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ǗȑǾǱǼǬǾǿǼǬ�
��� $GVD\�1�� 9��� =DPERQL�*�� 3DUDGXRGHQDO� SDQFUHDWLWLV��

$� FOLQLFR�SDWKRORJLFDOO\�GLVWLQFW�HQWLW\�XQLI\LQJ� ´F\VWLF�
G\VWURSK\� RI� KHWHURWRSLF� SDQFUHDV�µ� ´SDUD�GXRGHQDO�
ZDOO� F\VW�µ� DQG� ´JURRYH� SDQFUHDWLWLV�µ�6HPLQ�� 'LDJQ��
3DWKRO��������9RO�������1R����3�����²�����

��� %ORHFKOH�&���,]ELFNL�-��5���.QRHIHO�:��7���.XHFKOHU�7���
%URHOVFK�&��(��4XDOLW\�RI�OLIH�LQ�FKURQLF�SDQFUHDWLWLV��
UHVXOWV�DIWHU�GXRGHQXP�SUHVHUYLQJ�UHVHFWLRQ�RI�WKH�
KHDG� RI� WKH� SDQFUHDV�� 3DQFUHDV�� ������ 9RO�� ����
1R����3����²���

��� 'H�3UHWLV�1���&DSXDQR�)���$PRGLR�$���3HOOLFFLDUL�0���
&DVHWWL�/���0DQIUHGL�5��HW�DO��&OLQLFDO�DQG�PRUSKRORJ-
LFDO�IHDWXUHV�RI�SDUDGXRGHQDO�SDQFUHDWLWLV��DQ�LWDOLDQ�
H[SHULHQFH� ZLWK� ���� SDWLHQWV�� 3DQFUHDV�� ������
9RO������1R����3�����²�����

��� 'LQGR�'���'HPDUWLQHV�1���&ODYLHQ�3��$��&ODVVLÀFDWLRQ�RI�
VXUJLFDO� FRPSOLFDWLRQV�� $� QHZ� SURSRVDO�ZLWK� HYDOXD-
WLRQ�LQ�D�FRKRUW�RI������SDWLHQWV�DQG�UHVXOWV�RI�D�VXU-
YH\��$QQDOV�RI�6XUJHU\��������9RO�������3�����²�����

��� ,WRK�6���<DPDNDZD�.���6KLPDPRWR�.���(QGR�7���,VKLJD-
NL�7��&7�ÀQGLQJV�LQ�JURRYH�SDQFUHDWLWLV��&RUUHODWLRQ�ZLWK�
KLVWRSDWKRORJLFDO�ÀQGLQJV��-��&RPSXW��$VVLVW��7RPRJU��
������9RO������1R����3�����²�����

��� .HFN�7���$GDP�8���0DNRZLHF�)���5LHGLJHU�+���:HOOQHU�8���
7LWWHOEDFK�+HOPULFK� '�� HW� DO�� 6KRUW�� DQG� ORQJ�WHUP�
UHVXOWV�RI�GXRGHQXP�SUHVHUYDWLRQ�YHUVXV�UHVHFWLRQ�
IRU� WKH� PDQDJHPHQW� RI� FKURQLF� SDQFUHDWLWLV��

D� SURVSHFWLYH�� UDQGRPL]HG� VWXG\�� 6XUJHU\�� ������
9RO�������1R����6XSSO�����3��6��²����

��� .HPSHQHHUV�0��$���,VVD�<���$OL�8��$���%DURQ�5��'���%HVVH-
OLQN�0��*���%�FKOHU�0��HW�DO�� ,QWHUQDWLRQDO�FRQVHQVXV�
JXLGHOLQHV�IRU�VXUJHU\�DQG�WKH�WLPLQJ�RI�LQWHUYHQWLRQ�LQ�
FKURQLF� SDQFUHDWLWLV�� 3DQFUHDWRORJ\�� ������ 9RO�� ����
1R����3�����²����

��� 0XUDNL�7���.LP�*��(���5HLG�0��'���0LWWDO�3���%HGROOD�*���
0HPLV�%��HW�DO��3DUDGXRGHQDO�SDQFUHDWLWLV�� LPDJLQJ�
DQG�SDWKRORJLF�FRUUHODWLRQ�RI����FDVHV�HOXFLGDWHV�GLV-
WLQFW� VXEW\SHV� DQG� WKH� IDFWRUV� LQYROYHG� LQ� LWV� HWLR-
SDWKRJHQHVLV�� $P�� -�� 6XUJ�� 3DWKRO�� ������ 9RO�� ����
1R�����3������²������

��� 3RWHW�)���'XFOHUW�1��&\VWLF�G\VWURSK\�RQ�DEHUUDQW�SDQ-
FUHDV� RI� WKH� GXRGHQDO�ZDOO��$UFK�� )U��0DO�� $SS��'LJ��
������9RO������1R����3�����²����

����5DPDQ�6��3���6DODULD�6��1���+UXEDQ�5��+���)LVKPDQ�(��.��
*URRYH�SDQFUHDWLWLV��VSHFWUXP�RI�LPDJLQJ�ÀQGLQJV�DQG�
UDGLRORJ\�SDWKRORJ\� FRUUHODWLRQ�� $P�� -�� 5RHQWJHQRO��
������9RO�������1R����3��:��²���

����8VHQNR�2��<���.RSFKDN�9��0���.KRPLDN�,��9���.KRPL-
DN�$��,���0DOLN�$��9��5HVXOWV�RI�VXUJLFDO�WUHDWPHQW�RI�
SDUDGXRGHQDO��JURRYH��SDQFUHDWLWLV��.OLQ��.KLU��������
9RO������1R�����3���²���

����:KLWFRPE�'��&���)UXOORQL�/���*DUJ�3���*UHHU�-��%���6FKQHL-
GHU�$���<DGDY�'��HW�DO��&KURQLF�SDQFUHDWLWLV��$Q�LQWHUQDWLRQ-
DO�GUDIW�FRQVHQVXV�SURSRVDO�IRU�D�QHZ�PHFKDQLVWLF�GHÀQL-
WLRQ��3DQFUHDWRORJ\��������9RO������1R����3�����²����

ǟǐǖ������������������@���������������������
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ǌ��ǎ��ǘǬǷǴǶ
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ǹǿǸ�ǳǭǱǼȑǯǬȊȃȑ�ǼǱǳǱǶȂȑȒ�ǻȑǰȄǷǿǹǶǺǮǺȒ�ǳǬǷǺǳǴ��ȁȑǼǿǼǯȑȃǹǱ�
ǷȑǶǿǮǬǹǹȋ��ǭǺǷȈǺǮǴǵ�ǽǴǹǰǼǺǸ��ȄǶǬǷǬ�ǭǺǷȊ�,]ELFNL
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ǭǷǱǸǬ�ȁȑǼǿǼǯȑȃǹǺǯǺ�ǷȑǶǿǮǬǹǹȋ�ǻǬǼǬǰǿǺǰǱǹǬǷȈǹǺǯǺ�ǻǬǹǶǼǱ-
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ǻȑǽǷȋ� ǮǴǻǴǽǶǴ� ǳȑ� ǽǾǬȂȑǺǹǬǼǿ� ǽǻǺǽǾǱǼȑǯǬǷǴǽȋ� ǹǬ� ǻǱǼȑǺ-
ǰǴȃǹǴȁ�ǻǺǮǾǺǼǹǴȁ�ǺǯǷȋǰǬȁ�ǰǷȋ�ǺȂȑǹǶǴ�ǶǺǹǾǼǺǷȊ�ǭǺǷȈǺ-
ǮǺǯǺ�ǽǴǹǰǼǺǸǿ�ǳǬ�ȄǶǬǷǺȊ�,]ELFNL�ǳ�ǸǱǰȑǬǹǺȊ�ǾǼǴǮǬǷǺ-
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ǜǱǳǿǷȈǾǬǾǴ��ǝǱǼǱǰ�ǻǬȂȑȏǹǾȑǮ��ǮǶǷȊȃǱǹǴȁ�ǰǺ�ǰǺǽǷȑǰǲǱǹǹȋ��
ǭǿǷǺ����ȃǺǷǺǮȑǶǴ���������ǾǬ���ǲȑǹǶǴ���������ǛǱǼǱǰǺǻǱǼǬ-
ȂȑǵǹǱ�ǳǹǬȃǱǹǹȋ�ȄǶǬǷǴ�ǭǺǷȊ�ǳǬ�,]ELFNL�ǽǾǬǹǺǮǴǷǺ������ǭǬǷǬ��
ǛȑǽǷȋ� ȁȑǼǿǼǯȑȃǹǺǯǺ� ǷȑǶǿǮǬǹǹȋ�ǮǰǬǷǺǽȋ� ǳǹǬȃǹǺ� ǳǹǴǳǴǾǴ�ǻǺ-
ǶǬǳǹǴǶǴ�ǽǿǭ·ȏǶǾǴǮǹǺȒ�ǺȂȑǹǶǴ�ǮǴǼǬǲǱǹǺǽǾȑ�ǭǺǷȊ��ȅǺ�ǮȑǰǻǺǮȑ-
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�&ODYLHQ�³�'LQGR�!���ǽǾǬǹǺǮǴǷǬ�������ǝǱǼǱǰǹȋ�ǾǼǴǮǬǷȑǽǾȈ�
ǻǱǼǱǭǿǮǬǹǹȋ�ǿ�ǽǾǬȂȑǺǹǬǼȑ�ǽǾǬǹǺǮǴǷǬ������ǰǹȋ��ǝǱǼǱǰ�ǰǺǽǷȑ-
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ǎǴǽǹǺǮǶǴ��ǓǬǽǾǺǽǿǮǬǹǹȋ�ǐǓǜǛǓ�ǰǷȋ�ȁȑǼǿǼǯȑȃǹǺǯǺ�ǷȑǶǿ-
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ǶǺǹǾǼǺǷȊ�ǭǺǷȈǺǮǺǯǺ�ǽǴǹǰǼǺǸǿ�������ǾǬ������ǭǬǷǬ�ǰǺ�
ǾǬ� ǻȑǽǷȋ� ǺǻǱǼǬǾǴǮǹǺǯǺ� ǮǾǼǿȃǬǹǹȋ� ǳǬ� ȄǶǬǷǺȊ� ,]ELFNL�
ǮȑǰǻǺǮȑǰǹǺ�� ǻǼǴ� ǹǴǳȈǶȑǵ� ȃǬǽǾǺǾȑ� ǻȑǽǷȋǺǻǱǼǬȂȑǵǹǴȁ�
ǿǽǶǷǬǰǹǱǹȈ� ������� ǾǬ�ǽǸǱǼǾǹǺǽǾȑ� ����ǿ�ǰǺǽǷȑǰǲǿǮǬǹȑǵ�
ǯǼǿǻȑ�ǻǬȂȑȏǹǾȑǮ��
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'XRGHQXP�SUHVHUYLQJ�SDQFUHDWLF��
KHDG�UHVHFWLRQV�IRU�VXUJLFDO�WUHDWPHQW�
RI�SDUDGXRGHQDO�SDQFUHDWLWLV

2��<X��8VHQNR��9��0��.RSFKDN��,��9��.KRPLDN���
$��,��.KRPLDN��$��9��0DOLN
6KDOLPRY�1DWLRQDO�,QVWLWXWH�RI�6XUJHU\�DQG�7UDQVSODQWRORJ\��
.\LY��8NUDLQH
.H\� ZRUGV�� SDUDGXRGHQDO� SDQFUHDWLWLV�� GXRGHQXP�SUH-
VHUYLQJ� SDQFUHDWLF� KHDG� UHVHFWLRQV�� VXUJLFDO� WUHDWPHQW��
SDLQ�V\QGURPH��,]ELFNL�SDLQ�VFRUH

,QWURGXFWLRQ��8S� WR�GDWH��QR�FRQVHQVXV�H[LVWV�RQ� WKH�
VXUJLFDO�WUHDWPHQW�RI�SDUDGXRGHQDO�SDQFUHDWLWLV��3'3���
0RVW�DXWKRUV�SUHIHU�WR�SHUIRUP�SDQFUHDWLFRGXRGHQHF-
WRP\� ZKHQ� VXUJLFDO� WUHDWPHQW� LV� LQGLFDWHG�� +RZHYHU��
VXFK�DQ�DJJUHVVLYH�DSSURDFK�PD\�QRW�DOZD\V�EH�MXVWL-
ÀHG�IRU�WKH�WUHDWPHQW�RI�EHQLJQ�GLVHDVH��7KH�DLP�RI�RXU�
VWXG\�ZDV�WR�LQYHVWLJDWH�WKH�UHVXOWV�RI�GXRGHQXP�SUH-
VHUYLQJ� SDQFUHDWLF� KHDG� UHVHFWLRQV� �'33+5�� IRU� WKH�
WUHDWPHQW�RI�3'3�
0DWHULDOV� DQG�PHWKRGV��:H�SHUIRUPHG�D� UHWURVSHF-
WLYH�DQDO\VLV�RI�D�GDWDEDVH�FRQVLVWLQJ�RI�����SDWLHQWV�
ZLWK�3'3�WUHDWHG�LQ�6KDOLPRY�1DWLRQDO�,QVWLWXWH�RI�6XU-
JHU\�DQG�7UDQVSODQWRORJ\�IURP������WR�������$�WRWDO�
RI����SDWLHQWV�DIWHU�'33+5�ZHUH�LQFOXGHG�WR�WKH�VWXG\��
6XFK�PRGLÀFDWLRQV�RI�'33+5�DV�)UH\·V��%HJHU·V�DQG�
%HUQH·V� SURFHGXUHV� ZHUH� XVHG�� 7KH� SULPDU\� VWXG\�
HQGSRLQW�ZDV�SDLQ�FRQWURO�DVVHVVHG�DFFRUGLQJ�WR�WKH�
,]ELFNL�SDLQ�VFRUH�EHIRUH�VXUJHU\�DQG�DW�IROORZ�XS�YLV-
LWV�� 6HFRQGDU\� HQGSRLQWV� ZHUH� GHÀQHG� DV� FRPSOLFD-
WLRQ�UDWH��&ODYLHQ�³�'LQGR�!����KRVSLWDO�OHQJWK�RI�VWD\�
DQG����GD\�PRUWDOLW\��$OO�SDWLHQWV�ZHUH�IROORZHG�XS�IRU�
WKH�DVVHVVPHQW�RI�SDLQ�FHVVDWLRQ�ZLWK�D�PHGLDQ�RI����
PRQWKV��UDQJH��²���PRQWKV���
5HVXOWV�� 7KHUH� ZHUH� ���PDOHV� �������� DQG� �� IHPDOHV�
�������LQ�WKH�VWXG\�JURXS��3UHRSHUDWLYH�,]ELFNL�SDLQ�VFRUH�
UHVXOW�ZDV������SRLQWV��)ROORZ�XS�SDLQ�VFRUH�UHVXOWV�ZHUH�
VLJQLÀFDQWO\�ORZHU�DW������SRLQWV��3RVWRSHUDWLYH�FRPSOLFD-
WLRQ�UDWH��&ODYLHQ�³�'LQGR�!���ZDV�PHDVXUHG�DW�������0H-
GLDQ�KRVSLWDO� OHQJWK�RI�VWD\�ZDV������GD\V��1R�PRUWDOLW\�
ZDV�UHFRUGHG�LQ�WKH�VWXG\�JURXS��$OO�UHVXOWV�ZHUH�VWDWLVWL-
FDOO\�VLJQLÀFDQW��S�������
&RQFOXVLRQ��$SSOLFDWLRQ�RI�'33+5�IRU�WKH�VXUJLFDO�WUHDW-
PHQW�RI�3'3�DOORZV�WR�DFKLHYH�H[FHOOHQW�UHVXOWV�LQ�WHUPV�
RI�SDLQ�FRQWURO�������DQG������SRLQWV�RQ�WKH�,]ELFNL�SDLQ�
VFRUH� EHIRUH� VXUJLFDO� LQWHUYHQWLRQ� DQG� DW� IROORZ�XS���
ZKLOH�PDLQWDLQLQJ�ORZ�FRPSOLFDWLRQ��������DQG�PRUWDOLW\�
�����UDWHV�
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