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LlG3QIH DQG &RQVHUYDWRQ %LRMRJI\ : &% 5 HVHDUFK
) RXQGDWRQ LV D 1 RQ SWRILW RW DQL] DWRQ UHJ LWHUHG
Z K * RYHWQP HQWRI ,QGLD HWDEQVKHG LQ 6HSWP EHU
7KH IRXQGDWRQ LV HWDEQVKHG Z VK VKH JRDORI
DFFHQHLDWQJ DFWRQ RUHQWAG WHVHDUFK DQG HQKDQFHV
VWH FDSDFIW Rl  WXGHQW IRU WVHDWFK DQG
GHYH@RSP HQWLQ VKH ILHGS RI Z LG5QIH DQG FRQVHUYDWRQ
EIRRJ\ : H DWH FRPPLUMHG W VFLHQFH EDVHG
FRQVHUYDWRQ DQG RXWHDFK DFWYLWHV WK URXJ K UHVHDUFK
DQG GHYHQRSP HQW

7KH P DNRU VWKUXW DWHDV RI WHVHDUFK DW : &% DWH
P DP P DADQ HFRARJ\ DQG EHKDYLRU KDELVWDWHYDOXDWRQ
DQG P RGHQQJ ZHWDQG ELRGRIJ\ DQG P RQLRUQJ
ELRGLYHUWLW P RQLVRUQJ DQG HQYLLRQP HQWDO
ELRWFKQRARJI\ : H DWH DO/R HQIDJHG LQ FRQVXQGDQF\
Z RN VXFK DV ELRGLYHWIW P RQLVRUQJ VRLODQG Z DWAU
VHWIQJ DQG J LHHQ DXGLW

6LQFH VKH HWDEQVKP HQW Rl VKH : &% 5HVHDWFK
)RXQGDWRQ ZH KDYH KDG P DQ\ LQWWV DQG
GLWHUMWRQ WXGHQW : H RIIHU DQG HQFRXWJH
H[ FKDQJH SWRJWDP P HV Z LW RWDQL DWRQV DQG
LOWIVK WAV Z LK VIP LODU LQWHUHWY DQG RSHQ | RU E LADWHLDO
SWRIWDP P HV WH®WG W ZLGBAH DQG FRQVHUYDWRQ
ELRQRJI\

&XUHOWY ZH KDYH IRXU RQJRLQJ] WVHDWFK DQG
FRQVHUYDWRQ SRNHFW LQ GL IHUHQWSDUAN Rl VKH * XNDLDW
WDWH 2 XU IXWUWH JRDOLY VR HQFRXWDJI H \ RXQJ WXGHQW
WR P DNH VWKHLWU FDUHHU LQ VKH ILHGS Rl Z LGQIH DQG
FRQVHUYDWRQ DQG HQKDQFH VKH FDSDFIW WKUWRXJK
WDLQLQJ DQG Z RINVKRSV $SDUNIWRP WKLV Z H SXEQWK
VFKR®WY WHVHDUFK DUNFOHV DQG REVHUYDWRQV |RFXVHG
RQ VKH I LHGB Rl Z LG3QI H DQG FRQVHUYDWRQ ELRARI\ LQ RXU
WLDQQX DO NRX UQDO I3 UVK LY\ DE ( YHU. \ HDU Z H DQQRXQFH
VKH ' UO , 3DWHO 1 DWRQDO $Z DUG IRU \ RXQJ Z LGBQIH
ELRQRI LWV WR HQFRXWJIH \RXQJ WHVHDUFKHW : H DW
DOR HQJDJHG LQ FRP P XQLW VHUYLFHV VXFK DV Z LGBQIH
WHVFXH S®QWWRQ VFLHQFH EDVHG WHWRWDWRQ DQG
ELRGLYHUWW P RQLRUQJ DQG DWHWP HQW



BI(XILFKB .CB ( < .doy 7R FRQVHUYH VKH Z LG5QI H DQG VKH

O<0 B D 0Ox93 -« 1B( A29(Q QDWW UWDOUWUHVRXUFHV WKLRXJ K
*K (B=9=D. % =Ls VFLHQWI LF UIHVHDUFK DQG WR FUHDWA
VKH FRP P XQLW RI SWDFWFH E\
7KH RQH Z KR VHHV HYHU FUHDWKWH RI HQKDQFLQJ FDSDFLW RI FRQVHUYDWRQ
QDWKWH DV KLV RZ Q VHO VHO LV WH S WRIHWIRQDO/ VKURXJ K VFLHQWI LF
WHDOVFKRMU WDLQLQJ I RUHITHFWYH FRQVHUYDWRQ

e 7R FRQGXFWDQG SURP RWH UIHVHDUFK DQG P RQLVWRU.QJ RQ Z LA5QIH DQG
K DE LVDW/

e 7R SWRP RWH DZ DUIHQHWV IRUZ LA5QI H LQ VRFLHW

« 7R RW DQL H VFLHQWI LF J DVKHULQJ V

e 7R RWDQY HFDSDFLW EXLA5LQJ SWRJILWDP P HV

« ' LVWHP LQDWRQ RI VFLHQWI LF NQRZ GHGJ H RQ Z La5QI H DQG FRQVHUYDWRQ

« 7R JHQHUDWAH VNLAMG KXP DQ UHVRXUFHV VK LRXJ K UHVHDUFK WDLQLQJ
LOQWHLQVK LSV DQG GLVWHUMDWRQV

+ 7R DWLVWKH GRFDOJ RYHUQP HQWDQG SRQF\ P DNHW IRUZ LGGQIH
P DQDJ HP HQWDQG K DE LWDWFRQVHUYDWRQ
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3 LHVHOWRJ VKH $ QQXDO5 HSRUWV

VKRZ FDMQJ RXULP SDFWXOFRUH DFVIYIVIHV
ILRP VKH SDWMHZ \HDW/ : VK RSVIP VP IRU
VKH IXVKUH RXUWUDVAI LF S@Q  $ GGLQJ

6 FLHQFH VR & RQVHUYDURQ  Z LADJ XLGH RXU

Z RIN 7KHVDUWHW Z HP HWZ LGDEH FLHGLVHG
HTXDGD VR DARI RXUSDWQHW/ DQG P HP EHW/
LQ RXUSWRIWDP P HV : VK SDUQHUKLS Z LVK
SHRS® DQG HT XDAW DWW KHDUNVKH S@Q VHW
DP EMRXV GHYH®RSP HQWJI RDAY DQG GHILQHV
KRZ : &% FDQ EHWWFRQWIEXVH VR Z LGB H
FRQWHUWYDVRQ WHVHDUFK DQG FDSDFLW
EXLGBLQJ 7KH IRFXV LV RQ VFLHQFH EDVHG
FRQWHUWYDVRQ LQYROYLQJ GRFDOSHRS M VIKLRXJ K
HGXFDVRQ DQG RXWHDFK DQG EXLGELQJ D

FRP P XQIW RI SIDFVIVH VIKLRXJ K WWDLQLQJ
SWRIWDP P HVIRUDVSLUQJ Z LGB@H
WHVHDUFKHWY 98 Z RINLQJ FARVHO Z LYK
SDUQHW/ : &% DLP VVR DA Q HIIRUNV IRU

P D[P XP P SDFWDQG IXQFVIRQ DV D FRKHWLYH
WIDP DFLRW VKH FRXQW  7KH LHSRUV
HQFRXWDJ HV LHIIFVIRQ RQ &%V DFVIYIVIHV
DQG GHYHARSP HQWSRJWDP P HV VR KHCS
SHRS® DQG FRQWHUYH Z LlGB@H : HDIP VREHD
YRIFH IRUZ LG5@ H DQG SHRS® LQ KDELVDW
VIKDQNLQJ VXSSRUMU/ GRQRU/ SDUQHUY WD |
DQG YRXQWAHUY ( [ SARUH RXUGLYHU/MH DFVIYLVIHV
DQG GHYHARSP HQWS LRI WDP P HV Z KLQ VKLV
WHSRUADV Z H WULYH VRZ DUGV VFLHQFH EDVHG
FRQVHUWYDVIRQ |IRUD@ Z VK J IDVIWXGH | RURXU
GHGLFDWAG : &% \WDI|
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7R SWRP RW KXP DQ DQG EHDUFR H[ LWHQFH DQG WR
GLWHP LQDWH DXVKHQWF DQG VFLHQWILF LQIRWP DWRQ DERXW
VKH VARVK EHDUDP RQJ VKH GRFDOY VKH : &% 5 HVHDUFK
) RXQGDWRQ KDV LQLIWDVWHG VKH S LRNHFWI$ DWP DYDW
6 DUYDE KX WHVK XEVWR FRQQHFWVHQWP HQW Z LK VK H
HGXFDWRQ DP RQJ WWKH WLE DOQYLQJ LQ DQG DIRXQG VKH
VARVK EHDU K DE LVDW 7KH EDVLF WHQHWRI VKLV SURJ WDP P H
LV VR LQWHLDFWZ LVWK GRFDOFRP P XQLWHV LQ D W R Z D\
VWHHW SIRYLGLQJ LQIRWP DWRQ VR VKHP DQG DOVR J DLQLQJ
WDGLWRQDONQRZ GHGJH ILRP VKHP 7KH P DLQ RE NHFWYH
KHUWH LV VR LHGXFH VKH QXP EHURI VARVK EHDUDWDFNV
FKDQJ H VKH SHUFHSWRQ RI VKH GRFDQY VK LRXJ K VFKRRO
HGXFDWRQ DQG FRP P XQLW DZ DWHQHW DQG GHYH®RS D
W R ZD\ IQRZ RI LQIRWP DWRQ 7DW HWQJ VFKRRO
FKLGBWHQ VKH WHDFKLQJ FRP SRQHQWLY GHVL] QHG WR
SWRYLGH GLUHFWWHFRP P HQGDWRQV | RUWHGXFLQJ FRQIQFW
H J HQHUDVWHG S UDFWFDOVROXWRQV E\ GHDUQLQJ 1LRP  VKH
FRP P XQLW WKHLUKDELW FXOXWH QHHGV IRUJRLQJ LQWR

3 LIRMIFW& RRUGLQDVIRU
" Ul MKIVK* KDWDA D

3 LIRMIFW HDGHU
0 V6KDX 0 HVDUD

5 HVHDUFK $ WIWIDQW

0 USWDMN' HVDL
0 V6KWKW3 DWIO

VKH IRUHWV ITHDW P \ VKV DQG P LVXQGHUMDQGLQJ V DERXWVKH VARVK EHDU ,Q RUGHUWR
JDWHUP RW LQIRWP DWRQ DERXWVKH VARVK EHDU LQWAHUYLHZ V DWH WHFRUGHG Z WK VKH
RFDY/ DQG Z MK SHRSMH Z KR KDYH HQFRXQWWHG DQG EHHQ DWDFNHG E\ VKH VARVK EHDU

k 6KDX 0 HVDUL
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0 LWJ DWQJ KXP DQ Z LG5QIH FRQIQFW LV RQH RI VKH P RW/
LP SRUMDQWFRQVHUYDWRQ LWXHV | RUVKH DXVKRUWHV 7KLV
SWRNHFWLY DQ HI I RUMR DGGUHW VKLV LWXH DQG GHYHQRS D
VFLHQWI LF DS SRDFK WRZ DUGV VK H FRQVHUYDWRQ DQG

P DQDJHP HQWRI Z LGBQIH DQG LW KDELVWWE\ IRWP XDWQJ
D FRULGRUFRQVHUYDWRQ SM®Q Z WK VKH RENHFWYHV QWHG
EHRZ $RQJ Z LK VKH VFLHQWI LF LHVHDUFK Z H DOR

DLP HG WR HQKDQFH VKH FDSDFLW RI | RUHVWI LHGB WD |

Z RINLQJ LQ VKH VARVK EHDUKDELVWDWE\ LQYROLQJ VKHP LQ
VKH WXG\ DQG RW DQL] LQJ FDSDFLW EXLGBLQJ

SWRIWDP P HV GXUQJ VKH WXG\ 7KLV Z LGDKHGS LQ I XWKLH
P RQLVRUQJ RI VKH VARVK EHDUSRSX®WRQ DQG VXWDLQLQJ
VKH LGHQWI LHG FRULGRW DQG VKHLU GRQJ WHLP

P DQDJ HP HQWVKLRXJ K 1LRQVRQH | RUIHWWADI | 7KH WX G\
LV GHVL] QHG IRUWZ R \ HDW DQG LV FXUHQWY LQ SWRJI WHW LQ
FHQWDO* XNDUDW LQFOXGLQJ W R Z LGBQIH VDQFWKDUHV YL]
-DP EXJKRGD DQG 5 DWDQP DKDODQG VK HLU DGNRLQLQJ
VHULVRUDOI RUHWY Rl %DU\ D & KKRWDXGHS XUDQG * RGKDWD
GLWULFW FKLHIQ P RQLARUVARVK EHDUP RYHP HQWDQG
HYDOXDVWH VK H K DE LVDWVR LGHQWI\ K DE LVDWFRQQHFWYLW
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HWIDQGV FRQWLE XWH VR VK H WDWH DQG GRFDO
HFRQRP LHV E\ SWRGXFLQJ UHVRXUFHV HQDEQQJ
UHFUHDWRQDODFWYLWHV DQG SRYLGLQJ EHQHI LW VXFK
DV SRAXWRQ FRQWRODQG |GRRG SIRWHFWRQ 7KH
QHZ @ DGGWHWHG WDP VDUVIWH VKH Z DGKZ DQD
Z HWDQG LV GRFDWAG LQ ' DGKRL WOXND QHDU 9 DGRGDUWD
GLWULFW : DGKZ DQD Z HWIDQG KDUE RXW VWKRXVDQGV RI
P LJWDVRU ELUGV GXUQJ Z LQWAU VHDVRQ

7KH SURNHFWDLP V DWHYDOXDWQJ HFRQRP \ J HQHUDWAG
E\ Z HWDQG DARQJ Z LK GHFDGDOFKDQJ HV LQ VK H

Z HWDQG 7KH FKDQJ HV LQ VKH Z HWIDQG UHS LHVHQW
VKH SUHWXUH DQG DQVK LIRS RJ HQLF GLWX LE DQFHV RQ
VKH Z HWDQG 7KH HFRQRP LF HYDOXDWRQ WXGLHV Z LVK
VXJ J HYWD@®VKH QHZ HU SRWLE LOWHY VR LDLVH VK H
FXUHQWHI I RUAV LQ RQJ RLQJ DFWYLWHV DQG QHZ RIIHU
QHZ LGHDV VR UVH VKH HFRQRP \
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HWIDQGV DUH YLVDOHFRW WHP V VK DWVX S SRUNQI H RQ
( DUK E\ SWRYLGLQJ IRRG DQG VKHOMUIRUE LUGV DQG
VHUYLQJ DV D XQLT XH KDELVDW $ WXG\ LQ 3 DWDQ GLVWULFW
HYDOXDWAG VKH HFRGRJ LEDOWDVXV Rl LW Z HWIDQGV DQG
LGHQWI LHG ELUG VSHFLHV LQFOXGLQJ P LJWDVRU DQG
HQGDQJ HUHG ELUGY 7KH WXG\ DQDQ ] HG ELUG GLYHWLW
XVLQJ YDURXV LQGLFHV DQG UHP RWH VHQWVLQJ W
KLIKQJKWG P SRUDQWZ HWDQGV LQ 3 DWDQ VK DW
UHT XLULH DWHQWRQ DQG P RQLVRUQJ VR SUHYHQWKXP DQ
DFWYLWHV 7KH : HWHUQ SDUARI * XNDUDWVHUYHV DV D
FUXFLDOWIDJ LQJ J LRXQG IRUP LJ WDWRU ELUGV
HP SKDW] LQJ VKH QHHG IRUZ HWIDQG FRQVHUYDWRQ 7KH
WXG\ SIRYLGHV EDVHQQH GDW RQ ELUG SRSXMWRQV
Z HWDQG GLWULEXWRQ DQG LP SRUMDQWZ HWDQGV LQ
3DWQ ,WDOR LQFOXGHV D * ,6 P DS RI ELUG FRQJ UHJ DWRQ
DWHDV 7KH LHSRUNZ LGDDLG LQ GHYHARSLQJ FRQVHUYDWRQ
DQG Z HWIDQG P DQDJ HP HQWMDWHJ LHV LQ VKH GLVWULFW
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7R J DWHUNQRZ (HGJ H DQG
WHVHDUFK J DSV RQ 6 WLSHG
+\HQD }RuU*° =+ Yue© o~
LHVHDUFK LQ ,QGLD $ GHVDLOHG
6\ VMP DWF / LIVWHUDWKIH 5 HYLHZ
IRUGWLSHG +\ HQD LV VKH P DLO
RENHFW.YH RI WKH WXG\ ,Q
DGGIWRQ VR WKLV DQ HIIRUNZ DV
DO/R P DGH WR J HQHWDWH VKH

DZ DUHQHW DQG GLWHP LQDWH VWKH
NQRZ GHGJH WVR WKH FRP P XQLW
LQ D SDQGHP LF VKIRXJK P DW
FRP P XQLFDWRQ VXFK DV H
SRWHW DQG YLGHRV RQ VRFLDO
P HGLD SMWRLWP V

3 LRNHFW QVIALD

0 V$ \KYDU D/ DI DWA " Ul DWKIVK* KDWDW D

0 HQVRU

21
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7KLV WXG\ DLP V VR XQGHUMDQG SHRSOH V

G{YHORI NQRZ GHGJ H DERXWVKH VSHFLHV DQG

VK HLU SHUFHSWRQ RI LW S UHVHQFH LQ VK H DUHD

XVIQJ D VHP L WAXFWKUHG T XHWYRQQDLLH DQG

4 P HKRGRMJ\ WHVSHFWYHQ 7Z R 1QLQJ

VT X LUHOK DE LVDW | LRP  FHQWDO* XNDUDWZ HULH

VHOIFWHG IRUVKLY WKXG\ LQ Z KLFK SHRS 1

Z HWH LQWAUYLHZ HG IRUVKH T X HWYRQQDLLH

VXUYH\ DQG  SHRSOH Z HWH LOQWAUYLHZ HG IRU

VKH 4 P HKKRGRMJ\ EHRQJILQJ WR

YLADJ HV

7KH WXG\ UHYHDOY VK DWSHRSGH MFN NQRZ GHGJ H LQ LIRRWKQJ ELRMRJ\ HFRMRJ\ DQG
KXQWQJ RI VKH VSHFLHV KRZ HYHULWZ DV REVHUYHG VKDW  SHRSOH DS SUHFLDWA S UHVHQFH
Rl ,*)6 7KHILQGLQJV VXJJHWWKDWSHRSGH KLIKQ QNH ,* ) 6 DV LWGRHV QRWFDXVH DQ\
HFRQRP LF (RW DQG LV DHWKHWFD@ SQDVLQJ FRP SDUHG WR RVKHUDQLP DO/

3 LRNHFW QVIALD 0 HQVRU
0 V. MKQD 3IMKYD " Ul D\WKIWC ' KDWDA D
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6 QDNH SRSX@WRQV KDYH EHHQ GHFQQLQJ GXH WR
KXP DQ VQDNH LQWALDFWRQV DQG QHJ DWYH

DWUWXGHV $ VXUYH\ LQ 8 WDU3 LDGHVK ,QGLD

IRXQG VKDWP RWWUHVS RQGHQW KDG HQFRX QWAUHG

VQDNHV RIWHQ LQ EXVKHV GXUQJ WKH P RQVRRQ

0 DQ\ MFNHG NQRZ GHGJ H Rl VQDNH VSHFLHV DQG

P LVFRQFHSWRQV Z HUH SUHYDGHQW ) LWWDLG

P HWKRGV Z HUH SRRUD XQGHUMRRG 0 RW

WHVS RQGHQW Z HUH QRWLQWHLHWHG LQ VQDNH

FKDWP HW DQG VKHLUQXP EHW KDYH GHFUHDVHG

' HVSLWH |HDU VKH P DNRUW WHFRJ QL] HG VKH LP SRUMDQFH Rl VQDNHV | RUVKH HFRW VWP
&RQWFWZ VK VKH | RUHVWGHS DUP HQWZ DV LHSRUMG EXWWP HQ WHVSRQVH Z DV FNLQJ
6 XJ J HWIRQV LQFOXGH WHDFKLQJ VQDNH ELWH P DQDJ HP HQW WDLVLQJ DZ DUHQHW

LP SWRYLQJ P HGLFDOIDFLAWHY DQG HQKDQFLQJ VKH | RUHVWGHS DUP HQWV UHVFXH

FDS DE LOWHV

3 LRNHFW QVIALD 0 HQVRU
0 U HYYWDWSIQIK 0 V6 KWKW3 DWAO
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7KH WXG\ LV DLP HG VR FRAHFWVKH LQIRWP DWRQ UHJ DUGLQJ
VSHFLHV UFKQHW DQG |HHGLQJ J XLABV LQ VKH . KHWDX VXE

GLWILFW %LUGV DUH VKH E HWMLQGLFDVWRW RI K DE LVDWT X DQW
DQG IHHGLQJ J XLA5V DUH EHVWFKDWDFWAURI LW 7KH WX G\

DWHD LV NP t LOQFXXGLQJ NP t UWXUDODWHD DQG
NP t XLEDQ DUHD ' XUQJ VKH WXG\ SHURG EHW HHQ 0 D\
DQG $ SUO Z H HFRWGHG ELWG VSHFLHV

EHARQJILQJ VR IDP LQHV LQ VKH WIXG\ DWHD 2 | VKH
WHFRWGHG VSHFLHV QLQH DUH FRQVLGHWHG 1 HDU 7 K UHDWAQHG
ILYH DUH FRQVLGHUHG 9 X GQHWDE @4 DQG RQH LV FRQVLGHWHG

( QGDQIJHWHG (Q 7var &+ @@ E\ ,8&1 5HG /LW
FUWAUD 7KH WKXG\ WHFRUWGHG P LJWDWRU ELUGV DQG
WHVLGHQWE LUGV 2 XUILQGLQJV LP SQ VKDW GHVSLW KXP DQ
SWHVHQFH LQ VKH QGVFDSH DYL DXQDOJ XLA5 YDUHW LV
DEXQGDQWLQ KXP DQ GRP LQDVHG MQGVFDSHV

3 LRNHFW QVIALD 0 HQVRU

0 U6 DUMDN &KDXGKDUY 0 USWWMN'" HWDL
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7KH WG\ Z DV IRFXVHG RQ LGHQWI\ LQJ VKH
WHDVRQV | RUVARVK EHDUDWDFNV RQ KXP DQV DQG
H[ SARUQJ VKH DWWXGH RI WLEDOFRP P XQLWHV
VRZ DUGV VARVK EHDW $ WDFN YLFWP V DQG GRFDO
YLADJ HW Rl DADDJI H J LIRXSV Z HUH LOWHUYLHZ HG WR
J DVKHU LQIRWP DWRQ DE RXWWKH FKDUDFWHUMAFYV RI
DWDFNV DQG VK HLU SHUFHSWRQV RI QYLQJ Z LWK
VARVK EHDW 7KH GRFDWRQV RI DWDFN VIVHV Z HUH
DO/R WHFRUWGHG VR FUHDWH VKH S RWHQWDOFRQI QFW
] RQH P DS ) LQGLQJV RI VKLV WXG\ VKRZ HG
VHDVRQDODQG WP SRUDOYDUDWRQ LQ VARVK EHDU
DWDFNV DQG Z H J RWVR NQRZ DERXWVKH

NQRZ HGJH DQG SHUFHSWRQV RI QRFDOSHRSQH 7KH
WHVX QW Rl VKLV LHVHDUFK DWH YHU X VHI XOIRU
GHYHQRSLQJ VWIDWHJ LHV VR P LWJ DWH KXP DQ VARVK
EHDUFRQI @FW DQG SURP RWH FR H[ DWHQFH

3 LRNHFW QVIALD 0 HQVRU
0 U9 \WKDOB DWHO 0 USWDVMN' HVDL
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9 DURXV %LUGV Z HUH WIXGLHG DIRXQG
VKH WYHUQH DUHD RI VKH 9 LVKZ DP LWL
5 LYHULQ VKH &LW Rl 9 DGRGDW * XNDUDW
WDW ,QGLD $V 9LVKZ DP LWL KDV D
VRWOMQJI VK RI DIRXQG NP VKH
WYHUQH HFRARJ\ FRYHW 8 SSHU
FDWKP HQWDWHDV 8 LEDQ DUHDV DQG
VKH ( QG SRLQWRI VKH UWYHU $ V DGDRI
VKHVH DUHDV KDYH GL | HUIHQWK DE LVDW/
DQG VKH GLYHUW Z DV WXGLHG Z LVK
VKH KHG RI VKH 6 KDQQRQ : HLQHU
" LYHUWW ,QGH[ ( YHQQHW DQG 6 SHFLHV
5 LFKQHW Z HWH FDFX ®MWHG DFFRUGLQJ Q
WR | LQG RXWVKH YDUDWRQ LQ ELUGV
IRXQG LQ HDFK WYHUQH DWHD RI VKH
WYHU

3 LRMIFW QVIALD
0 U6 DQDCE DQVRWK
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$ JRRG VSHFLHV YDUDWRQ Z DV
REVHUYHG DV D VRVDORI 6 SHFLHV

Z HWH REVHUWHG RI Z KIFK  Z HWH

P LJWDDWRU ELUGV Z KLFK Z HWH P RW@
REVHUYHG LQ VKH XS SHUFDWKP HQWDQG
HQG SRLQWRI VKH WYHU DV VKH XSSHU
FDWKP HQWFRQVLWWG RI P RUH

YHJ HWDWRQ DQG ELRGLYHWW FRP SDWHG
VR VKDWRI XUEDQ DUHDV 7KH 8 LEDQ
DUHDV P RWD FRQWLQHG 7 HULVWRUDO
%LUG 6 SHFLHV DV VKHUWH LV P RUH

GLWXLE DQFH DQG KXP DQ LQWAU HUHQFH
LQ VKH XUEDQ YLFLQLW

0 HQVRU
" U- DI KXW5 DWKRG
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2 XURW DQL] DWRQ LV FRP P LWHG VR

SWRP RWQJ Z LG5QIH HGXFDWRQ DQG
FRQVHUYDWRQ VKRXJ K D YDUHW RI
RXWHDFK SURJWDP P HV : H FRADERWW
FARVHQO Z K VKH | RUHVWGLYLVIRQ VR

RW DQL] H HYHQW VXFK DV : LA5QIH GD\
FHGHE LDWRQV Z KLFK DLP VR WDLVH

DZ DWHQHW DERXWVKH LP SRUMDQFH RI
SWRWHFWQJ RXU QDWXUDOK DE LVDW DQG VK H
Z LG5QI H VWK DWLQKDELWVKHP : H DOR
FRQGXFWWDLQLQJ VHWLRQV | RU | RUHVWI LHGT5B
WDI I VR HTXLS VKHP Z VMK VKH NQRZ GHGJ H
DQG WNLAY QHHGHG VR HIIHFWYHQ P DQDJ H
DQG SWRWHFWZ LA H SRSXDWRQV

,Q DGGLWRQ Z H FRQGXFWVFKRRODZ DUHQHW SLRJ LDP P HV VKDWHGXFDWH \ RXQJ P LQGV
DERXWVKH LP SRUMQFH RI FRQVHUYDWRQ DQG VKH LRGH VKH\ FDQ SM\ LQ SRWHFWQJ
Z LGBAIH 7KWRXJI K LQWHDFWYH VHWLRQV DQG HQJ DJ LQJ DFWYLWHV Z H WELYH VR LOWAADD

VHQVH RI WHVSRQVLELAQW DQG WHVSHFWI RUQDWK LH LQ VKH QH[ WJ HQHUDWRQ
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2 XUWHDP KDV EHHQ DFWYHQ LQYRO/HG LQ
DQLP DOWHVFXH RS HWDWRQV VK LRXJ KRXW

1 RUK * XNDUDW Z LVK D SDUNFX@UIRFXV RQ
VKH 3 DWDQ DQG 0 HKVDQD WHJ LRQV 2 QH RI
RXUDUWHDV Rl H[ SHUMVH LV LHSW®H LHVFXH

Z LK D VLJ QU LFDQWQXP EHURI VXFFHWIXO
LOWAUYHQWRQV LQYRO'LQJ VQDNHV DQG

P RQLVRUQ@] DUGV : H DWH SWRXG VR KDYH
EHHQ DE®{ VR SIRYLGH FUWFDOVXS S RUMR
VKHVH DQLP DO HQVXUQJ VKHLUVDIH DQG
KXP DQH WHP RYDOILWRP SRVHQWDGD

GDQJ HURXV VIV DWRQV
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RUI %HDU' D\ LV FHGHEWDWAG RQ 0 DUFK  HDFK \ HDUWR
WHFRJ QL] H DQG HQFRXWDJ H VK H FRQVHUYDWRQ RI VKH YDURXV
EHDUVSHFLHV IRXQG LQ VKH Z RUG %HDU' D\ LV FHOHE LDWHG VR
WDLVH DZ DUWHQHW DP RQJ SHRSGH DERXWVKH YDURXV EHDW
VK HLU K DELW DQG KDELWDW 7KH : LA5QIH DQG &RQVHUYDWRQ
%RMI\ : &% 5HVHDUFK ) RXQGDWRQ DQG 9 DGRGDWD : LGBQIH
" LYLVIRQ NRLQV® RW DQL] HG VKH : RU® %HDU' D\ FHO{E LDWRQ
DW5 DVWDQP DK DOVARVK EHDU VDQFW DU LQ ,Q WKLV
FHOHE LDWRQ YROXQWAHW [ LRP  YDURXV SMFHV Z HWH
HQFRXWDJ HG WR SDUNFLSDW DQG FRQGXFWD VARVK EHDU
DZ DWIHQHW GUYH DP RQJ VKH FKLABWHQ QYLQJ DRXQG VKH VARVK

EHDUKDELVWDW : H HGXFDWAG VWXGHQW ILRP  WWR VWK JUWDGH DQG WADFKHW | LRP
VU VFKRRO/ LQ VKH VL[ YLADJ HV QRFDWAG LQ FARVH SWR[ LP LW WR VKH EHDU KDE LVDWLQ VKH
5 DVWDQP DKDOVARWK EHDUVDQFWDU Z HUH DOYR WDLQHG
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RUG 6 RVK %HDU' D\ Z DV RI|LFLDGD
DQQRXQFHG RQ 2 FVREHU
VKRXJ K D FRADE RWDWRQ EHW HHQ
LGBQIH 626 &=% &HQWDO=RR
$ XVWKRUW : &% 5 HVHDUFK
) RXQGDWRQ DQG ,8 &1 %HDU 6 SHFLDQWW
* LIRXS
7R FRP P HP RUDWA VKLV VSHFLDOGD\
YDURXV DFWYLWHV Z HWH RW DQL HG
2 QH Rl VKHVH DFWYLWHV LQYROYHG VK H
&% 5 HVHDUFK ) RXQGDWRQ YLVLWQJ
VFKRRO/ LQ 3DWDQ Z KHUH VKH\
LQWRGXFHG VFKRROFK LABLHQ WR VK H
| DVFLQDWQJ Z RUIB RI VKH 6 RVK %HDU

T
(@]

A& Y€ - x€x E+Ch

6/27+ % $5 "' $<

" XUQJ VKH VFKRROYIVIW VKH FKLA5UHQ

Z HWH HQJ DI HG VKLRXJ K D LDQJ H RI
HGXFDWRQDOP DWHUDQ/ LQFOXGLQJ

GRFXP HQWUHV G4DIGHW DFWYLW
ERRNGHW DQG SUHVHQWWRQV 7KHVH
WHVRX UFHV SRYLGHG YDOXDE GH LQVLI KW/
LOWR VKH QYHV DQG FRQVHUYDWRQ RI 6 RVK
%HDW/

7KH DLP Z DV VR WDLVH DZ DWHQHW DQG
SWRP RVH XQGHUMDQGLQJ DP RQJ VKH

\ RXQJ HUJ HQHUWDWRQ DE RXWVK LV X QLT XH
EHDUVSHFLHV DQG VKH LP SRUMQFH RI LW/
FRQVHUYDWRQ
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&% 5 HVHDUFK ) RXQGDWRQ FRADE RWDWAG Z LVK $ VRWORI 2 WDO

1 DYUDFKDQD 8 QLYHWLW &HQWH IRU( QYLLRQP HQW S UHVHQWWRQV DQG

5 HVHDUFK DQG ,QQRYDWRQ 18 &(5, 9DGRGDW IRUD 3 RWHW Z HUH SUHVHQWAG E\

VW R GD\ 1 DWRQDO/ HYHO&RQI HIHQFH WWBG /& QP DWA WHVHDUFK VFKRM@W/

&RP P XQLW DQG &RQVHUYDWRQBKHGS RQ 6 HSWHP EHU DWHWQGLQJ VKH FRQIHUHQFH
DQG DW1 DYUWFKDQD 3 U] HV Z HWH DZ DUGHG WR VKH

8 QLYHWLW 9 DGRGDLD VXFFHWI X OF DQGLGDWAV LQ

VKH RUDODQG SRWWHU
7KH P DLQ RENHFWYH Rl VKH FRQIHWHQFH Z DV WR FDWHJ RUHV

GLVFXW VKH LP SRUMDQWLWXHV RI QDVX LDOWHVRX UFH
FRQVHUYDWRQ LQ VKH FKDQJ LQJ FQP DWA Z LVWK VKH
RENHFWYH Rl H[ FKDQJ LQJ DQG VKDUQJ VFKRMWY
WHVHDUFK RQ D VIQJ 01 S®WRWP  HQKDQFLQJ VKH
RSSRUMXQLW |RUFWHDWQJ D FRP P XQLW RI SUDFWFH
| RUFRQVHUYDWRQ
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) LHGS %DVHG 7 WDLOLQJ RQ &RQWAP SRLDU
7HFKQLT XHV IRU5 HVHDUFK 0 RQLVRULQJ
Rl %HDW + DELVDWZ DV NRLQVD

RW DQL HG E\ 9 DGRGDWD : LAGQIH

' LYLVIRQ DQG : LG5QIH DQG & RQVHUYDWRQ
%LRARI\ 5 HVHDUFK ) RXQGDWRQ 3 DWDQ
7KLV WDLQLQJ FRXWH Z DV VXS SRUMG E\
VKH , QUHUQDWRQDO$ WRFLDWRQ | RU %HDU
5HVHDUFK 0 DQDJHP HQW ,%$ 86$%
7KLV WDLQLQJ Z DV RW DQL] HG Z LK VKH

P RWYH RI GHYHQRSLQJ VKH FDSDFLW RI

| LRQVRQH | RIHVWWWWDI I DQG \ RXQJ
UHVHDUFK HW VR FRQGXFWP RQLVRUQJ RI
VARVK EHDW DQG KDELVDW DQG H[ FKDQJ H
NQRZ QHGJ H EHW HHQ SDUNFLS DQW
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7KH WDLQLQJ SWRJIWDP P H Z DV RW DQL HG
DWVKH ' KDQSXUW ( FRYRXUWVP 6LWH LQ
3DQFKP DKDOGLWYLFW 7KH WDLQLQJ
LQFOXGHG ~ SDUNFLSDQW RXWRI Z KRP

Z HIH WX GHQW DFLRW VK H FRX QWA
DQG  Z HWH | LRQVRQH | RIHWWADI | RI VKH
* X NDUDW) RUHVW' HSDUNP HQW

([ SHUNW ILRP YDURXV XQLYHULWHV | RUHWW
GHSDUMP HQW DQG FRADE RWDVRW DFLRW
VKH FRXQW) KDYH GHQYHUHG VK HLU VIDONV
DQG KDQGV RQ WDLQLQJ RQ KDELVWDW
HYDOXDWRQ P RQLARUQJ DQG

P DQDJHP HQW VL] Q VXUYH\ VFDWDQDQ VLV
GHP RQWUDWRQ RI FDP HW WDSV DQG
SMFLQJ VKHP RQ VKH I LHGG
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7KH $Z DUG Z LGDEH FRQIHUHG WR DQ\ \ RXQJ VFLHOQWMW WXGHQW UHVHDUFKHU E HAQRZ
VKH DJH RI ZKR ZRUWV LQ WKH IHG Rl Z LGBQIH DQG FRQVHUYDWRQ ELRGRJ\
=RRARJ\ %RWQ\ ( QYLLRQP HQWO6FLHQFH RUDQ DARHG VXENHFW DQG KDV FDULHG
RXWWLJ QU LFDQWUHVHDUFK LQ WK H UHVS HFWYH | LHGS

6 HHFVIRQ FUVHUD
$ WHOIFVIRQ FRP P IWWH Z 1@ WHYIHZ \RXU DSS@FDVRQ DQG LOQYIVM \RX |IRU VKH RQQ@QH
SWHWHQVIMRQ EHIRWIH WIKH - XU SDQHO DQG VKH EHWILYH IHVHDUFKHW Z LKDEH VHAIFWAG | RU WWKH

JDQG 1 LQDB

$Z DUG

7KH DZ DUGHH Z LWWHFHLYH D FDWK SU]H RI 5V D KQQLQJ
WRSK\ Rl ViKH DZ DU DQG D P HUWFHUM LFDVA $ @I LYH [ LODOVMWV Z L@
DAR WHFHLYH D WRSK\ DQG D FHUM LFDWA

+RZ VRDSSQ

5 HI AU RQAQH Z WK DQ H[ WIQGHG UHVHDUFK DEMIDFWRI
Z RUGV DQG DQ RXWAVDQGLQJ FRQWIEXVIRQ VR Z LGB@H

FROQVHUDMRQ DARQJ Z MK \ RXURQH SDIH &9 DQG RQH GMAAU

Rl QRP LQDVIRQ RUWHFRP P HQGDVIRQ

7KHWHI IMWUDVIRQ ITHH LV 5 V QRQ WHI XQGDEM®
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3UVKLY\ D D 7U DQQXDO RIILFLDO QHZ VOHWWU Rl VKH

&% 5HVHDUFK ) RXQGDWRQ SXEQVKHV RUWJLQDO
P DOXVFUSW RQ Z LG5QIH FRQVHUYDWRQ ELRQRJ\ DQG
LW DGRHG DUHDV

H GR QRW FKDWH DQ\ SXEQFDWRQ RU DUNFOM
SWRFHWLQJ | HHV

7\ SHVRI &RQWIEXVIRQ

¢ 6KRUAS HVHDUFK $ UAF O VR Z RUWGV

e P SRUDQWWI KVIQJV Z RWGBV Z MK SWRSHU * 36
GRFDURQ  SKRVRJ WDSKLF HYLGHQFH

s P SRUDQWILQGLQIV Z RWGV Z MK SWRSHU * 36
@RFDVIRQ DQG P DIH

¢ ) X@®IQJ VK 5 HVHDUFK SDSHU 8 S \R Z RWGV

e 6KRUMHSRUN RU/ HWHL/ VIR VKH | RXQGDVIRQ
e SHYIHZ $UAFOV
« 2 VKHUDQQRXQFHP HOW
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8 QGHU VWKH * UHHQ DXGLWVHUYLFHV RXU WHDP RI H[ SHUW DQG YRXQWAHW Z LA
YLVIW\ RXU RITLFH RU FDP SXV DQG FDUJ RXWWH |IRGRZ LQJ DFWYLWHV Z LWK D
VFLHQWI LF DSSWRDFK DQG DSSWRYHG P HWKRGR@RJ\

$ XGIWZ7HDP / HDGHU
' U- DJ KW DI 1Z DD
© &%5 HVHDUFK ) RXQGDVIRQ

6 HUYLFHV 2 || HLHG
o (QHW\ $XGLW

e &DWERQ ) RRVEUQW

e * LHHQ EHQVP DSSLQJ

e 6DIHW LQVSHFWRQ DQG DXGLW RSWRQDO FKDW HV P D\ DSSQ
¢ &DWERQ VHT XHWUDWRQ HWIP DWRQ
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' USRKIWXP DUO 3 DWACSH Z DUBHG E\ ViKH

( GXFDMRQ O LQMAMU WV +RQ ' U. XEHUEKDL

' IQGRU* RYHWDP HQWRI * XNDUDWIRUWXG\ DQG
GRFXP HQVMRQ RQ VIKH GLYHUMW RI J IDW\VSHFLHVLQ
WH' DKRG GIMMFW+ H IHFRUGHG VIKH KL KHVW

QXP EHURI  * DW\SHFIHVIWRP 5DP SXWD
5HWHUH* (DMDQGDQG  * IDW\SHFLHVIWRP VKH
' DKRG GLMMFW

0 UBKDIOM ' HVDLLY WXG\ LQJ VIKH MQGVFDSH HFR®RI\
RI VKH ,QGIDQ * LH\ : RO LQ VIKH %< DOHI LRQ Rl * XNDDW
$V D SDUMRI KLY RQIRIQU IIH@G Z RN VKH ' ($ : ,/°
)281' $7,21 Rl WH86$ KDVVXSSRUMG KLVZ RWN E\
SWRYIGLQJ 1LHTB

IOWKP HQW $OR KH UHFHQWD TXDAIHG iKH 8* &
&6,5 1 (7 H DP LQDWRQ XQGHUWH-5) FDWAJIRUY 1Q @H
VFLHQFHV Z IV DQ DA, QGLD LDQN R

0 V 6KDX 0 HVDUD 6HQLRU3 LRMIFW HIRZ Rl : &%

5 HVHDUFK ) RXQGDMRQ KDVEHHQ DZ DUGHG

D QYILRQP HQVDO( GXFDVRURI ViKH <HDU EE\ VKH

© HL DWDOMB HRS®I Rl 1 DVWH $ Z DUBV IRUKHU
RXWADQGLQJ FRQWIEXVIRQ LQ FROVHUYDMRQ
HGXFDWRQ VR VIKH GRFDOSHRS®1 | RUP 1V DVQJ

KXP DQ VRV EHDUFRQITFWLQ * XNIWDW6KH Z DVDOR
DZ DUGHG E\ ( [ SHUQHQFH DQG ( [ FKDQIH* LDQW
ILRP VKH,%5 , QWAUDDVIRQDCSH WRFLDVRQ | RUYGHDU

5 HVHDUFK DQG 0 DQDJIHP HQW 8 6$

7KH, ($: /' )281' $7,21 RIVKH86% KDV
VXSSRUMG 0 U3 WDMNNXP DU HVDLZ IMiK D EDMF | LHGB
LOWAKP HQWDQG D @SVRS FRP SXWAUIRUKLY RQJ RLQJ
3K' WXGLHVRQ VBRVK EHDL/LQ* XNDDWO U 3 UDWN LVD
3K' VFKROUDW- HP FKDQGUDFKDU D 1 RUK * XNDLDW
8 QLYHUAW DQG DOR VKH' LLHFVRURI $ PN DVAKH
© &%5 HVHDUFK ) RXQGDVRQ
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&%5 HVHDUFK ) RXQGDVIRQ
$ GGLQJ 6FIHQFH VR & ROVHUDVRQ

9 3DQFKYDW6RFIHW 2 SS ,QFRP H7D
2 1IIFH 3DViDQ * XNDUDW ,QGLD
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