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&KDSWHU ��
(SLORJXH� 7H[WERRNV DQG WKH (PHUJHQFH RI D &RQFHSWXDO 7UDMHFWRU\
'DYLG .DLVHU

2I ZKDW XVH DUH VFLHQWLILF WH[WERRNV" 7R VFLHQWLVWV DQG WKHLU VWXGHQWV� WH[WERRNV FDQ LQVSLUH
DGPLUDWLRQ DQG QRVWDOJLD� EXW DOVR D VHQVH RI OLPLWV� RI EHLQJ IDU IURP WKH LQWHOOHFWXDO IURQWLHU�
$IWHU DOO� UHVHDUFK LQ WKH SK\VLFDO VFLHQFHV ORQJ DJR FHDVHG WR EH D ERRNLVK DIIDLU� )RU DW OHDVW
D FHQWXU\ DQG D KDOI� WKH PRVW LPSRUWDQW GHYHORSPHQWV KDYH EHHQ FRPPXQLFDWHG LQ MRXUQDO
DUWLFOHV DQG FRJQDWH IRUPV VXFK DV FRQIHUHQFH WDONV DQG SUHSULQWV �)UDVFD�6SDGD DQG -DUGLQH
����� *URVV� +DUPRQ� DQG 5HLG\ ������ 7KH %ULWLVK VFKRODU DQG VWDWHVPDQ&� 3� 6QRZþZKR
VSHQW PXFK RI KLV FDUHHU WUDSSHG LQ D VXSHUSRVLWLRQ� ERWK SK\VLFLVW DQG QRYHOLVWþREVHUYHG LQ
KLV IDPRXV OHFWXUH RQ 7KH 7ZR &XOWXUHV WKDW ³SHUKDSV QRW PDQ\ >VFLHQWLVWV@ ZRXOG JR DV IDU
DV RQH KHUR ZKR� ZKHQ DVNHG ZKDW ERRNV KH UHDG� UHSOLHG ILUPO\ DQG FRQILGHQWO\� µ%RRNV"
, SUHIHU WR XVH P\ ERRNV DV WRROV�¶´ 6QRZ FRQWLQXHG ZLWK D IORXULVK� ³,W ZDV YHU\ KDUG QRW WR
OHW WKH PLQG ZDQGHUþZKDW VRUW RI WRRO ZRXOG D ERRNPDNH" 3HUKDSV D KDPPHU" $ SULPLWLYH
GLJJLQJ LQVWUXPHQW"´ �6QRZ ����� ���

$W WKH VDPH WLPH WKDW 6QRZ RIIHUHG KLV REVHUYDWLRQ� 7KRPDV .XKQ HOHYDWHG VFLHQWLILF
WH[WERRNV WR D FHQWUDO SRVLWLRQ LQ KLV DQDO\VLV RI VFLHQWLILF FKDQJH� +H GHFODUHG� IRU H[DPSOH�
WKDW ³7KH VLQJOH PRVW VWULNLQJ IHDWXUH RI WKLV HGXFDWLRQ >LQ WKH QDWXUDO VFLHQFHV@ LV WKDW� WR DQ
H[WHQW WRWDOO\ XQNQRZQ LQ RWKHU FUHDWLYH ILHOGV� LW LV FRQGXFWHG HQWLUHO\ WKURXJK WH[WERRNV�´
�.XKQ ����� ����� <HW .XKQ ZDV FOHDUO\ DPELYDOHQW� 6FLHQWLILF WH[WERRNV ³PD\ EH WKH ULJKW
SODFH IRU SKLORVRSKHUV WR GLVFRYHU WKH ORJLFDO VWUXFWXUH RI ILQLVKHG VFLHQWLILF WKHRULHV�´ KH
H[SODLQHG LQ D ���� DUWLFOH� EXW ³WKH\ DUH PRUH OLNHO\ WR PLVOHDG WKDQ WR KHOS WKH XQZDU\
LQGLYLGXDO ZKR DVNV DERXW SURGXFWLYH PHWKRGV´þQRW OHDVW� .XKQ LQVLVWHG� EHFDXVH ³VFLHQFH
WH[WERRNV GR QRW GHVFULEH WKH VRUWV RI SUREOHPV WKDW WKH SURIHVVLRQDO PD\ EH DVNHG WR VROYH�´
�.XKQ ����� ���� ����� ,Q WKH HQG� .XKQ FRQFOXGHG� WH[WERRNV ³DUH WKH XQLTXH UHSRVLWRU\
RI WKH ILQLVKHG DFKLHYHPHQWV RI PRGHUQ SK\VLFDO VFLHQWLVWV´ �.XKQ ����� ����� PDXVROHXPV
IRU \HVWHUGD\¶V DFKLHYHPHQWV� ZKHUH FUHDWLYH LGHDV ZHQW WR GLH�

6QRZ¶V DQG .XKQ¶V GRXU YLHZV GLG OLWWOH WR LQVSLUH FORVH KLVWRULFDO VFUXWLQ\ RI WKH ZD\V
LQ ZKLFK VFLHQWLILF WH[WERRNV KDYH EHHQ FRPSRVHG� SURGXFHG� RU XWLOL]HG� ,Q UHFHQW \HDUV�
KRZHYHU� KLVWRULDQV RI VFLHQFH KDYH UHGLVFRYHUHG WKH WH[WERRN� DQG ZLWK JRRG UHDVRQ� 7KH
JHQHUDO LQFRUSRUDWLRQ RI SHUVSHFWLYHV IURP FXOWXUDO KLVWRU\ KDV HQFRXUDJHG DWWHQWLRQ EH\RQG
WKH HOLWHV RI VFLHQWLILF SUDFWLFH DQG WKH VHHPLQJO\ SODFHOHVV PDUFK RI LGHDV� 7KH ULVH RI LQ�
WHUHVW LQ SHGDJRJ\ DQG WUDLQLQJ RQ WKH RQH KDQG� DQG LQ KLVWRULHV RI WKH ERRN DQG PDWHULDO
UHDGLQJ SUDFWLFHV RQ WKH RWKHU� KDYH ULJKWO\ UHIRFXVHG LQWHUHVW RQ WH[WERRNV¶ SURGXFWLRQ� FLU�
FXODWLRQ� DQG DSSURSULDWLRQ� .XKQ¶V DW�RQFH H[DJJHUDWHG DQG GLVPLVVLYH DVVHVVPHQW RI WKH
UROHV RI VFLHQWLILF WH[WERRNV ZLOO QR ORQJHU VXIILFH��

�)RU UHFHQW KLVWRULRJUDSKLFDO UHYLHZV� VHH �:DUZLFN DQG .DLVHU ����� ���±���� %HQVDXGH�9LQFHQW ����� ���±
���� 2OHVNR ����� ���±���� 0RG\ DQG .DLVHU ����� ���±���� 9LFHGR ����� ��±����



��� ��� (SLORJXH �'� .DLVHU�

,I 6QRZ DQG .XKQ GRZQSOD\HG WKH XVHIXOQHVV RI WH[WERRNV WR VFLHQWLVWV� QRZDGD\V
IHZ FDQ TXHVWLRQ WKHVH ERRNV¶ YDOXH IRU KLVWRULDQV� 2QH XVDJH LV WR DGG WH[WERRNV WR WKH
VRXUFH�EDVH RI PDWHULDOV WR EH VLIWHG IRU FOXHV DERXW WKH FKURQRORJ\ RI FRQFHSWXDO GHYHORS�
PHQWV� DORQJVLGH UHVHDUFK DUWLFOHV� XQSXEOLVKHG FRUUHVSRQGHQFH� QRWHERRNV� DQG RUDO KLVWR�
ULHV� &KDSWHUV LQ WKLV FROOHFWLRQ E\ &OD\WRQ *HDUKDUW� 'RPHQLFR *LXOLQL� 0LFKHO -DQVVHQ
DQG &KDUOHV 0LGZLQWHU� +HOJH .UDJK� DQG 'RQ +RZDUG H[HPSOLI\ WKH ULFKQHVV WKDW VFLHQ�
WLILF WH[WERRNV FDQ RIIHU IRU WKLV NLQG RI VWXG\� +RZ GLG SUDFWLWLRQHUV DW WKH WLPH WKLQN DERXW
SDUWLFXODU LGHDV� VXFK DV (LQVWHLQ¶V OLJKW�TXDQWXP K\SRWKHVLV RU WKH FKDOOHQJH RI TXDQWL]�
LQJ V\VWHPV ZLWK PXOWLSOH GHJUHHV RI IUHHGRP" +RZ GLG WH[WERRN DXWKRUV UHDG RU FLWH RQH
GHYHORSPHQW DORQJVLGH DQRWKHU" $V 0DVVLPLOLDQR %DGLQR DQG -DXPH 1DYDUUR PDNH FOHDU
LQ WKHLU LQWURGXFWLRQ� HDUO\ WH[WERRNV RQ TXDQWXP WKHRU\ DUH HVSHFLDOO\ YDOXDEOH IRU VXFK
KLVWRULFDO LQYHVWLJDWLRQV� VLQFH WKH ERRNV GDWH IURP D WLPH RI WUHPHQGRXV FRQFHSWXDO XQFHU�
WDLQW\� 4XDQWXP WKHRU\ DV ZH NQRZ LW KDG \HW WR FRQJHDO DW WKH WLPH WKDW PDQ\ RI WKHVH ERRNV
ZHUH SXEOLVKHG� *LYHQ WKH UHODWLYH OHQJWK RI WH[WERRNV DV FRPSDUHG WR UHVHDUFK DUWLFOHV� DQG
WKH WH[WERRN DXWKRUV¶ FOHDU LQWHQWLRQ WR LPSRVH RUGHU RQ UHFHQW� VFDWWHUVKRW GHYHORSPHQWV�
WKHVH WH[WERRNV RIIHU GHWDLOHG GRFXPHQWDWLRQ RI KRZ PRPHQWV RI UDSLG FRQFHSWXDO FKDQJH
DSSHDUHG WR SK\VLFLVWV DW WKH WLPH�

:H PLJKW OLNHQ WKLV KLVWRULFDO XVH RI WH[WERRNV WR SK\VLFLVWV¶ XVHV RI WHVW�ERGLHV ZKHQ
PDUNLQJ RXW DQ LQYLVLEOH ILHOG� /LNH SLWK EDOOV FKDUJHG ZLWK VOLJKW VWDWLF HOHFWULFLW\ RU WLQ\
LURQ ILOLQJV VSULQNOHG QHDU D EDU PDJQHW� HDUO\ WH[WERRNV RQ TXDQWXP WKHRU\ PLJKW KHOS WR
GHOLQHDWH D FOHDUHU SDWK� HQDEOLQJ KLVWRULDQV WR FKDUW D FRQFHSWXDO WUDMHFWRU\ GXULQJ WLPHV RI
XQXVXDO YDULDWLRQ� +RZ GLG WKH SK\VLFV FRPPXQLW\ PRYH IURP HDUO\ KLQWV DERXW EODFN�ERG\
UDGLDWLRQ� VSHFLILF KHDWV� DQG WKH SKRWRHOHFWULF HIIHFW WR D IXOO�EORZQ DUPRU\ RI VWDWH YHFWRUV�
+LOEHUW VSDFHV� DQG +HUPLWLDQ RSHUDWRUV" 6XUHO\ WH[WERRNV FRPSRVHG DW LQWHUPHGLDWH VWHSV
DORQJ WKH MRXUQH\ DUH LQYDOXDEOH UHVRXUFHV IRU UHFRQVWUXFWLQJ WKDW SDWK�

7KH SLWK�EDOO DSSURDFK DVVXPHV WKDW WH[WERRNV UHIOHFW XQGHUO\LQJ FRQFHSWXDO GHYHORS�
PHQWV� EXW GR QRW DIIHFW WKHP� WKHUH H[LVWHG D JHQXLQH FRQFHSWXDO WUDMHFWRU\� DQG WH[WERRNV
KHOS WR UHYHDO LW� <HW PDQ\ FKDSWHUV LQ WKLV FROOHFWLRQ VXJJHVW UHDVRQV WR UHFRQVLGHU VXFK
DQ DVVXPSWLRQ� &RQVLGHU WKH UDQJH RI ERRNV SURGXFHG LQ VKRUW RUGHU E\ SK\VLFLVWV ZRUNLQJ
DW WKH VDPH XQLYHUVLW\� IRU H[DPSOH� TXLWH D JXOI VHSDUDWHV *HRUJH %LUWZLVWOH¶V 7KH 4XDQ�
WXP 7KHRU\ RI WKH $WRP ������ DQG 7KH 1HZ 4XDQWXP 0HFKDQLFV ������ IURP 3DXO 'LUDF¶V
3ULQFLSOHV RI 4XDQWXP 0HFKDQLFV ������� HYHQ WKRXJK �DV ZH OHDUQ IURP -DXPH 1DYDUUR¶V
DQG +HOJH .UDJK¶V FKDSWHUV KHUH� DOO WKUHH ERRNV HPHUJHG IURP FRXUVHV WDXJKW DW &DPEULGJH
8QLYHUVLW\� RIWHQ GXULQJ WKH VDPH VHPHVWHU�� 0RUH JHQHUDOO\� LI ZH WDNH VHULRXVO\ WKH QR�
WLRQ WKDW UHVHDUFK LQ TXDQWXP WKHRU\ RIWHQ XQIROGHG KDQG�LQ�KDQG ZLWK WHDFKLQJ IRU PDQ\
SK\VLFLVWV DW WKH WLPHþDV GRFXPHQWHG VR FOHDUO\ LQ WKH FKDSWHUV E\ 0DVVLPLOLDQR %DGLQR�
0LFKHO -DQVVHQ DQG &KDUOHV 0LGZLQWHU� 0LFKHO (FNHUW� 'RPHQLFR *LXOLQL� -DXPH 1DYDUUR�
DQG +HOJH .UDJKþWKHQ ZK\ VKRXOG ZH DVVXPH WKDW D UHVHDUFK�RULHQWHG FRQFHSWXDO WUDMHF�
WRU\ H[LVWHG SULRU WR RU LQGHSHQGHQW IURP DOO WKHVH SHGDJRJLFDO H[HUWLRQV" 6HH DOVR �:DUZLFN
����� .DLVHU ����� 6HWK ������

,Q SODFH RI WKH SLWK�EDOO DQDORJ\þZKLFK� DIWHU DOO� KHDUNHQV EDFN WR WKH HUD RI FODVVL�
FDO SK\VLFVþZH PLJKW WXUQ WR -RKQ :KHHOHU¶V HYRFDWLYH PHWDSKRU IRU TXDQWXP WKHRU\� KLV
³*UHDW 6PRN\ 'UDJRQ�´ :KHHOHU LQWURGXFHG KLV PHWDSKRU WR WU\ WR FDSWXUH ZKDW LW PHDQV
IRU TXDQWXP SDUWLFOHV QRW WR SRVVHVV VKDUS WUDMHFWRULHV WKURXJK VSDFH DQG WLPH� VXFK DV ZKHQ
�7KHVH GLVWLQFWLRQV DUH VLPLODU WR WKH FRQWUDVWV GUDZQ E\ $QGUHZ :DUZLFN LQ WKH WHDFKLQJ RI VSHFLDO UHODWLYLW\ DW
&DPEULGJH D GHFDGH HDUOLHU� VHH �:DUZLFN ����� FKDS� ���



��� (SLORJXH �'� .DLVHU� ���

PRYLQJ WKURXJK D GRXEOH�VOLW DSSDUDWXV� 7KH WDLO RI WKH GUDJRQ FRXOG RIWHQ EH SLQQHG GRZQ
ZLWK DFFXUDF\� :KHHOHU DUJXHG� WKDW FRUUHVSRQGHG WR WKH VRXUFH WKDW HPLWWHG WKH TXDQWXP
SDUWLFOHV� /LNHZLVH WKH GUDJRQ¶V ILHU\ PRXWK FRXOG XVXDOO\ EH IRXQG� WKDW ZDV WKH SODFH� SDVW
WKH VFUHHQ ZLWK WZR VOLWV� ZKHUH D GHWHFWRU UHJLVWHUHG WKH SDUWLFOH¶V SRVLWLRQ� %XW LQ EHWZHHQ
WKRVH WZR VSRWV� QRWKLQJ GHILQLWH FRXOG EH VDLG DERXW WKH SDUWLFOH¶V ORFDWLRQ DV LW WUDYHUVHG
WKH DSSDUDWXVþWKH ERG\ RI WKH GUDJRQ GLVVROYHG LQWR D SXII\ FORXG RI VPRNH��

0XFK OLNH :KHHOHU¶V VPRN\ GUDJRQ� ZKDW KDG RQFH EHHQ WDNHQ WR EH D UHODWLYHO\ FOHDU
FRQFHSWXDO WUDMHFWRU\ IRU HDUO\ TXDQWXP WKHRU\ QR ORQJHU DSSHDUV VR VKDUS� 5HFHQW VFKRO�
DUVKLS KDV KLJKOLJKWHG WKH VWULNLQJ KHWHURJHQHLW\þHYHQ FDFRSKRQ\þRI FRPSHWLQJ DVVXPS�
WLRQV� DSSURDFKHV� DQG LQWHUSUHWDWLRQV GXULQJ WKH HDUO\ \HDUV RI TXDQWXP WKHRU\� HYHQ DPRQJ
SK\VLFLVWV ZKR ZRUNHG FORVHO\ WRJHWKHU DQG ZKRVH YLHZV KDG HDUOLHU EHHQ FRQVLGHUHG V\Q�
RQ\PRXV �%HOOHU ����� +RZDUG ����� ���±���� &DPLOOHUL ����� &DUVRQ ������ 7KH ZLGH
DUUD\ RI WH[WERRNV VDPSOHG LQ WKLV YROXPH RQO\ UHLQIRUFHV WKH SRLQW� ,QGHHG� ZH PLJKW ZHOO
ZRQGHU ZKHWKHU DQ\ FRKHUHQW FRQFHSWXDO WUDMHFWRU\ FRQQHFWHG� VD\� 3ODQFN¶V SXEOLFDWLRQV
LQ ���� ZLWK +HLVHQEHUJ¶V� %RUQ¶V� -RUGDQ¶V� 6FKU|GLQJHU¶V� RU 'LUDF¶V SDSHUV LQ WKH PLG�
����V� 'LG TXDQWXP WKHRU\ LWVHOI IROORZ D SDWK DV LQGHWHUPLQDWH DV :KHHOHU¶V *UHDW 6PRN\
'UDJRQ"

:LWK KLQGVLJKW� RI FRXUVH� SK\VLFLVWV� KLVWRULDQV� DQG SKLORVRSKHUV KDYH GUDZQ DQG UH�
GUDZQ YDULRXV FDQGLGDWH WUDMHFWRULHV IRU WKH FRQFHSWXDO KLVWRU\ RI TXDQWXP WKHRU\� ,QGHHG
IRU D ORQJ WLPH WKH KLVWRU\ RI PRGHUQ SK\VLFV VHHPHG DOPRVW LQGLVWLQJXLVKDEOH IURP WKH KLV�
WRU\ RI TXDQWXP WKHRU\� JLYHQ WKH JUHDW PDVV RI ZRUN SXEOLVKHG RQ WKH WRSLF� 0RUHRYHU�
WKRXJK VLJQLILFDQW FKDOOHQJHV RI LQWHUSUHWDWLRQ UHPDLQ RSHQ HYHQ WR WKLV GD\� WKH UDQJH RI
DSSURDFKHV DQG WHFKQLTXHV WR TXDQWXP WKHRU\ KDV VXUHO\ QDUURZHG FRPSDUHG WR WKH WXUPRLO
DQG WXPXOW RI WKH SHULRG IURP ���� WKURXJK ����� 6RPH VKDGRZ RI D FRQFHSWXDO WUDMHFWRU\
DSSHDUV WR KDYH HPHUJHG IURP DOO WKH GXVW DQG VPRNH�

:H PLJKW WKHUHIRUH SRVH VRPH QHZ TXHVWLRQV� LQYHUWHG IURP WKH W\SH WKDW DQLPDWH SLWK�
EDOO KLVWRULRJUDSK\� $PRQJ WKH ZLGH UDQJH RI SRVVLEOH �DQG FRPSHWLQJ� HIIRUWV DW WKH WLPH�
WKURXJK ZKDW PHDQV GLG D QDUURZLQJ RI DSSURDFKHV DQG LQWHUSUHWDWLRQV RFFXU" :KDW ZRUN
ZDV UHTXLUHG IRU VRPHWKLQJ DSSUR[LPDWLQJ D FRQFHSWXDO WUDMHFWRU\ WR HPHUJH" 7KHVH ODVW
TXHVWLRQV VXJJHVW \HW D WKLUG DQDORJ\� DORQJVLGH WKH SLWK�EDOO DQG VPRN\ GUDJRQ� GHFRKHU�
HQFH DQG WKH HPHUJHQFH RI FODVVLFDO EHKDYLRU IURP TXDQWXP V\VWHPV� $Q LQIOXHQWLDO OLQH RI
WKRXJKW DPRQJ FRQWHPSRUDU\ SK\VLFLVWV VXJJHVWV WKDW FODVVLFDO EHKDYLRUþVXFK DV WKH SRV�
VHVVLRQ RI D VKDUS WUDMHFWRU\ WKURXJK VSDFH DQG WLPHþPLJKW HPHUJH IURP TXDQWXP REMHFWV¶
LQWHUDFWLRQV ZLWK WKH HQYLURQPHQW� 5HSHDWHG VFDWWHULQJV EHWZHHQ D TXDQWXP SDUWLFOH DQG
WKH IORWVDP DQG MHWVDP RI LWV VXUURXQGLQJV FDQ FDXVH WKH VWUDQJH VXSHUSRVLWLRQV HQGHPLF WR
TXDQWXP WKHRU\ HIIHFWLYHO\ WR JHW ZDVKHG RXW� (YHQ LQVLGH WKH W\UDQQLFDO ER[� 6FKU|GLQJHU¶V
FDW PLJKW ZHOO KDYH EHHQ DOO�DOLYH RU DOO�GHDG WKH ZKROH WLPH� QHYHU FDXJKW LQ D JKRVWO\ VX�
SHUSRVLWLRQ RI ERWK VWDWHV DW RQFH �=XUHN ����� ��±����

,Q DGGLWLRQ WR SURYLGLQJ KLQWV RI FRPSHWLQJ DSSURDFKHV RU VXSSO\LQJ IRGGHU IRU DGMX�
GLFDWLQJ SULRULW\ FODLPV� VFLHQWLILF WH[WERRNV OLNH WKH RQHV H[DPLQHG WKURXJKRXW WKLV YROXPH
FDQ EH XVHG WR FKDUW MXVW WKRVH LQWHUDFWLRQV ZLWK WKH ³HQYLURQPHQW´þSHGDJRJLFDO� LQVWLWX�
WLRQDO� LQWHOOHFWXDOþE\ PHDQV RI ZKLFK VRPHWKLQJ DSSUR[LPDWLQJ D FRQFHSWXDO WUDMHFWRU\
HPHUJHG� 5DWKHU WKDQ DVVXPH WKDW WKH WH[WERRNV DQG DQFLOODU\ SHGDJRJLFDO HIIRUWV IURP WKH
WLPH UHIOHFW DQ XQGHUO\LQJ WUDMHFWRU\� ZH PLJKW WUDLQ RXU DWWHQWLRQ RQ WKH PHDQV E\ ZKLFK

�6HH� H�J�� WKH LQWHUYLHZ ZLWK -RKQ :KHHOHU LQ �'DYLHV DQG %URZQ ����� ��±��� RQ ��±����
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ERRNV OLNH WKHVH KHOSHG WR UHGXFH WKH HYHU�PXOWLSO\LQJ SRVVLELOLWLHV� SURGXFLQJ ZKDW ZRXOG
ODWHU DSSHDU WR EH D UHFRJQL]DEOH FRQFHSWXDO SDWK� 7KH GHWDLOHG DQG UHYHDOLQJ FKDSWHUV LQ WKLV
YROXPH SURYLGH DQ H[FHOOHQW UHVRXUFH ZLWK ZKLFK WR SXUVXH MXVW VXFK DQ LQYHVWLJDWLRQ� $V
TXDQWXP SK\VLFLVWV OHDUQHG QRW VR ORQJ DJR� VRPHWLPHV D OLWWOH GHFRKHUHQFH FDQ EH D YHU\
XVHIXO WKLQJ�

5HIHUHQFHV

%HOOHU� 0DUD ������� 4XDQWXP 'LDORJXH� 7KH 0DNLQJ RI D 5HYROXWLRQ� &KLFDJR� 7KH 8QL�
YHUVLW\ RI &KLFDJR 3UHVV�

%HQVDXGH�9LQFHQW� %HUQDGHWWH ������� 7H[WERRNV RQ WKH 0DS RI 6FLHQFH 6WXGLHV� 6FLHQFH
DQG (GXFDWLRQ ��� ���±����

&DPLOOHUL� .ULVWLDQ ������� +HLVHQEHUJ DQG WKH ,QWHUSUHWLRQ RI 4XDQWXP 0HFKDQLFV� 7KH
3K\VLFLVW DV 3KLORVRSKHU� 1HZ <RUN� &DPEULGJH 8QLYHUVLW\ 3UHVV�

&DUVRQ� &DWKU\Q �������+HLVHQEHUJ LQ WKH $WRPLF $JH� 6FLHQFH DQG WKH 3XEOLF 6SKHUH� 1HZ
<RUN� &DPEULGJH 8QLYHUVLW\ 3UHVV�

'DYLHV� 3� &KDUOHV :� DQG 5� -XOLDQ %URZQ� HGV� ������� 7KH *KRVW LQ WKH $WRP� &DPEULGJH�
&DPEULGJH 8QLYHUVLW\ 3UHVV�

)UDVFD�6SDGD� 0DULQD DQG 1LFN -DUGLQH� HGV� ������� %RRNV DQG WKH 6FLHQFHV LQ +LVWRU\�
1HZ <RUN� &DPEULGJH 8QLYHUVLW\ 3UHVV�

*URVV� $ODQ *�� -RVHSK (� +DUPRQ� DQG0LFKDHO 5HLG\ �������&RPPXQLFDWLQJ 6FLHQFH� 7KH
6FLHQWLILF $UWLFOH IURP WKH ��WK &HQWXU\ WR WKH 3UHVHQW� 1HZ <RUN� 2[IRUG 8QLYHUVLW\
3UHVV�

+RZDUG� 'RQ ������� :KR ,QYHQWHG WKH &RSHQKDJHQ ,QWHUSUHWDWLRQ" $ 6WXG\ LQ 0\WKRORJ\�
3KLORVRSK\ RI 6FLHQFH ��� ���±����

.DLVHU� 'DYLG ������� 'UDZLQJ 7KHRULHV $SDUW� 7KH 'LVSHUVLRQ RI )H\QPDQ 'LDJUDPV LQ
3RVWZDU 3K\VLFV� &KLFDJR� 7KH 8QLYHUVLW\ RI &KLFDJR 3UHVV�

.XKQ� 7KRPDV ������� 7KH (VVHQWLDO 7HQVLRQ� 7UDGLWLRQ DQG ,QQRYDWLRQ LQ 6FLHQWLILF 5H�
VHDUFK� ,Q� 7KH (VVHQWLDO 7HQVLRQ� 6HOHFWHG 6WXGLHV LQ 6FLHQWLILF 7UDGLWLRQ DQG &KDQJH�
&KLFDJR� 7KH 8QLYHUVLW\ RI &KLFDJR 3UHVV� ���±����

0RG\� &\UXV DQG 'DYLG .DLVHU ������� 6FLHQWLILF 7UDLQLQJ DQG WKH &UHDWLRQ RI 6FLHQWLILF
.QRZOHGJH� +LVWRULFDO� 6RFLRORJLFDO� DQG $QWKURSRORJLFDO 3HUVSHFWLYHV� ,Q� +DQGERRN
RI 6FLHQFH DQG 7HFKQRORJ\ 6WXGLHV� &DPEULGJH� 0$� 7KH 0,7 3UHVV� ���±����

2OHVNR� .DWKU\Q 0� ������� 6FLHQFH 3HGDJRJ\ DV D &DWHJRU\ RI +LVWRULFDO $QDO\VLV� 3DVW�
3UHVHQW� DQG )XWXUH� 6FLHQFH DQG (GXFDWLRQ ��� ���±����

6HWK� 6XPDQ ������� &UDIWLQJ WKH 4XDQWXP� $UQROG 6RPPHUIHOG DQG WKH 3UDFWLFH RI 7KHRU\�
����±����� &DPEULGJH� 0$� 7KH 0,7 3UHVV�

6QRZ� &KDUOHV 3� ������� 7KH 7ZR &XOWXUHV DQG WKH 6FLHQWLILF 5HYROXWLRQ� 1HZ <RUN� &DP�
EULGJH 8QLYHUVLW\ 3UHVV�

9LFHGR� 0DUJD ������� ,QWURGXFWLRQ� 7KH 6HFUHW /LYHV RI 7H[WERRNV� ,VLV ���� ��±���
:DUZLFN� $QGUHZ ������� 0DVWHUV RI 7KHRU\� &DPEULGJH DQG WKH 5LVH RI 0DWKHPDWLFDO

3K\VLFV� &KLFDJR� 7KH 8QLYHUVLW\ RI &KLFDJR 3UHVV�
:DUZLFN� $QGUHZ DQG 'DYLG .DLVHU ������� .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� ���±����



��� (SLORJXH �'� .DLVHU� ���

=XUHN� :RMFLHFK �2FW� ������ 'HFRKHUHQFH DQG WKH 7UDQVLWLRQ IURP 4XDQWXP WR &ODVVLFDO�
3K\VLFV 7RGD\ ��� ��±���


