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�]Z´¯��%URZQ� +:�� 9HYD� )$�� %DVLF� &OLQLFDO�3DUDVLWRORJ\�� �WK� HGLWLRQ�� 3KLODGHOSKLD�� :%��6DXQGHUV���������������
��7LQVOH\�5��HW�DO��+DUULVRQ¶V�3ULQFLSOHV�RI� ,QWHUQDO�0HGLFLQH�� ��WK� (GLWLRQV�� 1HZ� \RUN�� :LOOVRQ�FRPSDQ\��������������������

Ð�z^§Y� ¾¬�� �½yvÀo�{v¿Y�zo� ±Z´§yZ§� ¹ ¾¨�|��¹ ±ºs�Z]�}Z°c�{Y�v�]�¹ ª^£�½zÀ.�À��µºp³{v¿Y� ¹ bÀcZ�·�}¹z¿¹� ¶]� µuº«M aZp�zc��v¸�¯� ³Y©Z���v¸�¯�¾¨�|��­º¬��µZ.�³Yu�aYyZ�dÎÐÔÓ�
��7RGV�5��HW�DO��(UDGLFDWLRQ�RI�&U\SWRVSRULGLXP�LQ�D�&KLOG� 8QGHUJRLQJ� 0DLQWHQDQFH� &KHPRWKHUDS\� IRU�/HXFNHPLD� 8VLQJ� +LJK� GRVH� $]LWKURP\FLQ�7KHUDS\�� -�3HGLDW�+HPDWRO�2QFRO��������������������
��8,3� '(�� /LPD� $O�� HW� DO�� 5R[LWKURP\FLQ�7UHDWPHQW� IRU� 'LDUUKRHD� &DXVHG� E\�&U\SWRVSRULGLXP� LQ� 3DWLHQWV� ZLWK� $,'6�� -�$QWLPLFURE��&KHPRWKHU����������VXSSO�%���������
��*LDFRPHWWL� $�� &LULRQL� 2�� HW� DO�� (SLGHPLRORJLF�)HDWXUHV� RI� ,QWHVWLQDO� 3DUDVLWLF� ,QIHFWLRXV� LQ� ,WDOLDQ�0HQWDO� ,QVWLWXWLRQV�� (XU� -� (SLGHPLRO� ������ ��������������
��1$&52�%��%RQNRXQJRX�3��HW�DO��&OLQLFDO�SURILOH�RI� &U\SWRVSRULGLRVLV� LQ� D� 3HGLDWULF� +RVSLWDO�(QYLURPHQW� LQ� %XUNLQDIDVR�� -�0HG� 7URS� ������ ��������������

��)UHLGDQN� +�� NLVW� 0�� &U\SWRVSRULGLD� LQ�,PPXQRFRPSHWHQW� 3DWLHQWV� ZLWK� *DVWURHQWHULWLV��(XU�-�&OLQ�0LFURELRO�����������������
Ö��Z^¿z�� �±Z]{��ºs�@±Yz.¿u� ¹>��¤³� Z]� ±Z§uº§ ~¿{Z¿v¿yº��ºd�¿z§� ¹ ¾´°¿Y� ®d�À��aÇZ¤¯� ¶�Ès� yZ°À]� ½z�Yz�� µz.´§� ²À¯¹u½Z¸¿¾¬.³Y��±Yz¸c�� ¾¨�|��­º¬��µZ.�³Yu�±Yz¸c�ÎÐÔÓ��
ÎÍ�¾ ��¯� �±ZÀWZ�y�yu� ­º¿v¿yº��ºd�¿z§� ¾�yz]±Z�z�� ¶]� Èd^¯� uYz�Y� ¹ ¾«Z¸�Y� ±Z§uº§�¶�Ès yZ°À]�½z�Yz��µz.´§�²À¯¹u�aÇZ¤¯½Z¸¿¾¬.³Y��±Yz¸c�� �±Yz¸c�¾¨�|��­º¬��µZ.�³YuÎÐÔÓ�
ÎÎ�²À�o� �±ZÀ³Y¹z¸³�yu�~¿{º¿v¿yº��ºd�¿z§�¾�yz]¾]Z�d§Y�¾´°¿Y��¤³�¶]�±Z¿Èd^¯�¶¯Z³�±Z¿Z�µv�³��Z# § µy¹uv�yY�¾�Z´�yZb�Yv¸]� µv¨�³Yu�¾�Z´��ª.³Y� �±Yz¸c�µZ.�³YuÎÐÔÏ��

���.KDOLO� +0�� $]DK� 0(�� HW� DO�� 2SSRUWXQLVWLF�3DUDVLWLF� ,QIHFWLRQV� LQ� ,PPXQRFRPSURPLVHG�+RVWV��-�(J\SW�6RF�3DUDVLWRO���������������������
���+H\ZRUWK�0)��HW�DO��,PPXQRORJ\�RI�*LDUGLD�DQG�&U\SWRVSRULGLXP�,QIHFWLRQV��-�,QIHFW�'LV�����������������������

���$QWRQL�2$��0XUSK\�(,��HW�DO��'LDUUKHDO�'LVHDVH�
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LQ� WKH� ,PPXQRFRPSURPLVHG� +RVW�� *DVWURLQWHVWLQDO�3DUDVLWLF� ,QIHFWLRQ� LQ�+HDWKO\� -DPDLFDQ�&DUULHUV� RI�+7/9��-�7URS�0HG�+\J�������������������
���8GJLUL�1��0LQ]�0��.DVK\DS�5��+HHU�0��*XSWD�&6�� 0RKDQGDV� .�� 0DOOD� 1�� ,QWHVWLQDO�&U\SWRVSRULGLRVLV� LQ� /LYLQJ� 5HODWHG� 5HQDO�7DQVUHFLSLHQWV��7UDQVSODQW�3URF�������������������
���%X\XNEDED��2��8\VDO�+��$ODQ�6��,QYHVWLJDWLRQ�RI�,QWHVWLQDO�SDUDVLWHV�LQ�$LGV�SDWLHQWV�0LNUREL\DO��%XL���������������������
���5LEHV� -$�� 6DEROW� -3�� 2YHUPDQ� 6%�� 3RLQW�3UHYDOHQFH� RI� &U\SWRVSRULGLXP�� &\FORVSRUD� DQG�,VRVSRUD� ,QIHFWLRQV� LQ�3DWLHQWV�%HLQJ�(XDOXDWHG�IRU�'LDUUKHD��$P�-�&OLQ�3DWKRO�������������������

���0DKDOODZ\� (,�� HW� DO�� (SLGHPLRORJLF� 3URILOH� RI�6\SWRPDWLF� *DVWURHQWHULWLV� LQ� 3HGLDWULF� 2QFRORJ\�3DWLHQWV� 5HFHLYLQJ� &KHPRWKHUDS\�� 3HGLDW� %ORRG�&DQFHU��������������������
���5YGUDSDWQD� -6�� HW� DO�� ,QWHVWLQDO� 3DUDVLWLF�,QIHFWLRQV� LQ� 3DWLHQWV� ZLWK� 0DOLJQDQF\�� -�'LDUUKRHDO�'LV�5HV�����������������
���6UHHGKDUDQ� $�� HW� DO�� &U\SWRVSRULGLRVLV� $PRQJ�&DQFHU�3DWLHQWV�-�'LDUUKRHDO�'LV�5HV��������������
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6WXG\�RQ�3UHYDOHQFH�5DWH�RI�&U\SWRVSRULGLXP�LQ�3DWLHQWV�
5HFHLYLQJ�,PPXQRVXSSUHVVLYH�'UXJV

6KDULI�0���=LDHH�+� +���*KRODPL�6K�
$EVWUDFW,QWURGXFWLRQ�&U\SWRVSRULGLDVLV�LV�RQH�RI�WKH�SUREOHPV�LQ�SDWLHQWV�UHFHLYLQJ�LPPXQRVXSSUHVVLYH�GUXJV��2EMHFWLYHV� &RQVLGHULQJ� WKH� SUHVHQFH� RI� EURDG� UDQJH� RI� FOLQLFDO� PDQLIHVWDWLRQV� LQ� VXFK� SDWLHQWV�� IROORZLQJ�VHFRQGDU\� LQIHFWLRQV�� ORQJHYLW\� RI� SDWLHQWV�� WKH� QHZ� PHWKRGV� RI� WUHDWPHQW� DQG� SUHYHQWLRQ�� DUH� FRQWLQXDOO\�FKDQJLQJ�� +HQFH�� WKH� DLP� RI� WKLV� VWXG\� ZDV� WR� GHWHUPLQH� &U\SWRVSRULGLXP� SDUYXP� LQ� ���� SDWLHQWV� UHFHLYLQJ�LPPXQRVXSSUHVVLYH� GUXJV� FRQVLGHUHG� DV� WKH� WHVW� JURXS� DQG� DQRWKHU� ���� SDWLHQWV�ZLWK� JDVWURHQWHULWLV� EXW� QRQ�LPPXQRVXSSUHVVLYH�GUXJV�XVHUV�DV�WKH�FRQWURO��0DWHULDOV�DQG�0HWKRGV� ,Q�WKLV�FDVH�FRQWURO�VXUYH\�LQ�%DERO�$PLUFROD�&KLOGUHQ�+RVSLWDO�LQ�%DERO������SDWLHQWV�DV�WHVW�DQG�����SDWLHQWV�DV�FRQWURO�DIWHU�EHLQJ�PDWFKHG�IRU�VH[��DJH��JHRJUDSKLF�FRQGLWLRQV�RI�WKH�UHVLGLQJ�SODFHV��UXUDO�DQG�XUEDQ�DUHDV��ZHUH�VWXGLHG��$OO� WKH�GDWD�FRQFHUQLQJ�WKH�SDWLHQWV�VXFK�DV�DJH��VH[��WKH�NLQG�RI�GLVHDVH��WKH� NLQG� RI� GUXJ� XVHG�� WKH� GRVHV� EHLQJ� XVHG�� FRQWDFW� ZLWK� DQLPDOV�� WKH� NLQG� RI� GULQNLQJ� ZDWHU�� GXUDWLRQ� RI�FKHPRWKHUDS\� DQG� RWKHU� FOLQLFDO� V\PSWRPV�ZHUH� REWDLQHG� E\� TXHVWLRQQDLUH�� )URP� WKH� WHVW� DQG� FRQWURO� JURXSV��VWRRO� VDPSOHV� ZHUH� FROOHFWHG� WKUHH� WLPHV�� DQG� ZHUH� VWDLQHG� E\� =LHKO� 1HHOVHQ� DQG� PRGLILHG� =LHKO� 1HHOVHQ�PHWKRGV��7KH�UHVXOWV�ZHUH�DQDO\]HG�VWDWLVWLFDOO\�5HVXOWV��7KH�UHVXOWV�RI�WKH�VWXG\�LQGLFDWHG�WKDW�WKH�UDWHV�RI�LQIHFWLRQ�LQ�WHVW�DQG�FRQWURO�JURXSV�ZHUH�����DQG����UHVSHFWLYHO\��7KH�DYHUDJH�LQIHFWLRQ�UDWH�ZDV����������7KHUH�ZDV�QR�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH�LQ�WKH�UDWH�RI� LQIHFWLRQ� EHWZHHQ� WHVW� DQG� FRQWURO� JURXSV� �= � ������ 7KH� KLJKHVW� UDWH� RI� LQIHFWLRQ�ZDV� REVHUYHG� LQ� WKH� DJH�JURXSV�RI�����\HDUV�DQG�����\HDUV�LQ�WKH�WHVW�DQG�FRQWURO�JURXSV��UHVSHFWLYHO\��7KHUH�ZDV�QR�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�VH[�DQG�WKH�UDWH�RI�LQIHFWLRQ��7KH�KLJKHVW�UDWH�RI�LQIHFWLRQ�ZDV�REVHUYHG�LQ�SDWLHQWV�ZLWK�DFXWH�O\PSKDWLF�OHXNHPLD��7KH�QXPEHU�RI�GUXJV�XVHG�KDG�QR�HIIHFW�RQ�WKH�UDWH�RI�LQIHFWLRQ��&RQFOXVLRQ� 7KH�UHVXOWV�RI�WKLV�VWXG\�LQGLFDWH�WKDW�PRUH�DFFXUDWH�ODERUDWRU\�GLDJQRVWLF�PHWKRGV�IRU�WKLV�SDUDVLWH�DQG PRUH�LQGLYLGXDOV�ZLWK�QRUPDO�DQG�VXSSUHVVHG�LPPXQH�V\VWHP�DUH�UHTXLUHG��
.H\�ZRUGV��&U\SWRVSRULGLDVLV��*DVWURHQWHULWLV��,PPXQRVXSSUHVVLYH�$JHQWV
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