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,PSURYLQJ 7HDFKHU *DPH /HDUQLQJ $QDO
'DVKERDUGV WKURXJK DG KRF '"HYHORSP

$OWRQLR &DOYR ORUDWD
&RPSOXWHQVH 8QLYHUVLW\ RI ODGULG ODGULG 6SDLQ
DFPRUDWD#XFP HV

&ULVWLQD $ORQVR JHUQIQGH]
&RPSOXWHQVH 8QLYHUVLW\ RI ODGULG ODGULG 6SDLQ
FDORQVRIHUQDQGH]#XFP HV

,YiQ - 3pUH] &RODGR
&RPSOXWHQVH 8QLYHUVLW\ RI ODGULG O0ODGULG 6SDLQ
LYDQMSHU#XFP HV

ODQXHO UHLUH
&RPSOXWHQVH 8QLYHUVLW\ RI ODGULG O0ODGULG 6SDLQ
PDQXHO IUHLUH#IGL XFP HV

,YiQ ODUWtQH] 2UWL]
&RPSOXWHQVH 8QLYHUVLW\ RI ODGULG ODGULG 6SDLQ
LPDUWLQH]#IGL XFP HV

%DOWDVDU )HUQIQGH] 0DQMyQ
&RPSOXWHQVH 8QLYHUVLW\ RI ODGULG O0ODGULG 6SDLQ
EDOWD#IGL XFP HV

$EVWUBDWM)J JDPHV IRU HGXFDWLRQ FO® HQFDHDPHQW KRl R/RWKIGHIQML\R C
DQG SURYLGH D PRUH DXWKHQWMFXGHRWYLBD H Q ¥DWRQ MHHOWW ZKM® HD ¥/
NQRZOHGJH +RZHYHU WKH DFWXDQ VV¥KRBRROXN LVDPMLDOSOLFDWHE Q S
EHFDXVH WHDFKHUV FRQVLGHU W KHRL U QFWHH IDWH DJ DFRRHP SDOGHH SSWLARRH VW k
LQWHJUDWLRQ RI *DPH /HDUQLQJV$ODEKWWF VWD WEREURYIKURYYGHKW LQ\
NQRZOHGJH DFTXLUHG E\ WKHLU VWKGRRYKY DDQGVXDYD G DV KERDAHR
$OWKRXJK LW LV SRVVLEOH WWWLFRYDGB D SUHIPE GHDYHKERO WG LW F
IXOO\ FRYHU WHDFKHUVY H[SHF®\DWKRQIVG KRFVRIG\D SWBWWRQ@HRV\WHNQ |
GDVKERDUGY WR LQFUHDVH WKHLWWXIGHERWL Y HQ WKW WHK H RX-IKL W& B HIW
DGDSW GDVKERDUGV IRU WHDFKRQVIRWR ALRUFKD XRSHX & H @&/ IDIQIDHE VILY/| R:UL R
WKH SRVLWLYH UHVXOWV REWDLQGBQW RIR MG BVRHWK-RITRARM FDH KSIM
WR FUHDWH DG KRF */$ GDVKERDUGVOBQGQHW URBWGEDYV KRPHU® HV \
GHYHORSPHQW VLPSOH EXW XVHIXO BOGKBRVPDGXHFIRY SAWMRIYN IGKIRD GKH
FRPSDUHG ZLWK PRUH FRPSOH[ GDVKPRBUGYV WKHRXPOKHEBW DQGRIDFHG G
GDVKERDUG GHVLJQ IRU EHWWH G WHNARSHG BOGE KERDRGVLEORIX DG KHR
DV WKH\ KDYH SURYHG WR EH PRUH HIIHFWLYH WKDQ JHQHULF GDVKEF

.H\ZRUGNDUQLQJ $QDO\WLFV 6HULRXV *DPMMG'DVKE@RDQ@ILV [$3, *DPH
&DWHJIRULHV
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,QWURGXFWLRQ

*DPHV FKDUDFWHULVWLFV VXFK DQJ WIORMOW HQIDNEHQIDBPAG PR
HVSHFLDOO\ DGHTXDWH IRU HGXPBWXLRQ+DERA D PQG\ WRROBGIH |
'"HQLV DQG -RXYHORW @ 'HVSIMW RV KK ID\VGHR SWREG R IDGY
VHULRXV JDPHV LV VWLOO SRRU W@ IR WDAFAN HRG XADMQARDU GV UR
GHYHORSPHQW YDOLGDWLRQ DQG ®HSO RHHQKD DG WFKRROV >
‘H FRQVLGHU WKDW FROOHFWLQJ DLOGRRADRNWEH WHXG DRV J
LQFUHDVH VHULRXV JDPH DGRSW LR GDV)DVF B Q RSANR Y&REGIOHFW K &'
DQG LPSURYH DOO VWHSV LQ VORH JKURF FDQ \IRIGPW KB YHW K R @'\
DQ LPSRUWDQW VHOOLQJ SRLQW KK SFDOUW URR PAK H, X \HG RF D R R
VHWWLQJYV /HDUQLQJ $QDO\WLFXW/$ QMR XWHIEU W R USAJRIY EE HRICX
LPSURYH VRPH DVSHFWV Rl WKHVO HDOH® IDBIS SUREHWVR DIFEHFR Q
*DPH /HDUQLQJ $QDO\WLFV */$ IRFX\WP/ KIDLHURUVADWLRQ JDW
JDPH LQWHUDFWLRQV
)LJ UHSUHVHQWY D JHQHULF *DPH RFXVOQQQ R QOB DRWLIFMOSLSH
VWDNHKROGHUV VWXGHQWY SODWDRR® LWHWURXW H B P N WRURHGH D
DQDO\]HG ZLWKLQ WKH $QDO\WLNVVA\Y W MK HDIIGP MV VBINKHBRQ V
$QDO\WHV DQG YLVXDOL]DWLRQV HPEGIREPOWLR® IRDVKERDU
WHDFKHUV 2WKHU DQDO\WLFV VRWOHNCHK-RO GIBDBPY B F K CORS M W\ G
DQG DFDGHPLF RIILFLDOV FDQ EH SUHVHQWHG ZLWK WKHLU RZ
7KH DQDO\VLV Rl GDWD KDV QRWWREOM WQGHRI GDPRINYWLFD
>%DXFNKDJH 'UDFKHQ DQG 7KXUDXVV @D QLW LHNO BVNBIQ GV UH QC
GRPDLQV FKDUDFWHUL]HG E\ FRIOORRWQ@Y RQGGDWDODIQQJ C
WKHUHIRUH VRPHWEPHG RDHLQMNEDWRHD\EXVLQHVY DQDO\WLF\
LGHQWLILHG DV RQH RI WKH NH\ W&KHK® ROKLID QW UBQG \6 W R UMK H
@ )ROORZLQJ WKH DQDO\VLYLRD GOWPDU HVKH W H & X DLW X IDQGH
GLIITHUHQW SXUSRVHV DQG WD UNHM DXIEQE RHWR KRN DLYIXGK DO
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RI SRVVLEOH DSSOLFDWLRQ DUHDBWL\WQMIOHG IGQY ARMRUYP RW LR
XQH[SHFWHG UHVXOWY DQG SHUIRUP L@JADP® ¥R RPXMAWDRQ QJ

> HLP HW DO @ ,W LV WKHRHRRUHH WIR KYFHBRH\R QG IV KIOE\R DDU
DUH WKH XVXDO ZD\ WR FRPPXQLRDWHKRXRWRDWERQ WRGVYWDI
6WHLQPHW] @ 7KH\ FDQ GLVSOD\ LFNXXBOWDAHWV PHHIZURIFV DQG

RWKHU LQIRUPDWLRQ ZKLOH D GI@R ZFLDED ELOOA ML HWYJ WDR) G DOMLKPHL WV i
LQ GHSWK GDWD %HVLGHV GDWLN WK PRV WIRRP@ R/Q O \ GOAHCE
PHWKRG LQ *DPH $QDO\WLFV >'UDFKH@ W® IFRAP DODGF RWK RV V
LQVLIJKWY DQG SURYLGH UHXVDEGH UVHSRIUAXD O R]D VELLRIG\ HFQ\Y
SURYLGH LQ D VLPSOH ZD\ D YDUKHWWRD §£Q IR B P®M/LSOD \ \SXFIXF |
ZKHUH OHYHO FUDVKHV RFFXUUHG

,W PD\ DSSHDU WKDW RQFH D VHULRXW HQWHUHBRUMPLHOIW V W
VWDQGDUGV LW VKRXOG EH VLP SIDO\ WMXFAW WR BVRG SUDRPYHL GHHD U C
SHGDJRJLFDO LQVLJKWYV W K DDAV WUHRCRFAKWH UAR E B @ HXV HH ¥ 8 QVW K R J
JHQHULF YLVXDOL]DWLRQV DQ@ WBVKEWDUGW Q3RBND®&HRID AYE
FRPPRQO\ SUHVHQW WUDFHV JHQHVRIMMIG WK R PUH® DGR D V KILVS
EHWZHHQ WKH YLVXDOL]DWLRQ HRQF M KH JHYMXWN NQRZ OHGU HF R
DFTXLUHG LV QRW DQ HDV\ WDVN :K¥DO GII®WLUIRQQIDWE&HVH
GDVKERDUGY SHGDJRJ\ H[SHUWV PXVWQKE&DSRDR\GHWHUPLQH
RI D JDPH FDQ EH LGHQWLILHGVLEXVRRKIVRPSVOWDQVXDGL]D® MRU
7KH\ PXVW SDUWLFLSDWH LQ W RMNWAUFWDORIGRHOR I SWK M, / FBHIWRILQJ -
&RODGR $ORQVR )HUQDQGH] )UHLGH] ODYMRQH] 2@ WRUDQG )+t
WKH JHQHULF GDVKERDUG DV WKHLWXNWREOHGIM WIKO SW HWY R W\C
JDPH PXVW KDYH IRU WHDFKHUV WEBDEMHDEOH WR HYDOXDWH DQC

7KHVH JHQHULF YLVXDOL]DWLR®VWS P HVYHRDWNG WHRHYD/Q VE K& B W I
FDQ EH FRPSDUHG DJDLQVW ED VSIOWQRUW R H HVQHD PEQBIV V W >
WHDFKHUV FDQ VHH ZKHWKHU ZKR{OH RUDBNDJIQBRN HZ BUREQH PV
+RZ WR GLVSOD\ WKLV LQIRUPDWLRFEN VW O L WRIR VWOWHE DUG L T
DQDO\WLFV LQ VHULRXV JDPHV >$OBAVRH HUMUQGBIH] DWYR OR
DQG )HUQIQGH] 0DQMyQ @ IRXQG QRYARQDIOQ VW LIRY RMKH G
SHUIRUPDQFH PHWULFV IRU VHUKRWLBIRHW DN & B YK-D WH H RKIRH
QR VWDQGDUG SDWWHUQV IRU VGKLNH SH@WHNE KURHFOR HQWK RGW\Wh
YLVXDOL]H VSHFLILF RXWFRPHY DQG JHQHUDO SURJUHVV

‘KLOH JHQHULF GDVKERDUGV PLJWWLEN HIR XRE WD P WLV I\
VSHFLILF GDVKERDUGY DOORZ DQ\WWBRVISE DR RALDABUX QB VWU \RL
RI WKH JDPHSOD\ DQG LWV FRRFHXVRR QY VB M PN KH\ IDAH @HYGH O
VWDNHKROGHUYV

7KH VWDNHKROGHUV LQ */$ LQFOXGHHW/DRSHYWY WHDFK
DGPLQLVWUDWRUY DQG UHVHDWHARHAXNVH YD RRQW ROVAKHIUN  7OK\ W &
RYHUVHH WKH DFWXDO HGXFDWLRQUDRSLQRIQURWRHQWV VIQG
VWDNHKROGHU WKDW QHHGV WR EH FIR@WLGHY HE X\FD WP BQRY H
VWXGHQW GDVKERDUGV DUH DOWR DLW SGRHUFA S GIWL | EJOW HWW ZIL\D QV E
XVHG LQ WKHLU FODVVURRPV DPIRU B HEOLFWR/Z O/\K HV W H DDKVHA KW HG
WKH GDVKERDUG ZKLFK UHTXL UGHNVUWWDRIGDE G B V R E RDHMNW MERH ¢
>6FKZHQGLPDQQ HW DO @

*HQHUDWLQJ GDVKERDUGVY VWD U \&K LELKWRKX W W DEFHN GRX HQAN MAKD F
FDUH WR JXDUDQWHH SULYDF\ ,GWHWSOBWLRQ QG IBWDHBBIQ W\ |
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YLVXDOL]DWLRQV IRU H[DPSOH GL3,¥ODML\QIHBURYRRAND\ LGHC
,QGLFDWRUV WKH FKRLFH RI XKKILF K VZD® & KR G HIUN U HROW H [DRPFS €
VFKRRO DGPLQLVWUDWRUV ZLO ©DEH HQVRH WHVHWSHHEU LR UPDRSTHU R
HDFK FODVV ZKLOH WHDFKHUYLBXD® ZMOVE H QWINJI BW \F R B SVIRU H
WKHLU FODVVPDWHYV 'DWD FROOH FIWLLRHY IVQIEV DSFOVOAVE & HV KZROHO
ILQDO VWHS WKH YLVXDOL]DWH RQ FRH @/KBIUIQQIRU PRQW DRWL AW R
ILQDOO\ SURYLGH YDOXH ,Q WKLYV GDHKEH DYIGH/Q Q¥\HHGES WER & H D
HYDOXDWHG DV SHGDJRJLFDO W FOROO/N DWIBINFMQ D Q G VPR WD IE¥RW Q RV
DQG XVDELOLW)\ >-LYHW 6FKHIIHO 'UDFKVOHU DQG 6SHFKW
7KH SURFHVV Rl FROOHFWLQJ DWRR LQ QD PHQIGQ @/LHMEIFNL Q § \G
WR \LHOG XVHIXO WHDFKHU GDVKERPFKGRI FRPCISR LEHWH WHEH U D
SRVVLEOH LVVXHYV
D 'DWD FROOHFWLRQ &ROOMFWHGHDYWOUDRIURG BQWHWV VI
FROOHFWLRQ VWDQGDUG LV EHLQUYIRPORZAXHV2QHAHG/ WBQG
EH DGGUHVVHG )XUWKHUPRUH ZKOW RO WKW KRRBE EH FDS
DQG JDPH GHYHORSHUV DUH XQGHUAMWQQED EDRHP\RWH LQWH
UDWKHU WKDQ VHOHFWLQJ ZKDW WR \8HQUGRDBPG WKHQ F
DQRQ\PL]DWLRQ DQG VHQGLQJ LW DFFRRUKL®DWBR VSHFLI
FROOHFWLRQ LV QRW DQ LVGON KERDW GV \GHFLMLR QWRP\ B E
DW WKLV VWHS SDUWLFXODUWG Z¥DDA)RE\FRIGIGH W H G WDM\G
LQIOXHQFH GDVKERDUG RXWFRPHYV
E /RZ WHDFKHU H[SHFWDWLR Q\Q DIOAWAKN UG DIVIKHE RRDWEQ @HD
GR QRW NQRZ ZKDW WR H[SHFW ,Q RXUSHBWUWRQFH ZKHQ
VHH WHDFKHUV GHVFULEHG RQO\ IRDVARPSQHRWPRP@®LRQ V)
GLIILFXOW\ UHVXOWV LQ WHUMBWQRZHRX QRW/ RK H IQDKRAE D) G
RI DWWHPSWV WKDW LI SRVVLEO®HVKIRXD® E]D VEILR S D\ H C
$OVR WHDFKHUV DVVXPH WKDW DOWBUMWRY ZDOWWH B QDQ \EHR
DQG GR QRW H[SHFW WR UHFHLYH DQ\QUQIRUPDWLRQ ZKLOH
F 'DVKERDUG GHVLJQ 7KH GHVLJQGASDWHYRNWRVMDWQEOH G
GHVLJQLQJ XVHIXO YLVXDOL]DWNRRXOMETXLDAE BRAWHK SHGD
VSHFLILF LQIRUPDWLRQ 7HDHUHUW DY 16 DWIQERIDWD® \GE R W @
VHH SRDEWYH DQG DUH XQZLOOLQJ WR LRDNH VLJQLILFD
GDVKERDUG GHVLJQ XSIURQW EHIRUH WKH JDPH LV HYHQ C
G &KDQJLQJ GDVKERDUG UHTXLUHPHQW\DG GH AR\ ZLOO
YLVXDOL]DWLRQV IRU WKHLU GD\SCHRB GG VEHWHUW QWKW JDP |
DQS )XOILOOLQJ WKHVH PD\ EH FRWN\MPSRY HYIHGKHP SRV VL
UHTXLVLWH GDWD ZDV QRW RWLILFROEVVFROIOHRZWRGH VHF
VI\VWHP KDV EHHQ GHVLJQHG WR DOORZ WKH QHFHVVDU\ IO
H %H\RQG VWDQG DORQH JDPHV NHDFK$INWWPDOREZDQWIWR X\
FRXUVHV ZKLFK PD\ LQ WXUQ EBVHNPHVDUBNERBDOUG ,Q W
JUDQXODULW\ QHHGV WR EH FRQRLEKUDEDM ] DO @RI ®RD WK H
E\ LWVHOI EXW DOVR DV D SDUW RVLYLWHGWUDOO\ KLHUDUF
IHYHUWKHOHVY D UHFHQW OH® HUDWKWGIHWHY QB Z6 SHFKMW 6 Ra
UHJDUGLQJ WKH XVH RI OHD UG QR DIMQALIRM\\S RE D \G D \RKER I Y @ M UIX
DQG LPSURYHPHQWYV IRU WKHP LOF®OGFINQD WHPRQGDVKERDOG
EH\RQG DZDUHQHVV DQG UHIOHFWLR®H QW GVWKDING VREEQVWGEID 8 Q
XVLQJ WKH FRPPRQ WHFKQLTXH WK FRPISIDW SGH U D PO V B/ ® HEHW |
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SHGDJRJLFDO WHFKQLTXH WR SURPROWH FRRW IRYDMWLHR @R [$0 WK
YLVXDOL]DWLRQV DUH KHOSIXOW WVIK®H GHDICH © RZHHID XA Q I ¥ X VRWAF
YLVXDOL]DWLRQV >'UDFKHQ HW DO @

BHFWLRQ RI WKLV SDSHU GHYVF USHFIM LKFRDZD R X &R Y0UW FMKH.DVHKAHW X
GDVKERDUGY WDFNOH WKH DERYHUGAD\Q PG IBHWDRHGY KR
ZRUNLQJ ZLWK GHVLJQHUV DQG WH VESKIHWU VL F6 K ¥ W IFRPY H\G AN A U HE
ZH KDYH GHYHORSHG WHDFKHU GDVKERDIURON OHPWIQRIE LQHV
WHDFKHU GDVKERDUG GHVLJQ )L QFRAF\O BWIFRVQL\R @ Q G/ )% P F VUL IR]®

RXWOLQHV IXWXUH ZRUN

$GGUHVVLQJ WKH WHDFKHU GDVKERDUGYV LVVXHV

$V PHQWLRQHG EHIRUH WKH SURBBVELRISORUAHFHELWD NEHPO \
JDPH LQWHUDFWLRQV RQ GDVKERIRPGW KXV WIXONW RHWK H Z\M HZL FOK
WDON DERXW WKH PDLQ GHFLVERQVVDWW WK HGDNYH 6 RRO OMKE M DRX
WKH SURFHVV WR FUHDWH WKH GDNKERWDGY WKDW ZLOO VKRZ

JRU GDWD FRODHF WIKRQSUMYKRXV VHFWLRQ ZH XVH WKH ([S!
BHULRXV *DPHV 3URILOH [$3, 6* [DQG NWHKILTDOG | FRDODWMFW |
[$3, 6* GHILQHV D VHW RI LQW HWEW XK QN RHK\D WD Y LlGHH WD X DE G
>6HUUDQR /DJXQD HW DO @ :H SAUKRDWGH BDQWHD W LW B OUM HHY
DGGLQJ DQDO\WLFV WR VHULRXV UND PHRP MVHRHD [5\M WDL O N PRIl GHKY
VWDQGDUG 7R DYRLG SULYDF\ LVVXHRW ¥ W XXG/HQSWH XTGRIY\HP R X \
WRNHQV DUH XQLTXH VWULQJVHUY HAK 2K B8 \WHHY JDPHIDIWHGHS\WU R
DQG SURYLGHG E\ WHDFKHUV WR WK HPUMRWXEHQW VW RKR ZRB O
‘H VWRUH QR EDFNXS RI WKH WRNHQ WR WKX®HQWOFRUUHVS
H[FOXVLYHO\ RQ WKH WRNHQV WRVLEB8gZWX\L QW XEKHPWI/ON RUR R
GLVSOD\ LQIRUPDWLRQ LQ WKBVYEV®D QLM KMH\RBK/R RDHD \ NHHHISF W
FRUUHVSRQGHQFH EHWZHHQ WRNHQ ¥ DIQ & VBIFW R DV UDW M GHIQHW
LGHQWLW\ Rl VWXGHQWY LQ WKH GDVKERDUG

%\ XVLQJ SVHXGRQ\PRXV WRNHQWVV ZH ROMHOD R W KDHR WWK DRVWQ DI\ G\
RZQHUV Rl WKH SVHXGRQ\P WR QDR HVRRIQGHH@W L R QV\W B BVOAHX 7 HIQ
ZKR SOD\HG 1RW RQO\ WKDW EXW. Q@B WEHQ WHOHG RRVRREVOLW
GDWD ZLWK JDPH GHYHORSHUV RUURPVHEDPKHIWPHSZXKDF K FWR E
WR LPSURYH WKH OLIHF\FOH RI JDPM\HEMVEHQ IV 5D MWQA HLLMAK HAL
WKH LQFUHDVHG DZDUHQHVV RY WKIHY PSPV UL ¥ BV WDKH UM IO HRAW H
SVHXGRQ\PV LV QRW WKH RQO\ SUHEDWW ERYHVKDWH KDHFEHHG \
WR RQO\ DOORZ LQWHUQDO FRQQHMRXURQY3, DOG HBDWVDUH VH
$GGLWLRQDOO\ LI VWXGHQWYV ZODQRZ WKHDLAK BDW WV R/ B HEWP G B @ B
GHOHWH GDWD IRU VSHFLILF VWN%E R @\ RXXDW® NIH®H Q WR. PLW& H
VAVWHP WR JXDUDQWHH WKHLU ULJKW WR EH IRUJRWWHQ

'KHQ FRQGXFWLQJ H[SHULPHQWV L® WKRROY DIZFRONVIKQWH W
IRUP WKDW GHVFULEHV WKH W\BRHG OQW® D FRQRHF MG R W R EDH
WKH GDWD LV FROOHFWHG X QG H B GBS/ M)XRGW Q CPPN VERFW WHR Z/LSCHTF L
VWXGHQWYV $GGLWLRQDOO\ DWWYKHWLRHIZQWKQQ® PIQHID[SKI UR P H §
VWXGHQWY DUH LQIRUPHG WKDW AWKHE. URIDPHYEDUEBK\SRUSREH
DQG FDQ RSW RXW IURP WKLV GDWD FROOHFWLRQ
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JURP RXU ZRUN LQ WZR (8 + SURMHPRPSTHWKIDYH GHYH
DUFKLWHFWXUH WR WUDFN FRWOH FEVD WADWIRRIGHO HDRMDIDG] HUR@ GV B L
JDPHV LQ D VI\VWHPDWL]HG ZD\ ¥$8RQW RO)MHUWYD@HHIUWDO PR G
JHUQDQGH] ODQMRQ , 3HUH] &RODGRWHWR QD B! WK®@®V $ VL
DUFKLWHFWXUMNLLV TRH SQRPMHWEWRQG WKH ZRUNIORZ ILUVW WK
WR SOD\ WKH JDPH ,QVLGH WKH DBERHUWWKDM LK\D Q GRIP\S R/QHXBW
DXWKHQWLFDWLRQ ZLWK WKH DQDGWYRQ GNH WQHRIU DML R R L F K
DERXW ZKDW LV KDSSHQLQJ LQVLEBHWKHHWDPANRAR HQWHR LUQWHY
LW LV DYDLODEOH IRU PXOWLSOH XODANZRQR® XGE1L® B58QRIWDPPL
-DYD6FULSW DQG -DYD DQG LPSOHRHKQIWVLWQKAHS3L.GH RWBRGB
GHYHORSHUV FDQ OLQN DQ HYHQW KW LGLHD @ KEHH MHPQHW Z WAR K WD
DQDO\WLFV EDFNHQG 2QFH WKH DMUDICRMWLEW ENFNGTQGHXHGE HLQ
$SDFKH .DIND WR EH FRQVXPHG E\ DIO$% DV K HKE W FOUFD @ WULND P L
SHUIRUPV WKH QHHGHG FDOFXODWQR QWK B QUED ¥ W\RUIDHH ¥ R\VQ KV RV
(ODVWLFBHDUFK ZKLFK SURYLGHV WW®WRUEDDQBKLFKURDQJ IRU
JHQHUDWH YLVXDOL]DWLRQV |URPWIOHDY WILF6HDIOLAK UTHHIDG KAHLLP
UHVXOWV WKURXJK WKH $QDO\WLFWUGRQWROG.LEKQPK EXLO
YLVXDOL]DWLRQV WR DVVHVV WKHLU VWXGHQWV

7KH WUDFNHU FRPPXQLFDWHYV JD PQGH DB QWA MHRV WL RH[ED F N H G
IRUPDW ZKLFK DUH WKHQ FDWHEBERUWIHAE8 LG XA HY DIQDIR\] R
VLPSOH DJJUHJDWLRQV VXFK DV ZAHRXQ W UQRDPREX 0B RWL Q. FARKUH
KLIJKHVW VFRUH REWDLQHG LQ D YWBWH FV RLFFH SIDQMO R HW KAD QD P H
PRUH FRPSOH[ IRU H[DPSOH E\ SBH FDGFWHIW QQ WIKHHU BV X Q VK
$Q H[DPSOH RI WKH SRVVLELOLWUHYHO $QDDOWDIOAAL V -L \3 MMKHH] 0
&RODGR 5RWDUX )UHLUH ORUDQ ODUWLQH]Q@QUWILEKOQG )HUQD(
D KLHUDUFK\ Rl DQDO\VHV LVHUWRYLBRIGLIDOG WQGFUN BQRXIHD
LQWR WKH VI\VWHP WR SURYLGH |RSWD HZDLARSD M W W \S BR HIHAKY
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QRGH LQ DQ DFWLYLW\ WUHH ZKHOXG B RRGAHWH EDJXD EH VI DO MV GWK D
LVVHKH) WKH SUHYLRXV VHFWLRQ

5HJDUGLQJ ORZ WHDFKHU H[SHFW DWBRB¥GIDXN & KGDVKERDUG (¢
SUHYLRXV VHFWLRQ VLQFH ZHRFDGE&RGH W BLHAWG VOR D AKH BV AK
VKRXOG EH DQDO\]HG DQG KRZ LW VKRXOGS [E 6 HEDXOWD\HG  ZF
JHQHULF GDVKERDUG ZKLFK GRHV QRWDWHFXGEDWD QR W BWXS DC
JDPH WKDW VHQGV YDOLG [$3, 6* iHQ WIHWMH \WMLR B *GODWD D)RU H]
VSHFLILF YRFDEXODU\ WR LQGLFRMWH WKDGV ZIX N'W KIS b QWK HK D B FPH
FRQVLGHUV WKH FKRLFH WR EVKERDUBFMD @ LH QRMO \VGH IV SSHDD K Q)
Rl FRUUHFW LQFRUUHFW VWXGHQW BQMDHBVGDNKKE KIVBG R D
LPPHGLDWHO\ SURYLGHYV YDOXHXOREW W B FKRI BI\D DFLGV SUHRTYXLLGHHP |
IRU PRUH FRPSOH[ JDPH VSHFLILF GDO/KEBPWGBSHERILWKH RW
GDVKERDUGY FDQ SURYLGH PXFK PESHWW NH HSI\QU KWW\ FRLRFID |
JDPHYV VSHFLILF JRDOV LQ D GDNEHBRDHGWAKG EN B DFXHBRIDLG
YLVXDOL]DWLRQ LV PXFK PRUH RQWRQW MLHHWKW Y BKO®LIHQWHE L
GDVKERDUGYV

$GGLWLRQDOO\ VLQFH RXU GDVKER DIIGWVKDGHOXS G RW HEZLQ Q
VHFRQGYV EHWZHHQ UHFHLYLQJ LRWIPDWWLRG GDWSIDDLIQQ J$3,
XSGDWHG YLVXDOL]DWLRQV ZH DGV RDIUMAMXE HP B PKLDRBLOMHP DOKHD
FDQ EH FRQILIJXUHG WR QRWL I\ WWHD FIXWIUWH R t F5 R R QIVE G i U \DVOHH
WR EH KLJKHU SULRULW\ WKDQ ZDU®LQVW KKWDPKH XQGHUO\L
DVLGHV IURP LQFUHDVLQJ WKHFKHWYDWWR QH[Q VIZHDQHD HW\P LRY |
WHDFKHUV WKDW WKH XVH Rl R@RQUWERVW \P RIRWH ® LIPQ MR ® DMR
RQ SOD\WKURXJKV DQG WKDW WKHQHHEGRQRWG EHLQLUPLMPHE GVR
SURFWRULQJ

7R SURYLGH WKH QHFHVVDU\ GDERERD ZG DDUH LER LGP LW ¥XGH
WKH GHIDXOW GDVKERDUG DQG DO OR ZV HDFH H6UH YHIORBSBIN S U |
WR FUHDWH FXVWRPL]HG JDPH DSHRQVFIRQMO\NHY DIFHY LG X Q|
RXU GDVKERDUGY DUH EXLOW RQ WRSHR) WROHU FLHE [5Q B NDHQFAN (VO D \
GDVKERDUG FUHDWLRQ LV GHYHORSHQGHGHQRW\QM®WKR XJK
SURJUDPPHUV ,l QHHG EH FXVWFOR DGDBYWHOXDWE BOBKERWD
DOORZLQJ GDVKERDUGYV WR EH XSGDIWM® WZRZGLV SDIOLVH [LV WL G
DUFKLWHFWXUH DOORZV IRU WKHTXL DQBHOWP\H VBRI HYIRGIVUN D W
WKHLU XQGHUVWDQGLQJ RI KRZ VWXGLHRXWVIBPB\ RQ&KHDUQ
GDVKERDUG XVDELOLW\ LVVXHV DUH FRQOWDLIQ HGZ R6 ¥FBWHIF W L R
VWXGLHV RI VXFK FXVWRP JDPH VSHFLILF GDVKERDUGYV

J)LQDOO\ UHJDHJGDOBWV\DWXH VRPHWLPHYV SDUW Rl PRUH FRPS
VWUXFWXUHV )RU H[DPSOH D JDIMH B\ FROKWR L @ KLHFKHRD® PL
PHULW LWV VSHFLILF GDVKERDUWG\QVHRWHRY ISUR YMG N WL QO RFEDN
GDVKERDUG WR PRQLWRU SURJUHVWFRD EWRYEOMO® RNK AL WIE®L JL
JUDQXODULW\ RQ GHPDQG ,QGHHG MHKIRM MIQFWLRQDOLW\ ZC
%($&21,1* (8 3URMHFW 7KH UHVXRDWIGY] PXFROWLIG 19 HYOH/Q JE DAWK R C
SOD\HU SURJUHVV DW DQ\ OHY HKQ FRI FRKHO ® FQLFYR-MS\DK/IVH B R W Kk
VHULRXV JDPHVY DQG PRUH WUDGLWLRQDO FODVVURRP DFWLYL\

%XLOGLQJ GDVKERDUG YLVXD O L [DIMELRRUIDW ILRRID VEHHDVFZAHHHQY EURAW &
JDPH GHVLJQHUV GHYHORSHUV D®GRWHDWKMWRY WK HDPSIHVV
UHTXLUHPHQWY DQG FKDUDFWHUIWHKH ED\BBGDIEW ERQV IW KRIWG B
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\LHOG REVHUYDEOH GDWD D Q& W HERIM FWLRE@ W KG HNE D O EWM M FW
SURFHVV LQ JUHDWHU GHWDLO 2HWRHYRWEHU WR A GJHVKBMUL @
GDVKERDUGY DUH QRW XVHIXO WR WHIIDFKHIW V. Q& REOWHFPMICRD L Q
WKH WHDFKHU GDVKERDUG FUHDWWR® G ERIMHAHH Q 1\ WHIFW K D W F(
GHYHORSHUV VKRXOG RFFXU DV HD RO WKHSIRWPHLEQB LW \D FK RALK
RI ZKDW WR UHSRUW ZKHQ GHW HULMHLYQHGV ZAXNFK \R K . KVDVE VAHDTOX I @
DQDO\VLY DQG SUHVHQWDWLRQ L QWHKH WRLRR R IPED EKHEQBHGMG
EHIRUH D JRRG WHDFKHU GDVKERDUG LV FUHDWHG

,Q DGGLWLRQ WR WKHVH WZR QROHVV SH\GW RRH QFXW Hi [\§ KD W WA
JDPH LV SHGDJRJLFDOO\ VRXQG DQ@G W¥ H QDLPAHSTR/U MDDV WALFE R O
WR HQVXUH WKLV VRXQGQHVV 3HROYRGLEQ OVKES BUWLI QKRIXW &
JDPH DQG SDUW RI WKLV GHVLJQ LD WRXBHNVPRFAL QD & D YV WK\ F
OHDUQLQJ + ZKLFK VKRXOG EH HPERIS UIDEH Q WIKK MM KBRD U G
SHGDJRJLFDO H[SHUWV FDQ EH Y® GRVEER DURS K KD W HBE BK B U \X
WKH OHDUQLQJ" E\ HPSKDVL]LQJRQKHDMLAE N FVEXINY S H Q DLIR J DPDH
RXWFRPHV

"RUNLQJ ZLWK JDPH GHVLIJQHUY DQG GHYHORSHUV WR FUHLEL

*DPH GHVLJQHUV DQG GHYHORSHUV FKR®RW H QW\H DIQ® HJWHPIHF K L
WKH EHVW SODFH WR PDS WKLV NQRIZOWRBJPAHRR ILGIYXDQW H U (
LQWHUDFWLRQV WR EH UHSRWHNG | RIRH W WH HDLQJD DQW ROW H/RHHIQ
HVVHQWLDO ZKHQ GHVLJQLQJ D GIDR/KE RWRGH @ VIXQGL YWIGDWD ON K
VSHFLILF GDWD WKDW WKH\ UBPQD ®QHIGV DFR® BHUFHV ®\Q WRIGEO HFKW
SURFHVV FDQ EH GLYLGHG LQWR WKH IROORZLQJ VWHSV
'DVKERDUG JRDO DQG FKRLFH RI KHQHU\D\D DU HRSX MW DIQRG F |
GHILQH D GUDIW RI WKH GHVLUHG]BWYRBDRDWKDMQZBIXGLQ
ZRXOG OLNH WR VKRZ 7KLV LQFOXQWWQMWMKH RIHQHUDO «
YLVXDOL]DWLRQV HQFRPSDVVLQJ ERNWK GV UBGRUPDWLR (
YLVXDO PDSSLQJ )RU LQVWD QFHQ VBR PRDEDMG EYH. \# WIRG\LD DW
SOD\HU DFWLYLW\ RYHU WLPH FRWUDHGEWQ B FK D QW R UUMHFPE
DQVZHUV SHU SOD\HU XVLQJ VWDRNIGDEBUVDQRU :DYHU
SOD\HUV ZKR KDYH FRPSOHWHG HWKHORWPH 7 HDOVF PHVY R U W H
LQYROYHPHQW VHH VWHSV DQG LQ VXEVHFWLRQ LV
&KRRVH WKH GDWD WR ILOO WKWLERRVWRRDHW &KRZQFHQW KH
WKH GDVKERDUG LV FOHDUO\ GH IW®&H G/ SWMKH | R WD IV MDHESO HW
WKDW ZLOO EH XVHG WR UHSRUWLWEOW\L QHRUFRIBMIGRQ 7K
LQWR GLIIHUHQW VHFWLRQV RIU8P, COWWWHBRBWWKHZLOO
JDPH 7KLV VWHS HQFRPSDVVHV ERWH QKN KRRLRH RI [$3
FKRRVLQJ WKH JDPH GDWD IURP @KLEFKWDNQEHO &/ E IV IOR/X HP E
WKH QXPEHU RI FRUUHFW DQG W®&FRIDPHF WRXQBGZKDYHSHU ¢
WR VHQG IRU HDFK DQVZHU DQG SRDUMEWZRH VORMI WKH U
LVRODWH JDPH GHYHORSHUV IURFEON FHQSYRY,LGHWDLOV
HDV\ WR XVH OLEUDULHV LQ VHYHWXKDWURKHYBORSGLUODQJ
FDQ FKRRVH WR VHQG DGGLWLRQDW GQHU\QRWVPIDNRUPDV
LW LQWR WKH ILQDO GDVKERD WGE D WKHERDINGREHEHYQI QML
ILQDOL]HG VLQFH LW DOORZV GLMHUWB® ROWKERDKG LC
H[LVWLQJ SUHYLRXVO\ XQXVHG GRWMDW ,@QDNME UWE R U /U H
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RQ DOO PDMRU [$3, 6* HYHQWYV WDKALOML D MR XIK WRGHHG
GDVKERDUG GHVFULEHG DERYHF®O QQG SGRWUNVFHQJIDLVV XH
JRRG EDVHOLQH RQ WRS RI ZKLFK JDPBIGWSHFLILF LPSURYF
'"HILQH KRZ WKH GDWD UHSRUWHISGIURRLWKGH QDR ILIOHD EH
SUHYLRXV H[DPSOH WR VKRZ WKH @MXPEZHUWRISHYFRUUHFW
SOD\HU JLYHQ [$3, VWDWHPH@MW LQR PZKH WK HH QD SIO RVH |
WKHLU DQVZHUV ZDV FRUUHFW YRHUWGR VJ JW K H DDAQHD O HALYVOX\R
IRU HDFK SOD\HU DQG VWRUH LW IRU ODWHU GLVSOD\
&UHDWH WKH GDVKERDUG IROORZLIUVWK®G BUMMKIRXV VW
GDVKERDUG FDQ EH FUHDWHG ZKLFKDFWDR BH WHKHNWHG ZL
E\ SOD\LQJ LW DQHZ RU E\ UHS O D YRIWSLLGHYLRIX ¥IOW K RO O H |
WKH SUHYLRXV H[DPSOH ZH FRXBG RKRRVM H¥FRV ®HSLFW V
LQFRUUHFW DQVZHUV SHU SOD\HHHIIHNVKDFKVWDBNHG ED
FRUUHVSRQGY WR D SOD\HU DQGNRBQRMDWE&M WWERHIPDOO!
UHSUHVHQWLQJ FRUUHFW DQGGLI¥RUHHBW Q Q WH® V7 KH G
KHLJKW RI HDFK EDU ZRXOG UM DOMIFQV GOWXKHER FB& QW X OTK |
WKHQ EH HYDOXDWHG E\ WHDFKMNW\HSDQIGQSWNMLEBNUH ILC
VHFWLRQ

"RUNLQJ ZLWK WHDFKHUV WR FUHDWH GDVKERDUGYV

(DUO\ WHDFKHU LQYROYHPHQW MHBPE KW UFG DV RRDKIKE VXFARHY VL
GHVLJQHUV RU UHVHDUFKHUV PD\ BWKRWRWVNKHD W VD KILUKKD® GD
LQIRUPDWLYH DQG XVHIXO LW KW MDADFWRUNR WKIDW WK DWW KR WY
GDVKERDUGYV ZLOO QRW EH H[SHLHNM PRQOWBHLJBEHZ LWKGKZURO
GHQVLW\ YLVXDOL]DWLRQV IDYRQMBORMLQUVXRPH ]Q RQ RXHWI[SaH
WHDFKHUV HDUO\ GXULQJ GDVKERDWX&BEHVHJIQ KHOSV LW WR EF
%H\RQG XVDELOLW\ WHDFKHU L@ RROXYSHERQW WHIDARKZHW & D\QK B
DFWLYLWLHV WKDW VXUURYQGLW MK FCBVY LLERPV H KRH W6 R FHV
WKH IROORZLQJ VWHSYV
6KRZ WKH JDPH WR WKH WHDFKNKQGHNNMKHUY W KR XID® 5 0D
LWV JRDOV KRZ LW LV SOD\HG DR RHEK NIFDWRLBG@ VKLS
OHDUQLQJ RXWFRPHV (DUO\ WHDFKRQVL®YKXEH 2 RE ® VIHIEO R 2
RQ WKHLU LQWHQGHG XVH RI WKW KIDW HV KHD NJIHYIX O W LRRIU
GDVKERDUGY ZLOO EH ERWK XVDEOH DQG LQIRUPDWLY
XQGHUVWDWLQJ WKH JDPH WHDFKHWWKHADQ@RRWGEXLOG DQ
OLNH WR VHH
'"HILQH WHDFKHU JRDOV 2QFH WWN MKKHPY VKR YGHH $PDLEB  ZF
ZKDW WKH\ ZDQW WR OHDUQ IURP[PRB GHK HI H DPKKGM QW V
PD\ EH LQWHUHVWHG LQ NQRZLQJWWXDDW SSOWVLRJ WKH JI
ZKHWKHU WKH\ KDYH SUREOHPV LOXAHVUWLRIQY SRD AHRHR U Z
RUGHU LQ ZKLFK WKH\ DUH FKRRVLQJ WR VROYH WKH JDPH
&UHDWH D GUDIW GDVKERDUG DQOLYGH® IV \DHWRR V LURDID V
GDVKERDUG WKDW DWWHPSWV WR D/DMWDWILARQKEPOQDFK G
UHTXLUH GLIIHUHQW DQDO\VH\W VDRQICHGRWPOVWRR WHKIHG QMK WP
VWHS
(QVXUH DYDLODELOLW\ RI XQGHD®LRQ GTDWRLVWREOHD FK
DQDO\VLV PXVW EH DYDLODEOH WRGIVBOGREHGW R GDWD 2
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WKLV DQDO\VLV LQ WXUQ UHHXMDHN MWXWHIDIPFHVWRQV 8 QW [
WR IHHG LW

(YDOXDWH WKH GDVKERDUG ZLWK WHIRFKHWY 7KH GUDIV
LPSOHPHQWHG DQG VKRZQ WR WHWDBRIBUXVWRGIFBOXDWH
%DVHG RQ WHDFKHU IHHGEDFN YLVXDOLMMKHRQV PD\ EH [
GDVKERDUG SURPSWLQJ D QHZ SURWRW\SH SURYLVLRQ G|

1RWH WKDW WKH GDVKERDUG GHY.HQR B N HQ SAHRYFHH/R/$SVUNR U
RQ WKH RQH KDQG DQG IRU WHDIFWHGV VR/G SWKH DRYGKHDERYH |
IHHG LQWR GHVLJQHU GHYHORSHWXWWISS FRQRIHFHWR/I GDY & BRADH

IROORZV GHVLJQHU GHYHORSHU VWXS W KGDWRERDWSHBSOHP|
DERYH FDQ RQO\ EH IXOILOOHG ZLWK GHYHORSH U VFRIO®® ERUD W
DZDUH RI WKH H[DFW GDWD EHR@DVHGW)LMDP® BRZVIMHIV EHDQ!
PHDQW WR EH)LWHRDWIQGL BOIXVWUDWLRQ
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JLIXUH 'DVKERDUG FUHDWLRQ SURFHVYV

8VH FDVHYV

‘H KDYH XVHG WHDFKHU GDVKERDWGY P XGWDPOHOH[BHQL®O 5 QW U
ZLWK JRDOV WKDW LQFOXGHG WKH WWLGNGDWERIQVRFWXUH XQ
LPSURYLQJ WKH VHULRXV JDPHV WBOWDRXH @H UBPBIQOWVHN] D®RIG D
SHUIRUPDQFH ,Q WKLV VHFWLRQHYZH  X\PHD FIU]HDWK B BHD [ KW
RI JDPH OHDUQLQJ DQDO\WLFV DQG WHDFKHU GDVKERDUGV
1RWH WKDW DOO WKH GDVKERDUGY DUZH B HEWIRZW3 W R PH Yl
WUDGLWLRQDO PRQLWRU ZLWK DQPRXKH GNWIGE RRDUW G QY WRHU DF
PRELOH GHYLFH PD\ UHVXOW LQ SRRUHGGUIROREQFRIQVERFH W
LQWHQVLYH .LEDQD WR GLVSOD\ WKH UHDO WLPH YLVXDOL]DWL
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$ FXVWRP GDVKERDUG IRU D VHULRXV ¥MPH RQ F\EHUEXOO\

&RQHFW®B®YR ORUDWD HW DO @ DYDI WM R XDI DDEWWVR U
F\EHUEXOO\LQJ E\ SODFLQJ SODJ)HUNXIGG QM HV K R YHVK I | Bl UWUBDXQ0
DQG F\EHUEXOO\LQJ DIWHU DUULY LWLH D WH DWEH Z O\LF K RFRIOW 8 O\D \
VWXGHQW LQ ILUVW SHUVRQ GXOHQEHLIFRKHRS R \LIQGI VRH | 81D O Q:
RI KHOSOHVVQHVV DQG LQFURDVHEH LID BB PMH R WDD E W RRIDW|
OHYHO RI WKH IULHQGVKLS RI WK VWWRPD\WW SYRRIWIDYR\Y DD\ HZ LW
YDULDEQH LADQOEOMKQA S LFDWWHY EDVHG RQ WKH SOD\HUfV FKRLFH\
EXOOLHG LQ WKH JDPH 7KH ULVHHL/ HNFRGH GZE W WDH) KLQWHUH U
YDOXHV FRUUHVSRQG WR KLJKHUQULVKHWHKDWH VQEBEREUW RRV LK
ULVN IRU HDFK FKDUDFWHU DV ZH®DNH K&X GHFL WLRI \J DAPKD W
LQFOXGLQJ ZKHWKHU SOD\HUV GHRLGLH &/ RV R WMK IFR 1$ DKUHHDGSWW RR B
WHDFKHU RU QRW DOVR GHWHUPLQH WKH HQGLQJ
6RPH Rl WKH JDPH GHSHQGHQW ¥RQXF®/MDMI@®®HRMHGHYHORSHGC
JLIXUHURP OHIW WR ULJKW DQG IURP WRS WR ERWWRP
D $YHUDJH IULHQGVKLS ULVN EWKLYKHWKHID @ KHH \D ¥ HE) CEHHV RI
WKH FODVV KDV ORZ PHGLXP RU KUHKQULHQGRELSQGLVN V
UHG UHVSHFWLYHO\ ,Q JHQHUWMIDU WKL PHR ZHUL W RH DUQ Y NV K
WKH VWXGHQWY DUH NHHSLQJ JRRMEO DWODWLIRDVE\ZLWK W
FKRRVLQJ JRRG GLDORJXH RSWLRQV
E 7KH QXPEHU RI SOD\HUV SHU JDPMN ODYLW.IRLY REIDW KAFK D UW
SURJUHVV RI SOD\HUV LQ WKHWEPRK SV WRKDIQ K DR K QLY HD®I

J)LIXUH 6RPH RI WKH JDPH GHSHQGHMWWDLR@BRDOL]DWLRQV RI
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WLPH KRZ PDQ\ VWXGHQWYV KDYH SODDBG WKOBXJK HDFK
VWXGHQWYV ZKR DUH WRR IDU EHKLQG WKHLU FODVVPDWHYV
F 7KH QXPEHU RI SOD\HUV WKDW KDY HWWHNH Q H\D FKK B RV VL E C
HQGLQJ WKLV SLH FKDUW FRPSDUNW \BKIFLGHEE MR RI SOD
FRPSODLQ DERXW EXOO\LQJ KDYH DSMNHEWRWU DKHDS WR
WHDFKHUV YV WKRVH WKDW KIRWHGW KD @/HER RRX QM P D WQ /L
WKDW WKH KDUDVVPHQW LV KDSSHQLQJ LV WKH ILUVW VWH
G OD[LPXP IULHQGVKLS ULVN SHU VWXGHEWD WRUW YLVXDO
GHWDLOHG YLHZ WKDW FRPSOHPHQWWX\WRH]DMQROD® PHW U
DQG DOORZV WHDFKHUV WR TXLFNQVY [EGNQWRQGZEREK WW X G
LQ WKH JDPH 6LQFH WKH YLVXUDROYL]BWV R® LR/YVRYWHIG R LW
WKH GLVWULEXWLRQ RI ULVN VFRDBY]WWUR®JKR XW\WKH FO
D TXLFN UHVSRQVH RI WKH W H DF KAMX G 8 QRU\G HIUV WRV K B & § W
ZLWK KLJKHU ULVN QHHG PRUH KHOS
7KHVH YLVXDOL]DWLRQV KDYH EWWRI®H GRIVWXMHH GQWRU P Q W MRRQ F
XVXDOO\ UHTXLUHG E\ WHDFKHUQ/ FS RJE W8 FE | LB IPFHWWU RW &
JHQHUDO D DQG SHU VWXGHQW G
%\ GHIDXOW RXU GDVKERDUGYV GIL\DSWER LUWRZVW LGLDIO KL WK D O
YLVXDOL]DWLRQ RI WKH VDPHLUKDSW KLY GF D Q] I H$RRGH HICH GQW R
UHDOL]JH DOPRVW DQ\ GHVLJQ E\ SIMYD®ICQ D FERIMMLRRD RRY HU
LQGLYLGXDO YLVXDOL]DWLRQV
,Q WHRHQHFWDWHR DQG DV D SDUW RI RXU WRSBVUNPAKBQWY LQ VF
WHDFKHUV IRU IHHGEDFN RQ WHKHJ XG\D\VOKER\D D Q@ XK/IDEH OW WH
YLGHRJDPH ZDV EHLQJ SOD\HG L /KPAEN FODOXOYWRREPMQ DHPRY F
FRPSOH[ GDVKERDUG7KRXW@WDVRERDUG VKRZV LQ UHDO WLPH :
DUH GRLQJ WKH SHUFHQWDJH VQIDW KKV BROPVSZGHIW HE HNHR KS R K C
LQ WKH VWRU\
H 7KH ODVW WUDFH VHQW GLVS®XW WLPH DW VIK L FRU WP
SOD\HU ODVW LQWHUDFWHG ZLOWK WK/HJ BIAHU DWRS U RV ¥ L
LQ WKH JDPH 7KLV DOORZV WHDFRHH W @RF WXLLYAN 8 U \CHIH Z K
IXUWKHU EHKLQG LQ RUGHU WR WOWHMRBWLRKQHY P \QR W L |
SOD\
| *DPHV VWDUWHG YV JDPHV FRPS®HWWGNKHOORZMUWED FK H
SURJUHVV RI DOO SOD\HUV WIKBIQONK®DSHH WV KDY W IZLQ0.V ICH®
WZR HTXDOO\ ODUJH SRUWLRQV RQRWSKUSOWHH®PHYV VW
JDPHV FRPSOHWHG 7KH UDWLRFWNWZKHQGERMWKHSORHWLR
EHWZHHQ WKHVH QXPEHUV ,GHDOOAD MK XRBEMMRRBIVKRXOG
VWDUWHG DQG FRPSOHWHG
J 6FHQHVY VWDUWHG GLVSOD\V VRW KIDOWO V8 IOHD\ KDWY HWKLIV LI\D A B
LQ WKHLU JDPHV VWDFNHG IURPWRG®SGHYMLVEBWORP WR
WHDFKHUV WR VSRW WUHQGVY DQG X QUEH{ UEXWD QG VRRW RQO\
KRZ WKH\ UHDFKHG WKDW SRLQWIX®&LDAWHUX\WYOH]DWYRRQL\V
KDV HQGHG DV LW DOORZV WHQF K HRIVVWIRQHYHS\® B MH IG[ EF W
HDFK VWXGHQW DQG PLJKW UHODWIHVEDG SHUIRUPDQFH
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JLIXUH *DPH VSHFLILF YLVXDOLIDWLR@®RPDGGLHG WR WKH WHI
EDVHG RQ WHDFKHU IHHGEDFN

‘H KDYH GHYHORSHG WKH &RQHFWDG RV& B \JEPRIDIUVBVHKLIOH DO\
LQFOXGLQJ DOVR JDPH GHVLJQ D QGUDWY GBH B O ORWLKAHDVH GHRCLH ¢
JUHDWO\ VLPSOLILHV GDVKERD UGRPHYHIFORISPOIQ W VLMEE WKH S|
WKDW UHIHU WR WKH JDPH GHY IFO R SZKH Q X® QUGOH & HEY W HR\DDY
WHDP WKDW KDV DOVR EXLOWGWRMWWLEFDO\WLE M WAVARIRP X Q HA XV
WKDQ ZKDW ZRXOG EH QHHGHG LQOOMNAW LRRHIDAX FWHIEX F WD QB
H[SHULPHQWV WR YDOLGDWH WKH GDVKERDUGYTV XVDELOLW\ D

‘H FDUULHG RXW H[SHULPHQWV EIRMWK D/ ¥ D/DLLFAD @/BIVEE QB B\G [
VHQGLQJ WUDFHV WR WKH DQDGH¥FMFIVR QU D P HARDINO B HRUF UN E H (
&RQHFWDGR YDOLGDWLRQ H[SHULPHIDMWD DHM DYDLODEOH LQ
LQFOXGLQJ SDUWLFLSDQWYV PHWRERRGROWEKH PQGQUWWNKSW \ZH UDBIV
DV IROORZV

3DUWLFLSDWLQJ WHDFKHUV VXB® UNKMHG FAOKCH/ I B B HSWCLEN Vv
WKH GDVKERDUG DQG XVHG LW WW®R DY KD W KM VW XG|
KDSSHQLQJ LQ WKH FODVV ZKLPORX®GLRGH QW [) RUL & POFRASLOYHH
VWXGHQWYV XVLQJ WKH *ODVW WUDFHV VHQW  YLVXDOL]DW
20FH WKDW DOO VWXGHQWYV |LQDWKHIG WKH ILDPHD WHDF
WHFKQRORJ\ DFFHSWDQFH PRGHO HHD O/XMWH\WEKKLFK ZH
GDVKERDUG 7KH VXUYH\ FRQWDLQHG LWHPV RQ

| 3UHYLRXV WHFKQRORJ\ UHODWHG H[SHULHQFH

| 3UHYLRXV DQDO\WLFV UHODWHG H[SHULHQFH

| 8VDELOLW\ KRZ HDV\ WR XVH LW LV

| 8VHIXOQHVV LQFUHDVHG FRQWUROUMVD\GLYLGXDOO\ L

DVVHVVPHQW HWF
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| ,QWHQWLRQ WR XVH

9DOLGDWLRQ GDVKERDUG H[SHULPHKB®RY WRIRNSSOQQ FAH W& W ZR
D WRWDO RI GLITHUHQW W H SFOKH UIYP K DWIXOW & D A IR) O H Y ® LARQDA
UHVXOWYV Rl WKHVH H[SHULPHQWYV VK& ZZ WK W RIR \GVID WKHEIRFOKUHU \
DQG LWV XVDELOLW\ DQG XVHIXO0QHWXOWKHD®VRUMHR QDIOULRSDAN L (
WKDW WHDFKHUV WKDW KDG SURUYLR®U ONPSLHWL XY BDHHL DXGBDN® X
XQGHUVWRRG DQG WRRN DGYDQWDJH YRl RMSHUIBIVKERDQYG UH !
WKHLU IHHGEDFN ZKLOH WKH WHBHAKHHYRMKDIWW K HSSRUKE R G LOG Y
DQG DQDO\WLFV RIWHQ H[SHULHQRHEHSVREQGS PYQ G XUV QR X F
LQGLYLGXDO YLVXDOL]DWLRQV ZEENFN RHDBKHUO DWNE BWWRYH
VXFK DV IRQW VL]H DQG WKH XWHH RV DFEQ DD WH U WAKLLW OLHA/ D/ORJ HLI
DSSDUBIQW LQQDOO\ PRVW RI WKH WHDFBEBEHOHSRLROMHG RXW
ZRXOG JODGO\ XVH WKHVH WRROV D Q\GR GDX\SKSERRIDVU /W X GW & WP F
DVVHVVPHQW

$ FXVWRP GDVKERDUG DQG DQDO\VLV SRWFMN VHULRXV JC
LQWHUDFWLRQ

7KLV GDVKERDUG ZKHUH DJDLQ E/RIWKU B QDHONM DR DH)E DYG WORIFO L
ZDV EXLOW IRU D JDPH FHQWHUHY RQRBRIGN 30W K HQL O/WH U(B F W
+ 5$*( SURMHFW ,Q WIDRVHDFRARXEBIHG/ +XPSKUH\V <XDQ
BOHLIJKWKROPH DQG .LFNPHLHU 5XVVDQ R@ LMK B\S\LIVWDPX\L\Y
D VLPXODWHG JDPH VWXGLR WR LPSURYHWWKHRW 8 DLAVZ REDVEH W 2
WKURXJK LPSURYLQJ HQDEOLQJ SURBPYWYQOD DP\G FEG YRIFQDDQ
VNLOOV WKH SOD\HU OHDGV WKH FRIPGD DD PWRY\D)XOLFFDAWLRQIR U |
H[SHULPHQWV LV DYDLODEOH LQ >+ROOLQV HW DO 78*UD]

7KH JDPH GHVLJQ LQFOXGHG D UH.TOPWDHRH QRQWR.L RWHOR'GH 7K
,QVWUXPHQW 7., >7KRPDV DQG .GO®D\QSID D\ @HW & RFHVIHWX WIR DX
GLIITHUHQW FRQIOLFW VLW XD WL RIQIVOW KIRW NLIQH ® DD HUHIDW HI B B
LQ D VLPXODWHG JDPH GHYHORSPHOWWRP SDOHQANKIRQV, RY ED
EHKDYOL\RUHUW DYRRRSMUDWRYBQENM QHYV ILYH GLIIHUHQW DSSU
EDVHG RQ WKH EDODQFH EFRWPIHHME BRRAPIR GG\ IQRQ V
FROODE FOBRRYURP IWHIQHOHPHIQW 6BHEQILF DQDO\VLV DQG
YLVXDOL]DWLRQ ZHUH GHYHORSHGLR® IR HDFK WSIOD\H.Y FDW
$GGLWLRQDOO\ FHUWDLQ VLWKXDELR QRUDDOHREIM G F\M K M/ [3 0@ WM LS
ELDVHV IRU LQVWDQFH EDVHG @QHJIH DLGHD O D AHK HR.LD FOHV B IOFOQR
SOD\HUV WR WUDFN RIILFH P RIUDKLI SSIGRIDFHWL Y DWG D@ DAUHGU/P MR
TXDOLW\

)LJ GLVSOD\V WKH VHYHQ YLVXDOL]DWLRQV GHYHORSHG IRU
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J)LIXUH 6RPH RI WKH JDPH VSHFLILF YLDYDOL]DWLRQV GHY
.LOPDQQ &RQIOLFW ORGH ,QVWUXPHQW

D 7KRPDV .LOPDQQ FODVVLILFDWQR QHRIVDRY SIKFWILFHY WKB H Q\
VZLP ODQHV UHFHLYH DQG VRUW YHICH SWEN LRBILYKID D QV Zt
RYHUYLHZ Rl SURJUHVV DQG VKRZIDPH DW ZRUGDQFH ZKHV
SURSHUO\

E 7KUHH EDGJHV WKDW SURYLGH D UXYRUBJRVRERWBHP *DPHV V
SURGXFWLYLW\ DZDUGV ZRQ D PHIRV¥KURRRD@HIDP TXDOL!
SHUFHQWDJH LQGLFDWLQJ WKHQGHPHHARW R UNKH.FK BMKHH SO
KDSS\ ZLWK WKH SOD\HUfV FKRLFHWDL/KHWAX@ARWHY KH
HQJDJHPHQW E\ DOORZLQJ WKHP G\RR. QD ¥RP KRIZHAH Q&R WKH
WKHLU FODVVPDWHYV

F 2YHUDOO 7KRPDV .LOPDQQ FOD\WADLEQW WG IRDMMERUSOD\
WKDW KDV DSSHDUHG PRUH WHJFRHM HWR F RALK/HY ILLWX-D ©W HD WH.\R
LV SDUW Rl WKH VWDQGDUG 7., KDYG& QJKR DOV EHKIHQWHUS
KRULJRQWDO D[LV ARRRISHUIBRDICGHQHWVRYKH YHUWLFDO DI[LV
UHS U HDWHGWWLWHQHVSOLW LQWR DUHDV RQH IRU HDFK 7.,
WKH YLVXDOL]JDWLRQ RI 3D JHMWL R/G R X¥LRFANSID HL G WEWY [ Y HV
WKH FDWHJRU\

G 3LH FKDUW GLVSOD\LQJ WKH GLVWWREWWHRQ7RI DQVZHU\
FDWHJRULHV ,Q DGGLWLRQ WIRWERH @KW DIQHF®IS ¥ HWR HHEQRH C
FDWHJRULHV LV FORVH RU IDU POWLGUVFRODHHGE L@LFLFDW L

H %DU FKDUW GLVSOD\LQJ IRU HHIVF KKEHLLDHV L W KZHD W W HR \RH © +
JUHHQ RU H[KLELWHG UHG HDRW B QWK DDW EFRRWV KV FFRRAQAL E CD
FKRLFHV WR WKH LQ JDPH FRQ Y WWWXOQX MR QVRGH IGWMXRIW R MH U
RU H[KLELW D ELDV

2XU UROH LQ WKLV VFHQDULR ZDBNJOLBVWHGKWE& BDYKERD UG

LQSXW UHJDUGLQJ JDPH NQRZOHGJHRRUEG MWZHGIQQG DRIOOR/D &R P F
GHYHORSPHQW DQG JDPH OHDUQLQJQEH VL GG RFRRN HSUHDFRHH W K U |
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$W WKH EHJLQQLQJ RI WKH GHYHORSYRHQW KOMEKERDEGQ GHYH
PRFNXS RI WKH GDVKERDUG $IWHU VKN HMHIX HUWRMWR WDESHY D QG
VSHFLILF GDVKERDUG YLVXDOL]DWLRSIDWDW\BEIE DQUILYHG DW WKH (

7KH XVDELOLW\ DQG XVHIXOQHV VDRI WKHQ LIPBDI@ X BI\E H3D EK E R
WKH VWDNHKROGHUV E\ D UHYLHZWEB G SNKRHF HAKR @K HUDHP HV K H\
$QDO\WLFV 6XLWH >78*UD] E@ 6RPHIFVRY WEFO XHEYIB® XDWL
UHTXLUHPHQWYV IXOILOOPHQW DMWKDOBNVYV MY GPEOGE WGRQD W X
7KH UHYLHZ IURP WKH VWDNHKROGHUVHPRBREM G]LRYJHUQ OLGV VYR R
XVHIXOQHVV VSHHGLQJ XS WKH JDRPW HZHWHKORS RUQA 15\W YLL\H DHQ
IUXVWUDWLQJ H[SHULHQFH EHLQDWDVDONR $RH QWH® RXW WK
VWDNHKROGHUV ZHUH VDWLVILHG GHW® K VG XHSIRRIGW KW DIFH L W

$ FXVWRP GDVKERDUG ZLWK SDUDPHKWUIDAIE M@DO\VLV IRL
IRUPDO VSHFLILFDWLRQ

7KH ODVW SUHVHQWHG VFHQDULR LG/ IRQRWHKH UL @WHK R P WBIDR/E E
EHWZHHQ WKH )RUPDO= >3UDVHW\®D\WMMW Y QUDPHEZ RD R H [D\Q & DW K-
RI WKH ,035(66 (UDVPXV (8 SURMHMAN Q7WKW JBRH HDRIOYWR ZH U
GHIHQVH" ZKHUH SOD\HUV VHHN WR \SLURWW RWHD \E DWKHD &\ FODN
GHVWUR\ ZDYH DIWHU ZDYH RI HQWRLWKHODX QWY H® MUBD QN L
GLIILFXOW\ DV WKH SOD\HUV XS3UB BHKWXHY.MWOGHRHQ VNS R QG YR\
DQ HOHFWURQLF FLUFXLW L QNZHUH RW RHWALH FDLOMX HF K LRSIVL B X R P
SDUWLFOHV LQWR FHUWDLQ RXW S)RW YZRUAH D J+RZRIYHUO W KR R\
VWXGHQW PXVW VSHFLI\ SUHF RIM [PW I RQK/RIDGEGESR R WHFE RVKGHL B/ &)
LV DOORZHG LQWR WKH FKLS DBG RQFWKMKWWU B QLWR $PIO® 2300
LQYDOLG SDUWLFOHYV LQWR WEBXWWXLEHRXQWBRE LMWLRVWV. Y DQL
SOLYHV' 7KHVH FRQGLWLRQV DUH ZEHFKIMWICH L\OWEGW® WD PX U D
WUDQVIRUP LQWR ORJLF DVVNUWWDWRGEN W Q R\HXG DHOWHIEGE L Q\FFR
SDUWLFOHYV

7R DVVHVV WKH VWXGHQWY JDRE&RSHUM QBUY\DDIG HE BB YW U
LQGLFDWRUV WR WUDFN GXULQJQYPEISO R WREANXEL QD G RN
QXPEHU RI UHPDLQLQJ OLYHV 7KMKH YDROKMVR 2ZMKH DOIS A UMLHG
VHUYHU LQ UHDO WLPH XVLQJ [$3Q L& LDVOR WHPHRQVIVQ K D KIG D YaH
DERXW WKH FRQGLWLRQV XVHG KRZRBGO0BVR [V WXBEHQIWYGDKRIZ W F
PXFK WLPH WKH VWXGHQW WRRNW RP3RUMD /W HPY HEW OR§W
WKH SOD\HUYV FKRLFHV Rl SUHFRQGLWLHR @K B YO/ %8 M O WRGHGALVG!
WR DSSO\ D QHZ FRQGLWLRQ DWR @M HWHWLIRD PN 8 YWRIQL Q Bl K
ORQJ WKH VWXGHQW WRRN WR ZWLWRBOW\GLVEPD\GHSO QUELKIW 1
VWDUWLQJ DW WKH VWDUW RI: \MKHIJORW DIOWVVE R Q\R U M D/FAKDIINH
VHVVLRQV DW WKH H[DFW VDPHBFWLPHYV VXRIQQ.D W KHU R WHDDNM \R
FRPSDULVRQV EHWZHHQ WLPH OLQHV PXFK HDVLHU WR SHUIRUI
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JLIXUH '‘DVKERDUG FUHDWHG IRU )RXRDGHYRBMPHVWY SDUW RI
,PSUHVYV

%DVHG RQ WHDFKHU UHTXLUHPHQWYV \H8 B@YHORSHG WKH G
ZKLFK FRQWDLQV YLVXDOL]DWLRQV
D $YHUDJHV ZKHQ WKH OHYHO LV FRPSBOWWHGE VHRWHKU HHR ZH U\
PHWULFV ZRUN QRW RQO\ DV FRQWRRREYDBG HALWIR FKHFN
GHVLJQ YDOXHV EXW DOVR DV BEDRXIFHW WR LFFRFABDYUH WKWK ¥
HQJDJHPHQW
E (YROXWLRQ RI PRQH\ RYHU WLPH VDO IVl WE R QW D% KKLH/OFSR P
WR LGHQWLI\ JRRG DQG EDG JD P HRIONDD L) HGK H RPHRKHOW R1 P
LW LV PXFK PRUH KHOSIXO ILSWRMMHGI\E\DDYMWXGRR® DV
EDFNWUDFNLQJ WRRO
F 1XPEHU RI WRZHUV RYHU WLP HX®HUWVSWFGYH.GWM V 6R W KGN UM F
RI FRQFOXVLRQV HJ D VWXGBQRIVRRKESDVRIHWRWZKH YD Pt
XVHG LW PRUH HIILELHQWO\
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G 1XPEHU RI OLYHV RYHU WLPH SHKLWVWPOOG/HIQ W KH NKHLJKBQG F
WKH OLYHV WKH EHWWHU WKH. $HV IRUFPINDRH VR P WWXGH Q'
PXVW EH ZURQJ DQG DVVLVWDQFH LV QHHGHG LPPHGLDWH
H 'LVWDQFH EHWZHHQ FRUUHFW DQGRYSHOD\WUPHH GHEWHG S L
VWXGHQW 7KH FORVHU WR ]HWR/ ZWHK H $FEAERWHIR @IRO O K HG RRV
VL]JH LV XVHG WR UHSUHVHQWSWRMW ZEWWDRQ JIULRH RARGIGLLWIX ¢
ZLWK ELJJHU GRWV FRUUHVSRQGLQJ WR/IWRQHOQWWLPH LQW
YLHZ LV PXFK PRUH XVHIXO DV LQ EH,ZWBGEQW EHW\ORVH L
WR JHUR GLVWDQFH WKH EHWWHU WKH SHUIRUPDQFH
| 'LVWDQFH EHWZHHQ FRUUHFW DR G RN\HW WHOHFVEHE SR
VWXGHQW DV LQ H EXW IRU WKH SRVWFRQGLWLRQ
J '"HWDLOHG ORJ Rl WKH SUHFR QG IL\W ER® G LDQVJ ZWK M W H\DWED\ Q\FW
ZULWLQJ WLPH WLPHVWDPS VWXGHQMQ DIX&VWKH H[DF
YLVXDOL]DWLRQ LV NH\ WR HYDQ@KM D WHYDN\D LEN W KR 2XWXIGHH @ N
$OVR LW LV XVHIXO WR EDFRWUMAMN B Y ROX WIKRY R L WX
SUHFRQGLWLRQ FDQ EH VHHOQ
K ([IDFW ORJ RI WKH SRVW FRQGLWLRQ@V BXWHQRE\ WKH VW
SRVWFRQGLWLRQV
7KH GDVKERDUG FDQ EH XVHG QRW R@WR WR DVVHVV WKH VYV
GLIILFXOW\ RI LQGLYLGXDO WRZHUNBRIRQQM \DRXHOW QHRHIGH|RP
EH XVHG RU VWXGHQWYV NHHS UXQ®&DYL@XNORIHDNGE JHKAR RQ OL
NQRZOHGJH RI WKH OHYHO WKL\O ZRKHDGV L\ B LE B WUHH YWK/D\G W
&RQYHUVHO\ KDYLQJ DOO VWXGHQ@G/LEDWH] M KW RXK BWD GDHHYYH
ODFNV VLJQLILFDQW FKDOOHQJH D Q G HABK B WWKMXIG[HHQWVVBIUH S L

‘KLOH GHYHORSLQJ WKLV GDVKERDWGF\Z H @QWNRU B MU RQY PHIG |
H[SODLQHG WKH SRVVLELOLWLHYV RI WHKIH RSSSH bY VWKDQGBUE WR
OLVW RI H[DPSOH YLVXDOL]DWGRRRFNXGE ZKHOM PG HVOLEQ G L2\L MKk
WKH JDPH WHDP DQG HYDO XD W RADW KEIRVHLUG VUHHY BIFKDHDG ULR\Q GL\Q |
YHUVLRQ YIKRZ® D@VR FUHDWHG D JDPHSOD\ HORXODWRU WR SR
GDVKERDUG PRFNXSV ZLWK H[DPSOHDGDAYDR+ZHYGHHG WKH UH:
SRSXODWHG XVLQJ WKLV HPXODWRU DV WWIHWPBVQRH[SHULPHQV
WKLV ZULWLQJ WKH GDVKERDURQD EX W DV KIHD K BIUDW WY X.QWWD |
IHHGEDFN UHFHLYHG E\ ERWK JDPH GHWRMORRHUV DQG WHDFKH L

/IHVVRQV OHDUQW LQ WHDFKHU GDVKERDUG GHVLJ

(DFK RI WKH FDVH VWXGLHV GH VKDV EHG MPRWKPHS SRHUN P R QW V HR
WKH DQDO\WLFV SODWIRUP DQG\WZHD KON B GMHWKERG WK\H &6 GOLXA
WHDFKHU GDVKERDUG QRW GLVSODWVG DIER YZH U QLALFIYX GLL@ J
H[SHULPHQWYV ZLWK RYHU VWXGHR®WNV BB ULHQREBFKHUYV %
PDNH WKH IROORZLQJ UHFRPPHQGDWVYRQV WR DQDO\WLFV GDVk
&RQVLGHU WKH VSHFLILF UHTXLUHPHYQMWAXRO WBWERIQWY ZK
DQG EH DZDUH WKDW WKH W HD FKXUWHPB\QWRWX BNV D@ DVUKHR |
VWDUW WR VHH WKH SRVVLELOLWERYD D®G OLPLWDWLRQV R
6WDUW ZLWK VPDOO VLPSOH GDSHKERRBRVIIG\D GIEQGV IORHQWD QVK F
YLVXDOL]DWLRQV EHIRUH LQFOXG L QUGNKIHPO ¢ RG HURD\ FRP
LQIRUPDWLRQ RYHUORDG DQG GHRUMDOMW XVDELOLW\ DQG V
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(QVXUH WKDW DOO YLVXDOL]DMYIR QW BTV X B 6 GK HQ BOXX HC
PHFKDQLVPV WKDW DOORZ WHDBRDUWM RWRV VRIH CRRIBIQGH W D L
$OORZLQJ WHDFKHUV WR PRYH DQ & IURHRW RINQGHPBQEKERDU
DOVR OHDGV WR JUHDWHU XVH KDGGWWDRKRB OV \D ZHUKFY B R
DHVWKHWLF XVH RI FRORUV DQG XBYHQJIBEEHBRMQWO YLVXI
7R PDNH YLVXDOL]DWLRQV PRUH SQEWHBWDABEREMHG ZHK KDY |
QDPHV DQG ODEHOV ZLWK D IRWRWP RQ EO SRS\ X B GG ¥ DEF DX HR
WR H[SODLQ WKH PRUH FRPSOH[ YLV XD O WKV R QXD PR UDMORDD Q
RI ELDVHV H[KLELWHG DYHUWH®X WHG XV BH NS D IWRIQ WRVX @ GH.UQWI
LV EHLQJ GLVSOD\HG EXW RQFH XQWHKHVYWRRG MKHBPULQKBRAED (
XS WKH GHVFULSWLRQ DQG LW VKRXDGWWEEWSHIRU N SDREWM U H
$GGLWLRQDOO\ DVLBDQ EZH HREQDIO®RZ GDVKERDUGV WR FRF
YLVXDOL]DWLRQV RI GLIIHUHQWP SDH[VYVR XD WD \FRRE VY E U DO
UHQGHUHG LQ ODUJHU DUHDVQBWGRWLWBDPIOHNU Z&KDOKE RQ UBK/I
SRVLWLRQV RI LQGLYLGXDO YLVXBOQRZWAR®W IRVIHWQRYLQJIHG
HQWLUHO\ FRQWUROODEOH 7KLV KPRSBRIQ QLU GMIID EON KER/MDUGN
IRU GLITHUHQW H[SHULPHQWV E[DP5E® IR Q2% KH UWHDPHIWIHDG H) RI\R H
DOVR DOORZ WHDFKHUV WR UHIRING B0 (RYY KALIGHHP YW R XROQ [ IDMX L
GDVKERDUGYV WR GLVSOD\ RQO\ ZKD®LW R WHM & PFSROVU VR XLAY
YLVXDOL]DWLRQV WKDW VKDUH FRPPRQ D[HV
7KH GLVSOD\ Rl DOHUWYV DQG ZDUQLQQY KHW VWHW R\EHHIRQ LPSL
GLVSOD\ DUHD IRU LQVWDQFH \OHRZWVQGIWHEWEUHG \WRH UW g H!
YLHZ LI WKH\ DUH QRW WRR PDQHQW RWRBUGHBHPONVWKH PRVW |
WKHVH LPSURYHPHQWYV LQ WKH ROLBNQROI DY M UWNKIGRHD WIVDG R AH
DFFHVV WRNHQ WR VHH WKH GHWDWXIEE @W KDW WDQ GJEDHGL QQ
XSGDWHG YHUVLRQ WHDFKHUV VAWO\GRWDURN PROWQHYEK ZVW X (
DYRLGLQJ DQ H[WUD LQWHUDFWLRQ WR GLVSOD\ GHWDLOV
ODNLQJ D GDVKERDUG PRUH XQGH URW D\QHEIDFEKMH \D OWRR LAHDONRQ L
RQ WKH XQGHUO\LQJ LQIRUPDWLRQ HD®HF MWVR. RVDW HZ RERMKLRQ V E
WKH JRDO RI DQ\ DQDO\WLFV V\RW R D®RHLBGKTFHUL R H 2> & H DB Q\
'XYDO .OHUN[ *RYDHUWY DQG 6DQWRWQ L@ SR KMUWHIW UIK UXWD |
VWHS WRZDUGV DFWLRQDEOH IHHGIEDBN H QK HDW W R CBUR H[SER L
UHFRPPHQGHG DFWLRQV IRU WHDEGHUNQ JRUKH[BF SORI ZOHLWHY |
KLIJKOLJKW VWDWLVWLFDO GHYRBWGRIQUVIWRPHD XEDWHDX QHFLH
EDVHOLQH GDWD WR EH JDWKH WHG FRPS OH VR RQHW Z PIHVD IQJ RWD K
YDOLGDWLRQ UXQ DQG XVH WRKRHWDINAMHV LWL LIGFHD@RMWO\ O\R QG
VD\ RQH VWDQGDUG GHYLDWLERV KV IBLQ AHKW KU VF R QD 8 DVLX\H ¥ D/
SHUIRUPHG UHJDUGOHVV RI WKH JBRH XIOW FDOH EW VU R O/QHHP L
EHQHILWWLQJ DOO IXWXUH XV NG WL MNKH Q®&DIOQ WU H B \WH 8 WFHRR/ \
XVHUV
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J)LIXUH BUHYLRXV WRS DQG XSGDWHGWHERWKMMHRP DOHUWYV
SUHYLRXV GLVSOD\ RQO\ GLVSOD\MGIBRX R WW KD ® HRUMOL BIQ G
RQ VWXGHQW QDPHV WR YLHZ WKHKBNVWXD/OXBBRAWWYV MKGIG ZDL
XSGDWHG YHUVLRQ GRHV QRW UHTXLUH WKLV FRQWH[W VZLWF

7KH HQWLUH SURFHVV RI FUHDWIQW® FROEB PW|IDQNLRIPH B Q /D
UHTXLUHVY D FRPSOH[ DQG IOH[LE®@KLVY QFB P K WYUDXW WY HR IXQ G H
FRPSOH[LW\ DQG IOH[LELOLW)\ LVJISRW HQWH. D/ORO\D | YIDILLOHN \ DRI
SUREOHPV LW PD\ QRW VXSSRWWDWHKY YIRQWPE\ RD P B W HRIWD F\M E R
W\SHV RI GDWD WKDW EUHDN VSHFIHUBRDYD KMV CAHDDXWH Q J
YLVXDOL]DWLRQV ZLWKRXW GDRR)Y W® GDPSOBU RKLEFXWICRVUN [P\[
VWLOO EHLQJ UHFHLYHG DPRQJ ¥ K\RAHA HRIIR 8 R VIVRE RHWIDUORNE Q-
FRQWLQXH ZRUNLQJ RQ VLPSCHOVLRQQ GV K@ FIUMID\DIVOUW KW XVO M WM
UHVLOLHQF\ ZKLOH VWUHDPOLQK®1QVUKGDYHKERBW\GR| FKH DRDLQ
KHUH LV WR DOORZ WKLV W\BHH B | DL\Q HCDA WWRX P\ ® D BIHWARWEDHD G HDSC
VHUYHUV WKDW DOORZ QRQ H[SHURV XWVIOUDEWR WBWHS RZMHW IXC
OHDUQLQJ DQDO\WLFV

&RQFOXVLRQV

7THDFKHUV DUH NH\ WR LQFUHDMLRHVWEHYBKRBOGNM. RQOQRSI AMHAH. R >
/HDUQLQJ $QDO\WLFV VKRXOG WIKHQHHROH :SHUERQYVWGEHH WHKKHDIW
WHDFKHUVY UHTXLUHPHQWY VKRXQ0% \®RWHU FIROHD ZKW WG L 0 QRGL
DQDO\|[HG WR EH ODWHU GLVSODRGERRKRHG N WKERD URB DMK D WHI U
WHDFKHU 'DVKERDUGY VKRXOG KGHF:E WIRDNVKERW R R C\DININVHQ | R
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JDPHV DUH SOD\HG EXW DOVR ZKHDHKWKH QWA Y ¥ RWURQY IFDQ
KHOS SOD\HUV PDNH WKH PRVW RI WKHLU VHVVLRQV

,Q WKLV SDSHU ZH KDYH LGHQRKHUHGDVKERDD G W VIVXHYX BLL\Y
SULYDF\ DQG GDWD FROOHFWLRIDUGRQ JWM B IF KRDUW IS PO V WRD WAL KR
GDVKERDUGY ODFN RI LQLWLDOKE@SX\EVZKMNQ CFIJWM B VGLDQ/K E R DW
GHVLJQ UHTXLUHPHQWY DQG WK OREH I EMHNK ERQGE @W IKROUY @R C
GHVFULEHG KRZ ZH KDYH PHW WSKHV B FRQ\PQ HIQV HR GE V X LVQR NVH.C
DQG WKH [$3, 6* VWDQGDUG D GKHN\Y XIWR WLHIM R WYHLD/FKOHOLLY DAN. I
TXLFN DQG HDV\ WR XQGHUVWDQWG.RRVRERQWH RQVW R XBEWR LRQ IR
FXVWRP EXLOW GDVKERDUGYV ZH H[UBYH@D MKW H 606 VAD V@Y XGL
VIVWHP DQG KLHUDUFKLFDO GDVKER®PHMENLOHKDWH D EV R VR
SURFHVV IRU WHDFKHU GDVKERD WU® KD ¥ VKR LAHVL LQHERODQER L
GHYHORSHUV LI SRVVLEOH ZH UHPRMRNQIG) L\Y KR CBYULRFIHER W B\
WKH\ SURYLGH FRPSOHPHQWDU\ L\ &XWNVHZ REHW KBRS W VI IDQHEQ
GHVLJQHUV IURP WKHLU SHUV SHMHDFHK FO\R FIDR WHR) WIKRH WB IR HD |
XVH Rl GDVKERDUGYV

,Q RXU H[SHULPHQWYV XVLQJ WKHVH HFRPPCEHRIGADONVL RRGIVKIRYH LG
GDVKERDUG DXWKRUV WRJHWKHU BIDW K BERDUHGM @/ KB URDYMHP H ¢
WKHP PRUH XQGHUVWDQGDEOH DSACRKNPHEQWYV ODWH R D WHKIHGAH
LPSOHPHQWHG DQG RWKHUV ZLO® LR\ GW R GE R QWYX BWHHGT YOHIC
YDOLGDWHG& RQHGWBKBR XV JDPH DQG RWKHU JDPHV IURP 5%
%($&21,1* + SURMHFWYV

)XWXUH :RUN

"KLOH ZH KDYH GRQH VLJQLILFDQW ZRRHZRBRNGWH KB O/RFSRW @ H FDA\
DQDO\]HV DQG GLVSOD\V GDWDOI® KM GH. | PEKKE K QWR JOR HV ZHHZV W
WR DOORZ QRQ VSHFLDOLVWY WR VHHNDHIWH JFRRUR YAIMK BRKDBIU G \
SURFHVV Rl GDVKERDUG FUHDWLRWYVWLQE ZHOXLKBYW 2ZRRNBG &
VLPSOH HGLWRUV WR FRQILJXUH BRWHK. NLFXOWL]\WWH FDYW RRL® W
DQDO\VHV IURP ZKHUH WKH\ ZRQG WHFRXYM \8KRIYW G3D W DT X& I N
PHWKRG WR WHVW ZKHWKHU WKBYVH SQDIRWMHM D@ YIS KB W H®
VLQFH QRQ VSHFLDOLVWYV DUHHRRERWYW OISSH®R\DWIR W R HG B YWHIDLROSP |
GXH WR WKHLU ODFN RI GHYHORS PR\ OO B B UMKLH/ KX S CRRDHG DFSIS |
VPDOO DPRXQWYV RI [$3, 6* RU & GODIRUWP BWRWHIGY MWQ WIHAKD F MLIRQ
WKHVH KDYH QRW EHHQ FRO O HFOWVGY B'DWHEQLQ B BFWHR® JD P H7 |
SODWIRUP ZRXOG SURFHVV DQDODWHKHH@E BKRZVXDWDX DMLQB WIL®.
GDVKERDUGY WR EH WLQNHUHG ZLW®& FMRRUHQDWERB\VQP MWW KHP
VHQVH GHFRXSOLQJ VHWV RI WU DPHR ZUWR B\ GOV KRER\D DG @ H\ZK |
GDVKERDUG RQ GDWD IURP DQ H[LWWH QVHIDFRKHH UV QSR @ M HG I Q JL
EHWWHU WKDQ WKH ROG YHUVLRA WRKHHYDI\DK B RDRGE L\ B DMK M/ A
IHHO PRVW FRPIRUWDEOH ZLWK

,Q DGGLWLRQ WR WKLV ZH ZLXIDWHRQYWHQX®IDW RR WH\DVWQ GD Q &
GDVKERDUGYV LQ IXUWKHU H[SHULPHQWV ZLWK QHZ JDPHYV
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$FNQRZOHGJHPHQWYV
7KLV ZRUN KDV EHHQ SDUWLDOO\ IXQ®K® B3 5HUODRBQYD® *RYHU

3 7&6 E\ WKH OLQLVWU\ RI (GXFDBLRB®H7(AURSHDQ
&RPPLVVLRQ 5%*( + V&7 %($&21,1* + , &7
(UDVPXV ,035(66 1/ .$ DQG E\ WKH 7HOHIyQ

&RPSOXWHQVH &KDLU RQ 'LIJLWDO (GXFDWLRQ DQG 6HULRXV *D

SHIHUHQFHYV

>$ORQVR JHUQIQGH] &DOYR ORUDWDUQUMHEMHODQ MWRQ H] @ WD R|QDVRG
JHUQIQGH] & &DOYR ORUDWD $ )UHDHHQI®G HJDID/QIDHY 2 YW L ]
H$SSOLFDWLRQV RI GDWD VFLHQFWDN R JDPW HPDDALGL Q 1 VDIQUDIDWWY UFHV UG-
&RPSXWHUV DQG (GXFDWLRQ 9RO RPSHEWWSY GRL RUJ M F

>$ORQVR )HUQDQGH] &DOYR )UHLUH OODDUMIQH] 2@ WIORDYB )HUQDC

JHUQDQGH] & &DOYR $ )UHLUHQGH]0ODNGWLR® ] %BU WLE\V,W HRMHRMD]L Q J

JDPH OHDUQLQJ DQDO\WLFV IRU((VHORRD® (QPHYMHURQJ (GXFDWLRQ
+

&RQIHUHQFH ('8&21 » ((( SS +

KWWSV GRL RUJ ('8&21

>%DXFNKDJH 'UDFKHQ DQG 7KXUDX @K%DRRNRDIH7KH SUDRHHQ $

$QDO\WLFVY ,((( 7TUDQVDFWLRQV @ & RP SHQN DDWPLIHRQ DR QQW HIROLJHQF |
SSs + KWWSV GRL RUJ WFLDLJ

>&DOYR ORUDWD 5RWDUX $ORQVRLHDQG QBUHQD)Q@GEHUBD QMRWLQH®@ 2 U\

&DOYR ORUDWD $ BS5RWDUX ' & $ORQVRUWUQBRGHWLER , )UHLUH

JHUQDQGH] ODQMRQ % p9DOLGDWLRIPR I8N L& E HD P KO D Q IWSLHWLIR X
L ((( 7UDQVDFWLRQV RQ /HDUQLQJ 7HFKQRORJLHV
KWWSV GRL RUJ 717

>&KHQ &KLDQJ DQG 6WRUH\ @ RUHQ 9 &&KLBRVLOHYV/,QAWHOOLJIHQ
DQG $QDO\WLFV )URP %LJ 'DWDHWA\%ABRQPSDHWY 0,6 4XDYW +

>&RQQROO\ %R\OH ODF$UWKXU +DL@H\7DOG %R\OH ( @ &RQQRO

ODF$SUWKXU ( +DLQH\ 7 %R\OKDWXUHUSHMYMZHRDWESLAULWEBO HYLG!

RQ FRPSXWHU JDPHV DQG VHULRXV 9BRPHVY] 1&RPSXWHS\S (GXFDWLRQ
KWWSV GRL RUJ M FRPSHGX

>'HQLV DQG -RXYHORW @ 'HQLV * -BXFHWORRQDBO JDRWIGHMWLURQ G|
DSSO\LQJ EHVW SUDFWLFHV WR PXRLPVKIBXFDWIERQ§,*&3, 3URFHHGLQ
,QWHUQDWLRQDO &RQIHUHQFH RQ RGW DVQFHKWQRQRIRPSXWHIS HQWHUWE

>'UDFKHQ (O 1DVU DQG &DQRVVD @ 'RDORNED $$ (Q*DOPHJ 0 6
$QDO\WLFV OD[LPL]LQJ WKH 9DHOXH QRILBUD\HU "OWDKIHQO $ &DQRVVD
(GV /RQGRQ 6SULQJHU /RQGRQ KWWSV GRL RUJ

>+ROOLQV +XPSKUH\V <XDQ 6O0KIVMWKRIDPFR@®M®DVLFENPHKREKUH\V
6 <XDQ / 6OHLJKWKROPH * .LFNRHRRQHENVADPOT pTKBURBMWHIGLQJV
RI WKH WK (XURSHDQ &RQIHUHQFH RQ *DPHV %DVHG /HDUQLQJ (&*%/
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>.-LYHW 6FKHIIHO 'UDFKVOHU DQ® O SHFKWDFK®OHLU HW 6S HFKWI 0
H$ZDUHQHVV ,V 1RW (QRXJK 3LWIDDOKERDUBNURQ QWK DOXWDW LR QL
3UDFWLFHTY SS + KWWSV GRLBRUJ

>.-LYHW 6FKHIIHO 'UDFKVOHU DQ® S FKWDFK®OHLU HW 6S HRFKKWM I 0
H/LFHQVH WR HYDOXDWH 3UHSRDUGY ORID WK H H G RQBIDWW R BD\D G CSWUKDE W
/HDUQLQJ $QDO\WLFV .QRZOHGJH &RQIHUHQFH

>.HLP $QGULHQNR )HNHWH *|UJ .RKOKMPPHYQBWE HHNDR Q0 R Q @ .
JHNHWH - ' *|UJ & .RKOKDPPHU - OOWHIOM/QOJRQ Q'L WLRIQ/ XDULRBEBDV
DQG &KDOOHQJHVY ,Q ,QIRUPDWLRQ 9KWXWDSOL]DMRIRRUJ SSs

>/RK 6KHQJ DQG ,IHQWKDOHU @ /RHKU & 6u6HKIHRXYV ¢«DPHWMQWKDO
$QDO\WLFVY] & 6 /RK < 6KHQJP '6SIHIQQKDO,QWHGYDWE&RRDO 3XEOL"
KWWSV GRL RUJ

>, 3HUH] &RODGR $ORQVR )HUQDQGH)H Y QIBIQUE-H ] ODIUIQWLRI! ] 2 @VEH U H]
&RODGR , $ORQVR )HUQDQGH] & )HHRWHGH] 0DQWRQH %62 U WHDP H
OHDUQLQJ DQDO\WLFV LV QRW EQORUPILQWHULQJ (GXFEMWORQ &RQIHUF
('8&21 , ((( Ss + KWWSV 's&RL RUJ (

>, - 3HUH] &RODGR 5RWDUX ) U HaL Y UGQRIUDGH ] OCOUQWLR)H] 2 W@V BH D B]
&RODGR , - 5RWDUX ' & )UHLUH QRUQRQGH]0OOMGMR® ] %U WIOJX OW L
OHYHO JDPH OHDUQLQJ DQDO\WLFV IRB YBU LRMHDREFVH RQ ILWWXQW
'RUOGV DQG *DPHV IRU 6HULRXV $SSOIUFPMHHREOINQJIY6 *DPHV

KWWSV GRL RUJ 96 *DPHV
>3UDVHW\D /HHN OHONRQLDQ QXV\WHAKHHW YDQRYBHUDNON\OrHULE : %
/JHHN & 4 + ' OHONRQLDQ 2 7XVVEKHULOQNWHQ@ YB® BABUJMHDYLQJ

IXQ LQ OHDUQLQJ IRUPDO VSHFMWEKFDWL\RQQW H QQDURIFRIGIBAR GIR/QRH U H Q
6RIWZDUH (QJLQHHULQJ 6RIWZDUH QQQUQHHUL®S (GXFDWLRQ DQG 7UD

>6FKZHQGLPDQQ B5RGULJXH] 7ULDQD 9R]QLXHW 3WAHWR @ %RURXMH (
6FKZHQGLPDQQ % $ 5RGULJXH] 7TUMDROD/ B - %RBRXIMHNQLS 03BLH
+ROJHU $ HW DO H3HUFHLYLQVH®BMLELQLUWHY DWXUMHQBHY BHZ\\RI Ol
GDVKERDUG UHVHDUFKY ,((( 7UDQVDEMMRQV RGS/HDHQLQJ 7HFKQR
KWWSV GRL RUJ 717

>6HUUDQR /DJXQD ODUWtQH] 2UWL]Q#P®H] 6B QMY Q-RK @VRQPUDQGRH U
/IDIXQD E ODUWtQH] 2UWL] , +DDJ$ - )HsWQDXG H] 0 PRWYDR %
H$SSO\LQJ VWDQGDUGY WR V\VWHRBW I PP BWP USRREIX WO W DRMNG DQ G/
,QWHUIDFHV 9RO 1R 6HSWHPEHU Ss +

KWWSV GRL RUJ M FVL

>6KRXNU\ *|EHO DQG 6WHLQPHW] GHWKRXNWYHDUQE®D $6D GWH.IEYP
DQG 6HULRXV *DPHV 7UHQGV DQG \&RQ WALIGH U D WHLERQ,\OW HY GDWER B G DQ
‘RUNVKRS RQ 6HULRXV *DPHV G6HULRXWRDRH86% $&BZ3HRUWM 1HZ

SS + KWWSV GRL RUJ

>7KRPDV DQG .LOPDQQ @ 7KRPDV .PDV .LOPDQQ &RQHOLFMR
ORGHY 7., 3URILOH DQG ,QWHUSUHWLYH 5HSRUW SS o+
>78*UD] @ 78*UD] p5%$*( 'DWD (9BOXBWQRY :HWHUFRR

KWWSV GRL RUJ JHQRGR
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>78*UD] D@ 78*UD] u5%$*( 'DWD RGBOXBWARW PWHUFR
KWWSV GRL RUJ =(12'2

>78*UD] E@ 78*UD] u5%$*( 'DWDS$I({ RRPIRQBRIWWIRQ 5E

KWWSV GRL RUJ JHQRGR

>9HUEHUW 'XYDO .OHUN[ *RYDHUWVXYQO 6DQWRVN[ @ 9*HRWEHHWW V.

6 6DQWRV - / p/HDUQLQJ $QDOJWSEFNUDNKE ROHKD ¥ 5B 0 DPDSFLLRIQ@QW L

9RO 1R SS + KWWSV GRL RUJ



