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,��,QWURGXFWLRQ

6FKXPSHWHU�� LQ� KLV� WKHRU\� RI� LQQRYDWLRQ� DQG� HQWUHSUHQHXUVKLS�� SURYLGHV� WKH

FRQFHSWXDO� IRXQGDWLRQ� IRU� PXFK� RI� WKH� PRGHUQ� ZULWLQJ� RQ� LQQRYDWLRQ� DQG� WHFKQLFDO

FKDQJH��$V� UHJDUGV� WKH� VRXUFH� RI� LQQRYDWLRQ�� WKH� KHURLF� LQGLYLGXDO� HQWUHSUHQHXU� RI� KLV

HDUO\�ZULWLQJV��6FKXPSHWHU��������LV�ODWHU�DUJXHG�WR�EHFRPH�REVROHWH���DV�WKH�SURFHVV�RI

LQQRYDWLRQ� LWVHOI� EHFRPHV� URXWLQLVHG� LQ� ODUJH� FRPPHUFLDO� 5	'� GHSDUWPHQWV

�6FKXPSHWHU�� ������� :KHUHDV� KLV� WKHRU\� FOHDUO\� RIIHUV� WKH� IXQGDPHQWDOV� IRU� D� PRUH

FRPSUHKHQVLYH� DQDO\VLV� RI� LQQRYDWLRQ� DQG� WHFKQLFDO� FKDQJH�� WKH� TXHVWLRQ� DV� WR� ZKHUH

QHZ�NQRZOHGJH��´LQYHQWLRQV´��LWVHOI�FRPHV�IURP�UHFHLYHV�RQO\�PDUJLQDO�DWWHQWLRQ��,Q�IDFW�

LW�KDV�EHHQ�DUJXHG�WKDW�WKH�SLFWXUH�HPHUJLQJ�LV�SUHWW\�PXFK�RQH�ZKHUH�WKH�LQQRYDWRUV�MXVW

GUDZ� XSRQ� DYDLODEOH� WHFKQLFDO� DQG� VFLHQWLILF� NQRZOHGJH� �� LQ� RWKHU� ZRUGV�� LQYHQWLRQV

UHPDLQ� H[RJHQRXV��7R�EH� VXUH�� 6FKXPSHWHU� GLG� UHFRJQL]H� WKH� SRZHUIXO� UROH� SOD\HG�E\

VFLHQFH�� EXW� KH� GLG� QRW� HODERUDWH� RQ� WKH� FRPSOH[� LQWHUWZLQLQJ� EHWZHHQ� VFLHQFH� DQG

WHFKQRORJ\� RU� H[SODLQ� KRZ� VFLHQFH� FDQ� FRQWULEXWH� WR� WKH� LQQRYDWLYH� DFWLYLWLHV� RI

FRPPHUFLDO�5	'�ZRUN��VHH�1HOVRQ��������S�����

)URP�WKH�SRLQW�RI�YLHZ�RI�WKH�PRGHUQ�WKHRUHWLFDO�OLWHUDWXUH�RQ�LQQRYDWLRQ��EDVLF

UHVHDUFK� LQ� SDUWLFXODU� EHFRPHV� DQ� LVVXH� LQ� WKH� FRQWH[W� RI� WKH� HPHUJHQFH� RI� QHZ

WHFKQRORJLHV�� ,GHQWLI\LQJ� WKH�DFWLYLWLHV� LQ� DFDGHPLF�RU� VFLHQFH�RULHQWHG� LQVWLWXWLRQV�ZLWK

ZKDW�KH� FDOOV� ´H[SORULQJ´��/XQGYDOO� IRU� H[DPSOH� DUJXHV� WKDW� ´H[SORULQJ�ZLOO� VRPHWLPHV

UHVXOW� LQ� EUHDNV� LQ� FXPXODWLYH� SDWKV� DQG� FUHDWH� WKH� EDVLV� IRU� QHZ� WHFKQRORJLFDO

SDUDGLJPV�´��/XQGYDOO��������S�����,Q�WKLV�VHQVH��KHUH�DQG�LQ�PDQ\�RWKHU�ZULWLQJV�WKHUH

VHHPV� WR� EH� DQ� LPSOLFLW� QRWLRQ� RI� EDVLF� UHVHDUFK� DV� WKH� VRXUFH� RI� LQSXWV� WR� ZKDW

6FKXPSHWHU� FDOOV� ¶UDGLFDO·� LQQRYDWLRQV�� ,Q� )UHHPDQ·V� DQG� 3HUH]·� ZRUN� WKH� HTXLYDOHQW

ZRXOG� EH� WKH� QHZ� ¶JHQHULF·� WHFKQRORJ\� XQGHUO\LQJ� D� QHZ� WHFKQR�HFRQRPLF� SDUDGLJP

�)UHHPDQ�� ������� $GRSWLQJ� D� OLIH�F\FOH� SHUVSHFWLYH� WR� WKH� DQDO\VLV� RI� WHFKQRORJLFDO

GHYHORSPHQW��WKLV�UDLVHV�LVVXHV�VXFK�DV�ZKHWKHU�WKH�VFLHQFH�EDVH�RI�WHFKQRORJ\�LV�LQGHHG

PRUH� LQWHQVLYH� GXULQJ� WKH� HDUO\� VWDJHV� RI� LWV� GHYHORSPHQW��4XHVWLRQV� DORQJ� VXFK� OLQHV

KDYH� UHFHQWO\� OHG� WR� UHQHZHG� LQWHUHVW� LQ� EDVLF� UHVHDUFK� DV� D� IDFWRU� VKDSLQJ� HFRQRPLF

SHUIRUPDQFH�DV�ZLWQHVVHG�E\�WKH�TXRWH�IURP�1LRVL�HW�DO��1LRVL�HW�DO��������S�����

´7KH RXWFRPH RI EDVLF UHVHDUFK LV OLNHO\ WR EH FRGLILHG DQG WR UHVHPEOH D ODWHQW SXEOLF

JRRG� 7KH LQVWLWXWLRQV UHVSRQVLEOH IRU WKH JHQHUDWLRQ RI WKLV W\SH RI NQRZOHGJH DUH

DPRQJVW
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WKH PRVW LPSRUWDQW LQ GHWHUPLQLQJ WKH SHUIRUPDQFH RI D FRXQWU\ DV DQ LQQRYDWRU� DQG

FRQVWLWXWH D QHFHVVDU\ DGGLWLRQ WR WKH EDVLF 6FKXPSHWHULDQ PRGHO RI HFRQRPLF

GHYHORSPHQW�´

,W�VHHPV�IDLU�WR�DUJXH�WKDW�WKHUH�LV�D�EURDG�FRQVHQVXV�LQ�WKH�PRGHUQ�OLWHUDWXUH�RQ

LQQRYDWLRQ� DQG� WHFKQLFDO� FKDQJH� WKDW� DFFRXQWLQJ� IRU�EDVLF� UHVHDUFK� LV� UDWKHU� LPSRUWDQW

IRU�WKH�VWXG\�RI� LQQRYDWLRQ��7KH�ZRUNV� MXVW�PHQWLRQHG�VXJJHVW� WKDW� WKLV�PD\�EH�DOO� WKH

PRUH�WUXH�ZKHQ�LW�FRPHV�WR�H[SODLQLQJ�ORQJ�WHUP�FKDQJHV�LQ�WKH�VWRFN�RI�VFLHQWLILF�DQG

WHFKQRORJLFDO� NQRZOHGJH�� 6R� IDU�� WKH� SUHGRPLQDQW� DSSURDFK� RI� DFFRXQWLQJ� IRU� EDVLF

UHVHDUFK�DV�DQ�HFRQRPLF�DFWLYLW\�KDV�EHHQ� WR�YLHZ�RUJDQLVDWLRQV� VXFK�DV�XQLYHUVLWLHV�RU

VRPH�JRYHUQPHQW�ODERUDWRULHV�DV�WKH�SURYLGHUV�RI�D�FHUWDLQ�W\SH�RI�NQRZOHGJH�LQSXWV�WR

LQQRYDWLYH�SURFHVVHV�LQ�SULYDWH�ILUPV��7R�DQ�H[WHQW�WKHUH�LV�D�SUHVXPSWLRQ�WKDW�IRU�EDVLF

UHVHDUFK� NQRZOHGJH� WR� EH� WUDQVIHUUHG� RXW� RI� WKH� LQVWLWXWLRQDO� ERXQGDULHV�� LW� PXVW� EH

FRGLILHG�� &RQVHTXHQWO\�� WKH� SULPDU\� FDUULHUV� RI� VXFK� NQRZOHGJH� DUH� VFLHQWLILF

SXEOLFDWLRQV�� 7KLV� LV� KRZ� WKH� UHVXOWV� EHFRPH� DFFHVVLEOH� QRW� RQO\� WR� VFLHQWLVWV� LQ� RWKHU

LQVWLWXWLRQV�� EXW� DOVR� WR� SRWHQWLDO� XVHU� RI� WKRVH� UHVXOWV� LQ� DSSOLHG� UHVHDUFK� DQG

GHYHORSPHQW� LQ� WKH� SXEOLF� DQG� LQ� WKH� LQGXVWULDO� VHFWRU�� DW� WLPHV� PRWLYDWLQJ� D

FRQFHSWXDOLVDWLRQ�RI�VFLHQWLILF�NQRZOHGJH�DV�D�SXEOLF�JRRG�

7KH�SURMHFW�RI�LQWHJUDWLQJ�EDVLF�UHVHDUFK�DFWLYLWLHV�KDV�SDUWLFXODUO\�EHHQ�SURPRWHG

LQ� WKH� OLWHUDWXUH� RQ� QDWLRQDO� V\VWHPV� RI� LQQRYDWLRQ� �16,�� �VHH� IRU� H[DPSOH�� (GTXLVW�	

0F.HOYH\���������DV�ZLWQHVVHG�E\�WKH�SDVVDJH�TXRWHG�DERYH��$V�D�UDWKHU�UHFHQW�VWUDQG�RI

WKLQNLQJ��WKLV�OLWHUDWXUH�H[SOLFLWO\�YLHZV�LQQRYDWLYH�SURFHVVHV�IURP�D�V\VWHPLF�SHUVSHFWLYH�

EHLQJ� SULPDULO\� FRQFHUQHG� ZLWK� TXHVWLRQV� RI� GLIIHUHQWLDO� SHUIRUPDQFH� DPRQJ� QDWLRQDO

V\VWHPV�� &HQWUDO� WR� WKLV� DSSURDFK� LV� WKH� TXHVWLRQ� DV� WR� KRZ� WKH� JHQHUDWLRQ� DQG

WUDQVPLVVLRQ�RI�NQRZOHGJH�LV�DIIHFWHG�E\�WKH�VWUXFWXUDO�IHDWXUHV�RI�WKH�V\VWHP��$V�UHJDUGV

EDVLF� UHVHDUFK�� LW� KDV� VR� IDU� PDLQO\� EHHQ� DFFRXQWHG� IRU� E\� DGGLQJ� EDVLF� UHVHDUFK

LQVWLWXWLRQV�WR�WKH�VHW�RI�RUJDQLVDWLRQDO�DFWRUV�LQ�WKH�V\VWHP�DQG�VWXG\LQJ�WKH�UHODWLRQVKLSV

OLQNLQJ�LW�WR�WKH�RWKHUV��7KH�OLQNV�YLD�ZKLFK�EDVLF�UHVHDUFK�FRQWULEXWHV�WR�WKH�LQQRYDWLYH

SURFHVVHV�FR�RUGLQDWHG�E\�SULYDWH�ILUPV�DUH�RI�FRXUVH�PDQLIROG�

7KH�SUREDEO\�EHVW�GHYHORSHG�DSSURDFK�LQ�WKLV�ILHOG�LV�ZKDW�LV�XVXDOO\�VXPPDULVHG

XQGHU� WKH� EURDG� WHUP� ´VFLHQWRPHWULFV´�� DVVHVVLQJ� WKH� FRQWULEXWLRQ� RI� EDVLF� UHVHDUFK

LQVWLWXWLRQV�E\� VWXG\LQJ� LQ�KRZ� IDU�SDWHQWV�PDNH� FLWDWLRQV� WR�SDSHUV�RULJLQDWLQJ� LQ� WKDW

LQVWLWXWLRQ��9LD�VXFK�D�WHFKQLTXH��WHFKQRORJLHV�PD\�EH�FODVVLILHG�DQG�UDQNHG�DFFRUGLQJ�WR

KRZ�H[WHQVLYHO\�WKH\�PDNH�XVH�RI�WKH�VFLHQWLILF�OLWHUDWXUH��)RU�*HUPDQ\��ZRUN�DORQJ�WKHVH
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OLQHV�KDV�PDLQO\�EHHQ�FDUULHG�RXW�DW�WKH�,6,�.DUOVUXKH��*UXSS�XQG�6FKPRFK��������DQG

IRU�WKH�86�E\�1DULQ�HW�DO� �1DULQ�HW�DO���������6LPLODUO\�� WKH�GHJUHH�WR�ZKLFK�NQRZOHGJH

VSLOOV� RYHU� DPRQJ� GLIIHUHQW� WHFKQRORJLFDO� VHFWRUV� PD\� EH� VWXGLHG� E\� DQDO\VLQJ� FURVV�

FLWDWLRQV�LQ�SDWHQWV��7KH�PDLQ�FRQWULEXWLRQ�RI�VXFK�VWXGLHV�DUH�LQVLJKWV�SURYLGHG�RQ�WKH

WHFKQRORJLFDO�DUHDV�ZKHUH�VFLHQFH�VHUYHV�WR�LQIRUP�WHFKQRORJLFDO�SUREOHP�VROYLQJ�

7KH�HPSLULFDO�DSSURDFK�WR�DVVHVVLQJ�WKH�HFRQRPLF�FRQWULEXWLRQ�RI�EDVLF�UHVHDUFK

VXJJHVWHG�KHUH�LV�PHWKRGRORJLFDOO\�GLIIHUHQW��IRFXVLQJ�QRW�RQO\�RQ�WKH�WUDQVIHU�RI�UHVXOWV�

EXW�DOVR�RI�SRWHQWLDO�DQG�FDSDFLW\��$�UDQJH�RI�TXDOLWDWLYH�VWXGLHV�KDV�SUHVHQWHG�HYLGHQFH

IRU�D�YDULHW\�RI�HFRQRPLF�HIIHFWV�JRLQJ�EH\RQG�WKRVH�GHULYHG�IURP�VFLHQWLILF�SXEOLFDWLRQV�

7KHLU� UHVXOWV�SURYLGH� WKH�PDMRU�PRWLYDWLRQ� IRU� DQ� DOWHUQDWLYH� DSSURDFK� WR� WKH� VWXG\�RI

NQRZOHGJH�WUDQVIHUV��DQG�ZLOO�EULHIO\�EH�VXPPDULVHG�LQ�6HFWLRQ�,,��,Q�6HFWLRQ�,,,��VRPH�RI

WKH�JHQHUDO�SUREOHPV�RI�PHDVXULQJ�NQRZOHGJH�ZLOO�EH�GLVFXVVHG��PRWLYDWLQJ� WKH�RXWOLQH

RI�DQ�HQFRPSDVVLQJ�DSSURDFK�RI�DVVHVVLQJ� WKH�HIIHFWV� �6HFWLRQ� ,9�� VXPPDULVHG�EHIRUH�

6XEVHTXHQWO\�WKH�FUXFLDO�LVVXH�RI�GDWD�VRXUFHV�DV�WKH�PDLQ�FRQVWUDLQW�RQ�HPSLULFDO�ZRUN

ZLOO�EULHIO\�EH�FRQVLGHUHG��6HFWLRQ�9�ZLOO�GLVFXVV� WKH�JHQHUDO�VFRSH�RI� WKH�DSSURDFK�� LWV

SRWHQWLDO�FRQWULEXWLRQ�WR�WKH�OLWHUDWXUH�RQ�16,�DQG�LWV�UHODWLRQVKLSV�WR�H[LVWLQJ�ZRUN�

,,��7KH�,QGLUHFW�(FRQRPLF�(IIHFWV�RI�%DVLF�5HVHDUFK

6FLHQWRPHWULF� VWXGLHV� FDSWXUH� RQH� YHU\� VSHFLILF� DVSHFW� RI� NQRZOHGJH� WUDQVIHU� �

QDPHO\� SXEOLVKHG� UHVHDUFK� RXWSXW� �� QRW� DFFRXQWLQJ� IRU� WDFLW� NQRZOHGJH� QRU� IRU

NQRZOHGJH� ZKLFK� KDV� QRW� \HW� EHHQ� FRGLILHG�� 7R� EH� VXUH�� WKH� LQWHQWLRQ� KHUH� LV� QRW� WR

FULWLFL]H�WKLV�ZRUN�IRU�GLVUHJDUGLQJ�VRPHWKLQJ�ZKLFK�PRUH�RU�OHVV�E\�GHILQLWLRQ�LV�RXWVLGH

LWV�VFRSH��EXW�UDWKHU�WR�WDNH�LW�DV�D�VWDUWLQJ�SRLQW��,Q�WHUPV�RI�WKH�DUJXPHQW�SXUVXHG�KHUH�

WKH�LPSOLFDWLRQ�LV�WKDW�LW�LV�QRW�FOHDU�LQ�KRZ�IDU�VWXGLHV�XVLQJ�RXWSXW�EDVHG�LQGLFDWRUV�FDQ

EH�WDNHQ�WR�JLYH�D�UHSUHVHQWDWLYH� LQGLFDWLRQ�IRU� WKH�RYHUDOO� LQWHUDFWLRQ�RI�EDVLF� UHVHDUFK

LQVWLWXWLRQV�ZLWK�RWKHU�DFWRUV��7KH�VWXGLHV�WR�EH�UHYLHZHG�KHUH�VHUYH�WR�LOOXVWUDWH�WKDW�WKH

LQWHUDFWLRQ� EHWZHHQ� EDVLF� UHVHDUFK� LQVWLWXWLRQV� DQG� RWKHU� DFWRUV� LQ� WKH� V\VWHP�PD\� EH

PXFK�GHHSHU�DQG�SDUWO\�XQUHODWHG�WR�WKH�GLUHFW�RXWSXW�RI�UHVHDUFK�DFWLYLW\�

,OOXVWUDWLQJ� WKLV� SRLQW�� D� VXUYH\� XQGHUWDNHQ� DW� <DOH� 8QLYHUVLW\� �IRU� D� PRUH

H[WHQVLYH� GLVFXVVLRQ� RI� UHVXOWV� VHH� 1HOVRQ�� ������ WULHG� WR� LGHQWLI\� WKH� PDLQ� LQSXW� WR

LQGXVWULDO� UHVHDUFK� IURP� WKH� SRLQW� RI� YLHZ� RI� ���� 5	'� PDQDJHUV� VSUHDG� RYHU� ���

LQGXVWULHV��7KH\�ZHUH�DVNHG�WR�UDWH�RQ�D�VFDOH�IURP�����WKH�UHOHYDQFH�RI�GLIIHUHQW�EDVLF
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DQG� DSSOLHG� ILHOGV� RI� VFLHQFH� IRU� WKHLU� LQGXVWU\�� 'LVWLQJXLVKLQJ� EHWZHHQ� D�� JHQHUDO

UHOHYDQFH�RI�WKH�VFLHQWLILF�ILHOG�DQG�E��WKH�UHOHYDQFH�RI�WKH�DFDGHPLF�NQRZOHGJH�SURGXFHG

LQ�WKLV�ILHOG��LW�WXUQV�RXW�WKDW�LQ�PDQ\�FDVHV�UDWLQJV�RQ�WKH�WZR�VFDOHV�GLIIHU�VLJQLILFDQWO\�

)RU� H[DPSOH�� IRUW\�ILYH� LQGXVWULHV� UDWHG� WKH� UHOHYDQFH�RI� SK\VLFV� DW� ILYH� RU� JUHDWHU�� EXW

RQO\�IRXU�JDYH�D�KLJK�VFRUH�WR�XQLYHUVLW\�UHVHDUFK�LQ�SK\VLFV��6LPLODUO\��FKHPLVWU\�LV�UDWHG

LPSRUWDQW� E\� VHYHQW\�ILYH� LQGXVWULHV�� ZKLOH� RQO\� QLQHWHHQ� LQGXVWULHV� UDWHG� XQLYHUVLW\

UHVHDUFK�LQ�FKHPLVWU\�WKDW�KLJKO\��1HOVRQ��������S������1RWDEO\��WKH�PHDVXUH�RQ�WKH�WZR

VFDOHV�GLIIHU� OHVV� IRU� WKRVH� ILHOGV�RI�DFWLYLW\�ZKHUH� VFLHQWRPHWULF� VWXGLHV�SUHGLFW� VFLHQFH

DQG� LQGXVWULDO� DSSOLFDWLRQV� WR� EH� ´FORVH´�� DV� FXUUHQWO\� LV� WKH� FDVH� LQ� ELRORJ\� DQG

ELRFKHPLVWU\��:KDW�WKLV�VXJJHVWV�LV�D�JHQHUDO�XQGHUUDWLQJ�RI�WKH�UHOHYDQFH�RI�VFLHQFH�E\

FRQVLGHULQJ�RQO\�´DFDGHPLF�NQRZOHGJH´��DV�RSSRVHG�WR�´JHQHUDO�UHOHYDQFH´��:KDW�LV�OHIW

RSHQ�WKRXJK�LV�KRZ�GLIIHUHQW�VFLHQWLILF�ILHOGV�DUH�UHOHYDQW�WR�LQGXVWU\�LI�QRW�YLD�WKH�GLUHFW

NQRZOHGJH�RXWSXW�SURGXFHG�

7KLV�TXHVWLRQ�KDV�EHHQ�DGGUHVVHG�LQ�D�UDQJH�RI�VHFWRUDO�DQG�FDVH�VWXGLHV��SRLQWLQJ

RXW� WKH� PDQ\� GLIIHUHQW� GLPHQVLRQV� DORQJ� ZKLFK� EDVLF� UHVHDUFK� FRQWULEXWHV� WR

WHFKQRORJLFDO� DGYDQFH��2QH� RI� WKH�PRVW� TXRWHG� H[DPSOH� LQ� WKLV� DUHD� LV� *LEERQV� DQG

-RKQVWRQ� �������� ZKR� KDYH� VWXGLHG� KRZ� VFLHQWLVWV� LQ� LQGXVWU\� VROYH� WHFKQRORJLFDO

SUREOHPV� DQG�ZKDW� VRXUFHV�RI�NQRZOHGJH� DUH�XWLOL]HG� WRZDUGV� WKLV� HQG��'LVWLQJXLVKLQJ

EHWZHHQ�RQ�DYHUDJH����XQLWV�RI�NQRZOHGJH�SHU�LQQRYDWLRQ�VWXGLHG��WKH\�WKHQ�FODVVLI\�WKH

VRXUFHV�RI�WKLV�NQRZOHGJH��ZKLFK�FDQ�EH�SHUVRQDO��GHYHORSHG�PDLQO\�WKURXJK�H[SHULHQFH

DQG�HGXFDWLRQ�RI�WKH�SUREOHP�VROYHU��RU�´RXWVLGH´�NQRZOHGJH�

2YHUDOO��WKH\�ILQG�WKDW�PRUH�WKDQ�RQH�WKLUG�RI�WKH�NQRZOHGJH�ZKLFK�FRQWULEXWHG

WR�WKH�GHYHORSPHQW�RI�DQ�LQQRYDWLRQ�DQG�ZKLFK�ZDV�REWDLQHG�IURP�RXWVLGH�WKH�FRPSDQ\

KDG� LWV� RULJLQV� LQ� EDVLF� UHVHDUFK�� 2I� DOO� NQRZOHGJH� REWDLQHG� E\� SUREOHP�VROYHUV�

DSSUR[LPDWHO\� RQH� ILIWK� FRXOG� EH� VLPLODUO\� FODVVLILHG�� 7KHLU� IXQGDPHQWDO� UHVXOW� ZLWK

UHVSHFW�WR�WKH�KXPDQ�FDSLWDO�DVSHFW�LV�WKDW�´WKH�WHFKQLTXHV�DQG�WHVW�SURFHGXUHV�ZKLFK�DUH

RI� FRQVLGHUDEOH� LPSRUWDQFH� LQ� PRVW� QDWXUDO� VFLHQFHV� GR� QRW� ILQG� WKHLU� ZD\� LQWR

DSSOLFDWLRQ�YLD�WKH�VFLHQWLILF�OLWHUDWXUH´��6LPLODU�SRLQWV�KDYH�EHHQ�PDGH�E\�)DXONQHU�DQG

6HQNHU�� DUJXLQJ� WKDW� IRUPDO� NQRZOHGJH� WUDQVIHUV� RIWHQ� RQO\� UHSUHVHQW� WKH� WLS� RI� WKH

LFHEHUJ� ������� S������� 8QGHUO\LQJ� DUH� FRPSOH[� VWUXFWXUHV� RI� LQIRUPDO� LQWHUDFWLRQ� DQG

H[FKDQJH� DW� WKH� VFLHQFH�WHFKQRORJ\� LQWHUIDFH� IHHGLQJ� LQWR� D� UDQJH� RI� SUREOHP�VROYLQJ

DFWLYLWLHV�

6WXGLHV� HPSKDVLVLQJ� WKH� FRPSOH[LW\� RI� WKH� VFLHQFH� �� WHFKQRORJ\� LQWHUIDFH� DUH

QDWXUDOO\�PRUH�OLPLWHG�LQ�VFRSH�FRPSDUHG�WR�ODUJH�VFDOH�VFLHQWRPHWULF�LQYHVWLJDWLRQV��EXW
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WKH\�VHUYH�WR�LOOXVWUDWH�VRPH�YHU\�LPSRUWDQW�DVSHFWV�RI�VFLHQWLILF��DV�ZHOO�DV�WHFKQRORJLFDO�

NQRZOHGJH��:LWK� UHJDUG� WR� WKH� HFRQRPLF� FRQWULEXWLRQ� RI� EDVLF� UHVHDUFK�� WKH\� LQGLFDWH

WKDW�LQ�IDFW�FRGLILHG�UHVXOWV�PD\�QRW�HYHQ�EH�WKH�PRVW�LPSRUWDQW�LQSXW�EDVLF�UHVHDUFK�FDQ

RIIHU� DV� DQ� LQSXW� WR� RWKHU� DFWLYLWLHV�� $V� HPSKDVLVHG� E\� 3DYLWW� �������� VFLHQFH� KDV� DQ

LPSDFW� QRW� MXVW� WKURXJK� GLUHFW� NQRZOHGJH� WUDQVIHUV�� EXW� DOVR� WKURXJK� DFFHVV� WR� VNLOOV�

PHWKRGV�DQG� LQVWUXPHQWV��$�VLPLODU�FRQFOXVLRQ� LV� UHDFKHG�E\�6DOWHU� DQG�0DUWLQ� �������

VXPPDULVLQJ� WKH� HFRQRPLF� HIIHFWV�RI�EDVLF� UHVHDUFK��7KH� FRPPRQ�GLPHQVLRQ� WR� WKHVH

DVSHFWV�LV�RI�FRXUVH�WKDW�VWULFWO\�WKH\�DUH�HQDEOLQJ�IDFWRUV�IRU�WKH�SURGXFWLRQ�RI�FRGLILHG

UHVHDUFK�RXWSXW��)RU�WKH�VWXG\�RI�WKH�HFRQRPLF�HIIHFWV�RI�EDVLF�UHVHDUFK�� WKLV�DQDO\WLFDO

GLVWLQFWLRQ�VKRXOG�EH�PDLQWDLQHG�

7KLV� WKHPH�RI�FRXUVH�GLUHFWO\� OHDGV� WR� WKH�TXHVWLRQ�RI�KRZ�JHQHUDOO\� DSSOLFDEOH

VFLHQWLILF� VNLOOV�� WHFKQLTXHV�� PHWKRGV� HWF� DUH� DFURVV� RUJDQLVDWLRQDO� FRQWH[WV� RWKHU� WKDQ

WKRVH�ZKHUH� WKH\�ZHUH� LQLWLDOO\�GHYHORSHG�� ,Q�RWKHU�ZRUGV�� LW� LV� LPSRUWDQW� WR�DVVHVV� WKH

GHJUHH� RI� DSSOLFDWLRQ� VSHFLILFLW\� QRW� RQO\� RI� QHZ� FRGLILHG� UHVHDUFK� RXWSXW�� EXW� DOVR� RI

WKRVH�DVSHFWV�RI�VFLHQWLILF�NQRZOHGJH�ZKLFK�KDYH�HQDEOHG�LWV�FRGLILFDWLRQ��7R�GDWH��WKHUH

DUH� QR� V\VWHPDWLF� DWWHPSWV� WR� LQYHVWLJDWH� WKH� DSSOLFDELOLW\� RI� UHVHDUFK� VNLOOV� DFURVV

GLIIHUHQW� RUJDQLVDWLRQDO� FRQWH[WV�� ,Q� YLHZ� RI� WKLV�� D� FRQFHSWXDOLVDWLRQ� RI� NQRZOHGJH

WUDQVIHU� EDVHG� RQ� D� VWULFW� GHPDUFDWLRQ� RI� RUJDQLVDWLRQV� LQWR� EDVLF� DQG� DSSOLHG� �� ZKLOH

UHO\LQJ� RQ� D� QDUURZO\� VSHFLILHG� WUDQVIHU� FRQFHSW� �� PD\� IDLO� WR� FDSWXUH� DQ� LPSRUWDQW

HFRQRPLF�GLPHQVLRQ�RI� EDVLF� UHVHDUFK�� 6WULFWO\� VSHDNLQJ�� LW� LV� WKH� SURGXFHG� NQRZOHGJH

RXWSXW�ZKLFK� LV�EDVLF�RU� DSSOLHG�� DV�GHILQHG�E\� LWV�SRWHQWLDO� YDOXH� DV� DQ� LQSXW� WR�RWKHU

DFWLYLW\��0XFK�OHVV�LV�NQRZQ�LQ�WKLV�UHVSHFW�DERXW�WKH�VNLOOV�DQG�PHWKRGV�XQGHUO\LQJ�WKH

UHVHDUFK�SURFHVV�

&ORVHO\� UHODWHG� WR� WKLV� LV� WKH� VHFRQG�FRQFOXVLRQ�ZKLFK�PD\�EH�GUDZQ� IURP� WKLV

ZRUN��QDPHO\�WKDW�VNLOOV�� WKH�PDVWHU\�RI�FHUWDLQ�PHWKRGV�DQG�WHFKQLTXHV�XQGHUO\LQJ� WKH

UHVHDUFK� SURFHVV� DUH� ODUJHO\� HPERGLHG� LQ� WKH� LQGLYLGXDOV� HPSOR\HG� E\� DQ� RUJDQLVDWLRQ�

7KH�VWURQJ�WDFLW�GLPHQVLRQ�VWHPPLQJ�IURP�WKH�SURFHGXUDO�DVSHFWV�RI�WKH�NQRZOHGJH�GHDOW

ZLWK�KHUH� LPSOLHV�WKDW�VXFFHVVIXO� WUDQVIHU�DFURVV�RUJDQLVDWLRQDO�ERXQGDULHV�ZLOO�EH�PRUH

GLIILFXOW� WKDQ�IRU�FRGLILHG�NQRZOHGJH��7KLV�SRLQW�KDV� IRU�H[DPSOH�EHHQ�PDGH�E\�3DYLWW

��������DUJXLQJ�WKDW�NQRZOHGJH�WUDQVIHUV�DUH�PDLQO\�SHUVRQ�HPERGLHG��LQYROYLQJ�SHUVRQDO

FRQWDFWV�� PRYHPHQWV�� DQG� SDUWLFLSDWLRQ� LQ� QDWLRQDO� DQG� LQWHUQDWLRQDO� QHWZRUNV�

.QRZOHGJH� LV�QRW�� WKHUHIRUH��RQO\�HPERGLHG� LQ� LQGLYLGXDOV�� EXW� DOVR� LQ� VRFLDO�QHWZRUNV

IRUPHG� E\� JURXSV� RI� VFLHQWLVWV�� &RQVHTXHQWO\�� WKHUH� LV� DQRWKHU� YLWDO� GLVWLQFWLRQ� WR� EH

PDGH� KHUH�� QDPHO\� EHWZHHQ� WKH� YDOXH� RI� WKH� NQRZOHGJH� SRVVHVVHG� E\� WKH� VLQJOH
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LQGLYLGXDO�DQG�WKH�YDOXH�RI�NQRZOHGJH�VWHPPLQJ�IURP�WKH�LQWHUDFWLRQ�DQG�FROODERUDWLRQ

RI�PRUH�WKDQ�RQH�LQGLYLGXDO�FDUU\LQJ�GLIIHUHQW�NLQGV�RI�NQRZOHGJH��,Q�UHVHDUFK�DV�ZHOO�DV

LQQRYDWLRQ��NQRZOHGJH�PD\�QRW�DOZD\V�EH�H[SORLWDEOH�LQ�LVRODWLRQ��EXW�RQO\�MRLQWO\�YLD�WKH

FRQWULEXWLRQ�RI�RWKHUV�

([SOLFLWO\�YLHZLQJ�NQRZOHGJH�WUDQVIHU�DV�HPERGLHG� LQ� LQGLYLGXDOV�KDV�D�UDQJH�RI

DQDO\WLFDO� LPSOLFDWLRQV�� 0RVW� LPSRUWDQWO\�� LW� PDNHV� NQRZOHGJH� WUDQVIHU� FRQWLQJHQW� RQ

LQGLYLGXDO�EHKDYLRXU��'HVSLWH�WKH�UROH�DWWULEXWHG�WR�WKH�LQGLYLGXDO�VFLHQWLVW�LQ�WKH�VWXGLHV

PHQWLRQHG�DERYH��WKLV�IDFW�KDV�QRW�EHHQ�V\VWHPDWLFDOO\�H[SORLWHG��5DWKHU�� WKH� LQGLYLGXDO

SUHGRPLQDQWO\� VHHPV� WR� SOD\� D� UROH� DV� D� FDUULHU� RI� QRQ�FRGLILDEOH� NQRZOHGJH� LQSXWV� WR

LQQRYDWLYH�SURMHFWV��DQG�LQ�DWWULEXWLQJ�WKHVH�LQSXWV�WR�YDULRXV�RUJDQLVDWLRQDO�VHWWLQJV��7KH

HVVHQWLDO� IHDWXUH� RI� WKH� DSSURDFK� WR� EH� RXWOLQHG�EHORZ� LV� WKH� DWWHPSW� WR� V\VWHPDWLFDOO\

H[SORLW� WKH� IDFW� WKDW� NQRZOHGJH� WUDQVIHUV� DUH� FRQWLQJHQW� RQ� LQGLYLGXDO� EHKDYLRXU�� ,Q

PDNLQJ�GHFLVLRQV�DERXW�ZKHWKHU�DQG�KRZ�WR�EHFRPH�LQYROYHG�ZLWK�D�SURMHFW�RU�ZRUN�IRU

DQ� RUJDQLVDWLRQ�� LQGLYLGXDOV� UHVSRQG� WR� D� VHW� RI� LQFHQWLYHV�� EHLQJ� DW� WKH� VDPH� WLPH

FRQVWUDLQHG� LQ�PDQ\�GLIIHUHQW�ZD\V��$V� EDVLF� DV� WKLV�PD\� VHHP�� LW� LV� UDWKHU� FHQWUDO� IRU

VWXG\LQJ�NQRZOHGJH�WUDQVIHUV��DQG�LQ�SDUWLFXODU�LI� WKH�UHVHDUFK�TXHVWLRQ� LV�UHODWHG�WR�WKH

FRQWLQJHQF\�RI�NQRZOHGJH�WUDQVIHUV�RQ�LQVWLWXWLRQDO�IHDWXUHV�RI�WKH�V\VWHP�

0RVW� VWXGLHV� IRFXV� RQ� NQRZOHGJH� WUDQVIHUV� ZKLFK� KDYH� EHHQ� UHDOLVHG� RU

LQQRYDWLRQV�ZKLFK�ZHUH� VXFFHVVIXO�� DQDO\VLQJ� WKHP� LQ� WHUPV� RI� WKH� LQVWLWXWLRQDO� DFWRUV

LQYROYHG��5DWKHU�OHVV�LV�XVXDOO\�VDLG�DERXW�ZK\�LQGLYLGXDOV�DFWXDOO\�HQJDJH�LQ�WUDQVIHUULQJ

NQRZOHGJH��8OWLPDWHO\��WKLV�GHFLVLRQ�LV�WKH�SUHFRQGLWLRQ�IRU�WKH�SURMHFW�WR�EH�VXFFHVVIXO�

0RUHRYHU��LQGLYLGXDO�FRQVWUDLQWV�DQG�WKH�ZD\�WKH\�DUH�SHUFHLYHG�ZLOO�WR�D�ODUJH�H[WHQW�EH

URRWHG�LQ�WKH�LQVWLWXWLRQDO�VWUXFWXUH��*LYHQ�WKH�VWURQJ�RULHQWDWLRQ�WRZDUGV�WKH�VWUXFWXUDO

GHWHUPLQDQWV� RI� NQRZOHGJH� WUDQVIHUV� HVSHFLDOO\� LQ� WKH� 16,� OLWHUDWXUH�� WKLV� IDFW� KDV

UHPDLQHG� VRPHZKDW� XQGHUH[SORLWHG�� ,Q� SDUWLFXODU�� LW� ZLOO� EH� VXJJHVWHG� WKDW� GDWD� RQ

VFLHQWLVWV·�FDUHHU�WUDMHFWRULHV�FDQ�UHYHDO�XVHIXO�LQIRUPDWLRQ�LQ�WKLV�UHVSHFW��7KH�HFRQRPLF

YDOXH�RI�VFLHQWLILF�NQRZOHGJH�FDQ�RQO\�EH�UHDOLVHG�YLD�WKH�LQGLYLGXDO�HPERG\LQJ�LW��EHLQJ

OLQNHG� WR� RWKHU� LQGLYLGXDOV� ZLWKLQ� D� FRPSOH[� VRFLDO� QHWZRUN�� $� V\VWHPDWLF� DQDO\VLV� RI

LQGLYLGXDO�FDUHHU�WUDMHFWRULHV�FDQ�SRWHQWLDOO\�EH�D�XVHIXO�GHYLFH� LQ� LPSRVLQJ�VWUXFWXUH�RQ

WKH�FRPSOH[LW\�RI�WKH�VFLHQFH�WHFKQRORJ\�LQWHUIDFH�

,,,��0HDVXULQJ�WKH�(FRQRPLF�9DOXH�RI�.QRZOHGJH

:KHQ�GHDOLQJ�ZLWK�WKH�LVVXH�RI�NQRZOHGJH�WUDQVIHU��ZKDW�LV�RIWHQ�NHSW�LPSOLFLW�LV

WKDW�ZKDW� LV� UHDOO\�PHDQW� LV�DQ�HIIHFWLYH� WUDQVIHU�� ,Q�RWKHU�ZRUGV�� WKHUH� LV� DQ� LQWHUHVW� LQ
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NQRZOHGJH� WUDQVIHU� EHFDXVH� LW� LV� EHLQJ� DVVXPHG� WKDW� XQGHU� FHUWDLQ� FRQGLWLRQV� WKDW

NQRZOHGJH�PD\�EH�RI�VRPH�HFRQRPLF�YDOXH��)XUWKHUPRUH��IRU�WKLV�WR�EH�WKH�FDVH��WKHUH

QHHGV� WR�EH� VRPHRQH� LQLWLDWLQJ� WKH� WUDQVIHU��7KLV� WUDQVIHU� FRXOG� EH� YLHZHG� IURP�PDQ\

GLIIHUHQW�SHUVSHFWLYHV�� IRU�H[DPSOH� WKH�RQH�RI� WKH� LQQRYDWLQJ� ILUP� WU\LQJ� WR�FRRUGLQDWH

NQRZOHGJH� LQSXWV� LQ� WKH� SXUVXLW� RI� SURILW�� LW� FRXOG� EH� YLHZHG� ZLWK� WKH� H\HV� RI� WKH

LQGLYLGXDO� VHHNLQJ� WR� DSSURSULDWH� WKH� YDOXH� RI� KLV� RU� KHU� HPERGLHG� NQRZOHGJH�� \HW

DQRWKHU�DOWHUQDWLYH�FRXOG�EH�WR�VKLIW�IRFXV�RQ�WKH�RULJLQDWLQJ�UHVHDUFK�LQVWLWXWLRQ�

0DQ\�TXDOLWDWLYH�VWXGLHV�RI�NQRZOHGJH�WUDQVIHU�DSSURDFK�WKH�SUREOHP�E\�WDNLQJ�D

VXFFHVVIXO� LQQRYDWLRQ� DW� WKH� OHYHO� RI� WKH� ILUP� DV� WKHLU� REMHFW� RI� VWXG\�� )RU� H[DPSOH�

*LEERQV�DQG�-RKQVWRQ��������RUJDQL]H�WKHLU� LQTXLU\�DURXQG�RQH�VSHFLILF�SURMHFW�� WU\LQJ

WR� WUDFH� WKH� GLIIHUHQW� FRQWULEXWLQJ� NQRZOHGJH� LQSXWV�� $V� DOUHDG\� LQGLFDWHG�� WKH� PDLQ

FRQWULEXWLRQ�RI�VXFK�ZRUN�LV�WR�SRLQW�RXW�WKDW�D�YDULHW\�RI�SRWHQWLDOO\�YHU\�KHWHURJHQHRXV

NQRZOHGJH� LQSXWV� SOD\� D� UROH�� 8VLQJ� WKLV� DSSURDFK� KRZHYHU� WR� DWWULEXWH� SHUFHQWDJHV

UHIOHFWLQJ� UHODWLYH� LPSRUWDQFH� RI� VRXUFHV� RI� NQRZOHGJH� SXVKHV� WKH� DSSURDFK� WR� LWV

FRQFHSWXDO� OLPLWV�� DV� VXFK� DQ� H[HUFLVH� UHTXLUHV� D� FRPPRQ� XQLW� RI� PHDVXUHPHQW��� )RU

H[DPSOH��*LEERQV�DQG�-RKQVWRQ��������VXJJHVW�WKDW�RI�WKH�NQRZOHGJH�REWDLQHG�RXWVLGH

WKH� FRPSDQ\�� ��� SHUFHQW� KDG� LWV� RULJLQ� LQ� EDVLF� UHVHDUFK�� $V� NQRZOHGJH� LV� D

PXOWLGLPHQVLRQDO� FRQFHSW� FKDUDFWHUL]HG� E\� LQGLYLVLELOLWLHV� DQG� FRPSOHPHQWDULWLHV�� LW

DSSHDUV�SUREOHPDWLF�WR�DWWULEXWH�VSHFLILF�HOHPHQWV�RI�RQHV�NQRZOHGJH�WR�YDULRXV�VRXUFHV�

7R�LOOXVWUDWH��GRHV�DWWULEXWLQJ����SHUFHQW�RI�NQRZOHGJH�WR�EDVLF�UHVHDUFK�DFWLYLW\

PHDQ� WKDW� WKLV� NQRZOHGJH� FDQ� EH� DWWDFKHG� D� YDOXH� RI� ��� SHUFHQW� RI� WKH� LQFUHPHQWDO

WXUQRYHU� RU� FRVW� UHGXFWLRQ� WKH� ILUP� LV� IDFHG� ZLWK� DIWHU� FDUU\LQJ� RXW� WKH� LQQRYDWLYH

SURMHFW"�&HUWDLQO\�QRW��7KH�YDOXH�RI�DOO� WKH�NQRZOHGJH�FRQWDLQHG� LQ� WKH� LQQRYDWLRQ�FDQ

FOHDUO\� RQO\� EH� UHDOL]HG� DV� D� YHU\� VSHFLILF� FRQVWHOODWLRQ� RI� NQRZOHGJH� LQSXWV

LQWHUFRQQHFWHG� WKURXJK� FRPSOHPHQWDULWLHV�� )XUWKHUPRUH�� DQ� DSSURDFK� EDVHG� RQ

VHSDUDWLQJ� RXW� VLQJOH� ELWV� RI� NQRZOHGJH� ZRXOG� EH� GLIILFXOW� WR� H[WHQG� WR� V\VWHPDWLFDOO\

FDSWXUH� WKH� HFRQRPLF�EHQHILW�RI�EDVLF� UHVHDUFK��:KDW� LV� VXJJHVWHG� WKHUHIRUH� LV� WR� VWDUW

IURP� D� VLQJOH� UHVHDUFK� RUJDQLVDWLRQ� DQG� DQDO\VH� WKH� ZD\� LWV� RXWSXW� LV� EHLQJ� GLIIXVHG

WKURXJK� WKH� V\VWHP�� $V� IDU� DV� GLUHFW� HIIHFWV�� LH� WKH� SXEOLFDWLRQ� RI� UHVHDUFK� RXWSXW�� LV

FRQFHUQHG�� WKLV� LV� FOHDUO\�ZLWKLQ� WKH� VFRSH� RI� VFLHQWRPHWULF� VWXGLHV�� 7KHUH� LV�� KRZHYHU

DQRWKHU�� PRUH� LQGLUHFW� HIIHFW� LQYROYHG� KHUH� ZKLFK� LV� VWURQJO\� UHODWHG� WR� WKH� VNLOOV�

VFLHQWLILF�PHWKRGV��HWF�LGHQWLILHG�DERYH�DV�IXUWKHU�HFRQRPLF�EHQHILWV�RI�EDVLF�UHVHDUFK�

                                                          
1 I am grateful to Laurent Bach for turning my attention to this point.



9

3UREDEO\�RQH�RI�WKH�PRVW�LQWHUHVWLQJ�UHVXOWV�RI�WKH�*LEERQV�DQG�-RKQVWRQ�VWXG\

LV�WKDW�LQ�WKHLU�FDWHJRU\�RI�SHUVRQDO�NQRZOHGJH��DQ�HOHPHQW�RI�NQRZOHGJH�RIWHQ�FRXOG�QRW

EH�DWWULEXWHG�WR�DQ\WKLQJ�PRUH�VSHFLILF�WKDQ�HGXFDWLRQ�DQG�H[SHULHQFH��FRPS��S������6R

LQVWHDG�RI�WU\LQJ�WR�GHWHUPLQH�WKH�YDOXH�RI�WKH�NQRZOHGJH�LQ�WHUPV�RI�FRQWULEXWLRQ�WR�WKH

LQQRYDWLYH�SURMHFW��RQH�PD\�UDWKHU�XVH�DV�DQ�LQGLFDWRU�IRU�LWV�YDOXH�WKH�EHQHILW�GHULYHG�E\

WKH� LQGLYLGXDO� IURP� WUDQVIHUULQJ� WKDW� NQRZOHGJH�� 7KLV� DPRXQWV� WR� D� IXQGDPHQWDO

PHWKRGRORJLFDO� UHRULHQWDWLRQ�� EXW� DSSHDUV� WR� EH� IOH[LEOH� WRRO� WR� WKH� VWXG\� RI� KRZ

NQRZOHGJH�GLIIXVHV�WKURXJK�D�V\VWHP��,W�PXVW�EH�PDGH�FOHDU�WKRXJK�WKDW�WKLV�LV�VXJJHVWHG

DV�DQ�DWWHPSW�WR�FDSWXUH�WKH�LQGLUHFW�HIIHFWV�RI�EDVLF�UHVHDUFK��QDPHO\�WKRVH�LQ�DGGLWLRQ�WR

SXEOLVKHG�UHVHDUFK�RXWSXW�

,I�LQGLYLGXDOV�HQJDJHG�LQ�EDVLF�UHVHDUFK�DFWLYLW\�DUH�K\SRWKHVL]HG�WR�EH�FDUULHUV�RI

YDOXDEOH� NQRZOHGJH�� WKH� TXHVWLRQ� RI� KRZ� WKLV� YDOXH� LV� GHWHUPLQHG� DULVHV�� ,I� WKLV

NQRZOHGJH�FDQQRW�HIIHFWLYHO\�EH�FRGLILHG��LWV�YDOXH�DW�D�JLYHQ�SRLQW�LQ�WLPH�ZLOO�FHUWDLQO\

EH�D�IXQFWLRQ�RI�WKH�QXPEHU�RI� LQGLYLGXDOV�DYDLODEOH�ZKR�SRVVHVV�WKDW�NQRZOHGJH��2QH

WKH� RWKHU� KDQG�� DV� WKLV� NQRZOHGJH� GLIIXVHV� WKURXJK� WUDLQLQJ� DQG� DW� WKH� VDPH� WLPH� LV

JUDGXDOO\� EHLQJ� UHSODFHG� E\� RWKHU� WHFKQLTXHV�� LW� EHFRPHV� RXWGDWHG� DQG� ORVHV� YDOXH�� ,Q

YLHZ� RI� WKH� HYLGHQFH� RQ� WKH� VLJQLILFDQFH� RI� WKH� LQGLUHFW� HIIHFWV� RI� EDVLF� UHVHDUFK�� LW

DSSHDUV�LPSRUWDQW�WR�GHYLVH�D�JHQHUDO�DQG�HQFRPSDVVLQJ�DSSURDFK�LQ�RUGHU�WR�VWXG\�KRZ

NQRZOHGJH� GLIIXVHV� WKURXJK� WKH� V\VWHP�� 7KH� IROORZLQJ� VHFWLRQ� ZLOO� RXWOLQH� VXFK� DQ

DSSURDFK�LQ�PRUH�GHWDLO��VKRZLQJ�ZK\�IRFXV�VKRXOG�EH�RQ�WKH�LQGLYLGXDO�

,9��7KH�,QGLUHFW�(IIHFWV�RI�%DVLF�5HVHDUFK��$Q�(QFRPSDVVLQJ�$SSURDFK

7KH�HPSLULFDO�TXHVWLRQ�WR�EH�DGGUHVVHG�EHORZ�LV�LQ�KRZ�IDU�WKH�HQWLW\�RI�VFLHQWLILF

NQRZOHGJH�JHQHUDWHG�DQG�GHYHORSHG�LQ�RQH�VSHFLILF�RUJDQLVDWLRQDO�FRQWH[W� ��ZLWK�DOO� LWV

GLYHUVH�DVSHFWV���FDQ�SRWHQWLDOO\�EH�WUDQVIHUUHG�DQG�DGDSWHG�WRZDUGV�RWKHU�VHWWLQJV��ZKLFK

PD\� IROORZ� D� GLIIHUHQW� ORJLF� DQG� EH� JRYHUQHG� E\� GLIIHUHQW� PRWLYDWLRQV�� 5DWKHU� WKDQ

IRFXVLQJ�RQ�DFWXDOO\�UHDOL]HG�WUDQVIHUV�� WKH�FRQFHUQ� LV� WKHUHIRUH�PRUH�ZLWK�WKH�SRWHQWLDO

UHDFK�RI�VSHFLDOLVW�NQRZOHGJH� LQ�WHUPV�RI� LWV�DSSOLFDELOLW\��)XUWKHUPRUH�� LI�NQRZOHGJH� LV

WUDQVIHUUHG�YLD�WKH�PRYHPHQWV�RI�LQGLYLGXDOV��WKH�TXHVWLRQ�DULVLQJ�LPPHGLDWHO\�DIWHUZDUGV

LV�RQ�ZKDW�EDVLV�WKLV�ZLOO�KDSSHQ��,Q�WKH�FRQWH[W�RI�EDVLF�UHVHDUFK�LQVWLWXWLRQV��LW�LV�FOHDUO\

WKH�SXEOLVKHG� UHVXOWV�RI� UHVHDUFK�ZKDW� KDV� UHFHLYHG�PRVW� DWWHQWLRQ��3RLQW� RI� GHSDUWXUH

KHUH�LV�WKH�REVHUYDWLRQ�WKDW�DQ�H[FOXVLYH�UHOLDQFH�RQ�RXWSXW�EDVHG�LQGLFDWRUV�LQ�DVVHVVLQJ

WKH� HFRQRPLF� FRQWULEXWLRQ� RI� EDVLF� UHVHDUFK� LV� OLPLWHG� DQG� QHHGV� WR� EH� H[WHQGHG� E\

LQFOXGLQJ� OHVV� WDQJLEOH� DQG� PRUH� LQGLUHFW� DVSHFWV� RI� WKH� VFLHQWLILF� SURFHVV� OLNH� VNLOOV�
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PDVWHU\� RI� WHFKQLTXHV� DQG� DFFHVV� WR� QHWZRUNV�� ,W� PD\� WKHQ� ZHOO� EH� WKH� FDVH� WKDW� WKH

WUDQVIHU� RI� NQRZOHGJH� LV� SULPDULO\�PRWLYDWHG� E\� WKH� DSSOLFDELOLW\� RI� WKLV� ODWWHU� NLQG� RI

NQRZ�KRZ� WR� RWKHU� FRQWH[WV�� UDWKHU� WKDQ� WKH� DFWXDO� NQRZOHGJH� ZKLFK� FRXOG� EH

WUDQVIHUUHG� YLD� SXEOLFDWLRQV��2I� FRXUVH� D� UDQJH� RI� IXUWKHU� GLVWLQFWLRQV� FRXOG� EH�PDGH�

VXFK�DV�LQWR�VNLOOV�ZKLFK�DUH�VSHFLILF�WR�WKH�VFLHQWLILF�ILHOG�ZKHUH�WKH\�DUH�ILUVW�GHYHORSHG�

VXFK� DV� FHUWDLQ� JHQH�LGHQWLILFDWLRQ� WHFKQLTXHV�� DQG� VXFK� ZKLFK� DUH� RI� D� PRUH� JHQHUDO

QDWXUH��OLNH�DGYDQFHG�,7�VNLOOV�

7KH�PDLQ� IDFW� WR�EH� H[SORLWHG�KHUH� LV� WKH� DVVXPSWLRQ� WKDW� LI� VFLHQWLVWV�SHUFHLYH

VRPH� HFRQRPLF� YDOXH� WR� WKH� NQRZOHGJH� WKH\� HPERG\� LQ� FRQWH[WV� RWKHU� WKDQ� EDVLF

UHVHDUFK�LQVWLWXWLRQV��WKLV�ZLOO�KDYH�D�V\VWHPDWLF�LPSDFW�RQ�WKHLU�EHKDYLRXU��,Q�SDUWLFXODU�

UHIHUHQFH� LV�PDGH� WR� WKH�NLQG�RI�EHKDYLRXU�JRYHUQLQJ�FDUHHU�SDWWHUQV�RI� VFLHQWLVWV�� DQG

KRZ�WKH\�JR�DERXW�DSSURSULDWLQJ�WKH�NQRZOHGJH�WKH\�DFFXPXODWHG�ZKLOH�HQJDJHG�LQ�EDVLF

UHVHDUFK�DFWLYLW\��7R�VWDUW�ZLWK��RQH�PD\�GHILQH�D�SRSXODWLRQ�RI�VFLHQWLVWV�ZLWK�D�VLPLODU

FDUHHU�KLVWRU\�LQ�D�EDVLF�UHVHDUFK�LQVWLWXWLRQ�DQG�VWXG\�ZKDW�WKHVH�SHRSOH�GR�DIWHU�OHDYLQJ�

:KDW�WKLV�FRPHV�GRZQ�WR�LV�WR�VWXG\�WXUQRYHU�UDWHV�WR�GLIIHUHQW�GHVWLQDWLRQV��VXFK�DV�WKH

DFDGHPLF� VHFWRU�� LQGXVWULDO� ILUPV�� RU� VHUYLFH�UHODWHG� DFWLYLWLHV� LQ� WKH� HFRQRP\��2QH� FDQ

WKHQ�GHWHUPLQH�KRZ�ODUJH�D�SHUFHQWDJH�RI�WKRVH�VFLHQWLVWV�ZLWK�D�FHUWDLQ�TXDOLILFDWLRQ�OLNH

IRU� H[DPSOH� D� 3K'� HQGV� XS� LQ� GLIIHUHQW� LQGXVWULHV�� ,I� IRU� H[DPSOH� LW� WXUQV� RXW� WKDW� [

SHUFHQW�RI�D�GHILQHG�FRKRUW�ZRUN�DV� LQGXVWULDO� VFLHQWLVWV� LQ� WKH�VHPLFRQGXFWRU� LQGXVWU\�

RQH�FRXOG�WKHQ�JR�RQ�WR�LQYHVWLJDWH�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�NQRZOHGJH�DFFXPXODWHG

GXULQJ�D�3K'�LQ�H[SHULPHQWDO�SK\VLFV�DQG�SURIHVVLRQDO�VXFFHVV� LQ� WKLV� LQGXVWU\��6LPLODU

LQYHVWLJDWLRQV�FRXOG� IROORZ� WKH�REVHUYDWLRQ� WKDW� WKH� ILQDQFLDO� VHFWRU� VWHDGLO\� DSSHDUV� WR

LQFUHDVH�LWV�LPSRUWDQFH�DV�D�SURVSHFWLYH�HPSOR\HU�IRU�3K'�SK\VLFLVWV�

$ORQJ� VXFK� OLQHV� LW� VKRXOG� EH� SRVVLEOH� WR� REWDLQ� D� SDWWHUQ� RI� WKH� SRWHQWLDO

DSSOLFDWLRQV�RI�EDVLF�UHVHDUFK�NQRZOHGJH�RQ�WKH�EDVLV�RI�D�V\VWHPDWLF�DQDO\VLV�RI�SHRSOH·V

GHVWLQDWLRQV��,Q�D�ZD\��WKH�HQWLUH�DSSURDFK�LV�EDVHG�RQ�WKH�LGHD�WKDW�LQGLYLGXDOV�ZKR�KDYH

DFFXPXODWHG� NQRZOHGJH� ZLOO� LQ� WKHLU� FDUHHU� DVSLUDWLRQV� EH� GULYHQ� E\� WKH� GHVLUH� WR

DSSURSULDWH�WKH�NQRZOHGJH�WKH\�HPERG\��7KH�FDVH�LV�RU�FRXUVH�PRVW�VWUDLJKWIRUZDUG�IRU

VFLHQWLVWV�ZKR�OHDYH�UHVHDUFK�HVWDEOLVKHPHQWV�LQ�RUGHU�WR�VWDUW�XS�WKHLU�RZQ�FRPSDQ\�DQG

H[SORLW� WKH� FRPPHUFLDO� YDOXH� RI� WKHLU� NQRZOHGJH�� )RU� VFLHQWLVWV� WR� XQGHUWDNH� VXFK� D

YHQWXUH� TXLWH� D� VSHFLILF� FRQVWHOODWLRQ� RI� IDYRXUDEOH� IDFWRUV� DSSHDUV� WR� EH� UHTXLUHG� DV

SUHFRQGLWLRQ�� LQFOXGLQJ� WKH� QDWXUH� RI� WKH� NQRZOHGJH� LQ� TXHVWLRQ�� 7KLV� DVSHFW� RI

NQRZOHGJH� WUDQVIHU� KDV� EHHQ� DQDO\VHG� DW� OHQJWK� LQ� WKH� OLWHUDWXUH�� ZKHUHDV� D� VHFRQG�

FRQFHSWXDOO\�FORVHO\�UHODWHG�LQVWDQFH�RI�NQRZOHGJH�WUDQVIHU�KDV�EHHQ�UHODWLYHO\�QHJOHFWHG�
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7KH� DOWHUQDWLYH� RSWLRQ� RSHQ� WR� VFLHQWLVWV� LV� RI� FRXUVH� WR� VHHN� HPSOR\PHQW� LQ� DQ

LQFXPEHQW�ILUP�DW�D�FHUWDLQ�SRLQW�RI�WKH�FDUHHU��H[SHFWLQJ�WR�EH�PRUH�IXOO\�FRPSHQVDWHG

IRU�WKH�HFRQRPLF�YDOXH�RI�WKHLU�NQRZOHGJH� �'DVJXSWD�	�'DYLG���������2Q�WKH� OHYHO�RI

WKH�HQWLUH�SRSXODWLRQ��LQ�PDQ\�VFLHQWLILF�ILHOGV�WKHUH�PD\�EH�D�VLJQLILFDQW�LPSDFW�LQ�WHUPV

RI�HFRQRPLF�YDOXH�DGGHG�E\�WKRVH�VFLHQWLVWV�KDYLQJ�PLJUDWHG�LQWR�LQFXPEHQW�ILUPV�

7KH�DSSURDFK�RI�FRXUVH�FUXFLDOO\�KLQJHV�RQ�WKH�GHILQLWLRQ�RI�ZKDW�LV�FRQVLGHUHG�D

WR� EH� D� VXFFHVVIXO� WUDQVIHU� DQG�ZKDW� LV� VLPSO\� D� FDVH� RI� RFFXSDWLRQDO�PLVPDWFK� LQ� WKH

VHQVH�WKDW�VRPHRQH�JHWV�HPSOR\HG�E\�D�ILUP��EXW�QRW�SULPDULO\�RQ�WKH�EDVLV�RI�SUHYLRXVO\

DFFXPXODWHG�NQRZOHGJH��6WXG\LQJ�WKH�WUDQVIHU�RI�NQRZOHGJH�IURP�D�OLIH�F\FOH�SHUVSHFWLYH

RI� LQGLYLGXDO�VFLHQWLVWV� UHTXLUHV� WR�EXLOG�XSRQ�VXFFHVV� LQGLFDWRUV�ZKLFK�FDQ�EH�DQDO\VHG

IROORZLQJ� D� VSHFLILHG� WLPH�KRUL]RQ� IROORZLQJ� WKH� FDUHHU� WUDQVLWLRQ�� OLQNLQJ� ´VXFFHVV´� WR

WKH�FDUHHU�SDWK�RI�WKH�LQGLYLGXDO�VSHQW�LQ�EDVLF�UHVHDUFK�

7KH� PRVW� VWUDLJKWIRUZDUG� LQGLFDWRU� WR� WKH� HFRQRPLF� YDOXH� DWWULEXWHG� WR� WKLV

NQRZOHGJH�LV�RI�FRXUVH�WKH�ZDJH�DQ�LQGLYLGXDO�ZRXOG�UHFHLYH�IURP�D�SRWHQWLDO�HPSOR\HU�

)RU� H[DPSOH�� WKH�ZDJH� ILUVW� UHFHLYHG� E\� D� 3K'� FKHPLVW�ZKHQ�PRYLQJ� WR� WKH�*HUPDQ

FKHPLFDO�LQGXVWU\�LV�DERXW����SHUFHQW�KLJKHU�WKDQ�WKH�ZDJH�UHFHLYHG�E\�VRPHRQH�ZLWK�D

IRXU�\HDU� 8QLYHUVLW\� GHJUHH��� 7KLV� FRXOG� LQ� VRPH�ZD\� EH� LQWHUSUHWHG� DV� WKH� HFRQRPLF

YDOXH�RI�WKH�LQGLYLGXDOV�HPERGLHG�NQRZOHGJH��+RZHYHU��JRLQJ�EH\RQG�WKH�LQLWLDO�HDUQLQJV

GLIIHUHQWLDO��LW�ZRXOG�DOVR�EH�LQWHUHVWLQJ�WR�VHH�LQ�KRZ�IDU�WKH�VXEVHTXHQW�FDUHHU�G\QDPLFV

DUH�GLIIHUHQW�²�QRW�RQO\�LQ�WHUPV�RI�HDUQLQJV�EXW�DOVR�ZLWK�UHVSHFW�WR�WKH�WDVNV�WDNHQ�XS

ODWHU��$�IXUWKHU�LVVXH�IRU�LQYHVWLJDWLRQ�LV�LQ�KRZ�IDU�WKH�LQGLYLGXDO�LQ�TXHVWLRQ�LV�DFWLYHO\

HQJDJHG�LQ�GLIIXVLQJ�LWV�NQRZOHGJH��IRU�H[DPSOH�E\�WUDLQLQJ�FROOHDJXHV�RU�GLUHFWLQJ�VD\��D

SURMHFW�JURXS�ZLWKLQ�WKH�ILUP·V�5	'�GHSDUWPHQW�

2I� FRXUVH�� WKH� JHQHUDO� VFRSH� RI� HDFK� LQYHVWLJDWLRQ� LV� FRQVWUDLQHG� E\� WKH

DYDLODELOLW\�RI�GDWD��5HFHQWO\�� LV�KDV�EHHQ�DUJXHG�WKDW�D�GDWD�VRXUFH�ZKLFK�KDV�JHQHUDOO\

UHPDLQHG�XQGHUH[SORLWHG�LQ�HFRQRPLFV�LV�FXUULFXOXP�YLWD�GDWD��'LHW]�HW��DO��������'HVSLWH

EHLQJ�UHODWLYHO\�IUHH�DYDLODEOH��LW�GHPDQGV�D�ORW�RI�HIIRUW�LQ�WHUPV�RI�FRGLQJ�IRU�VWDWLVWLFDO

DQDO\VLV�� 7KHUH� LV� D� EURDG� UDQJH� RI� LQVLJKWV� ZKLFK� FDQ� EH� JDLQHG� IURP� SHRSOH·V� &9V�

SDUWLFXODUO\� DV� WKH\� FDQ� EH� LQWHUSUHWHG� DV� D� WUDFH� WKURXJK� WKH� GLIIHUHQW� RUJDQLVDWLRQV

SHRSOH� KDYH� EHHQ� DIILOLDWHG� ZLWK� RYHU� WKH� FRXUVH� RI� WKHLU� FDUHHU�� +RZHYHU�� LI� RQH� LV

LQWHUHVWHG�LQ�WKH�SUHFLVH�QDWXUH�RI�WKH�NQRZOHGJH�WUDQVIHU�WDNLQJ�SODFH�DQG�ZKDW�DVSHFWV

RI� NQRZOHGJH� DUH� LQYROYHG�� IXUWKHU� PHWKRGV� RI� LQYHVWLJDWLRQ� OLNH� TXHVWLRQQDLUHV� RU

SHUVRQDO� LQWHUYLHZV�PXVW� EH� DSSOLHG�� $W� WKLV� SRLQW� KRZHYHU� GDWD� SURWHFWLRQ� LVVXHV� DUH

                                                          
2 (http://www.gdch.de/arbeitsv/berufka.htm#m1100)
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OLNHO\�WR�JHW�D�JULS�DV�IRU�WKH�VWXG\�RI�D�SUHYLRXVO\�GHILQHG�SRSXODWLRQ�RI�SHRSOH�DGGUHVV

GDWD�LV�QHHGHG�WR�FRQWDFW�WKHP��6RPH�RI�WKHVH�SUDFWLFDO�LVVXHV�UHFHLYH�IXUWKHU�DWWHQWLRQ�LQ

WKH�SURMHFW�RXWOLQH�FRQWDLQHG�LQ�WKH�$SSHQGL[�

9��*HQHUDO�6FRSH�DQG�5HODWLRQ�WR�2WKHU�:RUN

7KH� DSSURDFK� VNHWFKHG� KHUH� GLIIHUV� LQ� VRPH� IXQGDPHQWDO� UHVSHFWV� IURP� D�� WKH

ZD\�EDVLF�UHVHDUFK�KDV�VR�IDU�PDLQO\�EHHQ�FRQFHSWXDOLVHG�LQ�WKH�16,�IUDPHZRUN�DQG�E�

HPSLULFDO� VWXGLHV� DWWHPSWLQJ� WR� TXDQWLI\� NQRZOHGJH� IORZV� EHWZHHQ� EDVLF� UHVHDUFK

RUJDQLVDWLRQV�DQG� WHFKQRORJLFDO� DSSOLFDWLRQV��7KH�SDSHU�GHSDUWHG� IURP� WKH�REVHUYDWLRQ

WKDW�EDVLF�UHVHDUFK�LV�VHHQ�WR�KDYH�DQ�LPSDFW�RQ�LQQRYDWLYH�SHUIRUPDQFH�PDLQO\�RYHU�WKH

ORQJHU�WHUP��DQG�WKDW�VWXGLHV�RI�LWV�FRQWULEXWLRQ�KDYH�RIWHQ�IRFXVHG�RQ�UHVHDUFK�RXWSXW�DV

FRQWDLQHG� LQ� VFLHQWLILF� SXEOLFDWLRQV�� (YLGHQFH� IRU� IXUWKHU� DQG�PRUH� LQGLUHFW� HFRQRPLF

HIIHFWV�RI�EDVLF�UHVHDUFK�KDV�EHHQ�HVWDEOLVKHG�E\�D�UDQJH�RI�VPDOOHU�VFDOH�FDVH�RU�VHFWRUDO

VWXGLHV�ZKLFK�DUH�JHQHUDOO\�PRUH�TXDOLWDWLYH�LQ�QDWXUH��+RZHYHU��LW�ZDV�DUJXHG�WKDW�WKHVH

VWXGLHV�KDYH�QRW�EHHQ�FRQGXFWHG�ZLWKLQ�D�KRPRJHQRXV�FRQFHSWXDO�IUDPHZRUN�

%\�WU\LQJ�WR�DUJXH�WKDW�LQ�JHQHUDO�NQRZOHGJH�WUDQVIHUV�VKRXOG�EH�VWXGLHG�IURP�WKH

SHUVSHFWLYH� RI� WKH� LQGLYLGXDO� HPERG\LQJ� WKDW� NQRZOHGJH�� LW� LV� VXEPLWWHG� WKDW� VXFK� DQ

DSSURDFK� FDQ� JLYH� D� IXOOHU� DQG� ULFKHU� DFFRXQW� IRU� LQGLUHFW� HFRQRPLF� HIIHFWV� RI� EDVLF

UHVHDUFK� DFWLYLW\�� %\� WDNLQJ� WKH� LQGLYLGXDO� DV� WKH� XQLW� RI� DQDO\VLV�� YDOXDWLRQ� RI� WKH

HPERGLHG� NQRZOHGJH� PXVW� SURFHHG� WKURXJK� WKH� XVH� RI� LQGLUHFW� LQGLFDWRUV� ZKLFK� LQ

JHQHUDO�PXVW�FRQYLQFLQJO\�EH�DEOH�WR�FRQQHFW�FDUHHU�VXFFHVV�ZLWK�WKH�SUHYLRXV�NQRZOHGJH

DFFXPXODWLRQ� ZKLOH� HQJDJHG� LQ� EDVLF� UHVHDUFK� DFWLYLW\�� 6XFK� LQGLFDWRUV� FRXOG� EH� ZDJH

GLIIHUHQWLDOV�� EXW� DOVR� UHVSRQVLELOLW\� IRU� EXGJHWV� DV� ZHOO� DV� UHVSRQVLELOLW\� IRU� RWKHU

HPSOR\HHV���

7KH� GLVWLQJXLVKLQJ� IHDWXUH� RI� WKLV� DSSURDFK� WKDW� LW� H[SOLFLWO\� OLQNV� WUDQVIHU

DFWLYLWLHV� WR� WKH� EHKDYLRXU� RI� LQGLYLGXDOV�� IRUHPRVW� WR� WKH� GHFLVLRQV� DERXW� FDUHHU

WUDQVLWLRQV��7KH�IXQGDPHQWDO�DVVXPSWLRQ�LV�WKDW�LQ�PDNLQJ�VXFK�GHFLVLRQV�LQGLYLGXDOV�DUH

E\�DQG�ODUJH�JXLGHG�E\�D�GHVLUH�WR�DSSURSULDWH�WKH�YDOXH�RI�WKHLU�NQRZOHGJH��2I�FRXUVH�

WKLV�LV�QRW�WR�LPSO\�WKDW�DSSURSULDWLRQ�LVVXHV�DUH�WKH�RQO\� LQIOXHQFH�RQ�SHRSOH·V�FDUHHUV�

5DWKHU��SHRSOH�IDFH�D�UDQJH�RI�FRQVWUDLQWV��QRW�OHDVW�EHFDXVH�OLIH�F\FOHV�DUH�LQWHUFRQQHFWHG

LQ�PDQ\�GLIIHUHQW�ZD\V��+RZHYHU��DW�WKH�OHYHO�RI�D�SRSXODWLRQ�ZLWK�VLPLODU�TXDOLILFDWLRQV�

LW�VKRXOG�EH�SRVVLEOH�WR�REVHUYH�VWDWLVWLFDO�UHJXODULWLHV�

)XUWKHUPRUH�� LQFRUSRUDWLQJ� LQGLYLGXDO� FRQVWUDLQWV� FDQ� DFWXDOO\� EH� VHHQ� DV� DQ

DGYDQWDJH� RI� WKLV� DSSURDFK�� VLQFH� LW� RSHQV� WKH� DYHQXH� WR� VWXG\� KRZ� WKH� LQVWLWXWLRQDO

VWUXFWXUH� RI� WKH� V\VWHP� LPSDFWV� XSRQ� NQRZOHGJH� WUDQVIHU�� ,I� IRU� H[DPSOH� LW� FDQ� EH
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LGHQWLILHG�LQ�WKLV�ZD\�ZKDW�WKH�IHDWXUHV�DUH�ZKLFK�LQGXFH�LQGLYLGXDOV�WR�OHDYH�D�UHVHDUFK

RUJDQLVDWLRQ�DQG�WDNH�XS�HPSOR\PHQW�LQ�WKH�SULYDWH�VHFWRU��FUXFLDO�IHDWXUHV�RI�WKH�V\VWHP

PLJKW�EH�WDUJHWHG�LQ�RUGHU�WR�LPSURYH�VXFK�NQRZOHGJH�WUDQVIHU��$OVR��GLIIHUHQFHV�LQ�WKH

HIIHFWLYHQHVV�RI�GLIIHUHQW�ZD\V�RI�WUDQVIHUULQJ�NQRZOHGJH�DFURVV�VFLHQWLILF�GLVFLSOLQHV�PD\

EH� VWXGLHG�� ,Q� WKLV� VHQVH�� VXFK� DQ� HQFRPSDVVLQJ� DSSURDFK� PD\� EH� D� YDOXDEOH� WRRO� LQ

VWXG\LQJ�VRPH�RI�WKH�PDLQ�TXHVWLRQV�UDLVHG�LQ�WKH�OLWHUDWXUH�RQ�16,�E\�DOORZLQJ�WR�JDLQ

IXUWKHU� LQVLJKWV� RQ� WKH� V\VWHPLF� IHDWXUHV� ZKLFK� GHWHUPLQH� GLIIHUHQWLDO� SHUIRUPDQFH� LQ

JHQHUDWLQJ�DQG�GLIIXVLQJ�QHZ�VFLHQWLILF�DQG�WHFKQRORJLFDO�NQRZOHGJH�LQ�16,�

)LQDOO\��D�VWUHQJWK�RI�WKH�SHUVSHFWLYH�RQ�WKH�LQGLYLGXDO�VXEPLWWHG�KHUH�VKRXOG�EH

WKDW� LV� FDQ� UHODWLYHO\� HDVLO\�EH� LQWHJUDWHG�ZLWK�RWKHU� DSSURDFKHV��)RU� H[DPSOH�� VWXG\LQJ

LQGLYLGXDO�VFLHQWLVWV�PD\�DV�ZHOO�EH�GRQH�ZLWKLQ�D�VFLHQWRPHWULF�IUDPHZRUN��3DWHQWV�IRU

H[DPSOH� OLVW� WKH� QDPHV� RI� WKRVH� LQYROYHG� LQ� WKH� JHQHUDWLRQ� RI� WKLV� QHZ� NQRZOHGJH�

WRJHWKHU� ZLWK� WKHLU� LQVWLWXWLRQDO� DIILOLDWLRQ�� $ORQJ� VXFK� OLQHV��0��*LWWHUPDQ� ������� KDV

VKRZQ� KRZ� WKH� NQRZOHGJH� HPERGLHG� LQ� WKRVH� LQGLYLGXDOV� LQYROYHG� ZLWK� WKH� SDWHQW

DSSOLFDWLRQ� FDQ� EH� WUDFHG� WR� GLIIHUHQW� LQVWLWXWLRQV� WKH� SHUVRQ� KDV� SDWHQWHG� ZLWK� RU

SXEOLVKHG�IRU�HDUOLHU��7KH�SULPDU\�LQGLFDWRU�RI�NQRZOHGJH�WUDQVIHU�LV�WKHUHIRUH�QR�ORQJHU

WKH�FLWDWLRQ�SDWWHUQ��WR�RWKHU�SDWHQWV�RU�VFLHQWLILF�SXEOLFDWLRQV���EXW�UDWKHU�WKH�LQGLYLGXDO

FDUHHU�SDWKV�DFURVV�GLIIHUHQW�LQVWLWXWLRQV�RI�WKH�VFLHQWLVWV�LQYROYHG��7KLV�W\SH�RI�DSSURDFK

KRZHYHU�XOWLPDWHO\� DOVR�PXVW� UHO\�RQ�SHRSOH�FRGLI\LQJ�NQRZOHGJH��2Q� WKH�RWKHU�KDQG�

WKH�IDFW�WKDW�VRPH�NQRZOHGJH�LV�QRW�FRGLILHG�VKRXOG�QRW�EH�WDNHQ�WR�PHDQ�WKDW�LW�ZLOO�QRW

KDYH�DQ\�HFRQRPLF�LPSOLFDWLRQV�
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$SSHQGL[��3URMHFW�2XWOLQH

7KH� VSHFLILF� SURMHFW� SURSRVHG� DLPV� WR� H[SORUH� WKH� LQFLGHQFH� RI� HPERGLHG

NQRZOHGJH� WUDQVIHUV�DW� WKH�0D[�3ODQFN�6RFLHW\� �036�� LQ�*HUPDQ\�� ,W� FRQVLVWV�RI� VRPH

��� LQVWLWXWHV�� GLYLGHG� LQWR� D� &KHPLVWU\�3K\VLFV�7HFKQRORJ\� 6HFWLRQ� �&37��� D� %LRORJ\�

0HGLFLQH�6HFWLRQ��%0���DQG�D�+XPDQLWLHV�6HFWLRQ��%\�IDU�WKH�ODUJHVW�VKDUH�RI�UHVRXUFHV�LV

GHYRWHG�WR�WKH�QDWXUDO�VFLHQFHV��WKDW�LV��WKH�ILUVW�WZR�VHFWLRQV��ZKLFK�DUH�WKH�IRFXV�RI�WKH

SURMHFW�� 7KH� ODUJHO\� SXEOLFO\� IXQGHG� 6RFLHW\� LV� RUJDQLVHG� DFFRUGLQJ� WR� WKH� VR�FDOOHG

+DUQDFN�3ULQFLSOH�� PHDQLQJ� WKDW� LQGLYLGXDO� LQVWLWXWHV� DUH� ODUJHO\� GHVLJQHG� WRZDUGV� WKH

QHHGV� RI� VSHFLILF� LQGLYLGXDO� VFLHQWLVWV� KHDGLQJ� WKH� LQVWLWXWHV�� 7KDW� DOVR� LPSOLHV� WKDW� WKH

RYHUDOO� VWUXFWXUH� LV�TXLWH� IOH[LEOH��ZLWK�QHZ� LQVWLWXWHV�EHLQJ� IRXQGHG� LQ�SURPLVLQJ� DUHDV

DQG�RWKHUV�FORVHG�DIWHU�WKHLU�UHVHDUFK�PLVVLRQ�KDV�EHHQ�FRPSOHWHG�

7KH�RYHUDOO�RULHQWDWLRQ�RI�WKH�036�LV�FOHDUO\�WRZDUGV�EDVLF�UHVHDUFK��FRQWUDVWLQJ

ZLWK� WKH� )UDXQKRIHU�6RFLHW\�� ZKRVH� IRFXV� LV� ODUJHO\� RQ� DSSOLHG� UHVHDUFK��:LWKLQ� HDFK

6HFWLRQ�� WKH� UHVHDUFK�SXUVXHG�E\� WKH� ,QVWLWXWHV� LV� UDWKHU� GLYHUVH�� ,Q� WKH�&37�� LW� UDQJHV

IURP�WKH�03,�IRU�0DWHULDOV�6FLHQFHV�RU�WKH�03,�IRU�0HWDOOXUJ\�RYHU�D�ODUJH�VSHFWUXP�WR

,QVWLWXWHV�OLNH�WKH�03,�IRU�5DGLRDVWURQRP\��,Q�WKH�%0��RULHQWDWLRQV�RI�LQVWLWXWHV�DUH�MXVW

DV�GLYHUVH��7KDW�VKRZV�KRZ�LQTXLULHV�LQWR�TXHVWLRQV�RI�TXLWH�D�GLYHUVH�QDWXUH�DUH�JURXSHG

XQGHU�WKH�ODEHO�RI�EDVLF�UHVHDUFK��2QO\�WR�D�OLPLWHG�H[WHQW�GR�IRUPDO�NQRZOHGJH�WUDQVIHUV

WDNH�SODFH�YLD� WKH� UHJLVWUDWLRQ�RI�SDWHQWV��ZKLFK� DUH�PDQDJHG�E\� DQ� DIILOLDWHG� FRPSDQ\

FDOOHG�*DUFKLQJ�,QQRYDWLRQ�*PE+��*HQHUDOO\��UHVHDUFK�UHVXOWV�DUH�SXEOLVKHG�LQ�VFLHQWLILF

MRXUQDOV�� 7KHUH� KDYH� DOVR� EHHQ� ��� VWDUW�XS� ILUPV�� RULJLQDWLQJ�PDLQO\� LQ� WKH� %0� RI� WKH

036��FRPS��)UDQNIXUWHU�$OOJHPHLQH�=HLWXQJ���WK�$XJ�������

7KH� HPSOR\PHQW� VWUXFWXUH� RI� WKH� 036� FRPSULVHV� GRFWRUDO� VWXGHQWV�� SRVW�

GRFWRUDO� IHOORZV�� VFLHQWLVWV�� YLVLWLQJ� VFLHQWLVWV�� DQG� VFLHQWLILF� PHPEHUV� RI� WKH� 036�

(PSOR\PHQW�FRQWUDFWV�DUH�JHQHUDOO\�OLPLWHG�WR�WLPH�SHULRGV�EHWZHHQ�RQH�DQG�ILYH�\HDUV�

1DWXUDOO\�� IRU�PDQ\� SHRSOH� WKH� VXEVHTXHQW� FDUHHU�PRYH� LV� WR� WDNH� XS� HPSOR\PHQW� LQ
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DFDGHPLF� LQVWLWXWLRQV� LQ�*HUPDQ\� DV�ZHOO� DV� DEURDG��ZKLOH� DQHFGRWDO� HYLGHQFH� VXJJHVWV

WKDW� TXLWH� D� VXEVWDQWLDO� SURSRUWLRQ� RI� IRUPHU� VWDII� PRYH� WR� ZRUN� LQ� WKH� FRPPHUFLDO

VHFWRU��)XUWKHUPRUH��VXFK�LQGLYLGXDOV�DSSHDU�WR�EH�TXLWH�VXFFHVVIXO�LQ�WKHLU�QHZ�MREV��,Q

WKH� OLJKW� RI� WKH� DUJXPHQW� RI� WKH� SDSHU�� WKLV� OHQGV� LWVHOI� WR� DQ� LQ�GHSWK� VWXG\� RQ� KRZ

LQGLYLGXDO� VXFFHVV� GXULQJ� VXEVHTXHQW� FDUHHU� VHFWLRQV� PD\� EH� EDVHG� RQ� WKH� NQRZOHGJH

DFTXLUHG�ZKLOH�HQJDJHG�LQ�EDVLF�UHVHDUFK�

7KH�PHWKRGRORJ\� DGRSWHG� HVVHQWLDOO\� FRQVLVWV� RI� D� WZR�VWHS� SURFHGXUH�� ZKHUH

GXULQJ�WKH�ILUVW�SKDVH�RI�WKH�SURMHFW�D�JHQHUDO�HVWLPDWH�RI�WKH�SURSRUWLRQDO�WXUQRYHU�UDWH

LQWR�LQGXVWU\�PXVW�EH�REWDLQHG�IRU�HDFK�LQVWLWXWH�RYHU�D�WLPH�VSDQ�EHWZHHQ�ILYH�DQG�WHQ

\HDUV�� *LYHQ� WKH� ODUJH� QXPEHU� RI� LQVWLWXWHV�� ZLWK� WKH� ODUJHVW� RQHV� HPSOR\LQJ� VHYHUDO

KXQGUHGV�RI�SHRSOH��D�JHQHUDOO\�KLJK�WXUQRYHU�UDWH��DQG�WKH�QRQ�H[LVWHQFH�RI�V\VWHPDWLF

LQIRUPDWLRQ� RQ� SHRSOH·V� GHVWLQDWLRQV�� WKLV� DPRXQWV� WR� TXLWH� D� FRPSOH[� WDVN�� ,Q� WKH

VHFRQG�SKDVH�RI�WKH�SURMHFW��D�VXE�VDPSOH�RI�SHRSOH�ZLOO�EH�FKRVHQ�IRU�D�PRUH�GHWDLOHG

VWXG\�RI� WKHLU�FDUHHU�SDWKV��DPELWLRQV�� DQG� WKH�ZD\� LQ�ZKLFK� WKHLU� FXUUHQW�DFWLYLWLHV� DUH

EDVHG�RQ�RU� UHODWHG� WR� WKH�NQRZOHGJH� DQG� VNLOOV� DFFXPXODWHG� DW�036��$IWHU� FRQWDFWLQJ

LQGLYLGXDOV��WKLV�ZLOO�EH�GRQH�RQ�WKH�EDVLV�RI�TXHVWLRQQDLUHV�FRXSOHG�ZLWK�VHPL�VWUXFWXUHG

LQWHUYLHZV�LI�SRVVLEOH�

3UHOLPLQDU\� UHVHDUFK� ILQGLQJV�� ZKLFK� DUH� PDLQO\� EDVHG� RQ� LQWHUYLHZV� DQG

FRQYHUVDWLRQV�ZLWK� LQGLYLGXDOV�KHDGLQJ� LQVWLWXWHV�RU� UHVHDUFK�JURXSV� WKHPVHOYHV� VXJJHVW

EURDG�DJUHHPHQW�ZLWK�WKH�YDOLGLW\�RI�WKH�K\SRWKHVLV�RI�WKH�VWXG\��3DUWLFXODUO\�LQ�WKH�&37

WKHUH�DSSHDU�WR�EH�LQIRUPDOO\�LQVWLWXWLRQDOLVHG�OLQNV�EHWZHHQ�LQVWLWXWHV�DQG�LQGXVWU\��ZLWK

PDQ\�SHRSOH�PRYLQJ� LQWR� ODUJH� ILUPV� �� QDPHO\� WKRVH�ZLWK� H[WHQVLYH�5	'�SURJUDPV� �

DIWHU�REWDLQLQJ�WKHLU�3K'�RU�ILQLVKLQJ�D�SRVW�GRFWRUDO�IHOORZVKLS���$OVR��JHQHUDO�WUHQGV�LQ

XQLYHUVLW\�HQUROPHQW�UDWHV�VHHP�WR�EH�UHIOHFWHG�LQ�WKH�HPSOR\PHQW�VWUXFWXUH�RI�WKH�036�

&RPSOLFDWLRQV�VR�IDU�HQFRXQWHUHG�DQG�H[SHFWHG�IRU�WKH�IXWXUH�DUH�PDLQO\�UHODWHG

WR� GDWD� FROOHFWLRQ�� 3UDFWLFHV� RI� VWRULQJ� LQIRUPDWLRQ� RQ� WKH� GHVWLQDWLRQV� RI� IRUPHU

HPSOR\HHV� YDU\�ZLGHO\� DFURVV� LQVWLWXWHV� DQG� GDWD� DUH� RIWHQ� RQO\� LQIRUPDOO\� KHOG�� 7KXV

FHQWUDOL]HG�DFFHVV�LV�GLIILFXOW��0RUHRYHU��LW�DSSHDUV�WKDW�LQ�SDUWLFXODU�SHRSOH�ZKR�KDYH�MXVW

FRPSOHWHG� WKHLU� 3K'� RIWHQ� GR� QRW� LPPHGLDWHO\� HQWHU� WKHLU� SUHIHUUHG� MRE�� WDNLQJ� WKHLU

WLPH�WR�FRPSDUH�RSWLRQV�ZKLOH�EULGJLQJ�WKLV�WLPH�ZLWK�ORZHU�TXDOLW\�MREV��7KLV�RI�FRXUVH

PDNHV� LW�PRUH� GLIILFXOW� WR� EXLOG� RQ� LQIRUPDWLRQ� REWDLQHG� IURP� WKHLU� IRUPHU� LQVWLWXWHV�

                                                          
3 According to Keck (in Nelson: 1993, p138), 46% of domestic industrial R&D capability (as measured
by R&D
employees) in the German chemical industry are accounted for by Bayer, Hoechst, and BASF.
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+RZHYHU�� WKH�KRSH� LV� WKDW� VXFK�REVWDFOHV�ZLOO� EH� RYHUFRPH� DQG� WKDW� WKH� VWXG\�ZLOO� EH

FDSDEOH�RI�GHOLYHULQJ�QHZ�LQVLJKWV�RQ�HPERGLHG�NQRZOHGJH�WUDQVIHUV�

%,%/,2*5$3+<

'DVJXSWD��3��	�'DYLG��3�$���������7RZDUG�D�QHZ�HFRQRPLFV�RI�VFLHQFH��5HVHDUFK�3ROLF\
��

��������������
'LHW]��-�6��HW�DO��������8VLQJ�WKH�&XUULFXOXP�9LWD�WR�6WXG\�WKH�&DUHHU�3DWKV�RI�6FLHQWLVWV
DQG

(QJLQHHUV��$Q�([SORUDWRU\�$VVHVVPHQW��*HRUJLD�,QVWLWXWH�RI�7HFKQRORJ\��PLPHR
(GTXLVW�� &�� 	� 0F.HOYH\�� 0�� �HG�� ������� 6\VWHPV� RI� ,QQRYDWLRQ�� *URZWK�
&RPSHWLWLYHQHVV�DQG

(PSOR\PHQW��9ROXPH�,��(GZDUG�(OJDU
)DXONQHU��:��	�6HQNHU��-���������.QRZOHGJH�)URQWLHUV��&ODUHQGRQ�3UHVV�2[IRUG
)UHHPDQ��&���������7KH�(FRQRPLFV�RI�+RSH��3LQWHU�3XEOLVKHUV
*LEERQV��0��	�-RKQVWRQ��5���������7KH�5ROHV�RI�6FLHQFH�LQ�7HFKQRORJLFDO�,QQRYDWLRQ�

5HVHDUFK�3ROLF\�����������������
*LEERQV��0��	�/LPRJHV��&��	�1RZRWQ\��+��	�6FKZDUW]PDQ��6��	�6FRWW��3��	�7URZ��0�
������

7KH�1HZ�3URGXFWLRQ�RI�.QRZOHGJH��6$*(�3XEOLFDWLRQ
*LWWHUPDQ��0�����������""" ��&ROXPELD�8QLYHUVLW\��PLPHR
*UXSS��+��	�6FKPRFK8���������:LVVHQVFKDIWVELQGXQJ�GHU�7HFKQLN��3K\LVFD�9HUODJ
/XQGYDOO�� %�$�� ������� ¶,QWURGXFWLRQ·� LQ� %�$�/XQGYDOO� �HG�� 1DWLRQDO� 6\VWHPV� RI
,QQRYDWLRQ�

&KDSWHU����/RQGRQ�3LQWHU�3XEOLVKHUV�LQ�(GTXLVW��&��	�0F.HOYH\��0���HG��������
6\VWHPV�RI�,QQRYDWLRQ��*URZWK��&RPSHWLWLYHQHVV�DQG (PSOR\PHQW�
9ROXPH�,��(GZDUG�(OJDU

1DULQ��)���+DPLOWRQ��.�6��	�2OLYDVWUR��'���������7KH�LQFUHDVLQJ�OLQNDJH�EHWZHHQ�86
WHFKQRORJ\
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DQG�SXEOLF�VFLHQFH��5HVHDUFK�3ROLF\������������������
1HOVRQ�� 5�5�� ������� ,QVWLWXWLRQV� VXSSRUWLQJ� WHFKQLFDO� FKDQJH� LQ� WKH� 8QLWHG� 6WDWHV�� ,Q
'RVL��*��HG�

��������7HFKQLFDO�&KDQJH�DQG�(FRQRPLF�7KHRU\��3LQWHU�/LPLWHG
1HOVRQ��5�5���������&DSLWDOLVP�DV�DQ�(QJLQH�RI�3URJUHVV��5HVHDUFK�3ROLF\����������������
���
1HOVRQ��5�5���������&DSLWDOLVP�DV�DQ�(QJLQH�RI�3URJUHVV��5HVHDUFK�3ROLF\����������������
���
1HOVRQ��5�5���HG���������1DWLRQDO�6\VWHPV�RI�,QQRYDWLRQ��$�&RPSDUDWLYH�$QDO\VLV��283
1LRVL��-��	�6DYLRWWL��3��	�%HOORQ��%��	�&URZ��0���������1DWLRQDO�6\VWHPV�RI�,QQRYDWLRQ�
,Q

6HDUFK� RI� D� :RUNDEOH� &RQFHSW�� 7HFKQRORJ\� ,Q� 6RFLHW\� ��� ����� UHSULQWHG� LQ
(GTXLVW�� &�� 	� 0F.HOYH\�� 0�� �HG�� ������� 6\VWHPV� RI� ,QQRYDWLRQ�� *URZWK�
&RPSHWLWLYHQHVV�DQG
(PSOR\PHQW��9ROXPH�,��(GZDUG�(OJDU

3DYLWW��.���������:KDW�PDNHV�EDVLF�UHVHDUFK�HFRQRPLFDOO\�XVHIXO"�5HVHDUFK�3ROLF\���
������

�������
6DOWHU��$�-��	�0DUWLQ��%�5���������7KH�(FRQRPLF�%HQHILWV�RI�3XEOLFO\�)XQGHG�%DVLF
5HVHDUFK�

$�&ULWLFDO�5HYLHZ��6358�ZRUNLQJ�SDSHU�VHULHV��1R�����8QLYHUVLW\�RI�6XVVH[��8.
6FKXPSHWHU��-�$���������7KH�7KHRU\�RI�(FRQRPLF�'HYHORSPHQW��&DPEULGJH��0DVV�
+DUYDUG

8QLYHUVLW\�3UHVV
6FKXPSHWHU��-�$���������&DSLWDOLVP��6RFLDOLVP��DQG�'HPRFUDF\��1HZ�<RUN��+DUSHU
6WRNHV��'�(���������3DVWHXU·V�4XDGUDQW��%DVLF�6FLHQFH�DQG�7HFKQRORJLFDO�,QQRYDWLRQ�

%URRNLQJV�,QVWLWXWLRQ�3UHVV


