ UHFHQW \HDUV KDV EHHQ WR
GHSULYH XV RI DQ LQWHUHVWLQJ QDWXUDO H[SHULPHQW ZLWK ZKLFK WR WHVW WKH HPSLULFDO
LPSOLFDWLRQV RI RXU PRGHO�

9� &21&/86,21

:KHUH ZH KDYH WKH DSSURSULDWH QXPEHUV DYDLODEOH� WKH LPSOLFDWLRQV RI RXU
VLPSOH PRGHO DUH QRW LQFRQVLVWHQW ZLWK REVHUYHG EHKDYLRU� 2XU FRQFOXVLRQ� WKHUHIRUH�
LV WKDW LV WKLV W\SH RI DQDO\VLV ZRXOG DSSHDU WR EH ZRUWK SXUVXLQJ LQ IXWXUH LQWHUQDWLRQDO
FRPSDUDWLYH UHVHDUFK� XVLQJ PRUH SUHFLVH GDWD RQ WKH FURVV�FRXQWU\ YDULDWLRQV LQ WKH
UHODWLYH VL]H RI WKH SXEOLF DQG SULYDWH VHFWRUV� VXEVLG\ UDWHV� ZDJH UDWHV IRU 5	'
ZRUNHUV� DQG 5	' FRVW YDULDEOHV� 6RPH JUHDWHU DWWHQWLRQ WR VWUXFWXUDO VSHFLILFDWLRQ KDV
EHHQ VHHQ WR EH TXLWH IHDVLEOH DV D FRPSOHPHQW WR HFRQRPHWULF HVWLPDWLRQ� ,QGHHG� LW
RIIHUV D ZD\ WR PDNH JUHDWHU VHQVH RI WKH YDULHW\ RI HPSLULFDOO\ REVHUYHG UHVSRQVHV RI
SULYDWH 5	' WR SXEOLF 5	' H[SHQGLWXUHV� DQG UHSUHVHQWV RXU EHVW KRSH RI EHLQJ DEOH
XOWLPDWHO\ WR LGHQWLI\ WKH YDULRXV FKDQQHOV WKURXJK ZKLFK WKRVH HPHUJH�

                                                       
�� 6HH� H�J�� WKH UHSRUW LQ WKH ,QWHUQDWLRQDO +HUDOG 7ULEXQH� �� -XQH� ����� S� ��
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5()(5(1&(6

%HUJVWURP� 7KHRGRUH� /DZUHQFH %OXPH� DQG +DO 9DULDQ� ´2Q WKH 3ULYDWH 3URYLVLRQ RI
3XEOLF *RRGV�µ -RXUQDO RI 3XEOLF (FRQRPLFV� ��� ����� SS�������

&RKHQ� :HVOH\ DQG 'DYLG /HYLQWKDO� ´,QQRYDWLRQ DQG /HDUQLQJ� 7KH 7ZR )DFHV RI
5	'� (FRQRPLF -RXUQDO� ��� ����� SS��������

'DVJXSWD� 3DUWKD DQG 3DXO $� 'DYLG� ´7RZDUG D 1HZ (FRQRPLFV RI 6FLHQFH�µ
5HVHDUFK 3ROLF\� YRO� ��� ����� SS� ��������

'DYLG� 3DXO $� ´)URP 0DUNHW 0DJLF WR &DO\SVR 6FLHQFH 3ROLF\� $ 5HYLHZ RI 7HUHQFH
.HDOH\·V 7KH (FRQRPLF /DZV RI 6FLHQWLILF 5HVHDUFK�µ 5HVHDUFK 3ROLF\� YRO� ��� 0D\ �����
SS� ������

'DYLG� 3DXO $� ´7KH 3ROLWLFDO (FRQRP\ RI 3XEOLF 6FLHQFH�µ IRUWKFRPLQJ LQ +HOHQ
/DZWRQ 6PLWK� HG�� 7KH 5HJXODWLRQ RI 6FLHQFH DQG 7HFKQRORJ\� /RQGRQ� 0DFPLOODQ

3XEOLVKHUV� 6HSWHPEHU �����

'DYLG� 3DXO $�� 5� &RZDQ� DQG '� )RUD\� ´7KH ([SOLFLW (FRQRPLFV RI .QRZOHGJH
&RGLILFDWLRQ DQG 7DFLWQHVV�µ 3UHVHQWHG DW WKH �QG 7,3,. :RUNVKRS� KHOG DW
,05,� 8QLYHUVLW\ RI 3DULV 'DXSKLQH� ��� 'HFHPEHU �����

'DYLG� 3DXO $�� 'RPLQLTXH )RUD\� DQG :� (GZDUG 6WHLQPXOOHU� ´7KH 5HVHDUFK
1HWZRUN DQG WKH 1HZ (FRQRPLFV RI 6FLHQFH� )URP 0HWDSKRUV WR
2UJDQL]DWLRQDO %HKDYLRUV�µ LQ 7KH 2UJDQL]DWLRQ RI ,QQRYDWLYH $FWLYLWLHV LQ (XURSH�
�$OIRQVR *DPEDUGHOOD DQG )UDQFR 0DOHUED� HGV��� &DPEULGJH� &DPEULGJH
8QLYHUVLW\ 3UHVV� IRUWKFRPLQJ LQ �����

'DYLG� 3DXO $�� %URQZ\Q +� +DOO� DQG $QGUHZ $� 7RROH� ´$UH 3XEOLF DQG 3ULYDWH 5	'
([SHQGLWXUHV &RPSOHPHQWV RU 6XEVWLWXWHV"� $Q $QDO\WLFDO 5HYLHZ RI WKH
(PSLULFDO (YLGHQFH�µ 'UDIW LQ SURJUHVV� 0DUFK ����� )RUWKFRPLQJ LQ 5HVHDUFK

3ROLF\� 6SHFLDO ,VVXH� *XHVW�HGLWHG E\ $� /LQN �

'LDPRQG� $UWKXU 0� -U� ´'RHV )HGHUDO )XQGLQJ &URZG 2XW 3ULYDWH )XQGLQJ RI
6FLHQFH"µ 3UHVHQWHG DW WKH $PHULFDQ (FRQRPLF $VVRFLDWLRQ PHHWLQJV LQ
&KLFDJR� � -DQXDU\ �����

'LDPRQG� $UWKXU 0� -U� ´(GZLQ 0DQVILHOG·V &RQWULEXWLRQV WR WKH (FRQRPLFV RI
7HFKQRORJ\�µ 3UHVHQWHG DW WKH $PHULFDQ (FRQRPLF $VVRFLDWLRQ PHHWLQJV LQ
1HZ <RUN� � -DQXDU\ �����

*DOEUDLWK� -�.� 7KH $IIOXHQW 6RFLHW\� �QG HGLWLRQ� UHYLVHG� /RQGRQ� +DPLOWRQ� �����

*RROVEHH� $XVWDQ� �'RHV *RYHUQPHQW 5	' 3ROLF\ 0DLQO\ %HQHILW 6FLHQWLVWV DQG
(QJLQHHUV"� 1%(5 :RUNLQJ 3DSHU 1R� ����� $SULO �����

*XHOOHF� 'RPLQLTXH DQG %UXQR YDQ 3RWWHOVEHUJKH GH OD 3RWWHULH� ´7KH (IIHFWLYHQHVV RI
3XEOLF 5	' 3ROLFLHV LQ 2(&' &RXQWULHV�µ 2UJDQL]DWLRQ IRU (FRQRPLF
&RRSHUDWLRQ DQG 'HYHORSPHQW� 3DULV� �����
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-RQHV� &KDUOHV ,� DQG -RKQ :LOOLDPV� ´0HDVXULQJ WKH 6RFLDO 5HWXUQ WR 5	'�µ 6WDQIRUG
8QLYHUVLW\ 'HSDUWPHQW RI (FRQRPLFV :RUNLQJ 3DSHU� �� -DQXDU\ �����

.OHWWH� 7RU -DNRE� -DUOH 0RHQ� DQG =YL *ULOLFKHV� ´(YDOXDWLQJ WKH (IIHFWV RI
*RYHUQPHQW�VSRQVRUHG� &RPPHUFLDO 5	'� 0LFURHFRQRPLF 6WXGLHV�µ
3UHVHQWHG DW 1%(5 SURGXFWLYLW\ PHHWLQJ� �� 'HFHPEHU �����

/H\GHQ� 'HQQLV 3DWULFN DQG $OEHUW 1� /LQN� ´:K\ DUH *RYHUQPHQWDO 5	' DQG 3ULYDWH
5	' &RPSOHPHQWV"µ $SSOLHG (FRQRPLFV� YRO� ��� ����� SS� ��������

/H\GHQ� 'HQQLV 3DWULFN DQG $OEHUW 1� /LQN� *RYHUQPHQW·V 5ROH LQ ,QQRYDWLRQ� .OXZHU

$FDGHPLF 3XEOLVKHUV� �����

0DQVILHOG� (GZLQ� ´$FDGHPLF 5HVHDUFK 8QGHUO\LQJ ,QGXVWULDO ,QQRYDWLRQV� 6RXUFHV�
&KDUDFWHULVWLFV� DQG )LQDQFLQJ�µ 7KH 5HYLHZ RI (FRQRPLFV DQG 6WDWLVWLFV ��� QR� �

�)HEUXDU\ ������ SS� ������

1DWLRQDO $FDGHP\ RI 6FLHQFHV� &RPPLWWHH RQ &ULWHULD IRU )HGHUDO 6XSSRUW RI 5HVHDUFK
DQG 'HYHORSPHQW� $OORFDWLQJ )HGHUDO )XQGV IRU 6FLHQFH DQG 7HFKQRORJ\�
:DVKLQJWRQ '�&�� 1DWLRQDO $FDGHP\ 3UHVV� �����

1DWLRQDO 5HVHDUFK &RXQFLO� &RPSXWHU 6FLHQFHV DQG 7HOHFRPPXQLFDWLRQV %RDUG�
)XQGLQJ D 5HYROXWLRQ� *RYHUQPHQW 6XSSRUW IRU &RPSXWLQJ 5HVHDUFK� :DVKLQJWRQ� '�&��
1DWLRQDO $FDGHP\ 3UHVV� �����

5RVHQEHUJ� 1DWKDQ� ,QVLGH WKH %ODFN %R[� 7HFKQRORJ\ DQG (FRQRPLFV� 1HZ <RUN� &DPEULGJH
8QLYHUVLW\ 3UHVV� �����

6WHSKDQ� 3DXOD� ´7KH (FRQRPLFV RI 6FLHQFH�µ -RXUQDO RI (FRQRPLF /LWHUDWXUH� ������
6HSWHPEHU ����� SS� ����������

7RROH� $QGUHZ $�� ´3XEOLF 5HVHDUFK� 3XEOLF 5HJXODWLRQ� DQG ([SHFWHG 3URILWDELOLW\�
7KH 'HWHUPLQDQWV RI 3KDUPDFHXWLFDO 5HVHDUFK DQG 'HYHORSPHQW ,QYHVWPHQW�µ
PLPHR� &KULVWHQVHQ $VVRFLDWHV� 0DGLVRQ :,� 6HSWHPEHU �����

7RROH� $QGUHZ $�� ´7KH &RQWULEXWLRQ RI 3XEOLF 6FLHQFH WR ,QGXVWULDO ,QQRYDWLRQ� $Q
$SSOLFDWLRQ WR WKH 3KDUPDFHXWLFDO ,QGXVWU\�µ 6WDQIRUG ,QVWLWXWH IRU (FRQRPLF
3ROLF\ 5HVHDUFK� :RUNLQJ 3DSHU� )HEUXDU\ �����

YRQ 7XQ]HOPDQ� 1�� DQG %� 0DUWLQ. ́ 3XEOLF YV� 3ULYDWH )XQGLQJ RI 5	' DQG 5DWHV RI
*URZWK� ����������µ PLPHR� 8QLYHUVLW\ RI 6XVVH[� -XQH �����


