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/HDUQLQJ DQG (YROXWLRQ

6WHIDQR 1ROIL


'DULR )ORUHDQR
a

,QVWLWXWH RI 3V\FKRORJ\� 1DWLRQDO 5HVHDUFK &RXQFLO
9LDOH 0DU[ ��� 5RPD� ,WDO\

VWHIDQR#NDQW�LUPNDQW�UP�FQU�LW

a/$0, � /DERUDWRU\ RI 0LFURFRPSXWLQJ
6ZLVV )HGHUDO ,QVWLWXWH RI 7HFKQRORJ\

(3)/� /DXVDQQH� 6ZLW]HUODQG
'DULR�)ORUHDQR#HSIO�FK

$EVWUDFW

,Q WKH ODVW IHZ \HDUV UHVHDUFKHUV KDYH XVHG DUWLILFLDO HYROXWLRQ WHFKQLTXHV �H�J� JHQHWLF DOJRULWKPV�

DQG OHDUQLQJ WHFKQLTXHV �H�J� QHXUDO QHWZRUNV� WR WKH VWXG\ RI WKH LQWHUDFWLRQ EHWZHHQ OHDUQLQJ DQG

HYROXWLRQ� 7KHVH VWXGLHV KDYH EHHQ FRQGXFWHG ZLWK WZR GLIIHUHQW SXUSRVHV� �D� ORRNLQJ DW WKH

DGYDQWDJHV� LQ WHUPV RI SHUIRUPDQFH� WKDW WKH LQWHUDFWLRQ JLYHV WR HYROXWLRQ� �E� XQGHUVWDQGLQJ WKH

UROH RI WKH LQWHUDFWLRQ EHWZHHQ OHDUQLQJ DQG HYROXWLRQ LQ QDWXUDO RUJDQLVPV� ,Q WKLV SDSHU ZH

GHVFULEH VRPH RI WKH PRVW UHSUHVHQWDWLYH H[SHULPHQWV FRQGXFWHG LQ WKLV DUHD DQG ZH ZLOO WU\ WR

SRLQW RXW WKH LPSOLFDWLRQV IURP ERWK WKHVH SRLQWV RI YLHZ� $V ZH ZLOO VKRZ WKH SUREOHP RI

XQGHUVWDQGLQJ WKH LQWHUDFWLRQ EHWZHHQ OHDUQLQJ DQG HYROXWLRQ LV SUREDEO\ RQH RI WKH EHVW H[DPSOHV
LQ ZKLFK FRPSXWDWLRQDO VWXGLHV KDYH VKHG OLJKW RQ SUREOHPV WKDW DUH GLIILFXOW WR VWXG\ ZLWK WKH

UHVHDUFK WRROV RI HYROXWLRQDU\ ELRORJ\ DQG ELRORJ\ LQ JHQHUDO� )URP DQG HQJLQHHULQJ SRLQW RI YLHZ�

WKH PRVW UHOHYDQW UHVXOWV DUH WKRVH VKRZLQJ WKDW DGDSWDWLRQ LQ G\QDPLF HQYLURQPHQWV LV IDYRUHG E\

D FRPELQDWLRQ RI HYROXWLRQ DQG OHDUQLQJ� 7KHVH VWXGLHV DOVR GHPRQVWUDWH KRZ WKH LQWHUDFWLRQ

EHWZHHQ OHDUQLQJ DQG HYROXWLRQ GHHSO\ DOWHUV WKH HYROXWLRQDU\ DQG WKH OHDUQLQJ SURFHVV WKHPVHOYHV�

7KH VWXG\ RI OHDUQLQJ LQ DQ HYROXWLRQDU\ SHUVSHFWLYH� LV VWLOO LQ LWV LQIDQF\� :H EHOLHYH WKDW WKH

VWXG\ RI OHDUQLQJ LQ LQWHUDFWLRQ ZLWK HYROXWLRQ ZLOO SURGXFH LQ WKH QH[W \HDUV DQ HQRUPRXV LPSDFW

RQ RXU XQGHUVWDQGLQJ RI ZKDW OHDUQLQJ DQG HYROXWLRQ DUH�

�� ,QWURGXFWLRQ

(YROXWLRQ DQG OHDUQLQJ DUH WZR IRUPV RI ELRORJLFDO DGDSWDWLRQ WKDW GLIIHU LQ VSDFH DQG
WLPH� (YROXWLRQ LV D SURFHVV RI VHOHFWLYH UHSURGXFWLRQ DQG VXEVWLWXWLRQ EDVHG RQ WKH H[LVWHQFH

RI D JHRJUDSKLFDOO\�GLVWULEXWHG SRSXODWLRQ RI LQGLYLGXDOV GLVSOD\LQJ VRPH YDULDELOLW\�
/HDUQLQJ� LQVWHDG� LV D VHW RI PRGLILFDWLRQV WDNLQJ SODFH ZLWKLQ HDFK VLQJOH LQGLYLGXDO GXULQJ

LWV RZQ OLIH WLPH� (YROXWLRQ DQG OHDUQLQJ RSHUDWH RQ GLIIHUHQW WLPH VFDOHV� (YROXWLRQ LV D IRUP
RI DGDSWDWLRQ FDSDEOH RI FDSWXULQJ UHODWLYHO\ VORZ HQYLURQPHQWDO FKDQJHV WKDW PLJKW

HQFRPSDVV VHYHUDO JHQHUDWLRQV� VXFK DV SHUFHSWXDO FKDUDFWHULVWLFV RI IRRG VRXUFHV IRU D JLYHQ
ELUG VSHFLHV� /HDUQLQJ� LQVWHDG� DOORZV DQ LQGLYLGXDO WR DGDSW WR HQYLURQPHQWDO FKDQJHV WKDW

DUH XQSUHGLFWDEOH DW WKH JHQHUDWLRQDO OHYHO� /HDUQLQJ PLJKW LQFOXGH D YDULHW\ RI PHFKDQLVPV
WKDW SURGXFH DGDSWLYH FKDQJHV LQ DQ LQGLYLGXDO GXULQJ LWV OLIHWLPH� VXFK DV SK\VLFDO

GHYHORSPHQW� QHXUDO PDWXUDWLRQ� DQG V\QDSWLF SODVWLFLW\� )LQDOO\� ZKHUHDV HYROXWLRQ RSHUDWHV
RQ WKH JHQRW\SH� OHDUQLQJ DIIHFWV RQO\ WKH SKHQRW\SH DQG SKHQRW\SLF FKDQJHV FDQQRW GLUHFWO\

PRGLI\ WKH JHQRW\SH�
,Q WKH ODVW IHZ \HDUV UHVHDUFKHUV KDYH XVHG DUWLILFLDO HYROXWLRQ WHFKQLTXHV �H�J� JHQHWLF

DOJRULWKPV� DQG OHDUQLQJ WHFKQLTXHV �H�J� QHXUDO QHWZRUNV� WR WKH VWXG\ RI WKH LQWHUDFWLRQ
EHWZHHQ OHDUQLQJ DQG HYROXWLRQ� 7KHVH VWXGLHV KDYH EHHQ FRQGXFWHG ZLWK WZR GLIIHUHQW
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SXUSRVHV� �D� ORRNLQJ DW WKH DGYDQWDJHV� LQ WHUPV RI SHUIRUPDQFH� WKDW WKH LQWHUDFWLRQ JLYHV WR

HYROXWLRQ� �E� XQGHUVWDQGLQJ WKH UROH RI WKH LQWHUDFWLRQ EHWZHHQ OHDUQLQJ DQG HYROXWLRQ LQ
QDWXUDO RUJDQLVPV� ,Q WKLV SDSHU ZH ZLOO GHVFULEH VRPH RI WKH PRVW UHSUHVHQWDWLYH H[SHULPHQWV

FRQGXFWHG LQ WKLV DUHD DQG ZH ZLOO WU\ WR SRLQW RXW WKH LPSOLFDWLRQV IURP ERWK WKHVH SRLQWV RI
YLHZ�

:H ZLOO XVH WKH WHUP µOHDUQLQJ¶ WR LQGLFDWH PRGLILFDWLRQV WR WKH V\QDSWLF ZHLJKWV RI D
QHXUDO QHWZRUN GXULQJ WKH OLIHWLPH RI RQH LQGLYLGXDO� 7KHVH PRGLILFDWLRQV PD\ SURGXFH

EHKDYLRUDO FKDQJHV WKDW LQFUHDVH WKH DGDSWLYLW\ RI WKH LQGLYLGXDO� +RZHYHU� LW LV FOHDU WKDW
DGDSWLYH FKDQJHV PLJKW EH REWDLQHG E\ PRGLI\LQJ RWKHU HQWLWLHV VXFK DV� IRU H[DPSOH� WKH

DFWLYDWLRQ VWDWHV RI LQWHUQDO QHXURQV� WKH QHWZRUN DUFKLWHFWXUH� DQG WKH VHQVRU\�PRWRU
FKDUDFWHULVWLFV RI WKH RUJDQLVP� &RQQHFWLRQLVWV XVXDOO\ UHIHU WR ORQJ�ODVWLQJ FKDQJHV LQ WKH

V\QDSWLF ZHLJKWV DV OHDUQLQJ DQG WR WKH DFWLYDWLRQ VWDWHV RI QHXURQV ZLWK UHFXUUHQW
FRQQHFWLRQV DV PHPRU\� /HDUQLQJ DQG PHPRU\ DUH ERWK IRUPV RI SODVWLFLW\ LQ WKDW WKH\ PD\

SURGXFH VLPLODU RXWFRPHV IURP D EHKDYLRUDO SRLQW RI YLHZ� )RU H[DPSOH� <DPDXFKL DQG %HHU
������ KDYH HYROYHG DQG DQDO\]HG FRQWLQXRXV�WLPH UHFXUUHQW QHXUDO QHWZRUNV WKDW JLYH WKH

H[WHUQDO DSSHDUDQFH RI SHUIRUPLQJ UHLQIRUFHPHQW OHDUQLQJ ZKLOH LQ IDFW WKH\ KDYH IL[HG
FRQQHFWLRQ ZHLJKWV DQG XVH RQO\ WKH G\QDPLFV RI WKH QHXURQ DFWLYDWLRQV� $ EHWWHU

XQGHUVWDQGLQJ RI WKH IXQFWLRQDO GLIIHUHQFHV EHWZHHQ GLIIHUHQW ZD\V RI UHDOL]LQJ RQWRJHQHWLF
SODVWLFLW\ LV DQ LPSRUWDQW LVVXH WKDW UHPDLQV WR EH LQYHVWLJDWHG�

�� 7KH DGDSWLYH IXQFWLRQV RI OHDUQLQJ LQ HYROXWLRQ

:LWKLQ DQ HYROXWLRQDU\ SHUVSHFWLYH� OHDUQLQJ KDV DW VHYHUDO GLIIHUHQW DGDSWLYH IXQFWLRQV�

�� ,W DOORZV LQGLYLGXDOV WR DGDSW WR FKDQJHV LQ WKH HQYLURQPHQW WKDW RFFXU LQ WKH OLIHVSDQ
RI DQ LQGLYLGXDO RU DFURVV IHZ JHQHUDWLRQV� $V PHQWLRQHG LQ WKH SUHYLRXV VHFWLRQ� OHDUQLQJ

KDV WKH VDPH IXQFWLRQ DWWULEXWHG WR HYROXWLRQ� DGDSWDWLRQ WR WKH HQYLURQPHQW� /HDUQLQJ
VXSSOHPHQWV HYROXWLRQ LQ WKDW LW HQDEOHV DQ RUJDQLVP WR DGDSW WR FKDQJHV LQ WKH HQYLURQPHQW

WKDW KDSSHQ WRR TXLFNO\ WR EH WUDFNHG E\ HYROXWLRQ �7RGG 	 0LOOHU� ����� 1ROIL� 0LJOLQR 	
3DULVL� ����� )ORUHDQR 	 1ROIL� ����� 1ROIL 	 3DULVL� ����� 6DVDNL 	 7RNRUR� ������

�� ,W DOORZV HYROXWLRQ WR XVH LQIRUPDWLRQ H[WUDFWHG IURP WKH HQYLURQPHQW WKHUHE\
FKDQQHOOLQJ HYROXWLRQDU\ VHDUFK� :KHUHDV RQWRJHQHWLF DGDSWDWLRQ FDQ UHO\ RQ D YHU\ ULFK�

DOWKRXJK QRW DOZD\V H[SOLFLW� DPRXQW RI IHHGEDFN IURP WKH HQYLURQPHQW� HYROXWLRQDU\
DGDSWDWLRQ UHOLHV RQ D VLQJOH YDOXH ZKLFK UHIOHFWV KRZ ZHOO DQ LQGLYLGXDO FRSHG ZLWK LWV

HQYLURQPHQW� 7KLV YDOXH LV WKH QXPEHU RI RIIVSULQJ LQ WKH FDVH RI QDWXUDO HYROXWLRQ DQG WKH
ILWQHVV YDOXH LQ WKH FDVH RI DUWLILFLDO HYROXWLRQ� ,QVWHDG� IURP WKH SRLQW RI YLHZ RI RQWRJHQHWLF

DGDSWDWLRQ� LQGLYLGXDOV FRQWLQXRXVO\ UHFHLYH IHHGEDFN LQIRUPDWLRQ IURP WKH HQYLURQPHQW
WKURXJK WKHLU VHQVRUV GXULQJ WKH ZKROH OLIHWLPH� +RZHYHU� WKLV KXJH DPRXQW RI LQIRUPDWLRQ

HQFRGHV RQO\ YHU\ LQGLUHFWO\ KRZ ZHOO DQ LQGLYLGXDO LV GRLQJ LQ GLIIHUHQW PRPHQWV RI LWV OLIH
RU KRZ LW VKRXOG PRGLI\ LWV RZQ EHKDYLRU LQ RUGHU WR LQFUHDVH LWV ILWQHVV� +RZHYHU�

RQWRJHQHWLF DQG SK\ORJHQHWLF DGDSWDWLRQ WRJHWKHU PLJKW EH FDSDEOH RI H[SORLWLQJ WKLV
LQIRUPDWLRQ� ,QGHHG HYROXWLRQ PD\ EH DEOH WR WUDQVIRUP VHQVRU\ LQIRUPDWLRQ LQWR VHOI�

JHQHUDWHG UHLQIRUFHPHQW VLJQDOV RU WHDFKLQJ SDWWHUQV �$FNOH\ DQG /LWPDQQ� ����� 1ROIL 	
3DULVL� ����� 1ROIL 	 3DULVL� ����� )ORUHDQR 	 0RQGDGD� ����� 1ROIL 	 3DULVL� �����

�� ,W FDQ KHOS DQG JXLGH HYROXWLRQ� $OWKRXJK SK\VLFDO FKDQJHV RI WKH SKHQRW\SH� VXFK DV
VWUHQJWKHQLQJ RI V\QDSVHV GXULQJ OHDUQLQJ� FDQQRW EH ZULWWHQ EDFN LQWR WKH JHQRW\SH� %DOGZLQ

������ DQG :DGGLQJWRQ ������ VXJJHVWHG WKDW OHDUQLQJ PLJKW LQGHHG DIIHFW WKH HYROXWLRQDU\
FRXUVH LQ VXEWOH EXW HIIHFWLYH ZD\V� %DOGZLQ
V DUJXPHQW ZDV WKDW OHDUQLQJ DFFHOHUDWHV

HYROXWLRQ EHFDXVH VXE�RSWLPDO LQGLYLGXDOV FDQ UHSURGXFH E\ DFTXLULQJ GXULQJ OLIH QHFHVVDU\
IHDWXUHV IRU VXUYLYDO� +RZHYHU� VLQFH OHDUQLQJ UHTXLUHV WLPH �DQG PLJKW WKXV EH D

GLVDGYDQWDJH�� %DOGZLQ VXJJHVWHG WKDW HYROXWLRQ WHQGV WR VHOHFW LQGLYLGXDOV ZKR KDYH DOUHDG\
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DW ELUWK WKRVH XVHIXO IHDWXUHV ZKLFK ZRXOG RWKHUZLVH EH OHDUQHG� 7KLV ODWWHU DVSHFW RI

%DOGZLQ
V HIIHFW� QDPHO\ LQGLUHFW JHQHWLF DVVLPLODWLRQ RI OHDUQHG WUDLWV� KDV EHHQ ODWHU
VXSSRUWHG E\ VFLHQWLILF HYLGHQFH DQG GHILQHG E\ :DGGLQJWRQ �:DGGLQJWRQ ����� DV D

FDQDOL]DWLRQ HIIHFW� 5HFHQWO\� +LQWRQ 	 1RZODQ ������ KDYH SURYLGHG D FOHDU FRPSXWDWLRQDO
PRGHO WKDW GHPRQVWUDWHV KRZ OHDUQLQJ PD\ KHOS DQG JXLGH HYROXWLRQ� 1ROIL� (OPDQ 	 3DULVL

������ KDYH IXUWKHU LQYHVWLJDWHG WKLV LVVXH D WKH FDVH LQ ZKLFK WKH OHDUQLQJ WDVN GLIIHUV IURP
WKH HYROXWLRQDU\ WDVN�

�� 2WKHU DGYDQWDJHV� /HDUQLQJ PLJKW DOORZ WR SURGXFH FRPSOH[ SKHQRW\SH ZLWK VKRUW
JHQRW\SHV E\ H[WUDFWLQJ VRPH RI WKH LQIRUPDWLRQ QHFHVVDU\ WR EXLOG WKH FRUUHVSRQGLQJ

SKHQRW\SHV IURP WKH HQYLURQPHQW �7RGG 	 0LOOHU� ����� 0D\OH\� ������ 0RUHRYHU OHDUQLQJ
FDQ DOORZ WKH PDLQWHQDQFH RI PRUH JHQHWLF GLYHUVLW\� 'LIIHUHQW JHQHV� LQ IDFW� KDYH PRUH

FKDQFHV WR EH SUHVHUYHG LQ WKH SRSXODWLRQ LI WKH LQGLYLGXDOV ZKR LQFRUSRUDWH WKRVH JHQHV DUH
DEOH WR OHDUQ WKH VDPH ILW EHKDYLRUV �:KLWOH\� *RUGRQ 	 0DWKLDV� �����

+RZHYHU� OHDUQLQJ KDV DOVR FRVWV�
�� $ GHOD\ LQ WKH DELOLW\ WR DFTXLUH ILWQHVV� /HDUQLQJ LQGLYLGXDOV ZLOO QHFHVVDULO\ KDYH D

VXE�RSWLPDO EHKDYLRU GXULQJ WKH OHDUQLQJ SKDVH� $V D FRQVHTXHQFH WKH\ ZLOO FROOHFW OHVV
ILWQHVV WKDQ LQGLYLGXDOV ZKR KDYH WKH VDPH EHKDYLRU JHQHWLFDOO\ VSHFLILHG� 7KH ORQJHU WKH

OHDUQLQJ SHULRG� WKH PRUH DFFXPXODWHG FRVWV KDYH WR EH SDLG �0D\OH\� ������
�� ,QFUHDVHG XQUHOLDELOLW\� �6LQFH OHDUQHG EHKDYLRU LV GHWHUPLQHG � DW OHDVW SDUWO\� E\ WKH

HQYLURQPHQW� LI D YLWDO EHKDYLRU�GHILQLQJ VWLPXOXV LV QRQ HQFRXQWHUHG E\ D SDUWLFXODU
LQGLYLGXDO� WKHQ LW ZLOO VXIIHU DV D FRQVHTXHQFH� 7KH SODVWLFLW\ RI OHDUQHG EHKDYLRUV SURYLGHV

WKH SRVVLELOLW\ WKDW DQ LQGLYLGXDO PD\ VLPSO\ OHDUQ WKH ZURQJ WKLQJ� FDXVLQJ LW WR LQFXU DQ
LQFRUUHFW EHKDYLRU FRVW� /HDUQLQJ WKXV KDV D VWRFKDVWLF HOHPHQW WKDW LW LV QRW SUHVHQW LQ

LQVWLQFWLYH EHKDYLRUV� �0D\OH\� ����� SS������
�� 2WKHU FRVWV� ,Q QDWXUDO RUJDQLVPV RU LQ ELRORJLFDOO\ LQVSLUHG DUWLILFLDO RUJDQLVPV

OHDUQLQJ PLJKW LPSOLHV DGGLWLRQDO FRVWV� ,I LQGLYLGXDOV DUH FRQVLGHUHG MXYHQLOH GXULQJ WKH
OHDUQLQJ SHULRG� OHDUQLQJ DOVR LPSOLHV D GHOD\HG UHSURGXFWLRQ WLPH �&HFFRQL� 0HQF]HU 	

%HOHZ ������ 0RUHRYHU� OHDUQLQJ PLJKW LPSOLHV WKH ZDVWH RI HQHUJ\ UHVRXUFHV IRU WKH
DFFRPSOLVKPHQW LI OHDUQLQJ SURFHVV LWVHOI �0D\OH\� ����� RU IRU SDUHQWDO LQYHVWPHQW

�&HFFRQL� 0HQF]HU 	 %HOHZ ������ )LQDOO\� ZKLOH OHDUQLQJ� LQGLYLGXDOV ZLWKRXW D IXOO\
IRUPHG EHKDYLRU PD\ LUUHYRFDEO\ GDPDJH WKHPVHOYHV �0D\OH\� ������

,Q WKH QH[W VHFWLRQV ZH ZLOO SUHVHQW D VHW RI PRGHOV DQG H[SHULPHQWV GHYLVHG WR VWXG\ WKH
LQWHUDFWLRQ EHWZHHQ OHDUQLQJ DQG HYROXWLRQ DQG ZH ZLOO GLVFXVV WKH LPSOLFDWLRQV IURP WKH

GLIIHUHQW SHUVSHFWLYHV GHVFULEHG DERYH�

�� +RZ OHDUQLQJ FDQ µKHOS DQG JXLGH¶ HYROXWLRQ

+LQWRQ DQG 1RZODQ ������ KDYH GHVFULEHG D VLPSOH FRPSXWDWLRQDO PRGHO WKDW VKRZV KRZ
OHDUQLQJ PLJKW KHOS DQG JXLGH HYROXWLRQ LQ VRPH FLUFXPVWDQFHV� 7KH DXWKRUV FRQVLGHUHG WKH

FDVH LQ ZKLFK ³D QHXUDO QHWZRUN FRQIHUV DGGHG UHSURGXFWLYH ILWQHVV RQ DQ RUJDQLVP RQO\ LI LW
LV FRQQHFWHG LQ H[DFWO\ WKH ULJKW ZD\� ,Q WKLV ZRUVW FDVH� WKHUH LV QR UHDVRQDEOH SDWK WRZDUG

WKH JRRG QHW DQG D SXUH HYROXWLRQDU\ VHDUFK FDQ RQO\ GLVFRYHU ZKLFK RI WKH SRWHQWLDO
FRQQHFWLRQV VKRXOG EH SUHVHQW E\ WU\LQJ SRVVLELOLWLHV DW UDQGRP� 7KH JRRG QHW LV OLNH D QHHGOH

LQ D KD\VWDFN´ �S� ����� ,Q WKHLU H[SHULPHQW LQGLYLGXDOV KDYH JHQRW\SHV ZLWK �� JHQHV ZKLFK
HQFRGH D QHXUDO QHWZRUN ZLWK �� SRWHQWLDOV FRQQHFWLRQV� *HQHV FDQ KDYH WKUHH DOWHUQDWLYH

YDOXH� �� �� DQG " WKDW UHSUHVHQW� UHVSHFWLYHO\� WKH SUHVHQFH RI WKH FRQQHFWLRQ� WKH DEVHQFH RI
WKH FRQQHFWLRQ� DQG D PRGLILDEOH VWDWH �SUHVHQFH RU DEVHQFH RI WKH FRQQHFWLRQ� WKDW FDQ

FKDQJH LWV YDOXH DFFRUGLQJ WR D OHDUQLQJ PHFKDQLVP� 7KH OHDUQLQJ PHFKDQLVP LV D VLPSOH
UDQGRP SURFHVV WKDW NHHSV FKDQJLQJ PRGLILDEOH FRQQHFWLRQ ZHLJKWV XQWLO D JRRG FRPELQDWLRQ

�LI DQ\� LV IRXQG GXULQJ WKH OLPLWHG OLIH WLPH RI WKH LQGLYLGXDO�
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,Q WKH DEVHQFH RI OHDUQLQJ �L�H�� ZKHQ JHQHV FDQ RQO\ KDYH � DQG � YDOXHV�� WKH SUREDELOLW\

RI ILQGLQJ D JRRG FRPELQDWLRQ RI ZHLJKWV ZRXOG EH YHU\ VPDOO JLYHQ WKDW WKH ILWQHVV VXUIDFH
�VHH ER[� ZRXOG ORRN OLNH D IODW DUHD ZLWK D VSLNH LQ FRUUHVSRQGHQFH RI WKH JRRG FRPELQDWLRQV

�VHH )LJXUH �� WKLFN OLQH�� 2Q VXFK D VXUIDFH JHQHWLF DOJRULWKPV GR QRW SHUIRUP EHWWHU WKDQ
DQ\ UDQGRP VHDUFK DOJRULWKP� +RZHYHU� LI OHDUQLQJ LV HQDEOHG� LW ZLOO EH PRUH SUREDEOH WKDW

VRPH LQGLYLGXDOV ZLOO DFKLHYH WKH JRRG FRPELQDWLRQV RI FRQQHFWLRQ YDOXHV DW VRPH SRLQW
GXULQJ OLIH DQG VWDUW WR FROOHFW ILWQHVV SRLQWV� 7KH DGGLWLRQ RI OHDUQLQJ� LQ IDFW� SURGXFHV DQ

HQODUJHPHQW DQG D VPRRWKLQJ RI WKH ILWQHVV VXUIDFH DUHD DURXQG WKH JRRG FRPELQDWLRQ ZKLFK
FDQ EH GLVFRYHUHG DQG HDVLO\ FOLPEHG E\ WKH JHQHWLF DOJRULWKP� 7KLV LV GXH WR WKH IDFW WKDW QRW

RQO\ WKH ULJKW FRPELQDWLRQ RI DOOHOHV EXW DOVR FRPELQDWLRQV ZKLFK LQ SDUW KDYH WKH ULJKW
DOOHOHV DQG LQ SDUW KDYH XQVSHFLILHG �OHDUQDEOH� DOOHOHV KDYH DQ DYHUDJH ILWQHVV JUHDWHU WKDQ �

�ILWQHVV LV SURSRUWLRQDO WR WKH QXPEHU RI IL[HG ULJKW YDOXHV EHFDXVH WKH WLPH QHHGHG WR ILQG WKH
ULJKW FRPELQDWLRQ LV LQYHUVHO\ SURSRUWLRQDO� RQ WKH DYHUDJH� WR WKH QXPEHU RI OHDUQDEOH

DOOHOHV��

)LJXUH �� )LWQHVV VXUIDFH ZLWK DQG ZLWKRXW OHDUQLQJ� ,Q DEVHQFH RI OHDUQLQJ� WKH ILWQHVV VXUIDFH LV IODW� ZLWK D WKLQ

VSLNH LQ FRUUHVSRQGHQFH RI WKH JRRG FRPELQDWLRQV RI DOOHOHV �WKLFN OLQH�� :KHQ OHDUQLQJ LV HQDEOHG� WKH ILWQHVV

VXUIDFH KDV D QLFH KLOO DURXQG WKH VSLNH ZKLFK LQFOXGHV WKH DOOHOHV FRPELQDWLRQ ZKLFK KDYH LQ SDUW ULJKW IL[HG

YDOXHV DQG LQ SDUW XQVSHFLILHG �OHDUQDEOH� YDOXHV �WKLQ OLQH�� 7KH WKLFN OLQH UHSUHVHQWV WKH ILWQHVV IRU HDFK

SRVVLEOH FRPELQDWLRQ RI WZR DOOHOHV �>�� �@� ZKLOH WKH WKLQ OLQH UHSUHVHQWV WKH ILWQHVV IRU HDFK SRVVLEOH

FRPELQDWLRQ RI WKUHH DOOHOHV >�� �� "@�� 5HGUDZQ IURP +LQWRQ DQG 1RZODQ �������

,Q RWKHU ZRUGV� OHDUQLQJ PDNHV WKH ILWQHVV VXUIDFH VPRRWKHU� DQG WKLV� LQ WXUQ� VLPSOLILHV

WKH VHDUFK ZKLFK VKRXOG EH SHUIRUPHG E\ HYROXWLRQ� $V FODLPHG E\ +LQWRQ DQG 1RZODQ� ZLWK
OHDUQLQJ ³LW LV OLNH VHDUFKLQJ IRU D QHHGOH LQ D KD\VWDFN ZKHQ VRPHRQH WHOOV \RX ZKHQ \RX DUH
JHWWLQJ FORVH´ �S� ����� 7KLV VLPSOH PRGHO DOVR DFFRXQWV IRU WKH %DOGZLQ HIIHFW WKDW SRVWXODWHV

WKDW FKDUDFWHUV WKDW DUH LQLWLDOO\ DFTXLUHG WKURXJK OHDUQLQJ PD\ ODWHU EH IL[DWHG LQ WKH
JHQRW\SH� 2QFH LQGLYLGXDOV ZKLFK KDYH SDUW RI WKHLU JHQHV IL[HG RQ WKH ULJKW YDOXHV DQG SDUW

RI WKHLU JHQHV XQVSHFLILHG �OHDUQDEOH� DUH VHOHFWHG� LQGLYLGXDOV ZLWK OHVV DQG OHVV OHDUQDEOH
JHQHV WHQG WR EH VHOHFWHG JLYHQ WKDW ILWQHVV LV LQYHUVHO\ SURSRUWLRQDO WR WKH QXPEHU RI

OHDUQDEOH JHQHV �DOWKRXJK DQ HTXLOLEULXP SRLQW LV UHDFKHG� VHH +LQWRQ DQG 1RZODQ� ������ ,Q
RWKHU ZRUGV� FKDUDFWHUV WKDW ZHUH ILUVW DFTXLUHG WKURXJK OHDUQLQJ WHQG WR EHFRPH JHQHWLFDOO\

VSHFLILHG ODWHU RQ��

�
2QH PLJKW ZRQGHU LI /DPDUFNLDQ HYROXWLRQ �L�H� DQ HYROXWLRQDU\ SURFHVV LQ ZKLFK FKDUDFWHUV DFTXLUHG WKURXJK

OHDUQLQJ DUH GLUHFWO\ FRGHG EDFN LQWR WKH JHQRW\SH DQG WUDQVPLWWHG WR WKH RIIVSULQJ� FRXOG EH PRUH HIIHFWLYH WKDW

'DUZLQLDQ HYROXWLRQ �L�H� DQ HYROXWLRQDU\ SURFHVV LQ ZKLFK FKDUDFWHUV DFTXLUHG WKURXJK OHDUQLQJ DUH GLVFDUGHG��

$FNOH\ 	 /LWWPDQ ������ IRU LQVWDQFH FODLPHG WKDW LQ DUWLILFLDO HYROXWLRQ� LQ ZKLFK LQKHULWHG FKDUDFWHUV FDQ EH

HDVLO\ FRGHG LQWR WKH JHQRW\SH JLYHQ WKDW WKH PDSSLQJ EHWZHHQ WKH JHQRW\SH DQG WKH SKHQRW\SH LV JHQHUDOO\

TXLWH VLPSOH� WKHUH LV QR UHDVRQ WR QRW XVH /DPDUFNLDQ HYROXWLRQ� ,QGHHG WKH DXWKRUV VKRZHG KRZ /DPDUFNLDQ

HYROXWLRQ LV IDU PRUH HIIHFWLYH WKDQ 'DUZLQLDQ HYROXWLRQ LQ D VWDWLRQDU\ HQYLURQPHQW� 2Q WKH RWKHU KDQG� DV
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,Q WKH UHSUHVHQWDWLRQ DGRSWHG LQ )LJXUH � HDFK LQGLYLGXDO LV UHSUHVHQWHG DV D SRLQW LQ WKH

ILWQHVV VXUIDFH ZLWK D KHLJKW FRUUHVSRQGLQJ WR WKH DYHUDJH ILWQHVV RI WKH LQGLYLGXDO GXULQJ LWV
OLIHWLPH� 7KLV LV D VWDWLF UHSUHVHQWDWLRQ LQ ZKLFK FKDQJHV LQ SHUIRUPDQFH GXULQJ OLIHWLPH

FDQQRW EH YLVXDOL]HG� $QRWKHU ZD\ RI UHSUHVHQWLQJ WKH LQGLYLGXDOV LQ WKH VHDUFK VSDFH LV WR
LPDJLQH WKDW HDFK LQGLYLGXDO QHWZRUN FRUUHVSRQGV WR D SRLQW LQ D SKHQRW\SH VSDFH� ,Q WKLV FDVH

WKH FKDQJHV LQ WKH FRQQHFWLRQ ZHLJKWV LQWURGXFHG E\ OHDUQLQJ FRUUHVSRQG WR D PRYHPHQW RI
WKH OHDUQLQJ LQGLYLGXDO LQ WKH SKHQRW\SH VSDFH DQG RQ WKH ILWQHVV VXUIDFH� $V D FRQVHTXHQFH�

FKDQJHV LQ SHUIRUPDQFH FRUUHVSRQG WR PRYHPHQWV WRZDUG KLJKHU RU ORZHU DUHDV RI WKH ILWQHVV
VXUIDFH� %\ XVLQJ WKLV W\SH RI UHSUHVHQWDWLRQ WKH LQWHUDFWLRQ EHWZHHQ OHDUQLQJ DQG HYROXWLRQ LQ

WKH +LQWRQ DQG 1RZODQ
V PRGHO FDQ EH H[SODLQHG LQ WKH IROORZLQJ ZD\� 7KH ILWQHVV VXUIDFH
�L�H� WKH GLVWULEXWLRQ RI ILWQHVV YDOXH WKDW DUH DVVLJQHG WR HDFK SRVVLEOH FRPELQDWLRQ RI � DQG �

DOOHOHV� LV IODW ZLWK WKH H[FHSWLRQ RI RQH VSLNH RI KLJK ILWQHVV ERWK LQ WKH FDVH RU OHDUQLQJ DQG
QRQ�OHDUQLQJ LQGLYLGXDOV ERWK LQ WKH FDVH RI OHDUQLQJ DQG QRQ�OHDUQLQJ LQGLYLGXDOV� 7KH LQLWLDO

SRSXODWLRQ ZLOO EH UHSUHVHQWHG DV D VHW RI IL[HG SRLQWV UDQGRPO\ GLVWULEXWHG RQ WKH ILWQHVV
VXUIDFH �VHH WKH FURVV�PDUNV LQ )LJXUH ��� 1RQ�OHDUQLQJ LQGLYLGXDOV GR QRW PRYH LQ WKH

SKHQRW\SH VSDFH GXULQJ WKHLU OLIHWLPH ZKLOH OHDUQLQJ LQGLYLGXDOV GR �JLYHQ WKDW SDUW RI WKHLU
FRQQHFWLRQV FRQWLQXDOO\ FKDQJHV YDOXH GXULQJ OLIHWLPH�� &OHDUO\� WKH SUREDELOLW\ WKDW DW OHDVW

RQH ZLOO VWHS RQ WKH VSLNH ZLOO EH PXFK KLJKHU LQ WKH FDVH RI OHDUQLQJ LQGLYLGXDOV� ,Q RWKHU
ZRUGV ZH FDQ VD\ WKDW OHDUQLQJ DOORZ WKH HYROXWLRQDU\ SURFHVV WR H[SORUH WKH ODQGVFDSH

VXUURXQGLQJ HDFK FDQGLGDWH IRU UHSURGXFWLRQ �1ROIL� (OPDQ� DQG 3DULVL� ������

fitness

combinations of alleles (0,1)

x x x xx

)LJXUH �� 5HSUHVHQWDWLRQ LQ WKH SKHQRW\SH VSDFH RI WKH VDPH ILWQHVV VXUIDFH GHVFULEHG LQ )LJXUH �� 7KH IXOO OLQH

UHSUHVHQWV WKH ILWQHVV IRU HDFK SRVVLEOH FRPELQDWLRQ RI WZR DOOHOHV ��� ��� 7KH FURVV�PDUNV UHSUHVHQW WKH SRVLWLRQV

RI WKH LQGLYLGXDOV DW ELUWK� 7KH DUURZV UHSUHVHQW WKH PRYHPHQWV RI WKH LQGLYLGXDO LQ WKH VHDUFK VSDFH

FRUUHVSRQGLQJ WR WKH FKDQJHV PRGLILDEOH DOOHOHV� 1RWLFH KRZHYHU WKDW RQO\ OHDUQLQJ LQGLYLGXDOV PRYH LQ WKH

VHDUFK VSDFH GXULQJ OLIHWLPH�

,I OHDUQLQJ LV UHSUHVHQWHG DV D UDQGRP SURFHVV �VXFK DV LQ WKH FDVH RI +LQWRQ DQG

1RZODQ
V PRGHO�� WKH UHSUHVHQWDWLRQV VKRZQ LQ )LJXUH � DQG � DUH IXQFWLRQDOO\ HTXLYDOHQW�
+RZHYHU WKH ODWWHU UHSUHVHQWDWLRQ LV PRUH DSSURSULDWH LQ WKH FDVHV LQ ZKLFK OHDUQLQJ LV

PRGHOHG DV D IRUP RI FKDQJH WKDW KDV D GLUHFWLRQDOLW\�
'HVSLWH LWV H[SOLFDWLYH SRZHU� +LQWRQ DQG 1RZODQ
V PRGHO KDV VHYHUDO OLPLWDWLRQV� ���

OHDUQLQJ LV PRGHOHG DV D UDQGRP SURFHVV� ��� WKHUH LV QR GLVWLQFWLRQ EHWZHHQ WKH OHDUQLQJ WDVN
DQG WKH HYROXWLRQDU\ WDVN� ��� 7KH HQYLURQPHQW GRHV QRW FKDQJH� ��� 7KH OHDUQLQJ VSDFH DQG

WKH HYROXWLRQDU\ VSDFH DUH FRPSOHWHO\ FRUUHODWHG� 7KH WZR VSDFHV DUH FRUUHODWHG LI JHQRW\SHV
ZKLFK DUH FORVH LQ WKH HYROXWLRQDU\ VSDFH FRUUHVSRQG WR SKHQRW\SH ZKLFK DUH FORVH LQ WKH

SKHQRW\SH VSDFHV �0D\OH\� ������

VKRZQ E\ 6DVDNL 	 7RNRUR ������� 'DUZLQLDQ HYROXWLRQ ODUJHO\ RXWSHUIRUP /DPDUFNLDQ HYROXWLRQ ZKHQ WKH

HQYLURQPHQW LV QRW VWDWLRQDU\ RU ZKHQ GLIIHUHQW LQGLYLGXDOV DUH H[SRVHG WR GLIIHUHQW OHDUQLQJ H[SHULHQFHV�
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7KH UHVXOWV REWDLQHG E\ +LQWRQ DQG 1RZODQ PD\ QRW JHQHUDOL]H FRPSOHWHO\ WR RWKHU

FLUFXPVWDQFHV LQ ZKLFK WKHVH OLPLWDWLRQV DUH UHOHDVHG� ,Q SDUWLFXODU� WKH\ PD\ QRW JHQHUDOL]H
WR FDVHV LQ ZKLFK WKH OHDUQLQJ DQG WKH HYROXWLRQDU\ VSDFHV DUH OHVV FRUUHODWHG� ,Q WKH FDVH RI

WKH +LQWRQ DQG 1RZODQ PRGHO� OHDUQLQJ DQG HYROXWLRQ RSHUDWH RQ WKH VDPH HQWLWLHV �L�H� WKH
FRQQHFWLRQ ZHLJKWV� ZLWK WKH VDPH RSHUDWRUV �L�H� ERWK FKDQJHV SURGXFHG E\ PXWDWLRQV DQG

FKDQJHV SURGXFHG E\ OHDUQLQJ FRUUHVSRQG WR VXEVWLWXWLRQV RI JHQHV ZLWK QHZ YDOXHV ZKLFK DUH
UDQGRPO\ VHOHFWHG�� 7KHUHIRUH WKH WZR VSDFHV DUH FRPSOHWHO\ FRUUHODWHG� %\ V\VWHPDWLFDOO\

YDU\LQJ WKH FRVW RI OHDUQLQJ DQG WKH FRUUHODWLRQ EHWZHHQ WKH OHDUQLQJ VSDFH DQG WKH
HYROXWLRQDU\ VSDFH LQ DQRWKHU H[SHULPHQWDO VHW 0D\OH\ ������ VKRZHG KRZ� ��� WKH DGDSWLYH

DGYDQWDJH RI OHDUQLQJ LV SURSRUWLRQDO WR WKH FRUUHODWLRQ EHWZHHQ WKH WZR VHDUFK VSDFHV� ��� WKH
DVVLPLODWLRQ RI FKDUDFWHUV ILUVW DFTXLUHG WKURXJK OHDUQLQJ LV SURSRUWLRQDO WR WKH FRUUHODWLRQ

EHWZHHQ WKH WZR VHDUFK VSDFHV DQG WR WKH FRVW RI OHDUQLQJ �L�H� WR WKH ILWQHVV ORVW GXULQJ WKH
ILUVW SDUW RI WKH OLIHWLPH LQ ZKLFK LQGLYLGXDO KDYH VXE�RSWLPDO SHUIRUPDQFH�� ��� LQ FHUWDLQ

FRQGLWLRQV OHDUQLQJ FRVWV PD\ H[FHHG OHDUQLQJ EHQHILWV�

�� (YROYLQJ LQGLYLGXDOV ZKLFK OHDUQ D WDVN GLIIHUHQW IURP ZKDW WKH\

DUH VHOHFWHG IRU

$V ZH FODLPHG LQ WKH SUHYLRXV VHFWLRQ� RQH RI WKH OLPLWDWLRQV RI WKH +LQWRQ DQG 1RZODQ
V

PRGHO LV WKDW WKHUH LV QR GLVWLQFWLRQ EHWZHHQ WKH OHDUQLQJ WDVN DQG WKH HYROXWLRQDU\ WDVN� 7KLV
LV SRVVLEOH EHFDXVH WKH H[SHULPHQWHU SURYLGH WKH VXSHUYLVLRQ VLJQDOV ERWK IRU WKH HYROXWLRQDU\

DQG WKH OHDUQLQJ WDVN� ,Q QDWXUDO HYROXWLRQ LQVWHDG� WKH HQYLURQPHQW GRHV QRW XVXDOO\ SURYLGH
FXHV WKDW GLUHFWO\ LQGLFDWH WR WKH LQGLYLGXDO KRZ LW VKRXOG FKDQJH LQ RUGHU WR SURGXFH PRUH

DGDSWHG EHKDYLRU� 1DWXUDO VHOHFWLRQ LV WKH RQO\ VRXUFH RI VXSHUYLVLRQ IRU PDQ\ OLYLQJ V\VWHPV�
+RZHYHU� QDWXUDO RUJDQLVPV FDQ XVH HQYLURQPHQWDO LQIRUPDWLRQ� PDGH DYDLODEOH WR WKHP

WKURXJK WKHLU VHQVRUV� WR DFTXLUH FRPSHWHQFLHV �VXFK DV WKH DELOLW\ WR SUHGLFW WKH QH[W VHQVRU\
VWDWHV VHH 1ROIL 	 7DQL� LQ SUHVV� WKDW PD\ LQGLUHFWO\ LQFUHDVH WKHLU DELOLW\ WR UHSURGXFH�

1ROIL� (OPDQ 	 3DULVL ������ KDYH VWXGLHG WKH FDVH RI DUWLILFLDO DJHQWV �DOVR NQRZQ DV
DQLPDWV� VHH :LOVRQ� ����� WKDW HYROYH �WR EHFRPH ILWWHU DW RQH WDVN� DW WKH SRSXODWLRQ OHYHO

DQG OHDUQ �D GLIIHUHQW WDVN� DW WKH LQGLYLGXDO OHYHO� ,Q SDUWLFXODU� LQGLYLGXDOV ZKLFK ZHUH
VHOHFWHG IRU WKHLU DELOLW\ WR ILQG IRRG LQ WKHLU HQYLURQPHQW ZHUH DOVR DVNHG WR OHDUQ WR SUHGLFW

WKH VHQVRU\ FRQVHTXHQFHV RI WKHLU PRWRU DFWLRQV GXULQJ WKHLU OLIHWLPH� 1RWLFH KRZ WKH
VXSHUYLVLRQ QHFHVVDU\ IRU OHDUQLQJ WKLV WDVN LV GLUHFWO\ DYDLODEOH IURP WKH HQYLURQPHQW �L�H� WKH

FRUUHFW SUHGLFWLRQ FRUUHVSRQG WR WKH VWDWH RI WKH VHQVRU DW WLPH W����
(DFK LQGLYLGXDO DQLPDW OLYHV LQ D WZR�GLPHQVLRQDO JULG ZRUOG ZKHUH D QXPEHU RI IRRG

WRNHQV DUH UDQGRPO\ GLVWULEXWHG� (DFK IRRG WRNHQ RFFXSLHV RQH FHOO� LI WKH DQLPDW KDSSHQV WR
VWHS RQ RQH RI WKHVH FHOOV� WKH IRRG WRNHQ LV DXWRPDWLFDOO\ ³HDWHQ

 DQG WKH DQLPDW
V ILWQHVV LV

LQFUHDVHG� ,QGLYLGXDOV DUH HTXLSSHG ZLWK D QHXUDO QHWZRUN LQWHUIDFHG WR D VHQVRULPRWRU
V\VWHP WKDW SURYLGHV LQSXW LQIRUPDWLRQ RQ WKH GLVWDQFH DQG DQJOH �ZLWK UHVSHFW WR WKH IDFLQJ

GLUHFWLRQ RI WKH DQLPDW� RI WKH QHDUHVW IRRG WRNHQ� DQG RQ WKH SODQQHG PRWRU DFWLRQ� 7ZR
LQSXW XQLWV HQFRGH WKH DQJOH DQG WKH GLVWDQFH RI WKH QHDUHVW IRRG WRNHQ DQG WZR RWKHU XQLWV

�WKUHVKROGHG WR WKH QHDUHVW ELQDU\ YDOXH� HQFRGH RQH RI IRXU SRVVLEOH DFWLRQV� WXUQ ��� ULJKW�
WXUQ ��� OHIW� PRYH RQH FHOO IRUZDUG� DQG UHPDLQ VWLOO� $W HDFK WLPH VWHS� WKH QHXUDO QHWZRUN

UHFHLYHV DV LQSXW WKH VHQVRU\ LQIRUPDWLRQ RQ WKH QHDUHVW IRRG WRNHQ DQG WKH FXUUHQW SODQQHG
PRWRU DFWLRQ DQG SURGXFHV DV RXWSXW WKH QH[W SODQQHG DFWLRQ DQG D SUHGLFWLRQ RI WKH VHQVRU\

VWDWH DIWHU WKH H[HFXWLRQ RI WKH FXUUHQW SODQQHG DFWLRQ� $W WKLV SRLQW� �D� WKH SODQQHG DFWLRQ
WKDW ZDV XVHG DV LQSXW LV H[HFXWHG DQG WKH QH[W SODQQHG DFWLRQ LV SDVVHG DV QHZ LQSXW� �E� WKH

IUHVKO\�JDWKHUHG VHQVRU\ LQIRUPDWLRQ LV XVHG ERWK DV LQSXW DQG DV WHDFKLQJ LQSXW IRU WKH
RXWSXW XQLWV HQFRGLQJ WKH SUHGLFWHG VWDWH RI WKH VHQVRUV �WKH QHZ VHQVRU\ VWDWH LV FRPSDUHG
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ZLWK WKH SUHGLFWHG VWDWH DQG WKH GLIIHUHQFH �HUURU� LV XVHG WR DGMXVW E\ EDFN�SURSDJDWLRQ WKH

FRQQHFWLRQ ZHLJKWV EHWZHHQ WKH IRXU LQSXW� WKH VHYHQ KLGGHQ� DQG WKH WZR SUHGLFWLRQ XQLWV��
7KH LQLWLDO SRSXODWLRQ LV FRPSRVHG RI ��� LQGLYLGXDOV� $W WKH HQG RI OLIH WKH ���

LQGLYLGXDOV DUH UDQNHG LQ WHUPV RI WKHLU ILWQHVV �WRWDO QXPEHU RI IRRG HOHPHQWV HDWHQ GXULQJ
OLIH� DQG WKH EHVW �� LQGLYLGXDOV DUH DOORZHG WR UHSURGXFH E\ JHQHUDWLQJ � FRSLHV HDFK RI WKHLU

FRQQHFWLRQ ZHLJKWV� 7KH LQKHULWHG RULJLQDO ZHLJKW PDWULFHV �FKDQJHV GXH WR OHDUQLQJ GXULQJ
OLIH DUH GLVFDUGHG� DUH PXWDWHG E\ VHOHFWLQJ � ZHLJKWV DW UDQGRP DQG SHUWXUELQJ WKH ZHLJKWV

YDOXH E\ DGGLQJ D TXDQWLW\ UDQGRPO\ VHOHFWHG�
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)LJXUH �� $YHUDJH QXPEHU RI IRRG HOHPHQWV HDWHQ E\ SRSXODWLRQV RI VXFFHVVLYH JHQHUDWLRQV ZKLFK OHDUQ WR

SUHGLFW� (DFK FXUYH UHSUHVHQWV SHUIRUPDQFH SULRU WR OHDUQLQJ DQG WKHQ IRU HDFK RI WKH �� HSRFKV RI OLIH

�SHUIRUPDQFH SULRU WR OHDUQLQJ DUH REWDLQHG E\ PHDVXULQJ WKH QXPEHU RI IRRG WRNHQV HDWHQ E\ LQGLYLGXDOV GXULQJ

RQH HSRFK RI OLIH ZLWKRXW XSGDWLQJ WKH ZHLJKWV�� )RU UHDVRQV RI VSDFH� SHUIRUPDQFH DUH GLVSOD\HG RQO\ HDFK ��

JHQHUDWLRQV� $YHUDJH UHVXOWV RYHU �� UHSOLFDWLRQV RI WKH H[SHULPHQW�

7KH UHVXOWV VKRZHG WKDW� DIWHU D IHZ JHQHUDWLRQV� LQGLYLGXDOV OHDUQLQJ WR SUHGLFW DOVR

LQFUHDVHG WKHLU DELOLW\ WR ILQG IRRG GXULQJ OLIH �)LJXUH ���
0RUHRYHU� E\ FRPSDULQJ WKH UHVXOWV RI WKH H[SHULPHQWV GHVFULEHG DERYH ZLWK DQRWKHU VHW

RI H[SHULPHQWV LQ ZKLFK LQGLYLGXDOV ZHUH QRW DOORZHG WR OHDUQ WR SUHGLFW GXULQJ WKHLU OLIHWLPH�
LW ZDV VKRZQ WKDW OHDUQLQJ SRSXODWLRQV GLVSOD\HG IDVWHU DQG KLJKHU ILWQHVV YDOXHV DFURVV

JHQHUDWLRQV WKDQ SRSXODWLRQV ZLWKRXW OHDUQLQJ �)LJXUH ��� 7KH VDPH W\SH RI UHVXOWV ZHUH
REWDLQHG LQ RWKHU FDVHV DQG LQ SDUWLFXODU LQ FDVHV LQ ZKLFK WKH OHDUQLQJ WDVN DQG WKH

HYROXWLRQDU\ WDVN ZHUH FOHDUO\ ³XQFRUUHODWHG´ �VHH 3DULVL� 1ROIL 	 &HFFRQL� ����� +DUYH\�
������
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Figure 4. Average of food tokens eaten by populations of animats throughout generations for experiments with
and without learning. Each curve is the average result of 10 replications. The difference between the two curves
is statistically significant from generation 25 (see Nolfi, Elman, and Parisi, 1994).

6LQFH KHUH WKH OHDUQLQJ FULWHULRQ LV GLIIHUHQW IURP WKH HYROXWLRQDU\ JRDO DQG OHDUQLQJ KDV

D GLUHFWLRQDOLW\ �L�H�� WKH ZHLJKWV DUH QRW FKDQJHG LQ D UDQGRP IDVKLRQ�� WKH H[SODQDWLRQ E\
+LQWRQ DQG 1RZODQ GHSLFWHG LQ )LJXUH � DQG � LV QRW VXIILFLHQW IRU H[SODLQLQJ WKHVH UHVXOWV�

7KHUHIRUH� D QHZ H[SODQDWLRQ RI WKH LQWHUDFWLRQ EHWZHHQ OHDUQLQJ DQG HYROXWLRQ KDV EHHQ
SURSRVHG �1ROIL� (OPDQ 	 3DULVL� ����� 3DULVL 	 1ROIL� ������ ,PDJLQH WZR GLIIHUHQW VHDUFK

VXUIDFHV� DQ HYROXWLRQDU\ VXUIDFH DQG D OHDUQLQJ VXUIDFH �)LJXUH ��� &KDQJHV GXH WR OHDUQLQJ
SURGXFH D PRYHPHQW RI WKH LQGLYLGXDO SKHQRW\SH ERWK RQ WKH OHDUQLQJ DQG WKH HYROXWLRQDU\

VXUIDFHV� +RZHYHU� EHFDXVH OHDUQLQJ WULHV WR PD[LPL]H SHUIRUPDQFH RQ WKH OHDUQLQJ WDVN�
LQGLYLGXDOV ZLOO PRYH WRZDUG WKH KLJKHU DUHD RI WKH OHDUQLQJ VXUIDFH� *LYHQ WKDW WKH ZD\ LQ

ZKLFK LQGLYLGXDOV PRYH LQ ZHLJKW VSDFH DIIHFWV WKHLU ILWQHVV �WKH WRWDO ILWQHVV RI WKH LQGLYLGXDO
LV WKH VXP RI WKH ILWQHVV YDOXHV UHFHLYHG GXULQJ VXFK GLVSODFHPHQWV RQ WKH ZHLJKW VSDFH�

HYROXWLRQ ZLOO WHQG WR VHOHFW LQGLYLGXDOV ORFDWHG LQ DUHDV LQ ZKLFK� E\ LQFUHDVLQJ WKHLU
SHUIRUPDQFH RQ WKH OHDUQLQJ WDVN� WKH\ DOVR LQFUHDVH WKHLU SHUIRUPDQFH RQ WKH HYROXWLRQDU\

WDVN�
&RQVLGHU IRU H[DPSOH WZR LQGLYLGXDOV� D DQG E� ZKLFK DUH ORFDWHG LQ WZR GLVWDQW ORFDWLRQV

LQ ZHLJKW VSDFH EXW KDYH WKH VDPH ILWQHVV DW ELUWK� L�H�� WKH WZR ORFDWLRQV FRUUHVSRQG WR WKH
VDPH KHLJKW RQ WKH ILWQHVV VXUIDFH �FI� )LJXUH ��� +RZHYHU� LQGLYLGXDO D LV ORFDWHG LQ D UHJLRQ

LQ ZKLFK WKH ILWQHVV VXUIDFH DQG WKH OHDUQLQJ VXUIDFH DUH G\QDPLFDOO\ FRUUHODWHG� L�H�� D UHJLRQ
LQ ZKLFK PRYHPHQWV WKDW UHVXOW LQ DQ LQFUHDVH LQ KHLJKW ZLWK UHVSHFW WR WKH OHDUQLQJ VXUIDFH

WHQG WR FDXVH DQ LQFUHDVH DOVR ZLWK UHVSHFW WR WKH ILWQHVV VXUIDFH� ,QGLYLGXDO E� RQ WKH RWKHU
KDQG� LV ORFDWHG LQ D UHJLRQ LQ ZKLFK WKH WZR VXUIDFHV DUH QRW G\QDPLFDOO\ FRUUHODWHG� ,I

LQGLYLGXDO E PRYHV LQ ZHLJKW VSDFH LW ZLOO JR XS LQ WKH OHDUQLQJ VXUIDFH EXW QRW QHFHVVDULO\ LQ
WKH ILWQHVV VXUIDFH� %HFDXVH RI OHDUQLQJ� WKH WZR LQGLYLGXDOV ZLOO PRYH GXULQJ WKHLU OLIHWLPH LQ

D GLUHFWLRQ WKDW LPSURYHV WKHLU OHDUQLQJ SHUIRUPDQFH� L�H�� LQ D GLUHFWLRQ LQ ZKLFK WKHLU KHLJKW
RQ WKH OHDUQLQJ VXUIDFH WHQGV WR LQFUHDVH� 7KLV LPSOLHV WKDW LQGLYLGXDO D� ZKLFK LV ORFDWHG LQ D

G\QDPLFDOO\ FRUUHODWHG UHJLRQ� ZLOO HQG XS ZLWK D KLJKHU ILWQHVV WKDQ LQGLYLGXDO E DQG�
WKHUHIRUH� ZLOO KDYH D EHWWHU FKDQFH WR EH VHOHFWHG� 7KH ILQDO UHVXOW LV WKDW HYROXWLRQ ZLOO KDYH

D WHQGHQF\ WR SURJUHVVLYHO\ VHOHFW LQGLYLGXDOV ZKLFK DUH ORFDWHG LQ G\QDPLFDOO\ FRUUHODWHG
UHJLRQV� ,Q RWKHU ZRUGV� OHDUQLQJ IRUFHV HYROXWLRQ WR VHOHFW LQGLYLGXDOV ZKLFK LPSURYH WKHLU
SHUIRUPDQFH ZLWK UHVSHFW WR ERWK WKH OHDUQLQJ DQG WKH HYROXWLRQDU\ WDVN��
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)LJXUH �� )LWQHVV VXUIDFH IRU WKH HYROXWLRQDU\ WDVN DQG SHUIRUPDQFH VXUIDFH IRU WKH OHDUQLQJ WDVN �VHQVRU\

SUHGLFWLRQ� IRU DOO SRVVLEOH ZHLJKW PDWULFHV� 0RYHPHQWV GXH WR OHDUQLQJ DUH UHSUHVHQWHG DV DUURZV� 3RLQW D LV LQ D

UHJLRQ LQ ZKLFK WKH WZR VXUIDFHV DUH G\QDPLFDOO\ FRUUHODWHG� (YHQ LI D DQG E KDYH WKH VDPH ILWQHVV RQ WKH

HYROXWLRQDU\ VXUIDFH DW ELUWK� D KDV PRUH SUREDELOLW\ WR EH VHOHFWHG WKDQ E VLQFH LW LV PRUH OLNHO\ WR LQFUHDVH LWV
ILWQHVV GXULQJ OLIH WKDQ E�

7KHVH UHVXOWV VKRZ WKDW DOWKRXJK HYROXWLRQ DQG OHDUQLQJ DUH WZR GLVWLQFW W\SHV RI FKDQJH

RFFXUULQJ LQ WZR GLVWLQFW HQWLWLHV �SRSXODWLRQV DQG LQGLYLGXDO RUJDQLVPV�� WKH\ VWURQJO\
LQIOXHQFH HDFK RWKHU� 7KH LQIOXHQFH RI HYROXWLRQ RQ OHDUQLQJ LV QRW VXUSULVLQJ� (YROXWLRQDU\

FKDQJH OHDYHV LWV WUDFH LQ WKH JHQRW\SH� +HQFH� HDFK LQGLYLGXDO LQKHULWV D JHQRPH ZKLFK LV WKH
FXPXODWLYH UHVXOW DW WKH OHYHO RI HYROXWLRQDU\ FKDQJHV WKDW KDYH RFFXUUHG DW WKH OHYHO RI WKH

SRSXODWLRQ� 6LQFH DQ LQGLYLGXDO
V JHQRPH SDUWLDOO\ VSHFLILHV WKH UHVXOWLQJ SKHQRW\SLF
LQGLYLGXDO DQG LW FRQVWUDLQV KRZ WKH LQGLYLGXDO ZLOO EHKDYH DQG ZKDW LW ZLOO OHDUQ� WKH ZD\ LV

RSHQ IRU DQ LQIOXHQFH RI HYROXWLRQ RQ OHDUQLQJ� +RZHYHU� WKH H[SHULPHQWV GHVFULEHG LQ WKLV
DQG LQ WKH SUHYLRXV VHFWLRQ FOHDUO\ VKRZ WKDW WKH UHYHUVH LV DOVR WUXH� OHDUQLQJ DIIHFWV

HYROXWLRQ� 7KH LQWHUDFWLRQ EHWZHHQ WKH WZR SURFHVVHV LV VR SURIRXQG WKDW OHDUQLQJ WHQGV WR
SURGXFH D SRVLWLYH HIIHFW RQ HYROXWLRQ HYHQ LI WKH OHDUQLQJ WDVN DQG WKH HYROXWLRQDU\ WDVN DUH

GLIIHUHQW �DQG� DSSDUHQWO\� LQGHSHQGHQWO\ IURP ZKDW WKH OHDUQLQJ WDVN LV� VHH 3DULVL� 1ROIL� DQG
&HFFRQL� ������

,Q WZR UHFHQW DUWLFOHV� +DUYH\ ������ ����� SURSRVHG D GLIIHUHQW H[SODQDWLRQ RI WKH
LQWHUDFWLRQ EHWZHHQ HYROXWLRQ DQG OHDUQLQJ WKDQ WKH RQH GHVFULEHG LQ WKLV VHFWLRQ� +H FODLPHG

WKDW WKH LPSURYHPHQW LQ DYHUDJH SHUIRUPDQFH REVHUYHG LQ WKH OHDUQLQJ LQGLYLGXDOV GHVFULEHG
LQ )LJXUH � DQG � LV QRW GXH WR DQ LQWHUDFWLRQ EHWZHHQ OHDUQLQJ DQG HYROXWLRQ EXW ³UDWKHU IURP

D UHOHDUQLQJ HIIHFW RQ ZHLJKWV SHUWXUEHG E\ PXWDWLRQ´ �+DUYH\� ����� S������ +DUYH\¶V
K\SRWKHVLV LV EDVHG RQ HYLGHQFH WKDW E\ SHUWXUELQJ WKH ZHLJKWV RI D QHXUDO QHWZRUN SUHYLRXVO\

WUDLQHG ZLWK EDFN�SURSDJDWLRQ RQ D VHW RI LQSXW�RXWSXW SDLUV DQG WKHQ UHWUDLQLQJ WKH QHWZRUN
RQ D VXEVHW RI WKH RULJLQDO WUDLQLQJ VHW� SHUIRUPDQFH DOVR LPSURYHV RQ WKH RWKHU LQSXW�RXWSXW

SDLUV RI WKH RULJLQDO WUDLQLQJ VHW QRW LQFOXGHG LQ WKH UHWUDLQLQJ �+LQWRQ 	 3ODXW� ������ 7KH
VDPH HIIHFW LV REVHUYHG DOVR ZKHQ WKH VHFRQG WUDLQLQJ VHW LV XQFRUUHODWHG ZLWK WKH RULJLQDO

WUDLQLQJ VHW �+DUYH\ 	 6WRQH� ������
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)LJXUH �� $ WZR�GLPHQVLRQDO UHSUHVHQWDWLRQ RI WKH VHDUFK VSDFH� 5HGUDZ IURP +DUYH\ �������

+DUYH\
V H[SODQDWLRQ LV EDVHG RQ D JHRPHWULFDO DUJXPHQW� %ULHIO\ VWDWHG� WKH WUDMHFWRU\ RI
WKH QHWZRUN LQ WKH ZHLJKW VSDFH GXULQJ WUDLQLQJ RQ WKH VHFRQG VHW LV YHU\ OLNHO\ WR WUDQVLW E\

WKH RULJLQDO SRLQW ZKHUH LW ZDV EHIRUH EHLQJ SHUWXUEHG E\ QRLVH� $VVXPH WKDW $ UHSUHVHQWV WKH
ZHLJKWV RI WKH QHWZRUN WUDLQHG RQ WKH RULJLQDO WUDLQLQJ VHW� %� DQG %� DUH WZR SRVVLEOH

SRVLWLRQV RI WKH QHWZRUN DIWHU SHUWXUEDWLRQ� DQG & LV WKH SRVLWLRQ RI WKH QHWZRUN DIWHU EHLQJ
WUDLQHG RQ WKH VHFRQG WUDLQLQJ VHW� )LQDOO\� DVVXPH WKDW SHUIRUPDQFH RQ WKH RULJLQDO VHW LV

LQYHUVHO\ SURSRUWLRQDO WR GLVWDQFH IURP SRLQW $� 7KHUHIRUH� ZKHQHYHU % OLHV RXWVLGH WKH LQQHU
DUF 34 �H�J�� %��� LWV WUDMHFWRU\ JHWV FORVHU WR $ IRU VRPH WLPH� LQVWHDG� ZKHQHYHU % OLHV LQVLGH

WKH LQQHU DUF 34 �H�J�� %��� LWV WUDMHFWRU\ DOZD\V JRHV DZD\ IURP $� 5HJDUGOHVV RI WKH
SRVLWLRQ RI &� WKH IRUPHU VLWXDWLRQ KDSSHQV DW OHDVW ��� RI WKH WLPHV IRU D ��GLPHQVLRQDO

ZHLJKW VSDFH DQG PXFK PRUH RIWHQ LQ D KLJK�GLPHQVLRQDO ZHLJKW VSDFH �+DUYH\� ������
IXUWKHUPRUH� LW KDSSHQV ���� RI WKH WLPHV ZKHQ & OLHV ZLWKLQ WKH FLUFOH�

2Q WKH EDVLV RI WKLV QHZ H[SODQDWLRQ� +DUYH\ FODLPV WKDW WKH EHQHILFLDO HIIHFWV RI OHDUQLQJ
D GLIIHUHQW WDVN WKDQ WKH HYROXWLRQDU\ WDVN FDQ EH H[SODLQHG E\ FRQVLGHULQJ D KLJKO\
FRQYHUJHG HYROYHG SRSXODWLRQ VLWWLQJ RQ SRLQW $ �IRRG ILQGLQJ� EHLQJ SXOOHG DZD\ E\

PXWDWLRQV WR SRLQW %� DQG WKHQ WUDQVLWLQJ WR SRLQW & ZLWK SUHGLFWLRQ OHDUQLQJ� $V D
FRQVHTXHQFH KH K\SRWKHVL]HG WKDW �LI RQH VXEVWLWXWHG IRU WKH HOLWH PHPEHU RI D SRSXODWLRQ

HYROYHG RQ WKH IRRG�ILQGLQJ WDVN RQH LQGLYLGXDO WUDLQHG E\ EDFN�SURSDJDWLRQ XVLQJ DQ
H[WHUQDO WHDFKHU �RU DQ\ RWKHU OHDUQLQJ PHFKDQLVP� RQ WKH VDPH WDVN� WKHQ RQH VKRXOG H[SHFW

VLPLODU UHVSRQVHV DIWHU ZHLJKW SHUWXUEDWLRQV� �+DUYH\� ����� S� ���� ,Q RUGHU WR WHVW WKLV
SUHGLFWLRQ� ZH PHDVXUHG WKH SHUIRUPDQFH RI LQGLYLGXDOV RI VXFFHVVLYH JHQHUDWLRQV ZKLFK

ZHUH DOORZHG WR OHDUQ IRU WKH ILUVW WLPH �L�H� LQGLYLGXDOV ZKLFK KDG WKH VDPH DUFKLWHFWXUH RI
OHDUQLQJ LQGLYLGXDOV EXW ZKLFK HYROYHG ZLWKRXW EHLQJ H[SRVHG WR OHDUQLQJ GXULQJ OLIHWLPH� VHH

1ROIL� ������ ,Q FRQWUDVW ZLWK +DUYH\
V H[SHFWDWLRQ� OHDUQLQJ WR SUHGLFW SURGXFHV D VLJQLILFDQW
GHFUHDVH LQ SHUIRUPDQFH RI WKHVH LQGLYLGXDOV HYHQ WKRXJK WKHLU ZHLJKWV KDYH EHHQ SHUWXUEHG

E\ PXWDWLRQV �H[DFWO\ OLNH WKH ZHLJKWV RI LQGLYLGXDOV ZKLFK ZHUH H[SRVHG WR OHDUQLQJ LQ
SUHYLRXV JHQHUDWLRQV�� 7KLV DQG RWKHU UHVXOWV GHVFULEHG LQ 1ROIL ������ VXJJHVW WKDW� �D� WKH

DGYDQWDJHV SURGXFHG E\ OLIHWLPH OHDUQLQJ DUH GXH WR WKH LQWHUDFWLRQ EHWZHHQ OHDUQLQJ DQG
HYROXWLRQ� �E� LQ WKH FDVH RI OHDUQLQJ LQGLYLGXDOV� WKH SRSXODWLRQ GRHV QRW FRQYHUJH RQ $ EXW

RQ VRPH SRLQW RQ WKH OHIW VLGH RI $ ZKLFK HQVXUHV WKDW E\ OHDUQLQJ �L�H� E\ PRYLQJ WRZDUG &�
LQGLYLGXDOV ZLOO VSHQG PRVW RI WKHLU OLIHWLPH FORVH WR $� 7KLV H[SODQDWLRQ ILWV QLFHO\ WKH

VXJJHVWLRQ JLYHQ DERYH WKDW HYROXWLRQ WHQGV WR VHOHFW LQGLYLGXDOV ZKLFK DUH ORFDWHG LQ
G\QDPLFDOO\ FRUUHODWHG UHJLRQV RI WKH ILWQHVV DQG OHDUQLQJ VXUIDFHV�

,W VKRXOG EH QRWHG WKDW LQ WKHVH H[SHULPHQWV FKDUDFWHUV LQLWLDOO\ DFTXLUHG WKURXJK OHDUQLQJ
DUH QRW DVVLPLODWHG LQ WKH LQGLYLGXDOV
 JHQRW\SH ODWHU RQ� DW OHDVW FRPSOHWHO\� HYHQ LI OHDUQLQJ

KDV D FRVW �L�H� LQGLYLGXDOV ZKLFK DFTXLUH ILW EHKDYLRUV WKURXJK OHDUQLQJ VWDUW ZLWK ORZHU
SHUIRUPDQFH DQG WKHUHIRUH FROOHFW OHVV ILWQHVV LQ WKH ILUVW SDUW RI WKHLU OLIHWLPH�� 7KLV PD\ EH

H[SODLQHG E\ FRQVLGHULQJ WKDW� �D� WKH FRVW RI OHDUQLQJ FDQ EH UHGXFHG E\ LQFUHDVLQJ WKH
OHDUQLQJ VSHHG �DV FDQ EH REVHUYHG LQ )LJXUH �� HYROYHG LQGLYLGXDOV UHDFK RSWLPDO
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SHUIRUPDQFH LQ WKH YHU\ ILUVW HSRFKV RI WKHLU OLIHWLPH�� ��� WKH OHDUQLQJ VSDFH DQG WKH

HYROXWLRQDU\ VSDFH DUH QRW FRPSOHWHO\ FRUUHODWHG �RQ WKH FRUUHODWLRQ EHWZHHQ WKH OHDUQLQJ
VSDFH DQG WKH HYROXWLRQDU\ VSDFH VHH 0D\OH\� ������ ,Q IDFW� DOWKRXJK OHDUQLQJ DQG HYROXWLRQ

RSHUDWH RQ WKH VDPH HQWLWLHV �L�H� WKH FRQQHFWLRQ ZHLJKWV�� WKH JHQHWLF RSHUDWRUV DQG WKH
OHDUQLQJ RSHUDWRUV DUH TXLWH GLIIHUHQW �PXWDWLRQV DUH DFFRPSOLVKHG E\ DGGLQJ D UDQGRP

VHOHFWHG YDOXHV WR D VHW RI UDQGRPO\ VHOHFWHG FRQQHFWLRQ ZHLJKWV ZKLOH OHDUQLQJ LV
DFFRPSOLVKHG E\ EDFN�SURSDJDWLRQ�� 7KLV LPSOLHV WKDW SRLQWV ZKLFK DUH FORVH LQ WKH OHDUQLQJ

VSDFH PD\ EH IDU DSDUW LQ WKH HYROXWLRQDU\ VSDFH� ,Q RWKHU ZRUGV� SRLQWV� ZKLFK FDQ EH
UHDFKHG ZLWK IHZ OHDUQLQJ F\FOHV� PD\ UHTXLUH D SURKLELWLYHO\ ORQJ OLVW RI PXWDWLRQV� $V ZH

FODLPHG LQ WKH SUHYLRXV VHFWLRQ WKH SUREDELOLW\ WR JHQHWLFDOO\ DVVLPLODWH FKDUDFWHUV DFTXLUHG
WKURXJK OHDUQLQJ LV LQYHUVHO\ SURSRUWLRQDO WR WKH FRUUHODWLRQ EHWZHHQ WKH OHDUQLQJ DQG WKH

HYROXWLRQDU\ VSDFH�

�� ([SORLWLQJ WKH UHJXODULWLHV RI WKH HQYLURQPHQW WKURXJK OHDUQLQJ

,Q DOO WKH H[SHULPHQWV GHVFULEHG VR IDU WKH ZHLJKWV ZHUH JHQHWLFDOO\ LQKHULWHG DOWKRXJK� LQ
WKH PRGHOV GHVFULEHG LQ WKH SUHYLRXV WZR VHFWLRQV� WKH LQKHULWHG ZHLJKWV ZHUH DOVR VXEMHFWHG

WR FKDQJHV GXULQJ WKH OLIHWLPH RI LQGLYLGXDOV� +RZHYHU LQ PRVW RI WKH VSHFLHV WKH JHQRPH
GRHV QRW FRQWDLQ DOO WKH LQIRUPDWLRQ QHFHVVDU\ WR EXLOG WKH FRUUHVSRQGLQJ SKHQRW\SH� ,W LV

WKHUHIRUH XQOLNHO\ WKDW ILQH GHWDLOV VXFK DV LQLWLDO ZHLJKW YDOXHV FRXOG EH SUHFLVHO\ HQFRGHG RQ
WKH JHQRW\SH�

,Q WKLV VHFWLRQ ZH ZLOO GHVFULEH DQ H[SHULPHQW �)ORUHDQR 	 0RQGDGD� ����� LQ ZKLFK WKH
QHXUDO QHWZRUN LV XVHG WR FRQWURO D PRELOH URERW DQG LQ ZKLFK WKH V\QDSWLF ZHLJKWV DUH QRW

SUHFLVHO\ HQFRGHG LQWR WKH JHQRW\SH� EXW DUH FRQWLQXRXVO\ PRGLILHG GXULQJ OLIHWLPH WKURXJK D
OHDUQLQJ SURFHVV LQ ZKLFK JHQHWLFDOO\�LQKHULWHG LQVWUXFWLRQV LQWHUDFW ZLWK LQIRUPDWLRQ FRPLQJ

IURP WKH H[WHUQDO HQYLURQPHQW� ,Q RWKHU ZRUGV� WKH JHQRW\SH HQFRGHV RQO\ WKH DUFKLWHFWXUH
DQG �PHWD�SURSHUWLHV� RI WKH V\QDSVHV� EXW QRW WKHLU SUHFLVH VWUHQJWKV� (YHU\ WLPH WKDW D

FKURPRVRPH LV GHFRGHG LQWR WKH FRUUHVSRQGLQJ QHXUDO FRQWUROOHU� DOO WKH V\QDSVHV DUH
LQWLDOL]HG WR VPDOO UDQGRP YDOXHV� $V VRRQ DV WKH URERW EHJLQV WR PRYH DQG VHQVRU\ VLJQDOV

IORZ WKURXJK WKH QHWZRUN� V\QDSWLF YDOXHV FDQ FKDQJH DFFRUGLQJ WR WKH JHQHWLFDOO\ HQFRGHG
PHWD�SURSHUWLHV� 7KHVH PHWD�SURSHUWLHV LQFOXGH IRXU SRVVLEOH OHDUQLQJ UXOHV� D OHDUQLQJ UDWH�

DQG FKHPLFDO SURSHUWLHV RI WKH V\QDSVH� VXFK DV ZKHWKHU LW LV H[FLWDWRU\ RU LQKLELWRU\ DQG
ZKHWKHU LW GULYHV RU PRGXODWHV WKH SRVWV\QDSWLF QHXURQ�� 7KHUHIRUH� WKH DFFXUDWH EDODQFH

EHWZHHQ ZHLJKWHG VLJQDOV QHFHVVDU\ WR GULYH WKH PRWRU QHXURQV LQ D FRRUGLQDWHG IDVKLRQ PXVW
EH OHDUQHG GXULQJ OLIHWLPH DFFRUGLQJ WR WKH JHQHWLFDOO\ VSHFLILHG LQVWUXFWLRQV�

�
,W VKRXOG EH QRWLFHG WKDW VXFK HQFRGLQJ LV UDWKHU LUUHDOLVWLF IURP D ELRORJLFDO SRLQW RI YLHZ DQG RQH PLJKW

FRUUHFWO\ DUJXH WKDW ELRORJLFDO JHQRW\SHV GR QRW HQFRGH FKDUDFWHULVWLFV RI LQGLYLGXDO V\QDSVHV� +RZHYHU� KHUH

WKH SRLQW LV WKDW RI VWXG\LQJ WKH LQWHUDFWLRQ EHWZHHQ OHDUQLQJ DQG HYROXWLRQ E\ SUHYHQWLQJ HYROXWLRQ DORQH WR ILQG

D SUHFLVH EHKDYLRUDO VROXWLRQ DQG JLYLQJ LW WKH SRVVLELOLW\ WR H[SORLW OLIHWLPH OHDUQLQJ�
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,QVHULUH IRWR GHO PRQGR TXL

RULHQWDWD LQ YHUWLFDOH LQYHFH
FKH LQ RUL]]RQWDOH

)LJXUH �� /HIW� 7KH .KHSHUD URERW� &HQWHU� WKH DUFKLWHFWXUH RI WKH QHXUDO QHWZRUN HPSOR\HG� %ODFN GLVNV DUH

V\QDSVHV� WKH FLUFOH LQ WKH PLGGOH RI WKH URERW ERG\ UHSUHVHQWV WKH KLGGHQ QHXURQ� 7KH DFWLYDWLRQ RI WKH WKUHH

XQLWV FRUUHVSRQG� UHVSHFWLYHO\� WR WKH KLGGHQ XQLW� WKH OHIW PRWRU� DQG WKH ULJKW PRWRU� 5LJKW� %LUG�YLHZ RI WKH

HQYLURQPHQW ZLWK WKH URERW�

7KH DJHQW LQ WKLV FDVH ZDV PRGHOHG E\ XVLQJ WKH PRELOH URERW VKRZQ RQ WKH OHIW VLGH RI
)LJXUH � �0RQGDGD� )UDQ]L 	 ,HQQH� ������ 7KH URERW LV VXSSRUWHG E\ WZR ZKHHOV WKDW DUH

FRQWUROOHG E\ WZR '& PRWRUV ZLWK DQ LQFUHPHQWDO HQFRGHU DQG WKDW FDQ PRYH ERWK IRUZDUG
DQG EDFNZDUG DQG KDV � LQIUDUHG SUR[LPLW\ VHQVRUV ZKLFK FDQ GHWHFW REVWDFOHV XS WR D

GLVWDQFH RI DERXW � FPV� 7KH URERW LV FRQWUROOHG E\ D QHXUDO QHWZRUN ZLWK WKUHH XQLWV� RQH
KLGGHQ QHXURQ DQG WZR PRWRU QHXURQV� HDFK RQH UHFHLYLQJ LQSXW�DFWLYDWLRQ YLD V\QDSWLF

FRQQHFWLRQV IURP DOO HLJKW LQIUDUHG VHQVRUV DQG IURP WKH KLGGHQ QHXURQ LWVHOI �)LJXUH ��
FHQWHU�� 6LJQDOV JRLQJ WKURXJK WKH V\QDSWLF FRQQHFWLRQV� ZKLFK FRXOG KDYH D GULYLQJ RU D

PRGXODWRU\ HIIHFW RQ WKH SRVWV\QDSWLF QHXURQ� ZHUH FRPELQHG LQ D WZR�FRPSRQHQW DFWLYDWLRQ
IXQFWLRQ �3KLOOLSV� .D\ 	 6P\WK ����� WKDW JHQHUDWHG DQ RXWSXW EHWZHHQ � DQG �� )RU WKH

PRWRU QHXURQV� WKH VXP RI WKH GULYLQJ VLJQDOV GHWHUPLQHG WKH GLUHFWLRQ RI URWDWLRQ RI WKH
ZKHHO� ZKHUHDV WKH VXP RI PRGXODWRU\ VLJQDOV FRXOG HQKDQFH RU UHGXFH URWDWLRQ VSHHG� EXW

FRXOG QRW FKDQJH WKH GLUHFWLRQ RI URWDWLRQ� 7KH JHQRW\SH RI HDFK LQGLYLGXDO FRQWDLQV � ELWV IRU
HDFK V\QDSVH ZKLFK HQFRGH WKH PHWD�SURSHUWLHV RI WKH FRUUHVSRQGLQJ V\QDSVH� GULYLQJ RU

PRGXODWRU\ �� ELW�� H[FLWDWRU\ RU LQKLELWRU\ �� ELW�� IRXU OHDUQLQJ UXOHV �� ELWV�� DQG IRXU
OHDUQLQJ UDWHV �� ELWV�� (DFK LQGLYLGXDO V\QDSVH FRXOG FKDQJH LWV VWUHQJWK DFFRUGLQJ WR RQH RI

IRXU +HEELDQ OHDUQLQJ UXOHV �:LOOVKDZ 	 'D\DQ� ������ SXUH +HEELDQ� SRVWV\QDSWLF�
SUHV\QDSWLF� DQG FRYDULDQFH� 7KHVH OHDUQLQJ UXOHV LQFOXGHG D GHFD\ IDFWRU VR WKDW V\QDSWLF

VWUHQJWKV ZHUH DOZD\V ERXQG ZLWKLQ WKH LQWHUYDO >���� ���@ DQG WKHLU VLJQV ZHUH JHQHWLFDOO\
VSHFLILHG �VHFRQG ELW RI HDFK JHQH�� 7KH ILQDO ZHLJKW YDOXHV ZHUH QRW FRGHG EDFN LQWR WKH

JHQRW\SH� ,QGLYLGXDOV ZHUH VHOHFWHG IRU WKHLU DELOLW\ WR QDYLJDWH LQ WKH HQYLURQPHQW VKRZQ LQ
WKH ORZHU OHIW RI )LJXUH � DV IDVW DV SRVVLEOH ZKLOH NHHSLQJ IDU IURP REVWDFOHV� )RU DOO RWKHU

GHWDLOV VHH )ORUHDQR DQG 0RQGDGD �������
$OO WKH EHVW QHXUDO QHWZRUNV RI WKH ODVW JHQHUDWLRQ FRXOG FRQWURO WKH URERW LQ RUGHU WR

NHHS D VWUDLJKW WUDMHFWRU\ ZKLOH DYRLGLQJ REVWDFOHV� 7KH HYROYHG EHKDYLRUV UHVXOWHG LQ VPRRWK
SDWKV DURXQG WKH DUHQD� 7KH QHXUDO QHWZRUNV OHDUQHG WR QDYLJDWH VWDUWLQJ IURP UDQGRP LQLWLDO
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YDOXHV DVVLJQHG WR WKH V\QDSVHV� 7KH DFTXLVLWLRQ RI WKH DELOLW\ WR QDYLJDWH LQ WKH HQYLURQPHQW

LV YHU\ IDVW� LQ OHVV WKDQ �� VHQVRU\ PRWRU ORRSV WKH EHVW LQGLYLGXDOV ZHUH DOUHDG\ FDSDEOH RI
PRYLQJ IRUZDUG ZLWKRXW JHWWLQJ VWXFN LQWR ZDOOV�

)LJXUH � VKRZV WKH WUDMHFWRU\ RI RQH RI WKH EHVW HYROYHG FRQWUROOHUV LQ WZR VXFFHVVLYH
ODSV RI WKH ORRSLQJ PD]H� ,QLWLDOO\� WKH V\QDSVHV ZHUH UDQGRPO\ LQLWLDOL]HG DQG WKH URERW ZDV

SRVLWLRQHG IDFLQJ D FRUQHU RI WKH LQQHU ZDOO �)LJXUH �� OHIW� LQLWLDO SRVLWLRQ FRUUHVSRQGV WR WKH
VHW RI VXSHULPSRVHG EDUV LQ WKH ORZHU SRUWLRQ RI WKH HQYLURQPHQW�� 'XULQJ WKH ILUVW � VHFRQGV

���� V\QDSWLF XSGDWHV�� WKH URERW DGMXVWHG LWV SRVLWLRQ DOWHUQDWLQJ EDFN�DQG�IRUWK PRYHPHQWV
XQWLO LW IRXQG D ZDOO RQ LWV ULJKW VLGH� 7KLV LQLWLDO EHKDYLRU ZDV TXLWH VWHUHRW\SLFDO� LW ZDV

GLVSOD\HG IRU DQ\ VWDUWLQJ SRVLWLRQ� 2QFH D ZDOO KDG EHHQ IRXQG� WKH URERW PRYHG IRUZDUG
NHHSLQJ LW DW D GLVWDQFH RI � FP IURP LWV RZQ ULJKW VLGH� (YHU\ VHFRQG RU WKLUG DFWLRQ� LW

VOLJKWO\ WXUQHG WRZDUG WKH ZDOO DQG WKHQ FRQWLQXHG IRUZDUG� 7KLV VRUW RI MHUN\ EHKDYLRU ZDV
JUDGXDOO\ UHGXFHG ZKHQ FRDVWLQJ D VWUDLJKW ORQJ ZDOO �H�J�� WKH QRUWK DQG HDVW ZDOOV�� ,I WKH

ZDOO ZDV VOLJKWO\ EHQW� WKH URERW FRXOG VWLOO IROORZ LW ZLWKRXW UHGXFLQJ VSHHG� EXW ZKHQ LW
HQFRXQWHUHG D FRQYH[ DQJOH VPDOOHU WKDQ �� GHJUHHV �ZKLFK PHDQV WKDW PRVW RI WKH IURQW

LQIUDUHG VHQVRUV ZHUH DFWLYH� WKH URERW VWRSSHG� EDFNHG URWDWLQJ WR WKH ULJKW� DQG WKHQ UHVXPHG
IRUZDUG PRWLRQ LQ WKH QHZ GLUHFWLRQ� $IWHU RQH ODS DURXQG WKH PD]H� WKH SDWK EHFDPH

VPRRWKHU ZLWK OHVV WUDMHFWRU\ DGMXVWPHQWV DQG PRUH WXQHG WR WKH JHRPHWULF RXWOLQH RI WKH
HQYLURQPHQW �ILJXUH �� ULJKW��

)LJXUH �� 7UDMHFWRU\ RI DQ HYROYHG URERW OHDUQLQJ WR QDYLJDWH GXULQJ LWV OLIHWLPH� 3RVLWLRQ GDWD� YLVXDOL]HG DV EDUV

UHSUHVHQWLQJ WKH D[LV FRQQHFWLQJ WKH WZR ZKHHOV� ZHUH DFTXLUHG ZLWK DQ H[WHUQDO ODVHU SRVLWLRQLQJ GHYLFH HYHU\
��� PV� /HIW� WUDMHFWRU\ GXULQJ WKH ILUVW ODS �WKH URERW VWDUWV LQ WKH ORZHU SRUWLRQ RI WKH HQYLURQPHQW DQG WXUQV

DQWL�FORFNZLVH�� 5LJKW� WUDMHFWRU\ DW WKH VHFRQG ODS�

,QWHUHVWLQJO\� E\ ORRNLQJ DW WKH LQWHUQDO G\QDPLFV RI WKH HYROYHG QHWZRUN� WKH DXWKRUV
REVHUYHG WKDW V\QDSVHV NHHS FKDQJLQJ WKURXJKRXW DOO LQGLYLGXDOV OLIHWLPH� ,Q SDUWLFXODU�

V\QDSVHV FRQWLQXH WR FKDQJH HYHQ LI WKH EHKDYLRU RI WKH URERW EHFDPH UDWKHU VWDEOH DIWHU D IHZ
VHFRQGV �VHH )ORUHDQR DQG 0RQGDGD� ������

,Q WKH FRQYHQWLRQDO YLHZ� V\QDSVHV DUH UHODWLYHO\ VORZ�FKDQJLQJ DQG VWDEOH FRPSRQHQWV
RI WKH QHUYRXV V\VWHP� 6\QDSWLF FKDQJH LV LGHQWLILHG ZLWK OHDUQLQJ RI QHZ VNLOOV RU DFTXLVLWLRQ

RI QHZ NQRZOHGJH� ZKLOH QHXUDO DFWLYDWLRQ LV LGHQWLILHG ZLWK EHKDYLRU �RU VKRUW WHUP
PHPRU\�� 7\SLFDOO\� LW LV DVVXPHG WKDW DFTXLVLWLRQ RI D VWDEOH EHKDYLRU LQ D VWDWLF HQYLURQPHQW

�IRU H[DPSOH� OHDUQLQJ WR GLVWLQJXLVK IDFHV� FRUUHVSRQGV WR VWDELOLW\��QR IXUWKHU FKDQJH��RI
V\QDSVHV LQ WKH QHWZRUN �H�J�� VHH +HUW]� .URJK 	 3DOPHU ������ 7KLV DVVXPSWLRQ LV

H[SOLFLWO\ LQFOXGHG LQWR WKH REMHFWLYH IXQFWLRQV IURP ZKLFK��ERWK VXSHUYLVHG DQG
XQVXSHUYLVHG��FRQYHQWLRQDO OHDUQLQJ DOJRULWKPV DUH DQDO\WLFDOO\ GHULYHG� OHDVW�PHDQ�VTXDUH

HUURU PLQLPL]DWLRQ� HQHUJ\ UHGXFWLRQ� PD[LPL]DWLRQ RI QRGH PXWXDO LQIRUPDWLRQ� HWF� 6LQFH
V\QDSWLF VWDELOLW\ ZDV QRW LQFOXGHG LQ WKH ILWQHVV IXQFWLRQ HPSOR\HG LQ WKLV H[SHULPHQW� ZKLFK
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ZDV GHILQHG VROHO\ LQ EHKDYLRUDO WHUPV� WKH HYROYHG QHXURFRQWUROOHUV ZHUH IUHH WR H[SORUH DQG

H[SORLW GLIIHUHQW ZD\V RI XVLQJ V\QDSWLF FKDQJH�

)LJXUH �� 6WDWH�VSDFH UHSUHVHQWDWLRQ RI V\QDSWLF G\QDPLFV GXULQJ WKH ILUVW ��� DFWLRQV SORWWHG DV WUDMHFWRU\ ZLWKLQ

WKH VSDFH RI WKH ILUVW WKUHH SULQFLSDO FRPSRQHQWV� $UURZV LQGLFDWH VWDUWLQJ SRVLWLRQ DQG UDQJH RI RVFLOODWLRQ

EHWZHHQ DFWLRQ VHTXHQFHV ����� DQG ������� 2VFLOODWLRQV ZLWKLQ WKH VXEVSDFH RI WKH WKLUG �VPDOOHVW� FRPSRQHQW
FRUUHVSRQG WR ILQH WUDMHFWRU\ DGMXVWPHQWV� 0HWKRG� 6DQJHU
V QHWZRUN �6DQJHU� ����� IRU H[WUDFWLQJ WKH ILUVW WKUHH

SULQFLSDO FRPSRQHQWV RI WKH LQSXW FRUUHODWLRQ PDWUL[ ZDV WUDLQHG WR VWDELOLW\ RQ WKH ���FRPSRQHQW YHFWRUV

FRUUHVSRQGLQJ WR WKH V\QDSWLF DFWLYLW\ UHFRUGHG GXULQJ WKH ILUVW ��� DFWLRQV RI WKH URERW YLVXDOL]HG LQ )LJXUH ��

$IWHU WUDLQLQJ� LQSXW YHFWRUV ZHUH SUHVHQWHG DJDLQ WR WKH QHWZRUN DQG RXWSXW XQLW DFWLYDWLRQV ZHUH SORWWHG LQ WKH

UHVXOWLQJ ��GLPHQVLRQDO VSDFH�

2QH ZD\ RI ORRNLQJ DW D G\QDPLFDO V\VWHP VXFK DV WKLV HYROYHG QHXUDO QHWZRUN LV WR

DQDO\]H LWV VWDWH�VSDFH EHKDYLRU� WKDW LV WKH GHYHORSPHQW RI WKH V\QDSWLF YHFWRU LQ LWV ���
GLPHQVLRQDO VSDFH RYHU ��� XSGDWHV �ZKLFK FRUUHVSRQG WR WZR ODSV DURXQG WKH ORRSLQJ PD]H��

6LQFH LW LV LPSRVVLEOH WR GUDZ D ���GLPHQVLRQDO VSDFH� D PRUH FRQYHQLHQW UHSUHVHQWDWLRQ
FRXOG EH WKDW RI GLVSOD\LQJ KRZ WKH ���GLPHQVLRQDO YHFWRU YDULHV RYHU ��� WLPH VWHSV�

3ULQFLSDO &RPSRQHQW $QDO\VLV GRHV MXVW WKDW E\ H[WUDFWLQJ WKH GLUHFWLRQV RI PD[LPXP
YDULDQFH RI WKH GLVWULEXWLRQ RI GDWD �RXU ��� V\QDSWLF YHFWRUV�� 2QFH ZH KDYH H[WUDFWHG WKH

ILUVW� VD\� WKUHH GLUHFWLRQV RI PD[LPXP YDULDQFH� ZH KDYH D ��GLPHQVLRQDO VSDFH RQ ZKLFK ZH
FDQ VHTXHQWLDOO\ SORW HDFK RI WKH ��� YHFWRUV� )LJXUH � VKRZV WKH WUDMHFWRU\ RI V\QDSWLF

FKDQJH LQ WKH UHGXFHG VWDWH�VSDFH RI WKH ILUVW WKUHH SULQFLSDO FRPSRQHQWV RI WKH UHFRUGHG
V\QDSWLF YHFWRUV GXULQJ WKH ILUVW ��� DFWLRQV RI WKH LQGLYLGXDO GLVSOD\HG LQ )LJXUH ��

'XULQJ WKH ILUVW VL[ DFWLRQV WKH QHXUDO QHWZRUN PRYHV WRZDUG D VXEUHJLRQ RI WKH VSDFH IRU
ZKLFK WKHUH LV QR FKDQJH LQ WKH ILUVW WZR SULQFLSDO FRPSRQHQWV� UHVLGXDO YDULDWLRQ DORQJ WKH

VOLFH RI VSDFH FRUUHVSRQGLQJ WR WKH WKLUG SULQFLSDO FRPSRQHQW FRUUHVSRQGV WR ILQH WUDMHFWRU\
DGMXVWPHQWV DQG LV IXUWKHU UHGXFHG DV WKH URERW JUDGXDOO\ WXQHV LWV SDWK WR WKH JHRPHWU\ RI WKH

HQYLURQPHQW� 7KLV PHDQV WKDW� DIWHU DQ LQLWLDO SKDVH RI VWURQJ YDULDWLRQ� WKH V\QDSVHV DV D
ZKROH FKDQJH LQ D V\VWHPDWLF DQG FR�RUGLQDWHG IDVKLRQ� ,Q RWKHU ZRUGV� WKH VWDEOH EHKDYLRU
DFTXLUHG GXULQJ OLIH LV UHJXODWHG E\ FRQWLQXRXVO\ FKDQJLQJ V\QDSVHV ZKLFK DUH G\QDPLFDOO\

VWDEOH� 5RXJKO\ VSHDNLQJ� WKLV PHDQV WKDW ZKHQ RQH V\QDSVH JRHV XS� WKHUH ZLOO EH DQRWKHU
V\QDSVH JRLQJ GRZQ�

7KH V\QDSVHV HYROYHG LQ WKLV H[SHULPHQW DUH UHVSRQVLEOH IRU ERWK OHDUQLQJ DQG EHKDYLRU
UHJXODWLRQ� .QRZOHGJH LQ WKH QHWZRUN LV QRW H[SUHVVHG E\ D ILQDO VWDEOH VWDWH RI WKH V\QDSWLF

FRQILJXUDWLRQ� EXW UDWKHU E\ D G\QDPLF HTXLOLEULXP SRLQW LQ DQ Q�GLPHQVLRQDO VWDWH�VSDFH
�ZKHUH Q LV WKH QXPEHU RI V\QDSVHV�� /HDUQLQJ FDQ EH VHHQ DV D GLVSODFHPHQW RI WKH HQWLUH
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V\VWHP IURP D G\QDPLFDOO\ XQVWDEOH VWDWH WR D QHZ G\QDPLFDOO\ VWDEOH VWDWH� :KHWKHU

ELRORJLFDO V\QDSVHV FDQ SOD\ D VLPLODU UROH RU QRW� LV DQ LVVXH WKDW UHPDLQV WR EH LQYHVWLJDWHG�
/HDUQLQJ RI WKH HYROYHG FRQWUROOHU UHOLHV RQ VLPSOH JHQHWLFDOO\ LQKHULWHG DELOLWLHV� )RU

H[DPSOH� WKH FRQWUROOHU DQDO\]HG DERYH DOZD\V VWDUWV E\ PRYLQJ EDFNZDUG XQWLO LW ILQGV VRPH
REMHFW� WKHQ LW URWDWHV WR WKH ULJKW XQWLO LWV ULJKWPRVW VHQVRUV EHFRPH DFWLYH DQG V\QDSVHV EHJLQ

WR FKDQJH� 7KHVH WZR VLPSOH PRWRU SURJUDPV UHVXOW IURP ZHDN VHQVRU\ VLJQDOV �PRVWO\ QRLVH�
ILOWHUHG DQG DPSOLILHG WKURXJK WKH V\QDSWLF PDWUL[ RI H[FLWDWRU\ DQG LQKLELWRU\ ZHLJKWV� 7KH\

UHSUHVHQW WKH EDVLV IURP ZKLFK OHDUQLQJ FDQ VWDUW WR RSHUDWH DQG DUH VLPLODU WR LQVWLQFWV LQ WKDW
WKH\ DUH ERWK JHQHWLFDOO\ LQKHULWHG DQG UHSUHVHQW SULPLWLYHV XSRQ ZKLFK WKH RUJDQLVP FDQ VWDUW

WR H[SORUH LWV HQYLURQPHQW� ,Q RWKHU ZRUGV� HYROXWLRQ QRW RQO\ VKDSHV WKH OHDUQLQJ PRGDOLW\�
EXW DOVR ERRWVWUDS OHDUQLQJ E\ VHOHFWLQJ EDVLF EHKDYLRUV XVHIXO IRU OHDUQLQJ�

7KH DQDO\VLV RI WKH HYROYHG EHKDYLRU GHVFULEHG DERYH FOHDUO\ LQGLFDWHV WKDW WKH
HQYLURQPHQW SOD\V D JUHDW UROH LQ VKDSLQJ WKH RQWRJHQHWLFDOO\ GHYHORSHG EHKDYLRU� %HKDYLRU

LV DQ HPHUJHQW SURSHUW\ RI WKH LQWHUDFWLRQ EHWZHHQ LQKHULWHG LQVWUXFWLRQV DQG WKH HQYLURQPHQW
QRW RQO\ EHFDXVH HYROXWLRQ H[SORLWV WKH FRPSOH[LW\ RI WKH HQYLURQPHQW DQG RI WKH LQWHUDFWLRQ

EHWZHHQ WKH URERW DQG WKH HQYLURQPHQW� EXW DOVR EHFDXVH LQKHULWHG LQVWUXFWLRQV RQO\ LQGLUHFWO\
FRQVWUDLQW KRZ WKH URERW UHDFW LQ WKH HQYLURQPHQW� 7KH ZD\ LQ ZKLFK WKH URERW UHDFWV WR

GLIIHUHQW VHQVRU\ VWDWHV LWVHOI LV DIIHFWHG E\ WKH SUHYLRXV LQWHUDFWLRQV RI WKH URERW ZLWK WKH
HQYLURQPHQW� ,Q WKLV ZD\ WKH DPRXQW RI LQIRUPDWLRQ HQFRGHG LQ WKH JHQRW\SH PD\ EH UHGXFHG

JLYHQ WKDW SDUW RI WKH LQIRUPDWLRQ ZLOO EH ILOOHG XS E\ WKH LQWHUDFWLRQ EHWZHHQ LQKHULWHG
LQVWUXFWLRQV DQG WKH HQYLURQPHQW�

7KLV PRGHO LV DOVR LQWHUHVWLQJ IURP WKH SRLQW RI YLHZ RI WKH LVVXHV GHVFULEHG LQ WKH
SUHYLRXV WZR VHFWLRQV� ,Q WKH +LQWRQ DQG 1RZODQ¶V PRGHO GHVFULEHG LQ VHFWLRQ �� OHDUQLQJ LV

PRGHOHG DV D UDQGRP VHDUFK SURFHVV ZLWKRXW DQ\ GLUHFWLRQDOLW\� ,QVWHDG� LQ WKH PRGHO
GHVFULEHG LQ WKH SUHYLRXV VHFWLRQ� OHDUQLQJ KDV D GLUHFWLRQDOLW\ EXW WKH OHDUQLQJ WDVN LV IL[HG

DQG SUH�GHWHUPLQHG E\ WKH H[SHULPHQWHU� ,Q WKH PRGHO GHVFULEHG LQ WKLV VHFWLRQ� OHDUQLQJ KDV D
GLUHFWLRQDOLW\ DQG WKH OHDUQLQJ WDVN LWVHOI �L�H� WKH OHDUQLQJ FRQVWUDLQWV� LV HYROYHG�

,QWHUHVWLQJO\ VRPH FRQVWUDLQWV RQ ZKDW FDQ EH OHDUQHG DUH GHWHUPLQHG E\ WKH LQWHUDFWLRQ
EHWZHHQ WKH URERW DQG WKH HQYLURQPHQW� )RU H[DPSOH� RQO\ WKH ZHLJKWV GHSDUWLQJ IURP WKH

VHQVRUV ZKLFK DUH DFWLYDWHG LQ D JLYHQ HQYLURQPHQW FDQ EH DIIHFWHG E\ OHDUQLQJ �IRU H[DPSOH�
VRPH ZHLJKWV IURP WKH OHIW VHQVRUV ZLOO QHYHU OHDUQ EHFDXVH WKH URERW IROORZV ZDOOV RQ LWV

ULJKW VLGH�� ,QVWHDG� RWKHU FRQVWUDLQWV �H�J�� WKH OHDUQLQJ UDWHV DQG WKH OHDUQLQJ UXOHV� DUH
JHQHWLFDOO\ LQKHULWHG DQG WKHUHIRUH DUH VXEMHFWHG WR WKH HYROXWLRQDU\ SURFHVV� 7KLV LPSOLHV WKDW

LQ WKLV PRGHO WKH H[SORUDWLRQ RI WKH SKHQRW\SLF VSDFH DURXQG WKH SRLQW FRUUHVSRQGLQJ WR WKH
LQGLYLGXDO DW ELUWK KDV D GLUHFWLRQDOLW\ ZKLFK LV GHWHUPLQHG E\ ERWK HQYLURQPHQWDO DQG JHQHWLF

FRQVWUDLQWV�
2QH ODVW SRLQW WKDW VKRXOG EH VWUHVVHG LV WKH IDFW WKDW LQ WKLV PRGHO HYROXWLRQ DQG OHDUQLQJ

RSHUDWH RQ WZR GLIIHUHQW V\QDSWLF HQWLWLHV �WKH PHWD�SURSHUWLHV DQG WKH ZHLJKW VWUHQJWKV�
UHVSHFWLYHO\� ZKLOH LQ WKH H[SHULPHQWV GHVFULEHG LQ WKH SUHYLRXV WZR VHFWLRQV WKH\ RSHUDWH RQ

WKH VDPH HQWLW\ �L�H� WKH ZHLJKW VWUHQJWKV��

�� $GDSWDWLRQ WR IDVW FKDQJLQJ HQYLURQPHQWV

2QH RI WKH DGDSWLYH IXQFWLRQV RI OHDUQLQJ LV WKH SRVVLELOLW\ WR DGDSW WR FKDQJHV LQ WKH
HQYLURQPHQW WKDW DUH WRR IDVW IRU HYROXWLRQ WR EH DEOH WR WUDFN WKHP� ,Q WKH SUHYLRXV

H[SHULPHQW WKLV DVSHFW ZDV QRW WDNHQ LQWR FRQVLGHUDWLRQ EHFDXVH WKH HQYLURQPHQW GLG QRW
FKDQJH DFURVV JHQHUDWLRQV�

&RQVLGHU WKH FDVH RI D .KHSHUD URERW WKDW VKRXOG ILQG D WDUJHW LQ DQ DUHQD LQ ZKLFK ZDOOV
FKDQJH FRORU IURP EODFN WR ZKLWH �1ROIL DQG 3DULVL� ������ 7KH FRORU RI WKH ZDOOV VLJQLILFDQWO\

DIIHFWV WKH UHVSRQVH RI WKH LQIUDUHG VHQVRUV RI WKH URERW� 6LQFH WKH WDUJHW LV LQYLVLEOH� WKH URERW



��

VKRXOG H[SORUH WKH HQYLURQPHQW DV PXFK DV SRVVLEOH� ,Q RUGHU WR GR VR LW VKRXOG DGDSW GXULQJ

OLIHWLPH WR WKH GLIIHUHQW FRORU RI WKH ZDOOV�
7KH HQYLURQPHQW XVHG IRU WKH H[SHULPHQWV LV D ��[�� FP DUHQD VXUURXQGHG E\ ZDOOV

�)LJXUH ���� 7KH WDUJHW DUHD LV D FLUFOH RI � FP RI GLDPHWHU DQG LV SRVLWLRQHG DW UDQGRPO\
FKRVHQ ORFDWLRQV� $OWKRXJK WKH URERWV FDQQRW GLUHFWO\ SHUFHLYH WKH WDUJHW DUHD� WKH ILWQHVV

IXQFWLRQ VHOHFWV LQGLYLGXDOV WKDW FDQ UHDFK WKH WDUJHW DUHD LQ WKH VKRUWHVW DPRXQW RI WLPH� 7KLV
VHOHFWLRQ FULWHULRQ LQGLUHFWO\ HQFRXUDJHV URERWV WR H[SORUH WKH DUHQD HIILFLHQWO\ LQ RUGHU WR

LQFUHDVH WKHLU FKDQFH WR HQG XS RQ WKH WDUJHW DUHD�

)LJXUH ��� 7ZR HQYLURQPHQWV ZLWK D WDUJHW DUHD �VPDOO EODFN FLUFOH� DQG WKH .KHSHUD URERW �ODUJH ZKLWH FLUFOH��

7KH WDUJHW DUHD LV SDLQWHG RQ WKH IORRU DQG WKHUHIRUH LW FDQQRW EH GHWHFWHG E\ WKH URERW
V VHQVRUV� 7KH WZR

HQYLURQPHQWV GLIIHU LQ WKH FRORU RI WKH ZDOOV� 7KH ZDOO RI WKH HQYLURQPHQW RQ WKH ULJKW UHIOHFW VL[ WLPHV PRUH

OLJKW WKDQ WKRVH RI WKH HQYLURQPHQW RQ WKH OHIW� 7KH HQYLURQPHQWV PHDVXUH ��[�� FP� WKH WDUJHW DUHD KDV D

GLDPHWHU RI � FP�

5RERWV FDQ OLYH LQ WZR GLIIHUHQW W\SHV RI HQYLURQPHQWV� �D� DQ HQYLURQPHQW ZLWK GDUN

ZDOOV� DQG �E� DQ HQYLURQPHQW ZLWK EULJKW ZDOOV� L�H� ZDOOV WKDW UHIOHFW VL[ WLPHV PRUH OLJKW
WKDQ GDUN ZDOOV� ,Q WKH GDUN HQYLURQPHQW LQIUDUHG VHQVRUV DUH DFWLYDWHG ZLWKLQ D GLVWDQFH RI
DERXW � FP IURP WKH ZDOO ZKHUHDV LQ WKH OLJKW HQYLURQPHQW WKLV GLVWDQFH LV � FP� 7KH URERW

VKRXOG EHKDYH GLIIHUHQWO\ LQ WKH WZR HQYLURQPHQWV LQ RUGHU WR H[SORUH DV PXFK DV SRVVLEOH WKH
DUHQD� ,I LW OLYHV LQ HQYLURQPHQW �D� WKH URERW VKRXOG PRYH YHU\ FDUHIXOO\ ZKHQ VHQVRUV DUH

DFWLYDWHG EHFDXVH GDUN ZDOOV DUH GHWHFWHG RQO\ ZKHQ WKH\ DUH YHU\ FORVH� ,Q FRQWUDVW� LI WKH
URERW OLYHV LQ HQYLURQPHQW �E� WKH ZDOOV FDQ EH GHWHFWHG IURP IDUWKHU DZD\� WKHUHIRUH� LI WKH

URERW ZDQWV WR H[SORUH WKH SRUWLRQ RI WKH DUHQD ZKLFK LV FORVH WR WKH ZDOOV� LW VKRXOG EHJLQ WR
DYRLG WKHP RQO\ ZKHQ WKH VHQVRUV DUH VWURQJO\ DFWLYDWHG� &RQVLGHU KRZHYHU WKDW LQGLYLGXDO

URERWV GR QRW NQRZ LQ ZKLFK W\SH RI HQYLURQPHQW WKH\ DUH JRLQJ WR OLYH� +HQFH WKH\ VKRXOG
EH FDSDEOH RI GHWHFWLQJ WKH W\SH RI HQYLURQPHQW LQ ZKLFK WKH\ DUH FXUUHQWO\ SODFHG DQG VKRXOG

DGDSW WR LW WKURXJK OLIHWLPH DFFRUGLQJO\�
5RERWV DUH FRQWUROOHG E\ D IHHGIRUZDUG QHXUDO QHWZRUN FRQVLVWLQJ RI MXVW DQ LQSXW DQG DQ

RXWSXW OD\HU �)LJXUH ���� 7KH LQSXW OD\HU LQFOXGHV IRXU XQLWV WKDW HQFRGH WKH DFWLYDWLRQ OHYHO
RI URERW
V VHQVRUV� 7KH ILUVW LQSXW XQLW HQFRGHV WKH DYHUDJH DFWLYDWLRQ OHYHO RI VHQVRUV � DQG ��

WKH VHFRQG XQLW WKH DYHUDJH DFWLYDWLRQ RI VHQVRUV � DQG �� HWF� +HQFH� WKH QHWZRUN KDV IRXU
UHFHSWRUV� IURQW� EDFN� OHIW� DQG ULJKW� 7KHVH IRXU LQSXW XQLWV DUH FRQQHFWHG WR IRXU RXWSXW

XQLWV� 7KH ILUVW WZR RXWSXW XQLWV HQFRGH WKH VSHHGV RI WKH WZR ZKHHOV RI WKH .KHSHUD URERW�
7KH UHPDLQLQJ WZR RXWSXW XQLWV UHSUHVHQW WZR 
WHDFKLQJ XQLWV
 WKDW HQFRGH D WHDFKLQJ LQSXW IRU

WKH ILUVW WZR RXWSXW XQLWV� �$ PRUH GHWDLOHG GHVFULSWLRQ RI WKLV W\SH RI DUFKLWHFWXUH LV JLYHQ LQ
1ROIL DQG 3DULVL� ����� ������ 7KLV VHOI�JHQHUDWHG WHDFKLQJ LQSXW LV XVHG WR FKDQJH WKH

ZHLJKWV IURP WKH LQSXW XQLWV WR WKH WZR PRWRU XQLWV ZLWK WKH 'HOWD 5XOH �:LGURZ DQG +RII�
������ ,Q RWKHU ZRUGV� WKH QHXUDO DUFKLWHFWXUH LQFOXGHV WZR GLVWLQFW VXE�QHWZRUNV WKDW VKDUH

WKH VDPH LQSXW XQLWV EXW KDYH VHSDUDWH RXWSXW XQLWV� 7KH ILUVW VXE�QHWZRUN ��VWDQGDUG
QHWZRUN�� WKLFN FRQQHFWLRQV LQ )LJXUH ��� GHWHUPLQHV WKH URERW
V PRWRU DFWLRQV� 7KH VHFRQG

VXE�QHWZRUN ��WHDFKLQJ QHWZRUN�� WKLQ FRQQHFWLRQV LQ )LJXUH ��� GHWHUPLQHV KRZ WKH
LQIRUPDWLRQ FRPLQJ IURP WKH HQYLURQPHQW LV XVHG WR FKDQJH WKH FRQQHFWLRQ ZHLJKWV RI WKH

VWDQGDUG QHWZRUN� $OO FRQQHFWLRQ ZHLJKWV DUH JHQHWLFDOO\ HQFRGHG DQG HYROYHG� EXW WKH
FRQQHFWLRQ ZHLJKWV RI WKH WHDFKLQJ QHWZRUN �WHDFKLQJ ZHLJKWV� GR QRW FKDQJH GXULQJ WKH
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URERW
V OLIHWLPH ZKLOH WKH FRQQHFWLRQ ZHLJKWV RI WKH VWDQGDUG QHWZRUN �VWDQGDUG ZHLJKWV� GR

FKDQJH� 7KLV VSHFLDO DUFKLWHFWXUH DOORZV HYROXWLRQ WR GHWHUPLQH� E\ VHOHFWLQJ WKH ZHLJKWV RI
WKH WHDFKLQJ QHWZRUN� WKH ZD\ LQ ZKLFK HQYLURQPHQWDO LQIRUPDWLRQ PRGLILHV WKH QHUYRXV

V\VWHP RI RXU FUHDWXUHV DQG� DV FRQVHTXHQFH� WKHLU EHKDYLRU GXULQJ OLIH �IRU D VLPLODU
DUFKLWHFWXUH LQ ZKLFK WKH WHDFKLQJ QHWZRUN SURGXFH D VHOI�JHQHUDWHG UHLQIRUFHPHQW VLJQDO VHH

$FNOH\ DQG /LWWPDQ� ������

)LJXUH ��� 6HOI�WHDFKLQJ QHWZRUN� 7KH RXWSXW RI WKH WZR WHDFKLQJ XQLWV LV XVHG DV WHDFKLQJ LQSXW IRU WKH WZR

PRWRU XQLWV� 7KH 'HOWD 5XOH LV XVHG WR FKDQJH WKH ZHLJKWV IURP WKH LQSXW XQLWV WR WKH PRWRU XQLWV� 7KH ZHLJKWV

IURP WKH LQSXW XQLWV WR WKH WHDFKLQJ XQLWV GR QRW FKDQJH GXULQJ WKH OLIHWLPH RI DQ LQGLYLGXDO�

7KH ZD\ LQ ZKLFK RXU URERWV PD\ DGDSW WR GLIIHUHQW HQYLURQPHQWV GXULQJ WKHLU OLIH

EHFRPHV FOHDU LI RQH FRQVLGHUV WKDW WKH RXWSXW RI WKH WHDFKLQJ QHWZRUN� ZKLFK IXQFWLRQV DV
WHDFKLQJ LQSXW IRU WKH VWDQGDUG QHWZRUN� GHSHQGV RQ WZR IDFWRUV� WKH FRQQHFWLRQ ZHLJKWV RI

WKH WHDFKLQJ QHWZRUN DQG WKH DFWLYDWLRQ YDOXH RI WKH IRXU VHQVRU\ XQLWV� :KLOH WKH FRQQHFWLRQ
ZHLJKWV RI WKH WHDFKLQJ QHWZRUN DUH JHQHWLFDOO\ LQKHULWHG DQG DUH QRW GLUHFWO\ LQIOXHQFHG E\

WKH FXUUHQW HQYLURQPHQW� WKH VHQVRU\ LQSXW GRHV UHIOHFW WKH H[WHUQDO HQYLURQPHQW� $V D
FRQVHTXHQFH� WKH WHDFKLQJ LQSXW JHQHUDWHG E\ WKH WHDFKLQJ QHWZRUN PD\ EH LQIOXHQFHG E\ WKH

H[WHUQDO HQYLURQPHQW DQG LW FDQ WHDFK GLIIHUHQW WKLQJV LQ GLIIHUHQW HQYLURQPHQWV� (YROXWLRQ
KDV WKH SRVVLELOLW\ WR VHOHFW URERWV WKDW DUH DEOH WR DGDSW WR FKDQJLQJ HQYLURQPHQWV E\

VHOHFWLQJ WHDFKLQJ ZHLJKWV WKDW SURGXFH WHDFKLQJ LQSXWV WKDW DUH GLIIHUHQW LQ GLIIHUHQW
HQYLURQPHQWV DQG WKDW SURGXFH FKDQJHV WKDW DUH DSSURSULDWH WR WKH FXUUHQW HQYLURQPHQW �IRU

RWKHU GHWDLOV VHH 1ROIL 	 3DULVL� ������
7KH REWDLQHG UHVXOWV VKRZ WKDW� �D� OHDUQLQJ KDV DQ DGDSWLYH IXQFWLRQ� ,QGLYLGXDOV ZKLFK

ZHUH VXEMHFWHG WR OLIHWLPH OHDUQLQJ� LQ IDFW� RXWSHUIRUPHG QRQ�OHDUQLQJ LQGLYLGXDOV �L�H�
LQGLYLGXDOV REWDLQHG E\ UXQQLQJ DQRWKHU VHW RI VLPXODWLRQV LQ ZKLFK OHDUQLQJ ZDV LQKLELWHG��

�E� FKDUDFWHUV DFTXLUHG WKURXJK OHDUQLQJ DUH DGDSWHG WR WKH SDUWLFXODU HQYLURQPHQW LQ ZKLFK
WKH OHDUQLQJ WDNHV SODFH� ,W ZDV REVHUYHG� LQ IDFW� WKDW LQGLYLGXDOV FROOHFW PRUH ILWQHVV LQ WKH

HQYLURQPHQW LQ ZKLFK WKH\ ZHUH WUDLQHG WKDQ LQ WKH RWKHU HQYLURQPHQW�
+RZ LV VXFK DGDSWDWLRQ WR WKH FXUUHQW HQYLURQPHQW DFWXDOO\ DFFRPSOLVKHG" +RZ FDQ

URERWV 
UHFRJQL]H
 WKH W\SH RI HQYLURQPHQW WKH\ KDSSHQ WR EH ERUQ LQ DQG KRZ FDQ WKH\
PRGLI\ WKHPVHOYHV WR DGDSW WR WKDW HQYLURQPHQW"

,I ZH H[DPLQH WKH W\SH RI VWLPXOL WKDW WKH WZR LGHQWLFDO FRSLHV RI WKH EHVW LQGLYLGXDO RI
HDFK JHQHUDWLRQ H[SHULHQFH LQ WKH GDUN DQG LQ WKH EULJKW HQYLURQPHQW� ZH VHH WKDW WKHVH
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VWLPXOL GLIIHU ERWK TXDQWLWDWLYHO\ DQG TXDOLWDWLYHO\ GHSHQGLQJ RQ WKH HQYLURQPHQW ZKHUH WKH

LQGLYLGXDO OLYHV� :H PHDVXUHG WKH DFWLYDWLRQ OHYHO RI WKH VHQVRUV GXULQJ WKH HQWLUH OLIHWLPH RI
WKH EHVW LQGLYLGXDOV RI HDFK JHQHUDWLRQ DQG ZH GLVFRYHUHG WKDW WKH DYHUDJH DFWLYDWLRQ OHYHO

ZDV ���� IRU WKH FRS\ OLYLQJ LQ WKH GDUN HQYLURQPHQW DQG ���� IRU WKH FRS\ OLYLQJ LQ WKH EULJKW
HQYLURQPHQW� ,Q DGGLWLRQ� ZH IRXQG WKDW WKH SHUFHQWDJH RI WLPHV HDFK RI WKH IRXU LQSXW XQLWV

�FRUUHVSRQGLQJ WR WKH OHIW� ULJKW� IURQW� DQG EDFN SDLUV RI VHQVRUV� LV WKH PRVW DFWLYH RQH
VLJQLILFDQWO\ YDULHV DW ELUWK� L�H�� SULRU WR OHDUQLQJ� EHWZHHQ WKH WZR HQYLURQPHQWV �)LJXUH ����

7KLV PHDVXUH LV REWDLQHG E\ DOORZLQJ DQ LQGLYLGXDO WR OLYH IRU RQH HSRFK SULRU WR OHDUQLQJ LQ
WKH WZR HQYLURQPHQWV ZKLOH PHDVXULQJ WKH SHUFHQWDJH RI WLPHV HDFK RI WKH IRXU LQSXW XQLWV LV

WKH PRVW DFWLYH RQH�
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/
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)LJXUH ��� 3HUFHQWDJH RI WLPH HDFK RI WKH IRXU LQSXW XQLWV LV WKH PRVW DFWLYH RQH GXULQJ RQH HSRFK ZLWKRXW

OHDUQLQJ �L�H�� XVLQJ WKH ZHLJKW YDOXHV LQKHULWHG DW ELUWK� LQ ERWK WKH GDUN DQG EULJKW HQYLURQPHQW� 7KH PHDVXUHV

DUH FDUULHG RXW RQ DQ LQGLYLGXDO HYROYHG WR OHDUQ GXULQJ OLIHWLPH� �) IURQW VHQVRU �EODFN�� % EDFN VHQVRU �GDUN�

JUD\�� / OHIW VHQVRU �OLJKW�JUD\�� 5 ULJKW VHQVRU �ZKLWH���

7KH GLIIHUHQW W\SHV RI VWLPXOL WKH URERWV H[SHULHQFH LQ WKH WZR HQYLURQPHQWV DIIHFW WKH

W\SH RI WHDFKLQJ LQSXW FRPSXWHG E\ WKH WHDFKLQJ QHWZRUN DQG DOORZ WKH URERWV WR PRGLI\ WKHLU
VWDQGDUG ZHLJKWV �L�H�� WKH ZHLJKWV WKDW GHWHUPLQH WKHLU PRWRU EHKDYLRU� GLIIHUHQWO\ LQ WKH WZR

HQYLURQPHQWV�
$W WKLV SRLQW ZH PD\ DVN RXUVHOYHV ZKDW LV WKH UROH RI WKH LQKHULWHG VWDQGDUG ZHLJKWV LQ

WKH FDVH RI LQGLYLGXDOV WKDW DUH DOORZHG WR OHDUQ GXULQJ WKHLU OLIH� )RU H[DPSOH� RQH PLJKW
WKLQN WKDW WKH VWDQGDUG ZHLJKWV LQFRUSRUDWH WKH VDPH JHQHUDO VROXWLRQ DGRSWHG E\ QRQ�OHDUQLQJ

LQGLYLGXDOV DQG WKDW OHDUQLQJ LV XVHG WR UHILQH WKH LQKHULWHG VWUDWHJ\ E\ WDNLQJ LQWR
FRQVLGHUDWLRQ WKH VSHFLILFLW\ RI WKH FXUUHQW HQYLURQPHQW� ,I ZH FRPSDUH WKH SHUIRUPDQFH

H[KLELWHG SULRU WR OHDUQLQJ E\ HYROYHG LQGLYLGXDOV EHORQJLQJ WR WKH OHDUQLQJ SRSXODWLRQ ZLWK
WKH SHUIRUPDQFH RI LQGLYLGXDOV EHORQJLQJ WR WKH QRQ�OHDUQLQJ SRSXODWLRQ� ZH GLVFRYHU WKDW

WKLV LV QRW WKH FDVH� ,QGLYLGXDOV EHORQJLQJ WR WKH OHDUQLQJ SRSXODWLRQ SHUIRUP RQ WKH EDVLV RI
WKHLU LQKHULWHG VWDQGDUG ZHLJKWV OHVV ZHOO WKDQ LQGLYLGXDOV RI WKH QRQ�OHDUQLQJ SRSXODWLRQ �VHH

1ROIL 	 3DULVL� ������� 7KLV UHVXOW FRQWUDVWV ZLWK WKH FRPSDULVRQ EHWZHHQ WKH WZR SRSXODWLRQV
ZKHQ SHUIRUPDQFH LV DVVHVVHG DIWHU OHDUQLQJ� ,Q WKHVH FLUFXPVWDQFHV� DV ZH VDLG DERYH� WKH

LQGLYLGXDOV RI WKH OHDUQLQJ SRSXODWLRQ RXWSHUIRUP WKRVH RI WKH QRQ�OHDUQLQJ SRSXODWLRQ�
7KLV UHVXOW LPSOLHV WKDW LQKHULWHG VWDQGDUG ZHLJKWV RI OHDUQLQJ LQGLYLGXDOV DUH VHOHFWHG QRW

RQO\ IRU WKHLU DELOLW\ WR VROYH WKH WDVN �DV VKRZQ E\ WKHLU SHUIRUPDQFH DW ELUWK SULRU WR
OHDUQLQJ�� EXW DOVR WR DOORZ OHDUQLQJ WR SURGXFH D JRRG SHUIRUPDQFH� ,Q RWKHU ZRUGV� WKH JHQHV

�L�H�� WKH LQKHULWHG VWDQGDUG ZHLJKWV SOXV WKH LQKHULWHG WHDFKLQJ ZHLJKWV� RI HYROYHG
LQGLYLGXDOV WKDW DUH DOORZHG WR OHDUQ GR QRW LQFRUSRUDWH D SUHGLVSRVLWLRQ WR EHKDYH HIILFLHQWO\

EXW D SUHGLVSRVLWLRQ WR OHDUQ WR EHKDYH HIILFLHQWO\�
7R XQGHUVWDQG ZKDW D SUHGLVSRVLWLRQ WR OHDUQ FDQ PHDQ LQ WKH FDVH RI RXU URERWV ZH

VKRXOG FRQVLGHU WZR IDFWV� D� LQLWLDO FRQGLWLRQV �H�J�� LQLWLDO ZHLJKWV� FDQ GHWHUPLQH WKH FRXUVH

�
7KLV UHVXOW LV DOVR REWDLQHG ZLWK HYROYHG VHOI�WHDFKLQJ QHWZRUNV OLYLQJ LQ D VWDWLRQDU\ HQYLURQPHQW �VHH 1ROIL

DQG 3DULVL� ����� ������
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RI OHDUQLQJ E\ HUURU PLQLPL]DWLRQ �.ROHQ 	 3ROODFN� ������ DQG E� HYROXWLRQ FDQ VHOHFW

DSSURSULDWH LQLWLDO ZHLJKWV IRU OHDUQLQJ �%HOHZ� 0F,QHUQH\ 	 6FKUDXGROSK� ������ 7KLV
LPSOLHV WKDW WKH VWDQGDUG ZHLJKWV DUH VHOHFWHG LQ RUGHU WR HQKDQFH WKH DGDSWLYH DGYDQWDJH RI

FKDQJHV SURGXFHG E\ OHDUQLQJ� ,I ZH DOORZ RXU LQGLYLGXDOV WR OHDUQ VWDUWLQJ IURP UDQGRP
LQLWLDO ZHLJKWV LQVWHDG WKDQ IURP WKHLU LQKHULWHG VWDQGDUG ZHLJKWV� WKHLU SHUIRUPDQFH ZLOO

UHPDLQ FRQVWDQWO\ ORZ WKURXJKRXW WKHLU OLIH �VHH 1ROIL 	 3DULVL� ������ $OWKRXJK WKH OHDUQLQJ
HUURU ZLOO SURJUHVVLYHO\ GHFUHDVH� WKH ZHLJKW FKDQJH GRHV QRW LPSURYH WKH HIILFLHQF\ RI WKHLU

H[SORUDWLRQ RI WKH HQYLURQPHQW HYHQ LI WKH LQKHULWHG WHDFKLQJ ZHLJKWV DUH OHIW LQWDFW�
$ SUHGLVSRVLWLRQ WR OHDUQ WR H[SORUH WKH HQYLURQPHQW PRUH HIILFLHQWO\� WKHUHIRUH� LV DW

OHDVW LQ SDUW LQFRUSRUDWHG LQ WKH LQKHULWHG VWDQGDUG ZHLJKWV� +RZHYHU� WKH LQKHULWHG WHDFKLQJ
ZHLJKWV DOVR LQFRUSRUDWH D SUHGLVSRVLWLRQ WR OHDUQ �RU� PRUH SUHFLVHO\� WR SURGXFH DGDSWLYH

FKDQJHV LQ WKH VWDQGDUG ZHLJKWV�� ,I ZH DOORZ RXU LQGLYLGXDOV WR PRGLI\ WKH JHQHWLFDOO\
LQKHULWHG VWDQGDUG ZHLJKWV EXW ZH UDQGRPL]H WKH WHDFKLQJ ZHLJKWV� LQ WKLV FDVH WRR OHDUQLQJ

ZLOO GHVWUR\ ZKDWHYHU DELOLW\ WR H[SORUH LV SUHVHQW DW ELUWK UDWKHU WKDQ LQFUHDVLQJ WKDW DELOLW\
�VHH 1ROIL 	 3DULVL� ������ 0RUHRYHU� LI ZH OHW RXU URERWV WR PRYH XVLQJ WKH RXWSXW RI WKH

WHDFKLQJ XQLWV LQVWHDG RI WKH RXWSXW RI WKH VWDQGDUG XQLWV� RQFH DJDLQ ZH REWDLQ D VLJQLILFDQW
GHFUHDVH LQ SHUIRUPDQFH �VHH 1ROIL 	 3DULVL� ����� ZLWK UHVSHFW WKH FDVH LQ ZKLFK VHOI�

JHQHUDWHG WHDFKLQJ DUH XVH WR PRGLI\ WKH VWDQGDUG ZHLJKWV WKDW GHWHUPLQH KRZ WKH URERWV
EHKDYH�

7KHUHIRUH ERWK WKH VWDQGDUG ZHLJKWV DQG WKH WHDFKLQJ ZHLJKWV LQFRUSRUDWH D JHQHWLFDOO\
LQKHULWHG SUHGLVSRVLWLRQ WR OHDUQ UDWKHU WKDQ D SUHGLVSRVLWLRQ WR EHKDYH� 7KH EHKDYLRU RI

HYROYHG URERWV HPHUJH IURP WKH LQWHUDFWLRQ EHWZHHQ WKH WZR VHW RI ZHLJKWV DQG FDQQRW EH
WUDFHG EDFN LQ SDUW WR RQH VHW DQG LQ SDUW WR WKH RWKHU VHW� 0RUH SUHFLVHO\� EHKDYLRU LV WKH

HPHUJHQW UHVXOW RI WKH LQWHUDFWLRQ EHWZHHQ VWDQGDUG ZHLJKWV� WHDFKLQJ ZHLJKWV� DQG WKH
HQYLURQPHQW�

,QWHUHVWLQJO\� WKH SUHGLVSRVLWLRQ WR OHDUQ GR QRW RQO\ FRQVLVWV LQ DQ DELOLW\ WR XVH WKH
VHQVRU\ SDWWHUQV FRPLQJ IURP WKH VHQVRUV WR DGDSW WR WKH HQYLURQPHQW EXW DOVR LQ DQ DELOLW\ WR

PRGLI\ WKH SDWWHUQV UHFHLYHG IURP WKH HQYLURQPHQW LQ RUGHU WR VHOHFW SDWWHUQV ZKLFK SURGXFH
DGDSWLYH FKDQJHV� ,Q RWKHU ZRUGV HYROYHG LQGLYLGXDOV KDYH D SUHGLVSRVLWLRQ WR VHOHFW XVHIXO

OHDUQLQJ H[SHULHQFHV� ,W ZDV IRXQG� LQ IDFW� WKDW HYROYHG URERWV ZKLFK OHDUQ GXULQJ OLIHWLPH
EHKDYH DW ELUWK LQ D ZD\ WKDW HQKDQFH WKH SHUFHLYHG GLIIHUHQFH EHWZHHQ WKH WZR HQYLURQPHQW

ZLWK UHVSHFW WR QRQ�OHDUQLQJ URERWV �VHH )LJXUH ����
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)LJXUH ��� 'LIIHUHQFH LQ WKH SHUFHQWDJH RI WLPH HDFK RI WKH IRXU LQSXW XQLWV LV WKH PRVW DFWLYDWHG RQH LQ WKH WZR

HQYLURQPHQWV IRU ��� QRQOHDUQLQJ LQGLYLGXDOV DW ELUWK� ��� OHDUQLQJ LQGLYLGXDOV DW ELUWK� DQG ��� OHDUQLQJ

LQGLYLGXDOV DW WKH HQG RI WKHLU OLIH� ,QGLYLGXDOV HYROYHG IRU OHDUQLQJ EHKDYH VR WKDW LQSXW XQLWV DUH DFWLYDWHG PRUH

GLIIHUHQWO\ LQ WKH WZR HQYLURQPHQWV� 7KLV PHDQV WKDW WKHLU EHKDYLRU HQKDQFHV SHUFHSWXDO GLIIHUHQFHV�

7R GHWHUPLQH KRZ WKH WZR HQYLURQPHQWV GLIIHU LQ WKH LQSXWV WKDW WKH\ PDNH DYDLODEOH WR

WKH OHDUQLQJ DQG QRQOHDUQLQJ URERWV� ZH FRPSXWHG WKH SHUFHQWDJH RI F\FOHV LQ ZKLFK HDFK RI
WKH IRXU LQSXW XQLWV ZDV WKH PRVW DFWLYH DQG ZH FRPSDUHG WKHVH SHUFHQWDJHV LQ WKH WZR
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HQYLURQPHQWV IRU ERWK OHDUQLQJ DQG QRQ�OHDUQLQJ LQGLYLGXDOV �GHWDLOV RI KRZ WKH PHDVXUH KDV

EHHQ FRQGXFWHG FDQ EH IRXQG LQ 1ROIL DQG 3DULVL� ������ 7KH GLIIHUHQFHV LQ WKH DFWLYDWLRQ
OHYHO DPRQJ WKH IRXU LQSXW XQLWV LQ WKH WZR HQYLURQPHQWV UHIOHFW WKH GLIIHUHQW EHKDYLRUV RI DQ

RUJDQLVP LQ WKH WZR HQYLURQPHQWV� 7KH ILUVW FROXPQ RI )LJXUH �� VKRZV WKH DYHUDJH
GLIIHUHQFH EHWZHHQ WKH VWLPXOL SHUFHLYHG DW ELUWK LQ WKH WZR HQYLURQPHQWV E\ QRQ�OHDUQLQJ

LQGLYLGXDOV� 7KH VHFRQG FROXPQ VKRZV WKH VDPH DYHUDJH GLIIHUHQFH IRU WKH OHDUQLQJ
LQGLYLGXDOV DW ELUWK� L�H�� EHIRUH DQ\ OHDUQLQJ� 7KH WKLUG FROXPQ VKRZV WKH DYHUDJH GLIIHUHQFH

IRU WKH OHDUQLQJ LQGLYLGXDOV DW WKH HQG RI OLIH� WKDW LV� DIWHU OHDUQLQJ KDV KDG LWV HIIHFW� 7KHVH
GDWD LQGLFDWH WKDW �D� OHDUQLQJ LQGLYLGXDOV SHUFHLYH DW ELUWK WKH WZR HQYLURQPHQWV DV PRUH

GLIIHUHQW WKDQ QRQ�OHDUQLQJ LQGLYLGXDOV� DQG �E� WKDW WKHUH PD\ EH D WHQGHQF\ IRU WKH
GLIIHUHQFHV WR GHFUHDVH DIWHU OHDUQLQJ �DOWKRXJK WKH GLIIHUHQFH EHWZHHQ WKH VHFRQG DQG WKLUG

FROXPQ LV QRW VWDWLVWLFDOO\ VLJQLILFDQW�� ,Q RWKHU ZRUGV� OHDUQLQJ LQGLYLGXDOV EHKDYH DW ELUWK LQ
D ZD\ WKDW HQKDQFHV SHUFHLYHG GLIIHUHQFHV EHWZHHQ WKH WZR HQYLURQPHQWV ZKLFK LQ WXUQ DOORZ

WKHP WR OHDUQ WR SURGXFH WZR GLIIHUHQW EHKDYLRUV LQ WKH WZR HQYLURQPHQWV�

�� &R�HYROXWLRQ RI SODVWLF QHXURFRQWUROOHUV IRU FRPSHWLQJ URERWV

,Q WKH SUHYLRXV VHFWLRQ ZH H[DPLQHG D FDVH LQ ZKLFK WKH HQYLURQPHQW LQFOXGHG RQO\
DELRWLF HOHPHQWV� +RZHYHU� WKH H[WHUQDO HQYLURQPHQW PD\ DOVR LQFOXGH RWKHU RUJDQLVPV� 7KXV

FKDQJHV LQ WKH VXEMHFWLYH HQYLURQPHQW RI RQH LQGLYLGXDO PLJKW EH FDXVHG DOVR E\ FKDQJHV
RFFXUULQJ LQ RWKHU RUJDQLVPV� 2QH FDVH ZKLFK LV LQWHUHVWLQJ IURP WKH SRLQW RI YLHZ RI WKH

DGDSWDWLRQ WR FKDQJLQJ HQYLURQPHQW LV WKH FDVH LQ ZKLFK WKH HQYLURQPHQW RI RQH LQGLYLGXDO
LQFOXGHV RWKHU RUJDQLVPV ZKLFK FRPSHWH ZLWK WKDW LQGLYLGXDO� ,Q WKLV FDVH� LQ IDFW� WKH

HQYLURQPHQW ZLOO WHQG WR FKDQJH VR WR PDNH WKH WUDLWV RI HYROYLQJ LQGLYLGXDOV QR ORQJHU XVHIXO
IRU UHSURGXFWLYH VXFFHVV� ,W PLJKW WKXV KDSSHQ WKDW SURJUHVV DFKLHYHG E\ RQH SRSXODWLRQ LV

UHGXFHG RU HOLPLQDWHG E\ WKH RWKHU FRPSHWLQJ SRSXODWLRQ� 7KLV SKHQRPHQRQ LV VRPHWLPHV
UHIHUUHG WR DV WKH �5HG 4XHHQ (IIHFW� �YDQ 9DOHQ� ����� �IURP WKH LPDJLQDU\ FKHVV ILJXUH�

LQYHQWHG E\ QRYHOLVW /HZLV &DUUROO� ZKR ZDV DOZD\V UXQQLQJ ZLWKRXW PDNLQJ DQ\
DGYDQFHPHQW EHFDXVH WKH ODQGVFDSH ZDV PRYLQJ ZLWK KHU��

:H VWXGLHG WKH FDVH RI WZR FRPSHWLQJ SRSXODWLRQV RI SUHGDWRU DQG SUH\ URERWV �)ORUHDQR
	 1ROIL� ����� )ORUHDQR 	 1ROIL� ����E� 1ROIL 	 )ORUHDQR� LQ SUHVV�� 7ZR .KHSHUD URERWV

ZHUH XVHG LQ WKHVH H[SHULPHQWV� RQH RI ZKLFK �WKH 3UHGDWRU� ZDV HTXLSSHG ZLWK D YLVLRQ
PRGXOH ZKLOH WKH RWKHU �WKH 3UH\� KDG D PD[LPXP DYDLODEOH VSHHG VHW WR WZLFH WKDW RI WKH

SUHGDWRU� 7KH SUH\ KDV D EODFN SURWXEHUDQFH� ZKLFK FDQ EH GHWHFWHG E\ WKH SUHGDWRU
HYHU\ZKHUH LQ WKH HQYLURQPHQW �VHH )LJXUH ���� 7KH WZR VSHFLHV FRXOG HYROYH LQ D VTXDUH

DUHQD �� [ �� FP LQ VL]H ZLWK KLJK ZKLWH ZDOOV VR WKDW SUHGDWRU FRXOG DOZD\V VHH WKH SUH\
�ZLWKLQ WKH YLVXDO DQJOH� DV D EODFN VSRW RQ D ZKLWH EDFNJURXQG�
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)LJXUH ��� 5LJKW� 7KH 3UHGDWRU LV HTXLSSHG ZLWK WKH YLVLRQ PRGXOH ��'�DUUD\ RI SKRWRUHFHSWRUV� YLVXDO DQJOH RI

��
R

�� /HIW� 7KH 3UH\ KDV D EODFN SURWXEHUDQFH ZKLFK FDQ EH FOHDUO\ GHWHFWHG E\ WKH SUHGDWRU DW D GLVWDQFH XS WR
�� FP� EXW LWV PD[LPXP VSHHG LV WZLFH WKDW RI WKH SUHGDWRU� %RWK 3UHGDWRU DQG 3UH\ DUH HTXLSSHG ZLWK � LQIUDUHG

SUR[LPLW\ VHQVRUV�

%RWK LQGLYLGXDOV ZHUH SURYLGHG ZLWK HLJKW LQIUDUHG SUR[LPLW\ VHQVRUV �VL[ RQ WKH IURQW

VLGH DQG WZR RQ WKH EDFN� ZKLFK KDG D PD[LPXP GHWHFWLRQ UDQJH RI ��� FP LQ WKH
HQYLURQPHQW� )RU WKH SUHGDWRU ZH FRQVLGHUHG WKH .��� PRGXOH RI .KHSHUD ZKLFK LV DQ

DGGLWLRQDO WXUUHW WKDW FDQ EH SOXJJHG LQ GLUHFWO\ RQ WRS RI WKH EDVLF SODWIRUP� ,W FRQVLVWV RI D
�'�DUUD\ RI �� SKRWRUHFHSWRUV ZKLFK SURYLGH D OLQHDU LPDJH FRPSRVHG RI �� SL[HOV RI ���

JUD\�OHYHOV HDFK� VXEWHQGLQJ D YLHZ�DQJOH RI ���� +RZHYHU WKH .��� PRGXOH DOVR DOORZV
GHWHFWLRQ RI WKH SRVLWLRQ LQ WKH LPDJH FRUUHVSRQGLQJ WR WKH SL[HO ZLWK PLQLPDO LQWHQVLW\� :H

XVHG WKLV IDFLOLW\ E\ GLYLGLQJ WKH YLVXDO ILHOG LQWR ILYH VHFWRUV RI DERXW �� HDFK FRUUHVSRQGLQJ
WR ILYH VLPXODWHG SKRWRUHFHSWRUV� ,I WKH SL[HO ZLWK PLQLPDO LQWHQVLW\ OD\ LQVLGH WKH ILUVW VHFWRU�

WKHQ WKH ILUVW VLPXODWHG SKRWRUHFHSWRU ZRXOG EHFRPH DFWLYH� LI WKH SL[HO OD\ LQVLGH WKH VHFRQG
VHFWRU� WKHQ WKH VHFRQG SKRWRUHFHSWRU ZRXOG EHFRPH DFWLYH� HWF� )URP WKH PRWRU SRLQW RI

YLHZ� ZH VHW WKH PD[LPXP ZKHHO VSHHG LQ HDFK GLUHFWLRQ WR ��PP�V IRU WKH SUHGDWRU DQG
���PP�V IRU WKH SUH\�

7KH URERW FRQWUROOHU ZDV D VLPSOH SHUFHSWURQ FRPSULVLQJ WZR VLJPRLG XQLWV ZLWK
UHFXUUHQW FRQQHFWLRQ DW WKH RXWSXW OD\HU� ,Q WKH FDVH RI WKH SUHGDWRU� HDFK RXWSXW XQLW UHFHLYHG

FRQQHFWLRQV IURP ILYH SKRWRUHFHSWRUV DQG IURP HLJKW LQIUDUHG SUR[LPLW\ VHQVRUV� ,Q WKH FDVH
RI WKH SUH\� HDFK RXWSXW XQLW UHFHLYHG LQSXW RQO\ IURP � LQIUDUHG SUR[LPLW\ VHQVRUV� EXW LWV

DFWLYDWLRQ YDOXH ZDV PXOWLSOLHG E\ � EHIRUH VHWWLQJ WKH ZKHHO VSHHG�
7ZR SRSXODWLRQV RI ��� LQGLYLGXDOV HDFK ZHUH FR�HYROYHG IRU ��� JHQHUDWLRQV� (DFK

LQGLYLGXDO ZDV WHVWHG DJDLQVW WKH EHVW FRPSHWLWRUV RI WKH WHQ SUHYLRXV JHQHUDWLRQV �D VLPLODU
SURFHGXUH ZDV XVHG LQ �6LPV� ����� &OLII 	 0LOOHU� ������ $W JHQHUDWLRQ �� FRPSHWLWRUV ZHUH

UDQGRPO\ FKRVHQ ZLWKLQ WKH VDPH JHQHUDWLRQ� ZKHUHDV LQ WKH RWKHU � LQLWLDO JHQHUDWLRQV WKH\
ZHUH UDQGRPO\ FKRVHQ IURP WKH SRRO RI DYDLODEOH EHVW LQGLYLGXDOV RI SUHYLRXV JHQHUDWLRQV�

7KH FRPSHWLWLRQ HQGHG HLWKHU ZKHQ WKH SUHGDWRU WRXFKHG WKH SUH\ RU DIWHU ��� PRWRU XSGDWHV
�FRUUHVSRQGLQJ WR �� VHFRQGV DW PD[LPXP RQ WKH SK\VLFDO URERW�� 7KH QXPEHU RI OLIHF\FOH

�UDQJLQJ EHWZHHQ � DQG ���� ZDV XVHG DV ILWQHVV YDOXH IRU ERWK SUH\ DQG SUHGDWRU� +LJK
YDOXHV FRUUHVSRQGHG WR KLJK ILWQHVV IRU WKH SUH\ DQG WR ORZ ILWQHVV IRU WKH SUHGDWRU��

�
,Q 1ROIL DQG )ORUHDQR �LQ SUHVV� ZH XVHG D VOLJKWO\ GLIIHUHQW ILWQHVV IXQFWLRQ� ,Q WKLV FDVH WKH ILWQHVV LQ HDFK

FRPSHWLWLRQ ZDV VLPSO\ � IRU WKH SUHGDWRU DQG � IRU WKH SUH\ LI WKH SUHGDWRU ZDV DEOH WR FDWFK WKH SUH\ DQG�

FRQYHUVHO\ � IRU WKH SUHGDWRU DQG � IRU WKH SUH\ LI WKH ODWWHU ZDV DEOH WR HVFDSH WKH SUHGDWRU�
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7ZR VHW RI H[SHULPHQWV ZHUH FRQGXFWHG� ,Q RQH VHW WKH ZHLJKWV RI WKH QHXUDO FRQWUROOHUV

ZHUH GLUHFWO\ HQFRGHG LQWR LQGLYLGXDOV
 JHQRW\SH �L�H� LQGLYLGXDOV ZHUH QRW DEOH WR DGDSW WR
WKHLU HQYLURQPHQW GXULQJ OLIHWLPH�� ,Q WKH RWKHU VHW WKH JHQRW\SH HQFRGHG VRPH �PHWD�

SURSHUWLHV� RI WKH V\QDSVHV �DV LQ WKH H[SHULPHQWV GHVFULEHG LQ VHFWLRQ � WKH JHQRW\SH
HQFRGHG WKH VLJQ RI WKH V\QDSVH� WKH OHDUQLQJ UXOH� DQG WKH OHDUQLQJ UDWH�� 7KH ZHLJKWV RI WKH

V\QDSVHV ZHUH DVVLJQHG UDQGRPO\ DQG ZHUH DOORZHG WR FKDQJH GXULQJ OLIHWLPH�
)LJXUH �� VKRZV WKH DYHUDJH SRSXODWLRQ ILWQHVV LQ WKH FDVH RI WKH H[SHULPHQWV FRQGXFWHG

ZLWK QRQ�SODVWLF LQGLYLGXDOV�
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)LJXUH ��� &R�HYROXWLRQDU\ ILWQHVV PHDVXUHG LQ VLPXODWLRQ LQ D W\SLFDO H[SHULPHQWV ZLWK QRQ�SODVWLF LQGLYLGXDOV�

$YHUDJH SRSXODWLRQ ILWQHVV RI WKH WZR SRSXODWLRQV �SU SUHGDWRU� S\ SUH\� $W HDFK JHQHUDWLRQ� WKH ILWQHVV YDOXHV

RI WKH WZR VSHFLHV GR QRW VXP WR RQH EHFDXVH HDFK LQGLYLGXDO LV WHVWHG DJDLQVW WKH EHVW RSSRQHQW UHFRUGHG IURP

WKH SUHYLRXV �� JHQHUDWLRQV�

$V H[SHFWHG� LQLWLDOO\ WKH SUH\ VFRUH YHU\ KLJK� ZKDWHYHU WKH\ PLJKW GR� EHFDXVH WKH

SUHGDWRUV DUH QRW JRRG DW FDWFKLQJ WKHP� IRU WKH VDPH UHDVRQ� LQLWLDOO\ WKH SUHGDWRUV VFRUH YHU\
ORZ� 9HU\ TXLFNO\ D VHW RI FRXQWHU�SKDVH RVFLOODWLRQV HPHUJH LQ WKH WZR SRSXODWLRQV� DV DOVR

UHSRUWHG E\ RWKHU DXWKRUV �6LPV� ����� S����� EXW ZH QHYHU REVHUYHG GRPLQDQFH RI RQH
SRSXODWLRQ RQ WKH RWKHU LQ DQ\ RI RXU HYROXWLRQDU\ UXQV �HYHQ ZKHQ FRQWLQXHG IRU ���

JHQHUDWLRQV�� +RZHYHU� WKH ILWQHVV IRU WKH SUH\ DOZD\V WHQGHG WR JHQHUDWH KLJKHU SHDNV GXH WR
SRVLWLRQ DGYDQWDJH �HYHQ LQ WKH FDVH RI WKH ZRUVW SUH\ DQG EHVW SUHGDWRU� WKH ODWWHU ZLOO DOZD\V

QHHG VRPH WLPH WR UHDFK WKH SUH\��
$ UHPDUNDEOH DVSHFW RI WKHVH FR�HYROXWLRQDU\ H[SHULPHQWV LV WKH YDULHW\ DQG FRPSOH[LW\

RI EHKDYLRUDO VWUDWHJLHV GLVSOD\HG E\ WKH WZR VSHFLHV� )LJXUH �� VKRZV VRPH W\SLFDO
WRXUQDPHQWV UHFRUGHG DW GLIIHUHQW JHQHUDWLRQV� ,Q WKLV H[SHULPHQW DIWHU IHZ JHQHUDWLRQV WKH

SUH\ PRYHV TXLFNO\ DURXQG WKH HQYLURQPHQW DQG WKH SUHGDWRU DWWDFNV RQO\ ZKHQ WKH SUH\ LV DW
D FHUWDLQ GLVWDQFH �)LJXUH ��� OHIW�� 7KH VWUDWHJ\ RI WKH SUHGDWRU FDQ EH H[SODLQHG E\

FRQVLGHULQJ LI WKH SUH\ PRYH DW DQ KLJK VSHHG� DV LQ WKLV FDVH� WKH VLPSOH VWUDWHJ\ WR WU\ WR
UHDFK WKH SUH\ DV IDVW DV SRVVLEOH ZLOO QRW SD\ RII JLYHQ WKDW WKH SUH\ LV IDVWHU WKDQ WKH

SUHGDWRU� /DWHU RQ �)LJXUH ��� FHQWHU� WKH SUH\ VSLQV LQ SODFH DQG� ZKHQ WKH SUHGDWRU JHWV
FORVHU� LW UDSLGO\ DYRLGV LW� 3UH\ WKDW PRYH WRR IDVW DURXQG WKH HQYLURQPHQW VRPHWLPHV FDQQRW
DYRLG DQ DSSURDFKLQJ SUHGDWRU EHFDXVH WKH\ GHWHFW LW WRR ODWH �UHPHPEHU WKDW WKH RWKHU URERW

LV PRUH GLIILFXOW WR GHWHFW E\ LQIUDUHG VHQVRUV WKDQ D ODUJH ZKLWH ZDOO�� 7KHUHIRUH� LW SD\V RII
IRU WKH SUH\ WR ZDLW IRU WKH VORZHU SUHGDWRU DQG DFFXUDWHO\ DYRLG LW� +RZHYHU� WKH SUHGDWRU LV

VPDUW HQRXJK WR SHUIRUP D VPDOO FLUFOH DIWHU KDYLQJ PLVVHG WKH WDUJHW DQG UH�DWWDFN XQWLO� E\
FKDQFH� WKH SUH\ LV FDXJKW RQ RQH RI WKH WZR VLGHV �ZKHUH ZKHHOV DQG PRWRUV GR QRW OHDYH

VSDFH IRU VHQVRUV�� 7KH SUHGDWRU RI WKH IROORZLQJ JHQHUDWLRQV �)LJXUH ��� ULJKW� WHPSRUDU\
ORRVH WKHLU DELOLW\ WR DYRLG ZDOOV �ZKLFK ZDV QRW UHTXLUHG LQ WKH IHZ SUHYLRXV JHQHUDWLRQV

EHFDXVH WKH SUHGDWRU YHU\ TXLFNO\ ORFDOL]HG DQG DSSURDFKHG WKH SUH\�� $W WKH VDPH WLPH WKH
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SUH\ UHVXPHV D UDSLG ZDOO IROORZLQJ DQG REVWDFOH DYRLGDQFH ZKLFK IRUFHV WKH SUHGDWRU WR JHW

FORVHU WR ZDOOV DQG FROOLGH LI WKH SUH\ LV PLVVHG�

)LJXUH ��� %HKDYLRUV UHFRUGHG DW LQWHUHVWLQJ SRLQWV RI FR�HYROXWLRQ UHSUHVHQWLQJ W\SLFDO VWUDWHJLHV� %ODFN GLVN LV
WKH SUHGDWRU� ZKLWH GLVN LV WKH SUH\�

%\ DQDO\]LQJ WKH EHKDYLRU REWDLQHG LQ VLPXODWLRQV WKURXJKRXW D ORQJHU HYROXWLRQDU\ WLPH�

KRZHYHU� LW FDQ EH VKRZQ WKDW WKH VDPH W\SH RI VWUDWHJLHV DUH UH�GLVFRYHUHG RYHU DQG RYHU
DJDLQ �1ROIL DQG )ORUHDQR� LQ SUHVV�� 7KLV GRHV QRW LPSO\ WKDW WKH FR�HYROXWLRQDU\ SURFHVV LV

XQDEOH WR ILQG LQWHUHVWLQJ VROXWLRQV� DV ZH MXVW VDZ� ,W RQO\ PHDQV WKDW HIIHFWLYH VWUDWHJLHV PD\
EH ORVW LQVWHDG RI EHLQJ UHWDLQHG DQG UHILQHG� 6XFK JRRG VWUDWHJLHV� LQ IDFW� DUH RIWHQ UHSODFHG

E\ RWKHU VWUDWHJLHV WKDW� DOWKRXJK SURYLGLQJ DQ DGYDQWDJH RYHU WKH FXUUHQW RSSRQHQWV� PD\ EH
LQHIIHFWLYH DJDLQVW WKH SUHYLRXV VWUDWHJLHV� :KHQ� DV LQ WKLV FDVH� QHZO\ JHQHUDWHG VWUDWHJLHV

DUH VSHFLDOL]HG WR GHIHDW WKH FXUUHQW FRPSHWLWRUV EXW QRW WKH ROG RQHV FR�HYROXWLRQ HQGV LQ
F\FOH LQ ZKLFK WKH VDPH VWUDWHJLHV DUH DGRSWHG RYHU DQG RYHU DJDLQ�

$W WKLV SRLQW ZH PD\ DVN LI JHQHUDO VWUDWHJLHV �L�H� VWUDWHJLHV ZKLFK FDQ GHIHDW VHYHUDO
FRPSHWLWRUV DGRSWLQJ GLIIHUHQW VWUDWHJLHV� FDQ EH IRXQG� 2QH SRVVLEOH ZD\ WR IRUFH FR�

HYROXWLRQ WR SURGXFH JHQHUDO VWUDWHJLHV LV WR VDYH DQG XVH DV FRPSHWLWRUV DOO WKH EHVW
LQGLYLGXDOV RI SUHYLRXV JHQHUDWLRQV �VHH 5RVLQ DQG %HOHZ� ������ ,Q WKLV ZD\ LQGLYLGXDOV DEOH

WR GHIHDW D ODUJHU QXPEHU RI FRPSHWLWRUV� RQ WKH DYHUDJH� FDQ EH VHOHFWHG �VHH 1ROIL 	
)ORUHDQR� LQ SUHVV�� +RZHYHU� LQGLYLGXDOV VHOHFWHG DJDLQVW DOO WKH FRPSHWLWRUV RI WKH SUHYLRXV

JHQHUDWLRQ DUH DEOH WR GHIHDW PRVW EXW QRW DOO RI WKHP� 7KHUH LV DOZD\V VRPH VWUDWHJ\� RIWHQ
DGRSWHG E\ FRPSHWLWRUV RI VHYHUDO JHQHUDWLRQ EHIRUH� WKDW WKH\ DUH XQDEOH WR GHIHDW DQG WKDW

FDQ GHIHDW WKHP �VHH 1ROIL 	 )ORUHDQR� LQ SUHVV��
7KHVH UHVXOWV SRLQW WR WKH FRQFOXVLRQ WKDW LQ FHUWDLQ WDVNV LW LV DOZD\V SRVVLEOH WR ILQG D

VLPSOH VWUDWHJ\ FDSDEOH RI GHIHDWLQJ DQRWKHU VLQJOH� DOEHLW FRPSOH[ DQG JHQHUDO� VWUDWHJ\
�DOWKRXJK VXFK VLPSOH VWUDWHJ\ LV D VSHFLDOL]HG VWUDWHJ\� L�H� LW LV DEOH WR GHIHDW RQO\ WKDW

SDUWLFXODU VWUDWHJ\ DQG� RI FRXUVH� RWKHU VLPLODU VWUDWHJLHV�� ,I WKLV LV UHDOO\ WUXH� LQ RWKHU
ZRUGV� LI FRPSOHWHO\ JHQHUDO VROXWLRQV GR QRW H[LVW LQ VRPH FDVHV� ZH VKRXOG UH�FRQVLGHU WKH

µF\FOLQJ SUREOHP¶� )URP WKH SRLQW RI YLHZ RI QRQ�SODVWLF LQGLYLGXDOV� WKH IDFW WKDW FR�
HYROXWLRQDU\ G\QDPLFV OHDG WR D OLPLW F\FOH LQ ZKLFK WKH VDPH W\SH RI VROXWLRQV DUH DGRSWHG

RYHU DQG RYHU DJDLQ VKRXOG QRW EH FRQVLGHUHG DV D IDLOXUH EXW DV DQ RSWLPDO VROXWLRQ� :H
FDQQRW FRPSODLQ WKDW FR�HYROXWLRQ GRHV QRW ILQG D PRUH JHQHUDO VWUDWHJ\ FDSDEOH RI FRSLQJ

ZLWK DOO WKH VWUDWHJLHV DGRSWHG E\ WKH FR�HYROYLQJ SRSXODWLRQ GXULQJ D F\FOH LI VXFK JHQHUDO
VWUDWHJLHV GR QRW H[LVW� JLYHQ WKH H[LVWLQJ FRQGLWLRQV �HQYLURQPHQW� VHQVRU\ PRWRU V\VWHP�

DUFKLWHFWXUH RI WKH QHXURFRQWUROOHU� HWF��� 7KH EHVW WKDW FDQ EH GRQH LV WR VHOHFW WKH DSSURSULDWH
VWUDWHJ\ IRU WKH FXUUHQW FRXQWHU�VWUDWHJ\� ZKLFK LV ZKDW DFWXDOO\ KDSSHQV ZKHQ FR�

HYROXWLRQDU\ G\QDPLFV HQG LQ D OLPLW F\FOH�
2Q WKH RWKHU KDQG� SODVWLF LQGLYLGXDOV �L�H� LQGLYLGXDOV WKDW FDQ FKDQJH WKHLU VWUDWHJ\

GXULQJ OLIHWLPH� KDYH DYDLODEOH DQRWKHU RSWLRQ� ,I WKHVH LQGLYLGXDOV SRVVHV D VHW RI GLIIHUHQW
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VWUDWHJLHV ZKLFK DUH HIIHFWLYH DJDLQVW D YDULHW\ RI FRXQWHU�VWUDWHJLHV DQG DUH DEOH WR VHOHFW WKH

VWUDWHJ\ ZKLFK LV PRVW DSSURSULDWH WR WKH FXUUHQW FRPSHWLWRU� WKH\ PD\ EH DEOH WR GHIHDW D
ODUJHU QXPEHU RI FRPSHWLWRUV WKDQ QRQ�SODVWLF LQGLYLGXDOV� ,Q RWKHU ZRUGV� SODVWLF LQGLYLGXDOV

FDQ DGDSW WR WKH FKDQJHV RFFXUULQJ LQ WKH RWKHU SRSXODWLRQV GXULQJ OLIHWLPH ZKLOH QRQ�SODVWLF
LQGLYLGXDOV FDQ RQO\ DGDSW WR WKH VDPH FKDQJHV DIWHU D FHUWDLQ QXPEHU RI JHQHUDWLRQV� 7KH

DELOLW\ WR DGDSW GXULQJ OLIHWLPH WR WKH RSSRQHQW
V VWUDWHJ\ ZRXOG SURGXFH D VLJQLILFDQW
LQFUHPHQW LQ WKH DGDSWDWLRQ SRZHU RI D VLQJOH LQGLYLGXDO EHFDXVH RQWRJHQHWLF DGDSWDWLRQV DUH

PXFK IDVWHU WKDQ SK\ORJHQHWLF RQH� 2QFH LQGLYLGXDOV WKDW DUH DEOH WR DGDSW WR GLIIHUHQW
FRXQWHU�VWUDWHJLHV GXULQJ OLIHWLPH DUH VHOHFWHG� ZH PD\ DOVR H[SHFW WKDW WKH FR�HYROXWLRQDU\

SURFHVV ZLOO OHVV OLNHO\ IDOO LQWR OLPLW F\FOHV� ,Q WKLV FDVH� LQ IDFW� VXGGHQ FKDQJHV RI VWUDWHJ\
ZLOO EH OHVV OLNHO\ WR SURGXFH DGYDQWDJH HYHQ LQ WKH VKRUW UDQJH�

7KH H[SHULPHQWV FRQGXFWHG ZLWK SODVWLF LQGLYLGXDOV VHHP WR FRQILUP WKHVH K\SRWKHVHV LQ
WKH FDVH RI SUHGDWRUV �VHH )ORUHDQR 	 1ROIL� ����E�� 3UHGDWRUV� LQ IDFW� UHSRUWHG KLJKHU

DYHUDJH WKDQ SUH\ LQ DOO VL[ UXQV� H[FHSW IRU VKRUW WHPSRUDU\ RVFLOODWLRQV �)LJXUH ����
)XUWKHUPRUH� LQ DOO UXQV� WKH DYHUDJH ILWQHVV RI WKH SUHGDWRU SRSXODWLRQ ZDV PRUH VWDEOH WKDQ

WKDW RI WKH SUH\� 5HODWLYH SHUIRUPDQFH RI WKH WZR VSHFLHV �L�H�� KRZ PDQ\ WLPHV RQH VSHFLHV
ZLQV RYHU WKH RWKHU� LQ WKLV FRQGLWLRQ VLJQLILFDQWO\ GLIIHUHG IURP WKH H[SHULPHQWV GHVFULEHG LQ

)LJXUH �� LQ ZKLFK LQGLYLGXDOV ZHUH QRW DOORZHG WR FKDQJH GXULQJ OLIHWLPH� $OWKRXJK DOVR LQ
WKLV FDVH EHKDYLRUDO VWUDWHJLHV VSHFLILFDOO\ WXQHG WR WKH EHKDYLRU RI WKH FRPSHWLWRU FDQ EH

IRXQG� WKLV SDWWHUQ ZDV OHVV PDUNHG WKDQ LQ WKH H[SHULPHQWV ZLWK QRQ�SODVWLF FRQWUROOHUV�

)LJXUH ��� $YHUDJH ILWQHVV DFURVV JHQHUDWLRQV� 7KLFN OLQH  SUHGDWRU� WKLQ OLQH  SUH\�

0RUH LQIRUPDWLRQ FDQ EH JDLQHG E\ REVHUYLQJ EHKDYLRUDO SDWWHUQV RI WKH WZR FRPSHWLWRUV

GXULQJ LQGLYLGXDO WRXUQDPHQWV �)LJXUH ���� 7KHUH LV QRW PXFK YDULDWLRQ LQ WKH EHKDYLRU RI WKH
SUHGDWRU� ,W DOZD\V GLVSOD\V D YHU\ JRRG WUDFNLQJ DELOLW\ DFURVV JHQHUDWLRQV� RQFH WKH SUH\ KDV

EHHQ ORFNHG LQ LWV YLVXDO ILHOG� LW TXLFNO\ DFFHOHUDWHV WR PD[LPXP VSHHG XQWLO FRQWDFW� $V
FRPSDUHG WR WKH H[SHULPHQWV ZLWK QRQ�SODVWLF LQGLYLGXDOV GHVFULEHG DERYH ZKHUH WKH SUHGDWRU

WHQGHG WR HIILFLHQWO\ WUDFN LQ RQO\ RQH GLUHFWLRQ� KHUH LW FDQ WXUQ LQ ERWK GLUHFWLRQV DW HTXDO
VSHHG� )RU QRQ�OHDUQLQJ FRQWUROOHUV SURSHU WUDFNLQJ LQ ERWK GLUHFWLRQV ZRXOG KDYH UHTXLUHG

DFFXUDWH VHWWLQJV RI DOO V\QDSWLF VWUHQJWKV IURP YLVXDO LQSXWV �D UDUH VROXWLRQ WKDW PLJKW EH
GLIILFXOW WR ILQG RQ WKH JHQRW\SH VSDFH�� +HUH� LQVWHDG� VLQFH V\QDSVHV DUH WHPSRUDULO\

LQFUHDVHG GHSHQGLQJ RQ DFWLYH YLVXDO XQLWV �)ORUHDQR 	 0RQGDGD� ����� )ORW]LQJHU� ������
LQGLYLGXDO DGMXVWPHQWV RI V\QDSVHV WDNH SODFH ZKHQ DQG ZKHUH UHTXLUHG GHSHQGLQJ RQ FXUUHQW

VHQVRU\ LQSXW� 7KH WUDMHFWRU\ LQ WKH FHQWHU LPDJH RI )LJXUH �� VKRZV DQ HYLGHQW H[DPSOH RI
V\QDSWLF DGMXVWPHQW� +HUH� ZKLOH WKH SUH\ URWDWHV DOZD\V DURXQG WKH VDPH FLUFOH� WKH SUHGDWRU

SHUIRUPV WKUHH WXUQV RQ LWVHOI GXULQJ ZKLFK V\QDSWLF YDOXHV IURP WKH YLVXDO XQLWV DUH JUDGXDOO\
LQFUHDVHG� DW WKH IRXUWK WXUQ� WKH V\QDSWLF YDOXHV ZLOO EH VXIILFLHQWO\ KLJK WR FDXVH D VWUDLJKW

SXUVXLW �HYHQWXDOO\� WKH SUH\ ZLOO WU\ WR DYRLG WKH SUHGDWRU ZLWKRXW VXFFHVV�� )LQDOO\� WKH
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WHPSRUDU\ GURS LQ SHUIRUPDQFH RI WKH SUHGDWRU DIWHU JHQHUDWLRQ �� LV GXH D PRUH SUHFLVH

WUDFNLQJ FRPELQHG ZLWK D VORZHU PRWLRQ �ULJKW LPDJH RI )LJXUH ���� 6XFK EHKDYLRU ZDV
SUREDEO\ GHYHORSHG EHFDXVH WKH SUH\ ZHUH DOVR VORZHU DQG PRUH FDUHIXO LQ DYRLGLQJ REVWDFOHV

�LQFOXGLQJ WKH SUHGDWRU��
$OWKRXJK DFWLYLW\�GHSHQGHQW V\QDSWLF FKDQJH LV H[SORLWHG E\ WKH IDU�VLJKWHG SUHGDWRU� QRW

WKH VDPH KDSSHQV IRU WKH SUH\� 3UH\ DUH IDVWHU ZLWK UHVSHFW WR WKH H[SHULPHQW ZLWK QRQ�SODVWLF
LQGLYLGXDOV� HVSHFLDOO\ ZKHQ WXUQLQJ QHDU ZDOOV �ZKHUH ,5 VHQVRUV EHFRPH DFWLYH DQG

V\QDSVHV WHPSRUDULO\ VWUHQJWKHQ�� EXW SODVWLFLW\ GRHV QRW DOORZ DQ LQFUHPHQW RI WKHLU
EHKDYLRUDO UHSHUWRLUH� 1RW HYHQ FDQ WKH\ LPSURYH LW EHFDXVH YRODWLOH FKDQJHV RI WKH V\QDSWLF

YDOXHV LPSO\ WKDW PRVW RI WKH WLPH WKH\ PXVW UH�GHYHORS RQ�WKH�IO\ DSSURSULDWH VWUHQJWKV�
$OWKRXJK WKLV FDQ EH ZHOO�VXLWHG IRU DYRLGDQFH RI VWDWLF REVWDFOHV� LW GRHV QRW UHSUHVHQW DQ

DGYDQWDJH ZKHQ IDFLQJ DQRWKHU IDVW�PRYLQJ REMHFW VXFK DV WKH SUHGDWRU�

)LJXUH ��� %HKDYLRUV RI FR�HYROYHG LQGLYLGXDOV ZLWK RQWRJHQHWLF OHDUQLQJ� %ODFN GLVN LV SUHGDWRU� ZKLWH LV SUH\�

/HIW� *HQHUDWLRQ ��� &HQWHU� *HQHUDWLRQ ��� 5LJKW� *HQHUDWLRQ ���

7KHVH UHVXOWV LQGLFDWH WKDW SODVWLF SUHGDWRUV DUH FDSDEOH RI DGDSWLQJ WKHLU VWUDWHJLHV WR WKH
VWUDWHJ\ DGRSWHG E\ WKH FXUUHQW FRPSHWLWRU GXULQJ OLIHWLPH� $OPRVW DOO SUHGDWRUV DUH DEOH WR

DGDSW WR WKH WZR GLIIHUHQW FODVVHV RI VWUDWHJLHV DGRSWHG E\ WKH SUH\� �D� VWD\ VWLOO RU KLGGHQ
FORVH WR D ZDOO ZDLWLQJ IRU WKH SUHGDWRU DQG HYHQWXDOO\ WU\LQJ WR HVFDSH ZKHQ WKH ,5 VHQVRUV

GHWHFW WKH SUHGDWRU� �E� PRYH IDVW LQ WKH HQYLURQPHQW� DYRLGLQJ ERWK WKH SUHGDWRU DQG WKH
ZDOOV� E\ VHOHFWLQJ WKH DSSURSULDWH FRXQWHU�VWUDWHJ\ GXULQJ OLIHWLPH� 7KLV H[SODLQ ZK\ LQ WKHVH

H[SHULPHQWV SUHGDWRUV DUH QRW FRPSHOOHG WR DEDQGRQ WKHLU VWUDWHJ\ ZKHQ SUH\ VXGGHQO\
FKDQJH WKHLU FRXQWHU�VWUDWHJ\� 7KLV LV UHIOHFWHG E\ WKH IDFW WKDW WKHLU ILWQHVV LV PRUH VWDEOH WKDQ

WKDW RI WKH SUH\ DFURVV JHQHUDWLRQV� ,QVWHDG� VLQFH WKH SUH\ FDQQRW GHYHORS PRUH HIIHFWLYH
VWUDWHJLHV EHFDXVH RI WKHLU OLPLWHG VHQVRU\ DELOLW\� WKH\ GLVSOD\ F\FOLF EHKDYLRUV �DV UHYHDOHG

E\ ERWK ILWQHVV YDOXHV DQG EHKDYLRUDO DQDO\VLV���

�� 'LVFXVVLRQ

,Q WKLV SDSHU ZH KDYH LQYHVWLJDWHG KRZ OHDUQLQJ FDQ HQKDQFH WKH DGDSWLYH SRZHU RI
HYROXWLRQ� ,Q VHFWLRQ � ZH VDZ WKDW OHDUQLQJ FDQ KHOS DQG JXLGH WKH HYROXWLRQDU\ VHDUFK HYHQ

LI FKDUDFWHUV DFTXLUHG WKURXJK OLIHWLPH OHDUQLQJ DUH QRW LQKHULWHG� ,Q SDUWLFXODU ZH VDZ WKDW
OHDUQLQJ DQG HYROXWLRQ PLJKW VROYH WDVNV WKDW HYROXWLRQ DORQH LV XQDEOH WR VROYH� 0RUHRYHU� LQ

VHFWLRQ �� ZH VKRZHG WKDW OHDUQLQJ FDQ SURGXFH DQ LQFUHDVH LQ SHUIRUPDQFH ERWK
RQWRJHQHWLFDOO\ DQG SK\ORJHQHWLFDOO\ HYHQ LI WKH OHDUQLQJ WDVN GLIIHUV IURP WKH WDVN IRU ZKLFK

LQGLYLGXDOV DUH VHOHFWHG�

�
3UH\ FDQ GHYHORS PRUH LQWHUHVWLQJ EHKDYLRU KRZHYHU LI WKH\ VHQVRU\ V\VWHP LV HQULFKHG �VHH 1ROIL DQG

)ORUHDQR� LQ SUHVV��
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:H DOVR VKRZHG WKDW OHDUQLQJ LQGLYLGXDOV RXWSHUIRUP QRQ�OHDUQLQJ LQGLYLGXDOV LQ QRQ�

VWDWLRQDU\ HQYLURQPHQWV E\ DGDSWLQJ GXULQJ OLIHWLPH WR WKHLU FXUUHQW HQYLURQPHQW �VHFWLRQ �
DQG ��� (YROYHG LQGLYLGXDOV DUH FDSDEOH RI GHWHFWLQJ WKH W\SH RI HQYLURQPHQW LQ ZKLFK WKH\

DUH SODFHG DQG RI PRGLI\LQJ WKHLU EHKDYLRU GXULQJ OLIHWLPH DFFRUGLQJO\ LQ RUGHU WR PD[LPL]H
WKHLU ILWQHVV�

,Q VHFWLRQ � ZH VKRZHG WKDW VRPH FKDUDFWHUV �L�H� WKH FRQQHFWLRQ ZHLJKWV LQ WKLV FDVH� FDQ
EH H[WUDFWHG IURP WKH UHJXODULWLHV SUHVHQW LQ WKH HQYLURQPHQW LQVWHDG RI EHLQJ VSHFLILHG LQWR

WKH JHQRW\SH� ,Q WKH PRGHO GHVFULEHG LQ WKDW VHFWLRQ� WKH ZHLJKW YDOXHV HPHUJH IURP WKH
LQWHUDFWLRQ EHWZHHQ JHQHWLFDOO\ VSHFLILHG LQVWUXFWLRQV DQG WKH HQYLURQPHQW�

:H VDZ WKDW LQIRUPDWLRQ H[WUDFWHG IURP WKH HQYLURQPHQW FDQ FKDQQHO HYROXWLRQDU\
VHDUFK LQWR SURPLVLQJ GLUHFWLRQV� ,Q VHFWLRQ � DQG �� IRU H[DPSOH� ZH VDZ WKDW RQO\ ZHLJKWV

GHSDUWLQJ IURP VHQVRUV ZKLFK DUH VWLPXODWHG LQ D JLYHQ HQYLURQPHQW �L�H� RQO\ ZHLJKWV ZKLFK
KDYH DQ HIIHFW RQ WKH FRUUHVSRQGLQJ EHKDYLRU� FKDQJH GXULQJ OLIHWLPH� ,Q RWKHU ZRUGV� WKH

LQIRUPDWLRQ FRPLQJ IURP WKH HQYLURQPHQWV DOORZV OHDUQLQJ WR H[SORLW WKH PRVW LQWHUHVWLQJ
GLPHQVLRQV RI WKH VHDUFK VSDFH�

)LQDOO\� ZH VDZ WKDW HYROXWLRQ PD\ FKDQQHO OHDUQLQJ LQWR SURPLVLQJ GLUHFWLRQ� ,Q WKH FDVH
RI WKH H[SHULPHQWV GHVFULEHG LQ VHFWLRQ � DQG �� WKH GLUHFWLRQDOLW\ RI OHDUQLQJ LV QRW IL[HG EXW

LV GHWHUPLQHG E\ WKH LQKHULWHG FRQVWUDLQWV �WKH FRPELQDWLRQ RI OHDUQLQJ SDUDPHWHUV DQG WKH
WHDFKLQJ ZHLJKWV UHVSHFWLYHO\� ZKLFK DUH WKHPVHOYHV XQGHU HYROXWLRQ� 7KHUHIRUH WKH

GLUHFWLRQDOLW\ RI OHDUQLQJ LV VHOHFWHG E\ HYROXWLRQ �L�H� HYROXWLRQ VHOHFWV WKH OHDUQLQJ WDVN��
6LQFH OLIHWLPH OHDUQLQJ DIIHFWV WKH ILWQHVV RI WKH LQGLYLGXDOV DQG FRQVHTXHQWO\ DIIHFWV DOVR WKH

FKRLFH RI LQGLYLGXDOV VHOHFWHG IRU UHSURGXFWLRQ� HYROXWLRQ ZLOO WHQG WR VHOHFW LQGLYLGXDOV WKDW
GLVSOD\ JRRG OHDUQLQJ GLUHFWLRQV� ,Q RWKHU ZRUGV HYROXWLRQ ZLOO WHQG WR VHOHFW LQKHULWHG

FRQVWUDLQWV WKDW SURGXFH RQWRJHQHWLF FKDQJHV ZKLFK DUH DGDSWLYH RQ WKH DYHUDJH�
:H ZDQW WR FRQFOXGH WKLV SDSHU E\ GLVFXVVLQJ LQ WKH QH[W VHFWLRQV WKUHH JHQHUDO LVVXHV

WKDW FDQ EH UDLVHG RQ WKH EDVLV RI WKH UHVXOWV RI WKH H[SHULPHQWV GHVFULEHG DERYH�

��� 7KH UROH RI WKH LQWHUDFWLRQ EHWZHHQ OHDUQLQJ DQG HYROXWLRQ

%\ H[SORULQJ WKH DGDSWLYH IXQFWLRQV RI OHDUQLQJ ZH GLVFRYHUHG WKDW WKH LQWHUDFWLRQ
EHWZHHQ OHDUQLQJ DQG HYROXWLRQ GHHSO\ DOWHUV ERWK WKH HYROXWLRQDU\ DQG WKH OHDUQLQJ SURFHVV

WKHPVHOYHV� (YROXWLRQ LQ LQWHUDFWLRQ ZLWK OHDUQLQJ GLVSOD\V G\QDPLFV YHU\ GLIIHUHQW IURP
WKRVH ZKLFK DUH REVHUYHG LQ HYROXWLRQ DORQH� :KLOH LQ QRQ�SODVWLF LQGLYLGXDOV WKH LQKHULWHG

FKDUDFWHUV DUH GLUHFWO\ VHOHFWHG IRU WKHLU DELOLW\ WR SURGXFH VXFFHVVIXO EHKDYLRUV� LQ WKH FDVH RI
LQGLYLGXDOV WKDW OHDUQ� WKH FKDUDFWHUV DUH VHOHFWHG IRU WKHLU DELOLW\ WR LQFRUSRUDWH D

SUHGLVSRVLWLRQ WR OHDUQ� 7KLV JHQHWLFDOO\ LQKHULWHG SUHGLVSRVLWLRQ WR OHDUQ PD\ FRQVLVW RI
GLIIHUHQW WKLQJV�

�� WKH SUHVHQFH RI VWDUWLQJ FRQGLWLRQV DW ELUWK �H�J�� LQLWLDO ZHLJKWV IRU OHDUQLQJ� WKDW
FDQDOL]H OHDUQLQJ LQ WKH ULJKW GLUHFWLRQ� (YROXWLRQ PD\ VHOHFW LQLWLDO ZHLJKW PDWULFHV RU

QHWZRUN DUFKLWHFWXUHV WKDW FDXVH D EHWWHU DQG�RU D IDVWHU OHDUQLQJ� 7KLV KDV EHHQ VKRZQ WR
KDSSHQ LQ WKH FDVH ZKHUH WKH OHDUQLQJ WDVN DQG WKH HYROXWLRQDU\ WDVN DUH WKH VDPH �IRU ZHLJKW

PDWULFHV� VHH %HOHZ HW DO�� ����� IRU QHWZRUN DUFKLWHFWXUHV� VHH 0LOOHU HW DO�� ����� DQG LQ WKH
FDVH ZKHUH WKH\ DUH GLIIHUHQW �VHH 1ROIL 	 3DULVL� ������ ,Q WKH ODWWHU FDVH� HYROXWLRQ GRHV QRW

RQO\ VHOHFW LQGLYLGXDOV WKDW KDYH D SUHGLVSRVLWLRQ WR EHWWHU OHDUQ� EXW DOVR LQGLYLGXDOV WKDW� E\
OHDUQLQJ D FHUWDLQ WDVN� LPSURYH WKHLU SHUIRUPDQFH ZLWK UHVSHFW WR WKH HYROXWLRQDU\ WDVN �VHH

VHFWLRQ ���
�� DQ LQKHULWHG WHQGHQF\ WR EHKDYH LQ VXFK D ZD\ WKDW WKH LQGLYLGXDO LV H[SRVHG WR WKH

DSSURSULDWH OHDUQLQJ H[SHULHQFHV� (YROXWLRQ WHQGV WR VHOHFW FKDUDFWHUV WKDW SURGXFH LQLWLDO
EHKDYLRUV WKDW HQKDQFH WKH SRVVLELOLW\ WR OHDUQ DQG�RU WKDW LQFUHDVH WKH SUREDELOLW\ WR DFTXLUH

DGDSWLYH FKDUDFWHUV WKURXJK OHDUQLQJ� ,Q RWKHU ZRUGV HYROXWLRQ WHQGV WR VHOHFW LQGLYLGXDOV



��

ZKLFK KDYH DQ LQLWLDO EHKDYLRU VXLWDEOH IRU OHDUQLQJ DQG QRW QHFHVVDULO\ IRU VROYLQJ WKH

HYROXWLRQDU\ WDVN �VHH LQLWLDO EDFN�DQG�URWDWH EHKDYLRU RI HYROYHG LQGLYLGXDOV GHVFULEHG LQ
VHFWLRQ �� WKH EHKDYLRU RI LQGLYLGXDOV GHVFULEHG LQ VHFWLRQ � WKDW HQKDQFH WKH SHUFHSWXDO

GLIIHUHQFHV EHWZHHQ WKH WZR GLIIHUHQW HQYLURQPHQW� DQG WKH EHKDYLRU RI HYROYHG SUHGDWRUV
ZKLFK WXUQ LQ FLUFOH DQG WKHQ DWWDFN GLUHFWO\ SUH\ WKDW PRYH LQ FLUFOH��

6LPLODUO\� OHDUQLQJ ZLWKLQ DQ HYROXWLRQDU\ SHUVSHFWLYH KDV TXLWH GLIIHUHQW FKDUDFWHULVWLFV
IURP OHDUQLQJ VWXGLHG LQ LVRODWLRQ� DV LQ �WUDGLWLRQDO� FRQQHFWLRQLVW UHVHDUFK �5XPHOKDUW DQG

0F&OHOODQG� ������ :KLOH LQ LQGLYLGXDOV WKDW OHDUQ EXW DUH QRW VXEMHFWHG WR DQ HYROXWLRQDU\
SURFHVV �H�J�� QHXUDO QHWZRUNV WUDLQHG ZLWK VXSHUYLVHG PHWKRGV� OHDUQLQJ LV XVXDOO\

DFFRPSOLVKHG E\ LJQRULQJ WKH FKDUDFWHUV RI WKH LQGLYLGXDO SULRU WR OHDUQLQJ �ZKLFK DUH
W\SLFDOO\ JHQHUDWHG DW UDQGRP�� LQ HYROYLQJ SODVWLF LQGLYLGXDOV OHDUQLQJ H[SORLWV VXFK VWDUWLQJ

FRQGLWLRQV� ,Q RWKHU ZRUGV� ZKHQ WKH OHDUQLQJ SURFHVV LWVHOI LV VXEMHFWHG WR DQ HYROXWLRQDU\
SURFHVV� OHDUQLQJ GRHV QRW QHFHVVDULO\ WHQG WR LQFRUSRUDWH WKH ULJKW VROXWLRQ WR WKH SUREOHP�

UDWKHU LW WHQGV WR SXOO WKH OHDUQLQJ LQGLYLGXDO LQ D GLUHFWLRQ WKDW PD[LPL]HV WKH FKDQFHV RI
DFTXLULQJ DGDSWLYH FKDUDFWHUV E\ WDNLQJ LQWR FRQVLGHUDWLRQ LWV LQLWLDO VWDWH� 7KLV H[SODLQV WKH

VXUSULVLQJ UHVXOW GHVFULEHG LQ VHFWLRQ � WKDW VHOI�JHQHUDWHG WHDFKLQJ LQSXWV GR QRW FRUUHVSRQG
WR WKH GHVLUHG PRWRU DFWLRQV DOWKRXJK WKH\ DUH FDSDEOH RI SURGXFLQJ FKDQJHV WKDW JHQHUDWH

VXLWDEOH PRWRU DFWLRQV �RQ WKLV SRLQW VHH DOVR 1ROIL 	 SDULVL� ������

��� ([WUDFWLQJ VXSHUYLVLRQ IURP WKH HQYLURQPHQW WKURXJK OHDUQLQJ

)URP WKH SRLQW RI YLHZ RI D QDWXUDO RU DUWLILFLDO RUJDQLVP WKH H[WHUQDO HQYLURQPHQW GRHV

QRW SURYLGH DQ\ GLUHFW FXH RQ KRZ WKH DJHQW VKRXOG DFW WR DWWDLQ D JLYHQ JRDO� +RZHYHU DJHQWV
UHFHLYH D ODUJH DPRXQW RI LQIRUPDWLRQ IURP WKH HQYLURQPHQW WKURXJK WKH VHQVRUV� 6XFK

LQIRUPDWLRQ �ZKLFK LV D IXQFWLRQ RI ERWK RI WKH HQYLURQPHQWDO VWUXFWXUH DQG RI WKH PRWRU
DFWLRQV RI WKH DJHQW� PD\ EH XVHG QRW RQO\ WR GHWHUPLQH KRZ WR UHDFW LQ GLIIHUHQW

HQYLURQPHQWDO FLUFXPVWDQFHV EXW DOVR WR DGDSW WR WKH FXUUHQW HQYLURQPHQW WKURXJK OLIHWLPH
OHDUQLQJ� )RU H[DPSOH� D URERW PD\ OHDUQ WKH FRQVHTXHQFHV RI GLIIHUHQW DFWLRQV LQ GLIIHUHQW

HQYLURQPHQWDO FRQWH[WV RU LW PD\ OHDUQ WR FODVVLI\ VHQVRU\ VWDWHV QRW RQO\ RQ WKH EDVLV RI WKH
FXUUHQW SHUFHLYHG VHQVRU\ SDWWHUQ EXW DOVR RQ WKH EDVLV RI WKH SUHFHGLQJ DQG IROORZLQJ VHQVRU\

SDWWHUQV�
,Q SULQFLSOH� LQ DQ HYROYLQJ SRSXODWLRQ� DQ\ DELOLW\ ZKLFK FDQ EH DFTXLUHG WKURXJK

OLIHWLPH OHDUQLQJ FDQ DOVR EH JHQHWLFDOO\ DFTXLUHG WKURXJK HYROXWLRQ� +RZHYHU WKHVH WZR ZD\V
RI DGDSWLQJ WR WKH HQYLURQPHQW GLIIHU LQ RQH LPSRUWDQW UHVSHFW� RQWRJHQHWLF DGDSWDWLRQ FDQ

UHO\ RQ D YHU\ ULFK� DOWKRXJK OHVV H[SOLFLW� DPRXQW RI VXSHUYLVLRQ� )URP WKH SRLQW RI YLHZ RI
SK\ORJHQHWLF DGDSWDWLRQ� LQGLYLGXDOV DUH HYDOXDWHG RQO\ RQFH RQ WKH EDVLV RI D VLQJOH YDOXH

ZKLFK FRGLILHV KRZ ZHOO WKH\ ZHUH DGDSWHG WR WKHLU HQYLURQPHQW WKURXJKRXW DOO WKHLU OLIHWLPH
�L�H�� WKH QXPEHU RI RIIVSULQJ LQ WKH FDVH RI QDWXUDO HYROXWLRQ DQG WKH ILWQHVV YDOXH LQ WKH FDVH

RI $UWLILFLDO (YROXWLRQ�� ,QVWHDG� IURP WKH SRLQW RI YLHZ RI RQWRJHQHWLF DGDSWDWLRQ� LQGLYLGXDOV
UHFHLYH LQIRUPDWLRQ IURP WKH HQYLURQPHQW WKURXJK WKHLU VHQVRUV WKURXJKRXW WKHLU ZKROH

OLIHWLPH� +RZHYHU� WKLV KXJH DPRXQW RI LQIRUPDWLRQ HQFRGHV RQO\ YHU\ LQGLUHFWO\ KRZ ZHOO DQ
LQGLYLGXDO GLG LQ GLIIHUHQW PRPHQWV RI LWV RZQ OLIHWLPH RU KRZ LW VKRXOG PRGLI\ EHKDYLRU LQ

RUGHU WR LQFUHDVH LWV RZQ ILWQHVV� 7KH SUREOHP LV KRZ VXFK LQIRUPDWLRQ FDQ EH WUDQVIRUPHG
LQWR DQ LQGLFDWLRQ RI ZKDW WKH DJHQW VKRXOG GR RU KRZ ZHOO LW LV GRLQJ�

$V ZH VKRZQ LQ VHFWLRQV �� � DQG �� HYROXWLRQ FDQ VROYH WKLV W\SH RI SUREOHP E\
SURGXFLQJ VXEV\VWHPV FDSDEOH RI DXWRQRPRXVO\ H[WUDFWLQJ VXSHUYLVLRQ LQIRUPDWLRQ WKDW FDQ

EH XVHG IRU IDVW OLIHWLPH OHDUQLQJ� ,Q WKH FDVH RI WKH H[SHULPHQWV GHVFULEHG LQ VHFWLRQ �� WKH
FRQWURO V\VWHP ZDV GLYLGHG LQWR WZR VXE�PRGXOHV RI ZKLFK WKH IRUPHU KDV WKH IXQFWLRQ RI

GHWHUPLQLQJ KRZ WR UHDFW WR WKH FXUUHQW VHQVRU\ VWDWH DQG WKH ODWWHU KDV WKH IXQFWLRQ RI
JHQHUDWLQJ D WHDFKLQJ VLJQDO IRU WKH IRUPHU� %\ VXEMHFWLQJ WKH ZHLJKWV RI WKH WZR VXE�
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QHWZRUNV WR DQ HYROXWLRQDU\ SURFHVV� ZH VKRZHG KRZ LQGLYLGXDOV ZKLFK OHDUQ GXULQJ WKHLU

OLIHWLPH WR DGDSW WR WKH HQYLURQPHQW WKURXJK VHOI�JHQHUDWHG WHDFKLQJ VLJQDOV FDQ EH REWDLQHG�
7KHVH LQGLYLGXDOV DUH DEOH WR WUDQVIRUP WKH LQIRUPDWLRQ ZKLFK WKH\ UHFHLYH IURP WKH

HQYLURQPHQW LQWR XVHIXO WHDFKLQJ LQSXWV� 6LPLODUO\� LQ WKH H[SHULPHQWV GHVFULEHG LQ VHFWLRQ �
DQG �� HYROXWLRQ VHOHFW WKH PHWD�SURSHUWLHV RI WKH V\QDSWLF ZHLJKWV ZKLFK DUH DEOH WR FKDQQHO

WKH FKDQJHV GULYHQ E\ WKH VHQVRU\ VWDWHV LQ WKH ULJKW GLUHFWLRQV�

��� ,QWHOOLJHQFH DQG JHQHUDOLW\

$ NH\ IHDWXUH RI LQWHOOLJHQW V\VWHPV LV JHQHUDOLW\� L�H�� WKH DELOLW\ WR FDUU\ RXW D FHUWDLQ
WDVN LQ GLIIHUHQW HQYLURQPHQWDO FRQGLWLRQV RU WKH DELOLW\ WR FDUU\ RXW GLIIHUHQW WDVNV� ,Q WKH

FRQWH[W RI SUHGDWRUV DQG SUH\� IRU H[DPSOH� SUHGDWRUV VKRXOG EH DEOH WR FDWFK GLIIHUHQW W\SHV
RI SUH\�

%\ HYROYLQJ VLPSOH QHXUDO FRQWUROOHUV ZH FDQ REWDLQ LQWHUHVWLQJ VROXWLRQV� %XW WKHVH
VROXWLRQV RIWHQ ODFN JHQHUDOLW\� &RQVLGHU WKH FDVH RI QRQ�SODVWLF SUHGDWRU DQG SUH\ GHVFULEHG

LQ VHFWLRQ �� 7KHVH V\VWHPV DUH LQWHUHVWLQJ EHFDXVH FDQ VROYH QRQ�WULYLDO WDVNV LQ VLPSOH ZD\V�
+RZHYHU� WKH\ DUH VWURQJO\ GHSHQGHQW RQ WKH FXUUHQW VWDWH RI WKH HQYLURQPHQW� ,I WKH

HQYLURQPHQW FKDQJHV �H�J�� WKH VWUDWHJ\ RI WKH FRPSHWLWRU FKDQJHV� WKH\ PD\ EHFRPH XQDEOH
WR VROYH WKHLU WDVN�

7KHVH WZR DVSHFWV �L�H�� VLPSOLFLW\ DQG ODFN RI JHQHUDOLW\� DUH WKH WZR VLGH RI WKH VDPH
FRLQ� 7KHVH V\VWHPV DUH DEOH WR VROYH QRQ�WULYLDO WDVN ZLWK VLPSOH VWUDWHJLHV EHFDXVH WKH\

H[SORLW DOO WKH UHJXODULWLHV DYDLODEOH LQ WKH HQYLURQPHQW� 2QH PLJKW FRQFOXGH WKDW� LQ RUGHU WR
EH JHQHUDO� V\VWHPV VKRXOG EH PRUH DXWRQRPRXV IURP WKH HQYLURQPHQW� ,Q RWKHU ZRUGV�

LQWHOOLJHQW V\VWHPV VKRXOG UHO\ OHVV RQ WKH UHJXODULWLHV DYDLODEOH LQ WKH HQYLURQPHQW DQG PRUH
RQ WKHLU LQWHUQDO �QHUYRXV PHFKDQLVPV�� 6XFK V\VWHPV ZLOO SUREDEO\ UHTXLUH PRUH LQWHUQDO

FRPSOH[LW\ WKDQ WKH VLPSOH QRQ�JHQHUDO V\VWHPV ZKLFK ZH GHVFULEHG� 7KH DWWHPSW RI �*RRG
2OG )DVKLRQHG� $UWLILFLDO ,QWHOOLJHQFH WR EXLOG JHQHUDO SXUSRVH V\VWHPV �H�J�� XQLYHUVDO

SODQQHUV� PRVWO\ LJQRULQJ WKH FKDUDFWHULVWLFV RI WKH H[WHUQDO DQG RI WKH LQWHUQDO HQYLURQPHQW LV
D QDWXUDO FRQVHTXHQFH RI WKLV OLQH RI WKRXJKW�

)RUWXQDWHO\� WKLV LV QRW WKH RQO\ DYDLODEOH RSWLRQ� *HQHUDOLW\ PD\ DOVR EH DFKLHYHG E\
V\VWHPV WKDW� LQVWHDG RI LQFRUSRUDWLQJ D VLQJOH JHQHUDO VWUDWHJ\� SRVVHV D FROOHFWLRQ RI VLPSOH

VWUDWHJLHV WKDW DUH DSSURSULDWH LQ GLIIHUHQW HQYLURQPHQWDO FLUFXPVWDQFHV DQG D PHFKDQLVP
ZKLFK LV DEOH WR VHOHFW WKH VWUDWHJ\ ZKLFK LV DSSURSULDWH WR WKH FXUUHQW HQYLURQPHQW�

7R FODULI\ WKLV SRLQW� OHW XV GLVWLQJXLVK EHWZHHQ µIXOO�JHQHUDO¶ DQG µSODVWLF�JHQHUDO¶
LQGLYLGXDOV �VHH )LJXUH ���� )XOO�JHQHUDO LQGLYLGXDOV KDYH D VLQJOH VWUDWHJ\ ZKLFK LV HIIHFWLYH

LQ GLIIHUHQW HQYLURQPHQWDO� 3ODVWLF�JHQHUDO LQGLYLGXDOV� RQ WKH FRQWUDU\� SRVVHVV D VHW RI
GLIIHUHQW VWUDWHJLHV ZKLFK DUH HIIHFWLYH LQ GLIIHUHQW HQYLURQPHQWDO FLUFXPVWDQFHV� $OWKRXJK

WKHVH WZR W\SHV RI LQGLYLGXDOV VHHP HTXLYDOHQW� WKHUH DUH VRPH VXEWOH GLIIHUHQFHV� )XOO�
JHQHUDO LQGLYLGXDO GR QRW QHHG WR DGDSW GXULQJ OLIHWLPH WR FKDQJHV RFFXUULQJ LQ WKH

HQYLURQPHQWV EHFDXVH WKHLU VWUDWHJ\ FD IDFH DQ\ HQYLURQPHQWDO FLUFXPVWDQFH� 3ODVWLF�JHQHUDO
LQGLYLGXDOV RQ WKH RWKHU KDQG VKRXOG EH DEOH WR VHOHFW WKH DSSURSULDWH VWUDWHJ\ IRU WKHLU FXUUHQW

FRPSHWLWRU� ,Q RWKHU ZRUGV� WKH\ VKRXOG EH DEOH WR DGDSW WKURXJK RQWRJHQHWLF DGDSWDWLRQ�
)URP WKLV SRLQW RI YLHZ IXOO�JHQHUDO LQGLYLGXDOV ZLOO EH PRUH HIIHFWLYH EHFDXVH WKH\ FDQ

SURYLGH LPPHGLDWHO\ WKH FRUUHFW DQVZHU WR WKH FXUUHQW HQYLURQPHQWDO VWDWH� 2Q WKH RWKHU KDQG�
DV ZH VDLG DERYH� LW PD\ EH WKDW LQ FHUWDLQ FRQGLWLRQV D IXOO�JHQHUDO LQGLYLGXDO FDQQRW EH

VHOHFWHG EHFDXVH D IXOO�JHQHUDO VWUDWHJ\ GRHV QRW H[LVW RU EHFDXVH LW LV WRR GLIILFXOW WR ILQG IRU
WKH HYROXWLRQDU\ SURFHVV� ,Q WKLV FDVH� WKH RQO\ RSWLRQ OHIW LV WKDW RI SODVWLF�JHQHUDO VROXWLRQV�
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IXOO�JHQHUDO SODVWLF�JHQHUDO

)LJXUH ��� /HIW� )XOO�JHQHUDO LQGLYLGXDOV� 7KH ODUJH JUD\ FLUFOH UHSUHVHQW D VLQJOH JHQHUDO VWUDWHJ\ ZKLFK UHTXLUH

D TXLWH FRPSOH[ FRQWURO V\VWHP� 5LJKW� 3ODVWLF�JHQHUDO LQGLYLGXDOV� 7KH VPDOO JUD\ FLUFOHV UHSUHVHQWV D FROOHFWLRQ

RI VLPSOH QRQ�JHQHUDO VWUDWHJLHV� 7KH DUURZV LQGLFDWH D PHFKDQLVP ZKLFK LV DEOH WR VHOHFW WKH VWUDWHJ\ ZKLFK LV

DSSURSULDWH WR WKH FXUUHQW HQYLURQPHQW VWDWH�

:KDW LV LPSRUWDQW WR QRWLFH LV WKDW IXOO�JHQHUDO DQG SODVWLF�JHQHUDO LQGLYLGXDOV
VLJQLILFDQWO\ GLIIHU LQ WKHLU LQWHUQDO RUJDQL]DWLRQ� ,Q JHQHUDO� IXOO�JHQHUDO V\VWHPV� E\ QRW

UHO\LQJ RQ WKH UHJXODULWLHV SUHVHQW LQ WKH LQWHUQDO DQG H[WHUQDO HQYLURQPHQW� ZLOO UHTXLUH TXLWH
FRPSOH[ FRQWURO V\VWHPV� 3ODVWLF�JHQHUDO LQGLYLGXDOV RQ WKH RWKHU KDQG� E\ UHO\LQJ RQ WKH

UHJXODULWLHV SUHVHQW LQ WKH LQWHUQDO DQG H[WHUQDO HQYLURQPHQW� ZLOO UHTXLUH D FROOHFWLRQ RI
VLPSOH VWUDWHJLHV ZKLFK PD\ EH SURGXFHG E\ D PXFK VLPSOHU FRQWURO V\VWHP� 7KHVH VWUDWHJLHV

ZLOO EH RI WKH VDPH W\SH RI WKRVH DGRSWHG E\ VSHFLDOL]HG LQGLYLGXDOV ZKLFK DGRSW VROXWLRQV
ZKLFK DUH QRQ�JHQHUDO EXW H[WUHPHO\ VLPSOH�

5HIHUHQFHV

$FNOH\� '�(� 	 /LWWPDQ� 0�/� ������� ,QWHUDFWLRQ EHWZHHQ OHDUQLQJ DQG HYROXWLRQ� ,Q &�*�

/DQJWRQ HW� DO �(GV��� 3URFHHGLQJV RI WKH 6HFRQG &RQIHUHQFH RQ $UWLILFLDO /LIH� 5HDGLQJ�
0$� $GGLVRQ�:HVOH\�

%DOGZLQ� -�0� ������� $ QHZ IDFWRU LQ HYROXWLRQ� $PHULFDQ 1DWXUDOLVW� ��� ��������
%HOHZ� 5�.�� 0F,QHUQH\� -� 	 6FKUDXGROSK� 1�1� ������� (YROYLQJ QHWZRUNV� XVLQJ WKH

JHQHWLF DOJRULWKP ZLWK FRQQHFWLRQLVWLF OHDUQLQJ� ,Q &�*� /DQJWRQ HW� DO �(GV��
3URFHHGLQJV RI WKH 6HFRQG &RQIHUHQFH RQ $UWLILFLDO /LIH� 5HDGLQJ� 0$� $GGLVRQ�

:HVOH\�
&HFFRQL� )�� 0HQF]HU )� 	 %HOHZ 5� .� ������� 0DWXUDWLRQ DQG WKH HYROXWLRQ RI LPLWDWLYH
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