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SEVWBW

&DOLIRVQ/IFD OO WFKRRO GLVWULFWYV IDFH VLIJQLILFDQW V\VWHP
HTXLWDEOH FRPSXWHU VFLHQFH &6 HGXFDWLRQ LQFOXGLQJ IX
SURIHVVLRQDO GHRHIDRGEPHWOYWWRKLWE&HVSEO URWE&DO SURWBIFW |XC
IHGBEO DQW WR WKH 6PDOO 6FKRRO 'LVWULFWV $VVRFLDWLRQ Gl
UHVSRQVLYH PRGHO WR EXLOG ORFDO FDSDFLW\W\\D Q$BINF 8 Bl ® M/HHF WX
VWWHIJ\ LV WEOMWLRYWRIWFRPSXWHU VFLHQFH FRQFHSWV ZLWKLQ W
&6 1RU&DO DGGUHVVHV WBEWRROK &6, , QW MIAR SURQJHG DSSURDFEFk
KDQGV RQ OHVVRQV DQG SURIHVVLRQDO GHYHORSPHQW

7KH ILUVW FRPSRQHQW RI &6, LV D VXLWH RI VWXGHQW IDFLQJ P/
VWDQGDUGY DQG VWUXFWXUHG DURXQG WKH ( LQVWUWHWDRQDO
FRPSXWLQJ AVRBEMWW &6 FRQFHSWYV WDQJLEOH 7KH VHFRQG LV D(
OHDUQLQDBWRKNDW HTXLSV HGXFDWRUYV ZLDNWKHWIKHHYV SHHEHDGE R G L WIROR
LPSOHPHQW WKHVH OHVVRQV DQG GHVLJQ WKHLU RZQ

JRU SURIHVVLRQD @ OWMDWRRQHWBWDQG VFKRRO OHDGHUV WKLV DL
PRGHO DV D FDVH VWXG\ LQ GHVLJQLQJ DQ® LDYA.MIW RQJDF X B HE E M.
QHHG FRQWH[W , W \KR XMTIRIKMWA NQFOXGLQJ D VLIQLILFDQW LQFU
FRQILGHQFH WR WHDFK &6 DQG FRQVLVWHQW SRVLWLYH VWXGHOQ
)XUWKHUPRUH LW FRQQHFWV WKH &6, PRGHO WR WKH EURDGHU ¢
SRVLWLYH HIIHFW RQ VWXGHQW\VIFURDQFGIL DB KW KM HFREHD 140 LQT X
SHGDJRJ\ DQG DFFHVVLEOH KDQGV RQ WRROV WKLV ZRUN RIIHU
IODPHZRUN IRU H[SDQGLQJ HTXLWDEOH DFFHVV WR &6 HGXFDWLRC



3DUW , JWRKNG DQG &RQWHI[W

, Q & D O D HYQUWD BEOMWRMWHZLGH FRPSXWHU VFLHQFH &6 VWDQC
SURYLGH D FOHDU LPSOHPHQWDWLRQ SODXOIRBKIRROD @GXFAMUUREW V
GLVWULFWYV IDFH VA\VWHPLF EDUULHUV LQFOXGLQJ IXQGLQJ LQHT
LOQDWWUXFWXUH DQG OLPLWHG DFFHVV WR SURIHVVLRQDO GHYH(
DELOLW\ WR RIITHU WKH VDPH RSSRUWXQLWLHY DV WKHLU XUEDQ
RQO\ RlI &DOVIRD® KDLJIJK VFKRROV RITHUHG D &6 FRXUVH FRPSD
VXEXUEDQ DQG XUEDQ DUHDV &RGH RUJ HW DO

2Q0H LQ HYHU\ WHQ VWXGHQWYV LQDKD OUIRL RIYIH @ IKYDHOM DQP D CUOKLLF
DQG Rl WKH VWDWH V VFKRRO GLVWULFWYVY DUH FODVVLILHG

7KH UHDVRQV IRU WKLV JDS DUH VA\VWHPLF $ QDWLRQDO UHB®»RUW
GLVWULFWYV DUH VLJGOWL WXPW OV IOHMV XOUEBNDQ FRXQWHUSDUWYV WR
ERDUG LV FRPPLWWHG WR RIITHULQJ &6 *RRJOH *DOOXS 7K
LOQHTXLWLHYV LQVXIILFLHQMWWHRKKYPWRORJIIIFO® QRRPUWHG DFFHVV W
GHYHORSPHQW

'K\ QRW KHUHVKRXOG RXU NLGV EH EHKLQG WKH EDOO EHFD.
S5REGDPV UHWLUHG 6XSHULQWHQGHQW 5HGGLQJ (OHPHC

7R DGGUHVV WKLWG&HVEDIAWSEFKRRO 'LVWULE WWH BYWHRGEG LD WHRQ O
PLOOLRQDHB®W WR ODXQFK &6 1RU&DO 7KH SURMHFW IRRXWHG F
UHPRWH FRXQWLHVY ZKHUH VRPH GLVWULFWV VHUYH IHBRHUWHAKD Q
KRXUV IRWQWQ®J DQG XQUHOLDEOH LQWHUQHW FDQ KLQGHU RQOL
DQG GHOLYHUHG SURIHVVLRQDO OHDUQLQJ DQG VWXGHQW IDFLQ
VSHFLILF FKDOOHQJHV EXLOGLQJ ORFDO FDSDFLW\2®QR RUHDWH
&6 1RU&DP®RVW LPSDBWHJIQHMVWR H[SDQG VWXGHQW DFFHVV WR &
GHYHORSPHQW RI WKH R® SIMHIVUVLRQDO OHDUQLQJ VHULHV ZKL
PDWK DQG VFLHQFH WHDFKHUV ZLWK PRGHO OHVVRQV DQG KDQG
FRPSXWHU VFLHQFH LQWR WKHLU H[LVWLQJ FXUULFXOD

&6 HGXFDWRUY FRADERLDWQI GXUQJ
DZ RINWKRS



3DUW , JWRKNG DQG &RQWHI[W

7 DUITHVMG / VAUDVKUH 5 HYLHZ

,Q UHVSRQVH WR WRHWLHHD® WRR VWDFK VWDWH & OWRQGBUGV LC
UHVRXUFHG FODVVURRPW MWIQHSYR | BWMALIRIQDO OHDUQLQJ VHULHYV
IRXQGDWLRQ RI HYWDEOLVKHG HGXHDMWH®R XB 6 QU WY DOGBLKR/ B GRAG KAM
&6 1RU&DO SURMHFW

, QVIAJ UDVIQJ &6 LOVR &RUH 6 XENHFW

SHVHDUFK XQGHUVFRUHV WR\HL D GRIF SNWHOWMEFUHQFH LQWR FRUH
LQ UHJLRQV ZLWK OLPLWHG DFFHVV WR VWDQGDORQH &6 FRXUVH
VWXGHQWY ZKR DFFHVVHG &6 FRXUVHZRUN SHUIRUPHEHWWE U |

% LQWHWUQJ FRPSXWDWLRQDO WKLQNLQJ LQWR H[LVWLQJ PD
SURMHFW FUHDWHG D E\BIBUWHH GV RRPP R/G EVE LY DIGWLY DVKRUWDJIH\
ODFN RI VSHFLDOL]HG WHDFKHUV

7KLV LOWHRWD PRGHO LV SDUWLFXODUO\ FUXFLDO NR&6W R &DHP R W
JRXU RI WKHVH FRXQWLHVHIOAKFRPEXEBWHBQ7HVHUWY ZLWK QR
SUHIDVWLRQ BPRJIB&/$ EHQWHUDRVIRWKPDMWLRQ RI 6FKRROV (T
FXUUHQW PDWK DQG VFLHQFH WHDFKHUV WR HPEWGF® LIAWWR WKt
VXVWDLQDBRMHI\WMU H[SDQGLQJ VWXGHQW DFFHVV LQ WKHVH FRQ

&RQOQHAAJ &6 VR/ RFDO67( 0 &DUHHW

5HVHDUFK DOVR VXJDBWWXWKRQWWRUH PRUH HQJDJH® DQG VXFF
HGXFDWLRQ ZKHQ WKHLU OHDUQLQJ FRQQHFWYV WR UHDO ZRUOG
6PLWK \ FRQWH[WXDOL]LQJ &6 VNLOOV HGXFDWRUV FDQ KHOS
DSWLWXGHV ZLWK SRWHQWLDOO\ UHZDUGLQJ FDUHHU SDWKV +R

W HPSKDVL]LQJ FDUHHU FRQQHFWLRQV &6, DONMEB IHWYDEKEW OX KOHEUG
VWXGHQWY RIWHQ OHDYH WKHLU FRPPXQLWLHV IRU HFRQRPLF RS
THDFKHUV $VVRFLDWLRQ QRWHG WKDW HTXLSSLQJ VWXGHQW
FDQ KHOS WKHP VHAQUH BKHPRWEH IULHQGO\ MREV DOORZLQJ WKH
ZLWKRXW OHDYLQJ WKHLU FRPPXQLW\

$ ZRUNVKRS SDUWLFLSDQWODS S QB ALKV B GRRIMH BDW \Z L W K
HYHU\RQH HOVH LQ WKH URRP WU\LQJ WR ILJXUH RXW WKH
GHEULHILQJ VHHWKRQWXUOSNMHVHQWHUV VKRZIQG XXDDHWAR Q
W H D F K LODRWAGF H V
&6, SDUWLFLSDQW



3DUW , JWRKNG DQG &RQWHI[W

(P SAR LQJ ( QIDILQI DQG $ FFHWLE®H 7RRYY

TR IXUWKHWWOAHOWKW &6 VWDQGDUGY &6, SURIHVVLRQDO OHDUQL(
SKVLFDO FRPSRRQPIONMWNH %% & PLFUR ELW PLFURFRQWUROOHU SI
EDVHG ODQJXDUHMABVRHE O®M ORZHUHG WKH EDUULHU WR HQWU!'
VWXGHQWMPRYLQJ WKH VWHHS OHDUQLQJ FXUYH DQG XQIRUJLYL(
FRGLQJ VWXGHQWWEBEVEHURYG EORFNV WR IRFXV RQ FRPSXWDWLRQ
VROYLQJ 7KLV KDQGV RQ SURMHFW EDVHG DSSURDFK KDV EHHQ
PRWLYDWLRQ DQG IRVWHU FULWLFDO WKLQNLQJ VNLOOV /RSH] H

PLFUR ELW PLFURFRQW!

ODMFRGH EORFN FRGLQJ HQYLURQPHQW

7KLY DSSURDFK DOVR KHOSV FXOWLYDWH D SRVLWLYH SHUFHSW.
RI WHDFKHUV UHSRUWHG WKDWO&b6 IRDVVR\RAGHRQYWNR DQG RI WHI
SUHYLRXVO\ KHVLWDQW IHOW PRUH FRQILGHQWDWBBFKLJXMWKH V
LPSDFW RQ VWXGHQWY LV HTXDOO\ VLIQLILFDQW RQH VWXG\ IRX

RI VWXGHQWWNRYKIFTW@®EORGH DQG LQVSLUHG \ WRRUBARMNOG \F KRR
WR VWXG\ FRPSXWHU VFLHQFH

7KH PDWHULDO ZDAWYRADOD QG OHVVRQV , FRXOG XWVHIL\D LPA ¥B D'
YDOXDEOH DQG DSSUHFLWWBW W KHWHR DAN QIRYR MWKDW DV WKLQ
ZH FDQ ERXQFH LGHDV DQG DV ITXHYW DRGEGY RWK HRX V8 DAUWV L F L

&6, SDUWLFLSDQW

&ROFHSWDO) LDP HZ RUN

*XLGHGWKLVY ERG\ RI UHVHDUFK &6 1RU&DO GHYHORSHG D ORJLF
WoRQQVODWH WKHVH HYLGHQFH EDVHG SULQFLSOHV LQWR D FRQFUI
PRGHO LGHQWLILHG VSHFLILF RXWFRPHV VXFK DV LQFUHDVHG W
LOQWHUHVW LQ &6 DORQJ ZLWK SHUIRUPDQFH WDUJHWYV IRU GHC
LPSOHPHQWLQJ &6 IPIMEKEDRYLGLQJ ZRUN EDVHG OHDUQLQJ [))/FWL




3DUW , JWRKNG DQG &RQWHI[W

7KH &RPSXWHU 6FLHQPWLR® FERWSRQHQW Rl WKH ORJLIFPPIRE&BHO V|
QRW DV D VWDQGDORQH VXEMHFW EXW DV DQ HVVHQWLDO WRRO
7KLV DSSURDFK LV GHVLJQHG WR HQKDQFH VWXGHQW OHDUQLQJ
RI PRGHU@ 6DUHHUV 7KH PRFESR@HQDKH VLW HNQWKIDWJIEVWXGHQW YV
DXWKHQWLF LQTXLU\ EDVHG H[SHULHQFHV HGXFDWRUV FDQ VLP
NQRZOHGJH LQ PDWK DQG VFLHQFH DV ZHOO DV FUXFLDO FRPSX
VDLG &6, LV EXLOW XSRRUMNKYWBWHSL OHODWQYLQJ :%/ SKHQRPHQD
DQG DFFHVVYVEPMOSKRPSXWLQJ

JLUVW &6, VRXJKW WR DGGUHVV WKH SHUVLVWHQW JDS EHWZHH
SURIHVVLRQDO ZRUOG DQG KRZ LW LV RIWHQ WDXJKW LQ . HGX
WHFKQRORJ\ DV D SODWIRUP IRU FUHDWLYH SUREOHP VROYLQJ |
FRPSXWHUV WR WRROV IRU FRQVXPLQJ SUH G HHWUR® ® FKH® ZIDRS
VWXGHQWY WR PLRMWRRHWKRH BEILHQWLVWY DQG HQJLQHHUV LQVW
VFLHQFH VWXGHQWY OHDUQ WR GR VFLHQFH ZLWK FRPSRWDWLR
LQVWDQFH VWXGHQWY FDQ ZULWH FRGH IRU D PLFURFRQWUROO
VDPSOHV RDPSDRJUWQVRU WR FUHDWH DQ HDUO\ ZDUQLQJH \VWHP
7KHVH DFWLYLWLHV IRVWHU ERWK WHFKQ@RMHI XOSSIQF) DWW & CHQ Y
IRU LQWHUGLVFLSOLQDU\ FKDOOHQJHV

%H\RQG LWV SHGDJRJLFDO \DWWHGQBREMODR] | HQW VIBRQWILFDQW S
DGYDQWDJHV IRU VFKRROV IDFLQJ UHNRQXW FH \RLF 0 DI WWRBIOL BR
GLVWULFWEHBGLQJ &6 ZLWKLQ H[LVWLQJ VFLHQBPHZ®G NP BW® SO
RYHUFRPH FRPPRQ LPSOHPHQWDWLRQ FKDOOHQJHV 7KLV DSSUR
VFKHGXOH FKDQJHV UHTXLUHG IRU D QHZ VWDQGDORQH FRXUVH

KXUGOHVO®RZLQJ FUHGHQWLDOHG VFLHQFH D @GV PDMSKLOYWRFWKH
H[LVWLQJ FRXUVHV DQG SURPRWHQ\HIXLQIDEOE DWKGVHQ BV UHF
PHDQLQJIXO H[SRVXUH WR FRPSXWHU VF(HGBKXZLWKRQ WKHLJ FF



3DUW ,, B6WDRBH@QWORGHO /HVVRQ 30DQV

/R WQVODWH WKLV WKHRUHWLBB® URK Q&®D WIDR/QGIHMWL RQFHG ZLWK LC
DSSURDFK GHYHORSLQJ VWXGHQW IDFLQJ PRGHO OHVVRQV DQG
SURDB WR VXSSRUW HGXFDWRUV 6WDII DW 6&2( GHYHORSHG PRG
LQ FODVVURRPV ZKLFK DOVR VHUYHG DV H[DPSOHV IRU HGXFDWI
OHDUQLQJ 7KHVH OHVVRQV ZHUH FUHDWHG WR HTXLS VHFRQGDL
FRPSXWHU VFLHQFH LQWR WKHLU H[LVWLQJ FXUULFXOD 7KH SUR
LOQWURGXFHG WKHVH OHVVRQV WR HGXFDWRUV S WDRWHIIIHYI WHRHF
LOQWBWWH &6 DFWLYLWLHY DQG VKRZFDVH QHZ SHGDJRJLFDO DSSU
3buw ,, GHOYHV LQWR WKH ILUVW RI WKHVH FRPSRQHQWYV WKH
VWXGHQW IDFLQJ PRGHO OHVVRQ SODQV

SURGXFW FMJOQ ° HYHIRSP HOW

7KH &6, PRGHO OHVVRQV ZHUH GHYHORSHG ED\DHPG RRUN B/IURRN & QX
KLJK TXDOLW\ OHDUQL@®IHH{ISKUHHERPABUHKHQVLYH DQG UHOHYDQ'
ZHUH GHYHORSHG WR DOLJQ ZLWK WKH &DOLIRUQLD . &RPSXWH
ZDV VWUXFWXUHG DURXQG WKH ( LQVWUXFWLRQDO PRGHO D VW
DSSURDFK WKDW SURPRWHY GHHS FRQFHSWXDO XQGHUVWDQGLQ
RI WKH PRGHO OHVVRQV VKRZFDVLQJ KRZ WKH\ DUH RUJDQL]JHG
FRQFHSWV DQG KRZ WKH ( PRGHO LV LPSOHPHQWHG

7TKH ( &RQVWUXFWLRQLVRUBDWHG /HVVRQ )

e (QJDJH 7KLV LQLWLDO SKDVH FDSWXUHV DWEG WEW ¥ W R WHLU Y
WKH WRSLF WV GHVLIQHG WR KRRN WKH OHDUQHU DFFHVV ¢
PLVFRQFHSWMWRQVYW$HV PLIKW LQFOXGH D FRPSHOOLQJ TXHVW
GHPRODWULRQ D YLGHR FOLS RU D VKRUW LQWHUHVWLQJ SURI

e ([SORUH 'XULQJ WKLV SKDVH VWXGHQWY DFWLYHO\ H[SORUH \
DFWLYLWLHV 7KH\ BRUNHROOWDERIDWH TXHVWLRQV DQG WHVYV
DFWV DV D IDFLOLWDWRU SURYLGLQJ JXLGDQFH DQ®¥PHOOHHULL
ZLWK WKH FRQWHQW WKHPVHOYHV

e ([SODLQ ,Q WKLV SKDVH VWXGHQWY DUWLFXODWH WKHLU XQG
H[SORUHG 7KH WHDFKHU WKHQ SURYLGHYVY GLUHFW LQVWUXFW|
GHILQLWLRRQW RFWD RXOBIWUNM SKDVH VROLGLIERY OQHBPWIOQD WEH VW
KDQGV RQ H[SHULHQFHV WR WKH DFDGHPLF FRQFHSWYV

e (ODPEEIRWH O6WXGHQWY DSSO\ ZKDW WKERW I ICPHODOWQEH ¢ WWRX DWE R (
GHHSHQV WKHLU XQGHUVWDQGLGOIFRQ® KHWISKQW KWR BBANO ZRU
RWKHU DFDGHPLF GLVFLSOLQHYV

e (YDOXDWH $VVHVVPHQW RFFEXUV WKURXJKRXW WKH OHVVRQ %
XQGHUVWDQGLQJ DQG VNLOO DFTXLVLWLRQ WH UWHRXWKW RERAD W L
REVHUYDWLRQV RU VXPPDWHY$HURWNHHWWAP RQ W\ IJ LIV

§



3DUW ,, B6WDRBH@QWORGHO /HVVRQ 30DQV

$GGLWLRWXKHOPRGHO OHVVRQV ZHUH RUJDQL]JHG VHTXHQWLDOO\ |

&RPSXWHKHWUWEG PV

$V GHILQHG LQ WKH &DOLIRUQLD . &RPSXWHU 6FLHQFH 6WDQGEL
FRPSRQHQWYV RI D FRPSXWHU KDUGZDUH DQG VRIWZDUH DQG KR

e IRLVADBUHQHYVHBVRQ 30DQ 6WXGHQWY XVH D FRPSXWLQJ GHY
LQSXW WR PHDVXUH VRXQG OHYHOV LQ WKHLU HQYLURQPHQW
DQG GLVSIWDHVXOW RXWSXW RQ D ZHEVLWH 7KLVDBWVL¥RQ SU
HIDPSOH RI WKH IXQGDPHQWDO LQSXW SURFHVV RXWSXW PRGH

1IHWZRUNV DQG WKH ,QWHUQHW

$V GHILQHG LQ WKH &DOLIRUQLD . &RPSXWHU 6FLHQFH 6WDQGEL
FRPSXWHUV DUH FRQQHFWHG WR VKDUH LQIRUPDWLRQ DQG UHVR

e 3DDFKXWHV /HVVRQ 30DQ 6WXYGEHRWM PKDWNVEHLD GBWOLYHU HP
ODQGLQJ ZLWK WKH ORZHV\W PREDFWR S RPSDEMHGDWD WKH\ FU
EHWZHHQ D QDMAFHD MHQVR UDR® XWKH VSO FRESMWHU DEOH WR
GDWD IURP HDFKKXS/MBIU WKXV PRGHOLQJ WKH D®VML RIWI DR WFORR D
QHWZRUNV DQG WKH ,QWHUQHW

e JLUHIOLHV /HVVRQ 30DQ B6WXGHQWY OHDUQ DERXW WKH PHDOQ!I
RI GLITHUHQW ILUHIO\ VSHFLHV \7TWIR\ PLIPHD B HVUBQOD ZHHFLHV
OLJKWYV DQG %O XHWRRTKK \F OMYN RW LFYILRL\FV D F W X\D\OF U@ W D U Wt
OHDUQ PRUH DERXW ILUHIOLHYV

e ,QIHFWLRQ *DPH /HVVRQ 30DQ $ QHWZRUNLQJ VLPXODWLRQ ZK
WKURXJK D SRSXODWLRQ WKH FODVVURRP YLD WKH SUR[LPLW
PLFURFRQWWRGOQBO VWUHQJIJWK 7KDWHDRKRZGHPDRRWRDIWLRQ S
WKURXJK D QHW ZIRWINQ 1 6 R ® WAMR/GHYL F R Q QHF® QHWARUN WRSF

$OJRULWKPV DDEPRQRJIU

$V GHILQHG LQ WKH &DOLIRUQLD . &RPSXWHU 6FLHQFH 6WDQGTL
DQG LPSOHPHQWLQJVWHKIES L\\WHM® EXFWLRQV WKDW FRPSXWHUV IRO

e« &RGLQJ &KDOOHQJHV /HVVRQ 30DQ B6WXGHOWRLDQ JDRW LLYQ W DI
ZULWLQJ FRGH WR VROYH VSHFLILF SUREOHPV 7KLV GLUHFWO\
DQG GHEXJ DOJRULWBRPYL@I HQYRUBQPHQW

e : DWHU 7XUELGLW)\ /HVVRQ 30DQ ,Q WKLV OHVVRQ VWXGHQWYV
&RGLQJ &KDOOHQJIHV /HVVRQ 30DQ WR GHYHORS D WXKHELGLW\
ZLOO LQYHQW D VWHOWRGL®YRVWPRQ Q HFDWMQ F R\KFH ®WW VRN LD Q DO JR
D UHDO ZRUOG VFLHQWLILF LQYHVWLJDWLRQ -6



3DUW ,, B6WDRBH@QWORGHO /HVVRQ 30DQV

$WPRVSKHULF 3UHVVXUH /HVVRQ 30DQ 6LPLODU WR WKH WXUE
DOJRULWKPLF SURFHVV WR FROOHFW DQG LQWHUSUHW GDWD C
WKH LGHD WKDW DOJRULWKPYVY DUH HVVHQWLDO IRU ERWKPHERP S
DOVR XVH WKH NQRZOHGJH JDLQHG LQ WKH 6HHLQJ &RORU /HV
GLVS®Db WKH FXUUHQW DWPRVSKHULF SUHVVXUH

'DWD DQG $QDO\VLYV

$V GHILQHG LQ WKH &DOLIRUQLD . &RPSXWHU 6FLHQFH 6WDQGLE
FRPSXWHUV FROOHFW VWRUH UHSUHVHQW DQG DQDO\]H GDWD

(DUWKTXBBNIHW\ /HVVRQ 30DQ 7KLV KDQGV RQ OHVVRQ WHDFK}
VDIHW\ DQG GDWD DQDO\VLY BWXGHQWYV EXH O\®D B R 8 HDR FV MPLHD
HDUWKRXBNLFUR ELW VHQVRUDJWDVRIQHGBVDFAHRRUWEKH PRGHO E
VWXGHQWY WKHQ DQDO\]H WR ILQG D FRUUHODWLRQ EHWZHHQ
IUHTXHQEQDMOAH\ XVH WKHLU ILQGLQJV WR GHVLJQ VDIHU VWU
EH XVHG WR P L WO DDA DQIBW X U

6HHLQJ &RORU /HVVRQ 30DQ 7KLV OHVVRQ EHJLQV ZLWK VWXG
FRORU RI SLIPHQWY DQG WKH FRORUV RI ® KRZANF BRSOGMHUNNY W
UHSUHVHQW FRODRIURVZRWHKHG JUHH® DQEKMERHQEQJ VR 53U R J
/('V 6WXGHQWY OHDUK) GREMWRLRFXBOL]DWLRQYWXMLD DY M/ UL S
RXWSXW WR DQ HQYLURQPHQWDO VHQVRU IXQFWLRQLQJ DV WK
6HFUHW +DB ®DKBENQH /HDUQLQJ /HVVRQ 30 N® X,&®HW WIW LIDFM QW
KDQGVHMDRKHQ XVLQJ D PLFUR ELW &UHDWH $, DSSOLFDWLRQ
SURDB WRWQUWKH PLFUR ELW WR GHNBFW @ KBISX XD @\XW&EB ) W\
WKHLU NQRZOHGJH JDLQHG LQ WKH 6HHDWH&ROR I OWNVERE QIR
RXWSXW ,W SRZHDWH\O KRQ O/XWXNEHGRIR PEFERPSXWHU WR XVH G
UHFRJQL]H SDWWHUQV DQG UHDFW ZLWK D VSHFLILF RXWSXW

&6, | DAOVVRUGHP RQVWADWRJ WH
( DUMTXDNH 6Dl HW KDQGV RQ 3/
BMRQ

, SODQ RQ LPSOHPHQWLQH OVXEH WMV KHTXWD N
&6, SDUWLFLSDQW



3DUW ,, BWBBHDWORGHO /HVVRQ 30DQV

,PSDFWV RI &RPSXWLQJ

$V GHILQHG LQ WKH &DOLIRUQLD . &RPSXWHU 6FLHQFH 6WDQGD
VRFLDO HWKLFDIO DRSESDFXOMWKIUFRPSXWLQJ WHFKQRORJLHYV

+LJK /RZ /[HVVRQ 30DQ 7KLV OHVVRQ H[DPLQHV WKH UHDO ZRU
VROXWLRQ WR D FRPPXQLW\ SUREOHP H®OWRGHQ\E K HHD OXD WE! Y\
GHVLJQHG WRQKISESWUEDWHU PRUHN XDOW WVOKH 7KUHH 5HDGV 5RX
H[SORUH D YLGHR DERXW WKH LQYHQWLRQ LGHQWLI\LQJ TXDQ
HITHFWV 7KH FRUH Rl WKH OHVVRQ KDV VWXGHQWY FDOFXODW
ZDWHU VXSSOGUW®RJIKF VIVWHP LI WKH HQWLUH YLOODJH ZHUF
WHFKQR@RIINVLIQLQJ D VIVWHP WR PRQLWRU WKH HQYLURQPHC

DWHUZKHHO VWXGHQWY GLUHFWO\ HQJDJH ZLWK KRZ WHFKQ]
DQG HQYLURQPHQWDO FRIQ\DNVBHFOFRY XR®HUVWDQGLQJ WKH LI
FRPSXWLQJ

7KH &6, PRGHO OHVVRQV SURYLGH D UREXVW DQG MRKIRWWK\WE H@OVDV
HQJDJH ZLWK WKH ILYH FRUH FRQFHSWWRKXKBRR X VDU K/ BIFHNIFH. W
LOQVWUXFWLRQDO PRGHO DQG DOLJQLQJ LW ZLWK VWDWH VWDQGIL
LQTXLU\ EDVHG OHDUQLQJ H[SHULHQFH WKDW EXLOGV IURP RQH I

VXFFHVV RI WKHVH OHVVRQV KLQJHV QRW MXVW RQ WKHLU GHVLJ

7KH IROORZLQJ VHFWLRQ ZLDODFEONGHDI HD SEQWIRFIWWHRSURI WKLV FXU!

&6, HGXFDWRW/DW&63' @ HHN
$ QDKHP

W KDV JUHDWO\ LPSDFW
SURMHFW RQ QDWLRQDO S
DEOH WR WXQH LW XS DQG

&6, SDUWLFLSDQW



3DUW ,, B6WDRBH@QWORGHO /HVVRQ 30DQV

P SGP HOVMRO ) LGHAW

7KH GHYHORSPHQW RI WKH &6, PRGMH®LY H VOUWRRFH YV IWWPL AXHUW L S
VRXUFHVY 6RPH PRGHO OHVVRQV ZHUH DGDSWHG IURP H[LVWLQJ '
GHYHORSHG SULRQWV R KMHOH IIRIWKHUYV RULIJILQDWHG IURP WKH FXU
VXPPHU FDPSV 7KHVH HDUO\ HISHULHQFHVY KHOSHG FRQILUP WKL
XVLQJ D ( OHVVRQ IRWRBPWOZERKSXKVLQJ WR V 30U N HE@DWHUG ¥ Y ULH,
ZDV HIIHFWLYH DW LQVSLULQJ VWXGHQW LQWHUHVW LQ SXUVXLQ

JXUWKHUPRUH WKH &6, PRGHO OHVVRQV ZHUH GHVLJQHG WR FRF
SDUWLFLSDWLQJ HGXFDWRUV BWGRIF RHWKH & 6 WIKRHRG XD USNULRFNL B B W
&6 1RU&DO PLGGOH VFKRROV FRPPLWWHG WR GHOLYHULQJ KR’
LOQVWUXFWLRQ ZKLOH KLJK VFKRROV FRPPLWWHG WR GHOLYHULC
IOH[LEOH LQ VRPH FDVHV WKH\ ZHUH XVHG WR VXS$HOHB8ERWLQW
&RPSXWHU 6FLHQFH RU &RGH RUJ V &6 'LVFRYHULHV ZKLOH LQ R
LOQWBIWWHG &6 LQVWUXFWLRQ 2YHDQWKISHWRXRIG/H RVAKIRRRONV DQG
WKLV LPSOHPHQWDWLRQ WKUHVKROG

7R PRQLWRU IWGHDEKWUY UHVSRQGHG WR DQ DQQXDO LPSOHPHQW
LQIRUPDWLRQ RQ KRZ &6 LQVWUXFWLRQ ZDV EHLQ B HSGIEDFN UBIRSP L
WKHVH VXUYH\V DQG SURIHVVLRQDO OHDUQ@.@ FRMFRQRKD & DHQII
0DQ RI WKHVH ZHUH UHODWHG WR KDUGZDUH VXFK DV PDQDJLQJ
PLFURFRQWUROOHUV 2WKHU FKDOOHQJHV VWHPPHG IURP WKH Y]
DQG FRDFKLQJ ZKLFK PDGH LW GLIIIDRX\OMD WRHJ K-DGXGD W @ LDF W RY W!
RZQ SWLFDO FODVVURRPV

7KH GHVLJQ RI WIOW & B QORI F X MXNPL ¥ B VWIKWIRX J R R YWWSWHHRIU OL
LQ UHVSRQVH WR WKH QHHGV RI WKH SURMHFW 7KH LQLWLDO VX
H[ISDQGHG WR DGGUHVY D JUHDWHU SRUWLRQ RI WKH &DOLIRUQL!
7KLV H[SDQVLRQ DOVR VHUYHG WR PHHW WKH GHPDQG RI D FRUU
PRGHO WKDW JUHZ PRUH LQWHQVLYH RYHWW\LRHKUH XXDIOQIWD @
VHUYH DV H[HPSODUV IRU HGXFDWRUV 7KH LPSDFW RI WKHVH OH
IROORZLQJ VHFWLRQ RQ 6WXGHQW 2XWFRPHV

7KH ZRUNVKRS SURYKDAGVPRQ RSSRUWXQLWLHV WR HQJDJH L
VFLHQFH OHVVRQV :KHUH PDWHULDOV ZHUH QHHGHG WKH ZRU
UHTXLUHG , KDYH DW OHDVW OHVVRQV WKDW , FDQ LPSOHPH
DGGLWLRQDO SODQQLQJ , KDG SUHVHQWHUYV RXW RI ZHUH
KHOSIXO 7KH\ ZHOFRPHG TXHVWLRQV DQG KHOSHG PH IHHO LCc(

VFLHQFH FRPPXQLW\
&6, SDUWLFLSDQW



3DUW ,, B6WDRBH@QWORGHO /HVVRQ 30DQV

6 VIKGHOW2 XWWFRP HV

7R IXUWKHU LQIRUP WKH GHYHORSPHQW DQG SRWHQWLDO LPSDF\
WKH FXUULFXOXP ZDV SLORWHG ZLWK WZR FODVVHV VHUYLQJ \
WKLV SLORW ZDV YHU\ SRVLWLYH \IZQ W W R \DW WWRQGHIBIRG! WIDQ/UR D
LQFUHDVHG LQWHUHVW LQ &6 DQG D JUHD{0HWHR DMMHBHF Y UMRI LS X L

7KH VWXGHQW IHHGEDFN UHYHDOHG WKDW WKH OHVVRQV ZHUH K
IUHTXHQWO\ FLWLQJ WKH KDQGYV RQ QDWXUH Rl WKH DEWLYLWLH)\
VDWLVIDFWLRQ OHYHO ZDV DSSURPHOWIHOQLQJ IMKHKIRQQVKH\ KD
FRGH DQG VHHLQJ LPPHGLDWH UHVXOWYV RI WKHLU ZRUN $V RQH
QHZ WKLQJ DQG LW VHHPV YHU\ LQWHUHVWLQJ , ZRXOG ORYH W
WUQVODWHG LQWR D QRWDEOH LPSDFW RQ VWXGHQW YV HIGQM HWKINA
ZHUH PRUH LQWHUHVWHG LQ &6 D IO HHDW/IK®I ZHDWV R QR X W KRH D YZKW
RSHQQHVV WR SX(WKDRQBHUUHFHLYHIEDWQ @Y RU RXW RI  ,Q Wt
ZKDW WKH\ OHDUQHG VWXGHQWYVY RIWHQ PHQWLRQHG WKH EDVLF
VROYLQJ $ YDVW PDMRULW\ VWDWHG WKH\ ZRXOG UHFRPPHQG W
IXQDQG D JRRG OHDUQLQJ H[SHULHQFH 7KH IHHGEDFN DOVR LC
D IHZ VWXGHQWY ZLWK SULRU &6 H[SHULHQFH IRXQG WKH LQWURH!
VXJIJHVWHG VWDUWLQJ DW D PRUH DGYDQFHG OHYHO

7TKHVH SRVLWLYH VPDOO VFDOH ILQGLQJV DOLJQ ZLWK WKH UHV)
EURDGHU &6 1RQ&DPRIGXBWHGBYEY 7KH VWXG\ HYDOXDWHG WKH

SURMHFW V FRPSXWHU VFLHQFH LQVWUXFWLRQ RQ VWXGHQW DFk
IRUDGHV WKURXJK KLDAH G HPHRQWRIIUD SRVLWLYH EXW QRW VYV
VLIQLILFDQW HIIHFW RQ PDWKHPDWLFV RXWFRPHV WKH VWXG\ IF
DFKLHYHPHQW ZDV ERWK VWDWLVWLFDOO\ DQG VXEVWDQWLYHO\
SURDB VFRULQJ QRWDEO\ KLJKHU WKDQ D FR®WWH OL QIGRXQS V 8\DXNBLS
FRUMSRWKHVLV RI WKH &6 1RU&DO ORJLF PRGHO &6 VWDQGDUGYV
LQIOXHQFH VWXGHQW D HKQ V/HNMPWM IOV . QHWXSW F L D @OVHAX HQ W.RV A.R/UI
DFDGHPLF VXEMHRWVWEI RGEGWHDLIKNHG SURIHVVLRQDO GHYHORSPHQW

, IHHO FRQILGHQW WKDW , FDQ XVH WKH OHVVRQV ZH OHDUC
ZKHQ , JHW EDFN WR VFKRRO
&6, SDUWLFLSDQW

$JDLQ , ORYHG OHDUQLQJ OHVVRQV , FRXOG LP)Q‘ﬁHPHQW WRP|
FODVWHW OHDUQHG WKURXJK VWUXJJOH =
&6, SDUWLFLSDQW



3DUW ., 3/ &RPSRQHQW IRU (GXFDWRUYV

SWRGXFW HMJOQ ' HYHAIRSP HOW

7KH &6 ,@WHRD SURIHVVLRQDO OHDUDG M WRPRGR QIPQWK SO W H Q \
\HDU VHTXHQFH GHVLJQHG IRU &6 1RU&DO VHFRQGDU\ HGXFDWRU
ILUVW EXLOG D VWURQJ IRXQGDWLRQ LQ FRPSXWHU VFLHQFH DQ¢
7KH ILUVW \HDU IHDWXUHG KRXUV Rl SURIHVVLRQDO OHDUQLQJ
FXUULFXOD 7KH VHFRQG \HDU VK L IMAGE MORO SLHPGSIDIHRRIN @@ G WSLLR Q

GHGLFDWHG WERWLAR DOMWHI W SSOLFDW LIRQL G Z RBNQKREIZDV RULJ
GHVLJQHG WR FRPSOHPHQW WKH RWKHU FXUULFXOXP EDVHG ZRU
DGGUHVVLQJ WKH VSHFLILF QHHGV RI PDWK DQ GDWAH. HGQIFHDWIED F K
UHVRXUFHV DARHLQWHARQFHSWY LQWR WKH FRXUVHV WKH\ DOUHDC

%DVHG RQ IHHGEDFN IURP SDUWLFLSDWLQJ HGXFDWRUV WKH &6,
HYROYHG VLJQLILFDDMA BMHURWBKHW ZDV ILUVW RIIHUHNGVILQ
KRXU H[SHULHQFH HPEHGGHG ZLWKLQ D ODUJHU KRXU FXUULF
OHDUQLQJ H[SNULHQ¥FKH $RPSRQHQW H[SDQGHG LQWR LWV RZQ L
RQJRLQJ SURIHVVLRQDO OHDUQLQJ H[SHULHQFH

3 URI HWLRQDO' HDUQLQJ 0 RGHO
6HFRQGDU 7 HDFKHW

6XPPHU $FDGHPLF <HDU

KRXUV &6
&RXUVH 6SHFLILF 3

+RXUV

<HDU -XVW LQ 7LPH :RUNYV
2SWLRQV &6 'LVFRYHUL +RXUV &6 &RUH LQWHJ
&6 DQG &6 3ULQFLS
+RXUV RI &6 3/
<HDU $GGLWLRQDO % BRWR @\ +RXUV
$OJHEUD (TXLW\ OLQGHG( ,PSOHPHQW ,PSDFV

DQG &6 ,QWHJUDWL

7R HQVXUH WHDFKHUV IHOW FRQILGHQW DQG SUHSDUHG WKH FR!
ZLWK KDQGV RQ VXSSRUW 'XULQJ ZRUNVKRS VHVVLRQV IDFLOLW
GHPRQDWILQJ HITHFWLYH SHGDJRJLFDO PHWKRGV IRU JXLGLQJ VW
F\FOH DQG IRU DQDO\]LQJ DQG ZULWLMOUYFRBS$S UKD FKFRQOMERKWG
WURXEOHVKRRWLQJ WHFKQLFDO KXUGOHV WR HQVXUH WHFKQROF
OHDUQLQJ H[SHULHQFH ,Q DGGLWLRQ WR WKLV GLUHFW VXSSRU\
HGXFDWRUV DV QHHGHG IXUWKHU VXSSRUWLQJ WKBW BJLAWKH\ LI

DQG FXUULFXOXP LQ WKHLU FODVVURRPYV iy



3DUW 3/ &RPSRQHQW IRU (GXFDWRUYV

P SGP HOVWMRO ) LGHAW

7KH LPSOHPHQWDWLRQ RWWKG RBRIGWMIBQDO OHDUQLQJ FRPSRQ
DOLJQHG &6 1RU&DO /RJLF ORGHO $SSHQGL[ $ 7KH SULPDU\ JRD
FRQILGHQFH &6 NQRZOHGJH DQG SHGDYRUHPMOQINW@E VU WRBDAR
WR WKH &DOLIRUQLD . &6 VWDQGDUGV 7KLV IRFXV RQ WHDFKH
WR LPSURYHG VFKRRO DQG VWXGHQW RXWFRPHV LQFRXSLRQW K
LQFUHDVHG VWXGHQW FRRPSHDWEIE\ VWXGHQW DFKLHYHPHQW LQ |

'KLOH WKH &P WQWROJARUNVKRS ZDV GHOLYHUHG YLUWXDOO\ RQ P
DFFRPPRGDWH WEBKLFHEUIVWULER® LHREX RD W R U \D PWK I FSWIRIIQH U

UHFRPPHQGYV DQ LQ SHUVRQ LPSOHPHQWDWLRQ $ IDFH WR IDFH
IDFLOLWDWLQJ WKH KDQ/GY HR QFWR ®OW ERYOWKR W B HZ FHWKR S V
IRU EXLOGLQJ D VWURQJ SURIHVVLRQDO FRPPXQLW\ DPRQJ SDUW

7R PRQLWRU WKH ILGHOLW\ RI WKH SURIHVVLRQDO OHDUQLQJ WI
PHWULFV IRU WKH &6 ,QWHJUDWLRQ ZRUNVKRS FRQVLVWHQW ZL)\
SURIHVVLRQDO OHDUQLQJ DFWLYLWLHY OHDVXULQJ ILGHOLW\ SiI
DWWHQGDQFH DQG UHWHQWLRQ SURYLGHG D FOHDU PHDVXUH RI
WKH LOWHQGHG GRVDJH RI WKH WUDLQLQJ DQG LQIRUPHG DQ LW
SULpPpbuU\ PHWULF ZzDV WKH UDWH DW ZKLFK SDUWLFLSDQWYV PHW I

ZRUNVKRS VHVVLRQV 'XULQJ WKH &6, 6 XPPHU DQG , , $<:V W
I[URP DFURVYVY DOO RI &DOLIRUQLD :KLOH RI WKHVH SDUWLFLSDQC
RQO\ RI WKHP PHW WKH DWWHQGDQFH WKUHVKROG RI

KLIKHU WKDQ WKDW RI WKH QRQ &6 1RU&DO SDUWLFLSDQWYV RI Z
OHDVW RI WKH $<:V 7KLV UHFUXLWPHQW DQG DWWULWLRQ GD
LPSOHPHQWDWLRQ PRGHO DQG LWV HYROXWLRQ RYHU WKH JUDQ'

7R VXSSRUW IXWXUH UHSOLFDWLRQ WKH PRGHO ZDV GHVLJQHG Z
YDULHW\ RI LPSOHPBQYWRQM ROHADKYVH WKH &6, SURIHVVLRQDO O
UHVRXUFH LQWHQVLYH D 3URRRUNLRQIZOVHIUHDVOHG 7KLV GRFX
OLAE LQ $SSHQGL[ & VHUYHG DV D VRXUFH RI WUXWK IRU SDUWL
DFFHVV WR DOO PRGHO OHVVRQV ZHE EDVHG DSSOLFDWLRQV DC
SURIHVVLRQDO OHDUQLQJ H[SHULHQFH 7KH UHVXOWV RI WKLV S|
IROORZLQJ VHFWLRQ RQ (GXFDWR

&6 , QWA LDWRQ | DAOVARU
GHP RQWDWQJ EXILABLQJ DEGRAN
FRELQJ HQYLLRQP HQWR
HGXFDWRWY




3DUW ., 3/ &RPSRQHQW IRU (GXFDWRUYV

( GXFDVRU 2 XVFRP HV

7KH &6, SURIHVVLRQDO OHDUQLQJ FRPSRQHQW RI WKH &®ERH&D(
LQFUHDVH LQ WHDFKHU FRQIL\GHIF H D3/ SRAWMH VAKHE HAYV Rl UHV ¢
QXPEHU Rl WHDFKHUV ZKR IHOW FRQILGHQW HQRXJK WR WHDFK C

W R OR DI BBWLFWWEK®\ QXPEHU Rl HGXFDWRUV ZKR IHOW F
LQFRUBRILQJ &6 FRQWHQW LQWR DQRWKHU VXEMHFW VXFK DV PD
W R 7KHVH UHVXOWYV YDR VGHRUBHWINHHSURUIXVLQJ DFFHVVLE
WRROV WR IRVWHU D SRVLWLYH SNWIEFSOVERBSKIWLAWKURXJIK SK

7KH SURIHVVLRQDO OHDUQLQHGHEKVUROWHIHON RDUBIKEXFDWRU HQ.
SDUWLFLSDQWY UHVSRQGLQJ HQWKXVLDVWLFDOO\ WR WKH KDQG
PLFURFRQWUROOHU 'LUHFW IHHGEDFN IURP SDUWLFLSDQWY SUR
VXFFHVVHY DQG FKDPRIOHHUQWMIMWWHSRUWHG WKDW WKH VFEDIIROGHG Ot
WDIQVLWLRQHG WKHP IURP VLPSOH FRGH WRVRIGLWLKHD ODRU HDW IRR C
FRPPXQLW\ EXLOGLQJ DFWLYLWLHVY DQG WKH LPPHGLDWH FODVYV
&RQYHUWR®H SDUWLFLSDQWY QRWHG FKDOOHQJHYVY UHODWHG WR
H[SUHVVLQJ D GHVLUH IRU PRUH WLPH WR GHOYH OGWHE&HU LQWR

7KLV IHHGEDFN ZDV FUXAMP® WAJRKBISWRROXWLRQ 7KH VXFFHV\
VXPPHU ZHHN PRGHO IRU H[DPSOH OHG WR WKH GLWPRQMWDXD W\
ZRUNVKRS IRUPDW 7KH GHVLUH IRU GHHSHU OHDUQLQJ SURPSWFE
SDUWQHUVKLS ZLWKR PWWWDRRHWUW SW\R SLORW DQG HQKDQFH DGYDC
GHPRQIWILQJ &6 NMRBRPPLWPHQW WR EHLQJ UHVSRQVLYH WR HGXF

7TKH SRVLWLYH RXWFRPHDWLRUKE WHIHYWHRQDO OHDUQLQJ DUH F!
ILQGLQJV RI WKH ILQDO HYDOXDWLRQ UHSRUW IRU WKH ODUJHU ¢
HGXFDWRUV DFURVYV VFKRROV DQG HGXFDWLAR QDE HWQ WKWV H\R
LQFOXGHG VWDQGDUG VFKRROV DV ZHOO DV RWKHU HQWLWL
SUHVFKRROV DQG QRQ SURILW SDUWQHUV 21 WKRVH HGXFDWRU
LPSOHPHQWDWLM@Q@EXUYHVSRQGHG WR PRUHMMWKDQ BRWSWRQUNHHA
OHO\ FRQWDLQ GXSOLFDWHG VWXGHQW FRXQWYV RYHU WLPH VXJ

VWXGHQWY ORWKHDWRHD® RI HQKDQFLQJ FROOHJH DQG FDUH
SHGDJRJLFDO DSSUHRDF¥FKQRIFIRPBHWHU VFLHQFH LOQWR FRUH VXEM
LQTXLU\ EDVHG PHWKRGYV DOLJQHG ZLWK EURDGHU SRVLWLYH DF
HYDOXDWLRQ 7KH ILQDO HYDOXDWLRQ UHSRUW IRU WKH &6 1RUS&
FRPSXWHU VFLHQFH LQVWUXFWLRQ KDG D VWDWLVWLFDOO\ VLJQ
VFLHQFH DFKLHYHPHQW DQG D SRVLWLYH WKRXJK QRW VWDWLV\
PDWKHPDWLFVY DFKLHYHPHQW

3y



3DUW 9 I1H[W 6WHSV DQG &ORVLQJ

- LWVEXWIRQ

/IHDUQLQJVY DQG ILQGLQJV IURP WKH &6 1RU&DIDVEQR MFHRPE XMXH UHW
LQWR FRUH VXEMHFWYV L\D BWOSRDMUHINMVURQP G [SDWQGLQJ HTXLWDEOH
QHHGDLXWBLVWULFWY 7KH SRVLWLYH HGXFDWRU RXWFRPHV VXFl
FRQILGHQFH SDLUHG ZLWK WKH VWDWLVWLFDOO\ VLIQLILFDQW L
DFKLHYHPHQW LQGLFDWHDWKRW WKH &KRGHWHIWBGHVLIQ ZDV HIIHF

$ M\ IDFWRU LQ WKH SURMHFW V VXFFHVV DSSHDUVDWW R LWV H
FRQFHSWV WDQJLEOH D QG RXRFGIMYL BWKH SURIHVVLRQDO OHDUQLC
LQ SKLFDO FRPSXWLQJ ALWKHWRFEOR GLWP WRIE HWHRG WKH EDUULH
IRU ERWK VWXGHQWY DQG WHDFKHUV H®&L ¥ RKOWGIVE R Q¥ DG VR BVKK-
RI HGXFDWRU HQJDJHPHQW D@ BARKRY WHIDY/ WMKHLU FRQILGHQFH W
)XUWKHUPRUH WKH XVH RI WKH ( LQVWUXFWLRQDDP RRBUWID \8KBRW
PLUURUV WKH VFLHQWIO\L FRSQWBHEXWOQN WR WKH REVHUYHG JDL
DFKLHYHPHQW

7KH HYROXWLRQ RI WKH &6, SURIHVVLRQDO OHDUQLQJ FRPSRQHC
LWHWLYH UHVSRQVLYH GBRIMG@[IEKRVIRRIWRP DQ HREARCJINH/E R\&Z
WR DQ LQWHQVLYH[SPHXQWQFRDZDV D GLUHFW UHVXOW RI HGXFDW
IRU GHHSHU OHDUQLQJDWKIWWHKTPRQOQRW SURIHVVLRQDO OHDWDWQLQ .
FRQWH[WYV LW PXVW EH DGDSWDEOH DQG FRQWLQXDOO\ UHILQHC

SOWLPDWHKE\&6, LQLWLDWLYH VHUYHV DV PRUBDWXKINQ BRBRWAI LKXI
SURPLVLIRHZRUN IRU EXLOGLQJ GRADOFDISPIFM-WXJIHVW D SDWK |
YDULRXWKRDHINRWYYVEFKRRO OHDGHUV WKLVIPRIGHONVRURYH GWY Bl TVX
SDWKYDEHPEHGGLQJDVOMNGHOWHVVRQV DFURVV FRUH VXEMHFWYV ZKI
LOQWHUHVW IRU PRUH DGYD REHEBXERXBEXBXRUNHYHORSHUV WKH SLU
YDOXH RI GHVLIJQLQJ OHVVRQV WKDW XVH &6 DV D WRRO WR H[SO
GLUHFWO\ DQVZHULQJ WKH VWXGHQW TXHVWLRQ RI ZKHQ@DUH ZF
SURIHVVLRQDO GHYHORSPHQW SURYLGHUV WKH VXFFHVDWRHVWKH
WKH LPSDFW RA\VXVD@JFRPSXWLQJ WR EXLOG WHDFKHU FRQILGHQI

, OHE WKH VWUXFWXUH RI WKH TKVRRWYW KHOSIXO DVSHFWYV ZlI
SUHVHQWH® O LQFWHSWRKH ZRQGHUIXO ARMIRIXERUGLYHUVH
TXHVWLRQLQJ WHFKQLTXHV DGGRBVRY PRWKDHFWLYLWLHYV DGGUH
VWXGHQWY WR DVN DERXWYHO®RP SMWKEHYMWMHQFH WRSLFV , O
IHHOLQJV LQ DGGLWLRQ WR QRWXEFK WEBW ,HFPRQFWDWR P\
ZRQGHUOHMNRZ WKLY DVSHFW JIMWMX @KWY 7KH SUHVHQWHUYV Zt
VWXGHQWY PRUH LQYROYHG DQG FUHDWLYH

&6, SDUWLFLSDQW &6, SDUWLFLSDQW $



3DUW 9 I1H[W 6WHSV DQG &ORVLQJ

[ LIP IVIDMRQV

:KLOH WKH &BPWQRWRIIRRGHO OHVVRQV DQG SURIHVVLRQDO OHDUQL
UHVXOWY LW LV LPSRUWDQW WR DFNQRREBHEKH M RIG LOYPL WKW VR
FRQVIDGHULRQY DUH HVVHQWLDO IRU LQWHUSUHWLQJ WKH RXWFRP
FRPSOH[LWLHYV RI LPSOHPHQWLQJ HGXFDWLRQDO LQLWLDWLYHV I

J)LUVW WKH RXWFRPH GDWDQZKLOH GOFIRKKG 7KH UHVXOWYV ZHU
WKURXJK VKRUW WHQPQBRXWYWW RI WHDFKHU FRQILGHQFH DQG
IROORZ XS WR PHDVXUH VXVWDLQHG FKDQJHVY LQ FODVVURRP LPE
VWXGHQW OHDUQLQJ $V VXFK WKH SRVLWLYH ILQGLQJV VKRXOG
SDUWLFLSDQW VDWLVIDFWLRQ DWIGHYHW KBRYBG UURZWRKXY HYLGH ¢
LPSDFW

BHFRQG WKMHOLHMEUOLW\ Rl WKH IDQGHGRER QW HRQVSHFLILF IDFWF
SURDB HQJDJHG D UHODWLYHO\ VPDOO VHOI VN QHRKRE \PIORXI$S R
DOUHDG\ EHHQ PRW L YDDWHHEBRW BXWOMWHYBLHQFH ZKLFK OLPLWV WK
WKH UHVXOWYV )XUWKHUP RUGHWKD SQRBIJUPSOHPHQWDWLRQ ZHUH
VSHFLILF QHHGYV RIOVEDWOWOU LWV LQ 1R UWK HWU Q RD QWIROWQH. 05 D\QHEF
XUEDQ VXEXUEDQ RU PRUH KLJKO\ UHVRXUFHG FRQWH[WYV

JLOQODOIORSOHPHQWDWLRQ ZDV VXEMHFW WR VLJQLILFDQRW LRRQWHRI[
WKH SDRJAHUH LPSDPAWKHR&E?2 SDQGHPLF DQG GHYDVWDWLQJ VHD
7KH VKLIW WR YLUWXDO GHOLYHU\ IRUPDWY IRU VRPH ZRUNVKRS'
KDQGV RULFHOO FRPSXWLQJ SRWHQWLDOO\ OHDGLQJ WR LQFRQVI
DQG VNLOO GHYHORSPHQW )XUWKHUPPDPWRUVWERBRRY HDW &DD/GIP L
FKDOOHQJH WKDW DIIHFWHG WKH FRQWLQXLW\ RI WKH SURIHVVLI
WR VXFFHVVIXOMOH WKWHOHVVRQV DOVR GHSHQGHG RP® MOFRRWV K
VXFK DV ORFDO DFFHVV WR PDWHDWDLDYM WGIRWOQW DIPE PMDALO D E
WLPH UHVRXUFHV WKDW DUH QRW HTXDOO\ DYDLODEOH LQ DOO

7KH\ GLG HYHU\WKLQWJWKD®N RFR@QH DUHD WKDW QHHGV LI
SHUKDSV WKH WHDFKHUV VKRXDGGRIP B DR KSWRHDIEKVGAD U
ZLWK D VKRUW LQWURGXFWLRRBUMLPRIXDLBFEHGPRUH PL[LQJ ZLV
FRKRUW 7KLV ZRXOG EH DQ XQFRPIRUWDEOH SDUW IRU PH E

HPEDFH WKH DGYHQWXUH DQG EH FRPIRUWDEOH ZKLOH VWHSSI
&6, SDUWLFLSDQW



3DUW 9 I1H[W 6WHSV DQG &ORVLQJ

) XVXUH 5 HVHDUFEK

7TKH FXUUHQW &6, PRGHO OHVVRQV DQG SURIHVVLR @IDOSWHRPUYLQ
SDWHKXDIRU IXWXUH UHVHDUFK WKDW FRXOG EXLOG XSRQ LWV ILQ
DIRUHPHQWLRQHG OLPLWDWLRQV

)LUVW D PRUH ULJRURXV TXDVL H[SHULPHQWDO VWXG\ FRXOG E|
LPSDFW RI WKHO&E RQWHRIGHO RQ VWXGHQW OHDUQLQJ 6XFK D VW
FODVVURRPV ZKHUH WHDFKHUV KDYH LPSOHPHQWHG WKH &6, OHYV
SUH DQG SRVW DVVHVVPHQWY RI VWXGHQW FRQWHQW NQRZOHG]
FRPSXWDWLRQDO WKLQNLQJ VNLOOV 7KLV ZRXOG KHOS HVWDEOI
SHGDJRJLFDO DSSURDFK DQG WKH SRVLWLYH VWXGHQW DFKLHYH
SURMHFW HYDOXDWLRQ

BHFRQG D ORQJLWXGLQDO VWXG\ FRXOG EH FRQGXFWHG WR LQY
PRGHO RQ VWXGHQWYV DF D ®HFHLAFWIRQGE HA\D UHH.Y WB N K D/IWPKG FRXNO\G
H[SHULHQFHG \UWH{ G QOMWMRQV WKURXJK WKHLU KLJK VFKRRO DQC
GHWHUPLQH ZKHWKHU H[SRVXUH WR WKLV PRGH GRKNRRIG® RWHYV Z
SXUVXLQJ DGYDQFHG &6 FRXUVRAE@REDURIW B QMHOWE\Q J 6

$GGLWLRQPOWOVH UHVHDUFK FRXOG H[SORUH WKH DGDSWDELOLW
OHVVRQV DQG FRUUHVSRQGLQJ SURIHVVLRQDO OHDUQLQJ 7KLV
KDQGV RQ LQTXLU\ EDVHG DSSURDFK IRU RWKHU FRUH VXEMHFW
VSHFLILF &PDRKMULFPO (GXFDWLRQV &3HVSMDWRKEDFRXOG DOWR WHVW
JHQBOL]DELODGD SENLQJ WKH FRQWHQW IRU XUEDQ DQG VXEXUEDC
SHUIRUPV RXWVLGH RD®WKH WQWLVQLDO UXU

JLODOIX\UWKHU LQYHVWLIJDWLRQ LQWR WKH RSWLPDO GHOLYHU\ |
ZDWRWHG $ HRPISDHUVWXG\ FRXOG H[SORUH WKH GLIITHUHQWLDO
DQGKULG GHOLYHU\ IRUPDWY 6XFK UHVHDUFK H RHDG KH D PRR® IRC
LPSOHPHQWDWLRQ ILGHOLW\ LQ WKH FODVVURRP DQG WKH GHYF
DPRQJ SDUWLFLSDQWYV

. ORYHG WKDW VR PXFK PDWHULDO Z @ YHYHG EXWwhe spun

LW ZDV KDHMSWKE NVRPHWLPHYV %xLV\(/D, H% D VWXGHO

UHVRXUFHV WR ORRN EDFN RQ VR ,°G EYJE% W

WKH YROXPH D SRVLWLYH DQG D bﬁ ngi'Y KDEJ AV HQW HSHL
&6, SDUWLFLSDQW 6, SDUWLFLSDQW
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&ROFGXMRQ

$GGUHVVLQJ WKH SHUVLVWHQW JDS LQ FRPSXWHU VFLHQW HDKG X F
FRPPXQLWLHYVY UHTXLUHV D WKRXJKWIXO FRQWH[W UHVSRQVLYH
IRXQGHG RQ WKH HYLGHQFH EDVHG WKHRU\ WKDW D UHJLRQDO F
VXVWDLQDEOH\¥6IBRDODWKZAD/H XQGHUVHUYHG VWXGHQWYV 7KH &6, |
SURIHVVLRQDO OHDUQLQJ WFRYBRQHMHW ZRUMKNY HITRUW GHVLJQ!
ROQH ROLWUQJV DQG SURYLGH GHHS RQJRLQJ VXSSRUW IRU HGXF
FKDOOHQJHV RI WKHLU VPDOO UHPRWH GLVWULFWYV

&6, GHPRIWM®& WKDW D WKRXJKWIXOO\ GHVLIJQHG KDQGV RQ DSS
GHYHORSPHQW FDQ HPSRZHU HGXFDWRDW MW R RPRHIXQ\LIDU | X BLOH QLRHN
DFDGHPLF VXENUWRWYGEQJ LQVWUXFWLRQ LQ UHDO ZRUOG SKHQR
LQVWUXFWLRQ ZLWK W0 KHHQB WGI\G FEID&N\HGIW WH IDQJIGDE FHV V L BHD W K\HR F
PLFUR ELW DQG YOR/KXID@®J SWRHYBUWRRW RQO\ LQFUHDVHG WHDFKHU
DOVR WB®UYMWXGHQW HQJIDJHPH QWX D\ GHRDPURLLRHY YWIl/K H IGWMMN B O RSP HC
&6, VKDSHGXFDWRU IHHGEDFN DQG ORJLVWLFDO UHDOLWLHV >
DGDSWDELOLW\ LQ HGXFDWLRQDO LQQRYDWLRQ

7KH OHVVRQV OHDUQHG IURP &6, DOVR RIIHU D SDWK IRUZDUG 7t
SUHVHQWHG LQ WKLV UHSRUW KLJKOLJKW WKH FRPSOHDIOMLHV RI
VXFFHVV SURYLGHV D FRPSHOOLQJ FDVH IRU WKHVH SHGDJRJLFD
7KH FRQQHFWLRQ EHWZHHQ WKLY DSSURDFK DQG WKH VWDWLVWI
VWXGHQW VFLHQFH DFKLHYHPHQW DFURVV WKH SURMHFW RIIHUV
SOWLPDWG,OKROGY SURPLVH DV D UHSOLFDEOH SURGXFW IRU H[SI
HGXFDWLRQ HPSRZHULQJ HGXFDWRUV D QBBOSRRIFSIMQIQN L\HW XIR i QU
LQ D WHFKQRORJ\ GULYHQ ZRUOG

&6 HGXFDWRUWDP  GXUQJ
"D R ZRINWKRSVIQ

S5HGEGEQ) &$




SHIHUHQFHYV

&RGH RUJ &RPSXWHDBKHHQBWVRFLDWLRQ (&(3 $OOLDQFH
&RPSXWHU 6FLHQFH (GXFDWLRQ ,O0O0XPLQDWLQJ GLVSDULWLHV >
KWWSV FRGH RUJ DVVHWY DGYRFDF\ VWDWHRIFV BVWDWHBRI

&RPSXWHU 6FLHQFH (GXFDWLRQ
KWWSV FZHA ED JRY EH VW VV FRPSXWHUVFLFRQWHQWVWGYV DVS

&RPSXWHU 6 HMHRXAHHIY $VVRFLDWLRQ ,V FRPSXWHU VFLHQFI
U XWO EILQ DAWKWW SV EVWHDFKHUV_RUJ QHZV LV FRPSXWHU VFLHC(
U XJO [EIUQ BE D

'LVFRYHU\ 5HVHDUFK %%& PLFUR ELW WKH QH[W JHQ $ VX
ODM LW 'LIJLWDO SURMHFW OLRMRGELDWLFREXFDWLRQDO )
KWWSV PLFURELW RUJ GDWD UHVRXUEHY %%& PLFURELW 7KH Qt

*LEVRQ 6 DGOdB $ VWXG\ RI IRUWKHUQWDBHWD@&SLOV SHUF]
XVLQJ WKH %% & OVFORIEXADMWQA R 37RKBQDO 6MDFHXHHWW3IRAUV SHFEFW
KWWSYVY RMV FXPEULD DF XN LQGH[ SKS VWHS DUWLFOH Y

*RRJOHDOOXS ORYLQJ IRUZDUG &ORVLQJ WKH FRPSXDMCHU V
DQRQG VPDOO WRZQ VFKRRO GLVWULFWYV >3')@ S5HWULHYHG
IURRWWSY VHUYLFHY JRRJOH FRP IK ILOHY PLVF FORVLQDO®RPS:
DQG VPDOO WRZQ VEKRRO GLVWULFWYV SGI

+ROODQG - / ODNLQJ YRFDWLRQDO FKRLFHV $ WKHRU\ RI
ZRUN HQYLURQPHQWY UG HG B3V\FKRORJLFDO $VVHVVPHQW 5H

"-RQHV & 7KH ORQJ URDG WR FROORHI®IO WRPZ QM O (GRRE UB H
KWWSVY HGVRXUFH RUJ WKH ORQJ URDG WR FROOHJH IURP FI

/JRSH] - 0 6 B5RP£Q *RQJEPFNHD &D Q@R ( 9LPRPOQIURJIU
ODQJXDJHWWHEBHDBURVYV WKH FXUULFXOXP LQ HOHPHQWDU\ VFKR
XVLQJ DBFEK LQ ILYH VFKRROV &RPSXWHUV (GXFDWLRQ

KWWSV GRL RUJ M FRPSHGX
6PLWK 6 5HDO ZRUOG ZRUN EDVHRBFOMOR@LDY (GRXDQY/DLB R
TDLQLQJ KWWSV GRL RUJ

8&/% &HQWHU IPRQOQWRHPFPNWLRQ RI 6 FKRREORWMHU HGXFDWLRQ GHVHU\
&DOLIRVQD@ FRPPXQLWLHY 7KH UROH RIDQRSFD O R K GIKE DX DRRK Z
WKH SURIKKWWERBBDOWRUPVEKRROV XFOD HGX UHVHDUFEK WHDFKHU

<HQ - 0 ) -RKDQVHQ $ 0 &HQOHPVRQ FTURXWHBFKHUV DV FR
GHVLJQHUV RWHEWRADWK DQG VFLHQFH FRPSXWDWLRQDO WKLQNL
$QQXDO &RQIHUHQFH _KW®MBWLWERD RUJ
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