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3HUIHFWLRQL %M IDING $SN@RFLDWLRQV DQC

'XDYDFWRU ,QWHUYHQWLRQ IRU 8. 8QC¢

IXF\ 1LFROD &RRSHU

$ WKHVLV VXEPLWWHG LQ SDUWLDO I1XOILO
6KHIILHOG +DOODR W @LKYH GYRFWHRHU RR |

SKLORVRSK\

'‘HFHPEHU



&DQGLGDWH '"HFODUDWLRQ

, KHUHE\ GHFODUH WKDW

, KDYH QRW EHHQ HQUROOHG
RSURIHVVLRQDO RUJDQLVDWLRQ ZKLOVW XQGHUW
1RQH RI WKH PDWHULDO FRQWDLQHG LQ WKH WKH\
VXEPLVVLRQ
, DP DZDUH RI DQG XQGHUVWDQG WKH 8QLYHUVLW
WKBEMY WKHVLV LV P\ RZQ ZRUN 7KH XVH RI DOO S
PDWHULDO FRQVXOWHG KDYH EHHQ SURSHUO\ DQG
7KH ZRUN XQGHUWDNHQ WRZDUGV WKH WKHVLV KD

WKH 6+8 3ULQFLSOHV RI QUBNWKHLEWELEHYHDRIE W F(RV

S3ROLF\

IRU DQ DFDGHPLF DZDUG

7TKH ZRUG FRXQW Rl WKH WKHVLV LV

1DPH IXFLLFRRIR SHU
$ZDUG 3K
'‘DWH RI 6 XEPLVY 'HFHPEHU

)DFXOW\

6RFLDO 6FLHQFHY DQG +XPDQLW

'LUHFWRU V RI

BURIHVVRU $QQ ODFDVNLOO

IRU DQRWKHU DZDUG



$FNQRZOHGJHPHQWYV

JLUVW |, ZRXOGDVSHRA/RO WKDQN \RX WR P\ 'LUHF
SURIHVVRDFHEYORIWOR XU P HRQEGNRRHADG X ZWOO IRUHYHU E
JUDWHIXO RI WKLV RSSRUWXQLW\ DQG RI WKH IDLWK \I
ZKHQ P\ RZQ 6BEWMRIOIENY DOVR WR P\ VXSHUYIDWRW 'U
\R XHUQ FR X U DD G\NBXHIQ WV V. ZQIW &HOR/LF W DK ER® $ W IRD W H D
JRW PH W KNFRUMHYHWHERHEQHURXNSDR®SW XWRID X O
5LFKDUIGQREOI0HYVVORXRDOW QWHR IVXBE&BRUW SDYW \HDU
QRW VXUHDIKRBAYHU RDHBRXURMK W KDH@NRUDIXDRE MR] WK H
ZLWWKKH GHPRQVWUDWRU E XD g DB UX WDIGRE DR @ ® S8 IRK W )
GXULQJ P\ WILRDWE B NHRMRR XWHDVV DOQEBQFRIPSDVVLRQ

, DP JUDWHIXO WRKRVWHDLRMAHKW I XFOQUWRERRRFHQGD!
WKH WKHVLV KDY RFRMWWR U QG WMEIRIRM@E RSS B UINDCRINA
YDVWO\ GHWNLRHGDR A QO QRIA/GHNEZFKOO DV P\ DFDGHPL

, DOVR ZLVK WR WKDQN P\ IULHQGVOZLWR\ @ GI+BE3E
FKXFNOH VLVWGHUYVIKDNGLOHDRD P FRIITWKVEKRRXGGLHV
6DUDK :HIHUV DQG % H@®WDRAL®GX3IDUMWIE JIHDEULHOH =H
'RUGV FDQQRW H[SUBZW@ KR ZVRLMDIU REXVK DQ ® IX\DVB S L Q
IHAHDUV QRU KRZ JUDWHKIKQJ, DPLRQBXHKL®V IH

7KDQN \RXSWRW DQG SUHDIEW FAROMHDIRIHY $O0LVW
HYHU\WKLQJ \RX KDYH WDXJKW D Q@& DULINHGV P& DIVIKIDHD N
*UHJ 1DWKP®QRMRURU \RRYH DQGRYMWLWRHAHHDUYV

$ KXJH WKDQN \RX WR WKH XQZDYHUL@\ WX8BSRUW
| R\R XW L P HGIH@E F D W L RDQQIBDR/ SIPWURRIVH R Q FRXQ@IGQQ RW
KDYH GRQH WK LR "DIGVKIR X W WVR KO O L Q/IX B SSRDMIMDIDREQ W R

P\VHDQG P\ EURWIRHUUNBDREHNVNQJI PH JURXQGHG DQG DPXYV



, DP GHHSO\ JUDWHIXO WRDRGOS WKW LW X B & QW \Z KR
ZRUN SRWWLEOMKH JUHDWR WD SH EYHOH D SDUW RI \RXL
LQ DZH RI WKH EUDYHU\ \RX KDYH VKRZQ LQ OHWWLQJ
GLIIHUHQFH WR HYHQ RQH VWDUILVK LV E\ IDU P\ SUR
)LQDOCDP MRV KR H EEDHWANL HID®EG 6RU EBHQIHFWO\

LPSHUDIQFRNW JLYLQJ PH WKH FR X WDIIHWHE EMS WM KWROP HD Q

JUHDWHVW JLIW



$SEVWUDFW

7KH DLP RI WK LVWGRHEHHD W FHKWATAVGHHODMOLR® VKL SV EHW 2
PXOWLG L PSHQMHFQRB®ENV@IPBQWDO KHDOWK LQ 8. XQG
DQG LQY WKW LH D WRWY ODHHEXBDEFWRU LQWHUYHQWLRQ IRU
VW XGHIPRYSRUDWEG K FRURXWREH QG SRVLWLYH SV\FK
BWXHBVDQG H[DPLQHG WKH QRPRORJLFDO QHWZRUN RI
XQGHUJUDGXDWHV XVLQJ GMIFWD H RIG O M AWHGF QXREPL Q JO
PHDVXUHV RI PHQ®WIOQHK HD QRaHKE RBHDOVBRIU GHURRUUHOD W
BWXG\ 3IHRXIGIEWERRQEMWQ¥ 3& ZDV FRQVLVWHQWO\ U
KHDOWK PBIGQZH@OV W X G3H Q WAV WKEFRAHLWIRELFZ D V

FRQVLGHUHG PRUH 3QHXWUDO" LQ LWV SULPDULO\ ZHD
VXSSRUWLQJ HWLVWDOQIHWNBSRBWLYHY L H SHUIHFWLR
DO G VDWHKHMLPRGHO +HZLW®LVFREVWFW LR @ PR
6KHUU\ HW DO OXOWLSOH UHJUHVVLRQ DQDO\VH)
UHODW IRR GHKLISIF WLRQLVP GLPHQVLRQV DQG VXEVFDOJ
SUHGLFWHG BHUBGH D QE WKH UHYHUVH IRU 3& SURYLGL
VXSSUHVVLRQ HIIHFWV 7KLV VXJJHVWYV 36 PD\ EH DGD
3& LV VWDRRIQMWMMLREOOBE IRU LQGLFDWLQJ SRVVLEOH O
H[LVWLQJ WKHRULHV IRU XQGHUVWDQGLQJEKRD BHWUIHF
SLORWDGENWR® LQWHUYHQWLRQ ZDV GHYHORSHG DQG Gl
UDQN WIQWBWIY VRIJQLILFDQW GHFUHDVHQLQ 3RVWG 3& LQ
LQWHUYHQWLRQ FRPSDUHG ZLWK QR QLJQLEDAD @R FK|
VLIQLILFDQW FKDQJH LQ DQ[LHW\ QRU IORXULVKLQJ 7
3@ RQQHFWHGQHVNG ZROB RHQHUWWHPDWLF DQDO\VLV R
KLIJKOLJKWLQJ WKH EHQHILW RI LQWHJUDWLQJ SRVLWL
IRH[WHQGLQJ NQRZODHEWH RRQEMPQQLIR ZHX®W GHUJUD G X I
GLVFXVVHG DV @HRDONDR QVR H DDISEFRFRLY ISGIU GXDAL R Q L V|
LQWHUYHQWLRQ DQG WKH OLPLWDWLRQV RI XVLQJ WK



TDEOH RI &RQWHQWYV

$FNQRZOHGJIJHPHQWYV LLL
$EVWUDFW Y

7TDEOH RI &RQWHQWYV YL
/ILVW Rl 7TDEOHYV [LL
/ILVW RI1 )LIXUHYV [LY
/ILVW Rl $SEEUHYLDWLRQV [Y

SUHIDFHHUVR QDO ,QWURGXFWLRQ [YLL

&KDSWHWHOQWURGXFWLRQ DQG 5HYLHZ RI /LWHUDWXUH

%DFNJURXQG IRU OHQoWDQ J3 HOGBNVFRY LRM@IOVP DPRQJ 8.

8QGHUJUDGXDWHYV
'HILQLQJ OHQWDO +%HIOQVMK DQG :HOO
3HUIHFWLRQLVP DQG 8QGHUJUDGXDWH 6WXGHQWYV
%DFNJURXQG Rl WKH &RQFHSWXDOLVDWLRQ DQG OHD
([LVWLQJ OHDVXUHV DQG &RQFHSWXDOLVDWLRQV RI
7ZRLJKHU 2UGHU 3HUIHFWLRQLVP 'LPHQVLRQV
5DWLRQDOH IRU 8VLQJ WKH 3HUIHFWLRQLVP ,QYHQV
7KHRUHWLFDO 3HUVSHEWLYHV RI 3HUWHM)MRQLVP OH
3HUIHFWLRQLVP &RJQLWLRQ 7KHRU\
'LDWK&EHWUMVYV ORGHO
6RFLDO 'LVFRQQHFWLRQ ORGHO

SRWHQWLDO %HQHILW RI 3HUIHHFMWILR GIROMLR 16 KIH YSLX

&RQWHI[W



7TKHRUHWLFDO ,PSOLFDWLRQV IRU SHUIHFWLRQLVP 7K
&RIQLWHKBYLRXUDO 7UHDWPHQW ORGHO IRU 3HUIHF
SRVLWLYH 3V\FKRORJ\ $SSURDFK DQG ,QWHUYHQWL
SDWLRQDOH RI 5SHVHDUFK 3URJUDPPH
5HVHDUFK $LPV
7TKHVLV 2XWOLQH 6XPPDU\
&KDSWHIBIWKRGRORJ\
AXDQWLWDWLYH $SSURDFK
&RUUHODWLRQDO 'HVLJQ IRU 3HUIHFWLRQLVP 6WXGLI
1RPRORJLFDO 1HWZRUN IRU BBO WK WIARE QMO O0OHQWI
&RUUHODWLRQDO 'HVLJQ IRU 3RVLWLYH 3V\FKRORJ\ 6
([SHULPHQWDO 'HVLJQV IRU 3HUIHFWLRQLVP 'XDO ,QV
ILPLWDWLRQV RI 4XDQWLWDWLYH '"HVLJQV IRU 7KHU
AXDOLWDWLYH $SSURDFK
AXDOLWDWLYH $QDO\VLY 7KHPDWLF $QDO\VLYV
5HIOH[LYH B3UDFWLFH LQ 4XDOLWDWLYH 5HVHDUFK DCQC
OL[HG OHWKRGV $SSURDFK

&EKDSWHBWXGLHV DQG SHODWLRQVKLSY EHWZHHQ 0X

SHUIHFWLRQLVP OHQWDOH+LtRQDCWW BBEBRRGHQOUDGXDWH

SHODWLRQVKLSY EHWZHHQ SHUIHFWLRQLVP "LPHQVLR

(PSLULFDO (YLGHQFH
3RVLWLYH $I1IHFW

JORXULVKLQJ



$FDGHPLF $FKLHYHPHQW
SHVLOLHQFH

SHODWLRQVKLSVY EHWZHHQ 3HUIHFWLRQLVP '"'LPHQVLR

([LVWPSLYLFDO (YLGHQFH
$Q[LHW\
"RUU\
1HIDWLYH $IIHFW
OHQWDO ,00 +HDOWK
5HODWLRQVKLSVY EHWZHHQ 3HUIHFWLRQLVP '"'LPHQVLR
6WXG\
$LPV
+\SRWKHVHV
OHWKRG
SDUWLFLSDQWY DQG 3URFHGXUH
OHDVXUHYV
(WKLFDO &RQVLGHUDWLRQV
SHVXOWYV
5DZ 'DWD 3UHSDUDWLRQ
'"HVFULSWLYH 6WDWLVWLFV
&RUUHODWLRQV
*HQGHU 'LITHUHQFHYV
OHQWDO +HDOWK 'LDJQRVLYV '"LITHUHQFHYV

8VH RI 6RFLDO OHGLD 3ODWIRUPYV
Yl



'LVEFXVVLRQ
5HODWLRQVKLSY EHWZHHQ 3HUIHFWLRQLVWLF &RQF
5HODWLRQV KLMWI EFWLZRGIQ/WLF 6WULYLQJV DQG 2X\
6RFLDO OHGLD 8VH
3HFMWLRQLVP OHQWDO +HDOWK &RQGLWLRQV DQG 'l

6W X G\

$LPV
+\SRWKHVHV
OHWKRG
5HVXOWYV
OXOWLSOH 5HJUHVVLRQV IRU 3HUIHFWLRQLVWLF 6W
OXOWLSOH 5HJUHVVLRQV IRU 3HUIHFWLRQLVP ,QYHC
'LVFXVVLRQ

*HQHUDO 'LVFXVVLRQ IRU 6WXGLHV DQG
BWUHQJWKY DQG /LPLWDWLRQV IRU 6WXGLHVY DQG
&RQFOXVLRQ

&KDSWHBW X G\ J)BBWRU 3HUIHFWLRQLVP Y QWHUYHQWLF

8QGHUJUDGXDWHYV
&RIQLWHXBYLRXUDO 7KHUDS\ IRU 2YHUFRPLQJ 3HUIHI
'XM)DFWRU ,QWHUYHQWLRQ
3RVLWLYH 3V\FKRORJ\ ,QWHUYHQWLRQV
&KDAUMHU 6WUHQJIJWKY ,QWHUYHQWLRQ

7TKUHH *RRG 7KLQJV *UDWLWXGH ,QWHUYHQWLRQ
L



FHARPSDVVLRQ ,QWHUYHQWLRQ DQG 3RVLWLYH 5HIL
6WXG\
AXDQWLWDWLYH $LPV
+\SRWKHVHV
AXDOLWDWLYH $LPV
OHWKRG
3DUWLFLSDQWYV
SHFUXLWPHQW 3URFHGXUH
'"HVLJIQ
,QWHUYHQWLRQ 3URWRFRO
2XWFRPHVY DQG OHDVXUHYV
AXDOLWDWLYH JHHGEDFN
'DWD $QDO\VLYV
(WKLFDO &RQVLGHUDWLRQV
5HVXOWV
3DUWLFLSDQW )ORZ 'HPRJUDSKLF ,QIRUPDWLRQ DC
AXDQWLWDWEDE THYVX GWNSDUDWLRQ DQG 'HVFULSW
AXQWLWDW LY E® | BHWOMMLY O 6 WDWLVWLFV
4XDOLWDW i Y KHPHWKICPWSQ D O\ V L V
'LVEFXVVLRQ
AXDQWLWDWLYH )LQGLQJV

4XDOLWDWLYH )LQGLQJV



JLQGLQJV 6XPPDU\
6WUHQJWKY DQG /LPLWDWLRQV
)XWXUH 5SHFRPPHQGDWLRQV
&RQFOXVLRQ
&KDSWRYHUDOO 'LVFXVVLRQ
2YHUDOO 6XPPDU\ Rl WKH 5HVHDUFK )LQGLQJV IURP \

7KH ,PSOLFDWLRQV RI 3BHUIHFWLRQ@LNMPQR D PRIQWND.O +

8QGHUJUDGXDWHYV
&RQLWLYH 3HUVHYHUDWLRQ DQG 3HUIHFWLRQLVP DI
5HVLOLHQFH DQG 3HUIHFWLRQLVP DPRQJ 8. 8QGHUJ
3V\FKRVRFEBOQHDOQG 3HUIHFWLRQLVP DPRQJ 8. 8QC
6XPPDU\

$SSOLFDWLRQV RI )LQGLQJV IURP WKH 5HVHDUFK 3UR

&RQWULEXWLRQ WR .QRZOHGJH

/LPLWDWLRQV Rl WKH 5HVHDUFK 3URJUDPPH

6XJIJHVWLRQWBHRHDMX®RK UH

&RQFOXVLRQ

SHIHUHQFHYV

$SSHQGLFHYV



ILVW RI 7TDEOHYV

7TDEOHHVFULSWILW HV3D UMM FRIB B Q WIRRKKDUFD F Wk W LVWLFV
7TDEOHVFULSWLW HV WAFFDVO HRVW DO & X k & =Xk V
7TDEOHVFULSWLW HV3/D UV L FRASQ@QWHNDNAKAKU D FW&HU LVWLEV
7TDEOHVFULSWILW HV3DIUAY L IFRRF DOHIEB D « « « « « «
7TDEOHHWRR GRUUHQODW URSWDRED U L D@ M ¥ « « « «
7TDEOBHVXOWNHWW®PO\VHV &KRPSDHENVDRE\ 9 VYEBHWEOGH Q
JHPDOH DQ@EBU W L F& &DQAW A/« « € € & €« & KKK KKK
7TDEOBHVXOWNHNMWPO\VHV &BRPESDHNYNQEBR BLDEOHYV EHWZ
SDUWLFLSDQWYV ZDW® WRDARM/EPKLRKIVR QR « « « « «
7TDEOBHVXOWNHNWPO\VHYV &EAFRSDHBMWOQREDULDEOHY EHWZ
"LITHUGRFELD O 0 H&ddx BA/dH « « « € « « « « &« K K K K

7DEOBHYV X0 W\VX QONMIPSIWHH \$\DLDROQ $HHWM H F W 6\ Q@ ILWDMIIGF
SHUIHFWERRQEWBWE & L FORDQUI L &/ K QI « « « « « « « «
7TDEOHOBHVXOWY IURP OXOWLSOH 5HJUHVVLRQ $QDO\VH\
SHUIHFWLRQLBWH G L8 RN Bl QBukd ddFd¥ « « « « « « «
TDEOHBHVXOWYV IURP OXOWLSOH 5HJUHVVLRQ $QDO\VH\
SHUIHFWLRQLGBUWHG L& R/QEM U § M« & & kdHhe W« « « « «
7TDEOHBHVXOWYV IURP OXOWLSOH 5HJUHVVLRQ $QDO\VH\
6 X E V FIUAHKEW FOVROQUI LakKe le @ @ « « <« & & & € &€ K € & K K K
7TDEOHGHVXOWY IURP OXOWLSOH 5HJUHVVLRQ $QDO\VH\
6 XEV FIWUMHEW B RALIQW L Y dd« $ Kl dkdcdAf « « « « « « « « « « «
7TDEOHGBHVXOWY IURP OXOWLSOH 5HJUHVVLRQ $QDO\VH\
6 XEV FIWUAHHG\L E W/IMW L Y He & kdkeFee W/ < « <€ « < €« « « « «

TDEOHHVFULGSWLRWHVWLFV IRU 3D UMKIDALDS BWMAJI THARLIFRAD S

[l



7DEOHHVFEULSWLW HVOMDEY\ IRWMULDEOHV DFWRYYV $00 7LF
7DEOHSHVXOWYABRFRIQ HIEQM VWARPSDULQJ ,QWHUYHQW

SHUIHFWLRQLVP ,QYHQWRU\ 6 XEVFDOH «&&RWHYV EHWZHI

[L



/ILVW RI )LIXUHYV

JLIXUAHWZRUN RI ([LVWLQJ &RUUHODWLRQV EHWZHHQ
SHUIHFWLRQLVWLF &RQFHUQV ZLWK "K¥kWOEOH DQG 'H
JLIXUAHWZRUN RI &RUUHODWLRQV IURP )LJXUH &RPE
JLIXUAHVXOWY IURP 0OXOWLSOH 5HJUHVVLRQ $QDO\VHYV
SHUIHFWLRQLVWLF &RQFH U« «B3dkk &k &£dWl«QJ )ORXULVKL
JLIXUBHVXOWY IURP 0OXOWLSOH 5HJUHVVLRQ $QDO\VHYV
SHUIHFWLRQLVWLF &RQFHU Q&« 8 {Ydkxl«kWd€xJ 3RVLWLYH
JLIXUBHVXOWY IURP 0OXOWLSOH 5HJUHVVLRQ $QDO\VHYV
SHUIHFWLRQLVWLF &RQFHU Q W @&t k k Wed«xJ 1HIDWLYH
JLIXUBHVXOWY IURP 0OXOWLSOH 5HJUHVVLRQ $QDO\VHV
6 XEVFDOHV 3UHGL KW&&xJ« xQ R XcdJd ek ke @ d « «
JLIXUBHVXOWY IURP 0OXOWLSOH 5HJUHVVLRQ $QDO\VHYV
6 XEVFDOHY 3UHGLF WLk BdRdkl\W & & dke & & ledHcReW
JLIXUBHVXOWY IURP 0OXOWLSOH 5HJUHVVLRQ $QDO\VHYV
6XEVFDOHY 3UHGLFWkQ@d«kk & ¥kdl«¥ckt «Fd &k & W
JLIXURAHWZRUN RI &RUUHODWLRQV IURP )LIJXUH &RPE
JLIXUHSPHQGHG 'DWHV DQG 7LPHVFDOHV IRU 3DUWLFLSES
OHDVXUHPHQWYV D Q& « QM K & ed@ Wed Re@ W « «
JLIXUH/LPHSRLQWY IRU 'DWD &ROOHFWLRQ RU 5HFUXL\
DQG &R QW URD kR X EA « & €« & &KL KKK KKK

JLIXUH ORZFKDUW R B&OdkW & & & S Wk « « «

[L



/ILVW RI $SEEUHYLDWLRQV

7KLY OLVW GHVFULEHV WKH PHDQLQJ RI DEEUHYLDWLR

$EEUHYL OHDQLQJ

0 $129% OXOWLSOH $QDDDWQIPHRI
$18&29% $QDO\WLV RI &RYDULDQFH

$36 $OPRVW 3HUGKOMWIBFDQB -RKQVR:
$365 $OPRVW 3HUIHFUNGERED@DH HW DO
%$ &3 %ULWLVK $VVRFLDWLRQ IRU &RX:
%S, %HFN $Q[LHW\%E FHNQI® U\
% & D %LBRUUHFWHG DQG DFFHOHUDW|
&% 7 &RJIQLWLYH %HKDYLRXUDO 7KHUI
&, &RQILGHQFH ,QWHUYDOV
&03% &RPSUHKHQVLYH ORGHO RI 3HUIH
'$$ 'RXEWV $ERXW $FWXREQNDOBS6
'60 ,9 'LDJQRVWLF DQG 6WDWLVWLED:O
JRXUWK (GLWLRQ
*$ *HQHUDOLVHG $Q[LHW\ 'LVRUGHU
*$ LWHP *HQHUDOLVHG $Q BLSH W] WILL
x'35 *HQHUDO 'DWD 3URWHFWLRQ 5HJ
x4 4 *HQHUDO +HDOWKRGEEWWULRQODQ
+(, V +LJKHU (GXFDWLRQ ,QVWLWXWLR
+612 +LJK 6WDQGDUGV IRU 2WKHUV 3
335 ,QVWLWXWH IRU 3XEOLF 3ROLF\ ¢
45 ,QWHUTXDUWLOH 5DQJH
0&%$5 OLVVLQJ &RPSOHWHO\ DW 5DQGR
0+& OHQWDO +HDOWK &RQGLWLRQ
0+, OHQWDO +HDOWHKLMYHRWHR U\
0+, WHP OHQWDO +H BOW BDA) WIDQ W R
036) OXOWLGLPHQVLRQDO 3HUIBPWLR
036+) OXOWLGLPHQVLRQDO 3HUIHFWLR
1,8&( 1IDWLRQDO ,QVWLWXWH IRU +HDC
223 2WKHIL HGMHE FWLR QLVWPXDBEBEDOH
3$1%$6 3RVLWLYH DQG 1HJDW LD\W VSR IH FIW
3& 3HUIHFWLRQLVWLF &RQFHUQV
3&, 3HUIHFWLRQLVP &RJQLWLRQV ,Q°
3&7 3HUIHFWLRQLVP &RJQLWLRQ 7KH
3, 3HUIHFWLRQLVP ,QYHQWRU\ +LO
33, V 3RVLWLYH 3V\FKRORJ\ ,QWHUYHC
36 3HUIHFWLRQLVWLF 6WULYLQJV
36:4 3HQQ 6WDWH :RUU\ K XHHWY \WIWRDRQ D
5&7 5DQGRPLVHG &RQWURO 7ULDO

56 WHP 5S5SHVLOLHQJIEFH BGEDOIHR XQJ

[\



6'0
6'7
6+8
623
63%1(

633
636
6366
66,
678,
7%
8&$6
88.
9,%,6
9.)

6RFLDO 'LVFRQQHFWLRQ ORGHO
6HOHWHUPLQDWLRQ 7KHRU\

6KHIILHOG +DOODP 8QLYHUVLW\
6HQULHQGMMHEFWLRQL)VPXBBEDOH
6FDOH RI SRVLWLYH DQG UHQ B W It

6RFLBWHOKF BHE HHF WLR QL)VVPXDBBED
BRFLDO 3URYLVLRQV 6FDOH &XU
6WDWLVWLFDO 3DFNDJH IRU WKH
6RPDWLF 6\PSWRP ,QYHQWRU\
6WDWHBLW $Q[LHWS,ICHOHEHW DU
7KHPDWLF $QDO\VLYV
8QLYHUVLWLHY DQG &ROOHJHV $
8QLYHUVLWLHYV 8.

9DOXHV LQ $FWLRQ ,QYHQWRU\ R
9DULDQFH ,QIODWLRQ )DFWRU
'RUU\ 'RPDLQV 4XHADOORQ GIDV DI

[Y



3UHIDFHUVRQDO ,QWURGXFWLRQ

7KH RYBIURO WKLY UHV BDDWFE&ULYRIMPHEWDQ DVSLUDW
XQGHUVWDQG 8. XQGHUJUDG X EMH QY PIQCGWIEAH & WD O WID
ZKLFK WR EHWWHU VXSSRUW WKLV SRSXODB\PIRE®KUR
PRWLYDWLRQV IRU LQYHVWLJDWLQJ WKLY WRSLF FDPH
%6F 3VIFKRORJ\ GHJUHH DW WKH 8QLYHUVLW\ RI 6KHIII
D VXSSRUW DQG FRQGXFW UROH DORQJVLGH P\ 06F ,Q\
3VFKRWKHUDS\ FRXUV H% DIFW UWIG SWHYBFEDWKRQ IRU &R X
BVIFKRWKWEOBZ® L QW H JFHQWWQH GS BRERUBRIMRXYUD O DQG
SV\FKRG\QDPLF FRXXEWMHIXH@WO\ ZRUNHG LQ YDULRXYV
DV D 6 WHBYHEKOHQWDO +HDOWK 3UDFWLWLRQHU D &R
+HDOWK OHQWRU LQ XQLYHUVLWLHY DQG EHFDPH LQF!
JURZLQJ GHPDQG IRU VWXGHBNL ® 8 @WSSRKMD CPVRKY DB,
LGHQWGINYOHQEERS PRUH HIILFDFLRXV DQG HIIHFWLYH LQ

, FROQWLQXHG WKHVH VWXGHQW VXSSRUW UROHV D
SURJUDPPH DQG E\ VWXG\LQJ DQG GLVEXVVLQJ WKH U
DQHFGRWDO HYLGRPHRWQ P\GHYSHORSHG D JUHDWHU X
YDU\LQJ LPSDFW SHUIHFWLRQLVP FDQ EBYEBJR® Y& XGH
DEDGHPLF HQJDJHPHQW , DOVR GHYHORSHG P\ XQGHU
SVI\FKRORJ\ LQ SDUW LXMW KRZVXE ZKNG/WRG IORXUL
ZKHWKHU VWXGHQWYV Y D W WEHLEXWHRMQX® @RBUGREHK D Q G
WKHUDSHXWLF LQWHUYHQWLRQ 7KURXJK DSSO\LQJ P\
GHYHORS L QS U\DFFLVHIQMWLLR/Q\NHHW HVEVHHF® P K@W® SRVLWLYH ¢
IXUWKHU VXSERUQJVRKIBHHIHEWLRQLVW VWXEBQMG/ D\

DSSURDFK FRPPRQO\ IRXQG ZLWKLQ FOLQLFDO SV\FKR

[Y



0\ SUHYLRXV H[SHULHQFH LQ DFDGHPLD IRMXYHG R
, KDYH VLQFH GHYHORSHG P\ VNLOOV LQ TXDOLWDWLY
HQKDQFLQJ WKHVH WKURXJK WHDFKLQJ DV D '"HPRQVW!|
D IXOLPH /HEFEWXUHU 0\ SOXUDOLVWLF PL[HG PHWKRGYV
PLUURUV P\ RZQ WKHUDSHXWLF DSSURDFKHLE SIGAESWL E
ZKHQ ZRUNLQJ ZLWK FOLHQWY VHH &KDSWHU 3ULRL
WKHRUHWLFDO DQG DSSOLHBHKQ@PGHREXWD® GUQ D RL SFARH)
0 LQIRUPLQJ WKH SURJUDPPH RI UHVHDUFK , ZDV DOV
XQGHUVWDQGLQJ Rl SHUIHFWLRQLVP DQG SRVLWLYH S
PHQWDO KHDOWK SUDFWLWLRQHUV PXOWLSOH FRQIHU
SUDFWN.WHRQHKHIILHOG +BWADBRM @QLXYHYW DW\+HDOWK
IHWZRRQIHUHQFH DQG %$&3 5HVHDUFK &RQIHUHQFH
VWXGHQWY RQ SHUIHFWLRQLVP FRJQLWLYH EHKDYLRX
UHVHDUFK PHWKRGAVR XN MKH UHVHDUFK SURJUDPPH D
OHFWXUHU DQG PHQWDO KHDOWK SUDFWLWLRQHU , KI
DQG WKHUDSHXWLF VNLOOV WKURXQISR)GWD E® F-R PHLEMW LC

DFDGBRIDFFWLWLRQRMU QK HAQVX &S {YRW

[YI



&KDSWHQWUR G XF®H. RIQH A @AH UD W X U

7KHUHODWIH ERG\ RI HYLGHQFH GHPRQVWUDWLQJ I
LO ORI WX ZHOMW W B SRIUWWHG O5 R (DFQ KBRWVIOHU H RI1 3V\FKLE

7KRUOH\ DQSYHQ UHDFKLQJ JOREDM® FR GFANBUWWR|

7TKHQVWLWXWH IRU 3XEOLF ZRONIEQ SDWIMDUHKY K 8 $52
8QLYHUVLWLHV 8. 88. SURIBWFG & HDSRHWLEEEHQWDO
HGXFDWLRQ 7KRUOH\ 7KH UHSRUW IRXQG WKDW
ORZ ZAHO.@J DPRQJ 8. VWX G HDOWBK D WHXQAN MDD UE J
H[SHULWGBD@DWLF LQFUHDVH LQ WKH QXPEHU RI VWX
WKURXJK FRXQVHOOLQJ VHUYLFHV )LQDOEHL QKB QS|
PHQWDO LO M KHDWYXWRXOGWYVT DEFDGHPRE SBWRY DO F
XQLYHUVLW\ DV ZHOO DV FR QVDRMLHAK WAK \DR G BDWR EQ|
DPRQJ VWXGHQW FH *XQQHOO HW DO

&RLQFLGLQJ ZLWK WKH ,335 UHSGWHS FWK@IJIBIS. SUR
IUDPHZ@®RIAN 36 WHS FHKQWDI® OR KHD O WKLY @ UYH UNLIHW L8V’
WR VXBISQURW W HORKEZUWE&XEDWLRQ VI RWLARSML BQAK R
XQLYHUVLW\ DSSURDFK WR PHQWDO KHDOWK 7KLV ZD\
PDNH PHQWD ,KDSD@WRWIQYH SROLF\ SULRULW\ WKH IL
GHYHORS DJUHH DQG ODXQFK D IUDPHZRUN IRU XQLYt
WKH JURZLQJ XUJHQF\ DQG LPSRUWDQFH SODFHG XSRC
VWXGHQWV Y PHDNIDHLBGIEHBW KDDMHY WKH QHFHVVLW\ IF
WR VXSSRUW WKLV HQGHDYRXU
%DFNJURUHR WD O +H DOMLIQ J: HIDDG 3 HD PHRIMLR QLV P
8QGHUJUDGXDWHYV

ODFDVNLOO LGHQWLILHG WKDW UDWHRLRDPHQ

W WKRVH ZLWKLQ WKH WRWDO SRSXODWLRQ RI \RXQJ |



SDUWLFXODU FKDOOHQJHV RU XQLTXH GHPDQGV GXULC
RI SRRUHU PHQWDO KHDOWK LQ FRW&RPIELR® WIRRR RO .
DEDGHPLF ILQDQFLDO WKQG \ZRIFLD @ XSIUHV WHEGHE\ WK H
GHYHORSPHQW RI D PHQWDO LOOQHVV PD\ EH GXH WR
ELRPH®UF® YRFLDODWRMRLNAYY PRGHOV H J ,QJUDP
RXQWWKH ZD\V LQ ZKLFK GLIITHUHQW Y X ORMHRUCCREILE D\VDL |
DQG FXOWXUDO FDQ LQWHUDFW ZLWK VWUHVVRUV WR
REFXUUHQFH +RZHYHU SURW H FHWMYHHIFD FDNERDWG\H B IXFE K D
DEKLHY\HPH®G JRRG VRFLD G DX PREBUW QRRWVIRGNYLGXD
DQ HQFRXQWHUHG VWUHVVRU SUHYHQWLQJ WKH GHYH
LQ WKH SUHVHQFH RI GLDWKHVLV 5XWWRQWH[W ROFDV
KLIKHUWHG®RXQFBRXOG OHDG WR D JUHDWHU OLNHOLKRRG
H JLQDQFED®HFRQE VRFLDO WKHUH PD\ DOVR EH D OD
SUHYLRXVO\ H[LVWLQJ SURW HFHHLONR IDEG VW WV & XM KW RG
XQLYHUVLW\ FRQWH[W )SIH Y QFEXINROY AR WHKESRYWXBHQW
QHWZRUN RI IDPLO\QHHGE MY RHQ G M ZP D H O DWWLDRIQALKALISR/QX..
DXQLYHLUQDWQHZ ORFDWLRQ

BWUHVVRUV UHJDUGLQJ LQFUHDV KB YIH GHHEL DO BN
FRQFHUQV IRU VWXGHQW PHQWDO KHDOWK 5RERWKDP
3V\FKYBW UL 'HQRYDQ 0 DSDW\NLEXDORBIDIIHY LQ WI
KLIKHU HG XF RW MRICH VODWWPWKLUW\ \HDUV )ROORZLQJ
VWXGHQW WXLWLRQ IHHV ZHUH UHLQWURGXFHG LQ
SWRVLRQ RI LQIUDVWUXFWXUH ZLWK YDULDEOH WXLW
(QJ O XQGMKH +LJKHU (GXFDWLRQ $FW 7KH %URZQH
WKWKH UHIRUPV LQ VWXGHQW WXLWLRQ IHHV HQDEOHC

VHHUDO FKWXOPKH QYHAL GH Q L QU HPDUBYQHEL \BYOBWLHRTQX H Q W O \



DFDGHPLF \HDU WKH ... IHH FDS ZDV LQWURG)
FROQVLVWHQWO\ GHPRQVWUDWH WKH OLQN EHWZHHQ W
S5SLEKDUBBV D@ LGHQWLILHG CHIHAD O CKGDODOMHKY ZDV SDU
E\ WKH GLIIHULQJ OHYHO RIDWXGL B/R RNY H HHNENEHBONVZ R W Q
DSSHDU WR KDYH KDG D ODVWLQJ LPSDFW % PRIJGIQU HF

IRXQG OLWWOH HYLGHQFH WR VXSSRUW WKH DPR)
LOO KHDOWK KRZHYHU JUHDWHU VXEMHFWLYH ILQDQI
P HQ W R ©DLODADK

7KH FKDQJLQJ FRQWB[WRY 8 .KDG RMPKSHUF W GRQ H F\
VWXGHQWYIV PHQWDO KHDOWK $SDUW IURP D VPDOO G
D FRQVLYWHODIWLQJ UDWH RI VWXGHQWY DWWHQGLQJ >
FUHDWLQJ PRUH FRPSHWRGMN R LIRQY M RIEERA-LSYRNBMS DR VS/ )
VWXGHQWVIWR/ BEVABDEEH DQG DFKLHYH WRS PDUNV -
“HQQLQJV JXUWKHUPRUH WKH +(, UHIRUPV KDYH
D PRUH HFRWIRMLF QHROLEHUDO GLVFRXUWKWHH HO D W XVAKHHG
DUH FRQVWUXFWHG PRUH DV 3FXVWRPHUV" WKDQ OHDL
LQFUHDVLQJ QXPEHUV DQG ODUJHU FODVV VL]HV VWX
VXSSRUW %URAQZHOO DV D ORVV RI LEHEWRW\DD®G F
MXVW ORVW LQ D FURZG" 6FDQORQ HW DO ,QGHI
ORQHOLQHVV ZDV D VWURQJ SUHGLFWRU RI PHQWDO G
LGHQWLW\ SDUWLFXODUO\ ZLWKLQ XQLUYRWWEFWALMH HQ
FRUUHVSRQGV ZXWXHS BHWIRBBWRQLQ 6PLWKHUH

Rl  VWXGHQW V3 IHABDNMAR BORVW FRORXVBRYWOQ\G
D QWH V HD\UFIKFKDUGVRQ HW FD ORWKKIDAN ORQHOLQHVYV ZDV |
SUHGLFWRU IRU\JW HIEQOAH G HSHMWLRQ LQ 8. XQGHUJUD

IRXQG WKH SV\FKRVRFLDO IDFWRUV 3IHHOLQJ WRF



FRQILGHQFH  DQG 3GLIILFXZDHVW\HFRISI@LII IZAMKWMON YOV R F
RI JHQHUDOLVHG DQ[LHW\ GLVRUGHU LQ $XVWUDOLDQ

/RQHOLQHVV LV OLNHO\ WR EH H[DFHUEDWHG E\ W
SDUWLFXODUO\ VWUHVVIXO WLPH IRU VW XGLHRQWP MQKD\
LQFOXGLQJ EXLOGLQJ D QHZ VHQVH RI VHOI DQG UHOD
VXFK D WUDQVLWLRQ BRYWUHEXW)LIQIKWR VWX GRYW HW
%RMXZR\H .QRHVHQ PQG 1LRX®G 6RXWK $ | WMOD®HIQW VW
ZHEBELQJ 30D GMUWEKHEKRYHUZKHOPLQJ H[SHULHQFH RI
ILQGLQJ DEDGHPLF ZRUN SDQGVHFES B DIBHQHRKIIO UM QS V
ORQHOLQHVV SUHGLFWLQJ GLVWUHVV 0F, QDA UMKHW D
VWURQJHVW SUHGLFWRU IRU DFDGHPLF RXWFRPH DQC
DV WKH SULPDU\ ADKN HD RULHRBRYROIROWHARQLQ 6PLWK

+RZHYHU D UHYLHZ RI TXDOLWDWLY W WOIVWDR OK K
VWUHVVRUV HJ OHDYLQJ IDPLO\ DQG IULHQGV EHKL(
WKH PRVW FRPPRQO\ UHSRUWHG VRXUFH RI VWUHVV D
UHVRXUFHV HJ WLPH DQG PRQH\ OLWHGOIXBQW R WIK
ZLWK VRPH VSHFLILFDOOD Q& VDIFPL BRUFHFEWWR QYR BV
'"HILQLQJ OHQWDO +PDIOQNK DQG :HOO

&RQFHULQL VRQ X G HQ WEHDMIXIMKBWH QGHG WR WKH PF
UHJXODU UH S RIDW\K W IRGHIDBEEREDVPIOY HUVLW\ VHUY LFH
ZLWK GHRDXGLQNV EHWZHHQ VRFLDO PHGLD DQG VWX
+RZHY®BWRZQ VXJIJHVWYV LW LV GLISUFXY®W HDE H RA X
VWXGHQW PH@WB M LAIF K HO QWVRKE X VIK BOWD V A GWILIDW LIR
BQLROG6WXGHQWW YH\ BKBRKWWHG HLJKW RXW RI VWX
H[SHULHQ FDG OHPIDGWVEP H\OMXBIO KHDOWK LVVXH  ZDV QR

(FFOHVWRQH DQG /HOHMWLQLWYVRQVHR WP HQMWHBRP HOUR KH I



LPSUHFKMHHQFRPSDVV 3PXQGDQH DQG HYHU\GD\ H[SH
H[DJJHUDW HGWOTH@W RO K_$O O CKHRD B PLQRORJ\ EHWZ
VXUYH\V FRXOG EH UHVSRQVLEOH IRU VXFK GLIIHULQJ
%DUNKDP HW D®FRQ FIR@& HYUFRKHHVSRQVH UHFHQW
KDYH IREXVHG ®$RRQICHOQBENFIH WKH VALMREGHQVE R QR
KHDOMMHIUHAKEWXGHQW OHQWDO +HDOWK 5HVHDUFK 1H
KWWSV ZZZ VPDUWHQ RUJ XN

7R DLG FROANVWLQ\FWLWRN BHOZWHG EXW LQGHODHQG
EHLEBQWDOXG PEQYW DD WUB O/ HKWDROXMK IRU WKH FXUUHQ)
UHVHREHPEHLGRQFHUQV D SHUVRQYTV SHUFHSWLRQ HYI
WKHLU OLIH [HQWRZ WKH\ DUH LIQRW KM \HIGLHOD @G| H F W
KRZ WKH\ IXQFWLRQ SV\FKRVRFLDO 'LHQHU HW DO

JURPKBIGRQLF SHUVEBHIFQULFRIQEHOQV HPRWLRQDO |
HYDOXDWLYH VDWLVIDFWDREHD ZXSHKPBRIHF BERPYBE AW WY
ZHE@ELDDYS URFHWORRULVKOQURRIHQY SREWWRVFRL®G GLPHQ
Rl SHUVRQDO JURBWEQ S XSFRS\RWHL ¥ 6\ DA O DMAIRQVKLSV
6LURLY $SOWKRXBHIZEOQV FRQVLGHUHG VXEMHEWLYH |
REMHFWLYHO\ WKHURHRQFARER RN GPLEAHOD G RI 3V XE
ZHEBELQJ WR DYRLG WKH LQIHUHQFH WKDW LW LV DUE
3RRU EHDQ@J EU BLQGOOMN BWMYLFLW LQ KHDOWK WKDSSLQH\

OHQWDO KHDOWK LV RQH DEISHEIR AWK P DWKHHDIDW
QRW VLPSO\ WKH RSSRRIQOMHFR Q PKDOWADID RID@WB® W 00 Q
KLIJK OHYHBNLRIJZHOWWKHUPRUH SR R BORA) B HYOHID ® DRY1HZ
EHLQJ ZLWKRXW KDYLQJ D PHQWDO L O/DKQH VIAH @GRV BLOO D
KHD@WWKLQ WKH FXUUHQW ISW RUJDINDHPG MV R | PUHHDVCH IV FHK | X

PHQWDO KHIPOIQ KW M & RXFEXNR IBDFRMEHUQ WKH QHJDWLYH



RI WKH VSHFW U X PPIH@QGV B B EAGMOHH ®R*G VWIKYRD RJLFD O
G LV WWHINAUV WBRI FLRIQF V\P SWRB 8 L B W & WGLHBRBHAOM. B Q
LOOQPRMQWDO KHDOWK&FRBGHOGWRQGKWMBEBBMEH XVHG
LQWHUFKDQJHDEO\ WR GHVFULEH D GLDJ®RVDEIOHFKOHD
GLVWXUEDQFHHPRWKRRYVKVWRYW EHKDYLRXUV DQG DVVRF
GLVWUHVV RU LPSDLUPRQ®G +RHORYKWALRIPIGLIDWLRQ

"HV S MV BIZH\WMWKH U P L CRIBRUHH SHUFXVVLRQV | R K DD/ ALX/U |
PRUH FHWWBLGENPDRG KLIJKHU HGXFDWLRQ PHQWDO Kt

5DQGDOO %HZLFN %ULWLVK $VVRFLDWLRQ IF
>%$8&3@ %URHWLDO ZLWK FDOOV | RRWKRIWHI NKIQWGYLICFIH V
LQWHUYHQWLRQV W R HQEOHDYFHHV WRGRIWRQ GXH WAEOH
WKH NH\ UROH WV Y O REMFRMMSID TR0 OKHQ KU HGXFDWL
%BUHZHU HW DAY KW USIHR WY Q HG@VW Q W RIN MY Kl B FURFOLHV W K D
UHIOHFW PBQWK ® Q GEB-RRU DRAQJIVW VWXGHQWYV WR E
HIIHFWLYH DQG DSSURSULDWHO\ WDUJHWHG LQWHUYH
WKHLU PHQWD O BHHEMENRRGGZHEGXFH WKH RYHUZKHC
VXSSRUWLOHYQLEFHUVLWLHV
3HUIHFWRLRSQFRUJIJUBB X BWE WV

$V ZHOO DV JURZLQJ GROWBO® WBHRMOHBNKQ DU H DV
SHUIHFWLRQLVP UDWHYV DP&XUUDMDXDE G WIHEEQSN G\, V
SURGXFH® @QDRRMADW XGLHV EDIVAMSORY RI VWXKGHB8 YV DF
&DQDGB. WEOGW FDSWXUHG OHYHOV Rl SHUIHFWLRQLVPF
PXOWLGLPHQVLRQDO 834 )HFRHIRXQQ & PV WRGEHHQ WV PHD (
SHUIHFWLRQLVP VFRUHV GLVSODWRG OL @ K DREK LQHFRBIDY!
FROQVWDQW EHWZHHQ FRXQWY\SDQ® LIFMNOEHU & KIHN URDQQ

LQFUHORHL DI FBHEHFWLRQLVP 633 D GLPHQVLRQ R



WKH G3&VKDW LV VWUR QJG\VUHCREIRNK V@GV N DRMLIGWD O L
6PLWK HW DSDUWLEXODUO\ ZL WKW QD ®WXXGHDW VD @ &/ B Q

VXJIIWKWM QLSHUIHEW LRQUMPSRQVH WR QHROLEHUL
86 8. DQG &KXQBKIFRQWHKXBXWHRBWSHM LWLYH LQGLYL
SUHRFFXSDWLRQ ZLWK XS ZDQUGS BEHREFK DI IRRBHSDIBHIEWR Q V
WKHPVHOYHV DQ GQWKBHIIIHDGE | 610 WQBFRPPHQWHG RQ WKE
UDWKHU KLJK SHUFHQWDJH Rl VWXGHQWY LQ WKHLU S|
PD\ H{SODLQHG E\ WKH FRPSHWLWLYH WHQGHQFLHV LC
YDOXHMLODU WR WKW W KHEZWRH®E\UHVXOW LQ \RXQJ S
H[SHULHQFLQJ VWDWXV DQ[LHW\ DQG GLVVDWLVIDFWLI

&XUUDQ DQG BQWRIJHV W LWXPKN LVI BIFDVAHRGEDWHG E\
VRFLDO PHGLD SODWIRUPV VBKDWRQONGE RR LW HD ¥ RIq
VHQVH RI VRFLDO DOLH EBWORBR @REGHQ HHBDEDWIOR/H
VWXGHBWLDHOOHDOWHXSSRUWHKGI NH DQG AKIRWH
H[WHQVLYH OLWHUDWXUH UHYLHZ IRXQ8 BHKOM LAKY QYT
RQOLQH VRFLDDDBHGHmD GMNBWLRQ FRPPXQLFDWLRQ W\S
'UDZLQJ IURP VRFLDO FRPSDULVRQ WKHRU\ WKH\ IRXQ
FRPPXQLFDWLRQ FRXOG EH KDUPIXO DV WKHUH LV D S
SUHVHQW WKHPNERDEWFLIQY DSRNOWLYH ZD\ DQG VXFEK |
YLHZHUV WR RYHUHVWLPDWH RWKHUVY KDSSLQHVV DQ
GLIILEXOWLHV DV KDV EHHQ IRXQG RIIOLQBOVRUGDQ +
IREG DVVRFLDWLRQV EHWZHHQ VWXGHQWYV YLHZLQJ RV
GHIODWLRQ XSZDUG VRFLDO FRPSDULVRQ HQY\ DQG
(GJH BRI 1D OV

&XUUDQ DQG PILUA®H WKDW WKH RQ W K H QISGHD/ GS Mk

LV XQUHDOLVWLF \HW VWLOO VHHPLQJODQHVQOHNDEKW



WKHP YXOQHUDEOH W R KEHRRQLIFFOLY®HDW & HI IKQWWXWION H L Q
SRWHQWLDO WR SDUWO\ H[SOBY DOMIQH H RS PHI\Y W® Q QK
VWXGKBWNMLHQDWLRQ DQG QHHG IRU DSSURYDO WKL
ZKLPKHHIDYHV WKHP VXVFHSWLEOH WR PHQWDO LOO KHD
:KLOVW SHUIHFWLRQLVP FRXOG EH FRQVLGHUHG D
GSRVLWLRQ ZLWKLQ WKH UHDOP RIVWHHR QWP QX DD /RGN
EHWWHU 1ODZOHVV SHUIRUPDQFH DQG WKH DFKLHYHP
SRWHQWLDO FRQVHTXHQFHY LRVKALKKY WD U6 R ERWHRQWOQJ
DQG EHMQQJ VHIWDFMELYHUVLW\ FRXQUQHOO RI® FRKDWH |
VWXGHQWYV VWUXJJOIGLI | Z EV®R\RAEHIND VRO @RIV IORIQ 6L URL
VWUHVV )OHWW HW DO ) U RG/M\S8 LMV B DR Q D Q G IDH)) L B
H[FHVVLYH UXPLQDWLRQ DQG ZRRUWE BHINMH @K HQW L
+LOO HW DO VRFLDO LVIRID® WX RFEL GAKGI LGHB W
6WDQOH\ HW DO BRHWHK ZHW B ® OO VHHPLQJO\ DV
SHUIHFWLRQLVP GXULQJ WKHU XSHW VDIOR+ RRM WM H B UWXE D
H[LVWLQJ QRPRORJLFDO QHWZRUN Rl SHUIHFWLRQLVP
EHWZHHQ SHUIHFWLRQLVP DQG QHY\D WKREBG VQF NKGIRU E
BWRHEHU DQGZRRRAKREGJKHUGRPEREYY RI SHURMOQWRR) LYV
EH *DGDSWLYH’
o%H | REHV F XV V IMKH K RIBHX MAL ¥ H © ML RHFW. GRIDQ VPH U V L V
V W X' ZPHDOAX S S R UMH @/\K B DUK HID®EMKIIQ GV LUV \R X\W SR W D
WKH FRPS\ORIU IHF WLRA/LYY FRQ F B SRHMOLLIHHG WKH WKH
WKDW XQGHUS LIQVW 02/ D R ELAAHMHGDDOWK BRIGQAHRXW FRP |
DQG ILQDOO\ ZK\ LW LV SHUWLQHQW WR H[DPLQH WKH

ZLWYHKEFERQWH[W D QRG QRLR/'SPUO/D WL R/QV X GH QW V



% DFNJUR X Q&R @ F MSKMX D O LOVHDW IXRIG! FBHA@WH RW LR QLV P

([ WDQW OLWHUDWXUH EURDGO\ GHILQHV SHUIHEWI
H[FHVVLYHO\ KLJK RIWHQ XQUHDOLVWLF VWDQGDUGYV
VHBYDOXDWLRQ )URVW HW DO 3HUIHFWLRQLVP |
VWDEOH SHUVRQDOLW\ WUDLW RU GLVSRVLWLRQ \HW
WKH WKHRUHWLFDO DSSURDFK DGRSWHG ,I FRQVLGHU
SHSHFWLYH WKHUH LV DQ XQGHUWHD@OMHG RX\SR B DHA
SHUIHFWLRQLVW WKRXJKWYV 6LPLODUO\ D VRFLDO RU
VWDWEDWHG SHU IHFMWMHROWDWLR Y HBIKDYLRXUV 6LURL
+RHYHU SHUIHFWLRQLVP DV DFR/Q DH SWLXXD BMKHIIR R\Y S
UHVHDQWKHUH DUH PDQ\ PHDVXUHY DYDLODEOH WKDW
(QQV  &R] )OHWWE 6HHFZRMYW OROQDU 7KH PH
DQG FRQFHSWXDOLVDWLRQ RI SHUIHFWLRQLVP KDV FK
GHVFULERG®DHW WH H VB UFHBMHEKU FK LQWR WKH FRQVW
SHUIHFWLRQLVP FRQVLGHUHG WKH SHUVRQDOLW\ FKDL
BWRHEHU D RQWPHQVLRQDO FRQVWUXFW GHULYHG IURI
ZULWLQJV Rl WK BDRBIQVWRUDXRK DV .ZKR QRWDEO\ FRQ\
SHUIHFWLRQLVP *WKH W\UD @@Q\GRV R\PKHVKKR X GG Y BBLG R
DVSHFEWYV

+RZHYHU IRU WKH ODVW \HDUV SHUIHFWLRQLVP
BWRHEHUODUJHO\ GXHH SMRXWRHVRRQN IROORZLQJ WZR
WHDRMRNWW DO DQG +HZLWW DGRQPHWWKDOLVLQJ DQG
SHUIHFWLRQLVP DV FX&BWGQEHQ WP HRYD A QMHD 8 KM U H/F W
UHIHUUHG WRQIBV 0683%6) HRMAS HYVHKOR X DIGHUVWDQGLQJ SHUI
DV PXDFMHWKIIEY DBEG RVIRAL IW L Q ZWWIKQNH@HUDO DJUHHPH(

UHVHDUFKHUV WKDW SHUIHFWLRQLVP LV D PXOWLGLPF



HW DO WR EH H[DPUIQ HF® FPS U HKGI® WKHHIDR VR QHi ADVV V D U L
XQLGLPHQWURGDLIYH SHUVRQ D CLIQVL WU BHJRVE BWRHKE M W U H
DJUHHPHQW LV Q/RWHE @BR@IPRXVQVLRQDO &OLQLFDO 3t
ORGHIDWHU LQ WIXMGEHKDIS W W WD O V R HGALA/HDH Q HWKPHH QW V H D |
ZKR ZRXOG RWKHUZLVH DJUHH SHUEKRWH B QLM PHILH © WQ
GHILQLWRRBHS WX DQIGY D WYIRQURHYW 0RO QDU 6WRF

D

6XFK GLIIHUHQFH G FRDQWH Q X0HP RGIABHKEDPHFKHUV
LPSOLFDWLRQV IRU WKH URDHESIQUY B DWW HRINBMIRQ B QG (G
7KHVH FRQWHPSRUDWK HVPHOHWX UBIPBIQGBHD QG FRQFHSW.
SHUIHFWLRQLVP DV GHYHORSHG®SHRW LO/HVH 61 Q R/L WK H

WKH XWLO LYV DIMEIWRRU RK LD KHZUR R USSHHI HPRRABLHRODK_ Y B
SHUIHFWLRQLVP DQG RU LWV FRPSRQHQWWBUH FRQVL
DVVRIFL ZTWAWIKOWK PBIGQAHRXWFRPHYV VAKHWHIHE FWKS & DM
WDNHQ LQWR DFFRXQW BKD\VE H QW L UKRRE ESHKE-ZRRUKY/
SHUIHFWLRQLVP DEHKGDOWK DQFEOXBBIG DQG WKH FR
ZLWKLQ ZKLFK SHUIHFWLRQLVP LV ¥®XGRXGORRIR DY
WKHVH LVVXHV LQ UHODWVRRUWR RL\GKHE RUHRERE/ HIGWKK H
RYHUYIGHZ IR UH QWD RFERY KM SW X/R D 5 ¥ D WHARVRIPPPQRIWIN G

ZLWKLQ UHVHDUFK

([LVWLQJ OHDVXUHV D Q GR& RR®IEH IS FWXIDFOQMDPV LR Q V

7 K M/ UPHL.DW RXMAO L Q F® FEHIOLR/H YDULRXV LQWUDSH U\
LQWHUSHUVRQDO FRP SR H 6K & BR@ GEHAY/I R - ADLWRIBRBYOAN K
DQG EHMQQJ RXWERPHANVWK VRPH FRQVWUXFWY RYHUODS
+LOO HW D&LV KLJIJWE®HIRRP/S 6 R QLAWS RIPODDW Y GQPHQV LR

SHUIHFWIORQHYPUG WXIHIHREGW WRDWWUXFWYV WKDW PI



UHVLOLHQFH WR P HBRKWEE KHHDHOUNKRD DGNG [YE-RDH0H
DEMX ZKHQ WDHIHYWL@WD ILIDFWHRUSNHIRW Y R QR O Q D U
ZKLEK LV NH\ IRU WKH FXUUHQW SURJUDPP i IRH FM VYD |
LOQOWHUYHQWLRQV WKDW VXS SRHLVW WKIHXRH.Y W BWL KWH D/AW
VXFKEURHI RYHUYLHZ Rl WKH XQLGLPHQV LARKDD ODRD H@L F
DO LV DOVR SURYVIHIPGGY LWV VSHFLILEHKM4 DRI H
WUHDWPHQW PRGHO IRU SHUIHFWLRQLVP

OXOWLGLPHQVLRQDO 3HWBBh FWIRRQN \HRV 6TK0HO H
036) JURVW HW DO FHUW DIHQORKDNMND FWHUWKW K KR | SH
GLPHQRURONE GFDORME®DQGDUGY HYDOXDWLQJ RQHVHOI
Rl SHUIR U3DDGIRMLIN F 13DR ID@EBPWDWLRQV SHUFHLYLQ
H[SHFWDWLRQV IURP SDUHQWYV RUUJ VMXIDWD WIKRIQ DEHHL Q ¥
RUJDQLRNESMER SAWLRISVD PL[ Rl FRQFHUQ RYHU JHWWL(
UHSHDWLQJ ZRUN D Q G&RIQW BMIQUL EW R NOIE VDH)GBGHQF\ W
PLVWDNHV DV IDILWNESRLNVQWWIHSHUWFDOH LV ZLGHO\ XVH
GHPRQVWUDWHG JRRG LI FKQ P8 WWILE JSINRBHDGDDOWAR Q

WR )URVW HWED®OW LV DOVR FULWLFLVHG FRQFHSW
SHUIHFWLRQLVP DV VXFK EXW UDWKHU LWV RXWFRPH)
7KBDUHQWDO &ULWLFLVP DQG ([5R 8WDOLIRKG I B HEDIC
SHUIHFWLRQLVP DUWHRFRIFSRHIHQYR BIFRHUIHFWLRQLVP
FRQFHSWXDOLVDWLRQ

OXOWLGLPHQVLRQDO 3HUIHFWHRQIWWW 6 FODWW 36
8QOLMRVW HW DO fV FRQFHSWXDOLVDWRRRVRIGSH!
FKDUDFWHULVAYERV+ HEKWW3BQ G R QMIERMIK/ LQWUDSHUV
DQG LQWHUSHUVRQDO FRPSRQHQWY RI SHUIHFWLRQLYV

GLUHFWLRQ WKDW SHUIHFWLRQLVP LV) FRIQWDNIOF WRZ



LWHPV UD BRI WAENHADOH +HZLWW DQG )OHWW
VXEVFWRHWUHYLRXVO\ PHQWLRQHG 633 SHUFHSWLRQ
BHIULHGQGMHGEFWBRRUNWWWLQJ DQG HYDOXDWLRQ RI KLJ
D QW KHILHGMHE FWRRBKRPGLQJ KLIJK VWDQGDUGV IRU
WKH Q38 KH 9)3POVR KROGV JRRG SV\FKRPHWULF SURSI|
KLJK LQ IDFH YDOLGLWE )DO® G HPREEWWDWHE QDO
FRQVLVWHQF\ DQG623IR23 DQG 633 UHVSHFWLYHO\
+RZHYHU WKH FRKDYFHRPISRQERSKDGUDQ HWZER
VXSSRUW D FOLQLFDOO\ EDVHG XQLGLPHQNQB QDU FHR (
WKDW RQGGLWKIBVKRIQOBRH) WHIOHFWYV W KARSHUDKIORWR Q L
WKH LQWHUSH U V633EDMQG \PRBXNA R WDV HIDWRBH® WHG | H
RI SHUIHFWLRQLVP +RZHYHU +8ZUMMWSRIQNVBEONVR WK IGW
ZULWLQJV IURP +RUWQH\ HR @MW Q DQG +DPDFKHN
WKDW KDG QRW RQO\ LQIRUPHG WKHLU RZQ PXOWLGLP
SHUIHFWLRQLVP W R H\QWBOQGM QBRIVKS HQWRIQDO RULHQW
DUJXHG WKLV WKHUHIRUHRGQD®WHRBOHORKLQ WQDLSHB MR &
FRQFHSWXDOLVDWLRQ RI SHUIHFWLRQLVP RIIHUHG E\ ¢
$OPRVW 3H U BHFW \BHFGEO$BBD QH\ HW IR VLGHULQJ W
PXOWLGLPHQVLRQDO FRQFHSWXDOLVDWLRQ RU SHUIHF
DGDSWLYH DVSHFWV RI SHULEBPWKLIRQ EX RIS GIEVERMW HG! O
6FDOH $36 ZDV FUHDWHG E\ 60DQH\ DQG -RKQVRQ
ZKR VRXJKW WR EHWWHU GLVWLQJXLVK EHWEBWQWSRV |
SURYLGH JRUGIRXFH/HOORUV ZRUN LROIHMHVK WU VH K /\WH
LQFOXGHG PRUH QHJDWLYH WKDQ DR\GL W B SVeH KEOWPKIHD V L |
UHYLVH6 BBGDQH\ HW VDB WKDAWRU PHDVXUH IRWSHUI

VXEVFBIKWDQGIDFRWSRUDWLQJ HQHRHHDM(Y HRR HQKRAH RI3



BHUVRWDQGDUGYV D{Q @ MIXHX OHE2HBQIWRBHU DQG 'LVFUHS
WKH ®BYWHUPRUH Q HHIRNVLUNGL K'Y D CROCQMLIHRQIHFWLRQLVF
7KBHQHUDOO\ LQBR QR FNEDHNAHIOWKH 'LVFUHSDQF\ DQ
VXEVFBPOB@H\ HWVXOJHVWY WKHVH DUH AHIMWXG LRU PWZ
SHUIHFWLRQLVP G6LURI¥H VRQ@WBUQV  BWHEWHRIQV
W\SH UDWLQJYV DQG WKHUH LV YDULRXV VXSSROUW IRU
JOHWW +HELWRK VXEVFRRGE KPWHUQDO FRQVLDWEQF
| W D Q GDUGEMW DVFA HSDEMLYHOSH60DQH\LAMW HW DO
DGYRFDWH X¥ LGXIHWKRI WX6H RUWKRJRQDO UHODWL
DQG 'LVFUHSDQKRYXEND D BBV HG ¥\K D QGBI KD O H
PD\ EH DVVHVVLQJ D FRPSRQHQW WKDW LV PRUH DNLQ
RI UHIHUHQFH WRRIB\HQRMFBHRF@SWXULQJ WKH PRUH HJ
SHUIHFWH[SOEWDWLRQV )OBWAMDDWEHHUWWW DO
BHUIHFWLRQLVP ,QYHQWRU% GHVAM ORPWW Q@D XVHG
PXOWLGLPHQVLR QEHU FHFWORIHQUAPRMLIOW HW DO D
LWHBRLQW WABHUMEDOH PHDVXUH RIL SKNEVHFIERHIRD LV P
PHDVXUGHXDY FHEWWRUH WKH FRPSRQHQWE BYE@PRWK WK
HIILFLHQWOIOLJ KW RI RYHUODSSLQJ FRQVWUXFWY EHWZF
FUHDWPQUH FRQFHSWXDOO\ B R PVSMIFHKKHHIQURRKDIBRVIE® O H
KDYLQJ WRVRDBHARWR FDSWXUH WKHHARP®RQBIQIHVRR LS F
KDYLFXKRMRHWZHHQ WBE®@BFDQBGLYVN RPLWWLQJ SRWHQ
UHOHYDQW DV SHFWR CRI RZH.QIH FRVAYRROUDVDRQAD O\ H V LG
RQUL] FROWKDXMFBWUH QHFHVVDU\ WR LEQWR KGHIT X® QWK
LQF GWER D G GFIRPISR@H®WY WKDW ZHUH QRW QHFHVVDL
036) RU 0855XPLQDWLRQ DQG 30DQIXQRWWG UHBLEROHMH

HYLGHQYMMU RBRY DW VRIF LDHW. RHH/Q SHUIHFWLRQLVP DQG |



V\PSWRPW VKHBKBLQDWLRQ VXEVFDOH ZDV GHYHORSHG
DERXW SDVW HUURUV OHVV WKDQ SHUIHFW SHUIRUPD
LGHQWLILHG BAR FDVHQBBQFDQG GHOLEHUDWHO\ WKLQ
GHFLVLRQV DQG WKXV LW ZDV LQFOXGHG DV D FRKHVI
ZLWK RWKHU SHUIHFWLRQLVP VEDOHYV
7KHHVXBMWIKWXEEDOHYV FREBQENBORRYWHUNHG IRU
$S S U R3HUF HADYHHGAUMIVY X BXPDQBWLRQ FRPSULVLQJ D FF
IRUPHH QN DO X BHUL YA W LARL@LO/ W DOFLIJBWD QDDA GV IRU
2WKRUVDQL\DWQRQD QEWILY L(OQBHAROFRRPFBEULVLQJ D FRPS
IRU BB UPHRBRQV F L H3PIW LHREKW LR@LO/ W .00 HW DOVR
IRXQBRG SV\FKRPHWRILW ISHIBIER-RIGNVER Y Y HU ZHOWK WXOIL G
036+)DQWKH 0 3BR RGHIVHNVUHINOW FRUMDAFIRRIQILFLHQWYV RYH L
ILYH ZHER@URP  WRIRU WKH HLJKBVQBREVFEDOHNELOLW
FOHDU XQLGLPHQWDIVRQBI® NRWKE W QUMM ORUDWRU\ SUL
DQDODQRRQILUPDWR U\HWDFRHR WODRWFRMRR® WHU QD O
FRQVLWWDIPQERJ IURWR +LOO HW DO
8QLGLPHQMLIRPUIFAM O 3HUIHBHNAWRRRYXPKORGH SUHVHQ
ZLOO IRFXV RQ D PXOWLGLPHQVLRQDO F&BFH$WXWDOW R
EULHIO\ DFHWXRZ ®BGGLPHQVLRQDO FOLQLFDO SHUIHFW
GXH LWV XV H HRK DFRLIR WG FWIKQH WIKS\ WeL4I DW P HQ W
SHUIHFW RRIQRVWKH PRVW SUHGRPLQIPRGEGPWHYVHDUFK!
SHUIHFWLRQLVP /ORXGWKHDGLVFXVVLRQ RI WKH WUH
ODWHU LQ WKLVSPKMMONHQ IRYE MICHDQ QY HIUNKHE\W L R @ Hs
&KDSWHU
'"HVSLWH WKH VKLIW LQ FRQFHSWXDOLV&KDISHQIHF

HW DO ARBY DPFRYIHGLPHQVLRQDO ZRGHRSKIDYH WV HH/F



WKH LQWUDSHUVRQDO IRFXV RI G HOIHFMWIDROQLY W DV YRR
PRGHO ZDV LQIOXHQFHG E\ OLWHUDWXUH RYLMERHQSIV\F
SHUIHFWLRQLWR D&/KDYWHY HMO D O IRFXVVHG RQ Z
WHUPHG 3FOLQLFDO SHUIHFWGRSHQBH @D XCHDUR QVR
WKH GHWHUPLQHG SXUVXLW RIPSRVWREQDODO GHPE®W G Q
KLJKO\ VDOLHQW GRPDLQ GHVSLWH DGYHUVH FRQVHT,
7KHLU FRQFHSWXDOLVDW LR QHKHRIGF & K®IL B B ® HUHH HFRQ
HPRWLRQDO HJ DQ[LHW\ VRFLDO SK\VLFDO FRJQL
SURFUDVWLQDWLRQ 6KDIUDQ HW DO TV GHILQLV
G\WIXQFWLRQDO HYDOXDWLRQVHRIGHOQFIH R BVKKOLW WIXF]
SHUVRQDOO\ GHPDQGLQJ VWDQGDUGYV LV H[WUHPHO\ Y
FULWLFLVP DQ G YQHIXODWL I RIQV HDBOYD @/ KDWYL W& H. W HKQ I K O\
XSRQ WKH GRPDLQ LQ ZKLFK SHUIHFWLRQ LV VRXJKW
'KDW GLVWLQJXLVKHY FOLQLFDO SHUIHFWLRQLVP
H[FHO OHQEFHHS H\D &HK®IKH SHUIHFWLRQLVWYIV YLHZ RI RQ
VWDQGDUGYV DQGPRMK MUK LR/EHMK I M \DHBIONOHRZ 1L QR PVIKDH. @
EHWHQ +HZLWW HW DO DEXD | ¥ Q ) CHW 1D DD H W
DO VXJIJHVWHG WKHUH ZDV QRWKLQJLRDOWEHOWL
KRZHYHU ZKHQ WKH FOLQIZRDWISHVIRFWURQ GHBIMBE HQ
WKH\ HF[FHVNRPAHUQ RYHU PLVWDWK$QREHO HPDWLAEQ L \
HW DO DUJXH ILQGLQGV IUHOHDOWM. FRARR QH QKD WI SHU I
HPSKDVLVH WKH PDODGDSWLYHYDDWRWHRRQ RRQVVWU RQ
FRQFHUQ RY HUHPLEDWEINH\R U G DWRMRGHO RI FOLQLFDO

SHUIHFWIERDQ MW PHDWPHQW EDVHG XSRQ WKLV



7ZR +LJKHWBHUGHWLREDWR RQ

'KLOVW WKH PXOWLGLPHQVLRQDO VFDOHV DUH IUF
SHUIHPW IURYIIMDUFK KDV DOVR LGHQWLILHG WKDW WZR
GLPHQVLRQV Rl SHUIHFWLRQLVP FDQ EH H[WUDSRODW!|

ILUVW LGHQWLILHG FRPPRQDD\GSMFAMDQLLIMKHQ WK |
VXEMHFW L QRHIMWVO RQ\Q W’ ID |1 DFW R B UGHLO BB RVER &V
7KHVH WZR GLPHQVLRQ V3ZHVRIMQGDEGDO FG DM GY H
(YDOXBRQRHEBYVIHFWLRQLVP )UREXWHDW BO/LQFH FRPP
UHIHUUHG WR UHWISIHFRW RQHOWLY BWULYLQJV 36 DQG
3& 36 UHIOHRFWWHOIWMBOIWULYLQJ IRU SHUIHFWLRQ D
VWDQGDUGYV RI SHUIRUPDQFH  6WRGVERME HAD X G WHRMRX
DQ3® UHIOHFWV *FRQFHUQV RYHU PDNLQJ PLVWDNHV |
QRW SHUIHFW GRXEWVY DERXW DFWLRQV IHHOLQJV RI
DQG DFWXDO SHUIRUPDQFH DQG QHE\WW RH ¥ HUU H DIFX\GLURK

S 6WRHEHU $X¥WAMR OUBIW MMRMBV)URVW HW DO
RWKHU KDWIGNRRXN\Y &S SRWWHVH WZR KLJKHU RUGHU IDFW
PHDVX3LHW HW DO 6W|EHU 6 WFEHEH U & R[WW R
DOVR &R[ HW DO 'XQNOH\ HW DO

7KH FRQFHSWXDOLVDWHR® RS @IEMB@GREW VXEVFDO]
WIHRUHPHQWLRQHG WUDLW PKIB\628 HAX RV BHWHHIF\R PRW
+) WKH 3HUVRQDO 6MW B® @BEICIOGX BKHDOH K 6WDQGDU
IUR¥365 DUH DOO LQGLFDWHG DV FRPSULVLQJ WKH 36 C

6XEVFDOHV UHIOHFWLQJ B GHHAKB HRWIDRUGHU D®G
RUJDQLVDWLRQ)URMW ®3% DO R FRP ®D) MBDIBOR XW K H
DIRUHPHQWLR Q HAGKBWWK BE\BFWB HVSUHYLRXVO\ WHUPHG

SHUIHFWERRERNLWH PD\ DOYROFERA®UPRIKH 3%H WRQFHUQ



2YHU OLVWDB$HAMX BQIEDOHV | URFD WH HHBE3 6 DAMHGS W | E H U
DV ZHOO DV WKH 633 VXEDDBOWK K RPVWKHSTBGF\ V]
IURP WKH $3RHEHU *DXGUHDX 7KH 3DUHQWDO (
&ULWLFLVP VXEVFDOPRD\IDBPRVKRPSYMA VH 3&7BURVW HW
IRXU DIRUHPHQWLRQHG 3, VXEVFD@HW MHKE®YB & R B B/ IY\Hi
3HUIHFWLRQLVP  PLDOVRELEOWHG IRU 3&
7KAKDQWKUPYV IRU WKH 3, FRPS R WKWK VL KV XKHOZ I W\
SHUIHFWLRQLVP UHWH XDNH ZKHQHWRHURXV WHUPV D
GLPHQVLRQA\D GVDXRAKLIYW RU PDODGDSWHW HD C8 HUIHBW W L R ¢
DO DQ®HDOWK\ RU XQKHDOMKLFISHYIBBREGBRPDWLF |
KDV QRW GLUHFWD® G \EHHMYH G WMNBOWK3IDUNHU D
GLIIHUHQW RSHUDWLRQDO GRULBPQWHK RS RR JSHDWPIRHF R L |
UHVHDUFK ZLOO XVH WKUYRXBKRBX1EK6H DIQ ®LSHRORS ULDWH
LQ G LFIDIMMKEVFDOHYV KD YRHBR R B HPWHQG DRKH §6 MLYG X3\ L
SULRU D QGHRHWDWHG W
$V ZHOO DV GLVWLQJIXLVKLQJ WZR KLJKHU RUGHU
UHVHDUFKH U LK DHUHH R QB0 O\ UHODWHG DYVRKLDWLRC
KHDOWK PRIGQIHEBRWRIEDUWLFXODU LPSOLFDWLRQV IR
LQWHUYHQWLRQV DQG WKXV VHUYH D FRUH LQWHUHVW
6 W X ®DH\H | R BEGGWRHQ VLR Q G N WIH.GPH\Y M® BARXDWF R P HV
QHIJDWLYSRRAHEBEWLQJ DORPOUWVWYKLQJ JURVW HW DO
6WRHEKMU &R ORZHU UHVLOLHQFH .OLEHUW HW D
SHUIRUPDQFH RU DFKLHYHPHQWW (RQV R ZHIY W HBP%L|
5LFHW DO DYRLGDQW FRSLQJ VW\OHV 'XQNOH\ HW DO
VXFK DV GHSUHVVLRQ DQG DQ[LHW\DDURY WRHMW DDV W

\WRPH VWXGLHV KDV REXQ®WB6 ZLWK PRUH 3SRVLWLYH’



FKDUDFWH U NMVS\RAVMY IWXHFEHR YBWD @BOORXULVKLQJ )UR!
+LOO HW DO &RWBWRHBHAMXKO DFWLYH DQG DGDSWLY
VWIOHV 'XQNOH\ HW DO DQG DFKLHYHPHQW DQG
%LHOWQJ ODGLIJD@YV VXFWISFWLRQLVP UHVHDUFI
ULVLQJ LOWHUHVW LQ LQYHVWLJD W RQQSGWKHVRRW K W L
SDUDOOHO JURZIWKLRH VBKHFKRORJ\ P RYH RN QHAD WBIHIOKWD @
6LURLWQDORO GLVFXVVHG ODWHU LQ WKLV FKDS
+RZHYHU WKHUH LV QRW FRQVLVWHQW DJUHHPHQ
QRW 36 LV %RG\EKS WILYRIEE W UL P HQ WIDBDHRMIMYPFRRFHWDWHG Z|
36 %LHOLQJ HWLBI®LQJ HWDIDAYRIHVWLRQ ZKHWKHU W}t
LQGHHG D 3SRVLWLYH PRHHAVSRQIHFWLIFRQWFGHUHG :
SHUIHFWLRQLVP DQ R[\PRURQ FLWLQJ FOLQLFDO DQG
GHVFULEH LVD Q¢ POEMXMINGMQUFHOOHQYMHDQG +HZLWW
VHH BOIQRRQDOVRWIDMHZKLOVW VRPH SRVLWLYH R
IURP D SHUIHFWLRQLVWLF DSSURDFK WR FHUWDLQ FRC(
XOWLPDWHO\ WKH QHJDWLYH FRQVHTXHQFHY KH@GHUIF
H[DPLQLQJ WKH BROWPRI G MWKIHFRQWH[W RI FKURQLF L
GLG QRW PDNH DGDSWLYH RU PS@E D GOFRMLRYGH GR V\
GLPHQWGIXRIQWR WKH ODFN Rl WKHRUHWLFDO DQG HPSLLU
SHUIHFWLRQLVP FRPSRQHIQMKW R QWK LLQ® V& HVR Q@ R 6 /D U
VXJIJHWWBYW ZKLOVW WKHUH PD\ EH FLUFXPVWDQFHV L
LV WRR FRVWO\ W KSH ERH) W R [ WDR 7 RK U R QRF H. OCQE+HW/ V R
FR QW Hf WMWF R P VWIGHD VW VEDHFWZIRIPQ 36 DQG 3& RQ WKH ED!
DGDSWLY ®ONVVEKDVLQJ
'LITHU HEH W MBI DV XUHPHQWY IRU 36 DQG 3& VXFK

SHUVSHFWLYH WKRHPRXEUBMLEK YHKORSHG (QQV &R]J|



OROQDU FDQ KIPBMLFDWLRQV IRU WKH UHVSHEWLYH DV
DQG EHMQQJ RXWFRPHV (YLGHQFH VXJJHVWVY PHDVXUH\
GLIIHUHQWX FBFHW W KHVF3BHSDQF\ VXEVFDOH WDSSMWWJ C
ODUD HW D® KG W366WDQGDUGY VXEVFDOH UHIOHFWLQ
DEKLHYHPHQW VWULYLQJL%®DY BHUG RO QDU QRW
PHDVXUHV PD\ EH KLJKO\ UHODWHG WR HDFK RWKHU V
SDUWLFXODUO\ LQ BRRFISYFYR W R RRARDGASIEVNBRALDWH G
ZLWK SRRIUHVUHGHIOHDOWK EXW WKLV HIIHEFW ZDV PRGH
LOO YV VWXGHQW YD FERPRXQDYE MEX¥OBHUIHFWLRQLVP
+) YV $86 +RZHYHU WKH\QGLBYQRBHQFH WR VXSSRUW PF
DVVRFLDWLRQV EHWWZHHG! & 3 B/GIVDKK /MDD KDYH EHHQ G X
RI SRZHU LQ7WKHIRWM®RI FRQWH[W DQG VDPSOH L H
SRWHQWLDO EHQHOAWIRVIBE LQ SLKVAXFKBSWHU

,Q OLJKW RI WK H HG DWIBILLUGHIH PH ODABADRSHAELHH Q 8 G V2 W W

VRXJKW WR SURYRGE LDVHE D WUKRRE H0 AWV IRUIQ J
SHUIHFWLRQLVP FDQ GLIIHUHQWLDWH SRVIZKHIWB DQG
UHYLHZ LGHQWLILKGHG WWXBUBY WKDWXUHV IRU SHUIH
UHSUHVHQWMN® FMRNMRXVDWHG ZLWK 36 IURP BRW® D G
DV ZHOO BBVIHRXRQFHSWLRQV\ DAKH XIRVHIDFOQVR | BH D CH
7KH\ IR3QBDYV UHODWHG WR KLJKHU OHYHOV RI SRVLWL
DEWLYH FRSLQJ VW \®HZKH®MG DI FFIRIXHOWHLPGIR MRIJU WK FRIY F
IURWKH 3& GLPHQVLRQ 36 ZDV DOVR UHODEI®®RHR OR?
DQG SHUFHLYHG KDVVOHV 7KL ¥ ZWDNGDDYRKRMIDEHKRIWW H C
SKHDOWK\ SHUZKRWLRRQLW WVKJK LQ 36 DQG ORDVY@RB& \

VHOVWHHP DJUHHDEOHQHVV VRFLDO LQWHJUDWLRQ



OHYHOV RI DQ[LHW\ GHSUHVVLRQ SURFUDVWLQDWLRC
LQWHUSHUVRQDO VW\OHV

$V VXFK 6WRHEHU DQG 2WR/@Y HH YHRFMRRN W UDWH
GLIIHUHQWLDWLRQ EWWZH QBB @\ @ LIBRK L KK DRXWKE B BB\
SDUWLFXOWKID\R¥KHW@®DSSLQJ YDULD BTHURILB® OBG B X W
DQRWKHU NH\ IDFWRU WR EH FRQVLGHUHG ZK®IQVP[SOR
KHDOW® EHIQRQJ OROQDU 6LURLYV

3HUIHFWLRQWVEHEDYOHUHVSRQVH WR 6WRHEHU DQG
HW DO IXUWIQNH VWISMWHGWLDO B GHBAQSURIOWRKMWLQJ
PXOWLSOH UHJUR®Y LORIG DIZDDQCHWKHLU SUHGLFWLRQ
SRVLWLYH RXWFRPHV VXEK DWJSVKHIRE® R DG DK Z WO3IR
VXSSUHVVRU YDULDEOH WKDW UHGXFHG WKH VWUHQJV
SRVLWLYH SV\FKR ®RILIDFDIHR XVWKFHRPMDULDQFH IURP 3&
+LOO HW DO FRQFOXGHG WKDW WKH PRUH DQ LQC
VXFK DV EHLQJ RUJDQLVHG DQG KDYLQJ KLJK VWDQGD
SV\FKRORJEFDQJZBEQ®ARRGVR LGHQWLILHG SWRBWLFD
VXSSRUWLQJ WKH GHYHORSPHQW RI LQWHUYHQWLRQV
LPSURYHG SSRFKRQRBLFDO RXWFRPHVY DQG WKRVH ZKR
3& ZRXOG EHQHILW IWRB W QUMY HHQUE/K. IR FINB/SAKR. D F& X D O
DOVR EHHQ DGYRFDWHG E\ 5LFH DQG FROOHDJXHV 5LF
5LFH 'HOOZRKR VXFRXQWHOORUV VKRXOG QRW SUHVX
PDODGDSWLYH XQLGLPH®OMRGHO ZRQOWWQX ZWQW K KD G
FRPSRQHQWYVY Rl SHUIHFWLR GHSMHQEBD@WFRQ E R QD/GHDSW

6XSSUHVVLRQ HIIHFWV DUH QRZ FRQVLGHUHG D St
SHUIHFW LR®QRVEPHIEBO B X O0OR ®MDWH QELHIR MR ZLWK

WHQRXOWLSOH GLPHQVLRQV RI SHUIHFWLRQLVP VLPXO



YDULDQWHKXD/QG XULI\" WKH GLHAHYRLROWRN HQ WE G H Y WW |
SRWHQWLDOO\ DGDSWAY HSHIHNERKMVOR@EHUQV WKDW X!
LGHQWAW KHIQHFWY Rl SDUWLDOOLQJ DQG VXSSUHVVLRQ
RULJLE®DUWUDOOHG FRQVWU XKW VRALLEREQR GILRI FK D Q URW
JHQHUDO DFKLHYHPHQW VWU BWUQH ¥ MR EYRIHI 6 WV W
BWRHEHU DQG *DDXGIXNHREXW +LO O KDG LQDFFXUDWt#
GHILQLQHV HRD V8 XU | HF WFIRRELLWPH RRWDK V H U W LSRIV VWEIO H
WR VWULYH |RUWKRXW FEHLLROY FRQF H U QKILGO B AR\E WU HPSH
ZLWK +LOO W K D WWDDHBLR G LWKRX O G BIHW KH X QLT X
DQ 3& FRPADWK GLYDULDW KRIGHFODVEIHRQWKDW WKHUH D
DOWHUQDWLYHV WR SDUWL Z0W KEH BI6OW R 8 G3 & BNCK Q W WEX
DOWKRXWKUQDWLYH PHWKR 6 VIXXDLYGL E HORRE HRESRYG G
SHU¥RQWUHG DBEGQRDFKSLURLYV 5HIDUGOHVV RI V
HPSOR\HG UHVHDUF KHERXURMW WWHOSX XQIEEBDIE LV UH
W K HW/ R DQZLD/KKIDE EHHQ DFFWXRFRXIOG IRH 36 LV XQLTXH
R UMV SHWNODGDSWLYHHW KD@RMODQJI HWRLOLW FRXOC

WKDW ZH DUH QR O EQWH PERGNHRL\H@WOLREXY DB V6 LURL

$V ZHOO DV ODFN RI FODULW\ VXUURZ® GK®ID \BEH :
LV SDUWLENOOHD®BRERAOWFHUQV LQ U YW WRBRLOMARGH Q @B G \W Z
IDFWRU ZARGHO36 FRXOG UHSUHV IBHSM GG LIGIU RQWVRRIQ V
PHDVXUHPHQYRWY LRQWBEB\OFHOHY UHIOHFWL &B& QHHG IF
5LFH HW DO D QCH R BP D)QIRWIWHR/QD G U HY L RKKIYOH
FRPSULVHG WKH+FZBYPHQ ¥ WRME H UVIXQ BH HWIENH V H
IDF W XEHG G LV U HIEBD&HER QILUPDWRU\ IDFWRU DQDO\VH

IDFHWV IRUPHG D WKLUG VHSDUDWH IDFWRU LQGHSHC



6XGGDUWK 60DQH\R VXJJAKNMESOMKIDWY )OHWW
DQDOR WZRKHBIBW D QG DIVMBK/MMREN FDOH ZUWKDRQWRKGILY,UHJID!
7KHUHIRUH WKH\ GHW H BBD @HUW BE DFQRGARBENIHW V R |
6WD Q MIMEB VLY (ORHROSIMWKRXJK +LOOLBWQMLILHG IRXU
VXEVFDOHV EHORQJL QU R DR GEGH REIIFUH. & W GRHDBOO H Q F H

W KLDAW O H YRDHQUW LRHVMW UL FWLQJ LQYHVWLIDWLRQG KR D |
PRGHO FDQ UHVXOW QDD GARVFK @®H\SWHBRAO®DU 6LUR
ZKLFK FRXOG RWKHUZLVH EH RITHUHG WRURXJK XVLQJ

GLVFULPLQDWLQJ VXEVFDOHV VXFK DV WKH 3,

5DWLRQDOH IRU 8VLQJ WKH 3HUIHFWLRQLVP ,QYHQWRL
+LOO HW BDYWHKJJHVWHEXOIGDEH PRUH IUXLWIXO WR
VXEVFDOBW RH WKHK D PL[HG DUUD\ RI BAZKRRFHRRAEB HRIQ V
GLPHQYLWEBVWKH H[LVWLQJ P XMW H&MPLHQ W RIEDAT KM BID.
PD\ SURPRGMHDQLQQNKIGKKMR WKH DV VR FISHI\RIDE®W E HRW Z
SHUIHFWLR® IPHPFQW D O K H B DQVIK RXQ@BELERMER HT X HQW O\ V X
WKH JRDOV M WH@W DS QOHRE® @EXGY BLUR VX JJKVMQJ WKH
PRUH FRQGHDRNW& UVZR®HWEPBI&3V X EVH TUXHDMHRV ¥ R
ILGHOLDWFXQ@QFFOLQLFDO LQWHUYHQWLRWV HDQV® IS@W H
HIIRYURMWW LQVWDQFH LQ WK HWYDRKH R VNERHT Q WHIFW H\Y MR
GHYHORSRJFEFROBWLRQVLA FROWREBRKID FOLHQW WR LGH
QXPHURXV DQG VSHFLILF IDFWRUV WKDW DUH IXQFWLR
LVVXHV 1H]X HW DO ,Q SURGXFLQJ DQ DFFXUDW
IRUPXODWLRQ WKH WKHWDEB LGHD L § HADRNHHD VEE b MDAHRH D B
SULRULWLVLQJ IDFWRUV WKDW DUH LPSRUWDQW WR EHI
+RZHYHU +D\QHV HW DO QRWH WKH LPSRUW

YDULDEOH DQG LWY WRYWKMHCGHBOBA RR@PVKUHIDWLRQ



DUH OLPLWHG GXH WR WKH PDVNLQJ RI LPSRUWDQFH V
IRU DFFXUDWH LQIHUHQFHYV WR EH PDGH DERXW WKH 1.
FRPSRQHQWYVY Rl WKH PEDVXUHFR@EQNGHWKDW ZKLOV)
PHDVXUHV PD\ EH DSSURSULDWH IRU EULHI VFUHHQLQ.
FRPSUHKHQMUWRXPDWLRQ WKDW VHHNV WR LGHQWLI\ D
WUHDWPHQW

'KLOVW WKLV FRXG VEHRXIKLLQFRUSRUDWLQJ DGG
LQFOXGLQHM*WIOBHBRG $36VR DVXBIWDQJH RI IDFHWV PX
PHDVXUHV PD\ LPSDFW DFFXUDF\ RI SDUWLFL®DQW UH)
DGGLBURQUR XYW D WBK XDMVHG WRH GR® EH DQ DSSURSU
IRU UHVHDUFK LQYHVWLJDWLQJ DVVRFLDWLRDM BNW Z
ODUD HW DO %ODVEHUJ HW DO$ U H F HSQGNRGYSHADD0 R C
IDFWRU DQDO\WAAEQFSSWRIDFKLWVRQJ SHUIHFWLRQLVP LQ
5RELQVRQ HW DO IRXQG ILYH GLVWLQFW GLPHQ\
UHSUHVHQW WKRVH FD®DWQSUN B HEDBBXKHVMBIEQ] WKLV LV |
VHYHUDO SHUIHFWLQ QWRARXGEDD HYV XWKHE 3, ZHBHE GHUL
PHDVXWKHW HLRVUIHV VX J MK BG EHKOMWILGLIDG LBIQ® O\
FRPSUHKHOYAY HOWEKHW WUHQJIJWKY RI WZR Rl WKH PRV)
PHDVXUHV DYRLGKRRWHKEB@RMHBD@ RIW DO

$V ZHOO DV LWV HQFRXUDJLQJ SVI\FKRPHWULF SUR
FKDSWHUWIDHU VWUHQJWK RI WK HWEM AL QW W LXFQQ TVXKHE |
FUHDWHG LQ OLJKW RI IFIQOGNIQRY VL 6 H YW HQQSIHDVN RW L
UXPLQBWQRQHW POOHWW HW7RBXPLQDWLRQ VXEVFDOH L\
WKHOG®HQF\ WR REVHVVLYHO\ ZRUU\ DERXW SDVW HUU
IXWXUH PLYMDNHW DO :KLOVSVW PHDVXULQJ D SHUVRQD

VXEVFDOH FDQ JLYH LQVLIJKW LQWR WKH RQJRLQJ GHJ



SRVVLEOH IXWSHUHH PUFWHDBWWKDYH SUHYLRXVO\ DUJXHG
SHUIHFW L RIQLEDFS WKDMASDWRRIIQQ W DYOHs WUHDWYV DITHF\
FRUUHOBDMNIY®J WR UH G WKH BHHU IBR\G VRPN DQG SRV
DIIHFWLYH FULWN HIGRPDHQMOO KGBNL\QK DB GHDHGFE® )OH

VHH DOVR )OHWW 7 BBIUWDKH\R (IDHOVLFDO DQG HPSLULF
L Q F O YUXIPQ D D W B WHIRAM ERVQK LV 3EKDBHFAMUL RQLVP &RJIQLW
7KHRUDV D UHOHYDQW FR Q VRDIOBW G RURS HOILH WRWH RIQD.®
EHJGEBYHOWRHQU RZQ LOQYHQWRU\ IRU UXPLQDWLYH FR.

VXSSOHPHQW WKHLU UHVHDUFK ZLWK WKH 3HUIHFWLRC(

)LOQDOIDO HW BOWBWBW IXWXUH UHVHDUFKHUV VKR
ODFN RI LVADQRWUGBHIWR F REJHW DHDEWQRRQ/ H GHVLUDEOH SRV
FULWHULRQ YDULDEOHV FRXOG EH GXH WR WK®G3& VX
6LURLY VWUHVV WKH LPSRUWDQFH RI UHVHDUFKHUV P
VHH DEOWRHEHU *DXGGI®¥HHN WR H[DPLQH XQGHUO\I
EHWZHHQ SHUIHFWLR QENIPQ X HIKQW K RXQG DHYEOW LQ
PRGHOV EHLQJ EXLOW WKXV IXUWKHU LQIRUPLQJ LQW
SURJUDPPHN R VWHKG WKLV UHVHDUFK SURSRRWBGHMR LC
FRUUH®D WIKRQY, VXEVFDOHV DQG KXW HUWRR GHW W LB B
FRUUHODWLRQV WR IXUWKHU LOOXPLQDWH XQLTXH UH
GLPHQVLRQV DQ® @G EMD QURISDEONMMWHU LQIRUP WUHDW
7KHRUHWLFDO 3BHLISIHFRMORYBLW BRD ODMKGH 0@ L Q J

$V OROQDU DQG 6LURLV LGHQWLILHG D ODUJI
EHHQ DWKHRUHWLFDO 7KHWHFREEOERKL\®V R FROEHBIW
PHDVXULQJ SHUIHFWLRQH Y P B®/KEGIRIMLYRIQHHWYA WK H

PRUH QXDQFHG DVVHVVPHQWY DQG WAN SUWDOQWR RF



FROQVWEHBUHWLFEDO SHUV SHFWILYHXL R KSHAS HFOWDLRLQL
VSHFLILF SURFHVVHVY WKDW OLQN SHEHLRQNLRKXAP WR
LGHQWNHKIHHQJIDFWRUYV WKDW LQI0OXHQB BEAN WHV B URFKHRVH
WKHUDSHXWLF LQWHUYHQWLRQV
3HUIHFWLRQLVP &RJQLWLRQ 7KHRU\

7KHUH DUH G\QDPLF LQWHUUHODWLRQV RI DIIHEFW
SHUIHFWLRQLSFPREHEBWGLY MORG P HQ W 3O UL & DWKLHRIO W R
RJIQLWHRQ\ SRRSRVHG E\ )OHWW HW DO LV D WK
SURYLGHV D FRQFHSWXDO IUDPHZRUN IRIQPKOMLGLPH
H[DPLQDWLRQ DQGRI@DROAMLY KRURKH/ VH© HVQ\E RWFBO Q
IRFXV RQ W ZR G/ DQKDREDRS BH V H FROWLWHRQ ZRUU\
UXPLQDXKLE® DUH DVVRFLDWHG ZLWK QHJDWLYH RXWF
LQ WKH SHUWGH¥FWURGVVPLQN 7KH 3&7 LV RXWOLQHG LQ
SHUIHFWLRQLW®OY WRHEFRAKUROQONF RYHUWKLQNHUV ED
VXPPDULVHG E\ )O HVOWBEHRM IDHODWLRQV EHWZHHQ FRJQ
DQG ERWK 623 DQG 633 DORQJ ZLWK RWKHU HYDOXDW
VRPH VWXGLHV GRX®&JIRWHWQMWDMDOHU FRUUHODWLRQ\
IRFXVHV RQ WKH DVVRFLDWLRQV EHWZHHQ SHUIHFWLR
DUH XQLTXH WR SHUIHFWLRQLVP WKXV VHSDUDWLQJ L
WKHPH IRFXVHRV RIOVKRE SHUVHYHUDWLRQ LPSOLFDWH\
GLVWUHVV DQG SK\VLFDO LOOQHVV LQKFHUHBWGRQLV)
UXPLQDWLRQ FRQVWUXFWYV LV SURYLGHG EHORZ

&RJQLWLYH 3HLRAHNHIB@E®EGD WRRQ\ LV QRKHHG DV
FHQWUDOHWHDPPDQRU FDUGLQDO )LVKHU JHQUHAM O LV HK
[LMMWMRUGHU ZKL' FRQIHVRI WKH OHDVW VXEFHVVIXOO\ W

1HZPDQ HW DO RUU\ LV GHILQHG DWW DRUHODW L)



SULPDULGLYHYEDWLF WKRXJKWV DERXW XQFHUWDLQ +
QHIJDWLYH RXWFRWH 0% RIUNKYEFN\ %R WNRIYWHIFD UH
YDULRXV SURSRVHG PRGHOV IFRUQEVIRYIG BRWHMN RV X FK
ZRUU\ %RUNRY HRVKMWMRO® H XD BH bIVIRR GOIW \ 'H\WDIVO
WKHWDFRPRIGMIOYRI *$' :HO/DKMRAVLEQDIBI X ORB/H A Q
OHQGIVD) DO DWW K H) WRDDR/WG PREHO 1HZODQ HW KH
PRGHOV KDYH D QXPEHU RW RM HUDOMDSISH RII [ZHDUAX DAV S +
WKLQNLQJ LQ UHVSRQVH WR WULJJHULQJ WKRXJKWV |
WKLQNLQJ DERXW PHWKRGV IRU FRSLQDDM WRUSRVEBDQW
GLVUXSW FRSLQJ DQ®REH Y KW MQ D GLVHDMWUHHPHQW DP
RYAKHWKHU WKH LQGLYLGXDO ZRUULHU KROGV D SRVL
ZRUU\ DQG KRZ ZRUU\ EHFRPHV H[FHVVLYH JHQHUDOL
7TKHRJQLIWRYLIG DMKRH\ZRUU\ %RUNRYHF HW DO (
EHKDYLRXUDO &M PRORIRHEOLWWM ZHWHFWHG EHKDY|
WR GHDO ZLWK WKDW WKUHDW VXFK DVQIRWIOW JRE QG LJ
RFERUSRUHDNGAKQIMAMIQ QHG IXWXUH HYHQWLVEBRDYLR X
XQVXEFHVVIXO VROXWLRQ X FLWKPHEDV) JORHD YH@ R WLK]
XQVRABYHBW IRU FRIQLWLYH DFWLYLW\ :RUU\ LV WKH!
D BREOHP RI D SRVVLERHNRWHKRH WKUHDWARUNRYHF
'XH WR WK LVWKHR VOPAHH EHRRPRVWPDQQWDLQHG WKUF
FROQGLWLRQLQJ DQG PD\ EH IXUWKHU PDLQWDLQHG Wk
SUHSDUDW LZRRQ WIKFDQ EWMQDO6WDBLKDMIDOVR EHHQ VX
SDWLHQWYV ZLWK *$' PD\ ZRUU\ DERXW HYHU\GD\ FRQF}
RI DYRLGLQJ WKLQNLQJ DERXW PRUH GLVWUHVVLQJ W
GLIILFROWKHWGKRRG H[SHULHQFHV %RUNRYHF B5RHP

LQLWLDOO\ KHOS GDPSHQUWHLKAFRUIFQ QVW KW KVHK R H @/L W IH U\K



SURFHWIPPW XDHD®B WR WKH PDLQW H Q DADKEUHRIEHMVI[Q H @& \
HPRWISR@REBEBOVVLQJ %RUNRYHF 5RHPHU

5HVHDUFK KDV DOVR LGHQRWUDLWE LVPKHWWSHIH/QWYD 3@ |
JLYHQ WKH UDQJH RI VWU H VBPRIQWWR G M & D8\ UHH B IHRX \H@\F
DO IRXQG D VWDWLVWLFDO O QW R Q HIWE DHENRDQ BN
D WODNMW FRQVWUXFW WKRXJKW WRJIGNWHIDAREQ® QG PDL
FROOHJH VWXGHQWYV IURPYXUWHR RI $ ODWXGHQWYV L(
IRXQG KLJK OHYHOV RI DQ[LHW\ DQG ZRUU\ ZLWK
ZRUULHG 3HUHLUD HW DO 'HQRYDQ DQG ODFDVN
SHUWLQHQW WR XQGHUJUBRBXWWHNDIQWBRBK @N ZARWKF M/K®
WUDQVLWLRQ WR XQLYHUVLW\ DQ[LHW\ RYHU PHHWLC
GHYHORSPHQW RI VXSSRUW QHWZRUNV DQGHDFDGHPL
SUHVHQWDWLRQV DQG H[DPLDROWRLRGW QW DFADINNV®/X G H
JURXS" LH VWXGHQWYV ZKRNBROHG BDIKIOYRQVWKR C
*R@EBUJ :LOOLDMW FLWHG LQ ODPRKBYNLWONHG WR UHIOH
ZRUULHV DWD RS HDHWBMLWRYW ZRUU\ DV D ARSRGS WD
WR VHHNLQJ D ®YVWFHRRUWRDWRRYH WKH SUREO

5XPLQDWLRQ LV FKDUDFWHULVHG E\ D WHQGHQF\ \
WKLQNLQJ 3DSDJHRUJLRXG BV HDMOFRFLDWHG VEUWKVS V\ |
$PHWDDO\WLY RI $OFMRKGBMHIRXQG UXPLQDWLRQ ZDV D
ZLWK HOHY DWWG IORSITHOR/RPIRI\ ZLWK D ODUJH HIIHFW
DQ[LHW\ DQG GHSUHVVLRQ /\XERPLUVN\ HW MmO D
+RHNVBI@GHU UHVSRQVH K WAK H\G MEMIENDYWGELRQ DV D PDC
SDWWHUQ RI UHVSRQVH WR GLVWUWH\BD BHSKWQ WL YD
DQG FRQVHTXHQFHV RI RQHYV VIPSWRPV Rl GHSUHVVL|

WRZDUGV KRZ WR UHMROWHWKHWYHDOROHQ :DWNLQV D



+RHNVHPD FRQFHSWXDOLVHG UXPLQDWLRQ DV D F
DOQWHFHGHQWNWHRUXPURDWLRQ DV ZHOO DV H[SODLQLQ
IURP UXWLRQ :DWNL@RHNYEHRBDWHOQ IUDPHZRUN SUR
RI UHSHWLWLYH UXPLWHDWERQRDO G L\RFFUFKS DG BLIFHHY RD Q
QHJIJDWLYH P RREDEMIRPHVK DEKLLWHKIMGRKOHK W R P D W L F
DVVRFLDWLR QD BHVEZEHIQDY HER U D R PU I \D SNRKIRMS HIDQACH G
FROWMNPLQDWLRQ SHWUURQRY R @KH QWS KO GOMRR® Q
LGHQWLILHG DV D VWURQJ SUHGLFWRU Rl WKH RQVHW
H[DFHUBBIWUBYVLRQ

1ROHRHNVHPD HW DO DOVR LGHQWLILHG WKD
DUH W\SLFDOO\ FRULHOBWHBHWRH\HRIWIMWMLRQ WRSLF
RI FHUWDLQW)\ D QIEQIERQWALRX @ DFER\® L WH VX VBHK® LIRID W K R G
SDVW ZLWK WKHPHV Rl ORVVZRUMM G R @WYIGE B UHIGF K HRU'
X QFR QW RGO OEDE W RWIPD VR QYN LSKREOHPYV 3DSDJHRU

GHVSLWH DFWXDOO\ EHLQJ QHJDWLYHD® UHODWHG
'RUU\ KRZHYHU LV IRFXVHG RQ WKH IXWXUH ZLWK IRF
DQ DWWHPSW WR DQWLFLSDWH SUHSDUHRDIOSG HFDWH BT
DO INXERPLUVNERWODWLYH SR DWDDQUD WLIRKH U E D \
GLVWUHPO\DR GR X Q G OMS SH\ROHR® GRBHNVHPD HW DO
+RZHYGHSUHMYQRP®VR WULJIJHU SHUVHYHUDWLYH FRJQ
IHHOLQJ PR UFH KoDIW WQEH\RX V HFRE O/ IERE@BS DV RMH Y L i
$OORZ )ROORZLQJ ZRURHENVURPHQOHWW HW DO (
IRU IXUWKHU H[SORUDWLRQ RI SHUIHFWLRQLVP DV DQ

5HODWLRQVKLS EHWZHHQ 3HUIHFWLRQ®»RRVR @6 &R
DQG 3&RXWHG WR EH FRUUHODINHG/ WIHWR Z RYURIQ H\ )

DOWKRXJK LQ3VWRHI VFAMXBGIRHKDYH VPDOOHU EXW \



DVVRFLDWLRQV )RU H[DPSOH 6DQWDQHOOR DQG *DUC
WKDW BEHEWRBGELYKOYF RQRF Y REL VWD NHVX BER X W
$FWLRQ D3DZHQ®&DBWDWERIQVLEDQWGP |URP6W KEH 036

ZDV DVVRFLDWHG ZLWK KLJKHU OHYHOV Rl ZRUU\ PHD
AXHVWLRQQDLUH 36:4 OH\HU HW DO 3& ZDV DOV
DYRLGDQFH ZKLFK LQ WXUQ ZDV SRVLWLYHO\ UHODW.
DOVRIXVBBSOH RI VW XGHQM[ SERHWVBVRLRSL@WAN. RQ EHW Z |
SHUIHFWLRQLVP WXKRENINHBLXY W RNU N QQWBPWDWLRQV D
3HUVRWDQGMXEC¥DOBY6RI MLKMHK SDWKRORDMWIDRORQIGFR R
ZRUU\ PHPVXWEHG36:4 7KH BRUMHFBBNYWLYHO\ FRUUHO
SDWKRORJLBSDW RPRCGRQ RBOKGH ARIUZD Y SRVPWOVH FRUUHO|
EHWZHHQ 36 DQG QRQSDWKRORJLFDO ZRUU\

JOHWW HW DO W K HHPEHDDRAM EDFOHD RIDY @ G XWOHVDL Y H
FROQFHWAWD\DR/QV ZK\ SHUIHFWLRQLVWHRUNR YHEJ B WH DAL W
%ODQNVWHLQ HW DO IHDW K DRX QG H/ BRMY®DG\® V8 HR UH F W
H JPDNLQJ PLVWDNHV IDLGRQIZHRIBWDYU DQID OBV YV REIL L
ZLWK ERWK 62 E XNDP® 6330RRNLQJ IRROLVK DQG EHLQJ |
ZLWK 633 RQIG\F WLORIOYRHR UDV D FRJQLWWRHDYWU® \RH J\
GLVWUDFW IURP F GdRNINRLWRBROU) O BIMOX UHHW: OLOD V W
ODFHIBW DO VXJJSNWI HFVRRYLGMY ZR UQ\DAH X WHLIKXD W K
H[SHULHQFH RI VWRRQD PRWWNERDYL WOLH\MWE HUNV BBFWLY
VXJJISIMWI HEW LR QI ®/XHRHAURKW REXVIBYRO XDWUYH FXHV
LPSHUIHFWLRQ

5HVHDUYK SKIRMUKH UH O DW L RUXWPKLIGED BVHL\R @ HIH@G
PXOWLGLPHQVLRQ D OWKHDNPH DWWRRIQPFIVYCEV D PHGLD

SHUIHFWLRQLYV RXOWBREDHWDW IHMWAHDQ ULV HWRKXQ G



UXPLQDMHEQILFDO MPHGEURKBGOIODW LR QKRR E PB/E& H H (
VXEVFRQRFWERGOLVWDNIKSE DIBEG GH SHROHWBBRVLQJ
036) VXEVFDOHBYD Q AIIBIYDQLVDWLRQ ZDV QRW OLQNI
21&RQQRU HWRDX®B3 DQG 633 ZHUH SRVLWLYHO\ UHODW
UXPLQDWLYH UHVSRQVH VW\OH ZLWK UXPLQDWLRQ PH
SHUIHFWLRQLVP DQG GH SRIHQYD/WRRQ )XKGLKCHUIP & WHK HJ ¥ |
EHWZHHQ 633 DQG G HRIHVK ISRHQU DRWHPOY R(RPQG .ZRQ
ERWK 623 DQG 633 ZHUH SRVLWLYHO\ DVVRFLDWHG ZLV
633 LQWHUDFWHG ZLWK. BHURWGG HQH [ IF GQW\MDRN VYH H[SH
KDYH EHHQ D SDUW RW SDIWHGILEBBBEMBWHRODQG /X
633 DV SRVLWLYHO\ DVVRFLDWHG ZLWK UXPLQDWL
623 DQG 633 ZHUH UH O D WHKIRSU W RD DESU D] P KROOY®V E R W K
623 DQGZ&BBHRVLWLYHO\ DVVRFLDWHG ZQ WKV ZEBIYW/Q G
633 ZDV UHODWHG ZLWK QHDDRW LDYGI[ IDH MA\F VID OGHKSRUKH YK VEL |
633 ZDV VLIJQLILFDQWO\ SRVKWL YD&RWH CLIVEHIR WR\ \DK
UXPLQDWLRQ PHGLDWHG WKH UHODWLRQ@WK\S BMWWI® H
D @\RRV H5/X RVIKIDAWXER/G DO H Z IZ\WD K LRRWIKW LY,HO\ FRUUH
036) DQG G3& XEVFDQHI/D UWERXOMMKM N WD B$IVQ G
3BHUVRWDQGDUGY VXEVEDDBG® ERWKH B3 QG 633 VXEVF
036+) 7GPLQDWLRQ VXEVFDOH KDG WKH KLJKHVW FRU
FRPSXOVLYH GLVRUGHU V\PSWRPV DQG GLVWUHVV LQ
FROWVHQW ZLWK SHUVLVWHQW REVHVVLYH ZRUU\ FRPPR
DQG ZDV SRVLWLYHO\ FRUUHODWHG ZLWK LQGH[HV RI
'KLOVW WKH DIRUH PHWOQS/SMRREGAH G HLY ID\BHFEBELLDMYE Q J H I 1|
RIZRUU\ DQG QXRLGB®IWDRG QHIJDWLYH SVI\FKRORJLFDO

ZLWK BR®HVV FRQRZXYHYH D UHFHQW VWXG\ E\ ;LH HW



D PHDMQID O\VLV RI VWXGtHW KVWQE2® KIDWI6 PHGLXP SF
UHODWLRQVKLGGZ DWWPRHRMILUAP BSRVLWLYH UHODWLRQVK]
633 KDG D MHRGOR®PJH SRVLWLYH UHODWLRQVKLS ZLWK
UHODWLRQVKLS ZLWK UXPLQDWLRQ

8QLTXH 3HUIHFWLRQLVW &R7IKQHWIHFHR QB UV KN P IRW
DO TV 3&7 LV WKH BDNWRFHHMHIFRMQIGGBD UL R XV W\SHV RI F
SHUVHYHQBPWXBDRQJ WKRYIHT XKLWR BHB HFMFLBQMAPU\ W
WVSHV RI UXHP UQDSWYRIW DQG VRFLDO FR ASDA MMBEWRP
IUHTXHQW DXWRRIWLEHYE B & YRWKR VB & H DDHWWIWH B W DO
GHYHORB BWEFVHVV IUHTXHQF\ RVIKIDXMDRIFEBMWW K V& R M BKW K

KRZHYMOWHWW HWDDYAH VLQFHRWKIQH VREHGL W HY H WBHW VR Q \

H[LVWHG ZLWKL® G®BWLD A RO. FRRVGUMHHQGHUVRQ o
DO WKDW SURYHGIH MXEBRUW IRQG FRIQLWLYH U»

PLVWDMNHARQFOWGIH/ LPSRUWRBM) DA LRGN @ DNGFRVIOR Q LV P
PHDVXWKHK DV WKH 5XPLQW WH. RB@® WD XJBFBD ®H GRE HQ U
RZQHEHDVRIUUPLVWDNH UXPEGBWQRY WRDTWKFHO\ IRU SV\
GLVWUHVV EH\RQG WKH Y DU L D)QDAHHWDWMEAI IDEORW R EOH W F
XQLTXH W\SHV RI FRJQLWLY HHYHHOWH VKPP D %D RQ R@ PQXX
FRPSDULVRQ UXPLQDWLRQ )OHWW HW DO
$FFRUGIMXH VBEYL BXH | HF WALRRI@QULWWLLYAH S HDWWHY HUD W
LPSOLFDWHG LQ WKH IQDLFHUE D BUNRPIUHMEK 8 UFRROCRV H [ W
XQLYHUVLWLHY WKDW DUH RIH BIGIW WGE RIQR X BMQERNMOGFHKQ ¥
SHUIRUP DV ZHOO DVXWKWHM KDIGWK FDSH/GI ROPHQWY FRXO
UXPLQDWH RQ WKHLU PLVWD®BVFRXDQUW DWW WR B SURQH
FRPSDULVRQ LI SUHRFF X SUHGDINMYK WKRH § B HUAVD IQE D@J |

FRPSHWLWLEHUDHORRVW FXOWXUH RI 8. XQLYHUVLWLHYV



VXVIMIKILQK OHYHOV RRDPDG@HRALWWHGHQWY PXVW DOVF
VRFLDO HQYLURQPHQW ZKLFK FDQ FRQWULEXWH WR I}
VWXGHQWYV )LVKHU 5RVV HW DO %RMXZR\H
LGHQWLILHG KRZ VWXGH QM VI MRRE&BEE HBWH QFB\CHFSHU L
PRUH GHPDQGLQJ XSZDUG VRFLDO FRPSDULVRQV IRU V
WUDQVLWLRQLQJ WR KLJKHU HGXFDWLRQ 8SZDUG VRF
SHUIRUPDQFH UHODWHG E H K DSH. B DHUIF W IKFDQ\L VP IL@WBIXLDQ \

FRJQE WK WMRXHWDEPGHIYW 7KHUHIRUH SHUIHFWLRQ
EMURQH WR HKHUTXHHQS H Q FHRAVD IL RAQ IY HWAMHBLX\HHWIR U D W L R €
SDUWERQHJML IJKHU HGXFDWLRQ

7KH &RVW DB TGX&ERFEHV RI &RIJQLWLYH 3HUVHYHUDW
7KH WKLUGMWBKHPRXRIOLQHY KRZ UXPLQDWLRQ DQG ZRU
FROQVHTXHQFHV WHR\PH S HD WLV LW R HVWHDHW HR V. RIQ3. \ER
DQG PHQWDO KHRQW KR RWKREWY 0D]PDQ{IIMQHW DO
27&RQQRU H \WOBIGW VD ®f D OW[FE IW\RLSYRV ARJQLWLYH D
O H D G X UMARDH. @ W HRGBIHQA H F WALRRI@ULVWRMRFQWGHY HORSHG PHP
VWUHVVIXO HYHQWYV W& D @&HREXIINFDY IDINKHW SRHL MR IR QG L
VDOLHQFH RIVSUWDHWH\R RW\BRMUIXOBQFH RU FRJQLWLYH |
FXHVY WKDW VLJQDDPWHKHI|BRWEREIKGK WRRMHGN Rl1 QHJIDW
UXPLQDWLRQV LQ SHUIHFWLRQLVWR IZWK Hi ¢ HIDIHRUQLRY
HYHU\WKLQJILREHVSWERYMMW UHPLQLVFHQW RI WKH VHO
RYHUJHQHEDDVND VZKR BK |PFMIFF@INGEKIDI WOR) HW DO fV
FRJ Q LEMLKYDHY IWRIXH DRIFPGH DAV

3LUEDJORX HW DO QRWH W KD W RZKH G Y HQHQE
SHUIHFWLRQLVWLF FRJQLWLRQV PD\ GLVWLQJXLVK EH\

DQG 38 WKDW SHUIHFWLRQLVP FRXOG FRPELQH QRUPI



GHPDQGV WKDW QHJDWLYH DXWR P DWHFQVEKRXWKIIWH G F
DGDSWLYH RU PDODGKSW LR XQWBHQGX®HFQMY ZLWK KLJIK
SPDODGDSWLYH BHUHHSWUWQEXPDUO\ VHQVLWLYH WR L
H[SHULHQFH IUHTXHQW QHJDWLYH WWRK JFRADW HLTQXHIG
DQ[LHW\ WKXV OHDGLQJ WR DQ LQFUHDVH IMX DER UMW\
WKH XARUGLWLYH WKHUD SX@REHLQ\VQH WK WHBRRW LY H
SHUIHFWLR®QX GPIR@VE O KHDOWK

)LQDOO\ )OHWW HW ROWYV DQGRAMRH) RMIKHHDFHV R
SHUVHYHUDWLRQ VXFK DV GLPLQLVKHG DWWHQWLRQ D
SK\WLFDO H[KDXVWLRQ DQG PRUH LQWHQVH DQG HQG
HPRWLRQV LQ NHHSLQJ ZLWW WDHWAS[IS VR GYHG G L B POK\HWH
'LDWKHWUWVYV ORGHO

$V GLVFXVVHG HNWUHMY BROWEW KDY H RXWOLQHGC
SVI\FKRORJLFDO YXOQHUDELOLWLHY FDQ LQWHUDEW ZL
PHQWDO LOO KHDOWRK RFXWWHHIQFH L QDWEYEW@®D QG
JOHWW DUJXH SHUIHFWLRQLVP FDQ EH FRQFHSWXDC
GLDWYXWUHWYV | UDPRZIRUMNHQW ZLWK %ROJHU =XFNHUP
Z KHD 8 D U V8 HRUX\ORIBD W W \OLWDBDW R SV\FKRSDWKRORJLF
WKURXJK L Q WG U DH WH. QB HALDMEBG H SRV K R R X V
RQ SHUIHEWLRQLVP DV WHHZ ISMWVRQ® 90 WE R IKIRZO H
SHUIHFWIQRVHWPFWY ZLWK VWUHVV WR SURGXFH RU PD
ZD\V VWUHVV JHQHUDWLRQ DQWLFLSDWLRQ SHUSHW
RI VWUHVV H[SRVXUH DQG HQKDQFHPHQW WK#HVPDQQF
VXFKHIHFWLRQLVWY DUH YXOQHUDEOH WR H[SHULHQFL

H[SHULHQFH KLJK OHYHOV RI VWUHVYV H[SRVXUH DQG Z



)XUWKHUPRUH +HZLWWRB®GEH OAXVINE AUIRELOLW\
K\SRWKHRK/IEMIR 3 ZRXOG PRVW \DHBIHHODFKH.E YHB BQWH G
VWUHVVRUV DQG &/38F ZRBIOWGF WQERKHEHS HIUHVIRIDMID® WV W U H V
$V VXFK VWUHVVRUV WKDW DUH FRQJUXHBARWOZEM K WK
H[SHULHB®RHMHGDD\H UV L YAHR @/KIXH Q REM AMHWH/ RAK\H IRUP HU
LQYROYLQJ FUHDWLQJ D JUHDWHU DYHUVLYH QHJDWL'
SVI\IFKRORJLFDO GLVWUHVV +HZLWW )OHWW

BWUHVV OHFKDQLVPV LQ 3HUIHFWLRIQH BKBQIG/ 3V \F
VWUHVV PRGH C8 8 U RERWIHR/Q WK\ $iH U HHE-DWL RYQHL WWARV Q B Q H
SVIFKRSDWKRORJ\ EHFDXVH WKH\ DUH OLNHO\ WR WDN
VWUHVV )RD W\DFESAREMK L JK O HYWH O VNRIQB W B VOO W LY H O
VXFFHVVIXO DBKNR SHHRN/@E B OVIFD MOOHLHW VWULYLQJ IRU
VWD QGIDUBYWKLQJ OHVV WKDQ OHZ BWMV X)Q@BIFARM S W D E (
6LPLODUO\ WKH SHUIHFWLRQLVW PD\ RBXEK S DWWHWVXWH t
WKHPVHOY HYDBS®HYV OLNHO\ WR FRQWULEXWH WR VWU
LQWHUSHUVRQDO SUREOHPV GXB QMRF KV YK WH @Y DW VX1
VHHNLR VDWLVDSGHRE@ROH\ HW DO W LRXQY/® VBK H U
EHWZHHQ GLVWUHVYV DQG SHUIHFWLRQLVP ZDV VWURQ
PRUH QHJDWLYH SHUFHSWLRQV RI VRFLDO VXSSRUW T
JHQHUDWLRQ WKDQ WKRVH ZLWK SRVLWLYH SHUFHSW

7KHUBIOD RVIQEG HRU SHUIHFWLRQ LV WXFWED DRRWHF L S
FULWIDRQ®@RJHVSRQG DV WKRXJK WKH LQFLGHQW KDV RF
SHU WKSIH3® HFWDRRERWN SUHRFFRIBUH® Z IDERXW SRWH
IDLCDXQELNHOLKWRIRGBLRLVP 7KH DQWLFLSDWLRQ RI IXWX
YLHZHG DV D IRUP RI KRSHOHVVQHVY DQG SHVVLPLVP

GHYHORSPHQW RI GHSUHVVLRQ %HFN SHVHDUFK



XQLYHUVLW\ VWXGH QM/VDMYRIFALIDWHHEG \& KIKWH & BIDH @YV SR\
GHSUHVVLRQ V\PSWRPV BISHM IKEJKHVEDE® R O6EY HOV RI
HIILEFDIMMHUHIRUH SAKBBPWERSDWWWWUHVVIXO HYHQW
EH DW ULVN Rl GHSUHVVLRQ

3HUIHFWLR QLSHVAS RDY\X D O/WRV W WPH\OWD B/KSR KYK KRB L
VW\WHKBW WBHMXIDRMWE QH V V | X PRIISH MRESBHOHH FWLRQLVWYV D
WR HQJDJH LQ FRJQLBDALSH S MUDMN ZEHTDIBWDDP®H @K LFK DL
XQKHBRIXAMJ PHRKHIL GA\DOLQJ ZLWK IDLOXUH DQG VW

VXJIJHVW WKDW VWUHVV LV D VLIQDO WKDW RQHT
SURORQJHG E\ QHIJDWLYH DXWRPDWLF WKRXJKWW UHJL
VWDQGDUGV $V ZHOO DV WKH FRJQLWLYH IHDWXUHYV
SHUSHWXDWLRQ RI VWUHVV LQ WKDWLBSHUR®VRRQ VM
DY RLMHQKHOBRP VRFLDO VXSSRUW QHWZRUWNN RRUSHURIH
HIITHFIML\YWR GHDO ZLWK VWUHVV RU GLVWUHVV %RXW
VXSSRUW LW FDQ SURORQJ RU HYHQ H[DFHUEDWH WKH

)LQDOO\ ZKLOVW VWUHVV JHQHUDWLRQ DQWLFLS
GHJUHH RU MRRMHYW R[SRVXUH LQ NHHSLQJ ZLWK %RO
+HZLWW DQG )OHWW LGHQWLI\ WKDW VWUHVV UHL
PDGH LQ UHVSRQVH WR VWUHVV LV MXVW DV LPSRUWL
HQKDQFHPHQWVRIFRK WK lE HPDDQXQHU LQ ZKLFK D SHUVRQ
WKH PHDQLQJ RI D SDUWLFXODU OLIH HYHQW DQG VW
LPSRUWDQW WR WKH VHOI ZLOO SURGXFH PRUH H[WUH
WKHLPRWHADK ZDRKKL MKHHPHQW RI SHUIHFWLRQ VWUHVVR
UHOHYDQWFWR®FWMEWZ\RRUIMKH ZLO O WKHUHIRUH HOLFLW L
UHVSRQVH WR SHUIHFWLRQLVWYV +HLJKWHQHG VWUHV

SHUIHFWLRQLVRMNUWHQBURQELWYWR D PDODGDSWLYH FR.



DQG LQ WKH FDVHVWRKABMOG] EW LIR @/HQMGWHQF\ WR RYHUJE
DVSHFWV RI WKH VHOI

(PSLUIBRBSR UWDRKNWUHRVG/HEE VHDUEKSISRWWHG WK
PRGHUDW@BJRI SHUIHFWLRQLVP LQ LWV UHODWLRQVKL
SVI\IFKRSDWKRORJ\ IRU LQVWDQFH )OHWW HW DO
UHSRUWHG HOHYDWHG GHSUHVVLYH VIPSWRPV ZKHQ H
VWUHVV -RLQHU DQRBX6F&FEIRAMK 623 DQG 633 LQWHUDF
SUHGLFW GHSUHVVLRQ RYHU WLPH LQ XQGHUJUDGXDW
WR SUHGLFW DQ[LHW\ DQG WKH\ IRXQG QR HYLGHQFH
633 RU 623 DQGVRMRIHMARF QIO VW U HYWERDW HG 6 PKH.GIIY H F
VWUHVVRUV UHHZI FAMW DYQH30 ) O H W W VXJIIHWMWRWKHV I
WKH ZD\ LQ ZKLFK SHUIHFWLRQLVP ZDV PHDVXUHG VL]
'LVRUGHUV ,QYHQDWMRU\ DRD WRIBULAWRLQHU 6FKPLGW

2WKHU UKV DR¥®G VXSSRUW IRU WKH VSHFELILFE Y X
WKDW 36 GHPRQVWUDWHY VWUHVYV JHQHUDWLRQ DQG |
%pNpV HW DO /D 5BFGRAWRM DO WKHVRXQEB RHQHD\
SIGDSWLYH" SHUIHFWLRQLVP PHDVXUHG XVLQJ 623 22
2UJDQLVDWLRQ VXENVFDDOHMROQ® KHROSERVSHFWLYHO\ S
DEKLHY H P HQXW WHKHUHPRWU HK ILIXG L@ LIEXDEHWLYH SHUIHEWL
ZKR DOVR H[SHULHQFHG KLJKHU QXPEHUV RI VWUHVVI)
YXOQHUDEOH WRIDB[LRRY IDWIRXWH®VLRQ DQG K\SHUD|

+RZHYHU DR®Q@DO VXSSRUWWR Y WK PREUDGVEBHW L V
&KDQJ DQG 5DQG ZKR IRXQG DQ LQWHUDFWLRQ E
JUHDWHUSW/LAFRWRIGIRILEFDO ZIPSWRBROWMG E\ XQLYHUVL
633 DQG VWIDIHWDLVMGEG BRAYHYHU MUBHRUHLZQLILFDQW

LQWHUDFWLRQV LQYROYLQJ 623 (QQV HWWOHVV P P®R



ZLWK PHGLFDO VWXGHQWY DQG IRXQG QR VXSSRUW IR
VXFK WKDW WKH 623 DQG DFKLHYHPHGW @ & WIOWHHBHQ
VWUHVV HYHQWYV LQWHUDFWLRQ ZHUH QRW IRXQG WR
KRSHOHVVQHVV +RZHWHLQ GV K R DYEHHUE Q L QWWCENHID R A V
036) DQG 633 DOO LQWHUDFWHG ZLWSXUWGNAEWD®HS X PIE N
DQG KRSHOHVVQHVV SURYLGLQJIJVWIASSRWU WRIGRKOD ,JHDH
623ZDV FRQVLGHUHG D SRWHQWLDO UHVLOLHQFH IDFW
YXOQHUDEOH WR KRSHOHVVQHVV LQ WRN BRQWHFWS®IQ
KLJK LQ 623 VKRZHG QR DVVRFLDWLRQ

'XQNOH\ HW DO IRXQG VWXGHQWYV KLJK LQ 3&
KDV \D@MX J JH&®/WH\ DUH PRUH DW ULVN BXR/ VQRHUHS ADV R
RI XQLTXH HIIHFWVHRVY B& BY\FKRORJLPODNG HY WIDH \HM
DO IRX@®H SRVLWLYH UH®EDWIGRQMEDR Y EYHWREZHHOW Z|
E\ GDLO\ DYRLGDQW FRSLQJ DQG WKH QHJDWLYH UHO]
PHGLDWHG WK U RXJIKGOWRZHD G HMXFI-BKRIUGN D @ RLAMHG/IHUIH FW |
ZLWK SRVLWLYH DIIHFW WKURXJKRRXYKIGUFRBHQDJIHX QN
ODQGHO HW DO SDUWLEXQMEQRIMKHU 3& DVVHVVHG DW \
WKUHH \HDUV EHI®RUWWIHBRU YHYHE GBDLKDG JUHDWHU LC
RQ WKH GD\V WKH\ H{SHULHQFHG KLJKHU OHYHOV RI G
PLWLJDWH WKH HITHFWV RI VW)WLIQDW QQ B MXHIRUOARIHERW D ¢
DO IRXQBFA®WWG ZLWK PR SH RFGVSAM VY IV ERKS DYJ S
IRFXVHG FRSLOEWERRORJILFDO GLVWUHVV

,Q VXPPDU\ HW & HWIHFDYR UW H R BBUNBAM KW YU HW V PRGH O
JOHWW HW DO &KD R OPD@E DWW MNERMUWH VSHFLIL
YXOQHUDELOLW\ PRGHO %RWK 36 DQG 3& DUH FRQVLG

+HZLWW )J)OHWW /HH KRZHYHU VRPH VWXGL



'XQNOH\ HW DO DQG RWKHUVWRKD WQIBV DHW \D @ V
SRWH@PWUWRLOBW FKRORJLFDO \B KWW D WWW ®XNMIRLKRRG F
PRUH DGDSWLYH FRSLQJ VWUDWHJILHYV 'XQNOH\ HW DO
3& DV D YXOQHUDELOLW)\ IDFWRU IRU "XWNBWV HWR LDQH U
5REFTXH HW DO DQG VRPH KDYH VKRZQ VXSSRUW
DEKLHYHPHQW VWURMNGMWIHMM JHQHUDW%RRpD QHONVUBI® F W L
/D SRFTXH HW DO

'LDW KWWULINVVOORGE 6 WHKGHGMDWWKHNWAYLY PRGHO SURY
XVHIXO D IUDPHZRUN IRU XQGHUVWDQGLQJ ZK\ SHUIHF
PHQWDO LOO KHDOWK SDUWLFXODUO\ GXH WR WKH OL
VWUHVVRUV ZKLOVW DW XDQY H $VKWN Y5EREHEEW B 8 Y DXUQ
DUH DQ LPSOLFLW IRFXVDQG ROERHGY QW \WFR @/\WH[WSH F
PRGHO SHUIHFWLRQLVWRUINKYE CARGN R QMBI MAKHGRH-OQN
SHUIHFWRROKXWQHUBEDHYWRHDW UHODWHG VWUHVVR
DQG ORVV BHVRDWAKRDQW KN VEDIDVD ZK ERIS IV \& X\E K QAU
FDQ JLYH L QWKLERWHEFMWEBDRO R JLFIR® Y \DDGHWRKQVWR Q
LGHQWLILHEG FOREIFARS LLUVW \HDU QXUVLQJ VWXGHQW
IHZHU VRXUFHV RI VWUHVV SHUFHLYHG RU(YD®WQMJIGLH
.HO O\ IRXQG ZKHQ VWXGHQWREXVUNBVEREDQHG RQ
GHFUHDVLQJ QGHPRVYRIO\WWREMY WKH\ H{SHULHQFHG
SUHVVXUH

$YRLGDQW DORFXPR® PP@DGDSWLYH FERSLRG DQG
FRSLQJ KDYH EHHQ LGHQWLILHG DV PHGLDWRUV EHWZ|
'XQNOH\ HW DO UDGXQ®W KWQ BGHUKHU LQ 633 ZKR UHSF
DYRLGDQW FRSLQJ ZHUH IRXQG WR KDYH KLJKHU GLVW

ZLWK DYRLGDQFH PRGHUDWLQJ WKH OLQN EHWZH]



ZHEBELQJ 2Y&RQQRU DQ D OVKRRIREKRG 623 OLQNHG WR L
KRSHOHVVQHVV LI DGDSWLYH FRSLQJ VWUDWHJILHV V>
DEFHS DDMEW XKHG/WXCGQANQH\ HW IRX QG P RE/GID\PHHO |
ZDV FRXSOHG ZLWK JUHDWHU QWK KW.IRZHHUDS BNV IRU V)
SUREIRFXVHG FRBHWM DYRLGDQFH ZDV FRXSOHG ZLWK
VWXGHQWY ORZHU LQ 3& 8VLQJ PRUH SRVLWLYH UHLQ
SRVLWLYH DIIHFW IRU VWXGHQWYV KALMWK W/ LBL ®& U XUHN/C
LGHQW IBIWRGEENU DQG -DIQR/VRMEWEBGHQWY ZLWK KLJK 3&
SRVLWLYH UHHQSWHUSHOHMBWILRKP WHU VDWLVIDFWLRQ I
7KHUHIRUH ZKHUH SHUIHFWLRQL¥W VWXIEWD WY B Q HVE
RI XQLYHUVLW\ WKH XVH Rl DGDSWLYH FRSLQJ VWUDW
UHLQWHUBQG VBDWER@MG FRSLQJ FRXOG EH EHQHILFLI
EHLQJ IRU SHUIHFWLRQLVW KWXIGHQVBE SDUWLFXODUC
$V ZHOG DYWURBOHP IRFXVHG FHR SSRMLWWYBWHJILH
UHLQWHUSHUBMWBWLRQLVWY KLJK LQ 3& \DOFRNRW KHU Kt
SHUFHLYHG VRAKDWINKGSRUWYVRUV VHHP OHVV RYHU?Z
DO 3HUFHLYHG VRFLDO VXSSRUW DQG HYHQW VWU
EHWZHHQ WKH UHODWLRQVKLS RI 3& SHUIHFWLRQLVP I
'XQNOH\ 0D HW DO JHOHYUHIMWWR 8 W WEKID/YLVP RIS
'XQNOHW DO VXJIJHVW KLJKHU OHYHOV RI SHUFHL
DIJDLQVW PDODGMXVWPHQW LQ FRPSDULVRQ WR WKRVI
LV DJDLQ SHUWLQHQW IRU XQLYHUVLW\ VWXGHQWYV D\
DQ LQFUHDVHG DFDGHPLF ZRUNORDG EXW DGDSWLQJ
DPRQJVW ILUVW \HDU VWXGHQWY LV D SDUWLFXODUO\

GLVWUHVV %RMXZR\H



$ TXDOLWDWLYH VWXG\ E\ 0DXQGBHOOHY IHOIRU VWR
WUDQVLWLRQLQJ WR XQLYHUVLWRZDWHIR URL\QRFQBQ2 9K
EH HYWDEOLVKHG LW FDQ EXIIHU DJDLQVW DQHIDHBN\ D
WBHVYV HPRWLRQ RULHQWHG FRSHQJEV\EDD®\HK DNV QKW
%RXWH\UH HW DO 7KHUHUQ BYHEWMNGIN KRV X & K O W
WR WKH WUDQVLWLRQ WR XQLYHUVLW\ DQG ORVV RI V;
SDUWLFXODUO\ YXOQHUDEOH WRWIM ¥ K REOHRIS HF W ® DAL VR
PDLQWHQDQFH LQ VWUXJJOLQJ WR SHUFHLYH VRFLDO |
JLYHQ LWV DVVRFLDWLRQ ZLWK VHQVLWQ¥RIQ WR FUL\
LPSHUIHFWLRQ +HZLWW )OHWW

5HVHDRQFK VW MKW G YIWWKNAD. G REGHLE B MRP PHQ G DW L
IRU LOQWH)JRb Q@ VSR MOPIHD QG 5DXEIHVW LQWHUYHQWLR
LQFRU S B H QWHIGLRHU H VIS H X FRVEWD IRIDLW MMHF DXWRPDW LF
DQEDODGDSWLYH FRIJQLWLYH ELDVHVY WKDW OHDG WR |
DO DOGPNPW DO VXIIWDWIHWLQJ SHUIHFWLRQLVV
FKDUDFWHULVWLFV ZIR UW K REWRLGIHDW RRBAIQQJLQWHU
W KFDWMK H B BIUNBHH W X DWH D FKURQLF VHQVH RI KRSHOHVV
VWUHQYVOO\ .OLEHWWJIHWVDWOHQKDQFLQJ UHVLOLHQEH
SHUIHFWLRQLVW VWXGHQWY GXH WR WH)HVEWIEW DHY L
DDG DQ[LHW\

,Q VXPPDU\ WKH SHUINRWIHR/YLFRGHD®\WRMYVWY WKL
D YXOQHUDELOLW)\ IDFWRU SUHGLVSRVLQJ LQGLYLGXD
VWUHVVIXO WKBKM XQYMBUVLW\ FRQWHHWVVYMKASHQ WR
H[SHULHQFHV IRU VW XG H ¢RIO8/HY HFMOLR QVVRLUG VW XG |
WKHUHIRUH OLNHO\ SHUIHFWLRQLVW VWXGHQWYV ZLOO

VIPSWRPV GXULQJ XQLYHUVLW\



6RFLDO 'LVFRQQHFWLRQ ORGHO

7KMRFLDO GLVAFR®HMH FBMIFRUQL. JLQDOO\ SURSRVHG E\

WR H[SODLQ WKH UHODWLRQVKLS EHBNVZ BRQL3& D Q
WKDW WKH UHODWLRQVKLS EHWZHHQ SHUIHFWLRQLVP
GLIIHULQJ IRUPV Rl VRREMG®I B NVERQOHFWLHRSRUWHG LV
LQWHUSHUVRQDO UHODWLRQVKLSV LQIUHTXHQW VRFL
WR EH LVRODWHG VRFLDO GLVFRQQHFWLRQ DV ZHOO
+HZLWW HW DO 6 KGHKHUY HWHOD O WKHS6'0 LW WQ
LOQWHJIJWRWRYHWLF VKON B HIZRWNKRZ SHU I IGEW WRIGIWP J
WKURQHBEDWLYH VRFLDO EHKDYLRXUV HJ FRQIOLFWX
VHHLQJ RWK HLQWMHG GDQBSBRWFRPHY HJ URPDQWLF

VXJIJHVW WKDW 633 LQ SDUWLFXODU ZLOO LQFUHL
LVRODW L RO QHKUDRWUIEU S H U V R Q V@& KKHR EMHBEAKKAH US/X EHL O O |
RYHUO\ MUKLCWLBBOGLQJ WR QHIJDWLYH VRFLDO LQWHUEL
FDQOER H[SHULHNPSHG |6 X MMHRERIVMWK \EHLQJ FRGWGQJIHQ
IRU DFFHSWDQFH DQG+B3BWRYBW RDRWKHUBHHWWQFEH \
VXEMHFWLYH RU REMHFWLYH FDQ OHDG SHUIHFWLRQ!
LVRODWHG

3HREOQBK LQ 3& DUH OLNHO\ WR H[SHULHQFH LQWH
GLVWUHVVLQJ VHQVH RI GLVFRQQHFWLRQ\IURPODXQG Gl

FLWHG E\ 6 KHUU\RQWM MA@ HVY SUREOHPV ZLWK SHU
LOQWHQVH LQWHUSHUVRQDO FRQIOLFWV GDLO\ LQWHU!
RI RWKHU SHRSOH KRVWLOLW\ GLVWARNDXW GR QL BXQTGW L
GLVDJUHHDEOHQHVV’ 6K HWHR MWRDOVKH LQWHUSHUVR
H[SHULHQFHG E\ WKR® HVKH UR LLED BAZ READWIK H'RiF L

SRVLWY WKDW SHRSOH ZLOBPHH[EH 2 K @ FMIKG HRLLF DWW W R



FRPSHWHQFH DQG RU UHODWHGQHVV DUH QRW PHW I
GLVFRQQHFWLRQ DQG VWUXJJOHV LQ WKV LD W B SIS H
IRU ZBHHO@J ZLOO EH LQKLELWHG ODFNLQQRQ HW DO
BKHUU\ HW PEWDH®SIGLFDO VXSSRUW IRU WKH 6'0
XQGHUJUDGXDWH VWXGHQWYV KLJK LSHB&EHP M B & XRIW IGHX
DV GLVVDWLVILHG DQG GLVDSSURYLQJ LW LQIOXHQFH
LQWHUSH U VIRDTLG! \G PHRUWDSWVHG WKH OLQN EHWZHHQ 3&
OROQDU HWDIDORRX @®H UHODWLRQVKLS EHWZHHQ 633 D¢
LQ VWXGHQWY ZDV IXOO\ PHGLDWHG E\ KLJKHU OHYHO
SHUFHLYHGS/RFWDPLYR OO\ 6PGW®WAMDBG633 FRQIHUUF
YXOQHUDELOLW\ IRU GHSUHVVLYH V\PSWRPV YLD LQW*F
KRSHOHMY QHYRQJLWXGLQDO VWXG\ ZLWK VWXGHQWYV
6KHUU\ HW DO DOVR H[SD G W KB LBWRAHG) W H
ZLWKLQ WKH 6'0 LGHSSBBGWR@DOUWEOHPY ZLWK WKH |
GLDWKWUHWY PRGHO WKDW IRFXVHV PR W RDSPIRG H QDM
SUREOHPVY OHGLDWRUV FRXOG FRPSHWV W ILERNQHHCELHUHV
DQG QHHG IRDQBSBREBMDDWRUY FRXOG LQFOXGH GLVVR
KLJK VXE FXOWXUDO H[SHFWDW LR QWR RLD G LRLSJFIXPHN RH
1RW RQO\ DUH WKHVH PRGHUDWRUYV EDX\M HACK HURI EN DY
OLNHOLKRRG WKHVH ZLOO EH HQFRXQWHUHG E\ VWXGHF
ODFDVNLOO +XUVW HW DO LQGQFIWLQH BIW ND OR |
SHUIHFWLRQLVW VWXGHQEWLIQBHQWDO KHDOWK DQG Zt}
7KH 5ROBHUIHFWLRQLVWLF 6WULYLQJ LQ WKH ([SD
ORGH® ZHOO DV LGHQWLI\LQJ 3& DV D YXOQEHLMBLOLW
WHK H[SDQGHG 6'0 DOVR LQFRUSR BBMNMHE/ YUIHOLIRW IV RQ@M KD\

RXWFRPH YDRN XEOKI\NLQ 36 PD\ DOVR FRQIHU ULVN WKU



OLIH H[SHUL RGBSRV ERQPUWRFHWVO UHODWLRQVKLSV DUH
6KHUU\ HW DO D ¥R UYH[DWRWMK WX G B QEWD\ KDY H
FRPSXOV LY RWHHGY R HEHHGS M B FAZMBR R OLWWOH WLPH LQY
UHODWLRQVKIESW3HWYK IRRQVKMRR P X F K MAISARRH) LKOWWIX®! O L
IRXQG HPSLULFDO VXSSRUW IRU 3B MY S ®KORIH U DX¥Q DY
VW X G H QKWK QG/ OBV RO OMK/H+0 363823 DQG PHDDWHG WR
DQ[LHW\ DQGWHKHLRMIKVORQNY ZLWK UXPLQDWLRQ DERX
VXJIJHVWLQJ WKRVH KLJK LQ 623 PD\ DOVR ZDDVMR @R El
HW DO DOV RV IRKIDIGHE X ERRUKZ 61813 DIQGDARIBG WR JU
LQWH U SGIUMREXDWLHY UHMHFWLRQ VHQVLWLYLW\ DQG
DVVRFLDWLRQ IRU 623 ZDV ZHDNHU WKDQ 633
+RZHYHU X PWQG :HRXQG WPKIDW RBBHG $A6EQJI WKH
6WDQGEBEGHERWKH (36HUVRQDO 6W D QZAIDW Q MIBXELYF D O H
DVVRFLDWHGHZQMHKG IRU UHDVVXUDQFH IURP RWKHUV’
SWEKBSDF LW \UHRLD VRUOA K FFFROQWY UFRRPBIID/X UHG XV IEQJ WKH
'LVFUHSDQF\ VXEVFDGR QIFGE QVEYHILB GISVWKEN H B EDH\G
ZDV DOVR QHJDWLYHO\ DVVRFLDWE®WIDYKCD@ER®/\ DQ
YDOLADRRRFBEEDVWLHDODWHG WKH UHO ZWWKJVKWS E|
DQG GHSUHP\S\WOLRQJ WKHUH DUH R WEKIHUNBHDEDAND IMRREIAK LS
FRQFOXGH WKDW LQWHUYHQWLRQV IRU 3& SHUIHFWLR(
H[FHVVLYH QHHG IRU UHDVVXUDQFH IURP RWKHUV VXF
WKURXJK FRIQLWLYH WKHUDSLHV DQIGL B QXKWDRHR QWY K
,Q VXPPDU\ WKH H[SDQGHG 6'0 EULQJV JUHDWHU F
XQGHUVWERGWIEBDMW PD\ EH HNMSWMXGHQRH/GZKR DUH SHU
SDUWLFXODUO\ ZKHQ FRQVLGHULQJ WKH OLNHOLKRRG

SRSXOBDKHWBEW DO WWHUBSWXWLF LQWHUYHQWLRQV



SRVLWLYH VRFLDO LGHQWLWLHY DQG VXSSRUWLYH VRI
LQWHUSHUVRQDO IXQFWLRQLQJ PD\ UHGXFH SHUIHFW|
DQG SRRHLIHO®@KLY FRXOG EH SDUWLFXODUO\ SHUWLQ
ORQHOLQHVYV DQG D ORVV RI LGHQWLW\ DQG UHODWLR
+XUVW HW DO OF,QW\UH HW DO SDUWLFXOD
YV KHU 5RVV HW DO %RMXZR\H LQWR OD

SHUVRQDOLVHG VXSSRUW %URZQ

3RWH@WNDRBOLW RI 3HUIHFW L RH)QEMNLIOHS S QDR LEIQILVY HRUV L
&RQWHI[W

7KH SUHY LIRW \SFRRBUOHSRHADA IHY BYA P R QWRN BIBWH G Z L W K
HPSLULFDOKRYLOCBG@EAD\ FRQIHU D ULVN RI SRRQXHDO!
7KHUH LV DOVR HPBKDWFBBLMWMMKRIUQERRMVIZSHOROSRVHG E
WKK7H JLH HW D ONIGH D WKWVHW VHP RGH\WW H W DDQ J

5DQG DQG6WKH JIHSRQ HW DGZHYHUURWKBUFK ZRXC

VXJJHVW D PRUH DPELYODW DRWQ R K LG HEXNEWD-QHQ 3%7DQ G
27&RQQRU HWDAQW\DE GLDWKWVUHWYV' RREBE\ HW DO
6'0 ODJVRQ HW DQCRPHXIMBGW RXOG SUEPRQEHDIHCH LV
VWUHVV (BRGHIOW DO :X :HLO

7KHVH ILQGLQFR QG BORGFMEM XDV K M DUWHIORQV L Y H
SDGDSWLYBI®QBRWHRINWH MWOROWKH YDULRXV GHSHQGHQW
OROQDU DQG 6LURLYV VXFK DV WKH LGH CHVIH QMGLE
WKUHH WEHRBV 8 MALHVOMMHE OLQN 36 ZQWK PBGMINO & +
RXWFRPHV 7KH\ DOVRHDDIN HYKY KHODW MK VYV Rl 36 P
FROQWH[W X QRSBH[WD RSWOHE\LQ WKH FRQWH[W RI FKURQLF L
D SDUWLFXODU Y XO Q HXHD OWW \BIpIEQZRGPR Q BIR RIW D O

EXW WKLV PD\ QRW EH DV SURQRXYQBWG6LYQRLW X GHQ ®J\



UHUHWRRUWKFRPLQJ VWXG\ E\ 6LURQNV 0RIODH IDQG
VXJJIBIE/WRQWULEXWHYV WRURRRUFIDO BHDOWKDLRSOHY DC
FRPPXQLW\ EXRSQBQRWLWLIQLILADR W B X QWRDWWWH GV \
VWX GHFEWWHW DO VXJIJHVW WKH HYDOXDWLRQ R
YDOXH RU FRVW RRGWHTHKFWQERYLYPWKLQ LWV JLYHQ FF
QHFHVVDU\ WR KLJKOLJKW UHVHDUFK WKDW SHUWDLQ\
XQGHUJUDGXDWH VWXGHQWY LQ D 8. XQLYHUVLW\ FRQ
36

7KH DEKLHYHPIS@QWHQWLDK O\ SHUIHFWLRQHE WDIQG
FRQVLWHEQ@WQGD FDGHWMWA QJV &XUUDMKHYUHORUH 36 PD
SDGDSWLYH  ZKHUH WKH FRQVHTXHQFHV PD\ EH RI KLJ
DFKLHY HKH@W V VEBBRRIAHBW DIORRX QG ERW R @D O
6WDQ GBD®HBRQFHUQ RY H3&OXVMEIN H\ZHUH SRVLWLYHO\
DVVRFLDWHG ZLWK ZHHNO\ QRPHE ¥HRIR F KB ® RY MW G VVQ
EXW BBWRRDO 6D BDVURHUDIDHGHDLSWHKUFHLYHG FRXU\
PRUH QHJDWLYH PRRG HBVRGD O CENGMR@EBUQ RY HU
OLVWDERBIY DVVRFLDWHG ZLWK EHWWHU JUDGHV 5LFH t
VWXGHQWYV KRB K DLWHEBHNNR]I TEOMR ®PLNHO\ WRIKIOWWH U @ |
WHUPV RI VWUHVV SHUFHSWLRQ Z®BUEH3WVHRP BB DGHIP
SDUWLDOOHG +LJK 6WDQGDUGV VXEVFDOH DRG 3& WKF
(XP DQG 5LFKVHG WKH VDG \BORMVEDEOEE $30RX QG 36
ZKHQ FRQWUROOLQJ IRUVEE PODAMWBIVY DFA®\SHGIRUPDQ
RULHQWDWLRQV DQG RQO\ 3& ZDV DVVRFLDWHG ZLWK

BWRHEBVYNHYZ DO LG M QMQI LW IGH3 6 2BRYOEV FD O K
SRVLWLYHO\ SUHGLPW B HLRRWKNRKH K W K HR ¥V HQRV HER W

JRDOV VWULYLQJ WR DIRO.GIVW HD DRILGE DY R IL G IDOXWHH K F



YDULDQFH ZDV FRQWURD O/HE BREER YBBEVE B OBHW L YHO\ SU
SHUIRUPDQFH 6WRHEHU DONVR L\GHQGMIHVH® KI® ®D!
N RI WKHVH VXSSRUWHG D SRVLWLYH UHODWLRQVK
36 DV LQGLFDWHG E\ FHUWDLQ VXEVFDOHV IURP YDULF
VFDOHV VHH 6WRHBHWIDQH[WH@SRGQ WKLV UHYLHZ WK
PHWDDOWANQWLVRMOO WR PHGLXP SERW IMENDEG H PO W L
DFKLHYHPHQW DQG 36 DQG D VPDOOEMR EHIGXHPP QFH J D
DFHYHPHQW DQG 3& IURP LGHQWLILHG VWXGLHV
‘KLOVW WKH RXWFRPH Rl DFDGHPLF DFKLHYHPHQW
XQLYHUVLW\ FRQWH[W DFKLHYHPHQW GRHV QRW QHFH
VXFK D¥HIHIDIO ,QDM PEWDRYV E\ ®%+FNHU WMMHD IRXQG D VP!
PHGLXP FRUUHODWLRQ EHWZHHQ DFDGHPHIFQDAKQLHYHP
XQLYHUVLW\ VWXGHQWY UHJDUGOHVV REBH®RRWDSKL
PHDVXUHV RI DFDGHPIRZ B¥FKUH YWRH @PRRFIOXGH QKD W |
VWXGHQWY GR QRW DXWRPDW L FDEHLQH[ SHUHHQ RK HK L Z |
PD\ FRQIHU DQ DGDSWLY H \&HKDNV R}V @ REKHWARRH. O\ |
KLJK LQ 36 RDBI&®\VOLOWLR HLDHOIOQG VDWLVIDFWLRQ
$OWKRHVHDUFKHUYV PD\ XWLOLVBHY B PPIHTHWX KDIE H Q W
WH\ RU RWKHUV GHWHUPLQMW DP\D\ QR IVGUHHP\L X OWX FIOH B V
EHLQJ DQG VBRW IWKBIF SHAR@ FMRIORGM. WWFK KLJK DQG XQU
VW D Q G)RUMEBWW D QB B G) ® HEV\W W D VXJJHVW WKDW SHI
XQGHUPLQH IO ROHUERREQQ@DWLRQ RI HPRWLRQDO SK\VI
EHLQJ .H\HV 'LHQB QWKW W ®DQDJLQJ H[WUHPH SHI
UHGXFLQJFRX-OW KQWEOH WKH EHQHILWY RI FRQVFLHQ
+RZHYHU D VWXG\ E\ 6WRHVEIU VKGILERBQUWLILHG VWXG

VFRULQJ KLJK LQ 36 DQG ORZ LQ 3& DFFRXQWLQJ IRU



OLNHO\ WR H[SHOHNEGPN RLIOHRXULVKLQJ DV ZHOO DV
QHJDWLYH DIIHFW 7KHUHIRUH 36 FRXOG EH FRQVLGH!
PHDVXUHPHQW RI| DF DG HPIDRGWXFR HYW \D/EHFEOD Y PR UH
VXEMHFWLYH PHBVR® W RW ZHUOGEWLRQ

'KLO3WWPD\ EH DVVRFLDWHG ZLWK JUHDWHU DFDGH
IORXULVKLQJ WKH VWUHWR DHGHH D MW KB R G/@CIBEROHAG
SRR UH B HIHIOR X\l ¥ RPHW W K Y WGLLHDWWK PIR GNHSIHFJHD B W

UHSRUWEBBQJ VWXG\ Rl DFDGHPLF VWUHVV DPRQJ\
7HEFKQRORJ\ (QJLQHHULQSURGEBFLDW K V WXIGIHROMVO D W
RI WKUHH WRWS/H @RBDSIMGBWE BIRQIHFWLRQLVWY  XVLG
IURP WKH)0B®86 DQG $3BKHAGHQWLDGBSWKDMW SHUHHEWLF
KLJK VWDQGDUGY ORZID\HYHOUWWREAGUUREDE®W\ ORZHU
UHODWLYHO\ VWDEOH VW PBDWV\D KD B W LW K HS \HHKII B KR RHY
OHYHOV DFURVV DOO SHUIHFWLRQ LOAPQDHGMS BRREADW R V
LEWDQGDUGY OHYHOV D Q & 36! KIEXMDM@ROH FRAFHO Q'
VWUSHID/SWLYH S HUOM RWKUIRED LIVAADWQ WO\ KLJKHU DEDGHPL
FRPSDUHRDDDWIOSWLYH 0HIHFOQ RWKWWM IJKHU DFDGHI
DGDSWLYH SHRIMFNWLR® ZVWY O REIPIDODHEUDREP® R G H
SHUIHFWIHRUH. PRVH FRQV MG A ©WQZ IQW K G BVIENHIVY R |
SHUIHFW WRKDLOHRQKDIQFWH PHQMD BDBBWW IRMH SHUIHFWLRC

5LFH HW DO VXJIJHVWV WKH ORZHU OHYHOV R
UHSRUDGIGSEWLYH SHU I HEMIORHFINAN EVHDPRAY VW U 6 VW L H
WKURXJK EHWWHU SUREOHP VROYLQJ PDQDJHPHQW R
DEDGHPLF VNLOOV DQG PRWLYDWLRQ LQVWHDG RI UH
VXSSRUWHG E\ 5LFKDUGINV®ORHOWDW BVGI QW S URKKEDIHWD QD O\

YHUVLRQ R WKHVFIBOHV 6WDQGDUGVRX@E& DLISAVWFUYHE D Q F



SHUIHFWWRGHWWY PD\ SRVVHVV KHDOWK\ UHVSRQVHYV
UHJXODWRU\ FDSDF LWLHW/D GQSMRP/SD B HYREDR W ERGH VW \
PRUNHXOL\ WR H[SHULHQFH SV\FKRORJLFDO GLVWUHVV |
$OGHD 5LFH

SHVHDUFK WKXV IDU ZRXOG VXJJHVW WKDW 36 LV [
DEDGHPLF DFKLHYHPHQW ORZHU VWRKWLK/BEGHSHUL Y H
WKH UHO YRR R WRIES YDOHQW IROORZLQJ IDLOXUH +LC
VWXGHQWY3KHBRUFHG DQ LQFUHDVH LQ WKUHDW UHG
VDWLVIDFWLRQ WRJHWKHU ZLWK JUXUDKN HUNVBHEHO VH R/

DOVR IRXQG H2RRNBHKS UK GRFWHG WR KDYH KLJKH!
DOWKRXJK RQO\ DIWHU UHSHDWH®& HWIHO S UH G LEXWH & W
LQFUHDVHV LQ DQ[LHW\ DQG DQJHWK DI GW $X bW YK HRIQ
DIWHU UHSHDWHG IDLOXUH VXJJHVWLQJ OHVV UHVLOL
623

+RZHYHU 6WRHEHU D Q Gl RIXHBEHIADWR BRROUWOQ DM H G
ZLWK XSZDUG FRXQPWREIP¥RMKXEBWWHU WKLQJV FRXOG
QHJDWLYHO\ UHODWHG ZLWK GRZQZDUG FRXQWHUIDFW
KDYH JRW°~ LQ UHODWLRQ WR K\SRWKHWLFDO DFDGHP]|
PRWLYDWRU IRB2WK@MH[EHIKLRPBQWDO PDQLSXODWLRQ
BWRHEHU .HPSH DQG .HR3IKXVLQJIRBBIWY 3SHUIHFWLR
DQG 3LPSRUWDQW RI EHLQJ SHUIHFW ~ &DPSEHOO 'L3
'LHGHQKRIH@R EH DVVRELDVHHWGOHWHIOV RI SREZEGM HU W H
633 XVLQJ IDFHWV 3SRWKHUVY KLJK VWDQGDUGV’  DQG °:
'L3DXOD DV FLWHG LQ 6WRHEBMU HQDB\EHGKRRHOK D F
LQ VLWXDWLRQV RTKIWUEB\ EHGS DIUWMVMOXWH[SODLQHG E\ V

*LOEHUW HWKRGHQWLILHG D ODFN RI D HODPNDRGV KL



XQGHUJUD G X®2BH\Q WIWIHDIGQ WKH\ ZHUH PRUMR OUNFR QL @
6LPLODUO\ 6WRHEHU DHSR UDVH/G/ W@ X ERPSWL KLQK 6Q33
DOQWKHUVRQDO 6WDQGDUGYV YV XEWFHDOH VIV R NHCH 0\8% H
EODPH IROORZLQJ IDLOXUH RWSDRQVWER ¥ BI3K IDIXGL @ K3H: &
OLVWDN'$$ DRBYFDOHYV 36)R P2 WHKIHD® O LW DSSHIBUV VW X
D UGH. N HIOD YOWRV V' P D O D G D S| O OHR DIHDIF WH. RAQADUCH B &V H U
UHVLOLHQFH OHVV GHSUHVVLRQSRU IDHQUEHIV\ KRZHYHU

,Q VXPPDU\ HY LG HIN FRKMILHHY/FAD\G WRILLLY HB DL W\
KDYBI UROH LQ GAHKWHWIRQ Q WQ X IHR E HDQSIDIUW RE X3BHIU SRS X C
VWXGKRINWYHU WKLV LSL BDHR W VG BEMOAL MALWN WKDW KLJK
PD\ VWLOO KROG VS D FHWRYH DRSO/ FMRLPYHHY DAXG G AR QV L G |
FRQWH[W JLYHQ WKHUH LV QRW XQLODWHUDO VXSSRU
SHUIHFWLRQEDRVE QX @& KHIHFW RI SHUIHFWLRQLVP DQ:
UHVSHFWLYHO\ D ULHD Q/mR{\® ZHIRW 6 LWKUWGWRJIUDPPH RI
H[WHQG NQRNZIOH GHDO BWLRQVKLSY EHWZHHQ SHUIHFWL
KHDOWK PRIGQZHOXOW FRPHYV X\QS3HFUJ UPIEOXX@WWRBDNE.G H Q W
XQLYHUVLW\ FRQWHI[W

7KLV FIROMBHQWLI\ ZKHWKHU RU QRW SHUIHFWLRQL
DGDSWLYH IRKLFW PO XEEMMHIWWDO OLPLWDWLRQV LQ
WKHRUHWLFDO SNBSHMSHHEWLNMHV DR GVIRW\N KHH UH EQW RYUHP
LQWHUY H Q WWRL FS®! BHIHK WW R LR WQWMWDOEHGW YR DQG $EERYV
UHFRPPHQG WKH XVH RI FRIJQLWLYH EHKDYLRXUDO LQ\
IRFXV RBRUKRHWHRDWHG WR V WRIDQDRIKIMYA G WQWFLH W K D W
VWX GHQKW VY @HBEBYXUHG XVEQLWKH SBOF\ VXEVFDOH ZL
JUHDWHU PDODGMXVWPHQW FDXVHGLIERHVMAKDKLIK VWD

UHIXWH WKH QRWLRQ RI LQWHUYHQWLRQV WKDW WDUJ



SHUIHFWLRQLVWVK DOOXIQQLQWWR &HRIRFLWLYHO\ LGHQ
SUHDOLVWLF VWDQGDUG DQG WKDSHHEKDRQQO KIQJE VA
IRU 36 SHUIHRWMWHIYWVKH\ VXJIJHVWFD UREXYVPQLQH G »
SHUIHFWLRQL\V\QFD DIFE \W DKWY AR UHIJXODWH HPRWLRQ\
WR VWUHVYVIDD/QSHIWD MRKIBE&TIOVR VXJIHVW WKH SURYLV
HQFRXUDDBBHRNS RIRMRE L IVQ HWQ J BHUA H @ WWIRGHODW V L Q
DWWHPSW WR\EW | VYWMUHENWYRFLDO VXSSRUW FRXOG PRGF
KLJK LQ 36 'XQNOWVHAHGBFDWDVH GLVWUHWEDEBVDFL
$UJXDEO\ WKLV IRFXY ERMNOS BORENCGREWMKHVYVWVRGHO DV
WKH 6'0
7KRUHWLFDO ,PSOLFDWLR®&WURS PMUMHFFWQWRQR QR
$FFRUGLQJ WR 3&7 KLJK FRJQLWLYH VDOLHQFH RI
SHUVHYHUDWLQJ SHUIHFWLRQLVWY DFFRPSDQLHG E\ |
WRZDUGV UHODVDGSR¥VW\. BADKD WKW XUM IDLOXUH PLVWE
LV D NH\ FRQWULEXWRHLWR KHROWKP B @O GHIDRBOLILHG
ZLWK FRJQLWLYH DSSUDLVDOV VHUYLQJ DV D FUL
EHWZHHQOVM[SHVUYHQFHY DQG RXWFRPHV 'XQNOH\ HW
OHYHOV RI IUHTXHQW QHJDWLYH DXWRPDWLF WKRXJKV
FRIQLWLYH LOQWHUYHQWLRQV WKDW DLG FRJQLWLYH U
QHIJDWLYRILPHSDIFHWWLRQLVP RQ PHQWDO LOO KHDOWK
)XUWKHUPRUH VXSSRUWLQJ SHUIHFWLRQLVWY WR HQJ
PD\ UHVXOWV LQ OHVV GLVWUHVV 'XQNOH\ ODQGHO H
*LYHQ VXPIO WWH@GAQFLHY LQ SHUIHFWLRQLVWYV KL
HQFRXUDJH VXSSRUWLQJ SHUIHFWLRQLVWY WR UHGXF|
VXJIJHVW WKLV FRXOG EH DPHOLREFEBWSIBVELRQARXUDJI

SHUIHFWLRQLVWVFKEAHYHUWWR WBHMERVH WKH XVH RI PRI



VWUDWHJILHV VXFKRBVQJIHWW UDWRHEHYW.Q SHUIHFW LR
SUREIRHFXVHG FRSLQJ LQ SHUIHFWLRQLVWY KLJK LQ 36
GLVWUHVV 'XQNQB\HW B @ LW K WWLIH @ WWENRIGHNOW D Q G
'L%DUWROR \V RIDVAR V& DIHV WR SLQJ LQGLFDWHY WKE
SHUIHFWLRQLVP DQ® QWKAKRERWHKRRWRISRVH EWKBK LR X
DV H[SRVXUH WKHWFXL@NLDHPRUMVSRR LWLYH FRSLQJ
HPRWLRQDO UHJXODWLRQ DQG UHVLOLHQFH .OLEHUW
WKH ORZHUEQUWIFYMPIDQG DYRLGDQW FRSLQJ VWUDW
IRFXVHG FRSIKDPIQFRXHERWQRQDO UHJXODWLRQ LQ UHV!
)LQDOO\ GUDZLQJ RQ WKH 6'0 DVWUHI®WYDVREEOD Q
SHUFHLYHG ODFN RI VRFLDO VXSSRUW LV LGHQWLILHG
UHODWLRQVKLS EHWZHHBVYHUXIORWHR GIW D O QG GL VWU
SHUIHFWLRQLVWY SHUFHLYH RWKHUV DV XQZLOOLQJ R
WKXV SURPRWLQJ SHUFHLYHG VRFLDO VXSSRUW FRXO(
VWUDWHJILHY WR PDNH VWU HVV)RY W BUSHSMD ) UOHIV® | R Y H
FRPSDVVLRPQ@ERKXWDHDVH D SHUIHFWLRQLVW{V SHUFHSW
DQIQFUHDVH SHUFHSWLRQV RI VRFLDO VXSSRUW B5HFR
VRFLDO UHODWLRQVKLSV FRXO'GGNGNHBW DMEBFLDO GiL
DOVR HQFRXUDJH JDHDGNRSS\WRRIFLDQL WLSHYRIRW VRF
ZLWKLQ DQ DFDGHPLF FRQWH[W WR EXIIHU DJDLQVW V'
SHUIHFWLRQLVWY KLJK LQ 3& 7KH 6'0 ZRXOG DOVR HQ
DGGUHMVMQWBHUSHUVRQDO SUREOHP W URR Q0D PV8IOHUW B L
6KHUU\ HW DO DQG SURPRWLRQ RI VRFLDO QHW

YXOQHUDELOLW\ WR PHQWDO LOO KHDOWK



,Q VKPUFRJQLWLYH UHVWUXFWXULQJ SRVLWLYH Ut
UHVLOLHQFH IREBVSIGREQBRRERBG Q $ WIPLDHDNIMH H W RFL D
VXSSRUW FRXOG VXSSRUW SHUIHFWLRQLVW VWXGHQW
&R J QL VKDY L RXKWDWPRIQMBHUIHFWLRQLVP

2QH Rl WKH PRVW SUHGRPLQDQWO\ UHVHDUFKHG V
RIQLEMKBYLRXUDO WKHUDS\ &®BRLFK R\SQFE @I WKH
PRGLILFDWLRQ RI DQ LQGLYLGXDO V PDODGDSWLYH LG
WKH SHUVRQDO LPSRUSMD QBHVHQWKHLDBHRQYDRGQV WLV
&DUH ([FHOOHQFH 1,&( JXLGHOLQHV UHFRPPHQG
DQ[LHW\ GLVRUGHWKHUXFIR DY % IROBRZAEHQ®%MLPDDO IR
UHGXFLQJ DQ[LHW\ FRPPRQO\ DV{IDFKLD\WBE Z6K\DK UTHU L
$QWRQ\ KDYH DOVR VXJJHVWHG WKDW WKHUH DUH SU
&%7 IRU FODHQHSHIORHFWLRQLVP DOWKRXJK LW LV DFNQ
QHHGHG WR WU XOZRGH® WLINPWKY WGIBYWY DV RSSRVHG
HIILFDREl &% 7

,Q NHHSLQJ ZLW K MKOH ERX RDWIBMRGIHD® O SHUIHFWL
6KDIUDQ HW DO KEOB@®RRING P2VHOFRPLQKBHUIHEW
LQIRUPHG DQ XSG DWHSHIURFWRIERQ@L MU VKWHIDMOP HQ WV V
1RRUW &KHH .DQ H/ KHWWIGI DW P H QWS HPFERH D LWD ¥ HHDVWYG
EHKDY LPFOX. DD L Q LGH DFW RKWE ZL WEHQ DY K R XARDQ LPVRIGYH
SHUIHFWWURQLVPGH 6KQRMWRQ@\ 7KHVH LMHEBXD®XDWLRQ
RYHUO\ GHSHQGHQW RQ VWULYLQJ D QG DO\ HYRIPHLOWL
ELDVHV VXFK DV GLFKRWRPRXV WKLQNLQJ VHOHEWLY
RYHUJHQHUDOLVLQJ DQG GR XEBG® DW\HIRQ BEBKGBWL R X H U IR

DFKLHYHPHQW EHKDYLRXU WHVWLQJ SHUIRUPDQFH FI



FRXQWHUSURGXFWLNUWLEHKDYPROPQWG VHOHWWLQJ RI VV
IDLOXUH RDNEMDWBRQWDUG DK IQIRKWHQRIXIRKLHQW

(JDQ HW DO VXPPDULVHG VWXGLHV ZLWK SUR
&%7 LQ WKHIRW SHWPHQOQW. RQLVP DQG WKH UHGXFWLRQ
DQ[LHW\ GLVRUGHUV ([SDQGLQJ WKLV IXUWKHU (JDQ
UHYLHZHG WKH HYLGHQFH IRU WKH HIILEFDF\ Rl &%7 IR
SUHGRPLQDQWO\ QQUIUHUPVYHRWUWHIGKFLQJ SVI\FKRORJLF
UDQJH RI GLVRUGHUV /OR\G HW DO DOVR FRQGX|
DQDO\WVLY WR LGHQWLI\ ZKHWKHU SV\FKRORJLFDO LQW
VWXGLHV WKDWX WH OHVWHG QVRI%ZHBEUHDWPHQW DQG RY
IRXQG IRU UH®RFIWQI®R QAK HDBEBEHOMRQDO 6WDQGDUGYV [
RYHU 0LVMXHDWAHDO HVG LK@ G/ P]¥ & UH GHEBBG ,W DOVR IRXQG
PHGLXP SRROHG HIIHFW VL]HV IRU UHGXFWLRQ LQ V\PS
VXPPDAEDVWGHDWPHQW RDSSMDHRWHRBEWRYH LQ GHI
RI SHUIHFWLRQLVP DQG DVVRFLDWHG VIPSWRPRORJ\ V

7KHR U H\W DFHDY® KHHRRQ WH. K BIY LRXHDWBRGWO IRU
BHUIHEW IZROLVFRUHPHQWLRQHG HYLGHQIPH V RW ROMKRS V
FRQW H [ \WORICBIHRIPI®I F W L R VWK PIRVGH OR F X V FRUL M Q WG L F
PHFKDQLVPV WKDW PDLREZBYE& W HUKHFMITRGUBEY XSRQ
PXOWLGLPHQVLRQDO FRQFHSWXDOLVDWLRQ WKDW HPS
PRWLYDWLR Q{OHY HMOMWPE QWKHUHIRUH WKH &%7 WUHDWF
SURSRVYBBQE\:DGH BREMIWRD\ PD\ QRAM LEFHWR W
FRPSUHKHQVLYHO\ DGGUHVYV SHUIHFWHRQUL\RPXVWRARPHQ'
RXWOLQHG E\ WKH 3&7Z L \WRW H\@V/ORX 8 AMKDW SHUIHFWLF
OLNHO\ GHIHQG DJDLQVW D/NWW H Y H VD KON RYBHH IEDIR |

SHUIHFWLRQLVWLF EHKDYLRXU ZLWKRXW SURYLGLQJ P



UHVRXUFHV WKLV PD\ OHDG WR IXUWKHU H[DFHUEDWL
SHUIHFWLRQLVWY DUH RYHUUHSUHVHQWHG DPRQJ WKF
SHHFWLRQLVP LV SRWHQWLDOO\ WRR SHUVLVWHQW R
FRXOG LQWHUIHUH ZLWK W KTKHS DUHF RFPXPOWIGHVD VS P HR WA
WKDW EHWWHU UHIOHFW WKH P X O WLKGLARNDIGN WRUR DOV € D
RI LQWHUSHUVRQDO VWUDWHJLHV JLYHQ WKH UROH RI
6'0

6KDIUDQ HW DG UHYLRKIVON FRQWHVWHG +HZLWW H
WKHLU SHUIHFWLRQLVP FREPHMS W XEUMRID/EOMIL RR G B 0 JIX\L ¢
WUHDWPBOWWQJ WKDW HYLGHQFH IRU WUHDWLQJ SV\FK!
PHFKDQLVPV RI PORZHNHIQDIKHO RBEWKBW SHUIHFWLRQL)\
LQWHUSHUVR Q ZX IFFRID\VIKTUNBIOFW P L Q S H UKH BIKIMR Q %\ P
PRGHO IRU WSULHPW B HQWI R ERVEHD RRQDIOH 5RJHQWDO
LQGLFDWHG VXSSRUW MR O VEDDEKRB-ONWBQWPRQ@/L |1
L Q F O X.@MOHIU SIHU/IRW IHROJEIOL SXVLQJ &% 7 WR DGGUHVV S
FRJQLWLYH DSSUDLVDO DQG ELDV RI WKHLU VRFLDO U
VRFLDO V X/8&RUMORDMG F HEG IZHO ®V SHU WKH 6'0 6KHUU
'XQNOH\ HW DIOLV LSRUXWHG E\ 5R]HQWDXD & WWBGVA[\V H
ZKLFRXQG SDUWLFLSDQWY UHSRUWHG LPSURYHG LQWH
WKH &%7 W, QHOHAPEIONWN HW IDFNQRZOHGJH WKDW WKH Z
DQG FROOHDJXHW LADQW UGI® BK/MBWXEY K HXRGE UB VMY J
VFKHPR® UHGXFLQJ V\PSWRPV

7KHUHIRUH LW LV DUJXHGEWKDWLRKXUDDW R&H OF RR
SHUIHFWLRQLVP D®WD W HHRFPE U POW FRQFHSWXDOLVDWL
SHUIHFWLRQQVRKXBBMHK PR G LARB Q WW R WHREK. DWHIVQ IOH[LE

ULJLGLW\ DQG RYHUJHQHUDOLVDWLRQ $¥K\DXBB QWHW D



&%7 WUHDWPHQW PRGHO IRU SHUIHFWLRQLVP LV FRQV
PDODG FRWQHWLDQBYFDWHG ZLWKLQ WHKH DOW BDUHY W K
WKH DVVRFLDWHG SV\FKRORJLFDO GLVWUHVV DQG V\P
AXDOLWBWHIHFK ZKLOVW VSDUVH LQ FRPBROGVRQVWRR
VXSSRUBLOIBLEKDIUDQ WKHPHYGRILWHELVP IROORZLQ
UXOHVLGOW\DYRLGDQFH DPRQJVW LQGLYLGRZOY HWU WK
WKHVH B/KH PHOW R UHOH Y D,@WD GIOE RIHR@W P 3447 DO
WKHPDWLFDSDUWQPIOSER®W VYT UHVSR@EHAHGRO®BRZLQJ L
WUHDWPHQW IRWRGHWRKWWLRIQI¥PRWLKHOBHWEBVSRVLW
ZKLBKVEFWKRZHYD UW LF LS H@WWH U bl FRHQUE HEMBURDAWLIRQ J W K
FRIQHLELDIVHM JLG UXOHV DQG IRFX\ELNGEURQ GHCQH @H K
SHUVSHFWLYHIW®WHK[LEXIK WRUGNLQJ DQG INRMVPLUFW® L WK +
WKHPH DQG WKH DIRUHPHQWLRQHG LPSURYHPHQW LQ
LQGLEBWMWUHDWPHQW PR G HCR/OIGRW WBHHWH M BW E R GLLWPK L G
7KH &%7 WUHDWPHQW PRGHO IRU SHUIHFWLRQLVP
WKH GLDWHHVY W RSHOI HEFQV WK@W WV PD\ JHQHUDWH DC
WKURXJK PDEXDEFDRBWWUED ERSLQJ VWUDWHZLWW V XEKW
6XFK FRXQWHUSURGXFWLYH EHKDYLRXUV DUH
WUHDWPHQW MRGHHHD RV KELHRODIKL RXUDO H[SHULPHQWYV DC
%XUJHVV DQG 'L%DUWRORU HQKBEGRPEHGHUIHFWLRQL
HPRWLRQDO UHJXODWLRQ LQ UHVSRQVH WR VWUHVYV
$V SUHYLRXV OS5 LPAHHQ MW RODH G DGYRFDWH IRU LQ
QRW DWW H F/SWD QEREBOAREEXNILY HO\ DGGUHVV WKH PDODGD
SHWEWLRQQAWWHDG WKH\ HQF RNV R W)W K WWKH WV R G )
DGDSWLYH SHUIHEFWLRQLVP 5LFH HW DO VXEK DV

OLUIDGHK FRPRIMWYR DQ :DVVHWYV DQG VWUHQJWKYV S



'HOOZR S 7KLV LV UHPLQLVFHQW RI WKH FRQ
2WWR S sLI RQO\ SHUIHFWLRQLVWYV FRXOG IR
ZRUU\LQJ DERXW PLVWDNHV HQMR\ VWULYLQDORUGQEH L
VKRUW RI LW DQG FRQFHQWUDWH RQ ZKDW KDV EHHQ
GLVFUHSDQF\ EHWZHHQ ZKDW KDV EHHQ DFKLHYHG DQ
HYHU\WKLQJ KDG ZRUNHG RXW SHUIHFWO\ ,Q WKLV IR
SRVLWLYH GLVSRVLWLRQ ~

,Q VXPPDU\ ZKLOVW HYLGH®WVH & XN UHDWWP MQVD WR &
SHUIHFWLRQLVP PD\ EH EHQHILFLDCP DQ DGISIIVWH TR &
VW\0ORG V\PSWRPV DNQIHG LWMHK BTV PBG QR W EH
VXUFLHQW D QRDWWBYOIG GUHVY LQWHUSHUVRQDO LVVXH
7KHUHIRUH LQWHUYHQWLRQV IRU SHUIHFWLRQLVP FR)
LQFOXGLQJ WKH SURYLNGRS WLQG FRFER GUBHYRRMVERAHAI L H \
LPSURYBLUHQFH DIDLQVW DYHVUWDWMHGHOQMWIWLNE BQW KH
7KH &% 7 PRGHO FHRQIMBQBEGREEMWFNQRZOHBUMMRSHU IHI
D UHODWLRQDO SHUVSHFWLYH WKURXJK WKH WDUJHW
QHHGMW®E IZQ WKH VRFLDO FRQWH[W R 7XKHHWIH FOVEIGR.QMLVRPQ
FRPSRQHQWY FRXOG EH IRXQG ZLWKLQ SRVLWLYH SV\F
3RVLWLYH 33SBEKRORDWEGBYHQWLRQV

3RVLWLYH SV\FKRORJ\ LV D UHFHGW LWBKHR O H WOV
RQ WKH VWXG\ Rl KXPDQ IORXULVKLQJ ®HEL SRIRQV H B Wi
DVSHEWV RI KXPDQ IXQFWLRQ DV RS8RQHEUWRROMBWYHF
SDUDSKUDVLQJ ODUWLQ 6HOLJPDQ ZH VKRXQIBVAEHD BV
LOQWHUHVWHG LQ EXLOGLQJ WKH EHVW WKLQJV LQ OLIt

S :KLOVW SV\FKRORJ\ KDV IDFLOLWDWHG D VL

ZK\ LQGLYLGXDOV PD\ VXIIHU DQG KRZRWRHEWHHK DR B® D



VWUHVVRUV 6HOLJPDQ DQG &VLNV]HQWPLKDO\L D
PDGH UHJDUGLQJ XQGHUVWDQGLQJ KRZ DQG ZK\ LQGL)
LQIOXHQFH KDSSLQHVV IXOILGRHEDVKDG @ RV BV\T
QRW MXVW D KHDOWK VFLHQFH FRQFHUQHG ZIDWIK LOOC
ZKLOSVWKRIODBHHQ VXFFHVVIRE JIDWWRPIHAEBRRUOD Q HX W U D
LW LVRQRRARG DW X QG H UV W D @ HXIVKBDDWRRWR AR IQLRP)
SRVLWLYH *DEOH +DLGW

JROORZLQJ WKH UHFRJQLWLRQ Rl WKLV LPEDODQF
*DEOH +DLGW RI UHVHDUFK KDV HPHUJHG DORQJ Z
XQLYHUVLW\ FRXUVHV DQQHLOWKFYHE PG KA RXYW X
DV RSWLPLVP JUDWLWXGH KRSH DQG IRUJLYHQHVV E
KDV JURZQ VLJQLILFDQWO\ LQ ERWK VFLHQWEHILFQDQG |
DQG WKH SRWHQWLDRIVRQWRVNYWOYWH BYWKFBOV WR SU
IHHOLQJV WKRXJKWV DQG EHKDYERXQY DR RSSBRUEG
VROHO\ UHPRYLQJ RU UHGXFLQJ QHJDWLYH V\PSWRPV

3RVLWLYH SV\FKRORJ\ SURSRVHV WKDW ZH DOO KL
GHY$HM®R IXUWKHU RU XVHG PRUH HIEHA\® U YIHDG WIRSIDAESY
FRSH LQ DGYHUVLW\ ODFDVNLOO 'HQRYDQ 7KHU
LQYHVWLIDWLQJ WKH HIITHFWZN@6HYYERG B3 NVWR BURP
LQFUHDWH@IW KV DQIR W ISYRRBRRBEHMQ JZHOORSSRVHG WR F
UHPRYLQJ QHIJDRUYHDOPSWRU&HQLIPDQ HWKBRH XVH RG
FKDUDFWHU VWUHQJWKY DQG JUDWLWXGH LQWHUYHQW
GHSUHVVLRIQO ® IDFRDE 'HQRY D QW KV KMH GH/GMWRLII IEHK® U D F W H
FDQ LQFUHDVHHRMWXGHOWYY DRORQRPRXYV OHDUQLQJ |
JURXSYV 2XZHQHHO HW DONVKWKH XOWRRLGHQWLWKGH D

NLQGRWWMYWHQMIRIQWVHG WR PRUH SRVLWLYH HPRWLRQ



OHWDBRDO\VHV E\ 6LQ DQG /\XERPLUVN\ DQG %ROLH
33,V ZLOO LQEHHQ¥ B Q@B GAHFUHDVH GHSUHVVLYH V\PSV
+ R Z H YLHQU WSO L F D W LIRK)V W KPDIWS VAR K R O\R B\H LYR®Y H YW\
SV\FKRORJ\ BB'% URDH BRWHDHMFMD SULRU NQRZOHGJH DQ
IURP RWKHU DUHDV RI SVI\IFKRORJ\ WKURXJK DGRSWLQ
6LPLODUO\ LW KDYOWRW SERMWH@WQWORWRP QBILPLVF
QHJIJDWLY H H) GLAfIBDRFEDE OH DQG +DLGW L¥ODGEV R MYDAW
WKDW SRVLWLYH SVI\FKRORJ\ GRHV QRW GHQ\ WKH GLV
LW VW R NSV \WDHE BIDAKFRIOORZLQJ WKH PRUH GRPILQDQW C
FOLQLFDO SV\FKRORJ\ $V 6HOLJPDQ HW DO QRW/|
WR VXSSOHP HQRX UQHRWVWWH.-S)I DXGIG H U V W D Q &/L IQQ FROIXIGHPT
S\WKH SHDNV WKH YDOOH\V DQG HNWUDWK ISQ JWR) EHW Z
FUHDWH D PRUH FRPSQBWHVINIDR EDQOD ®RFMEH KXPDQ H
$QRWKHU FULWLFH VPV LK B R R W GRW LSWIRSIERD B KQ H
EXW LQ IDFW D UMK PRWDMWDBOURDFK VXFK DV 0DVO|
RQ KKNDQ®IKY LGRZMYWU ZKLOVW VLPLODULWLHV EHWZH!
6HOLJPDQ DQG &VLNVFOOWPLKXKPW\WLYH SVIFKRORJ\ LV
KXPDQLVWLF SVIFKRORJ\ EHFDXVH WKH ODWWHU KROG
XQVFLHQWLILF PHWKRGRORJLHV )URK ZKHUHDV
HPSLULFDOO\ W H \AWHDIE KD 5RRY WYIKE WHQ GIIPVSFHOOMLLR@ .
VFLHQWLILF IRFXV DQHDYQ\WHW KQG P ISWDSRUWHG WKH H
HIITHFW LRKNLHQAV3 3,V IRU HBDKD@F L'QF NHRWWK HW DO
JAXERPLUVN\ %ROLHUHHWVD® GDUGV\ RWHYO OXDWLF
FULWLFLVHG IRU ODFNLQJ VXIILFLHQW TX D@VO\VER\BDV
%ROLHU HW DO 7KH GHILQLWLRQ RI 33,V KDV EHI

VHHNLQJ WR FRQVLGHU BRWKR:R\RGWL YHWRIG® QWHKD WDLQ



5DVKLG HW DO $ PRUH WKRURXJK DQG XS WR GI
DQDO\VLV E\ &DUU HW DO KDV VLQRWHKIBWHOHFRQG
HIIHFWLYHE HRQ ZHQ®DQFHP H QW RWK D AW IRRXBSH3 &, | HU H (
SUHOLPLQDWH®MRZW\ LQWHUYHQWLRQV EXW WKDW UD
VKRXOG EH PRUH PHWKRGRORJLFDOO\ ULJRURXYV
3RVLWLYH 3VI\FKRORJ\ ,QWHUY HQVGLIRQN IRR 38K FH
KDV EHHQ WNWWRG S8WWFWLRQLVP KRZHYHU UHVHDU
HIITHEFWLYH DV FRIJQLWLYH WHF DYVREHLD \WRHG P D 6 W RO/ |
SHUIHFWLRQLVP VXFK DV ZRUU\ DQG DQ[LHW\ *HUDJK
':DGH DQG $QWRQ\ VW KDAGLUIHYQWHUYHQWLRQV VXFK D
EH EHQHILFLDO LQ WKH WUHDWPHQW R SRIOOHREWER QL)
VXUSULVLQJ ILQGLQJV RI D VWXG\\ERIKMHER B R BS:DE
&%7 IRU SHUIHFWRRD) IQHURR YBXO@HVE IPLBGIXOQHVYV LQ\
WISKHDFHER FR QWKBIR ORXWDRGX ® Q R E V &R FHHGU @ HRAHBI HHY L
SHUIHFW L R QLR P OFSIDE\FKHHE R "VXUR MBMIIGI X O QHVYV LQWHU"
F R X$HEU KIORSQ/W D L @ KOHFWOLSYHHX W LE LQJUHGLHQWYV
$ SDUWREX®RDGBRVLWLYMWRBVAEKR®RI\ SV\FKRORJLF]
DQG FUHDWH LQWHUYHQWLRQV WR KHOEHIK)YH GRS LWKI
&VLNV]HQWPLKOQRW VROHO\ IREXVLQRBRE @RZIHHTBW I
DWWHQG LELF WRI\W& O Q GBVHQG L Q FR U S RE IDWKSWRIMERQUML D
VWUHQJWKY RI DGDB® MYWHXBHGIWFWDRQLVP LW FRXOC
IROORZ WKDW 33,V FRXOG EH N WXCBRESMIQYH LR MWUHH YN
ZHDOWK RI HPSLUKFDXOVHMXBISRAUW LRUHQWKDQFAHLIQR U G U |
LQGLYLGXDOV 6LQ /\XERPLUVN\ KRZHYHU WKHIL
XQLI\LQJ WKHRUHWLFDO IUDPHZRUN IRU ISRYHWLYH 33,

QRWLQJ WEBYDEM NMXOIHWHW HKP SWV WR LQIXVH WKHP ZLWK W



KDYH WKXV EHJXQ WR DGGUHVV WKH *KRZ" DQG 3ZK\" 3
EHLQJ DQG UHGXFLQJ PHQWDO LOO KHDOWK V\PSWRPR

&KDUDFWHU 6WUHQJBDKAWK LGW H U Y IQ@RW IHR/QBWA F K R W K
PXFK DERXW WKH FXOWLYDWLRQ Rl ZHOOQHVV DV LW
QHFHWWR DVVHVY VWUHQJWKY WRIJHWKHU ZLWK V\PSWF
SUDFWLFH &KDUDFWHU VWUHQJWKYVY DU HR UG HBMIQ LM
HPSLULFDO H[DPLQDWLRQ DV ZHOO DV PRUDOO\ GHVLI

,Q DQ HIIRUW WR IRFXV RQ ZKDW LV pULJKWY DER
FKDUDFWHU WKDW PDNH WKH JRRG OLIH S$BWOQWMEIOHH GH
FRUH FKDUDFWHU VWUHQJWKY VXEV X PMGUX\QGHYAN M L[ E
VWUHQJWKY FRPSULVH WKH 9DOXHV LQ6$ MW DK® \QYHQ
$FWLRQ ,QVWLWXWH ZZZ YLDFKDUDFWHKHORW.E LIRIVWZ KILG
YDOLGLW\ GDWD KDV EHHQ SXEOLVKHG IRU H[DPSOH
DOSKDV ! 3DUN HW DQ6 WR LONMHY/ WKID W, WKH UH!
FKDUDFWHU VWUHQJWKY DQG OLIBQ® WREXVAW DR § RFQ(
ZLWK WKH VWUHQJWKV *KRSH JHVW JUDWLWXGH ORY
/IRSH] DUJXH WKDW WKHVH VWUHQJWKY FDQ SURY]|
LPSURYLQJ BHIHQU ZBEOXGLQJ 6HAKR VY BMVHD®HYHOR!
LQGLYLGXDOVY SVIFKRORJLFDO VWUHQJWKYV WR IRVWH
ZLWK OLIH VWUHVV

6HOLJPDQ HW DO FR QLEXTFOXHBE VH YLD VL JQ
VWUHQJWKY LQ D QHZ ZD\L YK LFKKVX WO VZ K 8 ULH) \SLRI\DLLW
LQ OHYHOV RI GHSUHVVLRQ DQG KRS RQNWKY SHILR GG H
FRPSDULVRQ WR FRQWURO JURXGW Q3D UWEFLSBG WNHGI
WKHLU WRS ILYH p\DLQUGDAMMMXKHIWY WQW QURVKVH RQH RI W

QHZ DQG GLIITHUHQW zZzD\ HYHU\ GD\ IRU RQH ZHHN 7K



E\ ORQJUDLQ DQGBQYKHAPR DOWKRXJK HIIHEFWV ZL!
FRQVLGHUHG PRUH PRGGHMWH UHVQ\GILQWIOUYKWH\LRQ SD!I

IRXQG VLIJQLILFDQW JDLQV LQ OLIH VDWLVIDFWLR
RWKAKDUDFWHU VWU H QBWIXWV HROGPRIZLVIUBHIBW K M QDN QRR
JURXS /LQOH\ HMPXQG XVHDRVRWUHQJIJWKY OHDGV WR
ZHOO DV JUHDIMVHU)ZBOOO\ ODFDVNLOO DQ®'HQRYDQ
FKDUDFWHU VW UHLIQS KWK VRO\DHOLWARHED WNLGEHFW Y WR DS S
DEDGHPLF PRGXOHNG :BRHMLEORMSDWFRQWURO JURXS VW
FKDUDFW H UQWWHIHQUQMWKER & TARRRUHW GRQILGHQW ZLWK OH
HVWHHP DQG DXWRQRPRXV OHDUQLQJ LQFUHDVHG VLJ

5HVHDUFK KDV QRW \HW LB8HBRKLQLN G VG R I LIgAMMLR/GH
ZKLFK FKDUDFWHU VWUHQJW KBH L Q W HURZHW IUR Q\H W HDIXU
EHIJXQ LGHQWLI\LQJ VRPH SRWHQWLDO WKHRUHWLFDO
6'7 5\DQ 'HFL 6'7 LV SULQFLSDODWKMRKHURW RR & [DAD
L HH[WULQVLF YV LOQWULQVLF EXW LV DOVR FRQFHUC
IORXULVKLQJ LQ FRQVLGHULQJ ZKDW LV QHFHVVDU\ IF
SHUIRUPDQFEHR@BRPHOBGFL ,W SRVWXQWGLWHEX\WONWK DY
IXQGDPHQWDO SV\FKRORJIFRPG HWHEW HRH OCDIVHREQR-P V
WKHVH QHHGY DUH VDWLVILHG LW IDFLOLWDWHY LQW!
HIIRUW DQG SHRIP@®W BWBHO O

/JLQOH\ HW VX JJHWREH®¥RWHQWLDO PHFKDQLVP RI D
VWUHQJIWKY LQW HERHQIWLR @/\K DRYGI B WAOKIH SXUVXLW RI
VHPRQFRUGDQW FRQVLWWHQWHIZHWWWBREGMNDORAY W
SV\FKRORHGD ®RIQD FRRORWHIEGFH HODWHGQHVYV 7KH\ IR
WKDW DUH SHUVRQDOO\ DVVRFLDWHG ZLWK DXWRQRP\

ZHeEEBLQJ WKHUHIRUH ZKHUH FKDUDFWHU VWUHQJWKYV



LGHQWLIG FR@WFRRDOV LW OHDGV WR QHHGV VDWLVIDF\
EHLQJ DV SHKUS/ OB HUNRP DOVR VXJJHVW WKDW
FKDUDWWHQIWHKVYHQWLRQV UDLVHV DQ LQGLYLGXDOYV
WKDURPRWHY UHVLOLHHQFD FW UEX BBV RIBWDEOHY LQGL
WR VHW DQGFBRBRNBDQGWIJRDOV WKXV LQFUHDVLQJ K
6'7 KDV DOVR EHHQ H[SORUHG LQ UHODWLRQ WR S
H[DPLQHG WEEG DM HRIQVIXKXXWRQRPRXV DQG FRQWUR(
GLIIHUHQW UHJXODWRU\ VW\OHV DVVRFLDWHG ZLWK DI
PRWLYDWLRQ 7KHLU UHYLHZ LGHQWLILHG GLVWLQFW |
UHIHUULQJ WR GNKIHR BGR RE CBH1 U | HW WIDW®O DV AH QIHU JL]H RU
SDUDO\VH SHUIHFWLRQLVWY 36 ZDV SUHGRPLQDQWO\
UHJXODWRU\ VW\OHV FKDUDFWGKHWWHWYPEQ EW KR QK HUJO I
PRWLYDWLRQ LQWHJLGHOMG ILHIX0DIWKRIMWVRLAG +RZH)
DVVRFLDWHG ZLWK ORHEW H UFPHIUHHAVRRI WHD I DPRWLYDV
UHJXODWLRQ DQG LQWURMHFWHG UHJXODWLRQ 6WR
WKH GLVWLQFWLRQV EHWZHHQWHCH LPHRIXIO DWRUR VRK O |
DYRLGPWAHQWHG 3& DQGHMWHNRIQIDIVDLRBO |
3URYLGLQJ DVRAKIHODFMWKIWULQWHUYHQW LRWKIIRW SHUI
OHDVER JUHDWHU DX®WRWRB P OQERMMWREW DO Q HW DXL QOL
PD\ WKHUHIRUH HQKD @M HOQWBW HPRWS S DRDRIQ LQ
JRDOV DQG LESUBYH AHOMK H/ & UMW K MERYHD HW DO
DQG %XUJHVV DQG 'L%DUW KK R FRROE H\D\F BXRDIBHNQ R/ V
FRSZQWKMUHVYV IRU SHR IKHBGRAVRIG MW BV YD L 8 V R/P & MAMHN DHHY ®
EHLQKH RYH KD WNWFWHQU WKY LQWE VR HIMIREFEWH PWLR QLY
SHUVRQDO DXWRQRP\ DQGNVKRGWVR Rl GFIRB SIBRMRIBIFH

PRWLYDWHRE O SBWHUVNFIWMWRQXYIWH LQ LQWHUSHUVRQTE



H JVRFLDO QHJDWLYLW\ HYRNHG E\ QHHGHRQJDSSURYL
ODFNLQQRQ HW PDHYHHLDWWWLQVLF PRRVEKDWDR®WH U
VW WHQJ L QW HFRKEBIG RIQR OHVY QHJDWLYH VRFLDO FRP
DQG DOORZ JUH D WSWR PRQQEHRWRIG@HVY SHUITHFWLRQLV

7KUHH *RRG 7KLQJV *UDWIQOWHKE&HWEWHIYYHQWHRQ
ZLWKIDQVFHQGHQB&KIDQ AWWHH, $WUHQJIWKYV 3HWHUVRC
JUDWLWXGH :KLOVW YHU\ GLIILFXOW WR GHILQH D FR
UHVSRQVH DULVLQJ IURP WKH VHQVH RI KDYLQFDG® FHL
REMHFW 3JLIW FDQ LQFOXGH D JHQHUDO VHQVH RI OL
*UDWLWXGHLPBRUWDQW IRU WKH H[SHWH@RIH Rl ERWK
HPRWLRQDOO\ SOHDVDQW DQG VDEHLQILMLYLOH DIQ B
IXOQBRWULVKLQJ DQG PDNLQJ PRVW*XDKR RW 38 W DG W H [
IRVWHU HXGHERRQUF ZRI@IG U U LRHQWD/Q @ DFHQKHDWMRVK D C
GHPRQVW UDMNGDYS WQ Y HX ¥R F L DNOKHBUBIERDESANHHDLW MR.@ \Z L W
'RRG @W D

*UDWLWXGH LKDWHUXBEMWLRWYRQIHVW HYLGHQFH E
6LQ /\XERPLUVN\ ,Q DQ H[SHULPHQWDO LQYHVW
EOHVVLQJV JUDWLWXGH YHUVXV \RXU EXUGHQV (PPR
IHHDOIQDWLWXGH WRZDUGV OLIH H[SHULHQFHV WKURX
D VWURQJHU HIIHFW RQ SRVLWLYH HPRWLRQV WKDQ D
ZLWKLQ WKH VWXG\ E\ 6HOLJPDQ HW DO IRFXVHG
JUDWLWXGH YLVLW DVNHG SDUWLFLSDQWVY WR ZULWH
VRPHRQH ZKR KDG EHHQ HVSHFLDOO\ NLQG WR WKHP
WKHP $QRWKHU ZRRTBOMOQHDMIIKYW HWWHUYHQWLRQ ZKHUE
ZHUH DVNHG WR ZULWH GRZQ WKUHH WKLQJV WKDW ZH

QLJKW IRU RQH ZHHN 7KH ODWWHU H[HUFLVH LQFUHD\



VIPSWRPV IRU VL[ PRQWKY 7KH JUDWLWXGH YLVULW HI[t
RQH PRQWK SDUWLFLSDQWY ZHUH VLJQLILEFDQWO\ KDS
JURXSV WKH ODUJHVW FKRQ@HY HQ WHKH \Z i RINHRWXEX V
PRQWIWMSLQHVY DQG GHSUHVVLRQ OHYHOV ZHUH WKH

$V ZLWKDKHFWHU VWUHQJWKY UHSOLBDWWX® ZOR C

DOVR UHSOLFDWHG W RH HIUHH ¥ R RBQ BKILRXYG VLP
WR 6HOLJPDQ HW DO KDSSLQHV VDIQERMHBKNHG VLJ
IROOXBY *HUDJR®\ H DVNHG SDUWLFLSDQWYV WR XVFh
IRU GD\V OLVWLQJ XS WR VL[ WKLQJV IRU ZKLFK WK
IRU SDUWLFLSDQWY WR EURDGHQ DWWHQWLRQ DQG UF
VXFFHDVIWEGH &%7 *7KRXJKW 'LDU\" LQOWHUYHQWLRQ LC
ZDLWOLVW FRQWUROV VXJJHVWLQJ JUDWLWXGH FDQ L
VWDQGDUG &%7 DSSURDFKHV 2XZHQHHO HW DO F
PRGLILHG H[IWRVLQEFEBBDNVWNH JHQHUDO KDSSLQHWV IRU X
7KH\ IRXQG WKH JUDWLWXGH LQWHUYHQSDLR MID & D) W
GDLO\ SRVLWLYH HPRWLRQV

'RRG HW DOWDWHY FKDOOHQJLQJ WR LGHQWLI\ KR
LOWHUYHQWKRQNVRZBUWILIILEXOW\ LQ HYWDEOLVKLQJ PH
LQWHU Y HRPMIYRIQV WK H\ VXJIJHVW IRXU SRWHQWLDO PHE
K\SRWKHVLYV WKH FRSLQJ K\SR WKW OHXA WK H EQ®RID/GLHQ
EXLOG K\SRWKHVLV 7KH ILUVW K\SRWKHVLV ZRXOG VX
VEKHPDV WKDW LQIOXHQFH NRDXGICHD OQMW K USWH R LVDRAF
JLYHQ VLVDXTFW URRUEG\LKIHIE DV URVY B OB WDKWIHRQ VQ WK
SHUVRQ FRXOG H[SHULHQFH JUDWLWXGH ,I SHUFHLYH
PD\ UHSUHVHQW D PRUH SV\FKRSDWKRORJLFDO UHDEW

EH UHOD WHHL /RVWKORXIK VFKHPDWLFKRIUVHIEFRWQHG FRUGR |



K\SRWKHVLV ZRXOG H[SODLQ JUDWLWXGH DV D PRUH D
E\ :RRG HW DO LGHQWLILHG JUDWHIXO SHRSOH D
HPRWLRQDO VRFLDO VXSSRUW ZRKHAR DLW LIFOR\S FE\R QM 1/ V
ZHOO DV PRURIUDSQWRDEFEUREOHP VROYLQJ DQG OHVYV
7KLV LV OLQH ¥MWK G P\REHOMW ZKHUHE\ PRUH DGDSW
VWUHVVIXO HYHQWYV FRXOG EXIIHAW DJDLQVW WKH H[SH

$ PRUH JHQHUDO K\SRWKHVLV RI SRVLWLYH DIIHFV
SRVLWLYHO\ YD @/KQWMKBUWARWHRIHODWHG WR WKH KDE
SRVLWLYH HPRWLRQV OHDGLQJ WR JUHDDAQEBXLGLGH VD\
WKHRU)UHGULENVRQ VXJIJHVWV WKDW HDFK SRVL\
HYROXWLRQDU\ SXUSRVHV LQ EURDGHQLQJ WKRXJKW V
EHKDYLRXUDO DFWLYLWLHV WKDW EXLOG UHVRXUFHV
ZKHUHDV QHWRWQYHQBRRRZ DWWHQWLRQ ZKHQ GHDOLC

VXJIJHVWV WKDW JUDWLWXGH LV RQH VXFK SURFH
VWUHVVIXO WLPHV DIRIDS B UMREKMHUMN IRHMRRKRFESDWLEO
WKH VFKHP BR/SIEQDX\SRWKHVHYV :RRG HW DO 7K
K\SRWKHVLVHG WKDW LQ SURYLGLQJ D JUDWLWXGH LQ
ZKLFK WKHRUHWLFDOO\ FRXOG OHDG WR JUHDWHU DG
DV D UHVNWXRIAHWKHUH IR WEH L@ S URKYLY ZWOMIDLQ LQ OLQ
GLDWXWUHWY PRGHO DQG WKH 6'0

BHARPSDVVLRQ ,QWHUYHQW LKRKV FRRESHBYVHRQ DV |
SHUVSHFWLYH LQ ZKLFK RQH HPEUD FH\D 5 UDRWID/LY H RF
LQ NLQGQHVV D VHR SSRWPH BKWRK VIO D WWHRIKICCOMWH.® @ LIW K
'KHUH RQH H[SHULHQFHV VKRPHSILL\QILRQ KIQQURDHAAAVHHDI |
RSSRVHGFWRWLHIY KQGHUVWDQGLQ.DR | SFOQUN \R I\\SKHU DH

FRPPRQ KXPDQ H[SHULMBHIHQ DVPESHIRNFW® QG LVRODWL



PLOQGIXO@HELY DWFMSRW DQ H[SHULHQKRIOIR R @K DPW S DAL @ \
EDODQFHG DXDR SIHRWHICE WRWRLY &6 VR KRV VLRQ KDV DO\
DVVRFLDWHG ZLWHKJIXIOBDRW ROHDWHO DRZ QHIJDWLYH DIIH

'KHQ GHYHORSLQJ D VFIRP DM PRIQVXHWH VHCOE [RX
FRPSDVVLRQ ZDV VLJQLILFDQWO\ Q HJDQG DHJPAKHFRIMHU H O
LV ERWK WKHRUHWLFDO D Q G FHRPSIDW\FLIOROEVEXEE Z B\ OR U
UHODWLRQVKLS )HUJXVRQFRWSD®VLRQDWFW®LQLWHNO U I
EHKDYLRXUV WKDW SUFRRR\@H R P DAHERIDI \HEGMRED H V
FODULW\ RI RQH TV HFIRIQNDEMKBRIQBWKY E HKDYLRXU VXFk
FRPSDULVRQ ZKLFK SURPRWHYV JU EZHW ®JD Q&G IDFCS UR Y H

KHUHIRFRPEBUDERQD YLDEOH UHVRQUFH URMVR® X
DO (DFRI WKH WKUHH FRPBR{DNQMRIGICKGHAYIV FRPPR
KXPDQLOWG PLQGIXOQHVYV |D ELHIX®DWR UD\GUHWASLR/GHY YAN Oy
DUMKHUHIRUH DV V RFH.IDOWH G\ZE WAMEBHIRM A X HQW KHDO W
EHKDYLRXUVD ,Q D VHULHV RI VW XGLB\WHA WWIO VW X G HQ
LGHQWIKHBRPSDVVLRQ EXIIHUV DIJDLQVW WKH LPSDFW
PRGHUDWLRQ Rl UHDFWLRQV WR VWHRWERQ VLWXDWL
HPEDUUDVVPRBSDWH®RIQ ZDV DVVRFLDWHG ZLWK ORZH!
UHDBFDROHBDILQHG HYHQWYV /HDU\ HW DO )X U
FRPSDVVLRQ KDV EHHQ DVVRFLDWRBSHWHQFHHOLQJV R
UHODWHGQHEV VIHIIHVWLQJ WKH FRQVWUXFW PHHWV V
GHILQHG E\ 6'7 5\DQ 'HFL

6KDSLUD DQG ORQJUDLQ LQ Y HDWHIDRIPVE B & WL R B
LQWHUYRIQWQRBQYLGXDOV YXQ GRPSPUH ®RRVERKEUS VVLR
L QW H U YZHKMW HRED UV DRHERCSRW Y W L YOHD BX W XFRH) WHIHRWDHJ U R |

SDUWLFHLGYPGHEWYW G\ PHPRUL AKNHL GHEHSDOIVVA RQ LQWHUYH



LQYROYHG D GDLO\ OHWWHU ZUIWAL @QH B HHIUG VY WHI X E RHHU
AVWUHVVLQJ HYHQW WKDW RFFXUUHG WKDW GD\ DQG
ZULWH D SDUDJUDSK GLUHFWHG WR WKHPVHOYHV LQ W
SRVVLEO\ VD\ WR D UL HGGUHGS HDDWLHPE CPHWD WX WH\D W1 RIS
DW WKUHH PRQWKNRWERVHLR® WRE WHWOLRQ ZHUH VLJIQ
DQG VFRUHG KLJKHU LQ KDSSLQHVV WKDQ LQGLYLGXD!
JROORZLQJ D VXFFHVVIXO SHORW VVGHXH QRSHEEQBQ* H U
OLQGIX@RPODVVLRQ SURJUDP IRU SDUWLFLESDWHGY FR(
IRXQGDWLRQV DQG GHYHORSLQJ D FRPSDVVLRQDWH LC
DJDLQVW D Z DIUARSEW VAHOQRDER® \WOR B LIEQKDSSLQHVV LG
DQG DQ[LHW\ GHFUHDVH EXW WKH LQWHUYHQWLRQ ZD
LQFUHD VFHRPG DAHNOKRE RJ MWKH LQWHUYHERUWRBRIQOLABHE Y B
RI VARPSD\DWLRBOO DVVH®RBOBVYILRQ DV D VWDWH

1HII E DOVRARR®ODVVHRQ ZDV QHJIDIWMKYHO\ FRU
3@ X U BN F W LIRHQDLWPU H & 365 "WYKIHU H S D Q F\\MWEK B B OQR
VLIQLILBIWQWQWHKAQS ZLWK WK HHKUDDG® $GD RAKE V F D ORHX
ODEFN RIRPMONVLRQ PHGLDWHG WKH UHODWLRQVKLS Et
BWRHEHU HW DO DOVR LGHQWLILHG WKIORZ P® O W
QHJDWLY H LIS OZLWARRREBIRMY @ R/GRBIPOYV QR ORQJHU VLJIQI
UHODWHG ZKHQ XQLTXH UHODMWLERM K ERPIZBVMDRD P L G
SRVLWLYHO\ SEHIC) @R 8 ® E@SREBG LFVEHE @HWYIOD ORZ VH
FRPSDVVLRQ

6XFK QHDVWRFHDWLRQV EHWZHH @ RABDWEMR QR @ RXRF
GXH WR PUKHWYADO QDWXUH RI SHUIHFWLRQLVP )URVW
VHPULWLFELVP LV WKHRARPGW VaHBRIMIWLWIRY? HKDWREBBQ OL

LQDELOHQYNWRNH IHBOQURFWRG VZHDQWIPWK VRRWKLQJ UH



OLNLQJ *LOEHUW :KHUMHPULWDRFLVPNQQBKQWWWHOWKH X
VHPRPSDVVLRQ LV D EHQHILFLDO VWU D WWHUIWLED GPRW |
LQGLYQBX*LOEHUW 3URFWHU $FFRHUGRBIRPKWRN DO
SHUIHFWLRQLVWYV H[SHIULIWHIGFFDHD | WK RXH @ W\ BIRLGS ZRRW U\
GLVWUDFW IURP FYQWWRL RV RIDEIHD LG DWRKHHWAL \P R G H O
LGHQWHLLUHMFWLRQLVWY DUH DW ULVN WR SV\FKRSDWKF
FROWULEXWH WR VWUHVVIXO FRQIOLFW GXH WR KLJK \
VWUWHAMYR XJK D SUHRFFXSDWLRQLMLW K YW@ KDHXBKRHAGIL IER R
GHDOLQJ ZLWK | DH@XRH ZQ® K WHWLFLVP &RZIQWWLY HOH
UHDSSUDLVDO DQG DFFHSWDQFH DUH FRQVLGHUHG DV
VWUDWHJILHV $0G XK LHOAV MU WQ F\D EEDGMEMR JHQHUDWH I
W KR X JKWAUMWMREFEKODIG HUVWDQGLQJ WKH ORWKPRBRN FRJIQL
VWLOO VMAWOIDOWXWRG E\ WKKNR GHHLF DWKLRQ RWY DQG
EHKDYLRXSHU | HEW HRFRXWDWHE IR SHEXHW K RXW DO VR
SURYLGLQJ DGDSWMKIHHPDW Y BWGIOLGMIHQG DIDPUWWKWUDY |
H[DFHUE D W3R \GLWMYUHVMIUDPLQJ D FRIKX®\S DSKARIFKBHAE K X
VDWLVIDFWLRQ IRU SHUIHFRW RBUYV R PV/MWERE-EERWH/Y D QO F

7KHUHEZRXIDEHD HILFLD O &9R IFRW®O 1 WD WHI UHHOU D P L G
FRP SD\L\DWRU YWAR \W HR G VI X US\HKUH H FVRIPREDIVKWYARRE D/FPX J K
W KKV HVRIPLQ GQHVV D Q G WL @BHRUMN IRFHSWLY H WM JI V
F R XO@KSD GUW B W HEB LZGHIO O

,Q DGGLWARRE DWMVARQ FR X0 GUMNDWRH ERMFE_EDIDLIR Q
SRWHQWLDOO\ PLQLPLVL Q@8 QXEHHQ QN HOK KR RIX RILYRERQ
LGHQWLILHG GKQHWKHHW DOFRPSDVFHROQ LV GLVWLQFW
HVWHHP LQ WKDW LW \LHOGV VLPLODRERPISQ WWDLCR R HDOFOH

QRW KDYH WKH VDPH SLWID O OHVRIHWHRPF LIDHO | F RRAHJOPUHLLY R



JLQGLQJV EQ G HIRQN ZRXOG VXJJHRW SDKR VR K DIKH
IRFXVHG RQ HYDOXDWLQJ WKHPVHOYHV IHHOLQJ VXSF
HYDOXDWLRYHHOKIQUNM RI LVRODWLRQ FDQ RFFXU ZKHQ
QRW X@®GHDYWRUW RI WKH VKD UH® KXP\D\QL R QS ADQ HVOXFS
NLQGQHVV WRZDUG RQHVHOI DQG XQGHUVWDQGIGQJ Wk
LPSHUIHFW 1HII 9RQN FRPSVVVXRIKQ FRPMXOOIG VXSSRUV
WR QRW RDWH WHKMPRM QPSHUIHFWLRQ LV SDUW RI WKH V
SHUKDSVY WUHDW WKHPVHOYHV ZLWK PRUH NLQGQHVYV
SRWHQWLDO LQWHUSHUVRQDO FRQIOLFWYV WKDW DUH |
EH R YFUWLOARLF DVK D W 2R KMUKU LWHPRQWLQJHQW RQ RWKHU\
DFFHSWDQFH +HZLWW HW DO | D SHUIHFWLRQL)
ZLWK ZKDW RWKHUV WKLQN LW PD\ HQDEOH JUHDWHU

VXS SROW Gl D O SLFH HW DA QWKHLWHEK®WIXY XSSRU

5DWLRQDOH RI 5HVHDUFK 3URJUDPPH
7KRYHUDOO DLP RI WKH FXUUWRWHEEHDKIFKNQRRC
DOGQGHUVWDQGLQJ FPIHENWDDAWE. ERHOQOR LQ 8.
XQGHWDGXDYWEH\KRZ WR SURPRWH SHUEHEWHRQQMW VWXG
LQGLMXWMKM UDWHYV D Q&WSXWH QW VIXHIGWERY Z@IF K HIVO W K
LQFUHDVLQJVXISBRQ® RHKUYDRFHD Q GV XUOKWVW BWHLY PD\
SDMWO\ H[SODLQHG E\ WKH LQFUHDVH RI PXOWLGLPHQVL
036+) LQ VWXIGHEHUVHFWLRQLVP IS\DUWOQ®RZHBG @R DD
EHL@XDQJ +LOO HW DO KHDOWXG )RHRYWDHWAD O
DO +RZHYHU WRKAHY HGLWV/QFRHOIBWHG WR JUHDIMHAUOSRYV
EHLRQG 10RX)WIRMWN GHWBEMMRHEHU 2 BAWRH BRHRW U
6XKW DO SDUWLFXODUO\ ZKHQ RARUMGSISOH® YOULD Q|

6WRHEHU &RUU



7KHRU\ DOVR VXSSRUWVY KRZ DQG ZK\ SHUIHFWLRQ
KHDOWK VXFK DV DQ[IEHULQJID WK SRRUK ULUBHTBBQW DQG
SHUIHFWLRQLVW FRJQLWLRQV UHODWLQJ WR KLJKHU O©

WKURMKIKQWHUDFWLRQ EHWZHHQ SHUIHFWLRQLVP
SVI\IFKRSDWKRORJ\ +HZLWW )OHWW DQG WKH OL
SHUIHFWLRQLVWYV OBHDL®LIQ b KHRU O R BIMU DZH O O ' KLOV)
SDUWLFXODB®\FRQ VRG\H U H R B DODTEHE@NYE KROG YD O X
VWXOASGWYNILFDOO\ 5LFH HOW HOMMKIRH ODWE RNV KMS) 36 DQ
JUHDWHU DFKLHYHPHQW DQ@G@MFB@HPQF SHW BRI O QFH
ODGLJDQ DQG 36 EHLQJ UNCGD\SWE YWARMERUEIH VWI\OHV V
5LFKDUGVRQ HW DO 5LFH HW DO VXFK DV .
'XQNOH\ HW VDION & D3A& R |

*LYHQ WKH QXPHURXV DQG VRPWHWEHMWIWHNOQB\HQUIHD
GLPHQVLRQV DQ GNRARKIEG IBH \8RUW LRWOR\E MDRVL G B @ VEIH
SHUIHFWLB@VYW DG RU QHIDWLYH SV\FKRORJLFDO RX
QRPRORJLFDO QHWZRUN ZLWKLQ WXUHD G SHFMHNFQER Q \G I
IREHUIHEFWLRQLVP DQGDIDVVRW L DIRHIGU | D BEWR QWL HPQIFHW X
LEGIDOWK VRFLDO PHGLD XVHHARXPWHREG HFLEGHIRN W D DQ
WKH QRPRORJLFDO QHWZRUMWRI XSHWH B WD 8 R BROGY DN
WKH GHY H MRSSRHREBW LFIWH LQWHU Y H Q W HRGQWFRH K D WQRR X
XQVXVWDLQDEOH GHPDQG RQ ZHOIDUH DQG VXSSRUW

7R WKH UHVHDUFKHUTV NQR ZOHIIBU MK WK BWHKIDW Q R
LQ Y H V \WKH J/BHB/HHRED! . DRV J HIVA@RU SUHYLRXV UHVHDUFK W
H[FOXVLYHO\8LREXGHGIR Q&KX D WHINW HDUFK SURMHEW DLF
ILUBAM[DPLQLQJ WKH UHODWLRQVKLSY EKWQBHZHOBUIH I

EHLQJ RXWFRPHV E\ PHDQV REDRERPRORILF GO WD WEZR



QDWLRQDO VXUYH\ DQG LQYHVWLJDWLQJ FRUUHODWLR
SUHYLRXVO\SGIMARWLR@LVP ZLOO BH GHHYWRUHG XVLQ.
FRPSUHKHQVLYH FRQFHSWXDOLVDWLRQ RWISH WI\WBWQRY
RI ERWK WHKH G3G3 6N KKIYSWXULQJ D IXOOHU UDQJH RI S
FRPSROMKIMBOVR LQFRUSRUDWHY D 5XPLQDWLRW VXEV
PHQWDO KHDBMHI® QGJIJXKMOR)DRE\HW KW VXEVBEDURV RI
DOORZ IRU H[DPLQLQJ DVVRFLDWLFRFWRW ERWKOWRM K
PRUH QB DQBHYXBEXOBYHQDEOLQJ JUHDWHU DFFXUDF\ L
RI VSHFLILF SHUIHFWLRQLVP FRP SIRQHQQW\O DYBWN R B LIU
WKHUDSHXWLF)RQWRINGIPIPRDFRUUHODWLRQV EHWZF
SHUIHF WLR® DWRRFG DDV WRRMYGS\ ZLOO H[DPLQH WKH XGQ
RI SHUIHFWLRQLVP SSRFER YR PDMW\OZA @@L QHFWK Y R X J K
UHJUHVVLRQ DQDO\VHV

'HVSLWH WKH LQFUHDVHG UDWHV R IVWRNVW®& MNDXW K|
NQRZOWEBHBBOER SXEGXDEDAWAWHUYHQWLR QVIRRINWWXR H
WD ERMMKH PDODGDSWLYH DVSHEWYV RI SHUIHFWLRQLVF
SRWHQWLDOO\ IYG&DUSW RIMHHMWWBHEBRGXDPOWRU LQWHUY
E\QWHJUDWLQJ &% 7 L QWHNDYQHIQUW QR @P\D OHD GHDFSMALLYYHH DV S
SHUIHFWDLRG BBBPKDUDFWHU VWUHQJWERRBRSDVUVDRQ W X
LOQWHUY HODZILRIVMURP UHFRPPHQGDWLRQV RBGHEKEH SUFL
WKHRUIBDWGFBP®LULF D O 08 UHG RBDHGIDIBWRY LQWHUYHQ
PD\ KHOS WR PRHON RUIONH WKH P DBRI/EDRW LK DB Y KEXW \
H Q K DS;RAM H VG IDDSANCL\Y W KL D WWRRDUVE H D W W QLFESKWARDYEHO H - W R
SV\FKR ZRFE®III SHUIHFWLRGLMW VVWXGEGH @WWLELSDWH
ZLOO EH DFKLHYHG E\ IRVWHUL@GRPSHDOMBEBH QWULQVL

FRQQHFWHGQHVV WKURXJKVN KM HFEDLDEG MAM DRUI/H Q JON



YD@®HUNRP E\ IDFLOLWDWLQJ PRUH DGRBWH@WH®SL
SUREOHP VROYLQJ WKURXJK WKH JUDWLWXGH LQWHUY
SURPRWLQJ NLIISVDHF WIAMDD G FHRL@OFWLRQ WKURXJIK V
FRPSDVVLRQ LQWHUYHQWLRQ 1HII *HUPHU

,Q VXPPDKILY UHVHDUFK SURJUDPPH DLPQGWNR GHYH
WKHR U H @ LEDRHG L QURHRW RQWL R® S S RAHN VIV BEXRQ W ZH
SRWHQWLDO Q\HDOEBYSDAMMYKQH RQ 8. X QTR HAGHLQMY LM X
WKH HIILEDF\ DQG YDOLGLW\ Rl WKH LQWHUYHQWLRQ F
IDFWRUV WKH UHVHBUBGRVE WRKK DBRHDYGIQWLRQGZLW K
HYDOXDW H H QKN VI VDL P L[HGLKF AXAK\RHGR Q BK&IK D SWH U
SUHVHQW U BON RUSIKRAMNEERID] D BRVYLEWHUYHQWLRQV \
FRXE88 GHOLSHKEGYHQYVLWLHYV
5HVHDUFK $LPV

7RH[WHQG NQRZOHGJH DG HK QBWVUIVEBNIHQGRQ & RIl N}

UHIOHFW PHQWDB@EHORKKP @ BXYGHUJUDGXDWHYV

WR SHUIHFWLRQLVP GLPHQVLRQV E\ H[DPLQLQJ LW

LGHQWLILHG HPWKHRADID QBH

7R HIWHQG NQRRDCGHGYWDQGLQJ RI WKH XQLTXH UF

SHUIHFWLRQLVP GLPHQVLRQV SHUIHFWLRQLVWLF

SV\FKRVRFLDO DQBHDQHEW LS. HXDIEGI® JUD G XDWH V

7RHVLIQ DQ LOWHUYHQWLRQ E® KONLRX ED & RWKHKI R

33V IRU VWXGHQWY ZLWK KLJK OHYHOV RI SHUIHFW

DVVRFLDWHG IDFWRUV VXFK DV DQ[EHWQJZKLOVW |

7RYHDOXDWH WKH HIITHFWLYHQHVV RI WKLY LMWWHUY

FRQWURO JURR®W KWIKADROQW KWDWLYH DQG TXDOLWDYV



7KHVLV 2XWOLQH 6XPPDU\

JROORZLQJ WKH LQWURGXFWLRQ UHYLHZ RI OLWH
WKLV FKDSWHU &KDSWHU LQFOXGHV D GLVFXVVLRQ |
IRU WKH PHIVBKWEUYRXIKRXW WKH WKHVLVY DQG FULWLFE
SRVLWLYLVW TXDQWLWDWLYH DSSURDFK LV FRQVLGH!
FRUUHODWLRQDO DQDO\VHV XVHG ZLWKLQ SHUIHFWLR!
WKH H[DRQO®MIWVKH QRPRORJLFDO QHWZRUN RI SHUIHF\
IDFWRUV DQG WKH XVH Rl UHJUHVVLRQ DQDO\VHV ZL\
RI SRVLWLYLVW SDUDGLJPV ZLWKLQ SRVLWLYH SV\FKR
IRU DBWH[BHQWDO GHVLJQ XVHG LQ HYDOXDWLQJ WKH |
LQFRUSRUDWLRQ RI TXDOLWDWLYH DSSURDFKHV LV DO
IRU XVLQJ D SUDJPDWLVW PL[HG PHWKRGV DSSURDFK
BHVHDUFKHUVY H[LVWLQJ H[SHULHQFH DV D FRXQVHOOT
3UHIDFH

&KDSWHU DQDO\VHY RIDOMDVIURPHD ®IDWUNHLE XWH G
XQGHUJUDGXDWHY PHDVXULQJ QXPHURXV YDULDEOHYV
JHQEBUWHG DQ[LHW\ UHVLOLHQFH SV\FKRVRFLDO ZHOC
EHLQJ VRFLDO PHGLD XVH PHQWDO KHDOWK PHQWDO
GHPRJUDSKLF GDWD 6WXG\ H[DPLQHV WKH QRPRORJL
KHDDWX EHQRQJ LQ VWXGHQWY WHVWLQJ K\SRWKHVHV ¢
HYLGHQFH LGHQWLI\LQJ PDJQLWXGH DQG GLUHEWLRQ |
IXUWKHU H[DPLQHV WKH SDUWLDOOHG UHODWLRQVKLS
ZHEBELIQY VWXGHQWYV XVLQJ UHJUHVVLRQ DQDO\VHV
&KDSWHU 6WXG\ SUHVHQWYV WKH GBINWRB IRHON Dk
WR SHUIHFWLRQLVW XQGHUJUDG X DWHEH K IV X [BRIGINDWD P E\Q!

PRGHO ZLWK SRVLWLYH SV\FKRORJ\ 7KH HIIHFWLYHQH



VXEVHTXHQWO\ HYDOXDWHG XVLQJ ERWK TXDQWLWDWI
GLVFXVVLRQ LV WKHQ SUHVHQWHG LQ &KDSWIHRW ZKH
VWXGHQW PHQWDEHKD®DWHK BQGFXNWNYABG LQ UHODWLRQ
SHUVSHFWLYHV SUHVHQWHG LQ &KDSWHU 7KH UHVHL
WHUPV RI LWV FRQWULEXWLRQ WR NQRZOHHGODBWKWYV D
SUDFWLWLRQHUV DQG LWV OLPLWDWLRQV HQGLQJ ZLV

EXLOG XSRQ RU LPSURYH WKH SURJUDPPH RI UHVHDUF



&KDSWHIBIWKRGRORJ\

JROORZLQJ WKH EDFNHYRKA®®/ LERWBUDWEGHDLPV R
SURJUDPPH RI UHVHDUFK LQWURGXFHG MX B KDLS WHHIUWH Q'
PHWKRGRHRIMFBDOWLY HVDFFKQUYGR UMK HRDLPYV 7KH XVE
TXDOLWDWL VYH \VURSGARL [HOWULH QVBZL QB ERIQWH[W RI H[LV
SV\FKRORJLFD®LVHXWHDIUFXKWKH EHQHILWEY @ QG HWLWPLWID

W PHH W KRRFGWW D S SIRRISHDBRMWWEKBGUHQW SURJUDPPH RI1 U

4X D QW L$EBWIRDH K

AXDQWLWDWLYH UHVHDUFK LV FRQVLGHUHG WKH W
UHVHDUFK DQG LV XQGHUSLQQHG E\ WKH SRVLWLYLVW
3RVLWLYLVP LV WKH GRPLQDQW SDUDGLJP LQ VRFLDO
HPSKDVLVBWIRORWRLRQVKLSY DQG ODZV HPSHMWLFDO RE
UHVHDUFEK 1HXPDQ 3RVLWLYLVP DGRSWV D UHD(
REMHFWLYH UHDOLW\ WUXWK H[LVWV DQG LV ZDLWLQ.
AXDQWLWDWLYH PHYVRWUR KD QGHINGDWRVH FDXVDO UHOD
YDULDEOHV SXUSRUWHGOAH URPPHARKIND TH @PLAXH/LQF
(SLVWHPRORJLFDOO\ ZLWKLQ TXDQWLWDWLYH UHVHDL
FRQVLGHUHG LQGHSHMXHYW L NDKVHRIB IR WWKHG\ SKHQF
LQIOXHQKHEDIAW DO 7KH TXDQWLWDWLYH DSSURDEK Z|
UDWHRREMHFWLYLW\ SUHGLFWLRQ DQG FRRIWHTOLG@W
:DONHU R ® Q BFSIBMKHGIE\ WKH JDWKHULQJ RI PH

QXPHULFDO GDWD WKDW LV DQDO\VHG XVLQJ VWDWLVYV

'LWKLQ TXDQWLWDWLYH UHVHDUFK D VDPSOH LV (
HISHQVH DQG LPSUDFWLFDUH WREXPCPHOWVRQLARDHYHQ W

VKRXOG EH VXIILFLHQWO\ ODUJH HQRXJK LQ RUGHU WHF



7TKRPSVRQ JXUWKHUPRUH VWUDWHJLHV VXFK DV
OLNHOLKRRG RI JHQHUD®&VY DQ JVWH\QGCIDNWG LYW & HPOID \DX/
SURFHGXUHV WR LQFUHDVH UHOLDMEUWIO IWD @W LIMOBEW QY M
DSSURDFK ZLOO XVH EURDGO\ H[SHULPHQWDO GHVLJ(
YDULDEOH LQIOXHQFHYVY DQ RXW KRR JDQND AWRYWH G B WL

DQG PHDVXUH DVVRFLDWLRQV EHWZHHQ WZR RU PRUH

&RUUHODWLRQDO 'HVLJQ IRU 3HUIHFWLRQLVP 6WXGLH?

7KH LQYHVWLJDWLRQ RI SHUVRQDOLW\ IRFXVHV RC
EHKDYLRKXKMWQER®@HEZ DQRWKHU DQG WUDGLWLRQDOO\ DV
DQG WHPSHUDPHQWSWMR SB0HHVEUIRHQH QR ZURP HDFK RWH
VWUXFWXUH Rl KXPDQ LQGLYLGXDOLW\ WKURMNIBQVKH

5D\PRQG % &DWWHOO NQRZQ IRU KLV HIIRUWV L
DSSURDFK WR SHUVRQDOLW\ UHVHDUFK EHOLHYHG WK|
IXQGDPHQWDO FRQFHSWXDO XQLW RI SWUN@RQDOLW\ Z
&RUDWDRQDO VWXGLHW BEW LW DG D3 EQRNVWLJIDWH
DVVRFLDWLRQV EHWZHHQ DQG DPRQJ YDULDEOHV LGH
UHODWHG WR FKDQJH LQ RQH RIW FIRWJH RW R R Q GHDQM_HD\E
LQIRUPBIWIWMDQ GLQJ WR WKH DVVRFLDWLRQ LQWR D VLC
VWUHQJWK DQG GLUHFWLRQ Rl WKH DVVRFLDWLRQ 1H

7KH PRVW ZLGHO\ XVHGI MW KHMQ QF MHFKH GDYWDL V
VXUYH\V LW FDQ SURYLGHLEBFEOWDNVHHXYPADQDEOH &XQX
UHVHDUFK JUHZ ZLWKLQ WKH SRVLWLYLVW DSSURDFK '
WR DVN PXOWLSOH TXHVWLRQV DW RQFH WKHUHIRUH
PXOWLSOH K\SRWKHVHV 1HXMBIDQPHW K RTK HWKRIRXH & DMK
VXUYH\V LV FRQVLGHUHG D VXLWDEOH UHVHDUFK VWU

GLITIHUHQFHY DV WKH SUHVXPHG VWDEOH DQG FRQVLYV



WR YDULDWLRQV LQ EHKIHWLRXJ D®E KM BURBKRHBR ERQV
VXUYH\V KDV D SDUWLFXODU DGYDQWDJH LQ WKDW D C
FKDUDFWHULVWLFV IURP PXOWLSOH SDUWLFLSDQWYV L
FROOHFWHG DW RQH WLPH ZLWKs REIGBIMVDRE H HDXYADRQ G

SHVHDUFKHUV V XHS$R/WNWRKDWKHHPRVW DGHTXDWH
FHUWDLQ FRQVWUNXHA®WDWHGSHRIQYRHEHDWY W X' E K/@NYZ H O O

7KH XVH RI D VXUYH\ UDQAHOQWIHTKLURF WRHBHSDUW
RSSRUWXQLW\ WR H[SUHVV RQHVHOI RU LI IXUWKHU L

SHUVRQDOLW\ IHHGEDFN RU H[WUD FRXUVHWUMNHGLW IF

+RZHY KU QWO XGLQY PXOMM. SOWKLQ VXUYH\V PD\ C
GDWD/ DQIBRXNLW BRGVVWUX\WWYV WR ERUISFOPRLWHGJ) DGGL
VEDOHV FRXOG EH WRR REHRRXOG |BRH VDU LE LSBIXW U C
D WHQGHQF\ WR U HHVGHRWQ/GD W RUQ B/GR (DL DR B/X H DAER H
PRWLYBRUWR®@RPIDWLIXH %XULVFK 5RELQRVHW FNO
2SSHQKHLPHU HWKDWLY D FRQFHUQ IRU SHUVRQDOLW\
PD\ GLIIHU LQ WWR LAR Q/WIQGHOFW O\ HQJIJDJH FUHDWLQJ
UHVSRQVH VW\OH DQG SHUVRQDOLW\DPRGWWQ W WFIDK i
5RELQV HW TX® VHOHFWIHSRBRWWFDIOHY WR EH XVHG L
WKHUHIRUH FDHD HFR GIRPOLIWHH OUKRRVGI BRI SDUWLFLSDQW\
DEFXUDF\

7KH SUHVHGQM QJH WRIDMWEK UROH RI LQGLYLGXDO GL
XQGHUJUDGXDWHYV LQ UHODWLRQ WR GOHID@®IGE. Z HQ DL R
EHLQRUVWBKWUSRVH D FRUUHODWLRQDO GHVLJQ ZRXOG
LQYHVWLIDWH KR BHQVHRWVRMUNRUHODWHEWR PHQW

RXWFRRHWRVW SHUIHFWLRQLVP UHVHDUFK FRUUHODY)



IUHTXHQWO\ DSW@ALIHBY AMWKRIBWH SHUIHFWLRQLVP DQC
DVVRFLDWLRQV EHWYMHG @ SWMERPBYOIQURPIUHDWHU XQ
WKH QRPRORJLFDO QHWZRUN RI SHUIHFWLRQUQJP LQ Ut
RXWFRPRROVORZLQJ WKHIPX SWUGHPMIQR'QRWOP VFDOHV E\ -
DQG )URVW HW DO SHUIHFWLRQLVP UHVHDU
UHILEDQDLHU SV\E®FRRGARBHEOU VR WS IRQNM FWLRQLVP D
H[DPLQLQJ KRZ LW UHODWHAKRWR MFDIOR &V WASHV VR ISSN
TXDQWLWDWLYH LQTXLU\ LQ FRUUHODW L RERDROW W X G L H
SHUPLW XV WR PDNH LQIHUHQFHV DERXW FDXVDOLW\
H[DPSOH LI WKH SUHGLF\WRW FPRH REOWL¥ H PDKUAHD W K H
BWRHEHD QRWHV WKH YDVW PDMRULW\ RI UHVHDUF
FURMVFWLRQDO GHVLJQV ZKHUH DOO PHDVEQBVWXWDHW W
PRUH ORQJLWXGLQDO UHVHDUFK LV QHHGHG WR EH DE
DQWHRHGBEHPWQVHTXHQFH RIQBEQ RMHKWMKHYDSH D BHFW LR Q |
FKDQJHV LQ DQ RXWFRPHWRHEHILE @ R ZRHYWYHHL WAEBB SUD F\
OLPLWDWLRQV Rl ORQJLWXGLQDO UHVHDUFK FDQ PDNF
FRQVXPLQJ H[SHQVLYH RSHQ WR ELDV GXH WR SDUWL
YXOQHUDEOH WR DWW UK MU RIQR U&IR/RADXUERKQ®H ® §D O
FRUUHODWLRQDO DQDO\VLY DQG LV EHQHILFLDO EHFD.
UHVHDUFKDEOH )XUWKHUPRUH JLYHQ FRQFHUQV RI V.
UHVHDUFK +LO®G@DDO 6LURLYV LQ DGGLWLRQ WHI
UHVHKDSUDFWLFH DQG UHSRUWLQJ WKH E L WKUWVDWH AR
ZLOO DOVR GHVFULEH WKH XQLTXH SDUWLDOOHG UHC

SHUIHFWLRQLVP 6WRHEHU *DXGUHDX



1RPRORJLFDORUHSAR UK WH @ O DVORMK D @+6L QHIO O

7KH VWUHQJWK RI WKH FRUUHODWLRQDO DSSURDF
R1 YD UL HEYAOWRVS H O | H AWXIFKQRVFPHQWD (EKHRQD WK D QG Z
UHOHYDQFH RI VXFK YDULDEOHV ZDV L QWKBIR®XMHG L Q
IUDPHZRUNV RXWOLQHG KRZ DQG ZK\ SHUIHFWLRQLVP
DQG SREHEZBDOXUWKHUPRUH WKH SRWHQWLDO DGDS'
UHODWLRQVKLSV ZLWK SV\FKRORJLFDO RXWFRPHV 6W
FRQWUBG OROQDU DQG 6LURLYV VWUHVV D GLIILFX
SHUIHFWLRQLVP L8HUIDIOWKGXGGWRHOBVHDUFK EHLQJ (
7KHUHIRUH QRW RQO\ DUH WKH UHODWLRQVKLSV EHW
KHDOGVE HEBR QJ RXWFRPHV ZLWKLQ 8. XQGHUJUDGXDWF
SURJUDPPH RI URVYBDUEFK GRQW MWK URMEK ID[PPR QR IERC
QHWZRUN RI SHUIHFWLRQLVP LQ WKLV SRSXODWLRQ

$ QRPRORJLFDO QHWZRUN LV GHIRIDHF® & \$WKRFE DM
$3% DW:EURDGO\ LQWHJUDWLYH WKHRUHWLFDO IUL
FRQVWUXFWV DVVRFLDWHG ZLWK D SKHQRPHQRQ RI LQ
FROQVWUKHWMUP QRPRORJLFDO QHWZR UNQZAD UHHXDU R C

GHVFULELQJ WKH LQWHUORFNLQJ VIVWHP Rl ODZV
WR *PDNH FOHDU ZKDW VRP BWSKLBKRORIBEFDO FRQWHI[V
QHWZRUN LV D IRUP Rl FRQVWUXFW YD ®H®MXU HWR Z VZW
WKHRUHWLFDO FRQVWUXFW 7KLV FDQ EH DFKLHYHG W
PHDVXUHV RI LQWHUHVW DQG DV PRUH PHDVXUHV DUF
SQHWZRUN' LV IRUPHG 1RPRORJLFDO QHWZRQWD W DRQ
GHYLFHV WR VXSSRUW WKH RUJDQLVDWMRH RIDEIOHQR |
PRGHOV Rl WKH UHVSHFWLYH SKHQRPHQD $ODYL HW T

FRUUHODWLRQV FDQ EH H[SORUHG LQ D QRPRORMXWH O



RI ZKDW LV EHLQJ PHDVXUHG E\ WKH VFDOH 1LFKROV
H[DPLQLQJ SRVLWLYH DQG QHJDWLYH FRUUHODWLRQYV
VHYHUDO GHVLUDEOH RU GHOHWHULRXV SV\FWREBRJLFI
DGDSWLYH RU PDODGDSWLYH QDWXUH Rl SHUIHFWLRQI
H[DPLQH WKH UHODWLRQVKLSY EHWZHHQ FHUWIHFWLRQ
RXWFRPHV ZLWKLQ 8. XQGHUJUDGXDWHY WR JDLQ IXUV
SHULREWVP DQG KRZ LWV 36 DQG 3& GLPHQVLRQV PD\
RXWFRPHV WKXV JLYLQJ LQVLJKW LQWR KRZ DGDSWLY
IRU VWXGHQWYV

$V VXFK WHVWLQJ D QRPRORJLFDO QHWZRUN RI S
FRQFHSWKXDPUHVHQWDWLRQ DERXW WKH ZD\ LQ ZKLFK N
DQG EFHMQQJ RXWFRPHV LQ 8. XQGHUJUDGXDWHY LQ UHC
7KH QRPRORJLFDO QHWZRUN LV LQIRUPHG E\ WKHRU\ F
VWURGH® ZLWW ) O HWRWLID/FRQQHFWLR QRRGHBOHW DO

DQG SHUIHFWLRQLVR &R JXDHL\KR GHDW KHERASD V L FD O
HYLGHOQRHEH LOQWURGXFHG LQ &KDSWHBRW KMRUMVZLO O +
JHQHWHWBGBGLQJ WKH VWUHQJWK DQG GUMMHFWLRQ RI |
FRQVWUXFWY DQG SHUIHFWLRQLVP WR KHOS H[WHQG X

QHWZRUN RIVFAUWKAWLR QLQGHUJUDGXDWH SRSXODWLR

&RUUHODWLRQBRV'IHVILY B 3RWK&RIOHR/I\
7KH DVVREHWYHRIQ SHUIHFWLRQLVP DIRIGHWERY\HSH €
SV\FKRVRADIOQHOHV HW DO DUH WDNHQ IURP SR
HVHDLDE K SSURDDFEKVRKHPEKEKDVLVHY D TXDQWLWDWLYH F
SRVLWLYH SV\FKRORJ\ LV SULPDULO\ IRFXVHG RQ WKH
&VLNV]IHQWPLKLD®OANM D TXDQWLWDWLYH PHWKRGRORJL

LR WKH UHVHDUFK REMHFW\LLMMR KW R B (CLS/SVIEED & X\ F:



LWV IREFXV WR KHOS SHRSOH IXOIL& MLIQERYLSARWHQWLD
SV\FKRORJ\ GLVWDQFHV LWVHOI I[URP WKH VFHSWLFLV
KXPDQLVWY DQG LQVWHDG UHIHARRW® MWIIHQFDIO NG
DV DPHQDEOH WR VFLHQWLILF LQTXLU\ 3HWHUVRQ 6\
VXSSRDEB®SWLYHYT DV ZHOO DV RP 3G GHDEMLRGIEVRIL P H (
2VRW LW LV WKHUHIRUH ILWWLQJ WR DOVR LQFOXGH
SHUIHFWLRQLVP IURP D SRVLWLYH SV\FKRORJ\ DSSUREL
ZRXOG DOVR DGG WR WKH SRVLWLYH SV\FKRORJ\ FRPP
YURK

$ TXDQWPWOWRBRAMIFRUUHODWLRQDO VXUYH\ GHV
DSSURSULDWHWHVWPWKHWLEBPRORJILFDO QHWZRUN RI S
UHODWLRQVKLSV WR EHQ QD 8 ¥WWFPRRWKY DRRXD ¥ HOWH QW :
LQGLYLGXDO GLIIHUHQFHSRVHWLYWHFE&V \IFK Z6 R DL DY OWIKS
VR ILQGLQJV FDQ EH GUDZQ IURP D VXIILFLHQWO\ ODL
SRSXODWLRQ 7KRPBWKQAYV VW XG\Z MOKH EXR SXMI DRVH
VWXGHQWY :LWKLQ WKH TXDQWLWDWLYH SDUDGLJP W
REMHFWLYH WR HQVXUH WKDW UHVXOWY DUMWIBODWL

ZKLFK HQDEOHV YDOLGLW\ LQ HQV X EMQI BRI KWAKRIX W
ILQGLQJV )LQDOO\ WKH TXDQWLWDWLYH DSSURDFK H!
WKURXJK WKH XVH RI VWDQGDUGLVHG PHDVXUHV DQG
UHOLDELOLW)\ RI ILQGLQJV 1HXPDQ
([SHULPHQWDO 3HVMAIERQILRAP 'XDO ,QWHUYHQWLRQ

'KLODFWRUUHODW ILFBBQBIY IBOHVQWQZLWKLQ LQGLYLGXD(
LWXIWEOH WR LQGLFDWH FDXVDOLW\ BORWKXHW YDULDE
SUHGRRALMMHDVWFK DSSURDFK ZLWK L QVWWKHKI[ STEK D IQPMHIQMDDA

GHVLW@PHVZHOO &UHWIOHEYIMH WR WHMAWFDMKMOBWY.RQVKL



FRQVLGHUHG WKH RSWLPXP DSSURDFK E\ PDQ\ UHVHDL
LQIRUPDWLRQ IURP LQW H UM WW R & Q J WDKORW W& UWGE H V
RI FRQWURDBESO\LQJ VWDQGDUGLVHG PHDVXUHV WR Kk
FRQFOXVERQWDRBDDN) WIKRWR XJK WKH XVH RI EDDQ®GLQJ
LQFOXVLRQ H[FOXW L-RQD EOHW HUK B U H\V\M B D WKBKVW Q VEW
FUHGLWHG WR WKH HIIHFW\WIRQ WHUWHQ B[ H DIOAHEQ W \ ID@F3
RI JHQHUDOLVLQJ UHVXOWY EH\RQG WKH VDPSOH ZLWHk

7KH H[SHULPHQWDO GHVLJQ LV DOVR UHERFPH Q®H
LOQWHUYHQWLRQ ZRUNV LQ SURGXFLQJ SRVLWLYH RXW]|
IREFXV RQ FDXVH DQG HIIHFW KHOSV LGHQWLI\ LI WKH L
UHVSRQVLEOH IRU KHOSLQJ WR LPSURYH PHQWDO KHD
WHDWPHQWY RU LQWHUYHQWH RS LRY GW D CH BWVYRDQV |
WR IREXV SULPDULGHK® YWLRK FRO QDL NSLYRID FKWWIROW U H D

+HZLWW HW DDOWK VRPH HYLGHQFH W R DM BN EKRQ\
RULHQWHG WUHDWPXQ® \P MAKKIDV) LR PXVFRROFD EH HIIHEV
SHUIHFWLRQLVP

7KH HPSKDVLV RQ WKH H[SHULPHQWDO GHVLJQ DO
WUDQVHAUMM RQJ VRSKLVWLFDWHG HQSMULHPIHR B/\D\G KPRHON
G HW HHWKLHQ H | I31FW\WH ®RLIP D Q ,QWHUYHQWLRQ UHVH
SV\FKRORJYRARQWAXGMWHY GHVLIJQHG WR WHVW FHUWDLQ
WUHDWPHQWY LQ RUGHU WR FRQY HUDMWWKLR/PR@R DA HG
DQG FH@QQJ .H\HV /RSH] DFKLHFXHEBYMORSLQJ DQG HY
33y VXFK DV JUDWLWXGH DQG 3XVH \RKW D@ U WEDWK V"’
FDQ KHOS LPSURYH WKH KXPDQ FRQG LKRISFOQV K R (RRYJE AL
VIPSWRPV EXW E\ DOVR HQKDQFLQJ SRVLWLYH HPRWL

VIPSWRPV DQG EXLOG RQ UHNRXHWE@HN VBRMVKILEEL W | X VORL



SVI\FKRWKHUDS\ VKRXOG HQJDJH LQ WKL VSK\EQHBGVH QW
ZHOO DV DOOHYLDWLQJ SVI\IFKRSDWKRORJLFDO V\PSWR
RPHQWDO KHDOWK .H\HV QRW MXVW WKH DEVHQ
SUHVHQFH RI IORXULVKLQJ

7KL UHV HDW R K (ZHWRADH YSHHDQPHQWDO GHVLJQ WR H\
HITHFWLYHQH VB FRVY RAUK HQGXEIIOR i) GERRUSRKYD. Q833 , V6 R P H
UHVHDUFKHUV FRQVLGHU WKH IRRIVW HE OHPVKILYDH WHOHH D
LQWHUYHQWLRQV WR EH MPKHQWUM KD H [5 M D IQFRG-RPW B B GG b
SDUWLFLSDQWY WR FRQGLWLRQV WKH XVH RI D FRQW!
LQGHSHQGHQW YDULDEOH V 6RXVD HW DO &RRO
FRQWURO DQG UHGXFH ELDQN WILXM X\ B HUDL.@ G R MMD/G G H
SDUWLFLSDQWY WR FRQGLWLRQV IRU H[DPSOH DQ HT
WR HLWKHU D FRQWURO RU LQWHUYHQWLRQ JURXS V
HITHFW PLQRU GLIIHUGHQFHR/QEHIALDHOHBHFEXH WR WKH U
DPRQJVW SDUWLFLYDQWAWP BW IRFWKIHWL QRQHY &RROLFD(
H[SHULPHQWDO UHVHDUFK WKH FRQWURO JURXS LV U]
KDYH QRW UHFHLYHG W UHDUMPW® W ULHY ROQ\G W (R W\R KRR F [
WKDW RI WKH H[SHULPHQWDO JURXS LQIHUULQJ WKH |
&RROLFDQ

7KHUH DUH VHYHUDO W\SHV Rl H{SHULPHQWDO GH)
W HBRWWA VW FRQWALR Q QY X® IGHHG ZKHUH JURXSV DUH
UHSHDWHGO\ RQ WKH VDPH YDULDEOHYV RYHU WLPH 6F
EHIRUH EHLQJ LQWURGXFHG WR WKH LQWHUYHQWLRQ '
WHVW WKHQ ZKHQ WRKGS HK[BW XIQFGHUW RQH WUHDWPHQW
DIJDLQ WSHRMW (WKLFDO FRERIQWH BRMEEFRD GXFWLEH D

HISHULPHQWDO GHVLJQ LW ZRXOG QRW EH GHHPHG HY



FRPSOHWHO\ IRUJR LK) F RVQM DR H Q RX IRUKMWEPDRUH WKL
UHVHDUFK LQWHQ GYW\R PREMOEY® KH ZDRQW URO JURXS
ZDLWLQJ OLVW WARHUHBWPH WKRHQFH WKH H[SHULPHQW
$OWKRXJK FRQVL&MUR® RROMVRRWRRVW ULJRURXYV
WKHHYWSHUHL PHQWDO GHVLJIQ LV GLIILEXOW WR HVW
D UHODWLYHO\ ODUJH VDPSOH VL]H DQG VXIILELHQW W
ZKLOVW WHVW MOLIPBIWS RKXPWMY RKLY FDQQRMDEH DFKLHY
H[SH U L PGRIQT X DY D OMPRVEMWHW FR QW U P® \J B R XGRXS\DL J Q
HW DO ZKHUH RQO\ WKH H[SHULPHQWDO JURXS L
WRWDKFSHULPHQWDO GHVLI@Q® HIBFUWQUEO FPWXRB VKL
LQGHSHQGHQW DQG GHSHQGHQW YDULDEK[I$SWURBHGQWD
GHVLJQ WKH UDQGRP DOORFDWLRQ RI SDUWLFLSDQW\
H[SHPHQWDO +RZHYHU LW LV VWLOO FRQVLGHUHG FC
XVHIXO LQ WHVWLQJ WKH HIITHFWLYHQHVYV RI DQ LQWH!
'"HVSLWH EHLQJ FORVH WR QDWXUDO VHWWLQJV D
GHVLJQIW LRI WKWHUQDO YDOLGLW\ 7KH PRUH WLJKWO
KDUGHU LW LV WR YHULI\ ZKHWKHU WKH VDPH UHVXOW
RQ K\SRWKHVLV WHVWLQJ FDQ FDXVH WKH UHVHDUFKH
FDSWXWHKG® D\DUURZHG SUHGHWHUPLQHG UHVSRQVHYV |
DQG PD\ QRW FDSWXUH WK H, S DAXW PBLISCOWKMMIWIDNS HYH H
H[SHULPHQWDO DSSURDFK LV VXLWDEOH LQ DGGUHVVL
DVVHVVL®Y YIHIRDEODQG DIWHU WUHDWPHQW UHODWL)
LPSDFW RI WKH LQWHUYHQWLR QW RREHMAML Q\M K MU HQL R L
UHJDUGLQJ WKH VWXGHQWVY H[SHULHQFH Rl WKH SHU|
OLWDWLRQ D TXDOLWDWLYH DSSURDFK ZLOO DOVR EH

SHUVSHFWLYH RI VWXGHQWYV



/ILPLWDWLRQV RI 4XDQWLWDWLYH 'HVLJQV IRU 7KHUDS
'HVSLEIHDDWK RI TXDQWRW BWUYHFQ/IL\R DUDRV X3LHEH +
+HEWW HW W®&HUH LV D ODFN Rl UHVHDUFK H[SORULQJ
PHWKRGRORMK\Q (JDBW DO )DUPHMW DO :RORVK\Q
DUJXHV WKLV ODRAGV P HFRW D © HCHDRWW K [3W R HOW RS
LQ KRZ WR ZRUN ZLWK SHUIHFWLRQLVWLF GCIOLH®WYV E
H[SHUIRH GHUIHFWLRQLVP WKDW FRXOG RWKHUZLVH EH
PHWKRGRBRYLHW XH LV QRW MXVW UHVWBRBWRG WR S
FRXQVHOOLQJ DQG SV\FKRWKHUDS\ PRRXQEHRDGQY OF
SV\FKRORJ\ KDV EHHQ GRPLQDWHG E\EXRW BW Q YWHWR WX
DUMMAK D QDUURZ SDUDGLJPDWLF IRFXV KDV OLP
7R SURJUHVV FRXQVHOOLQJ SV\FKRORJ\ DV D VFLH
UHVHDUFKHUV PXVW H[SDQG WKHLU UHVHDUFK PHWKR (
'KLOWHMWHDUFK H[SORUQ®WH UWNRBUMBISRIG I/ E Q\X R VW D W L
H[SHULPHQWDO PHWKRGV TXDOLWDMWLDBD 3% SRIERHD RKH V
WKH DLPSWRRJWBRFHVRDUFK LV WR GHYHORS DQG HYDO
SHUIHFWLRQLVP WR EH XWLOPRMB @& ECSKARDEDAMAIORORIUY D (
VXSSRUWLQJ SHUIHFWLRQLVW VWXGHQWY LW ZRXOG [
FRXQVHOORU SV\BRRR KIQEDSIGHVD WRDOLWDWLYH DSSU
LOWHUY B @RLRG VR WKLV ZRXOG V¥RXRWVWICHIHEIQB H@
D ULFKHU XQGHUVWDQGLQJ RI WKH VXEMHEWLYH H[SHLI
DQG PRUH DXWKHQWLFDOO\ VLWXDWH WKH UHWHIDUFK

OL[HG OHWKRGV $SSURDFK

4AXDOLWBWURBFK
7KH SULRPQGUWURIXDOLWDWLYH UHVHDUFK PHWKF

DQRG FRQVWUXFWLYLVW SDEDBYVZPMW O6 D & H HZXNK HFIRO



HPSKDVLVH WKH JRDO RI XQGHUVWDQGLQJ WKH OLYHG
WKRVH ZKR WRYGDAMW3GDRWHURWWR AXDOLWDWLYH
SURFHVV DQG PHDQLQJV 6DOH HW DO DQG RQ Wi
LOQWHUSUHWDWLRQ RD G DRID REWHLYDHGL ROR PV UDQV O D\
SDUWLFXODU FRIBRVBIGEFWRRWQUBIWLQJ GDWD DV puIDFW
QRW IRFXVDRGIFBKWHIHODWLRQVKLSY LQVWHDG TXDO
FRQFHUQHG ZLWK PHDQLQJ DQG KRZ SDUWLFLSDQWYV |
HYHQWY :LOOLJRUH TXKOHOLMVDWLYH UHVHD GHKLIQHGRW
YDULDEOHV ZKLFK ZRXOG RWKHUZLVH LPSRVH PHDQLQ
SDUWLFLSPOWIQNRRQWHKH LQYHVWLIJDWHG SKHQRPHQD
7KH RQWRORJLFDO SRVLWLRQWSLLWBDQ@DTMXBOLWDWL
UHODWLYLVP WKD\NTEDOD ®ROUIBKEDLVEBKFOMLHAGL H V
3RQWHURWWRHW DOLQFRRSBRVHG WR WKH RQH REMHF
WR EH WROURXDQWPWWWRBEH HW BRDOLWDWLRACHQUHVHE
DOVR EH IURP D RFQW WDRDEK IDHD/XIPMHMW SURFHVVHV RI D
SV\FKRORJLFDO QDWXUH FDQ EH LGHQWLILHG LQ NQRZ
FULWLFDO U HD\OVLXR\H DIVSBHRCOMVEXBUHHY V. WR LW LV PHGH
SDUWLFLSDQWYTV DQG UHVHDUF K HWY \D DQMKHHWSHU R WHD W L
TXDOLWHWHDAWHFK ZRX0OG QRW VWU LENHWI RIWD \I K MR OXHFIR R
VXEMHFWLYH MSUBM K PRIOR QR H@VG DFFHVY WR UHDOLW
DQG WKH UHVHDUFKHU DQG UH V HIUFKHGF DU BAER® H U D
UHVHDUFK FRQGXFWHG DV FORVHO\ DV SRVVZIEWK ZLW
WKH UHVHDUBKHUHBRQ OWKKE U EHDQ B VQ MDXHQPHY RQ \
UHVHDUFK 6DOH HW DO HAWR @QWHURW WR ILQFF
$ VWUHQJIWK RI TXDDWWDQDIEOGHPHW MRIEK UMOHYD

LQGLYMGEBOBMB QD OMXRHR FIKHIWWHRQ RI XQGHGUWDQGLC



WKDW LV VEBH H @ IRRSWXQEW HAHWDLQMERIR OLFD @K V
HPSKDOQMXERIHFWLYLW\ LV DNLQ WRRAAK DB ® DV QIQMEQS
SV\FKRWHKSIS/\DSDEKIENKR F X VHGDR@ AW ZLWK WKH FOLH
H[SHUL®W@FNOHU OROOHU R 15 © R DVAXLHJ DAY IHADN RWKH |
IRFXV RQ REWDLQLQJ ULFK GHRFUMGS®IBRAKY RR W [IRKIQLG-
TXDQWLW DW DYQHS UCH VRID®IFJI  UHDVAHDLVE KRIQ N UVQIX BW K H U
SKHQRPHQRQ XQGHU LQYHVWLIJDWLRQ LQ WKLV LQVWI
SHUIHFWLRQLVP LQWHUYHQWLRQ

'KLOVW TXDQWLWDWLYH UH VIHRJU FHQUARIMMHINOE®I W B
WKH SRSXODWLRQ@UWQPLIDQW VOPSOHV LQ TXDOLWDW
SXUSRVHIXO 6DOH HW DO RIWHQ D FULWLFLVP C
+RZHYHU RIKXDDILMVDWLYH UHVHDUFK LV UDUHO\ WR JH
GHWDLOHG UG IRUMRNEREGFWLYMUMGHYLEWFMR WKH pO
RI WKRVH FRMRVWKEBXWH\HDUFK &RROLFDQ 6LPLO
GRHV QRW IROORXF@WYWOMHREBMBOLDELOLW\ YDOLGLYV
JHQHUDWL VILBIOD KLOKMUW LV ULVN RI ELDV DV UHVXC
DUH FKDQQHOOHG WKURXJK W KTH D ® M\M D WHE K HUU H\RHRODULR
GLIIHRGIWWORJLFDO DQ G/ VSR &YW HPERYRRIKOSTD@WE W D W LY H
UHVK®WY N XTPKD O LW D W DYGHR W VHDWIEKU PHDQV WR HVWDI
WUXVWZRUWKLQHVYV DOW BOHGQLBIOMLIW\ /LRAURKEHD P SO}
D X W K RAUSHRBX/KBIP DWLF $Q POIWKRGDXQ H&ODQRWH
WKDW TXDOLWDWLYWX G BNBDYFK RAXGHQRMP HH ULWHULD
UHVHDXFK DV PDQDJLQJ UHVHDUFKHU VXEMHFWLYLW)\
LPSRUWRQE®JRWKLY VXEMHFWLYLW\ DV D UHVRXUFH ZL

UHWHFKHU URIOBPINH W% U DXQ® HP SG RNHBHOWHULD IRU



FRQGXFWLQJ JRRG ULJRU®BXD XQ D &QOMDOLM IDYHR \V § DFDWV D

AXDOLWDWLYAHK BEEDWWWLYQDO\VLV

$OWKROHAKHWOUH GLIIHU$H QW DB BODRQW RH DSSURDF
RXWOLQHG E\ %UDXQLRQIBI XO DR XPPDULNRFXVPADQL:
RQ SDUWLFLSDQWVY H[SHULHQFGI¥ L& ODRIRMBR ORI X B G
ZLWKLQ SVDRIGRBRXQVHOGKXKBUWRHVAID[WEKOLW\ DQG DFF
OF/HRG :KLOVW 7% FDQ E8LAMHLHDMWVWKARUHWLFDO ||
)LQOD\ &ODUNH DQG %UDX®DNH FOHDU WKDW 3WKHRU
LQ 7$ 7KH XVH RIEHS XFQXE/AMU S IHRQINGGEW MHK UHVHDUFKHU |
WKH WKHRU\ WKDW ZLOO LQIRUP WKHLU X% HDEKX@GDIOP S O

DOVWRDWH WKDW LW KHFEBIDWDFIQ@P WKRLFHYV RI 7$
UHVHDUFKHU WD EW LO/# AMR RVK VB HRFHVV DQIKHHQHUD\
UHIOH[LYLW\ UHTXLUHG Rl D JRRGHFXNNUPDWDIBLP H RRIE
SUDFWLWLR QKB WDHHIGUH D XVHIXO PHWKRG IRU FRXQVH
%UDXQ HW DO

7% LV FRESHD WILWK EBWKYLVW DQG FULWILEFERQ UHDO
&ODUNH %\ DGRSWLQJDWKNH OSWQOWYV SRUGV FDQ SURY
YHUVLRQ PIQGHWRHWAHVHDUFKHU SURGXFHV Li@W HWS U

LOOLJ S GHVFULEHY WKH UHVHDUFKHU PXFK OL
DSSURDFK XVLQJ RQHTV VNLOOV NQRZOHGJH DQG HJ
RQ &ODUNH DQG %UDXQ DUJXH WKDW GXBOWR LW
DQ DWWUDFWLYH PHWKRG IRU TXDOLWDWLYH UHVHDUF
UHVHDUFK WR PRYH EH\RQG WKH H[FOXYMIHUBGH JPI WK

%UDXQ DQG &ODUNH SURYLGH DQ RXWOLQH J}

IDPLOLDBLWBWIIRWD JHQHUDWLQJ LQLWLDO FRGHV VH



WKHPHV GHILQLQJ QDPLQJ WKHPHV DQG ILQDOO\ SUR
QXPEHU RI FKRLFHV WKDW PXVW EH B [B5® GRLQD@I¥RVD VI
DV SDKMW RQMRLQJ UHIOH[LYH SURFHVV RAUBKIDPSQEDU!
ZKHWKHU WKH DQDO\VLV LV FDYSL DG RXRD ER @XFHW HY L
WKHPHV DUHYGDOW RU GHGRRZWEYHESURWRIS ZKHUH WKH
GULYHQ E\ WKH UHVHDUFKHUYTV WKHRUH®@G FDIOHPGIW HU
GHYHORSPHQW FDQ EH FDUULHG RXW LQ D VHPDQWLF
H[SOLFLW FRQWHQW Rl WKH GDWD ZKHUHDV WKH ODW
XQGHUSLQV WKH GDWD +RZHYHU ZKLOVW GNKOHRRMNPDQ
EH\RQG ZKDW WKH SDUWLFLSDQW KDV VDLG RU ZULWW
SGHVFULSWLRQ " Rl WKH GDWD DQG SURJUHVVHV WR DC
SDWWHUQV DQG EURDGHU PHDHQ®@X FVWLQYG L& BF®DRMWE BR
UHDOLVW DSSURDFKHV W B QFR MFDBORRYMIR M RO B'W K B W
FRQVWUDB\SURQEKW YV

'KHQ HYDOXDWIDFWWRKH BYHFWLRQLVP LQWHUYHQ
DGRSW D FULWLFDRUUNRB LANBVWROQ WMBHHRR BKIVSRQVHV E\ S
ZLWK D SUQBXBWAWYH DQG VHPDQWLF DSSURDFK WR FR
%UDXQ &ODUNHIW DO7HRAHYHU %UDXQ DQ® &ODUNH
KLIKOLJKW WKHWIRIS RIUHWY BOREWEREN0OLQJ D TXDOLWDWLY L
DQDO\VLY WR WKH GDWD EAZKDNW QRXFDHID G R Q@I H PSOaL
WR PDWFK XS ZLWK ZKDW \RX DFWXDOO\ GRXD/OR WMDQW Xt
UHVHDUF KX &R HVK® RW D Q\U LRDDW G Y W\FDQW HIHOLDELOLW

UDWHWUFRQVLGHUHG WUXVWZRUWK\ ZKHQ SURFHV\
WDNLQJ LQWR FRQVLGHUDWLRQ ULJRXU FUHGLELOLW\
HVWDEOLVK TXD MWW DO W KD E{Y(ROYLQJ *XLGHOLQH\

UHSUHVHQW SUDFWLFHY DQG FRQFHUQV IRU D EURDG



UHVHD UBYWHYGIRUKVIL® IFERKERIO LYW UJXDEO\ XQVXLW
TXDOLWDWLYH 7$ PHWHRG WKIIBDWXI | O&I(DEP S KIDAMIGHO L Q
WUDQVSDUHQF\ WKURXJK WKH UHWYUDXRKHEDPD SNBFWL

7R\H HW DO

7RHVWDW RKWIO LW\ Rl WKH 7$ FDUWKHMGI RX®RZQ QI D
SURY L GIfi YOIDTRI VKIFRQLV VW X G\ L(@\U HRE VHW RD ®VHY
&KDSWHU ZDQODSSRRISEHDWHO\ FOHDU GHVFULSWLRQ
ZLWE WKH PHWKRG D@ RKGHUWW RV HAWDEIQVH WKH VDF
SJQGLQJ LQ H[DPSOHV  ZLOO EHY BHEBW VIV WWERR/KHBANSOR
LOOXVWUDWH WKH DQDO\\I&R R HWHK QB HV KZH. QG EEXIOGH/P R
SUHVHQWLQLQDD @& WHIIVX OFRK H U HQ W 7 DI G XLLABWIBLDHW HX
HPSKDVLVH 3*DFFRPSOLVKLQJ JHQHUDO YV VSHFLILF U
UHVHDUBK HD VRECKWDIS&/ H P GIDVFXVVLRQ Rl ZKHWKHU RU
PHW KLJKOLJKWLQJ DSSOLFDWLRQV VWUHQBGKM DQC
&KDSWHRZHYHU PRUH VSHFLILF DLPV IRU LQGLYLGXDC
GLVFXVVHG VLD QRFD® SWHMRQDWLQJ ZLWK UHIMEHUV " WK
H[WIM@Q®ZOHGJH DE R X M S\HW XISAR/QENR\Q HVIPW RWKHU UHVH
PHQWDO KHDOWKQEIUDFW ERAZRQHURQHTY SHUVSHFEWLYH

FUHGLEL O LW\ GHPF QWRNJRDNI I8 S WD FWLFH

SHIOH[BYDEWXPH LVBBIWHPMHFE &RXQVHOOLQJ 3V\FKRWK|

,W LV LPSRUWDQW IRU W R DBOA-RVSDAV D Y UHHR ® M/HK B Ui B HF
UHVHDUFK NRXORHWLEN RQ KRZ WKHLU RZQ SRVLWLRQ
SURFHVV &RROLFDQ DV WKH UHVHDUFKHU ZLOO
SDUANSDQWY (OOLRWW HW DO GHWFWKEHHY HERZQU
VSHFLI\LQJ WKHR U HREZIQF DO R H OIOQBEWOWRIDD® DWKNDLWLSDW

FRXOG EH GHULYHG IURP SHUVRQDO RULHQVDMWL  WRV K



WKH VXEMHEM RCHOSHUWKH UHVHDUFKHU DQG UHDGHU
YDOXHV DQG DVVXPSWLRQV PD\ S@D\RIZ® WKHHHUQ WO BIS\
WUDLQLQJ DQG ZRUNLQJ WKHUDSHXWLFDO QWZIHUGH RW Y
WR WKH WKHVLV LGHQWLI\LGURREZD/PRIH ROBY/E MBLIBBAKQ
YHUYRU LQVRWD @PH\Q@LOO , XVH P\ VNLOOV DQG H[SHU
SVIFKRWKHUDSLVW DQFW R 5 HGAH-YQWIFEAHRH QR BE KX WY H Q W L
DOVR EULQJ WKH UHIOH[ERNRWIWLHNDXOA K J RBVQEG K RIMKKH_\]
TXDOLWDWLYH UHVHDUFK )LQOD\

$V D FRXQVHOORU SV\FKRWKHUDSLYVWKH H DSBH[MW MV
OHDUQ VBR DXFWMLE® (W KHWMWXMRQHDGY WR HQKDQFHG
ZKHQ ZRUNLQJ ZLWHKW OIOH Q WV U/BVYX.MUBG LVW WR EH DI
UHIOHEQH®RY ZHOO DV NQRZLQJ WKH LQQHU VWRU\ ZH
RXU FOLHQWVY VWRDFNVWWG5H® OHLHLWW HW DO (WK
3HUVRQDO H[SHULHQFH LV DW WKH KHDUW Rl WKHUDS\
DUH SDUW RI UHODWLRQVKLSY WKDW ZLOO LQIOXHQFH
FUHDWHG ZD\ (WKRMULQJIJWRQ® FRQVLGHUHG QHFHVVDU!
GHSHQGLQJ RQ WKH UHVHDUFK DQG SDUDGLJP WR DG
TXDOLWDWLYH UHVHDUFK DV D PHDQV WR KHOS FKHFEN
LQWHUSUHW RXU RD® W QRAHU SARI WD WKR@VZKDW ZH KDY
DOVR KRZ (WKHULQJWRQ DQG WKLV HQKDQFHV W

SHIOH[LYLW\ FDQ EH FDUU LHBRRXW K SHNPSRMIXW R
UHVHDURKIOH[LYH MRXWRDO ZZ 00 EHMWNBEWKLY ZLOO
HQDEOHJRHOWRW XSRQ G HWKWRRUQMWUFRDDURBLIQHQWDWLR |
OHWKRGV $SSURTHKK EEGR AR JHFIMK I HFRIQMOW UXFWLRQ R
TXHVWORQVNQWHUYHQ WIKRIQGHORWRBR 8D /& ASR@\E H U Y H C

LQWHUSUHW D@V DRGRMEHEEVIVFRPPXQLFDWLRQ DQG GHE



"LUHFWWXGRIHY DOVR D WUDEZRGICG BNVGFHWR VOKH UDISW V W& |
ZLIWRKRDOLWEWHYHFK FROOHDJXH AHIB®O S ISUR WIKGHIEQ &
FKHENV (OOLRW HW DO DQG WR PLUURU DQG UH
KHOS IWDMWRHPF KB BOHW L F DRRURW K HM®WIXFEW RKDWDD O

SUDJPDWLVP SOXUDOLVWLF PL[HG PHWKRGV DSSURDI

OL[HG OHWKRGV $SSURDFK

S5HIOHFWLQJ XSRQ P\ SHUVRQDO H[SHULHQFHV DQC

WH RYHUDOO SKLORVRSKLFDO $R W WD RQN PDERRHRS KIILQ V
OF/HRG 7KLVLIP\LOD R APRKPI\UD S H X\l QESFNUDREEVOLHFGHJ

KRIVKH VFSHDFMVMWLR QHLUDP RGWORMOOSRQ D UDQJH RI
PHWKRGRRRDEKVHYH WKH PRVW&RHQHHL F RD® RXKFR P H
P\ EDFNJURXQG Rl ERWK FRXQVHOOLQJ DQG SV\FKROR.
GRPLOQDQWLSRVGWVFRXUVHV ZLWKLQ WKH VWXG\ Rl SV\
DSSOLFDWLR@DVR G SIUDHFWAHFH ZLWKLQ &%7 *UDQW 7
DOVR DSSUHFLDWLY H ARQ WWKUHX EQM R Q B\ W WLSYSLW/R\D FK H V
WKHUDSLVWW 78WHUENBFOWHG LQ &RUULH &DOODKDQ
HW DO $V OF$SWHHU S VWDWHV 3SOXUDOLVWL
FRXQVHOOLQJ SV\FKRORJ\ DQG UHSUHVHQWYVY LWV HQJI
SHUVSHFWLYHVY WKDW FOLHQWYV RKH®DI VRR GHMKHNVIDGB) UR
0\ SOXUDOLVWLF LQIOXHQFH LV DOVR HYLGHQW LQ &KI
RULHQWDWLRQV SHUVRQDOLW\ FRJQLWLYH DQG VRFL
XQGHUVWDQGLQJ RI WKH FRQFHSWXDOLVDWLRQ RI SHL

7KH LQFUHDVLQJEG SR

ZHOO DQG &UHVZ
VHHNV WR QRW RQO\ WDNH DG YIXDWIIIIVRMWWKH B QY
TXDOLWDSVWIRTHF KHY EXQ EOENBHRWIZHMRPAS HQVDWHG E\ W

VWUHQJWKY RI WKW DWKHERBWIHRNKHUY ZLGHO\ DFFHS



SUDFWLFHG LQ PDQ\ DUHDV RI KHBRIMKYHHV NBRB RAKV BB
VFLHQFH UHVHDUFKHUV ZRXI0{®& DQWRID RUKLFWO DYEQ W
HSLVWHPSDRDGEDPY LPSOLFLW LQ TXDQWLWDWLYH DQ
ERWK DUH LQFRPSDWLE O'HV & IWHHELO HHY M@FBID SSURD FK |
DOVR VKD UHBRW KODSEWRIHAK H VXDKGIHILH W B € GIRPIOWRA H
OLYH LQ 6DOH HW DO DQG ERWK VHHN WR DQVZF
DSSOLFDWLRURKVS$SFHWKERG WKH PL[HG MHVGKIRIG/W HD\E SUK
FRQFHUQV RI ERWK TXDQWLW DW WX IHYGV T R D MLONDD KX_FY
LQTXLU\ LQYROYHV VRPH LQWHUSUHWDWLRDKEXW PXV\
DUJXPHQW IRU XVLQJ PL[HG PHWKRGV UHVLGHV RQ WK
DLP RI LQTXLU\ LV QRW WR VH HH[ S\HIXWIKQ F I GEDS\WM QNGRH Q
ULFKHU H[SHULHQFH WKURXJK DQ\ SURGKEFWHQD EGRE L
UHVHD URKHUHBMRE QWPRQEB FRPSUHKR B \GLYB®JIE W
<DUGOH\ %LVKRISDQ LI WIRH\RYHVHOFBWKRG GHVLJQ
OL[HG PHWKRGV UHVHDUFK LV SDUWLFXODUO\ XVH
H[DPSOH KHDOWK SURPRWLRQ DQG KHDOWK RABXFDWL
HQVXUH HIILFDF\LRM\M KM HRDESHIRVG HU B H QMR KRR YEVH W
WR LQYHVWLIJDWH WKH SKHQRPHQD XWLOLVLQJ WKH V
GLIIHUHQW/ RHWEBBFHVV L\8 6 R B SARKIDAD WIRQJ DQG
SVI\FKRWKHUDL® GWBFEHFHWH HQJDIJHPHGWYBQ8HQFORM
SHUV S HFIWISYUHRKMWRD S H X W I0F RXMHFR RRRSHU O0F/HRG
7KH PDQQHUTXQ TKWBKVLYH PBW KIX®\D WUWRMB\E PEHQ H
KHDOWK HGXF B DMRR{HQHEY R Q U/AKT X HQ FRIURILQ VWD IFUHD W L
TXDWDWLYH ILQGLQJV DUH LQF O X G HE UWRLIDE@® § W. QW YU
ILQGRQ I/ VWWEHFNOHU HWLNVODSSURDFK ZRDWXWHOLVHG

FLWHG E\ <DUGOH)\ Z &L VEKERPBI>GFWXUYH\ WR HVMDOCEOL V|



UHODWLRQVKLSYV DPRQJWW POI® WG X HHIP HOWRKU ¥ B US D E\W
H[SHULHQFHV WKURXJK TKD\ H\@ D B® MIEVINGR Q YRIH Z V
SV\FKRVRFLDW RS UWRIFW K WH Y [ SWWDOW LWDWLY HW. QGLQJV
QRWHV WKDW WKHUH KDV EHHQ D ZLGHVSUHDG XS
SVI\FKRORJ\ IRU H[DPSOH ZKHUH WKRUFRNYLNULIEI) V M H |
R U LCHVQ IWX@DON. MY HPE KVDWRY SODFH DV SDUWHRMKWRKH O
SURMHKIW RIITHUV D XVHIXO DQG YDOXDEOH WRRO IRU "
,Q VXPPDU\ WKLV UHVHGUBE BQRD SIRFVRAMEZY DOW SE
XWLOLVLQJ TXDQWLWDWLYH PHWKRGV VXFK DV FRUUH
DVFHUWDIDVVRFLDWLRQV ZLWK SHUIHFWLRQLVP DQG R
GHVLJQ IRU DVFHUWDLQLQJ WKH HITHEFWLYHQHVV RI Wl
NHHSALIQMKKH SUHYDLOLQJ UHVHDUFK LQWRVLIAGLYLGXDC
-RKHMD D SRVLWLYH SV\FKRSHRUNMPBWRRQLVP DQG LWV
'RORVK\Q+HZLWW HW DB® Z H QMUH U SFURHOVMWYWXFW L Y LV W
DSSURDFKHV DUH IDYRXUHG ZLWKLQ FRXQVHODH QO HLQ
BWULFNHUWFLWHG LQ &RUULH &DOGIMKDQ D@GHRQWHU
RYMWBHOLDQFH RI WKH SRVLWLYLVW SDUDGLJP ZLWKLQ |
ULVNV PLVVLQJ WKH GHHS N XNG HQ W\R D/GH. I J SRHW |
ZKR DUMLQJ ZLWK VSHFLILF SUREOHPW RQBMHRBY WKLV
LQIOXHQFHG WKH UDWLRQDOH IRU XVLQJ WKH 3, VHH
GHFLVLRQ WR LQFOXGH WKH FU % &ADIDX Q H DROOLIVWAN A H W |
WRLWKHIUY HQ WLRRUWWXIBIXDEOH SUDFWLFDO DSSC
WKHUDSHXWLF RXWFRPHV &RRSHU GR/HRKEK WKINUU
SOXUDOLVWLE PL[HGXIBRKRGN WSS RRBIKDOO DLP RI W
SURJUDPRH[WH®E G JMQIRUOUHVHDUFKHUY DQG WKHUDSL

8. XQGHUJUDGXDWHVY PEAWDPD RMIXHOIO DYCLGHQ®/ LI\L



LQWHUYHQWLRQV WR HITHFWLYHO\ VXSSRUW WKLV SRS
RZQ WKHR B QWIDADIERIQEZD 3V HKXWLF SUDBMHWHHRRUH EUR|

DQOWKH H[SDQRLERADRNWGI®OLQJ SV\FKRWRURWWRIDUF



&KDSWIBWKIBWQG5HODWLRQVKIDXNO WHWEZREQ O
3HUIHF W IORH@QIW B D ODMIG : BDIOQ X V2 FRIPGIB. 8QGHUJUDG XD\

$V GLVEXVVHG W® HRRWHW/IHADIDQ G BiFPISTRUGHNOFH KDY
LQGIGKRE HDQG ZK\ SHUIHFWLRQLVP FDQ FRQIHU ULVN W
RXWFROHWKH FRQWH[W RI VWXGHQW SRS XOMNHRWYV LQ
SRW HEHMHNGW/ RDG D $SRUL YKLV SKRWREBWUW R Q@ WRV R
LQYHVWLWKWY MKOSWHU ZLOO FRWSGLVH RO QVERDPWQIG
FRUUHODWLRQV EHWZHHQ SHUIHEWLAQGVFPFDGG FPLHQ W I
RXWFFRRHD PHDQV WR H[DPLQH W KH I REPBRVHEDO QHW
SHUIHFWLRQBV XK @PROVMHIEXINYH ILQGLQJV ZLOO LQIRUP
ZLOO LQYHVWLJIDWH IXUWKHU WKH XQLTXH UHODWLRQ
SV\FKRVRFLDO DQBHDQHFXWMLYH ZHIOHVVLRQ DQDO\VH\
H[WHBQGHUVWDQGRQ® RIKWKKHVSHFLILIDBWRIHF WD R QLI
PHQWDO D@QG HKHRRMEKIQY. X QG HUJUD®RXPWENGKIE 7
W IGH. D WKW U HW \D BW&HO )LUVW E\ GUDZLQJ RQ H[LVWLQ.
HYLGHQFH SUHNWRWEEEBPRBY 6 WXIBIDUGLQJ WKH VW
DQG GLUHFWLRQ RI USIODIWERQRQLSAP EHWHEGW QRQK/HDQ
DQG EHQBRIQV WUCHFRY VW UXFW VHB RBOPHWIERR S\ XQGH

GHVLUDEOH DQG GHWULPHQWDO RXWFRPHYV

SHAMRWVKLSY EHWZHHQ 3HUIHFWHRIQLIVPO H PAXQWRARRRHWN D
([LVWLQJ (PSLULFDO (YLGHQFH

7KLV VHFWLRQ RIIHUV DQ RYHUYLHZ RI UHVXOWYV |
VWDWH WKH PDJQLWXGH DQG GLUHFWLRQGRN UBDHW R
RXWFRPHV IRU VWXGHQWY SRVLWLYH DIIHEFW IORXUL\
UHVLOLHQFH 5HOHYDQFH RI WKHVH ILQGLQJV WR WKH

SHUIHFWLRQLVP GLVFXVVHG LQ &KDSWHU ZLOO DOV



BRVLWLYH $I1IHFW

JURPKBEGRQLF SHUVSHFWE¥H QY XHD\H E W LLYHS ZFHIDVWDH G
OHYHOV RI SRVLWLYH DIIBAWHDHFK LEPHIYDWL IR YV RUS \
EHW ZSHUQ H F WLRE) BRF L VKIDWH YIDIUW AW DV ZKLOVW D QHJ]
EHWZHPQ®&RVLWLYH DIIHFW KDV EHHQ FRQVLVWHQW
SRVLWLYH DIIHEW RN QWHMRWQ F G HIDW HAKIDGBMMH D UWWFOH E\

IRXQ6&ZDV SRVLWLYHO\ FRUUHODWHG ZLWK SRVLWL
BRVYWIDQG 1HIJDWLYH $I1IHFW: BWKIRXOW DTS 136 @ ZKHU
KHOG DLQRQILFDQW UHODWLRWOL @ WRQ S RAWLK/RLAYGE D | HVE W
DO IRX®B3 ZDV UHODWHG WR KLJK SRVLWLYH DIIHEW
QHJIDWVILM AW

%LHOLQJ HWAEHDWLILHG WKDW ZKLOVW 36 ZDV UHC
SRVLWLYH DIIHFW LW ZDV DOVR UHOH{REHG HUR KKHR O+
SDUWLDOOHG RXW E\ 6WRHEHU DQG 2WWR H WKH U
DIIHFW EXRNRBELIZERDQWN WKH SRVLWLYH UHODWLRQVK
DIIHFW UHPDLQHG +LOO HW DO DOVR IRXQG SDU
EHWZHHQ 36 DQG SRRUW HYHFRIU H RYRNWWLIRRY WEDHDIWY 1 U
FRQWUROOLQJ IRU 3& 36 KHOG D VLJQLILFDQW SRVLW

'XQNOH\ HW DO IRXQG D VLIQLILFDQW QHJDW
SRVLWLYH DIIHFW LKRZHLYFDRQ VD QHR@DWLRQV K LISFEMHW ZH |
$ VXEVHTXHQW VWXG\ E\ 'XQNOH\ 0D HW DO LG H
UHODWLRQVKLS EHWZHHQ 3& DQG SRVLWLYH DIIHFW ZI
VXSSRUW VXSSRUWLQJ WRKK\6HIG BRSLOUREREIRYHU Wk
SRWIHNVUHODWLRQVKLS EHWZHHQ 36 DQG SRWKWOQYH DI
DYHUDJH GDULRFXWHRE ERBLQJ 'XQNOH\ HW DO FR(

KLJK LQ 3& ODFN WKH FRPSHQVDWRU\ H[SHULHQFHV RI



SV\FKRORHYBEDWH GXH WR D ODFN RI HQJDJHPHQW ZLW
SURERHFXVHG FRSLQJ VWUDWHILHYVY ZKHUHDV LQGLYLC
HISHULHQFLQJ KLJK OHYHOV RI VWUHVV PD\ VWLOO H]
RI SURBOYXWHG FRSLQJ VWUDWHILHYV ,Q NHMWIUHV¥LWK
PRGHO DOWKRXJK OMXWORQWIR DAEK KD ME H P RIERXOQ WWIRLWY VZ R

DSSDUHQW GLVVRFLDWLRQ EHWZHHQ 3& 36 ZLWK UHJD

JORXULVKLQJ

JORXULVKUYWZDYWURGXFH& KR GINNEHQEWIE KHDO\
DV D VHSDUDWH GLPHQVLRQ RI SRVLWLYH IHHOLQJV D¢
IORXULVKLQJ DUH KDSS\ DQG VDWLVILHG WKH\ KDYH F
LQFOXGLQJ ZLWHKRWKHUOD@EHGEG WR RWKHUV PDVWH
JRHV EH\RQG VDWLVIDFWLRQ ZLWK OLIH DQG FRPELQF
ZHBELQJ 'LHQHU $IWDDPRQVWUXFW 'LHQHU HW DO
IORXULWKREEIBDRRRICFDO SURVSHULW) DQG IXQFWLRQLQ.

5DVKLG HW DO G M QFW K E HF ROQRAYRHLMWAKRLD\) V W X G |
KDYLQJ KHDOWK\ PHQWDO IXQFWLRQV DV ZHOO DV EHL
SURJUDPPHV WR EXLOG RQ VWXGHQWVYT VWUHQJWKV
IORXULVKLQJ 'HQRYDQ DRGSVIKIDAVD \UNHDAL@DL S R VP ISVEKE Y\WH
RYWXGIO@WYLVKLQ) DQG WKDW SRVLWLYH DIIHEW FDQ
VXJIHWWXSHQWY WKDW DUH UHVLOLHQW DUH PRUH OL
DIIHFW WKURXJK DGDSWLYH FRSLQJ DQG FRXQWHUDF\
IORXULWKRIHMHQ DQG 1DXGp IRXQG VWXGHQWYV ZHL
ODQJIJXLWKKBUULQLUVW \HDU RI XQLYHUVLW\ GXH WKH G|
QHZ SUDFWLFDO G DIF DFSXRNMHRLHAK HOOGQ DD QG H[SHULHQ
LVRRO@MRZHYHU WKH\ EHJDQ WR IORXULVK XSRQ DFKLH

SHUVRQDOQQERIMWEKGHQFH DQG HVWDEOLVKLQJ D PRUH



JOHWW DQG +HZLWW D VSHUHNRPWRRGWVBLPHQV
ZRXOG XQGHUPLQHMQI®AMQURWIKYID H[WUHPH SHUIHEWLRQL
SUH VIMX Q1 H G H Gl OVERK W IGHIREZIB! NGHAUR HDESER, U U DUJXH Wi
PDQDJHPHQW RI BW ZIKFW ERXIOWP SRWHQWLDOO\ UHVXO
IORXULVKLQJ LQ WRARK VYAWXGHRYWRQLYWDUWLFXODU ZK
IROORZLQJ JUHD \DIGW PIDA/ WMILQOGRY DB RHVHQ 1DXGp
VWULYLQJ IRU HIFHOOHQFH KHOSV VXSSRUW DFDGHPLI
BWRHEHU DQG &RUU SURYLGHG WKH ILUVW HPSLU
IORXULZKRLQ DWWHPIWLWR BHWWHHQ )0 BW\R P P+HHZWW W
UHJDUGLQJ WKH XQGHUPLQLQJ RI IORXULVKLQJ YHUVX
RI SHUIHFWLRQLVP 6WRHKEHM UREKZABRK LOFIRUMHJHODWHG Z
IORXULYRYQUWQG H HDDWEMDVXUHG XVLQJ WKH 3$1$6 :D\

DQ&/LJQLILFDQWO\ QHJDWLYHO\ FRUUHODWHG ZL\
EXW SRVLWLYHO\ FRUUH OHRE H & HAL WKQIGIRY @M Y 5 ODH | i 7 |
WKH\ IR& X®@ GHUPIHFMA BOILVP EXW 36 GLG QRW 7KRVH
ORZ3KRE[SHUGKQIKHOHYHOV Rl IORXULVKLQJ ZKHUHDV W
ORZ LRQHIBHNHO\ WR H[SHULHQFH ORZGLHDMQAD R H YA XL

VXSSUHVVLRQ HUIHRWVUG6WRHE

$FDGHPLF $FKLHYHPHQW

'KLOVW QRW D PHQBHLOD K HRDOWF R FRAF XV\DHG L Q &K D
DFDGHPLF DFKLHYHPHQW LV FRQVLGHUHG D GHVLUDEC
FDQ EH LPSDFWHG E\ D VENGHQWEE BH Q WHERHKREDIOMPK
UHSRUW LGHQWLIEHGQW DME PRRDWR2ZBOMO KHDOWK FRX
DBGHPLF SHUIRUPDQFH 7KRUOH\ DQG 5LFH HW D
LGHQWLILHG WKDW 36 LV UHODWHG WR KLJKHU DFDGH|

UHODWHG SRWHQWLDOO\ GXH WR WKH GLITHHBNWLDO



DQG IDLOXUH +LJK OHYHOV RI SVIFKRORJLFDO GLVWU
UHODWHG WR ORZHU DFDGHPLF SHUIRUPDQFH %UDFKC
GHSUHVVLRQ GHWULPHQWDOO\ LPSDFWLQJ SHUIRUPDQ
SWHDUFK DOVR VXJJHVWV WKDW XQLYHUVLW\ VWX
OLNHO\ WR HQJDJH RQ FDPSXV DQG KDYH SRRUHU UHO
DVVRFLDWHG ZLWK SRRU DFDGHPLF SHUIRUPDQFH 6DC
LOHODWLRQ WR WKH 6'0 LW LV XQGHUVWDQGDEOH WK
VRFLDO GLVFRQQHFWLRQ LW FDQ H[DFHUEDWH SRRUH
RXWFRPHY 7KHUHIRUH ZKHUH 3& PD\ H[DFHUEDWH ER
SHUIRUPDQFH 36 PD\ EH UHODWHG WR KLJKHU DEDGHF
VXJIJHVW WKHUH LV D FRVW WR DFKLHYHPHQW WKURXJ
QRWH WKDW 36 FRXOG EH FRQVLGHUHG DGDSWLYH
XQLYHUVLW\ ,W PD\ EH WKDW LQ EXIIHULQJ DJDLQVW |
DEFKLHYHPHQW RU LW FRXO/® \EHVSBFWLRQHDW & DO\ NWKGL
DFKLHYHPHQW LQFUHDVHESRYLWKQCH KIR OHGAWDBRRGY Z WQ
PHQWDO KHDOWK
5HVLOLHQFH
7KH FRQVWUXFW RI UHVLOLHQFH LV FRQVLGHUHG |
DGYHUVLW\ :DJQLOG <RXQJ W K U RORIKYW® H DRIGL C
WKURXJK SRV LYH WHR FRISH QROH UHWHOWNEYHEEORPYL QD
FKDOOHQJHV RI KLJKHU HGXFDWLRQ %UHZHU HW DO
XWLOLVH LQWHUYHQWLRQV WKDW FDQ LQFUHDVH VWX
5HVLOLHQFH KDV EHHQHIRXBIFRZD WPHIS RUDNMW §HO |
DQG LV D VLIJQLILFDQW IDFWRU LQ VXSSRUWEWJ VWXGH

SUHYLRXVO\ PHQWLRQHG WKH PRUH UHVLOLHQW VWXC



ZD\V WR FUHDWH SRVLWL YR BI (HIFRMQEAK H B R FKV D/GKHS W LS
VWUHVV ZKLO V'\N R DO EYDH NV IOVD\

7KH GLDWWKHAALY PRGHO DQG 6'0 SRVLWRBHUIHFWLR
SV\FKRORJLFDO GLVWUHVV GXH WR D ORZHUHG OLNHO
UH VL GRUHQHEHWHLG LWLHY VXEK DV VHHNLQJ VRFLDO VXS
+HZLWWHWW 6KHUU\ HW DLOVKLQ S/R\SXGEMDQWRAEEQD O VXSSF
IURP SHHUV LQVBSHDH®WLRXQO UVIRDEH D SURWHFWLYH LQI
VWUHKMUZHWG VXSSRUW PRGHUDWY RO LW HD BBI®MDRLLFR
6SLYH\ $FFRUGLQJ WR %XUJHVV DQG 'L%DUWRO
OHVV OLNHO\ WR HEXIDO € LIQY DHFWLOLMQAAY ZKLEFK LQ W
DQ[LHW\ +RZHYHU DFFRUGLQJ WR 'XQNOH\ HW DO
DVVRFLDWHG ZLWKRBRWHEH RSUREBORRUH UHVLOLHQW \
ZLWK VWUHVV DQG WKHUHIRUH IRVWHULQJ DQ\ UHVLO
SURHFW DJDLQVW QHJDWLYH LPSDFWV RI VWUHVV

8VLQJ WKH 0.36LEHUW HW DO IRXQG WKDW GH
EHLQJ DVVRFLDWHG ZLWK JUHDWHU GHSUHVVLRQ DQG
FRUUHODWHG RQO\ ZLWK 633 DY RSOSUBVMRKE @A\ P HIGH.IDUW
UHVXOWYV VXSSRUW WKH PHGLDWLRQDO URQH RWFRSLC
UHODWLRQVKLS WKXV SURYLGLOWVRFN PRSSHROUW Q RAK
VWXGHQWY KLJK LQ 3& DUH OLNH®O\ WR \HYSHYVHRG B OF
SV\FKRORJLFDO GLVWUHVV +RDNRRHQG .6PL3E K H &/GHIV QRO
VLIJQLILFDQW UHODWLRQVKLS ZLWK UHVLOLHQFH GHV:
DQG GHSUHVVLRQ 7KL\P BR XOWH S M EEH)PEYWNHLYSE W\ DELO
5LFH HW DO ZLWK 36 KROGLQJ JUHDWHU OLNHOL
VWUDWHJILHV 'XQNQ@ MXRWDO KW K QRDBEYV R REHH

UHVLOLHQW DQG H[SHHULGXRFWKH HRQMWH AH RO KLIKHU



SDUWLFXODUO\ LI XWLOLVLQJ VRFLDO VXSSRUW DV DQ
KLJK LQ 3& PD\ H[SHUIEHL.BOH PRFBUBIMVIIOQBQFH LQ WKHI
IDFLOLWDWH DGDSWLYH FRSLQJ VWUDWHJILHV
5HODWLEQWZHQ 3HUIHFWLRQLVP 'LP HRXWRRPHPQG 'H
([LVWLQJ (PSLULFDO (YLGHQFH

7KLV VHFWLRQ RIIHUV DQ RYHUYLHZ RI UHVXOWYV |
VWDWH WKH PDJQLWXGH DQG GLUHFWLRQ RI UHODWLR
RKWFRPHV IRDQWHEH@RWU\ QHJIJDWLYH DIBHOMYDQG H
RI WKHVH ILQGLQJV WR WKH WKUHH WKHRUHWLFDO UL

&KDSWHU ZLOO DOVR EH VXPPDULVHG

$Q[LHW\

%XUJHVV DQG 'L WHYWRDHRG HY LG H QFaH BWEDON KL JIK (
HVWDEOHORWERQYYKHE DQ[LHW\ WEE LB Q KRMMYWWH QW
UHODWLRQV KIKS B& WMRK WBL6PIH @ W BRVHODWHRQVKLS EHWZF
DQ[LHW\ PD\EHKR@LIYL DRIQW RU REFBVBI&YHY DFFRXQW!
%XUJHVV DQG 'LWXUWRONR UHODWHG WR DQ[LHW\ WKU
VW\OH VXFK DV DYRLGDQW FRSLQJ DWLB HEH®MIMMMR Y D
VWUHVV' RPRIGBID\ HW REWJIHVYV DQG 'L %DOMRFROXGH 3& L
UHODWH G GKR MREHWRARIMMHFWLRQ FLWLQJ 'XQNOH\ HV
DODFN RI VRFRBGLDX\SER UK HE W DIDMQ BQ VKRS W QL HW\
OHYHOV RI VRFLD®I\GLS/SRWHWYHBUYFAVKRVH KLJK LQ 3&
VWXG\ DOVR VXSSRUWHG WKH 6'0 LQ LGHQWLI\LQJ D QI
S2WKHDWLGDWLRQ  LQ WKRVH KLJK LQ 3& ZLWK D VWUR
J)LQD®W®E\3&7 SR VILGWD DY GKLIKRO GQPHPODGDSWLYH FRIQLW
DV PHPRU\ LQWHUSUHWDWLYH DQG DWWHQWLRQDO EL

DQ[LHW\ )J)OHWW +HZLWW SHVHDUFK E\ 3LUEDJO



UHODWLRQVKLS Z @ QGH@W MNQYLWRYLW\ DQG DXWRPD\
SUHGLFW DQ[LHW\ WKRVH KLJK LQ 3& WHQG WR H[SHU
WR JUHDWHU OLNHOLKRRG Rl H[SHULHQFLQJ DQ[LHW\

7KH UHODWLRQVKLS EHWZHHQ 36 BQYGDDQ[LHW\RXC
QR VLJQLILFDQW UHODWLRQVKLS EHWZHHQ 36 PHDVXL
5 DQG WUDLW DQ[LHW\ DQG 6KRUW DQG OD]PDQLDQ
EHWZGPBDQG DQ[LHW\ RPHSYHRP V.OLEH UVMRX@WG DD VP DO O
VLIQLILFDQW UHODWLRQVKLS EHWDHO Q6?2 Z LDVMKG VWDIQH LG
VWUHVVXREHD HW IRX@QERVH ZLWK KLJKHU 36 LQ FRP
ZLWK ORZHU OHYHOV H[SHULHQEKE Q@ RRIGHHDWHG BN D
SUHVHQFH Rl VWUHVVIXO KDVVOHV DQG WKLV UHGXFH
VWUDWHJILHV :X RX®GH36 ZDV QHJDWLYHO\ DVVRFLDW
VHODOLGDWLRQ DQG YDOLGDWLRQ GURKHR WK BDW RRDM
EHWZHHQ 36 ZEWEHYGIWHWQNOH\ HW DO IRXQG D
EHWZHHQ 36 DQG DQ[LHW\ LQ FRQG LARIQR/QV VRH KN ZZ VW R
6'0 WKIDQYLHW\ DQG 36 PD\ EH M R BIDDADNBPD Q FI-DU WL XAUKIOHD
'L%DUWROR

)LQDOO\ LGHQWLI\LQJ KRZ QHJDWLYH DXWRPDWLF
EHWZHHQ 3& DQG DQ[LHW\ 3LUEDJORX HW DO VX
WKHRUHWLFDOO\ GLVWW GERWERKHDE QHQRQ PADKMWL E B VILWS L L
FRPSRQHQW ZLWK D PRUH PDODGDSWLYH GHPDQGLQJ
'L%DUWROR FRQFOXGH LQGLYLGXDOV KLJK LQ 36 .
FRIQLWLRQV LQFOXGLQJ Z®&EWKD E B & HFERHEOMDJEMELG WHEK
PD\ RYHUHVWLPDWH WKH SUREDELOLW\ DQG FRVW RI Q
WKHLU RZQUBEMIRRQDI OHD\GLQJ WR DQ LQFUHDVH LQ |

WKHQ EH IXUWKHU HIDFHUEDWHG EQWVHRG HKUWDK R W\ HQ VS



ORZ VRFLDDKWX$IS RHUMZGINGR FHDV /W BW LYRQQLILFDQW
UHODWLRQVKLS EHW ZEHSWIR 86H B O RYDIORERWER UMXSSRUW D
SRVLWLYH VRFLDO IHHGBEDKHN &BY 0O R SWFHHRUNMDR D DR BEK\
KLIJK LQ 3& DQG 36
"RUU\

7KH UHODWLRQVKLSY EHWZHHQ 36 DQG 3& ZLWK ZF
E\ )OHWW HW DO LQ/HH GEKWEMMR W R PPIOR BHG ERV
DQG 3& DUH IRXQG WR EH FRUUHODWHG ZLWK ZRUU\ 7
ZKR IRXQG ERWK 623 DQG 633 ZHUH UHODWHG WR ZRUL
HITHFW VL]H WKDQ 633 +RZHYHBW IEKBHHRRYIPOQWKH 036
IRXQG ZRUU\ ZDV U HIYMHW HG WIRD 8IRYEFHQWDO &ULWLFLYV
([SHFWDWLRQV EXW IRXQG QR PHDQLQJIXO FRUUHODW
ZDV SRVLWLYHO\ FRWDUNHCORDONRK G FDLON KRQRIA GDQ WD QH O C
GLG QRW ILQG D VLIJQLILFDQQZARH BR IVH REUKKILOSGEIH W Z H
SRVLWLYH VLJQLILFDQW UHODWLRQVKLS

7KH 3&7 SRVLWYVY WKDW D SHUIHFWLRQLVWYTV WHQG
WR HYDOXDWLYH FXHVZ)LOB®OWW HWRLDJ@\ DV DDKRIQLWLY
WKUHDW %RUNRYHF HW DO DQG GDPSHQ WKH QH
SRVLWLYH HYDOXDWLRQ RI VHOI LV WKUHDWHQHG 7KF
FRSLQJ VWUDWHJ\ PD\LN[BDHQVIWKI RZRILIV\UHODWHG WHF
LQGLYLGXDOV KLJK LQ 36 DUH PRIRHF XOULHNG GFRWIRQH Q/MDU
'"XQNOH\ HW DO 'XQNOH\ HW DO ODFHGR HW
SHUIHFWLRQLVWY KHIXFHXBEKPOHHWHEAWRI VWUHVV WK
WKLV FRXOG EH RIIVHW E\ WKH WHQGHQF\ IRU 36 SHUII

IRFXVHG FRSLQJ 'XQNOH\ HW DO



1HIJDWLYH $IIHFW

$V SUHYLRXVO\ GLVEXVVHG WKH SIRYG QLI W HOHD \
DIIHFW KDV EHHQ FRQVLVWHQWO\ LGHQWLILHG )URVW
DO 6KRUW OD]PDQLDQ BWRHEHU &RUU
'XQNOGINX DO LGHQMKWEHGXVH RI DY R WXDOWH FIRBL @Y
SHUIHFWLRQLVWY KLJK LQ 3& WR LQHIIHFWXDOO\ UHJX
QHIJDWLYH DIITHFW VX YS\RUHVLVQB RIGKIHD G+ B BLKMHW L V) O H W\
)XUWKHUPRUH WKH 3&7 )OHWW HWQNOW)\ |R UDSHAR H/FXVE
WR UXPLQDWH IXUWKHU LQFUHDVLQJ ERWK WKH LQWH
ILQGLQJV E\ 6KRUW DQG OD]PDQLDQ LGHQWLILHG
VXEVFDOH UXPLQDWLRQ DQG ZRUURQHUMHWRLEE DHEDBW
JURVW HW DO DOVR LGHQWLILHG WKH SRVLWLYH
DIIHFW KRZWDYGRQRXNQGFDQW UHODWLRQVKLS EHWZHH(
VLPLODU WR OROQDQRIWJDQILFDQWNRE B @31 BFWDUHOD\
ZDV QRW IRXQG LQ WKH VWXG\ E\ %LHOLQJ HW DO
UHODWHG WR QHJDWLYH DIIHFW KRZHYHWEKHKHQ WKH
UHODW LR Q VXEDR@HHIDZNHLHZYD YD | QERFMD L | IQADIQMWHV WL QJ O\ +1
DO IRXQB UFHHBRUUHODWLRQ EHWZHHQ 36 DQG

XSRQ SDUWLDOOLQJ RXW 3& 36 KHOG D VLIJQLILFDQW

OHQWDO ,00 +HDOWK

'KHUHDV PHQWDO KHD O WXOLO/ WEBIN MQ X\PR RA HCHD W R
PHQWDO LOO KHDOWK ZRXOG FRQFHUQ WKH \DHIO WV Y H
DGLDJQRVDEGDPHYW RO SV4VKRSHDWKIRORG\LQ WKH LQ\
FKDSWHU HPSLULFDO HYLOMWMQRHALPODWM K@ SEHRUIHHD VBK L
PHQWDO LOADWKHW@WRUHWLFDO PR8WOW VWK PR ®N ON BI& 7

6'0 LGHQWLI\LQJ KRZ DQG ZK\ SHUIHFWLR®B\DRO AWKXOG |



BHUIHFWLRQLVP SMUWHBDXQRQOKBAKIEBKEQ VKRZQ V
KLIJKHU LQ LQGLYLGXDOV ZLWK PHQWDO KHDOWK FRQG
VXFK DV JHQHUDOLVHG DQ[LHW\ GLVRUGHU +DQGOH\
IRXQG LFRORRIQFDO SRSANORWRRIQWEDWKRQV EHWZHHQ 3
SVI\IFKRSDWKRORJ\ VIPSWRPV %LHOLQJ HW DO DG
QDUUDWLYH UHYLHZ Rl SHUIHFWLRQLVP DQG SV\FKRSD
LGHQWLILHG WKH WUDQVGLDJQRVWLF ULREXRU $HHW IDHGF \

FRQ G XF WHDA)ID OAN HW LTQIDWR/ LWDWLYHO\ VIQWKHVLV
EHWZHHQ SV\FKREDWRRBRJIJEGDQLFDO GLVRUGHUV V\P
DQG RXWFRPHV UHODW HD® G 8 FHWI\HKKR SRYWEPRIDU FO|
GLVWLQFWLROQD CEGH W& HFHV XOWYV IRXQG ERWK 36 DQG 3
DVVRFLDWHG ZLWK SV\FKBEBDW KRXBLHR/X \EXRPHY WK H
RXWFRPHV 36 ZDV OHVV UHODWHG WR SV\FKRSDWKRO

SRSXODWLRQV

5HODWLRQVKLSY EHWZHHQ 3HUIHFWLRQLVP 'LPHQVLRQC
7KLV VHFWLRQ RIIHUV DQ RMHUWRIXHZ HASWHY R D W/ W \\
VWDWH WKH PDJQLWXGH DQG GLUHFWLRQ RI UHODWLR
RXWFRPHV IRU VWXGHQWY SRVLWLYH DIIHFW IORXUL)\
UHVLOLHQFH 5HOHYDQFH RI WK HMH [ WLIDREH.RWNW R RUK H
SHUIHFWLRQLVP GLVFXVVHG LQ &KDSWHU ZLOO DOV
BWXGMFWDP PHGLD XVH LV DQRWKHU SRWHQWLDO
ZLWKLQ WKH QRPRORJEKADRY Q H\DDRU & X DWDER VEG +L OO
VXJIWKWRILVRIFLDO PHGLD SRSXOBHU WF VRDRIWLLEFEOODW ¢
LV OLNHOWWRHIEGHRWLY LV VX ISRWUNHHDB QOB . ZBRW
IRXQBPH W\SHV RI RQOLQH FRP P XIQQ AVDKAH. R R PR M [ON\G FEIH

FRPSDWNRO\ WKHY RMHBI OHFWLRQ IRU VRFLDO PHGLD



WKHPVHOYHMKQ @F VOIIPIBBRYBWGYWHXFK D ELDV FDQ UHV)
RYHUHVQRWKORU VY] KDSSLQHVYV DQG . ORDIGHDUNGIV GILQIGE FXX
DV KDVREHHRQRIIOLQH -RUGDLG HHOWF B @ OW\R XVOXH Q MAWWYIL H :
RI RWKHUVY VRFLDO PHGLD V@RIDIHVLERWQ DX S RB UDGWHRG
FRPSDULVRQ HQY\ DQG VXEVHTXHQW IHHOLQJWWI GH
DO JQDOO\ VWXGHQWYV ZLWK LEPVHDYH® RRBUEH VA
IRU UHDWWKHINDLGDRIH DUH PRUH G DNAHROD HAV® FOHE B ARDILL HDQVA H
&DUOHWRQ HWHD® WIKBWGWRHORSPHQW DQG PDLQWHQD
WKHUHIRUXIBPS HW DO

,QWHUHVW LQ VWX ®QTRALD S HRHE BEMNRIY. MVRUH O D\
VWXGHQW P HQWDOQHIRM@WYOEMR FRQVLGHU WKLV DQ LF
LQ ULVLQJ VWXGHQW VHAARGGIVQIZVDROKAHKUH LV D VHOI
SUHVHQWDWLRQDO HOHPHQWHIRIHFWRIEFRFRY QR WILY\WLRQ E
SHUVHYRKBWHRSHUIHFWLRQLWWY PQ G KLGH QMKW LR QZ RR |
QHJDWLYH VRFLDO HYDOXS W LGRHWAW)KOBH \§ KVH IGDRVPIH® R Q
SSHUIHFW RQ WKH RXWVLGH EXMOE BRQOUIMMRRI WKH LQ
PHDVXUH IRU VRFLDO FRRYBIDIOVRIHENFERFHW WG VHO |
SUHVHQWDWLRQ DV SRVLWLYHO\ OLQNHG ZLWK VRFLDC
KHDQ@HWW HW7K® DERYH ZRXOG VXJIJHVW WKDW LI D ¢
633 3& DOVR IUHTXHQWO\ HQJDJHV LQ WARXDHBIDGP\W B LD »
JUHDWHU OLNHOLKRR G RH \BHHQ\WDRMWLLRR® RWWH.G KWDHXFIH P H
SRRUHU PHQWDO KHDOWK RXWFRPHYV

7KHBB\ DENRVVRFLDWLRQV EHWZHHAH W X@IQBW V |
VRFLDO PH®IOMD RYHG WEBMNVH IDFWRUV DUH DVVRFLDWH
SURFUDVORIFQDW LRRHGLD RU VRFLDO QHWZRUNLQJ VLWFE

IRU SURFUDVWLQDWLRQ  DIQWIREH D BWRKFBWVRGHUHG W



WKH YROXQWDU\ GHOD\ R IFMPLSRRU VGIHY\SWRULH (HHIZRHAD QDN
QHJDWLYH FRQVHTXHQFBQIO/6 DURRRPRWY EBKDYLRXU RI
(JDQ :DGH 6KDIUDQ $@WR@MMO\VLV HEW €LQ RIRX QG
WKWWDLW SURFUDVWRYDWURBLDMAR Y\ ZOWK 3& DQG \
DVVRFLDWLRDRLEGWRIMBW 36 PD\ KDYH VRPH EHQHILWV
DEKLHYHPHQW LQ FREREBWERRUDVWK GBWLRQ PD\ EH F
QHJDW LY HDOKOMW L R QLW WO @ HMURLLEHDY H FAMA L X 19 DAM DR Q
3URFUD VMWL QOYR-RD/WRRG DV D PIRFXEBSWARSL € P RAWILLF
VHOHIJXODWLRQ IDLOXUH UHVXOWLQJ IURP D GHVLUH W
3\FK\O 6LURLIARQIHULWINDHREBI LQXUWKHUPRUH ERWK
SURFUDVWLQDWLRQ DQG SHUIHFWLRQLVP KDYH QHJDW
SHUIRUPDQFH 5LFH HW DBgJH 6LURLV  *LJ

7K HUW D@F U HID WIHILIHIYWH D@ F K W KIH DUHOLMW LR QV KL SV
VW X GX\OHVRRIF L D Ol R GIUIR FUD VW L Q ZWERIQ Q Z LDAXKG STRARDUGHH.
SHUIRUPDQHAMW DBLHAWDQHN H V6 FOVCH QE YW WH DS SHDUYV
EH D ODFEN RMKWDHW HRHBBBHG MAL RVQKLLNGP W K H V H KB RELDW L F
VRPH HYLGHQFH WR VXJJHVW ORZ OHYHOV Rl VRFLDO \
EHWZHHQ SUREOHPDWLF LQWHUQHW XVDJH DQG 633 LC
DEFRUGLQJ WR WKH 6'0 FRXOG WHIHMIRIROG E R Sl HWWILLC
WR LQFOXGH VRFLDO PHGLD XVH RVLD ODFEMGLD DQV MW IFIR |
UHVXOW LQ SRRUHU PEMLQD R KIMBPARHHYDHFGVZRQDVW VW

3& SDUWLFXODUO\ LI XVHG DV WRRO IRU SURFUDVWLQ

6WXG
TRFRQVROLGDWHLWKHIHWNE UU EGOXIERYRYDG HV
QHWZRUN RI FRUUHOD W HR/Q ? EESEWUHLIHH Q 8V DB HRWKAMV FR P

LQFOXGH WKH GLUHFWLRQ DQGXVPDQQ I&RXG®RM WKH FR



VXJJHVIW URHI | H AW VRGL RP G ODUJH HIUHBRW XPRDWIR U

3& DSSHDUV WR FRQVLVWHRHGAXRR Q& JDWLIPYDH L\DL J\DR DL
UHODWLRQVKLSY ZLWK GHVLODBOMH BRWERRMWLERQEQPF
ZLWK GHWULPHQWDO RXWFRPHV 3B HGSLSHD LBR WIRNVK R 6 C
VLIJQLILFDQW UHODWLRQVKLSYV ZLWKVGHELULFDMHVR X W F
UHODWLRQVKLS IRXQG IRU 36 DQG UHVLOLHQFH .OLEH
VWXG\ VLDRQLFBOQWHWERUUHODWLRQ IRXQG IRU 36 DC
+RZHYMHWLIQLILFPGLXWPPBRRY LWLYH UHODWLRQVKLS ZL
SDUWLD®®OKBCOMWHLWKBUXP VEROVIONLYH UHODWLRQVKI
RWFRPHV RUJDIQREDQW UHODWLRQVKLS ([FHSWLRQV

X DQG :HL IRXQG D VPDOO QHJIDWLYH VLJQLILFD
DQ[LHW\ DQG VHFRQGO\ IRU QHJDWLYH DIIHFW ZKHUH
VLIJQ@QME UHODWLRQVKLS EHW ZHMAH SHKPIQG3 @ HZIDW L Y H

SDUWLDOOHG RXW WKLY HGLXPPW ORHQ@QDMLS ADV LD VIPD PO



YLIXUH
1HWZRUN RI ([LVWLQJ &RUUHODWLRQV EHWZHHQ 3HUIHFWLRQLVWLF 6VWUZXYWEGRWVH\WQG 3HU



$LPV

BWXG\ DH[PWMER! IXUWKHU WKH KHOSIXO RU KDUP/|
PXOWLGLPHQVLRQDO SH UKHPVOMRQ BWRSQAHOMME R PIQW D@
XQLYHUVLW\ VW XGRIQUHGR®X A QW ERHQWZ HH Q IDHRW R BW L R
L BRVLIMQEHQHIJDWLYH DIIHFW [ORXULVKLQJ UHVLOLF
DQ[LHW\ ZRUU\ PHQWDO LX® HKHDEROKERDW H/AR PVDD P i
H[DPLQH WKH QRPRORJLFDO QHWZRUN RI THUG HF R/ MRHM
WKH SRVVLEOH UROH RI NN QBDVDADR UE OWKWDING P/ QL. QI HVHIR
WKHRU\ DQG HPSIBWX@DOKY HEHRQLAH QRW RQO\ WKH UH
WKH 36 DQG 3& KLJKHU RUGHU GLPHQVLRQV EXW DOVF
SUR YOLGGIL VEIDRMID ORU WKH QRPRORJLFDO QHWZRUN IURF
UHODWLRQVKLSY EHWZHHQ GLIIHUHQW SHUIHFWLRQLV
WUHDWPHQW LQWHUYHQWLRQV )LQGLQJV IURP WKLV \
BWXG\ ZKLFK BLWROHHXDROH UHODWLRQVKLSY EHWZH!
SV\FKRVRFEHWIOQZIHBORXULVKLQJEBQGQGIJDISRFWWYMWHZEQG
DIIHFW IROORZLQJ HYLGHQFH DQG FRQFHUQ VXUURXC
REVEXUH WKH PDJQLWNX®HE HRH Q8 8 D WLFRE YRICOSMVR EDVWQ ISR P
+LOO HW @&VDRHEHU &RUU OROQDU 6LURLV
+\SRWKHVHV

+\SRWKH3HWIHFWLRQLYV WV E \& RIQFHBREVP M G WRKIHD J
WKH+3200 HW DO Z OO HK FSRRW IDVRMBLXRJIQLILF
FRUUHODWLRQV ZLWK GHWULP HQ MDRDRHRMLXPP H)\H JD\W R
VLIJQLILFDQW FRUUHODWLRQ ZLWK GHVLUDEOH RXWFRI
KDYH FRQVLVWHQWO\ GHPRQV W UDUMHIBVWR BMD %/& G @& W.

FKDUDFWHULVWLFVY DQG RXWFRPHYV



+\SRWKH3HWIHFWLRQLVHIYH® WK IDPELYDOHQW UL
LGHQWLILHG ZLWKLQ HPSLULFDO UHVHDUFK UHJDUGLQ
SHUIHFWLRQLVP VXUURXDGL3WKBEO OPHIWVXQ HG X I
DOWHUQDWLYH YHUVLRQV Rl ZRORIGK KR OG VI UG LSIUARSR
PHGLXP SRVLWLYH DVVRFLDWLRQV ZLWK SRVLWLYH R
VLIJQLILFDQW UHODWLRQV K\S ZWWHKVSE RV EW IZRPERE IFR\F
KROG QR VLJQLIL¥DLQWK OHHO D WL R B \RM\E F R FZIRX O-6\ KR IGH
VPDRHOGLXP VLJQLILFDQWO\ SRVLWLYH DVVRFLDWLRQV
G
JLQGLQJV VXSSRUWLQJ E-KSRRAQVH WAVWSHDIE R MBKE WY H

36LV DGDSWRYHEBQ@RVLWLYHO\ DVVRFLDWHG ZLWK GHYV
2WWR ILQGLQJV VK SB DIOREIRXD 6\ ERVWARDN LVWHQW
SHUVSHFWLYH WKDW 36 LVOQ HAIMHCHD K HSDEDQER Q JKWD
VXSSRUWLQJ GXRRWEHEH \FR Q V ISHW N S WF BEVWHR WK HD W

DGDSWLYSHRDIQMELYWO\ DVVRFLDWHG ZLWK GHWULPHQWD

+\SRWKHSRNLDO OHGWDL8MWH S HBRWH® &/ IEBIW LIQLILFI
SRVLWLYHO\ FRUUHODWHG ZLWK VRFLDO PHGLD XVH +
VLIQLILFDQWO\ QHJDWLYHO\ FRUUHODWHG ZLWK VRFL

+\SRWKHOHQ®WDO +HD O W,KV&RQIGSMEREHCH VI KDW EH |
VLIJQLILFDQWQGYFIRIWHWFRU 36 DQG 3& EHWZHHQ SDUW
PHQWDO FRQGLWLRQ DQG WKRVHLAKR 05 R HXRWMD G KHMDLO
FRQGLWLRQ ZLOMYRI B &RWMHMHVIOWHYMH DQG ORZHU OH®

+\SRWKHWYDRZWWRRHKW



OHWKRG
3DUWLFLGO BWRFHGXUH
$ VDPSOH RRLYHUVLW\ VWXGHQWYV SRIUNWGIVED W H C
IRQ SDUW L FHSHD QW R R HGHMHGES G KKILW R WK IV SDUWLF
FRPSOHWLQJ OHVV WKQQ  DRRW KHVDMMLYOH\ WKH\ ZHUH
XQGHUJUPGXDWIHHUHIRUH GLG QRW PHHW WKH LQFOXV
XQGHUJUDGXDWH VWX & HDK\H DA RADKLHD QP W DRRSYWM X/ GV H G
RI PDOHV DQG IHPDOHV  WUDQVJHQGHUV  GHVI
WKH UHPDLQLQJ RSWHG QRWDWRDSHRNYL\G H6'WKHDW\HC
DUBQJHG IWRP \HRPHVWXGHQWY FRPSULVHG D OC
DQG ZHUMUKWWWK (QJOLVK 1RUWKHUQ ,UL
VHH 70ROHX00 GHPRJUDB®RGFGHWAXHSMWLHWN VWDWLVW
7KH FRQYHQLHQFH VDPSOH RI VVWXB\HQPD\L @ DYJ SWW.
IURP YDULRXV +(,V HEHLOWEBS®RUW GSORIHVVLRQDO V
8QLYHUVLW\ 6WXGHQWVYT 8QLRQV H J :HOIDUH 2IILFH
GLVVHPLQDWLQJ WKH VXUYH\ WR XQGHULlWDMP®XDWHV D\
VRFLDO PHGLD SODWIRUPV VHH+§S®SHQGOGLDWH®G\R DO
RU VHUMUIFW WD\ KDYH DFFHVV W R X0 & H UBBMMRGX D W H R/
O0DQDJHUV RI 6WXGHQW 6HUYLFHV LQ +LJRQUH(IGRED WA
REWDLQ D ODUJHU VDPSOH VLEDD®G VD HAHWH U& RKBH WL
DOO 6KHIILHOG +DOODXMGEUVYHDGXWW Y8 HUH DOVR LG
VHH $SSHQGL[ % E\ XVLQJ OLVWAD RO bDMmEHHY KUHIDGX BW t
5HJLVWU\ 6HUYLFHVY IROORZLQJ SHUPLVVLRQ IURP WK
VOLJKWO\ DPHQGHG YHUVLRQ RI WKH6 ¥V Y3HA\\ EOR ORA Y. F
5HVHDUFK 3DUW L FASIBW LRIQHAEHIHIRN D G X D W W XSO/ DKAR\OTR

FUHGLWY DV SDUW RI WK® LUH WRXIWV HR U HSTDXW W H P IHSDAVWL (



SDUWLFLSDWLRQ ZDV YROXQWDU\ DQG RWKHU WKDQ 62
IRU FRPSOMHWVYRQYH\ ZDV EDVHG R QDWIGHWMXPNPD BBEIR S
PLOQXWHY WR FRPSOHWH ZLWKVHWRBYSSGBKHPO TXH\V

4XDOWULFV VXUYH\ GLVWULEXWHG WR SDUWLFLSDQWYV



7TDEOH
'"HVFULSWLYH 6WDWLWW®RB VYV D&KL BDEF W HRLLSDODNLVE V

'"HPRJIJUD&SKDBDFWHULN\ JUHT XHXQ F\

*HQGHU

JHPDOH

ODOH

2WKHU
3UHIHU QRW WR VD\
7UDQVJHQGHU

/IHYHO RI 6WXG\

/JHYHO

/JHYHO

JHYHO

/JHYHO

+RPH RU 2YHUVHDV 6WDW X"
+RPH

,QWHUQDWLRQDO

8QVXUH

(WKQLFLW\

$Q\ RWKHU $VLDQ EDFNJUF
$Q\ RWKHU HWKQLF JURXS
$Q\ RWKHU PL[H@&VRKQREKOW
EDFNJURXQG

$Q\ RWKHU ZKLWH EDFNJU|
$UDE

$VLDQ $VLD @ DQUIODLGKY K L
$VLDQ $VLD @ KAQHWIHY K
$VLDQ $VLDQQBUDWLVK
$VLDQ $VLD QDN NVW/IDWKL
%ODFN %ODBNIWBWEDL@ LVK

% ODFN % O D RID WL UELEW IDVQK
3UHIHU QRW WR VD\
"KLWHBULWLVK (QJOLVK 1F
6FRWWLVK RU :HOVK
'KLWHILVK

'KLWH DQG $VLDQ

'KLWH DQG %ODFN $IULFDC
‘KLWH DQG %ODFN &DULEE
OHQWDO +HDOWK 'LDJQRVL)
<HV

1R

3UHIHU QRW WR 6D\
8QLYHUVLW\

5XVVHOO *URXS

2WKHU




OHDVXUHV

BHYHUD@HWWF®D GRQVLGHUHG IRU PHDVXULQJ HDFK R
GLVFXVVHG LQ WKH LQWURGXFWLRQ $ EULHI UDWLRQTE
VWXG\ LV JLYHQ EHORZ LQFOXGLQJ D GHVFULSWLRQ RI
SURSHUWLHV &V RQED BKHMFDDSWDYH VWDWLVWLFV IRU
IRXQG LQ WKH FXUUHQW VWXG\ DUH ORFDWHG LQ 7DEC

OXOWLGLPBEVLROWDRAL¥POO HW DO LV D
UHSRUW PHDVXUHPHQW IRU PXOWLGLPH@W.RQRP SHUI
ZKLFK HLJKW VXEVFDOHV DU HR GHHU @ HRBNHIRMHIEG VIREV F D C
$SSURYDO 3HUFHLYHG 3DUHQWDO 3UHVVXUH DQG 5XP
DQG WKH UH P OLUGWOQ D GFORMBEKARARID Q L\BDWQRQ QB V V
BWULY (QEHROHF@PISULVH D FRPBSORWIHPN [RUH3BRWOE RQ
/LNHUW VFDOH UDQJLQJ IURP VWURQJO\ GLVDJUHH
0\ SDUHQW V DUH GLWHPXO® WRUSIYISD¥H IRWJEQHVID®
> WHP7K® 3,JRIR\G FRQY H U ZH QWO BEGILDCAMEK\H  3BQ G
J R RGHHAW HH\DW. DFERRLUOULWIDRDMY LIRFQ HQW Y RY H UURQQURUR [LY H

WRIRU WKH HLJKWW XEVRDOHYVO WEK&®HH FRPSRVLWH
+LOO HW DO $00 HLIRW WXE D 6 DFRQUKRIYIB@ERR G

WR DV GRHV WEH 3& DQG 3, FRPSRVLWHV +LO

$FDGHPRKLHYWHKHQVW VWXGHQWVY DYHUDJH JUDG
$YHUDJHV" ZHUH FRQVLGHUHG DV D PHDVXUH RI DFEDG
IRU WKH FXUUHQW VWXG\ GXH WR YDOLGLW\ LVVXHV W
GLIIHUHQFHY EHWZHHQ +DWQ VD\Q @ DARPRIVS RDWH RUHFHLY
DFDGHPLF ZRUN DW WKH WLPH RI VXUYH\ GLVWULEXWL

DFDGHPLF DFKLHYHPHQV ZIDWVHBNMDWXHM @D QIGLHROOHIHV



6HUYBREO6WDURLQBWHYLRXWW VYW XBXEE WKDW 8&%6 VFRU
VLIJQLILFDQW SUHGLFWRU IRU VWXGHQWVY DFDGHPLF I
DEDGHPLF JUDGHVY WKH PRUH OLNHO\ WKH VWXGHQWYV
6FKRILHOG 'LVPRUH &KHQJ &$BDWDWI) LV WKHK H
XVHG IRU XQLYHUVLW\ DGPLVVLRQV LQ WKH 8. EDVHG |
TXDOLILEFDWLRQV WEBIFIDGH® LB MFEXILGY HPHEW ROQRD BR
OHYHOV % & HWERZHYHU W K H URIQR/D IQQ EBM/R ERIDNDRW
ZKLFK FRXQW WRZDUGY WKH WDULII HJ $ /HYHOV ¥
6FRWWLV K WEFWKKHUHIRUH SDUWLFLSDQWYV WHUYW DVNHG
TXHVWLRQ/AYDONJIJ®DGHY RU 8&$6 SRLQWYV RU HTXLYDC
UHFHLYH IRU HQWU\ WR \RXU 8QLYHUVLW\"" VLPLODU
SDUWLFLSDQWW BKG QKRR QWWW WKKHIU UHVSRQVHYV ZHL
LQWR 8&$6 SRLQWVY E\ FRQYHUWLQJ TXDOLILFDWLRQV '
8&%6 FRQYHUVLRQ VFDOHV 8&$6

OHQWDO +HDOWK &RQGLWSRBQWLFEGE SO W U HIHW P HIW
GLWFHDRL] WKHX KHWKHE RU Q ROV DVIQER\IIBMER QDO +HD O W
6HUYLHWRXUFHY ZHUH XVHG LQ RUGHU WR LGHQWLI\ Z¥
DSSURSULDWH 0+&V WR OLVW DV RSWLRQV IRU SDUWLI

$Q[LHMKHLWHHPQHUDOLVHG $Q[LHW\ 'L VERILGW\H 06@ D O

ZDV GHYHORSHG XVLQJ LWHPV WKDW UHIOHFWHG \
OHQWDO 'tYRX¥GWKMVGLWRLRQ\P'SWRP FULWHULD IRU *$'
ZDV FKRVHQ GXH @WH LOW/LBRWSDUOE UHOLDELOLW\ ZLW
DQ[LHW\ VFDOHV VXFK DV WKH %HFN $Q[LHW\ ,QYHQW!]
RI XVH IRHSRHONVLQJ DQ[LHKWYV RROVY¥HYHQ RU HLIKW L\
FRPSDULVRQ WR  LIWWKA\Q FVRIQHYIENY BMYGLE W\ ,QYHQWR U\

6SLHOEHUJHU HW DO DQG WKHUHIRUH RITHUV O



7KH *$'DVNV SDUWLFLSDQWY KRZ IUHTXHQWO\ WKt
SRVVLEOH SUREOHPV ZLAMKING W KHH S IR R IEROX\CMIDRA L Q J
@ DRMFRPLQJ HDVLO\ DQQWRHIG @U 1KH MM BQRLVQMP V [
/JLNHUW VFDOH UDQJLQJ IURP 1RW DW DOO WR 1H
TXHVWLRQ DVNV SDUVELLFLLSIX@WA BVE\HVAIKDHHFOW RG SURE
ZRUN PDQDJLQJ WKH KRPH RU JHWWLQJ DORQJ ZLWK F
UHSRUWHG GLVDELOLW\ GD\V FOLQLF YLVLWYV DQG JH(
WR WKHLU V\PSWRPYV

7KH LQWRHWQ DO HQF\ RLWHKHFH®OHQW ZLWK &URQEL

6SLW]HU HW HWHVW UHNOWDELOLW\ LV DOVR JRRG
RI ,W LV DOVR UHSRUWHG WR KDYH JRRG SURFHGX!
VHOBRUWY ZLWK WKRVH D GPHIDQWW HUWHRG HEAVID RPGHIAV CL@)
FRUUHODWLRQ DQG FRQYHUJHQW YD OLGLIMQG@KHC
WKH DQ[LHW\ VXEVFDOH RI WKH 6\PSWRP &KHFNOLVW

'RUUYKB6:4 OH\HULW DO FRQVLVWV Rl LWHPV WR P
RI ZRUU\ LQFOXGLQJ WKH XQFRQWUROODELOLW\ DQG
DVVRFLDWHG VWUHVV HEFSHUTZKIQ FPH® \EX WK RY HD @ VW KD E (¢
GLVFULPLQDWH EHWZHHQ S DRUWHL E L %/HKQRWWK B IUWIXQ{$ 'HIVWQ
KHDOWK\ FRQWUROV 4XHVWLRQV DVN ZKHWKHU FHUWI
SDUWLFLSDQW BRDYWUMHGEHUDVDVFDOH UDQJLQJ IURP
WR  9HU\ 7\SLFDO RI OXGH{DP,SDMHXQGHRU SUHVVXUH ,
> WHP BQHAHQGVWDUW ZRUUY,@WHP, FOQ QRM FHDR/XUH L\
UHOLDEOH IRU ERWK LWV WUGHWHHYO\D O HFARL@\ELL\OW. M/® F ¥ LD\
DOSKDV UDQJLQWRIRP 7KH VFDOH DOVR FRUUHODWHYV

HPRWLRQDO GLVWXUEDQFH TXHVWLRQQDLUHYV PHDVXU



WR ZRUU\ VMFNWBNPVBIQG WLPH XUJHQF\ DQG KDV FRQ
PHDVXUHV RG DRUYIUN VD\Q
$QRWKHU FRPPRQO\ XVHG ZRUU\ PHDVXUH LV WKH
:'4 7DOOLV HW DO ZKLFK ZDV GHYHORSHG WR P
E\ WKHRULHV RI (\WVHQFN W FRQWDLQV LWHPYV
VXFDV UHODWLRQVKLSY ZRUN LQFRPSHWHQFH DQG IL¢
67$, WUDLW ,QWHUQDO UHOLDELOLW\ LV FRQVLGHUHG
'KHUH WKH 36:4 W H Q\GWHMWIRX HRFX VDR G ZSRDUNK R @R B\ F
WKRXGBHWWRPHRQH ZRUUPHDNAUKHY FRQWHQW RI WKH ZR
WKRXIKWMRPHRQH ZRRXMKNWUHIRUH ZWYK HG B6:RHG PRUH
DSSURSULDWH WKDWKWHWWW@LBMAWXVHG WR PHDVXUH
ZRUSBDUWLFXODKONLMUWEHQWWWFKDY JRRG UHOLDELOLYV
HDVH RI XVH
OHQWOKHDOMWK *HQHUDO +HDOWK 4XHVWLRQQDLUH
+LOOLHZDV LQLWLDOO\ FRQVLGHUHG IRU PHEBM®ULQJ F
FRPSULVH Rl PV RW XVUMIXO LQ FPHHIQUXDQGJILDHQ G D W L
KHDOWK GLDJQRVHV +RZHY HUHQRWXH Y FOWKN, QY KPRV I
9HLW :DUH H\WWHZ DKBWH FRPSDUDEOH UHOLDELO
EXW DUH DYDLODEOH ZAKNHK ORXFRQMANNV LRMHBPVYH LWHPV
PHDVXUHV FXUUHQW SHUFHSWLSRQDWI/BNBWD O/ KBIDKD W
$00 RI WKH 7LPH WRPH 1 RQHP R CLMMHEWRG HHOW FDOP D
SHDFHIWEBP KDY RX IHOW GRZGKWBPW@G DQG EOXH
9HLW DQG :DUH ILUVW GHYHORSHG WKH OHQW
LWHP PHDVXUH RI SV\FKRORHKLBD O EGLLE/W\WH IDN\G Bl QL) 2\
RI PHQWDO KHDOWK EH\RQG SDUWLFLSDQWY UHSRUW\

GLVWUHVV VIPSWRPV DQG LQVWHDG IEHR@YGLQJ SRVL



FKDUDFWHULVWLFV :HLQVWHLQ HW DCHULVW XN BD® DO\
HYDOXDWWHWRYHUVLRQ R+AVKGIGOWKMKERPDWLF 6\PSWR
66, 7KH\WRKXQG+, SHULRQPHEHDWWIOY WKDQ WKH *+4 LG
PHQWPDDOMWKR FRIUFWD XGLQJ WKDW WKH 0O L ORXOUH O L.
JROORZLQJ :HLQVWHLQ HW DO6YWHZDUW HRRBPHQ G D WIR
WKH OWRYH LWHPWQBHPRQVWUDWHG D UHOLDELOLW\ F
%HUZLFN HW DO FRW S DALSNGH BV K H, 0 W K H 6%+ 47 IDIQ\G 6
IRXQG WKDWZWKHEBWWHU WKDQ WKH 66, [DIGS*BY¥ JRRG
GHWHFWLQJ PHQWDO KHDOWK GLVRUGHUV LQFOXGLQJ
VXSSRUWHG HEWOF@DEKR FRPSDUHG MKK WKH *+4
LGHWLI\LQJ FRPSDUDEOH SV\FKRPHWWLEFCS HR MU BWXFH
0+, UHYHDOHG WKH EHVW SHUIRUPDQFH IRU PRRG IR
UHFRPPHQGLQJWRKWFUHHQ IRU PRHRIGHGRWIR UBBW \0 +,
FKRVHQ RYHWMW KR *4W\GFRPSDUDEOH SHUIRUPDQFH LC
UHOLDELOLW\ DQG HDVH RI XVH

3V\FKRVRFEBOQZHQBU HW MYHORSREBUNKKLQJ VFL
PHDVXUHSVRAPM®RILFDO SURVSHULW\ DQG IXQFWLRQLC
SRIRQWLHZ ,W LV DOVR LQWHQGHG WR EH FRPSOLPHQ)
ZHEEBLQJ ,W FRQVLVWV RI HLJKW LWHPV GHWDLOLQJ L
IRU H[DPSOH IHHOLQJV RI FGRRSBWHQWH LNWWUW R~/ D DXL
BWRQJO\ GLVDJUHH WR 6WURQJO\ DJUHH , BPWK QR
HQJDJHG DQG LQWHUHVWHG/HO PEAEDR GR B 5WSLHUWRG \D
D JRRG,®MHA @ 7KH VFDOH LV VKRUW DQG HDRRG\ DFF
UHOLDELOLW\ ZLWK D &URQEDFK{V DOSKD RI

$IIHFWLYBHZG@ZOQGHVSUHDG PHDVXUH RI SRVLWLYH

WKRE1$6:DWVRQ HW DO 7KH PHDMXHPHA VROOHY WL VF



SDUWLFLSDQWY WR VWDWH KRZ WK H\ KPLYHWI HIONW GW U\
([ WHQVLYH OLWHUDWXUH KDV IDYRXUHG WKH UHOLDEL
':DWVRQ +RZHYHU LW LV QRW ZLWKRXW FULWLFLVP L
DUH QRW XVXDOO\ FRQVLGHUHG HPRWLRQV IRU H[DPS
SUHGRPLQDQWO\ KLJK DURXVDO IHHOLQJV WKXV QHJO
'LHQHW DO

'LHQHU HW D6ODIOYH Rl 3RVLWLYH DQG 1HJDAMDIWYH ([S
GHYHORSHG WR DVVHVV VEHMOF FEGEH IHHDE QI RH FAM
RI DURXVDO IRU ERWK SRVLWLYH DQG Q HIRWY LDYFH X k1D @V
FDSWXUH 7KH 63$1( FRQWDLDYG QHWBINEYNILL HEWRFPHMN L Y
VFDOH DVNV SDUWLFLSDQWY WR UDWH KRZ IUHTXHQWZC
RYHU WKH SDVW IRXU ZHHNV S RILEXWL AONPHLW WWRFFR U HYCGH B
UDUHO\ RU QHYHU WR  YHU\ RBWRMDWLY HEOEDEWH Q WWHHF
7KH VL[ SRVLW2YDIQ63%L[ QHIDWLYWHBS$DYH VFRARHG V
UHIOHFW SRVLWLYH DQ & HIHYD WHV EHEHRMBIAOY BIOZ/FRD @
EH FRPELQHG E\ VXEWUDFWLQJ WKH QHJDWLYH VFRUH
% RU SEDDOWH) WMXKGEVFDOHV DUH DOVR KLJKQ\ UHOLDEO!|
63$10 . 63%$1( DQG 63$1% TAKHRUH JLYHQ WKH
LPSURYHPHQWY PDGH E\ WKH 63%$1( WR PHDVXUH H[LVW
HDVH RI FRPSOHWLRQ WKH 63$ BR\ZIDW LIgpHI BYQUEHM B WARI @ L
RYHU WKH 3$1$6

5HVLOIZHKOIFMVHP 5HVLOLSEFHDBFDIAHG <RXQJ
PHDWXWUD LW UHVLCOIRIQPAM MWHMMDVEFDOH RI VWURQJ
VWURQJO\ DJUHH ZLWK QR UHYHUVH VFRULQJ 5HVLC
FKDUDFWHULVWLFV SXUSRVH (SHHOWHQYFHHU DIDFE HH T\ &

DORQH QKW DKMN\ ,WXH/PAD OQ F QWOE\HH >W WIHPJ V@ PD @ & U |



IULHQGV ZbWWHRWKEBU VFDOHVY PHDVXULQJ UHVLOLHQF
WKH $FDGHPLF 5H¥DOVYHQ@FKRZAADYBPHIQLOG DQG <RXQJ V
ZDV SHIUWIHG GXH WR IHZHU LWHPV HQDEOLQJ D PRUH F
SDUWLFLSDQW WR FRPSOHWH LWV KLIJIK LQWHUQDO F|
UDQJLQJ IURWR DQG LWV JRRG FRQFXUUHQW YDOLC
UH®DHQW FRQVWUXFWY VXORKUDMMUE I HHEDWVYVLRRW LRI L C
<RXQJ

6RFLDO OHGIZEZRBVYRHWWLRQV UHIJDUGLQJ VRFLDO P|
ZHUMFOXGHG LQWR WKH VXUYH\ WR HVWDEOLVK ZKDW
SDUWWAMLEV G RQ D UHJXODU EDVLY GHWHUPLQHG DV |
IUHTXHQF\ RI XVH RI WKHVH VRFLDO SODWIRUPV ZLWKI
WKH QRYHOW\ RI UHVHDUFK LQWR VRFLDO PHGLD XVDJ
LOQYHVWIRWYWQWXLDO PHDVXUHVY QR VWDQGDUGLVHG PH
IRXQG 7KHUHIRUH WKH ZRUGLQJ RID'"XHYMWIHR® VUIRRRJ DA
VWXG\ E\HBWBBUVZKLFK ORRNHG DW KRZ VRFLDO PHGLI

GHSUHWIWRPYW LQ VWXGHQWYV

(WKLFDO &RQVLGHUDWLRQV

3DUWLFLSDQWYV ZHUH LQIRUPHG Rl WWHIQHQHDODO !
UHFUX HR PEHHWS SSIS®RE®L[DQG PRUH FRPIHUWMKH QWUIRHBD\
VKHHW VHH$BOHQIGH [ILUWX SPHH RR WKRJUHVV RQWR
LWVHOI SDUWLFLSDQWYV KDG WR & URYXSKRIXG @ HFRONUY
HWKLFDO UHTXLUHPHQWY DV ZHOO DV PLQLPLVH VRFL

UHVSRQVHV ZHUH SUHPHDSW BKBOWRRGHFROWY ZHUH D
RSMD WR WK NRORZE\ SURYLGLQJ' WH MLR) MRDVY. ® QR G\
SDUWLFLSDQWWZEKHUY K RRQOBUGR @ R QJH X ERIQDEFRRS O R WZLL

RI WKH VXUYH\ :KHUH SRVVLEOH RU DSSURSULDWH SI



GHFOLQH WR DQVZHU SDUWLFXODU GHPRJUDSKLF TXH\
ILQDO SDJH SDUWLFLSDQWYV ZHUHS SREWLWHHY LIFOIF JY K
UHTXLKH®IWHU FORVLQJ WKH VXUYH\ IRU IXUWKHU UHYV
H[SRUWHG FRGHG DQG DQ\ HPDLO DGGUHVVHV SURYLC
H[FHO GRFXPHQW $00 GDWD ZDVHVDMWBDRIF KNV & H LYQIL Y
DSSURYDO ZDVO REWRLPWGERP VWSMHH RQ (WKLFV 5HY|
(5 VHH $SSHQGL]

'DWD ODQDJHPHQW DQG 'L$VGPWQDRDIRIY BRPBQW SC
SURYLGHG WR LQIRUPVWHK H JYHR®ID @ IWAHSICHZWY ZHUH F
Rl GDWD VWRUDJH DFFHVV WR WKHLU GDWD DQG SRW|
DQRQ\PLVHG UMN®B WO $DIWOCBURW HFW VRV@ \W H POV |
SURYLGHG RQ WKH LQIRUPDWLRQ VKHHW

SHVXOWYV

5DZ 'DWBDBWMHWLRQ

3<HDU RI 6WXG\ ZDV FKHENHG WR HQVXUH DOO SD
SHU OHWKRG VHFWLRQ ILYH ZHUH UHR®GK® UMW KWK &
URRGHG WR RU WR GHQRWH /HYHO RW&KWMXG\ 6
IUMHH[W ZDV FKHFNHG DQG SDUWLFLSDQW JLYHQ DSSL
LQIRUPDWLRQ SURYLGHG &RXUVH DQG 8QLYHUVLW\ ZH
VWXG\LQJ DW D 8. 8QLYHUVLW\ *HQGHU (WKOQVFLW\ D¢
FRGHG GRGEVMDIH @& HUH FRGHG 5HYWWWH \DRRGJHV IF
36:4VFDDHWH FRPSXWHG 7RWDO VNRDEM\ZHEBS FRPSXW
3 63$1( 63$1%DODEBFH)RXULVKLQD@»;4 OHDQ VFRUHYV
ZHUH FRP &IXWHKIE HRIKW 3, VXEVFDOHV 3WKBIQGWHBSEHGW Z R

ILQDOO\ D 3, &RPSRVLWH



OLVVLQJ %DOXWHWLQJ 9DOXHV $QDO\VLV IRU DOO VW
KLIKOLJKWHG PLVVLQDRYDOXHYOIRYUGRKILQJI DQG
56 Q VEDOSWNVWKHVH PHDVXUHV ZHUN \OLOIDW HD O &
PD\ EHVBRDUWLFLSDQW IDWLJXHO LARZIHYIH&R PIS\OW\W H P
5DQGRP WHRQMJDDVLFBPDXMD UKL GI S WKHUHIRUH |
FRXOG EH LQIHUUHG WKRVH YDOXHV ZHUH PLVVLQJ FR
QXPEHU RI PLVVLQJ YDOXHVNOHYEHOKD Q 7ID/E D FK)XQQ
PLVVLQJ GDWD ZLOO LPSDFW WKH DQDO\VWWLMLQJ IRL
DQDO\WHV ZHUH FRQGXFWHG WKUHH WLPHV RQFH ZLW

RU SDUWLFLSDQWRU \HH{ BVRESEBIBIY GV IVLFDO 3DFNDJH

6FLHQ36@R XWSXWV IRU UHSHDWH G \F B U H EBODWHIGQ PHOWD
ZHUH PLQLPDO W KHUFRRWGK PWBG \XHVK WKH IXO0 GDW
GLIIHUHQW SDUWLFLSDQW QXPEHUYV

'LWKLQ WKH UDZ GDWD SUHSDUDWLRQ WKH JUDGH
DSSUR[LPDWH 8&$6 SRLQVED\RHE B&H6Y ADULQIVWBDGHV ¢

$Q\ JUDGHV WKDW ZHSB WDPEEUSBEW VG XUHWRRQVH
LQFRPSOHWH ZHUH GHOHWHG DQG UHJDUGHGQDV D PL

PLVVLQJ FDVHYV 7K H 5 H FIP\RLYRHD W IDIW WIDNJHL Q BV

DV WKH UHVHDUFKHU ZDV QRW FRQILGHQW LQ LWV LQF
YDULDEOH

2XWORHRJVSORWY ZHUH FKHFNHG IRU SRWHQWLDO |
LGHQWLILHG DV DQ H[WUHPXHS REVFORNH D L QRS DWDIOR QF
GLG QRW DSSHDU WR DQVZHU DQ\ TXHVWLRQV DSSURS
HUURQHRXV GDWD 8SRQ FKH FNLWRIRUWNRIHHWHI RRIXDGOW

EHORZVWDQGDUG GHYLDWRAROMWM B! WKIBEHUHDODQEDFKQLEFT



D VPDOO QXPEHU RI VWDQGDUGLVHG VFRUHV LQ

ODUJH VDPSOH VL]H WKHUHIRUH WKHVH ZHUH QRW UH

1RUPDOLW\'XKHEFRWKH ODUJH VDPSOH VL]H YLVXE
GLVWULEXNWORBGZRS&RVH® WR XVLQJ IRUPDO LQIHUHQ
DQG NXUWRVLV VWDWLVWLFV DV VWDQGDUG HUURUV |
WKH ODUJHU) MVHKHGVDPSOHLVWRJIJUDPY DOO DSSHDUHG V
H[FHSW IRU [DQHZ WXERNGHDNG HMVS S H D UWHNGH DHOGRDXWILY KO Q J
36:4 1HHG IRU $SSURY DX G36RPL IO GHWEGHQ G L3 66
RXWSXW IRU &N MM IWDWRD W GEW ZIHOEH/W ZHHQ Q G

H[FHS®WRRWLVKLQ@S: 4 1HHG IRU $SSURYDO
30DQIXOQHWWOG 5XPLQDWLRQ

5HYHUVH VFRUH VTXDUH URRW WUDQVIRUPDWLRQ\
DQ36:4VFDOHV WR VDWLVI\ DVVXPSWLRQV RI QRUPDOL\
WUDQVIRUPDWLRQV ZHBH XEEUDRWHRH G RHQINHIRWRKE! R Q O
$SSUR3OD®M I XO GHPYIDMELRQ VXIJIHVWHG ODUJH VNHZ 7
XQLIRUP FRIQWQVBXAWW L Q J RMKGH W ZRNERX B'Q G3 W K H
&RPSRVLWH

1LQH FDVHV ZHUH LGHQWLILHG WKURXJK ODKDODQ
ZL\VBK $00 SDUWLFLSDQWYV ZLWK WKH@H RXWOLHUYV
UHPDLQLQJ
'"HVFULSWLYH 6WDWLVWLFV

'"HVFULSWLYH VWDWLVWLFV IRU DOODVWBIOHYV LQFC
WUDQVIRUPDWLRQV ZWKH Sk HD\GHQ \RBKIL IDEVFDE RKHIRO S K D
DOO VFDWHW LAHDIFHWRXWUWKNMBUGLSWLYH VWDWLVWLFV IR

FRQGLWLRQV GHFODUHG E\ SDUWLFLSDQWW.OQ®G ZKHW



WUHDWBHAWHQWHG RQG/DEVOPPDU\ RI GHVFULSWLYH V

Rl VRFLDO PHGLD XVH DIREQWA SH RFIDEOBWIRUP LV



7TDEOH
'HVFULSWLYH 6 WBWONW DFEMGIRXENEGOOHYV

6FDOH 0 6’ 0 HGQ 5DQJH
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2UJDQLVDWLRQ
30DQIXOQHVV
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7TDEOH
'"HVFULSWLYH 6 WDWLVWLFV |R&KBDDDWWHISID/QWWYFVOHQW

2SWLRQDO 5HVSRQV )UHTXHXQFRI
SDUWLFLSD!
VHOHFWHG

OHQWDO +HDOWK &RQGLWLR
1R OHQWDO +HDOWK ,00QH\
'"HSUHVVLRQ
*HQHUDO $Q[LHW\ 'LVRUGHL
3DQLF $WWDENYV
$QRWKHU HPRWLRQDO PHQ\
3UHIHU 1RW WR 6D\

(DWLQJ 'LVRUGHU
3RVWDXPDWLF 6WUHVV 'LVR
3HUVRQDOLW\ 'LVRUGHU
2EVHVVLYH &RPSXOVLYH 'L\
6HDVRQDO '$MRBWHYH
SWWHQWLRQ 'HILFLW +\SHU
%LSRODU 'LVRUGHU
3KRELD

1HUYRXV %UHDNGRZQ
3V\FKRVLV

6FKLIRSKUHQLD
$WWHQWLRQ 'HILFLW 'LVRU:
3RVODWDO 'HSUHVVLRQ

OHQWDO +HDOWK 7UHDWPHQ'
<HV
1R
1%
8QVXUH

1IRWH 1
P$O0O RSWLRQIWBXHNWRRBWHFXUUHQWO\ KDYH D GLDJQRVLV |
SOHDVH WLFN B$0m VRISDW \REFERXHH V W URIQURX FXUUHQWO\ UHF

DQ\ WUHDWPHQW IRU PHQWDO LOO KHDOWK DQG RU D PHQW



7TDEOH
'"HVFULSWLYH 6 WDWLVWLFV IRU S3DUWLFLSDQWY G6RFLD

2SWLRQDO 5HVSR )UHTXHRQFRI
SDUWLFLSD!
VHOHFWHG

BRFLDO OHGLD 30DWIRU
J)DFHERRN
,QVWDJUDP
<RX7XEH
6QDSFKDW
7ZLWWHU
3LQWHUHVW
JLQNHG,Q
7XPEOU
2WKHU
OLVVLQJ 'DWD
7LPH VSHQW SHU GD\ R(
, GR QRW XVH VRFLDO
JHVV WRKID@RX W H V
PLQXWHV WR  PLQX\
PLQXWHKRXU
+ KRXUV
+ KRXUV
+ KRXUV

1RWH
P$OO0 RSWLRQDO UHVSRQVHV WR TXHVWLRQ :KLFK 6RFLDO C
\RX XVH DW QHBWS R RBSWLRQDO UHVSRQVHV WR TXHVWLR

ORQJ RQ DYHUDJH GR \RX VSHQG SHU GD\ RQ 6RFLDO OHGL

&RUUHODWLR

SHDUYWRURGXFW PRPHUA FRP S M AENY VAV K 8D W H
DVVRFLDWLRQV EHWZHHHSB/RIROD ® DOHEDIHOIBWM RUGLQDO
PHDVXUHPHQW 6SHDUPY @QHWRPEANW HE WURI ODDWHRY WKH

EHWZHHQ VRFIDOQGG POHASA. IR WYMHHH Y/IDWEICCHE O H V



7TDEOH
~HRRUGHU &RUUHODWLRQ ODWUL[ IRU 6WXG\ 9DULDEOHYV

9DULDEOH

BBUIHFWLRQLWRPGRNQ
SHUIHFWLRQLVWLF &R
SHUIHFWLRQLVWLF 6W
36:4

S5HVLGLHQWHPYV
JORXULVKLQJ
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63%$1{%DODQFH
HQWDO,@MBQWR W\H P
*$'

&RQFHUQ RYHU OLVW
+LJK 6WDQGDUGYV IRL
1HHG IRU $SSURYDO
2UJDQLVDWLRQ
SHUFHLYHG 3DUHQWI
30DQIXOQHVYV
5XPLQDWLRQ
6WULYLQJ IRU ([FHOC
6RFLDO OMGLD 8VH




TDEOHKRQWLQXHG

O9DULDEOH

&RQFHUQ RYHU OLVW
+LJK 6BWDQGDUGV IRL
1HHG IRU $SSURYDO
2UJDQLVDWLRQ
3HUFHLYHG 3DUHQWTEL
30DQIXOQHVV
5XPLQDWLRQ
BWULYLQJ IRU ([FHOO
6RFLDO OMGLD 8VH

1RWBB:4 3HWDWH :RUU\ 4XHVWLRQQDLUH

'LVRUGHU VFDOH

63%1(

6FDOH RI 3RV MWIPY HHQ® G DIGILUDMG B9 [(UBWULHQF

DGSHDUPDQﬂV &RUUHODWLRQ IRU $YHUDJH OPWK 18 8 HHRWM IRICF BIR® WD/ODAHG 8B D3AHUR O\V RRUUHODWLR!

S S



+\SRWKHAOLW VWWURQJO\ VXSSRUWHG ODLUNK 33 RK/R OV
VLIJQLILFDQW UHODWLRQVKLSY ZLWK DOO GHWULPHQW
GLPHQVLRQ DOVR KHOG WKH VDPH UHODWLRQVKLSV Z
UHODWLRQO&HKLERIMKHU 3HUFHLYHG 3DUHQWDO 3UHVYV
VLIQLILFDQW UHODWLRW®VKLBQ & DU\ LZQ W E HGAHAMBIQP H Q W |
+\SRWKHVLV E ZDV DOVR VXSSRUWHG ZKHUH 3& DQG L
PHGLXP VLJQLILBEEHQWWORQUWILYWHZLWK GHVLUDEOH RX

3DUWLDO VXSSRUW ZDV IR XQ G \ISRRIWEKEW K@+ VEIRIWK 13\
KHOG D VLJQLILFDQW SRVLWIEY HD Q/® DORXWH B R MQAR QAXK
D KRZHYHWRWLEKGIOGFD QWS ZHOBWILRERMKHISRUWLQJ
E 7KH 2UJDQLVDWLRQ DQG 30DQIXOQHVV VXEVEDOH\
FRUUHODWLRQV ZLWK GH V IQIRIYE OO LRIXFVDORP KW OHD[\W H B Q/\
30DQIXO@BYVEDORR BMALY L QD HOF HPRMOIG LILED QW
UHODW LR @WK LISQJEZR MKIWARKIRZHYHU D VPDOO QHJDWI
UHODWLRO¥KLES ZLSRWKHVLY G ZDV DOVR VXSSRUWHG
PHGLXP SRVLWLYH VLJQLILFDPMQWH®DRX\RBDRKHSV 873F
LQVSHFWLQJ WKH VXEVEFDOHV IXUWKHU 6WULYLQJ IRU
YDU\LQJ EHWZBAG +RZHYHU UHODWLRQVKLSV EH'
RXWFRPHY DQG WKH 2UJDQLVDWLRQ W¥ E R BRIKGIN LAR UG HE
WKH FRUUHODWLRQWZH RH HEVBHLQ O HFDIGU'D Q

7KHUH ZDV PLQLPDO HYLGHQFH WR\S R %/KBIUMNY® K H
+\SRWKHEVDV ZKLOVW 3& ZDV VLJQLILF® @WOL [F XKWHH QX
ZDV QHJQLIJLEDKG 36QRMDIQDILFDQW UHODWLRQVKLS
([FHOOHQFH KHOG D QHJDWLYH VLJQLILFDQW UHODWL

VWURQJHVW FRUUHODWLRQ ZDV BHWWHKHQ A2BWGE WRIOD @ S



*HQGHU 'LITHUHQFHYV

7TKHUH ZHUH H[WUHPH GLIITHUHQFHYVY LQ VDPSOH VL
WKHUHIRUH GLIITHUHQFHYV LQ VFRUHV ZHUH RQO\ DQDO
WKHPVHOYHYV DV POXOCHVRB A H MO \YBY 2@I$ 9 R U LIDA)F H
FRQWLYXRXDEOHYV H[PA®WWRUWXHUWMZRWLRQLVP FRPSRVL)
YLRODWLRQ ZDV FRQVLGHUHG IRU DQDO\VLV JLYHQ W
GLITHUHQW GHSHQGHQW YDULDEOHYV DQG DOWKRXJK C
XVLQONEYV VWDWLVYWLFV S VHYHUDO YDULDEOF
PHHW WKH RWKWRAFRBIWIORHQ W\ RIWKDVLDQIFILFDQW VFRUHYV
WHVW RI HTXDOUWEBFKQ@UAND QFHFHO® XOWLSOKHHUHIRU

LQGHSWWENQYYV ZHUH LQXMMWMD G FR@GHKEBWRIGL DGMXVWH

IRYLIQLILFDQW /HYHQHYV WHVWV BRRBEG YDULDGC
JORXULYKLO®DEB$1(3 VFDOMVZHOO DV WKH IROORZLQJ 3,
&R QF BV VW BN HBW D Q G D2MBK/FIRID Q L\BDWQRQO QH V V

5XPLQDW BRQ LYQ@FRHROHQFH +RZHYHU DOO UHPDLQLQ

VLIQLIEEDQW S 63$1(L ) S

0+, ) S *$ ) S 1HHG
IR®SSUR)YDO S D Q351 U F H 3D/UHHGRWHIY®) X U H

S 7DESIUR Y WEHWYW VWDWLVWLFYV ZLWK DSSURS

WKHKBSWLRQ RI KRPRJHQHLW\ RI YDULDQFH KDG EHHQ



7TDEOH

5HVXOWYV IURP W 7HVW $QDO\VHV &RPSDULQJ 6FRUHV IRU 6WXG\ 9DULDEOHYV EHWZHHQ )l

9DULDEOH YHPDOH ODOH W Gl S &EF &RKHG
Q 0 6 Q 0 6

BHUIHFWLRQLYWLF &
&RQFHUQ RYHU OL'
1HHG IRU $SSURYL
3HUFHLYHG 3DUHQ
5XPLQPWLRQ

3HUIHFWLRQLYWLF €
+LJK 6WDQGDU®BYV
2UJDQLY¥DWLRQ
30DQIXOQHVYV
BWULYLQJ IRB ([FF

JORXUPVKLQJ
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GLITHUHQFH

'S %RQIHUURQL DGMXVWPHQW



7KHUH ZDV QR VLJQLILFDQW GLIIHUHQFH EBWZHHQ
63$13 0+, &RQFHVIPULYVWDNHWD QG D2MBKRIBNY FHLYHG

3DUHQUWIVO XUH +RZHYHU IHPDOHV R®RUMG RA KW LLFHDF
YDULBRGAMORXULYKLGBBS1(L *$' 1HHGIRIURYDO
2UJD QL \3DWQREXMH\QD W BR Q LDYQ@BH®O H P OWHIRIW H
VRPH YDULDE OHYFRHWHHWIHYPMWIRK P H G 3 6141 KIDGH\G WHV F R L
ODUJHVW KlIHFW WIKH VPDOOHV)\®RXUHBW L\QIH ZDV

7R LGHQWLI\ JHQGHU GLIIMHEBH Qb RIQOME KRLGR WIHW
ZI¥ UHSRUWHG )LUVW SDUWLFLSDQWY ZKR GHFOLQHG
SPLVVLQJ GDWD’ DOO VXEVHTXHQW §RGBWGEFW &DHEW H \
ZKR VWDWHG WKB0+EL® @R W KPWH DKR GLG LQIHUUHG
0+&V WKH\ KDG RI IHPBPRKWY GHEOWKHG DVWDWLC
WKH\ GLG Q®RA& RDYH D RI PDOHV VWQWHE& WKH\ KDG
YHUVXV ZKR VWDWHG WRKNGHZMRW VLIQLILFDQW
EHWZHHQUJIBIQG GHFOBUPWLRQ RS %DVHG RQ WKH F
UDWLR IHPDOHV DUH W L Q9 ¥ 8RRKUDHQ ORLHI®I O\ WR G H F (

)LQDOO\ JHQGHU GLIIHUHQFHV LQ DYHUDJH WLPH
DQDO\VHG XWLION QOHDQWHMEY )HPDHBRUWHG VLJQLILFDQ\
VSHQW RQ VRBIDO PHBLD KRXUV SHU GD\Q WKDQ PD

0GQ , 45 + KRXUV S8U GD\ ] S

OHQWDO +HDOWKIHWDHQRNYYV

'LIIHUHQFHV LQ VFRUHV RQ FRQWLQXRXV YDULDI
ZKR GHFODUHG DQ 0+& DQG WKRVH ZKR @W & \VQ\RWZ LXW K
%RQIHUURQL DGMXVWHG IMQS$®DI IOAHDYQHVD /RIY HQH MR Q¥ H V \
YDULDQRHM XBO IRU DOO YDULDESBISY(MH]FHSW WKH IRO

S *$! ) S &GRQFBAVIPLVWDNHYV



S 3H U F H 3DYUHHERUWHIV®) X U H S
30DQIXPQHVYV S DEWAJ L Y LORHIROH Q F H
S 7DESUR Y WBHWYW VWDWLVWLFY ZLWK DSSURSL

DVVXPSWLRQ RI KRPRIJHQHLW\ RI YDULDQFH KDG EHHQ



7TDEOH
5HVXOWYV IURP W 7HVW $QDO\VHV &RPSDULQJ 6FRUHV IRU 6WXG\ 9DULBEWHREHWZHHQ 3

9DULDEOH 0+& 1R 0+& W Gl S &, &RKHG
Q 0 6 Q 0 6

BHUIHFWLRQLYWLF &
&RQFHUQ RYHRU OL
1HHG IRU $SSURYEL
3HUFHLYHG 3DUWPHQ
5XPLQBWLRQ

3HUIHFWLRQLYWLF €
+LJK 6WDQGDU®GYV
2UJDQLYDWLRQ
30DQIROQHVYV
BWULYLQJ IRB® ([FF

JORXUPVKLQJ
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7KHUH ZDV VAXSSBRWKWMVRW D SDUWLFLSDQWYV ZLWK
KHOG KLJKHU OHYHOV RI 3& DQG DOO IRXU VXEVFDOH'
+\SRWKHEWIDVW QRW VXSSRUWHG DV WKHUH ZDV QR VLJ(
DQG WKUHH RI WIDH) G6ZXKEMHADLD RY QRW SDUWLFLSDQV
FRQGLWLRQ H[FHSW IRU WKH 6WULYLQJ IRU ([FHOOHQ
UHSRUWHG D PRQ@IDWLRBDIOMDIG KLJKHU OHYHOV RI 6W!
WKRVH ZLWKRXW

'LITHUFRQUMWSEQKDG WKH ODUJBVW HIMEW WRDH OH\
HITHEW VaH U FHBYHERWHIVOXUH W VKRXOG EH QRWHG
%RQIHUURQL DGMXVWPHQW RI G L3HLLG-HHADENGQ WD O L
3UHVVZOWHV LIV IZEEQ QRW OLPLWHG DQG WKHUHIRUH
SODMHV S & ,> @

J)LODGDNHUHQFHY EHWZHH®@ QVKRAHUYXR WK R B UZHKC
QRDWQRQ DYHUDJH WLPH VSHQW RQDVOR F HIZOX REHLON QOHX Y &
WHVW 7KHUH ZDV QR VLJQLILFDQW GLDIHOH®FH EHWZF
0GQ 45 KRXUV SHU GD\ DQGQVKRUYEB@KR GLG ¢

, 45 KRXUV S8U GD\ ] S

8VH GRRFLDO DGIBWDRUP V

QGHSHQMGHQOW ZLWK D %RQIHUURQL DGMXVWHG D
FRQGXRWH®DFK Rl WKH GLIIHUHQW VRFLDO PHGLD SOD
,QVWBJBQDS&KDW D QLGS H@WIHGEG @L | WHRRH® PIOW LQ VFRUH
FROQWLQXRXV YDULDEOHV DJDLQVW ZKHWKHU RU QRW
DW OHDVW REFRRD VEZHDHND UH VX OQUM L\FORAH G IQ RHU HQ F H
ZKHWKHW 8DU@R.FLSDQWVY XVHG D SDUWLFXODU VRFLD

GHSHQGHQW Y333 HMEMRH 6 ¥6HH R X WSSOV WLFXODU WKHU I



VLIQLILFDQW GLIIHUHQFH IRU DQ\ YDULDEOH ZLWK XVt
VRPH VLM IGLABQHQFHV 7TDE GHVSOD\HG LQ

7KH UHVXOWY ZRXOG VXJJHVW WKDW WKRVH ZKR X
DQG /LQNHG,Q DW OHDVW RQ D ZHHNO\ EPO/RXUKLNXH Q/AIL
7KRVH ZKR GR QRW XVH 6QDSNKERWHDQIG) QLY INFHDEQ & QHKIL
3,VXEVFIDIBWD QG D2MBKHIRW WKDQ WKRVH ZKR GR XVH WI
ZHHNO\ 7KRVH WKDW XVH 6QDSFKDW DW OWRWW ZHHN
63$1BVXEVWKDI® WKRVH ZKR G RSORW V) MKDWO X VD LY IN
OHDVW ZHHNO\ VFRUR® M RH | BBAEWDROGR/ZIHQLILEDQWC

KLIKHWKRIQS FMKHD Q WKRVH WKDW GR QRW
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30DWIRUP 9D 8VHG DW OHDV\ 1RW XVHG DW OH W Gl S &, (ITHFW
Q 0 6 Q 0 6 GRU

)DFHERRN )®RXU

,QVWDJUDP PoRX

6QDSFKDW +612 E
6QDSFKDW )ORXL

6 QDS FISDW

IJLOQNHG,Q 3HWI 6
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YDULDQFHY QRW DVVXPHG



'LVFXVVLRQ

7KV VWXG\ MRPIMWHYVRR ORJLFDO QHWZRUN RI SHUI
DPRQJVW 8. +( VWXGHQWY WR WHVW WKH SRVVLEOH U
KHDOWK ®®IGQJ RXWE RPHPWPIIQGE L GWMXBY ¥KRZ
XQGHUJUDKRX DWRIWH KLJK OHYPOY RDBE R DKW O\ OLNI
H[SHULHQFH KLJK OHYHOV Rl QHJDWLYH DIIHFW DQ[LH
ORZHU OHYHOV RI IORXULVKLQJ6WXGHQWQEKR VG 8 L8R
OHYHOV RI33BURQDWKIR OLNHOMN WRVHYSHDLUHGWH ZR U U\
PHQWDO LOO KHDOWK EXW DUH DOVR OLNHO\ WR H[SH
IORXULVKLQJ

7KH VWXG\ ZDV DGYHUWLVHG DFUR\O\D YD BRBIV X Q
HQRXJK VWDWRUWM RBRBATHUW RLQJ VR LW ZDV QRW SF
R E WUDH. Q LB OB WK G BIWGH PLF DWWDLQPHQ WWARK L B @R/X (
WKH SRWHQWLDO DGDSWLYHQHVV RI SHUIHFWLRQLVP :
GHVFULEHG E\ 5LF3DWW IDFR_A SDQWY ZHUH DVNHG WR SUF
IRU HQWU\ WR WKHLU XQLYHUVLW\ KRZHYHU WKHVH Z|
YDU\LQJ UHVSRQVHYV

7R FRQV R OLG\DRODMANXGIUR JHW K 16U QIWKJ RRQ SUH Y LR X
HPSLULFDQLYXWSORNYGHY D QHWZRUN RI FRUUHODWLR(
GHVLUDEOH DQG GHWULPHQWDO RXWFRPHV 7KHVH LQ
FRUUHODWLRQV XVLQJ &RKHQTV VXJJHVWLRQV IR

ODUJH HIIHRW VL]HV IRU



YLIXUH
1HWZRUN RI &RUUHODWLRQV IURP )LIJXUH &RPELQHG ZLWK 6WXG\ B5HVXOWYV



5HOD W LVE @ W IHSUQHF W BR Q E MIMMEZK W FR P HV

7KHHV X R VFRIMS RWK HY BOBRWKENVQB/ LQ OMIHH ZLW
H[LVWLQJ HYLGHQFH WKDW 3& LV FRQVLVWHQWO\ UHOI
EHLQJ )OHWW HW DO %XUJHVV 'L%DUWROR
LQVWDQFH IRU 8. XQGHUJUDG XDMQHIL GBIV A RXNO ® @ O VR
NHHSLQWKRERWKVKDW SRVLWY SHUIHFWLRQLVWY DUH OL|
DERXW PLVWDNHV DQG UXPLQDWLRQ UHOTHLBV W& HW\G
DO

&ORVHU LQVSHFWLRQ GRH3ENKHH RDXEHEGEBHLY 670 WHH Y ¥4 D
GHWULPHQWBOQRDQE®PHQWDO KHDOWK IRU VWXGHQW
VXJIJHVWLQJ WKLV SDUWLFXODU IDFWRU PD\7TEH OHVV |
3H U F HED/HKSQUMHYY X UH E\R GHWUHFGV DV WKH 37HQGHQF\ W
SHUIRUP SHUIHFWO\ WR REWDLQ SDU DQRMRIF S8 URK/DW
SRWHQWLDOO\ FRQWUDVW ZLWK HPHUJLQJ UHVHDUFK |
SKHQRPHQRQ D WHUP XWHR EM \BRSXEHD BRMRAIIWKIBH® R Y
SDUHQWY LQ WKH OLYHV RI WKHANHEKLOBOW¥RQW 6
HW DO 7KH WHUP LV IUHTXHQWO\ XVHG LQ SRSX(
IRU WKH DSSDUHRQ R ILDIEGIRBVEQ JUBIDEOLHQFH DQG SHL
LQ UHFHQW FRKRUWYV RI XQGHUJUDG X D WM HUY X & ® Qr\G/
KRYHULQJDSBUMRQRMNPLY IWR WKH SHUVRQDO UHVSRQVL
LPSRUWDQW WWUHIDL W | IROGWMEH@®GHQW DQG DXWRQRPRX\
XQGHUJUDGXDWH OHYHO DQG EH\RQG ,Q HVWDEOLVKL
3DGLDORNHU DQG 1HOVRQ LGHQWLILHG D GLVWLQF

SVI\IFKRORJLFDO FRQMORY ROQSDHUHHQIWRQ@WWU SDUHQWL



LOQDSSURSULDWHO\ LQWUXVLYH DQG FRQWUROOLQJ LV
WKH VWX GHHWOPVDIHO OXFFHV V

<RXQJ SHRSOH LQGLFDWH SRVLWLYH IHHOLQJV IUF
VXSSRRUWHKHBRU KHOLFRSWBONHWHQWYVRBQGLOODZKLFK
ZLWK WKH FRQ F MSSHXF 6 Y BMGURHYSRX EN FDIOHU H W K H
SDUHQWVY DSSURYDO LV SHUFHLYHG DV FRQGLWLRQD(
ZHDNHURHMVXDS EHWZHHQ PDODGDSWLYH IDEWRUV VXI
PHQWDO K MIX®IWR HIDQEEAUHYWXEN FRRBG EH EHFDXVH F
LWHPV ZLWK L Q M IOHH FPW DIMBWEDR. @ R IS WWRWIS Q@ G/BX@E®N P D\
QRW EMOD®\ UHODWHG WR IDFWRUV VXFK DV DQ[LHW\ F
30\ SDUHQW V DUH GLIILFXOW WR SOHDVH ~ ,WHP D
H[SHFWDWLRQV IRU DEKLHYHPHQW ~ ,WHP FRXOG D
KLJK VWRQUGRWEMUY ZKR WKH SDUHQWY SHUFHLYH DV

FKLOG VXFK DV +(,V

5HOD W IVE & W IHSYUQHF W BW Q L VOUERW FR P H V

7KH UHVXOWYV IRXQG SDUWLD-OS\WRWSKSEROLYGI RU +\S R\
+\SRWKEVEXIW XQEFSRUW IRU F\ QRWPKHMLEDQW UHODWLRQ
36 DQG QHJDWL YA R XS\RERILNY@BWIZREOQ 36 DYGZAROUDYV
DQ[LHW\ QHJDWG YRHHQMWHDRIAKSSR K /DO WKW KIHY INVH HG IDQC
ZLWK WKHVX&FQERDUH PRUH QLINHDL QVR [ F H\OHW W EHRW O

ZKLFK FDQ FRQIHU ULVDNQGREMQ@WD\D L\O 8 HKHKIDSW K
UHIOHFWHGVLOQWIKH IRWY UHODWLRQVKLS EHWZHHQ 36
+\SRWKHVLV

+RZHYHU 36 ZDV DOVR UHODW®® XWR VX HDBNHL Q 5
+\SRWKHVUXJDHVWLQJ 36 PD\ EH DGDSWLYH IRU VWXGHF

NHHSLQJ ZLWK WWKUHH & VY DARIGHMLEIHY G BYHQBHOHFWYV WKH



DEWOIWR DGDSW DQG RYHUFRPH DGYHUVLW\ :DJQLOG
IDFLOLWDWLR@ QY LQUREQG RV K U R X J KWK BIRXW LWAKHILERIS L Q J
UHIOHFWV VRFLDO D VSXNKR ORIEBRYIRQBQ HDWGEW DO
+RZHYWHKH GLDWKBNYV PRGHO DQG 6'0 ZRXOG SRVLW WK
WR H[SHULHQFH PHQWDO E®MQQHOG RB®MW KV & B\RIRY H K LFH
JHQHUDWH DQWLFLSDWH SHUSHWXDWH DQG HQKDQF
DQG RWGDQRV FRSLQUQADXBWEJHRRLOD QB BRRUW +RZ
SHUIHFWLRQLVWY DUH OLNHO\ WR XVH VRPH DGDSWLY
FDQ SRWHQWLDOO\ EXIIHU DJDLQVW VWUHVV DQG PRG
7KHLQGLQJV IURP 6WXIGD VWXIGHYW KK WFRUHV KL
WKHUHIRUH PRUH OLNHO\ WRNVEHWW P LROR W\ MAGDIEGEN WRH |
FRSIVQW\OH LQFOXGLQJ HQJDJLQJEXLMK W PRDDQ WX SR/
PHQ WD R HIDDKWHHIOHFWHG LQ VPDOOHUH O D®WHRW WKW B C
DQ[LHW\ PHQWDO LOO KHDQWIRPBQ G LOREZEDYWHRY IR | LHV/F ¢
SRVVLEOH WR DVVHUW LI WKHVH ILQGLQJV ZRXOG IXO(
GLDWKWVHWY PRGHO DV QR PHGLDWLRQ RU PRGHUDWI
FRQVWUXFWV W&DWF BB @OHPW. R Q FRUTHYDW Y B R % GGUBKS/ K H U
WR WKH FRUUHODWLRQV EHWZHHQ 36 DQ® @G BRW L WH Y

VRFLDO FRQQHFWLRQV LGHQWLILHG LQ IORXULVKLQJ

6RFLDO OHGLD 8VH
*UHDWHU XVH RI VRFLDO PHGLD ZDV IRXQG WR EH
RI 3& LQ VWXSBIHRUMM QJ +\ISRINHKYHML W KIH V HIDR VL B DIRD
UHODW L R&VXEL SUHIMHFW L Q 2 W K$SRWHIDEPGIHPIE WR FRLQFLC
SUHYLRXV UBWAPDWKLW ZDV VLJQLILFDQWO\ UHODWHG
DIIHEWLHW DO &DUOHWRQ HWXMOW KHWUH\ ZH7BH PDMR UL\

RI FRUUHODWLRQV ZLWK VRFLDOVRHBQGLD XIVGWZ HURZ HRY X



FRXOG EH LQODFINWRIYBl RWDQGRURBEVBHG PHBNXKKEH U H
DOVR PLQLPDO VLJQLILFDQW ILQGLQDOLMHGKE @ DIW UH
XVDJH RQ WKH PHQWIHQ KHDBDAWR DQ G' HUBIONH QR VLJIQ
EHWZHHQ DPRXQW RI WLPH VSHQW RQ VRFLDO PHGLD I
SODW)RBRERRN ,QVWDJUDP 6QDSRKRY DDIHH NQ\NHBV, I
VLIQLILFDQWO\ KLJKHU OHYHOV RI IORXULVKLQJ LQ F
FRXOG LQGLFDWH WKDW VRPH LQYROYHPHQW RU HQJD
WKH pVRFLDOYT LQ BH/LDKRYREERD QVEADOR XWLEXLQW XSF
'LHQHU HW DO FRQFHSWXDOLVHG WKHUH LV DQ 1
UHZDUGLQJ UHGDWIKRQARMBESMIOJIRUDQG E\ WKHLU QDWXU
DV )DFHERRN ,QVWDJUDP BRRSHIERW Y BQIGHQW NIHEE,RU \
VRFLDO FRDIQREWHYAMNG &ODUN HW DO QRWH W
SURPRWLQJ XVH RI VRFLDO PHGLD FDQ LQFUHDVH D VF
VXSSRUW DQG VRFLDO FD SHNMOW KN KK VIHY P UHHIBY H W QI
EHWZHHQ VRFLDO PHGLD XVEH PR WNOZRXDGWEH BB GW
IXWXUH UHVHDUFK WR H[SORUH WKLV IXUWKHU LGHDO

PHGLD XVH DQG HQJDJHPHQW

3HUIHFWQRQWBD GREGLWLRIQVRDQGOKRBEPDWLRQ
BWXGHQWY ZKR GHFODUHG D GLDJQRVLV RI D PHQ!
OHYHOV RI 3& DQG DOO IRXU VXEVFDOHV WKDQ WKR)
LV FRQVLVWHQW ZLWK SUHKHRXGDE QG Y& QH WK BW3I&G H
ZDV QRW VXSSRUWHG DV WKHUH ZDV QR VLJQLILFDQW
VWXGHQWY ZKR GH F OPRIQHEL I LPRHID WIDOGK KIDXXWK OHY HO
([FHOOHQFH WKDQ@KWX RA\RK @ GRLIGRRIFIDWIHF WODU IDFHW R

LV DOVR SRWHQWLDOO\ PDODGDSWLFEHXDQ®HWRLQFLGH



7KH PDMRULW\ Rl SDUW.LF L SOHQW Y RZIQHAH W B IURP V
WKHUHIRUH GOQWPHIWNRPWVW E DV HG/HHRER WRD ER BB D/W D W L V W
VDPSOH WDNHQ LQ ZLWK WKDW RI WKH HQWLUH V!

6+8 ZHUH IHPDOH FRPSDUHG ZLWK Z
SUHVHQW VWXG\ 6XFK DQ XQHTEHD O SHRQGHUNG D OWOILLFED
VWXG\ LW LV IDLUO\ FRPPRQ LQ SV\FKRORJLFDO UHVH
VWXG\ SVIFKRORJ\ WKH PDMRULW\ RI ZKLFK LQ %ULW
'"HHY\EHH KRZHYHU LQ WKLVRYW XWX\GHRIVAR AHPUDHV W
SVIFKRORJ\ 7KHUHIRUH ZKLOVW LW LV D VWUHQJWK R
PRUH GLYHUVH UDQJH RI FRXUVHV LW LV XQXVXDO WR
WKDW LV QRW UHSUHVHQVRXW GY EHRIXW WH HLQ \L\F G\ X DWW E
ELDV DQG IHPDOHV ZHUH PRUH OLNHO\ WKDQ PDOHV V
KHDOWK GXH WR OHVV VWLJPD RU JUHDWHU PHQWDO L
ZRPHQ LQ WKLV VWXG\ DHUGILWHOD LW GHWOD PR DQ 0 +§
KRZHYHU WKHUH ZDV QR VLJQLILFDQW G L FLIUHHQ W HE H
SRVVLEOH ELDV LQ UHVSRQVHV LW FRXOG EH WKDW W
ZRPHQ PD\ EH PRUH OLNHO\HDR W K WXRIY G \W R RPLH @ WD @ |
GXH WR VWLJPD IHPDOHV DUH VLJQLILFDQWO\ PRUH O
7KRUOH\ +RZHYHU WKLV FRXOW&\WD® B LEH KSR WI
WKDW PHQfV H[SUHVVLRQ FJIVPE B SWDHV V O B QK H.IVOQWRKW \FX
GLDJQRVWLF FULWHULD GHDYQRVBG DQE&RL Y HGH Q U 2/

WKHUHIRUH OHVV PHQ GHFODUH D GLDJQRVLV E:
KHDOWK EDVHG RQ WKH 0+,

7KHUH ZHUH DOVR VLJQLILFDEBW ZRQGH UQ B LDIWUYK
DQG DQ[LHW\ ZLWK ZRPHQ VFRULQJ VLJQLILEFDQWO\ Kl

SDUWLFXODU KDYLQJ WKH ODUJHVW HIIHFW MO]H 7KLV



ZKR IRXQG WKH PRUH PDODGDSWLYH GLPHQVLRQ RI SH
DQG WKDW IRU ZRPHQ GLIIHUHQW FRJQLWDQHLWRKHPD
OLQN KRZHYHU WKLV ZDV QRW VL XYPLU LSIBREPMFMIP PHQ

GLPHQVLRQV RSHUDWH GLITHUHQWO\ IRU PHQ DQG ZRP

6W X G\

5HVXOWWXGBRP SURYLGHG IXUWKHU VXSSRUW WR W
FRQFHSWXDOLVDWKERMQVRQBEA DYXEVWDQWLDOO\ DGDS!
GLPHQVLRQ WR SRGWMWDEBEBMYHU LW LV QRW FRQVL
HLWKHU $V %LHOLQJ HW DO QRWH LW LV SHUKD
SHUIHFWLRQLVP +RZHYHU LW FRXOG EH DV VXJJHVW
VXSSRUWHG E\ IR\WWHKLHOUD VHWK G DH V 6WRHEHU &RUU
DGDSWLYHQHVV RI 36 PD\ EH REVFXUHG GXH WR VXSSL
PD\ SXULI\ WKH UHODWLRQVKLS LGHQWLI\LQJ PRUH SR
RXWFRPHV $VROQRWHGDBDG 6LURLYV VXSSUHVVLRQ H
SURPLQHQW LVVXH ZLWKLQ W KBK3H8 RMFMQ\R DD @ O \| DS
HIITHFWV RI 36 RU LWV FRPSRQHQWY DUH VRPHWLPHYV
+LOO HW DBEHU &RRU
$LPV

:KLOVW 6WXG\ LGHQWLILHG FRQVLVWHQW UHODW
RXWFRPHVY WKH FRUUHODWLRQV EHVEHHIQQ B&\DBRSPPINC
PRUH QHXWUDO RKBAHUY AR U JHIOD W L R QWER) JJOR\VQ D W@ R Z
UHODWLRQVKLSY EHWZHHQ YDULDEOHVKEBQBERKHGU X
XSRQ WKH I6WX6EQ JVWKIH VHIERQWBKEWESOH UHJUHVVLR
H[DPLQH XQLTXH UHODWLRQVKLSY EBSVDESEQD 8IBUIHF WL
SV\FKRVR FALHDICRAROWLVKLQJ DQ 6 HLIGR VMWL YHHZDI@GY H

$ITHFW W ZLOO IRFXV RQ WKH SDBWDQGOEHBD QB ODWL



XVLQJ PXOWLSOH UHJUHVVLRQV WR LGH@WLNHUW®BW F
EHW2IOREULVIBRYLWIQMBID VELIMHFW DQG 36 DQG 3& RQFH
DUMWDWLVWLFDOO\ FRQWUROOHG IRU UHVSHEWLYHO\
H[DPIQRW RQO\ WKH UHODWLRQVKLSV EHWZHH® QAK HE X
DOVR WKH LQGLYLGXDO VXEVFDOHYV
+\SRWKHVHV

+\SRWKH3HWIHFWLRQLV W\ A \& RIQFHEQNEDWK B W W K H
VLJIQL LK O DRWERQGWMAKEQF RPSRVLWH GLPHQVLRDLWKG LW
GHVLUDEOH) BRXFIRAHWJ +38RMWMIMAW B\SRWKHVLV E
E AR P\HW U RQKIBIQ WKBGIHW RRUUHODWLRQV DQG WKH SR\
UHODW LIZR QANKH SV V8 LI WE V FD O RW K HXILWO EHFRPH VWUR
WKWRHURUGHU WRRQWOD

+\SRW K H3HWIHF W b R/QLWMWOEWVH G MAKDABGRW KW L Y H
VLIQLIUFORWLRQ VW KBEBFRIPWRMHWH GLPHQVLRRQGQG LW
JORXUIAMMI@EHFRPH VWURRU & HUVKR@OSRABKHVE W LIV
DOVR SUWHIGRWWWHIGH UHODWLRQVKLSY EHWZHHQ WKH 36
WKRVAWILMEWEVEDO® EHFRPH VLJQLI+FDROMK BQIGY SEV LW
FRPSDULVRQ RWFGWWKHFRHJURODWLRQV )LQDOGB% WKH UH
FRPSRVLWH DQG LWYXHWMNESEBWWEYVERDWD® EHFRPH VLJIQI
DQG QHMMIBRWHKHIVQ VW RPSDULMRIRIGHWKRUUHODWLRQV
OHWKRG

7KH VDPH VDPSOH DV 6WXG\ ZDW R PG VR U HHIQLN/G
GDWHW IRU YDULDEOHYV P HL\PXDIRRIBMESIFHE @ O RHOW VPO

JORXULVKLQJ 'LHQHQIRMWLWIOYH $1IHFEI$1BVLQI WKH
VXEVFDOH 1HJDWLY6I3$M @MW E XMDHQBHW KHHW D O 6k

VHSDUDWH PXOWLSOH UHJUHVVLRQV ZHUH FDUULHG R



XVLQJ VWDQGDUGKHOWHVWHPWRRESOH UHJUHVVLRQ DC
UHODWLRQVKLSY EHWPDGHQ WOKXHFWWUARP RGHMH BRI SHUIHFW

ZLWHKH WKIKW VXEVFDOHYV
SHVXOWYV

OXOWLSOH 5HJ3HMWERQ\R QR YV W2 H WI\W B WE RQEM W QB

7R WHSYRWK HY B BR W KBMLR/X U LAMKL QHIJUHVVHG RQW
DQG BOGKRZHG WKHUH ZDV D VLS QLILEB@AM HHIDDWLRQ\
SHUIHFWGRPH Y BOQREDR/X ULV KLQJ S ZKHUH
SHUIHFWGRPHYRLRQNLQH®! YDULD@EXULYKLQJ 7KH
SHUIHEFWLRQLVP GLPHQVLRQV VKRZHG VLPLODU UHODW
W KIBWKRZWGE JQLIQHDIMWLYH UHJUHVVE&IK RRHGI IDFLHQW
VLIQLISFDIOW.YH FROWKRXJBEWKH UHODWLRQVKLSV EH
36 KDG D VPDOORBBWUWARWUHWRWLRQ EXW WKHQ D Pl
3& ZDV \ADDW L VR Q WEHRADEDGHREY XPUP D W\ HR/IX DOV ) L UKW H
D VEKHPDWLF UHSUHVHQWDRUWE& B8 URFRUWKHPRGH G @V \DK

UHJUHVVLRQ FRHIILFLHQWYV

7TDEOH
5HVXOWYV IURP OXOWLSOH 5HJUHVVLRQ $QDO\VHV 3HU

&RQFHUQV 3O0REURWKODQQJ

'9 )ORXULVK 0 48 E =HWRRJG 6HPIDU"
&RUUHC &RUUHC

SHIJUHVVLRQ
SHUIHFWLRQLV
SHUIHFWLRQLV

1RWH '9 GHSHQGHEGWVWIDLQL®EWEGL]|HG UHJUHVVLRQ FRH

S



JLIXUH
5HV X O WW OMWRFEJOM $QIDRQVHY 3HUIHFWLRQLVWLF 6WUL

&RQFHUQV 3UHGLFWLQJ )ORXULVKLQJ

Perfectionistic ] 1277 (.32)
Strivings

~——

_‘47*** (_5 8***)

Perfectionistic
Concerns

1RWH WRRIGHU FRUUHODWLRQV DUEFRKRZOLHEQWK VY EQGBNB
S

7ZR PRUH VLPXOWDQHRXV PXOWLSWR WHERIMK/NVY R Q
EDQASRWKHYRVLWLYHHSIUHMW60 QAR WRGBRWKHVLY E
DQOSRWKHVHYDWLY H ISJIHFW HG RQWKRI B 6 DG BL
VLIJQLILFDQW 5U H O D WELHRNZRKH.@V L Y Bl QBBIBHIFVAAMP). R Q L

S 7KHUH ZDV DOVR D VISQLILFEMMWZHHQL
1H J D V8 LI W3DWQIGI FW)LRQLVP S '"HVSLWH 36 KDYL(
QRWLJQLILFRQ@HBHFRUUHGDWLR@KH URQUIRXWY G 36 FR)>
VLIQLILFDQWO\ SSRNGWRI\WMAV FUMDVHG S &,
> @6LPLODU WR +LOO HW DO WKLV UHSUHVH
VXSSUHVVLRE 70EBMHX®DL 3&MFWKIGFIOYV D VXSSUHVVRI
UHPRYLQJ YD BRDSUFHGILFRPLRQ R W K FBROFLMMIWIAWBIEGER\X W F |
ZDV HQK®LPAH® WQ Y QW KPR @HU UHODWLRQVKLS EHWZ]

I1HIJDWLHHFEW ZDV SRWR/AVILQYIHVHEBIOWWLDO FRUUHODWLRQ



ZKHQ 3& ZDV VWDWLYVWLHADE®\HF R MDRUBRPPD HLEHRRXD W V
DQG )LIXQ®BRU VFKHPDWLFVBH SWHWE RW/HDARHLUGBR U

FRUUHODWLRQV DQ & MQDRRBHDIUVIGAHLIHQGWM JUH YV

7TDEOH
5HVXOWYV IURP 0OXOWLSOH 5HJUHVVLRQ $QDO\VHV 3HU

&RQFHUQV 3UHGLFWLQJ 3RVLWLYH $IIHFW

'9 3RVLWLYH 0 4% E =HWRRJG 6HPIDU"
&RUUHC &RUUHC

SHIJUHVVLRQ
SHUIHFWLRQLV

3HUIHFWLRQLV QV

1 RWH '9 GHSHQGHE@WVYWIUQLGEWGEL]HG UHJUHVVLRQ FRH
S QVQRW VLJIJQLILFDQW

YLIXUH

S5HVXOWWXOWARBIOMHVVLRQ $QDO\WHYV 3HUIHFWLRQLVWLF

&RQFHUQV BRWGEMFWIHQSIIHFW

Perfectionistic ] 00ns (.1977)
Strivings

Positive Affect

-47 ook (_ 53 ***)

T

Perfectionistic
Concerns

IRWHHWRRIGHU FRUUHODW L\RW b (DGUBE & K RE® LHQLDW K H W V

S QVQRW VLJQLILFDQW



7TDEOH
5HVXOWYV IURP OXOWLSOH 5HJUHVVLRQ $QDO\VHV 3HU

&RQFRBURGLFWLQJ 1HIJDWLYH $IIHFW

‘9 1HIJDWLYH 0 48 E =HWRRUG 6HPIDU'
&RUUHC &RUUHC

SHIJUHVVLRQ
SHUIHFWLRQLV

3HUIHFWLRQLYV A

1RWH '9 GHSHQGHEWVWIULLG®EOGL]HG UHJUHVVLRQ FRH
S AS

YJLIXUH

S5HVXOWWXOWARBIOMHVVLRQ $QDO\WVHYV 3HUIHFWLRQLVWLF

&RQFHUQV 3HH GHARRM IHG IV

Perfectionistic \_ 1277 (.09%)
Strivings

Negative

Affect

"

Perfectionistic
Concerns

IRV HWIRRUGHU FRUUHODWLRQV DUEFRKRZQ BHXTIDY¥KH WD QGDUG

S AS



OXOWLSOH 5HJUHVVLRQV IRU 3HUIHFWLRQLVP ,QYHQWI
7R[BPLOYKMLBXYHGLFWLYH SURSHGWRHY RLIRMKEH GL
3, RQWMX UL\DKQAL® J X UV & R WREND @G R W KB \DLOVO VXEVFDOH
ZHUH HQWHUHG LQIWRLIR @ X DRAHSH H DM DUV IEIQLILFDQW
EHW2OREULVKLQJ DQG WKH SHUIHFWLRQ3 VP VX®WKHDO |
PRGHO DFFRXQWRQRY DRBBI®EEO HRYX P P D U\HR/IX DO/
JLIXURU D VFKHPDWLF UHSUHVHQWIMHRIQFRIUW K B CPRIGF

VWDQGDUGL]J]HG UHJUHVVLRQ FRHIILFLHQWYV

7TDEOH

5HVXOWV IURP OXOWLSOH 5HJUHVVLRQ $QDO\VHV 3HU

3UHGLFOMRDQULVKLQJ

'9 )ORXULVKI 0 48 E =HWRRUG 6HPIDU'
&RUUHC &RUUHC

SHJUHVVLRQ

&RQFHYHU OLVW

5XPLQDWLRQ

BWULYLQJ IRU (] QV
30DQIXOQHVV

2UJDQLVDWLRQ

3HUFHLYHG 3DU

1HHG IRU $SSUR

+LJK 6WDQGDUG QV

1RWH '9 GHSHQGH@WVYW I IDLQRL®EWGLIHG UHJUHVVLRQ FRH

S S QVQRW VLJQLILFDQW



JLIXUH
5HVXOWYVY IURP OXOWLSOH 5HJUHVVLRQ $QDO\VHV 3HU

3UHGLFOWRDQULVKLQJ

Concern Over High Standards

for Others

46" (-27") -01ns (.00ns)
. ST L P Organisation
~#®{ Flourishing |¢

Mistakes

-41M (-117) = -.0lns (.18™)

Need for
Approval

Striving for
o % Excellence
) '_.25-.. (_.110‘0) 11 (.14010) N

Perceived
Parental
Pressure

IRV HWIRRUGHU FRUUHODWLRQV DUEFRKRZOLEQWNK VY EQGBNB

S S QVQRW VLJQLILFDQW

$00 EXW WZR VXEVFDOHV UHWDLQHG KHOG WKH V|
GLUHFW)RRXDLWKLQJ WG K HLRIUHUGRD WOLGR @ X MR R Q B \RA
VXEVFBLOBNDQGDABKHIRWOG VLJIQLILFRDRXWQO \DELEIG L FW
GHVSLWH I QRQFRYOWHB FRUUHODWLRWKH PXOWLSOH
UHJUHVVLRQ LEBVHIQ W I(QEHIG OF-RERMG VLJ QLI LFRDRXWQ V IS UG
W S *LYBQ WROX EVHERQR VI VW DR BV
5XPLQDWLRQ KDYH D FRUUHODWLRQ FRHIILF [EKQWDDLWRI
WKH YDULDQFH LQIODWLRQ IDFWRU 9,) YDOXHV IRU D
YDOXH RI WROHDEQFN RHUBMERDHL WKHWBEZRXQE IRYJIJ
([FHO OVXERHEY WHVXSSUHVVRU YDULDEOH

6XSSUHVVRU HBWEFEMN @RF HRKOIHQ FH' MXEMWBOHL OO H\

QRWLQJ WKH LPSRUWDQFH RI H[DPL@K®JKLEKH3, V

RUGHU GLPHQVLRQV +LOO HW DO GLG QRW LQYH



HLJKW VXEWEBORVYDYWRRIU\ PHROBRYVHYHROHAUHVVLRQV ZH
SHUIR WIRD 8 S KB WKEHR W HOVSISUB VV R U BWIH IEYW\Q R Il RMK H
([FHOFONXEVFBREMH H[SORUDWRU\ DQDO\VHYV DUH QRW L
QRW SDUW RI WKH RULJLQDO DLPV RU K\SRWKHVHV RI
SRWHQWLDOO\ EH Rl EHGIWM WKIR Z UX W XVRH H[BPHQH PV K |
UHVXOWYV DUH LQFOXG HiS $ 0 QBEHVXDOWNWN BROEGIT | X W K H
RI WKH VXSSUHV\6RW IHY LDBW & O BFIKBD OH |ERIBRG H U
FRUUHODW LFORX B HWKAHXMIDR) G UNKE/IUALW RQY IRU ([FHOOH
VXEVFDOH DQG RQHIRWKIIDF KB, UHIBWNVIYQRQ ZHUH OHVYV
VHPLSDUWLDO FRUUHODWLRQ FRHIILFLHQWY 3DQGH\
OXOWLSOH 5HJUHVVLRQV IRU 3HUIHFWLIRKAWP , QY+
J)LQDOO\ DOO VXEVFDDGE LINIRRD B IQRXHDWHE) HRWR P X O W |
UHJUHVVLRERW LRV AR | X U W KSHRUAW HY \B QSR W KE V L V
DQG WK RUDHDPWELIHHWR | X U WKSHRUAW HV W QSR W KH V LV
JLUVW WK NUBQADVFDQVS UHO DEW\VBRVK@®E MAW DQG WKH
SHUIHFWLRQLYP VXEVEDGHV WKH PRGHO DFFRXQWL
RI YDUBB®BEOHRYXP P DUNHRIXDQG/ )LJIX WH KHRDWL F
UHSUHVHQWDWLRQ RR W&HUPRRSHWOHDIDMK REQWRD QG VW D (

FRHIILFLHQWYV



7TDEOH
5HVXOWYV IURP OXOWLSOH 5HJUHVVLRQ $QDO\VHV 3HU

SUHGLFWLQJ 3RVLWLYH $IIHFW

'9 3RVLWLYH ¢ 0 4% E =HWRRJG 6HPIDU"
&RUUHC &RUUHC

5HJUHVVLRQ
&RQFHUQ RYHU
5XPLQDWLRQ
BWULYLQJ IRU (] QV
30DQIXOQHVV QV
2UJDQLVDWLRQ
3HUFHLYHG 3DU

1HHG IRU $SSUR QV
+LJK 6WDQGDUG QV QV

1 R WLH '9 GHSHQGHE@WVYWIRGEOEL]HG UHJUHVVLRQ FRH
S S QVQRW VLJIJQLILFDQW

YLIXUH

5HVXOWYV IURP OXOWLSOH 5HJUHVVLRQ $QDO\VHV 3HU

SUHGLERWMIQNLYH $IIHFW

Concern Over
Mistakes

High Standards
for Others

=157 (-447) -0lns (-.04ns)

o TR “ 216"y {  Organisation

Positive

-Odns (-39 Affect S - 06ms (-14)

Need for
Approval

Striving for
Excellence

00 a8 10 (02ns)

Perceived
Parental
Pressure

1IRWH IRRUGHU FRUUHODWLRQV DUEFRKRZOLEQWK VQ EQGENB
S S QVQRW VLJQLILFDQW



$00 EXW WKUHH RIJBWKHQOGDRMEHIRMG $RIURY D O
BWULY (QRHRO @K G VLJIQLIIBRY QWIOA RN HGHVESWWH D QfF
VLIQLILFRQ@H]W ER UUHGD W L RIDK 6 D8Q | X DXQEWAR BB G
VLIQLILFDQ3RUL \WIUMBW F W S $JDLQ 9,) YDOXHYV
YDUHPEAHUH DOO EHORZ DQG WKH YDOXH RI WROH

WK XV VBOIHMWQ Q IO i DX0X6SSUHVVRU YDULDEOH

7KHUH ZDV DOVR D VLJ®LILF DBMWIZHHIENEVRIQW K L S
DQG WKH SHUIHPWMVRQLVP VXEVEFD WKH PRGHO DFFRX
IRU Rl YDULDQBHMR QFHUQ LRYHEX PVQ DSDIDRQY X OQHVYV D
1HH G SRIU RAXEY FIRKID\G VL J Q L | L FHDXDWIR NS QIHAEDLEF-OH
IRUXPPDWHRIXDWS )LIXUH IRU D VFKHPDWLF UHSUHVH

JHWRUGHU FRUUHODWLRQV DQG VWDQGDUGL]HG UHJUH"®

7TDEOH
5HVXOWYV IURP OXOWLSOH 5HJUHVVLRQ $QDO\VHV 3HU

SUHWLRJ 1HIDWLYH $IIHFW

'9 1HJDWLYH ¢ 0 4% E =HWRRJG 6HPIDU"
&RUUHC &RUUHC

SHJUHVVLRQ
&RQFHUQ RYHU
5XPLQDWLRQ

6WULYLQJ IRU (| QV
30DQIXOQHVV
2UJDQLVDWLRQ QV
3HUFHLYHG 3DU QV
1HHG IRU $SSUR
+LJK 6WDQGDUG QV
1 R WLH '9 GHSHQGH@WVYWDUQLGEOGL]HARBHUYHFULHWDW. R Q

S S S QVQRW VLJQLILFDQW



JLIXUH
5HVXOWYVY IURP OXOWLSOH 5HJUHVVLRQ $QDO\VHV 3HU

SUHGLFWLQJ 1HIJDWLYH $IIHFW

Concern Over
Mistakes

High Standards

for Others

C 1M (53) .03ns (~09""")

s 2300 1G5 25T Organisation

Negative

21" (53'*) Affect

-.05ns (-.07""")

Need for
Approval

Striving for
S Excellence
- 00ns (21°") -09" (.07")

Perceived
Parental
Pressure

1IRWH IRRUGHU FRUUHODWLRQV DUEFRKRZOLHQWNK VY EQGBNB
S S S QVQRW VLJQLILFDQW

6WULY I( [FH IORADERH I HHUWBRU G HU F R U U BRO\DMSLLRAAWY Z L
U S DOHEI D VBLIHHUN S +RZHYHU LW ZDV QR

VLIJQLILFDQW SUHGLFWRU IRU HLWKHU LEHBKHRBXOWLS
$SSURYDO KDG D VLJQ LRIURDHIUWEF ROUHBRMD WIH B BUIZR W K
S EXORWYLIQLILFDQW VWDQGDUGLVHG UHJUHVVL
UHJUHV VLMY FHEVRGAUWHINYY XUH KDG D VLIQRIUEBQW SR
FRUUHODWUIDS IR S EXQWRWMJIQLILFDQW VWDQC
UHYWHRQ FRHIILFLHQW LQ WKH PXOWLSOH UHJUHVVLR(
'LVFXVVLRQ
7KH DLP Rl WKLV VWXG5WRGE\QRXHMWKHIGH{SRAULQ.
UHODWLRQVKLSY EHWZHHQ 36 DQG 3& IORXULVKLQJ D
VXSSUHVVLRQ HIIHFWV DV SUEY KR ®WDON W GHIQ W L | L HIBQIX

DQG &RUU DV ZHOO DV H[SORULQJ XQLTXH UHODYV



SHUIHFWLRQLVP LQ UHJDUG WR SRWHQW k DSRKXYEVH V
D DOGRWKEHVEKHUH WKH UHODWLRQVKLS EHWZHHQ 3&
SRVLWLYH DIIHFW EHFDPH VOBSRWKMHVVW UR ZDVUQ R RIZW>
WKDW WKH UHODWLRQVKLS EHWZHHQ 3& DQG YQHHJ DWL Y
VWLOO UHPDLQHG D ODUJH VLJQLILFIS@®W ISERRWYZIDW LY H U
VXSSRUWHG LQ WKDW WKH UHODWLRQVKLS EHWZHHQ
3& ZDV FRQWUROOHG IRU +\SRWKHWKH DIRZQNDRQOV R V
JHURUGHU FRUUHGB WICRX SFHMEBHNHP B IDHFWDOO SRVLW
VLJQLILFDQWZKHQ D3V&LRMW K RY) WY ROORGK FREIDW DO VR

VXSSRUWHG ZKHUH 36 DQGLQHJIDAA\YB ®RNAPMLE BW HO D
EHFDPH D VLJQLILFDQW 7QRHBE R @\ R & LIGHDAADHNV WK ® VIKHL B X O
WRJIJHWKHU ZLWK ILQGLQJV IURP SUBUYRRRGHIMSARILN RO
FRUUHODWLRQV EHWZHHQ 36 3& GHVLUDEOH DQG GH\
GLUHFWLRQ DQG PDJQLWXGH RI WKH FRUUHODWLRQV

VLIHV VPDOO PHGLXP DQG ODUJH HIIHFW VL]HV IRU



YLIXUH
1HWZRUN RI &RUUHODWLRQV IURP )LIJXUH &RPELQHG ZLWK 6WXG\ B5HVXOWYV



7R LQVSHFW WKH XQLTXH UHODWLRQXIKWEY RI WKH
IORXULVKLQJ SRVLWLYMK B Y EMBEDMANUH 6 | LKFVWR D P X ¢
UHJUHIWV@GRI@XQG EURDGO\ FRQVLVWHQW UHVXOWV L
UHWDLQHG VLPLODU UHODWLRQVKLSY DQG GLWKHNLRC
BWULY (QRHROWXERED O D VLJQ L MH BQWRSIFFIRU LVKLQJ
GHVERWIG DRV QLI LFRQ &HKHLLR V X WKW WHEQBH®OHQFH
VXEVFRROED EXSSUHVVRBD Y®W\LDE@GILR W

7KH ILQGLQJV SURYLGH IXUWKH U D/AXG S/RW DN V X
ZKHQ DFFRXQWLQJ IRU WKH MRLQW YDULDQFH RI 3& W
ZLWK KLIKHIWDRXVYHORLAQI DQG KSHRWH WILYGILRUW RWIHU LP:
FRQVLGHURRILRUN LRV VXSSRUW VHUG HBPWRIOAKKRILR QM V|
WKH WHRIRFHQWDO KHDDWRHM BDHR BKRXOG XQLYHUVL
DGRSW LQWHUYHQWLR QVSW K CH¥ WIERJIIDAP B/R\M HHIQMLLDUTHC
XQGHUPLQLQJ WKH DSEDSVBL YDH/ TVKIGRIDBAMUIRIE K \G H O R X
5DVKLG HW DO VIORXGHWKUWQBHX QL YHORM) JVINHNRIBQ W @
LQGHHG ILQGLQJV LQ 6WXG\ LGHQWLILHG D VWURQJ
DQG UHVLOLHQFH ,W ZRXO®GOEH GWUWGQB QYWY W R RBV. WY §
DV HQJDJLQJ ZLWK VXSSRUWLYH UHODWLRQVKLSV DV
IRU VWXGHQW PHQWBHODKHDOWIKUBQGLPHODU WR UHFRP
RULJLQDOO\ PHDG D B\ BAEMWN VXSSRIDWWRU GRWG UYHQ
_H\HV  ZKHUH SUDFWLWLRQHUV ZRUNLQJ ZLWK SHUIH
WKH PXOWLGLPHQVLRQDO QDW XU HVPINS QU | HGW IR RIDALRA
FDSDFLW\ W R 6 DEBRWIKWKN LIQPA @ RIXQRGI& WR P LPH © WALHD

LOO KHDMVMEXKWR WKH WKHUDSHXWLF SURFHVYV



*HQHUDO 'LVFXVVLRQ IRU 6WXGLHV DQG
7KRYHUDOO DLP Rl WKHVH VWXGLHV ZDV WR H[DPL
SHUIHFWLRQLVP DQG P HB WDIARKWOFOQ K . DXQUGS AW OOD G X D
SUHYLRXVO\ LGHQWLILHG E\ WKHRU\ DQG HPSLULFDO L
UHVHDUFK WKDW 3& LV UHODWHG WR GHWULPHQWDO R
DQ[LHW\ ZRUU\ QHJDWLYH DISHRRWDMDQIBY/G RZHHIL OQ RIQUF
DQG ZHUH WKHUHIRUH DOVR LQ NMHSL\QI ZR B/HOWKGIG3 &
WKHRULHV RI KRZ DQG ZK\ SHUIHFWLRQLVP EBVQHOHY
+RZHYHU LW LV LPSRUWDQW WR GBIAH POKDW EW QRO XK
ZKHWKHU RU QRW WKH ILQGLQJV Rl WKH FXUUHQW VW)
WKHRULHVY DV WKH PHWKRGYV HPSOR\HG L H D ODFN
ZRXOG QRW VXSSRUW PDNLQJ VXFK FRQFOXVLRQV
J)LOQGLQRP WKH SUHVHQW VWXG\ ZHUH LQ NHHSLQJ
ZKLFK SRVLWV LQ LWV ILUVW WKHPH WKDW 3& LV FRUU
WKLV VWXG\ ZRUU\ ZDV KLJKO\ FRUUHODWHG ZLWK 3&
IUHTXARW®NUHLUD HWQO6 XVH ZRUU\ DV D FRSLQJ VWL
VHHNLQJ DGYLFH RU WDNLQJ DFWLRQ WR VROYH WKHL
WKH DFDGHPLF SUHVVXUHV DQG VWUHVVRUV RI XQLYH
SUHVVXUH WR VXFFHHG ~ )DUUHU HW DO LW LV X
FRQFHUQV VXUURXQGLQJ IHDU RI IDLOXUH D FRUH UH|
JOHWW HW DO ZRXOG EH D SUHYDOHQW ZBOU\ IR
JOHWW HW DO 7KH VHFRQG WKHPH RI WKH 3&
SHUIHFWLRQLVP ZLWK YDULRXV W\SHV Rl FRIJQLWLYH S
XQLTXH WR SHUIHFWLRQLVP VXFK DV PLVWDWHKLWXPVYQ
D SDUWLFXODU W\SH Rl SHUIHFWLRQLVWLF FRIJQLWLYF

SUHVHQW VWXG\ WKH UXPLQDWLRQ VXEVFDOH RI WKH



GHWULPHQWDO PHQEHL@ KR X ®WRPHYG \ZKRRUSWRMLGLQ
DVVRFLDWLRQ EHWZHHQ SHUIHFWLRQLVWLF UXPLQDWL
SRVVLEOH WR DVVHUW FOHDU HYLGHQFH LQ VXSSRUW
UXPLQDWLRQ VXEVFDOH RI WKH 3, ZDV QW.\R @WH YIHOR S H
FRPSDULVRQ WR LWHPV IURP VEDOHV VXFK DV WKH 3&,

7KH GLDWKHNNLY PRGHO SRVLWY WKDW SHUIHFWLR(
YXOQHUDELOLW)\ ZVWKIHY W R R GH® WRHVQFUHDVH WKH
GLVWUHVV DQG SV\EKRSQWKRIORID TKNQDFHG ZLWK FK
7KH UHVXOWYV RI WKH SUHV H\HA VWXBO BRX®E VIHOR R WK
VWUHVV PRGHO LQ WKDW D VWURQJ SRVLWLYH UHODW
VWXGHQWY ZKHQML GRUHGLY FDODGDSWLY Mo RIJNRRNYGHDFQ \
HW DO LQ WKH DQWLFLSDWLRQ DQG SHUSHWXDW|
VWUDWHJ\ LV UHVLOLHQ KM UHW Z LRARKGLHDO WSKHHU IGHLFDANL KREDMLL
ULRSRRUHEHIHOOGXH WR WKH ORZHUHG OLNHOLKRRG |
HQJDJH LQ BEHVHQMWHEFBFWLYLWLHY ZKHQ HQFRXQWHU
SHUSHWXDWLQJ DQG HQKDQFLQJ VWUHVV $V VXFK D
UHVLOLHOQHIRR UM WIKSHHFWHG DQG ZDV VXEVHTXHQWO\ IF
SUHVHQW VWXG\ 6WXGHQWY DUH H[SRVHG WR QXPHUR
WUDQVLWLRQ WR SQHWHXWHY HLDPIQFRWAUY DQG VWX
SRERWKDP -XOLD®G DFFRUGLQYWRHWY HP BG B & KWK HV |
WKLV VWXG\ ZRXOG VXJIBVUW ©WNKEH\QWR KX UK U GRRUH
DQG EHQQJ

)LQDOO\ WKH UHVXOW\6'DU R KLFKRS RY INWHH 8 R QZRW &
DVVRIFLZWWK SRRUHU PHEMDRQJKERD WR REGMEZFAWDYH D
VRFLDO GLVFRQQHFWLRQ :KLOVW IORXULVKLQJ GRHV

FDSWXUBWREKERD®JLFDO SURVSHULW\ 'LHQHU HW DO



VRFQ UHODWLRQVKLSY DUH VXSSRUWLYH DQG UHZDUG
KDSSLQHV\EBDRGIZRIORPWKHUV" W ZRXOG WKHUHIRUH E
6'0 WKDW 3& ZRXOG EH QHJDWLYHO\ UHODWHG WR IOF
ZDV IRXQG WR EH WKH FDVH

,Q VXPPDU\ WKH ILQGLQJV RI WKH SUHVHQW VWXG
WKH QRPRORJLFDO QHWZRUN RI SHUIHFWLRQLVP UHOD
EHLQJ WKDW 3& ZLWKLQ VWXGHQWMW HQ W0 G HRIGNER PR
+RZHYHU UHFRJQLVLQJ WKH *DGDSWLYHQHVV ™ RI 36 IF
ZRXOG SRVLW 36 DOVR FRQIHUV BHNVNIWR P MWD/ K HLD
ZRUU\ DQG WKH SUHVHQW VWXG\ DO QR IRXIQW DDOHEE D!
DV VWURQJ DV 3& :RUU\ DV D PIDDODGDE VDL MHD WKL R IV
G LD WYXW VY HW WKRIGBOHK XVH RI ZRUU\ LQ SHUSHWXDWLQ.
KRZHYHU 36 ZDV DOVR SRVLWLYHO\ KIHOD\@BGQN R RXV (
FRQFHSWXDOO\ FRQW WDWUM ZV VPIR GWKAH G WDWKRINAE EH (
Rl WKH UHODWLRQVKLS ZDV VWLOO VPDOO ,W LV OLNF
VWXGHQWY D UHODWLRQVKLS FIQIW BIWHOL PRQFGILMX G
EXIIHU DIJDLQVW WKH ULVN RI H[D RMHKUEDW KQRDDQG [3$W
FRSLQJ

$ VLPLODU FRQVLGHUDWLRQ FRXOG EH PDGH IRU V
DQG IORXULVKLQJ 7KH ELYDULDWWW B8 UNOCIDVMRIGK @ E
IRU VWXGHQWY KRZHYHU ZKHQ FRQWUROOLQJ IRU 3&
LQ LWV VWURQJHU UHODWLRQVKLS WR IORXULVKLQJ T
SRVLWLYH DIIHPWQLBQIOM FHB@W DHODWLRQ 7KH 6'0 ZRX
SHUIHFWLRQLVP FRQIHUV UL\EM MR PHQGV BVE LKVH B DMHKQ B
ZKHUHE\ WKRVH VFRULQJ KLJK RQ 36 DUH OLNHO\ WR T

JDLQHG WKURXJK VRF LD O RHODWMIMROMKWERQGXRZWYHU



BWXG\ ZRXOG VXJIJHVW VWXGHQWYV KLJK LQ 36 ZKHQ
HQJDJH LQ VRFLDO UHODWLRQVKLSY DW OHDVW LQ Wt
SV\FKRVRFLWIORZHDQG $WAK WQVDBDW ZRXOG EXIIHU DJ
ZHE@ELQJ DJDLQ VXSSRUWHG E\ WKH SRVLWLYH UHOD
BWUHQJIJWKV DQIRULPWWGMH\RQD QG

$ SDUWLFXODU VWU H QDK IR IDWY & HY D W X GG SAD RVSSDI V
WKH VWXGHQW SRSXODWLRQ DV D ZKROH ZERPKMXVW
PDQ\ SV\FKRORJ VDX BHNGHD B FIXG RWWD O+ H GRIZAKY HU D
OLPLWDWLRQ LV WEKIHWXH QG R U VK N S/DHRISVD\B WE-PFEDR U H
JHQHUDDILXDE@HD PRUH UHSUHVHQWBWOWHKWDPSOH DF
UHFUXLWPHQW DQG LQIRUPDWLRQ GRFXPHQWYV ZHUH F
SHUIHFWWRQHQFERXUDJH D PRUH UHSUHVHQRBSWY MB WH
D ELDVHG UHVSRQVH E\ SRIZHM AW L RUKIHV WXVUW NG B QWR/ V\
LQYHVWLIDWHQW DWW XEIDEKWKD\ KDYH UHVXOWHG LQ UH
LQVWPIQFEHO\ PHQWLRQLQJ *PHQWDO KH DALWWMX &RQOG/ L
EHOLHYLQJ WKH\ DUH DPRQJVW WKH *RYHUZKHOPLQJ P
KHDOWK SUREOHPV" %URZQ S RU FRXOG H[FO
ZKR KDYH PHQWDO LOO KHDOWK DQG DUHORRUHWOILNHO
YHUVXV WKRVH ZLWK D ODFN RI XQGHUVWDQGLQJ RU H

$ VXFFHVVIXO UHSOLFDWLRQ RI 6WRHEHU DQG &RL
XQGHUVWDQGLQJ RI SHUIHFWLR® M/RHDNXQR X & W LUGHLAPHHY I
EHWZHHQ GUIHFWALQ®RW LSH G DRHQYVILRQWHMWKNH IORXUL
GHRPEOR VWXGHQWWO VYR EHYHILWY WKRIZUB SO LIES\OLLRC
LVVXHWKLQ UHVHDUFK 3DVKOHWKURJIBIQRQEBENHDVHG U

UHVXOWYV



$WXGWH VWDQGDUGHWHGL BIF DX BHIGHV. Q1 M K HHDXWXY\H
ODUJH VDPSOH RI VW RWHEHWNVWFD ¥ QMHHGHBQRXJK VWDV
7KHUHIRUH WKH VX WA RADN YIDGN R X & XCOEREHL V RW L WVZ
QRW SRVWVWREOWEWRSDPKBDLVKUH RI DFDGHPLF DWWDLQPH
RI SDUWLEFXODU LQWHUHVW LQ VHHNLQJ WR XQGHUVWI
SRSXODWLRQV 0DGLJDQ SHSHDWLQJ WKLV VWXG!
PHDWRHQW RI| DF DG H PZR XIS WKH.@SP MRWEHW WHRWD ¥ QR3 H U
DEDGHPLF DFAXQEHHPHYREMWRGHQWVY] PHEMDQJIKHDO
/JLPLWDWLRQV RI WKH 3HU,IG EVBIGRQ\LVRPQ, @NRH W WHR W\
RXWOLQHGVL0Q QEDSEMAKHU UHDVRQ IRU VHOHFWLQJ WK
GXH WR WKH UHFRPPHQGDWLRQ PDGH E\ 6WRHEHU DQC
H[WHQGLQJ WKH SUHVHQW UHVHDUFK WR RWKHU PXOW
RI SHUIHFWLRYQ IDQ\GL 5 W HEWL@RQ LYV WEKF LKRIQWKH Y "D W F
PHDVXUH IRU SHUIHF\WLRQWORMK®RQBMRYV HG D
7KH YDVW PDMRULW\ Rl HPSLULFDO HYLGHQFH WKI
FRQFHSWXDO IUDPHZR QWRW RGRDVEDIQ HEH WRAR WK HXVHG
FRPPRQO\ XVHG PHDVXUHV RI PXOWLG)PBEYDRGDO SH
$365 DV ZHOO DV WKH 3&, IRU WKH 3&7 5H \REKDVWUALKIHUW
PDNLQJ UHIHUHQFH WR LW |RW KOHFER\P SD 0\ L)IIH WS SHRAU Y
S DQG IUHTXHQWO\ KLJKOLJKW WKH FRQWULEX'
ILQGLQJV IURP +LOO HWWRH DUJXRHQWIBXNGYRXQGLQJ
+RZHYHU LW LV QRW D P HDWO\UFRW WW EKKIWH GLWRLZID B G
ED®WKHRU\ Rl KRZ DQG ZK\ SHUIHFWLRQLVP FRQIHUV U
EHLD®G WKH SULRU HPSLULFDO HYLGHQFH XVHG WR L

SUHGRPIPHDQYWOMHG SHUIHFWIORQ)L VOB & )V RQJ $8 BWWRK H U



PHDVXUH UHODWLRQVKLSY ZLWK RXWFRPHV ZLWK WKFE
EHLGLOO HW DO

$V GLVEFXVVHG LKL AKIVSWHKHK 3, PQG WKH WKUHH PR
PHDVXUHV Rl SHVYHPL\QDRQYHVV WREOVVWWBKRWJIK WKHLU I
ZLWK VLPLODU WLWOHVWXIHHWW ZKHEKWWWFK LV FRQFH
PHDVXULQJ 36 DQG 3& FRXOG YDU\ FRQVQBEBQDBEO\ DFU
6LURLV6LURLY OROQD@G WKXV FRXOG PRGHUDWH DV\
GLPHQVLRQV ZLWK PHGGWD®J KRHONDRRE D) G) ZBH QQVWDQF
+) DQG WKHHDFK DVVHRE B & XEWKD OHV B3 B O\
UHVSHFWIHW®\ 0DUD HW DOJXHG' WHIM S\KQHF\ VXEVFEDC
GHILQHG DV WKH SHUFHLYHG GLVFUHSDQF\ EHWZHHQ F
6ODQH\ HW DO DOVR WDSV GLVVDWLVIDFWLRQ
UHDFWLRQ WR LPSHUIHFKH/FEQHBOWQHN LXVRWVAD @H UHIHU
QHJDWLYH DIIHFW WKDW FRXOG WKHUHIRUH LQIODWH
GLVFUHSDQF\ DQG $M¥LFIX\R DYOH/ IH\WH BW VXJIJHVW LW
UHVHDUFKHUV WR N HHN WHH LKR @ WHEZEOND @®® PEHW KB Q E |
XVHG WR DQVZHU WKHLRUUHDRB/OFK §RWVIDEAROR/SULDW
LQ HVWDAEHWKHQJIDQ DV SHFRV JR3 &V KN RIARDEROMEA W X F W
HJ OQHJDWLIYWIDMAPWSHFW LV DOUHDG)\ SDUW RI WK
FXUUHQW NQRZOHGJH WKH 3, GRHVY QRW DSSHDU WR K
WKH $3§OHWW ODUDEWDDWHY WKH TXHVWLRQ RI ZKHW
FRXOG EH S8RWHRQWLHIONI RYHUODS ZLWK WKH IDEWRUYV
QIHUHQFHV DERXW WKH DVVRFLDWH R ENREHVEWKEWIHEGL
ZD\ LQ ZKLFK WKH 3, FRQFHSWXDOLVHVY WKHVH WZR GL

6LURLYV OROQDU DQG +LUDESHDUWXURHVHNPR K H UM

DFURVV PHDVXUHV LQ UHJDUG WR 36 WKPW3MWKH FRQF



DQG $36HQHUDOO\ GHVFULEH 36 DV WKH VHWWLQJ DQC
7KH 3, DOVR LQFOXGHV VWURY VOKIN SWKWIRWLIKI LNR VI [T
VXEVFDOH KRZHYHU WKH 36 GLPHQVLRQ DOVR LQFOX
BWDQGDUGYV IRU 2WKHUV \HW 6WRH E R2J3 DIQWGX EWRORO H V
UHIOHEWID@ILVDWLRQ DQG RUG@HKH QPR @EH SWX DLV G B
GLPHQVLRQV RI 36 UQ06 @&V VW HRE)V VX HE YV EDIES 6) RP W K H
2UJDQLVDW L\RQUNRYEN FHAD B O UH F R\PRBQUB § G VHD[\W O R
VXEVERB® FRPSXWLQJ RYHUDOO SHUIHFWLRQMWK GXH
036)3HUVRWDQWGRWGLUPDWRU\ IDFWRU DQDO\VHV 5LFH
60ODQH\ | B8 GEGVW K D D DIHYL VRS LRUOGHU IRUPHG D W
IDFWRU HQ®HWRQ@® DQG 3& ZKLFK 6WRHEHU DQG 2WW
QRW IRUP SDUW RI WIDH &R B HQV KRIQDRUWHAR FRQFHSWX

,W LV DOVR SHUKDSV SUHFDULRXV WR LQFOXGH 3C
FRQFHSWXDOLVDWLRQ RI 36 ZKHQ PDNLQJ LQIHUHQFHV
30DQIXADYOLYIRUPHG B\RUWKMHBP3IBXW LQVWHDG WKURXJ
XQSXEOLVKHG PDVWHGYV WKMMKIDMWEVXHQHNVWHG 3D WHQ
DKHDG WKRXJKWIXOO\ DQG GHOLEHUDWHO\ EHIRUH PD
$JDLQ WR WKH UHVHDUFKHUTV FXUUHQW NQRZOHGJH
FULWLFDO VFUXWLQ@G $8HH[AAB WRKHBRD E\ $WEDQVRQ
H[SORUDWRU\ IDFWRU DQDO\VLV LQ AXQJ®PUYVIDMERIW i 3
) 2UGHU 5$3BQGJDQLVDSDUIRM XOINTHVY 3, DOO ORDGHG
2UJDQLVDWLRQ IDFWRU OMNXE BYHERKVERRGIG EMS
GLVUHLMUBRIKS U LVY @JVAEP L ODKRMY B RQ WBE/Y RROH DV
GHVFULEHG DERYH

223 UHIQKQFKRDIEK 6 WD QG D U & X EINRRID ENKHGDBYVE H H Q

IUHTXHQWO\ GLVUHJDU G HWEKLHQ FUDH. \DH. B D B KU FHFROFHDLOFLHQ B



SHUIHFWLRQLVP SHUKDSV GXH WR VXFK DPELYDOHQW
DQG GHWULPHQWDO RXWFRPHV (QQV &R] DQG Z
UHJUHVVLRQV RI LQGMMGWX DRI WXKEN SNV RY GKDSWH
VLIJQLILFDQW UHODWLRQVKLSYV

JIWIHERYH UHFRPPHE GIRQEMEMYHGJ |RURKH®D 6HQF
WKH RQO\ UHPDLQL Q.3 6AREAH BN GNRH QM DI AW VLJIQLIL
SRVLWLYH FRUZHHNDWY RQYV | RKD Q[ HSHAHLLPPHH QWD O R X W |
VLIJQLILFDQW QHJDWLYH FRUUHODWLRQV ZLWK GHVLU
LQGLFDWRU RI 36 WKLV ZRXOG LQVWHDG VXJJHVW 36
PHQWDO KHDBMKXD QG ZINVNMRQ G FDHWHLE Y (OQBHIROH Q FH
VXEVFRRED EXSSUHVVRD Y®W\LD E@GIBRWK D ILQGLQJ FR
LQGLFDWH LVVXHV ZLWK WKH FRQVW U X FDAQ ® D\WWK 1§ U WNRR
IXUWIQWBVWLIDWLRQ LV QHHGHG WR KHOS H[SOLFDWH
VXEVFDOHYV

BWRHEHU DQGDPDWRMRRPPHQGHG GILWHEWDMIGAIQ/P D Q
([SHFWIVWERG©DOHV RIDMRPHOB&HVHDUFKHUY KDYH DUJXt}
FRUHDFKWHULVWLFV RI 3RHDEMWRDH UL QWWBIDGHG DV GHY
DQWHFHGHQWYV RAVWSRINEHEBW LRQW RP 'DAKBQ HW DO
DVVRFLDWLR Q3HERWZHH® 3DKHH QW DO 3UBWUXYH G/ KERF
WKH DIRUHBB&WXKEQFMBOGE\WHQWDO K HB DKV BRBHZH OO
DSSHDUHG OHVV GHWULPHQWDO WKDQ WKH RWKHU VXI
SUHYLRXVO\ GLVFXVVHGKW®DMR S W Q QSHEI@EBNGE D W D O
SUHVVXUH FRXOG YEHQ@WHNRW FXUUHQW VWXGHQWYV LQ U
ZHEBLQJ EURDGHU FRQFHUQV DURXQG WKH YDOLGLW\

SHUIHFWLRQLVP PD\ VXJJHVW LW PRUH SHUWLQHQW W



7KH UDWLRQDOH IRU KY L&EKIDWWH B, RXWIOHQWMIEG LW
PHDVXUH WR XVH EHFDX/RRJH WHERXLAGE ISORYQGIHI KW L
DVVRFLDWLRQV EHWZHHQ VSHFLILF IDFHWV RHEHIKQUJIHF\
RXWFRPHV DV RSSRVHG WR-W PR KHIKRQGRIQGHIG RARARH |
KDV EHHQ WKH FDVH IRU 6WXG\ DQG E\ KLIJKOLJKWL:
WKH VXEVFDOHYVY DQG GLPHQVLRQV ZLWK GHVLUDEOH LC
+RZHYHU JLYHQ GLIITHUHQWWAHBUYNXUUKHWY W \|IBRHWYVKIOE
WKH ILQGLQJYV IURP WKH WZR VWXGLHY DUH WKHUHIRU

SHUIHFWLRQLVP

&RQFOXVLRQ

,Q VXPPDU\ WKH ILQGLQJV RI WXISI W\ VEHIHY LRXX/G
WKHRUHWLFDO DQB WERSMYLFRQVHYMG-HIDEO\ DVVRELDW
R X W F R P\HW XIGRLQRKMG L& PUJH UHODWLRQVKLSV ZLWK SRR
ZHEBELRXWERPHYV DKV EBHMXIOWYW 36 LV PRUH SQHXWUD

RU OHVV PW®D QBRUWMW W EBDYO® SRVLWLYZHWKVRELDY
ZRUU\ QHJDWLYH DIIHFW P HW ROV KGWDVRBRIBAGKP D Q G L
UHODWLRQVKLS ZLWKOOR®BH YV BRIQ®G @REGVUHQLILFDQW U
SRVLWLYH DIIHFW <HW DIWHU DFFRXQWLQJ IRU WKH |
UHODWLRQVKLS EHWZHHQ 36 ZLWK IORXULVKLQJ DQG ¢
PRUH DSSDUHQW

SHVXOWYV |1URFG6WXIBAH BP[WHQGHG WKH H[LVWLQJ C
SHUIHFWLRQLVP DPRQJ VWXGMHQMP\E GLVREB® DD \E HQBE H3BH LA
IRU VWXGHQWVY PHEMDQJIKHEDOW K PRERDMOIRRU WKH 3&
SRWHQWLDO OLPUWDKIWL BRDEHKE DEXIBL6'0 IRU VWXGHQW!
+RZHYWKHVH FRQFIDALMRM)SY WRHVKH ZD\ZID® HB VKK 36 D (

DQG FRQFHSWWIKGILBANHEB SORWVHG WR RWHKIBY WHKIDOHHY H .



EHKQHG ZKHQ HVQ/MDHE ORYV KWHHIRGHHWLFDO SHUVSHFWLY|
DUH WDNHQ LQWR FRQVLGHUDWLRQ LW ZRXOG LQGLFL
PHQWDO KHDBDMKIDXNG VZKIOQ@RPRORIJLFDO QHWZRUN HIL
FKDSWHU LQGLFBWAW ¥X FHIRVYWLIRIUWKHRUHWLEDO SHU
WR VWXGHQWYV

+RZHYHU LI FRQVLGHULQJ WKH 3, DV D YLDEOH DC
SHUIHFWRRMXLVW XE LHV &DMHUMHIDWIR QN&LSY EHWZHH
DQG PHQWDO K HEYIVWRKK WO BPAHIOEDU J U $E X\DRWHK\. U G
VWXG\ &KDSWHU ZLOO ORRN DW WKH GHYHDRWRHQW
LOQWHUYHQWLRQ WKDW VHHNV WR DPHOLRUDWH 3& DQC
FRUHODWLR QW R EWWURDHIK MKH XVH RI &%7 ZKLOVW D
IORXULVKLQJ JLYHQ WKH SRVLWLYH UHODWGRKBNKLS E

DQE\LQWHIIDOWMIUGHQWLILHG LQ &KDSWHU



&K D SWHEW X G\X D PD FWBRIW |H FW LQRWQHYFPH@BWLRQ IRU
8QGHUJUDGXDWHYV

7KH SUHYLRXV FKDSWHUV KDYH SURYLGHG DQ RYH
WKHRUHWLFDO HYLGHQFH IRU KRZ DQG ZK\ SHUIHFWLR
KHDOWK PRIGQZHROWK &K IDSWKUW KHIR Y X ISARI UWK IOV HH Y L
UHODW LR Q VIDLISWRHE & DBRIS R LIWLWRIF LEDHW RHH/Q 3& DQG
GHWULPHQWDO RXWFRPHV LQ 8. XQG H UBWWUXDG3 X DARKD G+ F
DOVR VXJJHVW WKDWHELRN W 36 KBVROAKQSY ZLWK VR
RXWFRPHY WKHUH DUH DOVR SRVLWLYH UHODWKRQVK
FDVH RI IORXULVKLI®F\WQW® KHRWH \E HF B P HDWOW U R @ RXUND3 !
VHWXG\7KH ILQGR P BK DSRKOWBG VXSSRUW WKH DVVHUWI

WEDRHQVLRQV RI SHUIHFS\RA\RQVIVYPH PIDX W KIS SR \& L V
DEDGHPLF ARDVRKWDILQJ WK H U DMSRH R\’ WF HEFOCHRGHON L
WKH PDOD®DBBERWYHRIOFRQEXWHU VWUHQJIJWKHQLQJ SRV
DVSHFWV RI 36 5LFH HW HK 5LFH HOQZR

7KV FKDSWHU |BHX\RONTHRTP\S OHPHRWD \WRRGIO G XD
IDFWRBVBIHRIQHVP LQWHUYHQWLRQ IRU 8. XQGHUJUDGXEC
RI ERWK &%7 DQG SRVLWLYH SV\FKRORJ\ 7KH LQWHUY
PL[HG PHWKRGV HRHRBEREWUR QD O\VLRSRMHDIGDWD IRU
SHUIHFW LR QUR/PL CSE/NEHEO DQG DQ[LHW\ DV ZHOO DV W
RSHQ WH[W BRHEMSR@VHVEDLHI UHIRIXG MR RSEHOY DRIEG
33,V ZHUH FKRVHQ IRU LDFW RVLREOWGHMEKBIE KRN0
FRQQHFWLRQVQUKISS BHR VEWKWYKBQGHWLFDO SHUVSHFV

LQ &KDSWHU



&RIJQLWHKBYLRXUDO 7KHUDS\ IRU 2YHUFRPLQJ 3HUIHF
7TKB%WUHDWPHQW PRGHO RXWOLQHG BW(DIDQ YDQ
KDV EHHQ XW L @ WXHE@EMVY. B D WL DSV KIR XVH R

SHUIHFWLRQGMM\DO 5R]JHQWDO HW DO BKIDIUDQ t

LQWHU WH S MEDROIDM\L V HV H L JKBRWMWRQ W PE GIXROHEW@M R/QD O
=HWWHWHEHUGLVWULEXWHG RYHU HLJKWWRRFH ZHH |

LQ JURXSALDR U Q\WWBHVBEWHUVLRQ 7KH PRGXOHV LQFOX

H[HUFLVHV RIWHQ XVHG LQ &%7 EXW ZLWK VSHFLILF IR

WKRXWRKWHLQIRIUFGILBAM I HOPMMWHUY H EWOIRRY 3XBWRHARCOG HW
7R EHJLQ WKRRWSEBIDPDRHOWFHQWUHY DURXQG SV\

PRQLWRULQJ VR SDUWLFLSDQWYV FDRRXYQIOM BDWEHG ZK

XQKHOSIXO DQG ZRDWU SHRUIMHFWWRKGLSPUWLFLSDQW Z|

LQGLYLGXDO SHUIHFWLRQLVP F\FOH LV WKHLU RZQ Wt

PDLQWDLQHG :LWRIKREMQMWILW DGRBUMMWEN Y RLGDQFH

IHDU FRPPRQO\ IHOW E\XHIWU B F WV ILZAREIBM MY VG HESDHUQVGLHF Q W

VXEFHVV LV XQGHU WKUHDW 7KH SXUSRVH LV WR HQV

HQRXJK WR XQGHUWDNH WKH VXEVHTSH®E XFKDIQUH VIR

EHKDYLRXUV DUH GLVFXNSWGY D\EHE DI \DW @G FRJIQLWIL

WKHQ FKDOOHQJHG ZLWK H[SHULPHQWY DQG H[HUFLVH

WKH FRQFHSW X ZGUWDKN WRDLEILV FAPSBWHEBKQ 7KH PRG

FRQFOXGH ZLWK UHORWDEQHYHEKWDLBDH DQG PDQDJLC

WKH ORQJ WHWPDBOKDIUDQ
&KDSWHU RXW O UGING DAUKH MK B W DRRKERE U VDV

WUHDWPHQW IR(JBBW DOWLERRAGY FW DIV ZHOO DV LGHQ

WV WKHRUHW L@ VX RA-DOH Y B@EE HQ F H BVDAIH 8 WWWH WY WB W G

SHUIHFWLRQLVP PDD @6 HMPHIWERIPD/O DY ZHOO DV DGGU



FRIQLWL DHFELONGENSWLY HZKRBPKH LVAG\@HDHCHDEN IL @ QWKKH
EHWHQ SHUI|HFORHRWYE L CRKHBGMBFERUGLQJ WR WKE
DQG GLMWKHYMPRGHO

/IR DQG $EERW VXJIHVW WKH &%7 WUHDWPHQV
ZLOO EH SDUWLFEXODUO\ EHQ®HQEWDRQGE/XHHDB WWYJ | RVR
DEKLHYHPHQW RI KLJK VWDQGDUGY SHUWLQHQW IRU V

+RZHYIHAH HW D®LVFRXUDJH LQRADHA YWDQMW HRQW K H D
RI VWDQGDUGYV Y@ SGEMBIEPHM IRQUWW QGDUGY FRXOG VH!
VRFLD® YXKRK DV DEFDGHPLF DFKIGHKHPHQUWD GILFHQ OLU]
DQG IORXULVKLQJ DVYQNRWBDG.L QVKMR B\EBERK QIR QV Wk
UHGXFRULMQIFDGE DIQGV FRIDILWEWHYMHQUHVSRQVHY WR
DV SHU WIKWKIXTUDQ HWQRWH *B%I27 DERXW ORZHULQJ
EXW LV DERXW DGGHSINGYGHE D MKRRRRKURQHOW ULYLQJ D
DEFKLHYHPHQWKHUHIRUH WEW #RGMARDWEH SDUWLFXC
IRU SHUIHFWLRQLVW VWXGHQWYV

+RZHYHU WKH &%7 WUHDWPHQW PRG h G HKWWRBDIDQ
6WDQGDBEE HW DGHUKDSY GXH WR LWV UHOLDQFH RQ
RSSRVHG WR PXOWEBS WKQWVILR@MA F® RI SHUIHFWLRQL
E\WHZLWW HW DKOBUJXH WKH &% 7 PARKSHH O DNHLIFOGHIFOV Y V V X |
SHUWLSHQW FWR R QU WPKBIQE&K IRWFH. HQW LQ LWVHOI IRU S
H[SHULHQFH GUX@WEWYR@® QG\EHO/ W DGHBWK H. N R AKLDD
GLVFRQQHFWLRQ H[SHU LFHQF 06 EE BHY BHRRVK R Q DWWKVD C
EHLRQ®G ZKLOVW SDUWLFLSDQWY KDYH UHSRUWHG LPS
EHQHILW RI &%5RWHGW V@ HRWIH USHUVRQDO SURFHVVE

SULRULWLVHG EQ KDKH FFRUDOWIRYGHO IRU SHUIHFWLRQL



+HZLWW HW D@®VR DUJXH WKH UHPRYDO RI SUREOH!
DYRLGDQW FRSLQKRXWUDWRYILGIMYJ LG SWLYH FRSLQJ
ZLEBWQILFLHQW IRU SHUIHFWLRQLVWY ZKR ZLOO OLNH
7KHDGYRFDWH IRU WKH LQFRUSRUDWGRIQ IRIFWHRRQY P X
LQW H U YWAKQDWY. FE@GEHHW W HQWHUSHUVRQDODIW DNE® DV
SURYLGH DQG SURPRWH DGDSWLYH FRSLQJ VWUDWHJL
UHVLOLHQFH WR VWUHVVRUV ¥KUFKVDFERG I6Q QIQ\SG R6 W |
SURWHFW DJODKMWWIRLUEWWHNKH &%7 WUHDWPHQW PRG
LGHQWLILHG DV VXLWDEOH IRU DGGUHVVLQJ SHUIHFWL
QHHGHG WR DGG UHNVYGLWRUMLPRWHOWHKRHYVLYHO\ WUHD
'XDPDFWRWHUYHQWLRQ

7KB%7 PRGHO DGRSWV D SULPDULO\ FOLQLFDO SH!
SV\FKRORJ\ DSSURDFK ZRXOG DGYRFDWH IRU JUHDWHL
H[LVWLQJ DGDSWLYH VW UKHLQVWWK W R H SUHHPIRI ¥ DWD. BRQ LVHPJ
FULWLFDO SDWKZEHWV®JF WBIRMIRAR \Z K EBIUL\QR | ZH\6 U

KLIKOLKKWOHHG IRU L Q VERKWRDE R WLLVR QWS WERADVORRY
IDFWRU LQWHQRMQR/QRBQ GHRKOHDVH QHIDWRYB%WDFWRU)
EXW FDQ DOVR HQKDSEBRYLGL YW IDVGG| ERWREBSIWXSRQ
FRSLQJ VWUDWHJIHY DUHD WHYRKRIFIHDO VXSSRUW  $V I
DQG GLMWKHVYMWPRGHOV WKHVH UHVRXURHW D WKV QHYY
DQG WKHUHIRUH SURPRWH JUHBWRUJRHQWBDID\ RO G ONKK
WUDGLWLRQDO VLQJOH IDFWRU DSSURDFK WR KHDOWK
IRFXVHV RQ WKH UHPRYDO RU UH G KFRWLRI) VRQ MR@IU D MQ Y
SHUIHFWLRQLVP FRXOG OHDG WR JUHDWHU LPSURYHP}
EHLQJ $Q H[DPSOH RI VXWKDWQ ERRBYP WK XY HE

PLOQGIXEPRQDVWWWRRIQLWLYH WKHUDS\ DND WG O IHQH\P FIND/



IRSHUIHFWWRG@H®MW LQFRUSRUDWLRQ RI ERWK &%7 I
UHVXOWHG LQ FKDQJHV LQ XQKHOSIXDO E® GIHI®\DER X W
LPSDLUPHQW FDXVHG EW R R X I FWWK FZ@ BW™-SDYUHHBN D RDL Q
VBKHOS &%7 JURXS DV RSSRVHG WR D PDWFKHG &%7 L

VXJIJHVW \WMKXDMRD GAWEBUYHQWLRQ VKRZV SURPLV|
VWXGH@WSRMNHQWLDOO\ UHVXOW LQ ODUJHU LPSURYH

,Q VXPPD@\GLWLRQDO IDFWRU WR WKH &%7 WUHDW
LQFRUSRUDWH JUHDWHU HPSKDVLV RQ UHODWLRQDO H
DGDSWLYH FRSKRRISWWRYBWHMHLHQFH ,W ZRXOG DOVF
DGDSWLY HDUWQHV MXDHBMH W XFK DV WKRVH IRXQG LQ 36 33
EHQHILFLDO VHFRBES LDRFWFRKUWR H Q KV FHIVRW LSEIGW R B P O
PRUH HIITHFWLYHO\ WREHPR U RYMHGRRO-EI/FFZWO WR FRSH L

ODFDVNLOO '"HQRYDQ

SRVLBANL\WYWHKRORJIJ\  QWHUYHQWLRQV

7TKHUH LV D JURZLQJIJLERQWRN KU YHIBIFRBR YRQQHVYV RI
SURPRWLEHLRYBIOXRGHDW UGB DN IWKY DQG UHVRXUFHV DV |
UHPRYH RU UHSODFH QHJBDW LD/AH |®FEQAERP LAH/NNLNIPDQ
%ROLHU HW DO ODFDVNLOOHWHDR® YEQV UHVHOAH(
ZDV RXWOLQHG LQ &KDSWHU DV ZHOO DV LGHQWLI\L!

UHOHYDQW IRU SHUIHFWLRQLVP LQUMWXEHQWRY $ EULFEL

&KDUDFWHU 6WUHQJWKY ,QWHUYHQWLRQ

BHOLMPW®O VWDWH GHYHORSLQJ LQGLYLGXDOVT
IRVWHU WH\OL@® HK@EH WKHP WR FRGW XEIR WM HRIXDIGN K ¢
XVLQJ FKDUDFWHU VWUN®JWHK® LU®@ P QHBDWHYE DN HYL Q HI H
VDWLVIDEWLRQ 5XVWVEW SO §MOR QRCHF BARMREE UD L Q

$QVHOPRWKHZWMHQKDBRWWHU JRDO SHRIQHB VM QQB\ Z2HL



D@GRPRWHINWHU FRQHY@/HIERH DXWRQRPRXV OHDUQ
VWXGHQWY ODEDVNLOO 'HQRYDQ

&KDUDFWHU VWUHQJWK @ 3RVWEHH Q UFKRHQMD \DW X G\
SRWHQWLDO IRU VHUYLQJ SV\FKRORJLFDO QHHGV RI D.
/LQOH\ HW DBV SIGBWHOPLQDWBADRQHFKHRU\ DV ZHOO D
UDLVLQJ DQ LQGLYLGXDOYV SHUVRQDO UHVRXUWFB¥\DQ
OHHUWD@HUNRP :KHUH&QWKIHQWHU YWHDUWERYWUG VRELDO
FRPSDWHNRYLURX® FRIQLWLYH ELDV RYIGRXEOHUDWNYEG G L
GDLO\ FRXOG SURYLGH SHUIHAWLRDEV WQGWXHEHCD/EY TU
RQ RWKHUVY DSSBSURNYW & HHKQ ®WWRFNBEHGE HZWMLKQ DW LR G
LY ULQVLF PRV YIDWWIRREQMKWOIREZ HU GEHWHIDWPRQ BWQRQ D«
WKHUHIRUH PRUHHDWREBBEQAWYLF PRWLYDWLRQ B6WRHE
8VLBEDUDFWHERX®G HOQHDAGK W R JRIHLDHDRVH B SFSRAR DKW L R
SXUVXLW RRQERBOFLQJ WR WWKHHEG VDRRIGHA VWKH SURPR\
DYMIQ@BW\OHV RI ERISUNWK® DG LR UFDNE HIHIIQ NOH\ HW DC

%XUJHVV 'L%DUQYRPRWHULQJ JUHDWHU SHUVRQD(
FRPSHWDHQF UHODWHGQHFRRIDWRBWKMIKVWUHQJIJWKY LW F
JUHDWHU LQWULQ VL F VPRVHDEY WLHRIDW b VAR § RK EVH G Q H

DFFRUGLRHA R ODFNLQQRQFRWOIOIXUWKHBEHEQRPRWH |

7KUHH *RRG THUD@IWXGH ,QWHUYHQWLRQ

*UDWLWXGH DSSHDUV WR EH UHODWHG WR SRVLWL
GXH WR IRVWHULQBHLQGHP\RQHP @ HDOVOPRUH DGDSWLYH
HQDEOLQJ FRRSHUDWLRQ ZLWKKR VXKD L\R R G HH MQ DV®! U
KDV D VWURQJ BYQGHQFERPRUNNWK H YLLLBOBRW IR
VWURQJHU HIITHEFWV R(® FFRY\DWE X 8 HRPRIW QEQW DV H G

KDSSLQHVY DQG GHFUHDV HGE GHPDIKPVN WY BIDD\IPE W RR\Q J



$QVHOPMWPWKHZVQ DQ DFDGHPLF FRQWH[W JUDWLWXG!
VLIJQLILFDQW SRVLWLYH HIIHFW RQ VWXGHQWfV GDLO\
$VGLVFXVVHG LQ &KDEVBRWKHWKW FRS1LHDWY JUDW
DGDSWLYH SRVLW LZKHBRSWOJXOVIDRSOIN DUH PRUH OL
XVH HPRWLRQDO VRFLD®SVRDEKQOW HB/ IUHOEDBVY VROY L
DO 'KLOVW WKHN\VBWUBWKRPRIENI DGDSWLYH FRSLQ
VWUDWHJILHY GXULQJ VWUHVVIXO HYHQXWLOHYBEW XD
DV D PRUH DGDSWLYH SRVLWLYH FRSLQJ VWUDWHJ\ FI
JUHGULFNVRQ VXJIJHVWV WKDW WKH SRPBHWY RI J
FRIJQLWLRQV DQG EHKDYLRXUM W E WROHIEXIXO.® GVKRRUD
JUHGULFNVRQ GXULQJ VWUHVVIXO HYHQWYV 'HYHOC
RI VRFLDO UHODWLRQVKLSV DM B WBYIRGWE R QWK LPRDX JKX
LPSURYEHIHIIODQG PHQWDO KHD®VBK W QV &6 WBKEFEX\ IKR\Y K }
&%HTQWHUDIBQGWHR®HY WKH VHOHFWLYH DWWHQWLRQ E
'LVEFRXQWLQJ WKH 3RVLWLVYIHRRQ RRMHO BU DAW MRVERIEH HIQIKVD
RQ WKH 3RVLWLYH” WKURXJK FRJQLWLYH EURDGHQLQJ
FHARPSDVVLRQ ,QWHUYHQWLRQ DQG 3RVLWLYH 5HIUDF
1HII D GHVFRRESIIEYV VHREU DIF LISRVY MRF¥HUD LV DO
DQG UHVSRQGLQJ WR MXIDIUHG RBIBAEDBDIQFHGLDZDUHC
FRPPRQ KXBBORWSDVVLRQ KDV EHHQ DVVRAIDXOBGE ZR @
1HII DOEHUW 3URFWHU L IQHF®XIGALKOBBR@\OH W R
IDLOXUH /HDU\ HW DOHDW HB ¥ &®O%H D V \ JBI QIR DH U
GHSUHDQ[IREBP® HXURWLF SHUHHIFWLERERPSDVVLRQ
LOQWHUYHQWLRQV FDQ DOVR UHVXOW LQ OHVV GHSUHYV

6KDSLUD ORQJUDLQ 7KH 1D Q WH WRHRPIS\D WAMRL R @ QPID \



VHPULWLFLVP ZKNERGDHFWY VHOEHUW [EQIGE QUH D G V
% ODWW

$FFRUGLQJ WR WKH B3WTU DWVO\G FARIENIK MHOSWPH QG HQ F
SHUIHFW)ULRMWWW ®ODWW UHVROW LQ JUHDWHU ZRUU
IDLOXUH RU GLVWUDFW DJDLQVW FULWLFLVP DQG GLV
SHUSHWXDWLRQ RUMHVWDUKNKHUMWKDYAKVWUHVVHG WKH L
FULWLFLVP LQ SHEHHHFW IDRQLVP WKURXJK HQFRXUDJLC
FRPSDVVLRQ DQG WKURXJK PRUH SRVLWLYH UHLQWHU
ODQGHO HW DO 6WRHBHU DQ B QHURG U QRWH
DUH FBIOWLFDO ZH RFIDRX O RARP B R DK KX P BREFLU\D \KHRG H/HHDU
FRPSDVVLRQ GBSWERDBXERRIFRQ O FRPSZBRUWROQJ DER »
RWKHUVY HYDOXDWLRQ7KHVI FIRME®HDWHU VRFLDO FRQ
DQZLOOLQJIQHVV WS §'REDIM O IR\F HBVOD O SAKIHFKW DO
DFFRUGLQJ WR WKH 6'0 ERKXDKHS&PRP RWH DBWOBRW PRG |
DGGUHVFHNVWLHQNVP WKURXJK FRDQOQBXIM H LVHORBSW DLW \DF
SURYLGLQJ DQ DG DS VBIHH HFR/B DR QY LWMDD WHAHIGHOIN D XU W &
/HH UHQGHULQJ WKH LQW HUNZHQWW. RIQV DO LQVXIILFL
,QFRUSRHBREPSDVVLRQ DQG SRVLWLYH UHIUDPLQJ PD\

GHIHQFHV RI DYBQGLVYHQWR B BAHZIPO O

BW X G\

BWXG\ DARYHBRIDLYHU DQG RLY B G XPIMWHE RYR Y € O
GXDIFWRU SHUIHFWLRQLVP LQWHU ZHKQ ML RQ AR U SR UXOQN
&%7 DQG SRVLWLYH SV \FRORGIRVN [ BEKEH GOKIVUH LV QR
SXEOLG/KDEEWRU SHUWIGIWWWUR B QWAL R & HR & WK M/UNDWWE HQ V
IRU SHUIHFWLRQLVP IRFXVHV RQ WKH PRGLILFDWLRQ F

DQG PDODGDSWLYH FRIQLWLYH EHWVB® 6KDIUWKQDNWFE



RWKHUZLVH OHDG WR GLVWUHVV DQG PHQWDO LOO KH
VWUHVV PRGHO ,W LV WKHUHIRUH DQ DSSURSULDWH L

+RZHYHUL @WH U YTHORMUR @ U\ Q R WREH DVGG LLFF Y W QQ\D |
SHUIHFWHHRZQUWW HW TKH U HQ RIWHH (BBWALIQUR X JK DOF W R D O
LQWH U ¥FHREWGRQRW RQO\ GHFUHDVH QHJDWLYH RXWFRIF
IDFWRUYV BIIQZHIRYWHULQJ JUHD WRIRIS SIMDHEEFQID O DX W
UHODWHGQHVV WKUR XJKQWKHU F KIBWEERQHZ D/GNOLRHZQ URNK ¥
LQWULQVLF PRWLWRWMHR® JOHDWNRBFRD@®QHFWHGQHVYV
OHHUWD@®@HUNRP *UDWLWXGH LQWHUY HQQWWRQV F
ZLWK D PRUH DGDSWLYH SRVLWQBIUHBRSLY ¥ R/FLDDWHIS
ZHOO DV RISBRMAKG SUREOHP VROYLQJ :RRG HW DO
FRPSDVVLRQ LQWHUYHQWLRQV FRXWGFR YW R IPQE ISHUWVH
VWXGHQWYV PD\ UHVSRQG WR IDLOX MH@GEEH VRS DEF FHDM
DQG JUHDWHU VRFLDO FRQQHFWLRQ LQ WKH UHFRJQLV
HI[SHULHQFH

$V GLVFXVVHG LQ &K D SIGHRIPW[ W& LPH WK R GV RS R
HY D OW R MW KDXDMR U L QWKHWWQH @WQLRBHULPHQWDO GHVLJIQ
HITHFWLYHQHVV DQGJWKE FAD WILFKHYDXOQGH WVIRDQGLQJ
HISHULHQFH RKLDAMWD\G HQWW H S L Q F ¥ E WHKQW/E R WBLOXIUFDEH Y
PRGHAXLFK VHHNV WR DFKLHYH WKH PRVW EHQHILFLDO
GUDZLQJ XSRQ GLIIHUBRWURHW KRFEDOFODMUIEFRX OG SURYLC
SUDFWLWLRQHUV ZLWK JUHDWH UDLSNUIKRWR R @ W\XRS HQ\
WR EHWWHU LQIRUBLQDBDBWRRI RSUMKRVERRLVY R |
SV\FKR OB $\U RDIFHK HY ZQ MWL RRF XV H[FOXNWGXAWL RQ RIK3

DOQWGPSWRPV RI KRHDOWDKCOHOOBOVRK HWSHBEKRVRFLDO ZHO



EHLQJPBQE DGDSWLYH FRPSRQH QFDGRA UBINDUDHUF AWDRGM. \F

WKH LQWHUYHQWLRQ

AXDQWLWDWLYH $LPV

7KH EXUURNG\MWNRVKIGO L Y B E\WMIR W K D OHKDWILR Q@ GG UHV V
PDODGDSWLY3HD VISFHWHMQEWR VLYH FRQFHUQ RYHU PLV
DSSUBMDE YD QWK WRX3& WKHZXYBVWWV @BZQWDLQLQJ DQG
WKH PRUH DGDSWLYH TXD® LIWI AN OOWEBEWRQ GV W X G HQ W \
RUJDQLVDWLRQ WKURXJK WKH XVH RVGEBEUH®OW I XFK
DVVRFLDWRIG3ED FRNGR UMW SWRENLOVW LYK IIVWIRELD W H C
IDFWRUV RI 36 HJ WKH DGDSWLYH FRSLQEHQXIDOLWLE
7KIVW X G\ DOVR DL P \HMWHRF MY GLEUBYH RN GMKLIRY® LW P D\
XVHG E\ PHQWDO KHDOWK SUDRWQW LERQ B ERH\RDHI@ (EAH L
VFRUMHRP VWDQGDUGLVHG PHDVXUHV DQ[GH®WKNQNLRQM.
DQG VXEVFED O H VWD NBQOWHER 31& SRULGDWAH U YSHRYWVL R Q
LOQWHUYBQ®W LR PROWIKFRUHY IRU WKH LQWHUYHQWLR
FRPSDUHG DD DILYWVFBQWR RIY WDER®S VK FREOWLBHQKH LG
LOQWHUYHQWLRQ
+\SRWKHVHV

6HYHUDO K\SRW K HWRYDIDKHHS! H RWVALE H@ H \f B FRAY RWK H
LQWHUYHQWLRQ

+\S R W K HOALR/U H3/&DRBR. X E V LD BOWHU YHQ®/ LR Q
VLJQLILGDRUHBWR AN U Y-H HRW R B\ZIKHIVWF R U H\6DQ G
36 VXEVIAD GRW H U Y HEQ BIIGRQ LLRDFMBVEHRWWWH U Y HQW LR Q
HASRWKBVLV

+\SRW K HOARU H\Q [IRHDWA SQWHU YHQ® WVRQQLILFDQW O\

DW 3 RW®WYRQ



+\SRWKHOWARUHV RQ DR >SQWHKURHQW/ IVRQQLILFDQWC
LQFUB®RWHWYWHUYHQWLRQ

+\SRWKHAMUMVH HITHFWV ZLOO EXSMXWKNQ RQHG @WL F
GLIIHUHQFH EHWUZH}S RVFREVHNAE SR W KHE V LD/Q [L HW \
+\SRWKHVDRDQG |0 RXISRWKKED W SRWHUYHQWLRRSDQG DV

PRQWKYV

+\SRWKHAMMNWUH QR & EMLILFDQW GLIIHUHQFH LQ V§
JURXSVIIQWBUMHQW LRI D ®\G RWKKHMNLYZLOO EH QR VLJQL
VFRUHV EHMWZW HQ YSHOHVL@W HUQY Gl G W U RQ VIR UF RIGW LZRD@ W L

+\SRWKHVLV E

AXDOLVERRALY H

$Q DGG IDNPRRIDWNK G\ LV WS bW D BAXSENHANATH Y H Q F H
RI WKH LQWHUUIYWQRISPQWY IHHGEDFN RI WKH LQWHUY
WKHLUVRISW QU HVSRQVHYV DOLEDHV R HE BYD®Q/ H&ODUNH
%\LQFOXGKQOIWDWLYH PHWKR GQI\R H UHYYHDQOAX IDRAHRRI KR M W
JDLQ D ULFKHU XD\ XGSHNVERIDIDN HRIS WK HHRHFWINA FWLR Q L
LQWHUYHQWLRQ JLYLQJ UHVHDUFKHUVHD®® MK RD S L

SHUIHFWLRQLVP

OHWKRG
3DUWLFLSDQWYV

(OLJLELO L W3 DS WHHSEBYWAH Q W X Q G H WU DVGQ QWH  V
+(, DJHG RYHU WRHPHNWR QG F CBHMLIRIG VFIUR@HMPLDHYHOV
FRQVLGHUHG LQ WK D Y\D FTSHOH H GXW B IRHED O WR H[FO X
VWXGHQWY ZKR PD\ QRW UHDFK RDGYWW R WR DFWHIKRW
LQWH U Y HOVSISRRQ WR DL W& HV K\H_U U H\GH SSHUWAIHHGFRVALVR IQQ. Y P

SDUWLFLSDQWY PD\ DOVR KDY H$VQ3HWR W K HHWGH E UXY. WMVR



VWUDWHJ\ DQ\ VWXGHQW ZKR RWKHUZLVH PHW WKH H
VXSSRUW IRU WKHLU SHUIHFWLRQLVP YLDUWK H i$LDRGO
RI LQLWLDO SHUIHFWLRQLVP OHYHO

+RZHYHU SDUWLFLSDQWYV Z& UBJRRDODYERAIGDMW WK H\
ZDUWMBRWH LOQWHEVILYSVBKWRVLY HDWLQJ GLVRUGHU
BKRXOG WKH LQWHUYHQW LRW W R MWHD DG HF U 8 B GHWINH F
FDSDFLW\ WR PDQDJH WKH ULV NV +EWVRENRXD BGWZALNKH
EH XQHWKLFDO WRUW\@KBXPERUMKISKIRUPHUHMBQ W\ HQJDJ
RQJRLQJ SV\FKRORJLFD\H &/O HPIWVPHIQW H{BOPRIHG G X H V
RQ WKHLU H[LVWLQJ WKHUDS\ DQG YLFH YHUVD LQ DC
YDULDELOLW)\ RQDWKHXSEWE G YHOQKILIFD® VWDQGDUGYV

6DPS®HBEQD SUBREZHU DQDO\VLV ZDV BRRDXFVDXG X
DO W ZDV HVWLPDWHG WKDW IRU WKH PDLQ HIIL
ZDIOLVW FRQWURO ZLWK WKH VDPH PRGHUDWHO\ FRI
WLPH SRLQWV EDVHG RQ RIP H GLRVIDROSIGR VR IV L] H
SDUWLFLBQQW¥K JURXS ZDV UHTXLUHG WR REWDLQ W
DEWXDO SRZHU

SHFUXLWPHQWS3DURFIHASDI WV ZKR FRP\S O HQHHGE LVOK
&KDSWDIQEKRSWHG WR S UFOYGE B GAGKUHHMWV HVR H[SUHVV LQ
SDUWLIQWBIQYHQWLRQ DV SDUW RHDHX\RRQWD FWHG\LQY
WR WDNH SDUWZVWHK $SER-BIDMIGYRIQH ZLWK WKH DGYHUWI|
DWWDFISESMHOAHH7 KRV H W KITHWHIBSOWHKEG LQIRUPDWLRQ
IRUP DQG WKH %DVHOLQH OHDVXUBNVORGRHMIGAYD OW UL
2WKSDWWLFLSDQWY ZHUH UHFUXLWHG XVLQJ WKH VDPF
OHDIOHW IRQU®EBWYLVBDRIHVVLRQDO VWXGHQW VXSSRU'

PHPEHUV64BR®PG 8QLYHUVLWHRH 6XGIVIR HFCHE W DGO HG VF



ZLWK WHPSOOWH.WK WKH DG Y HUAMKEHIW DQWE UKD R KPR M
ILUVWO\ PDANHJWKHPNVKH LQWHUYHQWLRQ VKRXOG WKH
IURP VWXGHQWY DQG VHFRRREMH\ ERW& GNIKH WE W H @VWBLY
VWXG\ WR VWXGHQWY WKH\ PD\ IHHO DSSURSULDWH

3DUWLFLSDQWY ZHUH DOVR LQYLWHG WR DQ RSWL
WKH RSSRUWXQLW\ WR OHDUQ PRUH DERXW WKH VWXG
JLYHQ SDSHU FRSLHV Rl WKH EDVHOLQH PHDVXUHV Lt
IRUP DV ZHO@XL\F D SHVE RQVH RAGF FRGWHWKH VDPH LQ
RQOLQH 7KH\ KDG KRXUV LQ ZKLFK WR EQK$OHWH W
VXUYH\

JROORZLQJ WKH F KM BHIERHW.UIRO JURXS ZDV RI
WKURNBHFUXLWPHQW RI SVIFKRORJ\ Q3 @NUIV\FE&RDW HL F
5HVHDUFK 3®RKHBRISD@WXGHQWY ZKR RSW WR WDNH S
JLYHQ FUHGLWV WR HQDEOH WKHP WR UHFUXLW WKHLL
GLVVHUSDRMRFW 7R HQFRXUDJH UHFUXLWPHQW IRU E
WKH\ ZRXOG UHFHLYH FUHGLWV IRU WKHLU WLPH IRL
FUHGLWYV IRU WDNLQJ SDUW LQ D VKRUWHU IROORZ XS
RQO\ WKRVH ZKR WDNH SDUW LQ WKH VXUYH\ DW 7 ZR

BHWWKMILQWHUYHQWLRQ WRRN SORFH. RQHP EDWD V \

WR 'HFHPEG4SLY D SROMEOLF UHVHDUFK XQLYHUVLW
<RUNMWH (QJODQG DQG RQH RI WKHHYWLVRNUNGLWKHV
ODUJHVW XQLYHUVLW\ LQ WKH 8. RXW RI 7KH XQLY!
XQLYHUVLW\ LQ WKH FLW\ 8QLYHUVLW\ RI 6KHIHLHOG

5XVVHOO JURXS ZKHUH DGYHUWLVHPHQW IRU SDUWLF



'"HVLJQ
7KLV VWXG\ ZDV LQWHQGHGEWRHEH LIV B& ¥ RO \U LRIJ
SHUIHFWLRQLVP XWEWRWL@DDGAV[H® PHDVXULQJ FKDQ
DQ[LHW\ DQG IORXULVKLQJ DW GLIIHUHQW WLPH SRLQV
JURXS D JDLIQWWNVDFR Q WILUFRHO/BRBMBHFUXLWPHQW LQWHL
PHDVXUBRHWOWQWHQGHG WR ERHRFORGIJZDMKGWRHF VHP
$SSHQGLfRZHYHU DIWHU LQLWHBR®VUHRRUXLWH HDW W L F
EHHQ UHWHXIUWHEUWDPSOH 2ZDR WRRLFPHQWOVZEWEKHU W
LWV LQWHQG DG REBRIDB YO NSOM MXFK WKH GHWHHOXBKD QJ
ZKHUH UHFUXLWPHQW ZDV KHHHMN R S\HRQ H QD EIGHHH VO DD
VL]H WRAHKTZMHGQWHUYKBDWHLRMHDMWO\ KHOG DW ZKDW
SUHYLRXVO\ EHHMEN RIWKKH DFDGHE@QGF WHB B RVWW ZD L
FRQWURO JURXS D FRQWURO JURZXBUAH XK WDHRG LW R/ HIUXY G
VDPHDRKKUHY DV WKH LQWHUYHQWLRQ JURXS EXW ZLW

LQIRUPDWLRQ SHUWDLQLQJ WR DQ LQWHUYHQWLRQ



JLIXUH
$PHQGHG 'DWHV DQG 7LPHVFDOHV IRU 3DUWLFLSDQW 5

OHDVXUHPHQWY DQG Y QWHUYHQWLRQV

- g Recruitment
Tla Té 4 (incl. Information Evening)
m s (2-3 weeks)
Tib Recruitment Continued
(additional 4-5 weeks)
Y
Ineligible Recruitment Closes
Excluded Eligibility Assessment
(7]
g Control Group
™ § Intervention Recruitment /
% (4 weeks) Data Collection
e :
§ Control Group
T3 S Last Session Data Collection
o (1 week)
&
8 o
- o
T4 B 3 3-Month
= 8 Follow-Up
° =
=




,QWHUYHQWLRQ 3URWRFRO

7KH LQW HRYHW WH. F5Q) ¥ WH QW WW X0G &% 7 EDVHG SHU |
W UHDRPGEVHG XSROHM®EHERRNUFRPEDYHIHUIHFWLRQLV
6KDIUDQ HWRRPWOLQIXREYDQ 1RRUWHVEIDHH WD @BV
DOVR LQIRUPHG E\ D SUD FENUW QROGEHU 10K DXUBE B QIGWHDH

7KH WUHDWPHQW PR G R R GX\GHEIFTERIG KK R Y GIXLEB W L
DQG H[HUFLVHV RIWHQ XVHG LQ &%7 EXW ZLWK VSHFLI
WKURXJK WR UHLQIRURHJXNMWU PHRRXICRHL D PSHYBHUUR O R B
SHUIHFWLRQLVP <RXU SHUNHRW LIRME \H{ SHBORHQW V
RI WKLQNLQJ 'HDOLQJ ZLWK SHUIHFWLRQLVWLF EHK
XQKHOSIXO SHUIHFWIL\R QEMPR RSDVGIOR Q" 6HOI :RUW}
H[DPLQLQJ WKH ZD\ ZZHRG WIK QBIQWOL @ BEQ® SRVLWLYH
FKDQJH 6WD\LQLZHOXQKPDSIX0O SHUIHFWILRIQLN P LQ WK
PRGXOHV ZHUH FRQGHQVHG IRU WKH SUHVHQW LQWHU

,Q DGGHWHR®YVZHUH LQWHJUDWHG LQWR WKH LQW
H[HUFLVH FRD XIVEW B (E DV WHGHBIMW RDQ HWRB 37KUHH *RF
7KL QJIVD W HWXUGEDINHH GHRQJPDQ HW\VHIPRP SD\WHREGLVH
EDVHGKRGLUD O0ORQJDQGOHSRIVLWHND PRBK ZHHN
SDUWLFLSDQWYV D W\ M Q GRIGKIRXRIO/ER QIWAERRKQ FL S D O
UHVHD WFKHBHU%ISQBHDFFUHGLWRAKGRFBXQUMBDORE WKH L
YLD 3RZHU3RLQW 3UHVHQWDWLRQV DQG SDSHU KDQGR
VS SHBRMRAL +2 3URWRFRO ZDV DV IROORZYV

JLUVW 6HWWINRDGKH ILUVW VHVVLRQ EHJDQ ZLWK L
RYHUYLHZ Rl WKH LOQWHUYHQWLRQ D/QEDERQ\E DFDVQ &/N W
JXLGHG WKURXJK 3JUR X @GGF B XQOH/A (RWKUHWDIEW \FRW R B U

SDUWLFLSDQWY ZHUH D VANHGY YWRH NV RP>SFOHWWHR QVXKBILS BIH |1



DV EHORZ VKBRZERIHWKH L QACHADWHHIWEHR® WR KHOS ZDV
SUHFXUVRUBMR MKW DRDW L\PIL\D D) GWROW K X FWLRQ  FKD
$2YHUFRPLQJ 3HUIHEFWLRQLVP  E\ 6KDIUDQ HW DO
FRQVLGHU GLIIHUHQW ZRUGV WKDW WKH\ DVVRFLDWH .
$*RRG’ DQG *%DG’ LQW HDRVYY RRRQMHH) W XSDQW/IHE W K H L
FRQVLGHU VLWXDWLRQV ZKHUH VRPH DVSHFWV FRXOG
7KLV PXOWLGLPHQVLRQDO GHILDEWREBQ R PV HRHOLRY
FRQWUDVWYVY ZLWK 6KDIUDQWIVR Q@ QW HJIJDUGAKBYH IGHWIQR
+RZHYHU IRVKQARZW®&H PDLQWHQDQFH F\FOzDWKDOODQ +
SURYLGHG WR KHOS SDUWLFLSDQWY XQGHUVWDQG WK
SHUIHFWLRQLVP2 VHBLIQSMQWBHY GHVFULELQJ SHUIHFW
F\FOHV IRU ILFWHWHRXV GHHR SEKDIUBQ HW WRHQ S
SDUWLEHBDQMWNWHQ D EODQN FRS\ RI D PDLQWHQDQFH F
ZLWK WKHLU RZQ WKWRXBKW\E RHUQEH DN RXEULHI EUHDN
DERXW 3HUIBRWLRIQMA¥VVHG 6KDSUDQ HWVBEQ D VHFW
RQ *3UHSDULQJ IRU &K D Q Il HZKHHH TOQRMWLKH 8 KDW\G R
$SSHQGLWR FUHDWH WiKEHUL RZDQOFRMWLY 6KDIWRQ HW
KHOS SUHSDUH IRU GLIILFXOWLHYHVXRKKBPY DY RH G DI)F +
RYHUYLHZ RI SRVLWLYH SV\FKRORJ\ WR 28 8D LDQIKE W
WR LGHQWLI\ DQG ZR U N&ZXIDW KARUNKHIHBH/ Y KO HHQ 1V@ KAU R G X |
SDUWLEHBDEWFRXUDJHG WR FDUU\ RXWHHMHQS$ISRHIFEVH |
EDVHG RQ WKH VDPH FKDUDFWHU VWUHQJWKYV H[HUFLV
HQGZLWK D VXPPDU\ DRBUUM RIXONWG WK WBRVLWLYH SV\FK
VWUHQJIJWKY LOQWHUYHQWLRQ

BHFRQG 6HMWNRTZKLY VHVVLRQ SGR® DXUQLGH U R RO\

PDQDJLQJ DQG FKDOOHQJLQJ SHUIHFWLRQLVWLF WKR.



VHVVLRQLEMK D RROWHWOWZ RI WKH SUHYLRXV DQG SUH\
WKHLU RZQ SHUIHFWLRQLVP PDLQWHQDQFH F\FOHV =2'F
&RPSDULVRQV’ ZHUH LQW UR 6XAHG\ BRW KU V& HH WFD\L Y L
SS +  VXJIJHVWHG )X UPWKIHIU6 WYUKHHQ& MIXWDH[HUFLVH 1U
ZHHADV UHYLHZHG HQFRXUDJLQJ SDUWLFLSDQWYV WR |
DV RSSRVHG WR IRFXVLQJ RQ VRFLDO FRPSDULVRQV D
RQ XWLOLVLQ@NVWUIHQUWRWY EBW®LQJ 'LFKRWRPRXV 7KL
LQWURGXFHG DQG WKHQ DQ H[HUFLVH XVLQJ *&RQWLC
ZDV SURVHBISGE @QGL[ 7KLY OHG RQWR 2 UMW KRKIRQBQ\®R QI
YLIQHWWHYV RI 3VXFFHVVIXEQO WK B HEULIQFLIS D0 GUHWHHIR 5
LOOXVWUDWH WKDW WKURXJK 3WU L B @MYXE AHHHIR UL HDW
3)RFXVLQJ RQ WKH 1HJDWLYH 'LVFRXQWLQJ WKH 3RVL)
WR KHOS LOOXVW U D WH UWW HF WKD Q W VQD USD WMWHQQD 3% U
KDQGRNW $SSHQAIHLODU WR WKH H[DPSOHSE\ 6KDIUDQ

WR DQQRWDWH ZLWK IXUWKHU H[DPSOHV RI KRZ W
PRUH REMHFWLYHO\ WR RQBYYDVH Y NRH 3S BH Q BGHHK K) H [
7KUHH *RRG 7KLQJV H[HUFLVH DJDLQ VLPLODU WR 6H
SDEMBIDQWYV IXUWKHU EURDGHQ WKHLU DWWHQWLRQ W
DVVHVVPHQWY RI SHUIRUPDQFH )LQDOO\ 3, QIOH[LEOH
GHVFULEHG DQG DQ DGGLWLRQDOHHOHESHQBIMXLGHOL
SURYLGHG GHWDFURQ RYSDO DQISQ 3,PSHUIHFW ([SHU
KDQGWRMM $SSHQBLYRUNHG WKURXJK VLPLODU WR WKH
H[SHULPHQWYV E\ 6KDSUDQ HW DO S

7KLUG 6HVWHRQKOKHY VHVVLRQ SGR® DRQIEW DRFXMMH
PDQDJLQJ DQG FKDOOHQJLQJ SHUIHFWL@RIQAK VDL F REH/KIE

RYHUYLHZ RI WKH SUHYLRXV ZHHN DQG D UHYLHZ RI W



VXJIJHVWLRQV RD VHISHDSISRQIDUWLFLSD @W\ FRW OW XG/H-
EDVHG WKRXJKWV LQ IXWXUZBN RRIQHVEQMQ VRWR\E K A HVGH VD
S$YRLGDQFH  6KDIUPQ HWSDO ZIILESGIWFXVVHG DORQ
WKHLU SHUVRQDO SHUIHFWLRQLVP F\FOH UQFORGLQJ
FREHOLHIV $Q $NYHRUDDPK\HDQG *UD G X DOHH SFROVSHIHGK P G
2 ZDYLYHQ DGDSWHG IURP 6&KDIUDQDHME BOUWLFLSDQG
HQFRXUDJHG WR ZRUN WKWRK JKD UW\ RXWKDV XU DIEWX\W DRH
H[SHRHQW RYHU WKH ZHHN ZDR[MV FSV R FIGDE WL DDA LRQ |
WKH ZRUNVKHHWY SURYLGHS® E\ 6KDQUDQGIGALWDRQDO F
LOOXVWUDWH H[DPSOHV LQFOXGLQJ WZR KDQGRXWV |
LGHQWKINIOG X0 PRW WRIW \$\& SMAHPGER WMV SHFWLYHO\
FRPSDWZWDMRKHQ LOQWURGXFHG DORIQYSBEHVDIGIRK D QG R X W
SDUWLFLSDQWY WR FRPSOHWH RYHU WKH ZHHN FRQWD
6KDSLUD DQ®B ORQJYUDIDOO\ RWRIGX AR XN BH EDY HRE U
GLVFXVVHG DQG |XUWKHURHWYDB R X USCDIBREPHS@WW K R Q/ H OH U
RYHU WKH ZHHN

)LQDO 6 MMHMNRQRKKLY VHVVLRQ SGREDGHUVM B RGH C
DQG PDQDFLIWYHDOVERUNKYBDEWHFLSDHWEP FRS\ Rl Wi
WUHDWPHQW PHDVXUHVY WLPHSRLQW 7 DV EHORZ WF
VHVWIRE)JMZILWK D FRQWHQW RYHUYLHZWRZ BAHOH SO LR
FULWEZBLVOWURGXFHSSHQGVY[LPLODU WR 6KDISJDQ HW DC

LGHQWLI\LQJ WKH LQWHUQDO FULWLF EXOO\ DQG >
3ROODFN DQGDPNWRG LQ 6KDIUBQ HW DOMYOORZHG E\ I
UHYLHZ RIFRRSDWHW@RQ H[HUFLVH DQG D GLVFXVVLRQ V
H[SDQGLQJ XSRQ WKH H[ARFSDM WLR QX HOUSVEXIHEY W H QDN V +

FULWLFLVP DQG IDLOXUH ZLWK BZRBLWEXMVHAE U PLIRAMA A



GLVFXMOBRHIG POLQWHQDQFH DQG H[HUFLVHV WR UH

ZHOO DV RBMHKLKQU YHSORUW VHUYLFHV WKH\ FDQ DFFHV\

2XWFRPHV DQG OHDVXUHYV
3DUWLFLSDQWYV FR PBHSRUMG PRDWRMIDHOV V/IPGBL B/R. ID@W

EDVHOLQH DVVHWAPHIWP HHQ WB BB WPRMQW XS DG IROO

JLIXUMKRBAPHDVXUHV LQIRUPDWKB® ZRHWURAXHW\WDRWYR |

DWDMKLPH SRLQW

JLIXUH
7LPHSRLQWYVY IRU 'DWD &ROOHFWLRQ RU 5HFUXLWPHQW

&RQWURO *URXSYV

Intervention Group Control Group
T1 |T2| T3 | T4 |[T1|T2| T3 | T4
Enrolment
Information Sheet and Consent Form* v v| v
Anonymised Code Creation v v
Participant Contact Details v
Debrief and Support Services Contact v | v | v | ¥V vi| v
Intervention —o
Brief Information Sheet Reminder* v v | Vv
Assessments/Measures
Anonymised Code Check v v | ¥ v
Demographic Questions v v
Perfectionism Inventory v | v v | ¥ | v
Anxiety — GAD-7 v | v| v | ¥ | v
Flourishing Scale v | v v | ¥ v| v
Qualitative Feedback Question v v

IRWHIITHUHQW YHUVLRQ XVHG IRU LQWHUYHQWLRQ JURXS Y|



'HPRJUDSKLF ,QIRUPDWLRQ 8QLTXH $QRQ\PLVHG &
,QIRUPDWO.GRGDUWLFLSDQWY ZHUH DVNHG WR FUHDWH
RUGHU WR WUDFN D SDUWLFLSDQW V UHVXOWYV ZKLOV\
DVNHG WR SURXIUGH VDKV &/BIVYW R IHWK Hi5X PRRUKHIUY QL
WKH GDWH LQ WKH PRIQWK WK\ ZHUH ERD@G WKH [LUV
OHWWHUV Rl WKH WRZQ RW FRW\ RKHRDHDMVERWQ UQ Q
SDUWLFLEDPR& WKHFH PHDVXUH YV AREZBNSHWT MRIPDIG WG
WKHLU FRQVHQW IRUP DQG VHSDUDWH PHDVXUHV SDSt
PHDVXUHV RQOLQH WKLV ZDV RQO\ UHTXHVWHG RQFH
ZHESDJH 3WYWIHUISD@®VR DVNHD WR BERYHEYW MWXRUE |
FRQWDFWHG DV WR ZKHWKHU RU QRW WKH\ KDG EHHQ
VXEVHTXHQW PHDWHIKHVWHG SDUWLFLSDQWY SURYLG
FRGH DRGWIRHU LGHQWLI\LQJ LQIRUPDWLRQ

2WKHU GHPRJUDSKLF TXHVWLRQV LQFOXGHG DJH
RQO\ DYDLODEOH WR RYHU \HDU ROGV \HDU RI VWX
RQO\ DYDLODEOH WR XQGHUJUD 8 XDWHBA L QIH @& H BK KR
WKH\ ZHUH VWXG\LQJ DW ZKHWKHU W KHINMOHU H VDK-QR FEH
3DUWLFLSDQWY ZHUH DOVR DVNHG ZKHWKHU RU QRW V
VR LI WKH\ ZHUH UHFHLYLQD (DG 7 KW DWKRH/GIWAH URU  S\H
WKHVH ZHUH DOVR VFUHHQHG IRU HOLJLELOLW\ WR WD
ZHUH DVNH® G OMKHUUHG GDWH IR URMKHHRDMAHD 8B QWY
LQ RUGHU WR FRQW D FRW RVIKW PROL W K RIXW WAKKHH VMV X G\ L (
FRQVHQW IRUP RU SDOWQRI WKH VXUYH\ ZHE

3HUIHFWBRPLODU WR 6WBG\+HMD®O WKBO HW DO

ZDVKRWHQPHDVXUH SROWLEILPHQW LR QEXHSWR I HFW L

VHYHUDO DGYDQWDJHV RI WKH PHDVXUH DV LGHQWLIL



FDSWWMUH UDQKH RWMURBEW KW KH DR6 ) DAIGROGY JRRG
SVI\IFKRPHWULFLREFRIBGU YL HY WS G B BRKIBRH VW XIG6
OFURVV WKH IRY UAVSRERWWH 3, 7KH BOVR HQDEOHYV
LQYHVWLIJDWLRQ DW ERWK WKH KLJKHU RUGHU OHYHO
DVVHVVPHQW DW DQ LQGRY MEX¥D B LB R WS EOERGNVIGDH Y H O
UHVHDUFKHUV DQG P H QYWDHD WHHDIGE FHEM DD HVEN-R G H QW
UHOHYSAL | L FWMR VBB JRWHIBGFAOLWRUP XODWLRQ LQ WKHU
LQWH U Y HIQ]W LHRW \D O +D\QHV HW DO

0DQ\ UHVHDRIFKIHIAU SHUIHFWLRQLVP D WUDLW D
GLIIHUHQFH ZL WK LIKQPUR VR QEQLNVWMHQ@P ORUH” ZRXOC
LQGLYLGXDOfV SHUVRQDOLWLHY DV XQFKDQJHDEOH D

+RZHYYHGHBEHSHUVRQDOLW\ FKDQJH LV DFFXPXODW
VKRUW DPRXQ\W\RWMQPHHNRUSREHUWYKHWHD ODUH WZR
FRPSHWLQJ SHUVSHFWLYHVPIRUFER\QS HUWRBRZAKYMW U L
WKH DWWWIHDFWs BRNUWVRWXD DFKWYJHY LQ SHUVRQDOL
PHDVXUHV FDIQGEW RDOWWEWEXW LDQFH LQ SHUVRQDOLW)\
VXJIJHVWLQJ WKH WUDLW P HDK/B UFERIUMHH P ®/H B (QH RWS ROMIK |
SREHUWY HWOIIHVWYV DQ\ FKDQJHV LQ SV\FKRORJLFD
DUH D UHVXOWRHPKDRQUWVFRESRQHQW FDXVHG E\ WKH
LGHQWLILHG E\ GLIIHUHQWLDWLQJ ODVWLQJ FKDQJHV |
PHGLDWLRG PODN@DI/G\W LY E\ 5REHUW W [I5\W LLEFOQ Y DD/
LQWHU Y HQ WKW VSWHYUG R ¥ BRARCQ MY WO\ VXSSRUWHG
FRUUHFWLRQ K\S RWKKIHMLSH X \QLAULQWHUYHQWLRQ FDQ
WUDLW FKDQJH

,Q DGGLAMHMBRERDO\VLY RI SHUIHFWER LK B WQICHU Y H

LG HQWIKIDWGQ R W KRHQUMISPMMLFHQWLRQV IRU SHUIHFWLR



UHGXFLQJ GHSUHVVLRQ DQG DQ[LHRILWE XPD @OV W XSGHLLH
DVVHVVLQJ SHUIHFMHRQUWHPYZV WKK WDWBBKOHD G3 $ 3 6
6XK HW DO S F RRYQVALCDKUE W KIDRMD EHSW XD OL]DW
SHUIHFWLRQLVP DV D VWDEOH SHU V@ B YREIVQ\ A & DYLLDF W
DSSURSULDWH ZRMHURRGRIOFOQWRXOG FKDQJH LQ DQJL
SV\FKRVR FADI®ZFOODY D UHVXOW Rl FKDQJH LQ WKH V
FDXFMRIUUHFWLRQ K\SRWKHVEXW6 RWNR@\DHBEBGIRS ULDW H
FDSWXDRJIJHV LQ SHVLBBWULRIQNVFPHDVXUH VXFK DV WKH
,W LIPS R UW D QWK DWR RHRDMEKUHY WKDW DVVHVV SHUIH
DV W&HNOHWW HW DO RU WKH &OLQLFDO 3HUIHFWI
DO ZHUH DOVR XVHG E\ DWPOLWVVL G XKKHW BW D
FKDQMKIHQFRJIQLWLYH Y D USHDUEI®!  WHRRRELWHERDR. () S\ROULDDW L ¢
DGGLWERQ@B® LQWR VXUYH\V DW QXPHURXV WLPH SRLC
SDUWLFL® QWX VVHGDIQE &KD\SWHA LQ UHIXVDO\WR SDI
WR UHVSRQG WR LWHMPWEBRBHOMKYRQ FBXHQVR ERUHGR
% XULVEK .URVQLFN 2S SHOMEKHP HY GIXWF \BDQ F H
SHUIHFWLRQLVWVHZR WW HNWVNHFRUWQJI SHUIHFWLRQL\
IRU WKH GXUDWLRQ RI WKH LQ\MHQHFHQW LIRIQRRIDM EBIVFR |
HQVXUH WKH LQWHUYHQWLRQ ZDWR WD SPHMWYILEICSHD Q0 E Q.
FKRRVLQJ PHDVXUHV WK DWKHHUUHH RRRV W GI\F\R B R B LEIDIOQ F
DGLWLRQDO VFDOH WR PHDVXU I ,SHBKREMORG@X M WL [F\A
DELOEWP SWRHKHQ VL WHUGIV D SENRKWIKI IR 103 6D QG 036V
ZHOQWW LQF O XoKIPR@ RW MRKH VXEVFDOH :KLOVW PHDVX!I
FRQVWUXLEW3, VXEVEDOH FDQ JLYH LQVWMBYBEWRVSHU

PRUIFHRPSUHKHQWMRGRRHMDO FROOHFWLRQ RI GDWR SHL



SDUWLFS$ISD VA W QR QZ K MO V WRIBEQRAQ/I P RIW\HV € X B BV & &
ERWK GLPHQVLRQ DQG VXEVFDOH OHYHOV

$Q[LHIW ZIBWKKGWKH *$SLW]HU HWZDRK R WHRQ
PHDVXUH SO VQ EIHN I VW VRIH SRIOWLQJ VIPSWRPV D\
E\ WKH ,/$0ZLWK R@BOPY PENLOUHQW IRU WHKH LQWHUYH
&URQEDFKIWVYBIO®KEG DFURVV WKH IRXUGWPERID\B\RUQW Y
JRRG LQWHUQDO FRQVLVWHQF\

3V\FKRVRFIEMQ QHPAR XULVKLQJ VFDOH GINWHORSHG

ZDV DIJDLQPNDMBEMIRFWLYH SV\EHR\DR F IDD/OVAHIOL Q

DQG &KDYXWHWFDO DV IMKRWAFHVVLEOH DQG GHPRQ)

UHOLDE L@LWK H LSWKH VH @ WR\D\E B G KXY MRKD®KI DFURVY DO
WLPH SRLQWV RI
4XDOLWDWLYH )HHGEDFN

$WLPH DSDAJWLERSWRMW VY QWHZHHWEWLARR JDRXISG D
HQGHG TXHVWLRQ UHJDUGLQJ WKHLU \IRPS HDYHQF®YV R
IHHGEDFN UHJDUGLQJ WKH LQWHUYHQWLBQ \RX G OLNI
KHOSIXO HQMR\" ZKDW GLG \RXOGPW H LSUR K H®IS W & LWQHK
ZLOO EH NHSW DRRE®B|ARFXV WKH GLUHFWLYH RI WKF
TXHVWRRQGR VWXGHQWYV HIBWBUHQFWHUBNQ®LRQ IRU

ZDXVHG

'‘DWIQDO\VLYV

SDAXDQWGW VW LYHHSDUDWLRQ GHVFULSWLYH VWL
GHPRJUDSKLF FKDUDFWHULVWLFV DQG LQIHUHQWLDO
([FHO DQG 6366 9HUVLRQ

%UDXQ DQG &ODWNKDMWH IUDPHZ4RUN IRU WKHPDWLF

XWLOLVHG WR HYDOXDHNW SHDRIGHDFES DUHW Y RRBHH) XV LC



VHPDQWLF DQG FULWLFDO UHDOLVW DSSURDFK DV RX
RI WK \GDW DQG WKH LPSRUWDQFH RI RSHQQHVV LQW
WKH DQDO\WLYV %UDXQ &DDVINHNHG TXIREPISWBMUYH G
VRIWZDUH VXFK DV 19LYR ZDV QRW XVHG WR DQDO\Vt
SUHGR P [EQHIQHWICR\L D O HRIW FAKIQ W IPIDHQ DJHPHQW RI1 ODUJFH
RSSRVHG WR DQ\ VXSSRUW LQ UHJDUGY GDWD LQWHUS
OLFURVRIW ([FHO ZDV XVHG WR FRGH DQG WKHPDWLFD
SURFHVV RY%W8HQHEBGEADOODJKHU JRU WKH ILUVW
VXUYH\ ZHUH PLJUDWHG LQWR D OLFURVRIW ([FHO VSU
FRQVLVWLQJ RI DOO SDUWLFLSDQWY UHVSRQVHV ZLW
LQIRUPDWL®R QDQIBGD PMWMARQG FROXPQ FRQWDLQLQJ SDU
WLPH SRLQW RI IHHGWBEN HIQWXESRRWWROORZKH UHVSR
ZHUH UHDG FORVHO\ VHYHUDO WLPHV WR DLG IDPLOLI
WKLV GR® IDREQDO FROXPQ ZDV FUHDWHG DGMDFHQW WR
ZHUH JHQHUDWHG DQG DSSOLHG WR WKH GDWD PDNLC
SKDVH WZR

)RU WKH QH[W SKDVH FRGHV ZHUH WKHQ DQDO\VH
FRO@GDXWLQJ DQ LQGXFWLYH DSSURDFK OLVWLQJ WKH
VSUHDGVKHHW VXEVHTXHQWO\ FUHDWLQJ PXOWLSOH |
LQGLFDWH WKH WKHPDWLF DUHD V HDFK FRGH IHOO L
WKHFDBUHDY LW UHFHLYHG PRUH WKDQ RQH FHOO ZL\
VR WKH 3VRUW’ IXQFWLRQ ZLWKLQ OLFURVRIW ([FHO Z
DUHD VHH BIRIHDGH[DPSOH RI WKH FRGLQJ SURFHVYV )
DQEROODWLRQ DSSURDFK EURXJKW WRJHWKHU DOO WK
WKHPHV WR EH URHYIDHZINGH B Q)BRUHHQ VX UH WKHVH ZHUH |

ERWK WKH FRGHVY DQG WKH GDWD VHW DV D ZKROH SK



SUPFRVV RI WKHPHV ZDV VDYHG LQWR D QHZ ZRUN VKHH
DQDO\VLYV E\ DQ LQGHSHQGHQW SDUW\ D FROOHDJIXH F
'LUHFWRU RI 6WXGLHYVY ERWK H[SHULHQFHG LQ TXDOLW
WZRKDVHV LQYROYHG GHILQLQJ DQDO\VLQJ DQG ZULW

TXRWDWLRQV IURP SDUWLFLSDQWYVY WR KHOS DUWLFXO

(WKLFDO &RQVLGHUDWLRQV

7KH VWXG\ ZDV ©SBSHRMBGFK\ (WKLFV WHRWPIP\L W W H H
IXPEHU (5 VHH $S8H@®RIJLHV RI WKH GUDIW FRQVHQ
GREXPHQWY LQIRUPDWLRQ VKHMWEPQ® \8HE IRV 80 US|
HWKLFV UHY LKIZOSWRRHVYYLQDOO\ LW ZDV FRQVLGHUHG
ZDION.VW FRQWUROQHR X8 WK BOEWEHHHWHO\ IRUJRLQ.
WUHDWPHQW IRU WKH FR QW XROWRJ R X®D AN RR XSG W DN H
ZLWK QR LQWHUYHQWLRQ ZDV XWLOLVHG LQVWHDG 3C
UHLPEXG ZLWK FUHGLWYV IRU FRXUVHUBVXLUHPHQWYV
3V\FKRORJLFDO 5H VEAXKHB®BH UXNHL MRS WEW FKDQJH LQ G
VWXG\ ZDV UHVXEPLWWHG WR WKH HWKLFV FRPPLWWH
JUDQWHG

$QRQ\PLWARXQGGHQNUWREWSDQWY ZHUH UHTXHV Wt
DQRQ\PLVM®R FREWHEWSRQVHY WR WKH PHDVXUHV DW |
SRLQWYV ZKL OB\ UPVDLIKHVR DDA Y ¥

(WKLFDO 5HFUXLWPHQW 64L0 HESDR @ 3 UR PHRVR/Q BMIX
SDUWLFLSDQWY WKDW KIP® DD DBBGHVXSER LHS UWHK/NLD
ZRUNVKRS DWKISDABWRKG L)Y DQG SQUAKIDRVEBQW UHF
ZDV DOPRVBAVHHIDN DI @\L OB WHKWWR X JXFURVY FDPSXV 8S
7 PHDVXUHV SDUWLFLSDQWYV ZHUH WR EH UHMHEWHG

LQFOXVLRQ DQG H[FOXVLRQ FULWHULD 3DUWLFLSDQW



LQIRUPDWLRQ VKHHW ZWKILHFIK @R QMRDI DB\GLE LIKDOWEY DV
IRUPDW DQG SXUSRVH RI WKH LOQWHUYHQWLWRRDWKRZHY
DV SDUWLFLSDQWY ZHUH QRW H[SOLFLWO\ WRRQEBW I Wk
FRQWURO JURXS DVEHKQQ® VHMWMHFWHBQRG@BUWLFLSDQ
H[SOLFLWO\ WROG WKH SXUSRVH EHKLQG WKH PHDVXU
UHVSRQVH ELDV
&RQVHQW DQG )XWOGHMIVWQW ZDV REWDLQHG LQ
LQIRUPDWLRQ VKHHW O FRIXMHOWR)EBRYVGWDWGOI G UHN
'DWD ODQDJHPHQW DQG 'LDHRMLFDWDRAY\BABQW PLC
GDWD VWRUDJH DFFHVV WR WKHLU GDWD DQG SRWHQ'
DQRQ\PLVHG U HM\B% WD WH POV B Q WXKHRIYQGRHP DW LR Q
5LVN $VVHVHDHOQWKS 6 DIKMWHUYHQWLRQ WRRN SOI
XQLYHUVLW\ FDPSXV ZLWK VHFXULW\ DYDLODEOH DW D
E\ WKH SULQFLZ3RRVILH M HDHIFIKHHQF HDG FOUCHGS RS B &
FRXQVSEO\ERRB W DHMEKSHIWWHYRUH FRPSHWHQW LQ DVVHVVL
WKHUD S\
5HVXOWYV
3DUWLFLSDE@WRJUDSKLF ,QIRUPDWLRQ DQG &OLQLFDO
JLIXURXWOLQHY WKH SDUWLFLSDQW |0OR ZGIX® ®AK H
H[SUHVVHG DQ LQWHUHVWHG LQ WKH VWXG\ E\ FRPSOF
UHFUXLWPHQW FORVH GDWH $V RSHWHID B QGRB 1KE WK I
SDUWLFLSDQWY H[SUHVVHG DQ LQWHUHVWQHGWRYH VW
HOLJLE LEDAE®YX WDR@GH PHW WKH Q Q FOXW HREOOKGIHVBHGEE W F
FRPSOHWLQJ WKH TXHVWLRQQDLUH DQG EHLQJ D SRVW
FRQWDFWHG ZLWK IXUWKHU LQIRUPDVGDR\HD BRRW VDIQH

ORFDWLRQ $W WKH ILUVW VHVVLRQ QLQH SDUWLFLSD



LQWHUYHQWLRQ PHDWWHKMURS/SH G BRXW HHLYWKHU GXH W
DYDLODEOH GXULQJ @ KHFRAD YR WHIEMBIY YDHIYROORZLQJ
WKH ILUVW VHVVLRQ RQH SDUWLFLSDQW GURSSHG RX
WKHUHIRUH GLG QRW FRPSOHWH PHDVXUHV DW 7 RU 7
DWWHQG W K D @IBRMN G IHSURBERR/H OHM HD V V H V \2RHQW DW 7

SDUWLFLSDQWYV UKSVXXBWWE L\R KBPDR\DIEFABD @QWV IRU WK
JURXS ZHUHFUXLWHG SNXMWRKRIORIJLFDO 5HVHDUFK 3D
6FKHBE1$IRNQGHUJUDGXDWH SV 45 ®RRFS R HWABQLXBMIQHV V

LQWHUYHQWLRQ  PHDVXUHV DW L7Q WIHQQ H QFARLARSD HRAHHDGY
ZLWK GURSSLQJ RXW IRU7DEDWBR Y S XM\N QRIZRDIQU® SKLF

FOLQLFDO FHKRUDW¥FKNHYVDWVPWE OHV



YLIXUH
JORZFKBDWWRIFLSDQWV



7TDEOH
'"HVFULSWLYH 6WDWLVWLFV I&KKID IDEFW HRLSODVWVHPRJIUDSKLF

' QWHUYHQWLRQ *URXES &RQWURO *U

7 Q 7 Q 7 Q 7 Q 7 Q 7 Q

*HQG® U
ODOH

YHPDOH

$JHO 6

+RPH RU 2YHUMHDV 6W
+RPH
,QWHUQDWLRQDO
(WKQLF LW\

"KLWH %ULWLVK
‘KLWH DQG $VLDQ
$Q\ RWKHU :KLWH EDF
$Q\ RWKHU $VLDQ EDF
$Q\ RWKH UHVXIOGWLFS BB
3UHIHU QRW WR VD\
OHQWDO +HDOWK 'LDJQ
<HV

1R

BUHIHUMDRW WR
$Q[LHW\ 'LOUQRVLV
8QLYH@VLW\
8QLYHUVLW\ RI 6KHIIL
6KHIILHOG +DOODP 8C




4AXDQWLBMYWE® 'DWD 3 U HB®® DHMMARUQ SWLYH 6WDWLVWIL
BHYHUDO LVVXHV ZLWK WKH RR® PSHRWHIS G/IPW D OLY
VL]H Rl WKH LQWHUYHQW L&QUIDARSH IS G WH Q & WGV B WH \
VXFK DV 0$129% IRU 7LPH $DRBPDLPMRHEBNYE XHV
VXEVHUPMQWQDOH IRLRDQBAWWD \X Wi GH GSPEXD UH G
SULPDULO\ RXRWWGBRISFNV IRU WKH QDWXUH RI PLVVLQ
ZHUH PDGHIDYARPORPLVVLRQV FRXOG DFVIDIEIVFRRXOMN YL
J)LGHOO /LWW O HERAIEE AN YWEDV S
WKHUHIRUH LW ZDV LQIHUUHG WKDW PLVVLQJ GDWD ZL
1H[W XSRQ FKHFNLQJ JURXSHG GDWD DW 7LPH D
DQ H[WUHPH RPRIQOLHRIGLDIRRKE VKL QJ G &KHF B WQ 3 LIRH
VNHZQHVV DQG NXUWRURW W LIVX ZOIOOLQVERRQYHUWLQ.
NXUWRVLV WFRWHY WKH HIWUHPH RXWOLHU LQ WKH )O
FRQGKWGRQVNHZQHV VWKHUBHM UL ILFDQWO\ZSRDBLWLY
]VFRUH S ,ONKH VDPH JURXS )ORXULVKLQJ &RQWU
WKH VNHZQHVYV YDOXH ZDV WKHUHIRUNBRVHIQLILF
S 2Q8DUWLFLSDQW DSSHDURGUWRKRE®WYPERIDHQ D L
WKH RXVROQWHBKGRXULVKLQJ VFRUHV K DLG® N LMRRMWIHAD Q W
ERWK 7LPH S DQG DW 7LPH S $00 RWKHU
JURXSORDGQLILFDQWOBSKDERUHY VXJIHVWLQJ WKH GL\
RI WKHVH VDPSOHV DUH QRW VLJQLILFDQWO\ GLIITHUHQ
,Q DQ DWWHPSW WR FOHDQ WKH GDWXQERMWKERXW !
WKH QH[W KLJKHVW VFRUH L@ REY GDRIDSV HAMMH UH WEOVG O
DQG )ORXRYWURDLFIRXFYWLOO KHOG D LVAN QIFRBBEQW 6
S 7UDQVIRUPDWLRMEZAKGLBMSOWMLHG  EXV

QHLWKHU /RJ 6TXDUH URRW RU 5HBLBYKRFDOHXZQBQV | R



GLG RWKHU JURXSV ZHUH QHJDWLYHO\ LPSDFWHG 7K|
0$129% ZHUH YLRODWHG DQG WKLV WHVW FRXOG QRW I

%RRWVWUDSSLQJ ZDV FRQVLGHUHG EXW WKLV LV
YHILRQ &+$1*(VFRUH D GRONWWNVQFH EHWZHHQ SRVWWHVV
RXWFRPH YDQ % UHXRBOMNOLY Rl &SRRDUSDQD EAMH M
DOVR FRQYLWKWERRWVWUBBZH®@H UR Z KE-RQVIAW H YW QR LR W/
SSUMH\WRW MAE RU VFRUHV DW 7LPH  WKHVH VLJQLILFDC(
L OQWHUYHQWLRX JURNXNEK DRRHDQ GLIPHGM GFEH R

av S! G 6FRUHVY DW 7LPH DOVR VLJQL

EHWZHHRXS¥6IRUWK D PHDQ GLIIBEDQEH RI @V

S G SHVXOWNVSIWRPQG $1&29% DQDO\VHV ZLV
ERRWVWUDSSLGS SHMGZIHEK WHHH |RUEZKUFBQIDVOAX P MV
JURXSV ZLOO VKRZ HTXDO FKDQYHNJIHYMWLRK ML JQPRIXS L
GLIIHUHQFHV BHWXSW QREPWXAKH E X WKWRK D\DWKWE H U
DEVHQFH RI D WUXH SUNMWHWWV @RAXE GIILIA & QRAIQRFIHHF
RQ 3& VFRUH DIWHU WR§ W U/RERQHPIARU ZUWK WKH VLJC
GLIIHUHQFWW\DW 3$WHZRXOG VXJIJHVW /RUGTV 3DUDGR]|
WKHUH LV QR JXDUDQWHH HLWKHU PHWSKURHEL VRUL Q ® D O\
JURXBMQUHXNHOHQ

7KHUHIRUH \SHDUHPHIMREW QHHAYMU/H F R @G WARWW G H
RULJLQDO UDZ GDWD VHW QR WWBRRKSR U PDWFLRRUIHW FDUA
DQG 7LPH IRU &RQWURO *URXS DZLGVKQ@R] UXUHQKH.IR @ O
XQGHUWBNH®EKHKDPHOFR[RQ VDOQRK® UDP HW HLFHW H VW
FDUULWEBRPSW UHKDQUHY EHWZHHQ 7LPH DQG 7LPH IR
*URXS 7KH/ GPHZD\DWOVR RI D VPDOO VDPSOH VL]H DQC

DVVXPSWLRQV



7TDEOH
'HVFULSWLYH 6WDWUVYIWEBGHUVROFBRXG\$OO 7LPH 3RLQWYV

9DULDEOH ,QWHUYHQWQR® *URXS &RQWURO *8'RX
7 Q 7 Q 7 Q 7 Q 7 Q 7 Q

*HQHUDOLVHG $Q{LHW}
JORXULVKLQJ
3HUIHFWLRQLVWLF &R(
3HUIHFWLRQLVWLF 6W|
3HUIHFWLRQL\&RPGRNQ
&RQFMYHU OLVWDNHYV
+LJK 6WDQGDUGV IRU |
1HHG IRU $SSURYDO
2UJDQLVDWLRQ
3HUFHLYHG 3DUHQWDC
30DQIXOQHVYV
5XPLQDWLRQ
6WULRUQJFHOOHQFH




7TDEOH&RQWLQXHG

9DULDEOH ,QWHUYHQWICGRR *4JRXS &RQWUROGQRX&E
7 Q 7 Q 7 Q 7 Q 7 Q 7 Q

*HQHUDOLVHG $Q{LHW?
JORXULVKLQJ
3HUIHFWLRQLVWLF &R(
3HUIHFWLRQLVWLF 6W|
S3HUIHFWLRQL\&RPGRNQ
&RQFMYHU OLVWDNHYV
+LJK 6WDQGDUGV IRU
1HHG IRU $SSURYDO
2UJDQLVDWLRQ
3HUFHLYHG 3DUHQWDC
30DQIXOQHVYV
5XPLQDWLRQ
6WULRUQJFHOOHQFH

I1RWH 0@HGLEAQ ,OQOWHUTXDUWLOH 5DQJH



AXDQW LBMYWORMHUHQWLDO 6WDWLVWLEV

'LOFR[RQ VDDNHW HVW RZ BAHXWHBOO K\SRWKHVHV H
D ZKLFK XVHKGVOQBQWHVWYV HYHHXBHQRPLEWLQJ FDVH\
DFFXUDVQHVERGHY DQG VHOHFWLQJ ([DFW WHVW PHWK
JLYHQ WKH VP DI®O MBIMS0 H

SUHQWHUYHQW LRQWBQ@HSRVIMRQ FRPSDULVRQV IRU
LQWHUYHQWLRERIBRRXEDHNHE HV W RZ BAH X WHIRD QW FK D Q J

LQ 3& DQG 8@\ WUYWIK WILERWY HIIQAB! SRRV REDM.OM/ VX SSRUWH G

3& VLIQLILFDQWO\ GBBFUHMWVHG IURP 7DBI® WR
7TLPHOGQ +RZHYHIRWKBMWVIW QRW V X SSBSRUMW QG | LELD/QRA
GHFUQDbYV S U IURP 70DBIQ WR 70619

'LOFR[RQ VDOQNHWHVWYV ZDV DOVR DQ/MBERMB WKHRUWN |
RI WKH3HXENWDOHY IRU WKH LQWHUYHQWHR® JDRGSWEH
SRWWVRWKU RXW RI HLJKW VXEVFDOHV IRXQG VLJQLILFI
VLIERQFBRVIMLVWINHEG §KRIURYPA QDW BRQ LYQG®J IRU
([FHOOHQPHEOWHRYU DOO Rl ZKLFK VFRUHV GHFUHDVHG
LOQWHUYHQWLRQ JGIMS EVGIVWQ B QI 168 D H QHF HHV | HFFHAG VX PHYV Z |
IRU WKUHH+IBVBQ G BMBRHIRW ]S U
2UJDQLVDWLR®) ] U DED®QIXOQHVY | U
'KLOVW WKLV PD\ EH LQGLFDWLYH RI D W\SH ,, HUURU
6IRU SKRRAWSRZHU DQDO\WHY LW LV DOVRLYRYR SRVVLE
GLIIHUHQFH EHWZHHQ WLPH DQG EHFDXVH WKH :

/IHYLQH (QVRP +HFNPDQ HW DO



7DEOH
SHVXOWYV IURP LBDF@NRTHEMWWYHERPSDULQBHQWFWLIHRIM YRQ CYR®® RU\ 6 XEVFDOH 6FRUHV E

9DULDEOH OHGLDQ ,45 ] S U %DVHG RQ 3RVLWLYH &P
7LPH 7LPH
&RQFHUQ 2YHU OLVW >
+LJEWDQGDUGV IRU >
1HHG IRU $SSURYDO >
2UJDQLVDWLRQ >
3HUFHLYHG 3DUHQW >
30DQIXOQHVYV >
5XPLQDWLRQ >
BWULYLQJ IRU ([FHO >

IRWH 1

P FRQILGHQFHE&L RWHRINGIODQ GLIIHUHQHFKRDROWL8YWRBDWVYR Q



3UHQWHUYHQW LLFQWBIQ 8 HSRWMRQ FRPSDQGVRQV IRU
JORXULVKLQJ LQ LQWHWFR{QY MIDPWERBIPG QR VXSSRU
HLWHKSRWK RWLS RWKHYHBEBEY WIRIQLILEFDQW *GLITHUHQFH
VFRUHV IRU WKH LOQWHUSHQWWRQ JERWEHHQTQPH

DQG 70BIY 7KHUH X@RR JQLIGEDBOWH QR WIQVKLQJ
IRU WKH LQOWHUYHQWLRQ UURXEHWZHHQGQPH
DQG 7LBEQ

SRUMVWHUYHQWLRG FABSIROIORZQV IRU LQWHUYHQV
'LOFR[RQ VDDQHWKY®HWXSSRUW IRU B OSRWRKEW EVSRWK F
F D@®G ZIQRMLIQLILFDQW GLIIHUHQFHY EHWZHHQ VFRU
LOQWHUYHQWLRQ DXQ8G MFRPHDOORRPBRGHSHQBHQW YDUL

s U JORXULVKL GBI U 36] S U

D R85 S U

SUHQWHUYHQWLRQ FRPSDULVRQV EHWZHHQ FRQW.L
JURXBVSLWH LQLWLERRW VG S BNYGIRIUDKBEE 35S (
VFRGID OQRED UDPHW UKEWQRQWHVWY ZLWK ([DFW WHYV
ZHUH DOVR FRQGXFWHRBUWR'FBR % DIUVKS, BR@BMB%5 U H
WHVW’  RU 7LPH 6LPLOBB WH\HXDRRWAANIHY SRRKE HUW
ZDV QR VLJQLILFDRORGULBHIHQIFH IR U RU
3&8 ] S U EHWZHHQ ERWK JURXSV DW 71
WKH ,QWHUYHQWLRQ QURX\SK\LBR b4$G0 MGI@LM LFEIDV K D Q
WKH &RQWWORBQ *URSS ] S U 7KH
,QWHUYHQWLRQ *URXS DOVR KD&6UYGIQLILFDXDQ\ VKK BIK
&RQWUR®GQRXS 8 ] S U 7KHUHIRUH
+\SRWKBWIW SDUWLDOO\ VXSSRUWHG ZLWK QR VLJQLIL

7LPH )IRRIXULVKLQJ DQG 3& EXWS$LWDLQYGQRW VXSSRUWI



SUHQWHUYHQW LLRQQWB Q @ HSRVIVR Q FFRISDWR. O QR XB U
'LOFR[RQ VDDQHWBRINWPG VXSSRWWHWW WKHUH ZDV QR VI
GLIIHUHRRREHVVERYHVY S U EHWZHHQGQPH
DQG 7LPEQ IRJORXULVKLRPJ VFBUHVU EHWZHHQ
7LPHOGQ DQG 7088 IRU 3& VFRUHY U

EHWZHH@GQPH DQG 70880 DQI®U 36 VFRUHV

S U EHWZHHQGQPH DQG 706N

4XDOLWDW kY KHRDAMXIORVY¥Q D O\V LV

7R DQVZHU WKH UHAREZDG R KV WXHOHQLYRD HIBWRIUH Q F H
LQWHUYHQWLRQ "IR WEBHUWNMOWRG LMPWZR GLVWLQFW W
WKHPHYV 7KHVH EURDGHU WKHPHY DUH GHVRUHEHG DV
$SSH@GRU H[DP SWKHN\E®BR FHV V

8VHIXOQHVURNKWMPBHDUWLFLSDQWY DV UHTXHVWHG
WRZDWESHFWY Rl WKH LOWHUYHQWLRQ RU WKH LQWHU"
DLP WR HYLGHQFH RU FRPPHQW XSRQ WKH XVHIXOQH
WKHPH 7KUHHMBERHVHBHUELGHQWLILHG WR EHWWHU
ZWKLQ WKLY RYHUDUFKLQJ WKHPH 3UDJPDWLF %HQHI
RI WKH LQWHUYHQWLRQ RU DVSHFWV ZLWKLQ LW :DQ!
QHHG IRU WKH LOQWHUYHQWLRQ WRPEHRRIHPHQ WD QA® 3H
VHEHKDY URXOHFWVED@GRIHSBHBIH HIITHFWLYHQHVV

3UDJPDWLF3IBUWHFILWDQWY ZHUH DEOH WR LGHQWL
WKH LOWHUYHQWLRQ RU SDUWLFXODU DVSHFWV KLJK
LQWHUYHQWLRQ ZRXGB@RDXBLUAU DNV DELOLW\ WR LOC
SDUWLFDSS@WMY [URP SDUWLFLSDQWYV LQFOXGH

3, KDYH EHHQ DEOH WR RYHUFRPH VRPH RI WKH SU

WKH WHFKQLTXHYV |U#PR B/IKIH HWW & D Y QAWLHRGY DIGHGEV V



VR , WHOO P\VHOI WKDW , ZLOO MXVW GR VRPHWKIL

DQG XVXDOO\ WKLV LV HQRXJRDWR JHWHPH \Z RN Q

8S@

3,W V EHHQ UHDOO\ KHOSIXO LQ)APDIG}D O \HDOW B R

) R CZOBFS @

7KEBUDFWLFDO DSSOLFDWLRQV WIKWHL R SVS-DUNYHHEWW L F
EHQHILWLQJ WKHLU SURGXFWS K VWW DY)HR YVID KOBK\HV® KVHHUUHY §
3DUWLFLSDQWY LGHQWLILHG XVHIXO FKDQJHV RAXHK DV
SURJUHVV RQ ZRUN WKDQ SUHYLRXVO\ $ IHZ SDUWLFL
DQEWQHILW LQDZDMHQIHYNOZKLOVW RWKHUV KLJKOLJI
ZHUH QRW FOHDU LQ GHOLYHU\ 6RPH SKRWHERIMNOWV
WDVNV DQG EPQSRWWP@®OAO DV RSSRYIEG GUR3BWCKHU LF
SDUWLFXODUO\ XVHIXO

'DQWLQJ LW \BRUBWFAIBBD®WY SURYLGHG FRQVWUXF
LPSURYLQJ WK HL @ H$IRWHI® MRFRRHL. @ B/QQJ RQ DVSHFWV \
XVHIXRHVH LQFOXGHG VXBIHU® DRSRWQ RH [ KRR PR DR SHF
LQFOXGH ZKHUH DVSHFWV ZHUH PLVVLQJ VXFK DV

3, WKLQN WKDW WKLV LQWHUYHQWLRQ ZRXOG EH K

ZLWK DWHWRP FRXUVH Rl WDONLQJ WKHUDS\ ZRXOG

XQGHUVWDQG WKHLU EHKDYLRXU PRUH>DQRDIOHO S

\HDUV ROBWBBYWQWLRQ @

3:KLOH , KDWH WDONLQJ LQ JURXSV DQG XQGHUVV

FRQWXWH YHUEDOO\ , IHHO LW ZRXOG KDYH EHHQ

OD\EH KDYLQJ WKH RSWLRQ RI DQRQ\PRXV FRPPHQ

XVHIXQHPDOH \H D IQWRHQEF HRRWIVR Q @



'"HVSLWH RQO\ E WIKGHHIG/ENDHFN IRQYWRM LR® VRPH
SDUWLBISSHEWHRGL Q HG GMR HIOKRM K BW H U Y H QWKLHR QK DGV DV |
NHIB®IVLUH IRU WKH LQOWHUYHQWLRQ WR EHDWXORFRHV VI X
IRXQG LQ VRPH RI WKH |HHGREDWFK HROWMREL WIKHK WKKJ MH
ZRUOG ZDV LQ WKH PLSDNQGRIPWKHSORWIFLSDQWY H[SU
WKHLU UHVSRQVHV PD\ EH XQUHDOLVWLF RU LQDFFXUI
SDQGHPLF

SBWUHVYV DERXW WHKAHX R2OLRQ D QWD OU\RI[D B LGH DVBR L

EH UHIOHFWHG LQ P\ UHVSRQVHV WR LWHPV UHJDL

GRHVQ W LPSHGH RQ WKH HIITHRPWHFBIQH VYV RH DWKHR

) R O ORZ@

%\ FRQWH[WXDOLVLQ@J W K FLSDQNNWSIREE HBW SXYGIPR NV
LOQWHUYHQWLR QSR QGYBEEMLEMBDIMRYYW W K H REZHHWHIBIU FK H U
LWOMR/HQVH RI H{IWHUQDOLVLQJ UHVSRQVLELOLW\ WR
RSSRVHG WR ZLWKLQ WKH VHOI W&HPEYDHNY RRDW® UIDME

3HUVRQDOGBRPRIZSMKUWLFLS ZQWVLIQGHKQLEKI MHKGH\ KD G
LPSDFWHG E\ WKH LQWHUYHQWLRQ WKDW GLG QRW QH
SUDJPDWLF XVH GE W Q/H L WOR M FXRH X O G HAMHIGVMRR WKHP
LOWHUYHQWLRQ :KLOVW WKH LPSDFW PD\LQHRWLOHERW
QRW LQGLFDWH DQ LPPHGLDWH WH[ OURIZW IE ZQMI RW L G
RU HPRWLRDRDBIO YPOXMRYHPHQW LQ VOEHHBHIODYLRXU Ul
NQRZOHGJH SHUVRQD® HOIGFWWY B QY HBGVKH U H

3, KDYH DOVR VWDUWHG EHFRPLQJ PREKVALRAISPOY VI

ZKDW , GLG ULJKW OHDUQW IURP DQ H[SHULHQFH 1

KDYH DOVR SXVKHG P\VHOI WR EH KRQHVW WUXH V



TXLHW SDVVLYWHKWRSIHWFHGWLR/EY RI ZKDW RWKHU
WR EHOHWBOH \H D LQMWRHQE HRRWIVR Q @
$OWKRXJK WKLV ZRXOG VWLOO IDOO XQGHU WKH X
PLQGVSMURRODDZONK PD\ QRW QHFHYV VDU DORKDHDE WR D
SURGXFWLWLIMADGHPLF RU RWKHUZLVH +RZHYHU VHYF
PHDQLQJIXO SHUVRQDO FKDQJHV EURXJKW DERXW WK
PRUH FRPSDVVLRQDWH ZLWK RQHVHOI
&RQQHFWLRTKAKHPHRQG WKHWHK KPNVWARVKKE LW |
RYHUDUFKLQJ WKHPH RI FRQQHFWLRQ RW KHHRRHYHB WH. R ¢
,QWURVSHFWLYH OHDQLQJ &RQQHBMLYOHQ@HWWK VB KB SR
6KDULQJ 6XSSRUW IURP WKH FRQQHFWLRQ ZLWK RWKE
 QWURVSHBQIS®RPBOUWLFLSDQWY VSRNH DERXW D .
RI WKHPVHOYHV LQ D YHU\ SHUDAR@B SRYMEG WHR GEH.EMEY!
UHIHUHQFLQJ WKH XVH RU YDOXH RI WREH LLEWHIGY HQW |
PHDQLQJ EHKLQG\WIXW DY VDR X EKV S D UMDLVEH 8 ¥ @ O W DR
UHTXHVW IRU IHHGEDFN DV DQ RSSRUWXQLW\ WR UHIO
DV LOOXVWUDWHG KHUH
3, HQOMR\HG WKH ZRUNVKRS DQG IRXQG LW EHQHILF
PH WR KRQWKIH>2RBROH \HDUBSR@ G )ROORZ
3/HDUQLQJ PRUH DERXW WKH PHFKDQLFV RI SHUII
WR UHIOHFW XSRQ WKH UHDVRQV , ZDQW WR PDLQ
KHOSHG PH WR JDLDZDRM PRWY H, \KHE®IS R@F\ WRZDU
SXZHDQG WKLV ZRUNVKRS KDV KHOSHG PH WR PD\
REVHYV VL)RI®W O H \ H D LQMRIQT HRRWLVR Q @
7KLV GHPRQVWUDWHY D FOHDUHU XQGHUVWDQGLQ

IROORZLQJ WKH LQWHUNHQWLRQZU |\ IDAINVWKH *IHHGED



DQ RSSRUWXQLW\ IRU SHUVRQDO UHIOHFWLRQ DURVH
UHVHDUFKHU ZLWK KHOSIXO HYDOXDWLRQFNREMW WDNF
EDODRGBBUVWDQGQYHWRI WKHPVH

6XSSRUWHG3BKMMLEQSDQWY DSSHDUHG WR JOHDQ
JUDWLWXGH IRU RWKHUV DV SDUW RI WKH LOQWHUYHQW
WKDQNLQJ WKH UHVHDUFKHU IRU WKH RSSRUW®Q@LQV\ V
DSSUHFLDWLRQ IRU WKH VXSSRUWLYH POXQRXHDWLQ ZKL]

3, IHOW YHU\ VXSSRUWHG WKURXJK WKH SURFHVYV

WKH UHDVVXUDQFHYV , DP DWW H G\ MIRJ VLR € GV |

,QWHUYHQWLRQ@

7KH YDOXH RI KDYLQJ RWKHUV SUHVHQW DW WKH L
ZDV FDSWXUHG LQ PXFK Rl WKH IHHGEDPNGMRPUHM LRH \
PRUH LQWH U DW KWH. IR O5QH L 8 MWL H ¥ R\ZXLY b RIX KPRSHHRD L W
LQWHUDEMR@® EHUWLFLSDQWY ZDV OLPLWHG PHUHO\
DQG WKH UHFRJQLWLRQ WKDW SHUZDAWERQHVIFFZD® DQ
ZD\ 7KNMVLDOXVWUDWHG KHUH

3§V D JURXS ZRUNVKRS LW PDGH PH QHMD © LARWN K C

DORQH DQG WKH SUREOHP FDQ)HE® VR Y H GHDLWWK R

) R O ORZ@

3, DSSUHFLDWHG WKH UHFRJQLWLRQ RIDMKDPH DV |

VRPHWKLQJ , KDYH IHOW RIWHQ EXW LW LV UHDVV.

QRUPBYHPDOH \HDUXSR@G )ROORZ

'HVSLWH WKH SHUVRQDO MRXUQH\ DOO SDUWLFLSI

WKHUH LV DQ LQWULQVLF YDOXH RI ZDONLQJ WKURXJK



'LVFXVVLRQ

7KLV VWXG\ GO\ H 9 I6UDE WERW CQWHUYHQWLRQ WKDYV
DQG DQ[LHW\ LQ VWXGHQWY WKURXJK XWLOLVLQJ &%7
WKURXJK XVH RI 33,V 7R HQVXUH FRQILGHQFH LQ WKH
DOVR LQWMQDEEHWRLPHQWDO GHVDLY \E\PRWQLWY U FDO ZDULRA
FRPSDUH VFRUHV Rl WKH GLIIHUHQW PHDVXUHV DJDLQ
VWXG\ DHYD® Y\DRVH SDUWLFLSDQWVY VXEMHFWLYH H[S
D ULFKHU XIQBHWYXWWQD\ RIITHU UHVHDUFKHUV DQG WK
WUHDWPHQW RI SHUIHBOWRBW XDD WE W BEHQWR/ GLIITLF)>
DQG WRPNWUDLQWY GLFWDWHG E\ WKH DFDGHPLF FDO
HQRXJK SDUWLFLSDQWYV IRU ERWHKVFQR Q W R O YJHUQRW BR @
FRQWURO JURXS ZDV XVHG IRU FRPSDULVRQ LQ WKH V!
VDPSOHV IRU FRPSDULVRPD ZEBHWWPDO QA BOGO®RQ Y H Q
DQDO\WHV WR GUDZ FRQFOXVLRQV IURP +RZHYHU ZLW
DFFHSW RU UHMHFW K\SRWKHVHV DV IROORZV
AXDQWLWDWLYH )LQGLQJV

+\SRWKHVLVY D ZDV VXSSRUWHG DV UHVXOWYV IRX
VLIQLILFDQW OR B HRUHDWY HIEQN Q RVG! WHRRIRINWB®R W K HV L V
E ZDV QRW VXSSRUWHG DV VFRUHV IRW B& OO fE WV W Kt
LQWHUYHQWLRQ ZDV VEDR/ WG PALYCHIUF RFARL @K BH&PHEWLR Q
6KDIUDQ HW DODGH 6KDIQDQ $QWRG\GHFUHDVHG D :
SHUIHFWLRQLVP  FRQFHSWXDOLVDWLRQ DV D ZKROH +
IRU WKH SHUIHFWLRQLVP VXEYAWOB® -+ LDIGH RSD/@
LQWHUYHQWLRQHFW JRHIVWKW KHWHUYHQWLRQ LV D OLW
IRXU VXERBR®EEGYVLIQLILFD QAR QF BWU MGG |RU

$SSURYDBRPLQEROWLRQ EXW WKHUH ZDV 3pIRR VHUQHG.FDQYV



3DUHQUWIVM XUH WREHFHDQ DQG P H3E U @ BYBHREQ MAD CR U
S3UHVVRUHLPH DQG 7LPH ZHUH ERWK YHU\ ORZ ZLW}
FRPSDULVRQ WR/RKMHRWEKKILW VWREXOG VXJJHVW DQ DQR
VWXGHQWY UHVSRQG RDR KV KLIVHS SRUMEW 88D YV \NEXOBVL Q G L
VWXGHQWY LQ WKLY SDUWLFXODU VDPSOH KDYH YDULL
FDUHJLYHUYV

JRU WEB/KEVFDOHY RQO\ RQH 6WULYLQJ IRU ([FHO«
VLIQLILFDQWO\ G HW K b+ B&IEQ GVKUBARKHRWNLD QLVDWLRQ D
30DQIX®QBVYR VLIQLILFDQWSRMW UE OFIKLGARE BRIGK D G
KRSHG WKHVH IDFHWV RI SHURBPWRZRQIWPKHRMME RQ F U
VRPHZKXKDW WLYWLWHE BGOSR LQH ZD\Q GHYWHHFHWRIGW KH IR X |
VXEVFORHVH UHVXOWYV DSSHDU FRQVLVWHQW ZYW®& SU
1RRUW &KHH .DQHDRWVDO5LPHYV WKDW KDYH LQFC
IURP VXEVFEDOHV )RIRWHW DIBRU ERWK &RQFHUQ RYHU 0
3HUVRQDO ¥WDQ\D UBRYDFBMIBSIHFWLYHDYQ (RRQW &KH
.DQH HW DO IPWIRDFH YHUVXV SXHO B @OLQHQWHIUYHQW L
SHUIHFWLRQLVP IRXQG VLJQLILFDQW GHFOLQHV LQ ER
PLOQGIXDRWNG &%7 LQWHUYHQWLRQ DOVR IRXQG VLJQL
D XVHPSDBRVRQ DV LW DSSHDUVIWRWRU R@W R U WHK®OIW L|
SHUIHFWLRQLVP DYDLODEOH

+\SRWKHEDMHMHFWHG DV WKH LOQWHUYHQWLRQ GLG
VLIQLILFDQW HIIHFW RQ SDUWLFLSDQWVY DQHUHYYHMW
DFURVV WKH FRXUVH Rl WKH LQWHUYHQWLRQ GXH WR
GHDGOLQHV LQ 'HFHPEHU DW WLPH RI GHOLYHU\ WKHL
GXH WR WKH LQWHUYHQWLRQ FRXOG EH FDRFW®BHG R

LOWHUYHQWLRQ GHOLYHU\ +RZHYHU WKH VDPH ORJLF



WKH FRQWURO JURXS GXULQJ WKLV WLPH SHULRG EXV
DQ[LHW\ VFRUHV IRU WERQERQMW URDQW R KIB\Q FRKY QL U O
ZLWK SUHYLRXV LQWHUYHQWLRQV IRU SHUIHFWLRQLVF
VLIJQLILFDQW FKDQJHV LQ OHYHOV RI DQ[LHW\ 5LOH\
ZKHQ WKHUH ZHUH UHGXFW L RQ Y BEW I9DH0U KHLR\WX DR QK WP Q§
WKH SHUQLFLRXV QDWXZHWRW SHW IHEWLRQLVP

+RZHYHU SHWBFWUBRRDFAUBHPHDQLQJIXO YDULDE
DV RSSRVHGDWRLWQUVHAM\GHO\ FRQVLGHUHG WR EH DQ
PDLQWHGWREUHWRDWRRQWG VESMWMYFKRSDWKRORJLHV RU
DV DQ[LHWNW+BDLWMWMHRUHWLFDO PRGHOV KDYH GHPRQV
SHUIHFWLRQLVP FRXOG FRQIHU ULVN WR PHQWDO LOO
GLDWYKWUYUHWWIRGN DO LGHQWLILHG WKDW SHUIHFWLR
DQG LV D WUDQVGLDJQRVWLF ULVN WKXV WDUJHWLQJ
WR EHWWHU RXWFRPHV IRU WUHDWPHQWY DFURVV GL\
ZRXOGGDEGBGUHVVHG 1HYHUWKHOHVV LW ZDV VWLOO KR
LPSDFWHG IROORZLQJ WKH SHUIHFWLRQLVP LQWHUYHC
HYLGHQFH RI WKH HIITHFWLYHQHVV RI WKLV LQWHUYHQ
IDFLOQFUHDVLQJ GHPDQGV IRU WKHLU PHQWDO KHDOW
%HZLEN %$&3 %URWDD ,QVWHDG DV +HZLWW HW
IXUWKHU ZRUN LV VWLOO QHHGHG WR EHWWHU XQGHU
SHULREW YV WV

+\SRWKHVLVOVR UHMHFWHG ZLWK QR VLJQLILFDQV
IORXULMKL@ FRQVLGHUL Q5 WKHH@NBQ IY ILFRHIBAD MEKPHY LV
VLIQLILFDQWO\ UHODWHG WR IORXULVKLQUHDRUSHU &K
XQVXEFHVVIXO LQ HQKDQFLQJVW K V. MOXGESBQXIRRERIQ V W

IORXULMHWHIRKBY WRIW VXSSRUWHG WKIHFWRWLRQDOH



LQWHUYHQWLRQ .H\HV LQ GHFUHDVLQJ QHJDWLY
LQHDVLQJ UHW ROOVF BQ W L3R, SDXVAHKGTWRKMBIIN VLR Q ZRXOG
SURPRWH HPRWLRQDO UHJXODWLRQ *LOEHUW 3URFW
DV D YLDEOH UHVRXUFH IRU IORXULVKLQJ )HMUEVRQ H
KHOSIXO LQ WKH ULVN |UEP ISHU |8 R W IMRR) MvKPH RRD R 19 ®I O
FULWLFLVP WKH DRPBDWKHRQV M{BHMHMIQFHG E\ SHUIHFE
SV\FKRORJLFDO GLVWFHY W IGRCH WARK R X B KRMWW BIIBO & UAW U
3&7 )OHWW HW DO WKH DQWLFLSDWLRQ RI VWU
OLNHOLKRRG RI FULWAWLHY V PP REALHDAV KHHZLLW W )OHW W
GLVFRQQHFWLRQ HLWKHU VXEMHFWLY HHORVRILRRE MW FW L
SUHRFFXSDWLRQ LQ HYDOXDWLQJ WKHPVHOYHV DJDLQ

,WWRXOG EH D PRUH HTXDO EDODQFH LQ WKH IDFWR
VHHWDHRDWAUHDVH LQ UHVRXUFHVY YHUVXV DVGBH® [LHHDWF
ZKHMW KLY LQWHUYHQWLRQ IRFXVHG K HIBYYION HRQ OMR/N
DWWHQWLRQ E\ FRPSDULVRQ ,W FRXOG DOVR EH WKD\
ZRUN RI WKHUDS\" *BHHQMSR®\ WDNH 8 MW R @IHU V
VLIQLILFDQW FKDQJH LQ IORXULVKLQJ WKDW KDV EHH(

+\SRWKHVHV D E VXSB®RGWEHGEHUG WKDW WKHUH
FKDQJH DEFURVV DOO PHDVXUHV 36 3& DLQQUMWHNQ VDICRR |
VFRUHV D Q 8 RMDKHK WRD BRRRZQ VL GWH QU HW K BWWLRQ KDG |
LPSDFW RQ SDUWLFLSDQWVY EMLGIV\WKQLE SMIEK RV RAL
EHQHILFLDO +RZHYHU LW GRHV VXSSRUWWTEKRBJIHIILFD
SDUWLFLSDQW\VIJVOIHY WAV JIRIVIEY WKH GHFUHDVH LQ 3&
PDLQWDLQHG

JLQDOWBRWKHVLY D DQ @ HU S RWIHVRWHE R/ K HIILF

WKH LQW HHRHOWILRQGHQWLINLQJ VXD & DEXDHD LMH Y WHRQ W



EHFDPH FKDOOHQJLQJ GXH V&R$LYWXFAHRW B LIVXKDW KWH & DV
$1&29% ZDV LQLWLDOO\ FRQVLGHUHG EXW WKHUH ZDV
XQELDVHG[IIRUNEQH JURXS S DS\D RHWHKI IHD RMHGW B @B UR X G
VXSSRYVERRKE WY WKDW WKHUH ZDV QR VLJQLILFDQW
FRQWURO JU R XLSQ BWHA ' HH DQVLERMA HDUQY GKBWRVRRP SDUHG Z LW
VLIQLILFDQW FKD QUM HRUQ3GHLQY & @D BDRSSRIWVYV WKt
LQWHUQDO YID@DWBUWKN@®WIWKM DV HIILFDFLRXV LQ DGGU
VWXGHQWYV +RZHYHU LW LV DOVR QHFHVVDU\ WR FRP
LQWHUYHQWLRQ EHWZHHQ JURXS\D QIQ G L2 KH.OW QF W K QU
IORXULVKLQJ RU 3& WKH LOWHUYHQWLRQ JURXS VFRU
368V VX#HBRRWKHVLVY D ZDV/RRWEDODSFHWAHRKXOG EH G X|
EXW FRXOG DOVR BB QERP WRH@ RIDQRROSYLRRU H[DPSO
GLIIHUHQFH FRXOG EH LQG 3B\ QGHE QF/IMAKH VB IOk W Q LIS
JURXMSKHLU DELOX S RB®W \RWHMH UV LQ FRPSDULVRQ WR
VFRUH KLJK LQ 3& 'XQWMPR H\GHEWKBWMU SHUIHFWLRQLVP D
DQILHW\
AXDOLWDWLYH )LQGLQJV

7KA$SLGHQWLILHG QRW MXVW KRZ WKH LQWHUYHQW
EXW DOVR KLIJKOLJKWV D WKHPH Rl FRQQHFWLYLW\ EH
KDV KHODIOKRMWHUY HQW LRIR YR H KD DWWR.SDQW V
H[SHULHQFHV Rl WKH LOQWHUYHQWLRQ DQG WKDW RI St
SDUWLFLSDQWVY IHHGEDFN ZDV SULPDULO\ SRVLWLYH
LGHQWLI\LQJ ZD\V LQ ZKLFK LW ZDV XVHLRO E\ HYLGH(
VXJIJHVWLRQV WR IXUWKHU LPSURYH WKH LQWHUYHQW
VXSSOHPHQWHG ZLWK FRQVWUXFWLYH VXJIJHVWLRQV

SRVLWLYH HYDOXDWLRQ ZKHUH SDUWLFLSDQWYV KDYH



I SHUIHFWLRQLVWLF WKRXJKWYV EHKPDRUBXBRKBEQGHR U
TXDQWLWDWLYH ILQGLQJV RI VLIQLILFDQW GHFUHDVH)
WKH LQWHUYHQW L B® UVIRXIS S-RR/ZWHOHRIDLI HHIBVE IBIKND Q J H V
IRU IORXULVKLQJ DQG DXQILHWN FRRQHW\VZRROBKH FRQV
DVVRFLDWLRQV RHSHDFRBWYRQLVP

7KH WKHPH RI XVHIXOQHMW HRXWIGHEHX HMSMIERVH S R V
SDUWLFLDEGHID WDWKH\ |ROXRG KAIMBIREOH RU QRW Ul
LQWHUYHQW LA Q+ REHOHWYHO\ LQWHUSUHWLQJ WKH W
RQ 3SUDJPDWLF EHQHILW  DQG 3ZDQWW®H AR H D QRMKHU
QR W H GD WRIRUWHRYID WX H RIVWBHIHY | HF W REQVSWRBR®RFWLY LW
D Q\GX F FINWRQW LRIRQWK R 6WDOOXMHQ HWKROVW WKH ILQG
E\ 6WXUPDQ HW DO VHDRURWKX DM G R QWKIHOXKIQW R
SHUIHFWLRQLVWY RU RW WK IRW DAMREFHYE WM H FPHRFRXRGXIE
EURDGHU VFKHP D WHIDWYBDRSXKDFRVYHVIHQHUDOO\ VXFK
LOQWHUYHQWLRQ

Q PDQ\ UHVSRQVHV WXHHGN KB L. Q WHWERWEHD RIY R X O
EULQJLQJ DERXW HPISIGWERWERKPRIUGEHUIHFWLRQLVWY
ZKDW FDQ EH VR SUREOHPDWDRB GRWKWMKHPRWR KRIZHD L\HX
LQWHUYHQWLRQ FRXOG EH VR YD GRPEHOWHNRHD W KKV Y (
SHUIHFWLRRMRBPLIRXKVO\ VORZ WULFN\ ZR UNHIZQ WWK HHU\D
DO EHFDXWHGHMHSO\ HOQOWUHQFKHG DQG WHKHIRXRUH (
UHIOH[LYH DQDO\WKHR UWKHDWRKRH KDV UHIOHFWHG X
H[SHUZH@/KHS H U I HF W MRRIIHWWKYN M X & YREWR WHKBIWF K HU V D Q
SUDFWLWKIR MUY H WRDWFIBWWYRQLVWY LGHQWLI\ 3WKH
SHUIHFWLRQLVP LQ WKHLU OLIH S U)PSHONDL ¥MHDRO

GHVWU MRDODVWREY HW PAOHWWGHVLUHDIR® WKBUHHOLQJ RI



GHVSHWRMMHABWK WKHLU RZQ+8HAUWWF\MWR R BVOP
+HZLWW HW DJIUSWHW | HF W 5 R Q WM RDHKO L © WBK: UH O X FW D
WRIFVMN DQG DFFHSW VXSSRUW IRU \BRIGLDKSHU L QRMHLIRIQL
GLDWYXWUHWY PRGHO WKLV ZRXOG PRGHUDWH WKH H[LC
GLVWUHVV+HRZNWHHW @RWH VRPH SHUIHFWZIRAQVWYV Z]
FRPSHWRHEBRQFHUQHG RWKHUV ZKHQ SUHYLRXV WUHD
ZKHQ RYHUZKHOPLQJ GLVWUHVV LV FRPSRXQGHG E\ Wi
VXSSRUW IURP RWKHUV 7KLV FRXOG S ®\@HMER®IDD\ H|
LQ WKH LQWHUYHQWLRQ JURXS FRPSKUBKSEEZ@WKHNVKH
DEOH WR VHHN VXSS RWWLN RO VRMIKHHK HADK W K DIWIH KILYIHKC
OHYHOV RARPGRK®EHLU D F R E R IOHREEEM &YX JIJHVWLQJ D
SRVVQEPHNEDWILRIO \ L Q IWIGHZH MBIOIQG HG 6'0

$QRWKHU WHQW D W WS IUQWY. FAUS\DIEDMD IR URVG KRl LQ W I
VX FFIH\H 6 [ W H WQHD/G IRQROPELRIQ W H U WHRQRIDRVH RU EULQJ D
FKDQJH SIRW HRG MBOQ HV SRQWRBINGILIKDQJHV LQ EHKDYLR
WKRXJKWVY DV RWKHUZLVH UHIOHRWKHEW @ KARKGHD &S HUW\XF
QR WKHHAJUHH V SR QVLVE QBMWWDNHQ WR PHDQ *DFFHSWLQJ L
SUREOWRNKVIWWRE®BOH DV D FREKQF K WQULIDWMBIHW DO
IRXQGVWRDIBQ[LHW\ LQ 3&QSHVUHBIFNG RRMLERQVWEHUHG Z|
WKH FR@WHFW &I 'HFL DV KDYLQJ WKH FRPSHWHQFH D¢
QHFHVVDU\LRU RGHXOREZQ EHKDRIZRMEPKRQH KDV
GLPLQLVKHG DXWRQRP\ RU LHHO DDA P BH OHHQVD W/\R [
PRUH H[WHUQDO SHUFHLYHG ORFXV RI FDXVDOLW)\ DQGC
+HZLWW HW ®IO/G XMVF X O W LHN JXIOMEMKRI@! WKH G\QDPLF
WKHUDISHUH DXSBMQWBWOHFWXDOLVLQE@HDMWBHSV\FKRG

PHFKDQLVP WR ZDUG RIl WKH SDLQIXO DIIHFW IURP LP/!



SDUWLFL SIDRWHAWHQGW RD\ EH H[SUHVVLQJ D GBHWLUH IRL
UHVSRQWR E/XRFHHG EHFDXVH LW LV WRR SDLQIXO RU
RZQ SHPRWBGRI@ H[SHULHQHZILBVOWSHM BHY V- WKDW LV QH!
IRUURZWEY @B UWLPDS EPRVEWRGHIHQFH PHFKDQLVPV RI
L QW H O O H FMRXIHIOV KA DWW/ E@ KBS0 D DHFGH RW D YRRILG D Q FH
UHVSRQVLELOGWH WR FKBQUMNR@ORP SHWHQFH RU GLPLQ
DXW R QEKD\W W KO G H UPRWILIWQ RIQFU R UXWOHMW LR Q7RBG JURZV
GLDWKWUYUHWY PRGHO VXJIJHVWYV SHUIHFWLRQLVWYV PD\
ZKHQ UHVSRQGLQJ WR VWUHVVIXO FLUFXPVWDQFHV Wi

JOHWW O LQ WKLV FRVHDWKHVXIHHOLQJ Rl LQFRPS
IDLOXUH ZKLFK LQGLFDWH LPSHUIHFWIRQ®JXQDEBRHSW
H[SHULHQWLDO DYRLGDQW FRSLQJ FDQ PHGLDWH WKH
*DUGQHU DQ & PWHGHIGD QG \B R DW KN VWRKR @ H O
DYRLGDQFH GDQWAHD/& WR

,Q VXPPDUWLFLS D QWM MHUWHTRD WXAREBHUHKG! & IR K\ G R A
RQOL@HKHBU VXFFHVWRORFEBWMHR QWDWLYKRZ WKHWHVW
PDFRXQW H U SUH &/ XRAQNGHS\R Q MALE IFXIBWWHR WKH LQWHUY
DV RSSRVHG WRVWHKHKY FCKHH VD Y R L G HWKHHUR SHYEWUDN BIQ L W
ZLWKHWRWLRQV QHFHVVDU\ IRQGYVXE FGHRIVQA O/ RKBRQVHXU
HIDEMWH GLVWUHVV 7KL VGKLMHERI K MVLRERKBHHIGE HV R C
DXWR®®RPWKH\ PD\ HQJDJH ZLWK WKHLU BHQ\HPRMLR Q\
JURZWEKPBQGWHEBE LGKLY WEOIDRYV DX I M MWV W K\HWFKHDQUIDAERAY
LQWWWLRQ ZDV QR\WURP RWHBIW EDH\LDQG SV\FKRORJLF
6'7 /LQOH\ HW BBUWD@®MHUNRP DV RULJLQDOO\ LQWH
+RZHYHU WKH 3SHUWRKQHRH JURZOMXK V X XEHKHW HR &/ B WZ E\

HISUHMWH® VH RI LPSURYHPHQW LQ WKH VHOI RU WKH



NQRZOHGJH RU HIIHEFWLYHQHVY LQ D PDQQHU WKDW LV
WR 5\I1 DQG .H\HV{V GHILQLWLRQ RI 3SHUVRQDO J
SWKRORJLEBIQ@EHOODQG 'HFL DOVR LGHQWLI\ DV
IXOILOPHQW Rl FRPSHWHQFH DXWRQRP\ DQG UHODWH:
JURZWK DEHL@HOTKHUHIRUH ZKHUH SDUWLFLSDQWYV KI
SSHUVR@Z® K DV D UHVXOW Rl WKH LQWHUYHQWLRQ V
ZDV EHQHILFLDO LEHIRBIURYLQJ ZHOO

7KH WKHPH Rl FRQQHFWHGQHVYV ZDV H[SUHVVHG L«
WKDW KDY LE)DVB G URVBD V YR QENHLGRHY MWW PW, BXIVQREHY G D W K H P
WBRW IHHO 3DORQH’ LQ WKHLU SHU | NVRHLIRFH. \DR/ \DROFAL IV
ZLWK SHUIHKWYRP@SWHPR PBONVLRQ ZOW HELHHQ WHIRDD L
KHO SSIDQUW L FL'S DWKWH Ul FPRUIIILIVG  FRPPIR Q9 RQMDIQ @/ \
WR IHHO OHVV LVRODWH® GRLWEKWIRU BWURBFWHRS LS/HPU |
OHVV UHOXFWDQW WRZBEFHKWKWHRE'0DIOL VKGSRUNW LV SI
IRU SHUIHFRHEW DOWH E6WEKHYE® \ZHW @DOJWLFLSDQWYV |
DOVR DEOH WR PDNH FRQQHFWLRQV EHWZHHQ WKHLU |
DQG WKHLUSRZ@RM@MWUDE D WHDUHR/ N \ KRR ®KFDW LR QDO
RI WKHEWRO LQWHUYHQWLRQ 6RPH SHHSHREL §BQ WM FI
ZLWK WKHXFEI®IRWLYDWLRQ FRP §HB VRADRIQIDMWEH QGHG Z L\
VHPRPSDVVLR@BH,SDUWLFLSDQWY H[SUHVVHG RU LPS(
VXSSRUWLYHZXRWK WKH LQWHUYHQWLRQ ZDV IDFLOLW
SUHVVXUH LPSREH® KISRDFWEHWDWRU “HKIMMW HQ DOH

ZKRLHZ WKDW SHUIHFWLRQLVWY QHHG WR H[SHUL!
MXGJHPHQW IURWP \8RHWLKEKODIIOA JLYHQ WKH SURSHQ\
HYDOXDWLRQBDURRR\VERBWW DOVR VXJIJHVWHG LPSUR

PRIRESRUWXQQWHHN\S HRWRQDO FRQQH¥WHIR Q \Z MM B DAUKH



RQWRQH WDON LDDLMKHLADSWMQ UHOXFWDQFH WR DFFHV)
RWKHRZHY B SRDUWLFLSDQW VXJJHVWHG WRHHBEWLE L
DQRQ\PRXV IHHGEDFN RI SURJUHVV GXULQJ WKH LQWH
WKURXJK DGPLQLYVWHBQQR QDK H@WMUWGMR LGHQWLIL!
SRIHQWEI® HW W& G\ X WHRQ VLHGVEONMEBB HUIHEFWLRQLVP
LQWHUYHQW L R QWU Y¥KR DK L Q BVUH U Y HDOWE HR @Y L DL BWK R \
DGGLWAIRRQ®RNVXPPDWHFMLRQLYVW VWXGHQWY GR QRW D
VRFLDO VXSSRUW DV SHH[B/XHFE VOO \ UEFBQHHNI VW B HW K H
FRQQHFWLQJ ZLWK ROVEHWK MWXHUWRKISUDSLVW RRWK D)
WKURXJK WK R QEBREQAYQ RG RIHKHWDGSD O
7KHUHXDUWWKIRUODULWLHY EDHAE HHHQY X\OW VT X D OWW G \
VWXGREHQWDO HW PISWDH WLFLSDQURZ MEBHDMWRHIQ®Y E U
DERXW D FKDQJH LQ SHUVSHFWLYH E\ LQFUHDVLQJ XQ
DQG KRZ LW L\3PDW QRMLISIDEHGW SONIR LLFGWEOWKQUHE HV R L
WKH\ IRXQG XVHIXO KRZHYHU H@W W KHIGS 3, WW LLFX QVIKUL
XVH)XQDOO\ SDUWLFLSDIQWY DEOEHRWK VGG HN WKH ¢
FRQVHTXHQNHWRIQJ WKHLU FRQFHSWXDOLVDWLRQ RI !
FROFBERRMWKHUVY SHUFHSWLRQ VV HDERG SHBHREKLQJ JU
ERWK &%7 DQG 33,V DSSHDU EHQHILFLDO IRU SHUIHFW
SHUIHFWLRQLVP DQG W K HDRADHIGINQHHW VO HPIRGLLOLFW R VRHD F
WKLQNLQJ VWV\OHV DQG LQVW H D/GF KR/ S${DRM D/ [pSIUH GIHK
PD\ EHQHILW SHUIHFWLR EHWWHE\N XGGSUY W IWEGE D YR D
PDODGXSYWERIHQLWLYH SIHRWVFHRSIUDIQBY SHU WKH 3&7 )
SHUIHFWLRQLVWY PD\ HUMR QHRRR D \UKPQ QB YW RWK
LQ SURWHFWLQZKH® LQVN AMDBIPMBDSWLYH FRSLQJ PHFI

H[DFHUEDMWHBHVND U F RHUIRVWUWDRIMHH/ VHG WRH RRGS RIVMWDIQ F



DQG UH I8P LHFWLRIMLWWRFIOX QLAVWLFRISHUVHYHUDWLR
DJDLQVW ULVNV WR PHQWBMNO EKOHEIDRWY KHBREEOZ B G &
6KDIUDQ $QWRARQJHVV 'L%DUWRWR HW:IDIOOVW 6WXG
GLG QRW DVVHVV FKDQJHV LYH AR\ R WD WH FE IWIK\RK\ KW'
RI &% WKW XSAH FRAIR H G X FIPRAQL\RFY. RXGEIMMMH QDEOH FOLHQ)
XQGHUVGHODBIG\WKHQ WKB O R DWHVKHUH I IWKBVBURP LV
Z LW K LTQX BV IHVHA BI\G ESDBFNW L F L S D Q W VK HESX-DIDR/ W IR WM 16 UKYRHZD W L
HQKOBY ABZ D U H QWM K N LRSI HRZIGH F WDLGRE KW S HGK DVAKBIP QW R
SUREOH®PDWERBRQLVWLF WK RXIKW \F RXQGESIERIE R W XDXWHI

VW WDHMNG/ O/RD&SV\FKRYRUULADY® GHZLWW )OHWW % X L

J)LQGLQJV 6XPPDU\

2YHUDOO WKH LQWHUYHQWLRQ DSSHDUV VXFFHVYV
LGHUIHFWLRQLVP WKDW ZDV PHDVXUHG TXDQWLWDWL)
XVHIXOQHVVY FRQQHFWHGQENV HIXEGWKW W K W H Q W& W
LQWHQGHG WR LQFUHDVH 36 D ODFN RI VLIJQLVLFDQW
ZRXOG VXJJHMEWRKH IGCWBUYHQWLRQ ZDV EHQHILFLDO
SHUIHFWLRQLVW FRPSRQHQMW D Q LW\ BEEIRMI WINEH \S D U \
+RZHYMHUHG X FWER QL ¥ QQRHIRO H Q F HZ I¥\X EVRAD MHQVG F L S D W
WHOWHUYHQWX®REDIHVWR GHPRQ\GMEDWE VK \LIQ) QHIYRD
DQ[LHW\ RU DQ LQFUHDVH LQ OHYHQRWKHUYRXWLVBGQB
JUHDWHU HIIHF®X BIBFRYHRAY LRQMRIKUNYW RGHRWY R BHQWDO
ZHEELOHY HUWKHOHEVOIJKWY LQWR WKH SDUWLFLSDQW
LOQOWHUYHQWLRQ DQG WKHLU SHUIHFWLRQLVP ZWKIH DV

FRQWHQW D QIXVBXOH LW HRUY HQWLRQV



BWUHQJWKY DQG /LPLWDWLRQV

$ VWWHKQR I W K M VXV W ORGEHRH W IGRIY ERPELQLQJ ERWK
TXDQWLWDWLYH DQG TXDOLWILWLYQH DOQHIWHHIV LIGRWL BRI\
SHUIHFWLRQLVP DQG LWV WUHDWP HQKH | RQWHUNHDUW K|
EULRQO\ IRXU ZHHNV ORQJ DQG GHOLYHUHG WR D JUR
LQWHQVLYH DQG FRXOG E H ZKIHEHHQBIRQHRIZ HEW K QH Y HU V L\
LOQWHUYHQWLRQ FDQ EH HDVLO\ LPSOHPHQWH® KRWKR
DUH FXUUHQWO\ H[SHU ZK® FIRQP R M) KFEHOPE (QUBRVERGER B W V
ZKR DV LGHQWLILHG LQ W KRX © BIUWREAL\GHIHWM U I HHQHAGLERIY,
EHQHILFLDO IRU FRQQHFWLRQ 7KH EULHI QIIWNHB R \
ZKHUH VWXGHQVO\H R IVQUXUQO W EDWHKPLF VFKHGXOHV Kl
ILQGLQJV DUH OLPLWHG GXH WR WKH VPDOO VDPSOH V
SRVLWLYHO\ DQG VLJQLILFDQWO\ GHFUHKBVBGVRHYHOV
VXVWDLQHEDW IROORZ

3HUIHFWLRQLVP FDQ EH HOQWUHQFKHG LQ IHHOLQJ
WHKHOXFWDQFH E\ SHUIHFWLRQLVWKNZWW VD FHW\D\WO RU VI
+HZLWW HWFD@® PDNH SHUIHFW L RK@LO/PH IS WEI LHYFHADLVR IQR_G
H[SHULHQFH LQWHUYHQWLRQV DV SHUVRQDO FULWLTX
GLG QRW FRPH DFURVV LQ SDVGWM AUYDIQWE. B SIHIH BHQHF
ODUWLALGHQWMLHG WKH LQW H XY H QE@EHRMD IMDVE B X6 SREN
WKH EBRNGWUY H S RRRIOKI\L Q\WHD ® WQS\DLIRWLFLSDQ WV
OLNHO\ WR H)SHWX E\DHHX H G\W DW DAV PFELGIAN B J RQ WK H
VWUHQJIWKY R UW KHIWDE O HGREKWHRHY DFFHVVWKHS HQJD.
LOQOWHUYHQWLRQ $ ILQDO VWUHQJWK RI WKLV SDUWLF>

SRSXODWLRQ WKH LOQOWHUYHQWLRQ LV LOQWHQGHG IRU



IURP WZR GLIIHUHQW DX QDQHHVRWLFHYGBFURVYWXGLHV
VXLWDEOH WR EH UHSHDWHG DJDLQ LQ RWKHU 8. +(,V
7KMPDOO VDRSGBUWWPHBNVSD @QURLWDWLRQ RI WKH Sl
GHVS®LWBIUIJH QXPEHU RI SDUWLFLSDQWV §QUWLID®D ®AKLK
LOWHUYHQWLRQ DV SHU XORWH. RREQIAM H YHEK BB WW UFL S
DQG FRPSOHWHG WK W K@ WHESYGMVQ WLLE® Q 6 FIWHKW IV ILQLU Q J
SDUWLFRWEEWQW H U YRHID VELHR Q XJH RS WK HVEBIWDWLYH LF
SHUIHFWLR QIHMPNKQY VEXHDWR QMWD WLYH MXGJHPHQWYV
+HZLWW HW BDDHMWAVDO +HZLWW HWDIJ HW D®QG
X S RH® J D J LU H.ODW/PH QWR UW R L NKEDGDEM/ W H W HDDIHAMY
DO J)XUWKHUPRUH LQ ROGMW WRQUHFRIX LIW FDX 3 DHW/K
DFFXUDWHO\NWIL@IEAMRZDNMOLDQW RQ WKH XQGHUJUDG X
WKH LOQVWLWXWLRQ 7KLV PHD QW PHKW R HD BLY W IDWWMLK/RIU W
VWXGHQWY VWDII DQG RWKHUWGRYNHEQW H D WHNWM HES®!
EDAWRDFN WR HQVXUH JURXSV ZHUH WUHDWHG HTXDO!
*LYHQ WKH WLJKW WLPHVE B PHVRE GHHRALX QWKW
LQHDVH WKH LQWHUYHQWLRQ JUZR X SXIVRGW HDQEERDVE\RADW
FRQWURO +RZHYHU E\ XWLOLVLQJ D FRQWURO JURXS
SHUIHFWLR QL VIPWISHEHDW HLHMHQWLRQ WLPH SRLQW DQC
LOWYHQWLRQ JUR XSS DUHVPHOMULIGR) GRWIR QWKLY OLPLWE
DSSURSULDWH VWDWLVWLFDO WHVWV WKDV8 FIRROLG EH
VDPSOH VL]H FDOFXODWLRQ L®RIZW OHG HOO WHRIXV W X&
EWZHH®OGHERWWMUYHQWLRQ RI WKUNHJIR LVXENFEW O WK |
PHGLE®PUJH HIIHFW VL]HVY FRXOG LQGLFDWH D W\SH ,, |
DQG ER¥WSRZHU DQDO\VHV R DOWBHVX OSSR LPR QHAXV LR Q

WH LQIHDGIROAVHOO PPLVEHG GXH WR XQIRUWXQDWH GLII



$Q DGGLWLRQDO OLPLWDWLRQ LV WKDW SHUIHFWL
VDPSOLQJ VWUDWHJI\ LQ DQ DWWHPSW WR HQDEOH DV
LGHVLILHG DV SHUIHFWLRQ L V3D WRL BPES BERAWVE I F IHYW Bl U
KDYH GHPRQVWUDWHG WKH KLIKHU RU H[FHVVLYH OHY
PHQWDO KHDBMIQDQBQTHDIUH S RAVOH Q WE DO O\HRGH D IR\
FOLQLFDO RU VXEFOLQLFDO L H HOHYDWHG OHYHOV
GHYHORSLQJ RU H[SHULHQFLQJ SVI\FKRORJLFDO GLVWL
WKHLU FULWLEDY IRG SKHIBBWLRQLVP LQWHUBHQWLRQ
GHVSLWH VLJQLILFDQW LPSURYHPHQWYV LQ SHUIH
LOQOWHUYHQWLRQ DXWKRUV RYHUDOWHMINQUERDHOQMGRI
UHODWLYHO\ KLJK VXJJHVWLQJ DGGLWLRQDO LQWHUY
SHUIHIFWLRBYHOV DPRQJ SHRSOH VWLOO VXIIHULQJ )C
VWXG\ ZDV QRW DEOH WR LGHQWLI\ ZKHWKHU GHVSLW
FKDQJHV ZHUHLPHDHIWDKBXBRY HO RlI SHUIHFWLRQLVP W
SV\FKRORULWIGIVY ,W IROORZV WKHUHIRUH WKDW ZK
UHGXFHG IROORZEQYRWKRBVWHKDOHQWLRQ SHUKDSV WKH
VXIILFLHQWO\ WR PDNH PHDQLQJIXO FKDQJH LQ WKH S
SDUWLFLSDOQW DY RGBEHRQAWUH WR VLIQLILFDQWO\ UHG
ODWHMWIRDDLG UHFUXLWPHQW IRU S D BWH{SLOSLIFQ W VL (
WDUJHWLQJ SHUIHFWLRQLVP LQ RUGHU WR DWWUDFW
ZHOO DV W R WX\WKHL SDOMMLALSDQWY ZHUH IXOO0\ LQIRUPI
+RZHYHU DV D UHVXOW WKH SDUWLFLSDQWV ZKR WRR
DQG ZHUMW OERH B \PR WIRKDW B WKHLU OHPHION RI SHUIF
SUHYLRXVO\ GLVEXVVHG SDUWLFLSDQWY ZKR WRRN SI
KLIKHU OHWH@®MRRIFROWURO JURXS EXW GMKHUQHQBW Q

OHYHOV RI 3& 7KLV PD\ LQGLRDW KHDLIUMHBDWHO WILERQL ¢



SDWLFMSDQWRHVV VXSSRUW KRZHYHU VWXGHQWYV KLJ}
UHOXFWDQW WR DFFHVV VXSSRUW WKLMGKRRE®G & H\ \
FRQVLGHUHG ZKWQUHYWOWSUHWLQJ

$ ILQBEUVILPHYWWLRQ RI WKB WWXGW LPH D KXUXV H
WR DVVHVV FKDQJHW @ BW WIHPAMLIRAVBRVLWHG WKDW
DVVHVVLQJ FKDQJH LRO ORZ LHFWHSRIGE FHAGKRHIQMQ/GU D L W
SHUIHFWLRQLVP FRXOG FKDQJH LROGWHRZYLH)JIWELR BK BW K H

6XK HW DO R FHRROHYHUL WH W K H R BHIPFB\K RV IS\HHU WR
LPSRUWDQFHORUBRQ® H [6W U IDXP®BRRJIJQLVH WKH GHYHOF
SHUVRQDOLW\ RRIUQRXVIKY VRIBLAMOR LWV DQRWH SHUIHFWL
LV PRREPAS WK EMWU D L WRQH HIS & X IDTHOX WWRRRDV X UHV W KL
UH | QHAERF E R OQ LARIPYSHR GRH BW Y | H FARIXFEEBWABHQ WLI\ DQG
H[S O LSIOWHIKDICDIBVK H P DL QWD L QL Q $ HPUHIFHKEIMWIORUKPLW PR U
LQIRUPHG EL W KHERFUNG L DWWKBIN Y VD PRGHIO ,QGHHBLWW
HW DO DV VFSUHDFMALMMWLRQHUYV RRIPYSH IGKFRIBIRGHRG WK+
SHUIHFWBRKOLWIMVRXFU D QB3 ®UJXH RI WKH LPSRUWDQFH LQ
E H W ZO{HHYEH OW U D L WA\ SIUIGRILBRME R VH WUDLWYV 7KH &03% V
FRQFHSWXDOLVHVY SHUIHFWLRQLVP DV LQYROYLQJ WUL
FRIQLWLYH SURFHVV FRKIR DOW WY SW K B RQUHD MHFBNL Q W
RI SHUIHFWLRQLVP UHVSHFWLYHO\

%\ IDLOLQJ WR LQFOXGH PHDVXUHV IRU LQWHUSHU
EHKDYLRXUDO SURFHVVHV LQ WKH FXUUHQW VWXG\ L\
RU ZKAFIKQWDLQLQJ PHFKDQLVPV KDYH EHHQ FKDQJHG
OLPLWKBJIJDELOLW\ WRRRFOK\FIRRFWHYHWHODWLRQ WR W
,Q DGGIHVISR®/HGILQGLQJ VLIJQLILFDQW FKDQJHV LQ WKI

LOQWHRYHR@®E PDLQWDLQHGWD W IRBWRZRVVLEOH WR DF



WKH LQWHUYHQWLRQ OHG WR ODVWLQJFSHUWRDA QW \
K\SRWKHVLV RU ZK® \EKHDWAYKDQEDXMBDGY Y RLDW BM L WK
SHU WKMHUWUDDFRV SRVLWLRQ )RU H[DPSOH SDUW RI W
ZDV GXHLWRLWKW LW FRXOG SURYLGH IRU UHOHYDQW S
GHVSLWH EHLQJ D PHDVXUH RI SHUVRQDOQWYKHRZHYH!
5XPLQDWLRQ VXEVFDOH IRXQG LQ WKH FXUUHQW VWXG
VWDWWHO YBDUWQFNODUO\ OLNHDNHKNYWQPW K H DR B W\
LOQWHUY DWRRIRVHG WR SHUVRXHLOE RQ FHUELWR @ WHQJIV
YDOLGLWS,RX RWACEOMO/V R EHHQ SUHYLRXVO\ GLVEXVVH(

, (D GG LWL W SV\FKRORL IH5 QDL RYBWBRHERIWR FLDO Z|
EHLQIVVRFLDWHG ZLWK SHUIHFERH R Z\DR/ HRU WM LR B D MOEWD
LQ VFRUHV EB@/T FHRWBUN HQWLRQ OLNHO\ GXH WR WK
SHUIHFWLRQLVPRHZHWAW HBM @ EBNUHIRUH LW PD\ EH WKH
ZDV RQO\ DEOH W ROMKYIHII i RAPES HR QI NN LIFR D \/ VPR BUX W
VXIILFLHQW HQRXJK WR LQ G &b DRLIQINE] IS HDUNHHICGHLH/S
QHFHVVDU\ WR DPHOLRUDW HHZW\W WR \RAD 0@ VOB SWR P
LQFOXGQGE FRPREDQBHNWWDWWHO PHDVXUHV LW LV QRW SR
LGHQWLI\ ZKHWKHU WKH VLJQ DIF.\WBIHNORKEIMQI BVFKQ @ &H
OHYHO RI SHUIHFWLRQLVP

7KHUHIRUH LW ZRXDG KDRSARE B WRHVR/UFK D Q J
SHUIHFWLRWRXPK PHDV XU H\VOWYXIBWVYZ F EDIMDAMHHS WD MR Q \
RU SURFHVVHV RYSHU MW WKREXVK WKH 3&, )OHWW HW
3HUIHFWLRRUNWHGVSBWLRQ 6F DO HK k¥ ZZRAD\VE-HED®! | O H |
PRUH FRP S UMKGIHY RMHSHUIHFWLRQLVP VXFK DV WKH &
OHYHOV DQG H[SUHVVLRQV RI WKH SHUIHEWLRQLVP WL

PDLQWPH@GKQIHR/FRDVLVHG E\ WKHRUHWLFDIOPINQWB DR L



KHDOWK PRIGQZHDIOLV ZR S 6 G ViKHI@R RMRKNMIXIVWK HLY QW H U Y
HITHFMQ FHKDQJLQJ WUDLW SHU I HFRWLLRHFIW PR DR \SHRW KHK

SV\FKRORJLFD @&EXW 2W\RPV

)XWXUH 5HFRPPHQGDWLRQV
'KLOWKMH O¥DWORU SH WIGHEW U KRR WAVEKG W QR Z

SURPMWHRXOG EH EHCSHIIDL WL B RANAMRK YDRWP I G ALKDQ W V
UHVSRQVH WR WRHHQLPXLUMBIMIK R QRAHDOG) B H CH.[DP ISE@LHA \
HQVXULQJ D ODUNR W XDPBSIOHQWOM SRGEH Q WMK H ZVK\W XVG\HIL
DIIREBVWMNYR®MK/ DV VLIQLILFDQW FKDQJHVYQWIRGIQ W HRY
XVLQJ WKH L QWHO RO WDIR® GHVLJIQ ZR VOKI DRMOWH QQV L
VDPSOLQJ VWUDWHJI\ WR HVWDEOLVK JUH DW H B XY®D® D®
EH XVHIXO WK FRDEDIRK L QOVIHDULDNWGWDRR H[FOXVLYH &%
WR LGHQWLI\ WKH XQLTXH FRQW WSIVE X WU R B HRS EDAEWL WALK
LOQOWHUYHQWLRQ FRXO G BERGHQLVRRIEDO R @ M/ IS R VR ¢
WR SURYLGH IXU Wb VROXBBIRAKREIDUW IFQ BOQWMLYHQ \

GLIILFXOWLHV LQ LQWHUSWWWIHIDYXBEXIODW W G XH WR W
ZRXOG EH XVHIXO WR UHSHDW WKH VWXG\ EXWKIDWWK G
FDSWXUH ERWYXRWEKR OQ LAVIRAWRANOSHU I HFWYVRZHOY® DV

PHDVXUHV IRU VWUHVV WVHRFILOIOHQXESPOYW SHUFHLYHG

&RQFOXVLRQ
7KLV VWXG\ SLORWHG D XQLTXH GHVLJQ IRU DQ LQ
PXOWLG L PAHROQVALHRSID)XBD S W/WDIWERQRQLVP DV ZHOO DV W
IDFWRU LQEMH® M HOBWRODK H[LWWEHGWE& %7 IUDPHZRUN
8QIRUWXQDWHO\ GLIILFXGM LMV SR B 8 A BRI HXDRVLDADR
LQIHUHQFHY DERXW WKH HIlBFMRZYHGHIV W R V XWOKWM VL G R/ K

VLIQLILFDQW GHFUHDVH LQ OHYHOVRIRN SSHOWIW FIVDL R/ HV



LQWHUYHQWRRODULVRQ WRXL \WR & WRMRWHI WRXLQJ DGY
PL[HRHWKR G/RR RINDOXDWH W® B ELGHAGH D YUH/GRY IE B Q5 R QO H\F
WRQ XQGHUVWDQGLQJ WKH H[SHULHQ PH\V. &I SRWIMWLIFYLIS
KHOSIXO 7KH LQWHUYHQWLRQ VKRZV SURPLVH DQG U

DUH UHFRPPHQGHG IRU IXWXUH VWXG\



&KDSWHRYHUDOO 'LVEXVVLRQ
7KH RYBIUROWKLY UHV BDWFBEOLURME AWR MK TV H[|
SUDFWLFH DQG H[SHULHQFH DQ DVSLUDWLRQ WR EHW
KHDOWK B RIGQZ HIOQGWIKGRI@W HIX W L FVIRQ AV HHUFAK IQWHLCR QWX S S
SRSXODKH RIQ WR B QDKIHH U HV HD U K. \Z Bl G DVAXGAVG] G\LQ &K |
ZLWK HYZWCH® KK L QOWXBRIQEWRE O LOO KHDBMLEIWDH G SF
LQFUHDYXRQDH\6WXGHQWVY OHYHOV RU IRMFOWMOB®LFIPQ VL
+) KD DIOVRFUHOXWEDQ +LDIGWWKHRUHWLFDO DQG HPSL
RXWOLQLQJ KRZ DQG ZK\ SHUIHFWLRQLVP FRIQIBUV UL\
+HZLWW )OHWW JOHWW HW DO BKHUU\ HW
HW DO LYW DAQKGH U H | R WHI DF SWRILWW A H@ YHVWLJIDW H
+R Z H Y\WHSH FS.HIUA H F VGLLAPQIOME. RIQ W3\ EH FRQVLGHUHG
SDGDSYWRIWYNWXGHQWY JLOBIEKIWHKYL 8P KKDKLWWD QGDUG\
5LFH HW DO DQG UHVHDUFK LGHGSRVYUWQUYBVVRF
SVI\FKRORJLFDO RXWFRPHV LEMFRPHXEBEQH PAVWWVWEKLHYHPH
O0DGLJDQ 7KH SRWHQWLDO GLYHUJHQW UHODWLRQVKL:
GLPHQVLRQV DQG SV\FKRORJLFDOZRWWER®PHRVIMWUN H R
SV\FKRGBURBHRLIPDQ &VLNV]HQWRHKBIORIDHVWREXD O
SHUIHFWLRQLVP LQWH U YHG\E BERQ ZDNWIBRER V. BGCX KR Q
GHVLUDEOH RQHYV
7R DFKLHYH WKHVH DLPV D GLVEXVVLRQ RI PHWKF
SURYLGHG LQLKDXWH @I FRUUHOD VRILR QWRGEHVLIQ QG
&KDSWHU DQG H[DPLQRQ®RPRERJE ALCH@WMODELWPQ W R
XQGHUJUBB XD B VHHD DMLY B D[ & POIOV K RZAW ®HWLRI Q
GLVFXRYHKSY D O XDXDIE W EAKH U Y&IKQDSMWRIK LY LQFRUSRUD W

H[SHULPHQ WY FWWR@DHYV LQ S HWH BWMLER QAR PR UVIXQ Q J



LQWHUYHQ WR R®DIIHRERSF RQWURO JURXSHZALWKIDXDXDOL

&ODUNH RI SDUWLFL S OQX\DDDRA \\HY & H W LY HH@FWHLVR R 1 W K H

2YHUDOO 6XPPDU\ Rl WKH 5HVHDUFK )LQGLQJV IURP W

&KDSWHU FRPSULVHG 6WXG\ DQ H[DPLQDWLRQ
SHUIHFWLRQLVR @QWWKNL @WK HXQGHUJUDGXDWHV WR [X
PHQWDO KHD DM\ GRPHEDYVRFLDWHG ZLWK PXOWLG!
SHUIHFWLRQLVP 5HVXOWV VXSSRUWHG H[LVWLQJ WKH
SRVLWHGIDWHG WR PBHQWBW\LJA KKHDDWK QHIDWLYH DI
QHJDWLYHO\ FRUUHODWHG ZLWK UHVLOLHQFHRXQ@®&XUL
36KDG ZHDN SRVLWLYH HOWD W LRV KIHBEHE BW IR QHL B MWK |
DQIE VPDOO USRB/MWHLYH ZLWK QG WILBBOQILFDQW UHODWL
ZLWK SRVLWLYH DIIH KW OSSR WL WQEMIN H FILQ MIGTXIKR S
UHVLOLHQFH DQG IORXULVKLQJ $V VXFK ILQGLQJV IU]
SDGDSWLYSBI®HYWVWRKIOGWIH UKD S VPRI HF RQN X B/HDIDG % L
DO 8QIRUWXQDWHO\ LW ZDV QRW SRVVLEOH WR
DWWDLQPHQW DQG VW XGRM)KH B R XOHEF WD K 8 MEPGAIFKDLR K C
SRWHGOWHDIONVER| 36 IRU VWXGHQWY 5LFH HW DO
0DGLJDQ

7KH UHVMXIOMAHQWHG P IRWE H D IGEOSQUALHRIOHMIH R W3/6
PHQWDO KHDPMUQD QIGRZH®BU SUHYLRXV VWXGQAVHVE W
DO YHKDGLFDWHG SRWHQWLDO VXSSUH VAKHRUH HWIKHHF \
DGDSWLYH TXDOLWLHV RI 3WHRDN EG DSQERW K BH.GL ¥ KVH/QD
FROQWURBDIOHWGHIRUH B6WXG\ XV HG LWQHHMAY XITRDHNMG B9\
SDUW UMNOOMARBBVIKQSV3& ZLWK SVIFKRVRFLDO IORXUL
ZHEBELQJ 5HV XMV SIRKIQEL YEH WY VRBLB&WDRG DR X UL VK

VWURDQQE G RVNVNWIQH LFDQW UHOD W DRBQYKY 5VEIDBYMZBIIH IPF3



IRXQGHVEU WG |ILQRBQIURDILFROWHBHEFERUUHODWLRQ )X
BWXG\ IRXQG 36 DQG QHJDWLYH DIIHFW KHOG D QHJD
WKH SRVILWQMHBRUBHU FRUUHODWLRQ LQ 6WXG\
7KHHVXOWYV |UR PDWIGHNMH WWIXELWKHRUHWLFDO DQ
LQIRUPHG WKH GHYHO R SPHHDI W FINQORAGHIOPENHAA REIS B UR\H (
VW X GHQOWD O K H D BMLKQ D Q\GH HHOKBSWBRW RU LQWHUYHQ
LQFR U SR &P H/GU HD W BKRQW PR GIMOD O (JDQ :DGH
$QWRQ\ WR UMGXFBLPHQWDO RXW F RPGS3, \B& \U B GVERQ| L+
6HOLJPDQ 6HOLJPDQ HW DO D IGDBXLUDMG X8RQ!
GHVLUDFRPH R X6 DQG SV\EKRQYBRWF I@BWFHOOHG E\ WKH U
DQ H[SHULHQFHG %$&3 DFFUH®/RWKGGLHUN H DG\ WY VI
PHDVXUHV WDNHQ DW VHYHUDO WLPH SRLQWYV IRU ERW
AXDQWLWDWLMKXQEVXULJIQLI2E DQOW RERMRZAVOLIRY KLHD
LQWHU YARPBDRIP G ZLWK QR VLIQLILFDQWGE RRQVHMLQL
FKDQJH UBSRLUONHG DQ[L H W\ DROW WDRMNKLLYLHY KIIHYX OMW V' V X J .
LQWHUYHQWLR®@ IRV SRMWILFMSDXVHIXOQHVYV IRVWHUI

DQG KHLJKW HDZIDQUHRHVMNO |

7KH ,PSOLFDWURFWRRGBHY ¥BRMYGH OEQJ DPRQJ 8.
8QGHUJUDGXDWHYV

&RQVLVWHQW ZLWK &KDSWHUV IURP QWKH WKW BYH
SURJUDMRPUGLQI VWXGHQWVY FRIQLWLYH SHUVHYHUL
ZHEBELDUOO EH GLVFXVVHG GUDZLQJ WLRNWKRH VBER WK
JOHWW HWADW KWVUBREHO +HZLWW )OI\ a6 VK H
6KHUU\ HW DO FRQVLGHUHG IRU WKLV UHVHDUFK

LPSOLFDWLRQV RI SHUIHFWLRQLVP ERHLQYINXGHQW PHQ\



&RJIQLWLYH 3 HUQEH YWH K EMDIFREY 8 QGHUJUDGXDWHV
BWXG\ BRXDMVUBQJISR YV UWDDWOHBRW B QER DVEQ H W\
8. XQGHUJUIXGUW EWLQJ WKH FHQWUDO IHDWXUH RI *$
7KHVH ILQGLQJY DUH FRQVLVWHQW ZLWK H[LVWLQJ HP
6W|EHU -RRUPDIHVV '%%DUWROR D Q GHWHWHA D O
3&7 )OHWW HW DO Z K L F KDSRIVR RAYH \ERLINIAC QW FH\W
DVPDODGDSWVYWUJBRSLIQMWR DY RLGBOMIWW L V K FIXI IE W C
HYDOXDIWLIHREIZHY HU ZRAULWDWVAMEIP SREDBSE0Q QHIJDWLYH DI
DQ[LHW\ ZLOO EH PDLQWDLQHG LQ WKH ORQJ DMH® P G X
UHWDLIQUHEGDW DVVRFLDWLRQV %RUNRYHF$AMRDOGLQJ W
WKH 3WKARA@/LYH SHUMHYUHHIDDMNVRQLYN WR FEHHQ W D ODKHED
WHURDQGHVWZRUN Rl FRUUHODWRRQG IIRPSDG W I6W X5 \D O
IRU 8. XQGHUJUDGXDWHYV D¥VG ZDI QRS GBEIDERIUYH DIIHF)
PHQWD® KHQEBHW KH F WLRRLLQ/B¥MUER @ 00 IRXQG WR EH SRV
ZLWK RQHSODOWWRBKHEKHFWLRQLVWLF UXPLQDWLRQ ZDV H
3,LWDNHQ DV DQ LQGLFDWRU IRU XQLTXH SWUIHEWLRQ
QHWZRUN RI UROIDQVN R & WKGS SZDW K P P DWW X\ QW YV DU H
WR H[SHULHQER WU UWRMKRIWLRQDO VRFLDO DQG DFD
ODFDVNLOGHUHLUD HWMX®DWV IURP 6WXG\ LPSO\ 3&
SDUWLPRODGDOSWLYH IRU VWDGE BMANPHQWDO KHDOW
7KH 3&7 SROMABVVY D ULVN WR P HQEMDLYBKHDMINC K D QG
UHODWLRQVKLS WR ZRUU\ KRZHYHU SUHYLRXV HYLGH(
'LH HW DO QRWLRQWLDLFDQW UHODWLRQVKLS 6W|EHU
*DUGQHUSHVXOWR 6WXG\ VXSBAQUWKDMHZRRU\ ZDV SF
UH O D W H3BO WHRIPSIODOO D W L\RIPLIOLIBU HWRD (D QG KHOG D ZHD!

SRVLWLRQVEKH®BEWQAHIDWLYH DIIHFW PHQWRDOYAHDHDQK H D (



MRLQW YDULDQFH EHWZHHQ 3& DQGW6HZWDIVJ Q E ARDD@WH
UHODWLRQVKLS EHWZHHQ 36 DQG QHJDWLYH DIIHFW El
ZHDNLOVWKIXUW DQDO\WHY DUH QHHGHG WR LGHQWLI\ W
ZRUU\ RQDWIKIHF \&6UH ODD\GLIRQY KSIRRVHQWLDO DGDSWLYHQ
EHLYXHVH IVRIIHYVRW BOVPLIMDWLRQ LQ D8 ®X\ARQ MWK H
LQ F&KHWDNLQISUHVVLRQ HIIHFWY LQWR DFFRXQW
2YHUDOO WKMHGIHE@SLQUFDO DQG WKHRUBWILFDO M.
LQW H U YWHRGAGLIRMMY PDODGDSWLYH FRIJQLWLYH ELDVHV |
6KDIUDQ $QWRIQRG JUDWLWXGH LQWHUYHQWLRQV IRU
JUHGULFENVIRQSLDRWWGEG\ *LYHQ SHUIHFWLRQLVWVY
DWW H QG L Q JHWR Y D)IDX-DAWY WHKNH D10 LQWH U Y H QW LLIRHQMA F F
IREHUIHFWLR QUK WRXWK ®RGWN.FDWXRQ GRH\FRRWQDW LRQV
3LUEDJORX HW®HHG 3& DQG UXPLQDWLRQ DVGRBDVXL
VLI QLI LGHRUHDWY G WSHRU R \W WRKEH U B RZ 'V J QK DRDIGIWL Q
DQ[LEMRLODU UHVXOWYV KDYH EHHQ |RXQEEL® FHWH DIOR X
LQGLFDWLQJ KRZ WIRIX® OWHQGE X BIS HMY HFAMMNRMIR \GFHH S O\
LQJUD+QAHGNW HW D@G VXJIJHVWY FKDQJH LQ 3& DQG RL
IDFW UHIOHFW GKDPROHY DQ MDMIFWMHVKDW PD\ EH SUHVHQ
DQILHW\ UFFGXXFM BRXH WR WKH WLPH IUDPH RKWKH LQW
ZHWE®J SHUBR®VORQJ HQRXJK WR \PUDWHOIXEG O/\L RS
WKURXJK WKH PRGLILPDWIWRAD HRW PRIQLWLRAWJIHVYV 'L
$V $USUQEELH HW DO DGGVWIRQIDWHBUHDWPHQW FRP
PRWGHUHFWO\ RQ U KGHXOMMVIH D BRUMWWLRQV VXFK DV ZR
EHQHILFLDO IRU VWXGHQW SHUIHFWLRIM SWY VBIOW W& F
ODFHGR HW DO JOHWW HW DO B Q G VWDNDHGEHOQ V

EHBYH ZRUU\ LV D KHOSIXO FRSLQJ VWUDWHJ



5HVLODOGFHHUI HEWRBQBQBHUJUDGXDWHYV

BWXG\ IRKOGLEAGQYMIDWLYH UHODWLRQVKLS EH
UHVLOLHQFH LQ/BP MIDEGME@WY. OLEGUQY WW+REHYHU LW
DOVR RXQGLILFOWQWRYH DOEHLW VPDOO UHODWLRQV
ZKHUHDV .OLEHUW HW NQJQLILFIRX\Y G BOMRMDRWV KLS 7
SRWHQWLDO OLP MKHNVE RDWIKH W B/RRE IBHE W\ K G H\DW V
+HZ DD HWW S UR SRRAMKD @86ZRX0G FRQIHU ULVN RI SV\F
GLVWWXRMKY DV JUHDWHU DQ[LHW\ BRGJERR U HUY%DRRVRG®
ZHEBLQJ GXH WR WKH ORZRQHGBWOL RHOQ KRRRD 5W U YHHFOA
UHVL@RWHMHVHG DFWLYLWLHV [RU HKLROS/QGHANRHHLNYLHD J
UHODWLRQVKLS EHW ZIHHQ ® WHKGEGHQ WWRIJ Bl&V BRG [Z WK W
UHODWLRQWXNHHSLQJ AIPRIG MW B\N KEBABLWKWH \DLL H Q F H
UHODWLRQMKH SLIQG DRW DUH FRQMUW VG @ WRZ Y WK HY/MN
36LYVVRFLDWHG ZLWKRBRWH®H RSURBOBPPRUH UHVLOLE
FRSLQJ ZL\WK2ZHVBEOHFMYHW DAKR XJIJHVW 36 FRXOG UHIOH
VW UWHADF W LY L WARZ ELYGILUW IBAMR E® 6 BDVRIHODWHG WR KL.
RI DQ[LWMMNUHIRUH ZKLOVW 36 PD\ UHIOHFW EHWWHU U
VXIILFLHQWO\ EHQHILFLD O WBRR XWX & H QUW\HI XFOH QRAUD IX \W
WR LGHQWLI\ HGUBWMUHWLHEBDWWLRQVKLS

'KLOVW WKHUH DSSHDUV W RWEKHD \UK R UMD W/RRE HQ
36VWXGHQWV Y RAHRZHVCDO HRGUBMY WRFKQAHHX W FPIDA HAX J JH V W
RWKHUZLVHRUZQQL WBIXHMQRQD Q8 \BW D Q G D2MBK/MIMREN FDOH V
KHUBDOO SRVLWLYH UHO D VDIGREIMKYLLEDE H® WK QUFHVK B 0 I8 (
QRWLIQLILFDQW SWHIOE®HLR IOV K IGSH Q REUKFDHSUNW K U H M/ K/ X E V|
EH HIFOXGHG ZKHQ FRPBX WX QIHVA/RHEREHD QG 2WWR

7TKHUHIQOMHSWRU L Y L(OQEH®OHQ FH W XoEWPBDDOMX UHPH@®W R U <



VXFK QRRHIQLILFDQW U HO®MULR/Q(PR HIRR @ H@FZH HVQKH U H P
PHDVXUH RI 36 DQG UHVLOLHQFH LV Q®IZE HRIGW HWNVBI@ V
*LYHQ WKH OLNHOLKRRG VW X GHEDAGH QD Q AUBT X H
DQG VRFLDO VWUHVVRKH \QERLVNEGDWLRQVKLS EHWZH
IRU H[FHO OHQF H RXGGUB N IHIDK FIKFBIHYHOV RI GDLO\ VW
36 VWXOHQAMWI\ WR HQJDJH LQ DGDSWLSHFAFRBEEIII WR
WKH GLDWHHVYWRGHO VBI6 LYWORKISEEEEE D B DWR] U
SV\FKRORULWDGI VYV $V VXERG MX HD GIRS\B 16 18 RIDE D6
VWXGHQWYV ZKHOQVERQWV ILSHENGENRUVMIOD WLRQYV EHWZHHQ
DQ[LHW\ PHQWDO LOO KHDOWBKWRGG QHJIJDWLYH DIIHFV
5HVHDUFKHUV 'XQNOH\ HW DO 'XQNOH\ HW D
KDYH HQ BRI B FMERHWPHQWLRQV W RN WV KR WWHH R
DGDSWLYH FRSLQJ VW UDWMU BNWYZHIQE EKROMH DURX QMWK
5DVKLG '"HQRYDQ ODFDVNIQO®OIRU VWXGHQWY LQ SDUW
DO W ZDV WKHUHIR U@ FHO $\SEROHD PVKBW VWUHQJWK V
6WXGAR X DR/ WHWIHFWLRQUWWLOMRYGFEMYMYLGHQFHG E\
BHOLJPDQ HW QG WKHRFHUIRYH KR ZRIE@IOPO R X U LDVEKE Q J
UHGXFH DQ[LHW\ DV \8HHVW KRR GHHEMIKWM K H YD EIRK QG V
WRDYH VLJQLILFBQW@W AK Y g BHEHSEW HOQWILIVMD WLRQ RI
33WR GHYHORS UHVLOLHQFH DQG WKHUHIRUH IORXUL"
FRQFOXVLRQ LOWXIGOWDBWEYFHRWVYQFOXGH D PHDVXUH |
WKHUHIRUH GLUHFW UHODWHRQU KH 8V H HWZBIHI\QV WB & G
EH GUDZQ
$WHQWDWLYH LQW KW & H B BUGW/LLQIARH MERWFXVVHG L
&KDSWHUIJIJHVWHG LOQWHUYHQWLRQ JUBXR LSIDUML BLH BI G

PHFKDQLURG DFFRIGGEDYWXWRHW ¥SH R GHOP DR XMHVW KHV H



ZKHQ UHVSRQGLQJ WR VWUHVVIXO FLUFXPVWDQFHV Wt

JOHWWO 6XFK DYRLGDQFH FRQWUDVWV ZLWK WKt
UHVLOLHQFH SRVLWLYRIXPRSLQJ AXIIHVYGVLQJ WKH FKI
LQWHUYHQWLRQ ZDV RR¥HBY RHARWMLYHHVILEDHQFH RU
/LQOH\ HW DHHUWD:@HUNRP RU Z®WWH &%7 EHKDYLRX!L
DFWLYDWLRQ WHFKQLTXHNRISQ RY ARFRRQQ R D SRILLG B DW
. X\NHQ HW DO FLWHG E\ 'XQNOH\ HW DO

,Q VXPPDULNQ WIKGIIV SWRBUDKHPH RI UHVHDUFK ZRXO¢
VXJIJHVW VXSSRWVMWRIHWK H BEB® KRU SHUIHFWLRQLVW
SHUIHFWLRQLVP LV XQOLNHO\ WR EH FRQVLGHUHG 3DG
XVH Rl PDODGDSWLYH FRSLQJ VWUDWHJILHYV ZKHQ H[SH
LQ GLVWUH YV VK HIUD WHKQDVDEHI MY XG\W0'D DOV R VIXBWHRWN \
LQWHUYHQWLRQ ZDV QRW HIIHFWLYH LQ SURPRWLQJ U
LQGLFDWHG E\ WKH ODFN RI VLJQLILFDQW FKDQJH LQ |

PHDVXUHV RIWMWUHMW APMKRY FRQFOXVLRQ LV RQO\ W

3V\FYRE LD OEHID®) G 3HU I HBWRRQBQBHUJUDGXDWHYV

6LPLODU WR UHVLOLHQFH 6WXG\ IRXQG D QHJDW
IORXULVKLQJ EXW D SRV DWW GYEHOR @ WD RFOB QKK § WDW B §
RYHUODS RI 3@ E/QXAE38 PDIJQLWXGHY RI WKH UHVSHFWL
HYHQ JUMHDMWHYVLRQ DE AHVHY DRXQBRQJ QHIDWLYH F
IORXULVKLQJ DQG 36 D PRG HUPRIQ\GRIMMEE MB FFHR BRU H
VXSSUHVVLRQ HIIHFWV VLPLODU WRJIGEKRWMEHU DQG &R L
DGYDQWDJHRXV IRU VK88 ERQWIDRXULYKLRY WKH RY
VWDWLVWLFDOO\

7KBH'O 6KHUU\ HW DO SRVLWYV SHUBHLWQURQLYV

GXH WR SRRU VRFLDO FRQQHFWLRQ ZKHUH SRVLWLYH



ZHBELQJ %DXPHLVWHUK H/UWDIRESHU IHFWLRQLVP LPSHGH
RI LQGXDMR/ SDUWLFLSDWH LQ RU EHQHILW IURP VRFLD(
SHUIHFWLRIQIN WM DIEGIOSRRU SV \ F KZRAHFOFRDDUDL VE(R B U LLWK L
GHILQHG DARREWITFERORJIJLFDO SURVSHUHQ/NW G® IXQF W
,QGHHWG ZIVKIWKH DUJXPHQW SXW IRUZDHKRZEHY)IOHWW D
HYLGHQFH E\ 6BWRHEHU DQG &RUGLHDQ® Q GRWRB WHK\L X/
QRW QHFHVVDULOWXWWHKHDPRIUR U BX G\ IRXQG 36 KHO
FRUUHODWLRE DLWEKVSRD VY VWRISSRDH GL AIRYIB DR@RUUHO D
LQ 6WXG\ DQG D QHJDWLYH FRUUHODWLRQ ZLWK QHJ
JHURUGHU FRUUHODWLRQ LQ VWXG\ $AKWRFBFREZKXQWW
UHVXOWVZRROG VXSSRUW WKH 6'0 WKH UHVXOWV IRU 2
VXJIHDWIRMVLEOH OLPLWDWLRQ LQHVBRKKRIZBIOLFEDWLRC
SHUIHFWLRQLVP [ERRIMRIW WWHK ZHOW V

7KLV LV IXUWKHU LPSOLFBWUWIGY LHQRW® & HIGHHX © WE/V F
BKHUU\ HW DO DUJXH WKDW WKH FRPSXOVLYH QH
LQ SHRSOH KLGKIMWR®E WHU\ H[LVWHQFH VWUKXWXOLQJ
RSSRUWXQLWLHYV WR VRFLDOLVH DQG YLHZLQJ RWKHU)\
FROODERWRMRISHEO\QJ VRFLDO LQWHUHVW DWULG MY W
IRU ([FHEBBQFHLQRQILFRQ®HWERUUHODWLRQ ZLWK IOF
ZKHQ HQWHUHG LQWR D PXOWLSOH UHJUHVVLRQ DQDO
SRVLWLYH UHODWA@QN KIMS M@ X6NGX GLPLODKHEHRGHQFH
SUHGLFWHG JUHDWHU 5HDVVXUDQFH RI :RUWK D VRFL
BURYLVLRQV 6FDOH 636 &XUWRQD 5XVVHOO DV
OHYHOV Rl ORQHOLQHVV ZKLFK ZHUH ERWK DBWVRELDW
VXFK VWULYLQJ IRU HIFHOOHQFH LQ SHUIHFWLRQLVW

VXSBRDQG WKHUHIRHHQSRRUHU ZHOO



+RZHYWKH SV\FKR\EREIQUOHZSIMWLHQFHG E\ VWXGHQ\
QRWXEH. FLHQW H @ RNBIEOLIQIVW VWUHVYV DQG SURWHFEWL
LGHQWLWHER VLWHIBIWLRQVKLSVPEH-QMZIHM Q COCBKIHDAOW K
BWXGXQNOH\ HW DO IRXQG QR VLJQLILFDQW UHO|
SHUFHLYHG VRFLDO VXSSRUWZEXMWQBKH®D FNWLARGD L\Q K HD
WKH FRQWH[W RI KLJK VWUHV VG LL\QMUHHMVF B/ G W KL B H
VXSSRUW OHYH@QWQEFHMDD B G DOVR XVHG WKH 63¢

EXW DVVHVVHG SHUFHLYHG VRFLDO VXSSRUW WKU
$WWDFKPHQW VRFLDO SURYLVHRMW HWHDI® R XU L VKLEW |
ZHEBELQJ LQ UHJDUGY WKUHH LWHPV 3*KDYLQJ VXSSRU
LQIHUULQJ WKH VXSSRUW RI RWKHUV 3*FRQWULEXWLQJ
YDOXH WKDW KHOSLQJ DRS&RUW D Q ¥ WRQRIWB®® \é ENLQV
UHVSHFWHG E\ RW K H UW 6 HSIHVOMOOBE/Q VR E © BRUODMRH 6 3 6
&XUWRQD 5XVVHOO $V VXFK D SHUVRQ KLJK LGQ
EHLQJ WKURXJK D VHQVH RI DG \KIVLIMJFHRR L W IK¥H W/ B
UHODWLRQVKLSY EXW WKH IORXULVKLQJ PHDVXUH GR
RI VRFLDO VXSSRUW LQ SDUWLFEXRWUWERWHW RWUXISB RIHW
DQG UHZDUGLQJ UHODWLRQRKKSVK WR/ FIRBWY ®XQHBDH WY
LGHQWLILHG LQWUKH \BRBEBERBEYHWW DQG +HZLWW
VHH BBOIQRRQKDYH VWDWHG WKH FRVWV RI 36 SRRU P
WKH EHQHILWY KLJKHU IORXULVKLQJ

$V 'XNDH\ HW DO VXJIJHVW WUHDWPHQW FRXC
SHUFHLYHG VRFLDO VXSSRUW WR HQFRXUDJH D VWXGF
EHWWHU XWLOLVLQJ WKHLU H[LVWLQJ SRVLWLYH VRFL
KLJK ORIYWWVHVV )XWXUH UHVHDUFK VKRXOG DOVR H[.

UHODWLRQVKLSV REBVOREKK\LREK BN NI H BB/ H R VRF



VXSSRUW QHWZRUNV WR IXUWKHU LOOXPLQDWH WKH II
PD\ RU PD\ QRW FRW KHGPHHIQWWE O RKH D O W K

7KH TXDOLWDWLYH ILQGLQJV IURP 6WXG\ ZRXOG
WKHPH RI FRQQHFWHGQHVYV KLJKOLJKWHG SDUWLFLSD(
SHUIHFWLRQLVP LQIHUBRIRWKMKHLYH RUHDPAW R QHHOL C
VRFLDO GLVFRQQHFWLRQ +RZHYHU WKH LQWHUYHQW!I
WKURXJK UHFRJQLVLQJ WKHLU VKDUHG FRPPRQ KXPDC
LQWHQGHGFIRP S\KHVVRQILRYHYMHQBEHROLWH VLIQLILFE
3& WKHUH ZDV QR VLJQLILFDQW FKDQJH LQ OHYHOV R
WKH LQWHUYHQWLRQ PD\ KDYH VXSSRUWHG SHUIHFWLI
GLVFRQQHFWHG WKLV PRPRWWQBEHVEFNIDDLBQBOX. DL SU
VXSSRUWLQJ QHWZRUNV D SHUWLQHQW IDFWRU IRU F}

7KH ILQGLQJV UHODWLQJ WR VRFLDO PHGLD XVH Il
VWXGHQW FREQDOLZHW®DW SDUWLFLSD@W IHRVXW RGF
ZHHN ZHUH PRUH OLNHO\ WR H[SHULHQFH KLJKHU OHY
QRW 7KLV LV DUJXDEO\ H[SHFWHG JLYHQ WKHVH SODW
SRSXODU PHGLD IRU VRFLDOLVLQJ MRBD\RN[BHDGMKNQ RH/
JUHDWHU \ERHAICDIOLZ H@ODJLQJ PRUH VRFLDOO\ YLD WKH
IORXULVKLQJ ZDV QRW VLJQLILFDQWO\ FRUUHODWHG Z

,QWHUHVWLQJO\ WKH QHHG IRU DSSURYDO VXEVFI
SRVLWLYHO\ FRUUHODWHG ZLWK IUHTXHQF\ RI VRFLDO
SHUIHFWLRQLVWY DUH KLJKO\ LQWHUSHUVRQDOO\ VHQ
ZKLFK FDQ OHDG WR WKH LQWHUSUHWDWLRQ RI VRFLD
H[SHULHQFH GLVWUHVV ,Q WKLV PDQQHU XVH RI VRFI
IXUWKHU VHHNLQJ DSSURYDO SDUWLFXODUO\ LI WKH

D SHUIHFW SXEOLF LPDJH OHQGHOVRQ 63D3DFKDULVV



DSSURYDO LV QRW DFKLHYHG WKURXJK QHJDWLYH LQ\
WR PHQWDO LOO KHDOWK 7KH SRVLWLYH FRUUHODWLF
PHQWDO LOO KHDOWK DQGRXHDI® WK ¥ B R UWH ARUNG 56 KMOOC
VWXGHQWY XVH RI FHUWDLQ VRFLDO PHGLD BSHIDQMIRUP
LI WKH VWXGHQW KROGV KLJK OHYHOV RI SHUIHFWLRQ
PD\ EH XVHG DV PHDQV WR JDLQ WHKULD/ODIRIURMNDXCU HW HP
HISORUH IXUWKHU ZKHWKHU VRFLDO PHGLD XVH HQKDC(
VWXGHQWY DQG DV VXFK EXIITHUV DJDLQ\EW LWLV ND R ISH!
WKH 6'0 RWDQGRFLDO PHGLD XM WLLRRHUVBD WHQY GHQFLH

HYDOXDWLRQV DQG WKHUHIRUH UEHNWPHQWDO LOO K

6XPPDU\

7KH ILQGLQJV Rl WKH FXUUHQW SURJUDPPH RI UHV
H[LVWLQJ WKHRUHWLFDO PRGHOD \DXEEHK®SOUNFDO HYL
FRQVHTXHQFH RI SHUIHFWLRQLVP LQ 8. XQGHUJUDGXD
GHWULPHQWDOPHGWDBEW RBD\DMHEEGG AHPOMO O\ ERWK 3
DUH UHODWHG WR KLJKHU OHYHOV RI ZRUU\ DQ[LHW\
ZKLFK LV LQ NHHSLQJ ZLWK WKH 3&7 6WXG\ DOVR IR)
WR ERWK 3@RWDQ®LVWKHR WV & VFHDMMHH @AH XDEO\ D PRUH FR
DFFXUDWH PHDVXUH RI 36 LQ FRPSDULVRQ WR RWKHU
FRUUHVSRQGV ZLWWKUWKHY BROWBHMWLQYDOO\ WKH QHJDW
3& DQG IORXULVKLQJ IRXQG EB BRQGLVVDHEW ZRWOLQ \
+RZHYHU LW LV FKDOOHQJLQJ WR PDNH FOHDU FRQFO
VPDOO UHODWLRQVKLS EHWZHHQ 36 DQG IORXULVKLQJ
NHHSLQJ ZLWK WKH 6'0 6KHBWRNWGRQJ |XUW KKILLD MWL G
VXSSUHVVLRQ HIIHFWV DQG VXJJHVWLQJ SRWHQWLDO

OLPLWHG GXH WR WKH VPDOO PDJQLWXGH RI WKLV UH(



PHDVXUH DQG WKH 3, VHH /HBLM[BWRRQWLRBORIZW Kb W
SHUIHFWLRQLVW VWXGHQWVY SHUFHSWLRQ DQG XVH R
EHLQJ LV HQFRXUDJHG

J)LODOWXG\ GHPRQVWUDWHG WKH LOQWHUYHQWLRG
EXW XQVXFFOVURFDOGMULYLQJ IRUZKERR QNQFRIQVLGHUH
DGDSWLYH IRU SHUIHFWLRQLVW VWXGHQWYV LQ OLJKW
IRXQ@&KDSWHU ,W LV VRPHZKDW SURPLVLQJ KRZHYH
FKDQJH LQ SHGIHEWVYR @HWHUWRI RUIDQLVDWLRQ RU
TXDOLWLHVY WKDW FRXOG RWKHUZLVHIKDNYRUEGHQLG® F |
8QIRUWXQDWHO\ WKH LOQWHUYHQWLRQ ZDV XQNXHEBNV
RI DQ[LHWXDOQWGKL®J SRV VZKLFW HURXHREW @ Q@ MFLLDVOHO L P L\
LQ WKH DSSOLFDWLRQ RI H[LVWLQJ WKHRUHWLFDO IUD
+RZHYWKHVH ILQGLQJYV PD\ DOVR LQGLFDWH PHWKRGRC
FRQFOXVRRIGEGUDZYR| SDUWLFLSDQWYV IHHGEDFN ZRXO
EHQHILW RI WKH LOQWHUYHQWLRQ WR SDUWLFLSDQWYV

FRQWH[W RI H[LVWLQJ WKHRUHWLFDO PRGHOV

$SSOLFDWLRQV RI )LQGLQJV IURP WKH 5HVHDUFK 3URJ

JLQGUQRY 6WXG\ DQG DUH FRQVLVWHQW ZLWK W
QHWZRUN IRU SHUIHEW LLRQUW F R ARKEHQGHHEEY W D WX S SR U V
IRFMVIRRDN® G U HOHALIGIFWLRQLVP LQ VWXGHQWY SDUWL
KLIKO\ LDKBHMIWMRIQG ZD\V LQ ZKLFK WR VXSSRUW VWX
DQG EHQOHVXOWYV DWKR ZRIWHVWQ[LHW\ DQG ODFN RI
H[SHULHQFHG E\ SHUIHFWWWRRQH \L\W SRAUNGIHIDRAWVRK LUK G X B
SHUIHFWLRQLVP LQ XXXGBHIGGUB 8 XD@JHFDRIDGES WLYH FF
DYRLGD GRHR PRWLQJ UHVLOLHQFH DQG XVH RI VRFLDO

ORYLQJ IRWADNWE VKW LHR @V LIGW D QWRLGLHIWLRQV



ORZFHWUIHFWLRQLVP W & DLGVHAGHEEMK H UHHWY \D O 5LFH
OLU]DGHK 5LFH 'HOOWWKRH UHODWLRQVKLSV ZLWK
UHVLOLHQFH DQG SRVLWLYH DIIHFW ZRXOG VXJJHVW D
FRXOG SRWHQWLDOO\ EH |IRNMHUBGGWRH § WRVOHIK MD & WK
VWXGHQWYV

7KH GIPBFWRU L Q@®HHGIRRWAREQD SURPLVLQJ UHVRX
XQLYHUVLWLHV WRXFEHDY®RBI& XGL PHRQWKRYXGHQWY 7F
HQVXUH WKH UH OLDEL@IW \LRM IRMO/GI EH EHQHILFLDO |
UHSHDW WRAHYW®BH BPHQGPHQWY DUH IDIOW RLUKRRPP |
L QF (ODXEGGL W LR Q DI JOHIYWIOWHR ZRU U\ UCHMG GIHUFHH Y VG
VRFLDO WXSB RURR XUDHD WRIDEXOMHGHUVWDQGLQJ RI KRZ R
LEHQHILFLDO FRYHQNEMEX@WVGLG QRW ILQG VLJIQLILFDC
RU DQ[DWWDWHU HPSKDVLV RQ PBKD®IRRU V@ LAOLY B 9
QHWZRUNV GXUB®U VMW IXX@ NOH\ HW DO DQG'XQN(
OHQIJWKHQLQJ WKH LOQWHUYHQWLRQPDEHMYWSR QP SUR"
WKHVH RXMWRRWM UFKDXQOW\E VQWMH LQWHUYHQM)LRQ LV
QRW MXVWHUHESHWLRQ LSV P EXQ/ IDHOW\QBUWHEEXAQQIMK L Q J
PDEH RI IXUWKHU EHQHILW IRU XQLYHUVLWLHV WR XV}
VXSSRUWEMKB JJZEHQG PH@EMDOHKMLAW VG \SRXGHQM D O

PLWLIDWWKH DURZWQJ GHPDQG H[SHULHQFHG E\ VXSSF

&RQWULEXWLRQ WR .QRZOHGJH

7KH SURJUDPPH RI UHVHDUFK KDV FRRQWUYDE XQ/HEG
WKH QRPRORJLFDO QHW ZR @O WRJHS W8D PKEEORA R MUY G XLOQV H
BHODWLRQ WR NH\ IDFWRUV W K DB LUQH] O HOF & RRLKDQ WIRO LKW
HIWHQGHG NEQRZOMMIHHHQFLQJ WKH GHOHWHULRXV UHO

SHUIHFWLRQLVP DQG VWXG HEMINIWPENDRANHD S RRVHHD@WVLKD D C



EHQH I LSTLIDW UNOO®MA RQVKLS EHRHAHHQ 8% DXQFK Z WO | L
KDYH SURYLGHG VXSSRUW |RYWIKH §&7RGOGIG &K H VELHFW
W HKH RN SHUIHPWR POIQWWD O K HEBIQ BXWD IR \HSIU W LD O O\
VXSSRUKMHEZKHQ FRQWIGH UHQPMMW RON®LI6 DQG SV\FKR
ZHEEBLQJ 7KLV VXJIHVWV \DRSR\KH @8 IS B L RUD W L R
XQGHUVWDQGLQJ KA B FW MHFEMBRQWWREIHQWY DQG ZDU
IXUWKHU LQYHVWLJDWLRQ 7KH SURJUDPPH RIRIHVHDU
VXSSUHVVLRQ HIIHFWV ZLWKLQ SHUIHFWLRQLVP +LOO
WKHVH WKR}OG/EH DWWHQG H GI MHO 6 DRIHS X O ON FAL MRKQ IQV
OROQDU 6LURLYV 7KH VXUYH\ DOVR SURYLGHV L
UHODWLRQVKLSP? HGIMWZKWE VBRXDOVKLQJ DQG SHUIHFV
DSSURYDO KLJKOLJKWLQJ D JDS LQ NQ@RHZOWM GIHW R QW
7KH GI®BE&RU LOQWHUYHQWLRQ LV WKH ILUVW 8. VW
VWXG\ H[LVWV LQ WKH OLWHUDWXUH ZKLFK KDV H[DPL¢
WKH WUHDWPHQW RI SH,\W HKFDVL R BH Q PE HQW M X CIHIQY W@ \G |
3& MWXGHQWY ZLWKRXW GHFUHDVLQJ DGDSWLYH FRP
SODQIXO/QBARWHG LQ &KDSWHU DU3RBW MWKPWWRHVHDUFI
RI TXDOLWDWLYH DSSURDFKHV ZLOO KHO SFMWRQSURUKH
ILHOBYD®DXDWLQJ WKL RILIHE PHOVBERERD FK LW KDV SU
JUHRWMUIKWY LQWR LQW H DYHZH DMK G WHANFSAERHHIA-HY V
SHUIHFWLRQLYV P KD® ¥RIB GAHRERAYS U H K H Q WL IY RVGHDY(D ODKID W
RDQ H[FOXVLYHO\ SRVLWLYLVW[ISXQGW EW B@\LKN 6 ORI
XQGHUVWDQGLQJ DQG LGHDV IRU KRZ WR ZRUN ZLWK S
$ SDUWLFXODU VWUHQJWK Rl WKHWFRQWURERWPRQ
E\ #$&3F BUH ®IQWHIB] S HEV HERMGEH\UG S D ¥ WQKBLIB®I U W L V H

WKH UHVHDUFKHERZWVKRDEROHWIRLFDO VWDQGDUGV %$&



UHVHDUFK SURMHFW 7KH $3% FRQVLGHUV FOLQLF
KLIKHVWLOUWREIRI DFKLHYLQOQ @®DIDO/OIRY MGAI MAKEHD ) 1 bi )
WR XQGHUVWDQG DQG LQWHJUDWH WEATHPGHWR | LVE KBILUD IS &
LQWH U Y$I@ W E R GWLFAW K WV ROQ WXIE VW D QWKL-D B | LIPFSDAR VR IR C
LOQOWHUYH®MWLRWXFKVEKW IOH[LELOLW\ WR EH FOLQLFDO
SDUWLFLSDQW®HRRUIEDYVG QWVSREBQQQIMWRO SDWWHUQ)\
GLVUHQIDWWGHOHYD QW QG R IHHEWHFRQ WHKHSHUVRQDO UHC
EHWZHHQ SUDFWLWKILKQAON Q VG | BMXGHPMEH Rl 3VXSSRUW
VKDULQJ IRXQG LQ 6WXGY D OXKKEU M XSIBIRW MALYSHD @ VY Q H
WKH LQWHUYHQWHE\RW KZD U HOWKHIQYFAHUBHSBHEAM LQOLF RO X W L O
DW U H D WWPKIK) WHV XOWYV PD\ EH PRUH P HD QAR OXD FIDQ @ LIF
VHWWLQJV LI WKH LOWHUYHQWLRQ XQGHU VWXG\ ZDV
GXDIDFWRU LQWHUYHGQGWDR@RDHAQFGVOLWWMHLQHG UHVE
PD\ KIYDHAFER QV L GRIW EMOMQHUDOLVDEOH ,® R/ XPR QUF DDV
ZHOO DV WKH DFDGHPLF ULJRXU DSSOLHIGDW FEMHK® SUF
JLYHQ WKWWR XGHCOL® FBHUBBQEHHWKLFDOO\ FRPRD\E S QR

JUHDWHU FRQILGHQFH L@ GWRKFHWHKEY KO W K HUCRSHL O GV Y W B

/LPLWDWLRQV Rl WKH 5HVHDUFK 3URJUDPPH
7KHB, ZDV FKRVHQ DV D YLDEOH WHDWRXUKRRWK SHKUH
SURJUDRBHJHDVRQV SUHYLRXVO\ BRPBXWKH® VIRBI QQ V\
HQFDSVXODWHG WHH RV WRVAQ JWKVXRHIQWO\ XVHG PHDVX
PXOWLGLPHQVLRQDO SHUIBBEWI3R®RY A YHVIKGIH Q3FeH
VXJIJHVWYV DVVRFLDWQICR QY EIHWKZ RHY BBPH PHDVXUHV P
RQ WKH SHUIHFWLR@LVYR IP\H BWSD® WVFSODUO\ LI VXEVF

LOQFRUSRUDWH DVSHFWV RI RWKHU FRQVWUXFWYV WKX



HW DO JOHWW DIOWDHHRWEOLQ XVLQJ WKH 3, FRQ
UHVHDUFK SURJUDPPH DUH @AHPSW KDOW R DMK IRQ VRSIHFH UL
LW ZDW. QGNVRODWHAGK G\ 6 WK D WL X HR ¥V X FRHDO®HEGIF H
D VXSSYBVYRBOH 3DQGH\ (OOLRW 5HVHDUFKHU
YDULDQW OHIW RYHU DIWHUFWRRGERB \BRL AR QAL BDQ@H I/
OROQDU 6LURLYV K DIX®RMMHHUHKBYWR GLVHQ
FRQVFLHQWLRXVQHVV SHUIHFWLRQLVP BRIGFKHW\WHKIHO OH
BWULYLQJ IRW X EVHFDOHHQFRIX O G RK:KK D SMLEHEFD B QG WK |
VFRSH RI WKLV SURJUDFSFOHRE MJ B VRIDHAFHKQWR RQHG 1L QC
PR X\OWBL O O D @®IFFND WIHFRQFUHWH XQGHUVWDQGLQJ R
FRQFHS WKDMKON UBILRUW Y FRP S UFHOKH/Q R IQWH WRBRREPH X/ UL R 2 G
WKLV PHDVXUH
,W LV DOVR SHUWLQHQW WR QRWH WKDW GHVSLWFE
FRXOG FKDQJH WKURXJK SVIFKRWKHUDSHXWL.\F DQWHU"
DNHZLWW HW R®WFHR/Q FMHSHIW XDOLVDWLRQ RI SHUIHF
UHVWULFWH % HDRENWWOR. W [ S U H\DWHEU BHWWRKQR O UHODW
LQWUDSHUVR @ /@D BN FIRV GVAMRIKKY DOO VWXGLHV FRX(
IURP GLIITHUHQW RYUBGRMWIRQIBG WRRDY.VP WKDW ZRX
SHUIHFWLRQLVWLF WUDLWV GLVSRVLWLRQV DQG VWDW
IUDPHZRUNV FRXOG EH DSSOLHG WR H[WHQG XQGHUVW
PHQWDO KHD O YK DLGGERMXBMOMRQY UHODWLQJ WR WKH
RPLWWPBADVXUH RI UXPLQDWLYH FRJ@EPLOPWLRINV RSS!
VXEVFDOH D PHDVXUH RI FRSLQJ VWUDWHJLHV WR VW
EURDGO\ DQG D PHDVXUB GUWLRRFQ DAOR \Jl OBRBFIUHW R IRQID
ZKLOVW FRUUHODWQRBH\WO/DQD CLWWHW BWH D LQ XQGHUYV

EHWZHHQ IDFWR UV P HXELLDXYWRUWRIBY B RISHBNDW R W ZDV Q|



SRVVLEOH WR H[DPLQH W KB VP H FKDH ILNHFOD W K R @V LSO E |
SHUIHFWLRQLVP ZLWK PEHHLDICP KW DQ W W KOHRU EMQED O |

'LWKRXW D VWDQGDUGLVHG PHDVXUH IRU DEDGHPI
WR H[DPS@WMEWLDO DGDSWLYHQHVV RI 36 LQ LWV UH(
DEKLHYHPHQW 5LFH HW DODV ZHO® ®VMIPBQWDO KHDO\
EHLQJ RXBWPRHDW OW KHKILAMAL QJV UHODWLQJ WR VRFLD
SRW H Q/\DIOX@ESOH. FDW LR QI8 HRUHF WK B @& [BWAY/ Q ) GWAHHOOD F
D VWDQGDUGLVHG PHDVXUH IRVLW KLIM IS BX®\W F R [DF KX
LGHQWLI\ LWV LPSDEFW

)LQDOO\ DV GLVFXVVHG LQ &KDSWHU D ODFN RI
IPSDFWHG FRQILGHQFH LQ WKH TXDQWLWDWLYH HYDOX
LQWHUYWRMKLRY WKH VWXG\ SRY WUR®@ KXW F R Q & H&H U
OHYHOV RI SHUIHFWLRQLVP LQ SDUWLFLSDQWYV LQ WKt
GHWEPBPDQLEOKIX@IHY LQ SHUIHPWHRQH Y P/ ISFRQZAH X U W K H |
GLIILFXOW WR DVFHUWD L Q DAFKAHR W WOQNY HRIY BIFW RR QV KRHY
XVH RI DQ LQGLY LGXIDDKRXWHIUQFHIQXVGLRQG GLITHMHQW FF

GXDFWRU LOQWHUYHQWLRQV

6 XJJHVW LK@NGUHRIUH D U F K

,PSRUWDQW IXWXUH REMHFWLYHV WR DGGUHVV WK
ZR X O @/HE[®D PHW)KH QRPRORJLFDO QHWZRUN RI SHUIHFWLI
DGGLWLRQDO PHDVXUHV RI SHUIHFWLRQLVP DV ZHOO
LQFOXGLQJ DFDGHPLF DFKLHYHPHQW WR EHWWHU XQ
SHUIHFWLRQLVP G L RHQNQ RKG\D CBAHHO@B\BQR WEUIRNGKHHIUW V
LQYHVWLIJDWLRQ LQWR WKH LP$BFRP RHWRHEIBMNXK RH GZILM

PRUH VWDQGDUGLVHG UHOLDEOH DQXUYW®BHG ZHKBWXU



LV EHQHILFLDO RSWH GWYP DXMGWRKXWXXLGH LQWHUYHQW
VWXGHQWYV

)XWXYBNWHDUFK FRXOG H[WHQG WEKHPRNV RO VE W \RIQ\GK
VLPSOH ELYDULDWH FRUUHODW IHPG\O RORQ D B B U H IFIRAPISV
PXOWLY D UL D WHJW RABE@IDTX HY X D W l7RKR DR RSAHRYQ GGIJ | X U W
VXSSRBYWIRLQ VW W ZVWROGWI. QJ JUHRVGW HOWHQMM R QV D
WKHRUHWLFDOH]BBOQE R W MWKADEDSHE@EFR@ LVPV WKDV
FODULI\ WKH UH O DSMILR B F WALIR@UEBRADEHED @HVEKQ J RXWFRP |
LQ VWXGHQWYV

)LQDOO\ JLYHQ WKH OLPLWHG EXW SURPLVLQJ UH
UHVHDUFK FRXOG EXLOG X SIRMGWH BKERIRAHRIF B B VX IDYWHO |
UHSOIFP®WHBSURYHG )RU H[DP S OBF WRS Q IQRDARLKYOH QWVKLH
JUHDWHU VIOFRRSOH GHPH QJ SHUIHFWLRQLVP VORI HHMD\E @ 8
LGHQWL I LPFRDUML RBDRILQJIXO HI | HBW W KHY GQEN H\DWHIGIW VR
HJ HLJKW RUJHDAWMHBIWQGHUVWDQGLQJ RI KREIWR PL
QRW WKURXJK EHKDY LRXUDQ@GRE WLRY DQERQDW H F\Q EKRP
EHLQJ LI QRW WKURXJK XWLOLVDS\SIRUPMRQ WARB REE QH
LQFRUSRUDRQEIWKMH DS\ DORQJIJVLGH WKH LQWHUYHQV
SDUWLFLSDQWY ,QFOXGLQJ GRF\WERHQW FRQGQM LRBDW
LGHQWXQLWXH FRQW U LB RWILIRIGRXWR | RBATDWON DD GDUGLV
PHDVXUH IRU DFDGHPLF DWWDLQPHQW ZRXOG EH KHOS
FRPSUHKHQVLYH XQGHUVWDQGLQJ Rl LWYLBHQUWALRWYV
PHQWDO KHDBWKQ.D (EXWHIMVR WKH LPEDFW RIKH LQWF

SHUIHFWLRQLVW VWXGHQWVY DFDGHPLF DFKLHYHPHQW



&RQFOXVLRQ

7KH UHVHDUFK SURMHFW KD VLRH GREHGQW RRIG B IWKHDL
QHWZRUN RI SHUIHFWLRQLERHYQ GBH XFRLGHURD O B & D B/ 1Y
UHODWLRQVKLSV RI 3& DIQ\GKEZRHOQOW DO/ [ZGI® & HDD/OWK H Q|
UHODWLRQVKLSYV RI 36 +RZHYHU LQ H[DPLQLQJ VXSSL
DEOH WR LGHQWLI\ VWURQJHU SRVLWAENIHMWHODWLRQV
VXJIJHVWHKE QVKRHSRUWLQJILWW X & RVQMH/E 8U XMKH YDU\LQ
UHODWLRQV KEHSVHFVWERIHEP® O & EHQQJ RXMWDFRPHV
XQGHUJUD G X\MVRMRQ ¥ RUPYL.QH WKH SRWHQWLDO DGDSW
VSHFLILF FRQWH[W

7KH UHVXOWYV IURP WK H EXW H HQRYV RVHRK/HIDZLPKH FQRIQPY
RQ KRZ DDEMWIR® LQWHUYHQWLRQ FDQ EH EHQHILFLDO |
SHUIHFWLRQLVP LQ VWXGHQWYV LQ UHGXFLQJ 3& ZLWK
GLPHQVYRBRUWNDQLVDWLRQ BRBOI DWW XD MMM BHV \R |
DQERQQHFW HEOQHREZR' QW L F L S D QRN WY Kl H H. @ EVCHKNY FKQDAL 1 R @Y
WKH EHQHILW 33|, VQW/R LODWHILYIHQWLRQV IRU SHUIHFWL
LV VXJIJHVWHG XQLYHUVLWLUB¥WRQ \LIQGHHIU ¥ ¥ R MELLRIQJV VI
EDVHG DQG ULVN GHFUHDVLQJ SRWHQWLDOO\ DGDSWL
,QVWHDG PWQG/HGHFRPY H UV L WIDHW RR QVS SWHRID B KG MDD S
VWXGHQWYV WKDW H@DO®E\D $WQDH HPHSHEWRWY RX JKH X VH
RI D &%QMWHUYHQUMDRMUSREYMRLOEIOS HQKDQFH DQG QR\

DGDSWLWHHMXRDBHUIHFWLRQLVP

'RUG &RXQW



S5HIHUHQFHYV
$ODYL$SUFKLBDOFRDDVWHRBSH] &OHDW\ $OLJQLQJ WKHR
DQG PHWKRGRORJ\ LQ PL[HG PHWKRGYV UHVHDUFK %HI
,QWRMULED DO -RXUQDO Rl 6RFLDO 5HVHDUFK OHWKRGRO

KWWSV GRL RUJ

$OGDR $ +RROQMBPD 6 6FKZHL]HU U$J X O D WIPARQV ¥ RVQY D
DFURVYV SV\FKRSD\WRPRORWL BSQUBHRWEIYO 3VI\FKRORJ\ 5HYL

KWWSV GRL RUJ M FSU

$OGHD 0 $ SLFH . * 7KH UROH RI HPRWLRQDO
DQG SVI\FKRORJIREDJAW BGOVRN UBHRXWQ VHOLQJ B83V\FKRORJ)\

KWWSV GRL RUJ

$PHULFDQ 3V\FKRORJLFDO $VVEBVB\ELROD FW L F H YIQG S\

$PHULFDIQR®OWRFLVW =+ KWWSV GRL RUJ

$PHULFDQ 3V\FKRORJLFDQRFRERRLDAMDIRQHWZRUN $3%$ 'L

SV\FKR6RWULHYHG 'HFHPEWWSYV IWRPNLRQDU\ DSD RU

QHWZRUN

$QGUHZV % 'LOGLQ@KH- UHODWLRQ RD GG[H S WH VMR RIY WHQ
DQG DFKLHYHPH®WLMQL VKV XRHODMD\O RI 3V\FKRORJ\

KWWSV GRL RUJ

$URQLQ 6 6PLWIQHILQ IRXU VWXGHQWY VXIIHU IURP F

<RX*RRW WSV \RXJRY FR XN WHRHSIRFWVWAMR F OTKWU YBHWLFOI

E U L WDNOOGHIHN © L IF MG D

SUSRKRQLEELH & ,UYLQH - EIDWHRE BREHXDWLLYHE DO WKH
IRU SHUIHFWLRQLVP $ UDQ3RPKRVEKHRQYWUROGHIEU W U |

KWWSV GRL RUJ
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%DUNKDP 0 %URJOLD ( 'XIRXU * )YXGJH 0 .QRZOH\
‘LOOLRPV 7RZDUGV EQVHYG GRIQRMVXGHQW ZHOOEHL
KHDOWK 'HILQLWLRQV GHYHORS&RXQQMHD 0/UPRUDGLR:

SVI\IFKRWKHUDS\ 5SHVHDURKWSY GRL RWUSU

%DXPHLVWHU 5 ) /[HDU\ 0 5 3V\FKRH RHH® OV R XEGIQ

+ KWWSV GRL RUJ

%HFN $ 7 '"HSUHVVLRQ &OLQLFDO H[SHULPHDWSHY DQC
5RZ

%HFN $ 7 &RJQLWLYH WKHUDS\ DQG WKHHPRWLRQDO G
8QLYHUVLWLHV 3UHVV

%HEN $ 7 (SVWHLQ 1 %URZQ * BWHHU 5 $

FOLQLFDO DQ[LHW\ 3V\RKRIFID/DOURF SRIRBXQUWILGY DQG &

SVIFKRORJ\ KWWGRL RUJ
%pNpV 9 'XQNOH\ ' 0 7D\ORU * =XURII ' & [/HZNR.:
* "HVWUHLFK 5 &KURQLF VWUHVY DQG DWWHC

RYHU U\HBH PRGHUDWLQJ UROHKBRIYESRU | HKEMHRI\L V P

KWWSV GRL RUJ M EHWK

%HQVRQ ( 7KH PDQRQDRRBRQ IRW B WRIGI BWLFKROR J\

KWWSV 272727 DSD RUJ PRQLWRU QRY PDQ\IDFHV

%HUU$ .. RZDOWNL)HUJXVRQ@FAXJIK/ ¥ QBHPSLULFDO
SKHQRPHQRORJ\ RI \RXQJ DGXOW RZRPSIVANBRME WADHNILMIH

5HVHDUFK LQ 6SRUW DQ@G HWWHWHGRL

%HUZLFN ' 0 OXUSK\ - 0 *ROGPDQ 3 $ :DUH - (
0 & SHUIRUPDOWHPRP BQWYOH KHDOHNGK VPO HRHDQLHY .

KWWSGRL RUJ
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%HVVHU $ )OHWW * +HZLWW 3 / SHUIHFWLRC
UHVSRQVH WR SHUIRUP D-QRKH QDL R Y B RWL REXE @HRI'D L W L
%HKYLRKHUDS\ +

KWWSV GRL RUJ % -25( F

%LHOLQJ 3 - ,VUDHOL $ / ,BGWRBHAFWLRBQLVP JRRG
([DPLQLQJ PRGHOV Rl WKH SSHIWIWF@DLBOQWYV P 8 Q § & UKL

'LITHUHQFHYV KWWSV GRL RUJ 6

%LHOLQJ 3 - ,VUDHOL $ / 6PLWKDNLQ$QWKRIQ\UDG Bl
EHKDYLRXUDO FRQVHTXHQFHV RI SHUVHRRVDICRGLVFPQLI , ¢

'LITHUHQFHYV % KWWSV GRL RUJ 6

%ODQNVWHLQ . 5 )OHWW * / +HZLWW 3 / (QJ $
SHUIHFWLRQLVP DQG LU UDMLR® ZDW K DWKWH $IQDRI[ VXIUQY H

SHUVRQDOLW\ DQG ,QGLYLGXD &XWWHYHGRHVRUJ

3

%ODQNVWHLQ@OHE & AX OXOWLGLPHQVLRQDO SHUII
UXPLQDWLYH EURRGLQJ LQ FXUUHQW RXS®ROL®I DQJL
5DWLRPPWLYH D Q G%EIKIYLVRUYHKHUB S\

KWWSV GRL RUJ v

%ODVEHUJ - 6 +HZLWW 3 / )OHWW * / B6KHUU\ 6 ¢
LPSRUWDHFFERRUAWMDJ 7KH GLVWLQFWLRQ EHWZHHQ PH
PHDVXULQJ SHUIHFWLRQLER R UIRD® ZI\ AW FKRW &XEVW L R

* KWWSV GRL RUJ

%ODWW 6 - 7KH GHVWUXFPHLWYHQIQV ¥V RAE KSSHER Bl EWWY
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%RMXZR\H 2 BWUHVVIXO H[SHULHQFHV RI ILUVW \}
BRXWK SIRXBH QJ 3V\FKRORJ\ 4XDUWHUO\

KWWSV GRL RUJ

%ROJHU 1 =XFNHUPDQ $ $ IJUDPHZRHN YZWRUHV W X
SURFHRXW QDO RI 3BHUVRQDOLW\ DQG 6RFLDO 3V\FKROR.

KWWSV GRL RUJ

%ROLHU / +DYHUPDQ-O05LSNWHUKRBPLW + ) ( % RK(
3RVLWLYH SV\FKRORJ\ D QWNG\WY M QRV LLROGQVG RSP P HGD

VWXGCWORV3IXEOLF +HDOWWWSY GRL RUJ

%RUNRYHF 7' $OFDLQH 2 %HKDU ( $YRLGDQI
JHQHUDOL]JHG DQ[LHW\ GLVRUGHU ,Q 5 * +HLPEHUJ &
*HQHUDOL]HG $Q[LHW\ 'LVRIDGHY DXEY B PHW LOH5H V
*XLOIRUG 3UHVYV

%RUNRYHF 7 +X 6 7KH HIITHFW Rl ZRUU\ RQ F
SKRELF LBMKDMNLRXU 5HVHDUFK DG 7KHUDS\

KWWSV GRL RUJ R

%RUNRYHF 7 , Q1 - 7TKH QDWXUH RI ZRUU\ LQ

SUHGRPLQDQFHWRIYWWRXYKRXDFSHVHDUFK D@G 7KHUDS

KWWSV GRL RUJ J
%RUNRYHF 7 ' OHW]JHU 5 / BLUDWL QYRVUT DQG WSKQH
/ 0
+DUWPDQ . 5 %O DIHUWAHISMAL R@WRI VHOI LQ HPRWLRQ]

SV\FKRWISBBURS\ 1HZ <RUN 3OHQXP 3UHVYV
%RUNRYHF 7 ' S5RELQVRQ ( 3UX]JLQVN\ 7 '"H3UHH
HIRODWLRQ RI ZRUU\ 6RPH FKD®WBKWMURX W I5HW BDDQGF & |

7TKHUDS\ + KWWSV GRL RUJ
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%RUNRYHF5RHPHU / SHUFHLYHG IXQFWLRQV RI ZF
DQ[LHW\ GLVRUGHU VXEMHFWYV '"LVWUDFWLR®XURDP ®R
RI %HKDYLRU 7KHUDS\ DQG ([SHUEPHQWDO 3V\FKLDWU\

KWWSV GRL RUJ 6

%RXWH\UH ( ODXUHO/ 0 % HILQ@D XD V-VOHY DQG GHSU}
DPRQJ ILUVW \HDU SV\FKRORJ\ VWSGEQWYG ¥ REDDE H/
BWUHVV DQG +HDOWK -RXUQDO RI WKH ,QWHUQDWLRQ

+ KWWSV GRL RUJ VPL

%UDFNQH\ .BBUDEHQLFN 6 $ 3VIFKRSDWKRORJ\ DQ
SHUIRUPDQFH 7KH UROH RI PRW LYRXW QPP RY G RXHDWHQ

S3VI\IFKRORJ\ = KWWSV GRL RUJ

%UDXQ 9 &ODUNH 9 8VLQJ WKHRDWILW ID/QIDYAH V L
SHVHDUFK LQ 3V\FKROGRMWSYV GRL RUJ TS
%UDXQ 9 &ODUNH 9 S5HIOHFWLYHXRQ LWHD O/H MHY |

5SHVHDUFK LQ 6SRUWWKHHUFLVH DQG +HDO

KWWSV GRL RUJ

%UDXQ 9 &ODUNH 9 7KH HEEV DQG IORZV RI TX
DQG WKH VORZ ZKHHO RI LQWHUSUHWDWLRQ ,Q % &
, 6 &RVWDV %WHWORHUDOEW\ LQ TXDOLWDKWRGEW LDQIXLU
SUDFWIREXWOHGJH

%UDXQ 9 &ODUNH 9 5DQF 1 +RZ WR XVH WKH
GDWD ,Q $ 9RVVOHU 7KH BRXQNUW O@IMQJ DQG 3V\FKRW|
+DQGEBBN 6DJH 3XEOLFDWLRQV /WG

%UBH *DOODJKHU * 8VLQJ OLFURVRIW ([FHO WR F

TXDOLWDWLYH GMHWMB FW IWVLH 9056 URBMBR QG -RXUQDO RI
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/JHDUQLQJ LQ +LJKHU (GXFDWLRQ $$&DLODEOH IURP

KWWSVY RMV DLVKHMDUWQEEBHSIHFHADLVKH

%UHZHU 0 / YDQ .HVVHO * 6DQGHUVRQ % 1DXPDQQC
&DUWHU $5HVLOLHQFH LQ KLIJKHU HGXFDWLRKHUYWXGH
(GXFDWLRQ 5HVHDUFK '"HYHORSPHQW

KWWSV GRL RUJ

%ULWLVK $VVRFLDWLRQ IRU &RXQVBQOLIQUVLYG B Y F KR\
&RXQVHOOLQJ 6HUYLFHV %&BWRU 2YHUYLHZ

KWWSV Z7ZZ EDFS FR XN GREY HIBAD WRIBEDWNGOYQHFHYV

VHFEFUWRVWRXUEB I

%ULWLVK $VVRFLDWLRQ IRU &RXQVHOOI PIWBQEDIVIBORW

IRU WKH FRXQVHOONLWAHAZ URD A ¥ VAR ® ) EHMROXWWY HY HWK L

DOVGWDQGDUGBMHAWAKRWEE XQVIBOBLPMVLRQV

%URJOLD ( OLOOLQJV $ %DUNKDP 0 &KDOOHC
KHDOWK LQ HPEHGGH®BI PRMXYLFHY $ VXUYH\ RI 8. KLJK
LOQVWLWYWWRQK -RXUQDO RI *XLGDQFH &RXQVHOOLQ.

KWWSV GRL RUJ

%URZQ ( - +HLPEHUJ 5 * )URVW 5 2 ODNULV * 6
5HODWLRQVKLS RI SHUIHFWLRQLVP WR DIIHFW H
SHUIRUPDQFH LQ-RXWQMIDRY BRRPDFORGRIAOLOLFDO 3\

KWWSV GRL RUJ MVFS

%YURZQ 3 7TKH LQYLVLEOH SUREOHP" +BSKIRYLQJ V'V

(GXFDWLRQ 3ROLF\ ,QVWKWXWV$H AAZ,KEHSRDW XN

%URZQH ( - 36HFXULQJ D VXVWDLQDEOH IX@QVXUH IRU KL
LQGHSHQGHQW UHYLHZ Rl KLJKHU HGXABWUR® HRWYGILRL

%XVLQHVV ,QQRYDWLRQ 6NLOOV
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KWWSV DVVHWY SXEOLVKLQJ VHUYLFH JRY XN JRYHUC

KPHOWBGDWD ILOH VHFXWUNYIDKDIXEHIMNF DENURAD H

UHSRUW SGI
WWFNHU 6 1XUD\GLQ 6 G6LPRQVPHLHU % $ 6FKQHLGF
6 XEMHFWEMHQZIHID®G DFDGHRLPHHF@&DB-WHRHDO RI 5HVH

LQ SBHUVRQDOLKNMNYWSY GRL RUJ M MUS

%XUJHVV $ 0 'L%DUWROR 3 0 $Q[LHW\ DQG St
PHFKDQLVPV DQG FRQGRWVRQV6 ,QRGBGDUHRKELRQLVP
KHDOWK BHIGSEH@0O 6SULQJHU ,QWHUQDWLRQDO 3XE(

IDWXWHNSY GRL RUJ B

%XULVFK O $SSURDFKHV WR SHUVRQDOLW\ LQYHQ

PHUBWNULFDQ 3V\FKRORJL¥YWWSVY GRL RUJ

%XUNH 0 .UDXW 5 ( 7KH 5HODWLRQVKLS %HW?Z
%HLQJ '"HSHQGV RQ &RPPXQLFDWLRQU Q36 PIQ&R PLSHK W\H |

OHGLDWHG &RPPXQLEDWKR®/SV GRL RUJ MFF

%XUQvV ' ' 7KH SHUIHFWAHRIGEDWW K R O/RFFIU LSRG DRU V H

KWWSV PRWDODFRRHPNVNRIWDIWZES OR BGW | HF W EBHRW W

VHOHIHDW SGI
&DUOHWRQ 5 1 'HVJDJQp * .UDNDXHU 5 +RQJ 5 <
RXQFHUWDLQW\ RYHU WLPH WKH SRWHQWRDQ LIVDU DK H

%HKDYLRXU 7KHUDSKWWSV GRL RUJ

&DUU $ &XOOHQ . .HHQH\ & &DQQLQJ & ORRQH\
$ (IIHFWLYHQHVYV RI SRVLWLYH SV\FKRORJ\ LQWF
PHWDDOAKHV-RXUQDO RI 3RVEGBNYE FH REBUERMI\S XEOLFI

KWWSV GRL RUJ
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&DVDOH 6 )LRUDYDQWL * )JOHWW * |/ +tHZLWW 3 /
SHUIHFWLRQLVP WR SUREOHPDWLF XVH RI LQWHUQHW
UROBWHRBRFHIRHH® O VXSSRBWETHIG WKYHIBBD 6 WD WH R Q

%HKDYLRXUV KWWSV GRL RUJ M DGGEHK

&DVVLG\ 6 7KH $FDGHP3565HWL Q HA CPRAD BVHISQA IR HQ V
FRQVWUXFWURHDVIXHUKHYV LQ 3VI\FKRORJ\

KWWSV GRL RUJ ISV\J

&KDQJ ( & 3 H W HFVP HRQ/IW\RRO B R | S EWKRIORQLFD O 2
FROOHJH VWXGHQW VDPISG HD \§ LVRIQWAREIHD R/WERHFALYD O Dt

&OLQLFDO 3V\FKR@RJI\KWWSV GRL RUJ MVFS

&KDQJ ( & 5DQG . |/ 3HUIHFWLRQLVP DV D SUH
DGMXVWPHQW (YLGHQFHVWRUHVV SHFALKDK GLP \BRRQLUVFF

-RXUQDO RI &RXQVHOLQJ BV\EWRWGCRAI\ GRL RUJ

&KHQJ 9 &DWOLQJ - & 7KH UROH RI UHVLOLHQF
SUHGLFWRORE PHDODIRRIWBFRRBOORI\ 7THDFKLQJ 5SHYLHZ

KWWSV GRL RUJ ESVSWU

&KRX 7+ * (GJH 1 837KH\ DUH KDSSLHU DQG KDY L(
7KH ,PSDFW RI 8VLQJ )DFHERRN RQ S\HEWRBS/WHKRRO/RRY 2
%YHKDYLRU DQG 6RFLDO #tHWZRUNLQJ

KWWSV GRL RUJ F\EHU

&ODUN - / $OJRH 6 % *UHHQ 0 & %GR BUDO 1H
7KH 5ROH RI 6RFLRROUSRITDAFEWRAY LQ 3V\FKRORJLFDO

KWWSV GRL RUJ

&ODUNH 9 %UDXQ 9 7 KKK HR B WQ b (B DR/ 1\Y H

KWWSV GRL RUJ
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&ODUNH 9 %UDXQ 9 8VLQJ WKHPDWLF DQDO\VL
UHVHDUFK $ FULRDEP\CHOBILAHFWINRGKRWKHUD S\ 5HVHI

KWWSV GRL RUJ FDSU

&RKHQ - $ SRBAZAPKROIRRIHBEDO %XQ@OHWLQ

KWWSV GRL RUJ

&RROLFDQ HHVHDUFK PHWKRGYV DQG VWEWLG/W L5R/XMWD 8t
&RRSHU O OF/HR&8OXUDOLVWLF &RXQVHOOAE¥) DQG 3V
&RXSHU 0 3 'HE VXUYH\V $ UHYLHYERIBEQVRIQV DC

4XDUWHUOA KWWSV GRL RUJ

&RUULH 6 &DOODKDQ 0 0 SHUDAWILLAZ. R Q MK 1P R/G |
SHIOHFWLRQV @ @ RQ/W WBLRAXWQWQDNVNR FRXQVHOOLQJ SV\
FXUUHQW KHD QMWK WDWVK \RMXHQB® RI OHGLFDO 3V\FKRO

KWWSYV GRL RUJ

&R[ % - (QQV 0 : &ODUD , 3 7TKH PXOWLGLP
SHUIHFWLRQLVP LQ FOLQLFDOO\ GLVWUHRK/FEGIREIDRISOF R |

$VVHVVPHQW+ KWWSV GRL RUJ

&R\QH - & 2BRRIEWMUYH SV\FKRORJ\ LQWHUYHQWLR!

VIPSWKRWVSY 7Z7ZZ FR\QHRIWKHUHDO®8VARRRRORJ\ SRV

LQWHU YHKSNIHUQRISYHR P V

&UHVZHOO - &UHVEHOKDUFK 'HVLJQ 4XDDWWDN LY
OL[HG OHWERGYV
&URPELH $ %ULQGOH\ GDUMDQUULY 7KRBSMRQ 7 0

J)DFWRUV WKDW HQKDQFH UDWHV RI FRRBUHWGREOD WK R

7TRGD\ KWWSV GRL RUJ M QHGW
&URQEDFK [ - OHHKO 3 ( &RQVWUXFW YDOLGL

SVI\FKRORJLFDO % XOOHKWMWEY GRL RUJ K
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&XUUDQ 7 +LOO $ 3 3HUIHFWLR Q LDAPDIOV VLQ/F R F
ELUWK FRKRUW GLITHUHQ¥HRIOIRVJREDO %MMROOHWLQ

KWWSV GRL RUJ EXO

&XWURQD & ( 5XVVHOO ' : 7KH SURYLVLRQV R
DGDSWDWWRQVWRQV: + -RQHV $GBBQPHWDQQ(SHUVRQD
UHODWLBRO®KLSYS -$, 3UHVV

'DPLDQ / ( B6WRHEHU - 1HJUX(6XEWLULFD 2 % EDC
Rl SHUIHFWLRQLVP 7KH ORQJLWHKBHQW M QB BG BFDFE

-RXUQDO RI BHUVR®DOIWWSY GRL RUJ MRS\

'DQJ 6 6 4XHVQHO ' $ +HZLWW 3 / )CBHHWWHFWLRQL
WUDLWVY DQG VHOI(SUHVHQWDWLRQ DUH DVVRELDWHG
VHHNLQJ SURIHVVLRQ DD BYLFORORI\FAKCRD RBVOBQG 3V\F

* KWWSV GRL RUJ FSS

'"HHY\EHH '"HFBPEHKWRORJ\ ZKHUH DUH DOO WKH PHQ

KWWS GHHY\EHH EOR SWS RNWZBRIBANHPOIQ KWPO

'‘"HDULQJ 5 7KH 'HDULQJ UHSRUW RQ KLJKHU HGXFDWLRQ

KWW Z HGXEFDWLRQHQJODQG RUJ XN GREXPHQWYV GHD

'"HFL ( / 5\DQ 5 0 HKGPHBRQLDEBRGIZHEQA QWURG X
"RXUQBPIMSBLOMXGLHY KWWSV GRL RUJ v
'HQRYDQ $ ODFDVNLOO $ $Q LOQWHUSUHWDWLYF

VWUHVV DQG FRSLQJ G R DWW LM B | COFOMULIRIPD O 5HV F

KWWSV GRL RUJ EHUM

'HQRYDQ $ ODFDVNLOO $ B B VOO BIR G VWX EHVDHUF
8. XQGHUJUDGXDWH VWXGH QRXW (DO RRY J £ BVXSSLLAHDVO/ \6W;

+ KWWSV GRL RUJ €
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'HQRYDQ OHPFDVNLOO $ 6WUHVV UHVLOLHQFH DQG
XQLYHUVLW\ VWXGHQW D QBSISOGL WHKIRKUAHE 6\R B G HIQV

KWWSV GRL RUJ

'"HQJLQ 1 . ILQFROQ < 6 ,QWURGXFWLRQ 7KH
TXDOLWDWLYH UHVHDUFK ,Q 1 . "HKHLES*(<+DeQ GERRRI
AXDOLWDWLYWHEHV BB 6PKH

'LHGULFK $ *UDQW 0 +RIPDQQ 6 * +LOOHU : % H
FRPSDVVLRQ DV DQ HPRWLRQ UHJXODWLR®HK®Y DR \

S HVHDUFKHUDG + KWWSV GRL RUJ M EUDW

'LHQHU ( *XLGHOLQHV IRU QDWLFEG®DRQJILRGGEG FIDWOR U
EHLQRIXUQDO RI +DS\8LYMVYWBAMKXELVHFLSOLQDU\ )RUXP R

%HLQJ + KWWSV GRL RUJ \V

'LHQHU ( 6DQE&WLN ( *PmYODJKHU ' SHVSRQVH D

PHDVXUHPHQW RI MXERFHLWDOYHQGEHPOWRUV+t5HVHDUFK

KWWSV GRL RUJ % )
‘'LHQHU ( :LUW] ' S3AIRRMHWR .&kP &RRVYKL 6 "HYZD V
5 IHZEZHH@ PHDVXUHV 6KRUW VFEFDOHV WR DVVH

QHIJDWLYH6 RFHOIOQJXYGLFDWRUY 5HVHDUFK

KWWSV GRL RUJ \V

'ROODK 6 S$EGXK $ 5RVPDODGHZL 0 %BHQHILW
DSSOLFD3BIYP@FHN LQ 6RFLDO 6FLHQFH (GXFDWLRQ 6]
9RO 7KH QG ,QWHUQDWLRQDO &RQIHUHQFH RQ (¢

THFKQRQR(67 $WODQWMMWMIBIIMVERL RUJ LFHVW

'XFENZRUWK $ / 6WHHQ 7 $ 6HOLJPDQ O ( 3
FOLQLFDOQQRBWISAHYLHZ RI &OLQLFDO 3V\FKRORJ\

KWWSV GRL RUJ DQQAXUHY FOLQSV\
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'XJDV 0 - %XKU . IDGRXFHU 5 7KH UROH RI L
HWLRORJ\ DQG PDLQWHQDQFH ,Q 5 * +H(®PEHUJ &/ 7
*HQHUDOL]JHG $Q[LHW\ 'LVRUGHU $GYB®FHV LQ 5HVHD
*XLOIRUG 3UHVV

'XQNOH\ ' 0 %ODQNVWHLQ . 5 +DOVDOO - :LOOLDF
UHODWLRQ EHWZHHQ SHUIHFWLRQLOG BBGFELYWGE HARF
VXSSRUW DV PHGLDWRXY QDG RRESRNPWHOLQJ BVI\FKRO

KWWSV GRL RUJ

'XQNOH8 '%ODQNVWHLQ . 5 ODVKHE 5 0 *ULOR &
VWDQGDUGY DQG HYDOXDWLYH FRQFHUQV GLPHQVLRQ
6KDIUDQ HW DO DQGoHKEZYWRKHWHVHDUFK DQ

KWWSV GRL RUJ M EUDW

'XQNOH\ ' 0 /HZNRZVNL O /HH , $ 3UHDFKHU . -
JROH\ - ( O\KU tFK :BVWUH 'DLO\ 6WUHVV &RSLQJ
SRVLWLYH $IIHFW LQ 'HSUHVVLRQ &RPSOPbHKDLIIRW D

7TKHUDS\ * KWWSV GRL RUJ M EHWK

'XQNOH\ ' 0 OD ' /HH , $ 3UHDFKHU . - =XURII
FRPSOH[ H[SODQDWRU\ FRQFHSWXDOL]DWLRQV RI GDLC
DQG PDLQWHQDQFH FR-ROQUQDOWR RQRXMW WO UQX 3V\FKR

KWWSV GRL RUJ D

'XQNOH\ ' 0 ODQGHO 7 oD 3HUIHFWLRQLVP
UHDFWLYLW\ DQG FRSLQJ HIIHFWLYRRBEDO RR QRXE VB

SVI\FKRORJ\ * KWWSV GRL RUJ FRX

'XQNOH\ ' 0 O6BDRPWRQ6 ORUR] O 3HUVRQDO VW
FULWLFDO SHUIHFWLRQRFRPLRQ GDRLS/ WHHBNMNL YOMGI MRY LD

PHGLDWRUV DQG PRGHUDWRUV ,Q )3BUGHEWLRQLVBE &
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DQG EHQG3 + 6SULQJHU ,QWHUQDWLRQDO 3XEOLVK

KWWSV GRL RUJ B

'XQNOH\ ' 0 =XURII ' & %ODQNWMWLEDO SHUIHFVWIH
GDLO\ DIIHFW 'LVSRVLWLRQDO DQG VLL\QNRXWERD® @ ILQ

SHUVRQDOLW\ DQG 6RFLD® 3IXWWERORJGERL RUJ

(FFOHVWRQH . HG RBHIMRBUBDISHTRGD\
(FFOHVWRQH . JHZLV | ,QWHUYHQWLRQV IRU U
FKDOOHQJLQJ SROLF\ GLVFRXURNY @®RD Q@ IRV N OXFD WXRQ }

KWWSV GRL RUJ

(JDQ 6 - 3LHN - 3 '\FN 0 - SHHV & 6 7KH |
WKLQNLQJ DQG ULJL Gh WK ILY)L RINWHA BIFDMIR QKKMP D S\

i KWWSV GRL RUJ M EUDW

(JDQ 6 - 3LHN - 3 '\FN O - ©5HHV & 6 +DJJHU O
LQYHVWLIDWLRQ RI PRWLYDWLRQ WR FKDQJH VWDQGD
SHUIHFWARRLRDVPRXUDO DQG &RJIQLWLYH 3VI\FKRWKHUD S

KWWSV GRL RUJ 6 ;

(JDQ 6 - YDQ 1RRUW ( &KHH $ .DQH 5 7 +RLOHV
$ UDQGRPLVHG FRQWUROOHG WULDOKKRDBDFH WR
MRRIQLWLYH EHKDYLRXUDO WUWHBEBWPHRW IRHVHDWIHKE IV QK

* KWWSV GRL RUJ M EUDW

(JDQ 6 - :DGHKDIUDQ 5 SHUIHFWLRQLVP DV D W
D FOLQLFRBOWUMHWIHY SV\FKRORJXx UHYLHZ

KWWSV GRL RUJ M FSU

(JDQ 6 - :DGH 7 ' 6KDIUDQ 5 &RIQNBEWBIYLRUDO

TUHDWPHQW RI BHLWOHFWARQLVP
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(OOLRWW 5 )LVFKHU & 7 5HQQLH " / (YROYL
TXDOLWDWLYH UHRWHRR 6 R M VDXQGEL Y & W .GV LIVHKO-GRWK U Q D

&OLQLFDO 3V\FKRORXWWSV GRL RUJ

(PPRQV 5 $ OF&XOORXJKRRXQWLQJ EOHVVLQJIV YHUVX
H[SHULPHQWDO LQYHVWLJDWLRQERIL QU DL\@LERIEH DQ IGH \

RI 3BHUVRQDOLW\ DQG 6RFLDO BW\WKRR BIER

(QQV 0 : &R[ % - 7KH QDWXUH DQG DVVHVVPH
DEDO\VLYVY ,Q * / )OHWW 3 / +HZLWWS3HUIHFOMHVRW LV E
7TKHRWHNVHDUFK DQ&SWUHDBWARAHOMDQ 3V\FKRORJLFDO $\

KWWSV GRL RUJ

(QQV 0 : &R[ % - &ODUD , 3QG 1HXB®YHRWHFMWIPR GLV
IRQIJILWXGLQDO 6WXG\ RI 6SHFL I LANIKXKHOWQYHIRDEHIONV MM HD Q

7TKHUDS\ DQG 5HVHBDURKWWSY GRL RUJ \Y

(QQV 0 : &R[ % - 6DUHHQ - JUHHPDQ 3 $G|
SHUIHFWLRQLVP LQ PHGLFDO VWX GOGL\EDD B R FDWX G

+ KWWGRL RUJ M [

(WKHULQJWR®@ HFRPLQJ D UHIOH[LYH UHVHDUFKHU 8VLQ
“HVVLFD .LQJVOH\ 3XEOLVKHUV

(WKHULQJWRQ . 3HUVR QD G HSIHU\L HQ FFHR DO Q\GH BUDLL
SV\FKRWKH UDSR XYMHWHOOE®I DQG 3VIFKRWKHUDS\ 5HVH

KWWSV GRL RUJ FDSU

(XP . 5LFH . *HVW DQ[LHW\ SHUIHFWLRQLVP JRDO

SHUIRURBRQQIASWU H V &R BIQE]

I+

KWWSV GRL RUJ



https://doi.org/10.1348/014466599162782
https://doi.org/10.1037/0022-3514.84.2.377
https://doi.org/10.1037/0022-3514.84.2.377
https://doi.org/10.1037/10458-002
https://doi.org/10.1007/s10608-005-2843-04
https://doi.org/10.1046/j.1365-2923.2001.01044.x
https://doi.org/10.1002/capr.12080
https://doi.org/10.1080/10615806.2010.488723

(YDQV : .HOO\ %UHJLVWAUIHNLRQ GLSORPD VWXGHQW

PHDVXIXKHIWH (GXFDWLRQ ZRGD\

KWWSV GRL RUJ M QHGW

(\WHQFN 0 : $Q[LHW\ D Q & X\CKHH BRQUR ISW R FIH3AMA F K |
6RFLHW\ +* KWWSV GRL RUJ %)

)DLUEXUQ & * &RRSHU = 6KDIUDQ 5 &RJIQLWI

GLVRUGHUV $ pWUDQVGLDJQRNKILFLIRW K HRIVHDQ G KW

* KWWSV GRL RUJ 6

)DUPHU - 5 ODFNLQQRQ 6 3 DQG &RZLH 0 3HL

TXDOLWDWEYESWHRXCYSY GRL RUJ

J)DUUHU / 0 *XOOLYHU $ %HQQHWW . )DVVQDFKW '
'"HPRJUDSKLF DQG HGIFKWRRBYLWIOPOWMRU GHSUHVVLRQ D
GLVRUGHU LQ $XVWUDO%D&&VXRKYBHWNMLWN VWXGHQWYV

KWWSV GRL RUJ v

)DXO ) (UGIHOGHU (%XPRQHY® $ * 3BRZHU $ I0H
VWDWLVWLFDO SRZHU DQDO\VLV SURJUDP IRU WKH VR

%HKDYLRU 5SHVHDUFK OHWKRGSYV GRL RUJ % )

JHUIXVRQ . / 5RGZD\ 0 5 &RIQLWLYH EHKDYLF
SHUIHFWLRQLVP ,QLWSEBOHDYWIFEAXPW EREQLWVWX RIUHNV3UD F

KWWSV GRL RUJ

J)LHOG $ 3'LVFRYHULQJ VWDWLVWLFV XVLQJ 6366 DQG
UG HG 6DJH
)LQOD\ / 4XDOLWDWLYH OHWKRGV ,Q $ DRV REBNQVHOOL
DQRG 3VI\FKRWKHUDS\ 5SHSY\HDUFKoBDIQGRKERNFDWLRQV /W
JLVKHU 6 6WUHVV LQ $FDGHPLF /LIH 7RBH® Q@ QIDYCH WV MF

SUHVV
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JLVKHU 3HOOV $ &RQFHSWXDO PRGHOV RI JHQHU

SVI\FKLDWULF $Q@DOKWWSYV GRL RUJ

JOHHVRQ : BHUVSHFWLYHV RQ WKH SHUVRQ 5DSL
LQWHJUDWLRQ ,Q . 'HDXTKH 2pI®RWEGH KD@SERRN Rl SHU
VRFLDO SVESRKRORZJ[IRUG 8QLYWUVLW\ 3UHV

JOHWW * [ +HZLWW 3 / B3HUIHFWLRQLVP DQG F
WKHRUHWLFDO GHILQLWLRQDO DQG WUHDWPHQW LVV
3HUIHFWLRQLVP 7KHRU\ US¥HDUS$RH DIQRD @ (3 NDRKRIDRA
$VVRFLDWLRQ

JOHWW * / +HZLWW 3 / 7KH 3HULOV RI 3HUIHEF

&XUUHQW 'LUHFWLRQV LQ 3V\FEKRORJLFDO 6FLHQFH

KWWSV GRL RUJ M [

JOHWW * / +HZLWW 3 / SRVLWLYH YHUVXV QH.
SVIFKRSDWKRORJ\ $ FRPPHQW RQ 60DGHHXDPX LRX®D V

ORGLILFDWLRQ KWWSV GRL RUJ

JOHWW * / +HZLWW 3 / 7UHDWPHQW LQWHUYH
LQWURGXFWLRQ W-FR XUKQHD OSRIIEE R W LIRIY BDE G%&IRK IR UY H
7KHUDS\ =

JOHWW * / +HZLWW 3 / D ODQDJLQJ SHUIHFWLF

WKDW XQGHUPLQHV IORXULVKLQJ ,PSOLFDWLRQV IRU
0 3DJH & / &BRSPMHRXULVKLQJ LQ OLIHSSZRUN DQG FDL
(0JDU

JOHWW * / +HZLWW 3 / E OHDVXUHV RI SHUIHFW
' + ODWWKHZVOHDVPGMYV RI SHUVRQDOLW)\ DQG VRFLD

FRQVWE8XFWYVY (OVHYWWEYY KHZLWWODE VLWHV ROW X
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DQXHZ LAWKWWSR\OHD VX RIHNWVU VR Q&R WMAVOFKRORJILFDO

&RQVWUXFWYV SGI

J)OHWW * [  %HVVHU $ +tHZLWW 3 / SHUIHFWL
'HSUHVVLRQ $ &RPSEBRVURWKY RHENAXN , Q RXWRIDPNR5D W L

SHUVRQDOLW KWWSV GRL RUJ M [

JOHWW * /| @&RXGI\EHWW/ 3 / 1HSRQ 7 3HUIHFW
ZRUU\ DQG GHSUHVVLYH V\PSSMRPIVGILD G DRIOV @ISR RH 6|

S3VI\FKRORJ\ +# KWWSV GRL RUJ

JOHWW * / +HZLWW 3 / %ODQNVWHLQ . 5 *UD\ [
WKH IUHTXHQF\ RI SHUIRKWQRQBWWY R QDXAIQWLRQG 6RF

* KWWSV GRL RUJ

)yYOHww * [/  +HZLWW 3 / %ODQNVWHLQ@HUIBHFW IORY KWHR
HYHQWY DQG GHSUHVVLYH V\FNSWWRIR/\E BEVMBHWOW RI D GL
3VI\IFKRORJ\ $ -RXUQDO IRU 'LYHUVH 3HUVSHFWLYHV R

+ KWWSV GRL RUJ % )

JOHWW * [/ +HzZLWW 3 / +HLVHO O - 7TKH GHYV
UHYLVLWHG ,PSOLFDWLRQV IRU WKH DVVHVVPHQW RI

SHYLWRHIZ*HQHUDO 3V\FKRORXWWSYV GRL RUJ JSU

JOHWW * / +HZLWW 3 / :KHODQ 7 ODUWLQ 7 5
&RJIQLVOLYFHIDMWRU\ 3VV\FKRPHWULF SURSHUWLHY DQG D\
GHILFLWV LQ PR DD\ PRIQUIDD RI(FRWLRODBRIQLWLYH

%HKDYLRU 7TKHUBS\KWWSV GRL RUJ

JOHWW * / O0DUD & $ +HZLWW 3 / BLURLV ) OROC
GLVFUHSDQF\ EH DVVHVVHG LQ SHUIHFWLRQLVP UHVHEL

SURSRVHG UH I L5ODHPRA/QW 3 R IESHKEAY VERPIU@HD O R |
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SBVI\IFKRHGXFDWLRQDO $¥VHVVPHQW

KWWSV GRL RUJ

YBIWW * / 1HSRQ 7 +HZLWW 3 / SHUIHFWLRQ
KHDOWK DQG PHQWDO KHDOWK $ UHYLHZ DQG D FRQFI

RI SHUIHFWLRQLVP ,Q ) OU6LWGEGRAVIHFWLRORO/P® KHDOW

EHLGE + 6SULQJHU ,QWHUQDWLRQDO 3XEOLVKLQJ ¢
KWWSV GRL RUJ B
JUHGULFNVRQ % / 7KH UROH RI SRVLWLYH HPRWL

EURDBEXLOG WKHRU\ RI SFP\HUNIEDH) FBFRRMKIRRARI LV W

KWWSV GRL RUJ ;

JUHGULFNVRQ % / *UDWLWXGH /LNH 2WKHU 3RVL
Q5 $ (PPRQV 0 ( OF&XIKHRIVKFKRYRJI\ 8K JHDWLWX
2[IRUG 8QLYHUVLW)\ 3UHVYV

KWWSV GRL RUJ DEFSURI RVR

JURK - - 7KH KLVWRU\ RI SRVLWE B WBWVFKHKRRRARMW

KWWSV VFRWWEDWRQAWKIPW XFBRIFEGY SGI JURK

JURVW 5 2 +HLPEHUJ 5 * +ROMWERXBEU 0ODWWLD - $,
FRPSDULVRQ RI WZR PHDVXXUHMMRDOHWNHFWNERQGVYF LG X

* KWWSV GRL RUJ

JURVW 5 2 +HQGHUVRQ . - SHUIHFWLRQLVP D(
FRPSHWRWUROQO RI 6SRUW ([HUFLVH 3V\FKRORJ\

JURVW 5 2 O0DUWHQ 3 /DKDUW & SRVHQEODWH 5
SHUIHFWLRIQUWRIHYUD S\ DQG 5HVHBUFK

KWWSV GRL RUJ %)

*DEOH 6 / +DLGW - :KDW DQGAKYLHY BRVLWL

*HQHUDOORAFKR = KWWSV GRL RUJ
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*DXGUHDX 3 2Q WKH 'LVWLQFWLRQ %HWZHHQ 3HU
([FHOOHQFKMRUS% (ODERUDWLRQ DIHUYBMAWUFK\S RQ G

B3VIFKRORJLFDO 6FLHFRHWSY GRL RUJ

*HUDJKW\ $ : $ 0:RREOPQG 0 ( 'LVVRFLDWLQJ V
KRSH $JHQF\ DQG SDWKZD\V SUHGLKMO 6 UNRKSHRXINS \ ULIR)P
RSSRVLWH GROUHFDWA RQWVWHVHDUFK LQ¥3HUVRQDOLW\

KWWSV GRL RUJ M MUS

*LOEHUW 3 6RFLDO PHQWDOLWLHY ,QWHUQDO VF
DQG FRPSDVVLRQ LQ FRJQLWLYH WKHUDSHEYQ BQ *W®HH
FRXFK ([SORUDWLRQV LQ HYBGXW LR QPUX EFOMAIORMEK H U

*LOEHUW 3 'XUUDQW 5 OF(ZDQ . ,QYHVWLJIDW
SHUIHFWLRQLVP IRUPVFLQ® LKDQFRLRQY BRRYWIOVLY LW\
3HUVRQDOLW\ DQG ,QGLYLGXDO 'LIIHUHQFHYV

KWWSV GRL RUJ M SDLG

*LOEHUW 3 SURFWHU 6 &RPSDVVLRQDWH OLQG
6KDPH DQRGJBWOFLVP 2YHUYLHZ DQG 3LORW 6WXG\ RI C

&OLQLFDO 3V\FKRORJ\ 3V\EKRMWWBEDS\GRL RUJ f

*QLOND 3 % $VKE\ - 6 1REOH & 0 OXOWLGLH
DQ[LHW\ 'LIIHUHQFHV DPRQJ LQGLYLGXDOV ZLWK SHUI
FRSLQJ(PHGLORKRQPR®H &RXQVHOLQJ 'HYHORSPHQW

KWWSV GRL RUJ M [

*RODIVKDQL 1 8 QG HUGWIDPAEIGQA WU H Q LDXERKSH. WD \I 0

4 XDOLWDWLYH 5 HSKUWWSV GRL RUJ

*ROGEHUJ ' 3 +LOOLNBDOHG YHUVLRQ RI WKH *HQHU
4XHVWLRYQPKHRGIRILFDO OHGLFLQH

KWWSV GRL RUJ \Y
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*UDQW $ 7RZQHQ®/OGHQFH EDVHG SUDFWLFH DQG WKHI
SOXUDOLVP LQ FRJQLWLYH ERXD@DRXRID®V SAK ER RW K F U

+HDOWK 1XUMLQKWWSY GRL RUJ M [

*UDYHWW . .LQFKLQ , 0 DQGORQMWR®H EXYWRPHUV
&RQFHSWLRQV RI VWXGHQWY DV SDUWQHUV KHOG E\ V
BWXGLHV (QXFDIWHRQ

KWWSV GRL RUJ

*UD\ (. ‘:DWVRQ $VVHVVLQJ SRVLUWSHRMWHWD QG (
- $ &RDQ - - % SDOEGEBRREWI HPRWLRQ HOLESWDWL
+ 2[IRUG 8QLYHUVLW\ 3UHVV
*UHHQVSRQ 7 6 Hu+HDOWK\ SHUIHEWLRQLVP LV I
SV\FKRORJ\ Rl SHUIHFWRARLVR | DREGHDEB RRBEHFRQGD U

(GXFDWLRQ@ KWWSV GRL RUJ MVJH

*UHHQVSRQ 7 6 ODNLQJ VHGIVRIUR U IHQMJ R Q G$WULHIZ
SHUIHFWLRQUMD Q -RXUQDO RI 3V\IFKRWKHUDS\

KWWSV GRL RUJ DSSL SV\FKRWKHUDS\

*XQQHOO ' &DXO 6 $SSOHE\ / -RKQ $ +DZWRQ
VXLFLGH LQ 8QLYHUVLW\ VWXGHQWYV LQ (Q56BBRGGDQG
OLQNDJHRKXWXQ®\O RI $IITHFWLYH'LVRUGHUYV

KWWSV GRL RUJ M MDG

+DPDFKHN ' ( 3V\FKRG\QDPLFV Rl QRUPDO DQG QI
3VIFKRORJ\ $ -RXUQDO RI +XRDQ %HKDYLRU

+DQGOH\ $ 6 «JDQQH 5 7 5HHV & 6 7KH UHO
SHUIHFWLRQLVP SDWKRORJLFDO ZRUMD&® S@\FKOQBIWD O

KWWSV GRL RUJ
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+DQGOH\ $ . (JDQ 6 - .DQH 5 7 SHHV & 6

WULDO RI JURXS FRIJQLWLYH EHKD Y HRONYD R XNWKHHDBSD U

WKHUDS¥Y KWWSV GRL RUJ M EUDW

+buuUuLvy 3 : 3HSSHU & O ODDFN ' - SHODWLR
SHUIHFWLRQLVP DQG GHSUHVVLYH VI\PSWRPV 7KH PHG

DQ@GLYLGXDO "LITHUHQKMMVSY GRL RUJ M SDLG

+D\QHV 6 1 2 %ULHQ : + . D RRHEKPMXRBOUBDO. DVVHVVP

FDVH IRUP-REDW LR\ 6RQV

+HFNPDQ O * 'DYLV RZVRQUG 6&UKRFERZIRMDWFXODWLRC

$QODSSURHW.HRMHWRIW SU HWWY GQ O WR/RHIDI RKKBKH -RXUQDO

RI 5 KHXPDWROR#8\ KWWSV GRL RUJ MUKHXP

+HOG % 6 7KH 1HIDWLYH 6L®RXRQ BA VRIWHXYAD QW WV

SVIFKRORJ\ KWWSV GRL RUJ

+HQULFK - +HLQH 6 - 1RUHQ]D\DQ $ 7RHKH ZHL
%HKDYLRUDO DQG EUDL® VFLHQFHYV

KWWSV GRL RUJ 6. ;

+HZLWW 3 / J)OHWW * [/ SHUIHFWLRQLVP LQ WK
&RQFHSWXDOL]DWLRQ DVVHVVPHQW D-GR&EWDYNVRRIDWLI

SHUVRQDOLW\ DQG 6RFLD® 3IXWWERORJGERL RUJ

+HZLWW 3 / JOHWW * / 3HUIHFWLRQLVP DQG \
SV\FKRSDWKRORWW,Q3* // YOHBWWHEGWRQLVP 7KHRU\
DQG WUHDSVRHQWS$PHULFDQ 3V\FKRORJLFDO

$SVVRFLEWWR® GRL RUJ
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+HZLWW 3 / )OHWW * / %HVVHU $ 6KHUU\ 6 % C
PXOWLGLPHQVLRQDO D UHSO\ WRHKDYUR U &RHR/SHDW Bk

7TKHUDS\ KWWSV GRL RUJ Vv

+HZLWW 3 / )OHWW * / 3HUNDAWLRQLVP $ UHODWLRC
FRQFHSWXDOL]DWLRQ D VM VRHDIWUB BE® MUIWHDWPHQ\V

+HZLWW 3 / )OHWW * / OLNDLO 6 ) .HDO\ =KD
WKH WKHUDSHXWLF FRQWH[W QAKHIF SHRIQ PR GRI@QLV,P VR
(G 7KH SV\FKRORJ\ Rl SHUIHFWLRQLVP SI&XHRU\ UHVHLE
5RXWOHGJH 7D\ORU )UDQFLV *URXS

+HZLWW 3 / )OHWW * / B6KHUU\ 6 % &DHOLDQ &
'LPHQVLRQVADXG %XKBYLRU ,Q&8RIJQLWDRY DGG VXLFLG
UHVHDUFK D8% WKHUPPHULFDQ 3V\FKRORJLFDO $VVRF

KWWSYV GRL RUJ

+HZLWW 3 / +DEMBDI$OB\ /HH 6KHUU\ 6 % J)OHWW
LPSDFW RI SHUIIBRWNVRIQMWDIMNERWHRQ WKH FRIQLWLYH I
HISHULHQFH RI D F3AVFKADW UQ W WHILHHIY BRQRPHIVYE V

KWWSV GRL RUJ SV\F

+HZLWW 3 / OLNDLO 6 ) )OHWW * [/ 7DVFD * § )
&KHQ & S3VI\FKRG\QDPLF QWHUSHUVRQDO *URXS
(YDOXDWLQJ WKH (IITHFWUP HQH\BYWMEKR VB KR U /S \

KWWSV GRL RUJ SVW

+HZLWW 3 / 6PLWK 0 O 'HQJ ; &KHQ & .R $ )OH
7KH SHUQLFLRXVQHVYV RI SHUIHFWLRQLVP LQ JUR
WKH SHUIHFWLRQLVP VEBHEOD\FIGRWKRQQBEFWLRQ PR

KWWSV GRL RUJ SVW
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+LOO $ 3 3HUIHFWLRQLVWLF VW LW HQDD VQ B QDI
"-RXUQDO RI 6SRUW DQG ([HUF+VH 3V\FKRORJ\

KWWSV GRL RUJ ;

+LOO $ 3 +DOO + . SOXHBWR®Q /3 5$S 7KH FRJQLWL
EHKDYLRXUDO URVWSRQWHAG RSHWHBFWLRQLVWY IROORZL
PXVFXODU HQGRWBIQRHD WIDR/NDO -RXUQDO RI 6SRUW DQ

KWWSV GRL RUJ :

+LOO 5 : +XHOVPDQ 7 - $UDXMR * SHUIHFWL
DVVRFLDWLRQV EHWZHHQ S HWIIHWMWYLHR @ IL'8 R/ ERBK RMCATROR I \Q

DQG ,QGLYLGXDO 'LITHUHQ¥WE¥Y GRL RUJ M SDLG

+LOO 5 : +XHOVPDQ 7 - )XUU 5 0 .LEOHU - 9LFH

$ 1HZ OHDVXUH RI BHUIHFWLRQLVP -RXU DI HRFVEHRY RV

$VVHVVPHQW KWWSV GRL RUJ Vv MSD B
+ROOHQGHU 0 + & B Pl 8 UHHKWM IQR/Q Y WP3 V¥F K LD W U \
KWWSV GRL RUJ ; 6

+RUQH\ . 1HXURVLV DQG KXPDQ JURZWKUHEB LJI/W XR QO |
1IRUWRQ

+XQW - ODNH URRP IRU GDGG\ DQG PRKMP\ +HOLF

"RXUQDO RI $FDGHWPLFQ$ GO LQUKWUEHGXFDWLRQ

KWWS MZSUHVV FRP -$6SULWYVUXHVSGEI +(

+XUVW & 6 %DUDQLN / ( 'DQLWOVWUHVVREROD HIHHY
TXDOLWDW LBYWU B MAHHIBQUEK -RXUQDO RI WKH ,QWHUQDW

,QYHVWLIDWLRQ Rt 6WKUWHWVWEY GRL RUJ VPL

,QJUDP 5 ( IX[RQ ' VVOXIO\Q\H B R BH®MWV\, Q % - +
= $EHOD'HBNORSPHQW RI SV\FKRSDWKRMR/M SHYXOBH

SS 7TKRXVDQG 2DNV &$ 6DJH
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-DPHV . 5LPHV . B QGIEODOYHBVFRIQLWLYH WKHUDS\ Y
FRIQLWLYH EHKEYISRIRWDOHWHIOFWLRQLVP $ SLORW UDC(

OLQGIXOQHVY KWWSV GRL RUJ V

-RKQ 2 3 B5RELQV 5 : SHDYGERRMN RI SHUVRQDOLW\
UHVHDKHAK-XLOIRUG 3UHVYV

-RKRY - &UHQ@@IDQJV :3UHYDOHQFH RI PHQWDO KHDOW
VWXGHO® SRSERPWIRQRELOLW\ 9XOQHUDEOH /HDUQH

KWWSV HSL RUJDXNS HXHO UF B WRURHNMGDKDEBADIFRMWKX HW K L Q

WKW XGHKBWRSXODWLRQ

-RKQVRQ 6 (JDQ 6 - $QGHUVVRQ * &DUOEULQJ 3

, QWH&KGIW HUHG FRJQLWLYH EHKDYLRXUDO WKHUDS\ |

G\VPRUSK L FOFRRG) FIHRUDY Hi
KWWSV GRL RUJ M ERG\LP
-RLQHU 7 ( 6FKPLGW 1 % 'LPHQVLRQV RI SHUI

GHSUHVVHG DQG DQ[LRXV VI\PSWRPV BWHHWSMFEAXKMW ) R\

VSHFLILF YXOQHUDELOLW)\ DARXQUIPDOR $QE BLE DBDEK D'

3VIFKRORJ\ * KWWSV GRL RUJ MVFS

-RQHV 0 & -RKQVWRQ ' : 'LV W U\ DWW NG QW V[

QXUVRIXUQSEY BRI/ LQJ + KWWSV GRL RUJ M
W [

-RUGDQ $ ORQLQ % 'ZHFN & /RYHWW % -RKQ 2
PRUH FRPSDQ\ WKDQ SHRSOH WKLQN 8QGHUHVWLPDWI
HPRWBRQVRQDOLW\ DQG 6RFLDO 3V\FKRORJ\ %XOOHWL

KWWSV GRL RUJ

. HQQHG\ & &RPSUHKHQVLYH OHDV XU8HQBIXEDOWUMKFHWLRQVYW

WKHSE8@ODFKLDQ 6WDWH 8QLYHUVLW\
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.H\HV & / 0 7KH PHQWDO KHDOWK FRQWLQXXP )JURP O
OLIRXUQDO RI +HDOWK DQG 6R-FLDO %HKDYLRU

KWWSV GRL RUJ

CH\HV &0/ &RPSOHWH PHQWDO KHDOWK $Q DJHQGLE
0 .H\W - +DLGWRX®VVKLQJ 3RVLWLYH SVOAKM®RJ\ DC
+ $PHULFDQ 3V\FKRORJLFDO $VVRFLDWLRQ

H\HV & / 0 /JRSH] 6 DUGV D VREZHQFH RI PHQWDO KH
GLUHFWLRQV LQ GLDJQRVLV DQG LQWHUYHQWLRQV ,Q
+DQGERRN RI SRVLWBYH SY[FRR®OBDLYHUVLW\ 3UHVYV

.OLEHUW - /DPLV ' $ &ROOLQV-:& 6RDQGH\ & % :D
'LQWHURZG & 5HVLOLHQFH PHGLDWHY WKH UHO
FROOHJH VWX-®RXQWDELRWERXYPVHOLQJ *HYHORSPHQW

KWWRV RGJ M [

.OLEHUW - /DPLV ' $ 1DXIHO . <DQFH\ & 7 /RKU
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Taking into account the two-factor approach for a health intervention (Keyes, 2002), whilst the removal

or reduction of negative factors (such as maladaptive perfectionism) could be helpful in reducing worry,

also increasing the positive aspects (such as individual resources) could have an ever greater effect on
reducing worry (and other GAD symptoms). One possibility is to use positive psychology interventions
(PPIs) for increasing resources. Rice et al., (1998) argue that clients could benefit from an intervention that
does not presume the one-dimensionality of perfectionism, but considers possible adaptive elements that
could be strengthened. Given PPIs add to/strengthen resources, as well its demonstrated effectiveness
(Seligman et al., 2005; Sin and Lyubomirsky, 2009; Bolier et al., 2013, Macaskill and Denovan, 2013, 2014,
Ouweneel, Le Blanc and Schaufeli, 2014), including reducing worry (Geraghty et al., 2010a) PPIs would

be a suitable second-factor alongside CBT techniques in addressing perfectionism. Employing the concept
of perfectionism as multi-dimensional, this projects would combine these interventions using a two-factor
approach to health intervention (Keyes, 2002), that addresses both the maladaptive metacognitions of
perfectionism and fosters personal strengths.

Student Wellbeing and Mental Health Services

Whilst university precipitates the traditional stressors of assessments, academic study and independent
living away from home; research has demonstrated a high prevalence of mental illness, including anxiety,

in students (Royal College of Psychiatrists, 2011), with rates similar amongst students to that within the
total population of young adults (Macaskill, 2012). Partially due to changing contexts of UK education and
increased financial strain on students (Denovan & Macaskill, 2016), levels of mental illness among students
in higher education in the UK are reportedly increasing (Thorley, 2017) and reaching global concern (Storrie,
Ahern and Tuckett, 2010; Rickert, 2015).

Although there is some debate regarding the true prevalence of mental illness in higher education institutions
(Brown, 2016), there is more certainty regarding the rise of demand in higher education mental health
services (Mair, 2016; Randall and Bewick, 2016; British Association for Counselling and Psychotherapy,
2017; Broglia, Millings and Barkham, 2017) with calls for more funding to these services and interventions to
increase students' resilience (Pointon, 2014; Ecclestone, 2016).

Taking into the account the high levels of mental ill health reported in the student population, as well as the
potential negative impact perfectionistic concerns could have on student performance and psychological
wellbeing, the first study (this survey) will measure associations between worry, anxiety, perfectionism and
attainment within UK Undergraduates. From this data, the second aim is to develop, deliver and evaluate an
intervention based on CBT and PPIs with students who have high levels of perfectionism and use excessive
worry as a maladaptive coping style.

Q3. Is your topic of a sensitive/contentious nature or could your funder be considered
controversial?: No

Q4. Are you likely to be generating potentially security-sensitive data that might need particularly
secure storage?: No

Q5. Has the scientific/scholarly basis of this research been approved, for example by Research
Degrees Sub-committee or an external funding body?: Yes

Q6. Main research questions: To investigate the incidence of perfectionism in students, including the
relationship between perfectionistic striving and/or concerns, and worry and attainment.

Q7. Summary of methods including proposed data analyses: An online survey, created and distributed
through Qualtrics, will be sent to students at Sheffield Hallam University, and other universities, containing
the following questions/measures:

Gender, Age, Course, Year of Study, University, Ethnicity, Home/International student status, A-Level
Grades/UCAS Points/Equivalent, Social Media use. Sheffield Hallam students will also be given the option to
provide their e-mail address if they wish to take part in a follow-up survey and intervention.

Participants will be asked to disclose (if they wish) whether or not they have a mental health condition, and
what condition(s), and whether or not they are receiving treatment for their mental health (and if so, what).
Other measures include:

Perfectionism Inventory (Hill et al., 2004) - 59 items - to measure perfectionism.

GAD-7 (Spitzer et al., 20086) - 7 items - to measure anxiety.

Penn-State Worry Questionnaire (Meyer et al., 1990) - 16 items - to measure worry.

GHQ-12 - General Health Questionnaire - 12 items - to measure wellbeing.

Resilience Scale (Wagnild and Young, 1993) - 15 items - to measure resilience.

Flourishing Scale (Diener et al., 2010) - 8 items - to measure flourishing/wellbeing.

SPANE (Diener et al., 2009) - 12 items - to measure positive and negative experiences.

Data will then be analysed through SPSS and Structural Equations Modelling.
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Project abstract:

Previous research has indicated that the personality trait of perfectionism is strongly associated with
heightened levels of worry (Stéber and Joormann, 2001; Hill, Huelsman, & Araujo, 2010), which in an
educational context also involves adopting exceedingly high standards for attainment accompanied by a
tendency for overly critical self-evaluation of one's performance and attainment (Stoeber & Janssen, 2011) .
However to date, there is little explicit research to establish the incidence of perfectionism amongst students in
Higher Education, and the associations with academic attainment, performance, worry and mental wellbeing.
Given the multi-dimensional concept of perfectionism, it could potentially benefit students' academic attainment
or hinder their academic progress and/or mental wellbeing: it would be helpful to establish the incidence of
perfection and worry in UK undergraduates. From this information, an intervention could be developed to
enhance the adaptive aspects of perfectionism (such as high levels of achievement), whilst reducing negative
factors of perfectionism. This two-factor approach (Keyes, 2002) could utilise existing treatments that minimise
negative factors lke anxiety and worry; cognitive-behavioural theory, and also incorporate positive psychology
interventions that could improve student wellbeing, increase psychological resources and resilience to the
stressors in academic life (Seligman et al., 2005; Sin and Lyubomirsky, 2009; Bolier et al., 2013, Macaskill and
Denovan, 2013, 2014; Ouweneel, Le Blanc and Schaufeli, 2014), including reducing worry (Geraghty et al.,
2010a).

With the increase in MH issues amongst students, there are growing demands on HE mental health services
(Mair, 2016, Thorley, 2017; Broglia et al., 2017). There are calls for more funding to mental health services in
HE, appeals for interventions to increase students’ resilience, and requests for more joined up thinking with
other departments (Pointon, 2014; Ecclestone, 2016). Increasing therapeutic support for students is costly, so
developing a simple and effective intervention using PPI could not only address the excessive worry many
students experience, it could also increase students’ own resources and resilience and potentially reduce, as
opposed to increase, demands on HE mental health services.
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Perfectionism in UK Undergraduates

Data collection

What data will be produced?

Responses to the following questions/measures on an online survey using Qualtrics:

+ Creation of Unique Identifier: "Last three letters of your first name/First three letters of your surname/Date
of your birthday/First three letters of the town/city you were born in"
Gender

Age

Year of Study

Course

University

Home or International Student

Ethnicity

A-Level/lUCAS points/Equivalent

Mental Health Diagnosis (Yes/No/Prefer not to Say/Condition)
Mental Health Treatment (Yes/No/Options/Prefer Not to Say)
Perfectionism Inventory (Hill et al. 2004)

GAD-7 Scale (General Anxiety Disorder)

Penn-State Worry Questionnaire

GHQ-12 (General Health Questionnaire)

Resilence Scale (Wagnild and Young, 1993)

Flourishing Scale (Diener et al., 2010)

SPANE (Diener et al., 2009)

Questions re: Social Media Usage

Data will be stored/analysed on Qualtrics, Excel and SPSS

Data documentation

How will your data be documented and described?

Data will be quantitative responses to measures and questions, majority from Likert scales.

Ethical and copyright issues

How will you deal with any ethical and copyright issues?

All data will be anonymous, however, Sheffield Hallm students are given the option to provide their e-mail address
if they wish to opt-in to a follow-up study. Any e-mail addresses provided will be deleted from the survey and
saved securely in a seperate location.

Information "sheet" containing all relevant information ensuring informed consent is gained, will be on the first
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page of the survey. There will be a mandatory tick box for consent that participants will need to tick to continue
with the survey.

The research project team may grant access to the anonymised raw data after permission by the research project
team.

Where appropriate, permission to use all scales/measures will be obtained, or licences bought, with the support
from the Development and Society Technical Support team.

Data storage

How will your data be structured, stored and backed up?

Data from Qualtrics will be saved/stored on University Q:\Research Drive.

Seperate folders will contain the master copy (named as such) and sub folders for raw data and analysed. Naming
will be content_date created_date ammended_version no., i.e. 'demographicdata_20180501_20180530_3'

Data will only be accessible to members of the project team and the Research Management leads at the
department. All data (raw and analysed) will be preserved. The data will be retained until the research project is
completed (approximately September 2020), and 7 years after the publication of any academic papers relating to
the data or as required by the academic journal.

As per the SHU University guidance for Q:\Research Drive: The primary copy of the data is stored on a storage
array located in one of the university’'s data centres. As data is written it is replicated over a secure private
network to a storage array located in the other data centre. This provides an up to date second copy of the data
giving us excellent disaster recovery capabilities. Either data centre is capable of delivering the Research Store
service should the operation of one of the data centres be impacted for any reason.

Backup copies of all files are stored on a separate system. This is primarily to protect against the accidental
deletion of files. It also enables the Research Managment Management leads to recover files if data stored on the
Research Store is corrupted for any reason. Backup copies are taken every evening and retained for 90 days.
Two copies of the backup data are created and one is retained in each university data centre. The transfer of
backup data between data centres happens electronically so data on backup media is never removed from the
secure environment of the data centres. All backup media is securely disposed of when it is decommissioned and
certificates of secure data destruction are obtained.

Data preservation

What are the plans for the long-term preservation of data supporting your research?

Long term preservation of raw data will be until thesis is completed (approx. September 2020) and 7 years after
the publication of any academic papers relating to the data or as required by the academic journal.

Data sharing

What are your plans for data sharing after submission of your thesis?

Other approved researchers may be granted access to the anonymised raw data after permission by the research
project team.
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$SSHQGIHVXOWYV IURP XOSMOLRSWHWIRHIMWUMHVVLRQ DQDO\VH

VWULYLQJ IRU HI[FHOOHQW VXEVFDOH LV D VXSSUHVVR

JRU H{SORUDWRUP ZRWEBOHVURQOHVVLRQV ZHUH V!
SHUIRUPHG ZLWK IORXULWK LY 1 QUH UIRDHWE FRECDOG RSN V.
YDULDEOH LQ WXWQK WWESW DBRVHI[P® IRWWHK FRIFSD UL VR (
UHJUHVVLRQ FRHIEFUWQWY PREUWOBIW LR QRIURBHHULFLHQ
FRUUHODWLRQ FRHIILFLHQWY Rl IORXULVKIURI @G WK
FRUUHODWLRQV EHWZHHQ 10RXVWWVKIYQ® D QR WK FH\G DR
DQRWKHU NRXYEMBBRHWHJIUHVVLRQ ZHUH OHVV WKDQ WKF
FRUUHODWLR @ HFIR MV DLEFGSH @EWIOGRLZQ J I X UWWKH VXS 6 U IDVW
HITHFWWHRIULYLQJ | RUXHE MWD BFH (OOLRWW

)XUWKHER®VHMHUQRRIQLILFRQ®HB FR U UWW D MWYLLR)Y
IRU H[FHIDQOH QFRIXULVKLQJ ERWGWMKHFRR VMM RQUR RL
H[FHOOBGFWMKH SUH GLUFR\PR 86 Y\DXUEL\DFEDOCHHE/K FXGINHU £ B EQ H
IRU H[FHYVOMQWHWR WKH PXOWLSOH UHJUBHBVAHIRIEKW LW
DQRWKHU W\SLFDO H[DPSOH RI FODVVLFDO VXSSUHVVL

6XPPDU\ RI VHSDUDWH VXEVFDOH YDULDEOHY DQG 6WL
UHJUHVVLRQV SUHGLFWLQJ IORXULVKLQJ

'9 )ORXULVKL( (45 E =HWRRIGI 6 HPED U
&RUUHOC &RUUHC

SHIJUHVVLRQ
61(
&RO
5HJUHVVLRQ
61(
11$%
5HIJUHVVLRQ
61(
2UJDQLVDWLF
5HIJUHVVLRQ
61(
333
5HJUHVVLRQ
61(
30DQIXOQHV\
5HIJUHVVLRQ
61(
5XPLQDWLRQ

1RWH '9 GHSHQGHEWVWILQRL®EOWGL]HG UHIJBHVVAWQLFRUURIUHQWHOO
&R0 &RQFHUQ RYHU OLVWDNHV BI$ 1HSIG IRU $SSURYDO



$SSHQGITHPSODWH HRFWMXIGGMBQW WKR WRRN SDUW LQ SU

H[SUHVVHG LOQOWHUHVWHG LQ WDNLQJ SDUW LQ WKH LQ




$SSHOGBHFUXLWPHOQW SRVWHU IRU LQWHUYHQWLRQ




$SSHOQGIRPDLO IRU VWXGHQWY H[SUHVVLQJ LOWHUHVW

VXUYH\ OLQN LQFOXGLQJ PHDVXUHYVY LQIRUPDWLRQ V

RI 6 XUYH\ DW 7LPH








































$SSHOGYHPSODWH OHWWHU WR VWXGHQW VHUYLFHV W

LOWHUYHQWLRQ




$SSHOGLQLWLDO GDWHY DQG WLPHWDEOHY LQWHQGHG

GHOLYHU\ RI PHDVXUHPHQWY DQG LQWHUYHQWLRQV




$SSHOGLLBHUIHFWLRQLVP ODLOWHQDQFH &\FOH +DQGRXW

$GDSWHG IURP 6KDIUDQ 5 (JDQ BYHUFRPIGO 3HUIHRWQR QIX\LF H$ XWH @K DFYRLRXLWDLOY MV H FK Q
&RQVWDEOH 5RELQVRQ

SHPRYHG IRU FRS@ULJKW UHDVRQ



$GDSWHG IURP 6KDIUDQ 5 (JDQ BYHUFRPIGO BHUIHRWQR QXL H$ XWH &K DFYRLRXADLOY MV H FK Q
&RQVWDEOH S5RELQVRQ

SHPRYHG IRU FRS@ULJKW UHDVRQ



$SSHOLLBHUVROEDO 3HUIHEFWLRQLVP ODLQWHQDQFH &\FOH +DQGRXW

"$GDSWHG IURP 6KDIUDQ 5 (JDQ BYHUFRPG®J 3HUIHRWQR QX\LRS H$ XWH @K DFYRLRXWNDLOY MV H F K C
&RQVWDEOH S5RELQVRQ

SHPRYHG IRU FRS@ULJKW UHDVRQ



$GDSWHG IURP 6KBIUDQ ®HGHDR '2YHUFRPLQJ SHUIHRWQR QIX\LIE H$ XWH &K DFRLRXADLOY MV H FK Q
&RQVWDEOH S5RELQVRQ

SHPRYHG IRU FRS@ULJKW UHDVRQ



$SSHOLLBUHSDULQJ HXR \EARHMMHAE HW $ O®BROXWLY +DQ

$GDSWHG IURP 6KDIUDQ 5 (JDQ BYHUFRPIGRJ 7

SHUIHFW LR @IHPS $ XM X VE K DFYRLRXUWDLOE RVGIF\W Q E DXHH V

5RELQVRQ

HSHPRYHG IRU FRS®ULJKW UHDVRQ



$GDSWHG IURP @RPQIUOGQ 5 :DPGH RYHUFRPLQJ

SHUIHFWLR & WHPS $XLHEM X VE DK DFYRLRLUNDLOE RVRIF\ Q E DXHH V

5RELQVRQ

HSHPRYHG IRU FRS®ULJKW UHDVRQ



$SSHOQLLRKDUDFWHU 6WUHQJWKYV +DQGRXW

_$GDSWHG IURP 6HOLJPDQ O ( 3 6WHHQ 7 $ 3DUN

SRVLWLYH 3V\FKRORJ\ 3URJUHVV (PSL$AHDIOFBROLGDW

SVI\FKRORJLVW KWWSWUSGRL

HSHPRYHG IRU FRSA@LJKW UHDVRQ



$SSHOLLPOO RU 1RWKLQJ 7KLQNLQJ +DQGRXW

"$GDSWHG IURP 6KDIUDQ 5 (JDQ BYHUFRPG®J 3HUIHRWQR QX\LRS H$ XWH @K DFYRLRXWNDLOY MV H F K C
&RQVWDEOH S5RELQVRQ

SHPRYHG IRU FRS@ULJKW UHDVRQ



$GDSWHG IURP 6KBIUDQ ®HGHDR '2YHUFRPLQJ SHUIHRWQR QIX\LIE H$ XWH &K DFRLRXADLOY MV H FK Q
&RQVWDEOH S5RELQVRQ

SHPRYHG IRU FRS@ULJKW UHDVRQ



$SSHOGLPHURDGHQLQJ $SWWHQWLRQ +DQGRXW

$GDSWHG IURB 6KDDOQD® - ‘DGH2YHUFRPLQJ

SHUIHFWLR PSS $XLHEOH X VE QK DFYRLIRUWDLOE: RVGI\EW Q E DXHH V
5RELQVRQ

SHPRYHG IRU FRS®@ULJKW UHDVRQ



$SSHOQLLFKUHH *RRG 7KLQJV +DQGRXW

$GDSWPGHORJPDQ O ( 3 O6WHHQ 7 $ 3DUN 1 3H

SRVLWLYH 3V\FKRORJ\ 3URJUHVV (PSL$AHDIOFBROLGDW

SVI\FKRORJLVW KWWSV GRL RUJ

HSHPRYHG IRU FRSA@LJKW UHDVRQ
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HSHPRYHG IRU FRSA@LJKW UHDVRQ
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5RELQVRQ

HSHPRYHG IRU FRS®ULJKW UHDVRQ



$GDSWHG IURP 6KDIUDQ 5 (JDQ BYHUFRPIG®J 7

SHUIHFWLR & WHPS $XLHEM X VE DK DFYRLRLUNDLOE RVRIF\ Q E DXHH V

5RELQVRQ

HSHPRYHG IRU FRS®ULJKW UHDVRQ



$SSHQBGL[PSHUIHFWLRQ ([SHULPHQW +DQGRXW

$GDSWHG IURP 6KDIUDQ 5 (JDQ BYHUFRPIGRJ 7

SHUIHFW LR @IHPS $ XM X VE K DFYRLRXUWDLOE RVGIF\W Q E DXHH V

5RELQVRQ

HSHPRYHG IRU FRS®ULJKW UHDVRQ



$GDSWHG IURP 6KDIUDQ:BbGH(JDQ BYHUFRPLQJ

SHUIHFWLR & WHPS $XLHEM X VE DK DFYRLRLUNDLOE RVRIF\ Q E DXHH V

5RELQVRQ
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5RELQVRQ

HSHPRYHG IRU FRS®ULJKW UHDVRQ
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SHUIHFWLR & WHPS $XLHEM X VE DK DFYRLRLUNDLOE RVRIF\ Q E DXHH V

5RELQVRQ
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$SSHOBL[3URFUDVWLQDWLRQ +DQGRXW

$GDSWHG IURP 6KDIUDQDGH (UD'Q BYHUFRPLQJ

SHUIHFW LR @IHPS $ XM X VE K DFYRLRXUWDLOE RVGIF\W Q E DXHH V

5RELQVRQ

HSHPRYHG IRU FRS®ULJKW UHDVRQ



$GDSWHG IURP 6KDIUDQ 5 (JDQ BYHUFRPIG®J 7

SHHFWLRQLYXP OS UNOGH X VE QK DFYRLRXLUNDLOE RVRIF\ Q E DXHH V

5RELQVRQ

HSHPRYHG IRU FRS®ULJKW UHDVRQ



$SSHOBL[3URFUDVWLQDWLRQ +DQGRXW

$GDSWHG IURP 6KDIUDQ 5 (JDQ BYHUFRPIGRJ 7

SHUIHFW LR @IHPS $ XM X VE K DFYRLRXUWDLOE RVGIF\W Q E DXHH V

5RELQVRQ

HSHPRYHG IRU FRS®ULJKW UHDVRQ



$GDSWHG IURP 6KDIUDQ 5 (JDQ BYHUFRPIG®J 7

SHUIHFWLR & WHPS $XLHEM X VE DK DFYRLRLUNDLOE RVRIF\ Q E DXHH V

5RELQVRQ

HSHPRYHG IRU FRS®ULJKW UHDVRQ
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$CGDSWHEGKIURRID / % ORQJUDLQ O FRPBKOH ¥EHRM |
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S3VI\FKRORJ\ # KWWSV GRL RUJ
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HSHPRYHG IRU FRS®ULJKW UHDVRQ
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$SSHOGSBHVXOWWIURPVEROQKE $1&29% DQDO\VHYV
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