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&SROQWLQXRXV WXEH IHHGLQJ YHUVXYV
IRU LOWHUPHGLDWH SRVLWLRQ HQWI
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%6F HLELQJ'7DQJ

'HSDUWPHQW RI 1HRQDWDA G XYUJRWSLWDO RI 1DQMLQJ OHGLFDO 8Q

%DFNJURRGQGG2EMHAHLYM\ARPD Rl LQWHUPHGLDWH SRVLWLRQ HQWHURVWRP\

ZKLFK LV UHODWHG WR HOHFWURO\WH DEQRRPDOLWLWNOD JE H BRQRQ DK BX
VRIDVWULF WXEH IHHGLQJ PHWKRG KDV WKH DGYDQWDURWVHWABRWELQJ WKH
HQW DEVRUSWLRQ ,Q WKH FXUUHQW VWXG\ ZH UHYLHZDRXUVWBKBHUWIHQFH Zl
LBO RXWFRPHV ZLWK LQWHUPLWWHQW FRSHMY DAHWHBRIGERY XSO\W HM QWY ZLWK D
7KLV ZDV D UHWURVSHFWLYH UHYLHZ RI LQIDQWV ZLMWMGK LOWRLQY ZRXU KRV
JURXSV LQWHUPLW2BQW RXD G QHHGIIIQRIVDIH@ DQG FRQWLQX®&XV WXEH
JURXS >Q EQIGRWVRI DJH@ 'LIIHUHQFHV LQ VWRRO YROXPH GDLO\ LQW
JDLQ QXWULWLRQRSEGDMW HDRRP S GH/ABDBHVRX@WHY F/WHR B 8 YL.ROKPH DQG LQWL
QRXV IOXLG LQIXVLRQ LQ WKH 7) JURXS ZHUH OHVV WKDQHUKIHQ2WEHBRXS [UF
7) JURXS WKDQ WKH 2) JURXPOHERPLIHEQG UHKWMLRUWRD ELQGEQQOWORWHLQ OH
KLIJKHU LQ WKH 7) JURXS WK QSWRR&HA) DW RXHSOL Q 7KHHHINYFLGHQFH Rl FKROHV
HOHFWURO\WH GLVWXUEDQFHV LQ WKH 7) JURXS ZDV VH JRWIH\FW Q@B ORZH L
REVWUXFWLRVKRPRQVWKRZARQWURO JURXS EXW WEKRQEOXNEERQEBKRXAHUH QRW
WXEH IHHGLQJ KDG EHWWHU FOLQLFDO RXWFRPHV WKDQ LQWHUPLWWHQW R

JH\: RUGRRQW L YXEXVI HHIBA B U FRWDVOHIGRMIBAL B U RIVQV R @ WML R Q

,1752'887,21 7KH FRQWLQXRXV QDVRJDVWULF WXEH
,Q UHFHQW \HD UV PZALNVRK LVDK HV M Y M WP UMWHO MY ZDV | L &RWY WIHSRRWWVHW >
YHU\ ORZ ELUWK ZHLJKW LQIDQW VIHW& HQB RRFEQ GILWV \R R L @\8 R V@ILL\QDIDU L Q
GLVRUGHUV VXFK DV QHFURWL]GOHSHQWH B R FRIGL VRILWP X O B H@NDW K U R
+LUVFKVSUXQJYIV GLVHDVHG DQG PIIRKPE DM UR ORIQWIKYRRX V7KLY IHHGLQ
YXOXV KDV LIKFHVHDVEDQWYV mRIWHDWQWHKE WEHPSQWDJH Rl UHGXELQJ WK
UDU\ HOWHURVWRPLHV :H UHIMU D\RF H Q WRHSIRRANHR/P IOHWVIORSHIRRY H/E HROUHS N
WHUPHGLDWH SRVLWLRQ HQWHURWNMRPLH BR\ ZKH@X WH\H HAQW U BI'Q BYASHHIOL
WRP\ LV ORFDWHG LQ WKH QR PLPDOHDDIDX R XR@ 5L/ HAH M X O R Q D U \
7KHRYOVRI DQ ,3HGVLQRWEW VPDOOWDRHWWLQH DQG

RIWHQ OHDGV WR KLJK RXW SWWHD QG YHMQH AW H RIDGW Bl QMEDJRIWP RD FRQW L Q
WKXV SURORQJLQJ SDWSHQWDW UHIBRYH XVHIRWWH FRQWLQXRXV QDVRJID\
7KHVH SDWLHQWVY QHHG QXWULWLRQ@D®(WXRSRQ VD QEXWIIRR®HEEVYWDOD
HQFRXQWHU QXWULWLRQDO FKDOOW®GN\ZH,QHYEKAWWK HK H) E HR X&IG KM R |
VWRPDV +26V DUH JHQHUDO PWQ D DHGDE)GWERIMSDRHD W KRREGWH @ DRDHOU R XW
LQJ RI DQ LOQWUDYHQRXV DQG RU RUD® |HHGIG) IREG Y DRAQLYRNOM FW U
O\WHV D36 WDUKMD OHB Q 8 WORUNLPHGLFDWLRQV

ODQEPHQW RI +26V LV PRUH GLIILFXOW LQ LQIDQWV DQG

DGGLWLRQDO ZD\V W PI®HE +26V D

7KHUH DUH VHYHUDO IHHGLQRSDWWHUQV LQ LQIDQWV VXFK DV L
WHUPLWWHQW RUDO IHHGLQJ 2) 3O WH : A
WXEH IHHGLQJ 7) ,QWHUPLWWH P P LRJ yrgf;{%"s"w%'[
DGPLQLVWHULQJ D SUHVFULEHG H@ EL: s RK \é SKLC
IRUPXOD PL&WRWRWHIHDLRG RIi\NLPI7IHc3(VXDO

PLQ HYHU\ K E\ RUDO IHHGL®J {;Kmmn)@am@_:i(émwﬁwu@psu

PRWHV WKH F\FOLFDO SDWWHUQ RDQ@DWMMHIRL @¥GKVW L @D @ LIO R RERERHEG F R
VXFK DV JDVWULQ HQWHURJOXF D JRQREBEGH YDWLK Q LDFE RMBRIEEEUW R U \
SHSWLGH LV SK\WLRORJLF DW® RREXUVDEWFRHDOWK\ LQIDQ
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0(7+2'6 PHDQ“6' 3DUDPHWHUV ZHUH BDMMHIVOW]HG
BXEMHFWYV )RU WKH DERYHSSDURZBMWRQWLBHUHG
7KLV ZDV D UHWURVSHFWLYH,8HYMIZFRDO\ §DNLIH QMG BDWSK 3 W B Y WR @ DF/K ]
LQ WKH '"HSDUWPHQW RI 3HGLDW UIEFRSXUHBHWVK I \WRPSIOOGEDMQ R/QVRLQ WKH
SLWDO Rl 1DQMLQJ OHGLFDO 8QLYHUVLW\ EHWZHHQ )HEUXDU\
DQG $SULO 7KH VWXGWKZB 6 ®/'SSURYHG E
(WKLFV &RPPLWWHRH &KIHOEBV +RVSIZWH & VRRRO YRRIHUIH/B\R V W
1DQMLQJ OHGLFD CORIQWKHUYXDW G EDRON RWRK® YROXPH RI WKH 7) JURXS

SDWLHQWY FRQVHQWHG WR WKLV VAHHI “ P/ G ZHHN “ Pl G
“ P/ G ZHHN “ P/ G ZHHN
S, QWHUPLWWHQW RUDO IHHGLQJ RUPFREQWHPNRXV WXEHPI/HE GEQB N DQG

7KH SDWLHQWYV ZHUH FDWHJRUL]RG GL QAMRINWK H 7KRO ® WRR WRZREFH RI
JURXSV WKH LQWHUPLWWHQW 2) JURRS GQZHHINDWLHQWVP/ G ZHHN
PDOHV DQG *IHBDOBEH PHGLDQ PJHS ZHHN “ P/ G ZHHN “
GD\V ZDV GLDJQRVHG ZLWK QHFURZHHNQJ HQWHRRGR@HWNY Q “ P/ G :
H[WHQVLYH +LUVFKVSUXQJfV GLVHDYG Q PLGWHWAMNQDO IKWMUHVEIDV Q|
Q DQG PDOURWDWLRQ ZLWK PVGJI® W LYFOMWKX GXVI HQ HQ FOND) BNW ZHHI W |
WKH FRQWLQXRXV 7) JURXS Q  SHXWL HAWHVVW RRIDDMROXPE LQ WKH 7) JU
IHPBW+ GD\V Rl DJH PHGLDQ DJHURXGDWRFZEMHN )LIJXUH $
GLDJQRVHG ZLWK QHFURWL]LQJ HQWHURFROLWLV Q H[WHQVLYH
+LUVFKVSUXQJfV GLVHDVH Q LIQHV G B IM\QID@W D Y UHIY R RS O BMA Y. B OX V |
DQG PDOURWDWLRQ ZLWK PLGJXW MRDEPORYV LQWUDYHQRXV IOXLG LQIXV
2UDO IHHGLQJ FRQVLVWV REHIGGPLQLPWNUIQJIZBHSUHVFUL RBNNJ G Z
YROXPH Rl GHHS K\GURO\]HG IRUPXOD FPILONG$QHHN 1HYQ®OH“ P/ NJ G
1IHWKHUODQGVY RYHU D VKRUW $SHUKRGGRIL &/\L P& WX\DXYHQERXR YIIOXLG LQIXV
PLQ HYHUK E\ RUDO IHHGLQJ “ P/ NJG ZHHN “ P/ NJG ZF
&RQWLQXRXV 7) FRQVLVWV RI DGPLQRNWHGLQ@HWNSUHDBGLEHG P/ NJ G
YROXPH RI GHHS K\GURO\]BG LIIRWW REHU FIL DNV SR DWW D WL \G LIFHRJ@\F WL B € 1
IHWKHUODQGYV WKURXJEXP SVXEH PRKIH) W DPRPLERRSY DW ZHHN EXW WKH
WLQXRXV LQIXVLRQ )LIJXUH $ DQGQPEKVLRQ LQ WKH 7) JURXS ZDV OHVV \
'LIIHUHQFHV LQ VWRRO YROXPH GHHMN\ LAWY HRRXV I0XLG L
IXVLRQ ZHLJKW JDEKYV QXQWSIEW IDRO Y1) G
FRPSOLFDWLRQV ZHUH ZHY LGIHH® HIBK RO ) WDYHIMFDWWL Y H O \
D FRQMXJXEWE GO BY®DUG / 7KH ZHLJKW JDLQ LQ WKH 7) JURXS ZD
“ J G ZHHN* J G ZHHN “ J G ZHI
BWDWLVWLFDO $QDO\VLV “ J G ZHHN “ J G ZHHN “J
6WDWLVWLFDO DQDO\VLV ZDV FDUNQEG RXWGX\ZIHMHN 6366 KFHR AMZDKW JDLC
YHUVLRQ 6366 ,QF &KLFDJRZDV 86$J GKHEHGINIH *“ J G ZHHN “
HQFHV LQ VWRRO YROXPH GDLO\ LQWUDGHQ@RMN IOXL'G JLQIXAHARGIN  “
ZHLJKW JDLQ DQG QXWULWLRNKHQGLFHY ®UAHMNSUHBQIBG DVJI G ZHHN

JLIXUKB DQG, @I DQWYV XQGHUJRLQJ FRQWLQXRXV QDVRIDVWULF WXEBUIRDHSE L'Q J L \&W XLODAX
RI WKH FRCVRIJDVWULF WXl
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YLIXUHM 7KH VWRRO YROXPH RI| RSKH DWIR' HORXBKHERVADY QR VWDWLVWLFDOO\ VLJIQ!
JURXSV DW ZHHN EXW WKHIRWR RO W ROXFHWMKD @ KK ) 2) ITURP ZHHN % 7KH GDLO\
RSHUDWLYHO\ 7KHUH ZDV QR VWDWLVWLFDOO\ VLJQLILWXGWG B LOH LOLIEE BQEHRZRIG TOON
WKH 7) JURXS ZDW)OHYR/X® KD RPWAHH N & RBHUDWIPHO\SRYWUH ZDV QR VWDWLVWLFE
EHWZHHQ WKH WZR JURXSV DW ZHHNV DQG EXW WKHRPHEBIKW XDHGEG LQ WKH 7) JURX

QR VWDWLVWLFDOO\ VLJQLILFDQW QGLHNAW H@FG HEMHIUZIN HE WRKIS WLRR) D Q
JURXSV LQ ZHHNV DQG EXW WWH REHDYKWFLIDMWHGQF RWKSDZFDWLRQV
JURXS ZDV JUHDWHU WKDQ WKH 2) JBRX® WMLRIRWNWHRIWHQJIJKUSHULHQFH OI

& IOXLG WKDW FDQ OHDG WR FKBRQLF G
FXUV RVWRP\ SDWLHQWYV SUHWDYHQW ZL
IXWULWLRQ LQGLFHYV WHU VRGLXP DQG PDI® HDIQX PLAVRY W [ S

7TKH OHYHOIWORKPAUWHDQG UHWLQRERHLEDOQXVWUIRMWMHR@ ZKLFK LV NQRZC
ZHUH QRIADW®L BRUHYWEHEHQ WKH WZR/ WXBXEY IKDYH VKRZQ WKDW WKH UHD
ZHHNYV DOBSHIRW AL YHO\ HOQ\ZHAKR KDYRLKQGHUJRQH HQWHURVWRPLFE
KLIKHU LQ WKH 7) JURXS WKDQ WKHRPVUIRXWXER SEWNYOQ VWY @ MHWQU HT XH

SRRSHUDWLYHQ¥% )LIXUH $ O\ H[LVWLQJ PHWKRGY [RQ " Q WIVWLMQQ R
HITHFWLYH WKXV VXUJHRQV DUH LQ V¢t
3RWBHUDWLYOW IFIRRPB OLF SUREOHP ,Q WKLV VWXG\ WKH ILVWXO

1R SDWLHQWY H[SHULHQFHG WXEHKDB® XJUOFWHQZWWHU7)VDPBXOFHYV DQG V
&KROHVWDVLV RFFXUUWGQIO REDWEH@WWRQIQOHZDYV KLIJK EXVWPWNUMWKH 7
RFFXUUHG LQ SD\WDH®W VY RDIEAAGMEFNW KH VWRRO ZHRSH RYHG L IDBIZQWIO
RFFXUUH®VLG QWY LQ WKH 7L VFRR¥SEGRRRAH/OHAPWHRO\WH GLVWXUEDQFE
FXUUHG LQ SDWLHQWY LQWHVWARB @)REWVRXBX FWLBQU RFROWUI HG R RIKW
SOVLHQWYV B Q8 FIMRIDUW H FUWVWHCIVERWAHND W +26V LQ LQIDQWYV
SDWLHQWYV LQ WK HG R)Q FUIRKIS FKR R 8&R@BDWLG ZLWK PLON IHHGLQJV JLYH
DQG ZBWHIFMW URPDWHHVLYY XWKH 7)ERORYSTIPHIWKRG FRQWLQXRXV QDVRJ
VLIEDRQWO\KDRZ MKW 2) JURXS DQGRWQKHGAHIFHGHQFH QFUHDVH WKH HQHU
RI LQWHVWWQRQ REVVWWRZHU WK D QHQKH FR @ YSHRG UWRKYS DQG LPSURYH
EXW WKH GLIIHUHQFHV ZHUH QRW 2KW BKV LWHWLFDWD \ L)L IPISURNEW HRHUJ

XUH & SURYHG JURBWHG RQ SUHYLRXOVRRQDO\
ELUWK ZHLJKW LQIDQWY JDLOQMNG ZHLJI
',6&866,21 RXV IHHGLQJ PHWKRG JURXS WEDQ ZLW

,Q WKLV SDSHU ZH KDYH UHYLHZHI® RPHWMPRGHRNHH SQ HRDMWHXUH LQIDC
PLWWHQW 2) DQ® LKRGDWQXRMW ZISUR EDIWPSRVPAK BHFD XVH SUHWHUP LQIL
RSHUDWLYHO\ 1BiGPMG MOVEW IS[SXOFTQYL W WHKH FNRIRUIGD @ DOVHAG. EXIV ZH H C
7) JURXS DQG WKHUH ZHUH PDQ\DRQGY DWW N Z HHHRNNIQR WEHRNDD XY JW K H\ U H T X
JURXS FRPSDUHG WR WKH 2) JURXB S$KHFORKG LRIJI7S URPIRWHRGHRIHORSLQJ
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JLIXUHKH SUEXPLQ $ DQG UHWLQRO ELQGLQJ SURWHLQ OHYHOVJIURXBHWUIHQQRIWH NV J
DQG BE8MWDWLYHO\ EXW ZHUH VLJQLILFDQWO\ KLJKHU LQ WIRISHY DWR X B GWHK@RMHWLIQH 2
RI FKROHVWDWIOHBWGRADWHUGLVWXUEDQFHV LQ WKH 7) JURXS BDV VLJQLILFDQWO\ OR

JRU SUHPDWXUH LQUMNGWY W HA RNKQEMD HIOFE® W3 6 DQG WKH 1DQMLQJ OHG
RXV QDVRIJDVWULF 7) UHDFKHG HQWFWD O Q@ WHRKHYRRRI\ NEDBIHORI PG QW 3
PRUH TXLFNO\ WKDQ LQIDQWY JLYRQ LQWHUPLWWHQW EROXV JDYDJH
IHHGLGHH® LQ WKH FXUUHQW VWXG) WKH QXWULWLRQDO VWDWXV

RI WKH SDWLHQWV LQ WKH 7) JURXSE (58 EQY'-SIMHFL%% SR L BHvxvk

ZHLJKW JDLQ LQ WKH 7) JURXS ZDV J bLﬁRLv XVHIXO

ZHHN B&RNWDWLYHO\D ®EXP WX B (5& H QHRQDWHV ZLWK HOWHURV W
ELQGLQJ SURWHLQIDFF-I[Y(B!WO\ZK—ILUJH(H/ULQ'.Q@LW\}@U GRL M MSHGVXU.J
JURXS WKDQ WKH 2) JURXS LQ ZHHNV DQG SRVW

RSHUDWLYHO\ 7DR3. +LUVFKVSUXQJYV GLVHDVH D EUL!

(QWHURVWRP\ LQIDQWY DUH DW D WAUKHWU ULZMNGILRW Q6WBRWLRQD OM
SUREOHPV 31 PXVW EH JLYHQ XQWMBHEQXWHUDO QXWULWLRQ FDQ
PDLQWDLQ WKH QXWULWLRQD® QHH®WRTRHEYRPIMTE XFIUKDW DHYHDUFK LQ
WRIQVKLS ZLWK KHSDWRELOLDU\ GHUBQWYHPRORPYEWHY c(IFkR oW iDLV M
LV WKRXJKW WR EH RQH RI WK® SR\NPi %B(['i’éHlf(RPSOLFDWLR \t L% L
IDQWYV UHFHLOLWKBIFXUUHQW NWXGH SHU\‘/’VFF'QLIJ wr
QRXV IOXLG LQIXVLRQ LQ WKH 7) JU G‘(‘/?i % WD O LW
JURXS IURP ZHHNLWK$WRQJGZIFUHDV LJKW L QB Ly
QXWULWLRQ WKH LQFLGHQFH RI FKROHVWDVLV LO Wk 5 LTIRYS 2o v
DOVR VLJQLILFDQWO\ ORZHU WKDQ WltphH) dWRXBoLbDPVv 51 1LJKWLQJDOH -

&RQWLQXRXV WXEH IHHGLQJ DW R KRV S L\ B OX WSV FOOW R RO RUHF W
SDWLHQWY KDV EHHQ VKRZQ VB8R EH HIIHEBWLYH DQM VDIH LQ D
GUHVVLQDWRROOLFURP SRRU QXWUDWM\RQDY® (VVEDMIXY BQGLOLQJ 6 .ROW
HOHFWURO\WH DOWHUDWLRQV FRP9BUWREDZL WKV LRONVHHR\GWWWMORR 2V W
&RQWLQXRXV WXEH IHHGLQJ KDG EH®®HFBWERQREDW RKRA MR PRQ DIIYHU G
,3(V WKDQ LQWHUPLWWHQW 2) 7KHUHIRRARQER KX RLVLw X EH >

IHHGLQJ LV UHFRPPHQGHG |WQW%F&JFFJBQ/L@VQ%Dﬁ&%&%]%wﬂopv . s

RVWRPY LQ LQIDQWY 5 *iQGDUD $GiQ 1 8WULOOD 1DYDUUR
$87+25,6£/2685 6 GH WHFWLRQ DQG QXWULV‘RLXFW)ED)ONP\ID\QBB

7KH DXWKRUV GHFODUH QR FRQIO&EFW %yl_éw&?\ éo I'->’( 65 )HF

SRUWHG E\ WKH 1DWLRQDO 1DWXUDO ODU KR

LDQSJAVFXYLQFLLDO/H\D-IQGKGHYHORS
SURRB U B6 ( WKH $SEERWW )XQG ,QVWL WHFH 1&8/'L?LQ/\\/\{_R8'HFWV RILFRQWLQX
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KXPDQ PLON FRPSDUHG ZLWK LQWHUPLWRGRQW 5HRWXFPHVGRLFWD E&5

3DHGLDWU 6FDQG H G HF

9DOPDQ +% +HDWK &' %URZQ 5-%ORRNBMQWXRBXERUEHWW 3 *ULIILWKV '0

LQWUDJDVWULF PLON IHHGV LQ LQIDQ8WD RW®BRZOELTRWKD OH E RIOWR QHABUDVYDQJOHR
FHQWHU H[SHULHQFH (XU - 3HGMWU 6X

7RFH 66 .HHQDQ :- +RPDQ 60 (QWHUDO IMHGLQJ LQ YHU\
OREZLWMKJIJKW LQIDQWY $ FRPSDULVRQDRUWMRZR Q®RAMRWDVWUIEFHFFD & *LRUGDGQ
PHWKRGV &RLOGV OHWKRGV Rl HQWHUDO IHHGLQJ LQ SUHYV
*UDQW - 'HQQH 6& (IIHFW RI LQWHUPIHNWHQW $HGRXV FRQWLLQXRXV
HQWHUDO IHHGLQJ RQ HQHUJ\ H[SHQGIRGULID @ B SRFRDWRUH KBQIMDIXRY Q-* O0FO0LC
3HGLDWU $WWDLQPHQW RI HDUO\ IHHGLQJ PLOHVW
GH 9LOOH . .QDBBLQ $0%HUVHWK &/3HWRZDWRO

LQIXVLRQ IHHGLQJV ARWRQFHHVSRONALOX@®Q 9 6DWLVK 0 &RQWLQXRXV &
JDVWULF HPSW\LQJ LQ SUHWHUP LQID@DIWRJPN W &IOA Q1 FXWHHGLQJ LQ YHU\ ORZ
LQIDQWYV 3HGLDWU 5HV

%ORQGKHLP 2 $EEDVL 6 )R[ :: %KXWIKGIQ %< W@KAWHRILVN IDFWRUV RI SDUHQ
HQWHUDO JDYDJH IHHGLQJ UDWH RQ PNVYRRQDWHXFRRWORYWRVYLWHUQ SUHWHU!
ORZ ELUWK ZHLJKW LQIDQWY - 3HGLDWU GRL 6

BHQWRQJR 7% 7KH XVH Rl RUDO UHKL®WQWDOWLRY ;VRRXWERQY 4.Q=KDQJ - 7DQ.
FKLOGUHQ DQG DGXOWV &XUU *DVWURKQUWMHDROBHBULWLRQ IRURMBDB WL R®L 1H\
OHVVDULV ( 6HKJDO 5 'HLOLQJ 6 .RQWRQDWH6S\HZADBWF'- &OLGRIXWU
OF.HQQD . HW DO 'HK\GUDWLRQ LVDSWKFHQ PRVW FRPPRQ

LQGLFDWLRQ IRU UHDGQ P LL\OHRQWIRIRY HW G0 WH B WY



