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8 0 $UPLWDJH 3K'" 7TKHVLV

I1DYLJDWLRQ DQG /HD!
(OHFWURQLF 7H[W!

8UVXOD ODULH $UPLWDJH

6XEPLWWHG IRU ([DPLQDWLRQ RI 'RF)

&HQWUH IRU +XPDQ &RPSXWHU ,QWH!
&LW\ 8QLYHUVLW\
IRQGRQ
SQLWHG .LQJGRP

2FWREHU
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&ERQWHQWYV

1IDYLJDWLRQ DQG /HDUQLQJ LQ (OHFWURQLF 7H[WYV
&GRQWHQWYV

/LVW RI 7TDEOHYV

JLVW R1 )LIXUHYV

$FNQRZOHGJIJHPHQWYV

'"HFODUDWLRQ

$SEVWUDFW

' QWURGXFWLRQ
%DFNJURXQG DQG ORWLYDWLRQ

'HILQLWLRQV (OHFWURQLF 7H[WV DQG 1DYLJDWLR
BUHYLRXV 5HVHDUFK RQ 1DYLJDWLRQ $LGV
SHVHDUFK $LP DQG 2EMHFWLYHYV

7KHVLV 6FRSH

5HVHDUFK OHWKRGYV

2UJDQLVDWLRQ RI WKH 7KHVLYV

&RQWULEXWLRQV RI WKH 5HVHDUFK

IDYLJDWLRQ /HDUQLQJ DQG 7HFKQRORJ\
 QWURGXFWLRQ
7KHRULHV Rl .QRZOHGJH DQG /HDUQLQJ
&RQVWUXFWLYLVP RU 2EMHFWLYLVP"
&RQVWUXFWLYLVP RU &RQVWUXFWLRQLVP"
BULQFLSOHV RI &RQVWUXFWLYLVP
6HFWLRQ 6XPPDU\
H /HDPLQJ 7THFKQRORJLHV
+LVWRU\ RI H /HDPLQJ 7HFKQRORJ\
&DWHJRULHV RI H /HDPLQJ 7HFKQRORJ\
'"HILQLWLRQV RI +\SHUWH[W +\SHUPHGLD DQG (OH
6HFWLRQ 6XPPDU\
1DYLIJDWLRQ
BUREOHPV 'HILQLQJ 1DYLJDWLRQ
1IDYLJDWLRQ OHWDSKRU
ORGHOV RI 1IDYLJDWLRQ $FWLYLW\
'LVRULHQWDWLRQ &RJQLWLYH /RDG DQG 1DYLJDW
IDYLIJDWLRQ $LGV LQ (OHFWURQLF 7H[WYV
,QIRUPDWLRQ $UFKLWHFWXUH
6HFWLRQ 6XPPDU\
1IDYLIJDWLRQ $LGV DQG /HDUQLQJ
1IDYLJDWLRQ 6XSSRUW IRU (GXFDWLRQ
1IDYLIJDWLRQ 3DWK 30DQQLQJ $VVLVWDQW
,QWHUDFWLYH +LVWRU\ /LVW
&R),1"
1HVWRU 1DYLJDWRU
([SHULPHQWDO 5HVHDUFK RQ 1DYLJDWLRQ $LGV D
6HFWLRQ 6XPPDU\
&KDSWHU 6XPPDU\
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$ )JUDPHZRUN Rl &RQVWUXFWLYLVP DQG 1DYLJDWLE
 QWURGXFWLRQ
&HQWUDO 7KHPH $00 .QRZOHGJH LV &RQVWUXFW
$FWLYH /HDUQLQJ 'HHS 3URFHVVLQJ DQG &RJQ
'LVERYHU\ /HDUQLQJ
5HIOHFWLRQ LQ /HDUQLQJ
7KHPH JHDUQHU ,QYROYHPHQW )DFLOLWDWHYV /t
/JHDUQHU &RQWURO
ORWLYDWLRQ LQ /HDUQLQJ
2ZQHUVKLS LQ /HDUQLQJ
5HODWLRQVKLS %HWZHHQ /HDUQHU &RQWURO ¢
5HOHYDQFH WR 1DYLJDWLRQ $LGV LQ (OHFWURC
7KHPH &RQVLGHULQJ OXOWLSOH 3HUVSHEWLYHV
5HOHYDQFH WR 1DYLJDWLRQ $LGV LQ (OHFWURC
7KHPH $XWKHQWLF $FWLYLW\ )DFLOLWDWHYV /HD
5HOHYDQFH WR 1DYLJDWLRQ $LGV LQ (OHFWUR(
7KHPH 6RFLDO ,QWHUDFWLRQ )DFLOLWDWHV /HE
5HOHYDQFH WR 1DYLJDWLRQ $LGV LQ (OHFWURC
7KHPH 7RROV DQG 6LJQV )DFLOLWDWH /HDUQLQ
5HOHYDQFH WR 1DYLJDWLRQ $LGV LQ (OHFWUR(
7KHPH OHWDFRJQLWLYH $FWLYLWLHV )DFLOLWD
5HOHYDQFH WR 1DYLJDWLRQ $LGV LQ (OHFWURC
7KHPH &RQQHFWLQJ ([SHULHQFHYV )DFLOLWDWH\
5HOHYDQFH WR 1DYLJDWLRQ $LGV LQ (GXFDWLF
7KHPH  'LVHTXLOLEULXP )DFLOLWDWHY /HDUQLQ
5HOHYDQFH WR 1DYLJDWLRQ $LGV LQ (GXFDWLF
JUDPHZRUN 6XPPDU\
BHOHFWLQJ +\SRWKHVHV IRU ,QYHVWLJDWLRQ
5HFHQW 'HYHORSPHQWY LQ 1DYLJDWLRQ 7HFKQR(
7KHPH /HDUQHU ,QYROYHPHQW )DFLOLWDWHYV
7KHPH 7RROV DQG 6LJQV )DFLOLWDWH /HDUQ
$VVHVVLQJ $VSHFWV RI WKH /HDUQLQJ 3URFHVYV
&RJIQLWLYH (QJDIJHPHQW
JHDUQHU 2ZQHUVKLS
.QRZOHGJH &RQVWUXFWLRQ
+\SRWKHVHV
1IDYLIJDWLRQDO JUHHGRP DQG /HDUQLQJ ZLWK (
&UHDWLQJ 1IDYLJDWLRQ $LGV DQG /HDUQLQJ ZL
&KDSWHU 6XPPDU\

([SHULPHQW  1DYLJDWLRQDO )UHHGRP
 QWURGXFWLRQ
OHWKRG
3DUWLFLSDQWYV
(TXLSPHQW DQG ODWHULDOV
'"HVLJQ DQG 3URFHGXUH
/JHDUQLQJ OHDVXUHYV
1IDYLIJDWLRQ DQG 8VDELOLW\3UREOHP OHDVXU*F
$QDO\VLV
JHDUQLQJ OHDVXUHYV
3UH WHVW
&RJIQLWLYH (QJDIJHPHQW
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2ZQHUVKLS
.QRZOHGJH &RQVWUXFWLRQ
1IDYLJDWLRQ DQG 8VDELOLW\ 3UREOHP OHDVXUHV
5HVXOWV
/JHDUQLQJ OHDVXUHYV
3UH WHVW
&RJIJQLWLYH (QJDIJHPHQW
2ZQHUVKLS
.QRZOHGJH &RQVWUXFWLRQ
1DYLJDWLRQ DQG 8VDELOLW\ 3UREOHPV OHDVXUH
1IDYLIJDWLRQ %HKDYLRXU
8VDELOLW\ 3UREOHPV
'LVEXVVLRQ
5HVXOWYV 6XPPDU\ DQG ([SODQDWLRQ IRU )LQGLQJ
&RIJQLWLYH (QJDIJHPHQW
2ZQHUVKLS
.QRZOHGJH &RQVWUXFWLRQV
5HODWLRQ WR 3UHYLRXV 5HVHDUFK
,PSOLFDWLRQV RI ([SHULPHQWDO )LQGLQJV
&RQFOXVLRQV

([SHULPHQW  &UHDWLQJ IDYLIJDWLRQ $LGV LQ (G
, QWURGXFWLRQ
OHWKRG
3DUW $ &UHDWLQJ YV 8VLQJ ODSV
3DUWLFLSDQWYV
(TXLSPHQW DQG ODWHULDOV
'"HVLJQ DQG 3URFHGXUH
3DUW % &UHDWLQJ YV 8VLQJ $ = ,QGLFHV
3DUWLFLSDQWYV
(TXLSPHQW DQG ODWHULDOV
'"HVLJQ DQG 3URFHGXUH
3DUW & &UHDWLQJ YV 8VLQJ &RQWHQWYV /LVWYV
3DUWLFLSDQWYV
(TXLSPHQW DQG ODWHULDOV
'"HVLJQ DQG 3URFHGXUH
$QDO\VLV DQG 5HVXOWYV
3DUW $ &UHDWLQJ YV 8VLQJ 0DSV
3DUW $ /HDUQLQJ OHDVXUHYV
3DUW $ 1DYLJDWLRQ DQG 8VDELOLW\ OHDVXUH
3DUW % &UHDWLQJ YV 8VLQJ $ = ,QGLFHV
3DUW % /HDUQLQJ OHDVXUHYV
3DUW % 1DYLJDWLRQ DQG 8VDELOLW\ OHDVXUH
3DUW & &UHDWLQJ YV 8VLQJ &RQWHQWYV /LVWV
3DUW & S5HOLDELOLW\ DQG 9DOLGLW\ &KHFNLQ.
3DUW & /HDUQLQJ OHDVXUHV 5HVXOWV
3DUW & 1DYLJDWLRQ DQG 8VDELOLW\ OHDVXUH
'LVFXVVLRQ
3DUW $ &UHDWLQJ YV 8VLQJ ODSV
5HVXOWYV 6XPPDU\ DQG ([SODQDWLRQ IRU )LQGL
,PSOLFDWLRQV RI )LQGLQJV RQ &UHDWLQJ YV 8
3DUW % &UHDWLQJ YV 8VLQJ $ = ,QGLFHYV
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5HVXOWYV 6XPPDU\ DQG ([SODQDWLRQ IRU )LQGI
,PSOLFDWLRQV RI)LQGLQJV
3DUW & &UHDWLQJ YV 8VLQJ &RQWHQWYV /LVWYV
5HVXOWYV 6XPPDU\ DQG ([SODQDWLRQ IRU)LQGL
,PSOLFDWLRQV RI)LQGLQJV IRU &UHDWLQJ YV
*HQHUDO 'LVFXVVLRQ DQG &RQFOXVLRQV

([SHULPHQW  $GDSWLQJ 0ODSV LQ (GXFDWLRQDO (OH
 QWURGXFWLRQ
OHWKRG
3DUWLFLSDQWYV
(TXLSPHQW DQG ODWHULDOV
'HVLJQ DQG 3URFHGXUH
/JHDUQLQJ OHDVXUHV
&RJIJQLWLYH /RDG
8VDELOLW\ DQG 1DYLJDWLRQ 0DS OHDVXUHV
$QDO\VLV
/JHDUQLQJ OHDVXUHV
3UH WHVW
2ZQHUVKLS
.QRZOHGJH &RQVWUXFWLRQ
&RJIJQLWLYH /RDG
8VDELOLW\ DQG 1DYLJDWLRQ ODS OHDVXUHV
S8VDELOLW)\
1IDYLIJDWLRQ 0DSV
5HVXOWYV
/JHDUQLQJ OHDVXUHYV
3UH WHVW
2ZQHUVKLS
.QRZOHGJH &RQVWUXFWLRQ
&RJIJQLWLYH /RDG
S8VDELOLW\ DQG 1DYLJDWLRQ 0DS OHDVXUHV
S8VDELOLW)\
1IDYLIDWLRQ 0ODSV
'LVEXVVLRQ
5HVXOWYV 6XPPDU\ DQG ([SODQDWLRQV IRU )LQGL
2ZQHUVKLS
.QRZOHGJH &RQVWUXFWLRQ
&RJIQLWLYH /RDG
5HODWLRQ WR )LQGLQJV IURP ([SHULPHQW
,PSOLFDWLRQV RI)LQGLQJV
&RQFOXVLRQV

'LVFXVVLRQ DQG &RQFOXVLRQV
6XPPDU\ RI WKH 7KHVLV

6FRSH Rl WKH ([SHULPHQWDO )LQGLQJV

6XPPDU\ Rl ,PSOLFDWLRQV IURP WKH ([SHULPHQW
5HODWLRQ WR WKH JUDPHZRUN RI &RQVWUXFWLYL
7KHPH /HDUQHU ,QYROYHPHQW )DFLOLWDWHYV /F
7KHPH 37RROV DQG 6LJQV )DFLOLWDWH /HDUQLC

$UWLFXODWLRQ ([WHPDOLVDWLRQ RI .QRZOHGJH

5HODWLRQ WR 2WKHU 7KHPHV LQ WKH JUDPHZRUN
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SHODWLRQ WR 7KHPH S6RFLDO , QWHUDFWLRQ

SHODWLRQ WR 7KHPH S7TRROV DQG 6LJQV )DFL
SHSUHVHQWDWLRQV RI WKH 7TH[W &RQWHQW

SHODWLRQ WR 7KHPH SOHWDFRJQLWLYH $FWL

5HODWLRQ WR 7KHPH S&RQQHFWLQJ ([SHULHC
&RQWULEXWLRQV

H\ &RQWULEXWLRQV
$ )UDPHZRUN RI & RQVWUXFWLYLVP DQG ,PSOLF]
7KUHH ,Q '"HSWK ([SHULPHQWDO 6WXGLHV
AXDOLWDWLYH DQG 4XDQWLWDWLYH $QDO\VHYV
([SHULPHQWDO )LQGLQJV DQG WKHLU ,PSOLFDW

BHFRQGDU\ &RQWULEXWLRQV
1RYHO $SSURDFKHV WR $VVHVVLQJ /HDUQLQJ L
,QYHVWLJDWLQJ 1DYLIJDWLRQ %HKDYLRXU 8VDI

ILPLWDWLRQV Rl WKH 5HVHDUFK

([SHULPHQWDO OHDVXUHV
/HDUQLQJ OHDVXUHYV
1IDYLIDWLRQ OHDVXUHV ([SHULPHQWV DQG
S8VDELOLW\ OHDVXUHV
&RIJQLWLYH /RDG OHDVXUH ([SHULPHQW

2WKHU /LPLWDWLRQV RI WKH ([SHULPHQWYV
1XPEHU RI 3DUWLFLSDQWYV
([SHULPHQWDO 6HWWLQJV

)XWXUH 5HVHDUFK

(IWHQGLQJ WKH ([SHULPHQWYV

)XUWKHU ([SORUDWLRQ RI +\SRWKHVHV IURP WKH

(IWHQGLQJ WKH )UDPHZRUN 2WKHU ,QWHUDFWLR(

7HFKQRORJLHYV
ORGHOOLQJ WKH (IITHFWV RI WKH 1DYLJDWLRQ $LG
&RQWHQW DQG WKH (GXFDWLRQDO &RQWHI[W
&RQFOXVLRQV

SHIHUHQFHV
3XBLVKHG 3DSHUV
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7TDEOH

7TEOH

7TEOH

7TEOH

7TEOH

7TEOH

7TEOH

7TEOH

7TEOH

7TEOH

7TEOH

7TEOH

7TEOH

7TEOH

7TEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

ILVW RI 7TDEOHYV

2YHUYLHZ RI WKH IUDPHZRUN RI FRQVWUXFW

I1DYLIDWLRQ DLGV ZLWK GLITHUHQW OHYHOV

SDUWLFLSDQW GHPRJUDSKLFV LQ H[SHULPHQ
&RGLQJ VFKHPH IRU FRIQLWLYH HQJDJHPHQW
6FRUHV IRU FRIJIQLWLYH HQJDJHPHQW DFWLYL
6HYHULW\ UDWLQJV IRU XVDELOLW\ SUREOHP)
&ULWHULD IRU PDWFKLQJ SUREOHPV
&DWHJRULHV RI XVDELOLW\ SUREOHPYV
5HVXOWY RI DQDO\VHV IRU FRIJQLWLYH HQJDJI
5HVXOWYVY RI DQDO\WHV SHUIRUPHG RQ WKH RZ
5HVXOWY RI DQDO\VHV RI WKH WUDQVIHU WDV
S5HVXOWY RI DQDO\WHV IRU WKH FRQFHSW PD¢
S5HVXOWY RI DQDO\VHV IRU SRVW KRF QDYLJD
5HVXOWY RI XVDELOLW\ SUREOHP DQDO\VHV

8QLTXH SUREOHPYVY SHU SDUWLFLSDQW LQ HD

SDUWLFLSDQW GHPRJUDSKLFV LQ H[SHULPHC
SDUWLFLSDQW GHPRJUDSKLFV LQ H[SHULPHC
SDUWLFLSDQW GHPRJUDSKLFV LQ H[SHULPHC
S5HVXOWY RI DQDO\VHYV IRU FRIJQLWLYH HQJD
SHVXOWY RI RZQHUVKLS TXHVWLRQQDLUH UL
5HVXOWYVY RI DQDO\WHV RI WKH WUDQVIHU WEC
5HVXOWYV RI DQDO\WHYV IRU WKH FRQFHSW PD

1XPEHU RI RSHUDWLRQVY DQG QXPEHU RI GLII
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7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TEOH

7TEOH

7TEOH

7TEOH

7TEOH

7TEOH

7TEOH

7TEOH

7TEOH

7TEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TEOH

7TEOH

7TEOH

3K' 7KHVLV
%DFN OLQN DQG PDS XVDJH LQ $

5HVXOWV IRU XVDELOLW\ SUREOHPV LQ $
1HZ FDWHJRULHVY Rl XVDELOLW\ SUREOHPV |
8QLTXH SUREOHPV WKHLU FDWHJRULHV DQC
5HVXOWV RI DQDO\VHV IRU FRIQLWLYH HQJLC
5HVXOWV RI WKH RZQHUVKLS TXHVWLRQQDLL
5HVXOWV RI WKH WUDQVIHU WDVNV LQ %
5HVXOWV RI DQDO\WHV IRU WKH FRQFHSW PD
1XPEHU Rl RSHUDWLRQV DQG QXPEHU RI GLII
%DFN OLQN DQG $ = XVDJH FRPSDULVRQV LC
5HVXOWV IRU XVDELOLW\ SUREOHPV LQ %
8QLTXH SUREOHPV WKHLU FDWHJRULHV DQG
5HVXOWYV RI DQDO\VHV IRU FRIQLWLYH HQJD
5HVXOWYV RI RZQHUVKLS TXHVWLRQQDLUH UL
5HVXOWYV RI DQDO\VHV IRU WUDQVIHU WDVN\
5HVXOWV RI DQDO\VHV IRU WKH FRQFHSW P
1XPEHU RI RSHUDWLRQV DQG QXPEHU RI GLI
%DFN OLQN DQG FRQWHQWYV OLVW XVDJH L¢
5HVXOWYV Rl DQDO\WHV SHUIRUPHG RQ XVDE

8QLTXH SUREOHPVY WKHLU FDWHJRULHV DQ(

SDUWLFLSDQW GHPRJUDSKLFV LQ H[SHULPHC
5HVXOWY RI DQDO\WVHV IRU RZQHUVKLS LQ H
SHVXOWY IRU WKH ZULWWHQ WUDQVIHU WDVI
SHVXOWY RI WKH FRQFHSW PDSSLQJ WDVN LC(

SHVXOWY IRU WRWDO FRIJQLWLYH ORDG LQ H
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7TDEOH SHVXOWY RI DQDO\VHV IRU WRWDO XVDELOL®

7TDEOH I1DYLJDWLRQ PDSV UHVXOWY LQ H[SHULPHQV
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YLIXUH

YUXUH

YUXUH
YUXUH

JLIXUH

JLIXUH
JLIXUH
JLIXUH
)LIXUH
YUXUH
YUXUH
YUXUH
JLIXUH

YUXUH

YU XUH
YU XUH
YUXUH
YUXUH
YUXUH
JLIXUH
)LIXUH

YJLIXUH

3K'" 7TKHVLV

ILVW RI )LIXUHYV

6FRSH RI WKH WKHVLV

7TKH VWUXFWXUH RI WKH WKHVLVY DQG UHODMW

7TKHPHV LQ WKH I UDPHZRUN RI FRQVWUXFW L)
7KH FRQWURO VSHFWUXP

/IHDUQHU RZQHUVKLS

7KH SDJLQJ EXWWRQV FRQGLWLRQ
7KH HPEHGGHG OLQNV FRQGLWLRQ
7KH $ = LQGH[ FRQGLWLRQ
7KH PDS FRQGLWLRQ
$YHUDJH UDWLQJY RQ WKH FRQWURO IDFWRU
$YHUDJH PDUNV RQ DVSHEWV ( DQG ) Rl WKH
$YHUDJH WRWDO QR RI RSHUDWLRQV
$YHUDJH QXPEHU RI GLITHUHQW SDJHV YLVL

8QLTXH SUREOHPV LQ HDFK FDWHJRU\ DQG W

7KH XVLQJ PDS FRQGLWLRQ

7KH FUHDWLQJ PDS FRQGLWLRQ

7KH XVLQJ $ = FRQGLWLRQ

7KH FUHDWLQJ $ = FRQGLWLRQ

7KH XVLQJ FRQWHQWY OLVW FRQGLWLRQ
7KH FUHDWLQJ FRQWHQWY OLVW FRQGLWLR
30DQQLQJ 6WUDWHJ\ DEWLYLWLHV LQ $

ORQLWRULQJ 8QGHUVWDQGLQJ DFWLYLWLHYV
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JLIXUH
YUXUH
YU XUH
YU XUH
YUXUH
YUXUH
YUXUH
JLIXUH
YU XUH
YU XUH
YU XUH
YU XUH
YU XUH
) L JXH

YU XUH
)LIXUH
YUXUH
YUXUH

Y)LIXUH

JLIXUH
JLIXUH
JLIXUH
YU XUH
YLUXUH
YUXUH

) L IXH

3K' 7TKHVLV
7KH QXPEHU RI 5SHVWDWLQJ 8QGHUVWDQGLQ
$YHUDJH WRWDO RZQHUVKLS DQG DYHUDJH
$YHUDJH UDWLQJV RQ DVSHFW ( Rl WKH WU
AXDQWLWDWLYH FRQFHSW PDS PDUNV LQ $
AXDOLWDWLYH FRQFHSW PDS PDUNV LQ $
EDFN XVDJH LQ $

OLQN XVDJH LQ $

PDS XVDJH LQ $
8QLTXH SUREOHPV WKHLU FDWHJRULHV DQ
$YHUDJH UDWLQJ RQ DVSHFW ( Rl WKH WUD
$YHUDJH EDEN XVDJH LQ %

8QLTXH SUREOHPV WKHLU FDWHJRULHV DQ
$YHUDJH QXPEHU RI ORQLWRULQJ 8QGHUVWI
$YHUDJH UDWLQJV RQ WKH FRQWURO IDFWRL
$YHUDJH PDUNV RQ DVSHFWV % ( DQG ) RQ
7KH DYHUDJH QXPEHU RI RSHUDWLRQV LQ
OLQN XVDJH LQ &
FRQWHQWYV OLVW XVDJH LQ &

8QLTXH SUREOHPY WKHLU FDWHJRULHV DQ

7KH DGDSWLQJ PDS FRQGLWLRQ

&RQWURO DQG UHVSRQVLELOLW\ IDFWRUV 1
$VSHFWV $ DQG % Rl WKH ZULWWHQ WUDQVI
$YHUDJH WRWDO FRJQLWLYH ORDG UDWLQJV
$YHUDJH WRWDO XVDELOLW\ UDWLQJV IRU H
I1XPEHU RI QRGHV LQ WKH QDYLJDWLRQ PDS\

&RQFHSWXDO OLQNV LQ WKH QDYLJDWLRQ PD
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ILVW RI %R[HV

%R BWDWHPHQWY RQ WKH RZQHUVKLS TXHVWLRQQ
UR [ &ULWHULD IRU LGHQWLI\LQJ XVDELOLW\ SUREOH

IR [ &RIQLWLYH /RDG DQG 8VDELOLW\ VWDWHPHQWV
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SEFNQRZOHGJHPHQW

6WHSK DQG +HOHQ DUH JUHDW ©6R LV P\ PXP DQG VR
H[SHULPHQWDO SDUWLFLSDQWY DQG HYHU\RQH DW WK
SRPDLQ =HLOLJHU IRU KLV KHOS ZLWK 1HVWRU 1DYLJD)
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'"HFODUDWLRQ

, JUDQW SRZHUV Rl GLVFUHWLRQ WR WKH 8QLYHUVLW\
LQ ZKROH RU LQ SDUW ZLWKRXW IXUWKHU UHIHUHQFH
FRSLHY PDGH IRU VWXG\ SXUSRVHV VXEMHFW WR QRUI
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SEVWUDFW

(OHFWURQLF WH[WV DUH DQ HVVHQWLDO FRPSRQHQW
SUHYLRXV UHVHDUFK KDV VKRZQ WKDW WKH W\SH RI Q
LPSDFW XSRQ WKH TXDOLW\ RI OHDUQLQJ ZLWK VXFK |
LQWR WKH W\SHV RI QDYLJDWLRQ DLGV WKDW DUH PR
DQG H[WHQGV SUHYLRXV UHVHDUFK LQ WKLV DUHD E
LQYHVWLIDWLRQV

$ FRPSUHKHQVLYH IUDPHZRUN Rl FRQVWUXFWLYLV]
GHVFULEHV NH\ WKHPHV LQ FRQVWUXFWLYLVP DQG LP!
DLGV LQ HGXFDWLRQDO HOHFWURQLF WH[WV 7KLV IU
DERXW QDYLJDWLRQ DLGV DQG OHDUQLQJ DQG D VXE\
IXUWKHU LQYHVWLJDWLRQ 7KH VHOHFWHG K\SRWKHVF
QDYLJDWLRQ DQG OHDUQLQJ DQG FRQFHUQ WKH HIIHF
FKRLFH D OHDUQHU KDV LQ GHFLGLQJ ZKLFK SDJH WR
RI D QRYHO DSSURDFK WR QDYLJDWLRQ DOORZLQJ OH
7ZR H[SHULPHQWDO VWXGLHV WHVW WKHVH K\SRWKHVF

([SHULPHQW LQYHVWLJDWHV WKH HIIHFWV RQ Ot
IUHHGRP RIIHUHG E\ D QDYLJDWLRQ DLG ([SHULPHQW
RI DOORZLQJ WKH OHDUQHU WR FUHDWH WKHLU RZQ
H[SHULPHQWY LQGLFDWH WKDW QDYLJDWLRQDO IUHHG
QDYLJDWLRQ DLGV KDYH OLWWOH RU QHJDWLYH LPSD
ZRUN LQ H[SHULPHQW E\ H[DPLQLQJ WKH HIIHFWV RQ
H[LVWLQJ QDYLJDWLRQ DLGV DQG IRFXVHV LQ SDUW
LQGLFDWH WKDW DOORZLQJ OHDUQHUV WR DGDSW PD¢
FRIJQLWLYH ORDG DQG XVDELOLW\

7KHUH DUH IRXU PDLQ FRQWULEXWLRQV RI WKH WK
UHVHDUFK RQ QDYLJDWLRQ DQG OHDUQLQJ )LUVWO\
EURDG FRQWH[W IRU LQYHVWLIJDWLRQV LQWR WKH |
BHFRQGO\ WKUHH LQ GHSWK H[SHULPHQWDO VWXGLH\
RI WKH H[SHULPHQWDO GDWD DUH FRQGXFWHG )LQDOC
LQWR D VHW RI SUDFWLFDO LPSOLFDWLRQV WKDW FDQ
RI HGXFDWLRQDO HOHFWURQLF WH[WV
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L, QWURGXFWLRC

7KLV FKDSWHU LQWURGXFHVY WKH UHVHDUFK SUREC(
WKH WKHVLV
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%DFNJURXQG DQG ORWLYDWLRQ

1IDYLIJDWLRQ LQ LQIRUPDWLRQ VSDFHV KDV UHFHLYHG
&RPSXWHU ,QWHUDFWLRQ +&, FRPPXQLW\ DQG LV R
H[DPSOH LQ &RQNOLQ ILUVW GHVFULEHG WKH SURE
&RQNOLQ 7HQ \HDUV ODWHU DW WKH &+, p Z
(OHFWURQLF :RUOGV’ WKHUH ZDV VWLOO FRQVLGHUD
DQG KRZ WR GHVLJQ HIIHFWLYH QDYLJDWLRQ -XO DQC
6SHQFH GHYHORSHG D IUDPHZRUN RI QDYLJDWLRC
LQ LQIRUPDWLRQ VSDFH DV DQ :*LQWHUDFWLYHO\ F
PRYHPHQW  RU 3WUDQVODWLRQ" %HQ\RQ DQG :LOPH\
DQG FRQVLGHUHG WKH H[WHQW WR ZKLFK GHVLJQ S
WUDQVIHUUHG WR LQIRUPDWLRQ VSDFHV 1DYLJDWLRQ
H /JHDPLQJ )RU H[DPSOH %RHFKOHU DQG 'DZVRQ
EHKDYLRXU DQG OF'RQDOG DQG B6WHYHQVRQ K I
GLIIHUHQW DSSURDFKHV WR QDYLJDWLRQ RQ OHDUQ!
HOHFWURQLF WH[W

7KH UDSLG H[SDQVLRQ RI WKH :RUOG :LGH :HE
H/HDPLQJ LQ KLJKHU HGXFDWLRQ ,Q WKH 86$%$ WKH ¢
GHJUHH SURJUDPPHV YLD WKH LQWHUQHW WR
FRXQWULHV DQG H[SHFWV WR VHH D JURZWK LQ
8. 7KH 2SHQ 8QLYHUVLW\ KDV LQYHVWHG .. PLOOLR
DSSUR[LPDWHO\ RI WKHLU VWXGHQWY DQG WXW

*LYHQ WKH VFDOH RI WKH DXGLHQFH DQG LQYHV

H /HDPLQJ HQYLURQPHQWY VXSSRUW HIIHEWLYH OHDUC

2QH DSSURDFK WR GHVLJQLQJ HIIHFWLYH H /HDPLQ
HQYLURQPHQWY -RQDVVHQ &RQVWUXFWLYLVP |
LQVWUXFWLRQDO VWUDWHJLHY DQG DVVHVVPHQW LQ
FHQWUDO FODLP RI WKH FRQVWUXFWLYLVW DSSURDF]|
IL[HG EXW UDWKHU DUH FRQVWPFWHG WKURXJK H[SF
FRQWH[W OHDUQLQJ &V RFRWMDRZRRG JHV OMHKH ORSPHQ
OHDUQHUYV IHHOLQJV DERXW WKLV SURFHVYV

(OHFWURQLF WH[WV DUH DQ HVVHQWLDO FRPSRQH
DQG SUHYLRXV UHVHDUFK KDV VKRZQ WKDW WKH
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XQGHUVWDQGLQJ RI WKH FRQWHQW RI DQ HGXFDWLRQ

OF'RQDOG DQG 6WHYHQVRQ BWDQWRQ HW DC
LQWHUIDFH LV GHVLJQHG WR VXSSRUW QDYLJDWLRQ
FULWLFDO VLQFH LW GHWHUPLQHV KRZ HIIHFWLYHO\ O
7KLV WKHVLV WDNHV D QRYHO DSSURDFK WR LQYHVWL
WH[WV ZLWKLQ WKH EURDG FRQWH[W RI FRQVWUXFWL"
WKH HIIE8BWLN BW RRQOMIDAN L QJ

'"HILQLWLRQV (OHFWURQLF 7H[WV DQ

,Q WKLV UHVHDUFK B:*HOHFWURQLF WH[W" LV XVHG DV
DQ HOHFWURQLF PHGLXP ([DPSOHV LQFOXGH K\SHUWH
E\ HPEHGGHG OLQNV WH[W RUJDQLVHG LQ PHQX VWU
RI VHTXHQWLDO QRGHV 7KLV WH[W PD\ EH SUHVHQWH

DQG VWDQG DORQH &' 520V 21DYLJDWLRQ DLGV™ DL
DQ LQWHUIDFH WKDW DLG WKH DFFHVV DQG WUDYHUYV
HPEHGGHG OLQNV PHQXV LQWHUDFWLYH PDSV DQG E

SUHYLRXV 5HVHDUFK RQ 1DYLJDWLRQ

JURP DQ +&, SHUVSHFWLYH D QXPEHU RI VWXGLHV KD
WV\SHV RI QDYLJPOWLROQ WLREY FHQWRUPDBEHLQGLQJIV )R
*XSWD DQG *UDPRSDGK\H IRXQG WKDW QDYLJDW,
LQGLFHV DQG SODLQ K\SHUWH[W HPEHGGHG OLQNV L
WH[W 7KH\ DOVR IRXQG WKDW PDSV DUH WKH PRVW
UHGXFLQJ WKH WRWDO WLPH LW WDNHV WR ILQG LQI
SODLQ K\SHUWH[W ORUH UHFHQWO\ 1LOVVRQ DQG Ol
3JUDSKLFDO RUJDQLVHU PDS" RQ ZHEVLWH QDYLJDWLF
SHUIRUPDQFH LQ WKH VDPH ZHEVLWH ZLWK QR PDS 7K
QDYLJDWLRQ ZKLOH XVHUV JDLQHG IDPLOLDULW\ ZLWK
+RZHYHU ZKHQ WKH XVHUV ZHUH PRUH H[SHULHQFHG
ZHEVLWH ZLWKRXW D PDS ZHUH PRUH HIILFLHQW $¢
H[DPLQHG WKH HIIHFWV RQ QDYLJDWLRQ SHUIRUPDQF
OLVWV WKDW VKRZHG D KLHUDUFKLFDO RUJDQLVDWLR
JLYHQ D ZHEVLWH ZLWK QR FRQWHQWYV OLVW 'DQLHO
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DEDQGRQHG IHZHU LQIRUPDWLRQ VHHNLQJ WDVNV GX
PRUH WLPH DW ORZHU OHYHOV DQG PDGH OHVV XVH R
JURXS

7KH DERYH VWXGLHV FRQVLGHUHG WKH HIIHFWV
SHUIRUPDQFH +RZHYHU LQ H /HDPLQJ HQYLURQPHQW
RQOHDUQLQJ WKDW DUH FUXFLDO 5HVHDUFK WKDW K
UHYHDOHG PL[HG UHVXOWV )RU H[DPSOH 'HH /XFDV
BWHYHQVRQ E DQG OF'RQDOG DQG 6WHYHQVRQ
IRXQG WKDW QDYLJDWLRQ DLGV WKDW VKRZ RYHUYLH
FRQWHQWYV OLVWV DQG $ = LQGLFHV KDYH EHQHILWYV
WR V\WWHPV Rl SODLQ K\SHUWH[W ZKHUH HPEHGGHG ¢
DLGV +RZHYHU LQ FRQWUDVW :HQJHU DQG 3D\QH
WKDW SURYLGLQJ PDSV DV QDYLJDWLRQ DLGV KDG Ol
HOHFWURQLF WH[WV DV FRPSDUHG WR SODLQ K\SHUW
FKDSWHU 7KH PL[HG UHVXOWV LQGLFDWH WKDW WKI
HOHFWURQLF WH[WV DUH FRPSOH[ DQG IXUWKHU LQYH

7KLV WKHVLV H[WHQGV SUHYLRXV UHVHDUFK E\ HJ[I
OHDUQLQJ IURP WKH SHUVSHFWLYH RI FRQVWUXFWLY
SURFHVV RI NQRZOHGJH GHYHORSPHQW DQG LQ WKLV
FRIQLWLYH HQJDJHPHQW WKH OHDUQHUVY IHHOLQJV
TXDOLW\ RI WKH UHVXOWLQJ NQRZOHGJH FRQVWUXFWI
LQYHVWLIDWLRQV H[SORUH WKH HIIHFWV RI QDYLJDWL

$ GHWDLOHG IUDPHZRUN RI FRQVWUXFWLYLVP DC
SURYLGHV D EURDG FRQWH[W IRU LPSOLFDWLRQV DQ!
OHDUQLQJ 7KUHH LQ GHSWK H[SHULPHQWDO LQYHVWL
RI K\SRWKHVHV PRWLYDWHG E\ WKH IUDPHZRUN ([SH!
OHDUQLQJ RI QDYLJDWLRQDO IUHHGRP WKH GHJUHH F
SDJH WR YLVLW LQ DQ HOHFWURQLF WH[W RIIHUHG E\
WKH HIIHFWV RQ OHDUQLQJ RI DOORZLQJ WKH OHDUC
([SHULPHQW H[WHQGV WKH ZRUN RI H[SHULPHQW DG
DOORZLQJ OHDUQHUV WR DGDSW H[LVWLQJ QDYLJDWLF
RQ QDYLJDWLRQ PDSV
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5SHVHDUFK $LP DQG 2EMHFWLYHYV

7KH RYHUDOO DLP Rl WKLV UHVHDUFK LV WR SURYLGH

DLGV RQ OHDUQLQJ ZLWK HGXFDWLRQDO HOHFWURC

FRQVWUXFWLYLVP

JXUWKHU WR WKLV WKHUH DUH IRXU PDLQ REMHFW

7R GHILQH D GHWDLOHG IUDPHZRUN RI WKH H\
DQG LWV LPSOLFDWLRQV IRU QDYLJDWLRQ DLG)
7R XVH WKLV IUDPHZRUN WR IRUPXODWH K\S
GLIIHUHQW W\SHV Rl QDYLJDWLRQ DLGV RQ OHE
7R HPSLULFDOO\ WHVW K\SRWKHVHV WKDW ZH
FRQVWUXFWLYLVP DQG QDYLJDWLRQ
7R GLVWLO WKH ILQGLQJV RI WKH HPSLULFL
LPSOLFDWLRQV WR LQIRUP GHVLJQHUV DQG UH
WH[WV

KHVLV 6FRSH

7KH SUREOHP RI KRZ QDYLJDWLRQ DLGV DIIHFW OHDU
DGGUHVVHG LQ WKLV WKHVLV DQG WKHUH DUH VHYHU!
WKLV SUREOHP DQG LWV VFRSH )LUVWO\ LQ WHUPV R
NQRZOHGJH DQG OHDUQLQJ FDQ EH EURDGO\ GHVF
FRQVWUXFWLYLVW HSLVWHPRORJLHV LQ WKLV WKHVL
SHUVSHFWLYH 6HFRQGO\ LQ WHUPV Rl UHVHDUFK LQ
DLGV 2WKHU LQWHUIDFH HOHPHQWY VXFK DV PXOWL!
PD\ DOVR KDYH DQ LPSDFW RQ WKH TXDOLW\ RI OHD
RXWVLGH WKH VFRSH RI WKH WKHVLV 7KH WKLUG DV
/JHDPLQJ WHFKQRORJ\ ,Q WKLV WKHVLV WKH IRFXV L\
DVSHFWV RI H /HDPLQJ HQYLURQPHQWY VXFK DV VLPX
RZQ SDUWLFXODU FRQFHUQV DQG DJDLQ DUH EH\RQG
LV VXPPDULVHG LQ ILIXUH
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JLIXUH 6FRSH RI WKH WKHVLV 1RWH WKDW LQ HDFK RI WK
HIKDXVWLYH

SHVHDUFK OHWKRGYV

7R DFKLHYH REMHEWLYH D IUDPHZRUN RI FRQVWU X
UHYLHZ Rl OLWHUDWXUH RQ FRQVWUXFWLYLVW SULC
HGXFDWLRQ FRQWULEXWHV WR WKLV IUDPHZRUN 7KH
RI FRQVWUXFWLYLVW WKHPHVY DQG HDFK WKHPH LV |
LPSOLFDWLRQV IRU QDYLJDWLRQ DLGV LQ HGXFDWLRQ

7R DFKLHYH REMHFWLYH WKH LPSOLFDWLRQV IRL
RI FRQVWUXFWLYLVP DUH GHYHORSHG LQWR D VHW I
QDYLJDWLRQ DLGV RQ OHDUQLQJ $ VXE VHW RI WKHYV
LQYHVWLIJDWLRQ 7KHVH K\SRWKHVHV EXLOG RQ SUHYL

7R DFKLHYH REMHFWLYH WKUHH WKRURXJK H[SHL
Rl QDYLJDWLRQ DLGV RQ OHDUQLQJ ZLWK HOHFWURQ]
SUHVHQWHG IURP VWXGLHV LQYROYLQJ RYHU RQH KXQ
DSSURDFK OHDUQLQJ LV WHVWHG IURP WKH SHUVSHF
RZQHUVKLS IRU OHDUQLQJ DQG NQRZOHGJH FRQVWU X
SRVW KRF DVVHVVPHQWYV RI QDYLJDWLRQ EHKDYLRXI
H[SHULPHQWYV IRU SRWHQWLDO H[SODQDWLRQV RI Il
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H[SHULPHQW WKH OHYHO RI FRIQLWLYH ORDG DVVRFI
DGGUHVVHG

)LQDOO\ IRU REMHFWLYH WKH UHVXOWYV RI WKH
DQG WKH ILQGLQJV RI HDFK DUH FRPSLOHG LQWR D V
HGXFDWLRQDO HOHFWURQLF WH[WV

2UJDQLVDWLRQ RI WKH 7KHVLYV

7KLV WKHVLV FRQVLVWVY RI VHYHQ FKDSWHUV 7KH QH]|
UHOHYDQW EDFNJURXQG OLWHUDWXUH ,W LQFOXGHYV
SODFH LQ UHODWLRQ WR REMHFWLYLVW WKHRULHV R
DQG SURSRVHG SULQFLSOHV RI FRQVWUXFWLYLVP H /
WKHQ H[DPLQHG 7KLV LV IROORZHG E\ D GLVFXVVL]
LQIRUPDWLRQ VSDFHV DQG LQ SDUWLEFXODU LVVXHV
FKDSWHU WKHQ SUHVHQWV H[DPSOHV RI QDYLJDWLF
QDYLJDWLRQ LQ HGXFDWLRQDO HQYLURQPHQWV DOQ
QDYLJDWLRQ DLGV DQG OHDUQLQJ

&KDSWHUV WR GHVFULEH WKH UHVHDUFK FRQG
&KDSWHU SUHVHQWYVY D IUDPHZRUN RI FRQVWUXFW
LPSOLFDWLRQV DQG K\SRWKHVHV DERXW WKH HIIHFW |
WH[WV RQ OHDUQLQJ $ VXE VHW RI K\SRWKHVHV LV VH

([SHULPHQW LV SUHVHQWHG LQ FKDSWHU 7KLV
OHDUQLQJ Rl WKH OHYHO RI QDYLJDWLRQDO IUHHGRP
SDJLQJ EXWWRQV ORZHU QDYLJDWLRQDO IUHHGRP
IUHHGRP DQ $ = LQGH[ KLJKHU QDYLJDWLRQDO IUHH
IUHHGRP 7KH PHWKRG DQDO\VLV DQG UHVXOWV R
LPSOLFDWLRQV DUH GLVEXVVHG

&KDSWHU GHVFULEHV H[SHULPHQW ZKLFK LQYH\
QRYHO DSSURDFK WR QDYLJDWLRQ DOORZLQJ WKH OF
7KH VWXG\ KDV WKUHH SDUWV 3DUW $ H[DPLQHV WKH
PDSV RQ OHDUQLQJ 3DUW % H[DPLQHV WKH HIIHFWYV
OHDUQLQJ )LQDOO\ SDUW & H[DPLQHV WKH HIIHFWYV
OHDUQLQJ $JDLQ WKH PHWKRG DQDO\VLV DQG UHV X
GLVFXVVHG ,W VKRXOG DOVR EH QRWHG WKDW VLQFH
VDPH WLPH DV H[SHULPHQW VRPH Rl WKH GDWD DQI
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YDOLGLW\ Rl WKH PHDVXUHV ZDV FRQGXFWHG WRJHWK
DQG

,Q FKDSWHU WKH PHWKRG DQDO\VLV DQG UHVXO)
H[SHULPHQW H[WHQGV WKH ZRUN LQ H[SHULPHQW DQ
FRJQLWLYH ORDG RI DOORZLQJ OHDUQHUV WR DGDSW
SDUWLFXODU RQ PDS QDYLJDWLRQ DLGV 7KH DQDO\
LPSOLFDWLRQV RI WKH ILQGLQJV DUH GLVFXVVHG

)LQDOO\ FKDSWHU GLVEXVVHV WKH RYHUDOO LP
OLPLWDWLRQV DQG SRVVLEOH IXWXUH UHVHDUFK Gl
VXPPDULVHG LQ ILJXUH

JLIXUH 7TKH VWUXFWXUH RI WKH WKHVLV DQG UHODWLRQ WR
UHODWLRQVKLSVY EHWZHHQ WKH FRQWHQW RI HDFK RI WKH FKDSW

EROQWULEXWLRQV RI WKH 5HVHDUFK

7KLV WKHVLV PDNHV FRQWULEXWLRQV WR UHVHDUFK
WH[WV 7R VXPPDULVH WKH IRXU PDLQ FRQWULEXWLRC
v $ IUDPHZRUN RI FRQVWUXFWLYLVP DQG QDYLJ

WR H[DPLQLQJ WKH HIIHFWV Rl QDYLJDWLRQ I

WH[WV 7KH IUDPHZRUN FRQVROLGDWHY SUHYI

RQH YHUVLRQ RI FRQVWUXFWLYLVP IRU XVH L
WKHPHV LQ FRQVWUXEWLYLVP 7KH IUDPHZRU
K\SRWKHVHV IRU QDYLJDWLRQ DLGV LQ HGX
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A

SURYLGHV D EURDG FRQWH[W IRU LQYHVWLJIDV
DLGV RQ OHDUQLQJ

7KUHH LQ GHSWK H[SHULPHQWDO VWXGLHV LQ
OHDUQLQJ ZLWK HOHFWURQLF WH[WV 7KHVH U
LQYHVWLIJDWH WKH HIIHFWV RI QDYLJDWLRQ |
SHUVSHFWLYH

6XEVWDQWLDO TXDOLWDWLYH DQG TXDQWLWD
DUH FRQGXFWHG 7KHVH DQDO\WHV SURYLGH G
QDYLJDWLRQ DLGV LQFOXGLQJ WKH HIIHFWV RC
DQG QDYLJDWLRQ EHKDYLRXU

([SHULPHQWDO ILQGLQJV DUH LQWHUSUHWHG
FDQ EH XVHG WR LQIRUP GHVLJQHUV DQG UHV}
WH[WV 7KHVH LPSOLFDWLRQV SURYLGH LQIRU
WKH H[SHULPHQWY DQG ZKDW WKH\ PHDQ IRU G

7ZR VHFRQGDU\ FRQWULEXWLRQV DUH

A

1RYHO DSSURDFKHV WR DVVHVVLQJ OHDUQI
GHYHORSHG DQG HPSOR\HG LQ WKH H[SHULPHC
OHDUQLQJ SURFHVYV DV D ZKROH LQ WHUPV RI
RZQHUVKLS IRU OHDUQLQJ DQG NQRZOHGJH FF
'"HWDLOHG SRVW KRF DQDO\WHV RI XVDELOL\
EHKDYLRXU DUH FRQGXFWHG 7KHVH UHSUHVHC
WHUPV RI WHFKQLTXHV WR DVVHVV XVDELOLMW
EHKDYLRXU LQ HOHFWURQLF WH[WV
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1IDYLJDWLRQ /HDU
7HFKQRORJ\

7KLY FKDSWHU LQWURGXFHV WKHRU\ DQG SUHVHQW'
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' QWURGXFWLRQ

7KLV WKHVLV LQYHVWLJDWHVY WKH HIIHFWV RI QDYLJ
HOHFWURQLF WH[WV $V GLVFXVVHG LQ FKDSWHU S
GHPRQVWUDWHG WKDW WKLV LV D FRPSOH[ SUREOHP
LPSRUWDQW WR XQGHUVWDQGLQJ WKLV SUREOHP DQG

JLUVWO\ KXPDQ NQRZOHGJH DQG OHDUQLQJ QHHGC
OHDUQLQJ LV GHVFULEHG IURP D FRQVWUXFWLYLVW
LQWURGXFLQJ WKH EDVLF WHQHWV RI D FRQVWUXF
H[SODQDWLRQV Rl OHDUQLQJ VHH VHFWLRQ

BHFRQGO\ WKH W\SH RI H /HDPLQJ WHFKQRORJ\ LV
WKH WKHVLVY DQG WKLV UHVHDUFK IRFXVHV RQ OHDL
EDFNJURXQG IRU WKLV D UHYLHZ Rl HGXFDWLRQDO W
KHUH VHH VHFWLRQ

7KLUGO\ VLQFH WKHUH KDV EHHQ GHEDWH RYHU W
HQYLURQPHQWY LW LV LPSRUWDQW WKDW UHODWHG
FKDSWHU SUHVHQWY D UHYLHZ RI WKHVH LVVXHV 1RV
QDYLJDWLRQ LQ HGXFDWLRQDO HQYLURQPHQWV EX
HQYLURQPHQWY LQ JHQHUDO VHH VHFWLRQ

)LQDOO\ D UHYLHZ Rl UHFHQW GHYHORSPHQWYV LQ
IROORZHG E\ D UHYLHZ RI H[SHULPHQWDO UHVHDUFK
OHDUQLQJ VHH VHFWLRQ 7KLV KLIJKOLJKWY DUHDYV

7KHRULHV Rl .QRZOHGJH DQG /HDUQL

7TKH PDLQ WHQHWYV RI WZR WKHRULHV RI NQRZOHGJH
UHYLHZHG KHUH 7KLV VHWYV D EDFNJURXQG IRU WK
QDYLIJDWLRQ SUHVHQWHG LQ FKDSWHU

&RQVWUXFWLYLVP RU 2EMHFWLYLVP"
%RWK REMHFWLYLVP DQG FRQVWUXFWLYLVP DUH HSLV
UHSUHVHQW RSSRVLWH HQGV RI D FRQWLQXXP ZLWK F
DW WKH RWKHU 9UDVLGDV -RQDVVHQ VHH IL
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{
&RQVWUXFWLYLVP 2EMHFWLYLVP

J)LIXUH 7KH FRQVWUXFWLYLVP REMHFWLYLVP FRQWLQXXP )UR

2EMHFWLYLVWY SURPRWH WKH YLHZ WKDW WKHU!
LQGHSHQGHQWO\ RI KXPDQV 9UDVLGDV DQG W
DFFXUDWHO\ DQG LQ WKH VDPH ZD\ 2EMHFWLYLVW FR
WKH DQDO\WLY UHSUHVHQWDWLRQ DQG VHTXHQFLQJ R
RI NQRZOHGJH FDQ WDNH SODFH UHOLDEO\ -RQDVVH
EHKDYLRXULVW WKHRULHV RI OHDUQLQJ VXFK DV 6NL
6NLQQHU $FFRUGLQJ WR 6NLQQHUTV WKHRU\ OH
DQG RFFXUV WKURXJK UHLQIRUFHG VWLPXOXV UHVSRQ
,Q FRQWUDVW WKH FRUH RI WKH FRQVWUXFWLYLVW
QRW IL[HG EXW UDWKHU LV FRQVWUXFWHG WKURXJ
NQRZOHGJH FDQQRW EH WUDQVPLWWHG FRQVWUXFWL
H[SHULHQFHV WKDW IDFLOLWDWH NQRZOHGJH FRQVW
WKHRULHV RI OHDUQLQJ LQFOXGH WKH ZRUN RI -HURP
%UXQHUYV WKHRU\ GHVFULEHV OHDUQLQJ DV DQ DFYV
FRQVWUXFW NQRZOHGJH EDVHG RQ WKHLU SDVW H[SH
-HDQ 3LDJHW IRFXVHV RQ FKLOG GHYHORSPHQW H J 3
7KH VRFLDO GHYHORSPHQW WKHRULHV RI /HY 9\JRWYV
SURFHVV RI FRIJQLWLYH GHYHORSPHQW LQ UHODWLRQ
&RQVWUXFWLYLVP FDQ EH YLHZHG DW GLIIHUHQW
HSLVWHPRORJ\ RU DV D WKHRU\ RI OHDUQLQJ DQG HC
HSLVWHPRORJ\ FRQVWUXFWLYLVP GHVFULEHV WKH .
FRQWUDVW DW WKH OHYHO RI D WKHRU\ Rl OHDUQLQJ
IDFWRUV WKDW DIIHFW KXPDQ OHDUQLQJ DQG WKH ZD
HQFRXUDJH OHDUQLQJ +RZHYHU WKH H[WHQW WR ZI
WKHRU\ RI OHDUQLQJ DQG HGXFDWLRQ KDV EHHQ TXHYV
VXJIJHVWLRQV DERXW KRZ HGXFDWLRQ VKRXOG EH FRQ
WKH IROORZLQJ GLVFXVVLRQV FRQVWUXFWLYLVP ZLO
LPSOLFDWLRQV IRU OHDUQLQJ DQG HGXFDWLRQ $V \
XQGHUVWRRG KRHARYV BRQVKHJ XFWLQJ RU GHYHORSLQJ N
%HFDXVH RI WKH FRPPRQ FRQFHSWLRQ WKDW FRQ
FRQVWUXFWLQJ D XQLTXH UHDOLW\ WKDW LV RQO\ LQ
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EHHQ VXEMHFW WR WKH FULWLFLVP RI 3LQWHOOHFWX
HYHU\ LQGLYLGXDO FRQVWUXFWY UHDOLW\ LQ D FRPS(
XVHG WR MXVWLI\ GLITHUHQFHY EHWZHHQ LQGLYLGXD
7KLV VXJIHVWYV WKDW WKHUH LV QR SRLQW LQ HYDO?>
OHDUQHUTY NQRZOHGJH LV QHFHVVDULO\ GLIITHUHQW
EHFDXVH WKHUH LV QR VHW UHDOLW\ DQG QR EDVHOLC
EH FRPSDUHG +RZHYHU D UHVSRQVH WR WKLV FULWIL
WKDW WKHUH LV D SK\VLFDO ZRUOG WKDW LV VXEMHF
SUHWW\ PXFK WKH VDPH ZD\ EHFDXVH RI WKHVH O]l
SHUVSHFWLYH ZKHQ DVVHVVLQJ OHDUQLQJ WKHUH LV
VLWXDWLRQ +RZHYHU LI WKHUH LV D FRQVHQVXV R(
XQGHUVWRRG WKHQ WKDW ZD\ RI XQGHUVWDQGLQJ V
RWKHUV ,Q WKLV UHVHDUFK IDYRXU LV JLYHQ WR C
DFFRXQW RI WKLV *LEVRQLDQ SHUVSHFWLYH

&ERQVWUXFWLYLVP RU &RQVWUXFWLRQLVP"
7KHUH DUH VHYHUDO LQWHUUHODWHG FRQFHSWV WKD
UDGLFDO FRQVWUXFWLYLVP VRFLDO FRQVWUXFWL
FRQVWUXFWLRQLVP

5DGLFDO FRQVWUXFWLYLVP KDV URRWYV LQ UDWLRQ
WK DW QUBKN L G XFRQ PWQXFWY ZKDW LW WDNHV WR EH U
ZD\ WKDW NQRZOHGJH LV FRQVWUXFWHG LQ VRFLDO V
WKDW DUH RIWHQ DVVRFLDWHG ZLWK WKLV YLHZ LQF
*OD]J]HUIHOG

BRFLDO FRQVWUXFWLYLVWY RQ WKH RWKHU KDQG
WKURXJK LWV UHODWLRQVKLS WR WKH ZRUOG DQG W
VRELDO UHODWLRQVKLSV *HUJHQ 7KH ZRUNV R
DQG -HURPH %UXQHU HJ %UXQHU DUH LOOXVWU

&RQVWUXFWLRQLVP VKDUHV FRQVWUXFWLYLVP V FI
RI NQRZOHGJH VWUXFWXUHV EXW DOVR DGGV WKH
SIHOLFLWRXVO\" ZKHQ OHBRQWW V XFWH QHQ SZESGERL G\
+DUHO 7KLV SXEOLF HQWLW)\ LV DQ DUWHIDFW Wt
EH DQ\WKLQJ IURP D VDQGFDVWOH WR D WKHRU\ RI WK
HPSKDVLVH VRFLDO DVSHFWV RI NQRZOHGJH FRQVWUX
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)LQDOO\ VRFLDO FRQVWUXFWLRQLVP DFFRUGLQJ
GLVFRBUWWHKH YHKLFOH WKURXJK ZKLFK WKH VHOI DQC
ZD\ WKDW WKLV GLVFRXUVH IXQFWLRQV ZLWKLQ VRFLD

'HVSLWH WKH VXEWOH GLIIHUHQFHV LQ WKHVH GH
ZLOO EH YLHZHG DV DQ XPEUHOOD FRQFHSW DV VXJJ
HOHPHQWY RI DOO RI WKH DERYH DSSURDFKHV 7KH G
FDQ EH IRXQG LQ WKH IUDPHZRUN SUHVHQWHG LQ FKD¢

SULQFLSOHV RI &RQVWUXFWLYLVP

7TKHUH KDYH EHHQ VHYHUDO DWWHPSWV WR VHW RXW
LPSOLFDWLRQV IRU HGXFDWLRQDO SUDFWLFH G6RPH Z
IHDWXUHV RI FRQVWUXFWLYLVW OHDUQLQJ HQYLURQPF
ZRUN KDV FRQVLGHUHG SULQFLSOHV RI FRQVWUXFWL)
IXQGDPHQWDO SULQFLSOHV RI FRQVWUXFWLYLVP DUH
SXEOLFDWLRQ GDWH 7KHVH VHWYV RI SULQFLSOHV |
FRQVWUXFWLYLVP DQG QDYLIJDWLRQ SUHVHQWHG LQ F
FRQWH[W IRU WKH IUDPHZRUN
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$XWKRUV BULQFLSOHYVY RI &RQVWUXFWLYLVP

-RQDVVHQ HW DO .QRZOHGJH FRQVWUXFWLRQ
*HQHUDWLYH SURFHVVLQJ DQG DFWLYH OHDUQL
6RFLDO QHJRWLDWLRQ RI PHDQLQJ
&RQWH[WXDOO\ PHGLDWHG XQGHUVWDQGLQJ
5HIOHFWLYH WKLQNHUYV
6LPRQV 6L FRUH FKDUDFWHULVWLFV Rl FRQVWUXFWLYH O
/HDUQLQJ LV DFWLYH
/HDUQLQJ LV FRQVWUXFWLYH
/JHDUQLQJ LV FXPXODWLYH
/HDUQLQJ LV JRDO RULHQWHG
/JHDUQLQJ LV GLDJQRVWLF
/JHDUQLQJ LV UHIOHFWLYH
6L VHFRQGDU\ FKDUDFWHULVWLFV Rl FRQVWUXFW
/JHDUQLQJ LV GLVFRYHU\ RULHQWHG
/JHDUQLQJ LV FRQWH[WXDO
/HDUQLQJ LV SUREOHP RULHQWHG
/HDUQLQJ LV FDVH EDVHG
/JHDUQLQJ LV VRFLDO
/JHDUQLQJ LV LQWULQVLFDOO\ PRWLYDWHG
QXWK &XQQLQJKB®O NQRZOHGJH LV FRQVWUXFWHG
0DQ\ ZRUOGYV DUH SRVVLEOH KHQFH WKHUH ZLO
.QRZOHGJH LV HIIHFWLYH DFWLRQ
+XPDQ OHDUQLQJ LV HPEHGGHG ZLWKLQ VRFLDO
.QRZLQJ LV QRW VLJQ GHSHQGHQW
:RUOG YLHZV FDQ EH H[SORUHG DQG FKDQJHG Z
.QRZLQJ KRZ ZH NQRZ LV WKH XOWLPDWH KXPDC
&XQQLQJKDP HW DOGURYLGH H[SHULHQFH Rl WKH NQRZOHGJH FRQV"
BURYLGH H[SHULHQFH LQ DQG DSSUHFLDWLRQ IF
(PEHG OHDUQLQJ LQ UHDOLVWLF DQG UHOHYDQV
(QFRXUDJH RZQHUVKLS DQG YRLFH LQ WKH OHD!
(PEHG OHDUQLQJ LQ VRFLDO H[SHULHQFH
(QFRXUDJH WKH XVH RI PXOWLSOH PRGHV RI UH:
(QFRXUDJH VHOI DZDUHQHVV Rl WKH NQRZOHGJ}
"X11\  &XQQLQJKDP$OO NQRZOHGJH LV FRQVWUXFWHG DOO OHDUQ
0DQ\ ZRUOG YLHZV FDQ EH FRQVWUXFWHG KHQF
SHUVSHFWLYHV
.QRZOHGJH LV FRQWH[W GHSHQGHQW VR OHDUC
ZKLFK LW LV UHOHYDQW
/HDUQLQJ VKRXOG EH PHGLDWHG E\ WRROV DQG
/HDUQLQJ LV DQ LQKHUHQWO\ VRFLDO GLDORJLF
/HDUQHUV DUH GLVWULEXWHG PXOWLGLPHQVLR

SURFHVYV
.QRZLQJ KRZ ZH NQRZ LV WKH XOWLPDWH KXPDC
JRVQRW /HDUQLQJ LV QRW WKH UHVXIOWHRIHORSRER®P HQ

'LVHTXLOLEULXP IDFLOLWDWHY OHDUQLQJ
5HIOHFWLYH DEVWUDFWLRQ LV WKH GULYLQJ IR
'LDORJXH ZLWKLQ D FRPPXQLW\ HQJHQGHUV IXU
/HDUQLQJ SURFHHGYV WRZDUGVY WKH GHYHORSPH
'XI1I\ DQG 2UULOO /HDUQLQJ LV VLWXDWHG
/JHDUQLQJ LV JRDO GULYHQ
/JHDUQLQJ LV VRFLDO

7TDEOH BULQFLSOHVY RI FRQVWUXFWLYLVP

(DFK VHW RI SULQFLSOHV KDV D VOLJKWO\ GLIIHUI
SULQFLSOHVY SUHVHQW FRQVWUXFWLYLVWVY DVVXPS\
6LPRQV VXJIJHVW FKDUDFWHULVWLFV RI FRQVWU X
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VKRZ SULQFLSOHV RI D FRQVWUXFWLYLVW HSLV\
&XQQLQJKDP HW DO DUH SUHVHQWHG DV SHGDJ
VXJIJHVW LPSOLFDWLRQV IRU D FRQVWUXFWLYLVW DS
HPSKDVLV LV JLYHQ LQ 'XII\ DQG &XQQLQJKDP
DVVXPSWLRQV RI WKHLU YHUVLRQ RI FRQVWUXFWLYLV]
FRQWH[W RI D FRQVWUXFWLYLVW HSLVWHPRORJ\ )RV(
SUHVHQWY JHQHUDO SULQFLSOHV RI OHDUQLQJ GHULY
LQIRUP HGXFDWLRQDO SUDFWLFH )LQDOO\ PRUH UHFI
SULQFLSOHV RI OHDUQLQJ IURP FRQVWUXFWLYLVP

7KHVH SULQFLSOHV VHW RXW WKH PDLQ WHQHWV F
WKDW WKHUH DUH VHYHUDO SHUVSHFWLYHV RQ FRQV
ZKLFK IXUWKHU LPSOLFDWLRQV DQG DSSOLFDWLRQV R
REMHFWLYH Rl WKLV UHVHDUFK WKHVH FRQVWUXFW
FKDSWHU DQG DUH HODERUDWHG DQG H[WHQGHG
FRQVWUXFWLYLVW OLWHUDWXUH WR IRUP WKH IUDPHZ

6HFWLRQ 6XPPDU\

/HDUQLQJ LV GHILQHG IURP D FRQVWUXFWLYLVW SHU\
WDNHQ DV DQ HSLVWHPRORJ\ ZLWK LPSOLFDWLRQV IRL
DV DQ XPEUHOOD FRQFHSW WR HQFRPSDVV LGHDV |
FRQVWUXFWLYLVP DQG FRQVWUXFWLRQLVP 7KH SULQ
OLWHUDWXUH ZHUH VXPPDULVHG LQ WKLV VHFWLRQ DC
PDQ\ YHUVLRQV RI FRQVWUXFWLYLVP $V WKLV UHVHD
OHDUQLQJ D VLQJOH YHUVLRQ RI FRQVWUXFWLYLVP
OLWHUDWXUH LV QHHGHG 7R WKLV HQG D IUDPHZRL
GHWDLOHG LQ FKDSWHU DQG WKH ZRUN SUHVHQWHG
IUDPHZRUN

H /HDUQLQJ THFKQRORJLHYV

7KH WHUP 3H /HDPLQJ WHFKQRORJ\" LV XVHG LQ WKL
WHFKQRORJ\ WKDW LV LQWHQGHG WR HGXFDWH $V GL

W VKRXOG EH QRWHG WKDW IRU WKH WKUHH VHWY RI SULQFLSOH\
ZKHWKHU WKHVH ZHUH GHYHORSHG RYHU WLPH RU ZKHWKHU WKH\
SHUVSHFWLYHYV
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OHDUQLQJ ZLWK HGXFDWLRQDO HOHFWURQLF WH[WYV
SODFH RI HOHFWURQLF WH[WV LV FRQVLGHUHG LQ WH!
DV ZHOO DV LQ WHUPV RI FDWHJRULHYVY RI H /HDPLQJ V
UHODWHG WR HGXFDWLRQDO HOHFWURQLF WH[WV K\
WKHQ GLVFXVVHG

+LVWRU\ RI H /HDUQLQJ 7THFKQRORJ\

7R JLYH FRQWH[W WR WKH LVVXHV VXUURXQGLQJ HG
VXPPDULVHV WKH NH\ KLVWRULFDO H[DPSOHV RI WK
OHDUQLQJ $Q HDUO\ HQGHDYRXU FDPH DERXW LQ WKH
6NLQQHU SURSRVHG PHFKDQLFDO WHDFKLQJ PDFKLQI
EHKDYLRXU RI OHDUQHUV O6NLQQHU 7TKHVH GHYL
WKURXJK WKH SUHVHQWDWLRQ RI VWLPXOL ZLWK LPI
SURSRVHG WKDW WKURXJK D VHULHV RI WUDLQLQJ
UHSHUWRLUH RI FRUUHFW DQVZHUV DQG VROXWLRQV
EHHQ FULWLFLVHG EHFDXVH LW IRUFHV VWXGHQWYV V
SURJUDPPHU DQG GRHV QRW DOORZ IRU LQGLYLGXD!
DSSURDFK LV DQ DUFKHW\SH RI REMHFWLYLVW HSLVWEF
'LWK DQ LQFUHDVH LQ WKH DYDLODELOLW\ RI FRPS
WHFKQRORJLHYVY FRPSXWHUV SURYLGHG D PRUH SURPI
PLOHVWRQHYV LQ WKH HYROXWLRQ RI JUDSKLFDO XVHU
FRPSXWHU PRXVH (QJOLVK HW DO DQG WKH ILL
s HUR[ $OWR FRPSXWHU LQ 6PLWK HW DO IDF
VDZ WKH FRQVWUXFWLRQ Rl $53%$1(7 WKH SUHFXU
6WDWHYV '"HIHQFH $GYDQFHG 5HVHDUFK 3URMHFW $JHQ
RI WKH ILUVW LQWHOOLJHQW WXWRULQJ VA\VWHPV QI
H[SHULPHQWDO V\VWHP E\ -DLPH &DUERQHOO &DUERQ
7TKH ZRUN RI 3DSHUW UHIOHFWHG D FKDQJH LQ
WHFKQRORJ\ DQG KLV ZRUN KDG D VWURQJ IRFXV RQ
VXFK DV DFWLYH OHDUQLQJ IURP WKH FRJQLWLYH GH)
7TKHVH FRQFHSWYV ZHUH XVHG DV D EDVLV IRU FUI

WR WHDFK FKLOGUHQ SURJUDPPLQJ DQG PDWKHPDWLF!
7KH PLG WR ODWH V VDZ K\SHUWH[W V\VWHP\
FRPPHUFLDO SURGXFWYV |IRU D UHYLHZ VHH 1LHOVHQ
LGHDV IURP WKH OHPH[ VI\VWHP %XVK 7KH\ XVHG
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7HG 1HOVRQ LQ WR GHVFULEH WKH FURVV UHIHUHQ
JURP RQZDUGYV WKH ,QWHUPHGLD V\WVWHP ZDV GHY
SHULRG RI VHYHUDO \HDUV HJ <DQNHORYLFK HW DO
LQWHJUDWHG K\SHUWH[W HQYLURQPHQW GHVLJQHG IF
OHDUQLQJ VI\VWHPV KDYH IROORZHG EXW DOWKRXJK \
DV EHQHILFLDO WR OHDUQHUV HJ 6SLUR HW DK
FRQGLWLRQV LQ ZKLFK K\SHUWH[W LV PRVW HIIHFWL
*DEEDUG ([SHULPHQWY LQYHVWLJDWLQJ WKH FR
K\SHUWH[W DQG RWKHU IRUPV Rl HOHFWURQLF WH[WYV

Q WKH ::: ZDV GHYHORSHG DW &(51 WKH (XUR
UHVHDUFK FHQWUH ,W ZDV XVHG WR GLVWULEXWH LQI
VHSDUDWHG JHRJUDSKLFDOO\ DQG LQ ORVDLF ZDV
EURZVHU 7KH UDSLG H[SDQVLRQ RI WKLV WHFKQRORJ
SXVK IRU XQLYHUVLWLHY WR GHYHORS RQOLQH FRXUYV
WKH -DYD ODQJXDJH LQ ZDV LPSRUWDQW IRU H /H
LQWHUDFWLYH PXOWLPHGLD DSSOLFDWLRQV WR EH L

7KH LQWURGXFWLRQ RI 905/ 9LUWXDO 5HDOLW\ 0

RIIHUHG HYHQ PRUH RSSRUWXQLWLHV IRU PXOWLPHGLI

,Q WKH PLG V WKHUH ZHUH DOVR LPSRUWDQW
OHDUQLQJ HQYLURQPHQWYV 9/(V 9/(V DUH ZHE EDVHG
OHDUQLQJ WRROV GHVLJQHG WR VXSSRUW VWXGHQWYV
RI HGXFDWLRQDO FRQWHQW PDWHULDOV VXFK DV HOH
FRPPXQLFDWLRQ IDFLOLWLHV HPDLO GLVFXVVLRQ E
'HE&7 ZDV IRXQGHG E\ 0XUUD\ *ROGEHUJ DW WKH 8QL"
ZDV IROORZHG E\ %ODFNERDUG LQ IRXQGHG E\
8QLYHUVLW\ 7KHVH FRLQFLGHG ZLWK WKH EHJLQQLQ
HGXFDWLRQ

,Q WKH QHZ PLOOHQQLXP WKHUH KDV DOVR EHHQ D
PRELOH OHDUQLQJ WKDW RFFXUV YLD ZLUHOHVV GHYL
DVVLVWDQWYV 3'$V RU ODSWRS FRPSXWHUV )RU H[DP
\HDU (8 IXQGHG SURMHFW WDNLQJ SODFH LQ WKH 8.
2FWREHU /HDUQLQJ DQG 6NLOOV 'HYHORSPHQW $J
LV WR HYDOXDWH KRZ PRELOH GHYLFHV FDQ EH XVHC
VNLOOV
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7TKHVH KLVWRULFDO H[DPSOHV RI WKH XVH RI H /HI
WKDW GHVLIJQHUY DQG UHVHDUFKHUV KDYH VKRZQ FRC
HGXFDWLRQ 7KH QH[W VHFWLRQ SUHVHQWY FDWHJRUL
SODFH RI HOHFWURQLF WH[WV ZLWKLQ WKLV

&DWHJRULHY RI H/HDUQLQJ 7THFKQRORJ\

% R\OH RIIHUV D GHVFULSWLYH IUDPHZRUN IRU
WHFKQRORJLHV +H VXJJHVWV WKDW H /HDPLQJ WHFK«
FDWHJRULHV LQIRUPDWLRQ GLVVHPLQDWLRQ DQG U}
VLPXODWLRQV DQG YLFDULRXV H[SHULHQFH DQG VWL
%ULHI RYHUYLHZV RI HDFK Rl WKHVH FDWHJRULHV DUH

7KH ILUVW FDWHJRU\ LQ %R\OHTV IUDPHZRUN
UHWULHYDO 7KH XVH RI WHFKQRORJLHV LQ LQIRUPDW
RI WKH WUDGLWLRQDO IRUPDW RI WKH HQF\FORSDHGL
OHQGVY LWVHOI WR HQKDQFHPHQW WKURXJK PXOWL
K\SHUPHGLD FURVV UHIHUHQFLQJ OXOWLPHGLD HQF\F
SURWRW\SLFDO H[DPSOHV RI WKLV W\SH RI H /HDPLQJ
W\SH RI H /HDPLQJ WHFKQRORJ\ SOD\V D NH\ UROH LQ
LQ PDQ\ H /HDPLQJ HQYLURQPHQWY IRU H[DPSOH HOH]
DFW DV DQ LQIRUPDWLRQ UHVRXUFH IRU KLJKHU HGXFI
UHODWHG WR WKLV FDWHJRU\

7KH VHFRQG FDWHJRU\ WRROV IRU FRPSRVLWLRQ
VRIWZDUH WRROV WKDW DOORZ OHDUQHUV WR DQDO\\
WKHLU RZQ DUWHIDFWV 7KLV FDWHJRU\ LV GLYLGHG
VXFK DV ZRUG SURFHVVRUV RU VSUHDGVKHHWYV FRPH
EH XVHG WR VXSSRUW HGXFDWLRQDO DFWLYLWLHV 3(
GLUHFW VHW RI HGXFDWLRQDO WRROV WKDW DUH G
VROYLQJ DQG OHDUQLQJ ([DPSOHV JLYHQ E\ %R\OH
SURYLGH VXSSRUW IRU SUREOHP VROYLQJ FRQVWUXF
FROODERUDWLYH OHDUQLQJ WRROV WR VXSSRUW F
PXOWLPHGLD FRPSRVLWLRQ WRROV DQG GRPDLQ VSH
SURJUDP GHVLJQ

7KH WKLUG FDWHJRU\ VLPXODWLRQV DQG YLFDULR
WKH WKHPHV RI VLPXODWLRQ JDPHV DQG YLUWXDO U
PD\ OHDG WKH OHDUQHU WR DFTXLUH VNLOOV DQG NQ
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RQ WKRVH LQ DUFDGH RU DGYHQWXUH JDPHV DUH D
% R\OH VXJIJHVWV WKDW WKH XOWLPDWH H[SUHVVL
KH FODLPV LV RQH Rl WKH PRVW SRZHUIXO PHGLD IRU

7KH ILQDO JURXS RI HGXFDWLRQDO WHFKQRORJLHYV
WR VWUXFWXUHG VNLOO DQG NQRZOHGJH DFTXLVLWLR
VIVWHPV ,76 JXLGHG GLVFRYHU\ OHDUQLQJ HQYLUR(
LQWHOOLJHQW DVVLVWDQWY :LWK UHJDUG WR ,76V ¢
JHQHUDWH FRQWHQW DQG WHDFKLQJ DFWLRQV WKDW
OHDUQHUV ,76V DWWHPSW WR DFW DV D SHUVRQDO
HQYLURQPHQWY DWWHPSW WR VXSSRUW QDWXUDO OH
XVHU FDQ DGDSW WKH HQYLURQPHQW WR WKHLU LQGL
DUH WKRVH ZKHUH DQ LQWHOOLJHQW FRPSRQHQW LV
DGDSWLYH JXLGDQFH IRU WKH OHDUQHU 2Q WKH RWE
HPERGLPHQW Rl WKH DGDSWLYH HOHPHQW RI WKH V\V!
NH\ IHDWXUH Rl WKHVH LV WKDW WKH\ SURYLGH DVVLV

,Q VXPPDU\ %R\OHTV IUDPHZRUN LV XVHIXO IR
Rl H /HDPLQJ WHFKQRORJLHV 7KH IRFXV RI WKLV WK}
XQGHU WKH ILUVW FDWHJRU\ Rl WRROV IRU LQIRUPDW
H[DPSOHV SUHVHQWHG RIIHU D EDFNJURXQG WR HOHF
+RZHYHU DV ZLOO EH GLVEXVVHG LQ VHFWLRQ ZH
WH[WV FDQ EH GHVLJQHG VXFK WKDW WKH WH[WV EH
PLQGWRRO HQYLURQPHQWY 7KH UHPDLQGHU RI WKLV
K\SHUPHGLD DQG HOHFWURQLF WH[WYV

'"HILQLWLRQV RI +\SHUWH[W +\SHUPHGLD I
$V GLVFXVVHG HDUOLHU HOHFWURQLF WH[WV DUH DC
HQYLURQPHQWY 7KH UHODWHG WHUPV 3K\SHUWH[W"
VIQRQ\PRXVO\ ZLWK HOHFWURQLF WH[WV +RZHYHU L
WKHVH WHUPV DUH LPSRUWDQW VLQFH WKH\ UHIOHFW
WR 1LHOVHQ K\SHUWH[W V\VWHPV DUH WKRVH FRC(
OLQNV WKDW DOORZ WKH XVHU WR 3MXPS’ IURP RQH
QRWLRQ RI FURVV UHIHUHQFHG LQIRUPDWLRQ 1HOVRC
$Q H[DPSOH RI D K\SHUWH[W V\VWHP ZKHUH WKH QR
6FKQHLGHUPDQ
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7KH WHUP 3*K\SHUPHGLD" LV VRPHWLPHV XVHG V
+RZHYHU D PRUH FRUUHFW XVDJH RI 3K\SHUPHGLD LV
VIVWHP DQG UHIHUV WR PXOWLPHGLD SOXV OLQNLC
K\SHUPHGLD V\VWHP FDQ EH RI DQ\ PHGLD W\SH IRU H|
7KH ::: LV DQ H[DPSOH RI D JOREDO K\SHUPHGLD V\VWF

1ILHOVHQ IRFXVHG RQ WKH LQIRUPDWLRQDO D\
LW IURP RWKHU DSSOLFDWLRQV +H HPSKDVLVHG WKH
WKH H[SORUDWLRQ Rl WKH LQIRUPDWLRQ VSDFH UDWk
XVHU FRQWURO DOVR HQWDLO WKDW XVHUV PD\ WDNH
LV Rl SDUWLFXODU VLJQLILFDQFH WR ZHE GHVLJQ DC
LQWHUIDFH *8, GHVLJQ LQ WKDW GHVLJQHUV FDQQR
XQVXLWDEOH URXWHV EHLQJ WDNHQ 1LHOVHQ

IHYHUWKHOHVYV WKH GHILQLWLRQV RI K\SHUWHI[W
DSSO\ WR DOO W\SHV RI QDYLJDWLRQ VWUXFWXUH)
SUHVHQWDWLRQV RI LQIRUPDWLRQ ,QIRUPDWLRQ FDQ
PHQXV RU JUDSKLFDO UHSUHVHQWDWLRQV RI WKH LQI
HDFK RI WKH QRGHV PD\ QRW FRQWDLQ HPEHGGHG OLC
DQG K\SHUPHGLD DUH QRW DOZD\V DSSURSULDWH WR
GHILQLWLRQV DUH XVHIXO WR HQFRPSDVV DOO W\SHYV
SHOHFWURQLF PHGLD LV XVHG LQ WKLV WKHVLV WR U
YLGHR DQG DXGLR SUHVHQWHG HOHFWURQLFDOO\ ZL\
6LPLODUO\ 3HOHFWURQLF WH[W" LV XVHG LQ WKLV WK
ZLWK DQ\ W\SH Rl OLQNLQJ QDYLJDWLRQ VWUXFWXUH
WH[WV LQFOXGH

f WH[WXDO LQIRUPDWLRQ RUJDQLVHG DV K\SHUW

OLQNYV

f WH[WXDO LQIRUPDWLRQ RUJDQLVHG LQ D VHULH

f WH[WXDO LQIRUPDWLRQ SUHVHQWHG DV RQH VFI

f WH[WXDO LQIRUPDWLRQ RUJDQLVHG LQ DOSKDE]

FRQWHQWY OLVW ZKHUH WKHUH DUH QR HPEHGGF

W VKRXOG DOVR EH QRWHG WKDW WKH IRFXV RI W
WKH WH[W FRQWHQW LV SUH JHQHUDWHG E\ VRPHRQH
WH[W VXFK DV WKDW SUHVHQWHG LQ ZRUG SURFHVVRU
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6HFWLRQ 6XPPDU\
,Q WKLY VHFWLRQ WKH SODFH RI HOHFWURQLF WH[W
IURP D KLVWRULFDO SHUVSHFWLYH DQG LQ WHUPV R |
D KLVWRULFDO SHUVSHFWLYH WKH GHYHORSPHQW RI
IRU H /HDPLQJ DQG LW LV LPSRUWDQW WKDW HOHF\
GHVLJQHG WR VXSSRUW HIIHFWLYH OHDUQLQJ ,Q WH
/JHDPLQJ WHFKQRORJ\ HGXFDWLRQDO HOHFWURQLF W
LQIRUPDWLRQ GLVVHPLQDWLRQ DQG UHWULHYDO 7KH
HOHFWURQLF WH[WV ZHUH DOVR GLVFXVVHG DQG HOH
GHVFULEH DQ\ SUHVHQWDWLRQ RI WH[WXDO LQIRUPDW

1DYLIDWLRQ

7KLY VHFWLRQ GLVFXVVHV GHILQLWLRQV RI QDYLJDWI
PHWDSKRUV LQ WKHVH HQYLURQPHQWY DQG VSHFLII
HOHFWURQLF WH[WV 7KHVH GLVFXVVLRQV DUH QRW I
UDWKHU FRQVLGHU QDYLJDWLRQ LQ JHQHULF HOHF
HOHFWURQLF WH[WYV

SUREOHPY "HILQLQJ 1DYLJDWLRQ
31DYLJDWLRQ LQ WKH UHDO ZRUOG LV FRPPRQO\ XVH«
FRUUHVSRQGLQJ PRYHPHQW WKURXJK D SK\WLFDO HQY
W FRQFHUQV TXHVWLRQV VXFK DV 3:KHUH DP " 3:KH!
JR" 1LHOVHQ ,PSRUWDQW VWHSV LQ WKH QD)
LQFOXGH RULHQWLQJ RQHVHOI LQ WKH HQYLURQPHQW
URXWH DQG UHFRJQLVLQJ WKDW D GHVWLQDWLRQ KD\

,Q UHFHQW \HDUV WKH XVH RI 3QDYLJDWLRQ K
PRYHPHQW ZLWKLQ HOHFWURQLF HQYLURQPHQWYV VXF
+RZHYHU WKHUH KDYH EHHQ SUREOHPV FODULI\L
LQ WKHVH HQYLURQPHQWY EHFDXVH GLUHFW FRPSDUL
QRW DOZD\V EHQHILFLDO
7KH RXWFRPHV RI WKH &+, ZRUNVKRS 31DYLJD
KLIJIKOLJKWHG GLIIHUHQW XVHV RI *QDYLJDWLRQ  LQ t
3ULRU WR WKH ZRUNVKRS SDUWLFLSDQWV ZHU]
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GHILQLWLRQV RI QDYLJDWLRQ 7KHVH GHILQLWLRQV
([DPSOHV Rl WKHVH GHILQLWLRQV LQFOXGHG
f 31DYLJDWLRQ LV DERXW ILQGLQJ \RXU ZD\ FRQ
JRDO ZKLOH GLVFRYHULQJ |UHWVXUG HGBISHKWOWH D O R ¢
$ 3MDYLJDWLRQ LV WKH FRJQLWLYH SURFHVV RI DF
VWUDWHJILHY IRU PRYLQJ WKURXJK VSDFH DQG
DERXW D MBSDFB /HYHQWKDO
f 31IDYLJDWDRQQGLQJ /RFRPRWLRQ p. QRHVQW LAKH
WKHUSXGY 'DUNHQ
$ 3IDYLJDWLRQ LV-RHW VI D® B LOCRO/DN
*HQHUDO WKHPHV LQ WKH GHILQLWLRQV LQFOXGHG
D QDYLJDWLRQDO SURFHVV DQG WKH FRQWH[W RU H(
SODFH +RZHYHU QR VLQJOH GHILQLWLRQ HQFRPSDVV
BHYHUDO RWKHU WHUPV KDYH EHHQ DVVRFLDWHG :
WKHVH DUH GHWDLOHG LQ WDEOH 7KHVH WHUPV
QDYLJDWLRQ LQ HOHFWURQLF HQYLURQPHQWYV DQG LF
JRU H[DPSOH GXULQJ XQVWUXFWXUHG EURZVLQJ WKH
QDYLJDWLRQDO GHFLVLRQV SXUHO\ RSSRUWXQLVWLFD
WKH XVHU KDV WKH JRDO RI UHDFKLQJ D VSHFLILF GH\
D GLIIHUHQW W\SH RI JRDO DQG LV VLPSO\ FRQFHUQH
JRU WKH SXUSRVHV RI WKLV WKHVLV DOO RI WKHVH
XPEUHOOD WHUP RI 3QDYLJDWLRQ’
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1DPH "HVFULSWLRQ 5HIHUHQFH

8QVWUXFWXUHG EURENUBQOGLSLWRXV RU &R VH ®QED @R/
EURZVLQJ

([SORUDWLRQ ([SORUDWLRQ RI LQIBSPMWHRQ VSDFH

ZLWK WKH VROH DLP RI FUHDWLQJ RU
HQKDQFLQJ DQ LQWHUQDO PRGHO

*HQHUDO SXUSRVH EARRANWVLQ@QI IRFDAQHUD&DIWRPHBVHRM DO &RYH
EURZVLQJ LOWHUHVW :DOVK
6WLJIJPHUJ\ $ IRUP RI VRFLDO QDVWIRI@ WMMR QO

VFHQW UHFRPPHQGDWLRQ IROORZLQJ

DQG FOXVWHULQJ

BHDUFK RULHQWHG EBFRDQQLQJ DQG EURZEDQPHO HW DO
LQIRUPDWLRQ UHOHYDQW WR D IL[HG
WDVN WDUJHW

AXHU\LQJ 7KH GHVFULSWLRQ R6 ®HWQSHFLILF RU
JHQHUDO WDUJHW DQG DXWRPDWLF
WUDQVODWLRQ LQ LQIRUPDWLRQ VSDFH
WR ZKHUH WKH WDUJHW LV OLNHO\ WR EH
IRXQG

'D\ILQGLQJ ORYHPHQW WRZDUGV3DWASIHFILILF
GHVWLQDWLRQ

7TEOH 7THUPV UHODWHG WR WKH DFWLYLW\ RI QDYLJDWLRQ

$Q RYHUDOO GHILQLWLRQ RI QDYLJDWLRQ LQ HOHF
%HQ\RQ D WKH DFWLYLW\ RI ILQGLQJ RQHV ZD
KLIKOLJKWV WKH LGHDDRW IQMDRYMWIIDHAGEL R WD \E\DR XV HU
SURSHUW\ RI DQ LQWHUIDFH VXFK DV D PHQX EDU RU
RQH VSHFLILF QDYLJDWLRQDO JRDO ,W DOVR KDV VI
$QRWKHU GHWDLOHG H[DPLQDWLRQ RI QDYLJDWLRQ L

6SHQFH ,Q WKLV ZRUN 3*QDYLJDWLRQ
SLQWHUDFWLYHO\ FRQWUROOHG DQG XVXDOO\ LWH
LQIRUPDWLRQ VSDFH 6SHQFH 7KLV FDQ HQFRPSI

VSHFLILF RU LV ORRVHO\ GHILQHG DQG VR FDQ FRYHU

JRU WKH SXUSRVHV RI WKLV WKHVLV QDYLJDWLRQ
DFFRUGLQJ WR 6SHQFHTV GHILQLWLRQ )ORZHYHU
LQ HOHFWURQLF HQYLURQPHQWY LQ PRUH GHSWK L
SHUVSHFWLYHV QDYLJDWLRQ PHWDSKRU DQG PRGHOV
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1DYLIDWLRQ OHWDSKRU
31DYLJDWLRQ® FDQ EH VHHQ DV D PHWDSKRU JLYHQ

HOHFWURQLF HQYLURQPHQW FDQ EH XVHG 8VH RI W
QDPHV VXFK DV 3:LQGRZV ([SORUHU  DQG 3, QWHUQHW
XVHG LQ ZHE EURZVHUV VXFK DV 3JR° EXWWRQV DQG 3
ZLWK D VSDWLDO PHWDSKRU ZKHUH VLPLODULWLHYV
EHWZHHQ UHDO SK\VLFDO HQYLURQPHQWY DQG HOHFW
$FFRUGLQJ WR 'DKOEDFN WKHUH DUH WZR LF
WKH QDYLJDWLRQ PHWDSKRU )JLUVWO\ WKDW SK\
HQYLURQPHQWY DUH VLPLODU HQRXJK WR PDNH WKLV
DFWLYLW\ RI QDYLJDWLRQ LQ HOHFWURQLF HQYLURQP
LQ WKH SK\VLFDO HQYLURQPHQW IRU WKH PHWDSKRU
EH WKDW SHRSOH XVH VSDWLDO VNLOOV ZKHQ QDYLJ
WKHUH LV VRPH PL[HG HYLGHQFH H J 'DKOEDFN HW L
E DQG WKDW SHRSOH OHDUQ WR QDYLJDWH HOHFYV
OHDUQ WR QDYLJDWH LQ WKH SK\VLFDO ZRUOG
$FFRUGLQJ WR 6LHJHO DQG :KLWH VSDWLDO
GHYHORSV LQ D VHULHV RI VWDJHV ODQGPDUN URX
NQRZOHGJH LQGLYLGXDOV OHDUQ WR GLVFHUQ DQG
NQRZOHGJH ODQGPDUNV DUH FRRUGLQDWHG LQWR D
J)LQDOO\ VXUYH\ NQRZOHGJH FRQVLVWYV RI D UHSUH\
UHODWLRQV EHWZHHQ ODQGPDUNV DQG URXWHV %
NQRZOHGJH LQ D ODUJH K\SHUWH[W FDQ EH DFKLHYHG
WKDW SURYLGH DQ RYHUYLHZ RI WKH K\SHUWH[W VXF
+RZHYHU WKH QDYLJDWLRQ PHWDSKRU PD\ EH SU
FRPSDULVRQV EHWZHHQ HOHFWURQLF HQYLURQPHQW
VXJIJHVWHG WKDW WKH PHWDSKRU PD\ EH XVHIX
K\SHUWH[W HQYLURQPHQWY VLQFH LW HQFRXUDJHV W
QRGHV LQ WKH K\SHUWH[W DV LI WKH\ ZHUH SK\VLFD
EUHDN GRZQ DV WKH XVHUV EHFRPH PRUH DGYDQFHCG
K\SHUWH[W DQG WKH SK\WLFDO HQYLURQPHQW ,Q IDF
OLPLWHG PHWDSKRU WKDW SRWHQWLDOO\ FRQVWUDL
LQWHUDFW ZLWK HOHFWURQLF HQYLURQPHQWY SDU
'LOORQ DQG 9DXJKDQ 7KH PHWDSKRU HQFRXUD
WKLQN DERXW LQWHUDFWLRQ DQG QDYLJDWLRQ ZLWK
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WKH\ WKLQN DERXW LQWHUDFWLRQ DQG QDYLJDWLRQ
DQ\ LVVXHV WKDW DUH VSHFLILF WR HOHFWURQLF HQY

)DUULV HW DO DQG )DUULV HW DO GHV
LQYHVWLIJDWHG WKH DSSURSULDWHQHVV Rl WKH QDYL
KRZ ZHOO WKH PHWDSKRU ILWV ZLWK WKH XVHUVY |
K\SHUPHGLD V\WVWHP ,Q WKHVH VWXGLHVY SDUWLFLSDQ
ZLWK HLWKHU RQH WZR WKUHH RU IRXU OHYHOV 7K
GUDZQ PDS VKRZLQJ WKH QRGHY DQG OLQNV LQ WKH V
WKHVH VWXGLHV VKRZHG WKDW LUUHVSHFWLYH RI W
K\SHUPHGLD WKH\ XVHG WKH SDUWLFLSDQWVY KDQG G
VDPH XQGHUVWDQGLQJ Rl WKH QDYLJDWLRQ VWUXFWX
RI WKH K\SHUPHGLD QDYLJDWLRQ VWUXFWXUH ODUJ
UHODWLRQVKLSY UDWKHU WKDQ WKH DFWXDO OLQNYV
XVHUVY PD\ QRW YLHZ K\SHUPHGLD V\VWHPV VSDWLDO
IRU WKH ZD\ WKDW WKH QDYLJDWLRQ VWUXFWXUH R
'RXULVK DQG &KDOPHUV VXJIJHVWHG WKDW QDY
K\SHUWH[W PLJKW KDYH D EHWWHU JURXQGLQJ LQ D
PRYHPHQW LV SHUIRUPHG EHFDXVH RI D VHPDQWLE Ul
ELJJHU DOLNH IDVWHU ,I XVHUV YLHZ WKH VWUXFWX
WKHQ WKLV FRQFHSWXDO RU VHPDQWLF VWUXFWXUH
QDYLJDWLRQ LV GHVLJQHG LQ WKH LQWHUIDFH )RU H
WKH FRQFHSWXDO RU VHPDQWLF VWUXFEWXUH RI WKH \
RUJDQLVDWLRQ

7KH FRQVLGHUDWLRQ RI ZKLFK W\SHV RI PHWD:
QDYLJDWLRQ VSDWLDO EHVW ILWV WKH XVHUVY XQGF
WKDW WKH ZD\ WKDW WKH V\WWHP 3VWUXFWXUH" LV XC
QDYLJDWLRQ 7KH VWXGLHV E\ )DUULV HW DO DERY
XQGHUVWDQGLQJ RI WKH VIVWHP VWUXFWXUH LV LPSR
PHWDSKRU LV DSSURSULDWH 7KLV ZLOO EH IXUWK
3 QIRUPDWLRQ $UFKLWHFWXUH  LQ VHFEWLRQ

'DKOEDFN DOVR WDONV DERXW WKH QDWXUH
GHWHUPLQLQJ WKH XWLOLW\ RI D QDYLJDWLRQ PHWD S
WKH SK\WLFDO HQYLURQPHQW DQG GLIIHUHQW W\SHV
UHDOLW\ 95 V\WWHPV SUHVHUYH PRVW RI WKH VSDW
PDSSLQJ IURP WKH SK\WLFDO ZRUOG WR WKH 95 ZR
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+RZHYHU EHFDXVH WKH 3SK\VLFV" RI K\SHUWH[W DQGC
VXJIJHVWV WKDW PRUH FDXWLRQ VKRXOG EH HJI
EHWZHHQ WKHVH HQYLURQPHQWY DQG WKH SK\VLFDO 2
%HQ\RQ D E VXJIJHVWV WKDW ZH VKRXOG
PHWDSKRU p®1DYLJDWLRQ RI ,QIRUPDWLRQ 6SDFHY LV
VKLIW 1DYLJDWLRQ RI ,QIRUPDWLRQ 6SDFH LV D QHZ
DV 'LUHFW ODQLSXODWLRQ ZDV D QHZ SDUDGLJP LQ
SURSRVDO VLQFH LW VXJJHVWV WKDW QDYLJDWLRQ P
+&, DV D ZKROH <HW LQ WKLV WKHVLV LW LV VXJJH\
WDNHQ WR PHDQ WKDW DOO +&, LV QDYLJDWLRQ LQ
PDQLSXODWLRQ ,Q VRPH VSDFHV QDYLJDWLRQ LV W}
RWKHUV LW LV MXVW RQH DVSHFW RI ZKDW LV JRLQJ R
LV QDYLJDWLRQ )RU H[DPSOH HQWHULQJ QXPHULFDO
QDYLJDWLRQDO DFWLYLW\
7KLV VHFWLRQ GHVFULEHG QDYLJDWLRQ PHWDSKR
UHVHDUFK +RZHYHU LW VKRXOG EH QRWHG WKDW LQ
IURP WKH SHUVSHFWLYH RI WKH HIIHEFWV RI QDYLJDWI
WKH UHODWLYH PHULWYV RI WKH QDYLJDWLRQ PHWDSKI
IRU OHDUQLQJ ZLWK HOHFWURQLF WH[WV

ORGHOV RI 1DYLJDWLRQ $FWLYLW\
7KLV VHFWLRQ FRQVLGHUV WKH DFWLYLW\ RI QDYLJD

SHRSOH GR ZKHQ WKH\ QDYLJDWH LQ DQ HOHFWURQ
HOHFWURQLF WH[WV 6RPH PRGHOV RI QDYLJDWLRQ O
ZKHQ WKH\ QDYLJDWH LQ SK\VLFDO HQYLURQPHQWYV
PRGHOV KDYH GHWDLOHG QDYLJDWLRQ DFWLYLW\ LQ

GHVFULEHV WKH 3([SORUH 1DYLJDWH ORGHO " DV ¢
HQYLURQPHQWY 7KH NH\ DFWLYLWLHV LQ WKLV PRG
'XULQJ 3VFDQ  WKH XVHU LQVSHFWV WKH FXUUHQW \
DYDLODEOH FXHV LQ WKH LQWHUIDFH 'XULQJ 3SODQ" \
IXUWKHU DFWLYLW)\ IURP DQ LQVSHFWLRQ RI WKH HQY
WDUJHW RU DQ LOQWHQWLRQ WR H[SORUH 'XULQJ WKH
WR D ORFDWLRQ HOVHZKHUH LQ WKH 95 HQYLURQPHQMW
+RZHYHU VLQFH WKLV PRGHO LV SULPDULO\ FRQFHUQ
LW PD\ QRW EH JHQHULF HQRXJK WR FDSWXUH WKH G
WH[WV
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%XLOGLQJ RQ KLV ZRUN IURP WKH &+, 1 ZRUNVK
IUDPHZRUN IRU WKH DFWLYLW\ RI QDYLJDWLRQ VHH IL
WR GHVFULEH PRYHPHQW LQ LQIRUPDWLRQ VSDFH ,Q
LWHUDWLYHO\ EURZVHVY FRQWHQW IRUPV DQ LQWHUQ
LOWHUSUHWDWLRQ RI WKH PRGHO VHOHFWV D PHDQV
VSDFH DQG WKHQ PDNHV WKDW WUDQVODWLRQ 7KH R
WKH ER[HV UHSUHVHQW WKH RXWFRPHV RI WKHVH DF
WHUPV Rl HOHFWURQLF WH[WV VLQFH WKLV IUDPHZF
HQYLURQPHQW RU D SDUWLFXODU W\SH RI HOHFWURC
QDYLIJDWLRQ DFWLYLW\ LQ HOHFWURQLF WH[WV ZKHU
FRQFHSWXDO RU VHPDQWLF UDWKHU WKDQ VSDWLDO

JLIXUH $ IUDPHZRUN IRU QDYLJDWLRQ )URP 6SHQFH

W VHHPV WKDW WKH PRVW LPSRUWDQW SDUW RI W
WH[WV LV WKH GHYHORSPHQW RI DQ LQWHUQDO PRG
XQGHUVWDQGLQJ RI WKH WH[W FRQWHQW VKRXOG EH \
LW LV LPSOLHG WKDW WKHUH PD\ EH GLIIHUHQW DVSH
QDYLJDWLRQ )RU H[DPSOH 6SHQFH VXJJHVWHG WKD!
DFWLYLW\ ZKHUH RWKHU QDYLJDWRUV DUH DOVR LQYR
PRGHOV PD\ EH LQYROYHG RQH IRU LQIRUPDWLRQ LC
OHDUQLQJ ZLWK HOHFWURQLF WH[WV WKH OHDUQHU K
WKURXJK WKH VIVWHP +HQFH LW KDV EHHQ DUJXHG W
WZR SDUDOOHO LQWHUQDO PRGHOV %UXQVWHLQ HW
OHDUQHU KDV WR GHYHORS D UHSUHVHQWDWLRQ RI Z
JRDO 6HFRQGO\ WKH\ QHHG WR NQRZ KRZ WR QDYLJ
WKHVH WZR LQWHUQDO PRGHOV QHHG WR EH PDLQV
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DOORFDWLRQ RI FRIQLWLYH UHVRXUFHVY DQG FRJQLW
HOHFWURQLF WH[WV 7KLV LV GLVFXVVHG IXUWKHU LQ

'LVRULHQWDWLRQ &RJQLWLYH /RDG DQG 1
7KH IUHHGRP DQG IOH[LELOLW)\ RIIHUHG ZKHQ QDYLJDYV
IRUZDUG DV WKH PDLQ VWUHQJWKV Rl WKHVH W\SHV R
UHVXOW RI WKLV IUHHGRP DQG IOH[LELOLW\ WKH XVt
LQIRUPDWLRQ WR DFFHVV DQG WKH RUGHU LQ ZKLFK
DOVR IROORZV WKDW WKH XVHUVY FRIJQLWLYH UHVRXU
VDPH WLPH ZKLFK PD\ UHVXOW LQ LQFUHDVHG FRJQLW

$FFRUGLQJ WR 6ZHOOHU SFRJQLWLYH ORDG’ L
LPSRVHV RQ WKH FRJQLWLYH V\VWHP ,Q WHUPV RI Ot
WKDW WKH OLPLWHG FDSDFLW\ RI ZRUNLQJ PHPRU\
GHYHORSPHQW RI NQRZOHGJH &KDQGOHU DQG 6ZHOC
DIIHFWHG E\ WZR PDLQ W\SHV RI FRIJQLWLYH ORDG L
FRIJQLWLYH ORDG ,QWULQVLF FRJQLWLYH ORDG LV
&KDQGOHU DQG 6ZHOOHU (IWUDQHRXV FRJQLW
JHQHUDWHG E\ WKH IRUPDW RI LQIRUPDWLRQ &KDQ
DGGLWLRQDO DFWLYLWLHV DQ LQGLYLGXDO LV UHTXL
H[WUDQHRXV FRJQLWLYH ORDG LV NHSW WR D PLQLPX
KLJK WKHQ WKHUH PD\ EH ZRUNLQJ PHPRU\ DYDLODEC
*DPHU

'KHQ QDYLJDWLQJ LQ HOHFWURQLF WH[WV RQH RI

GLVRULHQWDWLRQ %RHFKOHU DQG IHHOLQJV RI
DFFRXQWYV RI XVHUV EHFRPLQJ ORVW 6WDQWRQ HW L
OF'RQDOG DQG 6WHYHQVRQ RU GLVRULHQW
OF'RQDOG DQG 6WHYHQVRQ $FFRUGLQJ WR :L

EHFRPHY GLVRULHQWHG ZKHQ WKH\ ORVH WUDFN RI
FRPSOH[ FRQWDLQ XQH[SHFWHG FRQWHQW RU LQFOX
(GZDUGV DQG +DUGPDQ UHSRUWHG WKUHH FDWH.
XVHU GRHV QRW NQRZ ZKHUH WR JR QH[W WKH XVHL
WKHUH DQG WKH XVHU GRHV QRW NQRZ ZKHUH WKH\
WKH GRFXPHQW

$V GLVFXVVHG LQ VHFWLRQ LQ OHDUQLQJ ZL
OHDUQHU KDV WR GHYHORS DQG XSGDWH SDUDOOHO
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WH[W FRQWHQW DQG RQH FRQFHUQLQJ KRZ WR QDYLJ
HW DK %UXQVWHLQ HW DO WKHUHIRUH VXJ
VKRXOG EH FRQVWUXFWHG WR PDWFK WKH VWUXFWXU
WR PLQLPLVH WKH EXUGHQ RI GXDO UHSUHVHQWDWLF
VKRXOG EH RQ WKH LQVWUXFWLRQ LWVHOI LQIRUPDW
QDYLJDWLRQ DLGV VKRXOG EH GHVLJQHG WR PLQLPL
DQG 0XUSK\

$OWKRXJK PXFK UHVHDUFK KDV GLVFXVVHG WKH U

FRIQLWLYH ORDG HJ %RHFKOHU WUXQVWHLQ H
PHDVXUHG WKH HIIHFWV RI QDYLJDWLRQ RQ FRIQLWLY
'XQZRRG\ WR PHDVXUH FRJQLWLYH ORDG LQYROY

UubwLQJV RI WKH GLIILFXOW\ LQ UHFRJQLVLQJ WKH R
DVVRFLDWHG ZLWK GLIITHUHQW W\SHV RI HOHFWURQLF
DQG 'XQZRRG\ SRLQWHG RXW WKLV PD\ QRW KDYH EHI
$OWHUQDWLYH PHDVXUHV RI FRJQLWLYH ORDG LQFC
SHUIRUPDQFH SV\FKRSK\VLFDO PHDVXUHV VXFK DV Kt
EUDLQ SRWHQWLDOV 3DDV DQG OHUULHQERHU 3
OXuUubDL HW DO

'LVRULHQWDWLRQ DQG FRIJIQLWLYH ORDG DUH LVVX
UHVHDUFK EXW FRQWLQXH WR EH XQUHVROYHG %RHF
KDV EHHQ SXW IRUZDUG IRU UHGXFLQJ FRIJQLWLYH (
QDYLJDWLRQ DLGV WKDW JLYH DQ RYHUYLHZ RI WKH H
RU $ = LQGLFHV %UXQVWHLQ HW DK QDYLIJDWLR
RI WKLV GLVFXVVLRQ

IDYLJDWLRQ $LGV LQ (OHFWURQLF 7H[WYV
,Q WKLV WKHVLV QDYLJDWLRQ DLGV LQ HOHFWURQLF
WKDW DLG WKH DFFHVV DQG WUDYHUVDO RI WKH WH[W
UHVHDUFK
+ 1IRQ LQWHUDFWLYH RQYRQFOWLQQYHUBARWLYH DLG SUH
WKHP QDYLJDWH D V\VWHP ([DPSOHV LQFOXGH SDS
PDSV RU QRQ LQWHUDFWLYH FRQWHQW OLVWV GLVS:
$ VXE FDWHJRU\ RI QRQ LQWHUDFWLYH DLGV LV *RUI
7KHVH H[SOLFLWO\ GLVSOD\ WKH VWUXFWXUH RI WK
V KH LV ZLWKLQ WKH V\VWHP
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$+ L QWHUDFWLYH QDLYQWBW LIRFH DAMSRKDQLVPYV WKDW DO
LQIRUPDWLRQ ZLWKLQ DQ HOHFWURQLF WH[W 7KH
VLQJXODU RU DJJUHJDWH QDYLJDWLRQ DLGV DQG
VKRXOG EH QRWHG WKDW WKHVH FDWHJRULVDWLRQV
R 6LQJXODU QDYLJDOQW.RQDBWEYH QDYLJDWLRQ |
DFFHVV WR D VLQJOH ORFDWLRQ DW DQ\ RQH
LQFOXGH KRPH EXWWRQV SDJLQJ EXWWRQV
EXWWRQV RSHQ EXWWRQV WKXPEQDLO OLQN)\
R $JJUHJDWH QDYLJDWARXQVWHGVRI LQWHUDFWL
JURXSHG WRJHWKHU RQ WKH LQWHUIDFH WKD
RI ORFDWLRQV 7KH\ JLYH DQ RYHUYLHZ RI W
PD\ EH ORFDOLVHG LQ WKDW WKH\ RQO\ VKRZ
D JLYHQ SDJH RU WKH\ PD\ EH JOREDO LQ WK
HOHFWURQLF WH[W ([DPSOHV LQFOXGH PHQX
EUHDGFUXPE WUDLOV PDSV LQFOXGLQJ VSD
VWUXFWXUH Rl WKH HOHFWURQLF WH[W DQG
FRQFHSWV LQ WKH HOHFWURQLF WH[W DQG
IDYRXULWHV RU ERRNPDUN PHQXV DQG KLVWF
R 6WDWLF QDYLJPIWLRQWLREY DLGV ZKHUH WKH C
DFFHVV WR LV IL[HG 6WDWLF QDYLJDWLRQ
DJJUHJDWH QDYLJDWLRQ DLGV $00 RI WKH I
DJJUHJDWH QDYLJDWLRQ DLGV DUH DOVR H[DP
R '\QDPLF QDYLJDWDRQJDWAWRQ DLGV ZKHUH WK
FKDQJH RU WKH FRQILIXUDWLRQ OD\RXW F
7KHVH FKDQJHV FDQ EH EDVHG RQ GLUHFW
DXWRPDWLFDOO\ HJ GXH WR VRPH LQWHOC
VLQJXODU RU DJJUHJDWH QDYLJDWLRQ DLGYV
LQFOXGH WKLV LV QRW PHDQW WR EH DQ H[KE
v "QDPLF VLQJXODU QDYLJDWLRQ DLGV ZK
GXH WR XVHUIDFWURQY EDUV DGGUHVV EI
EDUV
v \QDPLF VLQJXODU QDYLJDWLRQ DLGV WKD
DXWRPDWLFDOO\ HJ HPEHGGHG OLQNYV
FKDQJH EDVHG RQ DQ LQWHOOLJHQW DJH
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LQFUHDVH LQ VL]H EDVHG RQ WKHLU SRS»
VHEWLRQ IRU PRUH GHWDLOV
v \QDPLF DJJUHJDWH QDYLJDWLRQ DLGV ZK
FKDQJH GXH WR KKVHWDFWLRRYWHQWYV C
LQGLFHV ZKHUH WKH XVHU LV DEOH WR L
DJJUHJDWH QDYLJDWLRQ DLG
v \QDPLF DJJUHJDWH QDYLJDWLRQ DLG ZKl
FKDQJH DXWRPDWLFDOO\ HJ D QDYLJDWIL
YLVXDO SUHVHQWDWLRQ 5693 ,Q 5693 |
FRQWHQW DUH UDSLGO\ GLVSOD\HG IRU D
XVHU FDQ EURZVH WKURXJK WKHP H J Gt
$Q HQYLVDJHG H[DPSOH RI D G\QDPLF DJJI
XVHV 5693 LQ HOHFWURQLF WH[WV ZRXOG
WKDW GLVSOD\V D FRQWLQXDOO\ VFUROO|
&OLFNLQJ RQ WKH SDJH WLWOH DOORZV D
v '"\QDPLF DJJUHJDWH QDYLJDWLRQ DLG)
FRQILJIXUDWLRQ GXH WR XVHU DFWLRQV F
ZKHUH WKH XVHU LV DEOH WR FKDQJH WK
DFFRUGLQJ WR WKHLU RZQ SUHIHUHQFHYV
W LV GLIILFXOW WR GHILQH RQH DOO HQFRPSDVV
QDYLJDWLRQ DLGV DUH EHLQJ GHYHORSHG DOO WKH
SRVVLEOH PHDQV IRU FODVVLI\LQJ QDYLJDWLRQ DLGV
UHVHDUFK 6HH DSSHQGL]J IRU LOOXVWUDWLRQV RI
VHFWLRQ )XUWKHU FDWHJRULVDWLRQV DUH DOVR DG
FRQVWUXFWLYLVP DQG QDYLJDWLRQ LQ WHUPV RI KRZ

,QIRUPDWLRQ $UFKLWHFWXUH
$QRWKHU LVVXH WKDW LV UHODWHG WR QDYLJDWLRQ
VRPHWLPHYV UHIHUUHG WR DV 3VA\VWHP VWUXFWXUH" R
DUFKLWHFWXUH" UHIHUV WR WKH XQGHUO\LQJ VWUXF
GHWHUPLQHYV KRZ WKH QRGHV LQ DQ HOHFWURQLF WH
HIDPSOH WKH QRGHV PD\ EH FRQQHFWHG LQ D KLHL
VWUXFWXUH
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$WWHQGHHYV DW WKH &+, § ZRUNVKRS GLVFXVVHG
WR EH FRQVLGHUHG LQ QDYLJDWLRQDO GHVLJQ -XO
OHYHOV RI VWUXFWXUH

f WKH LQKHUHQW VWUXFWXUH RI WKH LQIRUPDWLI

f WKH LPSRVHG VWUXFWXUH WKH VWUXFWXUH W|

WKURXJK QDYLJDWLRQ DLGV

f WKH XVHUVY FRIQLWLYH PDS

$FFRUGLQJ WR -XO DQG )XUQDV DQ H[DPSO}
LQIRUPDWLRQ LV WKH SK\VLFDO VWUXFWXUH RI ILOH\
LV WKH LQIRUPDWLRQ DUFKLWHFWXUH RI WKH V\VWHP
WKDW DUH GLVSOD\HG WR WKH XVHU SURYLGH WKH
VHYHUDO SRVVLEOH OLQN VWUXFWXUHV -XO DQG )X
SRVVLEOH LPSRVHG VWUXFWXUHV 7KLV LV XVXDOO\
QDYLJDWHG DQG FRQFHUQV WKH W\SH RI QDYLJDWLRQ
HDFK XVHU KDV WKHLU RZQ FRJQLWLYH PDS RI WKH L¢
LQFOXGHV GHWDLOV RI KRZ WKH LQIRUPDWLRQ QDYLJE

+RZHYHU LQ WKLV WKHVLV ZLWK UHJDUGV WR HG;
RQH IXUWKHU DVSHFW RI WKH LQIRUPDWLRQ DUFKLWH
FRQFHSWXDO VWUXFWXUH RI WKH WH[W FRQWHQW 7
GHVFULEHG LQ -XO DQG )XUQDV ,Q HGXFDWLRQ
FRQFHSWXDO VWUXFWXUH LV FRQYH\HG LQ WKH LPSH
ZRUGV WKH QDYLJDWLRQ DLGV LV RI XWPRVW LPSRU
XQGHUVWDQG WKH FRQWHQW RI WKH WH[W ([SHULP}
FRQVLGHUHG LQ VHFWLRQ

6HFWLRQ 6XPPDU\

7KLV VHFWLRQ GLVFXVVHG WKH PHDQLQJ RI QDYLJD!
GHILQLWLRQ DQG IUDPHZRUN IRU QDYLJDWLRQ RIIHUH
DV D FRQWH[W IRU XQGHUVWDQGLQJ QDYLJDWLRQ DF
KHDYLO\ RQ PRGHOV RI QDYLJDWLRQ LQ SK\VLFDO

GHVFULELQJ QDYLJDWLRQ LQ HOHFWURQLF WH[WV 7K
ORDG LQ QDYLJDWLRQ ZHUH GLVFXVVHG DQG %UXQVW
DLGV WKDW VKRZ DQ RYHUYLHZ RI WKH HOHFWURQLF
$ WFRIQLWLYH PDSY LV D SRSXODU WHUP IRU SHRSOHYVY PHQWDO |

VSDWLDO UHODWLRQV DPRQJ HOHPHQWYV 7YHUVN\ DQG LV RIW
UHSUHVHQWDWLRQV
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KHOS DOOHYLDWH WKHVH SUREOHPY 3RVVLEOH FDWH.
DQRQG LPSRUWDQW DVSHFWV R|I LQIRUPDWLRQ DUFKLWF
7TKHVH GLVFXVVLRQV KLIJKOLJKWHG WKDW WKH ZD\ WK
DFWLYLW\ RI QDYLIJDWLRQ L H WKH QDYLJDWLRQ I
SDUWLFXODUO\ LQ HGXFDWLRQDO HOHFWURQLF WH[W)
OHDUQHU VHHV DQG EDVHV WKHLU LQWHUQDO PRGHI
LPSOLFDWLRQV IRU WKH OHYHO RI FRIQLWLYH ORDG
WH[W ,Q HGXFDWLRQDO HOHFWURQLF WH[WV LI FRJQ
RI FRIQLWLYH UHVRXUFHY DYDLODEOH IRU XQGHUVWD

1DYLIJDWLRQ $LGV DQG /HDUQLQJ

7KLY VHFWLRQ H[DPLQHV SUHYLRXV UHVHDUFK RQ QD
HI[DPSOHV RI DSSOLFDWLRQV GHYHORSHG ZLWK WKH \
HGXFDWLRQDO HOHFWURQLF HQYLURQPHQWY O5HVHDL
OHDUQLQJ ZLWK HOHFWURQLF WH[WV LV DOVR GHVFUL

IDYLIDWLRQ 6XSSRUW IRU (GXFDWLRQ
6HYHUDO DWWHPSWYVY KDYH EHHQ PDGH WR VXSSRUW
IDYLIDWLRQ VXSSRUW WRROV DUH DSSOLFDWLRQV VS
HGXFDWLRQDO HQYLURQPHQWY VXFK DV RQ WKH
QDYLIJDWLRQ DLGV 7KH\ VLW RQ WRS RI WKH HGXFDW
EURZVHUYV 7KLV VHFWLRQ SUHVHQWY H[DPSOHV RI Q
UHVXOWYV RI VRPH SUHOLPLQDU\ HYDOXDWLRQV SHUIR!

1IDYLJDWLRQ 3DWK 30DQQLQJ $VVLVWDQW
5HVHDUFKHUV DW WKH 7R\RGD /DE DW 2VDND 8QLYHUV

QDYLJDWLRQ VSHFLILFDOO\ ZLWKLQ HGXFDWLRQDO K\
7R\RGD ODE FDQ EH GLYLGHG LQWR WZR PDLQ DSS
1IDYLJDWLRQ 3DWK 30DQQLQJ $VVLVWDQW .DVKLKDUL
6X]XNL HW DO +DVHJIJDZD DQG .DVKLKDUD
+LVWRU\ /LVW DQG LV GHVFULEHG LQ VHFWLRQ

7KH 1DYLJDWLRQ 3DWK 30DQQLQJ $VVLVWDQW LV
OHDUQHUV WR DFKLHYH WKHLU QDYLJDWLRQ JRDO\
LQIRUPDWLRQ E\ VXSSRUWLQJ WKHP DV WKH\ SODQ
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6X]XNL HW DO DUJXH WKDW GXH WR WKH FRPSOH]
FRPSOHWH WKHLU QDYLJDWLRQ SDWK DV WKH\ GR QF
WKHLU H[SORUDWRU\ OHDUQLQJ JRDOV $V GLVFXVVHC(
QDYLIJDWLRQ VHH VHFWLRQ 6X]XNL HW DO DU
HGXFDWLRQDO HOHFWURQLF WH[W WKH\ KDYH WR PDI
DERXW WKHLU QDYLJDWLRQ SDWK HJ ZKHUH WR JR
FRPSUHKHQGLQJ WKH FRQWHQW RI WKH HOHFWURQLF
SODQQLQJ DVVLVWDQW DLPHG WR SURYLGH OHDUQHUYV
SUHYLHZHU D SDJH SUHYLHZHU DQG D UHVRXUFH PD:
K\SHUPHGLD OHDUQLQJ UHVRXUFHV WR PDNH D QDYLJ
SDJH LQ WKH K\SHUPHGLD VHH ILIJXUH

MY e A @O "uILY00wh?
(3, Xa_DO H
Z" WX UV"PiL... IDVLQGL7$
LW $D

+ 20 (

&0 DQ WDUWYV

8o D I X

>L
b PDU DDWwP Z L D
) " " JUWK3WWYLLZ LPIDZ
D'Lv W Tt ILIHWH
W IDMWHZLWYV WP LVW UY
f6eUOILWI 70 3bLWO
W Y ks
£ gIHLJ%EBLL 0
|
s PV
JLXUH IDYLJDWLRQ 3DWK 30DQQLQJ $VVLVWDQW )URP .DVK

ZLQGRZ VKRZV WKH FRQWHQW RI WKH K\SHUPHGLD SDJH FXUUH
ZLQGRZ LV WKH SDWK SODQQLQJ DVVLVWDQW FRQVLVWLQJ RI W
DQG WKH SDWK SUHYLHZ ZLQGRZ

,Q RUGHU WR HPSLULFDOO\ HYDOXDWH WKH HIIHFW
OHDUQLQJ SUREOHP VROYLQJ VFRUHV DQG QDYLJDW|
.DVKLKDUD HW DO D 6X]XNL HW DO 7KH HIIH
WKH XVH Rl WKH SODQQLQJ DVVLVWDQW LQ VLPSOH
K\SHUPHGLD V\WWHPV ZHUH DVVHVVHG XVLQJ WKHV
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VXJIJHVWHG WKDW WKH WRRO VLJQLILFDQWO\ IDFLOLW
PRUH FRPSOLFDWHG K\SHUVSDFH

,(QWHUDFWLYH +LVWRU\ /LVW
7TKH VHFRQG DSSOLFDWLRQ GHYHORSHG DW WKH 7R\F

.DVKLKDUD HW DO .DVKLKDUD HW DO F .DVKL

.DVKLKDUD HW DO SURSRVH WKDW WKH KLV
GXULQJ QDYLIJDWLRQ LQ HGXFDWLRQDO K\SHUPHGLD (
WR DQRWKHU LQ WKH K\SHUPHGLD WKH KLVWRU\ OLV
JRDO 7KH WRRO WKHQ FUHDWHYVY DQ DQQRWDWHG K
NQRZOHGJH PDS RI WKH K\SHUPHGLD SDJHV WKH XVH
ILVW FRQVLVWY RI D ZLQGRZ ZKHUH XVHUV HQWHU
H[ISORUDWLRQ KLVWRU\ OLVW DQG D NQRZOHGJH PD
K\SHUPHGLD RQ WKH WRSLF RI WKH RFFXUUHQFH RI |
VHOHFWY WKHLU H[SORUDWLRQ JRDOV IURP D GURS (
ZLQGRZ DV WKH\ QDYLJDWH IURP RQH SDJH WR DQRV
IROORZLQJ H[SORUDWLRQ JRDOV 36 XSSOHPHQW’ 3
SBHWKLQN" DQG 3$SSO\" 7KHVH JRDOV WKHQ DSSHDU |
NQRZOHGJH PDS LV WKHQ JHQHUDWHG IURP WKH H[S
ZKHUH WKH H[SORUDWLRQ JRDO LV WR HODERUDWH RQ
WKH FRQWHQW RI DQRWKHU WKH NQRZOHGJH PDS UF
SVHW™ RI WKH VWDUWLQJ SDJH ,Q ILJXUH D XVHU
OHFKDQLVP RI WKH 2FFXUUHQFH RI (DUWKTXDNH" WR \
WKH JRDO WR HODERUDWH LQIRUPDWLRQ 7KLV LQIRUEF
WKH NQRZOHGJH PDS WKH SDJH 3.LQG RI (DUWK )DXO
DUHD HQWLWOHG 37KH OHFKDQLVP RI WKH 2FFXUUHQFHE
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‘HE %URZVHU p Je. svus SQQRWDWHG (1SORUDWLRQ +Lvw
K2<2; .
+ L -l -M
/IHDUQLQJ 3XUSRVH 8QGHUVWDQGLQJ WKH 2FFXUUHQFH RI (DU
. ,QWHUDFWLYH +LVWRU\
7 H WU t U \HQ§V7RIF '-t W]'ﬂ
_ ,QGH[ PHQX
S ,QWURGXFWLRQ WR 6H LV PR ORJ\
2B L DA ©L WLAMU D-MEN QN A
[T P T mexEeWs (IR 275 6 WL Z M \skkd4 4
$QLPDWLRQ RI WKH
E£O0HFKDQLVP
LS $ 11D O¢ L= WOWL FI9 W Jwn LA 330H PHQW

6HLVPLF :DYHV

% $QLPDWLRQ RI WKH
([SORUDWLRQ *RDOMGERW
7KH OHFKDQLVP RI ( UDWH *
6WDUWLQJBBBBBBBBBBBBBBBBBB 2FFXUUHQFH RI-(DUWKTRENT
" KH A KDQIHP RI 2FFVW UAU2F R| XFWLRQ WR 6HLVPRORJ\

([SORUDWLRQ

2EMHFW ([SORUDWLRQ *RDO /LVW AA717D7TWW7&7WH
(ODERUDWH
ORPD, (DXOW
7THUPLQDO BHEBBBBB
L 2FW 'QRZOHGJIHODS LQG RI (D UWK )D XOWV L% $GV‘H’UVHB)§XBBBB’B&BDUH
)KH OHFKDQLVP RI
2 MUUHQFH Rl (DUWKTXDNH
/HDUQLQJ 3XUSRVH 8QGHU V/X LRQ WR

ODWH 7THFKWRQ FV

7KH OHFKDQLVP RI
2FFXUUHQFH RI (DUWKTXDNH o

$QLPDWLRQ RI WKH PHFKDQL
6HLVPLF

.QRZOHGJH 0DS 2)°

JLIXUH 7KH XVHU LQWHUIDFH IRU WKH , QWHUDFWLYH +LVWRU\
‘HE %URZVHU VKRZV WKH FRQWHQW RI WKH K\SHUPHGLD FXUUHQYV
*RDO ,QSXW ZLQGRZ DOORZV WKH XVHU WR LQSXW WKHLU H[SORU
+LVWRU\ VKRZV WKH OHDUQHUVY KLVWRU\ OLVW ZLWK DQQRWDWL
DXWRPDWLFDOO\ JHQHUDWHG IURP WKH H[SORUDWLRQ KLVWRU\

.DVKLKDUD HW DO F DUJXH WKDW WKH DFW
HQFRXUDJHV VWXGHQWY WR UHIOHFW RQ WKH PHDQLQ
,Q DGGLWLRQ WKH\ SURSRVH WKDW WKH NQRZOHGJH
VWUXFWXUH RI WKH LQIRUPDWLRQ LQ WKH FRQWHQW (
ILQLVKHG $OVR VWXGHQWY FDQ UHYLVLW WKH LQIRU
OoOLVvVW .DVKLKDUD HW DO F DUJXH WKDW WKH WR
OHDUQLQJ ZLWK K\SHUPHGLD

SUHOLPLQDU\ HYDOXDWLRQV RI WKH ,QWHUDFWLYH
DO G DQG .DVKLKDUD HW DO ,Q RUGHU WR



80 $UPLWDJH 1DYLJDWLRQ /HDUQLQJ DQG

UHVXOWYV RI D QXPEHU RI PHDVXUHY DUH GHVFULEHG
GLVSHUVLRQ RI SDJHV YLVLWHG QR RI UHYLVLWV SH
QR RI SDJH UHYLVLWY ZKLOH WKH XVHU VHDUFKHV |
SXUSRVH DQG GHWDLOV RI WKHVH PHDVXUHV DUH Ql
G DQG .DVKLKDUD HW DO DQG KRZ WKH\ UHI
FOHDU 7KH PHDVXUHV RI OHDUQLQJ FRQVLVWHG RI1 SU
7KH XVH RI WKH  QWHUDFWLYH +LVWRU\ /LVW ZDV
DQRG D PRUH FRPSOLFDWHG PDQ\ QRGHV K\SHUPHC
K\SHUPHGLD ZLWKRXW WKH KLVWRU\ OLVW 2YHUDOO
DO FODLP WKDW WKH UHVXOWYVY VKRZ WKDW WKt
H[SORUDWLRQ 3PRUH LQWHQVLYH DQG WKDW LW KDV
LQ D PRUH FRPSOLFDWHG K\SHUVSDFH $OVR WKH\ DL
ZHUH UHODWHG WR H[SORUDWLRQ JRDOV WKH KLVYV
H[ISORUDWLRQ SURFHVVHV DQG WKHLU UHODWLRQVKL
UHGXFHV WKH SRZHU RI WKHVH FRQFOXVLRQV VLQFI
UHVXOWYV IRU WKH V\VWHP ZLWK WKH LQWHUDFWLYH
UHVXOWY IRU WKH XVH RI WKH K\SHUPHGLD RQ LWV RZ

&R ), 1"
&R),1' &ROODERUDWLYH )LOWHU ,Q 1 'LPHQVLRQV L

ZKRVH SURSRVHG SXUSRVH LV WR UHSODFH WKH UROH
OHDUQLQJ UHVRXUFHV 'URQ HW DO 'URQ HW D
WKURXJK WKH DSSOLEFDWLRQ RI D SURFHVV QDPHG 3\
JRRORJ\ UHIHUV WR WKH EHKDYLRXU Rl WHUPLWHV D
WHUPLWHY VWDUW WR EXLOG PRXQGV WKH\ UDQGRF
SUHVHQFH RI D PXG KHDS HQFRXUDJHV RWKHU WHUF
ORFDWLRQ 'URQ XVHG VWLJPHUJ\ WR GHVFULEH
ZKHUH SHRSOH WHQG WR FOXVWHU WRJHWKHU DURX!
DWWHPSWV WR LPLWDWH WKLY SURSHUW\ IRXQG LQ QI
HQYLURQPHQWYV

,Q D K\SHUPHGLD HQYLURQPHQW &R),1' LV XVHG
SRWHQWLDO UHOHYDQFH RI WRSLFV WKURXJK WKH VL
(YHU\ WLPH D OLQN WR D SDUWLFXODU WRSLF LV WUD"
WRSLF LQFUHDVHVY ZKLOVW RWKHU OLQNV RQ WKH VD
SURSRVH WKDW WKURXJK WKLV DEWLYLW\ D SURFHVYV
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UHODWHG WR WRSLFV RI SRWHQWLDO KLJK LPSRUWDC
OHDUQHUV

$OWKRXJK QR IRUPDO HYDOXDWLRQ ZDV UHSRUW!
FODVVURRP VHWWLQJ LW ZDV QRWLFHG WKDW WKLV \
LQIRUPDWLRQ RI ORZ UHOHYDQFH DQG LPSRUWDQFH F
'URQ HW DO UHSRUW WKDW D VWXGHQW ZKHQ DC
FOLFNHG RQ KLV WRSLF ODEHO RYHU D SHULRG RI D
7KLV OHG WR WKH OLQN JDLQLQJ LQ VL]H DQG UHODW
Rl PDUJLQDO LQWHUHVW WR WKH FRXUVH 1HYHUWKEFE
RYHUDOO LQWHQWLRQ RI &R),1' PD\ EH D XVHIXO DLG L
&R),1' LV \HW WR EH IXOO\ HYDOXDWHG

1HVWRU 1DYLJDWRU
1HVWRU 1DYLJDWRU VHH ILJXUH LV D QDYLJDWLF

QDYLJDWLRQ DLG’ FRPELQLQJ QDYLJDWLRQ DLGV VX
DQQRWDWLRQV DQG FRQFHSW PDSV =HLOLJHU HW DO
WKH H[SHULPHQWDO VWXGLHV SUHVHQWHG ODWHU LQ
DO DUJXH WKDW ZHE QDYLJDWLRQ UHOLHV PR
FRQVWUXFWLRQ RI ZKDW LV PHDQLQJIXO ,Q RWKHU
LQIRUPDWLRQ IURP WKH ZHE DQG FRQVWUXFW PHDQLQ
=HLOLJHU HW DO DQG (VQDXOW DQG =HLOLJHU
VKRXOG RFFXU LQ D 3FRQVWUXFWLYLVW HQYLURQPH
JDWKHULQJ UHSUHVHQWLQJ H[WHUQDOLVLQJ VWUXF\
1IHVWRU LV DQ DGG RQ WR D VWDQGDUG OLFURVRIW
LW XVHV WKH ,( EURZVLQJ HQJLQH DOWKRXJK D EURZ)
DQG PD\ EH XVHG LQVWHDG RI WKH ,( EURZVLQJ ZLQGR
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(] OHVWRL 8UPLDLWUQPDPSAKIDW7h5 :HK UDLWR]LD$KHUG6 s -6h
0DS I8H (GLW 7..LHZ ;RF OV 6URXSZRUN ,5& $GYDQFHG *DW"&HOR | J P
A %DFN )RUZ +RPH 2SHQ 3ULQW $FLD  (GLW

. KWWS VLIJFKL RLJ FGJ FGJ KWPO

&XQHQWQXS M 8VLQJ QHVWRU PDS ZKDW LV KFL PDS M

$&0 6,*&+, &XUULFXOD IRU +XP
“HUHR/ PR WR UHPLQG P WR &RPSXWHU ,QWHUDFWLRQ

WU\ HOO Rl WKH IHDWXUHV LQ 1HVWRU
' E\+tHZHWW %DHFNHU &DUG &
ODQWHL 3HUO®PIBGI USWDREJ
&RS\ULJKW <« $&0 6,2&+,
6 © &RQWHQW My wwHRIGXHWLQQWRRQYHYV _ 3URJU

/IDVW XSGDWHG
$FFHVVHV VLQFH

&+$37(5
+XPDQ &RPSXWHF
'QWHUDFWLRQ ~

M+ G FXUULFXOD 7TDEOH RI &8RQWHQWYV

'"HILQLWLRQ RI &
JLHOG R +&,
R +LVWRULFDO 5RRWV

R ILNHO\ )Y XWXUH 'HYHOF
BEeeBBEEER

U (Q6G
KDPWL;PDwiILP

&UHDWH (K 7H[/KLIJKOLJKW
- VWDUW> 86+QER[ 2X @ AOLFURVRIW _ + (QG1RWH __Jr1(6725 MJ XQWLWOHG 3 -M

JLIXUH 7KH 1HVWRU 1DYLJDWRU EURZVHU 7KH ULJKW KDQG
SDJH DQG WKH OHIW KDQG ZLQGRZ VKRZV D 3PDS” Rl WKH ZHE SD.

$V WKH XVHU QDYLJDWHV 1HVWRU GUDZV D JUDSH
WKHUHE\ SRUWUD\LQJ WKH QDYLJDWLRQDO H[SHULHQ
FLUFOH ZKRVH VL]H LV GHSHQGHQW RQ WKH QXPEHU
VIXDUH ZKHQ WKHUH DUH QR GHSDUWLQJ OLQNV 9L
EHWZHHQ WKH FRQQHFWHG ZHE SDJHV

7KH JUDSKLFDO WUDFH RU 3PDS’ LV LQWHUDFWL)
FLUFOH RU VTXDUH WKH XVHU FDQ DFFHVV YLVLWHG 2z
WKHVH PDSV LQFUHDVH WKH YLVXDO IHHGEDFN LQ QD)
WKLV H[SHULHQWLDO WUDFH XVHUV FDQ FUHDWH DQC
WR WKH PDS $QQRWDWLRQV FDQ DOVR EH DGGHG WR
OLQNV 7KHVH DQQRWDWLRQV DUH GLVSOD\HG ZKHQHY
HW DO SURSRVH WKDW WKHVH DQQRWDWLRQV KH
VWUXFWXUH WKHLU WKRXJKWV $OVR WKRXJKW VWUX
FDQ LQVHUW NH\ZRUGV PHPRV DQG ODEHOOHG UHO
SURGXFHG FDQ PDNH WKH FRQFHSWXDO VWUXFWXUH
FOHDUHU DQG DV VXFK HDVLHU WR QDYLJDWH
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7R KHOS VWUXFWXUH WKH PDSV FRQFHSWXDO DU}
FDQ EH SODFHG LQ WKHVH VR WKDW ZKHQ WKH DU
FRQFHSWXDO DUHDV FDQ DOVR EH FROODSVHG DQG H
VHOHFEWLQJ SDWKV RQ WKH PDS :HE SDJHV RQ WKH V
VSHFLILHG 1DYLJDWLRQDO LQIRUPDWLRQ VXFK DV 8t
DQG SXEOLVKHG E\ JURXSV Rl SHRSOH 1HVWRU XVHUYV
WKDW KDV EHHQ SXEOLVKHG E\ RQH RI WKHLU FROOHLE
SDJH E\ WKH SXEOLVKHU DUH VKRZQ 7KH PDS LV VKR:
DFFHVVHG WKH GRFXPHQW $OWKRXJK WKLV FDQQRW
FDQ DOVR EH H[FKDQJHG WKURXJK DVI\QFKURQRXV ERP

1HVWRU 1DYLJDWRU FDQ DOVR EH XVHG WR FUHDW!
OLVWVY RU $ = LQGLFHV 7KH OLQNV EHWZHHQ WKH YL
XVHUV DUH RQO\ SUHVHQWHG ZLWK WKH SDJH WLWOH:
WKHQ EH UHDUUDQJHG DFFRUGLQJ WR WKH XVHUVY SL
FRQWHQWY OLVWV RU $ = LQGLFHYV

$Q LQLWLDO HYDOXDWLRQ RI WKH XVH RI 1HVWRL
HIDPLQH ZKHWKHU YLVXDOLVLQJ QDYLJDWLRQDO H[SH
=HLOLJHU HW DO JHDUQHUV ZHUH DVNHG WR XVF
9LVXDO DQG /HDUQLQJ" WR VHOHFW DUJXPHQWV WR V
DQDO\VH D FDUWRRQ 7KH PHDVXUHV LQFOXGHG SHUIF
RSHUDWLRQV XVH RI HPEHGGHG OLQNV WKH EDFN E)
WKH OHDUQHUVY FRPSXWHU OLWHUDF\ DQG NQRZOHG.
WKURXJK D SUH WHVW 7KH UHVXOWV VXJJHVWHG WK
XVHG 1HVWRUYV IDFLOLWLHY PRUH 1RYLFH QDYLJDWEF
VWDQGDUG ::: QDYLJDWLRQ DLGV VXFK DV WKH EDFN E
OLQNV +RZHYHU KLJK HGXFDWLRQDO WDVN VFRUHV :
1IHVWRU ,W ZDV DOVR IRXQG WKDW XVDELOLW)\ SUREC
TXHVWLRQQDLUHY FRPSOHWHG E\ WKH VWXGHQWV EX
LQ =HLOLJHU HW DO

=HLOLJHU HW DO SHUIRUPHG DQRWKHU LQY
GLVFRYHU ZK\ XVHUV UHYLVLW ZHE GRFXPHQWV VR F
VXJIJHVWLQJ WKDW WKH\ PD\ KDYH H[SHFWHG WKH PD?
LQYHVWLIJDWLRQ VWXGHQWY ZHUH DVNHG WR ILQG LQ
OHDVXUHV LQFOXGHG QDYLJDWLRQ RSHUDWLRQV WR!
OLQNV XVH RI 1HVWRU PDSV XVH Rl WKH EDFEN EXWW
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DGGUHVV EDU DQG XVH RI WKH KRPH EXWWRQ DQG L
XVHG 1HVWRU 7KH UHVXOWV Rl WKLV LQGLFDWHG WKI
FRPSDUHG WR EDFN EXWWRQ XVDJH 1HYHUWKHOHV
H[SHULPHQWDO VHVVLRQV VWXGHQWY UHSRUWHG Wk
LQIRUPDWLRQ ZDV SUHVHQWHG LQ WKH ZHE SDJHV

VXJIJHVW WKDW WKH H[SODQDWLRQ IRU WKH IUHT
SFRQFHSWXDO’ GLVRULHQWDWLRQ DV RSSRVHG WR
QDYLJDWLRQ +RZHYHU WKH H[DFW PHDQLQJV RI WKH\

,Q VXP 1HVWRU LV DQ LQWHUHVWLQJ H[DPSOH RI

VSHFLILFDOO\ GHVLJQHG ZLWK HGXFDWLRQDO XVH LQ
WKHVLVY UHVHDUFK VLQFH LW ZDV EXLOW ZLWK WKH
$OWKRXJK VRPH SUHOLPLQDU\ HYDOXDWLRQV KDYH El
WKRURXJK LQYHVWLJDWLRQV RI KRZ 1HVWRU DQG WK
SDUWLFXODUO\ LQ WHUPV RI HYDOXDWLQJ ZKHWKHU
VXSSRUW LV EHQHILFLDO

([SHULPHQWDO 5HVHDUFK RQ 1DYLJDWLRQ
7KLV VHFWLRQ SUHVHQWY D UHYLHZ RI H[SHULPHQWDC
LQ HGXFDWLRQDO HOHFWURQLF WH[WV RQ OHDUQLQJ
SRSXODU DJJUHJDWH QDYLJDWLRQ DLGV VXFK DV $ =
VLQJXODU QDYLJDWLRQ DLGV LQ SODLQ K\SHUWH[W H
LQ WKLV DUHD GLIIHU LQ WKH SDUWLFXODU W\SHV RI
WKH LQYHVWLIJDWLRQV 7KH UHVXOWV RI WKH LQYHVW

$V GLVFXVVHG LQ FKDSWHU PDQ\ VWXGLHV LQ 4
QDYLJDWLRQ DLGV LQ WHUPV RI QDYLJDWLRQ SHUIRU
*XSWD DQG *UDPRSDGK\H 1LOVVRQ DQG OD\HU
LQ H /HDPLQJ HQYLURQPHQWYV LW LV WKH HIITHFWV RI «
LPSRUWDQW

BHYHUDO H[SHULPHQWDO VWXGLHV KDYH H[DPLQHG
HOHFWURQLF WH[WV $V GLVEXVVHG EULHIO\ LQ FKDSV
KDG PL[HG UHVXOWV 6RPH VWXGLHV IRXQG WKDW W]
QHJDWLYH HIIHFWV RQ QDYLJDWLRQ SHUIRUPDQFH D
3D\QH FRPSDUHG WKH HIIHFWV RI D VI\VWHP ZKH!
ZLWK WKH HIIHFWV RI D VIVWHP RI SODLQ K\SHUWH[W
WKDW DOWKRXJK WKH SURYLVLRQ RI D PDS LQFUHDVF
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WKH QXPEHU RI QRGHV UHYLVLWHG GXULQJ UHDGL!
FRPSUHKHQVLRQ RI WKH WH[W FRQWHQW 6LPLODUO\
XVH RI DQ HOHFWURQLF WH[W ZLWK D PDS WR D V\V
SURYLGHG 7KH\ PHDVXUHG WKH HIIHFWV RQ OHDUQLQ
Rl FRIJIQLWLYH PDSV SHUFHSWLRQV RI WKH V\VWHP ¢
RYHU LQIRUPDWLRQ DQG XVHIXOQHVV RI PDSV DQG QEC
YLVLWHG 3VHFRQGDU\ OLQNV’ XVHG GLIIHUHQW SDJH
PDS UHVXOWHG LQ D ORZHU QXPEHU RI GLIIHUHQW S
SVHFRQGDU\ OLQNV’ XVHG ORZHU SHUFHLYHG FRQWU!
PDSV DV FRPSDUHG WR D FRQGLWLRQ ZLWK QR PDS SU

,Q FRQWUDVW LQ RWKHU UHVHDUFK PDSV KDYH E
OHDUQLQJ DQG VRPH W\SHV RI PDS KDYH EHHQ IRXQ
'HH /XFDV DQG /DUNLQ FRPSDUHG WKH XVH RI HOF
ERWK D KLHUDUFKLFDOO\ RUJDQLVHG PDS RI WKH WH
7KH\ PHDVXUHG OHDUQLQJ LQ WHUPV RI WKHLU SDUWL
WKHLU PHPRU\ IRU WH[W WRSLFV 7KH\ DOVR H[DPLQ
SDUWLFLSDQWY VSHQW UHDGLQJ WKH HOHFWURQLF
HOHFWURQLF WH[W WKDW ZHUH YLHZHG 7KH\ IRXQG V
OHDUQHUV WR UHPHPEHU VLJQLILFDQWO\ PRUH RI WK
EUHDGWK RI UHFDOO WKDQ WKH WH[W ZLWK SDJLQJ E
PHDVXUHV ZHUH QRW VLJQLILFDQW

OF'RQDOG DQG 6WHYHQVRQ D SUHVHQW D VW
HYDOXDWH WKH XVHIXOQHVV RI D JURXS RI SRSXOD
HOHFWURQLF WH[W RQ WKH SV\FKRORJ\ Rl KXPDQ OH]I
ORFDOLVHG 3VSDWLDO PDS" VHH ILIXUH D FRQWH
SHUIRUPDQFH DQG RQ SDUWLFLSDQWVY DELOLW\ WR U
GUDZQ FRJQLWLYH PDS 7KH ORFDOLVHG VSDWLDO P
GRFXPHQW DQG ZDV VSHFLILF WR WKH DUHD RI WKH |
FXUUHQWO\ YLVLWLQJ %RWK WKH FRQWHQWY OLVW C
WKH OHDUQHUV VLPSO\ QDYLJDWHG XVLQJ WKH HPEHG

$V WKH\ XVHG WKH HOHFWURQLF WH[W WKH SDUWL
D QXPEHU RI TXHVWLRQV DERXW WKH WH[W FRQWHQV
VSHFLILF QRGHV LQ WKH WH[W 7KH QDYLJDWLRQ SHUI
QRGHV RSHQHG GXULQJ UHDGLQJ DQG QXPEHU RI DG
RYHU DQG DERYH WKH QXPEHU RI QRGHV WKDW ZRXOC
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PRVW GLUHFW URXWH WR WKH QRGH ZKHUH WKH DQVZ
FRIQLWLYH PDS WDVN WKH SDUWLFLSDQWYV ZHUH JLY
WLWOHV LQ WKH GRFXPHQW DQG ZHUH WROG WR SXW
LQ WKH FRUUHFW SODFHV RQ DQ RXWOLQH PDS 7KH F
RI FRUUHFWO\ SODFHG QRGH WLWOHYV 2YHUDOO QDY
PDS FRQGLWLRQ ZDV EHWWHU WKDQ WKRVH LQ WKH F
EHWWHU WKDQ WKRVH LQ WKH SODLQ K\SHUWH[W FR
SURGXFHG PRUH DFFXUDWH FRIJQLWLYH PDSV WKDQ WI
LQ WXUQ SURGXFHG PRUH DFFXUDWH PDSV WKDQ WKR\

JLIXUH $Q H[DPSOH RI D ORFDOLVHG VSDWLDO PDS )URP OF
ER[HV UHSUHVHQW SDJHV LQ WKH WH[W DQG WKH OLQHV UHSUHVI

6LPLODU WR WKH VWXG\ LQ OF'RQDOG DQG 6WHYH
OF'RQDOG DQG 6WHYHQVRQ DVVHVVHG WKH HIIH
FRQWHQWY OLVW DQG SODLQ K\SHUWH[W RQ QDYLJC
SDUWLFLSDQWY XVHG DQ HOHFWURQLF WH[W RQ WKF
DVNHG WR ILQG WKH DQVZHUV WR D QXPEHU RI TXH
DQVZHUV FRXOG EH IRXQG LQ SDUWLEXODU WDUJHW C
ZHUH WLPH WR ORFDWH WDUJHW QRGHV DQG WKH G
OHDUQLQJ PHDVXUHV ZHUH WKH QXPEHU RI TXHVWLR
XVHG WKH WH[W DQG WKH QXPEHU RI QRGH WLWOH\
H[SHULPHQW VKRZHG WKDW D VSDWLDO PDS IDFLOLW
FRQWHQWY OLVW ZKLFK LQ WXUQ ZDV EHWWHU WKDC
PHDVXUHV WKH ILQGLQJV ZHUH GLIIHUHQW 7KHUH Z
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QXPEHU RI IDFWXDO NQRZOHGJH TXHVWLRQV FRUUHEFV
WKH HOHFWURQLF WH[W )XUWKHUPRUH SDUWLFLSD¢
FRQGLWLRQV SHUIRUPHG VLJQLILFDQWO\ EHWWHU WKI
WHUPV RI WKH QXPEHU RI QRGH WLWOHV UHFDOOHG 2
VXJJHVW WKDW VSDWLDO PDSV LQ SDUWLEXODU KD
VRPH OHDUQLQJ PHDVXUHYV

$ VHFRQG H[SHULPHQW SUHVHQWHG LQ OF'RQDOC
OF'RQDOG DQG B6WHYHQVRQ E DLPHG WR H[DPLC
SFRQFHSWXDO PDS° D ORFDOLVHG VSDWLDO PDS L
SHUIRUPDQFH DQG OHDUQLQJ $V LQ WKH SUHYLRXV
VSDWLDO PDS VLPSO\ VKRZV WKH VWUXFWXUDO SURSH
SDJH LV OLQNHG WR ZKLFK RWKHU SDJHV IRU D FHUWLE
PDS LQ FRQWUDVW VLPSO\ LGHQWLILHY WKH NH\ FRQ
EHWZHHQ WKHP IRU D ORFDOLVHG VHFWLRQ RI WKH HC
PHDVXUHG LQ WZR WHVWLQJ VHVVLRQV RQH LPPHG
LPPHGLDWH WHVWLQJ DQG WKH RWKHU D ZHHN ODWEF
WKH HIITHFWV RQ OHDUQLQJ RYHU WLPH 7KH QDYLJDW
WLPH VSHQW UHDGLQJ WKH PHDQ WLPH WR ORFDWI
DGGLWLRQDO QRGHV RSHQHG ,Q ERWK WHVWLQJ VH
IDFWXDO DQG 3PDLQ LGHDV  TXHVWLRQV 7KH IDFWXD
LQIRUPDWLRQ IURP D VLQJOH QRGH LQ WKH HOHFWU
FRQWUDVW UHTXLUHG WKH OHDUQHU WR LQWHJUDWEF
HOHFWURQLF WH[W

7KH ILQGLQJV VKRZHG WKDW VSDWLDO PDSV IDFLO
PDSV DQG SODLQ K\SHUWH[W +RZHYHU DQRWKHU SDV
JRU WKH IDFWXDO NQRZOHGJH TXHVWLRQV WKH VS
OHDUQLQJ FRPSDUHG WR SODLQ K\SHUWH[W RQ WKH L
WHVW D ZHHN ODWHU WKH FRQFHSWXDO PDS PDLQWI
RWKHU WZR FRQGLWLRQV )RU WKH PDLQ LGHDV TXHV
H[SHULPHQW V&R JHNKMHMMRIQO/HG WKDW WKH FRQFHSWXDO
WKDQ WKH K\SHUWH[W ZKLFK LQ WXUQ ZDV PRUH EH(
ORRNLQJ VSHFLILFDOO\ DW WKH ILQGLQJV IRU WKH L
PDS DQG K\SHUWH[W GLG QRW GLIIHU LQ WKHLU HI
BWHYHQVRQ VXJIJHVW WKDW WKHVH ILQGLQJV L
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HIITHFWLYH WKDQ FRQFHSWXDO PDSV DQG SODLQ K\SHL
2Q WKH RWKHU KDQG LQ WHUPV RI OHDUQLQJ FRQFHS

J)LIXUH $Q H[DPSOH RI D FRQFHSWXDO PDS )URP OF'RQDOG DQ

2WKHU UHVHDUFK KDV VKRZQ WKDW VRPH DJJUHJD\
LQ WHUPV RI OHDUQLQJ WKDQ RWKHUV 6LPSVRQ DQG
RI DQ $ = LQGH[ DQG D KLHUDUFKLFDO FRQWHQWYV OL
K\SHUWH[W GRFXPHQW QXPEHU RI DGGLWLRQDO QRGH
URXWH WR D WDUJHW DQG FRQWHQWYV OLVW $ = LQG!
WKH GRFXPHQW DFFXUDF\ Rl KDQG GUDZQ PDSV RI WK
GUDZQ PDSV SURGXFHG E\ SDUWLFLSDQWV XVLQJ WK
DFFXUDWH WKDQ WKRVH SURGXFHG E\ SDUWLFLSDQWV
WKH SDUWLFLSDQWY LQ WKH FRQWHQWYV OLVW FRQGL
WKHLU FRQWHQWY OLVW PRUH WKDQ SDUWLFLSDQWV L

ORUH UHFHQWO\ 3XQWDPEHNDU HW DO FRPS
$ = LQGH[ DV QDYLJDWLRQ DLGV LQ DQ HGXFDWLRQDC
DVVHVVHG WKH H[WHQW WR ZKLFK WKHLU SDUWLFLS
HPEHGGHG OLQNV DQG HYDOXDWHG SDUWLFLSDQWVY
PHDVXUHG OHDUQLQJ WKURXJK DQ HVVD\ WDVN DQG D
WKH SDUWLFLSDQWVY DWWLWXGHYV DERXW KRZ XVHIX
3XQWDPEHNDU HW DO IRXQG WKDW WKH PDS OHG WF
HVVD\ WDVN DQG WKH FRQFHSW PDSSLQJ WDVN DQG
FRQGLWLRQ ZDV PRUH IRFXVVHG DV VHHQ E\ WKH QI
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JLYHQ DQ $ = LQGH[ 7KH\ DOVR IRXQG WKDW OHD
TXHVWLRQQDLUH VKRZHG WKDW WKH\ IRXQG WKH PDS\
WR WKHLU JRDOV

7KH UHVXOWV RI VWXGLHV E\ OF'RQDOG DQG 6WHY}
DV QDYLJDWLRQ DLGV DQG VXJJHVW WKDW PDSV WK
HOHFWURQLF WH[W DUH SDUWLFXODUO\ LPSRUWDQW |
GLVFXVVHG KHUH WKH PDMRULW\ Rl OHDUQLQJ PHDV
SHUIRUPDQFH PHDVXUHV 7KHVH PHDVXUHV GR QRW
HQJDJHPHQW ZLWK WKH WH[W GXULQJ UHDGLQJ 7KH
FRQFHUQLQJ WKH OHDUQHUVY IHHOLQJV DERXW WKHL
LVVXHV DUH DOVR LPSRUWDQW WR WKH OHDUQLQJ <
OF'RQDOG DQG 6WHYHQVRQ VWXGLHV LV WKDW WKH DJ
QRQ LQWHUDFWLYH 7KLV GRHV QRW UHIOHFW DJJUH.
WH[WV

2YHUDOO WKHVH VWXGLHV KLJKOLJKW WKDW WKH
FRPSOH[ 7KH IRFXV Rl WKLV UHYLHZ ZDV RQ FRPSDU
DLGV VXFK DV PDSV FRQWHQWYV OLVWV $ = LQGLFHYV
UHYLHZ DOVR KLJKOLJKWHG WKDW IXWXUH LQYHVW
GHYHORSPHQWY LQ QDYLJDWLRQ VXSSRUW DQG VKRX
SURFHVV UDWKHU WKDQ MXVW SHUIRUPDQFH PHDVXL
ZRUNV RQ WKH HIIHFWV Rl QDYLJDWLRQ DLGV DQG OHI
DOVR FRQVLGHUHG LQ VSHFLILF UHODWLRQ WR WKHP
QDYLJDWLRQ

6HFWLRQ 6XPPDU\
7KLV VHFWLRQ SUHVHQWHG D UHYLHZ RI UHFHQW G|
HGXFDWLRQDO HQYLURQPHQWY DQG H[SHULPHQWDO U
RQ OHDUQLQJ ZLWK HOHFWURQLF WH[WV 7KH UHYLH
QDYLJDWLRQ VXSSRUW SUHVHQW VRPH LQWHUHVWLQJ
D FRQVWUXFWLYLVW HQYLURQPHQW +RZHYHU DOWKF
WRROV KDYH EHHQ FRQGXFWHG LW LV DSSDUHQW WK
\HW WR EH IXOO\ HYDOXDWHG 7KH H[SHULPHQWDO VYV
HIITHFWV RI QDYLJDWLRQ DLGV RQ OHDUQLQJ KDYH \LH
UHVHDUFK LV QHHGHG ,Q DGGLWLRQ WKH QDYLJDW
OF'RQDOG DQG 6WHYHQVRQ ZHUH QRW UHSUHVHQWDW
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RI WKH H[SHULPHQWDO VWXGLHV GHVFULEHG KHUH F
SHUVSHFWLYH 7KH VWXGLHV IRFXVVHG RQ VSHFLILF R
WDNLQJ DFFRXQW RI DVSHFWYV RI WKH OHDUQLQJ SUI
HQJDJHPHQW ZLWK WKH WH[W DQG WKHLU IHHOLQJV

$UHDV IRU IXUWKHU LQYHVWLIJDWLRQ ZHUH KLJKOLJKW
PRUH UHFHQW GHYHORSPHQWY LQ QDYLJDWLRQ DL
FRQVWUXFWLYLVW SHUVSHFWLYH L H DVVHVVLQJ WKF

&KDSWHU 6XPPDU\

7KLV FKDSWHU SUHVHQWHG D UHYLHZ RI OLWHUDWXU*
DLGV LQ HGXFDWLRQDO HOHFWURQLF WH[WV 7KLV SUF
UHVHDUFK
,Q VHFWLRQ FRQVWUXFWLYLVP ZDV LQWURGXFH(
ZD\ ZH OHDUQ 7KH UHYLHZ RI OLWHUDWXUH RQ WKH
FRQVWUXFWLYLVW SULQFLSOHV KLJKOLJKWHG WKDW
FRQVWUXFWLYLVP KDV EHHQ GHVFULEHG $V VXFK V
SHUVSHEFWLYH WKH IROORZLQJ UHVHDUEFK LV QHHGHG |
A 7KH VIQWKHVLV RI SUHYLRXV OLWHUDWXUH LQ
ZKLFK FDQ EH XVHG WR H[DPLQH WKH LPSOLF
QDYLJDWLRQ DLGVY DQG OHDUQLQJ
,Q RUGHU WR PHHW WKLV QHHG IRU D VLQJOH Y}
SUHVHQWYV D IUDPHZRUN RI FRQVWUXFWLYLVP DQG
FRQVWUXFWLYLVP GHVFULEHG LQ WKH SUHVHQW FKDS)
,Q VHFWLRQ HOHFWURQLF WH[WV ZHUH SXW LQ
GHYHORSPHQWY LQ H /HDPLQJ WHFKQRORJ\ DQG FDV
(OHFWURQLF WH[W ZDV GHILQHG DV WH[W SUHVHQ\
OLQNLQJ QDYLJDWLRQ VWUXFWXUH 1DYLJDWLRQ DQC
ZDV WKHQ GLVEXVVHG LQ VHFWLRQ ZLWK D SDUWI
WH[WV 7KLV ZDV IROORZHG E\ D UHYLHZ RI SUHYLRXYV
LQ VHFWLRQ ([DPSOHV Rl UHFHQW GHYHORSPHQWV
LQ HGXFDWLRQDO HQYLURQPHQWY ZHUH SUHVHQWHG
UHVHDUFK GLVFXVVHG LQ VHFWLRQ VKRZHG WKD
SHRSOH XVH DQG OHDUQ ZLWK HOHFWURQLF WH[WV
IRFXVVHG RQ QRQ LQWHUDFWLYH QDYLJDWLRQ DLGV F
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DQG IRFXVVHG RQ OHDUQLQJ LQ WHUPV RI RXWFRPH
DUHDV IRU IXUWKHU H[SHULPHQWDO LQYHVWLJDWLRQ
A 5HVHDUFK LQWR PRUH UHFHQW GHYHORSPHQW
v BWXGLHVY WKDW LQYHVWLJDWH OHDUQLQJ IUR
DVVHVV WKH ZKROH OHDUQLQJ SURFHVV

7KH QH[W FKDSWHU VHWV RXW D IUDPHZRUN RI FR
XVHG WR JHQHUDWH K\SRWKHVHV DERXW W\SHV RI (
FRQVWUXFWLYLVW OHDUQLQJ ZLWK HOHFWURQLF WH)|
FKDSWHU FRQWULEXWHY WRZDUGYV WKH VHOHFWLRQ R
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$ JUDPHZRUN RI &RQV
DQG 1DYLJDWLROQ

7KLV FKDSWHU SUHVHQWY DIUDPHZRUN RI FRQVWUXF
LV XVHG WR JHQHUDWH K\SRWKHVHV IRU IXUWKHU LQ'
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' QWURGXFWLRQ

&RQVWUXFWLYLVP LV FXUUHQWO\ D SRSXODU WKHRU\
SUHYLRXV UHVHDUFK KDV H[DPLQHG WKH IXQGDPHQWL
Rl WKLY UHVHDUFK LV WR SURYLGH D ULFK LQVLJKW L«
ZLWK HGXFDWLRQDO HOHFWURQLF WH[WV ZLWKLQ WKF&
LV LPSRUWDQW WR FRQVLGHU ZKDW FRQVWUXFWLYL
HOHFWURQLF WH[WYV

7KH FRUH Rl WKH FRQVWUXFWLYLVW DSSURDFK LV
IL[HG EXW UDWKHU DUH FRQVWUXFWHG WKURXJK HJ[!
GLVEXVVHG LQ FKDSWHU WKH H[WHQW WR ZKLFK FR
OHDUQLQJ DQG HGXFDWLRQ KDV EHHQ TXHVWLRQHG
VHYHUDO GLIIHUHQW DFFRXQWV RI FRQVWUXFWLYLVP
PDQ\ GLIIHUHQW YHUVLRQV RI WKH IXQGDPHQWDO SUL
IRU GHWDLOV ,Q WKLV WKHVLV FRQVWUXFWLYLVP LV
DQG DV DQ HSLVWHPRORJ\ WKDW KDV LPSOLFDWLRQV
RIIHUHG GLIIHUHQW DFFRXQWV Rl FRQVWUXFWLYLVP
FRQVWUXFWLYLVP WKDW FRQVROLGDWHY SUHYLRXV |
UHVHDUFK 7KH DLP RI WKLV IUDPHZRUN LV QRW WR
SURYLGH RQH YLHZSRLQW RQ FRQVWUXFWLYLVP DQG
QDYLJDWLRQ DLGV LQ HOHFWURQLF WH[WV

BUHYLRXV UHVHDUFK KDV FRQVLGHUHG WKH LPSH
/HDPLQJ HQYLURQPHQWY )RU H[DPSOH 3DSHUW
GHYHORS DQ HQYLURQPHQW IRU WKH WHDFKLQJ RI PD
RWKHU KDQG RIIHUHG DGYLFH RQ KRZ WR GHVLJQ FRC
SURSRVHG D PRGHO ZKHUH D SUREOHP TXHVWLRQ RU
DQG YDULRXV VXSSRUW V\VWHPV VXUURXQG LW $QR

ZKR GHVFULEHG D FRQVWUXFWLYLVW DSSURDFK

HGXFDWLRQ FRXUVHV YLD H /HDPLQJ DV ZHOO DV D P}
LQ WKLV FKDSWHU H[WHQGV WKLV SUHYLRXV UHVHE
FRQVWUXFWLYLVP VSHFLILFDOO\ IRU QDYLJDWLRQ DL
IUDPHZRUN V\QHUJLVHV WKHPHV WKDW KDYH HPHUJ
OLWHUDWXUH LQWR RQH GHWDLOHG DFFRXQW RI FRQ
IUDPHZRUN WKH LPSOLFDWLRQV RI WKHVH FRQVWU}
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HGXFDWLRQDO HOHFWURQLF WH[WV DUH FRQVLGHUF
QDYLJDWLRQ DLGV RQ OHDUQLQJ DUH GHYHORSHG

7KH ZRUN LQ WKLV FKDSWHU UHODWHVY WR REMHF)\
DFKLREMHFWIA7RH GHILQH D GHWDLOHG IUDPHZRUN RI
FRQVWUXFWLYLVP DQG LWV LPSOLFDWLRQV IRU QDYLJ
WKLV FKDSWHU SUHVHQWY WKH IUDPHZRUN RI FRQVWL
DFKLREMHFWIRHKVH WKLV IUDPHZRUN WR IRUPXODWH
Rl GLIIHUHQW QDYLJDWLRQ DLGV RQ RWRWKHMHWZLI
IRUPXODWHG IURP WKH IUDPHZRUN DQG WKH MXVWLIL
H[SODLQHG 7KH GHWDLOV RI HDFK RI WKHVH K\SRWKH

z

/HDUQHU ,OYROYHPHQW &RQVLGHULQJ OXOWLSOH
JDFLOLWDWHYV /HDUQLQIHUVSHFWLYHV )DFLOLWDWHV

/HDUQLQJ
2 2
'LVHTXLOLEULXP $XWKHQWLF $FWLYL
)DFLOLWDWHY /HDUQLQJ )DFLOLWDWHYV /HDUQ
BmBmEBBBB BBBBBBBBBBBBBB R BRRREBBBLLL

$OOQRZOHGJH

LV &RQVWUXFWH7G7

&RQQHFWLQJ
(ISHULHQFHV )DFLOLWDWHYV
/HDUQLQJ

6RFLDO ,QWHUDFWL
)DFLOLWDWHYV /HDUQ

¥
OHWDFRJQLWLYH 7RROV DQG 6LJQV

$FWLYLWLHV )DFLOLWDW®FLOLWDWH /HDUQLQJ
/HDUQLQJ

JLXUH 7TKHPHVY LQ WKH IUDPHZRUN RI FRQVWUXFWLYLVP DQG Q

7KH ITUDPHZRUN EUHDNV GRZQ FRQVWUXFWLYLVP LC
FRPPRQ FHQWUDO WKHPH 3$00 .QRZOHGJH LV &RQVWL
RI WKH ITUDPHZRUN DQG FRUUHVSRQGLQJ LPSOLFDWLR
LV JLYHQ LQ WDEOH (DFK WKHPH LV GHVFULEHG LC
WR QDYLIJDWLRQ DLGV LQ HGXFDWLRQDO HOHFWURC
LPSOLFDWLRQV IRU WKH GHVLJQ RI QDYLJDWLRQ DL
LGHQWLILHG DQG K\SRWKHVHYVY DERXW WKH HIITHFWV R(
DLGV DUH IUDPHG )LQDOO\ WKLV FKDSWHU GHVFULEF
IUDPHZRUN IRU IXUWKHU LQYHVWLIJDWLRQ LQ WKLV
LQYHVWLIDWLRQ WKDW ZHUH KLJKOLJKWHG LQ WKH (
PRWLYDWH WKH VHOHFWLRQ RI K\SRWKHVHV
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7KHPH ,PSOLFDWLRQV IRU 1DY+UDRWL RV HV
$LGV

&HQWUDO 7KHPH $00

.QRZOHGJH LV & RQVWUXFWHG

/HDUQHU ,QYROYHPHQWLIDYLJDWLRQ DLGVEVKRXOQHUV ZKR XVH QDYLJDWL

YDFLOLWDWHY /HDUQIRIIHU WKH OHDUQHU FFIRKMWKRIXWWR QDYLIJDWLRQDO IUH
DFWLYHO\ HITSORUH WKHKHOHFXWDWRW\FOHDUQLQJ WKDQ
WH[W VR WKDW WKH\QEDYQ IDPWLRH OLGW XU/ K ORZHU Q
ZLWK WKH HOHFWUR QU R HGHR[RV

&RQVLGHULQJ 0XOWLBOH 1%
S3HUVSHFWLYHY )DFLOLWDWHYV
/HDUQLQJ

$XWKHQWLF $FWLY(AwS 1%

JDFLOLWDWHY /HDUQLQJ
6RFLDO ,QWHUDFWLR® 1DYLJDWLRQ DLGVEVKRBOQHUV ZKR XVH QDYLJDWL
JDFLOLWDWHYV /HDUQIHQQFRXUDJH OHDUQH®RVI MR LAQMWHUDAFWMLRQ ZLWK RWKHL
ZLWK RWKHUV GXULQ@ZLQOYWKRWKRQKHU TXDOLW\ OHDL
OHDUQHUV ZKR XVH QDYLJDWLRQ
RITHU LOQWHUDFWLRQ ZLWK RWKHL
7RROV DQG 6LJQV )DPLADWIWIBODWLRQ DLGMW VKHRXWOD@EHBEN ZKR XVH QDYLJDWL
/HDUQLQJ XVHG DV WRROV WR BLGHWRHZOBOWBARDOWLYH UHSUHVE
GHYHORSPHQW RI QHYH) WAROQYDHWWIWHH J RYHUYLHZV
UHSUHVHQWDWLRQV WHHMNO ARWWRQW WHQPW VKRZ KLJK!
FRQWHQW WKDW ZRXWKDQRWHOLDWH BEWHBER XVH QDYLJD
SRVVLEOH ZLWK WKHQWW[WIFFRQWHKEWH UHSUHVHQWDW
DORQH
D UDYLIJDWLRQ DLGF¥ VKRXWEHBEM ZKR FUHDWH WKHL!
XVHG DV DQ RSSRUWQ@DRYWMADIWURQ DLGV ZLOO VKRZ KL.
OHDUQHUV WR H[WHWOHDWO\L QB SUKDH @WDUQHUV ZKR
WKHLU LGHDV H J WXYRXIKWERIQDOMLGNI
WKHLU RZQ QDYLJDWLRQ DLGV
OHWDFRJQLWLYH $FwWRYLBRYEVDWLRQ DLGWVE VKRXOQHUV ZKR XVH QDYLJDWL
JDFLOLWDWH /HDUQLGIQFRXUDJH WKH OHDUWKRHUWKRIKEZXHUH WKH\ KDYH EHF
PHWDFRJQLWLYH DZDKHYHMVM KRW IRHQH[W ZLOO VKRZ K
WKH\ DUH LQ WKH OHDHRU@QUQIUWRKBQVOHDUQHUV ZKR
WKDW GR QRW SURYLGH WKLV LQI
D UDYLIJDWLRQ DLGEY VMKRBOGQGHUYV ZKR XVH QDYLJDWIL
HQFRXUDJH OHDUQHUWYSHR B\W DD WIKIDMILRQ SODQQLQJ

QDYLJDWLRQ TXDOLW\ OHDUQLQJ WKDQ OHDUQ!
QDYLJDWLRQ DLGV WKDW GR QRW
SODQQLQJ

&RQQHFWLQJ ([SHULHQHAMWLIDWLRQ DLGWVE VKRXOGHUV ZKR XVH QDYLJDWL
JDFLOLWDWHY /HDUQIMXSSRUW WKH OHDU@GMKMBESR DWFHRAAHWR WR SUHYLRXVO)
SULRU NQRZOHGJH DQGRDEDWIZIRMKBQG DOORZ WKH PL

RSSRUWXQLW\ WR HOMHERRUJDWHY DWYRWQYHRI WKDW LQIRU

DQG UHRUJDQLVH LQKRURBDWIRK@OLW\ OHDUQLQJ WKDQ

WKURXJKRXW OHDUQQQYLIJDWLRQ DLGVY WKDW GR QRW

D LIDYLJDWLRQ DLGY¥ VKRBOQHUVY ZKR XVH QDYLJDWI

VXSSRUW FRQFHSWXVRRZOQMRQUBMWLRRQE\ DFURVY QHZ

VKRZLQJ FROQQHFWLRXWRD KURKMWMAZXDOLW\ OHDUQLQJ

LQIRUPDWLRQ ZKR XVH QDYLJDWLRQ DLGV WKDW
"LVHTXLOLEULXP )DIFBOLWDWHYV 13
/HDUQLQJ
7TDEOH 2YHUYLHZ RI WKH IUDPHZRUN RI FRQVWUXFWLYLVP DQC

&HQWUDO 7KHPH $00 .QRZOHGJH LV &RQV
$V GLVFXVVHG SUHYLRXVO\ WKH QRWLRQ WKDW DOO
FRQVWUXFWLYLVW DSSURDFK HJ .QXWK DQG &XQQL

YRQ *ODVVHUIHOG $V VXFK LW FDQ EH DVVX
DVVRFLDWHG ZLWK PRUH HODERUDWH NQRZOHGJH FRCQC
DFWLYH SURFHVV RI FRQVWUXFWLQJ NQRZOHGJH UD
'XQODS DQG *UDELQJHU JRU WKH SXUSRVHV RI W
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WKHLU XQGHUO\LQJ PHDQLQJ WKH IROORZLQJ FRQVW!
WKLY FHQWUDO WKHPH DFWLYH OHDUQLQJ GHHS SU
OHDUQLQJ DQG UHIOHFWLRQ 7KHVH LVVXHV DUH ERC
IUDPHZRUN

$FWLYH /HDUQLQJ 'HHS 3URFHVVLQJ DQG &l
.QRZOHGJH FRQVWUXFWLRQ UHOLHV RQ DFWLYH OHDU

SHUIRUP PRUH FRPSOH[ PHQWDO RSHUDWLRQV (\WHQF
ILWWLQJ QHZ LGHDV ZLWK H[LVWLQJ NQRZOHGJH R
DFFRPPRGDWH QHZ LGHDV &RQFHSWV WKDW UHODWH
SURFHVVLQJ DQG 3FRJQLWLYH HQJDJHPHQW  ,Q Wt
SURFHVVLQJ RI LQIRUPDWLRQ GHHSHU SURFHVVLQJ
OHDUQHU LV HQFRXUDJHG WR FUHDWH WKHLU RZQ PF
UDWKHU WKDQ IRU H[DPSOH PHPRULVLQJ VHW LQIRU
H[SHULPHQWDOO\ WKDW GHHSHU OHYHOV RI SURFHVVL
ODVWLQJ DQG VWURQJHU PHPRU\ WUDFHV IRU WKRVI
VLPLODU FRQVWUXFWLYLVW SURSRVLWLRQ LV WKDW O
GRPDLQ 'XII\ DQG &XQQLQJKDP VLQFH WKLV UHS
OHDUQHUV WR XVH GHHSHU SURFHVVLQJ 7KLQNLQJ ZL
XQGHUVWDQGLQJV MXGJLQJ UHOHYDQFH DQG PDNLQ
OHDUQLQJ 'XII\ DQG &XQQLQJKDP

&RJQLWLYH HQJDJHPHQW LV DOVR UHODWHG WR DI
HQJDJHPHQW KDV EHHQ VRPHZKDW HOXVLYH DERXW
5LFKDUGVRQ DQG 1HZE\ GHILQH LW LQ WHUPV RI
+RZHYHU VLQFH WKLV FRQFHQWUDWHY PRUH RQ FRQ
HQJDJHPHQW LW GRHV QRW VHHP DSSURSULDWH KHUH
KDYH FRQFHQWUDWHG RQ WKH FRJQLWLYH DVSHFWYV
WKLQNLQJ DQG FRJQLWLYH OHDUQLQJ VWUDWHJILHV H
20LYHU *UHHQH DQG OLOOHU +HQFH LQ WKL
HTXDWHG WR KLJKHU RUGHU WKLQNLQJ ZKHUH OHDUQ
WKH\ FRQVWUXFW NQRZOHGJH

OF/RXJKOLQ DQG /XFD XVHG D ILYH SKDVH P
HQJDJHPHQW LQ GLVFXVVLRQ ERDUG LQWHUDFWLRQ
NQRZOHGJH FRQVWUXFWLRQ IURP NQRZOHGJH VKDULC
GLG QRW GLUHFWO\ GHILQH FRJQLWLYH HQJDJHPHQW
WKH OHDUQHUVY FDSDFLW\ WR JR EH\RQG WKH LQIRL
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LQIRUPDWLRQ DQG WR KDYH PHWDFRJQLWLYH DQG SL
WKH RULJLQDO DFFRXQW RI FRIJQLWLYH HQJDJHPHQW
ZKR FODLP WKDW WKH KLJKHVW IRUP RI FRJQLWLYH
&RPR DQG ODQGLQDFK DVVHUW WKDW VHOI UHJXOD!
DFWLYLWLHYV

f $OHUWQHVYV

f 6HOHEWLYLW\
f &RQQHFWLQJ H[SHULHQFEHYV
f 30DQQLQJ
f ORQLWRULQJ
BWRQH\ DQG 20LYHU RQ WKH RWKHU KDQG

HQJDJHPHQW ZLWK D PXOWLPHGLD PLFURZRUOG E\ DQ
XVHG WKH PLFURZRUOG $JDLQ WKH\ GLG QRW GLUHF\
ORRNHG IRU HYLGHQFH RI KLJKHU DQG ORZHU RUGI
HQJDJHPHQW ,Q WKHLU FRGLQJ VFKHPH HYLGHQFH RI
30DQQLQJ VWUDWHJ\
8QFHUWDLQW\
BUHGLFWLQJ LPSRVLQJ PHDQLQJ
OXOWLSOH SHUVSHFWLYHYV

+ &RDFKLQJ DFWLYLWLHYV
(YLGHQFH RI ORZHU RUGHU WKLQNLQJ ZDV UHODWHG V

f 3URFHGXUDO DFWLYLWLHV

f %URZVLQJ

f ,QIRUPDWLRQ VHHNLQJ DFWLYLWLHV

$QRWKHU DSSURDFK ZDV WDNHQ E\ *UHHQH DQG
&RPR DQG ODQGLQDFK WKH\ GHILQH FRJQLWLYH
GHHS VWUDWHJ\ XVH DQG PHDVXUHG WKHVH DFWLYL
TXHVWLRQQDLUH )RU H[DPSOH VWXGHQWY ZHUH DV
VWDWHPHQW 3:KHQ , UHDG IRU WKLV H[DP , VWRSSHC
XQGHUVWDQGLQJ WKH PDWHULDO ~ 7KH\ DOVR FRPSD
DFKLHYHPHQW 7KH\ IRXQG WKDW FRJQLWLYH HQJDJH
DFKLHYHPHQW LQ WKDW LW VXSSUHVVHV WKH QHJDW
FRIQLWLYH HQJDJHPHQW

t
T
T
T
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,Q VXP DFWLYH OHDUQLQJ LQYROYHV GHHS SURFH
FRIQLWLYH HQJDIJHPHQW 7KH WKHPHV LQ WKLV IUDPE
VXJIJHVW PHDQV RI IDFLOLWDWLQJ DFWLYH OHDUQLQJ

'LVFRYHU\ /HDUQLQJ
'LVEFRYHU\ OHDUQLQJ LV DQ LQVWUXFWLRQDO WHFKQL

DFWLYH FRQVWUXFWLRQ RI NQRZOHGJH W LV DQ DSES
EH DFWLYH DQG LQYHQWLYH DV WKH\ GHYHORS DQG

'XII\ DQG &XQQLQJKDP 2ZWKHU DSSURDFKHV WKD
GRLQJ H[SORUDWRU\ OHDUQLQJ LQTXLU\ EDVHG OHD
EDVHG OHDUQLQJ VHH 'XII\ DQG 2UULOO 'LVFRY

WKH LQYHQWLRQ RI QHZ XQGHUVWDQGLQJY DUH DQ D!
HQFRPSDVV FRQFHSWV IURP HYHU\ WKHPH LQ WKLV IU]

5HIOHFWLRQ LQ /HDUQLQJ
/HDUQLQJ KDV EHHQ GHVFULEHG DV D UHIOHFWLYH I

DEVWUDFWLRQ KDV EHHQ FODLPHG WR EH WKH GUL
5HIOHFWLRQ KDV EHHQ DVVLJQHG PDQ\ GHILQLWLRQV
DO D IRUD GLVEXVVLRQ ,Q WKHVH GHILQLWLRQV
H[SHULHQFH ZKHUH WKH JRDO RI UHFRQVWUXFWLQJ H
LV D JHQHULF WHUP IRU LQWHOOHEWXDO DQG DIIHFW
H[SHULHQFHV DQG WR GHYHORS QHZ XQGHUVWDQGLQ.
&RQVWUXFWLYLVWY SURSRVH WKDW UHIOHFWLYH DFW

HJ &XQQLQJKDP 'XII\ HW DO 'X11\ DQG &XQOQl
&XQQLQJIKDP 6LPLODUO\ ZULWLQJV DERXW UHIO
EH FRQVWUXFWLYLVW HJ %RXG HW DO D %RXG H

RI UHIOHFWLRQ LQ FU\WWDOOLVLQJ DQG UHLQIRUFLQJ
PDNLQJ JHQHUDOLVDWLRQV ZDV DOVR KLJKOLJKWHG E
7KHUH KDYH EHHQ GLIIHULQJ DFFRXQWV DV WR
DFWLYLWLHV H[SHULHQFHV %RXG HW DO D %RXG
GXULQJ DFWLYLW\ 6FKRQ 7KHUH DUH DOVR L
SUHIOHFWLRQ " DQG KRZ LWV PHDQLQJ GLIIHUV IURP ?
EHHQ GHILQHG DV 3WKH DZDUHQHVV LQGLYLGXDOV
HYDOXDWLRQ DQG UHJXODWLRQ RI WKHLU RZQ WKLQN
PRGHO RI UHIOHFWLRQ GXULQJ DFWLYLW\ DSSI
DVVRFLDWHG ZLWK GHILQLWLRQV Rl PHWDFRJQLWLRQ
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DERXW WKHLU RZQ WKRXJKWVY DQG DFWLRQV VHH 7KFH
/HDUQLQJ IRU PRUH RQ PHWDFRJQLWLRQ
,Q VXP UHIOHFWLRQ LV D EURDG WHUP WKDW

PHWDFRJQLWLYH DQG FRJQLWLYH DFWLYLW\ DQG JHQ
WKH WHUP LV FRQFHLYHG LQ VR PDQ\ ZD\V LWV XVHI
VXFK RQO\ PHWDFRJQLWLYH DFWLYLWLHV DUH VSHF
IUDPHZRUN VHH WKHPH UHIOHFWLRQ RQ WKH RWKH
UHODWHG WR DOO WKHPHV LQ WKH IUDPHZRUN

TKHPH /IHDUQHU ,QYROYHPHQW )DFLOLW
7KHPH /HDUQHU ,QYROYHPHQW )DFLOLWDWHYV /HDUQ
&XQQLQJKDP HW DO WKDW VWXGHQWYV VKRXOC
TXHVWLRQV LQ WKHLU OHDUQLQJ UDWKHU WKDQ MXV
SURSRVHG WKDW WKUHH LVVXHV UHODWH WR WKLV
RZQHUVKLS 7KHVH WKUHH LVVXHV DUH KLJKO\ LQWHL
SDUWV Rl OHDUQHU LQYROYHPHQW DIIHFW KRZ DFWL
NQRZOHGJH FRQVWUXFWLRQV

'HILQLWLRQV RI OHDUQHU FRQWURO PRWLYDWLRGC
JLYHQ LQ WXUQ DQG WKH UHODWLRQVKLS EHWZHHQ V
VHFWLRQ WKH UHOHYDQFH RI WKHVH LVVXHV WR QDY
DQG K\SRWKHVHV DERXW QDYLJDWLRQ DLGV DQG OHDL

/IHDUQHU &RQWURDO
,Q WKH FRQWH[W RI H/HDPLQJ FRQWURO LV DERXW )\

GHFLVLRQV ZKHQ XVLQJ H /HDPLQJ WHFKQRORJ\ &RQW
OHDUQHU FRQWURO WR SURJUDP FRQWURO VHH ILJIX
UHIHUUHG WR DV WKH IUHHGRP WKH OHDUQHU RU Wt
GLVSOD\ VHOHFWLRQ DQG VHTXHQFLQJ RI FRQWHQW

/HDUQHU 3URJUDP
&RQWURO &ERQWURO
s W v
JLXUH 7KH FRQWURO VSHFWUXP

/IHDUQHU FRQWURO LV DERXW WKH GHJUHH WR ZI
OHDUQLQJ SURFHVV E\ FRQWUROOLQJ RQH RU PRUH )
7KHUH DUH VHYHUDO YDULDEOHV WKDW FDQ EH FR
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VHTXHQFLQJ SDFH GLIILFXOW\ QXPEHU RI RSSRUW)
UHYLHZ DQG UHKHDUVDO DGYLVHPHQW VWUDWHJI\ D
*DEEDUG +LJK OHYHOV RI OHDUQHU FRQWURO RF
WKHVH YDULDEOHV DQG H[HUFLVH FKRLFH DQG PDNH
KDQG KLJK OHYHOV RI SURJUDP FRQWURO RFFXU ZzZKt
WKHVH YDULDEOHY WKHUHE\ JLYLQJ OHVV FRQWURO
6K\X DQG %URZQ ERWK FLWHG LQ /HXQJ $ U
OHDUQHUYTV IHHOLQJV Rl FRQWURO (YHQ LI FRQWUR
QHFHVVDULO\ IHHO RU UHFRJQLVH WKLV FRQWURO )l
FRQWURO WR FKRRVH ZKLFK WRSLF WKH\ DUH JRLQJ W
+RZHYHU LI WKH\ DUH QHZ WR WKH LQIRUPDWLRQ LQ
QRW DFWXDOO\ PDNH WKHP IHHO PRUH LQ FRQWURO F
DERXW WKHLU OHYHO RI FRQWURO RYHU WKHLU OHDU
DUH WRR GLIILFXOW IRU WKHP EHFDXVH WKH\ DUH XQ
DFWXDOO\ UHVXOW LQ WKHP IHHOLQJ OHVV LQ FRQWU]
(GXFDWLRQDOLVWY KDYH DUJXHG IRU VRPH WLPH
OHDUQHU FRQWURO FDQ LQFUHDVH WKH GHYHORSPHC
DQG PDQ\ DXWKRUV KDYH FODLPHG WKDW WKH
HQKDQFH OHDUQHU FRQWURO RYHU WKH SDFH DQG Gt
HITHFW RQ OHDUQLQJ 'U\GHQ IDQGRZ IDQGR]
'LOORQ DQG *DEEDUG +RZHYHU WKH UHVXOWYV
HIITHFWV Rl KLJK OHYHOV Rl OHDUQHU FRQWURO DUH F
KDV EHHQ VXJJHVWHG WKDW WKH DSSDUHQW SRWHQW
KDV QHYHU EHHQ H[SHULPHQWDOO\ HVWDEOLVKHG *F

%HOO DQG .R]JORZVKL HYHQ DUJXH WKDW
UHVHDUFK KDV EHHQ WKDW OHDUQHUV GR QRW PDNH
DUH JLYHQ ORUHRYHU 'XII\ DQG &XQQLQJKDP V X

HSLWRPH RI DQ REMHFWLYLVW YLHZ RI OHDUQLQJ VLC
WKH SURFHVVLQJ RI YDULDEOHY DQG WKH LQSXWWLQJ

IHYHUWKHOHVY PDQ\ VXSSRUWHUV RI D FRQVWUX
VKRXOG EH JLYHQ VRPH FRQWURO RYHU WKHLU OHDU
'XINIY DQG &XQQLQJKDP DQG LW LV KDUG WR VHH
ZLWK D YHU\ ORZ OHYHO RI FRQWURO 7KHUHIRUH LW
WR EH DFWLYH DQG LQYROYHG WKH\ QHHG WR KDYH V
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ORWLYDWLRQ LQ /HDUQLQJ
3LQULFK DQG B6FKXQN GHVFULEHG PRWLYDWLRQ |

DFWLYLW\ LV LQVWLIJDWHG DQG VXVWDLQHG ,W LV D
JRDOV WKDW SURYLGH LPSHWXV DQG GLUHFWLRQ IR
ZKHQ DQG KRZ ZH OHDP G6FKXQN ORWLYDWHG O
EHOLHYH WKDW ZLOO KHOS WKHP OHDP IRU H[DPSOH
XQGHUVWDQGLQJ RU DVNLQJ IRU KHOS ORWLYDWLF
SHUIRUPDQFH LQIOXHQFHYV PRWLYDWLRQ LQ D F\FOLF
FRQWURO DUH VDLG WR EH LQWULQVLFDOO\ PRWLYCLC
VXJIJHVWHG WKDW LQYROYHG OHDUQHUYV ZLOO EH PRW

2ZOQHUVKLS LQ /HDUQLQJ
W LV SURSRVHG KHUH WKDW LQYROYHG OHDUQHUV ZL

OHDUQLQJ /HDUQHU RZQHUVKLS LV SURPRWHG DV L
FRQVWUXFWLYLVW OHDUQLQJ +RQHEHLQ DQG KD\
RI PRWLYDWLRQ WR OHDP %LJJV $FFRUGLQJ WR
FRQVHQVXV LQ UHVHDUFK WKDW OHDUQHU RZQHUVKL
HQJDJHPHQW LQ WKH OHDUQLQJ SURFHVV 6LPLODUO\
HQFRXUDJH RZQHUVKLS LQ D FODVVURRP VHWWLQJ
HQFRXUDJLQJ VWXGHQW LQSXW VWXGHQWV EFDPH WR
WXUQ LW ZDV IRXQG WKDW WKH\ JUDVSHG PDWHULDC
LQTXLU\ DQG SXUVXHG WDVNV LQGHSHQGHQWO\ )XUW
VWXGHQWY WKH RSSRUWXQLW\ WR WDNH FRQWURO
LPSURYHG WKHLU DWWLWXGHY WRZDUGY WKHLU OHDU
OLOQHU %RORWLQTYV GHILQLWLRQ RI RZQHUVK
WKLV GHILQLWLRQ OHDUQHU RZQHUVKLS LV EURNHQ
WKH OHDUQLQJ SURFHVV ILQGLQJ SHUVRQDO YDOXH
VHH ILIJXUH J)LQGLQJ SHUVRQDO YDOXH LV DERXW
VNLOOV GHYHORSHG GXULQJ OHDUQLQJ PLJKW EH X\
OHDUQLQJ HQYLURQPHQW )HHOLQJ LQ FRQWURO RFF
GHFLVLRQV DQG WR EH D SURDFWLYH UDWKHU WKDQ
RQ WKH RWKHU KDQG UHIHUV WR WKH OHDUQHU IHHO
WKH SURFHVV RI OHDUQLQJ DV ZHOO DV WKH UHVXOW\
RFFXU ZKHQ DOO WKUHH FRPSRQHQWY RYHUODS 6LWHX
RYHUODS UHVXOW LQ ORZHU IHHOLQJV RI RYHUDOO RZ
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JLIXUH /IHDUQHU RZQHUVKLS DV DQ LQWHUDFWLRQDO HIIHFW
UHVSRQVLELOLW\ $GDSWHG IURP OLOQHU %RORWLQ

SHODWLRQVKLS %HWZHHQ /HDUQHU &RQWUR
/HDUQHU FRQWURO PRWLYDWLRQ DQG RZQHUVKLS DUI

FRQWURO LV WKH FRPSRQHQW WKDW FDQ EH PDQLS
ORWLYDWLRQ DQG RZQHUVKLS DUH UHVXOWDQW IHHOL
RWKHU DQG FDQ EH LQIOXHQFHG E\ OHDUQHU FRQW
%RORWLQ DPRQJVW RWKHU IDFWRUV 7KH UHOD
RZQHUVKLS LV KLJKOLJKWHG E\ :ULJKW DQG :ULJKW
ZKR SURSRVHG WKDW JLYLQJ VWXGHQWY FRQWU
RZQHUVKLS EHFDXVH WKH VWXGHQWVY GLVFRYHU LGl
SURSRVHV WKDW OHDUQLQJ HQYLURQPHQWY WKDW I
OHDUQLQJ DOORZ WKHP WR FKRRVH WRSLFV RI LQYHYV
DQG DOORZ WKHP WR EH PRUH UHVSRQVLEOH IRU WKH
OHDUQHUV WR GHYHORS D VHQVH RI RZQHUVKLS 6LP]
DQG 'Z\HU IRXQG WKDW KLJKHU OHDUQHU FRQWUR
,Q VXP OHDUQHU LQYROYHPHQW LV DERXW HQFRX
NQRZOHGJH FRQVWUXFWLRQV E\ PRWLYDWLQJ OHDUQ
OHYHOV RI RZQHUVKLS IRU WKHLU OHDUQLQJ 2QH PHL
DSSURSULDWH OHYHO RI OHDUQHU FRQWURO

5HOHYDQFH WR 1DYLJDWLRQ $LGV LQ (OHFW
SUHYLRXV H[SHULPHQWDO UHVHDUFK KDV H[DPLQHG W

OHDUQLQJ 7KLV KLIJIKOLJKWYV WKH IDFW WKDW WKH OH
SDUWLFXODUO\ UHOHYDQW WR QDYLJDWLRQ DLGV )R
WKH LQWHQVLYH XVH RI FURVV UHIHUHQWLDO HP
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OHDUQHU LV PDNLQJ XVH RI WKH FRQWURO RIIHUHG
FRUUHODWHG ZLWK OHDUQLQJ ,Q DQRWKHU VWXG\
LQFUHDVHG OHDUQHU FRQWURO RIIHUHG E\ K\SHUP}
SRVLWLYHO\ DIIHFW OHDUQLQJ DV FRPSDUHG WR OLQ}
SDSHU EDVHG PDWHULDOV +RZHYHU QR VLJQLILFDQ
IRXQG LPSO\LQJ WKDW WKH GLIIHUHQW OHYHOV RI FR
HITHFW RQ OHDUQLQJ 1HYHUWKHOHVV %HFNHU DQG
RYHU QDYLJDWLRQ RIIHUHG VRPH EHQHILWV IRU OHEC
HOHFWURQLF WH[W ZLWK HPEHGGHG OLQNV DQG D Q
RIITHUHG KLJKHU OHYHOV Rl OHDUQHU FRQWURO FRPS
7KHLU ILQGLQJV UHYHDOHG WKDW OHDUQHUV ZKR X\
IHHOLQJV Rl FRQWURO DQG KLJKHU OHYHOV RI LQWL
OHDUQHUV ZKR VLPSO\ UHDG WKH SDSHU EDVHG WH[W
7KH GLIITHUHQFHV LQ WKHVH ILQGLQJV PD\ KDYH DU
XVHG HJ FRQWHQW VXEMHFW PDWWHU RYHUDOO Gt
WDVNV DQG LQWHUSUHWDWLRQV RI OHDUQHU FRQWU
ZDV UHDOLVHG LQ WKH H[SHULPHQWV ,Q DGGLWLRQ
GLIIHUHQFHYVY EHWZHHQ K\SHUWH[W ZLWK HPEHGGHG
EXWWRQV ,Q FRQWUDVW OLWWOH DWWHQWLRQ KDV
RIIHU DFFHVV WR HYHU\ SDJH LQ WKH HOHFWURQLF Wt
'XH WR WKH SURSRVHG EHQHILWY RI OHDUQHU FER!
LPSOLFDWLRQ IRU QDYLJDWLRQ DLGV LQ HGXFDWLRQD
D L 1IDYLJDWLRQ DLGV VKRXOG RIIHU WKH OHD
HOHFWURQLF WH[W VR WKDW WKH\ FDQ DFWLYHO\ OHD
7KLV WKHVLV UHVHDUFK IRFXVHV RQ RQH LQWHUSL
WH[WV QDYLJDWLRQDO IUHHGRP 31DYLJDWLRQDO IU{
OHDUQHU KDV ZKHQ GHFLGLQJ ZKLFK SDJH WR YLVLW
GHVWLQDWLRQ OLQNV D OHDUQHU KDV WR FKRRVH EH
W\SH RI QDYLJDWLRQ DLG V HPSOR\HG GHWHUPLQH
RIIHUHG ([DPSOHV RI QDYLJDWLRQ DLGV ZLWK GLIIHU
VKRZQ LQ WDEOH
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/HYHO RI 1IDYLJDWLRQ $LG ([SODQDWLRQ

1IDYLIJDWLRQDO

JUHHGRP

IRZHU 3DJLQJ %XWWRQV7KI UHVLRYXNU RQO\ KDV WKH FKRLFH RI
DQG 31H[W  %XWWRQWH[W SDJH LQ D SUHGHILQHG VHTXH«
+RPH %XWWRQ 7KH OHDUQHU RQO\ KDV WKH FKRLFH V

SDJH
%DFN )RUZDUG %XWWRGWURHRHU RQO\ KDV WKH FKRLFH RI
RQ D EURZVHU LQ D ZHE FDFKH VWDEFN

OHGLXP (PEHGGHG /LQNV ,W LV RIWHQ WKH FDVH WKDW D QXPE
DSSHDU RQ D SDJH DW DQ\ RQH WLPH D
FKRLFH RI VHOHFWLQJ EHWZHHQ WKHYV
OLQNV UDUHO\ UHSUHVHQW HYHU\ SDJH
WKH\ GR QRW JLYH WKLV KLIJKHU OHYHO
/IRFDOLVHG OHQXVKX\SH GRISLFW D ORFDOLVHG VHFWLRQ
&RQWHQWYV /LVWVJLYH WKH OHDUQHU WKH FKRLFH RI YL
WKDW VHFWLRQ +RZHYHU VLQFH WKH\
SDJH LQ WKH HOHFWURQLF WH[W WKH\
WR FKRRVH EHWZHHQ HYHU\ SDJH
+LJKHU O0DSV &RQWHQWV 7KMWOHRU @HY) LV DEOH WR FKRRVH EHW
,QGLFHV WKDW 6KRHF$OUWR QUEHWH[W IURP WKH PDS FRQW
3DJHV LQ DQ (OHFWURQLF 7H[W
$ &8RPSOHWHVWRU\7KIWWHDUQHU LV DEOH WR FKRRVH EHW
WKDW 6KRZV $00 HOKHF WD RIQL AL @/ H[W IURP WKH KLVWRU\
DQ (OHFWURQLF 7H[W
7DEOH ([IDPSOHV RI QDYLJDWLRQ DLGV ZLWK GLIIHUHQW OHYH

7KH ITROORZLQJ K\SRWKHVLY DERXW WKH HIIHFWYV
RITHUHG E\ QDYLJDWLRQ DLGV LV IUDPHG KHUH
E L /HDUQHUV ZKR XVH QDYLJDWLRQ DLGV WKD
ZLOO VKRZ KLJKHU TXDOLW\ OHDUQLQJ WKDQ OHL
ORZHU QDYLJDWLRQDO IUHHGRP

TKHPH &RQVLGHULQJ OXOWLSOH 3HUVSHI
6LOQFH FRQVWUXFWLYLVWY EHOLHYH WKDW WKHUH LV
WKH\ SURSRVH WKDW WKHUH DUH PDQ\ SRVVLEOH ZR

&XQQLQJIKDP 'X11\ DQG &XQQLQJKDP 7KH FRC
SHUVSHFWLYHVY HQFRXUDJHV WKH GHYHORSPHQW RI F
'XQODS DQG *UDELQJHU FODLP WKDW ZKHQ VXFF

WKH\ FRQVWDQWO\ UHILQH WKHLU GHFLVLRQV LQ RU
HIILFLHQW VWUDWHJLHY DSSURDFKHV DQG VROXWLRC
SHUVSHFWLYHV /HVV VXFFHVVIXO OHDUQHUV WHQG W
RQO\ H[DPLQH RQH YLHZSRLQW

,Q WHUPV RI HGXFDWLRQ VHYHUDO DXWKRUV HQGF
WR H[SHULHQFH DQG DSSUHFLDWH PXOWLSOH SHUVSH
&XQQLQJKDP 'XII\ HW DO +RQHEHLQ 6SLUR
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DQG *UDELQJHU VXJIJHVW WKDW LQVWUXFWRUV
FRQFHSWV LQIRUPDWLRQ DQG SUREOHPV E\ FRQVLGF
LQ D QXPEHU RI GLIIHUHQW VLWXDWLRQV IURP D YDUL

7ZR IXUWKHU HGXFDWLRQDO FRQVLGHUDWLRQV DU
VKRXOG EH DZDUH WKDW OHDUQHUV PD\ SHUFHLYH W
GLIIHUHQW ZD\ WR WKH ZD\ WKDW WKH\ GR WKHPVHO
DQRWKHU LVVXH LV WKH ZD\ WKDW LQVWUXFWRUV VKI
YJRVQRW VXJIJHVWHG WKDW PLVXQGHUVWDQGLQJV
VKRXOG EH WDNHQ DV DQ RSSRUWXQLW)\ IRU GLVFXVVL
Rl GHDOLQJ ZLWK WKHVH PLVXQGHUVWDQGLQJV

5HOHYDQFH WR 1DYLJDWLRQ $LGV LQ (OHFW
7KLV WKHPH FRQFHUQV WKH HGXFDWLRQDO PDWHULDO

WKLV PDWHULDO LV D VLQJOH DFFRXQW RI WKH LQIRUI
HQFRXUDJHG WR FRQVLGHU WKH LQIRUPDWLRQ IURP
LVVXHVY GR QRW DSSHDU WR KDYH DQ\ REYLRXV UHOH
HOHFWURQLF WH[WV

$OWKRXIK WKH QDYLIJDWLRQ DLG FDQ GHWHUPLQH
SHUVSHFWLYHVY RQ HGXFDWLRQDO PDWHULDO ZKHWKI
LQ WKH HGXFDWLRQDO PDWHULDO LV DQ LVVXH IRU
HIDPSOH SDJLQJ EXWWRQV FRXOG DOORZ OHDUQHUYV
VHTXHQFH ,Q FRQWUDVW D FRQWHQWY OLVW PD\ DOC
WKH\ DFFHVV WKHVH PXOWLSOH SHUVSHFWLYHV 1HY
FRXOG DOVR EH XVHG WR SUHVHQW FRQWHQW WKDW
7TKHUHIRUH WKH GHVLJQ RI WKH QDYLJDWLRQ DLG LV
LOQFOXGHYVY PXOWLSOH SHUVSHFWLYHV RQ WKH HGXFDYV
K\SRWKHVHY DERXW WKH XVH RI QDYLJDWLRQ DLGV LC
I[URP WKLV WKHPH

TKHPH $XWKHQWLF $FWLYLW\ )DFLOLWD
.QRZOHGJH LV GHSHQGHQW XSRQ WKH FRQWH[W LQ Z}
ZKLFK LW LV UHFDOOHG 'XII\ DQG &XQQLQJKDP
%DGGHOH\ ,Q UHODWLRQ WR WKLV EVQNAFWXFW
DFWLRQ .QXWK DQG &XQQLQJKDP DQG WKDW NQ
FHUWDLQ FRQWH[WV ,Q RWKHU ZRUGVY WKHUH LV QF
EHFDXVH NQRZOHGJH LV RQO\ DSSDUHQW ZKHQ LW LV
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LQGLFDWHG WKH LPSRUWDQFH RI DFWLRQ LQ WKH GHY
NQRZOHGJH GHYHORSV WKURXJK DFWLRQ EHFDXVH XOQ
7KLV KDV LPSOLFDWLRQV IRU WKH ZD\ WKDW NQRZOHG
VKRXOG EH DVVHVVHG
“-RQDVVHQ VXJIHVWHG WKDW LQVWUXFWRUV V

WDVNV WR HQDEOH FRQWH[W GHSHQGHQW NQRZOHGJ
WKDW UHIOHFW WKH UHDO ZRUOG DQG UHDO ZRUOG !
HQYLURQPHQWY WKDW LQYROYH WKHVH UHDOLVWLF

DQG VKRXOG EH JURXQGHG LQ WKH QRLVH DOQ
&XQQLQJKDP HW DO -RQDVVHQ 7KHVH FRPS
EHVW WR DGYDQFHG NQRZOHGJH DFTXLVLWLRQ LQ L

/JHDUQLQJ VKRXOG DOVR EH FDVH EDVHG UDW
LQVWUXFWLRQDO VHTXHQFHV -RQDVVHQ HW DO
E\ HQJDJLQJ OHDUQHUV LQ SURMHFW EDVHG ZRUN
OHDUQHU GHYHORSY NQRZOHGJH DQG VNLOOV LQ UHE
OHDUQLQJ +RQHEHLQ HW DO

5HOHYDQFH WR 1DYLJDWLRQ $LGV LQ (OHFW
7KLY WKHPH LV DERXW JURXQGLQJ HGXFDWLRQDO PDW

OHDUQHUV PLJKW ILQG RXW DERXW GHVLJQLQJ D ZHE\
DUH UHTXLUHG WR GHVLJQ D ZHEVLWH IRU D UHDC
HQYLURQPHQWY WKLV WKHPH PD\ KDYH UHOHYDQFH Z
IRU WKH HQYLURQPHQW 7KH RYHUDOO PHWDSKRU GH
HQJDJH LQ DQG WKH zZD\ WKDW OHDUQHUV WKLQN D
HQYLURQPHQW DV D ZKROH )RU H[DPSOH WKH 2SHQ 8
D VRIWZDUH KRXVH IRU D 95 H /HDPLQJ HQYLURQPHC
6RIWZDUH 6ROXWLRQV OXOWLPHGLD (QYLURQPHQW +L
GHVLJQHG WR WHDFK VRIWZDUH HQJLQHHULQJ
+RZHYHU QDYLJDWLRQ DLGV DUH MXVW RQH SD!
1DYLJDWLRQ DLGV PD\ PLUURU WKH SK\VLFDO ZRUO
DSSHDUDQFH DQG WKH zZD\ WKH\ VKRXOG EH XVHG )F
RQOLQH OLEUDU\ PD\ EH UHSUHVHQWHG DV WDEV VLI
<HW WKH LVVXHV LQ WKLV WKHPH DUH DW D KLJKHU
HQYLURQPHQW 7KH\ DUH FRQFHUQHG ZLWK WKH W\St
DXWKHQWLF WKHLU OHDUQLQJ HQYLURQPHQW LV DV
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RYHUDOO FRXUVH GHVLJQ RU WKH GHVLJQ RI WKH ZK
KDYLQJ DQ\ REYLRXV UHOHYDQFH IRU QDYLJDWLRQ DL

TKHPH 6RFLDO  QWHUDFWLRQ )DFLOLWD
.QRZOHGJH GHYHORSYV LQ VRFLDO DQG FXOWXUDO FR
/HDUQLQJ LV QRW WKH ORQHO\ DFW RI DQ LQGLYLGXD

DQG &XQQLQJKDP DQG PDQ\ DXWKRUV SURPRWH
GLDORJXH LQ NQRZOHGJH GHYHORSPHQW HJ .QXWK
6LPRQV 'X11\ DQG &XQQLQJKDP 'X11\ DQ

DUJXH WKDW OHDUQLQJ LV DQ LQKHUHQWO\ VRFLDO C
GLVEXVVLRQ EHWZHHQ OHDUQHUV ZKHUH WKH OHDU
SDUWLFLSDQWY LQ D VRFLR FXOWXUDO SURFHVV S$FFF
D FRPPXQLW\ HQJHQGHUV IXUWKHU WKLQNLQJ 7KH
FRQVWUXFWLYLVP OHDGVYV FRQVWUXFWLYLVWV WR DU.
OHDUQLQJ DQG FR RSHUDWLYH SUREOHP VROYLQJ DO
'XQODS DQG *UDELQJHU +RQHEHLQ HW DO
6XSSRUWHUV Rl FRQVWUXFWLYLVP DOVR DUJXH W
LQWHUDFWLRQ ZLWK RWKHUV LQ D SURFHVV RI VRFL
GHEDWH ZLWK RWKHUV GXULQJ WKHLU OHDUQLQJ -RQ
2UULOO BRFLDO QHJRWLDWLRQ LV LPSRUWDQW
LQGLYLGXDOYV DELOLW\ WR LQWHUQDOO\ QHJRWLDW
&XQQLQJIKDP JRVQRW )RU H[DPSOH WKH DF
LGHDV ZLWKLQ D FODVVURRP FRPPXQLW\ LV LPSRUW
+RQHEHLQ SRLQWV RXW OHDUQLQJ VKRXOG UHI
DQG OHDUQHUV DV ZHOO DV EHWZHHQ OHDUQHUV DQ¢
H[SHUW RU PRUH DGYDQFHG SHHU ZLOO OHDG WR W
'X11\ DQG &XQQLQJKDP DQG WKLV LQFUHDVH LQ
Rl SUR[LPDO GHYHORSPHQW =3' HJ 9\JRWVN\ (
RWKHUZLVH NQRZQ DV VFDIIROGLQJ VKRXOG VXSSRLU
UDWKHU WKDQ WHDFKLQJ WKHP WRZDUGV VRPH ZHOC
,Q IDFW 'XII\ DQG &XQQLQJKDP DOVR UHD)
FXOWXUH LQ WKH OHDUQLQJ HQYLURQPHQW PD\ SURY
PRUH DGYDQFHG SHHUV
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5HOHYDQFH WR 1DYLJDWLRQ $LGV LQ (OHFW
7KLY VRFLDO LQWHUDFWLRQ WKHPH KDV SDUWLFXODI

HOHFWURQLF WH[WV DV GHPRQVWUDWHG E\ WKH FRQ
DSSURDFK WR WKH GHVLJQ RI LQIRUPDWLRQ VSDFHV t

HW DO +RRN HW DO 7KLV LV UHIOHFWHG LQ
LQWHUDFWLRQ LQ WKH GHVLJQ RI QDYLJDWLRQ DLGV L
&R),1' 0DO\ HW DO &R%URZVHU =HLOLJHU H

1HVWRU 1DYLJDWRU
,Q VXPPDU\ GXH WR WKH IDFW WKDW FRQVWUXFW
OHDUQLQJ WKH IROORZLQJ LPSOLFDWLRQ IRU QDYLJC
FDQ EH LGHQWLILHG
D L 1DYLJDWLRQ DLGV VKRXOG HQFRXUDJH OHD
QDYLJDWLRQ
%DVHG RQ WKLV WKH IROORZLQJ K\SRWKHVLV DER
RIIHU VRFLDO LQWHUDFWLRQ FDQ EH IUDPHG
E L /HDUQHUV ZKR XVH QDYLJDWLRQ DLGV WKDYV
QDYLJDWLRQ ZLOO VKRZ KLJKHU TXDOLW\ OHDUQL:
DLGV WKDW GR QRW RIIHU LQWHUDFWLRQ ZLWK RWk

TKHPH 7TRROV DQG 6LJQV )DFLOLWDWH /F
7KH XVH RI WRROV DQG VLJQV DIIHFWV WKH ZD\ ZH Wi
NQRZOHGJH LV PHGLDWHG E\ WZR PHDQV WRROV WHF
'X11\ DQG &XQQLQJKDP ([DPSOHV Rl WRROV DUH
FRQWUDVW ODQJXDJH LV DQ H[DPSOH RI D VLJQ RL
LQWHUIDFH VXFK DV LFRQV DUH DOVR H[DPSOHV RI V
WRROV DQG VLJQV FDQ DIIHFW ERWK SK\VLFDO DQG P

7KH FRQFHSW RI WRRO PHGLDWLRQ LV FORVHO\ [
OHDGLQJ WKHRUHWLFDO DSSURDFK LQ 5XVVLDQ FRQV
7KHUH DUH WZR NH\ SULQFLSOHV RI $FWLYLW\ 7KHRU\
f 7RROV DQG VLJQV PHGLDWH WKH QDWXUH RI KX
LQIOXHQFH KXPDQ PHQWDO GHYHORSPHQW -RQD

f 7KH LQWHPDOLVDWLRQ H[WHPDOLVDWLRQ SULQF
7KHVH SULQFLSOHV DUH FRQVLVWHQW ZLWK FRQVYV
FRIJQLWLRQ VRFLDO FRJQLWLRQ DQG FDVH EDVHG UHE
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WR VRPH H[WHQW WKH\ ZLOO EH GLVEXVVHG LQ WXUC
KLJK TXDOLW\ OHDUQLQJ DQG VXJJHVWV WKDW OHD!
UHSUHVHQWDWLRQV Rl UHDOLW\ -RQDVVHQ DQG
UHSUHVHQWDWLRQ &XQQLQJKDP HW DO +RQHEH
DUH QRW OLPLWHG E\ D VLQJOH UHSUHVHQWDWLRQ 7|
RQ PXOWLSOH SHUVSHFWLYHV +RZHYHU LW LV GLVW
ZKLFK DUH XVHG WR UHSUHVHQW LQIRUPDWLRQ UDWEF
WRROV ,Q WHUPV Rl WHFKQRORJ\ RQH UHFRPPHQGDW
DLG WKH OHDUQHUYY GHYHORSPHQW RI QHZ UHSUHV
EHHQ SRVVLEOH DQG WKH GLIIHUHQW UHSUHVHQWDW
WKH\ FDQ FRQWULEXWH WR NQRZOHGJH FRQVWUXFWLF
7KH VHFRQG SULQFLSOH RI $FWLYLW\ 7KHRU\ LV
SULQFLSOH ,QWHUQDOLVDWLRQ LV WKH SURFHVV RI V
DQG VRFLDO UHODWLRQV LQWR LQWHUQDO SV\FKROR.
KDQG RFFXUV ZKHQ PHQWDO SURFHVVHV PDQLIHVW
DFWLRQV =HLOLJHU W LV WKH DUWLFXODWLRGC
DUWLFXODWLRQ RFFXUV WKURXJK WRROV DQG VLJQV
WKH GHYHORSPHQW RI QHZ NQRZOHGJH .RVFKPDQQ
VXPPDUL]DWLRQ 'DYLV DQG +XOW LQJ DQG
.RHGLQJHU )RU H[DPSOH 'DYLV DQG +XOW |
VXPPDULHV GXULQJ D OHFWXUH VFRUHG VLJQLILFDQW
UHFDOO TXHVWLRQ LPPHGLDWHO\ DIWHU WKH OHEFWX
SURGXFHG VLPLODU ILQGLQJV +H IRXQG WKDW
OHFWXUH UHFDOOHG PRUH RI WKH OHFWXUH FRQWHC
VLPSO\ UHYLHZHG WKHLU OHFWXUH QRWHV /LNHZLVH
EHHQ IRXQG WR HQKDQFH OHDUQLQJ $OHYHQ DQG .RI
H[SODLQHG WKHLU VWHSV GXULQJ SUREOHP VROYLDQ.
JUHDWHU XQGHUVWDQGLQJ WKDQ VWXGHQWYV ZKR GL
ILQGLQJV KLIJKOLJKW DUWLFXODWLRQ DV D EHQHILFLD

5HOHYDQFH WR 1DYLJDWLRQ $LGV LQ (OHFW
7TKH WRRO PHGLDWLRQ SULQFLSOH RI DFWLYLW\ WKH

VKRXOG HQFRXUDJH WKH GHYHORSPHQW RI QHZ UHSU}
IRU QDYLJDWLRQ DLGV LQ HGXFDWLRQDO HOHFWURC
FRQWHQWYV OLVWV DQG QDYLJDWLRQ PDSV SURYLGH
HOHFWURQLF WH[WV DQG WKHUHIRUH JLYH DQ DOWHL
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LQ WKH WH[W FRQWHQW $V VXFK WKH IROORZLQJ LP:
FDQ EH JLYHQ
D L 1DYLJDWLRQ DLGV VKRXOG EH XVHG DV WR
RI QHZ DOWHUQDWLYH UHSUHVHQWDWLRQV RI HOH
EHHQ SRVVLEOH ZLWK WKH WH[W FRQWHQW DORQH
$FFRUGLQJO\ WKH IROORZLQJ K\SRWKHVLV FDQ DO
E L /HDUQHUV ZKR XVH QDYLJDWLRQ DLGV
UHSUHVHQWDWLRQV RI WKH WH[W FRQWHQW H J
ZLOO VKRZ KLJKHU TXDOLW\ OHDUQLQJ WKDQ OHD!
QRW RIIHU WKHVH UHSUHVHQWDWLRQV
+RZHYHU WKH W\SH RI RYHUYLHZ RU UHSUHVHQWTEL
DLG PD\ KDYH GLIIHUHQW OHYHOV RI HGXFDWLRQDO
FKDSWHU VKRZHG WKDW WKHUH KDYH EHHQ PL[HG Il
HIITHFWV RI DJJUHJDWH QDYLJDWLRQ DLGV WKDW JLYH
6RPH VWXGLHV VKRZHG WKDW JUDSKLFDO PDS RYHUY

OF'RQDOG DQG 6WHYHQVRQ 'HH /XFDV DQG /DUNL
VKRZHG WKDW JUDSKLFDO PDS RYHUYLHZV KDG OLWYV
‘HQJHU DQG 3D\QH BWDQWRQ HW DO

7KH LVVXH RI XVLQJ PXOWLSOH IRUPV RI UHSUHVH(
WKH SUHVHQWDWLRQ Rl FRQWHQW VHHPV WR EH OHVV
WKH GLITHUHQW IRUPV RI PHGLD XVHG WR SUHVHQW H
WKH QDYLJDWLRQ DLG PD\ SUHVHQW LQIRUPDWLRQ LQ
WKH XVH RI PXOWLSOH PHGLD LV QRW DQ LVVXH IRU W
WR SUHVHQW PXOWLSOH IRUPV RI PHGLD ,W LV DQ LV

2Q WKH RWKHU KDQG WKH LQWHPDOLVDWLRQ H[W|
DQG WKH LPSOLFDWLRQ WKDW WKH DUWLFXODWLRQ
GHYHORSPHQW LV UHOHYDQW IRU QDYLJDWLRQ LQ H
EHLQJ VWDWLF XQFKDQJHDEOH REMHFWV RQ WKH LC
QDYLJDWH G\QDPLF QDYLJDWLRQ DLGV RIIHU OHDUQH
DV WKH\ QDYLJDWH 7KHVH FKDQJHV PD\ EH FRQWURC
DUWLFXODWH WKHLU LGHDV DV WKH\ FUHDWH WKHLU R

5HFHQW GHYHORSPHQWY LQ QDYLJDWLRQ KDYH UH
FUHDWHG E\ WKH XVHU ZKLOH LQWHUDFWLQJ LQ DQ
GLVEXVVHG LQ FKDSWHU 1IHVWRU 1DYLJDWRU H J
DGG RQ WKDW FUHDWHV D JUDSKLFDO WUDFH RI YLV
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/JHDUQHUV FDQ UHDUUDQJH DQG HGLW WKHVH WUDF
VWUXEFWXUHV VXEK DV JUDSKLEFDO PDSV FRQWHQWV
FDQ XVH DV QDYLJDWLRQ DLGV /HDUQHUV FDQ FUHD\
LGHDV DERXW WKH HOHFWURQLF WH[W FRQWHQW $FF
GHVLJQ RI QDYLJDWLRQ DLGV LQ HGXFDWLRQDO HOHF)\
D LL 1DYLJDWLRQ DLGV VKRXOG EH XVHG DV
HIWHUQDOO\ UHSUHVHQW DUWLFXODWH WKHLU LC
QDYLJDWLRQ DLGV
%DVHG RQ WKLV WKH IROORZLQJ K\SRWKHVLV FDQ
E LL /HDUQHUV ZKR FUHDWH WKHLU RZQ QDYLJI
OHDUQLQJ WKDQ OHDUQHUV ZKR XVH H[LVWLQJ QD)

TKHPH OHWDFRJQLWLYH $FWLYLWLHV )D
7KLV WKHPH UHIOHFWV WKH IRFXV LQ FRQVWUXFWLYL
DV GHPRQVWUDWHG LQ .QXWK DQG &XQQLQJKDP i
RU PHWDFRJQLWLRQ LV WKH XOWLPDWH KXPDQ DFFR
WKH FHQWUDO WKHPH RI WKLV IUDPHZRUN VHH VHFW]
DV *NQRZOHGJH DQG FRIJQLWLRQ DERXW FRJQLWLYH S
ZRUGV * WKH DZDUHQHVV LQGLYLGXDOV KDYH RI WK
UHJXODWLRQ RI WKHLU RZQ WKLQNLQJ" :LOVRQ
DVSHFWV DZDUHQHVV HYDOXDWLRQ DQG UHJXODWLR
DZDUHQHVV LV DQ LQGLYLGXDOYV DZDUHQHVV RI WK
FRQWHQW NQRZOHGJH WKHLU SHUVRQDO OHDUQLQJ V
WR EH GRQH ZKDW KDV EHHQ GRQH DQG ZKDW PLJK\
VLWXDWLRQV OHWDFRJQLWLYH HYDOXDWLRQ RQ WK
DERXW RQHYIV RZQ WKLQNLQJ SURFHVVHV FDSDFLWL
SDUWLFXODU OHDUQLQJ VLWXDWLRQV RU DV VHOI D
PHWDFRJQLWLYH UHJXODWLRQ KDSSHQV ZKHQ LQGLY
VNLOOV VXFK DV SODQQLQJ VHOI FRUUHFWLQJ DQG J
WKLQNLQJ

,Q WHUPV RI OHDUQLQJ PHWDFRJQLWLYH DFWLYLV
'XQODS DQG *UDELQJHU W KDV EHHQ VKRZQ WR
DFTXLVLWLRQ DQG WUDQVIHU )RUUHVW 3UHVVOH\ H
WKHUHIRUH VHHQ DV EHQHILFLDO WR OHDUQLQJ L
HYDOXDWLRQ DQG UHJXODWLRQ VKRXOG EH HQFRXUDJ



8 0 $SUPLWDJH JUDPHZRUN RI &RQVWUXFWLYLVP

5HOHYDQFH WR 1DYLJDWLRQ $LGV LQ (OHFW
7KH LPSOLFDWLRQ WKDW OHDUQHUV VKRXOG EH HQFF

KDYH UHOHYDQFH WR QDYLJDWLRQ DLGV 7KH QDYLJD\
OHDUQHUV EH DZDUH RI ZKDW WKH\ KDYH DOUHDG\ C
DOUHDG\ DFFHVVHG LQ DQ HOHFWURQLF WH[W DQG Z
+LVWRU\ /LVW GLVFXVVHG LQ FKDSWHU LV DQ H[DPSC
W HQFRXUDJHV OHDUQHUV WR EH DZDUH RI LQIRUPD\
DV HQFRXUDJLQJ WKHP WR UHIOHFW XSRQ WKHLU L
.DVKLKDUD HW DO 6LQFH PHWDFRJQLWLYH DZD
EHQHILWV IRU OHDUQLQJ 'XQODS DQG *UDELQJHU
GHVLJQ RI QDYLJDWLRQ DLGV LQ HGXFDWLRQDO HOHF'
D L 1DYLJDWLRQ DLGV VKRXOG HQFRXUDJH W
DZDUHQHVV RI ZKHUH WKH\ DUH LQ WKH OHDUQLQJ
$FFRUGLQJO\ WKH IROORZLQJ K\SRWKHVLV FDQ DO
E L /HDUQHUV ZKR XVH QDYLJDWLRQ DLGV WKC
DQG ZKHUH WKH\ PLJKW JR QH[W ZLOO VKRZ KLJKH!
XVH QDYLJDWLRQ DLGV WKDW GR QRW SURYLGH WK
7KH VXJIJHVWLRQ WKDW OHDUQHUV VKRXOG EH HQF
DOVR DSSHDUV WR EH UHOHYDQW WR QDYLJDWLRQ I
GLIIHUHQW OHYHOV RI VXSSRUW IRU OHDUQHUV DV Wk
GR QH[W 7KLV LV SDUWLFXODUO\ UHOHYDQW IRU QT
30DQQLQJ $VVLVWDQW DOVR GLVFXVVHG LQ FKDSWHL
HQFRXUDJHV SODQQLQJ DFWLYLWLHV HJ B6X]XNL HW
WKHLU QDYLJDWLRQ EHIRUH WKH\ YLVLW SDJHV LQ |
SURSRVHV WKDW WKHUH DUH EHQHILWY WR PHWDFR
IROORZLQJ LPSOLFDWLRQ IRU WKH GHVLJQ RI QDYLJD
FDQ EH LGHQWLILHG
D LL 1DYLJDWLRQ DLGV VKRXOG HQFRXUDJH OHI
JROORZLQJ IURP WKLV LPSOLFDWLRQ LW FDQ DOVR
E LL /HDUQHUV ZKR XVH QDYLJDWLRQ DLGV WK
VKRZ KLJKHU TXDOLW\ OHDUQLQJ WKDQ OHDUQHU\
VXSSRUW QDYLJDWLRQ SODQQLQJ
,Q FRQWUDVW HQFRXUDJLQJ WKH XVH RI PHWDFRJ
EH RI SDUWLFXODU UHOHYDQFH WR QDYLJDWLRQ DLG
HYHQ QDYLJDWLRQ VWUDWHJILHV IRU H[DPSOH LV FR
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DLG ,Q WHUPV RI QDYLJDWLRQ VWUDWHJILHVY D QDY
QDYLIDWLRQ WR WKH DWWHQWLRQ RI WKH OHDUQHU
VWUDWHIJ\ EXW LW VHHPV XQOLNHO\ WKDW D QDYLJD\
HYDOXDWH WKHLU RZQ VWUDWHJILHV W LV WKH UHVSI
VWUDWHILHY DUH HIIHFWLYH

TKHPH &ERQQHFWLQJ ([SHULHQFHYVY )DFLO
.QRZOHGJH GHYHORSY LQ D FRQWLQXRXV SURFHVV R
NQRZOHGJH VWUXFWXUHV RU ZKDW LV DOUHDG\ NQRZ

7KURXJK DFWLYH OHDUQLQJ OHDUQHUV UHODWH!
-RQDVVHQ HW DO DQG FRQQHFWLRQV DFURVV QI
NQRZOHGJH LV EXLOW XSRQ H[LVWLQJ NQRZOHGJH LV
WKH FRQFHSWXDO XQGHUVWDQGLQJV WKDW OHDUQF
*ODVVHUIHOG ([LVWLQJ NQRZOHGJH FDQ WKHQ ElI
IRXQGDWLRQ IURP ZKLFK QHZ NQRZOHGJH VWUXFWXU

/JHDUQLQJ DFEWLYLWLHV VKRXOG UHTXLUH OHDU
DVVHPEOH PRUH HODERUDWH VFKHPDV IURP LW -RQD
WKH XQGRLQJ DQG UHRUJDQLVLQJ RI LQIRUPDWLRQ L
WKH RSSRUWXQLW\ WR GR WKLV )RVQRW

JRU QHZ H[SHULHQFHV )RVQRW VXJIHVWV
FRQQHFWLRQV DFURVV H[SHULHQFHV %RXG HW DO
XVHIXO WRRO IRU WKLV DFWLYLW\ DQG LW KDV EHHC
UHEDOO RI PRUH NH\ LGHDV ZKHQ WKH\ OHDUQ IURP D
WH[W 27T'RQQHOO HW DO

5HOHYDQFH WR 1DYLJDWLRQ $LGV LQ (GXFD
7KH VXJJHVWLRQ WKDW OHDUQHUV VKRXOG EH JLYHQ

DQG WR UHRUJDQLVH WKLV NQRZOHGJH LV UHOHYDQ
WH[WV 1DYLJDWLRQ DLGV WKDW SURYLGH D KLVWRU\
HOHFWURQLF WH[W FDQ EH VHHQ WR UHSUHVHQW DQ
OHDUQHU PD\ EH H[SHEFWHG WR KDYH )XUWKHUPRUH

HGLW DQG UHRUJDQLVH WKLV KLVWRU\ PD\ DOVR EH V
DQG UHRUJDQLVLQJ SULRU NQRZOHGJH 7KH ,QWHUDEF
LV DQ H[DPSOH RI VXFK D QDYLJDWLRQ DLG ,Q DGGLYV
VLQFH LW FUHDWHVY D QDYLJDWLRQDO WUDFH RI SDJ
UHDUUDQJHG DQG HGLWHG DOORZLQJ WKH OHDUQHU \
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WKH FRQVWUXFWLYLVW SURSRVLWLRQV WKDW DFFHV
DGYDQWDJHRXV WKH IROORZLQJ LPSOLFDWLRQ IRU W
HOHFWURQLF WH[WV FDQ EH LGHQWLILHG
D L 1IDYLJDWLRQ DLGV VKRXOG VXSSRUW WKH C
DQG DOORZ WKH RSSRUWXQLW\ WR HODERUDWH
WKURXJKRXW OHDUQLQJ
&RQVHTXHQWO\ WKH IROORZLQJ K\SRWKHVLV FDQ |
E L /HDUQHUV ZKR XVH QDYLJDWLRQ DLGV WKDW
LQIRUPDWLRQ DQG DOORZ WKH PDQLSXODWLRQ DC
ZLOO VKRZ KLJKHU TXDOLW\ OHDUQLQJ WKDQ OHDI
QRW VXSSRUW WKLYV
7KH VXJJHVWLRQ WKDW OHDUQHUV VKRXOG FRQVL
DOVR UHOHYDQW WR QDYLJDWLRQ DLGV 1DYLJDWLRQ
DFURVV LQIRUPDWLRQ QDYLJDWHG $V KLIJKOLJKWHG I
WR EH D XVHIXO WRRO IRU WKLV DEWLYLW\ %RXG HW
VRPH VWXGLHV KDYH IRXQG WKDW PDS QDYLJDWLRQ
RI WKH HOHFWURQLF WH[WV HQFRXUDJH WKH GHYHOR
HOHFWURQLF WH[W FRQWHQW WKDQ HLWKHU D PDS WK
K\SHUWH[W OF'RQDOG DQG 6WHYHQVRQ %DVHG F
PDSV WKH IROORZLQJ LPSOLFDWLRQ IRU WKH GHVL
HOHFWURQLF WH[WV FDQ EH LGHQWLILHG
D LL 1DYLJDWLRQ DLGV VKRXOG VXSSRUW FR(
FRQQHFWLRQV DFURVV QHZ LQIRUPDWLRQ
JROORZLQJ IURP WKLV LW FDQ DOVR EH K\SRWKHVL
E LL /HDUQHUV ZKR XVH QDYLJDWLRQ DLGV WK
LQIRUPDWLRQ ZLOO VKRZ KLJKHU TXDOLW\ OHDUQI
DLGV WKDW GR QRW VKRZ WKLV

TKHPH 'LVHTXLOLEULXP )DFLOLWDWHYV /
$FFRUGLQJ WR WKH 3LDJHWLDQ WKHRULHV RI NQRZOF
GHYHORSPHQW RI NQRZOHGJH LV *HTXLOLEUDWLRQ %
WR GHYHORS DQ XQGHUVWDQGLQJ RU LQWHUQDO UH
WKH\ GHYHORS D UHODWLYHO\ VWDEOH DQG EDODQFF
KDYH UHDFKHG D VWDWH RI HTXLOLEULXP 7KLV PHDQ
XQGHUVWDQGLQJ RI WKHLU HQYLURQPHQW DQG WKH \
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EHFDXVH RI WKH FRPSOH[LW\ RI RXU HQYLURQPHQW
LOQFRUSRUDWH DOO RI WKH LQIOXHQWLDO YDULDEOH
VLWXDWLRQV ZKHUH LQWHUQDO UHSUHVHQWDWLRQV I
XQGHUVWDQGLQJ PD\ EHFRPH GHVWDELOLVHG OHDC
GLVHTXLOLEULXP

,Q WKLV VLWXDWLRQ WKH LQWHUQDO UHSUHVHQWI
FRPSOHPHQWDU\ SURFHVVHV DVVLPLODWLRQ DQG DF|
QHZ H[SHULHQFHV DUH DGGHG WR WKH VWRUH RI NQ

PDWWHU RI VLPSOH DVVLPLODWLRQ %URZQ 8V
DGMXVWHG WR LQFRUSRUDWH QHZ H[SHULHQFHYV DQG '
JRVQRW SURSRVHG WKDW GLVHTXLOLEULXP

HQFRXUDJHV NQRZOHGJH WR EH UHYLVHG $V VXFK
FKDOOHQJLQJ RSHQ HQGHG LQYHVWLJDWLRQV WKDW
XQGHUVWDQGLQJV )RVQRW DOVR UHFRPPHQGH
H[SORUHG DQG GLVFXVVHG LQ RUGHU WR LQGXFH GL
WKLQNLQJ ,Q WKHVH VLWXDWLRQV OHDUQHUV ZLOO U

5HOHYDQFH WR 1DYLJDWLRQ $LGV LQ (GXFD
7TKH UHFRPPHQGDWLRQV WKDW OHDUQHUV VKRXOG EH

DQRQG LQVWUXFWRUV VKRXOG KLJKOLJKW PLVXQGHUVW
WKH zZzD\ WKDW WKH\ GHVLJQ WKH HGXFDWLRQDO F
I1DYLIDWLRQ DLGV FDQ QHLWKHU GHWHUPLQH ZKHWKIH
FDQ WKH\ GHWHUPLQH WKH ZD\ WKDW FRXQWHUH[DPS(
VXFK WKLV WKHPH OHDGV WR QR REYLRXV LPSOLFD
QDYLIJDWLRQ DLGV LQ HGXFDWLRQDO HOHFWURQLF WH

JUDPHZRUN 6XPPDU\

7KLV VHFWLRQ KDV SUHVHQWHG D IUDPHZRUN RI FRQV
D GHWDLOHG YHUVLRQ RI FRQVWUXFWLYLVP IRU XVH |
GHYHORSPHQW RI K\SRWKHVHV DERXW WKH HIIHFWV
IUDPHZRUN FRQVLVWYV RI HLJKW NH\ WKHPHV LQ FRQ
WKHPH WR ZKLFK DOO RWKHU WKHPHVY DUH UHODWHG

WKH UHOHYDQFH RI WKDW WKHPH IRU WKH GHVLJQ |
LPSOLFDWLRQV IRU WKH GHVLJQ RI QDYLJDWLRQ DLG\
DQG K\SRWKHVHV DERXW QDYLJDWLRQ DLGV DQG OH
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GLVFXVVHV WKH VHOHFWLRQ RI D VXE VHW RI WKHVH
WKHVLYV

6HOHFWLQJ +\SRWKHVHV IRU ,QYHVW

,Q WKLV VHFWLRQ D VXE VHW RI K\SRWKHVHV IURP W
LQYHVWLIJDWLRQ +\SRWKHVHV IURP WKHPH 3/HDUQHL
WKHPH 37RROV DQG 6LJQV )DFLOLWDWH /HDUQLQJ" I
SLHFH RI ZRUN WKDW EXLOGV XSRQ SUHYLRXV UHVH
VHEFWLRQ SUHVHQWYV WKH GHWDLOV DQG MXVWLILFDWL

JURP WKH UHYLHZ Rl OLWHUDWXUH LQ FKDSWHU
LQYHVWLIJDWLRQ

A 5HVHDUFK LQWR PRUH UHFHQW GHYHORSPHQWYV

A 6WXGLHV WKDW LQYHVWLJDWH OHDUQLQJ IURP

WKH ZKROH OHDUQLQJ SURFHVYV

7KHVH DUHDV PRWLYDWH WKH VHOHFWLRQ RI K\SR
7KH\ DUH GLVFXVVHG KHUH LQ UHODWLRQ WR WKH K\S
WKH IUDPHZRUN RI FRQVWUXFWLYLVP DQG QDYLJDWL
GHYHORSHG LQWR D PRUH GHWDLOHG VHW RI SUHGLF!
WKH WKHVLV

5HFHQW 'HYHORSPHQWY LQ 1DYLJDWLRQ 7

7KHPH /HDUQHU ,QYROYHPHQW )DFLOLWDV
,Q VHFWLRQ SUHYLRXV UHVHDUFK RQ OHDUQH!
GLVFXVVHG 1HLGHUKDXVHU HW DO OF*UDWK
ZDV DUJXHG WKDW GLIIHUHQFHV LQ WKH ILQGLQJV PD
GHILQLWLRQV RI OHDUQHU FRQWURO RYHU QDYLJDWLI
RIITHUHG D G IR QLIDMRLR GO RQMHIGCRPHUSUHWDWLRQ R
QDYLJDWLRQ LQ HOHFWURQLF WH[WV WKH GHJUHH R
SDJH WR YLVLW LQ DQ HOHFWURQLF WH[W 7KH IDF\
DJJUHJDWH QDYLJDWLRQ DLGV ZDV DOVR KLJKOLJKW}
LQYHVWLIJDWLRQ 6LPLODUO\ WKH OLWHUDWXUH UHY
SURSRUWLRQ RI SUHYLRXV UHVHDUFK RQ QDYLJDWLR!
E\ OF'RQDOG DQG 6WHYHQVRQ IRFXVVHG RQ QRQ LQ
K\SHUWH[W RU K\SHUPHGLD V\WVWHPV 7KHUHIRUH D C
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UHVHDUFK LV IXUWKHU LQYHVWLJDWLRQ LQWR WKH HI
RITHUHG E\ GLIIHUHQW W\SHV RI LQWHUDFWLYH QDYLJ

E L IURP WKH IUDPHZRUN 3/HDUQHUV ZKR XVH Q
QDYLJDWLRQDO IUHHGRP ZLOO VKRZ KLJKHU TXDOL
QDYLJDWLRQ DLGV ZLWK ORZHU QDYLJDWLRQDO IUHHG

+\SRWKHVHVY DERXW QDYLJDWLRQDO IUHHGRP DU}l
FUHDWLQJ QDYLJDWLRQ DLGV LGHQWLILHG XQGHU V
LQWHUSUHWDWLRQ RI OHDUQHU FRQWURO RYHU QI
LQWHUSUHWDWLRQ LV WR RIIHU WKH OHDUQHU WKH FI
LV GLVFXVVHG LQ WKH QH[W VHFWLRQ VHFWLRQ

TKHPH 7TRROV DQG 6LJQV )DFLOLWDWH /HD
$V GLVFXVVHG LQ FKDSWHU DQG VHFWLRQ L

WHFKQRORJ\ VXFK DV 1HVWRU 1DYLJDWRU FDQ RIIHI
WKHLU RZQ QDYLJDWLRQ DLGV VXFK DV PDSV $ = L
OHDUQHUV FRQWURO RYHU WKH FRQWHQW VWUXFWXL
WKHP WR WDLORU LW WR WKHLU RZQ SUHIHUHQFHYV
$OORZLQJ OHDUQHUV WR FUHDWH WKHLU RZQ QC
RSSRUWXQLW\ WR DUWLFXODWH WKHLU LGHDV DERXW
EHHQ OLWWOH SUHYLRXV UHVHDUFK LQ WKLV DUHD D
LQ WKHPH WKH LQYHVWLIJDWLRQ LQWR WKH HIIHFW
QDYLIJDWLRQ DLGV LV VHOHFWHG DV DQ DUHD IRU UH
SUHGLFWLRQV IUDPHG LQ K\SRWKHVLYV E LL LQ W]
VHOHFWHG IRU LQYHVWLIJDWLRQ 3/HDUQHUV ZKR FUH
KLIKHU TXDOLW\ OHDUQLQJ WKDQ OHDUQHUV ZKR XVH
7KH QH[W VHFWLRQ H[SDQGV RQ WKH VHOHFWHG K\
WHUPV RI SDUWLFXODU DVSHFWV RI WKH OHDUQLQJ SLU

$VVHVVLQJ $VSHFWV RI WKH /HDUQLQJ 3U
OXFK RI WKH H[SHULPHQWDO UHVHDUFK RQ QDYLJDWI
DVVHVVHG RQO\ WKH RXWFRPHV RI OHDUQLQJ WKUR>
FRQWUDVW WKLV UHVHDUFK WDNHV D PRUH FRQVWUX
LW DEFRXQWYV IRU WKH ZKROH OHDUQLQJ SURFHVV UD
DV SRLQWHG RXW E\ -RQDVVHQ WKH ZD\ WKDW Ol
GLIILEXOW LVVXH IRU FRQVWUXFWLYLVP $V VXFK KI
OHDUQLQJ LQ D FRQVWUXFWLYLVW HQYLURQPHQW -RC
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f HYDOXDWLRQ RI OHDUQLQJ VKRXOG EH JRDO Il
VSHFLILF SURMHFW JRDOV
f KLJKHU RUGHU WKLQNLQJ VKRXOG EH DVVHVVHC
KLJKHU RUGHU WKLQNLQJ
f LI SRVVLEOH WKH SURFHVV RI NQRZOHGJH FRQV
WKH SURGXFW RU RXWFRPH
f HYDOXDWLRQ VKRXOG RFFXU LQ ULFK DQG FRP
XVHG GXULQJ LQVWUXFWLRQ XVLQJ UHDO ZRUOG
f LQ OLQH ZLWK LGHDV DERXW PXOWLSOH SHUV
VKRXOG EH DVVHVVHG LQ D ZD\ ZKHUH WKHUH LV
f OHDUQLQJ VKRXOG EH HYDOXDWHG E\ D SRUWII
WKDQ MXVW D VLQJOH SURGXFW
'Q NHHSLQJ ZLWK WKHVH FRQVWUXFWLYLVW DVVH
OHDUQLQJ IURP D QXPEHU RI SHUVSHFWLYHV FRJQLW
DQG NQRZOHGJH FRQVWUXFWLRQ ,Q WKH UHPDLQGHU
LQ WXUQ DQG WKH ILQDO VHW RI K\SRWKHVHV DUH VXI

&RJQLWLYH (QJDJHPHQW
$V GLVFXVVHG XQGHU WKH FHQWUDO FODLP RI WK

UHODWHG WR DEWLYH OHDUQLQJ GHHS SURFHVVLQ
IXQGDPHQWDO WR FRQVWUXFWLYLVW FRQFHSWLRQV R
RITHUV WKH RSSRUWXQLW\ WR H[DPLQH WKH SURFHVYV
WKLV UHVHDUFK FRJQLWLYH HQJDJHPHQW LV DVVH)\
QDYLJDWLRQ DLGV DQG WKH DLP LV WR JDLQ LQVLJK
FRIQLWLYH HQJDJHPHQW ,Q UHODWLRQ WR WKHPH
/HDUQLQJ" &RPR DQG ODQGLQDFK VXJIJHVW WKD
HQJDJHPHQW DUH OHVV OLNHO\ WR RFFXU ZKHQ WKH

LQVWUXFWLRQ DVVXPH FRQWURO RYHU OHDUQLQJ 7K
FRQWURO RIIHUHG WKURXJK KLJKHU QDYLJDWLRQDO

FRJQLWLYH HQJDJHPHQW 6LPLODUO\ LQ UHODWLRQ

/JHDUQLQJ LW LV WKRXJKW WKDW WKH RSSRUWXQLWL
WR OHDUQHUV ZKR FUHDWH WKHLU RZQ QDYLJDWLR
HQJDJHPHQW
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/JHDUQHU 2ZQHUVKLS
JHHOLQJV RI RZQHUVKLS IRU OHDUQLQJ ZHUH KLJKOL!.

3/ HDUQHU ,QYROYHPHQW )DFLOLWDWHY /HDUQLQJ ™ D¢
OHDUQLQJ SURFHVYV ZDV GLVFXVVHG $VVHVVLQJ RZQF
RI WKH OHDUQLQJ SURFHVV ,Q SDUWLFXODU LQ WKL\
SURYLGH YDOXDEOH LQIRUPDWLRQ DERXW WKH HIIHF
OHDUQLQJ 6LQFH FRQWURO ZDV DUJXHG WR EH EHQHI
WKRXJKW WKDW WKH FRQWURO RIIHUHG E\ QDYLJDWLR
WKHLU RZQ QDYLJDWLRQ DLGYVY ZLOO KDYH EHQHILWYV |

.QRZOHGJH &RQVWUXFWLRQ
)LQDOO\ DVVHVVLQJ NQRZOHGJH FRQVWUXFWLRQ RU

IRUPV RI OHDUQLQJ DVVHVVPHQW 7KH DLP LQ WKLV
PDQQHU WKDW LV LQ OLQH ZLWK -RQDVVHQTYV
DVVHVVLQJ NQRZOHGJH WUDQVIHU WKH DSSOLFDWLF
FRQFHSWXDO XQGHUVWDQGLQJ ZKHUH WKHUH DUH QR
DQG IRU PRUH GHWDLOV $V DUJXHG XQGHU WKHPH
WKH FRQWURO RIIHUHG WKURXJK QDYLJDWLRQDO IUF
FRQVWUXFWLRQ 6LPLODUO\ WKH FRQWURO DQG DUV
FUHDWH WKHLU RZQ QDYLJDWLRQ DLGV PD\ DOVR KDY}

+\SRWKHVHYV
YROORZLQJ RQ IURP VHFWLRQV DQG WKLV VH
WKH VHOHFWHG K\SRWKHVHV WKDW WDNH DFFRXQW R
IHHOLQJV Rl RZQHUVKLS IRU OHDUQLQJ DQG NQRZOHG.

1IDYLJDWLRQDO J)UHHGRP DQG /HDUQLQJ ZLW
%DVHG RQ WKH DUJXPHQWYV XQGHU 7KHPH LQ WKH Il

,QYROYHPHQW )DFLOLWDWHY /HDUQLQJ" DQG WKRVH 1
K\SRWKHVLV ZDV IUDPHG

E L /HDUQHUV ZKR XVH QDYLJDWLRQ DLGYV WKDW RIIHU KLJKHU QD)

TXDOLW\ OHDUQLQJ WKDQ OHDUQHUV ZKR XVH QDYLJDWLRQ DLGV ZLWK

7KLY KDV EHHQ HWHQGHG KHUH LQWR WKUHH PRU
FRIQLWLYH HQJDIJHPHQW RZQHUVKLS DQG NQRZOHGJFH
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+@ /HDUQHUV ZKR XVH QDYLJDWLRQ DLGV WKDW RIIHU KLJKHU QDYLJ
OHYHOV RI FRJQLWLYH HQJDJHPHQW ZKHQ XVLQJ DQ HGXFDWLRQDO H

QDYLJDWLRQ DLGVY WKDW RIIHU ORZHU QDYLJDWLRQDO IUHHGRP

+ /IHDUQHUV ZKR XVH QDYLJDWLRQ DLGV WKDW RIIHU KLJKHU QDYL]J
OHYHOV RI RZQHUVKLS IRU WKHLU OHDUQLQJ ZLWK DQ HGXFDWLRQDO

QDYLJDWLRQ DLGVY WKDW RIIHU ORZHU QDYLJDWLRQDO IUHHGRP

+ 2/HDUQHUV ZKR XVH QDYLJDWLRQ DLGV WKDW RIIHU KLJKHU QDYLJD
TXDOLW\ NQRZOHGJH DERXW WKH FRQWHQW RI DQ HGXFDWLRQDO HO

QDYLJDWLRQ DLGV WKDW RIIHU ORZHU QDYLJDWLRQDOIUHHGRP

&KDSWHU UHSRUWYV GHWDLOV RI WKH PHWKRG UH
GHVLIQHG WR WHVW WKHVH K\SRWKHVHYV

&UHDWLQJ 1DYLJDWLRQ $LGV DQG /HDUQLQ.
$UJXPHQWYV IURP WKHPH LQ WKH IUDPHZRUN RI FF

)DELOLWDWH /HDUQLQJ" DQG WKRVH LQ VHFWLRQV
IROORZLQJ K\SRWKHVLV

E LL /HDUQHUV ZKR FUHDWH WKHLU RZQ QDYLJDWLRQ DLGV ZLOO

OHDUQHUV ZKR XVH H[LVWLQJ QDYLJDWLRQ DLGV

7KLV KDV EHHQ H[WHQGHG KHUH LQWR WKUHH PRU
FRIQLWLYH HQJDJHPHQW RZQHUVKLS DQG NQRZOHGJF

+ /HDUQHUV ZKR FUHDWH WKHLU RZQ QDYLJDWLRQ DLGV ZLOO V#
HQJDJHPHQW ZKHQ XVLQJ DQ HGXFDWLRQDO HOHFWURQLF WH[W WKDQ

DLGV

+ /HDUQHUV ZKR FUHDWH WKHLU RZQ QDYLJDWLRQ DLGYVY ZLOOIHHO |

OHDUQLQJ ZLWK DQ HGXFDWLRQDO HOHFWURQLF WH[W WKDQ OHDUQHU

+ /HDUQHUV ZKR FUHDWH WKHLU RZQ QDYLJDWLRQ DLGV ZLOO GHYHC

WKH FRQWHQW RIDQ HGXFDWLRQDO HOHFWURQLF WH[W WKDQ OHDUQH L

&KDSWHU UHSRUWYV GHWDLOV RI WKH PHWKRG UF
GHVLIQHG WR WHVW WKHVH K\SRWKHVHYV

&KDSWHU 6XPPDU\

7KLV FKDSWHU KDV SUHVHQWHG D GHWDLOHG IUDPHZ
ZDV EDVHG RQ FRQVWUXFWLYLVW OLWHUDWXUH 7KLV
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LQYHVWLIDWLRQV LQWR WKH HIITHFWV RI QDYLJDWLRQ
ZDV WR H[DPLQH WKH LPSOLFDWLRQV RI FRQVWUXFW
HOHFWURQLF WH[WV %DVHG RQ WKLV D QXPEHU RI K
DLGVY RQ OHDUQLQJ ZHUH IUDPHG $ VXE VHW RI WKF
IXUWKHU LQYHVWLIJDWLRQ DQG WKH K\SRWKHVHV ZHI
VHYHUDO DVSHFWV RI WKH OHDUQLQJ SURFHVV ([SHU
UHSRUWHG LQ FKDSWHUYV DQG $ IXUWKHU IROORZ |
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([SHULPHQW  1DYLJ
JUHHGRP

7KLV FKDSWHU SUHVHQWY D GHWDLOHG H[SHULPH
RI QDYLJDWLRQDO IUHHGRP RQ OHDUQLQJ ZLWK HGXF
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, QWURGXFWLRQ

/IHDUQHU LQYROYHPHQW LV D NH\ WKHPH LQ FRQVWU:
IUDPHZRUN RI FRQVWUXFWLYLVP DQG QDYLIJDWLRQ LQ
LV SURSRVHG DV RQH DVSHFW RI /HDUQHU ,QYROYH]
HQYLURQPHQW DQG RZQHUVKLS LV SURSRVHG DV DQF
EHKDYLRXU O6HYHUDO DXWKRUV DUJXH WKDW DSSUR
OHDUQLQJ (YHODQG DQG 'XQZRRG\ OLOQHU %tF
+RZHYHU SUHYLRXV UHVHDUFK RQ OHDUQHU FRQWURC
RQH VWXG\ OHDUQHU FRQWURO RYHU QDYLJDWLRQ Z
OHDUQLQJ %HFNHU DQG 'Z\HU ZKHUHDV LQ RWEk
UHODWHG WR OHDUQLQJ OF*UDWK 1LHGHUKDXVH!
H[SHULPHQWDO LQYHVWLJDWLRQ WKDW H[WHQGV WKL
RI RQH LQWHUSUHWDWLRQ RI OHDUQHU FRQWURO RYH
I[UHHGRP $V GLVFXVVHG SUHYLRXVO\ 2QDYLJDWLRQDC
D OHDUQHU KDV ZKHQ GHFLGLQJ ZKLFK SDJH WR YLVL\

7TKH ZRUN LQ WKLV FKDSWR B MHEF@RUYWEXW WK HW RY
HPSLULFDOO\ WHVW K\SRWKHVHV WKDW ZHUH PRWLYD
QDYLIJIDWQRMKH SUHYLRXV FKDSWHU WKH IROORZLQJ |}
IUDPHZRUN LQ RUGHU WR LQYHVWLJDWH WKH HIIHFWYV

+ /HDUQHUV ZKR XVH QDYLJDWLRQ DLGV WKDW RIIHU KLJKHU QDYLJ
OHYHOV RI FRJQLWLYH HQJDJHPHQW ZKHQ XVLQJ DQ HGXFDWLRQDO H
QDYLJDWLRQ DLGY WKDW RIIHU ORZHU QDYLJDWLRQDO IUHHGRP

+ J/HDUQHUV ZKR XVH QDYLJDWLRQ DLGYV WKDW RIIHU KLJKHU QDYL.
OHYHOV RI RZQHUVKLS IRU WKHLU OHDUQLQJ ZLWK DQ HGXFDWLRQDO
QDYLJDWLRQ DLGV WKDW RIIHU ORZHU QDYLJDWLRQDO IUHHGRP

+ /HDUQHUV ZKR XVH QDYLJDWLRQ DLGV WKDW RIIHU KLJKHU QDYLJD
TXDOLW\ NQRZOHGJH DERXW WKH FRQWHQW Rl DQ HGXFDWLRQDO HC

QDYLJDWLRQ DLGV WKDW RIIHU ORZHU QDYLJDWLRQDO IUHHGRP

$Q H[SHULPHQW zZDV GHVLJQHG WR LQYHVWLJDWH !
QDYLIJDWLRQ DLGV WKDW RIIHU GLIITHUHQW OHYHOV
ORZHU QDYLJDWLRQDO IUHHGRP HPEHGGHG OLQNYV
LQGH[ KLJKHU QDYLJDWLRQDO IUHHGRP DQG D PDS
SDUWLFXODU QDYLJDWLRQ DLGV ZHUH FKRVHQ VLQ
QDYLIJDWLRQ DLGY LQ HGXFDWLRQDO HOHFWURQLF W
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DLGV WR QDYLJDWH DQ HOHFWURQLF WH[W DQG WKHL
FRIQLWLYH HQJDJHPHQW RZQHUVKLS DQG NQRZOHGJI
EHKDYLRXU DQG XVDELOLW\ SUREOHPV ZHUH DOVR
H[SODQDWLRQV RI WKH ILQGLQJVY RQ WKH OHDUQLQJ P
DQDO\VLVY DQG UHVXOWV RI WKH H[SHULPHQW $V PHC
ZDV FRQGXFWHG LQ FRQMXQFWLRQ XILWKHGPMWHX IRR
HI[SHULPHQWDO GDWD ZzDV FROOHFWHG DW WKH VDPH
,Q RUGHU WR RRNQMFUGBEXNVHL WRG 12 QR FAKYSW S WK H 1L Q
RI WKH HPSLULFDO LQYHVWLJDWLRQV LQWR D VHW RI LP
UHVHDUFKHUV Rl HGXFDWLRWEK®S® HNHAFWRKRQLFDMWHIRVQ YT R I
LGHQWLILHG DW WKH HQG RI WKLY FKDSWHU

OHWKRG

,Q WKLV H[SHULPHQW OHDUQHUV XVHQGv IDEK)L dHOHK FHW D 8 X
ZLWK RQH RI WKH IROORZLQJ W\SHV RI QDYLJDWLRQ C
$ = LQGH[ RU D PDS 7KH\ ZHUH LQLWLDOO\ WHVWHG W
WRSLF SUHVHQWHG LQ WKH HOHFWURQLF WH[W 7KHQ
ZHUH JLYHQ D WDVN ZKHUH WKH\ KDG WR XVH WKH LQI
D JLYHQ VFHQDULR 3DUWLFLSDQWY ZHUH DOVR DVN
FRIQLWLYH HQJDJHPHQW FRXOG EH HVWDEOLVKHG

LOQOWHUDFWLRQV ZLWK WKH HOHFWURQLF WH[W ZHUH
ILOHV $IWHUZDUGV WKHLU IHHOLQJV RI RZQHUVKLS
RZQHUVKLS TXHVWLRQQDLUH DQG WKHLU NQRZOHGJH

ZHUH DVNHG WR XQGHUWDNH D ZULWWHQ 3WUDQVIHU"
WKH HOHFWURQLF WH[W 7KLV VHFWLRQ GHVFULEHV

XVHG LQ WKLV H[SHULPHQW

SDUWLFLSDQWYV
7ZHQW\ QLQH VWXGHQWY RQ DQ LQWURGXFWRU\ +&, F
8QLYHUVLW\ WRRN SDUW LQ H[SHULPHQW  $00 KDG I
KDG QRW \HW DWWHQGHG D OHFWXUH RQ XVDELOLW
HOHFWURQLF WH[W 7DEOH VKRZV D EUHDNGRZC
FKDUDFWHULVWLEV
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$JH 5DQJH *HQGHU 8QGHUJUDGXSRPISXWH U: 1 8VH
3RVWJUDGXDOWHHULHQHIBHULHQFH
\UV JHPDOH 8QGHUJUDG \U \U 'DLO\
\UV ODOH 3RVWJUDG \UV \UV "HHNO\
\UV \UV \UV ORQWKO\
\UV \UV \UV 5DUHO\
7DEOH 7KH QXPEHU RI SDUWLFLSDQWY LQ HDFK GHPRJUDSKI

FDWHJRU\ IRU FRPSXWHU DQG ZHE H[SHULHQFH

(TXLSPHQW DQG ODWHULDOV

3DUWLFLSDQWY XVHG D '(// 3& UXQQLQJ DQ ,QWHO :H

PRQLWRU NH\ERDUG DQG PRXVH 7KH HOHFWURQ
FRPSLOHG IURP WHDFKLQJ PDWHULDOV DV ZHOO DV
1LHOVHQ 1ILHOVHQ .DUDW 'L[ HW DO
DO 7KH WH[W IRFXVVHG RQ WKH XVH RI REVHL
FRIQLWLYH ZDONWKURXJK WHFKQLTXHV LQ IRUPDWLY!]
ZKLFK WKH WRSLFV VKRXOG EH UHDG B8VDELOLW\
LQWURGXFWRU\ +&, FRXUVH DQG OHDUQHUV XQIDPLO
KDYH PXFK NQRZOHGJH RI WKLYV

7KH WH[W FRQVLVWHG RI WZHQW\ WKUHH SDJHV
DSSUR[LPDWHO\ ZRUGV LQ OHQJWK VHH DSSHQG
DOZD\V UHPDLQHG WKH VDPH EXW WKH QDYLJDWLRQ
WKH H[SHULPHQWDO FRQGLWLRQ

3DUWLFLSDQWY LQ DOO H[SHULPHQWDO FRQGLWLF
DFFHVV DQG QDYLJDWH WKH HOHFWURQLF WH[W 7KLV
XVH RI DOO IRXU QDYLJDWLRQ DLGV XVHG LQ WKLV
EHKDYLRXU LQ ORJ ILOHV 7KH ORJ ILOHV UHFRUGHG
HPEHGGHG OLQNV RU EDFN EXWWRQ DQG WLPH IRU
HOHFWURQLF WH[W WKH SDUWLFLSDQWVY YHUEDOLV|
FDPHUD

'"HVLIJQ DQG 3URFHGXUH
$ EHWZHHQ VXEMHFWV GHVLJQ ZDV HPSOR\HG DQG SI
H[SHULPHQWDO FRQGLWLRQV 7KH LQGHSHQGHQW YD
IRXU FRQGLWLRQV DQG DVVRFLDWHG OHYHOV RI QDYL
SDJLQJ EXWWRQV ORZHU QDYLJDWLRQDO IUH|
HPEHGGHG OLQNV PHGLXP QDYLJDWLRQDO IU]
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$ = LQGH[ KLJKHU QDYLJDWLRQDO IUHHGRP
PDS KLJKHU QDYLJDWLRQDO IUHHGRP

6HH ILIXUHV IRU LOOXVWUDWLRQ 7KHUH ZH
EXWWRQV FRQGLWLRQ DQG VHYHQ SDUWLFLSDQWYV LC
QDYLJDWLRQ DLGV ZHUH VHOHFWHG IRU XVH LQ WKL
UHSUHVHQWDWLYH RI FRPPRQ QDYLJDWLRQ DLGV LQ |
FRQGLWLRQV ZHUH ERWK LQFOXGHG LQ WKLV H[SH!
QDYLJDWLRQDO IUHHGRP LQ RUGHU WR DVVHVV WKH H
7KH PDS VKRZV RQH SRVVLEOH FRQFHSWXDO VWUXF
FRQWUDVW VKRZV DQ DOSKDEHWLFDO VWUXFWXUH

,Q WKH SDJLQJ EXWWRQV FRQGLWLRQ 3*1H[W  DQG
ERWWRP RI HDFK SDJH 7KHVH DOORZHG WKH OHDUQH
WKH HPEHGGHG OLQNV FRQGLWLRQ HDFK SDJH FRQVL
EDFN EXWWRQ DQG WKH SDJHV LQ WKH WH[W ZHUH F
OLQNV 7KH $ = LQGH[ FRQGLWLRQ FRQVLVWHG RI D O
DOSKDEHWLFDO OLVW RI WKH SDJH WLWOHV IRU DOO
ULJKW KDQG IUDPH VKRZLQJ WKH FRQWHQW RI WKH F)
FRQVLVWHG RI D OHIW KDQG IUDPH FRQWDLQLQJ DQ L
VKRZHG DOO WZHQW\ WKUHH SDJHV LQ WKH HOHFWUR(
SDJH LQ WKH HOHFWURQLF WH[W DQG D ULJKW KDQG
SDJH



8VDIEOLW\ (YDOXDWLRQ ,QWURGXFWLRQ

@M1dnNs$ 0 8

7TKHVH HOHFWURQLF WH[W PDWHULDOV DLP WR JLYH \RX DQ RYHUYLHZ RI XVHRBELC
GLITHUHQW IRUPV RI XVDELOLW\ HYDOXDWLRQ WHFKQLTXHV g

8VDELOLW\ HYDOXDWLRQ LV WKH DVVHVVPHQW RI XVDELOLW\ DQG PD\ EH HPYOR
HLWKHU D GHVLJQ RU D ILQLVKHG SURGXFW W LV DERXW GHWHUPLQLQJ ZKI—@VKF
DQG ZKHWKHU UHTXLUHPHQWY KDYH EHHQ PHW B8VDELOLW\ HYDOXDWLRQ FD&@ EF
DQRG RUWR GHWHUPLQH VRPH PHDVXUH RI XVDELOLW\ vy

8VDELOLW\ HYDOXDWLRQ KDV D FHQWUDO UROH LQ DQ LWHUDWLYH GHVLJQ SURF
XVDELOLW\ HYDOXDWLRQ IRUPDWLYH HYDOXDWLRQ DQG VXPPDWLYH HYDOX@VLF
ZKHQ WKH XVDELOLW\ HYDOXDWLRQ LV SHUIRUPHG DQG WKH JRDOV RI WKH HxyDO

X

7KH XVDELOLW\ HYDOXDWLRQ WHFKQLTXHV WR EH SUHVHQWHG KHUH DUH RE®HU
UHYLHZV +RZHYHU LW VKRXOG EH QRWHG WKHUH DUH RWKHU WHFKQLTXHV 8/KD
HYDOXDWLRQV &

35(9,286 1(;7

MOBHT A

JL

TRQH M(QG

YLIXUH 7KH SDJLQJ EXWWRQV FRQGLWLRQ
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O
7KHVH HOHFWURQLF WH[W PDWHULDOV DLP WR JLYH \RX DQ RYHUYLHZ RI XVDELOL
GLITHUHQW IRUPV RI XVDELOLW\ HYDOXDWLRQ WHFKQLTXHV L

S8VDELOLW\ HYDOXDWLRQ LV WKH DVVHVVPHQW RI XVDELOLW\ DQG PD\ EH HPSOR\F
HLWKHU D GHVLJQ RU D ILQLVKHG SURGXFW W LV DERXW GHWHUPLQLQJ ZKHWKHL
DQG ZKHWKHU UHTXLUHPHQWY KDYH EHHQ PHW 8VDELOLW\ HYDOXDWLRQ FDQ EH
DQRG RU WR GHWHUPLQH VRPH PHDVXUH RI XVDELOLW\

S8VDELOLW\ HYDOXDWLRQ KDV D FHQWUDO UROH LQ DQ LWHUDWLYH GHVLJQ SURFH
XVDELOLW\ HYDOXDWLRQ IRUPDWLYH HYDOXDWLRQ DQG VXPPDWLYH HYDOXDWLRC(
ZKHQ WKH XVDELOLW\ HYDOXDWLRQ LV SHUIRUPHG DQG WKH JRDOV RI WKH HYDOX

7KH XVDELOLW\ HYDOXDWLRQ WHFKQLTXHV WR EH SUHVHQWHG KHUH DUH REVHUY
UHYLHZV +RZHYHU LW VKRXOG EH QRWHG WKHUH DUH RWKHU WHFKQLTXHYV V\/%DV\
HYDOXDWLRQV

MOHdTIN

YO

£'RQH (QG )

JLIXUH 7KH HPEHGGHG OLQNV FRQGLWLRQ

109 TMACr1AQT
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AT, R 7KHVH HOHFWURQLF WH[W PDWHULDOV DLP WR JLYH \R§ D
HYDOXDWLRQ DQG D VDPSOH RI GLIIHUHQW IRUPV RI XVDE|

T 2"‘/&75( 9$7,21%/ WHFKQLTXHV

‘ B8VDELOLW\ HYDOXDWLRQ LV WKH DVVHVVPHQW RI XVDELOL
S, HPSOR\HG WR DVFHUWDLQ WKH XVDELOLW\ RI HLWKHU D G

SURGXFW W LV DERXW GHWHUPLQLQJ ZKHWKHU D V\VWHP
WR GR DQG ZKHWKHU UHTXLUHPHQWY KDYH EHHQ PHW 8VI

FDQ EH XVHG WR LGHQWLI\ XVDELOLW\ SUREOHPV DQG RU
PHDVXUH RI XVDELOLW\

S sessrcessin - @ VDELOLWY HYDOXDWLRQ KDV D FHQWUDO UROH LQ DQZLWHF
vessrrewomrs 7TKHUH DUH WZR PDLQ DSSURDFKHV WR XVDELOLW\ HYDWXE
HYDOXDWLRQ DQG VXPPDWLYH HYDOXDWLRQ :KLFK DSHUR
B8 RQ ZKHQ WKH XVDELOLW\ HYDOXDWLRQ LV SHUIRUPHG DQG
S, HYDOXDWLRQ T
7KHKVDELOLW\ HYDOXDWLRQ WHFKQLTXHV WR EH SUHVdeﬁW
JEr— REVHUYDWLRQDO HYDOXDWLRQ DQG H[SHUW UHYLHZV StRZ

QRWHG WKHUH DUH RWKHU WHFKQLTXHYV WKDW PD\ EH XVH
HYDOXDWLRQV

a_(QG7

YLIXUH 7KH $ = LQGH[ FRQGLWLRQ

1IOYTMACTAQT
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7TKHVH HOHFWURQLF WH[W PDWHUL[EDV
\RX DQ RYHUYLHZ RI XVDELOLW\ HYDOX
D VDPSOH RI GLITHUHQW IRUPV RI XVDE
HYDOXDWLRQ WHFKQLTXHYV

S8VDELOLW\ HYDOXDWLRQ LV WKH DVVH\
XVDELOLW\ DQG PD\ EH HPSOR\HG WR D
WKH XVDELOLW\ RI HLWKHU D GHVLJQ R
SURGXFW ,W LV DERXW GHWHUPLQLQJ
VIVWHP GRHV ZKDW ZH ZDQW LW WR GR
ZKHWKHU UHTXLUHPHQWY KDYH EHHD P
S8VDELOLW\ HYDOXDWLRQ FDQ EH XVMG
XVDELOLW\ SUREOHPV DQG RU WR dﬁw+
VRPH PHDVXUH RI XVDELOLW\

S8VDELOLW\ HYDOXDWLRQ KDV D FHQu U
LWHUDWLYH GHVLJQ SURFHVV 7KHUH C
PDLQ DSSURDFKHY WR XVDELOLW\ HYDC
IRUPDWLYH HYDOXDWLRQ DQG VXPP®WI
HYDOXDWLRQ :KLFK DSSURDFK LV XVH
GHSHQGV RQ ZKHQ WKH XVDELOLW\ HYC
LV SHUIRUPHG DQG WKH JRDOV RI WKH

1IOYTIMACTA
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3DUWLFLSDQWY ZHUH WHVWHG LQGLYLGXDOO\ LQ D -
VHVVLRQ ODVWHG DURXQG WZR KRXUV $Q H[SHULPHC
YHUEDO LQVWUXFWLRQV JLYHQ WR SDUWLFLSDQWYV
VWDQGDUGLVHG YHUEDO LQVWUXFWLRQV DQG VHW
YHUEDOLVDWLRQV VHH DSSHQGL] IRU WKH H[SHULP
WKH VHYHQ SDUW H[SHULPHQWDO SURFHGXUH GHVFUL
SUH WHVW FRJQLWLYH HQJDJHPHQW RZQHUVKLS N
DQG XVDELOLW\ SUREOHPV DUH GHVFULEHG LQ VHFWL
8SRQ DUULYDO WKH SDUWLFLSDQW ZDV JLYHQ LQV
DLPV Rl WKH VWXG\ DQG FRPSOHWHG D FRQVHQW IR
'HPRJUDSKLF LQIRUPDWLRQ ZDV FROOHFWHG IURP
DGPLQLVWHUHG VHH DSSHQGL]
$ WHQ PLQXWH WUDLQLQJ WDVN ZDV XQGHUWDNHQ
OXVHXP LQ %ULWDLQ WR IDPLOLDULVH WKH SDUWL
QDYLJDWLRQ DLG WKH\ ZRXOG EH XVLQJ VHH DSSH
7KH SDUWLFLSDQW ZDV DOVR DVNHG WR WKLQN DOF
FRXOG EHFRPH DFFXVWRPHG ZLWK YHUEDOLVLQJ WK
WDVN WKH SDUWLFLSDQW ZDV DVNHG ZKHWKHU WK
DLG WKH\ ZHUH SURYLGHG ZLWK DQG DQ\ GLIILFXO'
H[SHULPHQWHU
7KH XVDELOLW\ HYDOXDWLRQ HOHFWURQLF WH[W Z
XVH WKH LQIRUPDWLRQ LQ WKH HOHFWURQLF WH[W
7KLV WDVN ZDV LQWHQGHG WR UHSUHVHQW D UHDO!
JLYHQ D SUREOHP VFHQDULR LQ ZKLFK D XVDELOLW
KDG WR EH FRQGXFWHG 7KH\ ZHUH JLYHQ GHWDLOV
DFFHVV WR XVHUV 7KH\ ZHUH WKHQ DVNHG WR FKRI
D FRPELQDWLRQ RI WHFKQLTXHV WKDW ZRXOG EH C
7KH\ ZHUH DVNHG WR WKLQN DORXG DQG ZHUH JLY!
WKHLU GHFLVLRQ VHH DSSHQGL] IRU WKH WDV
SUHGHILQHG SUREHV ZHUH XVHG WR HQFRXUDJH WK
7KH SDUWLFLSDQWYfV LQWHUDFWLRQV ZLWK WKH HC
ORJ ILOHV VHH DSSHQGL] IRU DQ H[DPSOH OI
YHUEDOLVDWLRQV ZHUH UHFRUGHG RQ FDPHUD
7KH HOHFWURQLF WH[W ZDV FORVHG DQG WKH SC
RZQHUVKLS TXHVWLRQQDLUH VHH DSSHQGL]
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7KH SDUWLFLSDQW ZDV DVNHG WR FRPSOHWH D ZU
WKH WDVN VKHHW 7KH\ ZHUH JLYHQ XS WR WKLUW\
7KH SDUWLFLSDQW ZDV WKHQ DVNHG WR FRPSOHWF
IRU WKH WDVN VKHHW 7KH\ ZHUH JLYHQ XS WR W
$IWHU FRPSOHWLRQ RI DOO H[SHULPHQWDO WDVN
H[SODLQHG WR HDFK SDUWLFLSDQW DQG WKH\ ZHUH J
SXEOLFDWLRQV RU UHSRUWY RQ WKH H[SHULPHQWDO |

JHDUQLQJ OHDVXUHYV
7KH SUH WHVW ZDV DGPLQLVWHUHG WR SDUWLFLSDQW

WKH\ DOO KDG WKH VDPH OHYHO RI EDFNJURXQG NQR
WH[W 7KLV FRQVLVWHG RI WKH IROORZLQJ VHYHQ TXF
HYDOXDWLRQ
:KDW LV XVDELOLW\"
'KDW LV D XVDELOLW\ SUREOHP"
'KDW LV WKH SXUSRVH RI XVDELOLW\ HYDOXDWL
:KDW LV IRUPDWLYH XVDELOLW\ HYDOXDWLRQ"
'KDW LV VXPPDWLYH XVDELOLW\ HYDOXDWLRQ"
/LVW DV PDQ\ XVDELOLW\ HYDOXDWLRQ WHFKQL™
*LYH EULHI GHWDLOV RI WKH WHFEKQLTXHV \RX
XVHG LQ IRUPDWLYH XVDELOLW\ HYDOXDWLRQV
,Q RUGHU WR WHVW +L KLJKHU QDYLJDWLRQDO IU}
HQJDJHPHQW WKH SDUWLFLSDQWVY OHYHO RI FRJQLW
WH[W ZDV DVVHVVHG IURP WKHLU WKLQN DORXG YHUE
ZHUH WUDQVFULEHG IURP YLGHR WDSHV 'HWDLOV RI
DUH GHVFULEHG LQ VHFWLRQ
7R WHVW + KLJKHU QDYLJDWLRQ IUHHGRP OHDGV
RZQHUVKLS PHDVXUHPHQW TXHVWLRQQDLUH GHVLJCG
FODVVURRP VHWWLQJ OLOQHU %RORWLQ ZDV [
HGXFDWLRQDO HOHFWURQLF WH[WV 7KH RULJLQDO
DVVHVVHG RZQHUVKLS IRU OHDUQLQJ LQ D JURXS S
TXHVWLRQQDLUH LQYROYHG UHZRUGLQJ WKH VWDWHP
HOHFWURQLF WH[WV LQ OHDUQLQJ ,Q DFFRUGDQFH 2
RZQHUVKLS WKH DGDSWHG TXHVWLRQQDLUH FRQVLYV
FRQWURO IRU OHDUQLQJ IHHOLQJV RI UHVSRQVLELO
OHDUQLQJ VHH DSSHQGL] SDUWLFLSDQWV ZHUH |
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SRLQW /LNHUW VFDOH IURP VWURQJO\ GLVDJUHH W |
DQG IDFWRU DQDO\VLV ZHUH SHUIRUPHG RQ WKH TXHV
ZDV D UHOLDEOH DQG YDOLG PHDVXUH RI RZQHUVKLS
RI WKLV FKDSWHU

7R WHVWL4KHU QDYLJDWLRQDO IUHHGRP OHDGV
FRQVWUXFWLRQV SDUWLFLSDQWVY NQRZOHGJH FRQ
SHUIRUPDQFH RQ D ZULWWHQ WUDQVIHU WDVN DQG SH

7KH ZULWWHQ WUDQVIHU WDVN DVVHVVHG SDUWLEFEL
GHYHORSHG ZKHQ XVLQJ WKH HOHFWURQLF WH[W WR
QHZ VFHQDULR FRQFHUQHG FRQGXFWLQJ D XVDELOL\
PRELOH SKRQH 3DUWLFLSDQWYV ZHUH DVNHG WR ZUL
HYDOXDWLRQ WHFKQLTXH WKH\ ZRXOG UHFRPPHQG IR
RI ZKDW XVDELOLW\ HYDOXDWLRQ LV WKH WHFKQLT
WHFKQLTXH V DQ H[SODQDWLRQ RI ZK\ WKHLU FKRYV
JLYHQ VHWWLQJ DQG D EULHI GHVFULSWLRQ RI KRZ

6LPLODU WUDQVIHU WDVN PHDVXUHV KDYH EHHQ
HJ :LOOLDPV HW DK

7KH FRQFHSW PDSSLQJ WDVN RQ WKH RWKHU K
NQRZOHGJH Rl WKH FRQWHQW DQG WKH FRQFHSWXDO
FRQFHSW PDS PHDVXUHV KDYH EHHQ XVHG WR DVVHYV
OHDUQLQJ ZLWK HOHFWURQLF WH[WV HJ OF'RQDOG

6KDSLUR 3DUWLFLSDQWYV ZHUH DVNHG WR SU
XVDELOLW\ DQG XVDELOLW\ HYDOXDWLRQ WHFKQLTXF
IURP WKH HOHFWURQLF WH[W VHH DSSHQGL]

,Q OLQH ZLWK D FRQVWUXFWLYLVW YLHZ Rl OHDUQ
WR HYDOXDWH WKH SDUWLFLSDQWVY OHDUQLQJ DW
SHUIRUPDQFH PHDVXUHV WKDW KDYH EHHQ XVHG L
QDYLJDWLRQ DQG OHDUQLQJ VXFK DV IDFWXDO NQRZC

'HWDLOV RI WKH DQDO\VLV RI WKH OHDUQLQJ PHDV

1DYLIJDWLRQ DQG 8VDELOLW\ BUREOHP OHDYV
I1DYLIDWLRQ EHKDYLRXU DQG XVDELOLW\ SUREOHP

H[SHULPHQW WR H[SORUH SRWHQWLDO H[SODQDWLRQV
ILOHV UHFRUGHG QDYLJDWLRQ EHKDYLRXU LQ WKH 1
DQDO\VHVY ZHUH SHUIRUPHG RQ WKLV GDWD
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,Q DGGLWLRQ SRVW KRF DQDO\WHV ZHUH SHUIRU
SDUWLFLSDQWVY WKLQN DORXG YHUEDOLVDWLRQV IRLU
ZKLOVW SDUWLFLSDQWYV XVHG WKH HOHFWURQLF WHI[V
VHFWLRQ

$QDO\VLV

7KLY VHFWLRQ SUHVHQWYVY WKH GDWD DQDO\VLV 6WHS
RI HDFK PHDVXUH DUH DOVR GLVFXVVHG

/JHDUQLQJ OHDVXUHV

7KLV VHFWLRQ GHVFULEHV DQDO\VHV IRU WKH SUH Wi
NQRZOHGJH FRQVWUXFWLRQ PHDBVXRHMYWLBRRHG WRUDH
WKH GDWD DQDO\VLV ZDV SHUIRUPHG WRJHWKHU ZLW
GDWD ZDV FKHFNHG WRJHWKHU EHFDXVH LW ZDV DQDC
DQG PHDVXUHV ZHUH WKH VDPH LQ H[SHULPHQW DV L
DQG YDOLGLW\ RI HDFK PHDVXUH WKH GDWD IRU WKH
WUDQVIHU WDVN DQG FRQFHSW ZD/S SRED M® ZN WIQ M KS
WKH FRQGLWLRQV LQ SDUWV $ DQG % RI H[SHULPHQW
ILIW\ HLJKW RZQHUVKLS TXHVWLRQQDLUHV ILIW\ HLJ}
FRQFHSW PDSV

7R HQVXUH WKH UHOLDELOLW\ DQG YDOLGLW\ RI W
WKLQN DORXG WUDQVFULSWV LQ H[SHULPHQW ZHUH
H[SHULPGQW. QJ WKH DQDO\VLV PDNLQJ D WRWDO VDP
IURP DOO WKH SDUWLFLSDQWY LQ WKHVH H[SBQGPHQ
IRUW\ WZR IURP H[SHULPHQW $JDLQ WKLV ZDV GI
PHDVXUHV ZDV SHUIRUPHG DW WKH VDPH WLPH DQG \
VDPH LQ H[SHIQ®HQWYV

S3UH WHVW
7KH SUH WHVW DVVHVVHG SDUWLFLSDQWVY H[LVWLQ.

TXHVWLRQV ZHUH PDUNHG E\ WKH DXWKRU DQG WKH |
PDUN IRU HDFK SDUWLFLSDQWYV H[SHUWLVH LQ XVDEI
VHH DSSHQGL] IRU WKH PDUNLQJ VFKHPH 7R FKH
PDUNLQJ DQ H[SHUW LQ XVDELOLW\ HYDOXDWLRQ H
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PDUNHG D UDQGRP VDPSOH RI ILIWHHQ SUH WHVWYV |
H[SHULPHQW DQG SDUWV $ DQG % RI H[SHULPHQW
WKH SUH WHVW PDUNV D 6SHDUPDQYV UDQN FRUUHOL
PDUNV FRUUHVSRQGHG 7KLV UHYHDOHG D VLJQLILFLC
UKR S VHH DSSHQGL] IRU GHWDLOV F
7TKHUHIRUH WKH PDUNLQJ ZDV UHOLDEOH DQG YDOLG
JRU WKH ILQGLQJV RI WKH SUH WHVW VHH VHFWLRC

&RIQLWLYH (QJDIJHPHQW
SDUWLFLSDQWVY WKLQN DORXG YHUEDOLVDWLRQV ZKL

ZRUG IRU ZRUG IURP WKH YLGHR WDSHV 7KH WDSH FR
ZKHUH WKH SDUWLFLSDQW PDGH WKH YHUEDOLVDWLI
LQWHUIDFH WKDW WKH SDUWLFLSDQW UHIHUUHG WR L
QR GHWDLOV RI DQ\ Rl WKH SDUWLFLSDQWVY SK\VLFD
ZHUH WUDQVFULEHG XQOHVYV WKH\ PDGH UHIHUHQFH W
$ FRGLQJ VFKHPH ZDV GHYHORSHG WR LGHQWLI\ FI
WKH WUDQVFULSWY VHH WDEOH 7KLV ZDV EDVH
FRPSRQHQWY RI VHOlI UHJXODWHG OHDUQLQJ DQG 6W
KLJKHU RUGHU WKLQNLQJ VHH FKDSWHU 7KH DSSC
H[DPLQLQJ WKH WUDQVFULSWYV LQ GHWDLO DQG DVVL
ZHUH FRQVLGHUHG WR EH UHODWHG WR FRJQLWLYH
FRPPHQW ZDV GHILQHG WR EH SDUW RI D VHQWHQFH
WKDW UHODWHG WR WKH VDPH WKHPH RU FRQFHSW
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$FWLYLW\ &RGH
$OHUWQHVV $

30DQQLQJ 3
6WUDWH J\

&RQQHFWLQJ&(
(ISHULHQFHV

"HILQLWLRQ 7\SLFDO WUDQVFULSW H[FHUSW
&RPPHQWY UHJDUGLQJ WKH W UD EFW L@QRRNDWEIHNH QK BDRMW VFWQ R
RI LPSRUWDQW LQIRUPDWLRQ L QVWHUHH & B VR RADKHF PW\H [FRY CLQV
UHFRJQLVLQJ ZKDW LQIRUPDW L RZQ® Q QW K R X- & H FHMREQMMIHWA-R @ |
DERXW 'LVFULPLQDWLQJ DPRQJHYDEYPEWLR Q BUHRGHORMMH K & Q
WKH HOHFWURQLF WH[WY GLVWLQJXLVKLQJ UHOHYDQW IURP
LUUHOHYDQW LQIRUPDWLRQ 1RWH WKDW WKLV LV QRW MXVW
WKH QDPH RI WKH SDJH WKH\ DUH RQ
&RPPHQWYV UHODWHG WR FRQVLGHULPIMKXW WDIRHIOLHW R REBR GRZ
H[SORULQJ WKH HOHFWURQLF WIH[MWN DR \88PQWQLOIOWKNR WK
VHTXHQFH WKDW WKH\ ZLOO YLW/KDSD,JHA®LEN W& H W WRKH REVH
&RQVLGHULQJ VWUDWHJILHV IRUHNWL@XDWK R QH OGIWW R & QEW LW D] \
WKH WDVN
1RWH WKLV UHODWHY WR JURXSV RI SDJHV QRW MXVW VLQJO
SDJHV L H 3,9P JRLQJ WR KHXULVWLF HYDOXDWLRQ
DGYDQWDJHV LV QRW SODQQLQJ
&RPPHQWYV UHODWHG WR PDNLQJ, ARRHF@®H BW\LHIR QWK IEVH & H HHQ W L R
FRQFHSWV ZLWKLQ WKH WH[W RARWWRVHHDO ZRUOG
NQRZOHGJH H[SHULHQFH DQG SUERDKNQRZIWHGRH P D@ E ®X GLYPIO
FRPPHQWYV DERXW WKH WDVN DVODNWHD @ LZRE OF® 15 bR E@ HPQ G \R
*RLQJ EH\RQG WKH WH[W FRQWH®WIHUHQW PHWKRGV > IXQG H
\RXU VXPPDWLYH HYDOXDWLRQ
6R WKLV RQH >KHXULVWLF HYC
ZLWK WKH H[SHUW  H[SHUW U}

&RQQHFWLQJ &R WKHQ\ FRPPHQWYV ZKHUH WH[W FRQWBHQ W AW HRIDW IGHUWE S8 UIRU

7DVN 6HWWLQJ

ORQLWRULQJ 08
8QGHUVWDQGLQJ

ORQLWRULQJ 01
1IDYLJDWLRQ

QULWLTXLQJ BHRW
&RQWHQW

5HVWDWLQJ 58
8QGHUVWDQGLQJ

WHUPV RI IDFWRUV LQ WKH WDV NY\DIHOWWWQB QFRALWIG HHDOQJIX VH!
LQIRUPDWLRQ DERXW D JLYHQ VWHF K QHQWL D (& KIRLZO WMKL § U R E C
UHODWHYV WR WKH IDFWRUV LQ WHH WHDWND VEHIMWWR QD Q | @ ¥ B b GKLL
UHODWLQJ WKH WH[W FRQWH QW WKR H Bl FFRROLOVH D OX WK HZWR \ NI XvH-
ZKLOH VHOHFWLQJ D ILQDO XV D E[SH WA \H YIDIDKD WL R DD WHTFKQH. T
WRR EXV\ 6R ZH PLJKW KDYH D
GRZQ WKLV HQG DQ\ZD\ MXVW .
SHRSOH WR GR LW 11
&RPPHQWY UHODWHG WR FRQWLQ@XRXQRW XDBNMIUYIWDQG YKDW IF
FKHFNLQJ XQGHUVWDQGLQJ RI WHKH QXDWL R R QW HIRR X0/ G
FRPPHQWYV FRQILUPLQJ WKDW WKH\ XQGHUVWDQG WKH WH[W
FRQWHQW ORUH WKDQ MXVW VLPSOH pRNY &DQ DSSO\ WR WKI
HQWLUH WDVN
$Q\ FRPPHQWYV RI WUDFNLQJ FKHENL @ R R KQODXDMLRIOR BHW KR G V
VXPPDULHV RI ZKHUH WKH\ KDY H E B & RDMY R\QK B GOOCH FYWU R 8 [ ¥H
WH[WV 5HIHUV WR WUDFNLQJ D JURXS RI SDJHV UDWKHU WKD
VLQJOH SDJHV DQG LQYROYHV FKHFNLQJ LI WKH\ KDYH
PLVVHG DQ\WKLQJ
1RWH WKLV LV QRW VLPSO\ VWDWLQJ VLQJOH DFWLRQV WKDW
KDYH MXVW GRQH H J 3, KDYH MXVW EHHQ WR 8VDELOLW\
(YDOXDWLRQ ,QWURGXFWLRQ " &DQ LQFOXGH FRPPHQWYV
UHODWHG WR FUHDWLQJ UHDUUDQJLQJ QDYLJDWLRQ DLGV
$Q\ FRPPHQWY UHODWHG WR WKH RIX\DGHWM\QR WWRK®! MRH [¥W DELO|
FROQWHQW LQFOXGLQJ KRZ LQIR WMHDW DY VW WHMY DVKG WKSIR TXMIX
RI H[SODQDWLRQV DQG GHILQLWLRRXO G E A PLPG\W Y PDHECRXMG LQ V
ZKHWKHU WKH\ DJUHH GLVDJUHH ®DWHVLEH® W VIVOL @K H W K EWP DR
PDNLQJ MXGJHPHQWY DERXW LGB EV W Q MWKH WH[W
5HVWDWLQJ LQIRUPDWLRQ LQ WRER WRH[WDVMQG HV KR DL FD OO\ L
XQGHUVWDQGLQJ L H SXWWLQJ VRIS VR FHRRHOMQ W X RPVDRY MYKHH L
ZRUGV 1RW VLPSO\ UHDGLQJ DORXBO GHVLJQV DW WKH HQG P
XVDELOLW\ RI D YHU\ ILQDO SUJ

6HOHFWLQJ 7TBHFKQLBXON FRPPHQWY UHODWHG WR WKHRH VHR BDFMWWIR QVRS RDL XW D, EW B ILGWN

HYDOXDWLRQ WHFKQLTXH RU FRRPIHQOMXIRQY RI PVHFKOX.TW HR Q
ZLWK RU ZLWKRXW H[SODQDWLRQ LQFOXGLQJ VD\LQJ ZKHWKH
WKH\ WKLQN D WHFKQLTXH LV JRRG RU EDG RU GLVFXVVLQJ
WKH DGYDQWDJHYV GLVDGYDQWDJHV

1RWH WKLV FDQ FR RFFXU ZLWK &( DQG &7

(PSOR\LQJ 6H®HFWHSERPPHQWY UHODWHG WR KRZ D WSHRFKIRLWX HQANLGX WHKDW ZH fUH

THFEFKQLTXH

HPSOR\HG LQ WKH WDVN VHWWLQRLQQ FWORX G R VWKRIP R EH\QHAUW D\E RR
WKH RUGHULQJ RI WKH WHFKQLTLOHO XEKRRW. R XYWHV YLGIGV

WDVNV DQG DGDSWLQJ KHXULVWXRARVWERRQB® LARP P,HRWR W D/XU |
LQFOXGH WKRVH PDGH GXULQJ WKHVXWHR ®@Q WHKH HBXW WU R §IDR !
WH[WV RU DW WKH HQG RI WKH WDWHNULWKWMKREEZ HB ¥ D MWR® Q/IXP® FEL

7TDEOH &RGLQJ VFKHPH IRU FRIQLWLYH HQJDIJHPHQW DFWLYLWI

7KH RULJLQDO FRGLQJ VFKHPH ZDV GHYHORSHG E\
RI WKH VFKHPH WZR IXUWKHU LQGLYLGXDOV JDYH LQ
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VDPSOH RI WKUHH WUDQVFULSWY ZDV WDNHQ IURP W
HISHULPHQWYV DQG 7TKHVH WUDQVFULSWYVY ZHUH WK}
WZR RWKHU H[SHUWV LQ +&, XVLQJ D ILUVW GUDIW F
GLVFXVVHG WKH FRGLQJV ZLWK WKH +&, H[SHUWYV DQ
FRGHVY KDG EHHQ DSSOLHG DQG WKH ZD\ LQ ZKLFK V
FRGLQJ VFKHPH ZDV WKHQ UHYLVHG WR DGGUHVV LVV
WKHVH LQGHSHQGHQW FRGLQJV $Q H[DPSOH UHYLVLI
FRGH FDOOHG 33UHGLFWLQJ" ZKLFK ZDV LQWHQGHG W
SUHGLFWHG ZKDW ZRXOG FRPH QH[W LQ WKH HOHF
DSSOLFDWLRQ ZDV VR LQIUHTXHQW $QRWKHU H[DPSO
VFKHPH ZDV DSSOLHG W ZDV GHFLGHG WKDW DOQ\
SDUWLFLSDQWYV ZHUH VLPSO\ UHDGLQJ DORXG IURP V
7KH ILQDO FRGLQJ VFKHPH LV VXPPDULVHG LQ WDEO
GHWDLOHG YHUVLRQ RI WKH FRGLQJ VFKHPH LQFOXGI
RUGHU WR PDNH WKH ILQDO FRGLQJ RI DQGDRN | UMKOH. D\EL
DV SRVVLEOH WKH DXWKRU FKHFNHG WKH FRGLQJ DS«
IRU DQ H[DPSOH WUDQVFULSW FRGHG DFFRUGLQJ V
7KH OHYHO RI FRIQLWLYH HQJDJHPHQW IRU HDFK
WKH QXPEHU RI FRGHG DFWLYLWLHYV ZLWKLQ HDFK W
FRPSOH[ PHQWDO RSHUDWLRQV WKDQ RWKHUV DQG W
ZKHUHDV DOO RWKHUV ZHUH JLYHQ D VFRUH RI RQH
WKH DFWLYLWLHYVY ZDV WKHQ FDOFXOBPRNRGWRYHHID® KDW
VFRUKH DLP RI WKLV VFRUH ZDV WR UHIOHFW WKH OH
HDFK SDUWLFLSDQWTV YHUEDOLVDWLRQV 7KH FRJQL\
WKHQ DQDO\WHG LQ WHUPV RI IUHTXHQF\ Rl HDFK KLJ
WUDQVFULSW DQG WKH WRWDO FRIJQLWLYH HQJDJHPL!
IUHTXHQF\ IRU HDFK FRIJQLWLYH HQJDJHPHQW DFWLYL
DQ DYHUDJH WRWDO FRJQLWLYH HQJDJHPHQW VFRUH .

6FRUH $FWLYLWLHYV

$OHUWQHVV $
(PSOR\LQJ 6HOHFWHG 7HFKQLTXH (67
ORQLWRULQJ 1IDYLJDWLRQ 01
5HVWDWLQJ 8QGHUVWDQGLQJ 58
BHOHFWLQJ 7THFKQLTXH 67
&RQQHFWLQJ ([SHULHQFHV &(
&RQQHFWLQJ WR WKH 7DVN 6HWWLQJ &7
&ULWLTXLQJ WR 7H[W &RQWHQW &7&
ORQLWRULQJ 8QGHUVWDQGLQJ 08
30DQQLQJ 6WUDWHJI\ 3

7DEOH 6FRUHV IRU FRJQLWLYH HQJDJHPHQW DFWLYLWLHV
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$ QRQ SDUDPHWULF .UXVNDO :DOOLV RQH zZD\ DQEC
UDQNV zZDV HPSOR\HG WR DVVHVV WKH GLIIHUHQFH)\
HQJDJHPHQW VFRUHV DQG WKH QXPEHU RI LQVWDQFI
HQJDJHPHQW DFWLYLWLHY 7KH UHVXOWV RI WKHVH D

2ZQHUVKLS
7KH RZQHUVKLS TXHVWLRQQDLUH DGPLQLVWHUHG V

VWDWHPHQWY VHH DSSHQGL] DQG WKHUH ZHUH IL"
7KH I1LUVW VWDJH FRQVLVWHG RI DQ DQDO\VLV
TXHVWLRQQDLUH 7KLV ZDV WR DVVHVV WKH TXDO
wWKbw DOO VWDWHPHQWY UHODWHG WR WKH VDPH
HOHFWURQLF WH[WV 7KH LQWHUQDO UHOLDELOLW\
VWDWHPHQW DJDLQVW UDWLQJV IRU WKH TXHVW
HIDPLQDWLRQ RI DOO UDWLQJV IURP WKH WRW
TXHVWLRQQDLUHYV IURP H[SHULPHQW DQG SDUWYV
IRU D VWDWHPHQW KDG D ORZ FRUUHODWLRQ ZLW
RWKHUZLVH NQRZQ DV ORZ LWHP WRWDO FRUUHOI
PHDVXUHG D GLIITHUHQW FRQVWUXFW WR WKH RWK
SURFHVV OHG WR WKH UHPRYDO RI WKUHH VWDWH

VHH ER] IRU WKH UHPRYHG VWDWHPHQWYV 7K
IROORZLQJ DQDO\WHVY FRQVLVWHG RI WKLUWHHQ
&URQEDFKTV DOSKD RI LQGLFDWLQJ JRRG LQWH

IXUWKHU GHWDLOV RI WKH RXWSXW RI WKH UHOLDE
,Q WKH VHFRQG VWDJH RI WKH DQDO\VLV D FRQIL
WR GHWHUPLQH KRZ WKH VWDWHPHQWY JURXSHG
JURXS RI VWDWHPHQWY RQ WKH TXHVWLRQQDLUH \
LQWHU FRUUHODWH KLJKO\ ZLWK HDFK RWKHU 7KH
RI WKH TXHVWLRQQDLUH VLQFH LW GHWHUPLQHYV Z
LQ D SUHGLFWDEOH PDQQHU HJ LW FKHFNV ZKH
IHHOLQJYV RI FRQWURO JURXS WRJHWKHU 7TKH 1D
IHHOLQJV RI FRQWURO RYHU XVH RI WKH HOHFWUI
OHDUQLQJ ZLWK WKH HOHFWURQLF WH[WV DQG I
HOHFWURQLF WH[WV VHH DSSHQGL] IRU GHWDI
IDFW WKDW WKH UHVXOWY RI WKH IDFWRU DQDO\VL
WKH YDOLGLW\ RI WKH TXHVWLRQQDLUH LV JRRG

XQGHU HDFK IDFWRU
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,Q WKH WKLUG VWDJH RI WKH DQDO\VLV WKH WR!
ZDV FDOFXODWHG 7KLV LQYROYHG WKUHH VWHSV
D 7KH UDWLQJV IRU QHJDWLYHO\ ZRUGHG VWDW#F
UHYHUVHG )RU H[DPSOH D UDWLQJ RI - RQ D Q
EH UHSODFHG E\ D
E 7KH UDWLQJV IRU WKH WKLUWHHQ VWDWHPHQW
RI VL[W\ ILYH
F 7KH VXP RI WKH UDWLQJV ZDV GLYLGHG E\ WKL
HDFK SDUWLFLSDQW RXW RI ILYH WKLV ZDV WK
,Q WKH IRXUWK VWDJH RI WKH DQDO\VLYV WKH DY}
ZDV FDOFXODWHG DQG WKH TXHVWLRQQDLUH UHVS
DYHUDJH UDWLQJV IRU HDFK IDFWRU LQ HDFK FRQ
IDFWRU ZHUH FDOFXODWHG E\ SRROLQJ WKH UDWL
DOO SDUWLFLSDQWY DQG WKHQ FDOFXODWLQJ DQ
PHWKRG ZDV XVHG WR REWDLQ DYHUDJH UDWLQJV |
,Q WKH ILQDO VWDJH RI WKH DQDO\VLV .UXVNDO
DVVHVV GLIIHUHQFHV DFURVV FRQGLWLRQV IRU
UHVSRQVLELOLW\ DQG YDOXH IDFWRUV :KHUH DSS
KRF SDLU ZLVH FRPSDULVRQV ZHUH DOVR FRQGXF
PHWKRG 6HH VHFWLRQ IRU WKH UHVXOWYV
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)DFWRU JHHOLQJV RI &RQWURO

, IHOW , FRXOG QRW DFFHVV WKH SDJHV , ZDQWHG WR LQ WKH HOHFWURQLF
, IHOW , ZzDV IUHH WR FKRRVH WKH ZD\ SURJUHVVHG WKURXJK WKH HOHFWU
, IHOW , KDG FRQWURO RYHU WKH XVH RI WKH HOHFWURQLF WH[W

, WKLQN , KDG FRQWURO RYHU P\ SURJUHVVLRQ WKURXJK WKH HOHFWURQLF
, IHOW UHVSRQVLEOH IRU WKH H[SORUDWLRQ RI WKH PDWHULDOV RQ XVDELC

J)DFWRU JHHOLQJV RI 5HVSRQVLELOLW\

, IHOW UHVSRQVLEOH IRU P\ ILQDO FKRLFH RI HYDOXDWLRQ WHFKQLTXH V
IHOW RZQHUVKLS IRU P\ ILQDO FKRLFH RI XVDELOLW\ HYDOXDWLRQ WHFKQL
GR QRW IHHO D SHUVRQDO UHVSRQVLELOLW\ IRU WKH GHFLVLRQV , PDGH Ztk

HYDOXDWLRQGBNVHFKQLTXH

, IHHO UHVSRQVLEOH IRU WKH XVDELOLW\ HYDOXDWLRQ GHFLVLRQV , PDGH 2

, KbG D VHQVH RI RZQHUVKLS IRU P\ XVH RI WKH HOHFWURQLF WH[W PDWHUL

)DFWRU JHHOLQJV Rl 9DOXH

, IRXQG QR SHUVRQDO YDOXH LQ WKH LRIRUPDWLRQ LQ WKH HOHFWURQLF W
,IRXQG SHUVRQDO YDOXH LQ WKH XVH Rl WKH HOHFWURQLF WH[W

, WKLQN ZLOO EH DEOH WR XVH ZKDW , KDYH OHDUQHG IURP WKH HOHFWUR
OLIH

5HPRYHG 6WDWHPHQWYV

, IHOW WKDW P\ SURJUHVVLRQ WKURXJK WKH HOHFWURQLF WH[W PDWHULDO\
, WKLQN WKDW WKH VNLOO , KDYH OHDUQHG ZKHQ XVLQJ WKHVH PDWHULDO .
, WKLQN I[UHHGRP WR GHFLGH WKH ZD\ \RX XVH HOHFWURQLF WH[W PDWHULD

%R[ 6WDWHPHQWY WKDW IHOO XQGHU HDFK IDFWRU DQG V)
RZQHUVKLS TXHVWLRQQDLUH S5HYHUVHG VWDWHPHQWY QHJDWL)

.QRZOHGJH &RQVWUXFWLRQ
$ GHWDLOHG PDUNLQJ VFKHPH ZDV GHYHORSHG IRU W

DQG HDFK ZULWWHQ WUDQVIHU WDVN ZDV PDUNHC(
WUDQVIHU WDVN ZDV FDOFXODWHG E\ PDUNLQJ HDFK F
XS WKHVH PDUNV DQG FRQYHUWLQJ WKH PDUNV WR SH

$ '"HVFULSWLRQ RI XVDELOLW\ HYDOXDWLRQ DQG
% '"HWDLOV RI WKH HYDOXDWLRQ WHFKQLTXHV SU
& 8QGHUVWDQGLQJ RI KRZ WKH XVDELOLW\ HYDO)
' ([SODQRDWLRQ RI KRZ HDFK WHFKQLTXH UHODWI
VHWWLQJ

( '"HWDLOV RI KRZ WKH FKRVHQ WHFKQLTXH ZLOO
) $UIXPHQW TXDOLW\
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7KH UHVXOWV RI WKHVH DQDO\VHYV DUH UHSRUWHG

,Q RUGHU WR FKHFN WKH UHOLDELOLW\ RI WKH PD
HIWHUQDO WR WKLV UHVHDUFK PDUNHG D UDQGRP VD
WKH WRWDO SRRO RI ILIW\ HLJKW IURP H[SHULPHQW
WR WKH QRQ SDUDPHWULF QDWXUH RI WKH PDUNV D ¢
WR FKHFN KRZ ZHOO WKH WZR VHWV RI PDUNV FRUU
FRUUHODWLRQ EHWZHHQ WKH WZR VHWV RI PDUNV Uk
IRU IXUWKHU GHWDLOV RI WKH RXWSXWV Rl WKLV DQ
UHOLDEOH DQG WKDW WKH PDUNLQJ VFKHPH KDG JRRC

.UXVNDO :DOOLV $129%$V ZHUH HPSOR\HG WR DVVH)
IRU DOO DVSHFWV WKDW WKH WUDQVIHU WDVNV ZHU
SDUDPHWULF WHVWV IRU SRVW KRF SDLU ZLVH FRPE
&DVWHOODQ PHWKRG ZHUH DOVR XVHG 6HH VH
DQDO\VHYV

7KH FRQFHSW PDSV ZHUH DVVHVVHG LQ WZR ZD\V
DQG D TXDOLWDWLYH PDUN 7KH TXDQWLWDWLYH PDU
UHSUHVHQWHG LQ WKH PDS 7KLV DLPH G HWWRDQRGAVKHHF \
FRQFHSW PDSV 7KH TXDOLWDWLYH PDUN R @ XDIOH \RW
RI WKH PDS DQG D GHWDLOHG PDUNLQJ VFKHPH ZDV (

7KH DXWKRU PDUNHG WKH FRQFHSW PDSV DFFRU

TXDOLWDWLYH PDUNV ZHUH FRQYHUWHG WR SHUFHQ
UHSRUWHG LQ VHFWLRQ

7R FKHFN WKH UHOLDELOLW\ RI WKH TXDOLWDWL
FRQFHSW PDSV ZHUH WDNHQ IURP WKH W RWDG SRRON
$ DQG % Rl H[SHULPHQW DQG ZHUH VHFRQG PDUNHG
ZKR ZDV H[WHUQDO WR WKLV SURMHEW $ 6SHDUPDQT
UHYHDOHG VLJQLILFDQW FRUUHODWLRQV IRU WKH W2z
UKR S DQG WKH DSSURSULDWHQHVV RI W
S VHH DSSHQGL] IRU GHWDLOV RI WKH RXWS
WKDW WKH PDUNLQJ ZDV UHOLDEOH DQG WKDW WKH P

7KH TXDQWLWDWLYH PDUNV ZHUH DQDO\VHG XVLQ
SRVW KRF SDLU ZLVH FRPSDULVRQ WHVWV 7KH TXD¢
.UXVNDO :DOOLV $129% DQG SRVW KRF SDLU ZLVH FR
&DVWHOODQ PHWKRG 6HH VHFWLRQ IRU WKH
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IDYLIJDWLRQ DQG 8VDELOLW\ BUREOHP OHI
7KLV VHFWLRQ SUHVHQWY SRVW KRF DQDO\VHV SHUI
EHKDYLRXU GXULQJ WKH H[SHULPHQWY OHDVXUHV R
SUREOHPV ZHUH WDNHQ 7KH DLP RI WKHVH PHDVXU}
SDUWLFLSDQWY XVHG WKH QDYLJDWLRQ DLGV DQG I
FRXOG KHOS H[SODLQ WKH ILQGLQJV RQ WKH OHDUQL!
ZKHWKHU DQ\ GLIIHUHQFHV EHWZHHQ FRQGLWLRQV R
WKH XVDELOLW\ SUREOHP PHDVXUHV FRUUHVSRQGHG
PHDVXUHV

7KH ORJ ILOHV ZHUH DQDO\VHG IRU QDYLJDWLRQ
H[SHULPHQW WKH DYHUDJH WRWDO QXPEHU RI RSHUD
DYHUDJH QXPEHU RI GLIIHUHQW SDJHV YLVLWHG IRL
FRQGLWLRQV IRU ERWK RI WKHVH PHDVXUHV ZHUH
GHWHUPLQHG DV EDVLF PHDVXUHV RI QDYLJDWLRQ EH
UHVHDUFK RQ HOHFWURQLF WH[WV OFRQDOG DQG
BWHYHQVRQ BWDQWRQ HW DO 'HQJHU DQG

'DQLHOVRQ *XSWD DQG *UDPRSDGK\H \
GHWDLOV 2WKHU PHDVXUHV RI QDYLJDWLRQ XVHG
HIILFLHQF\ ZLWK ZKLFK SDUWLFLSDQWVY UHDFKHG W
OF'RQDOG DQG 6WHYHQVRQ D OF'RQDOG DQG 6
FRQVLGHUHG UHOHYDQW KHUH 7KH SDUWLFLSDQWYV |
WDUJHW LQIRUPDWLRQ WR FRPSOHWH WKHLU WDVN
SDUWLFLSDQWY QHHGHG WR LQWHJUDWH LQIRUPDWLR
WKHLU WDVN

7KH QXPEHU RI RSHUDWLRQV ZHUH DQDO\VHG XVLC
SRVW KRF SDLU ZLVH FRPSDULVRQ WHVWV +RZHYHU |
D /HYHQH WHVW IRU KRPRJHQHLW\ RI YDULDQFH L
VLIJQLILFDQWO\ GLIIHUHQW EHWZHHQ FRQGLWLRQV
‘DOOLV $129% ZDV HPSOR\HG WR DVVHVV WKH GLIIHUH
RI WKHVH DQDO\VHY DUH UHSRUWHG LQ VHFWLRQ

,QVWDQFHV RI XVDELOLW\ SUREOHPV ZHUH LGHQW
7KH FULWHULD XVHG WR LGHQWLI\ XVDELOLW\ SUREOH

(DFK FOLFN LQGLFDWHG WKDW D QDYLJDWLRQ DLG KDG EHHQ XVH
SDJH KDG FKDQJHG IURP WKH SUHYLRXVO\ GLVSOD\HG SDJH )RU HJ
ZKHQ D SDUWLFLSDQW FOLFNHG RQ D SDJH RQ WKH $ = LQGH[ HYH
EHLQJ GLVSOD\HG
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Rl FULWHULD ZHUH GHYHORSHG E\ WKH DXWKRU IURP
VIVWHP RQ D XVHU JLYHQ LQ YDQ 5HQV FLWHG
9LUJLQLD 7HFK +&, ZHEVLWH DQG ZHUH HODERUDWE
SDUWLFLSDQWYV LQWHUDFWLRQVY ZLWK WKH HOHFWUR
FKHFNHG WKHVH FULWHULD WR HQVXUH WKHLU YDOLG
WKH SRRO RI VHYHQW\ RQH WUDQWGWRLSWYHIQRS WKIH
HQJDJHPHQW FRGLQJ VFKHPH ZHUH DOVR XVHG WR FK
SUREOHPV 7KH WUDQVFULSWV ZHUH LQGHSHQGHQW(
DXWKRU DQG WZR RWKHU H[SHUWV LQ +&, XVLQJ WKH
H[DPLQLQJ WKH WUDQVFULSWV IRU FRPPHQWYV WKDW L
LQ WKH LQGHSHQGHQW FRGLQJV ZHUH GLVFXVVHG ZL
UHYLVHG EDVHG RQ WKHVH GLVFXVVLRQV 7KLV LQFO
RYHUODSSLQJ FULWHULD ,Q RUGHU WR HQVXUH WKD\
UHOLDEOH DV SRVVLEOH WKH ILQDO FRGL@QRIDINVOO V
FKHFNHG WZLFH E\ WKH DXWKRU 6HH DSSHQGL] |
XVDELOLW\ SUREOHPYV

,QWHUIDFH 3UREOHPV

9HUEDOLVDWLRQV VKRZ HYLGHQFH RI GLVVDWLVIDFWLRQ DERXW DC
9HUEDOLVDWLRQV VKRZ HYLGHQFH RI FRQIXVLRQ XQFHUWDLQW\ DE
9HUEDOLVDWLRQV VKRZ HYLGHQFH RI FRQIXVLRQ VXUSULVH DW WKI
9HUEDOLVDWLRQV VKRZ HYLGHQFH RI SK\WLFDO GLVFRPIRUW
9HUEDOLVDWLRQV VKRZ HYLGHQFH RI IDWLJXH

9HUEDOLVDWLRQV VKRZ HYLGHQFH RI GLIILFXOW\ LQ VHHLQJ SDUWL
9HUEDOLVDWLRQV VKRZ HYLGHQFH RI WKDW WKH\ DUH KDYLQJ SURE
WKHPVHOYHVY RU WKH RYHUDOO WDVN JRDO

9HUEDOLVDWLRQV VKRZ HYLGHQFH WKDW WKH XVHU KDV PDGH DQ F
7KH SDUWLFLSDQW LV XQDEOH WR UHFRYHU IURP HUURU ZLWKRXW
7KH SDUWLFLSDQW PDNHV D VXJJHVWLRQ IRU UHGHVLJQ RI WKH LQ\

&RQWHQW 3UREOHPV

9HUEDOLVDWLRQV VKRZ HYLGHQFH RI GLVVDWLVIDFWLRQ DERXW DVS

9HUEDOLVDWLRQV VKRZ HYLGHQFH RI FRQIXVLRQ XQFHUWDLQW\ DER

9HUEDOLVDWLRQV VKRZ HYLGHQFH RI D PLVXQGHUVWDQGLQJ RI WKH
QRWLFHG WKLV LPPHGLDWHO\

7KH SDUWLFLSDQW PDNHV D VXJJHVWLRQ IRU UH ZULWLQJ WKH HOHF

%R[ &ULWHULD IRU LGHQWLI\LQJ XVDELOLW\ SUREOHPV IURP Y

(DFK XVDELOLW\ SUREOHP LQVWDQFH LGHQWLILHG
UDWLQJ IURP 7KH VHYHULW\ UDWLQJV ZHUH DGDS
FRQWH[W RI WKLV VWXG\ DQG ZHUH ZRUGHG LQ WHU
SDUWLFLSDQWYVY DELOLW\ WR FRPSOHWH WKH H[SHUL
WHFKQLTXH IRU WKH PXVLF VKRS ZHEVLWH XVLQJ WKI

KWWS UHVHDUFK FV YW HGX XVDELOLWY YSUMRIMWAHFGVYV XD I DQG \


http://research.cs.vt.edu/usabilitv/proiects/uaf%20and%20tools/upc.htm
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WDEOH 7KH WRWDO QXPEHU RI SUREOHP LQVWDQT
GHWHUPLQHG DQG WKH DYHUDJH QXPEHU RI SUREOH
FRQGLWLRQ ZDV FDOFXODWHG )RU WKH UHVXOWYV RI V

6HYHULWMVFULSWLRQ
&RVPHWLF SBREGHWRUPHQW RI WDVN SHUIRUPDQFH
OLQRU XVDELOLWPBURBOHBPHQW RI WDVN SHUIRUPDQFH
ODMRU XVDELOL®WHYBUREDMPDLUPHQW RI WDVN SHUIRUPE
PLVXQGHUVWDQGLQJV RI WKH HOHFWURQLF WH[W FRQWHQ\
8VDELOLW\ FD/WBVSMURSKH. SDQW FDQQRW FRQWLQXH ZLW
SDUWLFLSDQW FRPSOHWHO\ PLVXQGHUVWDQGVY VHYHUDO F
7EOH BHYHULW\ UDWLQJV IRU XVDELOLW\ SUREOHPV LGHQWLIL

6LQFH VRPH SUREOHPV RFFXUUHG UHSHDWHGO\ G
HDFK SDUWLFLSDQW $FFRUGLQJO\ LI D SUREOHP RFF
D SDUWLFLSDQW WKHQ WKH SUREOHP GHVFULSWLRQ
SUREOHP WKDW ZDV XQLTXH LQ WHUPV RI LWV FDXVH
VXFK WZR SDUWLFLSDQWV ZLWKLQ DQ\ FRQGLWLRQ
SUREOHP VLQFH WKH SUREOHPV ZHUH RQO\ GHWHU
SUREOHPV H[SHULHQFHG E\ HDFK LQGLYLGXDO SDUWIL
ZHUH XVHG WR PDWFK WKH SUREOHPV DQG ZHUH DGE

7KH QXPEHU RI XQLTXH SUREOHPV IRU HDFK SDL
WKH DYHUDJH QXPEHU RI XQLTXH SUREOHPV SHU S|
FRQGLWLRQ )RU WKH UHVXOWV RI WKHVH DQDO\VHV V
2QFH WKH XQLTXH SUREOHPV ZHUH LGHQWLILHG
WDNLQJ LQWR DFEFRXQW WKH IUHTXHQF\ Rl WKH SURE
WLPHY RU PRUH FRQVLGHUDWLRQ ZDV JLYHQ DV WR Z
KLJKHU VHYHULW\ UDWLQJ 7RWDO VHYHULW\ UDWLQ.
VXPPLQJ WKH VHYHULW\ UDWLQJV IRU HDFK XQLTXH S
ZDV WKHQ FDOFXODWHG IRU HDFK FRQGLWLRQ

7KH QXPEHU RI LQVWDQFHV SHU SDUWLELSDQW
SDUWLFLSDQW DQG WRWDO VHYHULW\ SHU SDUWLFL
$129$V WR DVVHVV GLIIHUHQFHV DFURVV FRQGLWLRQ\
VHEWLRQ
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SUREOHP ODWFKLQJ &ULWHULD

%RWK GHVFULEH WKH VDPH IDXOW ZLWK WKH VDPH GHVLJQ IHDWXU
RI WKH HOHFWURQLF WH[W BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBE
%RWK GHVFULEH WKH VDPH EUHDNGRZQ LQ SDUWLFLSDQW LQWHUD
%RWK GHVFULEH WKH VDPBBSBBEBBEFBRBDBEBB EBBKEBBIREXBBBBBBBBBBBB
2QHH@FULEHY D EUHDNGRZQ DQG WKH RWKHU GHVFULEHV DQ HIIHF
IHDWXUH BEBBBEBBBBBBBBBBEBBEBBEBBEBBEBBEBBEBEBBBBBBBBBBBBBBB]
%RWK GHVFULEH WKH VDPH RU YHU\ VLPLODU GHVLJQ VROXWLRQV I
7TDEOH &ULWHULD IRU PDWFKLQJ SUREOHPVY LGHQWLILHG IURP

J)LQDOO\ WKH XQLTXH XVDELOLW\ SUREOHPV ZHUH
WKDW RFFXUUHG LQ HDFK FRQGLWLRQ 7KLV ZDV GRQ
WKRVH WKDW FRQFHUQHG WKH FRQWHQW RI WKH HO
LOQWHUIDFH 7KHVH FDWHJRULHV ZHUH WKHQ UHILQH
XQLTXH WR SDUWLFXODU FRQGLWLRQV 7DEOH JL
XVDELOLW\ SUREOHPV 1H[W IRU HDFK FDWHJRU\ WK
DYHUDJH QXPEHU RI XQLTXH SUREOHPV SHU SDUWL

FDOFXODWHG )RU WKH UHVXOWY RI WKHVH DQDO\VHYV
&DWHJIJRU\ 1DPEEDWHJRU\ '"HVFULSWLRQ

*HQHUDO &RQIBVRE@HPY FRQFHUQLQJ JHQHUDO FRQIXVLRQ DERXW
WH[W ZKHUH WKH H[DFW FDXVH LV XQFOHDU
+DUGZDUH B3UREOHPV FRQFHUQLQJ WKH KDUGZDUH XVHG GXULQ
SUREOHPV ZLWK UHDGLQJ RIl WKH VFUHHQ DQG XVLC
7H[W &RQWHQWBUREOHPYV FRQFHUQLQJ WKH TXDOLW\ RI WKH WH[W |
XVHIXO LW LV DQG KRZ IL@7RDV R HF SURW H® F O X G H
SUREOHPV XQGHUVWDQGLQJ WKH FRQWHQW RI WKH |
7H[W 3UHVHQWB®WRR@MHPY FRQFHUQLQJ WKH SUHVHQWDWLRQ RI WKF

8VLQJ $JIJUHJIJDSMHREOHPY VSHFLILF WR QDYLJDWLQJ DQG LQWHUDFV

1IDYLJDWLRQ $IQ®DYLIJDWLRQ DLG HJ PDS RU $ = LQGH]

1DYLIJDWLRQ 3BHBEPWP®JIDULVLQJ ZKHQ WKH SDUWLFLSDQW ZDV X
DERXW QDYLJDWLQJ WKH WH[W VXFK DV XQFHUWDLQ
ZLOO WDNH WKHP

1DYLIJDWLRQ 3UREOHPV ZKHUH WKH SDUWLFLSDQW DSSHDUHG WR

'LVRULHQWDWLIRQFOXGLQJ SUREOHPV JHWWLQJ DQ *RYHUDOO SLFW

1IDYLJDWLRQ 7BUREOHPV FRQFHUQLQJ WKH VWUXFWXUH RI WKH HO

BWUXFWXUH ZKLFK SDJHV FDQ EH UHDG LQ

1IDYLJDWLRQ (IBURBMHRY RI LQHIILFLHQW QDYLJDWLRQ LQFOXGLQJ
LQIRUPDWLRQ LQ WKH HOHFWURQLF WH[W DQG SURE

QH[W
8QGHUVWDQGLAQUREHOQWPY XQGHUVWDQGLQJ WKH FRQWHQW RI WKH |
2WKHU *HQHUDO FRPPHQWY DERXW XVLQJ WKH HOHFWURQLI
WKH\ ZRXOG QRUPDOO\ XVH WKH HOHFWURQLF WHI[W
7TDEOH &DWHJRULHV RI XVDELOLW\ SUREOHPV LGHQWLILHG IUF
SHVXOWYV

7KLY VHFWLRQ SUHVHQWY WKH ILQGLQJV IRY WB&H O
DGGLWLRQ WKH UHVXOWY RI WKH SRVW KRF DQDO\VF
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IURP ORJ ILOHV DQG XVDELOLW\ SUREOHPV H[WUD
YHUEDOLVDWLRQV DUH SUHVHQWHG :KHUH LQIHUHQ
VLIJQLILFDQFH LV VHW DW WKH OHYHO IRU DOO I
VWDWLVWLFDOO\ VLIJQLILFDQW GLIIHUHQFHV ERUGHU
VLIQLILFDQFH DUH IRXQG DQG NQWDOXEHI B URURWRED U\

/HDUQLQJ OHDVXUHYV

3UH WHVW
7KH PHDQ RI WKH RYHUDOO PDUNV IRU WKH VHYHQ Sl
ZDV 7KH VWDQGDUG GHYLDWLRQ ZDV 2QH S
FRQGLWLRQ UHFHLYHG DTXRWY HRDNO®HMMHUNWY RQHG WR EF
VLQFH WKH RYHUDOO PDUN ZDV WKUHH VWDQGDUG G|
GDWD IRU WKLV SDUWLFLSDQW ZDV UHPRYHG IURP VXI

&RIQLWLYH (QJDIJHPHQW
7KH UHVXOWY RI WKH DQDO\VHV RI FRIJQLWLYH HQJDJI

GHWDLOV RI WKH RXWSXW RI WKHVH DQDO\VHV DUH JL

$QDO\VLYV $YHUDJH IRU HDFK FROQUWXVWWNIR® :DOOLV $1298%
&RJIQLWLYH HQJDJHFHIQAWJI EXWWRQV 1RQ VLIJQLILFDQW
VERUHV HPEHGGHG OLQNV

$ = LQGH]

PDS
30DQQLQJ 6WUDWHSDJILQJ EXWWRQYV 1RQ VLJQLILFDQW
LOQVWDQFHV HPEHGGHG OLQNYV

$ = LQGH]

PDS
&RQQHFWLQJ WR WE&BJLMNEXWWRQYV 1RQ VLJQLILFDQW
BHWWLQJ LQVWDQMHHPEHGGHG OLQNV

$ = LQGH]

PDS
&ROQOQHFWLQJ ([SHUSBDIFGY EXWWRQV 1RQ VLJQLILFDQW
LOQVWDQFHV HPEHGGHG OLQNV

$ = LQGH]

PDS
SQULWLTXLQJ 7TH[W SPJWRDHEXWWRQV 1RQ VLJQLILFDQW
LOQVWDQFHV HPEHGGHG OLQNV

$ = LQGH]

PDS
ORQLWRULQJ 8QGHSDWD@IGEAWWRQV 1RQ VLJQLILFDQW
LOVWDQFHV HPEHGGHG OLQNYV

$ = LQGH]

PDS
(PSOR\LQJ 6HOHFWABJLQJ EXWWRQV 1RQ VLJQLILFDQW
7HFKQLTXH LQVWDKFENGGHG OLQNV

$ = LQGH]

PDS
5HVWDWLQJ 8QGHUSYIMFILEIWWRQV 1RQ VLJQLILFDQW
LOVWDQFHV HPEHGGHG OLQNV

$ = LQGH]

PDS
$SOHUWQHVV LQVWBQBHQJ EXWWRQV 1RQ VLIQLILFDQW

HPEHGGHG OLQNV

$ = LQGH]

PDS

%RUGHUOLQH VLJQLILKZHIM cGHWHHIFHHG WR EH W KIR W Z&HHUWH
DSSURDFKLQJ VLZWWUHF&GHAMHUPLQHG WR EH WKRVH ZKHUH S
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6HOHFWLQJ 7THFKQLSIXH. QJ EXWWRQV 1RQ VLJQLILFDQW
LOVWDQFHV HPEHGGHG OLQNV
$ = LQGH]
PDS
ORQLWRULQJ 1DYLJPMILRY EXWWRQV 1RQ VLJQLILFDQW
LOQVWDQFHV HPEHGGHG OLQNV
$ = LQGH]
PDS
7DEOH BHVXOWY RI DQDO\WVHV IRU FRIJQLWLYH HQJDJHPHQW

2ZQHUVKLS
7KH UHVXOWV RI WKH DQDO\WVHV Rl WKH RZQHUVKLS T

VHH DSSHQGL] IRU IXUWKHU GHWDLOV RI WKH RXW

$QDO\WVLY $YHUDJH IRU HDRKXVNDO :DOOLV $129%$ILFDQW SRVW K|
FRQGLWLRQ WHVWYV

7TRWDO SDJLQJ EXWWRQYRQ VLIJQLILFDQW1 $

RZQHUVKLSIPEHGGHG OLQNYV

VFRUHV $ = LQGH]

RXW RI PDS

&RQWURO HDRWQU EXWWRQ‘%LJQLILFDQW SDJLQJ EXWWRQV YV §

RXW RI HPEHGGHG OLQNW SDJLQJ EXWWRQV YV |
$ = LQGH] HPEHGGHG OLQNV YV
PDS HPEHGGHG OLQNV YV

VHH ILJXUH

5HVSRQVLEMILWY EXWWRQYRQ VLIQLILFDQW1 $
IDFWRU HPEHGGHG OLQNYV

RXW RI $ = LQGH]
PDS
9DOXH IDFWRUILQJ EXWWRQYRQ VLJQLILFDQW1 $
RXW RI HPEHGGHG OLQNYV
$ = LQGH]
PDS
7DEOH 5HVXOWYVY RI DQDO\WHV SHUIRUPHG RQ WKH RZQHUVKLS
YLIXUH $YHUDJH UDWLQJY RQ WKH FRQWURO IDFWRU VWDQ

.QRZOHGJH &RQVWUXFWLRQ
7KH UHVXOWV RI WKH DQDO\VHV RI WKH ZULWWHQ WU

DSSHQGL] IRU IXUWKHU GHWDLOV RI WKH RXWSXW
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$QDO\VLV $YHUDJH IRU HD.FRKKXVNDO :DOOLV6$IQASLFDQW SRVW
FRQGLWLRQ WHVWV S

7RWDO WUDQVISDU MIDVENKXWWRQVRQ VLIQLILFDQW $

PDUN HPEHGGHG OLQNYV
$ = LQGH]
PDS

$ 'HVFULSWLRSDPRIQJ EXWWRQVRQ VLIJQLILFDQW $
XVDELOLW\ HYBIGEBWGRQ OLQNV
DQG LWV SXUSRWHLQGH]
PDS
% 'HWDLOV RISWXKH)J EXWWRQVRQ VLJQLILFDQW $
HYDOXDWLRQ WREKGQGIGIHGI®LQNV
SUHVHQWHG LG WHKIQGH]
HOHFWURQLF WSV
& 8QGHUVWDG®UQQIREXWWRQYVRQ VLIQLILFDQW $
KRZ WKH XVDEH®EWGGHG OLQNV
HYDOXDWLRQ WHFKQGHXHYV
UHODWH WR HIPIKS RWKHU

([SODQDWLRGDRILQJ EXWWRQVRQ VLIQLILFDQW $
KRZ HDFK WHFK@EHGGHG OLQNYV
UHODWHV WR V8KHLRQIHQ
XVDELOLW\ HYPOSDWLRQ

VHWWLQJ

( '"HWDLOV RI SP2MKHEXWWRQWRUGHUOLQH VLURQHLFDQFH
FKRVHQ WHFKQHAKHGGIHBOOL QN W s

EH HPSOR\HG $ = LQGH]

PDS
VHH ILIXUH
) $UIXPHQW TXDOLYW) EXWWRQWRUGHUOLQH VLIIIQIUQBEEXFMHNVRQV Y

HPEHGGHG OLQNV S HPEHGGHG OLQNV
$ = LQGH]
PDS
VHH ILJXUH

7TDEOH 5HVXOWY RI DQDO\WHYVY IRU DOO DVSHFWV WKDW WKH WUDQVIHL

M ' 3DJLQI B XWWRQV
( v (PEHGGHG /LQNYV
2 ' %=
‘' 0DS
!
( '"HWDLOV RI KRZ ) $UIXPHQW 4XDOLW\
WKH FKRVHQ
WHFKQLTXH ZLOO EH
HPSOR\HG
J)LIXUH $YHUDJH PDUNYV VWDQGDUG HUURU RQ DVSHFWV ( DQG

FRQGLWLRQ
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7KH UHVXOWY RI WKH DQDO\VHV RI WKH FRQFHSW |

DSSHQGL] IRU IXUWKHU GHWDLOV RI WKH RXWSXWYV

$QDO\VLV $YHUDJH IRU HDFIK9$ 6LIJQLILFDQW SRV
FRQGLWLRQ KRF WHVWYV

AXDQWLWDWLYSIDBRQF ESWWRQYDUDPHWULF $12FXNH\

PDS PDUN HPEHGGHG OLQNWLJQLILFDQW SDJLQJ EXWWRQV
$ = LQGH] ) s HPEHGGHG OLQNV
PDS

VHH ILIXUH
AXDOLWDWLYHSRQREHSBEXWWRQWXVNDO :DOOLV 6LHJDO DQG

PDS PDUN HPEHGGHG OLQNINVSSURDFKLQJ VL X@PMWHD®DH SDJIL
$ = LQGH] + S EXWWRQV YV § =
PDS LQGH]
VHH ILJXUH
7DEOH 5HVXOWV Rl DQDO\VHV IRU WKH TXDQWLWDWLYH DQG T
5DJLQJ (PEHGGHG $ = oDS 3DJLQJ (PEHGGHG $ = 0oDS
EXWWRQV JLQNV %XWWRQV /LQNV
)LIXUH $YHUDJH TXDQWD)WXWHYH FRQWHBBWH TXDOLWDWLYH
PDS PDUNV VWDQGDUG HWUWRAW IRWWDEKGDUG HUURU IRU HEC

FRQGLWLRQ

I1DYLIJDWLRQ DQG 8VDELOLW\ 3UREO

IDYLIDWLRQ %HKDYLRXU
7KH UHVXOWYV RI WKH DQDO\VHV IRU QDYLJDWLRQ EHF¥

DSSHQGL] IRU IXUWKHU GHWDLOV RI WKH RXWSXWYV

7KH IDFW WKDW RQO\ SDJLQJ EXWWRQV YV $ = FDPH XS DV VLJQLI
SDJLQJ EXWWRQV YV HPEHGGHG OLQNV GLG QRW DSSHDUHG WR EF
PDUNV EHWZHHQ SDJLQJ EXWWRQV YV HPEHGGHG OLQNV ZDV DFWX
FRQGLWLRQ +RZHYHU WKLY FDOFXODWLRQ KDV EHHQ FKHFNHG DQ
= FRQGLWLRQ KDG D ORZHU PHDQ UDQN WKDW WKH HPEHGGHG OLQ
WR WLHG UDQNV DQG WKLV DIIHFWHG WKH FDOFXODWLRQ RI WKH ¢
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$QDO\WVLV $YHUDJH IRU HDFIKR9$ 6LIJQLILFDQW SRV
FRQGLWLRQ KRF WHVWYV

1R RI RSHUDWERQOIMQJ EXWWRQY¥DUDPHWULF $12F&NH\
HPEHGGHG OLQNWLJQLILFDQW HPEHGGHG OLQNV
$ = LQGH] ) S $ =DSSURDFKLQJ
PDS VLIQLILFDQFH
VHH ILIJXUH S

1R RI GLIIHUH@WISQIJHKXWWRQWXVNDO :DOOLV ¥LAQLOLPOGW

YLVLWHG RXWHPIEHGGHG OLQNW S &DVWHOODQ SDJL
$ = LQGH] EXWWRQV YV
PDS HPEHGGHG OLQNYV
VHH ILJXUH DSSURDFKLQJ

VLIQLILFDQFH

S 4-BBBBBB
7TDEOH 5HVXOWYV RI DQDO\WHV IRU SRVW KRF QDYLJDWLRQ PHD

YLIXUH $YHUDJH WRWDO QR RINRSHUDWS$RKWDJIH QXPEHU RI GL
VWDQGDUG HUURU IRU HDFK FRRIMWLROQVLWHG VWDQGDUG HU!L
FRQGLWLRQ

S8VDELOLW\ 3BUREOHPYV
$ WRWDO RI SUREOHP LQVWDQFHYVY ZHUH LGHQWLIL

DORXG WUDQVFULSWV IRU DOO SDUWLFLSDQWYVY LQ F
LQVWDQFHYV RI XVDELOLW\ SUREOHPV XQLTXH XVDELC¢
DUH VXPPDULVHG LQ WDEOH VHH DSSHQGL] I F
WKHVH DQDO\VHV
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$QDO\VLV $YHUDJH SHU SDUWDRLNDQ WO ORULY $1299%
HDFK FRQGLWLRQ

3UREOHP ,QVWDQFHNJLQJ EXWWRQV 1RQ VLIQLILFDQW
HPEHGGHG OLQNYV
$ =
PDS

8QLTXH 3UREOHPV SDJLQJ EXWWRQV 1RQ VLJQLILFDQW
HPEHGGHG OLQNYV
$ =
PDS

7RWDO 3UREOHP 6SPHUQWEXWWRQV 1RQ VLJQLILFDQW
HPEHGGHG OLQNYV

$ =
PDS
7TDEOH 5HVXOWYV RI DQDO\WHV SHUIRUPHG RQ SUREOHP LQVWD
VHYHULW\
7TDEOH VKRZV KRZ WKH DYHUDJH QXPEHU RI X

SDUWLFLSDQW ZDV GLVWULEXWHG DFURVV FDWHJRULLI
Rl SUREOHPV ZLWKLQ HDFK FDWHJRU\ IRU D IX0O0 OL
FDWHJRU\ IRU HDFK FRQGLWLRQ VHH DSSHQGL] )
LQIRUPDWLRQ



8 0 $SUPLWDJH

3DJLQJ

(PEHGGHG

([SHULPHQW

$ =

%XWWRQV/LQNV

&RVPHWLF

sHQHUDO JLQRU
&RQIXVLRQ?PMRU
£€DWDVWURSKH

7RWDO
&RVPHWLF
OLQRU
+DUGZDUH ODMRU
&DWDVWURSKH
7RWDO
&RVPHWLF
OLQRU
7H[W &RQWHOQWRU
&DWDVWURSKH
7RWDO
&RVPHWLF

OLQRU
THIW N

3UHVHQwWDWPRRY
&DWDVWURSKH

7RWDO
&RVPHWLF
8VLQJ OLORU
$JIUHIDWH, =0
1DYLJDWLR
SLG &DWDVWURSKH
7RWDO
&RVPHWLF
1DYLIDWLRY QRY
3UHGLFWLJPPMRU
&DWDVWURSKH
7JRWDO
&RVPHWLF
QLQRU

I1DYLIJDWLR

'LVRULHQMM@@Mﬁ%
&DWDVWURSKH

7TRWDO
&RVPHWLF
OLQRU
TOMRY
DWDVWURSKH
TRWDO
&RVPHWLF

1DYLJDWLROLQRU
(S?DMRU

IILFLHQF)
( QF

1IDYLIJDWLR
THIW 6WUXE

DWDVWURSKH

7RWDO
&RVPHWLF
8QGHUVWDQOL%RU
S HUVWD QG |
&DWDVWURSKH
7RWDO

2WKHU &RVPHWLF

IDYLIDWLRQI

0DS
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OLQRU

0ODMRU
&DWDVWURSKH

7RWDO

7TDEOH $YHUDJH QXPEHU RI XQLTXH SUREOHPV SHU SDUWL
FRQGLWLRQ DQG WKHLU VHYHULW\

7KH NH\ ILQGLQJV IRU HDFK FRQGLWLRQ KDYH EHHC
EH GLVFXVVHG LQ WXUQ )RU WKH SDJLQJ EXWWRQV
38QGHUVWDQGLQJ 7H[W”  FDWHJRU\ DQG RYHU RQH WK
LQ WKH SDJLQJ EXWWRQV FRQGLWLRQ PRUH SUREOH
FDWHJRU\ WKDQ DQ\ RWKHU FRQGLWLRQ +RZHYHU
SUREOHPV ZHUH H[SHULHQFHG LQ WKH 2®**HQHUDO &F
31DYLJDWLRQ 'LVRULHQWDWLRQ DQG 32WKHU" FDWHJR

YRU WKH HPEHGGHG OLQNV FRQGLWLRQ DJDLQ
S8QGHUVWDQGLQJ 7H[W" FDWHJRU\ DQG WKH PDMRU
BUREOHPV LQ WKH 31DYLJDWLRQ 'LVRULHQWDWLRQ"
FDWHJRULHV ZHUH XQLTXH WR WKH HPEHGGHG OLQNV
RWKHU FRQGLWLRQV 3UREOHPV LQ WKHVH FDWHJRUL
QRWHG WKDW SDUWLFLSDQWY LQ WKH HPEHGGHG OLQ]
LQ WKH *1DYLJDWLRQ 7H[W 6WUXFWXUH" 37H[W 3UHVH

JRU WKH $ = FRQGLWLRQ VLPLODUO\ SUREOHPV F
7H[W~ FDWHJRU\ DQG QHDUO\ KDOI Rl WKHVH ZHUH PD
SDUWLFLSDQWYV LQ WKH $ = FRQGLWLRQ GLG QRW H
'LVRULHQWDWLRQ " 31DYLJDWLRQ 3UHGLFWLQJ DQG 32

)LQDOO\ IRU WKH PDS FRQGLWLRQ SUREOHPV PDL
1IDYLIJDWLRQ $LG° FDWHJRU\ FRPSDUHG WR DOO WKF
SUREOHPV DVVRFLDWHG ZLWK XVLQJ WKH PDS WR QD)
WKH PDS FRQGLWLRQ OHG WR WKH ORZHVW QXPEHU R
7H[W"~ W VKRXOG DOVR EH QRWHG IRU WKH PDS FRC
3+DUGZDUH’" 31DYLJDWLRQ 3UHGLFWLQJ 21DYLJDWI
FDWHJRULHV
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I_
py)
QO

$YHUDJH QXPEHU RI SUREOHPV SHU SDUWLFLSDQW LQ HDFK FDWHJR3E\ IF

VDXR D HR

YLIXUH

'LVFEFXVVLRQ

%DVHG RQ WKH IUDPHZRUN RI FRQVWUXFWLYLVP LQ
OHDUQHUV ZKR XVHG QDYLJDWLRQ DLGV WKDW RIIHL
ZRXOG VKRZ KLJKHU OHYHOV RI FRIQLWLYH HQJDJH
RZQHUVKLS DQG ZRXOG GHYHORS KLJKHU TXDOLW\ NC
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XVHG QDYLJDWLRQ DLGV ZLWK ORZHU QDYLJDWLRQD
H[SHULPHQW LQGLFDWH WKDW WKH OHYHO RI QDYLJD
GRHV LPSDFW XSRQ VRPH RI WKH DVSHFWV RI OHDUQ]|
QRW DOZD\V DV SUHGLFWHG 7KH H[SHULPHQWDO IL
H[SODQDWLRQV DUH GLVFXVVHG LQ WKLV VHFWLRQ )L
LGHQWLILHG

5HVXOWY 6XPPDU\ DQG ([SODQDWLRQ IRU
7KH UHVXOWV IRU HDFK Rl WKH OHDUQLQJ PHDVXUHYV
DUH GLVFXVVHG LQ WXUQ 3RWHQWLDO H[SODQDWLRQ
FRQVLGHUHG LQ OLJKW RI WKH SRVW KRF DQDO\VHV
SUREOHPV DV ZHOO DV LQ WHUPV RI FRJQLWLYH ORI
GLVEXVVHG LQ UHODWLRQ WR SUHYLRXV UHVHDUFK

&RJIQLWLYH (QJDIJHPHQW
7KH PDLQ ILQGLQJ IRU WKH FRIJQLWLYH HQJDJHPHQW P

A 7KHUH ZHUH QR VLIJQLILFDQW GLIIHUHQFHV EHWZ
HQJDJHPHQW VFRUHV RU IRU DQ\ RI WKH LQGLYLG?
7KLV VXJIJHVWYV WKDW QDYLJDWLRQ DLGV RIIHUL

I[UHHGRP GLG QRW KDYH VLJQLILFDQW HIIHFWV RQ SDI
DV PHDVXUHG LQ WKLV H[SHULPHQW

2ZQHUVKLS
JURP WKH UHVSRQVHV WR WKH RZQHUVKLS TXHVWLRQQ

A 7KH OHYHO RI QDYLJDWLRQDO IUHHGRP RIIHUHG
LPSDFW XSRQ IHHOLQJV RI FRQWURO IRU OHDUQL
$ =V DQG PDSV OHG WR VLJQLILFDQWO\ KLJKHU IH!
DQG HPEHGGHG OLQNYV
7TKHUH ZHUH QR VLJQLILFDQW HIIHFWV RI WKH OHY
D QDYLIJDWLRQ DLG RQ RYHUDOO RZQHUVKLS RU
UHVSRQVLELOLW\ DQG YDOXH
7KLV VXJIJHVWYV WKDW WKH KLIJIKHU OHYHO RI QDYL]J
WKH PDS HQFRXUDJHV KLJKHU IHHOLQJV RI FRQWURO
QDYLIJDWLRQDO IUHHGRP RIITHUHG E\ WKH SDJLQJ EXW\

7KH QDYLIJDWLRQ SHUIRUPDQFH PHDVXUHV ZHUH H
IRU WKH GLITHUHQFH LQ IHHOLQJVY RI FRQWURO EH)\
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SDUWLFLSDQWYVY LQ WKH SDJLQJ EXWWRQV DQG HPEHC
KLIJKHU QXPEHU RI RSHUDWLRQV WKDQ WKRVH LQ WK
LQYHUVH Rl WKH SDWWHUQ WKDW ZDV IRXQG IRU IHHO
ORZHU QXPEHU RI RSHUDWLRQV RFFXUUHG LQ WKH V
KLIJKHU IHHOLQJV Rl FRQWURO 7KLV KLJKOLJKWV WKTE
SHUIRUPHG E\ SDUWLFLSDQWYVY PD\ KDYH KDG VRPH |
+RZHYHU WKHUH DSSHDUHG WR EH QR UHODWLRQVKL
QXPEHU RI GLIIHUHQW SDJHV YLVLWHG DQG WKH SDWMW

7KH XVDELOLW\ SUREOHPV ZHUH WKHQ H[DPLQHG
ILQGLQJ RQ FRQWURO +RZHYHU QR VLJQLILFDQW GLI
IRU WKH QXPEHU RI LQVWDQFHV QXPEHU RI XQLTXH S
H[SHULHQFHG E\ SDUWLFLSDQWV &RQVHTXHQWO\ W
H[SODQDWLRQ IRU WKH ILQGLQJ RQ FRQWURO 7KH W\
SDUWLFLSDQWY LQ WKH SDJLQJ EXWWRQV DQG HPEHG
WKH W\SHV RI SUREOHPV H[SHULHQFHG E\ SDUWLFLS
+RZHYHU WKLV SURYLGHG GLG QRW SURYLGH DQ\ FOH

.QRZOHGJH &RQVWUXFWLRQV
&RQWUDUWWIR UHVXOWYV RI WKLV H[SHULPHQW UHYHDO

vi 3DJLQJ EXWWRQV ORZHU QDYLJDWLRQDO IUHH
NQRZOHGJH FRQVWUXFWLRQ RI DOO WKH QDYLJDW
WKH PHDVXUHV HPSOR\HG SDUWLFLSDQWYV ZKR
VLIQLILFDQWO\ PRUH FRKHUHQW DUJXPHQW VWUX
SDUWLFLSDQWYV ZKR XVHG HPEHGGHG OLQNV PHG
EHWWHU DEOH WR JLYH GHWDLOV RI D VHOHFWE
SDUWLFLSDQWY LQ RWKHU FRQGLWLRQV 7KH\ S
FRQFHSW PDSV DV VKRZQ E\ WKH TXDOLWDWLYH
ZKR XVHG WKH $ = LQGH[ DQG WKRVH ZKR XVHG H
DOVR SURGXFHG VLJQLILFDQWO\ PRUH GHWDLO
SDUWLFLSDQWYV ZKR XVHG HPEHGGHG OLQNV DV VI
SDUWLFLSDQWY LQ WKH HPEHGGHG OLQNV FRQGLYV
WKHVH NQRZOHGJH FRQVWUXFWLRQ PHDVXUHV D\
WKH TXDQWLWDWLYH DQG TXDOLWDWLYH FRQFHSV

2 7KH SHUIRUPDQFH RI WKH SDUWLFLSDQWYV LQ WK
QDYLJDWLRQDO IUHHGRP RQ WKH RWKHU KDQG



80 $UPLWDJH ([SHULPHQW  1DYLJDWLRQI

DQG QR GLIIHUHQFHV ZHUH IRXQG EHWZHHQ $ =

NQRZOHGJH FRQVWUXFWLRQ PHDVXUHV

7KUHH SRWHQWLDO H[SODQDWLRQV IRU WKH SRI
FRQVWUXFWLRQ PHDVXUHV RI SDUWLFLSDQWV LQ WK|
KHUH 7KHVH H[SODQDWLRQV DUH GHVFULEHG LQ WF
SUREOHPV DQG FRJQLWLYH ORDG WKHRU\ ,W VKRXOC
PXWXDOO\ H[FOXVLYH

JLUVWO\ SRRU SHUIRUPDQFH RQ WKH NQRZOHGJ
DFFRXQWHG IRU E\ WKH ILQGLQJ WKDW SDUWLFLSDQW
RQ DYHUDJH GLG QRW YLVLW DOO WKH SDJHV LQ WKH
HPEHGGHG OLQNV FRQGLWLRQ YLVLWHG WKH ORZHVW
WH[W FRPSDUHG WR WKH RWKHU FRQGLWLRQV DQG
EHWZHHQ WKH HPEHGGHG OLQNV FRQGLWLRQ DQG WK
WKDW SDUWLFLSDQWY LQ WKH HPEHGGHG OLQNV FRQC
WKH HOHFWURQLF WHI[W

$ VHFRQG SRWHQWLDO H[SODQDWLRQ LV GHVFUL
SUREOHPV H[SHULHQFHG E\ SDUWLFLSDQWV 7KH LQ\
XVDELOLW\ SUREOHPV DQG WKH WRWDO VHYHULW\
SDUWLFLSDQWVY YHUEDO SURWRFROV ZHUH H[DPLQH«
EHWZHHQ FRQGLWLRQV RQ DQ\ DVSHFWV RI WKH X
H[SODQDWLRQ IRU WKH SRRU SHUIRUPDQFH RI WKH
FRQGLWLRQ RQ WKH NQRZOHGJH FRQVWUXFWLRQ PHD)
XVDELOLW\ SUREOHPV WKDW ZHUH XQLTXH WR HPEH(
SUREOHPV DVVRFLDWHG ZLWK XVLQJ WKH HOHFWURQ
WHFKQLTXH IRU WKH H[SHULPHQWDO WDVN SUREOHP"
WKH HOHFWURQLF WH[W L H SUHGLFWLQJ ZKHUH
FRQFHUQLQJ IHHOLQJV Rl GLVRULHQWDWLRQ ZKHQ G
JHWWLQJ DQ RYHUYLHZ RI WKH WH[W 7KHVH SUREO}
NQRZOHGJH FRQVWUXFWLRQ

$ WKLUG SRWHQWLDO H[SODQDWLRQ IRU WKH ILQG
HIITHFWV RQ NQRZOHGJH FRQVWUXFWLRQ SDUWLFXOD
JLYHQ LQ WHUPV RI FRJQLWLYH ORDG $V GLVFXVVHC
EXUGHQ WKDW D SDUWLFXODU WDVN LPSRVHV RQ
$FFRUGLQJ WR WKLV WKHRU\ WKH OLPLWHG FDSDFL
LPSOLFDWLRQV IRU WKH GHYHORSPHQW RI NQRZOHGJ!I
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PDLQ W\SHV RI FRIJQLWLYH ORDG DUH LQWULQVLF FRJ
WKH WDVN DQG H[WUDQHRXV FRJQLWLYH ORDG DV Gt

,Q WKLV H[SHULPHQW LQWULQVLF FRJQLWLYH OR
EHFDXVH WKH SDUWLFLSDQWY ZHUH XQIDPLOLDU ZLW
PHDQV WKDW DQ\ H{WUDQHRXV FRJQLWLYH ORDG ZRXC
FDSDFLW\ DYDLODEOH IRU NQRZOHGJH FRQVWUXFWLR(
FRQGLWLRQ SXW H[WUDQHRXV FRJQLWLYH ORDG RQ
SHUIRUPDQFH RQ WKH WUDQVIHU DQG FRQFHSW PDSS
OLQNV H[WUDQHRXV FRJQLWLYH ORDG PD\ KDYH DULYV
PHQWDO RYHUYLHZ RI WKH WH[W ZRUNLQJ RXW ZKHU
ZKHUH WKH\ ZDQWHG WR JR 7KLV WLHV LQ ZLWK WK
GLVEXVVHG DERYH ,Q WKH SDJLQJ EXWWRQV FRQGLW
ZHUH OHVV FRPSOLFDWHG EHFDXVH WKH QDYLJDWLRC
ILQGLQJV RI WKLV H[SHULPHQW LQGLFDWH WKDW WKH
EXWWRQV FRQGLWLRQ ZDV EHQHILFLDO DQG WKDW SD
RQ XQGHUVWDQGLQJ WKH FRQWHQW RI WKH HOHFWUR(

+RZHYHU WKHUH PD\ EH VRPH FRQWHQWLRQ RYH
FRQFHSW PDSSLQJ WDVNV DQG ZKHWKHU WKLV UHD
NQRZOHGJH Rl WKH HOHFWURQLF WH[W )RU H[DPSOH
WKH FRQFHSW PDSSLQJ WDVN PD\ QRW KDYH VLPSO\
NQRZOHGJH ,QVWHDG WKHLU SHUIRUPDQFH RQ WKH
SDUWLFLSDQWY VLPSO\ UHSURGXFLQJ WKH PDS QDYLJ
PRUH GHWDLO LQ FKDSWHU

7KH IDFW WKDW WKH $ = DQG PDS FRQGLWLRQV
IUHHGRP GLG QRW VLJQLILFDQWO\ DIIHFW SDUWLFLSTE
WR WKH ORZHU QDYLJDWLRQDO IUHHGRP LQ WKH SDJL
LQGLFDWHY WKDW WKH RYHUYLHZV RIIHUHG E\ WKH $
RYHU WKH SDJLQJ EXWWRQV DQG HPEHGGHG OLQNV FR

SHODWLRQ WR 3UHYLRXV 5HVHDUFK
&RPSDULQJ WKH UHVXOWYV ZLWK SUHYLRXV UHVHDUFK

LQ FKDSWHUV SDUWLFXODUO\ QRWLFHDEOH WKDW WKF
SUHVHQWHG E\ 'HH /XFDV DQG /DUNLQ 7KH\ IRXC
ZHUH PRUH EHQHILFLDO WR OHDUQLQJ WKDQ SDJLQJ
SDJLQJ EXWWRQV ZHUH PRVW EHQHILFLDO WR WKH 1T
HISODQDWLRQ LV WKDW WKH ILQGLQJV GLIIHU GXH WF
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QDYLJDWLRQ DLGVY DQG WKH PHDVXUHV Rl OHDUQLQJ
/IDUNLQ ERWK WKH $ = LQGH[ DDRGRMKHVPDIVRY BY
ZKLOH WKH OHDUQHUV UHDG WKH HOHFWURQLF WH[W
RYHUYLHZV DQG WKH WH[W FRQWHQW ,Q WKH SUHVHQ
FRQGLWLRQV WKH QDYLJDWLRQ DLGV ZHUH SUHVHQW!
WKH FRQWHQW RI WKH SDJH SUHVHQWHG LQ D ULJKW
QDYLJDWLRQ DLGV WR FOLFN RQ WKH SDJH WKH\ ZLV
EHWZHHQ WKH QDYLJDWLRQ DLG DQG WKH WH[W FRQW
GLIIHUHQFHV LQ WKH ILQGLQJYV SUHVHQWHG KHUH 3t
IXEDV DQG /DUNLQTYV VWXG\ KDG WR FRQVWDQWO'
LQIRUPDWLRQ LQ WKH RYHUYLHZ ZDV UHLQIRUFHG DQ
OLNHO\ WR WDNH QRWH RI SDJH WLWOHV OHPRU\ IRU
OHDUQLQJ
)LQDOO\ LQ WHUPV RI UHVHDUFK RQ OHDUQHU FR
ILQGLQJYV LQGLFDWH WKDW KLJKHU OHDUQHU FRQWUR
QDYLJDWLRQDO IUHHGRP GRHV QRW RIIHU EHQHILWYV
ORZHU QDYLJDWLRQDO IUHHGRP 7KLV VXSSRUWV WKt
DQG 1LHGHUKDXVHU HW DO +RZHYHU IUR
TXHVWLRQQDLUH ZH DOVR NQRZ WKDW QDYLJDWLRQ D
DOVR OHDG WR KLJKHU IHHOGQUW FRIJ® RDN WKG FRQ @&/
JLYHQ WKURXJK WKHVH QDYLJDWLRQ DLGV

,PSOLFDWLRQV RI ([SHULPHQWDO )LC
&RQVLGHULQJ WKH VFRSH RI WKLV H[SHULPHQW LQ W
FKDUDFWHULVWLFV RI WKH SDUWLFLSDQWYV DQG WKH
IRU WKH XVH RI QDYLJDWLRQ DLGY LQ HGXFDWLRQDO
ZLOO EH GLVFXVVHG LQ WXUQ

,Q WHUPV RI FRIJIQLWLYH HQJDJHPHQW WKH OHYH(
QDYLIJDWLRQ DLG KDV QR VLJQLILFDQW LPSDFW
HOHFWURQLF WH[WV ZDQWLQJ WR HQFRXUDJH FRJ
WKHVH WH[WV VKRXOG ORRN WR IDFWRUV LQ GHVI
IUHHGRP RIIHUHG E\ QDYLJDWLRQ DLGV
IDYLIJDWLRQ DLGV WKDW RIIHU KLJKHU QDYLJDWL
FRQWURO EXW QRW KLJKHU RYHUDOO RZQHUVKLS
YDOXH &RQVHTXHQWO\ WKLV VXJJHVWV WKDW GH
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VKRXOG QRW VLPSO\ ORRN DW QDYLJDWLRQDO |
RZQHUVKLS IRU OHDUQLQJ 7KH\ VKRXOG DOVR DGC
OHDUQHUYTV IHHOLQJV Rl UHVSRQVLELOLW\ DQG YD
WKH OHDUQLQJ HQYLURQPHQW WKDW PLJKW LQIOXI
RI WKH WDVN WR WKH OHDUQHU DQG WKH OHDUQH
WKH WDVN

3DJLQJ EXWWRQV DUH SDUWLFXODUO\ EHQHILFLD
FRQVWUXFWLRQ DERXW DQ HOHFWURQLF WH[W DQG
QDYLJDWLRQDO IUHHGRP $V VXFK GHVLJQHUV V¢
QDYLJDWLRQ DLGV LQ HGXFDWLRQDO HOHFWURQLF
7KH XVH Rl HPEHGGHG OLQNV DSSHDUV WR KDYH
NQRZOHGJH FRQVWUXFWLRQ ZKHQ OHDUQLQJ ZLWHE
WKDW WKLV LV GXH WR KLJK H[WUDQHRXV FRJQLV
$FFRUGLQJO\ GHVLJQHUV VKRXOG H[HUFLVH FD»
QDYLJDWLRQ DLGV LQ HGXFDWLRQDO HOHFWURQLF
7KH XVH RI QDYLJDWLRQ DLGV WKDW RIIHU KLJKH
LQGH[HV DQG PDSV KDV QR HIIHFWV RQ WKH TXD
FRPSDUHG WR WKRVH ZLWK ORZHU QDYLJDWLRQDC
HPEHGGHG OLQNV 7KHUHIRUH GHVLJQHUV VKRXO
GHVLJQ Rl WKH HOHFWURQLF WH[WV LI WKH\ ZDQW
TXDOLW\ NQRZOHGJH FRQVWUXFWLRQV
&RPSDULVRQV ZLWK WKH ILQGLQJV RI SUHYLRXV |
DLGV WKDW SURYLGH DQ RYHUYLHZ RI WKH HOHFW
GLIIHUHQFHV LQ WKH ILQGLQJV 7KLV KLJKOLJKWYV
OHDUQLQJ DUH FRPSOH[ 'HVLJQHUV RI HGXFDWLRQ
WKLV

&RQFOXVLRQV
2YHUDOO WKH ILQGLQJV IURP WKLV H[SHULEPHQHD BRHC
IURP WKH IUDPHZRUN RI FRQVWUXFWLYLVP DQG QDYL
WKDW QDYLJDWLRQ DLGV WKDW RIITHU KLJKHU QDYLJD
HQJDJHPHQW RZQHUVKLS DQG NQRZOHGJH FRQVWU X
IUHHGRP RIIHUHG E\ SDJLQJ EXWWRQV ZDV IRXQG W
NQRZOHGJH FRQVWUXFWLRQ 7KHUHIRUH GHVLJQHUYV
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WKDW RIIHU KLJKHU QDYLJDWLRQDO IUHHGRP ZLOO
HQJDIJHPHQW RZQHUVKLS DQG NQRZOHGJH FRQVWUXF

JURP WKHVH ILQGLQJYV LW DOVR DSSHDUV WKDW Kl
VLPSOLVWLF DQ LOQWHUSUHWDWLRQ RI OHDUQHU FRQW
LOQYHVWLIDWLRQ LQWR WKH HIITHFWV RI DQRWKHU IRL
WH[WV DOORZLQJ OHDUQHUV WR FUHDWH WKHLU RZQ
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([SHULPHQW  &U
IDYLJDWLRQ $LGV LQ
(OHFWURQLF 7H[

7KLV FKDSWHU SUHVHQWY H[SHULPHQWDO LQYHVWLJD'
FUHDWLQJ YV XVLQJ WKUHH W\SHV RI QDYLJDWLRQ DLGYV
FRQWHQWY OLVW
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L, OQWURGXFWLRQ

,Q FKDSWHU WKH LPSRUWDQFH RI WRROV DQG VL
FRQVWUXFWLYLVP DQG ZLWKLQ WKLV WKHPH WKH DI
WKURXJK WRROV DQG VLJQV ZDV HPSKDVLVHG DV DQ |
DQG &XQQLQJKDP 9\JRWV N\ $UWLFXODWLRQ
WKH GHYHORSPHQW RI QHZ NQRZOHGJH .RVFKPDQQ
VXPPDUL]DWLRQ 'DYLV DQG +XOW LQJ DQG
.RHGLQJHU 7KH LPSRUWDQFH RI OHDUQHU FRQ
IUDPHZRUN RI FRQVWUXFWLYLVP DQG WKH ODVW FKDS
WKURXJK QDYLJDWLRQDO IUHHGRP 7KLV FKDSWHU SU
WKH HIIHFWV Rl DOORZLQJ OHDUQHUV WR DUWLFXOD
OHDUQLQJ ZLWK DQ HOHFWURQLF WH[W WKURXJK FUHD

&UHDWLQJ QDYLJDWLRQ DLGV VXFK DV PDSV LQGL
WR DUWLFXODWH WKHLU LGHDV DERXW WKH FRQWHQ
QDYLJDWLRQ DLG WKH OHDUQHU DOVR KDV WKH FRQW
Rl WKH QDYLJDWLRQ DLG WR WKHLU RZQ QHHGV DQG
DFFHVV PDWHULDOV DQG LQ ZKDW RUGHU

7KH ZRUN LQ WKLV FKDSWH U RERVQNVFWLTRXHCHSY. UW IRIZDA
WHVW K\SRWKHVHV WKDW ZHUH PRWLYDWHG E\ WKH 1UI
QDYLJIJDWIKRH IROORZLQJ K\SRWKHVHV ZHUH GHYHORSHG
LQYHVWLIJDWH WKH HIITHFWV RI FUHDWLQJ QDYLJDWLRC

+ /JHDUQHUV ZKR FUHDWH WKHLU RZQ QDYLJDWLRQ DLGV ZLOO VK
HQJDJHPHQW ZKHQ XVLQJ DQ HGXFDWLRQDO HOHFWURQLF WH[W WKDQ
DLGV

+ J/HDUQHUV ZKR FUHDWH WKHLU RZQ QDYLJDWLRQ DLGV ZLOO IHHO ¥
OHDUQLQJ ZLWK DQ HGXFDWLRQDO HOHFWURQLF WH[W WKDQ OHDUQHUYV
+ J/HDUQHUV ZKR FUHDWH WKHLU RZQ QDYLJDWLRQ DLGV ZLOO GHYHC

WKH FRQWHQW RI DQ HGXFDWLRQDO HOHFWURQLF WH[W WKDQ OHDUQHL

7KLV FKDSWHU GHVFULEHV D WKUHH SDUW H[SHULF

+J ZLWK WKUHH GLIITHUHQW W\SHV RI QDYLJDWLRQ D
oLvw 7KUHH QDYLJDWLRQ DLGV ZHUH VHOHFWHG IRU
ZDV FRQGXFWHG LQ RUGHU WR PDNH WKH VFRSH EUR
QDYLIJDWLRQ DLG 7KHVH SDUWLFXODU W\SHV RI QD
UHSUHVHQW W\SLFDO QDYLJDWLRQ DLGV LQ HGXFDWLF
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,Q SDUW $ Rl WKLV H[SHULPHQW WKH HIIHFWV RQ
LQYHVWLIJDWHG ,Q SDUW % WKH HIIHFWV RQ OHDUQ
LQYHVWLIJDWHG )LQDOO\ LQ SDUW & WKH HIIHFWV RC
DUH H[DPLQHG ,W VKRXOG EH QRWHG WKDW WKLV H[
PDSV $ = LQGLFHVY DQG FRQWHQWY OLVWYV H[SOLFLW:«
WKHVH LVVXHV HJ OF'RQDOG DQG 6WHYHQVRQ
1RU GRHV WKLV H[SHULPHQW DLP WR H[SOLFLWO\ FRF
LQGLFHY DQG FRQWHQWYV OLVWYV

2YHUDOO WKH H[SHULPHQWDO SURFHGXUHV DQG
H[SHULPHQW /HDUQHUV XVHG DQ HOHFWURQLF WH[W
WR FUHDWH RU XVH QDYLJDWLRQ DLGV DQG WKHLU O
HQJDJHPHQW RZQHUVKLS DQG NQRZOHGJH FRQVWUXF
GDWD DQDO\VLV |PW EBWBIHFHAWRHG WRIHWKHU DQG
PRUH GHWDLO LQ FKDSWHU DQG LQ VHFWLRQ R |
UHVXOWV RI HDFK SDUW RI WKLV H[SHULPRENHBDWH Y$U
7R GLVWLO WKHILQGLQJYVY RI WKH HPSLULFDO LQYHVWLJDW
GHVLIQHUV DQG UHVHDUFKHUV R HGKPS@LIﬁ@MRIQHFR\”UW(
DUH GLVFXVVHG

OHWKRG

+ + ZHUH WHVWHG ZLWK WKUHH GLIITHUHQW W\SHYV
H[SHULPHQWY /HDUQHUV ZHUH JLYHQ WKH IDFLOLWLH
FRQWHQWY OLVW 7KH SURFHGXUHV DQG PHDVXUHV X
VDPH DV LQ H[SHULPHQW ,Q SDUW $ SDUWLFLSDQW\
D PDS RU HPEHGGHG OLQNV DV QDYLJDWLRQ DLGV LQ
SDUWLFLSDQWYV XVHG HLWKHU DQ $ = LQGH[ WKH IDFL
OLQNV DV QDYLJDWLRQ DLGV LQ DQ HOHFWURQLF W]
FRQWHQWY OLVW WKH IDFLOLWLHVY WR FUHDWH D FRQ
LQ DQ HOHFWURQLF WH[W (PEHGGHG OLQNV ZHUH LC
VLQFH WKH\ IRUPHG D EDVHOLQH IRU HDFK RI WKH XVI
DQG &

,Q DOO WKUHH VXE H[SHULPHQWV SDUWLFLSDQW)\
WKHLU SULRU NQRZOHGJH RI WKH VXEMHFW GHVFULE
QDYLJDWLRQ DLGV WR H[SORUH WKH HOHFWURQLF WH
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LQIRUPDWLRQ LQ WKH WH[W WR VROYH D SUREOHP 7]
OHYHO RI FRIQLWLYH HQJDJHPHQW FRXOG EH HVWDE
LOWHUDFWLRQV ZLWK WKH HOHFWURQLF WH[W ZHUH

ILOHV $IWHUZDUGY WKHLU IHHOLQJV RI RZQHUVKLS
RZQHUVKLS TXHVWLRQQDLUH DQG WKHLU NQRZOHGJH
ZHUH DVNHG WR XQGHUWDNH D ZULWWHQ *WUDQVIHU"
WKH HOHFWURQLF WH[W 7KLV VHFWLRQ GHVFULEHYV 1
WKH PHDVXUHV XVHG LQ SDUWV $ & RI WKLV H[SHULPH

3DUW $ &UHDWLQJ YV 8VLQJ 0DSV
3DUWLFLSDQWYV
JRXUWHHQ XQGHUJUDGXDWHY RQ DQ LQWURGXFWRU\ -
8QLYHUVLW\ WRRN SDUW LQ SDUW $ Rl WKH H[SHULPH
H[SHULPHQW DOO KDG DWWHQGHG DQ LQWURGXFWF
OHFWXUH RQ XVDELOLW\ HYDOXDWLRQ WKH WRSLF S
+&, FRXUVH

$JH 5DQJH *HQGHU 8QGHUJUDG XD&RIP SXWH U: ©:: 8VH
3RVWJUDGXDW(HSHULHQF(H[SHULHQFH
VUV YHP DOH 8QGHUJUDG \U \U "'DLO\
VUV 0ODOH 3RVWJUDG \uVv NORY; “HHNO\
VUV VUV VUV ORQWKO\
\u vV \u Vv NORY; 5DUHO\
7DEOH 7KH QXPEHU RI SDUWLFLSDQWY LQ HDFK GHPRJUDSKLF FDWH.J

FDWHJRU\ IRU FRPSXWHU DQG ZHE H[SHULHQFH
2QH SDUWLFLSDQW GLG QRW DQVZHU WKLV TXHVWLRQ

(TXLSPHQW DQG ODWHULDOV
$V LQ H[SHULPHQW SDUWLFLSDQWYV XVHG D '(// 3& U

*% 5%0 ZLWK D " PRQLWRU NH\ERDUG DQG PRXVH
1DYLIJDWRU EURZVHU WR DFFHVV DQG QDYLJDWH WK}
SDUWLFLSDQWVY YHUEDOLVDWLRQV DQG LQWHUDFWL
UHFRUGHG RQ YLGHR FDPHUD ,Q DGGLWLRQ ORJ IL
QDYLIJDWLRQ DLG XVHG L H ZKHWKHU WKH QDYLJDWI
WKH SDJH YLVLWHG DQG WKH WLPH WKH SDJH ZDV YLV
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'"HVLIJQ DQG 3URFHGXUH
$ EHWZHHQ VXEMHFWY GHVLJQ ZDV HPSOR\HG DQG SC

H[SHULPHQWDO FRQGLWLRQV 7KH LQGHSHQGHQW YDU
DQG WKH WKUHH H[SHULPHQWDO FRQGLWLRQV ZHUH
XVLQJ D PDS HPEHGGHG OLQNYV
FUHDWLQJ D PDS HPEHGGHG OLQNV
HPEHGGHG OLQNYV
7KH IRXUWHHQ SDUWLFLSDQWY LQ SDUW $ ZHUH U
PDS RU FUHDWLQJ PDS FRQGLWLRQV VHYHQ LQ HEC
HPEHGGHG OLQNV FRPSULVHG RI WKH GDWD FROOF
SDUWLFLSDQWY LQ H[SHULPHQW
,Q WKH ILUVW FRQGLWLRQ XVLQJ D PDS SDUWLFL
WKURXJK D PDS RI SDJH WLWOHV ZKLFK VKRZHG DOO
GLVSOD\HG LQ D OHIW KDQG ZLQGRZ DQG RU WKURXJF
E\ XVLQJ D EDEN EXWWRQ VHH ILIXUH ,Q WKH
SDUWLFLSDQWYVY LQLWLDOO\ FRXOG RQO\ DFFHVV WKH
DQG RU E\ XVLQJ D EDFN EXWWRQ (DFK WLPH WKH SI
WLWOH DQG WKH OLQN WKDW ZDV IROORZHG ZHUH DG
PDS FRXOG WKHQ EH XVHG WR QDYLJDWH WKH WH[W
WKH HOHPHQWYV RI WKH PDS GHOHWH SDJHV DQG DGG
GLGQIW UHSUHVHQW DQ DFWXDO QDYLJDWLRQ OLQN |
SUHIHUHQFHV WKXV FUHDWLQJ WKHLU RZQ FXVWRPL
PDS FRQGLWLRQ WKH QRGH IRU WKH SDJH WKDW ZDV
UHG UDWKHU WKDQ WKH VWDQGDUG EOXH ,W VKRXO!
PDS JDYH QR LQGLFDWLRQ RI ZKLFK SDJH ZDV FXUUHQ
1HVWRU 1DYLJDWRU ,W VKRXOG DOVR EH QRWHG WKI
IXQFWLRQV IRU PDS FUHDWLRQ VXFK DV DGGLQJ FRQF
SDUWLFLSDQWY ZHUH DVNHG WR RQO\ XVH WKH RQHV
$V GHVFULEHG LQ FKDSWHU LQ WKH WKLUG ERC
FRXOG HLWKHU QDYLJDWH E\ HPEHGGHG OLQNV RU D
KHUH DV D FRPSDULVRQ FRQGLWLRQ EHFDXVH WKH H
EDVHOLQH IRU ERWK WKH XVLQJ PDS DQG FUHDWLQJ |
H[SHULPHWWYDOLG EHFDXVH WKH SURFHGXUHV DQG
H[SHULPPQW®WYV
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7KH H[SHULPHQWDO SURFHGXUH ZDV WKH VDPH DV
FKDSWHU IRU PRUH GHWDLOV H[FHSW WKDW ZKHQ W
SDUW RI WKH SURFHGXUH SDUWLFLSDQWYVY LQ WKH 3
FUHDWH WKHLU PDS Rl WKH HOHFWURQLF WH[W 6HH
VFULSW WKH SUH WHVW DQG GHPRJUDSKLF TXHVWL
LQVWUXFWLRQV IRU WKH WDVN DV WKH\ XVHG WKH HO
RZQHUVKLS TXHVWLRQQDLUH ZULWWHQ WUDQVIHU WD
LQVWUXFWLRQV



YWRZVHU

JLIXUH

7KH XVLQJ PDS FRQGLWLRQ

\Y
S8VDELOLW\ (YDOXDWLRQ

@BTJNS$ 0 8
s

7TKHVH HOHFWURQLF WH[W PDVE—IUL
\RX DQ RYHUYLHZ RI XVDELOLW\ H
DQG D VDPSOH RI GLIITHUHQW IgUP
HYDOXDWLRQ WHFKQLTXHV w

oy}
SVDELOLW\ HYDOXDWLRQ LV WB&H LC

RI XVDELOLW\ DQG PD\ EH HPS@R\}
DVFHUWDLQ WKH XVDELOLW\ Rg HL
DILQLVKHG SURGXFW W LV D&RX
ZKHWKHU D V\VWHP GRHV ZKDW zF
GR DQG ZKHWKHU UHTXLUHPH V
PHW 8VDELOLW\ HYDOXDWLRQ&DC
LGHQWLI\ XVDELOLW\ SUREOH D
GHWHUPLQH VRPH PHDVXUH RIEXVL
SVDELOLW\ HYDOXDWLRQ KDV D FH
LWHUDWLYH GHVLJQ SURFHVV S7Kt
PDLQ DSSURDFKHV WR XVDELOLW\
IRUPDWLYH HYDOXDWLRQ DQG VXP
HYDOXDWLRQ :KLFK DSSURDF LV
GHSHQGV RQ ZKHQ WKH XVDELQ@LW
LV SHUIRUPHG DQG WKH JRDOWRI
HYDOXDWLRQ

AdT COTIM



Cc

Qo oR RB RRO N+

sau_n»:zesw%»@ Fol

(%)

+ =3
T —a
w

lv]

\I

2
N
QORGLYRR R0

ono 9.
>
)

@ =

[
W R

2R

N
M-

&74

w

<
£

oo

0 TR R

R

r L

N

~

I
R
o
N R O g RW e R

=

~

I .
CSTI: o
O

-

Row

3=

wWee PENN TG+
N

N

+HIN

@ X h??wﬁ R R

HUD

o°

RW ey 1oV

Row

W R 29@9?5

S G

oW
N

ww

+HH
® 8w

-

2

nxoc

6
&74

>QHZ PDS@ 1(6725

ODS ILOH (GLW 9LHZ 7RROV *URXSZRUN

F D V ORGH U WQVHIW?
<6 WV I|I.OHRUG@
&XUUHQWPDS QHZ PDS _
?C@U "
7<3(6
2)
86%%,/,7< (9$/8%$7,21
86%%,/,7< (98/8%7,21
2%6(59%$7,218/
(9%/8%7,21
0(7+2"
6(59%7,218/
9%$/8%$7,21
,1752'8&7,21
J)LIXUH 7KH

:HE FDUWRJUDSKHU

YLROLVL

$GYDQFHG

[

UE

, G

FUHDWLQJ PDS FRQGLWLRQ

LLO»

*RWR +HOS
E! o

%DFN

©+
8VDELOLW\ (YDOXDWLRQ ,QWURGXFW
—

=

&
7TKHVH HOHFWURQLF WH[W PDWHULDOV HLP
RYHUYLHZ RI XVDELOLW\ HYDOXDWLRQ EQG
IRUPV RI XVDELOLW\ HYDOXDWLRQ WHF@LT

SVDELOLW\ HYDOXDWLRQ LV WKH DVVHV&PH
PD\ EH HPSOR\HG WR DVFHUWDLQ WKH X¥WDE
GHVLJQ RU D ILQLVKHG SURGXFW W LVWDEF
ZKHWKHU D VA\VWHP GRHV ZKDW ZH ZDQW LW
ZKHWKHU UHTXLUHPHQWY KDYH EHHQ PREW

HYDOXDWLRQ FDQ EH XVHG WR LGHQWLI XV
DQG RU WR GHWHUPLQH VRPH PHDVXUHTPR! X
S8VDELOLW\ HYDOXDWLRQ KDV D FHQWU U
GHVLJQ SURFHVY 7KHUH DUH WZR PDL DS
XVDELOLW\ HYDOXDWLRQ IRUPDWLYH H¥DO
HYDOXDWLRQ :KLFK DSSURDFK LV XVH GH
WKH XVDELOLW\ HYDOXDWLRQ LV SHUIREPH!
HYDOXDWLRQ =

7KH XVDELOLW\ HYDOXDWLRQ WHFKQLTXHYV
DUH REVHUYDWLRQDO HYDOXDWLRQ DQG& HJI
+RZHYHU LW VKRXOG EH QRWHG WKI—GUHCDUI

VVW LE T
% 6 UD Q . vy ,vVvyv =

AQdT cOIMA
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WH[W IHHOLQJV RI RZQHUVKLS IRU OHDUQLQJ DV P]
VHH DSSHQGL] DQG NQRZOHGJH FRQVWUXFWLRQ
WUDQVIHU WDVN DQG D FRQFHSW PDSSLQJ WDVN VHH
VDPH DV WKRVH L@ GHISWKHRPHQ®HWDLOV ZHUH IGHVFL
FKDSWHU 'HWDLOV RI KRZ WKLV GDWD ZDV DQDO\V
UHVXOWVY DUH GHVFULEHG LQ VHEWLRQ

1DYLJDWLRQ DQG 8VDELOLW\ BUREOHP OHDVXUHYV

$V LQ H[SHULPHQW QDYLIJDWLRQ EHKDYLRXU ZDV DV
ORJ ILOHV FROOHFWHG LQ WKH 1HVWRU 1DYLJDWRU E
ZDV WR SURYLGH H[SODQDWLRQ IRU WKH UHVXOWYV F
H[SHULPHQWDO K\SRWKHVHV $OVR DV LQ H[SHULPF
YHUEDOLVDWLRQV ZHUH XVHG WR DVVHVV WKH XVDEI
WKLY GDWD zZzbV DQDO\WHG ZHUH GHVFULEHG LQ FKD
UHVXOWY DUH GHVFULEHG LQ VHFWLRQ

3DUW % &UHDWLQJ YV 8VLQJ $ = ,QGLFH

3DUWLFLSDQWYV
JRXUWHHQ XQGHUJUDGXDWHY DQG SRVWJUDGXDWHYV F
WHUP DW &LW\ 8QLYHUVLW\ WRRN SDUW LQ SDUW
SHRSOH WR WKRVH ZKR SDUWLFLSDWHG LQ SDUW $
WKRVH LQ SDUW $ RI WKLV H[SHULPHQW DOO KDG DW
QRW \HW DWWHQGHG D OHFWXUH RQ XVDELOLW\ HYD
WH[W

$JH 5DQJH *HQGHU 8QGHUJUDGX®RASXWHU:: :: 8VH
3RVWJUDGXDM/SHHULHQI(—'[I—BHULHQFH
\UV JHPDOH 8QGHUJUDG \U \U 'DLO\
\UVv ODOH 3RVWJUDG \uvVv \UvVv "HHNO\
\uvV \UV \UvVv ORQWKO\
\UvV \UV \uvV 5DUHO\
7EOH 7TKH QXPEHU RI SDUWLFLSDQWYV LQ HDFK GHPRJUDSKLF

FDWHJRU\ IRU FRPSXWHU DQG ZHE H[SHULHQFH DQG ZHE XVH IRU

(TXLSPHQW DQG ODWHULDOV
$V LQ H[SHULPHQW DQG SDUW $ RI WKLV H[SHULPHQ\

DQ ,QWHO ;HRQ SURFHVVRU DQG *% 5%$0 ZLWK D ~ PF
DOVR XVHG WKH 1HVWRU 1DYLJDWRU EURZVHU WR DF
RQ XVDELOLW\ HYDOXDWLRQ 3DUWLFLSDQWYVY YHUEL
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HOHFWURQLF WH[W ZHUH UHFRUGHG RQ D 9+6 ZLWK PI
UHFRUGHG LQ D ER[ LQ WKH ERWWRP OHIW KDQG FRPH
LQ 1IHVWRU 1DYLJDWRU UHFRUGHG WKH QDYLJDWLRQ
E\ WKH $ = OLQNV RU EDFN EXWWRQ WKH SDJH YLVL\

'HVLIJQ DQG 3URFHGXUH
$ EHWZHHQ VXEMHFWY GHVLJQ ZDV HPSOR\HG DQG SC

H[SHULPHQWDO FRQGLWLRQV 7KH LQGHSHQGHQW YDU
DQG WKH WKUHH H[SHULPHQWDO FRQGLWLRQV ZHUH
XVLQJ DQ $ = LQGH[ HPEHGGHG OLQNV
FUHDWLQJ DQ $ = LQGH[ HPEHGGHG OLQNV
HPEHGGHG OLQNYV
$V LQ SDUW $ WKH IRXUWHHQ QHZ SDUWLFLSDQW
DVVLIQHG WR HLWKHU WKH XVLQJ $ = RU FUHDWLQJ ¢
$JDLQ DV LQ SDUW $ WKH WKLUG FRQGLWLRQ HPEH
IURP WKH VHYHQ HPEHGGHG OLQNV SDUWLFLSDQWYV LG
,Q WKH ILUVW FRQGLWLRQ XVLQJ DQ $ = LQGH[ SI
WH[W WKURXJK DQ LQWHUDFWLYH DOSKDEHWLFDO LQC
SDJHV LQ WKH HOHFWURQLF WH[WV LQ WKH OHIW KD
ZLWKLQ WKH WH[W DQG RU E\ XVLQJ D EDFN EXWWRQ
FUHDWLQJ DQ $ = LQGH[ SDUWLFLSDQWYV FRXOG F
HPEHGGHG OLQNV ZLWKLQ WKH WH[W DQG RU E\ XVLQ.
YLVLWHG D SDJH WKH SDJH WLWOH ZDV UHSUHVHQWH:
FRXOG WKHQ EH XVHG WR QDYLJDWH DQG SDUWLFLS
DOSKDEHWLFDO RUGHU VHH ILIXUH ,Q WKH FUHD)
WKDW ZDV FXUUHQWO\ EHLQJ GLVSOD\HG ZDV VKRZQ
VKRXOG EH QRWHG WKDW LQ WKH XVLQJ $ = FRQGLWL
SDJH ZDV FXUUHQWO\ EHLQJ GLVSOD\HG WKLV LV D IH
7KH H[SHULPHQWDO SURFHGXUH ZDV WKH VDPH DV
FKDSWHU IRU PRUH GHWDLOV DQG SDUW $ RI WKLYV
SURFHGXUH SDUWLFLSDQWY LQ WKH 3FUHDWLQJ $ = |

DSSHQGLFHYV IRU WKH H[SHULPHQWDO VFUL
TXHVWLRQQDLUH WUDLQLQJ LQVWUXFWLRQV DQG WK
WKH HOHFWURQLF WH[W 6HH DSSHQGLFHYV IR

WUDQVIHU WDVN LQVWUXFWLRQV DQG WKH FRQFHSW P
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s 4T - HPSOR\HG WR DVFHUWDLQ WKH XVDELOLW\ RI HEWK
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N e FDQ EH XVHG WR LGHQWLI\ XVDELOLW\ SUREOH D
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HYDOXDWLRQV

YLIXUH 7KH XVLQJ $ = FRQGLWLRQ

AQdT cOTIMA
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WH[W IHHOLQJV RI RZQHUVKLS IRU OHDUQLQJ DV Pt
VHH DSSHQGL] DQRQG NQRZOHGJH FRQVWUXFWLRQ
WUDQVIHU WDVN DQG D FRQFHSW PDSSLQJ WDVN VHEF
VDPH PHDVXUHYV DV LQ H[SHULPHQW DQG WKHLU GHYV
RI WKH DQDO\VHV RI WKLY GDWD DQG WKH UHVXOWYV LC

I1DYLJDWLRQ DQG 8VDELOLW\ B3UREOHP OHDVXUHYV

$V LQ H[SHULPHQW DQG SDUW $ LQ WKLV H[SHULPH
WKURXJK SRVW KRF DQDO\VHV RI WKH ORJ ILOHV FRC(
$OVR DV LQ H[SHULPHQW WUDQVFULSWLRQV RI1 SD
LGHQWLI\ WKH XVDELOLW\ SUREOHPV H[SHULHQFHG
DQERDO\VHG ZHUH GHVFULEHG LQ FKDSWHU DQG DG
GHVFULEHG LQ VHFWLRQ

3DUW & &UHDWLQJ YV 8VLQJ &RQWHQWYV
SDUWLFLSDQWYV
JRXUWHHQ XQGHUJUDGXDWHY RQ DQ LQWURGXFWRU\ -
8QLYHUVLW\ WRRN SDUW LQ SDUW & VHH WDEOH
SDUWLFLSDWHG LQ SDUWV $ DQG % $V ZLWK SDUWLF]
DQG % KHUH DOO KDG DWWHQGHG DQ LQWURGXFWR!
OHFWXUH RQ XVDELOLW\ HYDOXDWLRQ WKH WRSLF SU

$JH 5DQJH *HQGHU B8QGHUJUDGX&®RASXWHU:: ::: 8VH
SBRVWIJUDGXDWHHULHQFFHHULHQFH
\UV JHPDOH 8QGHUJUDG \U \U 'DLO\
\UvV ODOH 3RVWJUDG \UV \UV "HHNO\
\UV \UV \UV ORQWKO\
\UV \UV \UV 5DUHO\

7TDEOH 7KH QXPEHU RI SDUWLFLSDQWYV LQ HDFK GHPRJUDSKLF FD
FDWHJRU\ IRU FRPSXWHU DQG ZHE H[SHULHQFH DQG ZHE XVH IRU

(TXLSPHQW DQG ODWHULDOV
SDUWLFLSDQWY LQ SDUW & XVHG D -HUDQ 7THFKQRORJ

DQG 0% 5%$0 ZLWK D °~ PRQLWRU NH\ERDUG DQG PR
1DYLIJDWRU EURZVHU WR DFFHVV DQG QDYLJDWH W
HYDOXDWLRQ 3DUWLFLSDQWVY LQWHUDFWLRQV DQG
ZHUH UHFRUGHG RQ D YLGHR FDPHUD ,Q DGGLWLRQ
QDYLJDWLRQ DLG XVHG WKH SDJH YLVLWHG DQG WKH
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'"HVLIJQ DQG 3URFHGXUH
$ EHWZHHQ VXEMHFWY GHVLJQ ZDV HPSOR\HG DQG SD

H[SHULPHQWDO FRQGLWLRQV 7KH LQGHSHQGHQW YDU
DQG WKH WKUHH H[SHULPHQWDO FRQGLWLRQV ZHUH
XVLQJ D FRQWHQWY OLVW HPEHGGHG OLQNV
FUHDWLQJ D FRQWHQWY OLVW HPEHGGHG OL
XVLQJ HPEHGGHG OLQNV
$V LQ SDUWV $ DQG % WKH IRXUWHHQ QHZ SDU\
UDQGRPO\ DVVLJQHG WR HLWKHU WKH XVLQJ FRQWHQ
VHYHQ LQ HDFK FRQGLWLRQ $JDLQ DV LQ SDUWV $ DQ
FRPSULVHG RI GDWD FROOHFWHG IURP WKH VHYHQ HF

,Q WKH ILUVW FRQGLWLRQ XVLQJ D FRQWHQWV
HOHFWURQLF WH[W WKURXJK D FRQWHQWY OLVW RI SD
WKH HOHFWURQLF WH[W GLVSOD\HG LQ D OHIW KDQG
ZLWKLQ WKH WH[W DQG RU E\ XVLQJ D EDFN EXWWRQ
WKH WLWOHV RI SDJHV LQ WKH HOHFWURQLF WH[W
LQGHQWDWLRQV WR LQGLFDWH FRQFHSWXDO JURXSL
FRQWHQWY OLVW SDUWLFLSDQWY LQLWLDOO\ FRXOG
ZLWKLQ WKH WH[W DQG RU E\ XVLQJ D EDFN EXWWRQ
SDJH WKH SDJH WLWOH ZDV DGGHG WR WKH OHIW KD
OLVW FRXOG WKHQ EH XVHG WR QDYLJDWH WKH WH[W
WLWOHV RQ WKH OLVW DFFRUGLQJ WR WKHLU RZQ SUF
FRQWHQWY OLVW ,Q WKH FUHDWLQJ FRQWHQWYV OLV
FXUUHQWO\ EHLQJ GLVSOD\HG ZDV VKRZQ LQ UHG UD)
QRWHG WKDW LQ WKH XVLQJ FRQWHQWY OLVW FRQGLYV
ZDV FXUUHQWO\ EHLQJ GLVSOD\HG WKLV LV D IHDWXU

7KH H[SHULPHQWDO SURFHGXUH ZDV WKH VDPH DV
FKDSWHU IRU PRUH GHWDLOV DQG SDUWV $ DQG % |
WKH SURFHGXUH SDUWLFLSDQWY LQ WKH 3FUHDWLQJ

OLVW 6HH DSSHQGLFHYV IRU WKH H[SHULPHQW!|
TXHVWLRQQDLUH WUDLQLQJ LQVWUXFWLRQV DQG Wt
HOHFWURQLF WH[W 6HH DSSHQGLFHV IRU W

WUDQVIHU WDVN LQVWUXFWLRQV DQG WKH FRQFHSW P



80 $SUPLWDJH ([SHULPHQW  &UHDWLQJ 1DY
/JHDUQLQJ OHDVXUHV

$V LQ H[SHULPHQW DQG SDUWV $ DQG % LQ WKLV H[S
ZDV DGPLQLVWHUHG WR SDUWLFLSDQWY DV D FRQWUR
WKH VDPH OHYHO RI EDFNJURXQG NQRZOHGJH RI WK
FRQVLVWHG RI VHYHQ TXHVWLRQV WHVWLQJ WKHLU NC

7KUHH GHSHQGHQW YDULDEOH V+ZHRRY GIPVE DRN HIGQWI
DV PHDVXUHG E\ SDUWLFLSDQWVY WKLQN DORXG YH
WH[W IHHOLQJV RI RZQHUVKLS IRU OHDUQLQJ DV P|
VHH DSSHQGL] DQG NQRZOHGJH FRQVWUXFWLRQ
WUDQVIHU WDVN DQG D FRQFHSW PDSSLQJ WDVN VHH |

1DYLJDWLRQ DQG 8VDELOLW\ 3UREOHP OHDVXUHYV

$V LQ H[SHULPHQW DQG SDUWV $ DQG % LQ WKLV H
DVVHVVHG WKURXJK SRVW KRF DQDO\WHV RI WKH ORJ
EURZVHU $OVR DV LQ H[SHULPHQW WKH WUDQVFUL
XVHG WR LGHQWLI\ WKH XVDELOLW\ SUREOHPV H[SHUL
DQDO\WHG ZHUH GHVFULEHG LQ FKDSWHU DQG DG
GHVFULEHG LQ VHFWLRQ
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7KH XVLQJ

‘C6P

S8VDELOLW\ (YDOXDWLRQ ,QWURGXFWLRQ

aHTE@M1dNS 08

7KHVH HOHFWURQLF WH[W PDWHULDOV DLP WR JLYH®RRX
HYDOXDWLRQ DQG D VDPSOH RI GLIITHUHQW IRUPYV RIgXVI

8VDELOLW\ HYDOXDWLRQ LV WKH DVVHVVPHQW RI X\cngEl
DVFHUWDLQ WKH XVDELOLW\ RI HLWKHU D GHVLJQ Rd D
GHWHUPLQLQJ ZKHWKHU D V\VWHP GRHV ZKDW ZH ZDQW
UHTXLUHPHQWY KDYH EHHQ PHW 8VDELOLW\ HYDOXPwL
LGHQWLI\ XVDELOLW\ SUREOHPV DQG RU WR GHWHUBLQ|
S8VDELOLW\ HYDOXDWLRQ KDV D FHQWUDO UROH LQ L
DUH WZR PDLQ DSSURDFKHV WR XVDELOLW\ HYDOXDWLR
VXLQPDWLYH HYDOXDWLRQ :KLFK DSSURDFK LV XVH G
XVDELOLW\ HYDOXDWLRQ LV SHUIRUPHG DQG WKH J@DO\

7KH XVDELOLW\ HYDOXDWLRQ WHFKQLTXHV WR EH SQHV
HYDOXDWLRQ DQG H[SHUW UHYLHZV +RZHYHU LW RKR]
WHFKQLTXHVY WKDW PD\ EH XVHG LQ XVDELOLW\ HYDOXD

0(QG

FRQWHQWYV OLVW FRQGLWLRQ

AQT COTMAHNTD
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7KH FUHDWLQJ FRQWHQWY OLVW FRQGLWLRQ

Y)LIXUH



8 0 $SUPLWDJH ([SHULPHQW &UHDWLQJ 1DY

$QDO\WLY DQG 5HVXOWYV

7KLV VHFWLRQ SUHVHQWY WKH DQDO\VLYV DQG UHVXOV
+ LQ SDUWV $ & RI WKLV H[SHULPHQW ,Q DGGLWLRQ
SDUWLFLSDQWVY QDYLJDWLRQ EHKDYLRXU IURP ORJ Il
SDUWLFLSDQWVY WKLQN DORXG YHUEDOLVDWLRQV DU
FDOFXODWHG VWDWLVWLFDO VLJQLILEDQFH LV VHW C
VLIQLILFDQW GLIIHUHQFHY ERUGHUOLQH VLJQLILEDQ
VLIJQLILFDQFH DUH IRXQG DQG NQWDOXGEHI B UHWRWRED UV
7KH UHOLDELOLW\ DQG YDOLGLW\ RI WKH FRJQL
NQRZOHGJH FRQVWUXFWLRQ PHDVXUHV IRU SDUWV $
WRJHWKHU ZLWK WKH GDWD IURP H[SHULPHQW DQG
FRGLQJ VFKHPHV IRU FRJQLWLYH HQJDJHPHQW DQG X!
WKUHH WKLQN DORXG WUDQVFULSWV WDNHQ IURP Wt
H[SHULPHQWYVY DQG $V GLVFXVVHG LQ FKDSWHU
VLQFH WKH SURFHGXUHV DQG PHDVXUHV IRU H[SHULP}
RZQHUVKLS TXHVWLRQQDLUH DQG NQRZOHGJH FRQV\
H[SHULPHQW ZHUH FKHFENHG VHSDUDWHO\ 7KLV LV
GLIIHUHQW WLPH WR WKH UHVW RI WKH GDWD VLQFH
H[SHULPHQW DQG SDUWV $ DQG % RI H[SHULPHQW
IRU WKH SUH WHVWV RZQHUVKLS TXHVWLRQQDLUHV
SDUW & RI WKLV H[SHULPHQW DUH GHVFULEHG LQ VHF\

3DUW $ &UHDWLQJ YV 8VLQJ 0DSV

,Q WKLV VHFWLRQ WKH UHVXOWV IRU WKH OHDUQLQ.
PDS FRQGLWLRQV LQ SDUW $ RI WKLV H[SHULPHQW D
OLQNV FRQGLWLRQ ZDY HW[GWR LIPGHFOKGHG LQ WKHVH L
FRPSDULVRQ FRQGLWLRQ $V GLVFXVVHG LQ WKH PHW
VLQFH WKH SURFHGXUHV D Q GDPRKDWH WHWH RMDHP[S HU L P H C

W VKRXOG DOVR EH QRWHG WKDW WKH GDWD IR
FRQGLWLRQ ZDV UHPRYHG IURP WKHVH DQDO\VHV 7K
RXWOLHU VLQFH LW ZDV DSSDUHQW WKDW WKH\ KDG
LQVWUXFWLRQV ZKHQ WKH\ XVHG WKH HOHFWURQLF \
WKDW WKH\ ZHUH VLPSO\ VXSSRVHG WR FUHDWH D PD
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DERXW WKH HOHFWURQLF WH[WV LQ WHUPV RI FKRRVI
JLYHQ VFHQDULR $V D UHVXOW WKH\ ZHUH XQDEOH W
HYDOXDWLRQ WHFKQLTXH WR FKRRVH E\ WKH HQG RI
WDVN

3buUw $ /HDUQLQJ OHDVXUHYV
3UH WHVW

7KH SUH WHVW ZDV PDUNHG DV GHVFULEHG LQ H[SH
PDUNLQJ VFKHPH 7KH PHDQ RI WKH RYHUDOO PDUN\
XVDELOLW\ HYDOXDWLRQ ZDV 7KH VWDQGDUG GH
PDUNV RI WKUHH VWDQGDUG GHYLDWLRQV DERYH WKH
HIWUHPH FDVHYV

&RJIJQLWLYH (QJDJHPHQW

$V LQ H[SHULPHQW SDUWLFLSDQWVY WKLQN DORXG
FRIQLWLYH HQJDJHPHQW DFWLYLWLHY VHH DSSHQGL]

IRU DQ H[DPSOH FRGHG WUDQVFULSW 6RPH FRJQ
PRUH FRPSOH[ PHQWDO RSHUDWLRQV VR ZHUH JLYHQ
&RQQHFWLQJ WR WKH 7DVN 6HWWLQJ &ULWLTXLQJ 7]
30DQQLQJ 6WUDWHJI\ ZKHUHDV DOO RWKHUV ZHUH P
$OHUWQHVYV (PSOR\LQJ 6HOHFWHG 7HFKQLTXH OF
8QGHUVWDQGLQJ 6HOHFWLQJ 7HFKQLTXH &RJIQLWI
FDOFXODWHG E\ VXPPLQJ WKH DFWLYLW\ VFRUHV IRU }

$ .UXVNDO :DOOLV $129% ZDV XVHG WR DQDO\VH |
.UXVNDO :DOOLV $129%V ZHUH DOVR SHUIRUPHG WR HJ
IRU WKH QXPEHU RI LQVWDQFHV RI HDFK FRJQLWLYH
GLIIHUHQFHV ZHUH UHYHDOHG SRVW KRF SDLU ZLVH |
DQG &DVWHOODQ PHWKRG 7KH UHVXOWV RI WKH\
6HH DSSHQGL] IRU IXUWKHU GHWDLOV RI WKH RXWS
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$QDO\VLV $YHUDJH IRU HDFKUXVNDO :DOOLV65IQaSLFDQW SRVW KI
FRQGLWLRQ WHVWV

&RJIQLWLYHKVLQJ PDS 1RQ VLIJQLILFDQW $

HQJDJHPHQWHDWLQJ PDS

VFRUHV HPEHGGHG OLQNV

30DQQLQJ XVLQJ PDS $SSURDFKLQJ XVLQJ PDS YV FUHDWL
6WUDWHJ\ FUHDWLQJ PDS VLJQLILFDQFH PDS

HPEHGGHG OLQNV + s

VHH ILIXUH
&RQQHFWLRVLWR PDS 1RQ VLIJQLILFDQW $

WKH 7DVN FUHDWLQJ PDS
6HWWLQJ HPEHGGHG OLQNV
&RQQHFWLRVLQJ PDS 1RQ VLIJQLILFDQW $
([SHULHQFHVHDWLQJ PDS
HPEHGGHG OLQNV
&ULWLTXLQWLQJ PDS 1RQ VLIJQLILFDQW $

7H[W &RQWHUHBWLQJ PDS
HPEHGGHG OLQNV

ORQLWRULQ@Y¥LQJ PDS %RUGHUOLQH VLX\QLQLFOOEFMY FUHDWL
8QGHUVWDRGHMWLQJ PDS + S PDS HPEHGGHG OLQN!
HPEHGGHG OLQNV FUHDWLQJ PDS
VHH ILIJXUH
(PSOR\LQJ XVLQJ PDS 1RQ VLIJQLILFDQW $

6HOHFWHGFUHDWLQJ PDS
THFKQLTXHHPEHGGHG OLQNYV

SHVWDWLQAVLQJ PDS $SSURDFKLQJ 1R VLIQLILFDQW SRVW
S8QGHUVWDRWGHMWLQJ PDS VLIQLILFDQFH WHVWYV

HPEHGGHG OLQNYV + S

VHH ILIJXUH
$OHUWQHVXVLQJ PDS 1RQ VLJIJQLILFDQW %

FUHDWLQJ PDS

HPEHGGHG OLQNV
BHOHFWLQXVLQJ PDS 1RQ VLIJQLILFDQW $
7HFKQLTXHFUHDWLQJ PDS

HPEHGGHG OLQNV
ORQLWRULQ@YLQJ PDS 1RQ VLIJQLILFDQW $
1IDYLJDWLRRUHDWLQJ PDS

HPEHGGHG OLQNV
7DEOH 5HVXOWYV RI DQDO\VHV IRU FRIJQLWLYH HQJDJHPHQW
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' $YHUDJH QXPEHU RI OR
V 5 REWLYLWLHY LG
BEvHWYRB vV VWDQGDUG

FRQGLWLRQ LQ SDUW $

)LIXUH $YHUDJH QXPEHUx
30DQQLQJ 6WUDWHJ\ DFWLYL@ Iz
IURP YHUEDOLVDWLRQV VW Q
IRU HDFK FRQGLWLRQ LQ SDUWL$HF

wWc

v
M
£
K

8VLQJ 0DS &UHDWLQJ 0DS (PEHGGHG
/ILQNV

JLIXUH 7TKH QXPEHU RI 5SHVWDWLQJ 8QGHUVWDQGLQJ DFWLYLYV
VWDQGDUG HUURU IRU HDFK FRQGLWLRQ LQ SDUW $

2ZQHUVKLS

7TRWDO RZQHUVKLS DQG WKH DYHUDJH UDWLQJV IR
H[SHULPHQW .UXVNDO :DOOLV $129%V ZHUH HPSOR\
FRQGLWLRQV DQG ZKHUH DSSURSULDWH QRQ SDUL
FRPSDULVRQV DFFRUGLQJ WR WKH 6LHJDO DQG &DVW!
UHVXOWV RI WKHVH DQDO\VHV DUH VXPPDULVHG LQ
GHWDLOV RI WKH RXWSXWV RI WKHVH DQDO\VHV
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$QDO\WLYV $YHUDJH IRU HDRKXVNDO :DOOLV $1293ILFDQW SRVW KI

FRQGLWLRQ WHVWYV
7TRWDO XVLQJ PDS 6LIJQLILFDQW XVLQJ PDS YV FUHDWI
RZQHUVKLSFUHDWLQJ PDS + S PDS XVLQJ PDS YV
VFRUHV HPEHGGHG OLQNYV HPEHGGHG OLQNYV
RXW RI VHH ILIJXUH
&RQWURO DPOHAWRWPDS 6LIJQLILFDQW XVLQJ PDS YV FUHDWI
RXW RI FUHDWLQJ PDS + S PDS XVLQJ PDS YV
HPEHGGHG OLQNYV HPEHGGHG OLQNYV
VHH ILIJXUH
5HVSRQVLELMAIQN\PDS 6LIJQLILFDQW XVLQJ PDS YV FUHDWI
IDFWRU FUHDWLQJ PDS + S PDS XVLQJ PDS YV
RXW RI HPEHGGHG OLQNYV HPEHGGHG OLQNYV
VHH ILIJXUH
9DOXH IDFWRIUQJ PDS 6LIJQLILFDQW XVLQJ PDS YV FUHDWI
RXW RI FUHDWLQJ PDS + S PDS

HPEHGGHG OLQNYV
VHH ILIJXUH
7TDEOH 5HVXOWYV RI DQDO\VHV SHUIRUPHG RQ WKH RZQHUVKLS

JLIXUH $YHUDJH WRWDO RZQHUVKLS DQG DYHUDJH UDWLQJV
UHVSRQVLELOLW\ DQG YDOXH IDFWRUV IRU SDUW $

.QRZOHGJH &RQVWUXFWLRQ

7KH ZULWWHQ WUDQVIHU WDVNV ZHUH PDUNHG EOLQG

VHH DSSHQGL] IRU WKH PDUNLQJ VFKHPH L
HPSOR\HG WR DVVHVV GLIIHUHQFHY EHWZHHQ FRQGLW
ZHUH PDUNHG RQ DQG ZKHUH DSSURSULDWH QRQ S
FRPSDULVRQV DFFRUGLQJ WR WKH 6LHJDO DQG &DVWI
UHVXOWYV RI WKHVH DQDO\VHVY DUH VXPPDULVHG LQ W
RI WKHVH DQDO\VHVY VHH DSSHQGL]
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$QDO\VLV $YHUDJH IRU HDREKKVNDO :DOOLV6BIQASLFDQW SRVW
FRQGLWLRQ WHVWV

7RWDO WUDQV XML QUDVINS 1RQ VLJQLILFDQW $

PDUN FUHDWLQJ PDS
HPEHGGHG OLQNV

$ 'HVFULSWLRQ/IRQJ PDS 1RQ VLJQLILFDQW $

XVDELOLW\ HY FOXDWLRQ PDS
DQG LWV SXUSRWHHGGHG OLQNV

% 'HWDLOV RIXWIK®J PDS 1RQ VLJQLILFDQW $
HYDOXDWLRQ WHHAR@ITIHRDS

SUHVHQWHG LQHREKHGGHG OLQNV

HOHFWURQLF WH[W

& 8QGHUVWDQGWLIQUJ RPIDS 1RQ VLIJQLILFDQW $
KRZ WKH XVDEEFOHWWLQJ PDS

HYDOXDWLRQ WREKGIGHGHOLQNYV

UHODWH WR HDFK RWKHU

([SODQDWLRXQVRQJ PDS 1RQ VLIJQLILFDQW $
KRZ HDFK WHFIKQHDX\H.QJ PDS
UHODWHV WR VHRHEHGBHG OLQNV
XVDELOLW\ HYDOXDWLRQ

VHWWLQJ
( '"HWDLOV RI XRZQWRBS 6LIJQLILFDQW XVLQJ PDS YV
FKRVHQ WHFKQQAUEKKMHWAIQIOPDS  + S K\SHUWH[W

EH HPSOR\HG HPEHGGHG OLQNV
VHH ILIJXUH

) $UJXPHQW TXWDIOQIWRDS 1RQ VLIJQLILFDQW $
FUHDWLQJ PDS
HPEHGGHG OLQNYV

7DEOH 5HVXOWY RI DQDO\WHV IRU DOO DVSHFWV WKDW WKH WUDQVIHU WD

J)LIXUH $YHUDJH UDWLQJY RQ DVSHFW ( RI WKH WUDQVIHU WDVN V WD

7KH FRQFHSW PDSV ZHUH PDUNHG EOLQG WR WKH

7KH TXDQWLWDWLYH PDUNV QXPEHU RI QRGHV
DQDO\WHG XVLQJ D SDUDPHWULF $129% DQG 7XNH\ SR
7KH TXDOLWDWLYH PDUNV WKH TXDOLW\ RI QRGHV DQ
VFKHPH ZHUH DQDO\VHG XVLQJ D .UXVNDO :DOOLV
FRPSDULVRQV XVLQJ WKH 6LHJDO DQG &DVWHOODQ
DQDO\WHV DUH VXPPDULVHG LQ WDEOH YRU IXUWKFE
VHH DSSHQGL]J
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$QDO\VLV $YHUDJH IRU HD¥K9$ 6LIQLILFDQW SRV
FRQGLWLRQ KRF WHVWYV

AXDQWLWDWLYXVERQ PPHDSW SDUDPHWULF $12F%NH\

PDS PDUN FUHDWLQJ PDS VLJQLILFDQW XVLQJ PDS YV
HPEHGGHG OLQNY S FUHDWLQJ PDS
VHH ILIJXUH XVLQJ PDS YV

HPEHGGHG OLQNV

4AXDOLWDWLYH XRQ@BHBMNS .UXVNDO :DOOLV 6LHJDO DQG

PDS PDUN FUHDWLQJ PDS DSSURDFKLQJ VLEPMWHDOPH) XVLQ
HPEHGGHG OLQNVY S PDS YV HPEHGGHG
VHH ILIJXUH OLQNYV

7TDEOH 5HVXOWY RI DQDO\VHV IRU WKH TXDOLWDWLYH DQG TXI

JLIXUH $YHUDJH TXDQWLWDWAWYH FROBHNSWDJIH TXDOLWDWL

PDS PDUNYV VWDQGDUG HUBBRS PIRWUNSDUW VWDQGDUG HUURLU

$ $

3DUW $ 1DYLJDWLRQ DQG 8VDELOLW\ OHDV X
7KLY VHFWLRQ SUHVHQWYV WKH UHVXOWY RI SRVW KRF

XVDELOLW\ PHDVXUHV IRU SDUW $ WR IXUWKHU H[SC
H[SHULPHQW DQG WR ORRN IRU SDWWHUQV WR SURYL
WKH OHDUQLQJ PHDVXUHYV 7KH DLP LV WR FRPSDUH
QDYLIJDWLRQ EHKDYLRXU DQG XVDELOLW\ SUREOHP PH
OHDUQLQJ PHDVXUHYV

IDYLIDWLRQ %HKDYLRXU

7KH SDUWLFLSDQWVY QDYLJDWLRQ EHKDYLRXU ZDV D
WKH WRWDO QXPEHU RI RSHUDWLRQV FOLENV WKH C
EXWWRQ PDS DQG OLQN XVDJH 7KH DQDO\VLV RI WKH
GLIIHUHQW SDJHV ZDV WKH VDPH DV LQ H[SHULPHQW

OLQN XVDJH ZDV QHZ IRU H[SHULPHQW DQG ZDV QRW
ORJ ILOHV UHFRUGHG ZKHWKHU WKH EDFN EXWWRQ P
DQG WKH EDFN PDS DQG OLQN XVDJH ZDV FDOFXODWE
RSHUDWLRQV 6LPLODU PHDVXUHV RI QDYLJDWLRQ DL
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RQ QDYLJDWLRQ LQ HOHFWURQLF WH[WV HJ OF'RQD
3LWNRZ 7DXVFKHU DQG *UHHQEHUJ 'DQLHO
=HLOLJHU HW DO

7KH QXPEHU RI RSHUDWLRQV DQG WKH QXPEHU RI
XVLQJ SDUDPHWULF $129$V 7KH UHVXOWV Rl WKHVH

JRU IXUWKHU GHWDLOV RI WKH RXWSXWV RI WKHVH DQ

$QDO\VLYV $YHUDJH IRU HDFK FRQGL®L2RG
1R RI RSHUDWXKRR¥J PDS 1RQ VLIJQLILFDQW
FUHDWLQJ PDS
HPEHGGHG OLQNV
1R RI GLIITHUHQWL QD DS 1RQ VLIQLILFDQW
YLVLWHG PD[ FUHDWLQJ PDS
HPEHGGHG OLQNYV
7TDEOH 5HVXOWY RI DQDO\WVHV IRU WKH QXPEHU RI RSHUDWLR(
IRU SOUW

%HWZHHQ VXEMHFWYVY W WHVWY ZHUH HPSOR\HG WF
FUHDWLQJ PDS FRQGLWLRQV VHH WDEOH VHH DSS
Rl WKHVH DQDO\WVHYV 7KH HPEHGGHG OLQNV FRQGLWL
QDYLJDWLRQ LQ WKLV FRQGLWLRQ FRXOG RQO\ EH HI
EXWWRQ DQG WKH VSOLW EHWZHHQ OLQN XVDJH DQG
$V VXFK WKH SHUFHQWDJH XVDJH RI OLQNV DQG WKH

WKDQ LQ WKH RWKHU WZR FRQGLWLRQV

8VDJH $QDOSWIHMUDIH IRU HDFK FRQ G LAHIVR\Q

%DFN XVLQJ PDS 6LJQLILFDQW 0O s
FUHDWLQJ PDS
VHH ILIJXUH
JLQN XVLQJ PDS 6LJQLILFDQW W OO s
FUHDWLQJ PDS
VHH ILIJXUH
0DS XVLQJ PDS 6LJQLILFDQW W OO S
FUHDWLQJ PDS
VHH ILIXUH
7DEOH %DFN OLQN DQG PDS XVDJH DQDO\VLV IRU WKH XVLQJ
$
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8VLQJ 0DS &UHDWLQJ 0DS

YLIXUH $YHUDJH IJXUH $YHUDJHIXUH $YHUDJH
EDFN XVDJH VWDQGB UG/DJH VWD 8 XIVIDGH VWDQGDUG
HUURU IRU WKH XWWQURPDIRU WKH XMUQRWPDIRU WKH XVLQJ PD
DQG FUHDWLQJ DPBS FUHDWLQJ D@®FUHDWLQJ PDS
FRQGLWLRQV FRQGLWLRQV FRQGLWLRQV

8VDELOLW\ BUREOHPV

,QVWDQFHV RI XVDELOLW\ SUREOHPV ZHUH LGHQWLIL
WKH FULWHULD GHVFULEHG LQ FKDSWHU $ WRWDO R
WKH YHUEDO SURWRFRO WUDQVFULSWLRQV RI SDUWL
HPEHGGHG OLQNV FRQGLWLRQV LQ SDUW $ RI H[SHULP
XQLTXH SUREOHPV DQG WKH WRWDO VHYHULW\ RI
GHWHUPLQHG 7KH GDWD ZDV WKHQ DQDO\VHG DV LQ
7KH QXPEHU RI LQVWDQFHV QXPEHU RI XQLTXH
SDUWLFLSDQW ZHUH DQDO\VHG XVLQJ .UXVNDO :DOOL
FRQGLWLRQV 7KH UHVXOWV Rl WKHVH DQDO\VHV DU
GHWDLOV RI WKH RXWSXWV RI WKHVH DQDO\VHV VHH C

$QDO\VLV $YHUDJH SHU SD UWIXMNSID@ B0 OBV
HDFK FRQGLWLRQ
BUREOHP ,QVWDQFMVLQJ PDS 1RQ VLJQLILFDQW

FUHDWLQJ PDS
HPEHGGHG OLQNYV

8QLTXH 3UREOHPV XVLQJ PDS 1RQ VLJQLILFDQW
FUHDWLQJ PDS
HPEHGGHG OLQNYV

7TRWDO 3UREOHP 6XYHQUW\DS 1RQ VLIQLILFDQW
FUHDWLQJ PDS
HPEHGGHG OLQNYV

7TDEOH 5HVXOWYVY RI DQDO\WVHV SHUIRUPHG RQ SUREOHP LQVWI
SUREOHP VHYHULW\ IRU SDUW $

)LQDOO\ WKH XVDELOLW\ SUREOHPV ZHUH FDWHJF
RFFXUUHG LQ HDFK FRQGLWLRQ DV LQ H[SHULPHQW
H[SHULPHQW LQ FKDSWHU WZR QHZ FDWHJRULHV Z
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RI XVDELOLW\ SUREOHPV WKDW ZHUH H[SHULHQFHG E\
DERYH WKRVH IRU H[SHULPHQW 7TKHVH DUH VKRZQ L

$V LQ H[SHULPHQW IRU HDFK FDWHJRU\ WKDW R
DYHUDJH QXPEHU RI XQLTXH SUREOHPV SHU SDUWL
FDOFXODWHG 7DEOH DQG ILIJXUH VKRZV KRZ \

GLVWULEXWHG DFURVV FRQGLWLRQV DQG WKHLU VHY
XQGHU HDFK FDWHJRU\ IRU HDFK FRQGLWLRQ LQ SDUW

&DWHJRU\ 1DPH&DWHJRU\ '"HVFULSWLRQ

&UHDWLQJ $JJURURWEBHPY VSHFLILF WR QDYLJDWLQJ LQWHUDFWLQ

1DYLIDWLRQ $I_éVLQJ l1HVWRU 1DYLJDWRU

*HQHUDO ,QWHU3DREOHPY DVVRFLDWHG ZLWK JHQHUDO LQWHUIDFH
EURZVHU VXFK DV WKH VFUROO EDU DQG OLQN FRO

7TDEOH 1HZ FDWHJRULHV RI XVDELOLW\ SUREOHPV IRU H[SHUL
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'LVRULHQWDWIORQRU
ODMRU
&DWDVWURSKH
7TRWDO
&RVPHWLF

IDYLIJDWLRQ 7%@%i%
6WUXFWXUH

&DWDVWURSKH
7RWDO
&RVPHWLF
OLQRU
1IDYLJDWLRQ (IILFRMRB\
&DWDVWURSKH
7RWDO
&RVPHWLF
OLQRU
8QGHUVWDQGLQO D/NHRW
&DWDVWURSKH
7RWDO
&RVPHWLF
OLQRU
*HQHUDO ,QWH WIDWRU
&DWDVWURSKH
7RWDO
&RVPHWLF
OLQRU
2WKHU ODMRU
&DWDVWURSKH
7RWDO
7TDEOH $YHUDJH QXPEHU RI XQLTXH SUREOHPY SHU SDUWLFLSDQW LQ HD
FRQGLWLRQ LQ SDUW $ DQG WKHLU VHYHULW\
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FDWHJRU\ DQG QHDUO\ DOO Rl WKHVH ZHUH PLQRU Sl
WKLV FDWHJRU\ ZDV KLJKHU WKDQ IRU WKH FUHDWLQJ
ZHUH DOVR WKH RQO\ FRQGLWLRQ WR H[SHULHQFH SUI
DQG DOO RI WKHVH SUREOHPV ZHUH HLWKHU PLQRU
$JJUHJDWH 1DYLJDWLRQ $LG° FDWHJRU\ LQFOXGHG PD
PDMRULW\ EHLQJ PLQRU SUREOHPV 3DUWLFLSDQWYV |
PRUH SUREOHPV LQ WKH 37H[W &RQWHQW " FDWHJRU\ V
DOO RI WKHVH ZHUH HLWKHU PLQRU RU FRVPHWLF SUR
QRW H[SHULHQFH SUREOHPV LQ WKH **HQHUDO &RQI
3+DUGZDUH" DQG 32WKHU~ FDWHJRULHYV
3DUWLFLSDQWY LQ WKH FUHDWLQJ PDS FRQGLWLRC
LQ WKH 3&UHDWLQJ $JJUHJDWH 1DYLIJDWLRQ $LG  FDW
2YHU RQH TXDUWHU Rl WKHVH SUREOHPV ZHUH PDMRU
ORUH SUREOHPV ZHUH H[SHULHQFHG LQ WKLV FDWHJR
H[SHULPHQWDO FRQGLWLRQV ,Q DGGLWLRQ SUREOHP
WR WKLV FRQGLWLRQ DOWKRXJK WKHUH ZHUH YHU\ I}
SUREOHPV RQO\ 3DUWLFLSDQWY LQ WKH FUHDWLQJ
QXPEHU RI SUREOHPV LQ WKH 3®8QGHUVWDQGLQJ 7t
FDWHJRULHVY FRPSDUHG WR WKH RWKHU FRQGLWLRQV
DQ\ SUREOHPV LQ WKH 3**HQHUDO &RQIXVLRQ  37H
'LVRULHQWDWLRQ" DQG 32WKHU" FDWHJRULHV
)LQDOO\ DOWKRXJK WKH DFWXDO SUREOHPV H[SHU
DUH WKH VDPH DV WKRVH UNBERUWHB G& VH[SHLH® HKHW
ZLWK WKH SUREOHPV H[SHULHQFHG LQ WKH XVLQJ DQ
WKLV FRQGLWLRQ SUREOHPV PDLQO\ IHOO LQWR WKH
PDMRULW\ Rl WKHVH ZHUH PLQRU SUREOHPV 3UREOH
S*HQHUDO &RQIXVLRQ DQG 32WKHU’ FDWHJRULHV ZF
FRQGLWLRQ DQG GLG QRW RFFXU ZLWK DQ\ RI WKH RW
WKHVH FDWHJRULHV ZHUH JHQHUDOO\ PLQRU +RZHYH
LQ WKH HPEHGGHG OLQNV FRQGLWLRQ GLG QRW H[SH
7H[W 6WUXFWXUH" *7H[W 3UHVHQWDWLRQ  3*HQHUDO

3DUW % &UHDWLQJ YV 8VLQJ $ = ,QGLFH\
7KLV VHFWLRQ SUHVHQWY WKH DQDO\WVLV DQG UHVX
QDYLJDWLRQ DQG XVDELOLW\ SUREOHP PHDVXUHV II
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FRQGLWLRQV LQ SDUW % RI WKLV H[SHULPHQW $V L
FRQGLWLRQ LQZBNWOMRHQ@FOXGHG LQ WKHVH DQDO\\
FRQGLWLRQ

S3DUW % /HDUQLQJ OHDVXUHV
3UH WHVW

7KH SUH WHVWV IRU SDUW % ZHUH PDUNHG DV LQ H[S!
7KH PHDQ RI WKH RYHUDOO PDUNV IRU WKH SUH WHVW

$ SDUWLFLSDQW LQ WKH XVLQJ $ = FRQGEZWILWRQ U
ZDV GHWHUPLQHG WR EH DQ H[WUHPH FDVH VLQFH \
VWDQGDUG GHYLDWLRQV DERYH WKH PHDQ DQG DV
UHPRYHG IURP VXEVHTXHQW DQDO\VHYV

&RIQLWLYH (QJDJHPHQW

&RIQLWLYH HQIJDIJHPHQW VFRUHV ZHUH FDOFXODWHG
H[SHULPHQW 7KH\ ZHUH WKHQ DQDO\VHG IRU GLIIHUH
:DOOLV $129% .UXVNDO :DOOLV $129%V ZHUH DOVR SHI
DFURVV FRQGLWLRQV IRU HDFK FRIJQLWLYH HQJDJHPH

DUH VXPPDULVHG LQ WDEOH JRU IXUWKHU GHWDL!

DSSHQGL]

$QDO\WLV $YHUDJH IRU HDFK FRYGNWORQOOLYV
$129%

&RJIJQLWLYH HQJDJHPHQWWFRRUH ¥ 1RQ VLJIJQLILFDQW

FUHDWLQJ $ =
HPEHGGHG OLQNV

30DQQLQJ 6WUDWHJI\ XVLQJ $ = 1RQ VLJQLILFDQW
FUHDWLQJ $ =
HPEHGGHG OLQNV

&RQQHFWLQJ WR WKH 7DMWN.@GHWWLQJ 1RQ VLJQLILFDQW
FUHDWLQJ $ =
HPEHGGHG OLQNV

&RQQHFWLQJ ([SHULHQFNKVLQJ $ = 1RQ VLJQLILFDQW
FUHDWLQJ $ =
HPEHGGHG OLQNV

QULWLTXLQJ 7H[W &RQWHKQWJ $ = 1RQ VLJQLILFDQW
FUHDWLQJ $ =
HPEHGGHG OLQNV

ORQLWRULQJ 8QGHUVWDRWGL@U $ = 1RQ VLJQLILFDQW
FUHDWLQJ $ =
HPEHGGHG OLQNV

(PSOR\LQJ 6HOHFWHG 7HAK@UTXHE 1RQ VLJQLILFDQW
FUHDWLQJ $ =
HPEHGGHG OLQNV

SHVWDWLQJ 8QGHUVWDQOALMI $ = 1RQ VLJQLILFDQW
FUHDWLQJ $ =
HPEHGGHG OLQNV
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$OHUWQHVYV XVLQJ $ = 1RQ VLJQLILFDQW
FUHDWLQJ $ =
HPEHGGHG OLQNV

BHOHFWLQJ 7THFKQLTXH XVLQJ $ = 1RQ VLJQLILFDQW
FUHDWLQJ $ =
HPEHGGHG OLQNV

ORQLWRULQJ IDYLJDWLRQ/LQJ $ = 1RQ VLJQLILFDQW
FUHDWLQJ $ =
HPEHGGHG OLQNV

7DEOH 5HVXOWV RI DQDO\WHV IRU FRIQLWLYH HQJDJHPHQW L

2ZQHUVKLS

7TRWDO RZQHUVKLS DQG DYHUDJH UDWLQJV RQ HDFK I
.UXVNDO :DOOLV $129%V ZHUH HPSOR\HG WR DVVHVV
UHVSRQVHV WR WKH RZQHUVKLS TXHVWLRQQDLUH 7KI

LQ WDEOH JRU IXUWKHU GHWDLOV RI WKH RXWSXW
$QDO\VLV $YHUDJH IRU HDFK FRQGXWNLRQ $DQO&V
7RWDO RZQHUVKLS XAFIRUHY = 1RQ VLJQLILFDQW
RXW RI FUHDWLQJ $ =
HPEHGGHG OLQNV
&RQWURO IDFWRU XVLQJ $ = 1RQ VLJQLILFDQW
RXW RI FUHDWLQJ $ =
HPEHGGHG OLQNV
5HVSRQVLELOLW)\ IXFPWRU $ = 1RQ VLJQLILFDQW
RXW RI FUHDWLQJ $ =
HPEHGGHG OLQNV
9DOXH IDFWRU XVLQJ $ = 1RQ VLJQLILFDQW
RXW RI FUHDWLQJ $ =
HPEHGGHG OLQNV
7DEOH 5HVXOWYV RI DQDO\WHV RI WKH RZQHUVKLS TXHVWLRQC

.QRZOHGJH &RQVWUXFWLRQ

7TKH ZULWWHQ WUDQVIHU WDVNV ZHUH PDUNHG EOLQG
DQG SDUW $ RI WKLV H[SHULPHQW .UXVNDO :DOOL\
GLIIHUHQFHV EHWZHHQ FRQGLWLRQV IRU DOO DVSHFW
SDUW % 7KH UHVXOWYV RI WKHVH DQDO\VHV DUH VXPP
WKH RXWSXWV RI WKHVH DQDO\VHV VHH DSSHQGL]

$QDO\VLV $YHUDJH IRU HDBXVNDO :DOOLV $13aQ%ILFDQW .
FRQGLWLRQ KRF WHVWV
7RWDO WUDQVIHU WDNNI DY N 1RQ VLJQLILFDQW1 $

FUHDWLQJ $ =
HPEHGGHG OLQNV
$ 'HVFULSWLRQ RI XWDEBLOLW) 1RQ VLJQLILFDQW1 $
HYDOXDWLRQ DQG EWHWDSWWIRY H

BBEBBBBBBBBBBBBHEBHSEHEEB®PLQANY
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% 'HWDLOV RI WKH HYXVLQWLE = 1RQ VLIJQLILFDQW1 $
WHFKQLTXHV SUHVHQWHWGHIDMWWLIKH $ =
HOHFWURQLF WHI[W HPEHGGHG OLQNYV
& 8QGHUVWDQGLQJ RXNRLIWKH 1RQ VLIQLILFDQW1 $
XVDELOLW\ HYDOXDWLHAQ HDWLQJ
WHFKQLTXHYVY UHODWH WREHWGIGHG OLQNYV
RWKHU

([SODQDWLRQ RI KRYVH®RK 1RQ VLJQLILFDQWI1 $
WHFKQLTXH UHODWHY WE HD8WLIQVYHOQ
XVDELOLW\ HYDoXxDwLMHP EHHGWBHG OLQNV

( "HWDLOV RI KRZ WKXVRI HQ $SSURDFKLQJ VLIQLXV¥DbQ@HAHS = YV
WHFKQLTXH zZLOO EH HPYHRMWEQJ + S HPEHGGHG OLC
HPEHGGHG OLQNV
VHH ILIXUH
) $UIXPHQW TXDOoLW\XVLLQ3JI 1RQ VLIJQLILFDQW1 $
FUHDsWL QJ
HPEHGGHG OLQNYV

7TDEOH BHVXOWYV RI DQDO\VHV IRU DOO DVSHFWVY WKDW WKH V
8
)
4X
E
R
WR
(
& VBEBBB(BB BBB
R
I)é(g' 8VLQJ $ = &UHDWIREHIGEHG
' /LQNV
JLIXUH $YHUDJH UDWLQJ RQ DVSHFW ( RI WKH WUDQVIHU WDV

7KH FRQFHSW PDSV ZHUH PDUNHG EOLQG WR WKH |
DQG SDUW $ RI WKLV H[SHULPHQW 7KH TXDQWLWDW|
OLQNV UHSUHVHQWHG ZHUH DQDO\VHG XVLQJ D SDUI
TXDOLW\ RI QRGHV DQG OLQNV UHSUHVHQWHG ZHUH
7KH UHVXOWY RI WKHVH DQDO\VHV DUH VXPPDULVHG
RXWSXWV RI WKHVH DQDO\VHV VHH DSSHQGL]

$QDO\VLV $YHUDJH IRU HDFK$S FRIBGLWLRQ
4XDQWLWDWLY HX\R@BHS W 3DUDPHWULF $129% QRQ VLJQLIL
PDS PDUN FUHDWLQJ $ =

HPEHGGHG OLQNV
4XDOLWDWLYH FRQIFHS® =PDS .UXVNDO :DOOLV QRQ VLJQLILFD
PDUN FUHDWLQJ $ =

HPEHGGHG OLQNV
7DEOH 5HVXOWV RI DQDO\WHV IRU WKH TXDOLWDWLYH DQG TX

3DUW % 1DYLJDWLRQ DQG 8VDELOLW\ OHDV.
7KLV VHFWLRQ SUHVHQWYVY WKH UHVXOWYV RI SRVW KI

XVDELOLW\ SUREOHPV SHUIRUPHG IRU SDUW % WR |
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GXULQJ WKH H[SHULPHQW DQG WR ORRN IRU SDWWHU
ILQGLQJY RQ FRJQLWLYH HQJDJHPHQW RZQHUVKLS DQ

IDYLIDWLRQ %HKDYLRXU

$V LQ SDUW $ WKH SDUWLFLSDQWVY QDYLJDWLRQ EH
WRWDO QXPEHU RI RSHUDWLRQV FOLFNV WKH QXPEH
DQG OLQN XVDJH

7KH QXPEHU RI RSHUDWLRQV DQG WKH QXPEHU RI C
XVLQJ SDUDPHWULF $129%V 7KH UHVXOWV RI WKHVH C
JRU IXUWKHU GHWDLOV Rl WKH RXWSXWV RI WKHVH DQ

$QDO\VLV $YHUDJH IRU HDFK FRQGL®/I2PQ
1R Rl RSHUDWKRRQWJ $ = 1RQ VLIJQLILFDQW
FUHDWLQJ $ =
HPEHGGHG OLQNV
1R RI GLIIHUH®WLSD BHYV 1RQ VLIQLILFDQW
YLVLWHG PD[ FUHDWLQJ $ =
HPEHGGHG OLQNV
7DEOH 5HVXOWYV RI DQDO\VHV IRU WKH QXPEHU RI RSHUDWLR
IRU SDUW %

$V LQ SDUW $ WKH EDFN $ = DQG OLQN XVDJH ZD\
WRWDO QXPEHU RI RSHUDWLRQV IRU HDFK FRQGLWLR
WKHQ HPSOR\HG WR FRPSDUH XVDJH IRU WKH XVLQJ !
WDEOH IRU IXUWKHU GHWDLOV RI WKH RXWSXWYV R

DV LQ SDUW $ WKH HPEHGGHG OLQNV FRQGLWLRQ zZDV
8VDJH $QDOSWIHWDJIH IRU HDFK FRQGLAALVRAQ

%DFN XVL® & $SSURDFKLQJ VLJQLILFDQFH
FUHDWEQJ
VHH ILIXUH L 00 S
/ILQN XVLQJ $ = 1RQ VLJQLILFDQW
FUHDWLQJ $ =
$ = XVLQJ $ = 1RQ VLJQLILFDQW
FUHDWLQJ $ =
7DEOH %DFN OLQN DQG $ = XVDJH FRPSDULVRQV IRU WKH XV|I

SDUW %
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FF

YLIXUH $YHUDJH EDFN XVDJH VWDQGDUG HUURU IRU WK
FRQGLWLRQV

S8VDELOLW\ BUREOHPV

$V LQ H[SHULPHQW DQG SDUW $ RI WKLV H[SHULP
ZHUH LGHQWLILHG IURP WKH WKLQN DORXG WUDQVFUL
$ WRWDO R SUREOHP LQVWDQFHV ZHUH LGHQWLILF
Rl SDUWLFLSDQWY LQ WKH XVLQJ PDS FUHDWLQJ PDS
Rl H[SHULPHQW $V LQ H[SHULPHQW DQG SDUW $
XQLTXH SUREOHPV DQG WKH WRWDO VHYHULW\ RI
GHWHUPLQHG 7KH GDWD ZDV WKHQ DQDO\VHG DV LQ t

7KH QXPEHU RI LQVWDQFHVY QXPEHU RI XQLTXH
SDUWLFLSDQW ZHUH DQDO\VHG XVLQJ .UXVNDO :DOOL
FRQGLWLR®V7 KRUUSIVXWWY RI WKHVH DQDO\VHV DUH \

DSSHQGL] IRU GHWDLOV RI WKH RXWSXW RI WKHVH

$QDO\VLV $YHUDJH SHU SDUWDALSDQ WO ORWLYV $129%
HDFK FRQGLWLRQ

BUREOHP ,QVWDQFHXVLQJ $ = 1RQ VLJQLILFDQW

FUHDWLQJ $ =
HPEHGGHG OLQNV

8QLTXH 3UREOHPV XVLQJ $ = 1RQ VLJQLILFDQW
FUHDWLQJ $ =
HPEHGGHG OLQNV

7RWDO 3UREOHP 6HXWIUQWS$ = 1RQ VLJQLILFDQW
FUHDWLQJ $ =
HPEHGGHG OLQNV

7TDEOH 5HVXOWY RI DQDO\WVHV SHUIRUPHG RQ SUREOHP LQVW
SUREOHP VHYHULW\ IRU SDUW %

)LQDOO\ DV LQ H[SHULPHQW DQG SDUW $ RI WKL
ZHUH FDWHJRULVHG LQWR WKH W\SHV RI SUREOHPV \
FDWHJRULHVY DGGHG LQ SDUW $ ZHUH DOVR LQFOXG
FDWHJRU\ WKDW RFFXUUHG ZLWKLQ HDFK FRQGLWLRQ
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SHU SDUWLFLSDQW LQ HDFK VHYHULW\ UDWLQJ ZDV G&t
KRZ WKHVH FDWHJRULHYV RI ZHUH GLVWULEXWHG DFUF
OLVW RI SUREOHPV WKDW IHOO LQWR HDFK FDWHJRU\
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&RVPHWLF
OLQRU

1IDYLJDWLRQ (lolFMRQF\
&DWDVWURSKH
7RWDO
&RVPHWLF
OLQRU

8QGHUVWD QG L®FMRJW
&DWDVWURSKH
7RWDO
&RVPHWLF
OLQRU

*HQHUDO ,QW HDINDFEW
&DWDVWURSKH
7RWDO
&RVPHWLF
OLQRU

2WKHU ODMRU

&DWDVWURSKH
7RWDO

7EOH $YHUDJH QXPEHU RI XQLTXH SUREOHPY SHU SDUWLFLSI
FRQGLWLRQ LQ SDUW % DQG WKHLU VHYHULW\



HYM O1 AdHO3IYNS HNYd

AdOHT4T711) OYTIMACTAdAT:
v O1 AMOASTIdIMNAS MAMM 9HOAHAHN

k=

HNXCc(

YLIXUH

*HQUDO &RQIXVLRQ

+DUGZDUH

7TH[W &RQWHQW

7H[W 3UHVHQWDWLRQ

8VLQJ $JJUHJDWH 1DY $LG

&UHDWLQJ $JJUHJDWH 1DY $LG

IDYLIDWLRQ 3UHGLFWLRQ

IDYLIJDWLRQ 'LVRULHQWDWLRQ

IDYLIJDWLRQ 7H[W 6WUXFWXUH

IDYLIDWLRQ (IILFLHQF\

V VVV V

SQGHUVWDQGL@.@WHF‘WWWWWW
,We0000,00000000010000060000L60%+60106

*HQHUDO ,QWHUIDFH

2WKHU

$YHUDJH QR SUREOHPYVY SHU SDUWLFLSDQW

*UDSK VKRZLQJ DYHUDJH QXPEHU RI

1DYLJDWLRQ $LG
v 8VLQJ $ =

v &UHDWLQJ $ =
> (PEHGGHG /LQNV

6HYHULW\
J &DWDVWURSKH
t+ O0DMRU
A OLQRU

&RVPHWLF

MO HEEEaeHlgd 999999999d8@M1dN$ 0 8

XQLTXH SUREOHPY SHU SDUWLFLSDQW L
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7KH\ DOVR H[SHULHQFHG WKH PRUH SUREOHPV LQ WKL
WZR FRQGLWLRQV -XVW XQGHU KDOI RI WKHVH ZHL
3DUWLFLSDQWYV ZKR XVHG DQ $ = DOVR H[SHULHQFHC
3UHGLFWLQJ  DQG 37H[W &RQWHQW  FDWHJIJRULHV FR
FRQGLWLRQV 3UREOHPV LQ WKH 31DYLJDWLRQ 7H[W
FDWHJRULHY ZHUH XQLTXH WR WKH XVLQJ $ = FRQGLV
SUREOHPV LQ WKH 38VLQJ $JJUHJDWH 1DYLJDWLRQ $L¢
WKH UHVW ZHUH PLQRU ,W LV DOVR QRWDEOH WKDW S
H[SHULHQFH SUREOHPV LQ WKH 3+DUGZDUH" 32WKHU

3DUWLFLSDQWY LQ WKH FUHDWLQJ $ = FRQGLWLR
38QGHUVWDQGLQJ 7H[W  FDWHJRU\ WKDQ DQ\ RWKHU F
Rl WKHVH ZHUH FODVVLILHG DV FDWDVWURSKLF SUREC
WKH 3&UHDWLQJ $JJUHJDWH 1DYLJDWLRQ $LG" FDWHJF
DSSUR[LPDWHO\ RQH WKLUG ZHUH PDMRU DQG WKH
3DUWLFLSDQWY LQ WKH FUHDWLQJ $ = FRQGLWLRQ GL
&RQIXVLRQ  3*+DUGZDUH" 37H[W 3UHVHQWDWLRQ  31C
,QWHUIDFH" DQG 32WKHU" FDWHJRULHYV

)LQDOO\ DOWKRXJK WKH DFWXDO SUREOHPV H[SHU
DUH WKH VDPH DV WKRVH UHSRUWHG LQ H[SHULPHQW
GHVFULEHG KHUH LQ FRPSDULVRQ ZLWK WKH SUREOHI
$ = FRQGLWLRQV LQ SDUW % 3UREOHPV H[SHULHQFHG
FRQGLWLRQ IHOO PDLQO\ LQWR WKH 38QGHUVWDQGLQ.
ZHUH PLQRU SUREOHPV 3DUWLFLSDQWY LQ WKH HPEH
JUHDWHVW QXPEHU RI SUREOHPV LQ WKLV FDWHJRU\ F
SUREOHPV LQ WKH 32WKHU"~ FDWHJRU\ ZHUH XQLTXH W
QRW RFFXU ZLWK DQ\ RI WKH RWKHU W\SHV RI QDYLJI
ZHUH JHQHUDOO\ PLQRU 3DUWLFLSDQWY LQ WKH HPE
DQ\ SUREOHPV LQ WKH 31DYLJDWLRQ 7H[W 6WUXFWXUF
S7H[W 3UHVHQWDWLRQ  FDWHJRULHV

3DUW & &UHDWLQJ YV 8VLQJ &RQWHQWYV
7KLV VHFWLRQ SUHVHQWYV WKH DQDO\VLV DQG UHVXO)
DQG XVDELOLW\ SUREOHP PHDVXUHV IURP WKH XVLQJ
FRQGLWLRQV LQ SDUW & RI H[SHULPHQW $V LQ SDUMW
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FRQGLWLRQ LQ H[SHULPHQW ZDV DOVR LQFOXGHG LG
FRQGLWLRQ

$V GLVFXVVHG HDUOLHU WKH DQDO\VLV Rl WKH GI
SUH WHVWV RZQHUVKLS TXHVWLRQQDLUHV DQG NQR:
ZDV FRQGXFWHG DW D GLIIHUHQW WLPH WR WKH DQD
UHOLDELOLW\ DQG YDOLGLW\ RI WKH GDWD IRU SDUW
WKLV FKHFNLQJ LV UHSRUWHG LQ WKLV VHFWLRQ

W VKRXOG DOVR EH QRWHG WKDW RQH SDUWLFLSI
ZDV GHWHUPLQHG WR EH DQ RXWOLHU 'XULQJ WKH HJ
ZHUH QRW H[SHULHQFHG E\ DQ\ RWKHU SDUWLFLSDQW
FRXOG QRW EH RSHQHG LPPHGLDWHO\ $V VXFK GDWD
VXEVHTXHQW DQDO\VHV

3DUW & 5HOLDELOLW\N DQG 9DOLGLW\ &KHFN
DQG .QRZOHGJH &RQVWUXFWLRQ OHDVXUHYV

S3UH WHVW

7KH SUH WHVW RQ XVDELOLW\ HYDOXDWLRQ ZDV PDUN
WKH VDPH zZD\ DV LQ H[SHULPHQW DQG SDUWV $ DQ
UHOLDELOLW\ DQG YDOLGLW\ RI WKH PDUNLQJ DQ HJ[S
UHVHDUFK LQGHSHQGHQWO\ PDUNHG D UDQGRP VDPS
FRPSOHWHG E\ WKH IRXUWHHQ SDUWLFLSDQWY LQ SDL
FRUUHODWLRQ ZDV HPSOR\HG WR FKHFN KRZ ZHOO W

IRU GHWDLOV RI WKH RXWSXWV RI WKLV DQDO\VLYV
EHWZHHQ WKH WZR PDUNV UKR S 7KLV L
UHOLDEOH DQG YDOLG

2ZQHUVKLS

7KH WKLUWHHQ VWDWHPHQW RZQHUVKLS TXHVWLRQQD
SDUWV $ DQG % RI WKLV H[SHULPHQW zZDV DOVR HP
UHOLDELOLW\ DQDO\VLYVY ZDV FRQGXFWHG ZLWK WKH T)
LQ SDUW & VHH DSSHQGL] IRU WKH GHWDLOV RI W
D &URQEDFKYfV DOSKD RI LQGLFDWLQJ JRRG LQWHU

.QRZOHGJH &RQVWUXFWLRQ

7TKH ZULWWHQ WUDQVIHU WDVNV ZHUH PDUNHG EOLQG
ZD\ DV GHVFULEHG LQ H[SHULPHQW DQG SDUWV $ DC



8 0 $SUPLWDJH ([SHULPHQW &UHDWLQJ 1DY

UHOLDELOLW\ RI WKH PDUNLQJ DQ H[SHUW LQ XVDEL
PDUNHG D UDQGRP VDPSOH RI VHYHQ ZULWWHQ WUDQ
IRXUWHHQ SDUWLFLSDQWY LQ SDUW & RI WKLV H[SHU
HPSOR\HG WR FKHFN KRZ ZHOO WKH WZR VHWYV RI| PDU
GHWDLOV RI WKH RXWSXWV RI WKLV DQDO\VLV 7KLV
WKH WZR VHWYV RI PDUNV UKR S 7KLV V.
UHOLDEOH DQG WKDW WKH PDUNLQJ VFKHPH KDG JRRG

$V LQ H[SHULPHQW WKH FRQFHSW PDSV ZHUH JL
WKEHHWRLWKH FRQFHSW PDSV DQG D TXDXDLORDMWWLKYHH |
FRQFHSW PDSV 7R FKHFN WKH UHOLDELOLW\ RI WKH
VHYHQ FRQFHSW PDSV ZHUH WDNHQ IURP WKRVH SURG
& DQG ZHUH VHFRQG PDUNHG E\ DQ H[SHUW RQ XVDE
WKLV SURMHFW $ 6SHDUPDQYY UDQN VWDWLVWLF ZDV
WKH RXWSXWV RI WKLV DQDO\VLV 7KLY UHYHDOI
DSSURSULDWHQHVYV RI WKH OLQN VWUXFWXUH UKR
IRU WKH UHOHYDQFH RI OLQNV GLG QRW UHDFK V
IHYHUWKHOHVY VLQFH WKH VDPSOH XVHG LQ WKH FF
IRU WKH OLQN PDUNV ZDV VLJQLILFDQW DQG WKH FRU
ZDV RYHU RYHUDOO WKH UHOLDELOLW\ DQG YDC
DFFHSWDEOH

3DUW & /HDUQLQJ OHDVXUHVY 5HVXOWYV
3UH WHVW

7KH PHDQ RI WKH RYHUDOO PDUNV IRU WKH SUH WHVW
$ FKHFEN IRU RYHUDOO PDUNV RI WKUHH VWDQGD
UHYHDOHG WKDW WKHUH ZHUH QR H[WUHPH FDVHV

&RIQLWLYH (QJDIJHPHQW

&RIQLWLYH HQJDIJHPHQW VFRUHV ZHUH FDOFXODWHG
DQDO\WHG IRU GLITHUHQFHY DFURVYV FRQGLWLRQV XVL
DQG &DVWHOODQ SRVW KRF FRPSDULVRQ WHVWYV
DQG &DVWHOODQ SRVW KRF WHVWYV ZHUH DOVR S
FRQGLWLRQV IRU HDFK FRIJQLWLYH HQJDJHPHQW DFW
VXPPDULVHG LQ WDEOH JRU IXUWKHU GHWDLOV
DSSHQGL]
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$QDO\VLV $YHUDJH IRU HDFK.BRQBDOLROIIQMLILFDQW SRVW KF
$1299%

&RJIQLWLYH XVLQJ FRQWHQWY QROQWLJIQLILFP QW

HQJDJHPHQW \FRRIDIMWLQJ FRQWHQWYV OLVW
HPEHGGHG OLQNV

3ODQQLQUHBWNDLQJ FRQWHQWYV QROWLJIQLILUF® QW
FUHDWLQJ FRQWHQWY OLVW
HPEHGGHG OLQNYV

&RQQHFWLQJ WRLWEHRQWHQWY QROWLIQLILF® QW

7DVN 6HWWLQFUHDWLQJ FRQWHQWYV OLVW
HPEHGGHG OLQNV

&RQQHFWLQJ XVLQJ FRQWHQWY QROWLJIQLIUF® QW

([SHULHQFHV FUHDWLQJ FRQWHQWYV OLVW
HPEHGGHG OLQNYV

&ULWLTXLQJ 7TMM/QJ FRQWHQWY QROWLJIQLIUFHQW

&RQWHQW FUHDWLQJ FRQWHQWY OLVW
HPEHGGHG OLQNYV

ORQLWRULQJ XVLQJ FRQWHQWYVY GLVQLILFDQMPEHGGHG OLQNV YV F

8QGHUVWDQGLRUWHDWLQJ FRQWHQWY OLVW FRQWHQWYV
HPEHGGHG OLQNV S
VHH ILIJXUH

(PSOR\LQJ 6HOHMAWHGRQWHQWY QROWLIQLILUF® QW

7HFKQLTXH FUHDWLQJ FRQWHQWY OLVW
HPEHGGHG OLQNYV

5HVWDWLQJ XVLQJ FRQWHQWYV QROWLJIQLIUF® QW

8QGHUVWDQGLERWHDWLQJ FRQWHQWYV OLVW
HPEHGGHG OLQNYV

$OHUWQHVV XVLQJ FRQWHQWY QROWVLIQLIUFHPQW
FUHDWLQJ FRQWHQWY OLVW
HPEHGGHG OLQNYV

BHOHFWLQJ 7H¥FKIQQITKRQWHQWY QROWLIQLILF® QW
FUHDWLQJ FRQWHQWYV OLVW
HPEHGGHG OLQNV

ORQLWRULQJ XVLQJ FRQWHQWVY QROWLJIQLIUF® QW

1IDYLJIDWLRQ FUHDWLQJ FRQWHQWYV OLVW
HPEHGGHG OLQNYV

7TDEOH 5HVXOWY RI DQDO\VHV IRU FRIJQLWLYH HQJDJHPHQW L«
JLIXUH $YHUDJH QXPEHU RI ORQLWRULQJ 8QGHUVWDQGLQJ DF
SURWRFROV VWDQGDUG HUURU LQ SDUW &

2ZQHUVKLS

7RWDO RZQHUVKLS DQG WKH DYHUDJH UDWLQJV IRL
H[SHULPHQW .UXVNDO :DOOLV $129%$V ZHUH HPSOR\
FRQGLWLRQV DQG ZKHUH DSSURSULDWH QRQ SDUD
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FRPSDULVRQV DFFRUGLQJ WR WKH 6LHJDO DQG &DVWI
UHVXOWYV RI WKHVH DQDO\VHVY DUH VXPPDULVHG LQ V
GHWDLOV RI WKH RXWSXWV RI WKHVH DQDO\VHV

$QDO\WVLV $YHUDJH IRU HDFK.BRQBD®LRQOLYV $1LAQEILFDQW SRVW

WHVWYV
7RWDO XVLQJ FRQWHQWY QROWLJIQLILFDQW1 $
RZQHUVKLFUHDWLQJ FRQWHQWY OLVW
VFRUHV HPEHGGHG OLQNYV
RXW RI
&RQWURO MWAWRWFRQWHQWY GLVQLILFDQW XVLQJ FRQWHQWYV Y
RXW RI FUHDWLQJ FRQWHQWY OLVW S HPEHGGHG OLQNV

HPEHGGHG OLQNV

VHH ILJXUH
5HVSRQVLEOWAIWN\FRQWHQWY QROWLIQLILFDQW1 $
IDFWRU FUHDWLQJ FRQWHQWYV OLVW

RXW RI HPEHGGHG OLQNYV
9DOXH IDFWRILQJ FRQWHQWYV ORWWLJQLILFDQW1 $
RXW RI FUHDWLQJ FRQWHQWY OLVW
HPEHGGHG OLQNYV
7TDEOH 5HVXOWY RI DQDO\WVHYV SHUIRUPHG RQ WKH RZQHUVKLE
JLIXUH $YHUDJH UDWLQJYVY RQ WKH FRQWURO IDFWRU VWD

.QRZOHGJH &RQVWUXFWLRQ

7TKH ZULWWHQ WUDQVIHU WDVNV ZHUH PDUNHG EOLQG
LQ H[SHULPHQW .UXVNDO :DOOLV $129%V ZHUH HPSC
FRQGLWLRQV IRU DOO DVSHFWV WKDW WKH WUDQVIHU
QRQ SDUDPHWULF WHVWYV IRU SRVW KRF SDLU ZLVH F

&DVWHOODQ PHWKRG ZHUH DOVR XVHG 7KH UHV.
LQ WDEOH JRU IXUWKHU GHWDLOV RI WKH RXWSXW
$QDO\VLYV $YHUDJH IRU HDFK BFRONGDWLRQOLV6BEIQASLFDQW

SRVW KRF WHVW
7RWDO WUDQV MMLQUDERIQWHQWY OLY@LILFDQW XVLQJ FRQWHQW\
PDUN FUHDWLQJ FRQWHQWY OLVW S YV HPEHGGHG

HPEHGGHG OLQNV OLQNV
VHH ILIXUH
$ 'HVFULSWLRQ/IRQJ FRQWHQWY ORQWLJQLILFDQW $
XVDELOLW\ HYBOXDWLAD FRQWHQWYV OLVW
DQG LWV SXUSRWHHGGHG OLQNV
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% 'HWDLOV RIXWK®I FROWHQWY ®EYWRDFKLQJ XVLQJ FRQWHQW
HYDOXDWLRQ WHFRRQ/LTIHRMRQWHQWNM @UYWDQFH YV HPEHGGHG
SUHVHQWHG LQIRMBHGGHG OLQNV + S OLQNV
HOHFWURQLF WWHHW ILIXUH

& 8QGHUVWDXVLQJ RRQWHQWYV ORYWLIQLILFDQW $

KRZ WKH XVDEEFEOHWRWLQJ FRQWHQWY OLVW

HYDOXDWLRQ WMIREKGGHGIOLQNV

UHODWH WR HDFK RWKHU

([SODQDWLRXQVRQJ FRQWHQWYV ORYWLIQLILFDQW $
KRZ HDFK WHF FQHDXH.QJ FRQWHQWYV OLVW
UHODWHYV WR WIPEHGBHG OLQNV
XVDELOLW\ HYDOXDWLRQ
VHWWLQJ
( '"HWDLOV RI XRZQWERQWHQWYV OLYW.ILFDQW  XVLQJ FRQWHQW
FKRVHQ WHFKQLUKMWAIQIOFRQWHQWY OLVW S YV HPEHGGHG
EH HPSOR\HG HPEHGGHG OLQNV OLQNV

VHH ILIXUH

) $UJIJXPHQW TXDLQUIWRRQWHQWY OLYOLILFDQW  XVLQJ FRQWHQW

FUHDWLQJ FRQWHQWYV OLVW YV HPEHGGHG
HPEHGGHG OLQNV S OLQNYV
VHH ILIXUH
7EOH 5HVXOWY RI DQDO\VHV IRU DOO DVSHFWVY WKDW WKH W
JLIXUH $YHUDJH PDUNV RQ DVSHFWV % ( DQG ) RQ WKH ZULW

IRU SDUW &

7KH FRQFHSW PDSV ZHUH PDUNHG EOLQG WR WKH
LQ H[SHULPHQW DQG LQ SDUWV $ DQG % RI WKLV H]
QXPEHU RI QRGHV DQG OLQNV UHSUHVHQWHG ZHUH D
7XNH\ SRVW KRF SDLU ZLVH FRPSDULVRQ WHVWYV 7KH
OLQNV ZHUH DQDO\VHG XVLQJ D .UXVNDO :DOOLV
FRPSDULVRQV XVLQJ WKH 6LHJDO DQG &DVWHOODQ
DQDO\VHV DUH VXPPDULVHG LQ WDEOH JRU XU\
DQDO\VHV VHH DSSHQGL]
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$QDO\VLYV $YHUDJH IRU HDFKSERIBGLWLRQ 6LIQLILFDQW
SRVW KRF WHVYV
AXDQWLWDWLYKVERQ FHRRWHQWY QDUWPHWULF $12FKNH\

PDS PDUN FUHDWLQJ FRQWHQWN QLIYWD QW XVLQJ FRQWHQW
HPEHGGHG OLQNV ) s OLVW YV
VHH ILIJXUH HPEHGGHG

OLQNV FUHDWL({
FRQWHQWYVY OLV\
HPEHGGHG

OLQNV
AXDOLWDWLYHXWR@FHSRQWHQWY OUXWNDO :DOOLV ¥LHQROLPRGW
PDS PDUN FUHDWLQJ FRQWHQWY OLVW S &DVWHOODQ

HPEHGGHG OLQNYV XVLQJ FRQWHQW
VHH ILIJXUH OLVW YV
HPEHGGHG
OLQNV
7DEOH 5HVXOWYV Rl DQDO\VHV IRU WKH TXDOLWDWLYH DQG TX

YLIXUH $YHUDJH TXDQWLMM&%%QkﬁﬁQﬁﬁﬁ JH TXDOLWDWL)

PDS PDUNV VWDQGDUG HUD ¥puwVWDQGDUG HUURU
&

3DUW & 1DYLJDWLRQ DQG 8VDELOLW\ OHDV?
7KLY VHFWLRQ SUHVHQWYVY WKH UHVXOWV RI SRVW KR

PHDVXUHYV SHUIRUPHG IRU SDUW & WR IXUWKHU H[SC
HISHULPHQW DQG WR ORRN IRU SDWWHUQV WR SURYL
WKH OHDUQLQJ PHDVXUHYV

IDYLIDWLRQ %HKDYLRXU

7KH SDUWLFLSDQWVY QDYLJDWLRQ EHKDYLRXU ZDV D
WKH WRWDO QXPEHU RI RSHUDWLRQV FOLFNV WKH C
FRQWHQWYV OLVW DQG OLQN XVDJH

JRU WKH QXPEHU Rl RSHUDWLRQV DQG WKH QXPEH
WHVWYV IRU KRPRJHQHLW\ Rl YDULDQFH LQGLFDWHG
FRQGLWLRQV VR WKDW D SDUDPHWULF $129% FRXOG
$129%V DQG 6LHJDO DQG &DVWHOODQ SRVW KRF V
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DQDO\WHV DUH VXPPDULVHG LQ WDEOH YRU XUV
DQDO\WHV VHH DSSHQGL]

$QDO\VLY $YHUDJH IRU HDFK.ERQEDWLRQOLV6EIQE$LFDQW SRVW
Pov ?  WHVWYV

1R RI RSHURWLRQNFRQWHQWY GISWWRDFKLQJ FUHDWLQJ FRQWHOQ\
FUHDWLQJ FRQWHQWM @QLMWDQFH XVLQJ FRQWHQWYV
HPEHGGHG OLQNV + S
VHH ILIJXUH

1R RI GLIIHY¥YIQQM FRQWHQWYV QRWQWLIQLILFDQW $

SDJHV YLVLWHIBDWLQJ FRQWHQWYV OLVW

PDJ HPEHGGHG OLQNV

7DEOH 5HVXOWYVY Rl DQDO\VHV IRU WKH QXPEHU RI RSHUDWLR

IRU SDUW &

8VLQJ &UHDWLQJ (PEHGGHG
FRQWHQWYV &RQWHQWYV /LQNV

JLIXUH 7KH DYHUDJH QXPEHU RI RSHUDWLRQV VWDQGDUG
IRU SDUW &

$V LQ SDUWV $ DQG % WKH EDFN FRQWHQWYV OL\
SHUFHQWDJH Rl WKH WRWDO QXPEHU RI RSHUDWLRQ!
VXEMHFWV W WHVWYVY ZHUH WKHQ HPSOR\HG WR FRPS
FUHDWLQJ FRQWHQWY OLVW FRQGLWLRQV VHH WDEOF
DQDO\WHY VHH DSSHQGL] $JDLQ WKH HPEHGGHG
WKLV FRPSDULVRQ
8VDJH $QDOSYIHWDJIH IRU HDFK FRQGLAMLMRN

% DFN XVLQJ FRQWHQWY OLVW1RQ VLJQLILFDQW
FUHDWLQJ FRQWHQWYV OLVW
/ILQN XVLQJ FRQWHQWY OLVW6LJIJQLILFDQW W 0O S

FUHDWLQJ FRQWHQWYV OLVW
VHH ILIXUH
&RQWHQWVXMMW FRQWHQWYV OLVW6LJQLILFDQW 0O S
FUHDWLQJ FRQWHQWYV OLVW
VHH ILIXUH
7DEOH %DFN OLQN DQG FRQWHQWYVY OLVW XVDJH FRPSDULVR!
FRQWHQWYV OLVW FRQGLWLRQV LQ SDUW &
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8VLQJ &RQWHQWYV &UHDWLQJ &RQWHQ

YLIXUH $YHUDJH OLQN XIpXowH $YHUDJH FRQWHQWYV
VWDQGDUG HUURU IRU WKH X¥YBJHpQG WWRAEWPY$S HUURU IRU
FRQWHQWYV OLVW FRQGLWLRQWQG FUHDWLQJ FRQWHQWYV OLVW F

8VDELOLW\ B3UREOHPV

$V LQ H[SHULPHQW DQG SDUWV $ DQG % RI WKLV
SUREOHPV ZHUH LGHQWLILHG IURP WKH WKLQN DORXG
FKDSWHU $ WRWDO RI SUREOHP LQVWDQFHV ZHL
WUDQVFULSWLRQV RI SDUWLFLSDQWY LQ WKH XVLQJ
FRQGLWLRQV LQ SDUW $ RI H[SHULPHQW $V LQ HI[S
H[SHULPHQW WKH QXPEHU RI XQLTXH SUREOHPV DQ
SDUWLFLSDQW ZHUH DOVR GHWHUPLQHG 7KH GDWD ZL

7KH QXPEHU RI LQVWDQFHVY QXPEHU RI XQLTXH !
SDUWLFLSDQW ZHUH DQDO\VHG XVLQJ .UXVNDO :DOOL
FRQGLWLRQV 7KH UHVXOWV RI WKHVH DQDO\VHV DU
GHWDLOV RI WKH RXWSXWV RI WKHVH DQDO\VHV VHH C

$QDO\VLYV $YHUDJH SHU SDUWDALSDQWDOROUWY $129%
HDFK FRQGLWLRQ

3UREOHP ,QVWDQFHWLQJ FRQWHQWYV ARQNVLIQLILFDQW
FUHDWLQJ FRQWHQWY OLVW
HPEHGGHG OLQNYV

8QLTXH 3UREOHPV XVLQJ FRQWHQWY ARWQNVLIQLILFDQW
FUHDWLQJ FRQWHQWY OLVW
HPEHGGHG OLQNYV

7RWDO 3UREOHP 6 HWHIQLWRRQWHQWYV QIRQWVLIQLILFDQW
FUHDWLQJ FRQWHQWY OLVW
HPEHGGHG OLQNYV

7TEOH 5HVXOWYVY RI DQDO\WHV SHUIRUPHG RQ SUREOHP LQVWD
SUREOHP VHYHULW\ IRU SDUW &

J)LQDOO\ DV LQ H[SHULPHQW DQG SDUWV $ DQG
SUREOHPV ZHUH FDWHJRULVHG LQWR WKH W\SHV RI S
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$OVR DV LQ H[SHULPHQW IRU HDFK FDWHJRU\ WKD)
DYHUDJH QXPEHU RI XQLTXH SUREOHPV SHU SDUWL]
FDOFXODWHG 7DEOH DQG ILIJXUH VKRZ WKH

SDUWLFLSDQW LQ HDFK FRQGLWLRQ WKDW IHOO LQWR
RI SUREOHPV WKDW IHOO LQWR HDFK FDWHJRU\ IRU HELC

8L QJ &RQWEQMDWLQJ &RPEHIBMG /LQNV
&RVPHWLF
OLQRU

*HQHUDO &RQIXYMRQ
&DWDVWURSKH
7RWDO
&RVPHWLF
OLQRU

+DUGZDUH O0ODMRU
&DWDVWURS\
7RWDO
&RVPHWLF
OLQRU
7H[W &RQWHQNMMRU

&DWDVWURSKH
7RWDO
&RVPHWLF
OLQRU

7H[W 3UHVHQWDWRBQ
&DWDVWURSKH
7RWDO
&RVPHWLF

U
8VLQJ$JJUHJ§

1IDYLIJDWLRQ RU
&DWDVWURSKH

7TRWDO
&RVPHWLF

&UHDWLQJ$JJ%E@%WH
1IDYLJDWLRQ
&DWDVWURSKH
7RWDO
&RVPHWLF
OLQRU
IDYLIJDWLRQ 3 WHMIRAMW LQJ
&DWDVWURSKH
7RWDO
1IDYLIDWLRQRVPHWLF
'LVRULHQWDWLBRU

ODMRU
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&OWDVWURSKH
7TRWDO
&RVPHWLF

IDYLIJDWLRQ 2Eﬁﬁu
6W UXFWXUH U
&DWDVWURSKH
7RWDO
&RVPHWLF
OLQRU
1DYLIJDWLRQ (I ODMRI®F\
&DWDVWURSKH
7RWDO
&RVPHWLF
OLQRU
8QGHUVWD QG LQEIMRUW
&DWDVWURSKH
7RWDO
&RVPHWLF
OLQRU
*HQHUDO ,QW D MFEH
&DWDVWURSKH
7RWDO
&RVPHWLF
OLQRU
2WKHU ODMRU
&DWDVWURSKH
7RWDO

7TDEOH $YHUDJH QXPEHU RI XQLTXH SUREOHPV SHU SDUWLFLS
FRQGLWLRQ LQ SDUW & DQG WKHLU VHYHULW\

YLIXUH VKRZV WKDW SDUWLFLSDQWVY LQ WK
H[SHULHQFHG PRUH SUREOHPV LQ WKH 31DYLJDWLRQ
DQ\ RWKHU FDWHJRU\ DQG WKH PDMRULW\ RI WKHVH
ORZHVW QXPEHU Rl SUREOHPV LQ WKH *8QGHUVWDQC
RWKHU FRQGLWLRQ ZKHUH DJDLQ WKH PDMRULW\ R
SUREOHPV WKDW IHOO LQWR WKH 38VLQJ $JJUHJIJDWH
VSHFLILE WR XVLQJ D FRQWHQWY OLVW RQ DYHUDJ}
SUREOHP LQ WKLV FDWHJRU\ DQG WKHVH ZHUH DOO F
FRQWHQWY OLVW FRQGLWLRQ DOVR H[SHULHQFHG QR
7H[W 6WUXFWXUH ~ 3*HQHUDO ,QWHUIDFH DQG 32WKHU

3DUWLFLSDQWY LQ WKH FUHDWLQJ FRQWHQWYV FRQ
31DYLJDWLRQ (IILFLHQF\" DQG 32&UHDWLQJ $JJUHJIJDWH
WKH RWKHU FDWHJRULHV 7KH\ DOVR H[SHULHQFHG
(IILFLHQF\" FDWHJRU\ WKDQ DQ\ RWKHU FRQGLWLRQ
PLQRU SUREOHPV ,Q DGGLWLRQ DSSUR[LPDWHO\ Wt
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s UHDWLQJ $JJUHIJDWH 1DYLJDWLRQ $LG° FDWHJIRU\ Zt
SUREOHPV 3DUWLFLSDQWY LQ WKH FUHDWLQJ FRQWH (
S*HQHUDO &RQIXVLRQ ~ 31DYLJDWLRQ 7H[W BWUXFWX!
FDWHJRULHV

)LQDOO\ DOWKRXJK WKH DFWXDO SUREOHPV H[SHU
DUH WKH VDPH DV WKRVH UHSRUWHG LQ H[SHULPHQW
WKH\ DUH GHVFULEHG KHUH LQ FRPSDULVRQ ZLWK WK
FUHDWLQJ FRQWHQWY FRQGLWLRQV LQ SDUW & 3DU\
H[SHULHQFHG WKH PRVW SUREOHPV LQ WKH 38QGHUV\
RWKHU FDWHJRULHV DQG H[SHULHQFHG PRUH SUREO}
FRQGLWLRQV 7KH PDMRULW\ Rl WKHVH SUREOHPV ZH
PDMRU SUREOHPV ZHUH DOVR H[SHULHQFHG 3DUWLFL
WKH JUHDWHVW QXPEHU RI SUREOHPV LQ WKH 31DYL.
BUHGLFWLQJ FDWHJRULHV 7KH SUREOHPV LQ WKH 31]
DOO PLQRU SUREOHPV 21 WKH SUREOHPV LQ WKH 321
PDMRULW\ Rl SUREOHPV ZHUH PLQRU DQG DSSUR[LPD
LQ WKH HPEHGGHG OLQNV FRQGLWLRQ H[SHULHQEFEH
31DYLIJDWLRQ 7H[W 6WUXFWXUH" 2*HQHUDO ,QWHUIDFF
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'LVFXVVLRQ

%DVHG RQ WKH IUDPHZRUN RI FRQVWUXFWLYLVP LQ
OHDUQHUV ZKR FUHDWHG WKHLU RZQ QDYLJDWLRQ DL
HQJDJHPHQW ZRXOG IHHO KLJKHU OHYHOV RI RZQHU\
NQRZOHGJH FRQVWUXFWLRQV WKDQ WKRVH ZKR XVHC
UHVXOWV RI SDUWV $ % DQG & RI WKLV H[SHULPHQW |
LQIOXHQFH VRPH DVSHFWV RI OHDUQLQJ EXW WKLV

SDUWV $ % DQG & DUH GLVFXVVHG LQ WXUQ DQG

H[SHULPHQW DUH LGHQWLILHG )LQDOO\ ILQGLQJV IU
GLVEFXVVHG WRJHWKHU DQG FRQFOXVLRQV DUH GUDZQ

3DUW $ &UHDWLQJ YV 8VLQJ 0DSV

S5HVXOWY 6XPPDU\ DQG ([SODQDWLRQ IRU )L
7KLV VHFWLRQ GLVFXVVHV ILQGLQJV IURP SDUW $ DFF

WDNHQ WR WHVW WKH K\SRWKHVHV 3RWHQWLDO H]
FRQGLWLRQV ZLOO EH FRQVLGHUHG LQ WHUPV RI WKH
DQG XVDELOLW\ SUREOHPYVY DV ZHOO DV LQ WHUPV RI
DUH QRW LQWHQGHG WR EH PXWXDOO\ H[FOXVLYH 71
UHVHDUFK LV DOVR GLVFXVVHG DQG LPSOLFDWLRQV F

&RJIJQLWLYH (QJDJHPHQW

2YHUDOO WKH ILQGLQJV RQ FRJQLWLYH HQJDJHPHQW
+ 7KH PDLQ ILQGLQJV ZHUH
| 1R VLJQLILFDQW GLIIHUHQFHV ZHUH IRXQG DFUF
FRIJIQLWLYH HQJDJHPHQW VERUHYV
1RWDEOH GLIIHUHQFHV ZHUH IRXQG IRU 30DQQLQ
8QGHUVWDQGLQJ DFWLYLWLHV ZKHUH SDUWLFLS
OLQNV FRQGLWLRQV VKRZHG HYLGHQFH RI HQJDJ
WKRVH LQ WKH FUHDWLQJ PDS FRQGLWLRQ
2 1RWDEOH GLIIHUHQFHV DFURVV FRQGLWLRQV ZH!
DFWLYLWLHY EXW DOWKRXJK WKH SRVW KRF WH
EHWZHHQ FRQGLWLRQV SDUWLFLSDQWVYV LQ WKI
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FRQGLWLRQV HQJDJHG LQ PRUH RI WKHVH DFWLYL

FRQGLWLRQ

7KLV LQGLFDWHV WKDW LQ WHUPV Rl WKHVH PHDV
PDS RU HPEHGGHG OLQNV LV PRUH EHQHILFLDO WKDQ

,Q RUGHU WR SURYLGH VRPH H[SODQDWLRQ IRU Wt
QDYLJDWLRQ EHKDYLRXU PHDVXUHV ZHUH H[DPLQHG
DFURVV FRQGLWLRQV LQ SDUW $ IRU WKH QXPEHU RI
YLVLWHG $QDO\VLV Rl WKH SHUFHQWDJH RI EDFN DQ
PDS FRQGLWLRQV UHYHDOHG WKDW SDUWLFLSDQWV
VLIQLILFDQWO\ KLJKHU SHUFHQWDJH RI EDFN DQG O
FRQGLWLRQ DQG DFFRUGLQJO\ SDUWLFLSDQWV LQ
VLIJQLILFDQWO\ KLIJKHU SHUFHQWDJH RI PDS XVDJH W
7KLV UHVXOW LV XQVXUSULVLQJ )RU SDUWLFLSDQWYV
OLQNV DQG EDFN EXWWRQ ZHUH WKH SDUWLFLSDQWYV
ZDV EXLOW XS 1HYHUWKHOHVV LW GRHV VXJIJHVW W
IRXQG WR OHDG WR D KLJKHU QXPEHU RI 30DQQLQJ ¢
ORQLWRULQJ 8QGHUVWDQGLQJ DFWLYLWLHV ZDV DOVF
EDFN DQG OLQN XVH &RQYHUVHO\ WKH FUHDWLQJ PD
QXPEHU RI 30DQQLQJ 6WUDWHJ\ 5HVWDWLQJ 8QGHUYV
DFWLYLWLHV DQG ZDV DOVR DVVRFLDWHG ZLWK KLJK
7KLV ILQGLQJ LV LQWHUHVWLQJ ZKHQ FRQVLGHUHG LQ

+LJKHU OLQN DQG EDFN XVDJH KDYH EHHQ UHODW
1ILHGHUKDXVHU HW DK &RQNOLQ 'KHQ FUHE
ORDG PD\ KDYH DULVHQ ZKHQ SDUWLFLSDQWY GHWHUT
HOHFWURQLF WH[WV XVLQJ HLWKHU WKH HPEHGGHG
DQWLFLSDWHG WKDW DGGLWLRQDO OHDUQHU FRQWUF
LPSOLFDWLRQV IRU FRJQLWLYH ORDG 3DUWLFLSDQWYV
WR DUUDQJH WKHLU PDS DQG DUWLFXODWH WKHLU
HIWUDQHRXV FRJQLWLYH ORDG $V VXFK SDUWLFLSDC
DYDLODEOH WR HQJDJH LQ 30DQQLQJ 6WUDWHJ\ 5H'
8QGHUVWDQGLQJ DFWLYLWLHYV

$V GLVFXVVHG LQ FKDSWHU VRPH PHDVXUHV RI F
GXDO WDVN SHUIRUPDQFH 3DDV 9DQ OHUULHQERHU
YHUEDOLVLQJ DQG UHDGLQJ XVLQJ WKH HOHFWURQLF
3HUIRUPDQFH RQ WKH GXDO WDVN DV DVVHVVHG WK
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WKLV FDVH VKRXOG EH ORZHU LI FRJQLWLYH OREL
30DQQLQJ BWUDWHJI\ 5HVWDWLQJ 8QGHUVWDQGLQJ D
ZHUH ORZHU LQ WKH FUHDWLQJ PDS FRQGLWLRQ FRF
PD\ LPSO\ WKDW FRJQLWLYH ORDG ZDV KLJKHU LQ WK
KDQG WKH SURYLVLRQ RI D PDS PD\ UHGXFH FRJQLW
RULHQWDWLRQ DQG JLYHV D FRQFHSWXDO RYHUYLHZ
BWHYHQVRQ %RHFKOHU %UXQVWHLQ HW DK
SDUWLFLSDQWY KDG WR UHO\ RQ WKH HPEHGGHG OL!
SURYLGHG VR WKH\ ZHUH UHVSRQVLEOH IRU FRQVWU
WH[W RQ WKHLU RZQ WKHUHE\ LQFXUULQJ KLJKHU FRJ
+RZHYHU WKH EDFN OLQN DQG PDS XVDJH RQO
GLIIHUHQFHY EHWZHHQ WKH XVLQJ PDS DQG FUHDWLQ
ILQGLQJ IRU WKH HPEHGGHG OLQNV FRQGLWLRQ VLQFI
OLQN XVDJH LQ WKH HPEHGGHG OLQNV FRQGLWLRQ 6
ZHUH WKH RQO\ IRUPV Rl QDYLJDWLRQ DYDLODEOH W
LQ DQ\ RWKHU FRQGLWLRQ $FFRUGLQJO\ WKH ILQGLC
EHQHILWY IRU WKHVH DVSHFWV RI FRJQLWLYH HQJD
FRQGLWLRQ ZDV FRQVLGHUHG LQ OLJKW RI SURSR\
HQJDJHPHQW GLVFXVVHG LQ SUHYLRXV OLWHUDWXUH
$V SRLQWHG RXW LQ 'LOORQ DQG *DEEDUG
IRUZDUG DGYRFDWLQJ WKH XVH RI FURVV UHIHUHQWL
IROORZLQJ DUJXPHQWY DUH SDUWLEXODUO\ UHOHYD(
H[SORUH LQIRUPDWLRQ LQ GHSWK DQG RQ GHPDQG
FDSWXULQJ DQG HQJDJLQJ WR XVH -RQQDVHQ
UHSUHVHQWDWLRQ VLPLODU WR WKH ZRUNLQJV RI Wt
,Q IDFW 1LHGHUKDXVHU HW DO HYHQ VXJJHVW \
GHHSHU SURFHVVLQJ ZKHQ WKH\ XVH HPEHGGHG OLC
+RZHYHU LW LV LQWHUHVWLQJ WKDW WKH EHQHILWYV |
ZHUH QRW IRXQG IRU WKH RZQHUVKLS RU NQRZOHGJH
UHVXOWV DUH GLVFXVVHG ODWHU LQ WKLV VHFWLRQ
,Q RUGHU WR H[DPLQH DQRWKHU H[SODQDWLRQ IR
HPEHGGHG OLQNV FRQGLWLRQV OHG WR D KLJKHU Q
8QGHUVWDQGLQJ DQG ORQLWRULQJ 8QGHUVWDQGLQ
FRQGLWLRQ WKH XVDELOLW\ SUREOHPV H[SHULHQFH
VLIQLILFDQW GLIIHUHQFHYV EHWZHHQ FRQGLWLRQV ZH
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XQLTXH XVDELOLW\ SUREOHPV DQG WKH WRWDO VHY
SUREOHPV WKDW ZHUH VSHFLILFDOO\ UHODWHG WR QE
FRQGLWLRQ ZHUH KLJKHU WKDQ WKH QXPEHU RI XVDE
FRQGLWLRQV 7KHVH SUREOHPV PD\ SURYLGH VRPH F
30DQQLQJ 6WUDWHJI\ 5HVWDWLQJ 8QGHUVWDQGLQJ D
WKLV FRQGLWLRQ FRPSDUHG WR XVLQJ D PDS DQG XVl
KDYH DIIHFWHG WKH PHQWDO UHVRXUFHV WKH SDU
30DQQLQJ 6WUDWHJ\ DQG ORQLWRULQJ 8QGHUVWDQG!
KDYH LQFUHDVHG H[WUDQHRXV FRJQLWLYH ORDG DQC
DZD\ IURP HQJDJLQJ LQ 30DQQLQJ 6WUDWHJI\ 5HVWD
8QGHUVWDQGLQJ DFWLYLWLHYV

3DUWLFLSDQWYV LQ WKH FUHDWLQJ PDS FRQGLWL
SUREOHPV LQ WKH 38QGHUVWDQGLQJ 7H[W  DQG 31
FRPSDUHG WR WKH XVLQJ PDS DQG HPEHGGHG OLQNYV
D SRVLWLYH ILQGLQJ IRU WKH FUHDWLQJ PDS FRQGLW
WKH RWKHU ILQGLQJV LW KLJKOLJKWV WKH IDFW WKD
ILQGLQJYV DUH QRW VWUDLJKWIRUZDUG LQ WHUPV RI W

2ZQHUVKLS

,Q UHODWLWRIQHWRQGLQJV RQ RZQHUVKLS IURP SDUW $
K\SRWKHVLVHG 7KH PDLQ ILQGLQJV ZHUH
A 3DUWLFLSDQWY LQ WKH XVLQJ PDS FRQGLWLRQ J
WKH RZQHUVKLS TXHVWLRQQDLUH DQG WKH FR
UHVSRQVLELOLW\ WKDQ SDUWLFLSDQWYV LQ WKH F
WKH HPEHGGHG OLQNV FRQGLWLRQ
A 7KH SDUWLFLSDQWYV LQ WKH XVLQJ PDS FRQGLW
YDOXH RQ WKH TXHVWLRQQDLUH WKDQ SDUWLFLSE
2YHUDOO WKLV VXJIJHVWV WKDW XVLQJ D PDS LV I
RZQHUVKLS IRU OHDUQLQJ WKDQ FUHDWLQJ D PDS RU
,Q SDUWLFXODU WKH ILQGLQJ WKDW XVLQJ D PDS
FUHDWLQJ D PDS ZDV VRPHZKDW VXUSULVLQJ 2QH PL
FUHDWH WKHLU RZQ PDS RIIHUV WKHP PRUH FRQWURC
WH[WV VLQFH WKH\ DUH DEOH WR FUHDWH WKH PDS
FRQWUDU\ ILQGLQJ KDV LPSOLFDWLRQV IRU RXU XQGF
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WKH IDFW WKDW WKH FRQWURO SHUFHLYHG E\ OHDUQ
RI FRQWURO RIIHUHG E\ WKH QDYLJDWLRQ LQ WKH LQW
([SODQDWLRQV IRU WKH ILQGLQJV RQ RZQHUVKLS :
WKH QDYLJDWLRQ EHKDYLRXU PHDVXUHV DQG WKH XV
SUHYLRXVO\ WKH SHUFHQWDJH PDS XVDJH zZDV VLJQL
OLQN XVDJH VLJQLILFDQWO\ ORZHU LQ WKH XVLQJ P
FRQGLWLRQ 6LQFH WKH XVLQJ PDS FRQGLWLRQ ZDV I
RZQHUVKLS UDWLQJV WKLV VXJJHVWV DQ DVVRFLDWL
IHHOLQJV RI RZQHUVKLS ,W DOVR VXJJHVWV WKDW W}
OLQN DQG EDFN EXWWRQ XVDJH DQG IHHOLQJV RI RZQ
7KH QXPEHU RI LQVWDQFHV XQLTXH SUREOHPV DQ
VKRZHG QR VLJQLILFDQW GLIIHUHQFHV DFURVV FRQGL
SUREOHPV H[SHULHQFHG E\ SDUWLFLSDQWY LQ SDUW
HQJDJHPHQW VFRUHV LW DSSHDUV WKDW WKH KLJK C
QDYLJDWLQJ DQG LQWHUDFWLQJ LQ WKH FUHDWLQJ F
IHHOLQJV Rl RZQHUVKLS LQ WKLV FRQGLWLRQ
3DUWLFLSDQWY LQ WKH HPEHGGHG OLQNV FRQGLW
SUREOHPY UHODWHG WR XQGHUVWDQGLQJ WKH HOHF
FRQGLWLRQV ,W ZDV DOVR SDUWLFXODUO\ HYLGHQW
H[SHULHQFH SUREOHPV FRQFHUQHG ZLWK GLVRULHQ
SUREOHPV PD\ DOVR SURYLGH VRPH H[SODQDWLRQ |
UHSRUWHG LQ WKLV FRQGLWLRQ FRPSDUHG WR WKH X
ZLWK D KLJKHU H[WUDQHRXV FRJQLWLYH ORDG RQ SI
XVDELOLW\ SUREOHPV LQIOXHQFH KRZ SRVLWLYHO\ F
HGXFDWLRQDO HOHFWURQLF WH[WV DQG WKLV PD\ KD
WR WKH RZQHUVKLS TXHVWLRQQDLUH LQ WKLV H[SHUL

.QRZOHGJH &RQVWUXFWLRQ

7KH ILQGLQJVY RQ WKH NQRZOHGJH FRQVWUXFWLRQ PH
PDLQ ILQGLQJV ZHUH
A ,Q WKH WUDQVIHU WDVN SDUWLFLSDQWV ZKR X
JLYLQJ GHWDLOV RI D VHOHFWHG XVDELOLW)\ HYD
ZKR XVHG HPEHGGHG OLQNV
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2 3DUWLFLSDQWY ZKR XVHG PDSV SURGXFHG VLJQI
FRQFHSW PDSV KLJKHU QXPEHU RI QRGHV DQG O
FUHDWHG WKHLU RZQ PDSV DQG WKRVH ZKR XVHG
A 3DUWLFLSDQWV ZKR XVHG PDSV SURGXFHG VLJQ
FRQFHSW PDSV WKDQ WKRVH ZKR XVHG HPEHGGHG
7KHUHIRUH IRU DVSHFW ( RI WKH WUDQVIHU WD
VLIQLILEFDQW EHQHILW RYHU HPEHGGHG OLQNV &UHD\
RYHU HPEHGGHG OLQNV IRU WKLV DVSHFW RI WKH WUTL
IRU WKH OHYHO RI GHWDLO LQ WKH KDQG GUDZQ FRQF
EHQHILFLDO WKDQ FUHDWLQJ D PDS RU XVLQJ HPEHGC
ILQGLQJV LV WKDW LQ WHUPV RI WKH DELOLW\ WR SUF
XVLQJ D PDS RIIHUV EHQHILWY RYHU HPEHGGHG OLQN
WKHLU RZQ PDSV RIIHUV QR VLJQLILFDQW EHQHILWYV
TXDOLW\ RI FRQFHSW PDSV SURGXFHG

2YHUDOO RQFH DJDLQ LW DSSHDUV WKDW LQ W
FRQVWUXFWLRQ XVLQJ D PDS LV EHQHILFLDO ZKHUH
PDSV RU XVLQJ HPEHGGHG OLQNV DORQH LV QRW

)LUVW RI DOO WKH QDYLJDWLRQ PHDVXUHV ZHU
H[SODQDWLRQV IRU WKHVH ILQGLQJV +RZHYHU DV
VLIQLILFDQW GLIIHUHQFHV EHWZHHQ FRQGLWLRQV IRL
WKHUHIRUH QR H[SODQDWLRQ FRXOG EH DVFHUWDLQH
NQRZOHGJH FRQVWUXFWLRQ PHDVXUHV WKH PDMRU|
EHWZHHQ WKH XVLQJ PDS DQG HPEHGGHG OLQNV FRQ
EXWWRQ OLQN DQG PDS XVDJH IRU WKH XVLQJ PDS D
H[SODQDWLRQ IRU WKH GLIIHUHQFHV EHWZHHQ WKH X
+RZHYHU WKH IDFW WKDW EDFN EXWWRQ XVDJH ZDV
H[SODLQ ZK\ WKLY FRQGLWLRQ KDG QR EHQHILWV RYH
LQ UHODWLRQ WR FRJQLWLYH HQJDJHPHQW H[FHVVL)
ZLWK KLJKHU FRJQLWLYH ORDG 1HLGHUKDXVHU HW DC

,Q WKH XVLQJ PDS FRQGLWLRQ WKH SHUFHQWDJH
XVDJH KLJKHU WKDQ LQ WKH FUHDWLQJ PDS FRQGLWL
WR FRJQLWLYH HQJDJHPHQW WKH RYHUYLHZ SURYL
FRJQLWLYH ORDG E\ DLGLQJ RULHQWDWLRQ DQG WK
EXWWRQ IUHTXHQWO\ 7KH PDS DOVR PD\ KDYH UHGXF
FRIQLWLYH UHVRXUFHV WR WKH GHYHORSPHQW RI D |
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DGGLWLRQ WKH PDS PDGH WKH FRQFHSWXDO VWUXF)\
PD\ KDYH SURYLGHG EHQHILWY IRU NQRZOHGJH FRQVW

([DPLQDWLRQ RI WKH W\SHV RI XVDELOLW\ SUREOH
GLIIHUHQFHV LQ WKH TXDOLW\ RI NQRZOHGJH FRQVWL
IRU WKH FRJQLWLYH HQJDJHPHQW DQG RZQHUVKLS F
DVVRFLDWHG ZLWK QDYLJDWLQJ DQG LQWHUDFWLQJ L
Rl GLVRULHQWDWLRQ DQG JHQHUDO FRQIXVLRQ LQ W
SOD\HG D UROH LQ H[SODLQLQJ WKH ORZHU NQRZOHG.
SUREOHPV PD\ DOVR KDYH EURXJKW DERXW DQ LQFUL
PD\ KDYH ORZHUHG WKH DPRXQW RI FRJQLWLYH UF
FRQVWUXFWLRQ

)LQDOO\ LW LV QRWHG WKDW LW FRXOG DSSHDU W
PDSSLQJ WDVN RI WKRVH LQ WKH XVLQJ PDS FRQGLWL
WKDW FRQGLWLRQ ZHUH JLYHQ DQ :LGHDO’ PDS RI W
QDYLJDWH ,Q WKH FRQFHSW PDSSLQJ WDVN WKH\ PLC
+RZHYHU WKLV H[SODQDWLRQ LV UHIXWHG VLQFH KL
UHTXLUHG PRUH WKDQ VLPSOH UHSURGXFWLRQ RI WK
WKH XVLQJ PDS FRQGLWLRQ PD\ KDYH LQIOXHQFHG
UHSURGXFWLRQ RI WKH PDS E\ SDUWLFLSDQWV ZRXO
VLIQLILEFDQW GLIIHUHQFHV IRXQG 7KH DSSURSULDWEFE
PHDVXUH LQ WKLV H[SHULPHQW LV GLVFXVVHG IXUWKH

SHODWLRQ WR 3UHYLRXV 5HVHDUEFK

7KH ILQGLQJ WKDW XVLQJ D PDS LV SDUWLFXODUO\
FRQVWUXFWLRQ KDV VRPH VLPLODULWLHY DQG GLIIH
RI PDSV DV QDYLJDWLRQ DLGV GLVFXVVHG LQ FKDSWH
WKDW ORFDOLVHG FRQFHSWXDO PDSV WKDW VKRZHG
WH[W SURYLGHG EHQHILWY RYHU HOHFWURQLF WH[W
RQ IDFWXDO NQRZOHGJH WHVWV RI WKH WH[W FRQWH
XVLQJ WKH HOHFWURQLF WH[W DQG D ZHHN ODWHU &
HPEHGGHG OLQNV IRU SHUIRUPDQFH RQ GHHSHU NQRZ
7KH ILQGLQJV WKDW WKH PDS ZDV EHQHILFLDO DUH

SUHVHQW H[SHULPHQW +RZHYHU OF'RQDOG DQG 6V
FROQFHSWXDO PDSV KDG QR EHQHILWYVY RYHU HPEHGG
LPPHGLDWH WHVWLQJ 7KLV KRZHYHU FRQIOLFWV ZL'
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WKH LVVXH WKDW GLIIHUHQFHV LQ WKH W\SHV RI NQR
FRQGXFWHG PD\ KDYH LPSRUWDQW LPSOLFDWLRQV IRL

BWDQWRQ HW DO IRXQG WKH SURYLVLRQ RI
HQYLURQPHQW RIIHUHG QR EHQHILWY RYHU WKH VDPH
WKHLU SDUWLFLSDQWY DELOLW\ WR SURGXFH D 3FRJC
PDS RI WKH VWUXFWXUH RI WKH V\VWHP 7KH\ DOVR
UHSRUWHG VLJQLILFDQWO\ OHVV FRQWURO RYHU WKH
PDS FRQGLWLRQ 7KLV LV GLIIHUHQW WR WKH UHVXO\
WKLV GLIIHUHQFH PD\ KDYH DULVHQ GXH WR GLIIHUHQ

H[SHULPHQW DQG WKH SUHVHQW H[SHULPHQW %L

JLYHQ LQ 6WDQWRQ HW DO fV SDSHU WZR NH\
VI\VWHP ZDV QRW VLPSO\ EDVHG RQ HPEHGGHG OLQNYV
SURYLGHG RXWVLGH WKH PDLQ EORFN RI WH[W 6HFF
DYDLODEOH QRU LQWHUDFWLYH DQG WKHLU SDUWLFI
PDS 6WDQWRQ HW DO DOVR SRLQWHG RXW WKD
WKLQN DERXW WKH DSSURSULDWHQHVV RI QDYLJDWLF
FRQFOXVLRQV IURP WKHVH W\SHV RI VWXGLHV PD\ QR
QDYLJDWLRQ DLG LV JRRG IRU DOO W\SHV RI VIVWHPV

'HQJHU DQG 3D\QH DOVR IRXQG WKDW D JUDSK
DQ ,%0 +\SHU:,1 K\SHUWH[W V\VWHP KDG QR EHQH
FRPSUHKHQVLRQ RI WKH WH[W FRPSDUHG WR XVH RI
+RZHYHU DJDLQ GLIIHUHQFHV LQ WKH V\WVWHP XVHG
VWXG\ PD\ DFFRXQW IRU WKH GLIIHUHQFHV LQ WKH IL
WKDW LQ :HQJHU DQG 3D\QHTV VWXG\ WKH EURZV
DQG ZDV QRQ LQWHUDFWLYH

7R GDWH WKHUH DSSHDUV WR KDYH EHHQ OLWWOH
OHDUQLQJ Rl FUHDWLQJ PDSV ZKHQ QDYLJDWLQJ LQ |
SRVVLEOH 7KLV DOVR KLJKOLJKWV WKH QHHG IRU UH
KDYH EHHQ OLWWOH RU QR UHVHDUFK WR GDWH LQ!
FRPSDUHG WR XVLQJ HPEHGGHG OLQNV RQ FRJQLWLYF
WKDW WKH ILQGLQJV KHUH KDYH WR EH XQGHUVWRR!
UHVHDUFK LV QHHGHG

,PSOLFDWLRQV R )LQBALMIVORGVEUHDWLQJ
&RQVLGHULQJ WKH VFRSH RI WKLV H[SHULPHQW LQ W

FKDUDFWHULVWLFV RI WKH SDUWLFLSDQWYV WKH W\S
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HOHFWURQLF WH[WV DQG PHDVXUHV RI OHDUQLQJ IR

DQG OHDUQLQJ KDYH EHHQ LGHQWLILHG IURP WKH ILQ
8VLQJ D PDS WR QDYLJDWH KDV EHQHILWY LQ WHUF
RZQHUVKLS IRU OHDUQLQJ DQG NQRZOHGJH FRQVW!
FRPSDUHG WR HPEHGGHG OLQNV DORQH ,W KDV E}
UHGXFH H[WUDQHRXV FRJQLWLYH ORDG E\ SURYLG
HOHFWURQLF WH[W 7KHUHIRUH GHVLJQHUV RI HGX
HPSOR\LQJ PDSV DV QDYLJDWLRQ DLGV +RZHYHU
UHVHDUFK FRQFHUQLQJ WKH XVH RI PDSV FRPSDUH
WKDW WKH GHVLJQHUV VKRXOG FDUHIXOO\ FRQVLGF
WKH SDUWLFXODU HGXFDWLRQDO HOHFWURQLF WHI[W
$OORZLQJ OHDUQHUV WR FUHDWH WKHLU RZQ PDSV
HQJDJHPHQW RZQHUVKLS DQG NQRZOHGJH FRQVWU)
WR VSHFLILF XVDELOLW\ SUREOHPV DQG IDFWRUV D'
$FFRUGLQJO\ WKHVH W\SHV RI QDYLJDWLRQ DLGV
OHDUQHUV VXFK DV WKH SDUWLFLSDQWY LQ WKLV |
RI WKHVH LVVXHV ,Q SDUWLEXODU WKH ILQGLQJ Wt
Rl IHHOLQJV Rl FRQWURO DV PHDVXUHG RQ WKH RZ
IRU RXU XQGHUVWDQGLQJ RI OHDUQLQJ FRQWURO
DZDUH RI WKLV
$OWKRXJK HPEHGGHG OLQNV ZHUH IRXQG WR KDYF
HQJDJHPHQW DFWLYLWLHV WKH\ DOVR KDG QHJDWL
FRQVWUXFWLRQ FRPSDUHG WR XVLQJ D PDS $JDLQ
DQG FRJQLWLYH ORDG LVVXHV KDYH EHHQ SUHVHQW
HGXFDWLRQDO HOHFWURQLF WH[WV VKRXOG WDNH Q
&RPSDULVRQV WR SUHYLRXV UHVHDUFK LQWR WKH
OLQNV LQGLFDWHG WKDW WKHUH ZHUH VRPH GLIIF
UHVHDUFK 7KLV KLJKOLJKWV WKDW WKH HIIHFWV R
'HVLJQHUV Rl HGXFDWLRQDO HOHFWURQLF WH[WV V}

3DUW % &UHDWLQJ YV 8VLQJ $ = ,QGLFH"
5HVXOWYV 6XPPDU\ DQG ([SODQDWLRQ IRU )L
7KLV VHFWLRQ GLVFXVVHV ILQGLQJV IURP SDUW % RI
OHDUQLQJ PHDVXUHY WIDNHQ SIRUWHVWSRWHQWLDO H]|
ILQGLQJV ZLOO EH FRQVLGHUHG LQ WHUPV RI WKH SF
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DQG XVDELOLW\ SUREOHPV DV ZHOO DV LQ WHUPV R
DUH QRW LQWHQGHG WR EH PXWXDOO\ H[FOXVLYH 7k
UHVHDUFK LV DOVR GLVFXVVHG DQG LPSOLFDWLRQV R
7KH PDLQ ILQGLQJV IRU SDUWLFLSDQWV ZKR XVHG
DQG WKRVH WKDW XVHG HPEHGGHG OLQNV LQ SDUW %
A 1R VLIJQLILFDQW GLIIHUHQFHYV EHWZHHQ FRQG
HQJDJHPHQW PHDVXUHYV
v 1R VLJQLILFDQW GLIIHUHQFHV EHWZHHQ FRQ
RZQHUVKLS PHDVXUHYV
A 1R VLJQLILFDQW GLIIHUHQFHVY EHWZHHQ FR(
NQRZOHGJH FRQVWUXFWLRQ PHDVXUHV DOWK
WDVN WKHUH ZDV D GLIIHUHQFH DSSURDFKLQJ
WKH XVLQJ $ = FRQGLWLRQ GLG EHWWHU WKD{¢
OLQNV FRQGLWLRQ
7KLV GRHV QRW VXSSRUW WKHVEUBGGFILRR) \G [PIDIEU
ILQGLQJV RI SDUW $ IRU XVLQJ YV FUHDWLQJ PDSV 7k
HI[DPLQHG WR SURYLGH IXUWKHU LQVLJKW LQWR ZK\
EHWZHHQ XVLQJ DQ $ = DQG FUHDWLQJ DQ $ = UHYHD
QXPEHU RI RSHUDWLRQV QXPEHU RI GLIIHUHQW SDJH\
DQG SHUFHQWDJH OLQN XVH +RZHYHU SDUWLFLSDC
VLIQLILEDQWO\ KLJKHU EDFN EXWWRQ XVDJH WKDQ SC
WRRN KLJKHU EDFEN XVDJH DV LQGLFDWLYH RI KLJKHU
E\ SRRUHU SHUIRUPDQFH RQ WKH OHDUQLQJ PHDVXUH
GLIIHUHQFH LQ WKHVH PHDVXUHV IRU SDUW % VR W
EHWZHHQ WKH EDFN EXWWRQ XVDJH DQG WKH OHDUQL
([IDPLQDWLRQ RI XVDELOLW\ SUREOHPV UHYHDOH
GLIIHUHQFHV EHWZHHQ LQVWDQFHV RI XVDELOLW\ SL
SUREOHP VHYHULW\ EHWZHHQ WKH XVLQJ $ = FUHDWL
,Q WHUPV Rl WKH W\SHV RI XVDELOLW\ SUREOHPV }
WKH XQGHUVWDQGLQJ WH[W FDWHJRU\ WKH JUHDWHYV
SDUWLFLSDQWY LQ WKH HPEHGGHG OLQNV FRQGLWLRC
DQG FUHDWLQJ $ = FRQGLWLRQV DOVR H[SHULHQFHG
SDUWLFLSDQWY LQ WKH FUHDWLQJ $ = FRQGLWLRQ HJ
SFDWDVWURSKLF" LQ WKH 3*8QGHUVWDQGLQJ 7H[W’
FRPSOHWHO\ PLVXQGHUVWRRG VHYHUDO FRQFHSWV L
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RHV QRW DSSHDU WKDW WKH GLIITHUHQFHV LQ WKH W
LQIOXHQFH SHUIRUPDQFH RQ WKH OHDUQLQJ PHDVXULI
SHUIRUPDQFH RQ SDUW % RI WKH WUDQVIHU WDVN

,Q WHUPV RI FRIJQLWLYH ORDG D WHQWDWLYH H]I
GLITHUHQFHV RQ WKH OHDUQLQJ PHDVXUHV LQ SDUW
GLIITHUHQFHV LQ H[WUDQHRXV FRJQLWLYH ORDG EHW
HPEHGGHG OLQNV FRQGLWLRQV 7KH DUWLFXODWLRQ
DQG GLG QRW HQFRXUDJH WKH SDUWLFLSDQWYV WR WK
LWV FRQFHSWXDO VWUXFWXUH $OSKDEHWLFDO OLVWI
ORDG RI DUUDQJLQJ SDJHV LQWR DOSKDEHWLFDO RU
HPEHGGHG OLQNV PD\ EH ORZ 7KH OHYHO RI FRQWUF
OLNHO\ WR EH VLPLODU WR WKDW RIIHUHG LQ XVLQ.
SDUWLFLSDQWYV ZHUH UHTXLUHG WR DUUDQJH WKH ¢
DFFRUGLQJ WR WKHLU RZQ SUHIHUHQFHV $V VXFK WK
OHYHO RI FRQWURO RIIHUHG WR SDUWLFLSDQWY LQ WI

SHODWLRQ WR 3UHYLRXV 5HVHDUFK

3UHYLRXV UHVHDUFK KDV H[DPLQHG WKH HIIHFWV RI

OLQNV RQ QDYLJDWLRQ SHUIRUPDQFH DQG IRXQG WKD
*XSWD DQG *UDPRSDGK\H +RZHYHU WKHUH DSSF
FRPSDULVRQV RI $ = LQGLFHVY DQG HPEHGGHG OLQNYV
DGGLWLRQ LW LV DSSDUHQW WKDW WKHUH KDV EHHQ
FUHDWLQJ $ = LQGLFHV RQ OHDUQLQJ $V VXFK WKLV
FDQ RQO\ EH XQGHUVWRRG DV D ILUVW H[DPLQDWLRQ

QHHGHG

,PSOLFDWLRQV RI)LQGLQJV
&RQVLGHULQJ WKH VFRSH RI WKLV H[SHULPHQW LQ W

FKDUDFWHULVWLFVY RI WKH SDUWLFLSDQWY WKH W\S
HOHFWURQLF WH[WV DQG PHDVXUHV RI OHDUQLQJ RC
WKH ILQGLQJV RI SDUW %

f $OORZLQJ OHDUQHUV WR FUHDWH WKHLU RZQ $ =
OHDUQLQJ DV PHDVXUHG KHUH FRPSDUHG WR XVL
OLQNV RQO\ '"HVLIJQHUV DQG UHVHDUFKHUV RI1 HC
DZDUH RI WKLV LVVXH
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3DUW & &UHDWLQJ YV 8VLQJ &RQWHQWYV

SHVXOWY 6XPPDU\ DQG ([SODQDWLRQ IRU )L
7KLV VHFWLRQ GLVFXVVHV ILQGLQJV IURP SDUW & RI

OHDUQLQJ PHDVXUHV WDNHQ WR WHVW WKH K\SRW
GLIIHUHQFHV EHWZHHQ FRQGLWLRQV DUH FRQVLGHUL
QDYLIJDWLRQ EHKDYLRXU DQG XVDELOLW\ SUREOHPV
WKHRU\ 7KH UHODWLRQ RI WKHVH ILQGLQJV WR SUI
LPSOLFDWLRQV RI WKH ILQGLQJV IURP SDUW & DUH SU

&RJIQLWLYH (QIJDJHPHQW

2YHUDOO WKH ILQGLQJV RQ FRJIJQLWLYH HQJDJHPHQW
7KH PDLQ ILQGLQJV ZHUH
A 7KHUH ZHUH QR VLJQLILFDQW GLIIHUHQFHV DF
HQJDJHPHQW VFRUHV
A 7KHUH ZHUH VLJQLILFDQW GLIIHUHQFHV EHWZ
8QGHUVWDQGLQJ DFWLYLWLHVY 3DUWLFLSDQWYV Z
PRUH RI WKHVH DFWLYLWLHYV WKDQ WKRVH ZKR FU
7KLV VHFRQG ILQGLQJ LQGLFDWHV WKDW LQ WH
DFWLYLWLHV XVLQJ HPEHGGHG OLQNV LV PRUH EHQH
VLPLODU WR ILQGLQJV IRU WKH FUHDWLQJ PDS FRQG
XVLQJ D FRQWHQWY OLVW GLG QRW DSSHDU WR KDYH
RI WKHVH FRJQLWLYH HQJDJHPHQW DFWLYLWLHYV
7KH QDYLJDWLRQ EHKDYLRXU PHDVXUHV ZHUH H[DF
WKHVH ILQGLQJV )RU WKH QXPEHU RI RSHUDWLRQYV
FRQGLWLRQ SHUIRUPHG D QRWDEO\ KLJKHU QXPEHU
XVLQJ FRQWHQWY FRQGLWLRQ +RZHYHU VLQFH WKH
KLJK QXPEHU RI RSHUDWLRQV WKLV PHDVXUH GRHV Q
HQJDJHPHQW DFWLYLWLHV IRU SDUWLFLSDQWYV LQ W]
WKRVH ZKR FUHDWHG D FRQWHQWYV OLVW
7KHUH ZHUH QR VLJQLILFDQW GLIIHUHQFHV IRU WK
SDUW & $V GLVFXVVHG LQ UHODWLRQ WR SDUW $
LQFOXGHG LQ FRPSDULVRQV RI OLQN EDFN EXWWRQ
DQG EDFN EXWWRQ XVDJH ZRXOG QHFHVVDULO\ EH KL
EDFN DQG FRQWHQWYV OLVW XVDJH WKHUHIRUH FDC¢
FRIJQLWLYH HQJDJHPHQW DFWLYLWLHV EHWZHHQ WKEF
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FRQGLWLRQV $V VXFK WKH XVDELOLW\ SUREOHP PHEL
H[SODQDWLRQV RI WKH ILQGLQJV

$QDO\WHV RI WKH QXPEHU RI LQVWDQFHV XQLTXH
UHYHDOHG QR VLJQLILFDQW GLIIHUHQFHYVY EHWZHHQ FI
LQ WKH FUHDWLQJ FRQWHQWY FRQGLWLRQ FRPSDUHG
ZHUH WKHQ H[DPLQHG 3UREOHPV DVVRFLDWHG ZLW
SUREOHPVY UHODWHG WR FUHDWLQJ QDYLJDWLQJ DQG
PRVW GRPLQDQW SUREOHPV IRU WKH FUHDWLQJ FRQV
WKH HPEHGGHG OLQNV FRQGLWLRQ GLG H[SHULHQFH
WKH\ DOVR H[SHULHQFHG D JUHDWHU QXPEHU RI SURE
RI WKH HOHFWURQLF WH[W &RQVHTXHQWO\ LW DSSH
QR REYLRXV H[SODQDWLRQ IRU WKH GLIIHUHQFHV RQ
EHWZHHQ WKH FUHDWLQJ FRQWHQWY DQG HPEHGGHG ¢

$QRWKHU H[SODQDWLRQ IRU WKH ILQGLQJ WKDW H
8QGHUVWDQGLQJ DFWLYLWLHV ZDV H[DPLQHG LQ UHOTL
OLQNV IRU HQJDJHPHQW $V GLVEXVVHG LQ UHODWLRC
EHQHILWY LQ WHUPV RI H{TSORUDWLRQ &ROOLHU
WKHLU XVH RI D IRUP Rl UHSUHVHQWDWLRQ VLPLODU

DQG HQFRXUDJLQJ GHHSHU SURFHVVLQJ 1LHGHU

WKDW SDUWLFLSDQWY LQ WKH FUHDWLQJ FRQWHQWYV |
VLQFH DW OHDVW LQLWLDOO\ WKHLU QDYLJDWLRQ ZD
WKHLU FRQWHQWY OLVW ZDV EXLOW XS +RZHYHU HI[D
XVDJH UHYHDOHG WKDW WKH SDUWLFLSDQWV LQ WKH
HDFK RI WKH DYDLODEOH QDYLJDWLRQ DLGV WKH FRQ
D UDWLR RI UHVSHFWLYHO\ 7KHUHIRUH SDUWLFL
SUHGRPLQDQWO\ XVH WKH HPEHGGHG OLQNV WR QDY
FUHDWH D FRQWHQWY OLVW PD\ KDYH LPSRVHG H[WUD
FRQGLWLRQ FRPSDUHG WR WKRVH ZKR VLPSO\ XVHG H
FUHDWHG D FRQWHQWY OLVW GLG QRW VHH WKH EHC
HQJDJHPHQW 7KLV PD\ SURYLGH D WHQWDWLYH HJ
SDUWLFLSDQWYV HQJDJLQJ LQ PRUH ORQLWRULQJ 8QC
FUHDWHG FRQWHQWYV OLVWYV
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2ZQHUVKLS

JLQGLQJV RQ IHHOLQJV RI RZQHUVKLS IRU QKB LPRDLEY
ILQGLQJV ZHUH
A 8VLQJ D FRQWHQWY OLVW OHG WR VLJQLILFDQW
WKDQ HPEHGGHG OLQNV ZKHUHDV FUHDWLQJ D
EHQHILWY RYHU HPEHGGHG OLQNV LQ WHUPV RI FF
2 7KHUH ZHUH QR VLJQLILFDQW GLIIHUHQFHV IRU W
DQG YDOXH IDFWRUV DV PHDVXUHG E\ WKH TXHVW
$V ZLWK SDUW $ WKH ILQGLQJ WKDW XVLQJ D FR
FRQWURO WKDQ HPEHGGHG OLQNV ZKHUHDV FUHDWL
VXUSULVLQJ 2QH PLJKW H[SHFW WKDW DOORZLQJ D ¢
RIITIHUV WKHP PRUH FRQWURO RYHU WKHLU OHDUQLQJ .
WR FUHDWH WKH OLVW DFFRUGLQJ WR WKHLU RZQ SUF
XQGHUVWDQGLQJ RI OHDUQHU FRQWURO DQG KLJKOL
OHDUQHUV PD\ EH GLIIHUHQW IURP WKH DSSDUHQW OH
7KH QDYLJDWLRQ EHKDYLRXU PHDVXUHV ZHUH ORR
$V PHQWLRQHG LQ WKH SUHYLRXV VHFWLRQ WKH SD
DYHUDJH SHUIRUPHG VLJQLILFDQWO\ PRUH RSHUDWLR
FRQGLWLRQ DQG SDUWLFLSDQWYV ZKR XVHG HPEHGGH
IRU WKH QXPEHU RI RSHUDWLRQV $OWKRXJK WKLV I
IHHOLQJV RI FRQWURO LQ WKH HPEHGGHG OLQNV FRQ
RI RSHUDWLRQV LQ WKH XVLQJ FRQWHQWYV OLVW FRQ
IHHOLQJV Rl FRQWURO
([SODQDWLRQV IRU WKH GLIIHUHQFHV RQ WKH FRQ
XVDELOLW\ SUREOHP PHDVXUHV 1R VLJQLILFDQW GLI
LQVWDQFHV XQLTXH SUREOHPV DQG WRWDO SURE
H[SODQDWLRQV ZHUH VRXJKW E\ H{[DPLQDWLRQ RI WKH
LQ WKH XVLQJ FRQWHQWY DQG HPEHGGHG OLQNV FRQ
DQG HPEHGGHG OLQNV FRQGLWLRQV UHYHDOHG WKD
H[SHULHQFHG PRUH SUREOHPV UHODWHG WR XQGHUV!
7KH\ DOVR H[SHULHQFHG VOLJKWO\ PRUH SUREOHPYV
SUHGLFWLRQV DERXW WKH QDYLJDWLRQ DLGV WKDQ ¢
+RZHYHU LW PLJKW EH H[SHFWHG WKDW SUREOHPV Z|
LPSRUWDQW IRU IHHOLQJV RI FRQWURO \HW SDUW!I
VKRZHG VLPLODU OHYHOV RI WKHVH W\SHV RI SURE
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FRQGLWLRQ )JURP WKLV LW DSSHDUV WKDW WKH W\St
GHILQLWH H[SODQDWLRQV IRU WKH GLIIHUHQFHV LQ IH

.QRZOHGJH &RQVWUXFWLRQ

7KH ILQGLQJV RQ NQRZOHGJH FRQVWU XKWMLRDLQHIL Y G
ZHUH
vl 3BDUWLFLSDQWY LQ WKH XVLQJ FRQWHQWYV OLVW
WKDQ WKRVH LQ WKH HPEHGGHG OLQNV FRQGLWL
ZHOO DVW(VIBEWV
| 3DUWLFLSDQWYV LQ WKH XVLQJ FRQWHQWV OLVW
SURGXFHG VLJQLILFDQWO\ PRUH GHWDLOHG KDQG
LQ WKH HPEHGGHG OLQNV FRQGLWLRQ
A 3DUWLFLSDQWYV LQ WKH XVLQJ FRQWHQWYV OLVW
TXDOLW\ FRQFHSW PDSV WKDQ WKRVH LQ WKH HPE
2YHUDOO WKHVH ILQGLQJV DUH VLPLODU WR WKR
SDUW $ DQG LPSO\ WKDW LQ WHUPV RI NQRZOHGJH
SDUWLFXODUO\ EHQHILFLDO WR NQRZOHGJH FRQVWUX
OLQNV DUH QRW
7KH QDYLJDWLRQ PHDVXUHV ZHUH H[DPLQHG IRU Si
7KLV UHYHDOHG WKDW WKH SDWWHUQ RI UHVXOWYV IR
RSSRVLWH Rl WKH SDWWHUQ IRU WKH QXPEHU RI RS
QXPEHU RI RSHUDWLRQV ZDV ORZ IRU WKH XVLQJ FR
UHODWLYHO\ KLJK IRU WKH HPEHGGHG OLQNV FRQGI
WUDQVIHU WDVN ZDV KLJK LQ WKH XVLQJ FRQWHQWYV ¢
FRQGLWLRQ 7KLV LQGLFDWHY WKDW WKHUH PD\ EH D
RI RSHUDWLRQV DQG OHDUQLQJ
7KH XVDELOLW\ SUREOHP PHDVXUHV ZHUH WKHQ H]|
WKH NQRZOHGJH FRQVWUXFWLRQ ILQGLQJV LQ SDUW &
QR GLIIHUHQFHV RQ WKH QXPEHU RI LQVWDQFHV RI
SUREOHPV DQG WRWDO VHYHULW\ RI XVDELOLW\ SU
1IRQHWKHOHVVY LQ WHUPV RI WKH W\SHV RI XVDELOL
SDUWLFLSDQWY LQ WKH HPEHGGHG OLQNV FRQGLWLI
XQGHUVWDQGLQJ WKH FRQWHQW RI WKH HOHFWURQLF
DQG FUHDWLQJ FRQWHQWY OLVW FRQGLWLRQV PD\ Sl
WKH NQRZOHGJH FRQVWUXFWLRQ PHDVXUHV 7KH KI
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SUREOHPV LQ WKH HPEHGGHG OLQNV FRQGLWLRQ PD\ |
WKH NQRZOHGJH FRQVWUXFWLRQ PHDVXUHV DV FRPSD
)LQDOO\ VLPLODU WR SDUW $ LQ WHUPV RI FRJQL
GLIIHUHQFHVY RQ WKH NQRZOHGJH FRQVWUXFWLRQ P}t
OLQNV ZDV DVVRFLDWHG ZLWK D KLJKHU OHYHO RI
FRQWHQWYV OLVW ,Q WKH HPEHGGHG OLQNV FRQGLW
DULVHQ ZKHQ SDUWLFLSDQWY KDG WR GHFLGH ZKHUH
KDYLQJ WR ZRUN RXW KRZ WR JHW WKHUH ,Q WKH XV
KDQG DQ RYHUYLHZ RI WKH HOHFWURQLF WH[W ZDV S
DFFHVV SDJHV LQ WKH HOHFWURQLF WH[W ,Q DGGLWL
VWUXFWXUH Rl WKH HOHFWURQLF WH[W E\ LQGHQWDW
IURP WRS WR ERWWRP JXLGDQFH DERXW DQ LGHDO
JLYHQ 7KLV PD\ KDYH UHGXFHG H[WUDQHRXV FRJQLW
SHUIRUPDQFH RQ WKH NQRZOHGJH FRQVWUXFWLRQ PH

SHODWLRQ WR 3UHYLRXV 5HVHDUFK

7KH ILQGLQJV IRU SDUW & SUHVHQWHG KHUH DUH VRI
FRQWHQWYV OLVWV YHUVXV HPEHGGHG OLQNV LQ OF'R
FKDSWHU 7KH\ IRXQG WKDW LQ WHUPV RI SHUIRUPD
ZKR XVHG D FRQWHQWY OLVW DV D QDYLJDWLRQ DLG ¢
SODLQ K\SHUWH[W HPEHGGHG OLQNV RQO\ +RZHY}
TXHVWLRQV UHJDUGLQJ WKH FRQWHQW RI WKH HOHFW
OLVW VKRZHG QR GLIIHUHQFHV LQ SHUIRUPDQFH WR
UHVSHFW OF'RQDOG DQG 6WHYHQVRQTV ILQGLQJ
VWXG\ 7KLV PD\ EH DFFRXQWHG IRU E\ GLIIHUHQFHV
VWXGLHV 3ULQFLSDOO\ WKH FRQWHQWY OLVW SURY
VWXG\ ZDV QRQ LQWHUDFWLYH DQG LQ DGGLWLRQ WK
FRQFHQWUDWHG RQ IDFWXDO NQRZOHGJH 7KH OHDUQ
RQ WKH RWKHU KDQG DLPHG WR DVVHVV GHHSHU O
LQGLFDWH WKH LPSRUWDQFH RI WKH W\SHV RI V\VWHF
RI LQWHUSUHWLQJ WKH UHVXOWV RI VXFK VWXGLHYV
$V ZLWK FRPSDULVRQV RI XVLQJ YHUVXV FUHDWLQ.
WR KDYH EHHQ OLWWOH H[SHULPHQWDO UHVHDUFK LQ
QDYLJDWLQJ LQ HOHFWURQLF WH[WV RQ OHDUQLQJ VI
SRVVLEOH $JDLQ WKLV KLIKOLJKWV WKH QHHG IRU I}
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ODFN RI SUHYLRXV UHVHDUFK LQWR WKH HIIHFWV F
NQRZOHGJH FRQVWUXFWLRQ KLIKOLIJIKWYV WKH QHHG I
DVSHFWYV RI OHDUQLQJ

,PSOLFDWLRQV RI)LQBYDRQY BRWD\EHBW LQY\
&RQVLGHULQJ WKH VFRSH RI WKLV H[SHULPHQW LQ W

FKDUDFWHULVWLFV RI WKH SDUWLFLSDQWYV WKH W\S

HOHFWURQLF WH[W DQG PHDVXUHV RI OHDUQLQJ IRX

ILQGLQJV RI SDUW &
8VLQJ D FRQWHQWY OLVW KDV EHQHILWYV LQ WHUP
NQRZOHGJH FRQVWUXFWLRQ DV FRPSDUHG WR HPEH
LV GXH WR WKH RYHUYLHZ JXLGDQFH DQG FRQFH
FRQWHQWY OLVW WKHUHE\ UHGXFLQJ H[WUDQHRXYV
HGXFDWLRQDO HOHFWURQLF WH[WV VKRXOG FRQVL/(
DLGV
&UHDWLQJ D FRQWHQWY OLVW RIIHUV QR EHQHILW
HPEHGGHG OLQNV 7KH ODFN RI D GLIIHUHQFH RQ |
LPSOLFDWLRQV IRU RXU XQGHUVWDQGLQJ RI OHDUQ
HGXFDWLRQDO HOHFWURQLF WH[WV VKRXOG EH DZD
$OWKRXJK HPEHGGHG OLQNV KDYH EHQHILWV LQ V
DFWLYLWLHVY FRPSDUHG WR FUHDWLQJ D FRQWHQW\
RI FRQWURO ZDV ORZHU IRU SDUWLFLSDQWYV ZKR X\
ZKR XVHG FRQWHQWY OLVWV 7KLV KDV EHHQ H[SOD
WKH HOHFWURQLF WH[W FRQWHQW DQG H[WUDQHF
HPEHGGHG OLQNV FRQGLWLRQ FRPSDUHG WR WKH X\
&RPSDULVRQV RI WKHVH ILQGLQJV WR WKRVH LQ
FRQWHQWY OLVWV YV HPEHGGHG OLQNV LQGLFDWH
ILQGLQJV 7KLV KLJKOLJKWY WKDW WKH HIIHFWV R
'HVLJQHUV Rl HGXFDWLRQDO HOHFWURQLF WH[WV V¢

*HQHUDO 'LVFXVVLRQ DQG &RQFOXVLRQV
2YHUDOO WKH ILQGLQJV IURP SDUWV $ % DQG & RI
QDYLJDWLRQ DLGV KDV OLWWOH RU QHJDWLYH HIIHF
FRQWUDU\ WR WKH SUHGERWIVRQGW WPIDEHHIDFK SDUW R
WXUQ LW LV DSSDUHQW IURP SDUW $ WKDW FUHDWLQ
OHDUQLQJ FRPSDUHG WR XVLQJ PDSV DQG HPEHGGHG



8 0 $SUPLWDJH ([SHULPHQW &UHDWLQJ 1DY

KDYH SRVLWLYH HIIHFWV RQ OHDUQLQJ ,Q SDUW % FI
OLWWOH HIIHFW RQ OHDUQLQJ DV FRPSDUHG WR XVLQ
FUHDWLQJ FRQWHQWY OLVWYV KDG QR VLJQLILFDQW LF
OLVWY RU HPEHGGHG OLQNV EXW XVLQJ D FRQWHQW\
LQ WHUPV RI OHDUQLQJ ,Q SDUWV $ DQG & HPEHGGH
DVSHFWV Rl HQJDJHPHQW EXW KDG D QHJDWLYH LI
NQRZOHGJH FRQVWUXFWLRQ

&RPSDULVRQV ZLWK SUHYLRXV UHVHDUFK HPSKD\
DERXW WKH W\SHV RI VIVWHP XVHG DQG WKH W\SHV ¥
WKDW IRU DQ\ LPSOLFDWLRQV WDNHQ IURP WKH WKUH
UHODWLRQ WR WKH W\SHV RI QDYLJDWLRQ DLGV Wi
HOHFWURQLF WH[WV GHVLJQHUV VKRXOG DOVR FDUH
ZKLFK WKH QDYLJDWLRQ DLG ZLOO EH HPSOR\HG 7KLV

7KH ILQGLQJV RI SDUWV $ % DQG & SUHVHQWHG K
H[SHULPHQW FUHDWLQJ QDYLJDWLRQ DLGV GLG QRW
H[LVWLQJ QDYLJDWLRQ DLGV RU HPEHGGHG OLQNV ,W
XVDELOLW\ SUREOHPV DQG WKH FRJQLWLYH ORDG D
+HQFH GHVLJQHUV RI HGXFDWLRQDO HOHFWURQLF Wi
DQG DGGLWLRQDO OHDUQHU FRQWURO RIIHUHG E\ FUF
HOHFWURQLF WH[WYV

7KH QH[W FKDSWHU H[DPLQHV H[WHQGV WKH ZRUN
DOORZLQJ OHDUQHUV WR DGDSW PDSV DV QDYLJDWLF
EHQHILWYV IRU OHDUQLQJ E\ DOORZLQJ DUWLEXODWLI
FRJQLWLYH ORDG
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([SHULPHQW  $GDSWL
(GXFDWLRQDO (OHFWU

7KLV FKDSWHU H[WHQGV WKH ZRUN LQ FKDSWHU DQ
LQYHVWLIJDWLRQ LQWR WKH HIIHFWV RQ OHDUQLQJ R
FRPSDUHG WR XVLQJ RU FUHDWLQJ PDSV
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 QWURGXFWLRQ

%DVHG RQ WKH IUDPHZRUN RI FRQVWUXFWLYLVP DQC
DOORZLQJ OHDUQHUV WR FUHDWH WKHLU RZQ QDYLJ
ZRXOG KDYH EHQHILWV IRU OHDUQLQJ DQG WKLV ZDV
ZHUH SXW IRUZDUG IRU WKLV K\SRWKHVLV LQ FKDSW!|
DLGV DOORZV WKH OHDUQHU WR DUWLFXODWH WKHLL
VHFRQGO\ LW DIIRUGVY WKHP FRQWURO RYHU WKHLU C
IRXQG LQ H[SHWKHP HOWGLQJYV UHYHDOHG WKDW FUHDWI
OLWWOH RU QHJDWLYH LPSDFW RQ OHDUQLQJ DQG RQ
LQ WHUPV RI FRIJQLWLYH ORDG 7KLV FKDSWHU SUHVH
ZRUN LQ H[SPQIGPHDPLQHYV WKH HIIHFWV Rl DGDSWLQ.
ORDG DQG OHDUQLQJ

$GDSWLQJ QDYLJDWLRQ DLGV GLIIHUV IURP DOOR:
DLGV LQ WKDW WKH\ GR QRW KDYH WR FRQVWUXFW
OHDUQHU LV DOUHDG\ JLYHQ DQ H[LVWLQJ QDYLJDWLF
FRQWHQW VWUXFWXUH DQG OD\RXW ,W DOVR GLIIHU
WKH OHDUQHU LV DEOH WR PDNH WKHVH FKDQJHV W
SURSRVHG WKDW DGDSWLQJ H[LVWLQJ DJJUHJDWH QD
RI FRJQLWLYH ORDG EHFDXVH WKH OHDUQHU LV SUF
HOHFWURQLF WH[W $V GLVFXVVHG LQ FKDSWHUYV
RYHUYLHZ RI DQ HOHFWURQLF WH[W PD\ UHGXFH FRJQ
DO OF'RQDOG DQG B6WHYHQVRQ DQG WKH O
FRIJQLWLYH UHVRXUFHV WR FRQVWUXFWLQJ D PHQWDC
WKH\ GR ZKHQ FUHDWLQJ QDYLJDWLRQ DLGV RU XVLQJ
WR DGDSW QDYLJDWLRQ DLGV LV SUHGLFWHG WR KD
DOORZV DUWLFXODWLRQ DQG FRQWURO ZLWKRXW LQF

7KH ZRUN LQ WKLV FKDSWR BMMHFQRMYWEXW WK HW R\ |
HPSLULFDOO\ WHVW K\SRWKHVHV WKDW ZHUH PRWLYD
QDYLIJDWQRRUGHU WR LQYHVWLIDWH WKH HIITHFWV RI I

WKH IROORZLQJ K\SRWKHVHV ZHUH IUDPHG

+ /HDUQ Holdwo @ RVWLQJ QDYLJDWLRQ DLGV ZLOO IHHO KLJKHU
OHDUQLQJ ZLWK DQ HOHFW URUQLDRV MVHHL W RWZKD Q DOHD D QY BQ DK RV
XVHH[LVWLQJ QDYLJDWLRQ DLGVY DQG OHDUQHUV ZKR XVH HPEHC
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+ /HD U Q HiUdb #RVWLQJ QDYLIJDWLRQ DLGV ZLOO GHYHORS KL.
FRQWHQW RI DQ HOHFWURGUF DWH[M.L WRZQ QBN UHVUNVRRKRLGV
H[LVWLQJ QDYLJDWLRQ DLGV DQG OHDUQHUV ZKR XVH HPEHGG

7TKHUH LV DOVR D WKLUG K\SRWKHVLV LPSOLFLW LC

+ /HDUQHJ/D #H{RVWLQJ QDYLIDWLRQ DLGV ZLOO IHHO ORZHU
FUHDWKHLU RZQ QDYLIJDWLRQ DLGY DQG OHDUQHUV ZKR XVH HP

+ SUHGLFWV WKDW DGDSWLQJ QDYLJDWLRQ DLGV
FUHDWLQJ QDYLJDWLRQ DLGV DQG XVLQJ HPEHGGHG
LV QRW SUHGLFWHG WKDW DGDSWLQJ QDYLJDWLRQ D
XVLQJ QDYLJDWLRQ DLGV VLQFH OHDUQHUV ZKR XV
SURYLGHG ZLWK DQ RYHUYLHZ Rl WKH HOHFWURQLF W

7KLV FKDSWHU GHVFULEHV DQ H[SHULPHQWDO LQY
+ ,Q SDUWLFXODU WKLV FKD DVGDS WRIDBEKND WRIDQ WX\H |
XVLPDSMRU QDYLJDWLRQ 7KH HIIHFWV RI PDSV DUH V
KHUH QRW RQO\ EHFDXVH RI WKH GLIIHUHQFHV WKDW
PDSV LQ H[SHEXWHR®NR EHFDXVH RI WKH LQWHUHVW
WKH XVH RI PDSV DV HGXFDWLRQDO WRROV LQ UHEFF
GLVEXVVHG L@QUKKDBWWMYH EHHQ VHYHUDO H[SHULPHQ)\
WKH HIIHFWV RI PDSV RQ OHDUQLQJ ZLWK HOHEWURQC

6WDQWRQ HW DO 'HQJHU DQG 3D\QH 3XQ
KDYH DOVR EHHQ UHFHQW GHYHORSPHQWY LQ QDYLJC
WKDW LQFOXGH PDSV (ONXQG HW DO 2NDGD DQG

$V LQ H[SHULPHQWV DQG D FRQVWUXFWLYLVW
OHDUQLQJ LV DVVHVVHG KHUH DQG WKH HIIHFWV RI
IHHOLQJV RI RZQHUVKLS DV ZHOO DV NQRZOHGJH FRQ'
WH[W LV LQYHVWLIJDWHG WR H[SORUH SRWHQWLDO H]|
FRJQLWLYH ORDG PHDVXUHV 3RVW KRF DQDO\VHV RI
E\ WKH SDUWLFLSDQWY LQ WKLV H[SHULPHQW DUH
H[SODQDWLRQV IRU ILQGLQJV RQ WKH OHDUQLQJ PHDYV

W VKRXOG EH QRWHG WKDW WKHUH DUH RWKHU NH
H[SHULPHQWY DQG )JLUVWO\ FRJQLWLYH HQJDJHPH
GLUHFWO\ UHODWHG WR WKH DLPV RI WKLV H[SHUL
FRQFHUQLQJ WKH SDUWLFLSDQWVY QDYLJDWLRQ EHKI
1HVWRU 1DYLJDWRU ORJ ILOHV 7KLUGO\ WKHUH DU}
'HWDLOV Rl WKH GLIIHUHQFHY LQ WKH PHWKRG DQG \
WKH QH[W VHEWLRQ
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$W WKH HQG RI WKLV FKDSWHU LQ FRGQGWWWE RWA I
ILQGLQJV Rl WKH HPSLULFDO LQYHVWLJDWLRQV LQWR
DQG UHVHDUFKHUV RI HGXFDWKIHR R B0 LIPGOEWD\R DR © Wi
IURP H[SHULPHQW DUH LGHQWLILHG

OHWKRG

,Q WKLV H[SHULPHQW OHDUQHUV XVHG WKH HOHFWU
IDFLOLWLHVY WR DGDSW FUHDWH RU XVH D PDS RU ZL
WHVWHG IRU WKHLU H[LVWLQJ NQRZOHGJH RI WKH VXE
XVLQJ WKH HOHFWURQLF WH[W WKH\ ZHUH JLYHQ D W
LQ WKH HOHFWURQLF WH[W WR VROYH D SUREOHP LQ |
RZQHUVKLS IRU WKHLU OHDUQLQJ WKHLU UDWLQJV I
NQRZOHGJH FRQVWUXFWLRQ ZHUH WHVWHG 7KH QDYL
DGDSWHG ZHUH DOVR DQDO\WHG SRVW KRF

JRU WKH PRVW SDUW WKH PHWKRG XVHG LQ WKLV
H[SHULPHQWYV DQG +RZHYHU LW VKRXOG EH QR
GLIIHUHQFHV LQ WKH PHWKRG LQ WKLV H[SBQIGPHQW
JLUVWO\ WKH H[SHULPHQWDO VHWWLQJ ZDV GLIIHUH
ZKHUH XS WR VL[ OHDUQHUV SDUWLFLSDWHG LQ WKH
DQG OHDUQHUV SDUWLFLSDWHG LQ WKH H[SHULPHQ\
IRU WKH H[SHULPHQWDO VHVVLRQV ZDV VKRUWHU LQ
WR WDNH SDUW LQ WKH H[SHULPHQW $FFRUGLQJO\ V
HOHFWURQLF WH[W WKH ZULWWHQ WUDQVIHU WDVN |
WR ILW WKH QHZ H[SHULPHQWDO VHWWLQJ DQG DGMX"
GHWDLOV RI WKH SDUWLFLSDQWY PHDVXUHV DQG H[S
GHVFULEHG KHUH

SDUWLFLSDQWYV
7TKLUW\ WZR VWXGHQWY WRRN SDUW LQ H[SHULPHQW
SDUWLFLSDWHG LQ H[SHULPHQWYV DQG 7TKH\ ZHUFL
FRXUVH LQ WKH DXWXPQ WHUP RU ZHUH LQWHUH
+&, FRXUVH LQ WKH VSULQJ WHUP 7KH SDUWLFLS
+&, VHVVLRQ EXW KDG QRW \HW DWWHQGHG D OHF\
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SUHVHQWHG LQ WKH HOHFWURQLF WH[W 7TDEOH
GHPRJUDSKLF FKDUDFWHULVWLFV

$JH 5DQJH *HQGHU 8QGHUJUDGXD&RPSXWHU ::: 11! 8VH

SRVWIJUDGXDWBHULHQFH SHULHQFH

\uVv JHPDOH 8QGHUJUDG \uU \uU 'DLO\
\UvVv ODOH 3RVWJUDG \uUvVv \uUvVv :HHNO\
\uUV \UvVv \uUvVv ORQWKO\
\uUVv \UvVv \uvV 5DUHO\
7TDEOH 7KH QXPEHU RI SDUWLFLSDQWY LQ HDFK GHPRJUDSKLF FDW

FDWHJRU\ IRU FRPSXWHU DQG ZHE H[SHULHQFH DQG ZHE XVH

(TXLSPHQW DQG ODWHULDOV
3DUWLFLSDQWY XVHG 3&V UXQQLQJ DQ ,QWHO 3HQWL
PRQLWRU NH\ERDUG DQG PRXVH 7KH\ XVHG WKH
DQG QDYLJDWH WKH VDPH HOHFWURQLF WH[W RQ XVD

DQG

'HVLIJQ DQG 3URFHGXUH
$ EHWZHHQ VXEMHFWY GHVLJQ ZDV HPSOR\HG DQG SEC
HISHULPHQWDO FRQGLWLRQV 7KH LQGHSHQGHQW YDL
DQG WKH IRXU H[SHULPHQWDO FRQGLWLRQV ZHUH
XVLQJ D PDS HPEHGGHG OLQNYV
FUHDWLQJ D PDS HPEHGGHG OLQNYV
DGDSWLQJ D PDS HPEHGGHG OLQNYV
HPEHGGHG OLQNYV
7TKHUH ZHUH HLJKW SDUWLFLSDQWY LQ HDFK FRQG
DQG XVLQJ D PDS FUHDWLQJ D PDS DQG HPEHGC
RI HISHULPHQW HIFHSW WKDW WKH\ DOVR LQFOXG
DGDSWLQJ D PDS SDUWLFLSDQWY ZHUH LQLWLDOO\ S
IRU DOO WZHQW\ WKUHH SDJHV LQ WKH HOHFWURQLF
PDS ZDV LGHQWLFDO WR WKDW LQ WKH XVLQJ PDS FF
SDJHV LQ WKH HOHFWURQLF WH[W 7KH\ FRXOG DOVI
ZLWKLQ WKH WH[W DQG RU E\ XVLQJ D EDFN EXWWR
DSSHDUHG RQ WKH PDS HYHU\ WLPH DQ HPEHGGHG Ol
UHSUHVHQWHG RQ WKH PDS ,Q DGGLWLRQ SDUWLFLSES
RQ WKH PDS DV ZHOO DV UHDUUDQJH WKH PDS ,Q Wi
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PDS DFFRUGLQJ WR WKHLU RZQ SUHIHUHQFHV WR SU
ILIXUH ,Q WKH DGDSWLQJ DQG FUHDWLQJ PDS FRC
FXUUHQWO\ EHLQJ GLVSOD\HG ZDV VKRZQ LQ UHG UD\
QRWHG WKDW LQ WKH XVLQJ PDS FRQGLWLRQ WKH PD
FXUUHQWO\ EHLQJ GLVSOD\HG WKLV LV D IHDWXUH R
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DIWHU DGDSWDWLRQV KDYH EHHQ PDGH

7KH DGDSWLQJ PDS FRQGLWLRAQ

YLXUH

7KH H[SHULPHQW ZDV FRQGXFWHG LQ JURXS VHVVL
SDUWLFLSDQWYV DW D WLPH 7KH DLP RI WKLV ZDV \
HGXFDWLRQDO FRQWH[W ZKHUH JURXSV RI VWXGHQW\
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ODE VLPLODU WR WKH VHWWLQJ RI D WXWRULDO VHV\V
9LKRXUV ,W VKRXOG EH QRWHG WKDW WKLV ZDV OHV
H[SHULPHQWYV DQG 7KH H[SHULPHQWDO VHVVLRQ
PDNH LW HDVLHU WR UHFUXLW SDUWLFLSDQWY DQG D
WKH H[SHULPHQW ZDV VKRUWHQHG $V LQ H[SHULPHQ
XVHG WR HQVXUH WKDW WKH YHUEDO LQVWUXFWLRQ'
DSSHQGL] 7KHUH ZHUH VHYHQ SDUWV WR WKH H]
HDFK RI WKH PHDVXUHV WDNHQ DUH GHVFULEHG LQ VH
8SRQ DUULYDO SDUWLFLSDQWYV ZHUH JLYHQ LQWU
DLPV RI WKH VWXG\ DQG FRPSOHWHG D FRQVHQW IR
'HPRJUDSKLF LQIRUPDWLRQ DERXW WKH SDUWLFLS
DGPLQLVWHUHG 7KLV ZDV WKH VDPH DV LQ H[SHULP
$ WHQ PLQXWH WUDLQLQJ WDVN ZDV XQGHUWDNHQ
OXVHXP LQ %ULWDLQ WR IDPLOLDULVH WKH SDUWL
QDYLIJDWLRQ WKH\ ZRXOG EH XVLQJ VHH DSSHQGL]
WUDLQLQJ WDVN ZDV VLPLODQ G\ERXW KIDW DG MXS MUHLC
H[SHULPHQWDO VHWWLQJ RI H[SHULPHQW  %HFDXV
DW DQ\ RQH WLPH WKH H[SHULPHQWHU FRXOG QF
SDUWLFLSDQW DV KDG EHHQ GROYG LD H PELHULSFDHIA
XQGHUWDNH WKH WUDLQLQJ WDVN LQGHSHQGHQWO\
KDG FKHFNHG YHUEDOO\ ZKHWKHU SDUWLFLSDQWYV
DVSHFW Rl WKH LQWHUIDFH ,Q H[SHULPHQW  WKH
WKDW SDUWLFLSDQWYVY FRXOG WLFN RII D OLVW RI W
KDSS\ ZLWK XVLQJ WKHP 7KH H[SHULPHQWHU WKHC
WLFNHG DOO WKH ER[HV RQ WKH OLVW
3DUWLFLSDQWY ZHUH JLYHQ WKH XVDELOLW\ HYDO
XVH LW WR VROYH D XVDELOLW\ HYDOXDWLRQ SURE«
LQ H[SHULPBQMHNFULELQJ D XVDELOLW\ HYDOXDWLF
WKDW LQFOXGHG GHWDLOV RI D EXGJHW WLPHVFD
DVNHG WR XVH WKH HOHFWURQLF WH[W WR FKRRVH
WHFKQLTXHV IRU WKLV VHWWLQJ +RZHYHU WKHUH
FRPSDUHG WR HSMHGMP HQRDW LW ZRXOG ILW LQ ZL
VLWXDWLRQ IRU H[SHULPHQW 3DUWLFLSDQWYV ZHU
DQG WR JLYH WZR UHDVRQV ZK\ WKH\ WKRXJKW WK
DSSURSULDWH DQG WZR UHDVRQV ZK\ WKH\ WKRXJK
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WH[W ZHUH LQDSSURSULDWH VHH DSSHQGL] IRU
WKH SDUWLFLSDQWY KDG EHHQ DVNHG WR WKLQN
*LYHQ WKDW WKH SDUWLFLSDQWY GLG QRW KDYH WF
EHHQ GRFXPHQWHG WR H[WHQG WDVN FRPSOHWLRQ
DOORFDWHG WLPH IRU WKLV WDVN ZDV VKRUWHU
H[SHULPHQW WKH SDUWLFLSDQWY KDG XS WR WK
3DUWLFLSDQWY LQ WKH FUHDWLQJ DQG DGDSWLQJ
DGDSW WKHLU PDSV DV SDUW RI WKLV WDVN
7KH HOHFWURQLF WH[W ZDV WKHQ FORVHG DQG S
TXHVWLRQQDLUH ZLWKHWRUBBHY VRIFWZREAWVVKMSKHRU
XVDELOLW\ Rl WKH HOHFWURQLF WH[W WKH OHYH
XVLQJ WKH HOHEFWURQLF WH[W VHH DSSHQGL] IR
7KH SDUWLFLSDQWY WKHQ FRPSOHWHG WKH ZULWW
H[SHULPBQWVYQ WKDW WKH VFHQDULR JLYHQ WR SDU
IRUPDW RI WKH WDVN ZDV DGMXVWHG WR ILW ZLWK
VHH DSSHQGL] IRU WKH WDVN VKHHW ,Q WKLV F
SDUWLFLSDQWY SHUIRUPHG DV WKH\ XVHG WKH HOH
WR VSHFLILF TXHVWLRQV WR JXLGH WKHLU ZULWWtF
GHWDLOV 3DUWLFLSDQWY ZHUH DOVR JLYHQ VOL
FRPSDUHG WR H)QIBWHKPHQAMMWH JLYHQ XS WR WZHQW\
WKLV WDVN DV FRPSDUHG WR WKH WEQGBW\ PLQXWH\
7KH SDUWLFLSDQWY FRPSOHWHG WKH FRQFHSW PD:
LQVWUXFWLRQV 7KLV ZDV WKH VDPH DV LQ H[SHU!
JLYHQ XS WR ILYH PLQXWHV WR FRPSOHWH WKLV V
RITHUHG LQ H[PBGLPHQWYV
$IWHU FRPSOHWLRQ RI DOO H[SHULPHQWDO WDVN
H[SODLQHG WR HDFK SDUWLFLSDQW DQG WKH\ ZHUH J
SXEOLFDWLRQV RU UHSRUWYV RQ WKH H[SHULPHQWDO |

JHDUQLQJ OHDVXUHYV
$V LQ H[SHULPHQWV DQG WKH SUH WHVW ZDV HPS

WKDW SDUWLFLSDQWY DOO KDG WKH VDPH OHYHO RI
HOHFWURQLF WH[W $JDLQ WKLV FRQVLVWHG RI WKH
NQRZOHGJH RI XVDELOLW\ HYDOXDWLRQ WKH WRSLI
DSSHQGL]
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7KHUH ZHUH WZR GHSHQGHQW YDULDEOHV HPSOR
RZQHUVKLS IRU OHDUQLQJ DQG NQRZOHGJH FRQVWUXF
RZQHUVKLS TXHVWLRQQDLUH GHVFULEHG LQ H[SHULPH
.QRZOHGJH FRQVWUXFWLRQ ZDV PHDVXUHG LQ WZ
WUDQVIHU WDVN DQG SHUIRUPDQFH RQ D FRQFHSW F
ZULWWHQ WUDQVIHU WDVN ZDV DGMXVWHG WR ILW
H[SHULPHQW VHH DSSHQGL] 3DUWLFLSDQWYV ZHU
VFHQDULR DV LQ WKH WUDQNOQHUL @ ZKN FIKQWH( IS H @ HRIHHC
FKRRVH D XVDELOLW\ HYDOXDWLRQ WHFKQLTXH WR H®
+RZHYHU LQ WKLV H[SHULPHQW WKH\ ZHUH JLYHQ UF
WKUHH TXHVWLRQV
f 3%ULHIO\ H[SODLQ ZKDW XVDELOLW\ HYDOXDW
f 3*LYH EULHI GHWDLOV Rl HDFK Rl WKH WHFKQ
WKH DGYDQWDJHV GLVDGYDQWDJHV RI XVLQJ
VRIWZDUH’
f 3*LYH EULHI GHWDLOV RI \RXU UHFRPPHQGHG
IRU HYDOXDWLQJ PHPR VRIWZDUH DQG VD\ Z
WHFKQLTXH’
$JDLQ WKH DLP RI WKLV WDVN ZDV WR DVVHVV
LQIRUPDWLRQ WKH\ KDG JDWKHUHG IURP WKH HOHF
LQVWUXFEWLRQV IRU WKH FRQFHSW PDSSLQJ WIMN ZH LU
VHH DSSHQGL]
'HWDLOV Rl WKH DQDO\VHV Rl WKHVH PHDVXUHV DU

&RIQLWLYH /RDG
7R WHVW +J WKH TXHVWLRQQDLUH JLYHQ WR SDUWLI

LQFOXGHG ILYH VWDWHPHQWY RQ FRJQLWLYH ORDG

DQG QHJDWLYHO\ ZRUGHG DQG UHODWHG WR WKH DPR
LQWR XVLQJ WKH HOHFWURQLF WH[WV 7KH TXHVWLRQ
GHILQLWLRQ RI FRJQLWLYH ORDG DV WKH EXUGHQ D
VIVWHP $V VXJJHVWHG E\ .DO\XJD HW DO VXEM
XVHIXO EHFDXVH WKH\ DUH HDV\ WR LPSOHPHQW D
SHUIRUPDQFH DV RWKHU PHWKRGV GR VXFK DV GXD
ORDG KDYH DOVR EHHQ PHDVXUHG E\ TXHVWLRQQDLU
HGXFDWLRQDO WDVNV 3DDV DQG YDQ OHUULHQERHU
'XQZRRG\ ,Q WKLV H[SHULPHQW SDUWLFLSDQWV
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ZLWK WKHVH VWDWHPHQWY RQ D ILYH SRLQW /LNHUW
$JUHH  'HWDLOV RI WKH DQDO\VLV RI WKLV VHFWLR(
VHEWLRQ

8VDELOLW\ DQG 1DYLJDWLRQ ODS OHDVXUHYV
7TKH TXHVWLRQQDLUH JLYHQ WR SDUWLFLSDQWY LQFQ

DSSHQGL] 7KLV TXHVWLRQQDLUH PHDVXUH ZDV XV
WKLQN DORXG GXULQJ WKLV H[SHULPHQW DQ\ XVDELO|
WKH HOHFWURQLF WH[W FRXOG QRW EH GHWHFWHG 7
DQ\ SRWHQWLDO H[SODQDWLRQV IRU ILQGLQJV RQ WK}
XVDELOLW\ VXE VHFWLRQ RI WKH TXHVWLRQQDLUH FR
VWDWHPHQWY RQ XVDELOLW\ DQG WKHUH ZHUH D WRYV
ZHUH GHYHORSHG WR PHDVXUH NH\ XVDELOLW\ LVVXH
HDVH Rl OHDUQLQJ HDVH Rl UHPHPEHULQJ HUURU IU]
7KH SDUWLFLSDQWY ZHUH DVNHG WR UDWH WKHLU U}
ILNHUW VFDOH IURP 36WURQJO\ 'LVDJUHH  WR 36WURC
WKLV VHFWLRQ RI WKH TXHVWLRQQDLUH DUH GHVFULE

7KH QDYLJDWLRQ PDSV SURGXFHG E\ SDUWLFLSDQ
FRQGLWLRQV ZHUH VDYHG IRU DQDO\VLV 7KH SXUSR\
H[SORUH SRWHQWLDO H[SODQDWLRQV IRU GLIIHUHQFH
DQG OHDUQLQJ PHDVXUHV 7R WKLV HQG WKHUH ZHU}
PDSV ZKLFK SDUWLFLSDQWY FUHDWHG DQG DGDSWHG
WKH XVLQJ PDS FRQGLWLRQ VHFRQGO\ WR GHWHUPL
DGDSWLQJ PDS FRQGLWLRQ DGDSWHG WKHLU PDSV 't
DUH GHVFULEHG LQ VHFWLRQ

$QDO\VLV

7KLYV VHFWLRQ SUHVHQWYVY WKH DQDO\WHV SHUIRUPHC
6WHSYV WDNHQ WR HQVXUH WKH UHOLDELOLW\ DQG YD

/JHDUQLQJ OHDVXUHV
7KLV VHFWLRQ SUHVHQWY DQDO\VHV IRU WKH SUH WF

PHDVXUHV WDNHXGWR WHVW +
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S3UH WHVW
7KH SUH WHVW ZDV PDUNHG E\ WKH DXWKRU DV LQ H|]

PDUNLQJ VFKHPH 7R FKHFN WKH UHOLDELOLW\ DQG
XVDELOLW\ HYDOXDWLRQ H[WHUQDO WR WKLV UHVHDU
ILIWHHQ SUH WHVWY WDNHQ IURP WKRVH FRPSOHWHG

$ 6SHDUPDQTY UDQN FRUUHODWLRQ ZDV HPSOR\H
FRUUHVSRQGHG VIHRH BHIWHMI®ON Rl WKH RXWSXWV RI W
D VLIJQLILFDQW FRUUHODWLRQ EHWZHHQ WKH WZR
LQGLFDWHY WKDW WKH PDUNLQJ ZDV UHOLDEOH DQG
VHFWLRQ

2ZQHUVKLS
$Q LQWHUQDO UHOLDELOLW\ DQDO\VLV ZDV FRQGXF)

VWDWHPHQWY LQ WKH RZQHUVKLS VHFWLRQ RI WKH TX
LQ H[SHULPHQW 7KLY UHYHDOHG D &URQEDFKYfV D(
UHOLDELOLW\ VHH DSSHQGL]

$YHUDJH WRWDO RZQHUVKLS DQG DYHUDJHV IRU \
IDFWRUV ZHUH FDOFXODWHG DV LQ H[SHULPHQWYV |
HPSOR\HG WR DQDO\VH GLIIHUHQFHY DFURVV FRQGL
SDUDPHWULF WHVWYV |IRU SRVW KRF SDLU ZLVH FRPS
&DVWHOODQ PHWKRG ZHUH DOVR XVHG )RU WKH

.QRZOHGJH &RQVWUXFWLRQ
7KH ZULWWHQ WUDQVIHU DQG FRQFHSW PDSSLQJ WDV

FRQVWUXFWLRQ ,W VKRXOG EH QRWHG WKDW KRZHY
FRQGLWLRQ GLG QRW XQGHUWDNH HLWKHU WKH ZULW
EHFDXVH WKH\ FRPSODLQHG RI IHHOLQJ LOO DQG OH
TXHVWLRQQDLUH ,Q DGGLWLRQ DQRWKHU SDUWLFLSI
SXUSRVH RI WKH FRQFHSW PDSSLQJ WDVN  WKH\ SUF
KXPDQ ERG\ SDUWV 7KHUHIRUH WKH DQDO\VLV RI WI
WKLUW\ RQH SDUWLFLSDQWY DQG WKH DQDO\VLV RI F
WKLUW\ SDUWLFLSDQWYV

7KH WKLUW\ RQH ZULWWHQ WUDQVIHU WDVNV ZHL
PDUNHG RXW RI ILYH RQ HDFK Rl WKH IROORZLQJ DVStF
7KH PDUNV ZHUH WKHQ FRQYHUWHG WR SHUFHQWDJHYV
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$ ([SODQDWLRQ RI XVDELOLW\ HYDOXDWLRQ
% %ULHI GHWDLOV RI HDFK RI WKH HYDOXDWLRQ !
WH[WV DQG WKHLU DGYDQWDJHYV GLVDGYDQWDJHYV
WKH PRELOH SKRQH VRIWZDUH LQ WKH JLYHQ VFHC(
& %ULHI GHWDLOV RI WKH VHOHFWHG WHFKQLTXH
K\ WKDW WHFKQLTXH ZDV FKRVHQ
6HH DSSHQGRY WKH PDUNLQJ VFKHPH $JDLQ WK
HISHULPBQWWR ILW LQ ZLWK WKH GLITHUHQW IRUPDW R
7R FKHFN WKH UHOLDELOLW\ DQG YDOLGLW\ RI V
HYDOXDWLRQ H[WHUQDO WR WKLV UHVHDUFK VHFRQG
WUDQVIHU WDVNV IURP WKRVH FRPSOHWHG E\ WKH W
WDVN LQ H[SHULPHQW 7KH VHFRQG PDUNHU JDYH WZ
KLIJKHU PDUN WKDQ WKDW JLYHQ E\ WKH DXWKRU )RU
KLIJIKHU WKDQ WKH PDUN JLYHQ E\ WKH DXWKRU IRU V
KLIKHU WKDQ WKH DXWKRU 7KH DXWKRU GLVFXVV}
WR GHWHUPLQH WKH UHDVRQV EHKLQG WKHVH GLIIHU
KDG PDUNHG WKHVH ZULWWHQ WUDQVIHU WDVNV DFFF
DXWKRU KDG QRWHG WKDW DOWKRXJK WKH WZR SDUW
JHQHUDOO\ UHDVRQDEOH WKH\ KDG QRW UHODWHG W
YHU\ ZHOO ,W DSSHDUHG WKDW WKH SDUWLFLSDQWYV
UHVSRQVH UDWKHU WKDQ XVLQJ WKH LQIRUPDWLRQ R
7KLV GLVFUHSDQF\ EHWZHHQ WKH PDUNV JLYHQ E\ WK
PDUNHU KLJKOLJKWYVY WKH IDFW WKDW WKH PDUNLQJ
FRQWH[W RI KRZ ZHOO SDUWLFLSDQWY UHVSRQVHV W
HOHFWURQLF WH[W FRQWHQW UDWKHU WKDQ MXGJLQ.
7KH PDUNV IRU WKHVH WZR SDUWLFLSDQWVY ZULYV
7KH\ ZHUH VLPSO\ H[FOXGHG IURP WKH VDPSOH XVHG
WKH UHPDLQGHU RI WKH DQDO\VLYVY DQG IRU WKH UHPI
VDPSOH D 6SHDUPDQYY UDQN FRUUHODWLRQ ZDV HPS

PDUNV FRUUHVSRQGHG VHH DSSHQGL] IRU GHWDLC
UHYHDOHG D VLJQLILFDQW FRUUHODWLRQ EHWZHHQ
S DQG WKLV VXJIJHVWYV WKDW RYHUDOO WKH PDUI

UHOLDEOH DQG KDG JRRG YDOLGLW\
.UXVNDO :DOOLV $129%V ZHUH HPSOR\HG WR DV
FRQGLWLRQV IRU DOO DVSHFWV WKDW WKH WUDQVIHU
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QRQ SDUDPHWULF WHVWYV IRU SRVW KRF SDLU ZLVH F
&DVWHOODQ PHWKRG ZHUH DOVR XVHG )RU WKH

$V LQ H[SHULPHQWY DQG WKH FRQFHSW PDSV Z
RI QRGHVY QR RI OLQNV UHSUHVHQWHG DQG D TXDO
ZDV XVHG DV LQ H[SHULPHQWY DQG VHH DSSHQGL
YDOLGLW\ RI WKH TXDOLWDWLYH PDUNV D UDQGRP VI
IURP WKRVH SURGXFHG E\ WKLUW\ Rl WKH SDUWLFLS
PDUNHG E\ DQ H[SHUW RQ XVDELOLW\ HYDOXDWLRQ
6SHDUPDQYY UDQN VWDWLVWLE ZDV FDOFXODWHG VH!
WKLV DQDO\VLV 7KLV UHYHDOHG D VLJQLILFDQW FR
UKR S 7KLV LQGLFDWHV WKDW WKH PDU
H[SHULPHQW ZDV UHOLDEOH DQG WKH PDUN VFKHPH KI

7KH TXDQWLWDWLYH PDUNV ZHUH WKHQ DQDO\VH
7XNH\ SRVW KRF SDLU ZLVH FRPSDULVRQ WHVWV 7KH
.UXVNDO :DOOLV $129% DQG SRVW KRF SDLU ZLVH FR
&DVWHOODQ PHWKRG )RU WKH UHVXOWV RI WKHYV

&RIQLWLYH /RDG

7R DVVHVV WKH TXDOLW\ RI WKH VWDWHPHQWY LQ WKI
DQ DQDO\WVLV RI LWV LQWHUQDO UHOLDELOLW\ ZDV S
VWDWHPHQWY LQ WKH VHFWLRQ PHDVXUHG WKH VDPH
VWDWHPHQW ZDV UHPRYHG GXH WR D ORZ LWHP WRW
VKRZHG ORZ FRUUHODWLRQV ZLWK UDWLQJV RQ WKH
WKDW LW PD\ EH PHDVXULQJ D GLIITHUHQW FRQVWUXFV
IRXU VWDWHPHQWY RQ FRIJQLWLYH ORDG ZDV LQ:
DSSHQGL] IRU GHWDLOV RI WKH RXWSXW RI WKLYV
I[URP WKH XVDELOLW\ DQG FRJQLWLYH ORDG VHFWLRC
DQRQG WKH VWDWHPHQW WKDW ZDV UHPRYHG IURP WKH
ORDG UDWLQJ IRU HDFK SDUWLFLSDQW ZDV FDOFXOD
ZRUGHG VWDWHPHQWY ODEHOOHG 35" LQ DQG DG
VWDWHPHQWY DOO VWDWHPHQWYV ZHUH ZHLJKWHG HT
JLYH D WRWDO FRJQLWLYH ORDG UDWLQJ RXW RI $
ORDG
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JRU WKH WRWDO FRJQLWLYH ORDG UDWLQJV .UXVI
DQRDO\WH GLIITHUHQFHYVY DFURVV FRQGLWLRQV DQG ZKt&
SRVW KRF SDLU ZLVH FRPSDULVRQV DFFRUGLQJ WR W
ZHUH DOVR XVHG )RU WKH UHVXOWY RI WKHVH DQDO\\

&RJQLWLYH /RDG 6WDWHPHQWYV

, KDG WR SXW D ORW RI PHQWDO HIIRUW LQWR XQGHUVWDQGLQJ W
,GLG QRW KDYH WR SXW D ORW RI PHQWDO H${lldRUW LQWR QDYLJDW
, KDG WR SXW D ORW RI PHQWDO HIIRUW LOQWR ZRUNLQJ RXW ZKHU
, RIWHQ IHOW WKDW , KDG WRR PDQ\ WKLQJV WR WKLQN DERXW DW

8VDELOLW\ 6WDWHPHQWYV

7KH HOHFWURQLF WH[WV ZHUH YHU\ HDV\ WR XVH

, IRXQG LW HDV\ WR ZRUN RXW KRZ WR DFFHVV SDJHV LQ WKH HOH
W ZLOO EH GLIILFXOW WR UHPHPEHU LQIRUPDWLRQ LQ WKH HOHF\
, KDG QR SUREOHPV XVLQJ WKH HOHFWURQLF WH[WV

, IRXQG XVLQJ WKH HOHFWURQLF WH[WV HQMR\DEOH

, ZRXOG QRW XVH WKLV W\SHs& HOHFWURQLF WH[W DJDLQ

, FRXOG HDVLO\ ZRUN RXW ZKHUH , ZDQWHG WR JR LQ WKH HOHFW
, RIWHQ KDG SUREOHPV XVtQa) WKH HOHFWURQLF WH[WV

7KH QDYLJDWLRQ DLGV DOZD\V GLG ZKDW , H[SHFWHG

LW ZDV GLIILFXOW WR ZRUN RXW RBEWR XVH WKH HOHFWURQLF W
, IRXQG WKH XVLQJ WKH HOHBWURQLF WH[WV FRQIXVLQJ

W ZDV QRW HDV\ WR ILQG WKH LQIRUPDW&RQ , QHHGHG LQ WKH H
.1, XYHG WKH HOHFWURQLF WH[WV DJDLQ LW ZRXOG EH HDV\ WR U
7KH HOHFWURQLF WH[WV Z#©@H YHU\ GLIILFXOW WR XVH

5HPRYHG &RJQLWLYH /RDG 6WDWHPHQW

,W WRRN OLWWOH PHQWDXBVIRQWWIR H 8 HFRNRMXRN ZK FAUH W V

% R [ 6 WDWHPHQWY WKDW ZHUH LQ WKH &RJQLWLYH /RDG DQG 8VDELOLW\
D UHPRYHG VWDWHPHQW 5HYHUVHG VWDWHPHQWY DUH PDUNHG E\ 35°

S8VDELOLW\ DQG 1DYLJDWLRQ ODS OHDVXU
,Q WKLV VHFWLRQ WKH DQDO\VLV RI WKH XVDELOLW\ D

PDSV DUH GLVFXVVHG

S8VDELOLW\
,Q RUGHU WR DVVHVV WKH TXDOLW\ RI WKH VWDWE

TXHVWLRQQDLUH DQ DQDO\VLV RI LWV LQWHUQDO UH
WKDW DOO IRXUWHHQ VWDWHPHQWY LQ WKH VHFWLRQ
LQFOXGHG H[DPLQDWLRQ RI UDWLQJV IURP DOO SDUW
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DOSKD ZDV UHYHDOHG WR EH LQGLFDWLQJ WKDW
KDG JRRG LQWHUQDO UHOLBELOHWD LWDWVHRD SABKHH) & X|W S
7KH WRWDO XVDELOLW\ UDWLQJ IRU HDFK SDUWLFLSD
QHJDWLYHO\ ZRUGHG VWDWHPHQWY ODEHOOHG 35  LC
WKH IRXUWHHQ VWDWHPHQWY DOO VWDWHPHQWYV ZH!
WRWDO E\ IRXUWHHQ WR JLYH D WRWDO XVDELOLW\
LQGLFDWHG EHWWHU XVDELOLW\

YRU WKH WRWDO XVDELOLW\ UDWLQJV .UXVNDO :
DQDO\VH GLIIHUHQFHV DFURVV FRQGLWLRQV DQG ZKl|
SRVW KRF SDLU ZLVH FRPSDULVRQV DFFRUGLQJ WR W
ZHUH DOVR XVHG )RU WKH UHVXOWV Rl WKHVH DQDO\\

1DYLIJDWLRQ ODSV
7KH QDYLJDWLRQ PDSV WKDW ZHUH FUHDWHG DQG DG

DQG DGDSWLQJ PDS FRQGLWLRQV ZHUH FRPSDUHG W
FRQGLWLRQ 7KH PDSV ZHUH DQDO\VHG LQ WHUPV R
QDYLJDWLRQ OLQNV OLQNV UHSUHVHQWLQJ DFWXDO
DQG WKH QXPEHU RI FRQFHSWXDO OLQNV OLQNV UHS!I
SDJHV ZKHUH WKHUH LV QRW QHFHVVDULO\ D QDYLJ
QDYLJDWLRQ OLQNV DQG FRQFHSWXDO OLQNV UHSUHYV
XVLQJ PDS FRQGLWLRQ 6LQFH WKH QXPEHU RI QRGHYV
IRU WKH XVLQJ PDS FRQGLWLRQ ZHUH WKH VDPH IRU H
FRQGLWLRQ ZDV ]JHUR IRU HDFK Rl WKHVH PHDVXUHV
YDULDQFH ZLWKLQ WKH RWKHU FRQGLWLRQV $V VXI
HPSOR\HG WR DQDO\WVH WKLY GDWD EHFDXVH WKH KRP
PHW $FFRUGLQJO\ QRQ SDUDPHWULF .UXVNDO :DOOL

SRVW KRF SDLU ZLVH FRPSDULVRQ WHVWV ZHUH
FRQGLWLRQV IRU HDFK RI WKHVH PHDVXUHV )RU WKH

SHVXOWYV

7KH UHVXOWY RI DQDO\VWHV RI GDWD FROOHFWHG LQ
SUHVHQWYVY WKH UHVXOWYV IRU WKH SUH WHVW

PHDVXUHV WDNBQGNR VWHV¥WLRQ SUHVHQWYVY WKH

ORDG PHDVXUHV WOHNHL MR WHVIWHVHQWY WKH UHVX
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QDYLIJDWLRQ PDS PHDVXUHYV O6WDWLVWLFDO VLIJQLILFIL
*UDSKV DUH RQO\ VKRZQ ZKHQ VWDWLVWLFDOO\ VLJQI
GLITIHUHQFHV RU GLIITHUHQFHY DSSURDFKLQJ VLJQLILF
VKRZLQJ VWDQGDUG HUURU

JHDUQLQJ OHDVXUHYV

3UH WHVW
7KH PHDQ RI WKH RYHUDOO PDUNV IRU WKH SUH WHYV

7KH VWDQGDUG GHYLDWLRQ ZDV $ FKHEN IR
GHYLDWLRQVY DERYH WKH PHDQ RU PRUH UHYHDOHG W

2ZQHUVKLS
7KH UHVXOWYVY RI DQDO\WVHV IRU WKH RZQHUVKLS VHFW

WDEOH 6HH DSSHQGL] IRU IXUWKHU GHWDLOV R

$QDO\VLV $YHUDJH IRU HDFK.UXVNDO :DOOLV $1®%938QLILFDQW SRVW KRF
FRQGLWLRQ WHV WV

7RWDO XVLQJ PDS 1RQ VLJQLILFDQW1 $

RzQHUvVKLS FUHDWLQJ PDS

VEFRUHV DGDSWLQJ PDS

RXW R I HPEHGGHG OLQNYV

&RQWURO IDXWH®J PDS 6LIQLILFDQW XVLQJ PDS YV HPEHG(

RXW R I FUHDWLQJ PDS + S OLQNVY DGDSWLQJ PDES
DGDSWLQJ PDS HPEHGGHG OLQNV

HPEHGGHG OLQNYV
VHH ILJXUH

5HYVSRQVLELAXMLQJ PDS 6LIQLILFDQW DGDSWLQJ PDS YV XV

IDFWRU FUHDWLQJ PDS + S PDS DGDSWLQJ PDS Y

RXW R I DGDSWLQJ PDS FUHDWLQJ PDS DGDSV
HPEHGGHG OLQNV PDS YV HPEHGGHG OL
VHH ILJXUH

9DOXH IDFWRAUVLQJ PDS 1RQ VLIQLILFDQW1 $

RXW RI FUHDWLQJ PDS

DGDSWLQJ PDS
HPEHGGHG OLQNYV
7DEOH 5HVXOWY RI DQDO\WVHY IRU RZQHUVKLS LQ H[SHULPHQW
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* 8VLQJ ODS

v &UHDWLQJ 0DS

* $GDSWLQJ 0DS

“ (PEHGGHG /LQNV

JLIXUH $YHUDJH UDWLQJV VWDQGDUG HUURU RQ WKH |
RZQHUVKLS VHFWLRQ IRU H[SHULPHQW

.QRZOHGJH &RQVWUXFWLRQ
7KH UHVXOWYV RI WKH DQDO\VHV IRU WKH ZULWWHQ W

IXUWKHU GHWDLOV RI WKH RXWSXWV RI WKHVH DQDO\

$QDO\VLV $YHUDJH IRU HDRKXVNDO :DOOLYV 60L29&ILFDQW S
FRQGLWLRQ KRF WHVWYV
7TRWDO WUDQVIHYVWIDVAIND P DUN 1RQ VLJQLILFDQW 1%
FUHDWLQJ PDS
DGDSWLQJ PDS
HPEHGGHG OLQNV
$ ([SODQDWLRQxRIUQJ PDs 6LIJQLILFDQW 1R VLIJQLILFDQW
XVDELOLW\ HYDORUDWWIRQ PDs + s SRVW KRF WHVWYV
DGDSWLQJ PDS
HPEHGGHG OLQNV
VHH ILJXUH
% '"HWDLOV RI WkKHQJ PDs %RUGHUOLQH VLIQLYLFDQFBQw
HYDOXDWLRQ WHHFRKIQWTXHADBDQG + s SRVW KRF WHVWYV
WKHLU DGYDQWDR&IDSEWLQJI PDS
GLVDGYDQWDJH VHE QHWAdHEPWL RNV
WKH JLYHQ VFHQDMAHIHR ILIJXUH
& %ULHI GHWDLOW LRbD WiKH 1RQ VLIJQLILFDQW 1 $
VHOHFWHG WHFKQLDXYHoJs PDs
DGDSWLQJ PDS
HPEHGGHG OLQNV
" K\ WKDW WHFK@LJX®#HDs 1RQ VLJQLILFDQW 1 $
ZDV FKRVHQ FUHDWLQJ PDS
DGDSWLQJ PDS
HPEHGGHG OLQNV
7IEOH BHVXOWY RI DQDO\VHYV IRU WKH ZULWWHQ WUDQVIHU W



80 $SUPLWDJH ([SHULPHQW  $GDSWLC

* 8VLQJ ODS
..$GDSWLQJ 0DS
* &UHDWLQJ 0DS
“ (PEHGGHG /LQNYV

$ ([SODQDWLRQ RI % '"HWDLOV RI HYDO
XVDELOLW\ HYDOXDWLRQ WHFKQLTXHYV WKHLU
DG?© GLVDG?© LQ WHUPYV
RI WKH JL?HQ VFHQDULR

JLIXUH $YHUDJH PDUNYV VWDQGDUG HUURU RQ DVSHFWV $
HISHULPHQW

7KH UHVXOWY RI WKH DQDO\VHYVY IRU WKH FRQFHSW
JRU IXUWKHU GHWDLOV RI WKH RXWSXWV RI WKHV|I

$QDO\WVLYV $YHUDJH IRU HD§FIKZ9$ 6LIJQLILFDQW SRV
FRQGLWLRQ KRF WHVWYV

AXDQWLWDWLYH FRQ@PPHSW 3DUDPHWULF $129% QR®

PDS PDUN FUHDWLQJ PDS VLIQLILFDQW

DGDSWLQJ PDS
HPEHGGHG OLQNV
4 XDOLWDWLY H xFRGuFHISsW .UXVNDO :DOOLV $12D $
PDS PDUN FUHDWLQJ PDS QRQ VLJQLILFDQW
DGDSWLQJ PDS
HPEHGGHG OLQNV
7TDEOH 5HVXOWY RI DQDO\WVHYV IRU WKH FRQFHSW PDSSLQJ WDVN |

&RIJIQLWLYH /RDG
7KH UHVXOWV RI WKH DQDO\VHV IRU WKH UHVSRQVEHE

TXHVWLRQQDLUH DUH VXPPDULVHG LQ WDEOH JRU

DQDO\VHV VHH DSSHQGL]

$QDO\VLYV $YHUDJH IRU HDRKXVNDO :DOOLV 61L2Q%ILFDQW SRV
FRQGLWLRQ KRF WHVWYV

7TRWDO &RJQLWIvYdli /RIDG 6LIJQLILFDQW + HPEHGGHG OLQNV YV

5DWLQJ FUHDWLQJ PDS S DGDSWLQJ PDS

DGDSWLQJ PDS
HPEHGGHG OLQNYV
VHH ILIJXUH

7DEOH 5HVXOWY RI DQDO\WHV IRU WRWDO FRJQLWLYH ORDG LQ H
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J)LIXUH $YHUDJH WRWDO FRJQLWLYH ORDG UDWLQJYV VWDQGDUG HUURU

S8VDELOLW\ DQG 1DYLJDWLRQ 0ODS OHDVXU

S8VDELOLW\
7KH UHVXOWYVY RI WKH DQDO\VHV IRU WKH UHVSRQVHYV

DUH VXPPDULVHG LQ WDEOH JRU IXUWKHU GHWDL
DSSHQGL]J
$QDO\VLYV $YHUDJH IRU HDFK.UXVNDO : bdR9$ 6LIJQLILFDQW SRVW
FRQGLWLRQ KRF WHVWYV
7RWDO 8VDELOLWXYb@®UQBDS 6LIQLILFBQW 6LIQLILFDQW
FUHDWLQJ PDS S DGDSWLQJ PDS YV
DGDSWLQJ PDS HPEHGGHG OLQNYV
HPEHGGHG OLQNYV $SSURDFKLQJ
VHH ILIJXUH VLIQLILF XA J
PDS YV HPEHGGHC
OLQNV S
7DEOH 5HVXOWVYV RI DQDO\WHV IRU WRWDO XVDELOLW\ LQ H[SHULPHQW
£ M QB
B
2
8VLQJ 0DS $GDSWLQJ &UHDWLQJ (PEHGGHG
0DS oDS ILQNYV
YLIXUH $YHUDJH WRWDO XVDELOLW\ UDWLQJV VWDQGDUG HUURU IRU

1DYLIJDWLRQ ODSV
7KH UHVXOWYV RI WKH DQDO\VHV RI WKH FUHDWHG DC

SDUWLFLSDQWYV FRPSDUHG WR WKH PDS SURYLGHG LQ
LQ WDEOH JRU IXUWKHU GHWDLOV RI WKH RXWSXW\
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$QDO\VLV $YHUDJH IRU HDFK.UXVNDO :DOOLV $1%38QLILFDQW SRVW
FRQGLWLRQ KRF WHVWYV

1R RI 1RGHYV XVLQJ PDS 6LIQLILFDQW 1R VLIQLILFDQW S

PD]J FUHDWLQJ PDS + 7 s KRF WHVWYV

DGDSWLQJ PDS
VHH ILIXUH

1R RI 1DYLIJDWLRXQVLQJ PDS 1RQ VLIJQLILFDQW1 $
/ILQNYV FUHDWLQJ PDS
DGDSWLQJ PDS
1R RI &RQFHsSwWxK¥LQJ PDS 6LIQLILEDQW + XVLQJ PDS YV
/JLQNV FUHDWLQJ PDS S FUHDWLQJ PDS
DGDSWLQJ PDS DGDSWLQJ PDS YV
VHH ILJXUH FUHDWLQJ PDS
7DEOH 5HVXOWY RI DQDO\WHVY IRU WKH QDYLJDWLRQ PDSV LQ WKH DG

FRQGLWLRQV FRPSDUHG WR WKH XVLQJ PDS FRQGLWLRQ

YLIXUH 7KH DYHUDJH QXPEHU, R 4QRGHV 7KH DYHUDJH OXPEHU
VWDQGDUG HUURU UHSUHVHQWHE LY xBHH oLgny VWDOGDUG

QDYLJDWLRQ PDSV LQ WKH XVHQL,PPPowHG LQ WKH QDYLIDWLRQ PD

DGDSWLQJ PDS DQG FUHDWLQVY 5”5 bs DGDSWLQJ PDS DQG FUHDWL

FRQGLWLRQV FRQGLWLRQV

'LVFXVVLRQ

%DVHG RQ WKH ILQGLQJV RI H[SHULPHQW LW ZDV
DGDSWHG H[LVWLQJ QDYLJDWLRQ DLGV ZRXOG IHHO
GHYHORS KLJKHU TXDOLW\ NQRZOHGJH FRQVWUXFWLF
QDYLJDWLRQ DLGV XVHG H[LVWLQJ QDYLJDWLRQ DLG\
OLQNV ,W ZDV DOVR K\SRWKHVLVHG WKDW OHDUQH!
FRJQLWLYH ORDG WKDQ OHDUQHUV ZKR FUHDWHG PD
UHVXOWV RI H[SHULPHQW LQGLFDWH WKDW DOORZL!
VRPH DVSHFWV Rl RZQHUVKLS NQRZOHGJH FRQVWUXF
ILQGLQJ ZDV WKDW DGDSWLQJ PDSV DOVR KDG EHQHII
WKH RZQHUVKLS NQRZOHGJH FRQVWUXFWLRQ DQG FI
WXUQ )LQDOO\ LPSOLFDWLRQV RI WKH ILQGLQJV DUH
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5HVXOWY 6XPPDU\ DQG ([SODQDWLRQV IR
,Q WKLV VHFWLRQ SRWHQWLDO H[SODQDWLRQV IRU G|
PHDVXUHV DQG FRJQLWLYH ORDG PHDVXUHV DUH FRQ
XVDELOLW\ DQG QDYLJDWLRQ PDS PHDVXUHV ,Q DGG
UHODWLRQ WR WKH ILQ®RIQQBVHDWR QHJ] SYHDWLPHDGM RQ DL (

2ZQHUVKLS
7KH PDLQ ILQGLQJV IURP UHVSRQVHV WR WKH RZQHUV

A 3DUWLFLSDQWV ZKR DGDSWHG D PDS DQG SDU\
VLIQLILFDQWO\ K IFR®W UIRI® OLIQDY BDUWLFLSDQW
OLQNYV
A 3DUWLFLSDQWV ZKR DGDSWHG D PDS UHSRUW|
UHVSRQWHKERQ M\ RI WKH RWKHU WKUHH FRQGLW
A 7KHUH ZHUH QR VLJQLILFDQW GLIIHUHQFHV EH'
RZQHUVKLS DQG WKH YDOXH IDFWRU
7KH ILQGLQJ RQ WKH FRQWURO IDFWRU LQGLFDWH
PDS KDG EHQHILWY LQ WHUPV RI IHHOLQJV RI FRQWU
FRPSDUHG WR HPEHGGHG OLQNV &UHDWLQJ D PDS R
WHUPV Rl IHHOLQJV RI FRQWURO 7KH ILQGLQJ RQ W}
WHUPV RI IHHOLQJV RI UHVSRQVLELOLW)\ IRU OHDUQLC
QDYLJDWLRQ ZDV EHQHILFLDO DV FRPSDUHG WR XVL
HPEHGGHG OLQNV

,Q VXP WKH ILQGLQJV VXJIJHVW WKDW DOORZLQJ
EHQHILWY LQ WHUPV RI WKHLU IHHOLQJV Rl FRQWURO
SRWHQWLDO H[SODQDWLRQV IRU WKHVH ILQGLQJV WK
PHDVXUHV DUH FRQVLGHUHG KHUH

,Q WHUPV RI XVDELOLW\ WKHUH ZDV D VLJQLILFDC
XVDELOLW\ UDWLQJV DQG LW ZDV UHYHDOHG WKDW
WHQGHG WR JLYH VLJQLILFDQWO\ KLJKHU UDWLQJV
FRQGLWLRQ 7KH XVDELOLW\ UDWLQJV IRU WKH XVLQ
VRPHZKHUH EHWZHHQ WKHVH H[WUHPHV 7KLV VXJJH\
WH[W LQ WKH DGDSWLQJ PDS FRQGLWLRQ ZDV JUHDW
7KLV ILQGLQJ IRU XVDELOLW\ VKRZV D VLPLODU SDW
UHVXOWV VXJIJHVWLQJ WKDW KLJKHU XVDELOLW\ UDW
UHVSRQVLELOLW\
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'DWD RQ WKH QDYLJDWLRQ PDSV SURGXFHG E\ SD
SRVVLEOH H[SODQDWLRQV RI WKH ILQGLQJV RQ RZQHL
KRZ WKH PDSV ZKLFK SDUWLFLSDQWY FUHDWHG DQG
SURYLGHG LQ WKH XVLQJ PDS FRQGLWLRQ VHFRQGC
SDUWLFLSDQWY LQ WKH DGDSWLQJ PDS FRQGLWLRQ I
WKDW WKH SDUWLFLSDQWYV LQ WKH FUHDWLQJ PDS FER
PDSV WKDQ SDUWLFLSDQWY LQ WKH DGDSWLQJ PDS D
WKDW WKH PDSV WKDW SDUWLFLSDQWY FUHDWHG ZHU
PDS DQG DGDSWLQJ PDS FRQGLWLRQV $W ILUVW JODC
WKDW SDUWLFLSDQWY RQ DYHUDJH GLG QRW YLVLW
FUHDWLQJ PDS FRQGLWLRQ +RZHYHU WKLV LV QRW
FUHDWLQJ PDS FRQGLWLRQ KDG WKH FKRLFH RI GHOH
WR WHOO IURP WKH PDSV ZKHWKHU WKH\ KDG GHOHW
YLVLWHG WKH SDJHV ,Q DGGLWLRQ VLQFH QR ORJ
GHWHUPLQHG ZKHWKHU WKLV ZDV WKH FDVH 3DUWLEF
DOVR RIIHUHG WKH RSSRUWXQLW\ WR GHOHWH SDJH\
LPSRVVLEOH WR GHWHUPLQH IURP WKH QDYLJDWLRQ F
VLQFH DOO RI WKH ILQDO QDYLJDWLRQ PDSV WKDW Z}
FRQWDLQHG WZHQW\ WKUHH QRGHV 7KH SDUWLFLSDQ
EXW VLPSO\ UHYLVLWHG WKHP VR WKDW WKH\ UHDSSH
WKH QDYLJDWLRQ PDS PHDVXUHV ZLOO EH GLVFXVVHG
7KH GDWD RQ WKH QDYLJDWLRQ PDSV DOVR UHYH
XVLQJ PDS DQG DGDSWLQJ PDS FRQGLWLRQV KDG VLJ
GHSLFWLQJ D FRQFHSWXDO UHODWLRQVKLS EHWZHHC
DFWXDO HPEHGGHG OLQN EHWZHHQ WZR SDJHV WKI
SDUWLFLSDQWY LQ WKH FUHDWLQJ PDS FRQGLWLRQ 7
LQ WKH QDYLJDWLRQ PDS SURYLGHG LQ WKH XVLQJ PI
PDS SURYLGHG LQ WKH DGDSWLQJ PDS FRQGLWLRQ
DGDSWLQJ PDS FRQGLWLRQV SDUWLFLSDQWYV KDG WKt
PDSV 7KH IDFW WKDW WKH PDSV SURGXFHG E\ SDUW
FRQWDLQHG VR IHZ FRQFHSWXDO OLQNV VXJJHVWV Wi
WKH IDFLOLW\ WR DGG WKHVH OLQNV )RU WKH DGDS\
PDS FRQGLWLRQ WKH UHVXOWVY DOVR VKRZHG WKD\
FRQGLWLRQ GLG PDNH XVH RI WKH IDFLOLW\ WR DG
DGDSWLQJ PDS FRQGLWLRQ SURGXFHG QDYLJDWLRQ F
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OLQNV WKDQ WKHUH ZHUH LQ WKH RULJLQDO PDS WKI
SDUWLFLSDQWY LQ WKHGRGB WY 8 0\PDS DFSRW) GLKMILRIQQ D
WKLV PD\ KDYH LQIOXHQFHG WKHLU IHHOLQJV RI FRQ\
ZLWK WKH HOHFWURQLF WH[WV 6LPLODUO\ LW FDQ E|
WKH FUHDWLQJ PDS FRQGLWLRQ GLG QRW DGG PDQ\ F
OHYHO WR ZKLFK WKH\ IHOW RZQHUVKLS IRU WKHLU OF

2YHUDOO WKH UHVXOWV VXJIJHVW WKDW DGDSWLC(
FRQWURO DQG UHVSRQVLELOLW\ $ VHFRQGDU\ ILQGLC
ZLWK KLJKHU UDWLQJV RI XVDELOLW\ SDUWLFXODUO\
D PDS DQG FUHDWLQJ D PDS GLG QRW SURYLGH WKHYV
LQ OLQH ZLWK WKH SUHGLFWLRQV PDGH LQ +

.QRZOHGJH &RQVWUXFWLRQ
.QRZOHGJH FRQVWUXFWLRQ ZDV DVVHVVHG WKURXJK !

DQG WKH FRQFHSW PDSSLQJ WDVN 2YHUDOO WKH ILQ
7KH PDLQ ILQGLQJV ZHUH
A 7KHUH ZHUH QR VLJQLILFDQW GLIIHUHQFHV EHWZ
ZULWWHQ WUDQVIHU WDVN
v 3DUWLFLSDQWY LQ WKH FUHDWLQJ PDS PRGBEWLT
$ 3([SODQDWLRQ RI XVDELOLW\ HYDOXDWLRQ  RI
ZKR DGDSWHG PDSV UHFHLYHG WKH ORZHVW PDUN
SRVW KRF WHVWV GLG QRW LQGLFDWH WKDW WK
DGDSWLQJ PDS FRQGLWLRQV ZDV VLJQLILFDQW
2 3DUWLFLSDQWY ZKR DGDSWHG D PDS R Q DDASHHUFI H
% 3'HWDLOV RI WKH HYDOXDWLRQ WHEKQLTXHV D¢
WHUPV Rl WKH JLYHQ VFHQDULR" RI WKH WUDQVI}
HPEHGGHG OLQNV UHFHLYHG WKH ORZHVW PDUN\
SRVW KRF WHVWV GLG QRW LQGLFDWH WKDW WKL)\
| 7KHUH ZHUH QR VLJQLILFDQW GLIIHUHQFHV DFUR
TXDOLWDWLYH FRQFHSW PDS PDUNV
7KH ILQGLQJ IRU DVSHFW $ FRQIOLFWV ZLWK WKH
+RZHYHU WKH SDWWHUQ IRU DVSHFW % ZDV PRUH LQ
HIDPLQDWLRQ WKHVH ILQGLQJV LPSO\ WKDW LQ WFH
HYDOXDWLRQ LQ WKH WUDQVIHU WDVN DVSHFW $ W
EHQHILFLDO ZKHUHDV WKH DGDSWLQJ PDS FRQGLWLR
RWKHU KDQG LQ WHUPV RI JLYLQJ GHWDLOV RI WKH
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DGYDQWDJHV DQG GLVDGYDQWDJHV WR WKH WDVN VF|
SDUWLFXODUO\ JRRG ZKHUHDV HPEHGGHG OLQNV KDG
DW WKH QRQ VLJQLILFDQW UHVXOWV IRU DVSHFWV &
SDUWLFLSDQWVY DELOLW\ WR JLYH GHWDLOV RI WKH
FKRRVLQJ WKDW WHFKQLTXH DVSHFW ' JHQHUDOO\ S
UHFHLYHG WKH KLJKHVW PDUNV 6R IRU DVSHFWV %
KLIJIKHVW PDUNV RQ DYHUDJH ZKLFK LV LQ OLQH ZLWI
IRU DVSHFW $ LV WKH H[FHSWLRQ +RZHYHU EHFDX\
VLIJQLILFDQW GLIIHUHQFHV EHWZHHQ FRQGLWLRQV D
DVSHFWV $ DQG % RI WKH WUDQVIHU WDVN VKRXOG E}
QRQ VLJQLILFDQW UHVXOWV RQ DVSHFWV % & DQG
FDXWLRQ 2YHUDOO WKH ILQGLQJV RI WKH WUDQVIHL
GLIIHUHQW W\SHV RI QDYLJDWLRQ RQ GLIIHUHQW DVSF

)LQDOO\ IRU WKH FRQFHSW PDSSLQJ WDVN WKH
H[SHULPHQW WKH GLIIHUHQFHV EHWZHHQ FRQGLWLRC
DELOLW\ WR SURGXFH D KDQG GUDZQ FRQFHSW PDS RC

&RIQLWLYH /RDG
7KH ILQGLQJV RQ FRIQLWLYH ORDG ZHUH VRPHZKDW L

7KH PDLQ ILQGLQJ ZDV
A 3DUWLFLSDQWY LQ WKH HPEHGGHG OLQNV FRQ
FRIJQLWLYH ORDG WKDQ SDUWLFLSDQWYV LQ WKH D
7KLV ILQGLQJ VXJIJHVWV WKDW DOORZLQJ OHDUC
QDYLJDWLRQ PD\ UHGXFH FRJQLWLYH ORDG DV FRPSD
GLVFXVVHG LQ FKDSWHUV DQG HPEHGGHG OLQNV
FRIJQLWLYH ORDG ZKHQ OHDUQHUV KDG WR SXW HIIRU!
HOHFWURQLF WH[W UHPHPEHULQJ ZKHUH WKH\ KDG E
GHFLGLQJ ZKHUH WKH\ ZDQWHG WR JR QH[W ,Q WKL\
WKRXJKW WR KDYH UHGXFHG FRJQLWLYH ORDG FRQG
VHFWLR®KH PDS SUHVHQWHG DW WKH EHJLQQLQJ RI W
RYHUYLHZ DQG WKLV PD\ KDYH UHGXFHG FRJQLWLYH
BHFRQGO\ WKH IDFW WKDW WKH PDS FKDQJHG L
KDYH DLGHG RULHQWDWLRQ VLQFH ZKHQ QHZ OLQNV
WKH PDS 7KLV PD\ KDYH DLGHG SDUWLFLSDQWVY DEL
DQG ZKHUH WKH\ ZHUH JRLQJ



80 $UPLWDJH ([SHULPHQW  $GDSWLOQ

7KH SDWWHUQ RI ILQGLQJV IRU XVDELOLW\ ZDV HIJI
WKH ILQGLQJV RQ WKH FRIJQLWLYH ORDG PHDVXUHYV
XVDELOLW\ UDWLQJV ZHUH KLJKHU DV LQ WKH DGDS
UbWwLQJV ZHUH ORZHU 7KLV KLIJIKOLJKWYV WKDW WKHU
WKHVH WZR YDULDEOHYV

/IRRNLQJ DW WKH QDYLJDWLRQ PDS GDWD KRZHYHL
WR SURYLGH DQ\ H[SODQDWLRQV IRU WKH FRJQLWLYH
VLPLODULWLHYVY LQ WKH SDWWHUQ RI UHVXOWYV IRU WK

5SHODWLRQ WR )LQGLQJV IURP ([SHULPHQW
7KLV H[SHULPHQW ZDV QRW VHW XS ZLWK WKH DLP RI

Rl H[SHULPHQW VLQFH WKH PHWKRGV DQG PHDVXUF
XVLQJ PDS FUHDWLQJ PDS DQG HPEHGGHG OLQNV FRC
VLPLODU WR WKRVH FRQGLWLRQV LQ WKLV H[SHULP]
GLIIHUHQFHV LQ ILQGLQJV EHFDXVH LW KLJKOLJKWV K
DIIHFW WKH UHVXOWV RI WKH H[SHULPHQW ,Q FRPS
H[SHULPHQW LW ZDV DSSDUHQW LQ H[SHULPHQW W
WKH VLJQLILEFDQW EHQHILWY RYHU HPEHGGHG OLQNYV
OHDUQLQJ DQG NQRZOHGJH FRQVWUXFWLRQ WKDW ZH
DOWKRXJK WKH ILQGLQJV IRU IHHOLQJV Rl FRQWURO Z
RQ WKH UHVSRQVLELOLW\ DQG YDOXH IDFWRUV ,Q H
IHHOLQJV RI UHVSRQVLELOLW\ WKDQ FUHDWLQJ D PDS
WR KLJKHU YDOXH WKDQ FUHDWLQJ D PDS ,Q H[SHU
GLIIHUHQFH LQ WKH UHVSRQVLELOLW\ DQG YDOXH UI
FUHDWLQJ PDS DQG HPEHGGHG OLQNV FRQGLWLRQV
H[SHULPHQW UHSRUWHG KLJKHU IHHOLQJV RI UHVSF
WKHUH ZHUH QR GLIIHUHQFHV LQ IHHOLQJV RI YDOXH
7KH NH\ GLIIHUHQFH LQ WKH ILQGLQJV IRU NQRZO
H[SHULPHQWYV ZDV WKDW LQ H[SHULPHQW XVLQJ D F
EHQHILWY RYHU HPEHGGHG OLQNV LQ WHUPV RI SHUIR
WDVN DQG WKH FRQFHSW PDSSLQJ WDVN 6LQFH WKH
HPEHGGHG OLQNV FRQGLWLRQV ZBIQG® W KM \DISFSHH D Q VHY
KDYH EHHQ GLIIHUHQFHV LQ WKH SDUWLFLSDQWYV WK
H[SHULPHQWDO VHWWLQJ WKDW KDG VRPH LQIOXHQFH
([DPLQDWLRQ RI WKH GHPRJUDSKLF FKDUDFWHULV
DQG WKRVH LQ SDUW $ RI H{[SHULPHQW UHYHDOHG (
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JURXSV WR H[SODLQ WKH GLIIHUHQFH LQ WKH ILQGLQJ
ZDV FRQWUROOHG LQ WKH SUH WHVW GLIIHUHQFHV L«
FRXOG QRW EH XVHG WR H[SODLQ GLIIHUHQFHV LQ ILC
ZDV GLIIHUHQW LQ H[SHULPHQWV DQG ,Q H[SHULPF
WRRN SDUW DW DQ\ RQH WLPH DQG WKH H[SHULPHQW
TXLHW VHWWLQJ DQG SDUWLFLSDQWY ZHUH DVNHG QR
H[SHULPHQWHU ZDV SUHVHQW LQ WKH ODERUDWRU\ L
GXULQJ WKH H[SHULPHQW LQ FDVH WKH\ KDG DQ\ TXH
WKH RWKHU KDQG SDUWLFLSDQWVY WRRN SDUW LQ W|
SDUWLFLSDQWY ZHUH DVNHG WR W KRIQEN PIDAR XED GWUE
GLUHFWHG WKHLU YHUEDOLVDWLRQV DW WKH H[SHUL
VRFLDO FRQWH[W WR WKDW LQ H[SHULPHQW 7KH C
DFWLYLWLHV ZDV DOVR KLJKHU KHUH GXH WR WKH RQ
WKH GLITHUHQW OHYHO RI PRQLWRULQJ RI SDUWLFLSD
GLIIHUHQW VRFLDO FRQWH[WV SURYLGHV VRPH WHQ
ILQGLQJY EHWZHHQ H[SHULPHQW DQG SDUW $ RI H
ILQGLQJV KLJKOLJKW WKH LPSRUWDQFH RI FRQWH[W
W\SHV RI QDYLJDWLRQ RQ OHDUQLQJ

7KH H[SHULPHQWDO WDVNV DQG PHDVXUHV RI NC
GLIIHUHQW LQ H[SHULPHQW DQG WKLV PD\ KDYH LP¢
SDUWLFLSDQWVY KDG OHVV WLPH LQ ZKLFK WR XVH
H[SHULPHQW FRPSDUHG WR IRUW\ ILYH PLQXWHV LQ
UHVXOWV VLQFH SDUWLFLSDQWY ZHUH JLYHQ OHVV WL
WH[W 7KH IDFW WKDW SDUWLFLSDQWY ZHUH QRW UH
HOHFWURQLF WH[WV LQ H[SHULPHQW ZKHUHDV LQ |
LQIOXHQFHG WKH ZD\ WKDW SDUWLFLSDQWV FRJQLW
HOHFWURQLF WH[W 3DUWLFLSDQWY ZHUH JLYHQ VOL
FRQVWUXFWLRQ WDVNV LQ H[SHULPHQW  WZHQW)\ PLC

IRU WKH WUDQVIHU WDVN DQG ILYH PLQXWHRUFWRSD

FRQFHSW PDSSLQJ WDVN 7KH zZD\ WKDW WKH\ UHVS
GLIIHUHQW LQ H[SHULPHQW LQ WKDW WKH\ ZHUH JL
UHVSRQVHV WR WKH WDVN 7KLV PD\ KDYH LPSDFWHG "
WDVNV

2YHUDOO WKLV GLVFXVVLRQ RI WKH UHVXOWV RI |
LQ OLJKW RI SDUWLFLSDQW FKDUDFWHULVWLFV WKH |
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KLIKOLJKWYV WKH IDFW WKDW WKH HIIHFWV RI QDYLJ
FRQWUDVW WKH HIIHFWV DUH FRPSOH[ DQG DUH OLNF
WKH HOHFWURQLF WH[WV DUH XVHG WKH WDVNV WKH
7TKHVH LVVXHV ZLOO EH GLVFXVVHG IXUWKHU LQ WKH I

,PSOLFDWLRQV RI )LQGLQJV

&RQVLGHULQJ WKH VFRSH RI WKLV H[SHULPHQW LQ W

FKDUDFWHULVWLFV Rl WKH SDUWLFLSDQWY DQG WKH

KDYH EHHQ LGHQWLILHG
$OORZLQJ OHDUQHUV WR DGDSW PDSV LV EHQHIL
FRQWURO DQG UHVSRQVLELOLW\ IRU OHDUQLQJ
FRPSDUHG WR HPEHGGHG OLQNV $ VHFRQGDU\ LI
DOVR EHQHILFLDO LQ WHUPV RI XVDELOLW\ DJD
7KHUHIRUH GHVLJQHUV RI HOHFWURQLF WH[WYV
RZQHUVKLS DQG ZDQW WR SURYLGH QDYLJDWLR
JRRG XVDELOLW\ VKRXOG FRQVLGHU SURYLGLQJ
7KHUH ZHUH PL[HG UHVXOWV LQ WHUPV RI WK
NQRZOHGJH FRQVWUXFWLRQ )RU H[DPSOH RQ
FUHDWLQJ PDSV ZDV SDUWLFXODUO\ EHQHILFLDO
KDYH QHJDWLYH HIIHFWV 2Q DVSHFW % DGDSWL
ZKHUHDV HPEHGGHG OLQNV ZHUH QRW EHQHILFI
VLIJQLILFDQW HIIHFWV RI WKH W\SH RI QDYLJ
FRQVWUXFWLRQ 7KLV LQGLFDWHV WKDW GLIIHU
GLIIHUHQW HIIHFWV RQ GLIIHUHQW DVSHFWV RI I
HGXFDWLRQDO HOHFWURQLF WH[WV VKRXOG EH [
WKDW WKH\ KDYH WR FRQVLGHU WUDGH RIIV E
FRQVWUXFWLRQ DQG DQRWKHU
7KH IDFW WKDW XVLQJ PDSV ZDV QRW IRXQG WR
RI NQRZOHGJH FRQVWUXFWLRQ LQ H[SHULPHQW
LW ZDV IRXQG WR KDYH EHQHILWV KLJKOLJK
H[SHULPHQWDO WDVNV DQG PHDVXUHV RI OHDUQ
RI QDYLJDWLRQ RQ OHDUQLQJ 'HVLJQHUV DQG U
WH[WV VKRXOG EH DZDUH RI WKHVH LVVXHV VLC
LQ RQH FRQWH[W PD\ QRW EH EHQHILFLDO LQ D
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WKDW SUHVFULSWLYH GHVLJQ JXLGDQFH PD\ Q
HGXFDWLRQDO HOHFWURQLF WH[WV

&RQFOXVLRQV
2YHUDOO WKH ILQGLQJV RI H[SHULPHQW VXJJHVW W
EHQHILWY IRU WKHLU IHHOLQJV RI FRQWURO DQG UH!
FRJQLWLYH ORDG $GDSWLQJ PDSV DOVR KDV EHQHILW
VRPHZKDW LQ OLQH ZLWK W IPH) G UH GR 6 & L\RQIN HPVDAG AV K I
RI FRQWURO DQG UHVSRQVLELOLW\ DGDSWLQJ PDSV P
WLPH DOORZLQJ WKH EHQHILWYV RI DGGLWLRQDO OHD
+RZHYHU LQ WHUPV RI NQRZOHGJH FRQVWUXFWLRQ D
PDSV GLG QRW RIIHU DQ\ FOHDU EHQHILWY RYHU XVLQ
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'LVFXVVLRQ DQG &F

7KLV FKDSWHU VXPPDULVHVY WKH WKHVLVY UHVHDUFK L
RI WKH RYHUDOO LPSOLFDWLRQV DQG IXWXUH UHVHD
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6 XPPDU\ RI WKH 7KHVLV

7KLV WKHVLV SURYLGHV ULFK LQVLJKW LQWR WKH HI
HGXFDWLRQDO HOHFWURQLF WH[WV ZLWKLQ WKH EUI
IUDPHZRUN Rl FRQVWUXFWLYLVP DQG QDYLJDWLRQ ZC
WKH IRUPXODWLRQ RI LPSOLFDWLRQV DQG K\SRWKHVF
OHDUQLQJ 7KUHH LQ GHSWK FRQWUROOHG H[SHULP
K\SRWKHVHV PRWLYDWHG E\ WKH I[UDPHZRUN

,Q FKDSWHU WKH VFRSH REMHFWLYHV DQG U
JROORZLQJ IURP WKLV FKDSWHU VXPPDULVHG SUHYL
OHDUQLQJ LQ HOHFWURQLF WH[WV 7KLV UHYLHZ KLJI
GHYHORSPHQW RI RQH GHWDLOHG YHUVLRQ RI FRQ
H[SHULPHQWDO UHVHDUFK LQWR QHZ GHYHORSPHQ
H[SHULPHQWY WKDW LQYHVWLJDWH OHDUQLQJ IURP D

&KDSWHUSUHWRQWHG WKH UHVHDUFK LQ GHWDLO
WKH IRXU REMHFWLYHV LGHQWLILHG LQ FKDSWHU 7k
DQG H7&RHILQH D GHWDLOHG IUDPHZRUN RI WKH HVV
DQG LWV LPSOLFDWLRQV IRU QDYLJDWLRIQDBLGXVHD HC
WKLV IUDPHZRUN WR IRUPXODWH K\SRWKHVHV DERXW
DLGV RQ OHDUQLQJ ZL% KRPSHAHKHRYLFHVH][WRHZRUN F
DQG QDYLJDWLRQ ZDV SUHVHQWHG WKDW FRQVROLG
LGHQWLILHG LPSOLFDWLRQV DQG K\SRWKHVHV IURP
QDYLJDWLRQ DLGV LQ HGXFDWLRQDO HOHFWURQLF
H[SHULPHQWDO UHVHDUFK LQ WKLV WKHVLV &KDSWHU
K\SRWKHVHV IRU IXUWKHU LQYHVWLJDWLRQ LQ RUC
QDYLJDWLRQ DLGV DQG OHDUQLQJ 7KH ILUVW VHW FR
WKH GHJUHH RI FKRLFH D OHDUQHU KDV LQ GHFLGLQ.
RQ OHDUQLQJ 7KH VHFRQG VHW FRQFHUQHG WKH HII
QDYLJDWLRQ DOORZLQJ WKH OHDUQHU WR FUHDWH W

7ZR H[SHULPHQWDO VWXGLHV ZHUH GHVLJQHG WHF
H[SHULPHQW H[WHQGHG WKH UHVHDUFK IXUWKHU DQ¢
VHFRQG H[SHULPHQW 7KHVH H[SHULPHRSBALYLFO®DQO '
K\SRWKHVHV WKDW ZHUH PRWLYDWHG ENSWKHAHQWHZR
GHVFULEHG LQ FKDSWHU 7KLV H[SHULPHQW ZDV G
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OHDUQLQJ Rl WKH OHYHO RI QDYLJDWLRQDO IUHHGRP
SDJLQJ EXWWRQV ORZHU QDYLJDWLRQDO IUHHGRP
IUHHGRP DQ $ = LQGH[ KLJKHU QDYLJDWLRQDO IUHH
IUHHGRP 7KH ILQGLQJV RI H[SHULPHQW UHYHDOHG \
QDYLJDWLRQDO IUHHGRP KDG OLWWOH HIIHFW RQ OHE
FRQVLGHUHG LQ WHUPV RI FRIQLWLYH ORDG WKHRU\
XVDELOLW\

&KDSWHU WKHQ GHVFULEHG H[SHULPHQW GHV
OHDUQLQJ RI DOORZLQJ OHDUQHUV WR FUHDWH WKH
LQYHVWLJIDWH G WL R UMXWPWNY. RII WKUHH GLITHUHQW W\
D PDS DQ $ = LQGH[ DQG D FRQWHQWYV OLVW 3RVW KI
XVDELOLW\ SUREOHPV ZHUH DOVR FRQGXFWHG 7KH I
DOORZLQJ OHDUQHUV WR FUHDWH WKHLU RZQ QDYLJL
OHDUQLQJ DQG WKDW FRJQLWLYH ORDG DSSHDUHG
QDYLJDWLRQ DLGV LQ HGXFDWLRQDO HOHFS\HLR® HR W
HIWHQGHG WKH ZRUN LQ H[SHULPHQW 7KLV H[SHULP
OHDUQHUV WR DGDSW H[LVWLQJ QDYLJDWLRQ DLGV V
DOORZLQJ OHDUQHUV WR DGDSW PDSV KDG EHQHILWYV
VXEMHFWLYH UDWLQJV RI FRIJQLWLYH ORDG ,Q DGGLYV
PDSV KDG EHQHILWY LQ WHUPV RI XVDELOLW\

7R PHHW REMHEMMWHO WKHRILQGLQJV RI WKHVH HP
D VHW RI LPSOLFDWLRQV WR LQIRUP GHVLJQHUV DQ¢

WH[WWKH LPSOLFDWLRQV RI H[SHULPHQWYV DQG
FKDSWHUV UHMWSHFWLYHO\ 7KHVH LPSOLFDWLRQV DLl
VHFWLRQ

7KH UHPDLQGHU RI WKLV FKDSWHU GLVFXVVHV WKE
VFRSH Rl WKH H[SHULPHQWDO VWXGLHV LV GLVFXVVH!
IRU LQWHUSUHWLQJ WKH ILQGLQJY DQG WKHLU LPSOLF
ILQGLQJV IURP H[SHULPHQWYV DQG DUH VXPPDU
LPSOLFDWLRQV DQG WKH ILQGLQJV RI WKH H[SHULP}
IUDPHZRUN Rl FRQVWUXFWLYLVP DQG QDYLJDWLRQ LQ
DQG LPSOLFDWLRQV EDFN WR FRQVWUXFWLYLVP ,Q Vi
GLVEXVVHG DQG LQ VHEWLRQ WKH OLPLWDWLRQV

VHEWLRQ VXJJHVWLRQV IRU IXWXUH UHVHDUFK |
LGHQWLILHG DQG LQ VHFWLRQ RYHUDOO FRQFOXVLI
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6FRSH RI WKH ([SHULPHQWDO )LQGLQ

7KHUH DUH VHYHQ NH\ IDFWRUV WKDW GHILQH WKH VEF|
,Q WKLV UHVHDUFK OHDUQLQJ ZDV DSSURDFKHG IU
FRQVWUXFWLQJ NQRZOHGJH 7KLV PHDQW WKDW LQ
FRQVLGHUHG IURP WKH SHUVSHFWLYH RI SHUIRUPELC
,QVWHDG OHDUQLQJ ZDV HYDOXDWHG IURP WKH SH!
OHDUQHUVY IHHOLQJV RI RZQHUVKLS IRU WKHLU OH
RI NQRZOHGJH FRQVWUXFWLRQ $V KLIJKOLJKWHG LG
DSSDUHQW HIIHFWV Rl QDYLJDWLRQ DLGV RQ OHDUC
OHDUQLQJ LV PHDVXUHG 7KLV UHVHDUFK GLG QR
QDYLJDWLRQ DLGVY RQ VLPSOH VKRUW DQVZHU IDF
TXHVWLRQV DERXW WKH FRQWHQW RI WKH HOHFWU
DVVHVV OHDUQLQJ DW D VXUIDFH OHYHO RQO\ +RZ
PD\ KDYH EHHQ GLIIHUHQW LI VXFK PHDVXUHV KDG E
7KH HOHFWURQLF WH[W XVHG LQ DOO WKUHH H[SH
HYDOXDWLRQ 7KHUH ZDV QR VHW RUGHU RU PDQQH!
WKH WRSLFV LQ XVDELOLW\ HYDOXDWLRQ 7KH WHI[V
WKHUH ZDV QR SDUWLFXODU RUGHU LQ ZKLFK WKH
RUJDQLVHG DFFRUGLQJ WR WKH GLIIHUHQW W\SHYV
ZLWKRXW DOWHULQJ WKH WH[W FRQWHQW +HQFH \
PD\ EH SDUWLFXODUO\ UHOHYDQW WR WH[WV ZKHUF
VKRXOG EH SUHVHQWHG LQ LV QRW SUHGHILQHG 7k
WKHVH H[SHULPHQWY PD\ EH GLIIHUHQW ZKHQ HPS(
VXEMHEW PDWWHU LV KLJKO\ VWUXFWXUHG VXFK D
ZKHUH HYHQWY DUH GHVFULEHG LQ FKURQRORJLFDO
7KH ILQGLQJV RI WKHVH VWXGLHVY DUH DOVR UHOH"
FRQWDLQHG HGXFDWLRQDO DFWLYLWLHV VXEFK DV
VHVVLRQ 7KH PDLQ H[SHULPHQWDO WDVN WKDW S
H[SHULPHQWYV ZDV DQ H[DPSOH RI VXFK DQ DF
SUHVHQWHG LQ WKLV WKHVLV PLIJKW QRW EH DSSOL
H[DPSOH ZKHUH OHDUQHUV XVH HOHFWURQLF WH[WV
$QRWKHU IDFWRU LQ WKH VFRSH Rl WKH H[SHULPHC
WKH H[SHULPHQWY ZHUH QHZ WR WKH LQIRUPDWLRQ
VLQFH LW KDV EHHQ IRXQG WKDW QDYLJDWLRQ DLG
ZLWK HOHFWURQLF WH[WV ZKHQ OHDUQHUV KDYH G
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WH[W FRQWHQW OF'RQDOG DQG B6WHYHQVRQ E
H[SHULPHQWYV DUH SDUWLFXODUO\ UHOHYDQW IRL
7KH VHWWLQJ Rl WKH H[SHULPHQWY DOVR KDV LPS
JRU H[SHULPHQWY DQG WKH H[SHULPHQWDO VHW
LQGLYLGXDOO\ ZLWK WKH HOHFWURQLF WH[W 2QO\
SUHVHQW &RQVHTXHQWO\ WKH UHVXOWV RI WKHVH
OHDUQHUV ZRUNLQJ DORQH ZLWK HOHFWURWKF W]
H[SHULPHQWDO VHWWLQJ ZDV VOLJKWO\ GLIITHUHQW
HOHFWURQLF WH[WV LQ D FRPSXWHU ODERUDWRU\

H[SHULPHQW DW DQ\ RQH WLPH 7KH VHWWLQJ RI W
UHDOLVWLF DQG WKH UHVXOWYV DUH DSSOLFDEOH W|
EXW ZLWKLQ D FRPSXWHU ODERUDWRU\ FODVV

7KH QDYLJDWLRQ DLGV XVHG LQ WKHVH H[SHULPHQ
RQHV ZHUH PRVW DSSURSULDWH IRU WHVWLQJ WKH
SDUWLFXODUO\ RQ D JURXS Rl SRSXODU DJJUHJDWH
FRQWHQWYV OLVWV DQG VLQJXODU QDYLJDWLRQ DL
7\SLFDO H[DPSOHV RI HDFK Rl WKHVH W\SHV RI QD
VWXGLHV )RU H[DPSOH WKH FRQWHQWV OLVW VKR
DQG SDJHV ZHUH DUUDQJHG LQ RQH SRVVLEOH ORJ
FRQFHSWXDO JURXSLQJV 7KHUH DUH RWKHU SRVVL
RUJDQLVHG |IRU H[DPSOH DV D GURS GRZQ OLVW

HOHFWURQLF WH[W $V VXFK WKH ILQGLQJV DERXW
OHDUQLQJ PD\ EH GLIITHUHQW ZLWK GLIIHUHQW YHUYV
DLGV

)LQDOO\ WKH H[SHULPHQWY SUHVHQWHG KHUH FRC
LQGLYLGXDO OHDUQHUV 7KH UHVXOWV PD\ KDYH Gl
FRQVLGHUHG ZLWK JURXSV RI OHDUQHUV FROODERU
W H[WV

6XPPDU\ RI ,PSOLFDWLRQV IURP WKH

7KH LPSOLFDWLRQV RI WKH ILQGLQJV IURP H[SHULPHQ
EDVLV IRU WKH GLVFXVVLRQV LQ WKH QH[W VHFWLRQ
EHHQ LGHQWLILHG IURP WKH H[SHULPHQWDO ILQGLQJ
VFRSH RI WKH H[SHULPHQWY DV GLVFXVVHG LQ VHFWL
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D

E

'"HVLJQHUV RI HGXFDWLRQDO HOHFWURQLF WHIV
DLGV WKDW RIIHU KLJKHU QDYLJDWLRQDO IUHHC
HQJDJHPHQW IHHOLQJV RI RZQHUVKLS IRU OHDI
FRQVWUXFWLRQ DV FRPSDUHG WR QDYLJDWLRQ
IUHHGRP 1DYLJDWLRQ DLGV WKDW RIIHU KLJKHU
SURYLGH QR VLJQLILFDQW EHQHILWV IRU OHDUQL
RIIHU ORZHU QDYLJDWLRQDO IUHHGRP
'HVLJQHUV VKRXOG FRQVLGHU XVLQJ SDJLQJ
HGXFDWLRQDO HOHFWURQLF WH[WV 3DJLQJ EXW
WHUPV RI WKH GHYHORSPHQW RI KLJK TXDOL!
H[SHULPHQW W DSSHDUHG WKDW OHDUQHUYV
QDYLJDWLRQDO IUHHGRP DQG DUJXPHQWV ZHUH
FRIJQLWLYH ORDG DVVRFLDWHG ZLWK QDYLJDWLQ
'HVLJQHUV VKRXOG H[HUFLVH FDXWLRQ ZKHQ
QDYLJDWLRQ DLGV LQ HGXFDWLRQDO HOHFWURQ!
IRXQG WR KDYH EHQHILWV IRU VRPH FRJQLWLYH
LQ H[SHUDRMMYWIN\ ZHUH IRXQG WR KDYH GHWUL
RI WKH TXDOLW\ RI NQRZOHGJH FRQVWUXFWLRQ
WR KLJK H[WUDQHRXV FRJQLWLYH ORDG DQG X
GLVRULHQWDWLRQ
'HVLJQHUV VKRXOG QRW DVVXPH WKDW DOORZ
QDYLJDWLRQ DLGV ZLOO KDYH EHQHILWV IRU F
RZQHUVKLS IRU OHDUQLQJ RU KLJKHU TXDOLW\
QDYLJDWLRQ DLGV ZDV IRXQG WR KDYH OLWWOH
OHDUQLQJ ,Q SDUWLFXODU H[SHULPHQW UHYF
FUHDWLQJ DQG XVLQJ PDSV $ = LQGLFHV DQG FR
'"HVLJQHUV VKRXOG EH DZDUH WKDW FUHDWLQ.
RQ WKH OHDUQLQJ PHDVXUHV LQ H[SHULPHQW
'"HVLIJQHUV VKRXOG EH DZDUH WKDW FUHDWLQJ
OHDUQLQJ PHDVXUHV LQ H[SHULPHQW FRPSDU
OLQNV
'"HVLJQHUV VKRXOG EH DZDUH WKDW FUHDWLQ
HIITHFWV RQ DQ\ Rl WKH DVSHFWV RI GRPSQUAE |
WR XVLQJ FRQWHQWY OLVWVY DQG HPEHGGHG OL
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'HVLJQHUV VKRXOG FRQVLGHU XVLQJ PDSV DQG
HGXFDWLRQDO HOHFWURQLF WH[WV 8VLQJ D PD
HPEHGGHG OLQNV LQ WHUPV RI VRPH FRJQLWLYF
IRU OHDUQLQJ DQG NQRZOHGJH FRQVWUXFWLRQ
KDYH EHQHILWY RYHU HPEHGGHG OLQNV LQ WHL
DFWLYLWLHV IHHOLQJV RI FRQWURO IRU OHDUQL(
'"HVLJQHUV RI HGXFDWLRQDO HOHFWURQLF WHI[W
RZQHUVKLS IRU OHDUQLQJ DQG SURYLGH XVDEC
ORDG VKRXOG FRQVLGHU DOORZLQJ OHDUQHUV V
DOORZLQJ OHDUQHUV WR DGDSW PDSV ZDV IR>
FRQWURO DQG UHVSRQVLELOLW\ IRU OHDUQLQJ
EHQHILWY LQ WHUPV RI ORZHU FRJQLWLYH ORD
FRPSDUHG WR HPEHGGHG OLQNYV
'HVLJQHUV VKRXOG DOVR EH DZDUH WKDW WKH
EHWZHHQ EHQHILWYV IRU GLIIHUHQW W\SHV RI NQ
WKDW DGDSWLQJ PDSV KDG EHQHILWYV IRU RQH D
H[SODQDWLRQ RI XVDELOLW\ HYDOXDWLRQ LQ W
RU XVLQJ PDSV RU XVLQJ HPEHGGHG OLQNV Z
NQRZOHGJH FRQVWUXFWLRQ GHWDLOV RI WKH
DGYDQWDJHV GLVDGYDQWDJHV LQ WKH WUDQVI
FRPSDUHG WR WKHVH RWKHU QDYLJDWLRQ DLGYV
'HVLJQHUV DQG UHVHDUFKHUV VKRXOG EH DZzD!
GLIIHUHQW HIIHFWV RQ OHDUQLQJ GHSHQGLQJ R
JRU H[DPSOH VRPH GLIIHUHQFHV ZHUH QRWH
H[SHULPHQWYV DQG SUHYLRXV UHVHDUFK
H[SHULPHQWY DQG DOVR VKRZHG VRPH GLIIHL
PDSV FUHDWLQJ PDSV DQG XVLQJ HPEHGGHG OL
WKH W\SH RI VIVWHP XVHG WKH PHDVXUHV RI C
ZKLFK WKH HIITHFWV Rl WKH QDYLJDWLRQ DLGV DI

5SHODWLRQ WR WKH )UDPHZRUN RI &R

7KH LPSOLFDWLRQV RI WKH H[SHULPHQWDO ILQGLQJ)\
HGXFDWLRQDO HOHFWURQLF WH[WV ,Q RUGHU WR FRQC
RI FRQVWUXFWLYLVP DV D ZKROH WKH\ DUH UH HI[DI
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IUDPHZRUN RI FRQVWUXFWLYLVP 7KLV VHFWLRQ LQLW
WKH K\ SRWKHVHY VHOHFWHG IURP WKH IUDPHZRUN 7K
WKH H[SHULPHQWDO ILQGLQJY UHODWH WR WKH RWI
FRQVLGHUHG UHOHYDQW WR QDYLJDWLRQ LQ HGXFDWI
ZHUH LGHQWLILHG XQGHU WKHVH WKHPHV 7KHPHV

/IHDUQLQJ’ SEXWKHQWLF $FWLYLW\ 3)D¥HOXKWDWRW
)DFLOLWDWHY /HDUQLQJ" DUH QRW GLVFXVVHG KHUH

QDYLIJDWLRQ DLGVY LQ HOHFWURQLF WH[WV LQ FKDSWH

TKHPH /HDUQHU ,QYROYHPHQW )DFLOLW
$V GLVFXVVHG LQ WKH IUDPHZRUN RI FRQVWUXFWLYL
LQYROYHPHQW ZDV SURSRVHG WR UHODWH WR WKUHH
IHHOLQJV RI RZQHUVKLS IRU OHDUQLQJ ,Q WKLV WKt
LVVXHV DUH DOO LQWHU FRQQHFWHG ZKHUH OHDUQI
PDQLSXODWHG E\ WKH HQYLURQPHQW DQG PRWLYDWL
EHKDYLRXUYV

7KH UHODWLRQVKLS EHWZHHQ OHDUQHU FRQWURO
QDYLJDWLRQDO IUHHGRP ZDV SXW IRUZDUG DV RQH
QDYLJDWLRQ LQ HOHFWURQLF WH[WV 7KH IROORZL
IUDPHZRUN IRU IXUWKHD ULQHHW VZ KR WVRQQ DY LIDWLR
KLJKHU QDYLJDWLRQDO IUHHGRP ZLOO VKRZ KLJKHU 1
QDYLJDWLRQ DLGV ZLWK ORZHU QDYLJDWLRQHDSORWHH!
ZDV WKHQ EURNHQ GRZQ LQWR WKUHH IXUWKHU K\
QDYLJDWLRQDO IUHHGRP ZRXOG KDYH SRVLWLYH HIIH
IRU OHDUQLQJ DQG NQRZOHBIE ARSHWPXEMLRZIDYLG
WR WHVW WKHVH K\SRWKHVHV ,Q WKLV H[SHULPHQW
WKDW RIIHUHG GLIIHUHQW OHYHOV RI QDYLJDWLRQDO
FKDSWHU $V GLVFXVVHG WKH ILQGLQJV VXJJHVWHG
QDYLJDWLRQDO IUHHGRP KDG OLWWOH HIIHFW RQ |
NQRZOHGJH FRQVWUXFWLRQ DV FRPSDUHG WR QDYLJI
IUHHGRP ,Q IDFW SDJLQJ EXWWRQV ZKLFK RIIHUHG C
WR KDYH WKH JUHDWHVW EHQHILWV IRU WKH TXDOLW
FRPSDULVRQ WR HPEHGGHG OLQNYV

,VVXHV Rl OHDUQHU FRQWURO RYHU QDYLJDWLRQ
,Q WKDW H[SHULPHQW DQRWKHU LQWHUSUHWDWLRQ R
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OHDUQHU WKH FRQWURO WR DUWLFXODWH WKHLU LGH
%\ FUHDWLQJ WKHLU RZQ QDYLJDWLRQ DLGV OHDUQF
GHFLVLRQV RYHU WKH FRQWHQW VWUXFWXUH DQG ¢
K\SRWKHVLVHG WR KDYH SRVLWLYH HIIHFWV RQ FRJC
TXDOLW\ RI NQRZOHGJH FRGWWUXRWYRK\SRWKHVHV Z
WKUHH GLIIHUHQW W\SHV RI QDYLJDWLRQ DLGV D P
+RZHYHU DV GLVFXVVHG LQ VHFWLRQ WKH ILQG
SUHGLFWHG LW ZDV IRXQG WKDW FUHDWLQJ QDYLJD\
FRIQLWLYH HQJDJHPHQW RZQHUVKLS DQG NQRZOHGJFH
'KHQ WKH UHVXOWYV RI H[SHULPHQWY DQG ZHUH
OHDUQHU FRQWURO RYHU QDYLJDWLRQ LQ WKH IRU]
QDYLJDWLRQ DLGV KDG OLWWOH EHQHILW IRU OHDUQ
FRJQLWLYH ORDG ZDV JLYHQ DV RQH SRWHQWLDO H[S
ZLWK KLJKHU OHDUQHU FRQWURO RYHU WKH QDYLJDW
FRQWHQWY OLVWY WKHUH ZDV DOVR DQ LQFUHDVH L«
WKDW KLJK FRQWURO RYHU QDYLJDWLRQ FDQ KDYH Q
SUHYLRXV UHVHDUFK *XSWD DQG *UDPSDGK\H S
OHDUQHUV FRQWURO RYHU WKHLU QDYLJDWLRQ DOOR
HOHFWURQLF WH[W DQG *QDYLJDWH IUHHO\ LQ WXQH Z
LW DOVR REOLJHV WKH OHDUQHU WR PDNH GHFLVLRQV
7KLV IRUFHV WKH OHDUQHU WR XVH KLJK OHYHO LQ
WKHUHIRUH UHGXFLQJ WKH DPRXQW RI FRIJQLWLYH U}
FRQWHQW RI WKH WH[W 7KHLW OAKRH EFFIDXORAG QY WJ B
SUREOHPV VXFK DV GLVRULHQWDWLRQ EHFDXVH RI K
WKH ZD\ WKDW WKH LPSOLFDWLRQV RI FRQVWUXFW
GHWHUPLQLQJ WKH HIIHFWV RQ OHDUQLQJ
IHYHUWKHOHVV WKH ILQGLQJV RI H[SHULPHQW
FRPSURPLVH EHWZHHQ OHDUQHU FRQWURO DQG FRJQ
ZRUN LQ H[SBQGPHMWLQHG WKH LPSDFW RI RIIHULQJ F
DOORZLQJ WKHP WR DGDSW H[LVWLQJ PDS QDYLJDWLR
OHDUQHUV WR DGDSW QDYLJDWLRQ DLGV ZRXOG KD
FRQVWUXFWLRQ DQG FRJQLWLYH ORDG DV FRPSDUH
HPEHGGHG OLQNV 7KH ILQGLQJY UHYHDOHG WKDW DG
RI FRQWURO DQG UHVSRQVLELOLW\ IRU OHDUQLQJ ER
FRIJQLWLYH ORDG $ VHFRQGDU\ ILQGLQJ ZDV WKDW D«
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XVDELOLW\ RI WKH HOHFWURQLF WH[W 7KLV VXJJHVW
RITHUHG D EDODQFH EHWZHHQ FRQWURO DQG FRJQL
UHVSRQVLELOLW\ DQG XVDELOLW\

2YHUDOO WKHVH GLVFXVVLRQV RI OHDUQHU FRQYV
RYHU QDYLJDWLRQ LV GHVLUDEOH IURP WKH VWDQC
LPSRUWDQW WKDW GHVLIJQHUV DUH DZDUH WKDW LW P
WKH OHYHO RI FRIJQLWLYH ORDG H[SHULHQFHG E\ OHD!|

7KHPH 37RROV DQG 6LJQV )DFLOLWDWE
$UWLFXODWLRQ ([WHUQDOLVDWLRQ RI .QRZOH(

([SHULPHQW  DLPHG WR H[DPLQH WKH HIIHFWV RI R
DUWLFXODWH RU H[WHUQDOLVH WKHLU LGHDV DERXV
DOORZLQJ WKHP WR FUHDWH WKHLU RZQ QDYLJDWLI
K\SRWKHVLV IURP WHKDU QUDIPH ZRKBRNFUHDWH WKHLU RZQ
VKRZ KLJKHU TXDOLW\ OHDUQLQJ WKDQ OHDUQHUV
K\SRWKHVL¥KLE KLSRWKHVLV ZDV WKHQ EURNHQ GRZQ
WKDW SUHGLFWHG WKDW FUHDWLQJ QDYLJDWLRQ DL
HQJDJHPHQW RZQHUVKLS IRU OHDUQLQJ+ DQG NQRZ(
([SHULPHQW ZDV GHVLJQHG WR WHVW WKHVH K\SRWHK
FRQWURO LQ WKH SUHYLRXV VHFWLRQ WKH HIIHEFWYV
DQG FRQWHQWY OLVWV ZHUH H[DPLQHG ,W ZDV IRXQG
QHJDWLYH HIIHFWV RQ OHDUQLQJ ZLWK HOHFWURQL
RSSRUWXQLW\ IRU DUWLFXODWLRQ RIIHUHG E\ DOORZ
DLGV ZDV DVVRFLDWHG ZLWK OLWWOH RU QHJDWLYH I
PD\ EH WKDW WKLV DUWLFXODWLRQ LQFXUV D OHYHC
OHDUQLQJ

B3UHYLRXV UHVHDUFK KDV GHPRQVWUDWHG WKDW
LGHDV WKURXJK VXPPDULVDWLRQ DQG VHOI H[SODQDYV
DQG /H%DURQ 'DYLV DQG +XLW LQJ $01|
+RZHYHU LW LV SRVVLEOH WKDW WKH DUWLEXODWLRC
WKH VDPH W\SH RI DEWLYLW\ LQ WKDW FUHDWLQJ D
VXPPDULVDWLRQ DQG VHOI H[SODQDWLRQ 7KHUHIRUH
LQYROYHG WKH W\SH RI DUWLFXODWLRQ DQG H[WHUQ
TXDOLW\ OHDUQLQJ 7KLV DOVR KLJKOLJKWV WKDW
FRQVWUXFWLYLVP DUH LQWHUSUHWHG LV DOVR LPSRU



80 SUPLWDJH 'LVFXVVLRQ DQG &RQF

SHODWLRQ WR 2WKHU 7KHPHYVY LQ WKH )UD
I1DYLIJDWLRQ $LGV

([SHULPHQWYV DQG ZHUH H[SOLFLWO\ VHW XS WR
IUDPHZRUN Rl FRQVWUXFWLYLVP DQG QDYLJDWLRQ +FR
KHUH LQ UHODWLRQ WR WKH RWKHU K\SRWKHVHV LGHC
GHWHUPLQH ZKHWKHU WKH H[SHULPHQWDO ILQGLQJV
K\SRWKHVHV $V PHQWLRQHG SUHYLRXVO\ WKHPHV

/JHDUQLQJ’ S$XWKHQWLF $FWLYLW\ 3D NHTXWO WEHM
)DELOLWDWHY /HDUQLQJ" DUH QRW GHDOW ZLWK KHUF
UHOHYDQW WR QDYLJDWLRQ DLGV LQ HOHFWURQLF WH

SHODWLRQ WR 7KHPH S6RFLDO ,QWHUDFWL
7TKHPH LQ WKH IUDPHZRUN RI FRQVWUXFWLYLVP OHG

K\SRWKH/DRLVQHUV ZKR XVH QDYLJDWLRQ DLGV WKDW R
QDYLIJDWLRQ ZLOO VKRZ KLJKHU TXDOLW\ OHDUQLQJ W
GR QRW RIIHU LQWHUDFWLRQ ZEWEXHRWW HH VS WKLB R Q/\K

RQO\ bDGGUHVVHG LVVXHV ZKHUH D VLQJOH OHDUQHU
WKHVH LVVXHV DUH QRW FRYHUHG E\ WKH H[SHULPHQ
IXWXUH UHVHDUFK VHH VHFWLRQ

SHODWLRQ WR 7KHPH S7TRROV DQG 6LJQV )
1HZ $OWHUQDWLYH 5HSUHVHQWDWLRQV RI WKH 71

,Q DGGLWLRQ WR WKH K\SRWKHVLV DERXW FUHDWLQJ
IROORZLQJ K\SRWKHVLV ZDV DOVR LGHQWLILHG IUR
FRQVWUXFWLYLVP BBADUQBYVJIZWRRQAVH QDYLJDWLRQ
QHZ DOWHUQDWLYH UHSUHVHQWDWLRQV RI WKH WH[W
FRQWHQW ZLOO VKRZ KLJKHU TXDOLW\ OHDUQLQJ WK
GR QRW RIIHU WKHVH UHSUH YV H@WXWE XBIQ \H[B HU\ 5RQKW
ZHUH QRW H[SOLFLWO\ GHVLJQHG WR WHVW WKLV K\SF
WR WKLV SUHGLFWLRQ

,Q H[SHULPHQW  WKH $ = LQGH[ DQG PDS SURYLG
ZKHUHDV WKH SDJLQJ EXWWRQV DQG HPEHGGHG OLQ
H[SHULPHQW LQGLFDWHG WKDW WKH $ = LQGH[ DQG
LQ WHUPV RI DQ\ Rl WKH PHDVXUHV RI OHDUQLQJ F
NQRZOHGJH FRQVWUXFWLRQ DV FRPSDUHG WR WKH S
ZKHUH QR RYHUYLHZV ZHUH SURYLGHG $V VXFK WKH
VXSSRUW WR WKLV K\SRWKHVLV
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IHYHUWKHOHVV WKH ILQGLQJV RI H[SHULPHQW
UHJDUGV WR WKLV K\SRWKHVLV ,Q H[SHULPHQW RY
XVLQJ $ = DQG XVLQJ FRQWHQWV OLVW FRQGLWLRQV
KDQG SDUWLFLSDQWY KDG WR FUHDWH WKHLU RZQ RY
SURYLGHG ZLWK DQ RYHUYLHZ RI WKH HOHFWURQLF
FRQWHQWYV OLVW VKRZHG EHWWHU SHUIRUPDQFH LQ
FRPSDUHG WR SDUWLFLSDQWVY ZKR XVHG HPEHGGHG
SURYLGHG 7KLV VXJJHVWV WKDW LQ H[SHULPHQW S
RI WKH HOHFWURQLF WH[W E\ PHDQV RI D PDS RU D
NQRZOHGJH FRQVWUXFWLRQ WKDQ SDUWLFLSDQWV 2
ILQGLQJV SURYLGH VRPH VXSSRUW IRU WKH DERYH K\
ZHUH QR GLIIHUHQFHV RQ DQ\ RI WKH OHDUQLQJ PHD\
$ = LQGH[ DQG XVLQJ HPEHGGHG OLQNV RQO\ DJDLQ V
WKLV K\SRWKHVLV DUH QRW VWUDLJKWIRUZDUG ,W D
RYHUYLHZV ZHUH VLJQLILFDQWO\ XVHIXO FRPSDUHG W
= LQGH[ RYHUYLHZ ZDV QRW VLJQLILFDQWO\ XVHIXO F
H[SHULPHQW RQO\ WKH RYHUYLHZ SURYLGHG E\ WKI
IRU DQ\ Rl WKH OHDUQLQJ PHDVXUHV KHUH LQ SDUWL
WKDW WKH ILQGLQJV RQ WKH XWLOLW\ RI DQ RYHUYLH

SHODWLRQ WR 7KHPH SOHWDFRJQLWLYH $F
7ZR K\SRWKHVHV FRQFHUQLQJ WKH HIIHFWV RI QDYLJ

WH[WV ZHUH LGHQWL FIKHG | X Q\BWRINWMK HF HZKR XVH QDYL
WKDW VKRZ WKHP ZKHUH WKH\ KDYH EHHQ DQG ZKHU
TXDOLW\ OHDUQLQJ WKDQ OHDUQHUV ZKR XVH QDYL
LQIRUPDWLRQ ~ K\SRAMKNWERQGE K\SRWKHVLV LGHQWL
ZDV/HDUQHUV ZKR XVH QDYLJDWLRQ DLGV WKDW VXS
KLIJKHU TXDOLW\ OHDUQLQJ WKDQ OHDUQHUV ZKR XVFh
LQIRUPDWLRQ K\SRWKHVLV E LL

,Q UHODWLRQ WR WKH ILUVW K\SRWKHVLV WKH QD!
QRW H[SOLFLWO\ VXSSRUW WKH OHDUQHUVY DELOLW\
PLIJKW JR QH[W +HQFH WKLV K\SRWKHVLV FDQQRW E
WKHVH H[SHULPHQWVY ,Q UHODWLRQ WR WKH VHFRQG
HOHFWURQLF WH[W WKH PDSV $ = LQGLFHV DQG FRC
DLGHG OHDUQHUV LQ VHHLQJ ZKHUH WKH\ PLJKW JR
QDYLJDWLRQ SODQQLQJ +RZHYHU VLQFH WKHVH QI
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LOWHQGHG WR SURYLGH WKLV LQIRUPDWLRQ WKH ILC
FRQVLGHUHG VXIILFLHQW WR WHVW WKHVH K\SRWKHVH

SHODWLRQ WR 7KHPH *&RQQHFWLQJ ([SHU
7ZR K\SRWKHVHV ZHUH LGHQWLILHG XQGHU WKHPH L

QDYLJDWLRQ 7HHDUQNWY ZDKR XVH QDYLJDWLRQ DLG\
SUHYLRXVO\ YLVLWHG LQIRUPDWLRQ DQG DOORZ WKF
LQIRUPDWLRQ ZLOO VKRZ KLJKHU TXDOLW\ OHDUQLQ.
WKDW GR QRW VXSSRWEW. WKLV KISSRWKHWLW PD\ EH U
LQYHVWLIJDWLRQV RI FUHDWLQJ YV XNQGJIWXHY E VDI WR
FRQGLWLRQ LQ H[SHULPHQW )RU H[DPSOH LQ WKH F
FRQWHQWYVY OLVW RU $ = LQGH[ HDFK WLPH WKH OHD
OHIW KDQG ZLQGRZ 7KHVH SDJHV FRXOG EH UHDUUDQ
LQGH[ Rl WKH SDJHV LQ WKH HOHFWURQLF WH[W $V \
DLG ZLWK 1HVWRU 1DYLJDWRU GLG LQ IDFW VXSSRUW
WKDW FRXOG EH PDQLSXODWHG RU UHRUJDQLVHG E\
H[SHULPERWRW OHQG VXSSRUW WR WKLV K\SRWKHVL\
IRXQG WR KDYH OLWWOH RU QHJDWLYH HIIHFWV RQ OF
LQ H[SHULPHQWY DQG %XW WKLV DVVHUWLRQ VKR
H[SHULPHQW ZDV QRW H[SOLFLWO\ VHW XS WR WHVW V
QDYLJDWLRQ DLGV WKDW VSHFLILFDOO\ VXSSRUW DFF
FDQ EH PDQLSXODWHG VKRXOG VWLOO EH FRQGXFWHG

7KH VHFRQG K\SRWKHVLV LGHQWLILHG XQGHU WKH
IUDPHZRUN RI FRQVWHREWHUIW ZKFDVWVH QDYLJDWLRC
FRQQHFWLRQV DFURVV QHZ LQIRUPDWLRQ ZLOO VKRZ
ZKR XVH QDYLJDWLRQ DLGV WKDW GR QIRSW VPR ZE W KL/
DV QDYLJDWLRQ DLGV WKDW VKRZ FRQQHFWLRQV DFU|
FRQFHSW PDSV KDYH EHHQ SURSRVHG WR EH D XVHI

DFURVV H[SHULHQFHV %RXG HW DO D DQG KDY
QDYLJDWLRQ DLGV LQ HGXFDWLRQDO HOHFWURQLF
OF'RQDOG DQG 6WHYHQVRQ ,Q WKLV WKHVLV W

WKDW XVLQJ D PDS RIIHUHG EHQHILWY RYHU HPEHGGH
DOWKRXJK XVLQJ PDSV GLG QRW OHDG WR VLJQLILFDC
H[LVWLQJ PDSV GLG 7KH DFW RI DGDSWLQJ D PDS PI
DFURVV SDJHV LQ WKH HOHFWURQLF WH[W PRUH HII
QDYLJDWLRQ $V OHDUQHUV QDYLJDWHG LQ WKH DGD
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RQO\ ZHUH WKH\ SURYLGHG ZLWK WKH VDPH PDS DV L
WLPH WKH\ WUDYHUVHG OLQNV WKDW ZHUH QRW DOUH
ZHUH DGGHG WR WKH PDS 7KHUHIRUH WKH DGDSWLQ.
FRQQHFWLRQV EHWZHHQ SDJHV WR D KLJKHU GHJUHH
WKH UHVXOWYV RIKREZESHUMWKDOWPDSY KDG QR VLJQLILFD
FRPSDUHG WR $ = LQGLFHY HPEHGGHG OLQNV RU SD.
OHDGV WR WKH FRQFOXVLRQ WKDW DOWKRXJK PDSV
FLUFXPVWDQFHV WKLV WKHVLVY KDV UHYHDOHG PL[HG

&ERQWULEXWLRQV

7KLY WKHVLVY UHVHDUFK KDV SURYLGHG D GHWDLOHG
HOHFWURQLF WH[WV LQ WKH IRUP RI WKHRUHWLFDO
LPSOLFDWLRQV RI WKH H[SHULPHQWYV IRU GHVLJQHUYV
WH[WV DQG WKH UHODWLRQ RI WKH ILQGLQJV WR WKH
KDYH EHHQ GHVFULEHG 7KLV ZRUN KDV KHOSHG G
FRPSOH[LWLHV LQYROYHG LQ GHFLGLQJ ZKLFK QDYL
HGXFDWLRQDO HOHFWURQLF WH[WV 7KH FRQWULEXWL

H\ &RQWULEXWLRQV
7KLV WKHVLVY KDV SURYLGHG D ULFK LQVLJKW LQWR \
ZLWKLQ WKH ZLGH FRQWH[W RI FRQVWUXFWLYLVP )RX
WKH UHVHDUFK 7KLV VHFWLRQ GLVFXVVHV WKHVH FRC

$ )UDPHZRUN RI &RQVWUXFWLYLVP DQG ,PSC
W ZDV DSSDUHQW IURP WKH OLWHUDWXUH UHYLHZ L

GLITHUHQW DFFRXQWYV RI FRQVWUXFWLYLVP DQG SUHY
WR WKH LPSOLFDWLRQV RI FRQVWUXFWLYLVP IRU QDY
7KH IUDPHZRUN RI FRQVWUXFWLYLVP DQG QDYLJDWL
SUHYLRXV ZRUN E\ VIQOWKHVLVLQJ WKHPHV WKDW HP
OLWHUDWXUH LQWR RQH GHWDLOHG DFFRXQW RI FR(
LPSOLFDWLRQV RI WKH WKHPHV LQ WKH IUDPHZRUN
HOHFWURQLF WH[WV ZHUH LGHQWLILHG DQG K\SRWKH
OHDUQLQJ ZHUH IUDPHG ,Q WKLV UHVHDUFK WKH IU
LQYHVWLIDWLRQV LQWR WKH HIIHFWV RI QDYLJDWLRQ
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7KH I[UDPHZRUN DOVR SURYLGHV D QRYHO DQG V
UHVHDUFKHUV RI HOHFWURQLF WH[WV WR WKLQN DER:
DQG WKH DUHDV RI WKH IUDPHZRUN WKDW KDYH QRW
LQYHVWLIDWLRQ LQ WKLV WKHVLVY UHSUHVHQW GLUHF!

7TKUHH ,Q '"HSWK ([SHULPHQWDO 6WXGLHYV
$VGLVFXVVHG LQ FKDSWHU SUHYLRXV UHVHDUFK L

OHDUQLQJ KDV JHQHUDOO\ IRFXVVHG RQ V\VWHPV WK
HOHFWURQLF WH[WV DQG QDYLJDWLRQ DLGV W ZDV C
IRU IXUWKHU LQYHVWLIJDWLRQV WKDW IRFXVVHG RQ V
OHDUQLQJ SURFHVV UDWKHU WKDQ VLPSO\ SHUIRUF
SUHYLRXV UHVHDUFK ZLWK FRQWUROOHG H[SHULPHQW
WHFKQRORJLHY DQG LQ OLQH ZLWK D FRQVWUXFWLY
HITHFWV RI QDYLJDWLRQ DLGV RQ VHYHUDO DVSHFWYV
KHUH FRQVLGHUHG OHDUQLQJ IURP WKH SHUVSHFWLY
IHHOLQJV RI RZQHUVKLS DQG NQRZOHGJH FRQVWUXFW

6 XEVWDQWLDO 4XDOLWDWLYH DQG 4XDQWLW
'DWD

$ ODUJH DPRXQW RI GDWD ZDV SURGXFHG E\ WKH HIS
ZDV VXEMHFWHG WR GHWDLOHG TXDOLWDWLYH DQG T)
HITHFWV RI QDYLJDWLRQ DLGVY RQ VHYHUDO PHDVXUHYV
QDYLIJDWLRQ EHKDYLRXU VHH DSSHQGLFHV 7KLV

LOQWHUSUHWHG E\ GHVLJQHUY DQG UHVHDUFKHUV RI H

([SHULPHQWDO )LQGLQJY DQG WKHLU ,PSOLF
$OWKRXJK WKH DQDO\VLV RI WKH H[SHULPHQWDO GDW

WKHVLY LPSOLFDWLRQV RI WKLV GDWD ZHUH DOVR L
LOQWHUSUHWDWLRQ RI WKH GDWD WR LQIRUP GHVLJQH
WKH PDLQ H[SHULPHQWDO ILQGLQJV DQG ZHUH VXPPLC
7KH RYHUDOO LPSOLFDWLRQV RI WKH WKUHH H[SHULP
RI WKLV FKDSWHU DQG SURYLGH DQ LPSRUWDQW RYH
LPSOLEDWLRQV KLJKOLJKW WKH FRPSOH[ HIIHFWV RI Q
WH[WV
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6HFRQGDU\ &RQWULEXWLRQV
,Q DGGLWLRQ WR WKH WKUHH PDLQ FRQWULEXWLRQV
VWXGLHV UHVXOWHG LQ WZR IXUWKHU VHFRQGDU\ FR
OHDUQLQJ LQ H[SHULPHQWY DQG LQYHVWLJDWLRQV
FRJQLWLYH ORDG

1RYHO $SSURDFKHV WR $VVHVVLQJ /HDUQLQ
'"HWHUPLQLQJ DSSURSULDWH PHDVXUHV RI OHDUQLQJ |

UHVHDUFK OHDUQLQJ ZDV HYDOXDWHG IURP D FRQ
-RQDVVHQ SRLQWHG RXW WKH ZD\ WKDW OHDUC
GLIILEXOW LVVXHV IRU FRQVWUXFWLYLVP DQG KH OD
LQ FRQVWUXFWLYLVW OHDUQLQJ HQYLURQPHQWYV -RQ
IRU PRUH GHWDLOV $FFRUGLQJO\ OHDUQLQJ ZDV F
GLIIHUHQW PHDVXUHV DQG QRYHO DSSURDFKHV WR D
LQ WKH H[SHULPHQWY 7R VXPPDULVH WKHVH ZHUH
A $ FRGLQJ VFKHPH IRU DVVHVVLQJ FRJQLWLY
YHUEDOLVDWLRQV DV WKH\ LQWHUDFWHG ZLWK
A $Q RZQHUVKLS TXHVWLRQQDLUH IRU PHDV
UHVSRQVLELOLW\ DQG YDOXH WKH IDFWRUV R
HOHFWURQLF WH[WV
v 7ZR WDVNV WR DVVHVV NQRZOHGJH FRQVWUX
VFKHPHY D WUDQVIHU WDVN DQG D FRQFHSW P
7KHVH PHDVXUHV FRXOG WKHUHIRUH EH DGDSWHG
LQWHQG WR WDNH D FRQVWUXFWLYLVW DSSURDFK WR

,QYHVWLIDWLQJ 1DYLIJIDWLRQ %HKDYLRXU 8
SUHYLRXV UHVHDUFK KDV VKRZQ D OLQN EHWZHHQ Q

HOHFWURQLF WH[WV 1HLGHUKDXVHU HW DK OF'R(
DQG 6WHYHQVRQ ,Q WKLV WKHVLV SRVW KRF D
HPSOR\HG WR H[DPLQH SRWHQWLDO H[SODQDWLRQV
$FURVV H[SHULPHQWY DQG WKH QXPEHU RI RSHUDV
YLVLWHG ZKHWKHU RU QRW SDUWLFLSDQWYVY YLVLWHC
XVHIXO LQ SURYLGLQJ SRWHQWLDO H[SODQDWLRQV IR
H[SHULPHQMPJH DQDO\VLV IRU WKH DJJUHJDWH QDYLJ
XVDJH DOVR SURYHG XVHIXO LQ UHYHDOLQJ SRVVLEO
PHDVXUHV +RZHYHU DV ZLOO EH GLVFXVVHG LQ VHF\
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WR GHWHUPLQH WKH WUXH QDWXUH RI WKH UHODWL
OHDUQLQJ VLQFH KHUH LW ZDV RQO\ D VHFRQGDU\ PH
H[SHULPHQWYV
BUHYLRXV UHVHDUFK KDV ORRNHG DW QDYLJDWLRQ
RI HOHFWURQLF WH[WV RQ WKH ZHE HJ 6PLWK
SURWRFROV IRU HYLGHQFH RI XVDELOLW\ SUREOHPV |
GHQ +DDN HW DO H[DPLQHG XVDELOLW\ SUREC
SURWRFROV JLYHQ E\ XVHUV Rl DQ RQOLQH OLEUDU\
OLWWOH IRUPDO UHVHDUFK OLWHUDWXUH UHSRUWLQJ
SURWRFROV ZKLOVW OHDUQHUV XVH HGXFDWLRQDO H
SURWRFROV IURP D WRWDO RI VHYHQW\ RQH OHDUQH
ZLWK GLIIHUHQW QDYLJDWLRQ DLGV ZHUH H[DPLQHG |
IRU LGHQWLI\LQJ XVDELOLW\ SUREOHPV LQ WKH SUR\
XVDELOLW\ SUREOHPV H[SHULHQFHG E\ OHDUQHUV DV
ZHUH FODVVLILHG ,Q WKLV WKHVLV WKH GDWD ZDV )
ILQGLQJY RQ WKH OHDUQLQJ PHDVXUHV LQ WKHVH
LQIRUPDWLRQ IRU GHVLJQHUV Rl HGXFDWLRQDO HOHF
LQWR WKH XVDELOLW\ RI WKHVH WH[WV +RZHYHU IXU
RQO\ FROOHFWHG DV H[SODQDWRU\ PHDVXUHV LQ WKL)
BUHYLRXV UHVHDUFK KDV DOVR H[DPLQHG XVDELO
WHUPV RI XVHUVY] DWWLWXGHV 7HR HW DO 6LPL
OHDUQHUVY DWWLWXGH WRZDUGV WKH XVDELOLW\ RI
7KLV DOVR SURYLGHG LQIRUPDWLRQ DERXW WKH XVDE
WKLV H[SHULPHQW $JDLQ KRZHYHU WKLV PHDVXUH R
WKH H[SHULPHQW VR IXUWKHU UHVHDUFK LV QHHGH
QDYLJDWLRQ DLGV RQ VXEMHFWLYH UDWLQJV RI XVDEL
)LQDOO\ H[SHULPHQW DOVR H[DPLQHG WKH HIIH
VXEMHFWLYH IHHOLQJV RI FRIJQLWLYH ORDG $V GLVEX
DQGOWKRXJIK PXFEK S U HEYLLVREXWY Y H GUHHDQUDF\K LIRIDW K L
QDYLJDWLRQ DQG FRJQLWLYH ORDG 1LHGHUKDXVHU H
%RHFKOHU %UXQVWHLQ HW DO OF'RQDOG DC
KDV DFWHDOOWKE HIIHFWV RI QDYLJDWLRQ RQ FRJQL
DSSURDFK WDNHQ KHUH ZDV WR PHDVXUH VXEMHFW!
VWDWHPHQWY RQ D TXHVWLRQQDLUH WKDW UHODWH(
FRJQLWLYH ORDG DV WKH EXUGHQ WKDW D SDUWLEXO
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ILQGLQJV RI H[SHULPHQW FRQILUPHG WKH FODLPV F
HPEHGGHG OLQNV FDQ EH DVVRFLDWHG ZLWK D KL.
1LHGHUKDXVHU HW DK SDUWLFXODUO\ LQ FRPSDL

ILPLWDWLRQV RI WKH 5HVHDUFK

7KLY WKHVLV KDV FRQWULEXWHG XVHIXO UHVHDUFK R
OHDUQLQJ ,Q VHFWLRQ WKH VFRSH RI WKH H[SHUL
WKH I1LQGLQJY DUH SDUWLFXODUO\ UHOHYDQW ZHUH
OLPLWDWLRQV RI WKH UHVHDUFK DQG DUHDV ZKHUH W

([SHULPHQWDO OHDVXUHYV
$OWKRXJK WKH PHDVXUHV XVHG LQ WKH H[SHULPHQW
VHOHFWHG WKHUH DUH VRPH OLPLWDWLRQV WKDW VKF

/HDUQLQJ OHDVXUHYV
+ &RJQLWLYH (QRDQHRHOM HQJIDJHPHQW ZDV PHDVXU!

WKLQN DORXG SURWRFROV LQ H[SHULPHQWY DQG
WKH FRJQLWLYH HQJDJHPHQW DEFEWLYLWLHV DERXW
YHUEDOLVH $V SRLQWHG RXW E\ (ULFVVRQ DQG 6LI
DORXG FDQ KDYH VRPH DIIHFW RQ WKH ZD\ SDUWLF
WKHP WR FRPSOHWH WDVNV DQG WKHLU HYHQWXD
WDVNV YHUEDOLVDWLRQ LV EHQHILFLDO ZKHUHDV
RQ SHUIRUPDQFH (ULFVVRQ DQG 6LPRQ +RZHY
YHUEDOLVH DQ\ HIIHFWV RI YHUEDOLVLQJ RQ WKH S
HYDOXDWLRQ WHEKQLTXH DV WKH\ XVHG WKH HOHFV
FRQGLWLRQV

W LV DOVR QRWHG WKDW VRPH SDUWLFLSDQWYV
DORXG SURWRFROV WKDQ RWKHUV 1HYHUWKHOHVV
QXPEHU RI SDUWLFLSDQWY LQ HDFK FRQGLWLRQ LW
SDUWLFLSDQWVY DELOLW\ WR WKLQN DORXG ZRXOG
UHVHDUFK GLIIHUHQFHV LQ SDUWLFLSDQWVY] DELOL
DVVHVVLQJ WKHLU DELOLW\ WR WKLQN DORXG LQ D
WDVN DQG LQFOXGLQJ WKLV DV D FR YDULDWH LQ Wi
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1

t

2ZQHUVKLS IRU7KHNU@IKMNLY KDV UHSRUWHG DQDC
TXHVWLRQQDLUH VKRZLQJ WKDW LW LV D UHOLDEO
LQVLIJKW LQWR RZQHUVKLS IRU OHDUQLQJ FRXOG Et
Rl RZQHUVKLS IRU H[DPSOH WKURXJK LQWHUYLHZ\
OHDUQHUV WR MXVWLI\ DQG H[SODLQ WKHLU IHHOLQ
WKH VHW UDWLQJV WKDW SDUWLFLSDQWY KDG WR F
IHYHUWKHOHVV WKH RZQHUVKLS TXHVWLRQQDLUH
IHHOLQJV Rl RZQHUVKLS ZLWKLQ WKHVH H[SHULPHQV
.QRZOHGJH &RQVWUXFWLRQ
R :.ULWWHQ 7UDDRHHIUEZDMWMNHQ WUDQVIHU WDVNV L
XVHIXO IRU H[DPLQLQJ WKH SDUWLFLSDQWVY D
JDLQHG ZKLOVW XVLQJ WKH HOHFWURQLF WH[
PDUNLQJ VFKHPHV XVHG WR HYDOXDWH WKH ZUL
YDOLG +RZHYHU VLQFH WKH WDVNV UHTXLUHC
WKRXJKW ZHUH WKH PRVW UHOHYDQW DVSHFWV
PD\ QRW KDYH EHHQ D JRRG UHIOHFWLRQ RI
NQRZOHGJH %XW WKLV WDVN ZDV RQO\ WDNHQ
FRQVWUXFWLRQ DQG FDQ EH VHHQ WR EH XVHIX
DLPHG WR PHDVXUH
R &RQFHSW 0DSSIZQB FRWNFHSW PDSSLQJ WDVN D
SDUWLFLSDQWVY FRQFHSWXDO NQRZOHGJH RI W
UHOLDELOLW\ DQG YDOLGLW\ VKRZHG WKH PDUN
H[SHULPHQWDO UHVHDUFK RQ OHDUQLQJ ZLWK
PDSV WR DVVHVV OHDUQLQJ HJ OF'RQDOG DQG
6KDSLUR +RZHYHU WKH TXHVWLRQ I
PHDVXUH ZDV FRQIRXQGHG E\ WKH LQIRUPDWLF
DLGV LQ WKH GLIIHUHQW FRQGLWLRQV RI H[SH
ZKHQ FRPSDULQJ ILQGLQJV IRU DQ $ = LQGH[ WF
DQG HPEHGGHG OLQNV H[SHULPHQWV DQG
LQGH[ SUHVHQWHG DGGLWLRQDO LQIRUPDWLRC
HPEHGGHG OLQNV RU SDJLQJ EXWWRQV 7KH $ =
WKH HOHFWURQLF WH[W DQG WKHUHIRUH JDYH
LQIRUPDWLRQ 7KH VDPH ZDV WUXH ZKHQ FRF
HPEHGGHG OLQNV H[SHULPHQW VLQFH WKH
H[SRVXUH WR WKH SDJH WLWOHV DQG LQGHQV
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DERXW WKH FRQFHSWXDO VWUXFWXUH RI WKH
FRPSDULQJ ILQGLQJV IRU XVLQJ PDSV WR SDJ
HPEHGGHG OLQNV H[SHULPHQWV DQG
H[SHULPHQW DQG WR WKH DGDSWLQJ PDS FF
FDVHV WKH XVLQJ PDS FRQGLWLRQ SURYLGHC
VWUXFWXUH IRU WKH LQIRUPDWLRQ LQ WKH HOH
SDUWLFLSDQWVY SHUIRUPDQFH RQ WKH FRQFHSES
KDYH PHDVXUHG VRPHWKLQJ RWKHU WKDQ SDU
JRU H[DPSOH WKLV PLJKW KDYH EHHQ SDUWLFI
WLWOHV IURP WKH $ = RU FRQWHQWV OLVW RU
WKH PDS SUHVHQWHG LQ WKH XVLQJ PDS FRQG
FRXQWHU DUJXPHQWV WR WKLV

JLUVWO\ WKH ZD\ WKDW WKH FRQFHSW PDSS
RQO\ DVVHVV NQRZOHGJH DW WKH OHYHO RI SC
VFKHPH DVVHVVHG SDUWLFLSDQWVY DELOLW\ \
FRQFHSWV LQ WKH HOHFWURQLF WH[W UDWKHL
WLWOHV *RRG OLQN ODEHOOLQJ ZDV DOVR D.
FRQFHSWXDO QDWXUH RI WKH UHODWLRQVKLSV
WKHUHIRUH FRXOG QRW EH DFKLHYHG E\ VLPS
HOHFWURQLF WH[W RU HYHQ E\ D FRPSOHWH L
QDYLJDWLRQ +LJK TXDOLWDWLYH PDUNV UH"
XQGHUO\LQJ FRQFHSWV LQ WKH FRQWHQW RI
UHSURGXFWLRQ RI WKH PDS QDYLJDWLRQ DLG F
TXDOLWDWLYH PDUNV )XUWKHUPRUH LI WKH KL
UHSURGXFLQJ WKH PDS WKHQ SDUWLFLSDQWYV L
ZRXOG KDYH EHHQ H[SHFWHG WR JHW WKH KLJK
SDUWLFLSDQWY LQ WKH SDJLQJ EXWWRQV FRQG]|
WKH FRQFHSW PDSSLQJ WDVN LQ H[SHULPHQW

BHFRQGO\ LQ WKH LQVWUXFWLRQV IRU WKH
H[SHULPHQWY SDUWLFLSDQWY ZHUH DW QR SR
SDJH WLWOHV LQ WKH HOHFWURQLF WH[W

)LQDOO\ HYHQ LI SDUWLFLSDQWY GLG UHSU
LQGH[ FRQWHQWYV OLVW RU PDSV LQ WKHLU KI
VWLOO GHVLUDEOH :KHWKHU WKH\ JDLQHG FRQ
QDYLJDWLRQ DLG RU ZKHWKHU WKH\ FRQVWU X
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FRQWHQW LW LV WKH IDFW WKDW WKH\ KDYH
%YHFDXVH RI WKH FRQVWUXFWLYH QDWXUH RI PF
EH DEOH WR UHFDOO DQG UHSURGXFH D PDS RU
RI' LQWHUSUHWDWLRQ RI ZKDW WKH PDS
$V VXFK VRPH FDXWLRQ VKRXOG EH H[HUF
ILQGLQJV IRU WKH FRQFHSW PDS PHDVXUHV EX)\
WKH PHDVXUH VKRXOG EH QRWHG ORUHRYHU E
WKH RQO\ PHDVXUH RI OHDUQLQJ RQ ZKLFK WHK
EDVHG DQ\ LVVXHV ZLWK WKH PHDVXUH GR
LPSOLFDWLRQV RI WKLV WKHVLV UHVHDUEFK

I1DYLIDWLRQ OHDVXUHV ([SHULPHQWYV DQC
7KH QDYLIJDWLRQ PHDVXUHY ZHUH VHOHFWHG RQ WKH

WKH RSHQ HQGHG QDWXUH RI WKH H[SHULPHQWDO WD
DQG +RZHYHU VRPH OLPLWDWLRQV RI WKHVH PHDVX
f 1XPEHU RI 2SHYDBAVREVVHG LQ FKDSWHUV DQG V

D VWDQGDUG PHDVXUH LQ PXFK SUHYLRXV UHVHDU

OF'RQDOG DQG 6WHYHQVRQ E OF'RQDOG DQG 6\
'HQJHU DQG 3D\QH 1LOVRQ DQG OD\HU
DQG *UDPRSDGK\H +RZHYHU VLQFH WKH WDVI

XVHG WKH HOHFWURQLF WH[WV LQ H[SHULPHQWYV
QRW UHTXLUHG WR ORFDWH VSHFLILF LQIRUPDWLRQ
QXPEHU RI RSHUDWLRQV ZDV EHWWHU WKDQ D ORZH
KLJKHU QXPEHU RI RSHUDWLRQV PD\ LQGLFDWH LQ
YDOXDEOH LQ WHUPV RI OHDUQLQJ 2Q WKH RWKHU |
DOVR EH LQGLFDWLYH RI LQHIILFLHQW QDYLJDWLRQ
PD\ KDYH EHHQ WR H[DPLQH WKH QXPEHU RI SDJH U
VDPH SUREOHP 7DNLQJ D FRQVWUXFWLYLVW YLHZS
KDYH EHHQ FRQVLGHUHG D JRRG UHVXOW EHFDXVH
UHYLVLWLQJ LQIRUPDWLRQ IURP D QXPEHU RI GLIIHL
KLJK QXPEHU RI SDJH YLVLWV PD\ KDYH LQGLFDWHG
KDG WR NHHS UH FKHFNLQJ LQIRUPDWLRQ LQ WKH W
WKLV PHDVXUH ZDV VLPSO\ WR JDLQ DGGLWLRQE
H[SODQDWLRQV IRU ILQGLQJV RQ WKH OHDUQLQJ
RSHUDWLRQV ZDV QRW FRQVLGHUHG DV D PHDVXUH
RZQ ULJKW
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$ 1XPEHU RI'LIIHUHQW 3D DH\P RUVWWHWG QDYLJDWLRQ P
DQ RYHUYLHZ RI WKH H[WHQW WR ZKLFK SDUWLFLSD
LQIRUPDWLRQ LQ WKH HOHFWURQLF WH[W +RZHYHU
WKH SDJH ZDV GLVSOD\HG RQO\ YHU\ EULHIO\ 7KHU!
YLVLWHG ZDV QRW QHFHVVDULO\ LQGLFDWLYH RI ZK
LQIRUPDWLRQ LQ 3UHYLRXV UHVHDUFK KDV DWWHPC
SUREOHP E\ RQO\ FRXQWLQJ SDJH YLVLWV DV WKR
VXIILFLHQW DPRXQW RI WLPH IRU WKH SDJHV WR EH

GHWHUPLQHG D SDJH WR KDYH EHHQ UHDG LI
$FFRUGLQJ WR WKHLU PHDVXUHV DW DQ DYHUDJH U
VHFRQGV ZRXOG KDYH DOORZHG WKHLU SDUWLFLSE
ZRUGY RU DERXW WZHQW\ ILYH SHUFHQW RI WKH Wk
WH[W +RZHYHU VXFK DQ DGMXVWPHQW ZDV QRW F
VLQFH LW GLG QRW DFFRXQW IRU SDJH VFDQQLQJ
IURP VWLPXOL ZLWKLQ PLOOLVHFRQGY 3RWWHU
FXW RII SRLQW IRU ZKHQ LQIRUPDWLRQ KDV EHHQ H]

f %DFN %XWWRQ /LQN DQG $JJUHJDQVH [SBYLPHYMRQ
PHDVXUH DLPHG WR H[DPLQH WKH SHUFHQWDJH RI \
LQYROYHG XVLQJ WKH EDFN EXWWRQ HPEHGGHG C
$OWKRXJK WKLV ZDV XVHIXO LQ WHUPV RI WKH DFW)>
LQIRUPDWLRQ DERXW WKH H[WHQW WR ZKLFK SDL
LQIRUPDWLRQ SURYLGHG LQ WKH QDYLJDWLRQ DLGV
DLGV LQ WKH XVLQJ PDS XVLQJ $ = XVLQJ FRQWHC
DQG FUHDWLQJ FRQWHQWY OLVW FRQGLWLRQV JDY
HOHFWURQLF WH[W ,Q RWKHU ZRUGV LW FRXOG QR
UHIHUULQJ WR WKH DJJUHJDWH QDYLJDWLRQ DLG W
ZHUH RQO\ LQWHUDFWLQJ ZLWK WKH OLQNV WR St
ZKHWKHU WKH\ ZHUH QRW XVLQJ WKH DJJUHJDWH Q|
WKLV LQIRUPDWLRQ LQ IXWXUH H\H WUDENLQJ GHYL
RI WKH VFUHHQ WKH SDUWLFLSDQWY ZHUH IRFXVVLQ

+ IDYLIJDWLRQ O0DS7 KDY XAHUWH HPSOR\HG LQ H[SHUL
SRWHQWLDO H[SODQDWLRQV IRU GLIIHUHQFHV RQ W
ZHUH WZR IXUWKHU DLPV ILUVWO\ WR VHH KRZ WK
DGDSWHG GLIIHUHG IURP WKRVH WKDW ZHUH SURY!
VHFRQGO\ WR GHWHUPLQH WKH H[WHQW WR ZKLF
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FRQGLWLRQ DFWXDOO\ DGDSWHG WKHLU PDSV 7KH F
OLQNV DQG FRQFHSWXDO OLQNV LQ WKH ILQDO PDS
WKHVH GLIIHUHG IURP WKH RULJLQDO PDSV SURYLG
WKH\ RQO\ ORRNHG DW WKH ILQDO PDSV WKHVH PHI
WKDW ZHUH PDGH ZKLOVW SDUWLFLSDQWY XVHG Wi
RQO\ DFFRXQWHG IRU WKH FRQWHQW RI WKH PDSV 1
DQG FRQFHSWXDO OLQNV LQ WKH PDS UDWKHU W
LPSRUWDQW LQIRUPDWLRQ DERXW KRZ WKH PDSV Z
7KLV FRXOG EH UHFRUGHG LQ IXWXUH UHVHDUFK E\

S8VDELOLW\ OHDVXUHYV
+ 8VDELOLW\ SWIRH®HRMW SUREOHPV ZHUH LGHQWLILH

DORXG SURWRFROV LQ H[SHULPHQWY DQG DV D VI
H[SODQDWLRQV IRU WKH ILQGLQJV RQ WKH OHDUC
LQIRUPDWLRQ DERXW WKH QXPEHU DQG W\SHV RI
SDUWLFLSDQWY +RZHYHU VLQFH RQO\ WKH SDUW
DQDO\VHG IRU XVDELOLW\ SUREOHPV DQG QR REV
XVDELOLW\ SUREOHPV PD\ QRW KDYH EHHQ DFFRXQ
H[SHULPHQWY 3UHYLRXV UHVHDUFK E\ YDQ GHQ +DTC
RI XVDELOLW\ SUREOHPV H[SHULHQFHG E\ SDUWLFLS
WKH\ XVHG DQ RQOLQH OLEUDU\ FDWDORJXH 21 W]
SUREOHPV SHU SDUWLFLSDQW ILIW\ WZR SHUFHQW
SURWRFROV 7KH RWKHU IRUW\ HLJKW SHUFHQW ZHL
PDGH E\ WKH UHVHDUFKHUV DV WKH SDUWLFLSDQWYV
WKDW D FRQVLGHUDEOH SURSRUWLRQ RI XVDELOLW
H[SHULPHQWYV VLPSO\ EDVHG RQ WKLQN DORXG SUR\
D SUREOHP LQ WHUPV RI LGHQWLI\LQJ WKH IX0O0 VH
SDUWLFLSDQWYV LQ H[SHULPHQWV DQG EHFDXVH
FRQGLWLRQV LW LV QRW D SUREOHP ZKHQ FRPSDUL!
DOUHDG\ EHHQ DUJXHG WKDW WKH SDUWLFLSDQWYV F
WR WKLQN DORXG 1HYHUWKHOHVV VLQFH WKHUH
FRQGLWLRQ LW ZDV DVVXPHG WKDW WKLV ZRXOG K|
VXFK WKH FRQFOXVLRQV DERXW GLIIHUHQFHV EHW.
WKH XVDELOLW\ SUREOHPV LQ WKLV H[SHULPHQW ZH

f 8VDELOLW)\ 4XHYKWLRWOIMDLAHNNV, TXHVWLRQQDLUH LQ
DVVHVV WKH XVDELOLW\ Rl WKH QDYLJDWLRQ DLGV |
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WKH SDUWLFLSDQWY WR WKLQN DORXG GXULQJ WKH
ZHUH EHLQJ WHVWHG LQ DQ\ RQH VHVVLRQ 7KHUHIF
Rl DVVHVVLQJ XVDELOLW\ SUREOHPV WKURXJK WKL
SDUWLFLSDQWY ZHUH VLPSO\ DVNHG WR UDWH WKH
HOHFWURQLF WH[WV VSHFLILF XVDELOLW\ SUREOHP
ZDV QRW DYDLODEOH IRU WKLV H[SHULPHQW

&RIQLWLYH /RDG OHDVXUH ([SHULPHQW
,Q H[SHULPHQW SDUWLFLSDQWY ZHUH DVNHG WR UI

ORDG RQ D TXHVWLRQQDLUH +RZHYHU LW FRXOG EH
RI FRJQLWLYH ORDG WKH SDUWLFLSDQWVY VXEMH
GLVEXVVHG LQ FKDSWHU RWKHU PRUH REMHFWLYH
OHDUQLQJ SHUIRUPDQFH SV\FKRSK\VLEDO PHDVXUHV
HYHQW UHODWHG EUDLQ SRWHQWLDOV 3DDV HW DO

IHYHUWKHOHVV WKH VXEMHFWLYH UDWLQJV RI FRJQL!
FROQOMXQFWLRQ ZLWK WKH OHDUQLQJ PHDVXUHV DQG \
UHVHDUFK EHFDXVH WKH\ ZRXOG QRW LQWHUIHUH ZlI
HOHFWURQLF WH[W +HQFH WKLV SURYLGHG D VXII
H[SHULHQFHG E\ SDUWLFLSDQWY ZLWKLQ WKH FRQILQF

2ZWKHU /LPLWDWLRQV RI WKH ([SHULPHQW

1XPEHU RI SDUWLFLSDQWYV
$ WRWDO RI SDUWLFLSDQWY WRRN SDUW LQ H[SHU
IRUW\ WZR LQ H[SHULPHQW DQG WKLUW\ WZR LQ H[S
PRUH WKDQ HLJKW SDUWLFLSDQWY LQ DQ\ H[SHULP
HISHULPHQWY $OWKRXJK VLJQLILFDQW ILQGLQJV ZI
FRQFOXVLRQV WKDW FRXOG EH GUDZQ IURP WKH GDWL
QXPEHU RI SDUWLFLSDQWY 1HYHUWKHOHVYV JLYHQ V
UHVHDUFK WKLV QXPEHU RI SDUWLFLSDQWY ZDV FRQV

([SHULPHQWDO 6HWWLQJV
JRU H[SHULPHQWV DQG WKH GDWD ZDV FROOHFWHF

ZKHUH SDUWLFLSDQWYV ZHUH WHVWHG LQGLYLGXDOO\
ZLWKLQ WKH H[SHULPHQWV LW DOVR HQWDLOHG D FI
H[SHULPHQWDO VHWWLQJV PD\ QRW KDYH EHHQ UHSUFE
OHDUQHUV XVH HOHFWURQLF WH[WV ,Q H[SHULPHQW
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HFRORJLFDO YDOLGLW\ RI WKH UHVHDUFK E\ UXQQLQJ
ODERUDWRU\ ZLWK XS WR VL[ SDUWLFLSDQWYV DW DQ\
ZHUH QRW DEOH WR FRPPXQLFDWH ZLWK HDEFK RWKHL
HFRORJLFDO YDOLGLW\ RI WKLV VHWWLQJ PD\ EH U
HQYLURQPHQWY ZKHUH HGXFDWLRQDO HOHFWURQLF W
FRPPXQLFDWLRQ ZLWK RWKHUV 7KLV ZDV QRW FDSWX|

)XWXUH 5HVHDUFK

7KH ITUDPHZRUN RI FRQVWUXFWLYLVP DQG QDYLJDWLI
UHVHDUFK RQ QDYLJDWLRQ LQ HGXFDWLRQDO HOHF
FRQVWUXFWLYLVW SHUVSHFWLYH (PSLULFDO LQYHVW|
K\SRWKHVHVY WKDW ZHUH PRWLYDWHG E\ WKH IUDPHZR
IRU IXWXUH UHVHDUFK WR H[WHQG WKH ZRUN SUHVHQ
EHHQ LGHQWLILHG

(IWHQGLQJ WKH ([SHULPHQWYV
&KDSWHUYV DQG UHSRUWHG RQ H[SHULPHQWV Gl
HIITHFWV Rl QDYLJDWLRQDO IUHHGRP FUHDWLQJ QDYL
RQ OHDUQLQJ ZLWK HOHFWURQLF WH[WV 7KHUH DUH "
FRXOG EH H[WHQGHG
(IWHQG WKH H[SHULPHQWYV ZLWK JURBM/HUZRQXORE KU
JUHDWHU SRZHU WR FRQFOXVLRQV GUDZQ IURP WKH
&RQGXFW IXUWKHU H[SHULPHQWYV WKDW SODFH PRL
FRIJQLWLYH ORDG DQGUXYRRXYLWMHWHYXFHKY KDV ER
EHKDYLRXU DQG WR VRPH H[WHQW FRJQLWLYH ORDC
IXUWKHU DWWHQWLRQ ,W LV LPSRUWDQW WKDW IX
WH[WV DGGUHVVHV XVDELOLW\ PHDVXUHV LQ FRQMX
UHODWLRQVKLS EHWZHHQ WKHP FDQ EH LGHQWLILHG
&RQGXFW IXUWKHU H[SHULPHQWV ZLWK HOQ® PMWURQL
H[SHULPHQWY WKH HOHFWURQLF WH[WV ZHUH RQ X
WKLV WKHVLVY WKDW WKLV VXEMHFW PDWWHU KDV O
VHW RUGHU LQ ZKLFK WKH WRSLFV VKRXOG EH SLU
VXJIJHVWHG E\ .XNXOVND +XOPH DQG 6KLHOG
GLVFLSOLQHV PD\ KDYH WKHLU RZQ VSHFLILF XVDE
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WKLV ZRUN IXUWKHU [IXWXUH UHVHDUFK FRXOG FR(
HOHFWURQLF WH[WV ZLWK GLIITHUHQW WH[W WRSLFV
SUHGHILQHG IRU H[DPSOH WRSLFV LQ KLVWRU\ ZKH
DSSURSULDWH IRU SUHVHQWLQJ VXEMHFW PDWWHU
&RQGXFW IXUWKHU H[SHULPHQWYV ZLWK $/L B HUFQW H
LQ VHFWLRQ WKH ILQGLQJV RI WKH H[SHULPHQ'
UHOHYDQW WR VKRUW WHUP HGXFDWLRQDO WDVNYV
HIWHQGHG E\ WHVWLQJ WKH H[SHULPHQWDO K\SRWK
JLYHQ ORQJ WHUP SURMHFWY VR WKDW WKH HIIHFW
SUHYLRXV UHVHDUFK KDV VKRZQ WKDW WKLV LV D
HOHFWURQLF WH[WV OF'RQDOG DQG 6WHYHQVRQ
&RQGXFW IXUWKHU H[SHULPHQWY ZLWK OHDUQHUYV Z
FRQWHRWKLY WKHVLV WKH H[SHULPHQWYV ZHUH FR
QRYLFH ZLWK UHVSHFW WR WKH WH[W FRQWHQW D
FRQWUROOHG 7R H[WHQG WKLV IXUWKHU IXWXUH U
OHDUQHUV ZKR IRU H[DPSOH DUH UHYLVLQJ WKH \
IDPLOLDULW\ ZLWK WKH WH[W WRSLF

&RQGXFW IXUWKHU H[SHULPHQWYV LQPSHHDPHRWN V DK
LQ WKLV WKHVLVY ZHUH FRQGXFWHG LQ FRQWUROOH(
ZLWK WKH HOHFWURQLF WH[WV LQGLYLGXDOO\ ,Q
WRRN SODFH LQ D FRPSXWHU ODE WKH OHDUQHUYV \
HIWHQGHG E\ H[DPLQLQJ WKH HIIHFWV RI WKH GLIIH
FODVVURRP HQYLURQPHQWY ZKHUH OHDUQHUV RIWEF
LVVXHV DUH LPSRUWDQW VXFK DV WKH DFWLRQV |
UHVHDUFK PRUH HFRORJLFDO YDOLGLW\

)JXUWKHU ([SORUDWLRQ RI +\SRWKHVHV 1UI
7KH H[SHULPHQWY UHSRUWHG LQ WKLV WKHVLV H[DP|
IRUPXODWHG EDVHG RQ WKH IUDPHZRUN RI FRQVWUX
WKHPH $s/HDUQHU ,QYROYHPHQW )DFLOLWDWHY /HDL
)DELOLWDWH /HDUQLQJ" LQ WKH IUDPHZRUN $OWKR X
KDYH EHHQ FRQVLGHUHG LQ OLJKW RI WKH ILQGLQJV
K\SRWKHVHV IURP WKHPHYV DQG VWLOO UHPDLQ
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(IWHQGLQJ WKH )UDPHZRUN 2WKHU ,QWH
(GXFDWLRQDO 7HFKQRORJLHYV

$V GLVFXVVHG LQ FKDSWHU LQ WHUPV RI +&, WKH
UHODWHG WR QDYLJDWLRQ DLGV LQ HGXFDWLRQDO HO
FRQVWUXFWLYLVP H[DPLQHG WKH LPSOLFDWLRQV R
HGXFDWLRQDO HOHFWURQLF WH[WV 7R H[WHQG WKLYV
WR FRQVLGHU LPSOLFDWLRQV RI FRQVWUXFWLYLVP
HGXFDWLRQDO WHFKQRORJLHV )RU H[DPSOH WKH IUI
LPSOLFDWLRQV IRU WKH XVH Rl PXOWLPHGLD LQ WKHI
HQYLURQPHQW $OWHUQDWLYHO\ LW FRXOG EH XV
FRQVWUXFWLYLVP IRU FRPPXQLFDWLRQ LVVXHV DQG
DSSDUHQW WKDW WKH IUDPHZRUN FDQ EH XVHG DV D
GLUHFWLRQV ZLWKLQ H /HDPLQJ

ORGHOOLQJ WKH (IITHFWV Rl WKH 1DYLJDW
(OHFWURQLF 7H[W &RQWHQW DQG WKH (GXFDW

7KH ILQGLQJV IURP H[SHULPHQWV KDYH KLJKOLJK
QDYLJDWLRQ DLGV RQ OHDUQLQJ DUH FRPSOH[ 7KLV
DUH FRPSDUHG ZLWK WKRVH IURP SUHYLRXV UHVHDU
GLVEXVVHG LQ VHFWLRQV LQ WKLV FKDSWHU LW |
LPSRUWDQW WR WKH VFRSH RI WKH H[SHULPHQWV LQ
LGHQWLILHG DV LPSRUWDQW WR GHWHUPLQLQJ WKH H
2 WKH OHDUQHUV QRYLFH RU DGYDQFHG
vi WKH WH[W FRQWHQW WKH QDWXUDO VWUXFWX
2 WKH OHDUQLQJ WDVNV VKRUW RU ORQJ WHUP
2 WKH OHDUQLQJ FRQWH[W VRFLDO DQG HQYLUF
A WKH OHDUQLQJ PHDVXUHV HJ FRJQLWLYH H
FRQVWUXFEWLRQ
7R LQIRUP IXWXUH UHVHDUFK RQ QDYLJDWLRQ DQG
PRGHO RI WKH HIIHFWV RI QDYLJDWLRQ RQ OHDUQLC
IDFWRUV 7KLV ZRXOG DOORZ GHVLJQHUV DQG UHVHD
FRQVLGHU DQ\ LPSOLFDWLRQV RU UHFRPPHQGDWLRQ\
HGXFDWLRQDO HOHFWURQLF WH[W V\VWHPYV
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&RQFOXVLRQV

7KLY WKHVLV KDV SURYLGHG D ULFK LQVLJKW LQWR \
ZLWK HGXFDWLRQDO HOHFWURQLF WH[WV WKURXJK
LQYHVWLIDWLRQV 7KH IUDPHZRUN RI FRQVWUXFWLY L\
IRU K\SRWKHVHV DERXW WKH HIITHFWV RI QDYLJDWLR(
GHVLIQHG WR WHVW WKHVH K\SRWKHVHV JDYH LQ GH
ILQGLQJV RI WKH H[SHULPHQWYV KLJKOLJKWHG WKDW Q
RQ VRPH DVSHFWV RI OHDUQLQJ EXW WKDW WKHVH HI
ILQGLQJV ZHUH QRW DOZzZD\V DV SUHGLFWHG IURP W
QDYLIJDWLRQ WKH\ LQGLFDWHG WKDW WKH LPSOLFDW
HGXFDWLRQDO HOHFWURQLF WH[WV DUH QRW VWUDLJ
ILQGLQRQJV WR WKRVH RI SUHYLRXV UHVHDUFK VXJJH\
OHDUQHUV WKH FRQWH[W RI XVH WKH WH[W FRQWHC
GHWHUPLQLQJ WKH HIIHFWV RI QDYLIJDWLRQ DLGV RQ
VKRXOG FDUHIXOO\ FRQVLGHU WKHVH IDFWRUYV DP
QDYLIJDWLRQ DLG WR HPSOR\ LQ HGXFDWLRQDO HOHFWA
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SHIHUHQFHYV

$OHYHQ 9 DQG .RHGLQJHU . $Q (IIHFWLYH OHW
E\ 'RLQJ DQG ([SODLQLQJ ZLWK D & R PSSRXMDH W IADHV H G
6FLHQFH

$QGHUVRQ / (YROXWLRQ $IWHU 5HYROXWLRQ )7
QG

$QGUH 7 6 +DUWVRQ + 5 %HO] 6 0 DQG OF&UHDU
JUDPHZRUN $ 5HOLDEOH )RXQGDWLRQ IRU 8VDELOL
,QWHUQDWLRQDO -RXUQDO RI +XPDQ &RPSXWHU 6W

%DUWOHWW 5HPGHPEHULQJ) $ 6WXG\ LQ ([SHULPHQWDO
&DPEULGJH 8. &DPEULGJH 8QLYHUVLW\ 3UHVYV

%D\ORU $ / %H\RQG %XWOHUV -RWHDDLRHQW $
(GXFDWLRQDO &RPSXWLQJ 5HVHDUFK

%HFNHU ' $ DQG 'Z\HU 0 0 8VLQJ +\SHUPHGLD
&RQWHROQDO RI (GXFDWLRQDO OXOWLPHGLD +\SH

%HOO % 6 DQG .RJORZVKL 6 : - $GDSWLYH *X
5HIJXODWLRQ .QRZOHGJH DQG 3HUIRUPDQFH LQ 7
3HUVRQQHO 3V\FKRORJ\

%HQ\RQ D %H\RQG 1DYEHVWDREGKDY QG WG SRRB H
7HFKQRORJ\IRU 'LJLWDO /LEUDULHV 6HFRQG (XUR
+HUDNOLRQ &UHWH 6SULQJIHU

%HQ\RQ E %H\RQG 1DYIZRYWURY DV)0BWDIKERN ||
'HVLJQ DQG (YDOXDWLRQ RI 1DYLIJDWLRQ LQ (OHFV
SHSRUW 7 +RRN ' %HQ\RQ 1 'DKOEDFNHW DO 6V
6,86

%HQ\RQ ' DQG :LOPHV % 7KH $SSOLFDWLRQ R
1IDYLJDWLRQ RI ,QIRGPDWXDWKSBFH&SULQJHU

%LJIJV - 7HDFKLQJIRU 4XDOLW)\ /H®BXENIQQYJR /PS8 QISHHU
8QLYHUVLW)\ 3UHVV

%RHFKOHU 3 0 +RZ 6SDWLDO ,V +\SHUVSDFH" ,C
'REXPHQWY &RJQLWLYH 38\EHRN\SW \F R R OSRRIQ F HEWK\D Y

%RHFKOHU 3 0 DQG 'DZVRQ 0 5 (ITHFWV R 1
RQ +\SHUWH[W 1DYLJDWLRQ %HKDYLRXU $ &RQILJ.
'DWIRXUQDO RI (GXFDWLRQDO OXOWLPHGLD +\SHL

%RXG ' .HRJK 5 DQG :DONHU D 3URPRWLQJ 5
ORGHBIOHFWLRQ 7XUQLQJ ([SHWERREGHS5.LQWRIKHDQC
‘DONHU 1HZ <RUN .RJDQ 3DJH

%RXG ' .HRJK 5 DQG :DONHU 5HEIO HIEDWL R @ S5HXO |
([SHULHQFH LOQWRARXIBU GLQBRIJK DQG ' :DONHU 1H
3DJH

%R\OH 7 'HVLJQ IRU 0XOWLPH®LIRHBUMHIPWLFH +DOO

%ULQN 7 *HUJOH ' DQGSVDEGOGW\IRU WKH :HE 'HVL
'HEVLWHV 7KR@Y/GRQ@NORUJDQ .DXIPDQQ
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%URZQ * "KDW ,V ,QYROQ Y& ® URGHDWIQRQ MWR 7HD
3VIFKRORJLFDO 3HUWRMWBWYYHMWREG %ODFNZHOO 3.

%UXQHU -7KH 3URFHVV R&DPEFUDRWIRQO$ +DUYDUG 8QL

3UHVYV

%UXQHU -$FWXDO 0LQGV 3RMAEWHIJRUOSEV+DUYDUG ¢
3UHVV

%UXQVWHLQ $ 1DXPDQQ $ DQG .UHPV - ) 3UF

BXSSRUW E\ 2ULHQWDWLRQOD ® (DG 1DNJIIDQRLRQDO
6ZLW]HUODQG $$&(
%XVK 9 $V H ORH BRLQDQWLF ORQWKO\

&DOYL / IDYLJDWLRQ DQG 'LVRXUBDQ®RWIB®F BW
OXOWLPHGLD DQG +\SHUPHGLD

&DUERQHOO - 5 $, LQ &%, $Q $UWLILFLDO ,QWHOOLJHC
,QVWUXFWLRMQVDFWLRQV 0DQ ODFKLQH 6\WWHPV

&DUPHO ( &UDZIRUG 6 &KHQ + %URZVLQJ LC
((( TUDQVDFWLRQV RQ 6\WWHPV 0DQ DQG &\EHUQH

&DWOHGJH [/ ' DQG 3LWNRZ - ( &KDUDFWHUL]L
‘RUOG :LGRRIPEXWHU 1HWZRUNV ,6'1 6\VWHPYV

&KDQGOHU 3 DQG 6ZHOOHU - &RIQLWLYH /RDG
SURIJWBREBOLHG &RJIQLWLYH 3VI\FKRORJ\

&KHQ & DQG 5DGD 5 , QWHUDFWLQJ ZLWK +\SHU
([SHULPHQWDBRQPODMX&RABXWHU ,QWHUDFWLRQ
&ROOLHU * 7TKRWK ,L +\SHUWNSW W WK D[SKDQFLV

+LOO 8QLYHUVLW\ RI 1IRUWK &DUROLQD
&RPR / DQG ODQGLQDFK ( % 7KH S5ROH RI &RJQ
&ODVVURRP /HDUQL QL RRGWILR/QLDYD BNL\WE RORJLVW

&RQNOLQ - +\SHUWH[W $0Q,(Q@WRRSXMMURQ DQG

&RYH - ) DQG :DOVK % & 2Q0LQHQIRUW BWWRQ
3URFHVVLQJ ODQDJHPHQW

&UDLN ) , 0 DQG /RFNKDUW 5 6 JHYHOV R 3U|
OHPRU\ 5GHVRBURKWO RI 9HUEDO /HDUQLQJ DQG 9HUE

&UHVS - & 'RLQJ LW IRU OH 6WXGHQWY 7DNL
6RXWK $XVWUDOLDQ OLGGOH 6FKRRO 1HWZRUN 5HV
OLGGOH 6FKRROLQJ 1HWZRUN &ODUH 3ULQW 6RXWE

&XQQLQJKDP ' - 'XII\ 7 0 DQG .QXWK 5 $ 7K
+\SHUWH[W $ 3V\FKRORJLFADIQ JKW VSHEWDRY DQG -
5LFKDUGVRQ (OOLV +RUZRRG

'‘DKOEDFN 1 +RRN . DQG 6MROLQGHU O 6SDWI
WKH :RUOG WKH &DVH RI +\S$WHKUPGIGX DAL DMHIDWILIRR
&RIQLWLYH 6FLGQFHLBERRL KW\

'‘DKOEDFN 1 2Q 6SDFHV DQG 1DYLJIJDWRRQUIGY DQ !
JUDPHZRUN IRU '"HVLJQ DQG (YDOXDWLRQ RI 1DYLJI
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THFKQLFDO 5HSRYRRNR ' %HQ\RQ 1 'DKOEjJFN HW
6ZHGHQ 6,&6
'DKOEjJjFN 1 D I1DYLJDWLRQ LQ +\SHUPHGLD DQG *
'LITHUHQWHUDFXWLFK 6ZLW]J]HUODQG ,26 3UHVYV
'DKOEJFN 1 DQG *XVWDYVVRQ / E 7KH (ITHFWV R
*HRJUDSKLF 2ULHQWDWLRQ $ELOLW\ RQ 1DYLJDWL
, QWHU,|OQOWHWDFXNWLFK 6ZLW]JHUODQG ,26 3UHVV

'DQLHOVRQ ' 5 ‘HE 1DYLJDWLRQ DQG WKH %HKD
9LVLEOH 6L@MHIDBAWLQJ ZLWK &RPSXWHUV

'DYLV 0 DQG +XOW 5 ( (ITHFWV RI :ULWLQJ 6XP
/HDUQLQJ $FWLYLW)\ 'XHDFKLRWR I7ZDINERROR J\

GH %UXLMQ 2 DQG 6SHQFH 5 5DSLG 6HULDO 9L
7UDGH 211 LQ ,QIRUPD®ERQ 3DBWHOWDWLIR®M $&0 3L

'HH /XFDV ' DQG /DUNLQ - + JHDUQLQJ IURP (O

,QWHUDFWLYH 2YHUYLHZV&mRIY LW RRE@ ID/PLR (N ¥ MAHF

'HODQ\ 3 DQG *LOEHUW 6 +\ S HRWHSIKUSQ W BIZNV
,VVXHV RI "HVLJQ+DSH®W RIRGMDH DR G /L3 HHDBP\Q6 WQGEL
* IDQGRZ &DPEULGJH 0$ 0,7 3UHVV

'HQQLV 6 OF$SUWKXU 5 DQG %UX]D 3 6HDUFKL
(DV\" 7KH &RJQLWLYH /RDG ,PSRVHG E\ 4¥EU\ 5HILQ
$XVWUDOLDQ 'RFXPHQW &RPSXWI6QFQH P SRIAMW B D & C8l

GH 9ULHV ( (GXFDWLRQDO OXOWLPHGLD IRU /HD
(XURS$,(" (XURSHDQ &RQIHUHQFHVEGR G, 3RUVEXFDAV L

'LOORQ $ DQG 9DXJKDQ O JWIV WKH -RXUQH\ C
WKH (PHUJHQW 3URSHUW)\ Rl *HQUH UM ZBBEOXBDIVLQ
RIOXOWLPHGLD DQG +\SHUPHGLD

'LOORQ $ DQG *DEEDUG 5 +\SHUPHGLD DV DQ (!
5HYLHZ RI 4XDQWLWDWLYH 5HVHDUFK /LWHUDWXU
DQG 65H®HHZ Rl (GXFDWLRQDO 5HVHDUFK

'LPLWURYD &Q (PSLULFDO ,QYHVWLJDWLRQ LQWR WKH
8VDELOLW\ (YDOXDWLRQ OHWKRGWBKR BK,QWIW U X MF
IRU +&, 'HVLJQ &LW\ 8QLYHUVLW\ /RQGRQ

'L[ $ )LQOD\ - $ERZG * DOCPHORERRPSXWHU ,QWHULD
IRQGRQ 3UHQWLFH +DOO

'RZQV 5 DQG 6WHPDJH DQG (QYLURQPHQW &RJQLWLY
6SDWLDO %IRIQBR@®XWZDUG $UQROG

'RXULVK 3 DQG &KDOPHUV 0 5XQQLQJ RXW RI 6
1IDYLIJDMIAFR@ODU\ 3URFHHGLULWLRK+&RPSXWHU 6RF

'URQ - %R\QH & DQG OLWFKHOO 5 "HERRWSDWK
2UO0DQGR )ORULGD

'URQ - 7HUPLWHV LQ WKH 6FKRROKRXVH 6WLJP]
DQ ( /HDUQLQJ (QYWUBQPHQXWDQR 6ZLW]JHUODQG $

'XI1I\ 7 DQG &XQQLQJKDP ' - &RQVWUXFWLYLVP
DQG 'HOLYHU\ RHDQEWRRRWLRBMGVHDUFK IRU (GXFD
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&RPPXQLFDWLRQV DQRQBNNORORHZ <RUN ODFPLO
SHIHUHQFH 86%

'XII\ 7 DQG 2UULOO & (GXE&RQVWQRKPWILHAKEROR J\
(QF\ORSHIGIR0F'DOFKLFN DQG . 'DZVRQ 6DQWD %DUI
3XEOLVKLQJ

'XQODS - & DQG *UDELQJHU 5 & 5LFK (QYLURQ
WKH +LJKHU (GXFD®RQQWLODIFWWILYRRRV /HDUQLQJ (Q
BWXGLHV LQ ,QVWEehXPFWLRYR® 'HWHZIQHUVH\ (GXFD\
7HFKQRORJ\ 3XEOLFDWLRQV

(GZDUGV ' : DQG +DUGPDQ / /JRVW LQ +\SHUVS
IDYLIJDWLRQ LQ D +\SHUWHHUWHRN LURORUDMQWR 3L
OF$OHHVH :HVWSRUW &7 S$EOH]

(ONXQG - 6DZHUV - DQG =HLOLJHU 5 1HVWRU
&ROODERUDWLYH &RQVWUXFWLRQ RI .QRZOHGJH Wt
$XV:HE %DOOLQD $XVWUDLOLD

(QJOLVK : . (QJOHEDUW ' & %HUPDQ 0 |/ 'L
7HFKQLTXHV IRU 7H[W(0ODUILGXDPWLLR@MY RQ +XPDQ )
(OHFWURQLFV

(ULFVVRQ . $ DQG 6LBR@®WRFRO $QDO\VLV 9HUEDO 5
0,7 3UHVV /RQGRQ 8.

(VQDXOW / DQG =HLOLJHU 5 1DYLIJDWLQJ WKH
.QRZOHGOH ,QWHUQDWLR @D BOKKRQIHU HBGEH

(VOQDXOW / 3RQWL 0 DQG =HLOLJHU 5 &RQVWL
SHODVWERQ@WGLQDYLDQ %DOWLF 6HD &RQIHUHQFH OR
.QRZOHGJH %XLOGLQJ BQYRFHRHKROR SHAGNQ)\

(YHODQG : 3 DQG 'XQZRRG\ 6 8VHU &RQWURO |
'LVRULHQWDWLRQ DQG &RJQLWLYH /RDG" /HDUQLQ
&RPPXQFDWLRQ 5HVHDUFK

(\WHQFN 0 : DQG .HDQH 0 7 &RJIQLWLYH 3V\FKI
+DQGERRN +RYH 8. 3V\FKRORJ\ 3UHVV
)DUULV - 6 -RQHV . 6 DQG (0OJLQ 3 OHQWD

+\SHUPHGLD $Q (YDOXDWLRQ RXWK® FSHWMRDWD $VV
(UJRQRPLFV 6RFLHW\ V0K GQHXPROLNHWILQQHVRWD

)DUULV - 6 -RQHV . 6 DQG (0OJLQ 3 8VHUV
.V 6R 6SDWLDO $ERXWH DDHENQWHBLWK &RPSXWHUV
JHLQEHUJ 6 DQG OXUSK\ 0 $SSO\LQJ &RJIQLWLY

‘HE %DVHG , Q\WOWMUUFQDLMVRIQRQDO &RQIHUHQFH RQ &R
7HFKQRORJ\ DQG((AH®RARUN

JODYHOO - + OHWDFRJQLWLRQ DQG &RJQLWLYH
&RJIJQLWLYH 'HYHORSPHOWDQ 3SYMEKRORJILVW

JRUUHVW 3UHVVOH\ ' / ODF.LQQRQ * ( DQG *DU\ :D¢
OHWDFRJQLWLRQ &RJQLWLRQ$PRQRGHPLEDIUBNYVIRUPI

JRVQRW & &RQVWUXFWLYLVP $ 3VI\FKRORJLFDO
&RQVWUXFWLYLVP 7KHRU\ RBHURSRRWL YIHHVZ <RBWND F'
THDFKHUV &ROOHJH 3UHVYV

*DPEHULQL / DQG %XVVRORQ 6 +XPDQ 1DYLJDV
&\EHUSV\FKRORJ\ %HKDYLRU
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*DPHU 6 &RJIJQLWLYH /RDG 5HGXFWLR@(LQ 3UREO
.RUHD $$&( $VLD 3DFLILF

*HUJHQ . -$Q ,QYLWDWLRQ WR §RBIGR® &BQIWUXFWLR

*UHHQH % $ DQG OLOOHU 5 % ,QIOXHQFHV RQ

$ELOLW\ DQG &RJQLMRQYWHRIRUBPMNQB®XFDWLRQDO

*URVV 3 $-RLQW &XUULFXOXP 'HVLJQ )DFLOLWDWLQJ
$FWLYH 3DUWLFLSDWLRQ LUOQ BHFROH DWO RO $V R R
1-

*XSWD 0 DQG *UDPRSDGK\H $ . $Q (YDOXDWLR
7RROV LQ 8VLQIRPSKWWHYW QG ,QGXVWULDO (QJLC

+DOO 3 6KDUS + %DUURFD / %DUWOH\ 0 &URXFlI
*ULII\WK - +DPEOLQJ % /DZHUDQFH 5 3RSSOHYV
'HHGRQ 5 DQG ORRUH 6RIWZDUH (QJLQHHULQJ 6RI
OXOWLPHGLDPEFXO®HN RI ODWKHPDWLFV DQG &RPSXWL

+DUWOH\ - 3URJUDPPHG ,QVWBXRWUR®PHG $
/HDUQLQJ DQG (GXFDWLRQDO 7HFKQRORJ\
+DVHJDZD $ DQG .DVKLKDUD $ 'HVLJQLQJ D 1D

(QYLURQPHQW ZLWK 300QQ@CLGJ 7DVXIP@IRO\VLV
6ZLW]JHUODQG $$&(

+RQHEHLQ 3 & 'XII\ 7 DQG )LVKPDQ % - &RQ
JHDUQLQJ (QYLURQPHQWY &RQWH[W DQG $XWKHQ\
'"HVLJQLQJ (QYLURQPHQWYV IR U7 &RXQNM W-U X RE\LFN\L \D\Y C
' -RQDVVHQ %HUOLQ 6SULQJHU 9HUODJ

+RQHEHLQ 3 & BHYHQ *RDOV IRU WKH 'HVLJQ RI
(OYLURQ®RQWWUXFWLYLVW /HDUQLQJ (QYLURQPHOQ
,QVWUXFWLR®D0O '‘HOVR@ 1HZ -HUVH\ (GXFDWLRQI
3XEOLFDWLRQV

+RQHEHLQ 3 & BHYHQ *RDOV IRU WKH 'HVLJQ RI
(OYLURQRRQWWUXFWLYLVW /HDUQLQJ (QYLURQPHQ
,QVWUXFWLRQDO '"HVLJQ % * :LOVRQ 1HZ -HUVH\
3XEOLFDWLRQV

+RRN . %HQ\RQ ' 'DKOEDFN 1 OF&DOO 5 ODFDXO
BMROLQGHU 0 DQG 6YHQVVRQ 0 $ )JUDPHZR
3HUVRQDO DQG 6RFRDIUGNYRJIMWPRIQRUN IRU '"HVLJ
(YDOXDWLRQ RI 1DYLJDWLRQ LQ (OHFWURQLF 6SDF
. +RRN ' %HQ\RQ 1 'DKOEDFNHW DO 6WRFNKROF

+RRN . %HQ\RQ ' DQG'6XQUGAL®J ,QIRUPDWLRQ 6SDHF
BRFLDO 1DYLJDWIRIG KRS LBAKJIJHU 9HUODJ

"RQDVVHQ %\SHUWH[W +\BQIUPHARMG &OLIIV 1- (GXFDV
7HFKQRORJ\ 3XEOLFDWLRQV

"-RQDVVHQ 2EMHFWLYLVP 9HUVXV &RQVWUXFWL
3KLORVRSKLFRQOXFDUWLRFIPO 7THFKQRORJ\ 5HVHDUFK

-RQDVVHQ (YDOXDWLQJ GRREWWNWXAWYLL W ILW\R LIFQ/(
7HFKQRORJ\ Rl ,QVWUXFWLRQI\ D @B QY HIYDWWLIHR® /C
(UOEDXP $VVRFLDWHYV

-RQDVVHQ ' OD\HV 7 DQG OF$OHHVH 5 $ 0DQL
$SSURDFK WR 8VHV Rl 7THFKQROR/LINQ GL IRNUURQF
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IRU &RQVWUXFWLYDMW /HDBQLWRNI DQG ' -RQDVVHQ
6SULQJHU 9HUODJ

-RQDVVHQ 7KLQNLQJ 7HFKQRORJ\ 7RZDUG D &l
(GXEDWLRQDO 7HFKQRORJ\

-RQDVVHQ '"HVLJQLQJ &RQVW U X FQWIW W X M/ IHRDQIL,
'HVLJQ 7KHRULH& OORBGBHIDNWOXWK /RQGRQ /DZHUHC
$VVRFLD®HVZ 3DUDGLJP Rl ,QVWUXFWLRQDO 7KHRL

-RQDVVHQ ' DQG 5RKUHU OXUSK\ / SFWLYLW\ 7k
'"HVLJQLQJ &RQVWUXFWLYLVWEXRADWQRQD OQ¥H BRQRG
5HVHDUFK 'HYHORSPHQW

X0 6 DQG )XUQDV * 1IDYLIJDWLRQ LQ (OHFWU
6,*&+, % XO0OO0HWLQ

.DO\XJD 6 &KDQGOHU 3 DQG 6ZHOOHU - JHYH
'HVL}XPDQ )DFWRUV

.DSWHOLQLQ 9 DQG 1DUGL % $ $FWLYLW\ 7KHFR
$SSOLFBWLRQWHFWURQLF 3XEOBRIDDIRMY *HRURUD
$&0

.DUDW & 0 $ &RPSDULVRQ RI 8VHU 8OMEHODIDEH (
,QVSHFWLRQ OHWKORGY DQG 5 / ODEN 1HZ <RUN -F

.DVKLKDUD $ 8ML L + DQG 7R\RGD - 9LVXDOL]

([SORUDWRU\ /HDUQ L, L. QWNIDWHOEBIKO 1HUPD Q\
IDZHUHQFH (UOEDXP $VVRFLDWHV

.DVKLKDUD $ 6X]XNL 5 +DVHJDZD $ DQG 7R\RGD -
1IDYLIJDWLRQ 3DWK 30DQQLQXR&Q :HE7T%BVE®HHRD
&RQIHUHQFH RQ &RPSXIDH SV LL Q7 DEXPDMW BR &

.DVKLKDUD $ 6X]XNL 5 +DVHJDZD 6 DQG 7R\RGD -
30DQQLQJ RMQWKHQBE'LRQDO :RUNVKRS RQ $GYDQF
7HFKQRORJLHV 3D3PHUVWRQ 1RUWK 1HZ =HDODQG
BRFLHW\ 3UHVV

.DVKLKDUD $ +DVHJDZD 6 DQG 7R\RGD - F $Q
S5HIOHFWLRQ 6XSSRUWN'LE) +\SHRIUWB®RRQIHUHQFH RC
(GXFDWLRQDO OXOWLPHGLD +\SHUPHGLD DQG 7HO
4XHEHF &DQDGD $$&(

.DVKLKDUD $ 6DNDPRWR 0 +DVHJDZD $ DQG 7R\RG
([SORUDWLRQ +LVWRU\ ,QWHUDF®&(YH IRU :HE %DVF
,QWHUQDWLRQDO &RQIHUHQFH7RQS&RP IPWHLY $G &

.DVKLKDUD $ 6DNDPRWR 0 +DVHJDZD 6 DQG 7R\RG
ZLWK /HDUQLQJ $IIRUGDQFH IRU .QRZOHGJH &RQVW
(o(,$ 'RUOG &RQIHUHQFH RQ (GXFDWLRQDO 0XC
7HOHFRPP X QLFMSHIRDVWLQODQG $$&(

.DXU . 'HVLJQLQJ 9LUWXDO (QY L UFRKQ FFTHE WIVWI R&H @ WOLE
+&, '"HVLJQ &LW\ 8QLYHUVLW\ /RQGRQ

LP + + +LUWOH 6 & 6SDWLDO OHWDSKRUV DQ¢
%WURZVAKQKRDYLRU ,QIRUPDWLRQ 7HFKQRORJ\
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LQJ $ &RPSDULVRQ RI 6HOI 4XHVWLRQLQJ 6XPF
UHYLHZ DV 6WUDWHJILHV |R$P HULE Q RQUG MFRPWLHFQ\DQ
-RXUQDO

OQXWK 5 $ DQG &XQQLQJKDP ' - '"HYRR@LMQURU &R
(QYLURQPHQWYV IRU &RQ@VWUIXF W LNARZ VFHYD DQIGQY -RQL
%HUOLQ 6SULQJHU 9HUODJ

.RVFKPDQQ 7 DQG /H%DURQ & /JHDUQHU $UWLF>
$FKLHYHPHQW B6WXG\LQJ WK H R RQLYW IUR/@ \B QREQ, B V W

. XNXOVND +XOPH $ DQG 6KLHOG / S8VDELOLW\ C
/IDQJXDJH /HDUQLQJ :HEW(CVSHNM 6SREIOIBO&RQIHUHQFE
(GXFDWLRQDO OXOWLPHGLD +\SHUPHGDR®QG 7HOF
6ZLW]HUODQG $$&(

/JHDUQLQJ DQG 6NLOOV 'HYHORSPHQW $JHQF\ P /F
6HSWHPEHUZ P OHDPLOQOWRW I LVLWHG
/IHXQJ $ & . 3URYLGLQJ 1IDYLJDWLRQ $LGV DQG

6XSSRUW 8VHU &RQWURO $ &RQFHSWXDO ORGHO R
-RXUQDO RI &RPSXWHU ,QIRUPDWLRQ 6\VWHPYV

0DO\ . =XEDLU 0 DQG /L / &REURZVHU 6XUILC
%URZYHBU,$ 'RUOG &RQIHUHQFH RQ (GXFDWLRQD
+\SHUPHGLD DQG 7THOHPRBPAXGLADYQBQE® $$&(

OF'RQDOG 6 DQG 6WHYHQVRQ 5 - 'LVRULHQWD'
7TKUHH 7H[W 6WUXFWXUHV R®SIDOULHOG WU RRQRHPWIFRWU P

OF'RQDOG 6 DQG BWHYHQVRQ 5 - D 7KH (IIHEW\
&RQFHSWXDO 0DS RQ 1DYLJDWLR@QOD G /HDRUXL®J L
&RQIHUHQFH RQ (GXFDWLRQDO OXOWLPHGLD +\SHU
&KDUORWWHVYLOOH 9% $$&(

OF'RQDOG 6 DQG 6WHYHQVRQ 5 - E  +\SHUWH[W
0DSV 7KH (IIHFWV RI D 0DS DQG D &RQWHQWYV /LVW
)XQFWLRQ RI 3ULRULQRBOHGIBV\FKRORJ\ DQG &RJ
(UJRQRPLFDUULY $OGHUVKRW $VKJIJDWH

OF'RQDOG 6 DQG 6WHYHQVRQ 5 - IDYLIJDWLRQ
I1DYLIDWLRQDO 7RROV DQG 6XEMHFW ODWWHU ([SHI
SHWULHYDO LQWMIHDWFFWHW ZLWK &RPSXWHUYV

OF'RQDOG 6 DQG 6WHYHQVRQ 5 - 6SDWLDO 9HI
7TRROV LQ +\BXIUWWHOWR | (GXFDWLRQDO OXOWLPHGLD

OF/RXJKOLQ & DQG /XFD - &RJIQLWLYH (QJDJHP
7KURXJK &RPSXWHU &RQIHUHQFLQJ :H .QRZ :K\ %X\
+HUUPDQQ DQG)DB[LEOMNXWXUHYV LQ 7HUWLDU\ 7t
RI WKH WK $QQXDO 7HDFKLQJ /HDUQLQJ )RUXP 3H!
7HFKQRORJ\ 2QOLQH DW KWWS OVQ FXUWLQ HGX
YLVLWHG

OF*UDWK ' +\SHUWH[W &$, 3DSHU RU 3URJUDP «
I[URP &KRBRKHWQ'DO RI 5HVHDUFK RQ &RPSXWLQJ LQ (!
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OLOQHU %RORWLKH QIIHFWV RI 7TRSLF &KRLFH LQ 3URMF
8QGHUJUDGXDWH 3K\VLFDO 6FLHQFH 6WXGHQWYV ,Q
3K'" 7KHVLY '"HSDUWPHQW RI 3K\VLFV 8QLYHUVLW\ I

OROLFK 5 DQG 1LHOVHQ - ,PSURYLQJ D +XPDQ .
&RPPXQLFDWLRQV RI WKH $&0
OXQUR $ +RRN . DQG %HQBRBLDO (®WLJDWLRQ RI,Q

6SDR&6&: 6HULHV /RQGRQ 6SULQJHU 9HUODJ

OXUDL 0 +D\DVKL < 1DJDWD 1 DQG ,QRNXFKL 6
VKLSTV QDYLIJDWRU XVLQQVKHDDFWUDMW H HEKQLPER O\l
(GXEFDWLRQ

OXUSK\ ( &RQVWUXFWLYLVP )URP 3RQORYRSKW WR 3U
KWWS ZZZ FGOL FD aHOPXUBXKWWHPXWVISKHGEOH KWP(

1HOVRQ 7 + $ )LOH 6WUXFWXUH IRU WKH &RPSO
L QGHWH $RI0QDWHKI 1DWLRQDO &RQIHUHQFH
ILHGHUKDXVHU ' 6 B5H\QROGV 5 ( 6DOPHQ ' - DQ

,QIOXHQFH RI &RJQLWLYH /RDG RRXHPL® RJJ GKXRP W
&RPSXWLQJ 5HVHDUFK

1LHOVHQ - + H X ULWIVELLFO YWD Q R U W/H-RWEI L R Q \OHHQV B R C
5 / ODFN 1HZ <RUN -RKQ :LOH\ B6RQV

1ILHOVHQ OXOWLPHGLD +\SHUWH[W 7RO GR®Y HHRMHMH P
3UHVV

1LHOVHQ ®6HYHULW\ 5DWLQJV IRU2ZQ@QODRHODW\ 3UREOHP
KWWS Z7ZZ XVHLW FRP SDSHUV KGXVWVYWLVA WHYBGHU L

1LHOVHQ *HVLJQLQJ :HE 8VDELOLW\ 7K HQ3GLDRDLSRO R\
1HZ 5LGHUV 3XEOLVKLQJ

1LOVVRQ 5 0 DQG OD\HU 5 ( 7KH (IITHFWV R *
&OXHV WR WKH 6WUXFWXUH RI D +\SHUWH[W 'RFXPH
DQG 3HUIRQMHURHDWLRQDO -RXUQDO RI +XPDQ &RP.

29"RQQHOO $ 0 'DQVHUHDX ' ) DQG +DOO 5 +
6FDIIROGV IRU &RJIQIOXIFDW BBRPHVIVFKRORJI\ 5HYL

2 1HLOO $ DQG %DUWRQ $ & 8QFRYHULQJ 6WX!
/JHDUQLQJ 7KH ODNLQJ RI D 6WXGHQGWHULHFDWHG 0L
(GXFDWLRQDO 5HVHDUFK $VVRFLDWLR @ 3Q OXDI® OH
86% $(5%

2SHQ 8QLYHUVLW\ H /HDPLQJ )DFWV DQG )LIXUHYV
KWWS ZZZ RSHQ DF XN HOBBWLQUVEWHBKWPO

2WWHU 0 DQG -RKQVRQ + /RVW LQ +\SHUVSDEH 0
ZLWK &RPSXWHUV

3DDV ) DQG YDQ OHUULHQERHU - 7KH (IILFLHQF
$SSURDFK WR &RPELQH OHQWDO (IIRAXP DX EDEMR RV

3bbVv ) YDQ OHUULHQERHU - DQG $GDP - OHD
L QVWUXFWLRABOFHBWODUFFHO QG ORWRU 6NLOOV
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SDSHUW ®@OLQGVWRUPV &KLOGUHQ &RPSWHURWWNBR@ G -
+DUYHVWHU

3DSHUW 6 DQG +DUHO &RV X/ DWY XEIR R @ RYEPU X F
1 - $EOH[ 3XEOLVKLQJ &RUSRUDWLRQ

3LDJHW -*HQHWLF (SLVMWERRORI\&ROXPELD 8QLYHUVLYV

3LDJHW - ,QKHOGHRU%DQG LQMAZOMRUMNQ®BBVLF %RR

3LQWULFK 3 5 DQG 6PRXWINNDWERQ LQ (GXFDWLRQ 7K
DQG $SSOLUAPW-HRQAH\ 3UHQWLFH +DOO

SRWWHU 0 & 9HU\ VKRUW OWIIPRR \FR &R HPMNLORID P |

3UHHFH - B5RJHUV < D@WGEKDFESVLRQ 'HVLIQ %H\RQCG
&RPSXWHU ,QWHRURUMLR®KQ :LOH\ 6RQV

3XQWDPEHNDU 6 6W\OLDQRX $ DQG +XEVEKHU 5
/HDUQLQJ LQ +\SHUWH[W (QYLURQPHQWXPRIQWK 1DYL
&RPSXWHU ,QWHUDFWLRQ

S5LFKDUGVRQ - DQG 1HZE\ 7 BWXGHQWYV &RJQL!
/JHDUQLQJ (QYLURQPHQWY /HDUQLQJEWUDWHJILHV
IXJDQR 6ZLW]JHUODQG $3$&(

6FKRQ ' $ 7KH 5HIOHFWLYH 3UDFWLWLRQHU +RZ 3UR
/IRQGRQ $UHQD $VKJIDWH 3XEOLVKLQJ /WG

6FKXQN ' + 6HOI (IILFDF\ DQGCXFDWHROM ORWLY L
S3V\FKRORJLVW

6KQHLGHUPDQ % 8VHU LQWHUIDFH GHVLJQ IRU V
HOQF\FORSDREBHBGLQJV RI $&0 +\SHUWH[W

BNLQQHU % ) 7KH VFLHQFH RI OHDWY)RYE DQG W}
(GXFDWLRQDO S5HYLHZ

6NLQQHU % 7KH 7THFKQRORJ\ RSISTHODFROQQUHQW XU\ &URI

6KDSLUR $ 0 3URPRWLQJ $FWLYH /HDUQLQJ 7Kl
/JHDUQLQJ IURP+XPIHUWRIPWXWHU ,QWHUDFWLRQ
6LHJHO $ : DQG :KLWH 6 + 7KH '"HYHORSPHQW

/IDUJH 6FDOH (Q¥GYRQPHWY WY &KLOG 'HYHORSPHQW
5HHVH 1HZ <RUN $FDGHPLF

6LHIJHO 6 DQG &DVWHOQCGDQEDODPHWULF 6WDWLVWLFV IR
6FLHQFHHA <RUN OF*UDZ +LOO

6LPRQV 3 5 - &RQVWUXFWLYH /HDHMIU@L QTKH 5
(OYLURQPHQWYV IRU &R @V WUNXFW LNRZ VHND DQIGQ'J -RQTL
%HUOLQ 6SULQJHU 9HUODJ

6LPSVRQ $ DQG OF.QLJKW & IDYLIJDWLRQ LQ +\
OHQWDO+0BIBVYWH[W 6WBWGFROMKHHSDRG & *UHHQ
,QWHOOHFW /WG 6PLWK '& ,UE\ & .LPEDOC
'"HVLJQLQJ WKH 6WD%\\8\HH $ SQW® UIDFH

6PLWK 3 $ 7TRZDUGV D 3UDFWLFDO, QWBN\NOUNY RQ
ZLWK &RPSXWHUV
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6SHQFH 5 $ JUDPHZRUNWIHRWOIDNLRDWOR®XUQDO
&RPSXWHU 6WXGLHYV

6SHQFH 5 BHQVLWLYLW\ (QFRGLQJ WR 6XSSRUW
'HVLJQ *XL®HRUPBWLRQ 9LVXDOL]DWLRQ

6SHQFH 5 ,QIRUPDWLRQ 6SDFHHVYDYQILRQWLRQ $ )
,QIRUPDWLRQ 6SDFHV 7KH BRFLDO 1DYLJDWLRQ $S:
$ OXQUR /RQGRQ 6SULQJHU 9HUODJ

6SLUR 5 DQG -HKQJ - &RJQLWLYH )OH[LELOLW\
7HFKQRORJ\ IRU WKH 1RQOLQHDU DQG OXOWLGLPHC
6XEMHFWE&RDWMMIRQ HGXFDWLRQ DQG PXOWLPHGLLE
WHFKQRORJ\DQG 5 6SLUR +LOOVGDOH 1- /DZUHQI

6SLUR 5 - )HOWRYLFK 3 - -DFREVRQ 0 - DQG &R)
JOH[LELOLW\ &RQVWUXFWLYLVP DQG +\SHUWH[W ¢
$GYDQFHG .QRZOHGJH $FTXLVLWLRXEQWQE G X F'
7HFKQRORJ\

6TXLUHV ' $Q +HXULVWLF $SSURDFK WR WKH (YL
6RIWZ®O$JH 8QLYHUVLW\ RI ([HWHU 8.
6TXLUHV ' S8VDELOLW\ DQG (GXFDWLRQDO 6RIWZ

 QWHUDFWLQJ ZLQWKH&RFESXWH WL WK &RPSXWHUV

BWDQWRQ 1 $ 7D\ORU 5 * DQG 7ZHHGLH / $
+\SHUWH[W (QYLURQPHQWYV $ROX (RBLO LED@ X¥ DO R\
OXOWLPHGLD +\SHUPHGLD

BWDQWRQ 1 $ &RUUHLD $ 3 DQG 'LDV 3 (I1LF
2ULHQWDWLRQ DQG $FFHVV %HKD&RRIXWHUY P\GE U
(GXEFDWLRQ

BWRQH\ 6 DQG 20LYHU 5 &DQ +LJKHU 2UGHU 7K
(QJDIJHPHQW %H (QKDQFHGWHW B FOXIOWAL ®XGWDP H G L
"-RXUQDO RI &RPSXWHU (QK DXFHEDHHDWQLQJ
KWWS LPHM ZIX HGX DUWLPO®NW YLVLWHGGH[ DVS

6X]XNL 5 +DVHJDZD 6 .DVKLKDUD $ DQG 7R\RGD -
30DQQLQJ $VVLVWDQW IRW('HE % D\NRHU® GHORQIHIIH Q|
(GXFDWLRQDO OXOWLPHGLD +\SHUPHBEBHDIG 7HO

)LQODQG

6ZHOOHU - &RJIJQLWLYH /RDG 'XULQJ 3UREOHP 6F
&RIQLWLYH 6FLHQFH

7DXVFKHU / DQG *UHHQEHUJ 6 +RZ 3HRSOH 9LV

JLOQGLQJY DQG ,PSOLFDWLRQV IRU, WH UBWDWQRR DO
-RXUQDO RI +XPDQ &RPSXWHU 6WXGLHYV

7HR + + 2K / % J/LX & + DQG :HL . . $Q (P!
(IHIHFWV Rl ,QWHUDFWLYLWQWRQU:QEWLVRHYUDHNVR XW R G |
&RPSXWHU 6WXGLHYV

7TYHUVN\ % &RIQLWLYH ODSV &RJIJQLWLYH &ROOI
6SDWLDO ,QIRUPDWLRQ 7KHRU\ $ 7TKHRUHWLFDO %I
IRWHV LQ &RPSXWHU 6FLHQFH
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YDQ GHQ +DDN O - GH -RQJ O ' 7 6FKHOOHQV 3 -
&RQFXUUHQW 7KLQN $ORXG 3URWRFROV 7HVWLQJ \
&EDWDORHKBYLRXU DQG ,QIRUPDWLRQ 7HFKQRORJ\

YRQ *ODVVHUIHOG ( $ V SSHEQWMWWRI IX & RIQ V WAMPX F TKLHYR
3HUVSHFWLYH\WE )RUORWL.FHHZ <RUN 7HDFKHUV &RO
9UDVLGDV & &RQVWUXFWLYLVP 9HUVXV 2EMHFW

&RXUVH '"HVLJQ DQG (YDOXDWLRQHIURD DLW WRORF®! -(ReX
(GXFDWLRQDO 7HOHFRPPXQLFDWLRQV

9\JRWVN\ / 60LQG LQ 6&FREHW\GIJH 0$ +DUYDUG 8QLYH

‘HQJHU 0 - DQG 3D\QH ' * (IIHFWV RI D *UDSKL
(IILFLHQF\ LQ 5HD GIHFX @ LFHDIOWERWP XQLFDWLRQ
'LOOLDPV ' & /LX 0 DQG %HQWRQ $QDO\VLYV

%DVHG /HDUQLQJ('OZY$URQMRH@W &RQIHUHQFH RQ (G
OXOWLPHGLD +\SHUPHGLD DQGPBHOHFRPO®Q DD \$E

'LOVRQ - $VVHVVLQJ OHWDFRJQLWLRQ 3K' 7KHVLV 'H:
ODWKHPDWLFV (GXFDWLRQ 7KH 8QLYHUVLW\ RI OHO

LWw 5 - DQG 7\HUPDQ 6 3 SHGXFLQJ &RJQLWI
'LGH :MXVWUDODVLDQ &RPSXWHU ®OHHERHUQRQIHUI
$XVWUDOLD $XVWUDOLDQ &RPSXWHU 6RFLHW\

<DQNHORYLFK 1 +DDQ % - OH\URZLW] 1 . '"UXN K
7KH &RQFHSW DQG WKH &RQVWUXFWLRQ RI((D 6HDPC
&RPSXWHU

<HXQJ 7TRZDUG DQ (IITHFWLYH 4XDOLW\ $VVXUDQF
7KH 3BHUVSHFWLYH RQGEQBHRXRH @WOIRI 'LVWDQFH /HD
2Q0 I KWHWEBBW 727272 ZHVWJID HGX aGDVWDWQPAHWROLQC

=HLOLJHU 5 B5UHJJHUV 7 %DOGHZ\QV / DQG -DQV
1IDYLJDWLRQ ,QWHJUDWHG 7RROV |RUQ$IFMILYDBWILR®
&RQIHUHQFH RQ &RPSXWHUYV.KBG K(IGXF DADIWRDZ DN &G D C

=HLOLJHU 5 6XSSRUWLQJ &RQVWURBMNMVLKRISIR@LJ
3HUVRQDOLVHG ©6RFLDO 1DYLJDWLRQ LQ ,QIRUPDW
6WRFNKROP 6ZHGHQ

=HLOLJHU 5 %HOLVH & DQG &HUUDWR 7 ,PSO
WR :HE 1DYLJDWLRQ$XSSRIMG &RQIHUHQFH RQ (G
OXOWLPHGLD +\SHUPHGLD D@GEDMWAWAHRBBXQEFHW L



8 0 SUPLWDJH 3XEOLVKHG 3DS¢H

ILVW RI 3XEOLVKHG 3

-RXUQDO $UWLFOHYV

$UPLWDJH 8 :LOVRQ 6 DQG 6KDUS + &DQ &UHDW
ZLWK (OHFW URQHB BIWLRQDO -RXUQDO RI ,QWHUDFW|I
(GXFDWLR®

$UPLWDJH 8 6KDUS + DQG :LOVRQ 6 1DYLJDWLR

(OHFWURQLF 7H[WV $QO(H$AMULFPGIOFN-IRX BQDXG\RQ H /HL

&RQIHUHQFH 3URFHHGLQJV

$UPLWDJH 8 :LOVRQ 6 DQG 6KDUS + 1DYLJDWLRC
'"HYHORSPHQW LQ (OMHEFW URQLIDDHRWEZLW]HUODQG $$¢

$UPLWDJH 8 :LOVRQ 6 DQG 6KDUS + /HDUQHU &Ul
(OHFWURQLF 7H[WV $Q JSHUPPHQWOR BEXWIHUODQG

$UPLWDJH 8 :LOVRQ 6 DQG 6KDUS + 7KH (IITHFW)

IRU /HDUQLQJ ZLW K X(ORITMOR @RE MHHUWEYFH RQ ( /HDUQ
Z Z DVVRFLDWHV *ODVJRZ 8.

$UPLWDJH 8 0 &DQ 1IDYLJDWLRQ $LGV 6XSSRUW &F
+\SHUPHWKDB'XPDQ &HQWUHG 7HFKQRORBQ\LIRWW I WD RX I
6XVVH[ %ULJKWRQ



