&RS\ULJKW LV RZQHG E\ WKH $XWKRU RI WKLV WK
FRS\ WR EH GRZQORDGHG IRU DQ LQGLYLGXDO IR
SULYDWH VWXG\ RQO\ 7KH WKHVLV PD\ QRW EH U
SHUPLVVLRQ RI WKH $XWKRU
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$ WKHVLY SUHVHQWHG LQ SDUWLDO IXOILO
GHJUHH RI

'RFWRU RI 3KLORVRSK\
, Q

ODQDJHPHQW
DW ODVVH\ 8QLYHUVLW\ $OEDC

1HZ =HDODQG

/IRUUDLQH (OL]DEHWK /LOOLDQ 6



$%675%&7

5HVHDUFK SURMHFWY DUH D VXEVHW RI SURMHFW PDQDJH
GULYHQ E\ WKH QHHG IRU LQQRYDWLRQ WR ERRVW HFRQR
LW DQ LPSHWXV IRU UHVHDUFKHUV WR ZRUN WRJHWKHU E
RI FURVV VHFWRU FROODERUDWLRQ

7KH VXUJH RI LQWHUHVW KDV EHHQ DWWULEXWHG WR WKt
EHWZHHQ XQLYHUVLW\ LQGXVWU\ DQG JRYHUQPHQW WKH

DQG WHUPHG WKH 7ULSOH +HOL[ 7KHLU ZRUN OHG W
LQQRYDWLRQ GHSHQGV XSRQ WKH HIIHFWLYH VHOHFWLRQ
SRUWIROLR DQG WKH UHVHDUFK SDUWQHUV 6WXGLHV LQ
UHODWLRQVKLSY DUH HLWKHU ZRUNLQJ RU QRW ZRUNLQJ
WKDW VHHNV WR XQGHUVWDQG ZKDW LV SDUWLFXODU WR
GLIILFXOWLHYV ZKHQ ZRUNLQJ WRIJHWKHU DFURVV WKH pFX

([LVWLQJ VWXGLHYV KDYH LGHQWLILHG VHYHUDO NH\ GLIIH
HITHFWLYH FROODERUDWLRQ 7KH SUHVHQW VWXG\ DLPV V
FRPSOHWH IUDPHZRUN DQG FRQWH[WXDOLVH WKH IDFWRU
HGLIIHUHQWLDWLQJ WKHPHVY IRU HDFK RI WKH WKUHH VF
WR XQGHUVWDQG WKH DUHDV RI GLIIHUHQFH EHWZHHQ Wt
SDUWLFLSDQW OHYHOV ZKLOH LQFRUSRUDWLQJ D SURMH|
FRPSRQHQWYV RI SKDVHV DQG FRQVWUDLQWYV

7KH ILQGLQJV RI WKLV UHVHDUFK DUH EDVHG RQ D WKHPD
1LQH EURDG WKHPHV RI IXQGLQJ SURMHFW OHDGHUVKL?
HQGHDYRU LQWHOOHFWXDO SURSHUW\ HWKLFV DQG FDU
VXEWKHPHY 7KHVH GHVFULEH WKH PDLQ DUHDV RI GLIIHU
VHFWRUV LQYROYHG LQ WKH FROODERUDWLRQ 7KH GDWD
FROOHFWLRQ PRGHO GHYHORSHG IRU WKLV VWXG\

7KH VWXG\ DOVR PHDVXUHG WKH SHUFHLYHG RXWFRPHV R
6WUDWHJILF $OOLDQFH )RUPDWLYH $VVHVVPHQW 5XEULF
ZKLFK VHHNV WR FDSWXUH JURZWK LQ D FROODERUDWLRC
WKH LQSXWYV DQG RXWSXWV RI WKH FROODERUDWLRQ 7Kt

6HPL VWUXFWXUHG LQWHUYLHZV IRFXVVHG RQ KRZ ERWK
LQIOXHQFH WKH WKHPHV XVLQJ D UHSUHVHQWDWLYH VDP
LQIRUPDQWY IURP HDFK VHFWRU ZLWK WZHQW\ LQWHUYLI
DQG $XVWUDOLD 1HZ GLIIHUHQWLDWLQJ WKHPHV ZHUH LC
DGGHG WR WKH RULJLQDO IUDPHZRUN PDLQ WKHPHV RI F
PHWKRG FRPPXQLFDWLRQ LOQWHUQDWLRQDOLVP DQG SUF
FRQWUDFW PDQDJHPHQW WDVN VHIJUHIJDWLRQ SURILWDE

7KH VWXG\ HITSORUHG WKH LPSDFW RI WKH GLITHUHQWLDW
LQIOXHQFHUV WR WKH FROODERUDWLRQ DV ZHOO DV WKF
SURMHFW SKDVHV LQ D IUDPHZRUN IRU XVH E\ DOO SDUWL

7KH VWXG\ KDV DGGHG WR RXU FXUUHQW XQGHUVWDQGLQ
GHYHORSPHQW RI D PRUH HQFRPSDVVLQJ IUDPHZRUN WD

o]o



8,* FROODERUDWLYH VW\OH SURMHFW W KDV SURGXFHG
G\QDPLFV RI WKH VHFWRUV DQG SDUWLFLSDQWY DGGUHV\
FROODERUDWLRQ DQG SURMHFW OHYHO GHWHUPLQDQWYV |
RXWFRPHV

7TKH VWXG\ KLIKOLJKWYVY WKH IRUPDWLRQ RI FROODERUDWI
GLIITHUHQFHV IRXQG ZKLFK DFFRXQW IRU PDQ\ RI WKH EDU
FROODERUDWLYH GHYHORSPHQW 7KLV VWXG\ DOVR KLJKC
FROODERUDWLRQ LQFOXGLQJ EHWZHHQ VHFWRU VWUDWH.
FROODERUDWLRQ SHUIRUPDQFH PHDVXUHV WKDW UHZDUC
XQGHUVWDQG DQG DFFRPPRGDWH WKH RXWFRPHV QHHGHC(
DOVR LQFUHDVHG WKH XQGHUVWDQGLQJ RI WKH FRPSOHIL
FROODERUDWLRQ

o]]o
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, ZRXOG OLNH WR H[SUHVV P\ WKDQNV WR D QXPEHU RI SH
J)LUVW DQG IRUHPRVW WR P\ KDUG ZRUNLQJ VXSHUYLVRU\
7LP %HQWOH\ ZKR KDV EHHQ ZLWK PH WKURXJK WKH HQWL
PRWLYDWRU DQG DQ H[SHUW LQ DOO DUHDV RI DFDGHPLD
KXUGOHYV DQG GLIILFXOWLHV DQG , ZRXOG QRW KDYH DFK
VXSSRUW 'U 'DYLG %YURXJKDP ZKR KDV EHHQ P\ VHFRQGD!
\HDUV DQG KDV JXLGHG WKH ZULWHXS ZLWK KLV VSHFLDO
DQG VFLHQWLILF UHVHDUFK PHWKRGRORJLHV <RX DUH EF

7TKHUH KDYH EHHQ PDQ\ RWKHU FRQWULEXWRUV LQFOXGL
JHOL[ 7DQ ZKR ERWK VSHQG D VKRUW WLPH DV VHFRQGDU
MRXUQH\ EXW DGGHG YDOXDEOH DVSHFWV WR WKH VWXG
*RUGRQ ZKR UHDG WKH ILQDO GUDIW RI P\ WKHVLYV DQG S|

, ZRXOG DOVR OLNH WR WKDQN WKH PDQ\ RUJDQLVDWLRQ"
ZHUH LQYROYHG LQ WKLV VWXG\ 7R WKH PDQ\ SDUWLFLSI
SDUWLFLSDWH LQ WKLV VWXG\ DQG FRQWLQXHG RXU FRQY
FRQWULEXWLRQ WKHUH LV PXFK ZRUN VWLOO WR GR

$OVR D ELJ WKDQN\RX WR DOO RI WKH FRQIHUHQFH DWWt
UHVHDUFK WKURXJKRXW WKH MRXUQH\ DQG H[WHQGHG WHK
DQG GLVFXVVLRQ RI WKHLU RZQ H[SHULHQFHYV LQ WKLV Dl

)LQDOO\ WR P\ IDPLO\ ZKR KDYH DOVR FRQWULEXWHG WHF
WLPH 0\ KXVEDQG /D\QH ZKR KDV VSHQW PDQ\ KRXUV GL\
LPSOLFDWLRQV IRU SUDFWLFH DQG WKH PRGHOV GHYHOR!
FKLOGUHQ :HJOH\ 6DLRQH DQG *DEULHOOD ZKR ZKLOH EF
KDYH NHSW PH JURXQGHG WKURXJKRXW WKH UHVHDUFK
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,QWURGXFWLRQ
%DFNJURXQG WR WKH DUHD RI UHVHDUFK LQWHUHVW
3UREOHP RULHQWDWLRQ

6LIJQLILFDQFH RI WKH VWXG\
“XVWLILFDWLRQ RI WKH VWXG\

BWXG\ REMHFWLYHY DQG UHVHDUFK TXHVWLRQV
2UJDQLVDWLRQ RI WKH VWXG\

&+$37(5 7:2

/,7(5$785( 5(9,(:

,QWURGXFWLRQ

&ROODERUDWLRQ WKHRU\ GHYHORSPHQW

&ROODERUDWLRQ WKHRU\ DQG PHDVXUHPHQW LQ WK

&ROODERUDWLRQ FXOWXUDO JDS

3DUWQHUVKLS GHYHORSPHQW

&ROODERUDWLYH PHDVXUHYV

3URMHFW ODQDJHPHQW

7KHPDWLF DQDO\VLY DQG WKHPH GHYHORSPHQW
7KHPDWLF DSSURDFK DQG GHYHORSPHQW
7KHPDWLF PHWKRG

7KHPDWLF GLVFXVVLRQ
)XQGLQJ

e JA o



7KH GLITHUHQFH LQ IXQGHU SULRULWLHV
"'LITHUHQFHV LQ DVVHW GLVWLQFWLRQ
SURMHFW

SURMHFW IURP D FROODERUDWLRQ SHUVSHFWLYH
SURMHFW IURP D SURMHFW SHUVSHFWLYH

7KH GLIIHUHQFH LQ SURMHFW MXVWLILFDWLRQ
7KH GLIIHUHQFH LQ SURMHFW VWUHDPYV
'LIlTHUHQFH LQ JRYHUQDQFH

JHDGHUVKLS

/IHDGHUVKLS IURP D FROODERUDWLRQ SHUVSHFWLYH
/HDGHUVKLS IURP D SURMHFW SHUVSHFWLYH

'LITHUHQFH LQ OHDGHUVKLS
THDPZRUN

7THDPZRUN IURP D FROODERUDWLRQ SHUVSHFWLYH
7THDPZRUN IURP D SURMHFW SHUVSHFWLYH

"'LITHUHQFH LQ WHDP FROODERUDWLRQ
'LITHUHQFH LQ FROOHJLDOLW\
&RPSOHWLRQ

&RPSOHWLRQ IURP D FROODERUDWLRQ SHUVSHFWLYH
&RPSOHWLRQ IURP D SURMHFW SHUVSHFWLYH

7KH GLITHUHQFH LQ WLPHVFDOH XQLIRUPLW\
7KH GLITHUHQFH LQ WKH GHILQLWLRQ RI FRPSOHW
, QWHOOHFWXDO SURSHUW\

, QWHOOHFWXDO SURSHUW\ IURP D FROODERUDWLRQ SHUV
, QWHOOHFWXDO SURSHUW\ IURP D SURMHFW SHUVSHFWLY

7KH GLITHUHQFH LQ LQWHOOHFWXDO SURSHUW\ R:
6FLHQWLILF HQGHDYRXU

6FLHQWLILF HQGHDYRXU IURP D FROODERUDWLYH SHUVSH
6FLHQWLILF HQGHDYRXU IURP D SURMHFW SHUVSHFWLYH

7KH GLITHUHQFH LQ VFLHQWLILF UHYLHZ
7KH GLITHUHQFH LQ ZRUNLQJ HWKLFV

&DUHHU
&DUHHU IURP D FROODERUDWLRQ SHUVSHFWLYH
&DUHHU IURP D SURMHFW SHUVSHFWLYH

7KH GLITHUHQFH LQ FDUHHU IRFXV
7KH GLITHUHQFH LQ FDUHHU SDWKYV
7KH GLITHUHQFH LQ VXEMHFW PDWWHU H[SHUWYV

S
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'LVFXVVLRQ
&RQFOXVLRQ

&+$37(5 7+5((

7+(25(7,&$/ )5$0(:25. $1' 0(7+2'2/2*<

,QWURGXFWLRQ
3ULQFLSDO REMHFWLYHV RI WKH UHVHDUFK
5HVHDUFK GHVLJQ

7KH RQWRORJLFDO DQG HSLVWHPRORJLFDO DSSUR
5HVHDUFK VWUDWHJ\

OL[HG PHWKRGV GHVLJQ

AXDQWLWDWLYH DSSURDFK

4XDOLWDWLYH DSSURDFK
'DWD FROOHFWLRQ PRGHO
'DWD FROOHFWLRQ SURFHGXUHV

6WXG\ SBDUWLFLSDQWYV
3XUSRVLYH VDPSOLQJ
,QWHUYLHZ VDPSOH

,QVWUXPHQW GHYHORSPHQW
2Q OLQH VXUYH\ GHVLJQ
6HPL VWUXFWXUHG LQWHUYLHZ GHVLJQ DQG SURFHG
'DWD UHOLDELOLW\ YDOLGLW\ DQG HWKLEV
5HOLDELOLW\ DQG YDOLGLW\
(WKLFV
6XPPDU\

&+$37(5

5(68/76

,QWURGXFWLRQ

SEHVXOWV 4XHVWLRQQDLUH VXUYH\
AXDQWLWDWLYH UHOLDELOLW\

4XDQWLWDWLYH GHPRJUDSKLF ,QIRUPDWLRQ
6XUYH\ UHVSRQGHQW GDWD

4XDOLWDWLYH GHPRJUDSKLF LQIRUPDWLRQ

e A] o



,QWHUYLHZ UHVSRQGHQW GDWD
&RGLQJ

,QGLYLGXDO WKHPH DQDO\VLYV

&DUHHU
6XEMHFW PDWWHU H[SHUWV FUHGHQWLDOYV
$VSLUDWLRQV
YRFXV
)XQGLQJ
$VVHW GLVWLQFWLRQ
)XQGHU SULRULWLHYV
&ROODERUDWLRQ
7UXVW
SURMHFW PDQDJHPHQW PHWKRGRORJ\
&RQWUDFW PDQDJHPHQW
7DVN VHJUHJDWLRQ
SURMHFW RZQHUVKLS
B3URMHFW VWUHDP
B3URMHFW MXVWLILFDWLRQ
BURILWDELOLW\
*RYHUQDQFH
&RPSOHWLRQ
7LPHVFDOH XQLIRUPLW\
&RPSOHWLRQ JRDO
THDPZRUN
&ROOHJLDOLW\
7HDP FROODERUDWLRQ SURFHVV
,OQOWHOOHFWXDO SURSHUW\
,QIOXHQFLQJ
&RPPXQLFDWLRAQ
/{HDGHUVKLS
6FLHQWLILF HQGHDYRXU
 QWHUQDWLRQDOLVP
(WKLFV
S3URMHFW PLVKDSYV

&RQFOXVLRQ

&RPSDULVRQ RI GLITIHUHQWLDWLRQ WKHPHV DJDLQVW
SURMHFW SHUVSHFWLYHV

« A]] -



'DWD FROOHFWLRQ PRGHO SHUVSHFWLYHYV
.H\ LQIRUPDQWY DQG WHDP PHPEHUV
SURMHFW OHYHO WKHPH GLIITHUHQFHYV
2XWFRPH JRDO GLIITHUHQFHYV
*RYHUQPHQW XQLYHUVLW\ DQG LQGXVWU\ VHFWRU
'LITHUHQWLDWLQJ WKHPH GLIIHUHQFHYV
2XWFRPH OHYHO GLIIHUHQFHYV
,QGLYLGXDOV ZLWK OHVV WKDQ WHQ \HDUV RU DQG PRUH
SURMHFW PDQDJHPHQW SHUVSHFWLYHYV
SBURMHFW EXGJIJHWYV XQGHU 1= $86 . DQG SURMHFW EXGJH
BURMHFWYV XQGHU RQH \HDU ORQJ DQG SURMHFWY RYHU R
&URVV WDEXODWLRQ RI GLITHUHQWLDWLQJ WKHPHYV DJDLQ!'
&URVV WDEXODWLRQ RI GLITHUHQWLDWLQJ WKHPHYV DJDLQ!'
&ROODERUDWLRQ DW LQFHSWLRQ DQG FRPSOHWLRQ RI WK

H\ ILQGLQJV
&KDSWHU VXPPDU\

&+3$37(5 ),9¢(

',6&866,21

,QWURGXFWLRQ
7KH UHODWLYH LPSRUWDQFH RI WKHPHV
6SHFLILF DWWULEXWHYV RI 8,* FROODERUDWLRQV

2ULJLQDO WKHPHYV
&DUHHU
)XQGLQJ
3URMHFW RZQHUVKLS
&RPSOHWLRQ
7HDPZRUN
,QWHOOHFWXDO SURSHUW\
IHDGHUVKLS
6FLHQWLILF HQGHDYRXU
(WKLFV UHTXLUHPHQWYV
1HZ 7TKHPHV
&ROODERUDWLRQ DGGHG DV D PDLQ WKHPH
7UXVW DGGHG DV D VXEWKHPH Rl FROODERUDWLRQ
3URMHFW PDQDJHPHQW PHWKRGRORJ\ DGGHG DV D PDLQ \
&RQWUDFW PDQDJHPHQW DGGHG DV D VXEWKHPH RI SURM

« Alll -



7DVN VHJUHJDWLRQ DGGHG DV D VXEWKHPH RI SURMHFW |
&RPPXQLFDWLRQ DGGHG DV D PDLQ WKHPH
,QWHUQDWLRQDOLVP DGGHG DV D PDLQ WKHPH

3URMHFW PLVKDSV DGGHG DV D PDLQ WKHPH
3URILWDELOLW\ DGGHG DV D VXEWKHPH Rl SURMHFW RZQt
,QIOXHQFLQJ DGGHG DV D VXEWKHPH RI LQWHOOHFWXDO

,QGLYLGXDO 7KHPH &RQFOXVLRQ

&+$37(5 6,;

',6&866,21 2) 7+( )5%0(:25. &203/(;,7<

,QWURGXFWLRQ
3URSRVHG 8,* &ROODERUDWLYH IUDPHZRUN
&KDOOHQJHV WR WKH FROODERUDWLRQ

&KDOOHQJHYVY DW WKH FRQFHSWXDO OHYHO
&KDOOHQJHV E\ VHFWRU
&KDOOHQJHV E\ SDUWLFLSDQW DQG FDUHHU OHQJWK
&KDOOHQJHV E\ SURMHFW IXQGLQJ OHYHO DQG OHQJWK
&KDOOHQJHV E\ SURMHFW SKDVH DQG FRQVWUDLQW
6XPPDU\

TKHRUHWLFDO FKDQJHV IURP LQFHSWLRQ WR FRPSOF
2XWFRPH PHDVXUH FKDOOHQJHYV
3ULPDU\ FKDOOHQJHYVY IRU FROODERUDWLRQ

&+$37(5 6(9(1

&21&/86,21

,QWURGXFWLRQ
2YHUYLHZ RI WKH VWXG\

SHVHDUFK ILQGLQJV
&RQWULEXWLRQ WR FROODERUDWLRQ DQG SURMHFW
&RQWULEXWLRQ WR FROODERUDWLRQ WKHRU\

&RQWULEXWLRQ WR SURMHFW PDQDJHPHQW WKHR
ODQDJHULDO LPSOLFDWLRQV
6WXG\ OLPLWDWLRQV
)XUWKHU UHVHDUEK

« 1 E .
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$33(1',&(6

$SSHQGL]

$SSHQGL]
$SSHQGL]

8,* FROODERUDWLRQ VXUYH\ LQVWUXPHQW

6HPL VWUXFWXUHG LQWHUYLHZ VFKHGXOH
6$)$5 EUHDNGRZQ E\ VHFWRU DQG SDUWLFL!



JLIXUH
YLIXUH
Y)LIXUH
JLIXUH
JLIXUH

YLIXUH
)LIXUH
YLIXUH

YLIXUH
JRDOV
)LIXUH
)LIXUH
YLIXUH
Y)LIXUH
)LIXUH
YLIXUH
Y)LIXUH
)LIXUH
Y)LIXUH
)LIXUH
)LIXUH
Y)LIXUH

Y)LIXUH

YLIXUH
JLIXUH

/1,67 2) ),*85(6

7KHPDWLE PDS
8QLYHUVLW\ RI $XFNODQG LQFRPH

7KH SURMHFW PDQDJHPHQW WULSOH FRQVWUD!
7KH SURMHFW PDQDJHPHQW GLDPRQG
2YHUYLHZ Rl WHDP GHYHORSPHQW VWDJHYV

'‘DWD FROOHFWLRQ PRGHO

)XQGLQJ VRXUFH

IXQGLQJ DPRXQW DQG WHDP

6LPLODULWLHY DQG GLIITHUHQFHV VKRZQ EHWZ
PHPEHUV LQ GLITHUHQWLDWLQJ WKHPHY DQG RXWFRPH PH
'"LITHUHQFHV EHWZHHQ VHFWRUV VKRZQ LQ GLII

7TKHPH
7TKHPH
7TKHPH
7TKHPH
7TKHPH
7TKHPH

LPSDFW
LPSDFW
LPSDFW
LPSDFW
LPSDFW
LPSDFW

LQ WKH FRQFHSWXDOLVDWLRQ |
LQ WKH GHILQLWLRQ DQG SODQ
LQ WKH H[HFXWLRQ SKDVH

RQ WKH SHUIRUPDQFH DQG FRQ
LQ WKH FORVXUH SKDVH
DJDLQVW WKH FRVW FRQVWUDL

7TKHPH LPSDFW DJDLQVW WKH VFRSH FRQVWUD
7TKHPH LPSDFW DJDLQVW WKH WLPH FRQVWUDL
7TKHPH LPSDFW DJDLQVW WKH TXDOLW\ FRQVW
,QWHIJUDWLRQ RI SXUSRVH DW SURMHFW LQFH
, QWHIJUDWLRQ RI VWUDWHILHY DQG WDVNV DW
,(QWHIJUDWLRQ RI OHDGHUVKLS DQG GHFLVLRQ
FRPSOHWLRQ

,QWHJUDWLRQ R
DQG FRPSOHWLRQ

LOWHUSHUVRQDO DQG FRPPX

(I WHQGHG WKHPDWLF PDS
8, FROODERUDWLRQ IUDPHZRUN

« /] .



7TDEOH

1,67 2) 7$%/(6

$QDO\WVLV RI VWXGLHVY EHWZHHQ DQG FR

8, &4ROODERUDWLYH SURMHFW HQGHDYRXU

7TDEOH
7TDEOH
7TDEOH

SURMHFWYV

7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH

7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH

6WDJH PRGHOV RI FROODERUDWLRQ
6WUDWHJLF DOOLDQFH IRUPDWLYH DVVHVVPHQ!'
7TKHPHG GLIITHUHQFHV LQ XQLYHUVLW\ LQGXVW

/IHDGHUVKLS TXDOLWLHYV

6RIWZDUH PHWKRGRORJ\ HIDPSOHYV

1XPEHU RI UHVHDUFK RUJDQLVDWLRQV E\ W\SH
'"HVFULSWRUV RI WKH VXUYH\ LQVWUXPHQW EOF
'"HVFULSWRUV RI WKH LQWHUYLHZ VFKHGXOH VF
AXDQWLWDWLYH WHVWY DQG TXDOLWDWLYH FR

'"HVFULSWLYH VWDWLVWLFV RI GLITHUHQWLDWL
'"HPRJUDSKLFV RI VXUYH\ SDUWLFLSDQWYV
BULPDU\ IXQGHUV

SDUWLFLSDQW UROHV RQ WKH FROODERUDWLYF
'HPRJUDSKLFV RI LQWHUYLHZ SDUWLFLSDQWYV
((IWHQGHG GLIITHUHQWLDWLRQ WKHPH IUDPHZRU

I[UHTXHQF\ GLVWULEXWLRQ

7TDEOH
W\SH
7TDEOH

6LIJQLILFDQFH GLIITHUHQFHYV LQ SURMHFW WKHP

'LIITHUHQFHV LQ GLIIHUHQWLDWLQJ WKHPHV DQ

SURMHFW H[SHULHQFH EHLQJ XQGHU WHQ \HDUV DQG RYH

7TDEOH
7TDEOH
7TDEOH
7TDEOH

&URVV WDEXODWLRQ RI WKH LPSRUWDQFH RI W
&URVV WDEXODWLRQ RI SURMHFW FRQVWUDLQ\
&URVV WDEXODWLRQ RI SURMHFW LQFHSWLRQ
(( WHQGHG GLIIHUHQWLDWLRQ WKHPH IUDPHZR

I[UHTXHQF\ GLVWULEXWLRQ

7TDEOH

'LITHUHQWLDWLRQ WKHPHYV VKRZQ LQ D KLHUDL

LPSRUWDQW WR OHDVW LPSRUWDQW

7TDEOH

7TKHPHY PHDVXUHG DJDLQVW JURXSLQJ YDULDE

UDQNHG LQ RUGHU RI LPSRUWDQFH

7TDEOH
7TDEOH

&KDOOHQJHV VKRZQ E\ IUDPHZRUN OHYHO
/IHYHO Rl FKDOOHQJH :KHUH XQLYHUVLW\ UHVS

WKDQ LQGXVWU\ RU JRYHUQPHQW VHFWRUV

7TDEOH

/[HYHO RI FKDOOHQJH :KHUH NH\ SDUWLFLSDQW

WHDP OHDGHUYV

7TDEOH

/I[HYHO Rl FKDOOHQJH :KHUH SDUWLFLSDQWYV Zl1

SHUFHLYH WKH LPSDFW DV ORZHU WKDQ WKRVH ZLWK RYH

7TDEOH
7TDEOH
7TDEOH
7TDEOH

&KDOOHQJHV E\ SURMHFW IXQGLQJ
&KDOOHQJHV E\ SURMHFW OHQJWK
&KDOOHQJHV E\ SKDVH DQG FRQVWUDLQW
ODLQ WKHPHV E\ SKDVH

. £E]] -



7TDEOH ODLQ WKHPHV E\ FRQVWUDLQW
7TDEOH 2XWFRPH PHDVXUHY DIJDLQVW FRQFHSW PHDVXI
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L, QWURGXFWLRQ
7KLV WKHVLVY VHHNV WR EXLOG D FRPSUHKHQVLYH XQGHU
JRYHUQPHQW 8,* FROODERUDWLYH UHVHDUFK SURMHFW
FROODERUDWLRQ ,Q VR GRLQJ LW FRQVLGHUV DOO WKH N
HIWHUQDO WKDW LQIOXHQFH WKH FROODERUDWLRQ DQG
LPSRUWDQFH RI WKH PXOWLSOH GLITHUHQFHYVY WKDW HLWK

UHJDUG WR SHUFHLYHG VXFFHVYV

7KH FROODERUDWLYH UHODWLRQVKLS LV H[DPLQHG WKUR
ORRNLQJ SULPDULO\ DW WKH DUHDV RI FRQIOLFW ZLWKLQ
VWXG\ ILUVW HVWDEOLVKHV D IUDPHZRUN EDVHG RQ WKH
WKHPHV ,W WKHQ VHHNVY WR GHYHORS WKLV XQGHUVWDQ
DQG FXUUHQW FROODERUDWLRQV DQG H[SHUW NQRZOHGJ

WKH SURMHFWYV SURFHVVHV DQG SHUFHSWLRQV RI WKH F

7KH FROODERUDWLYH DJHQGD LV EHLQJ GULYHQ PDLQO\
KDV JLYHQ ULVH WR WZR PDLQ VWUHDPV RI GLVFXVVLRQ

(WINRZLWK /HYGHVGRUII WKH RWKHU IRFXVLQJ PRI
LQGXVWU\ FROODERUDWLRQV ,Q ERWK DUHDV UHVHDUFK
LQIRUPDWLRQ JOHDQHG IURP VAVWHPDWLF OLWHUDWXUH |
DUH FRQFHQWUDWHG RQ WKH XQLYHUVLW\ LQGXVWU\ FRQ
WKH HIITHFWV Rl WKH WKUHH 8,* FROODERUDWLYH HQWLWL

DSSURDEFK



7R DGGUHVV WKH DLPV RI WKLV WKHVLVY LW ZDV QHFHVVE
HQWLWLHV Rl WKH 8,* FROODERUDWLRQ DQG WKHLU PRUH
QHFHVVDU\ WR SXW WKHP LQWR WKH FRQWH[W RI FURVV E
$XVWUDODVLDQ DSSURDFK ZDV XVHG ZLWK VXEMHEWYV UH
FROODERUDWLRQ DFURVV 1HZ =HDODQG DQG $XVWUDOLD
RQOLQH TXHVWLRQQDLUH DQG D VHW RI LQ GHSWK GLVEX

PHPEHUV

7KLV FKDSWHU EHJLQV E\ SURYLGLQJ DQ RYHUYLHZ RI WK
RULHQWDWLRQ LQ WKH VXEMHFW W WKHQ RXWOLQHV WK
UHVHDUFK EHIRUH SUHVHQWLQJ WKH UHVHDUFK REMHFWL

VHFWLRQ GHVFULEHY DQ RYHUYLHZ RI WKH WKHVLV VWUX

%DFNJURXQG WR WKH DUHD RI UHVHDUFK LQWHUHVW
,QFUHDVLQJO\ XQLYHUVLWLHY DUH EHLQJ FDOOHG XSRQ
GHYHORSPHQW RI FRXQWULHY DQG UHJLRQV 7KHLU GLUH
LQFUHDVHG ZLWK WKH IXQGDPHQWDO EDVLV RI WKH 7ULS
HFRQRP\ 7RGHYD (W]NRZLW] DQG SROLFLHV WR SUF
QHWZRUNLQJ (W]NRZLW] 7KLV KDV OHG WR D JURZW
SURMHFWYV ZLWK PDQ\ H[DPSOHV EHLQJ FLWHG DFURVV W

LQ WKH 1HZ =HDODQG DQG $XVWUDOLDQ UHJLRQ

,Q WKH 1HZ =HDODQG JRYHUQPHQW ODXQFKHG WK
6FLHQFH ,QYHVWPHQW 166, VHWWLQJ RXW D WHQ \HI
OLQLVWU\ Rl 6FLHQFH DQG ,QQRYDWLRQ RXWOLQHG L\
SHUIRUPLQJ VFLHQFH DQG LQQRYDWLRQ V\VWHPV WR

D PRUH GLYHUVH WHFKQRORJLFDOO\ DGYDQFHG VPD



,Q WKH $XVWUDOLDQ JRYHUQPHQW VHW RXW SULF
FROODERUDWLRQ LQ WKHLU DQQXDO $XVWUDOLDQ ,Q¢
OHYHO RI FROODERUDWLRQ EHWZHHQ $XVWUDOLDQ E:
IXQGHG UHVHDUFK DJHQFLHV RYHU WKH QH[W GHEDGH*
2Q YYHEUXDU\ 1HZ =HDODQG DQG $XVWUDOLD VLJ
6FLHQFH 5HVHDUFK DQG ,QQRYDWLYH VWUDWHJI\ ZLW

LV WR PDNH VFLHQFH UHODWLRQVKLSY PRUH FRPPHUI

$FURVV WKH JOREH PDQ\ RWKHU LQLWLDWLYHV KDYH EHH

'KLOH SROLFLHV FDQ FUHDWH WKH FRQGLWLRQV IRU LQQF
TXDOLW\ Rl SDUWQHUVKLSY DQG FRQQHFWLRQV IRU GHOL

%XLOGLQJ WKHVH FRQQHFWLRQV DQG RSWLPLVLQJ WKHLU

7KH FHQWUDO UROH RI D XQLYHUVLW\ LV WR GHYHORS NQ
VROXWLRQV DQG LW VKRXOG WKHUHIRUH EH RI JUHDW L
SURMHFWV DUH ERWK GHYHORSHG DQG PDQDJHG 7KLV SH
PXOWL OD\HUHG WKHRUHWLFDO SHUVSHFWLYH IRFXVVLQ.
DQG OLQNLQJ WKH FROODERUDWLRQ SURFHVV ZLWK RXWF
PDQDJHPHQW WKH YLHZ LV RQ EULGJLQJ WKH JDS EHWZH
DQG WKH PDQDJHPHQW RI LQQRYDWLRQ B6RGHUOXQG

DQG WKH SUDFWLFH RULHQWHG DSSURDFK GHILQLQJ D PR
%ORPTXLVW HW DO .DSVDOL 7KHVH WZR DSSUR
DUHDV RI LQTXLU\ WKH SURMHFW SURFHVV DQG KXPDQ LC
SURFHVVHV ZLWK WKHLU RXWFRPHV IXUWKHU GHYHORSV \

SURMHFW XWLOLW\



7KH VWXG\ DOVR IRFXVHV RQ WKH RXWFRPH RI WKH FROO|
FROODERUDWLYH YDULDEOHV ZLWK WKH SULPDU\ FRQFHU
FROODERUDWLYH DVSHFWV RI WKH SURFHVYVY UHODWLRQLIL

LQWHUFRQQHFWLYLW\ EHWZHHQ WKH WZR

8QLYHUVLW\ VFKRODUV KDG JLYHQ WKLV DUHD RI FROODE
HIWHUQDO SROLWLFDO IRUFHV JDYH LW QHZ LPSHWXV 7R
DFDGHPLF UHVHDUFK WKH LQWHUQDO IRUFH WKURXJK DF
DOVR EHHQ H[HUWHG DQG ZLWK WKLV QHZ GLVFLSOLQH |

QRWLRQ WKDW SURMHFWYV ZLWKLQ WKH FROODERUDWLYH

+RZHYHU WKH LVVXHVY DURXQG D ODFN RI DGRSWLRQ RI S
UHVHDUFK ZHUH ILUVW GLVFXVVHG DV HDUO\ DV E\ $JL
PHWKRGRORJ\ R UHVHDUFK SURMHFWYVY" DQG QRWHG D JH
VWXG\ UHVHDUFK SURMHFWY DQG GHYHORS GHWDLOHG HY

DQG -DVLHQVNL &DQGL DQG 5]H]QLN VWLOO QF

7KH GHYHORSLQJ ERG\ Rl NQRZOHGJH LQ UHODWLRQ WR
ZLWK PXFK XQLYHUVDO SURMHFW OLWHUDWXUH IRFXVHYV
REVWUXFW WKH FROODERUDWLYH HIIRUW LQFOXGLQJ ER
WKHLU PDQDJHPHQW $QNUDK $0O 7DEEDD 2PDU YHUC

ZLWK IHZ VWXGLHY DWWHPSWLQJ D PRUH KROLVWLF |
&RQKRWR JHUQDQGH] (VTXLQDV DQG J)UHLWDV HV

KDYH DWWHPSWHG VXFK DQ DSSURDFK WKHUH LV OLWWGOC

IDFWRUV $QUDK SDPOL %WUXQHHO HW DO K|
&DQKRWR (RP JUHLWDYV ILQG HW DO :LO
DQDO\VLV )HUQDQGHV .LUNODQG 6KLED\DPD H'



&DQKRWR &KLQ DQG RXWFRPH )UDVTXHW

FKDQQHOV GLITHUHQW ODQJXDJH JHQHUDWLRQ JDS OC
XQLYHUVLWLHY DQG OLPLWHG SURPRWLRQ RI XQLYHUVLW
LQ 8,* FROODERUDWLRQ 7KHUH LV D VPDOO QXPEHU RI S
IDFLOLWDWHY RU LQKLELWYV 8,* FROODERUDWLRQV VXFK |
WKHLU UHVHDUFK GRHV QRW LQFOXGH WKH WKLUG 7ULSO!
7KH GLITHUHQWLDWLQJ WKHPHV WKDW KDYH EHHQ LGHQW!|
IROORZLQJ VHFWLRQV RI WKLV UHYLHZ ZLWK DQ H[SODQD
HDFK RI WKH LQGLYLGXDO SRLQWYV 7KH REMHFWLYH LV W
LPSDFW RQ WKH FROODERUDWLYH SURMHFW LQ GLUHFW U

8, FROODERUDWLYH UHVHDUEFK

SUREOHP RULHQWDWLRQ
'"HVSLWH WKLV QHZHU ERG\ RI OLWHUDWXUH DQG D QXPEH
FROODERUDWLYH SURMHFWY IDLO WR GHOLYHU &RPPRQO

GLIIHUHQW PRWLYDWLRQV DQG REMHFWLYHV RI WKH RUJD

5SRKUEHFK $UQROG YDULDEOH OHYHOV Rl FRPPLWP]
HVWDEOLVK WUXVW 'DYHQSRUW HW DO XQFOHDU U
%DUQHV HW DO DQG SRRU SODQQLQJ DQG SURJUHV)

7KH VXEMHFW RI SURMHFW PDQDJHPHQW KDV EHHQ VWXGL
DOPRVW HYHU\ DUHD RI EXVLQHVV LQFOXGLQJ WKH FUHD
LQ ERWK FRPPHUFLDO DQG QRW IRU SURILW HQWHUSULVH
GHYHORSHG LQ VSHFLILF VHFWRUV LQFOXGLQJ FRQVWUX
WHFKQRORJ\ LQ RUGHU WR XQGHUVWDQG WKH GLIITHUHQF}
DV LQ RUGHU WR GHYHORS IXUWKHU PHWKRGRORJLFDO DS?

~
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QRWLRQ WKDW WKHUH DUH XQLTXH FKDUDFWHULVWLFV DC(

DQG SURMHFW W\SH

7KH H[LVWHQFH Rl WKHVH XQLTXH DQG FRPSOH[ FKDUDFW
DQG SURMHEW W\SH VXJJHVWV WKDW SURMHFW FRQWH[W
SURMHFW VXFFHVV &RQWLQJHQF\ WKHRU\ ZLWKLQ WKH S|
DSSOLHG WR WKH SURMHEW FRQWH[W VLQFH WKH ODWH
LQFOXGLQJ VHOHFWLQJ DQG WDLORULQJ WKH EHVW PHWK
PRGHUDWRU Rl SURMHEW VXFFHVV -RVOLQ OXOOHU
VXFFHVVIXO SURMHFWY DUH WKRVH GHYHORSHG VSHFLILF
ZKLFK WKH\ UHVLGH DQG WKDW WKH\ VKRXOG EH DOLJQH
JLW]JHUDOG 5XVVRU 6WROHUPDQQ ‘KLWH &R
PDQ\ SURMHFWY DUH EHLQJ PLVPDQDJHG EHFDXVH WKH\ D
DUH QRW DSSURSULDWH IRU WKH SURMHFW W\SH RU EHFI
DSSOLHG 7KH FKRLFH Rl WRROV DQG WHFKQLTXHV EHJLQ
$V ZLWK RWKHU SURMHFW W\SHVY UHVHDUFK SURMHFWV K
DWWHQWLRQ GXH WR WKH QHHG IRU LQQRYDWLRQ WR ERF
SDUW Rl WKLV QHHG WKHUH LV DQ LPSHWXV WR EULQJ X
SURMHFW DUHDV 8QLYHUVLWLHY KDYH DOZD\V SOD\HG D
SURGXFHUV RI NQRZOHGJH WKURXJK DFDGHPLF UHVHDUFK
FRPPHUFLDO VHFWRU LV KRZHYHU LV D PRUH UHFHQW UTF
FROODERUDWLRQ KDV VXEVHTXHQWO\ HPHUJHG DV WKH W

/IH\GHVGRUII

6RPH LQWHUHVWLQJ WKHPHVY KDYH HPHUJHG IURP WKH OL
UHODWLRQVKLSYV 3HUNPDQQ HW DO ILUVW LGHQWLIL
OLFHQFLQJ DFDGHPLF HOWUHSUHQHXUVKLS FROODERUD!'
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FRQVXOWLQJ :KLOH LW LV SRVVLEOH WR GLVFRXQW OLFH
ULJKWV WKH RWKHU W\SHV RI 8,* UHODWLRQVKLSYV QHHGI

IUDPHZRUN

ORVW VWXGLHY KDYH WDNHQ DQ DSSURDFK WKDW LGHQWL
DQG 6DOWMIRRN D GLIIHUHQW DSSURDFK ORRNLQJ DW KR
WR FROODERUDWLRQ 7KH\ QRWHG WKDW WKH PDLQ EDUU
DURXQG RULHQWDWLRQ UHODWHG LVVXHV DQG REVWDFO
XQLYHUVLW\ DGPLQLVWUDWLRQ WUDQVDFWLRQV ,Q DOO |

H[SHULHQFH DQG WLPH UHGXFHG PRVW IXQGDPHQWDO SU|I

7KH DUHDV RXWOLQHG DERYH DUH WUHDWHG VHSDUDWHO

GLFKRWRP\ RI WKLQNLQJ DULVLQJ IURP GLITHUHQW VFKRR

&KDUDFWHULVWLFV RI FROODERUDWLRQ WDNHV WLPF

&KDUDFWHULVWLFV RI SURMHFW PDQDJHPHQW IDVW
7KH FKDUDFWHULVWLFV VKRZ WKH WZR VXEMHFWYVY DV EHL
FXUUHQW WUHQG WRZDUGYV 8,* FROODERUDWLRQ ZKLFK L
7KLV SURYLGHV D SRVVLEOH H[SODQDWLRQ DV WR ZK\ WK
LGHQWLI\ ZKDW LV QRW ZRUNLQJ ZLWK OHVV HPSKDVLV R

VW\OH ZRUN

$V PHQWLRQHG DERYH SURMHFW PDQDJHPHQW IUDPHZRU
GHYHORSHG LQ VHYHUDO DUHDV RI SURMHFW ZRUN ZLWK
WHFKQRORJ\ EHLQJ WZR DUHDV WKDW KDYH EHHQ JLYHQ F
GHYHORSPHQW DQG XVH RI SURMHFW PDQDJHPHQW IUDPH
XQLYHUVLW\ UHVHDUFK SURMHFWY KDYH DWWUDFWHG OL\

FRQFHQWUDWHG RQ WKH G\QDPLFV RI FROODERUDWLYH S|



SURMHFW GHOLYHUDEOHV ZLWK OLWWOH DWWHQWLRQ SLC
RUJDQLVDWLRQDO FXOWXUH DQG JRDOV DQG KRZ WKHVH

RI WKH GHOLYHUDEOHYV

SHVHDUFK LOQWR WKH PDQDJHPHQW RI DFDGHPLF UHVHDUF
SURMHFW W\SHV WR EH IRFXVHG RQ LQ WKLV ILHOG 7KH |
XQZLOOLQJIJQHVV RI DFDGHPLFV WR DGRSW SURMHFW PHW]
%ODQNHYRRUW S VXJIHVWHG WKDW ppWRROV VKRX
RI FUHDWLYLW\ WR PDNH SURMHFW PDQDJHPHQW FRPSOH)
+RZHYHU OLWWOH DGYDQFHPHQW KDV EHHQ PDGH VXEVEH
RI GLVFXUVLYH SDSHUV E\ DFDGHPLFV UHSRUWLQJ ZK\ WI
QRW ILW LQWR DFDGHPLF UHVHDUFK SURMHFWY %DUERO(
'ULHVVHQ 'DOHQ %XLMV 6PXOGHUV OHHU 6>

&KDQ 2QH RI WKH PDLQ DUJXPHQWY IRU WKLV WKLQC
PDQ\ UHVHDUFKHUV WKDW WKH SHUFHLYHG EXVLQHVV DSES
7TKXLOOLHU ZLOO DIIHFW DFDGHPLF UHVHDUFK OHDC(
GHFUHDVHG DXWRQRP\ %RGH W FRXOG DOVR EH DU
VSHFLILF WR WKLV SURMHFW W\SH DFDGHPLF UHVHDUFK .

PHWKRGY KHQFH WKH FDOO IRU VSHFLILFLW\

7TKH LPSHWXV WR IRFXV RQ WKLV VW\OH RI FROODERUDWL
XQLYHUVLWLHYVY WR EHFRPH LQFUHDVLQJO\ DFWLYH DV FH(
GHYHORSPHQW RI FRXQWULHY DQG UHJLRQV 'LUHFW LQYFE
DQG SROLFLHY KDYH EHHQ GHVLJQHG WR SURPRWH XQLYF

7TKH TXHVWLRQ DERXW WKH DPRXQW RI PDQDJHPHQW
LQ DFDGHPLF SURMHFWY UHPDLQV XQDQVZHUHG KRZHYHL
SURMHFWY %URZQ (LVHQKDUGW ,Q OLQH ZLWK WKI
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WKDW WKHUH DUH QR JHQHULF PRGHOV WR PDQDJH SURMI
GLIIHUHQWO\ DFFRUGLQJ WR WKHLU W\SH 7KH PDQDJHPH:
VKRXOG LGHQWLI\ WKH QHHG IRU IOH[LELOLW\ DQG LW VK
FRXOG EH HPEHGGHG LQ SODQQLQJ H[HFXWLRQ DQG HYD(

RULJLQDOLW\ WR LQFUHDVH LQQRYDWLYHQHVV <HR 4LX

6LPRQ ZKR VWXGLHG WKH *DFWXDO ZRUN’" Rl SURMHT
WULHG WR EULGJH WKH JDS EHWZHHQ ZKDW LV WHUPHG W
PDQDJHPHQW RI LQQRYDWLRQ E\ GLVWLQJXLVKLQJ EHWZl
WUDGLWLRQDO VI\VWHP SURFHVV DQG SUDFWLFH +H UHF
KRZ RQH FRXQWV WKHUH DUH PRUH DSSURDFKHV WR SUR
%UHGLOOHW 6LPRQ 6|GHUOXQG 5HIJDUGOH\
DSSURDFKHV LQ FRQYHQWLRQDO SURMHFW PDQDJHPHQW
SURMHFW PDQDJHPHQW DSSURDFKHV GR QRW VHHP WR ZR
DO $PEUR[ HW DO DOVR QRWHG WKDW FROODE

LQGXVWU\ FRXOG EH D SRZHUIXO VRXUFH RI LQQRYDWLRQ

7R EXLOG DQ XQGHUVWDQGLQJ WKDW LV EDVHG ILUPO\ RC
UHFHQWO\ WDNHQ D PRUH SUDFWLFH RULHQWHG WXUQ DV
WKH IRFXV LV RQ WKH DFWRUV DQG WKHLU DFWLYLWLHV L
7KH WUDGLWLRQDO DSSURDFK KDV FRQWULEXWHG WR WKI
JHQHUDOLVDWLRQV XVHG E\ SUDFWLWLRQHUV LQ GLIIHUH
SURFHVV RULHQWHG DSSURDFK KDV RQ WKH RWKHU KDQCGC
LQ SURMHFWYVY %ORPTXLVW HW DO 2Q0\ UHFHQWO\ K
SHUVSHFWLYH DW WKH RXWVHW DSSHDUHG LQ WKH JHQHU

VXSSRUWY WKLV ILQGLQJ QRWLQJ WKDW WKH PRELOL
WKURXJK SURMHFWY LV DQ HVVHQWLDO HOHPHQW ,Q SUR

~
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JRDOV DUH RQO\ EURDGO\ RU SDUWLDOO\ GHILQHG FROOI
FKDQQHOOHG DQG PDQDJHG WKURXJK D EDVLF XQGHUVW|

RUJDQLVDWLRQ FXOWXUH

(PSLULFDO HYLGHQFH KDV IRXQG WKDW LQ FLUFXPVWDQF
DFWLYLWLHY DUH OHVV WKDQ SUHGLFWDEOH XQFHUWDLC
PXOWLSOH VWDNHKROGHUY DFURVYVY RUJDQLVDWLRQDO ER
RSHUDWLRQDO IOH[LELOLW\ HTXLILQDOLW\ DQG ERXQGD
EHFRPH YHU\ VLIQLILFDQW WR VXFFHVVIXO SUDFWLFH PR
IRUPDOLVDWLRQ DQG FRQWURO PHFKDQLVPV .DSVDOL

HITRUWV IRU H[SORULQJ PRUH IOH[LEOH ZD\V RI PDQDJLQJ
DQG DUH QRW ZLGHO\ H[DPLQHG RU GLVFXVVHG )XUWKHU
DSSOLFDELOLW\ DQG VXLWDELOLW\ RI GLITHUHQW V\VWHP

HQYLURQPHQWYV

&ROODERUDWLRQ LV D SURFHVV LQ ZKLFK DXWRQRPRXV D
LQIRUPDO QHIJRWLDWLRQ MRLQWO\ FUHDWLQJ UXOHV DQC
DQG zb\V WR DFW RU GHFLGH RQ WKH LVVXHV WKDW EURX
LQYROYLQJ VKDUHG QRUPV DQG PXWXDOO\ EHQHILFLDO L

,QKHUHQW LQ WKLV GHILQLWLRQ DUH SURFHVYV UHOD
GHFLVLRQ RQ UXOHV WR JRYHUQ WKH FROODERUDWLRQ X
WR VXSSRUW HIIHFWLYH FRPPXQLFDWLRQ DQG ZRUNLQJ V
PXWXDOO\ EHQHILFLDO UHODWLRQVKLS DOO RI ZKLFK WD

7TKRPVRQ HW DO

$Q DGGLWLRQDO WUHQG LQ UHVHDUFK SURMHFW PDQDJHF

LV WKH LQFUHDVH LQ SUHVVXUH IURP GLITHUHQW VWDNHK



RXWFRPHVY DQG WKHLU LPSRUWDQFH WR WKH HQG XVHU

EXVLQHVYVY DSSURDFK WR SURMHFWYV :LQFK &DUU 'L
/IHYHQH PRGHUQ WKLQNLQJ SRLQWV WR WKH LPSRUW
DSSURDFK 6KDKX 3XQGLU *DQDSDWK\ ,Q WXUEXOH

HQYLURQPHQWY UHVHDUFK DQG GHYHORSPHQW UDUHO\ H
6WHIIHQV ODUWLQVXR $UWWR ,Q PDQ\ FDVHV WKL
RXWFRPHV LV RQO\ SRVVLEOH QHDU WKH HQG RI D SURMH
PHWKRGRORJLHV WR VXLW PXOWLSOH LQGXVWULHYV DQG \
WLPH DQG PDQ\ QHZ PHWKRGRORJLHV KDYH EHHQ WDLOR
ORRNLQJ DW KRZ WKH 8,* FROODERUDWLRQ ZRUNV KDV RQ
LQWHUHVW ZLWK IHZ DWWHPSWV PDGH WR H[SODLQ WKH

HQYLURQPHQW WKDW FDQ EH UHIOHFWHG LQ D VSHFLILF I

7KHUHIRUH WKH SULPDU\ UDWLRQDOH IRU WKLV VWXG\ FF
XQLTXH UHVHDUFK HQYLURQPHQW DQG WR UHFRJQLVH Wi
PDQDJHPHQW NQRZOHGJH WKHUH LV D QHFHVVLW\ WR FD

WKDW ZLOO DLG WKH RQJRLQJ UHODWLRQVKLSV RI 8,* FRC

6LIJQLILFDQFH RI WKH VWXG\
7KLV VWXG\ UHSUHVHQWYV D XQLTXH DSSURDFK WR WKH EL
IRFXVLQJ RQ WKH FRQFUHWH HQG RI WKH FRQWLQXXP 7K
GLUHFW REVHUYDWLRQV DQG WR DGGUHVV IXUWKHU WKH
PDQDJHPHQW RI WKHVH FUHDWLYH WHDPV DQG SURMHFW\
GHYHORS IXUWKHU XQGHUVWDQGLQJ RI WKH LQFRQJUXHQ
8QGHUSLQQLQJ WKH UHVHDUFK LV WKH DSSOLFDWLRQ RI |

UHODWLRQVKLS WR SURMHFW PDQDJHPHQW IUDPLQJ WKH



7KH GULYHUV IRU WKH VWXG\ FHQWUH RQ WKH VLJQLILFDC
DQG SULYDWHO\ ILQDQFHG UHVHDUFK FROODERUDWLRQV
VHFWRU FDQ PDQDJH WKHLU VWDNHKROGHUV ZLWK UHJDU
GLVFXVVLRQ LW LV YDOLG WR DUJXH WKDW WKHUH LV D C

UHODWLRQVKLS IRU VHYHUDO UHDVRQV

)LUVWO\ WKHUH LV D ODFN RI VSHFLILF SURMHFW IUDPHZ

UHVHDUFK FROODERUDWLRQ $JROOD %DUEROOD

6HFRQGO\ WKHUH LV D VLIJQLILFDQW DPRXQW RI OLWHUD)
SURMHFW PRGHOV LOWR DFDGHPLF UHVHDUFK SURMHFWYV

*XLULGOLDQ &DQQ &DXJKURQ .LUNODQG

7KLUGO\ WKHUH LV D OLQN EHWZHHQ WKH LQLWLDO MXVYV
ZKLFK OHG WR WKHLU IXQGLQJ DQG WKH PHWKRG IRU GH)
+DPPHUVWHGW +DQ +HVKPDWL ILFKWHQWKDOH

6X0O0OLYDQ

7KHUH LV DOVR D ODFN RI VSHFLILF OLWHUDWXUH LQ WKH

D QR 8, FROODERUDWLRQ VWXGLHY KDYH EHHQ XQGlH

$XVWUDOLD

E RI WKH PRGHOV WKDW H[LVW RXWVLGH RI 1HZ =HDC

EHHQ VXEMHFWHG WR UHVHDUFK VFUXWLQ\ RU DVVHV

F WKHUH DUH QR FRPSDUDWLYH VWXGLHVY EHWZHHQ )
ERGLHV WR VHH LI VXFK PHWKRGRORJLHY DUH WUDQYV

RI FROODERUDWLYH DJUHHPHQWYV



7KLV VWXG\ ZLOO DGGUHVV WKHVH JDSV E\ GLVFRYHULQJ
LQ WKH 8,* DUHQD LQ $XVWUDODVLD DQG DOVR DGG WR V

FROODERUDWLRQYV

7KH FROOHFWHG GDWD FDQ SRWHQWLDOO\ EH XVHG E\ RU
GHYHORS WKHLU FROODERUDWLYH DSSURDFK WR FUHDWE
DUHD 7KH VWXG\ DOVR KDV WKH SRWHQWLDO WR KHLJKW
FROODERUDWLYH HIIRUWY DQG LGHQWLI\ WKH QHHG WR G
LPSRUWDQW WR UHVHDUFKHUV DQG VFKRODUV DV WKH FR
IRXQGDWLRQ IRU IXUWKHU UHVHDUFK RQ WKH WRSLF RI 8,

XQGHUGHYHORSHG VW\OH

-XVWLILFDWLRQ RI WKH VWXG\

&ROODERUDWLRQ LQ SURMHFW ZRUN LV RIWHQ E\ QHFHVYV
HIDPSOHV LQ WKH OLWHUDWXUH RI SXUSRVHIXO FROODER
IHYHUWKHOHVVY OLWHUDWXUH LQ WKLV VXEMHFW DUHD G
ERWK WKH LQSXW DQG WKH RXWFRPHV RI D 8QLYHUVLW\ ,
FROODERUDWLRQ +RZHYHU WKHUH LV D NQRZOHGJH JDS

WKHVH IDFWRUV DQG WKH HIWHQW WR ZKLFK WKH\ LPSLQ.

*DSV DOVR H[LVW LQ WKH XQGHUVWDWLQJ RI RQJRLQJ EH
KRZ WR TXDQWLI\ WKHLU HITHFWLYHQHVV UHIOHFWLQJ DJ
LQVXIILFLHQW LGHQWLILFDWLRQ RI EHQHILWY DQG PHDVX
LQFRUSRUDWLRQ RI FROODERUDWLYH GHYHORSPHQW LQW
H[FHSW LQ H[FHSWLRQDO FDVHV HLWKHU OHG E\ DQ LQGL
UHVHDUFKHUV RU LQ RXW RI RIILFH KRXUV IRU LQGXVWU\

JRYHUQPHQW HGLFW :KHUH PRGHOV RI FROODERUDWLRQ



VHIJUHJDWHG WR D GHSDUWPHQW VSHFLILFDOO\ GLUHFWH

FROODERUDWLYH SDUWQHUVKLSV

7KH SXUSRVH RI WKLV VWXG\ WKHUHIRUH ZDV WR LQYHVW
VHYHUDO GLPHQVLRQV )LUVW WKH HIIHFW RI WKH IDFWRL
ZHUH LGHQWLILHG DQG H[SORUHG XVLQJ D GDWD FROOHF!
SXUSRVH RI WKLV PRGHO ZDV WR SURYLGH D VI\VWHPDWLF
DQG SDUWLFLSDQW OHYHO DQG DFURVV WUDGLWLRQDO S
UHODWLYH LPSRUWDQFH RI HDFK IDFWRU DQG SURGXFH D
WKH VWXG\ IURP WKH GLITHUHQW SHUVSHFWLYHYV HPSOR\F
GHYHORS XQGHUVWDQGLQJ RI KRZ WKH IDFWRUV LPSLQJH
WKH SHUFHLYHG RXWFRPHV RI WKH FROODERUDWLYH HIIR
6WUDWHJILF $OOLDQFH )RUPDWLYH $VVHVVPHQW 5XEULF
ZKLFK VHHNV WR FDSWXUH JURZWK LQ D FROODERUDWLRC
RXWFRPH JRDO PHDVXUHV )URP KHUH WKH VWXG\ DLPHG
I[IUDPHZRUN IRU GLVFXVVLRQ LQ RUGHU WR PRUH IXOO\ X(

RXWFRPHV

6WXG\ REMHFWLYHVY DQG UHVHDUFK TXHVWLRQV
7KH REMHFWLYH RI WKLY UHVHDUFK LV WR EHWWHU XQGH
WKH FRQWH[W RI 8,* UHVHDUFK FROODERUDWLRQV 7KH U]
DSSURDFK EHJLQQLQJ ZLWK D QDUUDWLYH OLWHUDWXUH |
LQ WKH OLWHUDWXUH ZKLFK UHODWH WR WKH UHVHDUFK
SLFWXUH RI DOO VLGHYVY RI WKH FROODERUDWLYH SURFHV)

VHYHUDO H[LVWLQJ WKHPHV LQ WKH HIWDQW OLWHUDWXU

SURSRVHG 8,* FROODERUDWLYH SURMHFW PRGHOV



FRQWURYHUVLDO WRSLFV ZLWKLQ 8,* FROODERUDWLY

RWKHU UHOHYDQW WRSLFV WKDW UHODWH WR WKLV D
,Q RUGHU WR LGHQWLI\ WKH WRSLFV WKDW DUH GHHPHG L
ZKHUH WKH SDUWLHVY WR WKH FROODERUDWLYH SURMHFW
WRSLFV ZKHUH WKH\ PD\ DOO EH VWUXJJOLQJ ZLWK VLPLC
GLITHUHQWLDWLQJ WKHPHY DUH SUHVHQWHG ILUVW ZLWK
UHODWLQJ WR WKH LQGLYLGXDO SRLQWV IROORZHG E\ D

LPSOLFDWLRQ RI WKHVH ILQGLQJV RQ WKH FROODERUDWL

JURP KHUH WKH VWXG\ LGHQWLILHYVY DQG H[DPLQHV WKH C
SUHVHQWY WKHP LQ WKH IRUP RI D WKHPHG IUDPHZRUN 7
UHILQHG WKURXJK D PLIHG PHWKRGRORJ\ DSSURDFK XVL(

VWUXFWXUHG LQWHUYLHZV WR SURYLGH D PRUH GHWDLO

$ GDWD FROOHFWLRQ PRGHO ZDV GHYHORSHG WR YLHZ WI|
LQGXVWU\ XQLYHUVLW\ DQG JRYHUQPHQW DQG WKH GXDC
PHPEHUV 6XEVHTXHQWO\ WKH IUDPHZRUN ZDV XSGDWHG

SURSRVHG WRJHWKHU ZLWK SULQFLSOHV RI GLITHUHQFH

7R DFKLHYH WKH JRDO D QXPEHU RI UHVHDUFK REMHFWL?

L 7R LGHQWLI\ GLIIHUHQWLDWLQJ WKHPHV IRU XQLYH
FROODERUDWLRQ WKDW GHILQH WKH XQLTXH FKDUD
HQYLURQPHQW DQG WKH WHQVLRQV EHWZHHQ WKHYV

LL 7R H[DPLQH WKH FKDOOHQJHV WKHVH UHFRJQLVHG
XQLYHUVLW\ LQGXVWU\ JRYHUQPHQW 8,* FROODER

PDQDIJHPHQW SHUVSHFWLYH



LLL 7R H[DPLQH KRZ WKH WKHPHV LGHQWLILHG LPSDFW

HLWKHU SRVLWLYHO\ RU QHJDWLYHO\ GUDZLQJ RQ

LY 7R GHYHORS D UHVHDUFK LQIRUPHG IUDPHZRUN WR

XQLYHUVLW\ LQGXVWU\ JRYHUQPHQW 8,* SURMHFW
2UJDQLVDWLRQ RI WKH VWXG\

7KLV VHFWLRQ JLYHV D FKDSWHU E\ FKDSWHU RXWOLQH R

&EKDSWABUHVHQWY D UHYLHZ RI WKH OLWHUDWXUH DQG JL
NQRZOHGJH RI WKH 8,* FROODERUDWLYH SURMHFW DQG FI
SURMHFW ZRUN :LWK UHJDUG WR WKH 8,* FROODERUDWLY
LGHQWLILHG IURP WKH OLWHUDWXUH DUH RXWOLQHG DQG

UHVHDUFK DQG WKHRU\

,Q UHVSHFW WR WKH FROODERUDWLRQ WKHRU\ WKDW VXS
IRXQG LQ WKH H[WDQW VWXGLHY DUH LGHQWLILHG DQG W
GLVEXVVHG 7KH NQRZOHGJH JDSV LGHQWLILHG DUH WKHC

TXHVWLRQV

& K D SWKIWNHHWY RXW WKH VWXG\TV WKHRUHWLFDO IUDPHZR!
SUHVHQWY WKH GDWD FROOHFWLRQ PRGHO IRU WKLV VWX
UHVHDUFK TXHVWLRQV 7KLV WKHRUHWLFDO IUDPH VHUYH
FROOHFWLRQ DQG LQWHUSUHWDWLRQ 7KH SODQQLQJ DQ
WKH VWXG\ DUH DOVR GLVFXVVHG 7KH PHWKRGRORJ\ IRU
DSSURDFK DQG GDWD FROOHFWLRQ PHWKRGV LQYROYHG
TXHVWLRQQDLUH DQG TXDOLWDWLYH LQWHUYLHZV 7KH T
SURMHFWY ORRNLQJ DW WKH HIIHEFW WKH GLIIHUHQWLD)

LWV SHUFHLYHG RXWFRPH $ VHULHV RI LQWHUYLHZV ZLW



PHPEHUV VRXJKW WR REWDLQ D JUHDWHU GHSWK RI LQIRL
WKHPHG IDFWRU XQGHU VWXG\ ,VVXHV VXFK DV UHOLDEL

WKLV FKDSWHU

&KDSIRKHUHVHQWYV WKH UHVXOWY IURP WKH DQDO\VLV RI

GDWD DQG WKH TXDOLWDWLYH GDWD IURP WKH LQWHUYL
PHPEHUV 7KH PL[HG PHWKRGV DSSURDFK DOORZV IRU WU
VHSDUDWH VRXUFHVY WKH OLWHUDWXUH UHYLHZ TXHVWL]I
FROODERUDWLYH SURMHFWY DFURVV $XVWUDODVLD DQG

LQIRUPDQWY DQG WHDP PHPEHUV

&KDSIWHBUHVHQWY D GLVFXVVLRQ RI WKH HPSLULFDO ILQCGC
TXHVWLRQV ZLWK FRQVLGHUDWLRQ RI WKHLU VLIJQLILFDC
IUDPHZRUN LV DOVR SURSRVHG ZKLFK VHHNV WR RXWOLQ

FROODERUDWLYH SURMHFWY H\ FRQWULEXWLRQV WR NQ

&KDSWHBRRNY DW WKH FRPSOH[LW\ RI WKH SURSRVHG I1UDI
GLIITIHUHQFH IRXQG LQ WKLY FROODERUDWLRQ W\SH 7KH S
RI WKH GLITHUHQWLDWLQJ WKHPHYV GLIITHU EHWZHHQ WKH

JRYHUQPHQW

&EKDSWHHYWHEOSRUWY WKH NH\ ILQGLQJV RI WKH VWXG\ DQG S
UHVHDUFK $ VXPPDU\ RI WKH WKHRUHWLFDO FRQWULEXW
WKLV VWXG\ DUH SUHVHQWHG /LPLWDWLRQV RI WKH VWX

WKH SRVVLEOH GLUHFWLRQV RI IXWXUH UHVHDUEFK
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,QWURGXFWLRQ
7KLV FKDSWHU SUHVHQWYV D UHYLHZ RI WKH SXEOLVKHG C
PDQDJHPHQW LQ WKH FRQWH[W RI WKH XQLYHUVLW\ LQG?
PRGHO 7KLV SDUWQHUVKLS PRGHO LV VWLOO TXLWH QHZ
EHHQ VWHDGLO\ JURZLQJ RYHU WKH ODVW WZR GHFDGHYV
GLVFXVVHG DW VRPH OHQJWK WKH PHFKDQLVPV RI WKH S
DWWHQWLRQ 7KH WZR VXEMHFW DUHDV LGHQWLILHG IRU
PDQDJHPHQW UHODWH GLUHFWO\ WR WKLV SDUWQHUVKLS

PHFKDQLFV WKH\ KDYH EHHQ GHYHORSHG TXLWH LQGHSH

7KH FKDSWHU EHJLQV ZLWK WKH LQWURGXFWLRQ RI FROO
E\ D UHYLHZ RI WKH OLWHUDWXUH VSHFLILF WR WKH 8,* F
VXE WH[WV Rl FROODERUDWLRQ WKHRU\ FROODERUDWLRGC
PHDVXUHV Rl VXEFHVV DQG SURMHFW PDQDJHPHQW SUDF\
SDUWQHUVKLS W\SH $Q DQDO\VLV RI LQGLYLGXDO WKHPH
DQG ILQDOO\ WKH OLQNV EHWZHHQ FROODERUDWLRQ WKHI

GLVFXVVHG DQG WKHLU VLJQLILFDQFH WR WKH UHVHDUF

&ROODERUDWLRQ WKHRU\ GHYHORSPHQW
&ROODERUDWLRQ KDV EHHQ VWXGLHG H[WHQVLYHO\ VLQF
WKDW PHQWLRQV FROODERUDWLRQ ZDV %HDYHU DQG 5RV

VFLHQWLILF FROODERUDWLRQ"



7KH GHILQLWLRQ RI FROODERUDWLRQ LV VWLOO EHLQJ UH
GHILQLWLRQV KDYH EHHQ SURSRVHG VXFK DV WKDW JLYH

ORQVH\ S

$ PXWXDOO\ EHQHILFLDO DQG ZHOO GHILQHG UHODW!
PRUH RUJDQLVDWLRQV WR DFKLHYH FRPPRQ JRDOV
FRPPLWPHQW WR PXWXDO UHODWLRQVKLSY DQG JRD!
DQG VKDUHG UHVSRQVLELOLW\ PXWXDO DXWKRULW\

VKDULQJ RI UHVRXUFHV DQG UHZDUG

2ZWKHU SHUVSHFWLYHV RQ FROODERUDWLRQ DUH PRUH FR

&ROODERUDWLRQ LV D SURFHVV LQ ZKLFK DXWRQRPR
DQG LQIRUPDO QHJRWLDWLRQ MRLQWO\ FUHDWLQJ U
UHODWLRQVKLSYV DQG ZD\V WR DFW RU GHFLGH RQ W
WRJHWKHU LW LV D SURFHVV LQYROYLQJ VKDUHG QR

LOQOWHUDFWLRQV 7KRPVRQ HW DO S

$FFRUGLQJ WR 6XOOLYDQ DQG 6NHOFKHU FROODERU
UHVHDUFKHUV URRP WR SHUPHDWH RUJDQLVDWLRQDO DQ!
RUJDQLVDWLRQDO VHFWRUDO RU LQWHU JRYHUQPHQWDO
KRULIRQWDO HQJDJHPHQW &ROODERUDWLRQ DVVXPHV VK
JRDOV DQG FROODERUDWLYH SDUWQHUYV DOZD\V KDYH Wtk
SURMHFW +RZHYHU WKH UDWLRQDOH IRU FROODERUDWLI
6NHOFKHU SURYLGH WKUHH WKHRUHWLFDO SHUVSHF\

SHVVLPLVW DQG UHDOLVW

7KH RSWLPLVW SHUVSHFWLYH RQ FROODERUDWLRQ WDNH'

FROODERUDWLRQ WKXV VHHLQJ VWDNHKROGHUYVY DV DOWI

o|'6.



LPPHGLDWH EXW PRUH LQ WKH XOWLPDWH ,W FUHDWHV D
E\ SDUWQHUVY LQWHUHVW WR DFKLHYH D EHWWHU VRFLH\
VXVWDLQDEOH SDUWQHUVKLS UDWKHU WKDQ RQH RIlI FRO
FROODERUDWLYH UHVHDUFK ZRXOG LQYROYH DFDGHPLFV
HTXDO SDUWQHUVKLS IURP WKH LQFHSWLRQ DQG GHVLJQ
WR WKH FRQVXPSWLRQ RI LWV RXWSXW DQG EH\RQG 7KLV
ORQJ WHUP SDUWQHUVKLS DUH WKH GULYLQJ IRUFHV LQ F
EDVHG SDUWQHUVKLS 7KH PRWLYDWLRQDO IDEWRU IRU F
SHUVSHFWLYH HPDQDWHV IURP WKH H[FKDQJH WKHRU\ WK
SUREOHPV E\ VKDULQJ DQG ILQGLQJ FRPPRQ VROXWLRQV
SHUVSHFWLYH FROODERUDWLRQ LV GULYHQ E\ LGHQWLI\L
DLPLQJ IRU ORQJ WHUP VXVWDLQDEOH FROODERUDWLRQ \
VXFK FROODERUDWLRQ LQFOXGH FROODERUDWLYH EHWWF
SDUWQHU WKDW VKDUHV WKH VDPH LGHDO IRU FROODERU
ZKLFK LQYROYHV HQJDJHPHQW LQ VHWWLQJ SDUWQHUVKL

WKH FRQVXPSWLRQ RI WKH UHVHDUFK +LPPHOPDQ

&RQWUDU\ WR WKH RSWLPLVWV WKH SHVVLPLVW SHUVSHI
PRWLYDWLRQ WR HQKDQFH WKH SRZHU RI WKH VWDNHKRO
GHSHQGHQF\ WKHRU\ 5'7 7KH FROODERUDWLYH UHODWL|
ZLWK WKH GHVLUHG PRWLYH E\ HDFK SDUWQHU WR FRQWL
PRGXV RSHUDQGL RI WKH RWKHU 7KLV LV FORVHO\ UHOD\
RSWLPLVW SHUVSHFWLYH EXW GLIIHUV LQ LWV YLHZ RI Wk
HI[FKDQJH WKHRU\ SHUFHLYHV RI FROODERUDWRUYV DV DO\
FRPPRQ LQWHUHVW DERYH WKH LOQWHUHVWY RI LQGLYLGX

WKHRU\ VHHVY FROODERUDWLRQ DV DQ RSSRUWXQLVWLF F



WKHLU SRZHU UHVRXUFHV DQG FRQWURO WKH EHKDYLRXU
(PHUVRQ 6LQFH WKH RUJDQLVDWLRQV RU FROODERL
FROODERUDWLYH HIIRUW WKDW ZRXOG HQKDQFH WKHLU S
WKHLU SDUWLFLSDWLRQ LQ DQ\ FROODERUDWLYH HQGHDY
HQKDQFLQJ WKHLU UHVRXUFHV DQG SRZHU RWKHUZLVH \
XQSURGXFWLYH %HQVRQ SURYLGHV D PRUH VXEWOH
EHKLQG HYHU\ RUJDQLVDWLRQ FHUWDLQ NH\ LQJUHGLHQ)
HQWLW\ &ROODERUDWLRQ LV GHSHQGHQW QRW RQO\ RQ
HQULFK WKH UHVRXUFHV Rl WKH RUJDQLVDWLRQ EXW DOV
FUHGLELOLW\ WR WKHLU IXWXUH ZRUN ,Q LQWHU RUJDQL
IRFXV RQ WKH ILQDQFLDO SRZHU RI SRWHQWLDO FROODEF
LQFOXGLQJ QHWZRUNV DQG LQWHUHVWY WKDW PLJKW PDC
SHUVSHFWLYH WKH PRWLYDWLRQ IRU FROODERUDWLRQ K
VHEXULQJ ERWK FXUUHQW DQG IXWXUH YDOXHG UHVRXUF!
SHUVSHEWLYH VHHY FROODERUDWLRQ PDLQO\ DV DQ RSSF
FDQ RFEFXU DW DQ\ VWDJH Rl WKH UHVHDUFEK SURFHVV DV

UHVRXUFHV RI WKH RUJDQLVDWLRQ LQ WKH HQG

5HDOLVWY WDNH D PRUH SUDJPDWLF DSSURDFK IRFXVLQJ
FROODERUDWLRQ ZKLFK LV FDSDEOH RI VZD\LQJ FROODE]|
IURP DOWUXLVWLF PRWLYDWLRQV WR UHVRXUFH DQG SRZ
UHDOLVW SHUVSHFWLYH LV RIIHUHG E\ $OWHU DQG +DJHY
DUJXHV WKDW WKH G\QDPLF QDWXUH Rl FROODERUDWLRQ
WHFKQRORJLFDO FKDQJHV DQG WKH LQFHVVDQW GHPDQG
SURSHOOHG RUJDQLVDWLRQV LQVWLWXWLRQV DQG DJHQI

VHUYLFHV WKURXJK FROODERUDWLRQ &ROODERUDWLRQ L



OHDUQLQJ DQG DGDSWDWLRQ LW LV QRW DQ DXWRPDWLF
FRQWH[WXDO IDFWRUV DQG LV HQKDQFHG WKURXJK OHDU
WKH SHVVLPLVW SHUVSHFWLYH WKH UHDOLVWV FRQVLGH
VWDJH RI WKH UHVHDUFK SURFHVV :KDW LV LPSRUWDQW
RQ DQ RUJDQLVDWLRQYY GHFLVLRQ WR WDNH SDUW LQ D |
RUJDQLVDWLRQYYV SKLORVRSKLFDO DSSURDFK WR FROODE
FKDQJLQJ SDWWHUQV DQG GHPDQGV E\ GRQRUV JRYHUQP
LOQWHUQDWLRQDO GHYHORSPHQW 9DOXH IRU PRQH\ VHUY

RSSRUWXQLVP DQG RWKHU IDFWRUV FDQ WULJJHU FROOD|

$ ILQDO LVVXH ZKLFK HPHUJHV IURP WKH OLWHUDWXUH LV
FKHPLVWU\ LQ UHVHDUFK FROODERUDWLRQ :KLOH LQVWL'
WR SUDFWLWLRQHU UHVHDUFK FROODERUDWLRQ SURMHEF
H[SHULHQFH DQG SHUVRQDO PRWLYDWLRQ DUH IRXQG WR
FROODERUDWLRQ $PDELOHW HW DO +DQOH\ 9RJHO

WR FROODERUDWLRQ LQFOXGLQJ EURDGHQLQJ SHUVSHEW
HYLGHQFH DFFHVVLQJ IXQGLQJ SHRSOH GDWD DQG QHW
DQG WKH VKDULQJ RI UHVHDUFK RXWSXWV WKDW IHHG LQ
QHHG WR EH EDODQFHG DJDLQVW WKH ULVNV DQG LPSHGL

DQG GLITHUHQWLDWHG SHUVSHFWLYHV -XQJ .XGR &KRL

,Q OLJKW RI DQ XQFOHDU XQGHUVWDQGLQJ RI FROODERUL
EHKLQG WKH UHODWLRQVKLS DV QRWHG E\ -DPL DQG :DO"
WR FODULI\ WKH PHDQLQJ LQWHQW DSSOLFDWLRQV DQG
UHODWLRQVKLSY OLNH WKH 8,* FROODERUDWLRQ DUH QHF
WKH SRSXODULW\ RI VXFK FROODERUDWLRQV LV JURXQGH

VSHFLILF RXWFRPH RU DV D UHVXOW RI VIPEROLVP DQG L

AAn
° || °



&ROODERUDWLRQ WKHRU\ DQG PHDVXUHPHQW LQ WKH
$V PHQWLRQHG SUHYLRXVO\ FROODERUDWLRQ DV D VXEM
OLWHUDWXUH DQG WKH OLWHUDWXUH VSHFLILEDOO\ VWX
KDV VHHQ D VLJQLILFDQW LQFUHDVH LQ WKH SDVW  \HDL
(WINRZLW] DQG /H\GHVGRUII ZKR ILUVW WHUPHG WKH
XQLYHUVLW\ LQGXVWU\ JRYHUQPHQW UHODWLRQV 8,* ~
WKDW LQWHUDEFWLRQ LQ WKH 8,* FROODERUDWLRQ LV WKt
LOQQRYDWLRQ LQ D NQRZOHGJH EDVHG VRFLHW\ ZLWK LQC
JRYHUQPHQW