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�]�ÂyÊÀÌ]½{Â»�MZÅd�Y-Y�/Ë¾�/¸yY|»È��Ä/�¸m�|/ÀqYÉ,�����®/ÌÀ°e�®/Ë�½YÂ/À��Ä/]��iR/»�Á

aÌ´�Ì�ÉÃ|ÀÀ¯YÉÃZeÂ¯�,ÄÀË�Å�º¯,0Zf^�¿duY���´¿Z»�{��Â�u�Ä]��ZÌ¿�½Á|]�Á�Ä/§�uYÉ��ÉY�/]

�ÂyÊÀÌ]d�Y���{ ·Z�»È��Zu�dË{Á|/v»�ÊËZ/Å�{Â/mÁ�d/�Y{�Ä/¯��Ì/�¨eÁ�d/�Y{�]�Y
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Äf§ZËZ/ÅY�Z]fuYÌ�ZÃY�¼Å»Ê|À¯,�YÄ¸¼m½MÄ¯�¹�/¿��Y�/§Y�����¾/ËY��{�Ä/mÂe�É�Ì³Â/��sÔ/�Y

�ÅÁ�aÄ]�Á�Ä¿ZËY���Y�Ã{Z¨f�Y�Z]³�Z¯Ì�É®¿Z]�ÁZ/�eË��/�Z�fyY5Ê�,Ã�/Æq�cZ/¼¸¯Á^�Ì�>d/ 

]Ê½ZmÁ,�Y|¿Zm�­�v»�½YÂÀ��Ä]|��¹Zn¿Y¼ e�dÆm��Y�Ä¯Ì5ºË�Ä/f§Z�Z/Å���­�/v»��ËZ/��Ä/]�/ÅZ

�Ä]�Â�µZj»­�v»ZÅÉÀ�Ì�Y|ÉÁZ�Ë�­�v»�ÉZÅ{�/Ë�Y|É���dË{Á|/v»�Z/]���Ä/mYÂ»���d/�Y

Àr¼ÅÌ¾Z]�ÄmÂe���Â»M��ÅÁ�a�¾ËY��{�Ä°ÀËY�Ä]�ÄmÂe½ZÌ»��{¿{Â»�MÊZÅÊË|��¹Zn¿Y��{�Ä¯

 �ÁÌd·Z»�¿Ê�Y�«,|Àf�Y{¼ e�dÆm��YÌ5ºËÄf§ZZÅÉÄ]d�{Ã|»M�Ä]�/Ì¸¯È���ÉY�Y{�Ä/¯�É{Y�/§Y

cÓÔfyY½YÁ�fyZÀ�Ê�ÄmYÂ»�dË{Á|v»�Z]�|Àf�Åf�ÅÌº�

{ZÆÀ�Ìa»Ê{Â��{�ÅÁ�aÉZÅÃ|ÀËM�Y�yZ�ZÅÉ�nÀ�ÊÀÌ�ÁªÌ«{��/e��Â/y�Ê/ÀÌ]

|À¿Z»�yZ�ZÅÉÉ�Zf§�ÁÊ°Ë�Â·ÂË�Ì§Ä]�Â�y��YË]ZÊ�Z/ÅÉ�\/���fyZÀ/�Ê�Ä/]�ÉZ/m

Ä»ZÀ���aZÅÉ{Ây��Y�³ÊÃ{Z¨f�Y{Â�a��Ì{ZÆÀ�»ÊÂ�{ZÅ�Âf¯Z§ÊË½Âr¼Å¾�Á�/�Àm=Ìd

�{�ÅÁ�aZÅÉeMÊÄ]c�Â�°¨eÌ®Ã|���YË]ZÊ|¿Â�Àr¼Å��Ì¾���]Ê�z]�iYÊYË¾���Â/¿

»��f¼¯�½Z»��c|»�Z]�cÔyY|»Ê|¿YÂe¨»Ì|�Z]��|�Z]ÄmÂeÄ]Zf¿Ël�Ä/]�d/�{�Ã|/»M�Y��ÅÁ�/a

��ZuÁ|ÅZ�»Ç�z]�iY5Ê¹�¿�Y�§YsÔ�Y³Â�Ì�É,ÄmÂeÄ]½Y�´�ÅÁ�a�ÂeÌÄ»Ê�Â/�{�Ä/¯

�{dyZ�Á��f�³¹�¿ZÅ�Y�§YÉYË¾ÀqÌÀÊ¹Y|«YÀÀ¯|��

�]ZÀ»

Z]Z]ÊË,Y�Å��,�Z��ÊË,ÄÅZ³Á{ÅY�]YÌº�,�ÅZ�f·Á{Ê,�Á�Æ]Á�,�Z^Æ/��Âa��Z/^���������Ä/¨�Z�
d^j»Á¨À»ÊÁ�¬¿»Ìn¿ZÊÄmÂe�¯�¼f»�]{ÂyÁ�µ�/fÀ¯�Ä/mÂe�{�/aÌ�]Ì�/ÀÊ�c|/�
ºWÔ�[Y���Y�Z¼fmYÊ��ZaË½ZÄ»Z¿�/�ZÀ��Z¯Ê�,|/��Y�,½Y�/Æe�ÃZ´/�¿Y{�¹Â/¸��Æ]Ë�f/�ÊÁ

�z^¿YÂeÊ�

Â¬eÉ,�Ì|Z��|¼v»�,��ÁZ�Ê,¸�ÌZ��Á��{Â³É,|¼v»¸�Ê���������ÌiPe�Ä/»Z¿�]�sÔ/�Y

³Â�Ì�ÉÄmÂe�]¤eÌÌ»�Ì½Y�³Â�Ì�ÉÄmÂe½Z¿�©Zqd^�¿Ä]�Ä¿Z/�¿��ÉZ/Å�{YÂ/»�Y~/£ÊË��

Ä»ZÀ¸�§¼¸�Ê��ÅÁ�aÊ�Á�ZÅÁµ|»ZÅÉ½YÁ�fyZÀ�Ê,�����,������
¨�Ì Ê,¾�uÁZ«MË¨�ÂÊ,¸�Ì������������eP�Ìi�ÂyÊÀÌ]Êf����]�É�Ì³Â/��Ä/mÂe�Ä/]

Ã�ÆqÉZÅ,Ê¿ZnÌÅ¸n»ÈµÂ�Yd�Y|Æ]Ê¿YÁ�,��������������

¿Z¼u�Ì½Z,|Æ»ËÄ���������/�]Y�È�/]Ì¾�³Â/�Ì�É�Z/ÅÉ�fyZÀ/�ÊÁ�Ä/�Â�Á�{�{Y�/§Y�Ôf/^»�Ä/]

´f�]YÁÊÄ]{YÂ»§YÌ¿ÂÊ���¬¿| eË¶³|ÀÀ¯Ê�/�Â�yÌcZ�/�z�Ìd���Ä»ZÀ¸/�§Á{�/¼¸�Ê�
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�ÅÁ�aÊdyZÀ��Z¼fmYÊ,�������������

,�ÂaZ��|Æ»|¼v»É��������ez�Ì�®^�\�ZÀ»�Z]ÉZÅÉ��Â»MÊZ]{�/Ë|É�Ä/¸»Z�|Àq��

»Á{Ì¾�¿Y�¨À¯¸»Ê�Z]É�ÉZÅY�ËÄ¿ZYÉ-d��§ZÅÁ�·ZqZÅ�
,É�Z¨£���}M�������Ä�ËZ¬»Ê�z]�iY�sÔ�YÉ�Ì³Â����sÔ/�Y�,Ä/mÂe�É�Ì³Â/��,Ê/�ËY�³�Á

\Ì¯�e½M�ZÅÉ�Ì³Â��],ÊfyZÀ��yZ�ÉZÅ¿Z»�{Ê�����½Z³|/ÀÀ¯�¥�/�»LÂ��{Â/��w�/¿�Á
¨»Nf»¾Ì»Pf��½ZËZa�Ä»Z¿Ê�ZÀ��Z¯�ÃZ´�¿Y{�,|��Y|ÌÆ��½Z»�¯��ÀÅZ]

¿Ô¯,Ê��Y�Z���������Äf�]�Ê�z]�iY�Ê]ZË��Y�Á�ÊuY��¹�¿�É�Y�§YÉ�Z]�����{�ÊfyZÀ/��½Z/]��ÉZ/Å
�ÊfyZÀ��½Z]��ÉZÅ�c�ZÆ»�Á�½|¿YÂy�ÊËZ¿YÂe�{Â^Æ]��/¿Y{����½|/¿YÂy�µÔf/yY�ÉY�Y{�½Y�Â/»M

Za½ZË�ZÀ��Z¯�Ä»Z¿Ê½YÁ��Äf���,|��Y�ZÀ�Ê]�e,ÊfÌ��/�Á{�§�ÃZ´/�¿Y{Ê���Ã|°/�¿Y{�,|Æ/�»

]�e�¹Â¸�ÊfÌ�ZÀ�¿YÁ��ÁÊ�

�Æ»É{Y�¿,|Ì��s�§�,�º�Z¬·YÂ]Y�,É�Z/nÌ]��Á�º/��Y�É�Á�Â/¿�,Ê/�³�¿���Z/�Æ»��������È/�ËZ¬»

É�Ì³Â��Á�ÄmÂe®^�ÉZÅ���Y{�aÊ¿ZnÌÅ��{½ZËÂn�¿Y{�[Y���Y�µÔfyY�Ä]�Ôf^»��fy{

,�Ì³Y�§�Ä]�Ôf^»dzË�|]É�Z´¿Y�ÁÔf^»�Ì£���cZ ·Z�»½YÁ�Ê�ZÀ�ÊÀÌ·Z],������������

%DEDHL��=���5H]DHL�'RJDKHK��(���'RODWVKDKL��%� DQG�3RXUVKDKED]��$����������3RVLWLYH�
DQG� 1HJDWLYH� $IIHFW� DQG� WKH� 0HGLDWLQJ� 5ROH� RI� 6HOI�)RFXVHG� $WWHQWLRQ� DQG�
$WWHQWLRQDO� &RQWURO� LQ� 3UHGLFWLQJ� VHYHULW\� RI� VRFLDO� DQ[LHW\� V\PSWRP�� 0�6F��
7KHVLV� )DFXOW\�RI�3V\FKRORJ\�DQG�(GXFDWLRQ��8QLYHUVLW\�RI�6RFLDO�:HOIDUH�DQG�
5HKDELOLWDWLRQ�6FLHQFHV��7HKUDQ��,UDQ �7H[W�LQ�3HUVLDQ��

%DU�+DLP�� <��� /DP\�� '��� 3HUJDPLQ�� /��� %DNHUPDQV�.UDQHQEXUJ�� 0-��� YDQ�
,M]HQGRRUQ�� 0+�� �������� 7KUHDWUHODWHG DWWHQWLRQDO� ELDV� LQ� DQ[LRXV� DQG�
QRQDQ[LRXV�LQGLYLGXDOV��$�PHWD�DQDO\WLF�VWXG\��3V\FKRO�%XOO���������������

%URZQLQJ� 0��� +ROPHV� (��$���0XUSK\� 6��+�� DQG�*RRGZLQ� *��0��+DUPHU��&� -���
������� ³/DWHUDO� 3UHIURQWDO� &RUWH[� 0HGLDWHV� WKH� &RJQLWLYH� 0RGLILFDWLRQ� RI�
$WWHQWLRQDO�%LDV´��%LR�3V\FKLDWU\��0D\����������������±�����

&DUYHU��&��6� DQG 6FKHLHU��0��)�� ��������2SWLPLVP��,Q�6��-��/RSH]�	�&��5��6Q\GHU�
�(GV���� 7KH� KDQGERRN� RI� SRVLWLYH� SV\FKRORJ\ �1HZ� <RUN�� 2[IRUG� 8QLYHUVLW\�
3UHVV�

&RZDUW��0-��2OOHQGLFN��7+��������� $WWHQWLRQ�WUDLQLQJ�LQ�VRFLDOO\�DQ[LRXV�FKLOGUHQ��D�
PXOWLSOH� EDVHOLQH� GHVLJQ� DQDO\VLV�� -RXUQDO $Q[LHW\� 'LVRUG�� ������������������
'2,����������M�MDQ[GLV��������30,'����������

'H�9RRJG�� (�� /���:LHUV�� 5��:��� 3ULQV�� 3�� -��0� DQG 6DOHPLQN�� (�� �������� 9LVXDO�
VHDUFK DWWHQWLRQDO� ELDV� PRGLILFDWLRQ� UHGXFHG� VRFLDO� SKRELD� LQ� DGROHVFHQWV��
-RXUQDO�RI�EHKDYLRU�WKHUDS\�DQG�H[SHULPHQWDO�SV\FKLDWU\�����������������

(\VHQFN��0��:��DQG 'HUDNVKDQ��1����������1HZ�SHUVSHFWLYHV�LQ�DWWHQWLRQDO�FRQWURO�
WKHRU\��3HUVRQDOLW\�DQG�,QGLYLGXDO�'LIIHUHQFHV������������± ����
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(\VHQFN�� 0�� :� DQG .HDQH�� 0�� 7� ������ &RJQLWLYH� SV\FKRORJ\�� $� VWXGHQW
V�
KDQGERRN��1HZ�<RUN��3V\FKRORJ\�3UHVV�

*KDIIDUL�� $�� ������� &RPSDULVRQ� RI� WKH� HIIHFWLYHQHVV� RI� DWWHQWLRQDO� ELDV�
PRGLILFDWLRQ�� WHQGHQF\� ELDV� FRUUHFWLRQ�� DQG� WKHLU� FRPELQDWLRQ� RQ� FRJQLWLYH�
OHDUQLQJ�� WKHUDSHXWLF� LQGLFDWRUV� DQG� UHFXUUHQFH� UDWH� RI� PHWKDPSKHWDPLQH�
DEXVHUV��0DVWHU�7KHVLV��6KDKLG�%DKRQDU��8QLYHUVLW\�RI�.HUPDQ�7H[W�LQ�3HUVLDQ��

*DWKHUFROH�� 6�� (��� 3LFNHULQJ�� 6�� -��� $PEULGJH�� %� DQG :HDULQJ�� +�� �������� 7KH�
VWUXFWXUH� RI� ZRUNLQJ� PHPRU\� IURP� �� WR� ��� \HDUV� RI� DJH�� 'HYHORSPHQWDO�
3V\FKRORJ\������������í����

+HFKW�� '��� �������� 7KH� 1HXUDO� %DVLV� RI� 2SWLPLVP� DQG� 3HVVLPLVP�� ([SHULPHQWDO�
1HXURELRORJ\������������±����

.DODQL��6����������'HVLJQLQJ�DQG�HYDOXDWLQJ�WKH�HIIHFWLYHQHVV�RI�D�OLQJXLVWLF�JDPHV�
VRIWZDUH� SDFNDJH� LQ� LPSURYLQJ� UHDGLQJ� DELOLW\� DQG� OLQJXLVWLF� VNLOOV� RI� VWXGHQWV�
ZLWK� UHDGLQJ� GLVRUGHUV�� 0�6F��� )HUGRZVL� 8QLYHUVLW\� RI� 0DVKKDG�� )DFXOW\� RI�
(GXFDWLRQDO�6FLHQFHV�DQG�3V\FKRORJ\��,UDQ�7H[W�LQ�3HUVLDQ��

.DUDGHPDV��(�&���.DIHWVLRV��.��DQG�6LGHULGLV��*�'����������'LVSRVLWLRQDO�RSWLPLVP��
JHQHUDOL]HG VHOI�HIILFDF\� DQG LQIRUPDWLRQ� SURFHVVLQJ� RI� WKUHDW� DQG� ZHOO�EHLQJ�
UHODWHG�VWLPXOL��6WUHVV�+HDOWK�������������

.OXPSS��+� DQG $PLU��1����������3UHOLPLQDU\�6WXG\�RI�$WWHQWLRQ�7UDLQLQJ�WR�7KUHDW�
DQG�1HXWUDO�)DFHV�RQ�$Q[LRXV�5HDFWLYLW\�WR�D�6RFLDO�6WUHVVRU�LQ 6RFLDO�$Q[LHW\��
&RJQLWLYH�7KHUDS\�	�5HVHDUFK����������� ����

0DF/HRG��&���5XWKHUIRUG��(���&DPSEHOO��/���(EVZRUWK\��*� DQG +RONHU��/�� ��������
6HOHFWLYH� DWWHQWLRQ� DQG� HPRWLRQDO� YXOQHUDELOLW\�� $VVHVVLQJ� WKH� FDXVDO� EDVLV� RI�
WKHLU� DVVRFLDWLRQ� WKURXJK� WKH� H[SHULPHQWDO� PDQLSXODWLRQ� RI� DWWHQWLRQDO� ELDV��
-RXUQDO�RI�$EQRUPDO�3V\FKRORJ\�������������±����

0HKULQHMDG�� $��� )DUDKELMDUL�� $�� DQG� 1RURX]L� 1DUJHVL�� 0�� �������� &RPSDULVRQ� RI�
DWWHQWLRQ� ELDV� DQG� HPRWLRQDO� SURFHVVLQJ� VW\OHV� LQ� IHPDOH� VWXGHQWV� ZLWK�
JHQHUDOL]HG� DQ[LHW\� GLVRUGHU�� ZLWK� ERG\� G\VPRUSKLF� GLVRUGHU� DQG� LQSDWLHQW��
&OLQLFDO�3V\FKRORJ\�6WXGLHV�����������������GRL�����������MFSV������������7H[W�
LQ�3HUVLDQ��

0RKG� 1RRU�� +�� $��� 6KDKERGLQ� )�� &�� 1�� �������� $� 5HYLHZ� RI� 6HULRXV� *DPH� IRU�
$XWLVP� &KLOGUHQ�� �WK� $QQXDO� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� &RPSXWHU� *DPHV��
0XOWLPHGLD�DQG�$OOLHG�7HFKQRORJ\�

0RQWLV��,���%UXQH��0���)UHVDQ��$���)RQW��9���9LOODQXHYD��-���6DUDFFR��5��DQG�0XQR]�
'HOJDGR�� -��� ������� 5HFRJQLWLRQ�RI� IDFLDO� H[SUHVVLRQ�RI� WKH� HPRWLRQV� DQG� WKHLU�
UHODWLRQ� WR� DWWDFKPHQW� VW\OHV� DQG� SV\FKLDWULF� V\PSWRPV�� 3UHOLPLQDU\� VWXG\� RQ�
3V\FKLDWULF�5HVLGHQWV��6DOXG�0HQWDO�������������

5DKPDQLDQ��0����������7KH�5HODWLRQVKLS�%HWZHHQ�&RJQLWLYH�%LDVHV�DQG�&UDYLQJ�LQ�
2SLXP� 'HSHQGHQW� ,QGLYLGXDOV�� 7KH� 0RGHUDWRU� 5ROH� RI� 3HUVRQDOLW\�
&KDUDFWHULVWLFV��6RFLDO�&RJQLWLRQ����������������7H[W�LQ�3HUVLDQ��
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5H]DSRXU��0��0����������'HWHUPLQH�WKH�DSSURSULDWH�VW\OH�RI�HGXFDWLRQDO�JDPHV�ZLWK�
D�PXOWLIDFWRULDO�SHUVSHFWLYH��6HFRQG�1DWLRQDO�&RQIHUHQFH�RQ�&RPSXWHU�*DPHV��
2SSRUWXQLWLHV�DQG�&KDOOHQJHV�7H[W�LQ�3HUVLDQ��

6FKLDYRQ��&��&���0DUFKHWWL��(���*XUJHO��/��*���%XVQHOOR��)��0� DQG�5HSSROG��&��7��
��������2SWLPLVP�DQG�KRSH�LQ�FKURQLF�GLVHDVH��$�V\VWHPDWLF�UHYLHZ��)URQWLHUV�LQ�
3V\FKRORJ\�����$UWLFOH�����

6KDILHH��+��DQG�$JKD�<RXVHIL��$��5�� ��������7KH�HIIHFWV�RI�GLVSRVLWLRQDO�RSWLPLVP�
RQ� DWWHQWLRQDO� ELDV� WR HPRWLRQDO� IDFHV� -RXUQDO� RI� )XQGDPHQWDOV� RI� 0HQWDO�
+HDOWK� :LQWHU���� ���������������7H[W�LQ�3HUVLDQ��

6KDUSH�� /��� ,DQLHOOR�� 0��� 'HDU�� %��� %ODNH�� )��� 1LFKROVRQ� 3��� 5HIVKDXJH�� .�� DQG�
1LFKRODV��0��.����������,V�WKHUH�D�SRWHQWLDO�UROH�IRU�DWWHQWLRQ�ELDV�PRGLILFDWLRQ�LQ�
SDLQ�SDWLHQWV"�5HVXOWV�RI���UDQGRPL]HG��FRQWUROOHG�WULDOV� 3DLQ�����������������

6HOLJPDQ��0�(�3����������/HDUQHG�2SWLPLVP��+RZ�WR�&KDQJH�<RXU�0LQG�DQG�<RXU�
/LIH��9LQWDJH��5HSULQW�HGLWLRQ�

7DJKDYL��6��0���7DYRXVL��$��DQG�*RRGDU]L��0��$����������7KH�(IIHFW�RI�$WWHQWLRQDO�
%LDV�0RGLILFDWLRQ�7RZDUGV�)RRG�&XHV�RQ�$WWHQWLRQ�RI�2EHVH�:RPHQ��-RXUQDO�
RI�3V\FKRORJLFDO�0HWKRGV�DQG�0RGHOV����������������7H[W�LQ�3HUVLDQ��

7RSKDP��3���&DOHE�6ROO\��3���0DWWKHZV��3���)DUPHU��$��DQG�0DVK��&����������0HQWDO�
+HDOWK�$SS�'HVLJQ��$�-RXUQH\�IURP�&RQFHSW�WR�&RPSOHWLRQ��3URFHHGLQJV�RI�WKH
��WK� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� +XPDQ�&RPSXWHU� ,QWHUDFWLRQ� ZLWK� 0RELOH�
'HYLFHV�DQG�6HUYLFHV����������

6SRUWHO�� %�� (��� 1DXWD�� 0�� +��� GH� +XOOX�� (� DQG� GH� -RQJ�� 3�� -�� �������� 3UHGLFWLQJ
LQWHUQDOL]LQJ� V\PSWRPV� RYHU� D� WZR \HDU� SHULRG� E\� %,6�� )))6� DQG
DWWHQWLRQDO�FRQWURO��3HUVRQDOLW\�DQG�,QGLYLGXDO�'LIIHUHQFHV���������±���





$EVWUDFWV ��

1HZ�7KRXJKWV�RQ�(GXFDWLRQ�
)DFXOW\�RI�(GXFDWLRQ�DQG�3V\FKRORJ\�� 9RO�����1R��
$O�=DKUƗ�8QLYHUVLW\ 6SULQJ�����
6XEPLW�'DWH� ���������� SDJH��������� $FFHSW�'DWH� ����������

(IIHFWLYHQHVV�RI�DWWHQWLRQDO�ELDV�FRUUHFWLRQ
VRIWZDUH�RQ�RSWLPLVP

6DVDQ�=DUUDEL���$QLWD�%DJKGDVVDULDQV�
���)DWHPHK�*ROVKDQL�� DQG�

VXVDQ�HPDPLSXU��

$EVWUDFW
7KH�SUHVHQW�TXDVL�H[SHULPHQWDO�VWXG\�ZDV�FRQGXFWHG� WR�GHWHUPLQH� WKH�HIIHFWLYHQHVV�
RI�DWWHQWLRQDO�ELDV�FRUUHFWLRQ�VRIWZDUH�RQ�RSWLPLVP�LQ�D�SUH WHVW�SRVW WHVW�GHVLJQ�ZLWK�
FRQWURO� JURXS�� 7KH� VRIWZDUH� ZDV� GHVLJQHG� DQG� EXLOW� E\� WKH� UHVHDUFKHUV�� 7KH�
VWDWLVWLFDO� SRSXODWLRQ� FRQVLVWHG� RI� DOO� VWXGHQWV� RI� WKH� )DFXOW\� RI� 5HKDELOLWDWLRQ�
6FLHQFHV� RI� ,UDQ� 8QLYHUVLW\� RI� 0HGLFDO� 6FLHQFHV� LQ� WKH� DFDGHPLF� \HDU� ���������
5DQGRPL]HG� WR� IRXU� H[SHULPHQWDO� JURXSV�� HDFK� FRQVLVWLQJ� RI� ��� VXEMHFWV� DQG� D�
FRQWURO� JURXS� RI� ��� LQGLYLGXDOV�� 7KH� H[SHULPHQWDO� JURXSV� ZHUH� GLYLGHG� LQWR� IRXU�
JURXSV�� WKH� ILUVW� JURXS� SOD\HG� D� SRVLWLYH� IDFH� VHOHFWLRQ� JDPH� DPRQJ� RWKHU� IDFLDO�
HPRWLRQV�� 7KH� VHFRQG� JURXS� SOD\HG� WKH� JDPH� RI� FKRRVLQJ� SRVLWLYH� LPDJHV� IURP�
RWKHU�LPDJHV� LQ� WKH�ILHOG�RI�DQLPDWHG�DQG� LQDQLPDWH�QDWXUH��7KH� WKLUG�JURXS�KDG� WR�
FKRRVH�D�ZRUG�ZLWK�D�SRVLWLYH�PHDQLQJ�IURP�QHXWUDO�ZRUGV��7KH�IRXUWK�JURXS�SOD\HG�
D� FRPELQDWLRQ� RI� DOO� WKUHH� JURXSV� DERYH�� 6FKHLHU� HW� DO�
V� ������� RSWLPLVP�
TXHVWLRQQDLUH� ZDV� XVHG� IRU� GDWD� FROOHFWLRQ�� 7KH� GDWD� ZHUH� DQDO\]HG� E\� 6366�
VRIWZDUH� XVLQJ� PL[HG� DQDO\VLV� RI� YDULDQFH�� 7KH� UHVXOWV� VKRZHG� WKDW� WKH� GHVLJQHG�
VRIWZDUH�KDG�VXIILFLHQW�FRQWHQW�DQG�GLIIHUHQWLDO�YDOLGLW\�DQG� WKH� UHVXOWV� VXJJHVW� WKDW�
WKH� XVH� RI� IDFLDO� H[SUHVVLRQV��ZRUGV�� FRPELQHG� JURXS� DQG� DQLPDWHG� DQG� LQDQLPDWH�
LPDJHV� RQ� RSWLPLVP� ZDV� PRUH� WKDQ� WKH� FRQWURO� JURXS�� 7KLV� GLIIHUHQFH� ZDV� DOVR�
VLJQLILFDQW�DW�WKH�IROORZ�XS�VWDJH��$OVR��WKH�ODUJHVW�LQFUHDVH�LQ�RSWLPLVP�ZDV�UHODWHG�
WR�WKH�XVH�RI�IDFLDO�H[SUHVVLRQ�LPDJHV�

.H\ZRUGV� DWWHQWLRQDO� ELDV� FRUUHFWLRQ� VRIWZDUH�� DWWHQWLRQDO� ELDV�� RSWLPLVP��

VHULRXV�JDPHV

�� 'HSDUWPHQW� RI� 3V\FKRORJ\�� &HQWUDO� 7HKUDQ� %UDQFK�� ,VODPLF� $]DG� 8QLYHUVLW\��
7HKUDQ��,UDQ� VD]LQV#\DKRR�FRP
��
 &RUUHVSRQGLQJ� DXWKRU��$VVLVWDQW� 3URIHVVRU��'HSDUWPHQW� RI� 3V\FKRORJ\�� &HQWUDO�
7HKUDQ�%UDQFK��,VODPLF�$]DG�8QLYHUVLW\��7HKUDQ��,UDQ� VDULDQV��#JPDLO�FRP
�� $VVLVWDQW� 3URIHVVRU��'HSDUWPHQW� RI�3V\FKRORJ\��&HQWUDO�7HKUDQ�%UDQFK�� ,VODPLF�
$]DG�8QLYHUVLW\��7HKUDQ��,UDQ� IDBJROVKDQ#\DKRR�FRP
�� $VVRFLDWH�3URIHVVRU��'HSDUWPHQW�RI�3V\FKRORJ\��&HQWUDO�7HKUDQ�%UDQFK�� ,VODPLF�
$]DG�8QLYHUVLW\��7HKUDQ��,UDQ� HPDPLSXUVG#\DKRR�FRP
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