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6XEPLWWHG������������ $FFHSWHG������������ 3XEOLVKHG������������

&XVKLQJ¶V�V\QGURPH²DQ�HSLGHPLRORJLFDO�VWXG\�EDVHG�RQ�D�FDQLQH�SRSXODWLRQ�
RI��������GRJV

*DLD�&DURWHQXWR���(OHRQRUD�0DOHUED� ���)UDQFHVFD�%UXJQROL���3DVTXDOH�*LDQQX]]L���*LRYDQQL�
6HPSULQL���3DROR�7RVROLQL��DQG�)HGHULFR�)UDFDVVL��

�'HSDUWPHQW�RI�9HWHULQDU\�0HGLFDO�6FLHQFHV��8QLYHUVLW\�RI�%RORJQD��2]]DQR�GHOO¶(PLOLD��%RORJQD��������,WDO\
�2VSHGDOH�9HWHULQDULR�,�3RUWRQL�5RVVL��=ROD�3UHGRVD��%RORJQD��������,WDO\

�2VSHGDOH�9HWHULQDULR�3LQJU\��%DUL��������,WDO\
�&HQWUR�9HWHULQDULR�%RORJQHVH��%RORJQD��������,WDO\
�$PEXODWRULR�9HWHULQDULR�6FKLDYL��8GLQH��������,WDO\

$EVWUDFW
7KH�HSLGHPLRORJLFDO�FKDUDFWHULVWLFV�RI�VSRQWDQHRXV�K\SHUFRUWLVROLVP��+&��ZHUH�GHULYHG�IURP��������FOLHQW�RZQHG�
GRJV�VHOHFWHG�IURP�IRXU�SULYDWH�YHWHULQDU\�FOLQLFV�DQG�RQH�XQLYHUVLW\�UHIHUHQFH�FHQWHU�IRU�HQGRFULQRORJ\��7KH�RGGV�
UDWLR��25��PHWKRG�ZDV�HPSOR\HG�WR�LQYHVWLJDWH�WKH�ULVN�RI�GHYHORSLQJ�+&�UHODWHG�WR�EUHHG��JHQGHU��DQG�VH[XDO�VWDWXV��

DJH�UHVXOWHG�LQ�ULVN�IDFWRUV�IRU�+&��0HDQ����6'��DJH�IRU�GRJV�ZLWK�+&�ZDV�������������\U��)HPDOHV�KDG�KLJKHU�ULVN�

S S�����������

SUHGLVSRVLWLRQ��ZLWK�WKH�KLJKHVW�ULVN�IRU�QHXWHUHG�IHPDOHV�
.H\ZRUGV��&RUWLVRO��+\SHUDGUHQRFRUWLFLVP��+\SHUFRUWLVROLVP��3'+�

,QWURGXFWLRQ
6SRQWDQHRXV� K\SHUFRUWLVROLVP� �+&��� DOVR� NQRZQ�
DV� &XVKLQJ¶V� V\QGURPH�� LV� FDXVHG� E\� D� FKURQLF� DQG�
SDWKRORJLF� RYHUSURGXFWLRQ� RI� FRUWLVRO� DQG� JHQHUDOO\�
RFFXUV� LQ�PLGGOH�DJHG�WR�ROGHU�GRJV��/LQJ�HW�DO
2UWHJD�HW�DO HW�DO����������7KH�H[FHVV�RI�
JOXFRFRUWLFRLGV� FDXVHV� D� FRPELQDWLRQ� RI� SK\VLFDO� DQG�
ELRFKHPLFDO� FKDQJHV� WKDW� KDYH� D� FRQVLGHUDEOH� LPSDFW�
RQ� WKH� DQLPDO¶V� TXDOLW\� RI� OLIH�� +&� LV� HLWKHU� WKH� UHVXOW�
RI� SDWKRORJLFDO� RYHUVHFUHWLRQ� RI� DGUHQRFRUWLFRWURSLF�
KRUPRQH� �$&7+�� E\� D� IXQFWLRQDO� SLWXLWDU\� WXPRU�
�3'+�� SLWXLWDU\�GHSHQGHQW� K\SHUDGUHQRFRUWLFLVP�� RU� LV�
WKH� FRQVHTXHQFH� RI� D� SULPDU\� DGUHQDO� GLVRUGHU� �$'+��
DGUHQDO�GHSHQGHQW� +&�� �%HKUHQG�� ������� 5HFHQWO\��
+&� UHVXOWLQJ� IURP�RWKHU� FDXVHV� �H�J��� HFWRSLF� VHFUHWLRQ�
RI� $&7+� RU� IRRG�GHSHQGHQW� K\SHUFRUWLVROHPLD�� KDV�
DOVR� EHHQ� GHVFULEHG� LQ� GRJV� EXW� WKHVH� VHHP� WR� EH� UDUH�
FRQGLWLRQV� �*DODF� HW� DO HW� DO���
������� ,Q� KXPDQV�� +&� LV� FRQVLGHUHG� D� UDUH� GLVHDVH�
ZLWK� DQ� LQFLGHQFH� UDQJLQJ� IURP� ���� WR� ���� LQGLYLGXDOV�
SHU�PLOOLRQ� SRSXODWLRQ� SHU� \HDU� �$PEURVL� HW� DO
/LQGKROP�HW� DO��� �������&OLQLFDO� H[SHULHQFH� VKRZV� WKDW�
+&�LV�D�IDLUO\�FRPPRQ�HQGRFULQRSDWK\�LQ�GRJV�HYHQ�LI��
WR�RXU�NQRZOHGJH��WKHUH�DUH�RQO\�D�IHZ�HSLGHPLRORJLFDO�

WKH�LQFLGHQFH�RI�QHZ�FDVHV�RI�K\SHUDGUHQRFRUWLFLVP�LV���
WR���FDVHV�SHU�������GRJV�SHU�\HDU��DQG�WKH�SUHYDOHQFH�RI�
3'+�LV�HVWLPDWHG�DURXQG�������:LOOHEHUJ�DQG�3ULHVWHU��

HW�DO����������$�UHFHQW�VWXG\�SHUIRUPHG�

RI� ������ IRU� +&� �2¶1HLOO� HW� DO
SUHGLVSRVLWLRQ�WR�+&�LQ�ROGHU�GRJV�DQG�LQ�VRPH�EUHHGV��
VXFK� DV� PLQLDWXUH� 3RRGOH�� %R[HU�� DQG� 'DFKVKXQG� KDV�
EHHQ� REVHUYHG� �/LQJ� HW� DO HW� DO
%XUNKDUGW�HW�DO HW�DO HW�
DO����������$�SRWHQWLDO�SUHGLVSRVLWLRQ�IRU�IHPDOH�GRJV�KDV�
EHHQ�UHSRUWHG�LQ�VRPH�VWXGLHV��2UWHJD�HW�DO
HW�DO HW�DO���������EXW�VXFK�VWXGLHV�VXIIHU�
IURP�WKH�ODFN�RI�D�FRQWURO�SRSXODWLRQ��%HFDXVH�RI�SRWHQWLDO�
HQYLURQPHQWDO�DQG�JHQHWLF�GLIIHUHQFHV�DFURVV�JHRJUDSK\�
DQG�WLPH��WKHVH�GDWD�PD\�QRW�EH�WUDQVODWDEOH�WR�WKH�FXUUHQW�
ZRUOGZLGH�FDQLQH�SRSXODWLRQ��7KH�DLP�RI�WKLV�VWXG\�LV�WR�

WKURXJK�WKH�DQDO\VLV�RI�D�FDQLQH�,WDOLDQ�SRSXODWLRQ�

0DWHULDOV�DQG�0HWKRGV
'DWD� ZHUH� H[WUDFWHG� IURP� FOLHQW�RZQHG� GRJV� VHOHFWHG�

FDVHV�PDWFKLQJ�WKH�VHDUFK�WHUPV�³K\SHUDGUHQRFRUWLFLVP�´�
³&XVKLQJ¶V�V\QGURPH�´�³3'+�$'+�´�RU�³+&´�EHWZHHQ�

&RUUHVSRQGLQJ�$XWKRU�
GHOO¶(PLOLD��%RORJQD��������,WDO\��(PDLO� IHGHULFR�IUDFDVVL#XQLER�LW
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6HSWHPEHU� ����� DQG� 6HSWHPEHU� ������ 7KH� WHDFKLQJ�

IRU� +&�� ZKLOH� WKH� RWKHU� IRXU� ���K� FOLQLFV�� VFDWWHUHG�
WKURXJKRXW�WKH�,WDOLDQ�WHUULWRU\��IRXU�LQ�QRUWKHUQ�,WDO\�DQG�
RQH�LQ�VRXWKHUQ�,WDO\��LQ�RUGHU�WR�DYRLG�UHJLRQDO�DQG�ORFDO�
HIIHFWV��ZHUH� VHOHFWHG� IRU� WKH� SUHVHQFH� RI� DQ� DGHTXDWH�
HOHFWURQLF� SDWLHQW� UHFRUGV� V\VWHP��7KH� YHWHULQDULDQV� RI�
WKH� GLIIHUHQW� FHQWHUV� SDUWLFLSDWLQJ� LQ� WKH� VWXG\� KDG� WR�

DQG� QHXWHU� VWDWXV��� DQDPQHVLV�� SK\VLFDO� H[DPLQDWLRQ��
FOLQLFRSDWKRORJLFDO� GDWD�� GLDJQRVWLF� LPDJLQJ�� DQG�

GLDJQRVLV�RI�+&�
,QFOXVLRQ�FULWHULD�IRU�GRJV�ZLWK�+&
7R�EH�HQUROOHG�LQ�WKH�VWXG\��D�GRJ�KDG�WR�SUHVHQW�ZLWK�FOLQ�
LFDO�VLJQV�FRPSDWLEOH�ZLWK�+&��H�J���SRO\XULD��SRO\GLSVLD��
SRO\SKDJLD��HQODUJHG�DEGRPHQ��DQG�V\PPHWULFDO�DORSH�

VHUXP� DODQLQH� DPLQRWUDQVIHUDVH�� DONDOLQH� SKRVSKDWDVH��
DQG�JDPPD�JOXWDP\O�WUDQVIHUDVH��K\SHUWULJO\FHULGHPLD��
K\SHUFKROHVWHUROHPLD�� K\SHUSKRVSKDWHPLD�� WKURPERF\�
WRVLV��O\PSKRSHQLD��GLOXWHG�XULQH��DQG�SURWHLQXULD���DQG�
D�SRVLWLYH� UHVXOW� WR�DW� OHDVW�RQH�HQGRFULQH� WHVW�EHWZHHQ�
$&7+�VWLPXODWLRQ�WHVW��FRUWLVRO�FRQFHQWUDWLRQ���K�DIWHU�

�
DVRQH�VXSSUHVVLRQ�WHVW��/''67��RU�KLJK�GRVH�GH[DPHWK�
DVRQH�VXSSUHVVLRQ�WHVW��+''67���,Q�VRPH�SDWLHQWV��WKHVH�
WHVWV�ZHUH�FRPELQHG�ZLWK�XULQH�FRUWLVRO�WR�FUHDWLQLQH�UD�
WLR�RU�ZLWK�HQGRJHQRXV�$&7+�FRQFHQWUDWLRQ��7KH�PHGL�
FDO�UHFRUGV�RI�WKH�GLIIHUHQW�FOLQLFV�KDG�EHHQ�UH�HYDOXDWHG�

WKH�FRQIRUPDQFH�ZLWK�LQFOXVLRQ�FULWHULD��7KH�GRJV�ZHUH�
GLYLGHG�DFFRUGLQJ�WR�WKH�OLVW�RI�GRJ�EUHHGV�DSSURYHG�E\�

&RQWURO�JURXS
$�FRQWURO�JURXS�ZDV�XVHG�WR�LGHQWLI\�ULVN�IDFWRUV�IRU�+&�
E\�FRPSDULQJ�WKH�FKDUDFWHULVWLFV�RI�GRJV�ZLWK�+&�ZLWK�
D� SRSXODWLRQ� RI� GRJV�ZLWKRXW�+&��7KH� FRQWURO� JURXS�
LQFOXGHG�DOO�GRJV�H[DPLQHG�LQ�WKH�GLIIHUHQW�FHQWHUV�RI�
WKLV�VWXG\�LQ�WKH�VDPH�WLPH�SHULRG�PHQWLRQHG�DERYH�IRU�

ZHUH� GLYLGHG� DFFRUGLQJ� WR� WKH� OLVW� RI� GRJ� EUHHGV�
DSSURYHG�E\�WKH�(1&,�
(SLGHPLRORJLFDO�LQYHVWLJDWLRQ�FULWHULD
%RWK� SUH�H[LVWLQJ� FDVHV� �GLDJQRVHG� ZLWK� +&� EHIRUH�
GDWD� FROOHFWLRQ� EHJDQ�� DQG� LQFLGHQW� FDVHV� �QHZO\�
GLDJQRVHG�ZLWK�+&�GXULQJ� WKH�GDWD�FROOHFWLRQ�SHULRG��
ZHUH� LQFOXGHG� LQ� WKH� SUHYDOHQFH� HVWLPDWH�� 7KLV� ZDV�
FDOFXODWHG� E\� GLYLGLQJ� WKH� QXPEHU� RI� +&� FDVHV� E\�
WKH� WRWDO� QXPEHU� RI� GRJV� DWWHQGLQJ� SDUWLFLSDWLQJ�
FOLQLFV�GXULQJ�WKH�VWXG\�SHULRG��7KH�SUHYDOHQFH�LQ�WKH�
UHIHUHQFH� FHQWHU� ZDV� FDOFXODWHG� VHSDUDWHO\�� 6WDQGDUG�

LQWHUYDOV��&,V��WR�LQGLFDWH�WKH�SUHFLVLRQ�RI�WKH�HVWLPDWH��
7R� LQYHVWLJDWH� WKH� SUHVHQFH� RI� D� EUHHG� SUHGLVSRVLWLRQ�
IRU� +&�� WKH� SUHYDOHQFH�ZDV� HYDOXDWHG� DQG� FRPSDUHG�

ZLWK�WKH�FRQWURO�JURXS�RQO\�IRU�WKRVH�EUHHGV�WKDW�KDG�DW�
ODVW�WZR�LQGLYLGXDOV�ZLWK�+&��7KH�UHSRUWHG�DJH�ZDV�WKH�
RQH�UHSRUWHG�DW�WKH�WLPH�RI�+&�GLDJQRVLV��6LPLODUO\��WR�
DVVHVV�WKH�JHQGHU�SUHGLVSRVLWLRQ��ERWK�GRJ�SRSXODWLRQV�
�+&�DQG�FRQWURO��KDYH�EHHQ�GLYLGHG�DFFRUGLQJ�WR�WKHLU�
JHQGHU��ZLWK�VXEJURXSV�RI�QHXWHUHG�DQG�LQWDFW�
'DWD�DQDO\VLV
'DWD� ZHUH� FKHFNHG� DQG� FOHDQHG� LQ� D� VSUHDGVKHHW�

H[SRUWHG� WR� 3ULVP�� �*UDSK3DG� VRIWZDUH�� IRU� IXUWKHU�
DQDO\VLV�� 7KH� SUHYDOHQFH� RI� +&� ZDV� FDOFXODWHG� HLWKHU�

FHQWHU��DQG�RQ�WKH�SULYDWH�FOLQLFV�SRSXODWLRQ��7R�HYDOXDWH�
WKH�EUHHG�UHODWHG�ULVN�RI�GHYHORSLQJ�+&��WKH�RGGV�UDWLR�
�25��ZDV�FDOFXODWHG�IRU�HDFK�EUHHG�E\�FKRRVLQJ�PL[HG�

DOVR� FDOFXODWHG� WR� HVWLPDWH� WKH� HIIHFW� RI� JHQGHU� �PDOHV�
YHUVXV�IHPDOHV��ZLWK�PDOH�VH[�DV�UHIHUHQFH��DQG�VH[XDO�
VWDWXV� �QHXWHUHG� YHUVXV� LQWDFW�� ZLWK� QHXWHUHG� DV� D�

ULVN�ZDV�HYDOXDWHG�WKURXJK�)LVKHU¶V�H[DFW�WHVW�ZLWK�D�����
S����������DQG�&,V�ZHUH�DOVR�UHSRUWHG�

5HVXOWV
'HPRJUDSKLFV�DQG�SUHYDOHQFH
7KH�RYHUDOO�GDWDVHW�FRPSULVHG�RI��������GRJV�DWWHQGLQJ�

6HSWHPEHU� ������ )URP� WKH� ZKROH� SRSXODWLRQ�� ����

OHDVW�RQH�HQGRFULQH�WHVW��7DEOH���UHSRUWV�WKH�SDUWLWLRQ�RI�
WKH�GDWDVHW�EHWZHHQ�WKH�YDULRXV�FOLQLFV��7KH�HVWLPDWHG�
SUHYDOHQFH�IRU�+&�LQ�WKH�IRXU�SULYDWH�FOLQLFV�ZDV�������

6LJQDOPHQW
$JH�GDWD�ZHUH�DYDLODEOH�IRU�RQO\����RI�����GRJV�ZLWK�
+&��0HDQ� ��� 6'�� DJH� IRU� GRJV�ZLWK�+&�ZDV� ���� ���

ROG��*HQGHU�GDWD� �7DEOH����ZHUH�DYDLODEOH� IRU�DOO�����
GRJV�ZLWK�+&�DQG�RQO\� IRU��������RI��������GRJV� LQ�
WKH�FRQWURO�JURXS��2I�����GRJV�ZLWK�+&��������ZHUH�
LQWDFW� IHPDOHV�� ������ZHUH� QHXWHUHG� IHPDOHV�� ������
ZHUH� LQWDFW�PDOHV�� DQG������ZHUH�QHXWHUHG�PDOHV�� ,Q�
WKH�FRQWURO�JURXS���������ZHUH�PDOH���������DQG�������

LQWDFW�PDOHV����������ZKLOH�������ZHUH�LQWDFW�IHPDOHV�
���������������ZHUH�QHXWHUHG�IHPDOHV��������DQG�������
ZHUH�QHXWHUHG�PDOHV���������2YHUDOO��FRQVLGHULQJ�VH[�
UHJDUGOHVV�RI�QHXWHUHG�VWDWXV��������ZHUH�IHPDOHV�DQG�
������ ZHUH� PDOHV�� )HPDOHV� KDG� KLJKHU� ULVN� IRU� +&�

QHXWHUHG� GRJV� KDG� KLJKHU� ULVN� WKDQ� LQWDFW� GRJV� �25�

EHWZHHQ�QHXWHUHG�DQG�LQWDFW�PDOHV�
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2I�WKH����GLIIHUHQW�EUHHGV��LQFOXGLQJ�WKH�PL[HG�EUHHG�

RYHU� WKH�SHULRG�RI� WKH�VWXG\����� �LQFOXGLQJ� WKH�PL[HG�
EUHHG� FDWHJRU\�� KDG� DW� OHDVW� WZR� GRJV� ZLWK� +&� DQG�

S������������)R[�7HUULHU�
S
S S������������

S S
S

S S
S

S
S

'LVFXVVLRQ

RI�+&� LQ� WKH� IRXU� SULYDWH� FOLQLFV� RI� ������ �����&,��

UHIHUUDO� FHQWHU�� 7KH� UHDVRQV� IRU� WKLV� GLVFUHSDQF\� DUH�
TXLWH� REYLRXV� EHFDXVH� WKH� UHIHUHQFH� FHQWHU� UHFHLYHV�
PRUH�FDVHV�RI�VXVSHFWHG�+&��7KH�HVWLPDWHG�SUHYDOHQFH�
RI�������LV�VLPLODU� WR� WKH�������REVHUYHG� LQ�D�VWXG\�
FRPSULVLQJ�����SULPDU\�FDUH�YHWHULQDU\�SUDFWLFHV�LQ�WKH�

HW�DO���������

7KH�PHGLDQ�DJH�DW�GLDJQRVLV�RI�+&�RI����� ��������\U�
ZDV� LQ� DJUHHPHQW�ZLWK� WKH� OLWHUDWXUH� LQIRUPDWLRQ� WKDW�
UHSRUWHG�+&�DV�D�GLVHDVH�RI�PLGGOH�DJH�DQG�ROGHU�GRJV�

HW�DO HW�DO HW�DO
%XUNKDUGW�HW�DO HW�DO
HW�DO HW�DO���������
,Q� SUHYLRXV� VWXGLHV�� WKH� IHPDOH� SRSXODWLRQ�ZDV� HLWKHU�
RYHUUHSUHVHQWHG� �SHUFHQWDJHV�EHWZHHQ�����DQG������

HW� DO
*DOOHOOL� HW� DO HW� DO HW�
DO HW� DO HW� DO

HW� DO��� ������ RU� XQGHUUHSUHVHQWHG�
HW� DO���

HW�DO HW�DO HW�DO���
HW�DO����������1HYHUWKHOHVV��WKH�ODFN�RI�D�

FRQWURO�JURXS�LQ�DOO�RI�WKHVH�VWXGLHV��ZLWK�WKH�H[FHSWLRQ�
RI�2¶1HLOO�HW� DO�� ��������PDNHV� LW� KDUG� WR� HVWDEOLVK� D�
FRQFOXVLYH� UHODWLRQVKLS� EHWZHHQ� JHQGHU� DQG� +&�� ,Q�
WKH� FXUUHQW� VWXG\�� ZKLFK� LQFOXGHG� D� FRQWURO� JURXS��
WKH�UHVXOWV�VKRZ�WKDW�VH[�VHHPV�WR�EH�D�ULVN�IDFWRU�IRU�

������� )XUWKHUPRUH�� QHXWHUHG� GRJV� KDG� D� KLJKHU� ULVN�

QHXWHUHG�IHPDOHV�KDG�D�KLJKHU�ULVN�FRPSDUHG�WR�LQWDFW�

VWXG\�ZLWK�D�FRQWURO�JURXS�IDLOHG� WR� LGHQWLI\�ERWK�VH[�
DQG�QHXWHUHG�VWDWXV�DV�ULVN�IDFWRUV��2¶1HLOO�HW�DO����������

7DEOH����2YHUDOO�GDWDVHW�RI�GRJV�ZLWK�+&�DQG�FRQWURO�JURXS�

8QLYHUVLW\�
UHIHUUDO�FHQWUH

&OLQLF�� &OLQLF�� &OLQLF�� &OLQLF�� 7RWDO

'RJV�ZLWK�+& �� �� �� � � ���

&RQWURO�JURXS ����� ����� ����� ����� ����� ������

7RWDO ����� ����� ����� ����� ����� ������

3UHYDOHQFH���
���&,�

������������� ������������� ������������� ������������� �������������

&,��FRQILGHQFH�LQWHUYDO�

7DEOH����6H[�VWDWXV�RI�GRJV�ZLWK�+&�FRPSDUHG�ZLWK�GRJV�LQ�WKH�FRQWURO�JURXS�DQG�UHODWLYH�25�

6H[�VWDWXV 'RJV�ZLWK�+& &RQWURO�JURXS 25��&,� S�YDOXH

0DOH �� ������ � 1$

)HPDOHV �� ����� ������

,QWDFW �� ������ � 1$

1HXWHUHG �� ����� �������

,QWDFW�IHPDOHV �� ����� � 1$

1HXWHUHG�IHPDOHV �� ����� ������

,QWDFW�PDOHV �� ����� � 1$

1HXWHUHG�PDOHV � ����� ���
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,Q�KXPDQ�PHGLFLQH��+&�KDV�D�VXEVWDQWLDO�IHPDOH�RYHU�
UHSUHVHQWHG�EXW�WKH�FDXVH�IRU�WKLV�SUHGLVSRVLWLRQ�UHPDLQV�
XQFOHDU� �%RVFDUR� HW� DO HW� DO��� ������� ,Q�
KXPDQV� �/DFURL[� HW� DO HW� DO���
�������LQ�PLFH��%HUQLFKWHLQ�HW�DO����������DQG�LQ�IHUUHWV�
�6FKRHPDNHU� HW� DO��� ������� WKHUH� DUH� GLIIHUHQW� UHSRUWV�
RI� OXWHLQL]LQJ�KRUPRQH�UHFHSWRU� �/+5��PHGLDWHG�+&��
,Q�IHUUHWV��LW�LV�NQRZQ�WKDW�JRQDGHFWRP\�LQGXFHV�/+5�
GHSHQGHQW� DGUHQDO� K\SHUSODVLD� DQG� WXPRULJHQHVLV��
SUREDEO\�WULJJHUHG�E\�WKH�HOHYDWHG�OXWHLQL]LQJ�KRUPRQH�
�/+�� OHYHOV�SRVW�JRQDGHFWRP\��7KH� UHVXOWV�RI�D� VWXG\�
LQ� GRJV� VHHP� WR� LQGLFDWH� WKDW� RYHUH[SUHVVLRQ� RI�
/+5�ZDV� QRW� UHVSRQVLEOH� IRU� +&� DQG� DGUHQRFRUWLFDO�
WXPRULJHQHVLV� EXW� WKH�SRWHQWLDO� IXQFWLRQDO� UROH�RI�/+�
UHPDLQV�WR�EH�HOXFLGDWHG��*DODF�HW�DO���������

DQG� VLPLODU� FRQFOXVLRQV�ZHUH� UHDFKHG� E\�PDQ\� RWKHU�
VWXGLHV��/LQJ�HW�DO HW�DO HW�DO���

HW�DO HW�DO
3LxHLUR�HW�DO HW�DO HW�
DO HW�DO
HW� DO

ZLWK� WKH�KLJKHVW�25� ��������ZKLOH� WKH� ULVN� DVVRFLDWHG�
ZLWK�WKLV�EUHHG�LQ�RWKHU�VWXGLHV�ZDV�PXFK�ORZHU��/LQJ�

HW� DO HW� DO HW� DO
)UDFDVVL�HW�DO HW�DO

HW�DO����������&RQYHUVHO\��WKHUH�DUH�EUHHGV�ZKLFK�
ZHUH�QRW�UHSUHVHQWHG�LQ�WKLV�VWXG\�EXW�KDYH�EHHQ�IRXQG�

HW� DO��
�������UHSRUWHG�DQ�HOHYDWHG�25�IRU�%LFKRQ�)ULVp��25�
������ZKLFK�ZDV� QRW� SDUW� RI� WKH� H[DPLQHG� SRSXODWLRQ�
RI� WKLV� VWXG\��7KH� UHDVRQ� IRU� WKH� GLIIHUHQFHV� EHWZHHQ�
WKH� UHVXOWV�RI�RXU�VWXG\�DQG� WKRVH�RI�RWKHU�SUHYLRXVO\�
SXEOLVKHG� UHSRUWV� FRXOG� EH� GXH� WR� HLWKHU� WKH� GLIIHUHQW�
GLVWULEXWLRQ�UHSUHVHQWDWLRQ�RI�FDQLQH�EUHHGV�LQ�GLIIHUHQW�
JHRJUDSKLF�DUHDV�RU�WR�WKH�GHVFULSWLYH�IHDWXUHV�RI�RWKHU�
VWXGLHV� WKDW� GLG� QRW� WDNH� LQWR� DFFRXQW� WKH� SUHYDOHQFH�
RI�WKH�GLIIHUHQW�EUHHGV��:KLOH�WKHUH�DUH�RYHUODSV��QRQH�
RI� WKH� VWXGLHV� LQYHVWLJDWH� WKH� VDPH� VHW� RI� EUHHGV��)RU�
H[DPSOH��RXU�VWXG\�IRXQG�D�KLJK�25�LQ�WKH�%RORJQHVH�
�������DQG�SLW�EXOO���������ZKLFK�ZHUH�QRW�GHVFULEHG�DV�
SUHGLVSRVHG�EUHHGV�LQ�WKH�OLWHUDWXUH�
7KH�PDLQ�OLPLWDWLRQ�RI�WKH�SUHVHQW�VWXG\�LV�LWV�OLPLWHG�

LW� ZDV� QRW� SRVVLEOH� WR� FRYHU� H[WHQVLYHO\� WKH� ,WDOLDQ�

LW� ZDV� QRW� SRVVLEOH� WR� HVWLPDWH� WKH� LQFLGHQFH� RI� +&�
RYHU�WLPH��)LQDOO\��DQRWKHU�LVVXH�IDFHG�GXULQJ�WKLV�VWXG\�
UHJDUGHG�WKH�PLVVLQJ�GDWD�LQ�WKH�FOLQLFDO�UHFRUGV��,Q�IDFW��
WKHUH�ZHUH�VRPH�FDVHV�ZKHUH�WKH�IRXU�SULYDWH�FOLQLFV�GLG�
QRW�UHFRUG�WKH�DJH�RI�VRPH�GRJV�

7DEOH����%UHHG�GLVWULEXWLRQ�RI�GRJV�ZLWK�+&�FRPSDUHG�ZLWK�GRJV�LQ�WKH�FRQWURO�JURXS�DQG�UHODWLYH�25�

%UHHG 'RJV�ZLWK�+& &RQWURO�JURXS 25��&,� S�YDOXH

&URVVEUHG �� ����� � 1$

6WDQGDUG�6FKQDX]HU � � �������

)R[�7HUULHU � �� �������

6SDQLHO
� �� �������

%R[HU � ��� �������

6KLK�7]X � �� ������

%RORJQHVH � ��� �������

3LWEXOO � ��� ������

� �� ������

0DOWHVH � ��� �����

0LQLDWXUH�'DFKVKXQG � ��� ������

0LQLDWXUH�3RRGOH � ��� ������

� ��� ������

/DEUDGRU � ��� ����

*HUPDQ�6KHSKHUG � ��� ����

%HDJOH � ��� ���
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VWXGLHV�RQ�FDQLQH�+&��DORQJ�ZLWK�2¶1HLOO�HW�DO����������
WDNLQJ� LQWR� DFFRXQW� D� FRQWURO� SRSXODWLRQ� LQ� RUGHU�
WR� JHQHUDWH� PHDQLQJIXO� VWDWLVWLFV� RI� SUHGLVSRVLWLRQ��
7KH�UHVXOWV�IURP�WKLV�VWXG\�DUH� LQ�DJUHHPHQW�ZLWK� WKH�
H[LVWLQJ� OLWHUDWXUH�DQG�JLYH�XOWHULRU� LQIRUPDWLRQ�DERXW�
+&� SUHYDOHQFH� DQG� HSLGHPLRORJ\� LQ� WKH� SUHFHGLQJ�
XQFKDUWHG�,WDOLDQ�WHUULWRU\�
&RQIOLFW�RI�LQWHUHVW

5HIHUHQFHV
$PEURVL��%���%RFKLFFKLR��'���)HUUDULR��5���&RORPER��3��

DQG�)DJOLD��*��������6FUHHQLQJ�WHVWV�IRU�FXVKLQJ¶V�

$UHQDV��&���0HOLiQ��&�� DQG�3pUH]�DOHQ]D��0�'��������
/RQJ�WHUP�VXUYLYDO�RI�GRJV�ZLWK�DGUHQDO�GHSHQGHQW�
K\SHUDGUHQRFRUWLFLVP�� D� FRPSDULVRQ� EHWZHHQ�

,QWHUQ��0HG�

������
$�FRPSDULVRQ�RI�WKH�VXUYLYDO�WLPHV�RI�GRJV�WUHDWHG�
ZLWK�PLWRWDQH�RU�WULORVWDQH�IRU�SLWXLWDU\�GHSHQGHQW�

����
%HKUHQG�� (�1�� ������ &DQLQH� K\SHUDGUHQRFRUWLFLVP��

,Q��&DQLQH�DQG�IHOLQH�HQGRFULQRORJ\���WK�HG��(GV���
)HOGPDQ�� (�&�� DQG� 1HOVRQ�� 5�:�� 6W�� /RXLV��02��

������ 6WXG\� RI� WKH� HIIHFWV� RI� RQFH� GDLO\� GRVHV�
RI� WULORVWDQH� RQ� FRUWLVRO� FRQFHQWUDWLRQV� DQG�
UHVSRQVLYHQHVV�WR�DGUHQRFRUWLFRWURSKLF�KRUPRQH�LQ�

%HUQLFKWHLQ�� 6��� 3HOWRNHWR�� +�� DQG� +XKWDQLHPL�� ,��
������$GUHQDO�K\SHUSODVLD�DQG�WXPRXUV�LQ�PLFH�LQ�
FRQQHFWLRQ�ZLWK�DEHUUDQW�SLWXLDU\�JRQDGDO�IXQFWLRQ��

%RVFDUR��0���%DU]RQ��/���)DOOR��)��DQG�6RQLQR��1��������

%XUNKDUGW�� :�$��� %RUHWWL�� )�6��� 5HXVFK�� &�(�� DQG�
6LHEHU�UXFNVWXKO��1�6��������(YDOXDWLRQ�RI�EDVHOLQH�
FRUWLVRO�� HQGRJHQRXV� $&7+�� DQG� FRUWLVRO�$&7+�
UDWLR� WR�PRQLWRU� WULORVWDQH� WUHDWPHQW� LQ� GRJV�ZLWK�

*DOOHOOL�� 0�)��� 0LFHOL�� '�'�� DQG� &DEUHUD� %ODWWHU��
0�)��������(FWRSLF�$&7+�V\QGURPH�LQ�D�GRJ�ZLWK�
D�PHVHQWHULF�QHXURHQGRFULQH�WXPRXU��D�FDVH�UHSRUW��

&KULVWRSRXORV�� 6��� %RUGHDX�� ,�� DQG� /DFURL[��$�� ������
&OLQLFDO� DQG� VXEFOLQLFDO� $&7+�� LQGHSHQGHQW�
PDFURQRGXODU� K\SHUSODVLD� DQG� DEHUUDQW� KRUPRQH�

)UDFDVVL�� )��� &RUUDGLQL�� 6��� )ORULDQR�� '��� %RDUL�� $���
$VWH��*���3LHWUD��0���%HUJDPLQL��3�)��DQG�'RQGL��)��
����D��3URJQRVWLF�IDFWRUV�IRU�VXUYLYDO�LQ�GRJV�ZLWK�
SLWXLWDU\�GHSHQGHQW� K\SHUFRUWLVROLVP� WUHDWHG� ZLWK�

)UDFDVVL��)���0DOHUED��(���)XUODQHOOR��7��DQG�&DOGLQ��0��

LQ�GRJV�ZLWK�SLWXLWDU\�GHSHQGHQW�K\SHUFRUWLVROLVP��

RI� UHFHSWRUV� IRU� OXWHLQL]LQJ� KRUPRQH�� JDVWULF�
LQKLELWRU\�SRO\SHSWLGH�� DQG�YDVRSUHVVLQ� LQ�QRUPDO�
DGUHQDO�JODQGV�DQG�FRUWLVRO�VHFUHWLQJ�DGUHQRFRUWLFDO�
WXPRUV� LQ� GRJV�� 'RPHVW�� $QLP�� (QGRFULQRO�� ����

K\SHUDGUHQRFRUWLFLVP� GXH� WR� IRRG�GHSHQGHQW�

������+\SHUDGUHQRFRUWLFLVP�LQ�D�GRJ�GXH�WR�HFWRSLF�
VHFUHWLRQ�RI�DGUHQRFRUWLFRWURSLF�KRUPRQH��'RPHVW��

������$� FRPSDUDWLYH� VWXG\� E\� DJH� DQG� JHQGHU� RI�
WKH� SLWXLWDU\� DGHQRPD� DQG� $&7+� DQG� D�06+�
VHFUHWLRQ� LQ� GRJV� ZLWK� SLWXLWDU\�GHSHQGHQW�

IDFWRUV� IRU� RXWFRPH� DIWHU� WUDQVVSKHQRLGDO�
K\SRSK\VHFWRP\�LQ�GRJV�ZLWK�SLWXLWDU\�GHSHQGHQW�

FRPSDULVRQ� RI� IDFWRUV� WKDW� LQIOXHQFH� VXUYLYDO� LQ�
GRJV�ZLWK�DGUHQDO�GHSHQGHQW�K\SHUDGUHQRFRUWLFLVP�

0HG�

$VVRFLDWLRQ� EHWZHHQ� K\SHUDGUHQRFRUWLFLVP� DQG�
GHYHORSPHQW� RI� FDOFLXP�FRQWDLQLQJ� XUROLWKV� LQ�

LQ� SUHVHQWDWLRQ� DQG� RXWFRPH� RI� SDWLHQWV� ZLWK�
&XVKLQJ¶V�GLVHDVH�LQ�+DQ�&KLQHVH��%LRPHG��0DWHU��

FRUWLVRO�� FUHDWLQLQH� UDWLR� LQ� WKH� GLDJQRVLV� RI�
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3UDFW�

������ (FWRSLF� DQG� DEQRUPDO� KRUPRQH� UHFHSWRUV�
LQ� DGUHQDO� &XVKLQJ¶V� V\QGURPH�� (QGRF�� 5HY�� ����

������,QFLGHQFH�DQG�ODWH�
SURJQRVLV� RI� &XVKLQJ¶V� V\QGURPH�� D� SRSXODWLRQ�

*ULEEOH�� '�+�� DQG� 6FKHFKWHU�� 5�'�� ������ &DQLQH�
K\SHUDGUHQRFRUWLFLVP�� SUHWUHDWPHQW� FOLQLFDO� DQG�

'��������'LDJQRVLV�RI�FDQLQH�K\SHUDGUHQRFRUWLFLVP�
LV�DVVRFLDWHG�ZLWK�JHQGHU��DJH��EUHHG��DQG�FRPRUELG�

0DFIDUODQH�� /��� 3DUNLQ��7�� DQG�5DPVH\�� ,�� ������ 3UH�
WULORVWDQH�DQG�WKUHH�KRXU�SRVW�WULORVWDQH�FRUWLVRO�WR�

0FJUHHY\��3�'���7KRPVRQ��3�&��DQG�%URGEHOW��'�&��
������ (SLGHPLRORJ\� RI� K\SHUDGUHQRFRUWLFLVP�
DPRQJ� �������� GRJV� DWWHQGLQJ� SULPDU\�FDUH�

2UWHJD�� 7�0��� )HOGPDQ�� (�&��� 1HOVRQ�� 5�:��� :LOOLWV��
1��DQG�&RZJLO��/�'��������6\VWHPLF�DUWHULDO�EORRG�
SUHVVXUH�DQG�XULQH�SURWHLQ�FUHDWLQLQH�UDWLR� LQ�GRJV�

5HXVFK�� &�(�� DQG� )HOGPDQ�� (�&�� ������ &DQLQH�
K\SHUDGUHQRFRUWLFLVP� GXH� WR� DGUHQRFRUWLFDO�

5RGULJXH]� 3LxHLUR�� 0�,��� 'H� )RUQHO�7KLEDXG�� 3���
%HQFKHNURXQ�� *��� *DUQLHU�� )��� 0DXUH\�*XHQHF��

FRPSXWHG�WRPRJUDSK\�DGUHQDO�JODQG�PHDVXUHPHQW�
IRU�GLIIHUHQWLDWLQJ�$&7+�GHSHQGHQFH�IURP�$&7+�
LQGHSHQGHQFH�LQ����GRJV�ZLWK�K\SHUDGHQRFRUWLFLVP��

������ /XWHLQL]LQJ� KRUPRQHGHSHQGHQW� FXVKLQJ¶V�
V\QGURPH� LQ� D� SHW� IHUUHW� �PXVWHOD� SXWRULXV� IXUR���

%�3�� ������ 7KH� LQIOXHQFH� RI� SLWXLWDU\� VL]H� RQ�
RXWFRPH� DIWHU� WUDQVVSKHQRLGDO� K\SRSK\VHFWRP\�
LQ�D� ODUJH�FRKRUW�RI�GRJV�ZLWK�SLWXLWDU\�GHSHQGHQW�

%�3�� ������ 7KH� SURJQRVWLF� YDOXH� RI� SHULRSHUDWLYH�
SURILOHV�RI�$&7+�DQG�FRUWLVRO�IRU�UHFXUUHQFH�DIWHU�
WUDQVVSKHQRLGDO� K\SRSK\VHFWRP\� LQ� GRJV� ZLWK�

:LOOHEHUJ��3��DQG�3ULHVWHU��:�$��������(SLGHPLRORJLFDO�
DVSHFWV� RI� FOLQLFDO� K\SHUDGUHQRFRUWLFLVP� LQ� GRJV�

$VVRF�

(�&�� ������ 'LDJQRVWLF� LPDJLQJ� ILQGLQJV� DQG�
HQGRFULQH� WHVW� UHVXOWV� LQ� GRJV� ZLWK� SLWXLWDU\�
GHSHQGHQW�K\SHUDGUHQRFRUWLFLVP�WKDW�GLG�RU�GLG�QRW�


