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WLVWLFDO 0DQXDO RI OHQWDO 'LVRUGHUYV '60 ,,, LQ |
'60 ,9LQ



(QKDQFLQJ $XWLVP &RPPXQLFDWLRQ YLD $$& 7THFKQROR,

$6'LVD QHXURGHYHORSPHQWDO FRQGLWLRQ ZLWK KLJKC
DOWKRXJK LWV H[DFW FDXVHV DUH QRW \HW FOHDU
6RFLDO LPSDLUPHQWY ZDUQLQJV\PSWRPV RI $6' DUH X
VLIQVWR GHWHFW DXWLVP
7KHLGHDLVWRLGHQWLI\WKHFRQGLWLRQLQWKHILUVW
WRPV UHPDLQ XQQRWLFHG XQWLO WKHNLGLVLQWKHFO
VHUYH GLIILEXOWLHY ZLWK UHODWLRQVKLSV ZLWK SHHU
3RRUVRFLDOVNLOOVPDNHLWGLIILEXOWWRFRPPXQLFD
RIFRPPXQLFDWLRQ VNLOOV OHDGV WR 'VSHHFK GHOD\"
DQG QRQYHUEDO FRUUHFWLYH DFWLRQV VXEK DV JHVW)
RIVSHHFK 7KLV WLPHLWYVY H[DFW FDXVHV UHPDLQ P\VWH
$ERXW RIWKHFKLOGUHQVWDUWVSHDNLQJ WKHQJLY!
LQ VNLOOV

7KH DUWLFOH E\ $ Q@ HLGHODHW DWWKH XVH RI KLJK WHFK (
$XJPHQWDWLYHDQG $OWHUQDWLYH &RPPXQLFDWLRQ $
7KLV VWXG\ FRQVLGHUV WKH UHVHDUFK SUREOHP RI KRZ
QRORJ\ $7 XVHE\FKLOGUHQ ZLWK FRJQLWLYH OLPLWDW
7KLV VWXG\DLPV WR DQDO\]H FKLOGUHQYTV SHUIRUPDQF
WKHLU FDUHJLYHUV WR LPSURYH SUDFWLFHV UHJDUGLQ.
$$& VIVWHPV PXVW EH FXVWRPL]JHG WR PHHW XVHUVY QH
XVHDQG OHDUQLQJ DQG HDFK GHYLFHPXVW ILW WKH DJ*t
'XH WR WKH &29," HSLGHPLF DQG WKH \HDUV WKDW
FHSWLRQDOO\FKDOOHQJLQJIRUFKLOGUHQ ZLWK GLVDE
PXOWLSOH IRUPV

'LVWDQFH OHDUQLQJDQG FRPPXQLFDWLRQ ZKHWKHU G
HOW\ LVRODWLRQ RUOLWWOHRUQRGLIJLWDO OLWHUDT
PRVW VWXGHQWY FKDOOHQJLQJHQRXJK



(QKDQFLQJ $XWLVP &RPPXQLFDWLRQ YLD $$& 7THFKQROR,

$7 LV OLNHO\WR SURPRWH FRPPXQLFDWLRQ DXWRQRF
GUHQ ZLWK FRIJQLWLYH DQG RUPRWRU GLVDELOLWLHV
SRUWXQLWLHY WR OHDUQ DQG SDUWLFLSDWHLQ DOO VH
KDYHDQDFWLYHUROHLQ WKHLPSOHPHQWDWLRQRI $$&
RIWKHLU UHJXODU XVH DW KRPH
7KH IDLOXUH WR SURYLGH DSSURSULDWH $$& WHFKQROF
PHDQV D ORVV RI RSSRUWXQLWLHV IRUWKH LQGLYLGXD
PDQ\VWUDWHJILHY WKDW HGXFDWRUV XVHWR KHOS D FKI
9LVXDO DLGV KDYHEHHQ XVHG VXFFHVVIXOO\WR KHOS F|
QLFDWH
$ SLFWXUH VI\VWHP FDOOHG $$& OHGLD DOORZV WHDFKH
VWXGHQWYV LQ WKHVSHFWUXP FRPPXQLFDWH
,Q WKH ZRUN E\ (UOD Q@ HMKBIOXVH RI>$$& PHGLD KDV D SRV
LPSDFWRQ WKH VNLOOV RIDXWLVWLF VWXGHQWYV LQ PX\V
$VGHVFULEHG E\=KD® HSWRSRVHG>D OL[HG 5HDOLW\ EDV|
DEOH $$& GHYLFH WKDW VKRZV KLJK XVDELOLW\
7KH UHVXOWYV RI WKH VW>XaG6 BPR@EW N BIW/HDWKBDW SDUDH
DOVR QHHG WR EH SUHSDUHG WR KHOS FKLOGUHQ ZLWK &
%HIRUHWKHLQWHUYHQWLRQ WKHVWXGHQW ZDV UDUHC
ZLWK WKHLU $$& GHYLFHV DQG SDUDHGXFDWRUV ZHUH U
SRUWXQLWLHYVY WRLQLWLDWHRU SURYLGLQJVXSSRUW W
JROORZLQJWUDLQLQJ GDWD IURP HDFK SDUDHGXFDWR!|
ZKHQ SURYLGLQJ WKH FRPPXQLFDWLRQ LQWHUYHQWLRGC
VKRZHG DQ LQFUHDVH LQ WKH WDUJHWHG LQWHUYHQWLF
7KH UHVXOWV RI WKH LOQWHUYHQWLRQ KLJKOLJKW WKH G
SURPRWLQJLQLWLDWLRQ DPRQJVWXGHQWYV ZLWK DXWL
7KH VWXG\ E\ <DO@PEHMW. QOV WR PLQG WKH PHOWGRZQV RI
GUHQ LQZKLFKWKH\H[SUHVVWKHLUHPRWLRQV WKURXJ
VFUHDPV HYHQ WR WKH SRLQW RIVHOI KDUP
3DUHQWV RIDXWLVWLF FKLOGUHQ KDYH IDFHG PDQ\ LPSC



(QKDQFLQJ $XWLVP &RPPXQLFDWLRQ YLD $$& 7THFKQROR,

UHVXOW RI WKLV
&KLOGUHQ ZLWK DXWLVP HQFRXQWHU LW ZKHQ WKH\ DUH
PHHW PDQ\ SHRSOH ZKHQHYHU WKH\KHDU D ORXG QRLV#
FXPVWDQFHV ZKHUH LW LV GLIILFXOW IRUWKHP WR H[SUF
7KLV VWXG\ IRXQG DQ REVHVVLRQ LQ DXWLVWLF FKLOG!
GRZQV DQG LW ZDV KDUG WR FKDQJH EHFDXVH RI WKH F
DQG DXWLVWLF FKLOGUHQYTV GDLO\URXWLQHV DUH OLQN
7KH VFKRRO PXVW SUHSDUH SUHVFKRRO WHDFKHUV DQG
HUV ZKR ZLOO LQVWUXFW VSHFLDO QHHGV FKLOGUHQ DQ:
ODUO\VWUDWHJILHV IRUKDQGOLQJPHOWGRZQV WR VXS
$FFRUGLQJWR WK BDLWMNHI®HWSH® U>XVH R1 $$& DV DG G L\
OHG WR D KXJH SURILWLQ VSHDNLQJVNLOOV EXW WHDFKk
LQJ ZDV DVVRFLDWHG ZLWK OHVV SRVLWLYH JURZWK
7KH ODFN RI WUDLQLQJ UHSRUWHG E\ WHDFKHUV KLJKOL
VHDUFK WR SURPRWH WKH XVHRI$$& LQ SUHVFKRRO LQF
WLRQV EHWZHHQ $$& XVHUYV

7KH VWXG\ E\ 7RV XOQDHWH®OWR GHWHUPLQH WKH SUHIHUF
YLGXDOV ZLWK $6' GHWHUPLQH KRZ WKH SUHIHUHQFH D
FRQGXFWHG DQG ZKLFK $$& VIVWHP WKH SDUWLFLSDQW
WKH FRPPRQO\ XVHG $$& V\VWHPV

$VLIJQ ODQJXDJH
$+VSHHFK JHQHUDWLQJGHYLFH

FSLFWXUHH[FKDQJH EDVHG VA\VWHPYV

ORVWRIWKHSDUWLFLSDQWV ZLWKDXWLVPVSHFWUXPGL
GHYLFHV FRPSDUHG WR VLIJQ ODQJXDJHDQG SLFWXUH V\
,QDGGLWLRQ PRVW RI WKH SDUWLFLSDQWYV WHQGHG WHF
OHDUQHG WKHIDVWHVW

7TKHILQGLQJVY VKRZ WKDW SHRSOH ZLWK $6' SUHIHU WR X
YLFHV ZKHQ UHTXHVWLQJDQ REMHFW RUDFWLRQ



(QKDQFLQJ $XWLVP &RPPXQLFDWLRQ YLD $$& 7THFKQROR,

7TKH LQFLGHQFH RI DXWLVP LV LQFUHDVLQJ GDQJHURXYV
DXWLVP VWLOO UHTXLUHV D ORWRIWLPHDQGD ORWRIP
(DUO\DXWLVP GLDJQRVLVPLIJKWEHYHU\KHOSIXOIRU WI
SULDWHPHGLFDO FDUHDW WKHDSSURSULDWH WLPH
7TKH DGYDQFHPHQW RI PDFKLQH OHDUQLQJ 0/ DOJRULW
SRVVLEOHWRLGHQWLI\DXWLVP TXLWH HDUO\
$OWKRXIKQXPHURXVUHVHDUFKVWXGLHVKDYHEHHQ FR
QLTXHV WKH\KDYHQRWOHG WRGHILQLWLYHFRQFOXVL
WKHFKDUDFWHULVWLFV RIDXWLVP LQ GLITHUHQW DJH JU
6\PSWRPV RI $6' KDYH EHHQ LGHQWLILHG LQ RQH RXW RI
86 EDVHGRQDQLQYHVWLIJDWLRQUHOHDVHG E\WKH 2UJ]I
&RQWURO RI'LVHDVH &'&

$XWLVP LV EHOLHYHG WR DIIHFW RI DOO VFKRRO DJt
VWDWHRI .RUHD LQ WKH VXUYH\ FDUULHGaR XW E\5DYLVK
JLIXUHLOOXVWUDWHY KRZ $6' FRUUHVSRQGV WR D FDWF
GLVRUGHUV FKDUDFWHUL]HG E\D ODFN RILQWHUSHUVR
WKURXJKRXW D SHUVRQYVOLIHLQDGGLWLRQ WR GDLO\I
, QYHVWLIJDWLRQVHPSOR\LQJQHXURORJLFDODSSURDF#

J)LIXUH $&@ EVUHODWHG WR DJURXS RIQHXURORJLFD
VIPSWRPV LQFOXGH D ODFN RI VRFLDO FRQQHFWLRQ WK
ZHOO DV  PRQRWRQRXV FRQVWUDLQHG DFWLYLWLHYV



(QKDQFLQJ $XWLVP &RPPXQLFDWLRQ YLD $$& 7THFKQROR,

WRPRJUDSK\ 3(7 RUWKHXVHRIPDJQHWLFUHVRQDQFHL
YLGHG DQ HQRUPRXV DPRXQW RILOOXPLQDWLRQ RQWR \
KLQG $6'

7KH XVHRIO/DSSURDFKHVLVFXUUHQWO\EHLQJH[WHQVL
YLGXDOV VXIIHULQJIURP $XWLVPDQG W\SLFDO FRQWUR(
IDFWV XVLQJ 05, LQIRUPDWLRQ DQG WR SUHGLFW WKH O]
$ VPDOO VDPSOH FRPSULVLQJOHVV WKDQ VDPSOHV IU
QDWLRQV REWDLQHGDQLPSUHVVLYHO\KLJK SUHFLVLRC

7KH XVH RI VXSSRUW YHFWRU PDFKLQHY 690 ORJLVWL
GRPO\JHQHUDWHG IRUHVWY OLQHDU GLVFULPLQDQW D
QHXUDO QHWZRUNV DUHDPRQJWKHFODVVLILFDWLRQD
VRFLDWHG H[DPLQDWLRQV

,QRUGHU WR LPSURYH WKH FODVVLILFDWLRQDFFXUDF\ I
RQWKHIXOO $XWLVP %UDLQ ,PDJLQJ'DWD ([FKDQJH GDW|
& HWDO @ WKHSURFHVV FRQVLVWYV RIWKUHHEDVLF

f7KHUHVWLQJ VWDWH IXQFWLRQDO PDJQHWLF UHVRQ
ODWH WKH IXQFWLRQDO FRQQHFWLYLW\ )& EDVHG R
FDO ODEHOLQJDWODYV ZLWK EUDLQ UHJLRQV

FtWKH690 UHFXUVLYHIHDWXUHHOLPLQDWLRQ DOJRUL
IHDWXUHV IURP WKH SULPLWLYH )& IHDWXUHYV

fWUDLQHG D VWDFNHG VSDUVHDXWR HQFRGHU ZLWK
WKH KLJK OHYHO ODWHQWDQG FRPSOLFDWHG IHDW X

)LQDOO\ WKHRSWLPDO IHDWXUHV REWDLQHG ZHUH IHG 1
$XWLVPLVD FDWHIJRU\RIHDUO\GHYHORSPHQWDO GHILI
GHWHFW HVSHFLDOO\LQ\RXQJFKLOGUHQ GXHWR LWV
FKLOGUHQTV FRIQLWLYHUHVSRQVHYV

J)DLOXUHWRUHFRJQLIHDQGDGGUHVV DXWLVP EHWZHHQ



(QKDQFLQJ $XWLVP &RPPXQLFDWLRQ YLD $$& 7THFKQROR,

ODWHU VWDJHV PRUH FRPSOH]

ODQ\SDUHQWV FRQVLGHU LW FKDOOHQJLQJWR GHVFULE
7TKHIDVWHU GLDJQRVLV RIDXWLVP LV ZKHQ D FKLOG SUH
WRP DV LQ 7DEOH

7KHSUHYDOHQFHRI $6' KDV VLIJQLILFDQWO\ULVHQ LQ U

J)LIXUH 7TDEOHRIVLIJQLILFDQW VLJIJQV RI $6'

DQDXWLVP HSLGHPLF DV FODULILHG LQ \@KH ZRUN RI &KL
ORQLWRULQJ $6' KHOSV HVWLPDWH LWV RFFXUUHQFH D
WLPHDQG UHJLRQV 3UHYDOHQFH GDWD DUHJDWKHUHG
FDWLRQ GDWDEDVHV RUVSHFELILF VWXGLHV
$UHYLHZRI$6' SUHYDOHQFHHVWLPDWHV VLQFH UHYF
YDULDELOLW\GXHWRPHWKRGRORJLFDO GLIIHUHQFHV L
'HVSLWH WKLV YDULDELOLW\ WKHUHYVDFRQVLVWHQW L
UHJLRQ SDUWLFXODUO\DURXQG WKH V 'DWD VRXUF
PDWHV ZLWK WHDFKHU SDUHQW UHSRUWY OHDGLQJ WR |
7KH SRSXODWLRQ EDVHG DQG DGPLQLVWUDWLYH GDWD |
DQG GLVDGYDQWDJHV *HRJUDSKLFDO DUHD DQG VWXG\
OHQFHGLIIHUHQFHVY (QYLURQPHQWDOIDFWRUVDQG JH(
SUHYDOHQFH

7KHDUWLFOHE\ 6WXGHDGIGWMHY VHYV WKH FKDOOHQJHV LQ
LQJ HDUO\ LQWHQVLYH EHKDYLRUDO LQWHUYHQWLRQ IR
OLJKWLQJGHILFLHQFLHVLQ DFFHSWDQFHDQG JRYHUQP
,W KLJKOLJKWV D PDMRU JDS EHWZHHQ WKH 86 DQG PRV W



(QKDQFLQJ $XWLVP &RPPXQLFDWLRQ YLD $$& 7THFKQROR,

ZDQWV WR EH D 6ZLVV SLORW SURMHFW

7KHDXWKRUV VKDUH WKHLU H[SHULHQFHIURPDQ LQWHU
LQJREVWDFOHV ZLWKLQ VFKRROVDQG WKHHGXFDWLRQ
WKH QHHG IRUJUHDWHU HITRUWV LQ (DUO\ ,QWHQVLYH %]
UHFRPPHQGLQJDGGLWLRQDO IXQGLQJ LPSURYHG WUDL
OLQHV
(,%,LVDW\SHRILQWHQVLYHEHKDYLRUDO WKHUDS\ XVH
LQ WKH HDUO\ VWDJHV RI WKHLU OLIH W\SLFDOO\ GXUL
DJH 7KHUDS\{V SULPDU\JRDOLVWR SURPRWHWKHGHYF
RIVRFLDO FRPPXQLFDWLYH DQGEHKDYLRUDO VNLOOV |
DOVRLQYROYHV WKH DFWLYH LQYROYHPHQW RI SDUHQW
OHDUQLQJSURFHVV HQDEOLQJVWUDWHILHY WREHDSS
7KHFXUUHQW GLDJQRVWLFFULWHULD IRUWKHDXWLVP V
GDUGL]HG GLDJQRVWLF WRROV IRUDXWLVP OHDG WR VL.
DQG XQFHUWDLQW\ ZKLFK FRXOG KLQGHU IXQGDPHQWD
QLVPV

7RLPSURYH FOLQLFDO VSHFLILFLW\DQG UHIRFXV UHVHD
VHQWDWLRQV QHZGLDJQRVWLFFULWHULD DUHQHHGHG
DJHV DQG

7KH UHVHDUFK ZRUN E\ 0 R WaVIURKOKWE BODXWLW¥P ZLWKLQ
QRQ GRPLQDQW IDPLOLDUO\DJJUHJDWHG SKHQRPHQD V
YHORSPHQWDO ELIXUFDWLRQV VXFKDVWZLQ SUHJQDQF
SUHVHQWDWLRQ GHOLYHU\

$FFRUGLQJWRWKLVPRGHO WKHQDWXUH WUDMHFWRU\
VLIQV RIDXWLVP ZRXOG DULVH IURP WKH SRODUL]JHG TXt}
DQG LQIRUPDWLRQ SURFHVVLQJRFEXULQDVRFLDOO\GL
SURWRW\SLFDODXWLVP ZRXOGIROORZDFDQRQLFDO GH)
DJUDGXDO GHFOLQHLQ VRFLDO ELDV LQ SURFHVVLQJ LC
DW WKHHQG RI WKH ILUVW \HDU ELIXUFDWHVY LQWR D SU
LQ WKH VHFRQG KDOI RIWKH VHFRQG \HDU RI OLIH



(QKDQFLQJ $XWLVP &RPPXQLFDWLRQ YLD $$& 7THFKQROR,

7KLV ELIXUFDWLRQ HYHQW LV IROORZHG E\ D SODWHDX C
LWLHV H[KLELW PD[LPDO VWULQJHQF\DQG GLVWLQFWLY
FDVHY SDUWLDO QRUPDOL]DWLRQ

'XULQJ WKH SODWHDX SHULRG WKH RULHQWDWLRQ WRZ
VLIQLILFDQWO\DOWHUHG ZLWKDQDEVHQFHRIELDV IR
LQJ ZLWK D KLJK LQWHUHVW LQ FRPSOH[ XQELDVHG LQI
VRFLDO RUQRQ VRFLDO QDWXUH
,QWHJUDWLQJ DXWLVP LQWR DV\PPHWULFDO GHYHORSP
FRXQW IRU WKH DEVHQFH RI KDUPIXO QHXURORJLFDO D¢
SUHVHQFH RIIDPLOLDO WUDQVPLVVLRQLQ DXWKHQWLF |

JURP D WHFKQRORJLFDO VWDQGSRLQW SHRSOH ZLWK
$$& ERDUGV DV DVVLVWLYHWHFKQRORJ\WRROV
&&1 LQGLYLGXDOV DUH WKRVH ZKR KDYH WURXEOH FRPP
WKHPVHOYHV VXFK DV WKRVH ZKR KDYH LQWHOOHFWXZEC
DSKDVLD RUDXWLVP VSHFWUXP GLVRUGHU
7TKH\DUH ZKR

FH[SHULHQFH VLIJQLILFDQW IDWLJXH VSHDNLQJ
FUHTXLUHV VSHOOLQJRUJUDPPDU VXSSRUW

ftFRPPXQLFDWHDW YHU\VORZ UDWHYV

7KH $$& LV D ZD\RI H[SUHVVLRQ GLIIHUHQW IURP VSRNHQ
LQFUHDVLQJ DXJPHQWDWLYH DQG RUFRPSHQVDWLQJ |
FRPPXQLFDWLRQDQG ODQJXDJHRIPDQ\SHRSOH ZLWK G
$$& GRHV QRW FRQIOLFW ZLWK WKH UHKDELOLWDWLRQ R
KDQFHV LW

,Q DGGLWLRQ LW FRXOG FRQWULEXWH WR LWV VXFFHVYV
\RX VKRXOG QRW ZDLW WR LQWURGXFH LW ZKLOH D FKLOC
SUREOHPV ZLWK VSRNHQ ODQJXDJH GHYHORSPHQW RUD
GHQW KDV GDPDJHG LW



(QKDQFLQJ $XWLVP &RPPXQLFDWLRQ YLD $$& 7THFKQROR,

7TKHUH LV QR HYLGHQFH WKDW WKH XVH RI $$& LPSDLUV F
GHYHORSPHQW RU UHFRYHU\

SUWLILFLDO VRXQG FRPPXQLFDWRUV SHUVRQDO FRPSX\
LIHG VRIWZDUH DOORZLQJ GLITHUHQW NLQGV RI DFFHVYV
VHYHUHO\OLPLWHG PRELOLW\DUHLQVWDQFHV RIVXSSF
$GGLWLRQDOO\ WKH\ PDNH LW HDVLHU WR LQFOXGH YD
JUDSKLFVLJQ VIVWHPV DV ZHOO DV RWKHU RXWJRLQJPH
SXW 7KH\PLJKWDOVRHPSOR\FRQYHQWLRQDO UHVRXUI
VDJH ERDUGYV

7KH VI\VWHP RI VIPEROV IRU $&& LV GLYLGHG LQWR JHVWX
JRUWKRVHZKR DUHLOOLWHUDWH GXHWRDJHRUGLVDE
DSSOLHG 7KH\ RITHU WKH DGYDQWDJH RI DOORZLQJ FR
IURP D YHU\EDVLF GHJUHH DGDSWDEOH IRU WKRVH ZLW
LQ WKH YHU\ HDUO\ VWDJHV WR D YHU\ULFK DQG DGYDC
ZLOO QHYHU EH DV IXOO DQG IOH[LEOH DV WKH OHYHO W
XVHRI ZULWWHQ ODQJXDJH 3LFWRJUDSKLF 6\VWHP RI &
$5$6$$& DUHWKHWZRPRVWSRSXODUSLFWRJUDSKLFV\V
WASLFDOO\ZRXOGLQFOXGHD VHTXHQFHRIVWDQGDUGL]
6 XSSRUW SURGXFWV IRUFRPPXQLFDWLRQ FDQ EH FDWH.
QRORJLFDO W\SHV &RPPXQLFDWLRQERDUGYV ZKLFK LQF
PDWHULDOV KROGLQJJUDSKLF VIPEROV VXFK DV SKRWR
ZRUGV DQG VHQWHQFHYVY VHUYHDV EDVLFVXSSRUW SUI
'KHQ V\PEROV DUH GLVWULEXWHG DFURVYV GLIITHUHQW SI
FRPPXQLFDWLRQ ERRNYV

7KH XVH RI VXSSRUW VA\VWHPV LV HITHFWLYH ZKHQ FRPEL
WRUV VXFKDVDSSURSULDWHHGXFDWLRQDODQG WKHUI
WKHVXEMHFWWREHLPPHUVHG LQD VXSSRUWLYHODQJX
E\VHQVLWLYHDQG FRPSHWHQWLQWHUORFXWRUV DQG
ULFKLQJDFWLYLWLHYV

?iiTbh,ff " b +XQ7;



(QKDQFLQJ $XWLVP &RPPXQLFDWLRQ YLD $$& 7THFKQROR,

&RQVHTXHQWO\ WKHPRVWHIITHFWLYHWHFKQLTXH LV \
KHOSVWKHPWRFRPPXQLFDWHE\VHOHFWLQJDQGDUUDC
WR PDNH XS D VHQWHQFH
6XFK ERDUGY KDYH HQDEOHG &&1 DGXOWV DQG FKLOGUH
WLFLSDWHLQD ZLGHUDQJHRIHQYLURQPHQWV DQG DFW
ULHUV
7KH ERDUGV VKRZ SLFWRJUDPV GLYLGHG LQWR FDWHJRU
3lRRG’ DQG 3 DGMHFEWLYHV’
7KH $$& ERDUG LV PDGH RI D FRQWHQW DUHD ZLWK D VHO
SKUDVHDUHD ZKHUH WKH VHOHFWHG SLFWRJUDPV RI WKt
7KH XVHU PD\RSHQ PDQ\ FDWHJRU\IROGHUV RU SDVV PD
FLILFSLFWRJUDP ZKLOH SLEWRJUDPV QHDU WKH QHHGHC
VHDUFKLQJDEWLYLWLHYV

6HYHUDO LQYHVWLIJDWLRQV KDYH EHHQ GRQH LQ WKL
/10 LQFOXGLQJIURP VWDWLVWLFDO WR QHXUDO QHWZR
TKHIRXQGDWLRQDO ZRUN RI WKLV WKHVLV LVDERXW WK
EDVHG PRGHO LQWURGXFHG@ \WR/'\WD® MOWHDWKH FKDO OH ¢
"SUHGLFWLQJWKHQH[W SLFWRJUDP" DV GHVFULEHG LQ \
HWD® >
2XUFRQWULEXWLRQVKHOSPRYHIURPVLQJOH PRGDO %, |
$, ZKLFK PD[LPL]JHV WKHLU EHQHILWYV
7TKHVWDWH RI WKH DUWPRGHO ZLWKLQ WKHOXOWLPRGI
DPLQHG LQ WKH QH[W FKDSWHU ZKLFK FXOPLQDWHYV ZLW
RXUVWDUWLQJ SRLQW VROXWLRQ
7TKH NH\WR UHGXFLQJ WKH GLIILFXOWLHV DQG VLPSOLI\L
LVWRILQG D VWUDWHI\ WR HQVXUH WKDW WKH XVHU ZL«
TXLENO\



(QKDQFLQJ $XWLVP &RPPXQLFDWLRQ YLD $$& 7THFKQROR,

J)LIXUH 7KH $$& @\ VIWHFRPOWHQW DUHD ODUJH UHFWDQ.
WRP ZLWK WKH VHOHFWDEOH SLFWRJUDPV DQG D SKUD\
WRS WKDW SUHVHQWV WKHVHOHFWHG SLFWRJUDPV WR



&KDSWHU

6WDWHRIWKH $UW

OXOWL PRGH$,UHSUHVHQWV D SLYRWDODGYDQFHPHQW
LQRJGLYHUVH GDWD VRXUFHV WR DPSOLI\RXU FDSDFLW\
GLFWLRQ 7KLVLQQRYDWLYHDSSURDFKHIIHFWLYHO\ VX
FLDWHG ZLWK VLQJOH PRGH $, VIVWHPV KHUDOGLQJD Q

7KH VWUHQJWK RI PXOWL PRGH $, EHFRPHVY DSSDUHQW
IDFLOLWDWHD OHYHO RIGHWDLOHG SHUFHSWLRQDNLQ \
DEOH IHDW LV DEFEKLHYHG WKURXJK LWV DGDSWDELOLW\ V
PDWV DOORZLQJIRUQXDQFHGDQG KXPDQ OLNH XQGHU\

7KH MRXUQH\WRZDUGV DFKLHYLQJPXOWL PRGH $, H[F
HYROXWLRQ LQ WKH $, ODQGVFDSH ,W HQFRPSDVVHV D
WKDW EHJLQV ZLWK WKHDGYHQW RIWKH/0DQG QHXUDO ¢
SRZHUIXO 7UDQVIRUPHU DUFKLWHFWXUH 7KLV FRQYHU
B3URFHVVLQJ 1/3 DQG &RPSXWHU 9LVLRQ &9 UHSUHVHC
HYROXWLRQDU\WUDMHFWRU\ SURSHOOLQJS$, FDSDELOL

$WWKHKHDUWRIWKLVWUDQVIRUPDWLRQOLHV WKH SI
HOV 7KHVHPRGHOV VKDSHG E\WKHIOH[LELOLW\RIGDW
DUHPDUNDEOHFDSDFLW\WRDGDSWWRDZLGHDUUD\RI\



2SHQ &KDOOHQJIHV

WKHP LQGLVSHQVDEOHLQ KDUQHVVLQJ WKH IXOO SRWHC

7TKH HYROXWLRQ IURP 6WDWLVWLFDO /O WR DGYDQFHG
ILHG E\WKHOLNHV RI %(57 UHDFKHV LWV DSH[ZLWK WKH
110V 7TKHVH IRUPLGDEOH //0V QRW RQO\ HQKDQFH RXU
GDWD EXWDOVR VLIJQLILFDQWO\EROVWHU WKHUHDVRQ

2SHQ &KDOOHQJHYV

7UDQVLWLRQLQJLQWR WKH UHDOP RIPXOWLPRGDO $, EL
FKDOOHQJHV WKDW GHPDQG LQQRYDWLYH VROXWLRQV D
&KDOOHQJHV LQFOXGH H[SODLQDELOLW\DQG LQWHUSUF
DOLJQLQJWH[WDQGLPDJHV ZLWKRXW ODEHOV DQG SUR
LWLHVY WRIJHWKHU WR DFKLHYH EHWWHU DQG PRUH FRPS!I

I QOWHUSUHWDELOLW\ QBSOOEQDEQOEWODWG LQWHUS
LW\DUHFULWLFDOWRXQGHUVWDQGLQJKRZI9LVLRQ
FRPELQH WH[WXDOLQIRUPDWLRQ
7KH 3\WKRQ OLEUDQ S {BFROLITXHHV>D GHPRQVWUDWLRQ R
FHVVLW\ E\ LPSURYLQJ WKH H[SODLQDELOLW\RI GHH
YLD WHFKQLTXHV OLNHJUDGLHQW ZHLJKWHG FODVYV

$$OLIJQPHQW ZLWK 8Q O DERHEHILVSOHDHQWLRQL QN W H[W
WR YLVXDO UHJLRQV ZLWKRXW KXPDQ DQQRWDWLRQ\
LQJWHFKQLTXHYV LQFOXGLQJWKHQHZODVNHG 9LV XD
WDV@WKDW UHWULHYHV YLVXDO WRNHQV IURP PDVN
LPDJH FRUUHODWLRQ

FOXOWLPRGDOORWKBOY FUXFLDO DVSHFW LV WKH FRQV
WR HQG OHDUQLQJ SLSHOLQHV WKDW LQWHJUDWH //(
JUDSK 1HXUDO 1HWZRUN *11 FXVWRPOD\HUV DQG



//0DQG 7UDQVIRUPHU 6KDSLQJWKH)XWXUHRIS$, ORGE

WR LPSURYH WKHXQGHUVWDQGLQIJDQG UHSUHVHQW
$ODUIJH VFDOHPHPRU\HQFRGHV PXOWLPRGDO ZRUO
ILHG HQFRGHU LQ 5H9($/ WR GHOLYHU HIIHFWLYH DGY
WULHYDO UHVXOWYV

2WKHU H[DPSOHV RIDUFKLWHFWXUHY DUH % (57 OLNH
ZLWKDGGLWLRQDO OD\HUVWR SURFHVVPXOWLPRGD
PHWULFOHDUQLQJWRFUHDWHODWHQWVSDFHZKHU
GHG®

([SORULQJDQRWKHU GLUHFWLRQ *UDSKPRGHOLQJ
VXDO GDWD FRXOG EH XVHG WRLQFRUSRUDWH FRPPI
IURP H{IWHUQDO NQRZOHGJH EDVHV DQG WR WUDLQ Q
LQJ GLUHFWO\RQ VWUXFWXUHG DQG XQDPELJXRXV \
7KHLQWURGXFWLRQRI9LVLRQ *11 DQJPKRWHFWXUH E
WUDFW JUDSK OHYHO IHDWXUHV IRUYLVXDO WDVNV |
LQJ

$OHPRU\ FRQV XODBQMWURQJ FRPSXWDWLRQDO UHVRXUFH
LV D SDUDPRXQW FRQFHUQ LQ WKH UHDOP RI'/ DQG V
HW DO®@ Y¥YWDQGV DV D WHVWDPHQW WR WKH RQJRLQJ
PHPRU\FRQVXPSWLRQLVVXHV ZKLOH SUHVHUYLQJ P|
SUHFLVLRQ

/10 DQG 7TUDQVIRUPHU 6KDSLQJ WK
RI$, ORGHOV

,Q WKH HYHU HYROYLQJ ODQGVFDSH RI $, PRGHOV LWT
//I0V DQG 7TUDQVIRUPHUV KDYH FRPH WR UHGHILQH WKH I
PRGHOV H[HPSOLILHG E\ WKH SRSXODULW\RI WKH SUH
*37 >@ VLIQLILHV D VLIJQLILFDQW PLOHVWRQH 7KHVH



//0DQG 7UDQVIRUPHU 6KDSLQJWKH)XWXUHRIS$, ORGE

WR 1/3 EXW H[WHQG WKHLU UHDFK LQWR GLYHUVH GRPDL
OHDUQLQJ ,Q &9 9LVLRQ 7UDQVIRUPHU 9L7 SOD\V D Sl
LQJ LPDJHV LQWR D VHULHV RI SDWFKHV DNLQ WR ZRUG
7UDQVIRUPHU 1HWZRUNV DUH UHVKDSLQJ JUDSK UHODW
GRPDLQ VSHFLILFNQRZOHGJH

)XUWKHUPRUH WKHVXUYH\FRQG X WOIGHU¥RKRXHW DO
WKH H[WHQVLYH VWXG\RI3UHWUDLQHG /0V DFURVV WKH
&9 DQG */ &RQFXUUHQWO\ ZH PXVWQfW RYHUORRN WKF
WLRQDO HQFRGHUV OLNH % (57 ZKLFK SUHGLFW PDVNHG
WHQFHV DOEHLW ZLWK FHUWDLQ OLPLWDWLRQV 2Q WK
FRGHUV H[HPSOLILHG E\ *37 H[FHO LQ WH[W JHQHUDWLI
LW\ WR FDSWXUH ELGLUHFWLRQDO LQWHUDFWLRQV HIIH
PRGHOV QHFHVVLWDWHY UHILQHG W RAR COHW.\ QHEH //DO
WRIDFLOLWDWH SUH WUDLQLQJ ILQH WXQLQJ DQGLPSC
DOO\ H[SORULQJWKH G\QDPLFILHOG RI &9 WDVN SUH W|
OLNH$XWR VXSHUYLVHG OHDUQLQJ 66/ EULQJV XV FOR\
PRGHOV LQ )MIKNGNY WR WKH WUDQVIHUDELOLW\RIUHS
GXULQJSUHWUDLQLQJWRVXEVHTXHQW VXSHUYLVHG WL

J)LIXUH 7TKHIJHQHUDO SLSHOLQHIRU 66/ 7KHWRS SDU\
LQJ DQGWKHERWWRPVWUHDP REWDLQV WUDQVIHUUHG
GRZQVWUHDP VXSHUYLVHG WDVNYV



OXOWLPRGDO /DUJH/DQJXDJHORGHO

OXOWLPRGDO /DUJH/DQJXDJHORGH

7TKHULVHLQ SRSXODULW\RIWKHOXOWLPRGDO /DUJH /I
PDUNV D VLIJQLILFDQW VKLIW LQ WKH ILHOG RI $, 7KLV W
ILHG E\WKHHYROXWLRQ RI FKDW*37 LQWR DPXOWLPRGD
V(O), &6 >@ WV WKHILUVW RSHQ &KDW*37 VW\OH PXOWLI
JODPLQJR VHDPOHVVO\LQWHJUDWLQJERWKLPDJHV DQ
WLRQDO RXWSXWYV

7KH FRUH LGHD EHKLQG WKLV PXOWLPRGDO DSSURDFk
WHUSUHWDELOLW\ %\ IRVWHULQJLQWHUDFWLRQ EHWZF
0//OVIDFLOLWDWH WKHFUHDWLRQ RIPHDQLQJIXO VHPDC
WLF WRNHQV DQG WKH YLVXDO HOHPHQWYV ZLWKLQ LPDJ
WR D GHHSHU XQGHUVWDQGLQJ RI FRPSOH[ PRGHOV HQ
FULWLFDO GRPDLQV VXFKDV PHGLFDO FDUHDQG DXWRQ

BHYHUDO VWXGLHV KDYHGHOYHG LQWR WKHDEVWUDF\
WLPRGDO PRGHOV 1RWD@XQGHUSSRYHY WKH VLIQLILF
ILQH WXQLQJDQG GHWDLOHG GDWDVHW GHVFULSWLRQV
OLVKPHQWRIVHPDQWLFFRQQHFWLRQVEHWZHHQGLIIHU
,Q WKHLU ZRUN -LHW DO LQWURGXFHGD YLVXDOO\DQQ
DW DVVHVVLQJ WKH DEVWUDFW UHDVRQLQJ FDSDELOLW
VWXG\GHPRQVWUDWHY WKDW WKHLQWHJUDWLRQRI YLV
VLIJQLILFDQWO\HQKDQFHVDEVWUDFW UHDVRQLQJDELOI
LQ WKH DQDO\VLV RI FRPSOH[ GDWD ,W IXUWKHU HPSKD"
ILQH WXQLQJSKDVHLQRSWLPL]LQJPXOWLPRGDO PRGH!(

7KH FRPSUHKHQVLYH 0//0 VXUYH\ FRQGXKAWHG E\ <LQ H
IXUWKHU H[SORUHV WKH LQWHJUDWLRQ RI //0 ZLWK WKH



OXOWLPRGDO /DUJH/DQJXDJHORGHO

HQFRPSDVVHYV YDULRXV PRGHO W\SHV DQG DSSURDFKHYV
VWUXFWLRQ 7XQLQJ 0 ,7 OXOWLPRGDO,Q &RQWH[W /HD
WLPRGDO &KDLQ RI 7KRXJKW 0 &R7 7KHVH DSSURDEKFE
WLYHV RQ KXPDQ VRIWZDUHLQWHUDFWLRQDQG RSHQ GF
FDSDELOLWLHV LQ WKH UHDOPRI$, LQFOXGLQJHQKDQF

OXOWLPRGDO &R7

//I0V KDYH GHPRQVWUDWHG LPSUHVVLYH FRPSOH[ UHDVR
GOLQJPXOWLPRGDO LQSXW FRQYHUWHG WR WH[W +RZ}
UHVXOWLQDORVVRILQIRUPDWLRQ ZKLFKQHFHVVLWDW
IXQFWLRQLQJZLWKLQ PXOWLPRGDO PRGHOV

/[I10V VHUYH DV WKH IRXQGDWLRQ IRU FXWWLQJ HGJH V
SULPDU\ SURFHVVLQJ XQLWLQPXOWLPRGDO PRGHOV 1R
LQFRPSOH[UHDVRQLQJWDVNV E\JHQHUDWLQJLQWHUPF
DUULYLQJDWDILQDODQVZHU SRSXODUL]JLQJWKH &R7 U

7TKHO &R7 SDUDGLJP UHSUHVHQWYV D VLJQLILFDQW DG"
DSSURDFKHYVY DV LWLQYROYHV PXOWLPRGDO LQSXW DQ ¢
LOQWRD VHULHVRILQWHUPHGLDWH UHDVRQLQJVWHSYV
HDUOLHU//OVZLWKIHZHU WKDQ ELOOLRQ SDUDPHWHU
OXFLOQDWRU\UHVXOWY OHDGLQJWRHUURUVLQDQVZHU

7TRDGGUHVV WKLV LVVXH DWUDQVLWLRQ WR PXOWLPF
WKH LQIHUHQFH RI WKH DQVZHU EHQHILWYV I[URP EHWWH
RQPXOWLPRGDOLQIRUPDWLRQ 0//OVKDYHHIIHFWLYHO
ZLWKLQ WKHO &R7IUDPHZRUN 7KHVHO0//0OV SURGXFH RX
UDWLRQDOH ZLWK LQSXW SURYLGLQJPRGHOV ZLWKOLP
WR\LHOG PHDQLQJIXO UHVXOWY 7KLVDSSURDFKOHYHU
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