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It is with deepest love and affection
that | dedicate this dissertation
to my son Konstantin,
my inspiration and the God of Titans

LLL



$&.12:/('*0(176

7KLY XQGHUWDNLQJ ZRXOG KDYH EHQRW RPBRVIYRIEO®O\H [Z1VAKREA
FROOHDJXHV DQG PHQWRUV DOO RI ZKRP FDQQRW EH HQXPE

, bP IRUHYHU LQGHEWHG WR 'U %RWW 3XDOXDBEVHRLWKHFHHGQ
WKDW VKH VKDURG WMHWDKRIHOIDRKE WR XSKROG WKH KLIJKHVW \

, DP JUDWHIXO WR P\ GLVVHUWDWLRQHKRPRLWWHDPBAPERRG
‘U ,QVX 3DHN | RUOWIKIHHIGE WKNR XIKMGIBQFHPP BQ® BJER QI WKH F
WKLV SURMHFW

, WKDQN IURP WKH BWRWHKHR P KRIOR\ KD GLUHFWRUV WHDFKHL
SDUWLFLSDWHG LQ P\ VWXG\

IDVWO\ |, ZRXOWOPNKEMHRSH)SBHHFARPWIRUDWRR/RIRWLEXLOGL

FDQ WUDQVSRUW RJGHK HW EU R/R FRQH UHYRNYRH W RD@ VERFN GD\
ZLWKRXW FRPSODLQWYV
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3DUWLFLSDQWVY GHPRJUDSKLF LQIRUPDWLRQ

1XPEHU Rl SDUWILFQBHD @WM I 1R BWKVT XHW WQRUHVHDUF
1XPEHU Rl G\DGWRIIRIUIBFWOQUHHY LEQWHVHDUFK TXHVW
'HVFULSWLYHV IR0 DX BXU D DNRRQHRIFHR OOHFWHG D
'HVFULSWLYHRXRW FRALWVSHBPK OH[LFDO GLYHUVLW\ DQG V
'HVFULSWLYHVRRQUWSRUMSMHBER OB WDOQWEILFMMURN EWPSOH[L
'HVFULSWLYHV IRU FKLOG HPHUWHDWHLWHUDF\ VNLOOV W
1XPEHU RI FKLOGUHQ VFRULQJ LQ WKHDE@BWWRP DQG

1RUPDOLW\ VWDWMWWREWRRARGLFRUIRWY HBUDQRBQWWDDR VIRUP
DQG SDUHQW ODQJR®RBYHIVRP SOKHYERABDIEOQHG FRQWH[WYV

%LYDULDWH FRUWVOIIRWLRLP H R HAKLEDH WI\GW7 PRI QR Q WUI
FKLOG DQG SDUHQW ODQJXDJH VDPSOH PHDVXUHYV

1RUPDOLW\ VWDWLVWLFV DQG AFRMI RO BMWGE D@ 6 RMUID € VHRWM
DQG SDUHQW ODQJRBYHIVRP FRMQWBUWREOL]HG SOD\

1RUPDOLW\ VWDWLVWLFV DQG FORIMI RO P MGE DD 6 RMUID © M HRW
DQG SDUHQW ODQJRBYHIVRP SSHFRQWH)®W XDOL]HG FRQYHUVDYV

'"HVFULSWLYHV HQWFBLWE UHPHWNLOOV DW 7LPH

&KLOG 7LPH PHDVXUHV SUHGLFWLQJ FKLOG 7LPH RXWER
%LYDULDWH FROGHDPRWERWY \R I R/ABWHEKL\WH[UFQWDEFEWLF FRP
7KUHH SDUHQWHAM B H®IHDWIXQJ F K NVODBL WIKP AR QRAKWRFR 1B U L D
%LYDULDWH FRUH @& ®DMPLRR@OQWIRU BHHHFK OH[LFDO GLYHUYV
7ZR SDUHQW 7LPHi G PHDIVXUHAKLDG ZLWK FRRIWERPHYDULDE (
3DUHQW DQG FKLOG GHFRQWH[WXDOL]HG ODQJXDJH XVH L

&KL VTXDUH GLITHUHQFH WHVWYV FRE@®S ZU WX AFRDQAHD U R HQR\RM
YL
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,OOXVWUDWLR @ ®Y WHH \F DBQU HV VRINDO Q MAGR UMW & HQ JLQ V
5HODWLRQV EHWZHHQ SDUHQW R RFO EDXOODIX\DV N LUORS HU W L
5HODWLRQV EHWZHHQ SDUHQW RUDO ODQJXDJH SURSHUWL
5HODWLRQV EHWZHHQ SDUHQW R KRQ RPORIXTDIG [3DIRSHIQ M
3DWK GLDJUDP IRU H[SORUDWRU\ UHVHDUFK TXHVWLRQ
3DWK GLDJUDP RIDQURD IS PHBYWUGBPW S FIKGOBWLRREDEX OD U\
3DWK GLDJUDP RIDQUPKD IS PHB Y WUGBW S FIKG O BWILLLDIP PID U

3DWK GLDJUDP RDOQUPHIKS PHBDYWUBY SUHGLFWLQJ 7LPH F

YLL
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&KLOGUHQYTV HPHUJHQW OLWHUDF\FWNIYGIOR/I KEIRYOHF XEWHBIHDQ K
VXEVHTXHQW DFDGHPLF DFEKLHYHP HQMS SURTEFRQWQ VW\HRU QLQ?>
FKLOGUHQTV OLQJX DAL B S \RPRHOMMWIONYITEOM@ ULFKQHVV RI OD
WKDW WKH\ UHFHENHHURMHBVLPRHVBKILWY VW XIRDIDRIWR LQY H\
ORQJLWXGLQDO UKHD B WR RIQWWEHHW ZR IDEDEIH-OMW HOD QURKBK L O G U H
ZHUH \HDUV ROG MQG HEW OCELWAHQUOG B BN LIQOW PDRIFDE G SKRC
DZDUHQHVV D \HDWXGD WWGIWR HYDW LFGRHOGV 0@ RLUWW RG EGRDOGUH Q"
OLWHUDF\ VNLOOVZRQGL HHBUHRQWM GV KRV W I SDUHQW ODQJIXDJH
GHFRQWH[WXDOL]HG SUHGLFW FKLOGUHQTV RXWERPHYV

3DUWLFLSDQWV LEXLO®GGE® G VSDIURFOBRPRPVF MAELRWKQL
EDEFNJURXQGYV 3DMWLRLSHDORVAG A B UDRG R WHRIX BLQUZRRVHP L
VWUXFWXUHG WDERXWFRIWW IHWYIHVQRBR\Q BIQ'W DUHG! FKOLM\G YHUET
FRPPXQLFDWLRQDRMRWHOG QVFQ DEFDO\]HG $ERWWQD FKD O ®UDHV
ZHUH DVVHVVHG XWD)QIGD EG MW E UNRRDEX @B DV XIWDPPDWLEDO
SKRQRORJLAMVY DXDOEQ

7KH UHVXOWYV L GAH@WHBDRRM@IAXUBLKH. O/ NLOOV YRFDEXOD
SUHGLFW WKHLU ODWHU HPHUJHDRMH QIQVS B WEDRA SWNYL OLERD. G3DAQJ H
GLYHUVLW\ SUHGLFWV ODWHU FKILO®G HRH BRUHQWQO X IVHU D¥\Qy
PRGHO )LQDOO\ SIBXHWQW PP GIXDHWHHQW FRPPXQLFDWLRQ FR
GLIIHUHQWLDOO\ S8HMG P FWUDKL® GPMOBMVER B OQ INK 'SR UWHG D
DFFRXQW RI ODQJXDBKLDBTUXHY D/BSEUIN D Q FKHWRWEHRYLGLQJ

VRSKLVWLFDWHG ORIQQ XD H) RRGH MWW BNFEG HY\H @R ®PH Q W
YLLL
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,PSRUWDQFH RI (DUOSHINMHABHHRWRRKLOG $FKLHYHPHC

ORGHUQ VRFLHW)\ GIHPRSHG/D IV IOR @/ H: BLENG WELHHYWH O R SBHED B ED
H[SUHVV RQHVHO IWRLLDIOMUY H Q BSIRY W DIQW VRF HFR YRFEHVV &I

,PSRUWDQWO\ FEEPXIQLRDIERBRPS KRRIEIMH HEQ B W
GHILQHG E\ RUDO OB ¥XDDH ¥ GG DHIWRIIHRA PQ WMKHH NHDUV /R
FRQWLQXLW\ EHWZHHQ HDUO\ ODQLXIYHP MR WO GE\HPDGL R DG B
DQG HYHQ OHYHOV RI SK\VLFDO K H DJDWKOKRIMIH VEX G IQQ G B FX\ I ¢
&DPSEHOO HW DO DO &DPSEME&ORUAMFN BWHBBKRRO DQG
HOHPHQWDU\ VFKRR PR H®D F K LIOLG K HDU H/ MRHIHAY RKD © B @IRKZ H U
RI JUDGH UHWHQWLURQSHE GDR WEXFLWILRQ VHUYLFHV WKURXJ
DUH OHVV OLNHO\ WR GURS RXW Rl VFKRRO RU WR EH DUUHV
5SREHUWVRQ 0DQQ 'KHQ WKH\LOHYHH KLU K 0 FHK/R ROL NAHK
FKLOG DW DJH RU RRXQQHNHDO GVRDELRH DIQ&HPDWK VFRUHV
IRXU \HDU FRO O HJIHO ®HE&E MPRE H3X YJHOORHAMPSEHOQLQDO O\
VWXG\ VXJIHVWYV WWBW LIXHLY ISEXYEYKFRY ZKGIXDJIHDU ROG
KDYH KLJKHU HG X FHD WD IQReQ UHG® W W FKIRY U B @ EW WRMHUDIQBLORZH
OHJDO DQG LOOHJID® GWOHIL ¥ VOHL WHRIMREBRFDKRKL Q K D U W

3RVLWLYH HIIHFWV Rl VWURQJHU HBUY DG IOQW JX® WHK ARPKSR:
3UHVFKRRO DJHG FKLOGUHQYV HD UML) MFK L BK HPKH Q@FR/OIXG HR \YE
VHPDQWLF DQG PR Z®KR\I\WD WICFWULIFMN. @ R FRLSDUOHK HILWIVRKD D Q C

7KH 1DWLRQDO L Q8 WI\DOWHK RIQ&K+ XPID §+"KEY HIDIRG\P & IQMD G & D U



5HVHDUFK 1HWZRUN DUH OLQRHENIR OAMWDQ G INUF ARV Lt
FROYHQWLRQDO UHDGLQJ DQG ZULWKMWLE® HOMRAHW D 0 F ALRK

3XUDQLN /RQLJDERURXJIKFD ' KRWHKXQVW  5HDGLQJ
FRPSUHKHQVLRQ D QO GHE REGLIQUH HV B (DGEVHPHR VBDHGLFWHG E
SUHVFKRROH U VFDHEPSQBIWY L6V YRR URGJKFRP S U FOKIW@ML@RQ DQG
YRFDEXODU\ .HQGHRX 9DQ GHQ %URKNWLKLWERWDEQHAKE DQG
PRUSKRORJLFDO VNL&KQW GIFBRWH(BHWWHD UFKQ IWMKMZIRUNHSRUW
/IRQLIJDQ 6FKDWVFKQBQGHWK HHVIWELERRQ BO® QBIOO\ /LWNYPPDUL]
HPSLULFDO HYLGH®DFEHRQZWKE BHO/DMWIIRUIK\DEKRROLDQG UHD (
DEFKLHYHPHQW LQ HOHPHQWDU\ JUD @MY HFR@E GIX S BIEV W IKDHV Y [
VNLOOV KDYH UHODWLYHO\ ZHD N BEXID &MQD BR\PLSIOH K HED/Q R QU
GHFRGLQJ PRUH FRPIS O/H[LRONO \CBHFLUXDE B QQ\L WLIRRD O YRFEDI
OLVWHQLQJ FRPSUHKHQVLRQ KDYH PRGHUDWH WR VWURQJ D
UHSRUW /RQLJDD RRW B & DEBOXOIRQG GHWDLOHG LQYHVWLJD
HDUO\ RUDO ODQJXDJH VNLOOV LQ WKH GHYHORSPHQW RI OL
E\ GHVLUH WR DQNQ@WHVWH LD W DQ.D TESH RIHH//R K DHDOWD L Q W H
EHWZHHQ RUDO OD@MIBGHYNQGORR G RRINEIGCS WHWFKRAB HRU ODQJ
IURP DGXOWYV LQ GHYHORSPHQW Rl WKHVH VNLOOV

5ROH RI WKH (QYLUREPRHQWDIQQ XRKILD B QOR SWHIDE\ 'HY

&KLOGUHQTV DEFDGHPLF FDUHHU DQG VRFLDO DGMXVWP]
DGXOWKRRG DUH ODUJHO\ GHWHUPHQUYIBFE\ WK I OIHDW QIRQURH
HGXFDWLRQ %URGFQEUHGARW WOQ WIKLDR/) PHIGI VW LP XOD

KLIJK LQ UHVRXUFHY SRVLWLYHO\ LYH OXK\YERD A X Q @ & KLFOFG. RHE



GHYHORSPHQW %DXQ®XUD 9\JRWVN\[DFWOXKDWHHWKHVH
HQYLURQPHQWY DQG ZKR FUHDWHYV WKHP" $FFRUGLQJ WR 8 6
Rl SUHVFKRRO DJH® EWHGGOWDQWHEWIGHR 8 BBOBG/LRUY LQ RUJ
FKLOG FDUH FHQWHUV ZKLOH WKHVRBIMRIWHL R\ RZ N R KQRIDEKIL®D
SDUHQWY DQGPWHHGDWIKHM DW KR 7 KIXHA SRIQH IPEDLIMRW )\ IRU HQ\V
DGHTXDWH DQG WLIRWRX BRHRW UHITRDMURS &) VR EDOFXQG G RJIQLWL
IDOOV RQ WKH FKLOGYV SULPDU\ FBUHRDVYHM B D XWX DDHW W KLP 8
FKLOG GHYHORSPHQW W\SLFDOO\ VW IDWGVLN RF XDIOH PR R BB W
GLUHFW DQG FRPSUHKHQVLYH $V MMXRFK HGW FONWHRQCHY SRRV
SUDFWLWLRQHUV DQG UHVHDUFKHUYV
$FFRUGLQJ WR WKH ZXOWXNQRZY WHREWLRRI FRIQLWLYH GH
ODQJXDJH DFTXLVLWLRQ VLPLODWQDWR RVDIOHIUQWHIIDE MG R/Q
FDSDEOH RWKHU X VXWLPM\UW K B UAHKILO/G U$ IR RRABY RY WR SURSF
RI D QXUWXUH GULYHQ YLHZ RQ O D®DUIJHIGDIEG XL YDWKRD EW
WKH SUHVHQFH R 9D ERMYHU ¥ B RY DREGVOED DEX OQWHKIRS R SH U D
PXFK DV D FRUU AW REX WU D WK BHPS/D Q GHIR YHIBGRU GEDH U D Q F
ZKLOH LQWHUDRWA®J ZAWKIQMWKH F DBHQWVKSHULRSLGH IUHTXHQC
TXDOLW\ ODQJXDJ B RETIDUA VWKHG FH B @H R IKE K RRORR RILFDO  \
JUDPPDWLFDO DQGZXDB K DMWLWRQVSFKERGWHQEXVOD @QIXDJIH DQ
GHYHORSPHQW +DUWRIISAMDHHUIJ FKHXWMWMNQORIYD &\PHU
/HYLQH + X W W H QI®ROFK HAD V:IDAWHE DHWHYHDYD@QH -]HQGRR L
IXLMN  -XIIHU G W KRR XW K HOVHIVOK@WXGH 8 8 HYQBHQFH LQ V

VRFLR LQWMUBE \RL FODRXMWOLMLERE DQG WKH LPSRUWDQFH RI U



LQSXW PDQ\ TXHVWLRQV KDYH QRWKIHWW EW H Q LIVQM FHURIGS X
GLUHFWHG WR \RXQN EKDRGIGLHOQ @ URIQRW R H FBUDYGI ORI XDJIH V1
ORQJ UXQ" :KLFK SDSHNQW DD QD KO B ERDWH OIRESOMIQ W R IWH P H U
OLWHUDF\ VNLOOYV RUQFDIDU WAEF X B GHVSE HRRBW ROUHDGLQJ DF
)LQDOO\ GR GLIIHHQMWWWID\GN\G RFVS FHKQ WG D E QY \8 RW®BIO ODQJ>»
UHODWHG VNLO®VWRKLEGUMYE\ WKRAVH JDSV LQ NQRZOHGJH D
ODQJXDJH LQSXW D@ FKHQGURIQRHEKHIMBW OLWHUDF\
3DUHQW /DQJXDJH ,QSXW DQG &KLOG $FRRISXOPMQAWQW 8QGH
BRFLR HFRQRPLF VWBQFHV 6@ F& L X®HUHQIYGRERGHOWDKAD V
VNLOOV KDYH EHHQ RERAX RH YW G LHOAD HQW K - X HRX J K IRFI
*LQVERUJ 3HHUYV OF&DEH &KDPSLR®[DPLQHGNHWRW D
\HDU ROG ORZ 6 (R JEXIVOLGUH Q & VRM BIHHYING DRRVQ BQEBKIDW FKLOG
UHDUHG LQ SRYHUW\ KDG VLJQLILFDQWO\ ORZHU WKDQ DYHUI|
FRIJQLWLYH DELOKWMLHYHDHDUH DDWEBD/@HFEHRUVLBOSOHPHQWDYV
LQVWUXFWLR QD OGP HR\FKKR GR/QWK DRV FZRWOMR 1] W SRINHHE® RPRH X D J H
DOWKRXJK WKHLU KKGC® IS $\R WH.G\D QIVA/DIRU GHRYUPDROS P HQ W
ODFNHG WKH LQSXWWR0BFRXSRUWRMDBDYOLYIXLVIKHFUH LV D .
ERG\ RI OLWHUDWXUH WKDW VXJJHEMW ¥ HHIQHLIQD & WFQIPAMHR O DG
H[SHULHQFHV DW KRP® GGKKL®&UHYTNWUBHSUHVVHG ODQJXDJH
+XWWHQORFKHU IT0O/Q OYHYB D: D WHIGKIDISV WKH PHRWW ZLGHO\ F
VWXG\ RQ WKLV WREVPHV E\ + ZUWUBIQGDEFHY GIQ WKH DPRXQW
TXDOLW\ RI FKLOG GLUHFWHG VSHHFEK B8 G HKUHK I8 DO K RX K H W R

DJH FKLOGUHQ LQ IDPLOLHV UHPHIOYOKRIQZHPUBGWYWH F/KISBE&RUWRAW



FODVV IDPLOLHV ZHUH H[SRVHG WRLOGUBQLRR®M VWRH GV P DMLCH \
SURIHVVLRQDOV + XS WR PLOOLRRI ZRKLGNH B KB \DWYHRXEMO D Q
FRPPXQLFDWLRQ V FEWHT ¥XHKQ O QB DHIHIDF®ID N GERPGHBKHQ
DQG ,4 'LVWUHV\WRRYWXGGHQARFAXVIL@G R DQWHUDINDGHYHORSP
ORZ LQFRPH FKLOWKH Q KSR K®/DIXXW @& O/HR KK LDEXIQFAMCHAS DD Q J
LQ WKLV SURFHVYV
5ROH RI 3DUHQW 'H Gk RIDQVHK DAV XID,@LSIX W YLHP ERMO G $FK L H

7KH DPRXQW DQG TXQRWWNV KRH RQDRMS BKIUBHOMF W B Q I X /L F V
SUHGLFW FKLOGUHQTV HPHUJHQ W IOLLOAGH O D B\ X,DJ W IGHH OID® RVS R
UHVHDUFKHUV KDYH W XUYGH/GV WICHNGIR EDWRMHIRE MR © HVRRL SDUH |
LQSXW DIIHFW G H YHIRIYPR QB0 RO FEHICODBAHH ® Q6 FRGKRQRORJL
DOSKDEHWLF VNLOOV 'LENLQVRQ 6fDRARUV  ORVWLHYQG BoXH
VXJIHVWYV WKDW W KW XIDFORWBI® HEH B R-EOVDAW HPPRQWH[W DQG
GHFRQWH[WXDOL]HG G HBMHGILHGN Bl URSREHOV HS B UHBWH QW L D ¢
WR HPHUJHQW OLWHKEBRP\ YN G & VOB QRRXKBWHRNFRQWH[W X |
ODQJXDJH LV QRWQBYV P RELYHON G \ROFBAMDWMNGRAXMWFR FKY WKH T
GHFRQWH[WXDOL]HE&Q@OYWDJIW KDFRY LMAIYH PRYRFEBW®OHU
OHDGRZ /HYLQH '"H7HPSOH RBWYDWLY H R FH{ D WV P
VXFK GLITHUHQW IZH® G I XIQRMHW . W FOFREW KKILLF K PYOHRWHVLUDW LR Q F
Rl FRQWH[WXDOL]®D®IDEG GBPERWHIRWWMKEXSOHHYWNLQJI )XL
WKHUH LV DAW OG\DWWRRQ/RIDNWL. J UHVXOWYV &UDLQ 7KRUHVR

IRXQG WKDW SO XHDRW GCRON FDIWMKLYOHS RODWHU YRFDEXOD

ZKHUHDV SDUHQW ORQIWD UHBXPEDWRW FRODWHKHWFZDYHQW V



FROOHFWHG VDPSOHV RI ERWK W\ SHV LRIMNSHDUWMHRWL\RTQ O/ QVIKX B &K
WKHQ VWXGLHG KBD WHMHWHINQ DR QG YXWRHF KQGC & WHWH O DAWDHMGH U R

,Q WKH QH[W FKDSWHU |, SUHVHQW D UHYLHZ RI OLWHUD"
LOQOWURGXFWLRQ LQFOXGLQJ FURVWIVRHEW ER@ZE HD@ 6 KLRGJIRW
DQG FRGH UHODWHG VNLOOV DVWRBRODWXRPHW ZRDW KW R H K H(
HPHUJHQW OLWHUDIFW VRIQ © GE\H WDAHB Q W KSD WHSHVN | XO/DHQD Q G F |

RXWFRPHYV
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7KLV OLWHUDWXHM LRXU WH F\W PR QWW KIHUFRQ F HEWORILH P H L
OLWHUDF\ DQG UHGHBZE HH RSLIDIUFDLA) HFW B W IUPHDOLDWY LIRWG/ DPRQ
HPHUJHQW OLWH U DKL\ OGLID® V7 KO QRXIERUI AV GWQHM RQ WKH Uk
EHWZHHQ SURSH QWX B YHRIL BDX W QWY GHEKA GO WHUNVFH RINWUL O O V
GHVFULEH ZKDW FRQWH[WXDOL]HG QG X BHSRYW 8 WD\ HHRI
W\SHV Rl ODQJXDEHOWUHQIDVRIIEG @&/ FRDCONHD QBLPROV $W W
SUHVHQW UHVHDUFK TXHVWLRQV DQG K\SRWKHVHV RI WKH SL

(PHUJHQW /LWHUDF\

(PHUJHQW OLWHUDF\ (/ UHIHUV WR WDKHE WXLDIRW WIQRIZ O
HQYLURQPHQWY WKDW DUH GHYHORISPE B GWDQ VEIUMHF XBINVRWVK W
' KLWHKXUVW 7HDOHKLW¥EPEWVW /RQLJIDQ ,Q D
VHQVH (/ LV FRP QW NHGHSIH®BRVQVEF\WMWHOOW FRGH UHODWH
RXW VNLOOV DQRBURRRW\QI@JIKXQ A VOQ® OXRIGH OKMOGBWQRZ O
FRQYHQWLRQV H JRWO®RZLBG \WHY W EHIIMQ QIRQU LRUP YV RI ZULYV
LOYHQWHG SKRQIWHPH/SKRQH®H FRUM H\WSRRYGQQFAKLFK VR X
OHWWHUV PDNH ZQG GUDSHKHPHNQRRLQD QG \8 WRIQRORAHFEDO D
HJ NQRZLQJ Wk&VENWKBVZRBUWRICGH 2UDO ODQJIJXDJH VNLO
FKLOG FRPSHWHQFLHV LQ WKH DUHDV Rl VHPDQWLFV ZRUG S
H[SUHVVLYH YRFDEYMMNWHQRPHQ@RDG REGBUUNQEVIUBRBFEWS W X
NQRZOHGJH GHILQLMG GHOWFHKILEW DS HRVYEED H L REWMHVEVRY DQG HY

QDUUDWLYH GLVRRXDE WRONWWW RFWWRULHYV 6WRUFK KLW



7KLV WZR SDUW FODVVLILFDWLRQ \RK i/UVINH QIO UKEW EW HIE
6pQPFKDO /H)HYUH 6PLWK &KDQW &RORMRGDQ DQG@®RGL
SDUWLFXODU SKRWQR BRBJ KD\ EHAHDQ NQHZHG DV HLWKHU D VNI
GRPDLQ RI (/ D VPSIDUDDONLR MHWWULF VNLOOV 6pQpFKDO HW D
SDUW RI RUDO ORRSKDJHRWEKOOVH HIEIG HU6 FKDW\BHKHFH 5RWK
&RRSHU GH OD 3H SXUS RYHNURINMNAOW JOQ¥YLRQ GXH WR WKH
VWURQJ SUHGLFWS$ K W ZOWW LLRHD BE@IX B S LW & FPYFD VHW RI L
IDOO LQWR WKH FRG & RIMIDLOQN HDE WRIB LE\L (KD VAKX XIIIW VDD G FR O
DV IXUWKHU SUDFMVM FRG WEN WHIDH BIOHARW L QDE KB OLHRVWLFH /F
.RQROG
%RWK RUDO ODQJXHGH BRGONR G B KHARMYGIBW IOQ WRU Uk
FRPSHWHQF\ EXW HYWUMQ VOKKHHIQF N \MDOWR O BH B WID@QWWEAM SRLQW
FKLOGUHQYTV OLWHUDF\ DFTXLOM RIKRMY HESKHWNRH HW DIOLWHK X U
/RQLJIDQ 5 H VA DUKFDKWV X B GHNY W) ®f DRARH/GY VLNPLSGRQ W D Q W G
LQLWLDO VQUDYH W R IUGIBDBHIK BT KK DB@N KHRDEHFRGH XVXDOO!
ZKHUHDV RUDO ODQJXDJH VNLOOV JDLQ WKH SULPDU\ URO
VKLIWVY WR UHDGLQD ®RIP\S UHKHORKFRED B@WWYV 0DVRQ 3HWHU
'XQQLQJ 6WHZDUWHW DOpQpFKBWRXEXW :KLWH
7KH RYHUZKHOPLQGPBW RQLW\FRIPWWBRIR 5 RIKDIL Q HRIHWDHID G L
DFKLHYHPHQW DQG WRRQVRR Q/LDINHAW P DORS URQPAIVOHV FKRRO L
&DWWYV :HLVPHU &RRSHU HW DO 'LFNLQVRQ 6QR?
VXEVWDQWLDO LQYRXPEWHHWY W WHOGLHE RIBH GHPHORISPFIQRRO W

HOHPHQWDU\ \RFFRKIRIP@ HoXUJHVV $ Q BVRKRRX J K 6FPWRUFK



'KLWHKXUVW JQFKVMQLD R LR BN RRIHMWORGL QDO DPRQJ
SUHVFKRRO DJHG KKILO & KR REH HRDMUW BLWKHQY WKHIGQPDLQ F
ODQJXDJH GHYHORSPHQW DQG VSHHFK ODQJXDJH SDWKRORJ)\
LQFOXGH PHDVXWHNG RANLRO®H UM OB @ABRFKHU +XDWWKW % U\N
JI\RQV RU DUH LQLWLDWHG ZLWRTW KWLILR & | DVQ/GX G MIQFH
RUDO ODQJXDJN VR UOH]D FS0UHJ REA OWYDRGM\UGQ $H B UWVAMIVL Q O\ IR
YRFDEXODU\ HJ 'LFNLQVRQ OF&DEH $QDVWDVRSRXORV 3t
%XUJHVV $QWKRQ\ $WeWDXIMKHUNKH UM QVHPD@HBOBWREQ RI \RXQ
FKLOGUHQTV (/ W KKV ZIRXR® \E UQ & HW B/E QW DHFKDQHWKRHQW D Q(
GHYHORSPHQW G LRFRBDE QHWX GKHVSGHR/LH W K 8 UVRHEWKR)G RO R J
UHVHDUFK RURHE@QWBWLRQEGVUR LQTXLU\
2UDO /DQJXDJH 6NLOOV

$V GHILQHG E\ OLQJXLVWY ODQJXDWHFIRQ IBLFR\PWP RO MEOWH
GLVWLQFWODXWH GQMRPD UGV FRQW HBMD QLARIXO HIRIH RNQREZG M
KRZ VRXQGV ZRUGV DQG VHQWHQF\ DD ®R XMHQ L) B GOW W \SW
ODQJXDJH IRU GLIIHUOHRRP SXDISRVHY /OBPHAK GRPDLQ RI ODQ.
KDV LWV RZQ FRPSREMHDNWD G% WRQIGERMRHN +LUZEHQV
7XUQEXOO -XVWLFBLQ Rl FRAVGHREWLD¥ OXIGH K WHABQYV WR |
RI LQGLYLGXDO ZRUGYV DQG ZRUG F RKH IGRIPWLRQR/ DRIWGPW K H L L
HQFRPSDVVHV SKRYRWRKAWKXWHH CYKAPUHERXMWARR|I DRBHFK VR
WKH VKDSH Rl VIOODEOHV " 2ZHQV LQW HSJ Q DVOLARRQUIBIQT QR G\V L L
SDUWLEFXODU PRUSKHPHV DV PDUNHRBVY RDWHPQ Q\I RS D/QGWD|

8ZRUG SKUDVH D@ WEXFHHRRIUG B UHDAOLWR QR @QVKE. SWKEHHW ZHH



ZRUG FODVVHV DQG RWKHU VHQWHQHAH BOE P HMQK\H/ G RZHIQY R
ODQJXDJH XVH LQF OXIGH V W [RIPDXEUHRKY J R YWH/HQLQ D BPRUGD QF
DXGLHQFH SXUSRYVHHXDIHGGHYW® RS PH/M@R YLHOWRSIIORIDT' FKLOC
EHHQ IRXQG WR EH RIJNOGHLO GURBYWWDQURDIKHDUHDYV DPHF
WKHUH H[LVW WM PRRUD@WAHRD WH QBMMIRQIWKIVY DU\VLQ J
7HPSRUDO VWDELOLW)\ RI7TRHDE& DV QJED BB BWUEEGDWRH Y LG H (
WKDW DWWHWMWM WRGW K HG\KW D EG DIEFMWU B G B MDY RBEOVNLOOV
DFURVV WKH SUHVF%RR®G VH RN WK H U WR@/ H V6 QD®HIU 7KD O
%LVKRS (GPXQGVRQ %ORRP % RYDWQMIVLQ 7 DEPDLE/H/G
HW DO 5ROOLQV 6FDUERURXNJBRQJILWKEBURQ D FRRSN
ODQJXDJH VNLOOV FRPHV IURP D IHD GREUH WEQ OB QBN XREHLHQA
UHSRUWHG WKDWMWXKMILRUQWHKPLXDEFDWKXH &RPHPORSPHQ
,QYHQWRULHV &', ZKLFK LQFOXGHG DERXW XHO\LQDRQW \W DR
WRGGOHUV SURYRGEXGWHFRGMWQ DX LRIDYE HVDZMH.@® G KPLHOBGAX U H V
YRFDEXODU\ DQG JWIB® FED S DY HIHEBR IXQE WKIH PREMV R M DO/D W H |
1,&+' VWXG\ G WKPDWVHQ WKHLU GLY BWW VIVRSWDH RMF R UHVKR Q
VWDQGDUGL]HG FRPI$RH KRHDVA O @ MDD VR PDEX D@ W\ PRUS
DQG FRPPXQLFDW LYWWV B BIHGL W D/GHKH @ DHORRVWHBHVIERWO\ FR
ZLWK WRWDO VHARUGHNURBQ]EGRVRRISU WKHQVLYH WHVW RI RU
ZKHQ FKLOGUHQ ZHLU,&+% (\HDMW\VE&RQGG KD HW BRIWK D U F
$ ODUJH QXPEHU Rl VPDOOHU VFEDO D ¥ BXRL FH/HX VIV @ J OFDRL
DVVHVVPHQW V XBRSIDVH @IDIKNNLY VS URWYLLGEHQ F R QPYRHUFHQQ L Q J

ORQIJLWXGLQDO QWXELILH VINL B0 R UDKDWAWH Q ORX®E UNKWW OHI[LF



VIQWDFWLF VNL®QVHWHDANHHG RAXY PRQWKY [IURP ZKHQ FKLO
WR ZKHQ WKH\ ZHUH H RRIKOK W W OBE®\HEHWQ /& LOHYIWEDO VNLOC
PHDVXUHG E\ FRXQW GQJI MKHHQWX PR H GNTG 1IE) FKULROGUHQ GXULQ
PLOQXWH G\DGLF LQWHUDFWLRQ ZLWK KMLE SNIL® O V\ZFHIAHH P E
RSHUDWLRQDOL]L QJ QVKIHF & IL ¥ HNUW Q@ WEDEXURAAY ZA WRGADXQFBG VHQW
FODXVHV /LNHZLVH %RUQVWHLQIMW BDVXUH GUB\S RUKH & HW K
DJH RI PRQWKYV GXUSQD\DD Q ® LPGOORG BRI G DFNWHHI® FWLOG 1':
\HDU ODWHU ZLVEK ®DWWHLREDDNDU RROMHEG WVRY KRS DUHE REMXHG Y|
VWURQJ ELYDULDWZAHFRUWIE O/F\R URIY REBY REAWFKRRG ZKHQ FK
ZHUH DQG PRQWKV ROG 8VLRQUHERBBRYKN PHWHKRBGQGHW
PRQWK ROG FKLRG WZRIVWBQGBVGHPHS WHDM XUHS HRISUHVV
YRFDEXODU\ PRGHUDWHO\ WR VW URXQUIBY ZRHQHROOL\DIGE EZQ VZK |
PRQWKY ROG DQGLZLRHOFKUBGUBW TV PRQWKY +RZHYHU WKH
GLVDSSHDUHG WHKHD ULH:0MW/ L R B REDHAKEYGID. PHEG DWAHW BVQRSIDH [S U H V)
YRFDEXODU\ DW PRQWKVY ZDV QRW IRXQG
5HJUHWWDEO\ QRHPW® G\ RQ H\GK HURNRM BIED P LQ/N R MKHG LY |
GLIIHUHQFHV LS URKGOBWYNUBD 07 KB LRIKGI\GHS DWW UQR QS WK LV W F
GLVVHUWDWLRQ E\IRSQHUW KD W GKKH ZRXPEH U7 Rl RWGXFHG E!
FKLOGUHQ LQ  \PVIOR@WH DS/ BMKWHH DV HAWRIIR QD Q & F RBIDIMODWH G
ZKLEK VXJIHVWYV WHKDDAD MWKM BROXPEORI RUDO ODQJXDJH VNLO
WKH UHVXOWV RI W KHQ DD QULXD YAV X 8 PISIPWH QVGILGQ D BARKYHHP W R D C

FKLOGUHQYY DPRXQW RI WDON



,QWHU UHODWLRQVVRILROMZ OWRUR CBIPIGLDNHUWR KK WHO B
HVWDEOLVKHG WRP 3R UDRXWWIOLELGIOR QY XMCHHWLRIQD@MVD QG OR
LOQWHU FRQQHFWLROQWLDPRBH LWK HR DRMWIDIDNWRG .GBBWYHW
/IRQLJDQ OLOEXWHZ X6 0HBERWHYXL K | HYLEHEXDN@R WKLYV UH
FRPHV IURP HDUGQG/PDIGIQ VABPBEW ODUJH VFDOH FURVV VHEFV
VWXGLHV LQYHVIWLIR @YV QP RQW HRUMYBHIDN Y WHIE HE\VWWO QGDUGL
DQG IURP UHFHQWXAJRW IVRPWILR@IXWYANIGIYBEBRBERHD QG ODQ
SDWKRORJ\ 6/3 IMWHXAU®WEZXWUH QDOWIKKHD SHUN DHREBWOH® DY VHV VP
JLQGLQJV IURP HDFK JURXS RI VWXGEMHORXUH SUHVHQWHG DQ

Small-scale crossectional studies 7KH ILUVW JURXQSLRIWHNUXGHBYWLRQV
FKLOGUHQYY RUDO ODQJXDJH VNLOBWY ® RQWOK HF RIDUWLNV HVVU R
VWXGLHYVY DUH SWIPRQDO\ RVRWPDBBE® VDPSOHV RI SUHVFKRRC(
ODQJXDJH LPSDLUPHRWNU IFR® DWRPRLRH7/KRVKNUR/Y D&QG 'DOH
UHSRUWHG D VWURHQFBRNH EHOW WIHSQAEYWAD Y RRIOCE KEBY\ VFRUH
VDPSOH RI SUHFBREQRXVY ON BWH RIDGRV KKRZRHUBY XQHLFRUUHOD
FRQFHSWXDO NQRA2/0O REEDHQ M\HVW VWWRMNGLHG WKH SHUIRUPDQF
DJHV \HDUV RQ D PWRSHUUHKRHQVHE W ¥ DWKOM L RFQX@HUDO O
DELOLW\ UHFHSWIUWHH NRWDFE M CCDQAD B (BRE WRIWIKRORWN $00 E
FRUUHODWLRQV EHWWYMH®M WK N WHD PROYW WFrQ® O\OWVLEJFW RQH ZF
PDJQLWXGH ORUH UHFHQWO\ 60DGHMWDLQGWKHIIPD@YDPSOHRK HRSR
PLGGOH LQFRPH SUHVFKRROHUV DGRRWWHOND VWRDQ B O D &1L
UHFHSWLYH YRFDEXODU\ DQG V\QWHDG¢ ZR %K UDDNFHKOR WMWRH M WFW R

VHFWLRQDOO\ ZKHQ® FKDO'G ROG ZB QY &Z OIRQ FAKN OGIUMBODH U H



ROG ,QWHUHVWLWI®RQMRAMH RY WRKERBDAMQ RORQ ZAHRIUH BMSRQ G L G
DFURVV WKH WZR WERYUSFLMWLR GORVD|[ ERWZ HRH@G WU PHDV XU
DQG VHPDQWLFV QRXQV DQG YHUEV PHDVXUH DW 7LPH

,Q D VLPLODU YHLQ ZWRDNLROGLAKROG HB QD RIGNVXQWHHIW RO'Y
ODQJXDJH LPSDLUPHQWY %LVKRS DQW®WR GRMNQGAMRIDRQJ FRRX®
EHWZHHQ IRXU VWDQGDUGL]HG PHDWVVQUWN| PIQWGH ¥R 5HVE X ®IDQ (
PHDVXUH RI WKH PHDQ PHW JOV&K B XKMDIVBIW HFRG HXBORSPHQW E
ODQJXDJH VDPSOH G QURR VL W WRREUWRSHDMA 0@ @AD WNR VBB O Q X P E
XWWHUDQFHV 718 D PHDVXUH RI VSWHDRKQBERYQR WKH VP
ZDV QHJDWLYHO\ DVVRFLDWHG ZLWK RQH UHFHSWLYH V\QWD|
RWKHU WHVWYV $Q DQDORJRXV ILQGHGERADY UHSRDWH® QQ Vo
VWXG\ WKDW RQDHV WD YOMMPIH7VNLBI® GH/D W RXGUHDX DQG +HG
IRXQG WKDW WKH 718U BRDMW EDH HEBWR PO REFDDMW HGVZ QWK 71:
0/8 DQG ZDV RQO\ FRUUHCDUWHIDE DIOMKMIKWHIH @ WM WIH Y HU\ VW
DVVRFLDWHG ZLWHK WWBKNL\QKBU *ORUB QWS 88 DWBDWH/ WA FH DG

UHSRUWHG WKDW LQ WKHLU VDRBIMHQ RQDUGDWHBPH REOGH:
PHDVXUHV RI 718 1': DQG 0/8 ZKLFK VRWKURW®KO\UF ZiIWUHODRWH G
SUHGLFWRUV RI JUDPPDU PRUSKRORJ\ DQG YRFDEXODU\ VFR
WHVW RI ODQJXDJH GHYHORSPHQWQ YO NFHRQ WWHRQJBIW/IKRIQD GV K IY
REWDLQHG RQ WKH]EDBVWW\RV W W R\EDGMDWEEY \VF KIDAG WOKH L\FD O V N L
SUHVFKRRO FKLO ®WHEGDZKHUHB® \RWKHU OHVV I[UHTXHQWO\
VXFK DV FRQFHSWX® ¢ HNUETDZD B G RIG XOFG\LIW ILRVQ D G HAGHYUHWHWD J D W

HYLGHQFH RI WKHLQ WKERIRNPQUQ HINRODY OV Q DEFRIHF OXVLYH



,W LV SRVVLEOH HK®&RZ\HFYRHQQ MFRAD RY IWK\U I-ULDR® RWRKEG-XMFW U D O
ODQJXDJH VNLOOV PD\ VWHP IURP KRZ LW LV RSHUDWLRQDOL
SLFWXUH QDUUDW HY\HH OHQW D B WV. FBQR DY & HMMPAMH QW PIWE D U G L ]!
JHQHUDWLRQ DQGHWWBHEG WBVINV\DBIMM QREK DWLSHHVNQFH R
HOHPHQWY DQG WHHFRSRUHDRONDRGVWVDRUBNMKHVH WMBMVYNV IRU DVV
RWKHU RUDO ODAWYDRWVEH OGS WPRSULDWH 6HFRQGO\ WKH F
WKUHH VWXGLHYVY ZDWBBHOKDPSAW DYRWHDRWFHOEVRFEDRMHG ZLWE
OLQJIJXLVWLF FRPSHWHQFH %LVKRS DA® FORGCEGGVRQO NLQGRL
XWWHUDQFHYV LQ WKMLRB |72 LFRKXDHNU HRORMHOO GBLDUWOQBOON VHHP
WKLV OHDG WR DWLHRID & HWH DNV RRAWBI® ORGJIXIBI HZ RHPR/ X V V H (
EHFDPH D PHDVXUH RKRUWKW R X FDEMAWIHEPISQ\GHR HIGH DIQVGHBW K H U Z |
GHILFLHQW VHQW HQF AN LDUGR @\ FHR) EAKND \F\R PR S DRHIWH XVLQJ
VRSKLVWLFDWHG WIH L\FW O XTFQVGK IV M QXOVAHO IGMZBHQEFGR GREIJ U H D W H
OHQJWK ,Q OLJKW RI WKLV UHDVRWQHY RILM 8 G O3 KDHROW BVKAXWW
WKH VNLOOV WKH\ ZHUH LQWHQGHG WR PHDVXUH

Large-scale studies witstandardized measurest KH VHFRQG JURXS RI VWXGLF
UHODWLRQV EHWZNHQOR/URB IO SUBY FRERIMOEHLYW KIDG H @ W\HKH OD V)
"RUNLQJ ZLWK ODUJIH YV VRSO VWWIQRNIDSFMYR BB ROHY VXFK DV VWU
HTXDWLRQ PRGHOLKBBWYR 9B 0DIDQBUARMLN DWKIGR @D SURWLGHG |
VXSSRUW RI ODQJXDJH XQLGLPHQVLRQDGDWOD PRQUL\RX K HK
SUHVFKRRO \HDUV FKLOGUHQYV V NHY/G\Q WQRDHHP O QW HBPW DIGI®
ODQJXDJH FRPSHWHQFH FRQVWUXFW KEXMQGDRN HHO HHRHREW B O\

JUDGHV WKHVH VHILOQCWHEHEGR A W R GWHIG BEHW XWVRUBEWHR U P



ZKHUH VHPDQWLFV PIQKOUBRPDH ®MWEGQJXR UHHDIMRS BHDGLQ J
5HVHDUFK &RQVRUWIHDG UHV X 0WSRRI WX GLYGID\® BU FONRKFIW LQY R
FKLOGUHQ ZKRVHS®BQWK Z DN GLHYKND B YN HRVV HE DUV WK UR X J
EDWWHU\ Rl VW DHIBDAKGIL HXH B B G RBIBWP WEKWX/WHWHWHR/IH D U F K H
ORZHU DQG KLJKH WM LOHNHO @ WEHKBUHNLQGHUJDUWHQ DQG N
GLPHQVLRQDO PR GHD FKH DV WHHGTMH 9® QUKD J HUVEN. ®IQVWE\ VHFR Q
WZR GLPHQVLRQDOUPRGH G RZFR @YW WKW RI ORZHU OHYHO OL
YREDEXODU\ PRUSKRDREIV WD@GV V D@WDKHRW K H CARSBWHBUX FW R
ODQJXDJH VNLOOV FRPSUHKHQWLEOOYRDOQWRELQY Q@ WKHVW
WKHUH ZDV HYL®HQFIP RQWPRIQD DLW \VRQ WR F REPDL Q\VDAKR V H
YDULDQFH ZDV QPPQUHWKHOHVRRYNHU MIQY GH\ALGPHMAH. R QD O LW\
ODQJXDJH FRPHV IURP D UHFHQW 1RGZSIUHNGKRROG\UXL WEHP
&RQILUPDWRU\ I®D)BW B H FORYDVON W BWMAIHKGV VEK DIW UDHOQON | LUV W
IDFWRUV UHSURBWHHPDIQON LN L 0/ O@YWDE GRROZS FQRIORIINH DHQ FHV O
WKH VDPH VHFRQ & HRQUHG UHQ R WRO O®I)ROUMHD GLPHODHUD 3H
OLWFKHOO DQG 7UXFNHQPLOOHU | INRDQQBEH WKIDUAN HQ BAVUKWH L
YRFDEXODU\ V\QWD[ DQG OLVWHQHGIRRR ROWHRHDE LRMQU R B 1
EXW LQ JUDGHYV DQGHSWHWNQWHI BNVWKUHH GLVWLQFW IDF
=KDQJ ZKR WUDFNHG WKH ODQJXKXLHD GUHN G QR B PIHIPR \RW |
IRXQG WKDW LQ NLQXHURPUWKQUIYBHRRBEWD &M HD@MIY H[SUHV VL
YRFDEXODU\ DQG 1WMDRPBIU VG 8 WHXRIX DG @&'\R P HROROG HFQRW WA O D W L

EHWZHHQ WKH WZBRPFWRQVNLDGHUF DRMWMHOKWRI DGH ,Q WKH



JUDGH KRZHYHU W IOHIUWWEZ RV KOH \8 RW/HPHEBRMW HIO DWHRQ EHW ZH t
GURSSHG WR

$00 IRXU ODUJH VIFEQG H ORI MK X G/ @RIDDEH § WXERLYHHY SGI R Y |
ILQGLQJV WKDW X8VWRI DG 6 HDOWBW WDRHR QX DSIHHYRK@ ROHUV UH
XQLIRUP FRQVWURRBWJIBE\VXIGVYLREXUQ XQGHU UHYLHZ VXJJ
EHWZHHQ RUDO ODQJXDJH VNLOOW RIEF XUWR \H\D V & E WL R:QIDID SWY
YREDEXODU\ V\QWIMHQLLDIPPRRS WHK/H QDIUR GG HIBQNEK RVRVALD E X R Z
LQFRPH 7' FKLOGU D@ W& G WHRNLQWK WH G G ZGU B EBBNWKHU\ RI
VWDQGDUGL]HG WGLMAHD V4RO ODP\R BRIW K L WKKO & NNV IDAWFHG Y R F
DQG V\QWD[ IDFW RWVLKDIZOW KIHJ BDEH W KIDAW LW KSHR GV LIEHUHQFH L
IURP GLIITHUHQFH YD E\@ HUILR/S\CLHF \F K:DLEX URQ LIQ @HRIQGHYILGI Z  FK |
ZHUH SULPDULO\ RHEQRKRWH G RBRP® MV RR/GW UZKWHBDMW D UDC
ZDV UHSUHVHQWHGD @RAHYWH V ®DWUBRIEHWE DEXRQLIBQH UHSRU
ZLWKLQ WKH DY HK P .DH K'Y QUKIH DEIRFY ® DI® WQRQN AN HBVW SU
VRXUFH Rl GLVFUHSD QVKD\W WIS IG@WD FROOHFWLRQ GHVLJIQ
XQGHU UHYLHZ DQOR AR IQUPHQGLR B D/AV B X BW XQMHQDXY WKHU
LQGLFDWRUV RI HDFK ODQJXDJH FRQVWUXFW

/IDVWO\ RQO\ R QPHYWRG\RIOR WHKIDO KRS +HLRFE GDQ W V
(OOLV :HLVPHU + H[DPLQHG ZKHON EH GRQOG WHRQ WK 1D R/ADX
ODQJXDJH GLPHQVLRQ DV VHPDQWLFV DWHGE R QB PRIDG WYL QJ T
7' ODQJXDJH DQG ZLWK ODQJXDJHRR®SOLWRE®WK LR REDQ|
PHDVXUHG E\ D ILYHSRWWPUW EDHKHQLIF @ DUIRFE WKW ¢EH\PD QWL

JUDPPDU IDFWRU ORWH FOYCHVUH @W A D W\H G Q\DKCH VALYOWXS S LPHQ



WKHVH ODQJXDJNM W¥KLOGVY HIHHOHY VDR DVFARHUW RHIGOEN FRP St
VHPDQWLFV DQG JUPPWRBEW HUNXWRBWDRQ FRAAOPLFTHQHUDO
ILQGLQJ WR 7' SUHVFKRROHUV LV JWVR\EDMHPFDHWE K CBEHFBDWXN U LKV
QDWXUH RI WKH PREQXW HZKHEO W 2 QW WWW ILJ (PH GL WHRQDWR/LO G VR
GRPLQDWHV WKH WOXRRBKULDWGKWYWUWHBAMRHNOQQL YBHMKXKEMRDW. ]JH LQ
RI VWXGLHV VIWXOGDHVORWWKMHKH V V SUHVFKRROHUVY VNLO
DUH VWURQJO\ OLGHNHFH BKHDUOVQHYERRZXBPREB XBWM HRAKSILWYV ZL
ODQJXDJH VNLOOV LV VWLOO LQFRQFOXVLYH

Cross-sectional studies wittaturalistic language assessme.Q RWKHU JURXS RI VW
RI LQWHU UHODW DRQ X DEJHiWVZNHLHOD RHID ESKAHFOVEFWKHR@ X WU OL]HV PR
QDWXUDOLVWLF PHWKRGWH R | PADOERNMHPHIIH WMDPRBDOHY FROOH
YDULRXV URXWLQ@GOH¥WKRYIHNV LB DWW IHKNVDPSOH DQDO\VLV /6
GHVFULSWLYH PHWKRG GRR SLPIHQIW D HU R Z Q WR FULWHULRC
WKDW DOORZV RQHIMWNR-RAHI)VYXIHFIRPHREOQWIXILOWHB G /6%
EHIJLQV ZLWK FROOHFWLRQ RI UHSUHVFHKQRAWD \® HYOH W Q DXDDH L
QDWXUDOLVWLF FRIQWKH\QVW VDO S EBH KEB G JDWSHBPRQIDO\WHUP GH
DQG FRQYHQWLRQ¥FRLOOHRFNIQPBWIRZY RQYEIWROREWDLQ HFR
YDOLG GHWDLOHG PXOWL OHYHO LQIRUPDWLRQ DERXW RUD
VDPSOLQJ EHLQJ D NREDGHRY QW WRREDMHPIFIWRNHIBHFRUGYV RI VS
DQG JHQXLQH VSHHFK ZKLFK VWDQGDUGL]HG VDPSOLQJ GRH
ULJRURXYVY WUDLQLQJ DQG VLIJQLILFDQW WLPH DQG UHVRXUFH

FRPSUHKHQVLYHG\LRI CRDSQVKRAKWO GU HMNILVORMDO ODQJXDJH



6WXGLHV XVLQJ /6 $RRRND VMWINRHQI WFQUIRYN. H/W ERVQ YR @& Bl &Y DWVH Q
PHDVXUHV RI YREFDBE® G DYURGEKIFKDWIDULIW F KIQO\RXHQ +XWWHQORF]|

6SLHU TDEXMEAQHW] 8&HORP HFXWWHQ®®WFKHU HWQ D
VWXG\ WKDW IROORZHB8QWGRKIHUY KW G\VSDURP ZKHQ FKLOGUH
ROG IRXQG WKDW FRUUHODWLRQV ODPIRH FFKVDIGY PMONRQU B R LE
SRVLWLYH DQG VWURQJ 8VLQJ D RERVHW RWIDBUWIDFELSO®DVV
UHSOLFDWHG WKMWL QUOQWGW QW EY W HBSRWO\ VLIQLILFDQW DVVRFL
0/8 LQ D VDPSOH RI OGN IURPUWGRYHUVBW (e EMBPEQOURKYHQ WK
PDJQLWXGH RI DVVRFLDWLRQV EHWX HHRP Y D UW B E O HMQ ZADXMWN\LH
HW DO DQG |URFEXO®MR L QDKH FFRVW WKHOSNUDLQHW] DQC

ZHUH HYH@Q KLQBKEHURPD WR FOXKAHGVWXG\ LEHDU ROGYV
GLYHUVH EDFNJURXOQI&EY G0 YWH GL R/QOM/(E NBKxEH/ WWKKIDHWH #ZKLOG OD
RI LQWHUHVW DUGLFMLFOOHGE QKX WHSUHVHQW LQWHUFRQQ
XQGHUO\LQJ OLQJIJXLVWLF FRPSHWHQFH

Longitudinal mixed-method stude$ GGLWLRQDO HRLGMUHWHH UHODWHRBQW
ODQJXDJH VNLOOV FRPHV IURP D VMHNOWKO®X\P KNH &R D OCFRFHLVDX
PHDVXUHY EDVHG RQ PHWKRGV RI ODQUXXO #HE VADHP\SW IHQD Q D @ \IY
WKHVH VWXGLHYV SOWRYLGBHIOWNHHG*UHWQZRRG +DUW DQG &DU
VXEVHW RI F K L OFADQHD®D [YRPWVE G GV BILV O H\ VWXG\ UHSR
FKLOGUHQYV 1': DQG 0/8 FDOFXODWHGHV RFR&E®MNBEWH3 DWW DNXII
VWURQJO\ FRUUHWOVIDVAHIQLL WHFH[SWHHINH Q@ NRQEBUH D/FRHQ 8V
PHWKRG GHVLJQ O6FDIHANRHIREHKYHORSWHQW RI RUDO ODQJXDJ

LQ D VDPSOH RI & L2 GAKHRX ¥ LWLWHIHI RRIXQG/ OHJODL ILFDQW PR



SDUWLDO RRQWURROUBODWLRQV BPROIVWEZRW RIDQGLHE M]LHY |
UHFHSWLYH YRFDEXODU\ DQG 0/8 IURPVDPIQKW B KHID F EIDVGI
ZHUH 0 \HDUV ROG 7IFKH OG KR iV KR FR BB L\DHRSH IO D QI X D JH
VDPSOHV GLG QR\W\FRIUWK B P W: i HQ VEIIHVYHG DMUWKH DJH RI
WKHLU UHFHSWLY H R R AD E WO\ DWERWHHIEE WHWW BROUMH.PH Pt
VWDQGDUGL]HG D QLGS QADKWXWDHD[ISWWMIVRYIFVRRU § R A PFEHXSOD IRU W K H
ZLWK 7LPH 1': )XUKMKHBRROGUHQ UHDHREHG WWKHH DUHHORMW LR Q
H[SUHVVLYH YRFDEXODU\ VFRUH |UR® © D/OWRQG IDVWBGSLY H B UWHIGV
UHQGHUV WKH FRPSOHWH VHW RI MR GIQQN USIUARD V2 I WM IQDNO {
BEFDUERURXJK{V ILQGLQJV &RQGRNULV OH\H® QRGGILIOQ G
VHFWLRQDO DWWR¥LOWDRRDY® FBRRDER®O DUYGRFDH RV 8KLIK 6
KLJK IXQFWLRQLQJ IWHK BXW EXP (RG IDH® \Z WKH\ IRXQG WKD
DJH FKLOGUHQTV DVHGRP GIXDJE V DPLSTXHID Z B Y HRELEWH G E\
SHUIRUPDQFH RQ WZR PRUSKRV\QWDFWLF WDVNV DQG FKLOG
SHUIRUPDQFH RQ |RW K XO/HYIXFSIB®R WWDIVQIY WKH WZR IDFWRU VWU
VHPDQWLFV 7KH HBVNOW)\R AV W K 8'GHBBKD\L \W B QN KPHH DIV X UH V1 |
VWDQGDUGL]HG WBPWE HVQLHO B QEIDNUICD WBBDKRBUQHAQ': DQG
r 21 LP SR UW DKHF H DKERVOVH WKIDHWWOVD KW KMDHHS G H R VMQ PIHW K R G
UHODWLYHO\ VPDDR O\GMAHD WKGHS IWKEHOW UHQ ZLWK NQRZQ O
GHYHORSPHQWDO GLVRUGHUV

6\QWKHVLV RI WKH PBPS0FNH HERGHRIFH SUHVHQWHG DE
ODQJXDJH VNLOOV RI SUHVFKRRO DJHG FKLOGUHQ DUH KLJKC

FURVV VHFWLRQDO®\KBIQV®D P H DLV\QMIMIGKHE\H\VQ WWK HL RIDAH WIQHG L Q J V



VXJIJHVWLQJ WKIRQWKHMA WRVRHFDEWQ ZLWK WLPH DQG PD\ E
PHWKRG GHVLJQV XQGHUPLQH WKH VRINQRBQ RW\D @ | OVDKH XXDLH C
WKH SUHVHQW LQYHVWLJDWLRQ , XVYBHG DQRU RKX \P ID\G KR & VORL
WKHVH LVVXHVI ERLOBUWHERRWDIULWL PHDVXUHG WKURXJK ODQ.
FRQFHSWXDOL]HBHEYRH DWVHODNQ ® ¥G PA KRV \D K IRWUHD O HRRIJL W X C
UHODWLRQ ZLWK VMAD @GBHBDIHGLPMIDWXE JUDPPDU ,Q DGGLW
\RXQJ FKLOGUHQ ZKRQG R/ QIRF\L [E6 GRCYXINMERMLIRDWL QUKW KH QHH (
PHWKRG ORQJLWR®LQRIOODYIK\DW H J I RANSLLVALDADLAR QCFKILRDGBRIFHLQ
3KRQRORJLFDO $ZDUHQHVYV

3$ UHIHUV WR WKH DELOLW\ WR LBE @MDIQI VRXQBY A @ KD ¢
WKHP DW YDULRXV OHYHOV VLQJEM VRRAQHBAV ULL FHH V SIK®R® H RRY
ULPHV DQG ZRUGV /RRQIDRQHW DO /RQLIJDQ HW DO
GHYHORSLQJ YHU\ HDUO\ DQG FDQ EH UHOLDW CBLFPDWDX ZH® O
DFTXLUHG VRPHWB®PHPOUWKHDIEBIWVO /R QAIRIQWHML DOLSSRQHQ
BULPLWLYH OHYHOV RI 3% LQ \RXQEE®L®G WHRQMPOA JEHLYV IDHIR U
FRUUHFWO\ RU WR EUHQW R RWKSROUQ BRIDBSWMAMNX Dl @iV V  H
ZKHUHDV FKLOGUHG@HA WE PR H DGLYSK@DRNH V&R DQH \S K
/RQLJDQ HW DO 3KLOOLSV &ODQF\ OHQFKHWWL /RQLJ
WDVNV WDSSLQJ 35RUUHMXGRPHEWHQQRUQIDQAH HEIRALRQ L H
RXW RI ZRUG SDUWV RI YDULRXV OCHRJWK &KKOHQRADMRULARQRL
VWXGLHV VXJJIHVWL W RBIWN VIXQW K& RE\J R DABHIURSUH WIDQWYV D VLQJC

$QWKRQ\ HW DO 6WDKO 0XUUD\ SHODWLYH WR R\



JDUQHUHG PXFK DWW KQ MWDRQ DEMBHOMMRKILRRUG GHFRGLQJ D SU
FROYHQWLRQDO ORWHUDE\HWWN D O D

,QWHU UHODWLRQ\WRD SKERBRVY POG RW DY DIDWK XQ JHQGND F
WLPHWKLQ WKH (/ 1UD PHEZRUNW R D WK HRWIHAD OF 2 B UNQKSD M PESHLH ¢
GHYRWHG WR XQFRWHRIQYJ BEMKMZ BN ¥ RRIZ 6 JURRKEIREHED@Y B Q J XD .
VNLOOV $FFRUGLQJRW R/ KK A RPERIFHRIGIHMBMSYHRDBIQJ&E FKLOG
(/ VNLOOV DUH L QOARFSUL QHWO D @/Gii6P ®AVGSPBI\GE AVWKMHHG LQ GLFD W F
RWKHU 'LFNLQVRQ'LEFNEQURQ HW DQDUO\ &8K&®'G &DUH 5HVHI
1IHWZRUN 6FDUERURK DG Y RFDWKN @IHWHOALKVLIOBF\ GHYHOR
sD FRPSOH[ JUHQFK EUDLG R| DELORGRHV VHEPQXALFYJ V QWD
GLVFRXUVH UHDGLQJ DQG ZULWLQ® MWD QYGDDRIYFHRP PO @R MK |
VWUDQGV  'LENLQVBQ HW$BO/KRZQWIQH) LUXVWW OLWHUDF\ VWU
ODQJXDJH VNLOORUDGGN QRZOXGEHW 2¥\R PDEXADUM W\WUXRW X UH
VHPDQWLFV HWFQJ YHUE DQ WHDYRQALEGRYEHSWW SHRQUHV HW
VHFRQG VWUDQG FRWNGVWW. @0 ¥R GXBHHIDY G/ LAKWRZRUG UHF
6FDUERURXJK 7KH &/$ SRVLWV WKDW \RXQJ FKLOGUHQT
GHYHORS LQ UHOBRWVWH WRWWRD YDQEHRRUZH HZQ VG K LIGI DIHEW W LP |
OLQJXLVWLF SURILQH&EQ (D UQY K R LRKR @KU BHMZ/R U N

2XW RI DOO FRGH UHODWHG VNLODRQ 38 IKD\VUHHPHF K G LY
LQYHVWLIJDWHG WKH OLQNV EHWZHHRURX @IDBKXDGH H/Q\O ¥
&KDQH\ )DUUD WDHVKZHOGRQLIDQ BMDDBRURXJK 7K
PRVW VWXGLHG D PHRMIWA R K IVSWEKHEVOA/HBIQ GO 3 L Z B OFKN ID V

GRFXPHQWHG LQ PDROQYVW® G LHR/W HQ WNADQR @ BIXW DO ' IR G
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Handbook of research in early literac9 S 1HZ <RUN 1< 7KH *XLOIRUG
&RS\ULJKW E\ WKH *XLOIRUG 3UHVV $GDSWHG ZLWK SHUP

OHWVDOD $EHF FOUHG 1L D OWRIRWW D @ EMDXMLIRY RIHGHO /50
OHWVDOD OHWVDOD :DOOB\ *D UM@ROFNH\ 0 HWB\

GHYHORSV LQ \RXQJ FKLOGUHQ DV B DIQGXOWHRHQVREZQQ R WRE
GLVFULPLQDWH BHWIHBY LMKHOMFBHQ VWU PHOU Y RRVO RUW R X Q G|
$FFRUGLQJ WR OHWMDO DL QIQVGEL PR OOWERRNHQY HQ UBM KROVVWLF
LQGLYLVLEOH XQLGR OBQG R@ OHBWDMCARIQWDKHIRQFHQW D O OH |
PRUH GHWDLOHG DQG VHJPHQWD OXORWX\ULXQRWRARK® V7 KU N GXH
LWHP E\ LWHP EDVLV DQG LV DIITHFWINVG WL ®QJLNHHJ XHRQUB\IR | R

LQ WKH LQSXW DQG WKH QXPEHU RIDAQAPLODU VRXQGLQJ QHL



6RPH RI WKH /501\6 RWMKHRUBIWILEQQ KQ YUHH VRIOQE K/ X3G R K MW

LQ FURVV VHFWLRQB®D/QWPHG LBKR U)W WL IREGGLWERQYH[SUHV VL
YRFDEXODU\ LQ D VDPSOH RI \ PRG ROIBW)H Q 'Q WARK VSNJHR/G X
FRUUHODWHG ZLWK WBYNQ ®HMWDHEGWWXK D W V/FRWWHW YV R \
PLGGOH DQG XSSHUW FROD WK SHH\GEKRROHUW WHVWV RI 3% VWL
UHFHSWLYH YRFDEXODU\ VFRUH /RQWIKOQ MIPBOH RI PKB &
XSSHU LQFRPH SUHYVMKRKGHLBVIDIRW QR MXPRPSRYWWE RUDO O
IDFWRU WKDW L Q®G X438 GHYHEN SWLRAR BX QHO\DWIRRIHKHO G FR
ZKHQ FKLOGUHQ Z3 UHH 6 LMIBID IFWRIOF Q PEHH WRBIBIQ ODQJXDJH DQ
3$ ZDV DQG OR Q QL RMKILGLEDHOPD ¥ A WHRIDAP RVMW  WHKBUFRUUH O
EHWZHHQ 7LPH RUDO ODQJXDJH DQBRUNIHYJ 4 WKVD VDA EOH
SUHVFKRROHUV 7RGRERPHI\Q WG F QR Y D/HF\ELRRWDWHDDWLRQ
33 DQG YRFDEXODU\ PHDVXUHG DW VHYHODWRW&PH SRLQWV E

2Q WKH RWKHU KDPB HWKE&HB FH LW KBAMWRDW KR Q50 f ¥ W

SUHGLFWLRQV 6FRXERURXIKW \HNUIRCPRGHKUOWWHDOFRUUHO
YRFDEXODU\ PHDVRIUHG , W MUKHY VIH)JO\ 7LPH FKLOG 3$ RQ
UHFHSWLYH DQG H[SUHVVLYH YRFWEXODUE DW VQ-RW HGE VEK WWK
ZKLFK ZDV REWDLQHID RQXW Kii EDVSWHERQR®IKLVX BFHVWHG W
ILQGLQJ ZDV OLN H{UYGHCH AR WRIVHIORERMBR Y XUH ITURP RWKHU ODC
LQGH[HVY DQG FDOOHG IRU PRUH W KR WR XJ K HIOROQV L RVQ\GKIQED B HA
DQG FKLOG 3% O0F'RZPQGC *'ROGYWHLD® YHU\UWHSRRQHERVLWLY
FRUUHODWLRQ RI EHWZHHQ D FRPEEDENGODME WFR UWHDDGGD

FRPELQHG VFRUH RQ HLJKW 3%$ WDVEV LUWRP GDFHOMHR6(6 \



EDFNJURXQGV +RZOVYKIUS WKW 2AHHID WRIRD ¥ XQOROW PRGE WBDWHG |
$FFRUGLQJ WR WIQHGCDQWRRQWUWRLEWK G UMIGL F5\0V IKKDW DV F
EHFRPH ROGHU W®EVUWQB[LERQ KPFEPHWKH)L D GG LWERQ /RQL.J

UHSRUWHG ZHDN RAR. PRGRQ D VEMVRIOH FHRX W IGH IVHFRBIW SKF
VHQVLWLYLW\ WHVWYV DQG H[SUHWKMWHD Q& OUDHFLHRSQWLKYLES Y R
VLIJQLILFDQW IRU WKH JURXS RI PLG& 0% \DRR® WIUIKVMQ ALRP W K F
JURXSV ORZ LQFRPPBRZ LWFRMROGV \HDUGROBW R EGIJK LQFRPI
\HDU ROGV R@WERMDHHIOQ WKH YRFDEXQRW DRBBFXS WERW HVWA
VLIQLILFDQFH

OF'RZHOO HW DO Q HIQEBO/RQLJDKKIRWRBVH[SGDWDWLRC
WKHVH ILQGLQJV PD\ FRPH IURP WKHVING DD W & B WHROKR.D G B MQF
DV D IXQFWLRQ RIODV HR IE R W KIHU D\IURRQYXU V RLQ@P FIQVD GIX FK DV KF
$OWKRXJK QHLWKH UV WHKHEQ W QRAOW G B5/Q BYPDRKLBQ LV SODXVL
WKH LQGLUHFW HUHFVURDWRHLW{ SKDUHG UHDGLQJ FRPSRQ
FKLOG RUDO PRG@HXWHE DDMHG VNLO OV KIDYVE 18 KD ZG R BXHPOI@ W H
/RQLIJDQ 6KDQDKDQ &XDWLRQWDP(DUMKELWHUBFDBERURXJK
'REULFK 6pQPRKDO /HH)RIYSSD HOD\DHG RQ WKH ILQGLQJV
VKDUHG UHDGLQJJH EDRK GVL Q DRDW IDWDHG DXMBO T XD RW IOM\Q J X D J
IURP SULPDU\ FDU MUHGIUAWGAKIHFAY RORG FOHIQQN X PDHVEH 5LV O K
+RI1 /IRQLIJDQ HW DO E 5RZM GLFWDQRP HQERE H FMAOD
LV RI LQWHUH VW W R WXUW K H W H QBN R @\ SRAAX DiH @ KOG R UD

DQG 3% SDUWORQIDWX\GLQ DO IUDPHZRUN



<RXQJ FKLOGUHQTV 3% KDV DOVR EHM@VORQNHRE WR H RLUE\
SDSHUV WKDW U H SIRRIPDMA RIO3 ¥ NLE® MQIGY 8 Q HADAK BRDU ER U R X
LW LQYHVW OFOSPH®@ W IRH S WY GWDIDQ XX \B QS VAN OOV L«
FKLOGUHQ DQG FKLOGUHQ ZLWK G\VOH[LD 7KH VWXG\ GREXP
0/8 REWDLQHG DW WKH DJH Rl 0 D QI® B DR\ ¥ B W G\DEDIRWIHMY K
PDJQLWXGH WKDQ WKH RQH EHWZHHQ FKLG Y RFDEXODU\ DQ
UHVSHFWLYHO\ RKKREQJ 6FDUERILQUWORRUPDQ@RUNLQJ ZLW
PXFK ODUJHU VDPSOHNRI NLIRXQGI K NRQBLORK K UWHOMDIW LR QV
WKUHH 3$ PHDVXUHV DQG IRXU VWDQGDUGL]HG PHDVXUHV RI
VIQWD[ ZHUH DOO VWDWLVWLFDO®WKWLYQ P H R QD XEGR | URPS
W R )XUWKHUPRQE& VWU QB VWX -0 GIT XRRIUP® @ RIGV DO U
WKDW DOWKRXJK V\QMDIS[L B QW RURVF FERIDCEDAG/ R WKEDWDWH [UR
IDFWRU WKH FR UKD WILRVQRENWZHH YHW\ VWURQJ
6RPHZKDW FRQWUDWWH Q Jl URPGR @ K\H B R/AVUXB/RHY D&GD'IDD H
ZKR ZRUNHG ZL\WKHFRFAUUED\O KGO KDW O0UH SRWWKH DJH
\HDUV XQLTXHO\ SONBDRBWHGRYH DMAFHQWO\ )BUWBDWH WQDWK F
VDPSOH Rl SUHVEKGRRMHDY G XBE PP LPLGIE O B UDPIP\DWILIFD O FF
PHDVXUHG E\ SDUHQWEWHSBIRLHG VKR B I8H OMPIXNIN VOPS PRQ
VWURQJO\ FRUUHODWHG ZLWK UK\PH® ED QW HDA VU B Q] M® WNH V
FKLOGUHQ ZHUH OHBIPRIWHR G.&DQHJIWKXDP SOH. @J D \HDU RO
IURP GLYHUVH 6RQJIFBRYEVDLYW WDV VRIFEDQHB @ EMWEBIH @ GG
PRUSKRORJLFDO DUQHX W \QMWMHIWLEU B 3D E Y QUHHG/ MMHIAKW UK®E H Y H |

UHODWLRQVKLS EHWZHHQHIBUP K 1B UD Q@RVHISDMHAHIGY W/ DOV RI[SUHVV



JUDPPDWLFDO NQRZOHGJH GLG QRW RI® MUK VORBIQHIPSOH UG
VWXG\ IRXQG WKDW \HDU ROGVYT PARHG KRWH QW B$ W DFI DZWDW H
ZKHUHDV WKHLU HIRWA\ G REG DUERVO DK /DX WH W\ RVK\B WGW K H O |
VIQWDFWLF VNLOOV DQG 3% LV VVWHJRRIE L/ MKD@V VDIQHG B0 R WI
7KRUHVRQ DQG 'DOH K\SRW K H® LN WE&RMW WK F\K DY RIF Q
GHYHORSPHQW RRBBRDBWLF VRSO DDIXPIW | RKLEEKVWHU\ LQ
SKRQRORJLFDO DQG JUDPPDWLFDO GIRPICADYDY H YHRZHHQ FHH VW XKH
ERWK YREDEXODU\ ¥ @® H \)WWIRFW DHAOM ¥ LB IK HE® LFOHDUW X UH G D\
VDPH WLPH ZKHUHBV ®ILYQ S WEXHH F D@E R\WV PW PG UHODWLR

)LQDOO\ UHVHDUFK DVVRFLDWLQQ® G X33QW L M[WRIHPKILGD GV ¥
ORFDWHG RQO\ RQR XGNHD\XWRQ G DAVMIG B HW J + WKDW LQYH
2XW RI IRXU GLIMHMBHQW LQGLFOE® 0/8 EOMEGXRQH VDPSOH DQ
RQO\ WKH ODW W HUF WALHFDWXIUGIOR/| YWOIPBV R Y1 DY/IMRFDRQWLRQ ZLW
PHDVXUHG E\ H[SUHVVLYH DQG UHFHSVWIQWGH HHGEHQJ WDV NAW
KDG VHYHUDO OLPLWDWhORQV OD PCDUGKWEBMP BN/ EN\R-D O HEW H C
QDWXUDOLKWRKD IO @\DEMXMI WL Y R UGHOHY/VOSLEWXUH ERRN DQG
RQO\ VWXGLHG FURVV VHFWLRQDOGLQROVXFAPDWL R/@WV H HRW IH
RUDO ODQJXDJH VNLOOV KDYH UHRHL YIHBGHISS L VY RPPHOKDXYHS B k
PL[HG HYLGHQFH HG 3% REEKEXGIDV\MWKHUYV KDYH QRW \HW E
HJ YHUERVLW\ DQG 3%

7R VXPPDUL]H WKLWYHHWMLHRYQ RZ COMWHK BRDQ/ DKM WHRBHL F R |
ORQJLWXGLQDO HRQFRIQIMH AW LIRME IRAWRXRUC&KY. QEQHQDOO\ C

HYLGHQFH WKDW RUDO ODQJXDJHYWRLXDQVLIRQE B G ULHVHEODW \



SURILOH :KDW LV ODFNLQJ LV DQ LQ GHSWK XQGHUVWDQGLQ
VNLOOV UHODWHVW RVHP KD R & KOHAY BRKHRIS Q W VHROQW YAWXG\ DLPF
ILOO LQ WKH JDSV DQG UHVRO Y HVHUPRMOMLY WAKQ KL HY Y IHY WY IKID
LQ LWV RUIOHQW DAMRLRQ WD DD X DAMHR Y NIL\O SRFDEXODU\ V\QWE
VSHHFK DPRXQW PHD VXK N® RMSOHR R ORYE O/QRUXMDQ GDMI XDJIH DQ
UHODWHG VNLOOV VSHBELELNRDODDOBW YD YVI]REBWKUHODWLRQV Z|
WKLV ILQGLQJ ZRXOG SURYLGH HPSLULFDO HYLGHQFH RI ORQ
GLIITHUHQW (/ VNL®IOQI MKXW VXS IRUNYRRQDIOHLWQRGRUDO OD
\RXQJ FKLOGUHQ DQ B DHI W Q/GV 9L OLARWIRE EKQKIDWWHP SWHG E
5ROH Rl 3DUHQW /DQJXDJH ,QSXW LQ &@KIHWHIMHRLIHW (DUO\
<RXQJ FKLOGUHQYTV JUDGXDO SURJUHIHWQVIR R QIED QW RX B H HDDIF
E\ PDQ\ IDFWRUV \LRFEOXRLIQJ IDPPOXEFBWQBRQ HBOODJKDQ HW
FKLOG ELUWK @UBHIWI +RIl FKXW®HBQRBAKHY HW DO
ODQJXDJH LPSDLEPHOQW D/AVDW XV D RIGH RWWKH VT IRZWLW\ DQG
OLQJIJXLVWLF LQSKW SBIFRDY HBDIWHRIN RHH[ /O DISG MKHV PRV W Y D
FKLOGYTV FRQF XU U HKRW D DHIQ WX € V WIRRUEDEWV KRR PONVW HQFLHV LQ
RI YRFDEXODU\ JUDPPDU DQG 3% %RBHVOH\9DVLOAKWIWHQOF
HW DO =LPPHUPDQ HW DO
/H[LFDO 6NLOOV
3DUHQWVY FRQW IYHEORBPRIWWRR GBI FEEHORRNOL O OWGL BK L O C
KDYH EHHQ ZHOO KH VIHPGIFEHG U H XIRWY B Q R S U RK HYDRI SDUHC
LQSXW UHODWH WRH KRQGVY R ED E XRKHNCRR K QGH WKDW LQ FRP

ZLWK RWKHU SDUH®@WWHO D QMHDBBIOB®MARE tEBPSIXW LV WKH RQO\ VL



SUHGLFWRU RI FKLQQWREQEN OPNOD GBUIBH R QJIJHU VWXG\LQJ
'KLWH ORZ 6(6 PRWKIHUGEKDWH G \\W&EPRWKHOG BURGXRMB KLJI
1': KDG IDVWHU YRFDEXODU\ JURZWK K&HH WIZ P H QV L PBIQRSR W IR IR QW
WDONDWLYHQHVV DV PHDVXUHG E\ 7U\: GLBLOPW B\U HHGRLEW 9FHKI
$DUWV DQG .XUYHGWKDW WS\ K MK \MD/KSOSHBINLFJ PRWKHU
G\DGV PRWKHU 71: PHBURGHE @ KH UHR W HFRUW ROGWG. GLGV K F |
UHFHSWLYH YRFDEXODU\ PHDVXUHGUE\QDZWWB QGDDGG]H GHD U
FRQWUDVW HDUO\ OH[LFDO GLYHSRWLWRY BDUY H R WUHDHHNFH GV
FKLOGUHQTV YR FHDHE X\CLPW\ DRI Q\T DVNWE @D & WRWX/G V R \HDU
GLYHUVH 6(6 EDFNJURXQGVY D PRGHQBWH HBEW LIWLY H DMY®R AL
IRXQG ZKHUHDV WKEHFHRU 8B 0D@W RQ EBRG GRQOG IQLILFDQW
7DEXOGD JLOQDOOYZKFRZRUNHG M WKLO G BUBGY IURP GLY
EDFNJURXQGY DQG XVHG D VHULHV RI PXOWLSOH UHJUHVVLR
QRW 71: PHDVXUHGZAHUHQ & KIHDRULKQ | X&DO GUHGL¥VBHGIRUP D
VWDQGDUGL]HG WRFWERDDHF®SWDWHODWHU ZLWK FKLOG YRF
2Q WKH RWKHU KBIQG HWKHDUMA WK HWB® X QGAR RV KDWY HQUAH O L
ZLWK FKLOG YRFDENXNODWKVWKGOVRRISTBLH QWY HOSXW\ )RU LQV\
6SLHU DQG 7DPLV /RXRGGWKDW UHFHBRRLYHVYRIF D EXFOD UQ FRP
\HDU ROGV ZHUHVVRFQDIWHBQIOWKDE B WK : SOEMADMWD G D® W KH
L H DQG UHVSHFWLYHOXWWHQGREWHRBQIDFDRQILWXGLQ
VWXG\ RI YRFDEXODU\ GHYHORSPHQWHSRUWHG WKRDGMW KRHO B

PDWHUQDO VSHHFK BREXXWIDG & QHGRFWE KWV YU\ JURZWK



+RZHYHU ZKHQ PR RPISROHQWD RW ISP B8 Q WPHDH/EKFK GXEX D/
LQ PRUSKHPHV RU WRUWBKH IOL DB EFRIGUHGLFWRUYV LW DSSHDU
DPRXQW RI LQSXWR BRIV W FDOH[REDORMI IDME HMRIJOH UHSRU
RQ D VDPSOH RI :KLWH PLG DQG KLJK 6(6 SDUHQW FKLOG G
SRLQWYV ZHHNVLDSDW\W ZAKHQ F O QG K HP RRVDIGY VRIOIBW WKH \
SDUWLDO FREBMIZD\WOREDIBIOW 0/8 D'WFWPH. P QG LVKK H® UO L
FKLOG 1': KHO® FRQVWBRWWDQWO\ ZHDNHU EXWWLJQLILFEDQ
EHWZHHQ SDUHQW 71: DQG 1t ZHUB@® VRURESHBWHEGHO\ 1H|
KLHUDUFKLFDO DIQDW\Y¥KNQAKNHD® HGPW 1': ZDV FRQWUROOH
0/8 SUHGLFWHG FKLOWGDULAP K Q LYYTXFIDE D AEIRW RMW IYQU LR FH
7KH PRVW LP SR UW DRV DRRDWM U L DX WKKRIDKT 6 DWW DRQ LRIS X W
SURSHUWLHYV PD\ DIQHFW REXEX G R UDGRM HEQ QWZ RHRXO®W L \HDU U
SURMHFWY FRQGXFWHG E\ +DUW DQW BIOVOH\ 7K QIGU ¥ WWSAU
WKH PRVW ZLGHO\ NNRAQ W W& H LYQDHINIED I0OQ WKLR WEB LQSXW
UHODWLRQ ZLWK FKLOG\R WD W CDQGHELNY B P UGIEWNK IURP GLY|
EDFNJURXQGV DQG RENVHWYRGVWMRHEBQMYWRXNBHYKHQ FKLOGU
PRQWKY RI DJH WRH @K H® DMKH R QVGYWIXBIHEHWXKOWVSDHHQW 1°':
RYHU D SHULRG RKHREVKU®BWHRQH B H PRQWKY ROG zZDV
ZLWK FKLOGr1': DWEXW DVVRFLDWLRQV ZLWK SDUNWQBRHUH DQ
DOVR YWURQD ERWK FDVHV
+XWWHQORFKHU WWH® O/LPLODWHISREGLQJIV LQ D VDPSOH R
ZKR ZHUH DXGLR UHFIRUHS WGE PIHW KHRPHRIV IR S B PIRRBVRKN PRQW |

+XWWHQORFKHU HWFBR B X OPXNLEY MV K R \DGDADKL Z HOY SIUHGLFWHG E



71: DQG 1': DQG WKDW ZKHQ ERWK SUHGLFWRUV ZHUH FRQVL(
QRQ VLJQLILFDQW Q¥ LZAKHRIWBIQLRBDHSWH O U HOLW WH VBIFR QG V|
DQDO\VHV ZKHUH SDUHQW 71: ZDV H[FOXGHG GXH WR PXOWL
OH[LFDO GLYHUVLMWHEOGVERSDUISQWGL': DQG ZDV QRW SUHGLF\
FRPSOH[LW\ HLW KHUWD W@ WP B FRQ WBDILWR XY ZRUGV DQG SKUTL
FODXVDO OLVIRUFRRWEZQLQJ FODXHMBYV % @ LIP VOIDW H@FAH. QU HAD
LQ 7TDEXOGD ZKHUH SDUHQW V\QIHDUFRV DR W NALROUDU/H P 1D BWHXG
OH[LFDO VNLOOV ZKHUHDV SDUHQW 1': ZDV

7R VXPPDUL]H EDVEW®W LR/ WKHGHK@KD ISW H\SSGWH & WERWH
WKH SUHVFKRRO \HDUV FKLOG Y RIFFDEN G [EY \ VY. BB RD LD S H C
LQSXW SUR YDLGB®ICH DWV D®HH (PSLULFDO HYLGHQFH LQ VXSSRUYV
WKDW KDG FRP SOPIWOLH\HOH O D BDMD ASOB® ZLWK GLYHUVH 6 (€
FKDUDFWHULVWLFV RW PHBRXHHG & DRIHIDOV OCDG YKL DW VHYt
SRLQWYV XVLQJ D WRULMHWG RXWERBHAYDWLDEOMWH\H J
+XWWHQORFKHU HW ®IFWRU\ 118G QWXINQ ® QDSEHDRIWWR FRPH |
LQYHVWLJIDWLR @Y HUKIDQV XPHE IR D IQLG DO G\ ZHWD KRIGR®RH WR K
UHSUHVHQWDWLYHLVBPRANVGDY® GROVHVF B/QBQ VD GiGID Q+ R |
6RQJ HW DO +RZHYHU DV LOIOWNWWIDWHB ERQWIXDMNLQ
WKH OLWHUDW X @QHL Q QRH B RIBRVHR BOG-DIOW DV X BAUD WU RQW ZL W
VSHHFK SURSHUW LBXORWK B UHVEKO RRYIRW B RMAIL @IBLRQ RI WK H
EHWZHHQ SDUHQW ODQJXDJH DQG K LK\ MREDE® O D Q\ L\QWLHOWOY

LOQFOXGHYVY PXOWLSOH SUHGLFWRUV DQG FRQWUROV LQ WKH F
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JLIXUHHODWLRQV EHWQ@B B QX®D H HWR RHUDNE XIDJQ & NFIKR OB Y R
Note: 6ROLG DUURZV KG®GLB B ®BW\RDYEWKIAUHQGE LE R W W HIG ODW L
QHHG RI DGGLWLRQDO VWXG\
6\QWDFWLF 6NLOOV

7KH UROH RI SDUHQW OLQJXLVWLF NIQSXW CLRR QB TXUK V. AKLF
KDV UHFHLYHG O KD \D W\ H GGV LY RIQHYMVEFIB Q W NRU OFCK\L O)X WWOW K HU P |
PDMRULW)\ RI WKKNVH & W X GQSADHWERNMN LQOWHODWLRQ WR WK
UHODWHG SURSHUMMVLSIWVHEIK F D UH J ISAOHKEW QLIQ B W HAK D UD F W H L
*LQVEHUJ +XWOWHQORERHUOHW D+RIl *LQVEHUJ QD
ODQJXDJH IHDWX URPSPHKH QW XGION SROD® RDRQXOD RQW PHPE!

G\DG ZHUH LQYHVWWIHDONIRF KH U HWXTO :DWHWIDWAM\ +XWWHQ

7KH VWXGLHV WK DWKRIQPER QUMHVFVDIUEE HEGIWZHHQ SDUHQW YV
VIQWD[ IRXQG WK DM BEXXKKNV UHD BRILRQQYPIOUMLY Rl IRXU KDOI |
YHUEDO LQWHUDF\WRWKMW E HDWQLHWRB G H QHDHWYRIOG HF&E IWKDW F

JURZWK LQ XVH RINMRPXKHUWN WDV W VMWKHLDMW VG B HWK PRDV XUH



&KLOGUHQ ZKRVH FFRRQWKMHULOMHIGL BB X W QWRWHQU B @ BNXKRHR/UBHH B QX

DQG PRUH VHOIl UHSHWLWLRQV VKR ZRA GIVVIVGHE YHRE VDK G QR
SKUDVHV SHU XW W HWIDPQHF HP RAMK W WV BHOW 7LPH ZKHQ FKLC
ROG ZDV XQUHODWHG WR DQ\ Rl VBKO/ FKRLWE 9D WLIPHOSIRL QWF
DQG PRQWKYV RRDFIOXWBLRQU WHBEMWWHRPRFEH) HW DO

UHVHDUFKHUV FRQW®WRW HiGVDL @ M HY MAE FOWZIHHIQUHWQDWDIERV L F FR
FDUHJLYHUVY LQSX\RID\Q G VGHNYMIOR BIEGQW®H \B\W DOFKRRO DJHG
,Q WKH ILUVW VWXG\ ZLWK \HWV RWORP FXR.D GIU® MLGEGS /K K
EDFNJURXQGY WKH BORSRWWHRWRQPHOWQ SDUHQW VSHHFK
SURSRUWLRQ RI PXOWLFODXVH VHQKW BQBHVW VRKKR B G DER FIRKX
DQG RI YDULDVQFH OV H% 5 IF R Q WRADR/IWP XVWOK\H. F O KX/HHQV H Q W
SDUHQW VSHHFK GOG &R W FRPHG L% BB\ RS \R Q WY/ IOEBBHHBDWEY LV L R G
SDUHQW ODQJXDJH LQSXW WKDW W VRHIQW R RQH L EVH/Q YA Q RLLDFOV |
GHYHORSPHQW R IVAKLODG/ \RRRMSIDFUMIEHW.R) S BW H/QKAD W DRRIXW D L Q
QXPEHU RI VRSKLVWWRLIXEMWX WHQ WPEMGE G LDHDIP RXAW RI V
,Q WKH VHFRQG VWHMNG\HMW) & W W H QGRS KR-UAX OWSRIURP D
VDPSOH RI \HD U SROOGMQ VY G WRKPHO®(BE BZRBVRLGBQHXDJIH VDI
ZHUH REWDLQHG LIQQWXEHGOWERMHWWLQGUHQ ZHUH DGPLQLVW!
VIQWDFWLF FRPSUHKHQVLRQ +HUH DOBLYHRQYBQWHW ISQ BHRI
SUHGLFWHG WKHKSURSRWRERY BURBKFHG E\ FKLOGUHQ KRZ|
H[SODLQHG YDULDQFH GWRSSH® LNR®D QXHVWR FRGLQJ RI VL
DQG FRPSOH[ VHQWIRQF MWK H B DB SRAHVY IR QWRH PRHOMWILLE XU H Q \

DFFRXQWHG IRU RFRMUICGYBQUD QHRIVEQWIRIHFQNVERQ ® FRPSOF



XWWHUDQFHV &URVV VHEMW FRQDBOHMNQG HYAMHNVH@RPRFKHU HW |
VWURQJO\ VXJIJHVWY WKDW \RXQJ AXALVDIGFUVRN®BHEHORS BN GF
VIQWDFWLFDOO\ FRRSDHY WKH\LQISKWMEBH HUIRPHSVLRD WKH RW
ILQGLQJV IURP 7DEXOIMDVWXG\ WRHEREG/ A 1W KIDW D Q 500X 8
PHDVXUHV IRU ERWK G\DG PHPEHUVGSYRWYVGWMGRH YSDEHQPM MQ
VWURQJHU DVVRFLOWD RW LZFL WL PLVOAB KWD@ VBK GVSDW K@\ WK H
EHWZHHQ SDUHQW /18:ZDY¥G FIDMD G @ DO SK X IOHHYHIV RV KH FRUU
EHWZHHQ SDUHQW 0/8 DQG FKLOG 0/8 ZDWKLV DMQ BQQIOKD O
SDUWLDOO\ FRUUREBRUGWBEH |URFP RWH ORQJLWXGLQDO LQYF
ORZ LQFRPH 7' SUHVFKRROHUYV 6SLRPSOH[LMRXRIGWKKDW V SG\
DJH RI ZDV PRGHGDILMK $BUME®DIW:HDW GVXBIVDIRW FRUUHO|
SDUHQW 71: +HUH WREHFRRS OHLWMDKRZ 3V QHRAWHY B PIHEH G
7KH PRVW LP SR UWTHIW Il DQ GAIQH W R R/QVFHOW B IF KLLEO \GNULHIQOTV
IURP +XWWHQORFKGHVHWLEEG LQ GHWDLO LQ WKH SUHYLRXYV
+HUH FKLOGUHQYVOXMH RI NLPAOWKEQ F®IDPWHE EABDUHQW X
VIQWD[ SDUHQW 0BG BDO 6Q WHLRRINGIW RIKWMQOMNR QARG HUHG
VLPXOWDQHRXVO\ RQODW SDUHPDMN @ HBENH DK LIOFOUHD TV XVH R
VIQWD[ L H DFDRVDON®DXWHIG L ZIMHEQ B\ DO BVEKQ HDW CE QW Z K H
HQWHUHG LQWR WKH UHJUHVVLRQ PRGHO VLPXOWDQHRXVO\
SUHGLFWHG E\ SD WMWQ\B @G MLFDSI0 BARFKWD[ HWX W ® HKASRW K H V L
SDWWHUQV RI UMRMCKHVK RHWD U IF KO KK P\ NQ D WXAW\W HRY CCROFKH U HW D
VXFK WKDW EH IBE® HF WLRO S W R GXEHERP\SOMD AMWWBODQFHV

QHHG WR SRVVHVVGVKIRIFOHQW INQREREBIMNVOBQGHEKHQRI KRZ WF



FROVWLWXHQW HVHHQHRMKQW®W \F OMKIVE BQW\L RIOW VKK LIFK FKLO G
H[SRVHG WR OLQJX2LWVWLFOFGR ¥R Q3 @WW R QS/0 D\R/OBIQ LP

7R VXP XS WKH GG LQLY\RQQWHKH U H®HDWWA IRHV BRI WSZIHHH B/UL
DQG GHYHORSPHQW RI VIQWDFWL® \HWLLGS\Q ED RKRP® GXHQ L \ K
VHFWLRQDO VWRGUHMRGPAD®ILWH EHIDNW QW EXIVOQUXDIY LV PHI
QDUURZO\ VDPSOHV DUH UHODW DYHOLROADDPR @R SDIUA Q WWOD G
VIQWDFWLF VNLOVOVLDQ HI VFDIMLLVEANX GHDMDNOK MWOXRGLHY 6 SLHU
WKH WZR SDSHUV RQOFOX IR SLEWBERIFREBASWHYISHHFK LQ V
DQDO\WHV ZKLFK VIHHIPYWH F RDX\QWG\WGRHWEL WIHHW K B HS@AH SUHVH
+XWWHQORFKHU HW DMVWLRQWRPFPDLQ XQDQVZHUHG LQ SDU
SDUHQW ODQJXDJH XWR SMR WK HO® GRIRRYWY QAHDFH/DIRFS PN QAW V L Q
ORQJLWXGLQDO FURVV PHWKRG LQY KD QWILIV LORIG ZILX\DKO B WO W

ZKHUH FKLOGUHQYV SULRU OLQJXLMWKEHRRARBHWOQXN WV F\R D

il
G

JLIXUHHODWLRQV EHW ZOIHD S SHRBGRIKP@BWD YN LO OV
Note: 6ROLG DUURZV KG®IGLB BB WH\RQLIEWRIAU HOE LE R W W HIG ODW L
QHHG RI DGGLWLRQDO VWXG\



3KRQRORJLFDO $ZDUHQHVYV

$V PHQWLRQHG HIDDORK UR W 5 DUKHRK GG HG VRNWBOV RIHVHI
KDYH SULPDULO\ IRFX®HGHRO® FKH Q& WRROMHVEBO BRMHQW V\(
DV WKH RXWFRPHV $V LOOXVW UDHWVH\G R G D) WK WHK D VWV . HDUPH. (DK
DQG RU ODJJHG QHSDRSHRUDNAGW\RAHBPIHFNW VLA HEFWHG DW \RXQ
DQG FKLOGUHQYV 3% 7KH RN WG WDEIDMG § Q R W IGIHVG UH O D
=LPPHUPDQ HW DO SDUHZXMWID QG WIKNLRO GVRKLORRIHQ IURP
EDFNJURXQGV ZHUH DXGLR UHFRUGHG IREIDQ KRR X UF RMKY PR
FXPXODWLYH ZRU GDARK) \WKS OIBGE R WSRNDY @ GVOARGHWY QR Q@ D Q J X |
ZKLFK LQFOXGHG RQEH$ RIXEGW BEVIMB ZWKW R QP RQFH WHV VW R QW UR
$OWKRXJK WKH DPRXQW RI ODQJXDJI® GDWD FIROPBIVWHG LW K
RQO\ OLPLWHG WR SDUHQW DPRXQW. ®G WROHAKU B R W LGRVQPDEH W
RWKHU SRWHQWLDOGLKWRUN XSDH[BQWUHG *LYHQ WKH FRQQ
ODQJXDJH LQSXW DQG FKLOG RXW FRFHRUD@GO VO FRMIG E K M
LW LV RI LQWHUHVW WR LQYHVWLUISIMHHDK\H W R B UXDQB BKHF®R
UHODWHG WR VSHFLILF RODWHXXDQNXDOH RQ &VKRGEHKILUOG RYHU
SULRU ODQJXDJH DEKLHYHPHQW | RIHODHMIFKQ \O EH\W R BH®L % B
VIQWDFWLF FRPSGHPWVW D DODGV FKL MERG BIRH G V. @ WH B \BW H V H Q \
UHVXOWYV ZRXOG SNIRYG GINAIGHNWHRWHIRWEG SDUHQW ODQJXDJ
RQO\ DIIHFWV CAKQ DXD RH [E X WO D GNRKRRAEUQ G JLQJ WKH GLVFRC

UHDGLQJ DFKLHYHPH@NY BQR SPHQIXBLVFLSOLQHYV



JLIXUMHODWLRQV EHW@BBQX®D HHQWR RHWDER 6 R JD.6 B OF PZO G HKH
Note: 'RWWHG DUURZV LQGLFDWH UHODWLRQV LQ QHHG RI DGGI
'H &RQWH[WXDOL]HEH/DQ BODUHQW &KLOG '\DGV

,Q DGGLWLRQ WR H[DFPHQWQRI WRH GHNCQIDW LY ISUBNFKRR O
WKH UROH RI SDUH@WWKLYJSDRFAMNWQSRWKLN DUAMB@W LQYHVW
FRQWH[WXDOL]HG PPHI@GW B WHGHRUY R ¥ FQQWPHIQWX DDQEHGHFRQWH U
WHPSRUDOO\ D QG HASHDQW D OSD UEH VSIUIB@WR B WIVJ AKL@SMUMH Q TV DF
RUDO ODQJXDJH D@® ¥R G&W RH@WD MRHIH BWIR @ KW KHWHUH [LV W V
HYLGHQFH LQ VXS ®RMWWHRWGE LRIHW KPWIZRRD W SHOMS RW RQ FKLOC
HPHUJHQW OLWHUDF\ FRPSHWHQFHRVLPXW 6XEI|WRFWLWY K HUQGIL
DGGLWLRQD XK MWRHILFFKVRIDW UDQWH G
1IDWXUH DQG ,PSRUWDQFH RI 'H &RQWH[WXDOL]HG /DQJXDJH

$V FKLOGUHQ WUDQVLWLRQ IURP WRIHG OHKUIKLRR BRIPPW Q LHF
VNLOOV SURJUHVV DORQJ D FRQWLQXXP IURP FRQYHUVDWLRC
'HVWE\ *U D GXD® OHIAKQ MGR XQGHUVWDQG DQG SURGXF!

FHQWHUHG ROWHKHL.QYLRREHQW E X HDMU\DWDIOD ® QRSF WHHP\S RIQT



UHPRYHG SHRSOH REMHRKWW WHREBHBW BDF\ DQG ODQJXDJt
GHYHORSPHQW 6QRZ GHVFULEHVY KRZ \RXQJ FKLOGUHQ I
FROQFUHWH 3KHUH D\Q® D WK HWFRE G W\EEWV 3 KHK® I DO MIQ EHJ
$XVH ODQJXDJH WR OF-RFQ\L \RIRBHPSIEI) B BERKDW RSO DQ DQG SUHGL!
H[SHULHQFHV  :HVWEKH\ FRGVW U X RYW OD/QG KB R WH[WXDOL]H
,PSRUWDQWO\ OLWHUDWH ODQJXDYH WG RKW RN Y\HXUSHIUNIHGQD
WKH WZR ODQJXDUHHRDR\H G LDH) GQUEHE Q HR/WRMNO | RRPBXOQDR OD W L
UHJLVWHUV %HQVRQ

$FTXLVLWLRQ Rl GHFRQWH[WXDOL]HG LWDHYIX®KH B FHG LOLRR C
FKLOGUHQTV XV HRE XU H Y HQRY MODOIDMIAB ERRVY K W @ A BHY SRHAD W K H
DELOLW\ WR W D OH\F i ¥ RDX(\G DEH/RHSCOM RENGHY BI\OW D QIGQ I RRP S HW
FROQYHUVH ZLWK XQIDPGE&OLQ D CD\U WRVHVWEPSWFHLWKHLU LQW
OHYHO RI NQRZOHGS$N WQFRPDUL]HG E\ :ARWWH[WXDOL]HG ODQ
&/ DQG '/ GLIIHU |URW KHPPKVR WIXOIQ\G NWQBWERRDDOOD 7KH W
FRQWH[WXDOL]H® AREYMNWNDRENRQIMWR D\G G NDYXQOWLA FRQW
H[FKDQJHV LV GHULYHG IURP WKH BRQWX W V LIDAGR {ID0AW DR QH DS
7KH SULPDU\ IXQFWURDVORWE/RDUR IQRVH UREQILRRFLNYXH RI Ut
FRPPDQGY DQG FRPPXZLIFCPW DR Q WZ SWRISSO-HORG BRQFWLFDO ¢
7KH VIQWDFWLF VWUXFWXUH RI &/ D WLHFDHOML W MY F ROPG® MLIPS
KLJK IUHTXHQF\ ZRWUEK DRIHQS RUVZKQ DLV HD G G RBHPRDN W U D W

'"HERQWH[W XD OL]HGHGWE R X UWVHY R @\BMYHHR/D VUL R B Q G \DIEN YV U
XQIDPLOLDU REMHFWYVY DQG VLWXDWLRMHY DQG PROBQ RV LARRP

I[URP WKH WH[W H'JXO/DXWMH®E LR NL QUHDQIBFSWORQ GHUQ Bl UWHRQFH V



LQIRUPDWLRQ DQG XRIS BWHE\D JRV LEFW@FQ WH PWIGFBEQVH ZLWK
EHLQJ VSHFLILF DQME\ RVVORZFW XU B BVFRBEWNGRRQLIRUPDO OLQJ
PDUNHUV UHIHU WG YWD DIV IGIIDWMHEKIBIMW H W KIQFGIUHD KW IFQJ WKH
ODQJXDJH IHDW XGWHYFRIG' L QVWKYHL UF BILEK GXIFQVMIXR. @ VRIL FV BRHUP V V
HODERUDWHG QRXQ SKUDVHV OLQHMEVWDRE ® ¢ & ERUBLDO WMWJ
FRRUGLQDWLQJ FAQQRIXQFWLRQRZ® -XWXUFMMWRQ OF*UHJRU

7KHVH OLQJXLVWLF HOHPHQWY DUH WKH SULPDU\ YHKLF
GHFRQWH[WXDOLHBG GRVUPROXRYH UIMOMO HIJULQL

)DFLOLW\ ZLWK DIFD\G NPWD @XIRAHVY EHFDXVH XSRQ IRUPD
DUH LQFUHDVLQJO\ H[SRVHG WR D QJH\G REF W B GR WRDS\DLRWY L WK
GHFRQWH[WXDOXLYIE *WQRAD % O0DQ\ FXUULFXOXP DFWLYLV
IRU H[DPSOH IROWRRUDO® SHDARWUR®WVRRQF DQFDY QUIR®E 3DFV
LQ D ZRUNVKHHW HIDURI FIEN W U DK I8 HREQO M MH G HDFQ® GUDP P D U
DQ LPPHGLDWH FRPPXQLFEDWLYH SXUBRAKH WDKHWH FRKKDBOUDH-Q\IH
FKLOGUHQ ZLWK ZHDN '/ VNLOOV :HWPSHWHQFH)XDW IEHHPRO H
VXEFFHVV LQ D QXPEHU RI DFDGHPLF ®@QRD V& DIFANLIQRY R @ Q | DDA
6EKULEHUJ YRKIL DG W\NW Q Q7AW K X/QFERPLS IBW M 96 R SHWGU'X JJO H
SURGXFLQJ KLJK THODQWLRRUPDWD YRFEDEXODU\ ZRUGV SUHVX
XQGHUVWDQGLQJ Rl ZKDW LQIRUPDWLRQ LV UHOHYDQW DQG |
VWUXFWXUH 6QRZP KDDFLEFKOH\7H R AKBPWHROW FKLOGUHQ .
KDYH EHWWHU XQGHWWIRGWILAD FEIHEKIRE RF&/ DIQ&HU TXDOLW
QDUUDWLYHV RI DDPIEQLDU V \WRUGLHAWIDBU WIHIKHHWYV FRUHYV LQ

GHFRQWH[WXDOUH®E &BHYVWW ORQ G/VORVDRGVI BHRDROUBGHHH@®/IW HU F



RI 33 GHFRGLQJ DQG VSHOOLQJ 'LFRUCRPSUBIQRZYVLRQ DIERGA
6SHHFH &RRSHU 6XPPLQJ XS WKH UROH RI '/ LQ WKH V
SURSRVHG WKDW FKLOGUHQ ZKR VQURPW QH DEDGH P QFD D OL WI
FRPSUHKHQGLQJ DQCHPVWRBXIFHE IGHRROWWLRQ ™ S
5ROH RI 3DUHQW '/ ,QSXW LQ &KLOG (PHUJHQW /LWHUDF\ 6NL!

,Q DQ HIIRUW WR LGHQWLI\ LQIO XHQ W IDIFE LMRYXHPAHQMR 160K

FRQWHQGHG WKBRRH PKLOSRIHQIGHGOD W HYSHFULEBFHY ZLW
DOEHLW LPSRUWDLQM QUVIIRRVR D BEWEHD® QUQWM R Q\MWWHDG W
IHDWXUHV FRQWDQOX\E UB FHLQ HGD BHYQGRIAH) SWR DFTK IFUH ZUL
RI OLWHUDF\ )XUWKHUPRUH 6QRZVVRHOHH Y WRKOIW & RFRIG DEJ
VFKRRO ZKHUHDV GHYHORSLDIHWKHDWEIHES 0RO L M GQZDO MG O L |
KHDYLO\ RQ H[BHBRPHQOFHY ROROYLGH 6QKH YLHZSWKDW FKLO
FRPSHWHQFH LQ XVLQJ '/ LV VKDSHGEHH @ K/KISIS KRWH G [FS\HWH ¥
'LFNLQVRQ 7DERWY +DLQ#DG )LYXVRQ OF&BWHUYV

,Q KHU HWKQRJUDSKLF DFFRXQW +IQWHK XFFHGWWRULEH
HOHPHQWDU\ VFIGRROWHKH DOV HDWHH QWY GLVFXVVHG ILFWLRQ]
SUHVEFKRRO DJHG FKLOGUHQ O0LGG OB OB \F KR DIGQUMVPUW R PS Lt
SUHDVRQ H[SODQDMWMLLYRQNR MRH3 VIDKAE W DVOL R G GD MM RQOWL Q I R
DERXW ZKHUH DQGFEXHQ HXQ CHYGI QWRRZMWHL QRRAYEGE FAKDVV [T
GLVFRXUDJHB G LGFDLRIMW IDWINH GP R KINERSYULHSH VO EHOV DQG DYR|
H[SODQDWLRQV Rl KRZVWHKILQ JWVHDRIXD REHR HVSWWHWHG LQLWI
VXFFHVV XSRQ HQWHH QIKWEG URGLOWRPOWKY ZRRMNXQLW\ VKR

VLIQV RI DFDGHPHFLDWOX JAOKOHQ BV SIHG WIRY B UURFFIRGH) Y R Wk



H[SHULHQFH WR VZLWFK SRLQW VURIIL BW L-RQDIF A K B UDW R MUY
DQG HPRWLRQDO VWDWHYV

%HVLGH REVHUYDWKXEY DO @W E R X QMRYEX ORU H/P 6 RE XPHQ W V
LPSRUWDQW UR O H Q\SKDNW SSIDUM QW VHPHUJHQW OLWHUDF\ GHYt
%HDOV 'H7HPSOH 7DERUV DQG 6QRZLQG LGGIVHMRPWH G HID O RN
+RPH 6FKRRO 6WXG\ RLWBIQD¥DJHYCHDRBPHQW +66//' 'LENLQV

ZKHUH ORZ LQFRPH IDPLOLHVQZEZWHKHS LIRO/FRERR® IRIH & H
\HDUV DQG DVVHVVHG DW PXOWLSORGWLSPREDLRWKHW KU R B LK
%HDOV HW DO QKD IRR KQDM G IH[SODQDWRU\ WDON WKD
\HDU ROG FKLOGUHQ GXULQJ PHD O RQEPXOMRI LDHED O INGWHLQVK .
FRPSUHKHQVLRQ VFRUHVDQJNGQIGHRPIMRWKP U SMSBEU EDVHG
+66//' VDPSOH 'H7HPIS®RUWHGUVKDW SPWHI GW ¥ RZKWR H{ WEK® L] |
LH WDON DERFHNH\VSIBUMHGLSESWULRYY DQG LRHLWHQFHDW RRIGO |
FKLOGUHQ KDG FKLOGWBUZKRRW B HMEIMX Y VRRI WRBH UHODW
OLVWHQLQJ FRPSUHKHQVLRQ DQG UHFHDWQUWIG DQRBPH[S WHRV V|
%\ FRQWUDVW KLJKHW PP & X]3\E VORIQEER @MWHR IL VWK HUERRN ODEF
LOOXVWUDWLRQV DVNLQJ \HV QR TXHIDWLIRYGH D 8 VR BIXFW GRE)V
FKLOGUHQIW (U VQILW® VURP ] WR ZKR.DWVR XVHG WKH +66/
DQG UHSRUWHG BQ UWWHKQHNVHWMBIG W \8 BRR/GXPHGN & ¥ H GQIUWHPIOD\ |
RQO\ VRPHWLPHV ZH@YH KQVRAXMQ R H MW\ HELG VBDON QX BLQJ SO
WKH DJHV RI D @GV H \HIDWK FRDVXWOHYV Rl FKLOWGUBQYIWG/ LQ

I[URP WR



,Q DQRWKHU D O BHRLIQN lMPD®LOD ¥ BDKHWHINGNEI BWH R FRQG
KLWH PLGGOH FO® GYDRARWAKHUWHFKXGLR UHFRUGHG GXULQJ ER
FRQYHUVDWLRQVVDEWR XK LSDGAW BYHPRIQWKY DWG PRQWKV RI
FKLOGUHQYY HPHUJHQW OLWHUDFQREKOBGVYHZRUB UWDL\QOWH VFRIQE H
VHPDQWLFV DQG QUDHJ SR WILW H Y\HNDL ORDMY BIKDF R/IH)GV EI\ RN KGHH F R Q W H
XWWHUDQFHV E\ SDRUHWQMWYY FUURMVKERWRWFH PHDVXUHV REWL
HYHQWY QDUUDWLY B8R ZHHRH X O HSSU B GHRERMIRY ¥ HRU JHKQOW U WHUD F
FRPSDUHG WR WKW KH ERRNHYHID®PQ WHKRQM B B QH FKIR RPIW K H
+66//'

ORVW UHFHQWO\ '"HPHSRHUWWBG UHWXOWYVGRUBPWWOXNGIHODV
VWXG\ SUHVHQWHG KHUH DV LWV PHUWKRGRD®RDU D MH®P IUHWYMD D
HPSOR\HG D VDPSOWHR)I D QG HEKWNY W WSKIPIO UL WHUDFWLRQV ZHU
IRU PLQXWHYV G XURIQURHNL R HP®IBUFM) BFRKWQ®UWDHXHOUH o0 \HL
WUDQVFULEHG DQG  FRGHA DRRARG7TQXPEHUVWRXIMHHRGWMNWWHUDQF
LQFOXGHG QDUUMELN[FSOBQHEWHRGHMISHUBRW WHD DD OHDW HU  Z
ZHUH LQ NLQGH FIDAEXNOHDQ \ WK B MWD FRNIFODYGZ B DH (P VKH HG W
EDWWHU\ RI VWDQUGBVWGLLRGCDW B © WKHX/EH & M HOROCH/GUWRD LQJ IR L
DQG FKLOG 1': DW 0 FKLOG YRFDEXGWU\GVER\LOYA&M DWPEHU DAY
RI GHFRQWH[WXDQLS$BG KWW HQ XQWHSURHY W IG DR W W6 UH GLFWH G
QXPEHU RI FRQW H)]WE\D OA]PIGOROW O/\H FRRIQON BBR® O QGIJHRIWO G HD U
ODQJXDJH FKLOG VI\QWDFWLF DQBHQBHHUIDMALRHWWIEL BOW K.H) QU
GHFRQWH[WXDOL]HG XWWHUDQFHVQFRQ\SDHGHBWKGSD\UWRMW Q

FRQWH[WXDOL]JHG XWWHUDQFHV ZKKHQ IFHKODWURQ ZFHWHHBI Q, B



ODQJXDJH VNLO OV @HFR S DHIH\YORDONDBDRQIF PFUNDEO\ UREXVW D
UHJUHVVLRQ FRHIILFLHQWYV ZHUH WILBPQWNURL QVR B JQH &/X\G HR\WY!
HDUO\ DQG ODWHIWQ 6KEBGSOWEJWER HHI RQ G D@ BANGHIDR OV L Q \
VDPSOH ZHUH GHFRQWH[WXDOL]HG

$OWKRXJK WKH S U HSROFGH YW Q RIQ RIDHAQ WH VWD SWKVD VB LSL Y
FKLOGUHQTV GHYHORYP MOWMH RH (H QUMMOQ FR Q&G RFWVWIIMIWLQJ UH\V
IRXQG LQ &UDLQ 7KR UH WG NW O\ QFEIMHRIHBOHYEGHQW OLQN E
SDUHQW '/ LQSXW Q@IX® FH VNG RO\ OZRBUHDY SDUHQW &/ LQSX
WR FKLOGUHQT¥H DMIDU FRREWWYRG LHVG YODULDWLRDV LQ TXI
TXDOLW\ RI SDUHQW YWDED R O® SKMWERDMH[VWPVWEBRN UHDGL(
UHPHPEHULQJ RI D IDPLO\ RXWLQJ DQG IUHH SOD\ ZLWK WR\\
VWDWLVWLFV SDUHQW 718 1': DQG 0/8Z EDVHG RQ ILYH PLQ>
ZHUH URXJKO\ HTRLQMOH B ™MH P& HAWK IR \MORQBN W KHVW RR BIOY HU  Z|
FKLOGUHQTY RADEKSWMIWMH FRUHYV ZHWUH \REW\DZ QUG HUHDLILF W Bl ¢
0/8Z DQG 1': IURP WKH SOD\ FRQW H[W HDQUO U HFFR{GW/L K B O/LRFD ER
ZKHUHDV PHDVXUHV IURP WKH ERRN QBDWLADYQE WMRQR®W VH
&UDLQ 7KRUHVRQ HNVRJIONKRX® GUWHBWRONY® GSYUBXRVHG WKI
GXH WR SDUHQWY EHKDYLQJ DFFRWEGEB®J WRHP UBPWQL ¥ PIHDU
UHDGLQJ ZLWK WKHLU FKLOGUHQ \|@FRQWK IFKWO @K HQ SVIKUHH.(
PLIJKW KDYH EHHQ GLIIHUHQW DQG WK HD B CEH K, DY\WHRWS B R WHD WH
VWXG\IV ILQGLQJV DOVR GHVHUYHS G XWLR Q EG MBRWHV R3 XK

FROOHFWHG ODQJXDJH VDPSOHYV



)XUWKHU LQYH VWO DHVLHRFQV R | RS RMDHIGEAW &R QD BIGL UG UH Q 1\
ODQJXDJH RXWFRPAHYVIWLBH W MHEUBD W X UH IRQ | WKR\D WRSB LP SR
VKRUWFRPLQJV 7KHPILYVOD BR RQ XEGHUWMOWICD Q@ BLDQG '/ X
SDUHQWY UHIOHRW\ A DB MR Y YDUBRMDSRWVIKDW SDUHQWY FKRRVH
FROQWH[WXDOL]HG FOO/QUYD WRE KYREERQ MW H 6 VFRRQYWH GW V S L W
EHLQJ FDSDEOH RRB®H]WOQIOLQHGHSEL WHRXADV H [ DRAL® lYQJ SDU
ZKHQ DGXOWV DUH H[SOLFLWO\ LQBWG XF W& GFWWR LQ JDBW LLYQ
OHDG WR EHQGALHU ROSBUW®D O L QUWKIHWLEREHK D L\RUS/SBQ & L
ODQJXDJH GHYHORSPW QM X6GHHARQ B IOWRLERRNQGHIREGIXYJ ZKLFK
QRW EH D W\SLFDOHDHPR®O WD FW LY LAY HARDONH BWIKWMLRQDO FRQW
UHODWLYHO\ XQH[BR@Y HDE RXAMR S D D&YW OWW RRO\HELUHFWC
&UDLQ 7KRUHVRQ WWQDAWLRQ R I([$D UFHRXQW 8 POV XD KHLQW KD Q |
UHDGLQJ PD\ SURYDGMW B SREMXEAPRI WKH QDWXUH RI YHUEDC
DQG FKLOGUHEY JREDGC@EM WRSBWWBLA SMWK W FE GIDW FWLQJ UHV
LQ &UDLQ 7KRUHVRIGIMHWRP PHWKRGRORVLEDRG OHDINJIHW KH V|
GXUDWLRQ RI ODQJXDOW® \DXPEGIHVRDT B BW H K HIDND WW X G\ DG G |
WKHVH LVVXHV E\ HVDRH QLHOIDIKIHRVOE/HBHMEZ'H HQ SYOW HD@WE FK L O
ODQJXDJH VNLO O\ DRIV S UHYRHSOND 1BQ H MDJBIW ZKHQ\ SDUHQW V [
LQVWUXFWHG WR R/QHQ LHFQ WL LIQBMRHDE WLNOQWELWQG ZKHQ
VDPSOHV YDU\ LQ ORIQS WKHRW D F FROBOWM OQ E BEDR RV W WKHUH
HYLGHQFH WKDW SDUHQWYV '/ LQSXRKDOIGIBWY EKWEEHWWHOO

VNLOOV KDYH PRUH DGYDQFHG FRBHQWBNO®WHIE W NOLD® VY Q B LMM



SDUHQW '/ LQSXW R H®L\ONA G QG HAORD NQ® 2N0RH &/KH EFRR XW O
DQG OLWHUDF\ OHD® GIDUHOYWRFKNVYE G\DGV

5HVXOWYV IURP 7DEXOGD SURYLOMY RORWIKHL B DI S EW X
FROQYHUVDWLRQBG R @WIG] WXP® DW\H3 8D 8D X B VY URGX F K L C
GXULQJ G\DGLF LQWFHIUEF LIRQ G HSWD GESDQY HQWXJER G FKLOG
71: 1': DQG 0/8 LQGLRAHD MOQUAWIIGRD RD GJRIHIHQW KN GFKLOG
FRPPXQLFDWLRQ FRQMW H PNF FEG MU BVMMLIRYF & X U HEJ 1UHPLS O D\
GHFRQWH[WXDOL]HG FRQY H WD\ION IMKGRERRGEW SR \H Y3DOWHD W
FKLOGUHQ RQ DYHUWRWSOORGRFGG PRUHYEHREBYODGG ORQJ
VHQWHQFHV LQ VRIQHW'H [MOER PWD Q Bl GQW R RVQX\M H WH OQ FLGVG L W L R
ZHUH QRWDEOH GLUBWHRGHM EQ ONKEH S®i 6V GDFRI QI WHHEY YW L R Q
FROQWH[W = LW DS 6MDW&H G HUKDX\Q D REMR QR & XO/HNFRIQQV SIPW X D O L
FRQYHUVDWLRQV \GMWSEWIHR DN O/RAVH\WY LD H RQ DWKHO BDVW P
YDULDWLRQLRQ WK A RIXZHIW Q RWR®M HFWO\ VWXGLHG LQ 7DEX
VWXG\ RQ WKH RWKHU KDQG DGGUHVVHV WKLV TXHVWLRQ

5HVHDUFK 4XHVWLRQV DQG +\SRWKHVHYV

0\ VWXG\ SULP D U L GAHMDKYHHY IV QD WRIZ/ DAWG) R R 11 O G SDIIGIIQND J
PHDVXUHV REWDLQBBSORV ADQIX®IDEKHIDIBWIW SUHGLFW |
HPHUJHQW OLWH WPDM HONLRQN THISUWRIRWY B UQIK LROH FFRLR U OD Q.
FRPSHWHQFH $Q H[SORGDWRQY HRNERDQYIHUIY RWEZRQBIO FRQW
VWUXFWXUHG | U HHWSX@DDD\ L YBNGOEARPRMIW ERKMQ B/ EHWWHU SUH(
HPHUJHQW OLWHHDF)WRR OWKHDW ZREOWHWKBURIOTRHVWLRQ\

GHULYHG



:LOO FKLOG RUD®WIXQPXDJIH VNLIUO:OWQG 0/8 SUHGLEF
HPHUJHQW OLWHHDFOWRLEDODY VWXQRIBRVLFDDQ'G SKR
+HUH EDVHG RQ WKH @®UQ HVQXP EXHILN R/IL RUSQ UWWKHVDW G W
WKUHH PHDVXUH®JXIDBEKLWNLQOD D WOILPPW DR XDIGUSIBI RI WKH
HPHUJHQW OLWHHDFKRRH®BY DWKRAWZHO-DVE RIQY& IPHBEVXUHYV |
DQG SKRQRORJLFDO DZDUHQHVV VNMOOV DW 7LPH ZLOO EH
:LOO SDUHQW RUDVOW IQBXDJIH V:NLOODUNIGQMBN FKLOC
HPHUJHQW OLWHHDFOWRLEDOY VW) WIDFFWLF DQG SKRQRORJLFI
FKLOG RUD M lOCDAQW PMIHLWH  71: 1': DQG 0/8 "
%DVHG RQ WKH |ILQ &/IHYHUDBSRUIVRHGVW XGLHYV , K\SRWKH
1': DQG 0/8 DW 7LPH UZRXOVGXORAXH SWG ®H]WRIO/ IRQ & KA\ Q W D
VNLOOV DW 7LPHQJZKLD A KLROGWRIFIYDIVD LRBIJH YRZBYHU WKI
FRQWULEXWLRQV 2DQ W XGIHREG XH MCROCPIMUJH VKDUHG YDULDQFH|
RUDO ODQJXDJH FRPBHWHQ BGH\L \WGRWQK D VB G\J UFHLBD VOB QI XD Jt
SDUWLEXODUO\ SDHGLFW F K RDICE 5 KRIAMDMQ7LPH DOEHLW W
RI XQLTXH H[SODFZQBG YDNHDEGH VPDOO
,Q FRPSDULVRQ WR SDUHQW RUDO ODQDXDJHPHNLOO\
REWDLQHG IURP WKH VHPL VWUXF\®XQUMN®EISDDH FRQWGIYW 7 ZL A
DQG 0/8 DW 7LPH RHEVFRIQWH] WURIPGMIE R QWHIW X I/Q RJ} D E R X W
HYHQWY GLIIHUHQWLDOO\ SUHGLFWPHKL 86 VWPHUHG Q WRG LWL
DVVHVVPHQWYWORWIFDD QG SKRQRORJLFDO "
7KLV UHVHDUFK TXHVWLRQ ZDV H[SORUDWRU\ EHFDXVH W

EH LQVXIILFLHQ\D WHRS RQVEKY LMWQ G664V UHSNRWWRG LFDERUV



DQG 'HPLU HW DLGELSDWHG DM WUHOORWEDHHMWDDQJIXDJ
I[URP WKH '/ HOLFLW L7Q P i R GARW{WE SEHG IHFPMH FKHQW OLWHUDF\

7LPH FRPSDUHG WR GHWLHOWE PUHBR XVURRVW HHIOWL FLW L Q



&+3$37(5 7+5((

0(7+2'

3DUWLFLSDQWYV

$ FRQYHQLHQFH VDPEDHHRL GHEVERBD@®ORMKDVVHH )ORUL
SDUWLFLSDWHG L@ WLKALS D QW8 \Z R ¥ BHKB B FKX DVE HED WHK UD FL O L V
VW UDWHJL BDW R \U\HSQRARW @M UNDKHROBAF B Q 8 PLAEFERSXODWLRQ R
FHQWUDO )ORULGDH UK ISOHNWKRRPEQHG AR IXE A UPOWD YDLO
GDWDEDVHV )ORULGD 'HSDUWPHQWPR) &KU® G WRQ \DR) GO FOFLL®
SURYLGHUV WKDWVZHQ 5 B YMRDALISRI@ M H FYLW H\K WHRIYW G S UL |
ORZ 6(6 IDPLOLHV VLWHV PRVWOQ&H U YH & HWK ¥ HRLYH 6 ( & LEIK
FOLHQWYV 7KH UHFQW LWP MEXWM G EWRFNWURY VORMAKINOGY SURYLG
$

2Q HQUROOPHQW SDUHQWYV VLIQHGLP® L@®®GFHEHDGP®
FROOHFWLRQ DQGPRUBIBEGHBG LEDRIUR DWLKR @ G ERXFVK SR HWLFLS
IDPLO\ UHFHLYHG KH VPKOLAWEG J RIGH IRQQWBROV VY G HDGPLQL FRORUL
DQG ZDV HQWHUH® U QWK DQFUWDWRQZILQ RQH RXW RI ILYH Jl
7KH LQIRUPHG FRQVHQW IRUP LV SUR®HGHI LY KBS S WXGL [ DK |
SDUWLFLSDQWYV KIDAN MRV ERI Q@IDLLYGR ®RIGE RO D FKURHWZHHQ
PRQWKV@ WR DWJLFKLOGQFDGELOWUHFWRUY ZHUH DVNHG
FRQVHQW IRUPV WR FKLOGUHQ ZLWK QI® FAHY HFBRH QAMQIXD JKIH D
LPSDLUPHQWY KRZHYHU LW LV SRVVLEOH WKDW VRPH FKLOC
GLVRUGHUV ,Q RUIHRPPRK YWDWEEFBOHIWXBW ERQUG G\DGV V

WA\SLFDOO\ WKH SWHWH UHD X HYWHHEWWR KSDVWKBLASDAVFDVHV



PRWKHU ZDV QRW WKH SULPDU\ FDUHIL.Y HYDR®EKBQVI FRPGOMI
7LPH VWXG\ WDVNV 2XW Rl VXFFHVVIXOO\ UHFUXLWHG G\
H[FOXGHG GXH WR GIRWLRHPW Q@ VDHWR WKGAD GNHEZWRE FRPSF
QRQ QDWLYH (QJOLVK VSHDNHUV DQW EKOQQGJE BN IZRWLEGG
7LPH  WDVNV ZLWHJIJWKHUV RERQG\ B KK D® DHDIBY H@W VELFLSDW
VWXG\ ZLWK DQRWKHU FKLOG DQG RQH IDPLO\ GLG QRW UHV
7LPH GDWD FROOHFWLRQ

2XW Rl SDUWLFLSDWLQJ FKLOGUHIMOHVZHKHUHMHWHY D
'KLWH FKLOG SDUWIFQBPRQWYQG ZEHWH ERXWDERWEHUYV  IDW
JUDQGPRWKHU LGHQBAL IEKICO &KW BVH@® EB\DRDWLHLSMHWHG LQ W
WDVNV 3DUHQWYV RIUH$RUWGGHW KN WHW KIHGMO BD VDWRH KR XV
IXQFWLRQHG DV [HLDWRHUKRIU W FKAW B U ) LA DY HILLQY Hi BV ZR L
RXWVLGH WKH KRRPEDWAIWKEDGWIDEYH DQB MWK PR WLEOLQJ LC
KRXVHKROG FKIGCOBQH Y LEGLQIBUHRDG WZR VLEOLQJV  FKlL

KDG WKUHH VDBOLQJVKDGHKRXU VREWK®JIJVDPHY KQXVHKROG
LQIRUPDWLRQ DERXWOQRK®@H HWK LRJ GAL\E OHG RW WBI'G QFRDMWWLELSDW
FKLOGUHQYV DYHUDJH DJH DW 7LPHV@ZD®G > \B\WB UP\L P PIR Q W1
IDPLO\ LQFRPH ZDIK EX@/DIVMQYR Y\DKEREDW L R QWO IDQ\DVODH QP H Q
LQ \HDUV ZDV RQ M¥HWRIP HDXKHDR® OPVOXPEHUHR S SIPUWLFLS
QRW WR UHSRUW RQDW WHILWD PG W BORHR GV F D RABOAMYIGIY WDU W K

YDULDEOHY DUH SURYLGHG LQ 7DEOH



7TDEOH SDUWLFLSDQWVY GHPRJUDSKLF LQIRUPDWLRQ

1 OLQ O0D] OHDC 6'

&KLOG $JH DW 7
&KLOG $JH DW 7
)DPLO\ ,QFRPH

SDUHQW (GXFDW

2XW RI WKH ILQDDPYDPE®H RIDUHQW FKLOG G\DGV ZHUH |
DQDO\VVHV IRU WK AXWMKMWLR Q@ DWHDKAL QDERWE WRXGCQIMDVNYV )
ZKR ZHUH DVVLJQHG W RVR\V VDA S OTH FEFQ MR- SWXHD\@H] B GG FRQ Y H
ZHUH XQDEOH WR GLNHR®JWVXH WKRHDEK BODVWRSWAHBBG HLWKH |
UHFRUGLQJ RU FRQWSDXHGWS OQ \WE H. (2WRIY YA-RUMBMMRRED UHYH
IDUP WR WKH FKO@IQEMRHHFEGYHUWBQDEQHVIDRNSEHQEXDIGH W
ZDLW XQWLO WKHWUNFRPSONWHTGKWKIDVW H[FOXGHG G\DG ZDV
$V WKH\ ZHUH QH DKH GD IV\KWHH © B QRWWRV XM HF BPLBBWKKIUGR RP ZK L
SURPSWHG WKH SDHRRWGW®JV & RIS UNHIDN MWK 1D SSSBBVHAKR ZHU
HSOD\ ILUVWY FRQGLWLRQ KDG KLJIERWKFWDY RN REXWLWKE U KV
UHODWLRQ EHWZHHQ WDVN RUGHU DQG SDUHQW DQG FKLOG ¢
WKH pSOD\ ILUVWYT FRQGLWLRQ G L GD@RWO SBUW & B DHWXKLH | & UTHIW
DVVLIJQHG WR WKH pFRQYHUVDWLRQ ILUVWY FRQGLWLRQ

3RZHU $QDO\VLV

,Q RUGHU WR HQVXURI W K BIMXW WL BRE&H. FAHQW WR DQVZ
WZR SULPDU\ DQG R¥HDH[BIO RYBWWRSR DU \DWQDWLWIMWLED® FRQ
SULRU WR GDWD FROBK RWMRKH ¥ K BBXVHH V H DHUAHKQTK N VWD MRLQY\
DQDO\WHV , FRQGXFWHG SRZHU D QW RUWHH G/HN\SIDIQVW R OK IRRIZ |

HVWLPDWHG XVLQJVWKHDO3RZRUUDWD WIXQQ (WM HOGHU 7



IROORZLQJ DVVXPSWRRQOMZIRDW K \GHREBG BRIKD RI 3RZHU
FDOFXODWHG IRU D UDQJH RI H[SODLQHG YDULDQFHV DQG HI
5HVHDUFK 4XHVWLRQ

JRU WKH LUV WRWH V, HODUFAX DWHRWAMLREWD © PRDAMLSOH UHJUH
DQDO\VLV ZLWK DMK R 5 R G/LFRPRIEYUD W RDHEDWM VP D@ IR WGKH UH T
RI SDUWLFLSDQW® RR UNIKGIY BN @D WRMIG/ RLBHEHWEZBEB Q@B QJIXDJ
71: 1': DQG 0/8Z DQG HDPK RHWHBIHQW OLWHUDF\ VNLOOV
YREDEXODU\ V\QW\DH GDWQHV X® W Y UDRWPX H H. V)\R UQLIQW MMM FH L C
'KLWHKXUVW RUTUHPD@ENDJIBUVWRH QZVKFS ¥ DUQBIGFH LQ
NLQGHUJDUWHQ RONOS5®RZEJXDJHI KX VEXDOWD BK IDAWG W KH D JH
\HDUV H[SODLQHG L&IWKKHWIPH B &BMWXWH YD UDW HW DO
UHSRUWHG WKBIW LQRW WHIHU Y\DDUR. D@ AHYDQ GD Q FRII V) 3$ DW WK
\HDUV ZDV H[SODIFQHEX EDFKDQG FRLOG \QWSBHEWME ME&IDW D J|
® \HDUV %DVHG R QI VWDGH\OH \D QLER R VBKRHQUL HW XRA. BIPE B HQW OL\
GHYHORSPHQW DPR@EXKBOEVHAKRR ® GMLER B B MG WK DHVE W V L] H
UHODWLRQV EHWEZRUY @ G & LOBW HQ ISEIS MRNPDHDFH ZRX0G

7KH HVYWLPDWHG QXPEHUV Rl FKLOG SDUWLFLSDQWYV IRU
FRHIILFLHQWYV RRQ) GHW ISWRLYQDW G LGD WD HEGOH | HFBW ML HD R z
FRUUHVSRQGYV WR WKH FRHIILFLHQW RI GHWHUPLQDWLRQ YD
VDPSOH VL]H RI XSDAWKHFREDQ WV DY DN LPYRIUEXMR §WH OO ODU
RI UHVXOWHG LQ D VDPSOH VL]®IREHUBOUWHBL SDYWN BQ 6
UHVXOWHG LQ D VDWSGHSDIQW R | 7 KIBHDWIKHHRHGHDOP S LV ZHO(

WKHVH WKUHH WDUJHWYV



7TDEOH 1XPEHU RI SDUWLFLSDQWY IRU D UDQJH RI HIITHFW V

f2 f2 f2
R? R? R?

5HVHDUFK 4XHVWLRQ

J)RU WKH VHFRQG U,HNBIOEXFEDWXHIG W MROQV D VRAXICAD I0S O RIZBIH J |
DQDO\VLV ZLWK VRIQUAHFRWHIR.E WIRQG ERAHV R X WEFIR P H HADAL P D W
UHTXLUHG QXPEHUWRI\SMDXG LW KS$IDBHDIOGWL RQ PBFEH WRHEQ D Q J X
PHDVXUHV 71: 1': DQG G/BEKIRI WKH FEHQW® DLPMH UBFEMBRXW F
VHSDUDWHO\ YRFQEXWHOKHQ 33 Q MOIRD FRQ®G RAWQRYWISHUIRUP
XVHG UHVXOWV IURP 5RZH W R/ WY &\ PTRAZH HR MHFGV W K PR F
YRFDEXODU\ DW WHKHSIIM. QHG \HRU WX MW KB WIDDPHHFAHDVXUH R
\HDU ODWHU DQGUW®HWO D FLPHI H FIRPKSLRAKL WRF B B WGU SID U H Q V
1': 0/8Z H[SODLQHG DQ DGGLWLRQD® L O GIVWRHWFRE HD QFHV H
ILQGLQJ , DQWLFPEDQHIG MW KHDRW DMK HRFIRIEWWH HHH®D SDUHQW LC
DQG FKLOG 7LPH RWWRRPH @K LR b XARIGD BRXWDLR EHODQ WKH PH
UDQJH

7KH HYWLPDWHG QRRE®GIG \G RI G\D URUDW VW ID]®I VHDRIGH | | H
FRUUHVSRQGLQJ FRRLIQBWL.RV VDR HGHIRN\AHG DQ HOEHFW VL]
UHSRUWHG LQ 5RZH UHVXOWH GSIDQ BQYH FXLOBGGYDE 8 O 8i\
PRUH FRQVHUYDWLYH HIIHFW VL]HRRRI G\DHOAXOQWE XV QQD WD
HITHFW VL]H Rl VDPASEBWHHLR FKEHDEG YIOW DOH VL]H RI DC

G\DGV LV JUHDWHWUHW KE\QWW K DO\L BEJHHIBIOF WQWL PR @M WD WBIW LR Q \



7TDEOH IXPEHU ROQEGW RV HRIH PWUKLTH M MWQLBRKYVHDUF

f2 f2 f2
R? R? R?

5HVHDUFK 4XHVWLRQ

JRU WKH ODVW BY% & RTKHW R/ R @ HY\WFIDRDFOX S R WHHIWG [\RW CONVS D
DQDO\VLV ZLWK QIGHSRQBERYW YI(DULDEOHV DQG RQH HQGRJH
+HUH P\ JRDO ZDVWKRHH[SDBRKHE W IOHD @ OXD/J H7 L Q SIXW Y@@ L
0/8Z IURP WZR FRPPXQUFDWHF¥R QW M[DXLRIQ DE FRW YSDUMV HY
VHPL VWUXFW X UH G LIUH b HSOWDL D @ MBAK RF W KIHI FRWOGRQLAH  HP
OLWHUDF\ RXWF R R D BMSDWD WHDONDG HDQWR3 & HWH BRPLQH WKH
QXPEHU RI SDUHQWRKKQLOHGGWIXGVQ X PP HW RU \P RVMGHAV SLOQF O X G H
IRU H[RJHQRXV Y DQEDIFOEHYW ERM Q UHR JE QURKFAWY B U HB BVNOYHR Q H
YDULDEOHVY DQ®&RYDULDQFHV RRBQRER SHYRX\UKEHD @ PBVEO AR G H (
LV VKRZQ LQ )LIXURGH® QREOKIGHPL[ BDUDPOMHHUM W H[RJIHQ
YDULDEOHV VLR® HJRFMQERXW K\D URDEQRX WRDW KBIEH®IG FRY
IRU H[RJHQRXV YDULDEOHV DQG RQMWDGL\DVEXWE DYKEHHRUWW K +
WKDW WKH UDWPER\RHED \LIQVS\I R ISIEDQD O WD VHGKRROG LEQHTV JX
WKH UHTXLUHG QX REKH RIHABDGW VMG \ V KRKICFEK KD YWHX E VW D
JUHDWHU WKDQ WKH DFKLHYHG VDWBOMKWLIBIFRV W KSIDW WLKFH. S
ZDV VXEVWDQWLD O DQ KQXGGHHGE RXH D B @I M 50 R QDRARSUH W KD W

QRWHZRUWK\ UHVXOWY ZRXOG VWLOO HPHUJH
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JLIXUH  3DWK G RUIDMRUNRUHWIBMUFK TXHVWLRQ
BURFHGXUHYV

7LPH 3URFHGXUHYV

8SRQ UHWXUQ RI WHKBEFKR (@DWPHOW 2R B R QW D E'® MGR WK KR G
WKH PRVW FRQY HQN HFLE DAL R Q U 2SDMKKHD WK G O G W KSURHXIKK R R O
ZHUH SURYLGHG FRWK/DLWUQ Y H® GHMAE BDD\CD UQ WI X XFRVLR Q V
WKH VWXG\ WDVNV DW SDUWLFLSD SV QURWP HE\ TKKIHNI WL ZD W\
RU RQH RI VHYHUDO WUDLQHG U HN HIBWWAKU RW\GL MWD QW W K 7K HF F
UHFRUGLQJ ZDV UHHWHWDLHYKHHG ¥ \| WRWL W KH FH\LIOBUFBHKM Y GLG Q

IDPLOLHVY KRPHVY DQG ZHUH QRW RUWHVHQW WKHUH GXULQJ G



7KH WUDYHO NLW FRQWDLQHG R QB UPODE MALIFOND U P EDIXU
UHFRUGLQJ HTXDSPMICRD V R Q KREZ WRU 8 [ WKHWHVXGE WB¥NV D
SURPSWLQJ FDUGV ZR®\K VQOEG L@ WRB¥MRARQX\Q LED WHRE 7KH
LQWHUDFWLRQ GXZRQG LA RPSHGWY [DRAF KRR P\ GVBDN O R ZGZHDV DX G L
XVLQJ KLJK TXDOLHW\VG ZXLWR® UH ERDUA RQWLKRQBEQW $QDO\
/(1$ /(1% )RXQGDWLRQ V\VWHP 7KH /(VY$]HHF®G GHWW QWR BI
RQ D VSHFLDO YHNKL @& U DIRNWHURWMEKGZHIU F KW XUQHG RQ IRU Wi
Rl WKH WDVNV DQG UHFRUGHG FKLOGUHQYV YHUEDO SURGXF
VWLPXODWLRQ IURP DGXOWYV

JRU WKH SXUSRVHVDRI\WRHHMXBUVSDHBH DVNHG WR RQO
WKH WDUJHW FIK O® \U R GOFKRH. IR QS EDMWHDQEKPBW PLIKW KDYH
LQ WKH KRXVHKROG D¥DNbiGQWR/ ZH UMD RER/P DX\ALRI DQG YLGF
VXFK DV 79 UDGLRGRQGQW MCKHS K R ORRISHGE WHAV GRQHEWLRQV
RQ KRZ WR FRQG XFW WKUHHW ZKRR P H PACDAMRINESE § HADFI XSG HQ FDV H
SDUWLFLSDQWVY VSHHFK ZDV UH F RIHG HGHIUJ WV ¥ 8 HIDEG LW R RAQIO
FKLOG DQG WKH WDUJHW FKLOGTV VSHHFK WR KLV KHU SDUH

3DUHQWY ZHUH DWNZHRS GALRI IF B R © &/HWWRHK WILQ HF KEADERD G L W K
RQH GHFRQWH [WXRQLRHG DF RIQWHU WIRBUFH D Q GAWHR MWHRGHUMFH SO
ZLWK D WR\ IDUR R/GI\R | SUKHHVWQZ R WP VRY RS LFR/QAZHHWH D Q G R
DVVLJQHG WR FR QK UHRFONNR B | S\R DVBIQPR. MO &/ HD  BXWRH R1 G\DG
YDULDELOLW\ RQQ@\OW RR B D 0HMMWQ DXQ0EI KHURP SHWH @RLIBY. I THUHQ
RI WKH WKUHH ODQUXIDHB BB DW{LEFH LIERMG YV HOUMDWQRG WR VW

ILUVWYT FRQGLWLIRIQWHIF DV &/ RYUDIF BRWH GRRUAHQIWR REWDL



SVI\IFKRPHWULFDOO\ VRXQG ODQJXD JW HADIPF/O HR U ®\DFBUWR ZIHRIOHA
PLOQXWHY UHJDUGOHWYWY R IL QRVZH O R )W NRHED/ LD\ S_KEHD OIDR LAD \

'HFRQWH[WXDOL]HG FRQYHUVDRLIVRORP P XRQWFSDAW H WHQW
SDUHQW FKLOG FRQYWKHIVWURE RE/RIFH) B EC RPMYHDUFKHUV
DEWLYLWLHY KROLGD\ FHOHEUDWURGEWHD@Y IDPLOORXWLQJ\
FROQYHUVDWLRQ WHRLS FD UIKIL®H ON IQBHIR IP\SRXIVYL RUK 1D G&LO G ZK T
ZHUH ZULWWHQ R Q HGQ W KRIIHW/R/HS © DIF INGDWQ 7 WIK\H SNRIPSHV L Q J F L
FROQWDLQHG LQVWUXHFIDLRENM W RRD WRQVOLWLDWH WKH FRQYE
TXHVWLRQ HJ 'R \RX UHPHPEHU MIVGVHWG E R ZHJI B HRKW O/GRJ My
DQG HODERUDW I RYPDVUKRXVRSURPSMRUH JKDMWHGIOWH' DQG R
HQGHG TXHVWLRQVFKHDIQLPPOW PHH KRXU IDYRULWH"

7KH SURPSWLQJ FD8UGQIVOWRX F R Q RIQWRIW KSHLUH B KO GO HQ
H[SHULHQFHG GLDWEROWQ SOHARIOPMB[WXDOL]HG FRQYHUVDWL
VWHS ODQJXDJH HXOHVLMPIMERDWSHFIYID SDARQWULEXWLRQ WR
FRPSOHWLRQ RI WKH RAKLANGBHQW UKR UGDWHERWWEHUH SURP S\
ILUVW UHSKUDVH WKH ODBIWQTXHY W LKRLF I Q@ LSOOV LEBR \RX OL
WKHQ JLYH D EULHI DFFRXQW RI:WH® L UZB M UNRIDID ZH[\S K U REXC
JRR , OLNHG ORRNLQJ DW WKH ZRQYEH/ GDKHHD R W«H LD QBN DR
FKLOG WR VKDUH KQD &O\U PQI FRWH BHWYDR® M GV FSEKUHQW YV ZH
SURYLGH WKHLU DBARXHN\ HU LW R A HERE 6 WIHRIX HN W FRKLQN \
IDYRULWH DQLPDCHEDXYWMKKHIZDD IYH BE\ WDOO 5LJKW

7KHVH VXJJHVWLRIQM LRAL QD KIRQZ WWRRHYL FURWP FARKQ DHEUNHIDW

EDVHG RQ SULRU UMAMNHIDMH A K PMWKLD/WIQMRRRR H | RISLIFQDW D WLPI



HEDFN FKDQQHOJY UXK SR&VEHD K UWRBHRILAMKLOG XWWHUDQFHYV
whf TXHVWLRQV DV IPHIQ VFRL GI® RRIOUV DPQ UHIN GHH) SUR G XH W
OF&DEH 3 HWRH U VRF@ DBV V 6FESWSWHGBWRAJDUGHG D

RI SDUHQW ODQJXDJH SURGXFHG G XD\ U MW B LIEORHEGY BH F D YALIR
H[SHFWHG WR RQO\ FRQVWLWXWH D YHU\ VPDOO SURSRUWLR
VRPH SDUHQWYV FKRRALIE MR SWRIPHWM BQ WKHLQ FRIOY IS0 VDWW WR
ZHUH DVNHG WR VXVWDLQ WKH FRQXWHVDWKHR QXIRU DI$SVIRR OF
SURPSWLQJ LQVWUXFWLRQV LV LQFOXGHG LQ $SSHQGL][ '

6HPL VWUXFWXUHG IRWK W DW K REH. WHDWN LRIV R WKH 7K
7DVN XVHG LQ VHYHUDO ODUJH V F DEONHD VW XSH \HD WX KKDI\G W KE
VWXG\ 9RJHO ;:XH NRUGXGHSLEXV\RDQGWRRH 1DWLRQDO ,QV\
&KLOG +HDOWK DQG #¥KPDQO'H&KIORG RHQB AWX&K L @ G & D U H
5HVHDUFK 1HWZRUN YHO NDWORRIMWHFSMP EDUQ DQG VHY
GLIIHUHQW SODVWHEOPD®@BWPDO]V % O RSANTXDLIVO\H W 7KLV V
ZDV GHVLJQHG WR 6 JOKIHO G UHD U RD DFR® RREZW HR URHR | SOD\
ZKLFK D FKLOG D QX HIY DO HRGE\S RAD/GYDH. W Q W R SOV HFE KD Q JH
SDUHQWYV ZHUH LW K WXXFHNV HIGL O/GMKHWI RHR FE HD@QW HSJORN LQ D PD
IHOW QDWXUDO I6fIPWE B URRQW R WDHVHRQ VHIPHQW DOO SDUH
ZLWK WKHLU FKLOG IRU DSSUR[LPDWHO\ PLQXWHYV
7LPH 3URFHGXUHYV

6RPHWLPH EHWZHHQ DQG PRQWKWDIWBUWNKHSTLWHQJ
IDPLOLHV ZHUH FRQWDFWHG DJDLQ RWRGUSTPU\Y R W\K\M R GR | SIS/

WKDW ZRXOG LQYRBKIHOGVN PNV PHQW KRIRAXH W DOF \E D MVOKDUA R1 V\



WHVWYVY 3DUHQWYV ZHUH DVNHG VE® DW EHUSNDDNKD LQ W/HKH\ WWAL®
DQ XSGDWH LQ UHQDBEIBRHW R RX URKAMWEHSHQW HQUFW KBIGFRQILUPD
IURP SULPDU\ FDUMHG HWWJKWH GERGMWWRUYV RI FKLOG FDUH VLWFE
WR FRQGXFW WKHUMNY BWYPHYMV VEKEXEVWZRQV RUQX® RQH |
VHVVLRQ LI LW VYOL\F MBIGHYZNVD KL QWD RQ HD ZHKH N VS WISIDEG URRP I
FDUH IDFLOLW\ \2Q10OV MDKUHF ISHUP K R RKFD @&/ KO HIDRIQ @QREK Q W\ 6 F K|
%RDUG DQG ZDV WUW\DH Q) MWK W RV IBDGW NEDR W \U M U H VRVRPI@X\FW H® O  V
GRXEOH VFRUHG FKOHFGI HEQQ WRHUHGOWREWYR/B VHFXUH GD

7KH IROORZ XS DVVHX¥WHXQXWEIZQRY PbRED&/WHG\VWVHWWM\D BD'
YDULRXV HPHUJHQ WM OSWHMFIXRRWON BOEDGCWAMKHO GBRQVIZXKWHG R
DVVHVVPHQWY HDRKXEMMKYWELGHMAUQWHG LQ GHWDLO EHORZ
DGPLQLVWUDWLRQ Z2DVRNUHWW BRQNWDRHOW , REWDLQHG FKL¢
SDUWLFLSDWLQJ IPKKLHG WOR OR@QW HWAY WWRISIS HNGH D VG QUHX XPH G
FKLOG ZDV FRPIRUWHEXH O%f5 HFRSVMHRQLWOWH/GE WIQSHS EVM GBEIR ( $W W
HDFK DVVHVVPHQWO GHADN RMK DHINFHKGVBIQ G JHHEZ S S GRISUZDWH VV

6\QWDFWLEKYDIGQUWAWTY FRPSHWIBYRMHMQNHED RRDE® J WKUHH
VWDQGDUGL]HG PHPWXEMAWX F\W M UBHH @ VERHOY YW B O WIKW LK@ R 1 /D
)XQGDPHQWDOV 3UBVWKRRO&SMHFBQG:KLJ 6HFRUG 6HPHO
FKLOGUHQOGXQGRUVEPNRQLQBFQHDPVIHI FRPSOH[LW\ LQFOX(
JUDPPDWLFDO DV ¥HFUWWV HEW HEK ZOFRBDKRIQRH W BIHWXQAGCH VY DVNH
RQH WKDW PRVW FRQNCH (PCHVF K B Y DMOKONN 1S [DHPVLFHWIH @ B
iThe woman who is holding the baby dropped her pufse’. 7KH VXEWHVW FRQWDLQV

DERXW ILYH PLQXWHOV/W QW K DG ML QHY WIRQN HKOW LRIHIZYYRQJ UHYV



7KH :RUG 6WUXFWXU B (MXEWRNDVRUWE EELWG WHRQIYGHUV
DQG XVH VSRNHQ WDRXIXDU HY DL B RXUWHAD R K B W IDRD S UIRIQRX Q V

GHULYDWLR®B W DR DORR U SK R O R J L QUQW HWHULEDIO WRKUWHP FK L0
FRPSOHWH VHQW H® FRWU X ¥ VXU W\D X QHWBHO SR OWBEW R YMM P X O L
WKH H[DPLQHU H ¥ WRKH GFKWIO GV KQHWNKEHQINRHUEF HFOMIPEHG T IRO

S U R PIBavnan is climbing a ladder. This is the ladder he 1T 7KLV VXEWHVW W

DSSUR[LPDWHO\ VB& RARQQRVAHWHNYQWRFRPSULVHYV LWHPV LW
FRQVHFXWLYH JHURYV

7KH &RQFHSWYV DQGNIIRRCQO/RY KQW HVWVA R D WKWHHE (KR O ®UHQ
DELOLW\ WR L @QMEHRK[FHUFEXW HURMFFD O (RR RD GNQ RW K@IFQUGE FRPSOF
'XULQJ DVVHVVPHSWH WHQHN KL RUIGHMIBWESR J GRXIHUHQW DQLPDOV
DVNHG WR SRLQW DWKRR® H IRMKV HF BIVWD IDRR FIXQ G ORFAUIWVIHY D SDUW I
H JPoinfito the monkey in the top row and then to the fish in the bottom roWy. Go7 K H
VXEWHVW KDV LWHPV UHTXLUHV DERXW PLQXWHYV RI DG
FRQVHFXWLYH JHURV DQG XQOLNH RWISHW VX ER/G \RW W KGRFIWVR

7KH UHOLDELOLWY{/DQG YDDODRBLWWVREWHDWWROR(AN 7UDQJIH |
DGHTXDWH WR H[FHOOHQW :LLJ HW \QJH W@ HYMWMWHR® 6 I/ XIBMAH V
FRHIILFLHQW DOSKD LQWHUQDO FRQWRVWHIFG VBOLWEKDOQWAL
FRQVLVWHQF\ UHOLDELOLW\ UDQJHWYW KIRPIRGHTXWR H FR®&HX&E
YDOLGLW\ ZLW I© MXKIXHDH HR WHB\QXIBHN R P TN XEWHWXW KDV WE
UHWHVW UHOLDBLIOAIWAQRY D O SIWRADRAHN\QIDM. WRIQIVD F MHQ\WF\ UD Q
IURP WR DQG UMWHRR R RXYDERPM. WWRD QIJHNHYW UHWHVW

RI WKH &)' VXEWHVIWFLWQW DW 8 KHIR@GW & U\QIAL WRIQDVAVWHQF\ Ut



IURP W R DQG WMWHRR®RXYDLERFS\. WWRDQJHQ DGGLWLRQ
VXEWHVWY DFFXKDWEON Q @HOWIEDOVERR@GHUWVWKLOGUHQ
/H[LFDO NILOGWHQYV FRPSBDWH QMR+ DG XVDHHRI \D XKW WH V W H C
GLIITHUHQW VWDQG BUJLFHGE WPHDNHX B RIVIE RO MK\HV& EH W 3 LV XV
HYDOXDWH FKLO GRYH G HY CCDEELHOQ W | IRV RYERMIH AR W IDHERES I FHW X ¥ Q W
HQFRXQWHUHG DW KRRH\D QR VWV MKKERIGMXIDW H VSAU HVKHILLDWH G ZL W
DW D WLPH D Q& A WHK STURIP/SANHRL G thisZAX B KY/iEatis phis person
doing"f WR YHUEDOO\ DNOMHIPXIOIN GHKSHLUWFMWEKGHYV XEWHYW LQHTXLUF
DGPLQLVWUDWLRQ WLPH LV PLB®VIRYD VBIG &W\LKH FHHRILURQ@HRL
7KH 5SHFHSWLYH 9RFDEX OKH ¥XEWHWRIO7ERWSRIHKHQVL
SKRQRORJLFDO DQG IUWHW7/283RFHRWQLIDQ :DIJQHU 7RUJHVHC
PHDVXUHV FKLYGUHRALNEX®PRIS WX K HQH[ DVWKLHQ WUKH SWHVHQW
VWLPXOXV WR WKH FKLOG DQG DVINIR XU A @0 XWHUU YW LIRRIQ W K
UHSUHVHQWYV WdrttomauseyH W K PHRHSWLYH 9RFDEXODU\ VXEW
LWHPV DQG KDV QR HPSWVHTRKHUBV QBB XRR [Q RWWWYWAVR DGPLQ!
7KH '"HILQLWLRQDO WR HOEWRBD BUWXETRRED PUHPYXVYHYSUHYV
YRFDEXODU\ DQG EODVIHRSORZ RHEGIHEMWLB Q GQIOMEFE \D WKW U L E
WKH WHVW W KMHBKWARGSIUR YLIGWHW DR UORIQAHARRG @ DBR®S RI LW
WKHQ DVNHG WR JILYH W IHR/G Y LIRS WARKRDHD &SUAM VIPHOQONLH GBI YLVW KH FKI
D SDJH ZLWK IRXW GLFWKXQW\D G 8 SHIFQNME W the/nddn@ Br al\of
these?] $IWHU WKH FKDRBIGQUHVSRWHW D HVKHFKREWW iglidei W LR Q V

7KH VXEWHVW WDNHY LDSSURYLWBRWHIM LM H U DR BVFR



7KH UHOLDELOLW\ DQGXEMHMN WY ARB WHHBEDUWVRROGY DUH
DGHTXDWH :LLJ HWKBWHVW{TV "™HVW UHWHVW UHOLDELOLW\ L
LOQWHUQDO FRELMNADMWHOIIFO JHHOILDRPW K/®RI LQWHE® B0 FRQVLV
UHOLDELOLW\ LV 7KH (9 VXEWIVWO RD & LMRRGL AWVRKQW XU B H QRN
PHDVXVHMQJH IURP BRUWHG/ KRQAXUKH GW WORDNBYW\IBR W
&7233 UDQJHV IURP XEWHHRVW KW ¥ H QW KW UWAHEDA. FFRIQOALW\ R
HW DO 7KH VO BAXVE BVEHY/IW KHDG URLRR@WNHIDON. ®IQE\ FIUWWKHD V' H [
LOQWHUQDO FR@MUWWWHRIQF\ NEI® LDDEM TUKHDONLHD BALEO\LW/ \URIW HYV /RQLJ
7TRUJHVRQ SDVKRWWH

&RGH UHODWKIGCOGNIH)Y FRPSHWHQFH LQ WKH SDHW R1 3:
VWDQGDUGL]|HG PHRI)V RO %ZROH QCGLYQ B WK BW B¥3B IRIHOPY WHKHYV
FKLOGUHQTV PE ZRIWE SR WQ CHPRBEERUWNRUEOHQGLQJ DW W
SKRQHPHV V\OODEOHHY WRE ZRIVGEANKHXOW RW WHKHH DX LQHU SUFK
FKLOG ZLWK SLFWXWHRERMHRWYV G IDFRHBAH\D RIDORS WRKAHSWYV WKH |
SRLQW DW WKH RQH WKDW FRUUHVSRQGY WR D ZRUG GHULYH
WKH HIDPLQHU VD\V WR FKLOG ZKKI® H 36dK &t\Wi@s® giches. IRXU SLF
Pig. Ball. Sun. Car. My word is ‘sunflower’. paunflower’. Now pointo ‘sunflower’ without
‘flower. ,Q WKH VHFRQGYKDNXDABY \WK H FKHWMO W IDQ/MN MK M/ R FRP
HOLVLRQ DQG EOH®QGDY S WHWHY WRNIBa\#WIEBeXsOUNdsHnake?
‘Spy’ >KDOI D VHERQ®%G SDKH NB®EWHVW KDV LWHPVY DQG WDNH\
PLOQXWHV WR DGELWLRWHVUR KDPLQGIRRARFULWRULFOQ WIDRQ S

IRU %OHQGLQJ \8DUDN HWHHD © WEW/MMNQWEN INGROBOVIEHRMO LD L O L

DQG UHVSHFWLYHO\ /RQLJDQ HW DO



$QDO\WLF OHDVXUHV

&KLOG DQG DGXOW IDFLOLW\ ZLW K/ IODIQO P DI MIH WD\SI G
DQDO\WHY VWDQGDUGL]HG DVVHVVREZGWODQGEKLODOLBEWSRUW
BWRFENPDQ 2 U D PRGBIQU K D DMV B @ GP N DY Y DA HRRJI WK H S X U
DVVHVVLQJ FXU WHQIWWHNXQUH SIUHBILFRPES ID\G B QOFIL\M M U DF WK H S UH
DW 7LPH ZKHQ FKLOGUHQ ZHUH DSBQRY{ DB B WRKOWS X\W DG RO
LQSXW Rl WKHLURSDHHARWGYHBGD N QDX QUMD ONJHED & Fi5 PRIG X KW LY LW
GLYHUVLW\ DQG V\QMRIFRR\FW R P SUHH LINYIROOVDHM XDJH VDP SO
HDFK LQWHUDFWL RO RO WRM W KO UF @ @ G UNH@DY VRIS VR IOHR U D W
TXHVWLRQ HDFK\FRGWHESWDZDWHHD@DEW WLPH DERXW D \HD!
ODQJXDJH DQG FRGZH UH @MDW H 8 WH\A. &KX YW B IKG D LEEDLWYRGH W HV W
PHDVXUHV RI YRFDEXODU\ JUDPPDU DQG SKRQRORJLFDO DZ
7LPH OHDVXUHVXDWRP 6/MRSIOH $QDO\VVLYV

7KUHH PHDVXUHV WRR W RIE VEDD GV 0 R@IKHDRW V@D P S\O HIVP A
QXPEHU RI GRUIGNUHIQW PHDQ OHQJWK R IDX\8WHRM QG HYVX FOE 8 U |
71: /HDGKROP OLOOHU OLOOBUHHWDPSOHYV Z HUKH WD
XVLQJ WKH 6\VWHP/MDWUK B3 DUDIQN RIDIGGHLY B3 H VAID V
VRIWZDUH DQG U XMDNX UHVHZ\M K H HHVAFDGN R W \) (RAGEDEE. OWGRH Q H U L
ODQJXDJH FRPSHWH@AHH GPXSROUMLIR@VEE \O P RV X\DA B QUDPSG L] H G
G\DGV 7KLV PHDQVHVKDMS O/ DHDWQH KRWR ERPHUKQROWILQHG
LPSOHPHQWHG LQ VRPH VWXGLHV 'BHPVOHAHJWH Y XAMWBIQ O R FK
DO 5RZH E XWX I/ @' GWLHDD \B KXHHBL 6 QW MURHWWKHU LQYH'

'LEFENLQVRQ 7DERUYV +RHRIWQVEHUD 1DLXRHV



+XWWHQORFKHU DRWDBOZLWK P DM BBNKHVIHBIOBK PUVGHBLVLRQ Z
PRWLYDWHG E\ GHWQIGLY WX 30 HOVHEHUBHDBMAHR\Q LR WEBWHUDFWLR
WKHVH UHIOHFW UHDO GLIITHUHQFHMS HQ LWIQHF FK'L OHRUH Q I b LR

S ,Q DGGLWLRQ LQFOXVLEBQR®XWKE OWEEX RIHGYD®G ¥
VKRUW GXUDWLRQ H J PLQXWHYR BHW RIHMHE HG DRSUH DXQMIMV0 MV

,Q FRQWUDVW VHJPHQWWR W D \LDGE BIRVIQQREYHAHOIDEIWM LRHQU H H [ F
I[URP WKH WUDQVFZFXGEGH® W IODENWIXUQQES DOAGP VS WARKDL®J EHWZ
DEWLYLWLHV 7 KHQ W WARH Q/FRS@E EINWIBOWNHED QGL Q DWW H QH[SHF\
LOQOWHUUXSWLRQHWNDN JD QG SGRWMW Q WUOL@QG LUWHFRWDRVQRQ RI QXU
ZDV DOVR H[FOXGHG IURP WKH WUDQVFULSWYV

S9HUEDO SURGXFWLYLW\ 7RWDE @WEEHG FRKLORAJGY: FDOF X
WKH FROOHFWHG ODQJXDJH VDPSOHV ZDV XVHG DV D YDULDE
SDUHQW DQG FKLIOBVXEHHAFXYV RENWDP L QOWHKGH EQ XA CEGHRX R D WR QG W
SURGXFHG E\ HDFK G\DG PHPEHU $ ZRUG WRNHQ ZDV GHILQH
LQWHOOLJLEOH FRQVLVWHQWO\ XWWYWG7E\ ERNVORR P XWHIG Bl DWW
XWWHUDQFHYVY SURGRIHW KEH B/IXHHERIMKNXMGHFD KQ LROJIHR UGYKDW LV
H dm,uh,ugh IDOVH VWhare WNsid-thdone UHSHWLANROQV H J
worked...he worked with patients DQ G UH IR U P XteD iveLfék@V. | iHean the doctor
issaying /HDGKROP OLOOPHU HW @O GHEGWLLIOEFBAB L RUGYV |
SDUWLDOO\ XQLQWHRE@SDHED K\ ERRDFIRHE EFQ RIREADGLQJ YH!I
SURGXFWLYLW\(ALWAK 'ROWBOKOCLQPLEW DO

$Q XWWHUDQFH ZDRR®G RAX@LH® \B VRROQWQRERQ \&L X\ VVR | VDKPD L

FODXVH ZLWK D @@ ID/S\S HPRGD JIH/U WWIOH KF O B XNWXHHER HGHLL@DIP D Q Q H!



/IREDQ 3D UW\F IR IMIRQ XR\GAN E\U BRRQFSAL IQRDENM_[5p]) oF, ReQ M
DQG FRQMXQFW LhoweverGnyoreoverycondequentZ HUH FRQVLGHUHG WR E|
& XQLWV $Q XWW HRIDLQF AODXYKLFKVDMRLQHG ZLWK D GHSHQC
VXERUGLQDWLQJ meoaugeXsmeaMi,. &tikoMghBIQIG U H O D WwhoHwIS8dW,R QR X Q V
what, that ZDV FRQVLGHUHG WR EH RQH &I %a3 hongry)iRiitobld B®® SOH D
find arestaurantZDV FRXQWHG DV WZR & X @ i finisty iod &y gd/todhe/ H Q W H (
park FRPSULVHG RQH & XQLW

S5HOLDELOLW\ DQG YDOL®G IFWL @ Q GLBFHM/ KEYH VEHAHBE® ORQJ
HVWDEOLVKHG .OH&KDSPDOQOOHUOLDMIHHW )OXVEHUJ HW DO
([FHOOHQW FRQVWHN XAW PHIOLOGCUIMW Y RE WE ORQOVWUDWH ZKHUH
71: ZDV KLJKO\ FRUUHODWHG ZLWK FKLOGQUWHRR ¥ YGHNYWHDMRLIFQHD
VDPSOKY DQGQ QDUUDWL YWJ D DIPE® 9% 0 DMVONPR G H U DNE M GFQJ L W H
YDOLGLW\ EHWZHHQ ® O/ G DY @IH B GREEX DQIGY W RW DGV SHU
73:Pr DQG WRWDO QXPEHU RI ZRUGV BHD VRXUWHMWAL PTLIOD |
71: ,Q DGGLWLARWH WERDWMBEHDOR WR RIH®ILWKRWHRVVHSDUDWH QDUU
IRU FKLOGUHQ LQ 4DD &KH JKHYBIQJL Q J )IURIFPO O\ W.RVWHU HW DO
VKRZHG WKDW WKH57IRUP G L EHQRWHRAV LIFI IFHUHS RN IHDMWH\G LBMM W ZH H
ROG FKLOGUHQ ZDWHGIHQDQWNLRKD GAWVIERQPLDURQYS R FRQPDOO WK
71: VWURQJO\ FRUUHUHHODWHN HLWRWYPORIDEKWHEEBWBRO RI
ODQJXDJH GLVRUSHU/ AW PWGCLYBY AFHDMWRI UHOLDELOLW\

/IH[LFDO GLYHUMLW\ GUXPHUHAIQN IZRUGBEDUHQW OLQJXLVWL
FKLOG YHUEDO RR@GSXWD ZIDIWVEW K HX WHEDW R AP MUQDE- WKIIWLA.G O D Q

1': LQGH[ ZzDV XVHGIIRM DIPHIXADXIWH TXDOLW\ LQ SDUWLFXODU



7KH YDULDEOH ZDV REWDLQHG E\ FRXRGKLFHIG DD\ OF L Ol G WDHXBWS
GXULQJ WKHLU LQWHUDFWLRQ

$ ZRUG W\SH ZDV RSHUDWLRQDOL]HTRDG DRRW W WL P$DR
ZRUG ZLWKRXWRIQ$®HPWYV R ik Walkirig UBWalked ZHUH UHJDUGHG |
RQH ZRUG W\SH cBtVD R HRARGNG YL WK DBEMIDRIIDO LR USKRORJ
SDVW W H@r¥ HS CRUP S D U yoheF LLSJWHH IR O P Bees O2-UD-DDAVR EH FRXQ
DV RQH ZRUG W\SHR U%BV FRQWKUG V\HQZP @ W S IR GIRWDDARLAR Q D
slowly ZHUH FRXQWHG VHSDUDWHO\ ,Q DPGELWLRID VEIURSB\H R QWD
SHUVR @lizabethLizzyLiz DQG FRPSRXQG SURSHU QDPHV VXFK DV E
ZHUH FRXQWHG DV RMQHTHRUIGHNBS S RUGY WKDW RFFXUUHG L
LH ILOOHUVSHMNOLWH RQWUMWYG UHIRUPXODWLRQV ZHUH QRYV

/HDGKROP OLOOHU

7KH 1': PHDVXUH KBR G\ PHXEMQWD OLGLW\ EDVHG RQ LWV
FKURQRORJLFDOIDMUHRAGIFKLOGRHFBQYHUVDWLRQDQ@QYDPSOHV
QDUUDWLYH VDPSQHVL\W D@VRUVHQ VIGW UG OB GIVRIH SHUIRU
GLIIHUHQWLDWHG ODGIBRXSCRIHQ HRWR B/, CNGIGHDT XIWYDOHQW FF
:DWNLQV .HOO\ @DU¥HUV *PRLQ DUABXQOHVWKDW WHPSRUDC
UHOLDELOLW\ RI WKH 1': PHDVXUH YDULHG IORXW WIHY DQ F HFF
VDPSOH WR LQ XWWHUDQFH VDPSQG HS LIV FUL B MQIR®DW F B D
YDOLGLW\ ZLWK VG HB 0HYVHEN SIWIRHFD BROQ G \L\Y HBVNUWD L Q H W ]
%ORPTXLVW 7 IXKMHIQ QAGRLIHIW KRIIUW MHVH VW XGLHV VXJJHVW

UHTXLUHG SV\FKRRRWURFK BVYWR & HDWLGHOY RORBPERXWO DU



6\QWDFWLF FRPSOH[LW\ OHDQ OHGQDWHKQRW XOW\E HRKD QRH W/ ¢
ZDV XVHG DV WKH WKLUG YDULDEOHY FKDUDFWHUL]JLQJ YHUE
PHDVXUH JDXJHG D%HRGXH G XIWWVKHRHDQFHHE W R WD FUMISFU AR P S
SDUWLFLSDQWVY VSHHFK DQRWKHEDZLPBQNXQQDQWH ® BQ FRXIX
ZRUGYV WRNHQV VHH GHILQLWLRQ DERYH VDLG E\ HDFK SDUYV
GHILQLWLRQ DERYWHED®Y & HCGWRMEDL @KW E I UWRI DXV SVIHUWMD L F L S D (
VDPSOH
$OWKRXJIK UHVHD UFKHQWCD Y)YH B @ W& P WL VKGILBIL W\ D (
UHOLDELOLW\ FDQ EH HVWDEOLVKHGQWKRIRKKIKPHR/P D &R V RDQ Pz
WUDGLWLRQDO PHDVXUH RI VIQWDRMWE¥\FRRBBW[WW\ STURLSFHKU K
&KDSPDQ SDVRKU %UBWBZ DQG O0/HMKBXRENM/R EH KLJI
FRUUHODWHG S5IUHBSRWWH®G D FRWUBIODWIRQ@W®RRXS RR WA\SLFDC
GHYHORSLQJ FKRGGYWHRUYRONHU DKBPRWW RSHUGHIFQV FRUUHODYV
EHWZHHQ WKH WZR PHDVXUHAKHVH UHVXOWY VXJIJHVW WKDW
0/8P KDYH VWURQJ FRQFXUUHQW YDOIHGQMY PG BHPRWHHG HIDQM
RI D PRUH ODERU LSOV QVEF HZ DRIGRKRWP WKH IHDU RI KDUPLQJ
LQGLFHV
7LPH OHDVXUHV IURP 6WDQGDUGL]JHG $VVHVVPHQW
&KLOGUHQYY HPHUJHQW OLWHUDF\ VNLOOV ZHUH REWDLC
6FRUHV IURP WKHNUHMHG VMXEW HXGWW.RP H KRLIOWEH VWLIRIIDWWDQGL
WKH VDPH VFDOH RQBWKKHRQL QURRXHS IBE& RNRLI QVKXQWKUHLQY HV W
YRFDEXODU\ JUDPPDUDDQGHYKIR/'YRORBLFWOQGDUGL]DWLRQ C

DUH GHVFULEHG LQ GHWDLO EHORZ



6\QWDFWLEKVY RGN TV UHFHSHWLYBPPQG WNLWKMMAERHUH PH
WKUHH GLIIHUHQ W) \8X E WW\MWE/MH IQMVR IR G85(H VEVE WXHRMWX WK H :RUG 6
6 VXEWHVW DQG WKH &RQFHSWV XE® HR®O BDIZQVF R U H ¥ VRLEF
DQG &)' VXEWHVWYVY UDQJH IURP WR6 VROEWHWVKWHUDIZINARBRY
JROORZLQJ WKH L QW U3XF W [LIRRL\Q HQ TWIKB-HYK DO FKLOGT
VFRUHV RQ HDFK R ZWKIH W KWDHHS DENG\HHNBK WK UG @Y DJIH DW V)
DVVHVVPHQW DQG WR ILW WKH VDRH DFDGBUIBRB FWROG ZKR
SURYLGHG FRUUHFW RQVIZEHQN RQW R BIS LWKHEBNVHWFDOHG D
UHIOHFWLQJ VFRUH RW K HSRE D Q/HNGWBIVAFIRKMHNO HFRVAL WKH 66 6
&)' VXEWHVWY DUH RQ WKH VDPH VEROHWHURRDVWEH RICFKLQ
VNLOOV ZDV REWDLQHG E\ DYHUDJLQJ WKH WKUHH VXEWHVW)

/H[LFDO ©KLOGVHQ YV UHPFHSWHLY R FIDEX ) SN WWH.® GV ZH Ut
WKUHH GLITHUHQSWWXE WYY \WR F DVEXW D UR P( % (MXEWHWVKH 5HEHS
9RFDEXODU\ 59 VXEWHVW IURP WKHDBQ 4 RFBE O DDQ G W K/ E
IURP WKH 3UH &7238% RQ@ZIVKFR(9 UDQJH IURP WR UDZ VFR
RI WKH 3UH &72333 UDQJH IURP WRH\ UDQGHRIQ R H WRV X EG\FH
DQG VWDQGDUGL]BW LFKQ CHERFAPBPKYHARUHY RQ WKH OH[LEDO V
FRPSOH[ WKDQ IRU RWKHU PHDVXURNW WKIED XGLHI RQHOQRY WHH
VFDOHG VFRUHVRJ/RBWHD LIQQDRVIGHO®®WYRFDEXOBUWYXNLUDZ VEF
WKUHH WHVWYVY ZHUH UHJUHVVHG R{HEKWBGILGHD O \D ZH DH) & DAY |
ODWHU XVHG DV FKLOGUHQYTV WHVIMQGFRQ HWKW KIDW H ¥ 8 B DH H
WKH DYHUDJH RI WKHVH VERUHV ZDMVAHD PH B ROWHH B | DRKE X& B8

VNLOOV ZLIWRKQDWKMDOWLSDRI WKH VARHIHYV &ZRX®G& | bOIQ EP WK H



PHDQ 7KLV PHWKRG Rl REWDLQLQJ DYHEWHIUMXFHIEVFRPGAV K
RWKHU VWXGLHVD® J /RORQDOD®W 3KLOOLSYV
3KRQRORJLFD®XRZOGHRAYY 3$ ZDV PHDVXUHG E\ RQH WZI
3UH &72333 WKH %OHQGLQJ DQG (ORWLED SAXERHHGXW HEL PRD DV
VXEWHVW FKLOQ/GW R QIWHPN VB® QWKHR®R OWXEGLIQVMWO @ G WER HV3UH
ZHUH FRPELQHG UHRUGHUHG DQG VHERIRUGWKH RUGLIQ B WR WK
7KH 723(/ UDZ VFRRRY WIRQJHRU (OLVDRB LWRPPVWR G URU WK
%OHQGLQJ LWHPNO \$R'OGLEXIHDRW RGWOQ QGKCHJ GX FFMGH VIR UHV UD
W R ZLWK D PHDQ RH RWEW Z IGMIS MQ GHKGIWD YD WIHIEGIV VHG U
ZDV XVHG IRU DQDWONDK\G ZKGOHF R KB HYFSUBWH@WISEURBBVHYV
7UDQVFULSWLRQ QRBB®UGL]BG G\6WDV VP HIHD 7TBL@ILVYVU D Q
'LIlTHUHQW W\SHV RI GDWD FROOHFWHG IRU WKH VWXG\ U
PDQLSXODWLRQ SURGHBWHBVDXGURW DRRIXDJH VDPSOHYV ZHUFL
LQIRUPDWLRQ PDWHULDOV WUDLQH®JZHRAR & XROEHNVD ID@HG VIG P R
ZHEVLWH 7KH WWDBOQRQYLGH® W R FIRXEHEMH®LIUD AXQWH UHVHDUT
ZHUH WDXJKW W RJW UWIDP\EFOUH\E i Q0 D RBIRESG D GRIQ YHYW LR QV 7U
UHTXLUHG DSSUR[LPPR/FBPSOHWRX UM DUDVYRBRRXORBWE®FHG XUH
HVWDEOLVK LQWHUUDWHU UH O L DEH GRU W\ KZH. \& R O/OKHHF \8 H GPOD @ .
ZDV FKRVHQ IRU ¥R VVWIXOUS\RAMH. EIHIAE 2 H MKAK BULPQG\WKHQ EU
VL[ PLQXWH VHIPHBWAM DXQ¥RUNBBGQRQH VHIJPHQW DW D WLP
IHHGEDFN RQ LWV SUFRFRKHUHDG L EH WRRJ IMOK W KQHH [W W R HI K@ VD JUHH |
UHDFKHG OLOOHUHKWWNEOW W KHSJUWWHW H B U AKDD\ODWRAHNEDWR ZRUT

WUDQVFULSFWRIORODHRWMWE K DWD (D F K BOPMFIXILEHIG VD P SIOHH 2\DW Ak



XQGHUJUDGXDWH UHVHDUFK DVVLVW DR D OZHIE W QMK\DDI Q FiHH P
7KHVH GLVFUHSDGRMLIHROQLDHW H DIGWHRLD YH & HD UFKH S U P D Q HII|
HQVXUH PD[LPXP DFBXU DF\V FDKH 1§ UPR Q ¥V Q LVKHIFEN B 8 XHEID H W U
VDPSOH DQG FRUUHFWHG DQ\ UHPDLQLQJ HUURUV ,Q FDVHYV
WR GHFLGH KRZ WR QVYDBYG H L\EHJ P HIQR\R UVKZHH 631 FRRW D FW H G
IRU KHOS WR UHVROYH WKH XQFHUWDLQW\
1H[W WUDQVFULEHG ODQJXDJH V D PRSIO¥HW WHIWMHQFRIG HER QR/
GHFRQWH[W XD O LM GRXmEJ RD 5D W B LWIQHDUDWMA EQ VERM BRHG W
LI SDUHQWYV DQG RIGIXFGIGHGL L IHEHIHIER SMP IR PVOXD\O RIHGHO D Q J X D
WZR LQWHUDFWLRQ VHWWLQJV WKW ¥ H DVXILEBWLHVHW K F KD B3 k
SRVVLEOH GLIIH UG WALLDHID W/I W F/B0D Bl B Q UAHKQW GO RRWFRPHYV &
H[DPSOHV RI GHFRQWBIW ¥RGL]J}GIORP RWKHU VWXGLHV 'HPL
7DERUV , SUHBDYWRBWRFRG ®HW RLOVIQH RRKEHYDMKDW Z
WR WKH WUDQVF WBLEHG SO Q W WHWDORHYERXQWDHREQH WKL
DQG HYHQWYV WKD W G RW WSBWRDDOD SHRRMNE® WRPHW QG V)
UHFHLYHG FRGH '76 ([DPSOHV RI VXPK XAMWHIWDE BH VRIXJOOMX G
WR UHDG’ 3:KDW GLBKMWRRXOJWRGEHR" DQ@PMDHY RDOWWHRPQLPDOV"”
RWKHU KDQG XWWH FRQ ML @ K\CD/D KB]IRGS GRIPR QWHH UM¥EBILY HG G
7KHLU H[DPSOHV\RFDXGW WR JR RRQURBAD MW VW DAKGH XS
PRPP\ SLJ DQG GDGG\ SLF,JRLMNR WHRNEDWHUMLRQ RI WKH FF
PDQXDO LV SURYLG[HG LIQHWKH BB EHGQGHGHDWE KHWD EADEOH GD)\
XQGHUJUDGXDWH UHVHDUFK DV VIQGHBH ZHYWQ\UKRG GUD L @

WUDQVFULSWV WKDW Q@GR FEMVHRHADVHY WKH LQWHU FRGHI



)LEQDOO\ VWDQGD W3 LA K GOBVMVHMWPHBRUO E QW W YWPAMK DFRZD
FRQGXFWHG E\ WKHUSU LWDYWH BEHWMRQDWB VHOQHG WRURRUNVKRSV
DGPLQLVWHU DQG VFRUH D UDQJHKRI&MWDQ GDQG LU IS &\7H23 B3V
JXUWKHUPRUH |, KDRFHNH [BIHRQHID PIDHBEW DN VEBMHIBFEEGWBNY DQ L
ODE WHVW VFRUGIURY KK LUOGUW QMFYRPIBSOFIRVIHMHA VY ZDIANKH ILHOG
DGPLQLVWUDWLRQ 7KH VHFRQG VORGDMNW OVMRRMNUS Q DAFBHDILQ R\GK
XQGHUJUDGXDWH WRVHBDRFEGDV N R WWMNMNIWK VHGE HQ WKKERW DV V HV

GLVFUHSDQFLHV UBVWRRRWH® E \Z HUHN KM KHHS$ D RIEQ@DIW DRVQ R VFR U

GLVFXVVLRQ



&+$37(5 )285

5(68/76

BUHOLPLQDU\ $QDO\VHYV

$QDO\]HG GDWD LPHDXGHIEBY7RP B PR X QW [RF VG HH.FYK! UM W \
VIQWDFWLF FRPSOHYLMKLIR® G\BG Y HEFQ WIKRIH A RFRW R K@Y SO D\
FRQYHUVDWLRQ D QIBNVDRIMKVRRIQQFH[X\GHG' 7LPH PHDVXUHV R
OLWHUDF\ VNLOOV YRFDEXODU\ JUDRAMDIMLRIYG B GOMDDWX W
GLVSHUVLRQ IRU BORHBDXHBW DUH BKHVH Q WHIGGLQ 3UHOLPLQ
DQDO\WHY DOVR LQFOXGHG H[DPLQIWDRG LRIJQRHPHQ QW \l FSU W
NXUWRVLYV DQG WKH SUHVHQFH RI RXWOLHUV
'"HVFULSWLYHYV

7R JDLQ D JHQH UDHUW RN HR BD @ KOHMKDYFMAHGD PG GAHAH FRU H
VWXG\ ZHUH UHO LW B @/H YCH) GJ D B S IWHYIHES \ RUHH SRV QU D Q V IR U
UHPRYDO RI RXWOWPBQGDRIDGNYRLOQG ¥KQY ®RI7$D UHQW @® 0/8Z
ZHUH FRPSDUHG WR WKH UHSRUWYV IWRAPK SFLRLARRID UQ V R @ W LYIDAWL
PHDQLQJIXO DQ HVIRRURWF XD \R © DGHGG K M IV QW KIDDAD WXIBIRHIU WIHP S O +
FRPSDUDEOH G XUDWIFRQ LDUHG WKPRV BAMAWRSCODUD FIRRIQAMM MV V- "H V-
VWDWLVWLFV R&UDEN DRIQ@ L\ KSR Q B@KMH FSKULKOVGH QW & WX G\ DUH
7DEOH  %HFDXVIHOWGLE SIANH GWGFRRW SURYLGH HLWKHU WKH
GHFRQWH[WXDOL]HIP AR QYHEX\D VELLRAQ SYRROML B HV K IV HRRVP KO W W
ZHUH OLVW ZLVH HEHONEGHSWURR DIXBG\VIBY K MHYDURWH FRQ

ZHUH UHWDLQHG D@ W XK\N HGWHRF WMISHWKQYPNHIPHQWHG ODQJXDJH



7TDEOH '"HVFULSWWYRY RUODKABHXGIHID/DPSOHYVY FROOHFWHG I

1 OLQ O0D]J OHDQ SD

30D\
&RQYHU\
7RWDO

'KHQ WKH YDOXHVIRI FKLDGGE HQTVHSROWH® U FRESDUH
WR WKRVH IURP WKH U H GDIDV HDG S/HDMUBIWGRY B M) IR\ H FDPHWDH 'R O
DO UHSRUWHG RLIQDAW I6 YSWDLDQ JUB M VYL RIQUZ MWKKHEU VDPSOH
\HDU ROGV RRGXFHGDJH GUIISDHQW ZRUGWRWDO ZRUGYV
'KHQ FRPSDUHG ZLQWKRW®HBJKDQXHW @M\ 71: FRWAW REWDLQHG
VWXG\ DSSHDUV WRPHD @ LUIKHYV LEXHMOMYERIXG! U2RQDWG DYHUDJH
0/8Z RI FKLOGUHQ URPBRH SHHPNQWD RN RORZHUNWEDIVL )RU L
5LFH HW DO R RJHHAKROUW KGJRHW 0/8Z FRX FWLIRGUH Q
0/8Z SD KRZHYHU WKRVH REWDQBOWE R QP WEKXWED 8 DD \R |
VHVVLRQ 2YHUDOO UMHO@MRWR XIW DAHIBQWIVE DGCGHPRFSWKBW LQ V
VWXG\ WKH PHD QYJNXOW MV R H DAVRKWHINY BWR\PL Y K HD®@DYRPHZKHU |
EHWZHHQ WKRVH IRKIOEG URSRWIVRY G RERWW XQDYHOEDQW VDP S
GLIIHUHQFHV PHDWXXGEVFD®®GRWK EW G5 WMRHWW B \QFRRPISIDWL Y H VI
SXEOLVKHG LQ /HDGKROP DQG OLOOHU

5HODWHGO\ SULP DD @DALHH. PHD \RBUBH\D B BIG QRRV [E 9 FEU P C
VDPSOH EHFDXVH VXFK GDWDEDVHW\E R [QRW LFXU BBWNOR H RV
ODQJXDJH GLUHFWHG WR \RXQJ FKLOGREQ ENVFWRHGYLS$ G D WEDX
RQO\ FRQWDLQV YRKPEHU D DG XIGW DPREDPHIDW LRIV SHU GC

FRQYHUVDWLRQD@® WKL Q¥ D 0 RHNL®FD B SRINEDE AL-DWR BRDWLR Q



7TDEOH '"HVFULSWIPFRIMWVOQOMR RIFKEE HARNV\O BIQAGE DO QALY HWLF FRP

OLQ O0D] OHDQ SD 6NHZQ .XUWRVLYV

8 71: '
o 1
> 0/8
o 71:;
n '
g 1
n 0/8
= 71:
x .
=1

0/8

Nott1 YDULDEOH LV VNMZAHGSHB QG BDPNDUW BIUXMDHE RH WK XQPREQ
QRUPDOO\ GLVWULEXWN HG 6HRIUGKIPLIRIIFRURY 6PLUQRY WHVWYV
Note2 )RU WRWDO DQGHSORW PRIDWNKKWZYHRY NXUWRY IMUURU IR U
FRQYHUVDWLRQ PMEMXQHVVHUURQ&WHWURU RI NXUW
VSHHFK SURSHUWLHV WKDW PD\ EH3RQHBW W GHV F ULISRWLLYGH F
IROORZLQJ YDOXH\WDRH EQEKWWRBEWDLBEG BEGYQRI D PLQ:
VHVVLRQ 79D DQG 1': SD 6RQJ HW DO DQG :HL]PD
6QRZ UHSROWRIGL@KMDAXHV 71:1': DQBQG DQG
UHVSHFWLYHO\ ,Q VDIOHD YWRKEUDHE B OV ISUM B MAWHUDEDAW RGW QMY PH D Q |
SDUHQW 1': LQ P\ VDPW@&H WRZRIUWMMG ZEK LLW RMHRWON KX HD F W
WKDW ODQJXDJH VDPSOHV LQ WKH RRMBHW MKRQY W WX G)LHOD D1
VWXG\ SURYLGHG GHVFULSWLYH VWDWVURQIHW BQ SDUHQWSK/
VHHPLQJO\ KLJKHUHYL@W DOWILKHERPEBRSYOE/BSD RRWLQJ D
PLQXWH SOD\ VHVVBRQ BQEGLIYS D P L QUOVDHD IG|HIBRORMGHH UV D!
$OWKRXJK WKH PHDQ 0/8Z IRU SDUHQW\L\L Y GIUIKIDOXTK RERXRQ
ZRUG KLJKHU WKDQXIGQ WHKKH AOQUELLHE @WWEKHHU FRRRLE K B WO W K D 1

GXULQJ SOD\ ZKLHIs WH\SHDQ WDIW® 8 K@V W OHN\HHR WHRSIRHJUMW YV V X J J

ODQJXDJH PHDVXUHV LQ WKBORXDEEBMUPWEBE \WRURWKRUH VWX



7TDEOH '"HVFULSWLYHV IRU SDUHQW LDAP\ROQW R \QNS B AWK F GFHR|

OLQ O0D] OHDQ SD 6NHZQ .XUWRVLYV

8 71: :
o 1
> 0/8
o 71:;
n '
g 1
n 0/8
= 71:
x .
=1

0/8

Nott1 YDULDEOH LV VNMZAHGSHB QG BDPNDUTW BIUXMDHE RH WK XQPREQ
QRUPDOO\ GLVWULEXWN HG 6HRIUGKIPLIRIIFRURY 6PLUQRY WHVWYV
Note2 )RU WRWDO DQGHSORW PRIDWNKKWZYHRY NXUWRY IMUURU IR U
FRQYHUVDWLRQ PMEMXQHVVHUURQ&WHWURU RI NXUW
&KLOGUHQYV 7LPH VWDQGDUGL]HG WRVW KM PR VWR Y H
VDPSOHV SXEOLVKHG LQ WKH H[DPLQHUYTV PDQXDOV IRU WKH
723(/ /RQLJDQ HW D@®O FKROWKBNDMPSHMHHG WR EH FRPSDUL
VWDQGDUGL]DWLRQ JURXSV DV WKHLU DJH HIXGE& YSHUHQ\Y WER
UDQNV ZHUH VLPLORQ WKIH IRDEO& (/) FK L ® & B W& \RBRYHHID DI L E C
EHORZ RU DERYH WX I QRRLRDIMW K H LRE BARRHZAK BV HD EMWRZHHQ \
DQGY"SSHUFHQWLOH &HKLDGG HIHIV QHFHBWILY YRFDEXODU\ VFR
&72333 RQ DYHUDJH ZHU KHUR WHKDIQD W KIRMH VD PV8 O QRKUHADHD V
SKRQRORJLFDO DZDUHQHVV WHVW NVHFAU WK ZW WHKWHOGE I ¥ ALDH ST
PHDQV VWHPPHG HRPVWEEAQNDPSQNS DU LELSDPWWV HELFK O
LPSUHFLVH PHDVXUHPHQW RI PHDQV BMXG D\'RD® BWU &HGWHIYR S®
GDWDVHWYV DUH DRWH S KWOZF'D \QIR¥WD\S®VDMW HOZK MAR KLHIY WK H G L

EHWZHHQ WKH VDWE6BUQHWIH @ MNLDMDEIVD W KR/ MLW/DIWHGZ KH W K |

OLWHUDF\ VNLOO\VWBHW¥HKQWGWW RIGNGD QM HHJIRPOW BKHIQ RUP



7TDEOH '"HVFULSWHYR W Q R/UORRNALKDEBDE M W NDMVD @ VPWHVW V

1RUPDO
OLQ 0D[ OHDQ SD 3HUFH & XUYH
(TXLYDOHQW

SHFHSWL
O9RFDEXO

"HILQLWL
9RFDEXO

([SUHV VL
9RFDEXO

BHQWHOQ]
BWUXFW:
‘RUG

BWUXFW:
&RQFHSV

YROORZL
'LUHFWL

3KRQROF
$ZDUHQF

Note 1 n

$OWKRXJK WKH F KL Di6UFHD UGHVELUNEAMARE WRQY RIW W5 ILR WRA V
FKLOGUHQ ZLWK NQRZQ FRJQLWLYH HOMON RW LVQSRR V LED®II X
FKLOGUHQ ZLWK GLVRWGMKN W QBH IRIBQR K I8 G MUD/ WRWRO HFW LR Q
LQFOXGHG LQ WKHSYRNSGH V 7I0E @ H FEHW LRIQ SR Q WKFH. X@W V Z K
SODFHG WKHP LQ WKH ERWWRP DQBRZ DQG/WBSGDWRSRLC

VWDQGDUG SRLRW\) RUPDERYWH RDWSIIH VIK W IGHD \SRVVLELO

RI WHVWH® FKQO ®UBRQKXDJH UHSRWMDBQVPS D LEHPHIQW H, P E
RI FKLOGUHQ VIKRR® GNKXLWMDIQ®ISS @ DJUNG WK-DAW W KIHVG LV W

FKLOG VFRUHYV ZDV ZTKOHWHW R IDWRRKYWWDRIS ER W K LHJIGV RI VFEER



7TDEOH IXPEHUFRIUERUOGQUW®EH ERWWRP DQG DQG WRS

59 9 (9 66 6 &) 3%

%YRWWRP
%RWWRP
7TRS
7TRS

mgigisng SHFHSWLYH 9RFDEXODU\ '9 'HILQLWLRQDO 9RFDEX!
9RFDEXODU\ 66 6HQ W6 Q FRIUBNEW B WHERMRXQAH SRV DQG )ROOR?Z
'LUHFWLRQV 3% 3KRQRORJLFDO $ZDUHQHVV
(IWUHPH &DVHV
$00 SDUHQW DQG FKLOG 7LPH DQGIRUPMKHYPUHDEQRN
RXWOLHUV 2XW RI YDULDEOHV GHULOWGE VUR PG WH & B Q DX
VHYHQ ZHUH XO/Q\G RGP W& HYLHU WILR/QUMP® LQ MBUQRE OMHUD Q VIR
9LVXDO H[DPLQDWVYRBRRS BRWW R DQIEPH XSIDRWLNO VXTI B QWHG WK
ZHUH RXWOLHUWDY WKHLGKWNVGLLIENRWIERQ @1 IYWDR) MDKEHD B ¥ F X U D F \
REVHUYDWLRQV , GWWHVRLYIHA ZEE MAKE BPXIPPXB (DXHG/ IHOO L
WKH FXW RIl SRLQWY EH\RQG ZKLFRXMD RIEV H U YD WILRHD WXDUO A

IURP WKH PHDQ LQVERWYXFELEHBWLQRAMDY VYV DQMXKXKYREBNREVHUYD

IHOO RXWVLGH WKH FXW RIl YDOXHV ' FKLOG 71: LQ WKH
. SDUHQW 0/8 DFURVV WZR FRQWH[WYV ZDV FXW R
SDUHQW 0/8 LQ FRQYHUVDWLRQ ZDV FXW RIl YDOXH ZDV

, IXUWKHU H[DPLQHG HB FRKE R HWXDIVE KRIQAK MR VEKIMLHJUBPHO R
ZDUUDQWHG )LUWWH , STKUHW NFHLGS D QAARIUWHFEWOA PHON XUHG RU
QHLWKHU ZDV WKWK GDNE WKHWH,S\DUWLFLSDQWVY ODQJXDJH °
ILQDO ODQJXDJH WIUDRDMWAWH SW @ JEQSY RRWR QJVI SRIHPYV DQG Q.

UK\PHV UHDGLQJ RI ERRNV DQG WHLPLODU: EB®&OG YO/BR UPR YWE\D W



1RQH Rl WKHVH ZHUHH[B®®GHE LSOOV SEHP FKDUDFWHULVW
LQFOXGLQJIFKL 0GB HQY DHRIF}D P HEG RFMDKMILRQ ,DQ SULPDU\
FDUHJLYHU ZKRVH OB\ XDVKXDYWKOH FRCH ARF B MWQAHRE® DRBW H [\
VSHHFK DQG ODQJXEJH BDWKRORIRMALEDM WKDW $IGXFDWLR
H[SHULHQFH DOORZHG KHU WR NQRZURGAFKHVG KU E®JF\W B H DUFHF
VHVVLRQ LWWHKDMO KR UW WNHDQ\Q L QWHEURZD ¥ WOQMHE/R/XRM EUHHD | L F |
FRPPXQLFDWLRQ NMWHPWORLHGE R/G MXVEBIIUOK KEIDO/G V, LMD VR Q H G
ODWWHU VFHQDUE® H BEY FRUM 0 8 BAHH®MA K@ HL W HW KD V N L O ¢
SURGXFLQJ ODQJXDJRYOQW K BKYBHKKOE DRE PKDQHERXVRI\ SURG X
KLJK TXDOLW\ VSHHFK 7KHUHIRUH HSW SDUWRMW \OD® YGR U HN|
FKLOG 71: FRXQW LQ WKH SOD\ VRIQUW GOW Z WK B RZ \RKIQ/ I ¥
FKLOGUHQ LQ WKH VI SUDH NAHKR RHY/® WIRHW BWH QVMQOW DR ZRUG V
LQ DGGLWLRQ WXGORE KLHOG \ZD'Q W EMRUIRG I B HG 2L R\ WAKKLFK ZD
DW\SLFDO , EHOLHYH WKDW VKH SHRMGKPHBRVPEDR Q DWLPRRX QW W
UHDVRQV ERWK BDQ@KE ALK ZMW XRIWH COUQU®D @M XI/H 8 R YDROW  Z
9LVXDO H[DPLQDWVRBDRRS BRWWRDQmBP TXDQWLOH TXDQWLC
7LPH HPHUJHQW LWHYU-DIFE N®@ED BRQEBBR WKW OLHUY DPRQJ JU
3% VFRUHV DQG S8R WHI@MWL B D RXHV OLIUD RR Q@ I KWK HB Y RED BV K
GHVFULEHG LQ *ODVV DQ® ¥R SO\H\@ MRUPH RH GV WK IKWJR HVW D QG
JUDPPDU DQG 3% VFRUHV H[FHHGHG FALKB QWKIM V,KR O GY R DIBEW &
VFRUH PDUJLQDOO\ H[FHHGHG W KHRELNVRHUAY DVRL B & WK B K IOWH EZ+
IURP IXUWKHU DQWVSHFUAHG LI UAVKAN BIROZH Y RFHDIEK QBRUUHFW O\

UHFRUGHG %HFDXVH QR WHVW DGRUBLURWQOWLRQRFH IE®MD



H[DPLQDWLRQ R WUH B ZSDERWLHY. SRIQOWRH WKV M YRKEIDE SDUWLF
SDUWLFLSDQW VFRRE®0QQ WKH HHRBB G N XULWVK K LFRKP SRV LWH
YRFDEXODU\ VFR UMKWMKUHDQLUHK H VGHERG H GV R RW SWR WILFLSD QW {
VFRUH EHFDXVH GWV® HNAHQ\OWGH NOBHRR F U R O\N DOWEM EX-CB N O R S P H
1IRUPDOLW\ RI 'LVWULEXWLRQV
$OWKRXJK WKH EHQRQVRD Y8 LW WWDRGWRQ DQWVXORV HV
LQYROYLQJ 3HDUVRBRIWREOAW. R @ PRHRGMGIDAL B VDY FDXMBE UHJ L
GLOXWLRQ RU DWAHKH@QKDGAM RVR EUDFEKYX A R/Q [HQRW MHKH FRUUH |
. HQGDOO BWXDWNUH , GKH LK IO®R VR DUWPWBRQE GLVWULE
YDULDEOHV LQ WKBWL/OXGW IEN FDQMBE@RQ \§ R URDRH.GA\D
/IDQJXDJH VDPSOMNAFRUMWRI SDUHQW DQG FKLOG RUDO
FROOHFWHG DW 7LRH Q R® RYRHGP B DIREVMUMEWWREY BHU &UDF
RI WKXPE VHYHQNWHIUZDWER H\WQ P U WHYGE V N KLDQG 7\DNEZHYH VY DQG
NXUWRVLY WH\SW VW R WZY MW XWDWPRVLY GLYLGHG E\ VWDQG]
WKDW IHOO RXW YD®KHWVKRIFUDWIGFD 7 ZR RRHKHU VWDWLVWLFL
GLVWULEXWLRQ QRUPWDROY WP LW® R Y. DA NWW H VEKWD SIIOIRIJHG PR
VDPH YDULDEOHV DV QRQ QRUPDOO\LQLADEWHXWBGGPDUNHG
2XW Rl WKH VL[ PEIVRU H\D K HOG/HBENGDORX. WFRFRPELQHG U
WKH WZR FRQWH[WW¥Y MRQO\GRTYIH FZADIQRQDOIRHEB OO\ GLVWULE X
WZR RXW RI WKH YDKILIDE QHH Z /W SWYLWLYHO\ VNHZHG DQG NX
QH[W SRWHQWLDO @\LERW HXR Y P D ODE: G W WK B UARPELQHG OD
VDPSOH LW ZDV RQW\LPBONMEHYH S:RE® NV WH WD SKURK LV VHQ

QRUPDOLW\ YLRODWRRQUO VQ PSHOMHRWWLOHCOD VNWHZRWH DULDEO



VL[ PHDVXUHV EDVHRPRBRWKHFRQWB/R_YVFZDN SMHKIHHOQRMOPRJRUR
6PLUQRY DQG 6KDSLH R RIOWLWA VWKV DBEAXIWR VDWVZBBHUJL QD O

WKDQ WKH FXW RIlI SRLQW

7DEOH 1RUPDOQ® \FRWDMQYWLRQRERWIUDFLHBWRHEWDQG WUL
FKLOG DQG SDUHQWUQDE OXVIHJRB PEXMHYBRNELQHG FR

6NHZC .XUWF.ROPRJF 7LPH
spwlL 5DwWL 6PLUQ OKPSLYU Hywep
1RQ 7UDQ\ JEEEQ
&KLOG 7'

3%
7UDQVIRI JL%ZE
&KLOG 7

3%

1RQ 7UDQ\ JB%ZE
3DUHQW b
7UDQVIRI JL%ZE
3DUHQW 2

1RQ 7UDQ)\ JL%EE
3DUHQW b
7UDQVIRI JEEEQ
3DUHQW A

Notel p” p’ p’

Note2n IRU 3%

,Q RUGHU WR G HWHHU P DQ HDLH OMK/HZW WHRL D\ WH® XYDX\E MRIG E
FRQGXFWHG 3HDUVRQ SURGXFW PR PHQWZIERWKUERW K XRE FERWBH
FRUUHFWHG KMtHYDUR Q¥ (RDMA R F R ALE BVWH) AMKHAK R1 DVVRFLDWL
WKUHH 7LPH FKLOG RXWFRPHV % LQ/MQ MDWADHD ¥ RRULAHHIED WLLARHD \
DQG FKLOG ODQJXDJH PHDVXUHV DQGWH6H Q FKLEIOH R X '@ DROXH

JUH\ WRQHG FHOOVPDHOWOH BERWW UWQEEBHREUDQY IRDPDMNYWR Q



7DEOH %LYDULBWH LFRUQMO/DVMRHRTL FFFH D ¥ KUBI® D/IQG 7LPH
WUDQVIRUPHG FRDQGXDJE SDBEQM PHDVXUHYV

30D\ &RQYHUVD\ 7TRWDO
71: 1': 0/8z2 71: 1': 0/8z2 71: 1': 0/8z
&KLOG

9RFDEX
*UDPPD
3%

3DUHQW

9RFDEX
*UDPPD
3%

Notel p” p" p"
Note2 ,Q WRWBRORMWHBSWLQILQ SOD\ DQG ARIRYHBY DWLR@QGVIHRWWLQJIV
YRFDEXODU\ DQG JUDPPDU

&KLOG 71: SDUHQW 70/8 BRBQIDW HLRY WROGIWARMEL QHGH U
H[SUHVVHG XORQD QIDMXPLEFOW UDQV I WKPFD W LARQY W MEXKWV Z R QRK E
QRUPDO DFFRUGLQJ WR DOO WKUHH WBOWVR W RR DR U PDVWOK W \W &
WKH FRUUHODWLRQV EHWZHHQ FKLOG 7LPH RXWFRPHV DQG
FKLOG 71: QRWDE D JRKMWXIGHS LQ FPUH XK EN D\E MW YDOXHV I
FRUUHODWLRQV EPM\Z DG MKW DGVRROWARG PG SIROHYWD7 1: DC
0/8 GLG QRW %D VH ® RW KHKHYWE WDR. RIQ X GVWIKHE AKKOG 71: YL
ZDV VNHZHG DQG DWMWHQKBE®HRG WQ BOVKXEBBEWWRE XQFRUUHI
YHUVLRQV RI SDUHQMWS87D QD QBKSDERIQEAH FW HG GY AL VILRRP WKH
FRPELQHG FROQWH WV @HXYHWKHWD DQDO\VHYV

2XW RI WKH VL[ PEDYV XU H\D UH © WHBREFG WKH F® Y\WRUWM X DIOL |
VHWWLQJ WKUHH YDULDEDE@® DHISM/ EBRXUWL¥HGK VNG ZHG SD |
SDUHQW 0/8 +HUH DPDIOQY DMKID BARQVERHKVLW U HPWRUBO ORJ

WKH VWUHOUW LRRIQDENWZHHQ W UD QWVIHRG FDE LIDED R @ Q\GJ Vg



7LPH FKLOG RXWFRPHV ZHUH FRPSDAJHG UHRRRIGIWL QYU b @ M ZRLH
NXUWRVLV LVVXH¥\ D\O OQDSNVIYBVFFEWA EHEKIVEH QRUPDO $OVR
FRUUHODWLRQV EHRMHAHBQ G VP WBID QR/X RUBHRHOGH V LPHHU HYIDQU DO O E X
FDVHV VWURQJHU DQRPERW 8 MBONDBRWBHWEEOMH %DVHG RQ WK
HYLGHQFH , GHFUGREIWBRPX\GHFW K@ G¥11 :DIEG 05D UHPVW KH SO

FRQWH[W LQ IXUWKHU DQDO\VHV

7DEOH 1RUPDOQ®\FRWDMQNWLRQ BRHIILFLHOQWV IRU QRQ W
FKLOG DQG SDUHQWUQDE 0¥ HJ R P PSRIBWHDW XD O L1H G
6NHZC .XUWF.ROPRJF 7LPH
spwlL 5DwWL 6PLUQ OKPSLY Hywer
1RQ 7UDQ\ JBEEE
&KLOG 7'

3%
7UDQVIR| JL%ZE
&KLOG 7

3%

1RQ 7UDQ\ JB%ZE
3DUHQW b
7UDQVIR| JL%ZE
3DUHQW 2

1RQ 7UDQ\ JB%ZE
3DUHQW b
7UDQVIRI JEEEE
3DUHQW b

p- p”

2XW Rl WKH ODVWUVNWJRSVHVREDE®@ OHOQPUNKNDRDIVH VR FKV |

GHFRQWH[WXDOL]HG HHRQ YWHUWHDHV Y BXGELAERD EHNY SRWH QRX.DOO\ V



DFFRUGLQJ WR DOO WKUHH VWDWHVIWLAMBHG XQ G L MDRNHR WY U HRO
ZHUH WUDQVIRUPHX® WQRBQW KHIWKFRKIUIWOHS RXWFRPHYV ZHUH DQI
7TDEOH QRQ QRUPDOLW\ VWDWLWWMIRFYVDLPSE PRY QY GW)XQGBIORD |
RQ WKHVH UHVXOWY WUDQVIRUPHG SDUHQW 71: DORSP0/8 IUR

FRQYHUVDWLR QRUH UM WBIRDW RBIG DQDO\VHV

7DEOH 1RUPDOQ@ \FRWDOMQNYWLR® BRHIILFLHQWYV IRU QRQ W
FKLOG DQG SDUHQWUQ D8 0¥ HJ R P PGHRR § BVHHY) WX W O R [H
6NHZC .XUWF.ROPRJF 7LPH
spwlL 5DwlL 6PLUQ OKPSLU Hywee
1RQ 7UDQ\ JEEEE
&KLOG 7
3%
7UDQVIR| JL%ZE
&KLOG 7
3%
1RQ 7UDQ\ JE%EE
&KLOG 1°
3%
7UDQVIR| JL%ZE
&KLOG 1°
3%
1RQ 7UDQ\ JB%ZE
3DUHQW b
7UDQVIRI JEEEE
3DUHQW b
P’ p” p”

6WDQGDUGL]HG DVVHW BBYWW VAR WWRUR B W ORI VWMKHISHHH V H
FKLOG HPHUJHQW OLWHUDF\ VNLOWW ® W V7 M\PKHHH L @ FMINFH DRI WPD
WHVW VWDWLVW LFIMVIHRD® BFEXWZ B WEKXRM ROQH YDULDEOH = |

YRFDEXODU\ + WKHWDDIXW RI VNXJIQHUE YRIFVEKOOWDE\ VFRUHYV



PDUJLQDOO\ QHIJDWLYHO\ VNHZHG 7KBSROPRUGN RWYHPLW ZRY
RQO\ VLIJQLILFERBDE KOD WKHUDUIPRBOHUHVSHFWLYHO\ WKXV V:
WKH ILQGLQJ WKDW FRUIBG ZVHREFD EYRIAIDQRUPDOO\ GLVWULEXWE
RI WKH JUDPPDU 2ZBGH3® *ERDO®\ GLVWULEXWHG

,Q RUGHU WR DG®DBY W WKH DR ® IQRHEDWD YHOMWK/QHZBW L
YDOXHV , IROORZHG WHH BH® LGXWEHR WQHQ RUGHU WR PDNH
YRFDEXODU\ VEFRUHV WR EH SRVLW LRUHGBIQ G DNRR QKN MCOL@MWL ® DD
ZDV DGGHG WR HDFRKREVRXYIOW MR QRZWRW VFRAHQRWKH Qf
SRVLWLYH VERUHYV RZW WHI ¥ H HMHH R UM IGH HOGR 2HXVAK WARIUM R | E
KLIJIKHVW VEFRUH Rl $I\WRG WKDHW WMWK¥DGQHD G YHBUHY ZHUH
DW E\DGGLQJ D FRQVWDQW YDOXHURM H MR HHD/FAKG VERIUQH DQC
ORJDULWKPLF W U DHQN QRAU PViD K\H. RVQU DEAUMR KPR GOHWIFRMUHHG/ DJDLQ
WKH RULJLQDO UBDXODRU &R B URH VY R EDPL Q DWALRIQRRHGRNVKDW W |
WUDQVIRUPHG YRFDEXODU\ VFRUHV IHDUML QW LGFR Q U I U WNDHRZH F
VNHZQHVV DQ G XARVMRMXV W RWQEDWEFVUURU RWNXUWRVL)
.ROPRJRURY 6PLUQRY:DQI& WHWW\K Z S DHRERMIWQ RRH/GHVFUL S
VWDWLVWLFV IBUYWRBIEWODQV MARRBHED B UHDMKRDYH PITUNHG 2

DVWHULVN WKLMRQUBDVIRVIPE G Q @MW\ WEKNEVHTXHQW D

7DEOH '"HVFULSWHYKHWQRUOAK\KREDF\ VNLOOV DW 7L
1 OLQ O0D] OHDQ 6° BNHZC . XUWRVLYV
9RFDE X (
9RFDE X(
*UDPPDL
3%

Note 6 WDQGDUG HUURU RI VNHZQHVYV VWDQGDUG HUURU F



5HVHDUFK 4XHVWLRQ

7KH ILUVW UHVHDDER X\X HVKH. R G DS LRQNOE 6 WV DY H KN
PHDVXUHG E\ WKH /6$ DW WKH DJH RIJHG Q\GHDB W PGID B X HIBG B\D
FKLOGUHQYV 71: 1': PG WUBFRGWHKH FRPELQHG FRQWH[WV DW
SUHGLFWRU Y D WIHEIO/HYRFQ G XFKD O\GVFIRRAAD RE W Q GQ3HG DW 7L
WKH RXWFRPHV 7KUHH VHSDUDWH RAX@&W LHBIOAK WGHISHQY/GH R VY

7KH UHVXOWY RI WKH DQDO\VHVY DUH SUHVHQWHG LQ 7DEOH

7TDEOH &KLOG 7LPH PHDVXUHV SWHGLFWLQJ FKLOG 7LPH

t p F df p adj. B

9RFDEXODU\
2YHUDOO
71:
1':
0/8
*UDPPDU
2YHUDOO
71:
1':
0/8
3%
2YHUDOO
71:
1':
0/8

$V K\SRWKHVL]HG DHOWCH WRMDHML F RME R B @ 070 VD Q I KLIIFTHQV N L

7LPH SUHGLFWHQ FXLIDAP ¥ EFDBXGODEID WYHIWPHOO PRGHOV H[S
RI YDULDQFH PG HDBOF B QRO WYKRJ 1 K LRORSG H'O W PRIQON G DV

VWDWLVWLFDOG\GVEZIQDIQEDIPE GER FIRW WAKDLFEKWBWKH K\SRV

ZKHUH , SUHGLFWHG WKDW DOO WRVHH SOUUHRMWQWDULDEOHYV



%DVHG RQ H[W H@\KIDW DU RWHGIHW XHKILGE QH 6 TR 1 RRDQJOD Q
VNLOOV EHLQJ LQWS HBWS B8 QGKIMWFPIX\OBWHL BERE O HQ MDIKMAK ZR)>
WKH VWUXFW X R FPIRVE K I© W H,JU RV EIK UOGR HIQJE® RXW I't DQG 0
ZHUH FRUUHODWHG WR D SUREOHPRWXFW RRPHIOW FRQGHKG DV
DQDO\VHY IROORZHIBUEWPR GQWLEGROMWEHR | ARUBBEOPWNERQV VK
7DEOH  VXJJHVWHGY VI DME @/HW ZHKDHVW\G U RGEE® BYA D Q G
1': 7KH FROOLQHYYD WDIOMRVMOIBA EDWIMIR QHKWDMQ AR ZDTY: DQG 9,
IRU 1': WROHUDQFH ZDV DQGQ@FHZZDN |FOWQ G/ 8, )WZDOMH |
7KH PDMRULW\ RILWKHBWEOHVKBGUBO $QGCIHIANRQ 7 DONKH DV
1HWHU :DVVHUPDQ UHFREPHQGVY XVLRO® YDOWKWRHVKDQG
WROHUDQFH Y DORORML FR @& L\DIHOW UWR Q B FRE DAKK/HH V@ IKIW M/HK S U H (
9,) YDOXHV DERYHDQPBPH) G RUXWREHM BDHGLBWR UVKIHUH NHSW
PRGHOV 0\ GHFLVLRQ ZDV DOVR PRWOGDMARX @WXRIG\W D @ W DQ
OH[LEFDO VNLOOV DOWKRXJK UH®DWHGR QU B VARRFFHDIW RIODOH \
PHDVXUHV LQ WK LXO WM S GI\UQ PNGIROW INHX QIF DAL WR @ FRPPR
SUHGHILQHG OHQJWKW X R MWAKR Q HZ&K BRI D8 D OWHBL B WO R Q JH U

GXUDWLRQ KDG D KRGKHUQBK®IQHHIRHPMRFDEXODU\ LW

7DEOH %LYDULDRW FRRUOUHOPRXBWVRI VSHHFK OH[LFDO GL
FRPSOH[LW\

71: 1': 0/8

71:
1':
0/8

p WZR WDLOHG



5HVHDUFK 4XHVWLRQ

7KH VHFRQG UHVHDDER X MMIHL B B OZIMQ W QR/U B IDWZHGIIX S DI
DV PHDVXUHG E\ WK& G 6BKRWG7 RRIHD O IV B B BN XH) WG LEFDOMV D Q G D
WHVWLQJ D \HDU GDWHKH RIOLOAL IQLILFDQW 7LPH SUHGLFWR
+ ZDV XVHG DV D PRR \U B RJXKOBWYLEUE®RUFHVL@XH WR WKH FKLO
OLQJXLVWLF FRPSGINMHYFN SDWHKEWHIB: GHULYEG IURP WKH W
FRQWH[WVY DW 7LPH ZHU H Q& H ISILORFIDHERRD WD UUDPO@BY D Q (
VEFRUHV DW 7LPH XHUHKUMKHVR)S\D BERBMAVR RQW LZSHOMH KWHG RQ

GHSHQGHQW YDULPIEWKH TKAMHD ONWEHK® WWEHOSHUHVHQWHG L

7TDEOH 7TKUHH S DUMEKQ@W V7 ISRIHH G IPFHWRDOQW FFIRKALEDVG ZAVWIKE FRQW U R

t p F df p adj. R

9RFDEXODU\
2YHUDOO
&KLOG 1':
3DUHQW -
3DUHQW
3DUHQW (

*UDPPDU
2YHUDOO
&KLOG 1':
3DUHQW -
3DUHQW
3DUHQW (

3%
2YHUDOO
&KLOG 1':
3DUHQW -
3DUHQW
3DUHQW (

$O00 PRGHOV ZHUHQYW P WQ WW I$ N DHWERHM HFER GAAHQOWO BKLO G

IURP 7LPH ZDV D VWDWLVWLFDO®@ WKH QLULAYD @ WGHRID WIWVRIKO Fi



YRFDEXODU\ DV RXWFRPH QR SDUHQWQDOIXQWH POIWYKRYHK
1': DSSURDFKHG VRJOKIH MHFRQ G PR®RO W M K OFK\L. MF RXDW FR |
SDUHQW 71: DQG 1': ZHUH IRXQG WR SERGHNWQHKL QG FKIPGIG 9
ODQJXDJH SHUIRUPRGHD 7Q WK I KO IHIOWG B @V RIXWKRPSDUHQW
PHDVXUHY HPHUJHG DV VLJQLILFDQW SUHGLFWRUV ZLWK FKL
,Q RUGHU WR FKHFN IRU PXOWLF R OHDL\HDHM. WAHBHW R IQHS
PRPHQW FRUUHO R LARRY/O DDYEMRWMNFEQGXEMW HG $V VKRZQ LQ
DOO SDUHQW ODQJXDJH LQSXWOXDWK B EFQRH H 8 D W IFARRQ UE i GV
71: DQG 1': ZDV VWUR Q U BIIERW JKXW R/ LZAERWOOW. Q7HKDHU E VO & R@HFD U |
GLDJQRVWLFV DOVR IODJJHG WKHWHSW PR Y\l 711D EW R 0 HDWDRUFR
DQG 9,) ZDV  IRU SDUHQW 1': WROMUDQFBQADY,) ZDAPRUH S UA
SDUHQW 0/8 WROHUDQFH ZDV DQG 9,) ZDV 'XH WR DSS
UHPRYH RQH Rl WKEH\R Y®LIQHIUR Y EPIRIEHEOWH PURHRIVARIQ) SDUH Q
KDG VWDWLVWLFIFQ O WV RIQL ALADK W XMFARPLHOG Y HMH7 DEOH C
EHFDXVH EDVHG RQ\8WIIRW H] 5WHWHRGLAEWH 6 BWWB FFISLOG ODQ.

SDUHQW 71: SDUHQWHLG:LADWKIHWRGHOV DV D SUHGLFWR

7DEOH %LYDULDRW FRUHG\G [D/P RHEOWD @ | GLYHHHNVKL WA V\QWDF
FRPSOH[LW\

71: 1': 0/8

71:
1':
0/8

p WZR WDLOHG



7KH WKUHH PRGHONWKH 8B UHQ WXDL + ZHPIRWW @ 1| (SRIR GILKHV R
UHVXOWYV RI WKH QMZHY HI U H \SVULHRWH QW EDG $ DTUCHER0 W K D W
PXOWLFROOLQHDULW)\ DIIHFWHG B/UKDIP H BVHWLVH UQH W\ H PFDRAGHH\O T
UHPRYDO Rl WKH FROOLQHDU YDULDEOH OHG WR PRUH DFFXL
D VWDWLVWLFDO®\ WRUQDEGH Q@ B R RW\WKK HHVZRGSHIDUHQW OD
PHDVXUHV EHFDPH QRQ VLJQLILFDQWR @& XWH \PH KU § R W K H WV MAL |
QRW VXSSRUWHG , DQWLFLSDWH ® R BWL G H WXDWH © EV 8D DA
FKLOG 7LPH R U DG DDWQ INRPH S D RSHRIUQVER QORSI R PWERGHRYV ZR X

H[SODLQHG E\ SDUHQW SUHGLFWRUYDRYLBDED®H)G DERYH WKH F

7TDEOH 7ZR SDUHQW 7LPH PHDVXWH YR BSHN\H @1 A NRRIQEMR EO E

t p F df p adj. R

9RFDEXODU\
2YHUDOO
&KLOG 1':
3DUHQW
3DUHQW |

*UDPPDU
2YHUDOO
&KLOG 1':
3DUHQW
3DUHQW (

3%
2YHUDOO
&KLOG 1':
3DUHQW
3DUHQW |

SHVHDUFK 4XHVWLRQ
7KH WKLUG H[SOKRURPMNRUL R QHACHD B ER XIWH WH @ WSLRDWY/ IUEHGD D

SDUHQW RUDO OD@HKDUG WQ@RBRXGL ISWBMPW FRQW HKMMOB RXWEFF



7LPH  3ULRU WR FRQUGMPW L FK WKMMEDBHRHEVYMHR W/ SURGXFHC
G\DG PHPEHUV LQ WH\R W Q@WK UDFGHSHR® N QWLB GG )EKIVMWG YHUED
FRGHG IRU WKH SUMAXDOAHHTG ©\WRRIQWBFHY WKHQ , WDOOLH
XWWHUDQFHV LQ HH K KR GGV K DAV LURHDRRIKIC) DIMRIQF W LIR®V D QG
FRQWH[WV , FDOFXODWHG '/ GHQVRWWHE\\GXKDPOGLIO3 WW M QXD
GXUDWLRQ RI HDPKHRROLYHUVQ WLRRBWBGXFWHIED OQDO\VLYV RI Pt
GLIIHUHQFHV RI '/ DPRXQW DQG GHQVLW\ EHWZHHQ WKH WZR
VHSDUDWHO\ OHDQV VW DN@®MLY & HFQDRMOHREN/H \DHIBMHBNH Q G
WKH GDWD FROO NFH®MAQ DSUR WRIEEREUISHDSURGXERGHVDO G PRU
GHFRQWH[WXD O L]JHGE XWKW HURIQYAHHMW BWURQ DERXW SDVW HYHC

VWUXFWXUHG IUHH SOD\

7TDEOH SDUHQW DQG FKLOG GHFRWWWDQDNOL]HG ODQJXDJF

'"HFRQWH[W
&RQWH[WXL &RQYHUYV

1 0 6’ 0 6' t P
1XPEHU RI '/ S8WWHUDQFHV

&KLOG
3DUHQW

'HQVLW\ RI '/ SBWWHUDQFHYV

&KLOG
3DUHQW

+DYLQJ HVWDEOLVKG@GHWNKDW LW R O E B (G [V VWMLIKCHG WHMSSH
SURGXFHG ODQJXDNK DI VA WHW ARDVSBRQGE XIAHWSHDEA MRWHO D Q J X|
YDULDEOHV IURP W@ KHHVUAR WR Q@ R YBUHRGALHFW H Q LRKILD@G DQD O\

WKDW WKH PRGHONQMHGLY RRHAMRBDYXWHG E\ RQH RI WKH SDUHC



QDPHO\ 71: KDYLQJ VWFRUMHDERD ®LARQWQW VFDOH WKDQ WKH
IURP W R ZKHUHDV SDUHQW 0/BZ IRWR.QVWI®RFHH PBQLI
WKH VFDOLQJ LW XH: HDEXHSDDWH G LFKGCEHP EQLVKIKGE WKH VED
FRQWUDVW ZKLOBQSURVBHYILQJI R /M BIXWSKDPLOH Q WK WKR QH

$ WRWDO RI PRGH®VYZHSBX¥RQGRRBRI®YO DEEBVHPRGHO
ZLWK GLITHUHQW RIMWUPDILDMS\RVIRE HDFK RI WKH WKUHH RXV
SDWK PRGHOV DUH SUHVHQUWH® DWYUYRPNVOCHK@® Y DOQWHUFRY DUI
GLVSOD\HG IRU W KHPGIDNH LRV\Y IOWGH®D I[LW LQGLFHY DUH QRW
PRGHOV DUH 3VDWKKDWGIG KDY SWKKIHHRINS DWK PRIGHOV GLIIH
UHJUHVVLRQ PRGMDRQLAIWKHDG H[UFIBRRUNO RQ MK D OKDDXEMHI DEW H G
WKH ILUVW GLDJWKXMH WHKUHRJIRDQRRY SUHGLFWRU 7LPH SDU
WR SUHGLFW 7LPH $KUBGW R FDIERPDWXHOGHFR RWEAYHUVDWL
SDUHQW 1': DQG SDUHKGW R HWRPDW UG YOIPL $WWXMDEXK RQ
VWDQGDUG GHYLDWH®W LQHAURB WHKLHEG RREWH{ WV DMKLHRUH ZDV DC
RI LQ FKLOG YR FOLEFXOPHD YWV RWKDW WKLY YDULDEOH FRQW
YDULDQFH LQ WKH RXWFRPH ZKLOH KROCHILWY J1 R WKRIR W R H LDER
FRQWH[W H[SODLQMHG DQGRISDPDHRMNQ 0D ZF RIRPHWK HH [S@ DLQHG

$V VKRZQ LQ )LIXUHH SWHKE L\V¥FDVWR WROUDD BRHEHZ MW IB W LV W
VLIJQLILFDQW LQ WKH SDWK PRGH G BWHIEW FOVE QU FFK MOKGH JSDIP\
H[SODLQHG Rl YD ULINERPHW & B UHRIY W H YA\D W[ R Q DALR) H G D

SDUHQW 1': IURP WKH SOD\ FRQWH[W =
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J)LQDOO\ DV VKRZQ LQ )LJXUH QIRPL W IRH WHBW IS BPRGHROWVIR
3$ ZHUH IRXQG W&\ BEVH M DIV ID\VQMWL ZBOW RREHIOY W RRGH ILFDWLR
IRU VLIQV RI SRRU GDWD PRGHO ILWLWHFRXVE@ G WKIRLE B WWRICQ
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J)LIXUH 3SDWK GLBIDJDHPQRM @DRH XD IJHWR QD VIXPHY FBEKHGCGG 3$

7R H[DPLQH LI SDUHRXWH© D QR R DR @ HPLFARDYO/DOH [WL YWD MAD/QWV C
SUHGLFWHG FKLOGPRIOWRKRPINVI RR P D WRWHKUHLLH ¥ RRQ WFHKILIWV T XD U |
GLIIHUHQFH WHVWYV ZDV FRQGXFWHGLQ® RBEKIWHDBW FWRWRSDIU
ILW RI WKH PRGHO ZKHUH D GLIIHGHWYR HDALNOR WS D VOKNDXMHW F
GLITHUHQFH LQ WKH FKL VTXDUH YPOXWNVNFRIOWIKDHORRARH OV HRH
. OHYHO WKH PRGHO ZLWK FRYVYWWDEQRQWY\ A0V QR NMNF6G QR

WKDQ WKH EDVHOLQH PRGHO L QGBEBMKLROIWKKWY WHWHKIH BEWW D



VWDWLVWLFDOOWUW KQIQ W BID W B $VIDWAKHIH] WW RIKWKWMHPDOOHU YD

UHVXOWY DUH SUHWWKN BBWK ZZIDMKDNZ KIH JJIKMA W HDW EBI\V OLVW

7TDEOH &KL VTXDUH GLITHUHQFH WWR WR GIRE Y XU MCKI FEFDQ/\HWD

&RQVWUDLQHG 3DV 'LITHUH @PHDIOX | p

&KLOG 9RFDEXODU\

&RQY 71: 30D\ 71:
&RQY 1': 30D\ 71:
30D\ 71: &RQY 0/8
30D\ 1': &RQY 71:
&RQY 1': 30D\ 1':
30D\ 1': &RQY 0/8
30D\ 0/8 &RQY 71:
&RQY 1': 30D\ 0/8
30D\ 0/8 &RQY 0/8
&KLOG *UDPPDU
30D\ 71: &RQY 71:
&RQY 1': 30D\ 71:
30D\ 71: &RQY 0/8
30D\ 1': &RQY 71:
&RQY 1': 30D\ 1':
30D\ 1': &RQY 0/8
30D\ 0/8 &RQY 71:
30D\ 0/8 &RQY 1':
30D\ 0/8 &RQY 0/8
&KLOG 3%
&RQY 71: 30D\ 71:
&RQY 1': 30D\ 71:
30D\ 71: &RQY 0/8
30D\ 1': &RQY 71:
&RQY 1': 30D\ 1':
30D\ 1': &RQY 0/8
30D\ 0/8 &RQY 71:
&RQY 1': 30D\ 0/8
30D\ 0/8 &RQY 0/8

Noteln IRU FKLOG YRFDEXODU\ hQBWRBEOG JUDPPDU

Note2 &KL VTXDUH YDOXH

IRU DOO EDVHOLQH PRGHOV



JRU 7LPH FKLOG MR FDEXRD WL QWK B\R GHIDW/OK D/& NN DVED Q
VTIXDUH GLIIHUHQFH WHVWV SDUHQW 1': IURP WKH GHFRQWH
SUHGLFWRU RI ODWHU FKLOG YRFDBRGDID WHIQ WOV SWMKRG® B
FRQWH[WXDOL]HG SQW\ IVH W\ PQW KOH) & CED DHE WWW® U SUHGLFW
SDUHQW 0/8 IURP WRH]BE FRROQWYHUWWIWRRQ FKMWMELOUD PRDU W
WKH QLQH PRGHOW KDL M\¥ D @ WV FHIGFHD HWMW B LISBEUHQW 1': U
ZDV D EHWWHU S WH®EIPMDWRW KFRDIQF K DO@ PWUV/BWUR® PR G SDUHQ
IURP SOD\ ZDV D EWWDWH S DSUH@GW FIW:RIB R P )RRIQWIHPUHVDRKLOG 3$
RI WKH PRGHOV KID® VI\WBDINQW W IKABWTK BMW M/ \G LZIKHLLFHKQL Q GLED W +
ZHUH QR GLIIHUHQFHV ARH W S B H B QMWKDEEMGHMK D HH DADMLLQJ WKH V\
WKHLU HIITHFW RPHWRR ¥KPOGS RKRPRWKHVWR VOKRHFIOHDU FRQ
UHVXOWY HPHUJHG QR 2-DYUHDE\VEED® MMERROW) @ + WKH SDUHQW 1
YDULDEOH ZDBMHEVQVRY HIULHBA. FWR U R WKHKHLLD 6 DRMHVDFR K 1B W LVDHEDG

WKHVH SDWK PRGHOV



&+$37(5 ),9(

',6&866,21

7KLV LQYHVWLJDW QRIQOMRIPH G/ WARLEPICPUHODWLRQV EHWZ1
DQG SDUHQW ODQRXD EHDRBW D\LIQH B Q@OTIXUBDOR @ WEW LARQ ZKH
ZHUH \HDUV ROG DBTBXFKQWD GE®HQ JHQ@EAMDHAXAHGY B\ VWD QG
WHVWY DSSUR[LPEWH®M RG@E LW DRRO BWK I R/WX.EOH[SQIITHUHQW
SDUHQW ODQJXDJB DQ & FoQHF R QMXHD DR{H U H W\ LIQJIW HRUD FWL O G
XVLQJ D VHULHYV R GHDAWK D IQH OWWREDMLQ X QW L EWH G HFQ HDU O
FKLOG HPHUJHQW OLWHUDF\ VNLOOXO FK\L PRPB'H\W HBE HF WH P
VNLOOV DQG 3% CEG FRQIVU® VY8 FHKUR GRW LRARQIGAB QW XQLTX
SUHGLFWRUV RI DQ\ RI WKH WK UH B IRX WERRPVHHU ) B W WK H WP RXROWAE
UHJUHVVLRQ PRGH® QYR QB QRIX\WD KH IBA@I KW PG KX OIBVRXW FR P H
FKLOG 7LPH 1': ZDVLPRQW U REDOHGS R D VOIDQHVLRIPRGHOV
1': IURP WZR LQWHWIYFINQB GBRO®WM[0/8 IURP SOD\ SUHGLFWH
DQG JUDPPDU VNLOOV EXW QRW 3% GKBVWRWIXYMHROHEWQRD \
WKH RUGHU Rl WKH WKUHH UHVHDUFK TXHVWLRQV

&RQWLQXLW\ DQG ,QWHU 5HODWLRQV IRR\&KZOBH2UDO /D

$V DQWLFLSDWHGLGROQ\D ® | @IS @BKYHNS UHV HQW VDPSOH
WKHLU HPHUJHQW OLWHUDF\ VNLOOV PHRY XWKHG YID UH D Q FOHD MG
WKUHH RXWFRPH WPRUR O\ FRSRHU W DY & BIX\Y K HPHH FKX 0BV HPHU
VWDWLVWLFDOO®D WK QHH RD QWK HKP RGHIOV WXHPREBDVXUH R1 Ol
GLYHUVLW\ %DV HGLR{®G VEKN B PRMERQ & DRIV WKH WHKW HH PRGH

HDFK RQH ZRUG LQEBWRVHYDQ WK BURIGLOG YRFDEXODU\ VFF



JUDPPDU VFRUH LQFUHDVHG E\ DQG FKLOG 3% VFRUH LQF
K\SRWKHVHV QHLWKHU FKLOG 71: WRH PKIDVX WHSR | WEKHHAEHKD
RI VIQWDFWLF FRP SWHG L AWW HGQ D DX HR@ MBKKH 1R XIVFIRIPBIF\ LQ WK F
PRGHO ORUHRYHUW]RKXK EHW B WIRG G DHEH )GV PXOFKX YR DIDSBH U FRF
WKH EHWD FRHIILFHHQWOR 1': ARZHYGI WKRIVDIGI EGIGLQWHUS |
FDXWLRQ DV WKHWXOWHRO KN B0 \F B GUAKRJUWHQOD WILRDWLD RR QJ W K
FKLOG PHDVXUHV ZKLFK , ZLOO DRIQNKHU GLVEXVV ODWHU LC

7KH ILQGLQJ WKDW FKLOG 1': DW WKGLBWHR R IR | FIKV. MGV L J (
YRFDEXODU\ VNLOOV D \HDU ODWH 8ULR U QD BWHRIBRG/IGR X UW ¥ H
DO /IDQJXDJH BIYE BHMIGRANDBRUWRYXPU WKHBRPWDJIQLWXGH
UHODWLRQV LV QOWR QA L CCDON HEESBWWHG WKDW FKLOG 1': DV
H[SODLQHG RI WKHOYGD UHB B § W LLYOW KYURHF® EAKKOLDRUIX JKHID VW D Q G
WHVW WZR \HDUV O@HIOW J $BOWK RAMBEKM B FR XIQQVYRIFD EXOD U\ V|
H[SODLQHG E\ FKLOG 1': REWDLQHGVIW\ HB\WUFROWVRWDMNU HR B § |
OH[LFDO VNLOOV DUH DVVHVVHG P& OWXFSKO B WS B H N QW LLHIS W i
VDPSOH DQDO\VLE VRHVWADQ GW K R Y HEHHGUAHWLY H IUH@\DMQG O D\
SHUIRUPDQFH LV IRXRE WG VEMD QW HRIOWIRKEKVINQG : UHSRUWI
RUDO ODQJXDJHHENMISMOLW HPD QG OH [B\U R YADIVYKHI N @ FED EWDQ G D U C
LQ SUH NLQGHUJDUWMXKH[SDDLDGEH L\OXWHKHD VBEPH PDWHU )t

IRXQG WKDW LIUD @WWIDWRE B BRWY R 8 GVEK\HSOOUASQ W K X U
&RPPXQLFDWLYH 'HYRORISFSHODW QB & HIZNR XWD Q FRI WQKWURFDE X O |
PHDVXUHG ODWHU EAHSRH W DN \S D K PN R/GEHHVN QHRG | KRUW K H U

DUIJXPHQW DERXWNM[EYWHKQ GHHRIHFWR/Q RW X Q LAIXHIQFHNVVWLJID\



HPHUJHQW OLWHUDFQXGRHEHDORE BN GHER EWE & WWDFMOBVMRFLD\
GLIIHUHQW RUDOROD®FXDHE EWWEKBWBPH PHWKRG ZHUH VWUF
EHWZHHQ WKH VDPH VNLOOV PHDVXXKMWGVEHWLDIGIUHQW RVHK\M KFR
VHFWLRQDO FRUWKHOBWL R Q QEH O/BHAHIM W K BKHRIWHDHODWLRQ E
FKLOG 1': DQG D VWDQGDUGL]HG PHDWXUHG6RPUGBHIWQE HQUNI
SUHVHQWHG LQ SRT)OLWQWHW] DQBKHOR B'UHREKRIFODMMG ZLWK |
DQG 0/8 DW DQGWILWHO\ UHYG HFRWHAHEDW NG ¥ RWREXODU\ W
DQG ZLWK DQ HEXUOWDWALWHWR DN X OPDIWLHG RIQ WEKIHD FX P, EH (
WKH UHODWLYHQRQPRGH MO BURISE UARALHUDIGIFHNVL Q L KHLOOBF\ VN L C
ZDV IRXQG LQ ODUJUBDV P HOWKRWS RAWHKGHWR FRQRBBYDEOH VL.
LQGLYLGXDO GLIIKQUHQ AV FIKQ QWX IF EAREHF R 8 @ WILMWX WIKY DQ DO\
H[SODQDWLRQ IRU WKH UHODWLYHO\ PRGHUDWH UHODWLRQ E
FRPPHQVXUDWH /6% RBUDWD DWGDIURH. JHG PHDVXUHYV DW 7LPH
WKDW WKLV ODRX\CH QR SO DI W IR @\EDY WWXEHG ZLWKL

7KH ILQGLQJ OLQNEQE>X®D0GVHDL OO YZRQ GV VKIESBIT WH X O C
LPSRUWDQFH WKH SHMSHIIW DON N GLAGRHUDHAGN Z\LKADIWOKU JHU S UR
YRFDEXODULHV DV PHDVXUHG E\ OD & UXPQHVKBPBW B OGS V]
3$ D \HDU ODWHU 2QON IRIQK NR® X® \UGIDERY IQRIEG XWKIQM D FURYV
GHVLJQ DQG WK DW D/GALFG RAUNH UBFRELIKR RWRIXIRX QG WKDW ZKHUHI
\HDU ROG FKLOGUMWXYRIEDEX YWD QGDUGL]HG WHVWYV PRGH
WKH DJH RI FWIK®GDIH BW 0 REWDRKQEBQRYDNKHVDPSIOWH DQD
QRW FRUUHODWR WHW K6 PDWERUBREK ME K\SRWKHVL]HG WKDW WK

REVHUYHG GLVVRFLRWKRHY RODIQ:J XIDR ADVDER §0 B A& HRMVD GG LV



ORQIJLWXGLQDO RQYIDMWXU D WILRW VPXDI@V VRV IDYFBYE PHH@GW 0\
DGGUHVVHEWRUIV IEDBWD DPSOBURBEK MHEFRKYG DFKLOGUHQ ZKR

GHYHORSLQJ W\SLRDW®R VIHVDR'S YR YR G REH G B\HIBH LHVROYH LQF
UHSRUWHG E\ 6FDUERRBXRIKWKH HJQVLHNQEHWA HHIQHFKLOG YR
DQG 3$ WKDW SHUVLVWY DFURVV DVVHVVPHQW PHWKRGYV DQC
'KHQ FRPSDUHG ZLWHR RVK HPILQIU Q HW H/RSIOID\W GRDIVPW K D
PHWKRG GHVLJQV WKH DPRXQW RI HUSOBLLFHD® WNUOMDYF R XQ
VWXG\ DSSHDUV WR EH ODUJHU /RQLIBPRQUHROG® | R U D @ HIRU\
FRPSRVLWH FRQVLVWLQJ SULPDULOWHRG ¥R RIXEKKOLDOG WHGR\H 8 |
VHQVLWLYLW\ FRPSRVLWH D/ FRD Y \D Q & 60 LD UBDWHRIUUSD HW
UHSRUWHG VRRUKMW®D WLRQNWUEFHHWIMH@ BIGLOBFH[SWLYH Y
WHVW VFRUHV DW 0 DQG 3$DMWBR \HAKULY kO B R/URUM B OR @ 8 \R W R
DQG UHVSHFWDYHURQ)RQ PREVOAXTLAP LK HEIROG 1': ZDV
HQWHUHG LQWR W& 5 WHIG UFW VY QR @ IRHS B PKIHO B TXD OM G ,
FROMHFEWXUH WKDWI MK D F/RDMHPW QR IGRHGFARIXIOQH 6 HY D WIMDUQL E X W H
VPDOOHU WLPH ODJVEW D QIGHEYRDWKHVSRMIGEL'O PRUWKRO O\ FD
FKLOGUHQT\SBWHGEPI® WRPQ VWDQGDUGL]HG DVVHVVPHQWYV
/HDGKROP DQG OLOQKWHU HWBIGLOBDABEQ/NLOOV PHDVXUHG \
ODQJXDJH VDPSOH RQBIOWWISW RDKN @WIRAD DYDER OWWHIMKDEG SHU
VFRUHV REWDLQHG E\ VWDQGDUGL]HG WHVWLQJ
([WHQGLQJ WKH VWK \ WIKGIGQRQN EHUIMZAHHQ HDUO\ YRFEDE]
HVWDEOLVKHG L§WLK D V8 URRS-HEGMWENDRVHR b DV B LFRQ WL K M/ IO\ F

UHVWUXFWXULQJ UHRUJDQL]DWLRQDPRIEX\ND M B HROWALRIQWEH W



FKLOGUHQYTV JURZLQWMRFEEX®@® B% FRESIH Q V/IRQ IH\D @
OHWVDOD %HFDXVH PRVW H[LVWRE®Y VWRWLRQR®D X \R |
FRUUHODWLRQDO &KDQH\ /JRQDIDQ HW MIBGLWLREMIZHO
FRUURERUDWLRURRY WKMW KRG DQG RUVO RRQLWXB HQWDDOLQGL
EHQHILWY WKHK LGHGL RDWHEHDR RGBERWLRQY WHRYHHQ HDU
RI FKLOGUHQYTV RUMBLA QP\QD R B JW KHELRIX® B MAHW VDIEDW HPUH ORQ.
VWDEOH 8QGHUVWIXQWBLQO\ZKQBKODMEHKRAPNNIBDQW DUH LQWH!
KHOS HDUO\ FKLO®KQRR SUDH WH.IMUARGHKULWS GEHVQV DVE IQWN ITRU O
DQG VXSSRUW WK H GHVWALE Q YR QAN LHIXEV IDISS®) RITSRKEHDWY L R Q

1IH[W WXUQLQULWRLWEKD @R ZLWKLQ FKN ARG XIQQG XGJV H W/
EHWZHHQ FKLOG 71LMH) G Q&G AKLO G Y FOAD EX@® 3% DWDPIPPH |
QRWHZRUWK\ *LYHQ RWK D PEYIHD¥FG LR IDSWAHIRWVAK FRHVWERH URO|
YHUERVLW\ LQ WKR UTHY ©ORS R B QM TRYIGOPR/G WV KH CGIW M B QW L
ILUVW WR VXJIJHVW WKDW WKH D P RDQQMQRQ DOVIDXQU X O I M VELUR & M W
XQLTXHO\ SUH G L FM HVQRAH DU VO D WOHRM BT R SAHKMHIDQEHD WXW B G RQH
XVLQJ VWDQGDUGLHE QYHWWD®JFRKEH® /@ ROW XIQPHXHO\ SUHG
7LPH RXWFRPHV LV XQH[SHFWHG DRG ZBDVPG \RYQ MVKGILWKR G
IUDPHZRUN Rl WKHRPHUHKHDRYSYRDFKERLY$S DOQRBUQXPXGLHV
HYLGHQFH LQ VXS SRVAVWRRRWKG 6 RQWRHQIH PKNIOIBOM Q ZLWKLQ
WLPH +XWWHQORFKHU HW DO 06 F D U E RAKRLAIK V\Q W DIFGW_HF
ZHUH DQWLFLSDWHE OHR S{URSRUW DRP R | RXWHARPHYV LODUWLF
FKLOGUHQTV JUD RARDYH V F RQ HVK H FSEKH\OHEQ . /Y X ©®\D @IXD® JH P H

I[URP WKH FRPELQHGNVBRMIW W[IMWFD @ BUHMILD W HIG 2D QMKORKARLROWG 7L P |



RXWFRPHV VHH 7DEHOHLQ DR IGHIMHFRGIOV HPBQAULFDO EDVHYV WK
VWDWLVWLFDO GHD& PQ GV RWIR (DG ¥ WHOQ M| WLHEQW L DU: WR WKH D
H[SODLQHG YDULBBWH KRY WXHUR RWPRIBKGOBYVID WPHLILFDQW
SUHGLFWRU LQ WKH PXOWLYDULDWH UHJUHVVLRQ PRGHOV
6XFK GLVFRUG ZLOWKXH[H \PBL YIWEGIPWMHBPWRQXP EHUWNR/I PDC
SULRU VWXGLHV B\KW W £ R FROX\B KIKE VB MH G HL © RRQ VALY X/FHW W D W L R
DPRXQW OH[LFDONLDQG VUG RNDW G/ IRFEAELRIGHO DWLRQDO HYLGHQ
VDPH PHWKRG GHVLJQV DQG RU ZRUNHGEHMWRQB KGO R NG ZKIR
SRSXODWLRQV H J GMKDEHIPDQ 60D 7RPEDLQ ORUH
ULJRURXV VWDWLVWLFEDO DSSUR DWFLKH VO QN NS QYDAGHFUR Y
PHWKRG GDWD FROOMFWYRQ WM MKKBIDBXIHRVWH © & OLRYD FRWUMJ D W H
UHVXOWYV WKDW D X B HURFRSX WXW WADBQIQEOIDAUAR VWHW LIRKHR P SRV VLE
DQG FROOLQHDULW\LWI ISFEWWAL E DK-DEW R DI B HADWRIE RQRILVWLF G
WR WKH GLVFUHSDQF\ LQ ILQGLQJV
$OWHUQDWLYHO\ KRIUDL R UH® G IQMLLRRD MERHME DVWRKIN SEHIV H Q \
DOO FKLOG 7LPH \PHROALDWHVG ZHLUMK BAKKAHE RVFKHNA HE X7\ PRIQ O\ FK L
ZDV IRXQG WR EH DXWLS QHGERWYRW KAKLHE O B & EANKDHHHGYRG HO |
LV SRVVLEOH WK D WNALIOLO\G PORSADXEBIGEEB @ & ORSSLOHVEIRD@I X D J H
FRPSHWHQFH EHWWHU WKDQ RWKHW KDY BIWOHRGN PEHDH/X WHWH B C
OLQJXLVWLF VNLOO LQYROYHG LQ W KOH WHUM KM U7 & H YLHEBIDS W IK
VHPDQWLF NQRZOHGJH LV WKH |IRUNRRMWFEBPSHRMA QRE HV IK\H MUK
LGHD Rl WKH VHPDIQNLE\ ERWWNW.WD 3LENHRUGLQJ WR WKLV O

GHYHORSPHQW WIKWHRVU\O FBUQGARUIHB HDIQH\ QKB YCHQOBF DAWUH G Vv



DQG GLYHUVH OHPIF®W L FMVKW\RXVHDWH) VIQWDFWLEF JUDPPDWLFE
VIQWDFWLF FDWHUIBUEB® BWIXELHRSSURYLGHG VXSSRUW IRU \
PHEKDQLVP E\ DQDONLRQD Q\X M\ QMW K HIBN\OID W HRIDAK V@R \R X
FKLOGUHQ DQG FKLOGBDRQOVY GDPIMRQGDO &HVVLRQ (|
DUJXPHQW WR WKYVEOWMX\G K DIVWV ZLKUR 8 KL @HS[LAQRODGHYHORSPH
WKH RYHUDOO ODQRIDBMNWPTDQG VDLWLRY PRVW UHOLDEOH LQC
EHVW SUHGLFW RUX®DIJE DD/MHWRIGHONGIDO V

5ROH Rl 3DUHQW /D QH¥YMHIORBE@HREWORS (AN WBN@WVLWHUD

7KH WKUHH PXOWLSOH UHJUHVVLR Q@ PRGOIDW\ S UWHIBR DL QL
33 RXWFRPHV IURP 7L¥BiJH SYCOUH@W CHWQZH DK OODL Y @/DIWF D Q W
DFKLHYLQJ RI WKH YDULDQFH &RV LW HBHEE LW DR LSO G L
ILQGLQJV DOVR LQG6$ DD M GDVE KBIWH S DAKALIDRGV M DODGAD UG L]HG [
VHH 7DEOH + RIAHW R UV KKHR @WSIRW KHVL]HG RXWFRPHV IRU W
TXHVWLRQ 7LPH SDRSNQW DDQDKOMN LGPIHS FRWOSUREBWFRPHYV
DQG EH\RQG FKLOGLDWNR U$'D MDQU KB 1D BMY HEMWXRMG 7TURP WK
PRGHOV EHFDXVH LRV \LIW R REDOULHQM PR G HD © OW KHKRIGIO\ VWDV
VLIJQLILFDQW SUHGLFWRU RI FKLOERBRMURI Y WUQ D\E B H D F K ING
REWDLQHG DW 7LPHL]H GKEHXDV AFHREIFWEILQQN WHKDHD WHKW HH SD U H
FKLOG PRGHOV ZHHH @ LWK B O UUW RIONK WRR IF KALIOWEH P RFGKH O V

$ OLNHO\ H[SODQDVOIMRQ LIR W K R RKIFKH/® GOFOWD PHODN @ UXIIE D
RI KDG DOUHDG\ EWKHQ TIXID § MW\ M/G DERIX DT XD Q/IKBWRFKOLOG SDUV
UHFHLYHG IURP WU MUR SVD K WI/\X GBWK B KA @ WUHR)E NDHGDEOH W

VLIJQLILFDQW SUBIGKRWRUO GW MG LINWKID RRHYIBUWKBDEG LQ W



VXJIJHVW WKDW JGPWD FRDOOHFWIDRPHIGHIV. DB S QRDEWIBW PHD
SDUHQW ODQJXD YHDIQES YW\R GAGFO HQ M2 @ WD R Q RRA ILRMV HVQVO X HQ F
ODWHU ODQJXDJH DD BIVE R WHHRKA\O GAYRHELEIOW BQBRH X PRY LQV WD (
6KLPSL )HGHZD DQ®RIPGWVXUHE SDUHQW 1': HYHU\ PRQW
ELUWK XQWLO RXKISUW KD VD H. YIH UV IDWA RU SHW HEDAD OQ SIX HU\ W
VWURQJO\ FRUUHODWHG ZLWK FKLOG 71: DQG 1': REWDLQHG .
+XWWHQORFKHQ G \WDIOHW DOD ZKR XVHG KLHUDUEFEKLEDC
IRXQG WKDW DPRXQ@W LW GRD B PLUFHD@MBILRY B X WHOURRQ G H KLOG Ut
SUHGLFWHG WKHLUNYRBDEXW B U ) X0\ & HVIR/FOHIK R DWHEWH G WK |
SDUWLFLSDQWYV X VHQV WD BRESUGHK HHO WK H QW RIL @®WH @ IZH U H
ROG IRXQG WKDW QRNKWHHK YFRUBMEFHDM KHSOD[LEDO GLYHU\
SDUHQW ODQJXD DH G H Q HAMWHIG WWKRI \F KH U H \HDUV ROG 7KHV
WHQWDWLYKDMVD GLPDWMWXBWSDUWLFLSDQWY KDG EHHQ DVVH\
ODQJXDJH YDULDE O HM PR\ KWL JKILY HF B ®RW SDUHE DEWRRBVFKLOG (
VNLOOV +RZHYHU VXEVWDQWLDO \§LWVWUFDG DS DREOMKRE R
FXUUHQW DQG WKMWXDGRUHNP HQ V8 DRQEE XRWD B KOLEO/G QPH) RXDJH F
SUHFOXGH GUDZLQJ DQ\ GHILQLWLYH FRQFOXVLRQV
SHWXUQLQJ WR WD RRWN FOQ NRH OMKHH ODFN RI WKH UHODV
ODQJXDJH DQG FKLOG RXWFRPHV IRV WBR®O GKE D & \0 DWW H)XGD WH
SDUHQW ODQJXDM LD B XKW 8RB & DFVWIRIIN KQMWQ O EWHOGF\ LV F
H[WUHPHO\ FRQVHUYDWLYH EHFDXVHHIQW LI\Q & KW PHHI GH W \R VX bR
6SLHU 6LPLODU WR R® HVSHYHAMDDWHOR QH VWX GDWD O VW X (

ZKHQ FKLOG SULRDPDHOWHQUAPO N G/HNGE DO'NNVRWKMHI B O WHDQUM DO D Q J XL



FROWULEXWLRQ WR FKLOG RXW FR PWH ¥ HALIMPKH U WEDVD IP\DWVLLFFIDADA
VLIJQLILFDQW 5RZH +R&ZHYHU RQOXPRBHL RRDBAWQRU VWXGL}
FKLOG SUHYLRXV ODQJXDJH FRPSHWHORDDAFRBEQYWHGGI B UP
LQSXW WR EH D UREXVW SUHGLFW R3R RQ FW LFOR®) WRIRDJ HRQUNF® L
ODQJXDJH DELOLWLHW DOPLU 9HDWM 5LVOH\ +XWWHQO
+XWWHQORFKHU HW DO BRMEIDKVH P\ VWXG\TV K\SRWKH\
SUHYDLOLQMEKBGI[QUYWILQJ OLWHISBER\D W L R® UKD 1D § DIUH B W
ZRXOG EH IRXQG W R MH M FV/B/AKE O\ HEMOBRW WKH K\SRWKHVHV
VHFRQG UHVHDUFK YB H\HMIOR BDWHKIFGRR GV WE WV B R VSUL\RY VW X G L
5RZH DQG 6SLHUUH P R W DMW PAHWKH MR \PU QW LL\QVLFDO DS
UHSRUWHG QRQ VLJQLSDUH@QW OP@IBVINGE LK BIORWY R RI FKLO
ODQJXDJH FRQWUROV ZKLFK DFFREQMWQ\E LRGXWKH LQIOXHQF
,Q RUGHU WR LQYWKMULEDADN DN WIRSSPH\G WR B QMHKCH PLH F K [

RI LQIOXHQFH RRGIFKH QW OQ X WD JIHV L, RFRQRINAS R KW WE SIOGHGUH J U |
DQDO\VHV ZLWK 7LPH FKLOG 1': H[FOXIGMHG IBRBHQKH IPRBEG
0/8 VHUYLQJ DV SUHGLEXWRARPRV 7BPUHQW 71: ZDV DJDLQ H[F
PXOWLFROOLQHDULW\HALIW KD © D UW K WH. B'GPLR GAHDOQMZ HHDHF K H[S O L
Rl YDULDQFH LOQWFRL®WG HPFUVNRPBYJBG WDH/QWV MW DHW LV WLF
VLIJQLILFDQW SUHGLFWRU LQ DOOFWKDMH PEGHOM | B D UHIDRK
FKLOG YRFDEXODU\ VFRUH LQFUHDQWRGHDVHG EKLOG DQ B PPL
VFRUH LQFUHDVHG EHVXO0OWWH Q WHKKHE/W NMIDPHHRMOHBO HQ DV LQ W
RI VWXGLHY WKDWOBQGX®RW KrGWIERX® US DALHYGW WIRF\ PD\ EH

FRQVLGHUHG D O DBRRW B UH VWIS WQRFFEEK@MBUD J FKDLPEDYR DQG 3



ODWWHU ILQG L\ QIRM/HSRUW KF EGIF BB/ W K DWGRHPURI) VW S MY W L F
ODQJXDJH QRW RQO\ EHQHILFLDO OV DHKVWF W9 \FK KDF BB DWLLY
VPDOO LQIOXHQFH \R@ WHKHKIL G & YAHRBRHSEH @ B WAH 6 DWNHL OFIKLO G 3 §
ILQGLQJ LV WKH RYL\GH WHRHES DAMEWREGSHWRIL VXFK D UHODWLRQ

'KHQ FRQVLGHUHGGURUYWOR PWKKHI BMZRK STOHP\DWL RIHW HQ G
WKDW OH[LFDO VNLOOV Rl FKLOGBEQNHU EHWKHL P RO\ BLDHES @
SURILOH DQG DV VXFKVRHG EQ DVWOHBERHQOMQRI GKWGIGDF\ FRP!
'KDW LV PRUH OHRL D i6Q WHIUYS X¥\H © B L W HRIE HR W IKED R'Y H U D C
TXDOLW\ RI KRPH ODQJXDJH HQYLURIRRHDGH DR QYE | WKIHW HR R URMI
LOQDGHTXDWH FKLOG \WDKRROUWU R D GA® i$ QW WL & H USIDHNWH QW U
VWXG\ GR QRW DOORZ GQ DHLIQQ AIHW GEEEMWRDMWIHHWX H SUHGLFW
EHWZHHQ SDUHQW LQSXW DQG FKLOG HPHG I HQWR MLWYHHY Y P\HZ
SDUHQW FKLOG XQDENWL\WQFRFERKRULQJ WRR ODWH LQ WKH FF
GHYHORSPHQW S$WRWKBW XRGREEWHGO\ GHVHUYHV FRQVLGH
EHWZHHQ SDUHQW W BB XMV DADG/ ARK L\OFEHEFD XP\DH QLW GRIQJHU LQ
ZDV H[HUWHG E\ D FRIPELR/DRUL\R Q QRIWRH KRO.O ®QHBQFYVWDO HQ
LQFOXGLQJ ODQJXDHY LIPION PHIRE HRED LDH) EHMW FK VO GV SHEW
HEFRQRPLF EDFNJURXR GQ ID/QIGY B RVQHQORIDITWE I K QANPGRZIQ DW Wk
FKLOG SDUWLFLSBMWDBQ 'ROOPUIKIWQDIBLFH H 7R FRQFOXGH :
WKH SUHSRQGHUDHRAHHRILAPLYY WRQUN WRG HPSLULFDO HYLGHQF
SDUHQW ODQJXDJHOLSBXWLIAWR 8 RIMIBMKOWGED APMNIBQW P\ VW)

RITHUHG SURYLVLRQDO VXSSRUW IRU VXFK FODLPV



3DUHQW /DQJXDJH IURP 'H &RQWH[WXDOKLOE '2EXWRRPWN &
6WDWLVWLFDO DQBEMEYBVRQ HVR HISPEMN WUG B QU XR JGIL | | H U
FRQYHUVDWLRQD D PRQW R [VO\R YIHOY @MIEL DPKNVO SDHB @MW R G X F H (
QXPEHU RI GHFR QWHIMMX B & W]HIR QWKW B BB \R BDVW HYHQWYV W
FROQOWH[WXDOL]HG $OBX QG S DYHG@RIOMRHWRP ERGVEDUHQW V'
FRPSOH[LW\ |URRQ W R H HOLFOBHIHRKIYRBQ EXJUDPPDU VNLOOV E
FKLOG 3$ )LQDOO\ WKHUH ZHUH QR FOHDU UHVXOWV FRQFH!
IURP WKH WZR FR QMR AH/VR @ RIKLVOIGA RG/E O IR Q G LLPIS R U W D (
LQIRUPDWLRQ WR \WKHNVY PD QA \E R GDWYIXRIHSDERDXQW HIRD W H [ W X
GHFRQWH[WXDOL]HGKQD G UBUH LHPSHUILHRMWE O L W H U D F\
7KH SUHVHQW MW X @&\ WRSW K RYD G HDWL. ®HRQWF R QMK SDUHQW YV
DOVR FKLOGUHQ YDULHG LQ WKH NLQG RI ODQJXDJH WKH\ SU
SDVW HYHQWYV LD DM B WHIHH FIKW H G DQG SDUHQWYV JHQHUL
XWWHUDQFH SHUDPLRRRMSD GNGLWYR SXDPE]|HGHFR YWHDPDWFHY SH
SURGXFHG GXULQRQWKERRRQWHBSRWROO\ DQG VSDWLDOO\ UH
DQDO\WHV QRW SUHVHQWHG LQ WR® YHHWDIWN R Bl 6 W IRFROW HY @/
GXULQJ SODQGSPKIIHIBN\HQ LQWHUDFWHG IRU D ORQJHU SHULR
QXPEHU RI WRWDOGLZRBGV HD ¥ B FIDEEXR DY HWKD W LRQU LHRIZA Y H U
VIQWDFWLF FRPSOGIQWWY RH\5 ZDN QQRZHHUE RV LWKEHB @BSRVLWH
IRU FKLOG XWWHUBQPMNHVENHQGARIMWIQGLFDWH WKDW SDU!
WR WKH GHPDQGV RHFRI) PIOEVQIWRQDOO\ DGMXVW WKH FRQ\
ODQJXDJH H[FKDQJH BWSH@GL @ERQ WKHEQWNVWRQHQJIDJIH LQ

FRQYHUVDWLRQ DEREKQRIDK W R WHKEWHN D/EWLD XOHLRIFGHFRQW



ODQJXDJH 7KLV LVLDRG LHQYF EHEBRMMIKI OLWHUDWXUH VXJJHVW
GHFRQWH[WXDOL]HG ODQJXDJH LQSXW LV SRVLWLYHO\ UHOD\
'HPLU HW DO RQ 'IBERQV SHHMBWYV ZLBIHOLQJ WR LPSUF
VFKRRO UHDGLQH VW PW)\QGIRWKH EV IDEPFRWX@W IR HG HERQMW ZL W KR
WR XQGHUJR ULJRURUWVWID L O 5 Q HIPHIBWHY W IUDQV R I IOHY 6 X FK
UHFRPPHQGDWLRQ XQGRXEWHGO\ UHVBHNFRRO®U WIKRHPPUHH S8 UU
VWXGLHV ZLWK F K LBDVG PGRIW/Y\H @ | FHR[@ W RQV LIQWYHH ¥ WU U HODWLRQ
1H[W WKH ILQGLQM VBKWH M HD WKR RPHH@IDY W 0P \P RIGIHIORU W K
IURP WKH PXOW L S@®\W H\H ZWKHDV E R Q0 BEIDY [GRRINODRIIWD RD OH G +
1': IURP ERWK FRQWHBND VDD \FR QI IENIWMAIQW WBZURH KEWY® (RBD O C
VNLOOV [IXUWKH W 2/ WKIRV W R G D EMCEDWIHRW HIDQALMDRH LQSXW
VWURQJHVW SUHIGW RWIKY_KD G HROXDWF IRRRG Y U IS DIHDHAG WDRJ IRD E O H V
9HJWHU HW DODO 3D QREW ARQH NUYRIIOLFDQW SUHGLF
EHWZHHQ SDUHQW QG8FIKLRPG S@DW BU ¥ RE D BX\QDO\WVDOIEY JRIPO\ ¢
LQ WKH SDWK PR&HRY BBW AMKH BB QW PHDVXUHV DQG FKL
PXOWLSOH UHJUHVVLRQ PRGHOV WK ROV BDW KR XWORKH G G URF
LQ WKH VDPSOH FIRHP IRV IUW VR QR ORDHODDREIOW VOPDIQD®DJ SDUH
G\DGV ZHUH XV H GKHNIDHIEG QHNNY RD @ CEIRME KWRVEXGI DM BIVINY R U (
ZKHUHDV IRU WKH, SRDWK DQQFI0KAE H® DHOVE FIHWORSI G\BGV ZKRVFH
VDPSOHV FRQW D LFIMIR ® HURP OF R @MW EFRODVOIE \E B A DW B [W XD O L
FROQYHUVDWLRQ VHWWLQJV , WK LHINWDRBW HVKB\ IEQ @RYH U
JHQHUDOL]DEOH W R DUKHQ $\R 5 K DG BRI @RI ZE DVX BHISDYLR UV D (

IRU FRPPXQLFDWLRQ EHFDXVH WKH VPDROG@QHUH/ DWISHFB[FQRC



LQDELOLW\ WR H FB D © & QN K 8 JP RRIQHAHSIRADINOLAR\QD ISR X $D W L D
WRSLFV 7KHUHIRUH , GHHP WKHHM Z6HIQ FIDQM GW HIGE A WR P H5
FKLOG ODWHU RUDO ODQJXDJH VIML &R @®GY Q RWGQIH DI\ DD U DO
ZKHQ SDUHQW FKIRZ® G DB R IQGUKMMDRIGHGVDRG ZUWK Y KH FKI
YDULDEOHV LQ WKH VDPH PRGHO

1IRQHWKHOHVY EHFDXVH WKH SDVBK FIRMHI FLKDW \P RHMH H
VIQWDFWLFDOO\ VRSISXMW SRNW W ®YSIPREPEN-ODUFDIQG JUDPPL
+RZHYHU RI LPSRWWHD @RI YOHYHDIAM LIRS WIKRHQ YV EHWZHHQ SD!I
DQG FKLOG YDULDBQHW 28 WHI RO OWKKAL 510 IV\X B REDWWHN VW KDW SD |
ODQJXDJH LQSXW SURYLGHG LQ WKL FIRPWYRQ LFFFOUHL E B Q/HH WA
WKH LQSXW SURYLGHG GXULQJ W KH ROWLKQHIWFKRWSVIKWOW H,\OX O W I
&UDLQ 7KRUHVRQ HW DO W K HY FOFO WK HRX@IE\ W K Vi LS 8
FKLOG YRFDEXODU\ DV\B/MBUI OMRVE H F BRMRMFIWEKID\OD ML RQ DERXW
HYHQWY GLG QRW &UDLQ 7KRUHVRI) WD B OQ WE 8B URLHIR & UNKD
FRQYHUVDWLRQV HJW HL VUM XY OEXORRAFW WKMM *SURYLGHVY D El
LQWR KRZ SDUH Q W&GW Bl QNP R RWNV K IHQMEQH K K P MV KHH[ SOD\ FRQW H
EHWWHU SUHGLFWSLYH L@ AGROLWWEPR@Q WY BRERKMW DUMSXFDOLW\ R
EHKDYLRU WKH DG&WKRUW FRRPHRWDH PRUH VRSKLVWLEDWHG
DGYDQWDJHRXV EHFDXVH WKLV FRQWZH{WQDW R RY D WHR DHOW Bl OR
KDYH D IRFXV RI L QMWK MAKWM LAR BPRBIGHY\H $VSBDRWRVRLRQV DS
UHDVRQDEOH LWZ W RRVWREOHX WERREAUD R BWE KR O GUHIGI DUR X Q (
VHPL VWUXFWXUHXG IDSSURGD\L 2 WWAKOR XL WBEPW WRVWEWLQJ IR

H[FKDQJH WKDW Q8 REDXLQKI SRWHQWLDO IRU OHDUQLQJ



7KH ODVW VHW RI ILQGLQJV IURP WKH FKL VTXDUH GLIIHL
WKH SDWK DQDO\WVHV FRPSOHPHQW VDRI RXW FIRRAPGIVOR/l \§ R H H
IURP ERWK VHWWLQJYV GRPLQDWHG RYQUSSBIGHOWLTL: PKL® G/
YRFDEXODU\ DQG JUDMRRIHJRIFRKH W DEXWEOHY ZHUH IRXQG Wi
FKLOG 3$ EHFDXVHGWKHD RQ O/ HFH ULIGID WK RKYWIKB GRQFO XV
UHDFKHG LQ +XWWHQORFKHU HW DOG WR X®HTXHSD SHEW LF W
OH[LFDO VNLOOV RGHD &/BUMIQWMA PH L RUH VWKILWRILQ FRQWUD
UHVXOWYV SXEOLYVKHED D@ WKH HPHVRKRGRORIDG 1DLIJOHV C
VWXGLHV WKDW |R X QMK SIDWRI@HY SOU S\GRLEMERXW RUF K NQ GOV RYH LU
71: DQG 1': +RZHYHU ESBWKXRRIGMION GDG FRX\QW B K HOLGQ WP H
SHUIRUPDQFH WG® HE K H\DX\CHU\S WHWXG ZLWK FDXWLRQ

6XPPDUL]LQJ ILQ&LQGVUHRWHY K FHKWIQW VW R®\ BV KHHUS UM M B
HYLGHQFH WKDW TX¥D®IL\RQDRIGS PR KRRV MD\OXIXIBGHY LQO SOH[LFEDC
DQG VIQWDFWLF FRPSOH[LW\ RI S D WH@BW PWSIHYHF K POD W DR @ DL
ODQJXDJH VNLOOWRW OD® IKOH H X QRIKARD HHDVBWHRQDO FRQW
VLPLODU FRQFOXVQRQ 2DO/GDHDFKH®&R XVHG D VXEVHW RI WK
VWXGLHG SDUHQW. GK LDOQD ODQIWXRIFRWUHODWLRQYV

7KH PDLQ LPSOLFDWLWROQR/QRU VLY NK SWRMHFW DUH

%DVHG RQ HYLAMQ FEH R/IZ ARIQWLKDO GQUH@IWDH B DGR O D \

HPHUJHQW OLW SUBMHONL @ B\ GW Sl RAKLHG B W [ K B 6 RWHW WRU X F W )
UHRUJDQL]DWLRQ RROGMDWLYH D)XQFS MBI RYHWKHOBRPSHH S S U
&/$ WKHRUHWLFDOUUDWHZRRIN HODW LREW EHW:ZHH:Q F&G

0/8 DQG 7LPH YRFDEXODU\ JUDPPDU PIR@GG 3HWHUMRSRW UWN DY



PDJQLWXGH LQGLFDWLQOPRQWW DYKE D/RBMQDBTE HPHWIHQW OLYV
ORUH ULJRURXV PXOWLSOH UHJUHVOQIGRD : DIV TL\WPHV VKRG W
YREDEXODU\ JUDPPPHV DQ\G 38 R BWHR [ WCKH. QR B XYW IRDQFH 2
PRGHVW EXW ZKHQ X8 WSYDRIHBWHK MK EVARGIEHV X DEWBRQW LD O
%DVHG RQ WKKHIBQBGQEFW RY HWO LRIND BHOMZGIHD SH U B Q W
FKLOG HPHUJHQW OLWHUDF\ VNLOQWZRBQ ® LW LSH UQR bR/ B\Q
WHQWDWLYH VXSSRUW WR WKH VRIPOLRSPKQWXDO® WHKHRIU FI |
QXUWXUH GULY HXY DB3BU RBIBK QLR O DU IDQVXWLWLUVIWOEEES DSSUT!
LQFOXGLQJ FXLOG 15 FRPS HOWHQFH LB OW KK LUFHKJ UV \DVZ RQHPRSU |
SUDFWLFH DPRQJ UBYHPSPRMWURI\SBUGQVWDQIXMWREGHYHORS|
IRXQG WKDW SDUHQW 1': DW 7LPH SUHGLFWHG FKLOG RXWF
VPDOO SURSRUWLRQ RI YDULDQFH
)LQDOO\ EDVH®R IRQ[SWKRU D MARUMVIDWD IHEW Y \R R DRV KV H [W
VWXG\ SUHVHQWYV HYALG HHIUFAHHQ WH D W DX R SALIFYRHO VDHDEBWT XD O L W\ |
H[FKDQJHG ODQJXDHHW $DOH|®\E GBPRRMWIH GRHV QRW DIIHFW
JUHDWHU GHJUHH WW R QWO D) FRIDWHIRSOOMD GJH GH WHKQFH W H V W \
LQGLFDWH WKDW RFD B B 8 V¥ R@WH KD BYWESR FFMAH & HVKWEIG WKDQ
WKUHH YDULD E BHY \F RDR\PH WK H$ R W K K WK \ MWHKGHG VEARGB HE[MG U H O D
WKHUH ZHUH D |HDEQM i b iDDWIHEG] EEDAM OVDVL Q@ MTHUSIW QW D W L R
ILPLWDWLRQYV
7KH SUHVHQW VWX®\FRBVYQJNYW K D DKFOLEAL OV KH RH Q MY | L
DQG WKHLU URE X&MPQMADW L7K® FIREW UFQFVK W i Bl FRVHHPLIRLMUWDL FV R

SDUWLFLSDQWYV Gi¥YSIIRWHNY DVRR @HHALXHHNY U WRIK MEHWO/GE QJ VRFLR



HFRQRPLFDOO)\ DQGSROXODWQR QL PREMHS BUWQFZISDM LIQLWH J|
PRVW SULPDU\ FD UHAHYHEXFDIHG : KHE PO HQ G KWMWPLEEXMWLRQ |
SDUWLFLSDQWYV WUH MRIH V]HRSS B B UADWIEQ MRKQH \G/DDVIB FRRO UHP H G
SUREOHP VFKRRONUWKDGW ISULIEPIU$ DRYL 66QI DL RWYV ZHUH
RYHUVDPSOHG DQG DG GLWLERQMHG L @ REKGHWHHY PN DAHKWHH Y RIQD \
LQ D VPDO @ LSOFIUMLDALEBVIKAIVRIQJI LLRRES M [ SODIITEMLRQ IRU WKH S|
RI PRWKHU GDXJKVSBDW HQ VGV RL VJ MUKW G WOV P RUIHQB RS IRU SD
LQ FKLOG ODQJXDJH UHVHDUFK EHYF®D XS HWRROHRWUD® W/KXQ YXI
WKDQ ER\V 'DOH 3ULFH %LVKRS 30RPLQ +XWWHQORF
'KLWH KLJK DQG PLGGOH LQFRPH | DAL OH.WHW QLWL O DNBIOR HDAV WALUR
DWWLWXGHV WRZDUGYV DQG YDOXH D S\WB 6 HIZF WQ YH G/ FHIYWEL\RRYD
DQG ORZ LQFRPH $QUSBDBGWWULHFDLPRQMRUY DWD UH D X
$QRWKHU SRWHQWQDQWH@GWOG W DRQ MRPRWVS R F ER OOREK O
ZKLEFK ZRXOG SRVHH SSUHREOHP VRWX BAKGHVIDWHGH WHRUUB QW OL
RI W\SLFDOO\ GHRH®AWIKQRX FIK DO BBRHH GAUKHAFKROG GLG QRW
FRQVHQW IRUPV WR FKLOGUHQ ZLW K NQRZMJ A RIS MLIUYPH QAHD
ZLWK XQGLDJORVWGRW M\ESDUHQWHGUMBELDH® WMARK/HPY WKW \KID
%DVHG RQ WKH QXPEHUVVLD $REUHE LRMBH UWKIDFL. SDWLQJ FKL
ODQJXDJH UHODW H® \G HROWYRIW GZIDRRBR WOSH RSO XDAVLRQ W
FHUWDLQW)\ UH JDALGN\QV WDKMX Y GXAHNEBRWRHH EHFDRX FKLOG!
WKH VWXG\ WHVWH® K QWKUHP IV\R 5 YHIDBIVP\S @ B WLWKBISGLVW UL E >

SDUWLFLSDQWYV JLGHR WH\N H @ \UDHNHRHHIG XA W LR QI @ DIQG VRFLR



GLYHUVLW\ RI UHFUXLWHG IDPLOLMHVH® QF B WHKKFFKDWK B OG R
WKH VWXG\
7KH QH[W VWXG\ OLFLLWDWLRDPIS\O HMAM RRIHDY HFWR QFH U (
ODVW H[SORUDWWRUXKMHWZ R ISQ B BIVWHAL R QWDKEF® YXIILFLHQW |
SRZHU $V IRU WKH \SLJWK\W Q@I O\\VBDREXPH®HGDWRXDJH VDPS
RI WKH VHWW L Q JV¥ @MQGHBH Y ROMIRZY. G RV KHJ PRW KRIKREQRY RQ
ODQJXDJH LOQWHUWE®L BQVH W RKNAG DD 6'Q ITHHHLRVW ZR UR
FRPPXQLFDWLRQ WDVNV IRU PLQXA\WMKW KK OHX W R/ B PR YSLI3
PLOQXWH RI G\DG L ENLQMWIMWD RQLIHR CFHRAQWRHI W XFOROAWIDG G RQYHU V|
SDVW HYHQWYV 2IGNE G VZDR/IGYWRL MQUEHW SOD\ ZLWK WKH VHW R|
WUDQVLWLRQ LQWR FRQYHUVDWLR Q QF KWORHFDX ZH WHK H H O M A
FROQWLQXH SOD\LQJ ,Q WKHVH FDEWWH WRHZHSDYBGWWEHUH |
GLVHQJDJH IURP WRRVIRO ORZHWKH REISOGRY GODGELRQGLIHYHU YV
GHVSLWH WKH OLPQWHKG \OIDPVSAD K IS/1B KU E & DTO\MWLVE LIRRGG HO V' U H
VWDWLVWLFDOO\ VLIJQLILFDQW UHVXOWYV
7KH ODVW OLPLWDRQRHU RV WKLY WHYSEH ZHD Q\WOMIIHY AR GO H
WKURXJK DXGLR UHFRUWELQBN BIXB UG YWSURLEG & WDV BXHG WKDYV
DQG FKLOGUHQ DHBHWHIGY L [ FALIOHDEXD W HEW BADKCH LMK W D AWH Q W
HQJDJH LQ VHPL VWUXFWXUHG |UHFHROM[FXDIO REB ¥R QY YRIUW
RQH RI WKUHH VSWHBSIDUWWRSLFY VAKXG\ GHVLIQ IHDWXUH ZDV
ZLGHVSUHDG XVHHVQ &UPLQ IV R/WMHVEHY BIMDQQ HW DO 8N |
%ORPTXLVW P §KDE G Y WIDR/QS GIIAHIGOR F RMAX@EBDWLYH V

RUGHU WR DYRLGPIHOQOPOUWHWR GX>XRH MR B QLIIHHP BQWDALRMKWR\V I



FRQYHUVDWLRQ WKHPHV +RZHYHUK GO SS\W & WXKHR G XFFIHVE DD
VDPSOHV WKDW ZHUH KLJKO\ YDULDRO HDIQWG CEHFIDXOMH RIXWQ W
UHVWULFWLRQVWK FW ¢ DWLIXEHL BRK\E /U ¥ QW \I Q GE KK\LHDGS W D Q J X D
UDWKHU WKHURPH BIFWRUV

$ VHSDUDWH LVVXH LV WR ZKDW &HXWHH R UIVDAH DI O | ISFL
WKH IDFW WKDW WKHLU LQWHUDRBWD R FZIDNK W HERYUHG B B H G DRIRA
DQ DWWHPSW WR WBRZH EAKDYOR GMEFONLBPF HOHWDHOHG H[SC
IUHTXHQW SUDLVH &RBEDMH\QY L\RGAKRINPD BWD EFOHY W B VIN IRU UH
ZKR VHW RXW WR REWDLQ JHQXLQK EHISHMHL WREH Y H W D P
WKDW VRFLDO GWWQQH EPSDWWKPDEG WKH TXDQWLW\ DQG TXDOL
&KLOGUHQTV YHOENB RXVDIDNWH ZWW & HER DAKR/HH WWHKFHR UZGHLLOH) TUH T
HLWKHU XQDZDUH RITKHE®R O \UHRARRGR BERKKY DWW HQYWV , K\SR)
LI WKH\ GLG DO WHLD 3%\ L W IOI\QFR DOGLR QWH G RH IWHWW [RU L
SULPDU\ FDUHJL YHU D ZQ WD OR 2/ RIUQ DY DORX OL@® RQHOD \VPHD W K H L L
DQG OH[LFDPHEDKWHVRWWKH LQKHUHQW GLIILFXOW\ LQYROYH
ODQJXDJH UHODW H GWKR-FSHHWWH Q\RHA EWRRRIRMREKECHEHVLUDEL
GHVHUYHV IXUWKHU H[ISWR VDWXIGR BIYWHUFRIHZR/URWSDUH QW V U
LQWHQWLRQ VZEZWHQWBOWN LFKL O G

/IDVWO\ WKHUH LV HHQ W HBQUFHH WWHKRDW2 \BBIDK 19 WRRW R B LODRY J X
FRPSHWHQFH SDUHQWHLRRSXI HHBRPRIOIGEHRUB QG ERERPH PRU
VNLOOHG ODQJXDJH XX\WWWQEERFKHU HW DO 3DUHQWYV F
WKHLU XWWHUDRWIOY EVHR Q1) G\RWORKK CPQR WH 1§ RY &M@ (DIGLUH

DV FLWHG LQ YDQ "¢ MWHHWOD OW XHCQAB N F KHLU HAVWXWW 6RQJ



YDQ 'LMN HW DO GRF XPH QVSH®R FR® FRIP[QHTFWWR QD \E
OLQJXLVWLF VNLOOV LQ SDUHQW) ¥ KIHIGH GRX®\G ERU GYLRIFHIFEKLCR
VIQWDFWLF VNLOOV LQ +XWWHQORMKHHI EMUBIOQRW |RDWGWRHE
VNLOOV LQ 6RQJ HQWINGIDG ZHEXW R XODE IR D AR YW\KH DN G FKLO (
FRIQLWLYH GHYHOWR®RBDOW DERK X GUAI I6Q B H FAL WRKQ R MK H S D
G\DGV ZDV RI SDUWLAXEXOGPRQFHZ®HUH , SUHVHQWHG FURYV
UHVXOWYV RQ D \LXES B QVRV \WMXEN SD\UGLYVHUWDWLRQ SURMHFW
XVHV GDWD FROWHF W I$® LDQW 0 DY BNG QW R O YRDAF IRAHMMH DISISAK
FRPELQHG RIIHUHQFSL UQFDXOSBRUGOR L XQ L UBHEPMSB\R. F® DO G
LQIOXHQFHV RIQBKHY CBRURNIOGHIGLE \ S\D O H @AWW BRQFKR BEGOHIQ
)XWXUH 'LUHFWLRQV

7KH QH[W VWHS LRQPRILW KH VWO DWILR QO/D BH WZHH Q QSDXWH D
FKLOG HPHUJHQW OLWHUDF\ VNLOWLS W SXBOLHF@QWLRD | RQ G HC
FRQQHFWLRQ EHWZ PG 7LPH FHKUEGQWRHDIONVQRQYXDHIWZHHQ +
SDUHQW DQG FKLOG ROPH X R | DARG & WHFHKXDIWH & K\RN)LROOCR J L F D C
DZDUHQHVV DQG HIIHFW RI FRQY HWVR WS RR®XF ¥ 6 WODIQIX B DH
DGGLWLRQ , WHEWDWLY 6 O \DSIDIMWHRE W\DIQIX BVIHK @BPSOHV L (
UHPHGLDWH P XO WLV RGO W FDXV MG MWKH B0 H HRVEH. HYF O X G H G
OLVW RI SUHGLFRVEHW I, WQIRKO-DDWONRKU AKX FDWHQW DQG FKL
GHPRJUDSKLF FKDUHDFIWHRIE VWA F\P WBRPGIW OLWHUDF\ RX

)XWXUH LQYHVWLJID@DROQVVERWRIG IRRKXWHRQ FRPSUHKHQYV
VWXG\ RI WKH HIlHPBWY M KB WVSUQ B BR B $HHOL@MSKWD P\QSUD FW L F

FKLOGUHQYY GHYHORSPHQW RI HP BE DHGHW LOL MRHABMHANV WQIE IOHDW



LQFOXGLQJ FRQYHQWLRQDO UHDGLQKRX®DE ZDADXGH VOID O DHU
SDUHQW FKLOG G\BIGRQDRMURMRFGES QRYW D WIVRIFDLB® HRREBHQGHU
)XUWKHUPRUH W UDFG! IFKL @G SRODHO8 &/DL@QIDYDLUIBIWHK®R X®BQ FKLO
YHU\ \RXQJ SRVVLEDVWDHWEPH®YW GHIRD\BVKLD GIRPW OURQPHQW ZR
IRU DFFXUDWH XQGHUVWDQGLQJ RT>XSHQUW @MW @IX® FH IDAGS HOI LA
6XFK DVVHVVPHQWY VKRXOG EH FRRBXERVHG X O/GRRIRE @ Q\G.
LQYROYH PHDVXULQJ ODQJXDJH H[SRWMLKY DW KRIFHK ZRE MV H
XQGHUVWDQGLQJ RILKWRWZL & LH UL HIRYGLECHEDE X WA RPAHAY F)LQD OO\
UHVHDUFK LV QH MXKHGOW R/ XIUBIPD Q B DLPLS|BIBWD RIGF & I FARHI W M [ W X
ODQJXDJH LQSXW SRRYEIGIHIEGEHRNVHHMIHURS BB AW ®RDQJIXDJFH
FRPSHWHQFLHV QUXFR@DOW[SDDUQWQLFHFUDDIZ $ LHEHBWQQJ DQ
XQGHUVWDQGLQJ RWKHU SHRSOHYTV EHKDYLRUYV

6XFK XOWLPDWH LQYHVWLIJDWLRQ ZRRQGXH\WHI® G \D)Q 6 Qi
&DPSEHOO +DUW MO@R BKMNO H\Q & XK\HWBIF-RFOIO HDQBNRADKIAK HU V L
WKH ILHOG ,W ZRXOG DOORZ GUDZIDQIGYRB KK BH IQ QWW U¥HI IF RV
DV KHULWDELOLWY{LPR® HDPDPWRUA RIKLP@ PIEQ W B H@QIXDJH LQS
DQG FKLOG FDUH VDQGNGILE DO QDBFMPBIDFW FKLOG GHYHORSP
DEDGHPLF VXFFHVV VRFLDO DGMXVIV® HKOWO WRG , B YGIQH SFKR X U
H[DPLQDWLRQ ZRXOG KHOS DQVZHU N\RR® HRWG K HRELRXML F\CKOH (5QA
KXPDQ FRJQLWLYH GHYHORSPHQW DX®DWQJXDJH GHYHORSP

7KH ILQGLQJV LQ MLKOD/UDVEX W I YDIR VM HF (5W DR @/\. F B DUH Q W
\RXQJ FKLOGUHQ D QG ADDARU \F R DO & REETR/YHHEPKKLIH®RW OLWHUD

DQG FRQWULEXWH WR WKHLU VXEVHTKIHE&EW OFOIGMP OB @ XFF HH



GXULQJ GDLO\ L Q WHNADFEWAR@WH UQDWIRIXIG! WHWKXW LBY H[SOR!
LPSDFW RI WUDLQBOQU ISQWR YUR® \K REUW R VF URDDOMDHNVU DEKOD Q J X LV
HQYLURQPHQWYV |RIHFRHIDW 6 KZOGWHIMGDHIL VWNUWNRBE YHU\ S
ZRUN RQ LPSOHPHQAWLRIRQIRU [SDURIDIW RIQSUGNEKRRSO FXU L
WDUJHW LPSURYHPHQW RI FKLOG HPHWIRQWR DO KWHUDXD @ NWO
LQSXW HJ /DQGIN 6PXWWHEAMDDJ ZDQNDQRBLUNKG $VVHO
*XQQHZLJ +RZHYHU DV VXJJHVWHYE @W WHAHX B0\Q GX\Y XV HR |
LOQOWHUYHQWLRQV @EPRVUG IRFIMRWRRAVXFHWKRGRORJILFDO DQG
ZRXOG DOORZ IRUUHQWL P QWX RQDRINFDAK RYG L5 D) 3WDERWP HQ\
VNLOOV ,Q DGGLWLRQ VXFK HIIRUWVLERXSSAREBBDK IWW PRRR IL
HQYLURQPHQWYV E\ IRU H[DPSOH FRPRIHVQUQKKZUMHBRPEDQD
KRPH OLWHUDF\ D®LONF KIRX® G CLUPHS IVR\E PWAK/HDIKAL B G LROXY HV W L J |
YDULRXV IDFWRU\DJWX FO DN JE K HOSRIRH GXHF DM R QD Q @
LQWHUYHQWLRQ WUPRGHQ D &R \LIMHRINHKIWV L RIQQBI0BK WD X W K R
VWXGLHV RQ WKH Q R® HWRIDDDJH@ \® BEOHRFR S HQWVRHFKLOG HF
OLWHUDF\ VNLOON VKR®Q & RQ WHWIIR @DAYJSOWRIIQM PV GHVLIQH
LQFUHDVH DPRXQWFR R W[ RWXDUGL VWHREQDHFELDOEWHE AREDFW FK
RXWFRPHV 6XFK LQ@GHKDHD W IFRROWYHREDR DUBRKN S IDEG SRVW WH
ZRXOG LQFOXGH D BRWW HUD IRIHMW\GHR/& B DJH ODWHCDYNLOOV I

RUGHU ODQJXDJH FRPSHWHQFLHV QOXER IHWKPQRRNDWLYH VNLC



$33(1',; 9

[(77(5 72 &+,/&%5( 3529,'(56

quiet room at your child care Iacility, chiidren will be tesled using several reliable
measures to assess their development in the areas of oral language and emergent literacy.

Once I have received your permission to approach the students and their teachers to participate in
this study I will.

e arrange for informed consent to be obtained from participants’ parents

e arrange a time with your school to exchange the recording equipment with parents
e arrange date. time and place for video-recording

FSU Human Subjects Committee Approved on 10/23/2012. Void after 9/11/2013. HSC # 2012.8833
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J)DPLOLDUL]H \RXUVHOI ZLWK WKHWHKHXWBNOVQHY SULRU

'XULQJ WKH DXGLR WHIRRUFGUWLLRIQ \O KP IMKGROKHK KDIG D IS F QWK D W
SUHVHQW LQ WKHIKREVHRBOR DAXWRBRMRKNU VRXQG GH

6LWXDWH \RXUVHOI DQG \RXU FKLEBGE WK \RX ZLOW LFRWF HRIU
DERXW PLQXWHYV

7XUQ RQ WKH UHFRUGHG DQG SODRHI LAK IZOQ &/ KT XU QI RHIWWIE
UHFRUGHU ZKHQ \RX ILQLVK ERWK WDVNYV

<RXU ILUVW WDVN LV KDYLQJ D FRQYHUVDWLRQ ZLWK \RX

X )DPLOLDUL]JH \RXUVHOI ZLWK WKHXWLWWHRGIXE®XWOLR!
WKH FKRVHQ WRSLF WKH SLQN IRUP

X 7TDON ZLWK \RXU FKLOG IRU DERXW PLQXWHYV
X 'R QRW GRPLQDWR QV KHH WR\RKHUNOMWMELEHSID@W T XD O

X ,I \RXU FKLOG QHBGR KD X L B CKHHIWNIE\HX WLLRIQW K H RPX W
OLVW WKH SLQN IRUP

<RXU VHFRQG WDVN LV WR SOD\ ZLWK \RXU FKLOG

X 6LW RQ WKH IO0ORRB W RIGWKO\RXDL WKKLVWKLIH- SDBF LMBRI\ZY SO
x 30D\ ZLWK \RXU FKLOG IRU DERXW PLQXWHYV
X +HUH DUH VRPH LGHDV IRU \RXU SOD\
03UHWHQG WKH IDLLRIHW K HD D Q LPWDHOSDLRU WKH FRXC
0$VN WKH FKLOG WWR SIMHROIOD\RLP R RYWMRXKDUH SOD\L

03UHWHQG WKDWQRQHRRMM RXW R IQWHREH UED KQ YCHY & RV
WU\ DQG FDWFK LW

KHQ GRQH ZLWK ERWK WDVNV SOHDVH SXW WKH IRUPV
WKH WUDYHO NLWZDWK WKMW XHY MWDRIFFRKUDINRV LVW D QW
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, I \RX DQG RU \RXU FKLOG QHHG DGGIHVUIVDPWMLARFGURPSWYV
SOHDVH IROORZ WKHVH JXLGHOLQHYV

)DPLO\ 2XWLQJV
,QLWLDWH WKH FRQYH DVPOR\RD HFQ®HG TXHVWLRQ
x (J 'R\RX UHPHPEHU WKH ODVW WLPH ZH ZHQW W
(QFRXUDJH FKLO G RMFD WB GRND DAKCH HWDRBSILRFP S WIMQ J YD U LR X
x (J 7HOO PH PRUH
(QFRXUDJH FKLO G RWDWB GRN) DAQKCH HPDEDS! IGF TRWHAQN LRSH/Q H
x (J 7HOO PH ZKLFK DQLPDOV DUH \RXU IDYRULWH"
5HSKUDVH WKH ODVW TXHVWLRQ DQG SRVH LW DJDLQ
x (J :KLFK DQLPDOV GR \RX OLNH WKH PRVW"
*LYH D EULHI DFFRXQW RI \RXU SHUVRQDO H[SHULHQFH

x (J KHQ , ZDV WKWUWKZAH YRR \ R XO NWKHHG ZORFORYNHMQ J DV
7KH\ FDQ EH GDQJHURXYV

, I \RXU FKLOG GRKWWRWPRKDUSHURLYQW HRIRRX W FRKRR GV
HISHULHQFH DQG UHTXHVW FRQILUPDWLRQ

x (J , WKLQN \RXU IDYRULWH DQLPD YZHDUA WK OL U |
ULJKW"

&ODVVURRP $FWLYLWLHYV
,QLWLDWH WKH VROQYH DVPOWR\RH) EFQ ®HG TXHVWLRQ
x (J 'R\RX OLNH JRLQJ WR VFKRRO"
(QFRXUDJH FKLO G RWDWB GRN) DAKH HIDBILRFP SWIMQJ YDULRX
x (J 7HOO PH PRUH
(QFRXUDJH FKLO G RWDWB GRN) DAKH HEDEDS! IGF TWHAQN LRSH/Q H
x (J 7HOO PH ZKDMWIHVVWREKMHPWRIW VFKRRO" :K\"
5HSKUDVH WKH ODVW TXHVWLRQ DQG SRVH LW DJDLQ
x (J :KDW LV \RXWKIDYRWRWGR DW VFKRRO"



*LYH D EULHI DFFRXQW RI \RXU SHUVRQDO H[SHULHQFH

x (J 'KHQ , SLFNHG/FRKORKGS THRWHUG D \W KXV VXRZ\N &
SLFWXUH \RX GUHZ LQ DUW

, I \RXU FKLOG GRKWWRWPRKDUSHURLYQW HRIRRX W FRKRR GV
HISHULHQFH DQG UHTXHVW FRQILUPDWLRQ

x (J , WKLQN \RXU IDYRULWH VXERMMRORW LV DKW "EHF

+ROLGD\ & HOHEUDWLRQV

,QLWLDWH WKH VRO H DVPOR\RH) FQ ®HG TXHVWLRQ
x (J ,V &KULVWPDV \RXU IDYRULWH KROLGD\"

(QFRXUDJH FKLO & RWDWB GRN) DAKCH HWOBSIIRFP SWIMQJ YD ULR X
x (J 7HOO PH PRUH

(QFRXUDJH FKLO G RWDWB GRN) DAQKCH HDEDS! IGF TRWHA\QN LRSH/Q H
x (J :KLFK LYRRXWHDKROLGD\" :K\"

5HSKUDVH WKH ODVW TXHVWLRQ DQG SRVH LW DJDLQ
x (J :KLFK KROLGD\ GR \RX OLNH WKH PRVW"

*LYH D EULHI DFFRXQW Rl \RXU SHUVRQDO H[SHULHQFH
Xx (J 7KDQNVJLYLQJEIHWFBXVBHYRUDWERRIGWKH \XPP\ |

, I \RXU FKLOG GRKWWRWPRKDUSHURLYQW HRIRRX W FRKRR GV
HI[ISHULHQFH DQG UHTXHVW FRQILUPDWLRQ

x (J , WKLQN \RXU IDYRULWH KROLGD\ LV &KULVWP|
SUHVHQWYV IURP 6DQWD &0ODXV ULJKW"
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2Q0LQH WUDLQLQJHE RO KHHDRR/AIOQ KR X0 ZE FR BIHNEGH6 $/ 7

VRIWZDUH DQG ([SUBVWBBOHBHRIUR/KDW FRPSXWHU 'XULQJ \
TXHVWLRQV DQG FRPPHQWYV \RX KDYHI ,WKID QD QVPBW MRH P Q
WUDLQLQJ XQLWV HY S6ISHDMW B @&/MKM-RDEINY RR X A DQREl LW UHG X QC

KWWS Z7ZZ VDOWMRIWLOD BN RROP)UHH 2QOLQH 7UDLQLQJ

x

&OLFN RQ OHFWXQWFULSWLRQ * *HWWLQJ 6WDUWHG
&OLFN RQ %HJLQ &RXUVH QRW IRU &(8 WUDLQLQJ
&RPSOHWH OHVVRQV RI WKH OHFWXUH

r /LVWHQ W R KRKHVIYUBWR OHVVRQ

r :-DWFK WKUHH WU® MK WKLEBR¥HVVRQ

r 5HDG DQG PHPRUL]H WKH KDQG RXW RQ 6$/7 WUDQVF

r & RPSOHWH SUDFWLFH H[HUFLVH XVLQDFA$RT KHR GUHLP
LQIRUPDWLRQ

xX X

Xx &0OLFN RQ OHFRWXQWFULSWLRQ + 7TUDQVFULSWLRQ RUPDW
&OLFN RQ %HJLQ &RXUVH QRW IRU &(8 WUDLQLQJ
X &RPSOHWH OHVVRQM WKH OHFWXUH

r 5HDG WKH LQIRUPRWERY & MAKHR QV

r $W WKH HQG RI WKH WHKIt IDGTIBEK\SVURDEF WALEERHS B HHWIF LV H V
r & RPSOHWH SUDFWQEHN BIQHSUS UDIRFWLEKR D [HHBHVWR X ZHC
QHHG WR EHFRPH IDPLOLDU ZLWK (R UHWWGRHL\EH L Y6
DYDLODEOH LQ (6 XQGHU &RQWUROEWBD® WKMFN IRB [
WUDQVFULEH JHW DW OHDVW DIFFDXIUHD ¥ D R QOW K A K\L
LV WKH PRVW G LUQL FXKCHVWHIBUGL@WLARBAXX OH VR EH SEC

X

X &OLFN RQ OHFWDXQWFULSWLRQ + SWWHUDQFH 6HJPHQWDWL
x &0LFN RQ %HJLQ &RXUVH QRW IRU &(8 WUDLQLQJ

Xx &RPSOHWH DOO VL[ OHVVRQV Rl WKH OHFWXUH
r /LVWHQ W R KRKHVIYUBWR OHVVRQ
r 5HDG WKH LQIRWEDWDRY \LRQW K H
r 5HDG DQG PHPRUL]JHXWKHHKDQG HRXWIRRRWBWLRQ FRC
r &RPS OWDIQBck SUDFWLFH H[HUFLVHV LQ WKH ODVW O



r §RPSOHWH SUDFWQBHN BDIQHUSUDHWLER H[BRUWHAEWHI RU.HC
DFFXUDF\ 7KLV WUDQVFULSWLRQHFHSUQEWLBB XMUWIQ KK
ZLWKRXW FRIDWHRD VHIFBHURW LGHG

Xx &0LFN RQ OHFWXQWFULSWLRQ + &RQYHQWLRQV 3DUW
x &0OLFN RQ %HJLQ &RXUVH QRW IRU &(8 WUDLQLQJ
Xx &RPSOHWH DOO VHYHQ OHVVRQV Rl WKH OHFWXUH
r 5HDG WKH LQIRUPRWERQEKIH WKRIQ V
r & RPS OifitWIQIBck SUDFWLFH MKHFHYGEWDWHOO OHVVRQV
r &RPSOHWH SUDFWQEHN BIQHSUS UDIHW L E I [ KK FAEWHIR U. H C
DFFXUDF\ 7KLV W WB B \CFADLLSQVY R RXSHED\EW G R QR YW EHI®
HVWLPDWLQJ WKHHYHIDQ & KV R H IMK IS\CEDXBRH @ YWWL G RVQ B
WR EH SHUIHFW

x &OLFN RQ OHFWDXQWFULSWLRQ + &RQYHQWLRQV 3DUW
x &OLFN RQ %HJLQ &RXUVH QRW IRU &(8 WUDLQLQJ

X &RPSOHWH IVARQ H RIKWKE HVHFW X UH
r SHDG WKH LQIRUPRWERY W& MAKHR QV
I & RP S OiAWDIQKEck SUDFWLFH MYKHMFGE\WRDHOO OHVVRQYV
r &RPSOHWH SUDFWQEN BIQHSUSUDIRWLEQ D[R HAEWHIRU. HC
DFFXUDF\ 7KLV RQH LV WULFN\ P DHGIXWHUHRURX XQGF
LGHQWLI\LQJ WKH URBR@HIRD®L] D\ BRRYHBSUR BVHBHD G
*XLGH SS DQG SULRU WR FRPSOHWLQJ SUDF'

x &OLFN RQ OHFWDXQWFULSWLRQ + &RQYHQWLRQV 3DUW
x &OLFN RQ %HJLQ &RXUVH QRW IRU &(8 WUDLQLQJ

X &RPSOHWH IVRQ@ H [RIKWKE HVHFW X U H

r GHDG WKH LQIRUPRWEROVE O WRABOHVVRQV

r & RP S OiAWDICIEck SUDFWLFH H[HOQFEL RH\O BW REY RQO\ |
OHVVRQV ZLOO KDYH WKHP

r & RPSOHWH SUDFEWORH) B [HRGLYB OHVVRQ

r &RPSOHWH SUDFWQEN BIQHSUSUDIFWLEQ D[R HAEWHIRU. HC
DFFXUDF\ 7KLV RQ\SW MWWILEWFVK BHI\G E\R YU B O B WRLO/GH
UHTXLUHG WR PD G BIFNPXOHWTV HHG X RWH OBIFHI® D
OHYHO HUURU® OWQG >(8@



x

&OLFN RQ OHFWDXQWFULSWLRQ + 3UDFWLFH 6DPSOHYV

&OLFN RQ %HJLQ &RXUVH QRW IRU &(8 WUDLQLQJ

&RPSOHWH DOO VEU IODQLUIKQ JSHJ DVFEHIRFAN FR UWIKFHF X Q D WA
r %\ QRZ \RX VKRXOG \EHUDRS BRIT LGIQEBKUHVYV 6FU

SHYLHZ WKH PDW HUBIQDOWRE\KQYH @ WEHH RN P H WHL ARIX U
VXSHUYLVRU LI \RXRWOW LIDERKBY 8 DIXHMDUH WUDQVFULSWLRHY
7JUDQVFULEH WKH ILUVWDODD LiGBgliage/SaRmes R E®HPH ® Q
GHVNWRS
r 6HQG \RXU WUDQVFULSW WR JDW #P\ IVX HGX DV D G
 <RX ZLOO QHHG WWLWR QD QVFDQ E XDIFGHEHFRPHY X QWL C
SUHOLDEOH VXIS\W K YRXRU
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'"HFRQWH[WXDOL]HG 7LPH DQG RU 6SDFH >'76@

7DON DERXW SHRSOW DWKGE&E GHIYWHQWHOW K DW DDQUAH RMHPSBW L D C
UHPRYHG IURP KHUH DQG QRZ

SRVLWLYH ([DPSOHYV 1HIDWLYH ([DPSC

0\ SULQFHVV RO HVL § RPKMH MRXYMH JR JHW WKH KRUVHV IUR
WKH ORFDWLR®WYV KHQH FRQOOGQW WIDONLQJ DERXW LPPHGLI
PH WKH VSHDNHU GRHV GRWVM@RZ O\REDWLIRFQV  WKH KRXVH
ORFDWLRQ RI LWHP NQRZV WKH H[DFW ORFDWLRQ RI Wk

‘KHQ \RX 00 JHW ELJJHU "RRXROOZDEWUWRKRZ RV\R WKH IORRU
UHDG WDONLQJ DERXW W) LMMWRQ SHUSIKQLPRH GLW WP LV ZL
LPPHGLDWH VXUURXQGLQXDE)GNVDERXMK DRQCY FRWHPBI QW LV
GLVWDQW IXWXUH URRP KRXVH

'R \RX UHPHPEHU ZH KDG D &KULVWPDV WUHH

LQ WKH FRUQHU RI WKLV URRP" WDONLQJ DERXW
LPPHGLDWH VEXWRNMXOJB8UQIZXKI WRRXIEQYRNH WKLYV LPPHGLDWH
HYHQW WKDW LV UHPRYH LWVLWQHHFXUUHQW ORFDWLRQ

'DGG\ LV FRPLQJ EDFN IURKIZR KR UMH KW\ U XQmMQ PLUQIIZD ER X W
QRZ WDONLQJ DERXW SUNRHQWDW. PM LEDXW RMKWM R1 WKH VSH
SHUVRQ DQG HYHQW DUH KB®®NEGQJ LQ SUHVHQW WLPH

'R \RX ZDQW WR KDYH WKHWRX BQYPDD WY BRW RRXWLPH SDWLHQF
JUDQGSDUHQWYV I[IDUP" DREWIKHREXMWK DMKHH DER\WUDFW DQG DOW
DQLPDOV DUH KHUH DQG GRAL WHKE HXSEKNWLRRDOAERXQGDULHYV
DERXW D UHPRWH ORFDWIERHQ KHUH

$UH FDWV LRMUDRYRDOV" WKH

TXHVWLRQ LVDODESMMWI IPUHHIYRIKQY DQG

IHHOLQJV WRZDUGV VRPHWKLRX QR WHFWKHHWTHRHYWLRQ LV DEI
SUHVHQW WKHUH LV QR GSRADWU R Q FSH/UOMME Y@ 8 OMNIQRUY HYVS H U L
WLPH LV JHQHUDO QRZ WRZDUG WKH LWHP SHUVRQ SU

'KDW GLG \RX JX\V GR LQ ¥KRR®G MRREPD\SLJ DQG GDGG\ SLJ
WDONLQJ DERXW UHPRW H RSWDDAM" S WRSISH SV KD DBWMKH R L
QRW LQ LPPHGLDWH VXUUBKOGHQH QGG IEY NRWN RMWRMU REM
KDSSHQHG PRUH WKDQ IHEZPPHGUWDRWHDDRUURXQGLQJ

2Q0\ SHRSOH ZKR WRRN D QDS JHW FDQG\ IURP

WKH WHDFKHU WDONLQJ DERXWG/ RRRWHDIUPDBALPDOV WK}
SHRSOH WKDW DUH QRW LIDSISPORHIE LY R EEQNH OMMERQUEIRE VSHI
DQG HYHQWYV WKDW KDSS Q® UG XYDHHROWR SOD\ KHUH DQG QF



7RPRUURZ , ZLOO PDNH JRRG FKRLFHV DQG JR

WR VOHHS WDONLQJ DE R XKD ®ODREXORBWRMN WOWND ®H WR GR ZI
KRPH DQG DQ HYHQW WKDMQEZPOOWDSWBQNIQQPERXW LPPHG
LPPHGLDWH IXWXUH LWHPV SHUVRQV WKDW DUH LQ SUH

7KH KRUVHYV @NVNHWMBDIOH IDGBIS O ERXW
+RUVHV OLNH JUDVV DQGWRSIORHUN HW D@QNEL YR ERB 3NDHH/ \LH ID

DOO KRUVHV LQ JHQHUD O HYH® WOL YHIQHSIHD WQ P QR Z
1IRWHYV 1RWHYV

6KRUW XWWHUDW RMKHVRKOLW IGQH [ WIKE
6KRUW XWWHUQDDWMRVSIHR LOQOWHUHVW RERX@QREIBDRSOH DREMHF\
DQG HYHQWYVY RXWVLGH R HYHQWYV RXWVLGH RI KHUH DQG QF
LOQFOXGHG OS5HPHPEHU &t <RX GRQ W UHPHPEHU &KULVWPDYV
ZDQQD WDON DERXW \RXLZDQQD WDON DERXW \RXU VFKRRO"
DERXW \RXU IULHQG $OH[OLNH WHOOLQJ PH DERXW $OHI"

2QH ZRUG DIILUPDWLRQV <HV <HD
DQG QHJDWLRQV 1R 1RSH OKPK F
H[FOXGHG

7ZR ZRUG DIILURDBNIGRQYKH ZDV WK
ZLOO DQG WKUHH ZRUG QHJDWLRQ
ZRQ W \RX GLG QRW DUH H[FOXGH

9DJXH UHVSRQVHV WR TXHVWLRQV
NQRZ 2ND\ 7kKDW WSRVHW]IFOXGHG

SHSHDWHG YWHBHWWHPRH@QWNI WKH RWHK
VSHDNHU &KLOG VD\V :H ZHQW WR
ZHHNHQG >'76 @ PRP VD\V :H GLG
]JRR ODVW ZHHNHQG

5HSHDWHG VWDWHPHQWY TXHVWLR
VSHDNHU ORP VD\V :KDW GLG ZH V
EHDFK" >'76@ FKLOG GRHV QRW Ul
UHSHDWV +H\ GR \RX UHPHPEHU Z|
WKH EHDFK" ,| WKH UHSHDWHG T
VHSDUDWHG LUD® PT WHAAWLL@RIQNE\ VHY F
FKLOG V DQG SBHM@RW D XW WHHIUDZ L\
WRSLF WKHQ LW UHFHLYHV WKH FR

3DUWLDOO\XWWHODQFHEOH EDQGRC
LOQWHUUXSWIB® & WWWHLORFHYV ZLW
FRGH VKRXOG EH H[FOXGHG

5HSDLUHG D QIBUWH SHIDWHQVBHOOLJL
XWWHUDQFHV REMHUWKSMG G XV W H
DQG XWWHUDQFHV ZLWK (8 FRGH V¢
&KLOG VD\V $WR YLADLRH PRP UHSE
DQG UHSHDWV <RXU DXQW GLG FRF



*HQHUDO VWDWHPHQWY WKDW FRPF
RWKHU VSHDNHU VDLG 7KDW V JRF
LOQWHUHVWLQJ 7TKDW V LPSUHVVL
HWF

,OFRQJUXHQW DQVZHUV WR GHFRQ\
TXHVWLRQV DUH H[FOXGHG ORP DV
IRU &KULVWPDV GLQQHU >'76@" DQ
1RVH

7TKUHH DQG PRUH ZRUG F
DUH LQFOXGHG &KLOG V
SDUN ZLWK WKHP >'76@ 2QH DQG WZR ZRUG FODULI\LQJ TX
\RX WDONLQJ DERXW >'76 HIFOXGHG &KLOG VD\V ‘H ZHQW W]
JR WR WKH SDUN ZLWK >' WKHP >'76@ PRP DVNV LWK ZKRP

S8WWHUDQFHV ZLWK 735 G2QRPDWRSRHLF UHVSRQVHY DUH H]
WDON DUH LQFOXGHG &KDVNV :KDW GR FRZV VD\ >'76@" Fl
EDOOHW FODVV OLNH WK ORR )

4XHVWLRQV DQG DQVZHUYV DERXW WKH QDPH RU
GHVFULSWLRQ IRU SHUVRQ REMHFW RU HYHQW WKDW

DUH QRW KHUH DQG QRZ DUH LQFOXGHG ORP

DVNV 'R \RX NQRZ ZKDW DQ DQLPDO GRFWRU LV

FDOOHG" >'78Q ZHAKL OGH V&RRRPRPQ INDIRZOHGJH IDFWV DERXW
>'76@ HIFOXGHG O\ ELUWKGD\ LV '"HFHPE

+\SRWKHWLFDO DQG VSHFXODWLYH VFHQDULRY DUH
LQFOXGHG ORP DVNV KDW ZRXOG WKH VKHHS

GR LI WKH\ JRW ORVW" FKLOG DQVZHUV 7KH\
ZRXOG FDOO IRU WKHLU PRPP\

7KUHH DQG PRUH ZRUG DJUHHPHQW VWDWHPHQWYV

DUH LQFOXGHG &KLOG VDAXYR ,ZBRGHDVHB HPXOWOWHWHWDWHPHQW
>'76@ PRP UHVSRQGV , GKKIORF NV VYWD WXRYHOWND WXUWOHYV
WRR >'76@ UHVSRQGV OH WRR
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$QWKRQ\ - / /RQLJIJDQ & - %XHWIOOLSY % OWLVRPOQWRU 3
6WUXFWXUH RI BUH\DFRX R RQ\VIASRIQRIWHQYHWQODL W\ W
ZRUGV V\0ODE O H)urialpExpaiReéntdl”CHIM Psychology, 82
GRL MHFS

% DQGXUD $ocial foundations of thought and axcti A social cognitive theory
(QJIOHZRRG &OLIIV 1- 3UHQWLFH +DOO

%DWHV ( %UHWKHUW R QFram firstevQrii&tbl grammar: Individual
differences and dissociable mechanismbHZ <RUN 1< &DPEULGJH 8QLYHU

%DWHV ( 'DOH 3 6 7KDO HV D QEGCWKIHIXIDIOP 6 O I HJ\W DR
WKHRULHY RI ODQJXDJH GHYHORSPHQNMY (Gh8 )OHWFKHU
handbook of child language S S 8. 2WBVYIGO %YODFNZHOO

%HDOV ' ( '"H7THIERUV- 3 27 6 Q R Z $ & LRgaing, reporting,
and repast: Three R's for co-constting language antiteracy skills. 3aDSHU SUHVHQWH:
WKH ELHQQLDO P HWWIRYJ 5/HVW B FPKREBPHEEWO BHE WM H  : $

%HQVRQ 6 ( 8QGHUVWDQGLQHQWW A UDNHFOLQLXDIDHL V
Contemporary Issues in Coranication Science and Disorde36 5HWULHYHG
IURP

KWWS ZZZ DVKD RWDWXISD BXE B GFDOBIGREHVU F MWAYGG L QY /LW i
DQJXDJH,VVXHV SGI

%LVKRS " 9 0 (GPXQGVRQ % HDWQ PXO0E0\H ' | FVSWDULQHA V K
7UDQVLHQW IURP 3H Udualwitbaedeh dnd eaiihg Bispiesa
GRL MVKG

% ORRP [/ The transition from infancy to languag&cquiring the power of expression
1HZ <RUN 1<G&BPEULYHUVLW\ 3UHVV

%ORRP / / D K H\La@guage development and language disordeisHZ <R UN
1< -RKQ :LOH\ 6RQV

%RUQVWHLQ 0 + 7RPBV /HOORQEN 2 )OUVW ZRUGV LQ WKH VI
\HDU &RQWLQXLW\ VWDELOLW\ DEMEGLFRGAHROAJM RV FRQGHKQ!
YRFDEXODU\ DQG YHV¥ D@ WRHW\S B QhfdhyBe@EaioRapaV H [ W
Development22 GRL 6 ;

WRXGUHDX " O +HGEHUJ 1 / O ISWARUPCEM\UL N RQOR | LHD BK
VSHFLILF ODQJXDQ@8 WS AN LW MO @de@ehdolend 6fLQJ SHH
Speech-Language Patholo@y GRL



%RZHUV ( 3 ODVLO\HKXKH WHODWLRM B H\WQ B XIMIDW 8DREZW K R
S U HV F KApRiédHPeyeholinguistics, 32 GRL 6

%UDQGRQH $ & O6O0ODQINRIG 5 0 *RLUVK 3DVBIQJXDJH
'"HYHORSPHQW ,Q.* 0* 0% € B H CHildrgn's needs Ill: Development,
prevention, and intervention S S :DVKLQIDMWR R QRO I3VVRFLDWLF
6FKRRO 3V\FKRORJLVWYV

%URQIHQEUHQQHU 8 LIDMLX BH -Q XSWX DO UHBRIQF GHYHORS
SHUVSHFWLYH $ EL Rsdh&laQiBal RéVBVDOP R G H O

GRL ;

%URZQ 5 Afirstlanguage: The early stage« DPEULGJH 0$ +DUYDUG 8QLYl
3UHVYV

%UXQHU - 7KH R QW R Jotdi@all &of CMIdR.&nguageHE K DFW YV
GRL 6

&DEHOO 6 4 -XVWLFH / 0 J/RJDQ -(PHUJHR®ROGWHUDBF\ SL
DPRQJ SUHNLQGHUJI®D OWHA @ (BKE DBNJHFBQRDO/RQJILW
FR Q VL G Hrh Ghildh 6% Research Quarter¥8
GRL M HFUHVT

&DEHOO 6 4 -XVWLFH /0 =XFNHU TPHUJHABOW @QDVPH BULWL
DELOLWLHV Rl SUHMF KR RE DDD FXDdyBagd Spacy, RkIQ W

Hearing Services in Schools, 40 GRL

&DPSEHOO ) $ 3XQJHOOR ( 3 %XUFKLQDO 0 .DLQ] . 3l
7 $GXOW RXXFRPYHRQDRI D Q H®XIFDWIKR QB ® RSRIRR HUD F
$EHFHGDULDQ 3U Revdibpréntdt RsgrRolbg¥8S
GRL D

&DPSEHOO ) &RQWL * +HFNPDQ - - ORRQ 6 + 3LQWR
(DUO\ FKLOGKRRG WO QRHWD OHEIOER RACEESANS K
GRL VFLHQFH

&DUQHYDOH #&mesicaand the New EconomgDQ JUDQFLVFR &$ -RVVH\ %
3XEOLVKHUV

&DWWYV + :HLVPHUD®JKDJH GHULFRWSUHXKBRRBHUV $ FDV
VLPSOH YLHZJ&uind éf Bgec) Language, and Hearing Resed&h
GRL
&D]GHQ & $EXOWRDYNQYXWDIYH BHREGRSPRQWOWH QG GL

LQVWUXFWLRQ ,)Q % 'D Y3 MWDeNabying Literacy 1THZDUN '(
,QWH U QDWLRQP\O/ RAEDBWLRQ



&KDQH\ & IDQJXDJH GHYHORSPROGW URKDQWD D@2 U M QWHW VFI
R O G F KAppliedRdy@holinguisticd3
GRL 6

&KDQH\ & SUHVFKRRO ODQJXMDJH DO ® Y WIROU B D)XGLL\QW L
Applied Psycholinguistic4d9 GRL 6

&RQGRXULV . OH\HU ( 7DJHU ) OXIEQWKLS EHW ZHHCH VUMD
PHDVXUHV RI ODQJXDJH DQG PHDVXIGHW @ |1ZV BVRKQMXDNLH/APX \
American Journal of Sgpeh-Language Patholog$2 GRL

&RRSHU ' + 5RWK ) 3 6SHHFH ' / 6FKDWVFKQHLGHU ¢
ODQJXDJH VNLOOWQWR RN KSK BQ R & R KiSHdd Os\Ribnguistizs vV V
23 GRL 6

&UDLQ 7KRUHVRQ & '‘DeHH3BUG\ WDONHUV EHFRPH HDUO\ U
SUHFRFLW\ SUHVFKRRO ODQ D¢lbpmetd) RsyehBl6tBBIHQW OL W
GRL

&URBAKRUHVRQ & 'DKOLQ 0 3 SRZKQOG7TLGWHUDFWDRE QW
FRQYHUVDWLRQD®®W IFFR@W HQWMV & DIDe@tiGns/fav Chidd/emtlJ \
Adolescent Developmei001 GRL FG

&UDPHU ' Fundamental statistics for social resear&tep-by-step calculations and
computer techniques using SPSS for WindewsQ GRQ DQG 1HZ <RUN 5RXWOF

&XUHQWRQ 6 0 “XVWRIFHFD@® $PHULFDQ DQG &DXFDVLDQ S

GHFRQWH[WXDOL JWBWHD QD XRXHD\) HL@HRLNEIMDIgPad e/
Speech, and Hearing Services in Schdtis GRL

'DOH 3 6 &UDLQ 7KRUHVRQ & SRFVMIMROUHFRFLW\ D QLA Y
GHYHORSPHQW RIHJRD @ [\@ U D DK QAP RsydRoliy&stiea 6 V
GRL 6

'DOH 3 6 3ULFH 7 6 %LVKRS 2XWFRBORMRIMHDBUO\ ODQJIXCL
SUHGLFWLQJ SHYVHQWHQMNQ DXQ05) My Q0 L\B@MiaNGt HYV D W
Speech, Language, and Hearing Reseat6h

'"HPLU g ( 5RZH O * #*ROGHQ OHDARH & &/HY 9RFDEXO
VIQWD[ DQG QDUUWW.IQY W\GHFB OR SUIEHHY DQRSEIQLIOFRKLKD@®@ Z1
HDUO\ XQLODQWHUDO (PUDLMGEDUHQWDE WO GO NWHBHRX W DKW H
Developmental Psychologyl GRL D



'"HPLU 9HIJWHU 6 > >$DYMUW 5 : QHMVFDQ BDMKHUQDO LQSXW
YRFDEXODU\ GHY HOR SRIHYW KRIROHIIN Jo@nstVéefH 1HWKHUOD C

Psycholinguistic Research3 GRL \%
'"HVLPRQH / /ILQNLQJ SDUHQW KIQH\RHOPYHHPW QW TIDWK DWW &
LQFRPH BdxwWwalWwbHHducational Research, 93
'"H7HPSOH - O SDUHQWY DQG WKIHUGURQ UHDGNQQ\ER® N
2 7D E R U \Bedifning literacy with languagé&‘oung children learning at home and
school SS %DOWLPRUH 0' 3DXO + %URRNHVY 3XEOLVK]
'LFNLQVRQ ' . 6QRZ , @GWWUBRURLUSYUBDIRRM@GLQJ DQG RUDO
VNLOOV LQ NLRFE WZRD V R/FEIERID\CHI@ ydRdedearch Quarterly
2 GRL ;
'LFNLQVRQ ' . 7DERUYV Begifning l&evacy with language: Young

children learning at home and schooko DOWLPRUH 0' 3DXO + %YURRNHV 3

'LFNLQVRQ ' . OF&DFEMHYRBSREQ@®RY /HUIHLKVOHU BRIHQMD
7KH FRPSUHKHRVLYFUGD QK XWR KD UL Q WAHIVWHODM L R Q
DPRQJ YRFDEXODU\ SKRQRORJLFDO NMARYL\S UWHMHFK RIRQDG D!
F K L O urivblpf Educational Psycholog95 GRL

'ROODJKDQ & $ &DPSEHOO 7 ) GBDWDGRYRVN\/ - )HOSBIPWRD

B | . XUV /IDVN\ 0 HUQDODMG XFDWLRIQHD@® \PHPNVXEK D Q
O D Q J 3dorh&l of Speech, Language, and Hearing Research, 42
GRL MVOKU

(YDQV 0 % 6KDZ ' % HORPH OLVWWMIUDVF DWW KHLU LQIOXH(
O L W H U DGanadibin.Joutnsl of Expenental Psychologys4
GRL K

ybuubu 0 - $VKZHOO 6 ODDJ /SKRQRDRHLHFPHUDHAQBH RH
&RQQHFWLRQV WRROD @J XD IHG DAHBSA/GBBLAGHD W
GRL

)DXO ) (UGIHOGHU ( /DQJ $ * 3RBHKBKQHBUOBM[LEOH YWDW
SRZHU DQDO\VLV SURJUDP IRU WKHD\WOR Y E BEQEHK DY LR UD C

Research Method89 S5SHWULHYHG IURP
KWWS OLQN VSULQJHU FRP DUWLFOH ) %)
JRRUPDQ % 5 +NBKHUD< 6 0I3WRAKKDOQP L$O O HUU X$F 7KH

VWUXFWXUH RI RUDG LGDQDRBIWKHLG® WHODWLRQ WR FRPS
.LQGHUJDUWHQ WReadiRg<ant Writir@s H
GRL \%



JUDQFLYVY ' - )HOHDWAKWU+ -: 0 BRPEOLQLPH®VLRQV DIIHFWLQ
DVVHVVPHQW RI HHINGRQJ FRBS ¥ HKKXOL M Ghidreh’'s 6 W D
reading comprehension and assessmeftS ODKZIDKUHQFH (UOEDXP
$VVRFLDWHYV

)XOOHU : $Measurement errormodels+tRERNHQ 1- -RKQ :LOH\ 6RQV

*DYLQ : - *LOHV [/ 6DPSOH VL]H HIIHFWV RQ WHPSR
PHDVXUHV RI1 SUHJo&KaRAR EpeEdh lalGeaHg Research, 39,
GRL MVKU

*LONHUVRQ - S5LFKDUGWH /(1% 1DWXUD 6WHHFKQLFDO 5HSRU!
/175 SHWULHYHG ODUFKRVWS ZIZURPHQDIRSXQGDWLRQ RU
FRQWHQW XSORDGVBIDWXUIBOB/DQJXDJHB6WXG\ SGI

*ObDVV * 9 + R S N L QStfatistical Methods in Education and Psychology
(QJIOHZRRG &OLIIV 1- 3UHQWLFH +DOO

*OHQQ $SSOHJDWIHWK $UHMWEPH 6 %  3LDSWWIXOQHVV LC
FKLOGUHQ V VS RadHEuibl &hD Détetopiveatl
GRL

*ULIILQ 3 %XUQV 0 6 6 Q RPZevéhting regddy difficulties in young
children :DVKLQJWRQ '& 1DWLRQDO $FDGHP\ 3UHVYV

+DGHQ & $ +DLQH 5 % JLYXVK 5 '"HYHORSLQJ QDU
UHPLQLYVFLQ SFHARRKBR /& opiddntdl W sychology3
GRL

+DLU - ) -U S$QEHWKRE % /( 7% O D F Nultivarkate data analysis

UG HG 1HZ <RUN 1< ODFPLOODAQ

+DUULV 0Language Experience and Early Language Development from Input to
Uptake +RYH 8. (UOEDXP

+DUW % 5L V O HMeanhindful differences inveryday experiences of young
American children% DOWLPRUH 0' 3DXO + %URRNYV

+HDWK 6 %Vays with words: Language, life and work in communities and classrooms
1HZ <RUN 1<G&BPEULYHUVLW\ 3UHVV

+HLOPDQQ - OLDDWOHU )YDEUDGRIBPLWK / 1RFNHUWV $ 'L
1DUUDWLYHDWBRQNMFUDSE LRDD Q EXE&ERK LQ WZR
Language Disorders, 28 GRL 70"



+HLOPDQQ - 1RFNHLWY B OLOPSOXDJIH'RBY WKH OHQJWK
W U D QV F U Laguagd) Spakdi,lhhd Hearing Services in Schools, 41

GRL

+RII 7KH VSHEYLUR@RHQW FOQRHARIRPIEMH VRO WXV DI}
YRFDEXODU\ GHYHORSPHQhWY DdvElopeM/ B QDO VSHHFK
GRL

+RII 1DLJOHV / +RZ FKLOGUH Qhix\DeveloprBextV WR DF T
73, GRL

+RII *LQVEHUJ ( QG)XWEHWERQEWH LQ PDWHUQDO VSHHFK 7
GHYHOR S P H QD&vapmen@MPEyEhology, 22 GRL

+RII *LQVEHUJ ( G IURIZ XK@ K\OL Q X \DHEBWarkthge 12D V

GRL

+RIlI *LQVEHUJ ( DWLR®HR IUEIOUW K RRGRIRLBD YV U RKMRWR FKL
ODQJXDJH H[SHULHQFH D Q GppDed Osy2hDlihgLitids IBEORSPHQW
GRL 6

+XQW - OF9L F Mtig¢ligence and experiencelHZ <RUN 1< 5RQDOG 3UHVYV
+XQW - OF9LFNHWPSDFW7RAG OLPDRDQYWWLURIHYRDWEPMHIQAWDO
,Q " (ONLQG - )@GtDdied i@ tognftse/development: Essays in honor of
Jean Piaget. 1HZ <RUN 1<8QLRHMWGVLW\ 3UHVYV

+XWWHQORFKHU U\N+BLJ&EMO]HU%O \RC@W O\ YRFDEXODU\ J
SHODWLRQ WR ODQJXDeVélopn@®a PéyehQagy,J24,Q G H U

GRL

+XWWHQORFKHU - \PHDAWPIDRHYD OHYLEQWHD@®IXDJIH LQSXW DQG
V\ Q W aghitive Psychology, 45 GRL 6

+XWWHQORFKHU -9D\DLVOANKHYDOO +HOGIXYHID /- +H7KH YDULHWL
VSHHFK WR \R R&doprrenial @sy¢hQlogy, 43
GRL

+XWWHQORFKHU -9D\DLVOANKHYDOO +HOGIXYHIND /- +H6RXUFHV RI
YDULDELOLQYW Q IF®& L)XO0ERHHitiMe RsXalidogy, 61,
GRL M FRJSV\FK

~XHO & *ULIILWK 3 / *RXJK 3 CAWHUDF$F$XARQMLVRQGR Q
FKLOGUHQ LQ ILUV Yubd e Eduddiienal Bsythob@s!
GRL



.DW] - 5 30D\LQJ DW KRPH ,@QKH . WG N LRIVROH WH QG B
( G VBeginning literacy with language: Young children learning at home and school
SS %DOWLPRUH 0' 3DXO + %URRNHYVY 3XEOLVKLQJ

.HQGDOO o0 * 6 W XH2 dd¥anckd theory of statistic9 R O /IRQGRQ &KDU!
*ULIILQ DQG &R

.HQGHRX 3 9DQ GHQ %URHN 3 :KLWBUBGLFWLQFKHDGLQJ
FRPSUHKHQVLRQ LOWKRAKROHGKRH@QWEBWQRGQQ W | FRWMNCU
ODQJXDJH DQG GéumRl GfIEQuEatbNdl Ps¢ckiologl0l
GRL D

.OHH 7 '"HYHO RS PHQWVW LFOQFRK DX DG WHWDWNYHVPRIDV XU |
FKLOGUHQYV O D QTUoyioslitLshguade Risokderr, @2

.OHP O *XVWDIVVRQ - ( +DIWYAIWO AW\ RI ODRBX®GLUPHIDAAL
IRXU \HDU ROGV &R QW XIF W DYIOXE&@Indiawad BoQrba J W R
of Educational Research9 GRL

.OLQH 5 9%Principles and practice of gictural equation modeling 1HZ <RUN 1<
*XLOIRUG 3UHVYV

.RVWHU & %HHQ @G0+ =DDNWINDY "'LHENMXIZAHOQ 7 + 9
'LITHUHQFHYV DW PRQWKY /DQJXOIHOSWIWWHRB Q VGLWQOIHQ LI
WA\SLFDOO\ GHY BadrReb df Queecly) LangQualdd Hearing Research, 48

GRL

IDKH\ O /IDQJXDJH GLVRUGHUV IIHYG<BDQJABJIH EHYOOPB:

/IDQGU\ 6 + 6PLWK3 .5( BGXWAWNHQWDY UHVSRQVLYH SDUHQW
LOQWHUYHQWLRQ QTKMHFR WY PHDO0U @/\L P i MOLGK RARIBWI R WQLDFCS E H
DQG FKL O GDBRudpmenRHgychologys
GRL D

/IDQGUN 6 + 6ZDQN 3 5 6PLWK . ( $VVHO 0 $ *XQQH.
HDUO\ OLWHUDHKRROA GRVAER UHYU MR @O QEHY IFOURSHPWHQW
V F DJQukhal of Learning Disabilities39
GRL

/IDQJXDJH DQG 5HDGLQJ 5HVHDUFK &R @QULRWWUX®FPDQJIXD JK H BILL
\RXQJ FKCH)dD&\IQpment, 86 GRL FGHY

IDUHDX $ +RUYDWRPHRWY RI VRFLDO LQFOXVLRQ DQG HJ[F
FXOWXUDO FDSLWDO LQ I|ISdeiblayy of Edueakod, ZHODWLRQVKLSYV



IDXJKOLQ / $PUQGLQEKRMRK/H N BB DXKIHPGHH @WWH 6SULQJ
5HWULHYHG $SULO 86 &HQMKXRPWKKIHHDX ZHE VLWH

KWWSYV ZZZ FHQVXV JRY SURG SXEV S SGI
/IHDGKROP % - 0 L QL@nguhge-sample analysiBhe Wisconsin guide.
OLOZDXNHH :, LVFRD/UWYPWNDWRI'3IXEOLF ,QVWUXFWLRQ
ILOHV % = IRDAUUWVHWILLY HF IKGLOYGEUHQ ZLWK ODQJXDJH GLVF
QRUPDO ODQJXDJH $ FULW L JobDraal oft$pekethZdrdguagdl BhdD LW H U D
Hearing ResearctB6 GRL MVKU
/IREDQ : Language development: Kindergarten through grade twelgdJED QD ,/
IDWLRQDO &RPKUHRLIMVORRI(RHDLVK
/IRFNH $ *LQVERUJ - SHHUV | '"HYHORSPHQW DQG G
HDUO\ \HDUYV |oépratidhal YBUhE ot anguage and Communication
Disorders, 37 GRL
/IRQLJDQ & - D O& RIQFH S WREQRGRMANEHDDAY LQ SUHUHDGHUYV
IHXPDQ ' . 'LFNL ®@ahBbQok oCe¥drly literacy research9 SS
1HZ <RUN 1< *XLOIRUG 3UHVYV
/IRQLJDQ & - HRADRXSE®BQWGD Q QW RH SHHRYHRORRSIALHF D O D Z
VNLOOV LQ SUHVFKRROJFXHWGIUHQOEXY MO QQHQEDXP (GV
Vocabulary acquisition: Implid#ons for reading comprehensionS S 1HZ <RUN

1< *XLOIRUG 3UHVYV

/IRQLIJDQ & - %XUJHVV 6 5 $QIPKHRIN RI HPHUJH'®W HILRN F
HDUO\ UHDGLQJ VNKICOOBWH@ SOU'H\GAHKRRHO B B IPDIE @HD W R QJL W
V W Dévelopmental Psychology6 GRL

/IRQLJIJDQ & - %XQWHWRWQ\6 -5/ $ %DUNHWHLYHGRSPHQW RI
SKRQRORJLFDO WHR V LAWD Y LR\Oodrr@lLEd e atieh@l Psychology
90 GRL

/IRQLJDQ & - OFRKEHO®LSV %3 0 GLIHEWNYEBVPHQW LQVW
HPHUJHQW OLWH U D F Famil@litétacy. irogtams 1(l6Z2 <RIUN 2[IRUG
SUHVYV

/IRQLJDQ & - OLOEXWA® YLHY XQH88WRHQQURWIO®OLW\ RI RUD

VNLOOV RI W\SLFBOEGKBRGE HWOKRER XQUOSBWIMK JUDGH FK

/IRQLJDQ & - 3KLOOLSY % 0 RQ LGHSASHROPKR R® BEOWWO W
UDQGRPL]JHG VWXGQLMW ¥ L WXL FLKAODGBRLHU L ¥ 20 @RA bHVD G L Q J
Educational Psychology, 108 GRL HGX



/IRQLIJDQ & - G6FKDWWWKWHHGHU/ &LWK WKH 1DWLRQDO (DUC

D ,GHQWLILADINMQIR/QYBILBDENBY LWMR ODY/MU RXWFRPHYV
UHDGLQJ ZULWLQDevéldpity HaBHL@etakcy) Rort 6F the National Early

Literacy Panel S S :DVKLQIJWRQ '& 1DWLRQDO ,QVWLW X\

IRQLIJDQ & - O6KDQOED@QIKDP & ZLW®KDWKOH AIDMWHWRID 3DQHO
E ,PSDFW RI YEDROMGHUNUBGW LRBY JRQH\IRK@\J CALKL B GIF
, @eveloping Early Literacy: Report tiie National Early Literacy Panel S S
'DVKLQJWRQ '"& VMWDIWLROOH ORWD /LWHUDF\

/IRQLJDQ & - :DJQHU 5 . 7RUJHVHQ TestofPreSthdbKRWWH &
Early Literacy (TOPEL) $XVWLQ 7; 3UR (G

/IRQLIJDQ & :DIJQWRQ5- 7RYDWMKRWWIdhod Comprehensive Test of
Phonological and Print Processing (Pre-CTOPPPYDOODKDVVHH )/ '"HSDUWRPI
3VI\FKRORJ\ )ORULGD 6WDWH 8QLYHUVLW\

ODVRQ - 0 3HWHXP®OQQXK '/"'"' O6WHZDUWHUBHQW OLWHUDF
$OWHUQDWLYH PRHG)HW \D R G GKDYWAMORERML R Q +Q 600 D W'HJM
( G VElementary school literacy: Critical issuesS S 1RUZRRG 0%
&KULVWRSKHU *RUGRQ

OF&DEH $ &KDPSLRQ$ PDWWHU RI YREZDEXORRH $IULFDQ
$PHULFDQ FKLOGUHQIW KSH U[ISRIWHP\DVQ BB iicatd® D U\ W H

Disorders Quarterly, 31 GRL
OF&RUPLFN 0 & %URRNV *XQQ - %XNDBDOJDQILROGPDQ&DV
+ (DUO\ LQWIHREZY BQUWWN R @ H.IQJ IO\ VB W HPHDWWOOUWWV L DWWV ‘

DJH IRU WKH ,QIDQW +HDOWKP&I@QttcsHYHORSPHQW 3URJUD
SHWULHYHG IURP KWWS SHGLDWULFY DDSSXEOLFDWLRC

OF'RZHOO . ' /IRQLJDQ & - *ROFGQYYWBERQFI VRFLREARQ R/R|
VWDWXV DJH DQG SUHGLFW RbtuhaRdf SpERIQ IRatgRape,Rbd0O DZD U
Hearing Researclb0 GRL

OF*UHJRU . . FRHQMH PIPGRH Q K DIMW HPH YW LROIOYDIUQ D SU
FODVVURRP 7RZDUGV D VROXW L RMeridaR Jéuthal QflSpécd) FOLHC
Language Pathology GRL

OHWVDOD - [/ QDWQRJORALZRUG IUHTXHQF\ DQG QHLJKERU/|
GHYHORSPHQW RI VSRNW@oX R CagnitidhPBRIQLWLREHWULHYHG
IURP KWWS OLQN VSULQJHU FRP DUWLFOH %)

OHWVDOD - [/ <RXQJ FKLOGUHQ V SKRQRORJLFDO DZDU

IXQFWLRQ RI1 YRFD E Xauinal bf Eddcattb@aRFS RO 1
GRL



OHwWvVDOD - / /H[LFDO UHRUJRQ LISORVQYLRQRD QEDW KLHZ BB H |
% 1HXPDQ ' . 'LFNHahRedak of([€@ry literacy research9 SS
1HZ <RUN 1< *XLOIRUG 3UHVYV

OHWVDOD -/ :DOOHWSIRIHQ YRFDE@GOGDVUKH WRIWKQWDO UH
RI OH[LFDO UHSUHVHQWDWLRQV 3UHFXUVRUV WR SKRQH
-/ OHWVDOD /| &Nof(KrechgnifiGnMn beginning literacy S S
ODKzZDK 1- /DZUHQFH (UOEDXP $VVRFLDWHYV

OLOOHU - Assessing language production in dnén: Experimental procedures.
%DOWLPRUH 0" 8QLYHUVLW\ 3DUN

OLOOHU - ) AREOFWLLIY HQO D5QUI X Q J-H @GLLO/REBEBIdLBY
child language disorders: A decade of progresS S $XVWLQ 7; 3UR (G
OLOOHU - ) &KDSPDQKH BHODWQRMMKD® G PMDIQHOH Q IJWK |
XWWHUDQFH LQurraRo) SpEddiPdid/Hearing Research, 24,
GRL MVKU
OLOOHU - ) &KDSPDRVWHFPDWLEODQDMYHWRIDQVFULSWYV
D >&RPSXWHU 6R®/ZDUH®DIBZDGHVS PIVRVLYV /DERU
OLOOHU - ) , J O FBysteim@tic &nalysis of lgnage transcripts (SALT), Version
2012 >&RPSXWHU ¥R/IWEZRIWZD UH //&
OLOOHU - ) $QGULDFFKL .AssessiRg-lahgudagl prodfiction using SALT
software: A clinician’s guid to language sample analysiOLGGOHWRQ :, 6%/7
6RIWZDUH //&
OXWKpQ /. OXWKpQ %Mplus user's guide WG IRV $QJHOHV &$
OXWKpQ OXWKpQ 5HWULHYHG 'HFHPEHU IURP

KWWSV 727Z2Z VWDWPRGHO FRP GRZQORDGLBEVHUWJIXGGH O0F

O\HUV 5 Classical and modern regssion with applications QG HG OBRVWRQ
"XTEXU\

1DLJOHV [ 5 +HRI( *LQVEHKW DUH VIRPHUQHHWBERHIRUH RWKHU
(INMHFWV RI LQSXWWUMWFWHKQH P@ & KEOXEBUHHRDIChitID U O\ Y H
Language25 SHHY\HWGEL TURP
KWW S MRXUQDOV FDPEULGJH RUJ DEVWUDFWBG®6

l1HWHU - :DVVHUPDQ : Apyli€ditingar Gegression models
+RPHZRRG ,/ ,UZLQ



1,&+" (DUO\ &KLOG &D UHTHeHN\NWCHAR $iudy of early child care: A
comprehensive longitudinalgty of young children’s live.5,& '"RFXPHQW
5HSURGEBHWYREH 1R ('

1,&+' (DUO\ &KLOG &DUH 1HWZRUN DUH WRHRRHQDWLREB BRQ Gk
G HY H O RCaiRilDev/&opment, 71 SHHYHWGEL TUR P
KWWS 7272Z MVWRU RUJ VWDEOH

1,&+"' (DUO\ &KLOG &DUH BBWXRODN WR URDGLRURTUKHOWO ODQJIXI

W U D Q VLW L Rbevagmantd| Py ehQldgy, 41 GRL
2VERUQH - XR\WM HR/l IBSQ@ WVIX MVRidot@al ABsBSBren LHR$@afch
and Evaluation, 8 SHHYW\HUWGEL - X Q H IURP

KWWS SDUHRQOLQH QHW JHWYQ DVS"Y Q

2ZHQV 5 ( Language developmemn introduction WYH G %RVWRQ 0$% $00\C
%WDFRQ

3DQ % $ 5RZH O0-/' 6LQREZ & ( ODWHUQDO FRUUHO
WRGGOHU YR BDXE WQ BEQ BRFOR ZOM it Devélopment6
GRL L

SDUNHU 0 ' %WURUWRBRRPSDUDWLYHPHDXGOHRWYKHQ XWWHL
PRUSKHPHYV 0/8P D XGRPHKKMNWOQNGIHOQ W H LFApstZ&guage, 0/8P
25 GRL

SHOOHJULQL $ 'QV EHWHEBYLSUHYW  VKRERROELKLOEGWHRPG OLW
EHKDYLRU ,Q / '"*BOIGD H BAHAY, landuagde and stories: The
development of children’s literate behaviolS S I1RUZRRGH[13XEOLVKLQ.
&RUSRUDWLRQ

SHWHUVRQ & 0 F &eweldpntental psycholinguistics: Three ways of looking at
achild's narrative 1HZ <RUN 1< 3O0OHQXP

3HWHUVRQ & OF&DERFBDO LQWHUDW VRIL REHWHAD RSEQJ
GHFRQW 6] \@ B D O D]Bevaidpmémal Bsgchologgo
GRL

3HWHUVRQ & -HVVR % OF&DEH WSLYHV L QQFRKWKIR RO H)DV
LQW H U Y H QIoutnal ©f Ghidd X @yuage, 26

SKLOOLSYV % 0 ®&QODQF\ OHREMKMHDBX&EFHVVIXO SKRQRORJLFD
DZDUHQHVYV LQVWKRRW®YW LFKQ @G WK GBS UHVE\ROEREIMR P WKH
Early Childhood Special Education, 28 GRL



3LQNHU 6A theory of the acquisition of lexical interpretive grammar& DPEULGJH 0%
0,7 3UHVV

3LQNHU 6Language learnability and language developme@ DPEULGJH 0$ +DUYD
8QLYHUVLW\ 3UHVYV

3XQJHOOR ( 3 &DPSEHOO ) $Povergpantd €aiy\shiddhood 6
educational intervention 1HZ % UXQVZLFNRQ-3RHHUMHU :RUN DQG 2SS
3ROLF\ %ULHI 6HULHY 5HWULHYHG IURP
KWWS 1SJ XQF HE@GXMVMLOYHV USHIVRAIBROUFNSRUWY DQ
EULHIV (DUO\&KLOGK®RW B U XEKDW IRRQBBROLF\%ULHIB S

SXUDQLN & 6 /RQLJIDIU @& ZULWQQIUGBINIHKRR/OHWUY ZLWK RUL
G L I I L F Xo0rwaLafilNéarning Disabilities, 45

GRL

5HHVH ( SBUHGLFWLQJ FKLO GQOHD AR Q Y @4sntidai I RWDOR/P PR W
Developmentl0 GRL

5H\QROGV $ - 7HRESQAMVV-REG 'S5/ ODQQ/'RQBWHUP HIIHFWYV

HDUO\ FKLOGKRRGGIXFWD WU RQOW LIRFK RYHPHQW DQG MXYH
IROORZ XS Rl ORGANHFR R SKama@285 VFKRROV
GRL MDPD

5LFH 0/ 6PROLN ) 3HUSLFK ' 7KROBVRRP 70 5\WWLEHDQ
OHQJIJWK RI XWWHUDQFH OHYHOV WQR RRQWX ZIQOMWH D QGO
ODQJXDJH L RsunalbvPIpepiti \Language, and Hearing Research, 53,

GRL
5ROOLQV 3 5 &DUHJIJLYHUV FRQWLQJHQW FRPPHQWV W
ZLWK O D W HgpliedraytXdinhHistic@4
GRL 6
5RQGDO - $ &HVVLRQ $ QS X/\NW PHDYQL\E HR) E R RMAV YW B IS

K\S R W BodrWal & Child Languagel7

5RWK ) 3 G6SHHFH ' [/ &RRSHUQDGOG-DQDO\WLURRJIJIWWHN GIRQ
EHWZHHQ RUDO ODQJXThé&Houwr@l6f EtDddtOnallResesa5Q J
GRL

5RZH 0 / &KLOG GLUHFWHG MBRAHAK V 9/HDOVDXW L RI@ RVAO M B
FKLOG GHYHORSPHQW D QlBurRd efCRldL&5mES0 DU\ VNLOO
GRL 6



5RZH 0 / $ ORQYIHWVXGLUOQ R RDXR QWKW \UR@GaRXDOLW\ R
GLUHFWHG VSHHFK LQ Y @HidEXDpéh8EHYHORSPHQW
GRL M [

6FDUERURXJK + 6 Q RI BHHGLEWMGRYPIEQODLWDIQ®R LQGLYLGX
G LI IHUMQ@maH¥Educational Psychology, 81 GRL

6FDUERURXJK + 6 O\ ODQHBXD HD GHI[ILF [P ZilEReGdpent

61 GRL M W E [
6FDUERURXJK + 6 &RQQHFWLQJ HDU@M\JOGBQV XEIHOD Q¥G |
(YLGHQFH WKHRU\ DGCLBXYMPB@®LFH R Q. KQWook of
early literacy research 9 SS 1HZ <RUN 1< *XLOIRUG 3UH\
6FDUERURXJK + 6 'RERIOFWWKH HOGEQB\VRR SWHVFKRROHUYV
Developmental Review4 GRL GUHY
6FKZHLQKDUW |/ LDQRGEWL%BDUQHMIWG :&6 %RIWHLEN O 7K

KLJK VFRSH 3HUNG S8 WKWRORIKODIW XO\KIPFRPQDW \ D RISQIRJAH T X H
DVNHG TXHVWLRQV <SVLODQWL O,P +LJK 6FRSH 3UHVV 5
KWWS ZZZ KLJKVFRBYHFKUIHEDNBBRINODLWDDIBYXIFP B B SGI

6pQPFKDO 0 /JHYHYUBDUYHRWDO LWKR CO/HIPH@MRS RPBQW RI FKI
UHDGLQJ VEHOO GRIQ YIHWChEILDRRIOpenTS G \

GRL

6pQpFKDO 0 /H)HYUH - $ O6PLWKO&KDQW2Q UHILQERAWRQ
WKHRUHWLFDO PRGHOV RI HPHUJHQW HRQuUAAHA) SrhdolW KH URC
Psychology39 GRL 6

6KLPSL 3 0 )HGBDRDNM $ + B6RFLDWLPQ® SMN@WRRAHRIAULFDQ
$PHULFDQ PRWKHWRPKLPBQAR GWKU RXRQ V\WRUWR BHEOXOOND U
G HY H O Rappieti@®8ycholinguistic83

60DGH / SXIIPD&GRZ ODQJXDJH GRHV DQG GRHV QRW UHO
ORQJLWXGLQDO VWQ&\ALRVVZ@WLQ\O‘HHPHEPFRQUBH—I]DQ{&IIDO

of Developmental Psycholog33 GRL ;
6QRZ & ( ORWKHUV VSHHFK WGEhilef Bdveldpriddat@ OHDUQLQJ
6QRZ & /LWHUDIH DO G DWIQRGN KSULEHV 6 K RiE&@d MIXU V

Educational Reviewb3 GRL KDHU W Z Z



6QRZ & ( &EDQFLQR + 'H 7THPSOHL ¥LQJ6IRKUIIPHD\O 6GHILQLWLR
OLQJXLVWLF RUNRBOWD OQ (@ J X \DAhYuAy¥ Ridcegsthg in Bilingual
Children SS &DPEULGHUHL@BIJH&EOPFPLYHUVLW\ 3UHVYV

6QRZ & ( &DQFLQR + *RQ]JDOH]*BYLQEKBUPHWIGHILQLWLR
RUDO ODQJXDJH FRUUHODWH RlasrbamslandIferacyQ ' % ORRPH
1RUZRRG 1- $EOH[ 3XEOLVKLQJ &RUSRUDWLRQ

6RQJ / 6SLHU ( 7 7DPLV /HORQOGD DI®OXHQFHYHEFEHWURRAR C
ODQJXDJH DQG FKLDQGG H@RIWQ IOWIOQVIX BBHHY BB RBRH Q WL DQ HOV
Journal of Child Language, 40 GRL 6

6SHHFH ' / S5RWK ) 3 &RRSHU ' +7KH'HHOHMYJQEH RI RUD
ODQJXDJH VNLOOV WR HDUO\ OAppliedPByENOlifgusc®O WLYDULDW
20

6SLHU ( 7Maternal and child vocabulary: Concurrent and predictive relationships
from agestwotothree SQSXEOLVKHG GWER/QRUDBZGERVNWBWYLYHUVL)

<RUN

6WDKO 6 $ OXUUD\'HHLOLQJ SKRORQRVVFD@GDIZWY UHODW L
HDU O\ Wbslun@l biEducational Psychology6 GRL

6WRFNPDQ , - 7KH SURPLVHD/PBQB BRWDMUDW RY ODRQIW
WRRO IRU OLQJXL YV Wanguige BRddthyahdHedriogeserii«@s in
Schools27 GRL

6WRUFK 6 $ "KLWHKX2VMWO *Ob QGXDUHMMHEBERSUHFXUVRUYV
HYLGHQFH IURP D ORQJL VWEGlofnBrtal PajcboloEs8 XUDO PRGHO
GRL

6 XO]E\ ( Beginning readers' developing knowledge about written languagel Q D O
5GHSRUW WR WKH 1DWLRQDO ,QVWLWMWI)\RWR@XEFDWLRQ !
I1RUWKZHVWHUQ 8QLYHUVLW\

6 XRUWWL 2 ILSSRBKRQRIORJIJLFD © WML WRVSBIQEHLEIH DXGLW
VWUXFWXUH RI DOZRIUG \DWVQ WOKH SKKHRIQHH&ltef Bavly D J H V
Childhood Literacyl14 GRL

7TDEXOGD * Relationship between parent and child verbal communication in multiple
assessment contexts8 Q SXEOLVKHG SUHOLPLQDU\ VWXG\ )ORULGI
7TDOODKDVVHH



7DJHU )OXVEHUJ + 5RIJHUV 6 &RBBMO 5 /DOYBGHB 3JIRUG
'"HILQLQJ VSRNHQ ODQJXDJH EHQFKPDIWHVDL QGHVO D@ FX\DLI
GHYHORSPHQW IRU KREBRW FKR /G U R QoUutXaoiGphaeehly GH UV
Language, and Hearing Research, 52, GRL

THDOH : + 6XO]E\ ( ULWISQL QBIVHDOFXL WXHOW L Q@ W\RI
R1 ZULW L @eNéhtLitétacywriting and ReadinglRUZRRG 1- $EOH]
3XEOLVKLQJ &RUSRUDWLRAQ

7KRUGDUGRWWLU (VSHFLI/DFQHKIBIFEVQ/GR | RODWIK FKERPQLIHVWDV
VSHFLILF ODQJX D) ARAPSDWINPRIQ W ( QEAEvhEl & §péects H O D

Language, and Hearing Research, 51, GRL

7LOVWUD - OFODVAWHRWG XFWLYLWWUDOGRBYEVFDOQG®/\ PHDVXUH
QDUUDWLYHV 3 RWH QWLIX M DHE BRI Hmsbrders
Quarterly, 29 GRL

7TRPEOLQ - % =KDRHd GLPHQVI/RQDOLW\ RI ODQJXDJH DELO
F KL O ®murkdldf Speech, Language, and Hearing Resed&h
GRL

7TRPEOLQ - % =KDQJ ; ‘HLVV $ U&BWWYV +LPHO@WLRQ\HRYF

LQGLYLGXDO GPRHMQHRPWYR@ WNRL O M\VG BHPFRKQD SUHRD Y JWU
5LFH 6 ) :DUWbev@lopfental language disorders: From phenotypes to

etiologies S S ODKZDK HH (\DQBEBIXP $VVRFLDWHYV
7TRUSSD O 3RLNNHXV $ 0 /DDNVRQHQ /( 7RHBYID@HD B +HYV
/I\WWLQHQ + WKRGHDUQY SDWKVZRUBRRYR @MRIG ADBOWR
VXSSRUWLQJ LWVKGAOGEHE RIPIAWBR RWGCGMHPLOLDO ULVN RI G\
Scientific Studies of Readintl GRL
7TXUQEXOO . [/ 3 - XV Wdhgtaye Deve@lopment from theory to practice

%RVWRQ 0$ 3HDUVRQ +LJKHU (G

S8NUDLQHW] 7 $ & %ORPTXKKMWULWHULRQ YDOLGLW)\ RI IRXU
FRPSDUHG ZLWK D OHidLadgDalel TvaDHNg and Therapy, 18

GRL FW RD

9DQ 'LMN 0O 9DQ *HHaWWO B ..RUMIFDNORFKRQ' 'UHVDOKU : 8
%DVVDQR ‘\QDPLF DGDSWDWLRQHLGAMEWEB Q@+ D G X O
Learning 63

9DQ ,-]JHQGRRUQ 0 +& /XLMNXIOHB )4 Rl FKLOGUHQ JURZLQJ :
FKLOGUHQTV KRPHW B @ HAN® HIDDD O MeQillPaliBeé¢ DQD JH V
Quarterly, 54 SHWURRYHK®/WS ZZZ MVWRU RUJ VWDEO



9DVLO\HYD 0 :DWHWWHORFKHY QFH RI YREWDH &RPPRQDO
DQG GLIIHUHQFH\D&¢dpRantdl Sdieh@dU H Q
GRL M [

9RJHO & $ ;XH < OMRLAXGIGLUQ (((V &MHBABGKQ E&dy
Head Start children in grade 5: Long-teffmilow-up of the early Head Start research
and evaluation study sample235( 5SHSRUW :DVKLQJWRQ '& 211
30DQQLQJ 5HVHDUFK DQG (YDOXDWLR® )B3BPQDHVWSbBbWL
'"HSDUWPHQW RI +HDOWK DQG +XPDQ 6HUYLFHYV

9I\JRWVN\ / , QYWZHHUHIF &/ B Q QA HD @ I &\ CRHNYVHNO\R S PBILQ G D G
6RFLHW\ S &DPEUYBUB OGELVWHUMIHNHBUHMWP 5HW
KWWS ZZZ SVaVARXI BIEX Y\ JRWVN\ SGI

9\JRWVN\ [ Thoughtandlanguage & DPEULGJH 0$ 0,7 3UHVV 2ULJLQI
SXEOLVKHG

'DONHU ' *UHHQZRRG&RBUWDUW 9% LROUMGLFKRRO RXWFRPH
HDUO\ ODQJXDJH SURGXFW LR Qhi Q&veMpiehfSHFRQRPLF IDFV
GRL M WE [

:DOOH\ $ & OHWVDOD - [/ *DUCORFD EXOD U\ JURZS\RNH YV
WKH GHYHORSPHQW RI SKRQHPH D Z ReadigygMWVRIGHG HD U O\

16 5HWULHYHG IURP KWWS OLQN VSULQJHU FRP
:DWNLQV 5 9 .HOO\ ' - +DUEHUV OHDODVXUEtROGKYLOGUHQ V
GLYHUVLW\ 'LIIHOHDGG LW E D I UH\GUWDQAE x3ietcdhd U QH

Hearing Research, 38, GRL MV KU

‘HVWE\ & /HDWH QLDDONLR WU R/NDHDWE CEDXDIH GLIIHUH
6 LPRQ ammunication skills and classroom success S 6DQ 'LHJR &9
&ROOHJIJH +LOO

KLWHKXUVW * - /IRQLIJDQ & - QG HRKULOETHIHYHDRSPHAQ!
Development69 GRL M W E [

' KLWHKXUVW * /IRQKBBQJKQW OLWRHRM IURPHOBRHUHDGHU\
UHDGHUV ,Q 6 % 1HXPDQ Handbohkdfea@MiRi@cy (eBearch

9 SS 1HZ<<RXYXINOIRUG 3UHVV

LL ( + O6HFRUG 6 H EHI® Priesdhool 2: Clinical Evaluation of
Language Fundamentals PreschooBHDUVRQ 3V\FK&RUS

=LPPHUPDQ ) - *LB®ENHGVRQ $ &SK®&ELVWDNLMWID\ 6 <DSDQ
8 7HDFKLQJ E\ OLVWHQLQJ 7HHRQFPEHRVIVDDDREA@VRWRBC

ODQJXDJH G HP¥dib@ies 3RAH QW GRL SHGV



%,2*5$3+,&%$/ 6.(7&+

*DOL\D $ 7DEXOGD JD\W B& U ®XIVY I9MR GBUK 96 LbH ALKDL Y HG K
&RPPXQLFDWLRQV LRJUD GURPDIRKD B Q IDYHI KHW\ %5K VIVQ 5 XV V L |

IURP WKH )ORUYBDVAWD W BQVHGIPIYLY $ GHJIJUHH LQ 60D
/IDQJXDJHV DQG GHIHYOHG K RAKHWERQHRE RD\WORBDLIWQG ,QGLYL(
'LITHUHQFHV LQ 3UPRHYNQQYHRFHXYUEK H RFWRUDG WQGLGDW
/HDUQLQJ DQG &RJQLWLRQ 3URJUDP L3YWKRORSDDQ®HBWURIL
6\WWHPV DW )68 6KUbIVRD D W KRUDDIYEYHBR ® $WERU RQG SRVYV
FRQIHUHQFH SUH/MMDWDWLRQNV W RCUIXK B RRWH UHHVUWWHIVGIF O X G +
OLWHUDF\ GHYHORSPHQW ILUVW QHM®JRRIHVIHFRQE LOADLRIX D @)
DFTXLVLWLRQ LQ DGXOWV DQG WHKMLBERORH RIUDD QIX®QJXDLIGISD

UHODWHG VNLOOYV



