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1.Introduction: What we knew about the economics of innovation, and when we knew
it

7KLV� GLVFXVVLRQ�SDSHU�DWWHPSWV� D� NLQG� RI� LQWHOOHFWXDO�ΑVWRFN�WDNLQJ�≅� 'RHV� WKH
(XURSHDQ�&RPPLVVLRQ�DSSURDFK�WR�ΑLQQRYDWLRQ�SROLF\≅�VWDQG�LQ�QHHG�RI�XSGDWLQJ"��2QH
ZD\� RI� WDFNOLQJ� VXFK� D� TXHVWLRQ� LV� WR� DVN� LQ� ZKDW� GLUHFWLRQV� UHVHDUFK� RQ� WKH
PLFURHFRQRPLFV�RI�LQQRYDWLRQ�DQG�WKH�GLIIXVLRQ�RI�QHZ�WHFKQRORJLHV�UHFHQWO\�KDV�EHHQ
HYROYLQJ��DQG�ZKHWKHU�WKH�DQDO\WLFDO�UDWLRQDOH�XSRQ�ZKLFK�SXEOLF�SROLF\�LQ�WKLV�DUHD�ZDV
JURXQGHG�PD\�KDYH�EHFRPH�GDWHG��LI�QRW�REVROHWH���7R�EH�VXUH��WKLV�FDQ�RQO\�IXUQLVK�D
SDUWLDO�DQVZHU���&KDQJHV�LQ�VRFLDOO\�DQG�SROLWLFDOO\�VKDSHG�JRDOV��RU�VKLIWV�LQ�WKH�UHODWLYH
LPSRUWDQFH�DFFRUGHG�WR�SDUWLFXODU�SROLF\�REMHFWLYHV��DOVR�ZRXOG�ZDUUDQW�UH�H[DPLQDWLRQ
DQG�SRVVLEOH�UHDOLJQPHQWV�RI�SURJUDPV���7KH�IRFXV�KHUH��KRZHYHU��ZLOO�EH�RQ�TXHVWLRQV�RI
WKH�ILUVW�NLQG��

,PSOLFLWO\� WKLV� SUHVXSSRVHV� D� EURDG� PHDVXUH� RI� DJUHHPHQW� LQ� WKH� YLHZ� RI
WHFKQRORJLFDO�FKDQJH�DV�EHLQJ�VRFLDOO\�YDOXDEOH�IRU�LWV�SRWHQWLDO�WR�FRQWULEXWH�WR�VRFLDO
ZHOIDUH���:H�VSHDN�RI�WHFKRORJLFDO�LQQRYDWLRQV�DV�FRQVWLWXWLQJ�ΑSURJUHVV≅�EHFDXVH�WKRVH
WKDW�DUH�EURXJKW� LQWR�SUDFWLFDO�DSSOLFDWLRQ�LQ�WKH�FRQWH[W�RI�PDUNHW�HFRQRPLHV� �DQG
UDWLRQDOO\�SODQQHG�HFRQRPLHV��JHQHUDOO\�KDYH�WKH�HIIHFW�RI�HQKDQFLQJ�WKH�TXDOLW\�RI
H[LVWLQJ�SURGXFWV�DQG�VHUYLFHV��RU�FUHDWH�QHZ�FRPPRGLWLHV�ZLWK�VXSHULRU�DWWULEXWHV��RU
UHGXFH� WKH� UHDO� UHVRXUFH� FRVWV� RI� D� JLYHQ� SURGXFWLRQ� SURJUDP�� � %XW�� UHFDOOLQJ
6FKXPSHWHU=V� UHIHUHQFH� WR� WKH� SURFHVV� RI� LQQRYDWLRQ� DV� RQH� WKDW� HQWDLOV� ΑFUHDWLYH
GHVWUXFWLRQ�≅�LW�LV�LPSRUWDQW�WR�EHDU�LQ�PLQG�WKDW�WKH�SDFH�RI�WHFKQRORJLFDO�SURJUHVV�LWVHOI
LV�D�PDWWHU�RI�SROLF\�FKRLFH���,QQRYDWLRQ�LQ�WKLV�GRPDLQ�LV�QRW�XQSUREOHPDWLF��,W�LV�D�VRXUFH
RI�XQFHUWDLQW\�LQ�HFRQRPLF�DQG�SROLWLFDO�DIIDLUV��DQG�KLVWRU\�DWWHVWV�IXOO\�WR�LWV�FDSDFLW\�WR
SURIRXQGO\�GLVWXUE�VRFLDO�DQG�OHJDO�LQVWLWXWLRQV��FKDOOHQJH�WKH�HFRQRPLF�YLDELOLW\�RI�H[LVWLQJ
RUJDQLVDWLRQV��DOWHU� WKH� UHODWLYH�DQG�DEVROXWH� YDOXDWLRQV� RI� YDULRXV� IRUPV�RI� WDQJLEOH
ZHDOWK��GLVSODFH�ZRUNHUV�IURP�WUDGLWLRQDO�RFFXSDWLRQV��DQG�SRVH�WURXEOLQJ�HWKLFDO�LVVXHV
DERXW�WKH�SURSULHW\�RI�XWLOLVLQJ�ZKDWHYHU�QHZ�SRZHUV�WKDW�WKHUHE\�KDYH�EHHQ�SODFHG�LQ
KXPDQ�KDQGV���$SSUHFLDWLRQ�RI�VXFK�GLVUXSWLYH�SRWHQWLDO�VXIILFHV�WR�HVWDEOLVK�WR�SRLQW�WKDW
WKHUH� LV� QR�EDVLV� IRU� SURFHHGLQJ�RQ� WKH� DVVXPSWLRQ� WKDW�PD[LPLVDWLRQ� RI� WKH� UDWH� RI
ΑWHFKQRORJLFDO�SURJUHVV≅�PXVW�EH�WKH�VRFLDOO\�RSWLPDO�SROLF\�

� :KLOH�QRW�VOLJKWLQJ�WKH�LPSRUWDQFH�RI�WKHVH�TXDOLILFDWLRQV��DQG�WKH�FRQVHTXHQW
QHHG�HYHQWXDOO\�WR�VLWXDWH�WKH�GHVLJQ�RI�VFLHQFH�DQG�WHFKQRORJ\�SROLFLHV�ZLWKLQ�D�PRUH
JHQHUDO�HFRQRPLF�SROLF\�FRQWH[W��D�PRUH�UHVWULFWHG�VWDUW�FDQ�EH�PDGH�E\�UHYLHZLQJ�WKH
VDOLHQW� IHDWXUHV� RI� WKH� PLFURHFRQRPLF� IUDPHZRUN� WKDW� LQIRUPHG� WKH� IUDQNO\� ΑSUR�
LQQRYDWLRQ≅�SROLFLHV�RI�WKH�(&�DQG�WKH�(8=V�PHPEHU�QDWLRQV�GXULQJ�WKH�HDUO\�����
V���7KLV
LV�GRQH�ZLWK�H[WUHPH�EUHYLW\�� LQ�6HFWLRQ���� 7KH� IROORZLQJ� IRXU� VHFWLRQV� WKHQ� WDNH�XS�D
VHTXHQFH�RI�WKHPHV�WKDW�KDYH�HPHUJHG�LQ�WKH�OLWHUDWXUH��EXLOGLQJ�LQ�VRPH�FDVHV�XSRQ�WKH
V\VWHPV�DSSURDFK�WR�WHFKQRORJLFDO�FKDQJH��DQG��LQ�RWKHU�FDVHV�TXHVWLRQLQJ�VRPH�RI�WKH
UDWLRQDOHV�IRU�IDPLOLDU�VFLHQFH�DQG�WHFKQRORJ\�SROLFLHV����7KH�VDPSOLQJ�RI�ΑQHZ�GLUHFWLRQV≅
UHYLHZHG�KHUH�LQFOXGHV�D�EULHI�UHYLHZ�RI�WKH�UHIRUPXODWLRQ�RI� WKH� UDWLRQDOH� IRU�SXEOLF
VXSSRUW�RI�WKH�VFLHQFH�EDVH��VHFWLRQ�����WKH�DWWHQWLRQ�WR�ΑWDFLWQHVV≅�DQG�WKH�UH�DVVHVVPHQW
WKDW�WKLV�KDV�SURPRWHG�RI�WKH�WUDGLWLRQDO�WKUXVW�RI�SXEOLF�SROLF\�UHJDUGLQJ�VXEVLGLHV�IRU�5	'
�VHFWLRQ�����WKH�VKLIW�RI�LQWHUHVW�DZD\�IURP�WKH�JHQHUDWLRQ�RI�QHZ�WHFKQRORJLHV��WRZDUGV�D
UHFRJQLWLRQ�RI� WKH�VLJQLILFDQFH�IRU�ΑLQQRYDWLRQ≅�RI�HQKDQFLQJ�DFFHVV� WR� WKH� UHOHYDQW
NQRZOHGJH� EDVH�� � 7KH� ODWWHU� GLUHFWV� DWWHQWLRQ� WR� WKH� LQVWLWXWLRQDO� DQG� SXEOLF� SROLF\
GHWHUPLQDQWV�RI�WKH�ΑNQRZOHGJH�GLVWULEXWLRQ�SRZHU≅�RI�QDWLRQDO�DQG�UHJLRQDO�ΑLQQRYDWLRQ
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V\VWHPV�≅�DQG�WR�WKH�UROH�RI�WKH�HFRQRPLFV�RI�NQRZOHGJH�FRGLILFDWLRQ�ZLWKLQ�WKDW�FRQWH[W
�VHFWLRQ����� � /DVWO\��ZH�QRWLFH� WKH� UHFHQW� UHYLYDO�RI� LQWHUHVW� LQ� WKH�HIIHFWV�RI� ORFDOLVHG
NQRZOHGJH� VSLOORYHUV� DV� D� VRXUFH� RI� LQQRYDWLYH� DFWLYLW\�� DQG� D� SURPRWHU� RI� VSDWLDO
DJJORPHUDWLRQ� RI� VPDOO� DQG�PHGLXP�VL]HG� ILUPV� LQ� KLJK�WHFK� LQGXVWULDO� DQG� EXVLQHVV
VHUYLFH�ΑFOXVWHUV≅��VHFWLRQ����

2. Past Mileposts: From the linear model to the national innovations systems perspective

$�FRQYHQLHQW� LQWHOOHFWXDO�EHQFK�PDUN� LV�SURYLGHG�IRU�RXU�SXUSRVHV� LQ� WKH�����
GRFXPHQW� HGLWHG� E\� /XF� 6RHWH� DQG� $QWRQ\� $UXQGHO�� $Q� ,QWHJUDWHG� $SSURDFK� WR
(XURSHDQ�,QQRYDWLRQ�DQG�7HFKQRORJ\�'LIIXVLRQ�3ROLF\��$�0DDVWULFKW�0HPRUDQGXP��

The systems approach to technological change
7KH� FRQFHSWXDO� IUDPHZRUN� RI� WKDW� UHSRUW� UHIOHFWHG� WKH� SUHYDLOLQJ� FRQVHQVXV

DPRQJ� HFRQRPLVWV� WKDW� D� ΑV\VWHPV� DSSURDFK≅� WR� XQGHUVWDQGLQJ� WKH� G\QDPLFV� RI
WHFKQLFDO�FKDQJH�LV�PRUH�UHDOLVWLF��DQG�SURYLGHV�D�PRUH�XVHIXO�SROLF\�JXLGH�WKDQ�GRHV�WKH
VLPSOHU� VFKHPH�EDVHG�XSRQ� WKH� OLQHDU� VWDJH�PRGHO�� 7KH� ODWWHU��ZKLFK�GHSLFWHG� WKH
DJJUHJDWH�SURFHVV�DV�D�IORZ�GLDJUDP�VWDUWLQJ�ZLWK�EDVLF�UHVHDUFK�DQG�PRYLQJ�WKURXJK
DSSOLHG�UHVHDUFK��LQYHQWLRQ��FRPPHUFLDO�PDUNHW�WHVWLQJ��DQG�XOWLPDWHO\�WR�GLIIXVLRQ��ZDV
KHOG�WR�EH�JHQHUDOO\�GHILFLHQW�DV�D�JXLGH�WR�SROLF\� IRUPXODWLRQ�� � ,W� LJQRUHG� LPSRUWDQW
IHHGEDFN�ORRSV�DPRQJ�WKH�GLVWLQFW�ΑVWDJHV≅��DQG�KHQFH�WKH�SRWHQWLDO�IRU�ERWK�V\QHUJLHV
DQG�SHUYHUVH� LQWHUDFWLRQV�DPRQJ�SROLFLHV� WKDW�ZHUH�ΑWDUJHWHG≅� WR�DIIHFWLQJ�RQH�RU
DQRWKHU�VWDJH�

%\� FRQWUDVW�� WKH� V\VWHPV� DSSURDFK� HPSKDVLVHG� WKH� LPSRUWDQFH� RI� GHVLJQLQJ
SROLFLHV�WKDW�UHFRJQLVHG�WKDW�LQQRYDWLRQV�RQO\�DIIHFW�VRFLDO�ZHOIDUH�ZKHQ�WKH\�FRPH�LQWR
DGRSWLRQ��DQG�WKDW�SROLFLHV�GLUHFWO\�SULPDULO\�WR�LQGXFLQJ�LQYHVWPHQW�LQ�WKH�5	'�VWDJHV�DW
EHVW�LJQRUH�SRVVLELOLW\�WKDW�PRUH�IDYRXUDEOH�SURVSHFWV�RI�FRPPHUFLDO�DGRSWLRQ�ZRXOG
HQFRXUDJH�LQQRYDWLYH�HIIRUWV��DQG��DW�ZRUVW��IDLO�WR�QRWH�WKDW�D�KLJK�DQWLFLSDWHG�UDWH�RI
WHFKQRORJLFDO�REVROHVFHQFH�PD\�EH�GHWULPHQWDO� WR� WKH�GHSOR\PHQW�RI� WHFKQRORJLHV
HPERGLHG� LQ� GXUDEOH� DVVHWV� ��� KXPDQ� DQG� QRQ�KXPDQ�� � 7KH� 6RHWH�$UXQGHO� ������
PHPRUDQGXP�DOVR�GUHZ�DWWHQWLRQ�WR�WKH�IDFW�WKDW�D�SDUDOOHO�PHVVDJH�KDG�HPHUJHG�LQ
WKH�PDQDJHPHQW�OLWHUDWXUH�GXULQJ�WKH�����
V��IDYRXULQJ�WKH�FORVHU�VWUDWHJLF�LQWHJUDWLRQ�DW
WKH�OHYHO�RI�WKH�LQGLYLGXDO�HQWHUSULVH�DPRQJ�5	'�DFWLYLWLHV��PDUNHW�UHVHDUFK��SURGXFW
GHVLJQ�DQG�SURGXFWLRQ�HQJLQHHULQJ�

%H\RQG�WKRVH�SRLQWV��WKH�G\QDPLFDO�V\VWHPV�DSSURDFK�UHFRJQLVHV� WKDW�D�ZLGH
DUUD\�RI�LQIOXHQFHV�LPSLQJH�XSRQ�D�VRFLHW\=V�FDSDELOLW\�IRU�WUDQVIRUPLQJ�WKH�SURGXFWV�DQG
PRGHV�RI�SURGXFWLRQ�LQ�ZD\V�WKDW�HQKDQFH�HFRQRPLF�ZHOIDUH���6RPH�DPRQJ�WKHVH�DUH
PRUH�RU�OHVV�GLUHFWO\�DIIHFWHG�E\�JRYHUQPHQWDO�DFWLRQV��DV�LV�WKH�FDVH�IRU�5	'�VXEVLGLHV
DQG�WD[�FUHGLWV��DQG� LQIUDVWUXFWXUDO� VXSSRUW� IRU�HGXFDWLRQ�DQG�WUDLQLQJ�SURJUDPV� WKDW
LPSURYH� WKH� VXSSO\� RI� VNLOOV� UHTXLUHG� WR� LPSOHPHQW� DV� ZHOO� DV� WR� JHQHUDWH� QHZ
WHFKQRORJLHV�DQG�RUJDQLVDWLRQDO�GHVLJQV��0DFURHFRQRPLF�FRQGLWLRQV�DOVR�DIIHFW� WKH
FDSDELOLW\�RI�WKH�SULYDWH�VHFWRU� WR�XQGHUWDNH� LQYHVWPHQW� LQ�FKDQJHV� WKDW�RIWHQ�HQWDLO

                                               
1 3XEOLFDWLRQ�QR��(85�������(1��&RPPLVVLRQ�RI�WKH�(XURSHDQ�&RPPXQLWLHV��/X[HPERXUJ�
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KHDY\�IL[HG�FRVW�LQYHVWPHQWV�DVVRFLDWHG�ZLWK�WKH�LQWURGXFWLRQ�RI�QHZ�SURGXFWLRQ�V\VWHPV�
HVSHFLDOO\�ZKHQ�WKHVH�HQWDLO�LQWDQJLEOH�DVVHWV�WKDW�PXVW�EH�ILQDQFHG�LQWHUQDOO\���)LQDQFLDO
LQVWLWXWLRQV��LQFOXGLQJ�YHQWXUH�FDSLWDO����ZKLFK��LQ�WXUQ��LV�GHSHQGHQW�XSRQ�DFFHVV�WR�,32
PDUNHWV�DQG�UHVSRQVLYH�WR�WKH�WD[�WUHDWPHQW�RI�FDSLWDO�JDLQV��GLUHFWO\�LQIOXHQFH�WKH�HDVH
ZLWK� ZKLFK� LW� LV� SRVVLEOH� WR� IRUP� QHZ� EXVLQHVV� HQWHUSULVHV�� � %XW� WKH� WHFKQRORJLFDO
VRSKLVWLFDWLRQ�RI�FRPPHUFLDO�EDQN�ORDQ�RIILFHUV�DQG�YHQWXUH�FDSLWDOLVWV�DOVR�FDQ�EH�D
FULWLFDO�IDFWRU�LQ�WKH�VHOHFWLRQ�DPRQJ�WKH�P\ULDG�RI�QHZ�HQWUHSUHQHXULDO�LGHDV�WKDW�DUH
JHQHUDWHG�

3HUKDSV�WKH�PRVW�LPSRUWDQW�LPSOLFDWLRQ�RI�FRQVLGHULQJ�(XURSHDQ�LQQRYDWLRQ�SROLF\
IURP�WKH�G\QDPLFDO�V\VWHPV�SHUVSHFWLYH�LV�WKH�VLJQLILFDQFH�RI�FR�RUGLQDWLRQ�DFWLYLWLHV�IRU
WKH�VXFFHVV�RI�WKH�DUUD\�RI�DFWLRQ�SURJUDPV��

$QRWKHU�YHU\�LPSRUWDQW�LPSOLFDWLRQ�RI�WKH�IRUHJRLQJ�DSSURDFK�LV�WKDW�VRPH�JRDOV
PXVW�EH�DSSURDFKHG�DV�HPHUJHQW�V\VWHP�SURSHUWLHV�WKDW�FDQQRW�EH�H[SHFWHG�WR�EH
DFKLHYHG�TXLFNO\��DQG�PLJKW�ZHOO�EH�DWWDLQHG�YLD�LQGLUHFW�PHDQV����7KH�JRDO�RI�FUHDWLQJ
ΑD�FXOWXUH�RI�LQQRYDWLRQ≅�LQ�WKH�SURYLQFHV�RI�(XURSH�ZRXOG�VHHP�WR�EH�RI�WKDW�QDWXUH��$
FXOWXUH�RI�LQQRYDWLRQ�LV�QRW�OLNHO\�WR�EH�VRPHWKLQJ�WKDW�JRYHUQPHQWV�FDQ�KRSH�TXLFNO\�WR
IRUP�E\�GLUHFW�PHDVXUHV��VD\��E\�WKH�UHFHQW�SURSRVDO�LQ�WKH�8.�WR�UHTXLUH�LQVWUXFWLRQ�LQ
EXVLQHVV�PHWKRGV� WR� EH� D� SDUW� RI� WKH� WUDLQLQJ� RI� JUDGXDWH� VWXGHQWV� LQ� VFLHQFH� DQG
HQJLQHHULQJ�� RU� E\� HPXODWLQJ� 86� LQVWLWXWLRQDO� DUUDQJHPHQWV� IRU� WKH� PDQDJHPHQW� RI
LQWHOOHFWXDO�SURSHUW\�EDVHG�XSRQ�SXEOLFO\�VSRQVRUHG�UHVHDUFK���DUUDQJHPHQWV�WKDW�KDYH
DULVHQ�LQ�WKH�86�RQO\�VLQFH�WKH�PLG�����V���5DWKHU�WKDQ�EHLQJ�LQVWDQWO\�IRUPHG�E\�VHWWLQJ�XS
LQVWLWXWLRQV�ERUURZHG�IURP�RQH�QRWDEO\�LQQRYDWLYH�VRFLHWLHV���ΑFXOWXUHV�RI�LQQRYDWLRQ≅�DUH
HPHUJHQW�SURSHUWLHV�RI�WKH�HFRQRPLF��SROLWLFDO�DQG�VRFLDO�V\VWHPV�LQ�ZKLFK�WKH\�GHYHORS
KLVWRULFDOO\��DQG� VR�PD\�PDQLIHVW� WKHPVHOYHV� LQ� UDWKHU�GLIIHUHQW� � IRUPV�� � 7R� WDNH�RQH�
FRQFUHWH�H[DPSOH��LW�LV�RIWHQ�UHPDUNHG�WKDW�(XURSHDQ�FRXQWULHV�VKRXOG�VHHN�WR�FUHDWH�D
PRUH�LQQRYDWLYH�DQG�HQWUHSUHQHXULDO�HWKRV�DPRQJ�WKH�PHPEHUV�RI�XQLYHUVLW\�IDFXOWLHV
DQG�SXEOLF�UHVHDUFK�LQVWLWXWHV�LQ�WKH�ILHOGV�RI�VFLHQFH�DQG�HQJLQHHULQJ��WKH�RVWHQVLEOH�DLP
LV�WR�HPXODWH�WKH�KLJK�SURSHQVLW\�RI�DFDGHPLF�UHVHDUFKHUV�LQ�WKH�86�WR�IRUP�ΑVWDUW�XS≅
FRPSDQLHV�EDVHG�XSRQ�WKHLU�WHFKQRORJLFDO�DGYDQFHV��$OWKRXJK�D�ZLGH�DUUD\�RI�VWLFNV
DQG�FDUURWV�KDYH�EHHQ�HPSOR\HG�WR�HQFRXUDJH�XQLYHUVLW\�DGPLQLVWUDWRUV��DQG�SXEOLF
IXQGLQJ�DJHQFLHV�WR�OLQN�IDFXOW\�DFFHVV�WR�UHVRXUFHV�WR�WKHLU�UHDGLQHVV�WR�IRUP�SDUWQHUVKLSV
ZLWK�EXVLQHVV�YHQWXUHV��DQG�\HW�LW�DSSHDUV�WKDW�DFDGHPLF�UHVHDUFKHUV�LQ�(XURSH�UHPDLQ
OHVV�ΑHQWUHSUHQHXULDO≅�WKDQ�WKHLU�$PHULFDQ�FRXQWHUSDUWV���3DUW�RI�WKH�H[SODQDWLRQ�PD\�OLH
LQ�WKH�GLIIHUHQFH�EHWZHHQ�WKH�DQWHFHGHQW�XQLYHUVLW\�UHVHDUFK�IXQGLQJ�HQYLURQPHQWV�LQ�WKH
86�DQG�(XURSH��%\�FRPSDULVRQ��WKH�DQWHFHGHQW�LQIUDVWUXFWXUH�RI�86�SXEOLF�VFLHQFH�KDG
WKH�HIIHFW�RI�EHWWHU�SUHSDULQJ�LQGLYLGXDO�IDFXOW\�UHVHDUFKHU�WR�IDFH�DQG�GHDO�ZLWK�WKH
SUDFWLFDO�SUREOHPV����DQG�UHVSRQG�WR�QHZ�DQG�FKDQJLQJ�RSSRUWXQLWLHV����RI�PDQDJLQJ
ΑWKH�EXVLQHVV≅�RI�NHHSLQJ�ODERUDWRU\�EDVHG�UHVHDUFK�SURJUDPV�UXQQLQJ�

7ZR�SRLQWV�PD\�EH�QRWHG�IURP�WKLV�H[DPSOH���)LUVW��LQ�D�V\VWHP�FRQWH[W�LW�LV�OLNHO\�WKDW
WKHUH�ZLOO�EH�XQLQWHQGHG�FRQVHTXHQFHV�RI�SROLFLHV�DQG�DFWLRQV��LW�ZDV�QRW�DQ�REMHFWLYH
RI�86�VFLHQFH�SROLF\�WR�FUHDWH�HQWUHSUHQHXULDO�DWWLWXGHV�DPRQJ�XQLYHUVLW\�UHVHDUFKHUV�
,QGHHG��WKH�DYDLODELOLW\�RI�SXEOLF�IXQGLQJ�IRU�D�ORQJ�WLPH�PHDQW�WKDW�VXFK�DWWLWXGHV�DQG
PRWLYHV�ZHUH�GLUHFWHG�DZD\�IURP�WKH�VSKHUH�RI�EXVLQHVV�DQG�FRPPHUFLDO�DSSOLFDWLRQV�
DQG�WRZDUGV�JRYHUQPHQW�VSRQVRUHG�VFLHQWLILF�UHVHDUFK���1RQHWKHOHVV��WKH�XQLQWHQGHG
FRQVHTXHQFH�ZDV�WKDW�D�FDGUH�RI�\RXQJ�UHVHDUFKHUV�ZDV�WUDLQHG�XQGHU�FRQGLWLRQV�WKDW
UHZDUGHG�LQGLYLGXDO�LQLWLDWLYH�DQG�FUHDWLYLW\�QRW�RQO\�LQ�VFLHQFH��EXW�LQ�WKH�PDQDJHPHQW
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RI�VFLHQFH�EDVHG�RUJDQLVDWLRQV�WKDW�ZHUH�DOZD\V�HQJDJHG�LQ�XQGHUWDNLQJ�VRPHWKLQJ�QHZ
DQG�XQFHUWDLQ�

�6HFRQG��RQH�VKRXOG�H[SHFW�WKDW�LQ�G\QDPLFDO�V\VWHPV�WKH�SDVW�RIWHQ�FRQWLQXHV�WR
H[HUW�D�VWURQJ� LQIOXHQFH� LQ�VKDSLQJ� UHVSRQVHV� WR�QHZ�FRQGLWLRQV�� � 7KH�H[LVWHQFH�RI� �D
PXOWLSOLFLW\�RI�IXQGLQJ�DJHQFLHV��FRQGLWLRQV�RI�FRPSHWLWLRQ�DPRQJ�\RXQJ�UHVHDUFKHUV�IRU
VXSSRUW�IRU�WKHLU�ZRUN�DV�LQGHSHQGHQW�LQYHVWLJDWRUV��FRPELQHG�ZLWK�XQLYHUVLW\�SROLFLHV�WKDW
SHUPLWWHG�VXFFHVVIXO�UHVHDUFKHUV�WR�UHWDLQ�FRQWURO�RYHU�VRPH�SRUWLRQ�RI�RYHUKHDG�VXSSRUW
DVVRFLDWHG�ZLWK� WKHLU� JUDQWV�� FRQWULEXWHG� WR� D� JUHDWHU� SUHGLVSRVLWLRQ� WR� H[SORUH� QHZ
VRXUFHV�RI�VXSSRUW�IRU�UHVHDUFK�LQ�UHVSRQVH�WR�FXWEDFNV�LQ�SXEOLF�JUDQW�VXSSRUW���:LWKRXW
WKH�SUHSDUDWLRQ�LQ�D�FOLPDWH�ZKHUH�VXFK�DWWLWXGHV�DQG�FDSDELOLWLHV�FRXOG�EH�UHZDUGHG
E\� VXFFHVV� DQG� WKXV� UHLQIRUFHG�� WKH� UHVSRQVH� RI� (XURSHDQ� UHVHDUFKHUV� KROGLQJ
DSSRLQWPHQWV� LQ� KLHUDUFKLFDOO\� VWUXFWXUHG� SXEOLF� LQVWLWXWHV� ZRXOG� EH�� DQG� ZDV� TXLWH
GLIIHUHQW�ZKHQ�SXEOLF�IXQGLQJ�ZDV�FXW�EDFN��

The Peculiar Nature of Information and Knowledge as Commodities
,Q� FDOOLQJ� IRU� LQWHJUDWLRQ� EHWZHHQ� SXEOLF� PHDVXUHV� DLPLQJ� DW� VXFFHVVIXO

GHSOR\PHQW� RI� LQQRYDWLRQV� DV� ZHOO� DV� DW� WKH� JHQHUDWLRQ� RI� PRUH� LQQRYDWLRQV�� WKH
0DDVWULFKW�0HPRUDQGXP�DFFHSWHG�WKH�SUHYDLOLQJ�YLHZ�WKDW�SXEOLF�VXEVLGLHV�IRU�5	'
ZHUH�HFRQRPLFDOO\�MXVWLILHG�RQ�ΑPDUNHW�IDLOXUH≅�JURXQGV���(FRQRPLVWV�GXULQJ�WKH�SUHYLRXV
WKUHH�GHFDGHV�KDG�HODERUDWHG�FRJHQW�UHDVRQV�ZK\�WKH�SULFH�V\VWHP�DQG�FRPSHWLWLYH
PDUNHWV�VKRXOG�QRW�EH�H[SHFWHG�WR�GR�D�JRRG�MRE�LQ�SURGXFLQJ�RU�GLVWULEXWLQJ�NQRZOHGJH
DQG� LQIRUPDWLRQ�� 7KLV� FRQFOXVLRQ� UHVWHG� XSRQ� WKH� IXQGDPHQWDO� LQVLJKW� WKDW� LGHDV� ��
HVSHFLDOO\�LGHDV�WHVWHG�DQG�UHGXFHG�WR�FRGLILHG�VFLHQWLILF�DQG�WHFKQRORJLFDO�LQIRUPDWLRQ
���KDYH�VRPH�LPSRUWDQW�DWWULEXWHV�IRXQG�LQ��SXUH�SXEOLF�JRRGV��

$FNQRZOHGJLQJ�WKH�SHFXOLDULW\�FKDUDFWHULVWLFV�RI�WKH�HFRQRPLF�FRPPRGLW\�WKDW
LV� FUHDWHG� E\� UHGXFLQJ� NQRZOHGJH� ΑLQIRUPDWLRQ≅� LV� D� VWDUWLQJ� SRLQW� LQ� WKH� PRGHUQ
HFRQRPLF�DQDO\VLV�QRW�RQO\�RI�5	'�DFWLYLWLHV��EXW�RI�WKH�WRWDOLW\�RI�ΑWKH�NQRZOHGJH�GULYHQ
HFRQRP\�≅��$Q�LGHD����DV�GLVWLQFW�IURP�DQ�LQH[SUHVVLEOH�IHHOLQJ��RU�LQQHU�PHQWDO�VWDWH����LV
D�WKLQJ�RI�UHPDUNDEOH�H[SDQVLYHQHVV��EHLQJ�FDSDEOH�RI�VSUHDGLQJ�UDSLGO\�IURP�PLQG�WR
PLQG�ZLWKRXW�OHVVHQLQJ�LWV�PHDQLQJ�DQG�VLJQLILFDQFH�IRU�WKRVH�LQWR�ZKRVH�SRVVHVVLRQ�LW
FRPHV�� � ,Q� WKDW�TXDOLW\�� LGHDV� DUH�PRUH� DNLQ� WR� ILUH� WKDQ� WR� FRDO�� � 7KRPDV� -HIIHUVRQ
UHPDUNHG�XSRQ�WKLV�DWWULEXWH��ZKLFK�SHUPLWV�WKH�VDPH�NQRZOHGJH�WR�EH�MRLQWO\�XVHG�E\
PDQ\�LQGLYLGXDOV�DW�RQFH���+H�ZKR�UHFHLYHV�DQ�LGHD�IURP�PH��UHFHLYHV�LQVWUXFWLRQ�KLPVHOI
ZLWKRXW�OHVVHQLQJ�PLQH��DV�KH�ZKR�OLJKWV�KLV�WDSHU�DW�PLQH�UHFHLYHV�OLJKW�ZLWKRXW�GDUNHQLQJ
PH������

(FRQRPLVWV�VLQFH�$UURZ���������WKHUHIRUH��KDYH�SRLQWHG�RXW�WKDW�WKH�SRWHQWLDO�YDOXH
RI�DQ� LGHD�WR�DQ\� LQGLYLGXDO�EX\HU�JHQHUDOO\�ZRXOG�QRW�PDWFK� LWV�YDOXH�WR� WKH� VRFLDO
PXOWLWXGH��7KH�ODWWHU�YDOXH��KRZHYHU��LV�QRW�UHDGLO\�H[SUHVVHG�LQ�D�ZLOOLQJQHVV�WR�SD\�RQ�WKH
SDUW�RI�DOO�ZKR�ZRXOG�JDLQ�IURP�WKH�LOOXPLQDWLQJ�LGHD��RQFH�D�QHZ�ELW�RI�NQRZOHGJH�LV
UHYHDOHG�E\�LWV�GLVFRYHUHU�V��� VRPH�EHQHILWV�ZLOO� LQVWDQWO\� �VSLOO�RYHU�� WR�RWKHUV�ZKR�DUH
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WKHUHIRUH� DEOH� WR� VKDUH� LQ� LWV� SRVVHVVLRQ�� &RPPRGLWLHV� WKDW� KDYH� WKH� SURSHUW\� RI
�H[SDQVLELOLW\���SHUPLWWLQJ�WKHP�WR�EH�XVHG�VLPXOWDQHRXVO\�IRU�WKH�EHQHILW�RI�D�QXPEHU�RI
DJHQWV��DUH�VRPHWLPHV�GHVFULEHG�DV�EHLQJ��QRQ�ULYDO��LQ�XVH��7KLV�FKDUDFWHULVWLF�LV�D�IRUP
RI�QRQ�FRQYH[LW\��RU�DQ�H[WUHPH�IRUP�RI�GHFUHDVLQJ�PDUJLQDO�FRVWV�DV�WKH�VFDOH�RI�XVH�LV
LQFUHDVHG��DOWKRXJK�WKH�FRVW�RI�WKH�ILUVW�LQVWDQFH�RI�XVH�RI�QHZ�NQRZOHGJH�PD\�EH�ODUJH�
LQ�WKDW�LW�LQFOXGHV�WKH�FRVW�RI�LWV�JHQHUDWLRQ��IXUWKHU�LQVWDQFHV�RI�LWV�XVH�LPSRVH�DW�PRVW�D
QHJOLJLEO\�VPDOO�LQFUHPHQWDO�FRVW�

,W�VRPHWLPHV�LV�QRWLFHG�WKDW�WKLV�IRUPXODWLRQ�LJQRUHV�WKH�FRVW�RI�WUDLQLQJ�SRWHQWLDO
XVHUV�WR�EH�DEOH�WR�JUDVS�WKH�LQIRUPDWLRQ�DQG�NQRZ�ZKDW�WR�GR�ZLWK�LW���%XW��DOWKRXJK�LW�LV
FRUUHFW�WR�SRLQW�RXW�WKDW�WKHUH�FDQ�EH�IL[HG�FRVWV�RI�DFFHVV�WR�WKH�LQIRUPDWLRQ��WKHVH�GR
QRW�YLWLDWH�WKH�SURSRVLWLRQ�WKDW�UH�XVH�RI�WKH�LQIRUPDWLRQ�ZLOO�QHLWKHU�GHSOHWH�LW�QRU�LPSRVH
IXUWKHU�FRVWV���,W�PD\�EH�FRVWO\�WR�WHDFK�VRPHRQH�KRZ�WR�UHDG�WKH�WDEOH�RI�WKH�HOHPHQWV�
RU�WKH�GLIIHUHQWLDO�FDOFXOXV��EXW�DQ\�QXPEHU�RI�LQGLYLGXDOV�WKXV�LQVWUXFWHG�FDQ�JR�RQ�XVLQJ
WKDW�NQRZOHGJH�ZLWKRXW�LPSRVLQJ�IXUWKHU�FRVWV�HLWKHU�RQ�WKHPVHOYHV�RU�XSRQ�RWKHUV�
�

7KH� VHFRQG�SURSHUW\� RI� LGHDV� WKDW� KDV�EHHQ� QRWLFHG�KHUH� LV� WKDW� LW� LV� GLIILFXOW�
LQGHHG��FRVWO\�WR�UHWDLQ�H[FOXVLYH�SRVVHVVLRQ�RI�WKHP�ZKLOVW�SXWWLQJ�WKHP�WR�XVH���2I�FRXUVH�
LW�LV�SRVVLEOH�WR�NHHS�D�SLHFH�RI�LQIRUPDWLRQ�RU�D�QHZ�LGHD�VHFUHW���7KH�SURGXFWLRQ�RI�UHVXOWV
QRW�DFKLHYDEOH�RWKHUZLVH��KRZHYHU��GLVFORVHV�VRPHWKLQJ�DERXW�WKH�H[LVWHQFH�RI�D�PHWKRG
IRU�GRLQJ�VR���2IWHQ�UHVXOWV�REWDLQHG�E\�PHWKRGV�WKDW�DUH�QRW��RU�FDQQRW�EH�UHYHDOHG��DUH
IHOW� WR� EH� OHVV� UHOLDEOH�� DQG�PRUH� LQ� WKH� QDWXUH� RI� PDJLFDO� SHUIRUPDQFHV� WKDQ� WKH
DSSOLFDWLRQ�RI�UHOLDEOH�NQRZOHGJH���(YHQ�D�JHQHUDO�H[SODQDWLRQ�RI�WKH�EDVLV�IRU�DFKLHYLQJ
WKH�REVHUYDEOH�UHVXOW�MHRSDUGLVHV�WKH�H[FOXVLYLW\�RI�LWV�SRVVHVVLRQ��IRU�WKH�NQRZOHGJH�WKDW
VRPHWKLQJ�FDQ�EH�GRQH�LV� LWVHOI�DQ�LPSRUWDQW�VWHS�WRZDUG�GLVFRYHULQJ�KRZ�LW�PD\�EH
GRQH�

Public Goods and the "Appropriability Problem" 
7KH� GXDO� SURSHUWLHV� RI� QRQ�ULYDO� XVDJH� DQG� FRVWO\� H[FOXVLRQ� RI� RWKHUV� IURP

SRVVHVVLRQ�GHILQH�ZKDW�LV�PHDQW�E\�D��SXUH�SXEOLF�JRRG����7KH�WHUP��SXEOLF�JRRG��GRHV
QRW�LPSO\�WKDW�VXFK�FRPPRGLWLHV�FDQQRW�EH�SULYDWHO\�VXSSOLHG��QRU�GRHV� LW�PHDQ�WKDW
JRYHUQPHQW�PXVW�SURGXFH�LW���%XW�FRPSHWLWLYH�PDUNHW�SURFHVVHV�ZLOO�QRW�GR�DQ�HIILFLHQW
MRE�RI�DOORFDWLQJ� UHVRXUFHV� IRU� WKH�SURGXFWLRQ�DQG�GLVWULEXWLRQ�RI� SXUH�SXEOLF�JRRGV�
EHFDXVH�ZKHQ�VXFK�PDUNHWV�ZRUN�ZHOO�WKH\�GR�VR�EHFDXVH�WKH�LQFUHPHQWDO�FRVWV�DQG
EHQHILWV�RI�XVLQJ�D�FRPPRGLW\�DUH�DVVLJQHG�WR�WKH�XVHUV�

2QH� PD\� VHH� WKH� SUREOHP� SRVHG� E\� WKH� SXEOLF� JRRGV� FKDUDFWHULVWLFV� RI
NQRZOHGJH�E\�DVNLQJ�KRZ� LGHDV�FDQ�EH�WUDGHG� LQ�PDUNHWV�RI� WKH�NLQG�HQYLVDJHG�E\
GLVFLSOHV� RI� $GDP� 6PLWK�� H[FHSW�E\� KDYLQJ� DVSHFWV� RI� WKHLU� QDWXUH� DQG� VLJQLILFDQFH
GLVFORVHG�EHIRUH�WKH�WUDQVDFWLRQV�ZHUH�FRQVXPPDWHG"��5DWLRQDO�EX\HUV�RI�LGHDV��QR�OHVV
WKDQ�EX\HUV�RI�FRDO��DQG�RI�ILVK�DQG�FKLSV��ILUVW�ZRXOG�ZDQW�WR�NQRZ�VRPHWKLQJ�DERXW�ZKDW
LW� LV� WKDW� WKH\�ZLOO�EH�JHWWLQJ� IRU� WKHLU�PRQH\�� �(YHQ� LI� WKH�GHDO� IHOO� WKURXJK�� LW� LV� WR�EH
H[SHFWHG�WKDW�WKH�SRWHQWLDO�SXUFKDVHU�ZRXOG�HQMR\��ZLWKRXW�SD\LQJ��VRPH�EHQHILWV�IURP
ZKDW�HFRQRPLVWV�UHIHU�WR�DV��WUDQVDFWLRQDO�VSLOORYHUV���7KHVH�RFFXU�EHFDXVH�WKHUH�PD\�EH
VLJQLILFDQW� FRPPHUFLDO� DGYDQWDJHV� IURP� WKH� DFTXLVLWLRQ� RI� HYHQ� UDWKHU� JHQHUDO
LQIRUPDWLRQ�DERXW� WKH�QDWXUH�RI�D�GLVFRYHU\��RU�DQ� LQYHQWLRQ� ���HVSHFLDOO\�RQH� WKDW�D
UHSXWDEOH�VHOOHU�KDV�WKRXJKW�LW�ZRUWKZKLOH�WR�EULQJ�WR�WKH�DWWHQWLRQ�RI�SHRSOH�HQJDJHG�LQ
D�SDUWLFXODU�OLQH�RI�EXVLQHVV�
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���������7KLV� KDV� OHG� WR� WKH� FRQFOXVLRQ� WKDW� WKH� ILQGLQJV� RI� VFLHQWLILF� DQG� WHFKQRORJLFDO
UHVHDUFK��EHLQJ�QHZ�NQRZOHGJH��ZRXOG�EH�VHULRXVO\�XQGHUYDOXHG�ZHUH�WKH\�VROG�GLUHFWO\
WKURXJK�SHUIHFWO\�FRPSHWLWLYH�PDUNHWV���6RPH�GHJUHH�RI�H[FOXVLYLW\�RI�SRVVHVVLRQ�RI�WKH
HFRQRPLF�EHQHILWV� GHULYHG� IURP� LGHDV� LV� WKHUHIRUH� QHFHVVDU\�� LI� WKH� FUHDWRUV� RI� QHZ
NQRZOHGJH�DUH�WR�GHULYH�DQ\�SURILW�IURP�WKHLU�DFWLYLWLHV�XQGHU�D�FDSLWDOLVW�PDUNHW�V\VWHP�
,QWHOOHFWXDO� SURSHUW\� ULJKWV� LQ� WKH� IRUP� RI� SDWHQW� DQG� FRS\ULJKW� PRQRSROLHV� DUH
UDWLRQDOLVHG�DV�VHUYLQJ�WKLV�HQG��%XW�LPSRVLQJ�UHVWULFWLRQV�RQ�WKH�XVHV�WR�ZKLFK�LGHDV�PD\
EH�SXW�DOVR� LV� UHFRJQLVHG�DV� VDGGOLQJ� VRFLHW\�ZLWK� WKH� LQHIILFLHQFLHV� WKDW� DULVH�ZKHQ
PRQRSROLHV�DUH�WROHUDWHG����7KLV�LV�D�SRLQW�WKDW�KDV�EHHQ�KDUSHG�XSRQ�E\�HFRQRPLVWV�HYHU
VLQFH�$GDP�6PLWK���EXW�LW�KDV�EHHQ�ERUQH�KRPH�PRUH�UHFHQWO\�E\�WKH�DWWHQWLRQ�RI�WKH�86
'HSDUWPHQW� RI� -XVWLFH=V� $QWL�7UXVW� 'LYLVLRQ� WR� WKH� 0LFURVRIW� &RUSRUDWLRQ=V� XVH� RI� LWV
GRPLQDQW�SRVLWLRQ�LQ�WKH�3&�RSHUDWLQJ�V\VWHPV�VRIWZDUH�PDUNHW�WR�OHYHUDJH�LWV�PRQRSRO\
SRZHU� LQ� RWKHU�� FRPSOHPHQWDU\� ,&7�PDUNHWV�� ,Q�DGGLWLRQ�� WKH� VHFUHF\�SUDFWLFHV� WKDW
DFFRPSDQ\� VHULRXV� FRPPHUFLDOO\� RULHQWHG� UHVHDUFK� DLPHG� DW� WKH� HVWDEOLVKPHQW� RI
LQWHOOHFWXDO�SURSHUW\�ULJKWV�DUH�UHFRJQLVHG�DV�D�IXUWKHU�VRXUFH�RI�LQHIILFLHQFLHV�

$�EURDG�UDQJH�RI�FRQVLGHUDWLRQV��H[WHQGLQJ�ZHOO�EH\RQG�WKH�SXEOLF�IXQGLQJ�RI
5	'��KDV�EHHQ�WRXFKHG�XSRQ�E\� WKH� IRUHJRLQJ�FXUVRU\� UHYLHZ�� �0DWWHU� UDQJLQJ� IURP
LQWHOOHFWXDO�SURSHUW\�ULJKWV�SURYLVLRQV�DQG�FRPSHWLWLRQ�SROLF\��WR�KLJKHU�HGXFDWLRQ�DQG�WKH
LQWHUQDWLRQDO�PRYHPHQW�RI�WUDLQHHV�LQ�VFLHQFH�DQG�HQJLQHHULQJ��DUH�VHHQ�WR�EHDU�XSRQ
WKH� JHQHUDWLRQ� DQG� XWLOLVDWLRQ� RI� WHFKQRORJLFDOO\� UHOHYDQW� NQRZOHGJH�� � 7KH� V\VWHPV�
WKHRUHWLF� SHUVSHFWLYH� WKDW� IRUPHG� WKH� FRUH� RI� WKH�0DDVWULFKW� 0HPRUDQGXP� ������
SURPRWHG�WKH�YLHZ�WKDW�(XURSHDQ�ΑLQQRYDWLRQ�SROLF\≅�HLWKHU�QHHGHG�WR�EH�FRQFHLYHG
YHU\�EURDGO\��RU��LI�WKDW�WHUP�ZDV�WR�EH�DSSOLHG�LQ�D�PRUH�UHVWULFWHG�ZD\��WKH�SROLFLHV�DQG
SURJUDPV�LQYROYHG�VKRXOG�EH�IRUPXODWHG�ZLWK�H[SOLFLW�DWWHQWLRQ�WR�WKH�OLNHO\�QDWXUH�RI�WKHLU
LQWHUDFWLRQV�ZLWK�RWKHU��HTXDOO\�VSHFLILF�SROLF\�DUHDV��XQLYHUVLW\�HGXFDWLRQ�DQG�WUDLQLQJ
DQG� HPSOR\PHQW� SROLFLHV�� LQWHOOHFWXDO� SURSHUW\� ULJKWV� DQG� FRPSHWLWLRQ� SROLFLHV�
WHOHFRPPXQLFDWLRQV�DQG�LQIRUPDWLRQ�WHFKQRORJ\�UHJXODWLRQ�SROLFLHV��HWF��

7KLV�JHQHUDO�RXWORRN�ZDV�UHIOHFWHG�LQ�WKH� OLWHUDWXUH� WKDW�EORVVRPHG� LQ� WKH�HDUO\
����
V�DGGUHVVLQJ�WKH�FKDUDFWHULVWLFV�RI�ΑQDWLRQDO�V\VWHPV�RI�LQQRYDWLRQ≅�DQG�ΑQDWLRQDO
LQQRYDWLRQ�V\VWHPV�≅� �7KH�V\VWHPV�LQ�TXHVWLRQ�ZHUH�WDNHQ��E\�%HQJW�$NH�/XQGYDOO�������
WR�LQFOXGH�WKRVH�HOHPHQWV�RI�VRFLDO�RUJDQLVDWLRQ�DQG�EHKDYLRXU��DQG�WKH�UHODWLRQVKLSV
DPRQJ� WKHP� WKDW� LQWHUDFW� LQ� ΑWKH� SURGXFWLRQ�� GLIIXVLRQ� DQG� XVH� RI� QHZ�� DQG
HFRQRPLFDOO\�XVHIXO�NQRZOHGJH�DQG�ZKLFK�DUH�HLWKHU�ΑORFDWHG�ZLWKLQ�RU�URRWHG�LQVLGH�WKH
ERUGHUV�RI�D�QDWLRQDO� VWDWH�≅� � ,W�ZDV�D� WHQHW�RI� VRPH� VWDQGV�ZLWKLQ� WKLV� OLWHUDWXUH� WKDW
JRYHUQPHQWDO� DFWLRQ� DW� WKH� QDWLRQDO� OHYHO� FRXOG�� DQG� VKRXOG� EH� GLUHFWHG� WRZDUGV
PDQDJLQJ� VXFK� V\VWHPV�� EXLOGLQJ� ΑFRPSHWLWLYH� FDSDELOLWLHV≅� WKDW� ZRXOG� PDQLIHVW
WKHPVHOYHV� LQ� WKH� VXFFHVVIXO� SHUIRUPDQFH� RI� FRXQWULHV=V� ILUPV� LQ� DQ� HQYLURQPHQW� RI
LQWHQVLILHG�JOREDO�HFRQRPLF�FRPSHWLWLRQ�� %XW�WKH�HQWKXVLDVP�IRU�VXFK�DQ�RXWORRN�ZDV�QRW
XQLYHUVDOO\�VKDUHG��HYHQ�DPRQJ�HFRQRPLVWV�ZKR�IRXQG�WKH�QDWLRQDO�V\VWHPV�RI�LQQRYDWLRQ
FRQFHSW�D�XVHIXO�IUDPHZRUN�IRU�SROLF\�GLVFXVVLRQV�
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3UHVV�������



�

2QH�VRXUFH�RI�TXDOLILFDWLRQV�GHULYHG�IURP�WKH�YLHZ�WKDW�WKH�VWUXFWXUDO�IHDWXUHV�DQG
SHUIRUPDQFH� FKDUDFWHULVWLFV� RI� WKHVH� FRPSOH[� V\VWHPV� ZHUH� PRUH� LQ� WKH� QDWXUH� RI
ΑHPHUJHQW�SURSHUWLHV≅�WKDQ�ΑGHVLJQHG�DWWULEXWHV�DQG�LQWHQGHG�FRQVHTXHQFHV≅��WKH\
ZHUH� WKHPVHOYHV� WKH� RXWFRPHV� RI� FRQWLQJHQW�� KLVWRULFDO� SURFHVVHV�� LQYROYLQJ�PXWXDO
DGDSWDWLRQV�DPRQJ�WKH�FRPSRQHQW�SDUWV���7KH�QRWLRQ�WKDW�LQWHUQDWLRQDO�FRPSDUDWLYH
DQDO\VLV� FRXOG� UHYHDO�ΑEHVW� SUDFWLFHV≅� WKDW�PLJKW� UHDGLO\� EH� WUDQVSODQWHG� IURP� RQH
QDWLRQDO�FRQWH[W�WR�DQRWKHU��RQ�WKLV�YLHZ��ZDV�OLNHO\�WR�EH�PLVWDNHQ�����6HFRQGO\��WKH�IRFXV
XSRQ�QDWLRQDO�VWUDWHJLHV�WR�SURPRWH�HFRQRPLF�VXFFHVV� LQ� WHFKQRORJLFDO� ULYDOULHV�DOVR
HYRNHG�VRPH�FRQFHUQV��LQ�WKDW�TXDVL�PHUFDQWLOLVWLF�SROLFLHV�WKDW�VRXJKW�WR�UHVWULFW�ULYDOV=
DFFHVV�WR�QHZ�NQRZOHGJH�PLJKW�ZHOO�KDYH�WKH�SHUYHUVH�FRQVHTXHQFH�RI�LPSHGLQJ�WKH
FLUFXODWLRQ� RI� VXFK� NQRZOHGJH� ZLWKLQ� WKH� HFRQRP\�� DV� ZHOO� DV� WULJJHULQJ� PXWXDOO\
GHVWUXFWLYH�UHWDOLDWRU\�SROLFLHV�DPRQJ�QDWLRQV���&RXSOHG�ZLWK�WKLV�ZHUH�D�WKLUG�VRXUFH�RI
ZRUULHV��UDLVHG�E\�WKH�JURZLQJ�UHDGLQHVV�RI�QDWLRQDO�JRYHUQPHQWV��RU�UHJLRQDO�FRDOLWLRQV
RI�QDWLRQ� VWDWHV�� WR� UHWUHDW� IURP� VXSSRUW�RI�PXOWLODWHUDO� WUDGH� OLEHUDOLVDWLRQ�� WR�SXUVXH
LQVWHDG� TXDVL�PHUFDQWLOLVWLF�� VWUDWHJLF� WUDGH� SROLFLHV� RI� ZLWK�KROGLQJ� DFFHVV� WR� WKHLU
GRPHVWLF�PDUNHWV�IURP�SURGXFHUV�LQ�LQFUHDVLQJ�UHWXUQV�LQGXVWULHV�ZKR�ZHUH�LGHQWLILHG�ZLWK
RWKHU�FRXQWULHV��ZKLOH�XVLQJ� WKHLU�EDUJDLQLQJ�SRZHU� LQ� LQWHUQDWLRQDO�QHJRWLDWLRQV�RQ�D
YDULHW\�RI�LVVXHV�WR�ΑIRUFH�RSHQ≅�IRUHLJQ�PDUNHWV�IRU�WKHLU�RZQ�SURGXFLQJ�LQWHUHVWV����

$�IRXUWK�VHW�RI�TXDOLILFDWLRQV�WKDW�DFFRPSDQLHG�WKH�QDWLRQDO�V\VWHPV�RI�LQQRYDWLRQ
IUDPHZRUN�GUHZ�DWWHQWLRQ�WR�WKH�GLIIHUHQFHV�EHWZHHQ�WKH�VLWXDWLRQV�RI� WKH� ODUJH�DQG
GLYHUVH� QDWLRQDO� HFRQRPLHV� IRU� ZKLFK� D�PRUH� ΑVHOI�FRQWDLQHG≅� V\VWHPV� PRGHO� ZDV
UHOHYDQW��DQG�WKH�PDQ\�VPDOOHU�HFRQRPLHV� �DQG��SHUIRUFH�� WKH�HFRQRPLFDOO\�GLVWLQFW
WHUULWRULHV�ZLWKLQ�QDWLRQDO�ERXQGDULHV����1RW�RQO\�ZHUH�WKH�ODWWHU�OLNHO\�WR�EH�VSHFLDOLVHG�
DQG�KLJKO\�ΑRSHQ≅�WR�IDFWRU�IORZV�DV�ZHOO�DV�WR�FRPPRGLW\�DQG�VHUYLFH�WUDGH��EXW��VFDOH
FRQVLGHUDWLRQV� DIIHFWLQJ� UHVHDUFK� DQG� WUDLQLQJ� DFWLYLWLHV� DOVR� PDGH� LW� QHFHVVDU\� IRU
HFRQRPLF�DJHQWV�LQ�WKHVH�FRXQWULHV�WR�DGDSW�WKHLU�LQVWLWXWLRQV�DQG�SROLFLHV�VR�DV�WR�EH�DEOH
WR� PRQLWRU�� DFFHVV� DQG� UHJXODUO\� LQWHUDFW� ZLWK� H[WHUQDO� VRXUFHV� RI� VFLHQWLILF� DQG
WHFKQRORJLFDO� NQRZOHGJH�� � ,QWHUQDWLRQDO�FR�RSHUDWLYH�DQG�FROODERUDWLYH� LQVWLWXWLRQDO
DUUDQJHPHQWV�� DQG�PRGHV� RI� FR�RUGLQDWLQJ� QDWLRQDO� DQG� UHJLRQDO� SROLFLHV� VR� DV� WR
DFKLHYH�SURGXFWLYH�FRPSOHPHQWDULHV�DQG�VDYH�UHVRXUFHV����IRU�H[DPSOH��LQ�VKDUHG�XVH
RI�ODUJH�UHVHDUFK�IDFLOLWLHV��DQG�WKH�VSHFLDOLVHG�WUDLQLQJ�SURJUDPV����RXJKW��WKHUHIRUH��WR

                                               
4
 7KLV�SRLQW�ZDV�PDGH�E\�3�$��'DYLG�DQG�'��)RUD\��Α$FFHVVLQJ�DQG�([SDQGLQJ�WKH�6FLHQFH

DQG�7HFKQRORJ\�.QRZOHGJH�%DVH�≅��2(&'��67,�5HYLHZ��QR������������HVS���SS��������

5 &RQFHUQV� RQ� WKHVH� VFRUHV� ZHUH� HODERUDWHG� E\� 6�� 2VWU\� DQG� 5�� 5�� 1HOVRQ�� 7HFKQR�
1DWLRQDOLVP�DQG�7HFKQR�*OREDOLVP��&RQIOLFW�DQG�&RRSHUDWLRQ��:DVKLQJWRQ��'�&���7KH�%URRNLQJV
,QVWLWXWLRQ�������



�

EH� UHJDUGHG�DV� LQWHJUDO� HOHPHQWV�ZLWKLQ� WKH�ΑQDWLRQDO≅� LQQRYDWLRQ� V\VWHPV� RI� VRPH
FRXQWULHV�

3. New Directions: A Rationale for Public Support of the Science Base Co-ordinated with
Innovation Policy

$� IHDWXUH� RI� WKH� G\QDPLFDO� V\VWHPV� DSSURDFK� WR� LQQRYDWLRQ� SROLF\� WKDW
GLVWLQJXLVKHV�LW�IURP�WUDGLWLRQDO�WKLQNLQJ�DERXW�VFLHQFH�DQG�WHFKQRORJ\�SROLF\�LV�WKDW�WKH
ODWWHU�IRFXVHG�DWWHQWLRQ�XSRQ�ΑPDUNHW�IDLOXUHV�≅�EHFDXVH�WKHVH�ZHUH�WKH�WRXFKVWRQH�RI
WKH�UDWLRQDOH�IRU�ΑJRYHUQPHQW�LQWHUYHQWLRQ≅�LQ�WKH�VSKHUH�RI�5	'���0RUH�UHFHQW�WKLQNLQJ�
KRZHYHU��UHFRJQLVHG�WKDW�WKHUH�LV�PRUH�WR�WKH�SURFHVV�RI�LQQRYDWLRQ�WKDQ�5	'�LQYHVWPHQW�
DQG�WKDW�PDQ\�RI�WKH�FULWLFDO�LQWHUDFWLRQV�EHWZHHQ�WKH�JHQHUDWLRQ�RI�QHZ�VFLHQWLILF�DQG
WHFKQRORJLFDO�NQRZOHGJH�DQG�LWV�VXFFHVVIXO�H[SORLWDWLRQ�GHSHQG�XSRQ�QRQ�PDUNHW�DV
ZHOO�DV�PDUNHW� LQVWLWXWLRQV�� �&RQVHTXHQWO\��D�FRUROODU\�RI� WKH� V\VWHPV�SHUVSHFWLYH� LV�D
FRQFHUQ�ZLWK�ΑV\VWHPV�IDLOXUHV�≅� LQFOXGLQJ�IDLOXUHV� LQ� WKH�ZRUNLQJV�RI� LQVWLWXWLRQV�ZKRVH
IXQFWLRQV�FRPSOHPHQW�DV�ZHOO�DV�FRUUHFW�WKH�OLPLWDWLRQV�RI�PDUNHW�SURFHVVHV�RI�UHVRXUFH
DOORFDWLRQ���,Q�WKLV�FRQWH[W��SXEOLF�VHFWRU�VFLHQFH�LV�VHHQ�DV�KDYLQJ�D�GLVWLQFWLYH�UROH�IURP
WKDW�RI�SURSULHWDU\��EXVLQHVV�5	'�� LW� LV�PRUH�WKDQ�D�FKDQQHO� WKURXJK�ZKLFK�PRUH�5	'
LQYHVWPHQW�FDQ�EH�IXQGHG�LQ�RUGHU�WR�FRPSHQVDWH�IRU�WKH�WHQGHQF\�RI�WKH�SULYDWH�VHFWRU
WR�XQGHULQYHVW�LQ�WKH�SURGXFWLRQ�RI�VRFLDOO\�EHQHILFLDO�NQRZOHGJH���3URSHU�FR�RUGLQDWLRQ
EHWZHHQ�LQQRYDWLRQ�SROLFLHV�DQG�SROLFLHV�LQ�WKH�VSKHUH�RI�UHVHDUFK�DQG�GHYHORSPHQW
UHTXLUHV�D�WKRURXJK�XQGHUVWDQGLQJ�WKH�V\VWHP�IXQFWLRQV�WKDW�SXEOLF�VHFWRU�5	'�LV�XQLTXHO\
VXLWHG�WR�IXOILOOLQJ�

7KH�SURJUHVV�RI�VFLHQWLILF�DQG�WHFKQRORJLFDO�NQRZOHGJH�LV�D�FXPXODWLYH�SURFHVV�
RQH�WKDW�GHSHQGV�LQ�WKH�ORQJ�UXQ�RQ�WKH�GLVFORVXUH�RI�QHZ�ILQGLQJV��VR�WKDW�WKH\�PD\�EH
VSHHGLO\�GLVFDUGHG�LI�XQUHOLDEOH��RU�FRQILUPHG�DQG�EURXJKW�LQWR�IUXLWIXO�FRQMXQFWLRQ�ZLWK
RWKHU�ERGLHV�RI� UHOLDEOH�NQRZOHGJH�� � ,Q� WKLV�ZD\�ΑRSHQ�VFLHQFH≅�SURPRWHV� WKH� UDSLG
JHQHUDWLRQ�RI�IXUWKHU�GLVFRYHULHV�DQG�LQYHQWLRQV��DV�ZHOO�DV�ZLGHU�SUDFWLFDO�H[SORLWDWLRQ
RI�DGGLWLRQV�WR�WKH�VWRFN�RI�NQRZOHGJH���7KH�HFRQRPLF�FDVH�IRU�SXEOLF�IXQGLQJ�RI�ZKDW
LV�FRPPRQO\��LI�VRPHZKDW�DPELJXRXVO\�UHIHUUHG�WR�DV�ΑEDVLF≅�UHVHDUFK��UHVWV�PDLQO\�RQ
WKDW�LQVLJKW��DQG�XSRQ�WKH�REVHUYDWLRQ�WKDW�EXVLQHVV�ILUPV�DUH�ERXQG�WR�EH�SXW�RII�LQ�VRPH
FRQVLGHUDEOH�PHDVXUH�E\�WKH�JUHDWHU�XQFHUWDLQWLHV�VXUURXQGLQJ�LQYHVWPHQW�WKDW�HQWDLOV
HQWHULQJ�LQWR�IXQGDPHQWDO��H[SORUDWRU\� LQTXLULHV�FRPSDUHG�WR�FRPPHUFLDOO\�WDUJHWHG
5	'��DV�ZHOO�DV�E\�WKH�GLIILFXOWLHV�RI�IRUHFDVWLQJ�ZKHQ�DQG�KRZ�VXFK�RXWOD\V�ZLOO�JHQHUDWH
D�VDWLVIDFWRU\�UDWH�RI�UHWXUQ�

���������7KH� VSHFLILF� SROLF\� SURSRVLWLRQ� DW� LVVXH� LQ� UHJDUG� WR� EDVLF� VFLHQFH� IXQGLQJ� LV
TXDQWLWDWLYH��QRW�TXDOLWDWLYH���,W�KDV�EHHQ�MXVWO\�SRLQWHG�RXW�E\�1DWKDQ�5RVHQEHUJ�������
WKDW� ΑILUPV� GR� EDVLF� UHVHDUFK� ZLWK� WKHLU� RZQ� PRQH\�≅� � %XW� RQH� GRHV� QRW� FDQQRW
DGHTXDWHO\�DQVZHU�WKH�TXHVWLRQ��:LOO�WKHUH�EH�HQRXJK�IXQGLQJ�E\�SULYDWH�ILUPV"��PHUHO\
E\�VD\LQJ��7KHUH�ZLOO�EH�VRPH����,QGHHG��WKH�FRPELQDWLRQ�RI�FRUSRUDWH�PHUJHUV�DQG�IL[HG
FRVW�FXWWLQJ�WR�LPSURYH�VKRUW�WHUP�HDUQLQJV�SHUIRUPDQFH�GXULQJ�WKH�HDUO\�����
V�EHFDPH
WKH�RFFDVLRQ�IRU�LQFUHDVLQJ�FRQFHUQ�LQ�8�6��SROLF\�FLUFOHV�WKDW�HYHQ�VXFK�ΑEDVLF≅�UHVHDUFK
DV�GLG�UHFHLYH�SULYDWHO\�IXQGLQJ�ZDV�EHFRPLQJ�OHVV�H[SORUDWRU\�DQG�ORQJ�UDQJH��DQG
PRUH�FORVHO\�WLHG�WR�VWUDWHJLHV�RI�VSHFLILF�SURGXFW�GHYHORSPHQW��
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(FRQRPLVWV�GR�QRW�FODLP�WKDW�ZLWKRXW�SXEOLF�SDWURQDJH��RU�LQWHOOHFWXDO�SURSHUW\
SURWHFWLRQ���EDVLF�UHVHDUFK�ZRXOG�FHDVH�HQWLUHO\���5DWKHU��WKHLU�DQDO\VLV�KROGV�WKDW�WKHUH
ZLOO�QRW�EH�HQRXJK�EDVLF�UHVHDUFK����QRW�DV�PXFK�DV�ZRXOG�EH�FDUULHG�RXW�ZHUH�LQGLYLGXDO
EXVLQHVVHV��OLNH�VRFLHW\�DV�D�ZKROH��DEOH�WR�DQWLFLSDWH�FDSWXULQJ�DOO�WKH�EHQHILWV�RI�WKLV
IRUP�RI�LQYHVWPHQW��7KHUHIRUH��QR�FRQIOLFW�H[LVWV�EHWZHHQ�WKH�WKHRUHWLFDO�DQDO\VLV�DQG�WKH
HYLGHQFH�RI� UHFHQW�HFRQRPLF� VWXGLHV�ZKLFK� VKRZ� WKDW� 5	'�LQWHQVLYH�FRPSDQLHV�GR
LQGHHG�IXQG�VRPH�H[SORUDWRU\�UHVHDUFK�LQWR�IXQGDPHQWDO�TXHVWLRQV��7KHLU�PRWLYHV�IRU�WKLV
UDQJH�IURP�GHYHORSLQJ�D�FDSDELOLW\�WR�PRQLWRU�SURJUHVV�DW�WKH�IURQWLHUV�RI�VFLHQFH��WR
SLFNLQJ�XS�LGHDV�WKHUH�IRU�SRWHQWLDO�OLQHV�RI�LQQRYDWLRQ�WKDW�PD\�EH�HPHUJLQJ�IURP�WKH
UHVHDUFK�RI�RWKHUV�� WR�EHLQJ�EHWWHU�SRVLWLRQHG� WR�SHQHWUDWH� WKH� VHFUHWV� RI� WKHLU� ULYDOV

WHFKQRORJLFDO�SUDFWLFHV�

1HYHUWKHOHVV�� LW� LV�D� ORQJ�WHUP� VWUDWHJ\�� DQG� WKHUHIRUH� VHQVLWLYH� WR� FRPPHUFLDO
SUHVVXUHV�WR�VKLIW�UHVHDUFK�UHVRXUFHV�WRZDUGV�DGYDQFLQJ�H[LVWLQJ�SURGXFW�GHYHORSPHQW�
DQG�LPSURYLQJ�H[LVWLQJ�SURFHVVHV����UDWKHU�WKDQ�VHDUFKLQJ�IRU�IXWXUH�WHFKQRORJLFDO�RSWLRQV�
/DUJH�RUJDQLVDWLRQV�WKDW�DUH�OHVV�DVVHW�FRQVWUDLQHG��DQG�RI�FRXUVH�WKH�SXEOLF�VHFWRU��DUH
EHWWHU�DEOH� WR� WDNH�RQ� WKH� MRE�RI�PRQLWRULQJ�ZKDW� LV�KDSSHQLQJ�RQ� WKH� LQWHUQDWLRQDO
VFLHQFH� DQG� WHFKQRORJ\� IURQWLHUV�� &RQVLGHUDWLRQV� RI� WKHVH� NLQGV� DUH� LPSRUWDQW� LQ
DGGUHVVLQJ�WKH�LVVXH�RI�KRZ�WR�ILQG�WKH�RSWLPDO�EDODQFH�IRU�WKH�QDWLRQDO�UHVHDUFK�HIIRUW
EHWZHHQ�VHFUHF\�DQG�GLVFORVXUH�RI�VFLHQWLILF�DQG�HQJLQHHULQJ�LQIRUPDWLRQ��DV�ZHOO�LQ�WU\LQJ
WR�DGMXVW�WKH�PL[�RI�H[SORUDWRU\�DQG�DSSOLFDWLRQV�GULYHQ�SURMHFWV�LQ�WKH�QDWLRQDO�UHVHDUFK
SRUWIROLR�

Directly Valuable Additions to the Scientific Knowledge-Base
��������:KHQ� VFLHQWLVWV� DUH� DVNHG� WR� GHPRQVWUDWH� WKH� XVHIXOQHVV� RI� UHVHDUFK� WKDW� LV
H[SORUDWRU\� LQ� FKDUDFWHU� DQG� XQGHUWDNHQ� WR� GLVFRYHU� QHZ� SKHQRPHQD�� RU� H[SODLQ
IXQGDPHQWDO�SURSHUWLHV�RI�SK\VLFDO�V\VWHPV��WKH�ILUVW�OLQH�RI�UHVSRQVH�RIWHQ�LV�WR�SRLQW�WR
GLVFRYHULHV�DQG�LQYHQWLRQV�JHQHUDWHG�E\�VXFK�UHVHDUFK�SURMHFWV�WKDW�WXUQHG�RXW�WR�EH�RI
PRUH�RU�OHVV�LPPHGLDWH�HFRQRPLF�YDOXH���0DQ\�LPSRUWDQW�DGYDQFHV�LQ�LQVWUXPHQWDWLRQ�
DQG�JHQHULF�WHFKQLTXHV��VXFK�DV�3&5�DQG�WKH�XVH�RI�UHVWULFWLRQ�HQ]\PHV�LQ��JHQH�VSOLFLQJ�
DUH�� LQGHHG�� DYDLODEOH� IRU� PHQWLRQ� LQ� WKLV� FRQQHFWLRQ�� � 7KHVH� E\�SURGXFWV� RI� WKH
RSHQ�HQGHG� VHDUFK� IRU� EDVLF� VFLHQWLILF� XQGHUVWDQGLQJ� DOVR� PLJKW� EH� YLHZHG� DV
FRQWULEXWLQJ�WR�WKH��NQRZOHGJH�LQIUDVWUXFWXUH��UHTXLUHG�IRU�HIILFLHQW�5	'�WKDW�KDV�EHHQ
GHOLEHUDWHO\� GLUHFWHG� WRZDUGV� UHVXOWV� WKDW� ZRXOG� EH� H[SORLWDEOH� DV� FRPPHUFLDO
LQQRYDWLRQV�

� 2FFDVLRQDOO\� VXFK� QHZ� DGGLWLRQV� WR� WKH� VWRFN� RI� VFLHQWLILF� NQRZOHGJH� DUH
LPPHGLDWHO\�FRPPHUFLDOLVDEOH�DQG�\LHOG�PDMRU�HFRQRPLF�SD\RIIV�WKDW��HYHQ�WKRXJK�IHZ
DQG�IDU�EHWZHHQ��WKH\�DUH�SRWHQW�HQRXJK�WR�UDLVH�WKH�DYHUDJH�VRFLDO�UDWH�RI�UHWXUQ�RQ
EDVLF��DFDGHPLF�UHVHDUFK�ZHOO�DERYH�WKH�FRUUHVSRQGLQJ�SULYDWH�UDWH�RI�UHWXUQ�HDUQHG
RQ�LQGXVWULDO�5	'�LQYHVWPHQW��<HW��WKH�GLVFRYHU\�DQG�LQYHQWLRQ�RI�FRPPHUFLDOO\�YDOXDEOH
SURGXFWV�DQG�SURFHVVHV�DUH�VHHQ�IURP�WKH�YLHZSRLQW�RI��WKH�QHZ�HFRQRPLFV�RI�VFLHQFH��

                                               
6  6HH��H�J���3��'DVJXSWD�DQG�3��$��'DYLG����,QIRUPDWLRQ�'LVFORVXUH�DQG�WKH�(FRQRPLFV�RI

6FLHQFH�DQG�7HFKQRORJ\���LQ�*��)HLZHO�HG����$UURZ�DQG�WKH�$VFHQW�RI�0RGHUQ�(FRQRPLF�7KHRU\�
��1HZ�<RUN���1HZ�<RUN�8QLYHUVLW\�3UHVV��������3��$��'DYLG��'��&��0RZHU\�DQG�:��(��6WHLQPXHOOHU���$
)UDPHZRUN�IRU�(YDOXDWLQJ�(FRQRPLFV�3D\RIIV�IURP�%DVLF�5HVHDUFK���(FRQRPLFV�RI�,QQRYDWLRQ�DQG
1HZ� 7HFKQRORJLHV�� ������ ������ � 3�� 'DVJXSWD� DQG� 3�� $�� 'DYLG�� �7RZDUG� D�1HZ� (FRQRPLFV� RI
6FLHQFH����5HVHDUFK�3ROLF\������������SS����������
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�WR�EH�DPRQJ�WKH�UDUHU�DPRQJ�WKH�SUHGLFWDEO\��XVHIXO��UHVXOWV�WKDW�IORZ�IURP�WKH�FRQGXFW
RI�H[SORUDWRU\��RSHQ�VFLHQFH���:LWKRXW�GHQ\LQJ�WKDW�ΑSXUH≅�UHVHDUFK�VRPHWLPHV�\LHOGV
LPPHGLDWH�DSSOLFDWLRQV�DURXQG�ZKLFK�SURILWDEOH�EXVLQHVVHV�VSULQJ�XS��LW�FDQ�EH�DUJXHG
WKDW�WKRVH�GLUHFW�IUXLWV�RI�NQRZOHGJH�DUH�QRW�ZKHUH�WKH�TXDQWLWDWLYHO\�LPSRUWDQW�HFRQRPLF
SD\RIIV�IURP�EDVLF�VFLHQFH�DUH�WR�EH�IRXQG�

0XFK�PRUH�FULWLFDO�RYHU�WKH�ORQJ�UXQ�WKDQ��VSLQ�RIIV��IURP�EDVLF�VFLHQFH�SURJUDPV
DUH�WKHLU�FXPXODWLYH� LQGLUHFW�HIIHFWV�LQ�UDLVLQJ�WKH�UDWH�RI�UHWXUQ�RQ�SULYDWH�LQYHVWPHQW
SURSULHWDU\� 5	'� SHUIRUPHG� E\� EXVLQHVV� ILUPV�� � $PRQJ� WKRVH� LQGLUHFW� FRQVHTXHQFHV�
DWWHQWLRQ� VKRXOG�EH�GLUHFWHG�QRW� RQO\� WR� �LQIRUPDWLRQDO� VSLOORYHUV��� EXW� WR�D� UDQJH�RI
FRPSOHPHQWDU\�ΑH[WHUQDOLWLHV≅� WKDW�DUH�JHQHUDWHG�IRU� WKH�SULYDWH� VHFWRU�E\�SXEOLFO\
IXQGHG�DFWLYLWLHV�LQ�WKH�VSKHUH�RI�RSHQ�VFLHQFH��ZKHUH�UHVHDUFK�DQG�WUDLQLQJ�DUH�WLJKWO\
FRXSOHG�

 Complementarities between public and private R&D programs � �

                                                                                                                                                 

����������5HVRXUFHV�DUH�OLPLWHG��WR�EH�VXUH��DQG�LQ�WKDW�VHQVH�UHVHDUFK�FRQGXFWHG�LQ�RQH�ILHOG
DQG�LQ�RQH�RUJDQLVDWLRQDO�PRGH�LV�EHLQJ�SHUIRUPHG�DW�WKH�H[SHQVH�RI�RWKHU�NLQGV�RI�5	'�
�%XW� ZKDW� LV� PLVVHG� E\� DWWHQGLQJ� H[FOXVLYHO\� WR� WKH� FRPSHWLWLRQ� IRUFHG� E\� EXGJHW
FRQVWUDLQWV��LV�DQ�DSSUHFLDWLRQ�RI�WKH�ZD\V�LQ�ZKLFK�H[SORUDWRU\�VFLHQFH�DQG�DFDGHPLF
HQJLQHHULQJ� UHVHDUFK� DFWLYLWLHV� VXSSRUW� FRPPHUFLDOO\�RULHQWHG� DQG� PLVVLRQ�GLUHFWHG
UHVHDUFK�WKDW�JHQHUDWHV�QHZ�SURGXFWLRQ�WHFKQRORJLHV�DQG�SURGXFWV�

����������)LUVW� DPRQJ� WKH� VRXUFHV� RI� WKLV� FRPSOHPHQWDU\� UHODWLRQVKLS�� LV� WKH� LQWHOOHFWXDO
DVVLVWDQFH�WKDW�IXQGDPHQWDO�VFLHQWLILF�NQRZOHGJH��HYHQ�WKDW�GHULYLQJ�IURP�FRQWULEXWLRQV
PDGH�ORQJ�DJR��SURYLGHV�WR�DSSOLHG�UHVHDUFKHUV����ZKHWKHU�LQ�WKH�SXEOLF�RU�LQ�WKH�SULYDWH
VHFWRU���)URP�WKH�H[SDQGLQJ�NQRZOHGJH�EDVH�LW�LV�SRVVLEOH�WR�GHULYH�WLPH��DQG�FRVW�VDYLQJ
JXLGDQFH�DV�WR�KRZ�EHVW�WR�SURFHHG�LQ�VHDUFKLQJ�IRU�ZD\V�WR�DFKLHYH�VRPH�SUH�VSHFLILHG
WHFKQLFDO�REMHFWLYHV���6RPHWLPHV�WKLV�WDNHV�WKH�IRUP�RI�UHDVRQDEO\�UHOLDEOH�JXLGDQFH�DV
WR�ZKHUH� WR� ORRN� ILUVW��DQG�PXFK�RI� WKH� WLPH� WKH�NQRZOHGJH�EDVH�SURYLGHV�YDOXDEOH
LQVWUXFWLRQV�DV�WR�ZKHUH�LW�ZLOO�EH�XVHOHVV�WR�ORRN��

2QH�HIIHFW�WKLV�KDV�LV�WR�UDLVH�WKH�H[SHFWHG�UDWHV�RI�UHWXUQ��DQG�UHGXFH�WKH�ULVNLQHVV
RI�LQYHVWLQJ�LQ�DSSOLHG�5	'���7KH�FHQWUDO�SRLQW�WKDW�GHVHUYHV�HPSKDVLV�KHUH�LV�WKDW��RYHU
WKH�ORQJ�UXQ��WKH�IXQGDPHQWDO�NQRZOHGJH�DQG�SUDFWLFDO�WHFKQLTXHV�GHYHORSHG�LQ�WKH
SXUVXLW�RI�EDVLF�VFLHQFH�VHUYHV�WR�NHHS�DSSOLHG�5	'�DV�SURILWDEOH�DQ�LQYHVWPHQW�IRU�WKH
ILUPV�LQ�PDQ\�LQGXVWULHV�DV�LW�KDV�SURYHG�WR�EH��HVSHFLDOO\��GXULQJ�WKH�SDVW�KDOI�FHQWXU\���,Q
WKLV�UROH��PRGHUQ�VFLHQFH�FRQWLQXHV�LQ�WKH�WUDGLWLRQ�RI�WKH�SUHFLRXV�LI�VRPHWLPHV�LPSUHFLVH
PDSV�WKDW�JXLGHG�SDUWLHV�RI�H[SORUDWLRQ�LQ�HDUOLHU�HUDV�RI�GLVFRYHU\��DQG�LQ�WKDW�RI�WKH
JHRORJLFDO�VXUYH\V�WKDW�DUH�VWLOO�RI�VXFK�YDOXH�WR�SURVSHFWRUV�VHDUFKLQJ�IRU�EXULHG�PLQHUDO
ZHDOWK��
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$� SROLF\� LPSOLFDWLRQ� RI� WKLV� FRQFHSWXDOLVDWLRQ� LV� WKDW� DFFHVV� WR� LQIRUPHG�
VFLHQWLILFDOO\�VRSKLVWLFDWHG�NQRZOHGJH�SURYLGHV�HIIHFWLYH�JXLGDQFH�WRZDUGV�DUHDV�ZKHUH
LQYHVWPHQW�LQ�DSSOLHG�5	'�DQG�PDUNHW�QLFKH�FUHDWLRQ�PD\�\LHOG�KLJK�SD\RIIV�LQ�WKH�QHDU
WHUP� ��� ZKHWKHU� WKURXJK� WKH� ODXQFKLQJ� RI� LQGHSHQGHQW� QHZ� HFRQRPLF� YHQWXUHV�� RU
GLYHUVLILFDWLRQ�RI�H[LVWLQJ�EXVLQHVVHV���+DYLQJ�DFFHVV�WR�UHVHDUFKHUV�ZKR�DUH�NHHSLQJ�XS
ZLWK�WKH�IDVW�PRYLQJ�IURQWLHU�RI�VFLHQFH�SURYLGHV�MXVW�WKDW�VRUW�RI�WLPHO\�LQIRUPDWLRQ�ZKHQ
WKH� WHFKQLFDO� SHUVRQQHO� DOVR� DUH� JLYHQ� VRPH� SURVSHFWLYH� �HTXLW\�� VWDNH� LQ� WKH� QHZ
YHQWXUHV���%XW�WR�SURYLGH�WKLV�UHSUHVHQWV�D�VXEVWDQWLDO�IL[HG�FRVW��VRPH�ODUJH�SDUW�RI�ZKLFK
WKDW�PLJKW�EHVW� EH�ERUQH�FROOHFWLYHO\�E\� FRDOLWLRQV� RU� IRUPDO� FRQVRUWLD� RI� VPDOO� DQG
PHGLXP�VL]HG�ILUPV��HDFK�RI�ZKLFK�ZRXOG�WKHQ�EH�DEOH�WR�ILQDQFH�KDYLQJ�D�VPDOOHU�ΑLQ�
KRXVH≅�VRXUFH�RI�WHFKQLFDO�H[SHUWLVH�WR�DGYLVH�RQ�SRVLWLRQLQJ�WKH�HQWHUSULVH�YLV�j�YLV�WKH
HYROYLQJ�WHFKQRORJLFDO�RSSRUWXQLWLHV�� �2I�FRXUVH�� WKH�FROOHFWLYHO\� VXSSRUWHG�UHVHDUFK
DFWLYLWLHV�ZRXOG�KDYH�WR�EH�RUJDQLVHG�WR�IRFXV�XSRQ�ΑSUH�FRPSHWLWLYH≅�GHYHORSPHQW�
VR�DV�WR�DYRLG�PDNLQJ�LW�WKH�EDVLV�IRU�FDUWHOLVDWLRQ�RI�WKH�HPHUJLQJ�LQGXVWULDO�EUDQFKHV��

���
Open Science and Research Training: Externalities for the Private Sector 
� $� VHFRQG� DQG� QR� OHVV� LPSRUWDQW� VRXUFH� RI� WKH� FRPSOHPHQWDU\� UHODWLRQVKLS
EHWZHHQ� EDVLF� DQG� DSSOLHG� UHVHDUFK� LV� WKH� QH[XV� EHWZHHQ� XQLYHUVLW\� UHVHDUFK� DQG
WUDLQLQJ��RQ�WKH�RQH�KDQG��DQG�RQ�WKH�RWKHU�WKH�OLQNDJH�RI�WKH�SURILWDELOLW\�RI�FRUSRUDWH
5	'�WR�WKH�TXDOLW\�RI�WKH�\RXQJ�UHVHDUFKHUV�WKDW�DUH�DYDLODEOH�IRU�HPSOR\PHQW���6HHQ
IURP�WKLV�DQJOH��JRYHUQPHQW�IXQGLQJ�RI�RSHQ�H[SORUDWRU\�VFLHQFH�LQ�WKH�XQLYHUVLWLHV�WRGD\
LV� VXEVLGLVLQJ� WKH� 5	'� SHUIRUPHG� E\� WKH� SULYDWH� EXVLQHVV� VHFWRU�� � 3URSHUO\� HTXLSSHG
UHVHDUFK� XQLYHUVLWLHV� KDYH� WXUQHG� RXW� WR� EH� WKH� VLWHV� RI� FKRLFH� IRU� WUDLQLQJ� WKH�PRVW
FUHDWLYH�DQG�PRVW�FRPSHWHQW� \RXQJ� VFLHQWLVWV�DQG�HQJLQHHUV�� DV�PDQ\�D�FRUSRUDWH
GLUHFWRU�RI�UHVHDUFK�ZHOO�NQRZV��)RU�WKLV�UHDVRQ��SULPDULO\��JUDGXDWHV�DQG�SRVWGRFWRUDO
VWXGHQWV�LQ�WKRVH�ILHOGV�DUH�VHQW�RU�ILQG�WKHLU�RZQ�ZD\�WR�XQLYHUVLW\�ODEV�LQ�WKH�8�6��DQG�WKH
8�.��,W�DOVR�H[SODLQV�ZK\�EXVLQHVVHV�SDUWLFLSDWH��DQG�VSRQVRU���LQGXVWULDO�DIILOLDWHV��SURJUDPV
DW� UHVHDUFK� XQLYHUVLWLHV�� DQG� DOVR� LV� SDUW� RI� WKH� UHDVRQ� IRU� 8�6�� LQGXVWULDO� UHVHDUFK
FRUSRUDWLRQV
� EURDGO\� SURWHFWLYH� VWDQFH� LQ� UHJDUG� WR� WKH� IHGHUDO� EXGJHW� IRU� ΑEDVLF
VFLHQFH�≅��)RU�(XURSH�WKH�TXHVWLRQ�WR�EH�FRQVLGHUHG�LV�ZKHWKHU�FRQWLQXDWLRQ�RI�LQVWLWXWLRQDO
VWUXFWXUHV�LQ�ZKLFK�DGYDQFHG�XQGHUJUDGXDWH�DQG�JUDGXDWH�WHDFKLQJ�UHPDLQV�VHSDUDWHG
IURP�SXEOLFO\�IXQGHG�UHVHDUFK�UHSUHVHQWV�D�IDLOXUH�WR�IXOO�H[SORLW�WKHVH�SRWHQWLDO�EHQHILWV�

Technology Transfers via the Circulation of Researchers
$�NH\�SRLQW� GHVHUYLQJ�HPSKDVLV� LQ� WKLV� FRQQHFWLRQ� LV� WKDW�D�JUHDW�GHDO� RI� WKH

VFLHQWLILF�H[SHUWLVH�DYDLODEOH�WR�D�VRFLHW\�DW�DQ\�SRLQW�LQ�WLPH�UHPDLQV�WDFLW��UDWKHU�WKDQ
EHLQJ� IXOO\� DYDLODEOH� LQ� FRGLILHG� IRUP� DQG� DFFHVVLEOH� LQ� DUFKLYDO� SXEOLFDWLRQV�� � ,W� LV
HPERGLHG�LQ�WKH�FUDIW�NQRZOHGJH�RI�WKH�UHVHDUFKHUV��DERXW�VXFK�WKLQJV�DV�WKH�SURFHGXUHV
IRU�FXOWXULQJ�VSHFLILF�FHOO�OLQHV��RU�EXLOGLQJ�D�QHZ�NLQG�RI�ODVHU�WKDW�KDV�\HW�WR�EHFRPH�D
VWDQGDUG� SDUW� RI� ODERUDWRU\� UHSHUWRLUH�� � 7KLV� LV� UHVHDUFK� NQRZOHGJH�� PXFK� RI� LW� YHU\
�WHFKQRORJLFDO��LQ�QDWXUH����LQ�WKDW�LW�SHUWDLQV�WR�KRZ�SKHQRPHQD�KDYH�EHHQ�JHQHUDWHG
DQG�REVHUYHG� LQ�SDUWLFXODU�� ORFDOLVHG�H[SHULPHQWDO�FRQWH[WV� ���ZKLFK� LV� HPERGLHG� LQ
SHRSOH���8QGHU�VXIILFLHQWO\�VWURQJ�LQFHQWLYHV�LW�ZRXOG�EH�SRVVLEOH�WR�H[SUHVV�PRUH�RI�WKLV
NQRZOHGJH�LQ�IRUPV�WKDW�ZRXOG�PDNH�LW�HDVLHU�WR�WUDQVPLW��DQG�HYHQWXDOO\�WKDW�LV�OLNHO\�WR
KDSSHQ���%XW��EHLQJ�SRVVHVVHG�E\�LQGLYLGXDOV�ZKR�KDYH�DQ�LQWHUHVW�LQ�FDSWXULQJ�VRPH�RI
WKH�YDOXH�RI�WKH�H[SHUWLVH�WKH\�KDYH�DFTXLUHG��WKLV�WDFLW�NQRZOHGJH�LV�WUDQVPLWWHG�W\SLFDOO\
WKURXJK�SHUVRQDO�FRQVXOWDWLRQV��GHPRQVWUDWLRQV�DQG�WKH�DFWXDO�WUDQVIHU�RI�SHRSOH�
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7KH�FLUFXODWLRQ�RI�SRVW�GRFWRUDO�VWXGHQWV�DPRQJ�XQLYHUVLW\�UHVHDUFK�ODERUDWRULHV�
EHWZHHQ�XQLYHUVLWLHV� DQG� VSHFLDOLVHG� UHVHDUFK� LQVWLWXWHV�� DQG�QR� OHVV� LPSRUWDQWO\�� WKH
PRYHPHQW� RI� QHZO\� WUDLQHG� UHVHDUFKHUV� IURP� WKH� DFDGHP\� LQWR� LQGXVWULDO� UHVHDUFK
RUJDQLVDWLRQV��LV�WKHUHIRUH�DQ�LPSRUWDQW�DVSHFW�RI��WHFKQRORJ\�WUDQVIHU�����GLIIXVLQJ�WKH
ODWHVW�WHFKQLTXHV�RI�VFLHQFH�DQG�HQJLQHHULQJ�UHVHDUFK���7KH�LQFHQWLYH�VWUXFWXUH�LQ�WKH�FDVH
RI�WKLV�PRGH�RI�WUDQVIHU�LV�D�YHU\�SRZHUIXO�RQH�IRU�DVVXULQJ�WKDW�WKH�NQRZOHGJH�ZLOO�EH
VXFFHVVIXOO\�WUDQVODWHG�LQWR�SUDFWLFH�LQ�WKH�QHZ�ORFDWLRQ��IRU�WKH�LQGLYLGXDOV�LQYROYHG�DUH
XQOLNHO\�WR�EH�UHZDUGHG�LI�WKH\�DUH�QRW�DEOH�WR�HQKDQFH�WKH�UHVHDUFK�FDSDELOLWLHV�RI�WKH
RUJDQLVDWLRQ�LQWR�ZKLFK�WKH\�PRYH�

$�VLPLODUO\�SRWHQW�LQFHQWLYH�VWUXFWXUH�PD\�H[LVW�DOVR�ZKHQ�D�IXQGDPHQWDO�UHVHDUFK
SURMHFW� VHQGV� LWV� SHUVRQQHO� WR� ZRUN� ZLWK� DQ� LQGXVWULDO� VXSSOLHU� IURP� ZKRP� FULWLFDO
FRPSRQHQWV�IRU�DQ�H[SHULPHQWDO�DSSDUDWXV�DUH�EHLQJ�SURFXUHG���,QVXULQJ�WKDW�WKH�YHQGRU
DFTXLUHV�WKH�WHFKQLFDO�FRPSHWHQFH�WR�SURGXFH�UHOLDEOH�HTXLSPHQW�ZLWKLQ�WKH�EXGJHW
VSHFLILFDWLRQV�LV�GLUHFWO\�DOLJQHG�ZLWK�WKH�LQWHUHVWV�RI�ERWK�WKH�UHVHDUFK�SURMHFW��DQG�WKH
EXVLQHVV�HQWHUSULVH�� �4XLWH� REYLRXVO\�� WKH�HIIHFWLYHQHVV� RI� WKLV� SDUWLFXODU� IRUP�RI� XVHU�
VXSSOLHU�LQWHUDFWLRQ�LV�OLNHO\�WR�YDU\�GLUHFWO\�ZLWK�WKH�FRPPHUFLDO�YDOXH�RI�WKH�SURFXUHPHQW
FRQWUDFWV�DQG�WKH�H[SHFWHG�GXUDWLRQ�DQG�FRQWLQXLW\�RI�WKH�UHVHDUFK�SURJUDP�

)RU�WKLV�UHDVRQ���ELJ�VFLHQFH��SURMHFWV�RU�ORQJ�UXQQLQJ�SXEOLF�UHVHDUFK�SURJUDPV
PD\�RIIHU�SDUWLFXODU�DGYDQWDJHV�IRU�WKH�FROODERUDWLYH�PRGH�RI�WHFKQRORJ\�WUDQVIHUV��MXVW
DV�PDMRU�LQGXVWULDO�SURGXFHUV����VXFK�DV�WKH�ODUJH�DXWRPRWLYH�FRPSDQLHV�LQ�-DSDQ����DUH
VHHQ�WR�EH�DEOH�WR�VHW�PDQXIDFWXULQJ�VWDQGDUGV�DQG�SURYLGH�WKH�QHFHVVDU\�WHFKQLFDO
H[SHUWLVH�WR�HQDEOH�WKHLU�VXSSOLHUV�WR�PHHW�WKHP���%\�FRQWUDVW��WKH�WUDQVIHU�RI�WHFKQRORJ\
WKURXJK� WKH� YHKLFOH� RI� OLFHQVLQJ� LQWHOOHFWXDO� SURSHUW\� LV�� LQ� WKH� FDVH� RI� SURFHVV
WHFKQRORJLHV��IDU�PRUH�VXEMHFW�WR�WHQVLRQV�DQG�GHILFLHQFLHV�DULVLQJ�IURP�WKH�DEVHQFH�RI
FRPSOHWH�DOLJQPHQW�LQ�WKH�LQWHUHVW�RI�WKH�LQYROYHG�LQGLYLGXDOV�DQG�RUJDQLVDWLRQV���%XW��DV
KDV�EHHQ�VHHQ��WKH�ODWWHU�LV�RQO\�RQH�DPRQJ�WKH�HFRQRPLF�GUDZEDFNV�RI�GHSHQGLQJ
XSRQ� WKH�XVH�RI� LQWHOOHFWXDO�SURSHUW\� WR� WUDQVIHU� NQRZOHGJH� IURP�QRQ�SURILW� UHVHDUFK
RUJDQLVDWLRQV�WR�ILUPV�LQ�WKH�SULYDWH�VHFWRU��

$OWKRXJK�ΑLQQRYDWLRQ�SURJUDPV≅� LQ� (XURSH� KDYH� FRPH� WR� EH� RUJDQLVHG�ZLWK
UHVSRQVLELOLWLHV� IRU�DFWLRQV� WKDW�DUH�SULPDULO\�FRPPHUFLDO��DQG� WKXV�TXLWH�GLVWLQFW� IURP
SXEOLFO\�IXQGHG�VFLHQFH�DQG�HQJLQHHULQJ�DFWLYLWLHV��WKH�IRUHJRLQJ�PDNHV�LW�HYLGHQW�WKDW
WKHUH�VKRXOG�EH�FR�RUGLQDWLRQ�EHWZHHQ�WKHVH�WZR�VSKHUHV���7KH�REMHFWLYH�RI�SROLF\�VKRXOG
QRW�EH�WR�WXUQ�XQLYHUVLWLHV�DQG�JRYHUQPHQW�UHVHDUFK�LQVWLWXWHV�LQWR�FRPPHUFLDO�5	'�VKRSV
�D�PLVWDNH�WKDW�RQH�IHDUV�LV�EHLQJ�PDGH�LQ�WKH�FDVH�RI�WKH�8.���QRU�LV�LW�WR�SURPRWH�DQ
DSSURDFK�WR�EXVLQHVV�IRUPDWLRQ�WKURXJK�VWUDWHJLHV�EXLOW�DURXQG�EDVLF�UHVHDUFK���5DWKHU�
LW�LV�WR�PDQDJH�WKH�LQWHU�DFWLRQV�EHWZHHQ�WKH�WZR�VSKHUHV�LQ�D�ZD\�WKDW�SURPRWHV�SRVLWLYH�
VHOI�UHLQIRUFLQJ�IHHGEDFNV�EHWZHHQ�WKHP�

4. New directions: second thoughts about the policy implications of tacit knowledge

:LWK� LQFUHDVLQJ� IUHTXHQF\�GXULQJ� WKH� ����V� UHIHUHQFHV� KDYH�DSSHDUHG� LQ� WKH
HFRQRPLFV�OLWHUDWXUH�WR�ΑWDFLW�NQRZOHGJH≅���0RUH�RIWHQ�WKDQ�QRW�WKH�PHDQLQJ�RI�WKLV�WHUP
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LWVHOI�LV�VRPHWKLQJ�WKDW�UHPDLQV�OLWHUDOO\�WDFLW�Χ ZKLFK�LV�WR�VD\��WKRVH�ZKR�HPSOR\�LW�DUH
VLOHQW�DV�WR�LWV�GHILQLWLRQ��6RPHWKLQJ�LV�VXJJHVWHG�QHYHUWKHOHVV�E\�WKH�FRPPRQ�SUDFWLFH�RI
MX[WDSRVLQJ� PHQWLRQ� RI� WDFLW� NQRZOHGJH� DQG� UHIHUHQFHV� WR� ΑFRGLILHG� NQRZOHGJH�≅
0LFKDHO� 3RODQ\L�� LQWURGXFHG� WKH� WHUP� LQWR� PRGHUQ� FLUFXODWLRQ�� E\� SRLQWLQJ� WR� WKH
H[LVWHQFH� RI� ΑWKH� WDFLW� GLPHQVLRQ� RI� NQRZOHGJH�≅� D� IRUP� RU� FRPSRQHQW� RI� KXPDQ
NQRZOHGJH�GLVWLQFW� IURP��EXW�FRPSOHPHQWDU\� WR� WKH�NQRZOHGJH�H[SOLFLW� LQ�FRQVFLRXV
FRJQLWLYH�SURFHVVHV���3RODQ\L�LOOXVWUDWHG�WKLV�FRQFHSWXDOLVDWLRQ�E\�UHIHUHQFH�WR�D�IDFW�RI
FRPPRQ�SHUFHSWLRQ��ZH�DOO�DUH�RIWHQ�DZDUH�RI�FHUWDLQ�REMHFWV�ZLWKRXW�EHLQJ�IRFXVHG�RQ
WKHP��7KLV�GRHV�QRW�PDNH�WKHP�WKH�OHVV�LPSRUWDQW��DV�WKH\�IRUP�WKH�FRQWH[W�WKDW�UHQGHUV
IRFXVHG�SHUFHSWLRQ�SRVVLEOH��XQGHUVWDQGDEOH��DQG�IUXLWIXO�

6XEVHTXHQWO\��WKH�WHUP�WDFLW�NQRZOHGJH�KDV�FRPH�WR�EH�ZLGHO\�DSSOLHG�WR�IRUPV
RI�SHUVRQDO�NQRZOHGJH�WKDW�DUH�QRW�UHDGLO\�WUDQVPLWWHG�DV�ΑLQIRUPDWLRQ≅�ZKLFK�LWVHOI�LV
WKRXJKW�RI�DV�DQ�LGHDO�W\SH�JRRG�KDYLQJ�SHFXOLDU�HFRQRPLF�IHDWXUHV�WKDW�GLIIHUHQWLDWH
LW�IURP�RWKHU��FRQYHQWLRQDO�HFRQRPLF�FRPPRGLWLHV���$V�D�FRQVHTXHQFH�RI�WKH�JURZLQJ
SUDFWLVH�DPRQJ�HFRQRPLVWV�RI�UHIHUULQJ�WR�WDFLW�NQRZOHGJH�ZKHQ�DOOXGLQJ�WR�ZKDW�LV�LQ
HIIHFW�D� UHVLGXDO� FDWHJRU\� RI� NQRZOHGJH�� WKH�RULJLQDO� SV\FKRORJLFDO� DQG�FRQWH[WXDO
XVDJH�RI�WKH�WHUP�KDV�EHHQ�ODUJHO\�GLVFDUGHG��7DFLW�NQRZOHGJH�WKXV�KDV�FRPH�WR�VLJQLI\
DQ�DEVROXWH�W\SH��QDPHO\��ΑQRW�FRGLILHG≅�NQRZOHGJH��$V�VXFK��KRZHYHU��WKH�ODEHO�QRZ
FRYHUV�WKH�LPSOLFLW�FRPSOHPHQW�RI�D�FDWHJRU\�RI�FRQWDLQLQJ�D�YDULRXV�IRUPV�RI�LQIRUPDWLRQ
DQG�VRFLDO�NQRZOHGJH��EXW�ZKLFK�LWVHOI�XVXDOO\�LV�OHIW�XQGHILQHG�DQG�XQGLIIHUHQWLDWHG�

7KH� OHDG� LQ�EULQJLQJ�WKH�VLJQLILFDQFH�RI�ΑWDFLW� NQRZOHGJH≅� WR� WKH�DWWHQWLRQ�RI
HFRQRPLVWV�ZDV�WDNHQ�E\�5LFKDUG�1HOVRQ�DQG�6LGQH\�:LQWHU���������ZKRVH�GLVFXVVLRQ�RI
WKH� SDUDOOHOV� EHWZHHQ� LQGLYLGXDO� KXPDQ� VNLOOV� DQG� RUJDQLVDWLRQDO� FDSDFLWLHV� JDYH
SURPLQHQFH�WR�3RODQ\L=V�FRQFHSW���:KDW�1HOVRQ�DQG�:LQWHU��������VD\�DERXW�WKH�QDWXUH
DQG�VLJQLILFDQFH�RI�WDFLWQHVV�LQ�NQRZOHGJH�FRQYH\V�QRW�RQH�VKDUSO\�GHILQHG�FRQFHSW��EXW
D�QH[XV�RI�PHDQLQJV��HDFK�FDUU\LQJ�VRPHZKDW�GLVWLQFWLYH�LPSOLFDWLRQV��7KHLU�ILUVW�UHIHUHQFH
WR�WKH�WHUP��������S�������IRU�H[DPSOH��RIIHUV�RQO\�D�SDUHQWKHWLFDO�FODULILFDWLRQ�

                                               
7 Michael Polanyi, Personal Knowledge: Towards a Post-Critical Philosophy. London: Routledge

& Kegan Paul, 1958; The Tacit Dimension, Garden City, N.J.: Dobleday Anchor, 1967.

8 Richard R. Nelson and Sydney G. Winter, �$Q�(YROXWLRQDU\�7KHRU\�RI�(FRQRPLF�&KDQJH�
&DPEULGJH��0$��%HOQDS�3UHVV��+DUYDUG�8QLYHUVLW\��������6HH�&K�����HVS�
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Α7KH� NQRZOHGJH� WKDW� XQGHUOLHV� VNLOIXO� SHUIRUPDQFH� LV� LQ� ODUJH� PHDVXUH� WDFLW
NQRZOHGJH��LQ�WKH�VHQVH�WKDW�WKH�SHUIRUPHU�LV�QRW�IXOO\�DZDUH�RI�WKH�GHWDLOV�RI�WKH
SHUIRUPDQFH�DQG�ILQGV�LW�GLIILFXOW�RU�LPSRVVLEOH�WR�DUWLFXODWH�D�IXOO�DFFRXQW�RI�WKRVH
GHWDLOV�≅�>(PSKDVLV�DGGHG�@

<HW�1HOVRQ�DQG�:LQWHU�DFFHSWHG�3RODQ\L=V��������DFFRXQW�RI�VXFK�VLWXDWLRQV�DV
EHLQJ�FRQWH[WXDO��UDWKHU�WKDQ�DEVROXWH��ΑWKH�DLP�RI�D�VNLOIXO�SHUIRUPDQFH≅�PD\�ΑEH
DFKLHYHG�E\�WKH�REVHUYDQFH�RI�D�VHW�RI�UXOHV�ZKLFK�DUH�QRW�NQRZQ�DV�VXFK�WR�WKH�SHUVRQ
IROORZLQJ�WKHP�≅��5HIHUHQFH�ZDV�PDGH�WR�3RODQ\L=V�HDUOLHU�SKLORVRSKLFDO�ZRUN��3HUVRQDO
.QRZOHGJH��������S�������ZKHUH�DQ�H[DPSOH�LV�SUHVHQWHG�RI�D�VZLPPHU�NHHSLQJ�KLPVHOI
EXR\DQW�E\�UHJXODWLQJ�UHVSLUDWLRQ��\HW�UHPDLQLQJ�XQFRQVFLRXV�RI�GRLQJ�VR��,Q�RWKHU�ZRUGV�
1HOVRQ�DQG�:LQWHU��������S������GR�QRW�LQVLVW��DQ\�PRUH�WKDQ�GLG�3RODQ\L��WKDW�WDFLWQHVV
LPSOLHG�ΑLQDUWLFXODELOLW\≅��HYHQ�WKRXJK�WKH�LQDUWLFXODELOLW\�RI�VRPH��SHUVRQDO��NQRZOHGJH
ORJLFDOO\�LPSOLHG�WKDW�WKH�ODWWHU�ZRXOG�UHPDLQ�ΑWDFLW≅���7KH\�WKXV�UHFRJQLVH�WKDW�WKH�VNLOIXO
SHUIRUPHU�PD\�KDYH�ΑVXEVLGLDU\�DZDUHQHVV≅�RI�WKH�UXOHV�WKDW�DUH�EHLQJ�IROORZHG��ZKLOH
EHLQJ�ΑIRFDOO\�DZDUH≅�RI�VRPH�RWKHU�Χ PRVW�SUREDEO\�QRYHO�Χ IDFHW�RI�WKH�WDVN�LQ�ZKLFK
VKH�LV�HQJDJHG��7KLV�UHLQIRUFHV�DQ�DSSUHFLDWLRQ�RI�WKH�FRQWH[WXDO�ERXQGDULHV�ZLWKLQ�ZKLFK
NQRZOHGJH�ZLOO�EH�ΑWDFLW≅�UDWKHU�WKDQ�H[SOLFLWO\�UHFRJQLVHG�DQG�DUWLFXODWHG��<HW��LI�RQH
FDQ�GHVFULEH�EHKDYLRXU�LQ�WHUPV�RI�ΑUXOH�FRQIRUPLW\≅��WKHQ�LW�LV�FOHDU�WKDW�WKH�XQGHUO\LQJ
NQRZOHGJH�LV�FRGLILDEOH�Χ DQG�LQGHHG�PD\�KDYH�SUHYLRXVO\�EHHQ�ΑFRGLILHG≅��RU�DW�OHDVW
DUWLFXODWHG�

0RUH� WKDQ�PHUHO\� D� WRSLF� RI� LGOH� WDON�� WDFLWQHVV� KDV� EHFRPH� DQ� LQFUHDVLQJO\
ΑORDGHG≅�EX]]ZRUG��IUHLJKWHG�ZLWK�ERWK�PHWKRGRORJLFDO�DQG�SROLF\�VLJQLILFDQFH�IRU�WKH
HFRQRPLFV�RI�VFLHQFH�DQG�WHFKQRORJ\��DQG�HFRQRPLF�JURZWK�PRUH�JHQHUDOO\��,QGHHG�
UHFRJQLWLRQ�RI�D�WDFLW�GLPHQVLRQ�RI�KXPDQ�NQRZOHGJH�KDV�EHHQ�XVHG�ERWK�WR�DWWDFN�DQG
WR� GHIHQG� JRYHUQPHQW� VXEVLGLVDWLRQ� RI� VFLHQFH� DQG� HQJLQHHULQJ�� � $PRQJ� WKH�PRVW
QRWDEOH�RI� WKH� XVHV� WR�ZKLFK� WKH� LGHD�RI� WDFLW� NQRZOHGJH� LV� EHLQJ�SXW� RQ� WKH�PRUH
PXQGDQH�OHYHOV�DW�ZKLFK�PRVW�HFRQRPLVWV�RSHUDWH��DQG�FHUWDLQO\�WKH�XVHV�WKDW�KDYH�WKH
JUHDWHVW�LPSDFW�LQ�HFRQRPLF�SROLF\�FLUFOHV��KDV�EHHQ�WKH�TXDOLILFDWLRQ�Χ DQG�LQ�VRPH
LQVWDQFHV� WKH�RXWULJKW� UHMHFWLRQ�Χ RI� WKH�SUDFWLFDO�SROLF\�FRQFOXVLRQV�GUDZQ� IURP� WKH
FODVVLF�LQIRUPDWLRQ�WKHRUHWLF�DQDO\VLV�RI�WKH�HFRQRPLFV�RI�5	'�DFWLYLWLHV�

)ROORZLQJ�WKH�VHPLQDO�ZRUN�RI�.HQQHWK�$UURZ��������������DQG�5LFKDUG�1HOVRQ
�������� DQ� HQWLUH� JHQHUDWLRQ� RI� HFRQRPLVWV� WUHDWHG� VFLHQWLILF� DQG� WHFKQRORJLFDO
NQRZOHGJH�DV�ΑLQIRUPDWLRQ�≅��$V�KDV�EHHQ�QRWHG�DERYH��WKH\�WRRN�WKLV�DVVXPSWLRQ�DV
ZDUUDQW� IRU� UHJDUGLQJ� WKH�RXWSXW� RI� UHVHDUFK�DFWLYLWLHV� DV�SRVVHVVLQJ�FHUWDLQ� JHQHULF
SURSHUWLHV�RI�SXEOLF�JRRGV��0XFK�RI�WKH�FDVH�IRU�JRYHUQPHQW�VXEVLGLVDWLRQ�RI�VFLHQFH�DQG
HQJLQHHULQJ�UHVHDUFK��DQG�IRU�LQQRYDWLYH�DFWLYLW\�PRUH�JHQHUDOO\�FDPH�WR�EH�JURXQGHG

                                               
9 See Kenneth J. Arrow, ΑEconomic Aspects of Military Research and Development,≅ RAND

Corporation Memorandum D-3142, August 30, 1955 (RAND Archives, Santa Monica, CA.). This little cited
paper is discussed by David A. Hounshell, ΑThe Medium is the Message, or How Context Matters: The
RAND Corporation Builds and Economics of Innovation, 1946-1962,≅ Presented to the Dibner Institute, MIT,
Conference on the Spread of the Systems Approach, 3-5 May, 1996.  Far more familiar are the published
papers: Richard R. Nelson, ΑThe Simple Economics of Basic Scientific Research,≅ Journal of Political
Economy, 67(2) (1959): 297-306; Kenneth J. Arrow, ΑEconomic Welfare and the Allocation of Resources
for Invention,≅ in The Rate and Direction of Inventive Activity, ed., R. R. Nelson. NBER Special Conference
Series, v. 13. Princeton, NJ: Princeton University Press, 1962: 609-626.
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RQ� WKH� SURSRVLWLRQ� WKDW� TXD� LQIRUPDWLRQ�� VXFK� NQRZOHGJH� FRXOG� QRW� EH� RSWLPDOO\
SURGXFHG�RU�GLVWULEXWHG�WKURXJK�WKH�ZRUNLQJV�RI�FRPSHWLWLYH�PDUNHWV�

%XW��PRUH�DQG�PRUH�IUHTXHQWO\�RQH�UHDGV�RI�D�QHZHU�XQGHUVWDQGLQJ�RI�VFLHQFH
DQG�WHFKQRORJ\�DV�EHLQJ�SXUVXLWV�LQH[WULFDEO\�LQYROYHG�ZLWK�WDFLW�NQRZOHGJH��ZLWK�WKH
LPSOLFDWLRQ� WKDW� WKH� ROG� SXEOLF� SROLF\� UDWLRQDOHV� DUH� H[SORGHG�� WKH� HVVHQWLDO
XQGHUVWDQGLQJV�DUH�VDLG�WR�EH�WKH�SRUWLRQ�RI�NQRZOHGJH�WKDW�UHPDLQV�XQFRGLILHG��DQG�VR
GHSULYHG�RI�WKH�SXEOLF�JRRGV�SURSHUWLHV�WKDW�ZRXOG�UHVXOW�LQ�LQIRUPDWLRQDO�VSLOORYHUV�DQG
PDUNHW� IDLOXUH�� 7KXV�� DV� WKLV� DUJXPHQW� FRQFOXGHV�� WKH� WUDGLWLRQDO� HFRQRPLF� FDVH� IRU
VXEVLGLVLQJ�VFLHQFH�DQG�UHVHDUFK�LQ�JHQHUDO�FROODSVHV��DV�WKHUH�LV�OLWWOH�RU�QR�EDVLV�IRU�D
SUHVXPSWLRQ�RI�PDUNHW�IDLOXUH�

2Q� WKH�RWKHU� KDQG�� WDFLW� NQRZOHGJH� LV� EHLQJ� LQYRNHG� WRGD\� E\� GHIHQGHUV� RI
JRYHUQPHQW�VXEVLGLVDWLRQ�RI�VFLHQFH�DV�SDUW�RI�D�VWUDWHJLF�LQQRYDWLRQ�SROLF\��$�VWDQGDUG
DUJXPHQW� DJDLQVW� SXEOLF� VXEVLG\� WR� VFLHQFH� LV� WKDW� IRUHLJQHUV� HQJDJLQJ� LQ� DSSOLHG�
FRPPHUFLDOO\�RULHQWHG�5	'�ZRXOG� IUHH�ULGH� �VLQFH� LQIRUPDWLRQ� LV� D�SXEOLF�JRRG�DQG
WUDYHOV�IUHHO\��E\�H[SORLWLQJ�WKH�EDVLF�NQRZOHGJH�GLVFRYHULHV�WKDW�RXU�UHVHDUFKHUV�YLH�WR
FRGLI\�IRU�GLVFORVXUH�LQ�WKH�VFLHQWLILF�MRXUQDOV�DQG�VLPLODU�DUFKLYDO�SXEOLFDWLRQV��7R�WKLV��WKH
SURSRQHQWV�RI� WDFLW� NQRZOHGJH� UHSO\�� QDWLRQV�� DQG� UHJLRQV�� OLNH� LQGLYLGXDO� HQWHUSULVHV
XQGHUWDNLQJ�5	'�LQYHVWPHQWV��FDQ�FRXQW�RI�WKH�EHQHILWV�RI�ΑVWLFN\�GDWD≅ ΧWR�XVH�(ULF�YRQ
+LSSHO=V�DUUHVWLQJ�WHUP�����.QRZOHGJH�GRHV�QRW�WUDYHO�IUHHO\��D�FRQGLWLRQ�WKDW�UHVWV�ODUJHO\
RQ�WKH�LPSRUWDQFH�RI�WDFLW�NQRZOHGJH�UHVLGLQJ�RQO\� LQ�WKH�KHDGV�RI�WKH�VFLHQWLVWV�DQG
HQJLQHHUV�HQJDJHG�LQ�LWV�SURGXFWLRQ��&RGLILHG�NQRZOHGJH�PD\�KDYH�ORZ�PDUJLQDO�FRVWV
RI�WUDQVPLVVLRQ�DQG�LV�WKXV�VOLSSHU\�DQG�KDUG�WR�FRQWDLQ��EXW�WKDW�LV�ODUJHO\�LUUHOHYDQW�LI�ZKDW
RQH�QHHGV�LV�LWV�ΑVWLFN\≅��WDFLW�FRXQWHUSDUW���

$FFRUGLQJ�WR�WKLV�YLHZ�� WKH� LQKHUHQW�ΑVWLFNLQHVV≅�RI�FHUWDLQ�NLQGV�RI�NQRZOHGJH
HQDEOHV�EXVLQHVV��RU�RWKHU��HQWLWLHV�WR�SURWHFW�WKHLU�DELOLW\�IXOO\�WR�DSSURSULDWH�WKH�EHQHILWV
GHULYDEOH� IURP�WKHLU� UHVHDUFK� LQYHVWPHQWV�E\�FRQWUROOLQJ�DFFHVV� WR� WKH� UHSRVLWRULHV�RI
XQFRGLILHG� NQRZOHGJH�� )RU� WKLV�� PLQLPDO� UHFRXUVH� LV� UHTXLUHG� WR� WKH� SURWHFWLRQ� RI
LQWHOOHFWXDO�SURSHUW\�LQ�WKH�IRUP�RI�SDWHQWV�DQG�FRS\ULJKWV��D�PL[WXUH�RI�WUDGH�VHFUHF\�ODZ
DQG�ODERXU�ODZ��PDVWHU�VHUYDQW�UHODWLRQV��JRYHUQLQJ�WKH�EHKDYLRXU�RI�FXUUHQW�DQG�IRUPHU
HPSOR\HHV��PD\�EH�HQRXJK��7KXV��FXULRXV�WKRXJK�LW�PD\�VHHP��WKH�WDFLW�GLPHQVLRQ�RI
VFLHQWLILF�DQG�WHFKQRORJLFDO�NQRZOHGJH�KDV�IRXQG�D�QHZ�FDUHHU�IRU�LWVHOI�LQ�VFLHQFH�DQG
WHFKQRORJ\� SROLF\� GHEDWHV�� LW� LV� EHJLQQLQJ� WR� VXSSODQW� LWV� QRZ� GXELRXV� FRPSDQLRQ�
ΑFRGLILHG�NQRZOHGJH≅��DV�WKH�FRUH�RI�D�QHZ�UDWLRQDOH�IRU�JRYHUQPHQW�UHVHDUFK�IXQGLQJ
LQWHQGHG�WR�EXLOG�QDWLRQDO�DQG�UHJLRQDO�ΑFRPSHWLWLYHQHVV≅�WKURXJK�LQQRYDWLRQ�

                                               
10 (ULF�YRQ�+LSSHO��Α7UDGLQJ�LQ�7UDGH�6HFUHWV�≅�+DUYDUG�%XVLQHVV�5HYLHZ��)HEUXDU\�0DUFK�
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11
� ,Q� VXEVHTXHQW�ZRUN�(ULF� YRQ�+LSSHO� >≅6WLFN\� ,QIRUPDWLRQ�DQG� WKH� /RFXV�RI� 3UREOHP

6ROYLQJ��,PSOLFDWLRQV�IRU�,QQRYDWLRQ�≅�0DQDJHPHQW�6FLHQFH���������$SULO���������@����JHQHUDOL]HV
WKH� LGHD� VR� WKDW� LW� FRYHUV�DOO� VLWXDWLRQV� LQ�ZKLFK� WKHUH� LV� DQ� DSSUHFLDEOH� FRVW� RI� WUDQVIHUULQJ
LQIRUPDWLRQ���HVSHFLDOO\�WKDW�UHOHYDQW�IRU�LQQRYDWLYH�DFWLYLWLHV���,Q�SULQFLSOH��DW�OHDVW��YRQ�+LSSHO=V
XVH�RI�WKH�QRWLRQ�RI�ΑVWLFNLQHVV≅�PDNHV�QR�GLVWLQFWLRQ�EHWZHHQ�WUDQVIHU�FRVWV�FRQVLVWLQJ�RI�SXUH
UHQWV�LPSRVHG�E\�WKH�RZQHUV�RI� LQWHOOHFWXDO�SURSHUW\�ULJKWV��RQ�WKH�RQH�KDQG��DQG�UHDO�VRFLDO
UHVRXUFH�FRVWV� VXFK�DV� WKRVH�HQWDLOHG� LQ�SK\VLFDOO\� WUDQVSRUWLQJ�DQ�H[SHUW� IRU� WKH�SXUSRVH�RI
GHPRQVWUDWLQJ�WKH��SURSHU�XVH�RI�D�QRYHO�SURGXFW�RU�SURFHVV�LQ�D�GLVWDQW�ORFDWLRQ�����
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)ROORZLQJ�RQ�IURP�WKDW�DSSOLFDWLRQ�RI�WKH�DUJXPHQW��HYHQ�WKRXJK�WKH�HVVHQWLDO
WDFLW�NQRZOHGJH�FRQFHUQLQJ�KRZ�WR�H[SORLW�ZKDW�KDV�EHHQ�LQYHQWHG�PLJKW�EH�OHVV�WKDQ
SHUIHFWO\�ΑVWLFN\≅��LWV�HFRQRPLF�EHQHILWV�DUH�RQO\�DYDLODEOH�WR�EH�FDSWXUHG�ORFDOO\�� ,Q
RWKHU��PRUH�IRUPDO��WHUPV��LW�LV�DVVHUWHG�WKDW�WKH�PDUJLQDO�FRVWV�RI�NQRZOHGJH�WUDQVPLVVLRQ
ULVH� YHU\� UDSLGO\� ZLWK� ΑGLVWDQFH≅� IURP� WKH� FRQWH[W� LQ� ZKLFK� VXFK� NQRZOHGJH� ZDV
JHQHUDWHG�� 5HVHDUFK� E\�SURGXFWV� LQ� WKH� IRUP� RI� WHFKQRORJLFDO� NQRZOHGJH� Χ EHLQJ
FRQFHUQHG� ZLWK� KRZ� EHVW� WR� JHW� LQVWUXPHQWDWLRQ� LQYROYLQJ� FKHPLFDO�� PHFKDQLFDO�
HOHFWULFDO�DQG�RSWLFDO�SURFHVVHV�WR�ZRUN�Χ DUH�VHHQ�DV�LQKHUHQWO\�PRUH�VWURQJO\�WDFLW�LQ
QDWXUH��7KDW�LV�KHOG�WR�EH�SDUWLFXODUO\�EHQHILFLDO�IRU�ZRXOG�EH�FRPPHUFLDO�GHYHORSHUV
ZKR�DUH�DEOH�WR�VLWXDWH�FORVHU�WR�WKH�ORFXV�RI�VXFK�GLVFRYHULHV���

$� IXUWKHU� EURDG� SROLF\� LPSOLFDWLRQ� LV� WKDW� IRU� DQ� HFRQRP\� WR� KDYH� D� VWURQJ�
LQQRYDWLYH�PDQXIDFWXULQJ� VHFWRU�� LW� LV� QHFHVVDU\�DOVR� WR� KDYH�FRUUHVSRQGLQJO\� VWURQJ
DSSOLHG� DQG� EDVLF� UHVHDUFK� DFWLYLWLHV� VLWXDWHG� LQ� FORVH� SUR[LPLW\� WR� WKH� SURGXFWLRQ
RSHUDWLRQV�WKHPVHOYHV���7KH�IROORZLQJ�SDVVDJH�H[WUDFWHG�IURP�DQ�DUWLFOH�E\�-RKQ�.D\
�������S������LQ�6FLHQFH�DQG�3XEOLF�$IIDLUV��LV�LOOXVWUDWLYH�RI�WKH�PRUH�HODERUDWH�VWDWHPHQWV
RI�WKH�QHZ�LQQRYDWLRQ�VWUDWHJ\�SHUVSHFWLYH�WKDW�KDV�QRZ�IRUPHG�DURXQG�WKH�FRQFHSW�RI
WDFLWQHVV�LQ�WKH�EXVLQHVV�PDQDJHPHQW�OLWHUDWXUH�
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�6HH�H�J��.HLWK�3DYLWW��Α7KH�REMHFWLYHV�RI�WHFKQRORJ\�SROLF\�≅�6FLHQFH�DQG�3XEOLF�3ROLF\�

��� �� ������ ��������� 3DUL� 3DWHO� DQG� .HLWK� 3DYLWW�� Α3DWWHUQV� RI� WHFKQRORJLFDO� DFWLYLWLHV�� WKHLU
PHDVXUHPHQW� DQG� LQWHUSUHWDWLRQV�≅� LQ� 3�� 6WRQHPDQ�� HG��� +DQGERRN� RI� WKH� (FRQRPLFV� RI
,QQRYDWLRQ� DQG� 7HFKQLFDO� &KDQJH�� 2[IRUG�� %ODFNZHOO�� ������ 5LFKDUG� 5�� 1HOVRQ�� Α:KDW� LV
>FRPPHUFLDO=�DQG�ZKDW�LV�>SXEOLF=�DERXW�WHFKQRORJ\��DQG�ZKDW�VKRXOG�EH"�≅�LQ�7HFKQRORJ\�DQG
WKH�:HDOWK�RI�1DWLRQV��1��5RVHQEHUJ��5��/DQGDX��DQG�'��0RZHU\��HGV��� 6WDQIRUG�&$��6WDQIRUG
8QLYHUVLW\�3UHVV�������

Α6LQFH�>NQRZOHGJH�WKDW= Χ WKH�FKDUDFWHULVWLF�GLVFRYHULHV�RI�QDWXUDO�VFLHQFH
Χ� LV�HDVLO\� WUDQVPLWWHG��RQH� VROXWLRQ� >WR� WKH�SUREOHP�RI�FUHDWLQJ�>NQRZOHGJH�
EDVHG�FRPSHWLWLYH�DGYDQWDJHV=@�LV�WR�FRQWLQXDOO\�LQQRYDWH�DQG�VWD\�RQH�VWHS
DKHDG��$QG�WKDW�NLQG�RI�LQQRYDWLYH�FDSDFLW\�GHSHQGV�RQ�NQRZOHGJH�WKDW�LVQ=W
>NQRZOHGJH�WKDW=��EXW�>NQRZOHGJH�KRZ= Χ L�H��WDFLW�NQRZOHGJH�
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Α7DFLW�NQRZOHGJH�FDQ�WDNH�PDQ\�IRUPV��EXW�LW�FDQQRW�EH�ZULWWHQ�GRZQ��,W�LV
XQLTXH�WR�DQ�RUJDQL]DWLRQ�Χ DQG�WKHUHIRUH�FDQQRW�EH�FRSLHGΨ 7KH�EHQHILWV�RI

VXFK�WDFLW�NQRZOHGJH�DULVH�RQO\�WKURXJK�D�FXOWXUH�RI� WUXVW�DQG�NQRZOHGJH�
VKDULQJ�ZLWKLQ�DQ�RUJDQL]DWLRQ����7DFLW�NQRZOHGJH�LVQ=W�D�SKHQRPHQRQ�H[FOXVLYHO\
H[LVWLQJ� ZLWKLQ� D� VLQJOH� RUJDQL]DWLRQΨ ,W� DOVR� H[LVWV� EHWZHHQ� FRPSDQLHV�
FRQVXPHUV��VXSSOLHUV�DQG�VFLHQWLILF�ODERUDWRULHVΨ≅

7KXV��D�QRWLRQ�WKDW�WRRN�LWV�RULJLQV�LQ�WKH�SV\FKRORJ\�RI�LQGLYLGXDO�KXPDQ�PRWRU�VNLOOV�KDV
EHHQ�ZRQGHUIXOO\�WUDQVPXWHG��ILUVW��IURP�DQ�HSLVWHPRORJLFDO�FDWHJRU\�LQWR�D�SKHQRPHQRQ
RI� LQDUWLFXODEOH� LQWHU�RUJDQLVDWLRQDO� UHODWLRQVKLSV�� DQG� WKHQFH� WR� RQH� RI� WKH� NH\V� WR
FRUSRUDWH��DQG�SHUKDSV�DOVR�QDWLRQDO�FRPSHWLWLYH�DGYDQWDJH�

$�FRUROODU\�RI�WKLV�FODVV�RI�DUJXPHQWV�LV�WKDW�WKH�FDVH�IRU�JUDQWLQJ�SXEOLF�VXEVLGLHV
DQG�WD[�FRQFHVVLRQV�WR�SULYDWH�FRPSDQLHV�WKDW�LQYHVW�LQ�5	'�ZRXOG�VHHP�WR�EH�PXFK
ZHDNHQHG��ZHUH�LW�QRW�IRU�WKH�GLIILFXOWLHV�FDXVHG�WKHVH�ILUPV�E\�WKH�FLUFXODWLRQ�RI�WKHLU
UHVHDUFK�SHUVRQQHO���� � 6FLHQWLILF�DQG�HQJLQHHULQJ� VWDII� DUH�DEOH� WR� FDUU\� FULWLFDO� WDFLW
NQRZOHGJH� RII� WR� SRWHQWLDO� ULYDO� ILUPV� WKDW� RIIHU� WKHP� EHWWHU� WHUPV� RI� HPSOR\PHQW�
LQFOXGLQJ�HTXLW\�RZQHUVKLS� LQ�ΑVWDUW�XSV≅� RI� WKHLU� RZQ�� ,Q� WKH� ORJLF� RI� WKLV� DSSURDFK�
UHFRJQLWLRQ�RI�WKH�FULWLFDOLW\�RI�WDFLW�NQRZOHGJH�DUJXHV�IRU�IXUWKHU�VWUHQJWKHQLQJ�RI�WUDGH
VHFUHF\�SURWHFWLRQV��WR�EORFN�WKRVH�ΑOHDNDJHV≅�DQG�DOWRJHWKHU�HOLPLQDWH�WKH�PDUNHW
IDLOXUH�UDWLRQDOH�IRU�JRYHUQPHQWDO�VXSSRUW�RI�WKH�SHUIRUPDQFH�RI�5	'�E\� WKH�SULYDWH
VHFWRU�����7KDW�OHDYHV�WKH�ZD\�RSHQ�IRU�WKRVH�ZKR�ZLVK�WR�PRXQW�DQ�HVVHQWLDOO\�ΑWHFKQR�

                                               
13 :H�FDQ�REVHUYH�WKDW�WKH�PRUH�WKLQJV�FKDQJH�WKH�PRUH�WKH\�VWD\�WKH�VDPH���:H�KDYH�PRYHG
IURP�WKH�YLHZ�WKDW�WKH�SUREOHP�WR�EH�VROYHG�DULVHV�IURP�WKH�IDFW�WKDW�D�ILUP=V�NQRZOHGJH�LV�HDVLO\
DSSURSULDWHG�E\�RWKHU�ILUPV��$FNQRZOHGJLQJ�WKH�LPSRUWDQFH�RI�WDFLW�NQRZOHGJH��DQG�WKXV�WKDW
WKH�LQLWLDO�SUREOHP�PD\�QRW�EH�VR�VHYHUH��ZH�IDFH�D�ΑQHZ�SUREOHP≅�VWHPPLQJ�IURP�WKH�IDFW�WKDW
D�ILUP=V�NQRZOHGJH�ZRUNHUV�DUH�HDVLO\�DSSURSULDWHG�E\�RWKHU�ILUPV��,Q�ERWK�FDVHV�WKH�JHQHUDO�LVVXH
UHPDLQV�KRZHYHU�Χ�IOXLGLW\�RI�NQRZOHGJH�RU�LQIRUPDWLRQ��ZKHWKHU�WUDQVPLWWHG�WKURXJK�FRGLILHG
NQRZOHGJH�RU�ODERU�PRELOLW\��LV�JRRG�IRU�WKH�HFRQRP\�EXW�EDG�IRU�WKH�LQGLYLGXDO�ILUP�
14 6HH��H�J���7HUUHQFH�.HDOH\��7KH�(FRQRPLF�/DZV�RI�6FLHQWLILF�5HVHDUFK��/RQGRQ��0DF0LOODQ�������
RQ�LQGXVWULDO�VHFUHF\�DV�WKH�VXLWDEOH�ΑUHPHG\≅�IRU�WKH�SUREOHP�RI�LQIRUPDWLRQDO�VSLOORYHUV�IURP
UHVHDUFK��DQG�WKH�FULWLTXH�RI�WKDW�SRVLWLRQ�LQ�3��$��'DYLG��Α)URP�PDUNHW�PDJLF�WR�&DO\SVR�VFLHQFH
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PHUFDQWLOLVW≅�DUJXPHQW�IRU�5	'�VXEVLGLHV��JURXQGHG�RQ�WKH�LGHD�WKDW�WKH�FRXQWU\�FDQ
EHQHILW�IURP�MRE�FUHDWLRQ��HWF���LI�LWV�ILUPV�ZLQ�WKH�UDFH�WR�EH�ILUVW�WR�ODXQFK�QHZ�SURGXFWV
LQ�LQWHUQDWLRQDO�PDUNHWV��,W�LV��LQ�HIIHFW��D�QHZ�VWUDWHJLF�WUDGH�SROLF\�DUJXPHQW��JURXQGHG
RQ� WKH�FODLP� WKDW� WDFLW� NQRZOHGJH�SHUPLWV� QDWLRQDO� DSSURSULDWLRQ�RI� WKH�GLUHFW�DQG
LQGLUHFW�EHQHILWV�RI�PRQRSROLVLQJ�LQWHUQDWLRQDO�SURGXFW�ULFKHV�E\�EHLQJ�ΑILUVW�WR�LQYHVW�≅

                                                                                                                                                 
SOLF\��D�UHYLHZ�RI�7��.HDOH\=V��>7KH�(FRQRPLF�/DZV�RI�6FLHQWLILF�5HVHDUFK�=�5HVHDUFK�3ROLF\����
�0D\�����������������

7KH�QRWLRQ�WKDW�WKH�HFRQRPLF�FDVH�IRU�SXEOLF�VXSSRUW�RI�VFLHQFH�DQG�HQJLQHHULQJ
VKRXOG�QRZ�EH�EDVHG�XSRQ�WKH�LQKHUHQWO\�WDFLW�DQG�ΑFUDIW≅�QDWXUH�RI�UHVHDUFK�DFWLYLWLHV
FHUWDLQO\�LV�UDWKHU�SDUDGR[LFDO��7DNHQ�DW�IDFH�YDOXH��LW�VXJJHVWV�WKDW�LQWHOOHFWXDO�SURSHUW\
SURWHFWLRQ�LV�XQMXVWLILHG��VLQFH��LQ�WKH�ΑQDWXUDO≅�VWDWH�RI�WKLQJV��WKHUH�DUH�QR�ΑH[WHUQDOLWLHV≅
RI�QHZ�NQRZOHGJH��%\�LPSOLFDWLRQ��WKH�SDWHQW�V\VWHP=V�H[FKDQJH�RI�PRQRSRO\�RI�XVH�IRU
ΑGLVFORVXUH≅� DOORZV� WKH� SDWHQWHH� WR� UHWDLQ� WKH� WDFLW� NQRZOHGJH� ZLWKRXW� ZKLFK� WKH
LQIRUPDWLRQ�FRQWDLQHG�LQ�WKH�SDWHQW�UHDOO\�LV�XVHOHVV�

5HFHQWO\��&RZDQ��'DYLG��DQG�)RUD\� �������KDYH�DUJXHG�WKDW� WKH�PXFK�RI� WKH
IRUHJRLQJ�QHZ�UDWLRQDOH�IRU�VFLHQFH�DQG�WHFKQRORJ\�SROLFLHV�LV�UHVWV�XSRQ�VHPDQWLF�DQG
WD[RQRPLF�FRQIXVLRQ��7KHVH�FRQIXVLRQV�VWHP�IURP�D�IDLOXUH� WR�GLVWLQJXLVK�EHWZHHQ�WKH
XQDUWLFXODWHG�DQG�WKH�LQDUWLFXODEOH��%XW�ZKDW�LV�XQDUWLFXODWHG�PD\�EH�VR�EHFDXVH�RI�WKH
SUHYDLOLQJ�WKH�EDODQFH�EHWZHHQ�EHQHILWV�DQG�FRVWV�RI�FRGLILFDWLRQ��ZKLFK�DUH�VXEMHFW�WR
EHLQJ� DOWHUHG� E\� HFRQRPLF� SROLF\�� 7KH�PLVWDNHQ� DFFHSWDQFH� RI� ΑWDFLWQHVV≅� DV� DQ
LQKHUHQW�DQG�XQDOWHUDEOH�SURSHUW\�RI�VRPH�NLQGV�RI�WHFKQRORJLFDOO\�UHOHYDQW�NQRZOHGJH
LV�WKXV�EHLQJ�H[SORLWHG�WR�DGYDQFH�HFRQRPLF�SROLF\�DUJXPHQWV�WKDW�FDQQRW�FODLP�WR�EH
HPSLULFDOO\�JURXQGHG�
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&RZDQ�� 'DYLG� DQG� )RUD\�� WKHUHIRUH�� UHFHQWO\� KDYH� SURSRVHG� DQ� DOWHUQDWLYH�
H[SOLFLWO\�HFRQRPLF�IUDPHZRUN�IRU�WKH�VWXG\�RI�NQRZOHGJH�FRGLILFDWLRQ�DFWLYLWLHV�����7KH
ODWWHU�FRPSOHPHQWV�WKH�YLHZ�WKDW�JUHDWHU�DWWHQWLRQ�VKRXOG�EH�GLUHFWHG�WR�DQDO\VLV�RI�WKH
PLFURHFRQRPLFV�FRQGLWLRQV�DIIHFWLQJ�DFFHVV�WR��DQG�IXOO�XWLOLVDWLRQ�RI�WKH�NQRZOHGJH�EDVH
IRU�ERWK�WHFKQRORJLFDO�LQQRYDWLRQ�DQG�DSSOLFDWLRQ��D�WKHPH�WDNHQ�XS�E\�WKH�QH[W�VHFWLRQ�

5. New directions: towards accessing as well as expanding the knowledge base

,Q�UHDFWLRQ�DJDLQVW�WKH�VWURQJ�HPSKDVLV�RQ� WHFKQRORJ\�JHQHUDWLRQ� LQ� WKH�HDUO\
FRQWULEXWLRQV�WR�WKH�OLWHUDWXUH�RQ�QDWLRQDO�LQQRYDWLRQ�V\VWHPV��WKHUH�KDV�EHHQ�D�JURZLQJ
UHFRQVLGHUDWLRQ� RI� WKH� VLJQLILFDQFH� RI� IHDWXUHV� RI� D� VRFLHW\=V� LQVWLWXWLRQV� DQG� SROLF\
PHDVXUHV�WKDW�DIIHFW�WKH�DELOLW\�RI�LWV�PHPEHUV�WR�LGHQWLI\�DQG�DFFHVV�WKH�UHOHYDQW�EDVH
RI�VFLHQWLILF��HQJLQHHULQJ�DQG�RUJDQLVDWLRQDO��NQRZOHGJH�

7KLV�VKLIW�LQ�DWWHQWLRQ�PD\�EH�WUDFHG�WR�WKH�SRLQW�PDGH�LQ�WKH�ODWH�����
V�E\�+HQU\
(UJDV�� WKDW� D� PDMRU� SUREOHP� LQ� VROYLQJ� WKH� SDUWLFXODU� WHFKQRORJLFDO� SUREOHPV�� RU
UHVSRQGLQJ�WR�WKH�VSHFLILF�FRPPHUFLDO�FRQGLWLRQV�WKURXJK�LQQRYDWLYH�DFWLYLW\�OD\�OHVV�ZLWK
WKH�FUHDWLRQ�RI�QHZ�NQRZOHGJH�WKDW�ZLWK�PRELOLVLQJ�WKH�NQRZOHGJH�WKDW�DOUHDG\�H[LVWHG
VRPHZKHUH�LQ�WKH�V\VWHP���7KH�PRUH�UHFHQW�OLQH�RI�DQDO\VLV��EURDFKHG�E\�'DYLG�DQG�)RUD\
LQ�WKHLU������2(&'�PHPRUDQGXP��KDV�DGGHG�WKH�FRQVLGHUDWLRQ�WKDW�WKH�FUHDWLRQ�RI�QHZ
WHFKQRORJLHV�LV��LQ�PDQ\�ILHOGV��EHFRPLQJ�LQFUHDVLQJO\�D�PDWWHU�RI�GHIW�UHFRPELQDWLRQ�RI
H[LVWLQJ�ERGLHV�RI�NQRZOHGJH����7KXV��HYHQ�D�SROLF\�GLUHFWHG�WRZDUGV�DFKLHYLQJ�OHDGHUVKLS
LQ� WKH� JHQHUDWLRQ� RI� WHFKQRORJLFDO� QRYHOW\�� FRXOG� EH� DGYDQFHG� E\� PHDVXUHV� WKDW
LPSURYHG�WKH�DFFHVVLELOLW\�RI�WKH�UHOHYDQW�NQRZOHGJH�EDVH�
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�5��&RZDQ��3��$��'DYLG�DQG�'��)RUD\��Α7KH�([SOLFLW�(FRQRPLFV�RI�.QRZOHGJH�&RGLILFDWLRQ

DQG� 7DFLWQHVV�≅� � 3DSHU� SUHSDUHG� IRU� WKH� (&� 76(5� 3URJUDP=V� 7,3,.� 3URMHFW�:RUNVKRS�� KHOG� LQ
6WUDVERXUJ�����$SULO��������

16
�6HH�3�$��'DYLG�DQG�'��)RUD\��Α$FFHVVLQJ�DQG�([SDQGLQJ≅��������

6XFK� PHDVXUHV� UDQJH� IURP� VXSSRUW� IRU� LQIRUPDWLRQ� DQG� FRPPXQLFDWLRQ
LQIUDVWUXFWXUHV��GLJLWDO�DUFKLYHV��DQG�HOHFWURQLF�VHDUFK�DQG�ILOWHULQJ�HQJLQHV��WR�ΑVRIWHU≅
HOHPHQWV�RI�WKH�LQIUDVWUXFWXUH��WKH�LQWHOOHFWXDO�SURSHUW\�UHJLPH��NQRZOHGJH�EURNHUDJH
VHUYLFHV��HGXFDWLRQ�DQG�WUDLQLQJ�WR�VXSSRUW�PXOWL�GLVFLSOLQDU\�5	'�DFWLYLWLHV��HWF��,QWHUHVW
LQ� WKH�FRPSDUDWLYH�SHUIRUPDQFH�RI� VXFK�FRQILJXUDWLRQV� RI� WHFKQRORJLFDO�� OHJDO� DQG
FXOWXUDO� VWUXFWXUHV� KDV� HQFRXUDJHG� H[SORUDWRU\� HIIRUWV� �H�J��� E\� WKH� 2(&'�'67,=V� 7,3
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:RUNLQJ�3DUW\�� WR�VXSSOHPHQW� WKH�FRQYHQWLRQDO�6	7� LQGLFDWRUV�ZLWK�PHDVXUHV�RI�ΑWKH
NQRZOHGJH�GLVWULEXWLRQ�SRZHU≅�RI�QDWLRQDO�V\VWHPV�

Codification and its benefits

:KHUHYHU�WKHUH�LV�D�FRPPXQLW\�RI�DJHQWV�ZKR�KDYH�PDGH�WKH�QHFHVVDU\�LQLWLDO
LQYHVWPHQWV� WR�GHYHORS�D� WHFKQLFDO�QRPHQFODWXUH� �ZKLFK�RIWHQ� UHTXLUHV� RSHUDWLRQDO
GHILQLWLRQ�DQG�VWDQGDUGLVDWLRQ�RI�VFLHQWLILF�DQG�HQJLQHHULQJ�FRQFHSWV���DQG�WR�PDLQWDLQ
HIILFLHQW�SURFHGXUHV�RI�ODQJXDJH�DFTXLVLWLRQ�IRU�QHZ�HQWUDQWV�LQWR�WKH�ILHOG��WKH�WUDQVIHU
RI�PHVVDJHV�FDQ�EH�DVVLPLODWHG�WR�WUDQVIHU�RI�NQRZOHGJH���6WRULQJ�PHVVDJHV�LQ�WKLV�FRQWH[W
PHDQV�UHFRUGLQJ�NQRZOHGJH��L�H���FRGLILFDWLRQ��

2Q�WKH�EHQHILW� VLGH�� WKH�HIILFLHQF\�RI�FRGLILFDWLRQ�ZLOO�EH�JUHDWHU� LQ�YHU\� ODUJH
V\VWHPV�KDYLQJ�VSHFLILF�UHTXLUHPHQWV�UHJDUGLQJ�FR�RUGLQDWLRQ�DPRQJ�DJHQWV��7KH�VSHFLILF
FLUFXPVWDQFHV�LQ�ZKLFK�WKLV�LV�OLNHO\�WR�EH�RI�SUDFWLFDO�LPSRUWDQFH�KDYH�EHHQ�DGXPEUDWHG
UHFHQWO\� E\� &RZDQ�� 'DYLG� DQG� )RUD\� ���������� � � )LYH� FODVVHV� RI� VLWXDWLRQV� PD\� EH
GLVWLQJXLVKHG���L��V\VWHPV�LQYROYLQJ�PDQ\�DJHQWV�DQG�PDQ\�ORFDWLRQV���LL��V\VWHPV�VWURQJO\
EDVHG�RQ�UH�FRPELQDWLRQ�DQG�UH�XVH�DQG�ZKLFK�WDNH�DGYDQWDJH�RI�WKH�FXPXODWLYHQHVV
RI�H[LVWLQJ�NQRZOHGJH��UDWKHU�WKDQ�RQ�LQGHSHQGHQW�LQQRYDWLRQ����LLL��V\VWHPV�WKDW�UHTXLUH
UHFRXUVH�WR�GHWDLOHG�PHPRU\���LY��V\VWHPV�ZKLFK�QHHG�SDUWLFXODU�NLQGV�RI�GHVFULSWLRQ�RI
ZKDW��DQG�KRZ��WKH�DJHQWV�GR��DQG�ODVWO\���Y��V\VWHPV�FKDUDFWHULVHG�E\�DQ�LQWHQVLYH�XVDJH
RI�LQIRUPDWLRQ�WHFKQRORJLHV���6RPHWKLQJ�IXUWKHU�PD\�EH�VDLG�LQ�UHJDUG�WR�HDFK�RI�WKHVH�
WR�HODERUDWH�WKH�VLJQLILFDQFH�RI�SXEOLF�VXSSRUW� IRU�XQGHUWDNLQJ�FRGLILFDWLRQ�DFWLYLWLHV
ZKRVH� EHQHILWV� H[WHQG� EH\RQG� WKRVH� RI� ΑFOXE� JRRGV≅� ��� FRGH� FUHDWHG� IRU� XVH� E\
YROXQWDU\�PHPEHUV�RI�D�FORVHG�JURXS�

)LUVW��FRGLILFDWLRQ�ZLOO� SURYLGH� KLJK�EHQHILWV� LQ� VWDEOH� V\VWHPV�FKDUDFWHULVHG�E\
VSHFLILF�UHTXLUHPHQWV�RI�NQRZOHGJH�WUDQVIHU�DQG�FRPPXQLFDWLRQ��7KLV�NLQG�RI�UHTXLUHPHQW
FDQ� UHVXOW� IURP� D� WHQGHQF\� WRZDUGV� GH�ORFDOLVDWLRQ� DQG� H[WHUQDOLVDWLRQ� RU� IURP� WKH
GHYHORSPHQW�RI�FR�RSHUDWLYH�UHVHDUFK��HQWDLOLQJ�D�VSDWLDO�GLVWULEXWLRQ�ZLWK�DFWLYLW\�DW
PDQ\�SODFHV��7KLV�ILUVW�HIIHFW�FDQ�EH�DSSUHFLDWHG�ZLWKRXW�DQ\�DPELJXLW\��IRU�H[DPSOH�LQ
VFLHQFH��,W�RSHUDWHV��KRZHYHU��ZLWKLQ�D�JLYHQ�ΑFOLTXH≅�RU�QHWZRUN�Χ WKDW�LV�D�FRPPXQLW\
ZKLFK�VKDUHV�FRPPRQ�FRGHV�DQG�WKH�WDFLW�NQRZOHGJH�WR�LQWHUSUHW�WKHP���,I�DFFHVV�WR�WKH
QHWZRUN�LV�JDLQHG�RQ�WKH�EDVLV�RI�ΑFRPSHWHQFH≅�DQG�RSSRUWXQLWLHV�WR�DFTXLUH�WKH�WDFLW
NQRZOHGJH�DUH�QRW�PDGH�D�VRXUFH�RI�VRFLDOO\�XQUHJXODWHG�SURIHVVLRQDO��RU�FRPPHUFLDO
ΑUHQW�WDNLQJ�≅�WKHUH�LV� OLNHO\�WR�EH�D�PRUH�FRPSHOOLQJ�FDVH�IRU�SXEOLF�VXSSRUW�RI�VXFK
FRGLILFDWLRQ�DFWLYLWLHV����VXFK�DV�LQ�VHWWLQJ�VWDQGDUG�WHFKQLFDO�QRPHQFODWXUHV��FODVVLILFDWLRQ
V\VWHPV�IRU�OLEUDULHV�

6HFRQG��LQ��VWDEOH��V\VWHPV�RI�LQQRYDWLRQ�ZKHUH�DGYDQFHV�DQG�QRYHOWLHV�PDLQO\
SURFHHG�IURP�UH�FRPELQDWLRQ��UH�XVH�DQG�FXPXODWLYHQHVV��EHQHILWV�RI�FRGLILFDWLRQ�DUH
LPSRUWDQW��:��:\DW�*LEEV���FODLPV�WKDW�WKH�YHU\�OLPLWHG�SURJUHVV� LQ�WKH�SURGXFWLYLW\�RI
VRIWZDUH�HQJLQHHULQJ�LV�GXH�WR�DQ�H[FHVVLYH�GHSHQGHQFH�RQ�FUDIW�OLNH�VNLOOV��LQ�FRQWUDVW�IRU
H[DPSOH�ZLWK�FKHPLFDO�HQJLQHHULQJ���7KH�VFKHPD�WKDW�*LEEV�KDV�LQ�PLQG�LV�WKDW�RQFH�DQ
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DOJRULWKP�LV�ZULWWHQ�DV�DSLHFH�RI�FRGH��LW�FDQ�EH�XVHG�LQ�PDQ\�DSSOLFDWLRQV�Χ DW�OHDVW�LQ
SULQFLSOH�� 7KH� SUDFWLFDO� GLIILFXOW\� LQ� GRLQJ� VR� DULVHV� LQ� SDUW� EHFDXVH� RI� D� ODFN� RI
VWDQGDUGLVDWLRQ�ERWK�LQ�WKH�ZD\�FRGH�LV�ZULWWHQ�DQG�WKH�ZD\�DOJRULWKPV�DUH�HPSOR\HG�
7KLV�ODFN�RI�WHFKQRORJLFDO�UDWLRQDOLVDWLRQ�LPSHGHV�WKH�IXOO�UHDOLVDWLRQ�RI�WKH�RSSRUWXQLWLHV
SURYLGHG�E\�WKHUH�XVH�DQG�UH�FRPELQDWLRQ�PRGHO�

7KLUG��V\VWHPV�WKDW�UHTXLUH�H[WHQVLYH�PHPRU\�DQG�UHWULHYDO�FDSDFLWLHV��H�J��ILUPV
ZLWK� ORQJ�GHYHORSPHQW�F\FOHV��KLJK� UDWHV�RI� WXUQRYHU�� VRPH�SDUWLFXODU�GHPRJUDSKLF
SUREOHPV�RU�LQVWLWXWLRQV�FRQIURQWHG�E\�D�ELJ�WHFKQRORJLFDO�ELIXUFDWLRQ��ZLOO�JUHDWO\�EHQHILW
IURP�FRGLILFDWLRQ��,Q�WKRVH�V\VWHPV��WRR�OLWWOH�FRGLILFDWLRQ�LQFUHDVHV�WKH�ULVN�RI�ΑDFFLGHQWDO
XQLQYHQWLRQ≅��0DF.HQ]LH�DQG�6SLQDUGL��������VKRZHG��IRU�H[DPSOH��WKDW�VSHFLILF�ORFDO
DQG�WDFLW�NQRZOHGJH�ZDV�VR�LPSRUWDQW�LQ�WKH�QXFOHDU�ZHDSRQV�GHVLJQ�SURFHVV�WKDW�WKHUH
ZDV�DOZD\V�D�ULVN�RI�ORVLQJ�FULWLFDO�HOHPHQWV�RI�WKH�NQRZOHGJH�EDVH�VLPSO\�GXH�WR�WKH
WXUQRYHU�RI�VFLHQWLVWV�DQG�HQJLQHHUV�Χ D�ULVN�RI�WHFKQRORJLFDO�UHWURJUHVVLRQ��RU�DW�EHVW�FRVWO\
UHFRQVWUXFWLRQ�RI�SUHYLRXV�WDFLW�FDSDELOLWLHV���

7KH�VDPH�DUJXPHQW�LV�UHDGLO\�H[WHQGHG�WR�FRYHU�VLWXDWLRQV�LQ�ZKLFK�NQRZOHGJH�KDV
EHHQ�WKRURXJKO\�FRGLILHG�LQ�WKH�IRUP�RI�DOJRULWKPV��RU�RSHUDWLQJ�LQVWUXFWLRQV��EXW�WKH�WH[W
RI�WKH�ΑVRXUFH�FRGH≅�IRU�WKHVH�Χ RU�DQ�XQGHUVWDQGLQJ�RI�WKH�ODQJXDJH�LQ�ZKLFK�LW�ZDV
UHFRUGHG�Χ KDV�FHDVHG�WR�EH�UHDGLO\�GHFLSKHUDEOH��RU�KDV�VLPSO\�EHHQ�PLVSODFHG��RU
GHVWUR\HG��7KH�UHVXOW�LV�D�SDUDGR[LFDO�RQH��WKH�WHFKQRORJ\�LQ�ZKLFK�WKH�NQRZOHGJH�KDV
EHHQ�HPEHGGHG�PD\�FRQWLQXH�WR�ZRUN��DV�LV�WKH�FDVH�ZKHQ�WKH�FRPSXWHU�LPSOHPHQWV
WKH�PDFKLQH�ODQJXDJH�YHUVLRQ�RI�LWV�LQVWUXFWLRQV��%XW��DV�KDV�EHHQ�IRXQG�WR�EH�WKH�FDVH
ZLWK�VRPH�PDMRU�SLHFHV�RI�ΑOHJDF\�VRIWZDUH≅��WKH�KXPDQ�DJHQWV�ZKR�FDQ�QR�ORQJHU�UHDG
RU�ZULWH�WKH�VRXUFH�FRGH�DUH�XQDEOH�WR�HPHQG�RU�HODERUDWH�WKRVH�PDFKLQH�ODQJXDJH
HQFRGHG�LQVWUXFWLRQV��RU�UHSDLU�GHIHFWV�LQ�WKH�RULJLQDO�VRXUFH�FRGH�WKDW�KDYH�EHFRPH
HYLGHQW�� ,W� LV�SRVVLEOH� WKDW�HYHQ�EH\RQG� WKH� UDQJH�RI� VXFK�DOJRULWKPLF� WHFKQRORJLHV�
FXOWXUDO� LQYHQWLRQV�DQG�FXOWXUDOO\� WUDQVPLWWHG�VNLOOV� LPSRUWDQW� IRU�DFWLYLWLHV�XSRQ�ZKLFK
VRFLDO�ZHOIDUH�GHSHQGV�Χ VXFK�DV�WKRVH�LQYROYHG�LQ�GLVSXWH�UHVROXWLRQ�Χ PD\�EHFRPH�ORVW
EHFDXVH�ΑWKH�PDUNHW≅�IRU�DJHQWV�SRVVHVVLQJ�WDFLW�NQRZOHGJH�RI�WKDW�NLQG�LV�XQGHUPLQHG
E\�WKH�FRPSHWLWLRQ�RI�PRUH�IXOO\�FRGLILHG��OHJDO��SURFHGXUHV�

/DUJH� SXEOLF� PLVVLRQ� DJHQFLHV� DQG� SULYDWH� FRUSRUDWLRQV� DOLNH� PD\� ILQG� LW
ZRUWKZKLOH�WR�XQGHUWDNH�FRGLILFDWLRQ�DQG�DUFKLYLQJ��VR�WKDW�KLJK�UDWHV�RI�SHUVRQQHO�WXUQ�
RYHU�DQG�RUJDQLVDWLRQDO�PHPRU\�ORVV�GR�QRW�EHFRPH�G\VIXQFWLRQDO��,QVRIDU�DV�WKH�EHQHILWV
RI� WKH� ODWWHU�DUH� LQWHUQDOLVHG�E\�SULYDWH�VHFWRU�RUJDQLVDWLRQV�� WKH�DUJXPHQW� IRU�SXEOLF
VXSSRUW�ZRXOG�EH�UHVWULFWHG�WR�WKH�FDVH�IRU�SURYLGLQJ�VXSHULRU�FODVVLILFDWLRQ�WRROV��DQG
VHDUFK�DQG�UHWULHYDO�WHFKQLTXHV�RI�D�JHQHULF�VRUW�WKDW�PDQ\�RUJDQLVDWLRQV�FRXOG�DSSO\�IRU
LGLRV\QFUDWLF� SXUSRVHV� EXW� WKDW� QRQH� ZRXOG� EH� SUHSDUHG� WR� EHDU� WKH� IXOO� FRVW� RI
GHYHORSLQJ������
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RI�QXFOHDU�ZHDSRQV�≅�$PHULFDQ�-RXUQDO�RI�6RFLRORJ\��YRO����������������
20

 ,W�LV�SRVVLEOH�WKDW�D�EXVLQHVV�VHUYLFHV�VXSSOLHU�PLJKW�XQGHUWDNH�WKH�IL[HG�FRVW�LQYHVWPHQW
LI�LW�DSSHDUHG�SRVVLEOH�WR�UHFRYHU�LW�E\�PDNLQJ�WKH�ΑWRROV≅�SURSULHWDU\�DV�D�IRUP�RI�LQWHOOHFWXDO
SURSHUW\��RU�E\�EXQGOLQJ�WKH�WHFKQLTXHV�ZLWKLQ�D�VHUYLFH��UDWKHU�WKDQ�PDNLQJ�WKHP�DYDLODEOH�IRU
LPSOHPHQWDWLRQ��(LWKHU�DSSURDFK�LV�OLNHO\�WR�VXIIHU�WKH�GUDZEDFN�WKDW�XWLOLVDWLRQ�RI�WKH�WHFKQLTXHV
ZRXOG�EH� UHVWULFWHG�� � 3XEOLF� VHFWRU�RUJDQLVDWLRQV��ZKLFK� IDFH�PDQ�RI� WKH� VDPH�SUREOHPV�RI
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)RXUWK�� V\VWHPV�� ZKLFK� QHHG� DFFXUDWH� GHVFULSWLRQV� RI� ZKDW� DJHQWV� DUH� GRLQJ
�HLWKHU�WR�PHHW�TXDOLW\�VWDQGDUGV�FRQVWUDLQWV��RU�WR�SDWHQW� LQQRYDWLRQV��RU�WR�HQWHU� LQWR
FRQWUDFWXDO�UHODWLRQV�ZLWK�D�SDUWQHU���ZLOO�EHQHILW�JUHDWO\�IURP�FRGLILFDWLRQ��+HUH�ZH�FDQ
DOVR�LQFOXGH�V\VWHPV�FRQIURQWHG�ZLWK�LQHIILFLHQW�PDUNHW�WUDQVDFWLRQV��ZKHUH�WKH�WUDGLWLRQDO
PHFKDQLVPV�RI�OHJDO�ZDUUDQW\��LQVXUDQFH��UHSXWDWLRQ�DQG�WHVW�DUH�QRW�HIILFLHQW�PHDQV�WR
PLWLJDWH�WKH�HIIHFWV�RI�LQIRUPDWLRQ�DV\PPHWU\�����5HFRUGLQJ�SURGXFWLRQ�SUDFWLFHV��ZKLFK
LV�D�IRUP�RI�FRGLILFDWLRQ�EDVHG�RQ�UHFHQW�ODQJXDJH�LQQRYDWLRQ��LQ�WKH�IRUP�RI�FUHDWLQJ
VWDQGDUGV�IRU�UHFRUG�NHHSLQJ��LV�DLPHG�DW�UHGXFLQJ�WKHVH�DV\PPHWULHV�

                                                                                                                                                 
PDLQWDLQLQJ�RUJDQL]DWLRQDO�PHPRU\��PLJKW�ZHOO�VXSSRUW�WKH�SURGXFWLRQ�RI�ΑGXDO�XVH≅��SXEOLF�
SULYDWH��LQIRUPDWLRQ�V\VWHPV�

21 6HH��H�J���3��*XQE\��([SODQLQJ�DGRSWLRQ�SDWWHUQV�RI�SURFHVV�VWDQGDUGV��8QSXEOLVKHG
(FRQRPLFV�3K�'��'LVVHUWDWLRQ��7KH�8QLYHUVLW\�RI�:HVWHUQ�2QWDULR�������
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)LIWK�� DQG� ODVW� EXW� QRW� OHDVW�� D� VRUW� RI� FURVV�VLWXDWLRQ� GHDOV� ZLWK� WKH� ODFN� RI
SURGXFWLYLW\� JDLQV� IURP� WKH� XVH� RI� ,7V�� GXH� WR� LQFRPSOHWH� FRGLILFDWLRQ�� )XOO\� WDNLQJ
DGYDQWDJH� RI� WKH� SRWHQWLDO� SURGXFWLYLW\� JDLQV� RI� ,7� W\SLFDOO\� GHPDQGV� QRW� RQO\� WKH
DGRSWLRQ�RI�WKH�WHFKQRORJ\�EXW�DOVR�RUJDQLVDWLRQDO�FKDQJH���� �%XW�D� ILUP�XQGHUJRLQJ
RUJDQLVDWLRQDO�FKDQJH�GRHV�QRW�ZDQW�WR�ORVH�IXQFWLRQDOLW\�LQ�WKH�SURFHVV��7KH�ILUP�PXVW
GHYHORS�MRLQWO\�WKH�QHZ�WHFKQRORJ\�DQG�RUJDQLVDWLRQDO�VWUXFWXUHV�WKDW�ZLOO�UHSURGXFH�ROG
IXQFWLRQV�DQG�FUHDWH�QHZ�RQHV�� � ,W� LV�REYLRXV�WKDW� LI� WRR�PXFK�RI� WKH�ROG� IXQFWLRQDOLW\
UHVLGHV�LQ�WDFLW�NQRZOHGJH��RU�GHSHQGV�KHDYLO\�RQ�LW��WKLV�WDVN�ZLOO�EH�H[WUHPHO\�GLIILFXOW�
:KHQ� WKH�SUHVHQFH�RI� WDFLW� NQRZOHGJH�RSHUDWHV�DV�D�ERWWOHQHFN�� LPSHGLQJ� WKH� IXOO
UHDOLVDWLRQ�RI�SURGXFWLYLW\�SRWHQWLDO��WKH�ILUP�FDQ�H[SHFW�JUHDW�EHQHILWV�IURP�FRGLILFDWLRQ�
7KLV��LQGHHG��PD\�EH�WKH�UROH�RI�PDQDJHPHQW�FRQVXOWDQWV��UHIHUUHG�WR�HDUOLHU�

,Q� DOO� WKHVH� FDVHV�� ZKHUH� LPSRUWDQW� RSHUDWLRQV� RI� WUDQVIHU�� UH�FRPELQDWLRQ�
GHVFULSWLRQ��PHPRULVDWLRQ�DQG�DGDSWDWLRQ�RI�H[LVWLQJ�NQRZOHGJH��WR�,7V��DUH�UHTXLUHG��LW
ZRXOG�EH�YHU\�FRVWO\�DQG�LQHIILFLHQW�WR�NHHS�WKLV�NQRZOHGJH�WDFLW��7KXV��WKHUH�FDQ�EH
XQGHU�LQYHVWPHQW�LQ�FRGLILFDWLRQ��FR�H[LVWLQJ�ZLWK�ΑH[FHVV�RI�WDFLWQHVV�≅�*LYHQ�WKH�QDWXUH�
GHJUHH�DQG�SDFH�RI� UHFHQW� WHFKQLFDO�FKDQJH�� LW� LV� OLNHO\� WKDW� WKH�FXUUHQW�HTXLOLEULXP
LQYROYHV�DQ�DOORFDWLRQ�RI�UHVRXUFHV�GHYRWHG�WR�NQRZOHGJH�JHQHUDWLRQ�DQG�WUDQVPLVVLRQ
XQGHU�FRQGLWLRQV�RI� WDFLWQHVV�ZKLFK� LV�QHLWKHU� VRFLDOO\�QRU�SULYDWHO\�HIILFLHQW��EHFDXVH
NQRZOHGJH� WKDW� VKRXOG� EH� PDGH� PRUH� ZLGHO\� DYDLODEOH� LQ� FRGLILHG� IRUP� UHPDLQV
XQFRGLILHG��ZKHUHDV�D�ORW�RI�UHVRXUFHV�DUH�SRXUHG�LQWR�WKH�SURGXFWLRQ�RI�GLIIHUHQWLDWHG
ΑLQIRUPDWLRQ≅�WKDW�LV�LGLRV\QFUDWLFDOO\�FRGHG�LQ�WKH�KRSH�RI�EHLQJ�DEOH�WR�FDSWXUH�SULYDWH
UHQWV�

6. New directions: clusters, regional policy and the economics of locational tournaments

� 7KH������0DDVWULFKW�0HPRUDQGXP�SRLQWHG�WR�WKH�UROH�WKDW�FRXOG�EH�SOD\HG�LQ
HQFRXUDJLQJ�UHJLRQDO�LQGXVWULDO�DJJORPHUDWLRQV�LQ�(XURSH�E\�SROLFLHV�SURPRWLQJ�UDSLG
GLIIXVLRQ�RI�EHVW�SUDFWLVH�WHFKQRORJLHV�DQG�VFLHQWLILF�DQG�WHFKQRORJLFDO�LQIUDVWUXFWXUHV�
�2I�SDUWLFXODU�LQWHUHVW�WR�WKH�IRUPHU�ZHUH�SROLFLHV�VXSSRUWLQJ�LQWHUPHGLDU\�RU�FRQVXOWLQJ
RUJDQLVDWLRQV�WKDW�ZRXOG�IDFLOLWDWH�WKH�DFFHVV�RI�ORFDO�ILUPV�WR�EHVW�SUDFWLFH�WHFKQLTXHV�
ZKHUHDV� WKH� ODWWHU� ZRXOG� EH� EHQHILFLDO� LQ� SURYLGLQJ� D� VNLOOHG� ZRUNIRUFH� WKDW� ZRXOG
DVVLPLODWH�VXFK�PHWKRGV��DQG�SURYLGH�D�IRXQGDWLRQ�IRU�WKH�GHYHORSPHQW�RI�QHWZRUNV�DQG
OLQNDJHV�ZLWK�RWKHU�UHJLRQV�

$�JRRG�GHDO�RI�VXEVHTXHQW�UHVHDUFK�KDV�IRFXVHG�XSRQ�ORFDO�NQRZOHGJH�VSLOORYHUV
DQG� KXPDQ� UHVRXUFH� H[WHUQDOLWLHV� DV� VRXUFHV� RI� ORFDOLVDWLRQ�� RU� ΑFOXVWHULQJ≅� RI� KLJK
WHFKQRORJ\�LQGXVWULHV���/RFDOLVHG�NQRZOHGJH�VSLOORYHUV�WKDW�RFFXU�LQ�WKH�VRFLDO�WUDQVDFWLRQV
DPRQJ�UHVHDUFK�VFLHQWLVWV�DQG�HQJLQHHUV��DUH�ZLGHO\�EHOLHYHG�WR�SOD\�D�PDMRU�UROH�LQ�WKH
JHRJUDSKLFDO�FOXVWHULQJ�RI�5	'�LQWHQVLYH�ILUPV��+LVWRULFDO�VWXGLHV�RI��PLFUR�OHYHO�SRVLWLYH
IHHGEDFNV�DIIHFWLQJ�LQQRYDWLRQ�DFWLYLWLHV��DQG�WKHLU�HIIHFWV�LQ�SURPRWLQJ�JHRJUDSKLFDO
FOXVWHULQJ�� SRLQW� WR� WKH� UHFXUULQJO\� LPSRUWDQW�SDUW� WKDW�0DUVKDOOLDQ� H[WHUQDOLWLHV� KDYH
SOD\HG�LQ�WKH�ORFDOLVDWLRQ�RI�QHZ�LQGXVWULHV�LQ�HDUOLHU�HUDV��DV�ZHOO�DV�EHLQJ�D�IHDWXUH�RI
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�2(&'�� 67,� 5HYLHZ�� QR����� ������ (ULN� %U\QROIIVRQ�� Α3URGXFWLYLW\� 3D\RIIV� IURP� ,QIRUPDWLRQ
7HFKQRORJ\�≅�0,7�6ORDQ 6FKRRO�RI�0DQDJHPHQW�:RUNLQJ�3DSHU�������
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PRGHUQ�WLPHV���,W�UHDOO\�LV�WKH�ODWWHU�ZKLFK�LV�WKH�PRUH�SDUDGR[LFDO��JLYHQ�WKH�PLUDFOHV�RI
GLJLWDO�LQIRUPDWLRQ�WUDQVPLVVLRQ�YLD�PRGHUQ�JOREDO�WHOHFRPPXQLFDWLRQV���<HW��IRU�D�YDULHW\
RI�UHDVRQV��VRPH�KDYLQJ�WR�GR�ZLWK�WUXVW��DV�ZHOO�DV�WKH�QDWXUH�RI�WKH�NQRZOHGJH�EHLQJ
FRPPXQLFDWHG��LQLWLDO�H[FKDQJHV�RI�LGHDV�DERXW�QDVFHQW�WHFKQRORJLHV�DQG�HQWHUSULVHV
LQWHQGHG�WR�H[SORLW�WKHP�FRPPHUFLDOO\��WHQG�WR�UHTXLUH�IDFH�WR�IDFH�FRQWDFWV��

2Q� WKH� RWKHU� KDQG�� WKH� FRPSHWLWLRQ� DPRQJ� VXFK� ILUPV� IRU� KLJKO\� TXDOLILHG
HPSOR\HHV�RSHUDWHV�DV�D�IRUP�RI�ΑFRQJHVWLRQ≅�WKDW�ERXQGV�WKH�FOXVWHU�VL]H��HVSHFLDOO\
ZKHQ�LQIRUPDWLRQDO�H[FKDQJH�DPRQJ�UHVHDUFKHUV��DQG�KHQFH�LQGLUHFWO\�DPRQJ�WKH�ILUPV
HPSOR\LQJ�WKHP��LV�YHU\�ORFDOLVHG���7KH�G\QDPLF�UHVSRQVHV� LQ�VXFK�D�V\VWHP�WR�VKRFNV
FDXVHG� E\� WKH� JURZWK� RI� ILQDO� GHPDQG� IRU� 5	'�LQWHQVLYH� SURGXFWV� KDYH� EHHQ� DUH
H[SORUHG�E\�&RZDQ�DQG�&RZDQ��������XVLQJ�VWRFKDVWLF�VLPXODWLRQ�PHWKRGV���6LQFH�5	'
LQSXW�HQWHUV�DV�D�IL[HG�FRVW��WKH�H[SDQVLRQ�RI�WKH�PDUNHW�LV�IRXQG�WR�JHQHUDWH�D�WZR�SKDVH
UHVSRQVH��LQ�ZKLFK�WKH�XELTXLW\�RI�5	'�LQWHQVLYH�SURGXFWLRQ�ILUVW�LQFUHDVHV��DQG�WKHQ�JLYHV
ZD\�WR�WKH�UH�DJJORPHUDWLRQ�RI�VXFK�ILUPV�LQWR�WR�ORFDOLVHG�FOXVWHUV�����

The problem of locational tournaments: is national or European co-ordination needed?

,W�VHHPV�ZRUWKZKLOH�UH�HPSKDVLVLQJ�WKH�DQDO\WLFDO�SRLQW�WKDW�SROLFLHV�WKDW�IRVWHU
ORFDO� H[WHUQDOLWLHV� WKURXJK� HQFRXUDJHPHQW� RI� VSHFLDOLVW� VHUYLFHV�� DQG� LQIRUPDWLRQ
SURYLVLRQ��DUH�OLNHO\�WR�KDYH�PRUH�EHQHILFLDO�UHVRXUFH�DOORFDWLRQ�FRQVHTXHQFHV�WKDQ�ORFDO
SURJUDPPHV�WKDW�DLP�WR�DWWUDFW�LQGXVWU\�WR�SDUWLFXODU�VLWHV�E\�PHDQV�RI�WD[�FRQFHVVLRQV
DQG�RWKHU�VXEVLGLHV��

�0DQ\�ZHVWHUQ�(XURSHDQ�JRYHUQPHQWV�KDYH�FRQVWUXFWHG�HODERUDWH�V\VWHPV�RI
UHJLRQ�VSHFLILF�GHYHORSPHQW�DLG�DQG�DVVLVWDQFH��SROLFLHV�WKDW�KDYH�EHHQ�SHUSHWXDWHG
LQ�WKH�(8
V�DGPLQLVWUDWLRQ�RI�LWV�6WUXFWXUDO�)XQGV�����7KH�JRYHUQRUV�RI�$PHULFDQ�VWDWHV��DQG
PD\RUV�RI�$PHULFDQ�FLWLHV��HTXDOO\��KDYH�EHHQ�DPRQJ�WKH�VWDU�DGHSWV�LQ�WKH�TXHVW�IRU
UHJLRQDO�HPSOR\PHQW�FUHDWLRQ�WKURXJK�ΑIRUHLJQ��GLUHFW�LQYHVWPHQW�OXUHG�E\�WD[�UHEDWHV�
ORFDO�LQIUDVWUXFWXUH�VXEVLGLHV��DQG�ODERXU�IRUFH�WUDLQLQJ�SURJUDPV����DOO�SDLG�IRU�IURP�SXEOLF
IXQGV�� �0RUH�UHFHQWO\��WKH\�KDYH�EHHQ�SURPRWLQJ�WKH�SROLFLHV�DLPHG�DW�HQJHQGHULQJ
UHJLRQDO�UHYLWDOLVDWLRQ�WKURXJK�WKH�IRUPDWLRQ�RI�FOXVWHUV�RI�KLJK�WHFK�ILUPV�ORFDWHG�LQ�DQG
DURXQG�UHVHDUFK�SDUNV�VLWXDWHG�LQ�WKH�HQYLURQV�RI�XQLYHUVLWLHV�� � 7KH\�DUH� MRLQHG� LQ�VXFK
HQGHDYRXUV� E\� RWKHUV� WKURXJKRXW� WKH� GHYHORSHG� QDWLRQV�� LQFOXGLQJ� WKH� )UHQFK� FLYLO
VHUYDQWV�ZKR�GLUHFWHG�WKH�FUHDWLRQ�RI�WKH�Α7HFKQRSROLV≅�DW�6RSKLD�$QWLSROLV�LQ�WKH�KLOOV
DERYH�1LFH��DQG�WKHLU�,WDOLDQ�FRXQWHUSDUWV�ZKR�GLG�WKH�VDPH�RQ�WKH�RXWVNLUWV�RI�%DUL�LQ
$SXJOLD�

,Q�YLHZ�RI�WKLV��D�UHWXUQ�WR�FRQVLGHULQJ�WKH�HFRQRPLFV�RI�ORFDWLRQDO�ULYDOULHV�VHHPV
LQ�RUGHU�����%HFDXVH�PDUNHW�GHPDQGV��RU�VXSSOLHV�RI�UHTXLVLWH�IDFWRUV�RI�SURGXFWLRQ��RU
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�(FRQRPLFV�RI�,QQRYDWLRQ�DQG�1HZ�7HFKQRORJ\���������������SS����������
24 6HH��H�J���5��/��0DUWLQ���5HYLYLQJ�WKH�(FRQRPLF�&DVH�IRU�5HJLRQDO�3ROLF\���LQ�5��7��+DUULVRQ

DQG�0��+DUW��HGV���6SDWLDO�3ROLF\�LQ�D�'LYLGHG�1DWLRQ��/RQGRQ��-HVVLFD�.LQJOVH\���������SS����������
-��&ROOLHU���5HJLRQDO�'LVSDULWLHV��WKH�6LQJOH�0DUNHW�DQG�WKH�(08���LQ�-��0LFKLH�DQG�-��*ULHYH�6PLWK�
HGV���8QHPSOR\PHQW�LQ�(XURSH��/RQGRQ��$FDGHPLF�3UHVV���������SS����������

25 7KLV�GUDZV�XSRQ�WKH�GLVFXVVLRQ� LQ�3�$��'DYLG��Α.UXJPDQ=V�(FRQRPLF�*HRJUDSK\�RI
'HYHORSPHQW��1(*V��32*V�DQG�1DNHG�0RGHOV�LQ�6SDFH�≅�,QWHUQDWLRQDO�5HJLRQDO�6FLHQFH�5HYLHZ�
$XJXVW�������
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ERWK��DUH�OLPLWHG�LQ�WKH�QHDU�WHUP��JRYHUQPHQWDOO\�VSRQVRUHG�FRQWHVWV�DPRQJ�ULYDO�VLWHV
WR�DWWUDFW�ILUPV�IURP�HVVHQWLDOO\�IRRWORRVH�LQGXVWULHV�WDNH�RQ�D�TXDVL�]HUR�VXP�FKDUDFWHU�
$GG� WR� WKLV� WKH� HIIHFW� RI� HQGRJHQRXVO\� GHWHUPLQHG� WUDQVSRUW� URXWHV�� DQG� \RX� KDYH
ΑH[FOXVLRQ≅�RU�ΑVKDGRZLQJ≅�HIIHFWV�RI�RQH�FHQWUH·V�VXFFHVV�LQ�DWWUDFWLQJ�LQGXVWU\�DQG
WUDGH��7KDW�JLYHV� WKHVH� UHJLRQDO�FRQWHVWV�D� WRXUQDPHQW�OLNH�SD\RII� VWUXFWXUH�� LQ�ZKLFK
UXQQHUV�XS�JHW�OLWWOH�RU�QRWKLQJ��ZKHUHDV�WKH�ZLQQHUV�WDNH�DOO�

(FRQRPLF� DQDO\VLV� RI� WKH� VRUWV� RI� ORFDWLRQDO� WRXUQDPHQWV� LQ� ZKLFK� DXWKRULWLHV
SRVVHVVLQJ�ORFDO�WD[�SRZHUV�FDQ�HQJDJH��SRLQWV�WR�WKH�FRQFOXVLRQ�WKDW�WKH�LQHIILFLHQFLHV
ZKLFK�DUH�PRVW�OLNHO\�WR�HQVXH�DUH�WKRVH�FKDUDFWHULVWLF�RI�PRQRSROLVWLFDOO\�FRPSHWLWLYH
HTXLOLEULD���6XSSRVH�WKDW�ORFDO�DXWKRULWLHV�DUH�DZDUH�RI�ZLQQHU�WDNHV�DOO�SD\RII�VWUXFWXUH�
DQG�FDQ�LVVXH�ERQGV��ZLWK�VRPH�JRYHUQPHQW�JXDUDQWHH��WR�ILQDQFH�VXEVLGLHV�GHVLJQHG
WR� DWWUDFW� D� SUH�VSHFLILHG� FULWLFDO� PDVV� RI� V\PPHWULF� ILUPV� WR� WKHLU� UHVSHFWLYH
QHLJKERXUKRRGV�� � 6XSSRVH�� DOVR�� WKDW� DQ\� ERQG�LVVXLQJ� ORFDO� DXWKRULW\� DOVR� ZRXOG
DQQRXQFH�LWV�LQWHQWLRQ�HYHQWXDOO\�WR�LPSRVH�WD[HV�RQ�DOO�SURGXFHUV�HQWHULQJ�WKH�VLWH�DIWHU
WKH�WDUJHW��FULWLFDO�GHQVLW\��RI�ILUPV�KDV�EHHQ�DFKLHYHG��VR�WKDW�WKH�GHEW�VHUYLFH�FKDUJHV
DQG� WKH� SULQFLSOH� FRXOG� EH� SDLG�� � $� WUDQVYHUVDO� EDODQFHG�EXGJHW� SURJUDP� RI
GHYHORSPHQW�ZLOO�EH�FUHGLEOH�LI�WKH�VFKHGXOHG�WD[�UHYHQXHV�GR�QRW�FRPSOHWHO\�RIIVHW�WKH
QHW�DJJORPHUDWLRQ�EHQHILWV�DULVLQJ�DW� WKH�VLWH�� VLQFH�WKHUH� LV� WKHQ�DQ� LQWHUHVW� LQ� IXUWKHU
JURZWK�XQWLO�WKRVH�EHQHILWV�DUH�H[KDXVWHG���7KH�HIIHFW�RI�VXFK�FRPSHWLWLRQ�LV�WKDW�ZHUH
WKHVH�DXWKRULWLHV� WR�SURFHHG� LQGHSHQGHQWO\� ��� L�H��ZLWKRXW� VWUDWHJLF� LQWHUDFWLRQ� ��� WKH\
VLPSO\�ZLQG�XS�WUDQVIHUULQJ�PRVW�RI�WKH�QHW�VLWH�UHQWV�FUHDWHG�E\�DJJORPHUDWLRQ�WR�WKH
RZQHUV�RI�WKH�PRELOH�IDFWRUV��L�H��WKH�ILUPV�ZKR�DUH�TXLFN�WR�VKRS�DPRQJ�ORFDWLRQV�IRU�WKH
EHVW�ΑGHDO�≅� � �7KLV�PLJKW�ZHOO�DSSO\�HTXDOO\� WR� WKH� VLWXDWLRQ�RI�QDWLRQDO�JRYHUQPHQWV
VHHNLQJ�WR�DWWUDFW�GLUHFW�IRUHLJQ�LQYHVWPHQW�IURP�WUDQVQDWLRQDO�FRUSRUDWLRQV��

� 7KH�PDUNHW�IRU�WKH�GHYHORSPHQW�ERQGV�RI�WKH�YDULRXV�ORFDOLWLHV�ZRXOG�UHVHPEOH
D�ORWWHU\��KRZHYHU���KLJK�ULVN�SUHPLD�ZRXOG�OLNHO\�EH�DWWDFKHG�WR�WKH�ERQG�LVVXHV��WKHUHE\
OLPLWLQJ�WKH�DPRXQW�RI�IXQGV�WKDW�DFWXDOO\�FRXOG�EH�VSHQW�XS�IURQW�IRU�ORFDO�GHYHORSPHQW
LQIUDVWUXFWXUH�SURYLVLRQ��7KLV�FRQVWUDLQW�RQ�WKH�DELOLW\�RI�DQ\�VLQJOH�ORFDOH�WR�VXEVWDQWLDOO\
RXWVSHQG�LWV�ULYDOV�LQFUHDVHV�WKH�OLNHOLKRRG�WKDW�WKH�RXWFRPH�RI�VXFK�D�FRQWHVW�ZRXOG�EH
WR� VSUHDG� WKH� LQGXVWU\� RXW�DPRQJ�D� QXPEHU� RI� GLIIHUHQW� VLWHV�� QRQH� RI�ZKLFK�ZRXOG
DFKLHYH�FULWLFDO�PDVV� VXIILFLHQWO\�TXLFNO\� WR�JR�RQ� WR�DEVRUE�PRVW�RI� WKH� LQGXVWU\�� 7KH
RXWFRPH�LQ�WKDW�FDVH�ZRXOG�EH�VRFLDOO\�LQHIILFLHQW��LQ�WKDW�WKH�SRWHQWLDO�DJJORPHUDWLRQ
HFRQRPLHV�ZRXOG�KDYH�EHHQ�GLVVLSDWHG��RI�FRXUVH��LW�DOVR�ZRXOG�VDGGOH��WD[�SD\HUV�DW�WKH
ULYDO�VLWHV�ZLWK�WKH�EXUGHQ�RI�PHHWLQJ�WKHLU�UHVSHFWLYH�GHEW�FKDUJHV�IRU�WKH�FUHDWLRQ�RI
XQGHU�XWLOLVHG�LQIUDVWUXFWXUDO�FDSDFLW\���

7. Envoi, Not a Conclusion

7KH�IRUHJRLQJ�QRWHV�DUH�IDU�IURP�H[KDXVWLYH�RI�HLWKHU�WKH�QHZ�GHYHORSPHQWV�WKDW
KDYH� PDUNHG� WKH� OLWHUDWXUH� GHYRWHG� H[WHQGLQJ� RXU� DQDO\WLFDO� DQG� HPSLULFDO
XQGHUVWDQGLQJ�RI�WKH�PLFUR�HFRQRPLFV�RI�LQQRYDWLRQ�DQG�LWV�LPSOLFDWLRQV�IRU�HFRQRPLF
SROLF\��RU�RI�UHFHQW�UHDSSUDLVDOV�RI�SXEOLF�SROLF\�PHDVXUHV�LQ�WKH�(8�DQG�2(&'�FRXQWULHV�
��7KXV��WKLV�FDQQRW�EH�D�FRQFOXVLRQ��EXW�DQ�HQYRL�WR�IXUWKHU�GLVFXVVLRQ�
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8QGHU� WKH� ILUVW�KHDGLQJ�� IRU�H[DPSOH�� LW�ZRXOG�EH�DSSURSULDWH� WR�FRQVLGHU� WKH
LPSOLFDWLRQV�RI�ZRUN�RQ�WKH�G\QDPLFV�RI�PDUNHW�GULYHQ�SURFHVVHV�RI�WHFKQRORJ\�DGRSWLRQ
LQ�ZKLFK� WKHUH�DUH� VWURQJ�SRVLWLYH� IHHGEDFNV�� � 7KH� JHQHUDO� WKUXVW� RI� WKHRUHWLFDO� DQG
HPSLULFDO�LQYHVWLJDWLRQV�LV�WKDW�WKH�PDUNHW�LV�YXOQHUDEOH�WR�EDQGZDJRQ�PRYHPHQWV�WKDW
PD\�SUHPDWXUHO\�FRPPLW�WKH�LQGXVWU\�WR�WHFKQRORJLFDO�DQG�EXVLQHVV�PRGHOV�WKDW�PLJKW
EH�GLVFDUGHG� LI�PRUH� WLPH�ZHUH�DOORZHG� IRU� H[SORUDWLRQ�RI� DOWHUQDWLYHV�� � ,Q� QHWZRUN
LQGXVWULHV�� DQG� FRQVHTXHQWO\� LQ� PDQ\� VSHFLILF� DUHDV� RI� ,&7� DQG� LQIRUPDWLRQ� VHUYLFH
LQGXVWULHV��WKHVH�SUREOHPV�DVVXPH�FRQVLGHUDEOH�LPSRUWDQFH��:KHWKHU�WKHUH�LV�D�SUDFWLFDO
UROH�IRU�SXEOLF�VHFWRU�DFWRUV�WR�LQYHVW�LQ�H[SORUDWLRQ�DQG�WULDOV�RI�VXFK�DOWHUQDWLYHV�UHPDLQV
D�VXEMHFW�RI�GHEDWH����%XW�WKH�VDPH�LVVXHV�DULVH�DOVR� LQ�UHJDUG�WR�WKH�GHYHORSPHQW�RI
WHFKQRORJLHV�WKDW�D�FRPSDWLEOH�ZLWK�ORFDO�HQYLURQPHQWDO�VXVWDLQDELOLW\��EHFDXVH�PDQ\
RI�WKRVH�LQYROYH�SRWHQWLDOO\�VWURQJ�FRPSOHPHQWDULHV�DQG�H[WHUQDOLW\�HIIHFWV�

:LWK�UHJDUG�WR�VSHFLILF�SROLFLHV��WKH�DUHD�RI�LQWHOOHFWXDO�SURSHUW\�SURWHFWLRQ�DQG
LWV�LQWHUVHFWLRQ�ZLWK�FRPSHWLWLRQ�SROLF\��LV�RQH�WKDW�KDV�FRPH�LQ�IRU�VHULRXV�VHFRQG�WKRXJKWV
DPRQJ�DFDGHPLF�HFRQRPLVWV���7KH�JHQHUDO�WKUXVW�LV�WKDW�WKH�SHQGXOXP�PD\�KDYH�VZXQJ
WRR� IDU� LQ� WKH� GLUHFWLRQ� RI� VWUHQJWKHQLQJ� SURWHFWLRQV� IRU� LQWHOOHFWXDO� SURSHUW\�� DQG
H[WHQGLQJ�WKH�V\VWHP�RI�SURWHFWLRQ�WKURXJK�VXL�JHQHULV�OHJDO�GHYLFHV���7KH�(8�'DWDEDVH
'LUHFWLYH�RI�0DUFK������LV�RQH�H[DPSOH�RI�DQ�HIIRUW�WR�HQFRXUDJH�(XURSHDQ�ILUPV�WR�HQWHU
WKH�GDWDEDVH�VHUYLFH�EXVLQHVV��DW�WKH�H[SHQVH�RI�SULYDWLVLQJ�LQIRUPDWLRQ�WKDW�ZDV�LQ�WKH
SXEOLF�GRPDLQ�EHFDXVH�LW�ZDV�RWKHUZLVH�QRW�FRS\ULJKWDEOH��RU�LWV�FRS\ULJKW�SURWHFWLRQ
KDG�H[SLUHG���2QH�XQLQWHQGHG�HIIHFW�RI�WKH�SURYLVLRQV�RI�WKLV�GLUHFWLYH�ZRXOG�EH�WR�EH
GHOHWHULRXV� IRU� WKH�VFLHQWLILF� UHVHDUFK�FRPPXQLW\��DQG� LW� WKLV�FRQVHTXHQWO\�SURYLGHV�D
VWULNLQJ�LQVWDQFH�RI�WKH�IDLOXUH�WR�FRQVLGHU�SURSRVHG�SROLFLHV�LQ�WKHLU�V\VWHPV�FRQWH[WV�

*LYHQ�WKH�QDWXUH�RI� LQIRUPDWLRQ�JRRGV�� VXFK�SUREOHPV�DUH� OLNHO\� WR�DULVH�ZKHQ
SROLF\�LV�GHVLJQHG�LQ�LVRODWLRQ��DV�KDV�EHHQ�WKH�FDVH�ZLWK�UHJDUG�WR�WKH�DSSOLFDWLRQ�RI�IXOO
LQWHOOHFWXDO�SURSHUW\�SURWHFWLRQ�WR�SURSULHWDU\�LQWHUIDFH�VWDQGDUGV���0DUNHW�HVWDEOLVKHG�
�GH�IDFWR�VWDQGDUGV��VXFK�DV�WKRVH�HPEHGGHG�LQ�D�GRPLQDQW�FRPSXWHU�RSHUDWLQJ�V\VWHP�
RU�LQ�WKH�ΑORRN�DQG�IHHO≅�RI�FRPSXWHU�VSUHDGVKHHW�VRIWZDUH��WDNHV�RQ�WKH�FKDUDFWHULVWLFV
RI�DQ�HVVHQWLDO�IDFLOLW\����LQQRYDWRUV�FDQQRW�UHDGLO\�UHDFK�FRQVXPHUV�ZLWK�QHZ�IHDWXUHV
ZLWKRXW�EXLOGLQJ�XSRQ��RU�ΑSRUWLQJ�WKURXJK≅�WKRVH�FRPSOHPHQWDU\�SLHFHV�RI�WHFKQRORJ\�
�$OORZLQJ� WKH� SURSULHWRUV� WR� HLWKHU� H[WUDFW� ODUJH� UHQWV�� RU� VXEVLGLVH� WKHLU� RZQ
FRPSOHPHQWDU\� RIIHULQJV� KDV� VWURQJ� DQWL�FRPSHWLWLYH� HIIHFWV�� HVSHFLDOO\� LQLPLFDO� WR
6FKXPSHWHULDQ��G\QDPLF�FRPSHWLWLRQ�EDVHG�XSRQ�WKH�HQWU\�RI�LQQRYDWRUV���:KHWKHU�VRPH
IRUPV�RI�FRPSXOVRU\�OLFHQVLQJ�RI�VXFK�ΑHVVHQWLDO�IDFLOLWLHV≅�LV�WKH�DSSURSULDWH�SXEOLF�SROLF\
VROXWLRQ��UHPDLQV�DQRWKHU�VXEMHFW�WKDW�FXUUHQWO\�UHPDLQV�XQGHU�GHEDWH�

,Q�VKRUW��WKH�WDVN�RI�UH�DSSUDLVLQJ�DQG�XSGDWLQJ�(XURSHDQ�LQQRYDWLRQ�SROLF\�IRU�WKH
WZHQW\�ILUVW�FHQWXU\�LV�RQH�WKDW�LV�H[FLWLQJ�DQG�FKDOOHQJLQJO\�FRPSOH[�IURP�WKH�YLHZSRLQW
RI�HFRQRPLF�VFLHQFH��DV�ZHOO�DV�RI�HQRUPRXV�VRFLHWDO�LPSRUWDQFH�


