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&RYHU '"HVLJQ &KDOPRBNFEQROHRIN LW\
3URFHHRIM)KMYQWHUQDWLRQDO &',2 &RQIHUHQFH -XE@PERXUQH $
3XEOLVKHG E\ &KD O PRITHFEQROHRUV LW\

&RS\ULJKW

,6%1 BRRN ,6%1

'LVWULEXWLRQ ZZZ FGLR RUJ

&',2 ,QLWLDWLYH

URFHHGLQJV RI WKH  QWHUQDWLRQDO &',2 &RQIHUHQFH ,661
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7KH VW &',2 ,QWHUQDWLRQDO &RQIHUHQFH WRRN SODFH LQ OH
KRVWHG E\ ORQDVK 8QLRKHYUMLQWHHW )DBX O W\

2XU FRQIHUHQFH WKHPH )JRUJLQJ &RQQHFWLRQV B6\QHUJLHV IR
ERWK DVSLUDWLRQ DQG UHDOLW\ 7KURXJKRXW WKH ZHHN PHDC
LQVWLWXWLRQV GLVFLSOLQHV DQG FDUHR LLGHWDDIHNVQ FIOHG U@
FKDOOHQJHV WR HVWDEOLVKHG WKLQNLQJ RGHPLR/QNRFPDVDH & \W K |

7KH FRQIHUHQFH SURJUDP ZDV GHOLEHUDWHQRHGWRUJQLHG WR
7UDYHO\DQYVY NH\QRWH FKDOOHQJHG XV WR H[DPLQH &',21V LQ
FDSWXUH ZKDW HQJLQHHUV GR LQ SUDFWLFH O0RGHGXMWUOFOL
H[SHULHQFH WR FRQYHUVDWLRQV DERXW EULGJLQJ WKH JDS E
LQGXVWU\ QHHGV 2XU2GWWOHDRWDEBREQHBGHOLQD 3RUULWW 'DYLC
(VWKHOYISWRYLGHG YDOXDEOH SHUVSHFWLY HI\Q RHNMMKHIIUQ B G XF
XV WKDW VWXGHQWY DUH HVVHQWLDO SDUWQHUV LQ HGXFDWLR(

7KH &',2 $FDGHP\ H[HPSOLILHG WKH IUDPHZRUN LQ DFWLRQ ¢
6LQJDSRUH FROODERUDWHG RQ FDUERQ FDSWXUH PRGXOH GHVL]J
6WXGLRY DQG SUHVHQWLQJ WR LOQWHRQ@DWRROQDE RBIHEHMHMVNRW B 8 S
OHDUQLQJ UHPDLQV FHQWUDO WR &',21V YDOXHV

7KLV \HDUYV FRQIHUHQFH GUHZ SDUWLFLSDQWYV IURP HGXFDWI

VSDQQLQJ DOO FRQWLQHQWV ZLWK UHJLVWHUHG SDUWL
PDLQWDLQHG KLJK VFKRODUO\ VWOW KB U@W HULGIXW L FPHPE BUN2 F
ILOLQJ DURXQG UHYLHZ UHSRUWYV

7KHVH SURFHHGLQJ)XG® GWBSHQV LQ WKH $GYDQFHV LQ &',2 W
,PSOHPHQWDWLRQ DQG LQ (QJLQHHULQJ (GXFDWLRQ 5HVHDUF
DXWKRUV [URP FRXQWULHV UHSUHVHQWLQJ ,QVWLWXWLR
3URJUHVV FRYWIHENWIRHVHQWRIWKERW BWRAMHHGLQJY DORQ.
FROODERUDWLYH VHVVLRQV DFURVV :RUNVKRSYV S5RXQGWDE
*URXSV

6HYHUDO WKHPHY HPHUJHG DFURVV WKH FRQIHUHQFH 7KH URX
(QILQHHULQJ 3URJUDPV H[SORUHG KRZ WKH IUDPHZRUN DGDSWYV
DQG RWKHU GLVFLSOLQHY UDLVLQJ LPSRUWDQW THKHNVIMQREBQV L
DSSOLFDELOLW\ 6XVWDLQDELOLW\ DSSHDUHG QRW DV DQ LV
GLVFXVRIFRXQWLFXOXP GHVLIQ DQG LPSOHPHQWDWLRQ 4XHVWLR
WKH UHODWLRQVKLS EHWZHHQ &',2 SUDFWLFH KOHDE WHNIBVD UG K HP
PDWXULQJ ILHOG

7KH IDFLOLWRIHHR QWRXUW ODNHUVSDFH 1HWZRUN DQG ,QQRYDW
VXEVWDQWLDO GLVFXVRISQVRDER®W SMKAFH UROMXSSRUWLQJ H[SHI
ODQ\ SDUWLFLSDQWY OHIW ZLWK FRQFUHWH LGHDV IRU WKHLU R

, DFNQRZOHGJH WKH VXEVRNW®&W FIR® FRIHQEF HE XK WIIRERAOLOR FRPP L
&DOOXP .LPSWRQ &ROLQ &DSUDQL -RDQQH 7DQQHU OLFKDHO &
5RGGD DQG -XOLH -HUELF :DXWRVRDARUW (FBOGMW WKLY FRQIHUHQ!
SRHVVRU <LDQQLV 9HAWRPWK HQOLQHHULQJ SURYLGHG HVVF
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UHFRJQLVLQJ WKDW KRVWLQJ LQWHUQDWLRQDO GLVFRXUVH RQ
)DFXOW\ V PLVVLRQ

7TKH &',2 FRPPXQLW\ FRQWLQXHV WR DGGUHVV IXQGDPHQWDO
HGXFDWLRQ +RZ GR ZH PDLQWDLQ ULJRURXV HYLGHQFH IRU RX
VWXGHQWY IRU UDRBHGOY) RYBR® FRQPWFHYW V" :KDW GRHV JHQXLQH F
LQ HGXFDWLRQDO VHWWLQJV" +RZ GR ZH LQWHJUDWH VXVWDLC
VXSSOHPHQWDU\ FRQFHUQ" 7KHVH TXHVWLRQV UHFXUUHG WKUR:
FRPPXQLWPVWRHPQW WR FRQWLQXRXV LPSURYHPHQW

7KH FRQYHUVDWLRQV WKDW EHJDQ LQ OHOERXUQH FRQWLQXH
FXUULFXOXP UHGHVLIJQV DQG VKDUHG SURMHFWY DFURVYV LQVWI
&',2 $FDGHP\ KDYH UHWXUQHG WR WKHLU KRPH LR¥VSHWHWWVXWQRQV
WKHVH SURFHHGLQJY DUH DOUHDG\ LQIRUPLQJ SUDFWLFH JORED

7KHVH SURFHHGLQJV DUH LQGH[HG LQ 6&2386 DQG UHSUHVH
HQJLQHHULQJ HGXFDWLRQ SUDFWLFH 7KH\ FRQWDLQRERWK V>
FKDOOHQJHVY HVWDEOLVKHG ILQGLQJY DQG SUHOLPLQDU\ LQY
TXHVWLRQV

7R HYHU\RQH ZKR FRQWULEXWHIGURRIK&'SDSHUYV UHYLHZV SUH
IDFLOLWDWLRQ RU WKRWEKDWNORSDUWYRXBLEQWLRHPHQW PDGH WI
YDOXDEOH

7TKH QG &',2 , QWHUQDWLRQDO &RQIHUHQFHRALFB UESRRRVIVWOH G E\
, ORRN IRUZDUG WR VHHLQJ KRZ WKH FRPPXQLW\ FRQWLQXHV WHFR

, KRSH WKHVH SURFHHGLQJV VXSSRUW \RXU UHVHDUFK FEFXUUL
SUDFWLFH DQG WKDWRWRKXY SOPEMGLERYD JHQXLQHO\ LQWHUQD
ZRUNLQJ WRZDUG H[FHOOHQFH LQ HQJLQHHULQJ HGXFDWLRQ

3RHVVRU 1LFROHWD 0D\QDUG

&RQIHUHQFH &KDLU &',2

$VVRFLDWH 'HDQ (TXLW\ 'LYHUVLW\ DQG ,QFOXVLRQ
)DEX@WQJLQHHULQJ ORQDVK 8QLYHUVLW\

OHOERXUQH $XVWUDOLD -XQH
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$XVWUDOLD
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(635,7
7XQLVLD
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8QLWHG .LQJGRP
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ORQDVK 8QLYHUVLW\
$XVWUDOLD

-RKDQ ODOPTYLVW
&KDOPHUV 8 RUINHHFK\DIRD\R J\
6ZHGHQ

, QWHUQDWLRQDO 3URJUDP

“HQV %HQQHGVHOQ
$DUKXV 8QLYHUVLW\
'"HQPDUN
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1718 1RUZHJLDQ 8SRQAFLHDMAH
7THFKQRORJ\
1RUZD\

/IRFDO &RPPLWWHH

7RQ\ 9R

&DOOXP .LPSWRQ
&ROLQ &DSUDQL
-RDQQH 7DQQHU
OLFKDHO &URFFR
$OH[DQGHU *UHJJ
$QGUHZ 5RGGD
ORQDVK 8QLYHUVLW\
$XVWUDOLD

&RS\ (GLWRU

JUHGULN %\VWU|[P
&KDOPHUV 8 RINMHHFKDIRD\R J\
6ZHGHQ




L QWHUQDWLRQDO 3URJUDP &RPPLWWHH OHPEHUYV

1DGLD $MDLOLD
(635,7
7XQLVLD

$EGXONDUHHP 6K 28DKGL $0
7D\ORU V 8QLYHUVLW\
ODOD\VLD

$ULV $OH[RXOLYV

ODQFKHVWHU OHWURSROLWDQ

8QLWHG .LQJGRP

6DPXHO $]DVX
8QLYHRUDWDUUD
6SDLQ

-HQV %HQQHGVHQ
$DUKXV 8QLYHUVLW\
'"HQPDUN

6DQGUD %YHUPHMR

&DUO -RKDQ &DUOVVRQ
&KDOPHUV 8 RINHHFKDIRD\R J\
6ZHGHQ

6LQ ORK &KHDK
6LQJDSRUH 3RO\WHFKQLF
6LQJDSRUH

+DQV 3HWHU &KULVWHQVHQ
"SI L VHHRUMQ WD O 8QLYHUVLW\ RI 'HQ
'"HQPDUN

OLFKDHO &URFFR
ORQDVK 8QLYHUVLW\
$XVWUDOLD

.ULVWLQD (GVWU|P
.7+5R\DO ,Q\RWHWE@RIOR J\
6ZHGHQ

-HDQ +HQUL (O $FKNDU

8QLYHUVLWDW 3ROLWQFQLFD GH\WODWD@DOPBQLYHUVLW\

6SDLQ

IDPMHG %HWWDLHE
(635,7
7XQLVLD

“HUNHU %M|UNTYLVW
$ER $NDGHPL 8QLYHUVLW\
)LQODQG

7JRUVWHLQ %ROVWDG
17181RUZHJLDQ 8 QUSYFH UI\QLIFM\
DQG 7THFKQRORJ\

1RUZD\

SDPRQ %UDJRYV

XZDLW

1DELO (O .DGKL
$68 $SSOLHG 6FLHQFH 8QLYHUVLW)
.LQJGRPLRKUDLQ

OLNDHO (QHOXQG
&KDOPHUV 8 RINHHFHKDIRD\R J\
6ZHGHQ

1ILNODV (ULNVHQ
gUHEUR 8QLYHUVLW\
6ZHGHQ

6DODK (635,7
(635,7

THOHPR&®1L SQLYHUVLWDWH3ROLWXY®QVED

&DWDOXQ\D
6SDLQ

&KDQWDO %UDQYV
(LQGKRYHQ 8GIWRKQRWR J\
1IHWKHUODQGV

6X]DQQH &HFLOLD %ULQN
8PHn 8QLYHUVLW\
6ZHGHQ

$OEHUW )DEDGNDXWQ
8QLYHUVLWIDWUSR®LUD
6SDLQ

*H]D )LVFKO
-]QN|SLQJ 8QLYHUVLW\
6ZHGHQ

6\OYDLQ )OHXU\

(16$0
YUDQFH
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(635,7
7XQLVLD

SHWHU -RVHSK *UD\

XKD .RQWLR
7XUNX 8QLRBISUS/QAMHG 6FLHQFHV
)LQODQG

*XUL 6LYHUWVHQ .RUSnV

8QLWHG 6WDWHYV 1DYDO $FDGHF18 1RUZHJLDQ SRAFLHHOQHAHN\

8QLWHG 6WDWHYV

ODUL *XGMRQVGRWWLU
5H\NMDYLN 8QLYHUVLW\
FHODQG

,PHQ *XHEHELD
(635,7
7XQLVLD

%HOKDVVHQ *XHWWDW
8QLYHRVXWYLYV
7XQLVLD

BYDQWH *XQQDUVVRQ
JLQN|SLQJ 8QLYHUVLW\
6ZHGHQ

.DUO + +DOVH

1718 1RUZHJLDQ SRQEFLHHOQHAHNV\

DQG 7THFKQRORJ\
1RUZD\

"RKQ 3DXO +HUPRQ

DQG 7THFKQRORJ\
1RUZD\

6LHZ :HH .ZHN
1DQ\DQJ 3RO\WHFKQLF
6LQJDSRUH

ODUFHO .\DV
5H\NMDYLN 8QLYHUVLW\
FHODQG

+HOHQH /HRQJ
6LQJDSRUH 3RO\WHFKQLF
6LQJDSRUH

"-RQDWKDQ /L
ORQDVK 8QLYHUVLW\
$XVWUDOLD

DRXWKHU /RXDWL
(635,7
7XQLVLD

/IDUV /I XQGKHLP

4XHHQ V 8QLYHUVLW\ %HOIDVW718 1RUZHJLDQ 8RAFIHHOQHAHNNV\

8QLWHG .LQJGRP

5XQH +MHOVYROG

1718 1RUZHJLDQ SRQEFLHHOQHAHNV\

DQG 7THFKQRORJ\
1RUZD\

BRULQ ,JQDW
(16$0
YUDQFH

)DRX]L .DPRXQ
(635,7
7XQLVLD

(OL]JDEHWK .HOOHU
.7+5R\DO ,QRWHWRK@RIOR J\
6ZHGHQ

&DOOXP 7KRPDV .LPSWRQ
ORQDVK 8QLYHUVLW\
$XVWUDOLD

DQG THFKQRORJ\
1RUZD\

$QJHOR ODUWLQV
,Q VW LW XW BH 6 QSHHWDLKERUBLROU W R
3RUWXJDO

&ODXGLD 0DWW@HGD

8&68& QLYHUVLGDGH®DWYOLFD
6DQWtVLPD &RQFHSFLYQ
&KLOH

1LFROHWD OD\QDUG
ORQDVK 8QLYHUVLW\
$XVWUDOLD

&KDUOLH OFFDUWDQ
A4XHHQ V 8QLYHUVLW\ %HOIDVW
8QLWHG .LQJGRP
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5RJHU OLGWVWUDXP -DQQH 5RVO|I
1718 1RUZHJLDQ SREMHOOHAMW\ cER $NDGHPL 8QLYHUVLW\

DQG 7THFKQRORJ\ )LQODQG
1RUZD\

“XXVR 5\WLODKWL
ODWW 0XUSK\ 8QLYHRBWVXWN X
S8QLYHBVLWHUSRRO J)LQODQG

8QLWHG .LQJGRP
*XWWRUP 6LQGUH

ODUFLD 0XxR] 17181RUZHJLDQ 8 @USYH. bi\DIEW\
8&6& QLYHUVLGDGH®DWYOLFD DQG 7THFKQRORJ\
6DQWtVLPD &RQFHSFLYQ 1RUZD\
&KLOH

ODUN 1LYDQ 6LQJK
&KDUORWWH 1RUUPDQ 6LQJDSRUH 3RO\WHFKQLF
JLQN|SLQJ 8QLYHUVLW\ 6LQJDSRUH
6ZHGHQ

SREHUW 6RQJHU
$QQH /RXLVH 1RUWFOLIIH ,QWHUQDWL RRIDHFEERORJIH
"UH[KDP .DQD]DZD
8QLWHG .LQJGRP -DSDQ
ODUFXV 9LQLFLXV 3HUHLUD 3HY@RWHH 6ULSDNDJRUQ
8QLYHRVEZWQ W H &KXODORQJIJNRUQ 8QLYHUVLW\
1IHWKHUODQGV 7KDLODQG
6REDK $EEDV 3HWHUVHQ -RDQQH 7DQQHU
17181RUZHJLDQ S@USFHUWQIFW\ ORQDVK 8QLYHUVLW\
DQG 7THFKQRORJ\ $XVWUDOLD
1RUZD\

'DYLG 7DQQHU
(GXDUGD 3LQWR )HUUHLUD 8QLYHRVLMHULFN
,QVW LW XW BH60EHHWQUEBUBIROUWR ,UHODQG

SRUWXJIDO
*DUHWK 7KRPVRQ

SDWULFLR 3REOHWH $VWRQ 8QLYHUVLW\
8QLYHUGL GRIKEOH 8QLWHG .LQJGRP
&KLOH
(\WWKRU 7KRUKDOOVVRQ
6WHSKDQLH 5H\QROGYV S5SH\NMDYLN 8QLYHUVLW\
,(QWHUQDWLRRDHFRRRORJIH ,FHODQG
.DQD]DZD
-DSDQ 6DQLGGD 7LHZWR\
5DMDPDQJDOD RRQHFKQRDWVY\
ODULVRO 5LFR &RUWH] 7TKDQ\DEXUL
-|]QN|SLQJ 8QLYHUVLW\ 7TKDLODQG
6ZHGHQ
7TRQ\ 7TRSSLQJ
5HPRQ 5RRLM 8QLYHBYLWHUSRRO
7X '"HOIW WX FHH 8QLWHG .LQJGRP

IHWKHUODQGYV
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6HSSR 9LUWDQHQ 7TRPRKLWR <DPDPRWR

8QLYHRBWXWN X .DQD]DZD , QR MHAKQRID R J\
)LQODQG -DSDQ

7RQ\ 9R ORXUDG =HUDL

ORQDVK 8QLYHUVLW\ (635,7

$XVWUDOLD 7XQLVLD

7KLMV :LOOHPV *HLU (JLO 'DKOH ‘LHQ
687'6LQJDSRUH SRZMAKYRWRJI\1718 1RUZHJLDQ SRIAF/LHHUQFHNV \
DQG 'HVLJIQ DQG 7THFKQRORJ\

6LQJDSRUH 1RUZD\

6FRWW -RVHSK :RUGOH\
ORQDVK 8QLYHUVLW\
$XVWUDOLD
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8VLQJ &',2 IRU '"HYHORSPHQW Rl 6BWXGHQWVY 6XVWDLQDELO
DQG .DWHULQD.. 8D Qoo eeeeeeee et eee e e et eeeseseeseeeeeeeeeeeeeeees

/HDUQLQJ IURP '"'HOLEHUDWH )DLOXUH $ +ROLVWLF $SSURDF
6LQ ORK &KHDK DQG 7ZKLMV..LOOHPBN. ..

,QFXOFDWLQJ 6XVWDLQDELOLW\ OLQGVHWY LQ BWXGHQWV |
&',2 JUDPHZRUN E\ =KHQJSLQ@RKLREHDXG..6LQuocoeerrrrenr...

&',2 SBHWBHHU 6XSSRUW RQ (GXFDWLRQ IRU 6XVWDLQDEOH
IURP 3LORW 5XQ E\ .DWHULQD <DQJ 6LQ ORK &KHDK 'LYLQD *l
ODXOLRQ ODU\ 5RVH ) 3HUVLQFXOD .$L.<H..2K.D.QG.-. XKD .RQWLR

&',2 ,PSOHPHQW.DW.LRQ... e

&RQWLQXDO ,PSURYBRHQWRBRWH HUIJHQFH RI ,QVWLWXWL
'LILWDO 7THFKQRORJLHV E\ 6LQ ORK &KHDK.DQG..OD.UN 1LYDQ 6LC

S5HIOHFWLQJ RQ+3HYOIWMWLROBWXGHQW )HHGEDFN IRU &RQ
'HYHORSPHQW E\ 6YDQWH *XQQDUVVRQ +HOHQD +HUEHUWVVRQ
ODJIGD OH QDB H. G Nttt ee et eee s eeo,

&RQWH[XDOL]HG 5SRDGPDS WR $GYDQFLQJ 6XVWDLQDELOLW\
(QJLQHHULQJ E\ &KHZ /LQ &KLD..D.QG..6LQ.0RK.&KHDK..

$FWLYH /HDUQLQJ &RPPXQLW\ IRU 3URIHVVLRQDO 'HYHOR!
,PSOHPHQWDWLRQ ORGHO E\ *HRN /LQ.J..1J.D.QG.2KHQJSLQJ /LRZ

(QKDQFLQJ 7THFKQLFLDQVY .QRZOHGJH Rl &',2 7TKURXJK *HQ]
B L Q.d K ettt ettt ettt

2SHUDWLRQDOL]LQJ &',2 (QJLQHHULQJ /HDUQLQJ :RUNVSE
7HFKQLFDO 8QLYHUVLW\ E\ =KDG\UD .RQXUE)D\H BB K 6D®® V6 LD L
O R K & K HD.K vttt e e e et ee s s st s e s et ese s e e

8VLQJ ,PPHUVLYH 9LUWXDO ([SHULPHQW WR 'HYHORS 6DIHW\
BNLOOV E\ <XQ\L :RQJ $L <H 2K .DRHK EKGAD.KDQJ.D.QG 6LQ

&RPPHUFLDO 3LORW (GXFDWLRQ $OLJQLQJ ($6$% 6% ZLWE
1RYDN 7RPLVODY -RVLS 00LQDULU 'DY.RU.OLVWUL{.DQG 3HWDU

(PEHGGLQJ (WKLFV LQ (QJLQHHULQJ (GXFDWLRQ 3UHSDULQ
,VDP =DEDODZL .KDOLO .KDQDIHU DRG.0RKDPRPHG.$EGXO

$ )UDPHZRUN IRU WKH 7HDFKLQJ RI $XWRQRPRXV ORELOH 5]
6DOD]DU -RVp 5DIDHO 5HErOR 7HOHV -RVp *DEULHO 5HErOR
$OH[DQGUH &RVWD )HUUR )LOKR 1LJHO -RVHSK %D.QGHLUD 'LD\

*UHHQ *URZWK DQG &',2 $SSURDFK LQ )RRG (QJLQHHULQJ ,C
ORGHO E\ 7KL 9LHW +D 3KDQ $QDX@P® 1DDW.U..D.Q.G..$.QK

,QWHJUDWLQJ 6HQVH%DEHEX GHBURMEBFWQ /LIKWLQJ 'HVLJIQ
B D X N o X =

'HILQLQJ &KDOOHQJH %DVHG /HDUQLQJ DQG (GXFDWLRQ L
&RQWH[W E\ 3HWHU ,YDU 6DQGHOO -RIKMPXW 1D RADIDRNKD B@mHY W
7VYHWNRYD 9LFWRU %ROERW -RXQL 6DDUQ.L...-RXQL ,VRDKR DC

BURFHHGLQJWRIWHUHQDWLRQDO &'KRWRBEGHBHQFH
ORQDVK 8QLYHOERWUQH $XYWUDOLD



L

$ &KDOOHQJH %DVHG (GXFDWLRQ )UDPHZRUN IRU $XWRQRF
6DQGHOO -RKDQQD 6D6GBRRQ QRUWDYQEUKBQDVWDVLD 7VYHWNRY
“RXQL ,VRDKR -RXQL 6DDUQL.DQG.6HSSR..O.LUWD.QHQ

(QJLQHHULQJ &OHDQ :DWHU 6ROXWLRQV $ &KHPLFDO (QJL
BHFRQGDU\ 6WXGHQWYV E\ -RDQQH 7ZD.QQHU.DQG.3RK.;LDQ 7D\

(QKDQFLQJ /HDUQLQJ 2XWFRPHV E\ 8VLQJ 6RPH (OHFW!
'DUNKDQWVHWVHJ %DWVXPEHU .DQG..ZHPXXMLQ.$OWDQVXNK

&ORVLQJ WKH *DS LQ (QJLQHHULZ\V\KE&RBDRWLKRS BRIDFKLWRYE
E\ 1LNGRNKW *KDGLPLQLD 6DOPDQ 6DHLGQRX.DQG.$QQH 1RUWI

,QWHJUDWLQJ /DQJXDJH /HDUQLQJ LQ (QJLQHHULQJ (GXFDW
<VODP 2UD]RY /DFK\Q *XUGRYD 1XUMHPDO %D\UDPRYD DQG 80

%XLOGLQJ 6FDODEOH ,QGXVWU\ &ROODERUDWLRQ LQ (QJLQ
JUDPHZRUN E\ ODULND 6ILVI DQG..$Q.QXNND...LQQDUL..

&',2 /HDUQLQJ 6SDFH LQ 'LJLWDO 7UDQVIRUPDWLRQ $ &DVH
7LHQ %D 7UDQ +XRQJ 3KDP 7KL <HQ +DL 3KDQ.+RDQJ DQG 9LQk

%ULGJLQJ 7THFKQLFDO DQG /HDGHUVKLS &RPSHWHQFLHV ,QV
E\ &K\QDU *DUOVHYD $\QD $QQD\HYD -HQQHW ORZODPRYD 6RC
6DSDUJHOGL\HYD $\VKLULQ 6ROWDQPIMUDGRY.D.D.QG.<VODP 2UD]

$SSURDFK WR '"HYHORSLQJ .H\ &RPSHWHQFLHV IRU 6XVWDLQ
8VLQJ &',2 E\ .DWHULQD <DQJ 6LQ ORK.&KHDK.DQG.£XQ\L :RQJ

JOLSSHG /HDUQLQJ WR )RY WHEWHEX GHDQMY. Q6HBUHOLPLQDU!
OHL <HH &KDQ *DYLQ %U\DQ /HH .LDQ &KHH./RK.DQG +HOHQH /I

6L ORQWKYV RI (QJLQHHULQJ ZLWK &',2 $SSURDFK E\ <VODP 2
OHNDQ 6DLSRY 1XUMHPDO %D\UDPRYD..D.QG...RY.QHWP\UDW 3RUU

'"HYHORSLQJ 4XDOLW\ ODQDJHPHQW &RPSHWHQFLHV LQ 6RI
$SSURDFK E\ $QQXNND .LQQDU.L.D.QG..0.DU.LN.D..6ILVI....

*HQHUDWLYH $, 6 XSSRUWHG 3HUVRQDO /LIH /HDUQLQJ (QYL
5DP]L )DUKDW 6\ULQH .DURXL DQG.2XPHLRD.,EHQHOIHNLK

7TUDQVIRUPLQJ 7THFKQLFDO (GXFQWWR® X WHRERROQERVWWLR
E\ -HUROG -RKQ %ULWWR - 5DMDNDUXQDNDMUDQ..6..XDQHVDQ / D

3DWKZD\V WR 6 XVWDLQDELOLW)\ LQ (QJLQHHULQJ (GXFDWLR(
LQ JUDPHZRUN E\ 7TRPPDVR ORQGRYu.DQG.$QQD..LHFE]JRUHN

7KH 7\UDQQ\ RI 1XPEHUV :K\ ODUNLQJ &',2 $VVHVVPHQWYV &R
2UW FBIDQ F K H. ] oottt

6HRMM /RFDO *HQHUDWLYH $, &RGLQJ $VVLVWDQW $ &',2 $S!
ORKDPHG 7D ED.D. i e et e e e e eeneees

9HUEDO 3HHU )HHGEDFN LQ 3URMHFW %DVHG /HDUQLQJ &F

&KDOOHQJH %DVHG /HDUQLQJ &XOWLYDWLQJ 6RFLDO 5HVSIH
&RXUVH E\ 9DLUDYHO *XUXVDP\.D.QG...KDQHQWKLUDQ O

(QILQHHULQJ (GXFDWLR.Q.5EHMHDUFK oo,
'"HVLJQLQJ D 'LJLWDO 7ZLQ 9LUWXDO /DE IRU 3/& $SSOLFDWI

[L
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6WDNHKROGHU $QDO\VLYV LQ )DFLOLWDWLQJ &XUULFXOXP 7L
(GXFDWLRQDO ,QVWLWXWLRQV E\ &HFLOH *HUZHO 3URFKHV O0ODF
$UOLQWD %DUXV 6LHJIULHG 5RXYUDLV 5RJHU :DOGHFN +DUDC

*UDVSLQJ 6WUXFWXUHYV 29I I KRCOEQ I XBRGNVNQJI $SHWDIUY LW\ I
(QJLQHHULQJ 6WXGHQWYV E\ ODUWD *DYLROL *LXVHSSH 5DGDHO
B D B R e a e e ennne

7KH &',2 $SSURDFK WRRENHBRGS)IHGIRUZDUG 6\WWHPV 7K
OHQWRU  E\ 7RK <HQ 3DQJ $OH[ .RRWVRRMNRV&KHRUJH :X DQG &

&RPPXERWDIHG 3URBRBOHB /HDUQIWQAJ &UHSDULQJ 6XVWDLC
(QHUJ\ ([SHUWV IRU $SSOLHG &RQWH[WV E\ ORPLQXO +DVDQ %t

3UHSDULQJ IRU WKH )XWXUH $0LJQLQJ (QJLQHHULQJ &RPS
4XLQFH $QQD /LGIRUV /LQGTYLVW.D.QG.3DWEKDULQ..&KHQ

'"HVLIQLQJ IRU 'LYHUVLW\ 6RIW /DQGLQJVY DQG 'HYHORSPH
(GXFDWLRQ E\ <LQJOX 7DQJ ,QHV 8B8ULRO %DOELQ 'DQLsSO 3HHW
XPUX ODKVD 6DMHGL DQG.&D.OY.LQ.5SDQV. i,

([DPLQLQJ $UFKLWHFWXUDO 'HVLJQ 3URMHFWY 7KURXJK &"',2
JHHGEDFN DQG &ROODERUDWLRQ E\ *H]D..)LV.EKO..D.QG &DUORYV ¢

$VVHVVLQJ 6XVWDLQDELOLW\ LQ .XZDLWITV +LJKHU (GXFL
&XUULFXOD E\ +DVVDQD@WMWIXDHD QOD FCKZDQ )DGL $O.KDWLE |
B E G M D E N e

5HVLOLHQW ,QGXVWULDO (QJLQHHULQJ 7UDQVIRUPLQJ 6NL
E\ ODULVRO 5LFR &RUWH] DQG..(OY.LUD..DQHEHUJ........

8QLWHG E\ 'HVLJQ ORGXODU DQG )OH[LEOH /HDUQLQJ IRU
3URIHVVLRQDO 3UDFWLFH E\ (OL]DEHWK OF&DUWK)\..9HURQLFD +

JURP 6KDULQJ WR 6\QHUJ\ &XOWLYDWLQJ ,QFOXVLYH (GXFD\
LQ &',2 E\ (OL]IDEHWK OF&DUWK\ $VWHU &RVPRV 'DQD %XL +HO

(IDPSOHV RI (QDEOHUV IRU &XUULFXOXP $JLOLW\ E\ 6X]DQ
&DUOVVRQ OLNDHO (QHOXQG 6RQLD 0 *RPH] 3XHQWH (OL]DEH
OF&DUWDQ DQG S5HPRQ.ARRLM. e

'"HVLJQLQJ D 7RRO WR OHDVXUH ,QQRYDWLRQ &RPSHWHQF
BWXGHQWYV E\ ,JQDFUBYHR@DIiOHJUDUGR %DUR D.QG.+RUDFLR %XO

[LL
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$GYDQFHV LQ &',2
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86,1* &',2 )25 '(9(/230(17 2) 678' (1761
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BLORK &KHDMWHULQD <OHIJISLQJI AXRAL :RQREHZLQ &KLD
(UZLQ :RXWHUVRQ

'HSDUWPHQW RI (GXFDWLFRGBKARB YRICIRIFKH@GMW FWXUH DQG WKH %.
6FKRRO Rl &KHPLFDO DQBFKIRROSRLHQHARWULFDO DQG (OHFWURC
6FKRRO Rl OHFKDQLFDO DQG $HURMIPW R EB O3 RONNHHKWDLLEJ

$%675%$&7

7KLV SDSHU XVHV WKH &',2 JUDPHZRUN WR UHFRQFLOH VHSDU
UHODWHG WR VXVWDLQDEOH GHYHORSPHQW ZKDW FRQVWLW:
VXVWDLQDELOLW\ DQG D VHW RI VXVWDLQDELOLW\WERBNWW SU
IURP HGXFDWLRQ IRU VXVWDLQDEOH GHYHORSPHQW WKDW LV
PLQGVHW LV QHHGHG WR GULYH DFWLRQV ZKLFK UHTXLUHV D VH
2XU ZRUN DUJXHG WKDW ERWK DUH XQ &MNUSDYQMHEGED WK HWHOGPHHV
LQ WKH &',2 6\®MBXWKH &',2 6WDQGDUGY ZH DOVR UHFRQF
FRQWUDGLFWLRQ EHWZHHQ 3NH\ FRPSHWHQFL®GHIK QK QWH PW I
WKH ZRUN IURP WKH &',2 &RPPXQLW\ DQG RWKHU DXWKRUV ZKF
ZKLFK DUH FOHBWHGHDRBONYWXJIJIHVWHG W K YXOWH KR IWHUPLQRORJ\
EHWWHU UHIOHFW WK B Q@FXDUWMVMRVWEKIH ERXY¥MM RI RUGMHA RI KLH
FRPSHWHQFLHV IRU VXVW DILRIERVH & \R Q@ RWKIHE DR UAHIURP WKH &',
DQSURSRVHG D *ERXQ@G&WE® YR/ WKLQNLQ JORZHSHEH@IEW DV
LQWHJUDWHGR®WYR DO HFR FBWMW H QFF\S SHAD OX AVWW KLQNLQJ FRPSHW
VKRXOG EH GHYHDRSEHKR GHINSKEQQLQJ VN L OURP DAKH DRW, &/ LEWOXEHHE/X
2XU PRGHO WVEKOIRZFWROWMH[M/F FRPSHWHQFLHV WR EH LQFRUSRUI
SURYLGHV WKH IOH[LELOLW)\ Rl D SURJUB¥DWRH R U RXQOOR\ZH W K\H/ LF
RI WKH NH\ FRPSHWHQFLHV IRU VXVWDLQDELOLW\ FDQ EH GHYHO
XQLTXH UHTXLUHPHQWYV QBISBOYRDMWLRYL R KRZ WKH PRGHO FD
K\SRWKHWLFDO SURH WRXPNODPWG\WVRPH OLPLWDWLRQV LQ RXU ZR
IRUZDUG LQ FRQWLQXLQJHNVR ®GLEAIHNVR/DW R H\Q HY H U

(<:25'6

6 XVWDLQDEOH '"HYHORSPHQW 6XVWDLQDELOLW\ OLQ&ZHW .H\ &F
6\OODEXV &',2 6WDQGDUGYV
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7KLV SDSHU RXWOLQHV WKH ZRUN GRQH WR GHYHORS D JHQHUD
DQG 6LQJDSRUH 3RO\WHFKQLF 63 LQ SDUWLFXODU WKDW LC
FRPSHWHQFLHY IRU VXVWDLQDELOLW\ LQWR D FXUUKIFK GIXIR UM L
LV DQ HIWHQVLRQ RI WKH ZRUN GRQH E\ WKH 'LSORPD LQ &KHP
LOWURGXFHG LWV LOWHJUDWHG FXUULFXOXP IRU VXVWDLQDEOH
&XUULFXOXP &&& )RU PRUH LQIRUPDWRREQZ2K HM &&KHDK HW DO

7KH ZRUN LQYROYHV D SLORW UXQ LQYROYLQJ SURJUDPV IURP
$UFKLWHFWXUH DQG %XLOW (QYLURQPHQW &KHPLFDO DQG /LIF
(QJLQHHULQJ DQG OHFKDQLFDO DQG $HURQDX® ERPS G B WLHGH MUKL
LQWHJUDWLRQ RI VXVWDLQDEOH GHYHORSPHQW LQWR WKH UHV:
1IDWLRQV 6XVWDLQDEOH '"HYHORSPHQW *RDOV 816'*V (DFK SUR.
RI &&& WR LQFOXGH GLVFLSOLQDU\ RARDWR YW UWRH [ RU WKW BIQ
GHYHORSPHQW LQ HDFK SURJUDP 7KH JRDO LV WR GHYHORS D
JUDGXDWHYV

7KLV ZRUN EULQJVY WRJIJHWKHU GLIITHUHQW DQG VHSDUDWH VWU
WKDW RI NH\ FRPSHWHQFLHY IRU VXVWDLQDELOLW\ DQG VXVWDLC(
63 JUDGXDWHYVY ZLWK VXVWDLQDELOLW\ WLRQUBW]H 7KEHXMBOL\WLRY
6XVWDLQDEOH '"HYHORSPHQW (6' WR DFKLHYH WKH DLP RI WUD
SDJHQWV RI FKDQJH™ GH .UDNHU HW DO HTXLSSHG ZLWK

DFTXLULQJ NQRZOHGJH EXW WR DGH Z\KKDHN I XYWMKKU HD HED SQ\R DW R/ LV
DFWLRQV WR DGGUHVYVY VRFLHW\YV VXVWDLQDELOLW\ FKDOOHQJH
EH RI LQWHUHVW WR RWKHU &',2 FROODERUDWRUV VHHNLQJ W|
SURJUDPV DV LW SCRYSSHRDBKXREDMHG RQ WKH &',2 )UDPHZRUN

(< &203(7(1&,(6 )25 6867%$,1$%/( '(9(/230(17

7KH 8QLWHG 1DWLRQV (GXFDWLRQDO 6FLHQWLILF DQG &XOWXUL
(GXEFDWLRQ IRU 6XVWDLQDEOH 'HYHORSPHQW *RDOV /HDUQL
FRPSHWHQFLHV UHBX\WWHQW FRIRSHWHQFLHYV WKDW DUHDQIFHVVI
DJHV ZRUOGZLGH DV WKH\ GHYHDR&SUHI/RES DMD VGH. | IGIHHHAOW DIKH \
XQGHUVWRRG DV WUDQVYHUVDO LRXEHBHEOGRAYWREDO®OHN G FRQW
FRQWH[W RI (6' NH\ FRPSHWHQFLHV LQ VXVW D LUWHDEH VD /W DR F
6'*V DQG HQDEOH LQGLYLGXDOV WR UHODWH WKH GLIIHUHQW 6"
VXVWDLQDELOLW\ FLWL]HQV QHHG WR GHDO ZLWK LQ WRGD\JV F

'LWKLQ WKH (6' OLWHUDWXUH YDULRXV DXWKRUV KDG VXJJHV
FRPSHWHQFLHY RU NH\ VXVWDLQDELOLW\ FRPSHWHQFLHV H J
.LRXSL 9RXOYRXOLYV /IRIDQR HW DO 5 L H NP L
DQG :LHN HW DO ODQ\ RI WKHVH DSSURDFKHV KDG VLJ!
WKLY DSSDUHQW FRQYHUJHQFH WKHUH LV QR H[SOLFLW FRQV!
FRPSHWHQFLHY LQ VXVWDLQDELOLW\ HWWXQOGLHUV B8WVBOLEHG
VLWXDWLRQ DV FKDUDFWHULVHG E\ D VHD RI ODEHOV WHUPLQRC
WR SHGDJRJLF LPSOLFDWLRQV HLQHUW LV HVSHFLDOO\ |
DWWHPSW WR FRPSLOH D FRPOEHRXHQNQYHSRNNHBOH DQG QHTF
FRPSHWHQFLHYV LV ERXQG WR IDLO ULJKW IURP WKH VWDUW VLQ
*XLD DWWULEXWHG WKLV WR WKH ODFN RI XQLYHUVDO FRP

BURFHHGLQJWRIWHUHQDWLRQDO &'KRWRBEGHBHQFH
ORQDVK 8QLYHOERWUQH $XYWUDOLD
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ZLWK WKH UHVXOWLQJ SUROLIHUDWLRQ RI PDQ\ GHILQLWLRQV
YDOXHV IRU VXVWDLQDELOLW\ DUH

7KH VWDUWLQJ SRLQW RI RXU ZRUN LV WKH VDPH 81(6&2 NH\ |
XVHG E\ 5RVHQ HW DO WR HYDOXDWH WKH UHOHYDQFH RI W
IRU SURPRWLQJ (6' LQ HQJLQHHULQJ ,Q WKH M® XGK DHR WHKD WM W
LOQWHJUDWHVGR®YRBDOHMH\ FRPSHWHQF\ LQ WKH 81(6&2 IUDPHZRUN
ZLWK WKH RYHUDUFKLNQJOSROGPHINMMWMDWH FRPSHWHQFHV LQ W
JUDPHZRUN 7KH 81(6&2 NH\ FRPSHWHQFLMW WRIPMY MWD L QD
FRPSHWHQF\ DQWLFLSDWRU\ FRPSHWHQF\ QRUPDWLYH FRPSHW
WKLQNLQJ FRPSHWHQF\ FROOD DZDWMQRIY WV RRPISWWE BF\VIBQIG ,C
SUREWURPYLQJ FRRDHIMHIRAVP XODWHG DIWHURR[WW&WUY 8 LWHUGLWY
QRWHG HDUOLHU 5RVHQ HW DO

,Q WHUPV RQ WHUPLQRORJ\ ZKLFK LWVHOI FDQ EH D VRXUFH RI |
FROODERUDWLYH FRPSHWHQFLHY DV XVHG DERYH DUH WKH VDPI
DQG LQWHUSHUVRQDO FRPSHWHQFLHV VXJJHYWH® VR QLAHN AW |
FKRRVH WKH 81(6&2 SXEOLFDWLRQ LV EHFDXVH LW SURYLGHG
HPRWLRQDO DQG EHKDYLRXUDO OHDUQLQJ REMHFWLYHV IRU HDF
IRU GLVFXVVLRQ DQG OHDUQLQJ DSSURDFKHM HMWQ RWXRHIO I3 X EI®R
OHDUQLQJ RXWFRPHV IRU NH\ FRPSHWHQFLHSYIRQFWXYWDLQDEL!
7KLYV KHOSHG WR DGGUHVV D FKDOOHQJH KLJKOLJKWHG E\ .LI
FKDOOHQJHV RI UHODWLQJ WKH 6'*V WR HGXFDWLRQDO OHDUQLC

'KDW WKH 81(6&2 GRFXPHQW GLG QRW SURYLGH LV WKH SURILFL
WKH ZRUN RI :LHN HW DO ZKR LQWURGXFHG OHYHOV RI 2P|
NH\ FRPSHWHQFLHV IRU VXVWDLQDELOLW)\ DMRLYFK HQ L\@¥WHY FBQL
WUDQVODWHG WR KLJK VFKRRO XQGHUJUDGXDWH DQG JUDGXDW
DSSURDFK LV FRQVLVWHQW ZLWK WKH &',2 JUDPHZRUN WR DLG W
FXUULFXOXP WR KHOS SURJHHNVNL FRE®SIBWMBBRISVWRHVVXVWDLC
GHVLUHG SURILFLHQF\ OHYHOV OHDUQLQJ RXWFRPHV XVLQJ C
FRQWH[W ,Q WKH EFDVH RI 63 WKLV WUDQVODWHY WR GLIIHU}
VXVWDLQDELOLW\W RQGY HWD G XDS/DHW DWWULEXWHYV

+LHUDUFK\ RI .H\ &RPSHWHQFLHV IRU 6 XVWDLQDELOLW\

6HYHUDO DXWKRUV KDG VSRNHQ RI 3FRQYHUJHQFH" RI NH\ FRP
H[DPSOH %UXQGLHUV HW DO SHGPDQ "LHN 7TKHVH D
LOWHUGHSHQGHQFLHY RI NH\ FRPSHWHQFLHV DVWHG IS BRDWHA. E’
VROYLQJ FRPSHWHQF\ 7KLV LV D SRVLWLYH GHYHORSPHQW PRY
FDOOHG :ODXQGU\ OLVWV" RI FRPSHWHQFLHY UDWKHU WKDQ FR
FRPSHWHQFLHV

+RZHYHU HYHQ ZLWK WKH HPHUJLQJ 3FRQYHUJHQFH" WKHUH L\
DXWKRUV ZKDW FRQVWLWXWH NH\ FRPSHWHQFLHY 7KHVH DXWKF
HW DO UHDGLO\ DFNQRZOHGJHG WKHVH XQUHMROWHG WKBHDW
UHSRUWHG ZRUN %UXQGLHUV HW DO IRU H[DPSOH VXJJH'
FRPSHWHQFLHYVY DQG LPSURYHG RQ WKH LQLWLDO IUDPHZRUN RI
NH\ FRPSHWHQFLHY LQWUDSHUVRQDO FRRBSEHNMMAKEKF\D QIGNHP:SG NF
DO WKH\ GR QRW FRQVLGHU FULWLFDO WKLQNLQJ DV D NH\
FRPSHWHQF\ WKDW XQGHUSLQ WKH RWKHU NH\ FRPSHWHQFLHYV

BURFHHGLQJWRIWHUHQDWLRQDO &'KRWRBEGHBHQFH
ORQDVK 8QLYHOERWUQH $XYWUDOLD
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ILNHZLVH 5HGPDQ :LHN LQWURGXFHG D XQLILHG IUDPHZ
GLIIHUHQW UHODWLRQVKLS EHWZHHQ WKH NH\ FRPSHWHQFLHV D
7KHLU IUDPHZRUN DOVR FRQVLGHUHG FULWLFRQJWHKMXNE QH MW LY
DQG OHDUQLQJ WKDW XQGHUSLQ RWKHU NH\ FRPSHWHQFLHYV
FRPSHWHQFLHYVY ,PSOHPHQWDWLRQ FRPSHWHQF\ ZKLFK EULQJV
VIVWHPV WKLQNLQJ IXWXUHV WKLQNLQJ QMNDLAXH VSIMUAMIEKEND Q J D
FRPSHWHQF\ DGGUHVVIOZIDQHEBVNRWEAEGKMBWILRQ ZKLFK FRPSO
LQWHUSHUVRQDO FRPSHWHQF\ DQG DOVR XQGHUSLQV RWKHU FR
WKHQ WKH NH\ FRPSHWHQF\ WKDW EW ERP\E HWRIGIMLKH/U | RO CD &
VXVWDLQDELOLW\ WUDQVIRUPDWLRQV

6867%$,1$%,/,7< /,7(5$&< 6867%$,1$%,/,7< 0,1'6(7 $1' 6867$,1$%,
0,1'6(7 35,1&,3/(6

$QRWKHU VHHPLQJO\ SDUDOOHO WUDFN XQGHU LQYHVWLJDWLR
VXVWDLQDELOLW\ OLWHUDF\ DQG VXVWDLQDELOLW\ PLQGVHW 6]
DV VXVWDLQDEOH GHYHORSPHQW OLWHUDFRSRHQOWWHUDRQG IRU
VXVWDLQDELOLW\ OLWHUDF\ 6XVWDLQDEOH OLWHUDF\ LV JHQF
VXVWDLQDELOLW\ DQG WKH LGHQWLILFDWLRQ DQG WUDQVOD\
LPSOLFDWLRQV 3HUNLQV HW DO [SORQNOUNKHEWREGEHSW RIH X\
OLWHUDF\ LQ WHUPV RI ZKDW VNLOOV YDOXHV DWWULEXWHYV
QDYLJDWH WKHLU OLYHV LQ WKH FKDOOHQJLQJ FRQGLWLRQV R
VXVWDLQDELCHML\QDQG ZHOO

6XVWDLQDELOLW\ PLQGVHW LV GH,{QHG DV D ZD\ Rl WKLQNLQJ
XQGHUVWDQGLQJ Rl WKH HFRV\WWHP V PDQLIHVWDWLRQV IURI
LQWURVSHFWLYH IRFXV RQ RQHTV SHUVRQDO YD/VXRY D Q@ K WILKRAL
IRU WKH JUHDWHU JRRG Rl WKH ZKROH .DVVHO S5LPDQRF]\ OLW
LV WR EH GHYHORSHG DV D QHZ OHQV WKURXJK ZKLFK LQGLYLG X
GDWD DQG PDNLQJ EHWWHU GHFIFYLRQV QRWMHGY W KSDL\WD@WRY HOF
VXVWDLQDELOLW\ PLQGVHW PHDQV HQJDJLQJ KHDG KHDUW DQG
DQG HPRWLRQV SURYLGH D KROLVWLF DQG GHHS OHDUQLQJ H]
WRZDUGV D VXVWDLQDELO ILRU W LE) GBLHPW Q R¥JYW K HUD AD]D U H V

EDVHG RQ WKHLU ZRUN RQ TXDOLWDWLYH H[SORUDWRU\ VWXG\
VXVWDLQDELOLW\ LQLWLDWLYHV LGHQWLILHG HOHPHQWYV WK
PLQGVHW JURXSHAVXQOHMHBN 7DEOH VKRZHG WKH VIQWKHVL

7DEOH 6XVWDLQDHRIHQWUY DQ FEWHW 'LPHQVLRQV DQG 3UL

Central Sustainability - -
Areas Principles Knowledge Being Doing
(Thinking) (Values) (Action)

Ecological * Ecoliteracy Biospheric Protective /
Worldview * My Contribution Orientation Restoration Practices

Ecoliteracy

* Both-And Thinking
Systems * Cyclical Flow Systems Inter- Stakeholder
Perspective  + Interconnectedness Theory connectedness Engagement
* Long-Term Thinking

Emotional Sl Self/Other - Proactive Glocal
. * Reflection Compassion o
Intelligence - o Awareness Sensitivity
* Creative Innovation

Spiritual : &T::Eslf‘:g:h b Purpose/ Oneness with Contemplative
Intelligence | Purpose Mission All That Is Practice

3URFHHGLQJWYRIWHIHQDWLRQDO &KREWBGIBHQFH
ORQDVK SQLYHMOERWUQH $XYWUDOLD
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,Q WHUPV RI RXWFRPHV 3DUNLQ HW DO QRWHG WKDW D VX
H[SHFWHG WR DWWDLQ WKH IROORZLQJ H[SUHVVHG DW WKH KLJ

f 8QGHUVWDQG WKH QHHG IRU FKDQJH WR D VXVWDLQDEOH ZD
FROOHFWLYHO\

tf +DYH VXIILFLHQW NQRZOHGJH DQG VNLOOV WR GHFLGH DQG D
GHYHORSPHQW

tf %H DEOH WR UHFRJQL]H DQG UHZDUG RWKHU SHRSOHfV GH
VXVWDLQDEOH GHYHORSPHQW

'(6&5,37,21 2) :25. '21( )25 7+,6 3$3(5

‘H KDG HDUOLHU VKDUHG KRZ ZH XVHG WKH &',2 &RUH 6W
FRPSHWHQFLHV IRU VXVWDLQDELOLW\ LQWR WKH 63 "&+( &XUULF:
HwW DO DQG WKH HYDOXDWLRQ RI WKH HIIRUWH 2WKDMMW R3O
RI (6" LV WR EXLOG RQ WKH HIIRUW RI &&& WR FRQWLQXH WR
VXVWDLQDEOH GHYHORSPHQW LQ SURJUHVVLYHOVSHHS$HRJ FR
NQRZOHGJH WR IXUWKHU FRQWH[WXDOL]H WKHKI® HDWPQLE®JIWRVL
GHYHORS VWXGHQWVY VXVWDLQDELOLW\ PLQGVHW DV D NH\ HO
JUDGXDWH DWWULEXWHYV DUH FRPFRGOIHRWY DRO QUWNKKMKEEHHRQIW D PQ HH G
WR H[SORUH D FRPPRQ DSSURDFK ZKHUBB\DEBQ\ SFHYRIQU WK RFBIK OH
PD\ OLNHO\ LQWHJUDWHG (6' LQ LWV RZQ XQLTXH ZD\

:KLOH WKH SDWKZD\V H[SORUHG E\ GLIIHUHQW SURJUDP PD\ EH
VDPH DSSURDFK XVLQJ WKH &',2 JUDPHZRUN WRZDUGV WKH GHV
OHDUQLQJ DPRQJ VWXGHQWY OH]LURZ H[SODHPHN® B QYL VDM
WUDQVIRUPV SUREOHPDWLFE: VBHIMPH R IRIL HG HAHMQFHS WLRQV DQG
KDELWV RI PLQG PHDQLQJ SHUW ®HRFWDXHY WRHPGPRWN LQFO
GLVFULPLQDWLQJ RSHQ UHIOHFWLYH D QG HPWWHRQ DEHOX COHERIDH,

IXUWKHU HODERUDWHG WKDW WUDQVIRUPDWLYH OHDUQLQJ

LDOORZV VWXGHQWY WR TXHVWLRQ WDNHQ IRU JUDQWHG IUL
GLVFULPLQDWLQJ RSHQ DQG UHIOHFWLYH

LISURGXFHV PDMRU FKDQJHV LQ WKLQNLQJ IHHOLQJ DFWLQJ U

LILOORZYV IRU HYDOXDWLQJ YDOXHV DQG DVVXPSWLRQV IRU WKH

7R DFKLHYH WKHVH GHVLUHG RXWFRPHV ZH QRWHG WKDW WKHU

VWUDQGV Rl ZRUN RQ (6' 'HYHORSPHQW RI NH\ FRPSHWHQFLH\
DQG GHYHORSPHQW RI VXVWDLQDELOLW)\ P\LIQGHAH R/l RAGK W K/ID RV K R
7KH DSSURDFK WRZDUGV VXVWDLQDELOLW VP RWEMHFW | R¥ XOH.FKLIGRI
EHOLHI YDOXHV DWWLWXGHV DQG GLVSRVLWLRQ RI DQ LQGLYLC
&RQWULEXWLRQ  XQGHU (FPORI LRI QRVY GLIWK 1DWXUH  XQC
, QWHOOLJHQFH 7KH HPSKDVLV LV JUHDWHU RQ WKH 3GHYHORSLQ
SDUW DV VKRZQ RQGWKRI ULJXWH 2Q WKH RWKHU KDQG WK!
FRPSHWHQFLHV RI VX\RUDLQRIFMMQWMHAV ZRWK VRPH FRQVLGHU
LQGLYLGXDO LQYROYHG LQ WKH FKDQJH HIIRUW 7KH IREXV LV P
ULJKMGH RI )LIXUH 7KH HOHPHQWVY Rl HPRWLRQDO LQWHOOL:
SDUWLFXOBUQ FOUF HDWRHHOQHYIV FRPSHWHQFLHY QHHGHG IRU LC
VROYLQJ 2YHUDOO WKH HOHPHQWYV RI WKH VXVWDLQDELOLW\
QHHG WR FRQVE®DW *WHPHWLRQVKLS LQ DGGUHVVLQJ VXVWDLQ]

BURFHHGLQJWRIWHUHQDWLRQDO &'KRWRBEGHBHQFH
ORQDVK 8QLYHOERWUQH $XYWUDOLD
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AGAINST CONCEIVING, DESIGNING, IMPLEMENTING AND OPERATING SYSTEMS E EI % 2 .% "a: 3 - E
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COMPETENCIES < 3 <
211 Probiem Identification and Formulation Vo I’ v v
2l LELE 212 Formulate a Strategy to Solve Problems W v ¥
P';Z};izx:h;gi‘Tr?G 213 Analyze Results v v
214 Conclude Study and Make Recommendation v
221 Formulate Hypothesis o
22 ECIIL ST, 222 Conduct Literature Review ?
AND Kl\llg‘\{NEfETl‘)%?-[I!?StOVE“ 223 Conduct Experimental Inquiry v
224 Analyse Data and Write Repart
231 Understand the basis and methods of system thinking v ,, "
2.3 SYSTEM THINKING 232 Understand Interactions in Systems, and External to Systems v v v v
233 Apply System Thinking in Probiem-Solving v v v
234 Understand Trade-offs, Synergies, Judgment and Balance in Resolution VY ? Vv Vv v
241 Demonstrate Positive Attitude and Willingness to Make Decisions in Face of Uncertainty i v v
242 Demonstrate Perseverance, Sense of Urgency and Will to Deliver A ? v v v v
243 Demonstrate Resourcefuiness and Flexibility in Adapting to Change v ? v
e ATIILIES 244 Demonstrate Creative Thinking v
THF;GR:TNZND 245 Demonstrate Critical Thinking v v v v v N
246 Demonstrate Seif-Awareness, Self-Reflection, Metacognition and Knowledge integration v v v VY
247 Demonstrate Learning Agility, Engage in Lifelong Learning and Educating v Vv
248 Manage Time, Technoiogy and Resources b4 VY Vv
251 Apply Knowledge of Sound Vaiues and Ethics, and Demonstrate Social Responsibilities ¥V % ?
252 Demonstrate Professional Behaviour at Work and in Saciety ? ? v v
2.5 ETHICS, EQUITY 253 | Develop Self-Awarenass in Life Plonning 2 2 " v
REST’J:I: ?I;:.‘I:'FI{IES 254 Stay Current on One’s Own Professional Field (e.g. Engineering, Business, etc) d v ? v
255 Demonstrate Respect for Equity, Justice, Diversity and Inclusiveness s v
256 Exhibit Trust and Loyalty PRad
311 Form Effective Teams v
3.1 TEAMWORK AND 3.12 Manage and Participate in Teams Vv
COLLABORATION 3.13 Participate in Multi-perspective Collaboration v ¥
3.14 Engage Stakehoider, Establish Diverse Connections and Networking v v v
321 Design Appropriate Communications Strategy "
322 Design Appropriate Communication Structure
323 Demonstrate Effective Written Communication
324 Demonstrate Effective Digital Communication
3.2 COMMUNICATION 3.25 Demonstrate Effective Graphical Communication
326 Demonstrate Effective Oral Presentation
327 Demonstrate Effective Interpersonal Communication, Inquiry, Listening, Dialog and Argumentation v v v
328 Demonstrate Effective Negotiation, Compromise and Conflict Resolution v ? PRad v
329 | Demonstrate Advocacy v v ? ? =
MAPPING = o g w
AGAINST CONCEIVING, DESIGNING, IMPLEMENTING AND OPERATING SYSTEMS g H] % $ = § » , é
SUSTAINABILITY IN THE ENTERPRISE, SOCIETAL AND ENVIRONMENTAL CONTEXT 2 2 E = E =€ s g
—THE INNOVATION PROCESS & s =] & = o E * %
COMPETENCIES < = S <
411 Identify Roles and Responsi f Engineers or Professionals + v' ~
412 Address the Impact of Engineering on Soci T A = VA v
41 413 Recognise How One’s Profession is Regulated in Society VY ? v
:N’: EE':“”:,‘I‘;:NO:":;:‘;[ a1 fistorical and Cultural Context in Engineering or Other Professions ? ?
CONTEXT 4.15 Understand Contemporary Issues and Values v v v
4.16 jion for the Future v v ? ? v
4.17 p an International and Global Perspective Vo v ?
421 ting Different Enterprise Cultures = ?
422 Understand Different Enterprise Stakeholders, Strategy and Goais ? ¥ ¥
. 423 Understand Technica eneurship ? ?
ENTERPRISE 4.2.4 Understand Working in Local Organizations v
AN:UB:TSEI;‘:SS 4.25 Underst Working in i 1O ? Vv
426 Understand New Technology Development and Assessment v ¥
4.2.7 Understand Project Finance and Econom ? ? v
431 Understand Societal and Planetary Goals and Constraints VA v v v %
432 Understand Needs and Goal-setting v v v ?
<hE FETEEINE 433 Evalugte Function, Cancept and Architecture v
s:ir:':: T 434 Develop System Engineering, Modelling and Interfaces v
435 Develop a Preject Management Flan ? ?
436
441 Formuiate the Design Process VA v v
442 Plan the Design Process Phasing and Approaches ? ?
440 443 ige in Design
4.4.4 iplinary Design 2
445 idisciplinary Design ? ?
346 Design for Sustainability, Safety, Aes . Operal v | v - v
451 Design a Sustainable Implementation Process v v v v
452 Hardware Manufacturing Process ? =
e 453 Plan Software Implementing Process ? =
-2 IMPLEMENTING 454 Hardware-Software Integration ? 2
455 Conguct Test, Verification, Validation and Certification ?
456 Manage Implementation Process ? ?
461 Design and Optimizing Sustainabie and Safe Operations v v v v v
462 Plan Training and Operations ?
463 Support for Product, Process, Service, System Life Cycle v ?
D L 464 Manage System Improvement and Evolution ? 2
465 Manage Disposal, Circularity and Life-End Issues v v
166 lan for Operations Management ¥ v v
Explict / Strong Implicit / Partial

Any cell with 3 or more (v'v' v will be recorded as such. Same for 3 or more (v'). Entry with mix of (v'+ v') and (v') will be recorded
as (¥'). Entry with (v'+'+") or (v') AND (?) will be recorded as (?). Entry with 1 (v') and 1 or more (?) will be left BLANK.

J)LIXUHODSSLQJ EHWZHHQ 81(6&2

6\OODEXV YHUVLRQ

Potential / Need for Improvement

.H\ &RPSHWHQFLHV

WKLV ZRUN

B3URFHHGLQJWYRIWHHQDWLRQDO &KRWWAGHEHQFH

ORQDVK 8QLYHOERWUQH $XYWUDOLD

IRU

6 XVW
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:KDW ZH VWULYH WR GR LV WR KDUPRQL]J]H WKHVH WKUHDGYV LQ!
GHYHORSPHQW RI (6' JXLGHG E\ WKH &',2 )UDPHZRUN :H FRQWL
XVHIXOQHVV RI NH\ FRPSHWHQFLHV IRU VXVA®D WRD EHMIVEH ZK XNH
LQ XQLYHUVLW\ PDVWHUV SURJUDPV E\ 6DORYDDUD HW DO

&RQYHUJHQFH RI .H\ &RPSHWHQFLHV IRU 6XVWDLQDELOLW\ DQG

‘LWK WKH UHOHDVH RI &',2 6\O0ODEXV YHUVLRQ ODOPTYLVW H
RXU RZ@'63 6\0OODEXV WR PDWFK WKDW RI YHUVLRQ ,Q WKH &'
QHHGY DQG RSSRUWXQLWLHYV LGHQWLILHG L®HIRVHILBWGD @ QC
DGGLWLRQDO UHIHUHQFHV ZHUH FRQVXOWHG DQG FKDQJHV LPS
WKH VDPH DSSURDFK RI 5RVHQ HW DO ZLWK WKH DXWKRL
FRPSHWHQFLHY DQG PDSSHG WKHP & 2D 6@DE XWKHHUMYRQHG 63k
RXWFRPH VKRZQ LV LQ )LJXUH ,W VKRZHG WKDW ZH DUH LQ JR
VNLOOV DQG DWWLWXGHYV WKDW XQGHUSLQV WKH NH\ FRPSHWH:
ZLWK WLFN PDUNV 7KHUH DUHXRFH WPDLQW \GRIYHH HRWRHU VX
DQG DWWLWXGHV OLJKW VKDGHG ER[ ZLWK WLFN PDUN UHIC
DXWKRU KDV RYHU KRZ GLUHFW UHPRWH D JLYHQ VNLOO RU
FRPSHWHQF\ RI VXV DEIOQ GO WR\YBURIEQJ Q WISE ¥ LR L BV K B REZRPHDGE.
/IDVWO\ WKH WHDP DOVR VXUIDFHG VRPH DUHDV ZKWKBIGIHRGS URY F
ER[ ZLWK TXHVWLRQ PDUN ZKLFK DJDLQVEBGLEHFL)Q@XPEEKB E\

7KH UHODWLRQVKLS EHWZHHQ NH\ FRPSHWHQFLHV IRU VXVWDI
SULQFLSOHV DSSHDUHEHDR AKHHGQG&XW UHVHDUFK RI WKH OLWHL
IURP &ULSSYV 6PLWK WKDW EULHIO\ FRPSDWIBSGLWKHS O WX W\
WKH 81(6&2 NH\ FRPSHWHQFLHY DQG D SDSHU IURP $QVDUL 6W
Rl VNLOOV DQG DWWLWXGHYVY QHHGHG IRU VXVWDLQDELOLW\ PLQ!

‘H WKHQ PDS VNLOOV DQG DWWLWXGHY QHHGHG IRU VXVWDLQD

SDSHU WR VXVWDLQDELOLW\ PLQGVHW SULQFLSOHV (DFK R
PDSSLQJ XVLQ& ' V2KGHN®BABDEXYVY YHUVLRQ D Q GQ WKHF RIQUFV. YWY HD X o
VXEPLVVLRQV DQG WKH UHVXOWY LV VKRZQ LQ WKH OHIW SDUW
PDWFK ZLWK WKH WRSLFY'FREHOUODEXQY WIQK 8BRW VXUSULVLQJO)
FDQ DOVR EH PDSSHG WR PDQ\ VNLOGBW Q@ W WW)WXGHV Z@ WKI
VNLOOV DQG DWWLWXGHV WKDW PDSSHG VWUR QJOUY H\LXWOKWW KRH N
PDSSLQJ WKDW ZDV VKRZHG LQ )LJXUH HDUOLHU JLIXUH F(
PLQGVHW SULQFLSOHNWQPFQBVNIHRUFRRGVWWLQDELOLW\ DUH VLGHYV

'LWK WKHVH PDSSLQJ GRQH ZH SURFHHG WR SXW WRJHWKHU D IL
D IUDPHZRUN WKDW LV QRW RQO\ XVHIXO IRU SURJUDPV LQ 63 WF
FROODERUDWRUYV 7KLV ZLOO DOVR KHOS OMR LG GARHP\E\H WKIE O H X
VXVWDLQDELOLW\ DV KLIKOLJKWHG E\ YDULRXV DXWKRUV H J ¢
':LOKHOP HW DO

7KH &',2 :D\ )URP .H\ &RPSHWHQFLHV IRU 6 XVWDLQDELOLW\ WR ¢

,Q WKLV SDUW RI WKH GHYHORSPHQW ZH WRRN QRWHV Rl WKH D
PXFK ZRUN KDG EHHQ GRQH WR 3KDUPRQL]H  ZKDW FRQVWL
VXVWDLQDELOLW\ LQWHQGLINGHE KB GH QWR \ER{ WR QW HI@\ ELHHV X O W
DGRSWDEOH E\ DQ\ GLVFLSOLQHV DQG ILHOGV RI VWXG\ 2Q WKt
RSHUDWLRQDOL]LQJ WKHP GHYH®RKLBK B\ NGHH I IFRIPVS HRVH Q F\ P D C
VHYHUDO RWKHU L MH\KLWRRSWRHEFR @M H\DJO WKHYH VHW RI

BURFHHGLQJWRIWHUHQDWLRQDO &'KRWRBEGHBHQFH
ORQDVK 8QLYHOERWUQH $XYWUDOLD
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FRPSHWHQFLHYV DQG VXFK OHDUQLQJ UHTXLUHV FRQWH[W ,Q ID
DV *OHDUQDEOH EXW QRW WHDFKDEOH’

%DUWK HW DW

& |

GHSHQGHQW RQ FRQWH[W

9LWHOOR HW DO

H@R FKKLDX\WN L

S&RPSHWHQFHVY KDYH QR PHDQLQJ XQOHVV WKH\ DUH HQDFWH(

DVVHVVPHQW LQ D SDUWLFXODU FRQWH[W’
FRQWH[W 6WHUOLQJ HW DO

UNESCO z
Key 5
Compatancy -
(2017) &

Long Term
Thinking

Interconnected

Systems
Thinking

I[LNHZLVH VXVWDLQ|I

7TKLYLIOKBGRHWMDDOVR KZKR QL
RQ FKDOOHQJHV RSHUDWLRQDOL]LQJ FRPSHWHQFLHYV
SWKHRUHWLFDO GHEDWHYVY RQ FRPSHWHQFHV LQVLVW RQ WKH I
WUDQVIHUUHG QRU WDXJKW EXWFRQWWHDWTXLUHG LQ D VSHFLIL

CDIO Topic

Systems Thinking
A Competency

Anticipatory
Competency

e Normative
71 ¢ y
7 p y

Anticipatory

Normative

Strategic

Collaborative

Critical
Thinking

Self-Awareness

Integrated
Problem-Solving

JLIXUHOLJQLQJ 6XVWDLQDELOLW\

SLIKWLWK &ULSSV

Integrated
Problem-
Solving
G y

Strategic
Competency

Collaboration
Competency

\ Critical Thinking
Competency

Self-Awareness
Competency

6AHIWHKKLY ZRUN&Y,RD6BBODEXV

IRU VXV

&R P S HOA 19 G WY/ Q FLFS C

‘H EXLOG RQ RXU HDUOLHU HIIRUWYV LQ XVLQJ &',2 WR LQWHJU

FRQVLGHUDWLRQYV

IRU VXVWDLQDELOLW\

PLQGVHW SULQFLSOH

6WDQGDUGYVY WR GHYHORS WKH UHTXLUHG NH\ FRPSBWHWEKHHV |

&',2 )UDPHZRUN ZLOO SURYLGH WKH

SPLVVLRQGEISOINGEEWZNH!

FRPSHWHQFLHV IRU VXVWD L QDHES Q&N QIQ G HYKIKD R B DMGMMR T WK H |

FRPSHWHQFLHV

ORVW QRWDEO\ LV 6WDQGDUGKH78&HF&NYWHBW

FRQWH[W XQGHU ZKLFK D JLYHQ SURJUDP FDQ XVHG DV WKH EDV

GLVFLSOLQH RU
EH XVHG WR SURYLGH

ILHOG RI VWXG\

‘H IXUWKHU DUJXHG WKDW WKF
IXUWKH U | JXQGLDXO¥ HJ WRWMIGH F& H U L FQY CRX P

ZKLFK LQ WXUQ FDQ EH LPSDUWHG WR VWXGHQWY YLD D VHULF

LQFUHDVLQJ OHYHO RI

FRPSOH[LMSO HRHQG D(PUSSH U L HHQYEH @

oD

H[SHULPHQWY ZRUNVKRS\6WDWQ/GEDQBHQW WMIRJDWHG /HDUQLQJ (
WKDW SURYLGH PFWMXPHUKBEQEN WR SURJUHVVLYHO\ GHYHORS W
RYHU WKH SURJUDPYV GXUDWLRQ 7KH UHVXOW LV VKRZQ LQ )LJ;

7KH QH[W VWHS LV WR H[SORUH FRQFHUQV UDLVHG E\ VRPH DXW
EHWZHHQ WKH NH\ FRPSHWHQFLHV IRU VXVWDLQDELOLW\ ZLWK I

R

KLHUDUFKLFDO UHODWLRQVKLS

%QUXQGLHUV HW DO

5HODWLRQVKLS EHWZHHQ .H\ &4RPSHWHQFLHV IRU 6XVWDLQDELO

'HYHORSPHQW

*XLGHG E\ WKH &',2 )UDPHZRUN

ZH SURFHHG WR H[SORUH WK

IUDPHZRUN ZH VWXGLHG WKH SUHYLRXV HIITRUWYV DWW IGRRUW DL OH (

H[DPSOH WKH ZRUNV RI

%UXQGLHUV HW DO

3URFHHGLQJWYRIWHIHQDWLRQDO &KREWBGIBHQFH
ORQDVK SQLYHMOERWUQH $XYWUDOLD

DQAISHGPDQ
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IRFXVHG RQ WKH FKDOOHQJH RI IRUPXODWLQJ WKH KLHUDUFKk
IUDPHZRUN LV VKRZQ LQ )LJXUH FRPSULVLQJ WKH IROORZLQJ F
,QWHJUDWH G RBRURIEQHERPSHWHQF\

6\WWHPV 7KLQNLQJ &RPSHWHQF\

)XWXUHV 7KLQNLQJ &RPSHWHQF\

9DOXHV 7KLQNLQJ &RPSHWHOQF\

BWUDWHJILF 7KLQNLQJ &RPSHWHQF\

,QWHUSHUVRQDO &RPSHWHQF\

,QWUDSHUVRQDO &RPSHWHQF\

,PSOHPHQWDWLRQ &RPSHWHQF\

+H ++ H+ H+ H+ H+ H

| Graduate Attribute: SUSTAINABILITY MINDSET

: Disciplinary Advanced '
1 Core, connected to

11 1] 1]
| DOING (action)
! other related UNSDGs | BEING (values)
1 and Non-Disciplinary i THINKING

|Top|cs e.g. Electives | (knowledge)

Development of Key
Competencies for Sustainability:
Hierarchy of Competencies
(using CDIO Syllabus)

. Disciplinary Core; with
I selected UNSDGs as

1 key focus areas using
! Domain Knowledge

¢ |[nterconnections

« Reflection

INTELLIGENCE « Creative Innovation

| Disciplinary Field of
| Study; Mathematics,
! Science & Human|t|es 5
1 Broad Sustainability 1
1 issues, Intro UN SGDs |

CDIO Foundational
Skills & Attitudes:
Communication,
Teamwork &
Collaboration, Critical
& Creative Thinking

* Oneness with Nature
* Long-Term Thinking ¢ Cyclical Flow

INTELLIGENCE * Mindfulness * Purpose
(Projects w/ CDIO Elements...)

including... Standard 4
Introduction to Engineering
Learning Outcomes
{Increasing Levels of Proficiency)

Experiences

3. Integrated Curriculum
Experiences

7. Integrated Learning
5. Design-Implement

8. Active Learning
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WORLDVIEW * My Contribution
EMOTIONAL -« Self-Awareness
PERSPECTIVE « Both-And Thinking

ECOLOGICAL * Ecoliteracy

SPIRITUAL
SYSTEMS

11. Learning Assessment

9.

12. Program Evaluation

JLIXUH +RZ 6HOHFWHG &',2 6WDQGDUGY DORQJ ZLWK 6XVWD
FDQ 6XSSRUW "HYHORSPHQW RI .H\ &RPSHWHQFLHV IRU ¢

Integrated

Problem—SoIving
Competency
Implementation
J J_ Competency < |

v

h 4

NS — ¥
Systems Thinking Futures Thinking
Competency Competency
Strategic Thinking
T T Competency T T

Ao
A
Intrapersonal Interpersonal
Competency Competency

Values Thinking
Competency

JLIXUHH\ &RPSHWHQFLHV IR W 46XAUNDLRRIREAMEMID WLRQVKLSV

$v D IUDPHZRUN WKH NH\ FRPSHWHQFLHY DUH QRW FRPSLOHG I
NH\ FRPSHWHQFLHVY QHHG WR EH LQWHJUDWHG IRU DGYDQFLQJ V.
"LHN 7KH IROORZLQJ DUH RXU NH\ FRQVLGHUDWLRQV

3URFHHGLQJWYRIWHIHQDWLRQDO &KREWBGIBHQFH
ORQDVK SQLYHMOERWUQH $XYWUDOLD
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f 9DOXHV WKLQNLQJ FRPSHWHQF\ :LHN HW DO LV SUHIHUU
81(6&2 IRU LWV HPSKDVLV RQ YDOXHV VLPSO\ EHFDXVH
FKDOOHQJHV KDG UHPDLQHG D FROW HFRWHABSIMQGWBORHQJ

,Q IDFW %UXQGLHUV HW DO RSLQHG WKDW LW VKF
RULHQWDWLRQ IRU WKH RWKHU FRPSHWHQFLHV

f )XWXUHV WKLQNLQJ FRPSHWHQF\ OLNHZLVH UHSODFHG DQWLF

f QWHUSHUVRQDO FRPSHWHQF\ ZLOO EH XVHG LQ SODFH RI
81(6&2 DV LW EURDGHQV WKH HQJDJHPHQW SURFHVV WR L
*HQF DQG DSSOLFDEOH WR D UDQJH RI GLIIHUHQ@W VWDNH
WHDPV )ULVN /DUVRQ

f ,QWUDSHUVRQDO FRPSHWHQBYDALW®HVXENVKPSHHWHQF\ IURP 8

DQG ZLOO DOVR LQFOXGH RWKHU VNLHIXWY DVWQIGR Q@ WINQ &/
FRQWLQXDOO\ LPSURYH RQHVHOI %UXQGLHUV HW DO

f QWHUSHUVRQDO FRPSHWHQF\ DQG LQWUDSHUVRQDO FRPSH
FRPSHWHQFLHV %UXQGLHUV HW DO $\HUV HW DO

f $GGHG LPSOHPHQWDWLRQ FRPSHWHQF\ DV VXJJHVWHG E\ 5HG
%UXQGLHUV HW DO DOWKRXJK ODWHU ZRUN E\ %UXQGL
DFNQRZOHGJHG WKDW WKLV LV VWLOO D FRQWHVWHG DUHD
LPSHPHQWDWLRQ VNLOOV LV SPNREWYRQW KK RFHVID QB B U R EDOJHUA
LQFOXGH LW IRU WKH UHDVRQ WKDW LW GLVWLQJXLVK LWVHO
RQ *GRLQJ" WKDW OHDGV WROYXQWHJIJUDWHG SUREOHP

f :H DJUHH ZLWK WKH YLHZV DLUHG E\ %UXQGLHUV HW DO C
WKDW FULWLFDO WKLQNLQJ LV QRW FRQVLGHUHG D NH\ FRPSH'
FULWLFDO WKLQNLQJ LV D EDVLF DFDGHPLF FR®SSWRIQUMDPGHY

f $00 NH\ FRPSHWHQFLHV LQ VXVWDLQDELOLW\ DUH UHIHUHQ
LQWHUGHSHQGHQW HDFK FRQWULEXWHYVY \LRWO/Y ISQU 8 URRHVX W
%UXQGLHUV HW DO

f /IDVWO\ DQG PRVW LPSRUWDQWONHDHP WRIJWKW WKBWW  IRU D
NH\ FRPSHWMXHWY LV PRUH WKDQ RQH ZD\ WR VWUXFWXUH WK
ERXQGHG E\ YDOXHV WKLQNLQJ FRPSHWHRQ@MLRQ GHERSWHA H D W H

9DOXHV WKLQNLQJ FRPSHWHQF\ LV FRQVLGHUHG WKH XQGHUSLC
DOO RWKHU NH\ FRPSHWHQFLHVY W SDUWLFXODUO\ KDG D VWI
LQWUDSHUVRQDO FRPSHWHQFLHYVY DQG FROOHFWLQYHI[OW WNKH\ JX
FRPSHWHQFLHY QDPHO\ VWUDWHJILF WKLQNLQJ IXWXUH WKLQN
GULYHV WKH LPSOHPHQWDWLRQ FRPSHWHQRMMRODHDRQUQIRWKHMWKIH) E

,Q RXU PRGHO ZH DUJXHG WKDW WKHVH NH\ FRPSHWHQFLHYV

DQG V\WWHPV WKLQNLQJ PXWXDOO\ LQIOXHQFH RQH DQRWKHI
GHYHORSPHQW LVVXHV DQG RIWHQ UHTXLUHYV KHDGH® BZVW HUD'
LQ )LJXUH WR DUULYH DW DQ RSWLPDO VROXWLRQ EHIRUH SU
+HQFH ZH VXJJHVWHG WKDW WKH FRPSHWHQFLHV VXJJHVWHG E
WKH 3'RLQJ" GLPHQVLRQ RI 6XQW IVDEDE LIUGRFMOQEHGNL W LY L W\

WKH DUHD Rl (PRWLRQDO ,QWHOOLJHQFH DQG 3URWHFWLYH 5HV
+ VKRXOG EH FRQVLGHUHG VSHFLILF DUHDV WR EH \DREGUWIQVV HG
FRPSHWHQF\ 6LPLODUO\ WKH 6WDNGHEROGBHWHRRP SHWWRHEW L
&RQWHPSODWLYH 3UDFWLFHV XQGHU 6SLULWXDO ,QWHOOLJHQFF
VSHFLILF DUHDV XQGHU LQWHUSHUVRQDO FRPSHWHQF\ DQG LQ\
‘H DUJXHG WKDW WKH IRUPX\ODWHR Q/ KRR XDIGH VHOWWIULVWLFDOO\ D
LQYROYH VHYHUDO NH\ FRPSHWHYVWWBIW H RIUF V X VWANDH. R\D BMICLLQW\L Q .
WKLQNE®SHQGLQJ RQ WKH QDWXUH RI VXVWDLQDELOLW)\ LVVXH V

BURFHHGLQJWRIWHUHQDWLRQDO &'KRWRBEGHBHQFH
ORQDVK 8QLYHOERWUQH $XYWUDOLD
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‘H DFNQRZOHGJHG WKDW WKH VHDUFK IRU NH\ FRPSHWHQFLHV Z
RXU PRGHO LV D ILUVW RI LWV NLQG WKDW DWWHPSWHG WKLQ
XQGHUSLQQLQJ RI VXVWDLQDELOLW\ PLQ®VHW \SFRRFH SO DV VMR
VXVWDLQDELOLW\ 7KLV LV DFKLHYHG YLD WKH XVH RI &',2 6\00L
WKH NH\ FRPSHWHQFLHV IRU VXVWDLQDELOLW\ XVLQJ WKH &',2 6

7DNHQ WRJHWKHU WKH &',2 )JUDPHZRUN HQDEOH XV WR DUULYH L
(6' LQWR DQ\ HGXFDWLRQDO SURJUDP EQGHSHQDBBHQFHRIDWKH H
FRPSHWHQFLHV IRU VXVWDLQDELOLW\ WKDW KW UPDRQMD DMW®IH U YE [
FRPSHWHQFLHV IURP WKH &',2 6VSEBPENVF LMD FRROMWBAKWMUH G
NQRZOHGJH LV XVHG DORQJVLGH VNLOOV DQG DWWLWXGHV WR [
WKLV DSSURDFK ZLOO KHOS WR UHFERWRUBGHRW K H \ GRHRAFRSIHWHH QLD
DUH PHDQW WR GULYH FXUULFXOXP GHVLJQ RQ RQH KDQG DQ
LQWHJUDWHG ZKHQ RSHUDWLRQDOL]LQJ WKHVH FRPSHWHQFLH\
36 XVWDLQDELOLW\ FKDOOHQJHV DBGQWDNMNY RONRQHEMFRBHFP
HQYLURQPHQW’

*URXQGHG VROLGO\ LQ WKH &',2 6WDQGDUGV )LIXUH VHUYHV

SURJUDP RZQHU WR FRQVLGHU KRZ EHVW WR XWLOL]JH WKH FRXU
VWXGHQWVY VXVWDLQDELOLW\ PLQGVHW )WIXUHW X BHRWKB HAN EQ
DWWLWXGHYV GHYHORSPHQW QHHGHG IRU NH\ FRPSHWHQFLHYV

GHYHORSPHQW RI VNLOOV LQ D SURJUHVVLYH PDQQHU RYHU V
XQGHUSLQQLQJ NQRZOHGJH WR EH FRLWUBH@RXQGHDQFOXBRW H
'HPRQVWUDWH &ULWVSHE LZXQQWNLQJIJWHDPZRUN DQ G OPRYDAIBIERUD W
DQG 3DUWLFLSDWH L'QIVIHIIMPYSSURSULDWH &RPPY@GEDWLRQ 6W!I
'"HVLJQ $SSURSULDWH &RPPXQLFDWQRQYOWNXNKFWIXQUHDWWLWXGHV
'HPRQVWUDWH 5HVSHFW IRU (TXLW\ -XVWLFH ' IGHHQUWLW\5BQE YV,
DQG 5HVSRQVLELOLW\ Rl (QJLQHHUV R 8 QGHKUHUWBDORE HAWR/QWE D SR
,VVXHV DQG PRI EXEXTEO0 FRQWLQXH LQ VXEVHTXHQW \HDUV RI V
'HVFULEH D 9LVLRQ IRQ WRHHRRQWWUDWH 3HUVHYHUDQFH 6HQV
DQG :LOO WRQGOLYMHWELW 7UXVW HWE /R\DO W\

‘H KDG HDUOLHU VXJJHVWHG WKDW EDVHG RQ )LJXUH DIWHU E
LOWHUSHUVRQDO DQG LQWUDSHUVRQDO FRPSHWHQFLHV D SUR
FRQWLQXH WR EXLOG XS VWXGHQWVY VWUDWXW XR HWK MKNLQNIL C
FRPSHWHQFLHYVY LQVWHDG RI IROORZLQJ D VSHFLILF VHTXHQFI
QXDQFHV RI WKH SURJUDP VHHNLQJ WR LQWHJUDWH WKHVH F
FRQVWUDLQWY VHTXHQFLQJ RI FRXUVHWUBWF DX QWHKE8 URIRUHHU H
SURILFLHQF\ OHYHOV IRU GLIITHUHQW NH\ FRPSHWHQFLHV )RU H
NHFRPSHWHQFLHYV ZRXOG KROG YDU\LQJ GHJUHHV RI UHOHYDOQFF

FRQWH[WYVY J/LNHZLVH ORFKL]XNL DQG )DGHHYD FRPPHQWI
LQGLYLGXDO SURJUDPYVY IRUPXODWH WKHLU RZQ FRPISHHWWHQBLHYV
WKHVH OLV&RERHOO BUHNGLHUV'RZQV HW DO

JLIXUH VKRZHG D K\SRWKHWLFDO H[DPSOH RI KRZ WKH IUD
RSHUDWLRQDOL]JHG JXLGHG E\ WKR&'P2D6\SLMIEXNWZAHHQ MK H 6B Q
XQGHUSLQQLQJ VNLOOV DQG DWWLWXGHV QHHGHG IRU NH\ FRPS

BURFHHGLQJWRIWHUHQDWLRQDO &'KRWRBEGHBHQFH
ORQDVK 8QLYHOERWUQH $XYWUDOLD
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Part 4. Conceiving, Designing, X . . .
Implementing & Operating b (Al (95 ()

Systems in the Enterprise, —— | Integrated Problem-Solving Competency

Societal & Environmental
Context
(2.4.3) | (2.4.8)
Pl Implementation AL (B
(2.4.1) —p Competency
(2.5.6) (2.5.1) T (2.4.4)
— i 3.1.4)
Values Thinkin (2.54) (
e (Normative) & Strategic Thinking (3.2.7) (3.1.3)
Competency Competency (2.5.5)
(4.1.6) R I 4 242
| (4.1.6) — v
Futures Thinking
Intrapersonal (2.4.5) (Anticipatory) Interpersonal
Competency Competency < Competency
Part 2. (2.3.3) (4.1.2) T (4.1.7) Part 3.
Personal & (2.4.6) Interpersonal Skills:
Professional ’Tystems Thinking Competency Collaboration, Teamwork
Skills & Attributes & Communication
(2.3.1), (2.3.2), (2.3.4) (3.1.1) & (3.1.2)
(3.2.1) - (3.2.6)

Part 1. Fundamental Knowledge & Reasoning

J)LIXUH S3RVVLEOH '"HYHORSPHQW 3DW&KROY WR &R HIDMCHG =

,Q WKLV PDQQHU WKH PRGHO DIIRUGHG SURJUDP RZQHU ZLW
GHYHORSPHQW RI VWUDWHJILF WKLQNLQJ V\VWWHPV WKLQNLQJ D
EHVW PHHW WKH SURJUDPYV RYHUDOO OHDUQLQJ RXRLFER AHK\WH 7K
GLOHPPD RI VHTXHQFLQJ WKHP LQ D ULJLG PDQQHU

$Q H[DPSOH DSSOLFDWLRQ Rl WKH PRGHO LV SURYLGHG E\ <DQJ
WKH VXJJHVWHG DSSURDFK FDQ EH RSHUDWLRQDOL]JHG IRU WKH
KDG DGRSWHG WKH &',2 JUDPHZRUN DV WKH EDVLW RRLY LWYVRXAU
HVWDEOLVKHG WKH UHOHYDQW 816'*V WKDW WKH SURJUDP VHH
DQDO\VLV RI FRYHUDJH RI VHOHFWHG 816'*V IROORZLQJ WKH DG
WKH SURJUDPYTV NH\ FRPSHWHQFLHV IRU VKN W BIVQDEIQDIEVNOQWNM G
IRU WKH VHOHFWHG 816'*V DQG WKH UHTXLUHG SURILFLHQF\ O
OHYHUDJH RI WKH IRXQGDWLRQDO VNLOOV DQG DWWLWXGHV D
LGHQWLI\ FRUH PRGXOHV WR IXUWKRUH@RHISW QX WIQH WHKTHX B.U,12 CD ¢
$ GHYHORSPHQW SDWKZD\ FDQ WKHQ EH GHVLJQHG WKDW SUF
SURILFLHQFLHV XVLQJ WKH XQGHUSLQQLQJ VNLOOV DQG DWWLW
WHDPZRUN FROODERUDWIRRQ DOGLFDPPNADNRWLQJ HWF

8VHIXOQHVYV RI WKH ORGHO

‘H EHOLHYH RXU SURSRVHG PRGHO LV XVHIXO LQ DGGUHVVLQJ
VXVWDLQDELOLW\ EHLQJ FRPSLOHG LQWR D 3ODXQGU\ OLVW" DV
LWHPV EDVHG RQ WKHLU ZRUN 7KLV FDQ EH LODODXYWWBWPIEGZI
SWUDQVERXQGDU\ FRPSHWHQFH" LV VXJJHVWHG E\ GH .UDNHU
FROODERUDWLRQ WR DGGUHVV VXVWDLQDELOLW\ LVVXHV %\ LQ
IRU WKH FRPSHWHQF\ ZH DUJXHG W KIRW W.KIHWJ A B PSHUWH QF \ L RQDNCH
FRPSHWHIFVCH[LVWLQJ" NH\ FRPSHWHQF\ IRU VXVWDLQDELOLW\ |
FRPSHWHQF\ ,Q WKLV PDQQHU WKH PRGHO )LJXUH RITHUV XV
DV :QHZ" FRPSHWH@BIRRM\HEZHDR GWKH LQWHUUHODWLRQVKLS EH\
FODULILHG )LJXUH

B3URFHHGLQJWYRIWHHQDWLRQDO &KRWWAGHEHQFH
ORQDVK 8QLYHOERWUQH $XYWUDOLD
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$V DQRWKHU HWUXRSAKMUYV  :LHN FDOOHG IRU WKH LQFOXVLR
FRPSHWHQFLHV ZLWK GRPDLQV QDPHO\ FROODERUDWLYH WHD
FRPPXQLFDWLRQ UHVSRQVLYHDSYPMFF\G FRQILXHRXW OHDUQLQ
VHBDUH 7KH SURFHVV RXWOLQHG LQ WKLV SDSHU FDQ SURYLGH
RI SURIHVVLRQDO FRPSHWHQFLHY FDQ EH VLWXDWHG

'XULQJ WKH FRXUVH RI RXU HIIRUW WR LQYHVWLJDWH WKH UHOL
IRU VXVWDLQDELOLW\ ZH DOVR FDPH DFURVV YDULRXV SXEOLF
KLIJIKOLJKWHG WR GHULYH FRPSHWHQFLHV QHH-PGHE VI RILY DO $6GH
HQWUHSUHQHXUVKLS 30RXP HW DO /IDQV HW DO DQ
IDPEUHFKWY 9DQ 3HWHJHP ZKHUH WKH UHVSHFWLYH DXWH
FRPSHWHQFLHYV QHHBEGBWRG ¥RWYMW DL Q DEW R LWKR O@E KHI QO R CRX G H
OLVW RI FRPSHWHQFLHV IRU VXVWDLQDELOLW\ 9HQQ HW DO
VXVWDLQDELOLW\ LQWHUYHQWLRQ FRPSHWHGQFGHIRQHBX\DNDLQC
SURIHVVLRQDO SUDFWLWLRQH U QAKRR RG] FEAU AR QKMWLENM W LQUY WR
GHYHORSPHQW DQG WDNLQJ VWHZREUZE&VKK SFRRW LWKH/ SRU RU & W\HLLF
FROODERUDWLRQ FRPSHWHQF\ FDSDFLW\ EXLOGLQJ FRPSHWEF
VWUDWHJILF FRPSHWHQF\ SKQPWQHAPE FRPWHRG FRPSE @WWERWU V
DUJXHG WKDW WKH H[SHULHQFH RI SUDFWLWLRQHUV ZKR VXF
VXVWDLQDELOLW\ LV YDOXDEOH VLQFH LW WUDQVFHQGV WKH
H[SHUWV 7KLV FDQ KHOS WR PLWLJDW HWWKBIXUKWN LRI K DBKH B HMNG
DQG ZKDW LV QHHGHG LQ SUDFWLFH

+HQFH GHVSLWH WKH DSSDUHQW FRQYHUJHQFH WKHUH UHPEC
DSSHDUHG WKDW FDOOV IRU PRUH 3QHZ" FRPSHWHQFLHV WR EH
ULVN RI FUHDWLQJ DQRWKHU 30DXQGU\ OLVW  WEWQQEEZQAMNVLV7IKE
LV SHUKDSV XQDYRLGDEOH JLYHXWWXHQIREBWKUBQ3 FERSMWHOQ
WR DGGUHVV VXVWDLQDELOLW\ FKDOOHQJHV &RXSOHG ZLWK
FRPSHWHQFLHVY LW LV LPSRVVLEOH WR H® SFR®PSHH WDHOEF LG LIG
VXVWDLQDELOLW\ ORFKL]XNL )DGHHYD 'LOKHOP HW DO
IXQGDPHQWDPRKRGWBWHYY RI FRPSHWHQFHV WU\LQJ WR FRPSI
GHYHORSHG LQ GLIIHUHQW FRQWH[WV \P QG CGAIMN GRR @/ KGH. | UHRWDHHQRV
GRHV QRW PDNH LW SRVVLEOH WR DQVZHU WKH IROORZLQJ TX
FRPSHWHQFHV IRU VXVWDLQDEOH GHYHORSPHQW""

'KLOH ZH DJUHHG WKDWOWWHGHFRRSNWH Q F IQH\F HDUHD B HIRQ LW K|
VSHFLILHG MRE UROH ZKHWKHU WKH\ FDQ EH FRQWREBKIWMSLNH\ F
)DGHHYD QRWHGZAWKQMHG D GHPRFUDWLF GHOLEHUDWLYH DQG
VSHFLI\LQJ GHVLUDEOH FRPSHWHQFHV E\ DVNLQJ ZKRVH QHHGYV
IRU ZKDW SXUSRVHV LQ ZKDW NLQGV Rl ZRUOG DQG WKHQ FDUF
SURJVUDFORQJ WKLV OLQH RI UHDVRQ@RQM ZBIWSR L AR AHKHDW/H W K HH
HQWUHSUHQHXUVKLS UHVHDUFK -DRXFKWLORR JHQKHH LOFLQB DWW
WKLQNLQJ LV FRQVLGHUHG B DOGHNSFOERBSH® MM &217(;7 RI
UHTXLUHPHQWYV

/ILPLWDWLRQ RI 2XU :RUN

'H GLG QRW V\VWHPDWLFDOO\ VHDUFK IRU SXEOLFDWLRQV L
VXVWDLQDELOLW\ :H UHO\ RQ VHPLQDO FRQWULEXWLRQV IURP %
DQG :LHN HW DO DV VWDUWLQJ SRLQWHN IORRNWMIGHX & \
DUWLFOHYVY WR JDLQ EHWWHU XQGHUVWDQGLQJ RI ZRUN GRQH

BURFHHGLQJWRIWHUHQDWLRQDO &'KRWRBEGHBHQFH
ORQDVK 8QLYHOERWUQH $XYWUDOLD



L

JRU PRUH UHFHQW SXEOLFDWLRQV ZH UHOLHG RQ *RRJOH 6H
GDWDEDVHV IRU WKH DUWLFOHV UDWKHU WKDQ V\VWHPDWLFD
6FLHQFH 6&2386 6FLHQFH'LUHFW DQG WKH OLNH 1HWBOVR WRG
UHILQH WKH HQWULHV UHWXUQHG E\ *RRJOH 6HDUFK ,QVWHDG Z
WR UHDG WKH IXOO SDSHU LI LWV DEVWUDFW ORRNHG SURPLVLQ
LV WR EH LQFOXGHG LQ RXU VWXOCHRBUHBWKKIWLXH FRXDBNKQIRZH
LPSRUWDQW DUWLFOHV WKDW ZDV QRW IRXQG E\ *RRJOH 6HDUFK

$QRWKHU OLPLWDWLRQ LV WKDW RXU OLWHUDWXYWHNDNHQUEKORWR
VFLHQWR H[SORUH LWV UHODWLRQVKLS ZLWK VXVWDLQDELOLW\ F
7KH QDPH VXVWDLQDELOLW\ VFLHQFH LPSOLH\D WIkKDWQIWW\L ILL\F M IV R
VSHFLILFDOO\ RULHQWHG WR SURGXFHDWMNVDEIQHDERKDW VLK LEFX FIE
XWLOLJHG WR DGYDQFH VXVWDLQDELOLW\ L H VFLHQFH IRU VX
VXVWDLQDELOLW\OFLKQBEH ULWWRRX®D DV UHVHDUFK SURYLGLQJ W
PDNH WKH QRUPDWLYH FRQFHSW RI VXVWDLQDELOLW\ RSHUDW
LPSOHPHQW DGHTXDWH VWHSV WRZDUGV WKLV HQG 6SDQJHQEH

ORYLQJ $KHDG DQG )XWXUH :RUNV

2XU DQDO\VLV RI XQGHUSLQQLQJ VNLOOV DQG DWWLWXGHV IRU
FRYHU WKH SHIWHQGHG" VHFWLRQ RI WKH &',2 6\OODEXV QDPHO\
5HVHDUFK $V QRWHG DERYH RXU FXUUHQWH®RWLW LIRRP BY!I WHRQF R
WKDW FDQ EH DGDSWHBOWWHWKHRQ@QRWNW UDWKHU WKDQ NH\
VXVWDLQDELOLW\ SHU VH

$W WKH WLPH RI WKLV ZULWLQJ HDFK RI WKH GLSORPDV KDG
VXVWDLQDELOLW\ PLQGVHW RI WKHLU VWXGHQWY LQ VHOHFWHG
VWDJH RI LOQWURGXFLQJ NH\ FRPSHWHQFLIBSVYWRBBKVRXWOLQBEL®
SDSHU 2WKHU ZRUNV WKDW HIXQ UMK HWDMQ RO HRVUKMAY LQFOX

+ 'HHS GLYH LQWR WKH OLWHUDWXUH RQ VXVWDLQDELOLW\ VF
HPHUJLQJ GLVFLSOLQH FDQ IXUWKHU VWUHQJWKHQ WKH LQ
VXVWDLQDELOLW\ LQWR D SURJUDP

+ (YDOXDWLRQ RI VWXGHQWY OHDUQLQJ H[SHULHQFHV

+ $VVHVVPHQW RI GHYHORSPRQ®GRHWXVWDLQDELOLW\

7KHUH LV DOVR D QHHG WR VWUHQJWKHQ WKH OLQNLQJ RI VX
FRPSHWHQFLHV IRU VXVWDLQDELOLW\ 2XU KDUPRQL]JDWLRQ H
PLQGVHW SULQFLSOHG DQG &',2 6\OODEXV )LJIXWQIO\UWKBWOW &
3ZHDNHVW OLQN’ DSSHDUV WR EH PRUH RQ WKH 3LQQHU WUDQV
VXVWDLQDELOLW\ PLQGVHW ZH ZLVKHG WR GHYHORS O0DQ\ RI W
QHHG WR EH LQIHUUHG IURP WKH &', B OAN QO DWW QD VUWIK HY KHU B HQ
RQ UHTXLUHPHQWY RI MRE UROHV RU WDVN UHTXLUHPHQWYVYV ,Q
QHZ FRQFHSW EHLQJ DGGHG WR WKH (6' OLWHUDWXUH ZKLFK LQ
GLPHQVLRQ DQG KRZ LYWHZIIRGWAX\RQBIJEDELOLW\ LVVXHV )UDQ
DUJXHG WKDW ZLWKRXW WKH WUDQVLWLRQ RI WKH VHOI RQH FD
WKDW DGYRFDWHYV IRU WKH QHHGHG WUDQVIRUPDWLRQ WRZDUG\
ILEHUWVRQ ODFN RI VDWLVIDFWRU\ SURJUHVV LQ VXVWDLQDEOH
GLVFRQQHFW EHWZHHQ WKH VHOI RWKHUV DQG WKH HQYLURQ
PDSSLQJ DV PRUH UHVHDUFK RQ WKLV WRSLF HPHUJHV DQG KRZ

BURFHHGLQJWRIWHUHQDWLRQDO &'KRWRBEGHBHQFH
ORQDVK 8QLYHOERWUQH $XYWUDOLD
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/IDVWO\ WKHUH LV DOVR D QHHG WR DGGUHVV WKH FRQWLQXLQJ
RXU FROOHDJXHV ZKHQ WKH GHYHORSPHQW RI VXVWDLQDELOLW
LQ 63 JROORZLQJ WKH 8QLWHG 1DWLRQV (FRQ@RPLF &RRBLNVWRIG
WKH XVH RI (6' & RPSHWHQFH DV WKH HGXFDWRUVY FDSDFLW\ WR |
WR IDFLOLWDWH WKH DWWDLQPHQW RI WKH NH\ FRPSHWHQFLHYV
UDQJH RI LQQRYDWLYH WHDRKIHYJ DQG OHDUQLQJ SUDFW

&21&/86,216

7KLY SDSHU V\QWKHVL]HG WKH UHVHDUFK IURP VXVWDLQDEL
FRPSHWHQFLHV IRU VXVWDLQDELOLW\ WR IRUPXODWH DQ DSSURI
LQWR DQ\ HGXFDWLRQDO SURJUDP EDVHG RQ WRKH GHDMROQ WEKH
HPSRZHUPHQW RI VWXGHQWY WR WDNH SRVLWLYH DFWLRQV WR I
RI NH\ VXVWDLQDELOLW\ FRPSHWHQFLHYVY 7KH &',2 )UDPHZRUN L
FRPSHWHQFLHV IRU VXVWDLQDELOLVB\HWY R BV R XV MADMLQYDHED \OG M/ HP
PRGHO WKDW DGGUHVVHV FXUUHQW GLVFRXUVH RQ ZKDW F
VXVWDLQDELOLW\ DQG WKH QHHG WR DUUDQJH WKHP LQ D KLHULI
RQH ILUVW GHYHORS WKH YOPXHEVMMKKW®R&NLIQG-BRBBWH GHYHOR:
SUREORPYLQJ FRPSHWHQF\ 7KH PRGHO DIIRUGHG WKH IOH[L
GHYHORSPHQW RI RWKHU NH\ FRPSHWHQFLHV FRQVLVWHQW ZL
XVHIXOQHVV RI WKH PRGHOMLYXRZLYWXNYV Q@D OPOREDIRU QHZ NH\ FR
EH HYDOXDWHG RQ WKH EDVLV RI WKH LOQWHQW EDVHG RQ WKH
VXEVXPHG LQWR H[LVWLQJ NH\ FRPSHWHQFLHV WR DYRLG JH
FRPSHWHQFLHV

),1$1&,$/ 6833257 $&.12:/('*(0(176

7KH DXWKRUV UHFHLYHG QR ILQDQFLDO VXSSRUW IRU WKLV ZRUI

5()(5(1&(6

$QVDUL : ( BWLEEMXBOLF +HDOWK DQG WKH (QYLURQPHQW :KDW 6NL
ILWHUBBOG :K\6XVWDLQDESS LW\
$\HUV - OLVVLPHU 0 %IQINQWSHUVRQDO &DSDFLWLHV IRU 6XVWDLQEC

$JHQW 3HUVSHFWLYH RQ WKH 3,QQHU 'LPBXOWWRQQ RE 6O MRAD G FYLIHEY FOH. W \
SsS

%DUWK 0 *RGHPDQQ - 5LHFNPDQQ 0 'H¥WRRS\WHJEMYUXRRPSHWHQFLH
6XVWDLQDEOH 'HYHORSPHQW, Q@ HUW QRN RQPODVRXRI@DO Rl 6XVWDLQDEL
(GXFDWERQ 1R SS

%UXQGLHUV . .LQJ - 3DUQHOBUBSRWDOHIUWNDWHPHQW RQ .H\ &RPSHW
6XVWDLQDELOLW\ *XLGDQFH RI WKH $BHOHDMMD MLRIUD DG 6Q W DK QD K
*OREDO &RXQFLO IRU 6FLHQFH DQG WKH (QYLURQPHQW

%UXQGLHUYV . %DUWK 0 &HEULDQ * &@&RRHQJWRQLB] JULRXVFHWWH
+DEURQ * +DUUH 1 -DUFKRZ 0 J/RVFK . OLFKHO - ORFKL]XNL <
:DONHU 3 =LQW O .H\ & RPSHWHQFLHV LQ 6XVYRVADLWL®D PIQOLW\ LQ
$IJUHHMGSGRQ 5HIHUHQFH PXIVYMWHARIDNELOIMRO6FLIBQFH

%BUXQGLHUV . :LHN $ %H\RQG ,QWHUSHUVRQDO &RPSHWHQFH
3URIHVVLRQDO 6NLOON X8 DA VRVD 166 DHE QRERH W \

BURFHHGLQJWRIWHUHQDWLRQDO &'KRWRBEGHBHQFH
ORQDVK 8QLYHOERWUQH $XYWUDOLD
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&KHDK 6 0 /LP [/ < &KDR < & &',2 IRU (GXFDWLRQ IRU 6XVWDLC
&RPPRQ &RUH & XVUWRFXOEZPQJIJV RI WKH WK QWHUQTHVNROQYDN&',2 &RQIF
,FHOD@IGNMDYLN 8QLYHUVLW\

&ULSSV . BPLWK 6 (PEHGGLQJ D 6XVWDLQDELOLW\ OLQGVHW L
(GXFDWODRVHUQDWLRQDO -RXUQDO RI 2UJDQL]DWLRQDO $QDO\VLV
GH .UDNHU - /DQVX GLHUMIDWQ 0D® ( &RPSHWHQFLHV DQ G%ORMIHWHQFH

/IHDUQLQJ IRU 6 XVWDLQDEOH '"HYHORSPHQW ,Q OGHUDBNBU (6V/DQVX §
&URVVLQJ %RXQGDULHVY ,QQRYDWLYH /HDUQLQJ IRU 6XVWD8& QDEOH 'HY
B3UHVV 7RN\R

(EHU] 6 /DQJ 6 %UHLWHQPRVHU 3 1LHEHUW . 7DNLQJ WKH /
'"HFLVLRQ ODNHUVY &RPSHWHQF L H\X VRWD DQNEHLHOL MU ) X W X U H

JUDQN 3 $ 3URSRVDO RI 3HUVRQDO &RPSHW H QRN U@ DWLXR/QDA Q
-RXUQDO RI 6XVWDLQDELOLWRDQ +LIKHUSSGXFDWLRQ

JULVN ( IDUVRQ (G/XFDWLQJ IRU 6XVWDLQDELOLW\ &RPSHWHQFLHYV
TUDQVIRUPDWLRXUSFOML RQ 6 XVWDLQDEHROLW\ (GXFDWLRQ

*HQF 5 7KH ,PSRUWDQFH RI &RPPXQLFDWLRQ LQ 6XVWDLQDELOLYV
SURFHGLD ODQXIDB®W XULQJ

*XLD % 6XVWDLQDELOLW)\+&RAY MW R Q WILLHV/LW H BXE R UFDIHYR®I 2 I ILFH F
WKH (XURSHDQ 8QLRQ /X[HPERXUJ

+DUGLQJ 5 (FRORJLFDOO\ 6XVWDLQDEOH '"HYHORSPHQW 2ULJLQV
'HVDOLQDWLE®

+HUPHV - S5LPDQRF]\ , 'HHS /HDUQLQJ IRU D 6XVWDLQDELOLW\
-RXUQDO RI ODQDJHPHQWSSSXFDWLRQ

.DVVHO . 5LPDQRF]\ , OLWFKHOO 6) 7KH 6XVWDLQDEOH 0LQG

7KLQNLQJ DQG 'RLQJ LQ ODQBBEBBHOWRIGXFQWIHRRHQW SRURFHHGLQJV
1R  SS

.LRXSL 9 9RXOYRXOLV 1 (GXFDWLRQ IRU 6XVWDLQDEOH "HYHOF
&RQQHFWLQJ WKH 6'*V WR (G X6POMLIRLAXDAE [BSBMWFR P HV
/IDQV 7 %ORN 9 "HVVHOLQN 5 /HDUQLQJ $SDUW DQG 7TRIJHWKH

&RPSHWHQFH JUDPHZRUN IRU 6XVWDLQDEOH (QW-RXSIOHDMHR U ERHD Q@ U L
BURGXFWRRQ SS

/JRJIDQR 5 OHUULOO 0 < 6DPPDOLVWR . &HXOHP@@WFWLQIR]DQR ) -
&RPSHWHQFHY DQG 3HGDJRJLFDO $SSURDFKHV IRU 6XVWDLQDEOH '"HYH
JLWHUDWXUH 5HYLHZ DQG )&D\WPMZRQNELWRSRV DO

IDPEUHFKWYVY : 9DQ 3HWHJHP 3 7KH LQWHUUHODWLRQV EHWZHH

'HYHORSPHQW DQG 5HVHDUPKRERSMMW RQBBV-RXUQDO RI 6XVWDLQDELO!I
SsS

JLEHUWVRQ ) ,QQHU 7UDQVLWLRQV LQ +LJKHU (GXEDARRP® LQ 6ZF

BNLOOV LQ (GXFDWLRQ IRU 6X\QWHQPEWHROYEORIPAOQOW Rl 6 XVWDLQDE
(GXFDWERQ 1R SS

ODOPTYLVW - /XQGTYLVW 8 5RVpQ $ (GVWU|P . *XSWD 5 /HRQJ
- +XJR 5 .DPS $ /HLIOHU 2 *XQQDUVVRQ 6 5RVO|l - 6SRRQHU
6\OODEXV $Q 8SGDWHG 6 @DR\FHHRHHGQ\Y J&I RRIVEKWH WK ,QWHUQDWLRQD
&RQIHUHBH W MDYLNS5HANGIDYGN 8QLYHUVLW\

OHJLURZ - 7TUDQVIRUPDWLYH /HRXQIOQ®IODR/I DUDWYWRRUREBEWLYH (GXIF
9RO 1R SS

ORFKL]XNL < )DGHHYD = &RPSHWHQFH IRU 6XVWDL®DEOH '"HYH
6LJQLILFDQFH DQG &K D CQOMMUBIVWRRQBO -RXUQDO RI 6XVWDLQDELOLW\
9RO 1R SS

BURFHHGLQJWRIWHUHQDWLRQDO &'KRWRBEGHBHQFH
ORQDVK 8QLYHOERWUQH $XYWUDOLD
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2K $ < :RQJ << <DQJ . &KHDK 60 &KHPLFDO (QJLQHHULQJ &
,QWHJUDWLQJ 81 6'*V3XREPHEGLQRIV RI WKH WK ,QWHUQDWILRQDO &',2 &
7XQLVYEROH 6XSpULHXUH 3ULYpH GY,QJpQLHULH HW GH 7THFKQRORJLHV |

3DUNLQ 6 -RKQVWRQ $ %XFNODQG + YHRRNHYI PDQGIKBINLB OV IRU
6XVWDLQDEOH '"HYHORSPHQW 'HYHORSLQJ D BRWXVD LROWD BVLKOH WX W IXW H UDQ
+LJKHU (GXFDWLRQ 3DUWQHUVKLS IRU 6XVWDLQDELOLW\

3HUNLQV .0 =HSHGD 4XLQWDQD '6 9HOD]TXH] / 6XVWDLQDE
(GV(QF\FORSHGLD Rl 6XVWDLQDEL GISWL QQHAL JEKKDP(GXFDWLRQ

30RXP / %ORN 9 /DQV 7 7RPWDG D 9DOLGDWHG &RPSHWHQFH )UDPH
6XVWDLQDEOH (QWRHBUMHQEWURKLS (QORQ R Q P HRIW

4$$$GYDQFH+( (GXFDWLRQ IRU 6XVWDLQDEOH "HKHI @R B P HQY W$AVVOGCLOQH
$JHQF\ IRU +LJKHU (GXFDWLRQ DQG $GYDQFH +(

5HGPDQ $ :LHN $ &RPSHWHQFLHV IRU $GYDQFLQJ 7UDQVIRUPD
JURQWLHUV LQI1RWHFPEHIRQVVXH 9RO  SS

S5LHFNPDQQ 0 2 UDHMXWHHG +LIJKHU (GXFDWLRQ :KLFK .H\ &RPSHWHOQ]
JRVWHUHG 7KURXJK 8QLYHUVLW\)XWD¥UMHRI DQGRHDEBELQJ"

5LPDQRF]\ , /ODPD]DUHV $ 0 7ZHOYH 32ANMHIFGE S Y WRG tX¥ PGEK DI
-RXUQDO RI OD@BSIHPWIEWOLWORGHOLURRQSS

5RVPQ $ (GVWUIP . *UjP $ *XPDHOLXV / +XVVIPDYA@HIO0 0 +[JIHOG
.HVNLQHQ 0 :HGHO 0 /XQGTYLVW 8 /\QJ 5 ODOPTYLVW - 1\JDDU

0DSSLQJ WKH &',2 6\0OODEXV WR WKQ®F&HN &R U H\X&RVFDSLHQVDHE L O L W\
BURFHHGLQJV RI WKH WK ,QWH U QIDVIKYD OH &P ER Q | $IQLHQHFHY L W\

6DORYDDUD - - 6RLQL .  3LEXWIWNDL@HMELOLW\ 6FLHQFH LQ (GXFDWLR
ODVWHUTV 3URJUD P FBXWIWHX QDIEROQIRO6FLISOF H

6FDBHDWWHU & &HXOHPDQV . 7HDFKLQJ 6XVWDLQDELOLW)\ LQ
6W\OHV WKDW ODNKDQDRGHUMORKUQDO RI +2ROHU (IRX FDIBLR Q
6SDQGHQJHUJ - + 6XVWDLQDELOLW\ 6FLHQFH $ 5HYLHZ $Q $QDO
JHVVRQYLURQPHQWDO &RQVHISBYDWLRQ

BWHUOLQJ 6 *ODVVHU + G5LHFNPDQQ 0 :DUZLFN 3 S0ORUH WK
3UDFWLFDO ,QTXLU\ LQWR 2SHUDWLRQDOL]LQJ 6XVWDLQDELOLW\ &RPS}
-3 ‘DO $ (- (PBNVVLRQLQJ )XWXUHV IRU (QYLURQPHQWDO DQG 6XVWD
‘DJHQLQJHQ $FDGHPLF 3XEOLVKHUV :DJHQLQJHQ SS

BWHUOLQJ 6 7UDQVIRUPDWLYH /HDUQLQJ DQG 6XVWDLQDELOLW\
/JHDUQLQJ DQG 7HDFKLQJ LQIRDIKHIS(GXFDWLRQ

81(6&2 (GXFDWLRQ IRU 6XVWDLQDEGHHBIY & D®RE R B KBWAMRLENGA

IDWLRQV (GXFDWLRQDO 6FLHQWLILF DQG &XOWXUDO 2UJDQL]DWLRQ S
9HQQ 5 3HUH] 3 9DQGHQEXWRPSKIMWHMQFLHY IRU 6XVWDLQDELOLW\ 3U]
(PSLULFDO 6WXG\ RQ .H\ & RPSHWH®¥VLWD LUQ DB OMWDLQDELOLW\

9LWHOOR 6 *UHDWRUH[ <KD®BKDY &RPSHWHQFH" $ 6KDUHG ,QWHUSUHV
&RPSHWHQFH WR 6XSSRUW 7HDFKLQJ &DPEQLGJIH &G LMNMHALWP\HIUM V V
$VVHVVPHQW

DOV $ ( - 6XVWDLQDELOLW\ LQ +LJKHU (GXFDWLRQ LQ WKH &RQW
/JHDUQLQJ DQG ,QVWLWXW L RRMOUGLD D WRL R&D 8 DAY IR GBSF W L R Q
"HLQHUW ) &RQFHSW RI &RPSHWHQFH $ &RQFHSWXDO &ODULILFD

(GV'HILQLQJ DQG BHOHFWLQJ .HR BRPSHWHXEFIUHWBHDWWOH SS

:LHN $ %HUQVWHLQ O )ROH\ 5 &RKHQ O )RUUHVW 1 .X]GDV &
/ 2SHUDWLRQDOLVLQJ &RPSHWHQFLHV LQ +LJKHU (GXFDWLRQ IRU
%DUWK O OLFKHOVHQ * GS5LHFNPDG®QGERRRP®IV+LIKHIW (GXFDWLRQ |
6XVWDLQDEOH 'HYROWOPIBQW /RQGRQ SS

:LHN $ :LWK\FRPEH 5HGPDQ &/ .H\ &RPSHWHQFLHYVY LQ 6XVWD
JUDPHZRUN IRU $FDGHPLF 3URGXDWDHYBERCGPWOQ®WI HQFH

BURFHHGLQJWRIWHUHQDWLRQDO &'KRWRBEGHBHQFH
ORQDVK 8QLYHOERWUQH $XYWUDOLD



L

':LOKHOP 6 )JRUVWHU 5 =LPPHRPOQRHEWALQJ &RPSHWHQFH 2ULHQWD"
&RQVWUXFWLYHO\ $OLJQHG (GXFDWLRQ IRU 6XVMNH® PEDFHKIHYHDASPHC
/JHDUQBRVYWDLQDELOLW\

<DQJ . &KHDK 6 0 $SSURDFK WR 'HYHORSLQJ .H\ &RPSHWHQFLFE
&KHPLFDO (QJLQHHULQURPHHGLE )V RO WHKHQDWLRQDO &',2 &RQIHUHQFH
OHOERXUQH $XVWBROYBUUYRWDVK

%,2*5$3+,&%/ ,1)250%$7,21

6LORK &KHDK WKH &HQWUH 'LUKH'FAVRHQRNUHKHRB3, QQRYDWLYH 7HI
/IHDUQLQJ XQGHU WKH 'HSDUWPHQW RI (GXFDWLRQDO '"HYHORSP|
PRUH WKDQ \HDUV RI H[SHULHQFH LPSOHPHQWLQJ &',2 LQ YDUL
PDQ&',2 ZRUNVKRSV IRU XQLYHUVLWLHV LQ $VLD IRU D UDQJH RI

.DWHULQDLV¥MQEHQLRU (GXFDWLRQ $GYLVRU DW WKH 'HSDUWPHQ\
6LQJDSRUH 3RO\WH PRQULF WRBIBD KW R | H[SIHU BHREFFGIR\PHQW WUDLQL
DQG FRQWLQXL QB KHEEWEW LRQ WHWIOXP DQG G HNRHIGGR.SPOHRP\D
SURJUDP WR DGRSW WKH VSLUDO FXUULFXOXP PRGHO

=KHQJSLQIJLWWN.RMZOHFWXUHU LQ $UFKLWHFWXUHLY WRROBYWRQH RE
3K '"DW WKH 1DWLRQDO 8QLYHIUWHWHNIRUFKLQRDXWRHWH RQ WKH LQW
HGXFDWLRQDO SV\FKRORJ\ GHVLJQ VVWROGIOR QPWID'IRIWHDR GO
VWUDWHJILHYV VSHFLILFDOO\ RQ WKH HIITHFWV RI SRZHU G\QDPLF\
FXUULFXOXP RI VRFLBGORVHG GHVLJQ VWX

<XQ\L :RDV D 7THDFKLQJ DQG /HDUQLQJ OHQWRU LQ WKH 6FKRRO R
6LQJDSRUH 3RO\WHFKQLF +HU FXUUHQW DFDGHPLF LQWHUHVWYV
OHDUQLQJ DQDO\WLFYV

&KLD &KHZ VLWHBIFKLQHIDUQLMIWRU DW WKH 6FKRRO RI (OHFWULF
(QJLQHHULQJ LQ 6LQJD $RUHF3ZROHOMFX\QHEOMR\V H[SHULPHQWLQJ
DSSURDFKHV WKDW HPEHG VXVWDLQDELOLW\ FRPSHWHQFLHYV

GULYHQ HEDVHGQGFHWUDWHJILHY WKDW DUH HDVLO\ LPSWHRRQWHG
LPSDFW LQ VXVWDRDRQDEOH HGXFDW

(UZLQ :RXWHUEXRQHQWO\ WKH &RXUVH &KDLU Rl WKH &RPPRQ (Q
6LQJDSRUH 3RO\WHFKQLF )RU RYHU \HDUV KH KDV EHHQ GH
FRPSRVLWH PDWHULDOV DQG WHFKQR &R DVHNGDDGE WH B\WK LW MK
OHFKDMQ M QG $HURQDXWLFDO (QJLQHHULQJ

&RUUHVSRQGLQJ DXWKRU

6LORK &KHDK _.
6LQJDSRUH 3RO\WHFKQLF ®@@
'"HSDUWPHQW RI (GXFDWLR ( - a7 \s)

'RYHU 5RDG 6LQJDSRUH

6,1*$325( 7KLV ZRUN LV OLFEHQNHW® XX
&KHDKB6L@BRGRKGX VJ &RPPRQV $WWRIORRPPRIQ FL
IR'HULYDWLYHYV ,QWHUQ

BURFHHGLQJWRIWHUHQDWLRQDO &'KRWRBEGHBHQFH
ORQDVK 8QLYHOERWUQH $XYWUDOLD
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6LORK &KHDK
'"HSDUWPHQW RI (GXFDWLRQDO '"HYHORSPHQW 6LQJDSRL
7TKLMV :LOOHPV

/JHH .XDQ <HZ &HQWUH IRU ,QQRYDWLYH &LWLHV 6HQUDSRUH 8Q

$%675%$&7

7KLV SDSHU SUHVHQWYV WKH RXWFRPHV IURPQ/HDXIIM RI MWRWP :F
'HOLEHUDWH )DLOXUH IURP VXFFHVVLYH ,QWHUQDWLRQDO &',
DQRWKHU LQ 7KLV SDSHU RXWEDLGHD/ FDQKWR O H VAW, 2Ky BBVBKR R B K
GHYHORSPHQWROHMDOQWHLQGVHW DPRQJ VWXGHQWYV :H EHOLF
LWV NLQG WR RIIHU D FRPSUHKHQVLYH VHW RI GHVLJQ SULQFL
LOQWHUHVWHG LQ HQJDJLQJ VWXGHQWVXIUH OHKDH Q K YRV N L \H@ RE
WKH GHVLDQVHULHV Rl OHDUQLQJ WDVNV WKIDQW KBGFHDW RN UMHHK
SGHOLEHUDWH | DAVDXG R QWRRPPKROM UHFHSWLYH WRZDUGV DFFHS!
D ZD\ Rl OHDUQLQJ 7KLV SDSHU ILUVW EULHIO\ VXPPDULHV RXV
KLIKOLJKWHG WKDW WKHUH H[LVW VHHPLQJO\ SRODU H[WUHPH\
WR SURPRWH LRPKRDVDIWLER BSURGXFW GHVLIJQ YLD IUHTXHQW H[S
IUHTXHQWPHI[GWDWLRQV DUH HQFRXUDJHG VR DV WR LPSURYH ZL
WKDW VWULYH WR DYRLG IDLOXUH DW DOO FRVWV IRU H[DPSO!
QXFOHDU RU FKHPLFDO SODQWYV )RU WKH ODWW HD VOIHDWXQ®& RH M U
RI SDVW IDLOXUHV RU IURP VLPXODWLRQ RI NQRZQ IDLOXUH HYHC
ROGHVLJQ SULB®PNBEBABVSURSRVHG D KROLVWLF DSSURDFK WKDW
OHDUQLQJ WDVNV IRU OHDKH LEIFKRRP/ [PROXKVWLF)LUMW ZD\V
FRPSUHKHQVLYHO\ FRYHUV DOO DVSHFWV RRYWXGEHQWVIRBIDLW
FKDQUE WRHQGREWLOXUH [URM S\ ERBLWDRB@XURDBURPRWLQJ
OHDUQLQJ WR WKH HYHQWXDO HPEUDFH RI IDLOXUH WR E@ H[SFH
DFKLHYHG WKURXJKG BV LD U IECRLEOSHM. B VUL RRY  RW DA KN
WUDQVIRUPDWLYH SURFHVV 6HFRQGO\ WKH DSSURDFK LV KROL)\
KRZ IDFXOWKLPR@OWH WKH OHDUQLQJ SURFHVV IRU H[DPSOH
WHDFKLQJ PRGHOR®BV SDSHU FRQFOXGHV ZLWK @RVPXKMLRQ
DSSURDFK DQG SRVVLEOH IWWKWHRBEYNYRPHWDRORILQHDUQLQJ

(<:25'6

'"HOLEHUDWH )DLOXUH 'HVEWDRWBIDQFEAVOHV &',2

%$&.*5281' ,1)250$7,21 ,1 %5,()
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7KH ZRUN WR LQYHVWLJDWH zZD\V WR EHWWHU SUHSDUH VWXG
VWHPPHG IURP HIIRUWV* EVRPKELQXDVKRRUH 3RO\WHFKQLF 63 DC
8QLYHUVLW\ RI THFKQRORJ¥ WRHXDRIBHUMWD QG WKH IRREREW RI G
VWXGHQWVYT SHUFHSWLRQ RI P DI¥\Weé ddmde@@iveNakd high-skalkkE UROHYV
educational system, fostering creativity and innovation requires a deliberate shift in

pedagogical approaches to normalize and leverage failure. This is critical for equipping

students to navigate the complexities of modern industries, where resilience and adaptability

to setbacks are indispensable 6 XEVHTXHQW VWXGLHYVY E\ WKH DXWKRUV DQG |
DQG 687" DQG YLD D :RUNLQJ *URXSV RQ /HDUQLQJ IURP '"HOL
, QWHUQDWLRQDO &',2 &RQIHUHQFHYVY &KHDK :LOOHPV \LHO

/HDUQLQJ IURP IDLOXUH FDQ ODUJHO\ EH FDWHJRUL]HG LQWI
LOQWHQGHG RXWFRPHV D WR SURPRWH SURGXFW LQQRYDWL
Rl OHDUQLQJ IURP IDLOXUH ZKHUH RQH LV HQ RN HGRWR
LPSURYHPHQWY LQ WKH QH[W SURGXFW LWHUDWLRQ DQG E
FRPSOH[ V\VWHPV VXFK DV FKHPLFDO SODQWYV E\ DYRLGLQ
SURGXFWLRQ LVVXHV RU ZRUVH LQ FUHDWLQJ VDIHW\ KD]DUCG
/HDUQLQJ IURP IDLOXUH IRU FDVHHFHDUPIOHG HDBU BD XD IGGXIU
UHJDUG LV XQGHVLUDEOH DQG LV WR EH DYRLGHG DW DOO F
EDVHG RQ FDVH VWXGLHV RI SUHYLRXV IDLOXUHV WOLR® WR D
H[HUFLVHVY EDVHG RQ W\SLFDO L H NQRZQ IDLOXUH VFHQDUL
LQ WRGD\YV GLIJLWDOL]JHG ZRUOG &KHDK EXW LV EH\RQG

7KH DXWKRUV DOVR QRWHG WKH XVH RI IDLOXUH DV DQ DSSURD
ODFNHG D XQLI\LQJ DSSURDFK 7DZILN HW DO -DFNVRQ HW
VXEVHTXHQW UHVHDUFK LQ WKHVH DUHBY \ZH VDW KW @ M & OB\W6 & T W
H[SORUH LQWHUYHQWLRQV WKDW EXLOG XS VWXGHQWVY IDLOXL
FRQWLQXH WR OHDUQ IURP HDUOLHU PLVWDNHV WR LPSURYH RQ
E LV OHG E\ 63 WR H[SQRUBPHRZR WK HF BQ, EH XVHG WR JXLGH W
H[LVWLQJ LQWHJUDWHG OHDUQLQJ H[SHULHQFHV RU GHVLJQ QF
GHDOLQJ ZLWK SURFHVV XSVHWV LQ FRPSOH[ VIVWHPV WR SUHY
GHOLEBHDWRIRFDLOXUH DGGUHVVHY WKH JDS LQ SUHSDULQJ VWX
VXFFHVV EXWRBOQAPMOOHQJHY HQKDQFLQJ WKHLU DELOLW\ WR
DQG LQGXVWULDO ODQGVFDSHYV

'HVSLWH WKHLU PDUNHGO\ GLIIHUHQW DSSURDFKHV ERWK WKUH
LV LQKHUHQW LQ ERWK LQQRYDWLRQ DFWLYLWLHV %D[WHU HW I
DQG LQ FRPSOH[ VIVWHPV (GPRQGVRQ W XCGAHRMK ¥ W UQ SN HIR \F I
LW DZD\ IURP IHDULQJ RI IDLOXUH WR RQH WKDW HPEUDFHV IDLO
WR FRPPXQLFDWH WR VWXGHQWYV WK Hx LKW G \Q W DI\D L\O\K B\ LKD YWK
VXFFHHG 7KLV LV VLPIVORVHWREGMDEURXWLROQWKRUY |RU H[DP
SFRQVWUXFWLYH IDLOXUH' VXEOAHMMHY  &RYEQRW@RQ SVPD
6LWNLQ DQG *WHPSRUDU\ IDLOXUHV" $OLI HW DO 2
ZKHUHE\ ZLWH VDQWHEYHQWLRQV DGPLQLVWHUHG RYHU VHYHUD
ZLOO JUDGXDOO\ PLJUDWH IURP 3XQVXFFHVV" WR 3VXFFHVV’

$W WKH , QWHUQDWLRQDO &',2 4RQIHUHQFH :LOOHPV HW DO
IRU &DVH D ZKLOH &KHDK HW DO SUHVHQWHG ZRUN IURP 6
KH GHYHORSHG IRU OHDUQLQJ IURP IDLOXUHQN X \VAKHIP WHKIHO &5,2R
JUDPHZRUN &KHDK

BURFHHGLQJWRIWHUHQDWLRQDO &'KRWRBEGHBHQFH
ORQDVK 8QLYHOERWUQH $XYWUDOLD
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$W WKH VDPH FRQIHUHQFH WKH DXWKRUV FRQGXFWHG WKH \
IURP '"HOLEHUDWH )DLOXUH ZKLFK VRXJKW WR VI\QWKHVL]H D VH
LQ GHVLJQLQJ RI OHDUQLQJ WDVNV WK DWHUDRMH H DAVDXE HQ WK/LW F
LV WKH RXWFRPH Rl WKHVH ZRUNV

@ <:> ‘

$ <] ‘ UNSUC(@SUCCESS
“ UNSUCCESS SUCCESS

J)LIXUH &KDQJLQJ RI OLQGVHW IURP "8QVXFFHVV"™ WR

6&23( 2) 7+,6 3%$3(5

7KH UHODWLYH SURYV DQG FRQV Rl OHDUQLQJ IURPLNGXWH LV
JLVKEDFK 7KLHO 6HPUBXDLHP DM ODGVHQ 'HVDL
%DXPDUG 6WDUEXFN 9DQ GHU 3DQQH HW DO 7KLV SD
LV EHQHILFLDO WR OHDUQ IURP IDLOXUH S U PDLEIHIG GV MKW RAXK K
D VHULHV RI WKRXJKWUWQ @WHYQWHRYHIHVLRQV VR WKW WKH
DFFHSWDQFH RI IDLOXUH DY¥HAD@RRAFXU RI OHDUQLQJ

7KH QHHGV WR KDYH D VHW RI GHVLJQ SULQFLSOHV LV UHFRJQL]
VKRZHG WKDW WKHUH LV D ODFN RI UHVHDUFK LQWR WKH V\VWiI
SUHSDUH VWXGHQWY WR HPEUDFH IDLOXUHWY DRQWQV BB MANKSHF DN C
WKH FDVH RI RERBBWHR@\YWWTPM. QJ D KROLVWLF DQG FRKHUHQ\
KRSHDNRLG ZKDW )HLJHQEDXP FDOOHG 3*'LVVRQDQW 3DUDC
(GXFDWLRQ™ ZKHQ ZH WHOO VW X GHEXW RX\W LD/F DAERHSMANAERORH @/ R |

7KLV SDSHU SUHVHQWY DQ DSSURDFK WKDW ZH EHOLHYH LV D II
KRZ WR VKLIW VWXGHQWVY PLQGVHW IURP IHDULQJ IDLOXUH WR
&',2 LQWHJUDWHG OHDUQLQJ H[SHULHQFNVJ@® SHRW AIGS DBIVHEHS @
RQ ZKLFK DVSHFW RI FKDQJH VHH 7DEOH ODWHU LV WDUJHWH
IDLOXUH LV D FRPSIOWHG RRWQOHQJH ZH VXJJEDWHEKDS\S XRDE K I
PD\ EH D YLDEOH ZD\ IRU | DAFKKHD WQ WVHRU LY\M B WL W @ QR QHRQMPVH @ MWK Re
GHOLEHUDWH IDLOXUH WR DFKLHYHQNVEKBIUGH FIXIDHDG P LG/ \HHKWY  FIK\L
QRWHGOWERD®LQJ GLG QRW WDNH SODFH ®RRSEWBW QV WUEKXF WRXC
GLG QRW UHDFKGXQ LB DNKHHOHDUQLQJ SURFHVV

BURFHHGLQJWRIWHUHQDWLRQDO &'KRWRBEGHBHQFH
ORQDVK 8QLYHOERWUQH $XYWUDOLD
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S'HOLEHUDWH )DLOXUH" LQ WKLV FRQWH[W RI WKLV ZRUN PHDQV
OHDUQLQJ DFWLYLWLHV ZLWK HOHPHQWYV GLIILFXOWLHV WKDW Z
WR FRPSOHWH WKH SUHVFULEHG WDVARK ZRXCGGDE&G XHUTHXD G R F KO D)X
IRU ERWK &DVHVY D DQG E PHOQWLRQHG HDUOLHU 7KH GLIIHLU
SULQFLSOHV WR EH XVHG GHSHQGLQJ RQ WKH GHVLUHG RXWFRP|
PRUH VXLWHG IRU &DVH D [EV RGSRMHG WRUMDVH

$V VXFK WKLV SDSHU SURSRVHV D KROLVWLF DSSURDFK LQ GHV
&',2 IUDPHZRUN DV D EDVLV :‘H WKXV VIQWKHVL]H SULRU ZRUN R
ZLWKLQ DV ZHOO DV EH\RQGE WK&KE&EDK WUD GIRWIHRAHW DO +
DO :LOOHPV HOWHD®Z ZH ILUVW H[SDQG RQ RXU FKRLFH IRU >
IRU WKLV SDSHU DIWHU ZKLFK ZH GHWDLO KRZ WKHVH PDS RQV
SDSHU GLVFXVVLQJ WKH LPSOLFDWLRQV RI RXU ZRUN

+$7 $5( '(6,*1 35,1&,3/(6"

'"HVLIQ SULQFLSOHY DUH FRQVLGHUDWLRQV WKDW FDQ EH XVHG
Rl OHDUQLQJ HQYLURQPHQWY LQ KLJKHU HGXFDWLRQ WKDW DUH
SULQFLSOHV DQG WKDW FDQ SURPRWH VWXGHRQWHQJDNEYNQ W7
H[LVW LQ D UDQJH RI GLITHUHQW FRQWH[WYVY DQG WKH\ HQDEOH
XVH ZUWHWWWOHDUFKHG LGHDV DV JXLGHOLQHV IRU WKHLU RZQ HIIRU\
DQG OHDUQLQJ RXWFRPHV +HUULQJWRQ B5HHYHV

9DQ GHQ $NNHU GHVFULEHG GHVLJQ SULQFLSOHV DV KHXU
LOOXVWUDWHG DV IROORZV

I \RX ZDQW WR GHVLIJQ LOQWHUYHQWLRQ ; >IRU WKH SXUSRV}
\RX DUH EHVW DGYLVHG WR JLYH WKDW LQWHUYHQWLRQ W|
>VXEVWDQWLYH HPSKDVLV@ DQG WR GR WKDW YLD SURFHC
HPSKDVLD@VHEHHA DUJXPHQWYV 3 4 DQG 5 SS

OF.LQQH\ HW DO FDXWLRQHG WKDW VXFK GHVLJQ SULQFLSO
DUH XVHG SULQFLSDOO\ "WR KHOS RWKHUV VHOHFW DQG DSSO\
SURFHGXUDO NQRZOHGJH IRU VSHFLILF GHVLUQRD@ G/ HBWW HQ R\E'
ILNHZLVH +HUULQJWRQ O5HHYHV UHPLQGHG WKDW LW LV X(
WR EH "VHW LQ VWRQH" ,QVWHDG WKH DXWKRUV VXJJHVWHG W
UHXVDEOH JXLGHOLQHV IRU RWIKH RY @ MRAXQW LR R W WHD WE X\W BLW L
DFURVYV VHFWRUV

7TDEOH VKRZV D VXPPDU\ RI GHVLJQ SULQFLSOHV ZH SURSRVHG
H[SHULHQFHV IRU OHDUQLQJ IURP GHOLEHUDWH IDLOXUH ,W H[SI
Rl 7DZILN HW DO JROORZLQJ &DUOVRQ W)HLIVWED NKI\ FKD DR
OHDUQLQJ IURP IDLOXUH LV WKDW HWDQW UHVHDUFK WHQGHG \
VHDUFK FRYHUHG D ZLGH UDQJH RI GLVFLSOLQHV IURP HGXFL
EHKDYLRU PHGLFLQH HWFV DKUH GEO\DIMWOL BHH@Q EQSVRHYDULR XV GLF
WKH W\SH RI RXWFRPHVY HDFK DSSURDFK DLPV WR DFKLHYH 'XH
GHVLJQ SULQFLSOHY FDQQRW EH GLVFXVVHG LQ GHWDLO LQ WKL

BURFHHGLQJWRIWHUHQDWLRQDO &'KRWRBEGHBHQFH
ORQDVK 8QLYHOERWUQH $XYWUDOLD
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Design Principles

How it Work

Dimension: Awareness of Failure

Define conditions for
failure (Tawfik et al,
2015)

X BWXGHQWWLPHB WR LQYHVWDVDAMH R B 1O XSWHR P
DGGUHVV WKH FRQGLWLRQV IRU VXFFNRWD DIQJ
X 8VH MILORDWHG TXHVWLRDUSDR®FIWY PD\ QRW
XQGHUWWDPRQGLDEOHYV DV VIR B LM B@GKEHYKU L R
SURPSW FD @ RG\OLSG HYDWLRWABDHD ULRY DQG |
SRWHQWLDO PLVFRQFHSWLRQV

Preparing the Mind:
Visualization of Tasks
(Cheah, 2023)

x In the context of the work of Cheah (2023), which concerns the process
operation of chemical plants, this means getting students to study a given
process (including the standard operating procedures) and identify areas
where potential failure(s) can occur

Dimension: Identify Consequences

3/HDUQLQJ IUH
'LVDVWHUV"™ ¢
Histories of Failures

X Cheah (2023): Traditional approach in the chemical processing industries
tLearning from Disasters: making the connections between causes and
consequences of an accident

Taxonomy of Failures
(Young, 2019)

x Velikova et al (2018): Such taxonomy can helpto HVWDEOLVK WK
UHODWLRQVKLSY EHWZHHQ FDXVHVWHUWLR XUH
FRQVHTXHQFHY DQG LPSURYH XQGHUVWDQGL

x 1DUGX])RUUHU $ [WV\SRORJ\ RI IDLOXUH ED
DQG WKH OHDUQLQJ HIIHFW

Dimension: Inquiry into Failure

Sense-making
(Weick et al, 2005)

X Weick et al (2005): Sense-making is the process of determining how an
HYHQW FDPH DERXW DQ DQVZHU WR WKH TXH

x Cheah (2023): Interactions between components, esp. for complex
systems, with focus on relationships between process variables -
Rumsfeld Matrix: Unknown Knowns

Trigger Thinking
(Jackson et al, 2022)

X Theme 3 (Failure as a mechanism to uncover key concepts): Students
first made aware of their failures, VW XGHQWYV WR L GH QWH H\
PLVFRQFHSO/HBGNVNQJ WR

X Theme 4 (Failure induce thoughtfulness in problem solving)

Productive Failure
(Kapur, 2015)

X , WLV DQ LQVWUXFWLRQDO DSSURDFK WKDW
DWWHPSW WR JHQHUDWH VROXWLRQV WR SUFH
UHFHLYLQJ GLUHFW LQVWUXFWLRQ RQ D WDU

Elaboration Prompts
(Liobl & Leuders,
2019)

x Students explicitly prompted to make comparisons of correct and incorrect
examples after problem solving
,Q JHQHUDO SURPSWV DUH TXHVWLRQV RU K
OLNHOLKRRG WKDW OHDUQHUY ZLOO HQJDJH
FHUWDLQ DQVHHESOYDRWDWHRQV

Desirable Complexity
(Foley et al, 2016)
based on Axiomatic
Design (AD) Theory

x 8VLQJ QRWLRQ RI 3" LQYHUWHG™ WR 3UHYHU
learning task that were identified to offer opportunities for students to learn
from failure. But need to be careful here though: not to make a task
unnecessarily complex for the sake of making students make mistake!

Dimension: Reflection on Learning

Different Perspectives
on Failures

x Edmondson (2011): Blameworthy to Praiseworthy *Spectrum of Reasons
for Failure

x Jackson et al (2022) 7TKHPHOIDULHG OHDQLQJ¥3RR FMHMY
6ROXWURIPQWHG

x Negative Knowledge (*DUWPHLHU HVHIOHFWLRQ RQ N
DFTXLUHG H[SHULHQWLDOO\ RQ ZKDW LV ZUR
SHUIRUPDQFH LQ D JLYHQ ZRUN VLWXDWLRQ

x '"RUODQG 8VH GHVLJQ WKLQNLQJ WR UH
IDLOXUH DV SDUW RI| WKWHRO YRQH DWNLLYOHD SGUHRYEH

BURFHHGLQJWRIWHUHQDWLRQDO &'KRWRBEGHBHQFH

ORQDVK 8QLYHOERWUQH $XYWUDOLD

'"HVLIJQ B3ULQFLSOHV IRU /HDUQLQJ IURP '"HOLEH}
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7TDEOH FRQWITG

Failure Stories

X Remove the Ego (Eskreis-Winkler & Fishbach, 2022): Cognitive
Distancing, i.e. adopt a third-SDUW\ SHUVSHFWLYH WR WH

x Self-Talk .URVV HW DO 6PDOO VKLIWV LQ W
UHIHU WR WKH VHOI DV WKH\ HQJDJH LQ WKL
WKHLU DELOLW\ WR UHHXD DARR BV K H E Bl SNMKLRYXH)
IDLOXUHYV

x Bledow et al (2017): /HDUQLQJ IURP RWKHUV IDLOXU

Systematic Reflection
(Ellis et al, 2014)

X ,W LV D OHDUQLQJ SURFHGXUH GXULQJ ZKLFK
WKHLU EHKDYLRU DQG HYDOXDWH WKH FRQW
SHUIRUPDQFH RXWUFRRPHY D SURHBQYD RD W HRQ
YHULILFDWLRQ DQG IHHGEDEFN

Dimension: Accept/ Embrace Failure

Destigmatized
Failure: Failure as
Generative
(Feiganbaun, 2021)

X )DLOMHBUHMBIWWAP SRUD U\
DQ\ OHDUQLQJ SURFHVV
X BWXGHQWYV OHDUQ PRUH SURIRXQGO\ LQ WKH

LQ WKH VKRUW WHUP

KHDOWK\ DQG LQV

Active Acceptance
(Schwarz &
Bouckenooghe, 2021)

Xx 2UJDQL]DWLRQV UHVSRQG WR IDLOXUH E\ DF
RXWFRPH DV \WURHFSRWLWLRQLQJ WKH FULWHUW
E\UHFDVWLQJ ZKDW ZDV DFKLHYHG LQ RUGH

RUJDQLPOMIR@Y IURP IDLOXUH

Intelligent Failure
(Sitkin, 1996) as
means to promote
innovation

x

Sitkin (1996): ,\W UHVXOWYV IURP WKRXJKWIXOO\ SO
XQFHUWDLQ RXWFRPHY DQG DUH RI PRGHVW
UHVSRQGHG WR ZLWK DODFULW\ DQG WDNH S
HQRXJK WR SHUPLW HIIHFWLYH OHDUQLQJ

Dimension: Develop Confidence

Growth Mindset
(Dweck, 2006)

X Eckstein et al (2023): Failure Pedagogy * 7THDFK VWXGHQWYV D

GHYHORSLQJ D JURZWK PLQGVHW

6KDKDJXQ HW DO O/KBEBVHMR ZWRFKLQJ *O0

DV D OHDUQLQJ RSSRUWXQLW\ DQG SDUVOLHTLL

DQG H[SORUH NQRZOHGJH ZLWKRXW WKH IHD

x Willems et al. (2024) on the role of encouraging an iterative mindset in
stimulating innovation and design-thinking

x

Opportunities for
Transfer

x Teaching Others +The Protégé Effect (attributed to Jean-Pol Martin in the
1980s) LV D FRQFHSW\WQ O-HVHQRRYD U I HRAWHL Y H
WHDFKLQJ LQIRUPDWLRQ WR RWKHUV HYHQ I
OHVV NQRZOHGJHDEOH

ACROSS ALL DIMENSIONS: Teacher-Student Relationship

Student Reaction to
Failure

X Henry et al (2019): Failure Mindset Coping Model *to help understand
KRZ VWXGHQWY PLJKW DSSURDFK FKDOOHQJH
XQGHUJUDGXDWH 67(0 OHDUQLQJ FRQWH[WYV

Supportive Learning
Environment

x Jackson et al (2022) 7TKHPH6W XGHQW 5HDF W LIRQX&erdé B
Classroom Climate and Communications about Failure: WHDFKHUV
IRVWHU D FODVVURRP FXOWXUH WKDW HPEUL

x Eckstein et al (2023): Failure Pedagogy +Teacher Vulnerability: share
your own failures with students

X Narla (2022) Teaching to Fail: Create a vulnerable learning community

x Foley et al (2022): Non-Violent Communication by Rosenberg (2015)

X %XU\ O0DVX]DzZD +LHUP@FKLFDO /HDUQLQJ

Autonomy-Supportive
Teaching (Reeve &
Cheon, 2021)

X $GRSWLRQ RI IR FXWHEGHRWWLWXGH D QIGQIMH ¥ 8
WRQH WKDW HQDEOHV W KHDWXNWLFO@BRIRWLN QDO W
LQVWUXFWLRQB® BEWKDYLRUV

BURFHHGLQJWRIWHUHQDWLRQDO &'KRWRBEGHBHQFH

ORQDVK 8QLYHOERWUQH $XYWUDOLD
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7TDEOH FRQWITG
ACROSS ALL DIMENSIONS: Faculty Professional Development
Temporary Failure x Teacher education to address the difficulty of some teachers in allowing
(Alfi, et al, 2004) students to experience any kind of failure, not even temporarily; thus their

willingness to challenge their students

Deliberate Reflection | x Focuses on failure as catalyst to improve academic development work,

(Laksov & McGrath, WKURXJK H[SORUDWLRQ DQG DQDO\VLYV RI IDI
2020) GLVFXVVLRQ DPRQJ SHHUYV
X O9HGGHWVYVY HW DO SURGXFW IUDPLQX RI
WHDFKHU VKDULQJ RI OHDUQLQJ H[SHULHQFH
Teacher Modelling x Teacher demonstrating growth mindset, and other coping mechanisms,
(Wong & Cheah, for example, arising from own failure
2022) x (The reference summarizes a literature review of teacher modelling using

the context of developing self-directed learning competency in students)

352326(' +2/,67,& $3352%$&+ 72 /($51,1* )520 '(/,%(5%$7( )$,/85(

‘H DUJXH WKDW D KROLVWLF DSSURDFK LV QHHGHG VR WKDW VW
I[URP GHOLEHUDWH IDLOXUH 7KLV LV EHFDXVH WKH LPSDFW RI
VWXGHQWY PD\ ZLWKGUDZ IURP WKH OHDUQLQZ2WWRFH¥\WE WWR J
GHELOLWDWLQJ HIIHFWV RI IDLOXUH WKDW ZH ZLOO QRW UHSHD
WRSLF VHH IRU H[DPSOH (\GWRHIQWR@PILV KED FK

%DVHG RQ WKH W\SLFDO &',2 DSSURDFK RI SURJUHVVLYHO\ GHY'}
RYHU D JLYHQ SURJUDPYV GXUDWLRQ D WRQBDDQAMD\PRQGYHXWOE
VWXGHQWY FDQ EH DUWLFXODWHG $Q H[DPSQHIXVHG EH&RHEDK

+ Awareness of ¢ Inquiry into « Embrace SENSE of MASTERY
Failures Failures Failures Self-Confidence in

¢ Identify » Reflection * Develop Decision-Making in the
Consequence on Learning Confidence Face of Uncertainty

J)LIXUH SHGDJRJ\ IRU /HDUQLQJ IURP )DLOXUH

%ULHIO\ WKH VWDJHV HDFK ZLWK GLPHQVLRQV FDQ EH H[SO

X $ZDUHQHVV Rl )DLOXWHR QDT XGBIBWN. PHDQV WKDW VWXGHQW!
DZDUH RI SRWHQWLDO IDLOXUH VLWXDWLRQ V EHIRUH HPED!
DFKLHYHG YLD D GHOLEHUDWH SURFHVV Rl JHWWLQJ WKHP W
7KH\ DUH WKRM@E B\ODH® SODXVLEOH FRQVHTXHQFHV :H DUH Q
ZURQJ DQVZHUV DWW IWKLW WR/ BMHQVLWL]H WKHP WKDW *WKLQJ'

X ,QTXLU\ LQWR )DLOXUH DQG BKLYHFWLRQ WD M IV WXIGHQWYV DU
DQ RSHQ PLQG DQG LQTXLVLWLYH VWDQFH WR ORRN LQWR F
OHDUQLQJ 7KH PDLQ IRFXV KHUH LV WR OHW VWXGHQWYV VHF
JDLQHG DQG PHWDFRJQLRXW HKRD WRR WLKLGRUNROWVE. IRIQQJ SODX VI
VFHQDULRV WKDW ZHUH PLVVHG

X (PEUDFH )DLOXUH DQG 'HYHIOIRS PHOQ VOMIQFW VWXGHQWYV UHFTF
OHVVRQV WKDW FDQ EH OHD U QWDIWERFO H WRX G H WMLFHHQ B UYL R @ V D.
VXFK OHDUQLQJ WKDW WKH\ FDIQGDEIRY WS WKV DG D WRL R WK H D LR

3URFHHGLQJWYRIWHIHQDWLRQDO &KREWBGIBHQFH
ORQDVK SQLYHMOERWUQH $XYWUDOLD
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JLIXUH UHSUHVHQWY RXU KROLVWLF DS SWRDHKDWRZ B UGE VGINW E
VWXGHQWVV KRZVWRE LQWHJUDWHG FXUULFXOXP &',2 6WDQGD
SURJUHVVLYHO\ GULYH WKH GHVLUHG WRDG\IRQWDRLIQREY MVR Z B R
ZLWK WKH SHGDJRJ\ VKRZQ LQ )LIJXUH 7KLV LV VKRZQ DV D VH
BWDQGDUTKLY LV DFKLHYHG WKURXJKP SOWIRH QMY HR[IS BHIVH QB H V
6WDQGDUG DQG LQWHJUDWHG OHDUQLQJ F{SHULR@ORYUVTA',2 6
ZRUN HQYLURQPHQW IRU VWXGHQW HQJDJHPHQW &', 2WKNHDQGDU
LPSRUWDQFH RI PDLQWDLQLQJ FRKWHVWXHVLWMW DIOQB B WQRM GHYV
YLBHVLRBOHPHQW H[BBGDMMHIMNDWHG OHDUQU®J FHK[ISFHNH 8 QAH\Q .
DSSURSULDWH DVVHVVPHQWYV &',2 6WDQGDUG /IDVWO\ IDFX
LPSOLHG LQ WKH XVH RI YDULRXV GHWWXGHQM QFQWOHD FIVQR Q
6WDQGDUGV DQG

',6&866,216

7KH DSSURDFK DV VKRZQ LQ )LJXUH KLJKOLJKWV WKDW IDLOLQ
PXVW DOORZ IRU IDLOXUH DQG LQ RUGHU WR OHDUQ IURP RXU ID

7KLV SDSHU LQWURGXFHV D UHSHUDWRLHDF IR IVEBYHI @RI SW
WUDQVIRUPDWLYH SURFHVV WR DLG WKH GHVLJQ RI YDULRXV
RXWFRPHVY FDQ EH GLVFHUQHG IURP WKBRUW 6\OCIONDEXW XBRWVW 76
DQG /HDURV Q' XRZQ LQ $SSHQGL]

Constructive Alignment over Entire Program Duration

THE CONTEXT  LEARNING LEARNING LEARNING
Simulated OUTCOMES OUTCOMES OUTCOMES

Real-World o )
Workplace * Awareness of Failure * Inquiry into Failure
Environment « Identify Consequences * Reflection on Learning

INTEGRATED {skills-to-build-Skills) Progressive Failure-Tolerant
CURRICULUM pr— CDIO Syllabus — Devek)pment MINDSET

* Embrace Failure
* Develop Confidence

INTEGRATED LEARNING LEARNING LEARNING
LEARNING ASSESSMENT ASSESSMENT ASSESSMENT
EXPERIENCES Evidence_l Evidencg Ev'\dencg:

D . of Learning of Learning of Learning
* Dynamic

Simulation
N AUTONOMY AUTONOMY AUTONOMY

AR/VR/MR
. Digi ; SUPPORTIVE TEACHING SUPPORTIVE TEACHING SUPPORTIVE TEACHING

Digital Twin
* Case Study
DESIGN- TEACHER-STUDENT RELATIONSHIP TEACHER MODELLING BEHAVIOUR OF FAILURE-TOLERANT PERSON
IMPLEMENT
EXPERIENCES DESIGN PRINCIPLES DESIGN PRINCIPLES DESIGN PRINCIPLES
* Projects ¢+ Define Conditions * Sense-making « Destigmatize Failure:

with CDIO for Failure * Uncover Key Concepts Failure as Generative

Elements ¢ Preparing the Mind * Elaboration Prompts e Active Acceptance

+ Taxonomy of Failure * Desirable Complexity + Growth Mindset
« Different Perspective: « Temporary Failure
Negative Knowledge « Opportunities for Transfer

J)LIXUH $SSURDFK WR 7TROHORQ WDAIOX®WHHW XVLQJ &',2

2XU VXJIJHVWHG DSSURWRRDL\Y KRONWWV ILFVNLERPSUHKHQVLYHO\ FR
RI VWXGHQWY OHDUQLQJ H[SHULHQFHV IURP ILUVWO\ WR LQLWL
RI IDLWROMUDQ V6 PRROGHOIMR SURYLGHV JXLGDQFH RQ KRZ WKH Gl
EH DWWDLQHG WKURXJK D UDQJH RI WDVNV IURP WKH GHVLJ
DVVHVVPHQW DQG IDFXOW\ SURIHVVLRQDO GHYHORSPHQW RQ K|
IRU H[DPSOH XVL\QUXBZSSWEQYRYH WROFRKGAOORQG U

3URFHHGLQJWYRIWHIHQDWLRQDO &KREWBGIBHQFH
ORQDVK SQLYHMOERWUQH $XYWUDOLD
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7DEOH LV QRW PHDQW WR EH D ODXQGU\ OLVW RI DOO GHVLJQ
DUH FHUWDLQO\ RYHUODSY EHWZHHQ VRPH RI WKH GHVLJQ SUL
GLIIHUHQW WHUPLQRORJ\ WR GHVFULEHVRRORHYN SURIS RV WR RQBR{
IDFXOW\ SLFN WKH VXLWDEOH GHVLJQ SULQFLSOHYV WKDW PDWFk
GHVLUHG LQ WKH GHVLJQ RI DSSURSULDWH OHDUQLQJ LQWHUY
GHVLJQ SULQFLSOH PDR®ID HHIRRWHRY KWMXGHQWY OHDUQLQJ )RU
UHIOHFWLRQ FDQ KHOS LQ GHVWLJPDWL]LQJ IDLOXUH DQG SU
UHDVRQDEOH WR H[SHFW WKDW D VLQJOH OHDUQLQJ LQWHUYH
GHVLJQ SULQIFQ S/OKH ZR MK OHDUQLQJ FRQWHI[W

'H DOVR GHOLEHUDWHO\ RPL\ENWHEGWKHD XY HQRI RIDPWBPLILFDWL]
SULQFLSOHV 7KH UDWLRQDOH IRU WKH RPLVVLRQ LV DV IROORZ\
WR GHVFULEH JDPHV GHVLJQHG IRU HGXFDWLRGBULRXWGE RIRHV
HQWHUWDLQPHQW )RU JDPHV WR EH RI HGXFDWLRQDO DQG DL
FRQWHQW W RWHPBRKWDIHYHVR EH OHDUQW DQG VKRXOG WKHUHIRUH
WHDFKHUV DQG EH EDVHG RQ JRRG DFD@®HPLF SKEGRNRBKLRVW B
WLPHV WKH WHDFKHUVY SHGDJRJLFDO H[SHUWLVH GRHV QRW GL
OHDYHV HGXFDWRUV SX]]JOHG UHJDUGLQJ WKH HIIHFWLYH ZD\V W
DQG ZKDW HOHPHQWYV Rl JDRNU®D EB SHUIDRRBUIMMI]NGE 6WXGLHV E
&KDVH HW DO VKRZHG WKDW VRPH FRPPRQ IHDWXUHV FDQ K
FKDOOWKHNLQJ DQG OHD U QL QUH AN Q W KHHNPHRIJU F KWIXKO®WR DKW K ® X I
W K H UDH URHQMK W HY KDYH HGXFDWLRQDO SRWHQWLDO WKH DVV
HQWKXVLDVP ERPWH®PHHDUQLQJ LDF FRXRMDMG ZDWXEN &8 WWR P H

UHVLVWDQFH WRZDUGK VHU DRXVVIDHFPHYY OHVV DSSHDPHEJ WKDC
3HUVLFR HW DO 2WKHSHUF B S RQRUQREWEID PHY KDYH OFR
SURGXFWLRB YDOXHW UH X®LY P QMRHIRND IMPRIQWKIDW HDPLQJ DV
YROXQWHDAULYHQ DAMWRWERWE& WKH VWUXFW XU H3D QWIWXUHO R L VHAK

ILPLWDWIRR@WRX®QG $SSURDFK

:KLOH ZH WULHG WR LQFOXGH LQ RXU FRYHUDJH DV PDQ\ GLPH(
ZDUUDQWHG ZH DFNQRZOHGJH WK D WD D ERJ HW KIHY GHRM JI[ ISIX QW L
VXPPDUL]HG IURP VWXGLHV RI RUJDQL]DWLRQDO OHDUQLQJ ZKLI
EH FRQWH[WXDOL]HG IRU SURPRWLQJ VWXGHQWVY OHDUQLQJ IUF
WHVWHG RXW

: HDOWBR G QRW LQFOXGH DQDO\VLV RI IDFWRUV WKDW DIIHFW V)
DOWKRXJKWFKIROD UO\ ZRUN UHSRUWHG LQ WKLV DUHD )RU H[DI
VXJIJHVWHG WKDW HIIHFWLYHQHVL HRIIHBIGEDFM IIHHEGLEDAWLQJ W
SHUIRUPDQFH GRHV QRW PMHMMWE H[B HFFDMDMWHR @Y SHUVRQDOLW)\ RI
VXFAKHGEDFN ,Q VLPLODU YHLQ 'H &DVWHOOD HW DO ZURWI
LQWR D [ PDWUL[ EDVHG RQ WKHIXUFARPEG RUG HIQDMDW LRQ WRZ
GHVLJQ SULQFLSOHV VXJJHVWHG LQ 7DEOH DOVR GLG QRW HJ
PHFKDQLVPV WKURXJK VWXGHQWY FROOHFWLY HG®\WVISE FIURXGWV L ®
RUJDQL]DWLRQBDURRQD WHW QIRVDKG HE\ 'DKOLQ HW DO ZKR VW
RI RSSRUWXQLW\ PRWLYDWLRQ DQG DELOLW\ WR OHDUQ IURP IL
GLIIHUHQW PHFKDQLVPV DQG HVWDEOLVKLQJ D FDXVDO UHODWL

BURFHHGLQJWRIWHUHQDWLRQDO &'KRWRBEGHBHQFH
ORQDVK 8QLYHOERWUQH $XYWUDOLD



L

$QRWKHU SRVVLEOH OLPLWDWLRQ LV WKDW WKH GHVLJQ SULQF
OHDUQLQJ IURP IDLOXUH IURP SURGXFW LQQRYDWLRQ WKDQ IR
0DQ\ DUH GHULYHG IURP VWXGLHV LQ WKH EXM.Q HDWQMG DRPG | H HRAU
WR EH DGDSWHG IRU HGXFDWLRQWG X¥IH HER/®P HIRWE FEBHHD\S SUR S U L
IRU FRPSOH[ V\VWHPV $OVR DV QRWHG HDUOLHU VWXG\ RI LQW
XQGHUHVHDUFKHG DUHD 7KH HQWHQOMHY¥Y DWHT RQHW KBHUIH DWW D X W K
HQGHDYRUV LQ WKH FODVVURRP $3UBSBDLOQ W¥EH6 HUQ EHOBN IDUERD\
WKH ILUVW DXWKRUTV WHDFKLQJGKSHRIULWQFH 76/ EKNLEXWHRKQRR\L
WKH ILUVW DXWKRU LQ PDQDJLQJ VWXGHQWY OHDUQLQJ LQ IOL
6HQWHDNLQDG LWV RULJLQ LQ WKH EXVLQHVYV FRQWH[W DQG DGD:
RI LOWHUDFWLRQ EHWZHHQ GLIIHUHQW SDUWV RIHXMHWLRDRY KLGD
EHWRHBURFHVYV 9DAQNDERHY .QRZQV LQ 5XPVIHOGTV TmBWUL[ &K
design principles outlined here should be contextualized to respective engineering domains,

and an assessment must be made as to what the ultimate purpose of learning from failure is

(e.g. innovation versus safety, etc).

/IDVWO\ VRPH RI WKH GHVLJQ SULQFLSOHV FDQ EH DSSOLHG
WUDQVIRUPDWLYH SURFHVV RI )LIJXUH ,Q DFWXDO DSSOLFDWL
LQFRUSRUDWHG DQG DSSOLHG VLPXOWDQHRXVO\ 2 RXKIL @/ KAHKH
VDPH OLQH RI DUJXPHQW RI 'DKOLQ HW DO ZH SRVLW WKDW
FRPSOH[ LQWHUDFWLRQV DPRQJ WKH GLIITHUHQW PHFKDQLVPV IU

+RZHYWWKDW GRHV QRW PHDQ WKDW WKH FODVVLILFDWYRQ DV V
QRWHG E\ (GPRQGVRQ WKH JRDO RI D IUDPHZRUN LV VLPSO
ZH FDQ WDNH WKRXJKWIXO DFWLRQ DQG QRW WR SURYLGH RU L

BRVVLEOH )XWXUH :RUNV

OHOLNRW DO LQ WKH VWXG\ RI DFFLGHQWY LQ WKH FRQVWUXFW|
DJHQHUDO GLVDJUHHPHQW LQ WKH ILH®@KGHRD XW R RU FRDVM HWW W
GHYHORSLQJ D WD[RQRP\ FDQ YO@®®HREZYGHYHILRSIPRIQMWQBHUO\LQJ C
OLQNV EHKLQBHIDAHDXIHDGLQJ WRFRREBNQHREO BERXWHIDDQ KU H
LPSURYLQJ OHDDL@DEWEHR®RPHYH WKDW RXU DSSURDFK FDQ EHQHIL
RZQ WD[RQRP\ RI IDLOKQHULRUL]HBUBSSOLFDWLRQV WKDW DUH
LQYHVWLIJDWLRQV LQWR IDLOXUH EHWZHHQ WKH VSHFWUXPV IU
$ SUH@RLBLLGHD LV WR EDVH WKH WD[RQRP\ RI IDLOXUH RQ WKH
LPSOHPHQWLQJ DQG RSHUDWLQJ D SURGXFW SURFHVV V\VWHP

$QRWKHU DUHD WKDW ZDUUDQWYV |XUWK,R U6 CCHOYDHAKRS & Bl QW VZW K N \
DUHOBIWDQW WR OHDUQUWKRIY® R QDEDOSHIGG L [ JURP RXU SUHOLP
QRW LQFOXGHG LQUWKDLWHSRSWIBRWPWNMKMHQ EH UHODWHG WR OHDUC
EXW WKH FRQOQHFWHBRIQYODBREWQRWQ\ QHHG WR EH LQIHUUHG IUF
VWDWHPHQWY LQ WKH VIOODEXV 7KH DXWKRUV GR QRW DGYRFD\
ZH RSLQHG WKDW WKH XVH RI WB[RRBR\XR/IHIXIOCOBRVHVNRKDRDYV FDQ SL
VSHFLILF JXLGDQFH RQ WKH W\SH RI OHDUQLQJ RXWFRPHV H[SHF

7KLV ZRUN PD\ RSHQ XS D UDQJH RI VWXGLHV WR LQYHVWLJDV
FRPELQDWLRQV Rl GHVLJQ SULQFLSOHV ZRUN EHVW IRU D JLYHC
LGHQWLILFDWISRIGLRLFWHEKRINUDFWHULVWLFV W K DMV DOPHHQD® BADKHH RARH
FHUWDLQ LQWHUYHQWLRQ" :KDW LV WKH UROH RI FRQWH[W LQ L
RU WKH OHDUQLQJ RXWFRPHV"

BURFHHGLQJWRIWHUHQDWLRQDO &'KRWRBEGHBHQFH
ORQDVK 8QLYHOERWUQH $XYWUDOLD
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How do cultural differences affect the reception of failure, or the willingness to develop a failure
tolerant mindset? Early work conducted by the second author suggests that failure "has a
specific cultural meaning, and that this should be taken into account when developing
deliberate learning from failure interventions.

Moreover, Willems et al (2024) and subsequent ongoing work shows that a range of
interconnected interventions might be superior to one-RIl DFWLYLWLHY DV FKDQJLQJ
mindsets is a complex process that takes time.

,Q DQ\ FDVH JLYHQ WKH FRPSOH[LW\ RI WKH SRVVLEOH LQWHUD
DQG GHVLJQ RI H[SHULPHQWY FDQ EH FRPSOLFDWHG ,Q WKLV U
LQWHOOLJHQFH PD\ EH XVHIXO WR LGH{HQLH $ OIDXDXEBHHWRQ K WBID
LQQRYDWLYHQHVY 7KLV LV HVSHFLDOO\ VR EHFDXVH XVLQJ *HC
HQJDJHPHQW FDQ DOORZ IRU WKH H[SHULPHQWDWLRQ RI PXOWL:¢
7KDW LV LI GHVLIQHGWDEEB Q RCSRJAHDW HDUY U IDHUBW URW | DHIVORK UIHQ GV H iy
RSHQ XS DYHQXHV IRU PRUH SHUVRQDOL]HG OHDUQLQJ H[SHULH¢

/IDVWO\ DQ DUHD WKDW ZH KDG QRW FRYHUHG LV WKDW RI OH
FKDOOHQJH RI WUDQVIHU RI OHDUQLQJ 'DKOLQ HW DO C
PHFKDQLVP WKDW LV PRVW GLIILFXOW WR LQYHEFMUNIYWEGDQGL R
KRZ WR LPSURYH VXFK DELOLW\ $OWKRXJK WKHUH DUH FDVH V
GLIILFXOW ZLWK PDQ\ IDFWRUV WKDW DUH XVHG WR H[SODLQ ZKI|
VWXGLHV WKDW H[SODLQ DURPWWHOXDEHLODWO VDRHOWHDOQ | S

GLVEXVVLRQV RI WUDQVIHU RI OHDUQLQD @@ HEW\ I RY BHWWKRISY F RRSH
Rl WKLV SDSHU 7KHUH DUH YDULRXV LQVWUXPHQWY WKDW FDQ
I[URP IDLOXUH EH\RQG WKH VRPHZKDW GDWHG 6WXGHQW )DLOX
([DPSOHV LQONOXUXHPHQW WR PHDVXUH +LJKHU (GXFDWLRQ 6WXGHQ
&KRL DQG 3HUIRUPDQFH )DLOXUH $SSUDLVDO ,WMBOOQW RN &
DO SURYEBSHWKLGLVFXVVLRQ RI WKH ODWWHU DORQJ ZLWK
)JXWXUH ZRUN PD\ LQYROYH HYDOXDWLQJ WKHVH LQVWUXPHQWYV V
RI WKHP WR FDOLEUDWH VWXGHQWWFWHYBRQVHV IURP YDULRXYV

&21&/86,216

7KLV ZRUN SUHVHQWY D KROLVWLF DSSURWROWREZDQWGRLGB Y HW/RE
VWXGHQWYV XVLQJ D SHGDJRJ\ WHUPHG OHDUQLQJ IURP GHOLE
JUDPHZRUN $ PRGHO Rl SURJUHVVLYH GMREBRSO WQRML QURZIDW GR/
GXUDWLRQ RI SURJUDP RI VWXG\ LV VXJJHVWHG ZRLPKUW DS
VFHQDULRV IURP WKDW RI SURGXFW LQQR YDQURIQ RW RO HREHQY
LOQWHUYHQWLRQV EDVHG RQ GHVLJQ SULQMDNSSHFW B LRIH G KDHWI [BLHC
WROHUDQW PLQGVHW LV SURSRVHG ,W LV VXJIJHVWHG WKDW HDF
LW WR WKH SURJUDP QHHGV XVLQJ VHOHFWHQWHQGEBDE GLQADFL
QHHGW LV DQWLFLSDWHG WKDW D FRPELQDWLRQ RI GHVLJQ SUL
DQ\ LQWHUYHQWLRQ VHWWL@GVWRKEPD[LY 0B WKHUIR D FRELFY D U
QRW H[KDXVWLYH IRU IXWXUH UHVHDUFK LV VXJJHVWHG

BURFHHGLQJWRIWHUHQDWLRQDO &'KRWRBEGHBHQFH
ORQDVK 8QLYHOERWUQH $XYWUDOLD
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7KLV UHVHDUFK LV VXSSRUWHG E\ WKH OLQLVWU\7HUWIGXEDW L
(GXFDWLRQ S5KOQHDUFX 75) $Q\ RSLQLRQV ILQGLQJV DQG FRQ
UHFRPPHQGDWLRQV H[SUHVVHG LQ WKLV PDWHULDO DUH WKRVH
YLHZV Rl WKH OLQLVWU\ RI (GXFDWLRQ 6LQJDSRUH

5()(5(1&(6

$0IL 2 $VVRU $ .DW] , /HDUQLQJ WR $OORZ 7HPSRUDU\ )DLO.
6XSSRUWLYH 3UDFWLFHV DQRXIHDF® HRU GGQHVICRQ IRSSTHDFKLQJ
%D[WHU ' 7URWW 3 (6BERGBHSWXDOLVLQJ ,6DRNDWHKRGROLP\XUH
9RO V'V XH

%DXPDUG 3 6WDUEXFN : + /HDUQLQJ IURP )DLOXUHV :K\ ,W 0D
30DQQLQJ 9RO SS

%OHGRZ 5 &DUHWWHP % .QXHKQHO - 3LWWLJ /JHDUQLQJ IU

(IITHFWLYHQHVV RI )DLOXUH 6WR UL BK¥DI®HPQORQ DDIHUD.DHP HHDV QHRUQLQJ D
(GXFDWERQ Ss

% XU\ - ODVX]DZD < +LHUDIWRRKLFDO /HDUQLQJ 6KDULQJ .QRZOHGJH
2XWFRRRXUQDO RI SHGDJRJLFORD/ HOIRS P HEBN
&DUOVRQ 5 : JLVKEDFK $ /HORW L ¥ D WU R R9)R¥DL GHQUEHR SS

&KDVH & & ODONLHZLFK /- /HH $ 6O0ODWHU 6 $KOBRRIKRL $ ;LQ
*DPHHDW XU H 8 QUIMWHHER®WG T X H® BWX'G 3®D \ /B Q L QIHDEB LRQV WR
&KDOOHQ)HLDYXEH GRFDYERRIUDPPDOBHULWLVK -RXUQDO RI (GXFDWLRQ
7HF K Q R OFRIO 1R SS

&KHDK 6 0 7D\ ' /LP +/ 3HGDJRJ\ IRU /HDUQLQJ IURP )DLOXU|
ODULQH (QJLQHH U L3R & HORBW GXQAK VPMHUQDWLRQDO 78X (L% R DX QU W REF H
(FROH 6XSpULHXUH 3ULYpH GT,QJpQLHULH HW GH 7THFKQRORJLHV (635,7

&KHDK 6 0 &KHPLFDO (QJLQHHULQJ (GXFDWLRQ 3HGDJRJ\ IRU /H!
30DQW 2SHUDRFIHRHBLQJIV RI WKH WK ,QWHUQDWRBGRKWLR',2 RRAOHUHQF
1RUZHJLDQ 8QLYHUVLW\ RI 6FLHQFH 7HFKQRORJ\

&KHDK 6 0 7KLMV '"HVLJQ 3ULQFLSOHV RI $FWIRUMLGN EDVHG
*URXS IRU WKH WK ,QWHUQDWLR@DO ZXQ@R¥BDEKSHQEHXUH 3ULYpH
GY,QJpQLHULH HW GH 7THFKQRORJLHV (635,7

&KHDK 6 0 7KLMV 'HYHORSLQJ ODVWHU\ LQ WKH 'LILWDO $JH
J)DLOXRBINLQJ *URXS IRU WKH WK ,QWH UQDURLRGXHL R ' PRUZGIHLDIDQF H
8QLYHUVLW\ RI 6FLHQFH 7HFKQRORJ\

&KHDK 6 0 6DOH (QKDQFLQJ 6WXGHQW (QJDJHPHQW LQ )OLSS
$XWRQRPSSRUWLYH JURFHHEGLQJ VW VQMHHUQDWLRQDO $D IPKERQIHUHQFH
'HQPDUN $DUKXV 8QLYHUVLW\

&KRL % LT PL1RIWMOARHRG LG D WQIQQVU R G X FQ QW WDXQP 6 IIW YRI K H U
(GXFDWWRGHOWYNRLO X HDUQGEWXGLHY LQ +LJKHU (GSFDWLRQ

&OLIIRUG 0 0 )DLOXUH 7ROHUDWPN LDQ GD §FENRE PZIMONRDIG
BWXGHOQWWLVK -RXUQDO RI (GXFDRMLRQBSO 3V\FKRORJ\

&OLIIRUG 0 O 7KRXJKWV RQ D 7KHRUBXEIDAR QDWW OXFWWE KR O R LIOWW
SS

&RQUR\ ' ( :LOORZ - 3 OHW]OHU - 1 OXOWLGLPHQVLRQDO )H

SBHUIRUPDQFH )DLOXUH $S8XDRQWIOR,IQ¥HIONLRG\ 6 SRUBSIVIFKRORJ\
&RYLQIJWRQ 0 ODNLQJ WKH&DPEBEWHLGIH 8QLYHUVLW\ 3UHVYV 1HZ <RUN

BURFHHGLQJWRIWHUHQDWLRQDO &'KRWRBEGHBHQFH
ORQDVK 8QLYHOERWUQH $XYWUDOLD
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'DKOLQ . $ &KXBRXOHW 7 - 2SSRUWXQLW\ ORWLYDWLRQ DQG $
)DLOXUHV DQG (UURUV 5HYLHZ 6\QWKHVEWDDEHP RV OWR MRYAH RV ZD U G
$QQDORO 1R SS

'H &DVWHOOD . %\UQH ' &RYLQJWRQ 0 8 QP R W L&YYXIOMHXG RO OR)
BWXG\ Rl $FKLHYHPHQW ORWLYDWLRQ )HDU RI )PROXQBORG(6W KD W QRQ
3V\FKRORJ\ SS

'RUODQG $ 0 / HDLLOQ. Q HWIRQN L QJ DB BHWRIS P H@W ORRBMLWLY H
0LQGVHWSDRQ YW DWVURKRPOHFWHG (VVD\V RQ /HDWADQJIW/X® 7THDFKLQJ
KWWSV GRL RUJ FHOW Y L

'ZHFN & 6 OLQGVHW 7KH 1HZ 3V\FKROIRMA RRBNXFEKHVYDQGRP +RXVH
(FNVWHLQ / ( )LQDUHW $ % :KLWHQDFN / % 7HDFKLQJ WKH ,Q
3HGDJRJ\ RI )THDCAKWIYJ /HDUQLQJ ,QTXLU\

(GPRQGVRQ $ &5LJKW .LQG RI :URQJ 7KH 6FLHMQFAH RI%YRREVQJ :HOO
(GPRQGVRQ $ & 6WUDWHJLHV | R4D UHYIDWEL @X VUL R P\ B LEOXYULHH Z

SS

(OOLV 6 &DUHWWH % $QVHHG\YWHRBMVEBFW)LRQ ,PRSB DRIIM RRQV
[URYD L O XU HWX IFHE/ @KW UHQW 'LUHFWLRQV LQ 3V\FKR®RJILFDO 6FLHQFH

(VNUHLENOHU / JLVKEDFK $ <RX 7KLQN )DLOXUH LV +DUG" 6R ,\
BHUVSHFWLYHV RQ 3V\FKRORI$FDO 6FLHQFH
JHLIHQEDXP 3 7THOOLQJ 6WXGHQWYV LWV 2. WR )DLO EXW 6KRZL(

3DUDGLJPV RI )DLOXUH LQ7HDFKHQ J ®XQRD WIIRIBRQJ , QR X LU\

JLRUHOOD / OD\HU76IBHODWH@HILYWD BOQ L @HDERAKLQ FHDFE&LQJ
([SHFWDERFQWHPSRUDU\ (GXFDWLBRODO 3WNWKROR3\S

Foley, M., Foley, J. T., & Kyas, M. (2022). Embracing Failure as an Integral Aspect of Engineering
Education. Proceedings of the 18™ International CDIO Conference, Reykjavik, Iceland: Reykjavik
University

JROH\ - 7 3XLN ( &RFKUDQ ' 6 SHNRIAHICHMH&&EBIBS OH[L W

*DUWPHLHU 0 %DXHU - *UXEHU + +HLG + 1HIJDWLYH .QRZOH
SURIHVVLRQDO /HDUQL9RFDWM R[GH DW DMADD U GISQJ

+HQU\ 0$ 6KRUWHU 6 &KDUNRXGLDQ / +HHPVWUD -0 &RUZLQ /
/I[HWWHU :RUG $ 7TKHRUHWLFDO )UDPHZRUN IRU ([SORULQJ 8QGHUJUDGX
$FDGHPLF &KDOOHQJH DQG 5HVSRQVHVY WR )ORBXR&W(LQI676FLHRBAVQJ |
(GXFDWeRQ SS

+HUULQJIJWRQ - S5HHYHV 7 & 8VLQJ 'HVLJQ 3ULQFLSOHV WR ,PSU
BURPRWH 6WXGHQW URFHHHEPIHRIW RI $BEDUMW 7DVPDQLD $XVWUDOLD
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-DFENVRQ $ *RGZLQ $ WDUWKRORPHZ 6 OHQW]HU 1 /HDUQLQ
6\VWHPDWL]HGQBHHULEBPLWLRQDO -RXUQDO RI THFKQEBP®J\ 8BG 'HVLIQ (G.

.DSXU 0 /HDUQLQJ IURP 3WHPGQQALWUYBHDHOXBK DQGSSUDFWLFH
LURVV ( %UXBHIQGIFD® ( 3DUN - %XUVRQ $ 'RXJKHUW\ $ B6KDEOD
ORVHU - $\GXN 2 WDONSB®ID 5HIXODWRU\ OHFKDQLVPRXBRIDMRX 'R ,V
RI 3HUVRQDOLW\ DQG 6RRIMO 3URSKRORJ\

XFKHU 7 3ULQFLSOHYV DQG %HVW 3UDF®DVHNG RHDHMAUQLQJ 'LILW
(QYLURQPBQWWYQDWLRQDO -RXUQDO RI 7THFKQRORJSSQ (GXFDWLRQ DQG

BURFHHGLQJWRIWHUHQDWLRQDO &'KRWRBEGHBHQFH
ORQDVK 8QLYHOERWUQH $XYWUDOLD
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IDNVRY . % OF*UDWK & J)DLOXUH DV D &DWDO\VW IRU /HDUQLQJ
LQ $FDGHPLF '"HYHORWHQWDRURQDO -RXUQDO IRU $FBSGHPLF '"HYHORSF

ILWWYV % . 5DPLUMPNLQJ 3HRSOH )DLO )DLOLQJ WR /HDUQQ@KURXJK *
$ 2FKVQHU - 'HLWPHLHU & :LOODLPBUREBEHHE@WHQOQWRORAXKEHD (GV
*DPHV /HDUQLQJ 6RFLHWS&RQIHUMRQFBHHVY 3LWWVEXUJK 3%

JRLEO . /HXGHUV 7 +RZ WR ODNH )DLOXUH 3URGXFWLYH )RVWF
WKURXJK (ODERUDMDR@ BQURPGYV, QR UXFPBLRQ

ODGVHQ 30 'HVDL 9 )DLOLQJ WR /HDUQ" 7KH (IIHFWV Rl )DLOXL
2UJDQL]DWLRQDO /HDUQLQJ LQ WKH *ORED$®FDGELPW RO 0D R QB K POHHEWF O H
-R X U QDROO ,VVXH SS

OF*UDWK & * J)DLOLQDUAADHEBL%YPAVLQHVYV 58 LHZ

1IDUGX]JR $ )RUUHU 9 1IXUWXULQJ ,QQRYDWLRQ WKURXJK ,QWH
3XUSRMHFKQRYDWLRQ

1DUOD $ 7HDFKLQJ WR )DLO &UHDWLQJ 9XOQHUDEOH /HDUQLQJ &RPPX
*URZWIKORWRZH 7THDFXDSHU DRMWWSV GLIJLWDOFRPPRQV XVX HGX KRZZ}

3DVVDUMHDIQLQRO (DUS 0DQJIDQHOIHRIVLFRR]]L) %DL@HIHUUR& WD
%BXLMWHRQ ZDIJJL Y (GXFDWLRQDO *DPHV DV D ORWLYDWLRQDO 7RRO
7KHARWHQWLDO DQAIN@HWBMESGYDFHN 8KRPRLEKHGV

B3URFHHGLQJV RQWHWHQ RW R RFQDHQERP 8 QWIS R U\E M ED VWBERQY HSUHV V

SS

3HUVLFRDVVDUHMIQLQRODQJIDQHOOR S 3R]]L) *DPHV DQG
/HDUQBRWHQW LDRLWQ & LR Q30 IURIRWIXM. REQ *HQWLOH 0 $OOHJUD 0
+ HGWPHV DQG /HDUQLQJ $OOLDQFH *$/$ JHFWXUMRIRWHY LQ &RP!
6SULQJHU &KDP

5KDLHP . $PDUD 1 /HDUQLQJ IURP ,QQRYDWLRQ )DLOXUH $ 6\V
JLWHUDWXUH DQG 5 HSHHLWHRZK REJGIMEGMIHP HQWSEFLHQFH

5HHYH - &KHRQ 6$XWRQRRSSRUWLYH 7HDFKLQJ ,WV ODOOHDELOLW\

SRWHQWLDO WR ,PSURYH (GXFDWLRQDO 3VDFHVWRIGRULVW

5RVHQEHUJ 0 %RQYLRE®POWQLFDWLRQ $/ODHQIXDBIH R(QFLQLWDV
86% 3XGGOH'DQFHU 3UHVYV

6FKZDU] * O %WRXFNHQRRJKH ' 5HSRVLWLRQLQJ 2UJDQL]DWLR
$FFHSWRQFBQL]IDWLROQR&XHRSYS

6KDKDJXQ 0$ ORVHU 5 B6KRPDNHU - )YRUWLHU - 'HYHORSLQJ
IRU +LJKHU (GXFDWLRQ DGRBFLHDON6EWNQFHW¥DFXPDQLWLHY 2SHQ
6LWNLQ 6 % JHDUQLQJ 7KURXJK )DLOXUH 22K} ® W]DDWLR D\DRI 6 P D O
JHDUQL&RIKHQ 0' B6SURXOO /6 HGV 7KRXVDQG 2DNV &$ 6DJH
7DZILN $$ 5RQJ + &KRL )DLOLQJ WR /HDUQ 7RZDUGV D 8QL
)DLOEDMHG /HD(BGXE@PWLRQDO 7THFKQRORJ\ 5HVHROFK SHYHORSPHQW
7KLHO . 6HPUDX 7 /HDUQLQJ IURP )DLOXUH )HHGEDFN IRU 6XE)\
ODWWHU RI 3HUWRRWMLGIW\'LQ 3VI\FKRORJ\

9DQ GHQ $NNHU - %UDQFK 50 *XVWDIVRQ . 'HVHYBHKS SURDFKRIRS
DQG 7RROV LQ (GXFDWLR®ZHYUG$ FOGIHPILEIZXEOLVKHUV

9DQ GHU 3DQQH * 9DQ %HHUV & 6RAEDWOBRIGV)DLOXUH Rl ,QQRYDW
JLWHUDW X U,H) WHIYWLHYWLRQDO -RXUQDO RI ,QQRYDWLRQ ODQDJHPHQW

9DQ/HKQ . 6LOHU 6 OXUUD\ & <DPDXFKL:KA ' RZOBRPMW H Q WA/
&D X VIH DU Q DQULXIPDTXWRU&RJIQOLWLRQ DQG ,QVSBUXFWLRQ
9HGGHWVYV ' (KUHQIHOWGIQIDVEBPO 3ROODN BURGXFWLYH )UD

B3HGDJRJLFDO )DLOXUH +RZ 7THDFKHU )UDPLQJV &DQ )DFLOLWDWH RU ,P
SUDFWKRMNLQJ 6NLOOV DQSSXUHDWLYLW\

BURFHHGLQJWRIWHUHQDWLRQDO &'KRWRBEGHBHQFH
ORQDVK 8QLYHOERWUQH $XYWUDOLD
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9HOLNRYD 0 %DNHU + 6PHLMVRHBPQLQJ RI )DLOXUH (VWDEOLVKLQJ D
J)DLOXUH LQ WKH &RQVWUXFWLRQ ,QGXVWU\3WRFREBGRYH RUNMKHLYV DWKLR
$QQXDO $5&20 &RQIHHLOHDFW 8.

"HLFN . ( 6XWFOLIIH . ( 2EVWIHOG 2UJDQL]JLQJ DQG WKH 3U
2UJDQL]DWLRQIBBPLHQER SS
:LOOHPWXDQJ 4 .DXU §$ 3RRQ . : (PEUDFLQJ )DLOXUH LQ (QJL

&RPSDUDWLYH 6WXG\ RI '"HVLIJQ FJURONHQ I GIS\MBR MFHHVQDWLRQDO &',2
&RQIHUH@RHY 7XGROVHDG6XSpULHXUH 3ULYpH GT,QJpQLHULH HW GH 7HFK
"RQJ < < &KHDK 6 0 ,PSURYLQUUHBPWHKGQHBUGHQJ YLD 7THDFKHU
ORGHOQBURBHHGLQIWKI WOMHUQDWLRQDO S8H\RMBQRUNUHRHAD QG 5H\NMD)Y
8QLYHUVLW\

<RXQJ O 7KH 8WLOLW\ RI )DLOXUH $ 7D[RQRBHIRMBHAWHIHVKRRQQ C
OHGLFDO (GXFHOWLRXQUQDO Rl WKH 1HWKHUODQGYVY $VVBRRODWI\RWXRI OHGL
SS

%,2*5$3+,&%/ ,1)250%7,21

6LORK &KHDK WKH &HQWUH 'LUKH'FAVRHQRNUHKHRB3, QQRYDWLYH 7HI
/IHDUQLQJ XQGHU WKH 'HSDUWPHQW RI (GXFDWLRQDO '"HYHORSP|
PRUH WKDQ \HDUV RI H[SHULHQFH LPSOHPHQWLQJ &',2 LQ YDUL
PDQ&',2 ZRUNVKRSV IRU XQLYHUVLWLHV LQ $VLD IRU D UDQJH RI

Thijs Willems is a Research Fellow at the Lee Kuan Yew Centre for Innovative Cities at
Singapore University of Technology and Design. He holds a PhD in organization sciences and
primarily conducts ethnographic, qualitative research into the experiences of people at their
workplace. Most of his current research focuses on the Future of Work, aiming to identify how
organizations change with the advent of digital technology implementation. Thijs is interested
in how companies and policymakers can help workers navigate these changes better.
Learning, training, and workforce development initiatives appear to be key here; but these
initiatives need to be designed in more innovative ways, so they better fit the disruptive
changes happening in industry.
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$33(1',; 6HOHF&BKG2 6\OODEXV 5HOHYDQW IRU 2XWFRPHV RI /HI
)DLOXUH 3DUW SWWLWXGHV 7KRXJKW DQG /HDUQL

7TH[WV LQ EROG LWDOLFVY DUH DSSOLFDEOH WR RXWFRPHV IRU OHDUQL
PDWFKLQJ 6RPH UHSKUDVLQJ RU HODERUDWLRQ ZLOO EH QHFHVVDU\

'"HPRQVWUDWH 3RVLWLYH $WWLWXGH DQG :LOOLQJQHVV WR ODNH '

([SODLQ RQHYV RZQ EHOLHI DERXW RQHYTV RZQ DELOLWLHV L H JURZWK

5HVSRQG SURDFWLYHO\ ZLWK DSSURSULDWH DFWLRQ-IHQIRUPEPINMLBQHOL
DYDLODEOH DW KDQG

'"HPRQVWUDWH 3HUVHYHUDQFH 6HQVH RI 8UJHQF\ DQG :LOO WR 'l
'LVSOD\ WMRI@QILGHQFH FRXUDJH HQWKXVLDVP DQG GHWHUPLQDWLRQ WR |

'HPRQVWUDWH RSHQQHVYV LQ UHFHLYLQJ IHHGEDFN FULWLFLVP DQG ZLO
,GHQWLI\ URRW FDXVH V RI IDLOXUH DQG DSSO\ OHVVRQV OHDUQW IURF

'"HPRQVWUDWH &ULWLFDO 7KLQNLQJ

([SODLQ WKH SXUSRVH DQG VWDWHPHQW RI D SUREOHP RU LVVXH
,GHQWLI\ DQG H[SODLQ FRQVWUDLQWY ZLWKLQ WKH SUREOHP RU LVVXH
4XHVWLRQ DVVXPSWLRQV QRUPV SUDFWLFHV RU RSLQLRQV

8VH D UDQJH RI FULWLFDO WKLQNLQJ VNLOOV H J DQDO\WLV FRPSDUH
HYDOXDWLRQ

$QDO\WH VXSSRUWLQJ HYLGHQFH IDFWV DQG LQIRUPDWLRQ

,GHQWLI\ IDOODFLHY FRQWUDGLFWRU\ SHUVSHFWLYHV DQG XQGHUO\LQJ
5HIUDPH DQG WDNH D UDQJH RI GLIIHUHQW SHUVSHFWLYHV

(ISODLQ GLIIHUHQW SRLQWV RI YLHZ DQG WKHRULHV

'HYHORS ORJLFDO DUJXPHQWY DQG SURSRVH VROXWLRQV

6XPPDULVH FRQFOXVLRQV DQG H[SODLQ NH\ LPSOLFDWLRQYV

"HPRQVW WZ\W H HQIHOM $H BHIKOAWLRQ OHWDFRJQLWLRQ DQG .QRZOHG.

,GHQWLI\ RQHTVY VNLOOV LQWHUHVWV VWUHQJWKY DQG ZHDNQHVVHV
,GHQWLI\ WKH VWUDWHJLHY WR RYHUFRPH LPSRUWDQW ZHDNQHVVHYV

,GHQWLI\ IDFWRUV WKDW SURPRWH HIITHFWLYH WKL®MNINLRJIH H[ PRWKIUHD W
WR YDULHG NQRZOHGJH EDVHVY DQG LGHDV HWF

,GHQWLI\ EDUULHUV WR HIIHFWLYH WKLQNLQJ HJ WUDLWV GLVSRVLYV
SHUFHSWLRQ ODFN RI LQIRUPDWLRQ HWF

([SODLQ WKH UROH RI HPRWLRQ DQG IHHOLQBDNL@®G WKH LPSDFW RQ GHF
([SODLQ QHHEHRQJZH@O® FRPSOH[ DQG FKDQJLQJ ZRUOG

'"HPRQVWUDWH PHWDFRJQLWLRQ LQ PRQLWRULQJ DQG HYDOXDWLQJ RQH?
5HIOHFW RQ RQHYIV RZQ YDOXHV SHUFHSWLRQV HWF

$VVLPLODWH QHZ NQRZOHGJH LQWR H[LVWLQJ NQRZOHGJH
'"HPRQVWUDWH WUDQVIHU RI NQRZOHGJH WR QHZ FRQWH[W DQG RU DSSO

HPRQVWUDWH /HDUQLQJ $JLOLW\ (QJDJH LQ /LIHORQJ /HDUQLQJ D

,GHQWLI\ NH\ DVSHFWV Rl WKH OHDUQLQJ SURFHVV
$SSUDLVH RQHTVY RZQ OHDUQLQJ QHHGVY VHW OHDUQLQJ JRDOV

8VH D UDQJH RI OHDUQLQJ VWUDWHILHY DQG VNLOOV H J JRDO VHWWI
UHFHLYLQJ IHHGEDFN HWF

(YDOXDWH FRPSHWHQFH DWWDLQPHQW LQ WHUPV RI JRDO V VHW DQG H|
([SODLQ KRZ HPRWLRQV DQG EHOLHIV DIIHFW OHDUQLQJ
'"HPRQVW U DB WAMOH G OHDUQLQJ LQ D UDQJH RI FRQWH[WYV

([SODLQ PRWLYDWLRQ IRU OLIHORQJ OHDUQLQJ HJ FXULRVLW\ UHPDLQ
,GHQWLI\ VWUDWHJILHY DQG VNLOOV IRU OLIHORQJ OHDUQLQJ

(QDEOH OHDUQLQJ LQ DQG IURP RWKHUV HJ VKDUH EHVW SUDFWLFHV
(VWDEOLVK JRRG UHODWLRQVKLSY ZLWK PHQWRUYV DQG PHQWHHYV
'"HPRQVWUDWH ZLOOLQJQHVV WR XVH DGYDQFHV LQ WHFKQRORJ\ WR DLG

3URFHHGLQJWYRIWHIHQDWLRQDO &KREWBGIBHQFH
ORQDVK SQLYHMOERWUQH $XYWUDOLD
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=KHQJSLQJ /LRZ

6FKRRO RI $UFKLWHFWXUH DQG WKH %XLOW (QYLURQPHQW

6LORK &KHDK

'"HSDUWPHQW RI (GXFDWLRQDO '"HYHORSPHQW 6LQJDSRL

$%675%$&7

 QWHJUDYAM\QD L QDIEL®LMWY ZLWK WKH &',2 IUDPHZRUN LV FUX
VXVWDLQDEOH GHYHORSPHQW RI SURGXFWV SBBRBVVWNQJIV\V\
VXVWDLQDELOLW\ YDOXHVY DQG NQRZOHGPD NIQKD R VWD LUHD/ESLROQ
PLQGVHW IRVWHUV UHVSRQVLELOLW\ DQG HWKLBDDUPBEKDWHG WXV
HGXFDWKRW VWXG\ HPSLULFDOO\ LQYHVWLJDWHG WKH LQWHJUD\
WKURXJK &',2 VWDQGDUGYV HHEXF LW LIRWF WIRNGFOWHRMES. OLW\ PLQ
DPRQJ VWXGHQWY ZLWK WUDQVIRUPDWLYW DUHDKLQ\KRVIDXRMAL V WX
6LQJDSRUH 3ROKWHRKIKMSORUHG FDVH VWXGLHV RI YHUQDFXOTL
XWLOMYBGVIRUPDWLYH SHGDJRJLHV 8XOMK LIV GHRE B3I B YV ¥R B
HWKLFDO G$ QWKR-FPIDW L F DVQADYOG YUPMVARHIFW LR QV UHYHDOHG HPHUJL
HQKDQFHG XQGHUVWDQGLQJ RI HW K LFFO\DWR.QIGDH_ LFOV\WV \ DFSRSRISHIFHL
SUHSDUDWLRQ IRU HWKLFDO DGYRFDF\ L Q7 KWKIH IQUS LXQW X IXH) GIHUIRV F
WKH HITHFWLYHQHVYV Rl WUDQVIRUPDWLYH SHGDJRJLFDO DSSURLE
UHODWHG WR VXVWDLQDELOLWWWBAF®XGKIQINYLRO X B QK LQMIHIU L
VROYLQJ WKHUHE\ HTXLSSLQJ IXWXUH DUFKLWHFWV WR QDYLJE
PHDQLQJIXOO\ WR VXVWDIZ@&DEWXGE HFRIQOMREEXKGWHY WR WKH OLP]
LPSOHPHQWLQJ & @ILQHBRQQJ ILHOGY VXFK DV DUFKLWHFWXUH
WR FXOWLYDWH VXVWDLQDELOLW\ PLQGVHWY DV DQ LQWULQVLF

(<:25'6

.H\ &RPSHWHQFH IRU 6& Y/\IDLOTERRXIL WA HG XWPOUM U@ V IRUPDWLY H
/HDUQBEWDQGDUGV

BURFHHGLQJWRIWHUHQDWLRQDO &'KRWRBEGHBHQFH
ORQDVK 8QLYHOERWUQH $XYWUDOLD
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7TKH &RQFHLYH '"HVLJIQ ,PSOHPHO WV BQGE HFARBP\HU® WHKXUULFXOXF
GHVLIJQ UHIWHDWHIORUN ZKLFK IRFXEDYHREQ OFHIDRINDH MR DQ& UHLC
DSSOLFDWLRQV LV ZLGHO\ XWLOLVHG SUHGRPLQDWHO\ LQ HQJL
GHVLJQ WHDFKLQJ PHWKRGV DQG DVVHVVPHQW VWUDWHILHV
SURFHWMMWHPY DQG VHUYLFH OLIHF\FOH GHYHORSPHQW DQG G
RI &',2 IDGBYRFIWNKB®W WKH GHWHO RFRPHSGW HRQFLHYV VRAD § XD/OWLRL Q D |
EH LOQFXOFDWH&EKHWK BW2D O

6XVWDLQDELOLWD VP YD®WXHW NQRZOHGJH DQG IDOMVWYLEXDOV W
DSSURDFK FKDOOHQJHWNLMG SHREWMR/GY IRFXVLQJ RQ VXVWDL
5LPDQRF]\ LV LQFUHDVLQJO\ HVVHQWLDO IRU SURPRWLQJ |
GHFLWIRNQ @®%) LQFXOFDWLQJ WKHVH VXVWDLQDELOLW\ PLQGVHW)\
QXUWXUHG IRVWHULQJ D VXVWDLQDEEQHW\HRL QCOWHRE DDBR/QJ \
LQQRYDWLYH DQG VXVWDLQREOWH G HY LI WROKMNLIGRDEL OLW\ PLQG
HGXFDWLRQ LV FUXFLDO IRU LQVWLOOLQDDDVHQWN\RDBRQSRRWD
SUDFWLWERBFOOBUpPY HW DOR GDWH WKHUH LV D ODFN RI HPSLUL
LPSDFW RI LQWHJUDWLQJ &',2 VWDQGDUGV ZLWK D IRFXV RQ 81
'HYHORSPHQWRURSDSHU ZLOO KHQFHRRFX&XOR® BWG *$FWLRQ ZL
&',2 IUDPHZRUN WR IRVWHU VXVWDLQDELOLW\ PLQGVHWY DPRQJ

$UFKLWHBWRDWLRQ LQFOXGHYV PRUH WKDQ MXVW WHDFKLQJ GHV
RI WRSLFV LQFOXGLQJ VWUXFWXUH HQYLURQPHQWDO VFLHQFH
HIWHQVLYH XQGHUVWDQGLQJ RI KRZ YDULRXV ILBW@BILHWXBIQ ® V
SULQFLS$OQHNL .HQDZ\ )DULQHD '"HPHQWHUVHFWLRQ D
LOQWHUGHSH@BHRFWQD =DLWKQV VWXG\ DLPHG WI[S ORISHHULFD O (
LQWHJUDWLRQ1R| 8IKURXJK &',2 IUDBH@QBRDSRU® 3RO\WHFKQLFT
'LSORPD LQ $UFKLWHFWXUHTV '$5&+ $UFWRWHPIWIORS )RX\DVE D MQL
PLQG VIRWVIVHIDMW XGHQWY WKURXJK WUDQVIRWUREWWLXRI (OH\DHIIU XK
TXHVWLRQV JXLGLQJ WAKLYRZWXRE\\HBUMD UFKLWHFWXUH VWXGHQ
HWKLFDO GLOHPPDV UHODWH®H QRS VEKGW DL ORE LGR WM W
DUFKLWHFWXUH VYWX @K E WY SHRFBUHGQHVY IRU HWKLFDO DGYRF
DIWHU SDUW DF WSOWRLLLD O QG R XQIVE RO L W \6 & M G HQRVS/PTH QX\D'O L W
UHIOHFWLRQV IDFLOLWDWH WKH H[SORUDWLRQ RI UHFXUULQJ
SURYLGHG D VWDEOH IRXQ GHWHRP®SRHWQWKRI IWKNUB VXVWDLQ
$GGLWLRQDOO\ WKLV VWXG\ DGGV WR WKH JURZLQJ ERG\ RI Ul
LPSDFW RI LQIXVLQJ &'QJ LA@MHRI DQQR®XUVH ADRWHK R\KR IF&HWHGR O
OHDU@MUWPLQDELOLW\ PLQGVHW

816'* 12 &/,087( $&7,21 ,1 $5&+,7(&785( ('8&%$7,21

'"HVSLWH WKH LQFUHDVLQJ LPSRUWDQFHR DQ&O UMW M DEFRML RQ 8
DUFKLWHFWXUS$INHeX HIWVDRRQWWHPSWYV WR DUWLFXODWH WKH LQ\
DUFKLWHFWXUH FXUULFXOXP DQG SHGDJRJLFDO SUbXUWULRK UHPCLC
6DODPD )JXUWKHUPK®RWOHL HW DBGPSKDVWKH QHHG WR HPEH
VXVWDLQDELOLW\ GHYHORSPHQW HRIBX¥ DB ER QL VPR XOULRKIL WK BY
DUH HYDOXDWHG RQ WKHLU DELOLW\ WR LQFRZUGHRWRI WHINXVWDL
WHQHMW'RIIR XUJHV FROOHFWLYHYVY DQG LQGLYLGXDOV WR WDNF
FOLPDWH FULVLV DQG LWV LPSDFW LQFOXGLQJ D VWURQJ IRFXYV
I[URP KXPDQ DFWLYLWLHV %XLOGLQJV FRQWULEXW BIRXN WHR R
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HW DO DQG RI JOREDO HQHODPRKNDIR 6SHFLILFDOO\ HQHLI
FRQVXPHG IRU KHDWLQJ DQG FRROLQJ LQ UHVLGHQWLDO FRPPHI
IRU D VLIQLILFOROOMGBRDQYLRELY ®AWKRXJIK WKH HQHUJ\ HIILFLHQ
DQG FRROLQJ V\VWHPV FDQ EH LPSURYHG WKURXJK LQQRYDWL
DUJXDEO\ FRQVLGHU SDVVLYH VWUDWHHQHV JD RISMIDE XEO DW UD)GLL
WR UHGXFH WKHLU HQHUJ\ LPSDFW

+RZHYHU DUFKLWHFWXUH HGXFDWLRQYV REDHV \KIDRQUHGGKEFEEL O
WKH ULJKWIXO IRFXV HRQHGBHVGHYLQOWRKURXIK SDVVLYH WHFKC
UROH LQ LQVWLOOLQJ DSSURSULDWH YDOXH V\VWHPV FDQ V.
VXVWDLQDELOMWWURIKXQ & VIWW FXUULFXOXP DQG SHGDJRJLFDO D
VXVWDLQDELOLW\ PLQGVHW LQ DUFKLWHFWXUH HGXFDWLRQ LV
DQG HWKLFDO DZDUHQHVV DPRGXHMXNUPY BIWF KDLOVIH FFAWOMH Q W

DSSURDFKHV FDQ EH GHYHORSHG E\ LQVWLOOLQJ VXVWDLQDE
VXVWDLQDELOLW\ PLQGVHWK PIRQ D O/ WKKIGFHKKQIMYH HVVHQWLDO IRL
LQQRYDWLYH DQG VXVWDLQDEOH GHVLIJQ VROXWLRQV IRU WKH |

7+(25,(6 $1' )5$0(:25.6 72:$5'66867$,1$%,/,07,4'6(76

7KH &',2 PHWKRGRORJ\ KDV EHHQ UHJDUGHG DV EHQIHQLFLDO
VXVWDLQDEOH GEHYHMREPMMWUDWHY VXVWDLQDELOLW\ SULQFLS
VIOODEQH\NLQ HW DO .RQVW HW DO 6XV\§ R \SQIREDW VY
SURFHVVHV V\VWHPV VHUYLFH GHY HORSRMQWD CGRQGH'GBSOR\P +
ZKLFK LQ WXUQ SRWHQWLDOO\ \FPOWWDDOL\@H BICVHNY 8 URP W WW X G HR
.DVVHO HW DHODERUDWHG WKDW VXY \WHDRY) DERSO LI G AHGSGIADW H Q
WKH HFRV\WVWHP VRFLDO VHQVLWLYLW E HKQ@GS LARXDWR ¥ § B FWMLR QV
JUHDWHU$ MRRGVDLODEGUMWGE UL YHIOEHY NQRZOHGJH DQG DWW
HQDEHMMELYLGXDOV WR DSSURDFK PHINQQH QSWR/F B QGHE HALLW KR | |
VXVWDLQDELOIBAPBQREGFLSMHRXU ZRUOG Rl DFFHOHUDWHG FKDQ
WR GHYHORS D VXVWDLQDE LD WM\ URKFE\KH W 7KV \D FLUNRW.FO OV H G
&KHDK DHONVJV  pJHQHULEY | WDRP HZHRYWHNORGHNHN VAIRPSHWHQFLHV I
VXVWDL QOB 6 [WWXGHIBRUR DQG /HRQJIDQGXRQJ DQG /HE\
H[DPLQLQJ IUDPHZRUNV IRU LPSOHPHQWLQJ &*RYH@ WKRKLW
LQWHUGHSHQGHQFH RI DUFKLWHFWXUH EHWZHHQF @LXFODMLISFO H
WKHRUHWLFDO DQG WHFKQLFDO FRQVLGHUDWLRQV WKLV VWXG)
PLQGVHW SULQFLSSOWWH®O B BHQ\W SHFW IDQHGTRRQRIQEDO :RUOGYLH
DGYRFDWHGPEQRF]\ DQGLPDQRF]\ DQG /ODPD]DALMWK
&ROODERUDWLYH DQG ,QQFRHIBDLURK LFD/OL R 6S U R DHHKUHR/H N QDARAJ V H (
5LPDQRF]\ DQ@VVHO HW DO

,QIXVLQJ 6\VWHP V3AHKMBMIFQWLYH LQ $UFKLWHFWXUH (GXFDWLRQ

6\WWHPV 7KLQNLQJ 3HUVSHFWLYHV LV B HQR\BIQY W KH SO DRDIERKQW
DQG LQWHUFRQQHFWERPYREHNQZNNH ©/ KADRN VAFERR RSLKD X \YWAK. 19 L U
SDWWHUQ\W Q®®RRFHVYHRDQRF]\ S5LPDQRF]\ /ODP®]DUHV
VIVWHPV YLHZSRLQW FRQVLGHUV WKH UHTXLUHPHQWV DQG L
VXEV\VWHPVWBXHDQFK VWUDWHJ\ GHWH PERB MW NBIQGHW DO
6HQJH 7KH DUFRRWNWW LWKDRWWKHVU UROHV D@®& HWHVSRQ
HPEHGGHGPRQHDH[WHWGWDWLRQDO V\WWHP EHWZHHQ WKH FRPSC
GHVID@BWKHU DOOLBIGORE G GEBQRAVS\GERM VS HFMWAW MW KH HPSDWKH\
DQGHILA®DJHW KRl D U F K IGW N ESMQRIFDIKY. @ BWLP L DD &VRGE X FLQ J
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FRPSOH[ LVVXHV WR LQIRUP WKH QGUWDWELRQ GLDRKIK FBUWRFH V V
SROOLQDWLRQ RI VIVWHP VLY KV IQH IGHV & S@ VB HHERMIHE\H LWV LQ
VKDSLQJ VRFLDO HFRQRPLF DQGYQ[HEXU DIIREABRBERIRQPHQW V
ORUHRYHU V\WWHPV WKLQNLQJ IDFLOLWDWHY DQ XQGHUVWDC
EXLOGLQJV LQIUDVWUXFWXDKERPWXYUIDMLHYYDQROQRPKOWBU\LQJ
GHWULPHQWY RI SRRUO\ GHVLJQHG EXLPREQQXF SWHIJOWLYHO\ LPS

,QIXVLQJ (FRORJLFDO :RUOGYLHZ (FROLWHUDF\ LQ $UFKLWHFWX

7KHHFRORJLFDO IDEHOGR L H QINOCOPDIML@MIELOLW\ PLQGVHW HQJDJH
FRQFHUQV LQ SURWHFWLQJ DQG UHVWRULQJ UHVRXUFHV PRELOI
FRQGLWLRQV IURP D JORPBOIBMUVSHEDWWHDVYV SIORZRMIBUH
JOHDQBEDGHBIWRYLGHV DL ERIQVKHOW D U Q HUBXDFO VRAMMHP LQH R XU
OLIH H[SHULHQFHV DQG FKRLFHV LQ VKDSL\QJIHRXKHWWHBROGRJILFDO
IRXQGDWLR QD OFROLMHIIDROXKIFD Q BQMAGR G DG EDV D EUDQFK

RI OLWHUDF\ WKBWWBESW¥WWRQQDEOH KXP DB\ RRPPR@LWUIKFW L
HGXFDWLRQD®UF¥KLWHIFW XUH FRXUVHV FDQ GHYHORS HFROLWHUI
RI HFRORJVX/Q\® LOGBEDIRUW QVWDOFBDUQHUV ZRXOG EH H[SRVHC
VXVWDLQDELOLW\ FDQ EH W U D F HGER EQHF DD $\5RJ) R\DKEH R U DY G UMD IDFEQ
DUFKLWHFWX\QHGLIKBRNY GHVLJQ SULQFLSYNKVWIDLQEHMIRIQR \P R G
3DVVLYH FRROLQJ VWUDWHJILHV UDWKHBRQICLY DRQLYH VDUW H R
SULQFLSOHG YWHKIBW SHUDW LRR@OX A 8 UBXL OILRIVDLIRIE\O R W K]
UHODWLRQVKLSV DQG FR QXNFWH G Q H VU LEMVIEHBR@IVI HM ¥ QWW K L Q
DQG PLFUR FRQWH[WYV FDQ EH H[SR¥\D & KBKXG 6 GF\W & WHDTQUHH® W SIRIQ
RSSRUWX QIHWQHEWLRGUROWY LQ WKH EURDGHU HFRV\WWHP VXVW
E\ FRQVLGHULQJ HQHUJ\ IORZV PDWHULDO F\FOHV DQG KXPDQ |

,QIXVLQJ &ROODERUDWLYH DQG ,QQRYDWLYH $FWLRQ LQ $UFKLW

'LWK 6\WWHPV 3HUVSHFWLYH 7KLQNLQJ DQG (FROLWHUDF\ LQ SO
SHGDJRJLFDO DSSURDFK DWVBGYRWDIMMRGIBFLOLWDWH WKH GHYH
OHDUQHUVY VXVWDLQDELOLW\ PLQGVHW ,QVWLOOLQJ PLQGVHW
FKDOOHQJLQJ WR LPSREW H[BQGFDWO®HUQDWLYH PRGHOV PXVV
7UDGLWLRQDO SDVVLYH PRGHOV Rl NQRZOHGJH WUDQVIHUV ZK}
IDAMEVRUEHUV DQG UHJXUJLWDWH WKHP GXULQJ WKHLU VXPPDV
EH\RQGFWXKGILWLYBWHILHY LQWR WKH UHDO®PHRPBWY HQRBDRF R LG

$UFKLWHFWXUH HGXFDWRUV RXJKW WR H[SORUH FROODERU
SROOLQDWLYH H[SORUDWLRQ DQG H[SHULPHQWDWLRQ ZLWK VXV
DQG VSDWLDO FRQILIXUDWLRQV WKDW ZLQO DRGWHI RYOMWRKRIHML
DJLOLW\ LQ WKH IDFH RI WKH LPPLQHQW DQGKLYRPRQ QD E/RWYIWDI
DSSURDFK FDQ EH IDF,QONMDWWNGE VBOURBIK SURMHFWY ZRUNVKR
WKOGLWH VWXGHQWY IURRVGANH WDVKROHOGVFWROGHUVWDQGLQJ R
SULQFLSOHV DQG DSSOLFDWLRQV

), /1, 1% 7+( *$375$16)250$7,93('$*2* ,(6,1 $5&+,7(&785(
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6XVWDLQDELOLW\ LV LQKHUHQWO\ FRQQHFWHG WR GRIIDVIRUP
SHGDJRJLHV RIWHQ IDLO WR IRVWHU WKH QHFHVVDU\ FULWLFD
VWXGHQWDWQVIRUPDWLYH SHGDJRJLHWH IDIHFPAWIR/ZOHGH B REDDH  D(
DSSUHFLDWLRQ IRU PXOWLSOH SHUVSHFWLYHV DIHQBKVH@VH RI
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SURPRWLQJ SURIRXQG DQG VLJQLILFDQW FKDQJHV LQ KDELWXD(
HQDFWP.BQW HW DOBKLIWLQJ DzZD\ IURP WKBRKIHSDUPICLEIPY WIF
HGXFDWLRQ WUDQVIRUPDWLYH SHGDJRJ\ LQYROYHV FROODE
FRQVWUXFWLYLVHSBXMRDREPD ODQBEDOGEPEL RQHDWH PHDQLQJ WK
FKDQJH VWXGHQWVY] OHPDQLQV RIS XERDKKWRRXYH2GHVLIQ VWXGL!
SHGDJRJ\ RIWHRWPRGHFWY WR HEMNQDNOHSWXWRIHQJFHY DQG YDO)
&URZWKHU )O\@RLYV KDV OHG VFKRODUV \NRDDGDRAIRWQH RIF
WUDGLWLRQDO HGXFDWLRQDO PRGHOV WR SURPBRPWBRDUDQVIRUP
6DODPD 7UDQVIRUPDWLRQDQ BHEOURBHFWXUH EUUGIHDMWMEV W |
EXLOGLQJ VFLHQFHV DQG FUHDWLYH GHVLJQ LPSURYHV NQRZOF
DQG SURIHVVLRQBOWERRDRDKINW IRVWHU D FRBBUSHKRIG@XOQREQ RI
HFRORJLFD®FKROMHW %HGIRUG %XUWRQ VODID-IDWARDGY  H T
GHVLJQ HGXFDWRIMVRRA®IB *V DQG LQIXVH VXVWDLQDELOLW\ S
FXUULPXRXRVWHU FULWLFDOOWHU®®EQ Y IR0 FRDWREHW QRS R UD U\
VFKRODUV KDYH DGYRFDWHG WKH SRWHQWLDO RI LQIXVLQJ WU
EDVHG GHVLJQOKROGILRNW DO +HQGDZ\ HW DO 6DODPI
WKLV VWXG\ EULGJHV WKLV JDS E\ LQFXOFDWLQJ VWXGHQWVY V
VXEMHFWV7WRONVFRUPDWLYH OHDUQLQJ ZDV OHYHUDJHG WR
FRPSHW H@QFRHQWUDSHUVRQDWRZRBBQGVYHHADWIRQDGGUHVV FRPSOHI
HFRORJLFDO FKDOOHQJHV HIIHFWLYHO\

&',2 6WDQGPRIGXVWDLQDEQGVWW S, OQOWHJUDWHG &XUULFXOXP

&',2 6WDQGHRKDVIWKHVLPSRUWDQFH RI DQ LQWHJUDWHG FXUULF
OLQNDJHV DPDOJDPDWLQJ GLYVF ISHUMRID @ K YRIZSHBMR @D O KV N |
WRZDUGY SURGXFW SURFHVV V\VVQMPH USHE WRIQLY Q FHN E B DVGZ.IQU
UHIHUUHG WR DV FRPPXQLFDWLRQ WHDPZRUN HPRWLRQDO LQ
FRPSHWHQFLHYV DUH HVVHQWLDO IRU VXF RHWF ILROW KMHNZ RHMW SADD
.RUQLLHQNR  %DUEXLQLHPL DQG 3U]MXO®RUWHG WKH QRWLRC
LQWHJIJUDWHGTWXDWL FDQIMHPUWZLQHY WKH WUDQVIHU RI GLVFLS
GHYHORSPHQW RI HVYVHQWLDO NQRZOHGJH VNLO ® DSBE @WRM LW X
VSHFLILF OHDUQLQJ RXWFR®HD UISHEG ¥IX INNQGRAJHBQH WR YDULR)
HQVXUHV JUHDWHU PXOWLGHVEIGI®WRFMN HRKBEBEFMRQV WKDW
LPSDUW DQG VWUHQJWKHQ FKDHD BRNUYIROW IO OV DQGFBQLEH.FDO \
GHOLYHUGIKBQWRI\ EURDGHU UHODWLRQVKLSV D Q @ KIHYW HWUNDLFOOL\R (
DQG D EURDGHQHG ZRUOGYLHZ RI WKHLU SULRU NQRZOHGJH D
DQDODWH UH | VKL FRIQO G DQHSRMWU D G LIWW R B VF RQW MWL @ DE L O LW
SULQFI$SQAHYLQJI Z&'WKI UDRH ZRIBKKY RQ LQWHJUDWHG FROODER!
H[SHULHQFHV DQWDDEWQY¥HHGXFDWRUV FDQ HVWDEGDWK QD FRC
SODWIRUP IRU VWXGHQWY WR TXHVWLRQ WKHLU SULRU DVVXP
HSLVWHPRORJLHV

&',2 6WDQGPRIGXVWDLQDELOLW\ OLQGVHW ,QWHJUDWHG /HDUQLC

(GXFDWLRQDO 1UDSKHZRUMMMHIWWLQI VXVWDLQDELOLW\ SULQFI
SURIHVVLRQDOV IRU D+FRQFGIRQWRRUWGLY LPSHUDWLYH WR V\\
VXVWDLQDELOLW)\ DWDMLEMPANIU DWYWE WADH QLQJ ([SHULHQFHV ZLV
/JRIDQR HW D®XJIJHVKDW VXFFHVVIXO LQWHJUDWLRQ LV XQGHUF
DQG H[WHQVLRQ VXVWDLQDELOLW\ FRPSHWHQFLHV WHFKQL
DSSURDFKHV WKDW [RFXWXBEWQW VY HQDE 1 O L7W H \PH. QLGOWHII UD W L
DSSURDMHPE\KDVIMWKH DFTXLVLWLRQ RI GLVPIOSHHQDR D DNQ RDADGH (
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LQWHUSHUVRQDO VNLOOV WKURXJK FRPSUHKHQVLYH OHDUQLQJ
DGGUBWNERAUOG VXVWFKQDBHXIMMVWUDMHFWRULHWHARKER G DMW.\g 3
VXVWDLQRBLIRODW\HQJLQHHWILRDOFRWUYBILPDO HW DG YRFDWHG
DPRQJVW RARIOMDWDVERUSWRRMHPYLQJ DQG VI\VWHPV WKLQNLQJ D
JLNHZL7RPDVHOOD HWODGOYRFDWHG WKH LQWHJUDW UWRHPRUONGKH 811
H[SHULHQWL D\OL DX OMVQHGIJZRUNSODFH VFHQDULRYV OBBURMWH VW
XQGHUVWDQGLQJ Rl VXVWDLQDELOLW)\ LVVXHV BEKWRREHRAOOR
KDYH OHG WR WKH LQFUHRR®DDE RRDRUGHE/QEH RIHGXFDWLRQDO R)
RI LPSURYHG WHDPZRUN DELOLWLHVY FRPPXQLFDWLRQ DQG QH.
FRPPXQDO GLVFRXWRWO RIFKBDOHQJHV VXFK FROOHFWLYH SOD
LQGLYLGXDOV DQG JURXSV DQ XQGHUVWDQGLQJ RIGKKHUY LMWD Q
WKXV SURPRWLQJ VXVWD$QOEDGHVN\ SRDBEWQMH) BURJUHVVLYH
GHYHORSPHQW RI D VXVWDLQDELOLW\ PLQGVHW WWHRXZLIRXW W |
DGYRFDWLQJ WKH GHYHORSPHQW RI YDOXHV WKLQNLQXDWQG LQW
SDSHU GLVFRXUVS$5E&HIMRUWW UL QU FKLW H F W XFRIX JRDEGTEDWILRD R |
&',2 6WDQGDUG IRFXVLQJ RQ WHDPZRUN DQG FRPPXQLFDWLI
FRPSHWHQFLHV ZKLOH LQWURGXFLQJ VWXGHQWY WR EDVLF V\VW
VXVWDLQDELOLW\ PLQGVHW

3,/27 23(5%$7,21%/,6,1* &',2 67$1'$5681,85&+,7(&785( &2856(

7KH SLORW LPSOHPHQWHG ZLWKLQ WKH '$5&+ 3URUHUGPPH DW
LQVWLOOLQJ VXVWDLQDELOLW\ YDOXHV E\ NRW WGHEQBD W QYH VW
GHVLJQ SURFHVVHV DOLJQLQJ PFHIWK] SNKHYLRHEFBANKRIB\R URQ \ LV D
PXOWLGLPHQVLRQDO ILHOG WKDW GLVFRXUVHV DQG LQFRUSRUI
FRQVFLRXVQWXGHH®WYIQ SURERKLAAKVVXVWDLQDELOLW\ HQHUJ\ F
HQYLURQPHQWDO GHVLJQ SULQFLSORKW\DDI HWF WHD VL QJOAXSE HU

'KLOH LPSDUWLQJ WHFKQLFDO VNLOO VHWV DY®PFLBPKRQQTX F
HFRQRPX¥FWDLQDELOLW\ LQ VWXGHQW SURMHFWYV ZDV WKH SULF
HGXFDWLRQ SHGDJRJLEFDO VWUDWHJLHV WRZDUGV RDFHXQFDWL
RYHUORRNHKGDVVHUWLRQV ZHWBRVDGLYNREDIH®ZBEB DUJXHG WKDW
FRPSUHKHQVLYH WHDFKLQJ DQG OHDUQLQJ DSSURDFK PXVW LQ!
YDOXH HPEHGGHG LQ WKHRUHWLFDO FRXWWXGCBHQ®BHVEID N QX G
DGDSWDWLRQ RI VXVWD'KPRXDOAIW)\ PHRGHBRBYLWLRQDOO\ LQVYV
VXVWDLQDELOLW)\ PLOIIWRY ROLRQW HULMX] HWKLFDO KQ& UHVSF
SLORW W[WREWHKH GHYHGREPWA®LQH VXVWDLQDELOLW\ FRPSHW
WKLQNLQJ JXLGHG E\ WKH IUDPHZRUN LQ )LJXUH

J)LIXUH 5HODWLRQDO 'LDJUDP DQG &RQFHSWXDO )UDPHZR

BURFHHGLQJWRIWHUHQDWLRQDO &'KRWRBEGHBHQFH
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,Q WKH GHV WIRRDAMKEHY ERQMWUXFWLYH DOLJQPHQW ZDV XVHG D\
W K D WF ROKUIVGHHIVU QLQJ REMHFWLYHV LQVWUXFWLRQDO PHWKRGR
ZHUH FRKHUHQW WR VXSSRUW V%X GHQ W7 & H BOUHFIMNXI UHHI IZHIFW E R B © k
WR UHVW RQ WKH IRXQGDWLRQV RI SULRU OHVVRQV IRFXVLQJ RC
LVVXHV DQG FRQWH IDGLFPMXRY)KDG H[SOLFLW GR@NY KMR HDEBAMDFH
WKIDVVLYH DSSURDFK LQ DUFKLWHFWXUH GHVLJQ DQG LWV LPS
VWUDWHJILHV ZHUHJIXSHRXQOGBEVWUDWHY WKH LQWHUSOD\ EHWZF
VWX GERGVWUXFWLYHDWKJIJWRH@W,2 D\XWEONDEXED UGV

JLJIXUBHODWLRQDO PDSSLQNFRILWRKHIBWEMOWQYH $OLJQPHQW IU
ZLWK WKH 63 &', DQEOOWERGDUGY IRU WKH SLORW

7KHSLORW OGRDXQHIY RMHWFEBBRWLRQV RI VIVWHPV WKLQNLQJ
LOQWHUFRQQHFWHGQHVV RI EXLOGLQJY VWDNHKROGHUV DQG Wt
HQHUJ\ FRQVXPSWLR(F RO LEXHOBEQI¥\GMNBPRISHGSULQFLSOHV R
DQG GIRHUJI\ VXVWDLQDELOLWYQSHY\HQ WIRIDWEHYE HQ/DXGLHRQW V
FDQ WKHQ UHIOHFWW CMRRLERG GLOHPPDV HQKDQFH WKHLU HWI
GHFL\WIDRNZ. QJ VNLOOV SUDFWLFXHVGBIQ® ERQQO LHFWR/L WIXOQ RX YK FD
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DQG SUHSDUH IRU HWRURD@ LD/EWRFNEDA® -DQVVR@GLPLODU

WR WKHARWHIBOVFHQDULRYV GLVFXVVHG LQ WKH&OH F\WWWHH UD\E R GN
/JHDUQLQJ ([SHAHWI) BHIW LIQB & \DNUDW HE RLQQHUXUHQJIDIHG LQ DFV
WKDW H[HUFLVH WKHLU DJHQFLHV ZLWK HWKLFDO GLOHPPDV DQ
SUDFWLFHV IRFXVLQJSRQ \ERO@EI\YH WS KHIMRDO®F WNLY @GN QU

DZDUHQHVV FRPSHWHQFLHV V\WWHPV WKLQNLQJ FRPSHWHQFLH
HTXLS WKHP WR PDNH LQIRUPHG GHFLVLFRGAN MXIDW FWFRRRRR W H V X\
GLVFXVVLRQ DXRR)OMG WGHDGIPPDV VWUHVVHV WKH LPSRUWDQFH
JRYHUQSBUDEBGKDYLRXU RU GHFLVLRQV LQ SURIHVVLRQDO SUDF\

SULRWRWUMHP DGYDQWDJWW RN HBIMKRM@ZHJI HVELDOD EH H[SORUH
LQ WKH QH[W VHFWLRQ

JLIXUH 7TUDQVIRUPDWLYH /HDUQLQJ DFWLYLWLHY DQG UH(

, QWHJUDWLRU@GHDBIQDU)NRRRU 30DQ 5HGHVLJQ DQG '"HEDWH $FWL"®
SUFKLWH(EWEDWLRQ

7KH WZR OHDUQIVBED Q BWARY [ZWM BIBXX U H DQG IDLFPLHOY W\RRB/HHQ W V ]
DWWDLQRHQMRREHWHQFLHV RV XPKNIDEIDLQD WIKAYWHE Y WIKQ@NLQJ
QWHJUDURE® RPYSRWLYLW) LQYRMSDAU WEBWRYYSIDDQ ZKLOH $F

JURXSHG VWXGHQW$UIRKLWHEWEKDWHSUDFWLFHY RIWHQ IDFH S
OHDGL@HWRRPSURP ISVMAL Y LRM\U U RDJ HIGODLOHF HQ DAKIHRUH D FOLHQW
UHTXHVWHG WKH PDVWHU EHGURRPSIH PN \B KGIHX#HD®R S B @LOARY @ W
$OWKRXJK WKLV RIIHUV GHVLUDEOH YLHZV LW H[SRVHV WKH
LQFUHDVLQJ HQHUJ\ FRQVXPSWLR®WGEGH QARVDR XVMR QLG R G H@J
SODQKRUWF FORLERIF/S O\ Z LROKL MERAPID/QG IRU DQ XQEORFERHBKZHVW -
SUR SIRYN HW MKRH VU H G XEPH. Q/GRHROR PV Q JEO RBIE R Q | L J X/\$ IDQWIDIYRXIW

$V UHIHUHQFHG LQ )LIJXUH VWXGHQWYV ZHUH H[$SAWWWIGNWR EH
'HEDWEHBVHG SHGDJRJ\ LQ KLJXRWHE®WREDWFRXGHDDYY URRP
HQJDJHPHQW FULWRGDDQSURNELGDHW DSIH QY SHAWIOWH HPSDWK\ DQ
VNLOOV ODEUH\:MWOMODOORZLQJ D GLVFRXUVH RI FRPSHWLQJ DQ
WKH GHEDMPHHZRUN RI GLOHPPDV ZKLFK UHVXGWEY FKRQ KWV R QR
IUDPHZRUN RI SDUDGR[HV WKDW HPEUDWHRQW HRD/Q RIR/Q N Q GE ¥
PHDQLQJIXO WUDQVIRUPDWL R @ G HE D PIMHA/H R U HMRLFR DHOU
OHDUQHUV WR EHFRPH DFWLYH FLWL]HQV EH\RQG WKH FODVVUR
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HQJDJHPH®RRPDV  ZLWKKFHU\VWDO&LWDMDRD VIVWHPV WKURXJK
GHYHORSPHQW YLD LQWHUDFWLYG®F HGXADW (RGRL® JL @ WHRIIDWF W L R
5LPDQRF]\fV DVVHUWLRQ WKDW WKH FRQWHQWLRXV GHEDWHG
EHWZHHQ ZKDW PD\ EHLERQYEBURMINSEWKHWLFDOO\ HVYWDEOLVKH\
OHDUQLQJ DWPRVSKHROW WRQGXBLYHVXVWDLQDELOLW\ PLQGVHW

6WXGHAHWMW RXSHG LQWR WKUHH JURXSV |IRU DJDLQVWQIDQG WK
DFWLNISWFDOO\ FOLHQWV XUJH DURKHWWEWN M RLNVNKRIFVW RFPHWM
FRQVWUDKEMWKLWHFEW ZD W MVODOHEAWHEQUEWHK ILQLVKVIWBUHQRALFH
WRZHUTV OGIRZQRWREZQ 6L EIRBEHOHY ZHUH VKRUWOLVWHG ZLWK
WKDW VXFFHVVIXO SURMHFW H[HFXWLRQ R2HK WH OB WRBKHWR HIFW/PWI
ILUP LV ILQDQFLDIOMK QW UPH D 1§ GFRWMHF WO B[ SWHKHD BB KKW g VWY HV
DERXW SRWHQWLDO FRQRO6XVW®L ZDWRIWMWEKW GRYBUHESDULQJ IRU
SUHVHQWDWLRQ HWKGXDMWFHROW HFMWRP &RXQWU\ ; DW SHU VTX
QLQH KRWUDYQVSRUW WLPH DQG 6DPSOH % IURP &RXQWU\ < DW
KRXU WUDQWsRWW WORPFOHY DUH VLPLODU LQ VL]H WKLFENQHVYV
DSSHDUDRHHUFKLWHFW PXVW GHFLGH ZKLFK WLOH VDPSOH WR

'$7% &2//(&7,21 $1' $1$/<6,6 0(7+2'2/2*<

7R DQVZHD QB4 VWXGZHUWMWLQYLWHG WR GHSRVLW WKHLU UHIOHF
ZLWK WKHVH UHIOHFWLY H 4 X WVWXIGRHIDW V Z DQRSRZHKID\H WK KK S\RQNV R U
RQ/XVWDLQPEKQLMWHFWXUH DQG HQHUJ\ HQKDQFHG \RXU XQGHUYV
DQG FRQIOLFWV LQ WKH FRQWH[WIRQ G/ O\DW D GHERER KDWY FW KW H F V
WXWRULDO SURSDHWKLFRX DGYRFDF\ LQ S UWRHHV WLKRHD DO PYWHXNW
VHFRQG OHDUQLQJ DFWLYLW\ 7KH VXUYH\ ZDVVWGEH Q WWWHDUAKGDW

UHVSRQVHV ZHUH FROOHFWHG IURP ERWK RFFDVLRQV YLD OLI
QRW FROOHFWHG Q\R QYK HF RGWHRER PR XV UHVSRQVH GRHVQIW U
LQ ZDV VHOHFWHG WR HQVXUH WKHLU DQRQ\PLW\ 7KLV VWXC
3RO\WHFKQLFfV ,QVWLWXWLRQDO 5HYLHZ %R DIK® ZW\WNKHW ZWR F
DQDO\WVHG XVLQJ WKH $WODW MRTWDPDU W DIWWWH MQITRUNRXIKO\ UH
WKH p,QWHQWLRQDO $, &RGLQJYT IXQFWLRQ LGHQWLILHG UHOHYD
RQ WKH UHVHDUFK TXHVWLRQV ZKLFK ZHUH YDOLGDWHG DQG UH
JURXSHG DRXSHEJQWR WKHPHV E\ LGHQWLWUQXGDWWBUN DQG
DQG UHFXUUHQW WKHPHV ZHUH UHYLHZHG WR HQVXUH DFFXUD\
SDUWLFLSDQW TXRWHYV

+RZHYHU LW LV LPSRUWDQW WR DFNQRZOHGJH D IHZ OLPLWD
PHWKRGRORJ\ $VDWKHWVISGORWDUQHUVY VXVWDLQDELOLW\ PLQ
LPSOHPHQWDWLRQ RI WKWMHLPWRY VWY VWKQW \RKRAMSURYLGHV XV
JOLPSVH RI VXVWDLQDELOLW\ PLQGVHW LQ WKHWH URKWXIHF\WDGY
‘LWKVWEURMHFWVY HIWHQVLRQ LQWR WKH XSSHU \HDUV RI WKH
VWXGLHV ZLOO EH FDUULHG RXW IRU \WBXEHQWNU YOQGMHDIVWIEQ GL g
HYROYH RYHU WLPH :KLOH VWXGHQWVY TXDOLWDWLYH GDWD S
VXEMHFWLYH DQG PD\ EH LQIOXHQFHG E\ LQGLYLGXDO ELDVHV
YDULDEOHV PD\ LQFOXGH H|MWHWURQDIOLYDOXHYFRY H J IDPLO\ ED
H[SRVXUH PD\ FRPSOLFDWH HIIRUWV WR LVRODWH WKH LPSDFW
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7ZR PDLQ WKHPHYV ZHUH LGHQWLILH® KR BDHD AKDHFERBRWIFRIGY R
8QGHUVWDDHUK IWKHPHVWBHOBWHGDUDWLRQ IRU )XWXAUG 3UDF
$SSUHFLDWLRQ RI 6XNWHD WKMHPLHOL WBH QW LILHG LQ

'"HHSHU $SSUHFLDOWIR@QFEXBHUVWDQGLQJ RI (WKLFDO 'LOHPPDYV

'HVSLWH ODFNLQJ IRUPDO H[SHULHW®QW M QEDQIMIFK IS\l WG XIXIVOX G \F
EHWZHHQ DHVWKHWLFV IXQFWLRQ 6\IVQ/G BAKWWSIHFMWDLELHD 7 WL QMK C
KLIJKOLJKWLQJ KRZ HOHPHQWY LQWHUDFW DQG IRUHVHHLQJ HWK
RI(WKLFDO 'LOIRBRDVQH SDUWVRUSHDVOMKSG DFWLYLWLHV HQKDQI
XQGHUVWDQGLQJ Rl WKH HWKLFDW GKREIPG DVKHQFRQF & L WM FEIA X\MIZH
JRDOV DQG HQHUJ\ HIILFLHQF\ JBVRE HEDOO DYF WXH FIRAMDADWO QWK V)
DQGWKH DFWLYLWLHV OHW PH XQGHUVWDQG KRZ HDV\ LW LV WR
ZKHQ LWLVON@MDUFKLWHFWXUDO SUDFWLFHV DUH (QRWLVROHO\
.HQD2Z\ )DULQHD 'HPWXW DXWKRUV DUJXH WKDW WKHVH HD!
LQGHSHQGHQW UHODWLRQVKLSYV RI VIVWHPV WKLQNLQJ KDYH W
LQWR UHVSRQVLEBRFKGHNWEHYHUWLHY ZHUH . XUMHO@RIND BIW DG E\
ZKHUHE\ WKH LPSRUWDQFH RI GHYHORSLQJ GHVLJQ FRPSHWH
FRQVLGHUHG SDUDPRXQM PR G BQIEORE ODMBPRFDWHG WKH QHHC
DUFKLWHFWXUH HGXFDWLRQ WR LPSDUW FLYLF UHVSRQVLELOL
FRQVLGHU VRFLDO SULQFLSOHV LQ WKHLU SURIHVVLRQDO SUDFV

9DOXMVWHPV VRIW VNLOOV DQG PLQGVHWY FDQ EH FKDOOHQJL
DFWLYLWREZHY DV VRXQG GHFLVLRQVFRPYAVMWCHKEWEEWLRQDO FRQ\
6XFK DVVHUWLRQV KDYH FRPSOLPH@WEQFWE&HS Y B HR § &DMICH R
VWXG\ H{SSORNGIBED WRVWMWR FROODERUDWLRQ FULWLFDO WKLQN
HYDOXWWURSSREODERUDWLYH DQG , QURY DW DVIQ i$ BYWISRHFW P\U B G
DIWHU WKH GHEDWH VHVVLRQ WKHUH DUH VWLOO QR ULJKW DQ\
DQG WKH SUDFWLFDO HWKLFDO EDODQFH LQ WKRPLGURUWIGR @ KZH
GHEDWHV DV D SHGDJRJLFDO WRRO LQ DGGUHVVLQJ FRPSOH
XQGHUVWDQGLQJ RI SXEOLF SROLF\HEHMWWHNLP XBIETGWN R B OD @& KYLIDO
DQG UHDVRQHG DUJXPHQWDWLRQ WKXV FUHDWDRQDWWV WWQ D O
$QRWKHU OHDU QWK H IDIFOMLEW MG HW HD QDKW GVRH WHRDUH SUR
FRQV WR HDFK DUFKLW,RMNFWX UDIOVR IPSROMKD QW WR WDNH ULVN)
VRPHWLPHWLQIRUFLQJ WKDW VWXGHQWVY HQKDQFHG XQGHUVW]
IDFLOLWDWHY WKHLU G HYRDORSHPE QDM RIFRQYFOMQWLRXV DSSUF
SUHSDULQJ WKHP IRU LWV FRP 3OS L WLHNDYWH R WHQFLHN DSSU
ZDV HFKRHG BQ &KHFK XG\ ZK L FKVXVWRABQABRE O LG LINGHRDXWW H U
DQG &HXOHPDQWODULILHG WKDW E\ H[SORULQJ VXVWDLQDELOLYV
HPHUJLQJ HSLVWHPRORJLHY FDQ EH GHULYHG WKURXJK GHEDWH
YLHZSRLQWY UDWKHU WKDQ VXEVFULELQJ WR WKH ZLGHO\ DFFF
VX BWQ D B)IXQIMAKH U P R U H %\DFEKCIRFKIDUQ\G U D 6 L ED Q GG Y RIF DARRG
WKH SURPRWLRQ Rl GHVLUHG DWWLWXGHVY PLQGVHWYV DQG EHK

SUHSDUH®QWV¥SSUHFLOMWULF@ RI$SGYRFDF\

5HIJDUGLQJ VWXGHQWVYT UHIOHFWLRQV RQ WKHLU HWKLMWDR DGYR
PDLQ WKHPHV HPBUBMNHSGUDNWURPXWXUH 3WDIFMEFHVFLDWLRQ RI
6XVWDLQDHLUBOWIKWLQJ WKH LQWH U STREMMERQY N'W DIQHEK /& 6 HY
HITHFWLYH FRPPXQLFDWBROWX@EHYV S AR WHY HDDWSUBISDUDWLRQ IR
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YXWXUH 3UZPMW SPHMVLFLSDQW UHPDUNHG DWKH Q NWW K HG HE S RWHVIDR,
LV WR GLVFXVV ZLWK ERWK SDUWLHV FOLHQWYV ZLWK DUFKLWHF
DFWLYLWLHVY KDYH SUHSDUHG PH WR SURIHVVLRQDOO\ SUHSDUH
LQ WKH LQGXVWU\ RWZNEBODIWHKRY W\ LGH D KHWIRQ PAHEQ HHF@M R Q
DUFKLWHFWXUH DQG VXVWDLQDELOLW\ LQYROYHV D QXDQFHG L
DQG SUDFWFLLRMIBNY @¥dFK FRQXQGUXPV ZHUH DUJXHG WR EH XELTX|
SUDFWLRHVYHE\ FOLHQWVY REMHFWLYHV DHVWKHWLFV EXGJ}
HQYLURQPRQWDEH WMWURQY VLPLODUO\ VXJIJHVWHGSWKRWLWQVHQ
DHVWKHWLFY DQG FRVW RYHU DGMDFHQW SHUWLQHQW LVVXHV
OHDGLQJ WR SRWHQWLDO FRQIW®LFIWL EG WDHIVQHNSKHAFOR DVHR\VD M |
'DQVRK DQG JULPSR®IKDVMWKDEN LQHIIHFWLYH FRPPXQLFDWLRQ [
RI HDFK 8 BWWRULWLHV PLJKW OHDG WR PLVXXEHHDYFKOLRIEQIV D
HIWHQGV EH\RQG GHVLJQ LW LQFOXGHV WE&NPDNGYQD QRMODLHQMW
VXVWDLQRELPK WD\ QHFHVVLWDWH LQLWLDO LQYHVWPHQWYV WK
3UHSDULQJ VWXGHQWY IRU WKHVH LPPLQHQW SROHPLFDO FRQIC
IXWXUH HWKLFDO DGYRFDF\ LQ WKHLU FDUHHUV

3DUWLFIWSDQOWFWH G SBBQUHEKBWLRQ Rl 6 DVWH[WHELIORGM RI VW XC
(FRORJLFDO :RWBOCEHIWVYT] WKRXJKWY UHIOHFWHG D GHHSHU XQ
WKEWRDGHQV WKHLU HFRORBILRDG SNEMBHAWKOIMFRAVMWSWY W
LQWHJUDWLRQ RI VXVWDLQDEWORWG HD WV D XQREHUNWVHDRHQWKDW V)
MXVW D WHUP XVHG WR JUHHQZDVK XV DQG ZH VKRXOG UDWKH!
WDNLQJ FDUH RIDRXRQHODW K®/H QAR W K I KFWHGFWXUH DQG DFWLY
FDWDORVIWDUDQVIRUPDWRPH QMDWOLGH QD OMWKIDGY VXVWDLQDELOLW
SUDFWLEFHV PXVW VKLIW EH\RQG WKH LPDJHU\ K\SHV DQG WUH
VXVWDLQDEOH GHY\\HORS®BGMYHORSPHQW PXVW EH UHJDUGHG
IUDPHZRUN LQ DUFKLWHFWXUDO SUDFW L*UHRR YBDWKWM DT KV Q D W
VKLIW LQWR FUQVWWLRDBPN RI DUFKLWH F WX B H®DEQEFEWALNWK L Q
PLQG LV DUJXHG WR EH HVVH®WLRQHL S DW KH.EW SHEXAF DUBH. G+ W H
UHWKLQN DERXW ZKDW RWKHU GHVLJQ FKRLFHV FDQ EH FRQVLG
WKLV VKLIW LQ YLHZSRLQW DOORZV VWXGHQWY WR WKLQN RI VX
GHVLJQ SURFHVV UDWKHU WKDQ DQ DIWHUWKRXJKW RU D VXSH
WR KDYH D VXVWQ LQIDRVAK GEBVEKLWHFWXUH VWXGSQMSDWIRVFRP
WKHP WR QDYLJDWH HWKLFDO FKDOOHQJHYV DQG DGYRFDWH IRU

([ WHQVLRQ RI 3ULRU &',2 VWXGLHYVY DQG )XWXUH 5HVHDUEFK

7KLV VWXG\ H[SORUHG LQ GHWDLO RQ KRZ &',2 VWDQGDUGV FDQ
DUFKLWHFWXUH HGXFDWLRQ E\ DGRSWLQJ DQ LQWHUSUHWLYL
UHIOHFWLRQV H[WHQGLQJ WKH SDXFLW\ ERG\ Rl NDWXIGRB VRH[SH
&',2 VWDQGDUGV LQ DUFKLWHFR/ OO HIBR G DON VRQ X UKLHOGH WKH PDF
IUDPHZRUN IRU RSHUDWLRQDOLVLQJ &',2 VWDQGDUGYV WR JXLGHI
FRQWULEXWHV WR WKLV WUDMHFWRU\ E\ IRFXVLQJ RQ WKH PL
HPSKDVLVLQJ WKH GHYHORSPHQW RKH WX ®NVQBPHEGE D LRILFDQG
FDQ DOVR EH FRQWH[WXDOLVHG D\5®IQGB UNHW VERQURIED & VX G\ E
VWDQGDUGY ZHUH XVHG WR HQKDQFH FROODERUDWLYH DQG F
DUFKLWHFWXUH HGXFDWLRQ /LNHZLVH WKH IUDPHZRUNV GLVF
IXRQJ JHYV DUWLFOH RI ZKLFK WKH SURKRWN GHYQRQ
PHWKRGRORJLHY LQ DUFKLWHFWXUH GHVLJQ Z\RKID/G MOLH QGAL W K
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$v FOLPDWH HPHUJHQF\ SHUVLVWY FRQWLQXHG SHGDJRJLFD
GHYHORSPHQW JRDOV LQWR DUFKLWHFWXUDO FXUULFXOD DQG
VKDSH IXWXUH SUDFWLWLRQHUV WR HIITHFWLYHO\ DWIGH) EXVY PR P ¢
HQYLURQPHQW ZLOO EH LQFUHDVLQJO\ SDUDPRXQW 7KLV VWX
LQWHJUDWLQJ WKH &',2 )J)UDPHZRUN ZLWK 816'* 1R LQ C
RSHUDWLRQDOLVLQJ &KHDK HW DO TV MIJHQHBLRG VHIWAHZR
DPRQJ VWXGHQWYV

7R DFKLHYH WKLV WKLV UHVHDUFK HPSKDVLVHV RQ WUDQVIRUP
UR6a8D\LQJ ZKLFK HQJDJH VWXGHQWYV LQ HWKLFDO GLOHPPD\
SHGDJRJLFDO DSSURDFK HQFRXUDJHV FULWLFDOWWE&HQWM W PR
QDYLIJDWH FRPSOH[ VXVWDLQDELOLW\ FKDOOHQJHV %\ IRVWHU|
FRQIOLFWY DQG WKH FRPSOH[LWLHV RI VXVWDLQDELOLW\ WKE
OHDUQLQJ PHWKRGV SURPRWLQJ D PRUHQHQHBHA DQEHWKR X JK)\

%XLOGLQJ RQ WKH LQVLJKWV RI WKLV VWXG\ ZKLFK HFKF
3HUVSHFWLYH 7KLQNLQJ (FRORJLFDO :RUOGYLHZ DQG &ROODEF
ORQJLWXGL@DOOVIWNXGR B W MMHDFNRKDYJIMR LQ VWXGHQWYV VXVW,
RYHU WLPH WR HQKDQFH RXU XQGHUVWDQGLQJ DQG DWWLWXGH
SURJUHVV WKURXJK WKH FXUULFXOXP 6LPLODUO\ E\ XWLOL]L
PHWKRGV GHVLJE8 BDRREHRYRBSUHKHQVLYH WRGHQW W DG\ D LRY D
PLQGVHWVY :LWK D ORQJLWXGLQDO IUDPHZRUN WKH TXDQWLW
PLQGVHW FRXOG TXDQWLI\ FKDQJHV LQ WLPH ZKLOH IRFXV JUF
VWXGHQWY H[SHULHQFHV DQG U®JOHRWLRWQVLBQJXXKMNKURQHRL
VWUHQJWKHQ WKH YDO$GWWU QD WK¥HI PRGHIIW Rl WUDQVIRUPDW
H[SHULPHQWHG VXSSRUWLQJ WKH GHYHORSPHQW Rl OHDUQHUVT
7KLV SURMHFW LV VAXDUH\Q RION [MH®&HQJ ODWHUDOO\ ZLWKLQ WK
YHUWLFDOO\ LQWRBUNVKWXGLRRQIR U JUHDPEV A R QVRIKGDUHD\F H

7KH TXDOLWDWLYH DQDO\VLV RI VWXGHQW UHIOHFWLRQV UHYHD
LQWHUSOD\ EHWZHHQ DHVW®&BWILXFAW DX Q B W)LEUNWKOH WP\ H YL MW X G H
H[SUHVVHG JUHDWHU SUHSDUHGQHVV IRU HWKLFDO DGYRFDF\ LQ
WKH QHFHVVLW\ RI HIIHFWLYH FRPPXQLFDWLRQ ZLWK FOLHQ\
S8OWLPDWHO\ WKH ILQGLQJV LOOXVWUDWH WKDW WUDQVIRUPDW
F X O W IEYDDAM IBNLHQWHX V W D L Q D E HOWHAQ\ FYERWPSH W KL\@ WIHPN WBQGNLQJ
QWHJUDWVREGRP YHDILSSLQJ IXWXUH DUFKLWHFWV WR QDYLJDWH
DQG FRQWULEXWH WR VXVWDLQDEOH GHYHORSPHQW

),1$1&,$/ 683328&.12:/('*(0(176

7KH DXWKRUV UHFHLYHG QR ILQDQFLDO VXSSRUW IRU WKLV ZRU]

5()(5(1&(6

$NJ*Q< (UNDUVODQ g ( IH$HXLGHUIR3) D *XLGIBXEVLGDW,ISRQV IRU D
6'* IRFXVHG 6 WWGEHIWRDWLRQDO -RXUQDO RI $UFMMDMHFWXUDO 5HVHDUFK
KWWSV GRL RUJ DUFK

$OWRPRQWH 6 (QYLURQPHQWDO (GXFDWLHRYQL HZURGXXWREBDEOH $
BWXGLHWWWSY GRL RUJ UHV Y Q S
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$QGUDGH ' ) G 6RUUHQWO®RRXB DV D %DVLV IRU WKH '"HVLJQ RI (QY!|
SBHGDJRJIRXW QDO RI (GXFDWLRQ IRU 6XVWDLQDEOH '"HYHORSPHQW
KWWSV GRL RUJ

$QJUDO $ DA KILQMWH BEWODWLRQVKLS DQG 9DOXH $GGLWLRQ LQ 3UL
,QWHUQDWLRQDO -RXUQDO Rl $UFKMMDWHFW XUR® V8HV HDUFK BWFKQHWDUF

$YVHF 6 -DRZBAO&R\N O ,QYHVWLIDWLQJ SRVVURIKOAWHGEY RI "HY
/HDUQLQJ LQ $UFKLWHFWXUH 6WXG6XQWYWD8QIDEL OHWNIQ 7KLQNLQJ
KWWSV GRL RUJ VX

%DODFKDQGUD / 7KH ,PSURYLVDWLRQDO (QWUHSUHQHXU ,PSURY
(GXFDWRKQQDO RI 6PDOO %XVLQHVYXSODQDJHPHQW
KWWSV GRL RUJ MVEP

%LHGHQZHJ . ORQURH 0 & 2[DUDUW $ 7KH LPSRUWDQFH RI
VXVWDLQDRBHIUMDWLRQDO -RXUQDO RI 6XVWDLQDELOLW\ LQ +LJKHU (GX

%LIIV - (QKDQFLQJ 7HDFKLQJ 7KURX 3K BRQUVMWEXFIMLYR@BOLIQPH
KWWSV GRL RUJ E |

%UDXQ 9 &ODUNH 9 8VLQJ 7TKHPDWXP G DQW DWLLYWH LEH ¥ W\IFFKIRIO R Q'
BVIFKRORWUWSY GRL RUJ TS RD

%ULGIVWRFN,WBDPXUDMQW OF$OSLQH $ , QWHJUDWLQJ &DUHHU '"HYH
WKH &XUULFXOXP &ROODERUDWLRQ :LWK WKkKR XUDQUIHH BY BHFYKLIFGH) 1B Q
/HDUQLQJ IRU *UDGXDWH (PSORADRIOLWERL RUJ MWOJH YRO Q

%XUWRQ / 2 6DODPD $ 0 6XVWDLQDEOH 'HYHORSPHQW *RDO\
(GXFDWERQWLYDWEEGQDQWUWG $UFKLWHFWQWBO GP\EDRRDICHVRXUQDO RI $L
SHVHDUFK $WMRKOWWY GRL RUJ DUFK

&DFFLRODWWL / J/HH 6 + OROLQHUR & O &ODVKLQJ ,QVWLW:
*RYHUQPHQW DQG ,QGXVWU\ $Q $QDO\WVLV RI '"HPDQG IRU 7THFKQLFDO D(
8. THFKQRORJLFDO )RUHFDVWLQJ DQG 6RFLDO &KDQJH

KWWSV GRL RUJ M WHFKIRUH

&H\ODQ 6 0DKLQ 3 6HoPHQ 6 G6RPHU 0 ( 6eKHU . + $Q HY
DUFKLWHFWXUDO GHVLJQ VVRXGULERMWEKQEBI SQWHUQDWLRQDO -RXUQDO
$UFKLWHFWXUDO 5HVHDUBRKWSY GRL RUJ $5&+

&KHDK 6 0 6XVWDLQDEOH '"HYHORSPHQW ,Q &KHPLFDO (QJLQHHU

ORYLQJ $KHWRGEHHGLQJV RI WK &',2 ,QWHUQRILRMP® &R &7 A DHGEF H
&KXODORQJIJNRUQ 8QLYHUVLW\

&KHDK 6 0 <DQJ . J/LRzZ = 'RQJ < &KLD & SVLQREWHUNRQ (
'"HYHORSPHQW RI 6WXGHQWYVY 3R AMDH@DEILO RW\ ¥yMQ SQMMMUQDWLRQDO &
&RQIHUHQARBERXUQH $XVWUDOLD ORQDVK 8QLYHUVLW\

&URZWKHU 3 8QGHUVWDQGLQJ WKH VLIQDWXUH SHGDJRJ\ RI WKH
IRU LWV WHFKQRORJLRXO MK RPFHPHQWQJ 'HVLJIQ

'DQH\NLQ < 'DQHLNLQD 1 6DGFKHQNR 9 ,PSOHPHQWDWLRQ R
(QJLQHHULQJ 6SHFLDOLVWYV IRU WKH % H Q0D WM R | FBEX \RW B RQDHE OHHQ FHEY W O |
KWWSV GRL RUJ PDWHFFRQ|

'DQVRK $ JULPSRQJ 6 &OLHQW 3HUVSHFWLYHV RQ 5SHODWLRQV
+RXVH 3URRIWHWQDWLRQDO -RXUQDO RI 4XDOLWDWLYH 5HVHDUFK LQ 6F
KWWSV GRL RUJ LMTUV

'"KDRXDGL . /IHFOHUFT 3 6KDSLQJ 6 XVWDLQDELOLW\ LQ $UFKLW
'"HVLJQ DV BRXARRYXDO RI '"HVLIQ 6WXGHWRWSYV GRL RUJ MGV
'RGG 6 -DQVVRQ % ([SDQGLQJ WKH ERXQGDULHV RI HWKLFV HC

ZRUNHUV IRU HWKLFDO DGYRFDF\ L XOUNROIRQERFWDR QR O N HAXW DOVIL R C
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(OHNL 6 .HQDZ\ , ,QWHJIUDWLQJ 6 XVWDLQDELOLW\ :LWKLQ $UF
KWWSV GRL RUJ UHVRXUFHHGLQJV Y L J
(OKROHL $ 2 $PHU $ 6 <DVVHLQ * $ (PEHGGLQJ 6 XVWDLQD

S$UFKLWHFWXUDO (GXFDWLRQ $ &DVH 6WXG\ Rl OHQRX, QI BQQD®MULRIOMO
-RXUQDO RI $UFKLWHFWXUMOXWHAMHDUERISBEKQOHW DUFK

J)DULQHD & '"HPHXU )8S (GXBWWURWQ IRU $SUFKLWHFWYV )RVWHULQJ *U
6ROXWHRONEY GRL RUJ MLGD

)O\QQ 3 S5HWKLQNLQJ WKH &ULW 1HZ 3HGDJRUD\WWRUQ )HWWIQKL YGXFDWL
*DO $ JURP UHF\FOLQJ WR VXVWDLQDELOLW\ SULQFLSOHV WKH S
VWXG\LQJ HDUO\ FKLOGKRRG HGXFDWLRQ RI D@ WGEXRDWLR® DROU-RXVYQD
6XVWDLQDELOLW\ LQ +LJKHU (GXEWWWERQ GRL RUJ -6+

*ROHPDQ ' (FRORJLFDO LQWHOOLJHQFH 7KH KL&WHRZ Q RXAMAY R\ ZKD

*ULPDO / *LOORW & B5H\HV 7 7URXVVLHU 1 O0ODUW\ 3 %UXOORW
L, QWHJUDWLRQ RI 6 XVWDLQDELOLWWIMEWO GRILBHHULOQJ &RXWH H

*URYHU 5 (PPLWW 6 &RSSLQJ $ 6XVWDLQDEOH 'HYHORSPHQ\
YUDPLQJ 6WUDWHJILF $SSURDFKH\6XQWDKIQ BEQ W HEGY HQR SRIPQ W
KWWSV GRL RUJ VG

*XF\HWHU % 7KH 30DFH RI 6 XVWDLQDELOLW\ LQ $UFKLWHFWXUDC
6XJIJHVWEWRRNQV -RXUQDO RI $SUFKLWHWWXUH GRL RUJ DMD

+DZNHQ 3 /RYLQV $ % /IRYD@NKUDG FDSLWDOLVP 7KH QH[W LQGXV\
5RXWOHGJH

+HQGDZ\ 0 -XQDLG 0 $PLQ $ ,QWHJUDWLQJ 6XVWDLQDEOH 'H

$SUFKLWHFWXUH &XUULFXOXP ([SHYLWOQPIO\G [ Q&LYUHRIDWSHIW L gWWUDFWL]
KWWSV GRL RUJ M FDFLQW

+HUPHV - 5LPDQRF]\ , '"HHS OHDUQLQJ7IRK ) WXW\@ D MQRELOOA W

-RXUQDO RI ODQDJHPHQW (GXFDWLRQ

+R < * JHRQJ < < $ &',2 $SSURDFK WR 7HDFK 6XVWDLQDELOLW

BURFHHGLQJV RI WK ,QWHUQDW LRRIE K HPP& RRIHALH Q EH18

.DUN 5 3UHVHU:3OGRANWRY JURP D 3ROLWLFV RI 'LOHPPDV WR D

3DUDGRIHYDQL]DWLRQDO %HKDYLRWWWDFKEQI RHWYLHZ

.DVVHO . S5LPDQRF]\ |, OLWFKHOO 6 7KH 6 XVWDLQDEOH 0LQG

7KLQNLQJ DQG 'RLQJ LQ 0DQDBADRGHPN RGRPRWIRPHQW 3URFHHGLQJV
KWWSV GRL RUJ $0%33 DEVWUDFW

.LYLQLHPL 0 7 3UJ\E\OD 6 0 ,QWHJUDWLYH $SSURDFKHV WR V

ODMRU &XUULFXOXP 6WUHQJIJWKYV QHRQOWHRUNVLDAAGECADP SGIBO WK
KWWSV GRL RUJ ISXEK

.RQVW 7 .RQWLR - 16D BQDEOH '"HYHORSPHQW LQ (QJLQHHULQJ
BURFHHGLQJV RI WK QWHUQDWLERQPRDE I N &RFHODEG@FEH\NMDYLN 8QL’

.RUQLLHQNR , %DUFKL % 7KH &RQFHSW RI WKH 6RIW 6NLOOV
'"HYHORSBNQPKRORJ\ 7TUDYHORIWWSYV GRL RUJ SW

XUMHQRMD $ . G6FKXPDFKMUMBIQRMDUUHUD /DQGVFDSH 6HQVLWL]LQ
([SDQVLYH /HDUQLQJ LQ $UFKDWEFWXUDO (GXFDWLRQ
KWWSV GRL RUJ ODQG

ILRZ = 6WDUW ,W$5+H MWW PBUFK\@WXGLR 3HGDJRJLFDO ORGHO )RL
/I[HDUQHUV ,Q 6 : =ROOLQJHUIHFWINERHMVI(GY &ULWLTXH 6WUDWHJILHV
'LVFLSBGRQMHUVLW\ RIKKWQ@GHVRMWD. RUJ KWWSV GRL RUJ HGF

/IRIDQR 5 OHUULOO 0 < 6DPPDOLVWR . &HXOBRDQWFWLQJIR]DQR )
&RPSHWHQFHY DQG 3HGDJRJLFDO $SSURDFKHV IRU 6XVWDLQDEOH "HYH!
ILWHUDWXUH 5HYLHZ DQG )& D\WMBROQNEIWRSRVDO

KWWSV GRL RUJ VX
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IXRQJ + /IH % 1 &DSVWRQH 3UREOHP 'HVLJQ IRU 2SWLPDO /|
$SUFKLWHFWXUHRAHHGRQJV RI WK ,QWHUQDW)RQODDQS , 27 2RBRIYPXH UM QR N
8QLYHUVLW\ RI $SSOLHG 6FLHQFHYV

OF,QQHV 7KH SHUIRUPDQFH RI DFDGHPLF LGHQWLW)\ DV SHGDJR
LQ WKURXJK OHFWHKODH KEGIQUFRXUVBKHU (GXFDWLRQ
OLUDQGD $ OLDK 6 - '"HVLJQLQJ DQ ,QQRYDWLYH 8QLILHG &RQ

,PSURYLQJ ,QIRUPDWLRQ 5HWULHYDO 6HUYQFRIUP® W HRQ WHKYHDQ RIS PUHIDW) L
KWWSV GRL RUJ

ORKNDP 0O ORKDPPDGL 6 0 + $UDEDEDGLD 5 -DYDUDQ ( -
&KDQJH ODWHULDOV RQ 3HUIRUPDQFH RI 2SHUDWLRQDO 3HDN /RDG 6KL|
LQ e®RW. G &O(ICPOOWRQPHQWDO 3URJUHVYVY 6XVWDLQDEOH (QHUJ\

KWWSV GRL RUJ HS

OROGRYDQ 5 &KLY OL $YSHFWV 5HIJDUGLQJ +HDWLQJ DQG &RROLQJ
%XLOGLQJV 8VLQJISHHOWBBBRWPDQD 'H ,QJLQHULH &LYLOD 5RPDQLDQ -R
(QJLQHHULQJ KWWSV GRL RUJ UMFH

IDWWUDVV % SOWRAKOHUEDW XUDO VWHS IRU EXVLQHVY :HDOWK HFR
HYROXWLRQDU\ FRYUSREDMWRQAXEOLVKHUYV

1~xH$QGUpY 0 $ OROWQDH} &DRGHHIUR 1 XN - < 7KH LPSD

SHHU OHDUQLQJ RQ VWXGHQW SHUIRUPDQFH L Q, @\ HUGFXW WRF VX U R OUD

6XVWDLQDELOLW\ LQ +LJKHU (GXFDWVLRQRL RUJ -6+ (

29'Z\HU 6 7 *ZLOOLDP - DV HR$QRRBRULORQIHUHQFH 3URFHHG
KWWSV _GRL RUJ HDDHDFS

2UU ' (FRORJLFDO OLWHUDF\ (GXFDWLRQ DQG WKBWWDWIHVLWLRQ

8QLYHUVLW\ RI 1HZ <RUN 3UHVV

3DODWW\ 3 / 6DOGDQKD ( 5DR 6 5DR 3 %DOLJD 0 6 (11H

7HDFKLQJ OHWKRG IRU %LRHWKLFV 2SLQLRQ RI 8QGHUJOREXOWH 6WXG

%LRHWKLFV (QTXLU\ -RXWWB® GRL RUJ JEH

5HLGDU / $QGHUV 5 %HQGLN 0 (QJEORHHYLQF OLQRU LQ $UFKLWHFW X
YRU ,QWHUGLVFLSOLQDU\ 6SHFLDOL]BWRRE H®IC&R RW H MWK D@OW HDQ QWQ £
&RQIHUHQBRQGKHLP 1RUZD\ 1718

5LHK 6 < /HH % < 2K - * G6FKXHW]H 7 EOYDUH] 6 3 [/HH . 3L

6XVWDLQDELOLW\ ,QWR $UFKLWHFWXUDO (GXFBX\\RDLOQW EBLFFIUMGLWHG
KWWSV GRL RUJ V X

5LPDQRF]\ :KDW ,V D 6 XVWDLQDELOLW\ OLQGVHW"
KWWSV GRL RUJ

5LPDQRF]\ , 7KH VXVWDLQDELOLW\ PLQGVHW SULQFLSOHV $ JXLGH WR
EHWWHUSRRXWAHGJH

5LPDQRF]\ , /ODPD]DUHV $ 0 7ZHOYH 32YHOQBXIOBMVUWNEB XL GH [
6KLIRXUQDO RI ODQDJHPHQW 6SLULWXDWWNS\5HCGRILRQ J MNN L
5RVPQ $ +HURDIDVMERIII + )LQQYHGHQ * (GVWU|P . (ISHULH¢

$SSO\LQJ WKH &',2 6WDQGDUG IRU 6XVWDLQDEEBH URVHWOR S(FYFID@W DLV L RQA
URFHHGLQJVY RI WK ,QWHUQDW DI RN, 2 7&EPQ CHIUH® F&EK X ODORQJIJNR U
5DMDPDQJDOD 8QLYHUVLW\ RI THFKQRORJ\ 7KDQ\DEXUL

6DODPD $ 0 6SDWLDO GHVLJQ HGXFDWLRQ 1HZ GLUHFWLRQV IRU SHGI
EH\RQ®BRXWOHGJH

6DODPD $ 0 7UDQVIRUPDWLYH 3HGDJRJ\ LQ $UFKLWHFWXUH DQG 8SB8UED!
KWWSV GRL RUJ

6DODPD $ O %XUWRQ / 2 '"HI\LQJ D OHJDF\ RDQIEM PIYRROYLQJ ¢
DUFKLWHFWXUDO GHIRBOHBH@DYRRAN WKH ,QV W L WBXWVEDR)Q' HRY L&Y DQ GQ JL Q

30DQQLQJ
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6HDWWHU & 6 &HXOHPDQV . THDFKLQJ 6 XVWDLQDELOLW\ LQ +
6W\OHV WKDW ODNKDQDGHMNMHQARKUQDO RI +LIJKHU (GXFDWLRQ

6HQJH 3 7KH QHFHVVDU\ UHYROXWLRQ +RZ LQGLYLGXDOV DQG R
WR FUHDWH D VXV WMDQRIHERHQ WR DROGED \

6LEDQGD O 1DLGRR 3 %XLOGLQJ DQ (QWUHSUHQHXULDO &XOW
(GXFDWLRQ KWWSV GRL RUJ B

6RWQLNRYD 2 =RORWXNKLQD , BURNVKLWV ( ORGHUQ 6WUXTF
DQG &RQVWUXFWLRW HEXRDWRRMHUHQFHV

KWWSV GRL RUJ H VEROQI

BWHZDUW $ / $KPHG 6 :DUQH 7 6KDQNV & % $UQROG 6 |
3HUFHSWLRQV RI ,QWHJUDWLQJ 6XVWDLQDELOLW\ DQG )RRG 6\WWHPV &
&RPSDUDWLYH &DVH 6WXG\ LQ 7ZR 1RUW Kk IMDWWHHRIDW E WDOW HE 6 RVWIOH. @GR

YJRRG 6\VWHPVWSV GRL RUJ LV X1V

7KRPDV $ 7RZDUGV D WUDQVIRUPDWLYR UWGLUEWRXUQDWHRID E I HW 5
/ILWHUDF\

7LO0 - $UFKLWHFWXUSROGHSHQGY SUHVYV

7JRPDVHOOD % :\OLH $ *LOO 7KH 5ROH RI +LJKHU (GXFDWLF
(GXFDWLQJ )XWXUH /HDGHUV :LWK 6RFLDO ,PSDFW &RQWULEXWLQJ WR
BRFLDO (QWHUSULVH -RXUQDWSY GRL RUJ VHM

8PPLKXVQD $ =DLUXO 0 ,QYHVWLJIJDWLQJ ,PPHUVLYH /HDUQLQ.
$SUFKLWHFWXUH (GXFDWLRQ $ 6\VWRIPDWDLF RILVEE 50 WKW B HHYLHWEK LQ +1
(GXFDWLRQ KWWSV GRL RUJ MDUKH

=DPRUDQR 0 6SHFLDO ,VVXH S5HFHQW $GYDQFHY¥SIS®O(EBUJ\ (IILFL
6FLHQFHYV KWWSV GRL RUJ DSS
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=KHQJSLQIJLWNRMZOHFWXUHU LQ $UFKLWHFWXUHLY WRROBYWRQH RE
3K '"DW WKH 1DWLRQDO 8QLYHIUWHWHNIRUFKLQRDXWRHWH RQ WKH LQW
HGXFDWLRQDO SV\FKRORJ\ GHVLJQ VVBROGIOR QWD IRIWHDR GO
VWUDWHJILHV VSHFLILFDOO\ RQ WKH HIITHFWV RI SRZHU G\QDPLF\
FXUULFXWORRFALBOHWHGQ VWXGLRV

6LORK &KHDK WKH &HQWUH 'LUKH'FAVRHQRNUHKHRB3, QQRYDWLYH 7HI
/IHDUQLQJ XQGHU WKH 'HSDUWPHQW RI (GXFDWLRQDO '"HYHORSP|
PRUH WKDQ \HDUV Rl H[SHULHQFH LPSOHPHQWLQJ &',2 LQ WKH
FXWLFXOXP DQG KDG FRQGXFWHG YDULRXV &',2 ZRUNVKRSV |IRU
GLVFLSOLQDU\ SURJUDPYV

&RUUHVSRQGLQJ DXWKRU

=KHQJSLQJ /LRZ _.
6LQJDSRUH 3RO\WHFKQLF ®@@
SUFKLWHFWXUH DQG WKH % A S o 1)

'RYHU 5RDG 6LQJDSRUH
OLRZB]JKHOJSLOJ#VS HGX V 7KLV ZRUN LV OLFEQNHW® XY
&RPPRQV $WWRIORRKRPPRIQ FL
1R'HULYDWLYHYV ,QWHUQ
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.DWHULQD KI$SQRK &+ ($+

'"HSDUW RHQGX F D WSRDDMOPHIWD SRUH 3RO\WHFKQLF 6LQJDS
'LYLQD *UD¥%2D48,//2
&HQWUH IRU ,QQRYDWLRQ LQ%DWIOXHHBWDWH(8EEDMLRIQV\ 3KLO
5KRQDO\Q 0$80>2U\ 5RVSBI(56,1&8/9%
&ROOHJH RI (Q%IDQMHMHY EQVDWH 8QLYHUVLW\ 3KLOLSSLQF
$L <H 2+
6FKRRO RI &KHP&GEFDWQFHNHIDSRUH 3RO\WHFKQLF 6LQJDSR
-XKD .217,2

(QILQHHULQJ %XVLQHVV 7XUNX 8QLYHUVLW\ RI $SSOLHC

$%675%$&7

7KLV SDSHU GRFXPHQWWSWHHU & X>SSRHW 3 36 H[SHULHQFH EHW
WKDW LV 6LQJDSRUH 3RO\WHFKQLF 63 DQG %DWDQJDV 6WDWH 8
3 36 LQOLWLDWLYH LV LQWURGXFHG DORQJ ZLKADWD@DR GHW X HHIU R}
ZRUN IRU WKLV 3 36 H[SHULHQFH 7KLV IRXQGDWLRQDO ZRUN H(
HGXFDWLRQ IRU VXVWDLQDEOH GHYHORSPHQW WKURXJK VKDULQ
D EULHI FRPSDULVRQ EHWZHHQ &QRDBUIAL QD GRPRXYLWQUHYV &',:
VWDQGV RXW GXH WR LWV XQLTXH VWUXFWXUH VSHFLILFDOO\ L
DUH FRPPLWWHG WR OHDUQLQJ IURP HDFK RWKHUfV HGXFDWLRGC
JUDPHZRUN ZKLFK IXWWREURISQRFRIMEH IXWXUH FROODERUDWLRG
HODERUDWHVY RQ WKH OHDUQLQJ SRLQWY JDWKHUHG IURP WKH

7KHVH LQVLJKWY KLJKOLJKW WKH SRVLWLYH RXWFRPHV DQG EH
DV D UHVXGBW&RI WH WSHGHGQHVY DQG UHVSRQVLYHQHVV RI ER
VLIJQLILFDQW UROH LQ WKH RYHUDOO VXFFHVV ,Q FRQFOXVLRQ
D UHVRXQGLQJ VXFFHVV IRU WKLV FROODERUDWLRQ QRW RQO\

ERVK LQVWLWXWLRQV EXW DOVR VHWRHBUSUXESIRBU\G V. QRW LI W XYUH

(<:25'6

SHHWBHHU &KHPLFDO (QJLQHHULQJ 6XVWDLQDEOH '"HYHORSPHQ)

BURFHHGLQJWRIWHUHQDWLRQDO &'KRWRBEGHBHQFH
ORQDVK 8QLYHOERWUQH $XYWUDOLD
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7KH EDVLF LGHDWRHMKHEXISSBUW 3 36 SURFHVV LV WR EHQHILW
IURP &',2 PHPEHUV E\ DOORZLQJ WKHP WR VKDUH SUDFWLFHV
FRQWLQXRXVO\ E\ KDYLQJ FULWLFDO IULHQGV GRHSHQJORDUQK B!
IURP WKH H[SHULHQFHV RI WKHLU SHHUV )RU WKH &',2 FRPPXQL
RI HYLGHQFH DERXW WKH SRVLWLYH LPSDFW RI &',2 RQ WKH TXD
JUDGXDWHYV ,W PDNHV LW SRWVREOH WRDIOGWQWQGWWXIRQDLY H
DGYDQFHPHQW RI WKH &',2 ,QLWLDWLYH (QJDJLQJ LQ WKH 3 36 2
DFWLYH DQG FROODERUDWLYH GHOLYHULQJ D ZKROH QHZ DQG
&',2 PHPEHUV DQG EHFRWWQDPWUWH WR QHZ DQ® YRWLHWLDO |
3 36 DFWLYLW\ SURYLGHV RQHYV SURJUDP WKH RSSRUWXQLW\ Wi
DQG DW WKH VDPH WLPH OHDUQ IURP WKH SHHU

7KLV SDSHU VKDUHV W RH BQ § WULMWHDEQIWVHRMBIYRUH 3RO\WHFKQLF 63
6LQJDSRUH DQG %DWDQJDV 6WDWH 8@QUKBKUODLWY & LRGDW W DW H 8
H[SHULHQFHV LQ WKH SLORW UXQ RI WKH 3 36 IRFXVLQJ RQ WKH
LQ WKH FXUULFXOXP IRU WKH FKHPLFDO HQJLQHHULQJ GLVFLSO

1, 7(5$785( 5(9,(:

7KH VHFWLRQ LV GLYLGHG LQWR SDUWV 7KH ILUVW SDUW WUDT
DV 3HMBHHU 5HYLHZ 3URFHVV 7KH VHFRQG SDUW SURYLGHV D |
&',2 336 UHVHPEOHY DQG RU GLIIHUV IURP RWIQID® SGHIHBREHER L
BXSSRUW *URXS 76* &RPPXQLW\ RI 3UDFWLFH &23 DQG )DFXOV
7KH WKLUG DQE[DONVMQON DVWAH QY EN I MRV WZR LQWOIKDXQWLRQV L
HGXFDWLRQ IRU VXVWDLQ D BDKID &/HW H\ONR-SIWEHIRAR Q6K H 3 36

$ 6KRUW +LVWRU\ WBMHKH 63HIBRUW

7KH YDOXH RI PHPEHUVKLS WR WKH &',2 FRPPXQLW\ RI SUDF
LQWHUUHODWLRQV DQG H[FKDQJHV EHWZHHQ PHPEHUV 7KLV X
&',2 FRQIHUHQFHVY DQG UHJLRQDO PHHWLQJV +RZHYHU WKHUH
EH DFKLHYH@VKHWKRUW GXUDWLRQ RI VXFK FRQIHUHQFHV DQ
FRPPXQLW\ WKHUH LV D EURDG GHVLUH WR LQWURGXFH RWKHU R
RQH DQEWWRHQUG WKH FRQIHUHQFHV D QW RUKMWLPXDO W MHRAARGHY H
SUDFWLFHV LQ WHDFKLQJ DQG OHDUQLQJ XVLQJ WKH &',2 JUDPH
WKHLU HGXFDWLRQ SURJUDPYV

7KH LGHD IRWHHBHHIHYLHZ ZDV ERUQH RXW IURP HDUOLHU HIIR
(XURSHDQ &',2 OHPEHUV WR HQKDQFH WKH TXDOLW\ RI WKHLU
H[DPSOH &ODUN HW DO .ROQOWLR HWHRNRU 780Q RUWM &R
.DPS VWUHVVHG WKH SRLQW WKDW &',2 QHHGYVY WR GHPRQVWUDW
IRU LWV SRVLWLYH LPSDFW LQ RUGHU WR FRQWLQXH WR DWWUI
UHFRPPHQGDWLRQV KH PDGH ZDV

SSHFRPPHQGDWLRQ '"HYHORS DQG LPHSIHIWP HHY\W OOX B WIOR.G S U
E\ DQG IRU WKH PHPEHUV WR EXLOG XS D KLVWRU\ RI HYLGH!
VWLPXODWH WKH PHPEHUV WR VKDUH SUDFWLFHYV DQG LPSUR

7TKH RXWFRPH DW WKH KLJKHVW DJJUHJDWH OHYHO RI WKH &'
LQIRUPDWLRQ IURP WKHVH SHHU VXSSRUW VKRXOG EH XVHG WR E
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RI &,2 RQ WKH TXDOLW\ RI HQJLQHHULQJ HGXFDWLRQ DQG LWV
LGHQWLILFDWLRQ RI UHJLRQDO DQG JOREDO WUHQGYV WKDW JLYF
,QLWLDWLYHR QRQ WRLKRH D K

$ YLUWXDO URXQGWDEOH HYHQW ZDV KHOG DW WKH L, QWHU
%DQJIJNRN 7KDLODQG WR LGHQWLI\ WKH FKDOOHQJHV IDFLQJ &',
IDOO XQGHU WKH IROORZLQJ WZR DUHDV -XQDLG HW DO D

7R HVWDEOLVKWBHIFOUHSHHDE IRU &',2 PHIRRBEKUNS RWKHDW LV ILW

7R VHW XS D UHVHDUFK I UDPHZRUN WKDW FDQ EH XVHG WR EX
Rl &',2 LQ SUDFWLFH

7TKH RXWSXW IURP WKH YLUWXKPDOGYVRXQGWDEOH DUH WKUHH

BURSRVH D VWUXFWXUHG WERHEBHOWLXQHS RRIW DF\FKDHHUIRU DSSUR
&RXQFLO

'HYHORS VHW RI WRROWXVOQKDWEKRQHYWDWIHEDIUGY DQG VLPS
4XDOLW\ $VVXUDQFH DQG (QKDQFHPHQW ODUNHWSODFH 4%$(03

BURSRVH D EXGG\ VA\VWHP IRU SDLULQJ PHPEHUV FRQVLGHU C
D KLIKO\ UHFRPPHQGHG DFWLRQ

7KHVH LGHDV ZHUH IXUWKHU GHOLEHUDWHG DW DQRWKHU YLUW X
WKGKQ " IRUPDW LQ WKUHH VXFFHVVLYH VHVVLRQV DFURVV WKUH
,OQWHUQDWLRQDO :RUNLQJ OHHWLQJ KRVWHG @RD/WERWY GUR B AH OLRA
HITRUWY ZKHUH DOVR VKDUHG -XQDLG HW DO E

$IWHU WKH ZRUNV IURP WZR ZRWIKIDWIRXSN LQ ,QWHUQDWLR
&RQIHUHQFH KRWMWHIGQREH\NMDYLN ,FHODQG .RQWLR /HRQJ &K
DW WKH ,QWHUQDWLRQDO :RUNLQJ OHHWLQJ KRWWH G LIQD ®X U
IRUP RI WKH 3 36 HPHUJHG 7KHVH LQFOXGH WKH VWUXFWXUHG D
WHPSODWHYV IRU XVH UDQJLQJ IURP LQLWLDO UHJLVWUDWLRQ RI
NH\ GLVFXVVLRQ SRLQWYV DQGNRRFDEBXPAMK D UHSRUW

$V WKLV WLPH 63 KDG HPEDUNHG RQ LQWHJUDWLQJ VXVWDLQDEC
&KHDKP &KDR 63 LQ LWV FDSDFHWG DY MKHWKRH &',2 $VLD 5H
HPEUDFHG WKH 3 36 LQLWLDWL YN DQ G XR/SMHIDWH K@ QI B pH LD VW

VKDUH®VK WKH $V L DWEmRHRME HRUWV V X L W\D BBGHD S BBI\G BHB6 LQWR LWV
SRUWDO DWFGWWRWGWUMKRUWHDFKLQJ VS HGX VJ 63 DOVR SDI
SURPRWLQJ WKH 3 36 LQ WKH ZRUN VKRS HUKQDW ZRY DIOH 8 'G2WIRHD |
KRVWHWGLR® LQ 7URQGKHLP 1RUZD\ .RQWLR HW DO DQG FR

 QWHUQDWLRQDO &',2 &R QIIHWH QPH7KRYWHTX@QRVLD

, Q 63 DQG %DW6WDWH8 FDPH WRIJHWKHU WR SLORW WKH 3 3
OHDUQLQJV DERXW (6' LPSOHPHQWHG LQ HDFK LOQVWLWXWLRQ
SLORW UXQ RI 363 LV HODERUDWHG LQ ODWHU VHFWLRQ
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JLIXUH&',2 SHWBHHU 6 XSSRIJWV :RUNYV
SHHWBHHU 6XSSRUW YV 7HDFKHU 6XSSRUW *URXS YV )DFXOW\ /|

$FFRUGLQJ WR 5LHVVPDQ SHHU VXSSRUW DV EURDGO\ GHIL
ZKLFK SHRSOH VKDUH FRPPRQ H[SHULHQFHV RU IDFH VLPLODU Ft
WR JLYH DQG UHFHLYH KHOS EDVHG RQ WKH NQRZBGMHGHKRAMKDW
SHQQH\ 6RPHWLPHV UHKHOBHRGU WKWXDWHDLG SHHU VXSS
XVHG E\ SHRSOH GHDOLQJ ZLWK GLIITHUHQW W\SHV RI VRFLDO FLL
KHDOWK LVVXHV LQFOXGLQJ WKRVH HAUMB DG R RBEQ YRLIG DAY SIUE
OLYLQJ ZLWK SK\VLFDO LOOQHVVHV RU LPSDLUPHQWY 3HQQH\ C

3HHU VXSSRUW JURXS LQ WKH FRQWH[W RI HGXFDWLRQ LV RIWH

76%* ZKLFK /LHEHUPDQ *UROQLFN QRWH DV SOD\LQJ D
RSSRUWXQLWLHV IRU WHDFKHUV WR YDOLGDWHLBERW K LWKDPIKHU
J)DUUHOO GHILQH D WHDFKHU VXSSRUW JURXS DV 3WZR R

DFKLHYH HLWKHU WKHLU LQGLYLGXDO RU VKDUHG JRDOV RU ER\
JURXS LV XVXDOO\ PRUH HIITHFWLYH WKI3QFDROWDN L QJ VG SSRUHVVJI B
LQYROYH D JURXS Rl WHDFKHUV PHHWLQJ WR GLVEXVV JRDOV F
7KH JURXS SURYLGHV D VDIH SODFH ZKHUH WHDFKHUV FDQ V
FROODERUDWLQJ RQ FXUULFXRXPHQQYG PG HUHLYDLAINZ GHOMH® D Q
DFWLYLWLHV VXFK DV SHHU FRDFKLQJ WHDP WHDFKLQJ DFWLRC

,Q KLJKHU HGXFDWLRQ WKH WHUP OHDUQLQJ FRPPXQLW\ KDV P
FRPPXQLW\ VHHNV WR EULQJ WRJHWKHU D VPDOO JURXS RI SHF
RUGHU WR OHDUQ WRJHWKHU VXSSRUW DQG HQFRKMDQHQHDFK
&RPPXQLW\ )/& LV GHILGHGFDSODL FNRWWFXOW\ DQG VWDII JUR
PHPEHUV HLJKW WR WZHOYH PHPEHUV LV WKH UHFRPPHQGHG
FROODERUDMWRQHSUWRIWDP ZLWK D FXUULFXODQ DERX & HHDQIKQD. @B LE
ZLWK IUHTXHQW VHPLQDUV DQG DFWLYLWLHV WKDW SURYLGH O
WHDFKLQJ DQG FRPPXQLW\ EXLOGLQJ )/&V DUH DOVR FORVHO\ L
RI SUDFWLFH &23° ZKLFK LVWHY ELMKRWHKO\ZRUNRRLOZWLHQQH :}
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,Q D &23 SHRSOH FRPH WRJHWKHU WR WDON DERXW FRPPRQ LC
LGHDV /HDUQLQJ LV D VRFLDO SKHQRPHQRQ QRW PHUHO\ DQ L
FRPPXQLW\ RI SUDFWLFH UHVXOWV LQ VKDUHG PHDQLQJ DQG D F

7TDEOH EHORZ SURYLGHV D FRPSDULVRQ EHWZHHQ WKH W\SHV
ZRUN ZLWK RQH DQRWKHU WR LPSURYH WKHLU W HDMKWIOHYV DIQE
FROXPQV IRU 76* )/& DQG &23 ZHUH JHQHUDWHGWAWLIH 3, OW RRRV R

7TDEOH&RPSDULVRQV %HWZHHQ 7THDFKHU 6XSSRUW *URXS )DFX(
&RPPXQLW\ RI 3UDFWLFHNBQKKBU&S XS SHRRIW

Criteria TSG FLC COP CDIO-P2PS

Definition | A group of teachers | A peer-led group of | A group of people | A group of
or school leaders faculty members who share a educators with
who engage in who engage in an common concern, a| common interest in
reflective circles to | active, collaborative, | set of problems, or | sharing practices in
explore and reflect | year-long program, | aninterestin a using the CDIO
on challenging structured to provide | topic and who Framework to
classroom and encouragement, come together to address teaching
school support, and fulfil both individual | and learning
experiences. reflection. and group goals. issues.

Size Typically, 4-6 Typically, 6-12 No size limitation. No size limitation
members. members.
Focus Focuses on Focuses on multi- Focuses on sharing | Focuses on sharing
reflective practice disciplinary best practices and | practices and
and mutual collaboration, creating new creating new
support. scholarly teaching, knowledge to knowledge in
and the scholarship | advance a domain | alignment to the
of teaching and of professional CDIO Framework
learning. practice.

Practice Must put into Encourages the No obligation to put | New knowledge
immediate practice | application of new knowledge into | enhances current
what has been learned concepts in | practice. practices and
learned. teaching. promote member

collaboration
Membership | Comprises Comprises faculty Can include Can include
teachers or school | members from anyone with a anyone with a
leaders. various disciplines. shared interest in a | shared interest in
particular domain. | CDIO and those
already in the CDIO
community

$V FDQ EHWHKIHHQDSSURDFKHY KDYH VLPLODULWLHYV DOO VKDULQ.
H[FKDQJH DQG FROODERUDW IWHHO& P 8 LBALIN W- RIFANWLMIKBARY H V
HGXFDWLRQDO HDQYMIMDROLRORP 1D AKGRWHKW UR Q DG USWELF\I DROH V
RFFXAKHQ RQH LQVWLWXWLRQ KDV PRIMB B EWYZREF B B @ WHIQQVDMULR
DQG WKH RWKHWHHGQVWALRY X KERQW WD @G, 2 LPSOHPHQWDWLRQ ZDV
DQG WKH WDHKDWRURRQWULEXW H GL HZR NIQRZ OMBFHWHG WR DGYDQ
XQGHUVWDQGLQJ ZLWK DOLJQPHQW WR WKH &',2 JUDPHZRUN D
3DUWLFLSDWLRQ DV RI QRZ OLHV ZLWKLQ WKH &',2 FRPPXQLW\
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(ILVWLQJ (IIRUW LQ (QKDQFLQJ (GXFDWLRQ IRU 6XVWDLQDEOH 'H
%DWG6WDWHS

$W 63 WKH (6' LV LPSOHPHQWHG WKURXJK WKH &RPPRQ &RUH &:
GHYHORS EDVHOLQH HPHUJLQJ GLJLWDO DQG KXPDQ VNLOOV LQ
WKH GLSORPD SURJUDPV VR WKDW WKH\ FDQ EFMHRGHXIOSHHOMHIG RU D ¢
ILP &KDR 6LQFH $< WKH &&& LV LQWHJUDWHG LQWR W}
(QILQHHUL®@3( 6SURJUDP XVLQJ D VSLUDO FXUULFXOXP PRGHO 2
&&& PRGXOHV ZLWK GRPDLQ PRGXOHV ZEKUBHKVHNEWRQLWRAGH $UR
ZRUNVSDFHV WKDW VXSSRUWY WKH WHDFKLQJ DQG OHDUQLQJ RI

$W %DW6WDWH8 WKH %DFKHORU RI 6FLHQFH LQ &KHEPERKDO (QJLC
RITHUV D ULJRURXYVY DFDGHPLF SURJUDP WR SURGXFH FKHPLFDO |
JURZWK WKURXJK WKH SUDFWLFH RI FKHPLFDO HQRRQBEBEULQG DC(
HWKLFDO VWDQGDUGY ZLWKLQ WKH SURIHVVLRQ 7KH SURJUDP
ZLWK GLUHFW LPSDFW WR WKH FRPPXQLW\ ZKHUH VWXGHQWYV DQ
7KHVH UHVHDUFK ZRUNV UHTXLUH VWXGQGHWWVVWRHY ROWLH) JU HDL
WHFKQRORJ\ DQG UHVRXUFHV WKDW GBDBGWLR XO®\D MWKHE GIHS M K
GHGLFDWLRQ RI WKH IDFXOW\ PHPEHUVY WHDFKLQJ WKH %6 &KHPL
$ QXPEHU RI IDFXOW\ PHPEHUYV ZKR DUH DIILOLBD@KIBQWWKNWK WKI
SURJUDP V SUDFWLFDO UHOHYDQFH DQG LQGXVWU\ FRQQHFWLRC

KLOH ERWK LQVWLWXWLRQV RIITHU FKHPLFDO HQJLQHHULQJ SUR
OHYHO %DW&WMKDWHBG WKH RWKHU DW&&E(L S OWRAD FRIDYWHHO W6 BRI OHD
DUH YDVWO\ GLITHUHQW GXH WR WKH ORPDIWIURQD @G DHHMDMIEH.IVL ¥
FRPPXQLW\ 7KRXJK WKH VKDULQJ GHSHQGV RQ HDFK LQVWLWX
WKLYV SLORW UXQ WKHVH GLIITHUHQFHY HQDEOHG WKH ULFK VKD!

(;3(5,(1&( )520 3,/27 581 2) 3 36 %(7:((1 63 $1' %$767$7(8

7KH SHHU VXSSRUWS&EH WY Q18H%D6B% WO HBHIDQ LQ WKURXJK D
RI YLUWXDO PHHWLQJY GHVLJQHG WR IDPLOLDULVH HDFK LQVW
LPSOHPHQWDWLRQ RI &',2 LQ WKH FXUULFXOXP [BQ356 \LKDQHBDJ ZR
WR ERW&+63D QG %DWBWHKNH® VKRUW ZRUNVKRS ZDV FRQGXFWH
PHPEHUV WR H[SODLQ WKH FRQFHSW RI 3 36 DQG XVH &',2 WR LQ
DV WKH FRQWH[W J/LNHZLVH D VKRUW RQPHPEHEWLEDMOKHRG %L

7ZR GRFXPHQWY DUH UHTXLUHG WR EH VXEPLWWGEGPWR\ WKKH &', :
S5HJLVWUDWLRQ RI , QMBHUHHIV G\ SIBRG W3HHHIRUW ™ DV VKRZQ LQ $SS
RWKHU IRUPV ZHUH DOWR WDHARRMB QBWR LMPKHD QG LPSOHPHQWDW
3 36,0 DGGLOMBLRQWURGXFHG DGGLWERR Q DWRERHPNK FCRN KT K D Q J
EHWZHHQ WKH SDUWLHYV

$ VKDUHG IROGHU KRVWHG E\ 63 ZzDV FUHDWHG IRU ERWK LQVW
SUDFWLFHV ZKLFK FDQ EH XVHG DV UHIHUHQFH 7TKH &',2 3 36 IF
IRU ERWK+63DQG %DWBWHDRHBQG WKLV ZDV VWUHQJIJWKHQHG ZK
SK\VLFDO YLVLW WR %DW6WDWHS8 LQ 2FWREHU

,Q SUHSDUDWLRQ IRU WSH GKANVRE® P HH&+HRWMKG6%HDW6WDWHS
%6&K( FDUULHGHRXWXDWH®B®Q RQ JRRG SUDFWLFHV WKDW HDFK LC
ZLWK RWKHUV DQG WKLQJV WKDW HDFK LQVWZMWWKNLIOR @ KZHR X0,@
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VWDQGDUGY HYBOXDMWIORQ ZDV GRFXPHQWHG LQ D 35HJLVWUDWLI
LOVWLWXWLRQV UHIHUUHG WR WKLV LQIRUPDWLRQ DXSG PDGH W

)DFXOW\ PHPEHUV IURP 63 FRPSULVHG Rl IRXU HQJLQHHULQ
(QYLURQPHQW &KHPLFDO (OHFWULFDO DQG OHFKDQLFDO (QJl
PHPEHUV IURP %DW6WDWHS8 RQ 2FWREHU WR ,Q DGGLWL
PHPEHUV IURP %DW6WDWH8 DV LOOXVWUDWHG LQ )LIXUH IDF
&HQWUH IRU 6XVWDLQDEOH '"HYHORSPHQW DQG &HQWUH IRU ,QQf
WRRN SDUVEDQPMKMLQJ

7KH ILUVW WZR GDXWS RFIHWKHGABHWDWHG WR GLVFXVVLRQV DQG |
HDFK GLVFLSOLQH KHOG LWV RZQ PHHWLQJV IRU GHHSHU HQJDJ
IDFXOW\ PHPEHUV EURXJKW 63 FRXQWHUSDUW VF DR XV ONHKDDMD L C
PLPLFV D OLYLQJ ODERUDWRU\ LQFOXGLQJ D OHDUQLQJ VLWH
FROODERUDWH RQ VRFLDO LQQRYDWLRQ SURMHFWYV

J)LIXUHSDUWLFLSDWLRQ RI )DFXOW\ OHPEHUV IURP %DW

OHWKRGRORJ\

$00 DWWHQGHHV IURP 63 DQG %DW6WDWHS8 ZHUH UHTXHVWHG WF
UHIOHFWLRQV RU VXUYH\ TXHVWLRQQDLUH LQ RUGHU WR HYDOX
JLYH SDUWLFLSDQWY IURP 63 ZKR DWW H Q\GHDA HG WK H LRH H PBIHQUIL F
WKURXJK VKRUW UHIOHFWLRQV DIWHU WKH\ UHWXUQLQJ IURP V
SDUWLFLSDQWY IURP YDULRXV GLVFLSOLQHV ZKR DWWHQGHG W
TXHVWLRQQDLUH

,Q WKH RQOLQH VXUYH\ TXHVWLRQQDLUH SDUWLFLSDQWYV ZHU}
GXUDWLRQ RI WKH YLVLW VSHFLILFDOO\ ZKHWKHU LW ZDV WRR
ZHUH DOVR DVNHG WR UDWH WKHLU V DAVKID\Q DHFW E R @/ DHHHY Gl @6 2 AR ¥
DQG 63 XVLRRALRW /LNHUW VFDOH HEEHE ZXHWWLRSHQIRU SDUW
VKDUH ZKLFK DVSHFWV Rl WKH 3 36 GLVFXVVLRQ ZHQW ZHOO G
LPSURYHG

/HDUQLQJ 3RLQWYV IURP 63 3SDUWLFLSDQWYV

W ZDV REVHUYHG WKDW %DW6WDWHS8 RIIHUV PDQ\ VXVWDLQDE
VWXGHQWY WR ZRUN RQ WKURXJK WK ¥(L D@ & DOD MENMMDKNQHS EHW
7KH VWXGHQWYV RZIRZEIM MWD RBRXG/ (QJLQHHUDLINDWKRQ FKDPSLR
DZDUG LQ IRU WKHLU UHVHDUFK ZRUN 7KHLU UHVHDUFK VSD
GLUHFW LPSDFWV RQ WKH FRPPXQLW\ VKRZFDVLQJ WKH FROOD
IDFXPMPEHWKH FRPSOH[LW\ RI WKH SODQW GMK/H NWROGWM XWYVI 8 U\
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KLIKOLJKWYV WKHIZWH\DES BERMHFMWAW SURYLGH LVSEBDRWHRQY WF
SURMHFWYVY ZLWK VXVWDLGB E EMLWYJ HQERHQBMMRED WU\ IDFHV GL
FKDOOHQJHV ZKHUH WKHUH DUH UHVHDUFK DQG GHYHORSPHQ
WHFKQRORRLYH\G VR XS BRUW WR WKH LQGXVWULHV :LWK %DW6WI
VXVWDLQDEOH &',2' SYRWHITFXWHW WI3 G % B M6(\WDRVMBEDUH WKHLU H[SH
LQ SUHSDULQJ IRU WKH +DFNDWKRQ DQG SGRDI RN W K AKUVVXY R
63'&+( DQG %DWHWHKHBR ZRUN RQ D UHVHDUFK WRSLF WKDW ZR:
WR ERWK 6LQJDSRUH DQG 3KLOLSSLQHV $ SURWRW\SH WR FRQG
ZDWHU ZRXOG EH GHYHOR SHEHIRWLWQR BVIRQWHH RW WKH RXWFRPI
63'&+( IRFXVHG RQ WKH XVH RI DLU FRQGLWLRQLQJ WHFKQROR.
RIILFHVY DQG EXLOGLQJ% &K (OHR BoOM GEWRW WK H H[WUDFWLRQ RI 2
LVODQG LQVWDO®D\SRRD® PO HYRXW FHY

7KH 3 36 SLORW UXQ ZDV LQGHHG DQ HQULFKLQJ OHDUQLQJ H[S!
63 ZLWK WKH IROORZLQJ VDOLHQW SRLQWYV

X ([SHFWDWLRQV IURPGER\WKN'SRGWHEME® WKLV 3 36 LQLWLDWLYH W
MRLQHG WKH &',2 FRPPXQIWQ DNKFOXW KW BB KDG HDUOLHU FRQG:
&',2 ZRUNVKRSV IRU %D \®H®DMMWK HDWXOWQHUYV ZHUH QRW WKE
3 36 JURXS IURP 63 WKDW YIRFLRWHKG S5 L) i/ GQRRBWIRE SHNDQF K RW K H U
SULRU WR WKH 3 36 7KH VXFFHVVIXO FRPSOHWLRQ RI WKH 3
RSHRLQGHGQHVV RIIBBPX\BW\DMHBEMSBVYWH QRW KRYHQRIKRZOO S
ERWK SDUWLHV ZRXOG ZRUN ZLWK RQH DQRWKHU

X 7TUXVW DQG &RPIRIYWQHVNKK OLPLWHG WLPH WR JHWWRTXDLQ'
HVWDEOLVK WKH WUXVW DQG FRPIRUW 'QHHRHWQBRROIRQ UDIH Q
EDFNJURXQGVY YDOXHV DQG QRUPV FDQ OHDG WR UXVKLQJ Wl
EXVLQHVV SDUWLFXODUO\ IRIRPWK H HHIOV LPRIUH] SIDHUIMAWAX UH W I
GHOLYHWBXEIQAM WR VD\ WKDW WKH OHDUQLQJ JUHZ RUJDQLFDC
UDWKHU WKDQ DVFHUWDLQHG D SULRUL

X 5HVSHFW SULYDF\ DQ&6BRIQRVGHIGWD FRIPPRQ RQOLQH UHSRVLV
LQVWLWXWLRQV LQ WKLV 3 36 FDQ DFFHVV DQG XVH WR H[F
RYHUFRPH WKH DWWDFKPHQWY RI GRFXPHQWY W\SLFDO LQ HI
FRQIXVLRQ RYHU WKH VEHRFUTHQ WWUXVRGV RY DOVR VWHPPHG
UHVSHFW WKH SULYDF\ DQG FRQILGHQWLDOLW\ RI ERWK LQV!
IDFXOW\ PHPEHUVY DSSURYHG E\ WKH UHVSHFWLDHEWQWMMLVHX/W
%DW6WDWHS8 KBW\EHH@HURXYV ZLWK WKHLU VKDULQJ ZKLOH
UHVHUYEBWEBRRVYH VHFXULW\ FODVVLILFDWLRQV DUMKRE®DGDWH
WKHUH LV QR UHTXLUHPH@WRVEEBEW Q@ QM VXDO L @ D \KIDV

X 6XVWDLQLQZX BKBY LV SHUKDSV WKH PRVW FKDGO®RBHHILQJ D\
LOWHUDFWLDEW R FH PHHRAOL@ PH BRRIG X EWWY HWQ PW\DOZD\V
EHHDVLEGBGGELY XQOLNHO\ WIRP B HHBQRIMXBSXY DUH W\SLFDOO\ QHFF
$V RQH SDUWLFLSDQW QRWHG LW QHHGV WR EHFRPH PRUH UF
GHYLDWLRQ $OWKRXJIJK LQLWLDO FRQWDFW PD\SRENRW RQOI
PHHWLQJV ZKHUH ERWK SDUWNQREZVHLOFE W WX6I\UJ HROIUEHRUH W |
OLHV LQ OHYHUDJLQJ WHFIK QRWRU\WKH IRAOWRDO PHHWLQJ WR
XQWLO WKH QH[W RSSFRHUNR@LW M HRU QUG LR LIMJIDBR Q D O
OHHWL. QDG RU &',2 ,QWHUQDWLRQDO &RQIHUHQFHV
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/IHDUQLQJ 3RLQWV IURP %DW6WDWHS8 3DUWLFLSDQWYV

%DW6WDWHS8 LGHQWLILHG VHYHUDO DUHDV IRU LPSURYHPHQW |
LQFOXGH LQFRUSRUDWLQJ VXVWDLQDELOLW\ FRXUVHV LQWR \
FRQWLQXRXVO\ LQWHJIJUDWLQJ VXVWDLQDELOLW\ $IQRMLD G RGUD |
IDFXOW\ PHPEHUV WR WHDFK WKHVH FRXUVHV DQG XWLOL]JLQJ D
IRU ERWK DFDGHPLF DQG LQGXVWU\ SXUSRVHYV

%DW6WDWH8 UHFRJQL]JHG WKH QHHG WR EHQFKPDUN WKHLU ODE
HVWDEOLVK D ODERUDWRU\ IRU FKHPLFDO LQGXVWU\ SURFHVVL
DXWRPDWLRQ 7KH 'HSDUWPHQW RI &KHPLFDO ((GHQHOIREQD DV
SURSRVDO IRU D FKHPLFDO HQJLQHHULQJ ODERUDWRU\ ZLWK W
DIWHU EHQFKPDUNLQJ DW 63 GXULQJ WKH &',2 $VLD 5HIJLRQDO OH
7KLY ODERUDWRU\ ZLOO EH LQVWDOOHG (IQQLWKH UWWDRISRXHGG W)
%DW6WDWHS8 $ODQJLODQ &DPSXYV

,Q DGGLWLRQ WR ODERUDWR U\ %68XK KIDIFXKDMQJ P HFBEMEW DGLH/& X V'
63'&+( IDFXOW\ PHPEHUV WR XQ&HUNVNMWIRQLIURRHWBI XVWDLQDELO
FXUULFXOXP WKH SURFHVVHV WKH\ IROORZHG D% 0 WBKNHDWPHD VW
DFFUHGLWDWLRQ UHTXLUHPHQWY SDUWLFXODUO\ WKH QHHG IR
SURIHVVLRQDOV QHZ DJUHHPHQWY IRU D PLFUR FUHGHQWLDOLC
7KLV SURJUDP ZLOO LQYROYH FRODO EREGD WDLFXHD W\H DUFRKR. BER WK VLS
RQ PXWXDOO\ DJUHHG WRSLFV

2XWFRPH IURP 3 36 9LVLW DW %DWG6WDWHS

$ VXUYH\ ZzDV DGPLQLVWHUHG WR %DW6WDWHS8 IDFXOW\ VWDII

GD\ YLVLW LQ 2FWREHU KRVWHG E\ %DW6WDWHS8 DQG WKH VX
LQ WKLV VHEFWLRQ $V VKRZQ LQ )LJXUH P R4 DVAKGV DWW M © WR X/
WKH GXUDWLRQ RI WKH YLVLW WR EH VXIILELHQW ZKLOH RI \

GXUDWLRQ RI WKH YLVLW ZDV WRR VKRUW 6RPH FRPPHQWYV UH
WKH ODWWHU LQFOXGH 3ORQJHAHWIHRHH IBHTELVYFXGY WIRR QR PO®\ R
UHVXOWLQJ OHVV WLPH IRU GLVFXVVLQJ VRPH pPHDW\Y PDWWHU

JLIXUHEXUYH\ 5SHVXOWD\RD3WKWOHVLW DW %DW6WDWHS8

$00 IDFEXOW\ VWDII PHPEHUV IURP %DW6WDWHS8 DUH VDWLVIL
HIFKDQJHVY EHWZHHQ %DW6WDWHS8 DQG 63 %DWG6WDWHS8 IDFXOV
IROORZLQJ

BURFHHGLQJWRIWHUHQDWLRQDO &'KRWRBEGHBHQFH
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X 3WKH GLVFXVVLRQ VHUYHV DV H\H RSHQHU RQ ZKDW ZLOO EH
(QILQHHULQJ DV LW LV EHQFKPDUN RQ WKH EHVW SUDFWLFHV

x 3EDVHG RQ WKH GLVFXVVLRQ DERXW FXUULFXOXP DQG H[FKD
LQVLIKWY RQ ZKDW FRXOG SRVVLEO\ EH GRQH LQ WKH FXUULF
LQFOXGH &',2 LQ WKH FRXUVHV RIIHUHG’

X 3SRO\WWHFKQLF HGXFDWLRQ LQ 6LQJDSRUH LV GLIIHUHQW FF
3KLOLSSLQHVY DQG LW LV HQOLJKWHQLQJ WKDW &',2 LPSOHPHQ
RU OHYHOV’

Xx 3VKDULQJ FXUULFXOD DQG SUDFWLFHV RI ERWK 63 DQG %DWS6
VDPH DQG GLIIHUHQW SUDFWLFHYVY LQ ERWK LQVWLWXWLRQV’

,Q WKH VXUYH\ %DW6WDWHS8 IDFXOW\ PHPEHUV ZHUH DOVR DVN
3 36 GLVFXVVLRQ WKDW GLG QRW JR ZHOO RI WKH SDUWLFL:?
RWKHUV FRPPHQWHG WKDW ORQJHU WLPH ZRXO&HHHQ EFHRMAKL F L
LOQVWLWXWLRQVY DQG WKH VKRZFDVH RI 63 ODERUDWRULHY DQG I
RQ YLGHRY DQG SLFWXUHYV

%DW6WDWHS8 IDFXOW\ PHPEHUV VXJIJHVWHG WKDW PRUH IDFXO\
PRWLYDWH DQG JLYH LQVLIJKWY RQ SRVVLEOH LPSURYHPHQWYV LQ
WR LQ WKH DUHD RI &',2 )UDPHZRUN DQG VXVWDLMWEWOILBE /D
VKRXOG EHIRPIQRGEROODERUDWLRQ EHFDXVH SDUWLFLSDQWYV IR
SUDFWLFHV RQ PRGXOH GHOLYHU\ DQG DVVHVVPHQW UXEULFV
DVSHFWV LQ FDSVWRQH GHVLJQ SURMHFWW UF\D QD &G QW DLUN HWWY
FRPPXQLWLHYV

&21&/86,216

7KH H[SHULHQFH DQG VKDULQJ Rl ERWK 63 DQG %DW6WDWHS8 SDY
SURJUDP DV LQLWLDWHG E\ 63 2QH NH\ IDFWRU LV WKH UHFHSW
DQG WKH UHDGLQHVV WKH\ FDPH IRUZDUG WR WKDUW RK Z WL RKK |
%DW6WDWHS8 IDFXOW\ PHPEHUV HPEUDFHG WKH QHHG WR LQFOX
FXUULFXOXP LV DGPLUDEOH DQG VHUYHG DV D OHDUQLQJ SRLQW
LPSRUWDQW IDEWRU LV WKDW %DW 6VRD\WWW& WHRDS SSI@ D FHP W QWG M
RQOLQH V\VWHP WKDW IDFLOLWDWHY WKH WUDFNLQJ RI QRW R«
GHPRQVWUDWH WUDFHDELOLW\ RI HDFK FRXUVH WR VSHFLILF 8¢
*RDOV 81 6'*V  $QRWK HRQ VDIFMERXW WE DWVR FW K W RDFERIRFRKQ W.IJ /W 1L E
WKDW VRPH IDFXOW\ PHPEHUV IURP 63 DQG %DWG6WDWHS ZF
HQJDJHPHQWY DQG D JRRG XQGHUVWDQGLQJ RQ WKH XVH &',2 IR
WKLV VXFFHVV %DW6WIDMHB ZLDN KF RO/EKBERVWDWH XQLYHUVLWL!
3KLOLSSLQHV DQG H[WHQG WKH FROODERUDWLRQ ZLWK 63

,Q FRQFOKNLZRQ@OWQJQHVY RI ERWK LQVWLWXWLRQV WR HQJDJH F
WR HDFK RWKHU V IHHGEDFN KDV IRVWHUHG D SURGK¥WLYH
FROODERUDWLRQ QRW RQO\ LPSURYHV WKH HGXFDWLRQDO SUDF
WKH ZD\ IRU | XWBHHU SHISBRUW LQLWLDWLYHYV

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

7KH DXWKRU V UHFHLYHG QR ILQDQFLDO VXSSRUW IRU WKLV ZR|

BURFHHGLQJWRIWHUHQDWLRQDO &'KRWRBEGHBHQFH
ORQDVK 8QLYHOERWUQH $XYWUDOLD



L

5()(5(1&(6

&KHDK 6 0 [/LP [/ < &KDR < & &',2 IRU (GXFDWLRQ IRU 6XVWDLC
&RPPRQ &RUH & XIWRFXOEPQJIJV RI WKH WK OQOWHUQBS®LRQDO &',2 &RQI}
S5HA\NMD YAHNODIQ\GIMBYOLN HUV LW\

&ODUN 5 7KRPSVRQ * .RQWLRQ ( B5RVORI - B6WHLQE\ 3 ([S|
4XDOLW)\ (QKDSYEIQRHOWB DV UH YZHHQ 7ZR 8QBYRBNHWLAYV RI WKH WK
,QWHUQDWLRQDO & 'SS&RQIANHRXH)7XONR@BQLYHUVLW\ RI $SSOLHG 6FL

&R[ 0 ,QWURGXFWLRQ WR )DFXOW\ /HDUQLQJ &RPPXQLWLHV 1F
/JHDUQLQJ SsS
-XQDLG 6 .RQWLR - .DPS $ OD\QDRMHHW5HYLBZ SHREMIEWDEOH

BHVVLRQ FRQGXFWHKGQWMHWEBWLRQDO & PQ&RRNH TEREODQRQJINRUQ
8QLYHUVLW\ 5DMDPDQJDOD 8QLYHUVLW\ RI 7THFKQRORJ\ 7KDQ\DEXUL

-XQDLG 6 .RQWLR - .DPS $ OIHOWMBRMHWSHYERXQGWDEOH 6HVVLRQ
FRQGXFWHG D&  WKOWHUQDWLRQDO :RURQGX HHP WRRIIAI\L D Q
8QLYHUVLW\ RI 6FLHQFH 7HFKQRORJ\

.DPS $ &'8DQ :H &RQWLQXH WKH3URFHHEBLQIV Rl WKH WK ,QWHU
&',2 &RQIHUIBQFH %DQJNRN 7KREKXODOR QJN RUSOHMDADIYI D O D
8QLYHUVLW\ RI 7THFKQRORJ\ 7KDQ\DEXUL

.RQWER /HRQJ + %HQQHGVHQ - &KHDK 6 0 OD\QDUBBHHU+HUPRQ 3
6XSSREW2 $FWLYLW\ WR 6KBURFAHMG LBDVY®RI WKH WK ,QWHUQDWLRQDO
7URQGKHLP 1RUZBILDQ 8QLYHUVLW\ Rl 6FLHQFH 7HFKQRORJ\

.RQWLR - J/HRQJ + &KHDK 6 0 WBHHU&BXSSHRHUW RUNLQJ *URXS 6HV'
FRQGXFWHGWXW @WMHUQDWLRQDO &H\N ¥R HHMNOBIPGIWIDYLN 8QLYHUVLW)\

.RQWLR - &WRHBHHWXSSRUW :RUNLQJ *URXS 6HVVLR®RFRQGXFWH
,QWHUQDWLRQDO :RAXNINX (HM@M®BQLYHUVLW\ RI $SSOLHG 6FLHQFHYV

.RQWLR - +HLNNLQHQ . *HRUJVVRQ ) %HQQHGVHQ - &ODUN 5 0
S5RXYUDLV 6 .DUKX 0 4$ DQG (QKDQFHPRI$Q W UIDWANHW S O R M A R/U
BURFHHGLQJV RI WKH WK ,QWHUQBWLR@IID &'5&KERIINEUEQEWHUVLW)\ RI
,QIRUPDWLRQ 7HFKQRORJ\

ILHEHUPDQ $ *UROQLFN 0 (GXFDWLRQDO 5HIRUP 1HWZRUNV &|
LQ ,QWHUQDWLRQDO +DQGERRN Rl (GXFDWLRQDO &KDQJH +DUJUHDYHYV
+RSNLQV ' (GV .OXZHU $FDGHPLF 3XEOLVKHUYV

2K $ < :RQJ << <DQJ . &KHDK 60 &KHPLFDO (QJLQHHULQJ &

,QWHJUDWLQJ 81 6'2V3XRIFBIH&LQJV RI WKH WK ,QWHUQ®S®LRQDO &',2 &
7XQLV 7XQLVLD (FROH 6XSpULHXUH 3ULYpH GT,QJpQLHULH HW GH 7

SHQQH\ '"HILQLQJ 33HHU 6XSSRUW" ,PSOLFDWLRQV IRU 3ROLF\
$GYRFDWHV IRU +XPDQ 3RWHQWLDO ,QF
BHQQH\ ' OHDG 6 SUHVFRWW / 6WDUWLQJ 3HHU 6XSSRUW $ |

+HDOWK DQG 3K\VLFDO +HDOWK ,VVXHV 'UDIW 7THFKQLFDO $VVLVWDQFH
$EXVH DQG OHQWDO +HDOWK 6HUYLFHVH®@W LRKJ LVIDUDMWKL R Q G8+&K P'@ BUW
S5LFKDUGV - & J)DUUHOO 7 6 & 7THDFKHU 6XSSRUW *URXSV LQ 3
IDQJXDJH 7THDFKHUV 6WUDWHJLHV IRU 7THDFKHU /HDUQLQJ &DPEULGJH
8QLYHUVLW\ 3UHVV SS

5LHVVPDQ ) SHVWUXFWXULQJ KHOS $ KXPDQ VHUYLFHV SDUDGLJ
IDWLRQK®G GBS GIOHDULQJKRXVH
"HQJHU ( &RPPXQLWLHV RI 3UDFWLFH /HDUQLQJ OHDQLQJ DQG .

8QLYHUVLW\ 3UHVYV
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%,2*5$3+,&%$/ ,1)250%$7,21

.DWHULQDL¥$D*6HQLRU (GXFDWLRQ $GYLVRU DW WKH '"HSDUWPHQ\
6LQJDSRUH BRO\WHFKQLF 6KH KDV PRUH WKIPGQOR\RBQW RNV WHDERL
DQG FRQWLQXLQJ HGXFDWLRQ 6KH OHG WKH FXUULFXOXP GH\
SURJUDP WR DGRSW WKH VSLUDO FXUULFXOXP PRGHO

BLORK &+($+V WKH /HDG 6SHFLDOLVW LQ 7HDFKLQJ /HDUQLQ
(GXFDWLRQDO 'HYHORSPHQW D Q G&&2QAMHDH'W I HIR W RYQRI YW MH. % 8
DQG /HDUQLQJ 6LQJDSRUH 3RO\WHFKQLF +LV DFDGHPLF LQWH
DFDGHMRIDFRLQJ DQG PHQWRULQJ DQG XVLQJ ,&7 LQ HGXFDWLRQ

'LYLQD *UDFLD ' 52144,UBFWRU RI WKH &HQWHU IRU ,QQRYDW
(GXFDWLR@W. , %DWDQJDV 6WZWHFHE®PRNUPRWDWLRQV LQ WHFKQR
HQJLQHHULQJ HGXFDWLRQ WKURXJK LQGXVWU\ HQJDJHPHQW HQ
DQG SURYLGH SURIHVVLRQDO G&K/H{ Q RCEDRENGRW HSU IRIDDP M, 2

JUDPHZRWN UHVHDUFK DQG SXEOLFDWLRQV I|RFXYSRQFE®HRWUR
HQHUJ\ VA\DWUHPWXOWXUH HGXFDWLRQ DQG TXDOLW\ DVVXUDQFH

5KRQDO\Q 0$8/DXL $6($1 (QJLQHHU VHUYHV DV WKH &KDLUSHUVR
&KHPLFDO (QJLQHHULQJ DW %D W DRHDM B\W R QBIO8 QQIYHIHHW\QJ 8
3KLOLSSLQHV ,Q WKLV UROH VKH SOD\V D YLWDO SDUW LQ FXO
SEPRWLQJ WKH VXFFHVV RI ERWK IDFXOW\ DQG VWXGHQWYV DQG
ZLWKLQ WKH DFDGHPLF DQG SURIHVVLRQDO FRPPXQLWLHYV

ODU\ 5RVH ) 3(56,188K$ 3URJUDP &KDLU RI %6 &KHPLFDO (QJLQHF
3URIHVVRU ,9 WHDFKLQJ IRU WKH '"HSDUWPHQW RI &KHPLFDO LQ
BWDWH 8QLHHUKNDW\EHHQ D ODVWHU 7UDLQHU IRU WKH &',2 IUDPHI
RWKHU WUDLQHUV WR WHDFK WKLV WR 6WDWH 8QLYHUVLWLHV |
LQFOXGH HQKDQFLQJ WKH UHSXWDWLRQ RI WKH %6 &KHPLFDO (Q
RXWFRPBHWHG HGXFDWLRQ DFFUHGLWDMUGRIMWERPSOLDMWHR D QG
DLPLQJ WR PDNH D VLIJQLILFDQW LPSDFW RQ WKH &KHPLFDO (QJl

$L <H 2RQH Rl WKH PHPEHUV LQ WKH &RXUVH ODQDJHPHQW 7HDP |
(QJLQHHULQJ 6FKRRO RI &KHPLFDO DQG /LIH 6FLHQFHV 6LQJDS
LQWHUHVW LQ VWXGHQW GHYHORSPHQW DQG SDVWRUDO FDUH

-XKD .RQWLR 'RFWRU RI 6FLHQFHV LQ (FRQRPLFV DQG %XVLQHVYV
WKH 0 6F GHJUHH LQ &RPSXWHU 6FLHQFH IURP WKH 8QLYHUVLW\
GHJUHH LQ ,QIRUPDWLRQ 6\VWHPV IURP 7XUNX 6FKRR®IRQ (FRQRI
RI WKH )DFXOW\ RI (QJLQHHULQJ DQG % XVLQHVV DW 7XUNX 8QLY

KH ZLOO VWDUW DV 9LFH 5SHFWRU HGXFDWLRQ DW 7XUNX
UHVHDUFK LQWHUHVW L\WHQDKNVHKHW RFERYDWH L QHWWRUFRI WK
&',2 LQLWLDWLYH OQDGRUMRHUWKR (XURSHDQ &',2 UHJLRQ
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&RUUHVSRQGLQJ DXWKRU

BLQRK &+ ($+
6LQJDSRUH 3RO\WHFKQLF i@@@
6FKRRO RI &KHPLFDO /LIH I

'RYHU 5RDG 6LQJDSRUH
&+($+B6LQBORK#VS HGX vJ 7KLV ZRUN LV OLFEQNBW® LXY
&RPPRQV $WW BQRRPPRIQ FL
1R'"HULYDWLYHYV ,QWHUQ
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$SSHQGHLIHHWRHHU 6XSSRUW 3 36 5HSRUW 7HPSODWH %HWZHHQ
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&',2 PSOHPHQWDWLRQ
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&217,18%/ ,03529(0(17 6(D&(,1* 2)&219(5*(1&(
2) ,167,787,21%$/ ,1,7,$7,9(6 21 ',*,7$/ 7(&+12/2*,(6

6LORK &KHDK ODUN 1LYDQ 6LQJK

'"HSDUWRHQ®WXFDWLRQDO '"HYHORSPHQW 6LQJDSRUH 3RO

$%675%$&7

7KH LQWURGXFWLRQ Rl YDULRXV HGXFDWLRQDO LQLWLDWLYHV L
EDVHG RQ XVLQGXADWWREDO WHFKQR®RRIAWVDWGEHAKUHQW O
DSSOLFDWLRQV LQVWLWXWLRQ SUR UK O \WRIERUOW \ LIGIG OYLIQE)
RYHUZKHOPHG E\ WKH FKDQJHV ZKLOH WU\LQJ W® DE D/ADHDIFAH. @/K H
GXWLHV ([DPSOHV LQFOXGH IOLSSHG FOGNYMRWHAG JORZW®L®OI1
OHDUQLQJ DOWRRQVAT XHQWO\ IDFXOW\XQGEHGSLQY®L B HS MGD J R
FRQVLGHUDWLRQV GULYLQJ WWHWQI VDR APESOH RIGIMKIDOVG-DRHW H Q

SDUW LLRXIOMDUBHWKY BMBVW WR NHHS XS~ 2Q WKH RWKHU KDQG Wk
EHHQ XVHG DV D EDVLV IRU FRQWLQXDO LPSURYHPHQW WR JXLC
RYHU WKHZKHMHE\ HDFK LQLWLDWLYH LV LPSOHPHQWHG E\ UHI
BWDQGDKIBW SDSHU SURSRVHV XVLQJ WKH *OHQV RI &',2° WR KH(
EHWZHHQ WKH VHHRH JI\REMWAS DU PDNH VHQVH RHMHU FVLW X
FRQYHUJHQF HRPRFERHDN IS HUKILUVW VKDUHV WKH NH\ IHDWXUHYV
IOLSSHG FODVVURRP OHDUGHETQJZRQMXO\WWBYGIVQERS$/$VVHVVLQ]]
5HIJXODUO\ IRU 7LPHO\ 6XSSRUW 7KW KSD SHRUIQMBKEHR® WIHEGD IV K R 2
LQLWLDWIDAWWEBEDBPOMG )OLSSHG /HDUQLRUW K Q XEKRWIRHW LQLWLD)\
RI GLIIHUHQWLDWHG LQVW UXE W WDQWH BDRR IHWWW IO GDRFMM W K $IR U W

GHYHORSPHQW RI &MWXEHOHINGY O WBIOQLQJ FRPSHWHQF\ 7KH SDSHU
RI KRZ '()/ FDQ EH VXSSRUWHG E\ WKH &',2 JUDPHZRUN DV ZHOC
$FDGHPLF 4XDOLW\ ODQDJHRHEEW WRDRHIRUINIKW WKH LPSRUWI
FRQYHUJHQFH DV SDUW RI WKH LQVWLWXWLRQYV GULYH WRZDUGC
7KHUHDIWHU WKH SDWHRIZ FXWUR) BYRIUQ RQWLWLDWLYHY DQG IXWXUF
EH KDUPRQL]JHG XVLQJ WKH SURSR \PRRG IINGREO® EVLXOLW VW W R QRIF\W R PIF
RWKHU LQ I /DIPBWIHWHX K H BBULHY V LR @/ EBIWLLN@NDWE BXID W\ GLJLW D
FRPSHWH@PHZRQG IXWXUH OHDUQLQJ ZRUNVSDFHV /DVWO\ WK
GLVFXVVLRQ HPSKDVL]LQJ WK D' KXP R KIPERHDRICGK PR QYL QXD O ID|
SURIHVVLRQDO GHKH QRSPHQWWREBQVR| GIMWRWB G X G WIHFKOW R R P/
IRDFRQFHUWHG HIIRUW RI IDFXOW\ WR HQJDJH ZLWK WKHVH WR
LQQRYDWLRQV LQ WHDFKLQJ D & OGHQ\Y LAH DW QD Y JPRXMPAR R H V

(<:25'6

&RQYHUJHQFH )OLSSHG /HDUQLQJ /HDUQLQJ $QDO\WLFV 'LJLW
BWDQGDUGYV
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JURP LWV LOQFHSWLRQ BSWRM B RN GRISBWHCCWKKDE ,2 )UDPHZRUN IR
RU UHGHVEHBQDEICGIOWIRYHU DQ HGXFPOMWRDQOWIKODW AS/URYHG WKUR:
DVVXUDQFH SURFHVV ZLWK KLJKHU DIURFE "WK OZH EN EMWHH G DWD
KWWSV 777 FEGYRVRBWHUW S WKH \HDUV YDULRXV SDSHU SUHVHQW!I

WKH XVHIXOQHVV RI WKH &',2 )UDPHZRUN LQ DVVLVWLQJ SURJUDI
DVVXUDQFH DV ZHOO DV VXSSRUWYIQUKPHRHIDNF D FFUHXRQOW+LBR
&KHDK HW DO *HRUJVVRQ +ROPJUHQ ITHY\ *UD

6LQJDSRUH 3RO\WHFKQLF 63 DGRSWHG WKH &',2 )UDPHZRUN \
UHGHVLJQ REDBWHRMIOFHWUQLQJ LQ D SLORW VWXG\ LQ WKDV
LPSOHPHQWDWLRQ LQ DOO HQJLQHHUL QL BURIKWWDIPYI LSRR R J U CPRAVK
XVHG HOHPHQWYV RI &',2 LQ 2MHIHMWWHG HFIRXKUVHDULRXV LQLWLDYV
LQWURGXFHG E\ 63 WR FRQWLQXDOO\ LPSURYH WRY V¢ RDQY® PV
UHOHYDQW WR PHHW WKH GHPDQGV RI 6LQJDSRUHIV ZRUNIRUFH

,Q UHFHQW \HDUV 63 KDV EHHQ OHYHUDJLQJ WKH XVH RI GLJLW
WRROV WR GULYH WKHVHZL@HKHDBNYLWHD WIOWHWLWXWHERK QDW LPSI
HGXFDWLRQ V\VWHP DW GLIITHUHQW N¥BOHVS WHR BV Wi FEYURIOEH. YALRG
SBURJUDPYV DGRSWLQJ WKH &'|[2W) WIRPHRRWN XX¥HH GVR SURYLGH JXL(
RXW WKH UHTXLUHG QHFHVVDU\ FKDQJHV WR WKH FXUULFXOXP

7KH QRDXVWLYH OLVW EHORZ VKRZV VEDWWFWHIR BYWODWP BQBVFR U U
JRLQJ LQLWLDWLYHV

)OLSSHG &ODVV ORI 0&ODVV

BHOUUHFWHG /HDUQLQBYHXGLYLGXDO

7HDPZRUN OHDVXUHRHYWO*URXS

$VVHVVLQJ /HDUQLQJ 5HJXODUO\ IRU 7LPHO\ 6 XSFRMWHD RU $/H?
/HDUQLQJ $®DQBWABWHU $, LQ (GBRAPWORQ &RKRUW
6XVWDLQDEOH 'HYHORBFHQW &RKRUW

X X X X X X

8VH RI (G7THFKGWRIRWMINVO RUtRWHEVY A URHEH EXLOW RQ SHGDJRJLFD
WKHRU\ RI WHDFKLQJ DQG OHDUQLQJ &RZOLQJ HW DO 7Kl
FRXSOHG ZLWK WKH XVH RI GLIJILWDO (G 7HGKF RR&RDTVX HKDFH GRH G DIF
IHHOLQJ RYHUZKHOPHG E\ WKH FKDQJHV ZKLOH WU\W®RIDWR EDOI
WHDFKLQJ GXWLHV 2IWHQ WKH\ IDLO WR VHH WKH XQGHUSLQQ
WKHVH LQLWLDWLYHV RW KRHUWW KDLD WK HW DWHRAY BEDBRWW WR L
LWV HGXFDWLRQ

7KLV SDSHU VXJJHVWYV DQ DSQWRRAKE XYL @QIRWKHS IDFXOW\ *FRQ
EHWZHHQ WKH VHHPLQJO\ GLVSDUDWH HITRUWYVY WR PDNH VHQVH
W ILUVW LQWURGXFHV VHOHFWHG UHFHQW 63 LQLWLDWLYHV LQY
IOLSSHG FODVVURRP OHDUQLQJ DQDO\WLFV DQG GLIIHUHQWLDYV
SHULRG WKHVH LQLWLDWLYHV HYWH®Q®KXDQ ®\VPWXHNEHBGNER OR 8 B HZ&K
/JHDUQLQJ '()/ LQ VKRBEOHQ®¥VRIQ& WKHKRZ HDFK LQLWLDEH.YH LV L
GLVFHUQHG WKURXJK WKH DSSOLFDWLRQ RI UHOHYDQW &',2 6\
LOQVWLWXWLRQDO LQLWLDWLYHV JXLGHG E\ WKH &',2 )UDPHZRUN
GLVFXVVHV KRZ JRUQUHQLWRIQDWLYHY DQG IXWXUMH G XNV D § IHD
FRQYHUJHQFH PRGHO
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7TKHUDSLG FRQYHUJHQFH EHWZHHQ GLJLWDO $GRYAMKEHVRWOV D
RSSRUWXQLWLHV IRU IDFXOW\ WR WDS LQWR WR LQFUHDVH WHD
OHDUQLQJ H[SHULHQFHY DQG KHQFH WKH OHD WGLNMHD B RK KPREH V
VKRZQ WKDW IDFXOW\ DWWLWXGH FDQ EH DQ LPYRDWIOIQQN DFGV R

OHDUQLXQUFK ORKDPPHG 6DODYV 0DQ\ DXWKRUV KDG Z
IDFHG E\ IDFXOW\ W KD W KUDHO/HODOV B G RLSQV (RRQG/D DGV @ HWIHF KQ RO R
HGXFDWHRQIRU H[DPSOH 0XQG\ HW DO BAMRHHIQ Q DF X GRROR U G

HIDPLQHG KRZ IDFXOW\ WHFKQRORJ\ OLWHUDF\ DQG WH
LQWHJUDWLRQ RI WHFKQRORJ\ LQWR WKHLU SHGDJRJ\ 7KHLU U
EHWZHHQ WHFKQRORJ\ OLWHUDF\ DQWISHGDIARUERD O RBRKDFWHGH L
QRWHG WKDW WKHUH LV QRW D VLPSOH PRGHO ZKHQ LW FRPI
HGXFDWLRQDO WHFKQRORJ\ |RWQRK) I EQ EBGS UHRREIOWHPOMW L F

,Q WKH FDVH RI 63 UHFHQW VXUYH\V LQGLFDWHG WKDW IDFXO
WHFKQRORJLHV LQ WKH FODVVURRP /HH HW DO 7KH FKDOO
XQGHUVWDQGLQJ RQ KRZ WKH GLIIHUHGELUQIMWMDXWLHY IRV HIGK W DL
LPSURYHPHQW LQVWHDG RI MXVW 3DGGUHVVLQWKH DFXP HYRXVD W
LQLWLDWLYHV LQWURGXFHG LQ WKH ODVW IHZ \HDUV KDG OHIW
IDLOHG WR VHH WKH 3FRD@HFWVRQYVUHRWW®SH WRHWIDV LQGHSHQC
DQG WKHUHIRUH DUH FKDOOHQJLQJ WR LPYOKRXQW DDWK LDQU MV |
FDXJKW LQ D UDFH WR FDWFK XS DQG D WDBWHFRRORHDBEQ® G/ \K E
ZKHUH RQH IHHOV KH VKH KDV QR FRQWURO RYHU D VLWXDWLRGQ
IDEXOWRFWR WRR PXFK RQ WKHLU LPSOHPHQWDWLRQ EHIRUH 3\
XQGHUVWDQGLQJ WKH UDWLRQDOH IRU DQ LQLWLDWLYH

%ULGAXNPPDWQ 6HOHFWHG ,DLVBSBISL&GINVVURRP /HDBOHEY) $QDO\
DQG 6'/

63 LQWURGXFHG IOLSSHG OHDUQLQJ BNR/ W R UDVILHD ¥ VE XK'\ K QWVK/H L &)
ODWKHPDWLFV DQG 6FLHQFH DQG WKH 6FKRRO RI 6BINAWDOF DQC
SDSHUV KDYH EHHQ ZULWWHQ RQ WKH XVH RI &',2 )JUDPHZRUN WR
IRU H[DPSOH D VHULHV Rl LQWHJUDWHG OHDUQLQJ H[SHULHQF}
VWXGLHV KDG EHHQ UHSRUWHG DV EHLQM 8B WLNRRUG BDLUD LMLISHSHK
SURFHVV VDIHW\ &KHDK 6DOH &KKBRKG6DHH 6BEH & ,0
VXFK DSSOLFDWLRQV EHVLGHV OHDUQLQJ WKH WHFKQLFDO NQ
VWXGHQWY DOVR OHDUQW &',2 VNLOOV VXFK DV WHDPZRUN DQG
WKLQNLQJ HWKLFDO UHDVRQLQJ HWF

7KH &29,' 3DQGHPLF WKDW VWDSXWH® GQHBDMP-SHW XV WR H[SDQG
IOLSSHG FODVVURRP WR D PXFK ODUJHU VFDOH DV DOO OHVVRC
DVI\QFKURQRXV PRGH 7KH SDQGHPLF DOVR VDZ ZDRDGHURRGR SWHR |
HQKDQFH WHDFKLQJ DQG OHDUQLQJ HQFHOXICPLHIWWKW R QW S8 B KIF
SUHVHQFH LQ ODERUDWRULHVY GXH WR FDPSXV FORVXUH 7KLV S
H[SHULPHQWY GHYHORSHG XVLQJ G$X I WHOWM IGFKHIRMLRA L 19 1 UWOFK
LQWHUDFWLYH YLGHR DQG GLJLWDO WZLQ 7KH &',2 JUDPHZRUN
GHVLJQ RI M[SHWHRAHQWY ([DPSOHV LQFOXGH XVH RI EOHQGHG O
WR SURPRWH JURZWK PLQGMHW.RYPLDWEDOHV¥ROIOHEFH DQG LQ!
H[SHULHQFHV &',2 6WDQGDUG MRSHUDWLQJY D YLUWXDO KHDV
DV ZHOO DV GHYHORPHQWH RV DG VDIHW\ PLQGVHW <DQJ &KH
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,Q DGGLWLRQ WHEXFr®&EREWIOIMD® RYHFKQRORJ\ LQ SDUWLFXODU Wtk
FROQWULEXWHG WR WKH WUDQVIRUPDWLRQ RI WHDFKLQJ DQG OH
FODVVURRP , Q 63 LOQOWURGXFHG DQ LQLWLDWLYHQEDOOHG
/HDUQLQJ 5HIJXODUO\ IRU 7LPHO\ 6XSSRUW VHH IRU H[DPSOH :D
VWULYHVY WR LPSURYH VWXGHQWW OO UWURH IH\HSWEBR ¥ NG WRI VQNHX
FROOHFWHG IURP VWXGHQWV T XUHWS\R ODVHE GUR/SPO@POHQ@ RQ SH
GDVKERDUG IRU HDFK VWXGHQW 7KLV LV IROORZHG LQ ZLW
L Q VW U Riffeanéhtiat€d Instruction is a systematic educational approach in which teachers

modify content, teaching and learning activities to honour the range of student backgrounds

and maximizes their learning opportunities and capacities (Tomlinson, 2017).

$QRWKHU LPSRUWDQW GHYHORSPHQW LQ BBQGNNMW EHINRUMK MW
LQWURGXFWILRIHRWMBOOHDUQLQJ 6'/ FRPSHWHQF\ LQ VWXGHQW
631V UHVSRQVH WR 6LQJDSRUHYV 6NLOOV)XWXUBIG,GUMM\D WILKY-H
FKDOOHQJH RI ,QGXVWU\ &KHDK /HRQJ &KHDK <DQJ
VWUDWHJILF WKUXVWV RI WKH B6NLOOV)XWXUH ,QLWLDWLYH ZD
FRPSHWHQF\ DPRQJ 6L Q JDLSRHFMDHG/ O6HD®IQ NGIF RFSRIGHH @ F MHH W K
VXSSRUWV WKH GHYHORSPHQW Rl OLIHORQJ OHDUQLQJ FRPSHV
DGRSWLQJ WKH &',2 JUDPHZRUN DJDLQ XVHG LW WR JXLGH WK
H[SHULHQFHV WR V\VWHPDWLFDOO\ L Q WAILWDX\GHMNOYHIHHEHLH RHQ J
&',2 6\OODBXR SURJUHVVLYHO\ GHYHORS 6'/ FRPSHWHQF\ LQ VW
&KHDK &KHDK :RQJ <DQJ

&RQYHUBHOQFW@PDEOH )OLSSHG /HDUQLQJ

7K%$3 'DWQDEOH )OLSSHG()/HDRGE® VKRIQIXQYPHEDYV LQWURGXFHG L

W LV WKH UHVXOW RI WKH FRQY HUHBQ® HQR | 5QD5B WIEGRO D V V'
GLIIHUHQWLDWHG LQVWUXFWLRQ PHGLDWHGDEP W KHR XK B Q BH
VWXGHQW OHDUQLQJ RXWRMENVL EN IIRYIDIUPRBHVOHDUQLQJ SURF
IXUWKHU HQKDQFH WKHLU 6'/ FRPSHWHQF\

JLIXUBLQJDSRUH 3ROWMPKEQHRG )OLSSHG /HDUQLQJ '()/ PRC
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$ XVH FDVH RDWWJWHVHQWHG E\ :DQ YHMHIO\ WKHUH DUH WKUHH \
WKH '()/ PRGHO DQG WKH\ DUH EULHIO\ H[SODLQHG EHORZ

Xx 6WDJH %HIRUH&ROOMWFW DQG DQDO\VH GDWD RQ VWXGHQW
BWXGHAWKURXJK WKH PDWHULDOV DV\QFKURQRXVO\ LQ WKH /
/06 DQG FRPSOHWH TXL] TXL]JHV LQ WKH /06 WR DVVHVV
DVVHVVPHQWGEDWPRVHG DQG JLYHQ WR OHFWXUHUV YLD W
GRZQORDGDEOH UHSRUW Q/GI KW X UWMKN G RW O \ &R [5\OW W B UHW K
QH[W

X 6WDJH &O@®\VBW HEDWD WR AXVAOWRPLQLQJ 'LIIHUHQWWL-DAMWHKE B BW L Y |
XVHBLITHUHQW MORVWUMAWHR® JURXSV RI VWXGHQWY DV GLVFF
UHVXOWYV 2Q RQH KDQG 3*VWUHW FK’EHYWS\HUNRIDPY QR QWRDXIGHH G W
IXUWKHU WKHLU OHDU QL QW U2-QW§ KWHRUYKEHQMRABNEISG\VW R ZHD N H U
VW X G BEIQRVQ HPHRENHX SSR U W

X 6WDJH ROQGIWHU &RIWOMHFW GDWD RQ LQWH BDHRAWKHRIQVR % (HF 7
RI GLDJQRVWLF VXUYH® M/KBIGPBQRWWHUHGXUHUV WR DVVHVV V
RI WKH LQWBQGHIQMELRELWLRQDO URUT XLQ\HFREOIRRIZZ HD NH U
VWXGNQWK DV IXUWKHU VFDIIROGLQJ RU LQGLYLGXDO FRQVXO

7KH &',2 )UDPHZRUN SURYLGHV JXLGDQFH WR WKH LPSOHPHQWD\
6\OODEXV DQG UHIHUHQFLQJ WKH UHOHYDQW &',2 6WDQGDUGV L

JLIXUH+RZ &',2 6 XSSRUWV WKH ,PSOHPHQWDWLRQ RI "(

86( 2) &',2 )5$0(:25. 72 $''5(66(&(1763 ('8&$7,21%$/ ,1,7,$7,9(6

7KH 2*OHQV RI &',2° LV RQH Rl FRQWLQXDO LPSURYHPHQW ZKHU
6WDQGDUG 3URJUDP (YDOXDWLRQ ,W RIIHUV D JRRG DSSURDF
IDFHG E\ IDFXOW\ LQ DSSUHFLDWLQJ WKH P\ULBKG HQ W QLHADLLDQA. QY
XVLQJ (G7THFK WRROV 7KLV ZLOO EH H[SRXQGHG EHORZ

SHFDS 8VH RI &',2 WR 6XSSRUW 3URJUDP &RQWLQXDO ,PSURYHP!

&KHDK HW DO KDG UHSRUWHG RQDWXKBWULRD RV R 'FR BSOH P H
$FDGHPLF 4XDOLW\ ODQDJHPHQW 6\WWHP WKDW GULYHV WKH FF
SURJUDPV LQ WKH LQVWLWXWLRQ 7KH EDWQLFLQB®URWEN H \L QWU
FDQ EH YLHZHG DQG XQGHUVWRRG IURP WKH 2OHQV RI &',2" ZLWH
YLVLWLQIQGOPHQWDOV Rl WKH &',2 DSSURDFK WR FXUULFXOXP
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1HHG :KDW LV WKH SURIHVVLRQDO UROH DQG SUDFWLFDO FR(
/JHDUQLQJ RXWFRPHV :KDW NQRZOHGJH VNLOOV DQG DWWLW:
OHDUQHUV SRVVHVV DV WKH\ JU DIGX®\WW [ZKRPVRAH YSILOR RU 3R\R
&XUULFXOXP ZRUNVSDFH WHDFKLQJ OHDUQLQJ DQG DVVHVYV
HQVXULQJ WKDW VWXGHQWY DQG DGXOW OHDUQHUV OHDUQ W

'LWK UHJDUGV WR FRQWLQXDO L PSYURYXPWOR\WQ B/ERKRIEF &Y & HVHROR
6WDQGDUG SBURJUDP (YDOXDWLRQ KDG EHHQ VKRZQ WR EH FRF
AXDOLW\ ODQDJHPHQW 6\VWHP $406 DQG XVHIXO WR JXLGH SUR.
JLIXUHKRZV WKH 63 $406 DQG KRZ WKH GLIITHUHQW HOHPHQ
&',2 6WDQGDUGYV '()/ LV DOVR VKRZQ DV SDUW RI WKH FXUULFXC

JLIXUH+RZ &',2 6 XSSRUWV WKH 63 $FDGHPLF 4XDOLW\ ODQDJ

7TRZDUGV D &4RQYHUJHQFH ORGHO RI &XUULFXOXP (QKDQFHPHQW

*HQHUDOURRWKH DERYH ZH FDQ XVH WKH *OHQV RI &',2" WR FIL
LQYHVWLIJDWH KRZ RWKHU LQLWLDWLYHV LQ 63 ILWV ZLWKLQ W
PRGHO LV VKRZQ LQ )LJXUH ZKHUH LQLWLDWLYHYV IWVQRG63 DUH
BHGDJRJ\ &RPSHWHQF\ )UDPHZRUN 'LJLWDO 7THFKQRORJLHV 6W
DQG ,QIUDVWUXFWXUH DQG 6\VWHP 6XSSRUW 7KHVH FDWHJRUL
DQRWKHU DV VKRZQ EKHWIGHG GRENRQ2W $QH[DPSMUHDWLYH LQ
FDWHJRU\ LV SURYLGHG 7KH YDULRXV FRUH VWDQGDUGV DUH
FDOWHIJRULHYLWILBSILYHY ZKLFK LQ WXUQ DUH SXVKLQJ WRZDUG
DWWULEXWHYV

JLIXUHDOVR KLJKOLJBWSHBWNRN FRQWLQXDO LPSURYHPHQW HP!
JUDPHZRUN 7KH UROH RI IDFXOW\ LQ LPSOHPH@WRQH VW KR QLDQL \
GHYHORSPHQW RI IDFXOW\ WBDFKUQYR FRP DHGHREWHUSHUVRQD
SURFHVV V\WWHP DQG VHUYLFH EXLOGLQJ VNLOOV&' RV ZHOO
BWDQGDUG FBPXNWWHQFH LQ SURYLGLQJ LQWHJUDWHG OHDUQLQG
DQG H[SHULHQWLDO OHDUQLQJ PHWKRGMQD &G,2@WNYEDVGQJ VV
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JLIXUBRQYHUJHQFH ORGHO RI 63 ,QLWLDWLYHV *XLGHG E\ &
&RQYHUJHMGBH QJ RWKHU ([LVWLQJ 63 ,QLWLDWLYHV WR WKH '()/

&RQWLQXLQJ ZLWK WKH '()/ HIDPSOH FRYHUHG HDUOLHU WKLV |
KRZ RWKHU LQLWLDWLYHV FRQWULEXWH WR WKH FRQWLQXDO L
SFRQQWMRMRWY  LQ XQGHUVWDQGLQJ KRZ DQG ZRMGIDERUHQLWI
LPSRUWDQWO\ LW HPSKDVL]HV WKH LPSRUWDQFH RI FRQWLQXL:
QRW RQO\ LQ GDWD OLWHUDF\ EXW DOVR LQ GHVLJQLQJ OHDUQ
RI (G7THFK WRROV 7R WKLV HQG 6% LQYWHGGRKHMIUBQ LYW LD W |
OHFWXUHUV ZKLFK VHHNV WR HTXLS OHFWXUHUV ZLWK WKH FDE
OHDUQLQJ $QRWKHU LQLWLDWLYH LQWURGXFHG LV WKH SURM
&ROOHFWLYHO\ '()/ 'FDSQDEHGV&RMD)DV D ZLGHU HIIRUW WRZDUG\
WHFKQRORJLHV WR LPSURYH: PRXIB HXBW FSHIUAFBOPD QBFEHRQYHU JH
'77& DQG &RW) VXSSRUWV '()/ LV VKRZQ LQ )LIJXUH

JLIXUBRQYHUJMHREZH'77& DQG &RW) VXSSRUWYV '()/
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:KLOH QRW GLUHFWO\ UHODWHG WR FRQYHUJHQFH RI DQ\ (G7HFI
RI WRGHO LV WKDW LW KLIJIKOLIJIKWHG WKH UROH RI WKH &',2 )UL
QRW DOO RI WKH SURJUDPV LQ 63 WKDW LPSOHPHQWHG '()/ VL
WKHUHIRUH DWW UD RWLPAMHWRUDWREBWHWSUR&',2 )UDPHZRUN

,Q DGGLWLRQ LW LV DOVR QRWHG WKDW PRVW PRGXOHV WKDW |
RQOLQH OHDUQLQJ FRPSRQHQW WR SURPRWH VWXGHQW OHDUQL:
RU OHVV DV UHSODFHPHQWRRA HWQHDFS/L YV 1 A DRW HDERSK UDWLYH IR
PRGXQHKHWKHU WKH SURJUDP DGRSR/ HG F8 X2GRUNGRW. QWHJUDW
GHYHORSPHQW RI VNLOOV D QGQIDQ\VE LI X\GH W KK DWSIR KDWIGR Q R
GRPDLQ NQRZOHGJH

,W ZRXOG EH UHODRULYCHIIG MRAUWUBDURKWDPYV WKDW DGRSWHG &',2 W
DWWLWXGHYVY GHYHORSPHQW LQ '()/ ORUH LPSRUWDQWO\ SURJU
WR DGRSW &',2 FDQ EHQHILW IURP JXLGDQFH SGRYIGGHG KEHVWKH
SURJUDPV FDQ LQWHJUDWH YDULRXV VNLOOV DQG DWWLWXGHYV
NQRZOHGJH H J YLUWXDO FROODERUDWLRQ HWKLFDO UHDVRC
PDQQHU IRU SURJUDPV WKDW KDYH DGRSWHG &',2

7KHERQYHUJHQFH PRGHO )LJXUH LV DOVR EURDG LQ LWV 3FRYF
7KLV PHDQV WKDW LW LV VFDODEOH WR DFFRPPRGDWH RWKHU
SUHVHQW ZKLFK PD\ IDOO LQWR DQY)XRWKHRU WKE Y H B DMQHFIHR LFL
H[SHEFWHG ZKHQ OLIHORQJ OHDUQLQJ ZKLRNHH RILGCDWRQD D GRY
IRUVHQPBNL®JJ YLDYGDX\DOL]PMUVRQDO FROODERUDWLRQ EHFRPHYV
WKH QHDU IXWXUH $W WKH UHJLIRGWDHD B Q & LIWOREDVH G HAYKIHD \X V BIH
IURP LQGXVWULDO LQWHUQHW Rl WKLQJV WHFKQRORJLHV WR VX¢
WKH UHDVRQ IRU 63 WR LQWURGXFH LWV FRPPRQ FRUH FXUULFXC
FDQ EH XVHG WRVDVDGEQHWEY &YLW\ LVVXHV VHH IRU H[DPSOH &KHLC

30ODXVLEOH&RQWHWH BRVNVLELOLW\ RI WRSURI GBIWH ,QLWLDWLYHYV

7KH FRQFHSW RI '()/ KDV WKH SRWHQWLDO WR IXUWKHU HQKDQF]|
WR RWKHU OHDUQLQJ WRXFK SRLQWV VXFK DV ODERUDWRU\ HJ[:
GHYHORSPHQW RI VNIMXOWPQBGVIVW RR W NGV EHDGHTXDWHO\ GI
GXH WR WKH ODFN RI OHDUQLQJ FRQWH[W DIIRUGHG E\ VXLWDEO

$ K\SRWKHWLFD® RIGSEMDAKG WILRGMKRIQ LQ HOWKKRKXIK K\SRWKHWLF
LV LQ IDFW KLJKO\ SODXVLEOHH BYHQ R WHHEWH/DKIIDY.H UE HAMQL GHW U R ¢
WKH &29,SDQGHPLF 6LPLODUO\ D ODUJH QXPEHU RI YLGHR UHFF
DVVLPLODWHG GXULQJ WKH ISGIMWMRBRBWLQ@H IFVOOBGQEZGHR &RQW
6\WWHP 9&06 LV DOUHDG\ XQGHUZD\ DW WKH WLPH RI WKLV SD
VWXGHQWVY SK\VLFDO SUHVHQFH LQ WKH ODERUDWRU\ RU ZRUN"
LQ VRPH IRUP RI SUW S\DRUIVWHR@DERUMWRU\ RU ZRUNVKRS VHVVLR
VWXGHQWY WR DSSO\ RU H[SODLQ KRZ WKH\ DUH JRLQJ WR DSSC
RU ZRUNVKRS WR RWKHU VFHQDULRV $ /DERUDWRU\ RI WKH )XW
JLIXUWKRZV D ILFWLWLRXV EQMMGDIWIWWHX OYQ GHFSGIFHPHQW WKDW F
IXQFWLRQ DV '()/ WKDW EULQJV WRJHWKHU YDULRXV LQLWLDWLY
XQGHU WKH '77& LQLWLDWLYH DOVR QHHGV WR EH IXUWKHU HQK
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JLIXUBRQYHUJIMS@BSMWLFDWLRQ RI +\SRWKHWLFDO EXW 30D X\

&RQYHUJHQFH LOXRR®S

7KH GLVFXVVLRQV WKXV IDU ZLOO QRW EH FRPSOHWH ZLWKRX
LPSDFWHG E\ SHUPHDWLRQ RI GLJLWDO (G7HFK WRROV LQWR
WKHPVHOYRQHYWKH UHVXOWLQJ FRQIXVLRQ DPRQJ WKHP @RI WKH |
WRGD\fV HGXFDWLRQDO FRQWH[W ZLWK WKH SUHYDOHQFH LQ X
LQWHOOLJHQFH LQ WKH OHDUQLQJ HQYLURIQWK@RRSW KMHFHUROH R
ODUJHO\ FUHGLWHG WR @ RRZUFKHDWHU WKB G WBHVHQW FRQYHUJ
LQLWLDWLYHV '()/ GLIIHUHQWLDWHG LQVWUXFWLRQV DQG &R
FRQYHUJHQFH DV GHVFULEHG SUHYLRXVO\ DUH QRZ uPHUJHGT L
RI 63 ,QLWLDWLYH RI $QDO\WLFV LQ (GXFDWLRQ $L(

JURP WHKXPDQ@VKHRRSHUVSHFWLYH D IDFXOW\ QRZ HPERGLHG PXO
LQ XVLQJ 'LIJLWDO (G7HFK WRROV LQ WHDFKLQJ DQG OHDUQLQJ
DSSOLFBWLWRNY SRLQW LW LV ZRUWK PHGWQR Q R GL B QOH DHI®D HRJ,
&RQWHQW .QRZOHGJH 73¥&.VKUDPKEFRUN ZKLEBGHQWLILHV WKU
WV\SHV Rl NQRZOHGKFIEWBWIY ZKHQ SDOWHILQDWHRMWHFERQRORJ)
OHVVRQ WHFKQRORJLFDO NQRZOHGDKGSHE@WRILW DNIQIREHR H O BiE
HDFK RI WKH NH\ GRPDLQV RI NQRZOHGJH LV LPSRUWDQW LQ
FRPELQDWLRQ WKDW FDQ FUHDWH HIIHFWLYH OHDUQLQJ H[SHULI

7KH FRQYHUJHQFH DOVR SURPSWHG XV WR UHWKLQN WKH VD\I
‘DWVRQ ODQ\ IDFEXOW\ ZPBRE LHDURIV QIRM XSO URJ ZIHUH WDV NHG
GLJLWDO (GWHFK WRRO LQLWLDWLYH RIWHQ IHOW WKH\ DUH SO
DV LPSRVHG RQ WKHP IROORZLQJ WKH SLORW HIIRUW 7KH\ PD\ ¢
Rl VXFK WRROWVWLWK WKMEH VSHFLILF PRGXOHV D YHU\ RSSRVL
EHIRUH SHGDJRJ\" :KLOH QRW GHWHIUWWEHGKQR®YRH PSMVIRMR OD W H |
LV DOVR SUREOHPDWLF DV WHFKQRORJ\ XVH LQ WRGD\TV FRQW
ZLWK WKH WHDFKLQJ DSSURDFKHV OHDUQLQJ XADIIIROHBUD O QG

OHDYH RXW WHFKQRORJ\ WLOO ODWHU FDQ UHVXOW LQ IDFXOW\
FRPSOH[LW\ UHODWLQJ WR KRZ LV LQWHUZRYHQ LQWR HGXFDWLF
WKH XVH RI DQ *HQWDQ@IO IRE GHOBIKISW XODWHYV WKH PXWXDO

WHFKQRWRDFKLQJ PHWKRGV SXUSRVHV YDOXHV DQG FRQWH[WYV
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$V WKH VD\LQJ 2:H VKDSH RXU WRROV DQG WKHUHDIWHU RXU W]
EHWZHHQ KXPDQ DQG WHHKQRORDQVVFWHBWH LQVSLULQJ DQG
WHFKQRORJLHV EXW DOVR DUH LQIOXHQFHG DXJPHQWHG PDQ
WHFKQRORJ\ GHSHQGLQJ RQ WKH VLWXDWLRQ DQG KRZ WKH W

7KH KXPDQ HOHPHQWY DUH LQWHUWZLQHG ZLWK WKH SURF
7KHKX P DLQW KIR RSSSURDFK LV LPSRUWDQW LQ HQYROEG®LW KQW @
*HQWDQJOHGUPRPQQBURFXVHG RQ LPSURYLQJ VWXGHQW OHDUQL

,PSOLFDWLRQV IRU )DFXOW\ BURIHVVLRQDO '"HYHORSPHQW

'XULQJ WEH &3DQGHPLF WKH HPSKDVLV RQ XVLQJ GLJLWDO (G
FROQWLQXLW\ RI HGXFDWLRQ WR VWXGHQWYVY GHVSLWH FDPSXV
WHDFKLQJ DQG OHDUQLQJ GXULQJ WKLV SHULRG PXFK FXUULFXC
YLWHFKQRORJ\ UDWKHU WKDQ WUDQVIRUPHRX B & WY RVR DALMR PN
WKDW IHZ IDFXOW\ ZHUH VXIILFLHQWO\ SUHSDUHG IRU OHDU!
WHFKQRORJ\ &RZOLQJ HW DO

‘H WKHUHIRUH QHHG WR LPSURYH RX¢K REPHQRIRUHQLQJX/XBRYV
SHULRG RI FDPSXV FORVXUH DUH WHPSRUDU\ OHJDFLHV WKDW U
QHHG WR EH LGHQWLILHG UHWDLQHG DQUEOLPSURWY DG EXSRIB\& UD .
3') YHUVLRQV Rl WKH OHFWXUH QRWHV 3RZHU3RLQW VOLGHV
.HKUZDOG 3DUNHU UHIHUUHG WR WKH DFW RI SXWWLQJ ¢
ODUJHO\ VWDWLF DV 3VKR'Y HIORFXRHED/Q B/ MRYHH DOUDMKEEHRGR UH - WK |
JURZLQJ DYDLODELOLW\ DQG FDSDELOLW\ Rl GLILWDO (G7HFK Wi
WHDFKLQJ DQG OHDUQLQJ LQ QHZ ZD\V ZKLFK FDQ HYHQ FKDQ
*HQHUDWLYH $, LV D FDVH LQ SRUWRWKH | B EWWLW BIOWSJDIW LRAULFR Q
FRQVLGHUDWLRQV RDIWHFWERBQRYEYEHHKDYLRUDO FKDQJHV WKD\
WUDQVLWLRQ &RZGGPBWWQIOGLILWDO WHFKQRORJLHYV WR WHDF
EH DHRYQ]JHDWOO DSSURDFK WKDW IRFXVHG ODU2ZHDR RRUWB KA LIF
WKH DOLJQPHQW EHWZHHQ WKH GLJLWDO (G7HFK WRROV XVHG
NQRZOH®B JBIWH /LOOHMRKIBUH WKH FKRLFH RI SHGDJRJ\ RU F
SHGDJRJLHV ZLOO DGGUHVV DOO WK LDIWSHFEVLY HR ID Q B DEJMK. DY
FKDQJHV

7KH 63 '77& ,QLWLDWLYH LV HQYLVLRQHG WR VHUYH VXFK D QHH
RQH ZKR JRHV EH\RQG MXVW *WHDFKLQJ  RU *OHFWXULQJ" LQ XV
YLD GDWD DQDO\WLFV WR GHVLJQLQQJDIQBWGE MY HQHWLRXIVHWM KB W |
,Q LWV FXUUHQW IRUPRUWHIQWW\G L ORFXMUQ® WRNRRPSHWHQFLHV R
GLJLWDO WHFKQRORJLHV LQFOXGLQJ OHDUQH®D bPQ®® \@/H BV QLJ
H[SHULHQFHV 7KH GHHHORSPBUDRDMHRRWN LVRYQYLGORPRHRY DV LW
WR EH FRQWLQXDOO\ UHYLHZHG UHYLVHG DQG XSGDWHG WR DF
DQG RU FKDOOHQJHV $ FDWKILEQOSRVEWR IL VHEISH Q WLYBIFK,LQJ DQG
OHDUA\IHW DQRWKHU FRIQFVHHQWIDQ F31(6&2 MXVW UHOHDVHG LWV J»
RI'$, IUDPHZRUN IRU WHDFKHWK\LF&1Z6®D QHFHVVLWDWH D QHZ UJ

7KH FRQYHUJHQFH PRGHO FDQ VHUYH DV D EDVLV IRU GHVLJQLQ
SURJUDPV XQGHU WKH '77& EDQQHU 7KLV KDV WKH DGYDQWDJH
7KH JRDO RI HGXFDWLRQ LV DOZD\V WR PD[LHLRHWW QGHGWRHE
GLUHFWHG WRZDUGYV SUHSDULQJ IDFXOW\ WR OHYHUDJH RQ DIl
LOQOWURGXFH HGXFDWLRQDO LQQRYDWLRQV JXLGHG E\ WKH &',2 )
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7KLV SDSHU VKRZHG WKDW WKH &',2 JUDPHZRUN ZKLFK GHPRQ
\HDUV UHPDLQV WR EH UHOHYDQW ZLWK WKH '()/ ORGHO 7KLV L
DOO 63 LQLWLDWLYHV DUH VROLGO\ JURXQGHW LLRQVWURIGFK W N DF
VDPH DSSURDFK WKDW 63 XVHG LQ LWV DGRSWLRQ RI &',2 7KLV
JUDPHZRUN FDQ EH XVHG WR UHFREBNOIE YRUWRDW WHPK QR O/RIR
LQVWLWXWIBR Q@ HAWBESINGUVHQVH RI WHSH @ BWEBOEGWZHHQ WHFKQ
DQG SHGDJRJLHV XVHG RQ DWWDLQPHQW Rl GHVLUHG VWXGHQ
PRGHO LV VXJJHVWHG LQ WKLV SDSHU ZKHUH LW FDQ EH VFD
LOQLWUDWRLFRQWLQXH WR 3 FRQQHFW WKH GRWV' IRU OHFWXUHUYV

),1$1&,$/ 6833257 $&.12:/('*(0(176

7KH DXWKRUV UHFHLYHG QR ILQDQFLDO VXSSRUW IRU WKLV ZRUI

5()(5(1&(6

%i{UWH . J/LOOHMRUG 6 /JHDUQLQJ WR 7HDFK $0OLJQLQJ 3HGDJR
'"HVLJQ 7RFROFKLQJ DQG 7HDFKHU (GXFDSW.RQ

%R\HU 6 / (GPRQGVRQ ' 5 $UWLV $ % 'LUWFHWHGJHDUQLQ®BHOIRRO
JLIHORQJ /HRXQQ®D Rl ODUNHWLQJISEGXFDWLRQ

%UDVFD & .ULVKQDQ & ODU\D 9 2ZHQ . +RIURHFKQRORIDAWN 6
6KDSLQJ /HDUQLQJ LQ +(GKHADWGKE DWQIFWIGALN/ERQVH\Y &RPSDQ\
%XUFK = $ ORKDPPHG 6 )DFX@SWORHSYLRQYDVERMMERQRORJI\
,QWHJUD WIFEQ DVQIBQEW H B BAWXHR WHUQDWLRQDO -RXUQDO RI 5HVHDUFK
6FLHQFHSS

&KHDK 6 0 /LP /< &KDR < & &',2 IRU (GXFDWLRQ IRU 6XVWDLC
&RPPRQ &RUH &XVWRFKBOEPQJV Rl WKH WK ,QWHUQIHNNRQIPDN&',2 &RQIt
,FHOBAEGNMDYLN 8QLYHUVLW\

&KHDK 6 0 :RQJ << "HVLWQS B J, GAOMIUDINGHG /HDUQLQJ ([SHULHGQ
&RUH 3ULQFLSOHSURFHIDE QYR JOWKHIQDWLRQDO &K R\&RBGHYH QIR H
%DQJNRN 7KEKXOD@RQJIJNRUQ 8QLYHUVLW\ 5DMDPDQJDOD 8QLYHUVLW\

&KHDK 6 0 &DVH 6 WGAFRVHBHBODUQLQJ LQ <HDU &KHPLFDO (QJL
3URFHHGLQJV RI WKH K ,QWHUQDWL\RRIDQEX'UZ ERAPVEH®R QEMH 1 (
&KDOPHUV 8QLYHUVLW\ RI THFKQRORJ\

&KHDK 6 0 :RQJ << <DQJ . $ ORGHO 'WRH(F S/OIIGF LMD FHPF XV BH
&KHPLFDO (QJLQHHWURFHWMEGEEOWRI WKH WK ,QWHUQBBUWRXQWDO &',2 &F
'HQPDUN $DUKXV 8QLYHUVLW\

&KHDK 6 0 /HRQJ SHOHYDQFH RI &',2 WR3QRBSXRWDOD IRU 1HZ 6WDQGD
3URFHHGLQJWK WKHUQDWLRQDO .&'QD BRAPISIG QMO D]DZD ,QVWLWXWH
7HFKQRORJ\

&KHDK 6 0 <DQJ &',2 )UDPHZRUN DQG 6NLOOV)XWXUH 5HGHVLJQ RI &
(QJLQHHULQJ &XUULFXOXP DIWHU  <IBDRVF HRH GP § OW RRH QUWKLHY J VB K 2 QW H U
&',2 &RQHOBH QD]DZDSDQ .DQD]DZD ,QVWLWXWH RI 7HFKQRORJ\

&KHDK 6 0 6DOH ' /HH + % 3HEDIRIG )PU S HG HBBRW URR P
&DVH 6WBXRFHHGLQJV RI WKH WK ,QWHUQRWORQDO &I XA VH WN QA H
&DOJDU\

&KHDK 6 0 6DOH 3HGDJRDWVHA )O/ILSFHEF4BODWW URR P
(YDOXDWULRRHHGLQJV Rl WKH WK ,QWHUQRWORRD\O &0Q ERIM HWH @ F H
&DOJDU\

BURFHHGLQJWRIWHUHQDWLRQDO &'KRWRBEGHBHQFH
ORQDVK 8QLYHOERWUQH $XYWUDOLD
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&KHDK 6 0 /HH + % 6DOH ° )OLSSLQJ D &KHPLFDO (QJLQHHULC
EDVHG 7HDFKLQJ3MFRFUHRIOFUQJIV RI WKH WK ,QWHUQDWURGQDOLROD @GR Q
7XUNX 8QILWHBI $SSOLHG 6FLHQFHYV

&KHDK 6 0 .RK & $ 1J & WA X' VWL KRKPOIRU 4XDOLW\ $VVXUDQF
$FFUHGL®WDWRFHRHEG LQJY RI WKH WK  QWHUQRIRRQID®I &', 2@ DAVR/DIHKIMHVAW
86% 0,¥DUYDUG

&RZOLQJ 0 $ &UDZIRUG - 9DOOLV & OLGGOHWRQ LHBHUH®LHFH
"'LILWDOLVYDMBHE® JRJI\ 7TBRIGOQORORKD Q FHBU QLRXIUQDO RI 8QLYHUVLW\ 7HD]
/IHDUQLQJ 3UDFWS&FH

&UDZIRUG - 'XULQJ DQG %H\RQG D 3DQGHPLF 3XEOLVKLQJ /HDUQLQJ
WKURXJK &RRXW QDO RI 8QLYHUVLW\ 7THDFKLQJ /HDUQLQJ 3UDFWLFH

)DzQV 7 $Q (QWDQJOHG 3HGDJRJ\ /RRNIEFKQRERIE WK KRIVHRGDJ
SRVWGLIJLWDO 6FLHQFHRDQG S&EXFDWLRQ

*HRUJLQD ' $ +RVIRUG & & +LJKHU (GXFDWLRQ )DFXOW\ 3F
,QWHJUDWLRQ DRDBFKULRUQRQG 7HDFKHU S6XFDWLRQ

*HRUJVVRQ ) +ROPJUHQ 8 $ 4XDOLW\ 6\VWHPRFHH CQILYHRIUL Q.
WKMWK ,QWHUQDWLRQDO %U RVEPQIH UHQRAHUDOLD 4XHHQVODQG 8QLYHUV

*UD\ 3 - &',2 DQG (QJLQHHULQJ (GXFDWLRQ 4XDOLW\ $VVXUDQFH
BURFHHGLQJWRI, QM(HUQDWLR QDO 4&X IH’E &R Q BDWQHDETH (FROH 3RO\WHFKQL"
ORQWUHDO

+DUWPDQ 5 - 7RZQVHQG 0 % -DFNVRQ O (GXFDWRUVY 3HUFHS
LQWR WKH &ODVVURRP $ 'HVFRXSWDWOHR& DSV HIMXEKR LQ ,QQRYDWLYH
/HDU Q LIRIO 1R SS

+XUPH 3 -RXKNL - 'H 6KDSH 2XU 7TRROV DQG 7KNXBBRIWHU 2X
7THF KQR ORI SS
OJMW\FQI ' & S5SFWPJW ' .RUQJRINSNINDBAFEIN SNSL SBYTWNNIQKWTR YM

ITZWSFQ TK :SN[JWXNY”" 9JFHMNSL 1JFWSNSL 5WFHYNHJ

JHH * % 6LQJK 01 1J : + (QDEOMBWDLSSHEQKDQBRLQI WKH 7HDFKL(
DQG /HDUQLQJ ([SHULHQFH WKURXJK /HDUQLQJ $6 D56 WL RV @I &H)GHIR E\C
,QWHUQDWLRQD ® LERPISFIHQFIDWLRQDO ,QVWLWXWH RI (GXFDWLRQ 1DC

JHY\ ' & 8VLQJ &',2 WR OHHW $FFUHGLWDWLRQ ([SHFWDWLRQV
BURFHHGLQJWRI|, QWKHUQDWLRQD O &R SHQKQIHLMHQABPDUN 7HFKQLFDO 8CQ
'"HQPDUN

OHUFDGHU & *DLULQ - 8QLYHUVLW\ 7HDFKHUVY 3HUFHSWLRQ
7HFKQRORJLHV 7KH ,PSRUWDQFH,QWS$FRDX@DHWPILRQ DOFLROUL@BIO RI (GXFDWI
LQ +LJKHU (GXFDWIRQ

OLVKUD 3 .RHKOHU7HWFKQRORJIGPDRI&FQWHDRZ OHGYWD BHZRUN IRU
QWHIJUHWKQRORHDPEIQHQRFZOHBHBFKHUYV &ROOHJH 58 RUG

ORQDUFK 50 +XPDQWKRRS ODFKLQH /HDUQLQJ $FWLYH /HDUQLQJ DC
+XPDQHQWHUWBGPIRQ DQG 6FKXVWHU 1HZ <RUN 1< 86$% SS

0XQG\ $0 . XSF]\QVNL / .HH 5 7THDFKHUfV 3HUFHSWLRQV RI
6FKRREODMH 2SHQ SS

6DODV $ /LWHUDW XUH SSFH¥YHLZY RG )JDAXIFW@OHVY RI ,QVWUXFWLRC(
&ODVVURRP "\QDPLFV &RQWHPSRUDU\ (GXFDWLRQDO 7THFKQRORJ\ {

BWHHO - +XGVRQ $ (GXFDWLRQDO 7THFKQRORJ\ LQ 7THDFKLQJ D
([SHULHQFHV Rl 7THDERRYDWWRQN LQ (GXFDWLRQ DQG 7THBBKLQJ ,QWHUQ

7TRPOLQVRQ & BKH 'LITHUHQWLDWHG &ODVVURRP 5HVSRQGE®I WR WKH

7UXRQJ 79 +D % IH % 1 &',2 &RQWULEXWLRQ WR $%(7 $FFL
(OHFWURQLF (QJLQHBURGHIBGRQUDW \QMHHUQDWLRQDO .&'QDRRZDIHUHQF|
-DSDQ .DQD]DZD ,QVWLWXWH RI 7THFKQRORJ\

BURFHHGLQJWRIWHUHQDWLRQDO &'KRWRBEGHBHQFH
ORQDVK 8QLYHOERWUQH $XYWUDOLD
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81(6&2 $, &RPSHWHQF\ )UDPHZRURBQRWHG OBKHIRQV (GXFDWLRQDO ¢
&XOWXUDO DQG 2UJDQL]DWLRQ

9HUKDHYHUW - AXDOLW\ $V V&7U ORI H 1B UIOHFNEEE®MBMR@I V R |
WKH WK ,QWHUQDWLRQBE \&'MD % RN | SHFHNDIEG. N 8QLYHUVLW\

'DQ 0 &KRQJ 6 . OD[LPLVLQJ 6WXGHQWVY /HDUQLQJ 7KURXJK /
3URFHHGLQJV RI WKH K ,QWHUQDWRRWEG &% FRRN UHKQFIHOD QG
&KXODORQJNRUQ 8QLYHUVLW\ 5DMDPDQJDOD 8QLYHUVLW\ RI 7THFKQRO

‘DWVRQ '0 3HGDJRJ\ EHFRQRORWKBG®N LBHOWWHRQVKLS EHWZHHQ ,&7
THDFKLUGQGXFWLRQQ@WUBDWHRRKRORJILHSS

<DQJ . &KHDK 6 0 ,QFXOFDWLQJ 6DIHW\ OLQGVHW LQ &KHPLFDC
$5 95 3URFHHGLQJV RI WKH K . QWHUQDWLRQDO &'\ XKRRWHCGUHQFH *RW
21/,1( &KDOPHUV 8QLYHUVLW\ RI THFKQRORJ\

%,2*5%$3+,&$/ ,1)250%7,21

6LORK &KHDWKWKH &HQWUH 'LUKH'FAVBRHQRNVUHKHRIE3, QQRYDWLYH 7HI
/IHDUQLQJ XQGHU WKH 'HSDUWPHQW RI (GXFDWLRQDO '"HYHORSP|
PRUH WKDQ \HDUV RI H[SHULHQFH LPSOHPHQWLQJ &',2 LQ YDUL
PDQ&',2 ZRUNVKRSV IRU XQLYHUVLWLHV LQ $VLD IRU D UDQJH RI

ODUN 1LYDQMLRSKW\ 'LUHFWRU RI (GXFDWLRQDO '"HYHORSPHQW
ODUN OHDGYV LQ WKH LPSOHPHQWDWLRQ RI HGXFDWLRQDO LQLWI
'LUHFWHG /HDUQLQJ DQG 3HGDJRJ\ IRU WKH 3URIHVVLRQV 3DUW
FORVHO\ ZLWK IGAXOW) WRHUHB FXUULFXOXP LQQRYDWH WKHL
DSSURDFKHY DQG FRQGXFWLQJ ZRUNVKRSY DQG RWKHU SURIHVYV

&RUUHVSRQGLQJ DXWKRU

6LOQRK &KHDK i
6LQJDSRUH 3RO\WHFKQLF @@@
'"HSDUWPHQW RI (GXFDWLR ( I A To [

'RYHU 5RDG 6LQJDSRUH

6,1$325( 7KLV ZRUN LV OLFEQNB® LX(
&KHDKB6L@RGRHGX VJ &RPPRQV $WW RIOQERRPPRIQ FL
1R'"HULYDWLYHV ,QWHUQ

BURFHHGLQJWRIWHUHQDWLRQDO &'KRWRBEGHBHQFH
ORQDVK 8QLYHOERWUQH $XYWUDOLD
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6YDQWH *XQQDUVVRQ
'HSDUWRHQMHFWULFDO/(@N|GHEWIB@LYHUVLW\
+HOHQD +HUEHUWVVRQ
'HSDUWRHQAKMAVLFV &KHPLVWU\ DQG %LRORJ\ /LQN|SLQJ
$QGHUV (NLQJH
'"HDQV 2INFAHXOW\ Rl 6FLHQFH DQG (QJLQHHULQJ /LQN|SLQ
0DOLQ :LJHU ODJGDOHQD 6PHGYV

'"HSDUWRHQWQDJHPHQW DQG/LQN|/SHAUBQLYHUVLW\

$%675%$&7

$ VIVWHP QDPHG 5HIOH[ IRU KDQGOLQJ UHIOHFWLRQ GRFXPHQV
GRFXPHQW LV D PDQGDWRU\ ODVW VWHS ZKHQ FDUU\LQJ RXW 0D
HGXFDWLRQ SURJUDPV DW WKH )DFXOW\ RI BBUHSAH BDQWGLWAJILQH
UHIOHFWLRQ GRFXPHQW WKH VWXGHQWY DUH H[SHFWHG WR UH
RXWFRPH RI WKH HQWLUH7KG XEBMHFW SRR IVWDRFWUXFWXUHG DFI
VHFWLRQV RI WKH &',2 6\OODEXYV SORX @& QUKL BQRPHD VSRIFWK H
DQG WHRJIWDPD ZKROBHFWLRQ GRFXPHQWY KDYH EHHQ XVHG IRU
EXW YLD WKH LQWURGXFWLRQ RI 5HIOH[ LQ WKH SURFHVV LV
WKH UHIOHFWLRQV DUH VWRUHG LQ D VHDUFKDEOH GDWDEDVH
DQDOAWRH WKH WH[WV ZKLFK FDQ EH XVHG IRU HYDOXDWLRQV RI }
DVSHFWV 7ZR H[DPSOHV RI VXFK DQDO\VHVY DUH SUHVHQWHG LC
ZRUNFHOMR/ LV SUHVHQWHG WRJHWKHU ZLWK D GHVFULSWLRQ RI

(<:25'6

5HIOHFWLRQ WKHVLV SURJUDP HYDOXDWLRQ &',2 6\OODEXV 6V

BURFHHGLQJWRIWHUHQDWLRQDO &'KRWRBEGHBHQFH
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5HIOHFWLRQV IRU OHDUQLQJ DQG FRQWLQXRXV GHYHORSPHQW |
ILHOG LV FRPSUHKHQVLYH 7KH DLP Rl WKH SDSHU LV WR SUHVH
WHUPV RI D UHIOHFWLRQ WKDW LV FDUWLERURXB/QBGVKR D DAKE W \F
XVHG DOVR IRU FRQWLQXRXV GHYHORSPHQW RI HGXFDWLRQ ,Q
DERXW H[SHULHQWLDO OHDUQLQJ DQG .ROEJV OHDUQLQJ F\FOH
WKH OHDUQLQJ F\FOH BRHWLYW¥RRIFWHKWHVWSHULHQFH L
2EVHUYDWLRQ LLL $EVWUDFW &RQFHSWXDOL]DWLRQ DQG LY

+DEHVKDZ 'LWKLQ WKH &',2 FRPPXQLW\ WKHUH DUH VH
UHIOHFWLRQV LQ GLHHH QW XREUWPHH\G KPHWUHO - XDPGG&RVIURYH
215HLOO\ DUH WZR H[DPSOHV ,Q DGGLWLRQ &KHDK S

Rl WKH ILHOG ZLWK DQ H[WHQVLYH OLVW RI UHIHUHEDAHMGUHOD
DFWHY L LWHIOHFWLRQ DW WKH HQG RI WKH SURMHFW LV RIWHQ X'
$QGHUVHQ G6FKZHQNH DQG [/]|Z

7KHUH DUH PDQ\ H[DPSOHV RI WKH XVH RI UHIOHEWLRQV ZLWKLQ
DQG (QJLQHHULQJ DW /LQN|SLQJ 8QLYHUVLW\ ,Q PDEDWFBEGHV WK
FRXUVHOM UHIOHFWLRQ GRFXPHQW DW WKH HQG RI WKH ODVWHFE
LQWURGXFHG DURXQG DV D PDQGDWRU\ ODVW VWHS RI WKH W
ZLWKLQ WKH )DFXOW\ Rl 6FLHQFH DQG (QJLQHHULQRIDWKHQN|S
UHIOHFWLRQLGR¥FRFPHDQMW WKH VWX KB W [BHF DOMLIFRAQ XS RWKH ILQDO
EHIRUH JUDGXDWLRQ DQG D VHFRQG SXUSRVH LV WR JLYH IHH¢
FRQFHUQLQJ KRZ ZHOO WKH HGXFDWLRQ SURJUDP KDV SUHSDUH
HQJLQMKIH UHIOHFWLRQ GREXPHQW LV VWUXFWXUHG DFFRUGLQJ
6\OODEXV ,Q DGGLWLRQ WKHUH LV RQH VHFWLRQ GHDOLQJ Z
FRQFOXGLQJ VHFWLRQ )RU HDFK VHFWLRQ WKHUH DUH VRPH
VVBHQWY ZKHQ ZULWLA®D WKHH UVHHIOPWMERQV DQG WKH JXLGLQJ TXH\
WKH $SSHQGL[ 'XULQJ WKH VSULQJ VHPHWMEHVY\RWHP WXOHP QG 5 H
ZDV LQWURGXFHG 5HIOH[ LV EDVHG RQ D FRPELQDWLRQ RI YDU
WHFKQLFDOO®HZLOO EH RPLWWHG KHUH 7KH PDLQ PHVVDJHV RI \

X 5HIOH[ LVHDYHBE V\VWHP IRU PDQDJHPHQW RI WKH UHIOHFWLRC
E\ DOO VWXGHQWY DV SDUW RI WKH WKHVLV ZRUN

X 5HIOH[ KDV VROLG FRQQHFWLRQV WR WKH &',2 IUDPHZRUN YLD
HYDOXDWLRQ ,Q DGGLWLRQ WKH UHIOHFWLRQ GRFXPHQW LV

x 6LQFH WKH UHIOHFWLRQ GRFXPHQW LV PDQGDWRU\ WKLV JLY
UHVSRQVH UDWH

X 5HIOH[ HQDEOHYV YDULRXV W\SHV RI DQDO\VHV DERXW WKH VW
HGXFDWLRQ SURJUDP

W VKRXOG EH VWUHVVHG WKDW WKH SDSHU LV QRW FODLPHG W
VWXGHQW VDWLVIDFWLRQ RU VLPLODU ,QVWHDG LW LV LOQWHQG
WKDW V\VWHPDWLFDOO\ FROOHFWV DQG& MWRWR VWVMW XY EW WK U
DQG H[DPLQHUV DQG HQDEOHYV YDULRXV W\SHV RI DQDO\VHV EDV

7+( &',2 )5%0(:25.

7KH IXQGDPHQWDO DLP RI WKH &',2 IUDPHZRUN LV WR HGXFDW
HQJLQHHU DQG WR UDLVH WKH TXDOLW\ RI HZJDQHHDQ QG IJWSKUIR JU
ZHE VLWH &',2 ,QLWLDWLYH 7KH IUDPHZRUN UHOLHV RQ IR:

BURFHHGLQJWRIWHUHQDWLRQDO &'KRWRBEGHBHQFH
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$ SGHILQLWLRQ  RI WKH UROH RI DQ HQJLQHHU

X *RDOV IRU WKH GHVLUHG NQRZOHGJH DQG VNLOOV RI DQ HC
&',2 6\OODEXV

x *RDOV IRU WKH SURSHUWLHV RI WKH HQJLQHHULQJ HGXF]
GRFXPHQW &',2 6WDQGDUGV

X OHWKRGV IRU VIVWHPDWLF GHYHORSPHQW DQG PDQDJHPHQV

$FFRUGLQJ WR WKH &',2 IUDPHIARD® VI HLUDWXH\ JRDO RI HQJL(
HGXFDWLRQ LV WKDW HYHU\ JUDGXDW&RQ AFHHEWHHHIDO MRRR WG EF
2SHUDWH FRPSDGIG H®OHLQHHULQJ SURGXFWY SURFHVVHV DQ
WHEDVHG HQYLYRRPWORW WKLV GHILQLWLRQ LW LV QDWXUDO WI
HGXFDWLRQ SURJUDP ZLWK WKLV LQ IRFXV 7KH &',2 6\OODEXV |
DQG VNLOOV RI D JUDGXDWHG HQJLQEMU DQIGV WKN HW&', R 6W/DH
FRPSRQHQWY WKDW DUH FUXFLDO IRU GHVLJQLQJ DQG UXQQLQJ
WKH VWXGHQWY WR UHDFK WKH GHVQLNIISG QN QRZIOMHGIML \I'Q @ DWNR G
IRXU RULJLQDO SDUWLFLSDQWYVY LQ WKH &',2 ,QLWLDWLYH DQG
FRQFHQWUDWHG RQ WKH $SSOLHG SK\VLFV DQG HOHFWULFDO
IUDPHZRUN ZDV DSSOLHGJZOQWBRUGRIQRWKWKXFK DV (QJLQHHULQJ EL
OHFKDQLFDO HQXHMHHREWDPHZRUYNQRZDGD\V LQ ZLEHWIUKIDG XVH
IDFXOW\ Rl 6FLHQFH D QGQ(\Q|BLMHHIMNQIEBWLE )2 6\0O0ODEXV KDV EI
HIWHQGHG DQG DGDSWHG WR HQDEOH SURJUDPV LQ7KHJ QDWW
IUDPHZRUN KDV DOVR EHHQ GLVVHPLQDWHG RXWVLGH WKH WHF
VXFFHVVIXOOGHQLWKHRIUWKH %DFKHORUYV SURJUDP LQ ELRPHGLTF

0$67(576 7+(6,6 :25. 352&(66

5HIOH[ LV XVHG ERWK DW %DFKHORU DQG ODVWHU OHYHO EXW
ZKHUH WKH H[HFXWLRQ RI WKH WKHVLV ZRUN IROORZV WKH VW
EHORZ 7KLV UHSUHVHQWY WKH SURFHVV I\RDUWSKHR Y WDXFEH QAW U F
WKH WKHVLY ZRUN LV FDUULHG RXW GXULQJ WKH VSULQJ VHPHV'
UHIOHFWLRQ GRFXPHQW DQG 5HIOH[ DUH SUHVHQWHG LQ LWDOLI

'XULQJ WKH IDOO VHPHVWHU RI \HDU ILYH WKH VWXGHQW VW
WKHVLY ZRUN YLD GLVFXVVLRQV ZLWK HJ VXLWDEOH FRPS
WKH XQLYHUVLW\ :LWK WKH VXFFHVVIXO RXWFRPH RI WK
DVVLIQHG DQ H[DPLQHU DQG D VXSHUYLVRU DW WKH XQLYH
ZKHQ WKH ZRUN LV JRLQJ WR EH FDUULHG RXW LQ LQGXVWU
,Q WKH QH[W VW HBH WRHMRAW WAEKHHQWK HVLY ZRUN LQ WKH DGPL
IDGRN

$IWHU WKH VWXGHQW WK DWHKHE ROINBMW HOHHIGD XWRPDWLFDOO\ VF
HPDLO WR WKH VWXGHQW DVNLQJ WKH VWXGHQW WR YLD D
HIDPLQHU DQG WKH VSHFLDOL]YMMWIQL @ KHK M WHDEXH-QPW LRQ CE
$G G LW DRRRWDWNHLARBDMWHKGI WR/ XGHQW LV WDNHQ IURP /DGRN
7KH ILUVW WZR WR WKUHH ZHHNV RI WKH WKHVLV ZRUN DU
UHSRUW ZKLFK LQFOXGHV WKH SUREOHP IRUPXODWLRQ DQ
DQG D WLPH SODQ IRU WKH ZRUN 7KH GRFXPHQW LV LWHL
HDPLQHU DQG WKH DFWXDO ZRUN FDQ VWDUW

$IWHU URXJKO\ WHQ ZHHNV RI ZRUW WHKHIHRKIHIFW @ RHDWQH BAK R DA
SUHVHQWY KRZ WKH ZRUN KDV GHYHORSHG DQG KRZ ZHOO L
LV JLYHQ IURP ERWK WKH H[DPLQHU DQG WKH VXSHUYLVRUV

BURFHHGLQJWRIWHUHQDWLRQDO &'KRWRBEGHBHQFH
ORQDVK 8QLYHOERWUQH $XYWUDOLD
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7KH QRPLQDO WLPH IRU WKH W KHWDIWV HZGUMD WIL\R R L UW KBiD A
ZHHNV DQG BHMMY IURP ZKHQ WKH VWXGHQW UHJLVWHUHC
VHQGY DQ HPDLO WR WKH VWXGHQW VWDWLQJ WKDW D UHIO
WRJHWK B UWEZ QW KWV RE IVKHIGZ HREU P

$W WKH HQG WKH WKHVLV ZRUN LV SUHVHQWHG YLD D Z
SUHVHQWDWLRQ 7KH RUDO SUHVHQWDWLRQ LV IROORZHG E
VWXGHQW ZKHUH WKH WDVN LV WR GLVFXVV WKH ZRUN IURI
HJ DVVXPSWLRQV DQG OLPLWDWLRQV IRU WKH ZRUN $IWH!
FDUULHV RXW WKH ILQDO UHYLVLRQ RI WKH UHSRUW ZKLFK
XQLYHUVLW\ GDWDEDVH DQG E\ WKDW LV PDGH SXEOLFO\ DY
7R EH DEOH WR FRYHU WKH HQWLUH WKMVQVWARU N HWE H F W
GRFXPHQW DV WKH YHU\ OZRWS\W WHBVRI WHKH DMKHVLERWK SL
DQG RSSRVLWLRQ

2QFH WKHOHEWER®HQW KDV EMHKY N\BOHOMH[QHQGYV DQ HPDLC
WKH H[DFWDHK@W WKHUH LV D UHIOHFWLRQ GRFXPHQW WR
H[DPLQHU LV QRW WR HYDOXDWH WKH RSLQLRQV RI WKH VW
VWXGHQW KDV PDGH D VHULRXV DWWHPSW WR UHIOHFW X
YLHZSRLQWYV L7KHHU HFDP HLWKHU DSSURYH WKH GRFXPHQW
UHYLVLRQV EDVHG RQ FRPPHQWV WKDW DUH VHQW WR WKH
LV DSSGR¥KH H[DPLQHU FDQ JLYH VRPH ILQDQ G RRIPHRXUW M R
UHIOHFW R WIKRIQWHUI WKHUH LV VRPHWKLQJ LQ WKH ZRUNL
UHFRQVLGHUHG

7KH ILUVW ELJ DGYDQWDJH ZLWK 5HIOH[ LV WKDW WKH SURFHV
VHYHUDO VWHSV JHQHUDWHG DXWRPDWLFDOO\ DQG WKDW QR GR
7KH VHEFRQG ELJ DGYDQWDJH LV WKDW DOO DEOWHY DY WKDWH @
GRFXPHQWV FDQ EH ILOWHUHG DFFRUGLQJ WR HJ HGXFDW
GHSDUWPHQW 7ZR H[DPSOHV RI DQDO\VHV Rl UHIOHFWLRQ GRF
UHIOHFWLRQ GRFXPHQW LV PDQGDWRU\ WRWERW B ICRHFAWRR Y @R
WKH VWXGHQW KDV WKH SRVVLELOLW\ WR ILOO LQ D EULHI DQF
GHJUHH SURMHFW FRXUVH

86( &$6(6

7R LOOXVWUDWH KRZ WKH PDWHULDO FROOHFWHG LQ 5HIOH[ FD
7KH XVH FDVHV DUH WDNHQ |URRHDIRHRIJWEXHHELQIHWGEXEFWLRQ
JLQN|SLQJ 8QLYHUVLW\ 7KH SXUSRVH RI WK MW KN HVFHDWHW KD W
FROOHFWHG YLD 5HIOH[ FDQ EH DQDOWR® OFR WKHPPMWKD 0 O/\XBQ B\
PHDQW WR EH UHVHDUFK VWXGLHV FRQFHUQLQJ VWXGHQW VDW|
WRSLF IRU IXWXUH ZRUN

,QGXVWULDO (QJLQHHULQJ DQG ODQDJHPHQW

7KH ILUVW FDVH LVWHDBP, QGOH/ WIMHD O (QJLQHHULQJ DQG 0DQDJ
SURJUDP ZKLFK DQQXDOO\ DGPLWYV DSSUR[LPDWHO\ VWXGHQ!
GHYHORSPHQW WHDP FRQVLVWLQJ RI WHDFKHUWW OO\SBED2A]B G \
VWXGHQWVY UHIOHFWLRQV RQ WKH SURJUDP LQ JHQHUDO FROO
WKH $SSHQGL[ (DFK WHDP PHPEHU UHDG UDQGRPO\ DVVLJQHG
QRWHV RQ ZKDW VWXGHQWYV KLJKOIDIKWKEQ @ YDILHRKY WKHDN U7
DV D JURXS DQG FRPSLOHG D FROOHFWLYH WKHPDWLF DQDO\VL)
ILQGLQJV

BURFHHGLQJWRIWHUHQDWLRQDO &'KRWRBEGHBHQFH
ORQDVK 8QLYHOERWUQH $XYWUDOLD
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&RQWULEXWLRQ RI WKH 7KHVLVY :RUN WR (GXFDWLRQDO *RDOV

7TKH VWXGHQWYV H[SUHVVHG KLJK VDWLVIDFWLRQ ZLWK WKHLU
EHQHILWYV

x ,QFUHDVHG UHVSRQVLELOLW\ GXH WR OHVV LQVWUXFWLRQV

x $ELOLW\ WR VWUXFWXUH DQG VROYH SUREOHPV

x &ROODERUDWLRQ

x ,QWHUDFWLRQ ZLMSK WKWMLEQGXI/QVA DFDGHPLF NQ@RAUMHGIH W
SUREOMMWP WV DVH FRPSDQLHYV

x ,QGHSHQGHQW ZRUN

x ,PSURYHG FRPPXQLFDWLRQ VNLOOV LQ SUHVHQWLQJ WHFKQ

RUDOO\ DQG LQ ZULWLQJ
x $QDO\WLFDO WKLQNLQJ

6 XVWDLQDELOLW\ 3BHUVSHFWLYHV LQ (GXFDWLRQ

2SLQLRQV RQ VXVWDLQDELOLW\ LQWHJUDWLRQ DUH PL[HG

x 6RPH VWXGHQWY DSSUHFLDWH WKH LQFOXV1LRQ RI VXVWDLQ
6XVWDLQDEOH '"HYHQRSPHRWWRBAOMHOHYDQW SURILOHYV

x 2WKHUV [HHO WKH FRYHUDJH LV LQVXIILFLHQW DQG VXSHUIL

x 6RFLDO VXVWDLQDELOLW\ LV QRWDEO\ ODFNLQJ

x 2QH VXVWDGOAODEEPRMWAW/H LV UHFRJQL]JHG IRU LWV IRFXV RQ
GHYHORSPHQW

x 6RPH VWXGHQWY SHUFHLYH VXVWDLQDELOLW\ DV EHLQJ FRQC
FRXUVHV ZKLOH RWKHUV EHOLHYH LW FRQVWLWXWHYV RQO\
HGXFDWLRQ

6XJIJHVWHG ,PSURYHPHQWYV

5HFRQVLGHU WKH XVH RI $'$ DV D SURJUDPPLQJ ODQJXDJH
%DODQFH WHFKQLFDO DQG HFRQRPLF FUHGLWYV ZLWK PRUH
,QFUHDVH WKH XVH RI (QJOLVK LQ FRXUVHZRUN
6WUHQJIJWKHQ LQGXVWU\ FRQQHFWLRQV DQG SUDFWLFDO DS
'LVWULEXWH PDWKHPDWLFV FRXUVHV PRUH HYHQO\
THFKQLFDO IRFXV LQ DSSOLHG PDWKHPDWLFV
2ITHUNBI FK QOLUFDENDSSOLHG PDWKHPDWLFV

X X X X X X X

BUHSDUHGQHVYV IRU :RUNLQJ /LIH

6WXGHQWYV XQDQLPRRWWMSBDIHHD IRHOWKHLU FDUHHUV DQG DUH
HGXFDWLRQ

7KH WHDP DOVR H[SORUHG*3WKHQ XMRFELVO\L @) @KW UDZ GDWD

JHQHUDWHG UHVXOWV H[KLELWHG SDUWLDO DOLJQPHQW ZLWK W
GHHPHG HQWLUHO\ DFFXUDWH 1HYHUWKHOHVVLJIJWWHN \MHOP VBKIH
QR®, UHYLVLRQ DQG FRQILUPDWLRQV SHUWLQHQW WR WKH

HQKDQFHPHQWY 7KH VWXGHQWY DOVR XQGHUVFRUH WKH VLJQLI
E\ WKHLU WHDFKHUV UDWKHU WKDQ DQ $HMWG®RIRI®DI \RR MHIHGL B R MX IO)
IRU WKH WDVN 7KH\ DUWLFXODWHG D SUHIHUHQFH IRU D *UHDO"
7KH 5HIOH[ VI\VWHP KDV IDFLOLWDWHG WKH WHDPTV HQJDJHPHC
GHVLJQ DQG FRQWHQW RWWRHISWRRUZPVGEG® QGVFRPSUHKHQVLEC
WKH WHDP ZLOO FRQWLQXH XWLOLJLQJ 5HIOH[ IRU GHYHORSPF}

BURFHHGLQJWRIWHUHQDWLRQDO &'KRWRBEGHBHQFH
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UHYLVLRQ WKH WHDP ZLOO UHYLHZ DQRWKHU VHFWLRQ RI WK
SURJUHVV RI VNLOOV

OHFKDQLFDO (QJLQHHULQJ

7KH VHFRQG FDVH VWXG\ H[DPLQHV UHIOHFWLRQ GRFXPHQWYV ZU|
\HDU HQJLQHHULQJ SURJUDP LQ OHFKDQLFDO (QJLQHHULQJ Z}
VWXGHQWY DQQXDOO\ DQG WKH OHFKDQLFDO (QJL @HHRX.IGE 0DV
VWXGHQWY HDFK \HDU 'XULQJ WKH VDPH SHULRG SOIMWXKMPILUV\
GHYHORSPHIRW WHKBPOHFKDQLFDO (QJLQHHULQJ SURJUDPV FRQG
NH\ TXHVWLRQV UHODWHG WR WKH WKHVLV SURFHVV QDPHO\
FRPSOHWLQJ WKH GHJUHH SURMHFW ZLWKLQ /LQN|SLQJ 8QLYHU\
FRHUSRQG WR ZHMWHNHRIRIXK®O+RZ ZHOO GRWVP H ZHRHUNV FRIUIXIODS R
WR WKH WLPH \RX KDYH XVHG" "KDW DVSHFW RI \RXU ODVWH
VDWLVIDFWLRQ FRQVLGHULQJ ERWK WKH UHV X0 &RD®IG |W K H CGHYIOF
JLYHQ WKH RSSRUWXQLW\ WR UHSHDW WKH GHJUHH SURMHFW" %
WHDPJV DQDO\VLV Rl WKH VWXGHQWVY UHIOHFWLRQV ZHUH

:KDW DUH WKH VWXGHQWY SHUFHSWLRQV RI WKH WKHVL
LPSURYHPHQW FDQ EH LGHQWLILHG"

&DQ DQDO\WLFDO WRROV EH XWLOL]J]HG WR IDFLOLWDWH WKF
KRZ VKRB @OSSOLHG"

(DUO\ LQ WKH BHUFROARHY WOMEDW PDQXDOO\ UHDGLQJ DOO WKKO-DUHIOF
HDFK \HHY HRIWRJUDP PDQDJHG E\ WKWRWRH PR QRXPIQEHSYV D UHVX
D SDUDOOHO TXHVWLRQ HPHUJHG UHJDUGLQJ WKH SRWHGAWLDO X
TXHVWLRQ PERYWHDP PHPEHU FRQGXFWHG WKH DQDO\VLV XV
PDQXDOO\ ZLWK WKH?DDGTRDARBWYORNLYH DQDO\VLV VRIWZDUH |
UHVHBUFRKXG DXWRPDWLFDOO\ XVLQJ .DKIXEKLBPR ® GWHCAW BTG BRW R
7KH UHVXOWYV RI WKH DXWRPDWHG DQDO\VHV ZHUH FRPSDUHG Z
WKHLU DFFXUDF\ DQMGR DOHWRIRFPQYH ZKHWKHU WKHVH WRROV F
VI\VWHPDWLF DQDO\VLV LQ IXWXUH HYDOXDWLRQV

7KH bQDO\VLY UHYHDOHG WKDW VWXGHQWY DUH JHQHUDOO\ YHI
QR VLIQLILFDQW V\VWHPDWLF LVVXHV ZHUH LGHQWLILHG LQ HLW
UDLVHG ZHUH SULPDULO\ VSHFLILF FDVHVY DMXRKQ DRD GQY RWD (ZFRHNM
HITHFWLYHO\ RU ZKHUH WKH DVVLIJQPHQW IURP RU LQWHUDFV
SUREOHPDWLF 7KURXJK WKH VWXGHQWY UHIOHFWLRQV RQ ZKDV
WLPH PDQDJHPHQW DQG PHWKRG VHOH¥MILRQEZHARI LL]GKEQ W K DLW
LQIRUPDWLRQ LV YDOXDEOH WR VKDUH ZLWK WKRVH VXSHUYLVLC(
WKH DQDO\WVLV QRW RQO\ EHQHILW WKH SURJUDP GHYHORSPHQ
LQVLIKWYV IRU WKH LQVWURRWRDNRUQVPREYVPNGIRELQFSURYHPHQW
SUREOHPYVY ZHUH LGHQWLILHG WKH WHDP FRQFOXGHG WKDW WK
DQDO\WVHV 7KLV EDVHOLQH ZLOO HQDEOH FRPSDULVRQV RYHU W
UHPDLQ VWDEOH

JROORZLQJ WKH DQDO\VLV &KDW*37 ZDV GHHPHG WKH PRVW \V
DQDO\WLFDO ZRUN FRPSDUHG WR 19LYR DQG .DKXEL +RZHYHU

HITHFWLYH SURPSW LV FUXFLDO SDUWLFXODXEK BQH FDISVY ZB&H WR
WKH SURFHVV KDG QRW IXQFWLRQHG ZHOO 7KLV LV LPSRUWDQV
FRQFOXVLRQV WHQGLQJ WR EH RYHUO\ SRVLWLYH ZKHQ PRVW U!

BURFHHGLQJWRIWHUHQDWLRQDO &'KRWRBEGHBHQFH
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OLPLWDWLRQ WKH WHDP HPSKDVL]HG WKH LPSRUWDQFH RI FRPS
VDPSOLQJ DQG D WKRURXJK UHYLHZ RI VHOHFWHG UHIOHFWLRQ
DQG UHOLDEOH DVVHVVPHQW 'XULQJ WHDP GLVBXYWW@MHPLW
VLIQLILFDQWO\ VLPSOLILHG WKH SURFHVV RI FROOHFWLQJ DO
ORFDWLRQ PDNLQJ WKHP DFFHVVLEOH WR D ZLGHU UDQJH RI
IDFLOLWDWHG WKH DJJUHJDWLRQ DQGIIHHWWO AWIGRYLBIXDQ I BUMR
HQDEOLQJ V\VWHPDWLF DQDO\VLV RI KRZ HDFK SURJUDPYTV VWX
7KLYV LQWHJUDWLRQ RI WRROV DQG PHWKRGYV KDV HQKDQFHG WK
DUHDV IRU LPSURYHPHQW LICF DHOWURXPQYQXHUHB G DQG HII

6800%5<

‘ULWLQJ D UHIOHFWLRQ GRFXPHQW LV D PDQGDWRU\ ODVW VWH
ZLWKLQ WKH )DFXOW\ RI 6FLHQFH DQG (QJLQH HWL\MHGDW VWGIR|S L
QDPHG 5HIOH[ IRU PDQDJLQJ UHIOHFWLRQ GRRAXPKRDWW RKDWLG E F
FRQQHFWLRQV WR WKH &',2 IUDPHZRUN YLD &',2 6WDQGDUG
DGGLWLRQ WKH UHIOHFWLRQ GRFXPHQW LV EDVHG RQ WKH &
GRFXPHQW LV D PDQGDWRU\ SDUW RI WKH W KHVWLDVWR UNK WK\ MWH
HQDEOHV YDULRXV W\SHV Rl DQDO\VHY DERXW WKH VWXGHQWVT
SURJUDP DQG WZR FDVH VWXGLHV KDYH EHHQ SUHVHQWHG ,Q W
DQG DQDO\WLWRRQQIKP,YH EHHQ XVHG

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

7KH DXWKRU V UHFHLYHG QR ILQDQFLDO VXSSRUW IRU WKLV ZR|

5(0)(5(1&(6

$QGHUVHQ ( 6 6FKZHQANMHRMHNWHQ EFHIOHGQLQJ | |&MAXEX@KDL MW HU D\
&',2 QLWLDWLYH '"HFHPEHU SHWULHYHG IURP KWWS ZZZ FGLR
&',2 6\OODEXV '"HFHPEHU 5HWULHYHG IURP KWWS ZZZ FGLR RLU
&',2 6WDQGDUGYV '"HFHPEHU SHWULHYHG IURP KWWS ZZZ FGLR
&RVJURYH 7 275HLOO\ - 7KHRU\ SUDFWLFH DQG UHIOH[LYLW\
BURFHHGLQJV RI WKH WK ,QWHUQDWLRQDO &',2 &RQIHUHQFH $DUKXV
&KHDKO06 &RQWLQXDO LPSURYHPHQW LQ &',2 (QKDQFLQJ IDEXOW\ F
SUDFWLFH WK ,QWHUQDWLRQDO &',2 &RQIHUHQFH 5H\NMDYLN ,FHOD
&UDZOH\ ( 7KH &',2 6\OODEXV $ VWDWHPHQW RI JRDOV IRU XQGH!
HGXFDWLRQ 0,7 5HSRUW

&UDZOH\ ( ODOPTYLVW - gVWOXQG 6 %URGHXU (GVWU|P .
(GXFDWLRQ 7KH &',2 $SSURDFK 6SULQJHU QG HGLWLRQ

*LEEV * +DEHVKDZ 7 3UHSDULQJ WR WHDFK $Q LQWURGXFWLR
HGXFDWLRQ 7HFKQLFDO DQG (GXFDWLRQDO 6HUYLFHV /WG

-XQDLG 6 *RUPDQ 3& /HVOLH / - 'HYHORSLQJ ORJERRN NHHS
WKURXJK &',2 SURMHFWV 3URFHHGLQJV RI WKH WK ,QWHUQDWLRQDO
.ROE ' $ ([SHULHQWLDO /HDUQLQJ ([SHULHQFH DV WKH 6RXUFH |
BUHQWLFH +DOO

Iz 0 $WW OHGD RFK D(QEBWDNWIYRMINNGERN RP/DBHW O\FNDV L S
(NRQRPL

BURFHHGLQJWRIWHUHQDWLRQDO &'KRWRBEGHBHQFH
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6YDOQWKPQDUVIMRAURIHVVRU LQ $XWRPDWLF &RQWURO BIW /LQN|S
PDLQ UHVHDUFK LQWHUHVWY DUH PRGHOOLQJ V\VWHP LGHQWLIL
WKH &',2 FRRUGLQDWRU ZLWKLQ WKH )DFXOW\ RI (QJLQHHULQJ I
+H VHUYHG DV &KDLU RI WKH 2UJDQL]ILQDBWRROW® HH, R I&R & HH UG

+HOHQD +HUEHWWN@RRU /HFWXUHU LQ &KHPLVWU\ DQG $VVLVWE
6FLHQFH DQG (QJLQHHULQJ DW /LQN|SLQJ 8QLYHUVLW\ 6ZHGHQ
IRFXVHG RQ HGXFDWLRQ DW XQGHUJUDGXDWH DQG ODVWHU OHY!

$QGHUV (NNIMQDH)DFXOW\ 3URJUDP 'LUHFWRU LQ 'HDQTV RIILFH DW
(QIJILQHHULQJ DW /LQN|SLQJ 8QLYHUVLW\ 6ZHGHQ O6F LQ OHFKD
RI HISHULHQFH LQ YDULRXV SRVLWLRQV ZLWKLQ GLIIHUHQW PDQ

ODOLQ :LWVH®K' LQ /RILVWLF ODQDIJHPHQW ZLWK D UHVHDUFK IRFX
SDWLHQWWOR@N|SLQJ 8QLYHBKHW\ ZKIIKIHFQDLU RI RQH RI WKH S
DW WKH )DFXOW\ RI 6FLHQFH DQG (QJLQHHULQJ UHVSRQVLEOH
ZKLFK LQFOXGH WZR ODVWHU RI HQJLQHHULQJ SURJUDPV DV Z
SURJUDPV

O0DJGDOHQD &MRMHDGW D 3K' LQ 4XDOLW\ 7THFKQRORJ\ DQG LV DQ
/JLQN|SLQJ 8QLYHUVLAWMHBHEKPDQ @Y UNYMWPWILRQDO GHYHORSPHQ
DQG WDPSHULQJ LQ SDUWLFXODU 6KH LV WKH YLFH FKDLU RI
HQJLQHHULQJ DQG 'HVLJQ DW WKH )DFXOW\ Rl 6FLHQFH DQG (Q.
ODVWHU SURILOH LQ 4XDOQWHR 0 DPRXCDIW PS@W HQYHQHHULQJ SURJU
S8QLYHUVLW\

&RUUHVSRQGLQJ DXWKRU

6YDQWH *XQOMINVYWROHQW |
(OHFULFDO (QJLQHHULQJ /@@@
JLQN|SLQJ 6ZHGHQ 7" BY NC ND
VYDQWH JXQQDUVVRQ#OLX
7KLV ZRUN LV OLFEQNHBW® X

&RPPRQV $WW RQRRPPRIQ FL
1R'"HULYDWLYHV L, QWHUQ

BURFHHGLQJWRIWHUHQDWLRQDO &'KRWRBEGHBHQFH
ORQDVK 8QLYHOERWUQH $XYWUDOLD
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$33(1',;
7KH VLIQLILFDQFH RI NQRZOHGJH RI WKH VXEMHFW IRU WKH H[H]

7R ZKDW H[WHQW KDV WKH NQRZOHGJH RI WKH VXEMHFW \RX KDY
WKH SURJUDPPH EHHQ VXIILFLHQW IRU WKH H[HFXWLRQ RI WKH C

:KDW QHZ NQRZOHGJH KDV LW EHHQ QHFHVVDU\ WR DFTXLUH LQ R

7R ZKDW H[WHQW KDYH WKH GHJUHH SURMHFW DQG WKH VWX(
DSSURDFK LQ WKH GHJUHH SURMHFW"

7KH VLIJQLILFDQFH RI \RXU SHUVRQDO DQG SURIHVVLRQDO VNLO
WDNHQ IRU WKH HI[HFXWLRQ RI WKH GHJUHH SURMHFW

7R ZKDW H[WHQW KDYH WKH FRXUVHV JLYHQ LQ WKH SURJUDP
SUREOHPVY DQG WDNH WKH LQLWLDWLYH" 7R ZKDW H[WHQW KD\
UHVSRQVLELOLW\ DV UHTXLUHG E\ WKH GHJUHH SURMHFW"

7R ZKDW H[WHQW KDYH WKH FRXUVHV JLYHQ LQ WKH SURJUDPPI
HWKLFDO DVVHVVPHQWY ZLWKLQ HQJLQHHULQJ WKDW WKH GHJU

7R ZKDW H[WHQW KDV WKH ZRUN LQYROYHG H[SHULPHQWDWLI
LQYHVWLIJDWLYH DFWLYLWLHV"

:KDW UHVRXUFHV KDYH \RX XVHG WR ILQG WKH OLWHUDWXUH UH

+RZ PXFK WLPH GLG \RX GHYRWH WR SODQQLQJ WKH ZRUN DQG |
HIHFXWLRQ RI WKH GHJUHH SURMHFW" +RZ PXFK ZLD\GUWKHHZODQ
KHOS \RX LQ WKH H[HFXWLRQ"

7KH VLIQLILFDQFH RI ZRUNLQJ LQ D JURXS DQG FRPPXQLFDWLRQ

I WKH GHJUHH SURMHFW KDV EHHQ FDUULHG RXW WRJHWKHU Z
EHHQ GLYLGHG EHWZHHQ \RX DQG KRZ KDV FROODERUDWLRQ ZR

7R ZKDW GHJUHH KDV WKH ZRUN EHHQ FDUULHG RXW LQGHSHQGH

:KDW KDV EHHQ HDVLHVW DQG ZKDW KDV EHHQ PRVW FKDOOHQJL
GHJUHH SURMHFW DQG ZKHQ SUHSDULQJ DQG JLYLQJ WKH RUDO

7R ZKDW H[WHQW KDYH \RXU ODQJXDJH VNLOOV LQ (QJOLVK RU |

7R ZKDW H[WHQW KDYH WKH FRXUVHV RI WKH SURJUDPPH JLYF}
QHFHVVDU\ WR H[DPLQH DQG FRPPHQW RQ WKH ZRUN RI VRPHRQI

BURFHHGLQJWRIWHUHQDWLRQDO &'KRWRBEGHBHQFH
ORQDVK 8QLYHOERWUQH $XYWUDOLD
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7KH GHJUHH SURMHFW IURP DQ HOSQQBBUQV SGHHYXISGIR SR GW UHI
DQG RSHUDWLRQ RI WHFKQLFDO VI\VWHPV WDNLQJ LQWR DFFRXQ
DQG GHPDQGYV

7R ZKDW H[WHQW KDV LW EHHQ QDWXUDO IRU \RX WR SODFH WK|
VRFLHWDO FRQWH[W LQFOXGLQJ HQYLURQPHQWDO DQG RWKHU |

&DQ \RXU GHJUHH SURMHFW EH VHHQ DV SDUW RI WKH GHYHO
VA\VWHPV" || VR LQ ZKDW ZD\"

7KH GHJUHH SURMHFW SURFHVV

+RZ KDV WKH FRPSOHWH SURFHVV RI FRPSOHWLQJ WKH GHJUHH
WKH VWHSV RI ILQGLQJ D WRSLF IRU WKH GHJUHH SURMHFW KD
DVVLIQHG WR WKH GHJUHH SURMHFW ZULWIRH BEHUFYDREILQJ
VXEPLVVLRQ DQG RSSRVLWLRQ

$ GHJUHH SURMHFW LV WR FAHHNW RRQOEBBWRUN +RZ ZHOO GRH
FRUUHVSRQG WR WKH WLPH \RX KDYH XVHG"

:KDW DVSHFW RI \RXU GHJUHH SURMHFW JLYHV \RX WKH JUHDWH
UHVXOW DQG WKH H[HFXWLRQ"

:KDW ZRXOG \RX GR GLIITHUHQWO\ JLYHQ WKH RSSRUWXQLW\ WR
6 XPPDU\

,Q ZKDW zD\ KDV WKH GHJUHH SURMHFW FRQWULEXWHG WR VD\
VWXG\ SURJUDPPH"

+RZ KDV VXVWDLQDELOLW\ EHHQ DGGUHVVHG LQ \RXU HGXFDWLF

, I \RX KDYH DQ\ VXJIJHVWLRQV DERXW KRZ WKH VWXG\ SURJUD
GHVFULEH WKHVH

7R ZKDW H[WHQW GR \RX IHHO UHDG\ WR HPEDUN RQ D FDUHHU"

BURFHHGLQJWRIWHUHQDWLRQDO &'KRWRBEGHBHQFH
ORQDVK 8QLYHOERWUQH $XYWUDOLD
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&KHZLQ &+,$
6FKRRO Rl (OHFWULFDO (OHFWURQLF (QJLQHHULQJ 6LQ
BLORK &+($+

'"HSDUWPHQW RI (GXFDWLRQDO '"HYHORSPHQW 6LQJDSRL

$%675%$&7

7KLV SDSHU KLJKOLJKWV WKH QHHG WR GHHSHQ NH\ VXVWDLQ
ZLWKLQ OBRPBLOLF FRXUVHV ,W H[SORUHV WKH LQWHJUDWLRQ |
'LSORPD LQ (OHFWULFDO DQG (OHFWURQLFV (QQLQOWHHJRQPPRQ@ F
&RUH &XUULFXOXP &&& DQG WKH &RQFHLYH 'HVLJQ ,PSOHPHC
DOUHDG\ LQ SODFH 7KH LQWHJUDWLRQ LV JXLGHG E\ D IOH[LEC
3RO\WHFKQLF 63 ZKLFK RXWOLQHV HLJKW VNH\VWWRYD LWQPEQ DI
IXWXUHV WKLQNLQJ YDOXHV WKLQNLQJ VWUDWHILF WKLQ
LPSOHPHQWDWLRQ DQG NVNRWMIQDWRIGL\S URESHP H[SODLQV WK
EHJLQQLQJ ZLWK LGHQWLI\LQJ WKH H[EVMLRIVHNIE T W @QLE WIURG
HQKDQFLQJ WKHVH FRPSHWHQFLH YV SHP KLR PRAXNIHO HD G RPOH. @
"((( FRXUVH VWUXFWXUH DGYDQFLQJ IURP IRXQGDWLRQDO Wi
GHPRQVWUDWHY KRZ WKHVH VXVW COLSOELHOG W Q FRUPTSFHWLHFGIF LYWL
VWXG\ EDVHG RQ WKH &',2 SURMHFW LQ D <HDU PRGXOH OLFU]|
JLUVW LW VKDUHV WKH UHVXOWV RI D JDS DQDO\VLV RQ DOO <
OHDUQLQJ 0$33 1H[W LWHGCRRPSWWBWHARVHKRIUW FRQWH[WXDOL
WKURXJKRXW WKH &',2 SURMHFW SKDVHV ,W WKHQ RXWOLQH
FRPSHWHQFLHY FDQ EH DFKLHYHG LQ <HDU XVLQJ D OLIHF\FOH |
6SHFLDOL]DWLRQ WURFPNW JKQVWKIBQMRMWKH FRXUVH V DOLJQPHC
HGXFDWLRQ JRDOV DQG GHPRQVWUDWHY KRZ WKH DSSURDFK IUJ
LV XVHG WR GHHSHQ QHFHVVDU\ VXVWDLQDELOLW\ FRPSHWHQFL

(<:25'6

6XVWDLQDEOH '"HYHORSPHQW &RPPRQ &RUH .H\ 6XVWDLQDELOL
6WDQGDUGYV

127( 6LQJDSRUH 3RO\WHFKQLF XVHV WKH ZRUG uFRXUVHVY WR GHVFULEH LW
'LSORPD LQ &KHPLFDO (QJLQHHULQJ FRQVLVWYV Rl PDQ\ VXEMHFWV WKDW DUH
FRQWH[WV DUH RIWHQ FADHOOICAKGE QUF RXDGHIWPILLF LV NQRZQ DV D pnOHFWXUHUYT ZKL
HIDFXOW\T LQ WKH XQLYHUVLWLHV

BURFHHGLQJWRIWHUHQDWLRQDO &'KRWRBEGHBHQFH
ORQDVK 8QLYHOERWUQH $XYWUDOLD
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6LQFH WKH 6FKRRO Rl (OHFWULFDO DQG (OHFWURQLFV (Q
3RO\WHFKQLF 63 KDV GHV\UHDW G DSIDR ROV \F RXKKWHIN DFFRUGLQJ
&RQFHHYMIJOSOHPHSHWDWH IUDPHZRUN $SSO\LQJ WKH &',2 DSS
6((( WR EOHQG WHFKQLFDO H[SHUWLVH ZLWK SUDFWLFDO VNLO
PDQDJH ZRIWD®G SURMHFWY DQG SURGXFWV 2Q WRS RI WKH WHFK
UDQJH RWBRKQLFDO TXDOLWLHV VXFK DV RHWWK LGFIDI @ QRY.E R 6 D UKL
LV YLWDO IRU HQJLQHHULQJ SURIHVVLRQDOV :LWK WKH LQWHJ
FXUULFXOXP 6((( JUDGXDWHV DUH HTXLSSHG WR EHFRPH PRUH
DGDSW FROODERUDWH DQGVWR @R WIKE XQGX K MWRQ LDQIGXDRR L HW\

7KURXJKRXW WKH \HDUV 6((( KDV UHJXODUO\ UHYLVH LWV FXUUI
DGKHUH WR UHJXODWRU\ JXLGHOLQHV DQG HPHUJLQJ LQGXVWU
IDVWKDQJLQJ ZRUOG 2QH VLJQLILFDQW XS GiD®/3H &ZRPWP RWX K RNV U
&XUULFXOXP &&& ,W FRQVLVWV RI WHQ &RPPRQ &RUH && PRG)
KXPDQ DELOLWLHVY FRQWH[WXDOL]JHG XVLQJ VHOHFWHG 8QLWHG
81 6'*V DV OHDUQLQJ FRQWH[WV L® ZDV&KHDK HWWURGXFH®D
EHFDPH IXOO\ LPSOHPHQWHG DFURVV DOO 63 GLSORPD FRXUVHYV
LQ %\ WDNLQJ WKHVH WHQ && PRGXOHV 63 VWXGHQWYV GHY
DQG FRPSHWHQFLHV +RZHYHELWEWMVRWDWDBORWM PZIWRGD\TV FRP
FKDOOHQJHV )RU H[DPSOH WKH OHDG DXWKRUYV H[SHULHQI
GHFDUERQL]DWLRQ SURMHFW GHPRQVWUDWHG WKDW WHDP PHI
VXIILFLHQW FRPPRQ XQGHIDBULDQWLGRRF VSWWDH J JUHHQKRXV}
FDUERQ HPLVVLRQV DQG UHSRUWLQJ VWDQGDUGYV WR HIIHFWLY
DGGUHVVLQJ FHUWDLQ FKDOOHQJHV VXFK DV IRRG ZDVWH PDQI
H[SHUWLVHWKQJKWKBKLPSRUWDQFH RI LQWHUGLVFLSOLQDU\ NQR:
FRPSOH[ VXVWDLQDELOLW\ LVVXHV

&KHDK HW DO VXJIJHVWHG D JHQHULF DSSURDFK IRU LQWHJI
FRXUVHV EDVHG RQ WKH &',2 IUDPHZRUN <DQJ &KHDK :RQJ

RQ KRZ WR RSHUDWLRQDOL]H WKH VXJJHVWHG DSGWRDBER VELQIQ\
VXVWDLQDELOLW\ PLQGVHW LQWR WKH FXUULFXOXP WDNLQJ LGQ
WKH && PRGXOHV ZLWK WKH 816'*V DV OHDUQLQJ FRQWHI[W
FRPSHWHQFLHV JXLGHG E\ WKH &',2 V\0 O D BAXKHDIEEM \STLSHUW Q D
DLPV WR IRFXV RQ GHHSHQLQJ WKH NH\ VXVWDLQDELOLW\ FRPSH
'LSORPD LQ (OHFWULFDO DQG (OHFWURQLFV (QJLQHHULQJ "(((
HQVXUHV WKDW '((( VWXGHQWY DUH HTXLESHELG ZWW K QRIGBBKE B W
XQGHUVWDQGLQJ 81 6'*V NH\ FRPSHWHQFLHY DQG GRPDLQ VSHF
VXVWDLQDELOLW\ PLQGVHW WKDW SUHSDUHV WKHP LQ DGGUHVYV
ZLWKLQ WKHLU ILHDI® LQ DQ HIIHFWLYH
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7R VXSSRUW 63V LQVWLWXWLRQDO JRDOV R IWHHQ KIDBQPFHORIUM X V
GHYHORSHG E\ &KHDK HW DO DOORZV HDFK GLSORPD FRXU
FRPSHWHQFLHVY WDLORUHGWDR H&/ R Y $HFRAFUHKGVWM[WH OLWHUL
DQDO\VLV RI H[ILVWLQJ VWXGLHV LQFOXGLQJ WKRVH E\ 81(6&2

NH\ VXVWDLQDELOLW\ FRPSHWHQFLHV QDPHO\ VIVWHPV WKLQNL
VWUDWHJILF WKSIQWLRQDQQWE W OHPHHDWRIMDIOR QLPBQG LQWHJUDW
VROYLQJ 7KH GHILQLWLRQV IRU WKHVH FRPSHWHQFLHV WDNH:

BURFHHGLQJWRIWHUHQDWLRQDO &'KRWRBEGHBHQFH
ORQDVK 8QLYHOERWUQH $XYWUDOLD



SURYLGHG LQ 7DEOH
FROODERUDWLYH FRPSHWHQFLHY DUH VDPH DV
FRPSHWHQFLHY UHVSHFWLYHO\
DZDUHQHVYVY LV DOVR DOLJQHG ZLWK WKH 81(6&2

7TDEOH

L

,Q WHUPV RQ WHUPLQRORJ\

$OVR

6KRUW GHILQLWLRQV RI WKH NH\ FRPSHWHQFLHV LQ VX

.HA
&RPSHWHOQH

"HILQLWLRQV

6\WWHP 7KL
&RPSHWHQF

$ELOLW\ WR DSSO\ PRGHOLQJ DQG FRPSOH[ DQDO\WLFDO DSS
WR DQDO\]H FRPSOH[ VI\VWHPV DQG VXVWDLQDELOLW\ SURE
VRFLDO HFRQRPLF DQG DFURVV GLIIHUHQW VFDOHV ORFDO
IHHGEDFN ORRSV DQG RWKHU V\VWHP G\QDPLFYV
WR DQDO\]H WKH LPSDFWV RI VXVWDLQDELOLW\ DFWLRQ SO
FKDQJH VA\VWHPV DQG SUREOHPV

JXWXUHV 7K
$QWLFLSD
&RPSHWHQH

$ELOLW\ WR FDUU\ RXW RU FRQVWUXFW VLPXODWLRQV IRUHH
WR DQWLFLSDWH IXWXUH VWDWHY DQG G\QDPLFV RI FRPSO
WR DQWLFLSDWH KRZ VXVWDLQDELOLW\ DFWLRQ SODQV VW
LPSOHPHQWHG

9DOXHV 7KL
1IRUPDWLY
&RPSHWHQH

$ELOLW\ WR LGHQWLI\ PDS VSHFLI\ QHJRWLDWH DQG DSSO\
WR DVVHVV WKH VXVWDLQDELOLW\ RI FXUUHQW DQG RU IXW
WR FRQVWUXFW VXVWDLQDELOLW\ YLVLRQV IRU WKHVH V\V
WR DVVHVV WKH VXVWDLQDELOLW\ RI DFWLRQ SODQV VWUI

6WUDWHJILH
&RPSHWHOQH

$ELOLW\ WR FRQVWUXFW DQG WHVW YLDEOH VWUDWHJILHV D
WUDQVIRUPDWLRQV WRZDUG VXVWDLQDELOLW\

,QWHUSHUYV|
&ROODERU
&RPSHWHQHF

SELOLW\
WR FROODERUDWH VEBENHAVSYOXLMGDRI @QQARODO WHDPV DQG
WR LQYROYH GLYHUVH VWDNHKROGHUV LQ PHDQLQJIXO DQ
WUDQVIRUPDWLRQV

,QWUDSHUYV|
&RPSHWHQHF

$ELOLW\ WR DYRLG SHUVRQDO KHDOWK FKDOOHQJHV DQG EXJ|
WKURXJK URVILEGOMIFERUVH OZDUHQHVUWJIX@® WHRQ®

,PSOHPHQW,
&RPSHWHOQHF

$SELOLW\ WR SXW VXVWDLQDELOLW\ VWUDWHJLHVY DFWLRQ SO
WUDQVIHU DQG VFDOLQJ LQ HIIHFWLYH DQG HIILFLHQW ZD\V

SUREQ/HRY L
&RPSHWHQH

$ELOLW\ WR DSSO\ FRROME®/L B SRHREOHPY WR FRPSOH[ VXVW
WR GHYHORS YLDEOH VXVWDLQDELOLW\ VWUDWHILHV DFW
VXFFHVVIXOO\ LPSOHPHQW WKHPFOW. OBRTODPERUDWLYH DQG

LW LV QRWH;
IXWXUHV WKLQN
LQWUPSHVVRIYDUHBRPS
NH\ VXVWL

352*5(66,9( ,17(*5%$7,21 2) &203(7(1&,(6 $&5266 7+( &855,&8/80
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,Q 6((( DOO WKPW&USBGRPD FRXUVHYVY DUH GHVLIJQHG ZLWK D VW
JXLGHVY VWXGHQWYV IURP IRXQGDWLRQDO OHDUQLQJ WR VSHFLDO
RI WKH &',2 ITUDPHZRUN WKLV VWUXFWXUHG DBSURRKEKPXMBRG ¢
HQVXUHV WKDW VWXGHQWY QRW RQO\ JDLQ GRPDLQ NQRZOHGJH
SUDFWLFDO HQJLQHHULQJ H[SHULHQFH DQG QHFHVVDU\ DWWLW
SURYLGH VWXGHQWYV ZLWK WKH U0 H]HBUWIVPI WR S Q N R GHODGHIH W LV
VWDUWLQJ I[URP WKKHVAHfRWQLG XKWXP FRQVLVWY RI PDQGDWRU\ GRI
DV ZHOO DV HOHFWLYHV ZLWK PDQGDWRU\ FRXUVHV UHSUHVHC
FLUFOH V\PEROV DV VKRZQ LQ )LJXUH

J)LIXUH +RZ GR6EDWMHG VNLOOV FRUH FRPSHWHQFLHYVY DQG &',2

EXLOW DFURVYVY <HDUV 'LSORPDV LQ 6(((

BURFHHGLQJWRIWHUHQDWLRQDO &'KRWRBEGHBHQFH
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7KH WHQ && PRGXOHV DUH VWUDWHJLFDOO\ LQWURGXFHG DFURYV
QHHGV RI HDFK GLSORPD XVLQJ VHOHFWHG 81 6'*V DV OHDUQL
URXQGHG JUDGXDOSGH YWHIOHRR SREBQWPD FRXUVHV LQ 6((( DUH RUJ
<HDU DQRG <HDU DV IROORZV

<HDU %XLOGLQJ )RXQGDWLRQDO &RPSHWHQFLHV LQ 6(((

,Q <HDU DOO 6((( VWXGHQWY FRPSOHWH PRGXOHV WKDW HVW
FRPSHWHQFLHV WHKQRGR®BRWRIEXOHY PDWKHPDWLFV DQG LQWUF
VSHFLILF PRGXOHV $PRQJ WKHVH VWXGHQWY XQGHUWDNH VHY
ILQDO URZ LQ 7DEOH WKDW HPSKDVL]H WUDQVIHUDEOH VNLOO\
FRQWH[W )RU HJKMS @& PREBAQMLQJ &ULWLFDOO\ DERSW WKH 8
VWXGHQWY DUH LQWURGXFHG WR WKH 6'*V DQG GHYHORS FULV
GLYHUVH SHUVSHFWLYHV DQG DVVHVVLQJ LQIRUPEWVRG FUHG
PRGXOHVQWUNRGXFWLRQ WR 3URWXIBHRLWVY XYH $UGXLQR WR FUH
ZLWK VLPSOH LQSXW RXWSXWQ®&HWRIGHHAW LRLP VDR U@QJLQGHULQJ
VWXGHQWY DSSO\ WKHRUHWLFDO FRQFHSW3ULOQFR SRXYGDWORG IV
(OHFWURQLF (RQGIHWDIOQJIO HMKBIRQLFWRMHFW ZRUN JDLQLQJ E
VNLOOV WKURXJK WDVNV VXFK DV VLPSOH FLUFXLW FRQVWUXFW

<HDU '"HHSHQLQJ &RPSHWHQFLHV &',2 6NLOOV DQG 7THFKQLFDO

,Q <HDU DOO 6((( VWXGHQWYV ZLOO WDNH DRIRWIKHBPLW DR GW PRG
DQG LWV LPIDFGXVHPLQDEOH ,QQRYDW LR BEER\E BGWX G6,Q W V

FROODERUDWH LQ PXOWLGLVFLSOLQDU\ WH RRN DG WRGVFKD O @ HIX
VWUHQJWKHQLQJ WKHLU LQWHUSHUVRQDO FRPSHWHQF\ DQG &', 2
7KH\ ZLOO DOVR SURJUHVV WR VPRUF.M BROEPH® L\NGFERDWE §7 K HR U\
DQG $QDOWMBLORUHG WR WKUHLKW WHEBNFW,LY H (RRIARFGRORQWURB O}
$SSOLFDWLRQWUWEBI HQKDQFH VWXGHQWYV &',2 DEVEDWLBAY DQC
FRPSHWHQFLHVY DV VWXGHQWY DUH UHTXLUHG WR V\QWKHVL]H

DSSO\ WKHVH VNLOOV SUHSDULQJ WKHP IRU LQFUHDVLQJO\ FRPE
ORUH DGYDQFHG VNLOOV DQG DWWLWXGHVY GHYHORS LQFOXGH
SUREWRPYLQJ VNLOOV 6WXGHQWY DOVR KDYH WKH IOHJIELOLW)
WKHP WR WDLORU WKHLU OHDUQLQJ H[SHULHQFH VWDUWLQJ IUF

<HDU ,QGXVWU\ LQWHUQVKLS DQG 6SHFLDOL]DWLRQ 7UDFNV L

,Q <HDU DOO 6((( VWXGHQWY GHGLFDWH RQH KRPHAHNHSIH WIRD I0Q
SURMHFWY SURYLGLQJ RSSRUWXQLWLHY WR DSSO\ WKH FRPSHW
LQ UHDWOG FRQWH[WV 7KHVH H[SHULHQFHWYHH[SRY S U M & XM DE
FKDOOHQJHV IRVWHULQJ FULWLFDO WKLQNLQJ DQG DGDSWDEL
VWXGHQWY WKH RWKHU VHPHVWHU LV VS B6WVARRSD W DQ B WKH
&DUHHU $JLOLWORB®WEBGH HOHFWLY HFLP®XPHY FBRBVHIZRUN XQC(
FKRVHQ VSHFLDOL]DWLRQ WUDFNV DV LOOXVWUDWHG LQ 7DEOH

7TKHVH SDWKzZD\V DOORZ VWXGHQWY WR GHHSHQ WKHLU H[SHU\
VWXGHQWY SXID\GBXICQIUWMRN LWWUHBRKRRERAV RQ DGYDQFLQJ WKHL
WHFKQRORJLHY UHODWHG WR WKH PDVV XUEDQ WUDQVSRUWDW
6XVWDLQDEOMUBANUIRFXY RQ WHFKQRORJLHV VXFK DV VRODU S
YHKLFOHVY HQHUJ\ VWRUDJH DQG VPDUW VXVWDLQDEOH LQIUL
LQLWLDWLYHY WR SURPRWH VXVWDLQIDE Q/H FOMR B ORG PSHUHW HZQ W K
QR VA\IVWHPDWLF LQWHJUDWLRQ RI VXVWDLQDELOLW\ FRPSHWHQF

BURFHHGLQJWRIWHUHQDWLRQDO &'KRWRBEGHBHQFH
ORQDVK 8QLYHOERWUQH $XYWUDOLD
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+RZHYHU ZH QRWHG WKDW VSHFLILF PRGXOHV ZLWKLQ WKHVH W
WR HPEHG UHOHYDQW VXVWDLQDELOLW\ WRSLFV %XLOGLQJ RQ
WKLV SDSHU IRFXVHV RQ HQKDQFLQJ WKH SHOWHIBIDAWLRQ RH VK]
<HDU PRGXOHV E\ EXLOGLQJ RQ WKH FRPSHWHQFLHY GHYHORSH
IRFXVLQJ RQ WKH 6SHFODWONDPRLWDREQH/KBRARIDO LV WR GHHSH
LGHQWLILHG NH\ FRPSHWHQFLHV EIRGWH®XDWV ] HXL VORI WKPX S
DGYDQFLQJ WKHLU WHFKQLFDO NQRZOHGJH DQG VNLOOV

7TDEOH 2YHUYLHZ RI WKH 6HYHQ <HDU 6SHFLDOL]DWLRQ WUDI
7UD %LRPHGL| &RPPXQLFI OLFURHOHHA 3RZHU 5DSLG 7U0 B5RERWLH 6XVWDLQI
(QIJLQHHU (QILQHHU (QJLQHH 7THFKQROF &RQWUH (QHUJ\
$QDWRP\ "LJLWDO 6 ,& THVWL 3RZHU 5DSLG 7U0 6\WWHPV 3KRWRYR
3K\VLROR 3URFHVVL (OHFWUR 6LJQDOO &RQWUHR 6\WWHP 'H\
"ULYHV 6\WWHP
> %LRPHGL 3ULQFLSO| 4XDOLW\ 3RZHU 5RERWL 6PDUW *U
T ,QVWUXPH( &RPPXQLFL 5HOLDEL{ 7UDQVPL 5DSLG 7U0 7HFKQRO| %XLOGLQJ
o "HVLJQ "LVWULE 6\VWHP ODQDJHPH
x $SSOLFD
(O]
2
) %LRPHGL 6DWHOOL ,& 'HVLJQ 3RZHU 6\ 6PDUW 6HQ 6PDUW| (OHFWULF
(TXLSPHQ 2SWLFD( $QDO\VL $FWXDWH 6HQVRU 7THFKQROF
3UDFWLF| &RPPXQLFI $FWXDW
5RERWLH 'LUHOHYV :DIHU 6PDUW *U 3ULQFLSO "LIJILWD{ +\GURJHQ
7THFKQROGF 7THFKQROF YJDEULFD (QHUJ\ | &RPPXQLFIO ODQXIDFW &HOO 7HFK
$SSOLFDW 7THFKQROHR 6WRUDJ 7THFKQRO (QHUJ\
6 WRUDJH
7+( <($5 &203(7(1&< /$1'6&%$3( $&+,(9(0(176 $1' 1(;7 67(36

7R XQGHUVWDQG WKH FXUUHQW LQWHJUDWLRQ RI VXVWDLQDELO
D FRPSUHKHQVLYH UHYLHZ RI <HDU PRGXOHV ZDV FRQGXFWHG

PRGXOHV ZHUH UHYLHZHG DQG PDSSHG WR WRIRISHWHQHLIHYW
DOLJQLQJ ZLWK WKH FRUUHVSRQGLQJ VHFWLRQV RI WKH &',2
GHYHORSHG E\ &KHDK HW DO 7KH UHVXOWV ZHUH WKHQ WL
VXVWDLQDELOLW\ FRPSHWHQFLHV WKH FRQV HD QR QGH U H&HX BAL
H[DPSOH V RI UHOHYDQW OHDUQLQJ DFWLYLWLHYV

JURP RXU UHYLHZ ZH IRXQG WKDW YDOXHV WKLQNLQJ
LQWHJUDWHGR®YRBDOHPUH LQWURGXFHG DW D
WKLQNLQJ LV HVVHQWLDO LW LV PRUH SURPI@HQMQ L G VEKIRTIC
GHFLWIRNQLQJ :LHN HW DO DQG LQ VSHFLDOL]JHG GRPDLQ\
DJULFXOWXUH LW LV LPSRUWDQW WR EDODQFH WKH QHHG IRU |
UHODWHG WR WKH HQYLURQPHQ WHX®D VG D/R SIUDF W R 5 B ¥ WWXEK K DDJ
SHVWLFLGH XVDJH )RU 6((( DV WKH IRFXV UHPDLQWRRYL®HYHO
DQG VIVWHPLF LQQRYDWLRQ YDOXHV WKLQNLQJ ZLOO EH WDLOR
VWXGHQWY WR QBYOHPWBW®WKULRDQ WKHLU FKRVHQ WUDFN

VWUDW
IRXQGDWLRQDO O

6WUDWHJIJLF FRPSHWHQF\ LV LQWUR®REHG FY LAR OWKLH) K & LRARKG X.O H
&RPSXWDWLRQDO 7KERNUGJIVWVELEHOQWY GHYHORS FUHDWLYH DQG
VNLOGBY&& @ DVVHVVPHQWY LQFOXGHV TXL]]JHV DQG D ILQDO WHI
XVLQJ D JXLGHG UXEULF WR HQVXUH FRQVLVWHQF\ 7KH VNLOO!'
DSSOLHG WR RWKHU UHOHYDQW PRGXOHV IXUWKHU ONL@I RUFLC
GLITHUHQW FRQWH[WV 7KLV FRPSHWHWRFSUBGCYR HL @QFOX®RKV SIDE
LOWHUYHQWLRQV ZKLFK VWXGHQWYVY FDQ GHYHORS YLD FUHDW
XQIRUHVHHQ FKDOOHQJHYVY DQG PDQDJLEDGYHE MWHREW GHHHNFXWREZR Y|

BURFHHGLQJWRIWHUHQDWLRQDO &'KRWRBEGHBHQFH
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DV WKLY GHYHORSPHQW LV QRW IXOO\ FDSWXUHG PRUH H[SOLF
GHYHORSPHQW

6\WWHPV WKLQNLQJ FRPSHWHQF\ LV SHUFHLYHG WR EH D KLJKO\ |
DV LW HQDEOHV VWXGHQWY WR DQDO\WH LQWHUFRQQHFWHG F
DGGUHVV FKDOOHQJHV KROLVWLFDOO\ )RU 6 (W DVOWXE HDQWN BV WEIE
DV HQHUJ\ VAVWHPV ZKHUH WHFKQLFDO HQYLURQPHQWDO DQG
WKLQNLQJ FDQ RQO\ EH HIIHFWLYHO\ GHYHORSHG DV VWXGHQ\
KLJKHU RUGHU DSSOLFDWLRQV DUHMQ@RHBUHIIBOW L YHOHN QG MKHHOR\
JDLQ DGYDQFHG NQRZOHGJH DQG HQJDJH LQ PRUH FRPSOH[ SUR

7DEOH .H\ 6XVWDLQDELOLW\ &RPSHWHQFLHV WKH FRUUHVSR
<HDU 6((( ORGXOHV

"H\ 6XVWDL/[ &',2 6\00D|] <HDU ORGXOHV DQG 5HSUHVHQWDWLYH DFWLYL

&RPSHWHQH

6\WWHP 7KL && PRGXDERE&7 ')

&RPSHWHQH 'RPDLMQSHFLILF PRGYO@GV, ('
HJLQ 368&&7 VWXGHQWY LGHQWLI\ DQG DQDO\VH
XQGHUVWDQGLQJ WKHLU LQWHUFRQQHFWHGQHV\
SUREOHP LGHQWLILFDWLRQ DQG WKH SLOODUV
VROXWLRQV WKDWLFRIGPSDEFHNV VG VBER & 7

YXWXUHV 7 7R EH GHYHORSHG

$QWLFLSD

&RPSHWHOQH

9DOXHV 7KL && PRGX@H &'$

1RUPDWLY HJBWXGHQWY HQJEDWHGWKXGDPHEWY FRQVLGH

&RPSHWHQH LPSOLFDWLRQV DQG IDLUQHVV ZKHQ IRUPLQJ DU
LVVXHV

BWUDWHJLH && PRGXQHVE&, 3&') 36&&7

&RPSHWHQH 'RPDLMQSHFLILF PRGDO@GV, ('
HJ,Q 36&&7 6WXGHQWV FRPELQH FUHDWLYH DQ
WRROV VXFK DV $, WR WDFNOH FRPSOH[ VXVWDL(
VROXWLRQV DUH LQQRYDWLYH DQG WHFKQRORJL

 QWHUSHUV && PRGXD&®/ &'$ '&, 36&&7 ') 3&')

&ROODERU 'RPDLMSHFLILF PRG @GV, ('

&RPSHWHQH HJ,Q &$ VWXGHQWYV OHDUQ WR ZRUN HIIHFWLY
&RPSUHKHQVLYH $VVHVVPHQW RI 7HD R $VHRP E PR G(H
IRVWHU VXFFHVVIXO WHDPZRUN UROH GHILQLWL
RQOLQH DQG RIIOLQH VHWWLQJV

 QWUDSHUV BHGILUHFWHG OHDUQLQJ 6'/ LV SURPRWHG WKUF

&RPSHWHQH WXWRULD®SWDPWIGFEO OHVVRQV HQKDQEDQH QOIN\
DFURVV WKH 6((( FXUULEXOKXE® PRIREDHW LQ <HDU
VWXGHQWYV ZLWHOBMAHY XHY IRVWHULQJ DQ XQGH
HQJLQHHULQJYV VRFLHWDO DQG HQYLURQPHQWD

_ PSOHPHQW $00 UHOHYDQW PRGXOHV DV VWXGHQWV QHHG W

&RPSHWHQH DQG UHVRXUFHV ZKLOH KDQGOLQJ PXOWLSOH DV

3URE O/RP Y | $00 GRPDLQ VS HLYHBG PRRAKIOHY

&RPSHWHQH (3 DQG ,¢HDU 0$33 DQG 3«&DU
BWXGHQWY ZRUN RQ SURMHFWVY LQWHJUDWLQJ
WHFKQLFDO NQRZOHGJH IURP VLPSOH SURMHFWV
\HDU

ORGXOH $SEEUHYLDWLRQV IRARQ® PRREXDWIVR @ BQ WKH WD OWIRP BXIQ LROW L H

‘DWD )OXHQF{IIHEWLYH :ULWLQJ IRU WKB3HURXDYQBAH& BRPXQLFDWLRQ Z

36&&BUREOHP 6RO Y LODW LALHN K &RWPH X WD W L R QIKQ @K L Q N IRQL W7L&BD O O\ D E R X W

'RPDLMSHFLILF PRGXQWVRGXFWLRQ WR (QJLQHHQOWOQRGXFWIRQ WE 3UR

OLFURFRQWUROOHU $3SSRIIUATAPDEQ@H A &LF &RQWUROOHU

, QWUDSHUVRQDO FRPSHWHQF\ KDV EHHQ SURJUHVVLQJ ZHOO SD
DVI\QFKURQRXV OHFWXUHV ZLW IS WHHMNICAD DX DIHINV RDQQ/G GFKULQJ W
SDQGHPLF 7KHVH PHWKRGV OHYHUDJULRH MHEKE@ERNRRKDNY@IKGU H
VWXGHQW HQJDJHPHQW DQG HQFRXWHID HFOORWD EARXL VW\W D QG

BURFHHGLQJWRIWHUHQDWLRQDO &'KRWRBEGHBHQFH
ORQDVK 8QLYHOERWUQH $XYWUDOLD
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$GGLWLRQDOO\ VWXGHQWY IUHTXHQWO\ ZRUN RQ SURMHFWV Ul
HQFRXUDJHG WKHP WR UHIOHFW RQ WKHLU UROHYV DQG UHVSRC
IRVWHUD/VZBDHERHVY DQG DGDSWDELOLW\ INORU@KH &'L.2VK\®DDERK)
LQFOXGLQJ DQG $V VXFK WKLV FRPSHWI
GHYHORSPHQW VWDJH

, QWHUSHUVRQDO FRPSHWHQF\ LV ZHOO HPEHGGHG DFURVV WKH
WHDPZRUN RSSRUWXQLWLHY DOLJQLQJ FORVHO\ ZLWK &',2 6\00
&ROODERUDWLRQ 7HDPZRUN &UDZ CRP FAWQ DRIDXWMRMHUPRUH 63
DGRSWLRQ RI 7HDP %DVHG /HDUQLQJ 7%/ IXUWKHU HQKDQFH\
FRPPXQLFDWLRQ DFFRXDADNEHLEOHWA VX0%S MU HSBI BV VOR HQ W V

3HH HW DO 7KHQ LQ \HDU ®HHS W& PVEKHW NAR\GENQZRW NL Q.
LQ PXOWLGLVFLSOLQDU\ WHDPWRG ¥XD®OHQDHBQIQNW R H GRIEQB R G
WKHP WR DSSO\ FROODERUDWLYRUWMNG QOVXHNDGGUHVVLQJ UHDO

&XUUHQWO\ WKH RQO\ JDS LQ 6((( FXUULFXOXP LV IXWXUHV WKL
LV LPSRUWDQW DV LW HQDEOHV VWXGHQWY WR SODQ IRU IXWXU
DQG VPDUW WHFKQRORJ\WHR@VHGHEBWVKRI GRXEBILFUW BBIWHI Q@QRY D
VXVWDL@REHDWHG VROXWLRQV WKDW VXSSRUW VXVWDLQDELOL
VWDJHG GHYHORSPHQW DSSURDRXHEHOL @ ERMXDHWVIKY GRYHLFWLY H
<HDU PRGXOHWWBNHOO EH HVMFORQWERGXFH WKLV FRPSHWHQ
IRXQGDWLRQ IRU LWV GHHSHU GHYHORSPHQW DV WKH VWXGHQW

/IDVWO\ IRU LPSOHPHQWDWLRQY RPQWGLDQWRPESBHWHE® B\URBPOHE((( VW
WR SURJUHVVLYHO\ GHYHORS WKHVHRR RS, 2 WSHIRRVLHHRMWW K 68 RIDIXKG |
LQ SURRMMAW PRGXOHV(¥XG& 'DWWDUWLQJ ZLWK VLPSOHU SURM
VWXGHQWY LQWHJUDWH IRXQGDWLRQDO &',2 VNLOOV VXVWDL
NQRZOHGJH 7KHVH SURMHFWYV DUH DVVHVVHG/SNERILN\WEEKXGNY
HQVXULQJ FRQVLYVWHR FWIXE HQY W 8 X DVHF K G URIVH F\V® RZHOGHLGYHHU D E O
GHVLJQ SURFHVVHV $V VWXGHQWY DGYDQFH WR <HDU WKH\
UHTXLUH GHHSHU LQWHJUDWLRQ RI DGYDQFHG FRPGE VB REIOH\P
VROYLQJ FKDOOHQJHV LQ WKRLBRIRSIDWNQRFKNV DWKHNRIQWLGHUH
DGGUHVVHG WKURXJK WKH SURJUHVVLRQ IURP VLPSOH SURMH
DSSOLFDWLRQV LQ ODWHU \HDUV

%5,'*,1* *$36 $1' 675(1*7+(1,1* ,17(*5%$7,21 ,1 '((( &855,&8/80

'LWK IRXQGDWLRQDO VXVWDLQDELOLW\ FRPSHWHQFLHV VXFK DV
WKLQNLQJ LOWURGXFHG LQ <HDU DQG ZLWK FRPSHWHQFLHV \
LPSOHPHQWDWLRQ DQG VR®WHUQD WRIRES 8 WRHEXHRIPIG SMKRDIW HDVUWH. R Q L
\HDU DQG RU <HDU WKH QH[W VWHS LV WR DGGUHVV JDSV |
WDUJHWHG FRPSHWHQFLHYV LQ <HDU DV RXWOLQHG LQ 7TDEOH

,Q <HDU WKH IRFXV ZLOO VKLIW WR GHHSHQLQJ UHOHYDQW
VSHFLDOL]DWLRQ WUDFN ZKLFK ZLOO EH GHWDLOHG LQ WKH QF
FRPSHWHQF\ ZLOO EH LQWU,RGXFGECOHQGWKHQMHBWKH FRQFHLYH S
&',2 SURMHFW ,Q WKLV SKDVH VWX\GHHWWF BQDW LSRMR WKWK Q M D
IOLJKW WXUEXOHQFH WR IUDPH WKH SUREOHP VWDWHPHQWYV I
GHHSHU GHYHORS FIDOW R® 8 | DSISIOL  RAKENM ARFQW \HDUV ,Q <HC
IRFXV VKLIWV WR GHHSHQLQJ WKH IXWXUHV WKLQNLQJ DQG V'
GRPDULRHFLILF FRQWH[WV 7R DFKLHYH WKLV D UHYLHZ Rl WKH ¥

BURFHHGLQJWRIWHUHQDWLRQDO &'KRWRBEGHBHQFH
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WKH '"((( FXUULFXOXP ZDV FRQGXFWHG WR LGHQWLI\ VXLWDEO
LQWHJUDWLQJ WKHVH FRPSHWHQFLHY HQVXULQJ WKDW VWXGHC
DQG GHYHORS WKHP LQVSHBOLWWYFHGRPDRY )RU H[DRESHOMH LQ
WKLQNLQJ LV HQHBOFPIRGXQHNKIKHUH VWXGHQWY LGHQWLI\ NH\
HYDOXDWH WKH HQYLURQPHQWDO FRVW DQG ¥RWIHIZO SLLPRSNDHF MV
SURSRVDOV 6LPLODUO\ IXWXUHV WK 3BONALRG XLOM | XZUKMKIHHU VRVQMCIH
ILUVW ZRUN RQ D SUREOHP ZLWK D WUDGLWLRQDO FDUSDUN V\\
ERWK FRQVWUXFWHG XVLQJ 'LJLWDO 7ZLQ WHFKQRORJ\ B6XFK D
KRZ IXWXUH WHFKQRORJLHVOM®IG\HFREDGQW WREGVHRUIPOWKH GHVL
RI FDUSDUNV DQG PRUH LPSRUWDQWO\ DOORZV WKHP WR H[SH
G\QDPLF DQG XQFHUWDLQ HQYLURQPHQWY OHDUQLQJ WR DQW
HVVHQWLDO VNLOOQRELWDWNGKOQ O ® N g WD\

7DEOH O0DSSLQJ 6XVWDLQDELOLWSSHRPISHWBRGE XOWWRRWRRBDQ
LQ '((( &XUULFXOXP

<HD 7DUJHWHG | &',2 ORGXOH V 3RWHQWLDO OHDUQLQJ DFWLYLWLH

&RPSHWHQHR 6\00DE

YXWXUHV 7K ORG X O(H

$QWLFLSDV ,QWURGXFH WKH FRQFHSW RI IXWXUHV WKLQNL(

&RPSHWHQHF SKDVH RI WKH SURMHFW VWXGWEWR XWX WHY H\
UHODWHG WR WKHLU SURMHFW

YXWXUHV 7K ORGXO0$33

$QWLFLSDV ,Q WKH FRQFHLYH SKDVH RI WKH &',2 SURMHFW

&RPSHWHQHF WR DQWLFLSDWH KRZ WKHLU LGHQWLILHG VXVW,
ORGXOM

6WXGHQWY FDQ H[SORUH ERWK WUDGLWLRQDO

WHFKQRORJ\ LQ WKH ODE WRHQWG W UMNWHPYGFBRRZ
VSHFLILF VRRXWERQMWDWH WKH WUDQVLWLRQ L
VROXWLRQV

6\VWHP 7KL ORGXO$33

&RPSHWHQH ,Q WKH FRQFHLYH SKDVH RI WKH &',2 SURMHFW

VWDNHKROGHUY DQG HYDOXDWH WKH HQYLURQH
PLFURFR@®ADVRGOSHURMHFW SURSRVDOV

ORGXOM

,Q WKH SUDFWLFDO ODE VWXGHQWYV RDERRDRWIR
OLJKWLQJ VA\VWHP RI D EXLOGLQJ DGMXVWLQJ

RI GD\ DQG DOORZ WKHP WRIN @EHWY HHOKHQMUD Y
OLJKWLQJ TXDOLW\

6WUDWHJLH ORGXO$33
JXWXUHV 7K 6WXGHQWY ZLOO ZRUN LQ WHDPV WR FUHDWH D
&RPSHWHQH WLPHOLQH OLVW WDVNV DOORFDWH UHVRXUFH

FKDQJLQJ FRQGLWLRQV 7KH\ DUH DOVR HQFRXU
PDNLQJ WKH\ PDGH WQ RHIDUVH STV ABQDHUR LV H
VLPXODWH FKDOOHQJHV ZKHQ FUHDWLQJ WKH S

&$6( 678'< 6867%$,1$%,/,7< &203(7(1&,(6 ,1 $&7,21 9,$ $ &',2 352-(&"

6XVWDLQDELOLW\ FKDOOHQJHV DUH LBEWHE QW X RRIKY HIDOXGH
KROLVWLF DQG SUDFWLFDO VROXWLRQV :LHN HW DO 3UL
GHYHORSPHQWDO DSSURDFK SURJUHVVLQJ IKRFKRREE G DRAQLHRQ D
OLNH LQWHJUDWRDY LSQUUR BOYHPJ WIKBE3DWRWMKAW DWYH VWXG\ WKLV
GHPRQVWUDWHY KRZ WKHVH SURJUHVVLYHO\ SODQQHG FRPSHWH
W\SLFDO &',2 SURMHFW LQ 6((( DVRLYRRKYRMOMHVW & HL Q RD GPWDIS VW
SUDFWLFH
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BUHSDUDWLRQ :RUN DQG 7HDP )RUPDWLRQ

%HIRUH ZRUNLQJ RQ WKH &',2 SURMHFWYVY WKH VWXGHQWYV ILUV
ZLWK UHOHYDQW WKHRULHVY DQG SUDFWLFDO VNLOOV IURP SULR
DUH WKHQ IRUPHG DOORZLQJ WKHP WR D®SWKMW &R PPERENOSU L QF
WR GHYHORS WKH YDULRXV GLPHQVLRQV RI LQWHUSHUVRQDO
WKURXJKRXW WKH SURMHFW

&RQFHLYH DQG 'HVLJQ 3KDVHYV

,Q WKH &RQFHLYH SKDVH HDFK WHDR HGBWWGEISHR DO MR VIWD MK
FULWLFDO WKLQNLQJ VNLOOV WR HITHFWLYHO\ DQDO\]H DCcC
FRQVWUXFWLQJ IXWXUHEKWHUH VYWDXFROHQWY DUH HQFRXUDJHG WR
IXWXUH SRVVLELOLWLHV WR LGHQWLI\ SRWHQWLDO FKDOOHQJH\
DQG HPHUJLQJ WHFKQRORJLHYV

'XULQJ WKH SUREOHP IUDPLQJ SURFHVV VWXGHQWYV UHIOHFW
HQJLQHHUV 7KH\ DUH SURPSWHG WR FRQVLGHU KRZ WKHL!
VRFLHW\ WKH HQYLURQPHQW DQG WKH HFRQRPAD @ KLW KIH HOMKEIWWF
VRFLDO DQG HQYLURQPHQWDO UHVSRQVLELOLWLHV WKDW FRPH
HQFRXUDJHG WR UHFRJQL]H WKH LPSRUWDQFH RI GHVLJQLQJ VR
VRXQG EXW DOVR VRFLDOO\ HTXXWWPBQED HDY LDRGP BQWIH®DB :
SULQFLSOHV 7KLV VWDJH HQVXUHV WKDW VWXGHQWYV DSSUH
HQJLQHHULQJ DQG WKH QHHG IRWL VHIY SCREMAR-N X DR X HR X W
SURMHFW $V WKH WHDP EUDLQVWRUP VROXWLRQV WKH\ DUH H(
DQG RU GHVLJQLQJ WKLQNLQJ 3®REMD GVEK BY H\DSYHHF W H D QW
7KHVH DUH VWUDWHJILF WKLQNLQJ FRPSHWHQF\ LV DOVR IXUWKF
DGYDQFHPHQWY LQ WKH HQJLQHHULQJ ILHOGYH OL\DWIBEQH QJ D DLG
GLDORJXH ZLWK WKHLU WHDPPDWHV DQG FRQVLGHULQJ WKH I
LPSDFWV RI WKH SRWHQWLDO WDUJHW VWDNHKROGHUYV

)LIXUH ,QWHJUDWLQJ &',2 SKDVHV ZLWK 6XVWDLQDELOLW\ .H\
EDVHG PRGXOH $ FDVH VWXG\ RI D SURMHFW LQ 08!

BURFHHGLQJWRIWHUHQDWLRQDO &'KRWRBEGHBHQFH
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$V WHDPV HYDOXDWH WKHLU ILQDO LGHDV WKH\ DSSO\ V\VW
SHUVSHFWLYH 7KLV LQFOXGHV FRQVLGHULQJ WKH VRFLDO HFR
WKH IHDVLELOLW\ Rl WKHLU SURSRVHG VROXKWIRQ@VH DIQWE) \ERH NE E
VRFLHW\ DQG WKH HQYLURQPHQW 7UDQVLWLRQLQJ WR Wk
GHWDLOHG VNHWFKHV GLDJUDPV DQG IORZFKDUWV RXWOLQLQ.
SURMHFW VFKHGXOH LGHQWLI\LGWRQBURUSDRYLIGH WBBEDFNH
SKDVH HQFRXUDJLQJ VWXGHQWVY WR DGGUHVV SRWHQWLDO F
VWUHQJWKHQV WKHLU IXWXUHV WKLQNLQJ $GGLWLRQDOO
UHVRXUFH PDQDJHPHQW QUNMWRROV OLNMVADQWW FKDUWV HQV)>
DSSURDFK WR WKH LPSOHPHQWDWLRQ RI WKHLU VROXWLRQV

,PSOHPHQW DQG 2SHUDWH 3KDVHV

During the implement and operate phases, students apply technical knowledge from MAPP
and other relevant modules to build and test their solutions, troubleshooting and iterating till
they get it right. These processes help to emphasize adaptability, resilience, and
perseverance. Teams are also likely to refine their projects in response to challenges, applying
systems thinking and problem-solving competencies (2.4.1), (2.4.3) or even take responsibility
for self-improvement to address weaknesses to contribute to the project effectively (2.4.6).
For the project to work, systems thinking (2.3.1) +(2.3.4) plays a crucial role. Students need
to understand the interrelationships and dynamics between the various components of their
project, especially when it comes to integrating hardware and software. They must consider
how each part functions individually and within the system. This requires a holistic perspective,
where students analyse the functional and behavioural properties of the system, identify
feedback loops, and foresee potential unintended consequences. By applying systems
thinking, students ensure their solutions are not only technically viable but also sustainable
and adaptable over time. Lastly, students need to integrate all the necessary key
competencies, knowledge, and skills, showcasing their integrated problem-solving
competency to complete the project.

7KLV VWUXFWXUHG LWHUDWLYH DSSURDFK WR SURMHFW ZRUN

WKHLU NH\ FRPSHWHQFLHYVY ZKLOH WDFNOLQJ LQFUHDVLQJO\ FRP
&',2 SURFHVV &RQFHLYH 'HVLIJQ ,PSOHPHQW LOQJQ B F2ASIHYULDWV H V VW
VWUHQIJWKHQ WNKRIQULQURAEDEBEHDELOLWLHY DQG HQKDQFH WKH UH
(DFK SKDVH QRW RQO\ EXLOGYV RQ WKH FRPSHWHQFLHVY GHYHOR
GHHSHQV WKH DSSOLFDWLRQ RI WKRWHWKBHMNWHQRFEEV VIRW HHF B F
GXULQJ WKH "HVLJQ SKDVH DQG PXVW DSSO\ LW DJDLQ LQ WKH
WKDW WKH ZKROH V\VWHP FDQ IXQFWLRQ DV LQWHQGHG %\ VH
ZD\ WKLV DSSURDFK IRVWHUVWERMW KD O\GIPKQHFOBFHVS/HDW\ FRP
QHFHVVDU\ IRU IXWXUH HQJLQHHUV WR QDYLJDWH WKH FRPSOHI

(0% ('',1* 6<67(06 $1' 9%$/8(6 7+,1.,1* ,1 7H$5 63(&,$/,=$7,21
02'8/(6

%XLOGLQJ RQ WKH IRXQGDWLRQ HVWDEOLVKHG LQ WKH ILUVW
GHYHORSLQJ UHOHYDQW FRPSHWHQFLHV ZLWKLQ HDFK VSHFLD
(QHUJ\ VSHFLDOL]DWLRQ WUDFN WKH IRFXV LWMRQ G K DHORFIXQDI
VIVWHPV WKLQNLQJ DQG YDOXHV WKLQNLQJ FRPSHWHQFLHV /LI
WR HQDEOH VWXGHQWY WR XQGHUVWDQG WKH HQYLURQPHQWDO
ZLWK HDFK VWDJH RI D SURGXFAWRRPUUDYX \WB W NUQDI®! HRIG/DIBFW LR C
GLVSRVDO RU UHF\FOLQJ 81(3 7KLV D®DURDPK\DIMOHRBQV ZL

BURFHHGLQJWRIWHUHQDWLRQDO &'KRWRBEGHBHQFH
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WKLQNLQJ FRPSHWHQF\ KHOSLQJ VWXGHQWY DQWLFLSDWH DQG
IXWXUH FDUHHUYV

,Q WKLV VSHFLDOL]DWLRQ WUDFN VWXGHQWYVY ZLOO IRFXV RQO\
FRUUHVSRQGVY WR WKHLU PRGXOHV DV VKRZQ LQ 7DEOH WR HC
PDQDJHDEOH )RU H[DPSOH LQ WKH 6RODU 3RRWRWRGW QW 6\R/F/
RQ WKH GLVSRVDO DQG UHF\FOLQJ SKDVH RI VRODU SDQHOV JDL
PDWHULDO VHSDUDWLRQ DQG UHF\FOLQJ HIILFLHQF\ 7KH\ WKHQ
DV XVLQJ UHF\FODEOH PDWHULDWONVDRODMQ\RWU L BD QS URSKE HL B G
LPSDFWV DWRIQIKH NQ® JH

7R VXSSRUW WKH GHHSHQLQJ RI VIVWHP DQG YDOXHV WKLQNLC
IRFXV RQ EXLOGLQJ DQ XQGHUVWDQGLQJ WKH LQWHUFRQQHFWH
RIIV LQYROYHG RDNIGHFLSMWRX@GHQWY DQDO\]H VI\@EHWZIHMQDQG
HQYLURQPHQWDO VRFLDO DQG HFRQRPLF FRQVLGHUDWLRQV

VWUDWHJILF GHFLVLRQV (WKLFDO UHVSRQVLELOLW\ LV DQI
WR UHIOHFW RQ VRFLHWDO LPSDFWV D@D OLMNMDIQLG EE6 @GH.IQ MR/P
DQG GHYHORS DFFRXQWDELOLW\ LQ WKHLU SUR IHWRXRIXD @&/ KR/Q
WKH\ FXOWLYDWH WKH DELOLW\ WR VXSSRUW WKHLU GHFLVLRQ)\
SURDFWLYH PLQGVHW WR FRQWULEXWH WR VXVWDLQDEOH IXWXL

7TDEOH JREXVHG /LIH &\FOH 3KDVHV DQG &RUUHVSRQGLQJ [/}
6SHFLDOL]DWEROYW/RIDFNEOH (QHUJ\

ORGXOHV /LIH &\FO| 7DUJHWHG Potential learning activities
3KDVH V | &RPSHWHQFLH

BKRWRYRQ 5HF\FOLQ 6\VWHP 7KLQN Students explore the challenges associated with solar panel
6\VWHP 'H} 'LVSRVD(C &RPSHWHQF\ | disposal/recycling, such as waste management, material
SKDVH recovery, and reflect on how the design decisions can impact
the disposal/recycling phases.

6PDUW *UL 8VH DQG JXWXUHV 7KL (" students were given building data that in order to analyse
%XLOGLQJ| PDLQWHQ $QWLFLSDWR| the energy use patterns and proposing strategies to optimize
ODQDJHPH| SKDVH &RPSHWHQF\ | energy performance, with the focus to reduce lifecycle
energy savings.

9DOXHV 7KLQI
1RUPDWLYH
&RPSHWHQF\

(OHFWULF| 8VH DQG
7HFKQROR| PDLQWHQ
SKDVH

BWXGHQWY DQDO\]H WKH *+* HPLVVLR
(9V XQGHU GLIIHUHQW HOHFWULFLW
XQGHUVWDQG KRZ WKHLU FDUERQ IRR
HQHUJ\ PL[ 7KH\ ZLOO DOV R IHWY EG XM
DGRSWLQJ (9V D® E RREXNWQRQ HQJLQ
7KLV DFWLYLW\ KLIKOLJKWY WKH LQW
WUDQVSRUWDWLRQ HQHUJ\ VIVWHPV
DVVRFLDWHG ZLWK HQFRXUDJLQJ (9 D

&ROODERUDW
FRPSHWHQF\

+\GURJHQ | BURGXFW 6WXGHQWY HYDOXDWH WKH FDUERQ H
&HOO SKDVH K\GURJHQ SURGXFWLRQ PHWKRGV VXH
7THFKQROR K\GURJHQ 7KH\ WKHQ FRPSDUH WKH
(QHUJ\ 6W LPSDFWV RI K\GURJHQ SURGXFWLRQ Z
FDSWXUH WHFKQRORJLHYV

/JLIH F\FOH FRQVLGHUDWLRQV DUH HPEHGGHG WKURXJKRXW WKH
DSSUHFLDWH GHFLVLRQV PDGH LQ DQ\ VWDJHV RI WKH OLIH F\I
GHVLJQ SURFHVVHV FDQ VKDSH RXWFRPHV DWGQDSRMDQOWDJIHV C

%\ HQJDJLQJ ZLWK WKHVH FRPSOH[LWLHV VWXGHQWYV JD
LPSDFWV Rl HQJLQHHULQJ IRVWHULQJ DQ XQGHUVWDQGLQJ
HQYLURQPHQWDO VRFLDO NQRZOHGJH DQG HFRQRPLF V\VWHP\

BURFHHGLQJWRIWHUHQDWLRQDO &'KRWRBEGHBHQFH
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7THDPZRUN DQG FRPPXQLFDWLRQ DUH FHQWUDO WR DOO DFWLYLYV
DUWLFXODWH WKHLU LGHDV VKDUH SHUVSHFWLYHV DQG HQJD
WKHVH GLVFXVVLRQV VWXGHQWY GHYHORS D ~NRWSEULHKELQ@W M
FKDOOHQJHVY DQG OHDUQ WR LOWHJUDWH GLYHUVH YLHZSRLQW
UROHY DQG GHFL¥LRQV 7KHVH VKDUHG H[SHULHQFHY DOLJQ
REMHFWLYHV ZLWKLQ WKH VSHFXBEQWW URQ@ WSUW KN BEKHODSG QU VE
DFWLRQV DQG OD\LQJ WKH IRXQGDWLRQ IRU UHVSRQVLEOH H(
PHDQLQJIXOO\ WR JOREDO VXVWDLQDELOLW\ HIIRUWYV

&21&/86,21

7KLV SDSHU KLJKOLJKWY WKH LPSRUWDQFH RI GHHSHQLQJ VXVW
VSHFLILFE GLSORPD FRXUVHV VWDUWLQJ ZLWK IRXQGDWLRQDO
&KHDK HW DOOH[LEOH IUDPHZRUN WKH SDSHU H[SORUHV WKHL
FXUULFXBNMRFLDO ILUVW VWHS LV FRQGXFWLQJ D JDS DQDO\VLV
HPEHGGLQJ VXVWDLQDELOLW\ FRPSHWHQFLHV ZKLOH DFNQRZOI
DFURVV GLVFLSOLQHV $V VXFK DKM LWWHRREBSWWRQ FRIHV XRDIDY
FHUWDLQ FRPSHWHQFLHV UHTXLULQJ GHHSHU IRFXV GHSHQGL
UHOHYDQFH $V LOOXVWUDWHG LQ WKH SDSHU D FRPSOHWH UHY
ZDV FDUULHG RXW WR LGRQWIKXIQLVDISHWVDIRE RSUWKHU GHYHORSH
IXWXUHV WKLQNLQJ DQG V\WVWHPV WKLQNLQJ %DVHG RQ WKLV

OHDUQLQJ DEWLYLWLHY DQG SURSRVHV PRGXOHV WR GHHSHQ V
FRXUVH $ FDVHWMIKG$3BPRGXOH LQ <HDU LOOXVWUDWHYV KRZ \
EH SURJUHVVLYHO\ GHYHORSHG DFURVV WKH &',2 SURMHFW

FRPSHWHQF\ GHYHORSPHQW WKH IRFXV LQ <HDU VKLIWV WRZD
YDOXHV WKLQN/RH BEXWWDLQDEOH (QHUJ\ 6SHFLDOL]DWLRQ WUL
FRQFOXGH WKDW VWXGHQWY DUH IX0OOUHO®RMSEGE G UNRR MAWVEN OW K/
VXJIJHVW WKDW WKH SURSRVHG DFWLYLWLHVY SURJUHVVLYHO!
FRPSHWHQFLHV OD\LQJ WKH JURXQGZRUN IRU IXWXUH DSSOLFD
DGDSWDEOH DSSURDFK DOORZV IRU PHDQLQJIXO LQWHJUDWLRQ
UHTXLULQJ PDMRU VWUXFWXUDO WK®IH W X WKSISREENOP) F O
GHYHORSPHQW

5()(5(1&(6

&KHDK 6 0 /LP / < &KDR < & &',2 IRU (GXFDWLRQ IRU 6XVWDLQI
&RPPRQ &RUH &XVUWRFXOEPQJV RI WKH WK QWHUQBW\INRMIDYAN.',2 &RQIF
8QLYHUVLW\ 5H\NMDYLN ,FHODQG

&KHDK 6 0 <DQJ . /LRZ = :RQJ < &KLD &/ :RXWHUVRQ (
'HYHORSPHQW RI 6WXGHQWYV{ XK AHH @ DELWRMWIKH 6 WHLWQDO &', 2
&RQIHUHGPHERXUQH $XVWUDOLD ORQDVK 8QLYHUVLW\

&KRQJ 6 3 &KXD . & THRK & ,QWHJUDWLQJ &',2 VNLOOV DQC
GLITHUHQW PRGXOBVRFHBGUWRMHAWKH WK QWHUQBPMRARPDO &',2 &RQ]
BRO\WHFKQLTXH GH ORQWUpDO &DQDGD

&UDZOH\ ( ) ODOPTYLVW - gVWOXQG 6 %URBHMWKLQNLQJ (GVWU]|P
HQJLQHHULQJ HIGKRBD,W IDRRSURBFKG 6SULQJHU
3HH 6 + <RNH 3 + ,QVWLWXWLRQDO WHDPZRUN VNLOOV GHYHOR

6LQJDSRUH 3ROURAAKGLPJV Rl WKH WK ,QWHUQD&ERQ DA @MW &RQIHU
7XQLVLD

BURFHHGLQJWRIWHUHQDWLRQDO &'KRWRBEGHBHQFH
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3LQJ & 6 &KRZ 3 7HRKH &VH RI 'HVLJIQ €KLQRBRURMBHWFHHGLQJV
RI WKH WK ,QWHUQDWLRQDHF KQRFORQEYUMBEMLW\ Rl '"HQPDUN &RSHQK

5HGPDQ $ 'LHN $ &RPSHWHQFLHYV IRU DGYDQFLQJ WUDQVIRUP
JURQWLHUV LQ (GXFDWWRMESY GRL RUJ IHGXF
7TRK 6 . &KLD & / 7DQ + - $EDIXWDQ3 &',2 IUDPHZRUN WR FXOWLY

GLUHFWHG OHDUQLQJ3GRGIHBUREHHGLQJIV RI WKH WK ,QWHUQDWLRQD
&RQIHUHKEXHODORQJINRUQ 8QLYHUVLW\ 5DMDPDQJDOD 8QLYHUVLW\ RI
7KDLODQG

81(6&2 (GXFDWLRQ IRU 6XVWDLQD E O H IHYGILORIS P EHRDNW WH_IME W G
IURP VGJ HGXFDWLRQ RUJ

8QLWHG 1DWLRQV (QYLURQPHQWH3 BRRIWH PBISURDFKHY 7KH URDG IURP |
SUDFW3'F@&LIH &\FOH MW PWLYHAZ OLIHF\FOHLQLWLDWLYH RUJ ZS
FROWHQW XSORDGV /&% SGI

:LHN $ :LWK\FRPEH / 5HGPDQ & / .H\ FRPSHWHQFLHV LQ V X\
IUDPHZRUN IRU DFDGHPLF SURXVYWP LGXHDYEHOR SR HBEWHQFH
<DQJ . &KHDK 6 0 :RQJ < < $SSURDFK WR '"HYHORSLQJ NH\ FR

6XVWDLQDELOLW\ LQ &KHPLFDO3(WREBHELUQ QW WMMKHED\RLRQDO &',2
&RQIHUHGPHERXUQH $XVWUDOLD ORQDVK 8QLYHUVLW\

%,2*5%$3+,&$/ ,1)250%7,21

&KLD &KHAVLWKH 7 [/ OHQWRU DW WKH 6FKRRO RI (OHFWULFDO
6LQJDSRUH 3RO\WHFKQLF 6KH FXUUHQWO\ HQMR\V H[SHULPHQW
WKDW HPEHG VXVWDLQDELOLW\ FRPSHWHQFLEBVLYK® HYIPG/HYRH
EDVWGVUDWHILHVY WKDW DUH HDVLO\ LPSOHPHWYMHG LEP\S R WW HLLQ
VXVWDLQDEOH HGXFDWLRQ

6LORK &KHBKWIKH &HQWUH 'LURFVRIHRWWHKHFRB ,QQRYDWLYH 7HE
/JHDUQLQJ XQGHU WKH 'HSDUWPHQW RI (GXFDWLRQDO 'HYHORSPI
PRUH WKDQ \HDUV RI H[SHULHQFH LPSOHPHQWLQJ &',2 LQ
FRQGXFWH& ,RIZFRWNVKRSYV IRU XQLYHUVLWLHYV LQ $VLD IRU D UDC
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ACTIVE LEARNING COMMUNITY FOR PROFESSIONAL
DEVELOPMENT: A CDIO STANDARD 10 IMPLEMENTATION MODEL

Geok Ling Soo -Ng, Zhengping Liow
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ABSTRACT

This study offers a qualitative investigation and implementation of Faculty Learning
Communities (FLC) as enabler to support the operationalization of Conceive, Design,
Implement and Operate (CDIO) Standard 10 which emphasizes the improvement of faculty
teaching competence at the School of Architecture and the Built Environment (ABE) and the
Singapore Maritime Academy (SMA) at the Singapore Polytechnic (SP). This implementation
of the FLC approach, facilitated by a group of Teaching and Learning Mentors and Specialists
(TLMS), takes the form of an Active Learning Community (ALC) aimed at fostering
collaboration and professional development among teaching staff with activities like
symposiums, monthly sharing sessions, book studies and curated hands-on workshops. The
monthly ALC sessions cumulate as a large-scale ‘Active Learning Symposium’ (ALS) for staff
from two schools. The 2024 ALS highlighted novel pedagogical strategies and assist
academics in contextualising them into their teaching practices, highlighting the
interdependent relationships of various Teaching and Learning (T&L) initiatives introduced
over the years. Participants’ reflections emerged as crucial themes related to pedagogy,
teaching practices, and feasibility of pedagogical adaptation facilitated by CDIO standards 8
and 10 during the 2024 ALS. Participants also expressed cautious optimism, appreciation,
commitment to development, and encouragement for data-driven initiatives, further reinforcing
the potential of organising future large-scale symposiums with a strong focus on
contextualising CDIO Framework in teaching strategies and curriculum development. The
findings of this study highlighted the importance of bridging educational gaps and enhancing
teaching effectiveness while ensuring congruence with the outcome-based education through
the operationalisation of CDIO frameworks. This paper introduces a holistic approach and
provides insights into implementing CDIO Standard 10 by practicing CDIO Standard 8 as a
teaching method. It emphasizes how this collaborative learning method, emphasizing its
potential to catalyse future transformative CDIO FLC in higher education teaching and
learning.
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Learning community, professional development, transformation, CDIO Standards 8 and 10.
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BACKGROUND

In response to the challenge of enhancing teaching staff competence as per CDIO Standard
10, Soo-Ng (2020) from the School of Architecture and the Built Environment (ABE) at
Singapore Polytechnic (SP) implemented a novel professional development model centered
around the concept of a Learning Community (LC). This initiative evolved from the Action
Research (AR) Group, created in 2009 to address ineffective lecture-based learning. However,
the AR Group's task force approach lacked sufficient collaborative learning and ongoing
support, leading to its reform. The transition to the Active Learning Community (ALC) was
driven by the need for a more supportive, collegial environment, drawing on the principles of
communities of practice (Wenger, 2002). By 2011, the ALC was firmly established, promoting
active learning, out-of-class activities, and assessments. It supported professional
development through book studies, reflective practices, symposiums, and peer-sharing
sessions. This paper extends the ALC model’'s implementation, aiming to expand its principles
to a broader academic context. The next phase focuses on operationalizing the ALC model,
addressing challenges, and sharing experiences to foster a culture of continuous improvement
and collaborative learning for both staff and students.

INTRODUCTION

Faculty Learning Communities (FLCs) stem from the LC model, adapting its collaborative
framework to focus on teaching staff development (Richlin & Cox, 2004). Many are familiar
with FLCs, as they are commonly used in institutions across the USA. They consist of cross-
disciplinary academics who engage in long-term, frequent, and informal sharing activities.
These communities aim to contextualize and integrate novel pedagogical approaches, foster
professional growth, encourage pedagogical experimentation, and build a supportive
academic community, addressing the complexities of modern education. In our context, we
have named our FLC the Active Learning Community (ALC). From this point forward, the term
ALC will be used in place of FLC.

Clavert et al. (2015) reported that traditional divisions between academic disciplines and
different signhature pedagogies can hinder the development and participation in ALCs. This is
because these divisions often lead to differences in teaching approaches and objectives,
creating potential misalignment between the goals of the disciplines and the collaborative
goals of ALCs. Moreover, teaching staff with less influence within the academic hierarchy lack
the authority and legitimacy to build a pedagogical research community (Zeng & Fickel, 2021).
In a setting where teaching loads are growing and faculty members are naturally focused on
research in within their domains, Chang (2017) advocated that the academics’ participation in
(pedagogical) learning communities can play a significant role in providing support to busy
academics towards the adoption of emerging state-of-the-art pedagogical innovation.

This study discusses the impact and implications of participants’ learning reflections and
sentiments from the 2024 Active Learning Symposium (ALS) as reflective themes related to
pedagogy, teaching practices, and its feasibility emerged. With the same dataset, participants’
surfaced sentiments revolved around themes of cautious optimism, appreciation and
gratitude, and commitment to developing students’ soft skills through mediating
disagreements and propensities towards data-driven pedagogical approaches. Although the
trajectory of this pilot ALC did not explicitly propagate faculties’ competencies in deploying
CDIO standards, the encouraging findings of this pilot underscored the potential of organising
future large-scale, cross ALC events in bridging educational gaps, enhancing teaching quality,
and inducing academics to align their teaching practices with CDIO practices. Hence, this
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study examined reflections and sentiments from large-scale ALC participants. The findings
will guide future planning strategies to operationalise CDIO Standard 10, which focuses on
enhancing faculty teaching competence. To support this, the study also explores how CDIO
Standard 8, centered on active learning, can be adapted for faculty professional development
in future CDIO ALC.

Active Learning Community (ALC) as an enabler of CDIO Standard 10

As faculty members aim to be proficient in using the CDIO approach to help students actively
build knowledge, skills and attitudes, ALC is potential enabler of CDIO Standard 10 Enhancing
Faculty Teaching Competence. Despite its potential in advancing pedagogical practices, CDIO
Standard 10 is arguably the most overlooked, underdeveloped, and least documented
(Edstrom, 2012). Cheah and Lee (2015) explicitty emphasised the vital role of ALC in
maintaining CDIO Competencies with a mentoring framework as a response to the lack of
emphasis given to faculty members’ professional development. Thomson and Clark (2018)
equally stressed the need to shift towards an evidence-based approach to Standard 10 that
accentuates the importance of knowledge sharing in community settings as a gap that still
needs to be addressed. Such trajectories have further reinforced the urgencies of harnessing
ALC in facilitating pedagogical advancements.

ALC predicates on the works of John Dewey and Alexander Meiklejohn, whom both advocated
for shared, practical learning. Their ideas have been widely adopted since the 1980s (Sicat et
al., 2014). ALC emphasises and supports the institution’s objective of enhancing the faculty’s
development of pedagogical competencies in achieving desired educational objectives
(Reznik & Vdovina, 2018). Cox (2004) elucidated that ALC often consists of six to fifteen cross-
disciplinary faculty members embarking on long-term and frequent informal sharing, activities
to promote learning, development, teaching scholarships, and community building. These
pedagogical learning communities provide a platform for faculty members to exchange ideas,
engage in peer consultation and share best teaching practices, potentially broadening their
impact. Furthermore, Pstross et al. (2017) elucidated that ALC’s ‘transformative moments’
could serve as platforms for individuals to engage in continuous learning throughout their lives.
Transformative learning utilises previous understanding and knowledge to create a fresh or
updated interpretation of one’s experiences in influencing future decisions and actions
(Mezirow, 1996). Pstross et al. (2017) highlighted that the potential relationships between
community building and lifelong learning experiences helps address the challenges posed by
continuous societal changes through cycles of theory-building and reflective practices.

Experiential and Active Learning Methods: Operationalising CDIO Standard 8 To
Support Standard 10

Experiential learning in the CDIO Framework is a student-centered, hands-on approach that
promotes active participation, problem-solving, and the practical application of knowledge
(Crawley, Malmqvist, & Ostlund, 2014). It is guided through the stages of conceiving,
designing, implementing, and operating solutions, helping students develop both technical and
soft skills such as teamwork and communication. This complements CDIO Standard 8, which
emphasizes engaging students in active thinking and problem-solving. The coherent
integration of CDIO Standard 8 with Standard 10 is beneficial: educators are more likely to
use active learning techniques after experiencing them in the collaborative and dialogical
environment of the ALC workshops.

The call to evaluate faculty pedagogical approaches to enhance students’ learning
experiences through active learning has become increasingly important. Active learning
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engages students in meaningful, hands-on learning rather than passive observation (Prince,
2004), immersing them actively in the process. Unlike traditional pedagogical models that
stress passive memoaorization with teachers as sole authorities, Active Learning enhances
teaching effectiveness, comprehension, engagement, and performance across disciplines,
fostering a dynamic and interactive classroom environment (Coorey, 2016; Armbruster et al.,
2009). Faculty members were encouraged to infuse interactive teaching/facilitation methods
such as group discussions, problem-solving activities and hands-on exercises to foster deeper
comprehension and critical thinking skills.

PROPOSED IMPLEMENTATION MODEL

Since 2011, ABE'’s Learning Mentors and Specialists (TLMS) have organized monthly ALC
sessions for faculty. In 2022, SMA's TLMS also joined the monthly ALC session. These
informal sessions foster collaboration and professional development through knowledge and
pedagogical sharing, best practices, book studies, and tailored hands-on workshops. Beyond
mere knowledge dissemination, the ALC focuses on contextualizing the institution's various
educational initiatives. The sessions aim to enhance their teaching competence in designing,
delivering, and improving curriculum courses by engaging faculty in hands-on activities
grounded in Active Learning principles. ALCs’ collaborative climate mirrored the ideas of a
Community of Practice, with members engaging in shared learning and professional growth.
As ALCs gain popularity, institutions should invest in faculty development and understand their
experiences to ensure effectiveness (Stevenson et al., 2005).

ALC Symposium

At the conclusion of the academic year, the school of ABE and SMA will traditionally hold an
Active Learning Symposium. The yearly symposium, echoing the monthly ALC sessions since
2011, serves as a reflective year-end event to share teaching initiatives and foster faculty
collegiality. Specifically, the 2024 ALC symposium was designed to bridge the gap between
the institution's seemingly 'disparate’ educational initiatives (Figure 1a) and align them with
the CDIO standards (Figure 1b).

1. Pedagogy & Competency

Framework

X Analytics in Education (AiE)

x Digital-to-the-Core (DTTC)

Lecturer
x  Pedagogy for the Profession
(P4P)

x Data-Enabled Flipped
Learning (DEFL)
Asynchronous Learning
Team Based Learning (TBL)
Differentiated Learning
CDIO

X X X X

2. Digital Technologies
x  Generative Al (GenAl)
X Industry Internet of Things

(noT)
x AR/NVR/MR
4. Infrastructure & System Support
X Learning Management System (LMS) 3. Skills and Mindset Development
x  Classroom-of-the-Future (CotF) x  Teamwork Measurement (TM)
X Video Content Management System (VCMS) x  Self-Directed Learning (SDL)

Figure 1a. Educational Initiatives by the Institution.
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Explanation:

This figure illustrates our cores
and supporting interconnected
T&L initiatives, driven by the
CDIO approach.

This approach defines the
‘what’ through its syllabus and
the ‘how’ through the 12
interrelated standards shown
here. These standards are
interrelated and delivered to
teaching staff through
standards 8 and 10 in a learning
community model.

Figure 1b. Connecting the dots... Understanding Our Approach to Education Initiatives.

It was believed that making sense of various initiatives through the contextualisation of
pedagogical efforts was essential to increase faculty awareness and relevance in their
teaching practices. Scaffolding pedagogical initiatives’ relevance in the context of faculties’
own teaching practices potentially helps connect their work to their personal values, goals,
and beliefs. The annual event was held on the 5th of March 2024 and was attended by 65 and
36 colleagues from ABE and SMA, respectively. The TLMS from both schools collaborated to
identify two pedagogical initiatives (Figure 2) organized as two tracks for the 2024 symposium:
Track 1 - Facilitating Teamwork Measurement Conversations and Track 2 - Mechanics of Data-
Enabled Flipped Learning (DEFL).

Figure 2. Two Tracks for the Symposium.

In the design of Track 1, TLMS from ABE and SMA collaboratively surfaced ‘case studies’ from
their experiences for the participants to study real-life classroom problems on Teamwork
based on different pedagogical scenarios and explore practical solutions through collaborative
sharing and learning and thus enhance individual development in Teaching and Learning. This
sharing of experiences offers participants a candid view of the Teamwork Measurement
Pedagogy. More importantly, co-creating potential solutions in mediating conflict within student
groups will be valuable in charting their pedagogical trajectories ahead.
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In the design of Track 2, the mechanisms of DEFL were explored as an introductory session
and concluded with a collective brainstorming activity. The central sharing investigated various
challenges and addressed misconceptions that might have deterred faculty from adopting the
DEFL model in their classes. Faculties from multiple programs collectively brainstormed how
students’ async quizzes can be harvested as data to support SP’s DEFL model via an initial
scan and analysis to identify current pedagogical/curriculum gaps contextualized in their
diplomas.

As the initiatives detailed in both tracks were relatively new and had started to gain traction in
both schools, building confidence and competencies were targeted as crucial outcomes for
the participants. The two informal breakout sessions were conceived as ‘safe’ spaces for
faculty to mingle informally as participants shared their experiences and challenges with these
educational initiatives. The level of cross-pollination between different faculties from different
schools will see significant levels of exchange as their experiences and anecdotes were built
on foundations of camaraderie.

The critical mechanism and format of the annual ALC symposium support faculty members in
implementing successful evaluation processes, congruent with the CDIO Framework’s
emphasis on outcomes-based education. By sharing assessment best practices and engaging
in evaluation approach discussions, academics can ensure that their assessments assess the
desired learning objectives and competencies outlined in CDIO standards. These notions
explicitly support the operationalization of CDIO Standards 7 (Integrated Learning
Experiences) and 8 (Active Learning), emphasising the importance of effective teaching and
learning methods in engineering education (Red’ko & Shadrin, 2014; Tyflopoulos et al., 2021).
ALCs help continuously improve teaching quality in engineering courses by allowing
academics to engage in professional development, share ideas, and implement innovative
instructional approaches (Red’ko & Shadrin, 2014). In addition, ALCs strongly support CDIO
Standard 10, which emphasises the need to enhance faculty members’ teaching practices and
professional growth supported by Eib & Miller (2006).

EXPLORATION FRAMEWORK & RESULT

Feedback from the 2023 symposium revealed an overall satisfaction rate of 25% extremely
satisfied, 55% very satisfied, and 20% somewhat satisfied. For the 2024 symposium, a
gualitative framework was introduced to assess the effectiveness of ALC in fostering
pedagogical strategies. Reflections and feedback from participants of the 2024 symposium
were collected via a digital portal, highlighting experiences, challenges, and insights on
teaching practices and professional growth. Three key themes were identified: Pedagogy and
Student Quality, Teaching Practices, and Feasibility, summarized in Table 1, with general
sentiments detailed in Table 2.

DISCUSSION & IMPLICATIONS

The ALC Symposium demonstrated the potential of large gatherings to bridge the gap between
disparate educational initiatives and foster a cohesive understanding of pedagogical practices.

A key theme in Pedagogy and Student Quality was the faculty’s recognition that the
pedagogical strategies shared might not align with their signature pedagogy or universally
improve student achievement. However, they acknowledged the potential for increased
student motivation. This raised questions about how educators define ‘academic success'—
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whether it is based on academic performance or fostering intrinsic motivation for lifelong
learning or other measurements $V (NuL HW DO
lifelong learning, and faculty members' motivation to innovate in their teaching is positively
associated with their drive for lifelong learning competence (Youngsun & June, 2019).
Engaging in cross-faculty learning communities (LC) can further enhance faculty motivation,
helping them experiment with new strategies and learn from colleagues' experiences.

QRWHG PRWLYDWLRQ

Table 1. Pertinent Thematic Learning Reflections emerged from Thematic Analysis.

Pedagogy and Teaching Process and Feasibility
Student Quality Practices
The pedagogies Effective teaching involves identifying, | Pedagogical

expounded (especially
DEFL’s Differentiated
Learning) may not
necessarily improve
student quality but can

addressing gaps, and validating
findings through a structured process.

approaches discussed
are practical and can
be implemented using
various strategies and
templates.

benefit motivated

students.
Participants’ Participants’ Reflections: Participants’
Reflections: Reflections:

“Teaching can be made more effective
by following a process where discrete
steps are taken to identify the gaps,
address them and validate your
findings.”

“DEFL may not
improve students’
quality. In addition,
differentiated learning
may help those who
are motivated to pass a
module (course).”

“DEFL approaches
and strategies.
Templates to help
guide us to design the
interventions.”

“The inclusion of a case study on the
effects of the SPA factor (from self and
peer assessments) was particularly
valuable. It offered practical insights
into how such evaluations can
enhance team dynamics and individual
accountability.”

The theme of Teaching Process and Practices has encouraged faculty to view their
pedagogical efforts as structured processes of identifying gaps, addressing them
systematically, and validating findings through reflective practice. Traditionally, educators'
pedagogical knowledge has been introspective and incremental, often treated as private
knowledge. Large-scale ALC provides a platform for sharing and articulating these
experiences, practices, and new insights, promoting a deeper understanding of teaching
methods (Mohamed et al., 2022). As faculties are constantly faced with the challenge of time,
many may find that the discursive approach to reflection practices may be more feasible. The
faculty may also take this opportunity to reflect on their pedagogical approaches and
experiences.

Feasibility highlighted the positive reception towards implementing pedagogical approaches
shared at the annual ALC Symposium. Time-constrained faculty appreciate the availability of
tangible tools and templates to support new teaching methods. As Mezirow et al. (2014) noted,
templates can be adapted for higher education, aligned with the course’s pedagogical goals.
Burgess et al. (2008) similarly recommended templates, noting that they help alleviate the
stress of translating subject content into actionable strategies for active engagement. These
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tools reduce workload and stress by providing a structured format for streamlining curriculum
content, enabling faculty to identify areas for improvement and enhance student learning
outcomes. Using templates was also explored by Leong (2021) of which the ‘Evidence-based
Reflective Practice’ templates was administered to at-risk students. The structured templates
predicted learning effectiveness before lessons and function as an interventive tool and data
collection instrument.

Table 2. Participants’ Sentiments

Cautious Appreciation and Commitment to Encouragement
Optimism Gratitude Development, for Data -Driven
Mediating Approaches
Disagreements and
Conflicts in
Teamwork Situations
There is a Participants appreciated | Despite cultural Positive views on
sense that the opportunity to see challenges, educators using quizzes and
while DEFL how team-based are committed to data collection to
may not learning strategies can integrating Teamwork inform teaching
improve be seamlessly strategies and DEFL practices highlight
student quality integrated into into their courses, a proactive
universally, itis | teamwork development. | showing dedication to approach to
seenas a Positive sentiments are | improving teaching improving
practical and expressed towards methods. education.
doable contributors and Through the teamwork
approach with educators who shared workshop, educators
the right their insights and now see how self and
strategies and experiences, indicating peer assessment aids.
motivation. a supportive and
collaborative
community.
Participants expressed cautious optimism, appreciation, gratitude, commitment to

development, and support for data-driven initiatives, while also addressing teamwork conflicts.
These sentiments highlight the value of a large-scale learning community that fosters cross-
disciplinary idea sharing guided by the CDIO Standards. The ALC has provided academics
with opportunities to strengthen and apply new knowledge to their teaching practices.

The findings indicate that while challenges persist, there is a solid foundation for continued
growth in teaching practices through large-scale learning communities. The importance of
contextualizing pedagogical initiatives to align with faculty values and beliefs is crucial.
Institutions should prioritize creating learning communities that help faculty connect new
teaching approaches with their personal goals. The general sentiment is that the CDIO
approach may need to be more relevant to specific courses. To increase its adoption, future
symposiums should focus on helping faculty contextualize CDIO in their pedagogy, enhance
motivation to experiment with new ideas using templates, and encourage sharing both
successes and challenges to demonstrate that failures lead to future success.

Limitations

This study has several limitations that affect the reliability and validity of the findings. The small
sample size may limit the diversity of perspectives on the impact of ALCs on faculty. While the
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varied roles and experiences of participants added richness, the results may need to be more
generalized to other educational contexts due to factors like organizational culture and
departmental priorities. The exclusive use of qualitative analysis may have restricted the
breadth of data, with some participants deterred from fully reflecting. Future symposiums
should encourage more detailed responses, and future research should include both
gualitative and quantitative methods to provide a more comprehensive understanding of the
impact. Promoting a culture of collegiality and shared learning among faculty is essential for
improving teaching quality and professional growth.

CONCLUSION

This study explores the potential of a large-scale faculty LC symposium between two schools
with different disciplines and pedagogies, viewing their diversity as an opportunity for cross-
pollination. It aligns with CDIO standards 8 and 10, particularly in enhancing teaching
competence. The positive faculty responses suggest a path for future joint CDIO-focused
events. Key findings from participant reflections highlight themes such as Pedagogy and
Student Quality, Teaching Process and Practices, and Feasibility. The faculty expressed
cautious optimism, commitment to improvement, and support for data-driven approaches,
underscoring the importance of CDIO-driven symposiums for fostering faculty development
and pedagogical innovation.

ACKNOWLEDGEMENT

We extend our heartfelt gratitude to Mr. Sin Moh Cheah for his invaluable assistance in
reviewing and refining this paper. His insightful feedback and meticulous attention to detalil
have been instrumental in elevating and greatly enhanced the quality of this paper.

We also wish to express our heartfelt appreciation to the Teaching and Learning Mentors and
Specialists (TLMS) — David Tay, Thye Sang Ho, Mun Kin Leong, Yiat Yam Leong and Yuon
Fatt Lim for their unwavering dedication and expertise in co-organising the symposium and
facilitating the workshop, which effectively incorporates active learning methods. Their efforts
have significantly contributed to the success of this symposium.

The authors received no financial support for this work.

REFERENCES

Armbruster, P., Patel, M., Johnson, E., & Weiss, M. R. (2009). Active Learning and Student-Centered
Pedagogy Improve Student Attitudes and Performance in Introductory Biology. Che—life Sciences
Education.

Burgess, V., Barth, K., & Mersereau, C. (2008). Quality online instruction template for consistent and
practical online course design. The Sloan Consortium. In. Journal of Continuing Education in the
Health Professions, 38(3), 171-178.

Chang, M. K. (2017). Reevaluating Collegiality: Relationality, Learning Communities, and Possibilities.
Policy Futures in Education.

Cheah, S., & Lee, H. (2015). Sustaining CDIO Capability Via Mentoring of Academic Mentor 2015
11th International CDIO Conference, Chengdu University of IT, China.

Coorey, J. (2016). Active Learning Methods and Technology: Strategies for Design Education.
International Journal of Art & Design Education, 35(3), 337-347.

Proceedings of the 215 International CDIO Conference, hosted by
Monash University, Melbourne, Australia, June 2-5, 2025.



Cox, M. D. (2004). Introduction to Faculty Learning Communities. New Directions for Teaching and
Learning.

Crawley, E. F., Malmgvist, J., & Ostlund, S. (2014). Rethinking engineering education: The CDIO
approach (2nd ed.). Springer. https://doi.org/10.1007/978-3-319-05560-2.

Edstrém, K. (2012). Faculty development for CDIO implementation [Sensitive viewers are warned] -
Advanced workshop on Standard 9 and 10 2012 8th International CDIO Conference,, Queensland UT,
Australia.

Eib, B., & Miller, P. (2006). Faculty development as community building. International Review of
Research in Open and Distributed Learning, 7(2), 1-15.

(NuL + g]J]JHQHO O OHWOLOR ( The Effect of Motivation of Success of University S
on Personal-Professional Competence: Mediation Role of Lifelong Learning Tendency. International
Journal of Evaluation and Research in Education (ljere), 9(3), 583.

Leong, Y.W. (2021). Evidence-Based Reflective Practice for Engineering Repeat Students in Flipped
Learning. 17th International CDIO Conference. Chulalongkorn University & Rajamangala University of
Technology Thanyaburi, Bangkok: 282.

Mezirow, J. (1996). Contemporary paradigms of learning. Adult education quarterly, 46(3), 158-172.

Mohamed, M. H., Rashid, R. A., & Algaryouti, M. H. (2022). Conceptualising the Complexity of
Reflective Practice in Education. Frontiers in psychology, 13.

Prince, M. J. (2004). Does Active Learning Work? A Review of the Research. Journal of Engineering
Education. https://doi.org/10.1002/j.2168-9830.2004.tb00809.x

Pstross, M., Talmage, C. A., Peterson, C. B., & Knopf, R. C. (2017). In Search of Transformative
Moments: Blending Community Building Pursuits into Lifelong Learning Experiences. Journal of
Education Culture and Society.

Red’ko S., & Shadrin, A. I. (2014). Concepts of CDIO Standards and Education Management
Standards in Teaching Engineering Programs. Standards and Monitoring in Education, 2(4), 52-56.

Reznik, S., & Vdovina, O. (2018). Regional University Teacher: Evolution of Teaching Staff and
Priority Activities. European Journal of Contemporary Education.

Richlin, L., & Cox, M. D. (2004). Developing scholarly teaching and the scholarship of teaching and
learning through faculty learning communities. New Directions for Teaching and Learning, 97, 127—
135. https://doi.org/10.1002/t1.139

Sicat, B. L., Kreutzer, K. O. K., Gary, J., lvey, C. K., Marlowe, E., Pellegrini, J. M., Shuford, V. P., &
Simons, D. F. (2014). A Collaboration Among Health Sciences Schools to Enhance Faculty
Development in Teaching. American Journal of Pharmaceutical Education.

So00-Ng, GL. (2020). Enhancement Of Faculty Competence Through Learning Community. 2020
CDIO Asian Regional Meeting, Mongolian University of Science and Technology, Ulaanbaatar,
Mongolia.

Stevenson, C. B., Duran, R. L., Barrett, K. A., & Colarulli, G. C. (2005). Fostering Faculty
Collaboration in Learning Communities: A Developmental Approach. Innovative Higher Education.
Thomson, G. A, & Clark, R. (2018). Developing Staff for Effective CDIO Implementation. The 14th
International CDIO Conference in Kanazawa, Japan,

Tyflopoulos, E., Haskins, C., & Steinert, M. (2021). Topology-Optimisation-Based Learning: A
Powerful Teaching and Learning Framework Under the Prism of the CDIO Approach. Education
Sciences, 11(7), 348.

Youngsun, S., & Jun, J. (2019). The Hierarchical Effects of Individual and Organizational Variables on
Elementary School Teachers Lifelong Learning Competence. International Electronic Journal of
Elementary Education, 12(2), 205-212.

Proceedings of the 215 International CDIO Conference, hosted by
Monash University, Melbourne, Australia, June 2-5, 2025.


https://doi.org/10.1002/j.2168-9830.2004.tb00809.x

BIOGRAPHICAL INFORMATION

Geok Ling Soo- Ng holds a B.Eng. (Civil) and a Master of Technology in Knowledge
Engineering. She is a senior lecturer and senior manager of T&L in the School of Architecture
and the Built Environment at Singapore Polytechnic. With a strong passion for teaching and
technology, she is committed to education through improving students’ self-directed learning
skills and mentor teaching staff through effective professional development, notably through
the Faculty Learning Community (FLC).

Zhengp ing Liow is a lecturer in Architecture at Singapore Polytechnic and is completing his
Ph.D. at the National University of Singapore. His research focuses on the intersection of
educational psychology, design studio pedagogy, and cross-pollinative team learning
strategies, specifically on the effects of power dynamics/structures inherent through the hidden
curriculum of socialised design studios.

Corresponding author

Geok Ling Soo-Ng
Singapore Polytechnic
School of Civil Engineering and the Built Environment

500, Dover Road _ o
Singapore 139651 This work is licensed under a

ngl@sp.edu.sg Creative Commons Attribution-
NonCommercial-NoDerivatives
4.0 International License.

Proceedings of the 215 International CDIO Conference, hosted by
Monash University, Melbourne, Australia, June 2-5, 2025.


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/

L

(1+$1&,1* 7(&+1,&,$169 .12:/('*( 2) &',2 7+528*+
*(1(5$7,9( $,

0$5. 1,9%1 6,1*+

'"HSDUWWHRI (GXFDWLRQDO '"HYHORSPHQW 6LQJDSRUH 3|
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,Q WKH &',2 HFRV\VWHP DW 6LQJDSRUH 3RO\WHFKQLF WHFKQL
EHWZHHQ DFDGHPLF LQVWUXKMWXGEHQ@WCE KDQGNVQJ HPERG\LQJ T
RIWHQ X®GERUWQL]HG UROH LQ HGXFDWLRQ :KLOH WHOKQHBLRQV
DQG VXSSRUWLQJ OHDUQLQJ PDQ\ YLHZ WKHPVHOYHV DV ODFNL
FRPSDUHG WR OHFWXUHUV UHVXOWLQJ LQ D GLPLQLVKHG VHQV}
JDS ZH SURSRVH D QRYHO DSSURDSRHQR SVURLB RVIHEQ DROU G FHK
SHUVRQDOGHP® RQFKDWERW WKDW VXSSRUWY FRQWLQXRXV VLW
GDLO\ UHVSRQKHEERDWERW ZDV GHYHORSHG EDVHG RQ WKH 3
WKHRUHWLFDO IUDPHZRUN D PRGHO WKDW SRVLWV ILYH HVVH:
LPSDFWIXO 7KLV IUDPHZRUN DOORZV WWHPRKDWERBRQLWR WHINUR XU
WHFKQLFQDRQNFADBY DQ\ZKHUH DQG DQ\WLPH %\ OHYHUDJLQJ W
GHVLJQHG WR GHODRYWHQWDURUWMMHELFR DVVHVVPHQWY 7RQG SHU'
WHVW WKH HITHFWLYHQHVV RI WKLY DSSURDFK D SURWRW\SH FI
RI WHFKQLFLDQV SURYGEPQO® K$HPUXIRMD BRHG OHDUQLQJ H[SH!
WKHLU VSHFLILF QHHGV ZLWKLQ WKH &'QXG| ¥ DB Bz RADNV D QLQ\GLLDFD VI
WKLV FKDWERW KDV WKH SRWHQWLDO WR VLJQLILFDQWO\ LQF
FRQILGHQFH LQ WKHLU LQVWUXFWLRQDO UROHW ¥8LDBORN OTHW
SDSHU ZLOO GLVFXVV WKH SRWHQWLDO LPSURYHPHQWYV IRU HQ
EURDGHU LPSOLFDWLRQV Rl WKLV SHUVRQDOL]HG OHDUQLQJ W
VXEVWDQWLDO RIIHULQJ D VFDOBEQRO XYW VR® LVQHEW HD OD0ORZ I OM
XSVNLOO HIILFLHQWO\ ZLWKLQ WKHLU SURIHVVLRQDO HQYLURQP

(<:25'6

$UWLILFLDO ,QWHOOLJHQFH 3URIHVVLRQDO 'HYHORSPHQW &KD)\
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7HFKQLFLDQV SOD\ DQ LQFUHDVLQJO\ Y'HVD DOSRG RHSPMNIKWAHE ', 2

HFRV\WWHP Rl HQJLQHHULQJ HGXFDWLRQ SDUWLFXODUO\ LQ LC
7UDGLWLRQDOO\ UHJDUGHG DV VXSSRUW V®RQV MEH PK@ILLAH\D € VS R
LQFOXGH DVSHFWV Rl WHDFKLQJ DQG OHDUQLQJ VXFK DV PHQ
FUHDWLQJ DV\QFKURQRXV LQVWUXFWLEQDB G RO WHQMQ JD QHVB YW
JURZLQJ LQYROYHPHQW LQ LAD\QN WKHFRKLRFD O GBW B FSWLHAHW D ODF N
LQ WKHLU WHDFKLQJ FRPSHWHQFH DQG SHGDJRJLFDO NQRZOH
SHUFHSWLRQ RI EHLQJ OHVV TXDOLILHG WKDQ DFDGHPLF VWDII
HQJDJH LQ IRUPDO YHROIRSRHRQYDIRF¥VHG RQ HGXFDWLRQ

([LVWLQJ SURIHVVLRQDO GHYHORSPHQW 3' SURJUDPPHV RIWHQ
QHHGYV 7KHVH SURJUDPPHV WIKFDPE AR RREOHIDR ZGBIOMXN WL QJ EURDC
LV QRW DOZD\V GLUHFWO\ UHOHYDQW RU LPY% HGLDH®D \DNE\S (
JXUWKHUPRUH WUDGLWLRQDO 3" IRUPDWY OLNH ZRUNVKRSV D
WHFKQLFLDQVY ZRUN URXWLQHV FRQWULEXWLQJ WR ORZ HQJ
VXJIJHVWY WKDWHPR® VWDII RIWHQ IHHO GUVYFRQ QWHUFDMHGE QU RPHS T
SULPDULO\ IRU DFDGHPLF SURIHVVLRQDOV IXUWKHU GLPLQLVKL

7R DGGUHVV WKHVH FKDOOHQJHV WKLV VWXG\SR[SORIG V¥ KDKHE RV
DV DQ DOWHUQDWLYH DSSURDFK WR SURIHVVLRQDO GHYHORSP
ORPHQWYV RI 1HHG IUDPHZRUN ORVKHU *RWWHUW GMRVOR H W k
FRQWH[WXDOLVHG OHDUQLQJ WKDW WHFKQLFLDQV FDQ DFFHYV
SHUVRQDOLVHG IHHGEDFN IRUPDWLYH DVVHVVPHQWY DQG JXL
NQRZOHGJH DOLJQHG ZLWK &',2 SULQFLSOHYV

%\ OHYHUDJLQJ JHQHUDWLYH $, WG® HDAKPLDERMQ CD A QMLEVD BIW HVHE
VHOGLUHFW WKHLU OHDUQLQJ DW D SDFH DQG GHSWK VXLWHG W
RQO\ LPSURYHV DFFHVV WR SURIHVVLRQDOW&HWK B R-BYRIMWL. EIX W
WHFKQLFLDQV LQ PRGHUQ HQJLQHHULQJ HGXFDWLRQ

7KLV VWXG\ LV JXLGHG E\ WKH IROORZLQJ UHVHDUFK TXHVWLRQ

+RZ GR WHFKQLFLDQVY SHUFHLYH WKH FKDWERW LQ VXSSRUYV
QHHGY UHODWHG WR &',2 3HUFHLYHG 8VHIXOQHVV "

+RZ HDV\ LV WKH FKDWERW WR XVH IRU OHDUQLQJ &',2 FRQF
:KDW LV WKH OHYHO RI LOQWHQWLRQ DPRQJ WHFKQLFLDQV WF
WR 8VH "

/,7(5$785( 5(9,(:

7HFKQLFLDQV SOD\ DQ HVVHQWLDO UROH LQ HGXFDWLRQDO VHW\
NQRZOHGJH DQG SUDFWLFDO DSSOLFDWLRQ +RZHYHU WUDGLYV
SURJUDPV RIWHQ IDLO WR PHHW WKHLU X@GIVTXE O HHEDWXYGH PD |
DSSURDFK FRPPRQO\ IRXQG LQ 3' ZKHUH WUDLQLQJ LV GHOLYH
WKDQ WDLORUHG WR WKH VSHFLILF LPPHGLDWH QHHGV RI WH
GLVHQJDJHPHQW DV WHFKQLFLD QL @®IWHR®VBHQWHDYHLWKHOWYI
SUDFWLFDO UROHV ZKVBKRLHIKLQHDBRQYHMWKDW VXSSRUWV GI
*RWWIUHGVRQ
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5HVHDUFK KLJKOLJKWV DGGLWLRQDO LVVXHV VXFK DV D ODFN F
ZKLFK RIWHQ UHOLHV RQ VFKHGXOHG ZRUNVKRSV DQG VHPLQDU\
ZRUN UHVSRQVLELOLWLHV ,QIOH[LEOH ICRHD DU D PRHIWK RVG\H K IP@
DSSOLFDELOLW\ Rl OHDUQHG VNLOOV $6$(&HQWHU RUJ LW
LPSDFWLQJ YDULRXV ILHOGV WHFKQLFLDQV IUHTXHQWO\ UHTXL!
3' IRUPDWVY FDQQRW S WRRYKG HHPXIFGIOR \H Q $GGLWLRQDOO\ WF
GR QRW YLHZ WKHPVHOYHV DV HTXDOV WR DFDGHPLF VWDII P
DFWLYLWLHV IRFXVHG RQ SHGDJRJ\ UHVXOWLQJ LQ OLPLWHG V
LQVWUXFW LRIDIK® RVD¥NYD Q 7KLV UHOXFWDQFH XQGHUVFRU
3' DSSURDFK WKDW IRVWHUV HQJDJHPHQW DQG VXSSRUWV WK
WHFKQLFLDQV

$Q HPHUJLQJ ERG\ RI OLWHUDWXU HH ¥ R ECHVGV V ROKDWL. RPN F R R RO
WKHVH OLPLWDWLRQV ZLWK PDQ\ HEHRN V3D GYRDPDRPRILH HRIHF
DOWHUQDWLYH WR W EH WWHU DBES SNLRRIEKD P-BAMNRMIBQIIQIIQR/I FORVHO\ ZL
WKH LPPHGLDVGH LFRQWIHHMGY RI WHFKQLFLDQV E\ SURYLGLQJ W
WKDW FDQ EH DSSOLHG GLUHFWO\ WR WDVNV DW KDQG *RWW
WHFKQEORBKHG 3' WRROV SDUWLFXRDWERWMUWXKDQYBIOVKRZQ SUR
FUHDWLQJ DGDSWLYH OHDUQLQJ H[SHULHQFHV WKDW DGGUHVV
JDSV LQ UHDO WLPH .KDQ HW DO 7TKHVH FKDWERWY SURY
WHFKQLFLDQV WKURXJK LOMBWDHWILKIHQ DWH[V.BMOKH3WLPH DQG OR
WUDGLWLRQDO WUDLQLQJ

&KDWERWY FDQ VHUYH DV YDOXDEOH WRROV IRU GHOLYHULQJ S
ORPHQWYVY RI 1HHG” IUDPHZRUN ZKLFK LGHQWLILHV ILYH FULWLFI
PRVW EHQHILFLDO OHDUQLQJ VRPHWKLQJ QERG BIHS IDBE®EIOQ 1 QISR
UHPHPEHULQJ LQIRUPDWLRQ VROYLQJ SUREOHPV DQG DGDSWLC

%\ RITHULDD\ WRPRVHUDFWLRQV WKDW DGDSW WR XVHUVY O
IDFLOLWDWIHP MXOMD UQLQJ WKDWVWWXISSRIUWN WHEKQ VWFKBQQHHG L
FDQ DOVR SURYLGH LPPHGLDWH IHHGEDFN DQVZHU TXHULHV D
OHDUQLQJ SDWKZD\V DOORZLQJ WKHP WR OHDUQ DW WKHLU RZ
QHHGV 7KLV FDSDELOLWWOW YSDQW WK ODHIFKQLFLDQV ZKRVH 3'
EDVHG RQ WKHLU UROHV DQG UHVSRQVLELOLWLHYV

ORUHRYHU FKDWERWY FDQ FUHDGH PH OQWBSSOROMLYELQIREQYLU
HQFRXUDJHV WHFKQLFLDQV WR H[SORUH LQVWUXFWLRQDO FRQF
DFDGHPLF VWDII 5HVHDUFK VKRZV WKDW SHUVRQDBKJMHE& FKDW
OHDUQLQJ E\ WDLORULQJ FRQWHQW WR XVHUV H[LVWLQJ NQRZO
ZD\ )U\HU %RYHH 7KLV SHUVRQDOL]HG IHHGEDFN PHFKDQL
OHDUQLQJ SURJUHVV RIIHU WDUJHWH GWH HHVRXBVH \D & DAX JD 6 |
HDFK XVHUJV OHDUQLQJ MRXUQH\ /HPRLQH 5LFKBHPDORG
SHUVRQDOL]HG OHDQWQIP®I IFFE WWLEWO LW\ SRVLWLRQV FKDWERW
GHOLYHULQJ 3' WKDW PHKKWVQWHENQLFLDQV XQLT

,Q VXPPDU\ WKH LQWHJUDWLRQ RI WKH 3 ORPHQWYV RI 1HHG  IUL
WHFKQRORJ\ RIIHUV D WUDQVIRUPDWLYH VROXWLRQ WR WKH OLI
%\ GHOLYHULQ3HRQOQWHMWMEDSWLYH OHDUBRRWQYY WDGGEUHMQ PMN F KE®IC
LPPHGLDWH QHHGYV ZKLOH VXSSRUWLQJ WKHLU FRQWLQXRXV (
LOQVWUXFWLRQDO FRPSHWHQFLHY 7KLV LQQRYDWLYH DSSURDFK
HPSKDVL]LQJ IOH[LELOLW\ DFFRWHEHGLIY\ PDQUG LQHDD QMHWQLIL
WRZDUG PRUH HIIHFWLYH SURIHVVLRQDO JURZWK IRU WHFKQLFL
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8VLQJ & KDWERWYV WR OHHW WKH 8QLTXH 1HHGV RI THFKQLFLDQV

,Q UHVSRQVH WR WKH SURIHVVLRQDO GHYHORSPHQW QHHGV RI W
WKLV SDSHU SUHVHQWY D SHUVRQDOL]HG FKIBWPRY G/ RFRRQWHR[Q -
VSHFLILF OHDUQLQJ DOLJQHG ZLWK WKH OR PMH)GWW RB7LHHG

ODQJXDJH PRGHO 7KLV PRGHO ZDV FKRVHQ IRU LWV DGYDQFF
FDSDELOLWLHV DQG DELOLW\ WR JHQHUDWH FRQWH[WXDOO\ DSS!
RI & ,DOLJQHG UHM®RXURBORZLQJ VHFWLRQXQRXMRQOIBLWKHVNR
FKDWERW LWV DOLJQPHQW ZLWK WKH ORPHQWV RI 1HHG DQG
XQLTXH UHTXLUHPHQWY IRU SURIHVVLRQDBDHDRIZZVWRK \&/® H DLQHWUHHY

JLIXUHEKDWERW ,QWHUIDFH

&+$7%27 '(6,*1 .(< )81&7,21$/,7,(6
YOH[LEOH $FFHVV WR /HDUQLQJ 5HVRXUFHYV

7KH FKDWERW LV DYDLODEOH DW DQ\ WLPH WKURXJK D VLPSOH
OHDUQLQJ VXSSRUW ZLWKRXW ZDLWLQJ IRU IRUPDOL]JHG SURIL
IHDWXUH SURPRWHYV GROMAWNKE XHD/H@®UQJ ZKYBPRWLNIBBXWLURXC
WHFKQLFLDQV ZLWK YDULHG VFKHGXOHY DQG LPPHGLDWH OHDL

SURPSWLYHQ ,QWHUDFWLYLW\

7KH FKDWERW LV KLIJKO\ UHVSRQVLYH WR WHFKQLFLDQ SURPSW)
VSHFLILF OHDUQLQJ LQWHQWLRQV H[SUHVVHG E\ WKH XVHU )RLU
WHVW WKHLU NQRZOHGJH E\ SURPSWLQFKRKPFXAKDWERW W&4NVUH
8SRQ FRPSOHWLQJ WKH TXHVWLRQV WHFKQLFLDQV UHFHLYH St
DQVZHUV | QHHGHG WKH FKDWERW ZLOO RIIHU DGGLWLRQDC
UHVRXUFHV XQWLO WKH WHFKQLFLDQ GHALHIHWF W R/ KERAM QNK®HV VY
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OHDUQLQJ VWUDWHJILHY OLNH WKHVH EULHI DQG WDUJHWHG I
UHWHQWLRQ DQG UHLQIRUFH OHDUQLQJ E\ SURPRWLQJ IUHTXHQV
7VDL 3

JLIXUHSURPSMWYHQ ,QWHUDFWLYLW\
&RQWHQW ,QWHJULW\ DQG $SSURYHG .QRZOHGJH

7KH FKDWERWYV UHVSRQVHV DUH GUDZQ H[FOXVLYHO\ IURP DC
HQVXULQJ WKDW WHFKQLFLDQV UHFHLYH RQO\ YHWWHG DQG UH
RI PLVLQIRUPDWLRQ DQG DOLJQV ZLWK LQVWQWYWERQDPLNQ R 2\
EXLOG FRQILGHQFH LQ WKH DFFXUDF\ Rl WKH LQIRUPDWLRQ WKH

JLIXUHORXQGDULHYVY SURYLGHG WR WKH &KDWERW WR PDLQ
OHHWLQJ 7THFKQLFLDQVY 6SHFLILF 1HHGV

7KH FKDWERWIIV GHVLJQ DQG VIXIQ¥WERWYR OLWMHWD WHK HZ /GBI FLILF
GHYHORSPHQW QHHGV RI WHFKQLFLDQY DV GHWDLOHG EHORZ

YOH[LEOH DQG $FFHVVLEOH /HDUQLQJ

7KH FKDWERWRV¥FFHYWOPM XUH HQVXUHV WKDW WHFKQLFLDQV FD
VXSSRUWLQJ RQJRLQJ GHYHORSPHQW ZLWKRXW GLVUXSWLQJ WK

BURFHHGLQJWRIWHUHQDWLRQDO &'KRWRBEGHBHQFH
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BHUVRQDOL]J]HG )HHGEDFN DQG $GDSWLYH /HDUQLQJ 3DWKZD\V

7KURXJK SHUVRQDOL]HG UHVSRQVHV DQG WDLORUHG DVVHVVP
WHFKQLFLDQfVY NQRZOHGJH OHYHO SURYLGLQJ FXVWRPL]JHG Il
UHVRXUFHV DV QHHGHG 7KLV LQGLYLGXDOL]HG VXSSRQW FDQ |
DQG HQJDJHG ZLWK WKH OHDUQLQJ PDWHULDO EWGIRIZ NKRZ\R Y H
WKH DELOLW\ RI WKH FKDWERW WR SURYLGH VKRUW IRUPDWL)
WHFKQLFLDQV WR HQVXUH WKDW WKH\ DUHRYLEHMIRVEIFBMHF WL
UHLQIRUFH OHDUQLQJ

JLIXUH RUPDWLYH $VVHVVPHQW WR &KHFN IRU /HDUQ

,Q VXPPDU\ WKH FKDWERWTYV IXQFWLRQDOLWLSIF DIG 6 UMVIVU W K(
QHHGV Rl WHFKQLFLDQV E\ DOLJQLQJ ZLWK WKH ORPHQWYV RI 1
WLPH LQWHUDFWLYH DQG DFFXUDWH OHDUQLQD H/ISHILU HRFG W
DGYDQFHPHQW LQ SURIHVVLRQDO GHYHORSPHQW DSSURDFKHYV
DFFHVVLEOH DQG UHOHYDQW WR WKHLU HYROYLQJ UROHYV

7(67,1%3352%&+ 67%$7,67,&%$/ $1$/<6,6

7KLV VWXG\ DGRSWHG D TXDQWLWDWLYH DSSURDFK WR HYDOXD
WKH 7THFKQRORJ\ $FFHSWDQFH ORGHO 7$0 FRQVWUXFWV 3HUFH
(DVH Rl 8VH 3(28 DQG ,QWHQWLRQ W REDAH G7BRIGDWRIE L GDYLNG

9HQNDWHVK 'DYLV ZDV DGPLQLVWHUHG WR WHFKQLF
ZLWK WKH FKDWERW
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*LYHQ WKH H[SORUDWRU\ QDWXUH RI WKLV VWXG\ DQG WKH UHC
HPSOR\HG GHVFULSWLYH VWDWLVWLFV UDWKHU WKDQ LQIHUH
GHVFULSWLYH VWDWLVWLFV LV WR SURYLGH[SKQULIQQWHYY OD RG
SHUFHSWLRQV 7KLV DSSURDRKDVHFRBEXROQWIOQREGDOONHFKQRORJ
ZKHUH WKH DLP LV WR XQGHUVWDQG XVHU UHFHSWLRQ EHIRUH !
IRXUL

$ WRWDO RI WHFKQLFLDQV IURP WKH 6FKRRO RI (OHFWULFDO
6FKRRO RI OHFKDQLFDO DQG $HURQDXWLFDO (QJLQBGHWRLYH WRR
UHIHU WR $QQH[ $ IRU WKH TXHVWLRQQDLUH

.H\ VWDWLVWLFDO PHDVXUHVY UHSRUWHG LQFOXGH PHDQ PHGLDC
FRQVWUXFW 7KH DQDO\VLV IRFXVHG RQ KLIKOLJKWLQJ JHQHUDO
IXWXUH LWHUDWLRQV RI WKH FKDWERW DHMHABBMWKHQWLDO DYHQX

,W LV DOVR ZRUWK FRQVLGHULQJ WKDW RQH IDFWRU PRQWULEX
SDUWLFXODUO\ LQ BHU¥FHADYHG ®®MHHBH®¥HV LQ (QJOLVK ODQJX
DPRQJ WHFKQLFLDQV $V WKH FKDWERW FXUUHWWRKRRFHDDRQW H\L \
ORZHU IOXHQF\ PLJKW IDFH FKDOOHQJHV LQ LQWHUSUHWLQJ R
DOLJQV ZLWK ILQGLQJV IURP /LQ DQG :DUVFKDXHU ZKR REV
VLIJQLILFDQWO\ LPSDFWV OHDUQYBOVWRRW W UQF W& R QIVWALRNXD G LER

7R VXSSRUW RQJRLQJ UHILQHPHQW WHFKQLFLDQV SURYLGHG It}
H[SHULHQFH FRXOG EH LPSURYHG 6XJJHVWLRQV LQFOXGHG WKH
XVHUV JHW VWDUWHG H[SDQVLRQ RI WKH NQRZGRQ®YH EDNEGNR
LQFOXVLRQ RI D VLPSOH GDVKERDUG WR WUDFN OHDUQLQJ SUR.
LQVWLWXWLRQDO HWKLFDO FRPSOLDQFH DQG WR HQKDQFH WKH
OLNH LQWHUDFWLRQ :KLOH WKHVH VXJJHNVDW®RIQHU Z\HHFHW MRROF
FRQVROLGDWLRQ KHUH VHUYHV WR KLJKOLJKW NH\ SULRULWLHYV

%H\RQG LPSURYHPHQWY WR WKH FKDWERW LWVHOI LW LV DO
HGXFDWLRQDO LPSDFW Rl WKLY LQWHUYHQWLRQ $V WHFKQLFLD
LQ DSSO\LQJ &',2 SULQFLSOHV WKH TXDOLW\ RUPBWREHQWRDHD
H[DPSOH SHWMDHUHG WHFKQLFLDQV PD\ IDFLOLWDWH PRUH HII
SURYLGH PRUH LQVLJKWIXO PH@WRGVEHDB URXDLIQ D S GRRIHFEW WLP
IHHGEDFN DOLJQHG ZLWK &',2 JRDOV AMKINHQVWKBRWK DQG BKB
XOWLPDWHO\ HQKDQFLQJ WKH RXWFRPHV Rl HQJLQHHULQJ HGXF

2QH VSHFLILF OLPLWDWLRQ UDLVHG E\ SDUWLFLSDQWY UHODWHV
IXQFWLRQDOO\ DFFXUDWH WKH FKDWERW UHVSRQVHV ZHUH R
LPSHUVRQDO ODFNLQJ WKH ZDUPWK R KXPPIQVIDWWLRQDEWERWQU H
GULYHQ GLDORJXH VI\VWHPV ZKLFK GHVSLWH QDWXUDO ODQJXD.
HPSDWK\ RU DGDSW WRQH HIITHFWLYHO\ WR GLYHUVH XVHU H[SHF
)XWXUH LWHUDWLRQV FRX0IGQM[ISEHEMAM LOD/OH XDDW IRRIGHOV RU K
KXPDQ VXSSRUW V\VWHPV WR PLWLJDWH WKLV

5(68/76 ',6&866,21

*LYHQ WKH H[SORUDWRU\ QDWXUH RI WKLV VWXG\ DQG WKH UHC
HPSOR\HG GHVFULSWLYH VWDWLVWLFV UDWKHU WKDQ LQIHUH
GHVFULSWLYH VWDWLVWLFV LV WR SURYLGH[®PKQULIQQWHYY OD RG
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SHUFHSWLRQV 7KLV DSSURDFXKDVHFREBKXEQOWIOREGDOONHFKQRORJ
ZKHUH WKH DLP LV WR XQGHUVWDQG XVHU UHFHSWLRQ EHIRUH "
1RXUL

.H\ VWDWLVWLFDO PHDVXUHVY UHSRUWHG LQFOXGH PHDQ PHGLDC
FRQVWUXFW 7KH DQDO\VLV IRFXVHG RQ KLIKOLJKWLQJ JHQHUDO
IXWXUH LWHUDWLRQV RI WKH FKDWERW DHMHABBMWKHQWLDO DYHQX

W LV DOVR ZRUWK FRQVLGHULQJ WKDW RQH IDFWRU FRQWULEX
SDUWLFXODUO\ LQ 3HUFHADYHG® @MHHEHB¥HY LQ (QJOLVK ODQJX
DPRQJ WHFKQLFLDQV $V WKH FKDWERW FXUU HW WK QRFH D DW H\ \
ORZHU IOXHQF\ PLJKW IDFH FKDOOHQJHV LQ LQWHUSUHWLQJ R
DOLJQV ZLWK ILQGLQJV IURP /LQ DQG :DUVFKDXHU ZKR REV
VLIJQLILFDQWO\ LPSDFWV OHDUQBOVWR®W W UIF WE R BIYWALRMD G LAR

7R VXSSRUW RQJRLQJ UHILQHPHQW WHFKQLFLDQV SURYLGHG I}
H[SHULHQFH FRXOG EH LPSURYHG 6XJJHVWLRQV LQFOKHHG WKH
YHQJ WR KHOS XVHUV JHW VWDUWHG H[SDQVLRQ RI WKH |
LOQFRPSOHWH UHVSRQVHY DQG LQFOXVLRQ RI D VLPSOH GDVKERI
7TKHUH ZHUH DOVR FDOOV WR DGGUHVV LQVWLWXWLRQDO HYV
FKDWERW V WRQH WR VIOANGDWHVPAHRIDH WHK R X QI KVOWMH. RMK\H ZHUH WR
XSRQ LQ HDUOLHU VHFWLRQV WKHLU FRQVROLGDWLRQ KHUH VI
GHYHORSPHQW

%H\RQG LPSURYHPHQWY WR WKH FKDWERW LWVHOI LW LV DO
HGXFDWLRQDO LPSDFW Rl WKLY LOQWHUYHQWLRQ $V WHFKQLFLD
LQ DSSO\LQJ &',2 SULQFLSOHV WKH TXDOLW\ RUPBWREGHQWRDHD
H[DPSOH SHWMDHUHG WHFKQLFLDQV PD\ IDFLOLWDWH PRUH HII
SURYLGH PRUH LQVLJKWIXO PH@WRGVEHDB URXDLIQ DS GRRIHFEW WLP
IHHGEDFN DOLJQHG ZLWK &',2 JRDOV MKINHOVWKBRWKDQWG BKBD
XOWLPDWHO\ HQKDQFLQJ WKH RXWFRPHV Rl HQJLQHHULQJ HGXF

2QH VSHFLILF OLPLWDWLRQ UDLVHG E\ SDUWLFLSDQWY UHODWHV
IXQFWLRQDOO\ DFFXUDWH WKH FKDWERW UHVSRQVHV ZHUH R
LPSHUVRQDO ODFNLQJ WKH ZDUPWHKWRI| BRFBG TRQM/HIUD PWN.RRZ Q
OLPLWDWLRQ RU IFKHQ KQWOR IXH VI\VWHPV ZKLFK GHVSLWH QDW
RIWHQ VWUXJJOH WR FRQYH\ HPSDWK\ RU DGDSW WRQH HIIHF\
)iOVWDG  %UDQGW] J ) X WGX BIHIS DVR H H DMOLVRIQM BR/EQH VH QW
ODQJXDJH PRGHOWRPDQBEAXSSRUW VIVWHPV WR PLWLJDWH WKLV

ILPLWDWLRQV RI WKH 7THFKQRORJ\ $FFHSWDQFH ORGHO

$OWKRXIK WKH 7$0 KDV EHHQ YDOLGDWHG LQ PDQ\ VWXGLHV WK
RSSRVHG WR WKH EHKDYLRXUDO LQWHQWLRQ WR XVH LV UDUHC
WR D PLVWDNHQ EHOLHI LQ WKH DFFHSWDBLUWXGR F R QW B FKHREO
.HXQJ HW DO IRXQG WKDW WKH 7$0 SUHGLFWHG WKDW D SDUWLF
ZLWKLQ WKH FRPSDQ\ LQ TXHVWLRQ +RZHYHU D \HDU ODWHU W
ZDV QRW EHLQJ XVHG DSBS OBWEBDWDWHU WLPH DQG WKH UHVXO!
ZHUH GLIIHUHQW IURP WKH LQLWLDO 7$0 DVVHVVPHQW 7KHUHIR
WKH 7$0 FDQ DFW DV DQ DFFXUDWH SUHGLFWRU RI DFWXDO XVD:
XVH 7KH VXJIHWWHWWRE QKHZR X @G EHQMWRVHH WKH 7$0 DJDLQ DIWL
LPSOHPHQWDWLRQ
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7KH SHUVRQDOLVHG FKDWERW GHYHORSHG IRU WKLV VWXG\ GHP]
DFFHVVLEOH IRUP RI SURIHVVLRQDO GHYHORSPHQW IRU WHF
HQYLURQPHQWYV %GHADHUW QIHRQQLQJ JURXQGHG LQ WKH 0f
IUHZRUN WKH FKDWERW DGGUHVVHV PDQ\ OLPLWDWLRQV R
HQFRXUDJLQJ WHEK®RADEB@®LQJ H[SHULHQFHV 8VHU IHHGEDFN L
RI SHUFHLYHG XVHIXOQHVV HDVH RI XVH DQG LQWBIQAWLARRUWR F

1RWDEO\ WKLV VWXG\ DOVR KLIJKOLJKWY DUHDV IRU LPSURYHPH:
WKH NQRZOHGJH EDVH DQG HQVXULQJ LQFOXVLYLW\ IRU YDU\L
ILQGLQJYV SRLQW WR D EURDGHU LPSDFW KBV W&'F K QOQFLHQWWIDQ G |
VWXGHQWY EHQHILW IURP PRUH HIIHFWLYH ODE VXSHUYLVLRC
LQWHJUDWLRQ RI WKHRU\ ZLWK SUDFWLFH

JXWXUH ZRUN ZLOO LQYROYH UHILQLQJ WKH FKDWERW EDVHG R(
ZLWK LQVWLWXWLRQDO V\VWHPV DQG H[WHQGLQJ LWV DSSOLF
GRPDLQV

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

7KH DXWKRU UHFHLYHG QR ILQDQFLDO VXSSRUW IRU WKLV ZRUN
WHFKQLFLDQV ZKR SDUWLFLSDWHG LQ WKH WHVWLQJ RI WKH FKIL

5()(5(1&(6

$6$(&HQWHU RUJ 7RS ILYH FRQFHUQV IRU SURIHVVLRQDO GHYHOR
KWWSV zZzZ DVDHFHQWHU RUJ UHVRXUFHM HRWY EHRGW B HBSVARYQ DO PD\
GHYHORYRHDQW

%BRXG +DJHU 3 WKLQMHQJ FRQWLQXLQJ SURIHVVLRQDO GHYHORSP!
PHWDSKRUV DQG ORFDWLRQ LQ SURIHVVLRQDO SUDFWLFHV 6WXGLHV L

%URZQ $ J)OH[LELOLW\ LQ /HDUQLQJ $ &RPSUHKHQVLYH *XLGH WF
'HYHORSPHQW (GXFDWLRQDO 5HWHDUFK -RXUQDO

&KHQ < JHQJ < '"HVLIQLQJ HIIHFWLYH XVHU JXLGDQFH IRU FKD
VDPSOH SURPSWV -RXUQDO RI  QWHUDFWLYH 7THFKQRORJ\

'‘DYLV ) SHUFHLYHG XVHIXOQHVY SHUFHLYHG HDVH RI XVH DOQ(
WHFKQRORJ\ 0,6 4XDUWHUO\

)iOVWDG $ %UDQGW]DHJ 3 % 8VHUV H[SHULHQFHV ZLWK FKD)
TXHVWLRQQDLUH VWXG\ 4XDOLW\ DQG 8VHU ([SHULHQFH KWWSYV

YU\HU / %WRYHH + XIS HRADNIPE DHOUQLQJ LAHS V&K JO RN MW H
FKDWERWY LQ HGXFDWLRQ -RXUQDO RI (&XFDWLRQDO 7THFKQRORJ\

*RWWIUHGVRQ & ORVKHU % ,QQRYDWLYH SHUIRUPDQFH VXSSR
OHDUQLQJ LQ WKH ZRUNDORZ OF*UDZ

*UDKDP & 5HJDQ - ([SORULQJ WKH SURIHVVDRRGBPEHWHDIRIE Pt
LQ KLJKHU HGXFDWLRQ -RXUQDO Rl +LJKHU (GXFDWLRQ 3ROLF\ DQG 0D

HXQJ - -HIIHU\' 5 DQG .LWFKHQKDP % 7KH &KDOOHQJH RI ,QWUR
(VWLPDWLRQ 7HFKQRORJ\ LQWR D 6PDOO 6RIWZDUH 2UJDQLVDWLRQ LQ
BRIWZDUH (QJLQHHULQJ &RQIHUHQFH $6:(& 3UHYN &RPSXWHU 6RFLHW

.XPDU 6 6KDK $ GHPDBD® OHDUQLQJ WKURXJK GLJLWDO WRROV 6KL
SURIHVVLRQDO GHYHORSPHQW /HDUQLQJ DQ# 'HYHORSPHQW 5HYLHZ
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IDZWRQ ° 7KH OLPLWDWLRQV RI WUDGLWLR®DWVHSY\RIGIKWMR QDO G
OHDUQLQJ -RXUQDO RI :RUNSODFH /HDUQLQJ

/L 0 7VDL 3 OHDURURJ LQ SURIHVVLRQDO GHYHORSPHQW $ VWXC
UHWHQWLRQ (GXFDWLRQDO ,QQRYDWLRQV 4XDUWHUO\

/ILQ & ‘DUVFKDXHU 0 2Q0LQH OHDUQLQJ IRU GLYHUVH ODQJXD
DFFHVV (TXLW\ ([FHOOHQFH L@ (GXFDWLRQ

KWWSV GRL RUJ

1IRXUL - BWXGHQWY PXOWLPRGDO OLWHUDFPNDPRICH G H DL KQJIKHOHD
HGXFDWLRQ 7HFK7HHQ&WWSYV GRL RUJ v

BPLWK - .QRZOHGJH PDQDJHPHQW DQG FRQWHQW LQWHJULW\ LQ

-RXUQDO RI ,QIRUPDWLRQ 6\VWHRYV LQ (GXFDWLRQ

6\QRSWHN Q G $, FKDWERWV 8QGHUVWDQGLQJ WKH EHQHILWYV DQG
KWWSV V\QRSWH NERRR . @MLK WAK\D W KR\G ¥ U V VWD KBS LQHIDLQNGY
OLPLWDWLRQV a

7KH\ KDYH D OLPLWHG XQGHUVWDQGLQJ GDWD FDQ UHVXOW I

7UDLQLQJ ,QGXVWU\ &KDW*37 DORQH LVQIW HQRXJK %HQHILWV L
FRDFKLQJ KWWSV WUDLQLQJLQWK¥WQR 6R P LBDREGEHMIBAHKD UQLQJ
EHQHDLO\GW D Z E IRAXNWL QO PR/BERDFKLQJ

9HQNDWHVK 9 'DYLV ) $ WKHRUHWLFDO H[WHQVLRQ RI WKH
JRXU ORQJIJLWXGLQDO ILHOG VWXGLHYVY ®DQDJHPHQW 6FLHQFH
KWWSV GRL RUJ PQVF

%LIIV - % 7DNQJ & 76IDFKLQJ IRU 4XDOLW\ /HDUQLQJ DW 8QLYHUVLW
'RHVODLGHQKHDG 6RFLHW\ IRU 5HVHDUFK LQWR +LJKHU (GXFDWLRQ 2

&ODULYDWH 1RYGIPEBMWULHYHG IURP (QGQRWH KWWSV HQGQRW
/IDQWDGD $ ' 20PHGR - - )HOLS $ 5 )HUQiIQGH] - - *DUFtD - 0
& &',2 ([SHULHQFHV LQ %LRPHGLFDO (QJLQHHULQJ 3UHSDULQJ 6S
RI OHGLFLQH DQG OHGLFDO 3HREFH GHORQMRORVKH WK ,QWHUQDWLRQDO
SsS 7XUNX )LQODQG 7XUNX 8QLYHUVLW)\ RI $SSOLHG 6FLHQFHYV
ODOPTYLVW - +XDRQWLR - OLQK $SSOLFDWLRQ RI &',2 LQ 1RQ

(QJLQHHULQJ 3UHRORMPYHIW ,PSOHPHQWDWLRQRKHH GSOIIM RQ MHWH WK
,QWHUQDWLRQDO & 'SS&RQIHUWHNPH )LQODQG 7XUNX 8QLYHUVLW)\ RI $SS

OLFURVRIW I1R¥UBIIPEWH D ELEOLRJUDSK\ FLWDWLRQV DQG UHIHUH
KWWSV VXSSRUW PXV¥ WRRMREIMIFEEEIDA@ FLNTKW OBRIVHUHQFHYV
F F ID D
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ODUN 1LYDQL&HGXKV\ 'LUHFWRU RI (GXFDWLRQDO 'HYHORSPHQW D
ODUN OHDGV LQ WKH LPSOHPHQWDWLRQ RI HGXFPOH® Q OLLELSMIGD
/HDUQLQJLWBHBWHG /HDUQLQJ DQG 3HGDJRJ\ IRU WKH 3URIHVVLR(
ZRWKYJ FORVHO\ ZLWEHWIFXDWKMIRU WK UULFXOXP LQQRYDWH WKH
DSSURDFKHV DQG FRQGXFWLQJ UHOHYDQW ZRUNVKRSV DQG RWK
WR HQKDQFH WKH FDSDELOLW\ FOQE IOVHIDFFIOW\ LQ WHDFKLQ

&RUUHVSRQGLQJ DXWKRU

ODUN 1LYDQ 6LQJK

6LQJDSRUH 3RO\WHFKQLF

'"HSDUWPHQW RI (GXFDWLR(
'RYHU 5RDG

6LQJDSRUH SEHSXEOLEF 7KLV ZRUN LV OLFERQNBW XX
6,1*$325( &RPPRQV $WW RBOQRRPPRIQ F L
ODUNB1LYDQB6LQJK#VS HG, 1R'THULYDWLYHYV ,QWHUQ
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=KDG\UD .RQXUED\HYD
S5HFWRU V (RIWMFHD]DNKVWDQ 7HFKQLFDO 8QLYHUVLW\
6DPDW %DLJHUH\HY
,QWHUQDWLRQDO 6FKRRO RI (QJLQHHULQJ (DVW .D]JDNKVW
.LP)DL 6RK
6FKRRO Rl OHFKDQLFDO $HURQDXWLFDO (QJLQHHULQJ 6L
6LORK &KHDK

'"HSDUWPHQW RI (GXFDWLRQDO '"HYHORSPHQW 6LQJDSRL

$%675%$&7

7KLV SDSHU GLVFXVVHV WKH HIIRUW E\ (DVW .DJBNKMWDQ 7t
FROODERUDWLRQ ZLWK 6LQJDSRUH 3RO\WHFKQLF 63 LQ XVLQ.
/HDUQLQJ :RUNVSDFHV WEDD®LEQNVFBRBP QG &KLQDYTV 7LDQMLQ 9RTF
L QVW LFVROWIB ERUDWLYHSSHREHEWUOLHU ®IGIRBHWHIG WWHIDHFKLQJ PR
(QJLQHHULQJ 3UDFWLFH (@BRYRW LLRWY IN R M@ RRUNVSHSE VKDUHYV |
EULHI OLWHUDWXUH UHYLHZ B H[SHUIRQFYSDREMPQGDUG

LPSOHPHQWDWLRQ PRIRIE LEIHEG X(BHIRIJLQHHULQJ HIGRFBWERQ

FRQFOXGHV ZLWK LGHDV IRWGARYLQ WKQFOXBLQQWHKH DWLRQ DQ
OHDUQLQJ H[SHULHQFH

(<:25'6

/IHDUQLQJ ZRUNVSDFH /XEDQ :RUNVKRS &',2 6WDQGDUG
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(DVW .D]JDNKVWDQ 7HFKQLFDO 8QLYHUVLW\ (.78 MRLQWE&HNKH &'
LQVWLM/XWKR@®QO\ XQLYHUVLW\ LPSOHPHQWLQJ WKH FRQFHSW F
LQWHUQDWLRQDO VWDQGDUGY DQG WKH &',2 LQLWLDWLYH LQ &H
ZLWKKH XQLIWHUWIVIRWW WRZDUGV UHLQYHQWLQJ LWV DSSURDFK
HGXFDWLRQ EDVHRBURB BWIPE WRFHHOV RI HQJLQHHUVY SUHSDUDWL
VWDQGDUGV 7KLV VWDUWHEWLQLF SURMHFWD XQGHG DQG JXLGH
RI (GXFDWLRQ DQG 6FLHQFH RI .D]JDNKVWDQ (DVW .D]JDNKVWDQ
WKH 1DWLRQDO ORGHO RI (QJLQHHULSUDBWEBMM RTK HR 1R UDD G K K& R
LQLWDBMBELEKLQHVH WHOPKLQHMHRIGHO3UDFWLFH ,(GQRMIUMLRQ 3U
FKRVHQ DV WKH IRXQGDWLRQ RVTKMKRDDQPDNRWRIDQWPRBHQ3,3 FRP
HOHPHQWYV ZKLFK DUH 3(QJLQHHULQJ  3*3UDFWLFH" 3, QQRYDWL
(3,3 PHDQV IWRDDHQWHG LQGXVWULDOL]HG UHDOLVWLF VRFLDC
VLPXOWDQHRXV VWXG\ Rl WKHRU\ DQG SUDFWLFH 2 QQRYDWLRQ
FRQFHSWV GHYHORSPHQW RI RULJILQDO VROXWLRGPHGBURMHFW
FRIQLWLYH FRPSHWHQFH LQGHSHQGHQW WKLQNLQJ ORJLFDO U
SURFHVVLQJ ZRUG DSSOLFDWLRQ FRELVOW R/E FRWNRBEIR S H QIR Y DQV L
WKLQNLQJ YEDVSHGROHBWQLQJISV\K UHMXWKMLY SURMHFW (DVW .D]
7HFKQLFDO 8QLYHUVLW\ DLPV WR VKDUH RZQ H[SHULHQFH RI LP.
WHFKQLFDO XQLYHUVLWLHV LQ .D]JDNKVWDQ E\

2QH RI WKH NH\ IRFXV DUHDV LV WR DOLJQ WKH YDULRXV HQJLQ!
(DVW .D]DNKVWDQ 7HFKQLFDO 8QLYHUVLW\ FDPSXV LQ 2VNHPI
ZRUNVSDPMKLYQXQLWHDVUWEHQWO\ LQWURGXFHG /XEDQ :RUNVK
DVVLVWDQFH IURP WKH 7LDQMLQ 9RABWLRQI®H@RUINWXRE IRRIPC
LQ 'HFHPEHU LV QDPHZKRIWHW DXEOLOHVH DUFKLWHFW RU PC
VWUXFWXUDO HQJLQHHU DQG LQYHQWRU GXWHQHG WIKH =K
W KK LQ HWIHWADWURQ RI EXLOGHUV8WDIQE FRKHN WBIPWRI3Y3 PRGHO
VWXGHQWYV LQ WKH /XEDQ :RUNWVKRGVSIRUWBEW MWRWDDHPKGSPA QW D
ZLWK IRXU SUDFWLFDO WUDLQLQJ DUHDV IXHO YHKLFOH PDLQWI]
YHKLFOHY DQG LQWHOOLJHQW FRQQHFWHG YHKLFOHV

%HLQJ D QHZ PHPEHU RI &',2 (DVW .DJDNKVWDQ 7HFKQLEFDO 8Q
OHDUQLQJ DERXW EHVW SUDFWLFHV IURP RWKHU &',2 FROODER!
WHDFKLQJ DQG OHDUQLQJ DSSURDFKHV LQ WKHLU HQILQHHUL
OHDUQLQJ ZRUNVSDFHV HVSHFLDOO\ ZLWRRDWHK.IHZ HRG V X 8 ORIE
XQLYHIDAYOW\ HPEDUNHG RQ D OHDUQLQJ MRXUQH\ WR 6LQJDSR

ZLWK WKH DLPV RI OHDUQLQJ DERXW X\DL@ 1 RS 2RNHP H QWU DI
DFFUHGLWDWLRQ ZLWK VSHFLDO IRFXV RQ KRZ ZRUNVSDFHV DU
$HURQDXWLFDO (QJLQHHULQJ WR VXSSRUW VWXGHQW SURMHFW

This paper shares the outcomes of the initial working partnership between East Kazakhstan
Technical University and Singapore Polytechnic. It first presented relevant information of
learning workspaces framed within the CDIO perspectives. It then provides a use case of how
Singapore Polytechnic enhanced its CDIO adoption with design thinking framework to drive
innovation from student projects and share the example of the Singapore Polytechnic Aero
Hub as a specific example of how learning workspaces is used to engage students in learning.
The paper then moves on to explain work done in East Kazakhstan Technical University with
respective to the development of the Luban Workshop.

BURFHHGLQJWRIWHUHQDWLRQDO &'KRWRBEGHBHQFH
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The "learning by doing" approach has been widely recognized as an effective method in
engineering education due to its active learning principles. This method emphasizes hands-
on experiences, problem-solving, and real-life simulations, which are crucial for developing
both technical and soft skills among engineering students. This hands-on approach helps
improve retention and mastery of subjects, making students more confident in applying what
they have learned to real-world problems (Bot et al., 2005). An industry-based learning space
affords authentic learning for a particular industry sector. Gibson et al (2009) highlighted that
D 3Z PblsHd learning gives students the opportunity to develop both general and field-
specific skills, such as personal, communication, teamwork and research skills, experience in
project design and management, professional work experience and the opportunity to secure
RQ JRLQJ HPSOR\PHQW”~

&',2 6WDQGDUG (QJLQHHULQJ /HDUQLQJ :RUNVSDFHV

&RUH 6WDQGDUG Rl &',2 H[SODLQV HQJLQHS$ SKQVLEPDUQH QU IR
HQYLURQPHQW WKDW LQFOXGHV HQJLQHHULQJ ZRUNVSDFHV D
HQFRXUDJHRRDQINUQLQJ Rl SURGXFW SURFHVV V\VWHP DQG V
NQRZOHGJH DQG VRFLDO OHDUQLQJILFRPBLQHE® @R MEW VEK D MWIDE
OLQH WRROV DQG VSDFHV WKDW VXSSRUW DQG HQKDQFH WKH T

&UDZOH\ HW DO SS SURYLGH WKH HVVHQWLDO DQG
ZRUNVSDFHV DV VKRZQ LQ 7DEOH DQG YDULRXV XWLOL]DWLRQ |

7TDEOH (VWVWHQWLDO DQG '"HVLUDEOH $WWULEXWHV RI &'

(VVHQW (QFRXUDJHK@ @BEWUQLQJ RI SURGXFW SURFHVV DQG V\V
$WWULE ZKLOH DW WKH VDPH WLPH VXSSRUWLQJ GLVFLSOLQDU\ D
JDFLOLWDWH VWXGHQW OHDUQLQJ Rl SHUVRQDO DQG LQV
JDFLOLWDWH JURXS DFWLYLWLHVY VRFLDO LQWHUDFWLR
&RPSO\ ZLWK ORFDO KHDOWK DQG VDIHW\ UHJXODWLRQV
BURYLGH VXVWDLQDEOH UHVRXUFHV

%H RUJDQL]JHG DQG PDQDJHG E\ VWXGHQWYV

BURYLGH IOH[LEOH HTXLSPHQW IXUQLWXUH DQG IDFLOLV
JDFLOLWDWH DFFHVV E\ VWXGHQWYV EH\RQG QRUPDO FOD
B3URYLGH DFFHVV WR PRGHUQ WRROV HTXLSPHQW DQG V

x

'"HVLUDE
$WWULE

XX X | X | X [X | X |X

'LWKLQ WKH &',2 OLWHUDWXUH &XQQLQJKDP HW DO GLVF
VSHFLILFDWLRQV IRU UHQRYDWLRQ RI H[LVWLQJ ZRUNVSDFHV R
GLIIHUHQW W\SHV Rl ZRUNVSDFHV VWXGLR URRPLFOOERHUDWRU®.
PRGHV RI )LIXUH 9DULRXV LQVWLWXWLRQV KDG DGDSWHG WK
QHHGV *RQ]iOH] HW DO 3HWURYQIRMBDWLOH XVH KDG DOVR EHI
IRU H[DPSOH &ODXVHQ V%DQBEWQ LQWSHUWRIVMKLBQ XVLQJ WKH V
IRU PLQLQJ H QUK I WRXLGJIF RAQKFIOX /MAMX GHQW VY OHDUQLQJ VXFFH\
LQWHJUDWLRQ RI DXWKHQWLF DQG LQQRYDWLYH OHDUQLQJ VSD
FRPPXQLW\ EXLOGLQJ DPRQJ VWXGHQWYV LV DFKLHYHG E\ PDNLQJ
8QLYHUVLGDGDDPYHWREQD 6OXLMV HW DO GHVFULEHG W
ODE IRRUARWLRQ DW WKH +DJXH 8QLYHUVLW\ RI $SSOLHG 6FLH
IDFXOWLHWHBQGBFK SURJUDPV
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JLIXUH 7THDFKLQJ DQG /HDUQLQJ ORGHV LQ &',2 :RUNV
.H\ 7DNHDZD\V IURP /HDUQLQJ -RXUQH\ WR 6LQJDSRUH 3RO\WHFK

8VH Rl HQJLQHHULQJ OHDWQRYD IRWH \3RDE WWDAIQPIOR RUIJDQL]HG
WKLV OLQH (DFK VFKRRO UHWDLQHG WKH ODERUDWRULHYV DQG .
GLVFLSOLQDU\ OLQHV ZKHUHE\ RQH FDQ HDVLO\ LQIHU IURP D
FRQWDLQHG WKHUHLQ H QDOMWKPDQF&KHPLV$VU\ /DE HWF 7KH
GRPLQDQWO\ XVHG WR LQVWLOO IRXQGDWLRQDO VNLOOV DQG D
FRPPXQLFDWLRQ FULWLFDOZDWRLRBUWBW LYLH RLSLADNIBIUN FRQWH [
VSHFLDOL]HG ODEV VXSSRUWLQJ SURMHFW ZRUNV ZKHUH VWXGH
LH &',2 GHFBDMHPHQW H[SHULHQFHV VRPH RI ZKLFK DUH LQ FF
SDUWQHUV 7KH BYRIWMHPAWHGDNEWA SURMHFW PDQDJHPHQW FRPSH
7DEOH EHORZ

7TDEOH &RPSHWHQFLHY WR EH GHYHGCRSHE QUR @ IH 2L HHYEH ©
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7R EHWWHU VXSSRUW WKH FRQFHLYL®UQ FDSPFEH W3R BIONHRAK QLK
LQWURGXFHG GHVLJQ WKLQNLQJ LQWR DOO LWV FXUULFXOXP L |
'"HVLJQ 7KLQNLQJ J)UDPHZRUN ZKHQ XVHG LQ FRQMXQFAKIHRQ ZLW]
GHWDILQ@MR® P BWYREHHQ SUHYZKR@HEW @O 6RK 1J &K

J)LIXUH 63 $SSURDFK WR ,QWHJUDWHG '"HVLJQ 7KLQNLQJ L

2] LQWHUHVW IRU WKLV SOSHURR V6 RKIRIRBHRIUROHFKDQLFDO  $i
(QILQHHULQJ 7KH $HURNRUHLELORUDJI WKDW SURYLGHV WUDLG
IURP WKH $HURQDXWLFBPURVEQFAHWYOBFWQRQLFY SURJUDPV ZLWI|
HQYLURQPHQW ,W KRXVHV D KOLQH DO ZE WK WN YHQU® @ GEHOHLFRSW
DQG 5HVHDUFK  'HYHO RSKH® W XSERUMY WKH ®RWHRRS POIQIW W
VLPXODWRUV K\EULG URFNHW S URSX GRDINED ¢\ OWE B Y QUQYGH K HE®
8QPDQQHG $HULDB®HIMKUROHMXE VDWLVILHV PXFK RI WKH UHTX
ZRUNVSDFHV RI )LIXUH QDPHO\ SURGXFW DQG V\WWHP GHVLJQ
LPSOHPHQW SURMHFWV UHLQI\NRURRZOGGJIRI BLVFESOVEDRU (
H[SHULPHQW NQRZOHGJH GLVFRYHU\ HJ DSSOLHG UHVHDU
FDSVWRQH SURMHFWYV DQRXDWJ/HOEBRUN X HQFRPRH JHQHUDWLQJ

RI $HUR IPFEOLWDWLQJ YDUGRWYXHIRX BRNWUDJH RI &',2 VIOODEX
$SSHQGL]

7KH LQWHJGBWLR® VRKQWRLWKH &',2 JUDPHZRUN DVKBHWRH- KEDP SO
VHUYH DV D JRRG (ODWS®HDINRKNWDQ 7HF K Q/IRF D Q WSH)LWIHW M LM V
‘RUNVKRS LQWR LWV HQJLQHHULQJ SURJUDP ZKLFK LV PDGH XS
SDSHU

($67 .$=$.+67%1 7(&+1,&$/ 81,9(%6.9'237,21 2) &',2'$2(

$GRSWLRQ RI &',2 (DVWLDWANKVIMDPQ 7HFKQVFPRQ&XIEYHLG/ LEN\W |
IROORZLQJ HGXFDWLRQDO GLUHFWLRQV ZKLFK DUH PHFKDQLFDC
HQHUJ\ FRQVWUXFWLRQ ZDWHU HQJLQHHULQJ PLQLQJ HWF i
SURMEHDFAMG OHDUQLQJ SURFHVV DUPRSHWH\QFQWEIEQB\HUV &R WU
ODERUDWRULHY ZRUNVKRSV HTXLSSHG E\ HYVHQWLDO WUDLQL
RI ZRUNVSDFHV WKH PRVW LQWHUHVWLQJVRR MW KW /SAEHDSD URDUALF
HQJLQHHUV LQ WKH ILHOG RI DXWRPRWLYH HQJLQHHULQJ

%DVHG RQ &',2 6\DDSUDIFNAEANHQWHG PRGHO Rl HQJLQHHKDYJ HGXFI
EHH®HYHORSHG ZKLFK FRPSULVHV FRQVHFXWLYH HGXFDWLRQI
XQLYHUVGEW\EDWLF HQJLQHHULQJ FRR{HWHDHIH) 2 *&, PSOHPHQW
2SHUDWH DQG 33(°" 3RVWJUDGXDWH (GXFDWLRQ
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38 OHYWOSUMHLYHUVLW\ SUHSDUDWLRQ WKURXJK WKH ZRUN R
FRPSUHKHQVLYH VFKRROXQLBYHUHMLWKWWHRUH WKH VWXG\ RI DG
PDWKHPDWLFV DQG ,7 LV FRQGXFWHG XVLQJ JDPLILFDWLRQ

3FG° OHYWORUPDWLRQ RI EDVLF HQJLQHHQGQH O N DXOQ GIHADIW DREQX
VWXGHQWYV $W WKLV OHYHO VWXGHQWVY ZRUN RQ D VPDOO VLI
DFTXLUH VNLOOV LQ DSSO\LQJ WKH NQRZOHGJH RLVQIOWVDX WK® V
IUDPHZRUN RI WKH GLVFLSOLQH 3, QWURGXFWLRQ WR (QJLQHHUL

7KLV SURMHFW LV FDUULHG RXW LQ D VSHFLDO )DE /DE ZRUNVKR
(3,3 PRGHO )DE /DE LV D ZRUNVKRS IRU WKH FUHDWLRQ RI FUHI
WKH I[UDPHZRUN RI WKH GLVFLSOLQH 3, QWUBWXWWH RXR Q/RH LY HL Q
DQG '"HVLJQ ' VWDJHV RI WKH :RUOG &',2 ,QLWLDWLYH 7KH PDLC(
HQJLOHHULQJ VNLOOV FUHDWLQJ FRQGLWLRQV IRU GHYHORSL
FRPPXQLFDWLRQ EHWZHHQ UHSURKRR®\D W QYGH D VRAID LN K M Q/\ Q6
7THFKQLFDO 8QRYRVYMNMEMQJ VWXGHQWV ZLWK DFFHVV WR PRGHU
SURPRWLQJ WKH GHYHORSPHQW RI VWXGHQW VWDUWXSV DQG L
VRFLDO SUREOHPV

&' OHYHWOWKH IRUPDWLRQ RI GHHS SUDFWLFDO NQRZOHGJH RI
SURIHVVLRQQ/VKQ\HDG EDFKHORWKMW VOMWXYGHQ WYFFOXGHYV WKH LPSOH
PRUH FRPSOH[ SURMHFW LQ WKH VSHFLDOW\ EDVHG RQ WKH SUI
XQLYHUVLW\ 7KH UHVXOW RI WKH VWDJH LV WKH GHILQLWLRQ
HQJLQHHULQJ PRGMXURWBYVYRBDOH®RI $W WKH VDPH WLPH ZLWKLQ
VWDJH DQ LQWHUGLVFLSOLQDUFPDBEGDRPBPH KZ LW KS RAKVH. 50 HQLRY. PO
PRGHO

, 2" OHYM@HYHORSPHQW RI UHVHDURPKKFRPIBIHWR QR UKV OL@X MEH V
$W WKLV VWDJH ZRUN LV FDUULHG RXW WR LPSOHPHQW WKH
5HIJIDUGLQJ WKH HGXFDWLRQDO SURJUDPV RI $XWRPRWLWH HQJL
VWDJH LV FDUULHG RXW XVLQJ WKH HTXLSPHQW RI WKH /XEDQ :F

33(" OHYMONUDLQLQJ RI PDVWHU V DQG 3K' VWXGHQWY RQ H[DPS
H[SHULPHQWDO GHVLJQ SUREOHPV RI VSHFLILF HQWHUSULVHV D
7TKHVH DUH FRPSOH[ LQWHUGLVFLSOLQDU\ WDVNV WKDQ UHTX
FRPSHWHQFH FHQWHUV YDULRXV JURXSV RI UHVHDUFKHUV ZK|
YDULRXVY WHFKQRORJLHV ZKLFK DUH SUDFWLFDO HQJLQHHULQJ

PDQDIJHPHQWS VMM W

$OLJQLQJ WKH /XEDQ :RUNVKRS WR &',2 6WDQGDUG

7KH FRUH Rl /XEDQ :RUNVKRS LV WKH WHDFKLQJ PRGHO RI (3,3 Z
GLUHFWHG WR WKH GHYHORSPHQW RI SUDFWLFDO HQJLQHHULC
FRPPXQLFDWLRQ FUHDWLYIGWVFLOQRYDWLR@BEBWRYY *H<LQJ
7KH JRDWKH /XEDQ :RUNVKRS LV WR FUHDWH D XQLTXH HGXI
EDVH LQ .DJDNKVWDQ LQ WKH ILHOG RI DGYDQFHG WHFKQRORJL
UHVXWVWW QHZ PRGHO RI SURIHVVLRQIDWDRG BPERQYBHQ L QURHTR U O (
WKH WUDQVODWLRQ RI DGYDQFHG WHFKQRORJLHV DQG GHYHOR:
DFFRXQW WKH QHHGY DQG FKDUDFWHULVWLFV Rl WKH QDWLRQD

PDLQ HOHPHQWYV RI WKH FBHDWKR® RI WKH /XEDQ
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Xx &RQVWUXFWLRQ@LRK DHXMMHWLRQDO GHPRQVWUDWLRQ DQG
HTXLSPHQW

X (GXFDWLRQDO DQG PHWKRGLFDO HTXLSPHQW DQG DGYDQFHG W

X 'LUHFWLRQV DQGRVSWBDRQWQH S HUVR GIEFRQ R R UFORH DHORRS PLHRQ W

X THDFKHU WUDIKQRDGDSWDWLRQ WR ORFDO HFRQRPLF DQG VRFLD

X (GXFDWLRQDO GHIYHRMEHD ZLWKLQ WKH IUDPHZRUN RI FRRSHL
XQLYHUVLWLHY DQ& HQWHUSULVHYV

$FFRUGLQJ WR (3,3 WHDFKLQJ PRGHO WKH GHVLUHG OHDUQLQJ F

DFTXLULQIJARKI® GHMALQHHULQJ H[SHULHQFH

GHYHORSPHQW RI FULWLFDO WKLQNLQJ DQG SUREOHP VROYLQJ
GHYHORSPHQW FUHDWLYLW\ DQG LQQRYDWLRQ

GHYHORSPHQW FRPPXQLFDWLRQ DQG FROODERUDWLRQ VNLOOV
GHYHORSPHQW RI VNGOQONLWEBLROVHUFDBSVRDFK IRU SUREOHPV V

X X X X X

7KH /I XEDQ :RUNVKRS FRQVLVWYV RI WZR VHFWLRQV ZKLFK DUH 6H
)XHO +\EULG DQG (OHFWULF 9HKLF ®HFY @RAR 6 HEW IRR Q HRK LGBV
EH QRWLFHG WKDW DOO WKH HTXLSPHQW LQ /XEDQ :RUNVKF
WHFKQRORJLHYV LQ WKH ILHOG RI DXWRPRWLYH HQJLQHHULQJ 7|
IXHO K\EULG DQG HOHFWUEZEWK KREQOWHH/PSWRUDNLSSHDLQLQJ FDU)
+ IXHO YHKLFOH %<' HOHFWULBLGHKHKQHOH+DYD O ®AMMERQ W
HTXLSSHG ZLWK PRGHUQL]HG WUDLQLQJ VWDQGV IRU SUDFWLH
GLDJQRVLV HOHFWULFDO V\VWHP WUDQVPLVVLRQ FKDVVLV EI
YHKLFOH FKDUJLQJ VWDWLRQ

7KH VHFWLRQ WHEEK$BRORJILHV Rl YHKLFOHV LQFOXGHV WKH VDQG
60$57 FDUV DGYDQFHG GULYHU DVVLVWDQFH V\VWHPV DQG DXW
WKH VDQG WDEOH VWXGHQWVYV FRQGXFW SURB8WPYNHGHGDMWH®
DVVLVWDQFH VA\VWHPV VWDQG DOORZ UHDOL]LQJ WKH SURMHFWYV
ZKLOH GULYLQJ D FDU $SSO\LQJ WKH DXWRQRPRXV URERWLF SO
RQ GHYHORSLQJ XQPDQQHG WUDQVSRUW V\VWHPYV

$OLIQLQJ WKH /XEDQ :RUNVKRS WR &',2 6\OODEXYV

7KH LQWHUHVWLQJ IDFW LV WKDW DXOEDQ QBRESDWKRS\ W XTRVD R\D
WUDLQLQJ DFFRUGLQJ WR (3,3 SULQFLSOHV EXW DOVR D ZRU
VWDQGDUGY %DVHG RQ &',2 6\0OODEXV OHW XV GHVFULEH WI
&',2 OHDUQLQJ RXWFRPHV XVLQJ /XEDQ :RUNVKRS

)RU H[DPSOH WKH OHDUQLQJ RXWFRPHV UHODWHG WR DGYDQFHC
PHWKRGVY DQG WRROV DFFRUGLQJ WHRDSF T2X B U QD BN HL V NOLFCKQ. W RHI
WUDLQLQJ HTXLSPHQW RQ HQJLQH DVVHPEO\ DQG GLVDVVHPEO)
DVVHPEO\ DQG GLVDVVHPEO\ ZKHHO EDODQFLQJ WLUH ILWWLQJ
DQG WUDFWLRQ PRWRU RIDDQWHOERWBDRFRXYAOMWHP DGYDQFF
DVVLVWDQFH V\VWHPV E\ VWXGHQW VQHRKW HIH R U\ K QQIQRXOWWW R PBI®
DQG SUREOHPWRDNFKDQHYHG E\ VROYLQJ WKH SUREOHPV UHODWH
RI IXHO HOHFWULF DQG K\EULG FDUV ([SHULPHQWDWLRQ LQY
OHDUQLQJ UHVXOWV DUH UHDFKHG E\ FRQGXFWLQJ VWXGHQW
LQYHVWLIJDWLRQ RI IURVW UHVLVWDQFH RI HOHFWULF FDU EDV
HOHFWULF FDU FKDUDFWHULVWLFV RI HQJLQ\HD \HVQR L6Q WMRHIPF WK
DOO WKH HFPMWFRQUIVWKH HIITHFWLYHQHVV Rl HOHFWULF FDUV ZKLFK
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HIILFLHQF\ FKDUJLQJ V\VWHP LQIUDVWUXFWXUH DHURG\QDPLFV
DUH DFKLHYHG E\ FUHDWLYH DQG FULWLFDO WKLQNLQJ XVHG |
PDLQWHQDQFH DQG RSHUDWLRQ RI 7WEFAZRXW RPRE LORIO/O B BRNHDR/
UHDFKHG E\ RUJDQL]DWLRQ RI WKH HGXFDWLRQDO SURFHVV E\ G
EH QRWLFHG WKDW DOO WKH HTXLSPHQW LQ /XEDQ :RUNVKRS LV

7KLV HTXLSPHQW RUJDQL]DWLRQ JLYHV WKH RSSRUWXQLW\ WR U
GHYHORSPHQW RI FRRSHUDWLRQ WHDPZRUN DQG FRPSHWLWLF
FROQGXFWLQJ GLVFXVVLRQV RQ WKH UHVXOWY RI SURMHFWYV

$V D UHVXOW RI MRLQW XVH RI &',2 DQG (3,3 D QHZ IRUPDW RI V\
(DVW .D]JDNKVWDQ 7HFKRVEQOD /XEDYHURUMNYKRS $W WKH SRLQW
FRXUVH RI 3'LDJQRMWMQIP REMMHPYV  ZLWK ZHHNV RI FRQWDFW
UHDOL]HG DV WKH FRPSHWLWLRQ RI VWXGHQW WHDP JURXSV 7
FHUWDLQ V\VWHP RI WKH FDU LQ DGYDQFH ZKLFK OHDGV WR LW\
WR WDFNOH WKDFKSEBER®HFW WOWN KK KRPSHYWHLWLRQ DQG LV
VFRUHV 7KH WHDP WKDW FRPSOHWHV WKH WDVN LQ WKH OHDVW

JLIXUH7UDLQLQJ (TXLSPHQW /D\RXW LQ /XEDQ :RUNVKI

7TKXV FRPELQHG XVH RI &',2 SULQFLSOHV DQG /XEDQ :RUNVKRS F
QHZ DSSURDFK IRU WKH OHDUQLQJ SURFHVYV

029,1* )25:8$5"

2QH DUHD LQ VWBKH)DPHZRUN WKDW FDQ EH HQKDQFHG LQ DFFRU
WR VA\VWHPDWLFDOO\ LQWURGXFH GHVLJQ WKLQNLQJ LQWR YDUL
SUHVHQWHG WHDFKLQJ DQG OHDUQLQJ PRGHWKRXO R ERIUQRWB K
WKDW WKH PRGHV RI 33URGXFW DQG V\VWHP GHVLJQ DQG LPSOl
GLVFLSOLQDU\ NQRZOHGJH" DUH FRYHUHG LQ /XEDQ :RUNVKRS

JRU HIDPS@BEHU WKH FRXUVHV RI 3 7KHRU\ RI PHFKDQLVPV SULQF
SDUWV™ DQG 37KH VWUXFWXUH RI DQ HOHFWULF YHKLFOH DQG D
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SURMHFWY UHODWHG WR FUHDWLRQ Rl WKH LPSURYHG LQWHUDF
YJLIXUH

JLIXUAHKH FRXUVHV VWXGLHG LQ /XEDQ :RUNVKRS

7R GR WKLV WKH PHWKRGV Rl 3&0DVV ODE H[SHULPHQW 37
SUHVHQWDWLRQ LQ ODEV’ DUH XVHG 8QGHU WKH FRXUVH RI 3$X
DQG WUDFWLRQ HOHBWUL¥WRGHRUWY LPSOHPHQW SURMHEWY UH
RI WKH QHZ WHFKQLBBX® RMRRBEUD HR & QRAQVIW H/BRXKIUFH WKH FRXUVH
S7THFKQLFDO RSHUDWLRQ RI YHKLFOHV  <HDU VWXGHQWYV UHL
PHWKRGV Rl GLDJQRVLQJ Rl WKH WHEKQHND 08 FRIG LMWK R QF RX U
3 $XWRPRWLYH RSHUDWLQJ VRDIGHOWDY VGHY¥XHORS SURMHFWYV DLP
EDWWHULHV DQG FKDUJLQJ V\VWHPV IRU H O HHFMWLLALH ® WK E B @/RNWH U
DQG LPSURYLQJ EDWWHU\ OLIH %DVHG RQ WKH PRGHV SUHVHQ
LPSOHPHQW SURMERWDWQBH &RIYQIJQ SURMHEW  PRGHV DUH XVH
DQG OHDUQLQJ SURFHVV 8QGHU WKH FRXUVH RI 37HFKQRORJLHYV
HTXLSPHQW  <HDWGHYWORBS QWMKH SURMHEWY RQ WKH FUHDWLRQ
7DNLQJ WKH FRXUVH RI 3(OHFWULFDO DQG HOHFWURQLF HTXLSP}F
DXWRPRELOHV DQG HOHDWULF VWKIGHOIHVY LPSOHPHQW WKH Sl
GHYHORSPHQW RI WKH VLPSOH DXWRQRPRXV VIVWHPV 8QGHU W
VIVWHPV’~ <HDU VWXGHQWY GHYHORS SURMHFWV FRQQHFWH
VIVWHP $'# VKRXOG EH QRWLFHG WKWWHLQHXHD R S:RRIW KRISV W
UHVHDUFK FRPSHWHQFLHV LV DERVHYGH BRW K URXKLIEI SWHRIVOH FHW X L S
WHFKQRORJLHV LQ FORVH FROODERUDWLRQ ZLWK LQGXVWUL]
4D]7THFKQD DQG LQWHUDFWLRQ ZLWK &KLQHVH UHS/UHDYLFKHFHQV
RSSRUWXQLWLHV IRU LQWHUQDWLRQDO NQRZOHGJH H[FKDQJH D¢
VFLHQWLILF MRXUQDOV 2YHUDOO WKH /X%DQ :RUNVKRS FRQWU!

E\ FRPELQLQJ SUDFWLFDO WUDLRQQ D QEBHIFE\W R 0@ DMFLDRI DQ QFRRYRDS/

7KH IXUWKHU DQWHQBIURN.GH PRGH RI 3.QRZOHGJH GLVFRYHL
XQGHUJUDGXDWH DQG JUDGXDWH UHVHDUFK SURMHFWV UHO
LQYHVWLIJDWLRQV GLUHFWHG WR WKH LPSURYHPHQW RI DUWLIL
WK{MVW .D]DNKVWDQ 7HFKZRFPDY BQ LW KK \GIHIWWHORSPHQW RI WKH |
ZRUNVSDFH E\ EXLOGLQJ RI BHFWLRQ RI 6PDUW 'ULYLQJ 7HF
WHFKQRORJLFDO HTXLSPHQW DQG HOHFWULF YHKLFOHV LPSOI
60$57WHFKQRDAGLHYWHOOLJHQW GULYLQJ VDIHW\ V\V&HPHO VDW
DXWRSLORW ,QWKOHOX QL WHHDWLKQJ VWDII FRPSOHWHG DQ LQWH¢
9RFDWLRQDO ,QVWLWXWH &KLQD RQ WKH VWXG\LQJ FRQWHPSH
7KH XQGHUJUDGXDWH DQG JUDGXDWH UHVHDUFK SURMHFWV ZLO
SURJUDP RI 36P RUWHW HDFRX® ROWLILFLDO LQWHOOLJHQFH LQ WUD(
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7KLV SDSHU VKDUHG KRZ (DVW .D]DNKVWDQ 7HFKQLFDO 8QLYHUYV
FRPPXQLW\ ZRUNHG ZLWK 6LQJD SIR[SH 3 RIDQWH 6 K& LF P B FPFERHUH WR
&',2 JUDPHZRUN QRWDEO\ 6WDQGDUG (QJLQHHULQJ QHDUQLQJ
‘RUNVKRS ZKLFK ZDV VHWXS E\ LPSOHPHQWDWLRQ RI &',2 LQLYV
FRXSOHG ZLWK H[SHULHQFHV IURP DHOSIHDWIH@RIHGRE'UD AHMERHD P,
IXEDQ :RUNMXRBVW .DJDNKVWDQ 7THFKQLFDO 8QLYHWWLIAMKHKDV EH
XQLYHKNNGWHUJIJHG WKH &',2 JUDPHZRUN ZLWK WHHH (13Q3V HEIXMDMWLIRR
RI &',2 DQG KB8 OHG WR D WUDQVIRUPDWLRQ RI WKH UROHV RI
VWXGHQWYV LW LPSDFWHG WKHP E\ LQFUHDVLQJ PRWLYDWLRQ D
VNLOOV DQG IRVWHULQJ LQQRYDWLYH WKLQNLQJ )RULWHBHDFKHU
DSSURDFKHV HQKDQFLQJ SURIHVVLRQDO FRPSHWHREHM WEGW WL
LQWHJUDWLRQ KDV FXOWLYDWHGEHD WHRUHMGGOGIDRILGL QU WHKGEHLQMR Q
FROODERUDWLRQ FUHDWLYLW\ DQG SUDEWUEWQ]ESSOLFDWLRQ

),1$1&,$/ 6833257 $&.12:/('*(0(176

7KLV SDSHU KDV EHHQ IXQGHG E\ WKH 6FLHQFH &RPPLWWHH RI W
(GXFDWLRQ RI WKH 5HSXEOLF RI .D]DNKVWIZQ HDIDLGQN DR1DMBL R (
ORGHO Rl (QJLQHHULQJ (GXFDWLRQ LQ WKH &RQWH[®HRMW,PSOH]I
*RDOV’

5()(5(1&(6

%RW / *RVVLDX[ 3 % G5DXFK & 3 7DELRX 6 JHDUQLQJ E\ 'RL
$FWLYH /HDUQLQJ LQ 6FLHQWL(XBRYDBY D RXU@E@GXFRWLRQLQHHULQJ (GX
SsS

&KRQJ 6 3 &KRZ 3 7HRK & 7KH 8VH R} 2 BUIRINABRINHHGELQUY &
RI WKFfQWHUQDWLRQDO &' @RERIQIKVIHIFHHQPDUN 7HFKQLFDO 8QLYHUVL

&ODXVHQ ( %LQGHU $ ,QQRYDWLRQ /HDUQLQJ 6SDFHV IRU ([S
OLQHWRFHHGLQJIJWRQWHKHODWLRQDO &'&D GRIUHUDIAHGD 8QLYHUVLW\ R

&UDZOH\ () ODOPTYLVW - 2VWOXQBHWKL@GNREBHKUILQHHUIKBI (GXFDYV
&',2 $SSURBBKLQJHU 6FLHQFH %XVLQHVV OHGLD //&

&XQQLQJKDP * +HUPRQ -3 OF&DUWDQ & ' OXUSIK\HORSBXOWRA &
SHTXLUHPHQW 6SHFLILFDWLRQ IRUREHER GIRUINVSDEWKHQDWLRQDO &',
&RQIHUH®EFRHIDSRUH 6LQJDSRUH 3RO\WHFKQLF

*HUOHLQ ($ +XUWDGR - $ &UX] -0 &',2 PSOHPHQWDWLRQ >
BURFHHGLQJV WXQ WHKUHQDWLRQDO &',D@R@AHMHOIDQ .DQD]DZD ,QVWL!
7HFKQRORJ\

*LEVRQ ( %URGLH 6 6KDUSH 6 :RQJ '. < 'HDQH ( YUDVHU

'"HYHORSPHQW RI D :RUN ,QWHJUDWHG /HDUQLQJ 8QLW &HOHEUDWLQJ
16: $XVWUDOLD ODFTXDULH 8QLYHUVLW\

*RIDOHVY OBUFLDO®HGHO ODU BDXBPDQFWHPBLYHURV &',2 /HDUQLQJ
‘RUNVSDFHV3RQWKHLFLD 8QLYHUWBURBDBIGH D g HWRDWBUQDWLRQDO &',

&GRQIHUPFAEULGIJH ODVVDFKXVHWWY 86% ODVVDFKXVHWWY ,QVWLWX
8QLYHUVLW\ 6FKRRO RI (QJLQHHULQJ DQG $SSOLHG 6FLHQFHV

/L - :XH ( /IXEDQ :RUNVKRS 'HYHORISOHQW (G RO ODQ MR WKH
'R U 0SS 2, B
X - IXEDQ :RUNVKRS 7KURXJK 7LPHRERNBERUPPLRWLUKEDQ :RUN

, QWHUQDWLRQDO '"HYHORSRHIQVN/BRAVKDUHFKHDFKLQJ DQG bJHVHDUFK 3UH
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JAD, G (3,30RGHO 3ULQFLSOH 'LWFRRNV&HHYEBOLAFDWLURBDQ :RUN
, QWHUQDWLRQDO 'HYHGRERBDQW EAHXHDIMFKOLVKLQI +RXVH &R /WG

13 + 7 &KHDK 6 0&KHPLFDO 3URGXFW (QJLQHHULQJ XVLQJ &',2 (QKE
7KLQNBQRFHHGLQJVYRIWWKADWLRQDO &', 2%GREBQHQBNVWUDOLD 4XH
8QLYHUVLW\ Rl 7HFKQRORJ\

3HWURYD < < G6HYDVWYT\DQRYD (9 %H]XHYVND\D 9 $ .XNKWHQNR
(QJLQHHULQJ /HDUQLQJ :RUNVEDFHY 3B BVHIEQGHWDIQREOHIHGLQJIV RI WKH
WKQWHUQDWLRQDO &'%2D @RNRNUHEPHODQG &KXODORBRDWIDRDQ JO@DY HU
8QLYHUVLW\ Rl 7THFKQRORJ\ 7KDQ\DEXUL RQOLQH

BOXLMV - 'XWD 0 -DGVIID\WRXQG IRU 1RYLFH (QJRQRIHHUNGDQGV% H\
RI WKHXQWHUQDWLRQDO &'$D@RMHUIPTHIN $DUKXV 8QLYHUVLW)\
6RK . ) $Q 2EVHUYDWLRQDO 6WXG\ RI ,QIXVLQJ 'HVLJQ 7KLQNL

3URFHHGLQJV®@WMWK®DWLRQDO &' @RSR@KNIHIFHHQPDUN 7HFKQLFDO 8¢
'"HQPDUN

*HWDFKHZ % $ 5HVHDUFK RQ WKH ,PSDFW Rl WKH (QJLQHHULC
7HDFKLQJ ORGHO RQ 6WXGHQW (QJDJH PHIWD Q FHY U@L @R FIXMFRPHY DQ G
(GXFDWLRQ

<LQJ |/ 5HVHDUFK RQ WKH 7HDFKLQJ ORGHO RI (QJLQHHULQJ 3UD
,QWHUQDWLRQDO &RQIHUHQFH RQ 6RFLDO 6FLHQFH DQG (GXFDWLRQ
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=KDG\UD .RQXUBDDHFHPEHU RI MWKAFARWRG IRU 6FLHQFH DQG ,QC(
3K' LQ (FRQRPLF 6FLHQFHV (DVW .DJDNKVWDQ 7HFK@LRDO 8QLYt!
FRRUGLQDWLQJ FRQWDFW SHUVRQ IURP (DVW .D]JDNKVWDQ 7H
HFRQRPLF FRXUVHV UHODWHG WR 6XVWBUQWDELHD WHY HEO R QRHHUWY
FRQQHFWHG ZLWK GHYHORSPHQW RI WKH .D]JDNKVWDQL QDWLRQ
WKH FRQWH[W RI 6XVWDLQDEOH '"HYHORSPHQW *RDOV

6DPDX¥OLIJHUHVHDVVRFLDWH SURIHVVRU LQ WKH ,QWRUHQD@LRQDC
OHFKDQLFDO (QJLQHHULQJ (DVW .DJDNKVWDQ 7HFKQLFDO 8QLYt!
LQLWLDWLYH LQ (.78 +H WHDFKHV (OHFWULF 9HKGANFWHPWVLIQ
THFKQRORJLFDO ODFKLQHV +LV FXUUHQW VFLHQWLILF LQWHUH
QDWLRQDO FHUWLILFDWLRQ V\VWHP RI HQJLQHHUV LQ WKH ILHO

.LP)DL 6RK D 'HSXW\ 'LUHFWRU FRXUVH PDQDJHPHQW LQ WKH
$HURQDXWLFDO (QJLQHHULQJ B6LQJDSRUH 3RO\WHFKQLF +H

LPSOHPHQWDWLR® RIHRFEHV &RPSXWHU $LGHG 'HVLJQ (QJLQH
5HQHZDEOH (QHUJ\ +LV FXUUHQW SHG D JR DS ULQM)RULID\OW DW®ILK
'HHS ,QGXVWULDO 3DUWLFLSDWLRQ DQG /HDUQLQJ ZLWK *OREDO
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$33(1',; 6XPPDU\ RI =RQLQJ RI 63 $HUR +XE IRU )DFUDLWD®Y1LQJ

=RQHYV 3XUSRVH RI WU| 'RPDLQ FRXUVHV LQ &',2 VIOODEXV FR
IDFLOLWLHV

&HQWULO x*HQHUDO PDLQ x$LUFUDIW ODLQWH

RI DLUFUDIW SUDFWLFH *DV WX
X$UWHIDFWYV IR RSHUDWLRQ $LUF
VWXGLHYV KDQGOLQJ 2SHUD

(QYLURQPHQWDO 1
,QGXVWU\ SDUl x&RPSXWHU $LGHG

67 (QJLEHUR '"HVLIQZLWK&S$7,%
6,%(& VWUXFWXUH )XQG
6%$6(/ JOLJKW $03
563%) X6KRUW FRXUVHV
6866
<HDU
*URXQG| x5HSDLU DLUFU| x$03
IORRU PHWDO IDVWH x$LUFUDIW SRZHUS

ZRUNVK| DLUFUDIW FRP| ,QWURGXFWLRQ W
BURSX({ x2SHUDWH DQG| 7HFKQRORJ\ )LQDCQ
7THVW /Dl SURSXOVLRQ \| 3URMHEWYV

,QGXVWU\ SDU <HDU

67 (QIBAIMR
:(]_
CORRY x$LUFUDIW 6\VV| x$LUFUDIW V\VWHP
/IDEV $HURG\QDPLFY )XQGDPHQWDO RI
x1'7 X6KRUW FRXUVH
x)ODPPDELOLW
<HDU
,QGXVWU\ sSDU
-3 (
U9ORRY x6WUXFWXUDO | x$LUFUDIW 6WUXFW
IDEV x &RPSRVLWH UH x)XQGDPHQWDOV R
ZRUNVKRS UHSDLU

x95 /HDUQLQJ 6| x6 KRUW FRXUVH

,QGXVWU\ SDU <HDU

$&5%$76
780
6LPXOD| x3LORW IOLJKW| x6KRUW FRXUVH 3U
5RRP /ILFHQVH *URXQG 7
,QGXVWULDO 9 ULPXV
ULPXV X6KRUW FRXUVH (]

3LORW 3URJUDP

BURMHF| x8%9 GHYHORSP| x)LQDO \HDU SURMH
&HQWUH x*HQHUDO SURN x6KRUW FRXUVH

<HDU
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6XPPDU\ RI =RQLQJ RI (.78 /IXEDQ :RUNVKRS

=RQHV

3XUSRVH RI WU
IDFLOLWLHV

'RPDLQ FRXUVHV LQ

&',2 VIOODEXV FR

6HFWLR
7HFKQR
HV IRU
BHUYLF
)XHO

+\EULG
(OHFWU
9HKLFO

X*HQHUDO PDLQ
RIXHO FDUV
X*HQHUDO PDLQ
RI K\EULG DQG

FDUV

,QGXVWU\ SDUW
$VWDQD ORWH
$00XU
4D]7THFKQD

x7KHRU\ RI PHFKDQ
SULQFLSOHV RI GH
PDFKLQH SDUWYV
X7TKH VWUXFWXUH R
YHKLFOH DQG D K\
X$XWRPRELOH LQW
FRPEXVWLRQ HQJU
WUDFWLRQ HOHFW
X7THFKQLFDO RSHUD
YHKLFOHYV
X$XWRPRWLYH RSH
PDWHULDOV
X7THFKQRORJLHV IR
DQG UHSDLU RI WU
HTXLSPHQW

6HFWLR
60$57
WHFKQR
V RI
9HKLFO

x9 ; WHEKQROR
WUDLQLQJ

x 7UDLQLQJ LQ

DXWRQRPRXV
VA\VWHPV

,QGXVWU\ SDUW
$VWDQD ORWH
$00XU
4D]7THFKQD

x (OHFWULFDO DQG
HTXLSPHQW QDYL
DXWRSLORW V\VW
DXWRPRELOHV DQ
YHKLFOHYV

X, QWHOOLJHQW FDU
VI\VWHPYV
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$QQH[ $
7HFKQRORJ\ $FFHSWDQFH 4XHVWLRQQDLUH
AXHVWLRQV ZHUH FRQWH[WXDOLVHG WR UHIOHFW WKH XVH RI FK

HUFHLYHG 8VHIXOQHVYVY 38 RI &KDWERWYV IRU B3URIHVVLRQDO 'k

8VLQJ WKH FKDWERW ZRY +*6WURQJO\ 'LVDJUHH
SHUIRUPDQFH LQ GRLQJ
+'LVDJUHH
+1HXWUDO
+$JUHH

*t6WURQJO\ $JUHH

8VLQJ WKH FKDWERW DW| *6WURQJO\ 'LVDJUHH
LPSURYH P\ SURGXFWLYL
+'LVDJUHH
+1HXWUDO
+$JUHH

+6WURQJO\ $JUHH

8VLQJ WKH FKDWERW ZR +t6WURQJO\ 'LVDJUHH
HITHFWLYHQHVY LQ P\ MR
+'LVDJUHH
+1HXWUDO
+$JUHH

+t6WURQJO\ $JUHH

, ZRXOG ILQG WKH FKDWE +6WURQJO\ 'LVDJUHH
+'LVDJUHH
+t1HXWUDO

+$JUHH

+t6WURQJO\ $JUHH

S3HUFHLYHG (DVH RI 8VH 4XHVWLRQV 3(8 RI &KDWERWYV IRU 3URI

/[HDUQLQJ WR RSHUDWH \§ *6WURQJO\ 'LVDJUHH
EH HDV\ IRU PH
+'LVDJUHH
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+1HXWUDO
*$JUHH
*t6WURQJO\ $JUHH

, ZRXOG ILQG LW HDV\ W *6WURQJO\ 'LVDJUHH
ZKDW , ZDQW LW WR GR
+'LVDJUHH
+1HXWUDO
*$JUHH

*t6WURQJO\ $JUHH

, W ZRXOG EH HDV\ IRU PH +t6WURQJO\ 'LVDJUHH
VNLOIXO LQ WKH XVH RI
+'LVDJUHH
+1HXWUDO
+$JUHH

+t6WURQJO\ $JUHH

, ZRXOG ILQG WKH WHFK( +£6WURQJO\ 'LVDJUHH
+'LVDJUHH
+t1HXWUDO

+$JUHH

+t6WURQJO\ $JUHH

%HKDYLRXUDO ,QWHQWLRQ %, WR XVH

, SUHVHQWO\ LOQWHQG Wl +6WURQJO\ 'LVDJUHH
UHJXODUO\ DW ZRUN
+'LVDJUHH
+1HXWUDO
+$JUHH

+t6WURQJO\ $JUHH

3URFHHGLQJWYRIWHKHQDWLRQDO & KRRWBAGHHHQFH
ORQDVK 8QLYHOERWUQH $XYWUDOLD




86,1* ,00(56,9( 9,578%$/ (:3(5,0(17 72 '(9(/23 6$)(7<
0,1'6(7 $1' 352&(66 23(5%$7,21 6.,//6

<XQ\L :RQJ $L <H 2K
6FKRRO RI &KHPLFDO /[LIH 6FLHQFHY 6LQJDSRUH 3RO
.DWHULQD <D@K &K&DK

'"HSDUWPHQW RI (GXFDWLRQDO '"HYHORSPHQW 6LQJDSRL

$%675%$&7

7KH 'LSORPD LQ &KHPLFD&®O+(QPISDHPH@UHG D EDMMIE RIRENXOYV
LQ LWV VSLUDO FXUULFXOXP WR GHYHORS LQ VWXGHQWV D V
FRPSHWHQFLHVY UHTXLUHG E\ SURFHVV WHFKQLFLDQV LQ FKHPLF
WKH 6LQJDSRUH 6NLOROUN)URPHARBURNHUH LV IUEPWMIGHPWR & XOG VI
3URFHVV 2SHUDW L3RGV BRHOB W W X ®MQWBMRFIHYY RSHUDWLRQ VNL
VDIHW\ PLQGVHW VSHFLILFDOO\ WR SUHSDWHQBQRWISDVWLAIXLS
HTXLSPHQW WR UHQGHU LW VDIH K3 SROLIFOWH @ QQFFIH: RBINSODHRM 6
+HDOWK EBLGHQWLI\LQJ KD]DUGYV DQG WKH FRQWURO PHDVXUH
6\WWHP RI :RUN 66R: IUDPHZRUN DQG 6WDQGDUG 2SHUDWLQJ 3!
SURFHVV ZKHUH WKH HTQRB6 HQYWH\ DN WG WKH :6+ NQRZOHGJH
HDUDOKQHSUDSSO\ 66R: IUDPHZRUN IRU WKH ILUVW WLPH 6LQFH VW
ZRUN BQ®H FKDQFHV WR SUDFG®MHHVR KH FINWLBGVDFWXDO HTXLSF
'&+( LQFRUSRUDWHG LPPHUVLYH WHFKQRORJ\ LQ IRUP RI DQ LPI
LQWR D OHDUQLQJ DFWLYLW\ WR GHYHORS VWXGHQWVY FRPSHWH
7KHUHDIWHU VW>GHPRWYWDBWH WKH FRPSHWHQF\ E\ LVRODWLQ.
VNLG B6XUYH\ ILQGLQJV VKRZHG WKH ,9( ZDV HIIHFWLYH DV VW
XQGHUVWDQG WKH UDWLRQDOH EHKLQG WKH VWHSV WR LVRODW
WRPRQVWUDWH NQRZOHGJH WUDQVIHU WR SUHSDUH DQ HTXLSPHI
VWXGHQWVY OHDUQLQJ H[SHULHQFHV XVLQJ WKH ,9( DQG VXEVH
WHVW VNLG VXJJHVWHG WKH\ KDG G@HYTKQR 8 GF NS IOW M QFMN H®H SU
SURFHVV HTXLSPHQW IRU PIDMDROWH 8 /Q FPHLLZEDWION SODQV WR FRC
GHYHORSLQJ VDIHW\ PLQGVHW DQG WHFKQLFDO FRPSHWHQFHV X
VNLBDWHG PRGXOHV DUH VKDUHG

(<:25'6

6DIHW\ OLQGVHW 3URFHVV 2SHUDWLRQ 6NLOOV &KHPLFDO (QJ
6WDQGDUGYV

3URFHHGLQJWYRIWHKHQDWLRQDO & KRRWBAGHHHQFH
ORQDVK 8QLYHOERWUQH $XYWUDOLD
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7KH 'LSORPD LQ &KHPLFDO (QJLQHHULQJ '&+( DW B6LQJDSRUH 3F
WR ZRUN DV SURFHVV WHFKQLFLDQV LQ PDQ\ LQGXVWULHV LQFO
+DYLQJ D VDIHW\ PLQGVHW LV Rl XWPRVW LPGR UGV U\QZ WHWYI!
SURFHVVHV RSHUDWH DW HOHYDWHG WHPSHUDWXUHY DQG SUH
KDJDUGRXV VXFK DV EHLQJ WR[LF DQG IODPPDEOH ([HUFLVLQ
FDUU\LQJ RXW SURFHVV RSHUDWLQJ WDWN\Q N SO0 QW VWRPU VR BL
FRQGLWLRQ DQG SUHSDULQJ HTXLSPHQW IRU PHFKDQKEDO ZRU
SDSHU ZLOO IRFXV RQ WKH WUDLQLQJ RI VWXGHQWY WR ZRUN I
SURFHVVLQJ LQGXVW IG\HWSOIRS I MAOHD SURFHVY RSHUDWLRQ VNLO
PLQGVHW QFHH®HRBUWRNVKH WDVN RI SUHSDULQJ HTXLSPHQW IRU
ZRUN RU DIWHU D VKXWGRZQ

'(9(/23,1* 6$)(7< 0,1'6(7 :,7+ 352&(66 23(5$7,21 6.,//6 86,1* &',2
)5$0(:25.

%DVHG RQ WKH KLHWRPPRHHQLRDWULURQ 7THFKQRORJLHV ,&7 XWLOL
$QGHUVRQ WKLV SDSHU DGDSWHG WKH ZRUWRNKRQ@JIKR & KHDI KW
PLQGVHW DQG SURFHVV R