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�µ��¤¤¢¿��¾�¸®��¶Æ�²�¾¤¶£��®�Á�¤±�²��³��¦³��«m¨��µ��¤¤¢��ü¡²£¿¦±�µ��¤¤¢¤®��®�
Â �²�¾¤¶£��®�¢³��¶Æ«¹�
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pµ��µ�p�Ó����³¤�²��³¬¦²�«º�¤�e�®�¤¢��¦²�ª�±�ºn�Ë³�¶Æ�¶

$%675$&7
� 7KH�SXUSRVHV�RI�WKLV�UHVHDUFK�ZHUH����WR�GHYHORS�D�WUDLQLQJ�FXUULFXOXP�IRU�
SURPRWLQJ�WKH�JRRG�OHDGHUVKLS�RI�ORZHU�VHFRQGDU\�HGXFDWLRQ�VWXGHQWV��DQG����WR�VWXG\�
WKH�UHVXOWV�RI�WUDLQLQJ�FXUULFXOXP�IRU�SURPRWLQJ�WKH�JRRG�OHDGHUVKLS�RI�ORZHU�VHFRQGDU\�
HGXFDWLRQ�VWXGHQWV��7KH�UHVHDUFK�K\SRWKHVLV�ZDV�WKH�WUDLQLQJ�FXUULFXOXP�WKDW�ZRXOG�EH�
DEOH�WR�XVHG�IRU�GHYHORSLQJ�QLQH�FKDUDFWHULVWLFV�RI�JRRG�OHDGHUVKLS�RI�ORZHU�VHFRQGDU\�
HGXFDWLRQ�VWXGHQWV�ZKLFK�FRQVLVWHG�RI����WKH�DELOLW\�WR�VROYH�WKH�SUREOHP�V\VWHPDWLFDOO\����
GHYRWLRQ����KRQHVW\����UHVSRQVLEOH�IRU�DFWLRQ�RI�RQHVHOI����FRXUDJH�IRU�PDNLQJ�GHFLVLRQ�
���VHOI�FRQILGHQFH��EH�WROHUDQW�ZLWK�FULWLFLVP��DFFHSW�WKH�RWKHUtV�LGHD����WKH�DELOLW\�WR�
MXGJH�WKH�SUREOHP�IDLUO\����GLOLJHQFH�DQG�SDWLHQFH��DQG�
���NQRZOHGJH�DQG�FUHDWLYLW\��7KH�VFRUH�DIWHU�WKH�WUDLQLQJ�ZRXOG�EH�KLJKHU�WKDQ�EHIRUH�
� WKH�WUDLQLQJ��7KH�UHVHDUFK�PHWKRGRORJLHV�FRQVLVWHG�RI���VWHSV�ZKLFK�ZHUH�
� 6WHS����'HYHORSLQJ�WKH�WUDLQLQJ�FXUULFXOXP�x�WKH�UHVHDUFKHU�DQDO\]HG�WKH�
OHDGHUVKLS�FKDUDFWHULVWLFV��LW�ZDV�IRXQG�WKDW�7KDL�OHDGHUV�VWLOO�ODFN�VRPH�FKDUDFWHULVWLFV�
RI�JRRG�OHDGHUVKLS��DQG�WKH�UHVHDUFKHU�DOVR�V\QWKHVL]HG�WKH�FKDUDFWHULVWLFV�RI�JRRG�
OHDGHUVKLS�IURP�WKH�WKHRULHV��7KHQ��WKH�UHVHDUFKHU�VHW�XS�QLQH�FKDUDFWHULVWLFV�RI�JRRG�
OHDGHUVKLS�RI�ORZHU�VHFRQGDU\�HGXFDWLRQ�VWXGHQWV�WKDW�QHHG�WR�EH�GHYHORSHG�ZKLFK�
VWDWHG�LQ�WKH�K\SRWKHVLV�
� 7KH�UHVHDUFKHU�VHW�XS�WKH�WUDLQLQJ�FXUULFXOXP�WR�GHYHORS�QLQH�FKDUDFWHULVWLFV�
RI�JRRG�OHDGHUVKLS�ZKLFK�FRQVLVWHG�RI���XQLWV��DQG����DFWLYLWLHV��7KH�VWUXFWXUH�RI�HDFK�
XQLW�ZDV�FRPSULVHG�RI�FRQFHSW��REMHFWLYH��FRQWHQW��PHWKRG��PDWHULDO��DQG�HYDOXDWLRQ��
7KH�WUDLQLQJ�FXUULFXOXP�ZDV�FULWLFL]HG�DQG�FKHFNHG�E\�WKH���H[SHUWV��7KH\�FKHFNHG�WKH�
FXUULFXOXP�VWUXFWXUH��DFFRUGDQFH�RI�FXUULFXOXP�FRPSRQHQWV��DQG�FRUUHFWLRQ�RI�FRQWHQWV�
DQG�WUDLQLQJ�PHWKRGV��$OO�WKH�H[SHUWV�RSLQHG�WKDW�WKH�FXUULFXOXP�VWUXFWXUH�ZDV�VXLWDEOH��
WKH�FXUULFXOXP�FRPSRQHQWV�ZHUH�LQ�DFFRUGDQFH�ZLWK�HDFK�RWKHU��DQG�WKH�FRQWHQWV�DQG�
WUDLQLQJ�PHWKRGV�ZHUH�FRUUHFW�
� 6WHS����,PSOHPHQWLQJ�WKH�WUDLQLQJ�FXUULFXOXP�IRU�WHVWLQJ�WKH�UHVHDUFK�K\SRWKHVLV�
��WKH�UHVHDUFKHU�LPSOHPHQWHG�WKH�WUDLQLQJ�FXUULFXOXP�ZKLFK�ZDV�VHW�XS�LQ�VWHS���ZLWK�
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WKH�VDPSOHV��7KH�VDPSOHV�ZHUH����0DWKD\RP�6XNVD�,,�VWXGHQWV�DW�%DQ�7KD�.RRE�6FKRRO�
XQGHU�WKH�2IILFH�RI�&KDL\DSKXP�(GXFDWLRQDO�6HUYLFH�$UHD����7KH�UHVHDUFKHU�XVHG�WKH�
WHVW�SDSHU��LQWHUYLHZ��DQG�EHKDYLRU�REVHUYDWLRQ�IRU�HYDOXDWLQJ�WKH�QLQH�FKDUDFWHULVWLFV�
RI�JRRG�OHDGHUVKLS�EHIRUH�DQG�DIWHU�WKH�WUDLQLQJ��DQG�FRPSDUHG�WKH�VFRUHV�EHIRUH�DQG�
DIWHU�WKH�WUDLQLQJ�E\�XVLQJ�7KH�6LJQ�7HVW�
� 6WHS����)ROORZLQJ�XS�x�WKH�UHVHDUFKHU�IROORZHG�XS�WKH�UHVXOW�RI�WUDLQLQJ�DIWHU�RQH�
PRQWK�RI�WUDLQLQJ��E\�DVNLQJ���OHFWXUHUV�ZKR�ZHUH�WKH�VDPH�OHFWXUHUV�WKDW�FRQGXFWHG�
WKH�WUDLQLQJ�WR�WHVW��REVHUYH��DQG�LQWHUYLHZ�WKH�VWXGHQWV�ZKR�MRLQHG�WKH�WUDLQLQJ�RQFH�
PRUH��7KH�UHVHDUFKHU�WRRN�WKLV�VFRUH�WR�FRPSDUH�ZLWK�WKH�VFRUH�DIWHU�WUDLQLQJ�E\�XVLQJ�
7KH�6LJQ�7HVW�
� 6WHS����,PSURYLQJ�WKH�WUDLQLQJ�FXUULFXOXP��DIWHU�LPSOHPHQWLQJ�WKH�WUDLQLQJ�
FXUULFXOXP��WKH�UHVHDUFKHU�IROORZHG�WKH�UHVXOWV�DQG�DVNHG�WKH�RSLQLRQV�RI���OHFWXUHUV��
7KH�VXJJHVWLRQV�DQG�GDWD�ZHUH�WDNHQ�WR�UHYLVH�WKH�WUDLQLQJ�FXUULFXOXP�WR�EH�FRPSOHWHG�

� 7KH�UHVHDUFK�ILQGLQJV�ZHUH�DV�IROORZV�
� ���7KH�WUDLQLQJ�FXUULFXOXP�IRU�SURPRWLQJ�WKH�JRRG�OHDGHUVKLS�RI�ORZHU�VHFRQGDU\�
HGXFDWLRQ�VWXGHQWV�WKDW�ZDV�VHW�XS�E\�WKH�UHVHDUFKHU�ZDV�DEOH�WR�LQFUHDVH�WKH�QLQH�
FKDUDFWHULVWLFV�RI�JRRG�OHDGHUVKLS�DW�����OHYHO�VLJQLILFDQW�GLIIHUHQFH�
� ���:KHQ�IROORZLQJ�XS�WKH�UHVXOW�DIWHU�RQH�PRQWK�RI�WUDLQLQJ��LW�ZDV�UHYHDOHG�WKDW�
WKH�QLQH�FKDUDFWHULVWLFV�RI�JRRG�OHDGHUVKLS�ZHUH�LQFUHDVHG�DW���������OHYHO�VLJQLILFDQW�
GLIIHUHQFH�
� ���7KH�VWXGHQWV�ZHUH�YHU\�LQWHUHVWHG�LQ�WKH�WUDLQLQJ��7KH\�RSLQHG�WKDW�WKLV�WUDLQLQJ�
ZDV�YHU\�XVHIXO�IRU�GHYHORSLQJ�WKH�FKDUDFWHULVWLFV�RI�JRRG�OHDGHUVKLS��7KH\�DOVR�RSLQHG�
WKDW�WKH\�KDG�WKH�OHDGHUVKLS�FKDUDFWHULVWLFV�LQ�HDFK�RI�WKH�DVSHFWV�DW�D�KLJK�OHYHO�DIWHU�
WKH�WUDLQLQJ��H[FHSW�WKH�DVSHFW�RI�DELOLW\�WR�MXGJH�WKH�SUREOHP�IDLUO\�ZKLFK�ZDV�LQ�D�
PRGHUDWH�OHYHO��0RVW�VWXGHQWV�DGPLUHG�WKH�DFWLYLWLHV�LQ�HDFK�XQLW�DW�D�KLJK�OHYHO��H[FHSW�
WKH�DFWLYLWLHV�u3DQ�WDL�1RUD�6LQJKv��u/RVW�&LJDUHWWHv��DQG�u6WLFNLQJ�5RSHv��:KLOH��WKH�
DFWLYLWLHV�u$GYHQWXUHv��DQG�u&DPS�)LUHv�ZHUH�DGPLUHG�DW�WKH�PRVW�

.H\ZRUGV���D�GHYHORSPHQW�RI�WUDLQLQJ�FXUULFXOXP��JRRG�OHDGHUVKLS
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Á��d���©�������®��q�³¤¾�¸Æ®�¨³¢À�¤m�Á«
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¨²���¤¤¢���¨m³��¥�µ�¤¤¢�n³��¤µ£�¤¤¢
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«µ��À�¤q�®£ºmÁ�¦Ë³�²��¶Æ���¯m®���¦Ë³�²�����
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�¸Æ®«²�£q��n³��³¤�¤±¬£²�®�®®¢�®£ºmÁ�¤±�²�
�³��¦³��«m¨���n³��¨³¢�£²�®����¢¶¤±�²�
�mË³��¤µª²��¶Æ�¤·�ª³�¨³¢¾«¶Æ£��³��n³��³¤¾¢®̧�
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¤³£�³��³¤�¹�¤µ��®¤²��²Æ��¤±¾�©�m³�Ä��²Æ̈ À¦��
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¯m®����������±¿�������®®«¾�¤¾¦¶£������
�±¿�������«¬¤²�®¾¢¤µ�³�������±¿�������
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¾��¾©¤ª��µ�Á��¶ÆÂ�n�±¿��¾�µ��¨m³����·Ç�Â��
�®̧¨m³�³¤�®¤q¤²��²Æ�£²���¢¶�zü¬³¤n³£¿¤��¶Æ«¹��
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¾£³¨��Á��²�¬¨²��²£¡º¢µ��Ë³�¨��������¾�¸Æ®
«®��³¢��¨³¢�µ�¾¬Å�¾�¶Æ£¨�²��ºn�Ë³�®�Â�£
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Á��³��¶ÆÂ¢m¾¬¢³±«¢��³��¨³¢�¸Æ®«²�£q�¤¨¢�·�
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®����¿¦±¢¶�¹��¤¤¢�¤µ£�¤¤¢«º��À�£¾��³±
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¤²��µ��®��m®�³¤�¤±�Ë³�®���¾®�¿¦±�³¤�
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�²�¬¨²�¿¦±¤±�²��³�µ¢³®£m³��m®¾�¸Æ®����¨m³�¢¶
¾�¶£��µ��¤¤¢�²��³�ºn¾¤¶£�¾�m³�²Ç��¶ÆÂ�n�Ë³¬��
¾�¸Ç®¬³«³¤±�¨³¢¾�|��ºn�Ë³¿¦±�ºn�³¢�¶Æ�¶�®�¦º�
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