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&KDSWHU �
3HGDJRJ\ DQG 5HVHDUFK� 1RWHV IRU D +LVWRULFDO (SLVWHPRORJ\
RI 6FLHQFH (GXFDWLRQ
0DVVLPLOLDQR %DGLQR DQG -DXPH 1DYDUUR

��� 7UDQVPLWWLQJ 6FLHQWLILF .QRZOHGJH

³7KRVH ZKR FDQ¶W GR WHDFK� DQG WKRVH ZKR FDQ¶W WHDFK� WHDFK J\P�´ :RRG\ $OOHQ¶V VFRUQIXO
FRPPHQW RQ WKH UROH RI WHDFKLQJ LQ$QQLH +DOO VXPPDUL]HV IDLUO\ ZHOO RQH YHU\ SRSXODU YLHZ�
)RU PDQ\� WKHUH LV D FOHDU�FXW GLVWLQFWLRQ EHWZHHQ WKH FUHDWLYH LQWHOOHFWXDO DFWLYLW\ RI UHVHDUFK
DQG WKH PHUH UHSHWLWLRQ RI ZKDW VRPHRQH HOVH KDV SURGXFHG WR D FODVVURRP RI VWXGHQWV� 7R
EH VXUH� WKLV YLHZ DIIHFWV QRW RQO\ WHDFKLQJ DQG OHDUQLQJ� 5DWKHU� LW LV PRUH RU OHVV LPSOLFLW LQ
DQ\ RFFXUUHQFH RI WKH H[SRVLWLRQ� FRPPXQLFDWLRQ� RU WUDQVPLVVLRQ RI VFLHQWLILF NQRZOHGJH
IURP WKH FRPPXQLW\ RI H[SHUWV WR WKH H[WHUQDO ZRUOG�

0RUH LPSRUWDQWO\� WKLV YLHZ LV VXVWDLQHG E\ D FHUWDLQ PRGHO RI VFLHQFH DQG LWV UHODWLRQV
ZLWK VRFLHW\� 7KH EDVLF WHQHW RI WKLV PRGHOþVRPHWLPHV DWWULEXWHG WR 5REHUW .� 0HUWRQ
DQG WKHUHIRUH FDOOHG 0HUWRQLDQ �&ORLWUH DQG 6KLQQ ������ VRPHWLPHV PRUH VLPSO\ FDOOHG
WKH ³FODVVLFDO LPDJH RI VFLHQFH´ �5HQQ DQG +\PDQ ����E�þLV WKDW NQRZOHGJH SURGXFHG
ZLWKLQ WKH VFLHQWLILF FXOWXUH LV UDGLFDOO\ GLIIHUHQW IURP DQ\ RI LWV GLVVHPLQDWLRQV WR WKH EURDGHU
VRFLHW\� 0RUH SUHFLVHO\� WKH FODVVLFDO LPDJH RI VFLHQFH SLFWXUHV WKH VFLHQWLILF FRPPXQLW\
DV D KLJKO\ VWUXFWXUHG DQG RUJDQL]HG HOLWH RI H[SHUWV� ZKR SURGXFH D FDUHIXOO\ GHILQHG DQG
WKRURXJKO\ YDOLGDWHGþDQG WKHUHIRUH WUXHþERG\ RI NQRZOHGJH� ZKLFK LV LQ WXUQ WUDQVPLWWHG
WR DQ DXGLHQFH �VWXGHQWV� LQIRUPHG SXEOLF� OD\PHQ�� )LQDOO\� WKLV KHWHURJHQHRXV DXGLHQFH LV�
WR YDULRXV H[WHQWV� LQFDSDEOH RI IXOO\ DSSUHFLDWLQJ WKH SURGXFWV RI VFLHQWLILF LQTXLU\ ZLWKRXW
DQ DGHTXDWH UH�HODERUDWLRQ� DQG FRQVHTXHQWO\� LW LV WRWDOO\ XQDEOH WR IHHG DQ\WKLQJ EDFN WR
WKH VFLHQWLILF HOLWH��

$OWKRXJK FRPSOHWHO\ GLVFUHGLWHG E\ WKH VFKRODUO\ ZRUN RI WKH ODVW WKLUW\ \HDUV� WKLV
PRGHO KDV PDLQWDLQHG LWV JULS RQ SXEOLF UHSUHVHQWDWLRQV RI VFLHQFH� 7KH PDLQ UHDVRQ LV WKDW�
HYHQ WKRXJK VXFFHVVIXO LQ FULWLFL]LQJ HDFK RI WKH WHQHWV RI WKH FODVVLFDO LPDJH� SKLORVRSKHUV�
KLVWRULDQV� DQG VRFLRORJLVWV RI VFLHQFH KDYH QRW EHHQ DEOH WR SURYLGH DQ DOWHUQDWLYH DFFRXQW
WKDW LV DV LQWXLWLYH DQG DOO�HPEUDFLQJ� 7KLV IDLOXUH VKRXOG QRW EH H[FOXVLYHO\ DVFULEHG WR WKH
FRQWHPSRUDU\ WHQGHQF\ RI VFKRODUV LQ VFLHQFH VWXGLHV WR LQVLVW RQ WKH GLVXQLW\ DQG ORFDOLW\
RI VFLHQWLILF FXOWXUH �*DOLVRQ DQG 6WXPS ������ ,W LV DOVR GXH WR WKH IDFW WKDW WKH VHYHUDO
EUDQFKHV RI VSHFLDOL]HG ZRUN RQ WKH WUDQVPLVVLRQ RI VFLHQWLILF NQRZOHGJH KDYH JURZQ DW
GLIIHUHQW SDFHV� 7KXV� IRU H[DPSOH� SRSXODUL]DWLRQ ERWK DLPHG DW WKH JHQHUDO SXEOLF DQG DW
IHOORZ VFLHQWLVWV EHORQJLQJ WR RWKHU GLVFLSOLQHV UHFHLYHG DWWHQWLRQ DV HDUO\ DV WKH PLG�����V��
$ERXW WKH VDPH WLPH� WKH ZRUNV RI +DUU\ &ROOLQV DQG %UXQR /DWRXU� DPRQJ RWKHUV� FRYHUHG

�6HH IRU H[DPSOH �:KLWOH\ ����� +LOJDUWHQHU ����� 2OHVNR ������
�6HH WKH ���� <HDUERRN RI 6RFLRORJ\ RI WKH 6FLHQFHV HGLWHG E\ 7HUU\ 6KLQQ DQG 5LFKDUG :KLWOH\ DQG HVSHFLDOO\
�%XQGHUV DQG :KLWOH\ ������
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WKH DQDO\VLV RI WKH FLUFXODWLRQ RI NQRZOHGJH DPRQJ H[SHUWV DQG WKH WUDQVPLVVLRQ RI VFLHQWLILF
DSSOLFDWLRQV WR VRFLDO DFWRUV LQWHUHVWHG LQ WKHLU HFRQRPLF H[SORLWDWLRQ �&ROOLQV ����� /DWRXU
����� ������ %\ FRQWUDVW� D V\VWHPDWLF LQYHVWLJDWLRQ RI VFLHQWLILF SHGDJRJ\ KDV WDNHQ RII
RQO\ LQ WKH ODVW ILIWHHQ \HDUV� ,QVWUXPHQWDO WR WKLV JHQHUDO UHYDPSLQJ RI WKH LPDJH RI VFLHQWLILF
WUDLQLQJ KDV EHHQ D UH�HYDOXWDWLRQ RI WKH UROH RI WH[WERRNV� 3URMHFWV VXFK DV WKH YROXPH HGLWHG
E\ $QGHUV /XQGJUHQ DQG %HUQDGHWWH %HQVDXGH�9LQFHQW RQ WKH FLUFXODWLRQ RI WH[WERRNV RQ
FKHPLVWU\ IURP WKH )UHQFK 5HYROXWLRQ WR WKH HYH RI :RUOG :DU ,, �%URRNH ������ WKH ����
VSHFLDO LVVXH RI 6FLHQFH DQG (GXFDWLRQ RQ WH[WERRNV DW WKH VFLHQWLILF SHULSKHU\ �%HQVDXGH�
9LQFHQW ����� %HUWRPHX�6iQFKH] HW DO� ������ 'DYLG .DLVHU¶V HGLWHG FROOHFWLRQ RI VWXGLHV
RQ SHGDJRJ\ LQ VFLHQFH �.DLVHU ������ DQG WKH IRFXV VHFWLRQ LQ ,VLV LQ ���� �9LFHGR ������
DUH MXVW D IHZ RI WKH PDMRU VWHSV WDNHQ LQ UHFHQW WLPHV WRZDUGV D PRGHUQL]DWLRQ RI DQDO\VHV
RI SHGDJRJ\ DQG WH[WERRNV LQ VFLHQFH VWXGLHV�

��� &UHDWLQJ .QRZHUV� &UHDWLQJ )DFWV

+RZHYHU� RQH VKRXOG QRWLFH WKDW WKH DWWLWXGH RI VFKRODUV WRZDUGV WUDGLWLRQDO YLHZV RI VFL�
HQWLILF SHGDJRJ\ KDV EHHQ FRPSOH[ DQG RFFDVLRQDOO\ DPELYDOHQW� ,W LV WKXV LPSRUWDQW WR
UHFRQVWUXFW VRPH OLQHV RI GHYHORSPHQW RI WKLV DWWLWXGH�� 2QH LPSRUWDQW OLQH RI LQTXLU\ PDQ\
VFKRODUV KDYH IROORZHG FRQFHUQV WKH UROH RI SHGDJRJ\ DQG WH[WERRNV LQ SURGXFLQJ NQRZHUV�
WKDW LV D SURIHVVLRQDOO\ RUJDQL]HG JURXS RI SHRSOH H[SOLFLWO\ WUDLQHG WR SHUSHWXDWH D FHUWDLQ
NLQG RI NQRZOHGJH� ,W ZDV 7KRPDV .XKQ¶V GHHS FULWLFLVP RI WKH ORJLFDO SRVLWLYLVWLF YLHZ
RI VFLHQFH DV D SXUHO\ WKHRUHWLFDO DFWLYLW\ WKDW ILUVW KLJKOLJKWHG� IRU PDQ\ VFKRODUV� WKH UROH
RI WUDLQLQJ LQ GHWHUPLQLQJ WKH ZRUNLQJ VW\OH� WKH VHOI LPDJH� DQG HYHQ WKH RQWRORJ\ RI VFL�
HQWLVWV� WKXV UHVWRULQJ GLJQLW\ WR WKH OHDUQLQJ SURFHVV �.XKQ ������ $V 'DYLG .DLVHU SRLQWV
RXW� ³VFLHQWLVWV DUH QRW ERUQ� WKH\ DUH PDGH´ �.DLVHU ����� ��� DQG WKH SURFHVV RI PDNLQJ D
VFLHQWLVW KDV D SURIRXQG LQIOXHQFH RQ WKH ZD\ LQ ZKLFK KH RU VKH ZLOO FRQGXFW IXWXUH UHVHDUFK�
:KDW LV D JRRG TXHVWLRQ� ZKDW LV D VDWLVIDFWRU\ DQVZHU� ZKDW FRXQWV DV D OHJLWLPDWH VFLHQWLILF
SURFHGXUH RU D FRUUHFWO\ FRQGXFWHG H[SHULPHQW� HYHQ ZKDW LV YLHZHG DV D SRVVLEOH REMHFW
RI UHVHDUFK LV GHWHUPLQHG� DFFRUGLQJ WR WKH .XKQLDQ PRGHO� GXULQJ WKH LQFXOFDWLRQ RI WKH
UHLJQLQJ SDUDGLJP� RFFXUULQJ DW WKH WUDLQLQJ VWDJH �.XKQ ����� ���� ������ 3HGDJRJ\ LV QRW
VROHO\ D VRFLDO SKDVH LQ WKH IRUPDWLRQ RI WKH ³W\SH´ VFLHQWLVW� EXW LV DOVR FUXFLDOO\ VLJQLILFDQW
IRU WKH EURDGHU GHILQLWLRQ RI GLVFLSOLQHV DQG ILHOGV RI NQRZOHGJH�

,URQLFDOO\� DV KH ZDV JLYLQJ QHZ SKLORVRSKLFDO GLJQLW\ WR SHGDJRJ\� .XKQ ZDV DOVR
SOD\LQJ D NH\ UROH LQ NHHSLQJ WH[WERRNV IDU IURP WKH LQTXLVLWLYH H[DPLQDWLRQV RI KLVWRULDQV�
)DPRXVO\� .XKQ FODLPHG WKDW WH[WERRN ZULWLQJ LV DQ DFWLYLW\ DOPRVW H[FOXVLYHO\ SHUIRUPHG
GXULQJ WKH SHDFHIXO SHULRGV KH GXEEHG QRUPDO VFLHQFH� ,Q KLV ZRUGV� WH[WERRNV ³DUH SURGXFHG
RQO\ LQ WKH DIWHUPDWK RI D VFLHQWLILF UHYROXWLRQ >«@ >W@KH\ DUH WKH EDVHV IRU D QHZ WUDGLWLRQ
RI QRUPDO VFLHQFH´ �.XKQ ����� ����� 7KH\ ³DGGUHVV WKHPVHOYHV WR DQ DOUHDG\ DUWLFXODWHG
ERG\ RI SUREOHPV� GDWD� DQG WKHRU\� PRVW RIWHQ WR WKH SDUWLFXODU VHW RI SDUDGLJPV WR ZKLFK
WKH VFLHQWLILF FRPPXQLW\ LV FRPPLWWHG DW WKH WLPH WKH\ DUH ZULWWHQ´ �.XKQ ����� ����� )URP
WKLV SRLQW RI YLHZ� WH[WERRNV DUH RQO\ ZULWWHQ RQFH D UHYROXWLRQDU\ SURFHVV LV FRPLQJ WR
DQ HQG� DQG WKHLU UROH LV EDVLFDOO\ WR WUDQVPLW WKH QHZO\�DFFHSWHG SDUDGLJP� QHYHU WR SRVH
SUREOHPV IRU LW� $OWKRXJK VFLHQWLILF WUDLQLQJ GRHV KDYH D FULWLFDO EHDULQJ RQ VFLHQWLILF FXOWXUH

�6RPH XVHIXO DFFRXQWV RI WKH UROH RI SHGDJRJ\ DQG HVSHFLDOO\ WH[WERRNV LQ VFLHQFH VWXGLHV DUH �0\HUV ����� %URRNH
����� 2OHVNR ����� .DLVHU DQG :DUZLFN ������
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DV D ZKROH� IRU .XKQ LW VWLOO GLIIHUV IURP UHVHDUFK LQ D IXQGDPHQWDO PDQQHU� 7KLV SRVLWLRQ LV
FOHDUO\ VWDWHG LQ KLV SDSHU ³7KH )XQFWLRQ RI 'RJPD LQ 6FLHQWLILF 5HVHDUFK�´ ZULWWHQ RQO\ D
\HDU DIWHU 6WUXFWXUH�

3HUKDSV WKH PRVW VWULNLQJ IHDWXUH RI VFLHQWLILF HGXFDWLRQ LV WKDW� WR DQ H[WHQW
TXLWH XQNQRZQ LQ RWKHU FUHDWLYH ILHOGV� LW LV FRQGXFWHG WKURXJK WH[WERRNV� ZRUNV
ZULWWHQ HVSHFLDOO\ IRU VWXGHQWV� 8QWLO KH LV UHDG\� RU YHU\ QHDUO\ UHDG\� WR EHJLQ
KLV RZQ GLVVHUWDWLRQ� WKH VWXGHQW RI FKHPLVWU\� SK\VLFV� DVWURQRP\� JHRORJ\� RU
ELRORJ\ LV VHOGRP HLWKHU DVNHG WR DWWHPSW WULDO UHVHDUFK SURMHFWV RU H[SRVHG WR
WKH LPPHGLDWH SURGXFWV RI UHVHDUFK GRQH E\ RWKHUVþWR� WKDW LV� WKH SURIHVVLRQDO
FRPPXQLFDWLRQV WKDW VFLHQWLVWV ZULWH IRU WKHLU SHHUV� �.XKQ ����� ����

0RUHRYHU� WH[WERRNV DOVR KDYH D KLGGHQ DJHQGD� WR HUDVH DQ\ WUDFH RI FULVLV� RI LQVWD�
ELOLW\� RI FKDQJH� RI KLVWRULFDO FRQWLQJHQF\� DQG WR SUHVHQW WKH UXOLQJ SDUDGLJP DV DQ HVWDE�
OLVKHG� FRQVLVWHQW ZKROHþDV WKH WUXWK UHYHDOHG� 7KLV WUDLW QRW RQO\ WUDQVIRUPV WH[WERRNV LQWR
UHSRVLWRULHV RI GHDG GRFWULQHV� EXW LW DOVR GLVTXDOLILHV WKHP WRWDOO\ DV KLVWRULRJUDSKLFDO WRROV�
+LVWRULDQV VKRXOG NHHS DZD\ IURP WKH LPDJH RI VFLHQFH FRQYH\HG E\ SHGDJRJLFDO WH[WV� ,Q
KLV ODWHU SDSHU ³7KH (VVHQWLDO 7HQVLRQ�´ .XKQ LQVLVWV RQ WKLV YLHZ RI WKH UROHV RI WH[WERRNV�

>7@KH YDULRXV WH[WERRNV WKDW WKH VWXGHQW GRHV HQFRXQWHU GLVSOD\ GLIIHUHQW VXEMHFW
PDWWHUV� UDWKHU WKDQ� DV LQ PDQ\ RI WKH VRFLDO VFLHQFHV� H[HPSOLI\LQJ GLIIHUHQW
DSSURDFKHV WR D VLQJOH SUREOHP ILHOG� (YHQ ERRNV WKDW FRPSHWH IRU DGRSWLRQ LQ D
VLQJOH FRXUVH GLIIHU PDLQO\ LQ OHYHO DQG LQ SHGDJRJLF GHWDLO� QRW LQ VXEVWDQFH RU
FRQFHSWXDO VWUXFWXUH� /DVW� EXW PRVW LPSRUWDQW RI DOO� LV WKH FKDUDFWHULVWLF WHFK�
QLTXH RI WH[WERRN SUHVHQWDWLRQ� H[FHSW LQ WKHLU RFFDVLRQDO LQWURGXFWLRQV� VFLHQFH
WH[WERRNV GR QRW GHVFULEH WKH VRUWV RI SUREOHPV WKDW WKH SURIHVVLRQDO PD\ EH
DVNHG WR VROYH DQG WKH YDULHW\ RI WHFKQLTXHV DYDLODEOH IRU WKHLU VROXWLRQ� �.XKQ
����� ����

.XKQ VHHPV WR H[WHQG FRQWHPSRUDU\ :HVWHUQ XQLYHUVLW\ HGXFDWLRQ WR DOO WLPHV DQG
SODFHV ZKHQ KH VD\V WKDW ³>W@\SLFDOO\� XQGHUJUDGXDWH DQG JUDGXDWH VWXGHQWV RI FKHPLVWU\�
SK\VLFV� DVWURQRP\� JHRORJ\� RU ELRORJ\ DFTXLUH WKH VXEVWDQFH RI WKHLU ILHOGV IURP ERRNV
ZULWWHQ HVSHFLDOO\ IRU VWXGHQWV´ �.XKQ ����� ����� $OPRVW FHUWDLQO\ .XKQ¶V YLHZ RI WH[W�
ERRNV LV DXWRELRJUDSKLFDOO\ PRWLYDWHG� URRWHG LQ KLV RZQ WUDLQLQJ� (GXFDWHG LQ WKHRUHWLFDO
SK\VLFV� .XKQ FDPH WR VHH WH[WERRNV DV D FROOHFWLRQ RI IRUPXODV� WKHRUHPV� DQG IRUPDO WHFK�
QLTXHV� L�H�� D VHW RI UXOHV� %XW UXOHV� :LWWJHQVWHLQ WDXJKW XV� GR QRW FRQWDLQ WKH FRQGLWLRQV
RI WKHLU RZQ DSSOLFDWLRQ �:LWWJHQVWHLQ ������ 7KHVH FRQGLWLRQV DUH HPLQHQWO\ VRFLDO� SDUWO\
FRQYHQWLRQDO� DQG VXUHO\ FDQQRW EH IRUPDOL]HG� 7H[WERRNV� E\ H[WHQVLRQ� ZRXOG QRW KDYH
D KLVWRU\ VHSDUDWH IURP WKH SUDFWLFHV RI WKHLU XVH DQG� PRUH LPSRUWDQWO\� WKH\ ZRXOG QRW EH
YHKLFOHV IRU KLVWRU\�

$SDUW IURP KLV KDUVK MXGJHPHQW RQ WKH HSLVWHPRORJLFDO DQG KLVWRULRJUDSKLFDO UROH RI
WH[WERRNV� .XKQ¶V FRQFHSWLRQ RI SHGDJRJ\� DV IXQFWLRQDO WR WKH IRUPDWLRQ RI NQRZHUV� KDV
EHHQ KLJKO\ LQIOXHQWLDO LQ VHYHUDO GLUHFWLRQV RI UHVHDUFK ZLWKLQ VFLHQFH VWXGLHV� )RU LQVWDQFH�
WKH .XKQLDQ HPSKDVLV RQ GLVFLSOLQDU\ LGHQWLW\ DV WKH PLQLPDO XQLW\ DURXQG ZKLFK NQRZHUV
RUJDQL]H WKHPVHOYHV KDV OHG WR H[WHQVLYH KLVWRULFDO LQYHVWLJDWLRQV RI WKH HIIHFW WKDW SHGDJRJ�
LFDO SUDFWLFHV DQG WH[WV KDYH RQ WKH FRQVWUXFWLRQ RI GLVFLSOLQHV� 3LRQHHUHG E\ 2ZHQ +DQQ�
DZD\ LQ WKH ����V �+DQQDZD\ ������ WKLV OLQH RI UHVHDUFK KDV EHHQ GHYHORSHG E\� DPRQJ
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RWKHUV� -RVHS 6LPRQ ������� DQG H[SOLFLWO\ GHIHQGHG E\ .RVWDV *DYURJOX DQG $QD 6LPRHV�
ZKR DUJXHG WKDW ³WH[WERRNV IURP DQ HDUO\ SHULRG LQ D GLVFLSOLQH¶V KLVWRU\ FDQ DOVR EH YLHZHG
DV D JHQUH ZKRVH DLP ZDV WR FRQVROLGDWH D FRQVHQVXV DV WR WKH ODQJXDJH DQG SUDFWLFHV WR EH
DGRSWHG´ �*DYURJOX DQG 6LPRHV ����� ���±�����

)XUWKHUPRUH� .XKQ LQVLVWHG WKDW SHGDJRJLFDO SUDFWLFHV� DQG WKHUHIRUH NQRZHUV� DUH WHP�
SRUDOO\� VSDWLDOO\� DQG VRFLDOO\ VLWXDWHG� 7KH ORFDO DVSHFWV RI VFLHQWLILF NQRZOHGJH KDYH HQ�
FRXUDJHG PDQ\ VFKRODUV WR ORRN PRUH FDUHIXOO\ LQWR WKH PHFKDQLVPV IRU SURGXFLQJ QDWLRQDO
VW\OHV LQ WKH VFLHQFHV DQG LQWR WKH G\QDPLFV RI LQFRUSRUDWLQJ QRYHO NQRZOHGJH LQWR WKH SHG�
DJRJLFDO URXWLQH� 6WDUWHG DV GHPRJUDSKLFDO VWXGLHV DW WKH HQG RI WKH ����V �3\HQVRQ DQG
6NRSS ����� 3\HQVRQ ����� -XQJQLFNHO ������ WKHVH LQYHVWLJDWLRQV KDYH RULJLQDWHG LPSRU�
WDQW FRQWULEXWLRQV RQ WKH PLFURVWUXFWXUH RI WKH GD\�WR�GD\ H[FKDQJH EHWZHHQ PHQWRUV DQG
SXSLOV� ERWK LQ FODVVHV DQG LQ VSHFLDO VHPLQDUV� 0DMRU H[DPSOHV DUH $QGUHZ:DUZLFN¶V GHHS
VWXG\ RQ WKH PHDQLQJ RI WKH &DPEULGJH V\VWHP RI 0DWKHPDWLFDO 7ULSRV IRU %ULWLVK PDWKH�
PDWLFDO SK\VLFV �:DUZLFN ������ .DUO +DOO¶V DFFRXQW RI WKH UROH RI /DQGDX¶V DQG /LIVKLW]¶V
&RXUVH RI 7KHRUHWLFDO 3K\VLFV LQ GHWHUPLQLQJ WKH VW\OH RI SK\VLFDO UHVHDUFK LQ WKH 6RYLHW
8QLRQ �+DOO ������ DQG WKH GLVFXVVLRQ RI WKH LQIOXHQFH RI -DPHV -� 6\OYHVWHU DQG )HOL[ .OHLQ
RQ WKH GHYHORSLQJ $PHULFDQ PDWKHPDWLFDO FRPPXQLW\ SXUVXHG E\ .DUHQ +XQJHU 3DUVKDOO
DQG 'DYLG 5RZH �������

3HGDJRJLFDO SUDFWLFHV FDQ HYHQ OHDG WR WKH HVWDEOLVKPHQW RI ³UHVHDUFK VFKRROV´ DEOH WR
LPSULQW D FKDUDFWHULVWLF PDUN RQ VXEVHTXHQW UHVHDUFK� 7KH SLRQHHULQJ ZRUN RI -DFN 0RUHOO�
ZKR DSSOLHG WKH QRWLRQ RI ³UHVHDUFK VFKRRO´ WR WKH ODERUDWRULHV RI -XVWXV /LHELJ DQG 7KRPDV
7KRPVRQ ZDV WKH VWDUWLQJ SRLQW RI D WUDGLWLRQ WKDW KDV SURYLGHG QHZ LQVLJKWV LQWR WKH UHOD�
WLRQVKLS EHWZHHQ UHVHDUFK DQG SHGDJRJ\ LQ WKH VFLHQFHV �0RUHOO ����� %URFN ����� +ROPHV
������ 0RUHOO VKRZHG WKDW /LHELJ¶V FKHPLFDO ODERUDWRU\ RZHG LWV VXFFHVV ODUJHO\ WR WKH
UHJLPH RI OHDUQLQJ DQG SURGXFWLRQ WKDW KH HVWDEOLVKHG LQ *LHVVHQ� )URP WKHUH� WKH WUDGL�
WLRQ RI KDQGV�RQ WUDLQLQJ H[WHQGHG WR XQLYHUVLW\ ODERUDWRULHV WKURXJKRXW PRGHUQ (XURSH�
HQFRXQWHULQJ VRPHWLPHV PRUH� VRPHWLPHV OHVV UHVLVWDQFH IURP WKRVH ZKR WKRXJKW RI OLE�
HUDO HGXFDWLRQ DV D SXUHO\ LQWHOOHFWXDO DFWLYLW\� .DWKU\Q 2OHVNR DQG� PRUH UHFHQWO\� 6XPDQ
6HWK KDYH H[WHQGHG WKLV WUDGLWLRQ WR WKH UHVHDUFK VFKRROV FUHDWHG DURXQG )UDQ] 1HXPDQQ LQ
.|QLJVEHUJ DQG $UQROG 6RPPHUIHOG LQ0XQLFK� UHVSHFWLYHO\� KLJKOLJKWLQJ WKH LPSRUWDQFH RI
IDFH�WR�IDFH LQWHUDFWLRQ EHWZHHQ SURIHVVRUV DQG VWXGHQWV LQ FORVH� SUREOHP�RULHQWHG VHPLQDUV
�2OHVNR ����� 6HWK ������

)LQDOO\� DQG PRUH VLJQLILFDQWO\ IRU WKH SXUSRVH RI WKLV YROXPH� HYHQ WKH WHDFKLQJ RI
WKHRUHWLFDO SK\VLFV� ZKLFK GRHV QRW QHHG� LQ SULQFLSOH� WKH ZRUN RI ODERUDWRULHV� FDQ EH XQ�
GHUVWRRG WR ILW ZLWKLQ WKLV KLVWRULRJUDSK\ RI KDQGV�RQ SUDFWLFHV� RI WKH WUDQVPLVVLRQ RI D
SDUWLFXODU W\SH RI FUDIWVPDQVKLS� DQG RI VSHFLILF VRFLDO YDOXHV� DV VKRZQ LQ WKH ZRUN RI KLV�
WRULDQV VXFK DV 6KDURQ 7UDZHHN� 'DYLG .DLVHU� DQG 8UVXOD .OHLQ� WR FLWH RQO\ D IHZ H[DPSOHV
�7UDZHHN ����� .OHLQ ����� .DLVHU �������

3URPLQHQW DV LW ZDV� .XKQ¶V YLHZ ZDV QRW WKH RQO\ DWWHPSW WR XQGHUVWDQG SHGDJRJ\
LQ VFLHQFH� $ORQJ ZLWK WKH SURFHVV RI SURGXFLQJ NQRZHUV� KLVWRULDQV� SKLORVRSKHUV� DQG
VRFLRORJLVWV RI VFLHQFH KDYH LQTXLUHG LQWR WKH HIIHFW RI WUDLQLQJ LQ SURGXFLQJ VFLHQWLILF IDFWV�
/XGZLN )OHFN ZURWH VRPH RI WKH PRVW LOOXPLQDWLQJ SDJHV DERXW WKLV VRFLDO SKHQRPHQRQ� ,Q
KLV ���� ERRN� ZKLFK ZRXOG LQVSLUH .XKQ KLPVHOI PDQ\ \HDUV ODWHU� )OHFN GLVWLQJXLVKHV WKUHH

�7KLV OLVW RI WRSLFV FRYHUHG E\ WKH VWXG\ RI VFLHQWLILF SHGDJRJ\ DQG WH[WERRNV GRHV QRW DLP WR EH H[KDXVWLYH�
)XUWKHU LQWHUHVWLQJ WKHPHV RI UHVHDUFK� WRJHWKHU ZLWK D ELEOLRJUDSK\ WKDW LQFOXGHV VWXGLHV LQ SV\FKRORJ\ DQG RWKHU
KXPDQ VFLHQFHV� FDQ EH IRXQG LQ �9LFHGR ����� ����
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HOHPHQWV LQ VFLHQWLILF HGXFDWLRQ� H[SHULHQFH� FRJQLWLRQ� DQG VHQVDWLRQ� 7KURXJK IROORZLQJ
D SHGDJRJLFDO SDWK� \RXQJ VFLHQWLVWV�WR�EH DUH HGXFDWHG WR VHH� IHHO� DQG FRQFHSWXDOL]H WKH
ZRUOG LQ D FHUWDLQ PDQQHU LQ RUGHU WR EHFRPH SDUW RI WKH HVWDEOLVKHG WKRXJKW FROOHFWLYH RU
WKRXJKW VW\OH� 3DUWLDOO\ UHVKDSLQJ WKH VFLHQWLILF VHOI� WKLV SURFHVV DOVR UHVKDSHV WKH ZRUOG
DURXQG WKH VXEMHFW� ³D IDFW DOZD\V RFFXUV LQ WKH FRQWH[W RI WKH KLVWRU\ RI WKRXJKW DQG LV
DOZD\V WKH UHVXOW RI D GHILQLWH WKRXJKW VW\OH´ �)OHFN ����� ���� )OHFN DOVR VHSDUDWHV VKDUSO\
SRSXODUL]DWLRQ IURP SURIHVVLRQDO WUDLQLQJ� ³LQ FRQWUDVW ZLWK SRSXODU VFLHQFH� ZKRVH DLP
LV YLYLGQHVV� SURIHVVLRQDO VFLHQFH LQ LWV YDGHPHFXP �RU KDQGERRN� IRUP UHTXLUHV D FULWLFDO
V\QRSVLV LQ DQ RUJDQL]HG V\VWHP´ �)OHFN ����� ���±����� 7KH YDGHPHFXP LV WKH PHGLXP RI
VFLHQWLILF SHGDJRJ\� WKH RUJDQL]HG V\QWKHVLV RI ZKDW LV UHOHYDQW DQG ZRUWK\ LQ WKH ILHOG� /LNH
.XKQ� )OHFN DOVR LQVLVWV RQ WKH GLIIHUHQFH EHWZHHQ UHVHDUFKþD FUHDWLYH DFWLYLW\ WKDW FDQ HYHQ
SURGXFH FRQWUDGLFWRU\ UHVXOWVþDQG SHGDJRJ\� ZKLFK KH UHSUHVHQWV WKURXJK WKH PHWDSKRU RI
D FDUHIXOO\ SUHDUUDQJHG PRVDLF�

7KH YDGHPHFXP LV WKHUHIRUH QRW VLPSO\ WKH UHVXOW RI HLWKHU D FRPSLODWLRQ RU D
FROOHFWLRQ RI YDULRXV MRXUQDO FRQWULEXWLRQV� 7KH IRUPHU LV LPSRVVLEOH EHFDXVH
VXFK SDSHUV RIWHQ FRQWUDGLFW HDFK RWKHU� 7KH ODWWHU GRHV QRW \LHOG D FORVHG V\V�
WHP� ZKLFK LV WKH JRDO RI YDGHPHFXP VFLHQFH� $ YDGHPHFXP LV EXLOW XS IURP
LQGLYLGXDO FRQWULEXWLRQV WKURXJK VHOHFWLRQ DQG RUGHUO\ DUUDQJHPHQW OLNH D PR�
VDLF IURP PDQ\ FRORUHG VWRQHV� 7KH SODQ DFFRUGLQJ WR ZKLFK VHOHFWLRQ DQG DU�
UDQJHPHQW DUH PDGH ZLOO WKHQ SURYLGH WKH JXLGHOLQHV IRU IXWXUH UHVHDUFK� ,W
JRYHUQV WKH GHFLVLRQV RQ ZKDW FRXQWV DV D EDVLF FRQFHSW� ZKDW PHWKRGV VKRXOG
EH DFFHSWHG� ZKLFK UHVHDUFK GHFLVLRQV DSSHDU PRVW SURPLVLQJ� ZKLFK VFLHQWLVWV
VKRXOG EH VHOHFWHG IRU SURPLQHQW SRVLWLRQV DQG ZKLFK VKRXOG VLPSO\ EH FRQ�
VLJQHG WR REOLYLRQ� �)OHFN ����� ���±����

6R IDU�UHDFKLQJ DUH WKH FRQVHTXHQFHV RI VFLHQWLILF WUDLQLQJ� 7KURXJK WKH PHGLXP RI
WKH SHGDJRJLFDO WH[W� ERWK WKH VHOI� DQG WKH ZRUOG XQGHUJR D FRPSOHWH UHFRQILJXUDWLRQ� 7KLV
FUXFLDO LQVLJKW KDV VXJJHVWHG WR SUDFWLWLRQHUV LQ VFLHQFH VWXGLHV WR ORRN PRUH FDUHIXOO\ LQWR
WKH LQWHUQDO VWUXFWXUHV RI WKHVH WH[WV� WKH HFRQRP\ RI WKHLU FRQWHQWV� DQG WKH FRPPXQLFDWLRQ
WHFKQLTXHV WKH\ GHSOR\�� %UXQR /DWRXU DQG 6WHYH :RROJDU KDYH SURYLGHG DQ LPSUHVVLYH
DQDO\VLV RI WKH WH[WXDO FRQVWUXFWLRQ RI VFLHQWLILF IDFWV WKURXJK D ILYHIROG FDWHJRUL]DWLRQ RI
VFLHQWLILF SURSRVLWLRQV� UDQJLQJ IURP W\SH � VWDWHPHQWV� ZKLFK TXDOLI\ WKH EHOLHI DV EHORQJLQJ
WR D FHUWDLQ DFWRU DQG FHUWDLQ FRQGLWLRQV� WR W\SH � VWDWHPHQWV� ZKLFK EODFN�ER[ WKH EHOLHI DV
D JHQHUDOO\ DFFHSWHG SDUW RI FRPPRQ NQRZOHGJH� 7H[WERRNV� /DWRXU DQG:RROJDU FRQFOXGH�
XVXDOO\ GR QRW KHGJH WKHLU FODLPV� EXW GHOLYHU WKHP DV WKH EDUH WUXWK DERXW QDWXUH�

6FLHQWLILF WH[WERRNV ZHUH IRXQG WR FRQWDLQ D ODUJH QXPEHU RI VHQWHQFHV RI WKH
VW\OLVWLF IRUP� ³$ KDV D FHUWDLQ UHODWLRQVKLS ZLWK %�´ >«@ ([SUHVVLRQV RI WKLV
VRUW FRXOG EH VDLG WR EH W\SH � VWDWHPHQWV� $OWKRXJK WKH UHODWLRQVKLS SUHVHQWHG LQ
WKLV VWDWHPHQWV DSSHDUV XQFRQWURYHUVLDO� LW LV� E\ FRQWUDVW ZLWK W\SH � VWDWHPHQWV�
PDGH H[SOLFLW� 7KLV W\SH RI VWDWHPHQW LV RIWHQ WDNHQ DV WKH SURWRW\SH RI VFLHQWLILF
DVVHUWLRQ� �/DWRXU DQG :RROJDU ����� ���

$FFRUGLQJO\� WH[WERRNV SOD\ DQ LPSRUWDQW UROH LQ VHGLPHQWLQJ FRQFHSWV� PHWKRGV� H[�
SHULPHQWDO SURFHGXUHV� DQG RUWKRGR[ LQWHUSUHWDWLRQV� 7KLV DVSHFW KDV EHHQ LQYHVWLJDWHG E\ D
�$Q LQWHUHVWLQJ GHYHORSPHQW LQ WKLV OLQH RI WKRXJKW LV WKH DQDO\VLV RI WKH UKHWRULF RI VFLHQFH DQG LWV EHDULQJ RQ WKH
FUHDWLRQ RI VFLHQWLILF IDFWV� VHH IRU H[DPSOH �)DKQHVWRFN ����� 3UHOOL ����� *URVV ������
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QXPEHU RI VFKRODUV� IRU H[DPSOH 0DU\ 6P\WK LQ KHU UHFRQVWUXFWLRQ RI WKH IXQFWLRQ RI WH[W�
ERRNV LQ FUHDWLQJ FRQVHQVXV LQ SV\FKRORJ\ �6P\WK ����� RU $QWRQLR *DUFtD�%HOPDU� -RVq
5DPRQ %HUWRPHX�6iQFKH]� DQG %HUQDGHWWH %HQVDXGH�9LQFHQW� ZKR� LQ WKHLU FRPSUHKHQVLYH
DFFRXQW RI )UHQFK FKHPLVWU\ WH[WERRNV� WUDFH WKH ZD\ LQ ZKLFK WKH DWRPLVWLF K\SRWKHVLV ZDV
UHFHLYHG DQG VXVWDLQHG LQ WKH VFLHQWLILF FRPPXQLW\ �*DUFtD�%HOPDU� %HUWRPHX�6iQFKH]� DQG
%HQVDXGH�9LQFHQW ������

��� 7RZDUGV DQ (SLVWHPRORJLFDO 5ROH IRU WKH 3HGDJRJLFDO 7H[W

5HIOHFWLRQ RQ VFLHQWLILF SHGDJRJ\ DQG WH[WERRNV KDV KLWKHUWR JHQHUDWHG DQ LPSUHVVLYH
DPRXQW RI VFKRODUO\ ZRUN� UHPDUNDEOH ERWK LQ GHSWK DQG LQ VFRSH� $ SULPH IHDWXUH RI WKLV
ZRUN KDV EHHQ WKH FDUHIXO UHFRQVWUXFWLRQ RI WKH SHGDJRJLFDO SUDFWLFHV� WKH WHDFKLQJ SUR�
FHGXUHV� WKH VRFLDO QHJRWLDWLRQV� DQG WKH LQVWLWXWLRQDO VHWWLQJV LQYROYHG LQ WKH WUDQVPLVVLRQ
RI NQRZOHGJH IURP WKH VFLHQWLILF HOLWH WR WKRVH ZKR DUH VXSSRVHG WR UHSODFH LW LQ WKH QHDU
IXWXUH� +RZHYHU� WKH IUDJPHQWDWLRQ RI WKLV DQDO\VLV LQWR FRQWLQJHQW DQG VLWXDWHG SUDFWLFHV�
GRHV QRW UHVWULFW WKH DPELWLRQ WRZDUGV DQ HQFRPSDVVLQJ PRGHO RI NQRZOHGJH WUDQVPLVVLRQ
DEOH WR FDSWXUH WKH ULFK PDWHULDO DQDO\]HG LQ D FRQVLVWHQW YLHZ� DQG SRVVLEO\ WR HQODUJH XSRQ
LW� 4XLWH WKH FRQWUDU\� VSHFLDO LQWHUHVW KDV DULVHQ LQ UHFHQW WLPHV LQ D PRUH HSLVWHPRORJLFDO
SHUVSHFWLYH DEOH WR LOOXPLQDWH SHUVLVWHQW� ORQJ�WHUP HOHPHQWV LQ VFLHQWLILF SHGDJRJ\� ZKLFK
WHQG WR UHPDLQ FRQFHDOHG LQ PRUH GHWDLOHG DFFRXQWV� )RU WKLV WDVN� EHVLGHV .XKQ� DQ REYLRXV
VRXUFH WR FDOO XSRQ LV 0LFKHO )RXFDXOW�

,Q 'LVFLSOLQH DQG 3XQLVK )RXFDXOW VKRZHG WKDW� IURP WKH HLJKWHHQWK FHQWXU\ RQZDUGV�
GLVFLSOLQH VWHDGLO\ LQFUHDVHG LWV HIILFLHQF\ E\ PHDQV RI FDUHIXOO\ SDUWLWLRQHG VSDFHV� FDOL�
EUDWHG WLPHV� DQG FRQVWUDLQHG EHKDYLRUV �)RXFDXOW ������ &RQWURO RYHU WKH ERG\ RI WKH LQ�
GLYLGXDO LV DW ZRUN LQ SULVRQV� LQ KRVSLWDOV� LQ PLOLWDU\ LQVWLWXWLRQV� DV ZHOO DV LQ VFKRROV�
7R EH VXUH� LW LV SUHFLVHO\ WR VFKRROV WKDW )RXFDXOW GHGLFDWHV KLV PRVW VWLPXODWLQJ DQDO\VLV�
)RU )RXFDXOW� WKH SHGDJRJLFDO DFWLYLW\ GLVSOD\V LWVHOI LQ WKUHH SKDVHV� KLHUDUFKLFDO REVHUYD�
WLRQ� QRUPDOL]LQJ MXGJHPHQW� DQG H[DPLQDWLRQ� 7KH ILUVW SKDVH UHTXLUHV WKH RUJDQL]DWLRQ RI
VSDFH�WLPH UHODWLRQV EHWZHHQ WKH WHDFKHU DQG WKH VWXGHQWV� WKH DUFKLWHFWXUH RI WKH FODVVURRP�
WKH GLVSRVLWLRQ RI WKH VHDWV� DV ZHOO DV WKH SDUWLWLRQ RI WLPH IRU OHFWXULQJ� H[HUFLVLQJ� DQG
UHVWLQJ� %XW LW DOVR UHTXLUHV D SHUSHWXDO JD]H IURP WKH WHDFKHU� ZKLFK SURYLGHV WKH FRQWURO
RYHU SRVWXUH� JHVWXUHV� DQG EHKDYLRUV� 7KLV FRQWURO LV DOZD\V DFFRPSDQLHG E\ D MXGJHPHQW�
ZKRVH DLP LV WR QRUPDOL]H WKH LQGLYLGXDOV WR VRPH SUHFRQFHLYHG RUWKRGR[\� )RU WKLV MXGJH�
PHQW RQH QHHGV FRPSDULVRQ DQG� PRUH JHQHUDOO\� H[DPLQDWLRQ� FDUULHG RXW DFFRUGLQJ WR UXOHV�
SURFHGXUHV� DQG URXWLQHV� DQG HYDOXDWHG DFFRUGLQJ WR QRUPDOL]LQJ V\VWHPV�

:KLOH )RXFDXOW FDVWV WKHVH GLVFLSOLQDU\ VHWWLQJV LQ WHUPV RI VRFLDO DOLJQPHQWV DQG WKH
SRZHU UHODWLRQV HVWDEOLVKHG EHWZHHQ WKH FRQWUROOHU DQG WKH FRQWUROOHG� WKH PDVWHU DQG WKH
SXSLOV� RQH FDQQRW KHOS EXW WKLQN DERXW WKH VLPLODULWLHV ZLWK .XKQ¶V SDJHV RQ WUDLQLQJ� )RU
RQH WKLQJ� WKH H[DPLQDWLRQV FDQ EH UHDOO\ HIIHFWLYH DQG QRUPDOL]LQJ RQO\ LI WKH VWXGHQWV KDYH
EHHQ VXLWDEO\ GULOOHG LQ WKH ³UXOHV RI WKH JDPH�´ ZKLFK LV SUHFLVHO\ ZKDW D SDUDGLJP LV VXS�
SRVHG WR GR� 'RFLOLW\ DQG WKH FKHULVKLQJ RI WUDGLWLRQ DUH WKXV WKH HVVHQWLDO LQJUHGLHQWV RI WKLV
DSSURDFK� $Q DSSURDFK ZKRVH LPSOLFLW VRFLDO DOLJQPHQW KDG EHHQ SHUFHSWLYHO\ DQWLFLSDWHG
E\ -RKQ 'HZH\�

6LQFH WKH VXEMHFW�PDWWHU DV ZHOO DV VWDQGDUGV RI SURSHU FRQGXFW DUH KDQGHG GRZQ
IURP WKH SDVW� WKH DWWLWXGH RI SXSLOV PXVW� XSRQ WKH ZKROH� EH RQH RI GRFLOLW\�
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UHFHSWLYLW\� DQG REHGLHQFH� %RRNV� HVSHFLDOO\ WH[WERRNV DUH WKH FKLHI UHSUHVHQ�
WDWLYHV RI WKH ORUH DQG ZLVGRP RI WKH SDVW� ZKLOH WHDFKHUV DUH WKH RUJDQV WKURXJK
ZKLFK SXSLOV DUH EURXJKW LQWR HIIHFWLYH FRQQHFWLRQ ZLWK WKH PDWHULDO� 7HDFKHUV
DUH WKH DJHQWV WKURXJK ZKLFK NQRZOHGJH DQG VNLOOV DUH FRPPXQLFDWHG DQG UXOHV
RI FRQGXFW HQIRUFHG� �'HZH\ ����� ���

,W LV ZLWK WKHVH VLPLODULWLHV LQ PLQG WKDW $QGUHZ :DUZLFN DQG 'DYLG .DLVHU KDYH DU�
JXHG LQ IDYRU RI D ³)RXNXKQLDQ´ SRVLWLRQ DV D SRVVLEOH JHQHUDO IUDPHZRUN IRU WKH VWXG\ RI
VFLHQWLILF SHGDJRJ\� ,Q HVVHQFH� WKLV SRVLWLRQ ERLOV GRZQ WR DQ DWWHPSW WR IXUWKHU KLVWRULFL]H
.XKQ¶V LQWXLWLRQ WKDW WKHRUHWLFDO NQRZOHGJH UHTXLUHV URXWLQL]LQJ SUDFWLFHV WKURXJK )RXFDXOW¶V
YLHZ RI SRZHU DV D SURGXFWLYH IRUFH� DFWLQJ E\ PHDQV RI PLFURVFRSLF IRUPV RI VRFLDO FRQWURO�
DQG LW LV GHYHORSHG LQ WZR SRLQWV�

>)@LUVW E\ QRWLQJ WKH FRPSDWLELOLW\ RI .XKQ¶V HPSKDVLV RQ VNLOO DFTXLVLWLRQ ZLWK
)RXFDXOW¶V LQVLJKW WKDW SRZHU LV WKH IRUP RI VRFLDO UHODWLRQV GRHV QRW LQKLELW RU
FRQFHDO NQRZOHGJH� EXW LV QHFHVVDU\ WR LWV SURGXFWLRQ� DQG� VHFRQG� E\ EXLOGLQJ
RQ )RXFDXOW¶V FODLP WKDW WKH PLQXWLDH RI HYHU\GD\ SUDFWLFHV KDYH WKH SRZHU WR
JHQHUDWH QHZ FDSDELOLWLHV LQ KXPDQ EHLQJV� WKHUHE\ EULQJLQJ DERXW VLJQLILFDQW
KLVWRULFDO FKDQJH� �.DLVHU DQG :DUZLFN ����� ����

7KLV DWWHPSW DW SXWWLQJ WRJHWKHU WKH EHVW RI WZR ZRUOGV SRLQWV XV WRZDUG YHU\ LQWHUHVWLQJ
SHUVSHFWLYHV� EXW LW VWLOO FRQWDLQV VRPH IXQGDPHQWDO GLIILFXOWLHV� 7R EHJLQ ZLWK� WKH VHFRQG
SRLQW� UHIHUULQJ WR WKH SURGXFWLRQ RI KLVWRULFDO FKDQJH WKURXJK HYHU\GD\ SUDFWLFHV� VHHPV WR
EHJ WKH TXHVWLRQ UDLVHG E\ WKH ILUVW� .DLVHU DQG :DUZLFN DUH FHUWDLQO\ ULJKW LQ KLJKOLJKWLQJ
WKH VLPLODULW\ EHWZHHQ .XKQ¶V QRWLRQ RI QRUPDO VFLHQFH EDVHG RQ SDUDGLJPV DQG )RXFDXOW¶V
QRUPDOL]LQJ UHJLPHV UHO\LQJ RQ GLVFLSOLQDU\ WHFKQLTXHV� +RZHYHU� KRZ WKHVH UHJLPHV FDQ
SURGXFH QHZ NQRZOHGJH� SRVVLEO\ NQRZOHGJH WKDW FKDOOHQJHV WKH SDUDGLJP LWVHOI� LV D SDU�
WLFXODU VWLFNLQJ SRLQW LQ .XKQ¶V PRGHO DQG UHPDLQV VR LQ )RXFDXOW¶V� 2FFXUULQJ GXULQJ SHUL�
RGV RI DFFHSWHG SDUDGLJPV DQG GHYHORSLQJ WKURXJK QRUPDOL]LQJ SURFHGXUHV� WKH )RXNXKQLDQ
SHGDJRJ\ VHHPV WR OHDYH OLWWOH URRP IRU LQGLYLGXDO FUHDWLYLW\� 7KH VWURQJ HPSKDVLV WKDW ERWK
.XKQ DQG )RXFDXOW SXW RQ WKH RQH�VLGHGQHVV RI WKH SHGDJRJLFDO UHODWLRQ EHWZHHQ PDVWHU
DQG VWXGHQW PDNHV LW GLIILFXOW WR H[SODLQ KRZ WUDLQLQJ FDQ WXUQ D GRFLOH DQG REHGLHQW SXSLO
LQWR DQ LQGHSHQGHQW UHVHDUFKHU DEOH� DW VRPH SRLQW� WR PHWDSKRULFDOO\ NLOO KLV� KHU PDVWHU�
WKDW LV� WR FKDOOHQJH WKH SDUDGLJP LWVHOI� 6XPDQ 6HWK SXWV KLV ILQJHU RQ WKLV SUREOHP ZKHQ
KH ZULWHV� ³GLVFLSOLQLQJ� PRVW VSHFLILFDOO\� FDQQRW SURGXFH SHRSOH ZKR WKHPVHOYHV SURGXFH
QHZ NQRZOHGJH DQG LW LV WKH SURGXFWLRQ RI QRYHO NQRZOHGJH WKDW GLVWLQJXLVKHV WKH UHVHDUFKHU
IURP WKH VWXGHQW´ �6HWK ����� ����

)XUWKHUPRUH� WKH GDULQJ FRPELQDWLRQ RI .XKQLDQ DQG )RXFDXOWLDQ LQVLJKWV VHHPV DW
WLPHV WR VWUHWFK WRR EURDGO\ DQG WKLQO\ WKH SRVLWLRQV RI ERWK DXWKRUV� 2Q WKH RQH KDQG� DV
ZH QRWLFHG DERYH� .XKQ¶V GLVFRXUVH RQ SDUDGLJP DQG VFLHQWLILF SHGDJRJ\ DSSHDUV WR VWHP
HQWLUHO\ IURP� DQG WR EH DSSOLFDEOH HVSHFLDOO\ WR� SK\VLFDO VFLHQFHV VXFK DV FKHPLVWU\ RU
WKHRUHWLFDO SK\VLFV� )RXFDXOW� KRZHYHU� IDPRXVO\ HVFKHZHG HQWHULQJ LQWR WKH JHQHDORJ\ RI
WKH SK\VLFDO VFLHQFHV�

>)@RU PH LW ZDV D PDWWHU RI VD\LQJ WKLV� LI� FRQFHUQLQJ D VFLHQFH OLNH WKHRUHWLFDO
SK\VLFV RU RUJDQLF FKHPLVWU\� RQH SRVHV WKH SUREOHP RI LWV UHODWLRQV ZLWK WKH
SROLWLFDO DQG HFRQRPLF VWUXFWXUHV RI VRFLHW\� LVQ¶W RQH SRVLQJ DQ H[FHVVLYHO\
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FRPSOLFDWHG TXHVWLRQ" 'RHVQ¶W WKLV VHW WKH WKUHVKROG RI SRVVLEOH H[SODQDWLRQV
LPSRVVLEO\ KLJK" �)RXFDXOW ����� ����

2Q WKH RWKHU KDQG� DQG PRUH WR WKH SRLQW RI WKLV YROXPH� ZKLOH .XKQ KDV PXFK WR VD\ DERXW
WH[WERRNV DQG WKHLU UHODWLRQ ZLWK WKH ZKROH ERG\ RI NQRZOHGJHþZH SURYLGHG DPSOH WH[WXDO
HYLGHQFH DERYHþ)RXFDXOW LV DOPRVW VLOHQW DERXW WKLV WRSLF� KH SUHIHUV WR IRFXV XSRQ WKH
SRZHU UHODWLRQV GLVSOD\HG LQ VSHFLILF SDWWHUQV RI VRFLDO FRQWURO DQG KDQGV�RQ DFTXLVLWLRQ RI
NQRZOHGJH�

)LQDOO\� WKHLU RWKHU VLPLODULWLHV QRWZLWKVWDQGLQJ� LW VKRXOG QRW EH IRUJRWWHQ WKDW .XKQ
DQG )RXFDXOW GLIIHU LQ DW OHDVW RQH LPSRUWDQW UHVSHFW� SHUFHSWLYHO\ UHPDUNHG XSRQ E\ +XEHUW
'UH\IXV DQG 3DXO 5DELQRZ ������ ���±����� )RXFDXOW DLPV WR FKDUDFWHUL]H DQ LQWHUSUHWDWLYH
GLPHQVLRQ RI WKH PLFURVFRSLF DQG PDFURVFRSLF PHFKDQLVP RI VRFLHW\ WKDW LV WRWDOO\ PLVVLQJ
LQ .XKQ� 5HIOHFWLRQ RQ WKH LQWHUVHFWLRQV EHWZHHQ SRZHU DQG NQRZOHGJH LQHYLWDEO\ HQWDLOV
DQ HYDOXDWLRQ RI WKH GLUHFWLRQ WKHVH SURFHVVHV WDNH WRJHWKHU ZLWK DQ HYDOXDWLRQ RI RXU VRFLHW\
DV D ZKROH� 7KLV ZRUU\� DEVHQW LQ .XKQ� VXJJHVWV WKDW ZH VKRXOG QRW XQGHUHVWLPDWH WKH
GLIIHUHQFHV LQ DLPV DQG PHWKRGV EHWZHHQ WKH WZR ZULWHUV�

7KHVH FRQVLGHUDWLRQV OHDG XV WR WKH FRQFOXVLRQ WKDW WKH )RXNXKQLDQ DSSURDFK QHHGV
WR EH FRPSOHPHQWHG E\ IXUWKHU LQVLJKWV� 7KLV FRPSOHPHQWDWLRQ VKRXOG� ZH EHOLHYH� GHULYH
IURP DQ LQVLVWHQFH RQ WKH ³NQRZOHGJH´ KRUQ RI WKH )RXFDXOWLDQ SRZHU�NQRZOHGJH GXDOLW\�
2QO\ LQ WKLV ZD\ FDQ WKH SUDFWLFH�RULHQWHG DSSURDFK KLWKHUWR GHYHORSHG OHDG WR DQ DQDO\VLV
RI VFLHQWLILF SHGDJRJ\ DEOH WR HQFRPSDVV WZR FUXFLDO� DQG LQWHUUHODWHG� UHTXLUHPHQWV� )LUVW�
WH[WERRNV VKRXOG EHFRPH OHJLWLPDWH KLVWRULRJUDSKLFDO WRROV� XVHG WR LOOXPLQDWH QRW RQO\ WKH
KLVWRU\ RI SHGDJRJLFDO SUDFWLFHV� EXW� RFFDVLRQDOO\� WKH KLVWRU\ RI VFLHQFH DV D ZKROH� 7KLV
SHUVSHFWLYH FKDOOHQJHV KHDG�RQ .XKQ¶V FRQWHQWLRQ WKDW WH[WERRNV SURYLGH KLVWRULFDOO\ DQG
FRQFHSWXDOO\ PLVOHDGLQJ SHUVSHFWLYHV RQ VFLHQFH PDNLQJ� 0RUHRYHU� WKLV UHTXLUHPHQW JRHV
KDQG LQ KDQG ZLWK WKH VHFRQG RQH� ZKLOH ERWK .XKQ DQG )RXFDXOW KDYH LQVLVWHG RQ WKH FHQ�
WUDOLW\ RI SHGDJRJLFDO SUDFWLFHV LQ SHULRGV RI VWDELOLW\ DQG QRUPDO VFLHQFH� LW LV LPSRUWDQW WR
H[WHQG RXU JD]H WR ZKDW KDSSHQV LQ WLPHV RI VFLHQWLILF EUHDNWKURXJK� 7KHRULHV FDQ EH LQ IOX[
RQ WKH ZULWWHQ SDJH WRR� LI VFLHQFH LV LQ D SHULRG RI FULVHV� 7KXV� LI ZH PRYH RXU VSRWOLJKW
IURP WKH TXLHW GD\V RI QRUPDO VFLHQFH WR WKH WXUPRLO RI DQ HSRFK�PDNLQJ FULVLV� ZH UHDOL]H
WKDW WH[WERRNV FHDVH WR EH WKH QHXWUDO UHSRVLWRU\ RI WUXWK DQG HQWHU D GLDORJXH ZLWK DFWLYH UH�
VHDUFK� 7KURXJK WKLV GLDORJXH SHGDJRJ\ FDQ RIIHU XV DQ RULJLQDO ZLQGRZ RQ WKH SURGXFWLRQ
DQG GLVVHPLQDWLRQ RI VFLHQWLILF NQRZOHGJH�

.H\ WR WKLV WZRIROG H[WHQVLRQ DUH WKH FRQFHSWXDO UHVRXUFHV RI KLVWRULFDO HSLVWHPRORJ\
DQG WKH LQVLJKWV WKH\ FDQ SURYLGH XV RQ WKH G\QDPLFV RI VFLHQWLILF NQRZOHGJH�� 7R EHJLQ
ZLWK� E\ IRFXVLQJ XSRQ WKH H[SORUDWLRQ RI ³WKH G\QDPLFV RI VFLHQWLILF GHYHORSPHQWV� DV WKH\
FDQ EH H[WUDFWHG IURP DQ DQDO\VLV RI VFLHQWLILF WH[WV DQG SUDFWLFHV´ �)HHVW DQG 6WXUP ����� ���
KLVWRULFDO HSLVWHPRORJ\ KDV OHG WR WKH FRQFOXVLRQ WKDW RQH VKRXOG HDVH WKH.XKQLDQ GLVWLQFWLRQ
EHWZHHQ QRUPDO VFLHQFH DQG UHYROXWLRQDU\ SHULRGV� 6SHFLILFDOO\� WKH KLVWRULDQ RI VFLHQFH
VKRXOG EH HQWLWOHG WR ORRN DW WH[WERRNV QRW RQO\ DV SURGXFWV RI VFLHQWLILF FKDQJH� XVHIXO RQO\
DV WRROV LQ WUDLQLQJ UHJLPHV� EXW DOVR DV DFWLYH DJHQWV LQ WKH FUHDWLYH SURFHVV RI VFLHQWLILF
GHYHORSPHQW� $ QHZ SDUDGLJP LV QRW HVWDEOLVKHG RYHUQLJKW� DQG WH[WERRNV DSSHDU QRW RQO\
DW WKH HQG�VWDJHV RI VFLHQWLILF FKDQJH�

�2Q WKH PXOWLSOH IRUPV WKDW KLVWRULFDO HSLVWHPRORJ\ FDQ WDNH LQ GLIIHUHQW UHVHDUFK FRQWH[WV� VHH �'DVWRQ �����
5HQQ ����� )HHVW DQG 6WXUP ����� ����� 5KHLQEHUJHU ������
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7KHVH WKRXJKWV QLFHO\ FRPSOHPHQW )RXFDXOW¶V SRZHU� NQRZOHGJH GXDOLW\� ³3ROLWLFDO
SRZHU DOZD\V LPSOLHG WKH SRVVHVVLRQ RI D FHUWDLQ W\SH RI NQRZOHGJH´ �)RXFDXOW ����� ���
DQG HVSHFLDOO\ WUXH NQRZOHGJH� ³>Z@H DUH VXEMHFWHG WR WKH SURGXFWLRQ RI WUXWK WKURXJK SRZHU
DQG ZH FDQQRW H[HUFLVH SRZHU H[FHSW WKURXJK WKH SURGXFWLRQ RI WUXWK´ �)RXFDXOW ����� ����
7H[WERRNV� .XKQ SRLQWV RXW� DUH UHSRVLWRULHV RI WUXWKV� EXW WR UHDFK WKDW VWDWXV D SURFHVV
RI VHOHFWLRQ� UH�HYDOXDWLRQ� DQG UHGHILQLWLRQ PXVW EH SXW LQ SODFH� 7H[WERRNV FRQWDLQ SUH�
YLRXVO\ VKDUHG NQRZOHGJH� ZKLFK XQGHUJRHV D SURFHVV RI HODERUDWLRQ DQG UHFRQILJXUDWLRQ�
7UXWK� KLVWRULFDOO\ WDNHQ� HPHUJHV DJDLQVW WKH EDFNJURXQG RI LQDGHTXDWH NQRZOHGJH DQG WKH
LQYHVWLJDWLRQ RI WKH VWUXJJOH IRU WUXWK LV SUHFLVHO\ ZKDW SRZHU�NQRZOHGJH LV DERXW�

>7@R H[WHQG WKH FODLPV WR DWWHQWLRQ RI ORFDO� GLVFRQWLQXRXV� GLVTXDOLILHG� LOOHJLW�
LPDWH NQRZOHGJHV DJDLQVW WKH FODLPV RI D XQLWDU\ ERG\ RI WKHRU\ ZKLFK ZRXOG
ILOWHU� KLHUDUFKL]H DQG RUGHU WKHP LQ WKH QDPH RI VRPH WUXH NQRZOHGJH DQG VRPH
DUELWUDU\ LGHD RI ZKDW FRQVWLWXWHV D VFLHQFH DQG LWV REMHFWV� �)RXFDXOW ����� ���

7KH VWXGLHV LQ WKLV YROXPH DLP H[DFWO\ DW GH�EODFN�ER[LQJ WKH SURFHVV RI FRQVWUXFWLRQ RI
WUXWK LQ WH[WERRNV GXULQJ D SHULRG RI FULVLV�

6HFRQG� DQG PRUH JHQHUDOO\� DQ LPSRUWDQW WUDGLWLRQ RI FRJQLWLYH DQG HSLVWHPRORJLFDO
VWXGLHV RQ OHDUQLQJ KDV OHG XV WR UHDOL]H WKDW UHVHDUFK DQG SHGDJRJ\ VKDUH WKH VDPH HSLVWH�
PRORJLFDO IDEULF� -HDQ 3LDJHW DQG� PRUH UHFHQWO\� 3HWHU 'DPHURZ KLJKOLJKWHG WKH UROH RI
UHIOHFWLRQ RQ WKH UHVRXUFHV DQG WKH WRROV RI NQRZOHGJH DV D FUXFLDO VWHS LQ OHDUQLQJ�� EXW
WKH VDPH HSLVWHPRORJLFDO SURFHVV DOVR JXLGHV UHVHDUFK� HYHQ WKRVH OHDGLQJ WR UHYROXWLRQDU\
EUHDNWKURXJKV� 1DQF\ 1HUVHVVLDQ ZHQW DV IDU DV VWUHVVLQJ D VWUXFWXUDO VLPLODULW\ EHWZHHQ WKH
OHDUQLQJ SURFHVV DQG FRQFHSWXDO FKDQJHV�

6WXGHQWV OHDUQLQJ D VFLHQWLILF UHSUHVHQWDWLRQ PXVW DOVR DFWLYHO\ FRQVWUXFW� WKH\
PXVW IRUP QHZ FRQFHSWV DQG QHZ UHODWLRQV DPRQJ H[LVWLQJ FRQFHSWV DQG LQWH�
JUDWH WKH QHZ UHSUHVHQWDWLRQ WR VXFK DQ H[WHQW WKDW WKH\ FDQ PDNH XVH RI LW� >«@
>%@RWK WKH QDWXUH RI WKH FKDQJHV WKDW QHHG WR EHPDGH LQ FRQFHSWXDO UHVWUXFWXULQJ
DQG WKH NLQGV RI UHDVRQLQJ LQYROYHG LQ WKH SURFHVV RI FRQVWUXFWLQJ D VFLHQWLILF
UHSUHVHQWDWLRQ DUH WKH VDPH IRU VFLHQWLVWV DQG VWXGHQWV RI VFLHQFH� 7KDW LV� WKH
FRJQLWLYH GLPHQVLRQ RI WKH WZR SURFHVVHV LV IXQGDPHQWDOO\ WKH VDPH� �1HUVHV�
VLDQ ����� ����

+LVWRULFDO HSLVWHPRORJ\ KDV LQWHUQDOL]HG WKH SLHFH�E\�SLHFH YLHZ RI NQRZOHGJH GHYHO�
RSPHQW WKDW WKLV WUDGLWLRQ HQWDLOV� 1HZ UHYROXWLRQDU\ LGHDV XVXDOO\ HPHUJH DW WKH ERXQGDU\
EHWZHHQ GLIIHUHQW DUHDV RI NQRZOHGJH DV WKH UHVXOW RI LQWHUQDO WHQVLRQV SUHVHQW LQ WKHVH DU�
HDV� %XW D QHZ LGHD� KRZHYHU UDGLFDO� LV QRW \HW D VFLHQWLILF UHYROXWLRQ RU D QHZ SDUDGLJP�
3UHFLVHO\ EHFDXVH LW VWHPV IURP FROOLVLRQV DW WKH ERXQGDULHV EHWZHHQ GLIIHUHQW WKHRULHV� LW
EHORQJV WR QRQH RI WKHP� $W WKH EHJLQQLQJ� LQQRYDWLYH LGHDV DUH LQ µHSLVWHPLF LVRODWLRQ�¶�
7KH WUDQVLWLRQ WR D QHZ VFLHQFH FDQ EH FRPSOHWHG RQO\ WKURXJK WKH ORQJ� LQWULFDWH� DQG RIWHQ
WHGLRXV SURFHVV RI FRPSDULQJ WKH QRYHO LGHD ZLWK WKH HVWDEOLVKHG ERG\ RI NQRZOHGJH �5HQQ
������ 7KLV DWWHPSW DW HSLVWHPLF LQWHJUDWLRQ RI QRYHOW\ DQG WUDGLWLRQ SURJUHVVLYHO\ XQIROGV
WKH UHYROXWLRQDU\ SRWHQWLDO RI WKH QHZ LGHD DQG JHQHUDWHV WKH FRQVHQVXV DERXW D QHZ DS�
SURDFK WKDW FKDUDFWHUL]HV D SDUDGLJP� 3DUDSKUDVLQJ .DLVHU¶V FDWFK\ VHQWHQFH TXRWHG DERYH�
�6HH IRU H[DPSOH �'DYLV ����� 'DPHURZ ������
�2Q WKH FRQFHSW RI HSLVWHPLF LVRODWLRQ VHH �%�WWQHU� 5HQQ� DQG 6FKHPPHO ������
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³UHYROXWLRQV DUH QRW ERUQ� WKH\ DUH PDGH�´ ,QWHUHVWLQJO\� DQG DW WKLV SRLQW XQVXUSULVLQJO\� WKH
VDPH HSLVWHPRORJLFDO GULYH FDQ EH IRXQG LQ VFLHQWLILF SHGDJRJ\ GXULQJ D WLPH RI FULVLV� DV
WKH DUWLFOHV LQ WKLV YROXPH VKRZ H[WHQVLYHO\�

6LQFH WH[WERRNV� E\ QHFHVVLW\� EULQJ LQWR FRQWDFW WUDGLWLRQ DQG QRYHO DSSURDFKHV� WKH\
UHOHQWOHVVO\ H[SORUH WKH SRWHQWLDOLWLHV RI ROGHU WRROV DQG WKHLU FRQQHFWLRQ ZLWK QHZHU RQHV�
7KLV SURFHVV� ZKLFK .XKQ LQWHUSUHWHG DV FRQFHDOLQJ WKH WUDFNV RI D UHYROXWLRQ� UHFDSLWXODWHV
LQ UHDOLW\ WKH HVVHQFH RI WKH UHVHDUFK SURFHVV� :H FDQ VHH WKLV G\QDPLF LQVWDQWLDWHG LQ WKH
ERRNV RI 3ODQFN� 6DFNXU� 6RPPHUIHOG RU 5HLFKH GLVFXVVHG LQ WKLV YROXPH�

$JDLQ� WKLV LQVLJKW DGGV DQRWKHU GLPHQVLRQ WR )RXFDXOW¶V DQG .XKQ¶V SRVLWLRQV� 2UJDQL�
]DWLRQ RI NQRZOHGJH RFFXUV DW GLIIHUHQW OHYHOV DQG LQYROYHV GLIIHUHQW GLVFLSOLQDU\ PDWUL[HV�
OHDGLQJ WR KHWHURJHQHLW\ DQG EOXUULQJ RI WKH ERXQGDULHV VKDUSO\ GUDZQ LQ SHULRGV RI QRUPDO
VFLHQFH� 7KLV LV DOVR D )RXFDXOWLDQ WKHPH� EHVW SXW E\ -RVHSK 5RXVH�

.QRZOHGJH LV HVWDEOLVKHG QRW RQO\ LQ UHODWLRQ WR D ILHOG RI VWDWHPHQWV� EXW DOVR WR
REMHFWV� LQVWUXPHQWV� SUDFWLFHV� UHVHDUFK SURJUDPV� VNLOOV� VRFLDO QHWZRUNV� DQG
LQVWLWXWLRQV� 6RPH HOHPHQWV RI VXFK DQ HSLVWHPLF ILHOG UHLQIRUFH DQG VWUHQJWKHQ
RQH DQRWKHU DQG DUH WDNHQ XS� H[WHQGHG� DQG UHSURGXFHG LQ RWKHU FRQWH[WV� RWK�
HUV UHPDLQ LVRODWHG IURP� RU FRQIOLFW ZLWK� WKHVH HPHUJHQW ³VWUDWHJLHV´ DQG HYHQ�
WXDOO\ EHFRPH IRUJRWWHQ FXULRVLWLHV� 7KH FRQILJXUDWLRQ RI NQRZOHGJH UHTXLUHV
WKDW WKHVH KHWHURJHQHRXV HOHPHQWV EH DGHTXDWHO\ DGDSWHG WR RQH DQRWKHU DQG
WKDW WKHLU PXWXDO DOLJQPHQW EH VXVWDLQHG RYHU WLPH� �5RXVH ����� ����

,W LV RQ WKLV FRPSOH[ SURFHVV RI FRPELQDWLRQ RI KHWHURJHQHRXV HOHPHQWV� RI H[FOXVLRQ�LQFOX�
VLRQ� DQG RI UHFRQILJXUDWLRQþD SURFHVV W\SLFDO RI VFLHQWLILF UHVHDUFKþWKDW DQ LQYHVWLJDWLRQ
RI ³WH[WERRNV LQ IOX[´ FDQ SURYLGH LOOXPLQDWLQJ LQVLJKWV�

��� 5HWKLQNLQJ WKH +LVWRU\ RI 4XDQWXP 3K\VLFV

7KLV YROXPH ZDQWV WR FRQWULEXWH WR WKH VWXG\ RI WH[WERRNV DV DJHQWV RI UHVHDUFK E\ IRFXVLQJ
DWWHQWLRQ RQ RQH VSHFLILF HSLVRGH LQ WKH KLVWRU\ RI VFLHQWLILF FKDQJH� WKH VR�FDOOHG TXDQWXP
UHYROXWLRQ�� 7KH HPHUJHQFH RI TXDQWXP WKHRU\� LQ SDUWLFXODU� UHSUHVHQWV DQ LGHDO VHWWLQJ
EHFDXVH LW LV D PXOWLGLVFLSOLQDU\� GHORFDOL]HG� DQG PXOWL�DFWRU SKHQRPHQRQ� 7KH FDQRQLFDO
DFFRXQW RI WKLV FKDSWHU LQ WKH KLVWRU\ RI VFLHQFH VWDUWV ZLWK WKH FULVLV RI EODFN�ERG\ UDGLD�
WLRQ DQG WKH VROXWLRQ SXW IRUWK E\ 0D[ 3ODQFN DW WKH WXUQ RI WKH FHQWXU\� $IWHU WKLV� $OEHUW
(LQVWHLQ¶V ���� WKHRU\ RI VSHFLILF KHDWV� 1LHOV %RKU¶V ���� PRGHO RI WKH K\GURJHQ DWRP�
DQG WKH DGYHQW RI :HUQHU +HLVHQEHUJ¶V DQG (UZLQ 6FKU|GLQJHU¶V TXDQWXP PHFKDQLFV LQ WKH
PLG�����V IRUP WKH FRQFHSWXDO EDFNERQH RI D VWRU\ WKDW� WRJHWKHU ZLWK WKH GHYHORSPHQW RI
UHODWLYLW\� KDV WDNHQ SUH�HPLQHQFH LQ WKH KLVWRU\ RI WZHQWLHWK�FHQWXU\ VFLHQFH� +LVWRULDQV
RI SK\VLFV KDYH� IRU GHFDGHV� VWUXJJOHG WR ZULWH D FRKHUHQW DFFRXQW RI D SURFHVV WKDW HOXGHV
VLPSOLVWLF H[SODQDWLRQV� 7KHUH DUH WRR PDQ\� WRR GLYHUVH HOHPHQWV WKDW FRQWULEXWH WR WKH
FRPSOH[LW\ RI WKLV SDUWLFXODU VWRU\� WKH UDQJH RI WKH FRQFHSWXDO FKDQJHV WKDW WRRN SODFH� WKH
QXPEHU DQG GLYHUVLW\ RI WKH DFWRUV LQYROYHG� WKH LQVWLWXWLRQDO VHWWLQJV� WKH QHWZRUNV RI SRZHU
DQG FRPSOLFLWLHV EHWZHHQ VFLHQWLVWV� SRSXODUL]HUV� DQG VFLHQFH SROLF\ PDNHUV� WKH VRFLDO DQG

�7KHUH DUH VRPH VWXGLHV FRQFHUQLQJ WKH WUDQVPLVVLRQ RI NQRZOHGJH GXULQJ VFLHQWLILF FKDQJH� VXFK DV WKH SDSHU E\
%HUQDGHWWH %HQVDXGH�9LQFHQW RQ WKH HPHUJHQFH RI WKH FKHPLFDO UHYROXWLRQ �%HQVDXGH�9LQFHQW ������ +RZHYHU�
QR DSSOLFDWLRQ RI WKLV DQDO\VLV WR WKH TXDQWXP UHYROXWLRQ KDV VR IDU EHHQ DWWHPSWHG�
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FXOWXUDO HWKRV RI WKH WLPHV DURXQG WKH WZR:RUOG:DUV� QRW WR PHQWLRQ WKH0DQKDWWDQ 3URMHFW�
WKH ERPEV RI +LURVKLPD DQG 1DJDVDNL� DQG WKH &ROG :DU� )XUWKHUPRUH� QR RWKHU FKDSWHU LQ
WKH KLVWRU\ RI UHFHQW SK\VLFV� OHW DORQH LQ WKH KLVWRU\ RI VFLHQFH� KDV WKH VDPH ZHDOWK RI PD�
WHULDO DYDLODEOH WR WKH KLVWRULDQ� LQFOXGLQJ WKH JLJDQWLF SURMHFW WKDW SURGXFHG WKH $UFKLYH IRU
+LVWRU\ RI 4XDQWXP 3K\VLFV�

7KH HVVD\V FROOHFWHG LQ WKLV YROXPH EULQJ QHZ OLJKW WR WKLV PDVVLYH VFKRODUVKLS E\
FRQFHQWUDWLQJ XSRQ HDUO\ WH[WERRNV RQ TXDQWXP WKHRU\� 7KLV LV RQH RXWFRPH RI WKH ODUJH�
VFDOH� LQWHUQDWLRQDO SURMHFW FRRUGLQDWHG E\ WKH0D[ 3ODQFN ,QVWLWXWH IRU WKH+LVWRU\ RI 6FLHQFH
DQG WKH )ULW] +DEHU ,QVWLWXWH LQ %HUOLQ� RQ WKH+LVWRU\ DQG )RXQGDWLRQV RI 4XDQWXP 3K\VLFV�
WKDW KDV ZRUNHG WR HPSKDVL]H WKH LPSRUWDQFH RI WUDGLWLRQ DQG WKH FRQFHSWXDO UHVHUYRLUV RI
FODVVLFDO SK\VLFV LQ WKH HVWDEOLVKPHQW RI WKH TXDQWXP UHYROXWLRQ� WKHUHE\ KLJKOLJKWLQJ WKH
FRQWLQXRXV DVSHFWV ZLWKLQ VXFK D GUDPDWLF HSLVWHPRORJLFDO VKLIW� 7KH UDWLRQDOH EHKLQG WKLV
YROXPH LV WKDW� VLQFH WH[WERRNV KDYH VHOGRP EHHQ WUHDWHG HLWKHU DV UHOHYDQW VRXUFHV RU DV
DFWRUV LQ WKH GHYHORSPHQW RI WKH QHZ SK\VLFV� LW ZDV ZRUWKZKLOH H[SORULQJ WKH SRVVLELOLWLHV
RI WUHDWLQJ VRPH RI WKHVH ERRNV DV VXEMHFWV DURXQG ZKLFK WR ZULWH QHZ VWRULHV RI WKH TXDQWXP�

$ VSHFLILF HPSKDVLV RQ WKH HSLVWHPRORJLFDO DVSHFWV RI VFLHQWLILF SHGDJRJ\ GXULQJ WKH
HPHUJHQFH RI TXDQWXP SK\VLFV FDQ WXUQ WH[WERRNV LQWR XVHIXO UHVHDUFK WRROV LQ WZR GLIIHUHQW
VHQVHV� )LUVW� WKH VWXG\ RI KRZ WH[WERRNV ZHUH FRQFHLYHG� SURMHFWHG� DQG ZULWWHQ FDQ HOXFL�
GDWH PDQ\ RI WKH KLVWRULFDO FLUFXPVWDQFHV RI WKH FRPLQJ RI DJH RI WKH TXDQWXP UHYROXWLRQ�
DVSHFWV WKDW UHPDLQHG KLGGHQ LQ WKH VWXG\ RI UHVHDUFK SDSHUV� 7R EHJLQ ZLWK� LW JLYHV XV DF�
FHVV WR WKH UHYROXWLRQ RQ D GLIIHUHQW WLPH VFDOH EHFDXVH WH[WERRNV KDYH D GLIIHUHQW OLIH F\FOH
IURP UHVHDUFK DUWLFOHV� )XUWKHUPRUH� FRQWUDU\ WR UHVHDUFK ZRUNV� SHGDJRJLFDO WH[WV DGGUHVV
D EURDGHU VFRSH RI WRSLFV� UDQJLQJ IURP DWRPLF WKHRU\ WR SK\VLFDO FKHPLVWU\� DQG D ZLGHU
DXGLHQFH� WKXV SURYLGLQJ XV ZLWK D ZLGH�DQJOH VQDSVKRW RI WKH FRPPXQLW\ LQYROYHG LQ WKH
TXDQWXP EXVLQHVV�

6HFRQGO\� WKHUH LV D SDUWLFXODU FKDUDFWHU WR WKH ZD\ WH[WERRNV DUH XQGHUVWRRG DQG FRP�
SRVHG WKDW PDNHV WKHP HVSHFLDOO\ XVHIXO IRU UHYHDOLQJ VRPH HOHPHQWV RI WKH LQWULQVLF G\�
QDPLFV RI VFLHQWLILF NQRZOHGJH� 7H[WERRNV� SDUWLFXODUO\ LQ D PRPHQW RI VFLHQWLILF WXUPRLO�
UH�RUJDQL]H WKH LQKHULWHG ERG\ RI NQRZOHGJH DQG WU\ WR LQWHJUDWH LW ZLWK WKH HPHUJLQJ WKHR�
ULHV� 7KLV UHIOHFWLYH SURFHVV� ZKLFK FDQ LQYROYH QHZ K\SRWKHVHV� FRQFHSWV� DQG DVVXPSWLRQV�
EXW DOVR QHZ IRUPDO WHFKQLTXHV� SURFHGXUHV� DQG PHWKRGV� LV HVVHQWLDO LQ LJQLWLQJ SURGXFWLYH
WKLQNLQJ� ,Q RWKHU ZRUGV� WH[WERRNV RIIHU D SULYLOHJHG H[DPSOH RI WKH V\VWHPLF TXDOLW\ RI
NQRZOHGJH� ZKLFK VHHPV WR EH D JHQHUDO IHDWXUH RI WKH WUDQVPLVVLRQ RI NQRZOHGJH LQ LWV
JOREDOL]LQJ GLPHQVLRQ �5HQQ DQG +\PDQ ����D����

$V WKH FKDSWHUV LQ WKLV ERRN VKRZ� WKHUH DUHPDQ\ GLIIHUHQW ZD\V LQZKLFK D WH[WERRN FDQ
EHFRPH WKH VXEMHFW LQ D KLVWRU\ RI HDUO\ TXDQWXP SK\VLFV� VLQFH WKH YHU\ SURFHVV RI ZULWLQJ
D WH[WERRN� �L�H�� RI WU\LQJ WR RUJDQL]H D QHZ GRFWULQH LQ DQ DFFHVVLEOH ZD\ IRU QHZFRPHUV��
WRJHWKHU ZLWK LWV OLIH DV DQ REMHFW WKDW LV LVVXHG� XVHG� FKDQJHG� DQG DEDQGRQHG� HPERGLHV
WKH WHQVLRQV EHWZHHQ UHVHDUFK DQG SHGDJRJ\ GHYHORSHG LQ WKH ILUVW SDUW RI WKLV LQWURGXFWLRQ�
)XUWKHUPRUH� WKH OLIH RI WKHVH WH[WERRNV FDQ DOVR KHOS XV EHWWHU VLWXDWH RWKHU DFWRUV LQ WKH
KLVWRU\ RI TXDQWXP SK\VLFV� E\ EULQJLQJ LQWR WKH SLFWXUH WKH UHDVRQV� WKH FRQWH[W� WKH UHVHDUFK

��%\ WKH VDPH WRNHQ� D UH�HYDOXDWLRQ RI WKH HSLVWHPRORJLFDO UROH RI WH[WERRNV LV DOVR QHFHVVDU\ LQ WHUPV RI XQL�
YHUVLW\ SROLF\ PDNLQJ� $ GHHS UHRUJDQL]DWLRQ RI WKH XQLYHUVLW\ FXUULFXOD� HVVHQWLDO WR PHHW WKH FKDOOHQJHV RI WKH
JOREDOL]HG VRFLHW\� UHTXLUHV D EURDGHU DSSURDFK WR KRZ VFLHQWLILF NQRZOHGJH LV DFFXPXODWHG DQG KRZ QRYHOWLHV KDYH
WR EH LQFOXGHG LQ WKH SHGDJRJLFDO URXWLQH� 2Q WKLV WRSLF VHH WKH SURMHFW 9RP ORNDOHQ 8QLYHUVDOLVPXV ]XP JOREDOHQ
.RQWH[WXDOLVPXV OHG E\ <HKXGD (ONDQD DQG -�UJHQ 5HQQ DQG LWV WKHRUHWLFDO IRXQGDWLRQ LQ �(ONDQD ������
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DJHQGD� DQG RWKHU DVSHFWV WKDW FDQQRW EH VHHQ LQ WKH SXEOLFDWLRQ RI UHVHDUFK SDSHUV RU LQ WKH
DEXQGDQW FRUUHVSRQGHQFH EHWZHHQ WKH PDLQ DFWRUV LQYROYHG LQ WKH VWRU\�

2EYLRXVO\� WKH ILUVW TXHVWLRQ WR DGGUHVV ZDV KRZ WR TXDOLI\ D ERRN DV DQ HDUO\ WH[WERRN
RQ TXDQWXP PDWWHUV� &RQWUDU\ WR WKH FDVH RI FKHPLVWU\� ZKHUH WKHUH LV D ORQJHU WUDGLWLRQ RI
WH[WERRN ZULWLQJ� JRLQJ EDFN WR WKH QLQHWHHQWK FHQWXU\� VRPH RI WKH LQVWDQFHV VWXGLHG LQ WKLV
YROXPH TXDOLI\ DV WH[WERRNV� QRW EHFDXVH WKH\ ZHUH IRUPDOO\ DQG H[SOLFLWO\ ZULWWHQ DV VXFK�
EXW PDLQO\ EHFDXVH WKH\ ZHUH XVHG DV WRROV WR WHDFK TXDQWXP SK\VLFV LQ KLJKHU HGXFDWLRQ�
$V 'DYLG .DLVHU KDV UHFHQWO\ SRLQWHG RXW� WH[WERRNV SRVVHVV D SHFXOLDU SODVWLFLW\ ZLWK UH�
VSHFW WR WKHLU FROORFDWLRQ� WKHLU JHQUH� DQG WKHLU ERXQGDULHV �.DLVHU ������ 'XULQJ VFLHQWLILF
UH�DOLJQPHQWV WKLV IHDWXUH EHFRPHV HYHQ PRUH SURPLQHQW� )XUWKHUPRUH� WKH FRPSOH[LWLHV
DQG WHFKQLFDOLWLHV RI WKH GLVFXVVLRQV LQYROYHG QDUURZ WKH SXEOLF WR ZKLFK WKHVH ERRNV ZHUH
DGGUHVVHG� RQO\ SURIHVVLRQDO SK\VLFLVWV DQG DGYDQFHG VWXGHQWV RI SK\VLFV FRXOG KDYH D UHDO
LQWHUHVW LQ DQG DELOLW\ WR IROORZ WKH QXDQFHV SUHVHQW LQ WKHVH ERRNV� :H� WKHUHIRUH� H[FOXGH
SRSXODU ERRNV� 7KH WHQ FDVH VWXGLHV SUHVHQWHG KHUH LQFOXGH ERRNV IURP ZHOO�NQRZQ DFWRUV
LQ WKH GHYHORSPHQW RI TXDQWXP SK\VLFV� OLNH 0D[ 3ODQFN� $UQROG 6RPPHUIHOG� 0D[ %RUQ
RU 3DXO 'LUDF� DV ZHOO DV QDPHV WKDW QHYHU DSSHDU LQ H[WDQW KLVWRULHV RI TXDQWXP SK\VLFV� OLNH
2WWR 6DFNXU RU *HRUJH %LUWZLVWOH� EXW ZKRVH ERRNV SOD\HG DQ DFWLYH UROH LQ WKH HYROXWLRQ RI
WKH SHGDJRJ\ RI TXDQWXP SK\VLFV�

7KH HODERUDWLRQ RI DQ H[KDXVWLYH OLVW RI WH[WERRNV LV QRW HDV\� VLQFH� HVSHFLDOO\ LQ WKH
YHU\ HDUO\ \HDUV� PDQ\ ERRNV GHDO ZLWK HVWDEOLVKHG GLVFLSOLQHV DQG LQFOXGH TXDQWXP PDW�
WHUV RQO\ DV VROXWLRQV WR VSHFLILF SUREOHPV� 7KLV LQWURGXFHV WKH GLVFLSOLQDU\ SUREOHP WKDW
VRPH RI WKH FDVH VWXGLHV LQ WKLV YROXPH LOOXVWUDWH� :KHUH VKRXOG TXDQWXP WKHRU\ EH SLF�
WXUHG LQ WKH GLVFLSOLQDU\ GLYLVLRQ RI WKH SK\VLFDO VFLHQFHV DW WKH EHJLQQLQJ RI WKH WZHQWLHWK
FHQWXU\" $V LV ZHOO NQRZQ� 3ODQFN GHYHORSHG KLV K\SRWKHVLV LQ WKH FRQWH[W RI D YHU\ DE�
VWUDFW WKHRU\ RI EODFN�ERG\ UDGLDWLRQ� 7KLV K\SRWKHVLV� KRZHYHU� GLG QRW WDNH URRW LQ DQ
LQFLSLHQW FRPPXQLW\ XQWLO WKH TXDQWXP K\SRWKHVLV ZDV FRPSDUHG ZLWK WKH HVWDEOLVKHG VWD�
WLVWLFDO PHFKDQLFV DQG UDGLDWLRQ WKHRU\� )RU WKLV SURFHVV WR KDSSHQ� LW ZDV YHU\ LPSRUWDQW
WR UHFRQILJXUH WKH SUHVHQWDWLRQ RI WUDGLWLRQDO GLVFLSOLQHV VR DV WR LQGLFDWH WKH OLPLWDWLRQV LQ
WKH FODVVLFDO DSSURDFKHV� EXW DOVR LWV KLGGHQ SRWHQWLDOLWLHV� DQG LWV IRUJRWWHQ ULFKHV� 0DUWD
-RUGL DQG 0DVVLPLOLDQR %DGLQR VKRZ XV� LQ WKHLU VWXGLHV RI 3DXO 'UXGH DQG 2WWR 6DFNXU�
UHVSHFWLYHO\� WKDW WKH SRLQWLQJ RXW RI VXFK OLPLWDWLRQV DQG SRWHQWLDOLWLHV ZDV QRW DOZD\V D
SHGDJRJLFDO WRRO GRQH D SRVWHULRUL� ZLWK WKH DLP RI MXVWLI\LQJ WKH QHHG IRU WKH QHZ WKHRU\�
EXW ZDV� DW WLPHV� SULRU WR WKH DFWXDO GHYHORSPHQW RI WKH WKHRU\� 7KXV� 'UXGH¶V /HKUEXFK GHU
2SWLN IXOO\ UHFRQILJXUHG WKH SUHVHQWDWLRQ RI RSWLFV� PRYLQJ DZD\ IURP D SXUHO\ JHRPHWULFDO
RSWLFV� %ULQJLQJ WKH WUDGLWLRQV RI RSWLFV DQG HOHFWURPDJQHWLVP WRJHWKHU� WKH VWXGHQW ZDV OHG
LQWR WKH ERXQGDULHV DW WKH LQWHUIDFH EHWZHHQ ERWK ILHOGV DV FHQWUDO WRSLFV IRU UHVHDUFK� DQG
QRW DV PDUJLQDO LVVXHV WKDW RQH PLJKW HDVLO\ RYHUORRN� :LWK LW LQ KDQG� ZKHQ WKH TXDQWXP
VROXWLRQ HYHQWXDOO\ DSSHDUHG� WKH VWXGHQW RI 'UXGH¶V ERRN ZDV UHDG\ WR XQGHUVWDQG WKH QHZ
WKHRU\ LQ WKH FRQWH[W RI WKH VKRUWFRPLQJV RI WKH UHLJQLQJ PRGHOV RI WKH LQWHUDFWLRQV EHWZHHQ
WKH HWKHU DQG PDWWHU�

$OVR� 6DFNXU¶V ���� ERRN RQ WKHUPRG\QDPLFV DQG WKHUPRFKHPLVWU\ VKDSHG WKH UH�
VHDUFK DJHQGD RI D ZKROH QHZ GLVFLSOLQH ZLWK D FUXFLDO FKDQJH LQ HPSKDVLV LQ GHDOLQJ ZLWK
WKH ORQJ�VWDQGLQJ FRQXQGUXP RI VSHFLILF KHDWV� :KHUHDV WUDGLWLRQDO GLVFXVVLRQV VWDUWHG ZLWK
WKH VSHFLILF KHDWV RI JDVHV DQG WKHQ H[WHQGHG WKH DQDO\VLV WR WKH VSHFLILF KHDWV RI VROLGV� VHHQ
DV D VWLOO XQH[SODLQHG DQRPDO\� 6DFNXU¶V ERRN SUHVHQWHG WKH LVVXH LQ WKH RSSRVLWH GLUHFWLRQ�
DV D PHDQV WR FRQVROLGDWH KLV RZQ SDUWLFXODU UHVHDUFK DJHQGD LQ KLV SRWHQWLDO VWXGHQWV� $IWHU
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(LQVWHLQ¶V ���� ZRUN WKDW VROYHG WKH SUREOHP RI WKH VSHFLILF KHDWV RI VROLGV XVLQJ WKH TXDQ�
WXP K\SRWKHVLV� 6DFNXU¶V ZDV WKH ILUVW ERRN WR WDNH WKH VROLG QRW RQO\ DV DQ DQRPDO\� EXW
DOVR DV WKH VWDUWLQJ SRLQW IRU D UHFRQILJXUDWLRQ RI WKH ILHOG� 7KXV� WKH ROG PDUJLQDO SUREOHP
EHFDPH WKH ILUVW EXLOGLQJ EORFN IRU XOWHULRU UHVHDUFK�

7KH H[DPSOHV PHQWLRQHG DERYH WDNH XV WR WKH GLVFLSOLQDU\ ERXQGDULHV RI WKH HPHUJLQJ
TXDQWXP SK\VLFV� $QRWKHU ERXQGDU\ VHOGRP H[SORUHG LQ WKH DFFRXQWV RI WKH TXDQWXP UHY�
ROXWLRQ LV WKDW RI LWV SXEOLFV� &RQWUDU\ WR WKH GHYHORSPHQW RI UHODWLYLW\� ZKLFK ZDV ODUJHO\
D RQH�PDQ ZRUN� TXDQWXP SK\VLFV HYROYHG GXH WR WKH FUHDWLYH LQWHUDFWLRQV RI D ODUJH QXP�
EHU RI DFWRUV� (YHQ VR� WUDGLWLRQDO KLVWRULFDO DFFRXQWV SD\ DWWHQWLRQ RQO\ WR WKH FRPPXQLW\
RI VFLHQWLVWV WDNLQJ DQ DFWLYH UROH LQ VXFK GHYHORSPHQWV� IRUJHWWLQJ LWV µSRSXODUL]DWLRQ¶ IRU
WKRVH SURIHVVLRQDO SK\VLFLVWV LQWHUHVWHG LQ WKH QHZ VFLHQFH� EXW ZRUNLQJ LQ RWKHU DUHDV RI
WKH GLVFLSOLQH� ,Q KLV LQWHUHVWLQJ VWXG\ RQ WKH SRSXODUL]DWLRQ RI WKH UHODWLYLW\ UHYROXWLRQ LQ
)UDQFH� 0LFKHO %LH]XQVNL DUJXHG WKDW VFLHQWLVWV IURP RWKHU GLVFLSOLQHV ZDQWHG WR FDWFK XS
ZLWK WKH PRVW UHYROXWLRQDU\ GHYHORSPHQWV LQ RUGHU WR PDLQWDLQ WKH VRFLR�HSLVWHPLF JDS WKDW
VHSDUDWHG WKHP IURP WKH JHQHUDO SXEOLF �%LH]XQVNL ������ ,Q WKHLU DQDO\VLV RI WKH FDVHV RI
)ULW] 5HLFKH DQG *HRUJH %LUWZLVWOH� &OD\WRQ *HDUKDUW DQG -DXPH 1DYDUUR VKRZ� LQ GLIIHUHQW
ZD\V� WKDW� LQ WKH ����V� WKHUH ZDV DOUHDG\ D PDUNHW FRPSRVHG RI SK\VLFLVWV DQG VWXGHQWV RI
SK\VLFV LQWHUHVWHG LQ GHYHORSLQJ DQ LQWURGXFWRU\ EXW VRXQG� WHFKQLFDO� DQG WKRURXJKO\PDWKH�
PDWLFDO XQGHUVWDQGLQJ RI TXDQWXP WKHRU\� ,Q ERWK H[DPSOHV� WKH SHGDJRJ\ LQYROYHG LV PRUH
FRQVHUYDWLYH� LQ WKDW LW VWUXJJOHV WR LQWURGXFH WKH QHZ SK\VLFV ZLWKLQ ROG IUDPHZRUNV� 7KH
VWXGHQW LV� WKXV� QRW OHG WR QHZ UHVHDUFK SUREOHPV EXW WR TXHVWLRQV WKDW DUH� XS WR WKDW SRLQW�
EURDGO\ DFFHSWHG� ,Q WKH VSHFLILF FDVH RI %LUWZLVWOH� KH ZDV QR H[SHUW LQ TXDQWXP WKHRU\�
KH ZDV QRW GRLQJ DFWLYH UHVHDUFK� EXW KH KDG D JHQHUDO XQGHUVWDQGLQJ WKDW PRYHG KLP WR
FRPPXQLFDWH KLV NQRZOHGJH RI LW WR RWKHU VFLHQWLVWV ORRNLQJ IRU VRPH LQWURGXFWLRQ WR WKH
QHZ SK\VLFV� %\ FRQWUDVW� )ULW] 5HLFKH� D 3K' VWXGHQW RI 3ODQFN¶V� ZDV D ILUVW�UDQN SK\VLFLVW
ZLWK D GLUHFW DQG SURIRXQG NQRZOHGJH RI TXDQWXP SK\VLFV� $V &OD\WRQ *HDUKDUW VKRZV LQ
KLV DUWLFOH� 5HLFKH¶V OXFLG ERRN� 7KH 4XDQWXP 7KHRU\� JUHZ RXW RI D VSHFLILF GHPDQG IURP
RWKHU SRUWLRQV RI WKH VFLHQWLILF FRPPXQLW\ WR JHW WR NQRZ PRUH DERXW WKH QHZ� H[RWLF� EXW
SRWHQWLDOO\ XVHIXO TXDQWXP WKHRU\�

%HWWHU NQRZQ DFWRUV� VXFK DV 6RPPHUIHOG� %RUQ� 9DQ 9OHFN� 3ODQFN RU 'LUDF SUHVHQW
XV ZLWK RWKHU DVSHFWV RI WKH YDULRXV WUDGLWLRQV RI SK\VLFV SHGDJRJ\� :ULWLQJ D WH[WERRN� RU
D FROOHFWLRQ RI OHFWXUHV� KDV D EHDULQJ RQ WKH GLVVHPLQDWLRQ RI D FHUWDLQ NLQG RI NQRZOHGJH
DQG WKH SUHVWLJH GHULYLQJ IURP LW� 'LHWHU +RIIPDQQ¶V DFFRXQW RI 3ODQFN DV WH[WERRNV DXWKRU
LOOXVWUDWHV WKLV SRLQW E\ KLJKOLJKWLQJ WKH ODERU 3ODQFN GHYRWHG WR EULQJLQJ WR SHUIHFWLRQ KLV
ERRNV DQG WR SURSDJDWLQJ� LQ WKLV PDQQHU� KLV WDNH RQ WKH HPHUJLQJ TXDQWXP WKHRU\� 7KH
LVVXH RI WKH UHVHDUFK DJHQGDV LPSOLFLW LQ SHGDJRJLFDO ZRUNV LV DQ LPSRUWDQW RQH� ,W VXEVWDQ�
WLDWHV D SRLQW ZH PDGH LQ WKH ILUVW SDUW RI WKLV LQWURGXFWLRQ� NQRZOHGJH LV JHQHUDOO\ D VWUXJJOH
DQG� LQ WLPHV RI FULVLV� LW HDVLO\ EHFRPHV D VWUXJJOH IRU WKH HVWDEOLVKPHQW RI RUWKRGR[\ DQG
WKH VLPXOWDQHRXV H[FOXVLRQ RI KHWHURGR[\� $V 0LFKDHO (FNHUW WKRURXJKO\ GRFXPHQWV� 6RP�
PHUIHOG¶V $WRPEDX XQG 6SHNWUDOOLQLHQ ZDV QRW RQO\ D SURPLQHQW DGYHUWLVHPHQW RI TXDQWXP
WKHRU\ EXW DOVR D SURPLQHQW GLVSOD\ RI KLV TXDQWXP WKHRU\� ZKLFK ZDV ODUJHO\ D WKHRU\ RI
DWRPLF SK\VLFV DQG DWRPLF PRGHOLQJ� %\ WXUQLQJ KLV OHFWXUHV DQG VHPLQDUV LQWR D ERRN�
6RPPHUIHOG ZDV VSUHDGLQJ KLV UHVHDUFK DJHQGD WR D SXEOLF HDJHU WR KDYH D ILUVW ELJ V\QWKHVLV
RI TXDQWXP SK\VLFV� )XUWKHUPRUH� E\ HPSOR\LQJ WKH PDWKHPDWLFDO WHFKQLTXHV RI FHOHVWLDO
PHFKDQLFV LQ KLV PRGHOLQJ RI WKH DWRP� 6RPPHUIHOG ZDV H[SRVLQJ D ODUJH FRPPXQLW\ RI
DVWURQRPHUV DQG SK\VLFLVWV WR KLV RZQ UHVHDUFK DJHQGD� ,W LV QRW E\ FKDQFH WKDW 6RPPHU�
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IHOG WRXUHG WKH 8QLWHG 6WDWHV DV ZHOO� %XW WKH $PHULFDQ VFLHQWLILF FRPPXQLW\ ZDV QRW WR
UHPDLQ D SDVVLYH UHFHLYHU IRUHYHU� -RKQ 9DQ 9OHFN ZDV D SURWDJRQLVW LQ WKH SURFHVV RI FULWL�
FDOO\ UHFDVWLQJ WKH QHZ TXDQWXP WKHRU\ LQ WHUPV RI ZKDW ZDV JDLQHG DQG ZKDW ZDV ORVW ZLWK
UHVSHFW WR HDUOLHU WUDGLWLRQV� +LV DSSURDFK� ZKLFK 0LFKHO -DQVVHQ DQG &KDUOHV 0LGZLQWHU
DQDO\]H XVLQJ WKH FRQFHSW RI .XKQ ORVVHV� ZDV EHQHILFLDO IRU SXWWLQJ WKH $PHULFDQ SK\VLFDO
FRPPXQLW\ RQ WKH PDS RI WKH HPHUJLQJ TXDQWXP SK\VLFV�

7KH GLVVHPLQDWLRQ RI D SDUWLFXODU SHUVSHFWLYH RQ TXDQWXP WKHRU\ RSHQV XS WKH LVVXH
RI WKH GH�ORFDOL]DWLRQ RI VFLHQWLILF NQRZOHGJH� WKDW LV LWV VXSSRVHG XQLYHUVDO FKDUDFWHU DV
RSSRVHG WR QDWLRQDO GLIIHUHQFHV� 6RPPHUIHOG
V H[WHQVLYH LQIOXHQFH DV D WHDFKHU ERWK LQ WLPH
�RQ JHQHUDWLRQV RI VWXGHQWV� DQG LQ VSDFH �WKURXJK KLV H[WHQGHG WULS LQ WKH 8QLWHG 6WDWHV�
ZDV FUXFLDO WR WKH HVWDEOLVKPHQW RI DWRPLF WKHRU\ DQG VSHFWURVFRS\ DV WKH PDLQ SUREOHP
RI TXDQWXP WKHRU\ LQ *HUPDQ\ DQG WKH ZRUOG RYHU� 9DQ 9OHFN ZDV LPSOLFLWO\ KLJKOLJKWLQJ
WKLV SURFHVV RI GH�ORFDOL]DWLRQ ZKHQ KH FRPSODLQHG DERXW WKH VXSHUDEXQGDQFH RI DWWHQWLRQ
JLYHQ WR VSHFWURVFRS\ DW WKH H[SHQVHV RI RWKHU LQWHUHVWLQJ SUREOHPV� SRVVLEO\ FORVHU WR WKH
$PHULFDQ WUDGLWLRQ� $W WKH VDPH WLPH� WKRXJK� VRPH QDWLRQDO ILJXUHV VWXEERUQO\ UHVLVWHG
WKH JOREDOL]DWLRQ RI TXDQWXP WKHRU\� )RU LQVWDQFH� &DPEULGJH VFKRODUV VXFK DV %LUWZLVWOH
DQG 'LUDF LQVLVWHG RQ YLHZLQJ TXDQWXP WKHRU\ IURP WKH DQJOH RI WKH %ULWLVK SUREOHP�VROYLQJ
DSSURDFK UHO\LQJ RQ D VXEVWDQWLDO XVH RI DQDO\WLFDO PHFKDQLFV�

)URP D GLIIHUHQW SHUVSHFWLYH� %RUQ¶V� 'LUDF¶V� DQG DOVR 3DVFXDO -RUGDQ¶V HIIRUWV WR D[�
LRPDWL]H DQG V\VWHPDWL]H TXDQWXP WKHRU\ DV WKHRUHWLFDO SK\VLFV� RIIHU XV JRRG H[DPSOHV RI
KRZ WKH WDVN RI ZULWLQJ D ERRN VXLWDEOH DV D WH[WERRN LQYROYHV PRUH WKDQ MXVW WKH WUDQVPLV�
VLRQ RI DOUHDG\ SXEOLVKHG UHVHDUFK� ,Q WKHVH WKUHH H[DPSOHV� XQIROGHG LQ GLIIHUHQW IDVKLRQV
E\ 'RPHQLFR *LXOLQL� 'RQ +RZDUG� DQG +HOJH .UDJK� ZH DUH LQWURGXFHG WR WKH SKLORVRSKL�
FDO EDFNJURXQG WKDW OHDGV WKHVH DXWKRUV WR ORRN IRU WKH IRXQGDWLRQV RI WKH QHZ WKHRU\ DQG WKH
ORJLFDO GHYHORSPHQWV WKDW VWHP IURP VXFK IRXQGDWLRQV� 7KHVH DUWLFOHV DOVR VKRZ DQRWKHU FUX�
FLDO GLIIHUHQFH EHWZHHQ WH[WERRNV DQG UHVHDUFK SDSHUV� 2QO\ WKH IRUPHU DUH VXLWDEOH VLWHV WR
PXVH DERXW WKH IRXQGDWLRQV RI WKH ILHOG� )URP WKLV SHUVSHFWLYH� WH[WERRNV SURYLGH D VHOGRP�
UHFRJQL]HG VHUYLFH WR WKH DFWLYH VFLHQWLVW� DQG WR WKH KLVWRULDQ DV ZHOO� +RZHYHU XQVXFFHVVIXO
RQH SDUWLFXODU D[LRPDWL]DWLRQ PLJKW KDYH EHHQ� DV LQ WKH FDVH RI %RUQ� ZKRVH 9RUOHVXQJHQ
�EHU $WRPPHFKDQLN ZDV SXEOLVKHG DW WKH VDPH WLPH DV +HLVHQEHUJ ZDV LQWURGXFLQJ WKH QHZ
TXDQWXP PHFKDQLFV� WKHVH HIIRUWV FDQ EH VHHQ DV D ZD\ WR SULRULWL]H WKH QHHG IRU LPPHGLDWH
UHVHDUFK LQWR FHUWDLQ RSHQ TXHVWLRQV DERYH WKDW LQWR RWKHU� OHVV�SUHVVLQJ RQHV�

)LQDOO\� PDQ\ RI WKH FDVH VWXGLHV GLVFXVVHG LQ WKLV YROXPH GHDO ZLWK ERRNV WKDW ZHUH
UH�LVVXHG LQ VXEVHTXHQW HGLWLRQV� 7KH HYROXWLRQ ZH ILQG LQ WKHVH GLIIHUHQW HGLWLRQV VKRZV WKH
WHQVLRQV HPERGLHG LQ WKH WDVN RI ZULWLQJ RQ TXDQWXP SK\VLFV LQ D WLPH RI JUHDW FKDQJH� WR
WKH H[WHQW WKDW� DV (FNHUW VD\V� WKH ERRN LWVHOI FHDVHV WR EH RQH VWDWLF HQWLW\ EXW EHFRPHV D
SURFHVV�

��� $ERXW 7KLV %RRN

7KLV ERRN KDV D FXULRXV VWRU\� 7KH LGHD WR VWDUW D SURMHFW RQ WKH UROH RI WH[WERRNV LQ TXDQ�
WXP WKHRU\ FDPH WR WKH HGLWRUV¶ PLQGV LQ HDUO\ ����� ZKHQ WKH\ ZHUH ERWK ZRUNLQJ LQ WKH
+LVWRU\ RI 4XDQWXP 3K\VLFV 3URMHFW RI WKH 0D[ 3ODQFN ,QVWLWXWH IRU WKH +LVWRU\ RI 6FLHQFH
�03,:*� LQ %HUOLQ� 7KH\ WKRXJKW WKDW D JRRG ZD\ WR EHJLQ FROOHFWLQJ LGHDV ZDV WR RUJDQL]H
D IRXU�VSHDNHU SDQHO DW WKH XSFRPLQJ +LVWRU\ RI 6FLHQFH 6RFLHW\ &RQIHUHQFH� 6R WKH\ VHQW
DURXQG D FDOO IRU SDSHUV� 7KH HQWKXVLDVWLF UHDFWLRQ RI WKHLU FROOHDJXHV VXUSULVHG DQG DOPRVW
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RYHUZKHOPHG WKH HGLWRUV� ZKR HQGHG XS VXEPLWWLQJ WZR VSHFLDO VHVVLRQV RI ILYH VSHDNHUV
HDFK�

7KH SURMHFW JDLQHGPRPHQWXP UDSLGO\� 7R SUHSDUH WKH+66 FRQIHUHQFH� D ZRUNVKRSZDV
RUJDQL]HG EHWZHHQ VRPH RI WKH SUHVHQWHUV� PHPEHUV RI WKH 4XDQWXP 3URMHFW� FROOHDJXHV� DQG
YLVLWRUV DW WKH 03,:*� 7KH ZRUNVKRS WRRN SODFH RQ � 2FWREHU ���� DQG SURGXFHG PDQ\
H[FLWLQJ GLVFXVVLRQV� :HZRXOG OLNH WR WKDQN$ULDQQD %RUUHOOL� -HG %XFKZDOG� 'LDQD.RUPRV
%XFKZDOG� (G -XUNRZLW]� 6KDXO .DW]LU� &KULVWRSK /HKQHU� -�UJHQ 5HQQ� $UQH 6FKLUUPDFKHU�
'DQLHOD 6FKORWH DQG 'LHWHU 6XLVN\ IRU WKHLU FRQWULEXWLRQV WR WKDW PHHWLQJ�

7KH WZR VSHFLDO VHVVLRQV RQ WH[WERRNV LQ TXDQWXP SK\VLFV HYHQWXDOO\ WRRN SODFH DW WKH
+66 $QQXDO 0HHWLQJ LQ 3KRHQL[� $= LQ ODWH 1RYHPEHU ����� 2Q WKDW RFFDVLRQV� WDONV ZHUH
GHOLYHUHG E\ 0DVVLPLOLDQR %DGLQR� 0LFKDHO (FNHUW� &OD\WRQ *HDUKDUW� 'RQ +RZDUG� 'DYLG
.DLVHU� 0LFKHO -DQVVHQ� 0DUWD -RUGL� 'DQLHOD 0RQDOGL� DQG -DXPH 1DYDUUR� 'RPHQLFR
*LXOLQL FRXOG QRW PDNH LW IRU SHUVRQDO UHDVRQV� 7KH VHVVLRQV ZHUH D ELJ VXFFHVV DQG ZH
EHQHILWHG WUHPHQGRXVO\ IURP WKH GLVFXVVLRQ ZLWK WKH DXGLHQFH� &DWKU\Q &DUVRQ DQG 5LFKDUG
6WDOH\ ZHUH HVSHFLDOO\ JHQHURXV LQ SURYLGLQJ SURGXFWLYH FRPPHQWV DQG HQFRXUDJHPHQW WR
JR DKHDG ZLWK RXU LGHD�

%DFN LQ (XURSH� ZH UHDOL]HG WKDW LW ZDV WLPH IRU WKH QH[W VWHS� WKDW LV WKH RUJDQL]DWLRQ
RI RXU UHVXOWV LQWR WKH IRUP RI DQ HGLWHG ERRN� +RZHYHU� VLQFH ZH ZDQWHG PRUH WKDQ MXVW D
EXQFK RI SDSHUV WLHG WRJHWKHU E\ D ORRVH WRSLF� EXW UDWKHU D QHZ KLVWRULRJUDSKLFDO SHUVSHF�
WLYH RQ TXDQWXP SK\VLFV� ZH WRRN RXU WLPH� 7KH +LVWRU\ RI 4XDQWXP 3K\VLFV &RQIHUHQFH LQ
%HUOLQ ZDV FRPLQJ XS DQG ZH GHFLGHG WKDW LW ZDV WKH LGHDO RSSRUWXQLW\ WR GHILQH EHWWHU RXU
DSSURDFK DQG WR FRQIURQW RQFH DJDLQ WKH FRPPXQLW\ RI KLVWRULDQV ZKLFK ZDV RXU PDLQ LQ�
WHQGHG DXGLHQFH� $W WKH FRQIHUHQFH� LQ -XO\ ����� WKH WZR HGLWRUV RI WKLV ERRN SUHVHQWHG WKH
GHILQLWLYH VHW�XS RI WKH SURMHFW DQG GLVFXVVHG PRUH WKRURXJKO\ WKH VWUXFWXUH RI WKH YROXPH
ZLWK WKH DXWKRUV� DOO RI WKHP LQ DWWHQGDQFH DW WKH FRQIHUHQFH�

)URP WKDW PRPHQW WKH ERRN SURMHFW RIILFLDOO\ VWDUWHG� $QG� DV DQ\ JRRG HGLWRU RU DXWKRU
NQRZV DOO WRR ZHOO� LW ZDV MXVW WKH EHJLQQLQJ RI DQRWKHU MRXUQH\� 6RPH RI WKH RULJLQDO SDUWLF�
LSDQWV VWHSSHG GRZQ� VRPH QHZ MRLQHG LQ� ,Q -XO\ ����� ZH IXUWKHU GLVFXVVHG WKH VWUXFWXUH
RI WKH ERRN LQ D YHU\ LQWHUHVWLQJ VHVVLRQ GHYRWHG WR VFLHQWLILF WH[WERRNV DW WKH ��WK &RQIHU�
HQFH RI WKH ,QWHUQDWLRQDO +LVWRU\ DQG 3KLORVRSK\ RI 6FLHQFH 7HDFKLQJ *URXS LQ 7KHVVDORQLNL�
7KDW H[SHULHQFH ZDV LPSRUWDQW IRU ERWK RI XV� 7KH HQVXLQJ SURFHVV RI ZULWLQJ� UH�ZULWLQJ� UH�
GLVFXVVLQJ DQG QHJRWLDWLQJ WKH FRQWULEXWLRQV DQG WKLV LQWURGXFWLRQ ZHQW RQ IRU PDQ\ PRQWKV�
2I FRXUVH� D VHULHV RI WHFKQLFDO SUREOHPV FURSSHG XS� ZKLFK ZHUH VROYHG ZLWK FRPPHQGDEOH
GHGLFDWLRQ E\ WKH HGLWRULDO WHDP �,UHQH &RODQWRQL� 2NVDQD .XUXWV� -RQDWKDQ /XGZLJ� 0DULXV
6FKQHLGHU� DQG &KDQGKDQ 6ULQLYDVDPXUWK\� KHDGHG E\ 1LQD 5XJH� .DL 6XUHQGRUI WRRN SD�
WLHQW FDUH RI RXU UHTXHVWV FRQFHUQLQJ WKH ILQH�WXQLQJ RI WKH /$7(; LQIUDVWUXFWXUH DQG -HUHPLDK
-DPHV GLG ZRQGHUIXO HGLWLQJ ZRUN DW YDULRXV VWDJHV RI WKH SURGXFWLRQ SURFHVV�

7KH +LVWRU\ RI 4XDQWXP 3K\VLFV 3URMHFW DW WKH03,:*KDV EHHQ D VWLPXODWLQJ FRPPRQ
HIIRUW WR ORRN DW WKH FRPSOH[ GHYHORSPHQWV RI TXDQWXP SK\VLFV IURP QHZ DQG VRPHWLPHV
XQRUWKRGR[ DQJOHV� )RU VHYHUDO \HDUV ZH KDYH EHHQ GLVFXVVLQJ DQG H[FKDQJLQJ LGHDV RQ D
GDLO\ EDVLV DQG LW ZRXOG EH IXWLOH WR LVRODWH LQGLYLGXDO FRQWULEXWLRQV WR WKH RYHUDOO VHWWLQJ RI
WKLV YROXPH� 7KHUHIRUH� ZH IHHO WKDW ZH KDYH WR WKDQN DOO FROOHDJXHV ZKRVH YDULRXV VXJJHV�
WLRQV SHUPHDWH WKLV ERRN� $OH[DQGHU %OXP� $ULDQQD %RUUHOOL� 6KDXO .DW]LU� 0DUWLQ -lKQHUW�
-HUHPLDK -DPHV� &KULVWLDQ -RDV� (G -XUNRZLW]� &KULVWRSK /HKQHU� DQG $UQH 6FKLUUPDFKHU�
-�UJHQ 5HQQ UHSUHVHQWHG DQ LQH[KDXVWLEOH VRXUFH RI LQVSLUDWLRQ� 0DQ\ UHDGHUV ZLOO LPPH�
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GLDWHO\ SHUFHLYH KLV SUHVHQFH OLQJHULQJ LQ WKLV LQWURGXFWLRQ� $OO WKH UHVW PXVW EH DVFULEHG WR
�EHWWHU� EODPHG RQ� WKH HGLWRUV�
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WHPSRUDU\ 7H[WERRNV� /DYRLVLHU� )RXUFUR\ DQG &KDSWDO� %ULWLVK -RXUQDO IRU WKH +LVWRU\
RI 6FLHQFH ��� ���±����

þ ������� 7H[WERRNV RQ WKH 0DS RI 6FLHQFH 6WXGLHV� 6FLHQFH DQG (GXFDWLRQ ��� ���±����
%HUWRPHX�6iQFKH]� -RVp 5�� $QWRQLR *DUFtD�%HOPDU� $QGHUV /XQGJUHQ� DQG 0DQROLV 3D�

WLQLRWLV ������� ,QWURGXFWLRQ� 6FLHQWLILF DQG 7HFKQRORJLFDO 7H[WERRNV LQ WKH (XURSHDQ
3HULSKHU\� 6FLHQFH DQG (GXFDWLRQ ��� ���±����

%LH]XQVNL� 0LFKHO ������� 3RSXODUL]DWLRQ DQG 6FLHQWLILF &RQWURYHUV\� 7KH &DVH RI WKH 7KH�
RU\ RI 5HODWLYLW\ LQ )UDQFH� ,Q� ([SRVLWRU\ 6FLHQFH� )RUPV DQG )XQFWLRQV RI 3RSXODUL�
VDWLRQ� (G� 7HUU\ 6KLQQ DQG 5LFKDUG:KLWOH\� ,;� 6RFLRORJ\ RI WKH 6FLHQFHV� 'RUGUHFKW�
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%URRNH� -RKQ +� ������� ,QWURGXFWLRQ� 7KH 6WXG\ RI &KHPLFDO 7H[WERRNV� ,Q� &RPPXQLFDW�

LQJ &KHPLVWU\� 7H[WERRNV DQG 7KHLU $XGLHQFHV� ���������� (G� $QGHUV /XQGJUHQ DQG
%HUQDGHWWH %HQVDXGH�9LQFHQW� &DQWRQ� 6FLHQFH +LVWRU\ 3XEOLFDWLRQV� �±���

%XQGHUV� -RVNH DQG 5LFKDUG :KLWOH\ ������� 3RSXODULVDWLRQ ZLWKLQ WKH 6FLHQFHV� 7KH 3XU�
SRVHV DQG &RQVHTXHQFHV RI ,QWHU�6SHFLDOLVW &RPPXQLFDWLRQ� ,Q� ([SRVLWRU\ 6FLHQFH�
)RUPV DQG )XQFWLRQV RI 3RSXODULVDWLRQ� (G� 7HUU\ 6KLQQ DQG 5LFKDUG :KLWOH\� ,;� 6R�
FLRORJ\ RI WKH 6FLHQFHV� 'RUGUHFKW� 5HLGHO� ��±���

%�WWQHU� -RFKHQ� -�UJHQ 5HQQ� DQG0DWWKLDV 6FKHPPHO ������� ([SORULQJ WKH /LPLWV RI &ODV�
VLFDO 3K\VLFV� 3ODQFN� (LQVWHLQ� DQG WKH 6WUXFWXUH RI D 6FLHQWLILF 5HYROXWLRQ� 6WXGLHV LQ
+LVWRU\ DQG 3KLORVRSK\ RI 0RGHUQ 3K\VLFV ��� ��±���

&ORLWUH� 0LFKHO DQG 7HUU\ 6KLQQ ������� ([SRVLWRU\ 6FLHQFH� 6RFLDO� &RJQLWLYH DQG (SLV�
WHPRORJLFDO /LQNDJH� ,Q� ([SRVLWRU\ 6FLHQFH� )RUPV DQG )XQFWLRQV RI 3RSXODULVDWLRQ�
(G� 7HUU\ 6KLQQ DQG 5LFKDUG:KLWOH\� ,;� 6RFLRORJ\ RI WKH 6FLHQFHV� 'RUGUHFKW� 5HLGHO�
��±���

&ROOLQV� +DUU\ 0� ������� &KDQJLQJ 2UGHU� 5HSOLFDWLRQ DQG ,QGXFWLRQ LQ 6FLHQWLILF 3UDFWLFH�
&KLFDJR� 7KH 8QLYHUVLW\ RI &KLFDJR 3UHVV�

'DPHURZ� 3HWHU ������� $EVWUDFWLRQ DQG 5HSUHVHQWDWLRQ� (VVD\V RQ WKH &XOWXUDO (YROXWLRQ
RI 7KLQNLQJ� ���� %RVWRQ 6WXGLHV LQ WKH 3KLORVRSK\ RI 6FLHQFH� 'RUGUHFKW� .OXZHU $FD�
GHPLF 3XEOLVKHUV�

'DVWRQ� /RUUDLQH ������� +LVWRULFDO (SLVWHPRORJ\� ,Q� 4XHVWLRQV RI (YLGHQFH� (G� -DPHV
&KDQGOHU� $UQROG ,� 'DYLGVRQ� DQG +DUU\ '� +DURRWXQLDQ� &KLFDJR� 7KH 8QLYHUVLW\ RI
&KLFDJR 3UHVV� ���±����

'DYLV� 5REHUW %� ������� /HDUQLQJ 0DWKHPDWLFV� 7KH &RJQLWLYH 6FLHQFH $SSURDFK WR 0DWK�
HPDWLFV (GXFDWLRQ� �UG HG� 1HZ -HUVH\� $EOH[�

'HZH\� -RKQ ������� ([SHULHQFH DQG (GXFDWLRQ� ,QGLDQDSROLV� .DSSD 'HOWD 3L 3XEOLFDWLRQV�
'UH\IXV� +XEHUW /� DQG 3DXO 5DELQRZ ������� 0LFKHO )RXFDXOW� %H\RQG 6WUXFWXUDOLVP DQG

+HUPHQHXWLFV� �QG HG� &KLFDJR� 7KH 8QLYHUVLW\ RI &KLFDJR 3UHVV�
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(ONDQD� <HKXGD ������� 7KH 8QLYHUVLW\ RI WKH ��VW &HQWXU\� $Q $VSHFW RI *OREDOL]DWLRQ� ,Q�
7KH *OREDOL]DWLRQ RI .QRZOHGJH LQ +LVWRU\� (G� -�UJHQ 5HQQ� �� 0D[ 3ODQFN 5HVHDUFK
/LEUDU\ IRU WKH +LVWRU\ DQG 'HYHORSPHQW RI .QRZOHGJH� 6WXGLHV� %HUOLQ� (GLWLRQ 2SHQ
$FFHVV� ���±����

)DKQHVWRFN� -HDQQH ������� $FFRPRGDWLQJ 6FLHQFH� 7KH 5KHWRULFDO /LIH RI 6FLHQWLILF )DFWV�
:ULWWHQ &RPPXQLFDWLRQ �� ���±����

)HHVW� 8OMDQD DQG 7KRPDV 6WXUP� HGV� ������� :KDW �*RRG� LV +LVWRULFDO (SLVWHPRORJ\"
%HUOLQ� 0D[�3ODQFN�,QVWLWXW I�U :LVVHQVFKDIWVJHVFKLFKWH� 3UHSULQW ����

þ ������� :KDW �*RRG� LV +LVWRULFDO (SLVWHPRORJ\" (GLWRUV¶ ,QWURGXFWLRQ� (UNHQQWQLV ���
���±����

)OHFN� /XGZLN �������*HQHVLV DQG 'HYHORSPHQW RI D 6FLHQWLILF )DFW� (G� 7KDGGHXV -� 7UHQQ
DQG 5REHUW .� 0HUWRQ� &KLFDJR� 7KH 8QLYHUVLW\ RI &KLFDJR 3UHVV�

)RXFDXOW� 0LFKHO ������� 'LVFLSOLQH DQG 3XQLVK� 1HZ <RUN� 3DQWKHRQ�
þ ������� 3RZHU� .QRZOHGJH� 6HOHFWHG ,QWHUYLHZV DQG 2WKHU :ULWLQJV� ���������� (G�

&ROLQ *RUGRQ� 1HZ <RUN� 9LQWDJH %RRNV�
þ ������� 3RZHU� (G� -DPHV '� )DXELRQ� 1HZ <RUN� 7KH 1HZ 3UHVV�
*DOLVRQ� 3HWHU /� DQG 'DYLG -� 6WXPS� HGV� ������� 7KH 'LVXQLW\ RI 6FLHQFH� %RXQGDULHV�

&RQWH[WV� DQG 3RZHU� 6WDQIRUG� 6WDQIRUG 8QLYHUVLW\ 3UHVV�
*DUFtD�%HOPDU� $QWRQLR� -RVp 5� %HUWRPHX�6iQFKH]� DQG %HUQDGHWWH %HQVDXGH�9LQFHQW

������� 7KH 3RZHU RI 'LGDFWLF:ULWLQJV� )UHQFK &KHPLVWU\ 7H[WERRNV RI WKH1LQHWHHQWK
&HQWXU\� ,Q� 3HGDJRJ\ DQG WKH 3UDFWLFH RI 6FLHQFH� +LVWRULFDO DQG &RQWHPSRUDU\
3HUVSHFWLYHV� (G� 'DYLG .DLVHU� &DPEULGJH� 0$� 7KH 0,7 3UHVV� ���±����

*DYURJOX� .RVWDV DQG $QD 6LPRHV ������� 2QH )DFH RU 0DQ\" 7KH 5ROH RI 7H[WERRNV
LQ %XLOGLQJ WKH 1HZ 'LVFLSOLQH RI 4XDQWXP &KHPLVWU\� ,Q� &RPPXQLFDWLQJ &KHP�
LVWU\� 7H[WERRNV DQG 7KHLU $XGLHQFHV� ���������� (G� $QGHUV /XQGJUHQ DQG %HUQDGHWWH
%HQVDXGH�9LQFHQW� &DQWRQ� 6FLHQFH +LVWRU\ 3XEOLFDWLRQV� ���±����

*ROGVWHLQ� -DQ ������� )RXFDXOW DPRQJ WKH 6RFLRORJLVWV� 7KH ³'LVFLSOLQHV´ DQG WKH +LVWRU\
RI WKH 3URIHVVLRQV� +LVWRU\ DQG 7KHRU\ ��� ���±����

*URVV� $ODQ *� ������� 7KH 5KHWRULF RI 6FLHQFH� &DPEULGJH� 0$� +DUYDUG 8QLYHUVLW\ 3UHVV�
+DOO� .DUO ������� µ7KLQN /HVV DERXW )RXQGDWLRQV¶� $ 6KRUW &RXUVH RQ WKH &RXUVH RI 7KH�

RUHWLFDO 3K\VLFV RI /DQGDX DQG /LIVKLW]� ,Q� 3HGDJRJ\ DQG WKH 3UDFWLFH RI 6FLHQFH�
+LVWRULFDO DQG &RQWHPSRUDU\ 3HUVSHFWLYHV� (G� 'DYLG .DLVHU� &DPEULGJH� 0$� 7KH
0,7 3UHVV� ���±����

+DQQDZD\� 2ZHQ ������� 7KH &KHPLVWV DQG WKH :RUOG� 7KH 'LGDFWLF 2ULJLQV RI &KHPLVWU\�
%DOWLPRUH� -RKQV +RSNLQV 8QLYHUVLW\ 3UHVV�

+LOJDUWHQHU� 6WHSKHQ ������� 7KH 'RPLQDQW 9LHZ RI 3RSXODUL]DWLRQ� &RQFHSWXDO 3UREOHPV�
3ROLWLFDO ,VVXHV� 6RFLDO 6WXGLHV RI 6FLHQFH ��� ���±����

+ROPHV� )UHGHULF /� ������� 7KH &RPSOHPHQWDULW\ RI 7HDFKLQJ DQG 5HVHDUFK LQ /LHELJ¶V
/DERUDWRU\� 2VLULV �� ���±����

+XJKHV� -HII ������� µ0RGHUQLVWV ZLWK D 9HQJHDQFH¶� &KDQJLQJ &XOWXUHV RI 7KHRU\ LQ 1X�
FOHDU 6FLHQFH� ���������� 6WXGLHV LQ +LVWRU\ DQG 3KLORVRSK\ RI 6FLHQFH ��� ���±����

+XQJHU 3DUVKDOO� .DUHQ DQG 'DYLG (� 5RZH ������� 7KH (PHUJHQFH RI WKH $PHULFDQ 0DWKH�
PDWLFDO 5HVHDUFK &RPPXQLW\� ���������� -� -� 6\OYHVWHU� )HOL[ .OHLQ� DQG (� +� 0RRUH�
�� +LVWRU\ RI 0DWKHPDWLFV� 3URYLGHQFH� $PHULFDQ 0DWKHPDWLFDO 6RFLHW\�

-XQJQLFNHO� &KULVWD ������� 7HDFKLQJ DQG 5HVHDUFK LQ WKH 3K\VLFDO 6FLHQFHV DQG 0DWKHPDW�
LFV LQ 6D[RQ\� ���������� +LVWRULFDO 6WXGLHV LQ WKH 3K\VLFDO 6FLHQFHV ��� �±���
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.DLVHU� 'DYLG ������� 'UDZLQJ 7KHRULHV $SDUW� 7KH 'LVSHUVLRQ RI )H\QPDQ 'LDJUDPV LQ
3RVWZDU 3K\VLFV� &KLFDJR� 7KH 8QLYHUVLW\ RI &KLFDJR 3UHVV�

þ ������� ,QWURGXFWLRQ� 0RYLQJ 3HGDJRJ\ IURP WKH 3HULSKHU\ WR WKH &HQWHU� ,Q� 3HGDJRJ\
DQG WKH 3UDFWLFH RI 6FLHQFH� +LVWRULFDO DQG &RQWHPSRUDU\ 3HUVSHFWLYHV� (G� 'DYLG
.DLVHU� &DPEULGJH� 0$� 7KH 0,7 3UHVV� �±��

þ ������� $ 7DOH RI 7ZR 7H[WERRNV� ([SHULPHQWV LQ *HQUH� ,VLV ���� ���±����
.DLVHU� 'DYLG DQG $QGUHZ :DUZLFN ������� .XKQ� )RXFDXOW� DQG WKH 3RZHU RI 3HGDJRJ\�

,Q� 3HGDJRJ\ DQG WKH 3UDFWLFH RI 6FLHQFH� +LVWRULFDO DQG &RQWHPSRUDU\ 3HUVSHFWLYHV�
(G� 'DYLG .DLVHU� &DPEULGJH� 0$� 7KH 0,7 3UHVV� ���±����

.OHLQ� 8UVXOD ������� ([SHULPHQWV� 0RGHOV� 3DSHU 7RROV� &XOWXUHV RI 2UJDQLF &KHPLVWU\ LQ
WKH 1LQHWHHQWK &HQWXU\� 6WDQIRUG� 6WDQIRUG 8QLYHUVLW\ 3UHVV�

.XKQ� 7KRPDV 6� ������� 7KH 6WUXFWXUH RI 6FLHQWLILF 5HYROXWLRQV� &KLFDJR� 7KH 8QLYHUVLW\
RI &KLFDJR 3UHVV�

þ ������� 7KH )XQFWLRQ RI 'RJPD LQ 6FLHQWLILF 5HVHDUFK� ,Q� 6FLHQWLILF &KDQJH� (G� $O�
LVWDLU &� &URPELH� 1HZ <RUN� %DVLF %RRNV DQG +HLQHPDQ� ���±����

þ ������� 7KH (VVHQWLDO 7HQVLRQ� 7UDGLWLRQ DQG ,QQRYDWLRQ LQ 6FLHQWLILF 5HVHDUFK� ,Q� 7KH
(VVHQWLDO 7HQVLRQ� 6HOHFWHG 6WXGLHV LQ 6FLHQWLILF 7UDGLWLRQ DQG &KDQJH� &KLFDJR� 7KH
8QLYHUVLW\ RI &KLFDJR 3UHVV� ���±����

/DWRXU� %UXQR ������� 6FLHQFH LQ $FWLRQ� +RZ WR )ROORZ 6FLHQWLVWV DQG (QJLQHHUV WKURXJK
6RFLHW\� &DPEULGJH� 0$� +DUYDUG 8QLYHUVLW\ 3UHVV�

þ ������� 7KH 3DVWHXUL]DWLRQ RI )UDQFH� &DPEULGJH� 0$� +DUYDUG 8QLYHUVLW\ 3UHVV�
/DWRXU� %UXQR DQG 6WHSKHQ :RROJDU ������� /DERUDWRU\ /LIH� 7KH 6RFLDO &RQVWUXFWLRQ RI

6FLHQWLILF )DFWV� �QG HG� 3ULQFHWRQ� 3ULQFHWRQ 8QLYHUVLW\ 3UHVV�
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0\HUV� *UHJRU\ $� ������� 7H[WERRNV DQG WKH 6RFLRORJ\ RI 6FLHQWLILF .QRZOHGJH� (QJOLVK

IRU 6SHFLILF 3XUSRVHV ��� �±���
1HUVHVVLDQ� 1DQF\ -� ������� &RQFHSWXDO &KDQJH LQ 6FLHQFH DQG LQ 6FLHQFH (GXFDWLRQ� 6\Q�

WKHVH ��� ���±����
2OHVNR� .DWKU\Q0� ������� 3K\VLFV DV D &DOOLQJ� 'LVFLSOLQH DQG 3UDFWLFH LQ WKH .|QLJVEHUJ

6HPLQDU IRU 3K\VLFV� ,WKDFD� &RUQHOO 8QLYHUVLW\ 3UHVV�
þ ������� 6FLHQFH 3HGDJRJ\ DV D &DWHJRU\ RI +LVWRULFDO $QDO\VLV� 3DVW� 3UHVHQW� DQG )X�

WXUH� 6FLHQFH DQG (GXFDWLRQ ��� ���±����
3UHOOL� /DZUHQFH -� ������� $ 5KHWRULF RI 6FLHQFH� ,QYHQWLQJ 6FLHQWLILF 'LVFRXUVH� &ROXPELD�

8QLYHUVLW\ RI 6RXWK &DUROLQH 3UHVV�
3\HQVRQ� /HZLV ������� 0DWKHPDWLFV� (GXFDWLRQ� DQG WKH *|WWLQJHQ $SSURDFK WR 3K\VLFDO

5HDOLW\� ���������� (XURSD� $ -RXUQDO RI ,QWHUGLVFLSOLQDU\ 6WXGLHV �� ��±����
3\HQVRQ� /HZLV DQG 'RXJODV 6NRSS ������� (GXFDWLQJ 3K\VLFLVWV LQ *HUPDQ\ FLUFD �����

6RFLDO 6WXGLHV RI 6FLHQFH �� ���±����
5HQQ� -�UJHQ ������� $XI GHQ 6FKXOWHUQ YRQ 5LHVHQ XQG =ZHUJHQ� :HLQKHLP� :LOH\�9&+�
5HQQ� -�UJHQ DQG 0DOFRP '� +\PDQ �����D�� 7KH *OREDOL]DWLRQ RI .QRZOHGJH LQ +LVWRU\�

$Q ,QWURGXFWLRQ� ,Q� 7KH *OREDOL]DWLRQ RI .QRZOHGJH LQ +LVWRU\� (G� -�UJHQ 5HQQ� ��
0D[ 3ODQFN 5HVHDUFK /LEUDU\ IRU WKH +LVWRU\ DQG 'HYHORSPHQW RI .QRZOHGJH� 6WXGLHV�
%HUOLQ� (GLWLRQ 2SHQ $FFHVV� ��±���
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þ �����E�� 7KH *OREDOL]DWLRQ RI 0RGHUQ 6FLHQFH� ,Q� 7KH *OREDOL]DWLRQ RI .QRZOHGJH LQ
+LVWRU\� (G� -�UJHQ 5HQQ� �� 0D[ 3ODQFN 5HVHDUFK /LEUDU\ IRU WKH +LVWRU\ DQG 'HYHO�
RSPHQW RI .QRZOHGJH� 6WXGLHV� %HUOLQ� (GLWLRQ 2SHQ $FFHVV� ���±����

5KHLQEHUJHU� +DQV�-|UJ ������� 2Q +LVWRULFL]LQJ (SLVWHPRORJ\� 6WDQIRUG� 6WDQIRUG 8QLYHU�
VLW\ 3UHVV�

5RXVH� -RVHSK ������� .QRZOHGJH DQG 3RZHU� 7RZDUG D 3ROLWLFDO 3KLORVRSK\ RI 6FLHQFH�
,WKDFD� &RUQHOO 8QLYHUVLW\ 3UHVV�

þ ������� 3RZHU�.QRZOHGJH� ,Q� 7KH &DPEULGJH &RPSDQLRQ WR )RXFDXOW� (G� *DU\ *XW�
WLQJ� �QG HG� &DPEULGJH� &DPEULGJH 8QLYHUVLW\ 3UHVV� ��±����
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)RUPV DQG )XQFWLRQV RI 3RSXODULVDWLRQ� (G� 7HUU\ 6KLQQ DQG 5LFKDUG :KLWOH\� ,;�
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