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�����Â�]� Y�� �Z´Ì�� ZÆ¿M� �Y |¿{Â]�Ã{�¯� �­�e� �¶»Z¯�Ä¿Z�¿� ÓZ¼fuY� �ÌyY� �ÄnÌf¿É�Zf��a� �Ä¸yY|»� �Ê��Ì´¿Y� �Ì]Y|e� �Ä¯� �d�Y� �¾ËY¯�ªÌ¬ve��¾ËY��{��Z´Ì���­�eÁ�Äf�Y{��Ê^�ZÀ»��ÊËM�Z�ËY�§Y��Ê]Â¸�»�Âv¿��Ä]�Y���dÌ¬§Â»�|��{�|¿YÂe�Ê»|Å{�Y��{�§�{Z¬f�Y� �Ä¯��d�Y��ÊËY�Ã�Z���Ê�z���É|»M�Z¯|Å{�Ê»��½Z�¿��dÌ·ÂX�»��®Ë��¹Zn¿Y��ÊËZ¿YÂe��Ä]�Ã|Ì¬� ÉZÆ�Ôe��]��cZ¯Y�{Y��¾ËY��Ä¯��d�Y��¾ËY��]{�§��Ã|ÀËM ÉY�]¹Zn¿Y�½M�Ì·ÂX�»{�Y~³�Ê»� �ÌiZe� �d����� �³�]� Á� ½Â»{ÂÅ� ��ÅÁ�a� �ÉZÅ�Äf§ZË�������Y� ,�ZÌf»Y� �Ä°ÀËY� �]� �ÊÀ^»� ��Zu� ��ÅÁ�a� �ÉZÅ�Äf§ZË�{� �ÌÌ¤e� �ÄÌ·ÁY� �¶uY�»� �{� �Ê�z��É|»M�Z¯¾°¼»�|u��¾Ë�e�¾ÌËZa�Ä�Â�Á���{��lË�|f]�Á�d�Y
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�Â° »� �½M� �ÉZm� Á� Äf§ZË� ��ËY�§Y�É| ]� �¶uY�»{Â��Ê»��Y�¨¿��Ä]�{Z¼f��|À¯�Ê»��dËZ¼u�,������{ É|»M�Z¯��ZÌf»Y��Zu���ÅÁ�a��Ë���|��{���{Ä¿Z�¿��Ä¸yY|»��Y��¶^«���ËZ»�M�Á�µ�fÀ¯��ÃÁ�³�Á{��ÅÉZÅ�dÌ «Â»� �{� �½|Ì�¯�Z´Ì�� �Ä]� �½Z¿M� �¶ËZ¼ed�Y��Ã|ÀÀ¯��Ä�Â�Á��¾ËY��Ä¯�{Â¼¿��Z^Àf�Y��½YÂe�Ê» �ËY�§Y�ÉÓZ]���,��
��Y��ZÌf»�{Z¼f�Y� ��´¿ZÌ]½|Ì�¯��Z´Ì���Y��[ZÀfmY��dÆm��½Z¿M�ÉÓZ]���¨¿��Ä]d�Y�Ì´¿Y��ÂÅ��ÉZÅ�dÌ «Â»��{��cY��»�Á�|ËYÂ§� �Y� {�§� �Ê]ZÌ���Y� ZË� �É�Ì³�ºÌ¼�e�z�»� �É�Zf§�� �ÌÌ¤e�ÌÌ¤e� �Ê¸�Y� L�m� �½YÂÀ ]� ,�d�Y� �Ã|�� �ÄfyZÀ��Zf§�������ÉÁ�� �]� �cZ¬Ì¬ve e� Á� �ÌÌ¤e� �¶uY�»�Zf§�� �Ã{�YÁ{� �É�Ì³�ºÌ¼�e� �µ{Z �{� �Zf§�� �ÌÌ¤e� �ÄÌ¸�� �¶ËÓ{� �Ä¯� {Y{�½Z�¿� �¦¸fz»�ÌÌ¤e� �Ä·� {�§� �¶ËÓ{� �Y� ��Ì]� �ÌÌ¤e� �ÊËY|f]Y� �¶uY�»Ä¿ZÌ»� �¶uY�»��{�Á�d�YdÌ¼ÅY��{���z�»��ÌÌ¤e,�Ä]��d^�¿��Ä¯�{Â��Ê»�{ZnËY��cY��»�Á�|ËYÂ§��Ê^�¿Á��f�Ì]|ËYÂ§� �dÌ¼ÅY� ,�Zf§���¨ucY��»��dÌ¼ÅY d�Y��f¼¯���Á���Á�����lËZf¿��ÌyY��ÉZÅ�Äf§ZËµ{Z e� �ZÌf»Y� �Ä°ÀËY�]� �ÊÀ^»� Y�� ��Zu� ��ÅÁ�a�Y� | ]� Á� ¶^«� ��ËZ»�M� �ÃÁ�³� �{� �É�Ì³�ºÌ¼�e¥ÔfyY�µ�fÀ¯� �ÃÁ�³� Z]� �Ä�ËZ¬»� �{� �Ì¿� Á� Ä¸yY|»|À¯�Ê¼¿� |ÌËZe� ,{�Y|¿� �É�Z»M� �Y{� �ÊÀ »�ÓZ¼fuY ¾ËY��Ä¿Â¼¿Ê»Â«Á��Ê´ÀÅ�§��cÁZ¨e��d¸���Ä]���ÅÁ�a��Â�y� �¾ËY� �{� �cZ ·Z�»� �ËZ�� �ÉZÅ�Ä¿Â¼¿� Z]d�Y� �cÁZ¨f»��½YÁ�³� �®»Á�¸¯�������Ì¿¦¸fz»� �¹YÂ«Y� Á� ZÅ�²ÀÅ�§� �¾Ì]� �cÁZ¨e|¿|¬f »dÌ¬§Â»� �½Y�Ì»� �]� �d�Y� �¾°¼»� �²ÀÅ�§� �®Ë� �½Á�{­�e��cÔyY|»�d�°��ZË{�Y~´]��ÌiZe��Z´Ì�������Y� ��a��Z´Ì�� �­�e��{� �dÌ¬§Â»� �½Y�Ì»� ��Â¼n»��{É�Zf��a�Ä¸yY|»��¹Zn¿Y�
��{Â]�|��{�����
�3���{Â��Ê»�|ÌËZe��cZ¬Ì¬ve��ËZ���lËZf¿���Âe��Äf§ZË��¾ËY��Á����½Y�Zf��a���Âe��Ä¯��Z´Ì���­�e��Ä¸yY|»

d§�³� �¹Zn¿Y� �Ê^¸«� �½Y�Z¼Ì]� �ÉÁ�� �]®Ë� �Y� ��a� ,� É�Ì´Ìa��µZ���{Z]��Ä�ËZ¬»��{�Y���Z´Ì���­�e�|��µÂ¼ »��ÉZÆf^«Y�»���|��{��{Y{��½Z�¿�����¾Ë�f³��]� �Ä°ÀËY� ��ÅÁ�a� �¾ËY� �ÊÀÌ·Z]� �ÉZÅ{�]�Z¯� �Y�����¶^«� �Ä¸u�»� �{� ��ÅÁ�a� {�Â»� �Ä¿Â¼¿� ��z]É�ÂXeY�§� �¦Ë� e� �ª^�� �Ä¯� |¿{�]�Ê»� ��]� �ª¼ e�Y{�¿��Ã|ÀËM��{��Z´Ì���­�e�|�«�,�ÌÌ¤e|¿�Y|¿�Y���®Ë�¥|Å� �ÃÁ�³� �¾ËY� �ÉY�]� |ËZ]� �cÔyY|»�¾ËY�]ZÀ]|ËZ¼¿�{ZnËY��½Z¿M��{�Y���­�e��Ã�Ì´¿YÁ��Ã|���ÊuY��� �¸�e� ��u��ËY�§Y� �¾ÌÀr¼Å�Ê�z�� �É|»M�Z¯��Á��ÌÌ¤e��eÓZ]��¶uY�»��Ä]��~³��ÉY�]�{Y�§Y��ªËÂ�e��{d�Y��iÂ»� �Z´Ì��Ì»M�dÌ¬§Â»� �­�e��¾ËY�]ZÀ]Ê°Ë� ,� �Y|¿YÂe�Ê»� �Ã|ÀËM� �cZ¬Ì¬ve� �Ê¸�Y� �cZ�Â�Â»�{� �Ä¯� |�Z]� �ÊeÔyY|»�ÊuY��� �Ê´¿Â´q� �Ê���]¶uY�»��{��Ê�z���É|»M�Z¯��f�Ì]��Äq��Å���ËY�§Y|Àf�Å� �iÂ»� �ÌÌ¤e� �¦¸fz»�ÊËY�Ä¸yY|»� �cZ¬Ì¬ve�f�Ì]�Y���É�Ì³�ºÌ¼�e��µ{Z e��Ã�Z��|ËZ]�ZÆÀe��Ä¿��Ã|ÀËMÄ°¸]� ,|ÀÅ{� �Y�«� �ÄmÂe� {�Â»\�ZÀ»� �½Z»�� |ËZ]��z�»� �Ì¿� Y�� �Ã{�Z]� �ÉZÅ�Ì¤f»� �É�Ì³�Ã�Y|¿Y� �ÉY�]Z]� Y�� �Ä¸yY|»� �ÉZÅ�Ì¤f»� �¾Ì]� �Z^e�Y� Á� |ÀËZ¼¿|ÀÀ¯��Ê���]��Ã{�Z]��ÉZÅ�Ì¤f»�
Ê¿Y{�|«�Á��°�eÄÌ¸¯� �Y� �Ä¯� |À¿Y{�Ê»� �¹�Ó� {Ây� �]� �½Y�´�ÅÁ�a�ÅÁ�a��ÉZÆÌ¿{Â»�M�Á�É|Ì����f¯{��½ZËZ«M��[ZÀm�,� �YÉ{ÂÅ�§��¤�{��Ä¯�É{Y�§Y�Á�½ZËÂn�¿Y{��ÄÌ¸¯�Á�,�½|Ì��� �¼i�� Ä],|¿Y�Ã{Â¼¿� �É�Z°¼Å� ��ÅÁ�a� �¾ËY �°�e|ÀËZ¼¿�Ê�ÅÁ�a��d¿ÁZ »��Ã�Âu��Y��ÃÁÔ��Ä]Ê¿Z»�{��Êf�Y|Æ]��cZ»|y�Á�Ê°��a��¹Â¸���ÃZ´�¿Y{|ÀÀ¯�Ê»��Ê¿Y{�|«�ZÅ�ÄÀË�Å��¾Ì»Pe���Zy�Ä]��Ë�^e�
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�]ZÀ»��� $PHULFDQ� OXQJ� $VVRFLDWLRQ�� )DFWV� DERXW�1LFRWLQH� $GGLFWLRQ� DQG� &LJDUHWWHV�� $/$������������ &RKHQ� &�� +HQQLQJ� ILHOG� -(�� 1LFRWLQH�GHSHQGHQFH� D� SUHYHQWDEOH� 5LVN� )DFWRU� IRU�2WKHU� 'LVHDVHV�� -� RI� *HQHUDO� ,QWHUQDO� 0HG�������������������� ��É|n�»Z��|¼v»� ,��Ä·Â�Z»��Âa�É�}M�¾�u�,�- É�|ÌuZ��»Ô£� ,���Z´Ì�� �ÉZÅ�ÊÀf�¿Y{�½Y�Æe�Ê¿Z»�{��Êf�Y|Æ]��cZ»|y�Á�Ê°��a��¹Â¸���ÃZ´�¿Y{Êf�Æ]�|ÌÆ�,��������,�����
��8QLWHG� 6WDWH� 'HSDUWPHQW� RI� +HDOWK� DQG�+XPDQ� 6HUYLFHV�� 6PRNLQJ� &HVVDWLRQ��&OLQLFDO� 3UDFWLFH� 4XLG� OLQH�� $JHQF\� IRU�+HDOWK�&DUH�3ROLF\�DQG�5HVHDUFK��5RFNYLOOH�8QLWHG� 6WDWH� 'HSDUWPHQW� RI� +HDOWK� DQG�+XPDQ�6HUYLFHV�������������� 6PHOW]HU� 6&�� %DUH� %-�� %UXQHU� DQG�6XGGDUWK
V� 7H[WERRN� RI� 0HGLFDO� 6XUJLFDO�1XUVLQJ�� 3KLODGHOSKLD�� /LSSLQFRWW�� ������ �������� *ODQ]� ./�� /HZLV� )0�� HW� DO�� +HDOWK�%HKDYLRU� DQG� +HDOWK� (GXFDWLRQ�� 7KHRU\��5HVHDUFK��DQG�3UDFWLFH��6DQIUDQFLVFR��-RVVH\�%DVV������������������ (GG\�'0��'DYLG� (GG\�5DQNV� WKH� 7HVWV��+DUY�+HDOWK��OHW������������������ $PHULFDQ� /XQJ� $VVRFLDWLRQ�� )UHHGRP�)URP�6PRNLQJ�4XLGH�IRU�&OLQLF�)DFLOLWDWRUV��$/$�������������� +ROOLV�� HW� DO�� 3UHYHQWLYH�0HGLFLQH��2KLR��2KLR� 6WDWH� 8QLYHUVLW\�� &ROOHJH� RI� 1XUVLQJ��1XUVLQJ� &HQWHU� IRU� 7REDFFR� ,QWHUYHQWLRQ������� ���d�Y|Æ]� �c�Y�ÁÊ°��a� ���Â»M� Á� ½Z»�{� ,��� ½Y�ËY��{��É�Zf��a��½Y�Æe�½Z»�{�,d�Y|Æ]�c�Y�Á Ê°��a���Â»M�Á,É�Zf��a��f§{,�������,���
����:LOOLDPV� 6�� HW� DO�� $�&RPPXQLW\�%DVHG�6PRNLQJ� &HVVDWLRQ� 3URJUDP�� 3XEOLF� +HDOWK�1XUVLQJ������������������������+RW]�6%� 8QGUHVWDQGLQJ�DQG�XVLQJ�WKH�

6WDJHV� RI� &KDQJH�� 2WWDZD�� 37&&�� +HDOWK�'HSDUWPHQW��7REDFFR�VWUDWHJ\���������������� 61+'�� +,9�$,'6� 3URJUDP� 2IILFH��3RWHQWLDO� 6WUDWHJLHV� DQG� ,QWHUYHQWLRQV��1HYDGD�� 6WDWH� � RI� 1HYDGD� +HDOWK� 'LYLVLRQ������������������ +HUJHQUDWKHU� .&�� 7KH� 7UDQVWKHRUHWLFDO�0RGHO� DQG� 6WDJHV� RI� &KDQJH�� $ODEDPD���$XEXUQ�8QLYHUVLW\���������������.HUQ� 5'�� 5RVHQEHUJ� 5�� 3UHGLFWLQJ�5HVSRQVHV� WR� 6HOI� �0DQDJHPHQW�7UHDWPHQWV�IRU�&KURQLF�3DLQ��3DLQ��������������������� 9HOLFHU� :)�� HW DO� 'LVWULEXWLRQ� RI�6PRNHUV� E\� 6WDJH� LQ� WKUHH� 5HSUHVHQWDWLYH�6DPSOHV�� 3UHYHQWLYH� 0HGLFLQH� ������ ���������������5RVVL�6��6WDJHV�RI�&KDQJH�IRU����+HDOWK�5LVN� %HKDYLRUV� LQ� DQ� +02� 3RSXODWLRQ��6RFLHW\�IRU�%HKDYLRUDO�0HG�������������������� .HOOHU� &6�� 0F� *RZDQ� 1�� ([DPLQDWLRQ�RI� WKH� 3URFHVVHV� RI� &KDQJH�� 'HFLVLRQDO�%DODQFH�� 6HOI�(IILFDF\� IRU� 6PRNLQJ� DQG� WKH�6WDJHV� RI� &KDQJH� LQ� 5HVHDUFK�� 0H[LFDQ�$PHULFDQ� :RPHQ�� 6RXWKHUQ� 2QOLQH�� -� RI�1XUV�5HVH�������������������� 3URFKDVND� -� 2�� 'LFOHPHQWH� &� &���1RUFURVV� -&�� ,Q� 6HDUFK� RI� +RZ� 3HRSOH�&KDQJH��$SSOLFDWLRQV�WR�$GGLFWLYH�EHKDYLRU��$PHULFDQ�3V\FKRORJLVW���������������������� 3URFKDVND� -� 2�� HW� DO�� 6WDJHV RI� &KDQJH�DQG� 'HFLVLRQDO� %DODQFH� IRU� ��� 3UREOHP�%HKDYLRU��+HDOWK�3V\FKRORJ\������������������� %DQGXUD� $�� 6HOI�(IILFDF\�� 7RZDUG� D�8QLI\LQJ� 7KHRU\� RI� %HKDYLRUDO� &KDQJH��3V\FKRORJLFDO�5HYLHZV����������������������� +XGRPQ� .6�� %HUJHU� %$�� 3KDUPDF\�$SSOLFDWLRQV� RI� WKH� 7UDQV�WKHRUWLFDO� 0RGHO�LQ� 6PRNLQJ� &HVVDWLRQ�� 3KDUPDFHXWLDO� FDUH�0DWHULDOV��$XEXUQ�8QLYHUVLW\�3�������������� 6WXGDFK� -�� 7KH� 1DWLRQDO� &HQWHU� IRU�+HDOWK�)LWQHVV��1&+)�:HEPDVWHU����������� 7D\ORU� &%�� HWDO�� $QQXDOV� RI� ,QWHUQDO�0HGLFLQH�� 2KLR�� 2KLR� 6WDWH� 8QLYHUVLW\�&ROOHJH� RI� 1XUVLQJ�� 1XUVLQJ� &HQWHU� IRU�7REDFFR��,QWHUYHQWLRQ�����������
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(IILFDF\�RI�1XUVLQJ�,QWHUYHQWLRQ�%DVHG�RQ�7UDQV�
7KHRUHWLFDO�0RGHO�RI�&KDQJH�RI�6PRNLQJ�&HVVDWLRQ�

+DVVDQL�3��$EHGL��+$��0RKDPPDG�.��)DWKL�$]DU�(
$EVWUDFW7REDFFR�XVH�LV�WKH�PDMRU�DYRLGDEOH�FDXVH�RI�GLVHDVH�DQG�GHDWK��7KLV�LQYHVWLJDWLRQ�ZDV�XQGHUWDNHQ�WR� HYDOXDWH� WKH� HIILFLHQF\� RI� WUDQV�WKHRUHWLFDO� PRGHO� RI� FKDQJH� LQ� VPRNLQJ� FHVVDWLRQ� DPRQJ�VHFRQGDU\�VFKRRO�WHDFKHUV�LQ�7DEUL]�E\�XVH�RI�QXUVLQJ�LQWHUYHQWLRQ��7KLV�LQYHVWLJDWLRQ�ZDV�D�TXDVL�H[SHULPHQWDO� UHVHDUFK�� 3DUWLFLSDQWV� LQ� WKLV� UHVHDUFK� ZHUH� ���� PDOH� JUDGXDWH� WHDFKHUV� RI� ILYH�HGXFDWLRQDO� GLVWULFWV� LQ�7DEUL]�� 6XEMHFWV�ZHUH� UDQGRPO\�GLYLGHG� WR� WZR� FRQWURO� DQG� H[SHULPHQWDO�JURXSV������LQ�HDFK��7KH� LQGHSHQGHQW� YDULDEOH� ZDV� QXUVLQJ� VPRNLQJ� FHVVDWLRQ� LQWHUYHQWLRQ� DQG� GHSHQGHQW� YDULDEOHV�ZHUH��VHOI�HIILFDF\��GHFLVLRQDO�EDODQFH��DQG�VPRNLQJ�EHKDYLRU�'DWD�FROOHFWLRQ�LQVWUXPHQWV�ZHUH�VRFLR�GHPRJUDSKLF�DQG�VPRNLQJ�KLVWRU\��VPRNLQJ�EHKDYLRU��VHOI�HIILFDF\�DQG�GHFLVLRQDO EDODQFH�TXHVWLRQQDLUHV�'HVFULSWLYH�DQG�DQDO\WLFDO� VWDWLVWLF� �GHSHQGHQW� DQG� LQGHSHQGHQW�7�WHVW��[���DQG� �� �� ���ZDV�XVHG�IRU�WHVWLQJ� WKH� UHVHDUFK�K\SRWKHVLV��5HVXOWV� VKRZHG���� ��������VXEMHFWV�RI�H[SHULPHQWDO�JURXS�TXLWH�VPRNLQJ� FRPSOHWHO\� DIWHU� QXUVLQJ� LQWHUYHQWLRQ� �[�  � �������� S��������� &RPSDULVRQ� RI� VPRNLQJ�EHKDYLRU� �W ������� 3�������� DQG� VHOI�HIILFDF\� �W ������� 3�������� LQ� H[SHULPHQWDO� JURXS� EHIRUH�DQG�DIWHU�LQWHUYHQWLRQ��VKRZHG�VWDWLVWLFDO�VLJQLILFDQW�GLIIHUHQFH��'HFLVLRQDO�EDODQFH�LQ�H[SHULPHQWDO�JURXS� EHIRUH� DQG� DIWHU� LQWHUYHQWLRQ�� DQG� DOVR� LQ� FRPSDULVRQ� ZLWK� FRQWURO� JURXS�� GLG� QRW� KDG�VLJQLILFDQW� GLIIHUHQFH�� $OWKRXJK� WUDQV�WKHRUHWLFDO� FKDQJH� PRGHO� ZDV� XVHIXO� LQ� GHVLJQLQJ� QXUVLQJ�VPRNLQJ� FHVVDWLRQ� LQWHUYHQWLRQ�� EXW�PRUH� UHVHDUFK� LV� QHHGHG� IRU� GHFLVLRQDO� EDODQFH� FRQVWUXFW� LQ�GLYHUVH�FXOWXUDO�JURXSV�
.H\�ZRUGV��1XUVLQJ��6PRNLQJ��6PRNLQJ�&HVVDWLRQ�


