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$EEDVL�� 5� DQG� .KDGHPORR�� 0�� �������� 7KH� HIIHFWLYHQHVV� RI� PLQGIXOQHVV�EDVHG�
FRJQLWLYH�WKHUDS\�RQ�VFKHPD�IHFWLYHQHVV���VKDPH��UXPLQDWLRQ�DQG�VRFLDO�LVRODWLRQ�
RI�ZRPHQ�SHUIHFWLRQLVW�4XDUWHUO\�-RXUQDO�RI�3V\FKRORJLFDO�6WXGLHV�������������
�����7H[W�LQ�3HUVLDQ��

$PEHUO\�� .�3��� 'DSKQH�� $�'��� $PDQGD�� 0�5��� 1LFROH�� $�6�� DQG� 1RUPDQ�
%�6��������� 7KH� UROH� RI� FRJQLWLYH� SURFHVVHV� RI� UXPLQDWLRQ�� 3HUVRQDOLW\� DQG�
,QGLYLGXDO�'LIIHUHQFHV�-RXUQDO����������������

$UDID� $��6��� 6HQRV\� 6�$���+HOP\� +��.� DQG 0RKDPHG� $��$��������� 3UHYDOHQFH�
DQG�SDWWHUQV�RI�G\VPHQRUUKHD�DQG�SUHPHQVWUXDO� V\QGURPH�DPRQJ�HJ\SWLDQ� JLUOV�
���±�� \HDUV���0LGGOH�(DVW�)HUWLOLW\�6RFLHW\�-RXUQDO�����������������

%DJKHUL�� 6� DQG 6DMMDGLDQ�� ,�� ��������0LQGIXOQHVV�EDVHG� VWUHVV� UHGXFWLRQ� WUHDWPHQW�
RQ�SDLQ� LQ� VWXGHQWV�ZLWK� SUHPHQVWUXDO� G\VSKRULF�GLVRUGHU��4XDUWHUO\� MRXUQDO� RI�
FRQWHPSRUDU\�SV\FKRORJ\�����6SHFLDO�/HWWHU�����������7H[W�LQ�3HUVLDQ��

%DJKHUL�� 6� DQG 6DMMDGLDQ�� ,�� �������� (IIHFWLYHQHVV� RI� PLQGIXOQHVV�EDVHG� VWUHVV�
UHGXFWLRQ� WUHDWPHQW� RQ� WKH� VHYHULW\� RI� V\PSRPV� DQG� SDLQ� FDWDVWURSKL]LQJ� LQ�
VWXGHQWV� ZLWK� SUHPHQVWUXDO� G\VSKRULF� GLVRUGHU�� -RXUQDO� RI� $QHVWKHVLRORJ\� DQG�
3DLQ� �������������7H[W�LQ�3HUVLDQ��

%DJKHULQH]KDG�� 0��� 6DOHKL� )DGDUGL�� -� DQG 7DEDWDED\L�� 6�� 0�� �������� 7KH�
UHODWLRQVKLS�EHWZHHQ�UXPLQDWLRQ�DQG�GHSUHVVLRQ�LQ�D�VDPSOH�RI� ,UDQLDQ�VWXGHQW� ��
7KH�-RXUQDO�RI�)RXQGDWLRQV�RI�(GXFDWLRQ���������������7H[W�LQ�3HUVLDQ��

%OXWK�� .��� *D\ORUG�� 6��� 1JX\HQ�� .��� %XQHYLFLXV�� $� DQG *LUGOHU�� 6�� ��������
0LQGIXOQHVV�EDVHG�VWUHVV UHGXFWLRQ�DV�D�SURPLVLQJ� LQWHUYHQWLRQ� IRU�DPHOLRUDWLRQ�
RI SUHPHQVWUXDO�G\VSKRULF GLVRUGHU�V\PSWRPV��0LQGIXOQHVV�0HGLWDWLRQ�1HZ�<RUN�
&ROODERUDWLYH�-RXUQDO� ����������������

%RODQG�� (�0��� 6WDQJH�� -�3��� /D%HOOH�� '�� 5��� 6KDSHUR�� %�� *��� :HLVV�� 5�� %�� DQG�
$EUDPVRQ�� /�� <��� HW� DO�� �������� $IIHFWLYH� GLVUXSWLRQ IURP� VRFLDO� UK\WKP� DQG�
%HKDYLRUDO�$SSURDFK�6\VWHP��%$6��VHQVLWLYLWLHV��$�WHVW�RI�WKH�LQWHJUDWLRQ�RI WKH�
VRFLDO� ]HLWJHEHU� DQG� %$6� WKHRULHV� RI� ELSRODU� GLVRUGHU� -RXUQDO� RI &OLQLFDO�
3V\FKRORJLFDO�6FLHQFH���������������

&KDOELDQORR��*��5�� $EGL��5���+DJKLJKL��)� DQG 3DN��5����������7KH�UROH�RI�QHJDWLYH�
HPRWLRQV��PHQWDO� UXPLQDWLRQ�� DQG� EHKDYLRUDO� LQKLELWLRQ� V\VWHP� ,Q� SUHGLFWLRQ� RI�
WKH� V\PSWRPV� RI� SUHPHQVWUXDO� G\VSKRULF� GLVRUGHU� DPRQJ� IHPDOH� VWXGHQWV� RI�
D]DUEDLMDQ� VKDKLG� PDGDQL� XQLYHUVLW\� LQ� ������ -RXUQDO� RI� &RPPXQLW\� +HDOWK��
��������������7H[W�LQ�3HUVLDQ��

'DUVNKDQ�� 1� DQG 9D]LUL�� 6�� �������� 'LVFULPLQDQW� DQDO\VLV� RI� UXPLQDWLRQ��
SDWKRORJLFDO� DQ[LHW\� DQG� FRJQLWLYH� HPRWLRQDO� UHJXODWLRQ� VWUDWHJLHV� EDVHG� RQ�
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SRVLWLYH� DQG� QHJDWLYH� DIIHFWLYLW\� OHYHOV�� ,UDQLDQ� -RXUQDO� RI� 3V\FKLDWU\� DQG
&OLQLFDO 3V\FKRORJ\�����������������7H[W�LQ�3HUVLDQ��

'L7RPPDVVR�� (��� %UDQQHQ�� &� DQG� %HVW� /�� $�� �������� 0HDVXUHPHQW� DQG� YDOLGLW\�
FKDUDFWHULVWLFV�RI� WKH� VKRUW� YHUVLRQ� RI� WKH� VRFLDO� DQG� HPRWLRQDO� ORQHOLQHVV� VFDOH�
IRU�DGXOWV��(GXFDWLRQDO�DQG�3V\FKRORJLFDO�0HDVXUHPHQW -RXUQDO������������������

)DUKDGL��0� DQG�3DVDQGLGHK��0��0����������0LQGIXOQHVV�EDVHG�FRJQLWLYH�WKHUDS\�LQ�
UHGXFLQJ�VWUHVV��DQ[LHW\��GHSUHVVLRQ�DQG�LQFUHDVH�VHOI�HIILFDF\�LQ�IHPDOH�SDWLHQWV�
ZLWK�PXOWLSOH�VFOHURVLV��&OLQLFDO�3V\FKRORJ\�	�3HUVRQDOLW\ -RXUQDO��������������
�7H[W�LQ�3HUVLDQ��

*RQ]DOR��+���$XVLjV��&� DQG -RDTXLP�� 6�� ��������0LQGIXOQHVV�EDVHG� SV\FKRORJLFDO�
LQWHUYHQWLRQV�DQG�EHQHILWV��6WDWH�RI�WKH�DUW��&OtQLFD�\�6DOXG�-RXUQDO�������� ����
����

*RWLQN��5�$���&KX��3���%XVVFKEDFK��-�-���%HQVRQ��+���)ULFFKLRQH��*�/��DQG�+XQLQN��
0�*�� �������� � 6WDQGDUGLVHG� PLQGIXOQHVV�EDVHG� LQWHUYHQWLRQV� LQ� KHDOWKFDUH�� DQ�
RYHUYLHZ�RI� V\VWHPDWLF� UHYLHZV�DQG�PHWD�DQDO\VHV�RI�5&7V��-RXUQDO�3XEOLVKHG�
E\�WKH�3XEOLF�/LEUDU\�RI�6FLHQFH��������H���������

-RVHSK��-��-� DQG�*ROGHQ��6��+����������&RUWLVRO�G\VUHJXODWLRQ��WKH�ELGLUHFWLRQDO�OLQN�
EHWZHHQ�VWUHVV��GHSUHVVLRQ��DQG�W\SH���GLDEHWHV�PHOOLWXV��$QQDOV�RI�WKH�1HZ�<RUN�
$FDGHP\�RI�6FLHQFHV����������Q\DV�������

.DEDW� =LQQ��-����������)XOO�FDWDVWURSKH�OLYLQJ��7KH�SURJUDP�RI�WKH�6WUHVV�5HGXFWLRQ�
FOLQLF� DW� WKH� XQLYHUVLW\� RI� 0DVVDFKXVHW� PHGLFDO� FHQWHU�� 1HZ<RUN� �� 'HOO�
SXEOLVKLQJ�

.DEDW�=LQQ�� -��� 6DQWRUHOOL�� 6�� )���%ODFNHU��0���%UDQWOH\�� -��� )ORUHQFH�0HOHR�0H\HU��
*URVVPDQ��3��DQG�HW� DO�� ������� 7UDLQLQJ� WHDFKHUV� WR�GHOLYHU�PLQGIXOQHVV�EDVHG�
VWUHVV� UHGXFWLRQ�� 3ULQFLSOHV� DQG� VWDQGDUGV��
KWWS���ZZZ�XPDVVPHG�HGX�FIP�WUDLQLQJ�SULQFLSOHV��VWDQGDUGV�

0LU]DHH�� (� DQG 6KDLUL��0��5�� ������� (YDOXDWLRQ� RI� HIIHFWLYHQHVV� RI�PLQGIXOQHVV�
EDVHG� VWUHVV� UHGXFWLRQ�PRGHO� RQ�3RVLWLYH� DQG�1HJDWLYH�$IIHFWV� DQG�'HSUHVVLRQ�
V\QGURPH��0HGLFDO� -RXUQDO� RI� 0DVKKDG� 8QLYHUVLW\�� ������� �������� �7H[W� LQ�
3HUVLDQ��

0RJKWDGHU� /����������7KH�HIIHFWLYHQHVV�RI�PLQGIXOQHVV�EDVHG�FRJQLWLYH�WKHUDS\�RQ�
UHGXFLQJ UXPLQDWLRQ�� G\VIXQFWLRQDO� DWWLWXGH� DQG� QHJDWLYH� DXWRPDWLF� WKRXJKWV� LQ�
SDWLHQWV� VWULFNHQ�ZLWK� JHQHUDOL]HG� DQ[LHW\��7KH� -RXUQDO� RI�8UPLD�8QLYHUVLW\� RI�
0HGLFDO�6FLHQFHV� ����������������7H[W�LQ�3HUVLDQ��

1ROHQ� 6� DQG 0RUURZ� -� �������� $� SUHRVSHFWLYH� VWXG\� RI� GHSUHVVLRQ� DQG
SRVWWUDXPDWLF� VWUHVV� V\PSWRPV� DIWHU� D� QDWXUDO� GLVDVWHU�� WKH� ����� ORPD�
SULHWDHDUWKTXDNH��-RXUQDO�RI�3HUVRQDOLW\�DQG�6RFLDO�3V\FKRORJ\����������������

1\DQ�� /� DQG 1DPELDU�� &�� 6�� �������� 0DQDJHPHQW� RI� SUHPHQVWUXDO� V\QGURPH��
2EVWHWULFV��*\QDHFRORJ\�	�5HSURGXFWLYH�0HGLFLQH -RXUQDO��������������

3DWRR�� 0��� +DJKLJKDW�� )� DQG +DVVDQDEDGL�� +�� 5�� �������� 7KH� UROH� RI� FRXSOH�
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UHODWLRQVKLS� TXDOLW\� LQ� SUHGLFWLQJ� RI� ORQHOLQHVV�� -RXUQDO� RI� )DPLO\� &RXQVHOLQJ�
DQG�3V\FKRWKHUDS\�����������������7H[W�LQ�3HUVLDQ��

3DXOD�� .�� �������� 3UHPHQVWUXDO� V\QGURPH�� -RXUQDO� RI� 3HGLDWULF DQG� $GROHVFHQW�
*\QHFRORJ\��������������

3HQJ��/���<LQJ� :���<LQJ\LQJD� )���+DLD��/��*HOLDQJD/��:�� 'XDQ��5���'HQJ��*��DQG�
4LQ:HLD�� '�� �������� &RUWLFDO� DQG� VXEFRUWLFDO� FKDQJHV� LQ� SDWLHQWV� ZLWK�
SUHPHQVWUXDO�V\QGURPH��-RXUQDO�RI�$IIHFWLYH�'LVRUGHUV�����������������

6KRMDHH�=DQG��1� DQG 7D\HEL��$� ��������7KH�HIIHFWLYHQHVV�RI�PLQGIXOQHVV�EDVHG�RQ�
VWUHVV� UHGXFWLRQ� RQ� SHUFHLYHG� VWUHVV� LQ� ZRPHQ� ZLWK� EUHDVW� FDQFHU�� 1DWLRQDO�
&RQIHUHQFH� RQ�0RGHUQ� 5HVHDUFK� LQ�0DQDJHPHQW�� (FRQRPLFV� DQG�+XPDQLWLHV��
.D]HURXQ��,VODPLF�$]DG�8QLYHUVLW\��.D]HURRQ��,UDQ��7H[W�LQ�3HUVLDQ��

6LDKED]L�� 6��� +DULUL�� )�� =��� 0RQWD]HUL�� $� DQG� 0RJKDGGDP� %DQDHP�� /�� �������
7UDQVODWLRQ� DQG� SV\FKRPHWULF� SURSHUWLHV� RI� WKH� LUDQLDQ� YHUVLRQ� RI� WKH�
SUHPHQVWUXDO� V\PSWRPV� VFUHHQLQJ� WRRO� �SVVW��� 7KH� -RXUQDO� RI� � 3D\HVK�� �������
���������7H[W�LQ�3HUVLDQ��

6WHLQHU�� 0��� 0DFGRXJDOO�� 0� DQG� %URZQ�� (�� �������� 7KH� SUHPHQVWUXDO� V\PSWRPV�
VFUHHQLQJ� WRRO� �3667�� IRU� FOLQLFLDQV�� -RXUQDO� RI� $UFKLYHV� RI� :RPHQ¶V� 0HQWDO�
+HDOWK���������������

7RXJK� +���%ULQNKRI� 0��:��*��� 6LHJULVW�� -� $QG�)HNHWH��&�� ��������7KH� LPSDFW� RI�
ORQHOLQHVV� DQG� UHODWLRQVKLS� TXDOLW\� RQ� OLIH� VDWLVIDFWLRQ�� $� ORQJLWXGLQDO� G\DGLF�
DQDO\VLV� LQ� SHUVRQV� ZLWK� SK\VLFDO� GLVDELOLWLHV� DQG� WKHLU� SDUWQHUV�� -RXUQDO� RI
3V\FKRVRPDWLF�5HVHDUFK���������������

=DLUD��)�0���1LFRODX $QGUpLD��*���%H]HUUD 'DQLHO��1���3ROHVHO 0RQLFD��/���$QGHUVHQ�

/� %��� 6HUJLR� 7� DQG +HOHQD�� +�� �������� 3UHPHQVWUXDO� V\QGURPH� DQG� VOHHS�
GLVWXUEDQFHV��5HVXOWV�IURP�WKH�6DR�SDXOR�HSLGHPLRORJLF�VOHHS�VWXG\� -RXUQDO��RI�
3V\FKLDWU\�5HVHDUFK�����������������



$EVWUDFWV

3V\FKRORJLFDO�6WXGLHV
)DFXOW\�RI�(GXFDWLRQ�DQG 3V\FKRORJ\�� 9RO�����1R��
$O]DKUD�8QLYHUVLW\ $XWXPQ ����

(IHFWLYHQHVV�RI�*URXS 7KHUDS\�RI�0LQGIXOQHVV��%DVHG�6WUHVV
5HGXFWLRQ�RQ�5XPLQDWLRQ�DQG�/RQHOLQHVV�RI�:RPHQ�ZLWK

3UHPHQVWUXDO�6\QGURPH

0DUMDQH�'HLKLPL� DQG�0RKDPPDG�1RRUL �

$EVWUDFW
7KH�SUHVHQW� VWXG\�ZDV� FRQGXFWHG� WR� LQYHVWLJDWH� WKH� HIIHFWLYHQHVV�RI� JURXS�
WKHUDS\�RI�PLQGIXOQHVV� �EDVHG VWUHVV� UHGXFWLRQ� �0%65��RQ�UXPLQDWLRQ�DQG�
ORQHOLQHVV�RI�ZRPHQ�ZLWK�SUHPHQVWUXDO�V\QGURPH��7KH�UHVHDUFK�GHVLJQ�ZDV�
EDVHG� RQ� D� VHPL�H[SHULPHQWDO�ZLWK� SUH�WHVW�SRVW�WHVW� DSSURDFK� DQG� FRQWURO�
JURXS�� 7KH� VWDWLVWLFDO� UHVHDUFK� SRSXODWLRQ� FRQVLVWHG� RI� DOO� ZRPHQ� ZKR�
UHIHUUHG�WR�'U��1DVU
V�2EVWHWULFV�DQG�*\QHFRORJ\�&HQWHU��7HKUDQ��GXULQJ�WKH�
ILUVW�VL[�PRQWKV�RI�������2I�WKHVH�ZRPHQ�����FDVHV�ZHUH�VHOHFWHG�DV�VDPSOH�
XVLQJ� FRQYHQLHQFH� VDPSOLQJ� PHWKRG� DQG� EDVHG� RQ� WKH� LQFOXVLRQ� DQG�
H[FOXVLRQ� FULWHULD�� DQG� WKHQ��ZHUH� UDQGRPO\� DVVLJQHG� LQWR� DQ� H[SHULPHQWDO�
JURXS� DQG� D� FRQWURO� JURXS� �Q ����� 3DUWLFLSDQWV� LQ� H[SHULPHQWDO� JURXS�
UHFHLYHG� WKHUDSHXWLF� SURJUDP� LQ� HLJKW� ��� PLQ�VHVVLRQV� �RQH� VHVVLRQ� SHU�
ZHHN��� WKH�FRQWURO�JURXS�ZDV�SXW�RQ� WKH�ZDLW�OLVW�IRU���PRQWKV��,Q�RUGHU� WR�
FROOHFW�GDWD��5XPLQDWLYH�UHVSRQVHV��DQG�VRFLDO�DQG�HPRWLRQDO�ORQHOLQHVV�IRU�
DGXOWV� VFDOH� ZHUH� XVHG LQ� � SUH�WHVW�SRVW�WHVW�� 0XOWLYDULDWH� DQDO\VLV� RI�
FRYDULDQFH�ZDV�XVHG�IRU�DQDO\]LQJ�WKH�GDWD� )LQGLQJV�IURP�UHVHDUFK�VKRZHG�
WKDW�E\�FRQWUROOLQJ�WKH�HIIHFW�RI�SUH�WHVW��D�VLJQLILFDQW�GLIIHUHQFH�LV�REVHUYHG�
EHWZHHQ� WKH� PHDQ� RI� SRVW�WHVW� VFRUHV� RI� H[SHULPHQWDO� JURXS� DQG� FRQWURO�
JURXS� LQ�YDULDEOHV�RI� UXPLQDWLRQ�� ORQHOLQHVV� DQG� LWV� FRPSRQHQWV�� LQFOXGLQJ�
URPDQWLF� ORQHOLQHVV�� IDPLO\� ORQHOLQHVV� DQG� VRFLDO� ORQHOLQHVV�� 5HVXOWV� VKRZ�
WKDW�WKH�XVH�RI�WKHUDSHXWLF�WHFKQLTXHV�RI�PLQGIXOQHVV��EDVHG VWUHVV�UHGXFWLRQ�
VLJQLILFDQWO\� DIIHFWV� WKH� UHGXFWLRQ� RI� UXPLQDWLRQ� V\PSWRPV�� DQG� WKH�
ORQHOLQHVV�RI�ZRPHQ�ZLWK�SUHPHQVWUXDO�V\QGURPH�

.H\ZRUGV� /RQHOLQHVV� PLQGIXOQHVV� SUHPHQVWUXDO V\QGURPH� UXPLQDWLRQ

��&RUUHVSRQGLQJ� DXWKRU�� 0�$�6KDKLG� %HKHVKWL� 8QLYHUVLW\� RI� 0HGLFDO� 6FLHQFHV��
7HKUDQ��,UDQ� PDUMDQGD\�#JPDLO�FRP
��� 'HSDUWPHQW� RI� &OLQLFDO� 3V\FKRORJ\�� 6KDKLG� %HKHVKWL� 8QLYHUVLW\� RI� 0HGLFDO�
6FLHQFHV��7HKUDQ��,UDQ�
6XEPLW�'DWH������������ $FFHSW�'DWH�����������
'2,� ���������SV\����������������
KWWSV���SV\FKVWXGLHV�DO]DKUD�DF�LU


