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,QGRQHVLDQ SURIHVVLRQDO SV\FKRORJ\ HGXFDWLRQ F

$QULOLD (PD OXVWLNDZDWL 1LQJG\DK
%DFKHORU RI 3VI\FKRORJ\
3RVW JUDGXDWH 3URIHVVLRQDO 3V\FKROR

ODVWHU Rl (GXFDWLRQDO ODQDJHPHQW

$ WKHVLV VXEPLWW HRGF WRRJUWRK H3 IGIHI R WRISKN LQ 3V \Fk
&ROOHJIJH RI +HDOWKFDUH 6FLHQFHYV

-DPHV &RRN 8QLYHUVLW\ 0D\
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'HFODUDWLRQ Rl ,QWHOOHFWXDO 2ZQHUVKLS

, GHFODUH WKDW WKLV WKHVLV LV FRPSRVHG RI P\ RUL

LQ DQ\ IRUP IRU DQRWKHU GHJUHH RU GLSORPD DW DQ\ XQl
WKHVLY FRQWDLQV QR PDWHULDO SUHYLRXVO\ SXEOLVKHG
GXH UHIHUHQFH KDV EHHQ PDGH LQ WK H FWHJ RIZ GHBLN. W JRW K
SXEOLVKHX® PEXBLVKHG ZRUN RI RWKHUV FLWHG RU UHIHUUH
(YHU\ UHDVRQDEOH HIIRUW KDV EHHQ PDGH WR JDLQ St
RZQHUV Rl FRS\ULJKW PDWHULDO , ZRXOG EH SOHDVHG WR

EHHQ RPLWWHG RU LQFRUUHFWO\ DFNQRZOHGJHG
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'"HFODUDWLRQ RI (WKLFV
7KH UHVHDUFK SUHVHQWHG DQG UHSRUWHG LQ WKLV W
WKH 1DWLRQDO +HDOWK DQG OHGLFDO 5HVHDUFK &RXQFLO
&RQGXFW LQ +XPDQ 5HVHDUFK KXPDQ@KHVWXGRE K HRAKLLYNVGD

IURP WKH -DPHV &RRN 8QLYHUVLW\ +XRBBQ URMWIHD W K R HMK\L F

EHLQJ + DQG +
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$FNQRZOHGJHPHQW

9DULRXV SDUWLHY KDYH VXSSRUWHG WKH FRPSOHWLRC
UHVHDUFK 0\ JUHDBNHWWEWKH®G WRVX\GBIGYLVRU\ SDQHO 'U 't
*DUU\ .LGG DQG $ 3URI 1HULQD &DOWDELDQR IRU VXFK JU
WKH UHVHDUFK DQG HVSHFLDOO\ IRU DOO WKH KDUG ZRUN
7KLV WKHVLY DOVR EHQHILWWHG IURP WKH RXWVWDQGLQJ
$ 3URI &ODLUH 7KRPSVRQ DQG 3URIHVVRU .HQQHWK ODUN
RI WKH UHVHDUFK DQG WK BWHKSNUWDKH\RIY/ RI VRPH SDUWYV

, WKDQN DOO UHVHDUFK SDUWLFLSDQWY DQG DGPLQLV!
SV\FKRORJ\ SURJWBPPHYOIRQWVKRIRSHUDWLRQ DQG,FRQWUL!
ZLVK WR H[SUHVV P\ RUHDWB ayX$HU FALDWH\RD®Q 3V\FKRORJILF
DOQWKE 73$VVRFLDWLRQ RI 3URYLGHUV RI 3V\FRKRORJ\ (GXFC
SURYLGLQJ VXFK HQRUPRXV VXSSRUW IURP WKH WLPH WKL)
,Q SDUWLFXODUNR\WRQBHBHIWKD®QGR\R DQG 'U $QGLN O
9LFH &KDLU RI +,036, DQG 'U +HQGUABBVEZ3BIXVWLDPQL SD\
GHGLFDWH WKLY UHVHDUFK WR \RX DQG DOO SURIHVVLRQD

, ZRXOG OLNH WR DFNQRZOHGJH WKH VLJQLILFDQW FERC
(QGRZPHQW )XQG IRU (GXFDWLRQ IRU SURYLGLQJ ILQDQFLI
HGXFDWLRQ WR WKH SRLQW Rl FRPSOHWLQJ WKLV WKHVLYV
ODVW IRXU \HDUV KDV EHHQ LPPHQVH , FDQ RQO\ ZLVK WKI
IRUWXQDWH DV , LQ EHLQJ SURYLGHG ZLWK WKH RSSRUWXC
WKH GHYHORSPHQW RI D EHWWHU ,QGRQHVLD

, ZRXOG OLNH WR W KOMINY MUKHL WD PEH\Q ERRAIUH /HDUQLQJ
SURYLGLQJ VWDWLVWLFDO DQG HGLWRULDO DVVLVWDQFH |

5RVV % XQFOH IRU SURRIUARRB\LRDPE\XW KHVHY GW ZLWNK ZKRP
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P\ HISHULHQFHVY WKDQN \RX IRDQMEKH KUR R VD O F/EKV¥F ZHHV V KC

LOQWR WKH IXWXUH

)LQDOO\ D VSHFLDO WKDQNV JRHV WR P\ EHORYHG IDP
VWDUWLQJ WKH GHJUHH DQG SURYLGHG VXSSRUW HYHQ LQ
PH LQ KHU SUD\HUV DQG SURYLGHV LQILQLWH VXSSRUW WK
KXVE® DQG ORYHO\ FKLOGUHQ WKH MRXDVDHY W KO 8RBW H/U
PXFK IRU \RXU JUHDW XQGHUWXBI@ & LGX D QEDIVW | D@ FWXR ¥

PDNH XV VWURQJHU DV D IDPLO\ 2QO\ "RBHNQRZV KRZ PXFK
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6WDWHPHQW RI WKH &RQWULEXWLRQ RI 2WKH

7KH 5HVHDUFK $GYLVRU\ 3DQHO SURYLGHG VLJQLILFDQ
VWXG\ DQG WKH GUDIWLQJ RI WKLV WKHVLV
3ULPDU\ $GYLWRQLVH 'LOORQ

BHQLRU /HFWXUHU LQ 3V\FKRORJ\ $VVRFLDWH 'HDQ RI

(GXFDWLRQ &ROOHJH RI +HDOWKFDUH 6FLHQFHV -DPF
BHFRQGDU\ $@VIRMRBUDUU\ .LGG

$WRFLDWH 3URIHVVRU LQ 3V\FKRORJ\

&ROOHJH Rl +HDOWKFDUH 6FLHQFHV -DPHV &RRN 8QLY
$GYLVRU BHRWRRU1HULQD &DOWDELDQR

$WRFLDWH 3URIHVVRU LQ 3V\FKRORJ\

&ROOHJH Rl +HDOWKFDUH 6FLHQFHV -DPHV &RRN 8QLY

7KH IROCFROQWULEXWLRQV RI RWKHUV VXSSRUWHG WKL\

,(QWHOOHFWXDO VXSSRUW

&ERQWULEXWLRQ 1DPH &XUUHQW $!

*XLGDQFH RQ UHVHDUFK 3URI (GZD -DPHV &RRN

SUHSDUDWLRQ RI UHVHD +HOPHYV 8QLYHUVLW

*XLGDQFH RQ LQVWUXPH' $ 3URI &0 &HQWUDY @

WKHRU\ 7TKRPSVRQ 8QLYHUVLW

*XLGDQFH RQ LQVWUXPH' 3URI .HQQ 8QLYHUVLW
TXHVWLRQQDLUH LQWHI ODUN *UHH 6XQVKLQH &
GRFXPHQW OLVW GDWD

DQG GHYHORSPHQ@W RI FF

FRQWI
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 QWHOOHFWX¥XR@QWXOZRGW

&RQWULEXWLR 1DPH

&XUUHQW $I1ILC

AXDOLWDWLYH 'U $GH ,YD OXUW\ 8QLYHUVLW\ RI

DXGLWLQJ

6WDWLVWLFDO 'U 3HWHU &KHZ -DPHV &RRN 8C

'U 6WDQOH\ /RR -DPHV &RRN 8¢

(GLWRUIVDNDODR¥ 'U (OL]DEHWK 7\Q -DPHV &RRN 8QC

OV +ZHH /HRHQ@RK -DPHV &RRN 8C

OU 5RVV % XQFOH 3URRIUHDGHU

'‘DWD FROOHFWLRQ

& RQ WILRL@E X W 1DPH

$IILOLDWLRQ

SLORW LQWHUYL 'U $QGLN ODWXC +,036,

SHUPLVVLRQ SUF $GPLQLVWUDWRI 1DPHV RI DGPLQ

VXUYH\ PDLOLQJ XQLYHUVLWLHV @ WKHMWLWXWLRQV

ILHOGZRUN DUUI SVI\FKRORJ\ SUR. FRQFHDOHG WR

,QGRQHVLD FRQILGHQWLDOL

JLQDQFLDO VXSSRUW

&RQWULEXWLRQ

1DPH RI 2UJDQLVDWLRQ

6FKRODUVKLS WXLW
DOORZDQFH

SHVHDUFK H[SHQVHYV

&RQIHUHRH HY

/3'3 ,QGRQHVLD (QGRZPHQ'
(GXFDWLRQ
-DPHV &RRN 8QLYHUVLW\

-DPHV &RRN 8QLYHUVLW\
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SXEOLFDWLRQV GXULQJ FDWIGILNG W KVHWKDW LQI|

&KDS

1R

'"HWDLOV RI SXEOLF 1DWXUH DQG H[WHQW RI

FKDSWHU LV EI

HDFK DXWKRU LQFOXG

1LQJG\DK +H®®HV
7KRPSVRQ DQG *UH
7UDLQLQJ PRG
SURIHVVLRQDO SV\F
$ OLWHUDWRQUHP DHY

,QGRQHVLDQ 3V\FKR

7KH DXWBRYWGFERSHG WK
TXHVWLRQ OV 1LQJG\DI
OLWHDQ® ZURWH WKH IL
SDSHU ZKLFK ZDV UHYL\
LQSXW IURP 3URI +HOPI
$ 3URI 7KRPVSRQ DQG

OV 1LQJG\DK GHYHORSH

1LQJG\DK *UHHQZRF

([DPLQLQJ WKH
YDOLBBQ®UHOLDELOL
RI D WUDLQLQJ PRGH
,QGRQHVLDQ SURIHV
SURJUDPV ([SHUW H
ODNDUD +XPDQ %HKI
$VLD ‘2,

KXEV DVLD

7KH DXWBRYWGFERSHG WK
TXHVWIRQYQJIG\DK FRO(
DQG SHUIRUPHG WKH GD
DVVLVWDQFH IURP 3URI

$ 3URI .LGG 0V 1LQJG\
ILUVW GUDIW RI WKH SD
ZLWK HGLWRULDO LQSX\
DQG $ 3URI .LGGKOV 1L

GHYHORSHG WKH ILIJXUH

1LQJG\DK +HOPHYV
7TKRPSVRQ *UDGXDW
BURIHVVLRQDO (GXF
3V\FKRORJ\

, WV (VVHQWLDO &KD

7KH DXWBRYWGFERSHG WK
TXHVWLRQ OV 1LQJG\DI
OLWHUDWXWH \DRIG IZWVV
SDSHU ZKLFK ZDV UHYL\
LQSXW IURP 3URI +HOPI

DQG $ 3URI 7KRPSVRQ

YLLL
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SXEOLFDWLRQV GXULQJ FDQGLGDMROQUWALWY KB® LQIRUP WKLYV

&KDS 'HWDLOV RI SXEOLF 1DWXUH DQG H[WHQW RI

1R FKDSWNUB GV EI HDFK DXWKRU LQFOXG

QO ( 6XZDUQURFGBHG
WKYSRFLDO 6FLHQFH
(FRQRPLFV ,QWHUQTL
&RQIHUS®FH ,QGRC

%LQD 'DUPD 8QLYHU

ILQJG\DIOPHY .LGG 7KH DXWBERYWGFRSHG W
7KRPSVRQ 3UHSDUL( TXHVWLRQ OV 1LQJG\C
OHQWDO +HDOWK &D OLWHUDWXUH DQG ZUR'
BURIHVVLRQDG@XWUEI SDSHU ZKLFK ZDV UHYL
,Q ,QGRQOWLIEDKPD: LQSXW IURP 3URI +HOF
(G3URFHHGLQJV RI DQG $ 3URPSVRQ OV 1
,QWHUQDWLRQDO &F GHYHORSHG WKH WDEO
DQG HIDIOSS

6XUDNDUWD , QHGR/Q

OXKDPPDGL\DK 6XUD

3bUWV RI WKH DERYH PHQWLRQHG PDQXVFULSWY DUH LQFR
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7DEOH Rl &RQWHQWV

'HFODUDWLRQ Rl ,QWHOOHFWXDO 2ZQHUVKLS LL
'HFODUDWLRQ RI (WKLFV LLL
$FNQRZOHGJHPHQW LY
BWDWHPHQW RI WKH BRQWULEXWLRQ RI 2WKH YL

3XEOLFDWLRQV GXULQJ FDQGLGDWXUH WKDW LQIRUP WKLV
7DEOH RI &RQWHQWV \
/ILVW RI 7DEOHYV |
ILVW RI JLIXUHYV [[L
/ILVW Rl $EEUHYLDWLRQV [[Y
7\SRJUDSKLF &RQYHQWLRQV [[YLLL
$EVWUDFW

&KDSWHU ,QWURGXFWLRQ ,QGRQHVLDQ 3URIHVVLRQDO 3
5HVHDUFK $LPV DQG 2EMHEWLYHYV

6LJQLILFDQFH RI 5HVHDUFK

5HVHDUFK OHWKRGV

7KHVLV 2YHUYLHZ

&KDSWHU 3URIHVVLRQDO (GXFDWLRQ %DVLF 3ULQFLSOH\

3URIHVVLRQDO (GXFDWLRQ 'HILQLWLRQ DQG &KDUDFWHUL\
2EMHFWLYHV RI SURIHVVLRQDO SURJUDPPHY DQG VHOHFW
&RQWHQW
7HDFKLQJ OHDUQLQJ PHWKRGYV

(YDOXDWLRQ PHFKDQLVPV

SURIHVVLRQDO H[SHUWLVH GHYHORSPHQW LQ WKH HGXFDW
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ORGHOV RI 3URIHVVLRQDO (GXFDWLRQ
S5HYLHZ RI 3BURIHVVLRQDO (GXFDWLRQ ORGHOV DFURVYV 3U

&RQFOXVLRQ
&KDSWHU &XUULFXOXP &KDUDFWHULVWLFV RI 3URIHVVLR
+LVWRU\ RI 3URIHVVLRQDO (GXFDWLRQ LQ 3V\FKRORJ\

&KDUDFWHULVWLFV Rl &XUULFXOXP LQ 3URIHVVLRQDO 3V\F

ORGHOV RI 3URIHVVLRQDO 3V\FKRORJ\ (GXFDWLRQ
&RQWHQW EDVHG PRGHOV RI 3URIHVVLRQDO 3V\FKRORJ\ (

6FLHQWLVW SUDFWLWLRQHU PRGHO
SUDFWLWLRQHU PRGHO DQG LWV GHULYDWLYHYV
&OLQLFDO VFLHQFH PRGHO

(YDOXDWLRQ RI FRQWHQW EDVHG PRGHOV RI SURIHVYV
&RPSHWHQF\ EDVHG PRGHOV RI SURIHVVLRQDO SV\FKROR.

7KH 86 1IDWLRQDO &RXQFLO RI 6FKRROV DQG 3URJUDP
FRPSHWHQFLHYVY 1&633

7KH &RPSHWHQFLHV &RQIHUHQFH DQG WKH &RPSH
&RPSHWHQF\ EDVHG PRGHOV GHYHORSHG E\ SURIHV VL
DQG OLFHQVXUH UHJXODWRU\ ERGLHYV

&RPSHWHQF\ EDVHG PRGHOV GHYHORSHG E\ SDUWLFX

5HYLHZ RI WKH FRPSHWHQF\ EDVHG PRGHOV RI SURIH
6WUXFWXUDO EDVHG PRGHOV RI SURIHVVLRQDO SV\FKROR

&RQFOXVLRQ
&KDSWHU &XUULFXOXP 7KHRU\ J)UDPHZRUN $V $Q $QDO\W|I

&EXUULFXOXP "HILQLWLRQV
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&RPSRQHQWYV RI &XUULFXOXP
&EXUULFXOXP ,GHRORJLHV

6FKRODU $FDGHPLF LGHRORJ\
6RFLDO (IILFLHQF\ LGHRORJ\
/IHDUQHU &HQWUHG LGHRORIJ\
6RFLDO 5 HFRQVWUXFWLRQ LGHRORJ\

&RPSDULVRQ RI &XUULFXOXP ,GHRORJLHYV

&XUULFXOXP $QDO\WLV $ )UDPHZRUN

&RQFOXVLRQ

&KDSWHU 3ROLFLHV 5HIJXODWLQJ &XUULFXOD Rl ,QGRQHYV
BWUXFWXUDO 3RVLWLRQ RI 3URIHVVLRQDO (GXFDWLRQ LQ ,
3URIHVVLRQDO (GXFDWLRQ DQG WKH ,QGRQHVLDQ 1DWLRQE

*RYHUQPHQWDO 5HIXODWLRQV RQ WKH IDWXUH RI &XUULFX

/HDUQLQJ REMHFWLYHV
/JHDUQLQJ FRQWHQW
/JHDUQLQJ SURFHVVHV

(YDOXDWLRQ

,QGRQHVLDQ 1DWLRQDO $FFUHGLWDWLRQ %RG\ IRU +LJKHU

SURIHVVLRQDO 3V\FKRORJ\ 3BURJUDPPHYV

IDWXUH RI SURJUDPPH DQG HGXFDWLRQDO REMHFWLYHYV
6WXG\ ORDGV WDUJHWHG FRPSHWHQFLHYVY DQG UHTXLUHC
THDFKLQJ PHWKRGY DQG TXDOLILFDWLRQV RI OHFWXUHUYV

(YDOXDWLRQ
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,QGRQHVLDQ 3V\FKRORJLFDO $VVRFLDWLRQ 5HIXODWLRQV

,QGRQHVLDQ 3URIHVVLRQDO 3V\FKRORJ\ 3URJUDPPHYV

(GXFDWLRQDO SXUSRVHV DQG VWXGHQWY VHOHFWLRQ FU

&RUH FRPSHWHQFLHY DQG FRPSXOVRU\ FRQWHQW

&RQFOXVLRQ
&KDSWHU ,QYHVWLJDWLQJ &XUULFXOD LQ ,QGRQHVLDQ 31
OL[HG OHWKRGV 6WXG\

5HVHDUFK 2EMHFWLYHV DQG 5HVHDUFK 4XHVWLRQYV
3UDJPDWLVP DV D 3DUDGLJP LQ OL[HG OHWKRGV 5HVHDUFK
7KH 8VH Rl OL[HG OHWKRGV 5HVHDUFK LQ WKH 6WXG\ Rl ,QG
&XUULFXOD
&RQVWUXFWLQJ OL[HG OHWKRGV 'HVLJQ DQG 5HVHDUFK 3UR

4AXDQWLWDWLYH B3URFHGXUHYV

'"HVLJQ
SHVHDUFK LQVWUXPHQWYV
5HVHDUFK SDUWLFLSDQWV

'‘DWD FROOHFWLRQ

'DWD FROOHFWLRQ IRU WKH H[SHUW HYDOXDWLRQ RI

'‘DWD FROOHFWLRQ IRU WKH VXUYH\
'‘DWD DQDO\VLYV

$QDO\WVLV RI GDWD IURP WKH H[SHUW HYDOXDWLRQ V\

$QDO\WLV RI GDWD IURP WKH VXUYH\
4XDOLWDWLYH 3URFHGXUHYV

'"HVLJQ



,1'21(6,$1 352)(66,21$/ 36<&+2/2*< &855,&8/$ [LY

SHVHDUFK LQVWUXPHQWYV
SHVHDUFK SDUWLFLSDQWYV
'‘DWD FROOHFWLRQ

'‘DWD DQDO\VLYV

,(QWHUYLHZ GDWD

'RFXPHQWYV
SHSRUWLQJ WHFKQLTXH

)XOILOPHQW RI (WKLFDO 6WDQGDUGYV LQ WKH 6WXG\

,(QWHJUDWLRQ RI )LQGLQJV ZLWKLQ WKH )UDPHZRUN RI OL[}F
&KDSWHU 6WUXFWXUDO 3URILOHV RI WKH ,QGRQHVLDQ 3L
WKHLU &XUULFXODU &KDUDFWHULVWLFV 4XDQWLWDWLYH 5

6WWXRUDO &KDUDFWHULVWLFV RI ,QGRQHVLDQ 3URIHVVLRQI

SURJUDPPH SRVLWLRQ DQG VSHFLDOL]DWLRQ V RIIHUHG

(QWU\N UHTXLUHPHQWY DQG VHOHFWLRQ FULWHULD

$FDGHPLF UHTXLUHPHQWYV
1RQ DFDGHPLF UHTXLUHPHQWYV

6HOHFWLRQ FULWHULD

5DWLR EHWZHHQ QXPEHU RI DFFHSWHG VWXGHQWY DQG Q
&KDUDFWHULVWLFV RI OHFWXUHUV

&KDUDFWHULVWLFV RI JUDGXDWHYV

7TRWDO QXPEHU RI JUDGXDWHYV
6WXG\ WLPH DYHUDJH

7\SHV Rl JUDGXDWH MREV LQ WKH JUDGXDWLRC

$FDGHPLF DQG QRQ DFDGHPLF VXSSRUWLQJ IDFLOLWLHYV
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&EXUULFXOXP &KDUDFWHULVWLFV RI ,QGRQHVLDQ 3URIHVVLI

SURJUDPPH REMHFWLYHYV

7UDLQLQJ PRGHO V DSSOLHG DQG OHDUQLQJ FRQWHQW S

7UDLQLQJ PRGHO
*XLGHOLQHV LQ WKH GHYHORSPHQW Rl OHDUQLQJ FR(
/HDUQLQJ FRQWHQW DQG FRQWHQW GHOLYHU\ VHTXH{
6FLHQWLILF YV SUDFWLFH FRPSRQHQW LQ WKH OHDUC

/IHDUQLQJ FRQWHQW UHTXLUHG IRU WKH LPSOHPHQWD
THDFKLQJ DQG OHDUQLQJ PHWKRGYV

$ YDULHW\ RI WHDFKLQJ PHWKRGY DSSOLHG
SHVHDUFK FKDUDFWHULVWLFV

,(QWHUQVKLS FKDUDFWHULVWLFV
(YDOXDWLRQ

(YDOXDWLRQ RI VWXGHQWYV

SURJUDPPH HYDOXDWLRQ

&RQFOXVLRQ
&KDSWHU &KDUDFWHULVWLFV Rl ,QGRQHVLDQ 3URIHVVLR
JLQGLQJV IURP WKH &DVH 6WXG\

,(QWHUYLHZYV

SHVSRQGHQWVY FKDUDFWHULVWLFV

SHVXOWYV

&EXUULFXOXP GHYHORSPHQW
SURJUDPPH DLPV

/JHDUQLQJ FRQWHQW
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7HDFKLQJ DQG OHDUQLQJ PHWKRGYV
(YDOXDWLRQ

3URJUDPPH DUUDQJHPHQW
'RFXPHQWV

SURJUDPPH REMHFWLYHYV

/JHDUQLQJ FRQWHQW

6FLHQWLILF IRXQGDWLRQV
SUDFWLFH LQ WKUHH OHYHOV RI VHUYLFHV

3UHSDUDWRU\ FODVVHV
7HDFKLQJ DQG OHDUQLQJ PHWKRGYV

$SSOLHG UHVHDUFK IRU WKHVLV

L, QWHUQVKLS LIQQ FR/R SWKWDLVRIQQ/J

OXOWLSOH UHVHDUFK PHWKRGYV

$ PLQLPXP RI KRXUV LQWHUQVKLS

$FDGHPLFV ZLWK SUDFWLFH H[SHULHQFHV DV HGXFDW
(I WHUQDO VXSHUYLVRU GRHV QRW KDYH WR EH D SV\F

9DULRXV WHDFKLQJ PHWKRGYV
(YDOXDWLRQ

OXOWLSOH DVSHFWYV LQ HYDOXDWLQJ VWXGHQWYV
OXOWLSOH PHWKRGY LQ WKH HYDOXDWLRQ RI VWXGHC

OXOWLSOH DVVHVVRUV LQ WKH HYDOXDWLRQ RI VWXG

&RQFOXVLRQ
&KDSWHU ,QWHIURPMW®B FEZRXOMNGLHY 'LVFXVVLRQ DQG

,(QWHJIJUDWLRQ RI 4XDQWLWDWLYH DQG 4XDOLWDWLYH 5HVX
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3URJUDPPH REMHFWLYHY DQG FXUULFXOXP GHYHORSPHQ\
/HDUQLQJ FRQWHQW

7HDFKLQJ OHDUQLQJ PHWKRGYV

(YDOXDWLRQ

3URJUDPPH RUJDQLVDWLRQ
*HQHUDO 'LVFXVVLRQ DQG &RQFOXVLRQ

%DVLF SURILOHV RI ,QGRQHVLDQ SURIHVVLRQDO SV\FKRO
&KDUDFWHULVWLFV RI FXUULFXOD

TKHRUHWLFDO LPSOLFDWLRQV

SUDFWLFDO UHFRPPHQGDWLRQV

&RQFOXVLRQ

SHIHUHQFHYV

$SSHQGL[ $

5HVHDUFK LQIRUPDWLRQ VKHHW DHWBNLMRORB G LFRRD §WE &
$SSHQGL[ %

5HVHDUFK LQIRUPDWLRQ VKHHWKMQRL LH)G RRIHPW IGRIGR/Q VW R &/
$SSHQGL[ &

([SHUW (YDOXDWLRQ )RUURRIU DMPH 'UNIMFWRWXWH 4 XHVWLR

,QGRQHVLDQ 3URIHVVLRQDO 3V\FKRORJ\ 3URJUDPPH 3'4,<

$SSHQGL[ '
7KH 3URJUDPPH 'LUHFWRUYTV 4XHVWLRQQDLUH RQ ,QGRQHV]
3'4,3

$SSHQGLJ (



,1'21(6,%1 352)(66,21%/ 36<&+2/2*< &855,&8/% [YLLL

$ VXPPDU\ Rl H{SHUW FRPPHQWY DQG FRUUHFWLYH DFWLF
$SSHQGLI )

,QWHUYLHZ 3URWRFRO
$SSHQGLJ[ *

'REFXPHQW OLVW
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7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

/ILVW RI 7TDEOHYV
&RPSDULQJ W KFHY%SODRASFHMIRI®E 3URIHV VI
BVIFKRORJ\ (Gl Wd dRd « « « « « «
&ERPRQ &RQFHSWLRQV RI @& XBRWYICAKWX P
&RPSDULVRQ RI 7THUPV 5HJDUG l«@ J« & X |
'"HVFULSWLRQ RJQVARD OHYHERQWLRH ,QGR
IDWLRQDO 4XDOLILKXWEREY ) UXRKZR
7KH 6HYHQ $FFUHGLWDWLRQ 6WDQGD!L
BVIFKRORJ\ 3 Uk R R dddke « « « « « « «
'"HVFULSWLRQ RI /HDAXPLIOQJ LPOMWARRHW |
&RPSHWHQFLHV RI ,QGR&QHMIkR Q&Y \F K
6SHFLILF 4RPSHWHQFLHV RI *UDGXDW
3V \F KR ORI € « « €« & €« & LK & LK KL K K
&RPSXOVRU\ 6 X\ EMHF WWODGAHVDRWY § 6 W X
L QGRQHVLDQ 3URIHVVLRQD O« 8¥dkKKROR
&RPSDULVRQ RI 5SHTXLUHG &RPSHWHQ
*UD G XM I &/« €€ €€ €K QKKK
SHVHDUFK 4XHVWLRQV DQG 'DWD &RO(
OHWKRGV BRESIURR &« « « « « « « « « « ««
SUHDWHRHFLDOL]DWLRQ 2ITHUHG LQ ,Q
BVIFKRORJ\ 3 Uk R R dddke « « « « « « «
$FDGHPLF SHTXKQUHRIOE®HWMRBRWD HVLDQ
BVIFKRORJ\ 3 Uk R # ¢k « « « « €K«
'HLIKWLQJ RI $FDGHHOLGHPQE &RRUVH |

$VSHFWV IRU ,QGRQHVLDQ 3URIHVVLR

[LI
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7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

"HLIKVWIO@IVVLILFDWLRQ R $HFDGHHAPLLA= (I
6HOHFWLRQ $VSHFWYV LQ 5B8WV\FKROGRQV
(GXFDWLRQ 3YRIAKXR R &/« « « « « « «
IXPEHBSRIOLFDQWY 6WXGHGQWMWSERRE
6WXGHQWY 5HIJLVWHULQJ LQ ,QGRQHYV
SURJUDPPHYV LQ WK GHP L k «<cHdXld ¥ «
5DQIJ ®RFPLVVLRQ 5DWHWGBLVVLRQ <HI
SHVSRQGHQWYVY 3URIHVVLRQBO«&EYKKFKI
& KD U D FW H U IE VWA dRd «/ec « « « « « «
7TRWHXOGEHU RI /HFWXUHUV D8S5 7(R®R PR
6HPHVWHU RI $ KR 6 dkdelscre «<edH D Uk « «
IXPEHBWRA{GHQWY SHU /HFWXUHU LQ W
BVIFKRORJ\ 3 Uk R R dddke « « « « « « «
/IHFEWX{RHUNVS$FWLYLWLHYV LQ 3URIHYD/RF
%DVHG RQ $YHUDJH 7LPH $O0OQRKEBYKLR I
, QWHIUBWWHKRBRILFRG BKBRW\LBH &R
$FDGHPLFV LQ ,QGRQHVLDQ 3URDHPRH)
'LVVHPLRDWHRRBDUFIQG HBWXPKROBJLFD
SBURIHVVLRQDO 3V\FKRORJ\ 3URXWUR®PI
7TRWXOGEHU RI *UDGXDWHY IURP ,QGRQ
3VI\FKRORJ\ 3BURJUDPPHVHBERPE,UWkK& W
7TKEYHUDJH 6 WKIGAUDL@XDWHYV FEQDG XDV
< H D¢ € € € & Q& K KKK LR K KKK
-RELHOGV RI *UDGXDWHYV )URP 3URIHV

IRU *UDG X DM k R Q« & fddk « « « ««

[l



,1'21(6,$1 352)(66,21$/ 36<&+2/2*< &855,&8/$

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7D&H

7TDEOH

7TDEOH

7TDEOH

-REUHDV 7KDW $EVRU K O&RY W<kl 6X D W
$FDGHMIFAOLWLHY 3URYLGHG E\ ,QGRC
SVIFKRORJ\ 3 Ukl R dddke « « « « « « «

(PHUJHQW 7KHPHV RQ WKH 6W,DWRBDHQ
SBURIHVVLRQDO 3V\FKRORJ\ 3 URSIHMEHAR |
6NLOOV .QRBOFMEWHINDX & ek « « « « «

(PHUJHQW 7KHPHV RQ WKH $LPV 21 ,QCc
B3VIFKRORJ\ BURJUDPPHYV | QW k ¥koW L |
OHDQV RILAQUDARGHOV &K DKUHD FQVGIRM M WL
SBURIHVVLRQDO 3V\FKRORIK«IWRILDP P I
OHDQVURILRLQJ ORGHOV BRKRVYD FW HULN
SQLYHYRVYWIWURIHVVLRQD GWBRJIBBORBRY\
ODQXLWQH\ 8 7THV WKHH\LXIGIW M QRFHW EH
Rl 7UDLQLQJ ORGHO &KDUDFWHULVWLI
OHDQVURILRLQJ ORGHOV BRKRVYD FW HULN
SURJUDPPHVY B3RVLWLRQV (LWKkQ«&KH
ODQ:KLWQH\ 8 7THVW 5HVXOWY RQ WKH
Rl 7UDLQLQJ ORGHO &KDUDFWHULVWLI
SRVLWLRQ ZLWKLQ 8&Qd«Ychkkd ¥ &k M\« 6 W U X |
/HDUQLQJ &RQWHQW 3URYLGHG (DUO\
7TKHRUHWQFBORXFQBDWLRQV DQG )RXQ
&RPSDULVRQ RI 6FLHQFH 5HVHDUFK D!
&RPSDULVRQ RI 6FLHQFH 5HVHDUFK D!

/HDUQLQJ &RQWHQW RI WKH 3URIHVVL

B/WHG %\ 5HW8RQE K QWY « « « «««

[[L
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7TDEOH

7TDEOH

7TDEOH

7D&H

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7KH 3URSRUWLRQ RI 6FLHQFH 5HVHDU
/HDUQLQJ &RQWHQW RI WKH 3URIHVVL
DVHGBFR/BBO FH QW d ddec «xW O «« « « «
'LVMEXVWVRIROGDFWLF &RQWHQ VW SAKPBRQ
WKH 6FBHDMWMVWLRQHU ORGHO LQ ,QGI
BVIFKRORJ\ (G Wd dRa « « « « « « « «
'LVWULEXWLRQ RI ([S S RRUQW QD OVERIQ,
RIKW 6RLMVBIUDWWLWLRQHU ORGHO LQ ,Q!
BVIFKRORJ\ (G Wd dRd « « « « « « « «
'LVWULEXWLRQ RI SHTXLUHG 6 XEMHFW
IRFBOLQLFDO 6 F Ldk@ W AW «XR & kO
7TDUJHWHWBV$REBWXGHQW $VVHVVPHQW
BVIFKRORJ\ 3 URJIAKR R ¢k « « « « « « «
SHUFHQWDJH :HLJKWLQJ3BDBWDFW L&HRF
SURIHVVLRQDO 3V\FKRORJ\ 3UR&WHOPPI
&ODVVLIRFIWWHRIURSRUWLRQV E H3WWZDH+
&RPSRQHQWYV LQ WKH (YDOXDWLRQ RI
SURIHVVLRQDO 3V\FKRORIN«EWYRILDPPI
7DUJHWHG $VSHFWV LQ 3URIHVVLRQD(
(YDO X R W ded « €« €« &KKKK KRR
7KHPHV DQRKHPXE ,QWHUYLHL«WO $C
$ ODWUL[ 'LVSOD\ &RPSDUYQ W BXEWRIH
SURJUDPPHV |, R 5#MIOHD WIRQOWHG &RQV

TKHPH Q& &« &« LKL LKL LLL L KKKK

[[LL
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7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TKHPHV DQIGH®PXE LQ 'HVFULELQJ &KDU
,QGRQHVLDQ 3URIHVVLRQDO 'RFYKHROW
$ODOKKKkW ««« R EZZFZZZZZZ X R R R RS
&RPSDULVRQ RI 4XDQWYMW B WV XKeHNDMWGC
,QGRQHVLDQ 3URIHVVLRQDO 3V\FKROR
2 EMH F ¥deckehd ¥ «€ € € @ €€ €& € &K« &«
&RPSDULVRQ RI 4XDQWLWDWLYH DQG
,QGRQHVLDQ 3URIHVVLRQDO 3V\FKROF
/HDUQLQJ &Re@ WeHQ Wk « « « « « € « & € « & K
&RPSDULVRQ RI 4XDQWLWDWLYH DQG
,QGRQHVLDQ 3URIHVVLRQDO 3V\FKROF
0 HW K&AEEM « « € & & & € € € € € LKL KL KL KL KLK
&RPSDULVRQ RI 4XDQWLW W VXD WY Q. ¢
,QGRQHVLDQ 3URIHVVLRQDO 3V\kKROF
&RPSDULVRQ RY H XDQXGN4XMDON W R M 16 YWHK
,QGRQHVLDQ 3URIHVVLRQDO 3V\FKROF

2UJD QL W0 dMl«R €« « « « « « € KKK K

[[LLL
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YLIXUH

YLIXUH

YLIXUH

JLIXUH

JLIXUH

ILVW Rl )LIXUHYV
$IUDPRHZN IRU DQDO\V LG RRXHMUHFX C3F
SVIFKRORJ\ SR & OPRHY « « « «««
7KKLHUDUFK\ RI JRYHUQPHQWDO DQ
UHIJXODWHRQ WK PR D IR BRQW VRID (
SURIHVVLRQDO SV\FKRORJ\ SURJUDF
Z U L WAde€ I € € €€ & € €€ & €K& QK KKK KKK
SURFHGKDDWDP RI WKH LPSOHPHQWL
GHVLJIQ LQ RMKERWQMXGDQ SURIGR/IALR
F XU U k ke X O «€ €€ & €€ € &€ Q&€&
/IRFDWRR®NVUWLFLSDWLQJ SURJUDPP

TXDOLWDWLY H«@& B ¥X =@ @dkMW L R Q

$FWXDO SHUFHQWDJH RI VFLHQFH U

WKH ,QGRQHVYVVDROPWRSVI\FKR@RJI& SL
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$3 73,

$39%
$3%&
$3&6
$37
$5836
$6($1
$633%

%$137

% ($
% 36
&95

'$/

(XUR3V\

*3$
+&3&
+(,

+,036,

+63 (&
(176

, 3&3

[[Y

/ILVW RI $SEEUHYLDWLRQYV
$VVRFLDWLRQ RI 3URYLGHUV RI 3V\FI
$VRVLDVL 3HQ\HOHQJJDUD 3HQGLGLI
$PHULFDQ 3V\FKRORJLFDO $VVRFLDW
$XVWUDOLDQ 3V\FKRORJ\ $FFUHGLWEL
$FDGHP\ RI 3V\FKRORJLFDO &OLQLFD
$FDGHPLF 3RWHQWLDO 7HVW
$6($1 5SHIJLRQDO 8QLRQ RI 3V\FKRORJ
$VVRFLDWLRQVWW GRXKD/E 1DWLRQV
$VVRFLDWLRQ BRBMWIPLE D QG BKRORJ
1IDWLRQDO $FFUHGLWDWLRQ %RG\ IR
%DGDQ $NUHG L BHDU/AILX UXDIQR DDA J L
$3$ %RDUG RI (GXFDWLRQDO $I1IDLUV
%ULWLVK 3V\FKRORJLFDO 6RFLHW\
&RQWHQW 9DOLGLW\ 5DWLR
'"HYHSPRIQWDO $FKLHYHPHQW /HYHOV
7KH (XURSHDQ &HUWLILFDWH LQ 3V\F
*UDGH 3RLQW $YHUDJH
+HDOWK DQG &DUH 3URIHVVLRQV &R»
+LJKHU (GXFDWLRQ ,QVWLWXWLRQYV
,QGRQHVLDQ 3V\FKRORUPBXQ Y \BREN
L QGRQHVLD
+HDOWK 6HUYLFH 3V\FKRORJ\ (GXFDV
,QWHUQDWLRQDO (QJOLVK /DQJXDJH

,QWHUQDWLRQDO 3URMHFW RQ &RPS
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,83V\6 7KH ,QWHUQDWLRQDO 8QLRQ RI 3V\F}
- &8 -DPHV &RRN 8QLYHUVLW\
1, ,QBQHVLDQ 1DWLRQDO 4XDOHUDRDIWDF

. XDOLILNDVL 1DVLRQDO ,QGRQHVLD
/2 /HDUQLQJ 2XWERPHYV
/31. 1IROQLQLVWHULDO *RYHUQRRABMDO3HP
1RQHPHQWHULDQ
OHQULVWHNC OLQLVWU\ Rl 5HVHDNEG +1HKEQYRG@RF

. HPHQWHULDQ 5LVHW 7HNQRORJL G

028 OHPRUDQGXP Rl 8QGHUVWDQGLQJ
0333 ODVWHUV RI 3URIHVVLRQDO 3V\FKROI
05% OXWXDO 5HFRJQLWLRQ $JUHHPHQW
0534 OXWXDO 5HFRJQLWLRQ RI 3URIHVVLR
1&633 1DWLRQD @R I& RKIQERIANR DUIBP3U R I HV VLR

3V\FKRORJ\
3'4,3 SURJUDPPH 'LUHFWRUYYVY 4XHVWLRQQ

3V\FKRORJ\ 3URJUDPPH

3K 'RFWRU RI 3KLORVRSK\

36:%,7 3V\FKRORJ\ 6HFWRUDO :RUN *URXS R
7TUDGH

36<%$ SV\FKR®RDWUWG RI $XVWUDOLD

3VvV\' 'RFWRU RI 3V\FKRORJ\

3XVNHVPDV SULPDUBKMVMDM .HVHKDWDQ ODV\DUDN
48%/ 4XDOLWDWLYH PHWKRG V

48%1 4AXDQWLWDWLYH PHWKRG V
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6' BWDQGDUG 'HYLDWLRQ
6,33 /JLFHQFH WR SUDFWXBBEWVMLKRBORDNW
6.6 6IRHVWHU & UGDBA XD QWA GLW 6HPHVW
6137 ,QGRQHVLDQ 1DWLRQDO 6W D QsGADOUGEGA

1DVLRQDO 3HQGLGLNDQ 7LQJJL

72()/ 7HVW RI (QJOLVK DV D )RUHLJQ /DQJ:
8 6 8QLWHG 6WDWHV
8. 8QLWHG .LQJGRP

86% 8QLWHG 6WDWHYV RI $PHULFD
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7\SRIJUDSKLF &RQYHQWLRQV
$OWKRXJIK $3%$ IRUPDWWLQJ KDV EHHQ XVHG WKURXJKR
YDULDWLRQVY KDYH EHHQ DSSOLHG WR HQKDQFH UHDGDELO
X 6LQJOH OLQH VSDFLQJ ZDV XVHG IRU WDEOHV DQG
VSDFLQJ

X J)RQW VL]H XVHG IRU WDEOHV DQG ILIJXUHV YDULHG
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$EVWUDFW

7KLV VWXG\ H[SORUHG WKH FKDUDFWHULVWLFV RI FXUL
SV\FKRORJ\ SURJUDPPHV 7KHVH FXUULFXOD KDYH EHFRPH
SV\FKRORJ\ HGXFDWRUV LQ ,QGRQHVLD \HW UHVHDUEK KD\
SXEOLF LQWHUHVW LQ KLJKHU HGXFDWLARP BRQABKWRRJI\ LQ |
LQFUHDVLQJ FRPPXQLW\ QHHGDREBRRFKROR,Q G/RQUNVEB W
SURIHVVLRQDO SV\FKRORJ\ SURJUDPPHV DUH JRIKRHB WKURX
RQO\ SURIHVVLR@DOQQRBRIPH\LIVIDW BER OF KR O RK DY W \Z RJQIGI BV K H
KDUG WR SURYLGH DGGLWLRQDO UHJXODWLRQV JRYHUQLQJ
SURJUDPPHV +RZHYHU WKH SURJUDPPHY DUH VWLOO VWU;:
GHYHORSPHQW RI JRYHUQPHQW UHJXODWLRQ LQ KLJKHU HC

ZKHQ WKH SURIHVVLRQDO SV\FKRORJYP BVRHUJRPOIN YA

7KHUH LV RQO\ PLQLPDO JRYHUQPHQW UHJXODWLRQ RI
HGXFDWLRQDO DVSHFWV VXFK DV ILQDQFLDO DQG UHVRXUF
FRQIXVLRQ DUH PRUH DSSDUHQW LQ WKH KUIMAMHLLY EWVRY R
IRU WKH IREFXV RI WKLY UHVHDUFK RQ SURIHVVLRQDO SV\FK

'HVFULSWLRQ DQG GLVFXVVLRQ RI SURIHVVLRQDO SV\F
DERXQGVHMWWHKE OLWHUDWXUH HJ +\WORS &XPPLQJ
&ROOLQV  %HUQVWHLQ 1HZVWHDG ODNLQHOQ 2
3DFKDQD 2 'RQRYDQ +HOPHYV 7D\ORU &DUOHVV
PDQDJHPHQW RI SURIHVVLRQDO SV\FKRORJ\ SURJUDPPHV L
ZRUOG VXFK DVHNKRVHD@6KNVRR\DPD 7DQDND ODWVXPL

< <DQJ DQG $IULFD H J *LUH .RLQDQJH 6 W H

VWDUWHG WR HPHUJH 8QIRUWXQDWHO\ GLVFXVVLRQV IRF)

+LPSXQDQ 3VLNRORER @OROPPVIV\FKRORILFDO $VVRFLDWLRQ
$VRVLDVL 3HQ\HOHQJJDUD 3HQGLGLMWVRFLRWILRBYVRNBORYLGAGR G
3V\FKRORJ\ (GXFDWLRQ LQ ,QGRQHVLD
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SURJUDPPHV DUH PLQLPDO DQG HQWLUHO\ DEVHQW LQ WKI
LQIRUPDWLRQ JDS WKH LQWHQWLRQ LV WKDW WKH VWXG\ :
HGXFDWRUV DRGGSBRYPMAHEXWH WR VFLHQWLILF GLVFXVVL
HGXFDWLRQ LQ WKH OLWHUDWXUH

*LYHQ WKH ODFN RI VLRL®DW H HZ HOWFKWDL.RQ@ RE WKH P
WKH ,QGRQHVLDQ SURIHVVLRQDO SV\FKRORJ\ SURJUDPPHYV
DQ RYHUYLHZ RI WKH EDVLF DR LRHW KRH WK S BR HEDP® MG\
FKDDFWHULVWLFW RU SURIWD PP HV

OL[HG UHVHDUFK PHWKRGV ZHUH XVHG LQ WKLV VWXG\
LPSOHPHQWDWLRQ RI TXDQWLWDWLYH DQG TXDOLWDWLYH |
XVLQJ TXHVWLRQQDLUHYV ZDV DSSOLHG LQ WKH TXDQWLWD\
LOQWHUYLHZV DQG EFXUULEFXOXP GRFXPHQWYV ZDV XWLOLVHG

AXDQWLWDWLYH UHVXOWYV VKRZ WKDW WKH ,QGRQHVLD
DUH PDQDJHG DW D PDVWHUYTV OHYHO ZKLFK UHTXLUHV D P
&OLQLFDO 3V\FKRORJ\ LV RIIHUHG E\ DOO SURJUDPPHV DQG
E\ VRPH ,Q DOO SURJUDPPHVY D VHW RI DFDGHPLF DQG QR
VWXGHQW VHOHFWLRQ ZLWK DSSUR[LPDWHO\ HTXDO ZHLJK\
UDWHV WHQG WR EH YDULHG LQ WHUPV RI GHJUHH RI FRPSH
PRVWO\ KROG D PDVWHUJV OHYHO GHJUHH DV WKHLU KLJKF
TXDQWLWDWLYH UHVXOWY DOVR UHYHDO VRPH VLPLODULW!|
SURJUDPPHVY DQG WKH SUHVHQFH RI FKDUDFWHULVWLFV RI
LQ WKH UHOHYDQW OLWHUDWXUH

AXDOLWDWLYH UHVXOWY JHQHUDWHG D WRWDO RI VL[ F
FKDUDFWHULVWLFV RI FXUULFXOD LQ WKH ,QGRQHVLDQ SUF

L@BHSWK SLFWXUH RI WKH FXUULFXOD SURILOHV SDUWLFX(
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FXUULFXOXP IRUPDWLRQ WKH GHYHORSPHQW RI REMHFEWLY
DGKHUHQFH WR LQVWLWXWLRQDO VWDQGDUGY DQG UHJXOTL
DQG WKH VWUXJJOH WR IRVWHU D VFLHQWLILF FOLPDWH G
LQFOX\DURI RDUFK VFLHQFH FRPSRQHQW LQ WKH OHDUQLQJ
TXDMDMWLYH UHVXOWY DOVR UHYHDO WKH FRQVWUDLQWYV DQ
PDQDJHPHQW 1RWHZRUWK\ DPRQJ WKHVH DUH REVWDFOHYV
RI OHFWXUHUV DQG FODVVLFDO GHEDWHY UHODWHG WR JH

,QWHJUDWLRQ RI TXDQWLWDWLYH DQG TXDOLWDWLYH L
DOLJQPHQW LQ H[SODLQLQJ '®XWIJ MAXLDNPI X &VD KMD. R\ BLRGYIWW F
D QHQ D PRWW FRPSUHKHQVLYH GHVFULSWLRQ RI WKH SURILO
SV\FKRORJ\ SURJUDPPHV FXUULFXOD VXFK DV LQ H[SODLQ!I
HPSKDVL]H WKH REMHFWLYH Rl VWXGHQWY GHYHORSLQJ Wk
SV\IFKRORJLVW ,QWHJUDWLRQ RI WKH WZR VWXG\ UHVXOW\
GHYHORSPHQW SURFHVV LV GRPLQDWHG E\ D VFKRODUO\ DI
PLQLPDO DWW H @WMHRBY WK N FSFIRMLDORQ RI D VFLHQWLILF IF
LPSOHPHQWDWLRQ RI SV\IFKRORJLFDO SUDFWLFH LV DOVR [
XVH Rl WHDFKLQJ DQG OHDUQLQJ PHWKRGYV WKDW FRPELQH
PHWKRGYV DQG FRPSUHKHQVLYH HYDOXDWLRQ PHFKDQLVPV
DQG PXOWLSOH DVVHVVRUV LQ PHDVXULQJ D UDQJH RI VWX
,QWHUHVWLQJO\ UHVXOWY UHODWHG WR WUDLQLQJ PRGHO
DQG TXDOLWDWLYH UHVXOWYV LQ ZKLFK IXUWKHU DQDO\VL\
DQ DSSOLFDWLRQ RI D SUDFWLWLRQHU VFKRODU PRGHO LQ

SHVXOWV RI WKLV VWXG\ LQGXEIW AXW® KB W K UDH YWHILLG
,QGRQHVLDQ SURIHVVLRQDOLVFEGEXEBDORI\WVSHRILUDHFP AR GFHU

REVWDFOHYV =+ PLUURU WKRVH WKDW IHDWXUH LQ LQWHUQD
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GLVWLQFW DQRPDO\ RI WKH ,QGRQHVLDQ SURJUDPPHV LV W
WKH QHHGV Rl WKH FRPPXQLW\ LQWR WKH FXUULFXOD KDYt
D SUDFWLWLRQHU VEKRODU PRGHO ZKLFK HVVHQWLDOO\ SC
LQWR SURIHVVLRQDO HGXFDWLRQ FRQWHQW 7KH HPSKDWL
,GRQHVLDQ SURJUDPPHV KDV KDG WKH HIIHFW RI GHOD\LQ.
PRYHPHQW WKDW KDV EHHRQKD 3K HIEK QLIQZ FDFAWG 2L EH ,QGR Q|
JRYHUQPHQW KDV VWDUWHG LQFRUSRUDWLQJ ZKHQ IRUPXO

&RQFOXVLRQV DQG IXUWKHU LPSOLFDWLRQV DULVLQJ |
HPSKDVL]LQJ WKH QHHG WR IRVWHU WKH GHYHORSPHQW RI
SURYLGH VRPH EDODQFH WR WKH FXUUHQW VFKRODU DFDG
IRUPDWLRQ ZKLOH FRQWLQXLQJ HIIRUWV WR HQKDQFH WKF

WKH HGXFDWLRQ RI ,QGRQHVLDQ SV\FKRORJLVWYV
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&KDSWHMWURGXFWLRQ ,QGRQHVLDQ 3URIHVVLRQDO 3V\F
&KDOOHQJIHV
3V\FKRORJD VFLHQFH DLYGH$SRUHWVQIERQJ D SHULRG RI U
GHYHORSPHQW LQ ,QGRQHVLD ,Q D IHZ \HDUV DIWHU
SV\FKRORJ\ ZDV LQWURGXFHG WR WKH QDWLRQ WKURX.
3URI 'U 60DPHW ,PDQ 6DQWRVR RQ WKH LPSRUWDQFH RI !
SV\IFKRORJLVWY LQ WKH LPSOHPHQWDWLRQ RI D VHOHFWLR
SODFHPHQW RI TXDOLILHG ZRUNHUV LQ LPSRUWDQW SRVLW
FDUH VI\VWHP 6DUZRQR $ IHZ \HDUV ODWHU WKH ILU\
HVWREG LW QGHU WKH )DFXOW\ Rl OHGLFLQH DW WKH 8QLYHU
XQLYHUVLW\ HYWDEOLVKHG DQ LQGHSHQGHQW )DFXOW\ RI
,Q WKH HDUO\ GD\V Rl WKH SUDFWLFH RI SVIFKRORJ\ LC
ZHUH PRVW UHFRJQL]JHG IRU WKHLU UROH LQ KXPDQ UHVRX
UHODWHG WR WKH PHDVXUHPHQW RI LQWHOOLJHQFH DQG S
HPSOR\PHRQWUDFEKPDQ 6LQFH WKHQ D ODUJH QXPEHU R
LQ SHUVRQQHO KXPDQ UHVRXUFHV GHSDUWPHQWY LQ ILQD
6DUZRQR 2WKHUV KDYH EHHQ HPSOR\HG E\ JRYHUQPF
KRVSLWDOV PLOLWDU\ ODZ HQIRUFHPHQW UHKDELOLWDMW
$ QXPEHU RI RWKHU SV\FKRORJLVWY SUDFWLVH LQGHSHQGH
FRQVXOWDQWY RU SV\FKRWKHUDSLVWYV
$V LW GHYHORSHG DV D QHZ GLVFLSOLQH DQG SURIHVYV
EH YLHZHG DV LPSRUWDQW 7RGD\ SV\FKRORJ\ SURJUDPPH
ZLGHO\ RIITHUHG DW YDULRXV XQLYXWWDRKMHYQOW K UR XTKRWX W\

DFFRPSDQLHG E\ DQ HVFDODWLQJ QHHG IRU SV\FKRORJLVW
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LOQYROYLQJ ERWK LQGLYLGXDO DQG VRFLDO FRQWH[WV QR
FDVGDUZRQR

3URIHVVLRQDO HGXFDWLRQ LQ SV\FKRORJ\ SOD\V DQ LF¥
SV\IFKRORJLVWY IRU WKH GHPDQGV RI LQGHSHQGHQW SURI}
RI SVIFKRORJLVWY QDWLRQDOO\ LQGHHG PDQ\ DUHDV LQ ,
DQG SV\FKRORJLVWVY UROHV LQ ,BOGRQRERDQ VR F QHMG UM
WKLY LW LV FUXFLDO WR HQVXUH DGHTXDWH DQG SURSHU(C
SV\IFKRORJLVWY ODQDJHPHQW RI SURIHVVLRQDO SURJUDPF
TXDOLW\ Rl VHUYLFHV SURYLGHG E\ JUDGXDWH SURIHVVLRC
SV\FKRORJ\ SURJUDPPHV LQ ,QGRQHVLD KDV JRQH WKURXJ}
YHU\ JHQHUDO QDWXUH RI JRYHUQPHQWDO JXLGHOLQHV EFR

6LPLODU WR RWKHU ILHOGV RI VFLHQFH VXFK DV PHGL
WZR PDLQ FRPSRQHQWYV WKDW PLJKW EURDGO\ EH WHUPHG
DUH WZR SDWKV LQ SVI\FKRORJ\ HGXFDWLRQ LQ ,QGRQHVLD
XQGHUJUDGXDWH GHJUHH LQ JHQHUDO SV\FKRORJ\ VWXGH
RSWLRQV D VFLHQFH UHVHDUFK SURJUDPPH WKDW SUHSDU
ILHOG RI SV\FKRORJ\ RU D SURIHVVLRQDO SURJUDPPH WKD
SURIHVVLRQDO SUDFWLFH DV D SV\IFKRORJLVW ,Q WKH ,QG
XQGHUJUDGXDWH DQG SRVWJUDGXDWH UHVHDUFK SURJUDP
OLQLVWU\ RI 5SHVHDUFK DQG +LJKHU (GXFDWLRQ +RZHYHU
SURJUDPPHV WKH ,QGRQHVLDQ JRYHUQPHQW KDV PDQGDW
UHVSRQVLELOLW\ WR HDFK KLJKHU HGXFDWLRQ LQVWLWXW
SURIHVVLRQDO RUJDQLVDWLRQ 7KHUH LV PLQLPDO UHJXOL
ORZHU OHYHOV Rl JRYHUQPHQW 7KLV LV DOVR WKH FDVH L

WKH JRYHUQPHQW LPSRVHV RQO\ JHQHUDO UXOHV UHJDUGL
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SURIHVVLRQDO RUJDQLVDWLRQV WR GHWHUPLQH PRVW RI YV
GHWDLOHG GHVFULSWLRQ RI WKLV VLWXDWLRQ

7KH PLQLPDO JRYHUQPHQWDO JXLGDQFH LQ SURIHVVLR
VRPH GLIILFXOWLHYVY LQ WKH SURJUDPPH PDQDJHPHQW GXH
UHJXODWLRQV IURP SURIHVVLRQDO RUJDQLVDWLRQV 7KLV
RUJDQLVDWLRQV EHLQJ UHODWLYHO\ QHZO\ GHYHORSHG DQC
UROHVY DV ZHOO DV WKRVH UHVSRQVLEOH IRU SURJUDPPHYV
FRQFHSWV RI SURIHVVLRQDO HGXFDWLRQ IRU IXWXUH SV\FI

,Q WKLV XQIRUWXQDWH VLWXDWHRIL WHVHWHKGX BBIW Y R/QD
I[JURP WKH JRYHUQPHQW LV FXUULFXOD PRVW IRFXV EHLQJ
KXPDQ UHVRXUFHV *RYHUQPHQW UHJXODWLRQV RQ WKH FX
SURJUDPPHY DUH YHUVOBQQQHVDO N@LAWW XUHE WR WKH SR
SURIHVVLRQDO RUJDQLVDWLRQV PXVW VWULYH WR ILOO LQ
SHUWDLQLQJ WR WKHLU SURJUDPPH FXUULFXOD 3URJUDPP
WKLY HVSHFLDOO\ UHJDUGLQJ WKH GXELR@MHGW BRQ @& KNHK A’
GLYHUVH VWDQGDUGY DSSOLHG LQ FXUULFXOXP GHVLJQ $¢
LVVXHV WKHUH KDYH EHHQ IUHTXHQW FKDQJHV LQ WKH RU
ODUJHO\ LQIRUPHG E\ DFDGHPLF IRUXP GLVFXVVLRQV RQ EI
DW WKH WLPH RI FXUULFXOD GHYHORSPHQW $PRQJ WKH PF
DGMXVWPHQWYV ZHUH WKH FODVVLILFDWKR QP BYVMWHEDVIIDR | HV

SUHYLRXVO\ WKH\ ZHUH FODVVLILHG DV DGYDQFHG SRV
ZLWKRXW D PDVWHUTV GHJUHH DV WKH ILQDO TXDOLILFDWL
SURJUDPPH SURYLGHUV WR LQFUHDVH WKH PLQLPXP VWXG\

PRUH WKDQ WZR \HDUV
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OLQLPXP JRYHUQPHQW UHJXODWLRQ DQG WKH FKDQJHYV
UHVXOWHG LQ VRPH PDQDJHULDO XQFHUWDLQWLHY DQG FR
DPRQJ SURIHVVLRQDO SV\FKRORJ\ HGXFDWLRQ SURYLGHUV
SURIHVVLRQDO SV\FKRORJ\ SURJUDPPHV WKURXJKRXW ,QGF
RI GDWD RQ WKH QDWXUH DQG RUJDQLVDWLRQ RI WKH SUR.
JRUPDO VWXGLHY KDYH QHYHU EHHQ XQGHUWDNHQ WR H[SC
,QGRQHVLDQ SURIHVVLRQDO SV\FKRORJ\ SURJUDPPHV ([SO
RYHUDOO SLFWXUH RI WKH SURJUDPPHV LV QRQ H[LVWHQW
GHVSLWH WKLV EHLQJ RQH RI WKH PDMRU FRQFHUQV IRU H«
SV\FKRORJ\ HGXFDWRUV LQ ,QGRQHVLD DUH KDPSHUHG E\ C
KRZ VXFK SURJUDPPHYV RSHUDWH DORQJ ZLWK WKHLU EXUU
GHYRSHG QDWLROWORS &XPPLQJ ODKHU OHUOR H

1HZVWHDG ODNLQHOQ 2 'RQRYDQ HW DO 3DFKDQD

7KH SUHVHQW UHVHDUFK H[SORUHG WKH FKDUDFWHULYV
SURJUDPPHV LQ ,QGRQHVLD 'XH WR WKH YHU\ OLPLWHG UH
,QGRQHVLDQ FRQWH[W WKH VWXG\ LQLWLDOO\ LQYHVWLJD'
SURIHVVLRQDO SV\FKRORJ\ SWKHIDRPFPORZIZKL F VK@ F&ORXREH D
SRVLWLRQ ZLWKLQ IDFXOW\ RU XQLYHUVLW\ VWUXFWXUH V
WHUPV RI WKHLU QXPEHU DQG VHOHFWLRQ FULWHULD SUR
QXPEHU DQG TXDOLILFDWLRQV JUDGXDWHVY SURILOHV LQ
HPSOR\PHQW FKDUDFWHULVWLFV DQG IDFLOLWLHV RIITHUHC
LQYHVWLIDWHG SURJUDPPH FXUULFXOD DQ DVSHFW RI SUF
PDMRU FRQFHUQ WR SURYLGHUV RI ,QGRQHVLDQ SURIHVVLF

PHPEHUV RI WKH ,QGRQHVLDQ 3V\FKRORJLFDO $VVRFLDWLR
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FRPPXQLFDWLRIQH UHVHDUFK IRFXVHG RQ WKH IROORZLQJ D
IURP WKH OLWHUDWXUH UHYLHZ &KDSWHU WKH SURFHV\
DLPVY DQG REMHFWLYHV OHDUQLQJ FRQWHQW SDWWHUQV |
ZLWKLQ SURJUDPPHV %HDXFKDPS 3RVQHU 7DED
6FKRODUV LQ WKH DUHD Rl SURIHVVLRQDO HGXFDWLRQ
FKDUDFWHULVWLEV RI JUDGXDWH SURIHVVLRQDO SURJUDPF
SURJUDPAHMHWW %HFKHU  &RUN %DOO &RKHQ DV
%OHLNOLH DV FLWHG LQ .DUVHWK 6ROEUHNNH 6RPH
SURIHVVLRQDO SURJUDPPHV DUH WKHLU HPSKDVLV RQ SUH
FRPSHWHQFH WR VHUYH WKH FRPPXQLW\ DQG PHHW WKH Gt
GHYHORSLQJ UHVHDUFK VNLOOV B6KXOPDQWKH IFRQWH QW AR
SURIHVVLRQDO HGXFDWLRQ LV WKH. RQWHWY K D V8 RROE URH NNK-H F
DOWKRXJK WKHUH LV RQJRLQJ GHEDWH RQ WKH LGHDO SUR
DSSURSULDWH LQ SURIHVVLRQDO HGXFDWLRQ ,Q DGGLWLR
GLUHFWO\ LQ FRQWDFW ZLWK WKH FRPPXQLW\ DQRWKHU LI
UHODWHG WR WKH GHYHORSPHQW RI VREDD® HUMK SRQVLELO
BROEUHNNH 6KXOPDQ D S5HVHDUFK LV DOVR UHJDL
HGXFDWVOLBRUWIHRAHDIWFK UHODWLQJ WR WKH HYDOXDWLRQ F
*LYHQ WKH YDULHW\ RI FRQWHQW DQG WDUJHW FRPSHWHQF
LQ VWXGHQWY WHDFKLQJ PHWKRGY FRQVLGHUHG PRVW DS
WKDW UHTXLUH KLJK VWXGHQW LQYROYHPHQW 7KH WHDFK|
HDFK SURIHVVLRQ VXFK DV WKH EHGVLGH WHDFKLQJ LQ PH
HG X F DOKDRIP D Q D E &KDSWHU SURYLGHV D PRUH C

QDWXUH DQG JHQHUDO FKDUDFWHULVWLFV RI SURIHVVLRQL
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FRQVWUXFWLRQ RI LWHPV HJ LQ UHODWLRQ WR WKH DVS
PHDVXULQJ LQVWUXPHQW DSSOLHG GXULQJ WKLV VWXG\
7KH OLWHUDWXUH LQ WKH ILHOG RI SURIHVVLRQDO SV\
IHDWXUHV RI SURIHVVLRQDO HGXFDWLRQ VLPLODU WR WKR
3URIHVVLRQDO SV\FKRORJ\ HGXFDWLRQ HPSKDVLVHV ERWK
SV\FKRORJLFDO WKHRULHY DQG WKH DE+tBOWKHWR S U DAXIVF
WKH SURJUDPPHV MDUQH ERUIDEWEEH@H. HQWHG /HDUQLQJ FR
FRYHULQJ SV\FKRORJLFDO WKHRULHV DV D IRXQGDWLRQ IR
UHVSRQVLELOLW\ DQG UHVHDUFK P HRNKRG\H % KQFXHQOF OXNEG
+HOPHYV ,ZDNDEH $ UHYLHZ RI WKH OLWHUDWXU H
LQ WKH OHDUQLQJ FRQWHQW RI SURIHVVLRQDO SV\FKRORJ\
RI SV\IFKRORJLFDO WKHRULHV DQG UHVHDUFK HQGXULQJ G
WZR FRPSRQHQWYV &R W BHMWHMVIWRQG BBIWHUVRQ $EUDPV 6
5RGROID .DVORZ 6WHZDUW .HLOLQ %DNHU 'LVEX V)
RI WKH WKHRU\ WKDW VKRXOG EH LQFOXGHGVU® FXIUQL PRGI
ORQJ D KRW WRSLF LQ GLVFXVVLRQV RQ SURIHVVLRQDO S\
PRGHOV XWLOLVHG LQ WKH SURIHVVLRQDO SURJUDPPHV DU
GHYHORSPHQWY LQ WKH XVH Rl FRPSHWHQF\ EDVHG PRGHO
WKH LPSRUWDQFH RI DSSO\LQJ WHDFKLQJ PHWKRGYV WKDW
WKDW HQVXUH D KLJK OHYHBGRPRIHWMW XGHQIDNQEROY H P HIWO R
5 / 3HWHUVRQ HW DO ,QWHUQVKLS KDV EHFRPH
PHWKRGY DSSOLHG LQ SURIHVVLRQDO SV\FKRORJ\ HGXFDW!|
SHGRJLHV' 6KXOPDQZKLAKVSHWHELILF W\SHV Rl WHDFKLQJ D
HGXFDWLQJ IXWXUH SUDFWLWLRQHUV $OLJQHG ZLWK WKH

ZLWK ERWK DSSURSULDWH WKHRUHWLFDO NQRZOHGJH DQG
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DVVHVV VWXGHQWY RQ WKHLU PDVWHU\ RI NQRZOHGJH DQG
DWWLBXGHEMWHUVRQ HW DO (YDOXDWLRQ LQ VHYHUD
LQFRUSRUDWHY WKH XVH RI YDULRXV DVVHVVPHQWP RHWKR

,ZDNDEH .DVORZ

7KH GHJUHH WR ZKLFK WKH DERYH PHQWLRQHG GLVWLC
DUH GHPRQVWUDEOH LQ WKH ,QGRQHVLDQ SURIHVVLRQDO ¢
WKH NH\ DUHDV WR EH H[SORUHG LQ WKLV VWXG\

5HVHDUFK $LPV DQG 2EMHFWLYHYV

7KH DLP RI WKLV UHVHDUFK ZDV WR SURYLGH DQ XQGH!
FKDUDFWHULVWLEV RI WKH FXUULFXOD Rl WKH ,QGRQHVLDC
BHYHUDO REMHFEWLYHV ZHUH IXUWKHU GHYHORSHG WR VXS
ILUVW REMHEWLYH ZDV WR SUHVHQW DQ RYHUYLHZ RI WKH
FRYHULQJ DVSHFWV VXFK DV SURJUDPPH SRVLWLRQLQJ VS
DQG OHFWXUHUV VWXG\ GXUDWLRQ DQG JUDGXDWH SURIL
FKDUDFWHULVWLEV RI FEXUULFXOD SHUWDLQLQJ WR WKH IL)
OLWHUDWXUH VWDUWLQJ IURP FXUULEXOXP GHYHORSPHQW
REMHFWLYH ZDV WR LQYHVWLJDWH WKH FRQVWUDLQWYV IDF
FXUULFXOXP DV ZHOO DV H[SHFWDWLRQV DQG VXJJHVWLRC
SURIHVVLRQDO SV\FKRORJ\ HGXFDWLRQ 7KH ILQDO REMHF\
UHVHDUFK UHR R OWKR BT HORS DQ LQWHJUDWHG GHVFULSW
SURIHVVLRQDO SV\FKRORJ\ HGXFDWLRQ FXUULEXOD )RXU ¢
JHQHUDWHG WR DFKLHYH WKH REMHFWLYHV Rl WKH VWXG\

6LIJQLILFDIQNBIURK5
7KH VLIJQLILFDQFH RI WKH UHVBDUWKSO RN Y AHVW.IKQH Ll DEY

WKH EDVLF IHDWXUHYV DQG FKDUDFWHULVWLFV RI FXUULFXC(
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WKURXJKRXW ,QGRQHVLD $QDO\VLV RI WKH OLWHUDWXUH \

RUJDQLVDWLRQ RI SURIHVVLRQDO SV\FKRORJ\ SURJUDPPHYV

QRWDEO\ IURP WK BKHU OHUOR HW DO SRGROID
$XVWDHDO® +\WORS &XPPLQJ ILWWOHILHOG 2 'RQF
HW DO 7D\ORU DQBUOAKREYHHQ 1LHMRGHN 1HZVWH
ODNLQHQ 3O0DWK (FNHQVEHUJHU SULHWR *DUFL

RQ WKH QDWXUH Rl ,QGRQHVLDQ SURIHVVLRQDO SV\FKROR.
RI WKH UHVHDUFKHUJVY NQRZOHGJH IRUPDO VWXGLHV WR H
SURJUDPPHV KDYH QHYHU EHHQ XQGHUWDNHQ ([SORUDWR!
WKH SURJUDPPHV DQG LQ SDUWLFXODU WKHLU FXUULFXOD
WKHUH ZDV D SDXFLW\ Rl GLVEXVVLRQ RQ WKH FKDUDFWHU
ZLWKLQ WKH $VLDQ FRQWH[W D IHZ H[DPSOHV FDQ EH IRXQC
‘HGGLQJ ZLWK ,QGRQHVLD UDUHO\ HYHQ PHQWLRQHG LQ W
VHHNV WR ILOO LQ WKLV UHVHDUFK JDS DQG WR PDNH D Pt
WKH FKDUDFWHULVWLEFV RI SURIHVVLRQDO HGXFDWLRQ LQ
,QIRUPDWLRQ RQ WKH VWDWXV RI SURIHVVLRQDO SV\FK
,QGRQHVLD LV QRW RQO\ LPSRUWDQW LQ WKH ,QGRQHVLDQ
FRQWH[WV VXFK DV LQ RWKHU $VLDQ FRXQWULHY SDUWLEF
FRRSHUDWLRQ WRZDUGYV VWDQGDUGL]DWLRQ RI HGXFDWLR
TXDOLW\ HGXFDWLRQ RI SVI\IFKRORJLVWYV ZLWKLQ D VSHFLIL
GHYHORSPHQW RI VXFK VWDQGDUGL]DWLRQ RI SVIFKRORJ\
WUDQVIHUDELOLW\ DQG PRELOLW)\ RI G\R\E KH D RSDWHW W KER W
(XURSHDQ 8QLRQ ZLWK LWV (XUR3V\ SURMHFW /XQW
BHFWRUDO :RUN *URXS RQ $JUHHPHQW RQ ,QWHUQDO 7UDG!

5HFRIJQLWLRQ $JUHHPHQW 05% RQ SV\FKRORJ\ +DOO /XQ
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UHFRJQLWLRQ ODZ EHWZHHQ $XVWUDOLD DQG 1HZ =HDODQ
5SHFRJQLWLRQ B6RXWK $XDWODOKRQWHRWG JOREDOO\ DV DOU
LQLWLDWHG E&RWRIHIB3V\6 6LOEHUHLVHQ 5LWFKLH ,C
ILUVW VWHSY LQ WKH FUHDWLRQ RI D XQLILHG IUDPHZRUN |
HGXFDWLRQ DQG WUDLQLQJ KDYH DOZD\V EHJXQ E\ DFTXLU
FRPSUHKHQVLYH XQGHUVWDQGLQJ RI WKH VWDWXV RI WKH
VIVWHPV LQ WKH PHPEHU FRXQWULHV 7KXV DV ZHOO DV H
IRU ,QGRQHVLDQ SHRSOH WKLV UHVHDUFK FRQWULEXWHV
KRZ ,QGRQHVLDQ SURIHVVLRQDO SV\FKRORJ\ SURJUDPPHYV |
FRQWULEXWLQJ WR D VKDUHG XQGHUVWDQGLQJ RI ZD\V RI
SURIHVVLRQDO SV\FKRORJ\ HGXFDWLRQ 5HJLRQDOO\ VRPF
SRHQWLDOO\ FRQWULEXWH WR WKH IRUPXODWLRQ RI WKH |
LQLWLDWLYH IRVWHUHG E\ WKH $6($1 5HIJLRQDO ®RQLRQ RI 3
ZKLFK ,QGRQHVLDSDV\WLFEKXKPBHWELQ UHODWLRQ WR LWV QH.
5HFRJQLWLRQ RI 3URIHVVLRQDO 4XDOLILFDWLRQV 0534
BHFRQ® KH UHVXOWY DUH DOVR H[SHFWHG WR SURYLGH
LPSOHPHQWDWLRQ RI WUDLQLQJ PRGHOV ERWK FRQWHQW
,QGRQHVLDQ FRQWH[W 7KH WUDLQLQJ PRGHO FRQFHSW LV
LQWHQVH GLVEXVVLRQ LQ WKH SURIHVVLRQDO SV\FKRORJ\
IURP WKLV ZDV GHHPHG LPSRUWDQW DJDLQVW WKH YHU\ GL
DOVR DWWHPSWHG WR GHWHUPLQH ZKHWKHU WUHQGV QRW
HGXFDWLRQ LQ SURIHVVLRQDO SV\FKRORJ\ DUH DOVR SUHYV
QHZ NQRZOHGJH LQVLJKWVY RU PRGHOV PD\ EH GHYHORSHG
SURIHVVLRQDO SV\FKRORJ\ HGXFDWLRQ FXUULFXOD *LYHQ

LQ ,QGRQHVLD QRW RQO\LQ WHUPV RI FRQWUDVWLQJ JRYF
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HOHPHQWY EXW DOVR LQ WKH DSSOLFDWLRQ RI IRU H[DPS
RI HGXFDWLRQ LW ZDV WKRXJKW WKDW WKH VWXG\ VKRXO(
FRQVLGHUDWLRQV DV ZHOO DV FRQWULEXWLQJ WR WKH ILI

7KLO\G/LIJQLILFDQW LQ WKLV UHVHDUFK ZDV WKH GHYHO
WKH 7UDLQLQJ ORGHOV &KDUDFWHULVWLEFV 6FDOH ZKLFK Z
FKDUDFWHULVWLEV &KDSWHRUR Y HAKAR/P BDW KIHQ VIK\R WW P B WL Q.
LWHPV TXHVWLRQLQJ WREBDKIQQ B JGPR 6 BRIM QB B/ER\Y VRRIDWK H
PRGHOV ZKLFK DUHRWOLBW ®PBU\ UDUKMSDUW IURP ZHDNQHYV
OLPLWHG LPSOHPHQWDWLRQ LQ WKH ,QGRQHVLDQ FRQWHI[V
SDUWLFLSDQWY WKH XVH Rl WKH 7UDLQLQJ ORGHOV &KDUD
SURYLGHG D PRUH GHWER HOH[G VG\H/FRH DPICR QHRIUHH RI1 DSSC
PRGHO FKDUDFWHULVWLFV LQ WKH ,QGRQHVLDQ SURIHVVLR

JRXOWKKH UHVHDUFK DQG LWV UHVXOWYV PD\ DFW DV D
WKH ILHOG RI SURIHVVLRQDO SV\FKRORJ\ HGXFDWLRQ LQ ,¢
YDULDEOHMVXQWXHHGHRS ORUDWLRQ &KDSWHU SURYLGHV L
IROORZ XS VWXGLHV

,Q DGGLWLRQ WR LWV DIRUHPHQWLRQHG VLJQLILFDQFH
EDVHG RQ WKH YLHZ WKDW XQGHUVWDQGLQJ WKH EDVLF SL
SV\FKRORJ\ SURJUDPPHV DQG WKHLU FXUULFXOD FKDUDFW|
GHYHORS WKH QHFHVVDU\ VWHSV WR IRVWHU IXWXUH FRXU
'LUHFWRUDWH *HQHUDO RI +LJKHU (GXFDWLRQ OLQLVWU\ R
(GXFDWLRQ WKH 1DWLRQDO $FFUHGLWDWLRQ %RG\ IRU +L
WKH ,QGRQHVLDQ 3V\FKRORJLFDO $VVRFLDWLRQ +,036, DC
3V\FKRORJ\ (GXFDWLRQ LQ ,QGRQHVLD $3 73, ZLOO EH DEC

VWXG\ LQ IRUPXODWLQJ IXWXUH UHTXLUHG SROLFLHV DQG
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5HVHDUFK OHWKRGV

$ PL[HG PHWKRGYV GHVLJQ ZDV XVHG LQ WKLV UHVHDUF
RI ERWK TXDQWLWDWLYH DQG TXDOLWDWLYH UHVHDUFK PH
TXDQWLWDWLYH DQG TXDOLWDWLYH PHWKRGVY ZHUH FRQGX
ZDV JLYHQ WR ERWK PHWKRGY LQGHSHQGHQW DQDO\VHV Z
TXDOLWDWLYH SURFHGXUHV DQG ILQDOO\ WKH UHVXOWYV R
LOQWHUSUHWDWLRQ VWDJH

,Q PRVW RI WKH VWXGLHYV FRQGXFWHG LQ WKH DUHD RI
HJ &KHUU\ OHVVHQJHU -DFRE\ +\WORS &XPPLQJ
3DFKDQD HW DO 5RGROID .DVORZ HW DO 7D\OR
XVHG ZHUH VXUYH\V ZLWK TXHVWLRQQDLUHV 7KH XVH RI D
GULYHQ E\ WKH QDWXUH RI WKH UHVHDUFK TXHVWLRQV DQ¢
GHVFULSWLRQ RI WKH EDVLF SURILOHVY DQG FKDUDFWHULV\
SV\FKRORJ\ SURJUDPPHV 7KH XVH RI WKH PL[HG PHWKRGYV
HGXFDWLRQ UHVHDUFK QHHGV WR EH H[SDQGHG PLQGIXO F
ZLGHO\ DQG VXFFHVVIXOMYXVHGLOGRWKHU DYBRWRYD &U|
6WLFEN .QRGHO 6DHQJWLHQFKDL 'LWWLQN %DUJ
SOD\ D VPDOO SDUW LQ HQFRXUDJLQJ RWKHU UHVHDUFKHU
DSSO\ VXFK D GHVLJQ

'LWKLQ WKH IUDPHZRUN RI D PL[HG PHWKRGV GHVLJQ \
WR DQVZHU UHVHDUFK TXHVWLRQV WKDW UHTXLUH D EURD(
FKDUDFWHULVWLFV DQG SURJUDPPH FXUULFXOD $ TXDQWL
LQIRUPDWLRQ GLVFORVXUH LQ TXHVWLRQQDLUHV FRQWDLQ
GHHPHG DSSURSULDWH $ FURVV VHFWLRQDO VXUYH\ PHWK

DOQOHEZQVWOXWXKH 3URJUDPPH 'LUHFWRUYYVY 4XHVWLRQQDLUH R
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3V\FKRORJ\ 3URJUDPWIHFL'M,BDOO\ GHVLJQHG IRU WKLV VWX
WHVWLQJ Rl WKH QHZ LQVWUXPHQW ZDV FRQGXFWHG ZKLF
VWXG\ WR WHVW WKH YDOLGLW\ DQG UHOLDELOLW\ RI WKH
WHVWLQJ VWXG\ LQIRUPHG WKH SV\FKRPHWULF SURSHUWLF
UHOLDELOLW\ LVVXHVY ZHUH GHDOW ZLWK WKXV HQDEOLQJ

,Q DGGLWLRQ D TXDOLWDWLYH DSSURDFK ZDV XWLOLV
RI WKH FXUULFXOD LQ WKH ,QGRQHVLDQ SURIHVVLRQDO SV
GHVLJQ XWLOLVHG D FDVH VWXG\ PHWKRG XVLQJ LQWHUYLH
SURFHGXUHV DOVR LQYROYHG VHYHUDO VWHSV &KDSWHU
SUHWHVWLQJ ERXDRYQYDWPBAQWE® DQDO\VLY DQG YHULILFDWL
WULDQJXODWLRQ PHWKR GIVQ PRI®EHRHOKH RN WD Q Q® GHKIH QG H
UHVHDUFK DXGLWRU

,QWHJUDWLRQ RI TXDOLWDWLYH UHVXOWYV ZDV FDUULH
LOQWHUYLHZ DQG GREXPHQW GDWD 7KH LQWHJUDWLRQ LQG
WKH WZR UHVXOWVY WKH IRXU RYHUODSSLQJ WKHPHV EHLQ
FRPSRQHQWYV RIHEXFDWXRPXMREMHFWLYHY OHDUQLQJ FRQW
PHWKRGY DQG HYDOXDWLRQ 7KH LQWHUYLHZ UHVXOWV SL
GHYHORSPHQW LG WKHDPERYHVHDOWHG FRQFHUQV DQG V)
FRPSOHPHQWDU\ GHVFULSWLRQV RI WKH FXUULFXOD DQG R
FRPELQDWLRQ WKH UHVXOWV REWDLQHG SURYLGH D FRPS(
SV\FKRORJ\ HGXFDWLRQ FXUULFXOD

7KBXUSRVH BALXNGQIHWKRGY GHVLJQ LQ WKLV VWXG\ L
WZR PHWKRGVY FRPSOHPHQW HDFK RWKHU WKXV SURYLGLQ
FXUULFXOD RI WXHKKRODPDIUM BRAHYU WR WKH FRPELQDWLRQ RI

MFRPSOHPHQWDULW\Y *UHHQH RADBRFSOBW HRHNMWK DPRPU\P D
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7KH VHFRQG SXUSRVH EHRRQ[G GVRHVDISBO®V FDHWILRQ RQ WKLYV
YDOLGDWH WKH UHVXOWVY REWDLQHG IURP WKH XVH RI D VL
W ULD QJ¥%®DRDL@ Q *UHHQH HW DO 7KH GDWD REWD
DQG TXDOLWDWLYH DSSURDFKHV ZHUH FRPELQHG WR WULD
ZKLFK WKH GDWD DUH PXWXDOO\ FRPSDWLEOH RU FRQWUD
7KHVLV 2YHUYLHZ
7KLV WKHVLV LV RUJDQLVHG LQWR QLQH FKDSWHUV DQ
,QWURGXFWLRQ /LWHUDWXUH 5HYLHZ DQG 7KHRUHWLFDO )
,QWHJUDWLRQ RI 5HVXOWV 'LVEXVVLRQ DQG &RQFOXVLRQ
DLPVY DQG PHWKRGRORJ\ DUH LQWURGXFHG DQG WKH QH[W
UHOHNY DLWHUDWXUH RQ SURIHVVLRQDO HGXFDWLRQ DQG W
FRQGXFWLQJ RI WKLV VWXG\ &KDSWHU VXPPDULVHV WKH
JMHUDO DQG LQWURGXFHV WKH FRQWH[W RI KLIJKHU HGXFI
SURIHVVLRQDO HGXFDWLRQ &KDSWHU GLVEXVVHV WKH KL
HGXFDWLRQ LQ SV\FKRORJ\ DQG UHYLHZV HDUO\ DQG FRQW
PRGHOV &KDSWHU LQFOXGHV D UHYLHZ RI FXUULEFXOXP W
FXUULFXOXP FRPSRQHQWY H[LVWLQJ LGHRORJLHV LQ EXUU
DQDO\VLV IUDPHZRUN 7KH WKUHH FKDSWHUV UHYLHZLQJ W
IRXQGDWLRQ IRU WKH GHYHORSPHQW RI WKH WKHRUHWLFED
VWXG\ DV SUHVHQWHG DW WKH HQG Rl &KDSWHU
7KH UHJXODWLRQV JRYHUQLQJ WKH RUJDQLVDWLRQ RI
,QGRQHVLD LQFOXGLQJ SURJUDPPH FXUULFXOD LV DQ LPS
SURYLGLQJ EDFNJURXQG LQIRUPDWLRQ RQ VWDQGDUGV T

JHQHUDOSWDRIEVWQRQDO SV\FKRORJ\ HGXFDWLRQ LQ SDUWL!
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PHWKRGV XVHG DQG DOO UHVHDUFK SURFHGXUHV WKDW ZH
GLVFXVVHG

7KH UHVXOWYVY RI WKH VWXG\ DUH SUHVHQWHG LQ WKH (
UHVXOWYV RI WKH TXDQWLWDWLYH VWXG\ &KDSWHU SURYL
TXDOLWDWLYH PHWKRG &KDSWHU SUHVHQWYV WKH LQWHJ!
FRQWULEXWLRQV DQG OLPLWDWLRQV RI WKLV UHVHDUFK L
LQ WKH DUHD RI SURIHVVLRQDO SV\FKRORJ\ HGXFDWLRQ 7

WKRXJKWY GHULYLQJ IURP DQDO\VLV RI DOO UHVHDUFK UH\
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& KDSWBWRIHVVLRQDO (GXFDWLRQ %DVLF 3ULQFLSOHV DQ!
7KH EURDG WRSLF RI SUWURIHMXORHEOLIMGWRBWRRQRZLQJ
&KDSWHU SURYLGHWKB EKDBDESMUR@VWILFV RI SURIHVVLRQ
VHYHUDO GLIIHUHQW SURIHVVLRQV &KDSWHU GLVFXVVHV
SVI\FKRORJ\ 7KH HPSKDVLV LQ ERWK GLVFXVVLRQV LV RQ F
HGXFDWLRQ %DVLF SULQFLSOHV DQG FXUULFXOXP FKDUDF
SURIHVVLRQDO ILHOGV LQFOXGIL\QRIXWYH G UL WDKLQAL © K CPRVGH
GHVFBEKBWWFWHULVWLFV RI SURIHVVLRQDO SV\FKRORJ\ HG>
WRSLFV LWV KLVWRULFDO GHYHORSPHQW LWV WUDLQLQJ
FXUULFXOXP $W WKH HQG RI ERWK FKDSWHUV WKH DXWKR
RI WKH FXUULFXOXP FKDUDFWHULVWLFV RI SURIHVVLRQDO
DOVR Rl SURIHVVLRQDO HGXFDWLRQ LQ SV\FKRORJ\
3URIHVVLRQDO (GXFDWLRQ 'HILQLWLRQ DQG &KDUDFV
3URIHVVLRQDO HGXFDWLRQ DLPV WR SUHSDUH VWXGHQ
SHTXLSSHG ZLWK WKH FRPSHWHQFHV WKH PRWLYDWLRQ D
VXFFHVVIXO SUDFWLFH " 0m®&0ORMNKGLH D5QG %RN FLWHG
6ROENH DVVHUW WKDW JUDGXDWH SURIHVVLRQDO GHJUHF
IRU SDUWLFXODU RFFXSDWLRQV DQG WKXV SURYLGH WKHP
FRPSHWHQFH
'LWKLQ KLJKHU HGXFDWLRQ WKHVH SURIHVVLRQDO SU|
XQLYHUVLRWDWOWMWHPDWLYHO\ LQ D IUHH VWDQGLQJ LQVWLV
D :LWKLQ WKH XQLYHUVLW\ VIVWHP VRPH SURIHVVLRQ]
GHYRWHG PDLQO\ WR WKH UROH RI SUHSDULQJ SURIHVVLRQ

OF*ORWKOLQ
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7KH OHYHO RI SURIHVVLRQDO HGXFDWLRQ ZLWKLQ WKH
DFURVV SURIHVVLRQNQGRYMURMWY. QDWLRQV 3DZOLN 5RVHC(
BHYHUDO SURIHVVLRQV DZDUG D ILUVW SURIHVVLRQDO GHJ
SURIHVVLRQDO SURJUDPPHV DUH DW PDVWHUV DQG GRFWR

(VWHQWLDO UHTXLUHPHQWYV Rl SURIHVELRB&PRODEXFDW
%DOO DQG &RKHQ OLVW WKUHH UHTXLUHPHQWY QRWL
TXDIOHG SUDFWLFH DV IRXQGDWLRQ ZXIDMG K ¥ LV IYR® Y B & R.Q\V/(C
WR SUDFWLFH ZLWK UHJDUG WR NQRZOHGJH VNLOOV DQG I
VSHFLILF WHDFKLQJ PHWKRGV ZKLFK JXLGHV WKH SURFHVYV
SURIHVVLRQDO SKDUPDF\ QXUVLQJ DQG WHDIAKU® JWKWRIH D
HVVHQWLDO UHTXLUHPHQWYV RI SURIHVVLRQDO HGXFDWLRQ
FRQWLQXH WR OHDUQ WKURXJKRXW WKHLU SURIHVVLRQDO
RI SURIHVVLRQDO VNLOOV ZKLFK VKRXOG EH VXSSRUWHG F
WHDFKLQJ PHWKRGYV DQG D IRFXV RQ D VSHFLILF ERG\ RI |
VXSSRUWYV SURIHVVLRQDO SUDFWLEH

,Q SURYLGLQJ D PRUH GHWDLOHG DQDO\VLV RI WKH IHEC
SUHVHQWHG LQ WKH IROORZLQJ VHFWLRQ WKH FXUULFXOX
3UHVHQWDWLRQ RI SURIHVVLRQDO HGXFDWLRQ FKDUDFWHL
LQFOXGH WKH IROORZLQJ WKHPHV DLPV RU REMHFWLYHV R
VWXGHQW VHOHFWLRQ PHFKDQLVP OHDUQLQJ FRQWHQW R

PHWKRGV DQG HYDOXDWLRQ V\VWHP

2EMHFWLYHV Rl SURIHVVLRQDO SURJUDPPHYV DQG VHOHFWL
SURIHVVLRQDG IDMMIRQDO UHVHDUFK SURJUDPPHYV GLIIHL
HPSKD@H®@HYHU\ RI FRQWHQW UHTXLUHG WR GHYHORS D VSI

ODWWHU SURYLGH D PRUH JHQHUDO FRQWMN®MWIXDQ PHREG BMMR G
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XVH® WPQJH RI GLIIHUHQW RFFXSDWLRQV %OHLNOLH
WKH VNLO®\R SHITASERIFR GIDFF MREGL QJ W RRW B H B B W D BXG/D U
SURIHVVLRQ -DIIH ZKLOH DI\@ RZIOR!E DMHHHHROUDNE-H/GKIHR Y L G
ILHOG 3URIHVVLRQDO HG X PIWW.IRIQD SFURHPSSIHWVHH/QF WK G HIGIW X/ L\
VNLOOHG WKHRUHWLFDOO\ JURXQGHG DQG HWKLFDO SUDF
RI NQRZOHGJH DQG XQGHUVWDQGLQJ RI D SDUWLEXODU ILH
WKH PRQRWHKLY &ROOHJH Rl /DZ FRPPHQWY WKDW WKH DLP
HGXFDWH WR HQVXUH SURIHVVLRQDO FDSDELOLWMHDRQFKKH
SURJUDPPHV LV WR HGXFDWH VWXGHQWY 3WRZDUGV JHQHU
ZLWK QR FOHDU FRQQHFWLRQ WR RFEFXSDWLRQDO OLIH" .D
OF*ORWKOLRJIHUV D PRUH FRPSUHKHQVLYH H[SODQDWLI
SURIHVVLRQDO SURJUDPPHV ZKLFK LV VWLOO UHOHYDQW L
SURIHVVLRQDO HGXFDWLRQ KDV WZR UHODWHG DLPV WR G
VXIILELHQW WR WKH QHHG RI VRFLHW\ DQG WR HQVXUH W]
WKH\ DUH FDSDEOH Rl SUDFWLVLQJ WKHLU SURIHVVLRQV W
WKH DLPV Rl SURIHVVLRQDO SURJUDPPHY ZHUH VWDWHG LC
WKH IRUPHU KH VWDWHY WKDW DOWKRXJK LQGLVSHQVDEC
QHHGHG E\ D VRFLHW\ LV QRW HDV\ KHQFH SURIHVVLRQDC
GHWHUPLQLQJ WKH QXPEHU RI JUDGXDWHNQ@EDRGHNYBLRYV Z
'H/HRQ DQG %HODU DFNQRZOHGJH WKHVH NLQGV RI G
ZULWLQJV RQ WKH FOLQLFDO SV\FKRORJ\ ILHOG 'LIIHUHQW
GLIIHUHQW FRQFOXVLRQV UHJDUGRLGU R THK\DW R@D OX| ALPK K Q
GHPDQG 5HJXODU ODERXU IRUFH QHHGY DQDO\VHV DUH RE
LQIRUPDWLRQ IRU SURYLVLRQ WR SUR HMWXRIQDIOWKIHX F R BV@R

SURIHVVLRQDOV JHQHUDWHG BHSWHUPF® R RENKGDSRIRN UR® P H
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UHODWHWGLWEHY 7KLV DLP PD\ EH XVHIXOO\ GLVEXVVHG LQ
LQIRUP REMHFWLYHV RI SURIHVVLRQDO SURJUDPPHV DV Zt
SURIHVVLRQDOV 7KHVH ILYIWAXWRWKBX®HV DUHRDSDEROQWX
KLV RU KHU SURIHVVLRQ WKURXJK XWLOLVLQJ DGHTXDWH N
FRQWH[W LQ ZKLFK RSW WKIMWHS/U BIHYVRRQOLW\ WUDLWV WKD
FRQGXFW HIIHFWLYH SUDFWLFH HQWKXVLDVP IRU FRQWLQ>
DQG VNLOOV DQG UHVHDUFK FDSDELOLWLHV LQFOXGLQJ D
SUDFWLFH :KLOH SURIHVVLRQDO SURJUDPPHV GLIIHU LQ W
REMHFWLYHVY HDFK RI WKH ILYH REMHFWLYHV DSSOLHV WR
'LIIHUHQFHV LQ WKH UROH DQG SXUSRVH RI SURIHVVLR
VHOHFWLRQ SURFHWXKWDGE LVWDR VE\HFUHWAHQIHD IRU VWXGHQW:
SURIHVVLRQDO SURJUDPPHV B6RPH SURIHVVLRQDO VFKRRO!
FKDUDFWHULVWLEV RI WKHLU GHVLUHG VWXGHQWY RWKHU
OF*ORWKOLQ RIGWROMW HPAFRMWIMH G FKDUDFWHULVWLFV RI
VFKRROV DUH ZLGHO\ H[SUHVVHG LQ SURIHVVLRQ®Q HGXFED
*UDKDP .LP  PHUWYDP LQJ %HHKU .LQJ ODUWLQFF
$QGU\VRYi 6 W UQ FINHHWP YV R1 SHUVRQDOLW\ FKDUDFWHUL
SURIHVVLRQV VHHN FHUWDLQ SHUVRQDOLW\ W\SHV WKDW D
W KUHLL H PRAW H[DFRBROHVVLRQDO SVV\FKRORJ\ SURMDOMRP HV YDO
LOQWHUSHUVRQD®HWHLO@@S URJUDPPHFDWQHSTDADWHY WR
GHPRQVWUDWH ZRUG FRPSUHKHQVLRQ DQG DELOLW\ LQ ZR!
FULWLFDO X Q GHUAW DX LRIDAGD/QICHYIDBR®BVRI VRFLDO ZRUN
VFKRROV VHHN VWXGHQWY ZKR DUH LQW BP*MIRIWR®LKHDOW
7KH PHWKRGV Rl VHOHFWLRQ DSSOLHG LQ SURIHVVLRQ

SURIHVVLRQDO VFKRROV VXFK DV EXVLQHVYV DQG VRPH DU



,1'21(6,$1 352)(66,21$/ 36<&+2/2*< &855,&8/$

HQJLQHHULQJ GR QRW H[HUFLVH DQGSWKIXV PANKHHQHF LR @ R
H[DPV IRU DGPLVVLRQ OF*ORWKOLQ 1RZDW]NL ,Q
LQ VXFK ILHOGY UHO\ RQ WKH JHQHUDO VHOHFWLRQ V\VWH
SURIHVVLRQV VXFK DV ODZ DQG PHGLFLQH D QDWLRQDOO!
WKH VHOHEWLRQ PHFKDQLVP ZLWKLQ WKH 8QLWHG 6WDWH V
SURIHVVLRQDO SURJUDPPHV UHTXLUH FDQGLGDWHY WR SD\
DGPLVVLRQ 1RZOFYPNRWKOLLHSRUWHG WKDW DOO SURIHVVL
VWXG\ XWLOLVHG VHOHFWLRQ PHWKRGV RWKHU WKDQ WHV\
ZHLJKWHG PRVW KHDYLO\ DQG PRVW FRPPRQO\ XVHG

,QWHUHVWLQJO\ O0F*ORWKOLQ UHJDUGHG WKH VHC
SUPPPHY DV HTXDOO\ LPSRUWDQW DV WKH DERYH PHQWLR
FORVH H[DPLQDWLRQ Rl WHQ SURIHVVLRQV LQGLEFDWHG WK
H[DPSOH PRVW PHGLFDO VFKRROV UHTXLUH WHDFKHUV WR
WKH LQWHOOHFWXDO FDSDFLW\ Rl WKH WHDFKHU LV FRQVL
DOVR D JUHDW HPSKDVLV RQ FUHDWLYLW\ LQ WHDFKLQJ Ul
OF*ORWKOLIQGFRIMWOMXIGH LGHDO WHDFKHU VKRXOG EH *ERWK
SUDFWLWLRQHU " S

(YLGHQFH Rl FRPSHWHQFH WR JXLGH WHDFKHU VHOHFW
LOQFOHEMWHHY H[SHULHQFH ERWK LQ SUDFWLFH DQG WHDFK
OF*ORWKOLQ 3URIHVVLRQDO SURJUDPPHV YDU\ LQ WK
WKRVH DVSHEWV OF*ORWKOLQ H[SODLQV WKDW GHILQLQJ V
WHDFKHU FRPSHWHQFH GRHV QRW JXDUDQWHH VXFFHVVIXO
PHPEHUV $V D FRQVHTXHQFH RI GLIILFXOW\ LQ WDHFUXLWLQ

QXPERIUSURIHVVLRQDO VFKRROV KDYH SURSRVHG VSHFLILF
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FRPSHWHR@FH[DPSOH LPSURYLQJ WHDFKLQJ DELOLWLHV RI

LQH[SHULHQFHG IDFXOW\ PHPEHUV ZKHUH QHFHVVDU\

&RQWHQW

7KH VXEMHEW PDWWHU WDXJKW LQ SURIHVVLRQDO SUR
NQRZOHGJH DQG VNLOOV UHTXLUHG LQ SURIHVVLRQDO SUD
VWXGHQWY ZLWK ILHOG VSHFLILF NQRZOHGJH DW DQ DGYD(
YDOXHV QHFHVVDU\ IRU VXFFHVVIXO HQWU\ LQWR WKHLU S|

‘HLGPDQ 7ZDOH %DWHLIQWW HMWLDMHUDWH WKDW *WKH |
NQRZOHGJH SURYLGHG E\ SURIHVVLRQDO FRXUVHV VKRXOG
XQGHUSLQ SUDFWLFH" S 2Q WKH RWKHU KDQG DV SUR
H[SHULHQFH KDV VKRZQ WKDW SUDFWLFDO VXEMHEW PDWW
HQWHU WKHLU SURIHVVLRQDO UROHV 7KLV LV HYLGHQW IF
'XQFDQ DQG QXUVLQJ %DUGRRWWHWWHIDA D SUHGRPLQDQW
WKHRUHWLFDO NQRZOHGJH FDQ DOVR EH GHWULPHQWDO W
ZRUN HIIHFWLYHO\ DV GHPDQKHIP BEQWKHDFRP® XQHWGHU TV
LQ WKHD RI PHGLFDO LPDJLQJ LW ZDV IRXQG WKDW D WUD
FRQLWLYH GHYHORSPHQW PD\ KL QIBHYU VQKMHHGBEMHORS P B QUM
DQG SURIHVVLRQDO SUDFWLFH DVSHEWYV

0DQ\ VFLHQWLVWY DUJXH RYHU WKH LPSRUWDQFH RI FF
FRQWHQW LQ SURIHVVLRQDO HGXFDWLRQ .DUVHWK 6ROEL

6KXOPDQ D <LHOGHU 7KH FRQFHSW RI LQWHJL
DFDGHPLFV HJ .DUVHWK B6ROEUHNNH IXQW *UD\
VFKRODUV DVVHUW WKDW LQWHJUDWLRQ RI WKHRU\ DQG S
SURIHVVLRQDOV DQG WKH LQFUHDVLQJ GHPDQGYV PDGH RQ

JRU HI[DPSOH SUREOHPV IDFHG LQ WKH ZRUNSODFH DUH EH
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HPSKDVLV LV EHLQJ SODFHG RQ WHDP ZRUN DQG WKHUH L\
FROOHDJXHV WR GHDO ZLWK /\QWRQ .| SURIHVVLRQD
RI VNLOOV RU SURVSHEFWLYH SURIHVVLRQDOV PHUHO\ DET)
WKH\ PD\ VWUXJJOH ZLWK WKH LQFUHDVLQJ FRPSOH[LW\ R

D <LHOGHU s QWHJUDWLYH 1UDPHZRINFRKHW H&D L
FXUULFXOXP" /\QWRQH WHUPV XVHG WR UHIHU WR DQ LGHD
HGXFDWLRQ FRPELQLQJ WKHRU\ SUDFWLFDO VNLOOV DQG |
LPSRUWDQW LQ HQDEOLQJ SURIHVVLRQDOV WR SOD\ HIIHFW

'LWKLQ SURIHVVLRQDO SURJUDPPHV VFKRODUV VWURQ
NQRZOHGJH DQG WKHRU\ EH FRPELQHG ZLWK WKH GHOLYHU
WKH GHPDQGV RI WKH SURIHVVLRQ 7KHUH DUH GLIIHUHQEFH
DWWHPSWV WR LQWHJUDWH WKHRU\ DQG SUDFWLFDO VXEM
WKH ILHOGV Rl ODZ DQG PHGLFLQH IRU H[DPSOH SURYLGH
GHYHORSPHQW RI DSSOLHG VNLOOV LQ WKH IRUP RI DSSUH

,Q VRPH RWKHU SURIHVVLRQDO SURJUDPPHV VXFK DV
ZRUN WKHRUHWLFDO DQG SUDFWLFDO HOHPHQWYV DUH FRP
OHDUQLQJ DQG ILHOG SUDFWLFH /XQW *UD\

,Q DGGLWLRQ WR WKH LQFOXVLRQ Rl WKHRUHWLEDO NC
VFLHQWLVWY SURSRVH WKDW RWKHU VXEMHFW PDWWHU QH
/\QWRQ DVVHUWYV WKDW SURJUDPPHV QHHG WR WKLQN DER
RSSRUWXQLWLHVY WR JDLQ SHUVRQDOO\ HQULFKLQJ H[SHUL
H[SHUWLVH S 7KLV FDQ EH DFKLHYHG E\ SURYLGLQJ D
XQGHUVWDQGLQJ RI WKH FRQWH[W RI WKH SURIHVVLRQ IR
SURJUDPPH VKRXOG DOORZ VWXGHQWY WR REWDLQ XQGHU"

IXQFWLRQ DV SUDFWLWLRQHUV /\QWRQ BUHYLRXVO\
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DOVR KLJKOLJKWHG WKH LPSRUWDQFH RI VREFLDO FRQWH[W
SURJUDPPHV
/XQW DQG *UDMVHUW WKH LPSRUWDQFH RI GHYHORSLQJ
RQ WKHLU SUDFWLFH REMHEWLY HD \FRIGRFPHB Y DVKDU/R KDLV/D BHH
H[WHQVLYHO\ GHYHORSHG E\ 6FKRQ ZKR FRLQHG WKH WHU
DV FLWHG LQ /XQW *UD\ S 6LPLODUO\ VXEMHEW F
WDXJKW KRZ WR OHDUQ DQG EHFRPH VHOI UHIOHEWLYH LV
/IDVWO\ SURIHVVLRQDO SURJUDPPHV VKRXOG DOVR HP¢
YDOXHV VXFK DV SHUVRQDO LQWHJULW\ DQG WDNLQJ UHVS
DZDUHQHVV Rl WKH FRQVHTXHQFHV RI WKHLU DEWLRQV .DlI
D 7KXV HGXFDWLRQDO FRQWHQWL®RH®DNHG LW ERQHW KLLG [

SURIHVVLRQDO SURJUDPPHV /\QWRQ

7HDFKLQJ OHDUQLQJ PHWKRGV
&UHDWLYH WHDFKLQJ DQG OHDUQLQJ PHWKRGYV QHHG W
WKH GXDO DLP Rl SURIHVVLRQDO SURJUDPPHVY WR LPSDUW
SUHSDUH VWXGHQWY WR SUDFWLFH SURIHVVLRQDOO\ LV W
PHWKRGV PXVW JR EH\RQG WKH WUDGLW L RREVHOWEWXULQJ
SSHGDJRJLHV WKDW EULGJH WKHRU\ DQG SUDFWLFH DUH QF
SURIHVVLRQDO SURJUDPPHV LV XVXDOO\ PDUNHG E\ D KLJK
LOQWHUDFWLYH QDWXUH .DUVHWK GR®EBBRNDGYERFIBWNXDP
WKH DSSOLFDWLRQ RI pVLIJQDWXUH SHGDJRJLHVY LQ SURIH
SWKH XQLTXH IRUPV RI WHDFKLQJ WKDW FKDPS®GWH RIL W KLV
NLQG Rl SHGDJRJ\ DUH EHG VLGH WHDFKLQJ LQ PHGLFDO Vi

OHJDO HGXFDWLRQ OF*ORWKOLQ 6KXOPDQ D OS5HIH
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DQG HQJLQHHULQJ CPHOWRWKOML @KH XVH Rl 3SGHPRQVWUDWL
DV PHWKRGYV IRU WHDFKLQJ UHTXLUHG VNLOOYV

'LVWLQFWLYH FKDUDFWHULVWLFV Rl VLIJQDWXUH SHGD.
EHLQJ DV IROORZV 6KXOPDQ E 7HDFKLQJ DFWLYLWLHYV
SDUWLFLSDWLRQ DQG DUH DFFRPSDQLHG E\ D FRUUHVSRQ
NHHSLQJ Rl FDUHIXO UHFRUGY RI DWWHQGDQFH DQG ZULW\V
$GGLWLRQDOO\ WHDH KIQWHLPW WIMWALHY QDWXUH 6WXGHQ\
QRW RQO\ ZLWK WKH WHDFKHU EXW DOVR WKHLU FROOHDJ
RU SHHU GLVFXVVLRQ PXVW EH UHVSRQGHG WR LQ DQ DSS
WKH FDVH

2WKHU PHWKRGYV Rl LQVWUXFWLRQ DYDLODEOH ZLWKLQ
OF*ORWKOIDRG LQFOXGH WKH 3SURBUHPSBEWMKREGQ WKH ILF
DUFKLWHFWXUH WKH *SORNOFW) RHWKRG WEH FDVH PHWKR
UHVHDUFK VWXGLHV LQ FOLQLFDO SV\FKRORJ\ WKH *WHDFI
YHWHULQDU\ PHGLFLQH WKH FOHUNVKLS LQ PHGLFLQH DQ
SSUDFWLFXP" RU 3VWXGHQW WHDFKLQJ LQ WKH ILHOGV R

DUFKLWHAPMWMBBKHIUWQBGXFDWLRQ SS

(YDOXDWLRQ PHFKDQLVPV
OHFKDQLVPV IRU HYDOXDWLRQ RI VWXGHQW SHUIRUPDQC
WR LOQFRUSRUDWH D FRPELQDWLRQ RI VHYHUDO PHWKRGV L
SHUIRUPDQFH RWKHU WKDQ MXVW WKH FRJQQWRY B VDWNIHFW
SURSRVHG FLYLO HQJLQHHULQJ SURIHVVLRQDO HGXFDYV
DFFRPSOLVKPHQW UHODWHG WR WHFKQLFDO VNLOOV LQFR

IXQGDPHQWDOV LW LV VXJIJHVWHG WKDW WKH PRGHO VKRX



,1'21(6,$1 352)(66,21$/ 36<&+2/2*< &855,&8/$

XQGHUVWDQGLQJ RI UHOHYDQW HWKLFDO LVVXHV 7KH HYD
ZULWWHQ WHVWYV DQG LQWHUYLHZV
BURIHVVLRQDO H[SHUWLWKHHENERWRPRQWI| SURIHVVL
,Q DGGLWLRQ WR D FRPSUHKHQVLYH VFKRODUO\ FRQVL
SURIHVVLRQDO SURJUDPPHV SURIHVVLRQDO H[SHUWLVH Gt
DOVR RIWHQ HPSKDVL]JHG DV SDUW RI WKH FXUULEXOXP FKI
<LHOGHU
<LHOGHWVVHUWY WKDW SURIHVVLRQDO HGXFDWLRQ Vk
RI VHYHUDO HOHPHQWYV Rl H[SHUWLVH DQG LQWHJUDWH WK
OHDUQLQJ H[SHULHQFHY QHHGHG WR GHYHORS WKH H[SHUYV
QDWXUH Rl SURIHVVLRQDO H[SHUWLVH LQFOXGLQJ LWV GH
DQ LPSRUWDQW VWDUWLQJ SRLQW LQ WKH IRUPXODWLRQ R
JHQWRQ 2 &UHHY\ +XMPKIQLQRIQH [ S H U L HRQ FRIWP QIHE HHY §' B U W\
SURIHV VL XQEPIBIDE O\ QRW HQWLUHO\ SURYLGHG E\ IRUPD
+RZHYHU SURIHVVLRQDO HGXFDWLRQ SURYLGHMWKHEDVL
,PDQWV 'DQNEDDU L&HEKBWVD QRICASRQWHEHQWUDWLQJ RU KLQ
SUHFRQGLWLRQY\QRMU CH[SIKXWILWVYHQ (WHOISHOWR .LUMRQH
3URIHVVLRQDO HGXFDWLRQ WKXV VHUYHV DV D SODFH ZKH!
QHHGHG WR LQGHSHQGHQWO\ SUDFWLFH LQ DQRMKBH G/ \&BE
ZLWKLQ WKH MRXUQH\ RI D SURIHVVLRQDO LQ ZKLFK LWV C
OHDUQLQJ DW WKH ZRUNSODFH DQG(EBYWHRWHWH E8[SHULHQF
,Q DWW HRHBWHW RVRD FRPSUHKHQVLYH PRGHO RI SURIHV YV
QRWHG WKDW WKH WUDGLWLRQDO DSSURDFK KDV IRFX\
HOHPHQW RQO\ ZLWK OLWWOH DWWHQWLRQ SDLG WR LQW*

LPSRUWDQW HOHPHQWYVY RI H[SHUWLVH ZLWKLQ WKH H[SHUV
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PRGHO Rl SURIHVVLRQDO H[SHUWLVH NRREZIO & QH L R WY GDIW
E FRIJQLWLY H SQWAKNQWDHVLQW HIBULLVQMYHHUSHR FRQWDHVUHOD \
H SURIHVVLRQDO SUDFWLFH

JLUVWO\ WKH WHUP NQRZOHGJH IRXQGDWLRQ W\SLFDO
VSHFLILF NQRZOHGJH UHOHYDQW FRQFHSWV DQG DZDUHQF
PRGHOVY LQ WKH IRUP RI UHSUHVHQWDWLRQV RU DEVWUDF
HQFRPSDVV GHYHORSHG DELOLWLHY UHODWHG WR LQIRUPD
SUREOHP VROYLQJ DQG SHUFHSWXDO DELOLW\ 7KH WKLUG
UHIHUV WR DZDUHQHVV RI D SHUVRQDO OLPLWDWLRQ WR R
RQHYV RZQ SUDFWLFH DQG RWKHU UHODWHG FKDUDFWHUL
DVVXUDQFH HVWHHP DQG FRQILGHQFH  <LHOGHU S
HOHPHQW UHIHUV WR IDFWRUV VXFK DV HVWDEOLVKLQJ HII
FRPPXQLFDWLQJ HIIHFWLYHO\ HPSDWK\ DQG UHODWHG FDS
FRQQHFWLRQ WR VLWXDWLRQV FOLHQWYV IDPLOLHV DQG F
FRQIOLFW /DVWO\ WKH SURIHVVLRQDO SUDFWLFH HOHPHQ
VNLOO DQG HIILFLHQF\ LQ VWUXFWXUHG DQG XQVWUXFWXU
GHYHORSPHQW RI D GHSWK DQG UDQJH Rl H[SHULHQFH DQ
H[SHUWLVH <ISHBITZHQWY DOO FRQVWLWXHQWY RI WKH ILYH
GHWDLOHG OLVW $OWKRXJK DOO HOHPHQWV ZLWKLQ WKLV
HDFK RWKHU KH PDLQWDLQV WKDW WKH\ VKRXOG EH YLHZF
VWXG\ VKRZV WKDW LQ WKH LQGLYLGXDO SUDFWLWLRQHU
LQWHJUDWHG DQG FRQWLQXRXV ZD\

7KH DERYH H[SODQDWLRQ RQ WKH HOHPHQWYV RI H[SHU
GHVFULSWLRQ RI LWV DSSOLFDWLRQ LQ SURIHVVLRQDO HG.

DV D VWDUWLQJ SRLQW WR DFNQRZOHGJH WKH LPSRUWDQF



,1'21(6,$1 352)(66,21$/ 36<&+2/2*< &855,&8/$

SURIHVVLRQDO HGXFDWLRQ &RQFHSWLRQV UHJDUGLQJ WK!
LWV DSSOLFDWLRQ LQWR WHDFKLQJ DQG OHDUQLQJ DFWLY!|
VEFKRODUV VXFK DV (OYLUD HW DO +D DQG 7\QM
VWUXFWXUH RI SURIHVVLRQDO SURJUDPPH FXUULFXOD VKR
QHHG WR GHYHORS H[SHUWLVH LQ DQ LDWHDUIRWBGE & DI\T XQ
LPSRUWDQFH DV ZHOO DV ZD\V WR DFKLHYH WKLV
ORGHOV RI 3URIHVVLRQDO (GXFDWLRQ

'LIIHUHQFHV LQ WKH FKDUDFWHULVWLFV Rl FXUULEXOD
SURJUDPPHV LQFOXGLQJ GLIIHUHQFHV RI HPSKDVLV UHJDU
GLIIHUHQFHV LQ PHWKRGV Rl WHDFKLQJ DQG HYDOXDWLRQ
GLIIHUHQW HGXFDWLRQDO PRGINGV L EXQWKNOIE JHMHUDO PR
SURIHVVLRQDO HGXFDWLRQ WKH DSSUHQWLFHVKLS WKH D

,Q WKH DSSUHQWLFHVKLS PRGHO OHDUQLQJ LV GRQH E
FRQVLGHUHG FRPSHWHQW DQG VWXGHQWY WKHUHE\ GHYH
PRGHOV SURYLGH VWXGHQWY ZLWK WKH RSSRUWXQLW\ WR
WKHRUHWLFDO NQRZOHGJH DV D SUH UHTXLVLWH 6WXGHQ\
FRPSHWHQW SURIHVVLRQDO SUDFWLWLRQHU DQG DOVR WK!
E\ GRLQJY &OHDUO\ WKH VXFFHVNVSH DLIOS®DA\F DY MRKH FD S\8 K
PRGHV KLJKO\ GHSHQGHQW RQ WKH DYDLODELOLW\ RI D FRI
PRGHO DQWKLVVRROM PRGHO KDYLQJ VXIILFLHQW WLPH WR
REVHUYLQJ VWXGHQWY B6RPH FRQFHUQV VXUURXQGLQJ WKI
GXELRXV TXDOLW\ Rl VWXGHQW H[SHULHQFH SURYVGHG E\ |
RI WKLV W\SH RI SURJUDPPH LV FRQWLQJHQW XSRQ WKH DY
RQ DQG FDSDEOH RI EHLQJ VXSHUYLVRU RU PHQWRU /XQV

VWDWH WKDW SODFHPHQWY DUH YDULHG RQ PDQ\ OHYHOV
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PHFKDQLVPV LQ SODFH LQ PRVW SURIHVVLRQDO SURJUDPP!
UHFHLYLQJ DQ XQVWDQGDUGL]HG TXDOLW\ RI LQWHUQVKLS
SUHVVXUHV ZRUN DJDLQVW VWXGHQWY GHYHORSLQJ D TXD
RSSRUWXQLWLHVY WR UHIOHFW XSRQ DQG HYDOXDWH SURIH
VWXGHQWY LQ WKLY PRGHO LV VRPHZKDW DPELJXRXV ORFI
EHWZHHQ SURIHVVLRQDO DQG WUDLQHH LQ ZKLFK WKH\ DU
SUHVVXUH /DVWO\ LQWULQVLF WR WKH QDWXUH RI WKH D¢
SURIHVVLRQDO VHJUHJDWLRQ LQ WKDW VWXGHQWYV DUH OL
VXSHUYLVRU PHQWRU RIWHQ DOVR ODFNLQJ DGHTXDWH SH
SHUVSHFWLYHV ZLWK RWKHU WUDLQHHV /XQW *UD\

7KH DFDGHPLF PRGHO UHTXLUHV D IXO0 WLPH SUHVHQF
VHHNV WR SURYLGH NQRZOHGJH DQG GHYHORS VNLOOV WK
WKURXJK WKH XVH RI RWKHU H[SHULHQWLDO DQG DFWLYH ¢
PDMRU LVVXH UHODWHG WR WKH DSSOLFDWLRQ RI WKLV PR
UHJDUGLQJ WKH SUDFWLFDO DVSHFEWV RI EHLQJ LQ D SURIF
WKHRU\ DQG LWV DSSOLFDELOLW\ LQ WKH UHDO ZRUOG RI S
OLWHUDWXUH /XQWWD®@® WHWDW WKH SUDFWLFH WDXJKW LQ
VFKRROV LV RSHQ WR FRQGHPQDWLRQ DV EHLQJ 3DOO ULJK
ZRUOG S ORUHRYHU WKH SURIHVVLRQDO SUDFWLWLRH!
HGXFDWLRQ LQVWLWXWLRQV FDQ EH TXHVWLRQDEOH VLQF
SUDFWLFH IRU PDQ\ \HDUV DQG PRUH IDPLOLDU ZLWK WKH ¢
HGXFDWLRQ LQVWLWXWLRQ WKDQ PDWWHUV Rl SURIHVVLRC
LPSRUWDQW LVVXH UHODWHVY WR WKH JHQHUDOL]DELOLW\ ¥
GLVFXVVLRQV DQG VLPXODWLRQV WR SURIHVVLRQDO SUDF\

RU SUREOHPV DQG UHVSRQVLYH DFWLRQV SUHVHQWHG WK
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UHIOHEW HIIHFWLYH SUREOHP VROYLQJ EHKDYLRXU LQ WKH
/IXQW DQG *UDRIVORZ XS VWXGLHV RI \RMK®II SUHRDH K W IUR/QHIQG
WKDQVHIIHEW Rl VRFLDOL]DWLRQ LQ WKH VWDIIURRP FDQ E*t
SRVWJUDGXDWH SURIHVVLRQDO HGXFDWLRQ

7KH LQWHJUDPRIGG WBRPELQBY WKHRUHWLEDO NQRZOHC
LQWR D FRKHUHQW ZKROH Rl FXUULEXOXP 7KH LQWHJUDW FE
PDQ\ SURIHVVLRQDO HGXFDWRUV WKH LQWHJUDWHG PRGHO
PRGHO LV FRPPRQO\ XVHG LQ SRVWJUDGXDWH SURIHVVLRQ
HGXFDWLRQDO SV\FKRORJLVWYV /XQW *UD\ 7KHUH DL
DSSOLFDWLRQ RI WKLY PRGHO LQFOXGLQJ WKH SRVVLELOL
EHWZHHQ HGXFDWRUV LQ KLJKHU HGXFDWLRQ LQVWLWXWLF
WKH TXDOLW\ RI VWXGHQWVYT OHDUQLQJ H[SHULHQFHV LV K
W\SHV RI HGXFDWRUV WKH QDWXUH Rl WKH UHODWLRQVKL:
DWWHQWLRQ LQ DWWHPSWLQJ WR RSWLPLVH OHDUQLQJ H[S
H[FKDQJH DV ZHOO DV PXWXDO UHVSHFW EHWZHHQ WKH W:
HDFK RWKHUTV SHUVSHFWLYHV DUH WKH EDVHV RI VHYHUD

2WKHU LVVXHV DUH HQVXULQJ WKDW VWXGHQWYV LQ SL
FRQWULEXWLRQ Rl WKHRUHWLFDO OHDUQLQJ DQG SUDFWLF
GHYHORSPHQW DQG WKH GHYHORSPHQW RI D SURIHVVLRQE
WKRURXJK \HW IOH[LEOH HQRXJK WR SURYLGH RSSRUWXQL

SURIHVVLRQDO LGHQWLW\

SHYLHZURIHVVLRQDO (GXFDWLRQ ORGHOV DFURVV 3URIHVVI
$V SUHYLRXVO\ PHQWLR QK FRAOSIMKOIQYLYHO\ H[SOD
HGXFDWLRQDO GHVLJQ RI SURIHVVLRQDO SURJUDPPHV DFU

'LWKLQ KLV VWXG\ KH FRYHUV VHYHUDO FXUULFXODU DVSF
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IURP DLPV Rl WKH SURJUDPPHV FRQWHQW DQG PHWKRGV R
VHOHFWLRQ PHFKDQLVPV DSSOLHG WR VWXGHQWY DQG WHI
SURIHVVLRQDO SURJUDPPHV LQ GLIIHULQJ SURIHVVLRQV KL
HPSKDVHV WKH\ VKDUH WKH VDPH IRXQGDWLRQDO FKDUDEF'
HGXFDWLRQ GLUHFW FRQVWDQW HIIRUW LQWR UHILQLQJ HC
REMHFWLYHV OFGHRMWKOEBY WKLV VLWXDWLRQ DV 3GLYLQH
SURIHVVLRQDO HGXFDWRUV DUH QHYHU VDWLVILHG ZLWK K
FRQWLQXRXVO\ WU\ WR LPSURYH SURIHVVLRQDO HGXFDWLR
HGXFDWRUV VWULYH WR SURYLGH EUHDGWK DQG GHSWK RI
FDSDEOH RI VHUYLQJ WMKH RIHMHG O RW KIBEQM@XVLRQV LV RI
SDUWLFXODU VLJQLILFDQFH KHUH ,W ZDV DSSDUHQW WR K
SURIHVVLRQDO VFKRROV WKDW ZHUH WKH VXEMHEWYV RI KL
IRU HIITHFWLYH SURIHVVLRQDO SUDFWLFH DUH WRR FRPSOH
DSSUHQWLFHVKLS PRGHO 7KLV PHWKRG RI WHDFKLQJ ZKLI
WKH PHQWRU RYHU D SHULRG RI \HDUV LV GHHPHG LQVXIIL
SURIHVVLRQDO ZRUOG WKDW LV EHFRPLQJ JHQHUDOO\ PRU!
VFLHQFHV :KLOH OF*ORWKOLQYfV VWXG\ ZDV FRQGXFWHG L
UHOHYDQW WRGD\ GXH WR UDSLG WK B QRIKID/QLQ QN RRHU QD QLMD+
ZRUN DV GHVFULEH GD B\ HD/GRIQ

2WKHU VFLHQWLVWY KDYH SURSRVHG PRGHOV RI SURIH
VSHFLILF DUHDV RI SUDFWLFH ,Q H[SODLQLQJ WKHVH PRGFH
DVSHFWV RI HGXFDWLRQDO DFWLYLWLHV )RU H[DPSOH D 3
DQG 5RVHEHUU\ LQ WEBH ILHOG RI pH[SHUW VHDUFKY{ IRFXVH
FRQWHQW GHHPHG LPSRUWDQW IRU LQFOXVLRQ LQ WKHLU |

HW DO HIWHQGHG WKH ZRUN RI *UDYHV RQ D 3 SDUWQHUVKL
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HGXFDWLRQ ZKLFK HPSKDVL]HV WKH UHODWLRQVKLS EHW?Z
WRZDUGY WKH GHYHORSPHQW RI SUDFWLFDO VNLOOV DQG )
RI LQWHOOHFWXDO VNLOOV LQ SURIHVVLRQDO HGXFDWLRQ
ORVWURP &DSHKDUW (SVWHLQ :RRGV EB\QRO GW RJ 8 G VLRIC
HGXFDWLRQ RI SK\WLFDO WKHUDSLVWYV 7KH\ UHFRPPHQGHC
HW DO ZKSEFK HPSKDVL]HV WKH DYDLODELOLW\ Rl DOWH L
VWXGHQWY DQG SURSRVHV WKUHH IRUPV RI LQTXLULHV WK
XQGHUJRLQJ SURIHVIVQ R@BQ HEXTIOVWRO VLY WUDEN D FRO
SURMHEFW RU D FDVH UHSRUW WUDFN )XUWKHU WKH pQHHC
SURSRVHG E\ 'XQFDQ LQ ODZ HGXFDWLRQ IREXVHV RQ
SURMLRQDOV WR UHVSRQG WR WKH QHHGV RI LQGLYLGXDO
LWVHOI DQG VRFLHW\ DV ZHOO DV WKH QHHGV Rl WKH SUR
DWWULEXWHVY LQ WKH IRUP RI VHWV RI FKDUDFWHULVWLEYV
WKHVH PXOWLSOH QHHGY ORVW UHOWXDIHW WHGWKLYV SDSH
FRPSUHKHQVLYH PRGHO Rl HGXFDWLRQ WR SUHSDUH FLYLO
GHILQLQJ DGPLVVLRQ UHTXLUHPHQWY DQG D VHOHFWLRQ P
VWXGHQWY DQG PRYLQJ WR WKH GHVLJQ RI DQ LQWHUQVKI
WKH ILHOG

7DNLQJ LQWR DFFRXQW LPSRUWDQW FRQFHSWV Rl SURI
VHYHUDO PRGHOV RI SURIHVVLRQDO HGXFDWLRQ SURSRVHC
RUQWHUHVW LW LV LPSRUWDQW WR QRWH KHUH WKH ZRUN
H[DPSOH RI DQ HGXFDWLRQDO PRGHO WKDW VHHPV WR EHV
HGXFDWLRQ VKRXOG EH DUUDQJHG &ODUNYV SURPLVLQJ P]
KHUH GXH WR LWV FRPSUHKHQVLYHQHVV LQ WDFNOLQJ VRI

DOUHDG\ PHQWLRQHG DERYH
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% &ODUNDLQWDLQHG WKDW D PDMRU FRQFHUQ ZKLF
RI WKLV PRGHO ZDV *ZKDW VKRXOG LQIOXHQFH DIBQU®RIHVVL
WKXV SURSRVHG WKH LQFOXVLRQ RI IRXU HOHPHQWYV RI SU
SURJUHEVIRRIHVVLRQDO NQR FOHRIIH \HRGORAIDMLIBRY D QG
UHIOHEWLRQ
7KH IEBR®WRQHQW SURIHVVLRQDO SURJUHVVLRQ WDNH
QDWXUH Rl SURIHVVLRQDO JURZWK DORQJ WKH WUDMHFWF
WKH ZRUN RI '"UH\IXV 'UH\IXV DQG $WKDQDVLRX RQ WI
% &ODUNGHQWLILHG ILYH SKDVHV Rl WUDQVLWLRQ WR H
SURIHVVLRQDO SURJUDPPHV QRYLFH DGYDQFHG EHJLQQH!
QRWLRQ UHJDUGLQJ SURQHOXGRIYDD GIUNRFINHWIMLR @R SURIHV
GHYHORSPHQW SURYLGHG LQ WKH SUHYLRXV VHEWLRQ
BHFRQGO\ WKH SURIHVVLRQDO NQRZOHGJH IRXQGDWLF
FRQVLVWY RI ERWK WKHRUHWLFDO DQG SUDFWLFDO NQRZO
SGHFODUDWLYH DQG SURFHGXUDO NQRZOHGJH  : % &ODUI
7KH WKLUG HOHPHQW LV WKH SURIHVVLRQDO HGXFDWL
OHQV *WKURXJK ZKLFK H[SRVXUH WR WKH SURIHVVLRQ DQG
FRQWUROOHG  : % &ODUN S 7KLV FRPSRQHQW VFE
VWUXFWXULQJ Rl SURIHVVLRQDO HGXFDWLRQ ZKLFK XWLOI
SHLIJHOXWK 5HLIJID@GWK DQG 'DUZD]HK ZKLFK LV DQ DC
WUDGLWLRQDR REQIMHPWIMEDV®RG@ SUHUHTXLVLWH UHODWLR
IRXU SULQFLSOHV Rl HODERUDWLRQ WKHRU\ Rl HGXFDWLRQ
PHDQLQJIXO WR EH LQFOXGHG ZLWKLQ SURIHVVLRQDO SUR.

WKH OHYHO RI DSSOLFDWLRQ V\VWHPDWLF DUUDQJHPHQW
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PRYHV IURP VLPSOH WR FRPSOH[ DQG V\QWKHVLV RI NQRZ
DLPV WR LQWHJUDWH DOO FRQWHQW UHFHLYHG GXULQJ WK

/IDVWO\ WKH IRXUWK HOHPHQW LV WKH GRXEOH KHOL[ F
UHJDUGHG DV DQ DLG WR WHDFKLQJ D FRQFHSW FRPSUHKFE
SVHOI FRQWDLQHG DSSURDFK WR SURIHVVLRQDO HGXFDWLR
SURJUDPPHV VKRXOG SURYLGH VWXGHQWY ZLWK RSSRUWXC
H[SHULHQFHV ZLWK WKH NQRZOHGJH EDVH RI WKH SURIHVYV
SURIHVVLRQDO SURJUDPPHV VKRXOG DOVR HQFRXUDJH VW)
WKHLU UHVSRQVHY DQG WKRVH Rl PRUH H[SHULHQFHG SURI

&RQFOXVLRQ

$ZDUHQHVV Rl SURIHVVLRQDO HGXFDWLRQ PRGHOV LV
FRPPRQ SULQFLSOHV XQGHUO\LQJ HDFK SURIHVVLRQDO SUTJ
PRGHO DUH GLIIHUHQW DQG GHWHUPLQHG E\ WKH DXWKRU °
JURXQG ZKLFK SURYLGHV D IRXQGDWLRQ IRU HGXFDWLRQ S

HIDPSOH WKH GHYHORSPHQW RI NQRZOHGJH SURIHVVLRQLEL

&RKHQ %DUQHWW HW DO WKH FXUULFXODU ERG\
SUDFWLFH %DUQHWW HW DO WKH DSSUHFLDWLRQ RI
DELOLW\ LQ U HH OHDRNMDIHWHWS H /F V@ F ORVWURP HW DO

RI WKH LPSRUWDQFH Rl FRQWLQXRXV OHDUQLQJ WR GHYHO
XQLYHUVLW\ WHDFKLQJ KDV EHHQ FRPSOHWHG %DUQHWW |
'XQFDQ

(DFK Rl WKH PRGHOV GHVFULEHG LQ WKLV FKDSWHU FR
QDWXUH Rl SURIHVVLRQDO HGXFDWLRQ DFURVV SURIHVVLR
LGHDO LV LQYDOLG VLQFH DV PHQWLRQHG DERYH HDFK SL

HGXFDWLRQDO FRPSRQHQWYV EH LW IRU H[DPSOH RQ FROQ\
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HGXFDWRUV LQTXLU\ SURFHVV RU FOLHQW QHHGV 7KXYV
HGXFDWLRQ ZKLFK LQWHJUDWHY IRXQGDWLRQDO NQRZOHG
SURIHVVLRQDO HGXFDWLRQ PHQWLRQHG DERYH LV EHOLHY

WKDW EHVW PDWFK WKH QDWXUH RI HDFK SURIHVVLRQ
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&KDSWEXYUULFXOXP &KDUDFWHULVWLFV RI 3URIHVVLRQD

7KLV FKDSWHU IRFXVHV RQ WKH QDWXUH RI SURIHVVLR
ZLWK D FRQVLGHUDWLRQ Rl WKH KLVWRULFDO GHYHORSPH(
JROORZLQJ RQ IURP WKLV VRPH FKDUDFWHULVWLFV RI WKF
SV\IFKROBHWNIHOHG DQG WKH SURIHVVLRQDO RURJUDPPH Z
WUDLQLQUEAHRGFHWOEHG )LQDOCGWU FR@ UMNDURQQ DWHKH FKDUIL
PRGHOV Rl SURIHVVLRQDO SV\FKRORJ\ HGXFDWLRQ

+LVWRU\ RI 3URIHVVLRQDO (GXFDWLRQ LQ 3V\Fk

7KH HPHUJHQFH RI SURIHVVLRQDO WUDLQLQJ LQ SV\FKI
WKH HVWDEOLVKPHQW RI D SVIFKRORJLFDO FOLQLF E\ $PHL
WKH 8QLYHUVLW\ RI 3HQQV\OYDQLD &DXWLQ %DNHU
VWXGHQWYV Rl WKH JUDGXDWH FRXUVHV LQ HLJKW VXEMHFV
3VIFKRORJ\ &KLOG 3V\FKRORJ\ 3V\FKRORJ\ *HQHWLE 3
(GXFDWLRQDO 3V\FKRORJ\ 3V\FKRORJ\ $QDO\WLFDO 3V\
3K\WLRORJLFDO 3V\FKRORJ\ 3V\FKRORJ\ $GYDQFHG ([SH
3VIFKRORJ\ 7KH 3V\FKRORJLFDO &OLQLF 5RXWK S
DV D SUDFWLFDO WUDLQLQJ LQ FOLQLFDO SV\FKRORJ\ 7KH
RI DQG ODVWHG IRU IRXU ZHHNV FRPSULVLQJ D UDQJH
$PRQJ WKH DWWHQGHHY DW :LWPHUYV VXPPHU VFKRRO ZHU
SV\FKRORJ\ DORQJ ZLWK VRPH VFKRRO WHDFKHUV DQG DG
SV\FKRORJLFDO FOLQLF ZHUH FKLOGUHQ VXIIHULQJ IURP H\
LQ PRWRU DELOLW\ PHPRU\ D®& BUIWMHRWQRRXWWPHU 7K
ILUVW VR FDOOHG SURIHVVLRQDO SURJUDPPH LQ SV\FKROR

DQG GHYHORSPHQWDO SV\FKRORJ\ ILHOG
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:LWPHU PDGH D VLIJQLILFDQW FRQWULEXWLRQ WR WKH
WUDLQLQJ LQ WKH SUHSDUDWLRQ RI FOLQLFDO SV\FKRORJL
GLVVHUWDWLRQ EHLQJ VWDQGDUG LQ SURIHVVLRQDO HGXF
GHYHORSPHQW Rl FOLQLFDO WUDLQLQJ LQ WKH 8QLWHG 6W
SURIHVVLRQDO SV\FKRORJ\ HGXFDWLRQ EHLQJ DW GRFWRU
ZKR IXUWKHU DVVHUWHG WKH LGHD RI D '"REWRU RI 3V
UHVHDUFK DQG DSSUHQWLFHVKLS KHU WE&HDWLPHUH QRW D
,Q IROORZLQJ ZLGHVSUHDG H[SRVXUH RI :LWPHUYV
WUDLQLQJ VLPLODU IDFLOLWLHYV ZHUH HVWDEOLVKHG LQ R
JROORZLQJ WKLY GHYHORSPHQW WKHLQUWWHW QMG WDFH R
HVWDEOLVKHG DW WKH 9LQHODQG 7UDLQLQJ 6FKRRO 1HZ -
*RGGDUG WKH SV\FKRORJLVW DQG GLUHFWRU RI UHVHDUFF
WKH LOQWHUQVKLS SURJUDPPH 7KH ILUVW LQWHUQV FRPSUI
WUDLQLQJ LQVWLWXWLRQV DQG KDG VRPH WHDFKLQJ H[SHL
VSHFLILFDOO\ LQWHUHVWH® \L @ LSVNEK RQ BRX WO O /DWH
LOQWHUQVKLS SURJUDPPH VHW DV D PLQLPXP HQWU\ TXDOLI
ZLWK D PDMRU LQ SV\FIORORNM VSHRWXHUKD O XQLYHUVLWLHV WK
FRQWULEXWHG WR SURYLGLQJ JUDGXDWH WUDLQLQJ LQ FO
WKH 8QLYHUVLW\ Rl 3HQQV\OYDQLD &ROXPELD 8QLYHUVLW
J,RZD 6WDQIRUG 8QLYHUVLW\ &ODUN 8QLYHUVLW\ DQG WKH
WKDW  FOLQLFDO SV\FKRORJ\ LQWHUQVKLSY ZHUH HVWDE
7KH GHYHORSPHQW Rl SURIHVVLRQDO HGXFDWLRQ LQ S

DU , ZKHQ SV\FKRORJLVWV FRQWULEXWHG WR WKH GHYHOF
DGPLQLVWHUHG WR RYHU WZR PLOOLRQ PLOLWDU\ UHFUXLV

SVI\FKRORJLFDO WHVWLQJ ZDV DIILUPHG DQG SV\FKRORJ\ E|
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DGYDQFHG UDSLGO\ GXULQJ DQG DIWHU :RUOG :DU ,, &DXW
QHHGHG PHQWDO KHDOWK VHUYLFHV WR DVVLVW WKHP LQ |
RSHQHG WKH H\HV RI WKH SXEOLF DQG JRYHUQPHQW WR Wt
SUDFWLFLQJ SV\FKRORJLVWY DQG PHQWDO KHDOWK VHUYLI
OLPLWHG VXSSO\ Rl SVIFKRORJLVWY &DXWLQ %DNHU
WR LQYHVW IXQGV LQ GHYHORSLQJ SURIHVVLRQDO HGXFDW
WKH PRVW LPSRUWDQW WV W HQMDH X DR/l \8 K R JLPHB\OMHP® Q WD W L
LQ *UDGXDWH (GXFDWLRQ LQ &OLQLFDO 3V\FKRORJ\ ILUVW
ODWHU UHVXOWLQJ LQ VLIJQLILFDQW FRQWULEXWLRQV WR ¢
VFLHQWLVW SUDFWLWLRQHU %RXOGHU PRGHO &DXWLQ ¢
ZLOO IROORZ XQGHU WKH KHDGLQJ ORGHOV RI 3URIHVVLRQ!
6RPH Rl WKH IHDWXUHV Rl WKH KLVWRULFDO GHYHORSHF
SV\FKRORJ\ ODWHU EHFDPH LGHQWLILHG DV WKH IRXQGDWL
SV\FKRORJ\ SURJUDPPHV SDUWLFXODUO\ LQ WKH 8QLWHG ¢
SURIHVVLRQDO WUDLQLQJ EHLQJ DW WKH SRVWJUDGXDWH ¢
GLVVHUWDWLRQ EDVHG RQ HPSLULFDO UBNIHDUPRKP RQB ILH
\HDU GXUDWLRQ
&KDUDFWHULVWLEFV RI &XUULFXOXP LQ 3URIHVVLRQDC
OXFK RI WKH OLWHUDWXUH UHODWLQJ WR SURIHVVLRQE
HPSKDVL]JHV VRPH GLVWLQFW FKDUDFWHULVWLFV Rl WKH F}
SURJUDPPHYV IURP WUDGLWLRRDO -DDHMH D U FK BKIHRIN FRPID F
ZLOO EH FRQVLGHUHG LQ OLJKW RI WKH FXUULFXOXP DVSH
REMHFWLYHVY WHDFKLQJ DQG OHDUQLQJ PHWKRGY FRQWH(
BWXGHQW VHOHFWLRQ PHFKDQLVPV ZLOO DOVR EH FRQVLG

WKH OLWHUDWXUH
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JLUVWO\ WKH SULPDU\ DLP Rl SURIHVVLRQDO SV\FKROT
IRU ZRUN ZLWKLQ D UDQJH RI DSSOLHG DUHDV :KLOH UHVH
FRPSRQHQWY LQ VHYHUDO DUHDV ZLWKLQ WKH SV\FKRORJL
LQFOXGH WKH GHOLYHU\ RI NQRZOHGJH EXW DOVR DLP DW
WR SUDFWLFH DV LQGHSHQGHQW SV\FKRORJLVWVY 6HYHUDC
SURIHVVLRQDO VFKRRO WR EH HQJDJHG LQ SUHSDULQJ SUR
QHHGV RI D FRPSOH[ VRFLHW\ IRU SUDFWLWLRQHUV LQ VHY
.DVORZ 5 / 3HWHUVRQ HW DO

BHFRQGO\ GLIIHUHQFHV LQ WKH DLPV Rl UHVHDUFK DQ
UHVXOWHG LQ GLIIHUHQFHV LQ VWXGHQW VHOHEWLRQ FULV
SULRULWL]H LQWHOOLJHQFH UHVHDUFK FRPSHWHQFH DQG
WKHLU SURVSHFWLYH VWXGHQWY SURIHVVLRQDO SV\FKROF
DSSOLFDQWVY FRPSHWHQFH WR SUDFWLFH FRPPLWPHQW W
-DIIH $ VWXG\ FRQGXFWH®RXQ®MRBRWKQURIHVVLRQDO
LQ SV\FKRORJ\ UHTXLUH SURVRHF®/E YW L\RQX\E R BW R YAHRQ KICAYD
DQ DFWLYH LQWHD& VDAE LQL M RER IEXLMEG KXPDQ UHODWLRQ\
DEQRUPDO SHUVRQV DV ZHOO DV SHUVRQDOLW\ FKDUDFWH
VWDELOLW\ RULJLQDOLW\ UHVRXUFHIXOQHVV LQWHJIULW\
UHVSRQVLELOLW)

7KLUGO\ WKHUH DUH VHYHUDO LQVWDQFHV LQ WKH OL'
LPSRUWDQFH RI LQWHJUDWLYH WHDFKLQJ DQG OHDUQLQJ P
SURJUDPPHV HJ .DVORZ 5 /7RHWH BYRK RIGW OLA) F O X G
PLIWXUH Rl GLGDFWLF H[SHULHQWLDO DQG FORVH PHQWRL
YDULHW\ Rl SUDFWLFXP DQG LQWHUQVKLS PRGHOV DUH DO\

VWXGHQWYV IRU PXOWLSOH UROHV DV SV\FKRORJLVWYV 5 /
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DSSURDFK LQ WKH WHDFKLQJ DQG OHDUQLQJ SURFHVV LV U
GXH WR WKH FRPSOH[ QDWXUH RI FRPSHWHQFLHV WKH\ DLP
GHPDQGY SODFHG XSRQ SV\FKRORJLVWY QHFHVVLWDWH WK
FRPSHWHQFHV DQG WKHVH VKRXOH XBAH BRXA LIOCQW HQW R KSR J U
HGXFDWLRQ RI SURIHVVLRQDO SV\FKRORJLVWY ZRGFWKH QI
LV DW WKH KHDUW RI| WKH IHQWHQ QVXH S \SWIRAHKWWHG DQG H
OLWHUDWXUH HJ 5 $ &ODUN +DUGHQ -RKQVRQ S |

JRXUWKO\ SURIHVVLRQDO SV\FKRORJ\ SURJUDPPH FRQ!
VFLHQWLILF NQRZOHGJH ZLWK SURIHVVLRQDO VNLOOV DQG
REMHFWLYHY 6HYHUDO VFLHQWLVWY DUJXH VWURQJO\ LQ
SURIHVVLRQDO SV\FKRORJ\ HGXFDWLRQ %HODU 3HUU\
+RZHYHU WKHUH LV HQGXULQJ GHEDWH RYHU GHWHUPLQLC
VKRXOG EH HPFSHIDMIAKGDL@QG WKH UROH RI UHVHDUFK LQ
SHWHUVRQ HW DO SRGROID .DVORZ HW DO 3UR
RQ WKH XQGHUO\LQJ SKLORVRSK\ RU PRGHO RIDMUBHQLQJ
WKH PRGHOV WKDW JRYHUQ WKH QDWXUH RI SURIHVVLRQDC
WKH\ HPSKDVL]H VFLHQWLILF DQG SUDFWLFDO HOHPHQWYV
EHWZHHQ UHVHDUFK DQG SUDFWLFH LQ SURIHVVLRQDO SV\
GLVFXVVLRRGRIOWKRH SURIHVVLRQDO SV\FKRORJ\ HGXFDWLR
H[ISORUHG LQ GHWDLO ODWHU

7KH ODVW GLIITHUHQWLDWLQJ FKDUDFWHULVWLF RI WKF
PHFKDQLVPV DSSOLHG (Y DO XDMVLME-IM KNRADX/GVHHIW \RILY DLPF
SVI\FKRORJLFDO NQRZOHGJH UHODWHG WR SURIHVVLRQDO ¢
ZHOO DV WKHLU XQGHUVWDQGLQJ RI WKH UHODWLRQVKLS E

SUDFWLFH" 5 / 3HWHUVRQ HW DO S PDLQWDMWXH WP R
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SPXOWL WUDLW PXOWL PHWKRG DQGVPXROBRIUWQIRW FLINQMQ /!
DFFXUDWH HYDOXDWLRQ 7KLVQQBWWRPOIHVEDGVR BHIWHHQR
6SHFELILFDOO\ WKH\ PDLQWDLQ WKDW WKH HYDOXDWL
VKRXOG LQFOXGH DORQJ ZLWK VRPH IRUP Rl DEDGHPLE DV
WKDW DSSHDU OLNHO\ WR SUHGLFW IXWXUH SURIHVVLRQDC
DSWLWXGHY DQG YDOXHV :KLOH LQ WKH FDVH Rl UHVHDUF]
FRPSOHWLRQ RI D WKHVLV LQ SURIHVVLRQDO SURJUDPPHYV
LV DSSOLHG ZKLFK WKSL¥DWOV IDFMORXBHAWRPSOHWLRQ RI D C
LOQWHUQVKLS UMHSSRUWHG WKDW DOO RI  FOLQLFDO SV\FKRC
LQYHVWLIJDWLRQ EDVHG VWXGHQW HYDOXDWLRQ RQ ERWK |
FRPSHWHQFH LQFOXGHV UHODWLRQVKLS VNLOOV DQG VHYH
HPSDWK\ DQG GHJUHH Rl ZDUPWK DQG JHQXLQHQHVYV
'LWK WKRVH FKDUDFWHULVWLFV L@®RRRD & XWK LT\X I @/LXVBL |
IHDWXUH LQ ,QGRQHVLDQ SURIHVVLRQDO SV\FKRORJ\ SURJI
FKDUDFWHULVWLEV RI SURIHVVLRQDO SV\FKRORJ\ HGXFDW.L
SURYLGHG WKH EDVLV IRU GHYHORSLQJ WKH LQVWUXPHQW!
DFFRXQW LWHPV UHIOHFWLYH Rl WKH VSHFLILF WHDFKLQJ |
H[SHUWLVH IRU H[DPSOH PHWKRGV Rl H[SHULHQWLDO OHD
VXSHUYLVRU\ UHODWLRQVKLSY RU PHQWRULQJ ,Q DGGLWL
DVVHVVPHQW FULWHULD LQFOXGLQJ QRW RQO\ FRJQLWLYH
SURIHVVLRQDO EHKDYLRXU PXVW DOVR EH IDFWRUHG LQW|
+HQFH D ZLGH UDQJH RI DVVHVYQFRQ®RW B WKEL T ® HWRKSHWILERD
UHVSRQGIHDMIWIBGEHWR GHVFULEH DOWHUQDWLYH WHFKQLTX

SURJUDPPHV XSRQ ZKLFK DVVHVVPHQW PHDVXUHV PD\ WKF
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ORGHOV RI 3URIHVVLRQDO 3V\FKRORJ\ (GXFDWI
'LVWLQFWLYH PRGHOV LQ SURIHVVLRQDO SV\FKRORJ\ S
FOXVWHUYV FRQWHQW EDVHG PRGHOV FRPSHWHQF\ ED
PRGHOV (DFK HPSKDVLV ZLOO FUHDW M IGH VIH DR @IVWH PIRAGRHUICH

KHUHXQGHU

&RQWHQW EDVHG PRGHOV RI 3URIHVVLRQDO 3V\FKRORJ\ (G.

,Q WKLV FOXVWHU SURIHVVLRQDO HGXFDWLRQ PRGHO\
FRQWHQW RU VXEMHFW PDWWHU WR EH LQFOXGHG LQ WKH
FRQWHQW EDVHG PRGHOV DUH EDVHG RQ GLVEFXVVLRQ RI Z|
SV\IFKRORJ\ SURJUDPPHV :LWKLQ FRQWHQW EDVHG VWDQG|
DSSHDU LQ WKH UHOHYDQW OLWHUDWXUH WKH VELHQWL
DQG LWV GHULYDWLYHV DQG WKH FOLQLFDO VFLHQFH P
FKDUDFWHULVWLEV RI HDFK

6 FLHQSWIDAWLWLRIKHUVERBB®LVW SUDFWLWLRQHU PRGFH
%RXOGHU &RQIHUHQFH RQ *UDGXDWH (GXFDWLRQ LQ &OLQL
&RORUDGR 5DLP\ DV FLWHG LQ %DNHU %HKQUWDPLQ
FRQIHUHQFH ZDV SURPSWHG E\ VRPH SV\FKRORJLFDO VFLH¢
HGXFDWLRQ DQG WUDLQLQJ RI SVIFKRORJLVWV VKRXOG EH
SV\IFKRORJLVWY JRYHUQPHQW DJHQFLHV DQG LQVWLWXWLI
WKH FRPPXQLW\ RQ PHQWDO KHDOWK VHUYLFHV %DNHU %
3ULRU WR WKHUH ZDV QR FRQVHQVXV RQ KRZ WR HGXF|
WKH 86 &DXWLQ %DNHU $ NH\ RXWFRPH Rl WKH %RX:
SV\FKRORJ\ FRPPXQLW\ XQLWHG LQ GHWHDPQQQQ IV WKYOWGFE

WKH GRFWRUDO OHYHO %HQMDPLQ %DNHU
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,Q GLVFXVVLQJ WKH %RXOGHU &RQIHUHQFH PDQ\ VFKR

DQG %HOO DQG +OXWH DBISRUWHG RQ WKH YDOXDEOH FI
6KDNRZ ZKRVH LQIOXHQWLDO UHSRUWV RI DQG
HPHUJHQFH RI WKH VFLHQWLVW SUDFWLWLRQHU PRGHO DQ
FRQIHUHQFH 7KH FRQIHUHQFH UHVXOWHG LQ D ODUJH QXP
LQ %HQMDPLQ %DNHU &DXWLQ %DNHU VRPH RI
SURIHVVLRQDO SV\FKRDRJDPMSXHEDWKRQQFOXVLRQ RI ERWK
WUDLQLQJ WHDFKLQJ Rl HWKLFV D EURDG IRXQGDWLRQDO
RI VWXGHQW TXDOLILFDWLRQV %HOO +DXVPDQ $V D
PRGHO DOVR FDOOHG WKH %RXOGHU PRGHO FDPH LQWR E

7KLV PRGHO GHVFULEHY WKH DSSOLFDWLRQ RI WKH LQ!
SV\FKRORJ\ HGXFDWLRQ DQG SODFHV HTXDO HPSKDVLV RQ
WKDW SV\FKRORJLVWYV VKRXOG EH FDSDEOH RI IXQFWLRQLC
%HODU 3HUU\ 7KH VFLHQW L VWK 3W C5FURL W\ RIORHQD PR G
SURJUDPPHV LQFOXGH SUDFWLFXP WUDLQLQJ GXULQJ D RQ
IRUP Rl UHVHDUFK WUDLQLQJ FXOPLQDWLQJ LQ D UHVHDUF
+\WORS DQG &XPPG@GIJWKDW WKLV W\SH RI SURJUDPPH GHPD
SUDFWLFH EH HYLGHQFH EDVHG

$Q XQGHUVWDQGLQJ RI VRPH SULQFLSOHY DQG FRPSRQ
PRGHO LV LPSRUWDQW IRU WKH SUHVHQW UHVHDUFK HVSH
GLPHQVLRQV IRU PHDVXUHPHQW SXUSRVHQDMEH OMRHDKHF
GDWD 7KLV QRWLRQ VHUYHV DV D IRXQGDWLRQ IRU WKH IR
FXUULFXOXP FRPSRQHQWV Rl WKH VFLHQWLVW SUDFWLWLR

$UWLFOHV IURP %H O D U%MHD® ITHUG W+ D XSAPBQIGGH VRPH

EDVLF FXUULFXOXP FKDUDFWHULVWLFV RI WKHJ®WRXIOGHU P
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OHDUQLQJ FRQWHQW WKH QDWXUH Rl WHDFKLQJ DQG OHDL
QHFHVVDU\ RUJDQLVDWLRQDO FKDUDFWHULVWLFV

7KH VELHQWLVW SUDFWLWLRQHU PRGHO UHTXLUHV WKF
FRPSRQHQWYV ZLWKLQ LLQVW IOHH [ U GNSTLIHEYRVQLVGVESW D FW LW LR Q
SV\IFKRORJLVWY &RPSRQHQWV RI WKH VELHQWLILF FRUH D¢
ZHUH FRPSUHKHQVLYHO\ VWDWHG LQ *DLQHYLOOHYTV &RQIH
DQG 3HUU\ 7KH GREFXPHQW IXUWKHU FODVVLILHG WKH
GHOLYHU\ PHWKRGY GLGDFWLF WHDFKLQJ DQG H[SHULHQW
IRXU FORYVOMHDUMILQJ FRQWHQW ZKLFK DUH GLGDFWLF VFELFL
H[SHULHQWLDO DQG SUDFWLFH H[SHULHQWLDO FRPSRQHOQ\
IROORZLQJ SDUDJUDSKY OHDUQLQJ FRQWHQW DQG WKH QD
VXEVHTXHQWO\

JLUVW WKH GLGDFWLF VELHQWLILF FRPSRQHQW LQFOX
VXFK DV NQRZOHGJH RQ QRUPDO DQG DEQRUPDO EHKDYLRX
LQGLYLGXDO GLIIHUHQFHY DV ZHOO DV IRXQGDWLRQV IRU
UHVHDUFK GHVLJQV DQG PHWKRGRORJ\ VWDWLVWLFV DQG
NQRZOHGJH RQ LQGLYLGXDO EHKDYLRXU DQG LWV XQGHUO\
ELRORJLFDO EDVHV FRJQLWLYH DIIHFWLYH EDVHVY DQG VR
VFLHQWLILEQFFOWHE B \WGH.IV W L (PR WVIKYLH) WKSHL BV\FKRORJLFDO IL
SV\FKRORJLFDO DVVHVVPHQW DQG LQWHUYHQWLRQ 5HODW
RI D VFISHDW W LWLRQH $ PRGLHA RIG RA LAHHD/UKTXQLIS & ROWMMHEHD
WRDVWHU NQRZOHGJH RI WKHRULHYV DQG VFLHQWLILF EDVH
PHDVXUHPHQWY DQG LQWHUYHQW LRQVLRQG! YW R XTHNIHROR S |

UHVHDUFK RQ WKH DSSOLFDELOLW\ DQG OLPLWDWLRQV RI 1
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LQFOXGLQJ WKHLU UHOLDELOLW\ YDOLGLW\ DQG HIILFDF\
WR GHYHORS QHZ PHDVXUHVY DQG LQWHUYHQWLRQV

BHFRQG WKH GLGDFWLF SURIHVVLRQDO SUDFWLFH FRP
VXEMHFWV DV DQ H[DPSOH FRPPXQLFDWLRQ VNLOOV LQW
FDVH FRQFHSWXDOLVDWLRQ EDVHG RQ YDOLG DVVHVVPHQW
VFLHQWLILF EDVHG LOQWHUYHQWLRQV DQDO\VLV RI EHQHIL!
HWKLFDO OHJDO DQG SURIHVVLRQDO VWDQGDUGY UHODWI]
LOQWHUYHQWLRQV VRFLDOL]DWLRQ LQWR WKH SURIHVVLRQ
FXOWXUDO DQG HWKQLF IDFWRUV DQG VXSHUYLVLRQ DQG
3ROLF\ 6WBWBPHQWHBPSODLQY WKDW WKH WHDFKLQJ RI W
VKRXOG FRPPHQFH DW WKH EHJLQQLQJ Rl WKH JUDGXDWH ¢
WKH SOOWHMLFH DFWLYLWLHY ,W LV DOVR QHFHVVDU\ WKDW
SUDFWLFH DFWLYLWLHY DW DOO VWDJHV RI WKH VWXGHQW
D UHVSRQVLELOLW\ WR SURYLGH VHWWLQJV IRU SUDFWLFH
LQWHJUDWLRQ RI VFLHQFH DQG SUDEFWLEFH

7KH WKLUG DQG WKH IRXUWK OHDUQLQJ FRQWHQW DUH
H[SHULHQWLDO PHWKRG LQYROYLQJ WKH XVH Rl OHDUQLQJ
OHDUQLQJ SURFHVV 7KH VFLHQWLILF H[SHULHQWLDO HOHP
DQG GRFXPHQWHG UHVHDUFK H[SHULHQFHV WR VWXGHQWYV
VFLHQWLVW SUDFWLWLRQHU SURMHVNMDRGR ® ISWRRENPPEG'U
WRIWQFRXUDJHG /DVWO\ WKH SURIHVVLRQDO SUDFWLEH
FRQWHQW DLPLQJ WR SURYLGH RSSRUWXQLWLHV IRU VWXG
VFLHQWLILF GRPDLQV WR SUDFWLFH ZLWK LQGLYLGXDOV J
SURFHVV FRQVLVWLQJ RI FULWLFDO WKLQNLQJ K\SRWKHVL

EH LQWHQWRWMHGO SUDFWLFH DFWLYLWLHY 7KH H[SHULHQW
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SUDFWLFH H[SHULHQFHY SURYLGHG WR VWXGHQWYV LQ WKt
WUDLQLQJ FRQGXFWHG RQ FDPSXV XQGHU WKH JXLGDQFH R
ILHOG SUDFWLFH H[SHULHQFH ZKLFK LV XVXDOO\ FDOOHG L
%HODU 3HBURYLGHG VRPH JXLGDQFH RQ WKH QDWXUH RI
JLUVWO\ SUDFWLFH H[SHULHQFHV VKRXOG EH EURDG DQG .
WKLY GRHVY QRW SUHFOXGH VRPH HPSKDVLV RQ WKH SUHSD
H[SHULHQWLDO FRPSRQHQGN IVKBRNQW DGINGDISHRY NAYH B O IBHDEF
YDULHW\ RI VHWWLQJY DQG SRSXODWLRQV 7KH H[SHULHQW
FDVH SUREOHP IRUPXDOWHEQHOQWYRQVMHYQWXDWLRQ DQG F
LVVXHV RI HWKLFDO VRFLDO DQG OHJDO UHVSRQVLELOLW
FRPSRQHQW WKURXJKRXW WKH WUDLQLQJ SURFHVV 7KLUG
VSHFLILF DFWLRQ WR LVVXHV UHODWHG WR LQGLYLGXDO G
HWKQLF IDFWRUV 7KHVH LVVXHV DOVR VKRXOG EH LQWHJU
WKURXJKRXW WKH WUDLQLQJ SURFHVV

2] QHFHVVLW\ LQ WKH VFLHQWLVW SUDFWLWLRQHU PR
FRPSRQHQWY DOUHDG\ PHQWLRQHG WKDW BUDEMWEHHQ Gl
FRPSRQHQWY DQSUWRAHNYWRQIDFODSUD FWLFH7KBHGXHFQOWLRQ
JRDO LQ WKLV PRGHO LV WR VHW XS WKLV LQWHJUDWLRQ D
RI WKH VFLHQWLVW SUDFWLWLRQHU &RPSRQHQWV RI WKH
FOHDUO\WK® IH[UPWHQFH RI LWV EDVLF SULQFLSOHV GLGD
UHVHDUFK DQG SUDFWLFH DQG PRVW LPSRUWDQWO\ WKH
LQFOXVLRQ RI VFLHQFH DQG SUDFWLFH ZLWKRXW LQWHJUD
WKH RSWLPDO UHIOHFWLRQ Rl WKH VFLHQWLVW SUDFWLWL]

HVVHQWLDO WKDW SURYLGHUV RI SURIHVVLRQDO SV\FKROR
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SUDFWLWLRQHU PRGHO WDNH FDUH WR HQVXUH WKDW VFLF
ZLWKLQ WKHLU SURJUDPPHYV

(YDOXDWLRQ SURFHGXUHV VWDWHG K QKW &RQUHUHQF

UHIHU WR WZR W\SHV Rl HYDOXDWLRQ HYDOXDWLRQ RI
UHODRVWER® WRUPHU LW LV VWLSXODWHG WKDW UHJXODU PF
JXDUDQWHH WKDW HDFK LQGLYLGXDOJV OHDUQLQJ SODQ L\
SURJUDPPHYV REMHEFWLYH 7KH HYDOXDWLRQ PHFKDQLVP D
YDULRXV WUDLQLQJ FRPSRQHQWY 7KH VFLHQWLVW SUDFW|
HYDOXDWLRQ WR PRQLWRU LWV HIIHFWLYHQHVV LQ LPSOHP

BHYHUDO RUJDQLVDWLRQDO FKDUDFWHULVWLEV GHHPH
VFLHQWLVW SUDFWLWLRQHU PRGHO DUH UHODWHG WR WKH
DFDGHPLF VWDII 7KH VFLHQWLVW SUDFWLWLRQHU PRGHO |
UHJLRQDOO\ DEFUHGLWHG XQLY HUWALWNKH %IEGIDO/ ORFDWKLR C
DSSOLFDELOLW\ )XUWKBOVR KN B RGIVFWE R RX PG QWLWXWLR (
PRGHO VKRXOG KDYH DGGLWLRQDO FKDUDFWHULVWLFV 3«
RSSRUWXQLWLHV IRU VFLHQWLILF LQTXLU\ DQG SUDFWLFH
FOLPDWHV RI VRFLDO DQG HFRQRPLF VXSSRUW IRU VWXGHC
EUHDGWK RI OHDUQLQJ" S 7KH PRGHO VXJJHVWYV WKDW
SV\IFKRORJLVWY ZRUNLQJ DV WIEK®G VRO SRV WD Q VY XW KVIKWM UV K
SUDFWLWLRQHU RULHQWDWLRQ LV UHIOHFWHG LQ WKH GDL
7KHLU QXPEHU VKRXOG EH VXIILFLHQW SURSRUWLRQDO WR
UROH PRGHOOLQJ ,QWHJUDWLRQ RI WKH VFLHQFH DQG SUTL
WKH IDFXOW\ DQG VKRXOG EH UHIOHFWHG LQ WHDFKLQJ DQ
DFWLYLWLHV VKRXOG EH HVWDEOLVKHG DV LQWHJUDO SDU'

PHPEHUV
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SUDFWLWLRQHU PRGHO7PI® G UIVRWGE WE RVPIKW LY R G/HDQ L D W |
WKDW LQFOXGH WKH VFKRODU SUDFWLWLRQHU SUDFWLWLF
ZDV WKH ILUVW FKDOOHQJH WR WKH %RXOGHU PRGHO 7KL\
DPRQJ VRPH JURXSV Rl SVI\IFKRORJLVWY DERXW WKH LQDGH
VEFLHQWLVW SUDFWLWLRQHU PRGHO LVORSERIBHHMW 8 Q \8 0R FRQ
FOLQLFDO ZRUN &DXWLQ %DNHU .RUPDQ 7KLV t
SHUFHSWLRQV RI PDQ\ SURIHVVLRQDO SV\FKRORJLVWV WKTC
GRFWRUDO SURJORPRMHWERGVLYLW\ WR VRELDO LVVXHV DQ
WR WKH WUDGLWLRQDO VFLHQWLVW SUDFWLWLRQHU PRGHC
FRQILUPHG DW WKH 9DLO 7UDLQLQJ &RDDN UREWMBH GQDDIR@I
ZLWK WKH QRWLRQ RI D QHZ VWUXFWXUH RI SURIHVVLRQDO
.RUPDQ ,Q WKH ILUVW I[UHHVWDQGLQJ SURIHVVLR
&DOLIRUQLD DQG VXFK VFKRROV IORXULVKHG LQ WKH \HDU
%DNHU

7KLV W\SH Rl SURIHVVLRQDO SURJUDPPH XQGHUVFRUH\
DQG WKH FRQGXFW RI LGLRJUDSKLF WUHDWPHQWY " 5RGRO
GRLQJ LV HQFRXUDJHG DORQJVLGH WKH GHYHORSPHQW RI
SUDFWLFH LV RQH Rl WKH HVVHQWLDO IHDWXUHV RI WKH S
WKDW FRPSUHKHQVLYH FOLQLFDO H[SHULHQFHVLDUH SURYL
JUDGXDWH HGXFDWLRQ %HOO +DXVPDQ +RZHYHU L¢
DQG HPSLULFDO LQYHVWLJDWLRQ DV WKH GLVWLQFW IHDW:
.RUPDQ SXW LW ZMWVEEBDMBRQLQJ FRPSUHKHQVLYH SV\FK
WKH VXEVWDQWLYH DQG PHWKRGRORJLFDO URRW RI DQ\ HC
RI SV\IFKRORIWKRXSMWHFLDWLQJ WKH YDOXH Rl VFLHQWLVW R

SURJUDPPHV IRU FHUWDLQ VSHFLILF REMHFWLYHV W LV LI
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ZRUN LQ WKH OLJKW RI D FRQWLQXLQJ LGHRORJLFDO FRPPI
DV D FOHDU DIILUPDWLRQ Rl WKH IXQGDPHQWDO LPSRUWDZC

.RUPDQ VWDWHG WKDW WKH QHZ PRGHO RI SURIHVVLR
DV D VXSSOHPHQWDU\ DSSURDFK WR WKH WUDGLWLRQDO
SURIHVVLRQDO SURJUDPPHYTV FKRLFH Rl WUDLQLQJ PRGHO
QHHGHG E\ LWV JUDGXDWHVY WR EH DEOH WR SHUIRUP WKHL
RI WKH SUDFWLWLRQHU PRGHO ZHUH DOVR SURYLGHG E\ .R
IROORZLQJ SDUDJUDSKYV

$SSUDLVDO RI FRQVXPHU QHHGV LV D EDVLF FKDUDFWH
SURJUDPPH FXUULFXOD VKRXOG EH GHWHUPLQHG DFFRUGL
JUDGXDWHV .RUPDQ 'HPDQGV IRU SV\FKRORJLVWV LQ
FXUUHQW DQG IXWXUH PXVW EH DFFRPPRGDWHG E\ WKH SL
WKH SURJUDPPH REMHFWLYHV IQHMHGE QDLW LHRIG W B VAHHGH VDIORIQ)
PDNLQJ DSSURSULDWH FKDQJHV LQ FXUULFXOD ZKHUH LQG!

&RQVLGHUDWLRMHB NV VIRF ISWRDHVVLRQDO HGXFDWLRQ RI
VHYHUDO DGPLVVLRQ FULWHULD $GYRFDWHV RI WKH SUDF\
SV\IFKRORJLVWY ZKR DUH VRFLDOO\ UHVSRQVLYH DQG FXO'
UHTXLUHYV DQ HYDOXDWLRQ Rl SURVSHFWLYH VWXGHQWV W
WUDGLWLRQDO VHOHFWLRQ FULWHULD ODUJHO\ EDVHG RQ
FULWHULD LGHQWLILHG E\ .RUPDQ LQFOXGH JUHDWHU FRQV
DSSOLFDQWYJV UHOHYDQW H[SHULHQFHVY DQG JRDOV LQ VRF
DWWLWXGLQDO DQG PRWLYDWLRQDO IDFWRUYV

7KH 9DLO FRQIHUHQFH DV GHVFULEHG E\ .RUPDQ
WUDLQLQJ PRGHO RU HQFRXUDJH VSHFLILF FRPPLWPHQW W

SHDFK SURJUDP VKRXOG FDSLWDOL]J]H RQ WKH UHVRXUFHV D
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SRVVLEOH H[DPSOH RI WKH VSHFLILF WUDLQLQJ DQG VHUYL
+RZHYHU VRPH JXLGLQJ FRQFHSWLRQV ZHUH OLVWHG )LU\
RI ILHOG WUDLQLQJ LQ YDULRXV FRQWH[WV DORQJ ZLWK L
ZLWK VNLOOV DQG NQRZOHGJH OHDUQHG LQ WKH FODVVURI
SODFHG RQ FRQVQBHOV@KYRFYHWINQQJ SURJUDPPH REMHEF\
VXJIJHVWHG WKDW ILHOG H[SHULHQFHVY EH FRQVLVWHQW ZL
GLVWLQFWLYH QHHGV RI VRFLHW\ 6HFRQG WKH VHWWLQJV
FRPSDWLEOH ZLWK WKH QHHGV RI D UDQJH RI FOLHQWYV LQ
FXOWXUDOO\ GLYHUVH EDENJURXQGVY %URDG DQG XQGLVFL
JRDOV WKDW VKRXOG EH DFKLRMHYHDBQED HKRMUKWIRKQDBVSIHRGA
DQG DSSURSULDWHO\ GLUHFWHG SODQQLQJ 7KLUG IDEXOV
WKHLU LQYROYHPHQW ZLWK XQGHUVHUYLFHG JURXSV LQ W]
SV\FKRORJLFDO VHUYLFHV DVPSD UWXRIWKK HH YADUICDXLOIW QR 8 B R
SV\IFKRORJLVWY GR DQG GR QRW SURYLGH LV LPSRUWDQW |
SURIHVVLR QPN \BURIOGP/HHN WR SURYLGH IRU WKHLU VW XC
7KH &RQIHUHQFH VSHFLILHG VRPH SURJUDPPH FRQWHQ
GRFWRUDO OHYHO SURIHVVLRQDO HGXFDWLRQ VWXGHQWYV
SURJMWP QG QHZ SURFHGXUHV GHVLJQ RI QHZ VHUYLFH GH
QHZ FRQFHSWXDO PRGHOV LQWHJUDWLRQ RI SUDFWLFH DQ
DGPLQLVWUDWLRQ DQG VXSHUYLVLRQ DQG WUDLQLQJ S
3URIHVVLRQDO HGXFDWLRQ RI SVIFKRORJLVWV ZLWKLQ
D 3V\' GHJUHH ZKLFK LQFOXGHV D FRPSRQHQW RI GLVVHUW
SURYLGHV VWXGHQWY ZLWK DSSURSULDWH VXEVWLWXWLRC

3K'" SURBYWDRRUPDQ QRWHV WKH UHFRPPHQGDWLRQ WKDW P
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GHILQLQJ DSSURSULDWH HOHPHQWYV Rl GLVVHUWDWLRQV W
WKHLU IXWXUH SURIHVVLRQDO UROH

,Q WKH H[SODQDWLRQ RQ WKH QDWXUH FIVWH D RKLE® WR
IDFXOW\ PHPEHUV VKRXOG DFW DV UROH PRGHOV E\ HQJDJL
GHPRQVWUDWLQJ 3D FOHDU FRPPLWPHQW WR DQG H[SHUWL
S )XUWKHU WKH &RQIHUHQFH VXJJHVWHG UHJXODU HJI
VXSHUYLVRUV WR HQVXUH WKDW VRPH IRUP RI FRQWLQXLQ.,
PDGH DYDLODEOH IRU ERWK JURXSPW MKRXIOHUS GD RHHN VX R C
RQ RXWVWDQGLQJ SHUIRUPDQFH LQ SURIHVVLRQDO DFWLYL
WKHRUHWLFDO DFKLHYHPHQWY 2Q WKH VWXGHQRW/Y VLGH
SURYLGH IDFLOLWLHV WR PD[LPL]H WKHLU FKDQFHV RI FRP.
EH SURYLGHG VXFK DV DYDLODELOLW\ RI FRXQVHOOLQJ VH
DV ZHOO DV DGGLWLRQDO UHVRXUFHV VXFK DV UHOLDEOH
GHYHORSPHQW RSSRUWXQLWLHYV

,Q WHUPV Rl HYDOXDWLRQ PHFKDQPWPVDZLWKLQ SURIH\
UHFRPPHQGDWLRQ WKDW FDPH RXW RI \WRKHFRINGXERQUHUXQ
VHOI HYDOXDWLRQ DV ZHOO DV SURGXFW HYDOXDWLRQ IRF
JUDGXDWHV DQG WKHLU XOWLPDWH LPSDFW RQ VRFLHW\ I

2WKHU LPSRUWDQW WKHPHY DOVR HPHUJHG GXULQJ WK
LPSRUWDQFH RI RQ JRLQJ SURIHVVLRQDO GHYHORSPHQW S
ZRPHQfV DGPLVVLRQ WRPSW RI1BGVR B OD®L $DWLRMPRI SV\FKR
GHOLYHU\ .RUPDQ

5HIJDUGLQJ WKH VWUXFWXBH RZ KLURH FHRQIRIQYBIQ BSH BHILD
PLQGIXO WKDW SURIHV VLR ®DDU§VS UKHRBERPLODURVODBURY LG

OHYHO WKH\ EHOLHYHG WKDW WKHUH LV D SODFH IRU PDV)
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GHYHORSPHQW RI VWURQJ SURHHWRVLRQIFE MKHWUHUN Y H UHRZ) |
@AIIHUHQWLDWHG E\ VSHFLDOL]DWLRQ WLWOH HJ PDVWHLI
VWDWHG REMHFWLYHYV DQG ZLWK FDUHIXOO\ LQWHJUDWHG
$JUHHPHQW ZDV UHDFKHG WKDW LQGLYLGXD®W ZLWK DSSU|
GHVFULEHG DERYH VKRXOG TXDOLI\ DV SVI\FKRORJLVWYV
'LWKLQ WKH SUDFWLWLRQHU PRGHO YDULDWLRQV H[LV
SUDFWLWLRQHU VEKROD W RFX®R G D U QLFDRONV. MLIHREQMILV W Q:®& L
SRVVHVV VHYHUDO IXQGDPHQW D ONIR{ DA K UHHR/S KKDASLH/F RQOSOU L
DQG +DXVPDREVHUYH WKDW WKH\ GHRSKD\QL VP 30H P RQWDINL
SDUDJUDSKV EULHIO\ HODERUDWH RQ WKDW GLIIHUHQFH
7KH SUDFWHRKRGMUHDQG VFKRODU SUDFWLWLRQHU PRGF
RI SURIHVVLRQDO HGXFDWLRQ WKH WZR WHUPV DUH XVHG
7KHVH PRGHOV DUH WKH EWXGWH QR SBRHSPVNBWRARJIRFDO SL
WKH\ HPSKDVLVH D UDQJH Rl FOLQLFDO H[SHULHQFHV 3HW
,Q DGGLWLRQ WEKKR@&DBB KD DIFWHLYWW GHD WK DWR HG3 DO H
SV\FKRORJLFDO NQRZOHGJH DQG WKHRBUYV E GUEDHEMW WW ER Q B K
VFKRODU IDFXOW\ PHPEHUV DV EHLQJ LRUYRIGIWNG RERDADK SLUD |
DV ZHOO DV SHUIRUPLQJ UROHV DV HGXFDWRUV RU VXSHUY

IDFXOW\ LQ WKH SUDFWLWLRQHU PRGHO DV HVSRXVHG E\ G

7KH ORFDO FOLQLFDO VFLHQWLVW WUDLQLQJ PRGHO L\
6FKRROV DQG 3URJUDPV RI 3URIHVVLRQDO 3V\FKRORJ\ 1&6
$EUDPV 6WULFNHU "XFKHQ\ 7KLY PRGHO DOVR VKDL
GHULYLQJ IURP WKH 9DLO &RQIHUHQFH IRU HI[DPSOH WKH

SUDFWLWLRQHUV DQG ULJRURXV VFLHQWLILF WUDLQLQJ W
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SV\FKRORJLFDO VHUYLFHV DQG LQFUHDVHG DZDUHQHVV R
.RUPDQ 5 / 3HWHWVRQ BIMWBIQOVRQ HWRPPDUL]HSG
WKH UHTXLUHPHQWY RI WKH PRGHO DV IROORZV
«SUDFWLWLRQHUV EULQJ WKH EHVW DYDLODEOH W|
DYDLODEOH UHVHDUFK DQG WKHLU LQGLYLGXDO D
WR EHDU LQ VWXG\LQJ DQG LPSURYLQJ WKH IXQFEWI
BURIHVVLRQDO DFWLYLW\ LV QRW WKH DSSOLFDWLTF
VHSDUDWH VFLHQWLILBE URIWMH RU MK [SSURFFHH DO GLW. Q &
RI UHVHDUFK LQ DQG RI LWVHOI S
,Q WKLV PRGHO WKH SURIHVVLRQDO SV\FKRORJLVW KD
VFLHQWLVW  B6WULFNHU 7ULHUZHLOHU DV FLWHG LQ
ZRUN KDV EHHQ GHVFULEHG DV ®GLVFLSOLQHG LQTXLU\" 5
UROH SURIHVVLRQDO SV\FKRORJLVWY DUH UHJDUGHG DV 3]
XQLYHUVDO UHDOLWLHV « S 'LVFLSOLQHG LQTXLU\ LV
EH DSSOLHG LQ ERWK FOLQLFDO DQG VFLHQWLILF ZRUNV L
FRQWH[WXDO IDFWRUV LQ FDVH FRQFHSWXDOL]DWLRQ %HC
7KLV PD\ LQFOXGH IRU H[DPSOH WKH SHUVRQDO DQG
LQIOXHQFHYV LQ WKH FOLHQWYTV VXUURXQGLQJVY DQG WKH F
3 H W HHRW RDQO )XUWKHU DV VWDWH G PE\RSJ W D ®RWV IHQ WRKQH
RI WKH ORFDO FOLQLFDO VFLHQWLVW LV *WKH FDUHIXO ZHL
WKH FRQVLGHUDWLRQV LQKHUHQW LQ DSSO\LQJ WKH JHQHL
6RPH IRXQGDWLRQDO FRQFHSWLRQV Rl WKH ORFDO FOL
SURIHVVLRQDO SV\FKRORJLVWVY HGXFDWLRQ )RU H[DPSOH
SURJRMWPUHTXLUH VWXGHQWY WR EH LQYROYHG LQ GLVVHUYV

VFLHQWLILF NQRZOHGJH WKLV PRGHO DSSOLHV D JUHDWHL
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VLWXDWLRQV DQG LVVXHVY HQFRXQWHUHG E\ SURIHVVLRQDC
DV HIDRSQARBEOHPHQWDWLRQ RI GLVFLSOLQHG LQTXLU\ $V «
WKH W\SHV RI VEFKRODUO\ SURGXFWV LQ WKLY PRGHO RI HG
UHODWLYHO\ VPDOO FOLQLFDOO\ RULHQWHG GRFWRUDO W
OHYHO +RZHYHU WKH GLVVHUWDWLRQV XVXDOO\ HPSKDVL
IXUWKHU H[SODLQ WKDW W\SHV Rl GLVVHUWDWLRQV PD\ LQ
DQDO\VLV Rl DUFKLYDO GDWD G RXWFRPH UHVHDUFK LQF
HYDOXDWLRQ H V\WVWHPDWLF TXDOLWDWLYH LQYHVWLJDW!|
J FDVH VWXGLHV DQG K JURXS EDVHG QRPRWKHWLF LQY!|

7KH VHFRQG LPSOLFDWLRQ Rl ORFDO FOLQLFDO VFLHQ\
NQRZLQJ DUHSHQRGBHWHGVRQ HW DO 7KLV LQFOXGHYV
RI PDWHULDOVDSD\FKROIRIWRPQRZOHGJIJH EDVH DQG UHOHYDC
RI WKH FOLHQW V WR NQRZOHGJH Rl ORFDO HWKQLF FXOW

7KH PRGHO SURYLGHV XV ZLWK 3D SHGDJRJ\ RI LQWHJU
HW DO WRBWUDLQ VWXGHQWY DV ORFDO FOLQLFDO VFLH
HOHPHQWY 3DFDGHPLF VFLHQWLILF PDWHULDOV ERWK UH\
UHOHYDQW LQIRUPDWLRQ UHDO H[DPSOHV DQG UHDO H[SH
VWXGHQW DV D SURIHVVLRQDO SV\FKRORJLVW KLV RU KHU
H[SOLFLW GLVFXVVLRQ RI UHOHYDQW VRFLDO LVVXHV PDU.
XQLTXH HOHPHQWY UHOHYDQW WR D SDUWLFXODU FOLHQW
VXSHUYLVRU\ UROH PRGHOV DSSURSULDWH DWWLWXGHV L
SV\IFKRORJLVW’  SS

&OLQLEWQ@FHUFPIRKGHFOOLQLFDO VFLHQFH PRGHO ZDV LQWU
DORQJ ZLWK WKH IRUPDWLRQ Rl WKH $FDGHP\ Rl 3V\FKROR.

RXW RI GLVVDWLVIDFWLRQ ZLWK WKH VFLHQWLVW SUDFWLYV
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DVVXPSMWMDRQWKH %RXOGHU PRGHOV SURGXFHG LQ ZHUF
FXUUHQW VWDWH RI WKH SV\FKRORJLFDO ILHOG OF)DOO
SUDFWLWLRQHU PRGHO LV PDLQO\ DWWULEXWDEOH WR SHU
VWURQJ UHVHDUFK EDFNJURXQGV WKDW LW SODFHG LQVXII
DQRG WKH UROH RI SV\FKRORJLFDO VFLHQFH DV ZHOO DV Fk
HIITLFLHQF\ RI VHUYLFH GHOLYHU\ OHDGLQJ WR WKH HPHUJF
SVI\FKRORJLVWYV %HOO +DXVPDQ

7KH FOLQLFDO VFLHQFH PRGHO HPSKDVL]HV WKH XVH R
VXSSRUWHG WUHDWPHQW DSSURDFKHV LQ DOPRVW HYHU\ C
WKH VFLHQWLVW SUDFWLWLRQHU PRGHO DOVR KLJKOLJKWYV
FRPSRQHQWY DV ZHOO DV LQWHJUDWLRQ RI VFLHQFH DQG ¢
VFIFHHOPRGHO KLJKOLJKWHG WKH LPSRUWDQFH RI UHVHDUFK
PRGHO KDV EHFRPH WKH PRVW VFLHQFH RULHQWHG PRGHO
SRGROID .DVORZ HW DO ZLWK FKDUDFWHULVWLFV U
DFDGHPLF SURIHVVBRGBO SURYUBPHRBHE\ /XQW DQG *UD\
&KDSWHU

%DVLF SULQFLSOHY DSSO\LQJ WR WKH FOLQLFDO VFLHC
FRQFHSWLRQV DV UHIOHFWHG LQ VRPH RI KLV ZULWLQJV I
HPSKDVL]HV WKH LPSRUWDQFH RI VFLHQFH DQG WKLV KDV I
RI WKH PRGHO $QRWKHU FHQWUDO FKDUDFWHULVWLF LV W
PRGHO LQ WKH SURIHVVLRQDO SURJUDPPH LV WR WUDLQ U}
SUHSDUHVY JUDGXDWHYV IRU D YDULHW\ RI FDUHHUV VXFK D
DUHDV WKH IRFXV RI LWV WUDLQLQJ LV WR GHYHORS FOLQ

GHYHORSPHQW RI VFLHQWLILF NQRZOHGJH DQG PHWKRGV |
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SUHSDUHV VWXGHQWYV IRU FPIRUHHVUR WX FQ LDYL F D O QUAFLDHID B/l
WKH %RXOGHU DQG 9DLO PRGHOV
OF)DOO SURYLGHV D EOXHSULQW Rl WKH FOLQLFDO VFlI
UHIOHFWHG LQ WKH WUDLQLQJ PRGXV RSHUDQGL HVSRXVHC
6FLHQFH $3&6 D@®IRYIDWHEGDEMWRWHY DQG &DQDGLDQ GRFV
SURJRWPQ FOLQLFDO DQG KHDOWK SV\FKRORJ\ 1RW VXUSL
PRGHO LV RQ UHVHDUFK WUDLQLQJ OF)DOO DUJXHV WKDW
RUGHU WR XQGHUVWDQG DQG VROYH FOLQLFDO SUREOHPYV
PHWKRGV PRVW DSSURSULDWH LQ WKH SV\FKRORJLFDO ILH:
RI WKHLU HIIRUWY WR VROYH VSHFLDOL]HG SUREOHPV OF)I
WUDLQLQJ LV KDUG WR DFKLHYH WKURXJK XVH RI D VLQJOH
WR D VHW Rl FRPSHWHQF\ OLVWV EDVHG RQ RSLQLRQ UDWK
WKH $3&6 SURSRVHG WUDLQLQJ PRGHO LV LQWHJUDWLYH L
+DXVPDQ 7KH PRGHO GRHV QRW FRPH ZLWK D SUHVFU
OF)DOO PDLQWDLQHG WKDW VWDQGDUGL]DWLRQ RI GRFWRU
WKH SURJUDPPH FXUULFXOXP VKRXOG EH GHVLJQHG VXFK V
WUDLQLQJ JRDOV DQG PDNHV WKH PRVW RI LWV UHVRXUFH\
RZQHG E\ LWV VWXGHQWY DQG IDFXOW\ 7KH VWDWHG JRDO
LQWR ILYH DUHDV DV IROORZV $FDGHP\ Rl 3V\FKRORJLFDC
D 7UDLQLQJ 7R IRVWHU WKH WUDLQLQJ RI VWXGHQWYV
ZKR VNLOIXOO\ ZLOO SURGXFH D @G5HY S0V WK LHQGV Z KHF
7R DGYDQFH WKH IXO0O UDQJH RI FOLQLFDO VFLHQFH U}
ZLWK RWKHU UH ®H5HWRX WFH Y @FHY 2SSRUWXQLWLHV 7§
GHYHORSPHQW RI DQG DFFHVV WR UHVRXUFHV DQG R

IXQGLQJ DQG FDUHHUG $6 FMLLRPLW DRQV FIRH IRAHWHU W K H
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DSSOLFDWLRQ RI FOLQLFDO VFLHQFH WR KXPDQ SUREO
DQB'LVVHPLQDWLRQ 7R IRVWHU WKH WLPHO\ GLVVHPLC
SROLF\ PDNLQJ JURXSV SV\FKRORJLVWVY DQG RWKHU VI
FRQVXPHUV OLVVLRQ VHFWLRQ SDUD
(YDOXDWLRQ RI FRQWHQW EDVHG PRGHOV RI SURIHVVL

$PRQJ WKH WKUHH PRGHOV PHQWLRQHG DERYH WKH VFLHQ

XVHG E\ SURIHVVLRQP® JRIDSKBWRORURIDOB QRW UHVWULF

SV\FKRORJ\ ILHOG DNW KU VIW/RMRUPKO FWAKHUHQFH %DNHU

%HODU 3HUU\ %HOO +DXVPDOQ +RUQ HW DO

DQG DFFHSWDQFH RI WKH VFLHQWLVW SUDFWLWLRQHU PRG

SV\FKRORJ\ HGXFDWLRQ WUDLQLQJ DQG ZRUN VHWWLQJV L

LQ %HODU 3HUU\ &RPSRQHQWYV RI WKH VFLHQWL

GHVFULEHG KHUH GHULYHG IURP WKH *DLQHVYLOOH FRQIHL

DERXW SDUWLFXODU PRGHOV DPS% GBLRHGRWY 5 O0RDHV VLRQBIG V¢

DSSOLFDWLRQ LQ SURJUDPPH HGXFDWLRQDO DFWLYLWLHYV

LQ WKHLU VWXG\ LQYROYLRY LQLQKW BE DKLC SURDIGDP 7KLV

LPSRUWDQFH RI FRQGXFW Q@JRHP K H U FDOWUIF W HDIUSKR IHV V L

SURJUDPPHV WR DVFHUWDLQ WKHLU EDVLF IHDWXUHV DQG

DERXW WKH YDOLGLW\ DQG VXFFHVV Rl WKH VELHQWLVW SU

SURJMWPFDQ RQO\ EH SURSHUO\ DVVHVVHG WKURXJK REMHF

VFLHQWLVW SUDFWLWLRQHU PRGHO LV QRW ZLWKRXW LWV
2QH FULWLFLVP SXW IRUZDUG IRU H[DPSOH DULVHV IU

ERWK VFLHQFH DQG SUDFWLFH LV QRW DV VWUDLJKWIRUZD

)XUWKHU TXHVWLRQV KDYH DULVHQ DV WR ZKHWKHU D VLQ

SURGXFH ERWK UHVHDUFKHUY DQG SUDFWLWLRQHUV OHDG
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IHDVLEOH LQ SUDFWL BoHH O«R DQ GI WDX® P D Q DUJXH WKDW
VFLHQWLVW SUDFWLWLRQHU PRGHO LV QRW DV VLPSOH DV
SUDFWRPMVLQXRXV LQWHJUDWLRQ RI WKH WZR HOHPHQWV L
WKLY YREVHWKDW PRVW SUDFWLWLRQHUV H[SUHVVHG GLIILF
SUDFWLFH DQG DGGLQJ WKDW PDQ\ JURXSV Rl SUDFWLWLR
YDOLGDWHG WUHDWPHQWY PLJKW EH LPSOHPHQWHG LQ HY!
+DXVPDQ VWDWHY WKDW DOWKRXJK WKH VFLHQWLVW SUDF
DQG SUDFWLFH HTXDOO\ WKH WZR DUHDV DUH WDFNOHG VI
+RUQ HW DO GRXBWHG ZKHWKHU LW LV UHDOLVWLE WR HG
VEFLHQWLVWY DQG UHVHDUFKHUV ZKHQ P DPN VAL WKH\Q MWH/ LG
RI EHFRPLQJ D SUDFWLWLRQHU QRW D UHVHDUFKHU 7KLV
RDVWXG\ WKDW VKRZV RQO\ D ORZ SHUPHWQRIDJHIGRR Q UDIGK D
VFLHQWLVW SUDFWLWLRQHU PRGHO DUH GRLQJ UHVHDUFK
FRQFOXVLRQ WKDW WKHUH DUH GRXEWYV DV WR WKH HIIHFW
%HOO +DXVPDQ

B3URSRQHQWY RI WKH VFLHQWLVW SUDFWLWLRQHU PRG!|
LQWHJUDWLRQ RI VFLHQFH DQG SUDFWLFH FDQ EH DFKLHYF
FRQIHUHQFH %HODMHWBDHOMWG 3PXOWLSOH ZD\V LQ ZKLFK LC
VKRXOG EH DFFRPSOLVKHG LQ GLGDFWLF DQG SUDFWLFH D
$V GHVFULEHG LQ WKH SUHYLRXV VHEFWLRQ XQGHU 37KH VF]
PXOWLSOH ZD\V PLJKW LQFOXGH IRU H[DPSOH GHVLJQLQJ
UHOLDELOLW\ DQG YDOLGLW\ Rl H[LVWLQJ DVVHVVPHQW WR
)XUWKHUPRUH DGYRFDWHV RI WKH VFLHQWLVW SUDFWLWLI
SXEOLFDWLRQ LV RQO\ RQH Rl VHYHUDO GLVVHPLQDWLRQ F

E\ WKH PRGHO FRXOG LQFOXGH IRU H[DPSOH °:GHYHORSLQ



,1'21(6,$1 352)(66,21$/ 36<&+2/2*< &855,&8/$

DSSOLFDEOH WUHDWPHQW PDQXDOV GLVVHPLQDWLQJ HDVL
SXEOLF RU FRQVXOWLQJ ZLWK RWKHU KHDOWK FDUH SURIF
VFLHQFH NQRZOHGJH WR SDWLHQW FDUH~ %HOO +DXVPDC
FRQFHUQLQJ WKH ORZ QXPEHU RI JUDGXDWHVY ZKR SXEOLVK
SUDFWLWLRQHW R GHO® BBRIQWR RXW WKH SRVVLELOLW\ W
VHWWLQJ LV D PRUH VLJQLILFDQW GHWHUPLQDQW Rl UHVHLE
PRGHO LWVHOI DQG UHLWHUDWHY WKHDL@GCRUWDBQERHRI SU
HOHPHQWY LQ WKH HGXFDWLRQ RI IXWXUH SV\FKRORJLVWYV
$QRWKHU OLPLWDWLRQ RI WKH VFLHQWLVW SUDFWLWLI
FRQFHSWXDOL]DWLRQ Rl WKHTXHRMWRWQEHG ZRHQ KW DMK H G
VFLHQWLVW SUDFWLWLRQHU PRGHO KDV EHHQ RSHUDWLRQ
VSHFLILF HGXFDWLRQDO PRGHO RU LWV YDULRXV GHULYDW
LV QRW \HW VLJQLILFDQW FRQVHQVXV RQ D SUHFLVH RSHUI
PRGHO DQG WKDW HIIRUWY QHHG WR EH PDGH WR DFKLHYF
$SSOLFDWLRQ RI WKH SUDFWLWLRQHU PRGHO DQG LWV
HGXFDWLRQ KDYH QRW \HW EHHQ VWXGLHG LQWHQVLYHO\
WKUHH PRGHOV SUDFWLWLRQHU VFKRODU SUDFWLWLRQHL
FHUWDLQ JUDGXDWHVY FKDUDFWHULVWLFVJORYVMODUWLFOH
+DXVPDQ FRQIDUPHODWLYH HPSKDVLV RQ SUDIPMKIFG WRH DF
SUDFWLWLRQHU FOXVWHU
/IDVWO\ WKH SRVLWLRQ LQ WKH ILHOG Rl SURIHVVLRQD
YDULDWLRQ Rl WKH %RXOGHU PRGHO WKH FOLQLFDO VFLH
+DXVPDQ 6HYHUDO FRQFHUQV UHODWH WR WKH DSSC
FOLQLFDO SV\FKRORJ\ ILHOG ORUHRYHU UHVWUDLQWYV FRC

oObzv bQG GHFUHHYVY DSSOLHG LQ WKH 86 PLIJKW KLQGHU VR
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IURP XWLOL]LQJ WKH FOLQLFDO VFLHQWLVW PRGHO GXH WF
VSHFLILF FRQWHQW DQG EUHDGWK RI WP EQUQL FXRO B H, QO
6WDWHY FXUULFXOXP UHTXLUHPHQWY FRQFHUQLQJ VSHFLI
OLFHQVXUH DUH VWULFWO\ DSBKLIVHBL UFN®IBI\W E@SRY REDXU L
SURLHRRQW O SV\FKR O RJL G WARMWHIRIPOF R QEIBIKIGHR\PLED Q

FRXQWBKHMSOLHG VXRMHFWYRUNG LQFOXGLQJ LQWHUQVKL
PLQLPXP GXWINWLRQ® RQH RI WKH P DL Q FAH SHHDEBMQAWY REWL

OLFHRIMHTXDUW %HUQDUGR

&RPSHWHQF\ EDVSGRAIRSHWDRQO®IO SVI\FKRORJ\ HGXFDWLRQ
7KHUH LV D PRYH LQ SURIHVVLRQDO SV\FKRORJ\ HGXFED
RQ VWXGHQWVY DWWDLQPHQW RI VSHFLILF FRPSHWHQFLHV
SURIHVVLRQDO SUDFWLFH 7KLV QHZ YLHZRROGWE LY IQ\IHU
SURIHVVLRQDO VFKRROV ZKR IRFXVHG RQ FRPSOHWLRQ RI |
VXSHUYLVHGBRSDOGE WHLPHY 5RGRDKDVHMR®B KDV PLUURUH
FRQJHV ZLWKLQ WKH KLJKHU HGXFDWLRQ ILHOG JHQHUDOO
DO DQ®QHV 9RRUKHHV DQG 3DXOVRQ 7KH HGXFDW
PRUH EURDGO\ RQ WKH GHILQLWLRQ DQG GHYHORSPHQW R
SHUIRUPDQFH LQ D SURIHVVLRQDO UROH"~ OF(YR\ HW DO
HPSKDVL]LQJ WKH WUDGLWLRQDO UROH RI GLVWULEXWLQJ
WKH SRLQW WKDW DFFRPSDQ\LQJ WKLV VKLIW LQ IREXV LV
PHURQWH Rl VHYHUDO FRPSRQHQWY WKDW EXLOG SURIHVVLF
DQG VNLOOHG EHKDYLRXU ZKLFK DUH QRW SURSHUO\ WDF N
$V GHVF ULREHGV E\HWUHID WDED®H VWXG\ Rl VHYHUDO KLJKHU
LOQVWLWXWLRQV WKDW KDG WR VRPH H[WHQW DGRSWHG D F

LOQVWLWXWLRQV KDYHB®DLDFHGEIRQUNHWRHWEK W VKQYW WRZDUG
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OHDUQLQJ VHYHUDO FROOHJHYV DQG XQLYHUVLWLHVY GHFLG
ZLWK WKH FRPSHWHQF\ EDVHG PRYHPHQW ZKLOH RWKHUYV

-RQHV HW DO VWDWHG WKDW FRPSHWHQF\ EDVHG
VWXGHQWY GHYHORS DQG DFKLHYH SDGWHPXGDRVYKNIQWILD O
WKHLU ILHOG RI VWXG\ -RQHV HW DO OLVWV WKUHH L
FRPSOIMEWWHG DSSURIHAKFULDWLRQ RI WIRH FRP FH WHONXULQJ

DVVHVVLQJ WKH FRPSHMMWHEIIFUGDEQ&Z KLAK VRPHRQH LV MXGJI

,BURIHVVLRQDBGHYABWRBRI\WKH VKLIW WRZDUGV D FRF
HGXFDWLRQ VWDUWHG LQ ZKHQ WKH 86 1IDWLRQDO &RX
3URIHVVLRQDO 3V\FKRORJ\ 1&633 ILUVW HVSRXVHG LWV S|
PRGHO 6HYHUDO LQLWLDWLYHV IROORZHG WKLV ILUVW VW
RI FRPSHWHQFH " 5RGROID HW DO S LQ WKH ILHOC
HGBWLRQ ZKLFK HPSKDVL]HV WKH DETXLVLWLRQ RI QHFHV\
RXWFRPHV $Q LQIRUPHG FRQVLGHUDWLRQ RI FRPSHWHQF\
IXUWKHU DQDO\VLY RQ WKH GHJUHH RI LPSOHPHQWDWLRQ |
SV\IFKRORJ\PSWRQUWRH ,QGRQHVLDQ FRQWH[W ZKLFK EHFRF
VWXG\ 7KXV WKH IROORZLQJ SDUDJUDSKY SURYLGH GHVFL
DSSOLFDWLRQ Rl FRPSHWHQF\ EDVHG PRGHOV LQ SURIHVVL

7KH 86 1IDWLRQDO &RXQFLO Rl 6FKRROV DQG 3URJUDPV
FRPSHWHQFLHWKH&&PB3 LV DQ RUSDALNWDWIRRQDO VFKRROV
SURJMWAQ SV\FKRORJ\ WKDW ZDV IRXQGHG LQ W LV Gt
SVI\FKRORJ\ DV D VFLHQFH WKD®RIQA DEZ DO HWRH QLONEVINDRIF B DHED
LPSURYLQJ VRFLHW\ 1DWLRQDO &RXQFLO RI 6FKRROV DQG

E :LWKLQ WKH DUHD RI SURIHVVLRQDO HGXFDWLRQ WKH
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SSURJUHVVLYH LPSURYHPHQW HQKDQFHPHQW DQG HQULEK
HGXFDWLRQ DQG WUDLQLQJ" 5 / 3HWBQQOXQ M WRIOHUHQFE
KHOG E\ WKH &RXQFLO KDV SURYLGHG RSSRUWXQLWLHV IRL
UHIOHEFWLYHO\ DQG V\VWHPDWLFDOO\ H[DPLQH LWV VWDQG
SV\FKRORJLVWY 5RGROID HW DO GHVFULEH WKH QDW
1&63 DV WKH ILUVW LPSRUWDQW LQLWLDWLYH LQ WKH GLVF
3XEOLFDWLRQV DIWHU WKH FRQIHUHQFH DOVR VHUYHG DV |
VWDWHPHQW SDSHU RQ HGXFDWLRQ DQG WUDLQLQJ LQ SUR
3HWHUVRQ HW DO DQG DQ LQWHJUDWHG UHVROXWLRQ
3HWHUVRQ 7KH SDUDJUDSK WKDW IROORZV HODERUDYV
HGXFDWLRQDO PRGHO SURYLGHG E\ WKH 1&633
7KH 1&633 DGGUHVVHV ILYH FHQWUDO FRPSRQHQWYV RI
&RXQFLO RI 6FKRROV DQG 3URJUDPV RI 3URIHVVLRQDO 3V\F
D D EURDGHQHG YLHZ RI SV\FKRORJ\ ZLWK D IOH[LEOH
NQRZLQJ DQG D GHOLQHDWRRQJRS KKERZNERGED-OV E O IL @ QAU
VFLH GRLUMFELSOLQHG LQTXLU\ E D GHVFULSWLRQ RI
H[SHULHQFHV F WKH SURIHVVLRQDO FRUH FRPSHWHQF
FRPSHWHQF\ EDVHG FRUH FXUULFXOXP LQ ZKLFK SUDEV
DQG DWWLWXGHV .6$V DUH LQWHIUDOXIGE QG P OMRISQV
WKH VHOI RI WKH SURIHVVLRQDO SV\FKRORJLVW DQG U
LOQWHUQVKLS WUDLQLQJ DQG V\VWHPDWLF HYDOXDWLR
SV\FKRORJ\ DQG WKH SXEOLF UHVSRQVLELOLW)\ RI WKH

ZLWK VSHFLDO FRQVLGHUDWLRQ RI LVVXHV UHODWHG V
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W LV DSSDUHQW WKDW WKH ILUVW DQG VHFRQG FRPSR
FRQFHSWLRQ RI WKH ORFDO FOLQLFDO VFLHQWLVW PRGHO
H3UDFWLW LRI UWRGHOLYDWLYHVY ZLWKLQ WKLV FKDSWH
RI WKH 1&633 WR SURIHVVLRQDO SV\FKRORJ\ HGXFDWLRQ L
FRQFHSWLRQ RI WKH ORFDO FOLQLFDO VFLHQWLVW PRGHO
RI HGXFDWLRQ 7KH IROORZLQJ SDUD JU PRG HOF ®VHMVRIQHW R
SURIHVVLRQDO SV\FKRORJ\ HGXFDWLRQ

7KH 1&6331V FRPSHWHQF\ EDVHG PRGHO FRQVLVWYV RI
EH GHYHORSHG LQ VWXGHQWY 5RGROID HW DO

$ UHODWLRQVKLS WKH DELOLW\ WR GHYHORS DQG PD

LOQWHJULW\ ZLWK RWKHUYV DVVHVVPHQW XVLQJ PXOV

RI FOLHQWV LOQWHUYHQWLRQ DFWLYLWLHV GHVLJQH

DQG D VHQVH RI ZHOO EHLQJ UHVHDUFK DQG HYDOXI

HYDOXDWLQJ UHVHDUEK FRQVXOWDWLRQ DQG HGXFC

OHDUQLQJ DQG PDQDJHPHQW DQEBQGBGXBHWWYVNILRWEY RW K

VHYLFHV RIITHUHG WR WKH SXEOLF"~ S

,Q WKH VHYHQWK FRPSHWHQF\ ZDV DGGHG QDPHO\
$XQGHUVWDQGLQJ DQG DSSUHFLDWLQJ KXPDQ GLIIHUHQFHV
RSSUHVVLRQ  5RGROID HW DO S

$FFRUGLQJ WR WKH 1&633 PRGHO WRHK RXRNFEED RI J
FRPSHWHQF\ EDVHG ZLWK HDFK SURSRVHG FRPSHWHQF\ FR
NQORZOHGJH VNLOOV DQG DWWLWXGHV LQ NHHSLQJ ZLWK W
SV\FKRORJLVWYV

7KH 1&633 GHPRQVWUDWHG LWV FRPPLWPHQW WR GHYF

PRGHO E\ UHILQLQJ WKRVH FRPSHWHQFLHYV LQ VHYHUDO VX
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DO ,Q WKH FRPSHWHQF\ '"HYHORSPHEGWHWO $FKLHY
DSSURYHG E\ WKH PHPEHUV DQG GHVFULEHG LQ GHWDLO D
ZLWKLQ HDFK FRPSHWHQF\ DFURVV WKUHH VWDJHV Rl WUDL
SUDFWLFXP EHJLQQLQJ RI LQWHUQVKLS DQG FRPSOHWLRC
DQG 3URJUDPV RI 3URIHVVLRQDO 3V\FKRORJ\ D

7KH &RPSHWHQFLHY &RQIHUHQFH DQG $WKRIWERIRIS HW
VLIJQLILFDQW LQLWLDWLYH LQ WKH GHYHORSPHQW RI FRPS|
SV\FKRORJ\ ZDV WKH &RPSHWHQFLHV &RQIHUHQFH RQ )XWX
&UHGHQWLDOLQJ LQ 3URIHVVLRQDO 3V\FKRORKHKHDOMRUQ $I
DLP Rl WKLV FRQIHUHQFH ZDV GHVFULEHG DV 3JDLQLQJ JUH
RI FRPSHWHQFH E\ EULQJLQJ WRJHWKHU UHSUHVHQWDWLY*t
SXEOLF LQWHUHVW UHVHDUFK FUHGHQWLDOLQJ DQG UHJ.
HW DO LQFOXGH DPRQJ WKH FRQIHUHQFHfV VSHFELILF REMH
FRPSHWHQFLHY FUHDWLQJ GHYHORSPHQWDO DQG LQWHJUI
GHYHORSLQJ HYDOXDWLRQ PHWKRGV RI WKRVH FRPSHWHQF
SV\IFKRORJLVWY 7KH FRQIHUHQFH ZDV RUJDQL]JHG LQWR VF
FRPSHWHQFLHYVY ZLWK WZR DGGLWLRQDO JURXSV ZRUNLQJ
FRPSHWHQFLHY DQG WKH DFKLHYHPHQW RI FRPSHWHQFH L
RI WKH FRQIHUHQFH ZDV WKH FRQFHSWXDOMWRDWRLY RD FRP
WKUHH GLPHQVLRQDO FRPSHWHQF\ PRGHO FRPSULVLQJ IRX
GRPDLQV 7KH PRGHO DOVR WDNHV LQWR DFFRXQW WKH GH

WUDLQU3IUBHVHQWLQJ WKH ILYH VWDJHV RI SURIHVVLRQDO

7KH IRXQGDWLRQDO FRPSHWHQF\ DUHD LV UHJDUGHG D

SVI\FKRORJLVWVY DFWLYLWLHY DQG FRQVLVWYV RI WKH IROOC
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$ D UHIOHFWYMB ISD\DEMMVFRAHHQW E VFLHQWLILF NQRZOHGJ
G WKLEBORO VWDQGDUGV+FROMFXUHO GQREGHUNGMDIOBQG |
VIVWHPV" 5RGROID %HQW HW DO S

7KH IXQFWLRQDO FRPSHWHQF\ GRPDLQV RWKHUZLVH U
GRPDLQV FRPSULVH WKH NQRZOHGJH VNLOOV DQG YDOXH
WKHLU UROHV HIITHFWLYHO\ 7KH HOB PB QWS RB BQRMAL N G R P |
FDVH FRQFHSWXDOL]DWLRQ E LQWHUYHQWLRQ F FRQVX

VXSHUYLVLRQ WHDFKLQD @R ®LVWRD@RLRFP HORGROID %HQ

)XUWKHU 5RGROID YMDWH MWKDW WKH VWDJHV RI SURI
FRQVLVW RI ILYH VWHSV RH ID HMWALKQRIOW K HV SWIR/J BRI S HR® Q F
RU KHU FDUHHU JUDGXDWH HGXFDWLRQ LQWHUQVKLS UHV
DQG FRQWLQXLQJ FRPSHWHQF\ 7KH PRGHO DOVR SURYLGH'
FRPSHWHQF\

7KH QH[W GHRHORKIPEBRMSHWHQF\ &XEH ORGHO LQFOXGH
IUDPHZRUN WKDW GHILQHYVY WKH FRPSHWHQFLHV LQWR WZR
FRPSHWHQFLHVY WKDW FRQVLVW RI VNLOOV DQG NQRZOH
SV\FKRORRXDW\HW DO 7KLV IUDPHZRUN NQRZQ DV WK
ZDV GHYHORSHG E\ WKH &RPSHWHQF\ %HQFKPDUNV :RUNJU!
&RQIHUHQFH 5RGROID HW DO 7KH FRQWULEXWLRQ RI
LQFOXGLQJ WKH IRUPDWLRQ RI RSHUDWLRQDO GHILQLWLRQ
HDFK FRPSHWHQF\ LQWR LWV HVVHQWLDO FRPSRQHQWYV DC
IRU HDFK FRPSHWHQF\ FRPSRQHQW D FUHDO/L QKWW HREHY WD
UHDGLQHVV IRU LQWHUQVKLS DQG UHDGLQHVV IRU HQWU\

6XEVHTXHQW GLVFXVVLRQV RQ WKH GUDIW HRIXWKH &RF
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HW DO KDV UHVXOWHG LQ D UHILQHPHQW LQ ZKLFK WKUHH
SSURIHVVLRQDOLVP WR DGGUHVYV LVVXHV RI EHKDYLRU DQ ¢
LOQFOXGHG XQGHU VXSHUYLVLRQ DQG DGYRFDF\ ZKLFK KD
VWDQGDUGY DQG SROLF\ "~ S 6

7KH FUHDWRUV RI WKH % H @ISR DW NAK GR i WP KIH & XIEWHV PIR
DSSOLHG WR JHQHUDO SURIHVVLRQDO SV\FKRORJ\ WKH %H
SUHSDUDWLRQ RI SV\FKRORJLVWY LOQRXIOH:GDHMWHD ®I KHDOWK
) XUWKHU LW LV DOVR VWDWHG WKDW ZKLOH VRPH RI WKH
GRXPHQW PLJKW SURYLGH LQSXW WR RWKHU ILHOGV RI SV\
UHOHYDQW WR WKH WUDLQLQJ PRGHO EHLQJ XVHG

7KH DWWHPSW WR GHYHORS WKH FRPSHWHQF\ PRGHO F
ZRUNJURXS WKDW JHQHUDWHG D VHW RI DVVHVVPHQW PHW
VWXGHQWY LQ UHODWLRQ WR WKH FRPSHWHQFLHV FRQVLG]
&RPSHWHQF\ $VVHVVPHQW 7RRONLW GHYHORSHG E\ WKLV Z
GHVFULEHVY PHWKRGV WR DVVHVV WKH FRPSHWHQFLHYV GHU
ZRUNJURXS

7KH &RPSHWHQF\ &XEH PRGHO DORQJ ZLWK LWV VXEVH
%YHQFKPDUNV DQG 7RRONLW GRFXPHQWY DUH REYLRXVO\ D
FRPSHWHQF\ PRYHPHQW ZLWKLQ SURIHVVLRQDO SV\FKRORJ
PRGHO KDV EHHQ OLPLWHG LQ LWV DSSOLFDWLRQ GXH WR |
SRGROID HW DO

$FNQRZOHGJIJLQJ WKH ZHDNQHVV RI WKH %HQFKPDUNV F
EHLQJ RYHUO\ FRPSOLFDWHG IRU SUDFWLFDO XVH E\ HGXFIL
"RUNJURXS GHYHORSHG D &RPSHWHQF\ %HQFKPDUNV 5DWLC

ZKLFK VXPPDUL]J]HV WKH %YHQFKPDHOXYWHUW RIQDORPCGHW HQ A
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FDWHJRULHV ZKLFK DUH WBWE@ JRIMIHOHGKIQWRWLQIBRUP Z

GHYHORSHG IRU HDFK FRPSRQHQWWHDERP SBWHQFLENGRAIP

&RPSHWHQF\ EDVHG PRGHOV GHYHORSHG E\ SURIHVVLR
DFFUHGLWDWLRQ DQG OLFHEWUXDIHP URHIJW®DW R ¥ E BRIGMH\R Q L
WKH DSSOLFDWLRQ Rl FRPSHWHQF\ EDVHG PRGHOV LQ VHY}
DFFUHGRWDFHLQRXUH ERGLHYV ZLWKLQ WKH SV\FKRORJLFDO
FRPSDUHG DQG UHYLHZHG VR WKDW FRQFOXVLRQV FDQ EH
GLIIHUHQFHYV

7KH $PHULFDQ 3V\FKRORJLFDO $VVRFLDWLRQ &RPPLWW
$VVRFLDWLRQ Rl 6WDWH DQG 3URVYL@F UDY SKQNVKR 6 RW R IR+
WRZDUGY RXWFRPH EDVHG DQG FRPSHWHQF\ PRGHOV LQ Wi
SVIFKRORJLVWV LQ WKH $3%$ FKDQJHG LWV DFFUHGLWD\
RXWFRPH EDVHG PRGHO WKDW HQFRXUDJHG SURJUDPPH FU
WUDLQLQJ &DQDGLDQ 3V\FKRORJLFDO $VVRFLDWLRQ
IRFXVHG RQ GHILQLQJ PLQLPXP FULWHULD DQG SUHUHTXLYV
SUHVFULSWLYH LQ QDWXUH 7KH FXUUHQW *XLGHOLQHV DQ
3URIHVVLRQDO 3V\FKRORJ\ *3 ZHUH DSSURYHG E\ WKH &R
LQ DQG KDYH EHHQ LPSOHPHQWHG VLQFH -DQXDU\
$VVRFLDWLRQ

7KH *XLGHOLQHV BNTWRUWSSIFRIWBRPMHFWLYHV RI WKHL!
WUDLQLQJ LQ WHUPV Rl FRPSHWHQFLHV H[SHFWHG RI LWV .
SURJUDPPH IRU ZKLFK DFFUHGLWDWLRQ LV EHLQJ VRXJKW °
VWXGHQWY FDQ DFTXLUH DQG GHPRQVWUDWH VXEVWDQWLE

DUHDV WKDW LQFOXGHVY D WKH EUHDGWK RI VFLHQWLILF
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DQG GHYHORSPHQW LWV UHVHDUFK PHWKRGV DQG LWV DS
PHWKRGRORJLEDO DQG WKHRUHWLEDO IRXQGDWLRQV RI Sl
SURIHVVLRQDO SV\FKRORJ\ F GLDJQRVLQJ RU GHILQLQJ S
DVVHVVPHQW DQG PHDVXUHPHQW DQG IRUPXODWLQJ DQG L
LOWHUYHQWLRQ VWUDWHJLHY G LVVXHV RI FXOWXUDO DC
SURIHVVLRQDO SV\FKRORJ\ DQG H DWWLWXGHV HVVHQWI
DQG SURIHVVLRQDO SUREOHP VROYLQJ DV SV\FKRORJLVWYV
DQG SURIHVVLRQDO NQRZOHGJH

JROORZLQJ WKH &RPSHWHQFLHYV &RQIHUHQFH SUHYL
$3%$ %RDUG RI (GXFDWLRQDO $IIDLUV %($ FUHDWHG D WDV
DVVHVVFER@WHRMHQFLHY LQ SURIHVVLRQDO HGXFDWLRQ WU
DO 7KH WDVN IRUFH ZDV DOVR UHTXHVWHG WR JLYH |
DVVHVVBNAVWRQRJ\ 7KH WDVN IRUFH SURGXFHG D UHSRUW
QXPHURXV PRGHOV RI DVVHVVPHQW SHUWDLQLQJ WR WKH |
9DULRXV SULQFLSOHV RI FRPSHWHQF\ DVVHVVPHQW DUH SL
DQG SUDFWLFDO DVVHVVPHQW PHWKRGYV LV HPSKDVLVHG

,Q WKH $VVRFLDWLRQ RI 6WDWH DQG 3URYLQFLDO 3V
UHJXODWRU\ ERG\ UHVSRQVLEOH IRU WKH OLFHQVXUH DQG
8QLWHG 6WDWHV DQG &DQDGD $VVRFLDWLRQ RI 6WDWH DQ
EHJDQ WR LQYHVWLIJDWH WKH FRPSHWHQFLHYV QHHGHG E\ C
ZRUNJURXS WKH 3UDFWLFH $QDO\VLV &RPPLWWHH ZDV VH
GHYHORS DQG H[SORUH D FRPSHWHQF\ IUDPHZRUN IRU SUD

$IWHU H[DPLQLQJ SUHYLRXV ZRUN LQ WKH DUHD RI FRI

ZRUNJURXS HVWDEOLVKHG VL[ FRPSHWHQF\ GRPDLQV FR
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EHKDYLRXUDO VWDQGDUGY WKDW DUH FRQVLGHUHG WR EH
FRPSHWHQFLHY HVVHQWLDOV IRU SUDFWLFLQJ SV\FKRORJL

7KH VL[ FRPSHWHQF\ JURXSV DV OLVWHG E\ 5RGROID H\
VEHQWLILF NQRZOHGJH HYLGHQFH EDVHG GHFLVLRQ PDN
LQWHUSHUVRQDO FRPSHWHQEFH SURIHVVLRQDOLVP HWKL
LOWHUYHQWLRQ VXSHUYLVLRQ FRQVXOWDWLRQ S 7K
RUJDQL]HG LQWR D GHYHORSPHQWDO VHTXHQFH DQG VHYH
FRPSHWHQF\ DWWDLQPHQW DW IRXU GHYHORSPHQWDO SRL
LQGHSHQGHQW SUDFWLFH DQG \HDUV RI LQGHSHQGHQW ¢
FRQGXFWHG IROORZLQJ WKH GHYHORSPHQW RI WKHVH EHKI
IURP SUDFWLVLQJ SV\FKRORJLVWYV 7KH ILQGLQJV UHYHDOH
PRGHO 5RGROID HW DO 7KH $633% &RPPLWWHH ZHQW
DVVHVVPHQW PHWKRGV XVLQJ LWHPV I[URP WKH &RPSHWHQ!
VHYHUDO LWHPV QRW SUHYLRXVO\ LQFOXGHG $JDLQ WKH

WR HYDOXDWH FRPSHWHQF\ JDLQHG EURDG VXSSRUW IURP

7KH $633% WKHQ FUHDWHG WKH &RPSHWHQF\ $VVHVVPFE
KRZ OLFHQVLQJ UHJXODWRUV FRXOG EHVW XWLOLVH D FRP
2QFH WKH WDVN IRUFH KDG GHVLJQDWHG WKH UHTXLUHG FI
SURSRVHG FRPSHWHQF\ PRGHOV GHYHORSHG E\ WKH 3UDFW
DVVRFLDWHG PRGHO ZHUH UHYLHZHG 6FKDIIHU 5RGROID
S5SRGROID HW DO 7KH UHILQHG FRPSHWHQF\ PRGHO V)
$VVHVVPHQW 7DVN J)RUFH WR WKH $633% %RDUG RI '"LUHFWHF
D VFLHQWLILF RULHQWDWLRQ E SURIHVGLRQDO SUDFWL

SURIHVVLRQMOWWPFDO SUDFWWIHFAHY WRGQNLQJ S SRGRO|
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DGG WKDW WKH 7DVN )RUFH DOVR VXEVHTXHQWO\ UHILQHG
BUDFWLFH $QDO\VLV :RUNJURXS OHDGLQJ WR WKH GHYHOR
WKH FRPSHWHQFLHV ,Q RUGHU WR DFTXLUH LQSXW IURP
UHJXODWRUV IURP 86 MXULVGLFWLRQV DQG &DQDGLD
VXSSRUWHG PRVW DVSHFWV Rl WKH PRGHO WKH\ UHMHFWH
FRPSHWHQFLHY HOHPHQWY GXH WR GLIIHULQJ RSLQLRQV R
FRPSHWHQFLHY VKRXOG EH DWWDLQHG 7KXV WKHVH WKUF
$633%fV QHZ PRGHO RI FRPSHWHQFLHY UHTXLUHG IRU LQGH!
FRQWLQXLQJ LWV HIIRUQRWBOGKDV BREGRQWONWRIRFHQWUDW
PHWKRGVY WR DVVHVV WKRVH FRPSHWHQFLHV (IIRUWV DUH
7KH &DQDGLDQ 3V\FKRORJLFDO $VVRFLDWLRQ DQG WKH
5HJXODWR BWBRGLHMG V R Il BE FRUHI HWDMR@IO SURJUDPPHV I
FRPELQH SUMOABHWIMYH J WKH W\SH DQG FRQWHQW RI FI
KRXDQG RXWFRPH EDVHG FRPSRQHQWY DFFRUGLQJ WR WKH
UHJXODWRU\ ERGLHV LQ &DQDGD WR DVVHVV D FDQGLGDWH
&DQDGLDQ 3V\FKRORJLFDO $VVRFLDWLRQ
,Q SV\FKRORJ\ UHJXODWRUV IURP WKH &DQDGLDQ S
OXWXDO 5HFRJQLWLRQ $JUHHPHQW LQ RUGHU WR DVFHUWLE
IRU HPSOR\PHQW RSSRUWXQLWLHY QDWLRQZLGH &DQDGLD
5RGROID HW DO 7KH OLVW RI FRPSHWHQF\ DUHDV FR)
$JUHHPHQWKEF®RO@RAQWHUSHUVRQDO UHODWLRQVKLSVY E
HYDOXDWLRQ F LQWHUYG® QWVRBUHWIGLFR @OWQX® WEYNQRBQ UG \
VXSHUYLVLRQ &DQDGLDQ 3V\FKRORJLFDO $VVRFLDWLRQ
XWLOL]JHG E\ WKH &DQDGLDQ 3V\FKRORJLFDO $VVRFLDWLRQ

GRFWRUDO DQGDPWHWQYBKREHYVRRQYDO SV\FKRORJ)\
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%ULWLVK 3VI\IFKRORJLFDO 6RFLHW\ %36 DQG WKH +HDC
+&3&7KH GRFWRUDO SURIHVVLRQDO SURJUDPPH DEFUHGLW
FRPSHWHQF\ VWDQGDUGY GHPDQGHG E\ WKH OLFHQVLQJ RL
%ULWLVK 3V\FKRORJPPRDQVWREQMWXKDW WKH SURFHVV RI DF
ZRUN EH\RQG WKH TXDOLW\ WKUHVKROG VHW E\ WKH OLFHC
DVVXUH JUDGXDWHYV PHHW WKH 6WDQGDUGV RI 3URILFLHQF
VHUYLFH IRU SURIHVVLRQDO SUDFWLFH WKH DFFUHGLWDW
SURPRWLQJ TXDOLW\ HQKDQFHPHQW

7KH QLQH FRUH FRPSHWHQFLHY GHILQHG E\ BWKHH % UL W]
DV IROORZV D JHQHUDOL VD EDH FKHRWER FLREMEH IVHOHL WR/H Q W
SV\FKRORJLFDOGREBFPXXRORIQFDA LHWDHXDHQRIQR QI UHVHD
SHUVRQIURHYWLRQDO VMNLCGERP DXQE. ¥FDWXRY DQG WHDFKLQ.
RUJDQLVIDQMLRQDMHPLF LQIOXHQFH DQG OHDGHUVKLS

(DFK FRUH FRPSHWHQF\ FRQVLVWY RI WR VXE FRPSt
H[SODQDWLRQ RI WKH EHKDYLRXU WDUJHWV RI JUDGXDWHYV
3V\FKRORJLFDO BRFWHWU HODERUDWHY RQ WKH LQGLFDWLY
FXUULFXOD

$XVWUDOLDQ 3V\FKRORJ\ $FFUHGLWDWLRQ &RXQFLO $.
$XVWUDOLIYKHVEBS& LV UHVSRQVLEOH IRU DFPBIHGQWLQJ SU
$XVWUDOLD DW ERWK ODVWHUV DQG 'RFWRUDWH OHYHOV
3V\FKRORJLFDO $FFUHGLWDWLRHFERXQRELFRPSHWHQFE DUHD
FRYHUHG LQ WKH SURFHVV RI DFFUHGLWDWRARKRZWHVH FRP

D NQRZOHGJH RE WH\WM K& EWDRL SOHIHO DQG SURIHVVLRQDC
SV\FKRORJLFDO DVVHVVPHQW DQG PHDVXUHPHQW G LQWH

HYDOXDWLRQ | FRPPXQLFDWLRQ DQG LQWHUSHUVRQDO UF
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7KRVH OLVWHG FRPSHWHQF\ GRPDLQV DUH DSSOLHG EF
SURJMWP7KH DFFUHGLWDWLRQ GRFXPHQWY GR QRW GLIIHU!
DFFRUGLQJ WR HGXFDWLRQ OHYHO &RQVHTXHQWO\ GHWDLI
ZKLFK GHVFULEHY WDUJHWHG \GBBEQVMWPW H GR B DESM\E K 00
SURIHVVLRQDO HGXFDWLRQ $XVWUDOLDQ 3V\FKRORJLFDO
FRQWUDVW WKH OLRHQVNQGH RLQIBG QWD SMREWI AR KLRORXIV W L
%RDUG RI $MYBWIDHOLD FRUH FDSDELOLWLHY DQG DWWULEXV
DSSOLFDQW\WHYHIWNVNIRUAQMWGHQWLDOLQJ SURYLVLRQDO UH
UHJLVWUDWLRQ DQG DUHD Rl SUDFWLFH HQGRUVHPHQW UH
DWWULEXWH DUHDV ZKHQ DSSO\LQJ IRU SURYLVLRQDO UHJI
3V\IFKRORJ\ %RDUG RIBXNYRDOHGIH RI B/ KHWKL\EDLS OQ 9D C
SURIHVVLRQDO PDWWHUV F SV\FKRORJLFDO DVVHVVPHQW
VWUDWHJLHY H UHVHDUFK DQG HYDOXDWLRQ | FRPPXQI
ZRUNLQJ ZLWKLQ D FURVV FXOWXUDO FRQWH[MKHIVBIG K S
UHTXLUHG FRUH FRPSHWHQFLHY DUH VWLOO DSSOLHG LQ W
SURYLVLRQDO3VHKRMNRUDWIRIUG Rl $XVWUDOLD

7KH FRUH FRPSHWHQFLHV UHTXLUHG ZKHQ DSSO\LQJ IR
SUDFWLFH DUH DV IROORZV 3V\FK RIBR/AF BRORIA RD G XMNQRIZ D
LQFOXGLQJ SV\FKRORJLF X WKIHRUFIDHV HDYQ.E W@ BHI OR/U WK H
PRGHOWXKH PDMRU PHWKRGV RI LQTXLU\ E HWKLFDO OHJ
LQFOXGLQJ GHWDLOHG NQRZOHGJH DQG XQGHUVWDQGLQJ F
UHOHYDQW WR WKHSD\EKRGRR JEBDPWLFHHVVPHQW DQG PHDV:
DUHD RI SGRQMMHILAMHQWLRQ VWUDWHJILHV HHOHDLFW DRGW K
HYDOXDWLRQ LQFOXGLQJ WKH V\VWHPDWLF LGHQWLILFDWI

UHOHYDQW UHVHIRPFPXEGYEBWQRA DQG LQWHUSHUVRQDO UH
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ZLWKLQ D FURVV FX®&W %UD6WIRFHWHIWR\WDWQ & KH OLIHVSDQ Zt
ZLWK FOLHQWY LQ FKLOGKRRG DGROHVFHQFH DGXOWKRR(
SUDFWLFH
7KXV WKH OLFHQVLQJ ERG\ Rl $XVWUDOLDQ SV\FKROR.
WR WKRVH VHW E\ WKHIDBERGHKLWEWYR Q HR{ +
&RPSHWHQF\ EDVHG PRGHOV GHYHORSHG EMQSDUWLFXO
DGGLWLRQ WR VRPH FRPSHWHQF\ PRGHOV WKDW KDYH EHH
RUJDQL]DWLRQV DUH DOVR ZRUNLQJ WRZDUGVY FUHDWLQJ D
LQ WKHLU VSHEFLDOW\ DUHD V 7KH GHYHORSPHQW RI WKH\
WKH QRWLRQ WKDW VSHFLILF PRGHOV QHHG WR EH DSSOLH
WKH VSHFLDOL]HG ILHOGV Rl SV\FKRORJ\ 7ZR H[DPSOHV RI
&XUULFXOXP Rl FRXQVH@OLQJRYORKZRQRIWKH FKDQJHV
*XLGHOLQHVY DQG 3ULQFLSOHV IRU $FFUHGLWDWLRQ RI 3UR.
&RXQFLO RI &RXQVHOOLQJ 3V\FKRORJ\ 7UDLQLQJ 3URJUDPV
3V\FKRORJ\ FUHDWHG D QHZ PRGHO IRU WUDLQLQH LQ FRXQ
FRPSHWHQF\ EDVHG FRQFHSW 5RGROID HW DO 7KH Q
RI VWXGHQWY GHYHORSLQJ WDUJHWHG FRPSHWHQFH VSHFL
RSSRVHG WR WKH SUHYLRXV IRFXV RQ SUREOHPY WUHDWHC
7KH VWUXFWXUH Rl WKH QHZ PRGHO FRQVLVWYV RI WZR
SV\FKRWKHM JHQHUDO SV\FKRORJ\ FRUH DQG WKH SURIHVVL!
VWDWHPHQW LQFOXGHV WKH DVVHUWLRQ WKDW *FRQWHQW
SURIHVVLRQDO FRQFHSWV DQG VNLOOV DUH HVVHQWLDO W
&RXQFLO RI &RXQVHOLQJ 3V\FKRORJ\ 7UDLQLQJ 3URJUDPYV

TKHHQHUDO SV\FKRORBINRFFRRUH. EQE ORRBHMWLYH DIIHFWLYH I
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EHKDYLRXUGBOYHORSPRAQW LQGLYLGXDO GLIIHUHQFHV KLV
UHVHDUFK PHWKRGYV DQG GHVLJG VERKWRP DWYDIORWLF WHFEKQL

$V VWDWHG LQ WKH &RXQFLO RI &RXQVHOLQJ 3V\FKROF
SURIHVVLRQDO MRKUHIRRQRZVWY RRPSRQHQWY SURIHVVLRQ
SV\FKRORJ\ WKHRULHV DQG WHFKQLTXHV RI FRXQVHOOLQJ
LQGLYLGXDO DQG FXOWXUDO GLYHUVLW\ SUDFWLFXP DQG
DVVHVVPHQW GLDJQRVLV DQG DSSUDLVDO FDUHHU GHYHC
SURJUDPPH HYDOXDWLRQ DQG VXSHUYLVLRQ DQG WUDLQL

7KH +HDOWK 6HUYLFH 3V\FKRORJ\KHG % ADW WKQ6 &R @ DPHE F
3V\FKRORJ\ (GXFDWLRQ &ROODERUDWLYHIIRE&3N & KLL\F O G QW
RI WKH $3%$ WKH &RXQFLO Rl &KDLUV RI 7UDLQLQJ &RXQFLC
'HSDUWPHQWYV RI 3V\FKRORJ\ +HDOWK 6HUYLFH 3V\FKRORJ
H[DPLQHV WKH UROH RI SVIFKRORJ\ LQ WKH KHDOWK FDUH °
SV\IFKRORJLVWYVY IRU WKH GHOLYHU\ RI KHDOWK FDUH VHUYL
FRPSQIFLHIY XVHG LQ WKH +63(& PRGHO WKXV D VFLHQFH
G DSSOLFDWOGREGDWLRQV DRV

5HYLHZ Rl WKH FRPSHWHQF\ EDVHG PRGHOV R|WURIHV)\
LV FOHDU IURP WKH UHYLHZ Rl UHOHYDQW OLWHUDWXUH W
LQ SV\FKRORJ\ VKDUH VRPH VLPLODU FRPSHWHQF\ GRPDLQ\
EHWZHHQ WKH PRGHOV DV FDQ EH VHHQ LQ 7DEOH

7KH 1&633 PRGHO DV WKH ILUVW SURSRVHG FRPSHWHDQ
SV\FKRORJ\ HGXFDWLRQ LV KLJKO\ UHOHYDQW 7KLV LV GH
FRPSHWHQFLHY SURSRVHG E\ WKH 1&633 DSSHDU LQ WKH &

PRGHOV GHVSLWH VRPH DGGLWLRQDO FRPSHWHQF\ DUHDYV
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PRGHOV XVH DW OHDVW WKUHH $PHULWRQVERY\BKRMRMKED O
3V\FKRORJLFDO ERPISHWWHQF\ FRPSRQHQWY SURSRVHG E\ W

&RPSHWHQF\ PRGHOV GHYHORSHG DIWHU WKH 1&6337V
SURPLVLQJ FRQWULEXWLRQV WR WKH HIIRUW RI GHYHORSL
SV\IFKRORJLVWY 7KH &RPSHWHQEXBEEHW WRB %WMQFKPDUNYV
VXEVHTXHQW GHYHORSPHQWY +DWFKHU )RXDG HW DO
7RRONLW .DVORZ HW DO DUH XQTXHVWLRQDEO\ YHU\
UHTBLSWRIHVVLRQDO FRREHWHGCRIUQVERHEDY QLQJ PHWKRGV
WKRVH FRPSHWHQFLHY ZKLFK UHSUHVHQW D KXJH HIIRUW
ILHOG RI SV\FKRORJ\ 5REHUWV %RUGHQ &KULVWLDQVHQ

WKH PDERWLFRDRIUWKH %HQFKPDUNV PRGHO LV ILUV\

GHYHORSPHQWDO OHYHOV ILUVW SURSRVHG LRQQW/RHD&XEH F
PRUH ZHOO GHILQHG VHSDUBDWERDHEV XRILQS GDISH WWAKURFU
LOWHUQW®IBIDSGLQHVYV IRU H QMAR QGRS UNDKERV EAMHQ FKPDUNY SU|
H[SODQDWLRQ RI EHKDYLRXU DQFKRUV DSSOLHG IRU HDFK
DQG IXQFWLRQDO FRPSHWHQFLHYV

7KH $VVHVVPHQW 7RRONLW IXUWKHU SURYLGHV 3D VRO
DVVHVVPHQW VWUDWHJILHY LQ WKH ZRUN Rl WKH DVVHVVPH
WKDW KDYH EHHQ LQYHVWLJDWLQJ WKHRUL]JLQJ DQG ZULW
DVVHVVPHQW LQ SV\FKRORJ\"2WHOHHW VFKROBU® DOVR KROG
WKH FRQWULEXWLRQ Rl WKH &XEH WKH %HQFKPDUNV DQG
+DQVRQ DQG .HUNKRII 6HYHUDO SV\FKRORJLFDO ILHO
PRGHO DQG LWV VXEVHTXHQW GHYHORSPHQWY LQ WKHLU V

UHKDELOLWDWLRQ SV\FKRORJ\ WUDLQLQJ +DQVRQ .HUNKI



,1'21(6,$1 352)(66,21$/ 36<&+2/2*< &855,&8/$

2Q WKH RWKHU KDQG VFKRODUV KDYH QRWHG VLJQLILF
FRPSHWHQF\ EDVHG PRGHOV ZKLFK QHHG WR EH WDFNOHG
WKHLU DSSOLFDWLRQ LQ WKH HGXFDWLRQ Rl SURIHVVLRQD
2QH PDMRU FKDOOHQJH LV WKH IDEFW WKDW WKH %HQFKPDL
HPSLULFDOO\ YDOLGDWHG DQG WKXV QHHG WR EH ILHOG W
+DQVRQ DQG .HUNKRII DGG WKDW HIIRUWY VKRXOG EH
LQVWUXPHQWY WKDW DUH HPSLULFDOO\ YDOLG UHOLDEOH
FKDOOHQJH UHODWHY WR WKH UH GXWMY HVL PARHIMKIHQUF B GRO
FRPSHWHQFLHY PXVW EH DIIRUGHG HTXDO ZHLJKW DFURVYV
OF&XWEFKHRQ DQG IRFXVHG XSRQ DFFRUGLQJO\ LQ WK
7KLV FRQFHUQ VHHPV WR EH UHODWHG WR DFFHSWDQEFH DC
DQG DSSOLFDWLRQ RI WKH PRGHOV LQ VXFK GLYHUVH ILHO
VFKRODNFK DV +DQVRQ DQG .HUNKRII OHDVXUHV QHHG
DPHOLRUDWH WKH LQWULQVLEDOO\ RYHUO\ FRPSOH[ QDWX
GLIILFXOWLHY LQ DSSO\LQJ WKHP LQ SUDFWLFDO XVH HYH
PRGHO ZLWK LWV FRUH FRPSHWHQFLHV %LHVFKNH HW DC
7KH OLWHUDWXUH UHYLHZ DOVR UHYHDOV WKDW LQ WK
UHTXLUHG FRPSHWHQFLEWARPLD BV FKRIRILYID\ FRPSOH|
VHYHUDO WUDGLWLRQDO FRPSHWHQFLHY LQ FRQGXFWLQJ S
FRQVXOWDWLRQ DGGLWLRQDO RQHV KDYH HPHUJHG VXFK
VWDQGDUGY DQG SROLF\ UHIOHFWLYH SUDFWLFH RU VHOI
FRPSHWHQFLHYV ZKLFK LQFOXGH 3NQRZOHGJH RI NH\ LVVXH\
DQG FDSDFLW\ WR *LGHQWLI\ DQG LQWHUDFWRXMX W I V
S 67KHVH QHZ FRPSHWHQFLHV DKH LRR®KGHG ULRSBUHR

WKH 1&633WRGFHOLFDOO\ LQ WKH %HQFKPDUNV )RXDG HW D
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7TDEOH

&RPSDULQJ WKH &RPSHWHQF\ %DVHG ORGHOV LQ 3URIHVVLI
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%HQFKPDUNV PRGHOV +DWFKHU )RXDG HW DO WK H
%36 FRPSHWHQF\ PRGHOV %ULWLVK 3V\FKRORJLFDO 6RFLH
HPHUJLQJ FRPSHWHQF\ GRPDLQV VRPH XQLTXH FRPSHWHOQI
IRU H[DPSOH uDGYRFDF\{ LQ)RWIHs%HWM PIOPDUNV RRGH®R OR
IRUPXODWLRQY LQ WKH %36 PRGHO %ULWLVK 3V\FKRORJLF
OLIHVSDQY DV OLVWHG LQ WKH 3V\%$ FRPSHWHQF\ UHTXLU|
7KHVH PRGHO VSHFLILFE FRPSHWHQFLHV DUH UHDG

WKHLU UHOHYDQFH WR WKH SUDFWLFH RI SV\FKRORJ\ LQ D
$JDLQ WKH LPSRUWDQFH RI VFLHQWLILF NQRZOHGJH L
SV\IFKRORJLVWYVY LV UHLQIRUFHG LQ WKH FRPSHWHQF\ PRGH
DSSHDUV LQ DSUFRRS\RV HD® @ RGKHOV IURP WKH &RPSHWHQF\ &
5RGROID %HQWPRIWKHOQHZHVW IRUPXODWLRQ RI WKH ¢
UHTXLUHPHQWYVY RI SURIHVVLRQDO SV\FKRORJLVWV LQ 0
)XUWKHUPRUH QRWLRQV UHODWHG WR WKH DSSOLFDWLRQ
GLIIHUHQW VWDJH RI HGXFDWLRQ DQG WKH FDUHHU OLIH R
FRPSHWHQF\ PRGHOV IRU H[DPSOH WKH &XEH PRGHO 5RG
&RPSHWHQF\ % HR¥XK® HWW D O DQG FRPSHWHQF\ UHTXL
$633% 5RGROID HW DO 7KHVH PRGHOV DSSO\ WKUHH
GHILQLQJ WKHLU PRGHOV RI FRPSHWHQFLHYV UHTXLUHG IRU
/IDVWO\ DV 5RGR®IWDIMM DMXHUH LV D FRQJUXHQF\ EHW?
FRPSHWHQFLHY DLPHG DWHBVT XIGXF®WRSVRIGEWRRD® SV\F
UHJXODWRUV ZKLFK VKRXOG DVVLVW WKH SURIHVVLRQ LQ
HGXFDWLRQ DQG WUDLQLQJ OHDGLQJ WR OLFHQVXUH +RZH
GHYLDWLRQ DSSHDUV EHWZHHQ WKH $3$& FRPSHWHQF\ PRC

SURJRWARQ $XVWUDOLD ZKLFK WDUJHWHG VL[ FRPSHWHQF
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3V\%$ ZKLFK GHPDQGHG FRPSHWHQFLHV IRU SV\FKRORJL)\
SURYLVLRQDO FHRYUWMWIRRY HRHDWY UHJLVWUDWLRQ 7KH
FRPSHWHQFLHV LPSRVHG E\ WKH 3V\%$ DUH p:RUNLQJ ZLWK
H3UDFWLFH DFURVV WKH OLIHVSDQY 3V\FKRORJ\ %RDUG RI
UHDVRQDEO\ EH DVVXPHG WKDW WKH ILUVW FRXOG EH LQEC
SURIHVVLRQDO PDWWHUVY GRPDLQ RI WKH $3%$& FRPSHWHQ
DYDLODEOH WR FRQILUP WKH YDOLGLW\ RI WKLV DVVXPSWL
GLVFXVVHG IXUWKHU VLQFH WKHUH DSSHDUV WR EH VRPH\
HGXFDWLRQ SURYLGHUV DQG WKHLU DFFUHGLWDWLRQ V\VW
WR SUHSDUDWLRQ RI LWV JUDGXDWHY ZKLOH WKH OLFHQFI
PLQLPDO UHTXLUHPHQWYV IRU VDIHW\ SUDFWLFH WR SURWH
DQG LWV UHJXODWRU\ ERG\ WKH +&3& 7KH ODWWHU DLPV
FRPSHWHQFH DUH PHW E\ SV\FKRORJLVWY HQWHULQJ SURIF
EH\RQG WKH PLQLPDO VWDQGDUG E\ HTXLSSLQJ VWXGHQWV
FRPSHWHQFLHY WR SXUVXH H[FHOOHQFH DV HYLGHQFHG L
UROH LV WR DVVXUH WKUHVKROG OHYHOV RI TXDOLW\ E\ H
SURJUDPPHV PHHW WKH 6WDQGDUGYV RI 3URILFLHQF\ 7KH 6
GHVLJQHG WR ZRUN EH\RQG WKRVH TXDOLW\ WKUHVKROGV
%ULWLVK 3V\FKRORJLFDO 6RFLHW\ S

7R FRQFOXGH LW LV DSSDUHQW WKDW LQ WKH PRYHPH
DSSURDFK LQ WKH HGXFDWLRQ RI SURIHVVLRQDO SV\FKROR
DUWLFXODWHG UHJDUGLQJ VRPH WDUJHWHG FRPSHWHQFLH
DFKLHYHG WKURXJK SURIHVVLRQDO HGXFDWLRQ %HKDYLR)
DQG PHDVXUDEOH DV LV HYLGHQW R)XQDW KHWY%H® F K P D UIDNQ/G I R

VXEVHTXHQW LQLWLDWLYHYVY +DWFKHU )RXDG HW DO
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FRQVHQVXV UHJDUGLQJ WKRVH VWDWHG FRPSHWHQFLHV DC
SV\FKRORJ\ 3DUDOOHO ZLWK WKH HPHUJHQFH RI FRPSHWH
ZLWQHVVHG VHYHUD® VLJODWFFOHW HRXDWBGWWW DO .DV
LQ GHVLJQLQJ FRPSUHKHQVLYH YDOLG DQG UHOLDEOH DV\
SHUIRUPDQFH LQ WKRVH UHTXLUHG FRPSHWHQFLHV 7KH ZF
ZULWLQ@QGIHHG LW LV QRWHZRUWK\ WPKND \¥ OVDRLAPHWSRJ R CHAHY DRSQRI
WKLY QHZ DSSURDFK ZLWKLQ WKHLU FXUULFXO®PWHQ VRPE
$XVWUDOLDQ XQLYHUVLWLHVY -DPHV &RRN 8QLYHUVLW\ EHL

SXW LW 3,W LV WK U RMML. QUK LW KOWH WKWH BHEDWH DERXV

ZLOO EH UHVROYHG«” S 6

BWUXFWXUDO EDVHG PRGHOV RI SURIHVVLRQDO SV\FKRORJ

7KH WKLUG FOXVWHU LQ WKH GLVFXVVLRQ Rl WUDLQLQ
SVI\FKRORJ\ HGXFDWLRQ LV WKH VWUXFWXUDO EDVHG PRGH
SUHYLRXVO\ GLVFXVVHG WKLV PRGHO GRHV QRW UHVXOW |
FRQFHUQHG ZLWK VWUXFWXUDO DV SHPWV ZRIWSKURI AMWMH. R Q DK
HGXFDWLRQ LQVWLWXWLRQ V\VWHP VXFK DV WKHLU SRVLW
VFKRRO LQWHUQVKLS VWUXFWXUH DQG WKH SURSRUWLRC

$ORQJ ZLWK WKH RWKHU WZR WUDLQLQJ PRGHOV SUHY|
VWDQGDUGYV ZLOO EH LQFOXGHG LQ WKH PHDVXULQJ LQVW!L
DVSHFWV PXVW EH LQFOXGHG DV SDUW RI D FRPSUHKHQVLY
SV\FKRORJ\PSWRJUDP

&RQFOXVLRQ

3URIHVVLRQDO HGXFDWLRQ LQ WKH ILHOG RI SV\FKROR

FRPPRQ ZLWK RWKHU SURIHVVLRQDO HGXFDWLRQ FRXUVHV

IXQGDPHQWDO FKDUDFWHULVWLFV RI FXUULFXOXP LQ SV\Fk
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SURJMWA QFWKBHKHYHORSPHQW RI VNLOOV DQG DWWLWXGH
ZRUNSODFH LQ DGGLWLRQ WR WKH GHOLYHU\ RI IXQGDPHQ
PDWHULDOV FRPELQLQJ VFLHQWLILF PDWHULDO DQG D SUD
FRQWHQW UHODWH® IWSRU RVIKINV \GLHRYGHIOR S RHQ@YV DWWLWXGHV
LQWHJUDWLYH WHDFKLQJ DQG OHDUQLQJ PHWKRGV ZKLFK F
WHDFKLQJ WKDW DIIRUGY JUHDWHU RSSRUWXQLWLHV IRU V
HYDOXDWLRQ WHFKQLTXHV LQWHJUDWLQJ VHYHUDO DVVHV)
VNLOOV DQG DWWLWXGHYVY LQ DGGLWLRQ WR WDNLQJ LQWR
NQRZOHGJH DQG WKHRULHYV

7KH W\SHV Rl WUDLQLQJ PRGHOV XVHG LQ SURIHVVLRQ
WKH JHQHUDO W\SRORJLHV Rl SURIHVVLRQDO HGXFDWLRQ \

DQG SUHVHQWHG LQ &KDSWHU WKH LQWHUQVKLS PRG
LQ SURIHVVLRQDO SV\FKRORJ\ HGXFDWLRQ WKH DFDGHPLF
FOLQLFDO VFLHQFH PRGHO DQG WKH VFLHQWLVW SUDFWL'
LQWHJUDWLRQ Rl SUDFWLFH DQG DFDGHPLF FRPSRQHQWV
WRZDUGY WKH FRPSHWHQF\ EDVHG PRGHO LQ SURIHVVLRQEC
ZLWK VLPLODU PRYHPHQWY LQ RWKHU SURIHVVLRQDO HGXF
JUDQN HW DO QXUVLQJ %OHLFK -RQHV 6FKHQN
SXEOLF DFFRXQWLQJ )ORUHYV DQG HQJLQHHULQJ /XQ

BHYHUDO VWUXFWXUDO DVSHFWV GHHPHG LPSRUWDQW
LQFRUSRUDWHG LQ SURIHV VLR QDI® S \W\[FDKPRSMA \ AIGEK F/DWWILXEQ
SRVLWLRQ RI WKH SURIHVVLRQDO SURJUDPPH ZLWKLQ KLJK
WKH SURSRUWLRQ RI HGXFDWRUV %DVLF UHTXLUHPHQWYV |

LOQWHQVLYHO\ GLVFXVVHG E\ VFKRODUYV
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$ FRPSUHKHQVLYH XQGHUVWDQGLQJ RI EDVLF DQG FXU
SURIHVVLRQDO HGXFDWLRQ HVSHELDOO\ DV DSSOLHG LQ W
EDVLV IRU WKH LPSOHPHQWDWLRQ RI WKLV UHVHDUFK SDU
PHDVXULQJ LQVWUXPHQWY EDVHG RQ WKH FKDUDFWHULVWI
UHODWHG WR FXUULFXOXP FKDUDFWMHW LWHFULYFH/GRD W R H R M (BC
IRU WKH SURFHVV Rl GDWD DQDO\VLY REWDLQHG IURP WKH

SURJUDPPHV WKDW DUH WKH IRFXV RI WKLV VWXG\
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&KDSWEBXUULFXOXP 7KHRU\ JUDPHZRUN $V $Q $QDO\W
7KLV FKDSWHU GHVFULEHV VRPH DVSHFWV Rl FXUULEXC
DQDO\WLQJ WKH FKDUDFWHULVWLFV Rl ,QGRQHVLDQ SURIH\
FRYHUHG LQ WKLV VHFWLRQ LQFOXGH GHILQLWLRQ RI FXU!
FXUULFXOXP LGHRORJLHY DQG WKHLU LPSOLEDWLRQV IRU \
WKH FUHDWLRQ Rl OHDUQLQJ DQG WHDFKLQJ PHWKRGV DQ
WHEKQLTXHV $ IUDPHZRUN WR EH XVHG LQ WKH DQDO\VLYV
SV\FKRORJ\ SURUH/RBWWWHIGH FKDSWHU FRQFOXVLRQ
&XUULFXOXP 'HILQLWLRQV
7KHUH LV FXUUHQWO\ QR XQLYHUVDO DJUHHPHQW RQ D
([SHUWV GHILQH EXUULFXOXP E\ ZD\ RI D YDULHW\ Rl WHUP
SHUVRQDO IRFXV 6BIGEUBOVGWKHMH)ERQRBSYW RI FXUULEXOXP
PDWHULDOV SURYLGHG WR OHDUQHUV DQG WKH GHWHUPLQ
PDVWHU\ Rl OHDW QLQU\GRQMWMKGW H[SHUWV VXFK DV +DUGH
FXUULFXOXP DV D EOHQG Rl WHDFKLQJ VWUDWHJILHY WHDF
HGXFDWLRQDO H[SHULHQFHV DQG DVVHVVPHQWY DORQJ ZL
OHDUQLQJ VW\OHV DSSOLHG LQ DQ HGXFDWLRQDO SURJUDF
3RVQHU GLVFXVVHG VRPH FRPPRQ FRGPE®SWLRQWD ®EG FX L
IXUWKHU WXKIDWVGHHGQLWLRQV XVHG E\ FXUULFXOXP PDNHU
DFFRXQWDELOLW\ )RU H[DPSOH ZKHQ WKH R W RAXOXP PLC
VWDQGDUGY WKH HPSKDVLV LV RQ KRZ HGXFDWLRQ FDQ Pt

EHLQJ RQ OHDUQLQJ RXWFRPHYV UDWKHU WKDQ WHDFKLQJ \
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7TDEOH

&RPPRQ &RQFHSWLRQV RI &XUULFXOXP EDVHG RQ 3RVQHU

&RQFWLRQ "HVFULSWLRQ RI FRQFHSWLRQ

6WDWHPHQW $ VHTXHQFH RI DFKLHYHPHQWY RU GH
VFRSH DQG ' RUJDQL]J]HG LQWR OHYHOV RI HGXFDWL

6\OODEXYV $ SODQ IRU DQ HGXFDWLRQDO SURJMD
REMHFWLYHV WRSLFV FRYHUHG UHVF
DVVHVVPHQW RU HYDOXDWLRQ

&RQWHQW R $ OLVW RI OHDUQLQJ PDWHULDOV

6WDQGDUGYVY $ VWDWHPHQW DERXW VWXGHQWVTY OF
DQRG EHKDYLRXUV WRHD S/SKR\XDGGE H QD
LQFOXGHV WKH SURFHVVHV XVHG WR |

THIWERRNV $ FROOHFWLRQ RI WH[WERRNV XVHG L
WH[WV SURYLGH OHDUQLQJ FRQWHQW
UHODWHO DB OHRUKRZ WR WHDFK WKH
LQFOXGH D V\VWHP RI WHDFKLQJ ZKL
IRU WHDFKHUV JXLGHNHRW VWDXQGEH QW
VXSSRUW PDWHULDOYV

&RXUVH RI V$ VHULHV RI FRXUX® & HNURNDDWN IR Q@ VBN EW
FRQFHSW HPERGLHV D SKLORVRSK\ ZK
MRXUQH\ ZLWK VSHFLILF SXUSRVHV D
FRXUVHV WKDW VWXGHQWYV PXVW SDV

30DQ RI H[S 7KH ZKROHQHBHULOHDUQHUV SODQQF
HGXFDWLRQDO SURJUDPPH

JXUWKHUPRUH DBRVYOMKIBW FXUULFXOXP LV QRW D VLQJC
FXUULFXOXP FDQ KDYH VHYHUDO PHDQLQJV
X 7TKH RIILFLDO FXUULFXOXP LV GHWDLOHG LQ D GRFXPH(
DERXW WKH VFRSH DQG VHTXHQFH RI OHDUQLQJ V\OOCL
WHDFKLQJ SURFHVV DQG D VWDQGDUG RU OLVW RI JRD

FXUULFXOXP LV WR SURYLGH JXLGDQFH IRU WHDFKHUYV
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HYDOXDWLQJ VWXGHQWY 7KH RIILFLDO FXUULEXOXP D¢
VXSHUYLVH WHDFKHUV
Xx 7TKH RSHUDWLRQDO FXUULEXOXP LV WKDW ZKUFK LV IRC
VWXGHQWYV 7KLV FRQFHSW LQFRUSRUDWHVY WZR XQGHL
PDWHULDO GHOLYHUHG DQG HPSKDVLV SURYLGHG E\ Wi
VWDQGDUGYV E\ ZKLFK VWXGHQW OHDUQLQJ LV HYDOXD)
YHU\ GLIIHUHQW IURP WKH RIILFLDO FXUULFXOXP D IDF
FXUULFXOXP VFKRODUV H J dLO dHSQL +DIIHUW)\
X 7TKH KLGGHQ FXUULFXOXP LQFOXGHV FRQWHQW QRW LQ
QRW RYHUWO\ WDXJKW E\ WHDFKHUV \HW KDV VLJQLILF
SURFHVV 7KH KLGGHQ FXUULFXOXP PD\ EH D VSHFLILF
GHHPHG LPSRUWDQW RU HPSKDVL]JHG E\ HGXFDWRUV U
LQFOXGHG LQ WKH FXUULFXOXP 7KH KLGGHQ FXUULFX
RQ VWXGHQWYV
Xx 7TKH QX0O FXUULFXOXP FRQVLVWVY Rl OHDUQLQJ FRQWH
FXUULFXOXP WHQGVY WR IRFXV RQ XQGHUVWDQGLQJ ZK\
HVVHQWLDO LV QRW LQFOXGHG LQ WKH FXUULFXOXP I
X 7KH H[WUD FXUULFXOXP UHIHUV WR RYHUDOO SODQQHG
FRQWHQW 7KLV FXUULFXOXP LV YROXQWDU\ DQG XVXD
6RPH RWKHU H[SHUWV XVH GLIIHUHQW WHUPV WR GHVF
DERYH )RU H[DPSOH ILFWLRQDO FXUULEFXOXP RU GHFOD
FXUULFXOXP PHQWLRQHG DERYH WKH WDXJKW FXUULFXOX
FYULFXOXP DQG OHDUQHG FXUULFXOXP UHIHUV WR 3DVS

VWXGHQWY ' %UXLQVPD -DQVHQ S +RHEHQ D
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DOVR DSSOLHV WKH WHUP 3H[SHULHQFHG FXUULFXOXP"~
VWXGHQWYV

$Q XQGHUVWDQGLQJ RI WKH YDULRXV W\SHV RI EXUULF
WDNHQ LQWR DFFRXQW LQ WKH SURFHVV RI FXUULFXOXP D¢
RIILFLDO FXUULFXOXP PD\ GLIIHU IURP WKH RSHUDWLRQDO
GLUHFWO\ VWDWHG LQ FXUULFXOXP GRFXPHQWDWLRQ WKH
LQIOXHQFH RQ WKH OHDUQLQJ SURFHVV DQG VWXG\ UHVXO'

DQDO\VLV

&RPSRQHQWYV RI &XUULFXOXP

7DED LGHQWLILHG WKH IROORZLQJ IRXU FRPSRQHQWYV
FXUULFXOD D REEHOWDRDYBY RUFRIQPVHQVF DWISDIFW VY QRUDQ G |
OHDUQLQJ P H®V KRYMDWO XDQMLRQ VWUDWHJILHV

,Q SUDFWLFH FXUULEXOD GLIIHU LQ WHUPV RI WKH HPS
WKH IRUPXODWLRQ RI UHODWLRQVKLSY EHWZHHQ WKHP DQf
DUH PDGH 7KHVH IRXU FRPSRQHQWY KDYH EHHQ ZLGHO\ DF
HVVHQWLDO WKDW WKH\ EH FRQVLGHUHG LQ DQ\ FRPSUHKH
)XUWKHUPRUH WKHVH IRXU FXUDURXQ®&M \WRR QR ®HQWWH SWHR
RI D PHDVXWRABIXWREQQ WKLV VWXG\

2WKHU H[SHUWV VXFK DV %HDXFKDPS DOVR UHIH
YLUWXDOO\ LGHQW L FCDOWAKGVWKH QIBEHIBT X VH R1 FXUULEXOXP GF
SXUSRVH RI GHVLJQLQJ LE\DWMBWHRE R® RA VEXYLS/RIVHVR I W
LOQVWLWXWLRQ ZKHUH WKH FRQWHQXW XPUZH G OFPMW XREBO PD
DFKLHYH VWDWHG REMHFWLYHVY DQG G DQ HYDOXDWLRQ

FXUULFXOXP LQ DFKLHYLQJ LWV VWDWHG SXUSRVH
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L ONVKH FXWXHSQWWKH FRQFHSW RI FXUULEXOXP ZDV FRQ\
PDLQ FRPSRQHQWY WKH SXUSRVH RU REMHEWLYHV RI HGXI
DQG OHDUQLQJ VWUDWHJILHY DQG DQ HYDOXDWLRQ PHEKD
DQG WKH HGXFDWLRQDO SURJUDPPH LWVHOI

&XUULFXOXP ,GHRORJLHYV

7KLV VHFWLRQ SUHVHQWY VHYHUDO FXUULFXOXP UHOD
IRXQGDWLRQ IRU WKH DQDO\VLV RI FXUULFXOD LQ ,QGRQHV
7KH DQDO\VLVY GHWHUPLQHV WKH LGHRORJ\ LHV UHIOHEWH
WKHVHBPRHY DQG ZKHWKHU WKH D F\DSHFMWFXYOD BXGRREFEDQ
LGHRORJ\ RU VLPXOWDQHRXVO\ LQFRUSRUDWH VHYHUDO L
DQG XQGHUO\LQJ EHOLHIV ZHG\K DQ HDAKQ I ®MR /K H VBV @ HVWH

,Q WKH KLVWRU\ RI FXUULFXOXP HDFK LGHRORJ\ KDV L
GRPLQDQW SHUVSHFWLYH LQ F X U WEIHOKLHXYPH & HAYKHOIDVR FO-PQRW W
LGHRORJLHY DUH VWLOO HYLGHQW DQG XVHG LQ WKH SURF
LGHRORJ\ SUHVHQWHG LLQD LKL X FE DS SMHIQ GQUI EWWD LHIV UHJ
HGXFDWLRQ DQG WKH LQWHQGHG XVH Rl WKH FXUULFXOXP
HGXFDWRUV WKH WHDFKLQJ PHWKRGY GHHPHG DSSURSULD
WKH IXQFWLRQV Rl HYDOXDWLRQ DQG HYDOXDWLRQ PHWKR

7KLV VEHBWHREOQWHG DORQJ WKH IROORZLQJ VWUXFWXL
WKH UHVSHFWLYH FXUULFXOXP UHODWHG LGHRORJLHV DUH
UHOHYDQFH RI HDFK WR WKH SUHYLRXVO\ PHQWLRQHG FXU
WKLY UHVHDUFK WKDW LV WKH SXUSRVH RI HGXFDWLRQ V
WHDFKLQJ SURFHVVHV DQG WKH HYDOXDWLRQ VWUDWHJLH

7KH SUHVHQWDWLRQ Rl FXUULFXOXP LGHRORJLHV DQG

FRPSUHKHQVLYH GLVFXVVLRQ RI FXUULFXOXP LGHRORJLHYV
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6FKLUR ZKLFK LV FRQVLGHUHG UHOHYDQW W XWKH KI
RI VWXGUHY WDKURK 2WKHU VFKRODUV H J SRVQHU X
WKH\ UHYLHZ SULQFLSOHV RI RU FRPPRQ SHUVSHFWLYHV R

FXUULFXOXP DUH DV IROORZV

6FKRODU $FDGHPLF LGHRORJ\

(GXFDWLRQ DFFRUGLQJ WR DGKHUHQWVY RI 6FKRODU $¥
WKH EDVLF FROOHFWLRQ RI NQRZOHGJH WKDW LV LPSRUWD
DFDGHPLF GLVFLSOLQHV +LUVFK .HWW 7UHILO 8QG
GLVFLSOLQHV LQFOXGHV OHDUQLQJ DFDGHPLF PDWHULDOV
WKLQNLQJ DFFRUGLQJ WR PHPEHUV LQ HDFK DFDGHPLF GLV
SHUVSHFWLYH HGXFDWLRQ LV D SURFHVV RI DFEXOWXUDW
VSHFLILF DFDGHPLF GLVFLSOLQH 7KH PDLQ SULRULW\ RI H
GHYHORSPHQW RI LQWHOOHFWXDO DELOLWLHY RI VWXGHQV
$FFRUGLQJ WR WKLY SHUVSHFWLYH WKH RQO\ FRQFHUQV W
DUH WKRVH WKDW VXSSRUW LQWHOOHFWXDO GHYHORSPHQ!
HGXFDWLRQ LV QRW GHVLJQHG WR PHHWPIDR E HMW GH® B G RW

$FFRUGLQJ WR 6FKRODU $FDGHPLF LGHRORJ\ WKH SXU
DFDGHPLF GLVFLSOLQH ZKLFK DULVHV IURP LQWHOOHFW D
VWXGHQWY RI FRUH NQRZOHGJH ,Q DGIQWR FEH YWRORQ RZDOW
WKLQNLQJ DQG FRPPXQLFDW L QJDDVDHPSHRP\HG GL\WVFEHBOHQ M

$GKHUHQWY RI WKLY LGHRORJ\ GHVLJQ FXUULFXOD WK
GLVFLSOLQHV DQG IRFXV DWWHQWLRQ RQ GHYHORSLQJ VW,
GLVVHPLQDWLRQ 6FKLUR

$FFRUGLQJ WR WKLY LGHRORJLFDO YLHZ OHDUQLQJ LV

7KH OHDUQLQJ SURFHVV RFFXUV YLD WKH WHDFKLQJ SURFF
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DV DQ DFWLYLW\ RI NQRZOHGJH GLVVHPLQDWXRAY L6 WH NV
OHDUQHUV D OHDUQLQJ SURFHVV LV QHHGHG WR IDFLOLWI
FRQWHQW RI ZKLFK LV GHWHUPLQHG WKURXJK WKH XVH RI
SULQFLSOHV XVHG DUH ERQGHG WR WKH FXVWRPV DSSOLHC
FRPPRQ OHDUQLQJ SULQFLSOH JXLGHOLQHWR VB URR XKQH QW
ILQGLQJV IURP KXPDQ OHDUQLQJ SURFHVV UHVHDUFK EHFE
WKHRULHY FDQ EH DSSOLHG LQ HDFK DFDGHPLF GLVFLSOLQ
6FKZDE FLWHG LQ 6FKLUR

6KRODU $FDGHPLF LGHRORJ\ VHHVY WKH WHDFKHU DV W
DQG D PHGLDWRU WKDW EULGJHV WKH JDS EHWZHHQ WKH F
REYLRXVO\ KDYH DQ LPSRUWDQW UROH KHUH VR LW LV GH!
GLVFLSOLQH LQ ZKLFK WKH\ VSHFLDOLVH 7KLV H[SODLQV V
LQ WKH GHOLYHU\ RI WKH FXUULFXOXP 7KH VWXGHQW LV V
LQFOXVLRQ LQ WKH DFDGHPLF GLVFLGHLOGLOY D FWR QWLHAT XH

6FKLUR 7KLV DSSURDFK GRHV QRW SD\ PXFK DWW
OHDUQLQJ SURFHVV 7KH VWXGHQW LV UHJDUGHG DV D SDV
SURFHVV VHW E\ WKH WHDFKHU DV GLVVHPLQDWRU $V 6FK!
WKHAHLYLQJ HQG Rl WKH OHDUQLQJ < WHDFKLQJ UHODWLRQ

$V IDU DV FXUULEXOXP FRQWHQW LV FRQFHUQHG DEFFR
SHUVSHFWLYH WHDFKLQJ PDWHULDO FRQVLVWYVY RI DFDGHP
RWKHU PDWHULDO WKDW WHDFKHV VWXGHQWY KRZ WR WKL
GLVFLSOLQH %UXQHU ,Q IRUPXODWLQJ OHDUQLQJ PD'
SUHOLPLQDU\ DQDO\VLV RI WKH FKDUDFWHULVWLFV RI NQR
GLVFLSOLQH LV FRQVLGHUHG FUXFLDO WR HQVXULQJ WKDW

ZKEK KDV DOUHDG\ EHHQ DFFHSWHG E\ DXWKRULWLHYV ZLWK
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DV FLWHG LQ 6FKLUR 7KXV LW LV DSSDUHQW WKE
WKH SULPDU\ IRFXV RI WKLV LGHRORJ\ LV RQ VXEMHFW PDW
ZLWK FRQWHQW DFFHSWHG ZLWKLQ D VSHFLILF DEDGHPLF
QHHGV FKDUDFWHULVWLFV RI VWXGHQWY DQG OHDUQLQJ
WR WKH GHWHUPLQDWLRQ RI FROQWHRW F®WB&FKDBBEKLWRD >
7KLV EHJV WKH TXHVWLRQ DV WR WKH QDWXUH Rl WKH DED
ZLWKLQ WKHP 6FKLUR DI\G FLQY H G Q@GR GED HIO
DFDGHPLF GLVFLSOLQH DV IROORZV D D GHILQHG DUHD R
RWKHU VFKRODUO\ ZRUNV LQFRUSRUDWHRGVK® B [ZM®® GHH LR
FRPPXQLW\ FRPSULVLQJ LQGLYLGXDOV ZKR GHULYH PHDQLC
WKXV EHFRPHV FOHDU WKDW LQ FRXUVHV LQIRUPHG E\ 6FK
LQFOXGHG LQ D FXUULFXOXP FRQVLVWVY Rl OHDUQLQJ PDWF
E\ D SDUWLFXODU GLVFLSOLQH B6FKLUR

7HDFKLQJ WHFKQLTXHV FRQVLGHUHG DSSURSULDWH E\
SHUVSHFWLYH LQFOXGH GLGDFWLF FRXUVHV VXSHUYLVHG

$ GLGDFWLF FRXUVH FDQ EH LQ WKH IRUP RI IRUPDO R
LOQWHUDFWLRQ DQG FDQ DOVR LQFRUSRUDWH WKH XVH RI :
LOQVWUXFWLRQDO PHWKRGVY 6XSHUYLVHG SUDFWLFH DLPV \
DVVRFLDWHG ZLWK D SDUWLFXODU DFDGHPLF GLVFLSOLQH
$GOHU DV FLWHG LQ 6FKLUR 7KH HPSKDVLV RQ L
HEOXVLRQ RI SURIHVVLRQDO RU SUDFWLFDO VNLOOV RU LC
LQ QDWXUH /DVWO\ WKH EDVLV RI WHDFKLQJ WKURXJK 6RI
GLVFXVVLRQV DQG RWKHUZLVH VHHN WR GHYHORS WKH LQV
WKHLU DFTXLULQJ NQRZOHGJH RI DFDGHPLF GLVFLSOLQH U

VWUDWHILHY FRPSOHPHQW HDFK RWKHU $OWHUQDWLYH W|
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WKH JRDO UHPDLQV WR IDFLOLWDWH VWXGHQW DFTXLVLWL
DFDGHPLF GLVFLSOLQH

,Q OLQH ZLWK WKH YLHZ WKDW NQRZOHGJH LV D PDWW|
VXEMHFWLYH LQWHUSUHWDWLRQ WKLV LGHRORJ\ HPSKDVL
GHWHUPLQLQJ UHOHYDQW NQRZOHGJH WR EH PHDVXUHG DC
FXUULFXOXP HYDOXDWHG 6FKLUR (YDOXDWLRQ PHWK
$FDGHPLF DGYRFDWHY LQFOXGH WKHDXVH. WIHBEIMH B AWK LYUHR W
7KLY LQYROYHVY WKH FROOHFWLRQ RI WHVW UHVXOW GDWD
XWLOLVH HYDOXDWLRQ VWUDWHJILHY WR UDQN VWXGHQWYV
JHQHUDO HYDOXDWLRQ LQ WHUPV RI ZKHWKHU D VWXGHQW
VWDWHG REMHFWLYHV LV QRW HQGRUVHG 5DWKHU WKH H®
VWXGHQWYTV DFTXLVLWLRQ RI UHOHYDQW DFDGHPLF NQRZO
6WXGHQW UDQNLQJ LV EDVHG RQ QRUP UHIHUHQFHG WHV W\
FRYHUV ERWK IRUPDWLYH DQFEKVXRPDWLYGX PRDOWKDMW HR® O >
FRQWXK DIWHU D FXUULFXOXP KDV EHHQ LPSOHPHQWHG DC
HITHFWLYHQHVY )RUPDWLYH HYDOXDWLRQ WDNHV SODFH Z
XVH WKH JRDO EHLQJ WR DWWDLQ LQIRUPDWLRQ WKDW PL.

LPSURYHPHQWYV

6RFLDO (IILFLHQF\ LGHRORJ\

$GKHUHQWV RI WKH 6RFLDO (IILFLHQF\ SHUVSHFWLYH Y
SUHSDULQJ OHDUQHUV WR EH DEOH WR PHHW WKH GHPDQG
UHOHYDQW VNLOOV QHHGHG WR IXQFWLRQ HIIHFWLYHO\ LQ
SRLQWV RI WKLV VWDWHPHQW QHHG IXUWKHU HODERUDWLF
PRUH QDUURZO\ FOLHQWY DQG XVHUV VKRXOG EH DQDO\V

REMHFWLYHV™ RI HGXFDWLRQ 6FKLUR S 6HFRQGO\
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HGXFDWLRQDO H[SHULHQFHV DQG V\WWHPDWLF VHTXHQFLQ
WKH VWDWHG WHUPLQDO REMHFWLYHV :LWKLQ WKH SURFH
SURJUHVVLYH REMHFWLYHY DUH GHWHUPLQHG 6XFFHVVIXC
UHVXOWYV LQ WKH GHYHORSPHQW RI D VHW RI VNLOOV LQ N
DV FLWHG LQ 6FKLUR 7KLUGO\ D VHULHV Rl HGXFI
RUJDQL]HG LQ VXFK D zD\ VR DV WR FUHDWH DQ HGXFDWLR
DFKLHYLQJ WKH XOWLPDWH JRDO )LQDOO\ WKH HYDOXDWL
WR ZKLFK WKH HGXFDWWK®DWS 86 RIALHN\GY X0OAKLPIDWWY JRDO 6 X
(IILFLHQF\ LGHRORJ\ UHJDUG HYDOXDWLRQ DV HTXDWLQJ W
DQG RU WKH SXEOLF
JRUPXODWLRQ RI REMHFWLYHV LQ HGXFDWLRQDO DFWL
RQH YLWDO IXQFWLRQ EHLQJ WR DVVLVW LQ GLUHFWLQJ IX
(YHQ DW WKH HDUO\ VWDJHV RI FXUULFXOXP GHYHORS
GHYHORSPHQW DQG IRUPXODWLRQ RI REMHFWLYHV $FFRUC
WKHVH PXVW EH H[SUHVVHG LQ EHKDYLRXUDO WHUPV L H
GR VRPHWKLQJ VXFK DV FRPSHWHQWO\ SHUIRUP D UHOHYD
JURP D 6RFLDO (IILFLHQF\ SHUVSHFWLYH OHDUQLQJ LV
EHKDYLRXU *DJQp 6XFK FKDQJHV LQ EHKDYLRXU UHV>
HQJDJH LQ WKH FRXUVH Rl WKHLU HGXFDWLRQ 7KH WKLQN]
JUDGXDOO\ E\ EXLOGLQJ RQ VLPSOHU EHKDYLRXUDO VNLOO
DUH UHJDUGHG DV LPSRUWDQW DVSHFWV RI OHDUQLQJ WKEL
OHDUQHUV WR SUDFWLVH D VHW Rl EHKDYLRXUV LQ DFFRUC
7\OHU (GXFDWLRQDO H[SHULHQFH LV GHILQHG DV LQ\

KLV KHU HIWHUQDO HQYLURQPHQWY 7\0OHU
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$FFRUGLQJ WR WKLY LGHRORJ\ OHDUQLQJ LPSOLHV D |
JRDO RI HGXFDWLRQ /HDUQLQJ LV VHHQ DV DQ DFWLYH SU]
FKDQJHY DUH DFTXLUHG WKURXJK DSSURSULDWBWI[HUFLVH
FLWHG LQ 6FKIKLK LGHRORJ\ HPEUDFHV WKH WKHRU\ RI EHK

,Q OLQH ZLWK WKH EHKDYLRXUDO SULQFLSOHV OHDUC
WKDW LV OHDUQLQJ FDQ EH EURNHQ GRZQ LQWR VPDOOHU
VWUR@IOXHQFHG E\ LPPHGLDWH IHHGEDEN LPSDUWHG WR C
$QGHUVRQ HWOBGLWHG LQ 6FKLUR

7KARFLDO (IILFLHQF\ SHWY®HRWQY HD V \D VBKRWHMV RI VK
EHKDYLRXU Rl OHDUQHUV WKURXJK WKH XVH Rl UHZDUGV D
WKH UROHV RI HGXFDWRUV LV WR HQVXUH WKDW OHDUQHU)\
LPSOHPHQWDWLRQ RI WKH FXUULFXOXP DQG WKDW OHDUQ
2QH RI WKH UROHV Rl WHDFKHUV LV WR SURYLGH DQ HQYLU
+RZHYHU DFFRUGLQJ WR WKLV SHUVSHFWLYH WHDEKHUYV ¥
REMHFWLYHV )XUWKHU D SURFHVV RI TXDOLW\ DVVXUDQFt
WHDFEHRMNVVLRQDO VNLOOV GR QRW DIIHFW WKH TXDOLW\

&OHDUO\ WKH WHUPLQDO REMHFWLYHV JXLGH WKH GH\
GXULQJ OHDUQLQJ 7KH FXUULFXOXP FUHDWHG XQGHU WKL
SURJUDPPHG FXUULFXOXP 7KLV NLQG RI FXUULEXOXP LV R
EHKDYLRXUDO HQJLQHHULQJ DV LRO®FRZAW BLRIYW/DQ G D
HGXFDWLRQDO SXUSRVHV DUH GHWHUPLQHG ZLWK UHIHUHGC
FKDUDFWHULVWLFV WR EH DEFTXLUHG E\ WKH HQG RI WKH H
EHKDYLRXUDO REMHFWLYHVY DUH GHWHUPLQHG DORQJ ZLW
7KLUGO\ HGXFDWLRQDO H[SHULHQFHV WR EH SURYLGHG W|

SURJUDPPH DUH LGHQWLILHG DV ZHOO DPXYUWKIDL UWKIRR\EHR V H (
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H[SHULHQFHVY DUH RUJDQLVHG LQ WKH PDQQHU FRQVLGHUH
VWUDWHILHY DUH GHVLIQHG WR HYDOXDWH HDFK DVSHFW
SURSRQHQWYV RI 6RFLDO (IILFLHQF\ LGHRORJ\ UHJDUG }
GHWHUPLQLQJ KRZ EHKDYLRXUDO FKDQJHV RFFXU DV D UH)\
DOVR KHOSV WR GHWHUPLQH WKH HIWHQW WR Z2IOHAK WKH W
(YDOXDWLRQ LV OLPLWHG WR RYHUW EHKDYLRXU GLVS
SUHYLRXVO\ VWDWHG WHUPLQDO REMHFWLYHV *DJQp
VXSSRUWHUV EHOLHYH WKDW HYDOXDWLRQ QHHGV WR EH C
WKH FXUULFRFEFFRXQWBHDOLW\ DQG DFFRPSOLVKPHQW RI VW
LQ WKH 6RFLDO (IILFLHQF\ FRQFHSW RI HYDOXDWLRQ 7KXV
DFFRXQWDELOLW\ RI HGXFDWRUV WR FOLHQWY RU XVHUV I
RI XGWHQWY IDFXOW\ DQG FXUULFXOXP DJDLQVW SUHGHWHU
RI FULWHULRQ UHIHUHQFHG WHVWYV LV FRPPRQ 7KH UHVXO
FRQFOXVLRQ DV WR ZKHWKHU WKH SHUIRUPDQFH RI OHDUQ
SUHGHWHUPLQHG VWDQGDUGV ,Q FRQWUDVW WR WKH 6FKR

LQYROYHLWEBRFAKDAXHPHQW

/HDUQHU &HQWUHG LGHRORJ\

$V WKH QDPH VXJJHVWYV WKHRABPVKH R @ MKW UPIKEH IGA/HR
DQG WKDW ZKLFK WKH\ FRQVLGHU LPSRUWDQW 6FKLUR
GHYHORSPHQW Rl WKH LQGLYLGXDO DV D PDMRU WKHPH RI
GHYHORSPHQW Rl OHDUQHUV (GXGEBWHEARSIPHYWHRI DQGDFL
WKURXJK DFWXDOL]LQJ LQKHUHQW DELOLWLHY SUHYLRXVO!
DVVLVWLQJ VWXGHQWY WR UHDOLVH WKHLU SRWHQWLDO W

UHDOLVDWLRQ RI WKH SRWHQWLDO RI WHDFKHUV DQG RWKI
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WKLY LGHRORJ\ HGXFDWLRQDO REMHFWLYHV DUH IRUPXOD
OHDUQHUV

/HDUQLQJ LV FRQVLGHUHG WR EH D XQLTXH DQG GLUHF
DQG WKH HQYLURQPHQW :HEHU DV FLWHG LQ 6FKLUR
KDSSHQV WR SHRSOH ZKHQ WKH\ FUHDWH PHDQLQJ DERXW
HQYLURQPHQWY $GKHUHQWYV RI WKLV LGHRORJ\ YLHZ WKH
FRQVWUXFWLY M/KD WLHZ SREPXWHLQJ ZKHQ LQGLYLGXDOV LC
DQG JLYH PHDQLQJ WR WKH LQWHUDFWLRQ 6FKLUR 71
OHDUQLQJ SURFHVV WKH OHDUQHUV WKH HQYLURQPHQW
GLUHFWO\ ZLWK WKH HQYLURQPHQW DQG SURYLGLQJ PHDQ!
FOHDUO\ FDVWV WKH OHDUQHU DV ®WHUWPLLYH 8 XKW W K. MW LF
OHDUQLQJ RFEXUV B6FKLUR /HDUQHU &HQWUHG HGXFD
LQGLYLGXDOV KDYH SRWHQWLDO DQG FDQ JURZ QDWXUDOO
WKHPVHOYHV WKURXJK WKHLU LQWHUDEWLRQ ZLWK SK\VLF
HQYLURQPHQWY (GXFDWLRQ DLPV WR SURYLGH UHVRXUEH\
/HDUQHU &HQWUHG VFKRODUV OHDUQHUV DUH WKH VRXUFt
HGXFDWLRQDO DFWLYLWLHV LQ DFFRUGDQFH ZLWK WKHLU ¢

,Q OLQH ZLWK WKH DERYH FRQFHSWLRQV DERXW HGXFLC
FRQWH[W HQYLURQPHQW DOHXQQWUWYKDIW RZD/OKV &K P B MDVON
FUHDWH PHDQLQJIXO LQWHUDFWLRQV WKURXJKRXW WKH HC
JLYHUV QRW SURYLGHUV RI NQRZOHGJH 7HDFKHUV DUH KF
RI H{YSHULHQFHV WR VXSSRUW WKH JURKZHULK RHYERQQHELNO L
LQFOXGH GHWHUPLQLQJ DFWLYLWLHVY DV SDUW RI HGXFDW
DQ HGXFDWLRQDO SURFHVV 6XFK DFWLYLWLHVY DUH EDVHG

LOQWHUHVWY RI OHDUQHUV 5DWKERQH DV FLWHG LQ 6F
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DOVR H[SHFWHG WR IDFLOLWDWH JURZWK LQ OHDUQHUV E\
HQYLURQPHQW GXULQJ WKH OHDUQLQJ SURFHVV *LYHQ WK
WR UHVSRQG VSRQWDQHRXVO\ WR OHDUQHUV 6FKLUR
EURDG NQRZOHGJH RI HGXFDWLRQDO PDWHULDO 7KH JHQH
RI H{SHUWLVH EXW /HDUQHU &HQWUHG VFKRODUV FRQVLGHE
WHDFKHU FKDUDFWHULVWLF LQ IDFLOLWDWLQJ WKH GLYHU!
FLWHG LQ 6FKLUR

7KH QHHGV DQG LQWHUHVWYV RI OHDUQHUV SOD\ D YHU'
EHFRPH PDMRU EHQFKPDUNV LQ GHYHORSLQJ HGXFDWLRQD
6KXPDNHU DV FLWHG LQ 6FKLUR 7KH FXUULFXOXF
HQYLURQPHQW ZKHUHLQ OHDUQHUV FRQVWUXFW PHDQLQJ
ERXQFLQJ LGHDV FRPSDULQJ WKHLU WKLQNLQJ DQG HQJDJ
SURFHVV 7KH FXUULFXOXP LV FRQVWUXFWHG RQ WKH EDVL
WRZDUGY OHDUQLQJ LQVWHDG RI WHDFKHUVY SUHFRQFHLY
DFFRUGLQJ WR LQGLYLGXDO OHDUQLQJ VW\OHV QRW WKH !
-RKQVRDQ DV FLWHG LQ 6FKLUR HPSKDVL]HV WKDW
FXUULFXOXP WKH FXUULFXOXP PDNHU DQG WHDFKHUV QHH
LQFOXGH VXFK FRQVLGHUDWLRQV DV ZKDW W\SHV RI OHDUC
JURZWK DUH GHVLUDEOH IURP WKH OHDUQHUYfV SHUVSHFWL

(GXFDWRUV ZKR HPEUDFH WKH /HDUQHU &HQWUHG LGHI
OHDUQLQJ WKHRULHV LQ WKHLU SURJUDPPHV $ JRDO RI Wk
LQGLYLGXDO ZLWKLQ KLV KHU GHYHORSPHQWDO SKDVH $0Q
WKDW WHDFKHUV DQG VWXGHQWY DUH HTXDOO\ UHVSRQVLE

$FRUGLQJ WR WKLV LGHRORJ\ HYDOXDWLRQ LV DQ LPS

UHJXODUO\ PHDVXUH OHDUQLQJ SURJUHVY DQG WKH W\SHYV
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REVHUYLQJ UHFRUGLQJ DQG GREFXPHQWLQJ WKHLU SURJUH

JRU WKHLU SDUW VWXGHQWY QHHG WR UHJXODUO\ PR
HQYLURQPHQW VR WKDW WKH\ FDQ DVVLPLODWH DQG DFERI
PDNHUV QHHG WR UHJXODUO\ DVVHVV WKH EXUULFXOXP LQ
FKDUDFWHULVWLFVY DQG LQWHUHVWV RI OHDUQHUV $Q LPS
FRQGXFWHG IRU WKH EHQHILW RI OHDUQHUV IDFLOLWDWLC
SURFHVV 6FKLUR VARPOIFR| WEGLRWKRU DERYH RXWOLQ
HYDOXDWLRQ SURFHVV LV QRW LQWHQGHG WR SURYLGH LQ
WKHPVHOYHV (YDOXDWLRQ WHFKQLTXHV WKDW DUH FRPPR
&HQWUHG DSSURDFK LQFOXGH DXWKHQWLE IRUPV RI DVVHV
SHUIRUPDQFH Rl VWXGHQWY GXULQJ HGXFDWLRQDO DEWLY
LQFOXGHV SRUWIROLR DVVHVVPEQWWX8BQWNWIRQRXIJER XN
SURJUDPPH WHDFKHUVY QRWHV RQ WKHLU GLUHFW REVHU
ORJV DQG MRXUQDOV VHOI DVVHVVPHQW E\ OHDUQHUV DQ
VHYBO W\SHV Rl SRUWIROLR DVVHVVPHQW VWXGHQWY SDS
DELOLWLHY DQG UHIOHFWLYH FRPPHQWYVY IURP WKH OHDUQ
JHQHUDOO\ VHW IRUWK LQ D ZULWWHQ QDUUDWLYH WKDW C

(YDOXDWLYH FRQQRWDWLRQV VXFK DV JRRG EDG ZU
7KLV LGHRORJ\ UHVSHFWYV IDLOXUH WR EH DV LPSRUWDQW
RFFXU WKURXJKRXW OHDUQLQJ 3URSRQHQWV RI WKLV LGH
DVVHVVPHQW PXVW FRQVLGHU WKH ZKROH FRQWH[W RI WKF
6FKLUR $VVHVVPHQW Rl VWXGHQWYV LV DQ LQWHJUDO
6XPPDWLYH HYDOXDWLRQ ZKLFK LV FRQGXFWHG DW WKH H
DV OHVV LPSRUWDQW WKDQ IRUPDWLYH HYDOXDWLRQ ,I D

RXW WKH HPSKDVLV LV RQ DVSHFWV VXFK DV VWXGHQWVY
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RWKHUZLVH ZLWK ZKLFK VWXGHQWY SDUWLFLSDWHG LQ Wi
VXPPDWLYH HYDOXDWLRQ IRUPDWLYH HYDOXDWLRQ LV FRC
D@ LV VXEMHFWLYH LQ QDWXUH IRFXVLQJ RQ HDFK VWXGH¢
WKLY DSSURDFK KDYH PRUH SHUVRQDO LQWHUDFWLRQ ZLW
KLIJKO\ PRWLYDWHG DQG SHUVRQDOO\ LQYROYHG ZKHQ FDU
RI IRUPDWLYH DVVHVVPHQW LQ WKLV FRQWH[W LV WR GHWF
LOQYROYHG LQ WKH OHDUQLQJ SURFHVV 7KH HYDOXDWLRQ |
DQG WKH SUHSDUDWLRQ RI UHSRUWY DVVHVVLQJ LQGLFDWI

ZLWK WKH LQWHUHVWY DQG QHHGV RI OHDUQHUV 6FKLUR

6RFLDO 5 HFRQVWUXFWLRQ LGHRORJ\

$FFRUGLQJ WR 6RFLDO 5HFRQVWUXFWLRQ HGXFDWRUYV
WKH HVWDEOLVKPHQW RI D QHZ PRUH MXVW VRFLHW\ LQ R
PHPEHUV G6FKLUR (GXFDWLRQ LV UHJDUGHG DV D VRF
EH UHVKDSHG LQ SRVLWLYH ZD\V 6RFLDO 5HFRQVWUXFWLR
DVSHFWV RI FRQWHPSRUDU\ VRFLHW\ DV VHHQ LQ FDVHYV Z
HFRQRPLF DQG VRFLDO VWDWXV RI VRFLHW\ PHPEHUV DQG
GLUHFWHG WRZDUGYVY D SDUWLFXODU JURXS DQG EHOLHYH
FXUUHQW VRFLRIWWEH EHWWHU (GXFDWLRQ DFFRUGLQJ W
HITHFWLQJ WKDW UHFRQVWUXFWLRQ 6FKLUR TKURXJK
LPSOHPHQWDWLRQ HGXFDWLRQ LV SHUFHLYHG DV KDYLQJ
UHVSRQVLYH WR WKHLU VRFLDO OLIH DQG VXUURXQGLQJ FF
D EHWWHU VRFLHW\ DQG DUH PRWLYDWHG WR WDNH DFWLR
LPSRUWDQW DVSHFWV RI FXUULFXOXP LQIRUPHG E\ WKLV L
RI FXUUHQW VRFLEHHWEBD ARYOGEWLRRRFHQW RI D YLVLRQ RI D

F WKH GHWHUPLQDWLRQ RI DFWLRQV QHHGHG WR PRYH WK
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YLVLRQ 'XULQJ WKH HGXFDWLRQDO SURFHVV ZKHUHLQ VW
VWDWH RI IOX[ QHZ LVVXHV DQG VRFLDO FULVHV PD\ HPHU
FRPPXQLW\ DUH H[SHFWHG WR EHFRPH PRUH DQG PRUH HP
EH DEOH WR FRQWLQXH UHVKDSLQJ WKHPVHOYHV DQG WKH
WHDFKRWBULDOV LQFOXGHG LQ WKH FXUULEXOXP FRPH IUR
RI VRELHW\ SHUWDLQLQJ WR WKH SDVW SUHVHQW DQG IXW
SHUVRQDO DQDO\VLV RI WKH HGXFDWRU RI WKH ZRUOG DQC
LQFRUSRUDWHG LQWR WKH FXUULFXOXP IRU WKH SXUSRVH
ZRUNLQJ WRZDUGV WKH QHZ YLVLRQ RI D EHWWHU VRELHW)

6FKRRO LV UHJDUGHG DV D VRFLDO LQVWLWXWLRQ WKE
FKDQJH WKHLU ZLGHU VRFLHW\ WKURXJK OHDGHUVKLS DQG
6FKLUR 7KLV LGHRORJ\ YLHZV WKH FXUULEXOXP WKU|
ZLWK WKH PDLQ IRFXV EHLQJ RQ HGXFDWLQJ JURXSV RI SHI
IXQFWLRQ DV SURYLGHUV RI NQRZOHGJH DQG PXVW SOD\ D
PRUDO YLVLRQ WKDW ZLOO FRQWULEXWH WR D KDUPRQLRX
LGHRORJ\ VWURQJO\ RULHQWDWHG WRZDUGV VRFLDO YDOX
WR WKH IRUFHV WKDW VKDSH LQGLYLGXDOVY H[SHULHQFHYV
HGXFDWLRQDO ,QGLYLGXDOV DUH QRW WKH PDLQ IRFXV RI
UHJDUGLQJ OHDUQHUV UROHV RI HGXFDWLRQ WHDFKHUV [
VRFLDO RULHQWDWLRQ RI WKH 6RFLDO BBORMHWWYXARURQ L
H[DPSOH LQ WKH XVH Rl OHDUQLQJ WHFKQLTXHV WKDW HP:

$FFRUGLQJ WR WKH 6RFLDO 5HFRQVWUXFWLRQ SHUVSH
VRFLHW\ DQG VRFLDO DFWRUV :KLOH PRXOGHG DQG LQIOXI
VXUURXQGLQJ FRPPXQLWLHY DQ LQGLYLGXDO FDQ DOVR FF

RQHTV VRFLHW\ ,QGLYLGXDOV DV OHDUQHUYV SOD\ DQ LPSR
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HPSRZHUHG LQGLYLGXDOV WKDW D QHZ DQG EHWWHU VRFL
WR UHFRQVWUXFW WKHPVHOYHV EHIRUH WKH\ FDQ UHFRQV!
5SHFRQVWUXFWLRQ SURSRQHQWY VHH HGXFDWLRQ DV SOD\L
(GXFDWLRQ DFFRUGLQJ WR DGKHUHQWYV RI WKLV LGHR
ORFDWQRPRQWH[WY LQFOXGLQJ WKH IDPLO\ FRPPXQLW\ C
6RFLDO FRQVWUXFW VHIHWP OBBKIQIRJ DV DQ DFWLYH SURFH)
H[SHULHQFHV LQWR D PHDQLQJIXO VWUXFWXUH 7KH OHDUC
RULHQWHG DFWLRQV LQVWHDG RI LQGLYLGXDOO\ RULHQW
DQG FRPPXQLW\ % WDNPHOMHG LQ 6FKLUR /HDUQLQJ UH
LOQYROYHPHQW ZLWK VRFLDO JURXSV 7KH OHDUQLQJ SURFt
DQG WKH RXWVLGH HQYLURQPHQW 7KXV LQ IRUPXODWLQJ
LQVLGH DQG RXWVLGH WKH VFKRRO )XUWKHUPRUH WKH ¢
LGHRORJ\ XWLOL]JHV ODQJXDJH FRPPXQLFDWLRQ DQG JURX
DV FLWHG LQ 6FKLUR $ PHDQLQJIXO OHDUQLQJ SU
QRW RQO\ UHTXLUHV WKLQNLQJ EXW DOVR DQ HPRWLRQDO
XQGHUVWDQGLQJ RI WKH VRFLDO VLWXDWLRQ VXUURXQGLQ
FRPPLWPHQW RI WKH LQGLYLGXDO WR VRFLDO LVVXHV DQG
FRQVLGHUHG LQWHJUDO WR WKH OHDUQLQJ SURFHVV
BRFLDO 5HFRQVWUXFWLRQ HGXFDWRUV DOVR DGYRFDW
WKRVH FRPPRQO\ H[SHFWHG 7KDW LV WKH\ VKRXOG EH LQ
WKHLU ZLOO WR VXSSRUW WKH FUHDWLRQ RI D EHWWHU IX\
UHVSRQVLELOL\WHWHODPW HEWLRQG/WDQGDUG VRFLHWDO H[S
UHVSRQVLELOLW\ H{IWHQGY WR WDNLQJ UHDO DFWLRQV WR;:
FRPPXQLW\ ,Q WKLV FDXVH WKH WHDFKHU DFWV DV D FRX!

RSSRWWMQURU OHDUQHUV WR VKDIUGWBUY BXWAM /Q 8 (DW W/IL V.
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VRFLDO FLUFXPVWDQFHV OHDGLQJ WR FRQVWUXFWLRQ RI |
HGXFDWLRQDO SURFHVV B6LQFH WKH SXUSRVH Rl WHDFKLQ.
YLHZ LV WR SUHSDUH VWXGHQWY IRU WKH WDVN RI UHEXLO
DLPV WR VWLPXODWH OHDUQHUV WR LQLWLDOO\ UHFRQVWL
WKRXJKW RI DV DOOLHV LQ WKH ILJKW WR DGGUHVV VKRUW
FRPPXQLW\ 7HDFKHUV DUH YLHZHG DV FROOHDJXHV RU IUL
DQG HQJDJH LQ GLVFXVVLRQ 7KH WUDGLWLRQDO ROG IDV}
DXWKRULWLHV LV QRW DSSURSULDWH KHUH WHDFKHUV DQ
EH VKDUHG ZKHQ OHDUQLQJ WDNHV SODFH %RWK DUH VHH
PHDQLQJ GXULQJ OHDUQLQJ

7R IDFLOLWDWH WKHLU FRQFHSW Rl OHDUQLQJ 6RFLDC
VWUDWHJILHVY WKDW IRFXV RQ JURXS DFWLYLWLHV +HUVK
OLQH ZLWK WKH SULQFLSOH RI VRFLDO FRQVWUXFWLYLVP
IRUP Rl JURXS H[SHULHQFHV XVLQJ LQWHUDFWLRQV DPRQJ
IRFXV Rl OHDUQLQJ LV WKH IRUPDWLRQ RI D JURXS PLQG D
1HHGOHVV WR VD\ VFKRODUV HVSRXVLQJ WKLV LGHRORJ\ E
DFFRPSOLVKHG WKURXJK JURXS EDVHG DFWLYLWLHV 7KH P
XVH RI GLVFXVVLRQV DQG H[SHULHQFHV 6FKLUR ([DP:
YDOXHV FODULILFDWLRQ DQG FULWLFDO DQDO\VLV *LURX]
WHFKQLTXHV VWXGHQWY SDUWLFLSDWH LQ SUHOLPLQDU\ ¢
IRUZDUG LQFOXGLQJ WKH LGHQWLILFDWLRQ RI DUHDV RI F
DIWHUZDUGVY WR FODULI\ YDOXHV DQG EXLOG FRQVHQVXV
LV H[SHULHQFH H[SRVXUH LQ ZKLFK OHDUQHUV DUH SXW L
HQFRXQWHU VRFLDO FULVHV 6FKLUR VXFK DV SDUWLF

GHPRQVWUDWLRQ FOHDQLQJ XS D FLW\ SDUN YLVLWLQJ D
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SRRU 2WKHU IRUPV RI GLUHFW WI[8XODMQR VQRAOPKIDH JIHHB|

H[SHULHQFHVY UROH SOD\V DQG WKH XVH RI PHGLD RWKHU

6RFLDO 5SHFRQVWUXFWLRQ DGKHUHQWY JHQHUDOO\ GR
ZKHQ DVVHVVLQJ OHDUQHUV DQG WKH FXUULFXOXP 6XEMH
WKH JHVWDOW WKHRU\ DSSURDFK WKDW SULRULWL]HV WKH
FXUULFXOXP HYDOXDWIWRIKHLVRARQOGXFRMQAHEH[W RI WKH OHDU
RXWVLGH LW )RU H[DPSOH DVVHVVRKQ@W EHMROMHGEG XRWXP H
REVHUYDWLRQV WKDW EHJLQ DIWHU VWXGHQWY JUDGXDWH
+RUWRQ DV FLWHG LQ 6FKLUR DQG FRUUHODWHG
OHDUQHUV LQ WKHLU SURIHVVLRQDO DQG RWKHU UHOHYDAQ
ORUH VSHFLILFDOO\ VXFK DVVHVVPHQW ZRXOG IRFXV RQ O
UHFRQVWUXFWLRQ RI VHOI DQG VRFLHW\ LQ OLQH ZLWK Wt

YLVLRQ RI D EHWWHU IXWXUH VRFLHW\

&RPSDULVRQ RI &XUULFXOXP ,GHRORJLHV

7KH FXUULFXOXP LGHRORJLHY DV RXWOLQHG DERYH DU
SUDFWLFH $ FXUULEXOXP FDQ EH HFOHFWLF UHIOHFWLQJ
LQFRUSRUDWLQJ VHYHUDO SKLORVRSKLHV LQ LWV FRPSRQt
UHPLQGV XV RI WKH SRVVLELOLW\ WKDW DQDO\VLV RI WKH
LQ D SHUIHFW PDWFK ZLWK WKHVH IRXU FXUULFXOXP LGHR

&XUULFXOXP SHUV SSHFRW.KHY 8[BRSRYH®UH VLPLODU WF
FRFHSWV RXWOLQHSURERGHI VIDE®R®P SDUDWLYH VXPPDU\ RI
FXUULFXOXP VFKRODUV LQ GHVFULELQJ FXUULFXOXP LGHR(
IRXU PDLQ LGHRORBEKVURGHQW I IDUHG XQGDPHQWDO HQFRPS

RWKHU UHODWHG SHUVSHFWLYHV DQG LGHRRPRRKHNYV VXFK LC
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DQG %DUQHWW DQG &RDWH 7KHVH DOWHUQDWLY
SUHVHQWHG EULHIO\ LQ WKH IROORZLQJ SDUDJUDSKV
7DEOH

&RPSDULVRQ RI 7THUPV 5HIJDUGLQJ &XUULFXOXP ,GHRORJLH

6FKLUR SRVQHU 7TRRKH\ %DUQHWW DQG &REL

6FKRODU 6WUXFWX $ WUDGLWLRt6SHFLDO FXUULFXO
$FDGHPL GLVFLSOI GLVFLEDVWIQGE
TUDLWLR(CDSSURDEFK & XU ULDVOXPW XUH L

6RFLDO %HKDYLR $ SHUIRUPDQ 2XWFEPNHG DSSUR
(IILFLHQI V\VWHPVHG ODUNHMHQWHG HP¢
DSSURDFK UHODWHG FXUULFX

/JHDUQHU &RQVWUX $Q H[SHULHQ /LEHUDO FXUULFXO
&HQWHUI ([SHULHQ SHUVRQD® U|
DSSURDFK

6RFLDO $ VRFLDOO\ F 7UDQVIRUPDWLYH F
SHFRQVW DSSURDFK

$ FRIQLWLYH 6RFLDO UHSURGXF\

SRVOQHULGHQWLWKKNRIUMWLFDO SHUVSHFWLYHV RQ FXUL
H[SHULHQWLDO VWUXFWXUH RI WKH GLVFLSOLQHV EHKDYL
SHUVSHFWLYHVY HTXDWH WR WKH 6FKRODU $FDGHPLF 6RFLI
LGHRORJLHVY SUHVHQWHG E\ 6FKLUR UHVSHFWLYHO\ 7
VWUXFWXUH RI WKH GLVFLSOLQHY DOVR HPSKDVL]HV WKH
OHDUQLQJ SURFHVV :KLOH WKH GLVFLSOLQHV SHUVSHFWL)
WKLV FRUH FRQWHQW VKRXOG EH OLQNHG WR WKH VWUXFW
XQLYHUVLW\ DFFRUGLQJ WR WKH WUDGLWLRQDO SHUVSHF\
LQIRUPDWLRQ WR EH SDVVHG | WRD WH QW UBPMMIRFQOW W H U Q H\UI

FRPSXWDWLRQDO VNLOOV D NQRZOHGJH RI EDVLF IDFWV D
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KLJKHU HGXFDWLRQ DQG D VHW RI FRPPRQ YDOXHV WKDW
/IDVWO\ WKH H[SHULHQWLDO SHUVSHFWLYH WKH EDVLF FR{
&HQWUHG SHUVSHFWLYH 6FKLUR IRFXVHV RQ WKH XV
DV WKH PHGLXP Rl OHDUQLQJ

/JRRNLQJ DW RWKHU FXUULFXOEKRQWGHRORILHYH TRR®MM
SHUVSHFWLYHV LQ W KHIGX EWDRMKMVR/Q AEQ URU DKIXIM B DKWL Q D €
GLVFLSOLQH EDEB G WDSIRWPDRKFH RU V\VWHP ¥ EIQMMA DI$ S UF
DSSURGPBR H[SHWRILHOMUWRQDO UHOH YHDQ¥ R FL®SWOR IFRK. WILF®
DSSURDFK 7KH WUDGLWLRQDO RU GLVFLSOLQH EDVHG DSS
LGHRORKDWEBWQ H[SODLQHG DERYH 7KH SHUIRUPDQFH RU
SURSRVHG E\ 7TRRKEDVLFDOO\ VLPLODU WR WKH H[SODQDWL
LGHRORJ\ SURYLGHG E\ 6FKLUR 7KH FRJQLWLYH DSSU
LQWHOOHFWXDO DVSHFWV Rl OHDUQHUV DOEHLW ZLWK VO
EDVHG DSSURDFK 7KH SXUSRVH RI HGXFDWLRMQKBIFFRUGLQJ
WKLQNLQJ SURFHVV VR WKDW OHDUQHUV FDQ SHUIRUP KLJ}
LWVHOI LQ WKHLU DELOLW\ WR SHUIRUP FRPSUHKHQVLYH D
UHVROYH SUREOHPV 7KXV WKLQNLQJ EHFRPHV WKH JRDC
FRQWHQW LQ WKH HGXFDWLRQDO SURFHVV 7KH OHDUQLQJ
IROORZLQJ VWDWHPHQW VWXGHQWY ZLOO OHDUQ WR WKL
SUREOHPV" 7RRKH\ S 'LWK WKDW SKLORVRSK\ WK
OHDUQLQJ VWUDWHJILHY WKDW HQDEOH VWX&HQWNVRWRQIQR
FRQFHSWV SURFHVVLQJVRKH /MDY DMWY 8 ISWREGNIFQDJI*URXS I
FODVVURRP LQYROYLQJ LQWHUDFWLYH UHODWLRQVKLS EHV
DYDLODELOLW)\ RI DGHTXDWH OLEUDU\ UHVRXUFHV DUH DP

WKH OHDUQLQJ SURFHVV DFFRUGLQJ WR WKLV LGHRORJ\ }
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WKDW SURYLGH RSSRUWXQLWLHYV WR VWXGHQWY WR GHPRC
EHLQJ WDXJKW DQG DOVR WKH LQFUHDVHG LQWHOOHFWXDC
SURFHVV $VVHVVPHQW PHWKRGV JHQHUDOO\ LQYROYH SRV
WKH FRPSOH[LW\ RI WKH HYDOXDWLRQ SURFHVYV LQ WKLV F|
DVVHVVRHOQMQLX¥WLOLVHG /DVWO\ WKH H[SHULHQWLDO RU
DSSURDBSKSHDUHG LQ 7IRRKEHQWLFDO WR WKH /HDUQHU &HQ
5SHFRQVWUXFWLRQ LGHRORJLHV H[SODLQHG E\ 6FKLUR
%DUQHWW DQGERPXWHW FRQFHSWYV RI KLIKHU HGXFDWLI
X &XUULMDAMOXXRVXOWYVY RXWFRPHV DSSURDFK 7KH FXUULT
OHDUQLQJ SURFHW RHYDWKDW &/ IERXEGIG RQ D FHUWDLQ V
VWDQGDUGYVY (PSKDVLV LV RQ WKH HQG UHVXOW DQG D
ZLWK SUHGHWHUPLQHG VWDQGDUGVY 6WDQGDUGYV DUH
VXEMHFW PDWWHU DQG VHYHUDO LQGLFDWRUV RI PDVW
X &XUULFXOXP DV VSHFLDOIGRFPFRUQ LFIXDXPGIHW YEWZHG D\
RI WHDFKLQJ PDWHULDOV GHWHUPLQHG SUHGRPLQDQW
DFDGHPLFVY PD\ EH GHILQHG DV DSSURSULDWHO\ TXDOL
VSHFLDOLVW NQRZOHGJH ZLWKLQ D SDUWLFXODU DFDG
I[UHHGRP WR GHWHUPLQH FXUULFXOXP FRQWHQW 7HDF
UHVSHFWLYH DFDGHPLF GLVFLSOLQHYV
X &XUULFXOXP7KWH FPROWHUIHNLRQ KHUH LV WKDW FXUULFX
OHYHO DULVHV IURP D YDULHW\ RI GLITHUHQW FXOWXU'
7TKHVH FXOWXUHY DUH VKDSHG E\ YDOXHV RI WKH GLVF
RI FRPPXQLFDWLRQ WKDW DSSO\ LQ HDFK GLVFLSOLQH
HGXFDWLRQ LOQVWLWXWLRQV IRUPV LWV RZQ WHUULWRI

FXOWXUH HPEHGGHG LQ FXUULFXOXP LV WKH FODVVLIL
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GLVFLSOLQHV LQWR VHYHUDO FDWHJRULHV VXFK DV u¢
VRIW VFLHQFH %DUQHWW &RDWH S $FFRUG
FDQ EH VHHQ DV DQ DUHD ZLWKLQ WKH SUHGHWHUPLQF
FXOWXUH 7KH DSSURDFK WR FXUULEXOXP DV FXOWXUH
KLJKHU HGXFDWLRQ GLVFLSOLQHV

X &XUULEXOXP DV VRFEKBDIOFXHBURGOFRVLRQ/HHQ DV WULJJ
FODVVLILEFDWLRQ WKURXJK D KLGGHQ FXUULFXOXP WKE
LGHQWLILHG LQ WKH RIILFLDO FXUULEXOXP GRFXPHQW!I
D PHVVDJH WR VWXGHQWY DERXW LPSOLFLW UXOHV RU
XSRQ WKHLU VXFFHVV LQ WKH HGXFDWLRQ DUHQD 7KH
SURSRQHQWV RI WKLV SHUVSHEWLYH SURYLGHV EHQHI
ZKLOH LJQRULQJ RWKHUV BROQNVDHIQVGN WKCDGN &IRIDS/OHL F LW U
UHVWULFWLRQV HVSHFLDOO\ WKRVH WUDFHDEOH WR W
YHU\ LQIOXHQWLDO ZLWKLQ KLJKHU HGXFDWLRQ FXUUL

X &XUULFXOXP DV WEPRQU/GRQPDWRLRBLY SHUVSHFWLYH W
FXUULFXOXP UHODWHY WR WKH UROH RI KLJKHU HGXFD
RI OHDUQHUV $V ZLWK WKH SUHYLRXVO\ RXWOLQHG YL
HGXFDWLRQ WHQGYV WR IDYRXU FHUWDLQ JURXSV DQG |
WKDW GLVFULPLQDWLRQ DQG SRZHU FRPSHWLWLRQ LQ
UHIOHFWV WKH FXOWXUH RI LQHTXDOLW\ PXVW EH UHV
LV WKHUHIRUH UHJDUGHG DV DQ HPSRZHULQJ SURFHVV
LOQWHUDFWLRQ EHWZHHQ HGXFDWRUV DQG OHDUQHUV

x &XUULFXOXP DV FRQVXPSWLRQ D PDUNHW RULHQWHG
YLHZ WKH FXUULEXOXP LV D SURGXFW WKDW PXVW FRC

&RPSHWLWLRQ IRU VWXGHQWY DQG WKH GHPDQGV RI V'
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HQFRXUDJHG KLJKHU HGXFDWLRQ LQVWLWXWLRQV WR F
HVSHFLDOO\ UHODWHG WR WKH UHOHYDQFH RI HGXFDW
RI FRQVXPHUV Rl HGXFDWLRQ LV PRUH SRZHUIXO WKDQ
PDLQWDLQ WKH VWUXFWXUH RI WKHLRES®HWFLES Q/KDHW % L
VHYHUDO KLJKHU HGXFDWLRQ FXUULFXOXP GHVLJQHUV
WKLY PDUNHW UHODWHG GHPDQG DQG WDLORUHG HGXF
DFFRUGLQJO\

X /[LEHUDO &X3JUURFRKQHOWY Rl WKLV LQGLYLGXDO RULHQW
FXUULFXOXP DV DQ HIIRUW WR PHHW LQGLYLGXDO QHH:
FRPPXQLW\ OLIH LQ DGGLWLRQ WR PHHWLQJ WKH GHPE
UHODWHG NQRZOHGJH RU FRPSHWHQFLHV /LEHUDO U|
LQYROYHPHQW LQ WKH HGXFDWLRQDO SURFHVV $FFRU
FRPPLWPHQW DQG UHVSRQVLELOLW)\ IURP OHDUQHUV Z
ZLWK WKH ULJKW WR GHPDQG DQ DFWLYH UROH LQ FRQ
SHUIRUPDQFH LQ WKH FRQWH[W RI WKH HGXFDWLRQDO
$GKHUHQWYV RI WKLV SHUVSHFWLYH JH @SDO GWKBIG Y RFI
SULQFLSOH RI GHYHORSPHQWDO JRDOV &XUULFXOXP F

GHYHORSPHQW RI VRFLDO LQWHUDFWLRQ FLWL]JHQVKL:

%DUQHWW DQ®RKERDWH) LGHD RI FXUULFXOXP FRPSDWLE
WKH OHDUQHU FHQWUHG DSSURDFK LQ WKHLU DVVHUWLRQ
FXUULFXOXP S DQG WKDW FXUULFXOXP UHTXLUHV D IF
FRPSRQHQW LQ WKH DFWLYLW\ RI NQRZLQJ DFWLQJ DQG E
FXUULFXOXP LW LV FOHDU WKDW WKH\ HPSKDVL]H WKH DFV

LQGLYLGXDO VKRXOG QRW EH UHJDUGHG DV D SDVVLYH OHI
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PDWHULDO 7KXV WKH SURFHVV Rl FUHDWLQJ WKH EXUULF)
KRZ VWXGHQW HQJDJHPHQW FDQ EH RSWLPL]JHG WKURXJK D
DFWLQJ DQG EHLQJ 7KHVH W KWWHRHE IDYJS HFFWWL @) PXQUBUEFX QX
G\QDPLF DQG WKHLU UROH LQ HDFK FXUULFXOXP PD\ YDU\ I
H[DPSOH LQ HGXFDWLRQDO SURJUDPPHV WKDW HPSKDVLVH
NQRZLQJ DVSHFW PLJKW EH PRUH GRPLQDQW ZKLOH WKH D
SURIHVVLRQDO HGXFDWLRQ SURJUDPPHYV

$IWHU UHYLHZLQJ DQG FRPSDULQJ FXUULEFXOXP LGHRO
XQGHUO\LQJ WKH IRUPDWLRQ RI FXUULFXOXP ZKHWKHU FF
QHHGV RI VRELHW\ RU WKH QHHGY DQG LQWHUHVWYV Rl OHD
DIIHFW WKH ZD\V LQ ZKLFK WKH FXUBHG XOXHPVLW KWDIQHG
XQGHUVWDQGLQJ RI WKH YDULRXV LGHRORVYHYW Q (R WKLHQ J
SURFHVV RI DQDO\VLQJ YDULRXV FXUULFXOD

&XUULFXOXP $QDO\VLV $ )UDPHZRUN

&XUULFXOXP DQDO\VLV LV D VIVWHPDWLF DFWLYLW\ FR
LWV SDUWV DQDO\VLQJ HDFK SDUW LQFOXGLQJ IRU H[DPS
FXUULFXOXP GHYHORSPHQW DQG XQGHUVWDQGLQJ WKH UF
FXUULFXOXP 3RVQHU $ IUDPHZRUN LV UHTXLUHG WR |
DQG HVSHFLDOO\ WR SURYLGH JXLGDQFH RQ FDWHJRU\ JUR
RUJDQLVDWLRQ

7\OHU SURYLGHV VXFK D IUDPHZRUN ZKLFK KDV EHHQ
7KLV IUDPHZRUN UHPDLQV GRPLQDQW WRGD\ DOPRVW VHY|
+H OLVWYV IRXU TXHVWLRQV WKDW KH FODLPV VKRXOG GLUF
KHOS LQ WKH SURFHVV RI FXUULFXOXP DQDO\VLY 7KHVH DI

KDWNVBBHS XUSRVHV RI HGXFDWLRQ"
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:KDW HGXFDWLRQDO H[SHULHQFHV FDQ EH SURYLGHG
+RZ FDQ WKHVH H[SHULHQFHV EH HIIHFWLYHO\ RUJD(
+RZ GR ZH FRQFOXGH WKDW WKH SXUSRVHV DUH EHL
7KH ILUVW TXHVWLRQ UHIOHFWV VHYHUDO DVSHFWV RI
WR H[SHULHQFHV RU HGXFDWLRQDO DFWLYLWLHV GHVLJQH!
WKLUG LV WDUJHWHG DW ZD\V Rl RUJDQL]LQJ H[SHULHQFHV
HYDOXDMAKRIDLTXHY WR GHWHUPLQH WKH DFKLHYHPHQW RI t
7DED SUHVHQWYV D VLPLODU IUDPHZRUN IRU WKH SURF
VWDWHY WKDW LQ WKHFXURAHXO RP FRIQYWVRUDX®BWWHE® DUH |
GLDJQRVLV Rl WKH QHHGYV XQGHUO\E QR UPKID BFWUL B QFX D KR UG
REMHFWYMBWEWLRQ RI WHORKILRQ LRDWHBREBEKQ Y IJHPDWHULD O\
VHOHFWLRQ RI HGXFD\WURDQ OVID MEHRFDHDIFRYD® H[SHULHQFH
GHWHUPLQDWLRQ RI FXUULFXOXP HYDOXDWLRQ PHWKRGYV
3RVQHU SURYLGHY D FRPSUHKHQVLYH IUDPHZRUN IRU D
WRXFKLQJ RQ DV S HRVMRV HIMO R WF)GU WIRF WEBXP IRUPDWLRQ GH
PDWHULDOV DQG WKHLU RUJDQLVDWLRQ FXUULFXOXP LPSC
FULWLTXH ZKLFK DLPV WR SURYLGH DQ DQDO\VLV RQ WKH \
*XLGLQJ TXHVWLRQV DUH SURYLGHG WR DVVLVW LQ WKH SL
IUDPHZRUN IXQFWLRQV DV D GHWDLOHG H[SODQDWLRQ RI W
IUDPHZRUN ZLOO EH LQFRUSRUDWHG LQ WKLV UHVHDUFK D
E\ 7\OHU 7DED 6 DIQL® R 7KH QHZ FXUULEXOXP DQDC
GHYHORSHG IRUNWEH FXWR MEWQRZOHGJHY DQG LQFRUSRUD
WKH FXUULFXOXP FKDUDFWHULVWLFV Rl SURIHVVLRQDO SV

PRGHOV &KDSWHU DV D UHIOHFWLRQ RI WKH VWUXJJOH
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WKH HGXFDWLRQ RI IXWXUH SV\FKRORJLVWYV )LJXUH V XF

DXWKRU ZXUH& ZRVDQDO\VLQJ ,QGRQHVLDQ SURIHVVLRQDO

JLIXUH$S IUDPHZRUN IRU DQDO\VLQJ FXUULFXOD LQ ,QGRQHYV

SURJUDPPHYV
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&RQFOXVLRQ

7KLV FKDSWHU KDV SURYLGHG GHVFULSWLRQV UHODWH
FRPSRQHQWYVY RI FXUULEXOXP DQG VHYHUDO YLHZSRLQWYV R
FXUULFXOXP 7KH GHILQLWLRQ RI FXUULFXOXP XVHG LQ WK
FRPSHWLQJ DQG RU FRPSOHPHQWDU\ YLHZV Rl WKH EXUULF
SXUSRVHV Rl HGXFDWLRQ OHDUQLQJ FRQWHQW WHDFKLQJ
WKH HGXFDWLRQDO SURFHVV )XUWKHUPRUH IRXU GRPLQD
RI FXUULFXOXP ZHUH DOVR LGHQWLILHG QDPHO\ WKH 6FKR
/HDQHU &HQWUHG DQG WKH 6RFLDO 5HFRQVWUXFWLRQ LGFH
PD\ EH DQ DPDOJDPDWLRQ RI RQH RU PRUH Rl WKHVH LGHR
GLVFUHWH SRLQWV LV H[SHFWHG WR SURYLGH D PRUH GHW
RZQHG E\ HDFK FXUULFXOXP LGHRORJ\ $ I[UDPHZRUN WR JX
DQDO\VLV LV SUHVHQWHG )LJIXUH ZKLFK FRPELQHV DQ
FXUULFXOXP EXUULFXOXP LGHRORJLHV DQG JXLGLQJ TXHV

FXUULFXOXP FRPSRQHQWYV
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&KDSWBIROLFLHY 5HIJXODWLQJ &XUULFXOD Rl ,QGRQHVLD
BURJUDPPHYV
7KLV FKDSWHU SUHVHQWY VHYHUDO URIJ XDORMLHRQ\D @ H C
SURIHVVLRQDO SV\FKRORJ\ SURJUDPPHV ZLWK D SULPDU\ |
FXUULFXOD LQ WKHVH SURJUDPPHV VXFK DV WKH SXUSRVH
WHDFKLQJ DQG HYDOXDWLRQ PHWKRGV
ODQDJHPHQW RI SURIHVVLRQDO SV\FKRORJ\ SURJUDPPF}
JRYHUQPHQW UXOHV DQG UHJXODWLRQV LPSRVHG E\ SURIH
TXDOLW\ Rl SURIHVVLRQDOVY VHUYLFHV DV PDQGDWHG E\
KLHUDUFKLFDO LQ QDWXUH 7KH UHJXODWLRQV XSSHUPRVW
PRUH JHQHUDO WKDQ WKRVH WKDW DUH ORZHU UDQNHG Zk
H[SODQDWLRQV 7KH ,QGRQHVLDQ JRYHUQPHQW HPSKDVLVF
UDQNHG UHJXODWLRQV PXVW QRW FRQIOLFW ZLWK UHODWF
SRDWUUHJXODWLRQV JRYHUQLQJ WKH PDQDJHPHQW RI SUR
,QGRQHVLD ERQWVOXBYBUQPHQWDO UHJXODWLRQV DQG JXLG
RUJDQLVDWLRQV DVVRFLDWLRQV DUUDQJHG LQ KLHUDUFK
ERWWRP RI WKH S\UDPLG UHVSHFWLYHO\ $00 UHJXODWLR
ZKHQ WKLV WKHVLV ZDV ZULWWHDQ
(ODERUDWLRQ RQ OHJLVODWLRQ UHODWHG WR WKH RU.
SV\FKRORJ\ SURJUDPPHV ZLOO EH SUHVHQWHG WKURXJK VF
RI SURIHVVLRQDO HGXFDWLRQ LQ ,QGRQHVLDQ KLJKHU HGX
,QGRQHVLDQ 1DWLRQDO 4XDOLILFDWLRQV )UDPHZRUN DQG

,QGRQHVLDQ SURIHVVLRQDO SV\FKRORJ\ SURJUDPPHYV
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*29(510(1758/(6 Higher Level:

General
Laws of The Republic Indonesia No. 12 in 2012 abdyt

Higher Education

Governmental RegulatioNo. 4 in 2014boutthe
Management of Higher Education Institutions

Regulation of the President of the Republic of Indonesia
No. 8 in 2012bout Indonesian National Qualifications
Framework

Regulation of The Minister of Research, Technology, ahd
Higher Education of The Republic of Indonéied4 in
2015aboutNational Standard on Higher Education

Regulation of The Indonesian Association of Providers Joint Decree Between The Indonesian Association off Lower Level:
of Higher Education in Psychology (AP2TRI) Providers of Higher Education in Psychology (AP2TPI) pR§tailed
01/Kep/AP2TPI/201&boutHigher Education in The Indonesian Psychological Association (HIMPSI) abjout

Psychology in Indonesia Curriculum of Masters of Professional Psychology

5(*8/$7,216 )520 +,036, $3 73,

JLIXUHKH KLHUDUFK\ Rl JRYHUQPHQWD O DHYX SIV\W LIRVOWL RQ
UHODWLRQ WR WKH PDQDJHPHQW Rl ,QGRQHVLDQ SURIHVVL
WLPH RI ZULWLQJ

BWUXFWXUDO 3RVLWLRQ RI 3URIHVVLRQDO (GXFDWLRQ L

,Q ,QGRQHVLD KLJKHU HGXFDWLRQ FRPSULVHV SURJUD
LOQVWLWXWLRQV VXFK DV GLSORPDV XQGHUJUDGXDWH GH.
SURJUDPPHV DQG SURIHVVLRQDO DQG VSHFLDOLVW SURJU
BHYHUDO LPSOLFDWLRQV DULVH IURP WKLV GHILQLWLRQ )L
GLVWLQJXLVKHY EHWZHHQ SURIHVVLRQDO HGXFDWLRQ WK
MREV WKDW UHTXLBHBXEEENILGOMAQKWIOM DFDGHPLF HGXFEDYV
ZKLFK LV DLPHG DW WKH DFRXMFLWOQE® DQG GHIFHKQROMRIQ
L QGRQHVLD S BHFRQGO\ $FW 1R 5HSXEOLN ,QG
DOO W\SHV RI KLJKHU HGXFDWLRQ SURJUDPPHV ZKHWKHU |
HGXFDWLRQ PXVW EH KRVWHG E\ JRYHUQPHQW DSSURYHG

7TKHVH +(,V PD\ EH SXEOLF LQVWLWXWLRQV HVWDEOLVKHG |
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+(,V HYWDEOLVKHG E\ WKH FRPPXQLW\ DV QRQ SURILW RUJI
OLQLVWU\ BHYHUDO IRUPV RI +(,V UHFRJQL]HG E\ WKH ,QGF
XQLYHUVLWLHY LQVWLWXWHY SRO\WHFKQLF LQVWLWXWLR
,QGRQHVLD GRHV QRW UHFRJQL]H RWKHU LQGHSHQGHQW R
HGXFDWLRQ

,QONVKH ILHOG Rl SURIHVVLRQDO HGXFDWLRQ WKH ,QGRC
SURIHVVLRQDO SURJUDPPH LV RQH WKDW LV DW DQ DGYDQI
LQGHSHQGHQWO\ IURP LWV UHOHYDQW XQGHUJUDGXDWH St
SURIHVVLRQDO SURJUDPPH LV GHILQHG DV VSHFLDO VNLO(
EDFKHORU RU HTXLYDOHQW SURJUDPPHV WREGHMHOR S/ ID\W FF
FRPSHWHQFLHY UHTXLUHG LQ WKH ZRUNSODFH 5HSXEOLN
SURIHVVLRQDO SURJUDPPHV DLPV WR SUHSDUH SURIHVVLR
SURIHVVLRQV )XUWKHU SURIHVVLRQDO SURJUDPPHV DUH
LQ FROODERUDWLRQ ZLWK WKH OLQLVWU\ >R| RNWKIHDWEK 7t
UHOHYDQW OLQLVWULHV 1RQ OLQLVWHULDO *RYHUQPHQWD
DFURQ\P@ DQG RU SURIHVVLRQDO RUJDQLVDWLRQ V WKDV
SURIHVVLRQDO VHUYLFHV B5HSXEOLN ,QGRQHVLD S
SDUDQWKHVHY ,W LV FOHDU IURP WKLV TXRWDWLRQ WKDYV
UROH Rl SURIHVVLRQDO RUJDQL]JDWLRQV LQ WKH LPSOHPHC
RWKHU W\SHV RI UHFRJQLVHG HGXFDWLRQDO SURJUDPPHYV
RSHUDWH® KMKBRRUIGLQDWLRQ RI WKH OLQLVWU\ RI 5HVHDU
(GXFDWLRQ RU WKH PLQLVWU\ UHVSRQVLEOH IRU WKH SURJ

,QYROYHPHQW Rl SURIHVVLRQDO RUJDQLVDWLRQ V LQ
VHYHUDO FRQVHTXHQFHV )LUVW WKH GHWHUPLQDWLRQ RI

SURJUDPPHVY QHHGVY WR EH IRUPXODWHG MRLQWO\ E\ WKH C
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5HVHDUFK 7HFKQRORJ\ DQG +LJKHU (GXEDWLRQ RWKHU U
SURIHVVLRQDO RUJDQLVDWLRQ V ZLWK UHIHUHQFH WR WK
5HSXEOLN ,QGRQHVLDUHOHY®HANR GG RWKHIZFRQBEY RUJIJDQLVE
SURIHVVLRQDO GHJUHHY DQG FHUWLILEDWHY WR VWXGHQW
DQG LQ VR GRLQJ PD\ OLDLVH ZLWK WKH +(,V UHVSRQVLEOF
WKH OLQLVWU\ RI 5HVHDUFK 7HFKQRORJ\ DQG +LJKHU (GXF
/31. 5HSXEOLN ,QGRQHVLD 7KLUG SURIHVVLRQDO RU.
DFFUHGLWDWLRQ SURFHVV RI WKHVH SURIHVVLRQDO SURJU
1IDWLRQDO $FFUHGLWDWLRQ %RG\ Rl +LJKHU (GXFDWLRQ D\
DFFUHGLWLQJ DJHQF\ IRU KLJKHU HGXFDWLRQ LQVWLWXWL

7KH VWUXFWXUDO SRVLWLRQ RI WKH SURIHVVLRQDO SV
VRPH FKDQJHV VLQFH WKH ILHOG Rl SV\FKRORJVEDWY ILUVW
KDV DOVR DIIHFWHG RUJDQLVDWLRQ RI FXUULFXOXP LQ WK
FRPSUHKHQVLYH H[SODQDWLRQ RQ WKH VWUXFWXUDO FKDC
GHYHORSPHQW Rl SURIHVVLRQDO HGXFDWLRQ EFXUULFXOD :
VRPH Rl WKH LQIRUPDWLRQ SUHVHQWHG ZHUH VWLOO UHOH

7KHUH DUH DRV OHDWW®RQMKUAERUWK QRWLQJ LQ H[SODLQL
WKH HGXFDWLRQ DQG WUDLQLQ¥WRL\SV\ERRBBWIL\RQYV W& H BG
SV\FKRORJ\ SURJUDPPH ZDV LQFOXGHG ZLWKLQ DQ XQGHUJ
D \HDU PLQLPXP VWXG\ SHULRG *UDGXDWHV Rl WKH XQGH
DEOH WR SUDFWLVH DV SV\FKRORJLVWY 7KLV DUUDQJHPHC

DFDGHPLF \HDU ZKHQ WKH SURIHVVLRQDO DQG XQGHUJ
,Q LWV UHYLVHG IRUP WKH SURIHVVLRQDO SURJUDPPH WRF
,Q ERWK WKH RULJLQDO DQG UHYLVHG IRUPV RI SURIHVVLR

H[SHULHQFHV RI SUDFWLFH ZLWKLQ WKH IRXU GLVFLSOLQH"
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LQWR DGXOW DQG FKLOG FRPSRQHQWY HGXFDWLRQDO LQ
*UDGXDWHV RI WKHVH SURIHVVLRQDO SURJUDPPHV ZHUH Ul
DQ\ DUHDV RI VSHFELDOL]DWLRQ LQ WKHLU SUDFWLEH RI SV
SURIHVVLRQDO SV\FKRORJ\ HGXFDWLRQ ZDV FKDQJHG DJDL
SURJUDPPH ZLWK WKH QHZ WLWOH RI ODVWHU RI 3URIHVVL
SURJUDPPH CDXQEKN® WKH GXUDWLRQ RI WKH VWXG\ ZDV
VHPHVWHUV 5HVHDUFK DQG WKHVLV ZULWLQJ FRPSRQHQW)
7KLV PPEMWHIHH SURIHVVLRQDO SV\FKRORJ\ HERRMMLRQ DO
DUHDV Rl VSHFLDOL]DWLRQ JHQHUDOO\ LQ FOLQLEDO SV\F
D QRU J D Q L VSDAWRRRYIDRDJ \

W LV LPSRUWDQW WR QRWH WKDW KLJK OHYHO JRYHUC

5HSXEOLN ,QGP@VUBIJXODWLRQ RURB A WHIDH PK QT M AMIQR C
DQG +LJKHU (GXFDWLRQ GHRYWUMWWRBNSLRIWYVLREDO SV\FKR
DV DGYDQFHG HGXFDWLRQ DW SRVW JUDGXDWH OHYHO ZLW
SUHYLRXVO\ GHVFULEHG +RZHYHU WKHUH MVRQRRB BWH M/
SURIHVVLRQDO SURJUDPPHV DW D PDVWHU GHJUHH HGXFDYV
SURIHVVLRQDO SV\FKRORJ\ HGXFDWLRQ DW PDVWHU OHYHO
LVVXHG E\ WKH ,QGRQHVLDQ 3V\FKRORJLFDO $VVRFLDWLRQ
QDPHO\ WKH -RLQW 'HFUHH $BQ/@ WKHOBBEFUHGLWDWLRQ JX
SURSRVHG MRLQWO\ ZLWK WKH 1DWLRQDO $FFUHGLWDWLRC

7KHVH GLIIHUHQFHYV LQ WKH SRVLWLRQLQJ RI SURIHVVL
SUREOHPDWLF 2Q WKH RQH KDQG WKH *RYHUQPHQW FODV
HGXFDWLRQ DV GLVWLQFW IURP PDVWHU SURJUDPPHV ZKL
SURJUDPPHV 2Q WKH RWKHU DV QRWHG DERYH +,036,V |

SVI\FKRORJ\ FRXUVHV DV PDVWHUY OHYHO TXDOLILFDWLRQV
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$FFUHGLWDWLRQ %RG\ IRU +LJKHU (GXFDWLRQ ,QGRQHVLD
JXLGHOLQHYV FODVVLILHV SURIHVVLRQDO SV\FKRORJ\ SURJL
WKH RIILFLDO SDJH DQQRXQFLQJ DFFUHBSWDBWLRQ@UBZXOW
FODVVLILHV WKHP DV p3URIHVVLRQDO 6WUDWDY DQG GLIIH
DFDGHPLF SURJUDPPHV &OHDUO\ WKHQ WKHUH DUH LQFR
SURIHVVLRQDO SURJUDPPHV ZLWKLQ WKH KLJKHU HGXFEDWL
JRYHUQPHQWDO UHJXODWLRQV

7KHUH DUH FRQVHTXHQFHV RI WKHVH LQFRQVLVWHQFLE
UHODWHG WR VWXG\ SHULRG DQG VWXG\ ORDGV *RYHUQPH
3UHVLGHQ 5HSXEOLNOQBROQINMVMQD SURIHVVLRQDO SURJUDPP!
RI SURIHVVLRQDO HGXFDWLRQ VSHFLI\ WKH PD[LPXP SHULF

FUHGLW XQLWYV +RZHYHU UHJXODWLRQV LQYROYLQJ SUF

+,036, %$1 37 E WKDW VHW SURIHVVLRQDO SURJUD
\HDU PLQLPXP VWXG\ SHULRG %$1 37 E RU \HDUV
DQG D PD[LPXP RI \HDUV $3 73, +,036, %$1 37 E

ORDGV VWLSXODWHG E\ WKHVH W ZRVKHJ XRDHULGRRHQ M UWH A |
PLQLPXP RI FUHGLW XQRWV %1737 +,E362ZLWK D
PD[LPXP RI $3 73, +,036, %$1 37 E *LYHQ WKHYV
GLIIHUHQFHV LW LV LPSRUWDQW WR NQRZ H[DFWO\ KRZ HD
VSHFLILHVY WKH VWXG\ SHULRG DQG VWXG\ ORDGV
3URIHVVLRQDO (GXFDWLRQ DQG WKH ,QGRQHVLDQ 1DWLF
7KH ,QGRQHVLDQ JRYHUQPHQW KDV GHWHUPLQHG WKD\
JUDPHZRUN KHQFWKRUWIGRQHVLDQ DFURQ\P IRU WKLV IUDP
PDLQ UHIHUHQFH LQ GHWHUPLQLQJ WKH FRPSHWHQFH RI JU

DFDGHPLF SURIHVVLRQDO RU YRFDWLRQDO HGXFDWLRQ 5|
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5SHVHDUFK 7HFKQRORJ\ DQG +LJKRU GGX\FHWPLRQ Q¥ D WHIR €
FRPSHWHQFLHV IRU KLJKHU HGXFDWLRQ JUDGXDWHV

%\ ZD\ Rl HODERUDWLRQ 3UHVLGHQWLDO 5HJXODWLRQ
,QGRQHVL\DWDWHVY WKDW WKH FRPSHWHQF\ OHYHO RI SURIH
HTXLYDOHQW WR WKH OHYHO RI RU ZLWKLQ WKH VWUXFV
WKH SURIHVVLRQDO SURJUDPPH KDV EHHQ SRVLWLRQHG DW
LQ WKH ILHOG RI DFDGHPLF HGXFDWLRQ WKH FRPSHWHQF\
DQG JUDGXDWHVY RI GRFWRUDO SURJUDPPHYV DUHMAB{SHFWHC
WKH ..1, 7DEOH SURYLGHV D VXPPDU\ RI F@8 S HR\(H O/ KIHH V
1,

*HQHUDO 'HVFULSWLRQV DUH IXQGDPHQWDO YDOXHV W
HYHU\ OHYHO RVSHKPIOLHGEDRDWLRKQH ,QGRQHVLBY HXD®HQLFD W
5HSXEOLN ,QGRQHVLD )XUWKHU HDFK OHYHO RI TXDO
WR EH WKH DEFFXPXODWLRQ Rl OHDUQLQJ DFTXLUHG WKURX
WUDLQLQJ RU UHOHYDQW ZRUN H[SHULHQFHV

7KH ,QGRQHVLDQ JRYHUQPHQWYTV GHFUHH FRQFHUQLQJ
UHIHUHQFHYV LQ GHWHUPLQLQJ WKH FRPSHWHQFH RI JUDGX
LQFOXGLQJ SURIHVVLRQDO HGXFDWLRQ KLJKOLJKWYV WKH ¢
IRU HDFK OHYHO RI TXDOLILFDWLRQ WDUJHWHG E\ DQ HGXF
*RYHUQPHQWDO 5HIJXODWLRQV RQ WKH 1DWXUH RI &XUULF:

7KH ,QGRQHVLDQ JRYHUQPHQW SURYLGHV VRPH JHQHUI
FXUULFXOXP /DZ 1R RI 5HSXEQQMNV KGR RHV LHDG X FD W L
FXUULFXOD DV D VHW RI SODQV DQG DUUDQJHPHQWY UHJD
WHDFKLQJ PDWHULDOV DQG PHWKRGV XVHG WR JXLGH WKH

DFKLHYH WKH JRDOV RI KLIJKHU HGXFDWLRQ ™ S
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7DEOH
'HVFULSWLRQ RI 4XDOLILFD@ MRV, RIGRQMNL\D Q DP&'LRQDO ¢

JUDPHZRUN

7(9(/ 2) '(6&5,37,216
48$/,),&$7,2:

*HQHUDC D '"HYRWHG WR *RG $OPLJKW\

'"HVFULSW E 3RVVHVV DIPFFFOODDQEWRRG SHUVRQDOLW)\

+DYLQJ DQ DFWLYH UROH DV FLWL]HQV ZI

FRXQWU\ DQG VXSSRUW ZRUOG SHDFH

G $EOH WR ZRUN ZLWK RWKHUV DQG SRVV!H
WRZDUGYV VRFLHWHIQM WKH HQYLURQ

H $SSUHFLDWH GLYHUVLW\ RI FXOWXUHV Y
RWKHU RULJLQDO ILQGLQJV

I 8SKROG WKH UXOH RI ODZ DQG DFW LQ W
RI WKH QDWLRQ DQG ZLGHU FRPPXQLW\

T

$EOH WR SODQ DQ® KDGHIIH KLNVIRKW FH V!
FRPSUHKHQVLYHO\ HYDOXDWH KLV KHU Z
DQG RU DUW WR SURGXFH VWUDWHJILF GF
- $EOH WR VROYH SUREOHPV RI VFLHQFH \
UBSWFWLYH VFLHQWLILF ILHOG WKURXJK V
- $EOH WR GR UHVHDUFK DQG PDNH VWUDW
DQG UHVSRQVLELOLW\ ZLWKLQ WKHLU ILF

- &DSDEOH RI GHYHORSLQJ NQRZAZOHGQHK LW/
RI HISHUWLVH RU SURIHVVLRQDO SUDFWL
WR SURGXFH LQQRYDWLYH DQG SURYHQ =

- $EOH WR VROYH SUREOHPV RI VFLHQFH \
UHVSHFWLYH VFLHQWLILF |ILHGIGY WIKSJARDQII
PXOWLGLVFLSOLQDU\ DSSURDFK

- $EOH WR PDQDJH UHVHDUFK DQG GHYHOF
DQG VFLHQFH DQG DEOH WR UHFHLYH QL

,Q JHQHUDO WKH SXUSRVHV Rl ,QGRQHVLDQ KLJKHU HC
D 7R GHWHOREGHQWVY SRWHQWLDOV WR EH SHRSOH |
$OPLJKW\ DQG WR EH QREOH KHDOWK\ NQRZOHG

LQGHSHQGHQW VNLOOHG FRPSHWHQW DQG FXO!
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E 7R SURGXFH JUDGXDWHY ZKR PDVWHU EUDQFKHYV
PHHW WKH QDWLRQDO LQWHUHVWY DQG LPSURYH
F 7R SURGXFH VFLHQFH DQG WHFKQRORJ\ WKURXJK
DSSOLHV WKH YDOXHV RI KXPDQLW\ IRU WKH EHQ|
WKH SURJUHVV RI FLYLOL]DWLRQ DQG ZHOIDUH RI
G 7R SURGXFH JUDGXDWHV ZKR ZLOO XQGHUWDNH F
UHDVRQLQJ DQG UHVHDUFK ZRUNV WKDW DUH EHC

ZHOIDUH DQG HG XFIHSXED WK HOGRW HQ D S
7KH KLJKHU HGXFDWLRQ FXUULFXOXP LV WKHQ GHYHOR
,GRQHVLDQ 1DWLRQDO 6WDQGDUGV IRU +LJKHU (GXFDWLRC
VKRXOG LQFOXGH WKH GHYHORSPHQW Rl LQWHOOLJHQFH F
1R LQ SGHSXEOLN ,QGRQHVLD PHQWLRQV WKDW F
HGEWLRQ LV IRUPXODWHG MRLQWO\ ZLWK WKH OLQLVWU\ L
7HFKQRORJ\ DQG +LJKHU (GXFDWLRQ RWKHU PLQLVWULHV
RUJDQL]DWLRQV /31. DQG RU SURIHVVLRQDO RUJDQL]DWL
Rl WKH SURIHVVLRQ ZKLOH VWLOO UHIHUULQJ WR WKH ,QG

(GXFDWLRQ

7KH ,QGRQHVLDQ 1DWLRQDO 6WDQGDUGV RI +LJKHU (G)
SURYLGH IXUWKHU JXLGDQFH RQ WKH FKDUDFWHULVWLFV R
LQVWLWXWLRQ LQ ,QGRQHVLD 3URIHVVLRQDO SURJUDPPHYV
WKH JRYHUQPHQW 7KHVH UHJXODWLRQV FRYHU WKH IROOR

FRQWHQW OHDUQLQJ SURFHVVHV DQG HYDOXDWLRQ

/JHDUQIEQUHRWLYHYV
,Q NHHSLQJ ZLWK JRYHUQPHQW GHPDQGV OHDUQLQJ R

HGXFDWLRQ DUH H[SUHVVHG LQ WHUPV RI JUDGXDWHVY FRF
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E &RPSHWHQF\ VWDQGDUGY DUH WKH PLQLPXP FULWHL
JUDGXDWHVY FDSDELOLWLHY WKDW LQFOXGH DOMWUWKGHV
RXWFRPHV /2 DUH IRUPXODWHG LQ DFFRUGDQFH ZLWK WK
UHTXLUHG WR XWLOL]H WEHDGQLBU LS RRPRIVJIDYD &X\MDMWH G
IDWLRQDO 4XDOLILFDWLRQV JUDPHZRUN ZLWK VSHFLILF IR
WDUJHWHG E\ DQ HGXFDWLRQDO SURJUDPPH OHQULVWHNG
JRYHUQPHQW GHWHUPLQHVY VWDQGDUGY UHJDUGLQJ QHEHYV
HGXFDWLRQ JUDGXDWHYV DQG WKH IR UPXQGDWH RIPORR 1J K DIKU
HGXFDWLRQ OHQULVWHNGLNWL D 7KHVH JXLGHOLQHYV
PXVW EH LPSOHPHQWHG E\ DOO ,QGRQHVLDQ +(,V DQG PD\
HDFK VWXG\ SURJUDPPH RU RWKHU UHOHYDQW IRUXP VKRX
VNLOOV WKDW VKRXOG EH DFTXLUHG E\ LWV JUDGXDWHYV D\
UHODWHG WR FRPSHWHQF\ VWDQGDUGY HPERGLHG LQ WKH
RXWEFRPHMWKBEIQOWHUYH DV WKH PDLQ JXLGHOLQH LQ GHWHUP

FXUULFXOXP VXFK DV WKH OHDUQLQJ FRQWHQW OHDUQLQ

/HDUQLQJ FRQWHQW

7KH ,QGRQHVLDQ JRYHUQPHQW GHWHUPLQHV VWDQGDU
HGXFDWLRQ DV VWDWHG LQ WKH 1DWLRQDO 6WDQGDUGV RI
ZKLFK LQIN®RPGIREKDW JHQHUDO JXLGH DGGUHVVLQJ WKH PLQ
OHDUQLQJ PDWHULDOV WR EH GHOLYHUHG 7KHVH PLQLPXP
UHIHUHQFH WR WKH OHDUQLQJ RXWFRPHV RI JUDGXDWHV IF
7KH JXLGHOLQH GRHV QRW LQFOXGH DQ\ VSHFLILF UHTXLUF
WKDW LQ IRUPXODWLQJ OHDUQLQJ PDWHULDOV ERWK DFDG
XWLOL]JH UHVXOWYV IURP UHOHYDQW UHVHDUFK DQG FRPPXC

JUDGXDWHV RI SURIHVVLRQDO SURJUDPPHYV DUH UHTXLUHG
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VSHFLILF VNLOOV UHOHYDQW WR WKH SURIHVVLRQ /HDUQL

FRXUVH FRQWHQW

/HDUQLQJ SURFHVVHV
7KURXJK WKH HVWDEOLVKPHQW Rl WKH 1DWLRQDO 6WD
OHQULVWHNGWKWLQGRBHVLDQ JRYHUQPHQW GHILQHV PLQL
SURFHVVHV LQVWUXFWLRQDO SODQQLQJ DQG LPSOHPHQWL
IRU VWXGHQWY ZKLFK NBHKIWLEB MR GBYHUVVHVKLIKHU HC
7KH JRYHUQPHQW IRUPXODWH® HILDGL DK DSUIRFAMIN Y LNRWL §
HGXFDWLRQ QDPHO\ LQWHUDEFWLYH KROLVWLF LQWHJUDW
FROODERUDWLYH DQG VWXGHQW FHQWUHG 'HILQLWLRQV R
OHQULVWHNGWRWIXLGHE(,V LQ IRUPXODWLQJ WKH OHDUQL
7KHUH LV DOVR D JRYHUQPHQW UHTXLUHPHQW WKDW H
HDFK FRXUVH ZKLFK LV SUHVHQWHG LQ D 6HPHVWHU /HVVR
SODQ VKRXOG FRYHU WKH IROORZLQJ JUDGXDWHVY] OHDUQ
FRXUVH ILQDO VWXGHQW DELOLW\ REMHEWLYHV IRU HDFK
WDUJHWHG DELOLWDIQ\G WHPK @IOQIRFBWKRBGWR UHDFKLQJ W
VWDJH RI WKH OHDUQLQJ SURFHVV VWXGHQWVY] OHDUQLQJ
LQGLFDWRUV DQG ZHLJKW UDWLQJ LQ WKH HYDOXDWLRQ ¢
7KH ,QGRQHVLDQ JRYHUQPHQW UHTXLUHV WKDW OHDUC
HGXFDWLRQ EH HIIHFWHG LQ V\VWHPDWLF DQG VWUXFWXU
DUH DSSOLHG WKDW DUH DOLJQHG WR WKH FKDUDFWHULVW
OHQULVWHNGLNWL E 6RPH UHFRPPHQGHG OHDUQLQJ P
Q®MVLDQ KLIKHU HBXEDPWGRQFXYNQRGN VLPXODWLRQV F
FROODERUDWLYH OHDUQLQJ FRRSHUDWLYH OHDUQLQJ SUI

OHDUQLQJ OHQULVWHNGLNWL E S 7TKH JRYHUQPHQ\
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PHWKRGVY WKDW FDQ HIIHEFWLYHO\ |0RDYIQLRW R XWKAR PHI L D
HDFK FRXUVH PD\ X\OOHRQELRHWKROB RRPELQDWLRQ RI VHYH
DOVR VDQFWLRQV WKH IROORZLQJ IRUPV RI WHDFKLQJ DV V
OHFWXUHV WXWRULDOQGVIHPIOGDSVDBSWDFMWLEKXKQULVWHNGL
6SHFLILFDOO\ WKH *RYHUQPHQW UHTXLUHV WKDW OHDUQL
XQGHUJUDGXDWH SURIHVVLRQDO PDVWHUV DQG GRFWRUD
GHVLJQ RU GHYHORSPHQW DFWLYLWLHY 7KHVH DGGLWLRQ
JXLGDQFH RI IDFXOWGHL® G RSLH D DFSHS® PMWLDWH DWWLWXG
WR SURYLGH DXWKHQWLF H[SHULHQFHV IRU WKH VWXGHQW
WKH QDWLRQ V FRPSHWLWLYHQHVV )XUWKHUPRUH OHDUQI
VHUYLFH DFWLYLWLHV VKRXOG DOVR EH DSSOLHG DV D VWL
7KH JRYHUQPHQW EHOLHYHV WKDW WKLV IRUP RI OHDUQLQ.
SURPRWH WKH ZHOIDUH Rl VRFLHW\ DQG HGXFDWH WKH QD)

7KH JRYHUQPHQW SURYLGHY D GHWDLOHG H[SODQDWLR
XQLW ZKLFK LV FRPPRQO\ H[SUHVVHG DV 6HPHVWHU &UHGL
DFURQ\P 2QH 6HPHVWHU &UHGLW 8QLW LV GHILQHG GLIIHL
XVHG DQG LV DSSURSULDWH WED ENJS RN QEQMOH B UKPHDWHL RVQR |
H[SODQDWLRQ RI WKH VWRKG \WXWKOMM\O NR-UDXEKLIFGVIXRE QLK/RAG
RI IDFERDFH DFWLYLW\ ZLWK VWXGHQWYVY IRU PLQXWHV VW
PLQXWHY DQG LQGHSHQGHQW VWXGHQW DFWLYLWLHV IRU
VHPLQDUV RU RWKHU HTXLY DXGHOWF B BN WRD § BRI FDYALNY LWL H\
VWXGHQWYV IRU PLOQXWHY DQG LQGHSHQGHQW VWXGHQW
VHPHVWHU )RU SWDFRWLLARHP D QLG Q B&\) IGWM FIRYYDM VWA RRQHP L
SHU ZHHN SHU VHPHVWHU +HQFH IRUPV Rl OHDUQLQJ RWK

SHU ZHHN LQ HDFK VHPHVWHU



,1'21(6,$1 352)(66,21$/ 36<&+2/2*< &855,&8/$

(YDOXDWLRQ

7KH JRYHUQPHQW VSHFLILHG VWDQGDUG Rl HYDOXDWLI
LQFOXGHV D GHVFULSWLRQ RI WKH HYDOXDWLRQ SULQFLSO
PHEFKDQLVPV DQG SURFHGXUHV IRU HYDOXDWLRQ LPSOHPH
UHSRUWLQJ DQG JUDGXDWLRQ

7KH SULQFLSOHV RI HYDOXDWLRQ LQ ,QGRQHVLDQ KLJK
IROORZLQJ FKDUDFWHULVW LBV U B HQHAW WHN B LSNURLE HV VEW K L
VWXGHPWVRNR SODQQLQJ DQG ZD\V Rl OHDUQLQJ DQG HQ\
DFKLHYH WKH UHTXLUHG OHDUQLQJ RXWFRPHV E LQWHJU
SURFHVV DQG OHDUQLQJ RXWFRPHV VKR ¥0 GURXQG EQJ \RIQH
VWDQGDUGY DJUHHG EHWZHHQ OHFWXUHUV DQG VWXGHQW!
SDUW RI DVVHVVRUV RU VWXGHQWY G FRQGXFWHG LQ DF
DJUHHG XSRQ DW WKH EHJLQQLQJ RI WKH OHDU®LQJ SURFH
DVVHVVPHQW SURFHGXUHV DQG UHVXOWV RI WKH HYDOXDW

(YDOXDWLRQ WHFKQLTXHV LQ KLIJKHU HGXFDWLRQ LQFC
SHUIRUPDQFH ZULWWHQ WHVWYVY RUDO WHVWV DQG TXHVW
FDQ RFFXU GXULQJ RU DIWHU WKH OHDUQLQJ SURFHVV (YD
DFFRPSOLVKHG E\ WKH XVH RI UXEULFV DQG LQ WKH FDVH
GHVLJQV 7KH JRYHUQPHQW UHFRPPHQGVY WKH XVH RI REVH
)XUWKHU DVVHVVPHQW UHODWHG WR PDVWHU\ RI NQRZOHC
FRPELQDWLRQ Rl HYDOXDWLRQ WHFKQLTXHY DQG LQVWUXP
HYDOXDWLRQ UHVXOWYVY UHJDUGLQJ OHDUQLQJ DQG HGXFDV
WHFKQLTXHVY DQG LQVWUXPHQWY XVHG OHQULVWHNGLNWL

7KHQGRQHVLDQ JRYHUQPHQW DOVR GHWHUPLQHV WKH |

DV IROORZV :OHFWXUHUV RU WHDP RI OHFWXUHUV RQO\ O
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LOQYROYHPHQW DQG RU OHFWXUHUV RU WHDP RI OHFWXUHL
VWDNHKROGHU V°~ OHQULVWHNGLNWL E SS 7KLV
DVVHVVRUV LQ WKH HYDOXDWLRQ RI VWXGHQWYV

7KH ,QGRQHVLDQ OLQLVWHU RI 5HVHDUFK 7HFKQRORJ\
VWLSXODWHY DVVHVVPHQW SURFHGXUHV VWDUWLQJ IURP
SUHSDUDWLRQ DQG DJUHHPHQW RQ HYDOXDWLRQ WHFKQLT
HYDOXDWLRQ FULWHULD HYDOXDWLRQ LQGLFDWRUV DQG D
LPSOHPHQWDWLRQ DQG IHHGEDFN SKDVHV DQG WKH ILQDO
GRFXPHQWDWLRQ RI HYDOXDWLRQ UHVXOWY LQ DFFRXQWDI

E

7KH ILQDO UHVXOW RI WKH HYDOXDWLRQ SURFHVV VKR
WKDW OLVWY D VWXGHQWTTV TXDOLILFDWLRQ OHYHO LQ D F
IRUP RI OHWWHUV UDQJLQJ IURP $ H[FHOOHQW WR ( SRR
QXPHULFDO YDOXH UDQJLQJ IURP WR +(,V DUH DOVR JLY
UDQJH IURP RU $ ( LQ WKHRUW DG L QRIVV HMWYHP M QHV JU KBV X O W
FRXUVH DUH WKHQ FRPELQHG WR SURGXFH D JUDGH SRLQW
GHWHUPLQHG D WHFKQLFDO zZzD\ RI FDOFXODWLQJ VHPHVWH

%DVHG RQ WKH ILQDO UHVXOW ZKLFK LV H[SUHVVHG L«
JRYHUQPHQW HVWDEOLVKHV D SDVVLQJ JUDGH G6WXGHQWYV
KDYLQJ VXFFHVVIXOO\ FRPSOHWHG WKHLU FRXUVH LI WKH\
FRXUVHVY DQG DFKLHYH D *3%$ JUHDWHU WKDQ RU HTXDO WR

%HVLGHYVY VRPH FXUULFXOXP VWDQGDUGVVRHWOMVLRQHG |
VWDQGDUGV IRU KXPDQ UHVRXUFHYV LQ KLJKHU HGXFDWLRQ
TXDOLILFDWLRQ RI OHFWXUHUY DQG RWKHU HGXFDWLRQDO

Rl KLIJKHU HGXFDWLRQ VWDQGDUGV RI IDFLOLWLHY DQG LC
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DV WKH 1DWLRQDO 6WDQGDUGYV RI 5SHVHDUFK DQG WKH 1DW
OHQULVWHNGLNWL E 7KHVH VWDQGDUGY DOVR VHUYH I
KLJKHU HGXFDWLRQ SURJUDPPHV LQFOXGLQJ SURIHVVLRQI
,QGRQHVLDQ 1DWLRQDO $FFUHGLWDWLRQ %RG\ IRU +LJKHL
RI 3URIHVVLRQDO 3V\FKRORJ\ 3URJUDPPHYV

&XUULFXOXP VWDQGDUGY DV HVWDEOLVKHG E\ WKH QD
JLYHQ WKH UROH RI DFFUHGLWLQJ DJHQFLHV LQ GHWHUPLC
PDQDJHG &OHDUO\ JXLGHOLQHV DQG VWDQGDUGV VHW E\
UHJXODWLRQV DW DQ RSHUDWLRQDO OHYHO ZKLFK LQ WXU
SURJUDPPH

7KH 1DWLRQDO $FFUHGLWDWLRQ %RG\ IRU +LJKHU (GXF
DJHQF\ DXWKRUL]HG WR DFFUHGLW DOO KLJKHU HGXFDWLR
SURIHVVLRQDO SV\FKRORJ\ SURJUDPPHV %$1 37 RYHUVHHYV
LPSOHPHQWLQJ DFFUHGLWDWLRQ SURFHGXUHV LQ WKHVH S
,QGRQHVLDQ 3V\FKRORJLFDO $VVRFLDWLRQ +,036, DQG Wtk
3V\FKRORJ\ (GXFDWLERQ7BQ ,QKRQHYWHU DIHQF\ FRRSHUDW
SURGXFHG DFFUHGLWDWLRQ LQVWUXPHQWY IRU WKH ,QGRC
3URJUDPPHV VXPPDUL]HG LQ QLQH JXLGHERRNV RI DFFUHG
D KDQGERRN FRQWDLQLQJ WKH (WKLFDO &RGH Rl $FFUHGLYV
DFFUHGLWDWLRQ LQVWUXPHQWY ZHUH DSSURYHG IRU XVH |

DSSUR[LPDWHO\ RQH PRQWK DIWHU +,036, DQG WKH $3
GRFXPHQW p&XUULFXOXP RI 3URIHVVLRQDO 3V\FKRORJ\ 3U
$OWKRXJK JXLGHOLQHV IRU WKH DFFUHGLWDWLRQ RI SURIF
FRPSOHWHG LQ LPSOHPHQWDWLRQ RI DFFUHGLWDWLRQ

LQ DSSUR[LPDWHO\ RQH \HDU DIWHU WKLV FXUUHQW VW
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IRU DOO ,QGRQHVLDQ SURIHVVLRQDO SV\FKRORJ\ SURJUDPI

%$1 37 DOWKRXJK ODVWHUYV SURIHVVLRQDO SURJUDP!

,Q WKH IRUPXODWLRQ RI SURFHGXUHY DQG VWDQGDUG\
3URIHVVLRQDO 3V\FKRORJ\ 3URJUDPPHVY WKH %$1 37 UHIHU
UHJXODWLRQV JRYHUQLQJ KWEKHIRGIGCREDWLRQZ LURFO X GH DU
1IDWLRQDO (GXFDWLRQ 6\WWHP /DZ 1R <HDU RQ 7HDF
5HIJXODWLRQ 1R <HDU RQ 1DWLRQDO (GXFDWLRQ 6WD
OLQLVWHU 5HIJXODWLRQ 1R <HDU FRQFHUQLQJ WKH 11
(GXFDWLRQ %$1 37 5HYLHZLQJ DOO RI WKRVH JRYHUC
FRRSHUDWLRQ ZLWK +,036, DQG WKH $3 73, WKH %$1 37
DFUHGLWDWLRQ IRU ,QGRQHVLDQ SURIHVVLRQDO SV\FKROR

7KLV VHFWLRQ GLVFXWKHV%SW BJ G QUENWODHINL. EQ WR VW L
FKDUDFWHULVWLEV RI ODVWHUVY OHYHO SURIHVVLRQDO SV\I
DVSHEWV ZKLFK LQFOXGH REMHFWLYHV RI SURIQUDPPHV F
OHDUQLQJ PHWKRGY DQG VWXGHQM$SDGGE SUWIUDPPWMVHY DO
WKDW HDFK ,QGRQHVLDQ SURIHVVLRQDO SV\FKRORJ\ SURJL
DQG JXLGHOLQHV IRU FXUULFXOXP LPSOHPHQWDWLRQ FRYF
FRQWHQW GHOLYHU\ GHSWK DQG EUHDGWK RI VXEMHFW PLC
WKH FXUULFXOXP ZLWK UHIHUHQFH WR WKH UXOHV VSHFLI
JRYHUQPHQWDO JXLGHOLQHV ZKLFK GR QRW FRQWUDGLFW

GHVFULEHV FXUULFX®WXM VW6D BEGDUGE¥ VHW E\
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7TDEOH

7KH 6HYHQ $FFUHGLWDWLRQ 6WDQGDUGYV IRU ,QGRQHVLDQ

$FFUHGLWDWLI $UHD RI (YDOXDWLRQ

BWDQGDUG 9LVLRQ PLVVLRQ JRDOV REMHFWLYHV
REMHFWLYHV

6WDQGDUG *RYHUQDQFH OHDGHUVKLS PDDNHBMQ)
6WDQGDUG BWXGHQWY DQG JUDGXDWHYV

BWDQGDUG +XPDQ UHVRXUFHV

6WDQGDUG &XUULFXOXP OHDUQLQJ DQG DFDGHPLF
6WDQGDUG JLQDQFLQJ LQIUDVWUXFWXUH DQG LQIF
6WDQGDUG 5HVHDUFK VHUYLFH FRPPXOQDW\LRBUYLF|

IDWXUH RI SURJUDPPH DQG HGXFDWLRQDO REMHFWLYHYV

$V SUHYLRXVO\ PHQWLRQHG WKH %$1 37 E FODVVL
SURBRRIBY DV ODVWHUTYVY GHJUHH OHYHO UHVLGLQJ ZLWKLQ W
HGXFDWLRQ ZLWK D WKHVLV DV D SDUWLDO IXOILOPHQW U
37 HODERUDWHYV WKDW WKH SURIHVVLRQDO SURJUDPPH LV
EDVHG HGXFDWLRQ ™ S

7KXV WKH HGXFDWLRQ RI SURIHVVLRQDO SV\FKRORJLV
XQGHUJUDGXDWH SV\FKRORJ\ GHJUHH FRXUVH DQG DLPV W
SVI\FKRORJLFDO VFLHQFH LQ PRUH EUHDGWK DQG GHSWK +
SURJUDPPH DUKBYSHPWMW®& RMR] NQRZOHGJH RI EDVLF SV\FK
FRQFHSWYVY JDLQHG GXULQJ WKHLU XQGHUJUDGXDWH HGXFI
SURIHVVLRQDO SURJUDPPH PXVW EH VXLWDEO\ TXDOLILHG
OHYHO WKLV LV GLVFXVVHG LQ WKH IROORZLQJ VXEVHFWL]
AXDOLILFDWLRQV RI /HFWXUHUV’

$QRWKHU UHTXLUHG FKDUDFWHULVWLF RI ,QGRQHVLDQ
SURJUDIPPMWKDW LW LV D FRQFHQWUDWHG HGXFDWLRQ ZKL

WKH GHOLYHU\ RI D GLVFUHWH ERG\ RI NQRZOHGJH DQG W
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VNLOOV WR HQDEOH WKHP WR DSSO\ NQRZOHGJH RI SV\FKR
WR LQGLYLGXDOV JURXSV FRPPXQLWLHV DQG RUJDQL]DW

/IDVWO\ WKH VFKRODUO\ QDWXUH Rl WKH ,QGRQHVLDQ
GHPDQGHG E\ WKH DFFUHGLWDWLRQ ERG\ UHTXLUHV WKDW
LOQYROYHPHQW LQ WKH SURFHVV RI VFLHQWLILF GLVERYHU\
WKH SURJUDPPHV EH VFLHQWLILFDOO\ EDVHG $FFRUGLQJ \
GLVFRYHU\ WKURXJKLVYHWK B PHK @ FFW DYIDEMHW LVWLF Rl HG X
LQFOXGLQJ WKH ODVWHUV RT K KR1HWVY LR QD QJ B ¥LKRHO/RWK D V
LQWHJUDWLYH VFKRODUO\ DFWLYLWLHY EH LQFOXGHG LQ W
DFWLYLWLHV LQFOXGH WKH IROORZLQJ LPSOHPHQWDWLRQ
WKH H[SHUWLVH UHVSRQVLELOLW)\ DQG HWKLFDO FRQGXFW
SUHVHQWDWLRQ RI UHVHDUFK EDVHG LQQRYDWLYH ZRUN F
HGXFDWLRQ PLOHVWRQHVY DQG WKH FRPSOHWLRQ RI D PDV

$PRQJ WKH REMHFWLYHV RI SURIHVVLRQDO SV\FKRORJ\
VWDWHVY WKDW JUDGXDWHV RI WKHVH SURJUDPPHV VKRXOG

SUDFWLFH ILHOGY UDWKHU WKDQ LQ WKH ILHOG RI UHVHDL

6WXG\ ORDGV WDUJHWHG FRPSHWHQFLHVY DQG UHTXLUHG
SURIHVVLRQDO SV\FKRORJ\ HGXFDWLRQ DW WKH PDVWF
FUHGLW XQLWYVY RI PDVWHUV UHVHDUFK FRXUVHV VL[ RI L
FUHGLW XQLWYV RI SURIHVVLRQDO FRXUVHV WKDW HPSKD"
DQG VNLOOV DW DGYDQFHG/ IO BHARVHWWHIR®D O SHERIUDPPH
VKRXOG FRPSULVH FRQWHQW DOORWWHG DW OHDVW WR |
IRXU VHPHVWHUYV DQG D PD[LPXP RI WHQ VHPHVWHUV DQG 1

E
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%$1 37 DOVR HPSKDVL]HV WKDW WKH HGXFDWLRQ RI
EDVHG RQ WKH SHUVSHFWLYH RI D VFLHQWLVW SUDFWLWLR
SURIHVVLRQDO VNLOOV LQ WKH ILHOG RI SV\FKRORJ\ EDVH
FRQFHSWV DQG WKHRULHV &RPSOHWLRQ RI WKLV SURIHVV
WKHVLY UHODWHG WR SUREOHPV LQ WKH DUHD RI SURIHVVI

7KHHVHDUFK DQG WKHVLV FRPSRQHQWYV RI SURIHVVLRC
LPSRUWDQW DQG DUH LQWHQVLYHO\ UHJXODWHG LQ GHWD
WKHUH DUH UHJXODWLRQV FRQFHUQLQJ JRRG SUDFWLFHV L
VX\GHQW UHVHDUFK DQG GHWHUPLQDWLRQ RI VWDQGDUGYV U
LPSOHPHQWDWLRQ RI UHVHDUFK BKRHDP POV R WXL 3AV W V E
ODVWBURHVVLRQDO 3V\FKRORJ\ SURJUDPPHV IDFLOLWDWH
GLVVHPLQDWLRQ RI UHVHDUFK UHVXOWYV RQ WAHI QRVULRLEI D
IRUXPV RU VHPLQDUV VFLHQWLILF SUHVHQWDWLRQV E\ VW
LQWHUQDWLRQDO IRUXPV DQG SXEOLFDWLRQV LQ DFFUHGL
ZULWLQJ UHVHDUFK DLPV WR 3« SUHSDUH VWXGHQWYV WR El
FDUHHUV DV LQWHQGHG 7\SHV RI UHVHDUFK FRQGXFWHG L
SDUWLFXODU SURIHVVLRQDO ILHOG  %$1 37 D S

&RPSHWHQFLH VI DPSHKDMHS RIRR B DROBVWIHRR DO 3V\FKRO
SURJUDIPPHOXGH WKH FDSDFLW\ WR

« DFW DQG EHKDYH SURIHVVLRQDOO\ 6WXGHQWYV VKR)

SV\FKRORJLFDO VFLHQFH DQG EDVLF NQRZOHGJH UHOI

VKRXOG DOVR EH DEOH WR FRQGXFW SV\FKRORJLFDO I

WKRVH DVVHVVPHQWY DQG GHVLJQ SV\FKRORJLFDO L¢

UHVXOWYV SV\FKRORJLFDO WKHRULHV HPSLULFDO HYL

RI FRQGXFW ,Q DGGLWLRQ VWXGHQWY DUH WUDLQHG
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%»DVHG RQ WKHLU HPSLULFDO DQG VFLHQWLILF VWXGL

WKHLU NQRZOHGJH WR D ZLGHU FRPPXQLW\ LQ WKHLU

WKH SURJUDPPH VWXGHQWY FRQGXFW DSSOLHG UHVH

RQ WKHRUHWLFDO VWXGLHVY 7KH UHVHDUFK LV FRQGX

FKRVHQ PDMRU ILHOG S

TKPO$S1 37 E VWLSXODWHV WKDW SURIHVVLRQDO SUI
SURBXKXDOLILHG JUDGXDWHYV SRVVHVVLQJ DFDGHPLF FRPSH
ERWK KDUG DQG VRIW VNLOOV DV VWDWHG LQ WDUJHWHG
YHULILHG E\ HYDOXDWLQJ JUDGXDWHVY SHUIRUPDQFH LQ W

ZLWK WKHLU SURIHVVLRQDO UROHV DQG H[SHUWLVH

7HDFKLQJ PHWKRGY DQG TXDOLILFDWLRQV RI OHFWXUHUV

7HDFKLQJ PHWKR G WIS XJITHVWBIGRE\WYH D FRPELQDWLF
GLUHFW WHDFKLQJ DQG OHDUQLQJ VWUDWHILHY WKDW HPS
WKH FUHDWLRQ RI OHDUQLQJ FRQGLWLRQV WKDW HQFRXUD
PHWKRGV XVHG PD\ EH LQ WKH IRUP RI D OHFWXUH ODERUI
DUHD RI SURIHVVLRQDO SV\FKRORJ\

,Q WKH FRQWH[W RI OHFWXUHU TXDILXLEMHWV LR QLW WEHH
LOQYROYHG LQ WKH HGXFDWLRQ RI ,QGRQHVLDQ SURIHVVLR(
SUDFWLFH DGYLVRU DQG ILHOG VXSHUYLVRU 5HTXLUHPHQ
H[SODLQHG LQ WKH IROORZLQJ SDUDJUDSKYV

JHFWXUHU LV UHJDUGHG DV WKH PDLQ KXPDQ UHVRXUF
SURJUDPPH WHDFKLQJ SURFHVV 4XDOLILFDWLRQV GHPDQG
IROORZV

« KROG DQ DGYDQFHG GHJUHH LQ SV\FKRORJ\ H[KLE!

EH DFWLYH LQ WKHLU ILHOGYVY DQG EH HQJDJHG LQ VFL
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UHYLHZ FRQWULEXWRUV LQ WKH ILHOG $V IDU DV SRV
FRQWLQXRXV VKRUW DQG ORQJ WHUP UHVHDUFK SURJI
DQG JUDGXDOO\ LQYROYLQJ VWXGHQWY LQ DFFRUGDQ
SUREOHPV H[DPLQHG /HFWXUHUV LQYROYHG LQ WKH V
FRQWHQW PXVW KROG D SV\FKRORJLVW FHUWLILEDWH
SUDFWLFH ZLWK D PLQLPXP ILYH FRQVBFXWLYH \HDUYV
,DQRWKHU VHFWLRQ WHKBIPAYPE7WKH EXDOLILFDWLRQV
WHUPV Rl WKHLU 3 KDYLQJ DGYDQFHG DEDGHPLF TXDOLIL
EHLQJ HQJDJHG LQ FRQWLQXLQJ UHVHDUFK DFWLYLWLHV D
FRQWULEXWRU LQ WKH ILHOG Rl VFLHQFH RU WKHLU SURIH"
,Q ERWK VWDWHPHQWY WKH UHTXLUHG DGYDQFHG GHJ
KRZHYHU D JHQHIDIDWKDQVWREWQRBAQHVLDQ FRQWH[W LV WK
XQGHUJUDGXDWH FHUWLILEDWH
3UDFWLFH $GYLVRU LV DQ LQWHUQDO PHQWRU ZLWKLQ
$ SUDFWLFH DGYLVRU VKRXOG PHHW DOO LQVWLWXWLRQDO
WR JXLGH VWXGHQWY LQ WKHLU SUDFWLFHV GXULQJ WKH H

GHILQHG DV D SUDFWLWLRQHU ZKR KDV DSSURSULDWH HI[S}

(YDOXDWLRQ
TKPO$S1 37 E UHTXLUHV WKDW HYDOXDWLRQ RI OHDU
PDVWHUfV SURIHVVLRQDO SV\FKRORJ\ SURJUDPPH PXVW F
FDUULHG RXW LQ DQ REMHFWLYH WUDQVSDUHQW DQG DFF
LQVWUXPHQWY DQG D IRUP RI FULWHULRQ UHIHUHQFHG HY
,Q DGGLWLRQ WR WKH HYDOXDWLRKMPBKIVWLXEMQWWH WK]
LPSRUWDQFH RI SURJUDPPH HYDOXDWLRQ WKURXJK WKH X\

PHFKDQLVP FRQGXFWHG FRQVLVWHQWO\ DQG UHIOHFWLQJ
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$00 DFFUHGLWDWLRQ UHTXLUHPHQWY UHJDUGLQJ FXU!L
,QGRQHVLDQ ODVWHUV RI 3URIHVVLRQDO 3V\FKRORJ\ SURJL
DQG HYDOXDWLRQ UDWLQJV DUH VSHFLILHG LQ WKH *XLGH
BURFHGXUHV %$1 37 F
,QGRQHVLDQ 3V\FKRORJLFDO $VVRFLDWLRQ 5HJXODWLRQV
RI ,QGRQHVLDQ 3URIHVVLRQDO 3V\FKRORJ\ 3URJ
5HIJXODWLRQV VSHFLILF WR ,QGRQHVLDQ SURIHVVLRQD
SUHVHQWHG LQ WKLV VHFWLRQ 7KH JRYHUQPHQW KDV PDQ
RI SURIHVVLRQDO SURJUDPPHVY EH XQGHUWDNHQ E\ D UHOH
UHVSRQVLEOH IRU HQVXULQJ DSSURSULDWH TXDOLW\ RI SU
,Q WKH ILHOG RI SV\FKRORJ\ WKH UW QWD QG BQRVH DY
3V\FKRORJLFDO $VVRFLDWLRQ KHQFHIRUWK +,036, WKH ,Q
RQO\ SURIHVVLR@DOQQBRIPHLIVIDWERFKRORILVWY DXWKRUL]
SUDFWLFH SV\FKRORJ\ DQG SV\FKRORJLVW FHUWLILFDWHYV
,Q H[HUFLVLQJ LWV IXQFWLRQV UHODWHG WR WKH RSHUDW!|
+,036, FRRSHUDWHY ZLWK WKH ,QGRQHVLDQ @3/¥RFNDRQRQ
,QGRQHVLD RU $3 73, 7KH $3WRD W LIMF RGP Q@ /DI RN REH U
+(V SURYLGLQJ SV\FKRORJ\ HGXFDWLRQ LQ ,QGRQHVLD ER
OHYHOV LQFOXGLQJ WKH SURIHVVLRQDO SURJUDPPHYV
7KH RQO\ UHJXODWLRQ RSH WHYHDJVDRAD W KIFR RHIU Q @ LW DR
,QGRQHVLDQ SURIHVVLRQDO SV\FKRORJ\ SURJUDPPHV LV W
DQG +,036, RQ WKH ODVWHUV RI 3URIHVVLRQDO 3V\FKRORJ\
$3 73, +,036, 7KLV -RLQW 'HFUHH RS SOGRYHVRDIQKH |
SURIHVVLRQDO SURJUDPPHV LQ WKH IROORZLQJ DUHDV VH

WKH SXUSRVHV RI SURIHVVLRQDO HGXFDWLRQ WDUJHWHG
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DFFRUGLQJ WR WKH -RLQW 'HFUHH LV D VHW RI SODQV DQC
DQG VWXG\ PDWHULDOV RU OHVVRQV DV ZHOO DV WHDFKLC
VHUYH DV D JXLGH IRU WKH LPSOHPHQWDWLRQ RI WHDFKLQ
SURYLGLQJ PDVWHUV RI SURIHVVLSBQTRY SY\EXRORJI\ SURJIUI
7KH GHVFULSWLRQ EHORZ LQFOXGHV D VXPPDU\ Rl UHJXOD'
SURIHVVLRQDO SV\FKRORNVD RYUOD WO FXRQLFXOXP LQ LWV
LOQFOWGHWXH RI SURIHVVLRQDO SV\FKRORJ\ HGXFDWLRQ DC
LQWHQGHG OHDUQLQJ RXWFRPHV DQG FRUH FRPSHWHQFLH\
FRQWHQW DQG VWXGHQWVYT VWXG\ ORDGY WHDFKLQJ DQG

VWDWHG LQ WKH -RLQW '"HFUHH

(GXFDWLRQDO SXUSRVHV DQG VWXGHQWY VHOHFWLRQ FULYV
7KH SXUSRVH RI SURIHVVLRQDO SV\FKRORJ\ HGXFDWLR
$3 73, +,036,
« WRURGXFH SURIHVVLRQDO SV\FKRORJLVWV ZKR DUH F
NQRZOHGJH DQG WHFKQLTXHV WKDW DUH EDVHG RQ WK
WR
D6ROYH SV\FKRORJLFDO SUREOHPV DQG FRQWULEXWH
JURXSV RUJDQL]DWLRQV DQG WKH FRPPXQLW\ WKUR X
EDVHG RQ FOLQLFDO SV\FKRORJ\ SULQFLSOHV DQG QF
,QWHUYHQWLRQ V DUH JXLGHG E\ SV\FKRORJLFDO WK
RI SV\FKR GLDJQRVWLF PHWKRGV
EODQDJH GLDJQRVWLF ZRUN FRQVXOWDWLRQ UHVHDU
RI SVIFKRORJ\ LQGHSHQGHQWO\ ZLWK IXO0 UHVSHFW
DQG IDLUQHVV DQG ZLWK DSSURSULDWH VFLHQWLILF

ZLWK WKH ,QGRQHVLDQ &RGH RI (WKLFV LQ 3V\FKROR
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*UDGXDWHV RITVS KBUHN K8 BRVFKRORJ\ EFXUUHQWO\ D II
FRXUVH ZLWK D WKHVLVY FRPSRQHQW DW WKH HQG RI WKH S
PDVWHUYV SURJUDPPH RQ SDVVLQJ D VWXGHQW VHOHFWLR
NRZOHGJH RI SV\FKRORJ\ DQG WKH SHUVRQDOLW)\ SURILOH\
VWLSXODWHV WKDW SURIHVVLRQDO SURJUDPPHV VKRXOG Q
FDQGLGDWHYV SV\FKR GLDJQRVWLFV UHODWHG VNLOOV V:
WHVWLQJ WRROV VLQFH WKLV FRPHVY XQGHU WKH GRPDLQ |
'HFUHH GRHV QRW VSHFLI\ WKH XVH RI D ZHLJKWLQJ V\VWH
UHFRPPHQGHG PHDVXULQJ PHWKRG VLR UF BIQ AKH VO-NOHKFPWAIGR O
HDFK SURIHVVLRQDO SUWRYLYD AP B CHDMWHIRRL QHHEK QLTXHYV DQ
VIVWHPV WR EH DSSOLHG LQ VHOHFWLQJ SURVSHFWLYH VW

7KH3 73, DQG +,036VWIWWBW WKH ODVWHU RI 3URIHVVLR
3URDPPH 0333 PD\ RIIHU RQH RU PRUH DUHDV RI VSHELDO
ILHOG ZLWK WKH RSWLRQV EHLQJ &OLQLFDO 3V\FKRORJ\ D
&KLOG RU $GXOW &OLQLEDO 3V\FKRORV\F K RERM W(ELDOFD W QR
3V\IFKRORJ\ DQG DQRWKHU SV\FKRORJLFDO ILHOG RI LQWH

+,036,

&RUH FRPSHWHQFLHY DQG FRPSXOVRU\ FRQWHQW
7TKHRLQW "HFUHH IXUWKHU GHWDLOV FRUH FRPSHWHQFL
SURIHVVLRQDO SURJUDPPHY DQG DOVR OHDUQLQJ RXWFRPI
SURJUDPPH ZLWK UHIHUHQFH WR WKH ,QGRQHVLDQ 1DWLR!
SHSXEOLN ,QGRQHVLD 7KH TXDOLILFDWLRQ WDUJHWHG
SURJUDPPH LV OHYHO HLJKW $3 73, +,036, 7KH -RLQ
VSHFLILF GHULYDWLYH GHVFULSWLRQV RI OHDUQLQJ RXWEFI

4XDOLILFDWLRQV )UDPHZRUN DORQJ ZLWK WKH IRUPXODWL
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HDFK OHDUQLQJ RXWFRPH 7DEOH SURYLGHV D FRPSOHW
TXDOLILFDWLRQVY DQG FRUH FRPSHWHQFLHV RI ,QGRQHVLD(

7TKH3 73, DQG +,036DOVR IMBWIFIQLF JUDGXDWH FRPSHWH
DUHD RI LQWHUHVW ZLWKLQ WKH SV\FKRORJLFDO ILHOG V>
,QGXVWULDO DQGVAEKRQRBRVD WIR D®OXFDWLRQDO 3V\FKRORJ

'"HVFULSWLRQV RI VSHFLILF FRPSHWHQFLHYV IRU HDFK R
IRXU DUHDV QDPHO\ 3HUVRQDO ODQDJHPHQW ODVWHU\ RI
SURIHVVLRQDOLVP LQ WKHD®ED §8/3.C HHSI BW\FKRORIN 5HVHD
&RPSHWHQFH GHVFULSWLRQV DUH VLPLODU LQ HDFK ILHOG
LQ WKH GHWHUPLQDWLRQ RI EDVLF SV\FKRORJLFDO NQRZOI
DQG LQ WKH W\SH RI FRPSHWHQFLHY UHODWHG WR DSSOLH
VWXGHQWY 7DEOH SUHVHQWY RQH H[DPSOH RI WDUJHW
&OLQLFDO 3V\FKRORJ\ $3 73, +,036,

7TKHRLQW '"HFUHH DOVR VSHFLILHV PLQLPXP OHDUQLQJ
SURIHVVLRQDO SV\FKRORJ\ SURJUDPPHV 7KLV LV IRUPXOD
IROORZLQJ FODVVLILFDWLRQV ODVWHUV FRQWHQW LQFOX!
SUDFWLFH DQG 3URIHVVLRQDO 3V\FKRORJ\ BUDFWLFH 7DE
WHDFKLQJ PDWHULDO DQG PLQLPXP FUHGLWY UHTXLUHG IR

$3 73, +,036,
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7TDEOH

'"HVFULSWLRQ RI /HDUQLQJ 2XWFRPHV 4XDOLILFDWLRQV DQ

S3VI\FKRORJLVWYV

/HDUQLQJ 2X
JHYHGUHVL
5HSXEOLN ¢

AXDOLILFDWLRQ'

+,036,

&RUH &RPSHWHQFLHV RI
$3 73, +,036,

QG

&DSDEOH RI
GHYHORSLQJ
NQRZOHGJIH
WHFRQR®QG
DUW LQ KLV
H[SHUWLVH ¥
SURIHVVLRQ
WKURXJK WK
UHVHDUFK L
SURGXFH LQ
DQG SURYHQ

$EOH WR VR(
SUREOHPV R
WHFKQRORJ\
DUW LQ WKH
VFLHQWLILF
WKURWKH XV
LQWHUGLVFL
PXOWLGLVFL
DSSURDFK

$EOH WR GHYH
NQRZOHGJIH

SV\FKRORJLFD
DVVHVVPHQW I
UHVHPDWVKG

SV\FKRORJLFD
LQWHUYHQWLR

$EOH WR SHUII
VFLHQWLILF Ul
DQ LQWHUGLVI
DQG RU PXOWL
DSSURDFK

ODVWHU DVVH\
WKHRULHV DQf
DQG SV\FKROR
LQWHUYHQWLR
SV\FKRORJLFD

%HLQJ DE®OH W
YDULRXV DVVH
PHWKRGYV
SV\FKR GLDJQ
SULQFLSOHYV
SV\FKRWKHUD ¢
SV\FKRORJLFD
LQWHUYHQWLR
XVH RI LQWHU
DQG RUGRX® WS
DSSURDFKHV V
SV\FKRORJLFD
RI LQGLYLGXD:
FRPPXQDQGHWN
RUJDQLVDWLR
WKH &RGH RI (
,QGRQHVLDQ
SV\FKRORJLVW

X

X

X

X

X

X
X

X

X

X

X

X

%H DEOH WR FULWLFDOO\ DV'
DSSURDFKHYV UHODBWH® SISO WM
SV\FKRORJ\

%H LQQRYDWLYH DQG VHQVL\
VFLHQFH DQG SV\FKRORJLFD(
'HYHORS PHWKRGV DQG WHFK
LOWHUYHQWLRQV UHODWHG \
DQG DSSIRWKIHDRX¥OWXUH RI

BNLOOHG LQ XWLOL]JLQJ SV\FI
FRQGXFWLQJ UHVHDUFK

8QGHUVWDQG WKH IXQGDPHQ
TXDQWLWDWLYH UHVHDUFK D
$EM® WR XVH QHFHVVDU\ VRIW
$ELOLW\ WR SHUIRUP UHVHDL
LQFUHDVLQJ WKH SURIHVVLR

.QRZOHGJHDEOH RI WKH GHY
SVI\FKRORJLFDO WKHRULHV U
SVIFKRORJ\
ODVWHUWARKRRORJIJLFDO DVVHYV
LOWHUYHQWLRQ PHWKRGV W
SUREOHPYV

.QRZOHGJHDEOH RI SV\FKR C
BNLOIXO XVH Rl SVI\IFKRORJLF
LQVWUXPHQWY WR FRQGXFW
BNLOIXO LQ SUHVHQVWHLIQ P LD
UHVXOWV LQ DFFRUGDQFH ZL
BNLOIXO XVH Rl SVI\IFKRORJLF
WHFKQLTXHV

BNLOIXO LQ FRQYH\LQJ FKDQ
SV\FKRORJLFDO VWDWH WKD)
SV\IFKRORJLFDO LQWHUYHQW

&RQWL
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7TDEOH

&RQWLQXHG

/JHDUQLQJ 2X
JHYHGBUHVL
5HSXEOLNV,K

4XDOLILFDWLRQ'
+,036,

&RUH &RPSHWHQFLHV RI

QG

$3 73, +,036,

$EOH WR PD(
UHVHDUFK D
GHYHORSPH(
WKDW EHQHI
VRFLHW\ DQ
VFLHQFH DG
UHFHLYH QD'
LQ@BIWLRQD
UHFRJQLWLR

%HLQJ DEOH
UHVHDUFK U
FDQ EH DSSC
DGGUHVVLQJ
SV\FKRORJLF
SUREOHPV R
LQGLYLGXDO
WKH FRPPXQ
DQG RU RUJL

'LVSOD\LQJ DSSURSULDW
UHVHDUFK DQG SUDFWLFI

$EOH WR FDUU\ RXW DSS(
$ELOLW\ WR SUHSDUH DQ
UHSRE®Y D QDWLRQDO RU
ZLWK QHFHVVDU\ FRPSOL
VFLHQWLILF ZULWLQJ DQ

DQG WKDW D
WR EH SXEOI
QDWLRQDOO'
LOQWHUQDWLI

%HLQIHDW R F X
SV\FKRORJLF
VHUYLFHV EIL
&RGH Rl &RQ
,QGRQHVLDQ «
SV\FKRORJL\

+DYLQJ D FDULQJ DWWLW
ZHOIDUH LQ KLV KHU VXU
IDFWRULQJ LQ VRFLDO DOC
WKH FRPPXQLW\

$GKHUH WR WKH (WKLFDC
SVI\FKRORJLVWY DQG VHU
DFFRUGDQFH ZLWK WKH F
Xx ODVWHULQJ WKH JRYHUQI
SUDFWLFHYV DV SHUIRUPH
FOLQLFDO LQVWLWXWLRC
WKHWUBH RI SVIFKRORJ\

7TDEOH

6SHFLILF &RPSHWHQFLHV RI *UDGXDWHY ODMRULQJ LQ &OL(

6HOI 0DQD ODVWHU\ RI 3V\F 3URIHVVLRQD( $SSLHG 5HVH

.QRZOHGJH SUDFWLFH RI & 3V\FKRORJ'

$EOH WR P %HLQJ DEOH WR VI %HLQJ DEOH WF SELOLW\ WR GF
VHOI| (BRRW'I DSSO\ EDVLF SV\FI SUDFWLFRFDRI F( FRQGXFW FOLC
SHUVRQ DC NQRZOHGJH LQFO SV\FKRORJ\ E\ ( UHVHDUFK WR
FOLQLFDO UHODWHG WR FOL( SURIHVVLRQDO SV\FKRORJLFD(
SV\IFKRORJ DQG XSGDWHG NQI FRQGXFW FOLQ! DFFRUGDQFH Z
FOLQLFDO SV\FKR( DVVHVVPHQW D SURFHGXUHV D
LOQWHUYHQWLRQV LQWHUYHQWLR( HWKLFV
SV\FKRORJLVRVV DI HYWDEOLVK D U
SURYLGH RSWLPXF ZLWK IHOORZ S'
SV\FKRORJLFDO VI DQG RWKHU SUI
DOVR DEOH WR WU RUGHU WR SUR"
SVI\FKRORJLFDO N( VHUYLFHV LQ D
HGXFDWLRQDO DF) ZLWK WKH FRGF
VRFLHW\ LQ DFFRL
&RGH RI (WKLFV IR
SV\FKRORJLVWYV
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,Q UHODWLRQ WR VWXGHQW VWXG\ ORDG SHU XQLW Wtk
FUHGLW KRXU$3 D'\, R®®MBBY

BHPHVWHU FUHGLW XQLW LV D FROOHFWLRQ RI OHDL

VHPHVWHU WKURXJK VEKHGXOHG OHDUQLQJ DEWLYLWLI

RU KRXUV SUDFWLFXP RU KRXUV RI ILHOG ZRUN HD!

KRXUV Rl VWUXFWXUHG DFWLYLWLHY DQG DERXW

$V LV HYLGHQW IURP WKH DERYH WKH PDJQLWXGH RI V
WKH VHOHFWHG PROKR®RW VBHDFKHPHVWHU RU 6.6 LQ ,QG
PHDQV RQH KRXU SHU ZHHN LI WKH PHWKRG XVHG LV OHEW.
PHWKRG LV SUDEWLEXP RU IRXU KRXUV SHU ZHHN ZKHQ W
RQH 6.6 UHJDUGOHVV RI WKH WHDFKLQJ PHWKRG FKRVHQ
VWUXFWXUHG OHDUQLQJ DFWLYLWLHYV DQG RQH WR WZR KR
NHHSLQJ ZLWK WKDW GHILQLW LR QK DAWK & HN8 HBP LDQHG HWOKSHB\W
FRPSXOVRU\ LQWHUQVKLS SHULRG IRU VWXGHQWYV Rl SURIH
PLQLPXP RI KRXUV DQG D PD[LPXP RI KR X X\D LIWWL PR/ L\
OLVWHG LQ 7DEOH

,QWHUQVKLS LV RQH Rl WKH OHDUQLQJ PHWKRGV FRQV
GHWDLOHG UHJXODWLRQ UHJDUGLQJ LWV DSSOLFDWLRQ LQ
+,036, DQG VHW RXW LQ WKH -RLQW 'HFUHH 7KH '"HFUHHTV
WKH SXUSRVH Rl LQWHUQVKLS VSHFLILF DFWLYLWLHV ZLW]
VSHFLDOL]DWLRQ LQ SV\FKRORJ\ GHWHUPLQDWLRQ RI W\St
PLQLPXP QXPEHU RI FDRAHM MH B QWVKS ISV HRGYFW IQR/@ LFSU VWK H L
UHTXLUHPHQWYVY IRU VHOHFWLQJ LOQWHUQVKLS VXSHUYLVRU

PLQLPXP VWDQGDUGY RI LQWHUQVKLS UHSRUWY PHFKDQLV
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DVVHVVPHQW SURFHGXUHV RI LQWHUQVKLS FRQGXFWHG ER
DVVHVVRU

7TDEOH

&RPSXOVRU\ 6 XEMHFW ODWWHUY DQG 6WXGHQWVY 6WXG\ /R

S3V\FKRORJ\ BURJUDPPHV

6 X E MSHOPAIW W H UV &RQWHQW "HLIKW

ODVWHUV &RQWH(C 6FLHQFH 3KLORVRSK\
$GYDQFHG 6WDWLVWLFV
AXDQWLWDWLYH $HVHDUFK
AXDOLWDWLYH 5HVHDUFK (
&RQVWUXFWLQJ 3V\FKROR.
7TKHVLV
6XE 7TRWDO
JRXQGDWLRQV RI 3V\FKRORJLFDO $VVHVVPH
SUDFWLFH S3V\FKRORJLFDO ,QWHUYHQ
S3VI\IFKRORJ\ &RGH RI (WKLF
6XE 7TRWDO

SURIHRQD O 3V\FKF $GYDQFHG 6SHFLDOL]DWLF
SUDFWLFH 3VI\FKRORJ\
J)LHOG 3UDFWLFH RI 3URIH’

2SWLRQDO &RQWHQW
6XE 7TRWDO
727%$/ 81,76

1RWH 1DPHV RI FRXUVHV FRYHULQJ WKLY FRQWHQW FDQ EH GHFLGHG

'LWKLQ WKLV LQWHUQVKLS UH JXDDMLRDO MX SWUFTHFRQ
DQ DEFDGHPLF KROGLQJ D BHQUPXPLRI IV FIKRODRUTWQG EH LC
SUDFWLVLQJ SVI\FKRORJLVW ZLWK D PLQLPXP RI ILYH FRQVHI
LOQWHUHVNHHQDIOUHPHQW UHJDUGLIOV WIWDRHED DQV X STHHQYHL/IRC
GHFODULQJ WK D WDWW K GHGW PV LLDRWH IRPKI03. KR RO ® G RV V-
XQGHUJUDGXDWH TXDOLILFDWLRQ RI DQ\ILHOG RI VWXG\
KLVUKHHOG

7KH -RLQW 'HFUHH $3 73,GRHVU3GBRW SURYLGH DQ\ IXUW

LQIRUPDWLRQ UHJDUGLQJ SURFHGXWNW RG \ ISHUQ IR D@ BX IDWVK
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JXLGLQJ DMWXHGHVPWM QW QRYDDXDMIDP@® H(YDOXDWLRQ PHFKDC
WKH LOQWHUQVKLS HYDW PHI\YUWR® @HE KDERWH V
&RQFOXVLRQ

2] WKH YDULRXV UHJXODWLRQV JRYHUQLQJ WKH PDQDJ
,QGRQHVLDQ JRYHUQPHQW SURYLGHV D VRPHZKDW JHQHUD
FXUULFXOD 7KHVH JHQHUDO JRYHUQPHQWDO UXOHV LQFOX
SURIHVVLRQDO HGXFDWLRQ DORQJ ZLWK D GHWHUPLQDWL!
JDGXDWHYV Rl SURIHVVLRQDO SURJUDPPHV VKRXOG SRVVHYV
GHWHUPLQHV PLQLPXP OHDUQLQJ FRQWHQW FKDUDFWHUL\
WHEKQLTXHVY DQG FKDUDFWHULVWLFV RI WKH HYDOXDWLRQ
SURJUDPPHV $V VWLSXODWHG E\ WKH JRYHUQPHQW SURIH
LQFOXGLQJ GHWHUPLQDWLRQ RI WKH EXUULFXOXP XVHG V
SURIHVVLRQDQVRDWDQHYP@®DWEY WKH TXDOLW\ Rl SURIHVVL
UHJXODWLRQV FRQFHUQLQJ WKH FXUULFXOD Rl SURIHVVLR
DOVR GHWHUPLQHG E\ WKHVH SURIHVVLRQDO RUJDQL]DWLR

7KH ,QGRQHVLDQ JRYHUQPHQWYTV ODWHVW UHJXODWLR
SURIHVVLRQDO HGXFDWLRQWKH BHIXWRRUR/G RILYZKH OLQLV
7HFKQRORJ\ DQG +LJKHU (GXFDWLRQ RI WKH 5HSXEOLF RI ,
IDWLRQDO 6WDQGDUGYV RI +LJKHU (GXFDWLRQ UHIHUV OHQ
SURIHVVLRQDQ RIXODWYRQYYROKDW DUH FXUUHQWO\ DSSOL|
EHWZHHQ WKH ,QGRQHVLDQ 3V\FKRORJLFDO $VVRFLDWLRQ
BURYLGHUV RI 3V\FKRORJ\ (X F®WLRQH® DQGERQHWRDWKH F.
ODVWHUV SURIHVVLRQDO SV\FKRORJ\ SURJUDPPH ZHUH SXI

$W WKH WLPH RI ZULWLQJ +,036, DQG WKH $3 73, KDY}

DFFRPPRGDWH WKH OLQLVWHULDO UHJXODWLRQ 7KLV P
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SURIHVVLRQDO SV\FKRORJ\ HG XF DRURIQ DMV WIKRHQ @ HWHRER/IR
ZKLFK PD\ OHDG WR VHYHUDO FRQVHTXHQFHV $Q REYLRXV
IRUPXODWLRQ RI UHTXLUHG DWWLWXGHY DQG JHQHUDO VNI
DUH EH\RQG WKRVH IRUPXODWHG LQ WKH ROGHU FEXUULFXO
7DEOH VXPPDUL]HV LQIRUPDWLRQ RQ H[SHFWHG FRPSHW
LQFOXGLQJ WKH 1DWLRQDO $FFUHGLWDWLRQ %RG\ DQG W
QRWH WKDW JRYHUQPHQWDO UHJXODWLRQ IURP WKH 1DWLF
WKH +,036, DQG WKXV WKLV UHJXODWLRQ UHIOHFWV ERWK
JRYHUQPHQW DQG RI WKH +,036, DV WKH VROAM) SURIHVVLRQ
,QGRQHVLD

7DEOH VKRZV WKDW D QXPEHU RI UHTXLUHG JUDGXD
WKH ,QGRQHVLDQ JRYH UK PHHIDW L%WHSBUNVQIRW \HDW FRYHU
WKH IRUPXODWLRQ RI FRUH FRPSHWHQFLHV E\ WKH +,036,
H[DPSOH (YDOXDWLRQ $GYRFDF\ SROLF\ GHYHORSPHQW
PLVVLQJ FRPSHWHQFLHY DUH EROGHG LQ 7DEOH 7KLV J
OHDUBRQWHQW OHDUQLQJ SURFHVVHV DQG HYDOXDWLRQ
FXUUHQW UHJXODWRU\ UHTXLUHPHQWY Rl WKH JRYHUQPHQ
QRWHYV VRPH DOLJQPHQW EHWZHHQ DA\CRO VRHY\M K R DHDW IS H¥EOVDA
OHDUQLQJ FRQWHQW DQG OHDUQLQJ PHWKRGV 7KHUH LV F
PDVWHU\ Rl ERWK WKHRUHWLFDO NQRZOHGJH VFLHQFH DQC
SURIHVVLRQDO SV\FKRORJLVWV WKH XVH Rl VFKRODUO\ DS
FROODERUDWLYH DQG LQWHJUDWLYH WHDFKLQJ PHWKRGYV
VWXGHQW FHQWUHG OHDUQLQJ PHWKRGVY DQG WKH FRQGXI
HGXFDWLRQ RI SURIHVVLRQDO SV\FKRORJLVWV LQ IDFW W

E UHTXLUHV WKDW WKH VFLHQWLVW SUDFWLWLRQHU P
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OHDUQLQJ FRQWHQW DQG HGXFDWLRQDO DFWLYLWLHV 7KL
GLUHFWLQJ SURIHVVLRQDO SURJUDPPHYVY WR DSSO\ VFKROD
SVI\IFKRORJ\ DQG WR DFWLYHO\ FRQ@G$EW UHVHBHDVYRK GLVVHF
DSSOLHV VSHFLILF UDWLQJVY GHVFULELQJ OHYHOV RI FRPSC
UHODWLRQ WR WKH UHTXLUHG VWDQGDUGYV

JXUWKHU WKH DXWKRU VSHFXODWHYVY WKDW WKH ODJ L¢
I1DWLRQDO 6WDQGDUGV RI +LJKHU (GXFDWLRQ ODXQFKHG L
DFUHGLWDWLRQ SUREOHPDWLF VLQFH WKH 1DWLRQDO $FF|
JRYHUQPHQWDO UHJXODWLRQV +(,V FXUUHQWO\ RITHULQJ
JLYHQ \HDUV WR DGMXVW WKHLU DFWLYLWLHV LQ DFFRUG

$QRWKHU UHIJXODWRU\ FRQFHUQ LV WKH VWUXFWXUDO
HVWDEOLVKPHQW RI WKH SURIHMY HRQ DO QR ZU WWKP HWDAWH P
VSHFLDOL]DWLRQV LQ WKH DUHD RI FOLQLFDO SV\FKRORJ\
HGXFDWLRQDO SV\FKRORJ\ DQG LQGXVWULDO RUJDQLVDWL
JRYHUQPHQW H[SOLFLWO\ GLVWLQJXLVKHVY EHWZHHQ DFDGH
,QGRQHVLD DV SUHYLRXWG&LV W¥WBMEGEHSQRIWKH VWUXFV
,QGRQHVLDQ KLIJKHU HGXFDWLRQ D ODVWHUV FRXUVH LV F
PHDQW WR EH D SURIHVVLRQDO SURJUDPPH ZLWK D PDLQ R
SV\FKRORJLVWY DEOH WR HQJDJH LQ FRPSHWHQW SV\FKRO|

DV VKRZQ LQ WKH SURJUDPPH GHILQLWLRRI WHW. MR UW K
FKDSWHU UHIHUV 7KLV VWUXFWXUDO DPELJXLW\ DQG WKH
DQRQG SURIHVVLRQDO SURJUDPPHY UDLVHV IXUWKHU TXHVWL
IROORZHG E\ SURIHVVLRQDO SV\FKRORJ\ SURJUDPPHV &XU
HIDPSOH LQ WKH GLITHUHQFHV LQ UHJXODWRU\ UHTXLUHPF

VWXGHQWY LQ SURIHVVLRQDO SVRFRRCORIFISDRWHLPEHM US/D
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DPELJXLW\ LV IXUWKHU FRPSRXQGHG E\ WKH GLIIHUHQFHYV |
LQ ,QGRQHVLD VRPH RI ZKRP GR QRW VXSSRUW WKH LQFO X
ODVWHUV OHYHO SURJUDPPH FODVVLILHG DV DFDGHPLF HG:
FRPPXQLFDWLRQYHQ WKH FXUUHQW DQRPDOLHV WKHQ LW
FXUUHQW FXUULEXODU VWUXFWXUH Rl WKHVH ,QGRQHVLDQ
H[DFWO\ KRZ WKH LQVWLWXWLRQV GHYHORS WKH FXUULFXC
DFFRUGDQFH ZLWK WKH VRPHWLPHY FODVKLQJ UHJXODWLR
7DEOH

&RPSDULVRQ RI SHTXLUHG &RPSHWHQFLHV RI 3URIHVVLRQD

*RYHUQPHQWDO 5HIJIXODWLR( 3URIHVYURDOQIOWND
5HIXODWLRQ -R
$3 73, DQG +,036,

IDWLRQDO 6WDQC IDWLRQ JHDUQLC 4XDOLILF &RUH
(GXFDWHR@LVWH $FFUHGLV 2XWFRPH FRPSHWI

D %RG\ %¥1 ..1, /HYHC

3UHVLG

5HSXEOL

,QGRQHVLI
$77,78'(6 3URIHVVLR 5HVHDUFK .QRZOHG .QRZOHG
3HUVRQDO 9DOXHV $WWLWXGH '"HYHORSLQ $VVHVVP $SSOLHG
S5HOLJLRXVQHVV BURIHVVLR SUDFWLFH DQG SV\FKROI
3HUVRQDO 9DOXHV EHKDYLRXl WKH XVH R ,QWHUYH NQRZOHC
,QWHUYHQWLRQ & .QRZOHGJH UHVHDUFK 3URIHVVI
LQFUHDVLQJ Rl OL 3V\FKRORJ 9DOXHV
3HUVRQDO 9DOXHV NQRZOHGJ! 6 H Q LW\ L
FLWL]JHQVKLS $VVHVVPHC VFLHQFH
'"LYHUVLW\ 3V\FKRORJ GHYHORS
SHODWLRQVKLS &I DVVRHQW D 3URIHVVI
&ROODERUDWLRQ | LQWHJUDW 'HYHORS
DZDUHQHVYV LQWHUYHQ" 'HYHORS
(WKLFDO &RQGXFW ODQDJHPH( DVVHVVP
DQG GLVFLSOLQH 3UDFWLFH LQWHUYF
(WK LEFFD@G XFW ,QW PDQDJHPH( WHFKQLT

DFDGHPLF YDOXHV (GXFDWLRC
3URIHVVLRQDO DW 5HVHDUFK
5HVSRQVLEOH

3URIHVVLRQDO DW
,QGHSHQGHQF\ DQ
HQWUHSUHQHXUVK

&RQW
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7DEOHRQWLQXHG

*RYHUQPHQWDO 5HIJIXODWLRC

SURIHVYURDOQIOWD

5HIJXODWLRQ -R
$3 73, DQG +,036,
IDWLRQDO 6WDQG IDWLRC /HDUQLQJ 2 4XDOLILF &RUH
(GXFDWLRQ $FFUHGL' RI ..1,/HYHC FRPSHWI
%RG\ %BF1
*(1(5%$/ 6.,//6 SHVHDUF 5HVHDUF
3URIHVVLRQDO VNL ,QWHUGL B6NLOIXO
BURIHVVLRQDO $WV U\ SV\FKROI
,QGHSHQGHQW GHF OXOWLGL WKHRULF
&RPPXQLFDWLRQ D¢ QDU\ UHVHDUF
'LVVHPLQDWLRQ 5HVHDUF
(YDOXDWLRQ .QRZOHG
3URIHVVLRQDO 'HY! UHVHDUF
GHYHORSPHQW GHVLJQV
(GXFDWLRQ +XPDQ 5HVHDUF
GHYHORSPHQW 6RIWZDU
IJHDGHUVKLS PDVWHU\
5SHODWLRQVKLS &R 3URIHVVI
ZRUN 'HYHORS
SHODWLRQVKLS 1H 5HVHDUF
(WKLFDO &RQGXFW VNLOOV |
3URIHVVLRQDO $WV WR SURII
,QGHS HQIBHDW. Q J GHYHORS
$GYRFDF\ SRHYWRR
SROLFLHV
3HUVRQDO 'HYHORSES
'REXPHQWDWLRQ RI
WR SHUVRQDO SHUI
GHYHORSPHQW
SUREOHP 6R sp70HG .QrRZOHG
7KHRULH 3V\FKROF
$VVHVVP 7KHRULH
,QWHUQ H 3URIHRQL
6NLOOV
ODVWHU\
SV\FKROI
DVVHVVP
DQG
LQWHUYF
PHWKRG\

&RQWLQXHG
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7DEOHRQWLQXHG

*RYHUQPHQWDO 5HIJXODW

3URIHV2UBDROOVD WH RQO
-RLQW 'HFUHH $3 73, D

IDWLRQDO 6 IDWLRQDO /HDUQLQJ 4XDOLILF &RUH FRPSH
RI +LJKHULRG $FFUHGLWI 2XWFRPH\
%RG\ 9%B¥1 ..1, /HYHC
3UHVLGH
5HSXEOLN
,QGRQHVL
B3UREOHP 3URIHVVI .QRZOHGJH
BROYLQJ 6NLOOV $VVHVVPHQW
FRQWLQX $SSOLFD Rl SV\FKR GL
DVVHVVP 3URIHVVLRQD
DQG ODVWHU\ RI D
LQWHUYF WRROV
PHWKRG\ &RPPXQLFDWL
(IDPLQDWLRQ
L, QWHUYHQWLF
3HUVRQDO 6N
BHQVLWLYLW\
FRQGLWLRQ G
WUHDWPHQW
5HVHDUFK 5HVHDUF 3URIHVVLRQD
5HVHDUFK 0DQDJLQ 6FLHQWLILF D
PDQDJHPF UHVHDUF UHVHDUFK DQ
DQG UHVXOW\ 5HVHDUFK $8S
GHYHORSI UHVHDUFK
5HVHDUFK 3X
RI UHVHDUFK
ODQDJHP 3HUVRQDO 9D
0DQRQJ &DULQJ IRU R
SV\FKROI (WKLFDO &RQ!
VHUYLFH ODQDJHPHQW

SUDFWLFH




,1'21(6,$1 352)(66,21$/ 36<&+2/2*< &855,&8/$

&KDSWHUYHVWLIJDWLQJ &XUULFXOD LQ ,QGRQHVLDQ 3URIHV
OL[HG OHWKRGV 6WXG)\
7KLV FKDSWHU GHVFULEHV WKH PDQQHU LQ ZKLFK UHVI
FXUULFXOXP Rl ,QGRQHVLDQ SURIHVVLRQDO SV\FKRORJ\ SU
EHJLQV E\ SUHVHQWLQJ UHVHDUFK REMHFWLYHV DQG UHVH
FRQVLGHUDWLRQ RI WKH UHVHDUFK SDUDGLJP ZKLFK SURY
PHWKRGY HPSOR\HG WR DQVZHU WKH UHVHDUFK TXHVWLRQ
WKLV PL[HG PHWKRGV VWXG\ DUH GLVFXVVHG FRYHULQJ EF
FRPSRQHQWY ZKLFK LQFOXGH WKH UHVHDUFK GHVLJQV XVI
FROOHFWLRQ LQVWUXPHQWY UHVSRQGHQWY DQG GDWD DQ
5HVHDUFK 2EMHFWLYHV DQG 5HVHDUFK 4XHVW!|
$V GLVFXVVHG LQ &KDSWHU WKH SURIHVVLRQDO SV\F
RWKH HGXFDWLRQDO DVSHFWV WKDW LV UHJXODWHG DW D
FRPSDUHG WR RWKHU DUHDV VXFK DV KXPDQ UHVRXUFHV D
RI SURIHVVLRQDO HGXFDWLRQ LQ ,QGRQHVLD LQFOXGLQJ ¢
UHJXODWHG E\ WKH JRYHUQPHQW UHSUHVHQWHG LQ WKLV
7HFKQRORJ\ DQG +LJKHU (GXFDWLRQ DQG WKH UHOHYDQW
ZKHUH JRYHUQPHQW UHJXODWLRQ WHQGVHWRORSRGQDLE@BG O
LPPDWXUH SURIHVVLRQDO RUJDQLVDWLRQ PDQDJHPHQW X
FDVH ZLWKLQ SV\FKRORJ\ HGXFDWLRQ LQ ,QGRQHVLD DW S
UHJXODWLRQ WKDW DUH LQFRQVLVW HDW H IEWM K @ WK $1Q HFRHQ
DEUXSWO\ DV GHVFULEHG LQ &KDSWHU 7KH FKDQJHV ZHL
QRPHQFODWXUH DQG FXUULFXOD 7KLV UHVHDUFK ZDV FRQ
VLWXDWLRQ ZLWK WKH SULPDU\ DLP EHLQJ WR SURYLGH D¢

FKDUDFWHULVWLFVY DQG WKH IHDWXUHV RI FXUULFXOD RI S
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WKURXJKRXW ,QGRQHVLD $ VHFRQGDU\ DLP ZDV WR H[SORL
WKH FRQVWUDLQWYVY IDFHG E\ SURJUDPPH SURYLGHUV UHJD
LPSOHPHQWDWLRQ DQG H[SHFWDWLRQV DQG VXJJHVWLRQV
SURIHVVLRQDO SV\FKRORJ\ HGXFDWLRQ LQ ,QGRQHVLD 7Kt
DUH H[SHFWHG WR DIIRUG LQVLJKWYV LQWR KRZ WKH SURFH
FXUULFXOXP Rl ,QGRQHVLDQ SURIHVVLRQDO SV\FKRORJ\ SU
IXWXUH

%DVHG RQ WKHVH UHVHDUFK REMHFWLYHV WKH PDLQ T
LQ UHODWLRQ WR ,QGRQHVLDQ SURIHVVLRQDO SV\FKRORJ\
:KDW LV WKH SURILOH RI WKH SURJUDPPHV LQ WHUP\
:KDW DUH WKH FKDUDFWHULVWLEV RI SURJUDPPH EXL
:KDW DUH WKH PDLQ FXUUHQW FRQFHUQV REVWDFOH

WR WKH FXUULFXOD"
,Q ZKDW ZD\V GR ILQGLQJV IURP WKH VXUYH\ DQG FD'
UHJDUGLQJ WKH FKDUDFWHULVWLFV RI SURJUDPPH F.
3UDJPDWLVP DV D 3DUDGLJP LQ OL[HG OHWKRGV 5
7KH UHVHDUFK SDUDGLJP XVHG LQ DQ\ UHVHDUFK GUD?Z
GLUHFW WKH HIIRUWYV Rl VHDUFKLQJ IRU DQVZHUV WR UHVF
RIWHQ UHIHUUHG WR DV D ZRUOGYLHZ &UHVZHOO 30DQR
UHVXOW LQ XQLTXH ZD\V RI DQVZHULQJ UHVHDUFK TXHVWLI
SDUDGLJP XVHG LQ WKLV UHVHDUFK LV LPSRUWDQW LQ FOTC
KRZ WKDW ZDV UHIOHFWHG LQ WKH SURFHVV RI VHHNLQJ D¢
3UDJPDWLVP LV WKH SKLORVRSKLFDO GULYHU RI WKLYV
UHVHDUFK TXHVWLRQV DV WKH PRVW LPSRUWDQW DVSHFW

XVHG ,W SURYLGHV WKH RSSRUWXQLW\ WR XVH D UDQJH RI
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UHVHDUFK TXHVWLRQV &UHVZHOO 30DQR &ODUN ,Q
VWXG\ GHVLJQ VRPH LQQHU FRQIOLFW ZDV H[SHULHQFHG E
SDUWLFXODU UHVHDUFK PHWKRG DQG IRUPXODWLQJ UHVHD
ODQJXDJH XVHG IRU D SDUWLFXODU DSSURDFK 7KLV UHVX(
TXHVWLRQV DQG WKH XQFRPIRUWDEOH VHQVH RQ WKH SDU
WRRN KHU DZD\ IURP WKH HVVHQWLDO TXHVWLRQV WKLV Ut
DQG JXLGDQFH IURP DGYLVRUV KDV OHG WR WKH UHVHDUFEF
UHVHDUFK SDUDGLJP 7KLV QHZ XQGHUVWDQGLQJ KDV SUR)
UHVHDUFK GHVLJQ EDVHG RQ WKH TXHVWLRQV WKDW QHHG
SURFHVV SUHVHQWLQJ DOO WKH TXHVWLRQV DQG VXE TXH
WKHRU\ IUDPHZRUN GLVEXVVHG LQ &KDSWHU FRPSOHPHQ
GDWD FROOHFWLRQ WHFKQLTXHV PRVW OLNHO\ WR DQVZHU

7DEOH VKRZV WKDW WKH XVH RH DW LTQXDIHNER MAD MR G H
TXDOLVWDWIQWHKIILFLHQW WR DQVZHU DOO UHVHDUFK TXHVW
SUDJPDWLVP SDUDGLJP ZLWK WKH RULHQWDWLRQ Rl ZKDW
S DQG GLYHUVH DSSURDFKHV S RSHQV XS WKH ZLG
PHWKRGVY 7DVKDNNRUL 7HGGOLH ZKLFK WKHQ DOOR
DQG TXDOLWDWLYH DSSURDFKHV 7KXV WKH SUDJPDWLVP ¢
PL[HG PHWKRGV UHVHDUFK LQ WKLV VWXG\

JROORZLQJ WKH GHWHUPLQDWLRQ Rl WKH UHVHDUFK SI
SKLORVRSKLFDO EDVLV IRU WKH PDQQHU RI LPSOHPHQWDW
QHHGHG WR GLUHFW WKH LPSOHPHQWDWLRQ Rl UHVHDUFK
FXUULFXOXP WKHRU\ IUDPHZRUN &KDSWHU DQG FRQFHSV
&KDSWHUV DQG ZKLFK DUH RXWOLQHG LQ D UHVHDUFK

&KDSWHMLSSHG ZLWK WKH SUDJPDWLVP SOBURGHYR LRXRQWWL |
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7TDEOH

5HVHDUFK 4XHVWLRQV DQG 'DWD &ROOHFWLRQ OHWKRGV IRU D OL[HG OHWKRGV $SSURD

48%$1 488/

5(6($5&+ 48(67,216
4XHV ,QW 'RF'

:KDW LV WKH SURILOH RI ,QGRQHVLDQ SURINWMVUPROQDIOVBNVAXKWR X B DOSRKDIUDPWHY LMV LFV"
KHUH LV WKH SURJUDPPH ORFDWHG ZLWKLQ WKH XQLYHUVLW\ VWUXFWXU ¥

:KDW DUH WKH VSHFLDOL]DWLRQV RIITHUHG LQ WKH SURJUDPPH" ¥
:KDW DUH WKH FKDUDFWHULVWLFV RI VWXGHQWV"

+RZ PDQ\ VWXGHQWYV DSSO\ LQ HYHU\ DFDGHPLF \HDU" )URP W R

21 WKHVH KRZ PDQ\ RI WKHP DUH DGPLWWHG"

:KDW DUH WKH HQWU\ UHTXLUHPHQWV"

:KDW DUH WKH PHFKDQLVPV WKDW GHWHUPLQH VWXGHQW VHOHFWLR
:KDW LV WKH SURILOH RI DFDGHPLF VWDII LQ WHUPV RI WKHLU QXPEHU D¢
:KDW DUH WKH IDFLOLWLHV WXHE®HWRJUDPPH FDQ PDNH DYDL
:KDW LV WKH SURILOH RI JUDGXDWHYV LQ WHUPV RI QXPEHWRPRPSOWRVLRQ

K K K K K K K

:KDW DUH WKH FKDUDFWHULVWLFV RI FXUULFXOD LQ ,QGRQHVLDQ SURIHVVLRQDO SV\FKRORJ\

+RZ DUHFX®DUHYHORSHG LQ ,QGRQHVLDQ SURIHVVLRQDO SV\FKRORJ\ SUF ¥
$UH WKHUH DQ\ VIVWHPDWLF HIIRUWY WR LQFRUSRUDWH VRFLHWDO ¥
.,V WKHUH DQ\ SURFHVV GHVLJQHG WR JDWKHU LQIRUPDWLRQ RQ VRF ¥
:KDW SROLFLHV JXLGHOLQHV RU UHJXODWLRQV DUH XWLOL]JHG LQ F»> ¥

:KDW DUH WKH SROLFLHYV JXLGHOLQHV RU UHJXODWLRQV WKDW PRV}
FXUULFXOXP GHYHORSPHQW" ¥

&R QWH



,1'21(6,$1 352)(66,21$/ 36<&+2/2*< &855,&8/%

7TDEOH ERQWLQXHG
5(6($5&+ 48(67,216 4831 488/
4XHV ,QW 'RF'

'"KDW DUH WKH FKDUDFWHULVWLFV RI DLPV DQG REMHFWLYHV RI ,QGRQHV ¥ ¥
:KDW DUH WKH DLPV DQG REMHFWLYHV Rl WKH SURJUDPPHV" ¥
+RZ ZHUH WKH DLPV DQG REMHFWLYHV Rl ,QGRQHVLDQ SURIHVVLRQD ¥
.V WKHUH DQ\ VSHFLILF JXLGH WKDW KDV EHHQ XVHG LQ GHYHORSLQ
:KDW DUH WKH RXWGHYIOKDWH WKH GHYHORSPHQW RI DLPV DQG REM
FRQWULEXWHG WR WKH IRUPXODWLRQ RI WKH DLPV DQG REMHFWLYH' ¥
:DV WKHUH HYHU DQ\ FKDQJH WR WKH VWDWHG DLPV D &® REHIHF VK DW
UHDVRQV IRU WKH FKDQJH" ¥
,Q \RXU RSLQLRQ LV WKHUH DQ\ SRVVLELOLW\ WKDW WKH FXUUHQW" ¥
'KDW DUH WKH UROHV Rl SV\FKRORJLVWV" ¥
:KDW DUHVWRKIHSWRRKRRORJLVWY DV SHUFHLYHG E\ WKH SURJUDPPH GLI ¥
:KDW DUH WKH UROHV Rl SV\FKRORJLVWYV DV H[SHFWHG E\ WKH VRFL} ¥
7R ZKDW H[WHQW GR SURJUDPPHYTV DLPV DQG REMWFGLYERYHHIOHFW ¥

:KDW DUH WKH FKDWDIFQUHMVHREE® WKH SURJUDPPH" ¥ ¥
‘KDW LV WKH PRGHO RI WUDLQLQJ" y ¥
:K\ GR WKH SURJUDPPH GLUHFWRUV WKLQN VR" ¥
'KDW DUH WKH XQGHUO\LQJ SKLORVRSKLHV WKDW GHWHUPLQH WKH \ ¥
+RZ GR WKH SURJUDPPHV UDWH RQ HDFK WUDLQLQJ PRGHO"

'KDW DUH WKH FKDUDFWHULVWLFV RI FRQWHQWYV DSSOLHG LQ WKH SURJU ¥ ¥
'KDW DUH WKH JXLGHOLQHV IRU GHYHORSLQJ VXEMHFW PDWWHU"
'KDW DUH WKH JXL GHOXHGPH WKHVGHR\MW RYPHQW RI VXEMHFW PDWWF ¥
'KDW FRQWHQW LV EHLQJ WDXJKW" ¥ ¥

&RQWL
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7TDEOH ERQWLQXHG
48$1 48$/
5(6($5&+ 48(67,216
4XHV ,QW 'RF’

+RZ LV WKH VHTXHQFH Rl FRQWHQW RUJDQLVHG" ¥ ¥
'KDW SURSRIUWKR FXUULFXOXP FRPSULVHV UHVHDUFK VFLHQFH HOHP ¥ ¥
.V WKHUH DQ\ XQLTXH FRQWHQW LQFOXGHG LQ WKH SURJUDPPH ZKL| y y
SURJUDPPHV"
'K\ GLG WKH SURJUDRPMWXGHYHORSEMHFW V " ¥
+RZ GLG WKH SURJUDPPHV GHYHORS WKH XQLTXH FRQWHQW" ¥
$UH WKHUH DQ\ VSHFLILF FRXUVHV GHHPHG LPSRUWDQW EXW QRW D¢ ¥
'KDW DUH WKHVH LPSRUXTHBN FRXUVHV WR EH LQFO ¥
'K\ GR SURJUDPPH GLUHFWRUV WKLQN LW LPSRUWDQW WKDW WKHVH y
SURJUDPPHV"
.V WKHUH DQ\ VSHFLILF FRQWHQW RU VXEMHFW PDWWHU SWKOM DR PGk y
FXUULFXOXP RU WKH FXUULFXOXP JXLGHOLQHV IURP WKH ,QGRQHVLELC
'KDW DUH WKHVH LPSRUWDQW FRXUVHV WR EH LQFOXGHG" ¥
'K\ GR SURJUDPPH GLUHFWRUV WKLQN WK HIVGHPORXQUWHY VKRXOG EH L ¥

'KDW DUH WKH FKDUDFWHULVWLFV RI WHDFKLQJ DQG OHDUQLQJ PHWKRGYV ¥
'KDW WHDFKLQJ PHWKRGV DUH XVHG WR LQVWLO VXEMHFW PDWWHU" ¥
'KLFK PHWKRG LV PRVW ZLGHO\ XVHG" :K\" ¥
$UH WKHUH DQ\ RWKHU RSKRWWOURIMIDHPW IS URKILIXHBLEP WR PD[LPLIH Vv
UHTXLUHG VNLOOV"

"KDW DUH WKH FKDUDFWHULVWLFV RI HYDOXDWLRQ" ¥ ¥
‘KR DUH WKH WDUJHWYVY Rl WKH HYDOXDWLRQ SURFHVV" ¥ ¥

&RQWL
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7DEOH X&REQ W L Q

48%$1 488/

5(6($5&+ 48(67,216
4XHV ,QW 'RF’

5HIDUGLQJ VWXGHQW HYDOXDWLRQ

:KDW DVSHFWV DUH DVVHVVHG" ¥ ¥
:KDW DUH WKH PHWKRGV XVHG WR DVVHVV WKRVH DVSHFWV" ¥ ¥
:KDW LV WKH PDLQ IRFXV RI DVVHVVPHQMO DSUR ZKD FBFRH VQ SR IPIRQ) y
DVSHFW V "

:KDW DUH WKH PDLQ SULQFLSOHV DSSOLHG LQ HYDOXDWLQJ VWXGHQ ¥

‘KR DUH WKH DVVHVVRUV LQ WKH HYDOXDWLRQ RI VWXGHQWV" ¥ ¥
%HVLGHY VWXGHQW HYDOXDWLR(DOXDWKBUWRB\SRHRAKDQYLRRORUSUR. y y

LQ DGGLWLRQ WR WKH DFFUHGLWDWLRQ SURFHVV BRQGXFWHG E\ Wt
0 \HV ZKDW DUH WKH DLPV RI SURJUDPPH HYDOXDWLRQ" ¥ ¥ ¥

‘KDW LV HPSKIKH [SAGRIQDPPH HYDOXDWLRQ"
:KDW DVSHFWV DUH FRYHUHG LQ LQVWLWXWLRQDO HYDOXDWLRQ"
+RZ LV WKH HYDOXDWLRQ FRQGXFWHG" :KDW IRUPV PHWKRGV DUH XV
+RZ RIWHQ GR ,QGRQHVLDQ $BRIGXAW RILIRY SRR HYMHOXDWLRQ"
:KDW KDSSHQV DIWHU WKH HYDOXDWLRQ SURFHVV KDV EHHQ FRPSOH ¥

:KDW DUH WKH PDLQ FXUUHQW FRQFHUQV REVWDFOHV KRSHV DQG VXJJHWRWRRQ 8 URIIDPPIHYI
:KDW DUH WKH PDMRU FRQFHUQV"
:KDW DUH WKH XQGHUO\LQJ FDXVHV RI WKRVH FRQFHUQV"
:KDW DUH WKH PDMRU REVWDFOHV LQ FXUULFXOXP GHYHORSPHQW D¢
:KDW DUH WKH FDXVHV Rl WKRVH REVWDFOHV"
:KDW DUH WKHK@S FXWHIPMOXP LQ ,QGRQHVLDQ SURIHVVLRQDO SV\F
:KDW DUH WKH VXJJHVWLRQV IRU LPSURYLQJ FEXUULFXOD LQ ,QGRQH\

K K K K K K

&RQWL
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7TDEOH &ERQWLQXHG

48%$1 488/

5(6($5&+ 48(67,216
4XHV ,QW 'RF’

,Q ZKDW ZD\V GR ILQGLQJV IURP WKH VXUYH\ DQG FDVH VWXG\ DOLJQQBIRQK RIQCH) DIARWVKWWL B |
SURJUDPPHV"
'R WKH TXDQWLWDWLYH UHVXOWYV DOQWHW R W TRK@® OMRVIYKH YK DLUDGFVOH V LVRMQLFWUR HAXQJ ULFXOD Lt

1RWHV 48%$1 TXDQWLWDWLYH 48%/ TXDOLWDWLYH 4XHV TXHVWLRQQDLUH ,QW LQWHUYLHZ 'RF'
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HGXFDWLRQ SULQFLSOHV WKH UHVHDUFK VWDJHV RI WKLV
GWFULEHG LQ WKH IROORZLQJ VHFWLRQV
7KH 8VH RI OL[HG OHWKRGV 5HVHDUFK LQ WKH 6WXG\ RI ,QC
&XUULFXOD
7KH XVH Rl PL[HG PHWKRGV UHVHDUFK ZKLFK FRPELQH
TXDOLWDWLYH PHWKRG EHJDQ WR GHYHORS LQ WKH ODWH
&UHVZHOO 30DQR &ODUN % HJLIQUQRLPQ Y LWL RKH O D
GLVFLSOLQHV HPHUJHG WR GLVFXVV WKLV QHZ DSSURDFK V
*UHHQH HW DO 7KLV GLVFXVVLRQ FRQWLQXHV WR HYI
ZD\V WR FRPELQH TXDQWLWDWLYH DQG TXDOLWDWLYH PHW
WKH IRUPXODWLRQ RI GHVLJQ&UHY PHOHG FBHW QRGYODH

DQG QRWDWLRQ V\VWHPV IRU HDFK W\SH RI UHVHDUFK GHV

7KH XVH Rl PL[IHG PHWKRGVY HYROYHV ZLWK WKH LQFUH
SUREOHPV ZKLFK GHPDQG PRUH WKDQ FDQ EH SURYLGHG E
DSSURDFK RU WKH W\SH RI ZRUG EDVHG G&YHRXHOG W\SLF
S3ODQR &ODUN 7KH XVH Rl PL[IHG PHWKRGV LQYROYHYV
SRZHUIXO EHFDXVH LW FDQ SUHVHQW D FRPSOHWH DQDO\V
DOO UHVHDUFK TXHVWLRQVY DUH DSSURSULDWHO\ DQVZHUH
PRVW DSSURSULDWHO\ DGGUHVVHG E\ D PLIHG PHWKRG DS¢
LV LQVXIILFLHQW WR DQVZHU WKH UHVHDUFK TXHVWLRQ W
HISODQDWLRQ H[SORUDWRU\ GLVFRYHULHVY QHHG WR EH JF
LPSURYH RQ RU FRPSOHPHQW WKH ILUVW PHWKRG WKH WK
DQG RU ZKHUH RYHUDOO UHVHDUFK REMHFWLYHY DUH EHV

HYHQ PXOWL SURMHFW UHVHDUFK &UHVZHOO 30ODQR &OD!
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PL[HG PHWKRG LQ WKLV VWXG\ LV WKH IDFW WKDW WKH XV}
WR D@ WHVHDUFK TXHVWLRQV DV LOOXVWUDWHG LQ 7D
FKDUDFWHULVWLFV Rl WKH ,QGRQHVLDQ SURJUDPPHV FDQQ
VROHO\ D TXDQWLWDWLYH RU TXDOLWDWLYH DSSURDFK )X
RI TXDQWLWDWLYH DQG TXDOLWDWLYH PHWKRGV PD\ EH FR
WKURXJK RQO\ D VLQJOH GDWD DSSURDFK

&UHVZHOO DQG 30DWRVEDIMKDW VLQFH WKH HDUO\ FRQ
PHWKRG UHVMBEHFBOEDQG )LVNH WKH DSSURDFK KDV X
GHYHORSPHQW QDPHO\ WKH IRUPLQJ VWDJH SDUDGLJP GH
VWDJH DGYRFDF\ DQG H[SDQVLRQ DQG WKH UHIOHFWLYH S
LQ GHYHORSPHQW WRGD\ 7KLV ODVW VWDJH LV PDUNHG E\
XVH Rl PL[HG PHWKRGY DQG FRQVWUXFWLYH FULWLFLVPV W
VXFK DV SUREOHPV DQG FRQWURYHUVLHV WKDW QHHG WR F
WKH XVH Rl PL[HG PHWKRGV UHVHDUFK KDV VSUHDG DFURYV
EHHQ DGDSWHG WR ILW D XQLTXH DSSURDFK LQ UHVHDUFK
SUHYLRXVO\ GHYHORSHG UHVHDUFK PHWKRGV &UHVZHOO

7KH XVH Rl PL[HG PHWKRGV VWXG\ LV QRW OLPLWHG Wi
TXDOLWDWLYH DSSURDFKHV LQ D VLQJOH VWXG\ 7KH XVH F
DXWRPDWLFDOO\ HTXDWH WR PL[HG PHWKRGVY UHVHDUFK $
KDYH EHHQ HPSOR\HG ZKHQ D UHVHDUFKHU FRQVFLRXVO\ L
FRPSRQHQW UHTXLULQJ WKH XVH Rl TXDQWLWDWLYH DQG T
XVH Rl WKHVH PL[HG PHWKRGV LQ DGGLWLRQ WR D SUHVH(
UHDVRQV IRU GRLQJ VR &UHVZHOO ,Q WKHLU FRPSUH
UHVHDUFK &UHVZHOO DQMDIWODWRERW PUNHG PHWKRGV UHVF

VRPH RI WKH DFWLYLWLHV WKDW DUH WKH PDLQ FKDUDFWH
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DQDO\WLQJ TXDOLWDWLYH DQG TXDQWLWDWLYH GDWD HTXE
LQWHJUDWLQJ RU FRQQHFWLQJ WZR IRUPV RI GDWD HLWKF
VHTXHQWLDOO\ E\ EXLOGLQJ WKH UHVXOWYV RI D SDUWLFXO
E\ HPEHGGLQJ RQH DQDO\VLY UHVXOW LQ DQRWKHU HTXDO
PL[HG PHWKRGV SURFHGXUHV LQ D VLQJOH VWXG\ DV ZHOO
VWXG\ SURYLGLQJ D IUDPHZRUN IRU UHVHDUFK SURFHGXU't
SRLQW RI YLHZ IURP D SDUWLFXODU WKHRUHWLFDO VWDQG
VSHFLILF UHVHDUFK GHVLJQV WKDW GLUHFW WKH UHVHDUF

7KH PERSURYLGHV D FOHDU SLFWXUH RQ WKH XVH RI PL
DSSOLFDEOH ZKHQ UHVHDUFK TXHVWLRQV RU REMHFWLYHYV
TXDQWLWDWLYH DQG TXDOLWDWLYH DSSURDFKHV &UHVZH(
IRXU LQ 7DEOH LV D FDVH LQ SRLQW 1RW RQO\ KDV WKH
VLPXOWDQHRXVO\ EXW D PL[HGQRHW R R/G VWK XKB\WWHKRX O\CR D
IURP TXDQWLWDWLYH DQG TXDOLWDWLYH DSSURDFKHV DOL

$XWKRUV LQ WKH ILHOG RI PL[HG PHWKRGVY UHVHDUFK |
WKH XVH RI WKLY DSSURDFK D\ @GHHYM H® H\QW LD \
WKH IRUPXODWLRRQRILRBEMIGFRILMYW PDMRU FODVVLILFDWLR
FRPSOHPHQWDULW\ GHYHORSPHQW LQLWLDWLRQ DQG H[S!
GHWDLOHG FODVVLILEDWLRQ ZDV GHYHORSHG FRQVLVWLQJ
PHWKRGY UHVHDUFERU#®%VIPID® DQG 309DRRQAMORYW WKDW LW
SRVVLEOH WKDW D PL[HG PHWKRGV VWXG\ KDV VHYHUDO RI
UHVHDUFK PHWKRG GHVLJQ LQ WKLV FDVH WZR REMHFWLY]
FRPSOHWHQHVY DQG WULDQJXODWLRQ

7KH DLP RI XVLQJ PL[HG PHWKRGV LQ WKLV VWXG\ ZDV

RYHUYLHZ RI WKH FXUULFXOXP FKDUDFWHULVWLFV RI SURI
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$V VKRZQ LQ 7DEOH D TXDQWLWDWLYH DSSURDFK XVLQJ
XVHG WR DQVZHU UHVHDUFK TXHVWLRQV RQ WKH FXUULFXC
SURJUDPPHV %UHDGWK H[SORUDWLRQ RQ WKH VWUXFWXUL
SURJUDPPHYV ZDV DOVR LQYHVWLJDWHG XVLQJ D TXDQWLWEL
SURJUDPPHVY SRVLWLRQ LQ ,QGRQHVLDYV KLJKHU HGXFDW
WHUPV Rl SULYDWH RU SXEOLF XQLYHUVLWLHV WKH VSHFL
VWXGHQWY OHFWXUHUV DQG JUDGXDWHY $ TXDQWLWDWL)
GLVFORVXUH LQ TXHVWLRQQDLUHV FRQWDLQLQJ FORVHG H
WKH VDPH WLPH KRZHYHU WKH FKDUDFWHULVWLFV RI WKH
H[SORUHG LQ DZDRUHQZRWILQBGQYHVWLIDWLRQ RI WKH EX
SURFHVV UHDVRQV XQGHUO\LQJ FXUULFXOXP UHODWHG GH
WKH SHUVSHEWLYHV RI WKH SURJUDPPH GLUHFWRUV GLUHF
SURJUDPPH $ TXDOLWDWLYH DSSURDFK ZLWK LWV VWUHQ.
EHVW VXLWHG IRU WKLV SXUSRVH 7KURXJK WKH GLUHFW L
WKH FKDUDFWHULVWLEV RI WKHLU FXUULFXOD IURP GHYHO|
ZHOO DV WKHLU PDLQ FRQFHUQV FRQVWUDLQWY KRSHV D(
LPSURYHPHQW ,Q YLHZ RI WKHVH WZR REMHEWLYHV EUHD¢
FRQWH[W RI WKLV VWXG\ WKH DLP RI XVLQJ D PL[HG PHWKI
FRPSOHPHQWDULW\ RUHHARMSIOWWIQHVY %U\PDQ 7K
PHWKRGYV ZDV LQWHQGHG WR HQDEOH WKH WZR PHWKRGV V
SURYLGH D PRUH FRPSUHKHQVLYH SLFWXUH RI D SKHQRPHC
SURIHVVLRQDO SV\FKRORJ\ SURJUDPPHVY 6HFRQGO\ E\ XVI
UWXOWV REWDLQHG IURP WKH XVH RI D VLQJOH PHWKRG ZH!
WULDQJXODWLRQ %U\PDQ *UHHQH &DUDFHOOL  *UL

VRPH FXUULFXOXP UHODWHG TXHVWLRQV ZHUH DQVZHUHG .
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PHWKRGV VLPXOWDQHRXVO\ VXFK DV TXHVWLRQV DERXW W
VFLHQFH FRQWHQW DV FRPSDUHG WR SUDFWLFH VXEMHFW |
DQG TXDOLWDWLYH DSSURDFKHV ZHUH FRPELQHG WR WULD
ZKLFK WKH GDWD DUH PXWXDOO\ FRPSDWLEOH RU FRQWUD
&RQVWUXFWLQJ OL[HG OHWKRGV 'HVLJQ DQG 5HVHDL
(DFK PL[HG PHWKRG GHVLJQ KDV LWV RZQ UHVHDUFK S|
%DVHG RQ WKH UHVHDUFK TXHVWLRQV WR EH DQVZHU}
UHVHDUFKHU FDQ FKRRVH WKH PL[HG PHWKRGV GHVLJQ WK
FKRLFH Rl GHVLJQ LV JHQHUDOO\ EDVHG RQ FRQVLGHUDWLI
LOQWHUDFWLRQ EHWZHHQ TXDQWLWDWLYH DQG TXDOLWDWL
SULRULWL]HG WKH WLPLQJ RI LPSOHPHQWDWLRQ RI HDFK ¥
R FRQGXFWLQJ PHWKRG PL[LQJ $ FRPELQDWLRQ RI WKHVH
PHWKRGY UHVHDUFK GHVLJQV &UHVZHOO 3@ DBOIR L&IEMD UK F
H[SODQDWRU\ VHTXHQWLDO GHVLJQ WKH H[SORUDWRU\ VH’
WUDQVIRUPDWLYH GHVLJQ DQG WKH PXOWLSKDVH GHVLJQ
5HIHUULQJ WR WKH SUHYLRXVO\ VWDWHG UHVHDUFK RE
FRPELQHG ZLWK DQ XQGHUVWDQGLQJ RI WKH VL[ W\SHV RI

DSSURDFK WKH GHFLVLRQ zZzDV PDGH WR XVH D SDUDOOHO

GHVLJQ LQ WKLV VWXG\ &UHVZHOO 30DQR &ODUN U
ZKLFK ZDV GHYHORSHG E\ LQFRUSRUDWLQJ ORUVHYV Q
&UHVZHOO &UHVZHOO 30DQR &ODUN *XWPDQQ +DQ

DORQJ ZLWK WKH QRWLRQ RI REMHFWLYHV LQ FRQGXF'
*UHHQH HW 831 48$/ FRPSOHWH XQGHUVWDQGLQJ $
WKLV VWXG\ XVHG TXDQWLWDWLYH DQG TXDOLWDWLYH PHW

SULRULWL]J]HG ERWK PHWKRGY SHUIRUPHG LQGHSHQGHQW I
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SURFHGXUHV DQG WKHQ FRPELQH® KHK HQUHXDUHW R WH. B DK’
5HVHDUFK SURFHGXUHV IRU WKH LPSOHPHQWDWLRQ RI SDU
GHVFULEHG LQ )LJXUH ZKLFK LV EDVHG RQ WKH GLDJUD
,'YDQNRYD HWQ@® &UHVZHOO DQG 30DQR &0ODUN

,Q DFFRUGDQFHREHBK WHKCHGLDJUDP WKH FRQYHUJHQW
DQG DQDO\VLV RI TXDQWLWDWLYH DQG TXDOLWDWLYH GDW
UHVXOWYV IURP ERWK DSSURDFKHVY DQG H[DPLQDWLRQ RI D
UBIDWLRQVKLS EHWZHHQ WKH WZR GDWD

,Q WKH VHFWLRQ EHORZ GHWDLOHG UHVHDUFK SURFHC
FRPSRQHQWY Rl WKH VWXG\ DUH GHVFULEHG $ SUHVHQWD\
IURP ERWK UHVHDUFK FRPSRQHQWY ZHUH DOVR SURYLGHG

AXDQWLWDWLYH 3URFHGXUHYV

'"HVLJIQ

7KH TXDQWLWDWLYHYBHWIKIREDOOA XV HFG RVYV VHEWLRQD
XVLQJ TXHVWELR QQNIZHHWVTXDQWLWDWLYH TXHVWLRQV UHOD
DQG VRPH FKDUDFWHULVWLFV RI SURJUDPPH FXUULFXOD 4
H PDLO 7KH H PDLO VXUYH\ PHWKRG ZDV FKRVHQ SULPDULC
IOH[LELOLW\ LW DIIRUGHG UHVSRQGHQWY LQ GHWHUPLQLQ.
7KLV FKRLFH ZDV DSSURSULDWH VLQFH WKH UHVSRQGHQW
LQ WKH ZRUNSODFH DV SURJUDPPH GLUHFWRUV $QRWKHU |
FRPSDUHG WR WUDGLWLRQDO PDLOWNRD VP MWKQREON W)RK B W KPHRUL
DFFHVVLEOH WKDQ SRVWDO PDLO GHOLYHU\ DQG UHWXUQ
UHGXFH WKH ULVN RI D ORZ UHVSRQVH UDWH DQG QRQUHVS
WUDGLWLRQDO PDLOLQJ VXUYH\V %RUKH @\PD I$& E/RWWH \

PHGLXP DOVR DOORZVY UHVHDUFKHUV WR DWWHPSW WR LPS
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FROWTG
3URFHGXUHV \ 3URGXFWYV
JGHQWLI\ FF OHUJH WKHW UH 6XPPDU\ WDE
DUHD WR E} PHUJHV TXDQ
FRPSDUHG | DQG IXWBDWLY
FRQWUDVW| ILOGLQJV

6LGH E\ VLC
FRPSDULVR

SURFHGXUHYV A SURGXFWYV
6 XPPDULI]H 'LVFEXVVLRQ
LOWHUSUHYV ,QWHUSUHWD\

VHSDUDWH
J)LQG FRQVYH
DQG GLYHU.
UHVXOWV G
IURP WKH W
RI GDWD

&RQVKRHU
PHUJHG UH)
SURGXFH D
FRPSOHWH
XQGHUVWD(

JLIXUHBURFHGXUDO GLDJUDP RI WKH LPSOHPHQWDWLRQ RI
VWXG\ RI ,QGRQHVLDQ SURIHVVLRQDO SV\FKRORJ\ FXUULFX

30DQR &ODUN UHJDUGLQJ FRQYHUJHQW GHVLJQ

GHOLYHUHG IROORZ XS UHPLQGHU OHWWHUV WR UHVSRQGF
,OLHYD %DURQ D®GVWHDWQHWKDW FRPSDUHG WR ZHE EDVH
PDLO VXUYH\V UHGXFH WKH ULVN RI PXOWLSOH HQWULHV F
%DURQ +HDOH\ +RZHYHU WKH SRWHQWLDO ZHDNQH
PDLQWDLQLQJ WKH DQRQ\PLW\ DQG FRQILGHQWLDOLW\ RI S

7XUQHUPXVW EH DFNQRZOHGJHG SDUWLFXODUO\ UHJDUG
DGGUHVVHYV LQ WKH SURFHVV RI VHQGLQJ DQG FROOHFWLQ
PDNLQJ LQLWLDO FRQWDFW ZLWK UHVSRQGHQWY UHJDUGLC
DIWHU JDLQLQJ WKH UHVSRQGHQWVY DSSURYDO WR SDUWL
UHVSRQGHQW V ZLOOLQJQHVV WR SURYLGH HPDLO DGGUHYV

DVFHUWDLQHG $V DQ DGGLWLRQDO SULYDF\ VDIHIJXDUG U]l
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VHQGLQJ DQG FROOHFWLQJ TXHWVRRQ® DIGGEHM W\R M@ R K DN
DGPLQLVWUDWLYH DVVLVWDQWY{V H PDLO 7KH HPDLOHG TX
TXDQWLWDWLYH FRPSRQHQW RI WKLV UHVHDUFK IRU ERWK

HYDOXDWLRQ E\ DQ H[SHUW SDQHO DV GHWDLOHG EHORZ

5HVHDUFK LQVWUXPHQWYV
$ TXHVWLRQQDLUH HQWLWOHG 3URJUDPPH 'LUHFWRUTV
3URIHVVLRQDO 3V\FKRORJ\ 3URJUDPPH 3'4,3 ZDV GHVLJQ!
LOQVWUXPHQW WR REWDLQ WKH UHTXLUHG GDWD 3UHYLRXV
LOQVWUXPHQWY VXFK DV 5RGROID .DVORZ HW DO ZH
VXLW WKH UHVHDUFK TXHVWLRQV DQG WKH FRQWH[W RI WK
SUHSDULQJ WKH 3'4,3 ZHUH DV IROORZV
$00 UHVHDUFK TXHVWLRQV WR EH DQVZHUHG ZHUH LGHQ
RUJDQLVHG WR FUHDWH WKH TXHVWLRQQDLUH
7KH TXHVWLRQV ZHUH FRPSLOHG LQWR TXHVWLRQQDLUH
LQ LQVWUXPHQW GHYHORSPHQW DV UHFRPPHQGHG E\ IR
7XUQHUDQBXDXJKQHVV\ =HFKPHLVWHU DQG =HFKPHLVW
UHFRPPHQGDWLRQV LQ PLQG LW ZDV GHWHUPLQHG WKD)
SDUWV 3DUW FRPSULVHV LWHPV WKDW H[SORUH WKH F
ZHUH VWUXFWXUHG DFFRUGLQJ WR WKH FXUULFXOXP FRF
FRQVLVWV RI LWHPV WKDW GHWHFW WUDLQLQJ PRGHOV
SURJUDPPH V VWUXFWXUDO FKDUDFWHULVWLFV HJ SU
XQLYHUVLW\ VWUXFWXUH VWXGHQW DQG OHFWXUHU SUF
UHVSRQGHQW YV GHPRJUDSKLF LQIRUPDWLRQ
)RU HDFK SDUW RI WKH TXHVWLRQQDLUH DOO LWHPV ZH!

DQG WKH OLWHUDWXUH UHYLHZ RQ DVSHFWV RI SURIHVV
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HVSHFLDOO\ DSSOLHG WR 3DUW DQG 3DUW RI WKH 3'4
WRRO IRU GHWHFWLQJ WUDLQLQJ PRGHOV XVHG LQ WKH

HGXFDWLRQDO FKDUDFWHULVWLEV RI HDFK WUDLQLQJ PF
IURP WKH OLWHUDWXUH UHYLHZ SURFHVV 'HWDLOHG FKI
SV\FKRORJ\ HGXFDWLRQ WUDLQLQJ PRGHO DV SUHVHQW
WUDQVODWLQJ WKH PDLQ LGHDVY LQWR UHOHYDQW LWHP\
=DFKDU 7KLV SURFHVV KDV UHVXOWHG LQ ILYH LWH
FRPSRQHQWY QDPHD\3UD ABAQMBIBMDWLRQ RI 6FLHQFH D
G /RFDO FOLQLFDHO&RAFOMHYM HDQEHG FKDUDFWHULVWI
SURIHVVLRQDO SV\FKRORJ\ HGXFDWLRQ OLWHUDWXUH V
RI VFLHQFH DQG SUDFWLFH FRPSRQHQWY LQ DQ HTXDO D
LQWHJUDWLRQ RI VFLHQFH DQG SUDFWLFH PDUNV D VFLH
GRPLQDQW DSSOLFDWLRQ RI HGXFDWLRQDO FRQWHQW FI
FOLQLFDO VFLHQWLVW PRGHO $Q HPSKDVLV RQ WKH SUL
LQGLFDWHY WKH XVH RI D SUDFWLWLRQHU PRGHO $V D
ORFDO FOLQLFDO VFLHQWLVW PRGHO DSSOLHV WKH SUDI
VDPH WLPH SRVVHVVHY DGGLWLRQDO FKDUDFWHULVWLF\
FOLQLFDO 6FLHQWLVW LWHPV /DVWO\ FRPSHWHQF\ EDV
DV LQGLFDWRUV IRU WKH XVH RI D FRPSHWHQF\ EDVHG P
SV\FKRORJ\

,Q DGGLWLRQ WR WKH FUHDWLRQ Rl WKH WKUHH SDUWYV

GHYHORSPHQW DOVR UHVXOWHG LQ WKH XVH RI WZR W\S
FRQWDLQHG LWHPV FRPSULVLQJ FORVHG HQGHG DQG RSH
IRUPDWY LQFOXGLQJ FKHENOLVW\W ZBUWYV WHROM DLW GD C

XVLQJ D /LNHUW W\SH VFDOH
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7KH IROORZLQJ LV DQ H[DPSOH RI LWHPV LQ 3DUW RI WKH
([DPSOH

3OHDVH GHVFULEH PDLQ DLPV DQG REMHFWLYHV RI \RX

([DPSOH
,Q \RXU RSLQLRQ ZKDW SURSRUWLRQ RI WKH FRQWHQV
FRPSDUHG WR SUDFWLFH DV DSSOLHG LQ \RXU SURJUDH

DSSO\ LQ \RXU SURJUDPPH

« 7KH FRQWHQW HPSKDVL]J]HV VFLHQFH UHVHDUFK FRPSH
e« 7KH FRQWHQW HPSKDVL]HV SUDFWLFH FRPSRQHQWYV

e 7TKHRQWHQW SODFHV PRUH RU OHVV HTXDO HPSKDVLV

([DPSOH
'KDW LV WKH PRGHO Rl WUDLQLQJ DSSOLHG LQ \RXU SU

ZKHUH DSSURSULDWH

e &OLQLFDO VFLHQWLVW

s 6FLHQWLVW SUDFWLWLRQHU
« S3UDFWLWLRQHU

s SRPSHWHQF\ EDVHG

« 2ZWKHU SOHDVH VSHFLI\ BBBBBBBBBBBBBBBBBBBBBB
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%HORZ LV RQH HI[DPSOH RI DQ LWHP IURP 3DUW RI WK

1RW| 6PD{ ORGHU{ +LJK| 9HU\ K

$00| GHJ| GHJUK GHJY GHJUH

7KLY SURJUDPPH
HYLGHQWVHG DVVI

SURFHGXUHYV

$ VDPSOH LWHP IURP 3DUW RI WKH 3'4,3 LV SUHVHQW
B3OHDVH LGHQWLI\ WKH SRVLWLRQ RI \RXU SURIHVVLRQI

VWUXFWXUH RI WKH XQLYHUVLW\ E\ PDUNLQJ WKH UHOF

8QGHU IDFXOW\ RI SVIFKRORJ\

8QGHU SRVWJUDGXDWH GHSDUWPHQW DW IDFXOW\ OH

8QGHU SRVWJUDGXDWH GHSDUWPHQW DW XQLYHUVLW

2ZWKHU SOHDBHB B/ESBIB-EB\BBBEBBBBBBBBBBBBBBBBBBB

$00 LWHPV ZHUH FKHFNHG DJDLQVW WKH VHOHFWLRQ RI
7KH 3'4,3 ZDV JLYHQ WR WKH UHVSRQGHQWYVY LQ %DKDVD
L, QGRQHVLD

7R HQVXUH WKH YDOLGLW\ DQG UHOLDELOLW\ RI WKH 3'4
SURFHVV D IRUPDO SURFHVV RI LQVWUXPHQW WHVWLQJ
7R FKHFN WKH YDOLGLW\ DQG UHOLDELOLW\ RI WKH 3'4,3
FXUULFXOD LQ ,QGRQHVLDQ SURIHVVLRQDO SV\FKRORJ\ !

LOQVWUXPHQWY ZHUH SUHSDUHG DV SUHVHQWHG EHORZ
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B3URFHGXUHV DSSOLHG LQ WHVWLQJ WKH YDOLGLW)\ DQ¢
IROORZLQJ VWHSYV

7KH W\SHV Rl YDOLGLW\ DQG UHOLDELOLW\ WHVWV PRVW
GHWHUPLQHG D SURFHVV WKDW ZDV EDVHG RQ D UHYLH:
VXFK DV 5RVQRZ DQG $H|RDHQ W K D-IDFN/ R Q ,Q WKH FR
RI WKLV VWXG\ FRQWHQW YDOLGLW\ ZDV DVVHVVHG WR
LOQVWUXPHQW UHSUHVHQWY WKH UHOHYDQW FRQWHQW D
5RVQRZ 5RVHQWE® @R HQVXUH PDWHULDO LUUHOHYDQV
ZDV QRW LQFOXGHG $]ZDU 7R DVFHUWDL @ K\OKMDW W
LV PHDVXUHV ZKDW LW LWKLIHQMW[I$® G WGHW R CPX-CDVIXRIGI R-H W K
HPSOR\HG ([SHUWV ZHUH LQYLWHG WR IRUPDOO\ HYDOXI
DFFXUDWH DQG UHOHYDQW LQ PHDVXULQJ WKH FRQWHQYV
GHJUHH RI DJUHHPHQW DPRQJ H[SHUWV RQ WKH YDOLGL\
HVWLPDWHG DQG TXDQWLILHG 7KLV SURFHGXUH IXUWKH
EH XVHG DV DQ LQGLFDWRU RI FRQWHQW YDOLGLW\ RI HI
ZKROH $]zDU 6XFK YDOLGLW\ FKHENV DUH KLJKO\ L
WKH PHDVXULQJ LQVWUXPHQW XVHG LQ WKLV VWXG\ DQf
WKH 3'4,3 ZKLFK LV D QHZO\ GHYHORSHG PHDVXULQJ WFE
DSOLHG LQ ,QGRQHVLDQ SURIHVVLRQDO SV\FKRORJ\ SUR
ZDV FUHDWHG EDVHG RQ RSHUDWLRQDOL]DWLRQ RI FRQF
WUDLQLQJ PRGHO WKDW DSSHDU LQ WKH OLWHDIWXUH ¢
QHFHVVDU\ WR HQVXUH WKDW WKH UHOHYDQW FRQWHQW
7ZR SRSXODU SURFHGXUHV IRU FDOFXODWLQJ YDOLGLW\
REMHFWLYH ZHUH LGHQWLILHG QDPHO\ WKH FRQWHQW Y

DQG WKH FRQWHQW YDOLGLW\ FRHIILFLHQW SURSRVHG E
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IRUPXODH WR TXDQWLI\ WKH UHVXOWYV Rl H[SHUWVY DV VI
WHUPV RI D FHUWDLQ YDOLGLW\ FRHIILFLHQW %RWK DSS
H[LVWLQJ SUREOHPV VXUURXQGLQJ WKH YDOLGLW\ RI HJ[I
ZKHUH SUHYLRXVO\ WKH XVH RI H[SHUW MXGJPHQW KDV |
IDZVKH SURSRVHG D IRUPXOD KH FDOOHG WKH FRQWHQV
UHIOHFWV WKH YDOLGLW\ OHYHO RI WKH LWHPV EDVHG R
DVVHVVPHQW E\ WKH SDQHO H[SHUWY ,PSOHPHQWDWLRC
DVVHVVPHQW RI D PHDVXULQJ LQVWUXP KWOWXE U B G BMRH DV

ZKHWKHU LWHPV DUH HVVHQWLDO XVHIXO EXW QRW H\

SXUSRVH RI PHDVXUHPHQW S $IWHU REWDLQLQJ WK
GRQH ZLWK WKH FDOFXODWLRQ RI /DZVKHTV &95 S 7
7TKH &95 YDOXH! LQGLFDWHY WKDW PRUH WKDQ

HVVHQWLDO 7KH PRUH WKH &95 YDOXH GHYLDWHV IURP ]
DQ LWHP

,Q SUDFWLFH BZIXHV WKDW WKH XVH Rl WKLV IRUPXOD
EHFDXVH IRU H[DPSOH WR EH H[SUHVVHG DV VDWLVIDFYV
LWHP PXVW UHDFK D &95 RI LI DVVHVVHG E\  H[SHUW
JUHDWHU WKH &95 UHTXLUHG $V DQRWKHU H[DPSOH UH
SURSRVHG E\ /DZVKH S LI WKHUH DUH RQO\ VHY
UHTXLUHG 7KH ELJJHVW SUREOHP KHUH LV WKDW DFFHV
H[SHUWV WR PDNH WKH GHPDQGHG FULWLFDO YDOXH QR\
$]ZDU WKHQ RIIHUV WKH SRVVLELOLW\ WKDW &95 LQWHU ¢
UDQJH IURP W R $00 LWHPV ZLWK D QHJDWLYH &
FRQWHQW YDOLGLW\ DQG WKXV WKRVH LWHPV QHHG WR |

&95 FDQ EH LQWHUSUHWHG DV KDYLQJ VRPH GHJUHH RI F
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LOQWHUSUHWDWLRQ LV SURQH WR \LHOGLQJ VXEMHFWLYH
LOQWHUSUHWDWLRQ VWDQGDUGV <X DV FLWHG LQ :
$QRWKHU DOWHUQDWLYH LQ TXDQWLI\LQJ UHVXOWYV IURP
YDOLGLW\ RI DQ LWHP DQG PHDVXULQJ LQVWUXPHQW ZD\
VXJIJHVWV D VLPLODU SURFHGXUH DV /DZVKHTV DVN
UHOHYDQFH RI DQ LWHP WR PHDVXUH WKH FRQVWUXFW Z
VI\PEROLFHBKEN UHVXOWYV RI WKLY DVVHVVPHQW DUH WKHC
$LNHQTV 9 $LNHQ WR FDOFXODWH WKH FRQWHQ
WRHG WKH YDOLGLW\ LQGH[ ZKLFK UHIOHFWYV WKH H[WH:C
PHDVXULQJ WKH FRQFHSW EHLQJ WHVWHGQ)RU D MXGJPF
DSSUDLVHUV WKH 9 FRHIILFLHQW IRU WKDW LWHP FDQ E

@ S$LNHQ S 9 YDOXH UDQJHV EHWZHHQ DQG
KLJIKHU WKH FRQWHQW YDOLGIMYRGMKID MVHPLISEDQGH
GHWHUPLQLQJ WKH OLPLW YDOXH RI 9 WKDW FDQ EH FRQ
FRQILGHQFH FORVHVW WR DQG IRDQIE @XO EABH RID\
DVVHWY/RUV
)XUWKHU $LNHQ DOVR SRLQWYV RXW WKH LPSRUWDQ
GHFLVLRQ UHJDUGLQJ LWHP UHOHYDQFH LV UHOLDEOH 5
FRQVLVWHQF\ RI UDWLQJV JLYHQ E\ H[SHUWV RQ LWHPYV
FDOFXODWLRQ RI WKH FRQVLVWHQF\ UHOLDELOLW\ FRHII
LQWHUQDO FRQVLVWHQF\ UHOLDELOLW\ $LNHQ )RU
HI[WHQW WR ZKLFK H[SHURWM DYUMNWEHLWENQWLFDO IRUPXO|
KRPRJHQHLW\ UHOLDELOLW\ FRHIILFLHQW + 7KH + FRHI
FRQVLVWHQF\ RI WKH H[SHUWVY] MXGJPHQWY LQ HYDOXD\

IRUDVVHVVLQJ WKH GHIWBMVRHVIVRIHAHRHQY DWRB JS
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6 >F M@ ZKHUH 6 UHSUHVHQWY WKH VXP Rl WKH DEVI
HDFK UDWLQJ JLYHQ E\ WKH DSSUDLVHU M LI Q LV DQ
RGG QXPEHU 7KH YDOXH RI WKH + FRHIILFLHQW UDQJHYV
$LNHQ SURYLGHV D WDEOH Rl VWDWLVWLFEDO VLJQLI
WKH + FRHIILFLHQW WKDW LV FRQVLGHFHB@BE]S®IUIWND QW
DW D OHYHO RI VLJQLILFDQFH FORVHVW WR DQG $LN
DQG + LQGH[HV ZHUH XVHG WR H[DPLQH WKH YDOLGLW\ D
,Q DGGLWLRQ IDFH YDOLGLW\ WHVWLQJ ZDV DOVR DSSOI
LWHP FODULW)\ DQGPRNWWHUPQGKFD YD VK WQFUHDVLQJ UH
PRWLYDWLRQ WR FRPSOHWH WKH TXHVWLRQQDLUH
$IWHU GHWHUPLQLQJ PHWKRGV RI YDOLGLW\ DQG UHOLDI
DERYH D TXHVWLRQQDLUH ZDV GHYHORSHG IRU WKH SXL
HQWLWOHG 7KH ([SHUW (YDOXDWLRQ )RUP IRU WKH 3URJ
,QGRQHVLDQ 3URIHVVLRQDO 3V\FKRORJ\ 3URJUDPPH ,Q
HYDOXDWLRQ TXHVWLRQQDLUHVHM $BCVR(GBHOXKDWERG RC
3DUWV DQG RI WKH 3'4,3 ZKLFK FRQVLVWV RI D PL[W)
DQG PL[HG IRUPDW TXHVWLRQV ZDV FRQGXFWHG E\ LQYL
HDFK LWHP LQ WHUPV Rl FODULW\ DSSURSULDWHQHVV R
DSSURSULDWHQHVV RI DOWHUQDWLYH FKRLFHV SURYLGH
UHJDUGLQJ HDFK WUDLQLQJ PRGHO DQGWNREKXFDWLRQDO \
L QGRQHVLDQ FRQWH[W ZDVWIRJ RO/ALLEMNWY BVSERHE MADSARLGRGH Q W \
TXHVWLRQQDLUH LWHPV $W WKH HQG RI 3DUWV DQG
WRNHD DGGLWLRQDO FRPPHQWY RQ HDFK LWHP RU WKH L\
WHVWLQJ IRU WKHVH WZR SDUWV LV WR DVFHUWDLQ WK

UHVSRQVHV IURP UHVSRQGHQWYVY ZKLFK LV WKH PDLQ FR
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5RVHQWKDO 3DUWLFXODUO\ IRU HYDOXDWLRQ RI 3D
DQVZHUV ZHUH SURYLGHG LQ WKH IRUP RI D /LNHUW VFD
GHWHUPLQH WKH GHJUHH Rl UHOHYDQFH RI HDFK LWHP L
SURIHVVLRQDO SV\FKRORJ\ HGXFDWLRQ 7KLV SURFHGXU
$LNHQTV 9 DQG + IRUPXODH SUHYLRXVO\ PHQWLRQHG

,Q DGGLWLRQ WR WKLV FRQWHQW YDOLGLW\ DQG LQWHU
ZDV DOVR DIBURIHBKHRY ([SHUW UHVSRQGHQWY ZHUH LQ
FRPPHQWY RQ WKH FODULW\ RI HDFK LWHP DQG RU WKH |

VHOHFWLRQ RU RWKHU UHOHYDQW FRPPHQWYV

5HVHDUFK SDUWLFLSDQWV

7ZR FDWHJRULHV RI UHVSRQGHQWY ZHUH VRXJKW IRU V
VWXG\ D H[SHUWV LQ WKH ILHOG Rl SURIHVVLRQDO SV\FK
LQVWUXPEHQ@GRQGEVLDQ SURIHVVLRQDO SV\FKRORJ\ SURJUTL

,Q WKH FDVH Rl YDOLGLW\ DQG UHOLDELOLW\ WHVWLQJ
ZHUH VHOHFWHG RQ WKH EDVLD R# REKHIHHRA WL KWHH JQ B RQ W M E
3V\IFKRORJLFDO $VVRFLDWLRQ +,036, ZKR KDYH EHHQ LQY]|
DFFUHGLWDWLRQ LQVWUXPHQWYV IRU SURBHPEROWD AISV\FKI
+,036, ZKR KDYH EHHQ LQYROYHG LQ WKH DFFUHGLWDWLRQ
QDWLRQDO DFFUHG LDFDWHRQFEVREBAWRUWFXUUHQW RU SDVW LC
PDQDJHPHQW RI SURIHVVLRQDO SV\FKRORJ\ SURJUDPPHV E
GLUHFWRUV DW WKH WLPH Rl GDWD FROOHFWLRQ

5HVSRQGHQWY IRU WKH VXUYH\ ZHUH GLUHFWRUV RI ,Q
SURJUDPPHV 7KHUH DUH VXFK SURIHVVLRQDO SURJUDPP

SURJUDPPH GLUHFWRUYVY ZHUH LQYLWHG WR SDUWLFLSDWH
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'DWD FROOHFWLRQ
7KHUH ZHUH WZR PRGHV RI GDWD FROOHFWLRQ LQ WKH
UHVHDUFK ILUVWO\ WHVWLQJ YDOLGLW\ DQG UHOLDELOLW
FROOHFWLRQ IRU WKH VXUYH\ 7KH VSHFLILF SURFHGXUHYV
GHVFULEHG EHORZ
'DWD FROOHFWLRQ IRU WKH H[SHUW HY D 0O,QD $/. R ORI H\U
ZLWK WKH SUHSDUDWLRQ RI WKH H[SHUW HYDOXDWLRQ LQV
VRXJKW IURP WKH XQLYHUVLW\ V HWKLFV FRPPLWWHH WR F
SKDVH ZHUH DV IROORZV
BRRQ DIWHU QHFHVVDU\ VXSSRUW DQG DSSURYDO IURP +
FRPPLWWHH ZHUH JUDQWHG WKH &KDLUPDQ RI +,036, ZD
UHFRPPHQGDWLRQ RQ WKH H[SHUWV FRQVLGHUHG PRVW
TXHVWLRQQDLUH WHVWLQJ LQ DFFRUGDQFH ZLWK WKH F
(LJKW H[SHUWV ZHUH UHFRPPHQGHG DQG +,036, SURYLGH}
HDFK
,QYLWDWLRQ OHWWHUV WR WKH HLIJKW UHFRPPHQGHG HJ
WR SDUWLFLSDWH LQ WKH HYDOXDWLRQ RI WKH 3'4,3 D¢
DQG LQIRUPHG RBGEBHR® IRWPWKLY VWDJH VL[ H[SHUWYV
ZLOOLQJQHVV WR SDUWLFLSDWH 7KH HYDOXDWLRQ TXH\
WKHVH H[SHUWYV
7KH UHVSRQGHQWY ZHUH JLYHQ IRXU ZHHNV WR FRPSOH\
ZDV VHQW WZR XHWMVRIIGMHWH GHOLYHU\ DQG DQRWKHU
%\ WKH H[SLU\ Rl WKH GHDGOLQH ILYH H[SHUWV KDG UH

E\H PDLO
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'DWD FROOHFWLR QRIR W WIKH SXXUSRMH GDWD FROOHFWL
WKIOORZLQJ

8SRQ UHFHLYLQJ DSSURYDO WR SURFHHG IURP WKH -&8 (
SHUPLVVLRQ WR FRQGXFW UHVHDUFK ZHUH VHQW WR HDI
SURIHVVLRQDO SV\FKRORJ\ SURJUDPPH 7KH OHWWHU LQ
SURFHGXUHV IRU WKH WZR UHVHDUFK FRPSRQHQWV TXD
FDVH Rl WKH IRUPHU D TXHVWLRQQDLUH DQG LQ WKH O
7KH SHUPLVVLRQ OHWWHUV ZHUH VHQW WR GHDQV RI ¢
SRVWJUDGXDWH SURJUDPPHV KRVWLQJ WKH SURIHVVLRQ
WKH SHUPLVVLRQ OHWWHU ZDV DOVR IRUZDUGHG E\ SRV\
GLUHFWRU LQ FRQMXQFWLRQ ZLWK D 5HVHDUFK ,QIRUPLD
IURP DOO WDUJHW LQVWLWXWLRQV WR FRQGXFW UHVH
SV\FKRORJ\ SURJUDPPHV ZHUH VXEVHTXHQWO\ UHFHLYHC

&RQWDFWLQJ WKH UHVSRQGHQWYV
$IWHU D SURSHU LQWURGXFWLRQ WR WKH UHVSRQGHQW\
FRQVHQW IRUP ZDV VRXJKW ZKLFK ZDV DFFRPSDQLHG E\
3HUPLVVLRQ ZDV JUDQWHG DQG WKH GRFXPHQWV ZHUH
GLUHFWRUV ,QIRUPHG &RQVHQW LQFOXGHV DVFHUWDLQ!
TXHVWLRQQDLUHYV DQG SDUWLFLODW HR L @ IPHU,HFERRUGHVG. D
SURIHVVLRQDO SV\FKRORJ\ SURJUDPPH GLUHFWRUV JDY*}
7KH TXHVWLRQQDLUHY ZHUH HPDLOHG WR DOO UHVSRQG
GDWD FROOHFWLRQ SHULRG DW WKLV VWDJH RI UHVHDUF
ZHUH VHQW WR UHVSRQGHQWY ZRUNLQJ GD\V DIWHU W
DQG ZHUH WKHQ UHSHDWHG HYHU\ WZR ZHHNV $ ILQ

WZR GD\V EHIRUH WKH TXDQWLWDWLNHHEPEWD BROOHFWL
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WKH HQG Rl WKH GDWD FROOHFWLRQ SURJUDPPH GLUI

UHVSRQVH UDWH

'DWD DQDO\VLV

7KHUH ZHUH WZR W\SHV RI GDWD DQDO\VLY FRQGXFWH
DDQDO\VLV RI GDWD GHULYLQJ IURP WKH H[SHUW HYDOXD
WHVWLQJ RI WKH PHDV>AUDQD @ QMW URIPGIMWD RE&DWPHG |UR
FROOHFWLRQ YLD WKH 3'4,3

$QDO\VLV RI GDWD IURP WKH $iQDHUWL ¥ YR OXOW GR @/ IV VE ]
FRQGXFWHG E\DV)RU BHIF@M.RQV DQG TXDOLWDWLYH DQD
UHFDSLWXODWLQJ DOO FRPPHQWYV IURP WKH H[SHUWV UHJC
DQ& )RU 6HFWLRQ WKH DQDO\VLV ZDV SHUIRUPHG XVLQJ
FDFXODWH WKH FRQWHQW YDOLGLW\ FRHIILFLHQW 9 DQG
JRU WKLV SDUW RI WKH TXHVWLRQQDLUH WKH VDPH TXDOL
SHUIRUPHG E\ UHYLHZLQJ FRPPHQWY IURP WKH H[SHUWYV U
ZKROH $ VXPPDU\ RI H[SHUW FRPPHQWY DQG FRUUHFWLYH
SUHVHQWHG LQ $SSHQGL[ ( 4XDQWLWDWLYH DQDO\VLV RI L
$LNHQTV IRUPXODH UHVXOWHG LQ YDOLG DQG UHOL
LWHPV &RPSOHWH VWXG\ SURFHGXUHY LQFOXGLQJ UHVXO
$LNHQTV IRUPXODH DUH DYDL O DSERIRWK® U LLQWKSR DIKHHWVD BPH Q \
FRQGXFWHG E\ XWLOL]JLQJ H[SHUWVY UHFRPPHQGDWLRQV 2
3DUW RI WKH 3'4,3 LFMRPPW UA{RI DUH DUUDQJHG LQ ILYH FI
FKDUDFWHULVWLFV RI WUDLQLQJ PRGHOV LQ SURIHVVLRQD
3UDFWLFH ,QWHJUDWLRQ RI 6FLHQFH DQG 3UDFWLFH /RFD
SUHVHQWY WKRII IWBB®BYMHUVIGRIQULYHG IURP WKH UHVXOWYV F

VWXG\
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$QDO\VLV RI GDWD I(DRR WK W B/BRUNRKHOVIKIH 3'4,3 ZDV
DQDO\WHG DFFRUGLQJ WR WKH FKDUDFWHULVWLFV RI WKH |
7KH QDWXUH RI WKH DQDO\VLV Rl GDWD IRU HDFK SDUW RI

3DUW FRQWDLQV D PL[WXUH RI RSHQ HQGHG FORVHG
LWHPV H[SORULQJ FKDUDFWHULVWLFV RI FXUULFXOD LQ ,Q
SURJUDPPHV 7KH DQDO\VLV EHJDQ ZLWK WKH SURRIUHDGL
HQWU\ 2SHQ HQGHG TXHVWLRQV ZHUH WKHQ DQDO\VHG TXI
HPHUJHG IURP DHWIRQYEHG@SHALILEF FRGHY ZHUH DSSOLHG W
UHVXOWV Rl WKH GHVFULSWLYH DQDO\VLY ZHUH GHVFULEH
LWHPV WKDW SURGXFHG GDWD RQ FXUULFEXOXP FKDUDFWHL
VWDWLVWLFDO WHFKQLTXHY DQG ZHUH SUHVHQWHG LQ WKHI
SHUFHQWDJHYV

3DUW FRQWDLQHG /LNHUW VFDOH LWHPV RUJDQLVHG
FRPSRQHQWY $IWHU SURRIUHDGLQJ DQVZHUHG LWHPV DQG
GHULYHG IURP WKLV SDUW ZDV FRQGXFWHG ILUVWO\ E\ H[D
WKH WUDLQLQJ PRGHOV VFDOH ZKLFK LQFOXGHG WKH H[Wt
UHVSRQGHQWY WKH FRUUHODWLRQ EHWZHHQ LWHPV DQG \
WKLV VWDJH VRPH LWHPV ZHUH UHMHFWHG DQG WKH VFDO
WUDLQLQJ PRGHOV PHDVXULQJ LQVWUXPHQW EHFDPH WKH
GLVWULEXWLRQ Rl WKH YDULDEOHVY DFURVV WKH VDPSOH Z
DQG IUHTXHQF\ GLXWHG BAKRVERQOZ BBINFULSWLYH VXPPDULF
WKLV SUHOLPLQDU\ DQDO\VLYVY ELYDULDWH UHODWLRQVKLS
XQGHUVWDQGLQJ KRZ HDFK YDULDEOH UHODWHG WR HDFK |
UHVHDUFK TXHVWLRQV UHODWLRQVKLSY EHWZHHQ YDULDE

PRGHO FKDUDFWHULVWLFVY DQG VWUXFWXUDO FKDUDFWHUL
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IURP 3DUW GDWD EHORZ VXFK DV UHODWLRQVKLSV EHW?Z
VWUXFWXUDO DVSHEWV RI SURJUDPPHY HJ SURJUDPPHTYV
DQG VWDWXV WKDW LV ZKHWKHU WKH XQLYHUVLW\ ZDV SX
QXPEHU RI VDPSOHV LQYROYHG Q DQG WKH QDWXUH RI
GLVWULEXWHG D QRQ SDUDPHWULF VWDWLVWLFDO FDOEXC
VLIQHG UDQN WHVW ZDV XWLOL]JHG WR H[DPLQH GLIIHUHQF
FKDUDFWHULVWLFV DQG D 0DQQ :KLWQH\ 8 WHVW ZDV IXUW
WUDLQLQJ PRGHO FKDUDFWHULVWLFV EHWZHHQ GLIIHUHQW
SURJUDPPH SRVLWLRQV ZLWKLQ XQLYHUVLW\

'DWD GHULYHG IURP 3DUW RI WKH 3'4,3 FRPSULVHG L
VWUXFWXUDO FKDUDFWHULVWLEV RI WKH SURIHVVLRQDO S)
SURJUDPPH ZLWKLQ XQLYHUVLW\ VWUXFWXUH VWXGHQW S|
GHPRJUDSKLF FKDUDFWHULVWLFV RI UHVSRQGHQWYVY 7KHVF
VWDWLVWLFV DQG ZHUH SUHVHQWHG LQ WKH IRUP RI IUHTX
6RPH YDULDEOHY GHULYHG IURP WKLV SDUW RI WKH TXHVW
SRVLWLRQ DQG VWDWXV LQ WHUPV RI SXEOLF RU SULYDWH
UHODWLRQVKDRBYLLMWKRGHO FRPSRQHQWY SURGXFHG IURP
VWDWLVWLFDO FDOFXODWLRQV XWLOL]JLQJ D :LOFR[RQ VLJC
SHUIRUPHG DV SUHYLRXVO\ GHVFULEHG

AXDOLWDWLYH 3URFHGXUHYV

'"HVLJQ

21 WKH YDULRXV PHWKRGV LQ TXDOLWDWLYH UHVHDUFK
PHWKRG WR DQVZHU UHVHDUFK TXHVWLRQV WKDW UHTXLUF
TXDOLWDWLYH UHVHDUFK GHVLJQ WKDW H[DPLQHV D FDVH

LQYHVWLIDWLRQ KDV FOHDU ERXQGDULHYVY ERWK WLPH DQC
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UHVHDUFK LV LQWHQGHG WR SURYLGH DQ LQ GHSWK GHVFU

PDWHULDOV REWDLQHG IURP YDULRXV VRXUFHV RI LQIRUPL

7KH PFDVHY EHLQJ LQYHVWLJDWHG LQ WKLV VWXG\ LV \
SURIHVVLRQDO SV\FKRORJ\ SURJUDPPHV DV WKH\ ZHUH DS
SODFH RYHU WKH SHULRG  $XJXVW WR 'HFHPEHU 7K
LQFOXGH SURJUDPPH DLP DQG REMHFWLYHY FRQWHQW RU
PHWKRGY DQG HYDOXDWLRQ SURFHVVHV )XUWKHU WKLV \
SURFHVV REVWDFOHV LQ FXUULFXOXP LPSOHPHQWDWLRQ
KRSHVY DQG VXJJHVWLRQV IRU FXUULEXOXP LPSURYHPHQW |
SURJUDPPHV

,Q DQ HIIRUW WR FRPSUHKHQVLYHO\ XQGHUVWDQG WKH
SURJUDPPHV RI SV\FKRORJ\ FXUUHQWO\ HYWDEOLVKHG LQ |,
LOOXVWUDWHY WKH JHRJUDSKLFDO ORFDWLRQ RI WKHVH S|
,VODQG ZLWK RQO\ RQH ORFDWHG HOVHZKHUH B6XPDWHUD
DUURZV LQ )LIJXUH LQGLFDWH WKH IORZ Rl GDWD FROOHI

IXUWKHU LQ WKH 'DWD &ROOHFWLRQ VXE VHFWLRQ

SHVHDUFK LQVWUXPHQWYV

9DULRXV VRXUFHV RI LQIRUPDWLRQ ZHUH XVHG WR DFK
TXDOLWDWLYH FRPSRQHQW RI WKH UHVHDUFK ZKLFK ZDV W
FXUULFXOD RI SURIHVVLRQDO SV\FKRORJ\ SURJUDPPHV LQ
LQIRUPDWLRQ ZDV LQWHUYLHZV ZLWK WKH SURJUDPPH GLU
SURJUDPPH FXUULFXOD ZHUH FROOHFWHG

7R REWDLQ GDWD LQ WKH IRUP RI LQWHUYLHZ UHVXOW!

IRUPXODWHG ZLWK UHIHUHQFH WR WKH TXDOLWDWLYH UHYV
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I1RWHYV

SQLYHRNLQGRQHVLD
$WPDMD\D &DWKROLF 8QLY|
7DUXPDQHJDUD 8QLYHUVLW
*XQDGDUPD 8QLYHUVLW\
8QLYHUVLW\ RI 3HUVDGD ,Q

]

$KPDG 'DKODQ 8QLYHUVLW\
SOLHUVLW\ RI OHUFX %XDQD
8QLYHUVLW\ RI OXKDPPDGL\I
6RHIJLMDSUDQDWD &DWKROL
$LUODQJIJID 8QLYHUVLW\

3DGMDMDUDQ 8QLYHUVLW\
%DQGXQJ ,VODPLF 8QLYHU\
*DGMDK ODGD 8QLYHUVLW\
8QLYHUVLW\ RI ,VODPLF ,Q¢

8QLYHUVLW\ RI 6XUDED\D

8QLYHUVLW\ RI 7XMXK %HOD
8QLYHUVLW\ RI OXKDPPDGL\I
8QLYHUVLW\ RI 1IRUWK 6XPD'

JLIXUH/RFDWLRQV Rl SDUWLFLSDWLQJ SURJUDPPHV DQG WK
7KH TXHVWLRQV OLVW ZDV GHYHORSHG LQ %DKDVD ,QGRQH
LQ %DKDVD ,QGRQHVLD WR IDFLOLWDWH HDVH Rl UHVSRQV#
ELOLQJXDO ,QGRQHVLDQ QDWLYH ZKR LV DOVR IOXHQW LQ
FKHENLQJ E\ (QJOLVK VSHDNLQJ UHVHDUFK DGYLVRUV WKH
1HFHVVDU\ DPHQGPHQWY ZHUH IXUWKHU PDGH RQ WKH EDV
DGYLVRUV 7KH ILUVW GUDIW RI WKH LQWHUYLHZ TXHVWLR(
FROOHDJXHV WR JDLQ LQVLJKWY LQWR WKH FODULW\ RI TX|
+,036, WR DVFHUWDLQ WKDW WKH TXHVWLRQV ZHUH DSSUR:
7KH &KDLUPDQ DQG WKH 9LFH &KDLUPDQ RI +,036, SURY
LQWHUYLHZ TXHVWLRQV $PRQJ RWKHU WKLQJV YDOXDEOH

WKH ,QGRQHVLDQ FRQWH[W ZHUH JDLQHG DV ZHOO DV WKH

ZLWK H[DPSOH DQVZHUV 3OHDVH UHIHU WR $SSHQGLJ[ ) IRU



,1'21(6,%$1 352)(66,21%/ 36<&+2/2*< &855,&8/§

$QRWKHU LQVWUXPHQW XVHG LQ FROOHFWLQJ GDWD LC
UHVHDUFK ZDV DS$GBHXQRHQOW OIMWUPDWLRQ UHODWHG WR G
LQFOXGHG LQ WKH SHUPLVVLRQ OHWWHU VHQW WR HDFK Ul
SURIHVVLRQDO SURJUDPPH 7KLV LQIRUPDWLRQ ZDV DOVR |

6KHHW $SSHQGL[ %

5HVHDUFK SDUWLFLSDQWV

$00 SURJUDPEPHUHLVBPWEBME LQ RUGHU WR JHW D FRI
FXUULFXOXP FKDUDFWHULVWLFV RI WKHLU SURJUDPPHV 'D
WKURXJK LQWHUYLHZV ZLWK WKH SURJUDPPH GLUHFWRUV
UHODWHG GRFXPHQWY 7KH SURJUDPPH GLUHFWRUV ZHUH \
WKHLU GHHS XQGHUVWDQGLQJ RI WKH FXUULFXOD LQ WKHL
WKH SDUWLHY GLUHFWO\ LQYROYHG LQ WKH SURFHVV RI FX
)XUWKHU DV WKH DXWKRULWLHV LQ FKDUJH RI PDQDJLQJ W
DZDUH RI WKH YDULRXV FLUFXPVWDQFHV VXUURXQGLQJ WK
SURIHVVLRQDO SV\FKRORJ\ SURJUDPPHV DV GHVFULEHG LC
EHWZHHQ JRYHUQPHQWDO UHJXODWLRQ DQG WKH LPSOHPH
WKH GLUHFWRUVY SHUVSHFWLYHVY WKLQNLQJ DQG UHDVRQ
LQ WKH UHVHDUFKHU IRUPLQJ D FRPSUHKHQVLYH SLEWXUH
FXUULFXOD

7TKHDSWLFLSDQW VHOHFWLRQ VWUDWHJI\ ZDV FRQGXFWF
WHEKQLTXH *RHW] /H&RPSWH DV FLWHG LQ OLOHV +]
H[DPLQLQJ DOO FDVHV LQ WKH SRSXODWLRQ Rl WKH ,QGRQ
7KLV VWUDWHJ\ ZDV FKRVHQ ZLWK WKH DLP Rl SURYLGLQJ |
LQ WKH ,QGRQHVLDQ FRQWH[W ,Q DGGLWLRQ WKH DPELJX]

PDQDJHPHQW DV SUHYLRXVO\ GHVFULEHG LQ &KDSWHU ZD
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GLIIHUHQFHY EHWZHHQ SURJUDPPHV LQ WHUPV RI FXUULFX
WKDW LPSRVH FHUWDLQ OLPLWDWLRQ \H[FO® SWKH ®PKRHE AXRRV L
VHOHFWLRQ DQG UHSXWDWLRQDO FDVH VHOHFWLRQ WHFKQ

OLOHVY HW HAHUH DYRLGHG RXW RI IHDU RI PLVVLQJ XVHIXO

'DWD FROOHFWLRQ
7KH GDWD FROOHFWLRQ DFWLYLW\ SHUIRUPHG RQ WKL\
FRQVLVWHG Rl VHYHUDO VWDJHV DQG ZDV PRGHOOHG RQ V
&UHVZHOO 'DWD FROOHFWLRQ VWDJHV LQ WKLV VWXG
VLWHV SHUPLVVLRQ FOHDUDQFH DQG UDSSRUW EXLOGLQJ
UHFRUGLQJ RI LQIRUPDWLRQ UHVROYLQJ ILHOG LVVXHV DQC
JROORZLQJ LV D GHWDLOHG DFFRXQW Rl WKH GDWD FR(
PHQWLRQHG F\FOHYV
/JHWWHUV VHHNLQJ SHUPLVVLRQ WR FRQGXFW TXDOLWDW
SURFHGXUHV DV WWRN H CIHYWUWBHVGL YD FRPSRQHQW RI W
WKLV FKDSWHU UHIHU ,Q WKH VDPH OHWWHU SHUPLV\
WKH SURJUDPPH GLUHFWRUV DQG FROOHFW GREXPHQWYV
SURJUDPPH GLUHFWRUV LQYLWHG WR SDUWLFLSDWH L¢
2QFH WKH GLUHFWRUV KDG FRQVHQWHG WR WKH UHVHDU
ZLWK WKHP DQG FROOHFWLQJ UHOHYDQW SURJUDPPH GR
GHWHUPLQH LQWHUYLHZ VFKHGXOHV 5HVSRQGHQWYV ZHL
WLPH GDWH WLPH DQG SODFH LQ RUGHU WR SURYLGH
VFKHGXOH IRU HDFK UHVHDUFK DUHD 7KH GHWHUPLQDW
LQWHUYLHZ ORFDWLRQ GHSHQGHG RQ WKH ZLOOLQJ FRR
,Q HDFK FDVH WKH UHVHDUFKHU SUHVHQWHG KHUVHOI R

$00 LQWHUYLHZYVY ZHUH FRQGXFWHG E\ WKH UHVHDUFKHLU
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UDQJHG EHWZHHQ WR PLQXWHV ZLWK DQ DYHUDJH |

ZHUH FROOHFWHG DW DOPRVW WKH VDPH WLPH DV WKH T

-DNDUWD DUHD EHJDQ RQ 6HSWHPEHU DQG ZHQW |
IORZ LQGLFDWHG RQ WKH PDS )LJXUH UHIHUV 7KH O
1RYHPEHU $W WKH HQG RI WKLV TXDOLWDWLYH GC

GLUHFWRUV KDG EHHQ DEOH WR SDUWLFLSDWH LQ WKH V

'DWD DQDO\VLV
7ZR W\SHV RQWBWYLHZ GDWD DQG R2PHUH. BKQXP WA & PIk
WKH GDWD FROOHFWLRQ 'DWD DQDO\VLV VWUDWHJILHV IRU

GHWDLO EHORZ
,(QWHUYLHZWED WBPWDLQHG WKURXJK LQWHUYLHZV ZHUH
UHFRPPHQGHG E\ OHDGLQJ H[SHUWV LQSWHKDUIE¥YWA®@ VXFK
DQWOHY HW DO , QWHUYLHZ UHVXOWY ZHUH WUD(
,QGRQHVLDQ WUDQVFULSWY ZHUH WKHQ WUDQVODWHG LQW
IXUWKHU GDWD DQDO\VLV ZLWKZWHKH PSORVRBHGWRINR 46D Q
DQG UHDG WKURXJK WR REWDLQ D JHQHUDO LPSUHVVLRQ R
FORVH UHDGLQJ RI WKH WUDQVFULSWV WR JDLQ WKRURXJK
UHVSRQVHYVY ZLWK WKRVH WKDW VWRRG RXW DV LPSRUWDAQ
QRWHG GRZQ IRU IXWXUH UHIHUHQFH )XUWKHU PHPRV FRC
HPHUJLQJ IURP WKH GDWD ZHUH EXLOW &UHVZHOO 7K
WUDQVFULSW zZzDV FRPSOHWHG )URP WKLV SURFHVV QRWH
HPHUJHG WKURXJKRXW WKH LQLWLDO DQDO\VLVY SURFHVYV Z
JROORZLQJ WKLV LQLWLDO DQDO\VLY D KLJKHU OHYHO
DQDO\WVLY DQG GDWD FRGNVQSHBS LRIKMPMHRXYW VXJIJHVWLRQV RQ

WHFKQLTXHYV IURP WKH TXDOLWDWLYH GDWD DQDO\VLV OLW
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DQDO\WLYV HJ *XHVW ODF4XHHQ 1DPH\ OLOHV HW O
OBIU RI DQDO\VLY ZDV WKH EDVLF FRGLQJ SURFHVV IROOR:
<LQ 7KLV ZDV GRQH E\ UHFRQVWUXFWLQJ PDWHULDO
WKH GHYHORSPHQW RI D PRUH FRPSUHKHQVLYH SLFWXUH R
XVLQJ WKH WKHPDWLF DQDO\VLY PHWKRG XWLDQWBLQJ JXLC
%D]HOH\ 7R IDFLOLWDWH FRPSDULVRQV ZLWKLQ GDWL
GLVSOD\ XVLQJ PDWULFHIN SHUHRUPM®O&RQFXUUHQWO\ Qt
LGHQWLILHG DQG WKH DFFXUDF\ Rl FRGLQJ FDWHJRULHV ZL
<LQ

'LWKLQ WKH VWDJHV Rl TXDOLWDWLYH GDWD DQDO\VLV
VFKRODUV LQ TXDOLWDWLY HVEBWHDW FW KZHD VDIF M/S W KLDQVPW & 8
LWHUDWLYH RU *PRYLQJ LQ DQDO\WLF FLUFOHV'~ &UHVZHO(
IROORZLQJ WKH OLQHDU VWDJHV RI DQDO\VLYV 7KH SURFHYV
LQWHUSUHWLQJ UHVXOWY REWDLQHG IURP WKH SUHYLRXV
ZDV XVHG LQ ZULWWHQ LQWHUSUHWDWLRQ RI GDWD ZKLFK
SHUVLVWHQW SDWWHUQV REWDLQHG IURP WKH GDWD DQDO
LQWHUSUHWDWLRQ LQ DOLJQPHQW ZLWK WKH UHVHDUFK TX
UHVXOWV RI WKH TXDOLWDWLYH FRPSRQHQW RI WKH VWXG)
FKDUDFWHULVWLFV RI WKH ,QGRQHVLDQ SURIHVVLRQDO SV

'REXPHQWWDWD LQ WKH TXDOLWDWLYH UHVHDUFK FRP¢
WKURXJK D FRPELQDWLRQ Rl EUDLQVWRUPLQJ GRFXPHQWD!
*LEVRQ %URZQ 7KURXJK WKLV SURFHVV D OLVW RI
UHVHDUFK TXHVWLRQV ZDV GHWHUPLQHG $UPHG ZLWK WKL

SURJUDPPH GLUHFWRUY DQG GRFXPHQW FROOHFWLRQ WKF
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SURFHVV E\ DVFHUWDLQLQJ WKH DYDLO DER® MWKRRIHUMK B W
ZHUH UHOHYDQW

2QFH FROOHFWHG UHVHDUFK GDWD GRFXPHQWV ZHUH
FODVVLILEFDWLRQ VWUDWHJILHV 'REFXPHQWV ZHUH FODVVLIL
GHWHUPLQHG E\ WKH UHVHDUFKHU DQG LQ OLQH ZLWK WKH
FDWHJRUL]DWLRQ UHVXOWHG LQ GRFXPHQWY EHLQJ JURXSH
SURJUDPPHV H[SODQDWLRQ RI FRQWHQW RU VXEMHEW PDW
PHWKRGV (DFK GRFXPHQW ZDV WKHQ DVVLJQHG D FRGH DF
6LPXOWDQHRXVO\ GRFXPHQW HYDOXDWLRQV WR GHWHUPL(
FRQGXFWHG 7KH GRFXPHQWVY ZHUH UHYLHZHG XVLQJ JXLGL

DQGEVRQ DQG %URZQ ZKLFK WDNH LQWR FRQVLGHE
WLPHIUDPHY REMHEWLYHV DQG VSHFLILF DXGLHQFHV WDU
GRFXPHQW PDQDJHPHQW IXQFWLRQV WR DVVLVW IXUWKHU
UHJXODU UHFRUGYV Rl GRFXPHQW VRXUFHV IRU WKH SXUSR\
UHVHDUFKHU HQJDJHV LQ WKH FRGLQJ GHYHORSPHQW SURF

'REXPHQW DQDO\VLV LQ WKLV VWXG\ ZDV FRQGXFWHG E
UHFRPPHQGHG E\ %RZHQ VNLPPLQJ VXSHUILFLDO H[D
H[DPLQDWLRQ DQG LQWHUSUHWLQJ 6LPLODU WR RWKHU T
GRFXPHQW DQDO\VLVY WRRN SODFH LWHUDWLYHO\ DQG ZDV
DQDO\VLV %UDXQZDRWOBWMHRUPHG WR DVVLVW LQ IXOO FRP.
PDWHULDO LQ WKH GRFXPHQW WR EXLOG FRGHY DQG GHYH
SDWWHUQV LQ WKH GDWD WR GHYHORS PDMRU WKHPHV W

FRQFOXVLRQV IURP WKH GRFXPHQW GDWD DQDO\VLV
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SHSRUWLQJ WHFKQLTXH

'KHQ LW FRPHV WLPH WR ZULWH XS WKH ILQGLQJV RI T;
JHQHUDOO\ FXVWRPL]JH WKH ZULWLQJ VW\OH EDVHG RQ WKHF
SKHQRPHQRORJ\ RU FDVH VWXG\ DSSURDFK (DFK WUDGLW
GHYHORSV LWV RZQ UHVXOWYV SUHVHQWDWLRQ VW\OHV VF
FRQVHQVXV LV \HW WR EH DFKLHYHG (YHQ ZLWKLQ FDVH V'
DFFHSWHG VWDQGDUG IRUPDW IRU SUHVHQWLQJ ILQGLQJV
TRWHG LQ &UHVZHOO $SDUW IURP WKH H[LVWLQJ YDU
GHYHORSPHQW RI FDVH VWXG\ UHSRUWV SXW IRUZDUG E\ Z
DQEBNDNH LQFOXGH VRPH VLPLODU SDWWHUQV ZRUWK QRWL
IORZXFK VXJIJHVWLRQV LQIRUPHG WKH UHSRUW Rl WKH TXD¢
VWXG\

<LQ IXUWKHU UHFRPPHQGV IRXU JHQHUDO IRUPDWYV |
EDVHG RQ WKH ZD\ WKW KIDW H. \ V ZKBHNWMHIWXNGL QJ FODVVLF V
PXOWLSOH FDVH YHUVLRQ Rl WKH FODVVLF VLQJOH FDVH P
LQGLYLGXDO FDVH GHVFULSWLRQ DQG RU uTXHVWLRQ DQG
VXJJHVWLRQV FRQFHUQLQJ LOOXVWUDWLYH VWUXFWXUHV |
OLQHDU DQDO\WLF FRPSDUDWLYH FKURQRORJLFDO WKHR
VW\OHYV

,Q DFFRUGDQFH ZLWK WKH UHVHDUFK SXUSRVH RI SUR)
WKH FXUULFXOD Rl ,QGRQHVLDQ SURIHVVLRQDO SV\FKRORJ
VIQWKHVL]HV WKH LQIRUPDWLRQ IURP DOO SURJUDPPHV DQ
E\ WKH UHVHDUFK TXHVWLRQV 8QGHU HDFK WRSLF DSSUR:
DUH GUDZQ EXW QRQH RI WKRVH LV SUHVHQWHG DV D VLQ.

PXOWLSOH FDVH VWXGLHYVY ZLWKRXW VHSDUDWH LQGLYLGXLCL
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$V IRU WKH ZULWLQJ VWUXFWXUH D OLQHDU DQDO\WLF ZU!I
VWXG\ ZKHUHE\ JHQHUDO UXOHV LQ UHVHDUFK UHVXOWYV S
DSSOLFDWLRQ RI ZULWLQJ IORZ VWDUWLQJ IURP WKH SUHYV
PHWKRGV ILQGLQJV FRQFOXVLRQV DQG LPSOLEFDWLRQV R
S
BHYHUDO YHULILEFDWLRQ SURFHGXUHV ZHUH DSSOLHG V
DQG FRQFOXVLRQV LQ WKH TXDOLWDWLYH FRPSRQHQW RI V
UHFRPPHQGHG E\ TXDOLWDWLYH VFKRODUV HJ &UHVZHO
DO PHWKRG VWUDWHJILHYV LQFOXGLQJ GHWDLOHG DQC

SDUWLFLSDQWYV UHVHDUFK SURFHVVHVY DQG DOO ILQGLQJ\

'LYHUVLW\ RI VDPSOHV OLOHV HW DO UHVXOWLQJ IUR
VBSOLQJ WHFKQLTXH SDJH WKLV FKDSWHU UHIHUV DO

PDLQWDLQLQJ WUXVWZRUWKLQHVYV RI UHVXOWYV 7R FRQILU
FRQGXFWHG E\ WKH UHVHDUFKHU PHPEHU FKHFNV DQG DQI
TXDOLWDWLYH UHVHDUFKHU ZHUH HPSOR\HG /DVWO\ WULTL
OLOHV HW D OWK WKH DSSOLFDWLRQ RI WKH PL[HG PHWKRG\
VWXG\ WKHQ DIIRUGHG WKH UHVHDUFKHU WKH RSSRUWXQL\
DQG GLIITIHUHQFHY EHWZHHQ UHVXOWYV
)XOILOPHQW RI (WKLFDO 6WDQGDUGY LQ WKH ¢
7KH HQWLUH SURFHGXUHV LQ WKLV VWXG\ ZHUH SHUIRL
VWDQGDUG RI HWKLFV 3HUPLVVLRQ WR XQGHUWDNH UHVHLEL
8QLYHUVLW\ +XPDQ 5HVHDUFK (WKLFV &RPPLWWHH SULRU V
W\SHV RI HWKLFDO DSSOLFDWLRQV SHUPLVVLRQ IRU WKH F
SUH WHVWLQJ VWXG\ RI WKH PHDVXULQJ LQVWUXPHQW $0C

UHFHLYHG DSSURYDO WKURXJK DSSURYDO OHWWHU QXPEHL
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3URJUDPPH GLUHFWRUV ZHUH DVVXUHG DERXW FRQILGH
VWXG\ 7KH UHVHDUFKHU XQGHUVWDQGY DQG UHVSHFWV WI
DQG FDQ EH FODVVLILHG DV FRQILGHQWLDO LQIRUPDWLRQ
FRQILGHQWLDOLW\ RI WKRVH GDWD 7KHVH LQFOXGHG WKH
SXUSRVH RI WKH UHVHDUFK DQG UHODWHG SXEOLFDWLRQ C
DQRQ\PRXV TXRWDWLRQV ZLWKLQ SXEOLFDWLRQV LQ ZKLF
SDUWLFLSDQW FRGHV 3HUPLVVLRQV IRU WKH XVH RI GDWD
SXEOLFDWLRQV DQG WKH XVH RI DQRQ\PRXV TXRWDWLRQV
ZHUH VWDWHG RQ WKH LQIRUPH® FRIND YWRRDBH$SSHBEW
VXFK DV JHRJUDSKLFDO ORFDWLRQV DQG VSHFLILE QDPHV I
UHVSRQGHQW VYV LGHQWLW\ ZHUH GHOHWHG 3DUWLFLSDQW
DQDO\VLY DQG UHVHDUFK UHVXOWY SUHVHQWDWLRQ UHVH
FRPSUHKHQVLYH RYHUYLHZ Rl WKH FXUULEXOXP DQG VWUX
SURIHVVLRQDO SV\FKRORJ\ SURJUDPPHV DQG UHVXOWV SU
LOQVWLWXWLRQDO DQDO\VLVY SHU VH 7KXV WKH GHVFULSWI
RU VSHFLILFDOO\ H[SRVH HDFK SDUWLFLSDWLQJ UHVSRQGH
UHSRUWLQJ RI UHVHDUFK UHVXOWYVY XVLQJ PXOWLSOH FDVH

7KH UROH Rl WKH UHVHDUFKHU DV DQ DFDGHPLF VWDII
XQGHUJUDGXDWH SV\FKRORJ\ SURJUDPPH LQ RQH SURYLQF
DJDLQ SDUWLFLSDQWY ZHUH UHDVVXUHG WKDW GDWD ZLO«
UHVHDUFK DQG SXEOLFDWLRQV GLUHFWO\ UHODWHG WR WK
DVVXPSWLRQV KROGDBA BV K H WHOAM RU FKIHUHFW SHUVRQDO H[
JUDGXDWH RI WKH SURIHVVLRQDO SURJUDPPH DQG D SV\FK
WUDQVSDUHQF\ DQG FODULW\ Rl GDWD DQDO\VLV ZHUH RYH

SURFHGXUH GXULQJ GDWD DQDO\VLY DV H[SODLQHG DERYH
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DSSOLFDWLRQ RI PHWKRGRORJLFDO YDOLGDWLRQ E\ LQWH.
RI UHVHDUFK UHVXOW® E&EDRQH) SBSWQBHSDMWXDOLWDWLYH
,QWHJUDWLRQ RI )LQGLQJV ZLWKLQ WKH UDPHZRUN RI
$IWHU FRPSOHWLQJ DOO WKH UHVHDUFK SURFHGXUHV |
UHVHDUFK FRPSRQHQWYV IXUWKHU HIIRUW ZDV GLUHFWHG \
FRPSRQHQWYV Rl WKH VWXG\ LQ RUGHU WR DQVZHU WKH IRO
UHVHDUFK TXHVWLRQ ,Q ZKDW ZD\V DUH ILQGLQJV IURP WK
UHJDUGLQJ WKH FKDUDFWHULVWLFV Rl ,QGRQHVLDQ SURIH"
7R VXSSRUW WKH FRQEFXUUHQW PL[HG PHWKRGVY GHVLJC(
WKLV VWXG\ WKH LQWHJUDWLRQ RI UHVXOWYV ZDV FRQGXF\
FRPSOHWLRQ RI LQGHSHQGHQW DQDO\VLV RI DOO TXDQWLW
WKH GLVFXVVLRQ VHFWLRQ 6HYHUDO RSWLRQV DUH DYDLO
GDWD DQDO\VLV UHVXOWYV LQ D FRQFXUUHQW DSSURDFK D
30DQR &ODUN 7KHLU UHFRPPHQGDWLRQV IRU FRPSDU
SURFHVV Rl WKH UHVHDUEKVLQIB FRPS DUNVRIQV D IWKLHE R RV \

VWDOWHIJ\ LQ WKH LQWHUSUHWDWLRQ SKDVH
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&KDSWBHWUXFWXUDO 3URILOHV RI WKH ,QGRQHVLDQ 3URIHYV
DQG WKHLU &XUULFXODU &KDUDFWHULVWLFV 4XD(
7KLV VHFWLRQ GHVFULEHV WKH UHVXOWY REWDLQHG IL
UHVHDUPIDLDZRXHVWLR@HEZHGHVKURXJK W KRV ZIKCD/Q \I UW DVK
VWUXFWXUDO FKDUDFWHULVWLEV RI ,QGRQMNYGD 8 GRRZIHV VI
WKH FXUULFXOXP FKDUDFWHULVWLFV IHDWXUH LQ WKH SUR
BWUXFWXUDO &KDUDEFWHULVWLFV RI ,QGRQHVLDQ 3URIH"
%DVLF SURILOHV Rl ,QGRQHVLDQ SURIHVVLRQDO SV\FK!
LQ RUGHU WR SURYLGH WKH UHDGHU ZLWK DQ RYHUYLHZ RI
FKDUDFWHULVWLEV RI SURJUDPPHYV ZKLFK LQFOXGH WKH SF
VWUXFWXUH RI ,QGRQHVLDQ XQLYHUVLWLHY DQG WKH VSHF
UHJLVWUDWLRQ UHTXLUHPHQWY DQG VHOHFWLRQ FULWHUL
FKDUDFWHULVWLEV RI OHEFWXUHUV DQG DFDGHPLF DQG QF
'DWD RQ WKH QDWXUH Rl WKH VWUXFWXUDO FKDUDFWH
IURP WKH SURJUDPPH GLUHFWRU UHVSRQGHQWYV LQ WKLV U
RXW RI D WRWDO UHVSRQGHQWYVY IURP SURIHVVLRQDO SV
QGRQHVLD UHVSRQVH UDWH 'HPRUHD SR QIS I R MWDEB W

IROORZV DOO KROG GRFWRUD®OH Y H P DO O QIG A/DKWLHRI) V
VHYHQ DUH LQ WKH \HDUV DJH UDQJH VL] IDO

ZLWK RGRQGHQW EHWZHHQ \HDUV ROG DQG DQRWH#

SURJUDPPH SRVLWLRQ DQG VSHFLDOL]DWLRQ V RIIHUHG
TKURXJKRXW ,QGRQHVLD SURYLGHUV RI SVI\FKRORJ\ HC

SVI\FKRORJ\ SURJURPRRXJKRQVLWYWLYHUVLWLHV 21 WKHVH
DUH JRYHUQPHQW RZQHG XQLYHUVLWLHY DQG WKH UHYV

XQLYHUVLWLHY RZQHG E\ YDULRXV W\SHV RI IRXQGDWLRQV
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RIIHUHG E\ WKH WRWDO Rl XQLYHUVLWLHV RXW RI WKH
'LWLQ WKHMWHWLWXWLRQV RQO\ ILYH RI WKHP DUH SXEOLF .
(OHYHQ RI WKH SDUWLFLSDWLQJ UHVSRQGHQWV VWDV
SULYDWH XQLYHUVLWLHY DQG IRXU LQGLFDWHG WKDW
RZQHG XQLYHUVLWLH§ ORVW UWWBRGOGGH®MDW WKHLU SURJ
PDQDJHG XI@G&EMNDMMKB DQG WKH RWKHU IRXU UHVSRQGHQW V
DUH SRVLW XRQNEQMYGMURI SRVWIUDGXDWH GHSDUWPHQW YV
7\SHV Rl VSHFLDOL]DWLRQ RIIHUHG LQ WKH SURJUDPPH
DUHDV LQ SV\FKRORJ\ FOLQLFDO HGXFDWLRQDO DQG LQG
LV RIIHUHG LQ DOO UHVSRQGHQW LQVWLWXWLRQV X Q
UHVSRQGHQWYV VWDWHG WK BW\E R BRIQUDIND LDQE GRHU J
ILHRIGVWXG\ LQ WKHLU SURJUDPPHVY DQG HGXFDWLRQDO SV
UHVSRQGHQW LQVWLWXWLRQV 2QH UHVSRQGHQW
SURYLGHV VSHFLDOL]DWLRQV RWKHU WKDQ WKRVH OLVWHGC
SV\FKRORJ\ DQG HQJLQHHULQJ SV\FKRORJ\ )XOO GHWDLOV
SURJUDPPHV DUH SUHVHQWHG LQ 7DEOH
7DEOH

$UHDV Rl 6SHFLDOL]DWLRQ 2IIHUHG ,Q ,QGRQHVLDQ 3URIHV

J)LHOG RI VSHFLDOL]DW|I I

&OLQLFDO
*HQHUDO
$GXOW DQG &KLOG
$GXOW &OLQLFDO F
,QGXVWULDO 2UJDQL)
(GXFDWLRQDO
2WKHUV B6RFLDO 3V\FK
(QJLQHHULQJ 3V\F

%WH DOO UHYSRQGHQWYV
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(QWU\ UHTXLUHPHQWY DQG VHOHFWLRQ FULWHULD
$FDGHPLF UHT2LWHAHYMWVDFDGHPLF UHTXLUHPHQW RSW
DOO UHWSRQGHQWWDWHG WKDW JUDGXDWLRQ IURP WKt

GHJUHH SURJUDPPH LV D PDQGDWRU\ UHTXLUHPHQW IRU HC

7HVW $37 UHVXOWYV DUH UHTXLUHPHQWYVY IRU UHJLVWUDWL

2] WKH WRWDO RI  UHVSRQGHQWYVY ZLWK *3$ DV WKH DGPL\

GHWDLOHG LQIRUPDWLRQ DERXW WKH PLQLPXP *3$QVFRUH |

VWDWHG2BKDWKH PLQLPXP VFRUH UHTXLUHG ZLWK V

LQGLFDWLQJ D PLQLPXP RI *3$ VFRUHV DW XQLYHUVLW

7DEOH
$FDGHPLF 5HTXLUHPHQWYV IRU (QUROPHQW LQWR ,QGRQHVL

SRIJUDPPHV

Y WHPV I

%DFKHORU RI S\WIPKRORJ\
*3$
$FDGHPLF 3BRWHQWLDO 7HVW ¢
(QJOLVK SURILFLHQF\ WHVW
$FFUHGLWDWLRQ VWDWXV RI D

SURJUDPPH
$FFUHGLWDWLRQ VWDWXV RI D
2WKHUV

7TKHVLVY SURSRVDO

%DVH DOO UMVSRQGHQWYV
'LWK UHJDUG WR WKH PILQKRXRUMEKSROREHD WV
VSHFLILHG WKH PLQLPXP H[SHFWHG VFRUH) DV IROORZV
DQG Q $37V FRPPRQO\ XVHG LQ ,QGRQHVLD DUH D Y
%DSSHQDV DQ LQGHS H QRESHIMD W.H% IVSISGI\DW VW X WL RRU GH Y H

XQLYHUVLW\ $37 VFRUHV UDQJH IURP WR 7KH PLQLP?>
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PDVWHUYV GHJUHH VHOHFWLRQ JHQHUDOO\ UDQJHV IURP

VBHFWLRQ SDVV UHTXLUHPHQWY FDQ EH VHW E\ WKH LQVW|

7ZHOYH UHVSRQGHQWV VWLSXODWHG HYLGHQFH RI
HQUROPHQW UHTXLUHPHQW (OHYHQ UHVSRQGHQWYV v
JDXJH Rl (QJOLVK SURILFLHQF\ ZLWK PRVW LQGLFDWLQJ D
Q ZLWK WKH RWKH@V VSHFIOQ®J Q DV
PLQLPXP DFFHSWDEOH VFRUHV 2QH UHVSRQGHQW VWDWHG
(/76 WHVW DV DQ DOWHUQDWLYH WR 72()/ QR LQIRUPDWLR
(/176 VEFRUH

,Q DGGLWLRQ WR WKH DFDGHPLF UHTXLUHPHQWY PHQW
VWDWHG WKDW D WKHVLY UHVHDUFK SURSRVDO ZDV PDQGD
SURIHVVLRQDO SURJUDPPH

1RQ DFDGHPLF UHNKHLYBPHRYW QRQ DFDGHPLF SURIHVV
HQUROPHQW UHTXLUHPHQWY DUH DV IROORZV OLVWHG LQ
UHFRPPHQ@GDWLRQ LQVWLWXWLRQDO SHUPLVVLRQ OHWWH
DOUHDG\ ZRUNLQJ GBK\VLFDOQ\ KHDOWRHQWDOQ\ KHDOWK\

DQG H[SHULHQFH UHOHYDQW WR SV\FKRCERAVEBO G UD

KHDOWK LQGLFDWRU XVHG E\ WKH SURJUDPPHV UHTXLULQJ
LVVXHG E\ D GRFWRU RU RWKHU DXWKRUL]JHG LQVWLWXWLR
PHDVXUH RI PHQWDO KHDOWK

,Q DGGLWLRQ WR WKH Qi RYH SRQBHDMPHQWWHSRUWHC
SURJUDPPH UHTXLUHV DSSOLFDQWY WR VXEPLW D 3PRWLYD

FKRRVLQJ WKH SURJUDPPH OHDUQLQJ H[SHFWDWLRQV DQG
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VWDWHPHQW LQ WKH IRUP RI D 3D\PHQW *XDUDQWHH IURP
VWDWHPHQW

BHOHFWLRQ 6B HWHRXILNH UHJLVWUDWLRQ UHTXLUHPHQ\
SURFHVV LV FRQGXFWHG E\ WKH SURJUDPPH ZLWK WKH FU!
DFDGHPLF UHVXOWV RI YDULRXV DELOLW\ NQRZOHGJH WHV
UHODWHG WR D FDQGLGDWH VY SHUVRQDOLW\ WUDLWV

2]l WKHHVSRQGHQWY ZKR SDUBURYSOWE GQIRUPDWLRQ
SHUFHQWDJH ZHLJKWLQJ IRU HDFK DVSHFW LQ WKH VHOHFYV
RWKHU UHVSRQGHQW VWDWHG WKDW KLV KHU SURJUDI
DVSHFWV LQ WKH VHOHFWLRG} SIRGENMQ WD ERR XM EHLJIK
IXUWKHU DQDO\WHG WR REWDLQ DQ RYHUYLHZ RI WKH YDO X
WKH VHOHEWLRQ RI QHZ VWXGHQWY 7KH UHVXOWYVY DUH VX]

7KH UROH RI DEFDGHPLF DQG QRQ DFDGHPLF DVSHFWV L
ZDV IXUWKHU GLYLGHG LQWR WKUHH FEDBVWDGHPMFLRQV D
GRPLQDQFHQPQ ®FDGHPLF GRPLQDQFH ,Q GHYHORSLQJ D F
WKDW LI WKH SHUFHQWDJH YDOXH RI WKH ZHLJKWLQJ LV VL
FRQVLGHUHG WR JLYH D UHODWLYHO\ EDODQFHG ZHLJKWLQ
ZHLJKWLQJ LV LGHDO $ SHUFHQWDJH ZHLJKWLQJ GLIIHUHQ
UHODWLYHOI\REDO[D@BSIDE +IURP W R DQG YLFH YHUYV
FODVVLILFDWLRQ LQ FHUWDLQ DVSHFWV LV LQGLFDWHG ZK
7DEOH VXPPDULVHVY HQWU\ VHOHFWLRQ FULWHULD ZHLJK
SV\FKRORJ\ SURJUDPPHVQORVW UKVSRBQIBEQWNQFHG ZHLJIK)
DFDGHPLF DQG QRQ DFDGHPLF DVSHFWV LQ WKHLU VHOHFW
ZHLJKWLQJ FRPSRVLWURQ SBWIDHWV/DERBHH UHVSRQGHQW\

WKDW WKHLU LQVWLWXWLRQV JDYH D PR W IGARHP IRQBOQ VR @H L



,1'21(6,$1 352)(66,21$/ 36<&+2/2*< &855,&8/$
UHVSRQGHQW V &/ DRVIN® RAPKD IVSISIOL. KG WD PRUH GRPLQDQ

DFDGBFNISHFWYV

7TDEOH
'HLIKWLQJ RI $FDGHPLF DQG 1RQ $FDGHPLF &RXUVH 6HOHF

SURIHVVLRQDO 3V\FKRORJ\ 3URJUDPPHYV

$FDGHPLF $VSHFW 1R FDGHHRISH
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% D MH RXW RI D WRWDO RI UHVSRQGHQWYV

3, " LQGLFDWHV WKDW WKH UHSUHVHQWDWLYH DVSHFW ZDV
PSHVHDUFK S URWRVB/OUHVXOW
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7DEOH
‘HLJKWLQJ &0ODVVLILFDWLRQ Rl $FDGHPLF DQG 1RQ $FDGHP

5HVSRQGHQWVYT 3URIHVVLRQDO 3V\FKRORJ\ (GXFDWLRQ 3UF

&ODVVLILFDWLRQ I

%DODQFHG
$FDGHPLF DVSHFWV GRI
1IR@FDGHPLF DVSHFWYV
7RWDO

% D MH RXW RI D WRWDO RI UHVSRQGHQWYV

SDWLR EHWZHHQ QXPEHU RI DFFHSWHG VWXGHQWY DQG QX

7KLY VHFWLRQ SURYLGHV LQIRUPDWLRQ RQ WKH QXPEF
SURIHVVLRQDO SV\FKRORJ\ SURJUDPPHYVY DQG WKH QXPEHU
DFDGHPLF HQUROPHQW \HDUV 7KLV LQIRUPDWLRQ SURYLGH
UDWH WKDW LV D UDWLR RI WKH QXPEHU RI VWXGHQWYV DF
RI DSSOLFDQWYV

7KH GDWD SURYLGHG E\ WKH UHVSRQGHQWY LQ UHODW
VXPPDULVHG LQ 7DEOH DQG 7DEOH VKRZV WKDW LQ V
DGPLVVLRQ DSSOLFDWLRQ UDWLRY YDULHG EHWZHHQ |
DGPLVMLWR , Q UDWLRV YDULHG EHWZHHQ DGPL

DGPLVVLRQ UDWH RU DOO HQUROOHG VWXGHQWYV I

VHOHFWLRQ UDWLRYV YDULHG EHWZHHQ DGPLVVLRQ UD

1R VLIJQLILFDQW GLIITHUHQFHY ZHUH IRXQG RQ DGPLVVL
\HDUV LQ XQLYHUVLWLHV RI GLIITIHUHQW VWDWXV SXEOLF Y
SRVLWLRQV ZLWKL QI XEXRMWWEWRBRIWYGCGIRNWIUDGXDWH G

XQLYMY¥VSRVWIJUDGXDWH GHSDUWPHQW
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&KDUDFWHULVWLFV Rl OHFWXUHUV
7KLV VXE VHFWLRQ SURYLGHV DQ RYHUYLHZ RI WKH QX
HGXFDWLRQDO TXDOLILFDWLRQV DQG OHFWXUHUVY DFWLY
7KH QXPEHU RI IXOOWLPH OHFWXUHUV LQ WKH UHVSRQ
PLQLPXP WR PD[LPXP 0GVW UHVSKRIMNGHQWWY WKDQ OHF
WKHLU SURJUDPPHV DV LOOXVWUDWHG LQ 7DEOH
7DEOH
1XPEHU RI $SSOLFDQWY 6WXGHQWYVY $FFHSWHG DQG $GPLV)

,QGRQHVLDQ 3URIHVVLRQDO 3V\FKRORJ\ 3URJUDPPHYV LQ WI

$GPLVVLRQ <HDU
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% D MH RXW RI D WRWDO RI UHVSRQGHQWYV
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7DEOH
5DQJH RI $GPLYQLRQ 5BWPMVLR@HHPRIYGHQWVY 3URIHVVL

S3V\FKRORJ\ BURJUDPPHV

$GPLVVLRQ IRZHVW $YHUDJH +LJKHVYV

% D MH RXW RI D WRWDO RI UHVSRQGHQWYV

7KH KLIJKHVW DFDGHPLF TXDOLILFDWLRQV RI IXOOWLPH
SV\FKRORJ\ SURJUDPPHY DUH PDVWHUV DQG WIRFWRUDO OH
RI OHFWXUHUVY KDYH WKH IRUPHU DQG WKH ODWWHU 7
ZLWK D QRQ PDVWHUV SURIHVVLRQDO FHUWLILFDWH
7TDEOH

&KDUDFWHULVWLFV RI /[HFWXUHUV

&KDUDFWHULVWLFV I

1XPEHU LQ WHDP

AXDOLILFDWLRQ
'RFWRUDWH
ODVWHUYV
%DFKHORU ZLWK SURIH

%DVH DOO UMVSRQGHQWYV
7R REWDLQ LQIRUPDWLRQ RQ WKH FRPSDUDWLYH QXPE|
WKH QXPEHU RI OHFWXUHUV LQ HDFK SURJUDPPH ZDV FRPE
LQ WKH SURJUDPPH UHFRUGHG XS WR WKH VHFRQG VHPHV\
7KLUWHHBVBIRQGHQWYV SURYLGHG GDWD RQ WKH

HQUROOHG XQWLO $XJXVW 7TDEOH VXPPDUL]HV WKLV
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7DEOH
7RWDO 1XPEHU R I( QRRDXOHHEU 8§ WDXIEHFW Q B S HRHWWHH U R

$FDGHPLF <HDU

$FDGHPLI 2T § < %5
o
4XDOLILFID g o _>; H:g
IHFWXUH o T T o> g
(@] T 4 -
x 2 & w o° 2 2 =
o T D o o L= o
1R :)D_ o x = LUD I
x s = = H B Qo O w
¥ (¥ o - L a O
L @)
'-DL:) o a <
9] —
o X x
> — =
1
$YHUDJH
% D \H RXW RI D WRWDO RI UHVSRQGHQWYV

JURP WKH GDWD LW DSSHDUVDWKDW MPHLH T X D/Q RI RA DONLE
OHYHOV WR VWXGHQWY UDQJHG IURP ORZHVW WR

, ] WKH FRPSRVLWLRQ RI UDWLRV LV FDOFXODWHG EDV|
GRFWIRXDIDAILFDWLRQ UHIHUULQJ WR WKH ,QGRQHVLDQ JRY
WKDW DOO OHFWXUHUV LQ WKH PDVWHUV SURJUDPPH VKRX

ORZHVW UDWLR RI OHFWXUHUV WR VWXGHQWYV LV DQG
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7KH ZD\ LQ ZKLFK VFRUHV DUH GLVWULEXWHG LV LPSRL
RI WKH OHFWXUHU VWXGHQW UDWLR 7DEOH SURYLGHV V
7DEOH

1XPEHU Rl 6WXGHQWY SHU /HFWXUHU LQ WKH ,QGRQHVLDQ

1XPEHU RI VV 1XPEHU RI OHF 1XPEHU RI OHRV
WDXJKW E\ R D@&GDGHPLF TX| GRFWIRXDODA I L F
| I

% D \QH RI D WRWDO RI UHVSRQGHQWYV

7KH SURSRUWLRQ RI OHFWXUHUV DQG VWXGHQWV LQ W
PRVWO\ LQ WKH UDWQLR JURXSIRU OHF\lBEKFD FILWRD O
TXDOLILFDWLRIRFWBWRIFOQOHMFWXUHUV DV SHU ,QGRQHVLD
UHTXLUHPHQWY WKH UDWLR Rl OHFWXUHUV WR VWXGHQW"
Q +RZHYHU LW VKRXOG EH QRWHG WKDW IRXU UHV
WKHLU LQVWLWXWLRQV KDYH D KLJK UDWLR RI OHFWXUHUYV
VWXGHQWY SHU OHFWXUHU

$ ODQEALWQH\ & KRZMERWKID\WY IGLFABQWQFHY ZHUH IRXQG
QXPEHU RI VWXGHQWY KDQGOHG SHU OHFWXUHU UHJDUGOF
GLIIHUHQW SURJUDPPHVY SRVLWLRQV ZLWKLQ XQLYHUVLWL
XQLYHUVLW\TV SRV W JAKHG @ R WEH G HS DIWWPGHHQW Y KDQGOHG
GLIIHU VLIJQLILFD WO Q LED K@ SXEDE RS ULYDWHISDRJUDPPH
5DQN Q 8 ] FRUUHFWHS IRU WIZHRVWDLOHG 7KH

QXPEHU DOVR GLG QRW GLIIHU VLJQLILFDQWBDQEMXM SUR
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Q DQG XQGHU SRVWJUDHDXD BMHQEE SDBWPHQW

FRUUHFWHSs IRU WIZHRVWDLOHG

*HQHUDOO\ OHFWXUHUVY DFWLYLWLHV FDQ EH GLYLGH
FRQGXFWLQJ UFHGHDWFK UDRQG FRPPXQLW\ VHUYLFHV ,Q WKF
DEWLYLWLHV ZHUH EURNHQ GRZQ LQWR EHYXSHDFWVYRQYLH
FRQGXFWLQGWHMNYLYERQ RI SV\FKRPRQGKFW VO.U DISSHW H G
SVIFKRORJ\ DFWLYLWLHY LQFOXGLQJILQ WKH DUHD RI SHU
PDQDJHPHQW DGPLQLVWURWKWH DFWLLYLLWILLHW DQEOH S
OHFWXUHUVY DEWLYLWLHV ZLWKLQ WKHLU SURIHVVLRQDO ¢
7DEOH
JHFWXUHUVY :RUN $FWLYLWLHV LQ 3URIHVVLRQDO 3V\FKROI

$OORFDWLRQ +RXUV :HHN

$YHUDJH DC

IHFWXUHUVY $FWLYLWLH WLPH KRXL

7HDFKLQJ
6XSHUYLVLRQ
ODQDJHPHQW G PWQVWW
LQFOXGLQJ PHHWLQJ\
5HVHDUFK
3V\FKRORJLFDO VHUYLFI
$SSOLHG SV\FKRORJ\ St
, 2 FRQVXOWDWLRQ H'
7RV

%DVH UHVSRQGHQWYV Rl D WRWDO RI UHVSRQGHAQ

7THDFKLQJ LV WKH DFWLYLW\ WKDW FRQVXPHV WKH PRV
SHU ZHHN ZKLHXKYHW 21M KV WKHH WKBRX\W VY HZIHHNH V RI WKH W
ZRUN KRXUV ZHHN 2QH UHVSRQGHQW SURSRVHG RQH DGG]
DOWHUQDWLYH DQVZHUV SURY LGBGHWLLYQ WMKH/ TUHO/DWNLIRQ QR |

SHUVRQDO GHYHORSPHQW ZLWK DQ DYHUDJH DOORFDWLRC
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7KH DSSOLFDWLRQ RI WKH VFLHQW LRKR LSFUHD RWUWWHR QH U
,QGRQHVLDQ 1DWLRQDO $FFUHGLWDWLRQ %RG\ UHTXLUHV
LQWHJUDWLRQ Rl SVA\FKRORJLFDO WKHRU\ DQG SUDFWLFH Z
GDWD RQ WKH LQWHJUDWLRQ DLRWHKHN L WG R KWLLD R UPHGI ED ©
7DEOH
,QWHJUDWLRQ RI 3V\FKRORJLFDO 7KHRU\ DQG 3UDFWLEFEH &F

SURIHVVLRQDO 3V\FKRORJ\ 3BURJUDPPHYV

7\SHV RI LQWHJUDWLRQ DFWLYI I

SWWHQGDQFH WR UHOHYDQW
8VH\WRALHQWLILFDOO\ EDVHG D
8VH RI VFLHQWLILFDOO\ EDVH
8VH RI VFLHQWLILF UHIHUHQF
&RQGXFWLQJ LQWHUYHQWLRQ

% D \QH RI D WRWDO RI UHVSRQGHQWV

)XUWKHU DQ RYHUYLHZ RI WKH GLVVHPLQDWLRQ DFWL"
SV\FKRORJLFDO SUDFWLFHV RI WHDR K MXH VW IR IDW KOHD R LK
SUDFWLWLRQHU PRGHO DUH VXPPDUL]JHG LQ 7DEOH
7DEOH
'LVVHPLQDWLRG HMXSHVY DX 3VIFKRORJLFDO 3UDFWLFHV E

SURJUDPPH )DFXOW\ OHPEHUYV

7\SHV Rl GLVVHPLQDWLRQ DFWLYLWI I

6FLHQWLILF SXEOLFDWLRQ
&RQVXOWLQJ ZLWK RWKHU KHDOWK
DSSOLFDWLRQ RI SV \FRKARIORGLHF DVOR V¢
'LVVHPLQDWLQJ GLIJIHVWLEOH VFLHC
'"HYHORSLQJEDWMHMHGIQBKHDFWLFDOO\ |
PDQXDOV

% D MH RI D WRWDO RI UHVSRQGHQWYV
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&KDUDFWHULVWLFV Rl JUDGXDWHYV

7RWDO QXPEHU RKBUDIGXBWWVQXPEHU RI DOXPQL SURG
SURIHVVLRQDO SV\FKRORJ\ SURJUDPPHV IURP WKHLU LQFH:
GDWD FROOHFWLRQ SHULRG 6HSWHPEHU WR 'HFHPEHU
VPDOOHVW QXPEHU RI DOXPQL SURGXFHG E\ D SURJUDPPH
GLVSOD\V LQIRUPDWLRQ RQ WKH WRWDO QXPEHU RI JUDGXI
7DEOH
7RWDO 1XPEHU RI *UDGXDWHV IURP ,QGRQHVLDURBURIHVVL]

,QFHSWLRQ WR '"HFHPEHU

1R 7RWDO C G5DQJFILQ Ul LQ UD
RI JUDG
+
+
+
% D \CH RXW RI D WRWDO RI UHVSRQGHQWYV

7TDEOHVKRZV WKDW PRWW UHVSRPGEGRQWYG D WRWDO QX
DOXPQL RI IHZHU WKDQ LV WKH PD[LPXP QXPEHU LQ \V

WRWSR RIJUDPPH JUDGXDWHY UDQJHG IURP WR JUuD

UHSRUWHG D WRWDO DOXPQL RI

6WXG\ WLPH YRYWH WK JUDGXDWLRQ \HDU WKH DYHU
JUDGXDWHYV IURP WKH SURIHVVLRQDO SV\FKRORJ\ SURJUDP

VWXG\ WLPH VHW DW PRQWKY DQG D PD[LPXP RI PRQWK
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PRQWKY DQG WKH ORQJHVW PRQWKV ,QIRUPDWLRQ

JUDGXDWLRQ \HDUVY DUH DYDLODEOH LQ 7DEOH

7DEOH
7KH $YHUDJH 6WXG\ 7LPH Rl *UDGXDWHV LQ *UDG XDV
*UDGXDWI 1 $YHUDJH VWXG\ WLP
6KRU' $YHUD. /RQJHV
% D \QH RXW RI UHVSRQGHQWYV
1RWH PLQLPXP WWWGI\RWLPHWRYWKY DQG D PD[LPXP RI PR

6WDWLVWLFDO DQDO\VLV XW.LQDG VAW H® QK DAL\ @ H L8 @
GLIIHUHQFHVRAHVW XBX@GEPH DYHUDJH RI VWXGHQWYV LQ WK
UHJDUGOHVV RI XQLYHUVLW\ VWDWXV SXEOLF YV SULYDWH
XQLYHUVLWRHXRWR\GHKRORXQLWY HQERWMWIUDGXDWH GHSDU

7\SHV Rl JUDGXDWH MREV LQ WKH2I WKH WRINDXD RILR Q
UHVSBWEBHVHYHQ SURYLGHG GDWD UHODWHG WR WKH
REWDLQHG 2QH UHVSRQGHQVDHY HUVRRINGKEG WHK® N WK B F KL
VHYHQ UHVSRQGHQWYV GLG QRW JLYH DQ DQVZHU $Q

KHOG E\ JUDGXDWHYV IURP WKH SURIHVVLRQDO SV\FKRORJ\

7KH VXUYH\ DOR R GHQWHIG WKH PDLQ DUHDV RI HPSOR\F

2l WKH VHYHQ UHVSRQGHQWYV ZKR SURYLGHG GDWD Ul
JDYH IXUWKHU LQIRUPDWLRQ DERXW MREFKHHWBR WKD
UHPDLQLQJ UHVSRQGHQWYVY VWDWHG WKDW WKH UHTXHVWH(

UHODWHG WUDFNLQJ VWXGLHY KDG EHHQ FRQGXFWHG
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7DEOH

-RE )LHOGV RI *UDGXDWHV IURP 3URIHVVLRQDO 3V\FKRORJ\

<HDU
-RE )LHOGV 1
+5' |, 2

SULYDWH SUDFWLFH
$FDGHPLF XQLYHUVLW\
2ZWKHU HGXFDWLRQDO LQVWLWXMW

+RVSLWDOV LQFOXGLQJ SULPDU\

*RYHUQPHQWDO RIILFH H[FHSW L
XQLYHUVLWLHV

% D MH RXW RI D WRWDO RI UHVSRQGHQWYV

7TDEOH SURYLGHYVY D VXPPDU\ RI HPSOR\P HQWR DJUDHIPH L Q
JUDGXDWHYV ILQG ZRUN

7TDEOH

-RE $UHDV 7KDW $EVRUE ORVW *UDGXDWHV

-RE DUHDV I

+5' |, 2

SULYDWH SUDFWLFH

$FDGHPLFV

2ZWKHU HGXFDWLRQDO LQVWLWX

% D MH RXW RI D WRWDO RI SURIHVVLRQDO SURJUDP

$FDGHPLF DQG QRQ DFDGHPLF VXSSRUWLQJ IDFLOLWLHYV

2l bOO WKH DFDGHPLF IDFLOLWLHY OLVWHG LQ WKH VX
OLEUDULHYVY DQG D VHW RI DVVHVVPHQW WRROV IRU WKH S.
FRPPRQO\ LQGLFDWHG DV DDLODEOH (E WHHMNSRRBRIGWR M VY D U
VXSSRUWLQJ IDFLOLWLHY DOQODWMHWVEBE QGKBQWWKHLU SURJU
EDWKURRPY FDQWHHQ D SDUNLQJ ORW DQG SUD\HU URRP

WKDW KHDOWK FOLQLFYV ZHUH DYDLODEOH LQ WKHLU SURJU
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E\ UHVSRQGHQWYV DQG FDUHHU XQLW IRU VWXGHQWYV
DYDLODEOHMWSRQGHQWVY LOQVWLWXWLRQV $ WRWDO R
WKDW WKHLU SURJUDPPHV SURYLGHG VSRUWVY IDFLOLWLHYV
OHFWXUHUV VWDII 1RQ SV\FKRORJLFDO FRQVXOWDWLRQ VI
LOQVWLWXWLRQV ZKLFK LQFOXGHG OHJDO VHUYLFHV L
UHVSRQGHQWYV LQGLFDWHG WKH DYDLODELOLW\ RI D \

VXSSRUW IDFLOLWLHV IRU WKH SK\VLFDOO\ KDQGLFDSSHG

LOQVWLWXWLRQV DQG WKH VDPH QXPEHU RI SOD\JURX
WKUHH UHVSRQGHQWYV VWDWHG WKDW GD\ FDUH zZDV DV
7TDEOH

$FDGHPLF )DFLOLWLHV 3URYLGHG %\ ,QGRQHVLDQ 3URIHVVI

$FDGHPLF )DFLOLWLHV I

&ODVVURRPV OLEUDULHV SV\FKRORJ
3VI\FKRORJ\ ODERUDWRU\ LQWHUQHW

5HDGLQJ URRP SV\FKRORJ\ FOLQLF V
URRP

6WXG\ URRP HTXL SYSIHMX Z OWHKT X IXSHHRQ W
&RPSXWHU ODERUDWRU\ GLVFXVVLRC
,QWHUQHW ORXQJH

% D \QH
&XUULFXOXP &KDUDFWHULVWLFV Rl ,QGRQHVLDQ 3URIHV"
'"HVFULSWLRQV Rl WKH FKDUDFWHULVWLFV RI FXUULFXC
SURJUDPPHV DUH SUHVHQWHG XQGHU VHYHUDO KHDGLQJV |
WKDW VHUYH DV D IUDPHZRUN LQ WKLV VWXG\ VHH &KDSW}

OHDUQLQJ FRQWHQW WHDFKLQJ OHDUQLQJ PHWKRGV DQC
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3URJUDPPH REMHEWLYHV

5HVSRQGHQWVY DQVZHUV WR RSHQ HQGHG LWHPV UHOI
WKHLU SURJUDPPH ZHUH DQDO\VHG TXDOLWDWLYHO\ WKH
UHOHYDQW WKHPHVY 7ZR PDLQ WKHPHV HPHUJHG LQ UHODW
PDLQ SXUSRVH RI SURGXFLQJ SV\FKRORJLVWV ZLWK D VHW
REMHFWLYHV (DFK WKHPH FRQVLVWY RI VHYHUDO XQGHUSI

JLUVWO\ WKH PDLQ REMHFWLYH DFFRUGLQJ WR UHVSR
SVI\IFKRORJLVWV ZLWK WKH IROORZLQJ TXDOLWLHV D WKH
SVI\IFKRORJLVW LQFOXGLQJ WKH DELOLW\ WR FRQGXFW SV
LOQWHUYHQWLRQ UHVHDUFK DQG PDVWHU\ RI SV\FKRORJLF
DQG RUJDQLVDWLRQDO OHYHOV E PDVWHU\ RI SVIFKRORJ
WKHRULHV RI SVIFKRORJLFDO DVVHVVPHQW DQG LQWHUYHC
SHUVRQDO FKDUDFWHULVWLFV VXFK DV EHLQJ SURIHVVLRC
DQG SUDFWLVLQJ VFLHQWLILFDOO\ 7DEOH VXPPDULJHV
ILUVW SURJUDPPH REMHFWLYH

'DWD SUHVHQWHG LY KDWOMRW POIQRZQGRQHVLDQ SURJL
H[SOLFLWO\ WKHLU REMHFWLYHY LQ UHODWLRQ WR WKH GH
DVVHVVPHQW LQWHUYHQWLRQ DQG UHVHDUFK GHVSLWH \
LERUWDQW UROHV RI SVIFKRORJLVWYV

)XUWKHU HPHUJHQW WKHPHV UHODWHG WR SURIHVVLR(
XQGHU WKH WLWOH RI LOVWLWXWLRQDO REMHBWLYHV ZKL
RUJDQL]LQJ HGXF DN LPROQDJ LDFWDL @ GWAHYWHORSLQJ UHVHDUF|
UHVHDUFKFWPHD\QOIWEJ FRPPXQLW)\ VHUYLFH DFWLYLWLHV L
QHHGHG SV\FKRORJLGE DXOU WHKHYILLFHVL Q\VBLWE WWRQOBGRRSH

SUHVHQWDWLRQ RI WKHVH IXUWKHU HPHUJLQJ WKHPHV DUF
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7TDEOH

(PHUJHQW 7KHPHV RQ WKH 6WDWHPHQW RI 2ZEMHFWLYHV RI

SURJUDPPHV *UDGXDWHVY &RPSHWHQFLHYV

6NLOOV

TKHPHV DW &HPAE/

6NLOOV
3V\FKRORJLFDO DVVHVVPHQW LQFO!
5HVHDUFK LQFOXGLQJ SXEOLFDWLR
3V\FKRORJLFDO LQWHUYHQWLRQ
3V\FKRORUYEBP®VVGBHOLYHU\ ZLWKLQ
VRELHW\ LQGLYLGXDO JURXS DQ!
OHYHO
&RQVXOWDWLRQ DQG FRPPXQLFDWLF
&XUDWLYH DQG SUHYHQWLYH VHUYL
5HODWLRQVKLS FRRSHUDWLRQ ZLW
.QRZOHGJH
ODVWHU\ RI IRXQGDWLRQDO SV\FKRC
SV\FKRORJLFDO DVVHVVPHQW DQG
SWWLWXGHYV
3URIHVVLRQDO
5HVSRQVLYH WR VRELHW\ QHHGV
S5HOLJLRXV KDYLQJ IDLWK LQ *RGUD(
UHOLJLRQ
L QWHJULW\
&RPSHWHQW UHOLDEOH
5HVSHFWIXO Rl KXPDQ YDOXHYV
+ROG UHVSHFW IRU YDOXHV DQG ,QC
&RPSHWLWLYH
6FLHQWLILF

%DVH DOO UHVSRQGHQWV

.QRZO

,Q IRUPXODWLQJ REMHFWLYHV JXLGHOLQHV XVHG E\ W

WKH IROORZLQJ FRPSRQHQWY LQVWLWXWVRKGR® Y QVOHY 8 DY

RU IDFXOW\ YLVLRQ DQG PLVVLRQ RU H[SUHVVLRQV UHODW

GHYHORSPHQW SODQ UHJXODWILIRQV IURP UHIXDDMLR @W VR

+,036, Q JRYHUQPHQWQUHJIXODWIHRGW RQ VRFLHW\

XVHUVY] QHTXHVWWWDNHKROGHUVYT UHDXH/ WVWKHUYV

LQFOXBHQEDFN IURP OHFWXUHUY DQG VWXGHQWYV
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7DEOH
(PHUJHQW 7KHPHV RQ WKH $LPV Rl ,QGRQHVLDQ 3URIHVVLR

,QVWLWXWLRQDO 2EMHFWLYHYV

7TKHPHV D Q& HXHV I

SHVHDRFRKGXFWLQJ RUJDQL]JLQJ DC
2UJDQLRDWGRGDWLRQDO SURFHVVHYV

,PSOHPHQWLQJ SURFHGXUHV UXOH
VI\VWHPV WKDW HQVXUH TXDOLW\
&UHDWLQJ D SRVLWLYH OHDUQLQJ

0DQDJLQJ SV\FKRORJLFDO VHUYLF
EDVHHUYLFHV
(VWDEOLVKLQJ DQG GHYHORSLQJ L

%DVH DOO UHVSRQGHQWV

7UDLQLQJ PRGHO V DSSOLHG DQG OHDUQLQJ FRQWHQW SU

7UDLQLQJSPROGHBVSRQGHQWWWDWHG WKH XVH RI WKH \
SUDFWLWLRQHU WUDLQLQJ PRGHO LQ WKHLU SURJUDPPHYV
PHQWLRQHG XVLQJ FRPSHWHQF\ EDVHG PRGHOV LQ WKHLU
PHQWLRQHG WKH XVH Rl WKH SUDFWLWLRQHU RULHQWHG P
VFLHQWLVW RULHQWHG PRGHO LV XVHG LQ KLV KHU SURJUL
WUDLQLQJ PRGHOV RWKHU WKDQ WKRVH SURYLGHG LQ WKH
ZHUH DEOH WR VHOHFW PRUH WKDQ RQH WUDLQLQJ PRGHO
SURJUDPPHV DQG ZHUH JLYHQ WKH RSSRUWXQLW\ WR OLV\
RSWLRQV

'"HVFULSWLRQ RI WKH WUDLQLQJ PRGHOV XVHG LQ WKH
WKURXJK WKH FRPSOHWLRQ RI 6HFWLRQ RI WKH 3URJUDPF
WKLV VWXG\ 7KLV PHDVXUHPHQW WRRO FRQVLVWV RI LW
PRGHO FKDUDFWHULVWLFV DV LGHQWLILHG WKURXJK UHYLF

SVI\FKRORJ\ HGXFDWLRQ VHMHV&IGDERGHOV ROROWHRQWUDLQL
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RQ WKH UHODWLYH GHJUHH RI HPSKDVLV RQ VEFLHQFH FRPS
FRPSRQHQWY 7UDLQLQJ PRGHOV DUH VHHQ DV D FRQWLQX.
SUDFWLFH FRPSRQHQWY 7KH PRUH D SURJUDPPH HPSKDVL]
WKDQ WKH VFLHQFH FRPSRQHQW WKH PRUH LW LV VDLG WI
,Q LWV GHYHORSPHQW WKH SUDFWLWLRQHU PRGHO L\
PRGHOV WKH SUDFWLWLRQHU VFKRODU (OOLV 5RGRC
FQLFDO VFLHQWLVW %PR®HONDXPPLRQWUDVW SURJUDPPH'
WKH VFLHQFH UHVHDUFK FRPSRQHQW RYHU WKH SJ®FWLFH
VFLHQFH PRGHO O0F)DOO /IDVWO\ WKH VFLHQWLVW SU
FRPSRQHQWYV WR WKH VDPH GHJUHH DQG GHPDQGV WKH DS
VFLHQFH DQG SUDFWLFH LQ WKH HGXFDWLRQ RI SURIHVVLR
'LWKRXW LQWHJUDWLRQ DFWLYLWLHVY D SURJUDPPH GRHYV
SUDFWLWLRQHU PRGHO FDWHJRU\ 5HFHQW GHYHORSPHQW)\
HGXFDWLRQ LQ SV\FKRORJ\ DGG D FRPSHWHQF\ EDVHG PRG
SURIHVVLRQDO SURJUDPPHV ,WHPV LQ 6HFWLRQ RI WKH 3
ZHUH JURXSHG RQ WKH EDVLY WK DA HG PIRVIHYU F KQ H DF WOH QLA
FODVVLILFDWLRQV 7KHVH DUH 6FLHQFH FKDUDFWHULVWLF

/IRFDO FOLQLFDO VFLHQWLVW DQG &RPSHWHQF\ FKDUDFWH

7KH SURJUDPPH "'LUHFWRUYYV 4XHVWLRQQDLUH ZDV GLV!'
GLUHFWRUV $V SUHYLRXVO\ PHQWLRQHG E\ WKH HQG RI W
TXHVWLRQQDLUHY KDG EHHQ UHWXUQHG HTXDWLQJ WR D L
ZHUH YDOLG DQG ZHUH DQDO\WHG IXUWKHU 7KH UHVXOWYV
ILYH FRPSRQHQW FKDUDFWHULVWLFV RI WUDLQLQJ PRGHOV

6FLHQFH FKDUDFWHULVWLFV WR SUDFWLFH FKDUDFWH
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HOLPLQDWHG LWHPV W&DRWQEDRK {6 HD® $ QB GHWWRGE HAO WKL B
GHJUHH Rl FRUUHODWLRQ EHWZHHQ LWHPV WKDW ZDV HLW]
UMXOWHG LQ WKH &URQEDFKYTV DOSKD FRHIILELHQWYV IRU H|

6FLHQFH FKDUDFWHULVWLF JURXS DQG WKH KLJKHVW
LWHP VHOHFWLRQ SURFHVV SURGXFHG D WRWDO RI LWHP
LQ WKH ,QGRQHVLDQ SURIHVVLRQDO SV\FKRORJ\ SURJUDPP
VXEVHTXHQW GDWD DQDO\VLY 1LQJG\DK HW DO

)DEWRU DQDO\VLV LV LQDSSURSULDWH WR EH DSSOLHG
QXPEHU Rl UHYSRFRIPSHVYHG WR WKH WQWD O 7&XRE MK RI LW
JURXSLQJ RI LWHPV LQWR ILYH FOXVWHUV RI WUDLQLQJ PR
WKHRUHWLFDO FRQFHSWLRQ DQG ORJLFDO DQDO\VLV DUUL
SUHVHQWHG LQ &KDSWHU

7KH QRUPDOLW\ DVVXPSWLRQ WHVW VKRZV WKDW WKH
QRUPDOO\ GLVWULEXWHG OHDGLQJ WR WKH GHFRE LR WR
OLVVLQJ GDWD LWHPV ZHUH UHODWLYHO\ IHZ RQO\ RXW R
WRWDO RI  SDUWLFLSDWLQJ UHVSRQGHQWY DQG ZHUH W
GHOHWLRQ FDVH GHOHWLRQ WHFKQLTXH :LWK D WRWDO Ut
HVWLPDWHG WKDW WKH OLVWZLVH GHOHWLRQ SURFHGXUH
.DUDQMD =DYHUL $KPHG

7DEOH SURYLGHV LQIRUPDWLRQ DERXW PHDQV RI W
PRGHOV WXHG QOERQHVLDQ SURIHVVLRQDO SV\FKRORJ\ SURJ

$ :LOFR[RQ VLJQHG UDQN WHVW LQGLFDWHG VHYHUDO °
RI WKH WUDLQLQJ PRGHO FKDUDFWHULVWKPW D)EW MWL MV\Q L
6FLHQFH LV DSSOLHG WR D VLJQLILFDQWO\ KLJKHU GHJUHH

FRUUHFWHIGGTRHWEHYV WWRLOHG
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7DEOH
OHDQV RI 7UDL&KMUDIRMGHOLVWLFY Rl WKH ,QGRQHVLDQ 3UR

SURJUDPPHYV

,QWHJUL
3UDF 6FLH( VFLHQFI
SUDFW

/IRFDO F&RPSH)
VFLHQ EDVH

OHDQ
BWG 'HY

%DVH DOO UHVSRQGHQWYV
5HODWLYH WR WKHLU SDDAMWEESDRHDWVYHHDBWEHG 6FLHQFH |
DSSOLHG WR D KLJKHU GHJUHH ZKHUH DW WKH VDPH WLPH
FKDUDFWHULVWLE DV ORZHU 1R SDUWLFLSDQWY UHSRUWH
VDPH GHJUHH DV WKH 3UDFWLFH RQH

BHFRQG WKH 6FLHQFH DQG 3UDFWLFH ,QWHJUDWLRQ F
KLIJKHU GHJUHH WKDQ W KH 3WIOH WQE R FHK\DIWIDFE \§HR LV VR FH V

FRUUHFWHG7LRWYW WLHY WZR WDLOHG 5HODWLYH WR WK
WKLUWHHQ SDUWLFLSDQWY UHJDUGHG ,QWHJUDWLRQ RI WK
DSSO\LQJ WR D KLJKHU GHJUHH ZKLOH DW WKH VDPH WLPH
1RQH Rl WKH SDUWLFLSDQWY UHSRUWHG WKDW WKH FKDUD
DSSOLHG WR WKH VDPH GHJUHH DV WKH 3UDFWLFH FKDUDF

7KLUG WKH /RFDO FOLQLFDO VFLHQWLVW FKDUDFWHUL
GHJUHH WKDQ WKH 3UMFRWHL BY FERDDARHWVH ULFRUWBHFVHG IR U
WLHY¥7LHV S WZR WDLOHG 5HODWLYH WR WKHLU 3UDF
UHJDUGHG /RFDO FOLQLFDO VFLHQWLVW FKDUDFWHULVWLF
SDUWLFLSDQWY UDWHG LW DV ORZHU 2QH SDUWLFLSDQW L

FKDUDFWHULVWLF DV DSSO\LQJ WR WKH VDPH GHJUHH DV W
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JRXUWK WKH FKDUDFWHULVWLF RI 6FLHQFH DQG 3UDFV
VLIJQLILFDQWO\ KLJKHU GHJUHH WKDQ WKH &RPPSHWHQF\ FK
FRUUHFWHS7LRIYV VBLHY WW®LOHG 5HODWLYH WR WKFE
PHDQV WHQ SDUWLFLSDQWY UHJDUGHG WKH ,QWHJUDWLRQ
DSSO\LQJ WR D KLJKHU GHJUHH ZKLOH RQO\ WKUHH SDUWL
UHSRUWHG WKDW WKH FKDUDFWHULVWLFV RI 6FLHQFH DQG
DV WKH FKDUDFWHULVWLF Rl &RPSHWHQFH LQ WKHLU SURJ
/IDVWO\ WKH /RFDO &OLQLFDO 6FLHQWLVW FKDUDEWHUL
GHJUHH LQ WKH SURJUDPPHV WKDQ WKH &RPSH\WH QR F WKIsU
IRU WILHTV HV S WZR WDLOHG 5HODWLYH WR WKHLU &RF
SDUWLFLSDQWY UHJDUGHG WKLV FKDUDFWHULVWLF DV DSS
SDUWLFLSDQWY UDWHG LW DV ORZHU 7ZR SDUWLFLSDQWYV
FKDUDFWHULVWLF DSSOLHG WR WKH VDPH GHJUHH DV WKH
7KH DERYH GHVFULSWLRQ RQ WKH FRPSDULVRQ RI PHD
VKRZV WKDW WKH 3UDFWLFH FKDUDFWHULVWLF LV UDWHG E
ORZHU GHJUHH WKDQ WKRVH Rl WKH 6FLHQFH ,QWHJUDWLF
&OLQLFDO 6FLHQWLVW FKDUDFWHULVWLF )XUWKHU WKH &
D VLIQLILFDQWO\ ORZHU GHJUHH WKDQ WKRVH Rl ,QWHJUD
FOLQLFDO VFLHQWLVW
$ ODQBLWQH\ BDWHXWWKHU XWLOL]JHG WR H[DPLQH ZKH\
VLIJQLILFDQW GLIIHUHQFHV LQ WKH PHDQV Rl WUDLQLQJ PR
SXEOLF VWDWH RZQHG XQLYHUVLWLHV DQG WKRVH RI SUL

LQIRUPDWLRQWKHPHDDVORQJ PR B RORNMIYDG DIF WHHIQ WWILF VY H L
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7DEOH
OHDQV RI 7UDLQLQJ ORGHOV &KDUDFWHULVWLFV DFURVYV 'L

SURIHVVLRQDO 3V\FKRORJ\ 3BURJUDPPHYV

L QWHJI
RI VFL /RED(
DQG FOLQI &RPSHW
3UDF' 6FLH( SDFWI| VFLHC EDVHC

3XEOLOHDC

Q 6°
BULYDOHDC
Q 6°

%DVH DOO UHVSRQGHQWYV

$ ODQ®ALWQH\ IBQWHFOWHG WKDW WKH PHDQ RI HDFK WU
GLG QRW GLIIHU VLIJQLILFDQWO\ EHWZHRARQEWKH SXEOLF DQ¢

$ ODQ®LWQH\ 8 WHVW ZDV DOVR XVHG WR H[DPLQH ZKH
WKH PHDQV Rl WUDLQLQJ PRGHO FKDUDFWHULVWLFV LQ UH
XQLYHUVLW\ VWUXFWXUH 'DWD RQ WKH VWUXFWXUDO SRVL
SURJUDPPHV ZLWKLQ WKH XQRY MK\LNMVWAKDWHIPH USsDAKY SR
SURJUDPPHV LQ RQH RI WZR JURXSV XQGHU GLUHEFW PDQD.
SRVW JUDGXDWH GHSDUWPHQW DW XQLYHUVLW\ OHYHO %H
VWDWLVWLFDO DQDO\VLY DLPV WR PQODHY GV K D\G Al ¥ HVKH. RE
VWUXFWXUH DSSO\ D GLIIHUHQW GHJUHH RI WUDLQLQJ PRG
WKH XQLYHUVLW\ VWUXFWXUH" OHDQV RI WUDLQLQJ PRGHO
SURYLGHG LQ 7DEOH

$ ODQBLWQH\ IBQWHFOWHG WKDW WKHUH ZHUH QR VLJQL
WUDLQLQJ PRGHO FKDUDFWHULVWLFV EHWZHHQ SURJUDPP#

XQGHU SRVW JUDGXDWH XQLYHUVLW\ OHYHO 7DEOH
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7DEOH
ODQQKLWQH\ 8 7THVW 5HVXOWY RQ WKH 'LITHUHQFHV EHWZHH

&KDUDFWHULVWLFV DFURVYV '"LITHUHQW 8QLYHUVLW\ 6WDWX

7UDLQLC OHDQQN 6XP MIQWY 0DQQ = $V\P¢ ([DF

ORGHO "KLWC 6LJ 6LJ

&KDUDF\ 3XEC 3ULY 3XEC 3ULY 8 WDL( >
WD L
6LJ

3UDPFH E

6FLHQFF 3

LQWHJUTL 3

VFLHQF

SUDFWL

JRFDO FI e

VFLHQW

&RPSHW E

%DMV XEOLF XQLY QUYVLYDIWHN XQLYHUVLWLHV

PQ3XEOLF XQLYBIWVLYWIMVAN XQLYHUVLWLHV

E1RW FRUUHFWHG IRU WLHV

7TDEOH

OHDQVWILQLQJ ORGHOV &KDUIDHWHQWVIWIRFMIDPBRVY 3RVLW

WKBQLYHUVLW\ 6WUXFWXUH

JQWHJ IRF
RI VFI FOL(&RPSHW

B3UDF 6FLH DQG SL VFLH ED\
8QLYHUV OHEL
Q 6°
)DFXOW\ OHEL
Q 6°

%DVH DOO UMVSRQGHQWYV

7KH OD:@QWQH\ 8 WHVW FDOFXODWLRQV VKRZ WKDW VLJ
WUDLQLFKPBBHWHULVWLFY EHWZHHQ SXEOLF DQG SULYDW
EHWZHHQ GLIIHUHQW OHYHOV RI PDQDJHPHQW ZKHWKHU S
RU XQLYHUVLW\ OHYHO Rl SRVWJUDGXDWH HGXFDWLRQ ZH

UHODWLRQVKLS EHWZHHQ WKH GLIIHUBQBHW KLH) WWWDDA QY. R
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SURJUDPPHV SXEOLF RU SULYDWH RU WKH SURJUDPPHVY ¢
OHYHO RI PDQDJHPHQW

7DEOH

ODQEKLWQH\ 8 7THVW 5HVXOWYV RQ WKH 'LITHUHQFHV EHWZHF

&EKDUDFWHULVYWHEWHQOWURMAIUDPPHVY SRVLWLRQ ZLWKLQ 80Q

7TUDLQLC OHDQ UD: 6XP RI UD 0DQC $V\PS ([DF

PRGHO 8QG|I 8QGF 8QGF 8GH! :KLW( 6LJ VLJ
FKDUDF\ IDFX SRVW IDFX' SRVW 8 WDLC >
"HSW "HSW WD L
6LJ
3UDPWLI E
6FLHQFF E
LQWHJUI E
VFLHQF
SUDFWI
IRFDO F E
VFLHQV
&RPSHW E

%DWBQGHU IDFXBWEHU SRVWJUDG 'HSW
PQBQGHU IDFXBQGHU SRVWJUDG 'HSW
E1IRW FRUUHFWHG IRU WLHV
*XLGHOLQHV LQ WRH GHYHDPIREBIR BB HQW XVHG E\ WKH
,QGRQHVLDQ SGRMHIPRPPHWI®HDUQLQJ FRQWHQW LQYROYH
IURP UHOHYDQ® DVVRFLDWWEK® IRUP RI D OXWXDO 'HFUHH F
Rl WKH ODVWHUV SURIHVVLRQDO SV\FKRORJQSURJUDPPHYV
UHJDUGLQJ WKH FRUH FXUULFXOXP Rl WKH SURIHVVLR(
LQVWLWXWLRQDOQLQWHUQD@FGNRIRIRRNM TV GHFLVLRQV GH
RIILFLDO LQVWLWXWLRQDO GRFXPHQWY FRQFHUQLQJ VWDW
, VODPLF SV\FKRORJ\ EHLQJ RQH H[DPSOH LQWHUQDO DJU
LQVWLWXWLRQDO VWUDWHILR SODQV VIRDNHKFRPHEBW VUH LXHT

XVHUVIQUHTXHVWYIRUPDWLRQ RQ WKH QHHGV RI VI

DQG RWKHUV DV SHU UHOHYDQWQQIRUPDWLRQ IURP :
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/HDUQLQJ FRQWHQW DQG FRQVWOQ W IGGIDW HIGUW R HAT K H F
FRXUVHV LQ HDFK VHPHVWHU RI WKH SURJUDPPHV VKRZ WK
VHPHVWHU RU WZR \HDU FRXUVH GXUDWLRQVBI®@EVRKU RUR.

\HDU FRXUVH GXUDWLRQ 7KH ODWHVW DUUDQJHPHQW LV

UHDFKHG LQ WKH FROORTXLXP $QGLN ODWXOHVV\ SHU)
WRWDO UHYSRQWHRWYV GLG QRW VSHFLI\ WKH FRQWHQW
VHPHVWHU WKXV IRU WKHVH SURJUDPPHV OLWWOH LV NQ
FRPSOHWH WKH GHJUHH

5HIJDUGOHVYV RI WKH VWXG\ GXUDW ISRIR JWR PIRHVDUH VLF
LQ WKH DUUDQJHPHQW RI FRXUVHV ,Q WKH ILUVW \HDU RI
WR VHPHVWHU WKUHH LQ WKH SURJUDPPHV DSSO\LQJ D ILY
FRXUVHV ERWK IRU WKH VFLHQFH UHVHDUFK FRPSRQHQW D
OLVW RI WKHVH IRXQGDWLRQDO FRXUVHV DUH SUHVHQWHG
WR D PRUH DGYDQFHG OHYHO RI SUDFWLFH FRPSRQHQWV F
DQG LQWHUYHQWLRQ LV WKHQ SUHVHQWHG WR VWXGHQWYV
RI WKHRU\ DQG SUDFWLFH Rl SVI\IFKRORJLFDO DVVHVVPHQW
VSHFLDOL]DWLRQ RIIHUHG ZLWKLQ SURJUDPPHV )RU H[DPS
HGXFDWLRQDO VHWWLQJY DVVHVVPHQW RI SVI\FKRSDWKRO
LOQGXVWULDO RUJDQLVDWLRQDO VHWW L)QUW BKEH3 CLEDWWH URYDHLD
Rl WKH SURJUDPPH FRPSULVHV VXSHUYLVHG SUDFWLFH LQ
UHVHDUFK DQG WKHVLV ZULWLQJ ,QWHUQVKLS RSSRUWXOQL
IURP VHPHNWHU VHPHQWHU RU HYHQ L@ VHPHVWHU

IRU SURJUDPPHVVWREWWHBUWXG\ SHULRG $ WRWDO R

GLG QRW VSHFLI\ WKH FRXUVHVY LQ HDERWWPERNNMNAM U V
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ZKHQ WKH LQWHUQVKLS LV SURYLGHG WR VWXGHQWY 'HWD
SURYLGHG LQ WKH 7HDFKLQJ DQG /HDUQLQJ VHFWLRQ
7DEOH

/HDUQLQJ &RQWHQW 3URYLGHG (DUO\ LQ 3URJUDPPH 7KHR!

JRXQGDWLRQV RI 3UDFWLFH

6 XEMHFWYV |

4AXDOLWDWLYH UHVHDUFK PHWKRGYV
3KLORVRSK\ VXEMHFWVY 3KLORVRSK\ RI
KXPDQNLQG FRQVLGHUV WKH PHDQLQJ |
H[LVWHQFH

6WDWLVWLFV DGYDQFHG VWDWLVWLFV
SV\FKRORJ\ PXOWLYDULDWH VWDWLVWL
JRXQGDWLRQV RI SVI\IFKRORJLFDO DVVHYV
WHVW WHFKQLTXHV

3V\FKRORJLFDO DVVHVVPHQW DQG GLDJ
GLDJQRVWLFV SV\FKRORJLFDO WHVWYV
JRXQGDWLRQV RI SVIFWRRR®VYLFDO LQWH!
7KHVLV

AXDQWLWDWLYH UHVHDUFK PHWKRGYV
&RQVWUXFWLRQ DQG GHYHORSPHQW RI
LQVWUXPHQWY LQ SV\FKRORJ\ SV\FKRO
(WKLFV

3V\FKRSDWKRORJ\ RO LMBHALD® SV)\BWRA Q
5HVHDUFK PHWKRGV JHQHUDO
$GYDQFHG UHVHDUFK PHWKRGV

%DVH DOO UMVSRQGHQWYV

2QH SURJUDPPH GLITHUV V QHMNIR@\GIHGW W KO R W |
DSSOLFDWLRQ Rl FRQWHQW VHTXHQFH ZKLFK LV E\ FRQG XTI
ILUVW VHPHVWHU IROQRXHGHMXHOMWOUIQSKRYLGLQJ VFLHQF]
LQ WRHHPHVWHU DV D IRXQGDWLRQ IRU VWXGHOWVY UHVHD!
VHPHVWHU ,Q ERWK W\SHV RI DUUDQJHPHQWY WKH SULQF
IRU VFLHQFH UHVHDUFK DQG WKH SUDFWLFH FRPSRQHQW L

VXSHUYLVHG SUDFWLFH LQ WKH IRUP RI LQWHUQVKLS UH'
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'DWD RQ WKH OLVW RI IRXQGDWLRQDO FRXUVHV SV\FKI
VXEMWRW\VSURYLVLRQ RI LQWHUQVKLS DQG WKHVLV ZULWLQ
WRXDLOWVY VKRZ D KLJK GHJUHH RI VLPLODULW\ ZLWK EXUUL
+,036, DQG WKH X DBWMHH

7KH SURJUDPPHV DOVR RIIHU VRPH DGGLWLRQDO FRXU"
FRPSXOVRU\ DQG DUH GLYHUVH LQ QDWXUH EHWZHHQ SUR.
VHYHUDO SURJUDPPHV DQGHXYURGXGHKRR B JN[HEXFHDWLRQ IR
FKLOGUHQ DQG VFLHQWLILF OLWHUDWXUH DQG VWXGLHV |
DYDLODEOH IRU HDFK VSHFLDOLVDWLRQ RIIHUHG LQ WKH S

8QLTXHO\ VRPH QURJUDRPHNXGH D SUHSDUDWLRQ FOD\
FRXUVH LQ ZKLFK WHDFKLQJ DQG OHDUQLQJ DFWLYLWLHV C
FRXUVHVY WDNH SODFH EHIRUH VWXGHQWY HQWHU 6HPHVWF
LOQFOOHIHJQLQJ FRQWHQW UHODWHG WR IRXQGDWLRQDO NQ
PRGH RI DGPLQLVWUDWLRQ VFRULQJ DQG LQWHUSUHWDWL
SV\FKRORJLFDO LQWHUYHQWLRQ

6FLHQWLILF YV SUDFWLFH FRP SR @MDVRIQD WKKH FRIPS D Q L
EHWZHHQ VFLHQFH UHVHDUFK DQG SUDFWLFH FRQWHQW D
RI WKH WLPHMWEB ORMRWHRP SFRQHQWY 7DEOHU VRRD WIKIDXW HN
PDMRULW\ RI QHVSRQGHQO®WFDWHG WKDW WKH SUDFWLFH FI
OHDUQLQJ FRQWHQW LQ WKHLU SURJUDPPHV )LYH UHVSRQ
DUH UHODWLYHO\ EDODQFHG LQ WHUPV RI WKH VFLHQFH UF
UHVSRQGHQW VWDWHG WKDW KLV KHU SURJUDPPH HPSKDVL

SUDFWLFH FRPSRQHQW



,1'21(6,$1 352)(66,21$/ 36<&+2/2*< &855,&8/%
7DEOH
&RPSDULVRQ RI 6FLHQFH 5HVHDUFK DQG 3UDFWLFH &RPSRC

SURIHVVLRQDO 3V\FKR GRUIDWHRIVORQ 8W GW V

&ODVVLILFDWLF I

3UDFWLFH GR
%DODQFHG RLU

6FLQFH UHVHEL
GRPLQDQFH
727$1

%DVH DOO UHVSRQGHQWYV

-]
T
- 50 | 50 |
2 50 | 50 |
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50 | 50 |
o
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4 0 | 60 |
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BURJUDPPH FRPSRQHQW

O6FLHQFH 5HVEBBUBKWLFH

JLIXUHSFWXDO SHUFHQWDJH RI VFLHQFH UHVHDUFK DQG SU
SURIHVVLRQDO SV\FKRORJ\ SURJUDPPHYV

,QIRUPDWLRQ UHJDUGLQJ WKH DFWXDO SHUFHQWDJH ZlI
FRPSRQHQWYV LV IXUWKHU FODVVLILHG LQ WHUPV RI D GRPL

SUDFWLFH RULHQWDWLRQ DQG D UHODWLYHO\ EDODQFHG |



,1'21(6,$1 352)(66,21$%/ 36<&+2/2*< &855,&8/$

FRPSRQHQWY 7KH FULWHULRQ XVHG WR PDNH WKH FODVVL

WKH FRPSRQHQWY Rl SUDFWLFH DQG VFLHQFH UHVHDUFK ¢

D VWDQGDUG FRPSRVLWLRQ WKDW VKRZV D EDODQFHG HPS

VWXG\ D UDQJH XS WR DQG GRZQ WR LV VWLOO F
SHUFHQWDDB ERIWZWHQ WKH WZR FRPSRQHQWYV LV FRQVL

$SSO\LQJ WKLV FULWHULRQ WKH SURSRUWLRQ RI VFLHQFH

FRQPHQW Rl WKH SURJUDPPHV LV SUHVHQWHG LQ 7DEOH

7DEOH

7KH 3URSRUWLRQ RI 6FLHQFH 5H YV HDWU AWK B @ & D3JUTLRN L& R QR

SURIHVVLRQDO 3V\FKRORJ\$FURILOIPIF QW DUJMKHV'HE RQ

&ODVVLILFDWLRQ R |
SUDAWAREPLQDQFF
%DODRBHBQWDW|
6FLHQFH UHVHDU
7RWDO

% D \CH

/IHDUQLQJ FRQWHQW UHTXLUHG IRU WKH LPSOHPHQWDW

6RPH WUDLQLQJ PRGHOV UHTXLUH WKH SURYLVLRQ RI FRPS
DSSOLFDWLRQ Rl WKH PRGHO 7KH VFLHQWLVW SUDFWLWLR
H[SOLFLWO\ PHQWLRQ WKLV UHTXLUHPHQW 7KH IROORZLQJ
UHTXLUHG FRXUVH PDWHULDOV IRU ERWK WUDLQLQJ PRGHC
FRQWHQW IRU WKH VFLHQWLVW SUDFWLWLRQHU PRGHO
7KH VELHQWLVW SUDFWLWLRQHU PRGHO UHTXLUHV WKF
SV\FKRORJLFDO NQRZOHGJH WKHRULHY DQG SUDFWLFH UHC
UHTXLUHG FRQWHQW LQ ,QGRQHVLDQ SURIHVVLRQDO SV\FK
6RPH Rl WKH FRQWHQW HY JFRYGIXUHGEH HGXFDWLRQ ZKLC

GXULQJ WKH PDVWHUYV SURIHVVLRQDO SV\FKRORJ\ HGXFDV
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'DWD LQ 7DEKRZ WKDW LQ JHQHUDO DOO OHDUQLQJ FF
LPSOHPHQWDWLRQ RI WKH VFLHQWLVW SUDFWLWLRQHU PR(
SURJUDPPHV LQ ,QGRQHVLD PDQGDWRU\ FRQWHQW LWHPV
OHDVW UHVSRQGHQWV RU JRXQGDWLRQDO NQRZOHC
UHVSBWEBH LOQVAWLWXWLRQV

6XEMHFWY UHODWHG WR WKHRUHWLFEDO DQG RU EDVLF
DQG $EQRUPDO %HKDYLRXU +XPDQ 'HYHORSPHQW 5HVHDU
3V\FKRORJLFDO OHDVXUHPHQWY DQG RWKHU VXEMHEWYV UH
JHQHUDOO\ DYDLODEOH DW XQGHUJUDGXDWH OHYBO WKDW

RU ZLWK WKH ORZMVWRIUQVWDKH\HHEEHRLWUIF NQRZOHG
LMPVY DUH FRYHUHG IXUWKHU DW WKH PDVWHUTV OHYHO HYV
VWDWLVWLFV LWHP QXPEHUV DQ®GH YHHUHQD Y D LRO DIEHOHS R Q¢
SURJUDPPHV

7KH UHVSRQGHQWY LQGLFDWH WKDW VHYHUDO FRQWHC
SV\FKRORJLFDO VNLOOV DUH SURYLGHG IURP XQGHUJUDGX|
DUH SURYLWEHMVMBRQGHQWVYT LOQVWLWXWLRQV DQG 3V\FKI
&R Q V X OLVPDRMLIRK @V +RZHYHU LW M/KDSSPRURBWGYRP RV
SUDFWLFH NQRZOHGJH VXFK DV ,QWHUYHQWLRQ 3URFHGXL
DQG (YDOXDWLRQ RI 3V\FKRORJLFDO 6HUYLFH 3URFHGXUHYV

,Q DGGLWLRQ WR WKH GLGDFWLF FRQWHQW GHVFULEHC
UHTXLUHV WKDW VRPH H[SHULHQWLDO FRQWHQW EH GHOLY
RI WKH OHDUQLQJ FRQWHQW DQG LWV DYDLODELOLW\ LQ W

7TDEOH
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7TDEOH

'LVWULEXWLRQ RI 'LGDFWLF &RQWHQW 6XSSRUWLQJ WKH ,PSOHPHQWDWLRQ RI WKH 6FLHQWLVW 3UDFWLWLRQHU ORG

8QGHWIWI ODVWHUV
| |

6XEMHFW DUHDV

1IRUPDO DQG DEWVIRXRDO EH

/ILMHSDQ GHYHORSPHQW

(WKLFDO FRGH RI MFQERMLILFQAYXGERJ
5HVHDUFK GHVLJQ DQG PHWKRGRORJ\
6WDWLVWLFV

B3VI\IFKRORJLFDO PHDVXUHPHQW
,OQWHUYLHZLQJ WHFKQLTXHYV

&RQVXOWDWLRQ VNLOOV
(YLCHQ@ONHG DVVHVVPHQW SURFHGXUHYV

(YLGHDVFHG LQWHUYHQWLRQV
7UDLQLQJ
&RPPXQLFDWLRQ VNLOOV
&DVH SUREOHP FRQFHSWXDOLEDWHR @ V VR XQBHGEGW. © URAHGIQAHHY DQG WK
,QIRUPHG FRQVHQW
,DWURJHQLF LVVXHV
(WKLFDO OHJDO DQG SURIHVVLRQDO PDQGDWHV WR FRQVLGHU VFLHQW
6RFLDOL]DWLRQ LQWR WKH SURIHVVLRQDO SUDFWLFH Rl SVIFKRORJ\ H
(YDOXDWLRQ RI QHZ SURFHGXUHYV
(YDOXDWLRQ RI VHUYLFH SURJUDPPHYV
,QWHRQDRW SUDFWLFH DQG WKHRU\
7KH LPSDFW Rl WKH SHUVRQ D O SRKIFVDLAMLIRQLWW L BVS R R WHWH/ VREQ B Q W.IQWMH
7KH LPSOLFDWLRQV RI FXOWXUDO DQ IHMXKW@LELUDAWRQVFHYQG LPSRUWEL
.QRZOHGJH RI D ZLGH UDQJH RI LQGLYLGXDO GLIIHUHQFHVY H J HWKQL
(GXFDWLRQ LQ VXSHUYLVLRQ
(GXIFPQVLQ RWKHU IRUPV RI LQVWUXFWLRQ

%DVH DOO UHMVSRQGHQWYV
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7TDEOH

'LVWULEXWLRQ RI ([SHULHQWLDO &RQWHQW 6XSSRUWLQJ WKH ,PSOHPHQWDWLRQ RI WKH 6FLHQWLVW 3UDFWLWLRQH!

8 QG HWI ODVWE
([SHULHQWLD® FRQWHQW DUHD

7KHVLV

7KH VIVWHPDWLF DSSOLFDWLRQ RI NQRZOHGJH IURP VFLHQWLILF ¢
7KH VI\VWHPDMRE BISSQREDWGJH IURP VFLHQWLILF GRPDLQV LQ JUF
7KH VIVWHPDWLF DSSOLFDWLRQ RI NQRZOHGJH IURP VFLHQWLILF ¢
([SHULHQWLDO FRQWHQW LQ DVVHVVPHQW

([SHULHQWLDO FRQWHQW LQ LQWHUYHQWLRQ

([SHULHQWLDO FRQWHQW LQ FRQVXOWDWLRQ

,VVXHV Rl HWKLFDO UHVSRQVLELOLW\

,QWHQVLYH VXSHUYLVHG SUDFWLFH H[SHULHQFH

,QWHJUDWLRQ Rl WKH WZR FRPSRQHQWV RI UHVHDUFK DQG SUDFW
7KH VIVWHPDWLF FROOHFWLRQ RI LQIRUPDWLRQ LQ FDVH FRQFHSYV
7KH SURFHVV RI FULWLFDO WKLGNL®DHAISAW K HRMV LW KHHWRLIHIUW DIQ E
([SHULHQWLDO FRQWHQW LQ SUREOHP IRUPXODWLRQ

,VVXHV Rl VRFLDO UHVSRQVLELOLW\

'LUHFW VSHFLILF DFWLRQ RQ LV VKHW LUHRICDVEHR @ YWRRU B @HBIN @ QGROIDFE

,VVXHV RI OHJDO UHVSRQVLELOLW\

%DVH DOO UHVSRQGHQWYV
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7KH GDWD VKRZ WKDW WKH HQWLUH OLVW RI H[SHULHQ
LPSOHPHQWDWLRQ RI WKH VFLHQWLVWUSHWYSRWIGMIORMWHIU PR (
LOQVWLWXWLRQV WKH ORZHVW SHUFHQWDJ® RI D¥Y\D DONRL O
VKRZV WKDW PRUH WKDQ RI WKH H[SHULH Q\MLIDW®W DRIGW H (
VWDWHG WR EH DYDLOREOH E\ D®M® WHWS\RMGHQWRYLGHG P
IUHTXHQWO\ DW WKH PDVWHUTV WKDQ DW WKH XQGHUJUDG

7KH H[SHULHQWLDO FRPSRQHQW ZKLFK LQFOXGHV WKH
SURYLGLQJ GLUHFW H[SHULHQFHV FRQVLVWV RI WZR W\SH

DDQG SUDFWLFH QDXX®EBHUV YRS H\RWKR VW

UHTXLUHG FRQFRRHGIW HG HQO WEKBHSURJUDPPH FRXUVHV ZLWHk
WKBWWHUTY OHYHO

,Q DGGLWLRQ WR WKH FRQWHQW UHTXLUHPHQWYV RI WK
SUHYLRXVO\ GHVFULEHG WKH ORFDO FOLQLFDO VFLHQWLV
SDUWLFXODU OHDUQLQJ FRQWHQW 7DEOH SUHVHQWYV D
ZLWK BOQWMXH QXPEHU Rl UHVSRQGHQWY ZKR LQGLFRMHG W
SURJUDPPHV 7KH WDEOH VKRZV WKDW ILYH RI WKH VL]
DYDLODEOH E\ WKH PDMRULW\ Rl UHVSRQGHQWYV WKH ORZ*t
DQG WKHQKLJKHVW2QO\ RQH VXEMHFW M7RSLFV UHODWHG V
PDUJLQDOL]DWLRQ SRZHU DXWKRULW\Y LV LQGLFDWHG DV

UHVSRQGHQWV Q
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7DEOH
'LVWULEXWLRQ RI 5HTXLUHG 6XEMHFWYV 6XSSRUWLQJ WKH $

ORGHO

1R 6 XEMHFWYV |

$FDGHPEEHQWLILF PDWHULDOYV
$SSURSULDWH SURIHVVLRQDO D
'LVFXVVLRQ RI UHOHYDQW VRFLI
IRFDO XQLTXH HOHPHQWYV UHOH
SURIHVVLRQDO VLWXDWLRQYV
SHIOHFWLYH SURFHVV WR GHYH(
SV\FKRORJLVW

7TRSLFV UHODWHG WRZHDWXWRE

%DVH DOO UHVSRQGHQWV

7HDFKLQJ DQG OHDUQLQJ PHWKRGYV

$ YDULHW\ Rl WHDFKLQ'LPHRFWK ROG\F\WI8DQHGGLVFXVVLR
LQWHUQVKLS DUH WKH WHDFKLQJ PHWKR@V XVHG LQ DOO U
2WKHU SRSXODU WHDFKLQJ PHWKRGV XVHG LQ WKH SURJUL
VSHDNHUV DQG OHDUQLQJ WKURXJK IGBHGEDFN \&DWAHLRQV
VWXG\ REVHUYDWLRQ DQG MXHHIRQEHR® ZIQWHYV XKW K@/ ILRQ V
GHPRQVWUDW LR RQW WD RKLDLIRLQY/ ILHOGWULSY EUDLQV

VLPXODWLRQV WXWRULDOV DQG WHDOKLYHBV SDQH

UHIOHFWLRQ DQG PXOWLPHGLD WHFKQLTXHV LQ QLQH
WKDQ KDOI WKH UHVSRQGHQWVYT QURJUDPPRQ® MUFPHOHBW®
Q DQG SUHVBQWDWLRQV

5HVHDUFK FKDGBIFWBUEKWIVAJ WKH TXDQWLWDWLYH P
LQ DOO UHVSRQGHDWVY SURKXIHDRPHWI TXDOLWDWLYH UHVF

XVHG LQ UHVSRQGHQWVY LOQVWLWXWLRQYV DQG PLJ[}
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$00 UHVSRQGHQWWHSRUWHG WKDW VWXGHQWYV LQ WKt
FRQGXFWHG FDVH VWXG\ W\SH VWXGLHV )RXUWHHQ UHVSR
WKHLU SURIHVVLRQDO SURJUDPPHY KDG XQGHUWDNHQ RXW

UHSRUWHG VWXGHQWY LQ WKHLU SURJUDPPHV DV XVL

FDVH V UHVHDUEFK

&RPPHQWLQJ RQ WKH WRSLF Rl UHVHDUFK PDQDJHPHQV
WKDW WKHLU SURJUDPPHV KDG UHVHDUFK FRPPLWWHHV E>
FRRUGLQDWRU KDG EHHQ DSSRLQWHG WR PDQDJH WKH UHV
Q VWDWHG WKDW HYHU\ VWXGHQW LQ WKHLU SURJU
PDVWHUTV WKHVLVY DV RQH Rl WKH UHTXLUHPHQWYVY IRU JUD
UHVHDUFK DGYLVRUV IRU HDFK VWXGHQW

,QWHUBKNBU®FWHQUWHWORFKLS PDQDJHPHQW LV DOVR D F
,WHPV UHODWHG WR LQWHUQVKLS LQFOXGH W\SHV RI LQWH
GHFLVLRQV

3V\FKLDWULF KRVSLWDOV DQG VFKGROV DUHDRRVW IUH
LOQVWLWXWLRQV IRU LQWHUQVKLS VLWHY 7ZHOYH RI UH
FRPSOHWHG LQWHUQVKLSY DW SXEOLF KRVSLWDOV SULPD!
FRPSDQLHV 6RFLDO LQVWLWXWLBBVSRQGHDRDY Y QW H U QWK DS
SURYLGHG QHJOHFWHG FKLOGUHQ V KRPHV VSHFLDO HGXF
HOGHUO\ ZHUH QRPLQDWH Q& DVSIRVGHOPAMKLS VLWHQHEWUHVS

VWDWHG WKDW LQWHUQVKLSYV ZHUH FDUULHG RXW DW
UHKDELOLWDWLRQ DJHQFLHY DQG SULVRQV DQG HLJKW UH
LOQVWLWXWLRQV DV LQWHUQVKLS VLWHV )LQDOO\ WKH IRO
VPDOO QXPEHU Rl SURJUDPPHV KHDOWK FOLQLFV FDPSXV

VRFLDO VHUYLFHYV IRU RWKKU HIWHUQDO SV\FKRORJLFDO F
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UHKDELOLWDWLR@Q FHQWUHNQ&RVFKRROV IRUQGLVDEOHG FK

,Q®MVLDQ SURIHVVLRQDO SV\FKRORJ\ SURJUDPPHV DS
WKH SURYLVLRQ RI LQWHUQVKLS VLWHV IRWHVWRGERQWV 2|
QLQH VWDWHG WKDW WKHLU SURJUDPPHV SURY
ZKLOH DW WKH VDPH WLPH SURYLGLQJ DQ RSSRUWXQLW\ IR
UHVSRQGHQW LQ WKLV JURXS VWDWHG WKDW DOWKRXJK W
DOWHUQDWLYH LQWHUQVKLS SODFHV DOO LQWHUQVKLS VL
WKH &OLQLFDO 3V\FKRORJ\ VSHFLDOL]DWLRQ 7KH UHVW FI
WKDW WKHLU SURJUDPPH SURYLGHY DOO LQWHUQVKLS SOD
$00 UHVS®RQGHQWVDYH YDOLG DQVZHUV UHJDUGLQJ Wt
LOQWHUQVKLS VLWHV IRU HDFK VWXGHQW (OHYHQ UHVSRQG
FDQ EH GHWHUPLQHG E\ WKHLU SURJUDPPHV RU FKRVHQ E\
VWDWHG WKDW SODFHPHQWQRU E\QWKH GVURUS DK PGHNW

7KH GXUDWLRQ RI LQWHUQVKULISVSRQIHQ VDY UBBRUW KG

WR KQ XUV ZLWK WKH PDMRULW\ EHLQJ KRXUV

(YDOXDWLRQ

(YDOXDWLRQ RSIO\DWXHB\HSRO\G HQWVWDWHG WKDW WKHLU
SURJUDPPHYV DSSOLHG D WHDFKHU HYDOXDWLRQ WHFKQLTX
KLV SHIRIJUDPPH DOVR LPSOHPHQWY D SHHU DVVHVVPHQW P
SURJUDPPHV LPSOHPHQWY VWXGHQW VHOI DVVHVVPHQW PF
VWDWHG WKDW WKHLU SURJUDPPHY DOVR XVH RWKHU DVVH
LQWHUQVKLS VLWHYV

BHYHUDO PHWKRGY DUH XVHG LQ WKH DVVHVVPHQW RI

"ULWWHQ H[DPLQDWLRQ DQG WKHVLYV ZULWLQJ DUH WZR GR
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UHVSRQGHQWV®D SURJUDPBRHRWKHU ZLGHO\ XVHG DVVHVVPH(

SUDFWLFH H[DP DQG SUHVHOWSRWICRHP WMHSRUWHDY¥MH FRQIH

HVVD\ ZULWLQJ DHMSRQIBG QWYY LQVWLWXWLRQYV (OH)
UHSRUWHG WKH XVH RI RUDO H[DPV DQG VHYHQ WKH >
ILQDO SDSHU 2QH UHVSRQGHQW VWDWHG WKDW VWXG

HYDOXDWLRQ PHWKRGV LQ KLV KHU SURJUDPPH 1R UHVSRC

PHFEDVPV RWKHU WKDQ WKRVH SURYLGHG LQ WKH TXHVWLF
7TDUJHWHG DVSHFWV RI VWXGHQW DVVHVVPHQW ZLWKLC

SURJUDPPHV DUH VKRZQ LQ 7DEOH

7TDEOH

7TDUJHWHG $VSHFWV RI 6WXGHQW $VVHVVPHQW LQ WKH 3UR

$VSHFWV RI DVVHVVPHQW I

3V\FKRORJLFDO SUDFWLFH NQRZ(
3V\FKRORJLFDO SUDFWLFH VNLOC
3URIHVVLRQDO DWWLWXGHV LQH
RI FRQGXFW
7KHRUHWLFDO NQRZOHGJH RI SV)\
5HVHDUFK VNLOO
$FDGHPLF ZULWLQJ VNLOO
3HUVRQDOLW\ FKDUDFWHULVWLF'
2WKHUV

3UHVHQWDWLRQ VNLOOV DQG
%DVH DOO UHVSRQGHQWYV

7KH VXUYH\ DOVR DLPHG WR SURYLGH LQIRUPDWLRQ RC
DQG QRQ SUDFWLFH FRPSRQHQWY LQ WKH HYDOXDWLRQ RI
ZHLJKWLQJ Rl WKH VWXGHQW HYDOXDWLRQ DVSHFWV LQ Wt
FRPSRQIBGWWFWLFH FRPSRQHQW FRQVLVWLQJ RI SUDFWLFF
SHUVRQDOLW)\ FKDE DRQHIULD MLENH FREBSRQHQW WKDW LQF«
SV\FKRORJLFDO WKHRU\ DQG SUDFWLFH DQG ODVWHUV NQF

FRQGXFW UHVHDUFK DQG WR ZULWH DFDGHPLF SDSHUV LQ



,1'21(6,$1 352)(66,21$%/ 36<&+2/2*< &855,&8/$

UHVSRQGHQWYV JDYH LQIRUPDWLRQ UHJDUGLQJ WKH
FRPSRQHQWY LQ WKH HYDOXDMPRQLRHV WKFHHG@MWWD 7DEOH
7DEOH
3HUFHQWDJH :HLJKWLQJ RI 3UDFWLFH DQG 1RQ 3UDFWLFH &

3URJUDPPH 6WXGHQW (YDOXDWLRQ

3UDFWLFH FI = 1IRGUDFWLFH | &3
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%DWVH UHVSRQGHQWYV RXW RI D WRWDO RI UHVSRC
$ FRRYR® LV FRQVLGHUHG D VWDQGDUG UHIOHFWL

ERWK WKH SUDFWLFH DQG QRQ SUDFWLFH FRPSRQHQWYV LQ
Rl PRUH WKDQ LV FRQVLGHUHG PHDQLQJIXO $SSO\LQJ Wi
UHJDUGLQJ WKH DFWXDO SHUFHQWDJH IRU ERWK FRPSRQHC

FODVVLILFDWLRQV EDODQFHG SURSRUWLRQ QRQ SUDFWLF
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'DWD IURP 7TDEREV WKDW WKH PDM@®RULW)\ RIDSISWVS RQ G H (
UHODWLYHO\ EDODQFHG RULHQWDWLRQ LQ WKHLU IRFXV RC
DVVHVVLQJ VWXGHQWYV
7DEOH
&ODVVLILFDWLRQ Rl WKH 3URSRUWLRQV EHWZHHQ 3UDFWLF

(YDOXDWLRQ RI 6WXGHQWYV LQ ,QGRQHVLDQ 3URIHVVLRQDO

"HLIKW &ODVVL |

%DODQFHG RUL

IR@UDFWLFH H

SUDFWLFH HPSEK

7TRWDO

% D MH RXW RI D WRWDO RI UHVSRQGHQWYV

3URJUDPPH HYZD OXDN WNIRWBSEQGHQWWWDWHG WKDW WK
SURJUDPPHV XWLOL]JH D VSHFLILF SURJUDPPH HYDOXDWLRC
WKDW WKH\ GR QRW 7KH DFFUHGLWDWLRQ PHFKDQLVP LPS
SURJUDPPH HYDOXDWLRQ DSSOLHG LQ WKHVH SURJUDPPHV
7ZHOYH UHVSRQGHQWY SURYLGHG GDWD RQ WKH WHFK
SURJUDPPH HYDOXDWLRQ DV IRQORZV HYCODODOCDMLIRRYD EB\V W
JUDGXDWHY DQG D VSHFLILFDOO\ DSSRLQWHG XQLW >H J |
JB X S@ IRU HDFK HYDOXDWLRQ E\ OHFWXUHUV DQG J
DQG ODVWO\ HYDOXDWLRQ E\ ILHQG VXSHUYLVRUYV
3URJUDPPH HYDOXDWLRQ PHWKRGV FRPSUIQVH RQOLQH
YLVLWDWLRQ DQG GLUHFW DVVHVVPHQW ZKHQ HYDOX!

X Q IQW GLUHFW GHOLYHU\QRI TXHVINQB Q@DRUFBPO HYDO)
WHFKQLTXHV XWLOQ]LQJ VRFQDIGBHWILRQ RQH UHVSRQGHQ

TXHVWLRQQDLUH WHFKQLTXHV IRFXVHG JURXS GLVFXVVLR
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PRQLWRULQJ DQG JDWKHULQJ LQSXW UHODWHG WR WKH WH
SURJUDPPH
7KH WLPH IRU LPSOHPHQWDWLRQ Rl WKH SURJUDPPH H
JRU UHVSRQGHQWY DSSO\LQJ SURJUDPPH @YDOXDWILKRQ XWI
HYDOXDWLRQ LV FRQGXFWHG HYHU\ VLRPRQWK\R UDWZWKH H
SHU DEDGHPLF \HDU DWQ QRQ VSHFHIUHBDWDRKYJ UHVSRQG
JURXS GLG QRW PHQWLRQ WKH SHULRG RI VWXGHQW
DSSO\LQJ SURJUDPPH HYDOXDWLRQ XWLOL]LQJIPIRQHMBEEDEN ||
LQGLFDWHG LW LV SHUIRUPHG DW WKH WLPH RI JUDG)
VWDWHG WKDW WKHLU SURJUDPPH HYDOXDWLRQ WDNH'
VWDWHG WKDW SURJUDPPH HYDOXDWLRQ LV FRQGXFWFE

SHVSRQGHQWY ZKRVH SURJUDPPH HYDOXDWIKRQ LV SHUIRUI

PRQW VWDWH WKDW WKH HYDOXDWLRQ LV FRQGXHF
UHVSRQGHQW VWDWHG WKH HYDOXDWLRQ LV FRQGXFW|
UHVSRQGHQW GLG QRW VSHFLI\ DQ HYDOXDWLRQ WLPH

IHHGEDFN IURP WKHLU OHPWKOHJHYBOXDWLRQ LV FRQGXFWH:
DFDGHPL® \HDU RU DW DQ HYDOXDWLRQ PHHWLQJ WKDW FD
,Q WKH FDVH RI UHVSRQGHQMOL AK RWHHG E DR NUIDJFRFPH YU D G
HYDOXDWLRQ LV SHUIRUPHRBURKYHHUD WEKUHH \HD UV
)LQDOO\ IRU WKRVH SURJUDPPHV WKDW RGEBFXVWRI L
HYDOXDWLRQ LV FRQGXFWHG RQFH D \HDU
7DUJHWHG DVSHFWV LQ SHUIRUPLQJ SURJUDPPH HYDO X
7KBDWDWKBW PRQLWRULQJ RQ WKH FRQGXFW RI DFDGHPLF

RI HYDOXDWLRQ LQ DOO UHVSRQGHQWVY LQVWLWXWLRQV |
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PHWKRGY DQG DFDGHPLF VWDII SHUIRUPDQFH DV WKH WRS
HYDOXDWLRQ

7DEOH

7TDUJHWHG $VSHFWV LQ 3URIHVVLRQDO 3V\FKRORJ\ 3URJUD/|

(YDOXDWERQY $VSH |
$FDGHPLF DFWLYLWLHV
&XUULFXOXP FRQWHQW
7HDFKLQJ DQG OHDUQLQJ PHW
$FDGHPLF VWDII
$FDGHPLF IDFLOLWLHYV
6XSSRUWLQJ IDFLOLWLHYV
3URJUDPPH DLPV DQG REMHFV
SHOHYDQFH EHW ZHMQ SBIWRL KD
DLPV
$GPLQLVWUDWLRQ V\WVWHP
2XWFRPHV
6FLHBBBFWLFH LQWHJUDWLRC
1IR@FDGHPLF VWDI|
3URJUDPPH HIIHFWLYHQHVV L
VWDWHG HGXFDWLRQDO PRC
3URJUDPRHERPMRQ LQ GHYHO
NQRZOHGJH DQG VNLOOV

2WKHU
/IHDUQLQJ SURFHVYVY HYDOXD'
% D MH RXW RI D WRWDO RI UHVSRQGHQWYV

&RQFOXVLRQ

7KLV FKDSWHU LV WKH ILUVW UHVXOWV FKDSWHU RI WK
VWXG\ DQG SURYLGHV UHVXOWYV IURP WKH XVH RI TXDQWL\
FROQFGX®RULSWLRQV RQ VWUXFWXUDO IHDWXUHV DQG FXUL
SURIHVVLRQDO SV\FKRORJ\ SURJUDPPHYV

BWUXFWXUDOO\ WKH ,QGRQHVLDQ SURIHVVLRQDO SV\F
SURJUDPPHV ODUJHO\ PDQDJHG E\ SULYDWH XQLYHUVLWLH"
VWUXFWXUH RI SXEOLF XQLYHUVLWLHV 7KH PDMRRILW\ RI S

SVI\FKRORJ\ ZLWK D VPDOO QXPEHU XQGHU XQLYHUVLW\ OH
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VSHFLDOL]DWLRQ RIIHUHG LQ WKHVH SURJUDPPHV FRPSULYV
LQGXVWULDO RUJDQLVDWLRQDO SV\FKRORJ\ (DFK SURJUDF
VSHFLDOL]DWLRQV EXW DOO SURJUDPPHV RIIHU FOLQLFDO
DGGLWLRQDO GLVWLQFWLYH DUHDV RI VSHFLDOL]DWLRQ LG
SV\FKRORJ\

7KH SURJUDPPHV VHW VHYHUDO DFDGHPXE HGV X L WHRH ¢
IROORZLQJ FULWHULD EHLQJ PRVW GRPLQDQW SRVVHVVLR
SV\FKRORJ\ ZLWK D FHUWDLQ PLQLPXP *3$ VFRUH DQ DFDG
PLQLPXP UHTXLUHPHQWY DQG DQ (QUMHWX SWKRI LPALQHLGPRAPW
FULWHULD $PRQJ QRQ DFDGHPLF UHTXLUHPHQWYVY PRVW SL
DFDGHPLF UHFRPPHQGDWLRQV DQG UHTXLUH D IRUPDO OHYV
KHDOWK RI DSSOLFDQW %RWK DFDGH P IDF DIGH RVIK-H D' R § IR FRM W\
RWKHU LQGLFDWRUV UHODWHG PDLQO\ WR FDQGLGDWHTV
IRU HQWU\ VHOHFWLRQ PRVWO\ ZLWK DSSUR[LPDWHO\ HTX]

'DWD RQ WKH QXPEHU Rl VWXGHQWY DSSO\LQJ IRU WKH
UHODWLYHO\ VWDEOH SDWWHUQ WKHUH ZDV D VOLJKW LQF
WKH SURJUDPPHV IURP LQ W R LQ DQ LQFUHD
GHFUHDVH RI DSSOLFDQWYV IURP W R IURP W R
SURJUDPPH DGPLVVLRQ UDWH IRU WKHVH WKUHH UHJLVWUL
WKDQ RI DSSOLFDQWY VXFFHVVIXO LQ WKHLU DSSOLFDW
YDULDWLRQ LQ WKH DGPLVVLRQ UDWHV Rl WKH ,QGRQHVLD
FRPSHWLWLYH VHOHFWLRQ SURFHVVHY DQG WKXV KDYH D Y
WKDW LV DERXW RI DSSOLFDQWY DUH ILQDOO\ DFFHSW|
OHQLHQW VHOHFWLRQ SURFHGXUHV PRUH WKDQ RI DSS(

HYHQ KDV D DGPLVVLRQ UDWH
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7KH QXPEHU RI OHFWXUHUV LQ WKH SURJUDPPHV YDUL}
SURJUDPPHV KDYH IHZHU WKDQ OHFWXUHUV /HFWXUHUV!
PRVWO\ DW WKH PDVWHUV OHYHO IROORZHG E\ GRFWRUDO
SURJUDPPHV HPSOR\LQJ D VPDOO QXPEHU Rl OHFWXUHUV Z
E\ D SURIHVVLRQDO FHUWLILFDWH DV WKHLU KLJKHVW HG X|
VWXGHQWY SHU OHFWXUHU LQ WKH SURJUDPPHV LV +RZ
RI WKH QXPEHU Rl OHFWXUHUV ZLWK GRFWRUDO TXDOLILFD
JRYHUQPHQW IRU OHFWXUHUV LQ DOO PDVWHUVY OHYHO SUTF
FKDUJH RIVWBXWRQWY D VRPHZKDW KLJK UDWLR FRQVLGHU
VXSHUYLVLRQ DV RQH Rl WKH GLVWLQFW FKDUDFWHULVWLF
UHVXOWV RI WKLV VWXG\ DOVR VKRZ WKDW LQ VRPH SURJU
KLJRQH OHFWXUHU PD\ PDQDJH WR VWXGHQWYV

/IHFWXUHU DFWLYLWLHYV LQ WKH ,QGRQHVLDQ SURJUDPF
XS WR RI WRWDO ZRUNLQJ KRXUV SHU ZHHN ZKLFK LV D!
Rl WKH WRS WKUHH DFWLYLWLHV RI OHFWXUHUV DUH VXSHI
DFWLYLWLHV ZKLFK KDYH D WLPH DOORFDWLRQ RI XS WR
$FWLYLWLHYV DLPLQJ WR LQWHJUDWH WKH SV\FKRORJLFDO
HYLGHQFH RI DGKHUHQFH WR WKH VFLHQWLVW SUDFWLWLR
SHUIRUPHG E\ OHFWXUHUV PRVWO\ WKURXJK DWWHQGLQJ F
FDVHV IROORZHG E\ WKH XVH Rl HYLGHQFH EDVHG DVVHVV
SURIHVVLRQDO SURJUDPPHV PRVWO\ PHHW WKH ,QGRQHVLE
GLVVHPLQDWLRQ Rl UHVHDUFK DQG SUDFWLFH DFWLYLWLH\
FRQGXFWLQJ GLVFXVVLRQ RU FRQVXOWDWLRQ ZLWK RWKHL

6LQFH WKH FRPSOHWLRQ Rl WKH GDWD FROOHFWLRQ St

WRWDO RI SVI\FKRORJLVWY KDYH JUDGXDWHG IURP SURI
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,QGRQHVLD QRWH WKLV LV EDVHG RQ WKH GDWD REWDLQF
SURJUDPPHV LQ ,QGRQHVLD RU RI SURJUDPPHV LQ WRW
SURJUDPPH YDULHYV JUHDWO\ IURP D WRWDO QXPEHU RI DC
RI 7KH DYHUDJH SURJUDPPH FRPSOHWLRQ WLPH RI SUR
JUDGXDWLRQ DQG LV PRQWKY FRPSDUHG Z
DW PRQWKYV PLQLPXP DQG PRQWKYV PD[LPXP 6WXGHQW\
LQFUHDVHG IURP W R IURP PRQWKV WR PRQW|
PRQWKVYV LQ WKH JUDGXDWLRQ \HDU ,QIRUPDWLRQ RQ Jl
JUDGXDWLRQ \HDUV LV PLQLPDO HVSHFLDOO\ IRU WKH PRV
JUDGXDWHV LQ GHULYHG IURP VHYHQ UHVSRQGHQWYV Z|
UHODWHG LQIRUPDWLRQ IRU WKH DQG JUDGXDWLRQ
IURP D VPDOO SHUFHQWDJH RI UHVSRQGHQWVY GDWD RQ JL
JUDGXDWHV REWDLQ MREV ®W\EQRBXRWYMNO RRIJORZN G VELRK
HGXFDWLRQDO ILHOG DQG KRVSLWDOV 7KH UHVSRQGHQWYV
PRVW RI WKHLU JUDGXDWHYV DU HSVQF WKG RO ®QGNDEDGH RIUR
DQG SULYDWH SUDFWLFH

1R VLIJQLILEFDQW GLIIHUHQFHV ZHUH IRXQG LQ DGPLVVL
SHU OHFWXUHU DQG VWXG\ WLPH DYHUDJH RI VWXGHQWYV L
RI XQLYHUVLW\ VWDWXV SXEOLF YV SULYDWH RU GLIIHUHC
XQGHU IDEXOW\ RI SV\FKRORJ\ YV XQGHU XQLYHUVLW\TV S

,Q JHQHUDO WKH SURJUDPPHVY KDYH VWDQGDUG IDFLO|
SV\FKRORJLFDO DVVHVYVPHDER WDRRAN. HYVDEKR OBWHUQHW FI
VXSSRUWLQJ IDFLOLWLHY FRPSULVLQJ PRVWO\ FDQWHHQ S

FOLQLFV
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$ VXPPDU\ RI WKH TXDQWLWDWLYH VWXG\ UHVXOWV RQ
SURIHVVLRQDO SV\FKRORJ\ SURJUDPPH FXUULEXOD DUH SU
REMHFWLYHV OHDUQLQJ FRQWHQW LQFOXGLQJ GHVFULSW
DQG OHDUQLQJ PHWKRGY DQG HYDOXDWLRQ SURFHVV

7KH DLPV DQG REMHFWLYHV Rl WKHMSURYURIPRHAR B DM R/
JRDOV DV IROORZV SURGXFLQJ SV\FKRORJLVWV ZLWK D VH
LQVWLWXWLRQDO JRDOV 7KH H[SOLFLWO\ FLWHG FKDUDEW
SV\FKRORJLVW DV DREXORBN LIFUSV\FKRORJLVW VNLOOV IRU |
PRVW IUHTXHQWO\ VWDWHG E\ UHVSRQGHQWYVY SV\FKRORJL
UHVHDUFK LQFOXGLQJ SXEOLFDWLRQ RI UEVIROUVAK VDRG K
IRXQGDWLRQDO N@YRZBOMELIH SVHPIORHRGILEDO WKHRULHYV DQC
SV\FKRORJLFDO DVVHVVPHQMUMNJ® LLHGHDW MWQ W XSGV BRIG R
SV\IFKRORJLVWY WKRVH PRVW RIWHQ PHQWLRQHG EHLQJ S
VRFLDO QHHGYV

,QVWLWXWLRQDO REMHFWLYHV RI WKH ,QGRQHVLDQ SU
GHWHUPLQHG WKURXJK WKH UHVHDUFK RI WKLV VWXG\ DU}
UHVSRQGHQWY PHQWLRQHG V\VWHPDWLFDOO\ DSSO\LQJ D
WKH TXDOLW\ RI WKH OHDUQLQJ SURFHVV UHVHDUFK LPSC
GHOLYHULQJ FRPPXQLW\ VHUYLFHV DQG PDQDJLQJ SV\FKRO
REMHFWLYHV WKH LQVWLWXWLRQ V LQWHUQDO SROLFLHV |
UHJXODWLRQV RI UHOHYDQW SURIHVVLRQDO DVVRFLDWLRQ

7UDLQLQJ PRGHO V DUH D KRWO\ GHEDWHG WRSLF LQ
IRU SURVSHFWLYH SV\FKRORJLVWVY DQG DUH WKHUHIRUH R
WKDW WKH VEFLHQWLVW SUDFWLWLRQHU PRGHO LV DSSOLHC

DOLJQHG ZLWK WKH SULQFLSOHV RI WKH VFLHQWLVW SUDF
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VFLHQFH UHVHDUFK DQG SUDFWLFH FRPSRQHQWY DUH HTXE
XVH RI WKH VFLHQWLVW SUDFWLWLRQHU PRGHO VKRXOG DC
DSSOLFDWLRQ RI DFWLYH LQWHJUDWLRQ EHWZHHQ VFLHQF
SVIFKRORJLVWY 7KLUGO\ WXW® UDSS/OLWDRQRQ RR GHOH KIFL H
FRQVHTXHQFH RQ WKH H[SHFWHG QDWXUH Rl OHDUQLQJ FR
FRPSRQHQWY VKRXOG EH HTXDOO\ LQFRUSRUDWHG LQ WKH

8WLOL]LQJ WKH 7UDLQLQJ ORGHO 6FDOH H[SORUDWRU\
LQ WKH ,QGRQHVLDQ SURJUDPPHV VKRZV WKDW WKH ILUVW
D VLIQLILFDQW PHDQ GLIIHUHQFH LV IRXQG EHWZHHQ WKH
FKDUDFWHULVWLEV WKH IRUPHUWKHLE® W R 8 SGO0L\W & HUR DKKILY
DVVXPSWLRQ UHJDUGLQJ HYLGHQFH RI LQWHJUDWLRQ DFWI
DSSOLFDWLRQ RI WKH 7UDLQLQJ ORGHO 6FDOH ZKLFK VKRZ
H,QWHJUDWLRQ EHWZHHQ 6FLHQFH DQG 3UDFWLFH® FKDUDF
IDFW WR D VLJQLILEFDQWO\ KLJKHU GHJUHH WKDQ WKH 3UD

AXDQWLWDWLYH UHVXOWY RQ WKH QDWXUH RI OHDUQL
PRVW UHVSRQGHQWY SHUFHLYH WKDW WKHLU WHDFKLQJ PLC
RYHU VFLHQFH UHVHDUFK )XUWKHU H[SORUDWLRQ RQ VXEN
UHSRUWY RQ WKH SHUFHQWDJH Rl FRQWHQW IRU HDFK VFLI
PRVW SURJUERPHO®DADALILHG DV KDYLQJ D SUDFWLFH GRPLQ
DVVXPSWLRQ UHJDUGLQJ D EDODQFHG SURSRUWLRQ EHWZH
FRQILUPHG ZLWKLQ WKH ,QGRQHVLDQ FRQWH[W

1R VLIJQLILFDQW GLIIHUHQFHV ZHUH IRXQG UHODWHG W
EHWZHHQ SXEOLF DQG SULYDWH XQLYHUVLWLHY DQG EHWZ

SURJUDPPHY DUH PDQDJHG XQGHU WKH IDFXOW\ RU XQLYHL
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2Q PRVW SURJUDPPHV WKH VXEMHEW PDWWHU LV GLVV
PRQWKY )RXU SURJUDPPHV LPSRVH D PLQLPXP VWXG\ SHUL
2YHUDOO WKH RUGHU RI FRXUVHV LV VLPLODU DPRQJ WKH)
DSSOLHG EDVLF FRXUVHV RQ SV\FKRORJLFDO SUDFWLFH D!
H[SHULHQFHV DQG EDVLF FRXUVHV RQ SV\FKRORJLFDO WKH
SULRU WR UHVHDUFK DQG WKHVLV ZUBWR@LQHBKHQHUDO V
SURJUDPPHV DUH LQ DFFRUGDQFH ZLWK FXUULFXOXP UHJX(
UDQJLQJ IURP WR FUHGLW XQLWYV

JRXQGDWLRQDO NQRZOHGJH SURYLGHG LQ WKH ILUVW \
SUDFWLFH DQG VFLHQFH UHVHDUFK FRPSRQHQWY )RXQGDYV
LQFOXGHV IRXQGDWLRQV Rl SVI\IFKRORJLEDO DVVHVVPHQW
LOWHUYHQWLRQV HWKLFV DQG SV\FKRSDWKRORJ\ )RXQGE
VFLHQFH UHVHDUFK LQFOXGHVY VWDWLVWLEV TXDQWLWDWL
UHVHDUFK PHWKRGY DQG FRQVWUXFWLRQ DQG GHYHORSP¢
WKH SURYLVLRQ RI WKHVH EDVLF FRQWHQW WKH ,QGRQHVI
FRQWHQW FRQVLVWLQJ RI VXEMHFW PDWWHUV UHODWHG W
LOQWHUYHQWLRQV ([DPSOHV RI DGYDQFHG SV\FKRORJLFDO
LQWHUYLHZ SHUVRQDOLW\ DVVHVVPHQWY DQG PRUH VSHF
‘HFKVOHU ,QWHOOLJHQFH 7HVW IRU &KLOGUHQ $GYDQFHG
FRXQVHOOLQJ DQG LOQWHUYHQWLRQ UHODWHG VXEMHEWYV L
RIIHUHG VSHFLDOL]DWLRQ HJ SV\FKRORJLFDO LQWHUYHC
GHYHORSPHQW GHVLJQV DV ZHOO DV PRUH VSHFLILF SV\F
WKHUDS\ DQG DUW WKHUDS\ 2WKHU DGGLWLRQDO FRQWHZC
VFLHQFH UHVHDUFK FRPSRQHQWY DUH DOVR SURYLGHG E\ \

DQG FRYHU VRPH WRSLF VXFK DV QHXURSV\FKRORJ\ HGXF
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LQGXVWULDO UHODWLRQV LQGLJHQRXV SV\FKRORJ\ DQG U
SURJUDPPH LQWHUQVKLS DQG UHVHDUFK LQFOXGLQJ WKH
H[SHULHQFHV SURYLGHG LQ WKHVH SURIHVVLRQDO SURJUD
/HDUQLQJ PHWKRGV XVHG LQ WKH ,QGRQHVLDQ SURIHV
EHWZHHQ FRPELQHG WHDF KW BDIFHQWHFMGX B HVUK RIEBHP RQ F MW/ UL
H[SHUW SDQHOV DQG VWXGHQW FHQWUHG PHIWKWESH\GRYF.
UHVHDUFK XQGHUWDNHQ E\ VWXGHQWY DOVR YDU\ ERWK L
TXDQWLWDWLYH TXDOLWDWLYH RU PL[HG PHWKRGYV UHVHLE
DV ZHOO DV UHVHDUFK WRSLFVRXWG® RP®JIUHRR DADPKH WRV WKL
VWXGLHV RI D SV\FKRORJLFDO FDVH $00 WKH SURJUDPPH
VWXGHQW DOWKRXJK RQO\ D IHZ KDYH UHVHDUFK FRPPLWYV
FRRUGLQDWRU WR PDQDJH VWXGHQW UHVHDUFK DEWLYLWL
LPSRUWDQW OHDUQLQJ PHWKRGYV LQ SURIHVVLRQDO SV\FKF
,QGRQHVLDQ SURJUDPPHV 7KH LQWHUQVKLS SHULRG UDQJI
PDMRULW\ RI UHVSRQGHQWY FRPSOHWLQJ D KRXU LQWH !
IRU VWXGHQWY PRVW FRPPRQO\ FRPSULVH PHQWDO KRVSLYV
IDFW WKDW FOLQLFDO SV\FKRORJ\ LV RIIHUHG E\ DOO ,QGR
SV\IFKRORJ\ E\ PRVW 6HOHFWLRQ RI WKH LQWHUQVKLS VLW
SURJUDPPH VWDII DQG VWXGHQWY 7KH GHWHUPLQDWLRQ R
E\ VWXGHQW DQG SURJUDPPH VWDIl ZLWK WKH VWXGHQW T
HYLGHQFH WKDW IRXU SURJUDPPHV SURYLGH DQG GHFLGH
BWXGHQW HYDOXDWLRQ LV FDUULHG RXW E\ WKH SURJL
YDULRXV PHWKRGV PRVW RI ZKLFK LQYROYH WKH XVH RI W
ZULWLQJ DQG SUHVHQWDWLRQV $VSHFWV FRYHUHG LQ WKHI

RI NQRZOHGJH UHODWHG WR SV\FKRORJLFDO WKHRULHV DQ
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DWWLWXGHYV DUH DOVR D WDUJHW RI DVVHVVPHQW LQ DOO
SURJUDPPHV DVVHVV UHVHDUFK VNLOOV DQG WKH DFDGHPL
UHODWLYHO\ FRPSDUDEOH HPSKDVLY EHWZHHQ SUDFWLFH |
HYDOXDWLRQ LQ WKH ,QGRQHVLDQ SURJUDPPHYV

ORVW SURJUDPPHV FRQGXFW VHOI HYDOXDWLRQ LQ WH
SURIHVVLRQDO SV\FKRORJ\ HGXFDWLRQ 7KH PDLQ REMHEW
WKH LPSOHPHQWDWLRQ RI DFDGHPLF DEWLYLWLHV WKH FX
WHDFKXRWBULDOV DV ZHOO DV WHDFKLQJ DQG OHDUQLQJ Pt
SHUIRUPDQFH 3URJUDPPH HYDOXDWLRQ PHWKRGV YDU\ FR
VWXGHQW DQG JUDGXDWH HYDOXDWLRQ DQG HYDOXDWLRQ
XQLYHUVLW\ RU IDFXOW\ 7KH IUHTXHQF\ Rl SURJUDPPH HY]I
EH XQGHUWDNHQ RQFH HYHU\ VL[ PRQWKY HYHU\ VHPHVWH
DQQXDOO\ RU LQ FRQFRUGDQFH ZLWK WKH JUDGXDWLRQ S|
LISOHPHQWDWLRQ YDULHV GHSHQGLQJ RQ WKH HYDOXDWLR

7KLV FKDSWHU KDV SUHVHQWHG UHVHDUFK UHVXOWV X
UHVHDUFK KDV JHQHUDWHG D FRPSUHKHQVLYH SLEWXUH RI
FKDUDFWHULVWLEV RI WKH ,QGRQHVLDQ SURIHVVLRQDO SV

GHVFULEHG UHVXOWY REWDLQHG IURP WKH XVH RI TXDOLW
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&KDSWEKDUDFWHULVWLFV Rl ,QGRQHVLDQ 3URIHVVLRC
&XUULFXOD )LQGLQJV IURP WKH &DVH 6WXG
7KLV FKDSWHU GHVFULEHV DQVZHUV WR UHVHDUFK
TXDOLWDWLYH UHVHDUFK PHWKRGV 7ZR W\SHV RI GDWEC
DSSURDFK LQWHUYLHZV DQG SURJUDPPH FXUULEXOD C
DUH SUHVHRWEGIBZHE\EW UHVXOWY Rl GREFXPHQW DQDO\VL
RI ERWK DQDO\VHV VRPH VLJQLILFDQW SRLQWYV HPHUJHC

FRQFOXVLRQV

,(QWHUYLHZYV

SHVSRQGHQWVY FKDUDFWHULVWLFV

(LJKWHHQ SURJUDPPH GLUHFWRUV SDUWLFLSDWHG |
WRWDOURIHVVLRQDO SV\FKRORJ\ SURJUDPPH GLUHFWRU
UHVSRQVH UDWH '"HPRJUDSKLF SURILOHV RI UHVS
SURJUDPPHV ZHUHZBIVHR GG R DW DQG IRXU ZHUH PD

DQG UHVSRQGHQWVY LOQVWLWXWLRQV ZHUH SULYDWH

5HVXOWYV

7KURXJK WKH XVH Rl WKHPDWLF DQDO\VLV VL[ RYHL
UHODWLRQ WR WKH FKDUDFWHULVWLFV Rl WKH ,QGRQHV
FXUULBXOXXM ULFXOXP GH YSHORISIHGEM OHBVQLQJ FRQWHQ)
WHDFKLQJ DQG O HH UKY. DO XFTHWSRBRIDQB8PH DUUDQJHPHQ)
WKHPH FRQWDLQHG VXE WKHPHV DQG VHYHUDO VXE WK

FRGHVY RUJDQL]J]HG ZLWKLQ VSHFLILF FDWHJRUL]DWLRQV
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