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ǯǺ�ǾǼǬǶǾǬ��ǣǬǽǾǺ�ȉǾǺ�ǰǱǽǾǼǿǶǾǴǮǹǺ�ǮǺǽǻǬǷǴǾǱǷȈǹȇǱ�ǻǼǺ-
ȂǱǽǽȇ� ǮǱǼȁǹǴȁ� ǺǾǰǱǷǺǮ�ǲǱǷǿǰǺȃǹǺ�ǶǴȄǱȃǹǺǯǺ� ǾǼǬǶǾǬ��
ǚǽǺǭǱǹǹǺ� ǾǬǶǬȋ� ǶǺǸǺǼǭǴǰǹǺǽǾȈ� ǻǼǴǽǿȅǬ� ǻǬȂǴǱǹǾǬǸ�
ǽ�ǡǛ�ǸǺǷǺǰǺǯǺ�ǮǺǳǼǬǽǾǬ��ǰǺ����ǷǱǾ��
ǢǱǷȈ��ǴǽǽǷǱǰǺǮǬǾȈ�ȉȀȀǱǶǾǴǮǹǺǽǾȈ�ǶǿǼǽǬ�ǭǴǺǼǱǯǿǷȋȂǴ-
ǺǹǹǺǵ� ǻǼǺǾǴǮǺǮǺǽǻǬǷǴǾǱǷȈǹǺǵ� Ǵ� ǸǱǾǬǭǺǷǴȃǱǽǶǺǵ� ǾǱ-
ǼǬǻǴǴ�ǹǬ�ǺǽǹǺǮǱ�ǰǴǹǬǸǴǶǴ�ǶǷǴǹǴȃǱǽǶǴȁ�ǻǺǶǬǳǬǾǱǷǱǵ�
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Ǵ� ǻǬǼǬǸǱǾǼǺǮ� ȉǶǳǺǶǼǴǹǹǺǵ� ȀǿǹǶȂǴǴ� ǻǺǰǲǱǷǿǰǺȃǹǺǵ�
ǲǱǷǱǳȇ��Ǜǒ��Ǵ�ǽǺǽǾǺȋǹǴȋ�ǽǷǴǳǴǽǾǺǵ�ǺǭǺǷǺȃǶǴ�ǺǼǯǬǹǺǮ�
ǯǬǽǾǼǺǰǿǺǰǱǹǬǷȈǹǺǵ�ǳǺǹȇ��ǏǐǓ��ǻǬȂǴǱǹǾǺǮ�ǽ�ǡǛ�
ǘǬǾǱǼǴǬǷȇ� Ǵ� ǸǱǾǺǰȇ�� ǚǭǽǷǱǰǺǮǬǷǴ� ��� ǭǺǷȈǹȇȁ� ǡǛ�
ǽ� ǮǹǱȄǹǱǽǱǶǼǱǾǺǼǹǺǵ� ǹǱǰǺǽǾǬǾǺȃǹǺǽǾȈȊ� Ǜǒ� Ǯ� ȀǬǳǱ�
�ǹǱǽǾǺǵǶǺǵ� ǼǱǸǴǽǽǴǴ� Ǯ� ǽǺȃǱǾǬǹǴǴ� ǽ� ǮǺǽǻǬǷǴǾǱǷȈǹȇǸǴ�
ǳǬǭǺǷǱǮǬǹǴȋǸǴ�ǽǷǴǳǴǽǾȇȁ�ǺǭǺǷǺȃǱǶ�ǏǐǓ��ǃ�ǯǼǿǻǻǬ�����ǻǬ-
ȂǴǱǹǾǺǮ�� ǽǼǱǰǹǴǵ� ǮǺǳǼǬǽǾ� ����������� ǯǺǰǬ�� ǻǺǷǿȃǬǷǴ�
ǺǭȅǱǻǼǴǹȋǾǺǱ�ǷǱȃǱǹǴǱ��ǚǗ��³�ȀǱǼǸǱǹǾȇ�ȃǴǽǾǺǯǺ�ǻǬǹǶ-
ǼǱǬǾǴǹǬ��ǴǹǯǴǭǴǾǺǼȇ�ǻǼǺǾǺǹǹǺǵ�ǻǺǸǻȇ��ǽǻǬǳǸǺǷǴǾǴǶǴ�
ǴǷǴ� ǻǼǺǶǴǹǱǾǴǶǴ� �ǻǼǴ�ǹǱǺǭȁǺǰǴǸǺǽǾǴ��� ǿǽǴǷǱǹǹǺǱ� ǽǾǿ-
ǻǱǹȃǬǾȇǸ�ǶǿǼǽǺǸ�ǭǴǺǼǱǯǿǷȋȂǴǺǹǹǺǵ�ǾǱǼǬǻǴǴ��ǮǶǷȊȃǬǮ-
ȄǴǸ� ǻǬǼǱǹǾǱǼǬǷȈǹȇǵ� ǶǿǼǽ� ǻǼǺǾǴǮǺǮǺǽǻǬǷǴǾǱǷȈǹǺǯǺ�
ǻǼǱǻǬǼǬǾǬ�ǞǼǬǿǸǱǷȈ�ǝ�ǻǺ�����ǸǷ�ǮǹǿǾǼǴǸȇȄǱȃǹǺ�ǰǮǬǲ-
ǰȇ�Ǯ�ǹǱǰǱǷȊ��ǹǬǻǼǴǸǱǼ��ǻǺǹǱǰǱǷȈǹǴǶ�Ǵ�ȃǱǾǮǱǼǯ��Ǵ�ǸǱǾǬ-
ǭǺǷǴǶǬ�ǟǭǴȁǴǹǺǹ�ǖǺǸǻǺǳǴǾǿǸ�ǻǺ�����ǸǷ�ǮǹǿǾǼǴǸȇȄǱȃ-
ǹǺ�ǰǮǬǲǰȇ�Ǯ�ǹǱǰǱǷȊ��ǹǬǻǼǴǸǱǼ��ǮǾǺǼǹǴǶ�Ǵ�ǻȋǾǹǴȂǬ��ȱ��
ǶǬǲǰǺǯǺ�ǻǼǱǻǬǼǬǾǬ�ǽ�ǻǱǼǱȁǺǰǺǸ�ǹǬ�ǻǱǼǺǼǬǷȈǹǺǱ�ǻǼǴ-
ǸǱǹǱǹǴǱ�ǞǼǬǿǸǱǷȈ�ǝ�ǻǺ���ǾǬǭǷǱǾǶǱ�ȃǱǼǱǳ���ȃǬǽ�ǻǺǽǷǱ�
Ǳǰȇ�ǾǼǴ�ǼǬǳǬ�Ǯ�ǽǿǾǶǴ�Ǯ�ǾǱȃǱǹǴǱ����ǰǹǱǵ�����ǻǬȂǴǱǹǾǬ�
ǽ� ǡǛ� Ǵ� ǽǺǻǿǾǽǾǮǿȊȅǴǸ� ǺǭǺǽǾǼǱǹǴǱǸ� Ǯ� ǏǐǓ� ,,� ǯǼǿǻǻȇ�
�ǽǼǱǰǹǴǵ� ǮǺǳǼǬǽǾ� ����������� ǯǺǰǬ�� ǻǺǷǿȃǬǷǴ� ǾǺǷȈǶǺ�
ǶǺǸǻǷǱǶǽǹǺǱ�ǚǗ�
ǜǱǳǿǷȈǾǬǾȇ�Ǵ�ǺǭǽǿǲǰǱǹǴǱ��ǝǼǬǮǹǴǾǱǷȈǹȇǵ�ǬǹǬǷǴǳ�ǰǴ-
ǹǬǸǴǶǴ�ǼǱǳǿǷȈǾǬǾǺǮ�ǷǱȃǱǹǴȋ�Ǯ�ǰǮǿȁ�ǯǼǿǻǻǬȁ�ǴǽǽǷǱǰǺǮǬ-
ǹǴȋ�ǰǺǶǬǳǬǷ��ȃǾǺ�ǻǺȃǾǴ�ǻǺ�ǮǽǱǸ�ǶǷǴǹǴȃǱǽǶǴǸ�ǻǼǴǳǹǬ-
ǶǬǸ�ǳǬǭǺǷǱǮǬǹǴȋ��ǰǬǹǹȇǸ�ȉǹǰǺǽǶǺǻǴǴ�Ǵ�ǻǬǼǬǸǱǾǼǬǸ�
ȉǶǳǺǶǼǴǹǹǺǵ� ȀǿǹǶȂǴǴ� Ǜǒ� ǻǺǽǷǱ� ǻǼǺǮǱǰǱǹǹǺǯǺ� ǷǱȃǱ-
ǹǴȋ�Ǯ� ǯǼǿǻǻǱ�ǽ�ǻǼǴǸǱǹǱǹǴǱǸ�ǶǿǼǽǬ�ǻǼǺǾǴǮǺǮǺǽǻǬǷǴ-
ǾǱǷȈǹǺǵ�Ǵ�ǸǱǾǬǭǺǷǴȃǱǽǶǺǵ�ǭǴǺǼǱǯǿǷȋȂǴǺǹǹǺǵ�ǾǱǼǬǻǴǴ�
ǼǱǳǿǷȈǾǬǾȇ�ǭȇǷǴ�ǰǺǽǾǺǮǱǼǹǺ�ǷǿȃȄǱ��ȃǱǸ�Ǯ�ǯǼǿǻǻǱ�ǚǗ��
ǝǼǱǰǹǴǵ� ǽǼǺǶ� ǹǺǼǸǬǷǴǳǬȂǴǴ� ǽǺǽǾǺȋǹǴȋ� ǽǷǴǳǴǽǾȇȁ�
ǺǭǺǷǺȃǱǶ�ǏǐǓ�Ǯ�ǯǼǿǻǻǱ�ǽ�ǰǺǻǺǷǹǴǾǱǷȈǹȇǸ�ǶǿǼǽǺǸ�ǭǴǺ-
ǼǱǯǿǷȋȂǴǴ�ǽǺǽǾǬǮǴǷ�����������ǽǿǾǺǶ��ǾǺǯǰǬ�ǶǬǶ�Ǯ�ǯǼǿǻ-
ǻǱ�ǚǗ�³�����������ǽǿǾǺǶ�
ǎȇǮǺǰȇ��ǍȇǷǺ�ǰǺǶǬǳǬǹǺ��ȃǾǺ�ǰǺǻǺǷǹǴǾǱǷȈǹǺǱ�ǮǶǷȊȃǱ-
ǹǴǱ� ǽǾǿǻǱǹȃǬǾǺǵ� ǭǴǺǼǱǯǿǷȋȂǴǺǹǹǺǵ� ǻǼǺǾǴǮǺǮǺǽǻǬǷǴ-
ǾǱǷȈǹǺǵ��ǞǼǬǿǸǱǷȈ�ǝ��Ǵ�ǸǱǾǬǭǺǷǴȃǱǽǶǺǵ��ǟǭǴȁǴǹǺǹ�ǖǺǸ-
ǻǺǳǴǾǿǸ��ǾǱǼǬǻǴǴ�ǻǺ�ǻǼǱǰǷǺǲǱǹǹǺǵ�ǽȁǱǸǱ�Ǯ�ǚǗ�ǰǺǽǾǺ-
ǮǱǼǹǺ� ǭǺǷǱǱ� ȉȀȀǱǶǾǴǮǹǺ� �Ǽ�����²������� ǿǷǿȃȄǴǷǺ�
ǶǷǴǹǴȃǱǽǶǺǱ� ǾǱȃǱǹǴǱ� ǳǬǭǺǷǱǮǬǹǴȋ�� ǽǻǺǽǺǭǽǾǮǺǮǬǷǺ�
ǹǺǼǸǬǷǴǳǬȂǴǴ�ȉǶǳǺǶǼǴǹǹǺǵ�ȀǿǹǶȂǴǴ�Ǜǒ��Ǭ�ǾǬǶǲǱ�ǭȇ-
ǽǾǼǱǱ� ǹǺǼǸǬǷǴǳǺǮǬǷǺ� ǽǺǽǾǺȋǹǴǱ� ǽǷǴǳǴǽǾǺǵ� ǺǭǺǷǺȃǶǴ�
ǺǼǯǬǹǺǮ�ǏǐǓ�³�ǳǬ�����������ǽǿǾǺǶ��ǾǺǯǰǬ�ǶǬǶ�Ǯ�ǯǼǿǻǻǱ�
ǚǗ�³�ǳǬ�����������ǽǿǾǺǶ�

(IÀFDF\�RI�DQWLLQÁDPPDWRU\�DQG�
�PHWDEROLF�ELRUHJXODWLRQ�LQ�FRPSOH[�
WKHUDS\�RI�FKURQLF�SDQFUHDWLWLV�ZLWK�
WKH�LQÁDPPDWRU\�FKDQJHV��
RI�JDVWURGXRGHQDO�]RQH�RUJDQV

1��2��6KHYFKHQNR���/��6��%DELQHWV�
�2GHVVD�1DWLRQDO�0HGLFDO�8QLYHUVLW\��8NUDLQH
�,YDQ�+RUEDFKHYVN\�7HUQRSLO�1DWLRQDO�0HGLFDO�8QLYHUVLW\��
8NUDLQH

(1

.H\� ZRUGV�� FKURQLF� SDQFUHDWLWLV�� DQWLLQÁDPPDWRU\� DQG�
PHWDEROLF�ELRUHJXODWRU\�WKHUDS\�� LQÁDPPDWRU\� OHVLRQV�RI�
WKH�JDVWURGXRGHQDO�]RQH��FRPRUELGLW\��H[RFULQH�SDQFUHDW-
LF�LQVXIÀFLHQF\

%DFNJURXQG�� 7KH�FOLQLFDO� FRXUVH�RI� FKURQLF�SDQFUHDWLWLV�
�&3�� LV� FKDUDFWHUL]HG� E\� V\PSWRPDWLF� SRO\PRUSKLVP��
ZKLFK�LV�RIWHQ�DVVRFLDWHG�ZLWK�FRPRUELGLW\�RI�&3�ZLWK�RWK-
HU�OHVLRQV�RI�WKH�JDVWURLQWHVWLQDO�WUDFW��'HVWUXFWLYH�LQÁDP-
PDWRU\�SURFHVVHV�RI�WKH�XSSHU�JDVWURLQWHVWLQDO�WUDFW�DUH�
YHU\� FRPPRQ��6XFK� FRPRUELGLW\� LV� HVSHFLDOO\� W\SLFDO� IRU�
\RXQJ�SDWLHQWV�ZLWK�&3��XS�WR����\HDUV��
7KH�DLP�LV�WR�VWXG\�WKH�HIIHFWLYHQHVV�RI�ELRUHJXODWRU\�DQ-
WL�LQÁDPPDWRU\�DQG�PHWDEROLF� WKHUDS\�EDVHG�RQ� WKH�G\-
QDPLFV�RI�FOLQLFDO�LQGLFHV�DQG�SDUDPHWHUV�RI�H[RFULQH�SDQ-
FUHDWLF� IXQFWLRQ�DQG� WKH�FRQGLWLRQ�RI� WKH�PXFRXV�PHP-
EUDQH�RI�WKH�JDVWURGXRGHQDO�]RQH�RI�SDWLHQWV�ZLWK�&3�
0DWHULDOV�DQG�PHWKRGV��:H�H[DPLQHG����SDWLHQWV�ZLWK�
&3�ZLWK�H[RFULQH� LQVXIÀFLHQF\� LQ� WKH�SKDVH�RI�XQVWDEOH�
UHPLVVLRQ� LQ� FRPELQDWLRQ� ZLWK� LQÁDPPDWRU\� GLVHDVHV�
RI�WKH�PXFRXV�PHPEUDQHV�RI�WKH�JDVWURGXRGHQDO�]RQH��
*URXS��� ����SDWLHQWV��DJH������������ \HDUV�� UHFHLYHG�
FRQYHQWLRQDO�WUHDWPHQW��&7��³�SXUH�SDQFUHDWLQ�HQ]\PHV��
SURWRQ� SXPS� LQKLELWRUV�� DQWLVSDVPRGLFV� RU� SURNLQHWLFV�
�LI�QHFHVVDU\���HQKDQFHG�E\�D�VWHS�E\�VWHS�FRXUVH�RI�ELR-
UHJXODWRU\�WKHUDS\��LQFOXGLQJ�SDUHQWHUDO�FRXUVH�RI�DQWL�LQ-
ÁDPPDWRU\�GUXJ�7UDXPHO�&�����PO�LQWUDPXVFXODUO\�WZLFH�
D� ZHHN� �H�J��� 0RQGD\� DQG� 7KXUVGD\�� DQG� PHWDEROLF�
�8ELTXLQRQH� &RPSRVLWXP� ���� PO� LQWUDPXVFXODUO\� WZLFH�
D�ZHHN��H�J���7XHVGD\�DQG�)ULGD\��ȱ���HDFK�GUXJ�ZLWK�WKH�
WUDQVLWLRQ�IRU�RUDO�DGPLQLVWUDWLRQ�RI�7UDXPHO�&�SHU���WDEOHW�
��KRXU�DIWHU�PHDOV�WKUHH�WLPHV�D�GD\�IRU����GD\V�����SD-
WLHQWV�ZLWK�&3�DQG�FRQFRPLWDQW�H[DFHUEDWLRQ�LQ�JDVWURGX-
RGHQDO� ]RQH� JURXS� �� �DJH� ����������� \HDUV�� UHFHLYHG�
RQO\�FRPSOH[�&7�
5HVXOWV�DQG�GLVFXVVLRQ��$�FRPSDUDWLYH�DQDO\VLV�RI�WKH�G\-
QDPLFV�RI� WUHDWPHQW�RXWFRPHV� LQ� WKH� WZR�VWXG\�JURXSV�
VKRZHG�WKDW�DOPRVW�DOO�FOLQLFDO�VLJQV�RI�WKH�GLVHDVH��HQGRV-
FRS\�DQG�H[RFULQH�SDQFUHDWLF�IXQFWLRQ�DIWHU�WUHDWPHQW�LQ�
WKH�JURXS�XVLQJ�DQWL�LQÁDPPDWRU\�DQG�PHWDEROLF�ELRUHJX-
ODWRU\�WKHUDS\�UHVXOWV�ZHUH�VLJQLÀFDQWO\�EHWWHU�WKDQ�LQ�&7�
JURXS��7KH�PHDQ�WLPH�WR�QRUPDOL]DWLRQ�RI�PXFRXV�PHP-
EUDQHV�RI�JDVWURGXRGHQDO�]RQH�LQ�WKH�JURXS�ZLWK�DQ�DGGL-
WLRQDO�FRXUVH�RI�ELRUHJXODWLRQ�ZDV�����������GD\V��ZKLOH�
LQ�WKH�JURXS�RI�&7�³�����������GD\V�
&RQFOXVLRQ��,W�ZDV�SURYHG�WKDW�WKH�DGGLWLRQDO�LQFOXVLRQ�RI�
VWHS�E\�VWHS� ELRUHJXODWRU\� DQWLLQÁDPPDWRU\� �7UDXPHO� &��
DQG�PHWDEROLF��8ELTXLQRQH�&RPSRVLWXP��WKHUDS\�DFFRUG-
LQJ�WR�WKH�SURSRVHG�VFKHPH�WR�WKH�&7�VLJQLÀFDQWO\�PRUH�
HIIHFWLYHO\��S�����²�������LPSURYHG�WKH�FOLQLFDO�FRXUVH�RI�
WKH�GLVHDVH��FRQWULEXWHG�WR�WKH�QRUPDOL]DWLRQ�RI�H[RFULQH�
SDQFUHDWLF� IXQFWLRQ��DV�ZHOO�DV�PRUH�TXLFNO\�QRUPDOL]HG�
WKH�FRQGLWLRQ�RI�WKH�PXFRXV�PHPEUDQH�RI�WKH�JDVWURGXR-
GHQDO�]RQH�³�GXULQJ�����������GD\V��ZKLOH�LQ�WKH�JURXS�RI�
&7�³�GXULQJ�����������GD\V�


