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6D�O *DUFLD +XHUWHV� 5DPRQ %UDJyV

7HOHFRV�%&1� 7HFKQLFDO 8QLYHUVLW\ RI &DWDORQLD �83&�� %DUFHORQD

$%675$&7

8QGHUVWDQGLQJ DQG LPSOHPHQWLQJ HGXFDWLRQDO DSSURDFKHV WKDW LQWHJUDWH HQWUHSUHQHXUVKLS DQG
LQQRYDWLRQ LQ HQJLQHHULQJ HGXFDWLRQ �&',2 6\OODEXV ���� ���� ���� SOD\V D SLYRWDO UROH DV SDUW RI
7HFKQLFDO 8QLYHUVLW\ RI &DWDORQLD¶V �83&� FRUH VWUDWHJLF SODQ IRU WKH XSFRPLQJ \HDUV� ,Q HQJL�
QHHULQJ SURJUDPV� HGXFDWLRQDO PRGHOV KDYH HYROYHG IURP WHDFKHU�JXLGHG WR PRUH ´UHDO ZRUOG´�
FKDOOHQJHG�EDVHG SUDFWLFDO DSSURDFKHV �&',2 6WDQGDUG �� ZKLFK LQFUHDVHV WKH OLNHOLKRRG RI
HQJLQHHULQJ VWXGHQWV EHFRPLQJ HQWUHSUHQHXUV� 6FKRODUO\ UHVHDUFK WKDW DVVHVVHV WKH YDOLGLW\
RI WKHVH QHZ SHGDJRJLFDO PRGHOV RU WKDW PHDVXUHV HQWUHSUHQHXULDO WKURXJKSXW LQ D FRXQWU\ LV
FRQVWDQWO\ JURZLQJ� ZKLFK PDNHV VWD\LQJ XS�WR�GDWH ZLWK UHOHYDQW DFDGHPLF ZRUN DQ DUGXRXV
WDVN� 0RUHRYHU� VHYHUDO V\VWHPDWLF UHYLHZV KDYH KLJKOLJKWHG WKH VKRUWFRPLQJV RI WUDGLWLRQDO
PHWKRGRORJLHV WR V\QWKHVLVH SULPDU\ VWXGLHV LQ HQJLQHHULQJ HGXFDWLRQ LQ WKLV UHJDUG� :H SXW
IRUZDUG D WKUHH�VWHS PHWKRGRORJ\ XVLQJ PLQLQJ WHFKQLTXHV DQG VWDWLVWLFDO VRIWZDUH WKDW DOORZV
IRU D PRUH UHILQHG LGHQWLILFDWLRQ RI SDSHUV� ZLWK WZR LPSURYHPHQWV IRU D V\VWHPDWLF UHYLHZ� ��
DXWRPDWLFDOO\ LGHQWLI\LQJ H[WHQGHG NH\ZRUGV DQG �� HQVXULQJ UHOHYDQW VWXGLHV DUH QRW GLVFDUGHG�
ZLWK D VHFRQG LWHUDWLRQ� :H WHVWHG WKLV PHWKRGRORJ\ ZLWK OLWHUDWXUH RI WKH ODVW WKUHH GHFDGHV�
ZLWK D IRFXV RQ SDSHUV WKDW PHDVXUH RXWFRPHV LQ HQJLQHHULQJ HGXFDWLRQ� 7KH LQLWLDO UHVXOWV
RI RXU VWXG\ UHYHDOHG WKDW VXUYH\V DUH WKH SUHGRPLQDQW PHDVXUHPHQW WRRO XWLOLVHG WR DVVHVV
HQWUHSUHQHXULDO VNLOOV� WUDLWV� LQWHQWLRQ� RU PLQGVHW� +RZHYHU� WKHUH LV D ODFN RI DJUHHPHQW LQ
WKH H[LVWLQJ OLWHUDWXUH RQ WKH GHILQLWLRQV RI WKHVH WHUPV� )XUWKHUPRUH� WKHVH LQLWLDO UHVXOWV VXJ�
JHVW WKH QHHG IRU DGGLWLRQDO PHWKRGV RI PHDVXULQJ RXWFRPHV LQ (QJLQHHULQJ (QWUHSUHQHXUVKLS
SURJUDPV�

.(<:25'6

(QJLQHHULQJ (GXFDWLRQ� (QWUHSUHQHXUVKLS� 6\VWHPDWLF 5HYLHZ� 2XWFRPHV 0HDVXUHPHQW� 6WDQ�
GDUGV� ����

,1752'8&7,21

7KH LQWHJUDWLRQ RI HQWUHSUHQHXUVKLS DQG LQQRYDWLRQ ZLWKLQ WKH UHDOP RI HQJLQHHULQJ HGXFDWLRQ
LQ KLJKHU HGXFDWLRQ LQVWLWXWLRQV ZRUOGZLGH LV UHFHLYLQJ PXFK DWWHQWLRQ ODWHO\� $V WKH ILHOG RI HQ�
JLQHHULQJ HGXFDWLRQ FRQWLQXHV WR HYROYH WRZDUGV PRUH SUDFWLFDO� LPSOHPHQWLQJ PRUH UHDO�ZRUOG
SHGDJRJLFDO DSSURDFKHV� LW EHFRPHV LQFUHDVLQJO\ LPSRUWDQW WR FRPSUHKHQG DQG LQWHJUDWH PRG�
HOV WKDW IRVWHU HQWUHSUHQHXULDO PLQGVHWV DPRQJ XQGHUJUDGXDWH DQG JUDGXDWH VWXGHQWV� 6FKRO�
DUO\ UHVHDUFK WKDW DVVHVVHV WKH YDOLGLW\ RI WKHVH QHZ HGXFDWLRQDO PRGHOV RU WKDW PHDVXUHV
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HQWUHSUHQHXULDO WKURXJKSXW LQ D FRXQWU\ LV FRQVWDQWO\ JURZLQJ� ZKLFK PDNHV VWD\LQJ XS�WR�GDWH
ZLWK UHOHYDQW DFDGHPLF ZRUN DQ DUGXRXV WDVN� 0RUHRYHU� VHYHUDO V\VWHPDWLF UHYLHZV KDYH KLJK�
OLJKWHG WKH VKRUWFRPLQJV RI WUDGLWLRQDO PHWKRGRORJLHV WR V\QWKHVLVH SULPDU\ VWXGLHV LQ HQJLQHHU�
LQJ HGXFDWLRQ�

,Q WKH &',2 NQRZOHGJH OLEUDU\� WKHUH DUH VHYHUDO SDSHUV DERXW DSSURDFKHV WR SURPRWH LQQR�
YDWLRQ DQG HQWUHSUHQHXUVKLS VNLOOV LQ HQJLQHHULQJ JUDGXDWHV� VRPH RI WKHVH SDSHUV GHVFULEH
ORQJ WHUP DFWLRQV DQG LQFOXGH PHDVXUHPHQW LQGH[HV DV LPSURYHPHQW RI WKH HPSOR\PHQW UDWH
�.DOOLR�*HUODQGHU� 3XKDNDLQHQ� 	 .HWWXQHQ� ����� RU GHVFULEH WKH UHVXOWV RI VHYHUDO LQLWLDWLYHV
�+DOOHQJD�%ULQN� ������ %LEOLRPHWULF VWXGLHV KDYH DOVR EHHQ SHUIRUPHG LQ WKH &',2 FRPPXQLW\�
0HLNOHKDP� +XJR� DQG $OGHUW ������ YLVXDOLVHG WKH HYROXWLRQ RI &',2 LQIOXHQFH LQ WKH ILHOG RI HQ�
JLQHHULQJ HGXFDWLRQ VLQFH ���� LQFOXGLQJ WKH MRXUQDOV DQG FRQIHUHQFH SURFHHGLQJV DYDLODEOH LQ
6FRSXV DQG :HE RI 6FLHQFH� 0DOPTYLVW� 0DFKDGR� 0HLNOHKDP� DQG +XJR ������ DQDO\VHG WKH
KLVWRULFDO DQG JHRJUDSKLFDO WUHQGV RYHU WLPH RI WKH FRQIHUHQFH SDSHU SXEOLFDWLRQV DYDLODEOH LQ
WKH &',2 .QRZOHGJH /LEUDU\ ZKLFK DUH� KRZHYHU� QRW LQFOXGHG LQ 6FRSXV DQG :HE RI 6FLHQFH�

7KH JRDO RI WKLV SDSHU LV WR SURSRVH D WKUHH�VWHS PHWKRGRORJ\ WKDW EXLOGV RQ WRS RI WUDGL�
WLRQDO PHWKRGRORJLHV IRU V\VWHPDWLF OLWHUDWXUH UHYLHZV LQ HQJLQHHULQJ HGXFDWLRQ �%RUUHJR� )RV�
WHU� 	 )UR\G� ������ :H XVH WKLV PHWKRGRORJ\ WR FOXVWHU DQG LGHQWLI\ VWXGLHV IURP WZR GLIIHUHQW
GDWDEDVHV WKDW HYDOXDWH WKH RXWFRPHV RI HQWUHSUHQHXUVKLS HGXFDWLRQ LQ HQJLQHHULQJ VWXGLHV
DQG WR H[SORUH WKH ZD\V LQ ZKLFK WKHVH RXWFRPHV PHDVXUHPHQW PHWKRGV DUH FRQGXFWHG �H�J�
VXUYH\V�� :H PDNH XVH RI WH[W PLQLQJ WHFKQLTXHV DQG VWDWLVWLFDO VRIWZDUH WKDW DOORZV IRU D PRUH
UHILQHG LGHQWLILFDWLRQ RI SDSHUV� ZLWK WZR LPSURYHPHQWV IRU D V\VWHPDWLF UHYLHZ� �� DXWRPDWLFDOO\
LGHQWLI\LQJ H[WHQGHG NH\ZRUGV DQG �� HQVXULQJ UHOHYDQW VWXGLHV DUH QRW GLVFDUGHG� ZLWK D VHFRQG
LWHUDWLRQ� :H WHVWHG WKLV PHWKRGRORJ\ ZLWK OLWHUDWXUH RI WKH ODVW WKUHH GHFDGHV� ZLWK D IRFXV RQ
SDSHUV WKDW PHDVXUH RXWFRPHV LQ HQJLQHHULQJ HGXFDWLRQ ZKHQ WKHUH DUH HQWUHSUHQHXUVKLS DQG
LQQRYDWLRQ SURJUDPV LQ SODFH� 7KLV DSSURDFK DOORZHG XV WR LGHQWLI\ WKH IXQGDPHQWDO WKHRULHV�
WKHPHV� DQG FRQVWUXFWV XVHG LQ SULRU UHVHDUFK� DQG DOVR WR H[DPLQH KRZ WKH UHVHDUFK GHVLJQ
DQG WKH WRRO VHOHFWHG VKDSHV WKH LQWHUSUHWDWLRQ RI WKH YDOXH RI HQWUHSUHQHXUVKLS HGXFDWLRQ DQG
WKH UHVHDUFK ILQGLQJV� ,Q DGGLWLRQ� LW DOVR DOORZV XV WR EHWWHU XQGHUVWDQG WKH ZD\V LQ ZKLFK HQ�
WUHSUHQHXUVKLS HGXFDWLRQ KDV EHHQ HYDOXDWHG DQG WKH SRWHQWLDO OLPLWDWLRQV DQG ELDVHV SUHVHQW
LQ WKH H[LVWLQJ OLWHUDWXUH�
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,Q WKLV VHFWLRQ� ZH H[DPLQH WKH GLIIHUHQW PHWKRGRORJLHV HPSOR\HG LQ SUHYLRXV V\VWHPDWLF UH�
YLHZV RQ WKH WRSLF HQWUHSUHQHXUVKLS LQ HQJLQHHULQJ� 7KLV UHYLHZ LQFOXGHV OLWHUDWXUH IURP WKH
ILHOG RI HQJLQHHULQJ HGXFDWLRQ DV ZHOO DV OLWHUDWXUH WKDW SHUWDLQV WR QRYHO DSSURDFKHV LQ SHUIRUP�
LQJ V\VWHPDWLF VHDUFKHV�

7KH ILUVW VWXG\ WKDW LV UHOHYDQW IRU WKH SUHVHQW VWXG\ LV %RUUHJR HW DO� ������� ,Q WKHLU V\VWHPDWLF
UHYLHZ RI V\VWHPDWLF UHYLHZV LQ HQJLQHHULQJ HGXFDWLRQ� WKH\ SURSRVHG D VWHS E\ VWHS PHWKRG�
RORJ\ IRU FRQGXFWLQJ UHYLHZV LQ WKLV DUHD E\ DGDSWLQJ SURFHGXUHV WKDW ZHUH LQLWLDOO\ GHVLJQHG IRU
RWKHU GLVFLSOLQHV� 7KHLU PHWKRGRORJ\ KDV EHHQ ZLGHO\ DSSOLHG LQ WKH UHFHQW OLWHUDWXUH DQG KDV� DV
ZHOO� VHUYHG DV LQVSLUDWLRQ WR RXU PHWKRGRORJ\� +XDQJ�6DDG� 0RUWRQ� DQG /LEDUNLQ ������ DOVR
XVHG WKLV DSSURDFK WR FRQGXFW D V\VWHPDWLF OLWHUDWXUH UHYLHZ H[DPLQLQJ WKH VWDWH RI WKH DUW LQ HQ�
JLQHHULQJ HQWUHSUHQHXUVKLS HGXFDWLRQ LQ ����� 7KH VFRSH RI WKHLU UHYLHZ ZDV EURDGHU WKDQ WKH
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SUHVHQW VWXG\� DV LW LQFOXGHG GLVFLSOLQHV EH\RQG (QJLQHHULQJ� KRZHYHU� $FFRUGLQJ WR WKH DXWKRUV
´RXWFRPHV DUH RIWHQ QRW DOLJQHG ZLWK HQJLQHHULQJ RXWFRPHV� RU DVVHVVPHQW LQVWUXPHQWV KDYH
VKRZQ WR EH LQYDOLG IRU HQJLQHHULQJ VWXGHQWV´ ZKLFK FDOOV IRU D UHHYDOXWLRQ RI WKHVH DVVHVVPHQW
SUDFWLFHV LQ HQJLQHHULQJ �+XDQJ�6DDG HW DO�� ����� S������ 6LPLODUO\� &UX]� 6DXQGHUV�6PLWV�
DQG *URHQ ������ FRQGXFWHG D V\VWHPDWLF UHYLHZ IRFXVLQJ RQ WKH VWDWH RI WKH DUW LQ FRPSHWHQF\
PHDVXUHPHQW PHWKRGV IRU DVVHVVLQJ (QJLQHHULQJ VWXGHQWV¶ PDVWHU\ RI VNLOOV VXFK DV LQQRYD�
WLRQ�FUHDWLYLW\� FRPPXQLFDWLRQ� OLIHORQJ OHDUQLQJ� DQG WHDPZRUN LQ KLJKHU HGXFDWLRQ� $OWKRXJK
WKHLU UHYLHZ ZDV VSHFLILF WR HQJLQHHULQJ HGXFDWLRQ� LW ZDV QRW OLPLWHG WR HQWUHSUHQHXUVKLS DQG
LQQRYDWLRQ DVVHVVPHQW� 7KH\ LGHQWLILHG PHDVXUHPHQW WRROV XVHG E\ HGXFDWRUV DQG UHVHDUFKHUV
ZKLFK ODFNHG YDOLGLW\ DQG WKDW FDOOHG IRU PRUH VWDQGDUGLVHG PHWKRGV� 7KH ODVW VWXG\ WKDW LV UHO�
HYDQW IRU RXU SDSHU LV *UDPHV� 6WLOOPDQ� 7LQJOH\� DQG (OSKLFN ������� ZKR FRQGXFWHG VFLHQWLILF
OLWHUDWXUH UHYLHZ XVLQJ D UHSURGXFLEOH PHWKRG WKDW HPSOR\V WH[W PLQLQJ WHFKQLTXHV WR DYRLG ELDV
LQ WKH VHDUFK VWUDWHJ\ DQG HQVXUH WKH LQFOXVLRQ RI DOO UHOHYDQW NH\ZRUGV� 7KLV PHWKRG� KRZHYHU�
ZDV WHVWHG LQ WKH ILHOGV RI HFRORJ\� HYROXWLRQ� FRQVHUYDWLRQ ELRORJ\� DQG UHODWHG GLVFLSOLQHV� EXW
QRW LQ HQJLQHHULQJ HGXFDWLRQ WR WKH EHVW RI RXU NQRZOHGJH�

,Q UHFHQW \HDUV� WKH PHWKRGRORJ\ IRU FRQGXFWLQJ V\VWHPDWLF OLWHUDWXUH UHYLHZV ZLWKLQ WKH ILHOG RI
HQJLQHHULQJ HGXFDWLRQ KDV JDLQHG VLJQLILFDQW DWWHQWLRQ DQG XQGHUJRQH VLJQLILFDQW UHILQHPHQW�
DOWKRXJK LW UHPDLQV LQ LWV QDVFHQW VWDJH �%RUUHJR HW DO�� ������ 7KH SUHVHQW VWXG\ GHSDUWV IURP
WUDGLWLRQDO PHWKRGRORJLHV LQ RUGHU WR FRQGXFW D PRUH FRPSUHKHQVLYH H[DPLQDWLRQ RI WKH H[LVWLQJ
OLWHUDWXUH SHUWDLQLQJ WR D VSHFLILF WRSLF �L�H� RXWFRPHVPHDVXUHPHQW PHWKRGV� ZLWKLQ HQJLQHHULQJ
HGXFDWLRQ� 7KH FXUUHQW VWXG\ DLPV WR LGHQWLI\ YDULRXV PHDVXUHPHQW PHWKRGV LQ HQJLQHHULQJ
HGXFDWLRQ DQG HYDOXDWH WKH HQWUHSUHQHXULDO DFWLYLW\ UHSRUWHG LQ WKH H[LVWLQJ OLWHUDWXUH XVLQJ D
QHZ VHDUFK PHWKRGRORJ\� 7R JXLGH WKLV UHYLHZ� WKH IROORZLQJ UHVHDUFK TXHVWLRQ LV IRUPXODWHG�
'RHV WKH WKUHH�VWHS PHWKRGRORJ\ SURSRVHG LQ WKLV VWXG\ HQDEOH WKH LGHQWLILFDWLRQ RI UHOHYDQW
SXEOLFDWLRQV RQ HQWUHSUHQHXUVKLS LQ HQJLQHHULQJ HGXFDWLRQ WKDW PD\ EH RYHUORRNHG E\ WUDGLWLRQDO
VHDUFK PHWKRGV"
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$V KDV EHHQ VKRZQ� V\VWHPDWLF OLWHUDWXUH UHYLHZV DQG WKHLU DVVRFLDWHG PHWKRGRORJ\ KDYH DF�
TXLUHG ZLGHVSUHDG DFFHSWDQFH DQG WKH QXPHURXV SXEOLFDWLRQV LQ WKH OLWHUDWXUH KDYH PDGH VLJ�
QLILFDQW FRQWULEXWLRQV WR IXUWKHU UHVHDUFK RQ DVVHVVLQJ WKH RXWFRPHV RI HQWUHSUHQHXUVKLS DQG�RU
LQQRYDWLRQ SURJUDPV RU VXEMHFWV LQ HQJLQHHULQJ SURJUDPV� +RZHYHU� WKHVH UHYLHZV FDQ VRPH�
WLPHV VWUXJJOH WR NHHS SDFH ZLWK WKH UDSLG SURJUHVV RI UHVHDUFK LQ WKLV DUHD� 7R DGGUHVV WKLV
FKDOOHQJH� QHZ DSSURDFKHV WKDW SDUWLDOO\ DXWRPDWH WKH SURFHVV WKURXJK WKH XVH RI WH[W PLQLQJ
WHFKQLTXHV PD\ LQFUHDVH HIILFLHQF\ DQG UHGXFH WKH WLPH DQG UHVRXUFH FRVWV DVVRFLDWHG ZLWK
FRQGXFWLQJ VXFK UHYLHZV� ,Q WKH IROORZLQJ SDUDJUDSKV ZH SURYLGH D GHWDLOHG GHVFULSWLRQ RI WKH
WKUHH�VWHSV PHWKRGRORJ\ SURSRVHG� WDNLQJ %RUUHJR HW DO� ������¶V PHWKRGRORJ\ DV D IRXQGD�
WLRQ DQG DGDSWLQJ *UDPHV HW DO� ������¶V PLQLQJ WHFKQLTXHV WR HQJLQHHULQJ HGXFDWLRQ� ZH DOVR
DGGHG VHPDQWLF DQDO\VLV DQG XVHG D VWDWLVWLFDO VRIWZDUH WR PDNH VXUH WKH VHDUFK LGHQWLILHG DOO
WKH VWXGLHV WKDW ZHUH UHOHYDQW IRU RXU SXUSRVHV�

7KH VWDUWLQJ SRLQW IRU RXU QDLYH VHDUFK ZDV D FRPELQDWLRQ RI GLIIHUHQW NH\ZRUGV ZH ZRXOG H[�
SHFW WR ILQG LQ WKH WLWOH� DEVWUDFW RU DXWKRUV¶ NH\ZRUGV LQ DOO WKH VWXGLHV LQFOXGHG LQ RXU V\VWHPDWLF
OLWHUDWXUH UHYLHZ� :H UDQ RXU LQLWLDO VHDUFK TXHU\ LQ WZR GDWDEDVHV� 6FRSXV �SULPDULO\ IRFXVHG
RQ LQGH[LQJ VFLHQFH� WHFKQRORJ\� PHGLFLQH� KXPDQLWLHV� VRFLDO VFLHQFHV DQG DUW SXEOLFDWLRQV�
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)LJXUH �� 6WUHQJWK RI WKH WRS NH\ZRUGV IRXQG RQ ILUVW QDLYH VHDUFK�

DQG :HE RI 6FLHQFH �SULPDULO\ IRFXVHG RQ LQGH[LQJ VRFLDO VFLHQFHV� KXPDQLWLHV DQG DUW SXE�
OLFDWLRQV�� $V D UHVXOW� �� DQG �� VWXGLHV ZHUH LGHQWLILHG RQ HDFK GDWDEDVH UHVSHFWLYHO\ ZLWK
�� GXSOLFDWHV� DIWHU TXHU\LQJ IRU ´HQJLQHHULQJ HGXFDWLRQ´� ´PHDVXUH � DVVHVV � HYDOXDWH´� ´LQQR�
YDWLRQ � HQWUHSUHQHXUVKLS� DQG ´VWDUW�XS´� :H VXEVHTXHQWO\ VHDUFKHG IRU SRWHQWLDO NH\ZRUGV�
LQ WLWOH� DEVWUDFWV DQG DOVR FRQVLGHULQJ DXWKRUV¶ NH\ZRUGV� $IWHU DSSO\LQJ VHPDQWLF DQDO\VLV
WHFKQLTXHV WKDW LQFOXGHG UHPRYLQJ VWRSZRUGV DQG WRNHQLVLQJ WHUPV� QRW RQO\ FRQVLGHULQJ VLQJOH
ZRUGV EXW DOVR ELJUDPV DQG WULJUDPV� ZH UDQNHG WKHP EDVHG RQ WKHLU VWUHQJWK� ,Q RWKHU ZRUGV�
ZH UDQNHG HDFK WHUP LQ WKH QHWZRUN EDVHG RQ WKH QXPEHU RI RWKHU WHUPV WKDW LW DSSHDUV WRJHWKHU
ZLWK� WKDW LV� WKH PRUH VWUHQJWK D WHUP KDV� WKH PRUH LQWHUHVWLQJ WR EH LQFOXGHG LQ D QHZ VHDUFK
TXHU\� 2XU UHVXOWV DUH GLVSOD\HG LQ )LJXUH � ZKHUH RQO\ WKH WRS WHUPV DUH ODEHOHG� WRJHWKHU
ZLWK GLIIHUHQW FKDQJH SRLQWV XVLQJ GDVKHG OLQHV UHSUHVHQWLQJ ZKHUH WKHUH LV D JUHDWHU GLIIHUHQFH
EHWZHHQ FRQWLJXRXV YDOXHV�

([SDQGHG VHDUFK� VWHS RQH

$IWHU FRQGXFWLQJ D WKRURXJK UHYLHZ RI WKH SUHYLRXV UHVHDUFK IRXQG� ZH LGHQWLILHG WKUHH DGGLWLRQDO
NH\ WHUPV� QDPHO\ ´EXVLQHVV´� ´GHVLJQ´� DQG ´HQJLQHHULQJ VWXGHQWV´� WKDW ZHUH QRW LQFOXGHG LQ
RXU LQLWLDO TXHU\� $V D UHVXOW� ZH DGGHG WKHVH WHUPV WR RXU TXHU\ DQG JURXSHG WKHP DV IROORZV�
�´HQJLQHHULQJ HGXFDWLRQ´ 25 ´HQJLQHHULQJ VWXGHQWV´� $1' �PHDVXUH
 25 DVVHVV
 25 HYDOXDWH

25 GHVLJQ
� $1' �LQQRYDW
 $1' HQWUHSUHQHXU
� $1' �VWDUW�XS
 25 EXVLQHVV
�� 2Q -DQXDU\
��WK� ����� ZH SHUIRUPHG WKH ODVW VHDUFK XWLOLVLQJ 6FRSXV DQG :HE RI 6FLHQFH DQG LGHQWLILHG
D WRWDO RI ���� DQG ��� FLWDWLRQV� UHVSHFWLYHO\� 8SRQ UHPRYLQJ GXSOLFDWHV� ZH ZHUH OHIW ZLWK D
ILQDO SRRO RI ���� FLWDWLRQV WR EH VFUHHQHG� ,W LV LPSRUWDQW WR QRWH WKDW RXU VHDUFK ZDV OLPLWHG
WR (QJOLVK ODQJXDJH SXEOLFDWLRQV LQ MRXUQDOV DQG FRQIHUHQFH SURFHHGLQJV ZKLFK DUH LQGH[HG LQ
WKH PHQWLRQHG GDWDEDVHV� ZLWK QR UHVWULFWLRQ RQ SXEOLFDWLRQ \HDU� WKH\ ZHUH DOO SXEOLVKHG LQ WKH
ODVW WKUHH GHFDGHV� KRZHYHU�
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6FUHHQLQJ� VWHS WZR

7KH QH[W VWHS LQYROYHG D VFUHHQLQJ SURFHVV WR GHWHUPLQH WKH ILQDO VDPSOH RI SXEOLFDWLRQV IRU
H[DPLQDWLRQ LQ WKH SUHVHQW VWXG\� 7R DFKLHYH WKLV� ZH HVWDEOLVKHG D VHW RI LQFOXVLRQ FULWHULD IRU
SXEOLFDWLRQV WR EH FRQVLGHUHG LQ RXU ILQDO VDPSOH� )LUVWO\� ZH RQO\ LQFOXGHG SXEOLFDWLRQV WKDW
IRFXVHG VSHFLILFDOO\ RQ HQJLQHHULQJ VWXGHQWV LQ IRUPDO KLJKHU HGXFDWLRQ LQVWLWXWLRQV� $V VXFK�
SXEOLFDWLRQV GLVFXVVLQJ EURDGHU� QRQ�VSHFLILF SURJUDPV RU LQVWLWXWLRQV ZHUH H[FOXGHG� DV ZHUH
SXEOLFDWLRQV GLVFXVVLQJ DOXPQL RU VWXGHQWV DW ORZHU HGXFDWLRQ OHYHOV� $GGLWLRQDOO\� SXEOLFDWLRQV
QRW VWULFWO\ UHODWHG WR HQJLQHHULQJ HGXFDWLRQ ZHUH DOVR H[FOXGHG� DV WKH\ RIWHQ HQFRPSDVVHG
RWKHU W\SHV RI KLJKHU HGXFDWLRQ SURJUDPV VXFK DV EXVLQHVV VWXGLHV� )LQDOO\� SXEOLFDWLRQV LQYROY�
LQJ DFWXDO EXVLQHVV VWDNHKROGHUV LQ WKH HQWUHSUHQHXUVKLS RU LQQRYDWLRQ SURJUDPV ZHUH H[FOXGHG
WR OLPLW WKH SUHVHQW VWXG\ WR VLWXDWLRQV ZKHUH HQJLQHHULQJ VWXGHQWV DUH VROHO\ UHVSRQVLEOH IRU WKH
EXVLQHVV LGHD DQG QRW MXVW FRQWULEXWLQJ IURP D WHFKQLFDO VWDQGSRLQW� 6HFRQGO\� ZH LQFOXGHG DOO
SXEOLFDWLRQV WKDW GHVFULEHG WKH LPSOHPHQWDWLRQ RI HQWUHSUHQHXUVKLS DQG�RU LQQRYDWLRQ SURJUDPV
DLPHG DW SURYLGLQJ HQJLQHHULQJ VWXGHQWV ZLWK WKH QHFHVVDU\ FRPSHWHQFLHV IRU HQWUHSUHQHXU�
VKLS DQG LQQRYDWLRQ� 6SHFLILFDOO\� RQO\ LQWHUYHQWLRQ VWXGLHV ZHUH FRQVLGHUHG ZKLOH FKDUDFWHU�
LVDWLRQ VWXGLHV ZHUH H[FOXGHG� $GGLWLRQDOO\� SXEOLFDWLRQV WKDW RQO\ H[DPLQHG D SDUWLFXODU VNLOO
RU NQRZOHGJH VXFK DV $JLOH 'HYHORSPHQW� 'HVLJQ 7KLQNLQJ RU 3URMHFW 0DQDJHPHQW ZHUH QRW
FRQVLGHUHG� DV ZHOO DV SXEOLFDWLRQV WKDW GLG QRW GHVFULEH DQ\ LQWHUYHQWLRQ RQ HQWUHSUHQHXUVKLS
RU LQQRYDWLRQ SURJUDPV DW D KLJKHU HGXFDWLRQ LQVWLWXWLRQ VLQFH WKH\ FHQWHUHG WKHLU VWXG\ RQ DV�
VHVVLQJ HQWUHSUHQHXULDO PLQGVHW RU LQWHQW XVLQJ YDULDEOHV VXFK DV JHQGHU� VRFLDO EDFNJURXQG�
W\SH RI HQJLQHHULQJ� RU VWXGHQW JUDGHV DPRQJ RWKHUV�

,Q RUGHU WR HVWDEOLVK WKH ILQDO VDPSOH RI SXEOLFDWLRQV IRU H[DPLQDWLRQ LQ WKH SUHVHQW VWXG\� D
WKRURXJK VFUHHQLQJ SURFHVV ZDV HPSOR\HG� 7KLV SURFHVV HQWDLOHG D FRPSUHKHQVLYH HYDOXDWLRQ
RI WKH WLWOH� DEVWUDFW� DQG DXWKRUV¶ NH\ZRUGV �ZKHQ DYDLODEOH� RI HDFK SXEOLFDWLRQ� $GGLWLRQDOO\� D
VHPDQWLF DQDO\VLV ZDV FRQGXFWHG WR LGHQWLI\ UHOHYDQW NH\ZRUGV LQ FRQWH[W� 7R DLG LQ WKLV SURFHVV�
5 SURJUDPPLQJ ODQJXDJH ZDV XWLOLVHG WR H[WUDFW NH\ZRUGV WKURXJK WKH XWLOLVDWLRQ RI WHFKQLTXHV
VXFK DV VWHPPLQJ� VWRSZRUG UHPRYDO� DQG NH\ZRUG FRPELQDWLRQ� $V D UHVXOW RI WKLV VFUHHQLQJ
SURFHVV� D ILQDO OLVW RI ��� SXEOLFDWLRQV ZHUH VHOHFWHG IRU DQDO\VLV LQ WKH VXEVHTXHQW VHFWLRQV
RI WKH VWXG\� 8SRQ FRPSOHWLRQ RI WKH VFUHHQLQJ SURFHVV� WKH ILQDO VDPSOH RI SXEOLFDWLRQV WR EH
DQDO\VHG ZDV JURXSHG DQG SUHVHQWHG SHU SXEOLFDWLRQ \HDU LQ )LJXUH �� $ YLVXDO H[DPLQDWLRQ RI
WKLV ILJXUH UHYHDOV D KLJKHU UHSUHVHQWDWLRQ RI WKH WDUJHWHG SXEOLFDWLRQV ZLWKLQ WKH PRVW UHFHQW
���� \HDU SHULRG�

1HWZRUN DQDO\VLV� VWHS WKUHH

,Q RUGHU WR LGHQWLI\ SRWHQWLDO UHOHYDQW SDSHUV WKDW ZHUH HLWKHU GLVFDUGHG GXULQJ WKH VFUHHQLQJ
SURFHVV RU ZHUH QRW LGHQWLILHG LQ WKH ILQDO TXHU\ DFURVV WKH SUHYLRXVO\ PHQWLRQHG GDWDEDVHV�
ZH FRQGXFWHG WKH ILQDO SRUWLRQ RI WKH PHWKRGRORJ\ XVLQJ WKH ��� SXEOLFDWLRQV REWDLQHG� 8SRQ
YHULI\LQJ WKH DYDLODELOLW\ RI 'LJLWDO 2EMHFW ,GHQWLILHUV �'2,V� YLD OHQV�RUJ� ZH IRXQG WKDW RQO\ ���
RI WKH FLWDWLRQV KDG '2,V� XWLOLVLQJ WKH 5 SDFNDJH GHYHORSHG E\ +DGGDZD\� *UDLQJHU� DQG *UD\
������� ZH H[WUDFWHG ERWK WKH SXEOLFDWLRQV WKDW ZHUH UHIHUHQFHG LQ RXU ELEOLRJUDSK\ DQG WKRVH
SXEOLFDWLRQV WKDW FLWHG RXU ELEOLRJUDSK\� 7KH UHVXOWLQJ QHWZRUN YLVXDOLVDWLRQ RI SXEOLFDWLRQV ZLWK
IUHTXHQF\ JUHDWHU WKDQ RU HTXDO WR ILYH� DV GHSLFWHG LQ )LJXUH �� LOOXVWUDWHV WKH VL]H RI WKH QRGH
EHLQJ GLUHFWO\ SURSRUWLRQDO WR WKH QXPEHU RI FLWDWLRQV WKH SXEOLFDWLRQ KDV UHFHLYHG� DQG GLVWLQ�
JXLVKHV EHWZHHQ UHIHUHQFHV UHSUHVHQWHG LQ UHG DQG FLWDWLRQV UHSUHVHQWHG LQ EOXH�
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)LJXUH �� 6FUHHQHG SXEOLFDWLRQV �Q ���� VXEMHFW WR DQDO\VLV� JURXSHG SHU SXEOLFDWLRQ \HDU�

)LJXUH �� 1HWZRUN UHSUHVHQWDWLRQ IRU UHIHUHQFHV DQG FLWHV ZLWK !� DSSHDUDQFHV LQ RXU VDPSOH�
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)LJXUH �� 6XPPDU\ RI WKH PHWKRGRORJLFDO DSSURDFK

$ VXPPDU\ RI WKH FRPSOHWH PHWKRGRORJLFDO SURFHVV GHVFULEHG LQ WKLV VHFWLRQ LV GHSLFWHG LQ
)LJXUH �� VWDUWLQJ IURP WKH H[SDQGHG VHDUFK WR WKH QHWZRUN DQDO\VLV� ,Q WKH IROORZLQJ VHFWLRQ RI
WKLV VWXG\� ZH LQYHVWLJDWH WKH VXLWDELOLW\ RI WKH PRVW KLJKO\ UDQNHG UHIHUHQFHV� EDVHG RQ FLWDWLRQ
FRXQW IRU RXU UHVHDUFK IRFXV� ZKLFK VSHFLILFDOO\ H[DPLQHV WKH XVH RI LQWHUYHQWLRQV LQ HQJLQHHULQJ
HGXFDWLRQ WR SURPRWH HQWUHSUHQHXUVKLS DQG LQQRYDWLRQ� :H DOVR FRQVLGHU WKH W\SH RI SURJUDP
DQG HYDOXDWLRQ PHWKRGV HPSOR\HG�

7KH VXEVHTXHQW VHFWLRQ RI WKLV VWXG\ HYDOXDWHV WKH DSSURSULDWHQHVV RI WKH UHIHUHQFHV WKDW KDYH
UHFHLYHG WKH KLJKHVW FLWDWLRQ FRXQWV IRU RXU UHVHDUFK IRFXV� DV D SUHOLPLQDU\ H[DPLQDWLRQ RI WKH
PHWKRGRORJ\ SURSRVHG LQ WKLV VWXG\�

5(68/76 $1' ',6&866,21

:H QRZ UHSRUW WKH SUHOLPLQDU\ H[DPLQDWLRQ RI WKH PHWKRGRORJ\ SURSRVHG IRU WKH GHYHORSPHQW
RI D FRPSUHKHQVLYH V\VWHPDWLF OLWHUDWXUH UHYLHZ RQ WKH WRSLF RI LQWHUYHQWLRQV LQ HQJLQHHULQJ
HGXFDWLRQ WR SURPRWH HQWUHSUHQHXUVKLS DQG LQQRYDWLRQ� )RU WKLV SDSHU ZH VHOHFWHG WKH PRVW
UHOHYDQW SXEOLFDWLRQV ����� UDQNHG E\ FLWDWLRQV� IURP WKH H[SDQGHG VHDUFK UHVXOWV� DV ZHOO DV
DQ HTXDO QXPEHU RI SXEOLFDWLRQV REWDLQHG WKURXJK QHWZRUN DQDO\VLV RI ERWK UHIHUHQFHV DQG FL�
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7DEOH �� 6XPPDU\ RI WKH UHYLHZHG SXEOLFDWLRQV

&DWHJRULHV 5HIHUHQFHV ���� %URDGHU 6HDUFK ���� &LWDWLRQV ����

(QJLQHHULQJ (GXFDWLRQ � � ��
,QWHUYHQWLRQ � � �
(QWUHSUHQHXUVKLS SURJUDP GHVFULEHG � � �
2XWFRPHV PHDVXUHPHQW

4XDOLWDWLYH LQWHUYLHZV � �
6XUYH\V� HQWUHSUHQHXULDO LQWHQWLRQV � �
6XUYH\V� HQWUHSUHQHXULDO VNLOOV �

WDWLRQV� 7KH VWXG\ VSHFLILFDOO\ LQYHVWLJDWHV WKH XVH RI LQWHUYHQWLRQV LQ HQJLQHHULQJ HGXFDWLRQ
WR IRVWHU HQWUHSUHQHXUVKLS DQG LQQRYDWLRQ� DQG DOVR IRFXVHV RQ HYDOXDWLQJ WKH SUHVHQFH RI HQ�
WUHSUHQHXUVKLS DQG LQQRYDWLRQ SURJUDPV� DV ZHOO DV DQ\ PHWKRGV RI SURJUDP HYDOXDWLRQ HP�
SOR\HG� VXFK DV VXUYH\V RU LQWHUYLHZV� ,Q 7DEOH � WKH UHVXOWV RI WKHVH SXEOLFDWLRQV UHYLHZV DUH
WDEXODWHG� GLIIHUHQWLDWLQJ ZKHQ HDFK VHW RI SXEOLFDWLRQV ZHUH UHWULHYHG�

7KH UHYLHZHG OLWHUDWXUH WKDW PHHWV WKH SXUSRVH RI WKLV VWXG\ UHYHDOV WKDW WKH PDMRULW\ RI WKH SXE�
OLFDWLRQV WKDW DUH FHQWHUHG LQ GHVFULELQJ D JLYHQ LQWHUYHQWLRQ LQ HQJLQHHULQJ HGXFDWLRQ GHJUHHV
ZKHUH D SURJUDP LQ HQWUHSUHQHXUVKLS DQG � RU LQQRYDWLRQ KDV UROOHG RXW� MXVW FRQVLGHU D IHZ GLI�
IHUHQW ZD\V RI DVVHVVLQJ WKH SURJUDP� 6XUYH\V� ERWK SUH DQG SRVW FRXUVH� DUH ZLGHO\ XVHG DV LQ
%HOORWWL HW DO� ������ ZKHUH DXWKRUV GHVFULEH WKH XVH RI VXUYH\V WR DVVHVV HQWUHSUHQHXULDO VNLOOV�
DOWKRXJK ZLWK QR FRQFOXVLRQV DV WKH\ GLG QRW SURFHVV WKH GDWD� $OVR� LQ %LOpQ� .LVHQZHWKHU�
5]DVD� DQG :LVH ������ DQG :DQJ DQG .OHSSH ������ WKH DXWKRUV FRPSOHPHQW GDWD FRPLQJ
IURP VWXGHQWV¶ VXUYH\V� ZLWK DGGLWLRQDO TXDOLWDWLYH GDWD IURP LQWHUYLHZV� EXW LQ ERWK FDVHV VWLOO
FHQWHUHG RQ DVVHVVLQJ HQWUHSUHQHXULDO VNLOOV� $GGLWLRQDOO\� WKH VDPH WUHQG RI RXWFRPHV PHD�
VXUHPHQW KDV EHHQ XVHG LQ WKH H[LVWLQJ OLWHUDWXUH WR FRUUHODWH WKH UHVXOWV RI SRVLWLYH PHDVXUH�
PHQW RQ HQWUHSUHQHXULDO VNLOOV ZLWK KLJKHU JUDGHV DQG KLJKHU UDWH RI VWXGHQWV¶ UHWHQWLRQ 2K�
ODQG� )ULOOPDQ� =KDQJ� %UDZQHU� DQG 0LOOHU ,,, ������� 2Q WKH RWKHU KDQG� LQ -RVHSK ������ DQG
6RXLWDULV� =HUELQDWL� DQG $O�/DKDP ������ DXWKRUV� LQ ERWK FDVHV� XVH VXUYH\V WR DVVHVV WKHLU
HQWUHSUHQHXUVKLS SURJUDPV� EXW WKLV WLPH ZLWK D IRFXV LQ HQWUHSUHQHXULDO LQWHQWLRQV UDWKHU WKDQ
VNLOOV DQG XVLQJ� LQ WKH FDVH RI WKH ODWWHU� VRPH VXUYH\ DGDSWDWLRQV IURP SUHYLRXV VWXGLHV LQ WKH
OLWHUDWXUH� /DVWO\� LQ &UHHG� 6XXEHUJ� DQG &UDZIRUG ������ WKH DXWKRUV FHQWHU WKHLU PHDVXUH�
PHQWV LQ WKH XVH RI TXDOLWDWLYH VWXGHQWV LQWHUYLHZV� 7KH\ FRQFOXGHG WKDW ´WKH XOWLPDWH VXFFHVV
VWRU\ ZRXOG EH WR VHH RQH RI WKHVH VWXGHQW¶V FRPSDQLHV VSLQ RII DV D UHDO FRPSDQ\´ �&UHHG HW
DO�� ����� S������ ZKLFK LV SUREDEO\ RQH RI WKH NH\ PHWULFV WR LQFRUSRUDWH WR WKH SUHYLRXV RXW�
FRPHV PHDVXUHPHQW PHWKRGV WKDW ZRXOG FRXQW ZLWK PDMRU FRQVHQVXV� QRW EHLQJ LPPHGLDWHO\
DYDLODEOH LV LWV PDLQ GUDZEDFN� KRZHYHU�

&21&/86,216

$V VHHQ LQ )LJXUH � WKHUH LV D JURZLQJ ERG\ RI OLWHUDWXUH RYHU WKH UHFHQW \HDUV DQG� IRU WKLV UHD�
VRQ� ZH DLPHG WR SURYLGH D WKUHH�VWHS PHWKRGRORJ\ WKDW EXLOGV RQ WKH H[LVWLQJ PHWKRGRORJ\ WR
FRQGXFW V\VWHPDWLF OLWHUDWXUH UHYLHZ RI VWXGLHV WKDW IRFXV RQ HQJLQHHULQJ HGXFDWLRQ� DV LQ %RU�
UHJR HW DO� ������� VR WKDW RXU UHVHDUFK LQ WKH ILHOG NHHSV SDFH ZLWK WKH SURGXFWLRQ RI DFDGHPLF
WH[WV RQ WKH WRSLF� 2XU PHWKRGRORJ\ DOORZHG IRU D EHWWHU VHDUFK LQ WKDW� WKURXJK DQ H[SDQGHG
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VHDUFK� QHZ NH\ZRUGV UHODWHG WR WKH PDLQ WRSLF ZHUH DXWRPDWLFDOO\ IRXQG� $GGLWLRQDOO\� WKURXJK
D VHFRQG LWHUDWLRQ� RXU SURSRVHGPHWKRGRORJ\ LGHQWLILHG VWXGLHV WKDW ZRXOG RWKHUZLVH KDYH EHHQ
ORVW LQ WKH VHDUFK� 2XU UHYLHZHG SXEOLFDWLRQV UHYHDOHG WKDW PRVW RI WKH PHDVXUHPHQW WRROV DUH
EDVHG RQ VXUYH\V WR DVVHVV HQWUHSUHQHXULDO VNLOOV� WUDLWV� LQWHQWLRQ RU PLQGVHW� ZLWK QR FRP�
PRQ FRQVHQVXV LQ WKH H[LVWLQJ OLWHUDWXUH RQ WKH GHILQLWLRQ RI HDFK FRQFHSW �+XDQJ�6DDG HW DO��
������ DQG WKDW DGGLWLRQDO RXWFRPHV PHDVXUHPHQW PHWKRGV IRU (QJLQHHULQJ (QWUHSUHQHXUVKLS
SURJUDPV DUH DOVR UHTXLUHG �&UHHG HW DO�� ������

,W LV LPSRUWDQW WR KLJKOLJKW WKH OLPLWDWLRQV RI WKH SUHVHQW VWXG\� )LUVW� UDWKHU WKDQ SURYLGLQJ DQ H[�
KDXVWLYH V\VWHPDWLF UHYLHZ RI WKH OLWHUDWXUH� WKLV SDSHU DLPHG WR KLJKOLJKW D QHZ PHWKRGRORJLFDO
SURFHGXUH WR XQGHUWDNH D V\VWHPDWLF UHYLHZ RI VWXGLHV FHQWHUHG LQ HQWUHSUHQHXUVKLS LQ HQJL�
QHHULQJ HGXFDWLRQ� 6HFRQG� HYHQ WKRXJK WKH OLWHUDWXUH LV DOO UHODWHG WR HQJLQHHULQJ HGXFDWLRQ�
WKH WHUPLQRORJ\ PD\ YDU\� LQ WKLV UHJDUG� DXWKRUV PD\ PDNH D GLIIHUHQW XVH RI WKH VDPH WHU�
PLQRORJ\� 7KLV LGLRV\QFUDWLF XVH RI WHUPLQRORJ\ PD\ KDYH DIIHFWHG WKH UHVXOWV RI WKH VHDUFK
SUHVHQWHG LQ WKLV SDSHU DQG ZRXOG UHTXLUH D PDQXDO� GHHSHU DQDO\VLV RI WKH VWXGLHV IRXQG� LW
DOVR FDOOV IRU SHHU�UHYLHZ SURFHVVHV WR UHDFK JUHDWHU FRQVHQVXV� ,W ZRXOG EH LQWHUHVWLQJ WR DS�
SO\ RXU PHWKRGRORJ\ WR FRPSOHWH WKH V\VWHPDWLF OLWHUDWXUH UHYLHZ QRW OLPLWHG WR WKH SXEOLFDWLRQV
ZLWK PRVW FLWDWLRQV� WKLV ZRXOG SHUKDSV DOORZ WR ILQG SDSHUV WKDW SXW IRUZDUG GLIIHUHQW RXWFRPHV
PHDVXUHPHQW PHWKRGV IRU HQWUHSUHQHXUVKLS DQG LQQRYDWLRQ SURJUDPV LQ HQJLQHHULQJ HGXFDWLRQ�
0RUHRYHU� WKLV PHWKRGRORJ\ FDQ EH H[WHQGHG WR RWKHU GRPDLQV RI LQTXLU\� SRWHQWLDOO\ HQFRP�
SDVVLQJ DGGLWLRQDO &',2 VWDQGDUGV� VXFK DV SURJUDP DVVHVVPHQW �&',2 6WDQGDUG ���� ZKHUH
LW LV XVXDOO\ QHHGHG WR SHUIRUP OLWHUDWXUH UHYLHZV ZLWK D YLHZ RI ILQGLQJ RXW ZKDW LV EHLQJ GRQH LQ
RWKHU LQVWLWXWLRQV LQ D JLYHQ DUHD RI IRFXV�

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

7KH DXWKRUV UHFHLYHG QR ILQDQFLDO VXSSRUW IRU WKLV ZRUN�

5()(5(1&(6

$M]HQ� ,� ������� 7KH WKHRU\ RI SODQQHG EHKDYLRU� 2UJDQL]DWLRQDO %HKDYLRU DQG +XPDQ 'HFLVLRQ
3URFHVVHV� ������ ���±����
%HOORWWL� )�� %HUWD� 5�� 'H *ORULD� $�� /DYDJQLQR� (�� $QWRQDFL� $�� 'DJQLQR� )�� « 0D\HU� ,�
������� 6HULRXV *DPHV DQG WKH 'HYHORSPHQW RI DQ (QWUHSUHQHXULDO 0LQGVHW LQ +LJKHU (GXFD�
WLRQ (QJLQHHULQJ 6WXGHQWV� (QWHUWDLQPHQW &RPSXWLQJ� �� ��������
%HOORWWL� )�� %HUWD� 5�� 'H*ORULD� $�� /DYDJQLQR� (�� 'DJQLQR� 0� )�� $QWRQDFL� $�� 	 2WW� 0� �������
$ *DPLILHG 6KRUW &RXUVH IRU 3URPRWLQJ (QWUHSUHQHXUVKLS DPRQJ ,&7 (QJLQHHULQJ 6WXGHQWV� ,Q
���� ,((( ��WK ,QWHUQDWLRQDO &RQIHUHQFH RQ $GYDQFHG /HDUQLQJ 7HFKQRORJLHV �SS� ��±����
%HVWHUILHOG�6DFUH� 0�� =DSSH� 6�� 6KDUWUDQG� $�� 	 +RFKVWHGW� .� ������� )DFXOW\ DQG 6WXGHQW
3HUFHSWLRQV RI WKH &RQWHQW RI (QWUHSUHQHXUVKLS &RXUVHV LQ (QJLQHHULQJ (GXFDWLRQ� $GYDQFHV
LQ (QJLQHHULQJ (GXFDWLRQ� �����
%LOpQ� 6� *�� .LVHQZHWKHU� (� &�� 5]DVD� 6� (�� 	 :LVH� -� &� ������� 'HYHORSLQJ DQG DVVHVVLQJ
VWXGHQWV¶ HQWUHSUHQHXULDO VNLOOV DQG PLQG�VHW� -RXUQDO RI (QJLQHHULQJ (GXFDWLRQ� ������ ���±
����
%LUG� %� -� ������� ,PSOHPHQWLQJ (QWUHSUHQHXULDO ,GHDV� 7KH &DVH )RU ,QWHQWLRQ� $FDGHP\ RI
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0DQDJHPHQW� 7KH $FDGHP\ RI 0DQDJHPHQW 5HYLHZ� ������ ����
%RUUHJR� 0�� )RVWHU� 0� -�� 	 )UR\G� -� (� ������� 6\VWHPDWLF /LWHUDWXUH 5HYLHZV LQ (QJLQHHULQJ
(GXFDWLRQ DQG 2WKHU 'HYHORSLQJ ,QWHUGLVFLSOLQDU\ )LHOGV� -RXUQDO RI (QJLQHHULQJ (GXFDWLRQ�
������� ��±���
&HOLV *X]PDQ� 6� ������� +RZ ,QWHOOHFWXDO 0RYHPHQWV DPRQJ ([WHUQDO DQG ,QWHUQDO $FWRUV
6KDSH WKH &ROOHJH &XUULFXOXP� 7KH &DVH RI (QWUHSUHQHXUVKLS (GXFDWLRQ LQ (QJLQHHULQJ� �3K'
7KHVLV�� 8QLYHUVLW\ RI 0LFKLJDQ�
&LFR� 2�� -DFFKHUL� /�� 1JX\HQ�'XF� $�� 	 =KDQJ� +� ������� ([SORULQJ WKH LQWHUVHFWLRQ EHWZHHQ
VRIWZDUH LQGXVWU\ DQG 6RIWZDUH (QJLQHHULQJ HGXFDWLRQ � $ V\VWHPDWLF PDSSLQJ RI 6RIWZDUH (Q�
JLQHHULQJ 7UHQGV� -RXUQDO RI 6\VWHPV DQG 6RIWZDUH� ���� �������
&UHHG� &� -�� 6XXEHUJ� (� 0�� 	 &UDZIRUG� *� 3� ������� (QJLQHHULQJ (QWUHSUHQHXUVKLS� $Q ([�
DPSOH RI $ 3DUDGLJP 6KLIW LQ (QJLQHHULQJ (GXFDWLRQ� -RXUQDO RI HQJLQHHULQJ HGXFDWLRQ �:DVK�
LQJWRQ� '�&��� ������ ���±����
&UX]� 0� /�� 6DXQGHUV�6PLWV� *� 1�� 	 *URHQ� 3� ������� (YDOXDWLRQ RI FRPSHWHQF\ PHWKRGV
LQ HQJLQHHULQJ HGXFDWLRQ� D V\VWHPDWLF UHYLHZ� (XURSHDQ -RXUQDO RI (QJLQHHULQJ (GXFDWLRQ�
������ ���±����
'XYDO�&RXHWLO� 1�� 5HHG�5KRDGV� 7�� 	 +DJKLJKL� 6� ������� 'HYHORSPHQW RI DQ DVVHVVPHQW
LQVWUXPHQW WR H[DPLQH RXWFRPHV RI HQWUHSUHQHXUVKLS HGXFDWLRQ RQ HQJLQHHULQJ VWXGHQWV� ,Q
���� ,((( )URQWLHUV LQ (GXFDWLRQ &RQIHUHQFH �),(� �SS� 7�G±�±W�G±���
*UDPHV� (� 0�� 6WLOOPDQ� $� 1�� 7LQJOH\� 0� :�� 	 (OSKLFN� &� 6� ������� $Q DXWRPDWHG DSSURDFK
WR LGHQWLI\LQJ VHDUFK WHUPV IRU V\VWHPDWLF UHYLHZV XVLQJ NH\ZRUG FR�RFFXUUHQFH QHWZRUNV�0HWK�
RGV LQ (FRORJ\ DQG (YROXWLRQ� ������� ����±�����
+DGGDZD\� 1� 5�� *UDLQJHU� 0� -�� 	*UD\� &� 7� ������� &LWDWLRQFKDVHU� $ WRRO IRU WUDQVSDUHQW DQG
HIILFLHQW IRUZDUG DQG EDFNZDUG FLWDWLRQ FKDVLQJ LQ V\VWHPDWLF VHDUFKLQJ� 5HV 6\QWK 0HWKRGV�
������ ���±����
+DOOHQJD�%ULQN� 6� ������� 7HDFKLQJ HQWUHSUHQHXUVKLS� 7R EH WKH ZLQG XQGHU VWXGHQWV¶ ZLQJV�
,Q 3URFHHGLQJV RI WKH ��WK ,QWHUQDWLRQDO &',2 &RQIHUHQFH� &DOJDU\� &DQDGD �S� �����
+DVVDQ� )�� /H%ODQF� +�� 	 $O�2OLPDW� .� ������� ,QFXOFDWLQJ DQ HQWUHSUHQHXULDO PLQGVHW LQ
HQJLQHHULQJ HGXFDWLRQ� 3URMHFW DSSURDFK� ,Q ���� ,((( )URQWLHUV LQ (GXFDWLRQ &RQIHUHQFH
�),(� �SS� ���±�����
+XDQJ�6DDG� $� <�� 0RUWRQ� &� 6�� 	 /LEDUNLQ� -� &� ������� (QWUHSUHQHXUVKLS $VVHVVPHQW
LQ +LJKHU (GXFDWLRQ� $ 5HVHDUFK 5HYLHZ IRU (QJLQHHULQJ (GXFDWLRQ 5HVHDUFKHUV� -RXUQDO RI
(QJLQHHULQJ (GXFDWLRQ� ������� ���±����
-RVHSK� $� ������� ,QIOXHQFH RI HQWUHSUHQHXULDO DSWLWXGH RQ WHFKQRORJ\ HQWUHSUHQHXUVKLS FRXUVH
SHUIRUPDQFH� ,Q ���� ,((( )URQWLHUV LQ (GXFDWLRQ &RQIHUHQFH �),(� �SS� ����±������
.DOOLR�*HUODQGHU� -�� 3XKDNDLQHQ� -�� 	 .HWWXQHQ� -� ������� (QWUHSUHQHXUVKLS DQG ,&7�
(GXFDWLRQ DV 0HDQV UDWKHU WKDQ (QGV ± &DVH %XVLQHVV$FDGHP\ )LQODQG� ,Q 3URFHHGLQJV RI
WKH �WK ,QWHUQDWLRQDO &',2 &RQIHUHQFH� &DPEULGJH� 86$�
.UXHJHU� 1� )�� 5HLOO\� 0� '�� 	 &DUVUXG� $� /� ������� &RPSHWLQJ PRGHOV RI HQWUHSUHQHXULDO
LQWHQWLRQV� -RXUQDO RI %XVLQHVV 9HQWXULQJ� ������ ���±����
.XUDWNR� '� ������� 7KH HPHUJHQFH RI HQWUHSUHQHXUVKLS HGXFDWLRQ� 'HYHORSPHQW� WUHQGV� DQG
FKDOOHQJHV� (QWUHSUHQHXUVKLS 7KHRU\ DQG 3UDFWLFH� ��� ���±����
/�WKMH� &�� 	 )UDQNH� 1� ������� WKH µPDNLQJ¶ RI DQ HQWUHSUHQHXU� WHVWLQJ D PRGHO RI HQ�
WUHSUHQHXULDO LQWHQW DPRQJ HQJLQHHULQJ VWXGHQWV DW 0,7� 5	' 0DQDJHPHQW� ������ ���±����
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0DLD� &�� 	 &ODUR� -� ������� 7KH UROH RI D SURRI RI FRQFHSW FHQWHU LQ D XQLYHUVLW\ HFRV\VWHP�
$Q H[SORUDWRU\ VWXG\� -RXUQDO RI 7HFKQRORJ\ 7UDQVIHU � ������ ���±����
0DOPTYLVW� -�� 0DFKDGR� 7�� 0HLNOHKDP� $�� 	 +XJR� 5� ������� %LEOLRJUDSKLF GDWD DQDO\VLV
RI FGLR FRQIHUHQFH SDSHUV IURP ���������� ,Q 3URFHHGLQJV RI WKH ��WK ,QWHUQDWLRQDO &',2
&RQIHUHQFH� $DUKXV� 'HQPDUN �SS� ���±�����
0HLNOHKDP� $�� +XJR� 5�� 	 $OGHUW� .� ������� 9LVXDOL]LQJ �� \HDUV RI &',2 LQIOXHQFH YLD ELE�
OLRPHWULF GDWD DQDO\VLV� ,Q 3URFHHGLQJV RI WKH ��WK ,QWHUQDWLRQDO &',2 &RQIHUHQFH� .DQD]DZD�
-DSDQ�
2KODQG� 0� :�� )ULOOPDQ� 6� $�� =KDQJ� *�� %UDZQHU� &� (�� 	 0LOOHU ,,,� 7� .� ������� 7KH
(IIHFW RI DQ (QWUHSUHQHXUVKLS 3URJUDP RQ *3$ DQG 5HWHQWLRQ� -RXUQDO RI HQJLQHHULQJ HGXFDWLRQ
�:DVKLQJWRQ� '�&��� ������ ���±����
2RVWHUEHHN� +�� YDQ 3UDDJ� 0�� 	 ,MVVHOVWHLQ� $� ������� 7KH LPSDFW RI HQWUHSUHQHXUVKLS HGXFD�
WLRQ RQ HQWUHSUHQHXUVKLS VNLOOV DQG PRWLYDWLRQ� (XURSHDQ (FRQRPLF 5HYLHZ� ������ ���±����
3HWHUPDQ� 1� (�� 	 .HQQHG\� -� ������� (QWHUSULVH (GXFDWLRQ� ,QIOXHQFLQJ 6WXGHQWV 3HUFHSWLRQV
RI (QWUHSUHQHXUVKLS� (QWUHSUHQHXUVKLS 7KHRU\ DQG 3UDFWLFH� ������ ���±����
3UDWHHN� 6�� 	 +XDQJ�6DDG� $� ������� ([DPLQLQJ HQJLQHHULQJ VWXGHQWV¶ SDUWLFLSDWLRQ LQ HQ�
WUHSUHQHXUVKLS HGXFDWLRQ SURJUDPV� LPSOLFDWLRQV IRU SUDFWLFH� ,QWHUQDWLRQDO -RXUQDO RI 67(0
(GXFDWLRQ� �����
3XU]HU� 6�� )LOD� 1�� 	 1DWDUDMD� .� ������� (YDOXDWLRQ RI FXUUHQW DVVHVVPHQW PHWKRGV LQ HQJL�
QHHULQJ HQWUHSUHQHXUVKLS HGXFDWLRQ� (QWUHSUHQHXUVKLS (GXFDWLRQ�
5LHV� (� ������� 7KH OHDQ VWDUWXS� +RZ WRGD\¶V HQWUHSUHQHXUV XVH FRQWLQXRXV LQQRYDWLRQ WR
FUHDWH UDGLFDOO\ VXFFHVVIXO EXVLQHVVHV� 1HZ <RUN� &URZQ %XVLQHVV�
6KDUWUDQG� $�� :HLOHUVWHLQ� 3�� %HVWHUILHOG�6DFUH� 0�� 	 2OGV� %� 0� ������� $VVHVVLQJ VWXGHQW
OHDUQLQJ LQ WHFKQRORJ\ HQWUHSUHQHXUVKLS� ,Q ��WK $QQXDO )URQWLHUV LQ (GXFDWLRQ &RQIHUHQFH
�S� )�+����)�+�����
6RXLWDULV� 9�� =HUELQDWL� 6�� 	 $O�/DKDP� $� ������� 'R HQWUHSUHQHXUVKLS SURJUDPPHV UDLVH
HQWUHSUHQHXULDO LQWHQWLRQ RI VFLHQFH DQG HQJLQHHULQJ VWXGHQWV" 7KH HIIHFW RI OHDUQLQJ� LQVSLUDWLRQ
DQG UHVRXUFHV� -RXUQDO RI %XVLQHVV 9HQWXULQJ� ������ ���±����
7HVVHPD *HUED� '� ������� ,PSDFW RI HQWUHSUHQHXUVKLS HGXFDWLRQ RQ HQWUHSUHQHXULDO LQWHQWLRQV
RI EXVLQHVV DQG HQJLQHHULQJ VWXGHQWV LQ (WKLRSLD� $IULFDQ -RXUQDO RI (FRQRPLF DQG0DQDJHPHQW
6WXGLHV� ����� ���±����
7KRPSVRQ� 0� ������� )RVWHULQJ LQQRYDWLRQ LQ FRUQHUVWRQH GHVLJQ FRXUVHV� ,QWHUQDWLRQDO -RXUQDO
RI (QJLQHHULQJ (GXFDWLRQ� ��� ���±����
9DQ /RR\� %�� /DQGRQL� 3�� &DOODHUW� -�� YDQ 3RWWHOVEHUJKH� %�� 6DSVDOLV� (�� 	 'HEDFNHUH� .�
������� (QWUHSUHQHXULDO HIIHFWLYHQHVV RI (XURSHDQ XQLYHUVLWLHV� $Q HPSLULFDO DVVHVVPHQW RI
DQWHFHGHQWV DQG WUDGH�RIIV� 5HVHDUFK 3ROLF\� ������ ���±����
9RGă� $� ,�� 	 )ORUHD� 1� ������� ,PSDFW RI SHUVRQDOLW\ WUDLWV DQG HQWUHSUHQHXUVKLS HGXFDWLRQ RQ
HQWUHSUHQHXULDO LQWHQWLRQV RI EXVLQHVV DQG HQJLQHHULQJ VWXGHQWV� 6XVWDLQDELOLW\� ������ �����
:DQJ� (� /�� 	 .OHSSH� -� $� ������� 7HDFKLQJ ,QYHQWLRQ� ,QQRYDWLRQ� DQG (QWUHSUHQHXUVKLS LQ
(QJLQHHULQJ� -RXUQDO RI HQJLQHHULQJ HGXFDWLRQ �:DVKLQJWRQ� '�&��� ������ ���±����
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7DEOH �� &RPSOHWH OLVW RI UHYLHZHG SXEOLFDWLRQV�

3XEOLFDWLRQV (( ,1 (3 00

5HIHUHQFHV .UXHJHU� 5HLOO\� DQG &DUVUXG ������
6RXLWDULV HW DO� ������ [ [ [ 6XUYH\V� HQWUHSUHQHXULDO LQWHQWLRQV�
&UHHG HW DO� ������ [ [ [ 4XDOLWDWLYH LQWHUYLHZV�
3HWHUPDQ DQG .HQQHG\ ������
%LUG ������
/�WKMH DQG )UDQNH ������ [
.XUDWNR ������ [
2RVWHUEHHN� YDQ 3UDDJ� DQG ,MVVHOVWHLQ ������
5LHV ������
$M]HQ ������

([SDQGHG 6HDUFK %HOORWWL HW DO� ������ [ [ [ 6XUYH\V� HQWUHSUHQHXULDO VNLOOV�
%LOpQ HW DO� ������ [ [ [ 6XUYH\V� HQWUHSUHQHXULDO VNLOOV�
&UHHG HW DO� ������ [ [ [ 4XDOLWDWLYH LQWHUYLHZV�
9DQ /RR\ HW DO� ������ [
9RGă DQG )ORUHD ������ [
%HOORWWL HW DO� ������ [
:DQJ DQG .OHSSH ������ [ [ [ 6XUYH\V� HQWUHSUHQHXULDO VNLOOV�
2KODQG HW DO� ������ [ [ [ 6XUYH\V� HQWUHSUHQHXULDO VNLOOV�
0DLD DQG &ODUR ������ [
7HVVHPD *HUED ������

&LWDWLRQV &LFR� -DFFKHUL� 1JX\HQ�'XF� DQG =KDQJ ������ [
'XYDO�&RXHWLO� 5HHG�5KRDGV� DQG +DJKLJKL ������ [
3XU]HU� )LOD� DQG 1DWDUDMD ������ [
6KDUWUDQG� :HLOHUVWHLQ� %HVWHUILHOG�6DFUH� DQG 2OGV ������ [
3UDWHHN DQG +XDQJ�6DDG ������ [
7KRPSVRQ ������ [ [
%HVWHUILHOG�6DFUH� =DSSH� 6KDUWUDQG� DQG +RFKVWHGW ������ [
+DVVDQ� /H%ODQF� DQG $O�2OLPDW ������ [ [
-RVHSK ������ [ [ [ 6XUYH\V� HQWUHSUHQHXULDO LQWHQWLRQV�
&HOLV *X]PDQ ������ [

1RWHV� ((  (QJLQQHULQJ (GXFDWLRQ� ,1  ,1WHUYHQWLRQ� (3  (QWUHSUHQHXUVKLS 3URJUDP� 00  
0HDVXUHPHQW 0HWKRGV�
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6D�O *DUFLD +XHUWHV LV DQ DVVLVWDQW SURIHVVRU DW 7HOHFRV�%&1� 7HFKQLFDO 8QLYHUVLW\ RI &DWDOR�
QLD �83&�� ZKHUH KH OHFWXUHV FRXUVHV RQ LQQRYDWLRQ DQG HQWUHSUHQHXUVKLS WRSLFV� +H LV FXUUHQWO\
D 3K' FDQGLGDWH LQ WKH (GXFDWLRQ RQ (QJLQHHULQJ� 6FLHQFH DQG 7HFKQRORJ\ SURJUDP DW 83&�
DQG KLV UHVHDUFK LQWHUHVWV LQFOXGH LQQRYDWLRQ DQG HQWUHSUHQHXUVKLS HGXFDWLRQ DQG H[SHULHQWLDO
OHDUQLQJ�

5DPRQ %UDJyV� 3K' LV DQ DVVRFLDWH SURIHVVRU DW WKH (OHFWURQLFV (QJLQHHULQJ 'HSDUWPHQW RI
7HFKQLFDO 8QLYHUVLW\ RI &DWDORQLD �83&�� +LV UHVHDUFK IRFXVHV RQ HOHFWULFDO LPSHGDQFH VSHF�
WURVFRS\ DSSOLFDWLRQV LQ ELRPHGLFDO HQJLQHHULQJ DQG LQ (QJLQHHULQJ (GXFDWLRQ� +H LV WKH DVVR�
FLDWH GHDQ RI DFDGHPLF VWUDWHJLF SURMHFWV DW 7HOHFRV�%&1� WKH ,&7 HQJLQHHULQJ 6FKRRO RI 83&
LQ %DUFHORQD�

&RUUHVSRQGLQJ DXWKRU

6D�O *DUFLD +XHUWHV
7HFKQLFDO 8QLYHUVLW\ RI &DWDORQLD �83&�
7HOHFRV %&1
-RUGL *LURQD ���
����� %DUFHORQD� 6SDLQ
VDXO�JDUFLD#XSF�HGX

7KLV ZRUN LV OLFHQVHG XQGHU D &UHDWLYH &RP�
PRQV $WWULEXWLRQ�1RQ&RPPHUFLDO�1R'HULYV ���
,QWHUQDWLRQDO /LFHQVH
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