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,QWURGXFWLRQ
7KH�3URFHVV�RI�6HOI�(YDOXDWLRQ7KH� SUHVHQW� VHOI�HYDOXDWLRQ� UHSRUW� IRFXVHV� RQ� WKH� FXUULFXOD� RI�%LRORJ\ �0DULQH�%LRORJLVW� ± 6SHFLDOLVW� RQ� (QYLURQPHQWDO� 6XEMHFW�� %DFKHORU¶V� 'HJUHH� DQG� %LRORJ\�0DVWHU¶V� 'HJUHH RSHQHG� LQ� WKH�'HSDUWPHQW� RI� 1DWXUDO� 6FLHQFHV� DW� WKH� )DFXOW\� RI�0DWKHPDWLFV�DQG�1DWXUDO�6FLHQFHV�DQG�RI�WKH�7DOOLQQ�3HGDJRJLFDO�8QLYHUVLW\��738���7KH�FXUULFXOXP�ZDV�GHYHORSHG�DQG�RSHQHG�EHIRUH�WKH�FXUULFXOD�UHIRUP�LQ�738�DQG�UXQ�XQGHU ������FXUULFXOD�V\VWHP��7KH�VHOI�HYDOXDWLRQ� UHSRUW� LV� WKH� UHVXOW�RI� WKH� WHDPZRUN�DQG�ZDV�ZULWWHQ�GXULQJ� WKH�SHULRG�RI�1RYHPEHU����������� $SULO����������7KH� DVVHVVPHQW� RI� WKH� OHDUQLQJ� SURFHVV� DQG� WKH� FXUULFXOD DQG� ZULWLQJ� WKH� VHOI�HYDOXDWLRQ�UHSRUW�ZDV�LQWHQVLYH�ZRUN�DQG�YDOXDEOH�H[SHULHQFH�IRU�WKH�VHOI�HYDOXDWLRQ�ZRUN� JURXS�� 7KH� SURFHVV� RI� VHOI�HYDOXDWLRQ� ZDV� OHG� E\� WKH� +HDG� RI� WKH� &KDLU� RI�%LRORJ\�EXW�DOO�WKH�PHPEHUV�RI�WKH�FRPPLVVLRQ�ZHUH LQYROYHG�LQ�FRPSLOLQJ�LW��+HDG�RI�&RPPLVVLRQ��$VV��3URI��0DUJXV�+DUDN +HDG�RI�&KDLU�RI�%LRORJ\0HPEHUV� 3URI��.DOOH�7UXXV� +HDG�RI�&KDLU�RI�&KHPLVWU\3URI��hOR�8JDVWH +HDG�RI�&KDLU�RI�$SSOLHG 3K\VLFV$VV��3URI��7LLQD�(OYLVWR &KDLU�RI�%LRORJ\$VV��3URI��7}QLV�3}GHU +HDG�RI�/HFWXUHVKLS�RI�(QYLURQ�PHQWDO�0DQDJHPHQW$VV��7}QX�3ORRPSXX &KDLU�RI�%LRORJ\%6F�VWXGHQW�7ULLQX�7}UY %LRORJ\��0DULQH�%LRORJLVW�±6SHFLDOLVW�RQ�(QYLURQPHQWDO�6XEMHFW�&RPPXQLFDWLRQ�EHWZHHQ�FXUULFXOD�GHVLJQHUV��VHH�&KDSWHU������� VHOI�HYDOXDWLRQ�ZRUN�JURXS��VHH�&KDSWHU������ DQG�FR�RSHUDWLRQ�SDUWQHUV�LQVLGH�DQG�RXWVLGH�WKH�XQLYHUVLW\�LQFUHDVHG� VXEVWDQWLDOO\�� DFXWH� FRQWUDGLFWLRQV�� DV�ZHOO� DV� SRVLWLYH� WUHQGV� DSSHDUHG��QHZ�LGHDV�DQG�VROXWLRQV�HPHUJHG��D�FOHDU�XQGHUVWDQGLQJ�ZDV�IRUPHG�WKDW�ZHDN�DQG�VWURQJ� VLGHV�� SUREOHPV� DQG� RSSRUWXQLWLHV� LQ� D� OHDUQLQJ� SURFHVV� DQG� FXUULFXOXP�GHYHORSPHQW�DUH�FRPSOH[�DQG�LQWHUGHSHQGHQW� WKH\�QHHG�V\VWHPDWLF�VROXWLRQV��WHDP�VSLULW�DQG�WHDPZRUN��,Q�WKH�ZULWLQJ�RI�WKH�VHOI�HYDOXDWLRQ�UHSRUW�DQG�LQ�GLVFXVVLRQV�DERXW�LW�VHYHUDO�SHRSOH�SDUWLFLSDWHG�� VXFK�DV�VWXGHQWV� LQYROYHG� LQ� ERWK�%LRORJ\ FXUULFXOD�� %LRORJ\ �0DULQH�%LRORJLVW� ± 6SHFLDOLVW� RQ� (QYLURQPHQWDO� 6XEMHFW�� %DFKHORU¶V� 'HJUHH� DQG� %LRORJ\�0DVWHU¶V� 'HJUHH�� OHFWXUHUV� LQYROYHG� LQ� WKH� FXUULFXOD�� FR�RSHUDWLRQ� SDUWQHUV� DQG�FROOHDJXHV�RXWVLGH�WKH�)DFXOW\�DQG�8QLYHUVLW\�DQG�WKH�HPSOR\HUV�RI�0DVWHU�VWXGHQWV��:H� ZRXOG� OLNH� WR� WKDQN� WKHP� DOO� IRU� WKHLU� XQGHUVWDQGLQJ�� REMHFWLYH� IHHGEDFN� DQG�HYDOXDWLRQ�� IRU� UHDGLQHVV� WR� OLVWHQ�� GLVFXVV� DQG� FRPPXQLFDWH�� 7KH� VHOI�HYDOXDWLRQ�UHSRUW� ZDV� UHDG� DQG� SURSRVDOV� ZHUH� PDGH� E\� 3URIHVVRU� +HQQ� .XNN�� )DFXOW\� RI�1DWXUDO�6FLHQFHV�DQG�0DWKHPDWLFV��3URIHVVRU�5RPL�0DQNLQ��'HSDUWPHQW�RI�1DWXUDO�6FLHQFHV��3LUHW�/HKLVWH��0DVWHU�VWXGHQW�DQG�DOVR�WKH�WUDQVODWRU�RI�WKH�VHOI�HYDOXDWLRQ�
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UHSRUW�� 'HSDUWPHQW� RI� 1DWXUDO� 6FLHQFHV�� %LUJLW� .XOGYHH�� 'HSDUWPHQW� RI�$FDGHPLF�$IIDLUV RI� 738� 0DGLV� /HSLN��9LFH�5HFWRU� IRU�2SHQ�8QLYHUVLW\� +HOL�0DWWLVHQ��9LFH�5HFWRU� IRU�$FDGHPLF�$IIDLUV DQG /DULVVD�-}JL� 'HSDUWPHQW�RI�(GXFDWLRQDO�6FLHQFHV�DW�WKH�)DFXOW\�RI�(GXFDWLRQDO�6FLHQFHV�LQ�HODERUDWLQJ WKH�UHSRUW��$OVR�ZH�ZRXOG�OLNH�WR�WKDQN�$QQH�7LPP�IRU�KHU�KHOS�ZLWK�VWDWLVWLFDO�GDWD�DQDO\VLV�DQG�OLEUDU\�GDWDEDVHV�+HOOH�.XNN�DQG�(ULND�-HUHW�IRU�WUDQVODWLQJ�WKH�UHSRUW�LQWR�(QJOLVK��,Q�WKH�FRPSLODWLRQ�RI�WKH�UHSRUW�WKH�FRPPLVVLRQ�ZDV�JXLGHG�E\�WKH�IROORZLQJ�VRXUFHV�x (HVWL�.}UJKDULGXVH�NYDOLWHHGLNLQGOXVWXV��+��6LOODPDD��(HVWL�9DEDULLJL�.XOWXXUL� MD�+DULGXV� MD� 7HDGXVPLQLVWHHULXP�� .XOWXXUL� MD� +DULGXV� MD� 7HDGXVPLQLVWHHULXPL�7HDWDMD�� ,QWHUQHW�� ZZZ�HNDN�DUFKLPHGHV�HH�EXOOD�EXOOD�VKWPO� >����������@��0DQXDO�RI�4XDOLW\�$VVXUDQFH�LQ�+LJKHU�(GXFDWLRQ�LQ�(VWRQLD���������DQGx .ULVWRIIHUVHQ�� '��� 6XUVRFN�� $���:HVWHUKHLMGHQ�� '�� ������ 3+$5(�� .}UJKDULGXVH�NYDOLWHHGLNLQGOXVWXV��.YDOLWHHGLNLQGOXVWXVH�MXKHQG��0HWRRGLND�MD�SUDNWLND��3URMHNWL�UDSRUW� QRYHPEHU� ������ 7RLPHWDMD� 9DUODPRYD�� *��� HHVV}QD� DXWRU� %UHQQDQ�� -�7}OJH�HHVWL�NHHOGH��W}ONLMD�5HLVND��-����(HVWL�.}UJKDULGXVH�$NUHGLWHHULPLVNHVNXV��7DOOLQQ��,QIRWU�NN�������3+$5(��4XDOLW\�$VVXUDQFH�LQ�+LJKHU�(GXFDWLRQ��0DQXDO�RI�4XDOLW\�$VVXUDQFH��3URFHGXUHV�DQG�3UDFWLFHV��������$V�WKH�FXUULFXOD�XQGHU�HYDOXDWLRQ�EHORQJ�WR�WKH�XQLYHUVLW\�HGXFDWLRQDO�SURFHVV��EULHI�RYHUYLHZV� DERXW� WKH� 8QLYHUVLW\�� WKH� )DFXOW\� RI� 1DWXUDO� 6FLHQFHV� DQG� WKH� &KDLU� RI%LRORJ\�DUH�SUHVHQWHG�7KH�UHSRUW�KDV�EHHQ�GLVFXVVHG�DW� WKH�PHHWLQJ�RI� WKH�&RXQFLO�RI� WKH�'HSDUWPHQW�RI�1DWXUDO�6FLHQFHV�RQ�)HEUXDU\�����������DW�WKH�)DFXOW\�RI�0DWKHPDWLFV�DQG�1DWXUDO�6FLHQFHV�RQ�0DUFK���������DQG�DW�WKH�PHHWLQJ�RI�WKH�DFDGHPLF�FRPPLVVLRQ�RI�WKH�ERDUG� RI� WKH� XQLYHUVLW\ RQ�0DUFK� ���� ������ 7KH� VHOI�HYDOXDWLRQ� UHSRUW� LV� D� SXEOLF�GRFXPHQW� DQG� LV� DYDLODEOH� DW� WKH� KRPHSDJH� RI� WKH� &KDLU� RI� %LRORJ\��KWWS���ZZZ�WSX�HH�aPDNX�ELROBVHOIBHYDO�SGI��
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��� %ULHI� 2YHUYLHZ� RI� (VWRQLDQ� +LJKHU� (GXFDWLRQ�6\VWHP�DQG�7DOOLQQ�3HGDJRJLFDO�8QLYHUVLW\������$�%ULHI�2YHUYLHZ�RI�(VWRQLDQ�+LJKHU�/HYHO�(GXFDWLRQ�6\VWHP(VWRQLDQ�KLJKHU�HGXFDWLRQDO�LQVWLWXWLRQV�DUH�UHJXODWHG�E\�WKH�/DZ�RI�8QLYHUVLWLHV��WKH�/DZ� RQ� 3ULYDWH� 6FKRROV�� WKH� /DZ� RQ� WKH� 2UJDQL]DWLRQ� RI� 5HVHDUFK� DQG�'HYHORSPHQW��WKH�6WDQGDUG�RI�+LJKHU�(GXFDWLRQ�7KH�(VWRQLDQ�SRVW�VHFRQGDU\�V\VWHP� LV�XQGHUJRLQJ� UDGLFDO�FKDQJHV��ZKLFK�DPRQJ�RWKHU� IDFWRUV� WDNHV� LQWR� FRQVLGHUDWLRQ� WKH� LQWHJUDWLRQ� ZLWK� WKH� (XURSHDQ� 8QLRQ�� ,Q�DFFRUGDQFH� ZLWK� WKH� LQWHUQDWLRQDO� HGXFDWLRQ� VWDQGDUGV� FODVVLILFDWLRQ� RI� 81(6&2��HGXFDWLRQ� KDV� WKH� IROORZLQJ� OHYHOV�� 3UH�HGXFDWLRQ�� %DVLF� HGXFDWLRQ� �WKH� 3ULPDU\�OHYHO��� 0LGGOH� OHYHO� RI� HGXFDWLRQ� �6HFRQGDU\� OHYHO�� DQG� +LJKHU� HGXFDWLRQ� �+LJKHU�OHYHO��)RU�HDFK�OHYHO� WKHUH�DUH�VWDQGDUGV� ZKLFK�DUH�DUWLFXODWHG�LQ�WKH�VWDWH�JXLGHOLQHV�IRU�HGXFDWLRQDO� SURJUDPV�� 7KH� FXUULFXOXP� JXLGHOLQHV� GHWHUPLQH� WKH� FRQWHQW� RI� WKH�FRPSXOVRU\� SURJUDPV�� WKH� WLPH� WR� EH� VSHQW� RQ� WHDFKLQJ� DQG� GHVFULSWLRQ� RI� WKH�GHPDQGHG�NQRZOHGJH�DQG�PDWHULDOV�7KH�3DUOLDPHQW� RI (VWRQLD� SURFODLPV� WKH� SULQFLSOHV� RI� WKH� HGXFDWLRQDO� V\VWHP�DQG�JHQHUDO�VWUXFWXUH��7KH�JRYHUQPHQW�LV�UHVSRQVLEOH�IRU�WKH�VWDWH�VLGH�RI�WKH�SURJUDPV�DQG�UHJXODWHV�WKH�IXQGLQJ�RI�8QLYHUVLWLHV�DQG�RWKHU�OHDUQLQJ�LQVWLWXWLRQV��7KH�0LQLVWU\�RI� (GXFDWLRQ� DQG�5HVHDUFK LV� UHVSRQVLEOH� IRU� WKH� FXUULFXOXP� DQG� GHYHORSPHQW� RI�VWDQGDUGV�DV�ZHOO�DV�LPSOHPHQWDWLRQ�,QVWLWXWLRQV� SURYLGLQJ� SRVW�VHFRQGDU\� HGXFDWLRQ� LQ� (VWRQLD� DUH� GLYLGHG� LQ� WZR�� WKH�XQLYHUVLWLHV� DQG� LQVWLWXWLRQV� RI� DSSOLHG� KLJKHU� HGXFDWLRQ�� 7KH� 8QLYHUVLW\� LV�DQ�HGXFDWLRQDO�� FXOWXUDO� DQG� UHVHDUFK� LQVWLWXWLRQ� ZKHUH� VWXGHQWV� FDQ� DFTXLUH� DQ�DFDGHPLF�HGXFDWLRQ��7KH�SXUSRVH�RI�WKH�XQLYHUVLW\�LV�WR�DGYDQFH�NQRZOHGJH�WKURXJK�DFDGHPLF� PHWKRGV�� FUHDWH� DQG� GHYHORS� RQ� WKH� EDVLV� RI� LQWHJUDWHG� OHDUQLQJ� DQG�UHVHDUFK�RSSRUWXQLWLHV� WR�DFTXLUH�DQ�XS�WR�GDWH�SRVW�VHFRQGDU\�HGXFDWLRQ�ZKLFK� LV�XS� WR�VWDQGDUGV��DUUDQJH�IRU�FRQWLQXLQJ�HGXFDWLRQ�DQG�SURYLGH�VRFLHW\�ZLWK�QHHGHG�NQRZOHGJH� DQG� UHVHDUFK� VHUYLFHV�� 6LQFH� ����� DFDGHPLF� KLJKHU� HGXFDWLRQ� LV�SURYLGHG� DW� WKUHH� OHYHOV�� %DFKHORU¶V GHJUHH� �D� ��\HDU� SURJUDP��� 0DVWHU¶V� GHJUHH��XVXDOO\�D���\HDU�SURJUDP��DQG�D�'RFWRU¶V�GHJUHH��XVXDOO\�D���\HDU�SURJUDP���7KH�LQVWLWXWLRQV�RI�DSSOLHG�KLJKHU�HGXFDWLRQ�DUH�VFKRROV�ZKHUH�VWXGHQWV�FDQ�REWDLQ�D�KLJKHU� HGXFDWLRQ� WKURXJK� VWXGLHV� WRZDUG� GLSORPDV� 7KHLU� UHVSRQVLELOLWLHV� DUH� WR�SURYLGH�DQ�RSSRUWXQLW\� IRU�SRVW�VHFRQGDU\�HGXFDWLRQ��FRQWLQXLQJ�HGXFDWLRQ��DQG�IRU�FRQGXFWLQJ�VWXGLHV�LQ�DSSOLHG�UHVHDUFK�DQG�GHYHORSPHQW�LQ�WKHLU�DUHD��GLSORPDV�FDQ�XVXDOO\�EH�DFTXLUHG�LQ�WKUHH�\HDUV��1RWHZRUWK\� LV� WKH� FRQFHSW� RI� VWDWH�FRPPLVVLRQHG� HGXFDWLRQ�� ZKLFK� RQ� RQH� KDQG�EULQJV� LQ� ILQDQFLQJ� IURP� WKH�SXEOLF� VHFWRU� WR� SRVW�VHFRQGDU\� HGXFDWLRQ� DQG�RQ� WKH�RWKHU�KDQG�DOORZV�GLUHFW�HGXFDWLRQ�SROLF\�RQ�D� ORFDO�DQG�UHJLRQDO�EDVLV��/DZV�ZHUH�SDVVHG��ZKLFK�JDYH�WKH�ULJKW� WR�XQLYHUVLWLHV�WR�FKDUJH�IHHV�IRU�SURYLGLQJ�HGXFDWLRQ��ZKHUH�HLWKHU�WKH�VWXGHQW�RU�VRPH�RUJDQLVDWLRQ�SD\V�IRU�WKH�VWXGHQW��7KH�XQLYHUVLWLHV�DUH�XVLQJ� WKLV� WR�D� ODUJH�H[WHQW�DQG�WKLV�XQGRXEWHGO\�KHOSV� WR� LQFUHDVH�HGXFDWLRQDO�IXQGLQJ�



�

$V�RI�-DQXDU\���������WKHUH�ZHUH���SXEOLF�XQLYHUVLWLHV�LQ�(VWRQLD��(VWRQLDQ�$FDGHP\�RI $UWV�� (VWRQLDQ� $FDGHP\ RI� 0XVLF�� (VWRQLDQ� $JULFXOWXUDO� 8QLYHUVLW\�� 7DOOLQQ�3HGDJRJLFDO� 8QLYHUVLW\�� 7DOOLQQ� 7HFKQLFDO� 8QLYHUVLW\��8QLYHUVLW\� RI� 7DUWX�� DQG� ���SULYDWH�XQLYHUVLWLHV��,Q�DGGLWLRQ��WKHUH�DUH����LQVWLWXWLRQV�RI�DSSOLHG�KLJKHU�HGXFDWLRQ�
�����$�%ULHI�2YHUYLHZ�RI�7DOOLQQ�3HGDJRJLFDO�8QLYHUVLW\��738�7KH�7DOOLQQ�7HDFKHUV¶�6HPLQDU\��WKH�IRUHUXQQHU�RI�7DOOLQQ�3HGDJRJLFDO�8QLYHUVLW\��FHOHEUDWHG�LWV� LQDXJXUDWLRQ�RQ�WKH���WK�RI�6HSWHPEHU��������:LWK�WKLV�GDWH�PRGHUQ�WHDFKHU� WUDLQLQJ� LQ� (VWRQLD� VWDUWHG�� (VWRQLD¶V� PRVW� ZLGHO\� NQRZQ� DQG� SURPLQHQW�VFKRROPDVWHUV� ZRUNHG� LQ� WKLV� VHPLQDU\�� ,Q� ����� WKH� HVWDEOLVKPHQW� FKDQJHG� LWV�VWUXFWXUH� DQG� ZDV� UHQDPHG� DV�7DOOLQQ� 3HGDJRJLXP�� 7KH� FRXUVHV� ODVWHG� IRU� WZR�\HDUV� DQG� JUDPPDU� VFKRRO�� WHFKQLFDO� FROOHJH� DQG� DUW� FROOHJH� JUDGXDWHV� ZHUH�DGPLWWHG�� 7KH� DFDGHPLF� UHRUJDQL]DWLRQ� DW� WKH�3HGDJRJLXP� IROORZHG� WKH� XQLYHUVLW\�PRGHO��DV�D�UHVXOW�RI�ZKLFK��FUDIW��VLQJLQJ�DQG�PXVLF�FRXUVHV�EHFDPH�DYDLODEOH��ZLWK�GRPHVWLF� FUDIWV�� KRUWLFXOWXUH� DQG� SULPDU\� WHDFKHU� WUDLQLQJ� FRXUVHV� IROORZLQJ� D� \HDU�ODWHU�+RZHYHU��LQ�������WKLV�V\VWHP�ZDV�GHFODUHG�LQHIILFLHQW�DQG�WKH�3HGDJRJLXP�UHYHUWHG�WR�EHLQJ�7DOOLQQ�7HDFKHUV¶�6HPLQDU\��,Q������WKH�VHPLQDU\�PRYHG�IURP�9HQH�6WUHHW�WR�1DUYD�5RDG�� LQWR� WKH�QHZO\� ILQLVKHG�SUHPLVHV�RI� WKH�6WDWH�(QJOLVK�&ROOHJH� �WKH�SUHVHQW� PDLQ� EXLOGLQJ� RI� WKH� 738��� 6HYHQ� \HDUV� ODWHU� WKH� HVWDEOLVKPHQW� ZDV�UHRUJDQL]HG�DV�WKH�7DOOLQQ�7HDFKHUV¶�,QVWLWXWH�ZLWK�D���\HDU�FRXUVH��7KH�ILUVW���\HDUV�RI� WKH� FRXUVH� KDG� D� JHQHUDO� V\OODEXV�� \HDUV� �� DQG� �� IRFXVHG� RQ� WHDFKHU� WUDLQLQJ��'HSDUWPHQWV�ZHUH�RSHQHG�VSHFLDOL]LQJ� LQ�WKH�(VWRQLDQ�ODQJXDJH�DQG�OLWHUDWXUH�� WKH�5XVVLDQ� ODQJXDJH� DQG� OLWHUDWXUH�� (QJOLVK�� KLVWRU\�� SK\VLFV� DQG� PDWKHPDWLFV�� DQG�QDWXUDO� KLVWRU\� DQG� JHRJUDSK\�� 0XVLF� DQG� VLQJLQJ�� DUW� DQG� WHFKQLFDO� GUDZLQJ� DQG�SK\VLFDO�HGXFDWLRQ�ZHUH�DOVR�RIIHUHG��*UDGXDWHV�ZHUH�TXDOLILHG�WR�WHDFK�FODVVHV��WR����DJHV����WR�����,Q� ����� WKH� 7DOOLQQ� 7HDFKHUV¶� ,QVWLWXWH EHFDPH� DQ� HVWDEOLVKPHQW� RI� KLJKHU�HGXFDWLRQ�ZLWK���\HDU� IXOO�WLPH�DQG���\HDU�SDUW�WLPH�FRXUVHV�� ,Q� WKH�FRXUVH�RI� WLPH�WKH� VFRSH� RI� WKH� HVWDEOLVKPHQW� EURDGHQHG�� ,Q� ����� WKH� GHSDUWPHQW� RI� FXOWXUDO�VWXGLHV�RSHQHG�DQG�WKH� OLEUDULDQVKLS�DQG�ELEOLRJUDSK\�FRXUVH�ZDV� WUDQVIHUUHG� IURP�8QLYHUVLW\� RI� 7DUWX�� WZR� \HDUV� ODWHU� WKH� FRXUVHV� LQ� SUH�VFKRRO� HGXFDWLRQ� DQG�SV\FKRORJ\�ZHUH�RSHQHG��%HVLGHV�WHDFKHU�WUDLQLQJ��RQH�RI�WKH�PDLQ�IXQFWLRQV�RI�WKH�LQVWLWXWH�ZDV� WKH�GHYHORSPHQW�RI�DFDGHPLF� UHVHDUFK�DQG�SDVVLQJ�RI� NQRZOHGJH� WR�IXWXUH�JHQHUDWLRQV�,Q� ����� WKH� HVWDEOLVKPHQW� ZDV� UHQDPHG� 7DOOLQQ� 3HGDJRJLFDO� 8QLYHUVLW\�$SSHQGLFHV � DQG� ��� ,Q� $SULO� RI� WKDW� \HDU� WKH� ILUVW� KRQRUDU\� GRFWRUV� ZHUH�LQDXJXUDWHG�� ,Q� ����� 738� ZDV� JUDQWHG� RQH� RI� VL[� RIILFLDO� VWDWH� FKDUWHUV� XQGHU�(VWRQLDQ� ODZ�� ,Q� ����� WKH� ,QVWLWXWHV� RI� ,QWHUQDWLRQDO� DQG� 6RFLDO� 6WXGLHV� DQG� WKH�,QVWLWXWH� RI� (FRORJ\� MRLQHG�738� IURP� WKH� $FDGHP\� RI� 6FLHQFHV�� ,Q� ����� WKH� 738�+DDSVDOX�&ROOHJH�ZDV�IRXQGHG�DQG�LQ������WKH�738�5DNYHUH�&ROOHJH�IROORZHG��738�KDV�IRUPDO�DJUHHPHQWV�RI�FR�RSHUDWLRQ��LQFOXGLQJ�FR�RSHUDWLRQ�LQ�UHVHDUFK��ZLWK�D�QXPEHU�RI�XQLYHUVLWLHV LQ�)LQODQG� �8QLYHUVLW\�RI�+HOVLQNL��8QLYHUVLW\�RI� -\YlVN\Ol��8QLYHUVLW\�RI�7DPSHUH��8QLYHUVLW\�RI�7XUNX��8QLYHUVLW\�RI�/DSODQG��� LQ�6ZHGHQ� �WKH�6WRFNKROP�(GXFDWLRQDO� ,QVWLWXWH��8QLYHUVLW\�RI�*|WHERUJ��8QLYHUVLW\�RI�.DUOVWDG�� WKH�
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/XQG�8QLYHUVLW\��� LQ�*HUPDQ\� �WKH�8QLYHUVLW\�RI�.LHO��� LQ� WKH�1HWKHUODQGV� �WKH�'HOIW�8QLYHUVLW\�RI�7HFKQRORJ\���LQ�%HOJLXP��WKH�*HQW�8QLYHUVLW\���LQ�)UDQFH��WKH�8QLYHUVLW\�RI�5RXHQ��� LQ�WKH�86$��WKH�$UPVWURQJ�$WODQWLF�6WDWH�8QLYHUVLW\��WKH�&DOLIRUQLD�6WDWH�8QLYHUVLW\��DQG�RWKHUV��7KH� ODVW� IHZ� \HDUV� KDYH� EHHQ� FKDUDFWHUL]HG� E\� D� ZLGH� UHIRUP� RI� WKH� OHDUQLQJ�SURJUDP� IRU� ZKLFK� D� PRGXODU� FXUULFXOXP� KDV� EHHQ� LQVWLWXWHG�� QHZ�0DVWHUV¶� DQG�GRFWRUDWH� FRXUVHV� KDYH� EHHQ� RSHQHG�� 7KH� 738¶V� LPSRUWDQFH� LQ� (VWRQLDQ�HGXFDWLRQDO�DQG�VFLHQWLILF� OLIH�KDV�EHHQ�JURZLQJ�ZLWK�HYHU\�\HDU��738�LV�WKH�IDVWHVW�GHYHORSHG�(VWRQLDQ�SXEOLF�XQLYHUVLW\�RYHU�WKH�SDVW�GHFDGH��$W�WKH�SUHVHQW�PRPHQW�������� VWXGHQWV� VWXG\� DW� RXU� XQLYHUVLW\� DQG� WKH� QXPEHU� RI� DOXPQL� UHDFKHV� DURXQG��������7KH�PLVVLRQ�RI�WKH�8QLYHUVLW\�LV�WR�SUHSDUH�LQWHOOHFWXDOV�DQG�YLD�UHVHDUFK�DQG�GHYHORSPHQW�DFWLYLWLHV�WR�LQFUHDVH�WKH�LQWHOOHFWXDO�FDSLWDO�RI�(VWRQLDQ�VRFLHW\��7KH� DFWLYLWLHV� RI� WKH� 8QLYHUVLW\� VXSSRUW� WKH� IRUPDWLRQ� RI� WKH� KXPDQ�FHQWUHG� DQG�NQRZOHGJH� HYDOXDWLQJ� VRFLHW\� LQ� (VWRQLD��ZKHUH� NQRZOHGJH� LV� KHOG� LQ� KLJK� UHJDUG��ZKHUH�PRGHUQL]DWLRQ�DQG�LQWHUQDWLRQDOLVDWLRQ�DUH�LQ�NHHSLQJ�ZLWK�WKH�GHYHORSPHQW�RI�(VWRQLDQ�QDWLRQDO�FXOWXUH��DQG�ZKHUH�VRFLDO�VHFXULW\�DQG�HFRQRPLF�DGYDQFHPHQW�DUH�HTXDOO\�YDOXHG��7KH�SULPDU\�WDVN�RI�WKH�8QLYHUVLW\�LV�WR�JHQHUDWH�D�VXIILFLHQW�QXPEHU�RI� FRPSHWHQW� VSHFLDOLVWV� IRU� ERWK� WKH� SXEOLF� DQG� WKH� WKLUG� VHFWRU�� HVSHFLDOO\� LQ� WKH�VSKHUH�RI�HGXFDWLRQ�DQG�FXOWXUH��3URPRWLQJ�UHVHDUFK�DFWLYLW\�HQDEOHV�WKH�8QLYHUVLW\�WR�SDUWLFLSDWH�LQ�WKH�VFLHQWLILF�GLVFXVVLRQ�RI�(VWRQLD�DQG�WKHZRUOG��7KH�GHYHORSPHQW�DFWLYLWLHV� DUH� GLUHFWHG� WRZDUGV� VROYLQJ� WRSLFDO� SUREOHPV� RI� VRFLHW\�� 7KH� 8QLYHUVLW\�VHHV� LWV� OHDGLQJ� UROH� LQ� WKH� GHYHORSPHQW� RI� WHDFKHU� WUDLQLQJ� LQ� (VWRQLD� DQG� WKXV�UHFRJQL]HV�LWV�UHVSRQVLELOLW\�IRU�JUDQWLQJ�WKH�FRQVLVWHQF\�RI�(VWRQLDQ�QDWLRQDO�FXOWXUH��,Q� RUGHU� WR� IXOILOO� LWV�PLVVLRQ� WKH�8QLYHUVLW\� FRRSHUDWHV�ZLWK� WKH� JHQHUDO� SXEOLF�� WKH�&LW\� RI� 7DOOLQQ�� PHGLD� DQG� SROLWLFLDQV�� EXW� DOVR� ZLWK� LQWHUHVW� JURXSV� DFWLYH� LQ� WKH�VSKHUH�RI�HGXFDWLRQ�7KH� 8QLYHUVLW\� KDV� JRW� IRXU� GLVWLQFW� GLUHFWLRQV� LQ� LWV� UHFHQW� HGXFDWLRQDO� SROLWLFDO�UHVROXWLRQV�x 7R�LQFUHDVH�WKH�SURSRUWLRQ�RI�VFLHQFH�DQG�LQIRUPDWLRQ�WHFKQRORJ\�x 7R�LQFUHDVH�WKH�LPSRUWDQFH�DQG�FDSDFLW\�RI�WKH�8QLYHUVLW\��PDQ\�LQVWLWXWHV�RI�WKH�$FDGHP\�RI�6FLHQFHV�KDYH�MRLQHG��FROOHJHV�LQ�+DDSVDOX�DQG�5DNYHUH�KDYH�EHHQ�IRXQGHG�� QHZ� FXUULFXOD� DUH� RSHQHG�� WKH� DGPLVVLRQ� RI� VWXGHQWV� LV� JURZLQJ�� WKH�DPRXQW�RI�LQ�VHUYLFH�WUDLQLQJ�LV�RQ�WKH�LQFUHDVH��HWF���x &RRSHUDWLRQ�ZLWK�IRUHLJQ�XQLYHUVLWLHV�DQG�HGXFDWLRQDO�LQVWLWXWLRQV��SDUWLFLSDWLRQ�LQ�LQWHUQDWLRQDO SURMHFWV�x 7UDQVLWLRQ�WR�WKH�����FXUULFXOD�V\VWHP�DFFRUGLQJ�WR�WKH�%RORJQD�'HFODUDWLRQ�$FDGHPLF� 6WUXFWXUH� DW� 738� 7KHUH� DUH� VL[� IDFXOWLHV� DW� WKH� XQLYHUVLW\�� 3KLORORJ\��(GXFDWLRQDO� 6FLHQFHV�� 3K\VLFDO� (GXFDWLRQ�� )LQH� $UWV�� 0DWKHPDWLFV� DQG� 1DWXUDO�6FLHQFHV��6RFLDO�6FLHQFHV��7KH�XQLYHUVLW\�KDV�WZR�FROOHJHV��+DDSVDOX�DQG�5DNYHUH��,Q� DGGLWLRQ�� WKH� 2SHQ� 8QLYHUVLW\� &RQWLQXLQJ� (GXFDWLRQ� &HQWUH� DQG� WKH� &HQWUH� IRU�9RFDWLRQDO�(GXFDWLRQ�EHORQJ�WR�WKH�XQLYHUVLW\��DV�ZHOO�DV�IRXU�UHVHDUFK�LQVWLWXWHV��WKH�(VWRQLDQ�,QVWLWXWH�RI�'HPRJUDSK\��WKH�,QVWLWXWH�RI�,QWHUQDWLRQDO�DQG�6RFLDO�5HVHDUFK��WKH�,QVWLWXWH�RI�(FRORJ\��DQG�,QVWLWXWH�IRU�(GXFDWLRQDO�5HVHDUFK��0DQDJHPHQW� 6WUXFWXUH� DW� 738� 738� LV� DGPLQLVWUDWHG� DFFRUGLQJ� WR� WKH� WUDGLWLRQV�ZLWKLQ�WKH�FRQWH[W�RI�(VWRQLDQ�ODZV�DQG�FKDUWHUV�RI�(XURSHDQ�XQLYHUVLWLHV��738�KDV�D�
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PRGHUDWHO\� FHQWUDOLVHG� RUJDQLVDWLRQ� ZLWK� D� WKUHH�OHYHO� PDQDJHPHQW� VWUXFWXUH��$SSHQGL[� ��� 7KH� 5HFWRU� RI� WKH� 8QLYHUVLW\� LV� WKH� +HDG� RI� WKH� 8QLYHUVLW\� &RXQFLO��ZKLFK� PHPEHUVKLS� LQFOXGHV� YLFH�UHFWRUV�� GHDQV�� DSSRLQWHG� SURIHVVRUV�� HOHFWHG�UHSUHVHQWDWLYHV� IURP� IDFXOWLHV� DQG� IURP� WKH� VWXGHQW� ERG\�� 7KH� &RXQFLO� IRUPV�FRPPLVVLRQV��GHYHORSPHQW��UHVHDUFK��HGXFDWLRQ��HFRQRPLFV��LQIRUPDWLRQ��HWKLFV�DQG�RWKHUV�� WKDW� SUHSDUH� LVVXHV�ZLWKLQ� WKHLU� DUHDV� RI� FRPSHWHQFH� IRU� GLVFXVVLRQ LQ� WKH�&RXQFLO� DQG� 8QLYHUVLW\� *RYHUQPHQW�� 7KH� 8QLYHUVLW\� *RYHUQPHQW� LQFOXGHV� WKH�PHPEHUV� RI� WKH� 5HFWRU¶V� RIILFH�� KHDGV� RI� DGPLQLVWUDWLYH� GHSDUWPHQWV�� GHDQV� RI�IDFXOWLHV� DQG� WKH� KHDGV� RI� XQLYHUVLW\� LQVWLWXWLRQV�� 7KH� PHPEHUVKLS� RI� WKH� IDFXOW\�FRXQFLOV�LQFOXGHV�D�GHDQ��YLFH�GHDQV��KHDGV�RI�GHSDUWPHQWV��SURIHVVRUV�DQG�VWXGHQW�UHSUHVHQWDWLYHV�� 7KH� JHQHUDO� GHSDUWPHQWDO� PHHWLQJ� LQFOXGHV� DOO� DFDGHPLF� DQG�DGPLQLVWUDWLYH�VWDII�PHPEHUV�RI�WKH�GHSDUWPHQW�7KH�GHYHORSPHQW�SODQV��SROLFLHV�DQG� WKH�RUJDQL]DWLRQ�RI�SUDFWLFDO�ZRUN� LQ�738�DUH�GHDOW�ZLWK�E\��WKH�5HFWRU��9LFH�5HFWRUV��8QLYHUVLW\�&RXQFLO�DQG�*RYHUQPHQW�738�&RXQFLO�x GHFLGHV�DERXW�WKH�RSHQLQJ�DQG�FORVLQJ�RI�D�VSHFLDOLW\�x DSSURYHV�RI�WKH�JHQHUDO�VWUXFWXUH�RI�FXUULFXOD��'LSORPD��%DFKHORU¶V��0DVWHU¶V�DQG�'RFWRU¶V�FXUULFXOD�DQG�WHDFKLQJ�UHJXODWLRQV�x HVWDEOLVKHV� GHJUHH� GHIHQFH� UHJXODWLRQV� DQG� FRQGLWLRQV�� DGPLVVLRQ DQG�JUDGXDWLRQ�UHTXLUHPHQWV�x DSSURYHV RI WKH�XQLYHUVLW\�EXGJHW�DQG�GHYHORSPHQW�SODQ�:KHQ� WKH�&RXQFLO� UDWLILHV�D� FXUULFXOXP�� LW�PHDQV� WKDW� WKH� FXUULFXOXP� LV�FRPSDWLEOH�ZLWK� WKH� +LJKHU� (GXFDWLRQ� 6WDQGDUG� DQG� WKH� JHQHUDO� VWUXFWXUH� RI� WKH� FXUULFXOD� DW�8QLYHUVLW\��7KH�'HSDUWPHQW�RI�1DWXUDO�6FLHQFHV�LV�UHSUHVHQWHG�E\���PHPEHUV�LQ�WKH�&RXQFLO�RI�738��3URI��+��.XNN��3URI��5��0DQNLQ��3URI��-��0��3XQQLQJ�738�*RYHUQPHQW�x GHFLGHV�DERXW�DOO�LPSRUWDQW�HGXFDWLRQDO�SROLWLFDO�TXHVWLRQV�x ZRUNV�RXW�WKH�SURMHFW�RI�WKH�XQLYHUVLW\�EXGJHW�x SUHSDUHV�SURSRVDOV�DERXW�XQLYHUVLW\�DGPLVVLRQ DQG�ILQDQFLQJ�RI�VWXGHQW�SODFHV�7KH�GHDQV�RI�DOO�IDFXOWLHV�EHORQJ�WR�WKH�8QLYHUVLW\�*RYHUQPHQW�738� 9LFH�5HFWRU� IRU� $FDGHPLF� $IIDLUV ± KLV�KHU� WDVN� LV� WR� PDQDJH� WKH� VWXG\�DFWLYLWLHV�LQ�WKH�XQLYHUVLW\��$FDGHPLF�FRPPLVVLRQ�RI�WKH�ERDUG�RI�738�x GHDOV�ZLWK�GHYHORSPHQW�SODQV�RI�WHDFKLQJ��HGXFDWLRQDO�SROLFLHV�DQG�SULQFLSOHV�RI�WKH�FRPSLODWLRQ�RI�FXUULFXOD�x LPSOHPHQWV�WKH�H[SHUW�DQDO\VLV�RI�FXUULFXOD��WDNLQJ�LQWR�FRQVLGHUDWLRQ�WKH�PLVVLRQ�DQG�RULHQWDWLRQ�RI�VSHFLDOLWLHV�x ZRUNV� RXW� SURSRVDOV� DERXW� WKH� UDWLRQDOL]DWLRQ� RI� FXUULFXOD� DQG� RUJDQL]DWLRQ� RI�VWXGLHV�x GHDOV�ZLWK�SULQFLSOHV�RI�TXDOLW\�DVVXUDQFH�,Q�WKH�DFDGHPLF�FRPPLVVLRQ�RI�WKH�ERDUG�WKHUH�DUH�UHSUHVHQWDWLYHV�IURP�DOO�IDFXOWLHV�738�&RXQFLO¶V�5HVHDUFK�&RPPLVVLRQ WRJHWKHU�ZLWK�WKH�WKH�DFDGHPLF�FRPPLVVLRQ�RI� WKH�ERDUG�RI� WKH�XQLYHUVLW\ SURYLGHV WKH�&RXQFLO�ZLWK�SURSRVDOV�DERXW�VWXG\�DQG�UHVHDUFK�DFWLYLWLHV��GHJUHH�VWXGLHV�DQG�UHTXLUHPHQWV�IRU�WKH�DFDGHPLF�VWDII�



��

738�&RXQFLO¶V� 'HYHORSPHQW� &RPPLVVLRQ ZRUNV� RXW� WKH� GHYHORSPHQW� SODQ�� WKH�FRGH�RI�ODZ�DQG�SURMHFWV�DERXW�WKH�VWUXFWXUDO�FKDQJHV�RI�WKH�8QLYHUVLW\�)DFXOW\�&RXQFLO�x VROYHV� WKH� SUREOHPV� FRQQHFWHG� ZLWK VWXG\� DQG� UHVHDUFK� DFWLYLWLHV� LQVLGH� WKH�IDFXOW\�x GHDOV�ZLWK�HGXFDWLRQDO�SROLWLFDO�TXHVWLRQV�LQ�LWV�ILHOG�x SURYLGHV�WKH�&RXQFLO�ZLWK�SURSRVDOV�IRU�WKH�UDWLILFDWLRQ�RI�WKH�FXUULFXOD�DQG�VWXG\�SURJUDPV�RI�WKH�IDFXOW\�'HDQ LV�WKH�KHDG�RI�D�IDFXOW\��ZKR�LV�UHVSRQVLEOH�IRU�WKH�GHYHORSPHQW�DQG�FRQGLWLRQ�RI�WKH�IDFXOW\�$FDGHPLF�GHSDUWPHQW LV� WKH�VPDOOHVW�DGPLQLVWUDWLYH�XQLW� LQ�738��$�GHSDUWPHQW� LV�UHVSRQVLEOH�IRU�WKH�GHVLJQ�DQG�UHDOL]DWLRQ�RI�WKH�FXUULFXOD�RI� LWV�FXUDWHG�VSHFLDOLWLHV��SDUWLFXODUO\� PDMRU� VXEMHFWV�� 7KH� KHDG� RI� D� GHSDUWPHQW� LV� UHVSRQVLEOH� IRU� WKH�GHYHORSPHQW��FRQGLWLRQ�DQG�VWXG\�DFWLYLWLHV�RI�WKDW�GHSDUWPHQW�&KDLU�RU�OHFWXUHVKLS HQVXUHV�WKH�UHDOL]DWLRQ�RI�VWXGLHV�DQG�UHVHDUFK�ZRUN�DQG�WKHLU�TXDOLW\�LQ�LWV�RZQ�ILHOG�
�����6WXG\�3URFHVV�LQ�7DOOLQQ�3HGDJRJLFDO�8QLYHUVLW\ �738�7KH� KHDG� RI� WKH� DFDGHPLF� GHSDUWPHQW� ZKLFK� FRQGXFWV� VWXGLHV� LQ� D� SDUWLFXODU�SURJUDPPH� LV� UHVSRQVLEOH� IRU� IXOILOPHQW� RI� WKH� SURJUDPPH� DQG� TXDOLW\� DVVXUDQFH��7KH�)DFXOW\�RI�(GXFDWLRQDO�6FLHQFHV�LV�UHVSRQVLEOH�IRU�WKH�DFKLHYHPHQW�RI�WKH�DLPV�LQ� WHDFKHU� WUDLQLQJ��FRRUGLQDWLQJ� LWV�DFWLYLWLHV�ZLWK� WKH�GHSDUWPHQWV� LQ�FKDUJH�RI� WKH�SURJUDPPH� DQG� WKH� UHVSHFWLYH� VXEMHFW� PHWKRGRORJLVWV�� &KDLUV� DQG� OHFWXUHVKLSV�FRQGXFW� WKH� VWXG\� SURFHVV� DQG� TXDOLW\� DVVXUDQFH� ZLWKLQ� QDUURZHU� ILHOGV� DQG�SDUWLFXODU�VXEMHFWV�'HSDUWPHQW�RI�$FDGHPLF�$IIDLUVx &RRUGLQDWHV� DQG� RUJDQLVHV� WKH� VWXG\� SURFHVV� LQ� WKH� 8QLYHUVLW\�� RUJDQLVHV�DOORFDWLRQ�RI�URRPV�DQG�PRQLWRUV�WKHLU�XVH��7KH�GHSDUWPHQW�NHHSV�WKH�UHJLVWHU�RI�VXEMHFWV� DQG� WUDLQLQJ� SURJUDPPHV�� LPSURYHV� DQG� FRUUHFWV�WKH� GDWDEDVH�� 7KH�GHSDUWPHQW�PDLQWDLQV� WKH� VWXGHQW� GDWDEDVH�DQG�SUHSDUHV� WKH� UHTXLUHG� UHSRUWV��LVVXHV�GRFXPHQWV�FRQILUPLQJ� WKH�VWXGLHV�DQG�FRPSOHWLRQ� WKHUHRI�DQG�PDLQWDLQV�WKH�UHJLVWHU�RI�JUDGXDWHV�RI�WKH�8QLYHUVLW\�'HDQ¶V�2IILFH�RI�WKH�)DFXOW\x 'RFXPHQWV� VWXGHQWV¶� DFDGHPLF� SURJUHVV�� LVVXHV� DFDGHPLF� UHSRUWV� DQG�QRPLQDWHV� WKH� JUDQWV�� WKH� JUDQW� FRPPLWWHH� DOVR�LQFOXGHV� D� UHSUHVHQWDWLYH� RI�WKH�6WXGHQW�%RDUG�x 3UHSDUHV� H[DPLQDWLRQ� WLPHWDEOHV� E\� WKH� EHJLQQLQJ� RI� WKH� H[DPLQDWLRQ� VHVVLRQ�DQG�PRQLWRUV�FRPSOHWLRQ�RI�WKH�FXUULFXOXP�3URJUDPPH�FRRUGLQDWRU�RI�WKH�DFDGHPLF�GHSDUWPHQWx 3UHSDUHV�WLPHWDEOHV�DFFRUGLQJ�WR�VWDQGDUG�WLPHWDEOHV�x 2UJDQLVHV�UHJLVWUDWLRQ�RI�VWXGHQWV�LQ�WKH�VWXGLHV�DQG�LVVXHV�DVVHVVPHQW�VKHHWV�
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$V� RI� ����� VWXGHQWV� XVH� WKH� HOHFWURQLF� VXEMHFW� UHJLVWUDWLRQ� V\VWHP�� 7KH�V\VWHP�ZLOO�VRRQ�EH�LPSURYHG�WR�DOORZ�VWXGHQWV�D�UDSLG�VHDUFK�IRU�DQ�RYHUYLHZ�RI�WKHLU�DFDGHPLF�SURJUHVV�7KH� %RDUG� RI� WKH� 'HSDUWPHQW� RI� 1DWXUDO� 6FLHQFHV� LV� UHVSRQVLEOH� IRU� WKH� VWUDWHJLF�RUJDQLVDWLRQ� RI� VWXGLHV� �FXUULFXOD�� SROLFLHV��HWF��� DQG GDLO\�PDQDJHPHQW� RI� VWXGLHV��7KH� ERDUG� DOVR� RUJDQLVHV� LQVSHFWLRQ� DQG� DQDO\VLV� RI� WKH� SUDFWLFDO� RUJDQLVDWLRQ� RI�VWXGLHV�� $FKLHYHPHQW� RI� VXEMHFW�VSHFLILF� DLPV� LV� WKH� WDVN� RI� WKH� KHDG� RI� WKH� FKDLU��OHFWXUHVKLS��DQG�PHPEHUV�RI�WKH�FKDLU��OHFWXUHVKLS��7KH� FKDLU� �OHFWXUHVKLS�� SUHSDUHV� D� V\OODEXV�VXEMHFW� SURJUDPPH� IRU� HDFK� SDUWLFXODU�VXEMHFW� ZKLFK� LQFOXGHV� WKH� FRQWHQW� DQG� YROXPH� RI� FODVV� DQG� LQGHSHQGHQW� ZRUN��FRQGLWLRQV� RI� DVVHVVPHQW�� OLVW� RI� UHTXLUHG� UHDGLQJ�� WLPHWDEOH� RI� WRSLFV� E\� OHFWXUHV�DQG�RU�VHPLQDUV��7KH V\OODEL�ZLWK�FRQGLWLRQV�IRU�WDNLQJ�H[DPLQDWLRQ�DVVHVVPHQWV�DUH�PDGH�DYDLODEOH�IRU�WKH�VWXGHQWV�DW�WKH�EHJLQQLQJ�RI�WKH�VHPHVWHU�ILUVW�OHFWXUH�7KH� FRXUVH� V\VWHP� KDV� EHHQ� UHSODFHG� E\� D� V\VWHP� RI� VXEMHFWV� DQG� WKH� VWXGHQWV�KDYH� WKH� ULJKW� WR�VHOHFW�VXEMHFWV�DFFRUGLQJ� WR�VHOI�GHVLJQHG�VWXG\�SODQV� IRUPXODWHG�RQ� WKH�EDVLV�RI�HVWDEOLVKHG�UHTXLUHPHQWV��SUH�UHTXLVLWH�VXEMHFWV�� UHTXLUH�QXPEHU�RI�FUHGLW�SRLQWV��HWF���7KH� DFDGHPLF� FRXQVHOORU� KHOSV� VWXGHQWV� ZLWK� WKH� DERYH�PHQWLRQHG DFWLYLWLHV�� WKH�GHDQ¶V�RIILFH�H[HUFLVHV�FRQWURO�7KH� 'HSDUWPHQW� RI� 1DWXUDO� 6FLHQFHV� WDNHV� SDUW� LQ� VWXGLHV� RI� RWKHU� FXUULFXOD�� H�J��WHDFKHV�FKHPLVWU\�DQG�SK\VLFV�WR�VWXGHQWV�RI�YRFDWLRQDO�HGXFDWLRQ��QDWXUDO�VFLHQFHV��LQFO��ELRORJ\��WR�VWXGHQWV�RI�HGXFDWLRQDO�VFLHQFHV�DQG�GLGDFWLFV��SK\VLFV�WR�VWXGHQWV�RI� WKH� 'HSDUWPHQW� RI�0DWKHPDWLFV�� VXEMHFWV� LQ� FKHPLVWU\� WR� VWXGHQWV� RI� FUDIW� DQG�KRPH�HFRQRPLFV��VXEMHFWV�RI�ELRORJ\�DQG�JHRJUDSK\�WR�VWXGHQWV�RI�UHFUHDWLRQ��DQG�VHUYLFHV� JHQHUDO� DQG� LQWHUGLVFLSOLQDU\� HOHFWLYHV� H�J��'HYHORSPHQWDO� 6WXGLHV�� $�6XVWDLQDEOH�%DOWLF�5HJLRQ��&KHPLVWU\�RI�/LIH��,QWURGXFWLRQ�WR�(QYLURQPHQWDO�6WXGLHV��HWF�
�����&XUULFXOD�'HYHORSPHQW�LQ�7DOOLQQ 3HGDJRJLFDO�8QLYHUVLW\��738�&XUULFXOD� GHYHORSPHQW� LV� WLJKWO\� FRQQHFWHG� ZLWK� GHYHORSPHQWV� LQ� WKH� (VWRQLDQ�HGXFDWLRQ�� LQFOXGLQJ� KLJKHU� HGXFDWLRQ�� DV� ZHOO� DV� LQ� WKH� (XURSHDQ� 8QLRQ� DQG� WKH�ZRUOG�7KH� JHQHUDO� VWUXFWXUH� RI� FXUULFXOD� LV� XQLIRUP� DQG� LW� KDV� EHHQ� ZRUNHG� RXW� E\�WKH�DFDGHPLF�FRPPLVVLRQ�RI�WKH�ERDUG�RI�WKH�XQLYHUVLW\�DQG�DSSURYHG�E\�WKH�8QLYHUVLW\�&RXQFLO��7KH� UHVSHFWLYH�GHSDUWPHQWV�DFFRUGLQJ� WR�FHUWDLQ�FRQILUPHG� UXOHV�GUDZ�XS�WKH� REMHFWLYHV� RI� WKH� FXUULFXOD� DQG� HGXFDWLRQ� SURJUDPV� ZLWKLQ� WKHP�� $IWHU� WKH�GLVFXVVLRQ�LQ�WKH�IDFXOW\�FRXQFLO�WKH\�DUH�SUHVHQWHG�WR�WKH�WKH�DFDGHPLF�FRPPLVVLRQ�RI�WKH�ERDUG�RI�WKH�XQLYHUVLW\�IRU�DPHQGPHQWV�DQG�DGGLWLRQV��7KH�ILQDO�YHUVLRQ�RI�WKH�FXUULFXOXP�LV�SUHVHQWHG�WR�WKH�8QLYHUVLW\�&RXQFLO�IRU�DSSURYDO��7KH�IDFW�WKDW�FXUULFXOD�DUH� SXEOLVKHG� LQ� WKH�8QLYHUVLW\�&DWDORJXH�ERWK� RQ� SDSHU� DQG� LQ�HOHFWURQLF� YHUVLRQ�LQGLFDWHV�WKDW�WKHLU�REMHFWLYHV�DUH�PDGH�IXOO\RSHQ�WR�SXEOLF�%HIRUH� -XQH���� �����WKH� VR�FDOOHG�ROG����� FXUULFXOD� %LRORJ\� �0DULQH�%LRORJLVW�±6SHFLDOLVW�RQ�(QYLURQPHQWDO�6XEMHFW��%DFKHORU¶V� FXUULFXOXP� ����������DQG�%LRORJ\�
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'2&725$/�678',(6�����FUHGLWV
)5((�&+2,&(�0$�06F 352*5$00(����FUHGLWV 7($&+(5�75$,1,1*352*5$00(����FUHGLWV

0$-25�%$6('�0$�06F 352*5$00(����FUHGLWV

%$�%6F 678',(6���<($56����FUHGLWV

0DVWHU¶V� FXUULFXOXP� ��������� ZHUH� UHJLVWHUHG� E\� WKH� 0LQLVWU\� RI� (GXFDWLRQ� DQG�5HVHDUFK� KDYH�EHHQ�EXLOW�XS�DFFRUGLQJ�WR�WKH�VFKHPH�JLYHQ�LQ�)LJXUH���8QWLO� WKH� VFKRRO�\HDU� �������� WKH� DGPLVVLRQ� LQWR� %DFKHORU¶V� OHYHO� WRRN� SODFH�DFFRUGLQJ�WR�WKH�IROORZLQJ�SULQFLSOHV�x 7KH� DLP� RI� %DFKHORU¶V VWXGLHV� LV� WR� GHHSHQ� JHQHUDO� HGXFDWLRQ�� WR� SURYLGH� WKH�VWXGHQWV� ZLWK� VXIILFLHQW� WKHRUHWLFDO� NQRZOHGJH� DQG� VNLOOV� WR� VWDUW� ZRUN� LQ� WKH�FKRVHQ�ILHOG�RI�VWXG\�RU�WR�FRQWLQXH�WKHLU�VWXGLHV�x 7KH�YROXPH RI�%DFKHORU¶V SURJUDPV�LV�����WR������WRJHWKHU�ZLWK�WHDFKHU�WUDLQLQJ��FUHGLW�SRLQWV������\HDUV��x %DFKHORU¶V VWXGLHV�HQG�ZLWK� WKH�GHIHQFH�RI�D�%DFKHORU¶V� WKHVLV�DQG�UHFHLYLQJ�RI�HLWKHU�WKH�EDFFDODXUHXV�DUWLXP�RU�EDFFDODXUHXV�VFLHQWLDUXP�GHJUHH�DFFRUGLQJ�WR�WKH�FXUULFXOXP�

)LJXUH����7KH�V\VWHP�RI�VWXGLHV�LQ�WKH�7DOOLQQ�3HGDJRJLFDO�8QLYHUVLW\ �738� �EHIRUH������
x $� SHUVRQ� ZKR� KDV� FRPSOHWHG� %DFKHORU¶V� VWXGLHV� VKDOO� EH� DZDUGHG� D� GLSORPD�FHUWLI\LQJ WKH�%DFKHORU¶V�GHJUHH�WRJHWKHU�ZLWK�DQ�DFDGHPLF�UHSRUW��7KH�XQLYHUVLW\�VKDOO�DOVR�LVVXH��IUHH�RI�FKDUJH��D�GLSORPD�VXSSOHPHQW�LQ�(QJOLVK�LI�WKH�SHUVRQ�VR�UHTXHVWV�7KH�PHQWLRQHG�%DFKHORU¶V�FXUULFXOD�KDYH�WKH�IROORZLQJ�VWUXFWXUH�x JHQHUDO�VXEMHFWV��a���&3��IRUHLJQ�ODQJXDJH��LQIRUPDWLFV��VRFLDO�VFLHQFHV���x PDMRU DW�%DFKHORU¶V�OHYHO�����± ���&3�D�EORFN�RI�VXEMHFWV�LQ�WKH�FXUULFXOXP�ZKLFK�GHWHUPLQHV WKH�FRQIHUUHG�GHJUHH�x PLQRU �DGGLWLRQDO�FXUULFXOXP������� ���&3�D� EORFN� RI� VXEMHFWV� WKDW� D� VWXGHQW� FDQ� FKRRVH� LQ� DGGLWLRQ� WR� KLV�KHU�PDMRU� DQG�ZKLFK�LV�RIIHUHG�DV�D�SDUW�RI�WKH�PDMRU�FXUULFXOXP�x HOHFWLYH�VXEMHFWV ������&3�
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VXEMHFWV�ZKLFK�DUH�LQGHSHQGHQWO\�FKRVHQ�E\�D�VWXGHQW�IURP�WKH�VXEMHFWV�WDXJKW�DW�738� RU� RWKHU� XQLYHUVLWLHV� LQ� DGGLWLRQ� WR� PDMRU� DQG� PLQRU� FRXUVHV� WR� FRPSOHWH�RQH¶V�FXUULFXOXP�x �WHDFKHU�WUDLQLQJ ���&3�,Q�HDFK�FRPSOHWH�%DFKHORU¶V�SURJUDP�RQH�FDQ�GLVWLQJXLVK� WKH� IROORZLQJ� OHYHOV��DQG�PRUHRYHU��HDFK�OHYHO�FRQWDLQV�WKH�RQHV�SUHFHGLQJ�LW�x ORZHU�OHYHO��DSSUREDWXU�����&3x LQWHUPHGLDWH�OHYHO��FXP�ODXGH�DSSUREDWXU��������&3x XSSHU�OHYHO��ODXGDWXU��������&3$W� ORZHU� OHYHO� WKH� DLP� LV� WR� SURYLGH�D� V\VWHPDWLF� LQWURGXFWLRQ� WR� WKH� FXUULFXOXP�� DW�LQWHUPHGLDWH� OHYHO� WR� JLYH� EDVLF� NQRZOHGJH� DERXW� WKH� FXUULFXOXP�� 7KH� VWXGLHV� DW�XSSHU� OHYHO� HQVXUH� DGYDQFHG� NQRZOHGJH� LQ� WKH� FXUULFXOXP� DQG� DW� WKH� VDPH� WLPH�SUHSDUH�WKH�VWXGHQW�WR�FRQWLQXH�KLV�KHU�VWXGLHV�DW�0DVWHU¶V�OHYHO�7KH�PDLQ�HPSKDVLV�OLHV�RQ�D�PDMRU�VXEMHFW��,I�DW�LQWHUPHGLDWH�RU�XSSHU�OHYHO�D�PDMRU�EUDQFKHV�RII��WKH�FXUULFXOXP�PD\�DULVH�IURP�WKH�FKRVHQ�EUDQFK��,Q�RWKHU�FDVHV��WKH�LWHPV� LQ� WKH� FXUULFXOXP� DQG� PDMRU� FRLQFLGH�� $� PDMRU� SURJUDP� HQGV� ZLWK� WKH�FRPSLODWLRQ� DQG� GHIHQFH� RI� D� %DFKHORU¶V� WKHVLV� ���±��� &3��� 7KXV�� WKH� YROXPH RI�VWXGLHV�LQ�D�PDMRU�LV��������&3�,Q�DGGLWLRQ� WR� WKH�PDMRU�SURJUDP�DQG�JHQHUDO�VXEMHFWV�D�VWXGHQW�KDV� WR�VWXG\�DOVR�RQH�RU�PRUH�PLQRU�VXEMHFWV��WKH�YROXPH RI�ZKLFK�GHSHQGV�RQ�WKH�FXUULFXOXP������ ���&3��� 6WXGHQWV� FKRRVH� PLQRUV� DFFRUGLQJ� WR� WKHLU� LQWHUHVWV� DQG� DOVR� WDNH� LQWR�FRQVLGHUDWLRQ� WKH�QHHGV�RI� WKHLU� IXWXUH�HPSOR\HUV��0LQRUV�DUH� IRUPHG�E\� WKH� ORZHU�DQG�LQWHUPHGLDWH OHYHOV�RI�DQ\�PDMRU�SURJUDP��6WXGHQWV�FDQ�WDNH�XS�D�PLQRU�DOVR�LQ�DQRWKHU� XQLYHUVLW\� LI� WKDW� LV� DFFHSWHG� E\� WKH� GHSDUWPHQW�� 7KH� FXUULFXOXP� PLJKW�FRQWDLQ� UHFRPPHQGDWLRQV� DERXW� WKH� FKRLFH� RI�PLQRUV�� $W� %DFKHORU¶V� OHYHO� DW� OHDVW�RQH� PLQRU� ���� &3�� VKRXOG� EH� DYDLODEOH� IRU� VWXGHQWV� WR� FKRRVH� IUHHO\�� 7KH�FRPELQDWLRQ�RI�PDMRU�DQG�PLQRU� VXEMHFWV�DOVR�GHWHUPLQHV�ZKHWKHU� LW� LV� SRVVLEOH� WR�FRQWLQXH�RQH¶V�VWXGLHV�DW�0DVWHU¶V�OHYHO�$�VWXGHQW�ZKR�ZDQWV� WR�DFTXLUH� WKH� WHDFKHU¶V�SURIHVVLRQ�VKRXOG� WDNH�XS�D� VSHFLDO�WHDFKHU�WUDLQLQJ�SURJUDP�����&3���ZKLFK�LQYROYHV�HGXFDWLRQDO�VXEMHFWV�DQG�GLGDFWLFV�RI�WKH�PDMRU�WRJHWKHU�ZLWK�D�SURIHVVLRQDO�SODFHPHQW�DW�VFKRRO��,W�LV�SRVVLEOH�WR�SDVV�WKDW�SURJUDP�DOVR�DIWHU�JUDGXDWLRQ�± WKLV�PHDQV�VWXG\LQJ�IRU�RQH�PRUH�\HDU�$FFRUGLQJ�WR�WKH�0DVWHU¶V�FXUULFXOD UHJLVWHUHG�DPRQJ�WKH�FXUULFXOD�RI�WKH�0LQLVWU\�RI�(GXFDWLRQ�DQG�5HVHDUFK EHIRUH�-XQH����������WKH�VWXGLHV�DUH�EDVHG�RQ WKH�IROORZLQJ�SULQFLSOHV�x 7KH� 0DVWHU¶V� SURJUDP� LQYROYHV� VWXGLHV DW� WKH� VHFRQG� OHYHO� RI� DFDGHPLF�HGXFDWLRQ� ZLWK� WKH� REMHFWLYH� RI� FUHDWLQJ� RSSRUWXQLWLHV� IRU�0DVWHU� VWXGHQWV� WR�DFTXLUH�DQ�HGXFDWLRQ�ZLWK�D�PRUH�IRFXVHG�SURIHVVLRQDO�VSHFLDOL]DWLRQ��WR�GHYHORS�VNLOOV� IRU�SODQQLQJ��SHUIRUPLQJ�DQG�DSSO\LQJ� WKH�UHVXOWV�RI� UHVHDUFK��DQG�WR�ZULWH�DQG�GHIHQG�D�0DVWHU¶V�WKHVLV�x 0DVWHU¶V� GHJUHHV� DUH� GLYLGHG� LQWR� UHVHDUFK� DQG� SURIHVVLRQDO� GHJUHHV�� 7KH�0DVWHU¶V�SURJUDP�LQ�%LRORJ\�JLYHV�D�UHVHDUFK�GHJUHH�� PDJLVWHU�VFLHQWLDUXP�%RWK�FXUULFXOD�WR�EH�DFFUHGLWHG�FRQWDLQ�WKH�IROORZLQJ�PDWHULDO��� 6WXG\�SURJUDP��FRQVLVWV�RI�VXEMHFWV���� &RXUVH�GHVFULSWLRQ
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�� 6\OODEXV��WKH�FDOHQGDU�SODQ�RI�WKH�FRXUVH�ZKLFK�LV�JLYHQ�WR�VWXGHQWV�E\�WKH�&KDLU��(DFK�VWXG\�SURJUDP�FRQVLVWV�RI�FHUWDLQ�VXEMHFWV��7KH�RXWOLQH�RI�D�VXEMHFW�LV�JLYHQ�E\�WKH�FRXUVH�GHVFULSWLRQ�WRJHWKHU�ZLWK�D�OLVW�RI�UHTXLUHG�DQG�UHFRPPHQGHG�UHDGLQJ��,W�DOVR� FRQWDLQV� WKH� FRGH� RI� WKH� VXEMHFW�� WLWOH�� YROXPH�� PHWKRG� RI� DVVHVVPHQW��SUHUHTXLVLWHV��VKRUW�GHVFULSWLRQ�RI� WKH�VXEMHFW�DQG�QDPH�RI� WKH� LQVWUXFWRU��/HDUQLQJ�PHWKRGV� LQFOXGH� D� OHFWXUH�� VHPLQDU�� SUDFWLFDO� FODVV�� UHSRUW�� ZRUN� RQ� OLWHUDWXUH� DQG�RWKHU� W\SHV� RI� DXGLWRU\� DQG� LQGHSHQGHQW� ZRUN�� 7KH� DPRXQW� RI� LQGHSHQGHQW� ZRUN�PDNHV�XS�DERXW������RI�WKH�WLPH�VSHQW�RQ�WKH�VXEMHFW�7KH�SURFHVV RI�WHDFKLQJ�WKH�VXEMHFW� LV�UHIOHFWHG�LQ�WKH�V\OODEXV��ZKLFK�WKH�VWXGHQWV�UHFHLYH� IURP� WKHLU� &KDLU�� ,Q� DGGLWLRQ� WR� WKH� LQIRUPDWLRQ� JLYHQ� LQ� WKH� FRXUVH�GHVFULSWLRQ��WKH�V\OODEXV�DOVR�LQFOXGHV�WKH�GHVFULSWLRQ�RI�LQGHSHQGHQW�ZRUN��PHWKRGV�RI� FKHFNLQJ� ZRUN� GXULQJ� WKH� VHPHVWHU�� D� OLVW� RI� VWXG\� OLWHUDWXUH�� WRSLFDO� SODQ� RI�SUDFWLFDO� FODVVHV� DQG� VHPLQDUV�� UHTXLUHPHQWV� IRU� H[DPV� DQG� DVVHVVPHQWV�� 7KH�V\OODEXV�LV�PDGH�DYDLODEOH�IRU�VWXGHQWV�ULJKW�DW�WKH�EHJLQQLQJ�RI�D�VHPHVWHU��6LQFH�WKH�DFDGHPLF�\HDU�����������FXUULFXOD�RI�WKH�XQLYHUVLW\�KDYH XQGHUJRQH�IXQGDPHQWDO�FKDQJHV� 7UDQVLWLRQ� WR� WKH�����VWXG\�V\VWHP ���\HDUV�RI�%DFKHORU¶VVWXGLHV�����\HDUV�RI�0DVWHU¶V VWXGLHV��EURXJKW�DORQJ�QHZ�FXUULFXOD�WKDW�GR�QRW�PHUHO\�RIIHU� WKH�VWXGHQWV�NQRZOHGJH� LQ� WKH�DUHD�RI�VSHFLDOLVDWLRQ��EXW�DOVR�JXDUDQWHH� WKHLU�VXIILFLHQW�VRFLDO�FRPSHWHQFH��GHYHORS�UHDGLQHVV�IRU� OLIHORQJ�OHDUQLQJ�DQG�FUHDWH�WKH�RSSRUWXQLW\� RI� WUDQVLWLRQ� EHWZHHQ� WKH� FXUULFXOD� DV�ZHOO� DV� XQLYHUVLWLHV�� %\� QRZ� WKH�WUDQVLWLRQ� SURFHVV� IURP� WKH� ORFDO� FUHGLW� SRLQW� V\VWHP� WR� WKH�(XURSHDQ� RQH� �(&76��KDV�EHHQ�LQLWLDWHG��2QH�DFDGHPLF�FUHGLW�LQ�(VWRQLD�LV�FDOFXODWHG�DV����KRXUV�RI�ZRUN��7KLV�PD\�EH�DZDUGHG�IRU�WKH�SDUWLFLSDWLRQ�LQ�OHFWXUHV��LQGHSHQGHQW�ZRUN�RU�DQ\�RWKHU�FRPELQDWLRQ� RI� ��� KRXUV� RI� VWXGHQW� ZRUN�� 2QH� DFDGHPLF� FUHGLW� LQ� (VWRQLD� HTXDOV�DSSUR[LPDWHO\�WR�����(&76�FUHGLWV��(&76�FUHGLWV�H[SUHVV�D�UHODWLYH�PHDVXUH�RI�WKH�VWXGHQW�ZRUNORDG��,Q�(&76�����FUHGLWV�UHSUHVHQW�WKH�ZRUNORDG�IRU�WKH�IXOO�DFDGHPLF�\HDU�RI�VWXG\�� ,Q�RUGHU� WR�REWDLQ�D�%DFKHORU¶V�GHJUHH�DW� WKH�738�� WKH�VWXGHQWV�DUH�UHTXLUHG�WR�DFKLHYH�PLQLPXP�����FUHGLWV������(&76��RYHU�WKH�WKUHH�\HDUV�RI�VWXG\�DQG�D�0DVWHU¶V�GHJUHH�HLWKHU�LQ�RQH�\HDU�VWXG\�± ���FUHGLWV�����(&76��RU�WZR�\HDU�VWXG\�± ���FUHGLWV������(&76��*HQHUDO�REMHFWLYHV�RI�WKH�FXUULFXOD�LQ WKH�8QLYHUVLW\�DUH�WKH�IROORZLQJ�x 7R� FUHDWH� FRQGLWLRQV�� DW� DOO� OHYHOV� RI� VWXG\� DW� WKH� XQLYHUVLW\�� IRU� REWDLQLQJ�HGXFDWLRQ� EDVHG� RQ� WKH� LQWHJUDWLRQ� RI� HGXFDWLRQDO�� UHVHDUFK� DQG� FUHDWLYH�DFWLYLWLHV�x 7R�SURPRWH�VFLHQFH�LQ�WKH�8QLYHUVLW\¶V�ILHOGV�RI�VWXG\�x 7R� HQDEOH� RSSRUWXQLWLHV� IRU� OLIHORQJ� OHDUQLQJ� DQG� RIIHU� QHFHVVDU\� VHUYLFH� IRU�HGXFDWLRQ��UHVHDUFK�DQG�GHYHORSPHQW��7KH�QHZ�����V\VWHP�JLYHV�WKH�VWXGHQWV�D�ZLGHU�UDQJH�RI�FKRLFH�DIWHU�FRPSOHWLQJ�WKH�%DFKHORU¶V SURJUDPPHV�� )RU� LQVWDQFH�� WKH� JUDGXDWHV� RI�%LRORJ\ �:LWK� 6HFRQG�6XEMHFW� %DFKHORU¶V SURJUDPPH�FDQ�FKRRVH�EHWZHHQ�VHYHUDO�SURJUDPV�DW�0DVWHU¶V�OHYHO�� %LRORJ\�� *HR�(FRORJ\�� 7HDFKHU� RI� %LRORJ\�� 7HDFKHU� RI� 1DWXUDO� 6FLHQFHV��(QYLURQPHQWDO� 0DQDJHPHQW� HWF� 7KH� PRVW� VXFFHVVIXO� JUDGXDWHV� RI� WKH� 0DVWHU¶V�SURJUDP�FDQ�DSSO\�IRU�WKH�GRFWRUDO�VWXGLHV�
7KH� V\VWHP� ���� FDQ�EH� LOOXVWUDWHG�DV� IROORZV� �5HJXODWLRQV� IRU� WKH�2UJDQL]DWLRQ� RI�6WXGLHV KWWS���ZZZ�WSX�HH�HGLWPRGH�HQJOLVK�VWXGLHV�UHJ6WXGLHV�SGI���



��

'2&725$/�678',(6�����FUHGLWV
)5((�&+2,&(�0$�06F 352*5$00(���FUHGLWV

0$-25�%$6('�0$�06F 352*5$00(���FUHGLWV
7($&+(5�75$,1,1*0$�06F 352*5$00(����FUHGLWV

%$�%6F 678',(6���<($56

*HQHUDO�VXEMHFWV ������FUHGLW�SRLQWV)RFXV�VXEMHFWV� ������FUHGLW�SRLQWV&RUH�VXEMHFW ������FUHGLW�SRLQWV%DFKHORU¶V�WKHVLV�RU�H[DP ��FUHGLW�SRLQWV0LQRU�VXEMHFW , ���FUHGLW�SRLQWV�DQG�RU�0LQRU�VXEMHFW�,, ������FUHGLW�SRLQWV(OHFWLYHV ����FUHGLW�SRLQWV8SGDWHG�YHUVLRQV�RI�WKH�5HJXODWLRQV�IRU�WKH�2UJDQL]DWLRQ�RI�6WXGLHV�DUH�SXEOLVKHG�LQ�WKH�6XEMHFW�&DWDORJXH RI�738�DQG�DUH�DOVR�GLVSOD\HG�DW�WKH�ZHEVLWH�RI�WKH�8QLYHUVLW\��ZZZ�WSX�HH���&KDQJHV�LQ�WKH�RUJDQL]DWLRQ�RI�VWXGLHV�DUH�PDGH�ZLWK�WKH�UHVROXWLRQV�RI�738�&RXQFLO�RU�WKH�9LFH�5HFWRU�IRU�$FDGHPLF�$IIDLUV�7KH� VWXGHQWV� DUH DGPLWWHG� WR� WKH�%6F VWXGLHV�� KRZHYHU�� WKH� JUDGXDWHV� RI� D�%6FSURJUDP� FDQ� FRQWLQXH� WKHLU� VWXGLHV� LQ� DQ�06F SURJUDP� FRUUHVSRQGLQJ� WR� WKHLU�VSHFLDOLVDWLRQ��7KH�SXEOLF�HGXFDWLRQDO�GHPDQG�FRPSLOHG�E\�WKH�VWDWH�GHWHUPLQHV�WKH�QXPEHU� RI� 0DVWHU¶V� GHJUHH� VSHFLDOLVWV� UHTXLUHG�� $W� WKH� VDPH� WLPH�� WKH� VWDWH�REOLJDWHV� WKH� 8QLYHUVLW\� WR� FUHDWH� ���� WLPHV�PRUH�%$�%6F VWXGHQW� YDFDQFLHV� WKDQ�0$�06F YDFDQFLHV�� )RU� H[DPSOH�� LI� WKH� VWDWH� GHPDQG� IRU� %LRORJ\��:LWK� 6HFRQG�6XEMHFW� 06F VWXGHQWV�LV�����EDVHG�RQ�WKLV��WKH�8QLYHUVLW\�KDV�WR�FUHDWH����VWXGHQW�YDFDQFLHV�DW�%6F OHYHO��7KH�%$�%6F FXUULFXOD�RI�7DOOLQQ�3HGDJRJLFDO�8QLYHUVLW\�KDYH�EHHQ�FRPSLOHG�DFFRUGLQJ�WR�WKH�ILHOGV�RI�VWXG\��$FFRUGLQJ�WR�WKH�QHZ�FXUULFXOD�SURFHHGLQJ�IURP�WKH�%RORJQD�'HFODUDWLRQ�WKH�V\VWHP�RI�VWXGLHV�DW�WKH�XQLYHUVLW\�FDQ�EH�FKDUDFWHULVHG�DV�IROORZV��7KH�VWXG\�ORDG�LV�FDOFXODWHG�LQ�FUHGLWV��&5���2QH�FUHGLW�FRUUHVSRQGV�WR����KRXUV�RI�VWXGLHV��IURP�ZKLFK�DW�OHDVW����SHU�FHQW�LV�LQGLYLGXDO�ZRUN��7KH�0$�06F FXUULFXOD�DUH�VSHFLDOLVDWLRQ�EDVHG�DQG�LOOXVWUDWHG�LQ�)LJXUH���

)LJXUH����7KH�V\VWHP�RI�VWXGLHV�LQ�WKH�7DOOLQQ�3HGDJRJLFDO�8QLYHUVLW\ �738� �VLQFH������
$W� WKH�HQG�RI�D�%$�%6F SURJUDP�� WKH� WKHVLV� LV�GHIHQGHG��$OO�JUDGXDWHV�DUH� IUHH� WR�DSSO\�IRU�WKH�0$�06F VWXGLHV��EXW�WKH\�FDQ�DOVR�HQWHU�WKH�ODERXU�PDUNHW�DQG�UHFHLYH�LQ�VHUYLFH�WUDLQLQJ�DOUHDG\�DW�ZRUN��
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7KH�ILHOGV�RI�VWXG\�LQ�WKH�738�DUH�x +XPDQLWDULDQ�VFLHQFHVx )LQH�DUWVx 3K\VLFDO�HGXFDWLRQx 6RFLDO�VFLHQFHVx 1DWXUDO�VFLHQFHVx ([DFW�VFLHQFHVx (GXFDWLRQ�VFLHQFHV�DQG�WHDFKHU�WUDLQLQJ�,Q�QXPEHUV� WKH�7DOOLQQ�3HGDJRJLFDO�8QLYHUVLW\ FDQ�EH�FKDUDFWHULVHG�DV� IROORZV��DFFRUGLQJ�WR�WKH�GDWD�IURP�-DQXDU\����������7KH�WRWDO�QXPEHU�RI�VWXGHQWV���������LQFOXGLQJ�����VWXGHQWV�RI�WKH�GLSORPD�VWXGLHV�������� VWXGHQWV� RI� WKH� %DFKHORU¶V� OHYHO�� ������ VWXGHQWV� RI� WKH� 0DVWHU¶V� OHYHO� ����VWXGHQWV�RI�WKH�GRFWRUDO�VWXGLHV���7KH�QXPEHU�RI�JUDGXDWHV� LQ�����������JUDGXDWHV�RI� WKH�GLSORPD�VWXGLHV�� ����� RI�%DFKHORU¶V�VWXGLHV������± RI�0DVWHU¶V�VWXGLHV�����± RI�GRFWRUDO�VWXGLHV�7KH�QXPEHU�RI�OHFWXUHUV������IXOO�WLPH�OHFWXUHUV������SDUW�WLPH�OHFWXUHUV7KHUH�DUH���IDFXOWLHV����LQVWLWXWHV����FROOHJHV�DQG����FKDLUV�7KH�QXPEHU�RI�FXUULFXOD�����IRU�WKH�%DFKHORU¶V�OHYHO�����IRU�WKH�0DVWHU¶V�OHYHO�����IRU�WKH�GRFWRUDO�VWXGLHV�7KH�VSDFH�DUHD�LQ�WRWDO��������VTXDUH�PHWUHV��
�����&RQGLWLRQV�IRU�WKH &RPSOHWLRQ�RI�6WXGLHV7KH�FRPSOHWLRQ�RI�WKH�FXUULFXOXP�LV�SRVVLEOH�ZKHQ�WKH�VWXGHQW�KDV�FRPSOHWHG�KLV�KHU�VWXGLHV�DFFRUGLQJ�WR�WKH�UHTXLUHPHQWV�RI�WKH�FXUULFXOXP�DQG�WKH�PHDQ�JUDGH� RI� DVVHVVPHQW� LV� D�PLQLPXP� RI� ³VDWLVIDFWRU\´� ��'�� DQG� KDV�ZULWWHQ� D�%DFKHORU¶V RU�0DVWHU¶V�WKHVLV�DQG�GHIHQGHG�LW�IRU�D�PLQLPXP�RI�³VDWLVIDFWRU\´���'��JUDGH�$VVHVVPHQW� VKDOO� EH�FDUULHG� RXW� YLD� WHVWV�� VHPLQDUV� DQG�SUDFWLFDO� FODVVHV�� JUDGHV�DUH�DZDUGHG�DW�H[DPLQDWLRQV��JUDGHG�DVVHVVPHQWV�DQG�DW� WKH�GHIHQFH�RI�VHPLQDU�DQG�ILQDO�SDSHUV��7KH�IRUPV�RI�DVVHVVPHQW�DUH�VHW�RXW� LQ� WKH�FXUULFXOD�DQG�V\OODEL�WKH\�VHUYH�WKH�DLP�RI�UHFRUGLQJ�WKH�OHYHO�RI�VWXGHQWV¶�NQRZOHGJH�DQG�VNLOOV�7UDQVIHU�RI�VWXGHQWV�WR�WKH�QH[W�DFDGHPLF�\HDU�LV�SHUIRUPHG�RQ�WKH�EDVLV�RI�WKH�VXP�RI�FUHGLW�SRLQWV�FROOHFWHG�GXULQJ�VWXGLHV��7KH�VWXGHQW�LV�FRQVLGHUHG�x D�ILUVW�\HDU�VWXGHQW�IURP�PDWULFXODWLRQ�XQWLO�KH�VKH�KDV�FROOHFWHG������&3�x D�VHFRQG�\HDU�VWXGHQW�LI�KH�VKH�KDV����&3�x D�WKLUG�\HDU�VWXGHQW�LI�KH�VKH�KDV����&3�x D�IRXUWK�\HDU�VWXGHQW�LI�KH�VKH�KDV�����&3�7KH V\VWHP�RI� DVVHVVPHQW� LV� GHVFULEHG� LQ� GHWDLO� LQ�&KDSWHU� ���� $VVHVVPHQW� DQG�$QDO\VLV�RI�6WXG\�5HVXOWV�$�SUHUHTXLVLWH�IRU�WKH�GHIHQFH�RI�D�%DFKHORU¶V RU�0DVWHU¶V�WKHVLV�LV�WKH�FRPSOHWLRQ�RI�DOO� HOHPHQWV� RI� WKH� FXUULFXOXP�� 7KH� GHIHQFH� RI� ILQDO� SDSHUV� RU� WKH WDNLQJ� RI� ILQDO�
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H[DPLQDWLRQV� WDNHV� SODFH� DW� WKH� HQG� RI� WKH� DXWXPQ� RU� VSULQJ� VHPHVWHU� DW� D� WLPH�HVWDEOLVKHG� LQ� WKH� DFDGHPLF� FDOHQGDU�� 7KH� VWXGHQWV� DUH SHUPLWWHG� WR� GHIHQG� WKHLU�WKHVHV�E\�RUGHU�RI� WKH�GHDQ��SUHSDUHG�D�PLQLPXP�RI�WZR�ZHHNV�EHIRUH�WKH�GDWH�RIWKH�GHIHQFH�DQG�VXEPLWWHG�WR�WKH�'HSDUWPHQW�RI�$FDGHPLF�$IIDLUV��7KH�FRPPLVVLRQ�KDV�DW�OHDVW�WKUHH�PHPEHUV��LQFOXGLQJ�WKH�FKDLUSHUVRQ�ZKR��DV�D�UXOH��KDV�D�GRFWRUDO�GHJUHH� RU� FRUUHVSRQGLQJ� TXDOLILFDWLRQ�� 0HPEHUVKLS� RI� GHIHQFH� FRPPLVVLRQV� IRU�WKHVHV� LQ� WKH %DFKHORU¶V�VWXG\�DUH�DSSURYHG�E\� WKH�GHDQ�RI� WKH� IDFXOW\��DQG� LQ� WKH�0DVWHU¶V�VWXG\�E\� WKH�9LFH�5HFWRU� IRU�$FDGHPLF�$IIDLUV�RQ� WKH�EDVLV�RI� WKH�GHDQ¶V�SURSRVDO��,Q�RUGHU�WR�HQVXUH�WKH�UHTXLUHG�TXDOLW\�RI�%DFKHORU¶V��0DVWHU¶V DQG�GRFWRUDO�WKHVHV��WKH�GHIHQFH�FRPPLVVLRQ�RI�WKH�GHSDUWPHQW�WUDGLWLRQDOO\�LQFOXGHV�UHFRJQLVHG�VSHFLDOLVWV�RXWVLGH�WKH�7DOOLQQ�3HGDJRJLFDO�8QLYHUVLW\ �738��5HTXLUHPHQWV� IRU� WHUP� SDSHUV�� %DFKHORU¶V DQG� 0DVWHU¶V� WKHVHV� DUH� VHW� E\� WKH�'HSDUWPHQW� RI� 1DWXUDO� 6FLHQFHV� �ZZZ�WSX�HH�HGLWPRGH�DNDVWUXNWXXU�PDWHPDDWLND�ORRGXVWHDGXVHG�MXKHQG�GRF���$V�D�UXOH�� WKH�YROXPH�RI� ILQDO�SDSHUV� LQ� WKH�FDVH�RI�D���FUHGLW�SRLQW�UHVHDUFK�SDSHU�LV� ������RI�SULQWHG�WH[W����SDJH� �������FKDUDFWHUV���8QLIRUP� UHTXLUHPHQWV� IRU� ILQDO� SDSHUV� �LQFOXGLQJ� WKH� UHIHUHQFLQJ� V\VWHP��� WKDW�FRQIRUP�WR�LQWHUQDWLRQDO�VWDQGDUGV��DUH�XVHG�LQ�WKH�IDFXOW\�%DFKHORU¶V DQG�0DVWHU¶V�WKHVHV�DUH�VXEPLWWHG�WR�WKH�GHIHQFH�E\�GHDQ¶V�RUGHU�DORQJ�ZLWK�WKH�RSLQLRQ�RI�WKH�VXSHUYLVRU�DQG�D�ZULWWHQ�UHYLHZ��7KH�KHDG�RI�DFDGHPLF�VXE�XQLW� QRPLQDWHV� D� UHYLHZHU� IRU� WKH� ILQDO� SDSHU�� 7KH� UHYLHZHU� PXVW� EH� D� UHQRZQHG�VSHFLDOLVW�RI� WKH�FXUULFXOXP�DQG�KDYH�D�GHJUHH�D�PLQLPXP�RI�RQH�OHYHO�KLJKHU�WKDQ�WKH� SDSHU� GHIHQGHG� �WKH� UHYLHZHU� RI� WKH�%DFKHORU¶V� SDSHU� PXVW� KDYH� D�0DVWHU¶V�GHJUHH�RU�HTXLYDOHQW�TXDOLILFDWLRQV���$�ZULWWHQ�UHYLHZ��PLQLPXP�RQH�SDJH��PXVW�EH�VXEPLWWHG�WR�WKH�GHSDUWPHQW�FKDLU�D�PLQLPXP�RI�WKUHH�GD\V�EHIRUH�WKH�GHIHQFH��7KH�VWXGHQW�KDV�WKH�ULJKW�WR�H[DPLQH�WKH�UHYLHZ�RI�KLV�KHU�ILQDO�SDSHU�7KH�GHSDUWPHQW�FKDLU�VKDOO�DQQRXQFH WR�WKH�VWXGHQWV�DQG�WKH�GHDQ¶V�RIILFH�WKH�GDWHV�IRU� WKH�VXEPLVVLRQ�DQG�GHIHQFH�RI� ILQDO�SDSHUV� WZR�PRQWKV�EHIRUH� WKH�GDWH�RI� WKH�GHIHQFH�DW�WKH�ODWHVW��6WXGHQWV�PXVW�VXEPLW�WKHLU�ILQDO�SDSHU�WR�WKH�GHSDUWPHQW�FKDLU�D�PLQLPXP�RI� WZR�ZHHNV�EHIRUH�WKH�GHIHQFH�ZLWK�WKH�VXSHUYLVRU¶V�VLJQDWXUH�RQ�WKH�WLWOH� SDJH� SURYLQJ� WKDW� WKH� ILQDO� SDSHU� KDV� EHHQ� DXWKRULVHG� IRU� GHIHQFH�� 7KH�GHSDUWPHQW�FKDLU�PXVW�WKHQ�SUHVHQW�WKH�QDPHV�RI�WKH�VWXGHQWV�ZKR�KDYH�VXEPLWWHG�ILQDO� SDSHUV�� DORQJ�ZLWK� WKH� QDPHV� RI� WKHLU� VXSHUYLVRUV� DQG� WKH� WLWOHV� RI� WKHLU� ILQDO�SDSHUV�LQ�(VWRQLDQ�DQG�(QJOLVK�WR�WKH�GHDQ¶V�RIILFH�RI�WKH�IDFXOW\�WZR�ZHHNV�EHIRUH�WKH�GHIHQFH�7KH�GHIHQFH�RI�%DFKHORU¶V DQG�0DVWHU¶V�WKHVHV�LV�SXEOLF�DQG�LV�SHUIRUPHG�EHIRUH�D�GHIHQFH�FRPPLVVLRQ�LQ�WKH�URRP�DQG�LQ�WKH�RUGHU�PDGH�SXEOLF�E\�WKH�GHSDUWPHQW��$V�D� UXOH�� WKH�VWXGHQW¶V� VXSHUYLVRU�V��DQG� WKH� UHYLHZHU�DWWHQG� WKH�GHIHQFH�SURFHGXUH��7KH� GHIHQFH� SULPDULO\� FRQFHQWUDWHV� RQ� WKH� DQDO\VLV� RI� WKH� SDSHU� EXW� PD\� DOVR�LQYROYH�PRUH�H[WHQVLYH�DVVHVVPHQW�RI�NQRZOHGJH��7KH�UHVXOWV�RI�WKH�GHIHQFH�RI�ILQDO�SDSHUV�DUH�PDGH�SXEOLF�WR�WKH�VWXGHQWV�RQ�WKH�GD\�RI�WKH�GHIHQFH�DFFRUGLQJ�WR�WKH�DVVHVVPHQW�VFDOH�RI�738��&KDSWHU������ 7KH�JUDGH�³VXIILFLHQW´�LV�QRW�D�SRVLWLYH�UHVXOW�LQ�WKH�FDVH�RI�%DFKHORU¶V�WKHVHV�*UDGHV� DUH� HQWHUHG� LQ� DQ� HVWDEOLVKHG� SURWRFRO� IRUP� 7KH� VLJQHG�SURWRFRO� VKDOO� EH�VXEPLWWHG�WR�WKH�GHDQ¶V�RIILFH�RI�WKH�IDFXOW\�DW�WKH�ODWHVW�RQ�WKH�GD\�DIWHU�WKH�JUDGHV�KDYH�EHHQ�PDGH�SXEOLF��7KH�UHVXOWV�RI�WKH�GHIHQFH�RI�ILQDO�SDSHUV�DUH�PDGH�SXEOLF�WR� WKH� VWXGHQWV� RQ� WKH� GD\� RI� WKH� GHIHQFH� LPPHGLDWHO\� DIWHU� SURWRFROV� KDYH� EHHQ�FRPSOHWHG��:DLYLQJ�WKH�GHIHQFH�RI�WKH�ILQDO�SDSHU�WDNLQJ�WKH�ILQDO�H[DPLQDWLRQ�ZKHUH�
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QR�YDOLG�UHDVRQ�LV�JLYHQ�ZLOO�EH�HTXDO�WR�D�³IDLO´��)���7KH�QRWH ³ZLWKGUDZQ´�LV�HQWHUHG�LQ�WKH�SURWRFRO�DERXW�DQ\�VWXGHQW�ZKR�IDLOV�WR�DSSHDU�ZLWKRXW�D�YDOLG�UHDVRQ��,OOQHVV��SURYHQ�E\�D�PHGLFDO�FHUWLILFDWH�DQG�VXEPLWWHG�WR�WKH�FKDLUSHUVRQ�RI�WKH�FRPPLVVLRQ��ZLOO�EH�DFFHSWHG�DV�D�YDOLG�UHDVRQ��,I�WKH�VWXGHQW�IDLOV�WR�VXEPLW�D�PHGLFDO�FHUWLILFDWH�ZLWKLQ� WKUHH� ZRUNLQJ� GD\V�� WKH� QRWH� ³ZLWKGUDZQ´� ZLOO� EH UHSHDOHG� DQG� D� QHJDWLYH�UHVXOW�HQWHUHG� LQ� WKH�SURWRFRO��$Q\�VWXGHQW�ZKR� IDLOHG� WR�DSSHDU� IRU�D�YDOLG� UHDVRQ�KDV�WKH�ULJKW� WR�GHIHQG�WKHLU�ILQDO�SDSHU�RQ�D�GD\�GHWHUPLQHG�E\�WKH�FKDLUSHUVRQ�RI�WKH�FRPPLVVLRQ�ZLWKLQ� WKH�H[DPLQDWLRQ�VHVVLRQ�� ,Q� WKH�FDVH�RI�DQHJDWLYH� UHVXOW� D�UHSHDWHG�GHIHQFH�RI� WKH� ILQDO�SDSHU� LV�SRVVLEOH� LQ� WKH� IROORZLQJ�VHPHVWHU�DW�D� WLPH�HVWDEOLVKHG� LQ� WKH�DFDGHPLF�FDOHQGDU��7KH�ILQDO�SDSHU�PD\�EH�GHIHQGHG�RQH�PRUH�WLPH�� )RU� WKH� QH[W� GHIHQFH� WKH� FRPPLVVLRQ� UHTXLUHV� LPSURYHPHQW� RI� WKH� SUHVHQW�SDSHU�RU�WKH�FKRLFH�RI�D�QHZ�WRSLF�7KH�GHIHQFH�FRPPLVVLRQ�PD\�FKDQJH�LWV�GHFLVLRQ�ZLWKLQ�WKUHH�ZRUNLQJ�GD\V�RI� WKH�GD\�RI�GHIHQFH�RI�WKH�ILQDO�SDSHU�LI�SURYHQ�GLVFUHGLWLQJ�LQIRUPDWLRQ�EHFRPHV�HYLGHQW��SODJLDULVP��SUHVHQWLQJ�IDOVLILHG�LQIRUPDWLRQ��HWF����(YLGHQFH�WKDW�IRUPHG�WKH�EDVLV�RI�WKH�FKDQJHG�GHFLVLRQ� LV�DSSHQGHG� WR� WKH�FKDQJHG�GHFLVLRQ�� ,Q� WKH�FDVH�RI�SURYHQ�SODJLDULVP�� WKH�VWXGHQW�VKDOO� ORVH� WKH� ULJKW� WR�DWWHPSW�D�VXEVHTXHQW�GHIHQFH�RI� WKH�SUHVHQW�ILQDO�SDSHU��7KH�VWXGHQW�PXVW�FKRRVH�D�QHZ�WRSLF�WR�FRPSOHWH�WKH�VWXGLHV��,I�WKH� VWXGHQW� GRHV� QRW� DFFHSW� WKH� JUDGH� UHFHLYHG� DW� WKH� GHIHQFH� RU� WKH� GHIHQFH�SURFHGXUH��KH�RU�VKH�KDV�WKH�ULJKW�WR�VXEPLW�DQ�DSSHDO�LQ�ZULWLQJ�WR�WKH�GHDQ�ZLWKLQ�WKUHH� ZRUNLQJ� GD\V� DIWHU� WKH� UHVXOWV� KDYH� EHHQ� PDGH� SXEOLF�� 7KH�GHDQ� VKDOO�HVWDEOLVK� D� WKUHH�PHPEHU� FRPPLVVLRQ�� ZKLFK� ZLOO� KHDU� WKH� DSSHDO� DQG� QRWLI\� WKH�GHDQ�RI�LWV�GHFLVLRQ�ZLWKLQ�WHQ�ZRUNLQJ�GD\V�IURP�WKH�VWXGHQW�VXEPLWWLQJ�WKH�DSSHDO��7KH�GHDQ�VKDOO�PDNH�WKH�GHFLVLRQ�SXEOLF�LQ�ZULWLQJ�WR�DOO�SDUWLHV�FRQFHUQHG�LQFOXGLQJ�WKH�GHIHQFH�FRPPLVVLRQ�5HSHDWHG� GHIHQFH� RI� WHUP��%DFKHORU¶V DQG�0DVWHU¶V� SDSHUV�ZKLFK�ZHUH� JLYHQ� WKH�JUDGHV�³VXIILFLHQW´�RU�³IDLO´� LV�SRVVLEOH�RQH�PRUH�WLPH�DIWHU�RQH�\HDU�DQG�DOVR� LQ�WKH�VDPH�\HDU�DFFRUGLQJ�WR�WKH�SURFHGXUHV�HVWDEOLVKHG�E\�WKH�GHSDUWPHQW��7KH�VWXGHQW�KDV� WKH� ULJKW� WR� GLVSXWH WKH� LVVXHV� UHODWHG� WR� WKH� GHIHQFH� SURFHGXUH� ZLWKLQ� WKUHH�ZRUNLQJ�GD\V�DQG�VXEPLW�DQ�DSSHDO�LQ�ZULWLQJ�WR�WKH�GHDQ�$IWHU� WKH�FRPSOHWLRQ� RI� WKH� FXUULFXOXP�DQG�GHIHQFH�RI� WKH� ILQDO� SDSHU� RU� JDLQLQJ�D�SDVV� LQ� WKH� ILQDO� H[DPLQDWLRQ�� WKH� JUDGXDWH� RI� WKH� XQLYHUVLW\� VKDOO� EH� LVVXHG� D�GLSORPD� DQG� DFDGHPLF� UHSRUW� GRFXPHQWLQJ� WKH� LVVXDQFH� RI� WKH� GHJUHH� DQG�RU� WKH�FRPSOHWLRQ�RI�WKH�FXUULFXOXP��7KH�VWDWXWH�DQG�SURFHGXUH�IRU�WKH�LVVXLQJ�RI�GLSORPDV�DQG� DFDGHPLF� UHSRUWV� LV� HQDFWHG� E\� WKH� UHJXODWLRQ� RI� WKH� *RYHUQPHQW� RI� WKH�5HSXEOLF�� ³6WDWXWH� DQG� )RUPV� IRU� 'LSORPDV� DQG� $FDGHPLF� 5HSRUWV´� �57,�����������������������
�����)DFXOW\�RI�0DWKHPDWLFV�DQG�1DWXUDO�6FLHQFHV7KH�)DFXOW\�RI�0DWKHPDWLFV�DQG�1DWXUDO�6FLHQFHV �VHH�)LJXUH�� DQG�$SSHQGL[����SUHSDUHV� WHDFKHUV� DQG� VSHFLDOLVWV� LQ� PDWKHPDWLFV�� FRPSXWHU� VFLHQFH�� SK\VLFV��ELRORJ\�� HQYLURQPHQWDO� VFLHQFHV�� QDWXUDO� VFLHQFHV�� FUDIW� DQG� KRPH� HFRQRPLFV��YRFDWLRQDO�SHGDJRJLFV��FUDIW�DQG�WHFKQRORJ\�HGXFDWLRQ��7KH�PDLQ�DUHDV�RI�UHVHDUFK�RI� WKH� 'HSDUWPHQW� RI� 0DWKHPDWLFV� DUH�� DOJHEUDLF� VWUXFWXUHV�� JHRPHWU\� RI� ILJXUHV��VXPPDWLRQ�WKHRU\�RI�OLQHV��KDUPRQLF�DQDO\VLV�DQG�DSSUR[LPDWLRQ�WKHRU\��SUREOHPV�RI�WKH� FXUULFXOD� DQG� WH[WERRNV� RI� VFKRRO� PDWKHPDWLFV�� PHWKRGV� RI� HGXFDWLRQDO�
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UHVHDUFK��7KH�PDLQ�DUHDV�RI UHVHDUFK�RI�WKH�'HSDUWPHQW�RI�&RPSXWHU�6FLHQFH�DUH��LQIRUPDWLRQ�WHFKQRORJ\�DQG�LWV�PHWKRGV�RI�WHDFKLQJ��5HVHDUFKHUV�RI�WKH�738�ZRUN�LQ�FORVH� FR�RSHUDWLRQ� ZLWK� WKH� (VWRQLDQ� $FDGHP\� RI� 6FLHQFHV�� 738� KDV� EHHQ� YHU\�VXFFHVVIXO�LQ�WUDLQLQJ�WHDFKHUV�LQ�PDWKHPDWLFV�DQG�QDWXUDO�VFLHQFHV��$�PDMRU�DPRXQW�RI� VFKRRO� WH[W� DQG�ZRUN�ERRNV� LQ�(VWRQLD�DIWHU� WKH�6HFRQG�:RUOG�:DU�KDYH�EHHQ�ZULWWHQ� E\� WKH� XQLYHUVLW\� WHDFKHUV� RI� WKH� )DFXOW\� RI� 0DWKHPDWLFV� DQG� 1DWXUDO�6FLHQFHV� �H�� J� $�� 7HOJPDD��2�� 1LOVRQ�� (�� 3ULNN�� .�� .lUN�� 5� .ROGH�� 7�� 7}QVR�� +��.DULN��9��5DWDVVHSS��h��8JDVWH��7��(OYLVWR��(��/LQG��.��3DSSHO��HWF���3URFHHGLQJ� IURP� WKH� PLVVLRQV� RI� 7DOOLQQ� 3HGDJRJLFDO� 8QLYHUVLW\� DV� D� ZKROH�� WKH�REMHFWLYHV�� WDVNV� DQG� WKH� UHVSRQVLELOLW\� RI� WKH� )DFXOW\� RI�0DWKHPDWLFV� DQG�1DWXUDO�6FLHQFHV�DUH�IL[HG�LQ�WKH�UHVROXWLRQV�RI�WKH�738�

)LJXUH����6WUXFWXUH�RI�WKH�)DFXOW\�RI�0DWKHPDWLFV�DQG�1DWXUDO�6FLHQFHV������'HSDUWPHQW�RI�1DWXUDO�6FLHQFHV7KH�'HSDUWPHQW�RI�1DWXUDO�6FLHQFHV LQ� WKH� IUDPH�RI� WKH�)DFXOW\�RI�0DWKHPDWLFV�DQG�1DWXUDO�6FLHQFHV RI� WKH�7DOOLQQ�3HGDJRJLFDO�8QLYHUVLW\ �738� ZDV� IRXQGHG� LQ������� 7HDFKLQJ� QDWXUDO� VFLHQFHV� LQ� FRQQHFWLRQ� ZLWK� WHDFKHU� WUDLQLQJ� KDV� EHHQ�FDUULHG�RXW�XQGHU�GLIIHUHQW�VWUXFWXUDO�XQLWV�GXULQJ� WKH�ZKROH�H[LVWHQFH�RI�738��7KH�'HSDUWPHQW� RI� 1DWXUDO� 6FLHQFHV� SUHSDUHV� WHDFKHUV� RI� QDWXUDO� VFLHQFHV� DQG�VSHFLDOLVWV� RQ� HQYLURQPHQW�� ,W� FRQVLVWV� RI� WKH� &KDLU� RI� %LRORJ\�� WKH� &KDLU� RI� *HR�(FRORJ\��WKH�&KDLU�RI�&KHPLVWU\��WKH�&KDLU�RI�$SSOLHG�3K\VLFV��&KDLU�RI�*HR�3K\VLFV��WKH�&KDLU�RI�7KHRUHWLFDO�3K\VLFV��DQG�WKH�/HFWXUHVKLS�RI�(QYLURQPHQWDO�0DQDJHPHQW�VHH� )LJXUH����� 7KH� UHVHDUFK� RI� WKH� GHSDUWPHQW� IRFXVHV� RQ� WKH� IROORZLQJ� WKHPHV��G\QDPLFV� RI� DVVRFLDWLRQV� LQ� WHFKQRJHQHWLF� HFRORJLFDO� V\VWHPV�� GHVFULELQJ� DQG�PRGHOOLQJ WKH� SURFHVVHV� RI� VXEVWDQFH� FLUFXODWLRQ� LQ� FRDVWDO� VHD�DQG�GLIIHUHQW� ODNH�W\SHV� RI� (VWRQLD�� VWRFKDVWLF� SURFHVVHV� DQG� WKHLU� LQWHUGLVFLSOLQDU\� DSSOLFDWLRQV��LQWHUGLIIXVLRQ� LQ� PHWDO� V\VWHPV�� VWUXFWXUDO� UHVHDUFK� DQG� ELRWHFKQRORJ\� RI� DOJDO�SRO\VDFFKDULGHV�7KH� ILUVW� VSHFLDOLVWV� LQ� WKH� ILHOG� RI� ELRORJ\�FKHPLVWU\� �D� MRLQW� VSHFLDOLW\�� JRW� WKHLU�VFKRROLQJ�LQ�7DOOLQQ�3HGDJRJLFDO�,QVWLWXWH�ULJKW�DIWHU�WKH�)DFXOW\�RI�0DWKHPDWLFV�DQG�1DWXUDO�6FLHQFHV�KDG�EHHQ�IRXQGHG�LQ�������7KH�����LHV�DQG���LHV�LQ�(VWRQLD�ZHUH�FKDUDFWHUL]HG�E\�VHYHUDO�HGXFDWLRQDO�UHIRUPV�ZKLFK ZHUH�FDUULHG�RXW�E\�WKH�VSLULW�RI�VRFLDOLVW� FHQWUDOL]DWLRQ��2Q� UHTXHVW� RI� WKH�&RPPXQLVW�3DUW\� RI� WKH�(VWRQLDQ�6RYLHW�6RFLDOLVW�5HSXEOLF��WKH�WHDFKLQJ�RI�QDWXUDO�VFLHQFHV��ELRORJ\�LQFOXGHG��FRQWLQXHG�RQO\�LQ�8QLYHUVLW\ RI�7DUWX��,W�ILQDOO\�EHFDPH�SRVVLEOH�WR�WHDFK�ELRORJ\�DJDLQ�LQ�738�LQ�WKH�\HDU� ������ 2Q� 1RY� ���� ����� 0�� .ODDVVHQ� �WKH� IRUPHU� 0LQLVWHU� RI� (GXFDWLRQ� RI�
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(VWRQLD��DQG�0��$UYLVWR��WKH�IRUPHU�UHFWRU�RI�738��VLJQHG�DQ�DJUHHPHQW�DFFRUGLQJ�WR�ZKLFK WKH� ,QVWLWXWH�RI�(FRORJ\�EHFDPH�DQ�DXWRQRPRXV� UHVHDUFK� LQVWLWXWLRQ�RI�738��2Q� 0D\� ��� ����� 738� VLJQHG� D� FRRSHUDWLRQ� DJUHHPHQW� ZLWK� WKH� (VWRQLDQ� 0DULQH�,QVWLWXWH��8QLYHUVLW\�RI�7DUWX���7KHVH�WZR�GRFXPHQWV� ODLG�WKH�PRGHUQ�IRXQGDWLRQ�IRU�WKH�VWXG\�DQG�UHVHDUFK�ZRUN�LQ�WKH�&KDLUV�RI�%LRORJ\�DQG�(FRORJ\�

)LJXUH����6WUXFWXUH�RI�WKH�'HSDUWPHQW�RI� 1DWXUDO�6FLHQFHV�
7KH� PLVVLRQ� RI� WKH� 'HSDUWPHQW� RI� 1DWXUDO� 6FLHQFHV� RI� 738� LV� WR� VXSSRUW� WKH�VXVWDLQDEOH� GHYHORSPHQW� RI� WKH� (VWRQLDQ� VRFLHW\� DQG� VWDWH� WKURXJK� SUHSDULQJ�LQWHOOHFWXDOV� LQ� WKH� ILHOG� RI� QDWXUDO� VFLHQFHV�� WKHLU� UHVHDUFK�ZRUN� DQG�DSSOLFDWLRQ� RIUHVXOWV��DQG�DFDGHPLF�SDUWQHUVKLS�6FLHQWLILF� DFWLYLWLHV� RI� WKH� 'HSDUWPHQW FRYHUV UHVHDUFK� LQ� ELRORJ\�� JHRHFRORJ\��HQYLURQPHQW� PDQDJHPHQW� DQG� HQYLURQPHQWDO� VLWXDWLRQ� DVVHVVPHQW�� FKHPLVWU\��SK\VLFV�DQG�SHGDJRJLFV��7KH�PDLQ�ILHOGV�DUH��QDWXUDO�DQG�PDQ�JHQHUDWHG�IDFWRUV�RI�WKH� GHYHORSPHQW� RI� ODQGVFDSHV� DQG� HFRV\VWHPV�� WUDQVSRUWDWLRQ� RI� VXEVWDQFH� DQG�HQHUJ\�DQG�LWV�UHJXODWLRQ�LQ�FRDVWDO�VHD�DW�YDULRXV�SURGXFWLRQ�OHYHOV��SUHSDUDWLRQ�DQG�DSSOLFDWLRQ� RI� GLGDFWLF� DLGV� IRU� WHDFKLQJ� QDWXUDO� VFLHQFHV� �LQFO�� ELRORJ\�� LQ�FRPSUHKHQVLYH�VFKRRO��DQG�DSSOLFDWLRQ�RI�VWRFKDVWLF�SURFHVVHV�LQ�UHVHDUFK�RI�RSHQ�V\VWHPV��$SSHQGL[���� 7KH�QXPEHU�RI�WRSLFV�DQG�VXE�WRSLFV�EHLQJ�ZRUNHG�RQ�LQ�WKH�GHSDUWPHQW� ZDV� ��� LQ� ������ 7KH� GHSDUWPHQW¶V� WHDFKLQJ� VWDII� SDUWLFLSDWHG� LQ� WKH�FRPSOHWLRQ�RI�WZR�LQWHUQDWLRQDO�UHVHDUFK�SURMHFWV��VL[�JUDQWV�RI�WKH�(VWRQLDQ�6FLHQFH�)RXQGDWLRQ�� WKUHH� WRSLFV�ZLWK� WDUJHWHG� ILQDQFLQJ� DQG� WKUHH� WRSLFV� RQ� D� FRQWUDFWXDO�EDVLV�7KH� WHDFKLQJ� VWDII�ZRUNHG� LQ� WKH� IROORZLQJ� LQWHUQDWLRQDO� UHVHDUFK�SURMHFWV� LQ� �����������3URI��h��8JDVWH�± ,1&2�&RSHUQLFXV��FRQWUDFW�1R�(5�%,&���F7��������$VV��3URI��7��(OYLVWR��3URI��+��.XNN�± $�6XVWDLQDEOH�%DOWLF�5HJLRQ��7KH�%DOWLF�8QLYHUVLW\�3URJUDPPH� ± $� 5HJLRQDO� 8QLYHUVLW\� 1HWZRUN� DQG� (QYLURQPHQWDO� 6FLHQFH� IRU� WKH�%DOWLF�6HD�%DVLQ��7KH�%DOWLF�8QLYHUVLW\�3URJUDPPH�± $�5HJLRQDO�8QLYHUVLW\�1HWZRUN��$VV��3URI��0��+DUDN�± DQ�LQWHUQDWLRQDO�SURMHFW�6XVWDLQDEOH�:DWHU�0DQDJHPHQW��7KH�
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%DOWLF�8QLYHUVLW\�3URJUDPPH��$�5HJLRQDO�8QLYHUVLW\�1HWZRUN��$VV��3URI��(��.DURIHOG�± (XURSHDQ� &RPPLVVLRQ� �WK� )UDPHZRUN� 3URMHFW� $&&527(/0� $EUXSW� &OLPDWH�&KDQJHV��5HFRUGHG�2YHU� WKH�(XURSHDQ�/DQG�0DVV��0XOWL�3UR[\�5HFRUGV� RI� /DWH�+RORFHQH�&OLPDWH�9DULDELOLW\� LQ�(XURSH��(XURSHDQ�&RPPLVVLRQ�&RQWUDFW�1R�(9.��������������$VV��3URI��$�� /}RNH�± SURMHFW� /LSRSURWHLQ� /LSDVH�%LQGLQJ� WR�9DVFXODU�(QGRWKHOLXP��DVVLVWDQW� OHFWXUHU�7�3ORRPSXX�± LQWHUQDWLRQDO�SURMHFW�4XDQWLILFDWLRQ�RI�$ONDOLQH� DQG� $FLGLI\LQJ� 'HSRVLWLRQ� /RDGV� IURP� (VWRQLDQ� ,QGXVWU\�� VHQLRU� UHVHDUFK�IHOORZ� 3�� 5HLVND� ± UHVHDUFK� SURMHFW� 3K\VLNOHUQHQ� XQG� +DQGHOQ� RI� .LHO� 8QLYHUVLW\��3URI��h��8JDVWH�± ,QWHUQDWLRQDO�$WRPLF�(QHUJ\�$JHQF\�SURMHFW�(67�������%HVLGH�WKH�DERYH�PHQWLRQHG�SURMHFWV�UHVHDUFK�RI�WHDFKHUV�DQG�VWXGHQWV�LV�ILQDQFHG�IURP� YDULRXV� UHVHDUFK� DQG� VWXG\� IRXQGDWLRQV� RI� WKH� XQLYHUVLW\� �738� 6FLHQFH�)RXQGDWLRQ��738�6WXG\�)RXQGDWLRQ��HWF���DQG�DFDGHPLF�GHSDUWPHQWV�$OO�WKH�FKDLUV�FRRSHUDWH�ZLWK�(VWRQLDQ�RU�IRUHLJQ�XQLYHUVLWLHV��7KH�PRVW�VXFFHVVIXO�LQ�WHUPV� RI� FRQWUDFWV� LV� WKH� &KDLU� RI� *HR�(FRORJ\� ZKLFK� KDV� ELODWHUDO� FRQWUDFWV� ZLWK�/RQGRQ� 8QLYHUVLW\�� ,RDQQLQD� 8QLYHUVLW\�� 8PHD� 8QLYHUVLW\� DQG� 8SSVDOD� 8QLYHUVLW\�ZLWKLQ� WKH�(UDVPXV�3URJUDPPH��7KH�GHSDUWPHQW�KDV� UHVHDUFK�DQG�VWXG\�FRQWDFWV�ZLWK�+HOVLQNL�8QLYHUVLW\��7XUNX�8QLYHUVLW\��.LHO�8QLYHUVLW\�� ,QVWLWXWH�RI�%LRSK\VLFV�RI�WKH� )UHH� 8QLYHUVLW\� RI� %HUOLQ�� $UPVWURQJ� $WODQWLF� 8QLYHUVLW\� �86$��� (LQGKRYHQ�7HFKQLFDO� 8QLYHUVLW\�� 6DYDQQDK� 8QLYHUVLW\�� .UDNRZ� 8QLYHUVLW\� RI� 0LQLQJ� DQG�0HWDOOXUJ\�� *GDQVN� 7HFKQLFDO� 8QLYHUVLW\�� 0RVFRZ� ,QVWLWXWH� RI� 0DWHULDO� 6FLHQFHV��,QVWLWXWH�RI�2UJDQLF�&KHPLVWU\�RI�5XVVLDQ�$FDGHP\�RI�6FLHQFHV��:DUVDZ�,QVWLWXWH�RI�3ODVPD�3K\VLFV��DQG�PDQ\�RWKHUV��7KHUH�DUH�SODQV�WR�VWUHQJWKHQ�WKHVH�UHODWLRQV�LQ�WKH�QHDU�IXWXUH��HVSHFLDOO\�E\�RXU�RZQ�VWURQJHU�FRQWULEXWLRQ�WR�PDNH�WKH�UHODWLRQVKLSV�PRUH�HIILFLHQW�7KH�IROORZLQJ�VWDII�KDYH�ZRUNHG�DQG�GHOLYHUHG�OHFWXUHV�DEURDG��3URI��-��0��3XQQLQJ��,RDQQLQD�8QLYHUVLW\��*UHHFH���3URI��h��8JDVWH��:DUVDZ�,QVWLWXWH�RI�3ODVPD�3K\VLFVDQG� /DVHU� 0LFURIXVLRQ�� 3RODQG��� $VV�� 3URI�� $�� /}RNH� �8PHD� 8QLYHUVLW\�� 6ZHGHQ���$VV�� 3URI�� 7�� (OYLVWR� �7XUNX� 3RO\WHFKQLF�� )LQODQG��� 3�� 5HLVND� �.LHO� 8QLYHUVLW\��*HUPDQ\��� $�� 0HWVLV� �/DERUDWRU\� RI� 3DUDVLWRORJ\�� 6WDWHQV� 6HUXPLQVWLWXW��&RSHQKDJHQ��'HQPDUN�DQG�.DUROLQVND� ,QVWLWXW��6ZHGHQ�� DQG�$VV��3URI��0��+DUDN��)UHH�8QLYHUVLW\�RI�%HUOLQ��*HUPDQ\��3URI�� -��0�� 3XQQLQJ� LV� D� PHPEHU� RI� WKH� *HQHUDO $VVHPEO\� RI� WKH� ,QWHUQDWLRQDO�*HRJUDSK\�8QLRQ��3URI��+��.XNN�LV�D�PHPEHU�RI�WKH�&RPPLWWHH�RI�WKH�%DOWLF�0DULQH�%LRORJLVWV��3URI��h��8JDVWH� LV�D�PHPEHU�RI� WKH�3UH�8QLYHUVLW\�6HFWLRQ�RI�(XURSHDQ�3K\VLFDO� 6RFLHW\� (GXFDWLRQ� 'LYLVLRQ�� $VV�� 3URI�� 7�� (OYLVWR� LV�D� PHPEHU� RI� WKH�(852%,2�&RXQFLO��$VV��3URI��0��+DUDN�LV�D�PHPEHU�RI�WKH�,QWHUQDWLRQDO�6RFLHW\�IRU�%LRORJLFDO� &DORULPHWU\�� )LYH� WHDFKHUV� RI� WKH� FXUULFXOXP� RI� QDWXUDO� VFLHQFHV� DUH�PHPEHUV�RI�VXEMHFW�FRPPLWWHHV�RI�WKH�0LQLVWU\�RI�(GXFDWLRQ�DQG�5HVHDUFK��RI�WKHP�0��+DUDN�LV�WKH�&KDLU�RI�WKH�%LRORJ\�6XEMHFW�&RPPLWWHH��3URI��.��7UXXV��$VV��3URI��0��+DUDN�� $VV�� 3URI�� 7�� /DDV� DQG� $VV�� 3URI�� (�� .DURIHOGW� DUH� DGYLVHUV� LQ� WKH� H[SHUW�FRPPLWWHH� RI� DFTXLVLWLRQV� RI� WKH�738�$FDGHPLF� /LEUDU\�� WKH� 738� /LEUDU\� �D� VWXG\�OLEUDU\��DQG�WKH�1DWLRQDO�/LEUDU\�RI�(VWRQLD�,Q� ���������� WKH� WHDFKLQJ� VWDII� SXEOLVKHG� ��� SDSHUV�� ��� RI� WKHP� LQ� LQWHUQDWLRQDO�SXEOLFDWLRQV�����FRQIHUHQFH�DEVWUDFWV��LQFOXGLQJ����LQWHUQDWLRQDO�RQHV�DV�ZHOO�DV�WZR�FROOHFWLRQV� DQG� QXPHURXV� RWKHU� SXEOLFDWLRQV�� 7KH QXPEHU� RI� SXEOLFDWLRQV� KDV�LQFUHDVHG�IURP�\HDU�WR�\HDU�



��

7KH�VWDII�KDYH�SDUWLFLSDWHG�LQ�ZULWLQJ����WH[WERRNV�IRU�FRPSUHKHQVLYH�VFKRRO�DQG�VL[�IRU�KLJKHU�HGXFDWLRQ��DQG�QXPHURXV�RWKHU�VWXG\�PDWHULDOV�LQFOXGLQJ�WKRVH�SXEOLVKHG�RQ� WKH� ,QWHUQHW� DQG� XQLYHUVLW\� LQWUDQHW�� 7KH� QXPEHU� RI� PDWHULDOV� ZULWWHQ� DQG�SXEOLVKHG� SHU� WHDFKHU� LV� ����� 7KH� OLVW� RI� SXEOLFDWLRQV� LQ� WKH� ODVW� WKUHH� \HDUV� LV� LQ�$SSHQGL[���6HYHUDO� UHVHDUFK� WRSLFV� LQ� WKH� 'HSDUWPHQW� RI� 1DWXUDO� 6FLHQFHV� KDYH� EHHQ�LQWHUQDWLRQDOO\�HYDOXDWHG��,Q������WKRVH�RI�WKH�FXUULFXOXP�RI�HFRORJ\�ZHUH�HYDOXDWHG��7KH� UHVHDUFK� JURXS� RI� SDOHR�HFRORJ\� OHG� E\� 3URI�� -�0�� 3XQQLQJ� ZDV� JUDGHG� DV�³H[FHOOHQW´� DQG� WKH� UHVHDUFK� JURXS� RI� ZHWODQGV� OHG� E\� $VV�� 3URI�� (�� .DURIHOG� DV�³JRRG´��7ZR� UHVHDUFK� WRSLFV� LQ� WKH� FXUULFXOXP� RI� SK\VLFV� ZHUH� HYDOXDWHG� LQ� WKH� VSULQJ� RI������� ³6WRFKDVWLF� 3URFHVVHV� LQ�2SHQ�6\VWHPV´� �SURMHFW�PDQDJHU� 5��0DQNLQ�� ZDV�JUDGHG� DV� ³JRRG´�� ³'LGDFWLFDO� ,VVXHV� RI� 7HDFKLQJ� 3K\VLFV� LQ� WKH� &RQGLWLRQV� RI�(VWRQLDQ�(GXFDWLRQDO�5HIRUP´��SURMHFW�PDQDJHU�h��8JDVWH��ZDV�DOVR�JUDGHG�³JRRG´��(YDOXDWLRQ� RI� HGXFDWLRQDO� VFLHQFHV� DW� 738� LQFO�� GLGDFWLFV� RI� QDWXUDO� VFLHQFHV� ZDV�FDUULHG�RXW�LQ�WKH�DXWXPQ�RI������DQG�ZDV�DVVHVVHG�DV�³JRRG´��%DFKHORU�DQG�0DVWHU�6WXGHQWV DUH�ODUJHO\�LQYROYHG�LQ�WKH�UHVHDUFK�FDUULHG�RXW�LQ�WKH�'HSDUWPHQW LQFO�� WKH�&KDLU�RI�%LRORJ\�� WKH�VWUXFWXUDO�XQLW�ZKLFK�GLUHFWO\�FRRUGLQDWHV�WKH�FXUULFXOD�RI�%LRORJ\��+LJK�VWDQGDUGV�RI� WKH�VWDII�DUH�FKDUDFWHULVHG�E\� WKH� UHVXOWV�RI�VWXGHQW�SDSHUV� WKH\�VXSHUYLVH�DW� WKH�738�FRPSHWLWLRQ�RI� UHVHDUFK�SDSHUV�� ,Q������ WHQ�VWXGHQWV�RI� WKH�'HSDUWPHQW� UHFHLYHG� DZDUGV� LQ� WKLV� FRPSHWLWLRQ�� ��� LQ� ������ 7KH� VWXGHQW� /LLVD�3XXVHSS�ZRQ�WKH�ILUVW�SUL]H�DW�WKH�FRPSHWLWLRQ�LQ�������6WXGHQWV�ZKR�DUH�VXSHUYLVHG�E\� WKH� VWDII� RI� WKH� 'HSDUWPHQW� KDYH� VXFFHVVIXOO\� SDUWLFLSDWHG� LQ� QDWLRQDO�FRPSHWLWLRQV��)RU�LQVWDQFH��LQ������WKHVH�VWXGHQWV�ZHUH�DZDUGHG�SUL]HV��$ODU�0lJL¶V�UHVHDUFK� DUWLFOH� �ZLWK� FR�DXWKRUV�� ± WKH� ZLQQHU� RI� WKH� 6ZLVV� %DOWLF� 1HW� *UDGXDWH�$ZDUGV�� +HOH� .LLPDQQ� ± �QG SUL]H� LQ� WKH� FRPSHWLWLRQ� RI� VWXGHQW� SDSHUV� RI� WKH�(VWRQLDQ� $FDGHP\� RI� 6FLHQFHV�� 7LLW� 9DDVPD�± D� GLSORPD� LQ� WKH� VWXGHQW� UHVHDUFK�FRPSHWLWLRQ� RI� WKH� (VWRQLDQ� 0LQLVWU\� RI� (GXFDWLRQ� DQG� 5HVHDUFK� LQ� WKH� ILHOG� RI�ELRORJ\� DQG� JHRORJ\�� 7DPEHW� /HPEHU�± �QG SUL]H� LQ� WHFKQLFDO� VFLHQFHV� DQG� $VWULG�+DOMDV�± �VW SUL]H�LQ�H[DFW�VFLHQFHV�7KH VWDII� RI� WKH�'HSDUWPHQW� KDYH� EHHQ� DFWLYH� LQ� HGXFDWLRQ� SROLF\�PDNLQJ�� )LYH�RI�WKHP�DUH�ORQJ�WHUP�PHPEHUV�RI�VXEMHFW�FRPPLWWHHV�RI�WKH�0LQLVWU\�RI�(GXFDWLRQ�DQG�5HVHDUFK��0��+DUDN� LV� WKH�&KDLU� RI� WKH�%LRORJ\�6XEMHFW�&RPPLWWHH�� 7KH� WHDFKLQJ�VWDII�DUH�LQYROYHG�LQ�ZRUNLQJ�RXW�DQG�GHYHORSPHQW�RI�WKH�QHZ�QDWLRQDO�FXUULFXOXP�RI�EDVLF�DQG�XSSHU�VHFRQGDU\�VFKRROV��DQG�RI�YRFDWLRQDO�VFKRROV��DQG�LQ�UHYLHZLQJ�DQG�DSSURYDO�RI� WH[WERRNV� IRU� SULPDU\�� EDVLF�� XSSHU� VHFRQGDU\�DQG�YRFDWLRQDO� VFKRROV��HWF�6HYHUDO�WHDFKHUV��$VV��3URI��0��+DUDN��$VV��3URI��7��(OYLVWR�� OHFWXUHU�6��6LVND��HWF��KDYH� EHHQ� DFWLYHO\� SDUWLFLSDWLQJ� LQ� WKH� FRPPLWWHHV� RI� WKH� 6WDWH� ([DPLQDWLRQ� DQG�4XDOLILFDWLRQ�&HQWUH�RI�WKH�0LQLVWU\�RI�(GXFDWLRQ�DQG�5HVHDUFK��ZKLFK�RUJDQLVH�DQG�FRQGXFW�VWDWH�H[DPLQDWLRQV�LQ�ELRORJ\�DQG�JHRJUDSK\�7KH� GHSDUWPHQW� VHFXUHV� WHDFKLQJ� RI� QDWXUDO� VFLHQFHV� LQ� WKH� FXUULFXOD� RI� FODVV�WHDFKHU�DQG�UHFUHDWLRQ�PDQDJHPHQW�
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)LQDQFLQJ��7KH�'HSDUWPHQW�RI�1DWXUDO�6FLHQFHV�KDV� WZR� LQGHSHQGHQW�EXGJHWV��$�EXGJHW�� ZKLFK� LV� VWDWH� ILQDQFHG� DQG LV� EDVHG� RQ� WKH� QXPEHU� RI� V\OODEXV� FUHGLWV�HDUQHG� E\� VWXGHQWV� LQ� WKH� SUHYLRXV� DFDGHPLF� \HDU� DQG� WKH� QXPEHU� RI� GHIHQGHG�GHJUHHV�� %�EXGJHW� FRPSULVHV� VHOI�HDUQHG� UHVRXUFHV�� LQFOXGLQJ� WKH� VWXGHQWV¶� IHHV��WKH� IHH� LV� GHWHUPLQHG� E\� IDFXOWLHV� DQG� DSSURYHG� E\� WKH�8QLYHUVLW\�*RYHUQPHQW���LQFRPHV� IURP� SURMHFWV� RU� DGYDQFHG� FRXUVHV�� 7KH� EXGJHW� LV� DSSURYHG�RI� DW� WKH�GHSDUWPHQW� PHHWLQJ� DQG� DW� WKH� )DFXOW\� &RXQFLO�� 7KH�+HDG� RI� WKH� 'HSDUWPHQW� LV�UHVSRQVLEOH�IRU�WKH�LPSOHPHQWDWLRQ�RI�WKH�EXGJHW�$�SURYLVLRQDO�EXGJHW� IRU� WKH�\HDU������ LV�VWLOO� LQ�GHYHORSPHQW��$SSHQGL[���� $V� WKH�QXPEHU�RI�VWDWH�ILQDQFHG�VWXG\�SODFHV�ZLOO�EH�SUHVHQWHG�RQO\�LQ�0D\��LW�LV�QRW�HDV\�WR�GUDZ�XS�WKH�EXGJHW�
�����&KDLU�RI�%LRORJ\7KH�VWUXFWXUDO�XQLW�LQ�7DOOLQQ�3HGDJRJLFDO�8QLYHUVLW\ �738� VXSHUYLVLQJ WKH�FXUULFXOD�%LRORJ\ �0DULQH�%LRORJLVW�± 6SHFLDOLVW�RQ�(QYLURQPHQWDO�6XEMHFW��%DFKHORU¶V�'HJUHH�DQG�%LRORJ\�0DVWHU¶V�'HJUHH LV�WKH�&KDLU�RI�%LRORJ\��7KH�VWDII�RI�WKH�&KDLU�RI�%LRORJ\��0DUJXV�+DUDN��3K'�LQ�(QWRPRORJ\��+HDG�RI�WKH�&KDLU��$VV��3URI�$QQH�7LPP��VHQLRU�ODE�DVVLVWDQW�RIILFH�PDQDJHU$UQR 3}OOXPlH��06F�LQ�%LRORJ\��OHFWXUHU$WV�0HWVLV��3K'�LQ�0ROHFXODU�%LRORJ\��$VV��3URI�+HQQ�.XNN��&DQG��6FL��LQ�%LRORJ\� 3URI�7LLQD�(OYLVWR��&DQG��6FL��LQ�%LRORJ\��$VV��3URI�7RRPDV 3}OG��'RFWRU�RI�0HGLFLQH��OHFWXUHU7RRPDV�9HLGHEDXP��&DQG��6FL��LQ�%LRORJ\��$VV��3URI�7}QX�3ORRPSXX� 06F�LQ�%LRORJ\��$VVLVWDQW6RPH�RI�WKH�DFDGHPLF�VWDII�LQYROYHG�LQ�WKH�VWXG\�ZRUN�KDYH�JRW�WHPSRUDU\�FRQWUDFWV��$F�8��0DUJQD��7��5DLG��3K'��7��3DDOPlH��06F�HWF�7KH� WRSLFV� RI� VFLHQWLILF UHVHDUFK� LQ� WKH� &KDLU� RI� %LRORJ\� LQ� 7DOOLQQ� 3HGDJRJLFDO�8QLYHUVLW\� DUH�� ,PSRUWDQFH� RI� IUHHIORDWLQJ� PDFURDOJDO� PDWV� LQ� WKH� SURFHVVHV� RI�DFFXPXODWLRQ�DQG�WUDQVSRUW�SURFHVVHV�RI�HQHUJ\�DQG�PDWWHU�LQ�WKH�(VWRQLDQ�FRDVWDO�ZDWHUV�� 7KHUPRG\QDPLFDO� UHJXODWLRQ� DQG RWKHU� SK\VLRORJLFDO� SURFHVVHV�GXULQJ� WKH�QRUPDO�DQG�GHIHFWLYH�PHWDPRUSKRVLV RI�$UWKURSWHUD��LQ�FRRSHUDWLRQ�ZLWK�WKH�,QVWLWXWH�RI� 3ODQW� 3URWHFWLRQ� RI� (VWRQLDQ� $JULFXOWXUDO� 8QLYHUVLW\��� 6HDVRQDO� '\QDPLFV� RI�0HVR]RRSODQNWRQ�DQG�(XWURSKLFDWLRQ�RI�&RDVWDO�6HD� 5ROH�RI�IXQFWLRQDO�GLYHUVLW\� LQ�WKH�VWDELOLW\�RI�FRDVWDO�HFRV\VWHP�LQ�WKH�QRUWKHUQ�%DOWLF�6HD�LQ�FRRSHUDWLRQ�ZLWK�WKH�(VWRQLDQ� 0DULQH� ,QVWLWXWH� RI�8QLYHUVLW\ RI� 7DUWX��� '\QDPLFV� RI� FRDVWDO� PHDGRZV��UHHG\�PDUVKHV DQG IORRG�SODLQV �LQ� FRRSHUDWLRQ�ZLWK�'$1&((�DQG�0DWVDOX�1DWXUH�5HVHUYH���,QWHJUDWLYH�IXQFWLRQV�DQG�SV\FKR�SK\VLRORJLFDO�SULQFLSOHV�RI�+XPDQ�%UDLQ���VXSHUYLVHG� E\�8QLYHUVLW\ RI� 7DUWX��� )RUPDWLRQ� RI� FXOWXUDO� )ORUD� DQG� DQWURSRJHQLF�SODQWDO�FRPPXQLWLHV��6\VWHPDWLFV�RI�$SRPLFWLF�6SHFLHV� �LQ�FRRSHUDWLRQ�ZLWK�7DOOLQQ�%RWDQLF�*DUGHQ���0HWKRGRORJ\�DQG�'LGDFWLFV�RI�1DWXUH�6WXG\�DQG�6FKRRO�%LRORJ\��LQ�FRRSHUDWLRQ�ZLWK� RWKHU� IDFXOWLHV� DQG� FKDLUV� RI� 738� �VHH� WKH� SUHYLRXV� FKDSWHU� DQG�$SSHQGLFHV��������
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,Q� DOO� WKH� DFDGHPLF� XQLWV� RI� 7DOOLQQ� 3HGDJRJLFDO� 8QLYHUVLW\�� LQFOXGLQJ� WKH� &KDLU� RI�%LRORJ\��WKHUH�WDNH�SODFH�UHJXODU�VFLHQWLILF�VHPLQDUV��RSHQ�WRR�DOO�WKH�PHPEHUV�RI�WKH�VWDII��VWXGHQWV�DQG�RWKHU�LQWHUHVWHG�SHRSOH��7KH� &KDLU� DOVR� SURYLGHV� FRXUVHV� LQ� %LRORJ\� DQG� (QYLURQPHQWDO� 6FLHQFHV� IRU� WKH�VWXGHQWV� RI� WKH� WHDFKHU� WUDLQLQJ� SURJUDP� LQ� 738� DQG� LQ� WKH� IUDPHZRUN� RI� WKH�FXUULFXOD�RI�&ODVVWHDFKHUV�DQG5HFUHDWLRQ�0DQDJHPHQW�



��

���7KH�&XUULFXOD�%LRORJ\��0DULQH�%LRORJLVW�±6SHFLDOLVW�RQ�(QYLURQPHQWDO�6XEMHFW������������%DFKHORU¶V�'HJUHH DQG�%LRORJ\�����������0DVWHU¶V�'HJUHH�����*RDOV�DQG�%DVLF�3ULQFLSOHV�RI�WKH�&XUULFXOD7KH�JRDOV�RI�WKH�FXUULFXOD�WR�EH�DFFUHGLWHG�FRQIRUP WR�WKH�JHQHUDO�JXLGHOLQHV�RI�WKH�(8�%RORJQD�DQG�/LVERQ�DJUHHPHQWV�DQG�WKH�6LQJOH�3URJUDPPLQJ�'RFXPHQWDGRSWHG� E\� WKH� (VWRQLDQ� *RYHUQPHQW� RQ� ������������ GHFUHH� 1R� ����N� �57,,�������������� ���� ���� KWWS���ZZZ�ILQ�HH��GRF�SKS"����	3+36(66,' IEH�DF��G�D��GDI�GG�FF��E��FD�E�D��$FFRUGLQJ�WR�WKH�/LVERQ�6WUDWHJ\��WKH�SULRULWLVHG�ILHOGV�RI�UHVHDUFK�DUH�WKH�FXUULFXOD�RI�PDWKHPDWLFV�DQG�QDWXUDO�VFLHQFHV�DQG�WKH�QXPEHU�RI�JUDGXDWHV�VKRXOG�LQFUHDVH�E\�����E\�WKH�\HDU������7KH� 6LQJOH� 3URJUDPPLQJ� 'RFXPHQW� SURYLGHV� IRU� DQ� HGXFDWLRQDO� V\VWHP� ZKLFK� LV�DFFHVVLEOH� WR� HYHU\ERG\� DQG� ZKLFK� VHFXUHV� IOH[LEOH� ODERXU�� FRSLQJ� DQG� OLIHORQJ�OHDUQLQJ�� 7KH� JRDOV� RI� GHYHORSPHQW� RI� WKH� LQIUDVWUXFWXUH� DUH� DPRQJ� RWKHUV��PDLQWHQDQFH� RI� ELRORJLFDO� DQG� ODQGVFDSH� GLYHUVLW\� DQG� VXSSRUW� WR� HIILFLHQW� QDWXUH�FRQVHUYDWLRQ� LQ� RUGHU� WR� PHHW� WKH� UHTXLUHPHQWV� RI� WKH� ((&� GLUHFWLYH� RQ� QDWXUDO�KDELWDWV� �&RXQFLO� 'LUHFWLYH� ������((&�� DQG� WKH� GLUHFWLYH� RQ� ZLOG� ELUGV� �&RXQFLO�'LUHFWLYH��������((&��7KH� %DFKHORU� VWXGLHV FXUULFXOXP� RI� %LRORJ\� �0DULQH� %LRORJLVW� ± 6SHFLDOLVW� RQ�(QYLURQPHQWDO� 6XEMHFW�� ���������� %DFKHORU¶V� 'HJUHH�� ZDV� RSHQHG� DW� 7DOOLQQ�3HGDJRJLFDO�8QLYHUVLW\ �738� LQ�������7KH�REMHFWLYHV�RI�WKH�FXUULFXOXP�DUH�WUDLQLQJ�ELRORJLVWV�ZLWK�D�KLJK�OHYHO�RI�HQYLURQPHQWDO�DZDUHQHVV�ZLWK�DQ�LQWHJUDWLYH�DSSURDFK�WR� QDWXUDO� VFLHQFHV�� DEOH� WR� ZRUN� LQ� WKH� ILHOG� RI� UHVHDUFK� RI� �PDULQH�� ELRORJ\� DQG�HQYLURQPHQWDO� VWXGLHV�� 7KH� PDLQ� REMHFWLYH� LV� WR� SURYLGH� DQ� H[WHQVLYH IRXQGDWLRQ�HGXFDWLRQ�LQ�ELRORJ\�ZKLFK�ZRXOG�HQDEOH�JUDGXDWHV�WR�ZRUN�DV�MXQLRU�UHVHDUFKHUV�LQ�UHVHDUFK� LQVWLWXWLRQV� DQG� VHFRQGDU\� VFKRROV�� *UDGXDWHV� DUH� SUHSDUHG� IRU�LQGHSHQGHQW� UHVHDUFK� RU� HQWHULQJ� D� 0DVWHU¶V� SURJUDPPH�� 7KH� WHDFKHU� WUDLQLQJ�SURJUDPPH� SURYLGHV� WKH� TXDOLILFDWLRQ� RI� WHDFKHU� RI� ELRORJ\� DQG� HQYLURQPHQWDO�VWXGLHV�LQ�XSSHU�VHFRQGDU\�VFKRROV�0DVWHU�VWXGLHV �%LRORJ\�����������LQ�ELRORJ\�ZHUH�FRPPHQFHG�LQ������SULPDULO\�WR�DOORZ�VWXGHQWV�RI�WKH�WKHQ�MRLQW�FXUULFXOXP�RI�QDWXUDO�VFLHQFHV�FRQWLQXH�WKHLU�VWXGLHV��7KH�REMHFWLYHV�RI�WKH�FXUULFXOXP�DUH�WR�WUDLQ�TXDOLILHG�ELRORJLVWV�HFRORJLVWV�ZKR�ZRXOG�EH� DEOH� WR� ZRUN� DV� UHVHDUFKHUV� RU� XQLYHUVLW\� WHDFKHUV�� H[SHUWV� RQ� HQYLURQPHQWDO�LVVXHV��VSHFLDOLVWV�RI�HQYLURQPHQW�SURWHFWLRQ�RU�SURWHFWHG�DUHDV��RU�WHDFKHUV�LQ�XSSHU�VHFRQGDU\�VFKRROV�DIWHU�D�WHDFKHU�WUDLQLQJ�SURJUDPPH�'RFWRUDO�VWXGLHV LQ�ELRORJ\�DUH�FRQGXFWHG�DFFRUGLQJ� WR� WKH�FXUULFXOXP�RI�HFRORJ\�MRLQWO\� FRRUGLQDWHG� E\� WKH� &KDLU� RI� %LRORJ\� DQG� WKH� &KDLU� RI� *HR�(FRORJ\�� ,W� ZDV�DSSURYHG� E\� WKH� 8QLYHUVLW\� &RXQFLO� RQ� ����������� �DFFUHGLWHG� LQ� ������ ILHOG� RI�UHVHDUFK� HYDOXDWHG� LQ� ������� 7KH� REMHFWLYH� LV� WR� WUDLQ� KLJKO\� TXDOLILHG� ELRORJLVWV�HFRORJLVWV�ZKR�ZRXOG�EH�DEOH�WR�GR�LQGHSHQGHQW�VFLHQWLILF�RU�DSSOLHG�UHVHDUFK�RU�FDQ�
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ZRUN� LQ�UHVHDUFK�LQVWLWXWLRQV�RU�DV�HQYLURQPHQWDO�VSHFLDOLVWV� LQ�WKH�SXEOLF�RU�SULYDWH�VHFWRU�7KH�JRDOV�RI�WKH�FXUULFXOD�RI�ELRORJ\�LQ�%DFKHORU¶V�VWXGLHV�FRRUGLQDWHG�E\�WKH�&KDLU�RI� %LRORJ\�� EDVHG� RQ� WKH� DIRUHVDLG�� DUH�� ILUVW� DQG� IRUHPRVW�� WKH� SURYLVLRQ� RI�IRXQGDWLRQ�HGXFDWLRQ� LQ�ELRORJ\ DQG�DIWHU� WKH�FRPSOHWLRQ� WKHUHRI�GHJUHH�VWXGLHV�DFFRUGLQJ� WR� WKH� QDWLRQDO� SULRULWLHV� DV� VHW� DERYH��7KH� FXUULFXOXP� SODFHV� PRUH�HPSKDVLV� RQ� WKH� YHUVDWLOH� IRXQGDWLRQ� HGXFDWLRQ� LQ� QDWXUDO� VFLHQFHV� DQG�LQWHJUDWLRQ�RI�QDWXUDO�VFLHQFHV�DV�FRPSDUHG�WR�WKH�%DFKHORU¶V SURJUDPPHV�RI�ELRORJ\� DW� WKH� 8QLYHUVLW\� RI� 7DUWX� 7KH� FXUULFXOXP� LQFOXGHV� H�J�� +\GURORJ\� DQG�0DULQH� 3K\VLFV�� 0RGHOOLQJ� RI� 0DULQH� 6\VWHPV�� 6WRFKDVWLF� 0HWKRGV� LQ� %LRORJ\��(QYLURQPHQWDO�,PSDFW�$VVHVVPHQW�DQG�(QYLURQPHQWDO�$XGLW��0DQDJHPHQW�RI�0DULQH�5HVRXUFHV�� ,62� ������ DQG� (0$6� (QYLURQPHQWDO� 0DQDJHPHQW� 6\VWHPV��(QYLURQPHQWDO� 0RQLWRULQJ�� :DWHU� 7UHDWPHQW� DQG� 3XULILFDWLRQ�� :LWKLQ� WKH�GHYHORSPHQW� SURFHVV� GLVFLSOLQHV� RQ� QDWXUH� RI� WKH� %DOWLF� FRDVWDO� DUHDV� DQG� WKHLU�UHVHDUFK�KDYH�EHHQ�LQWURGXFHG��H�J��%LRPRQLWRULQJRI�WKH�&RDVWDO�6HD��)LHOG�:RUN�LQ�0DULQH� %LRORJ\�� $� 6XVWDLQDEOH� %DOWLF� 5HJLRQ�� %DOWLF� 6HD� (QYLURQPHQW�� /LIH� LQ� WKH�%DOWLF� 6HD�� DQG� RWKHUV� ZKLFK� DUH� WDXJKW� WR� D� OHVVHU� H[WHQW� RU� DUH� PLVVLQJ� LQ� WKH�FXUULFXOD�RI�8QLYHUVLW\ RI�7DUWX�7KH� 0DVWHU¶V� SURJUDPPH� SXWV� VWUHVV� RQ� PDULQH� ELRORJ\� DQG� RWKHU� UHODWHG� VXE�GLVFLSOLQHV�RI�ELRORJ\�7KHUHIRUH��WKH�VWXGLHV�LQ�PDULQH�ELRORJ\�PXVW�EH�FRQVLGHUHG�D�FKDUDFWHULVWLF�WUDLW�RI�ERWK�FXUULFXOD�WR�EH�DFFUHGLWHG�7KH� FXUULFXOXP� GHYHORSPHQW� SODFHV� HPSKDVLV� RQ� V\VWHPDWLF� DSSURDFK�� SUREOHP�EDVHG� VWXGLHV� DQG� FULWLFDO� WKLQNLQJ� ZKLFK� SURYLGH� WKH� JUDGXDWHV� ZLWK� JRRG�RSSRUWXQLWLHV�LQ�WKH�ODERXU�PDUNHW�7KH�GHVFULSWLRQ�DQG�V\OODEL�RI�WKH�FXUULFXOD�WR�EH�DFFUHGLWHG�DUH�PDGH�SXEOLF�RQ�WKH�738�ZHEVLWH��ZZZ�WSX�HH�RSSHLQIR�LQGH[�SKS��DQG�LQ�$SSHQGLFHV������7KH�FXUULFXOD�DUH�LQ�FRQIRUPLW\�ZLWK�WKH�/DZ�RI�8QLYHUVLWLHV��57�,�����������������WKH�+LJKHU�(GXFDWLRQ�6WDQGDUG��57/�����������������$SSHQGL[���� DQG�WKH�6WDWXWHV�RI�7DOOLQQ�3HGDJRJLFDO�8QLYHUVLW\��UHJLVWHUHG�E\�GLUHFWLYH�1R�����RI������������E\�WKH�0LQLVWHU�RI�(GXFDWLRQ�DQG�5HVHDUFK���$GPLVVLRQ�RI�VWXGHQWV� WDNHV�SODFH�DFFRUGLQJ�WR� WKH� VWDWH� FRPPLVVLRQ�� 7KHUH� DUH� VWXGHQW� SODFHV� IRU� IHH�SD\LQJ� VWXGHQWV�� WKH�FRUUHVSRQGLQJ�QXPEHU�LV�DSSURYHG�E\�WKH�&RXQFLO�RI�WKH�8QLYHUVLW\�
�����(ODERUDWLRQ�DQG�'HYHORSPHQW�RI�&XUULFXOD7KH� IROORZLQJ� SURFHGXUHV� DUH� VHW� XS� LQ�7DOOLQQ� 3HGDJRJLFDO� 8QLYHUVLW\ �738� WR�SUHSDUH�FXUULFXOD�DQG�DVVXUH�TXDOLW\�RI�VWXGLHV�x 7KH� &RXQFLO RI� WKH� 8QLYHUVLW\� PDNHV� D� GHFLVLRQ� FRQFHUQLQJ� RSHQLQJ� RI� D�FXUULFXOXP�DW�D�SDUWLFXODU�KLJKHU�HGXFDWLRQ�OHYHO�x 7KH�DFDGHPLF�GHSDUWPHQW�FRRUGLQDWLQJ�WKH�FRUUHVSRQGLQJ�PDMRU�SUHSDUHV�D�GUDIW�FXUULFXOXP�x ([WHUQDO�H[SHUWV�DQG�UHVHDUFK�DQG�WKH�DFDGHPLF�FRPPLVVLRQ�RI�WKH�ERDUG�RI�WKH�XQLYHUVLW\ DVVHVV�WKH�GUDIW�FXUULFXOXP�
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x 7KH�ERDUG�RI� WKH IDFXOW\�PDNHV� WKH�SURSRVDO� WR� WKH�&RXQFLO RI� WKH�8QLYHUVLW\� WR�DSSURYH� WKH� FXUULFXOXP� DQG� VXEPLWV� LW� WR� WKH�WKH� DFDGHPLF� FRPPLVVLRQ� RI� WKH�ERDUG�RI�WKH�XQLYHUVLW\�x 7KH� WKH� DFDGHPLF� FRPPLVVLRQ� RI� WKH� ERDUG� RI� WKH� XQLYHUVLW\ DQDO\VHV� WKH�FRQIRUPLW\�RI�WKH�FXUULFXOXP�ZLWK�WKH�JHQHUDO�UHTXLUHPHQWV�x 7KH�'HSDUWPHQW�RI�$FDGHPLF�$IIDLUV�UHYLHZV�WKH�GUDIW�FXUULFXOXP�x 7KH� XQLYHUVLW\� VXEPLWV� DQ� DSSOLFDWLRQ� RI� DFFHSWDQFH� RI� WKH� FXUULFXOXP� DQG� IRU�LQFOXVLRQ�RI�ILJXUHV�RI�DGPLVVLRQ�WR�WKH�0LQLVWU\�RI�(GXFDWLRQ�DQG�5HVHDUFK�x 7KH�OLVW�RI�ILHOGV�RI�VWXG\�DQG�FXUULFXOD�DQG�DGPLVVLRQ�TXRWDV�RI�WKH�XQLYHUVLW\�DUH�IRUPDOLVHG�E\�RUGHU�RI�WKH�0LQLVWHU�RI�(GXFDWLRQ�DQG�5HVHDUFK�ZLWK�UHJDUG�WR�WKH�/DZ�RI�8QLYHUVLWLHV�$UWLFOH��������x 7KH� FXUULFXOXP� LV� HQWHUHG� LQ� WKH� (VWRQLDQ� 5HJLVWHU� RI� &XUULFXOD� NHSW� LQ� WKH�0LQLVWU\�RI�(GXFDWLRQ�DQG�5HVHDUFK�7KH� KHDG� RI� WKH� FXUULFXOXP� HQWHUV� UXQQLQJ� FKDQJHV� DQG� DPHQGPHQWV� LQ� WKH�FXUULFXOXP�� LQYROYLQJ� WKHUHIRUH� WKH� ZKROH� DFDGHPLF� GHSDUWPHQW� DQG� WKH� WHDFKLQJ�VWDII�RI�WKH�FKDLU�FRRUGLQDWLQJ�WKH�FXUULFXOXP��7KH�KHDG�RI�WKH�FXUULFXOD�RI�%LRORJ\�LV�$VVLVWDQW�3URIHVVRU�0DUJXV�+DUDN��7KH�FXUULFXOXP�LV�DSSURYHG�E\�WKH�ERDUG�RI�WKH�GHSDUWPHQW��ERDUG�RI�WKH�IDFXOW\�DQG�ILQDOO\��WKH�&RXQFLO RI�WKH�8QLYHUVLW\�
7KH�'HSDUWPHQW�RI�1DWXUDO�6FLHQFHV�REVHUYHV�WKH�IROORZLQJ�SULQFLSOHV�LQ�SUHSDUDWLRQ�RI�WKH�FXUULFXOD�x 7KH�FKRLFH��QXPEHU�DQG�YROXPH�RI�VXEMHFWV�RI�WKH�FXUULFXOXP�PXVW�EH�VXIILFLHQW�WR�DOORZ�WKH�VWXGHQWV�DFKLHYH�WKH�DSSOLHG�TXDOLILFDWLRQ�x 7KH� VWUXFWXUH� DQG� FRQWHQW� RI� WKH� FXUULFXOXP�PXVW� FRUUHVSRQG� WR� WKH� XS�WR�GDWH�UHVHDUFK�VWDQGDUGV�x 7KH�FXUULFXOXP�PXVW�H[FHHG�WKH�VWXG\�PDWHULDO�RI�WKH�FRUUHVSRQGLQJ�VXEMHFWV�RI�FRPSUHKHQVLYH�VFKRRO�WR�WKH�IXOO�H[WHQW�x 7KH�FXUULFXOD�FRQVLGHU�SRVVLEOH�FKDQJHV�LQ�WKH�FXUULFXOD�RI�FRPSUHKHQVLYH�VFKRRO�DQG�WKH�RUJDQLVDWLRQ�RI�VWXGLHV�LQ�WKH�FRXUVH�RI�VFKRRO�UHIRUP�V��&XUULFXOD�DUH�GHYHORSHG�LQ�FRRSHUDWLRQ�ZLWK�VWUXFWXUDO�XQLWV�RI�WKH�IDFXOW\�DQG�RWKHU� IDFXOWLHV�� ZKHUHDV� WKH�DLP� LV� WR�PDNH�PD[LPXP�XVH� RI� VXEMHFWV� RI� QDWXUDO�VFLHQFHV� DQG� HGXFDWLRQDO� VFLHQFHV� WDXJKW� ZLWKLQ� RWKHU� FXUULFXOD� RI� WKH� XQLYHUVLW\��6WXGHQW� TXHVWLRQQDLUHV� SURYLGHG� E\� WKH� XQLYHUVLW\� DQG� VWDII� KDYH� JLYHQ� LPSRUWDQW�IHHGEDFN�LQIRUPDWLRQ��&KDSWHU�������:LWK� UHJDUG� WR� UHIRUP� SURYLVLRQV� EDVHG� RQ� WKH� %RORJQD� &RQYHQWLRQ�� WKH� ����FXUULFXOD� DUH� EHLQJ�PRGLILHG� LQWR� ��� FXUULFXOD�� 7KHUHIRUH� FXUULFXOXP� GHYHORSPHQW�PDLQO\� FRQFHUQV� WKHVH� FXUULFXOD�� 7KH� GHYHORSPHQW� RXWSXW� FRQFHUQLQJ� WKH� ROG� ����FXUULFXOD�LV�PRUH�PRGHVW�DV�WKHUH�LV�QR�DGPLVVLRQ�7KH�ERDUGV�RI�WKH�FXUULFXOD�IROORZ�WKH�SURYLVLRQV�RI�5HJXODWLRQ�1R�����³3URFHGXUHV�RI�$FFUHGLWDWLRQ�RI�8QLYHUVLWLHV�DQG�,QVWLWXWLRQV�RI�3URIHVVLRQDO�+LJKHU�(GXFDWLRQ�DQG�7KHLU�&XUULFXOD�DQG�5HTXLUHPHQWV�IRU�$FFUHGLWDWLRQ´��$OO�����V\VWHP�%DFKHORU¶V DQG�0DVWHU¶V� FXUULFXOD� DQG� GRFWRUDWH� SURJUDPPHV� KDYH� WKH� FXUULFXOXP� ERDUGV� ZKLFK�FRQVLVW RI� WHDFKHUV� OHDGLQJ� WKH� FXUULFXOXP�� WHDFKHUV� IURP� RWKHU� GHSDUWPHQWV� DQG�UHSUHVHQWDWLYHV� RI� HPSOR\HUV�� DOXPQL� DQG� VWXGHQWV�� 7KH� FXUULFXOXP� ERDUG� RI� WKH�FXUULFXOD�RI�%LRORJ\�LQFOXGHV�3URI��+HQQ�.XNN��'HDQ�RI�WKH�)DFXOW\�RI�0DWKHPDWLFV�DQG�1DWXUDO�6FLHQFHV�



��

$VV��3URI��0DUJXV�+DUDN��+HDG�RI�WKH�&KDLU�RI�%LRORJ\�3URI��/HLGD�7DOWV��+HDG�RI�WKH�&KDLU�RI�3ULPDU\�(GXFDWLRQ�'U�� *HRUJ� 0DUWLQ�� +HDG� RI� WKH� 'HSDUWPHQW� RI� 0DULQH� %LRORJ\�� (VWRQLDQ� 0DULQH�,QVWLWXWH�RI�8QLYHUVLW\ RI�7DUWX� (XURXQLYHUVLW\��'HDQ�RI�WKH�)DFXOW\�RI�(QYLURQPHQWDO�&RQVHUYDWLRQ�'U�� $LQ� /DQNRY�� UHVHDUFK� IHOORZ� RI� WKH� 'HSDUWPHQW� RI� )LVKHULHV� 5HVHDUFK� RI� WKH�(VWRQLDQ�0DULQH�,QVWLWXWH�RI�8QLYHUVLW\ RI�7DUWX�7ULLQX� 7}UY�� %DFKHORU� VWXGHQW� RI� %LRORJ\� �0DULQH� %LRORJLVW ± 6SHFLDOLVW� RQ�(QYLURQPHQWDO�6XEMHFW���738�6RPH� VXEMHFWV� KDYH� EHHQ� PHUJHG� WR� PHHW� WKH� QHHGV�� VRPH� FORVHG� DQG� VRPH�LQWURGXFHG�� H�J�� LQVWHDG� RI� WKH� FRXUVH� +LJKHU� 3ODQWV WKHUH� LV� QRZ� (FRORJLFDO�%LRFKHPLVWU\�&XUULFXOXP�GHYHORSPHQW�HPSKDVL]HV�PRGHUQLVDWLRQ�� IRUPDWLRQ�RI�PRUH�YROXPLQRXV�LQWHUGLVFLSOLQDU\� FXUULFXOD�� PRUH� IUHTXHQW� XVH� RI� LQWHUGLVFLSOLQDU\� OHFWXUHV� DQG�PRGXODU�VWXGLHV�
����� %LRORJ\� �0DULQH� %LRORJLVW� ± 6SHFLDOLVW� RQ� (QYLURQPHQWDO�6XEMHFW���%DFKHORU¶V�FXUULFXOXP����������7KH� FXUULFXOXP� ZDV� RSHQHG� E\� WKH� UHVROXWLRQ� RI�7DOOLQQ� 3HGDJRJLFDO� 8QLYHUVLW\�738� &RXQFLO� LQ������DQG�WKH�DGPLVVLRQ�RI�VWXGHQWV� ODVWHG�IURP������WLOO�������,Q�FRQQHFWLRQ� ZLWK� WKH� WUDQVLWLRQ� WR� WKH� ���� FXUULFXOD� V\VWHP�� DGPLVVLRQ� RQWR� WKH�FXUULFXOXP�ZDV�ILQLVKHG�7KH� DLP� RI� WKH� FXUULFXOXP� LV� WR� SUHSDUH� ELRORJLVWV� ZKR� KDYH� KLJK� HQYLURQPHQWDO�DZDUHQHVV� ZKR�DUH�JRRG�DW� LQWHJUDWLQJ�GLIIHUHQW�QDWXUDO�VFLHQFHV�DQG�ZKR�FDQ�GR�UHVHDUFK�ZRUN�RQ��PDULQH��ELRORJ\�DQG�HQYLURQPHQWDO�VFLHQFHV�$GPLVVLRQ�UHTXLUHPHQWV��VHFRQGDU\�HGXFDWLRQ��VWDWH�H[DPV��(VWRQLDQ���WZR�H[DPV�RXW� RI� ��� ELRORJ\�� FKHPLVWU\�� SK\VLFV�� JHRJUDSK\�� PDWKHPDWLFV�� 3URIHVVLRQDO�VXLWDELOLW\�WHVW��LQ�WZR�SDUWV��DQ�LQWHUYLHZ�DQG�SURIHVVLRQDO�VXLWDELOLW\�WHVW�LQ�D�ZULWWHQ�IRUP�RQ�WRSLFV�UHODWHG�WR�ELRORJ\�DQG�RWKHU�LPSRUWDQW�VRFLDO�LVVXHV��7KH� JUDGXDWHV� KDYH� EHHQ� SUHSDUHG� WR� GR� UHVHDUFK� ZRUN� DQG� WR� FRQWLQXH� WKHLU�VWXGLHV�DW�0DVWHU¶V�DQG� WKHQ�GRFWRUDWH� OHYHO��:KHQ�D�SHUVRQ� WDNHV�XS� WKH� WHDFKHU�WUDLQLQJ�SURJUDP�DW�0DVWHU¶V� OHYHO�� LW�JLYHV�KLP�KHU� WKH�SURIHVVLRQ�RI� WKH� WHDFKHU�RI�ELRORJ\� LQ� VHFRQGDU\� VFKRRO� DQG� WKH� WHDFKHU� RI� HQYLURQPHQWDO� VFLHQFHV� LQ� EDVLF�VFKRRO�7KH�YROXPH RI�WKH�FXUULFXOXP�LV�����FUHGLW�SRLQWV��&3��DQG�WKH�QRPLQDO�GXUDWLRQ�LV���\HDUV��7KH�JHQHUDO�VWUXFWXUH�RI�WKH�FXUULFXOXP��x JHQHUDO�VXEMHFWV�����&3�x ORZHU��PLGGOH��DQG�XSSHU�OHYHO�VXEMHFWV����&3�x %DFKHORU¶V�WKHVLV�����&3�x RSHQ�HOHFWLYHV����&3�x HOHFWLYHV�����&3��x PLQRU�VXEMHFWV�����&3���VHH�&KDSWHU������DQG�)LJXUH����
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*HQHUDO�VXEMHFWV� /RZHU��LQWHUPHGLDWH�DQG�XSSHU�OHYHO�%DFKHORU�WKHVLV� )UHH�HOHFWLYHV�&RPSXOVRU\�HOHFWLYHV� 0LQRU�VXEMHFW
)LJXUH ���7KH�JHQHUDO�VWUXFWXUH�RI�WKH�%DFKHORU¶V�FXUULFXOXP�%LRORJ\��0DULQH�%LRORJLVW�± 6SHFLDOLVW�RQ�(QYLURQPHQWDO�6XEMHFW�������&3���FRGH��������

7KH� JHQHUDO� VXEMHFWV� DUH�� 3KLORVRSK\�� 2YHUYLHZ� RI� 3V\FKRORJ\�� 2YHUYLHZ� RI�6RFLRORJ\�� ,QIRUPDWLFV�� )RUHLJQ� /DQJXDJHV �(QJOLVK�� *HUPDQ� RU� 5XVVLDQ�� DQG+LJKHU� 0DWKHPDWLFV�� 7KH� VWXGHQWV� IURP� 5XVVLDQ�VSHDNLQJ� VFKRROV� DOVR� KDYH� D�SRVVLELOLW\�WR�VWXG\�(VWRQLDQ�DV�D�JHQHUDO�VXEMHFW��$W�ORZHU�OHYHO�WKH�DLP�LV�WR�SURYLGH�D�V\VWHPDWLF� LQWURGXFWLRQ� WR� WKH�VSHFLDOLW\��7KH�VXEMHFWV�DW� ORZHU� OHYHO�DUH��%RWDQ\��=RRORJ\�� %DVLFV� RI� *HQHUDO� *HRJUDSK\�� *HQHUDO� &KHPLVWU\�� (OHPHQWDU\� 3K\VLFV��0DWKHPDWLFDO�0HWKRGV� LQ�1DWXUDO�6FLHQFHV��7KH�DLP�RI� WKH�LQWHUPHGLDWH OHYHO� LV� WR�JLYH�VWXGHQWV�V\VWHPDWLF�EDVLF�NQRZOHGJH�LQ�WKHLU� ILHOG�RI�VWXG\��$SSHQGLFHV�� DQG����� 7KH�VXEMHFWV� WDXJKW�DW�LQWHUPHGLDWH OHYHO�DUH��*HQHUDO�(FRORJ\��)LHOG�:RUN� LQ�)ORULVWLFV� DQG� )DXQLVWLFV�� (VWRQLDQ� /LIH� &RPPXQLWLHV�� 0LFURELRORJ\�� *HQHWLFV��(QYLURQPHQWDO� 6FLHQFHV�� 3ODQW� DQG� $QLPDO� (FRORJ\�� )LHOG� :RUN� LQ� 0\FRORJ\��0ROHFXODU� DQG� &HOO� %LRORJ\�� +\GURELRORJ\�� +XPDQ� %LRORJ\�� 3ODQW� DQG� $QLPDO�3K\VLRORJ\�� 7KHRU\� RI� (YROXWLRQ�� 7KH� XSSHU� OHYHO� JLYHV� DGYDQFHG� NQRZOHGJH� DQG�VNLOOV� RI� VXEMHFWV� FRQQHFWHG�ZLWK�PDULQH� ELRORJ\� DQG� HQYLURQPHQWDO� VFLHQFHV�� 7KH�IROORZLQJ�FRXUVHV�DUH�WDXJKW��$OJRORJ\��7HUP�3DSHU�,��%LRPRQLWRULQJ�RI�&RDVWDO�6HD��3RSXODWLRQ�(FRORJ\��,FKWK\RORJ\��%HKDYLRXUDO (FRORJ\��'HYHORSPHQWDO�%LRORJ\��)LHOG�:RUN� LQ� 0DULQH� %LRORJ\�� (FRORJLFDO� %LRFKHPLVWU\�� %DVLFV� RI� (QYLURQPHQWDO�3URWHFWLRQ��0DQDJHPHQW�RI�0DULQH�5HVRXUFHV��7HUP�3DSHU�,,��+\GURORJ\�DQG�0DULQH�3K\VLFV�� 0RGHOOLQJ� RI� 0DULQH� 6\VWHPV�� (QYLURQPHQWDO� ,PSDFW� $VVHVVPHQW� DQG�(QYLURQPHQWDO� $XGLW�� (QYLURQPHQWDO� 0DQDJHPHQW� 6\VWHPV�� %LRRUJDQLF� &KHPLVWU\��(QYLURQPHQWDO� &KHPLVWU\�� 6WRFKDVWLF� 0HWKRGV� LQ� %LRORJ\�� (OHFWLYHV� SURYLGH�DGGLWLRQDO�DGYDQFHG�NQRZOHGJH�DQG�VNLOOV�LQ�WKH�VDPH�ILHOGV��7KH�HOHFWLYHV�WKDW�FDQ�EH� FKRVHQ� E\� WKH� VWXGHQWV� DUH��+XPDQ� 2QWRJHQ\� DQG� 6H[XDOLW\�� $� 6XVWDLQDEOH�%DOWLF�5HJLRQ��%DOWLF�6HD�(QYLURQPHQW��+LJKHU�3ODQWV��(QWRPRORJ\��/LIH�LQ�WKH�%DOWLF�6HD�� *OREDO� (FRORJ\�� 6WDWLVWLFDO� 0HWKRGV� LQ� 1DWXUDO� 6FLHQFHV�� (QYLURQPHQWDO�0RQLWRULQJ��:DWHU�7UHDWPHQW�DQG�3XULILFDWLRQ� 7KH�DLP�RI�RSHQ�HOHFWLYHV�LV�WR�FUHDWH�DQ�LQWHUGLVFLSOLQDU\�RXWOHW�EHWZHHQ�GLIIHUHQW�FXUULFXOD� 2SHQ�HOHFWLYHV�FDQ�EH�FKRVHQ�IURP�DPRQJ�WKH�FRXUVHV�WDXJKW�LQ�738�EXW�DOVR�LQ�RWKHU�XQLYHUVLWLHV��7KHUH�DUH�DOVR�WZR� WHUP�SDSHUV� �,�DQG� ,,��DQG�D�%DFKHORU¶V� WKHVLV� LQ� WKH�FXUULFXOXP� WR�DFTXLUH� WKH�
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KDELW�WR�VWXG\�DQG�GR�UHVHDUFK�DQG�WR�DWWDLQ�WKH�PHWKRGRORJ\�RI�UHVHDUFK�ZRUN��7KH�WRSLFV�RI�WHUP�SDSHUV�DQG�%DFKHORU¶V�WKHVHV�DUH�SLFNHG�WRJHWKHU�ZLWK�WKH�VXSHUYLVRUV�RI� WKH� SDSHUV�� 7KH� SURJUDP� HQGV� ZLWK� D� %DFKHORU¶V� WKHVLV�� 7KH� TXDQWLWDWLYH�SDUDPHWHUV�RI�WKH�VWXGLHV�RI�WKH�FXUULFXOXP�DUH�LOOXVWUDWHG�LQ�7DEOH�������7KH�GRFXPHQWV�DZDUGHG�DW�JUDGXDWLRQ��D�GLSORPD�FHUWLI\LQJ� WKH�%DFKHORU¶V�GHJUHH�WRJHWKHU�ZLWK�DQ�DFDGHPLF�UHSRUW��7KH�GHJUHH�FRQIHUUHG��%6F LQ�%LRORJ\��5HVHDUFK�0DVWHU�LQ�%LRORJ\��%LRORJ\��:LWK�6HFRQG�6XEMHFW���������%DFKHORU¶V�FXUULFXOXP����������%HFDXVH�RI�WKH�KLJKHU�HGXFDWLRQ�UHIRUP��WKH�DGPLVVLRQ�RQWR�WKH�DERYH�GHVFULEHG���\HDU�%DFKHORU¶V�FXUULFXOXP�VWRSSHG�LQ�������7KLV�ZDV�UHSODFHG�E\�D�QHZ�WKUHH�\HDU�%DFKHORU¶V�FXUULFXOXP������������%XW�DV�LWV�VWXGHQWV�KDYH�QRW�FRPSOHWHG�WZR�WKLUGV�RI�WKH�VWXG\�\HW��WKLV�FXUULFXOXP�FDQQRW�EH�SUHVHQWHG�IRU�DFFUHGLWDWLRQ��+RZHYHU��WKH�GHVFULSWLRQ�RI�WKH�FXUULFXOXP�ZLOO�EH�JLYHQ�EHORZ�DV�LW�KHOSV�WR�XQGHUVWDQG�WKH�ORJLF�RI�WKH�GHYHORSPHQW� RI� WKH� FXUULFXOXP�RI� WKH� GHSDUWPHQW��7KH�GHVFULEHG� FXUULFXOXP� LV�WKH�GHVFHQGDQW�RI� WKH�%DFKHORU¶V� FXUULFXOXP�%LRORJ\� �0DULQH�%LRORJLVW�± 6SHFLDOLVW�RQ�(QYLURQPHQWDO�6XEMHFW���FRGH�����������VHH�$SSHQGLFHV �������7KH�YROXPH RI�WKH�FXUULFXOXP�LV�����FUHGLW�SRLQWV��&3���$GPLVVLRQ� UHTXLUHPHQWV�� VHFRQGDU\� HGXFDWLRQ�� VWDWH� H[DPV�� (VWRQLDQ� DQG� WZR�H[DPV� RXW� RI� ��� ELRORJ\�� FKHPLVWU\�� SK\VLFV�� PDWKHPDWLFV��3URIHVVLRQDO� VXLWDELOLW\�WHVW� �LQ� WZR�SDUWV��DQ� LQWHUYLHZ�DQG�SURIHVVLRQDO�VXLWDELOLW\� WHVW� LQ�D�ZULWWHQ� IRUP�RQ�WRSLFV�UHODWHG�WR�ELRORJ\�DQG�RWKHU�LPSRUWDQW�VRFLDO�LVVXHV��7KH�DLP�RI�WKH�FXUULFXOXP�LV�WR�JLYH�EDVLF�NQRZOHGJH�LQ�QDWXUDO�VFLHQFHV�DQG�WR�KHOS�IRUP�KLJK�HQYLURQPHQWDO� DZDUHQHVV� LQ�RUGHU� WR� FRQWLQXH�RQH¶V VWXGLHV� DW�0DVWHU¶V�OHYHO��7KH�JUDGXDWH�RI� WKH�%DFKHORU¶V�SURJUDP�FDQ�ZRUN�DV�D� ODE�DVVLVWDQW�ERWK� LQ�VHFRQGDU\� VFKRRO� DQG� XQLYHUVLW\�� EXW� DOVR� LQ� UHVHDUFK� LQVWLWXWLRQV� DQG� FRPSDQLHV�WKDW� DSSO\� ELRWHFKQRORJ\�� :KHQ� D� VWXGHQW� JUDGXDWHV� IURP� WKH� WHDFKHU� WUDLQLQJ�SURJUDP�DW�0DVWHU¶V� OHYHO�� KH�VKH�KDV� WKH� ULJKW� WR�ZRUN�DV�D� WHDFKHU�RI� ELRORJ\� LQ�VHFRQGDU\� VFKRRO�� 7KH� UHFRPPHQGHG�PLQRU� VXEMHFWV� DUH�� &KHPLVWU\�� *HRJUDSK\��,QIRUPDWLFV��3K\VLFV��DQG�0DWKHPDWLFV��7KH�RSSRUWXQLWLHV�RI�VWXGHQWV�GHSHQG�RQ�WKH�FKRVHQ�PLQRU��7KH�FRPSOHWLRQ�RI�D�PLQRU�DW�%DFKHORU¶V� OHYHO�ZLOO� EH� UHDOL]HG�ZKHQ�WKH�VWXGHQW�JUDGXDWHV�IURP�WKH�WHDFKHU�WUDLQLQJ�SURJUDP�DW�0DVWHU¶V�OHYHO�± WKH�ODWWHU�JLYLQJ�KLP�KHU�WKH�ULJKW�WR�WHDFK�WKH�VXEMHFW�LQ�EDVLF�VFKRRO��7KH�JHQHUDO�VWUXFWXUH�RI�WKH�FXUULFXOXP������&3��ZKLFK�DUH�GLYLGHG�LQWR�x JHQHUDO�VXEMHFWV����&3x IRFXV�VXEMHFWV����&3�x PDMRU����&3x PLQRU����&3x RSHQ�HOHFWLYHV���&3x %DFKHORU¶V�WKHVLV���&3��)LJXUH����
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*HQHUDO�VXEMHFWV )RFXV�VXEMHFWV 0DMRU0LQRU 2SHQ�HOHFWLYHV� %DFKHORU¶V�WKHVLV�)LJXUH����7KH�JHQHUDO�VWUXFWXUH�RI�WKH�%DFKHORU¶V�FXUULFXOXP�� %LRORJ\��:LWK�6HFRQG�6XEMHFW�������&3�� FRGH��������

7KH� DLP� RI� JHQHUDO� VXEMHFWV�� LQWHUGLVFLSOLQDU\� HOHFWLYHV� DQG� IRFXV� VXEMHFWV� LV� WR�SURYLGH� WKH� VWXGHQWV� ZLWK� D� V\VWHPDWLF� LQWURGXFWLRQ� WR� WKH� ILHOG� RI� VWXG\� DQG� JLYH�EDVLF� NQRZOHGJH�� *HQHUDO� VXEMHFWV� JLYH� D� PRUH� JHQHUDO� RYHUYLHZ� RI� QDWXUDO�VFLHQFHV��7KH�DLP�RI�LQWHUGLVFLSOLQDU\�HOHFWLYHV�LV�WR�SURYLGH�DQ�RYHUYLHZ�DQG�VNLOOV�RI�VXEMHFWV� LPSRUWDQW� IURP� D� FRPSUHKHQVLYH� SRLQW� RI� YLHZ�� *HQHUDO� VXEMHFWV� DQG�LQWHUGLVFLSOLQDU\� HOHFWLYHV� UHVSHFWLYHO\� DUH��*HQHUDO� %LRORJ\�� %DVLFV� RI� *HQHUDO�*HRJUDSK\��*HQHUDO�&KHPLVWU\��3K\VLFDO�3LFWXUH�RI�WKH�:RUOG�DQG�2UDO�DQG�:ULWWHQ�&RPPXQLFDWLRQ�� ,QWHUFXOWXUDO� &RPPXQLFDWLRQ�� &RPSXWHU�$LGHG� ,QIRUPDWLRQ�3URFHVVLQJ�� (QYLURQPHQWDO� 6FLHQFHV� DQG� (GXFDWLRQ�� ,QWURGXFWLRQ� WR� 3XEOLF�$GPLQLVWUDWLRQ�� ,QIRUPDWLRQ� 6RXUFHV� DQG� 5HWULHYDO�� &RSLQJ� 6WUDWHJLHV� LQ� 0RGHUQ�6RFLHW\�� 3V\FKRORJ\� RI� 6RFLDO� 6NLOOV� DQG� ,QWHUSHUVRQDO� &RPPXQLFDWLRQ��2UJDQLVDWLRQDO�%HKDYLRXU��)RFXV�VXEMHFWV�DUH��(VWRQLDQ�/LIH�&RPPXQLWLHV��*HQHUDO�(FRORJ\�� +\GURELRORJ\�� +\GURORJ\� DQG� 0DULQH� 3K\VLFV�� 0DWKHPDWLFDO� 0HWKRGV� LQ�1DWXUDO� 6FLHQFHV�� 6WXGHQWV� IURP�5XVVLDQ�VSHDNLQJ� VFKRROV� FDQ� VWXG\� (VWRQLDQ� LQ�DGGLWLRQ� LI� QHHGHG��7KH�DLP�RI�PDMRU� VXEMHFWV� LV� WR�JLYH�DGYDQFHG�NQRZOHGJH�DQG�VNLOOV� LQ� VXEMHFWV� UHODWHG� WR� �PDULQH�� ELRORJ\�DQG� HQYLURQPHQWDO� VFLHQFHV�� 0DMRU�VXEMHFWV� DUH�� RQ� $� 6XVWDLQDEOH� %DOWLF� 5HJLRQ�� %RWDQ\�� =RRORJ\�� (GXFDWLRQDO�6FLHQFHV��)LHOG�:RUN�LQ�)ORULVWLFV�DQG�)DXQLVWLFV��0ROHFXODU�DQG�&HOO�%LRORJ\��3ODQW�DQG�DQLPDO�3K\VLRORJ\��%LRGLYHUVLW\�DQG�FRQVHUYDWLRQ�%LRORJ\��*HQHWLFV��7KHRU\�RI�(YROXWLRQ�� 3ODQW� DQG� $QLPDO� (FRORJ\�� )LHOG� :RUN� LQ� 0\FRORJ\�� 'HYHORSPHQWDO�%LRORJ\�� ,QRUJDQLF� &KHPLVWU\�� 2UJDQLF� &KHPLVWU\�� %LRFKHPLVWU\�� (OHFWLYHV� SURYLGH�DGGLWLRQDO�DGYDQFHG�NQRZOHGJH�DQG�VNLOOV�LQ�WKH�VDPH�ILHOGV��7KH�HOHFWLYHV�WKDW�FDQ�EH�FKRVHQ�E\�WKH�VWXGHQWV�DUH��/LIH�LQ�WKH�%DOWLF�6HD��$SSOLHG�%RWDQ\��(QWRPRORJ\��(QYLURQPHQWDO� ,PSDFW� $VVHVVPHQW� DQG� (QYLURQPHQWDO� $XGLW� ,Q� DGGLWLRQ� LW� LV� DOVR�SRVVLEOH� WR� FKRRVH� D� FRXUVH�(QF\FORSDHGLD RI� /DZ�� ZKLFK� LQWURGXFHV� JHQHUDO� ODZ�V\VWHPV� 7KH�SURJUDP�HQGV�ZLWK�D�%DFKHORU¶V� WKHVLV��ZKLFK� LV�FRPSLOHG�RQ�D� WRSLF�UHODWHG�WR�D�PDMRU��7KH�%DFKHORU¶V�WKHVLV�LV�LQ�WKH�FXUULFXOXP�WR�KHOS�VWXGHQWV�DFTXLUH�WKH�KDELW�WR�VWXG\�DQG�GR�UHVHDUFK�DQG�WR�DWWDLQ�WKH�PHWKRGRORJ\�RI�UHVHDUFK�ZRUN��7KH�WRSLFV�RI�%DFKHORU¶V�WKHVHV�DUH�SLFNHG�E\�VWXGHQWV�WRJHWKHU�ZLWK�WKH�VXSHUYLVRUV�
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RI�WKH�SDSHUV �WKH�YROXPH�RI�UHVHDUFK�ZRUN�LQ�D�%DFKHORU¶V�WKHVLV�LV�VPDOOHU�WKDQ�LQ�WKH�IRUPHU�����%DFKHORU¶V�FXUULFXOXP����������7KH�TXDQWLWDWLYH�SDUDPHWHUV�RI�WKH�VWXGLHV�RI�WKH�FXUULFXOXP�DUH�LOOXVWUDWHG LQ�7DEOH�������7KH�GRFXPHQWV�DZDUGHG�DW�JUDGXDWLRQ��D�GLSORPD�FHUWLI\LQJ� WKH�%DFKHORU¶V�GHJUHH�WRJHWKHU�ZLWK�DQ�DFDGHPLF�UHSRUW��7KH�GHJUHH�FRQIHUUHG��%6F LQ�%LRORJ\�,Q� DFFRUGDQFH� ZLWK� WKH� VWXG\� SURJUDPV� RI� PLQRU� VXEMHFWV�� WKH� VWXGHQWV� SDVV� WKH�PRGXOHV� FKRVHQ� E\� WKHPVHOYHV� �VHH�&KDSWHU� ����� 7KH :RUNORDG� DQG� $FDGHPLF�3HUIRUPDQFH�RI�6WXGHQWV��� 7DEOH�������7KH�TXDQWLWDWLYH�SDUDPHWHUV�RI�WKH�%DFKHORU¶V�FXUULFXOXP�%LRORJ\��0DULQH�%LRORJLVW�±6SHFLDOLVW�RQ�(QYLURQPHQWDO�6XEMHFW���FRGH��������������DQG�%DFKHORU¶V�FXUULFXOXP�%LRORJ\��:LWK�6HFRQG�6XEMHFW���FRGH��������������4XDQWLWDWLYH�SDUDPHWHU3DUDPHWHU ����� ����� $QDO\VLV1RPLQDO�GXUDWLRQ��\HDUV� �� �� $�\HDU�VKRUWHU
7RWDO�YROXPH &3 ���� ���� ���&3�OHVV'HJUHH�FRQIHUUHG %6F LQ�%LRORJ\ %6F�LQ�%LRORJ\ 7KH�QDPH�RI�WKH�GHJUHH�LV�WKH�VDPH1XPEHU�RI�FRPSXOVRU\�VXEMHFWV ���VXEMHFWV� ���VXEMHFWV� 7KH�QXPEHU�RI�FRPSXOVRU\�VXEMHFWV�KDV�GHFUHDVHG�PRUH�WKDQ�E\�KDOI�����1XPEHU�RI�HOHFWLYHV ����VXEMHFWV �����VXEMHFWV� IURP�WKH�EORFN�RI�D�PLQRU

7KH�SURSRUWLRQ�RI�HOHFWLYHV�KDV�LQ�FUHDVHG�WZLFH�����
$YHUDJH�YROXPH�RI�FRPSXOVRU\�VXEMHFWV &3 ���� ���� 7KH�DYHUDJH�YROXPH�RI�FRPSXOVRU\�VXEMHFWV�KDV�LQFUHDVHG�E\���&3���3URSRUWLRQ�RI�HOHFWLYHV�LQ�WKH�FXUULFXOXP��� ��� ��� %HFDXVH�RI�WKH�VKRUWHUGXUDWLRQ�RI�WKH�FXUULFXOXP�WKH�SUR�SRUWLRQ�RI�HOHFWLYHV�KDV�GHFUHDVHG����� ���3URSRUWLRQ�RI�SUDFWLFDO�ZRUN�� ���� ���� 7KH�SURSRUWLRQ�RI�SUDFWLFDO�ZRUN�LV�DOPRVW�WKH�VDPH��D�VPDOO�GHFUHDVH� ���6WUXFWXUH�RI�VWXGLHV�OHFWXUHV��� ���� ���� 7KH�SURSRUWLRQ�RI�OHFWXUHV�LV�DOPRVW�WKH�VDPH��D�VPDOO�GH�FUHDVH� ���
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VHPLQDUV��H[HUFLVH�FODVVHV� ���� ���� 7KH�SURSRUWLRQ�RI�VHPLQDUV�KDV�ULVHQ ���UHVHDUFK�ZRUN� ��� ��� 7KH�SURSRUWLRQ�RI�UHVHDUFK�ZRUN�LV�DOPRVW�WKH�VDPH ���7RWDO�QXPEHU�RI�H[DPV� �� �����
 %HFDXVH�RI�WKH�QRWLFHDEOH�LQFUHDVH�LQ�WKH�YROXPH�RI�FUHGLW�SRLQWV�WKH�WRWDO�QXPEHU�RI�H[DPV�KDV�GH�FUHDVHG ���6KDUH�RI�H[DP�W\SHV�
RUDO�DQG�FRPELQHG��� ���� ����
ZULWWHQ�� ���� ����

7KH�SURSRUWLRQ�RI�ZULWWHQ�H[DPV�KDV�ULVHQ� ���
5DWLR�RI�DXGLWRU\�DQG�LQGHSHQGHQW�ZRUN ��� ��� 7KH�UDWLR�RI�DXGLWRU\�ZRUN�DQG�LQGHSHQGHQW�ZRUN�LV�DOPRVW�WKH�VDPH
�� WKH�QXPEHU�RI�H[DPV�LQ�WKH�FXUULFXOXP�GHSHQGV�RQ�WKH�FKRVHQ�PLQRU�

�����%LRORJ\��0DVWHU¶V�FXUULFXOXP�����������7KH� FXUULFXOXP�ZDV�DSSURYHG�E\�7DOOLQQ�3HGDJRJLFDO�8QLYHUVLW\ �738� &RXQFLO� RQ�$SULO�����������7KH�DGPLVVLRQ�RI�VWXGHQWV�VWDUWHG�LQ������VHH�$SSHQGLFHV ��������7KH�YROXPH RI�WKH�FXUULFXOXP�LV����FUHGLW�SRLQWV��&3��DQG�QRPLQDO�GXUDWLRQ���\HDUV��7KH� FXUULFXOXP� LV� WKH� VHFRQG� VWDJH� RI� WKH� ���� VWXG\� V\VWHP�� %HFDXVH� RI� WKH�WUDQVLWLRQ� WR� WKH�����V\VWHP�� WKH�DGPLVVLRQ� WR� WKH�����0DVWHU¶V� FXUULFXOXP�ZLOO� EH�VWRSSHG�LQ�WKH�\HDU������$GPLVVLRQ� UHTXLUHPHQWV��D�GLSORPD�RU�D�%DFKHORU¶V�GHJUHH� LQ�%LRORJ\�RU�DQ\�RWKHU�QDWXUDO�VFLHQFH���D�FRPELQHG�H[DP�RQ�WKH�WRSLFV�FRYHUHG�LQ�WKH�FXUULFXOXP��7KH� DLP� RI� WKH� FXUULFXOXP� LV� WR� SUHSDUH� TXDOLILHG� ELRORJLVWV�± HFRORJLVWV� ZKR� FDQ�ZRUN�DV�VFLHQWLVWV�RU�DFDGHPLF�VWDII�DW�XQLYHUVLWLHV��DV�WHDFKHUV�LQ�VHFRQGDU\�VFKRRO��HQYLURQPHQWDO�VSHFLDOLVWV�RU�HPSOR\HHV�LQ�QDWXUH�UHVHUYHV��7KH�GHJUHH�FRQIHUUHG�LV�D�UHVHDUFK�GHJUHH��WKXV�LW�VHUYHV�DV�D�SUHUHTXLVLWH�WR�HQWHU�GRFWRUDWH�VWXGLHV��7KH�JHQHUDO�VWUXFWXUH�RI�WKH�FXUULFXOXP�x VSHFLDOLVHG�VWXGLHV����&3�R WKH�FRPSXOVRU\�VXEMHFWV�RI�WKH�FXUULFXOXP���&3�R WKH�FRPSXOVRU\ VXEMHFWV�RI�WKH VWXG\�OLQH ��&3�R WKH�HOHFWLYHV RI�WKH�FXUULFXOXP����&3R VSHFLDOLVHG�VHPLQDUV�DQG�DSSOLHG�DFWLYLWLHV���&3x JHQHUDO�VXEMHFWV���&3x 0DVWHU¶V�WKHVLV����&3
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7KH�PHWKRGV�RI�VWXG\�XVHG�DUH� OHFWXUHV��VHPLQDUV�� LQGHSHQGHQW�ZRUN��7KH�ELJJHVW�HPSKDVLV�LV�RQ�WKH�ODWWHU�7KH�VWXGLHV�SURYLGH�WKH�VWXGHQWV�ZLWK�D�GHWDLOHG�SLFWXUH�DERXW�WKH�PRGHUQ�UHVHDUFK�WUHQGV�DQG�PHWKRGV�RI�WKH�VSHFLDOLW\�DQG�ZLWK�VNLOOV�WR�GR�LQGHSHQGHQW�UHVHDUFK�ZRUN�DQG�FRPH�XS�ZLWK�LQQRYDWLYH�VROXWLRQV�7KH� FRPSXOVRU\� VXEMHFWV� RI� WKH� FXUULFXOXP� �DYHUDJH� YROXPH� ���� &3��� $GYDQFHG�(FRORJ\��0DWKHPDWLFDO� 0HWKRGV� LQ� %LRORJ\��&RUH� HOHFWLYHV� /LIH� LQ� WKH� %DOWLF� 6HD��%LRVSKHUH�DQG�0DQ��%LRGLYHUVLW\�DQG�&RQVHUYDWLRQ�%LRORJ\��%DOWLF�6HD�(QYLURQPHQW��3ODQW� *HRJUDSK\�� =RRJHRJUDSK\�� (QGDQJHUHG� DQG� 5DUH� 6SHFLHV�� 0LFURELRORJ\��(QYLURQPHQWDO� ,PSDFW� $VVHVVPHQW�� $� 6XVWDLQDEOH� %DOWLF� 5HJLRQ�� (QYLURQPHQWDO�&KHPLVWU\�7KH� RSSRUWXQLWLHV� RI� VWXGHQWV� UHDOL]H� WKHPVHOYHV� WKURXJK� VSHFLDOL]DWLRQ�� 7KH�FXUULFXOXP� LV�GLYLGHG� LQWR� WKUHH�EUDQFKHV�����PDULQH�ELRORJ\�����DQLPDO�HFRORJ\����SODQW�HFRORJ\��$FFRUGLQJ�WR�WKH�FXUULFXOXP�WKH�PDLQ�EUDQFK�LV�WKDW�RI�PDULQH�ELRORJ\��%XW� LQ�RUGHU�WR�EURDGHQ�WKH�FKRLFH�IRU�PDVWHU�VWXGHQWV�WKH�EUDQFKHV�RI�DQLPDO�DQG�SODQW� HFRORJ\� KDYH� DOVR� EHHQ� DGGHG� LQWR� WKH� FXUULFXOXP�� 6SHFLDOL]DWLRQ� LV� WKXV�GHWHUPLQHG� E\� WKH� FKRVHQ� VXEMHFWV�� 7KH� DLP� RI� WKH� FRPSXOVRU\� VXEMHFWV� RI� WKH�VSHFLILF� ILHOG�RI�VWXG\� LV�� WKHUHIRUH�� WR�JLYH�DGYDQFHG�NQRZOHGJH�DQG�VNLOOV� WKURXJK�VSHFLDOL]DWLRQ�� &RPSXOVRU\� VXEMHFWV� DFFRUGLQJ� WR� WKH� FKRVHQ� EUDQFK� DUH� 3ODQW�(FRORJ\�� $GYDQFHG� %RWDQ\� 3ODQW� (FRORJ\�� 3ODQW� (FRSK\VLRORJ\�� %DVLFV� RI� 6RLO�6FLHQFHV��$QLPDO�(FRORJ\��$GYDQFHG�=RRORJ\��3RSXODWLRQ�(FRORJ\�� ,QWURGXFWLRQ� WR�3RSXODWLRQ� 0RUSKRORJ\�� (YROXWLRQDU\� (FRORJ\�� DQG� 0DULQH� %LRORJ\��+\GURELRORJ\��3ODQNWRQRORJ\��,FKWK\RORJ\��+\GURORJ\�DQG�0DULQH�3K\VLFV�7KH�FRXUVH�HQGV�ZLWK�D�0DVWHU¶V�WKHVLV��ZKLFK�LV�FRPSLOHG�DFFRUGLQJ�WR�WKH�FKRVHQ�ILHOG� RI� VWXG\�� 7KH� WRSLFV� RI� 0DVWHU¶V� WKHVHV� DUH� FKRVHQ� LQ� FRRSHUDWLRQ� ZLWK�VXSHUYLVRUV��0DVWHU¶V�WKHVHV�KDYH�WR�EH�EDVHG�RQ�VFLHQWLILF�UHVHDUFK�DFWLYLWLHV�� LW�LV�UHFRPPHQGHG�WR�KDYH�VRPH�VFLHQWLILF�DUWLFOHV�SXEOLVKHG��$SSHQGL[�����7KH�JHQHUDO�VWUXFWXUH�RI�WKH�FXUULFXOXP�LV�LOOXVWUDWHG�LQ�)LJXUH�� DQG�7DEOH��������7KH�FXUULFXOXP�KDV�EHHQ�EXLOW�XS�VR�WKDW�WKH�ELJJHVW�SURSRUWLRQ�LV�JLYHQ�WR�SUDFWLFDO�ZRUN��������/HFWXUHV�PDNH�XS������H[HUFLVH�FODVVHV�DQG�VHPLQDUV�����DQG� UHVHDUFK�ZRUN�IRUPV�����RI� WKH�FXUULFXOXP��7KH�WRWDO�QXPEHU�RI�H[DPV�DQG�DVVHVVPHQWV� LV�����DPRQJ�WKHP������DUH�RUDO�RU�FRPELQHG�DQG�����LQ�D�ZULWWHQ�IRUP��7KH� GRFXPHQWV� DZDUGHG� DW� JUDGXDWLRQ�� D� GLSORPD� FHUWLI\LQJ� WKH� 0DVWHU¶V� GHJUHHWRJHWKHU�ZLWK�DQ�DFDGHPLF�UHSRUW��7KH�GHJUHH�FRQIHUUHG��06F LQ�%LRORJ\�
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&RPSXOVRU\�VXEMHFWV� &RPSXOVRU\�VXEMHFWV�RI�WKH�VWXG\�OLQH�(OHFWLYHV� 6HPLQDUV�DQG�DSSOLHG�DFWLYLWLHV�*HQHUDO�VXEMHFWV� 0DVWHU¶V�WKHVLV�
)LJXUH����7KH�JHQHUDO�VWUXFWXUH�RI�WKH�0DVWHU¶V�FXUULFXOXP�� %LRORJ\��(FRORJ\������&3���FRGH��������

7DEOH�������7KH�TXDQWLWDWLYH�GHVFULSWLRQ�RI�WKH�0DVWHU¶V�FXUULFXOXP�� %LRORJ\��FRGH��������1RPLQDO�GXUDWLRQ��\HDUV� ��
7RWDO�YROXPH &3 ���'HJUHH�FRQIHUUHG 06F LQ�%LRORJ\��(FRORJ\��1XPEHU�RI�FRPSXOVRU\�VXEMHFWV ���
$YHUDJH�YROXPH�RI�FRPSXOVRU\�VXEMHFWV� ����&3
3URSRUWLRQ�RI�HOHFWLYHV�LQ�WKH�FXUULFXOXP�� ��
3URSRUWLRQ�RI�SUDFWLFDO�ZRUN�� ����
6WUXFWXUH�RI�VWXGLHV�OHFWXUHV�� ����VHPLQDUV��H[HUFLVH�FODVVHV�� ����

UHVHDUFK�ZRUN� ����1XPEHU�RI�H[DPV� ��6KDUH�RI�H[DP�W\SHV�RUDO�� ����ZULWWHQ�� ����5DWLR�RI�DXGLWRU\�DQG�LQGHSHQGHQW�ZRUN ���
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�����1DWLRQDO�DQG�,QWHUQDWLRQDO�'LPHQVLRQ�RI�WKH�&XUULFXOD�&RPSDULVRQ�RI�%DFKHORU¶V�SURJUDPPHV�LV�EDVHG�RQ�VLPLODU�FXUULFXOD�RI�WKH�8QLYHUVLW\�RI�7DUWX��+HOVLQNL�8QLYHUVLW\��7XUNX�8QLYHUVLW\��-RHQVXX�8QLYHUVLW\��WKH�8QLYHUVLW\�RI�+XOO�� -XVWXV� /LHELJ� 8QLYHUVLW\�� *LHVVHQ�� $OVR�� FRUUHVSRQGLQJ� FXUULFXOD� RI� 86�XQLYHUVLWLHV� FRQGXFWLQJ�VWXGLHV� LQ�PDULQH�ELRORJ\�ZHUH� UHYLHZHG� �7HQQHVVHH�6WDWH�8QLYHUVLW\�� 6RXWK� )ORULGD�8QLYHUVLW\� DQG�&HQWUDO� )ORULGD�8QLYHUVLW\���:H�DOVR�XVHG�6XVDQQH�&KDUOHV¶V�DUWLFOH�%LRORJ\�DW�(XURSHDQ�8QLRQ�8QLYHUVLWLHV��3DVW��3UHVHQW�DQG�)XWXUH�� )UHH� 8QLYHUVLW\� %UXVVHOV� �(852%,2� FROOHFWLRQ� RI� DUWLFOHV� �&ROORTXLXP� RQ�(YDOXDWLRQ� LQ� %LRORJ\��� 7ROHGR�� ������ DQG� LWV� ,QWHUQHW� YHUVLRQ� DW��KWWS���ZZZ�YXE�DF�EH�JVW�HXURELR���6XVDQQH�SGI�DV�D�UHIHUHQFH�7KH�FXUULFXOD�RI�DOO� OLVWHG�XQLYHUVLWLHV�DUH�GLYLGHG� LQWR�GLIIHUHQW� OHYHOV��7KH�+HOVLQNL�DQG�-RHQVXX�8QLYHUVLWLHV�XVH�OHYHOV�RI�D�VWDQGDUG�YROXPH��DSSUREDWXU ���&3��FXP�ODXGH DSSUREDWXU� ��� &3� DQG� ODXGDWXU ��� &3�� ,Q� 7DOOLQQ� 3HGDJRJLFDO� 8QLYHUVLW\�738���8QLYHUVLW\ RI�7DUWX DQG�7XUNX�8QLYHUVLW\�WKH OHYHOV�DUH�QRW� WKDW�VWULFWO\� IL[HG�DQG�WKH\�DUH�IXUWKHU�GLYLGHG�LQWR�HOHPHQWDU\�DQG�LQWHUPHGLDWH�OHYHOV��DQG�WKH�OHYHOV�RI�JHQHUDO��HOHFWLYH�DQG�FXUULFXODU�VXEMHFWV��6HYHUDO�%ULWLVK�DQG�,ULVK�XQLYHUVLWLHV�XVH�D�V\VWHP�ZKHUH���\HDU�VWDQGDUG�FRXUVHV�RI�HOHPHQWDU\��LQWHUPHGLDWH�DQG�DGYDQFHG�VXEMHFW� OHYHOV� ������� &3�� DUH� GLYLGHG� LQWR� PDMRU�� HOHFWLYH� �SDUW� RI� WKHP�UHFRPPHQGHG��DQG�RSHQ�HOHFWLYH�VXEMHFWV�6WXGHQWV�RI�)LQQLVK��(QJOLVK� �WKH�(8� LQ�JHQHUDO��DQG�D�JUHDW�PDQ\�86�XQLYHUVLWLHV�VSHFLDOLVH� DIWHU� FRPSOHWLRQ� RI� IRXQGDWLRQ� FRXUVHV� DQG� HDFK� ILHOG� RI� VWXG\� KDV� D�VSHFLILF�PDMRU�PRGXOH�� ,Q� WKH�8QLYHUVLW\�RI�7DUWX�D�QDUURZHU�VSHFLDOLVDWLRQ� LV�PDGH�SRVVLEOH�YLD�D�FKRLFH�RI�YDULRXV PRGXOHV�����&3�� LQ� WKH���\HDU�%DFKHORU¶V�VWXGLHV��6WXGHQWV�RI�738�GR�QRW�VSHFLDOLVH�LQ�VSHFLILF�ILHOGV�RI�ELRORJ\�WKURXJK�WKH�FKRLFH�RI�PRGXOHV��WKHLU�VSHFLDOLVDWLRQ�LV�H[SUHVVHG�LQ�WKH�WRSLFV�RI�WKHLU�WHUP�DQG�ILQDO�SDSHUV��7KHLU�PRUH� FRQFUHWH� VSHFLDOLVDWLRQ� DQG� FRUUHVSRQGLQJ� VXEMHFW� VHOHFWLRQ�RQO\� WDNHV�SODFH�LQ�WKH�0DVWHU¶V�VWXGLHV�7KH�XQLYHUVLWLHV�EHLQJ�UHYLHZHG�SODFH�DQ�HPSKDVLV�RQ�GLIIHUHQW�VXEMHFWV�DQG�WHDFK�WKHP�RQ�D�GLIIHUHQW�WLPH�VFDOH��'XH�WR�WKH�VSHFLILF�FXUULFXOD�WR�EH�DFFUHGLWHG�ZH�KDYH�SDLG PRUH� DWWHQWLRQ� WR� WKH� FXUULFXOXP� RU� ILHOG� RI� PDULQH� ELRORJ\� LQ� WKH� FXUULFXOD�PHQWLRQHG�DERYH��7KH�DQDO\VLV�VKRZV� WKDW� WKH�VXEMHFW�FRQWHQW�DQG�VWUHVVHV�PDGH�DUH� PRVWO\� LGHQWLFDO�� +RZHYHU�� GLIIHUHQFHV� DUH� H[SUHVVHG� LQ� VXEMHFWV� DQG�RSHQHOHFWLYHV�ZKLFK�FRYHU ORFDO�SHFXOLDULWLHV��)RU�H[DPSOH��WKH�8QLYHUVLW\�RI�+XOO�KDV�WKH�IROORZLQJ� VXEMHFWV� LQ� WKH� FRUUHVSRQGLQJ� FXUULFXOXP�� %LRORJLFDO� 2FHDQRJUDSK\��1HXURSK\VLRORJ\�DQG�(QGRFULQRORJ\��)LVKHULHV�5HVRXUFH�0DQDJHPHQW� 7HQQHVVHH�6WDWH�8QLYHUVLW\�KDV )DXQD�DQG�)DXQLVWLF�(FRORJ\�RI�7LGDO�0DUVKHV��%HDFKHV��DQG�6HD�*UDVV�%HGV� HWF�7KH� VWUXFWXUH� RI� 0DVWHU¶V� SURJUDPPHV� DW� 738� LV� SURYLGHG� LQ� &KDSWHU� ����� 7KH�JHQHUDO�VWUXFWXUH�RI� WKH�FXUULFXOXP�RI�K\GURELRORJ\�DW� WKH�8QLYHUVLW\�RI�7DUWX� LV� WKH�IROORZLQJ�� &ROORTXLXP� LQ� +\GURELRORJ\� IRU� 06F� 6WXGHQWV ��� &3�� 6HPLQDU� LQ�+\GURELRORJ\�IRU�06F�6WXGHQWV ��&3��3UDFWLFDO�7UDLQLQJ�LQ�6FLHQWLILF�0HWKRGRORJ\�LQ�+\GURELRORJ\�IRU�06F�6WXGHQWV ���&3��0DVWHU¶V�WKHVLV ���&3��(OHFWLYHV ��&3��7KH�PDLQ� GLIIHUHQFH� LV� WKDW� DW� 8QLYHUVLW\ RI� 7DUWX WKH\� GR� QRW� KDYH� OHFWXUHV� LQ� WKH�FXUULFXOXP�
7KH� FXUULFXOXP� RI�0DULQH� %LRORJ\� LV� RQO\� WDXJKW� DW� 738� LQ� (VWRQLD�� 7KHPDWLFDOO\�FORVHVW�EXW�RQO\�SDUWO\�RYHUODSSLQJ�DQDORJRXV�FXUULFXOD�DUH�D�%DFKHORU¶V�FXUULFXOXP�
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RI� %LRORJ\� ����������� %DFKHORU¶V� FXUULFXOXP� RI� +\GURELRORJ\�� DQG� D 0DVWHU¶V�FXUULFXOXP�RI�=RRORJ\�DQG�+\GURELRORJ\�����������DW�WKH 8QLYHUVLW\ RI�7DUWX��7KHVH�FXUULFXOD�GR�QRW�VHSDUDWHO\�GHDO�ZLWK�PDULQH�ELRORJ\�DQG�VXEMHFWV�DUH�PDLQO\�OLPLWHG�WR�ELRORJ\�RI�IUHVK�ZDWHU�RUJDQLVPV��7KXV��WKHUH�LV�QR�GLUHFW�RYHUODS�RI�RXU�FXUULFXOD��$QRWKHU�� XQGRXEWHGO\� D� PDMRU� DGYDQWDJH� RI� WKH� 738� FXUULFXOD� OLHV� LQ� WKH� FORVH�ORFDWLRQ� RI� WKH� (VWRQLDQ 0DULQH� ,QVWLWXWH RI 8QLYHUVLW\ RI� 7DUWX DQG� LWV� UHVHDUFK�EDVHV�2QO\� VL[� ELRORJLVWV� ZRUN� LQ� WKH� &KDLU� RI� %LRORJ\�� LQ� DGGLWLRQ� VWDII� ZRUNLQJ� RQ� DFRQWUDFWXDO�EDVLV��6XFK�D�VPDOO�QXPEHU�RI�VSHFLDOLVWV�FDQQRW�FRYHU�PDQ\�SDUWV�RI�WKH�ILHOGV�RI�ELRORJ\��7KH�HPSKDVLV�RI� WKH�FXUULFXOD�RI�%LRORJ\� OLHV� LQ� WKH�SURYLVLRQ�RI�DJRRG�IRXQGDWLRQ HGXFDWLRQ� LQ�QDWXUDO�VFLHQFHV�ZLWK�D�IRFXV�RQ�PDULQH�ELRORJ\��7KH�FKRLFH�RI�PLQRUV��KRZHYHU��LV�H[WHQVLYH�7KH� 'HYHORSPHQW� 3ODQ� RI� WKH� 'HSDUWPHQW� RI� 1DWXUDO� 6FLHQFHV� �XQWLO� ������HVWDEOLVKHV�� VHW� XS� PRGHUQ� VWXG\� DQG� UHVHDUFK� ODERUDWRULHV� RI� PLFURELRORJ\��HVWDEOLVK�WKH�FKDLUV�RI�ELRFKHPLVWU\��]RRORJ\�DQG�K\GURORJ\�DQG�ERWDQ\�DQG�HFRORJ\�RQ� WKH� EDVLV� RI� WKH� FXUUHQW� FKDLUV� RI� ELRORJ\� �DQG� FKHPLVWU\�� E\� ������ DQG�PRUH�SURIRXQG� WUHDWPHQW� RI� EUDQFKHV� RI� ELRORJ\� �H�J�� PLFURELRORJ\� DQG� FHOO� ELRORJ\�� DW�738��$SSHQGL[���� 7KH�SODQ�DOVR�SURYLGHV�IRU�WKH�FUHDWLRQ�RI�DQ�LQWHJUDWLYH�UHVHDUFK�ODERUDWRU\�EDVHG�RQ�WKH�FKDLUV�RI�WKH�GHSDUWPHQW�E\������
�����&XUULFXOD�5HODWHG�,Q�6HUYLFH�7UDLQLQJ7KH�FXUULFXOD�IRFXV�RQ�SUHSDULQJ�VSHFLDOLVWV�ZLWK�KLJK�HQYLURQPHQWDO�DZDUHQHVV��DQG�LQWHJUDWHG� NQRZOHGJH� LQ� GLIIHUHQW� ILHOGV� RI�ELRORJ\� DQG� RWKHU� QDWXUDO� VFLHQFHV�� DQG�DOVR�WHDFKHUV�E\�DGGLQJ�PLQRU�VXEMHFWV�DQG�WHDFKHU�WUDLQLQJ��6LQFH�VR�IDU�WKHUH�KDYH�EHHQ�QR�JUDGXDWHV�DW� WKH�%DFKHORU¶V� OHYHO�� WKH�'HSDUWPHQW�RI�1DWXUDO�6FLHQFHV�RI�7DOOLQQ�3HGDJRJLFDO�8QLYHUVLW\��738���SURFHHGLQJ�IURP�WKH�VSHFLILFV�RI�WKH�FXUULFXOD�KDV�FRQVLGHUHG�LW�SXUSRVHIXO�WR�SURYLGH�LQ�VHUYLFH�WUDLQLQJ�IRU�WHDFKHUV�RI�ELRORJ\�DQG�FODVV�WHDFKHUV��,Q�VHUYLFH�WUDLQLQJ�LV�DUUDQJHG�WKURXJK�WKH�,Q�6HUYLFH�'HSDUWPHQW�RI�738�� 3DUWLFLSDQWV� DUH�PRVWO\� WHDFKHUV� IURP� 7DOOLQQ� DQG� QRUWKHUQ� (VWRQLD� EXW� DOVR�IURP�RWKHU�SDUWV�RI�WKH�5HSXEOLF��,W�LV�HVVHQWLDO�WKDW�WKH�LQ�VHUYLFH�WUDLQLQJ�HQDEOHV�WR�JHW�IHHGEDFN�IURP�WHDFKHUV�ZRUNLQJ�DW�VFKRROV��7KLV��LQ�LWV�WXUQ��HQDEOHV�WR�HYDOXDWH�WKH�TXDOLW\�RI�FXUULFXOD�DQGPDNH�UHOHYDQW�LPSURYHPHQWV��'XH� WR� WKH� UDSLG� GHYHORSPHQW� RI� FRPSXWHU� QHWZRUN� LQ� UHFHQW� \HDUV�� LQ�VHUYLFH�WUDLQLQJ� YLD� ,QWHUQHW� KDV� EHFRPH� D� WRSLFDO� LVVXH�� &RPSLODWLRQ� RI� SHUWLQHQW� VWXG\�PDWHULDOV� DQG� FUHDWLRQ� RI� LQWHUDFWLYH�ZRUN� HQYLURQPHQWV� KDV� EHHQ� VWDUWHG�� $PRQJ�RWKHU� WKLQJV�� XVH� LV� PDGH� RI� WKH� ZHE�EDVHG� OHDUQLQJ� PDQDJHPHQW� V\VWHP� ,9$��FUHDWHG� MRLQWO\� E\� WKH� &HQWUH� RI� (GXFDWLRQDO� 7HFKQRORJ\� DQG� 'HSDUWPHQW� RI�,QIRUPDWLFV�RI�7DOOLQQ�7HFKQLFDO�8QLYHUVLW\��VHH�&KDSWHU������
�����$QDO\VLV�RI�WKH�&XUULFXOD��7KHLU�6WUHQJWKV�DQG�:HDNQHVVHV9ROXPHV�RI�VWXGLHV�DW�GLIIHUHQW�DFDGHPLF�OHYHOV� L�H��%DFKHORU¶V DQG�0DVWHU¶V�VWXGLHV�FRQIRUP�WR�UHJXODWRU\�GRFXPHQWV��VHH�&KDSWHU ��� (ODERUDWLRQ�DQG�'HYHORSPHQW�RI�&XUULFXOD�� DQG� HQDEOH� WUDLQLQJ� RI� VSHFLDOLVWV� DW� HDFK� OHYHO�� 7KH� UHVXOWV� RI� WKH�TXHVWLRQQDLUH�FRQGXFWHG�DPRQJ�VWXGHQWV�LQ�WKH�DXWXPQ�VHPHVWHU�RI������VKRZ�WKDW�WKH�WRSLFV�FRYHUHG�LQ�WKH�VXEMHFW�DUHDV�SURYLGH�WKH�NQRZOHGJH�DQG�VNLOOV�DW�WKH�OHYHO�
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UHTXLUHG�IURP�JUDGXDWHV��VHH�&KDSWHU���� 7KH�)HHGEDFN�RI�6WXGHQWV�DQG�*UDGXDWHV�RQ�7KHLU�6WXGLHV��7KH�YROXPH�RI�SUREOHP�VROYLQJ�DQG�UHVHDUFK�WDVNV�LQ�WKH�%DFKHORU¶V�SURJUDPPH�RI�%LRORJ\��0DULQH�%LRORJLVW � 6SHFLDOLVW�RQ�(QYLURQPHQWDO�6XEMHFW�� �����V\VWHP�� LV�DW�DQ�DOPRVW�RSWLPXP�OHYHO��������7KH�TXDOLW\�RI�VSHFLDOLVW�WUDLQLQJ�LQ�UHVHDUFK�FDQ�EH�UDLVHG E\� LQFUHDVLQJ� WKH� YROXPH�RI� LQGHSHQGHQW� UHVHDUFK�� EXW�ZH� VKRXOG� FRQVLGHU�RWKHU�DVSHFWV�RI�RXWSXW�DV�ZHOO� L�H��SUDFWLFDO�DQG�WKHRUHWLFDO�VNLOOV�FRQFHUQLQJ�WDVNV�RWKHU�WKDQ�UHVHDUFK�7KH�0DVWHU¶V� SURJUDPPH� LQ�%LRORJ\�DOVR� KDV�DQ�RSWLPXP� UDWLR� RI� SUREOHP�VROYLQJ�DQG�UHVHDUFK�WDVNV� ,Q�WKH�FXUULFXOXP�RI�WKH�����V\VWHP�SURYLGLQJ�UHVHDUFK�PDVWHU¶V�GHJUHH�WKH�YROXPH�RI�LQGHSHQGHQW�ZRUN�DQG�UHVHDUFK�DFFRXQWV�IRU�DERXW�������RI�WKH�FXUULFXOXP��7KH�JRDOV�RI�WUDLQLQJ�UHVHDUFK�PDVWHUV�EHLQJ�FRQVLGHUHG��ELRORJLVWV�HFRORJLVWV�DUH�SUHSDUHG�WR�ZRUN�DV�TXDOLILHG�UHVHDUFK�IHOORZV�RU�XQLYHUVLW\�WHDFKHUV��WHDFKHUV�RI�XSSHU�VHFRQGDU\�VFKRRO��VSHFLDOLVWV�RI�HQYLURQPHQW�SURWHFWLRQ�RU�QDWXUH�UHVHUYHV��� WKH� WRWDO� YROXPH� RI� LQGHSHQGHQW� UHVHDUFK� LV� ZHOO� JURXQGHG�� $OO� ���JUDGXDWHV�ZRUN�LQ�WKHLU�DUHD�RI�VSHFLDOLVDWLRQ��)RXU�RI�WKHP�ZRUN�LQ�WKH�'HSDUWPHQW�RI�)LVKHULHV�5HVHDUFK�DQG�VL[� LQ�WKH�'HSDUWPHQW�RI�0DULQH�%LRORJ\�RI�WKH�(VWRQLDQ�0DULQH�,QVWLWXWH��WZHOYH�LQ�RWKHU�DUHDV�����RI�DOO�JUDGXDWHV�������FRQWLQXH�VWXGLHV��0RUH DWWHQWLRQ� LQ� WKH� GHYHORSPHQW� RI� WKH� FXUULFXOD� RI� ELRORJ\� �HVSHFLDOO\� QHZ� ����FXUULFXOD�� VKRXOG� EH� SDLG� WR� WKH� H[SDQVLRQ�RI� WKH� UDQJH�RI� ILHOGV� �FXUUHQWO\�PDULQH�ELRORJ\��ERWDQ\�DQG�]RRORJ\���7KH�H[SDQVLRQ�RI�WRSLFV�KDV�EHHQ�LQKLELWHG�E\�OLPLWHG�IDFLOLWLHV UHTXLUHG�IRU�VWXGLHV�DQG�UHVHDUFK��7KH�GHYHORSPHQW�SODQ�RI�WKH�GHSDUWPHQW�SURSRVHV�D� VROXWLRQ� WR� WKH�SUREOHP�FRQFHUQLQJ�PRGHUQLVDWLRQ�DQG� LPSURYHPHQW�RI�VWXG\� IDFLOLWLHV�± DQ�HVWDEOLVKPHQW�RI�DQ� LQWHJUDWLYH� UHVHDUFK� ODERUDWRU\��-RLQW�ZRUN�ZLWK� D� QXPEHU� RI UHVHDUFK� LQVWLWXWLRQV� ZLWKLQ� DQG� RXWVLGH� WKH� XQLYHUVLW\� LV� EHLQJ�LQWHQVLILHG�WKURXJK�FRRSHUDWLRQ�SURMHFWV��7KH�GHSDUWPHQW�XVHV�LWV�FXUUHQW��IDLUO\�QHZ�URRPV��3�����DQG�3������DQG�UHGHFRUDWHG�URRPV��3������3������HWF��� IRU�SUDFWLFDO�FODVVHV� DQG� LQGHSHQGHQW ZRUN�� ,W� DOVR� KDV� FRQWUDFWV� WR� XVH� IDFLOLWLHV� RI� RWKHU�LQVWLWXWHV� �,QVWLWXWH� RI� (FRORJ\� RI� 738�� (VWRQLDQ� 0DULQH� ,QVWLWXWH� RI�8QLYHUVLW\ RI�7DUWX�� ,QVWLWXWH�RI�([SHULPHQWDO�%LRORJ\�RI�(VWRQLDQ�$JULFXOWXUDO�8QLYHUVLW\�� ,QVWLWXWH�RI�&KHPLVWU\�RI�7DOOLQQ�8QLYHUVLW\�RI�7HFKQRORJ\���7KHUH�DUH�FRQWUDFWV�ZLWK�VHYHUDO�RWKHU� LQVWLWXWLRQV� ± 7DOOLQQ� %RWDQLFDO� *DUGHQV�� 7DOOLQQ� =RRORJLFDO� *DUGHQV��DQG�(VWRQLDQ 0XVHXP�RI�1DWXUDO�+LVWRU\��7KXV�WKH�DERYH�PHQWLRQHG SUREOHP�LV�QRW�DQ\�PRUH�DQ� LQKLELWLYH� IDFWRU� WR� FRQGXFW�0DVWHU¶V� VWXGLHV� DW� D� UHFRJQLVHG� LQWHUQDWLRQDO�OHYHO�LQ�D�VPRRWK�XQLQWHUIHUHG�PDQQHU�7KH�WLWOHV�RI�WKH�FXUULFXOD�WR�EH�DFFUHGLWHG�IXOO\�FRQIRUP�ZLWK�WKHLU�FRQWHQW�DQG�VXEMHFW�FRPSHWHQFHV�
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���6WXG\�3URFHVV�����7HDFKLQJ�DQG�/HDUQLQJ�0HWKRGV7KH�VWXGLHV� WDNH�SODFH�DFFRUGLQJ� WR� WKH�FXUULFXOD�FRPSLOHG� IRU� WKH�VSHFLDOLW\�VHH�$SSHQGLFHV������ DQG�WKH�$FFUHGLWDWLRQ�6WDQGDUG�6����RI�WKH�FXUULFXOD�RI�KLJKHU�HGXFDWLRQ�LQVWLWXWLRQV �6WXG\�3URFHVV��)RU� WKH� FRQWLQXRXV� PRGHUQL]DWLRQ� RI� OHDUQLQJ� PHWKRGV�� 7DOOLQQ� 3HGDJRJLFDO�8QLYHUVLW\ RUJDQL]HV� UHJXODU� LQ�VHUYLFH� WUDLQLQJ�FRXUVHV� IRU� WKH�DFDGHPLF� VWDII��)RU�H[DPSOH� LQ� ����� �� PHPEHUV� RI� WKH� DFDGHPLF� VWDII� LQ� WKH�'HSDUWPHQW� XVHG� WKLV�RSSRUWXQLW\��$UWLFOH������RI�WKH�6WDWXWHV�RI�7DOOLQQ�3HGDJRJLFDO�8QLYHUVLW\�HQDFWV�WKDW�LQ�HYHU\�ILYH�\HDUV�D�UHJXODU�OHFWXUHU�LV�HQWLWOHG�WR�D�WHDFKLQJ�IUHH�VHPHVWHU�ZLWK�WKH�SUHVHUYDWLRQ�RI� WKH� VDODU\�� 7KLV� WLPH� FDQ� EH� XVHG� IRU� UDLVLQJ� RQH¶V� TXDOLILFDWLRQ�� 7KH�FRUUHVSRQGLQJ�VFKHGXOH�IRU�WKH�QH[W�DFDGHPLF�\HDU�LV�FRPSLOHG�HYHU\�0DUFK�'HSHQGLQJ� RQ� WKH� SHFXOLDULW\� RI� D� VXEMHFW�� OHFWXUHV� DQG�RU� VHPLQDUV� DQG� YDULRXV�IRUPV�RI�SUDFWLFDO�ZRUN� �ERWK� LQGLYLGXDO�DQG�JURXS�ZRUN��DUH�DSSOLHG� LQ� WKH�VWXGLHV�H�J��$�6XVWDLQDEOH�%DOWLF�5HJLRQ��)LHOG�:RUN�LQ�)ORULVWLFV�DQG�)DXQLVWLFV��)LHOG�:RUN�LQ�3ODQW�DQG�DQLPDO�(FRORJ\��0\FRORJ\��HWF����6WXGHQWV�FDQ�SUDFWLVH�WKH�FRPSLODWLRQ�RI� DFDGHPLF� UHSRUWV DQG� WKH\� KDYH� D� SRVVLELOLW\� WR� SUHVHQW� WKHVH� DQG� WDNH� SDUW� LQ�GLIIHUHQW�GLVFXVVLRQV��)LHOGZRUN�DQG�ILHOG�WULSV�DUH�DSSOLHG�LQ�YDULRXV�VXEMHFWV �)LHOG�:RUN�LQ�)ORULVWLFV�DQG�)DXQLVWLFV��)LHOG�:RUN�LQ�3ODQW�DQG�$QLPDO�(FRORJ\��0\FRORJ\��)LHOG� :RUN� LQ� 0DULQH� %LRORJ\��� 3UDFWLFDO� FODVVHV� LQ� WKH� ODERUDWRU\� DUH� XVHG� LQ�GLIIHUHQW� VXEMHFWV� RI� FKHPLVWU\�� SK\VLFV� DQG� ELRORJ\ �%RWDQ\�� =RRORJ\�� (OHPHQWDU\�3K\VLFV�� 0LFURELRORJ\�� $OJRORJ\�� ,FKWK\RORJ\�� +\GURORJ\� DQG� 0DULQH� 3K\VLFV��0RGHOOLQJ� RI� 0DULQH� 6\VWHPV�� %LRRUJDQLF� &KHPLVWU\�� 0ROHFXODU� DQG� &HOO� %LRORJ\��3ODQW� DQG� $QLPDO� 3K\VLRORJ\�� ,QRUJDQLF� &KHPLVWU\�� 2UJDQLF� &KHPLVWU\��%LRFKHPLVWU\���7KH�SURSRUWLRQ�RI�OHFWXUHV�LV�UHODWLYHO\�ELJ��LQ�PRVW�VXEMHFWV�WKH\�PDNH�XS��������RI�WKH�YROXPH �H[FHSW�IRU�LQGLYLGXDO�SUDFWLFDO�FODVVHV�DQG�UHVHDUFK�ZRUN��ZKHUH�OHFWXUHV�PDNH�XS����DQG �� UHVSHFWLYHO\���7KH�KLJKHVW�SURSRUWLRQ�RI�OHFWXUHV�FDQ�EH�IRXQG LQ�WKHRUHWLFDO�SK\VLFV�DQG�LQ�VRPH�WKHRUHWLFDO�GLVFLSOLQHV�RI�ELRORJ\�DQG�JHRHFRORJ\� �6WRFKDVWLF� 0HWKRGV� LQ� %LRORJ\�� *OREDO� (FRORJ\�� 7KHRU\� RI� (YROXWLRQ��(VWRQLDQ�/LIH�&RPPXQLWLHV���0DQ\�FKDQJHV�LQ�WKH�VWXG\�SURFHVV�KDYH�EHHQ�FDXVHG�E\�WKH�IUHTXHQW�XVH�RI�EDWFK�OHFWXUHV �PDLQO\� LQ�FDVH�RI�JHQHUDO�VXEMHFWV�DQG� LQWHUGLVFLSOLQDU\�HOHFWLYHV��DQG�WKH�XVH�RI�F\FOH�FRXUVHV �)LHOG�:RUN�LQ�)ORULVWLFV�DQG�)DXQLVWLFV��)LHOG�:RUN�LQ�3ODQW�DQG�$QLPDO�(FRORJ\��0\FRORJ\��HWF����7KH� ODXQFKLQJ�RI�EDWFK� OHFWXUHV�KDV�KLQGHUHG�WKH�VXFFHVVIXO�RUJDQL]DWLRQ�RI�VWXGLHV�WR�VRPH�H[WHQW�� ,Q� OHFWXUHV�ZLWK�D�ELJ�DXGLHQFH��WKH�FRQWDFW�EHWZHHQ�WKH�OHFWXUHU�DQG�WKH�VWXGHQWV�LV�DOPRVW�QRQ�H[LVWHQW��,W�PD\�DOVR�EULQJ� DERXW� WKH� VNLSSLQJ� RI� FODVVHV� E\� OHVV� PRWLYDWHG� VWXGHQWV� DQG� WKH� GURS� RI�DFDGHPLF�SURJUHVV� 7KH�XVH�RI�ELJ�OHFWXUH�KDOOV�PDNHV�LW�LPSRVVLEOH�IRU�VWXGHQWV�WR�FRPPXQLFDWH�ZLWK� HDFK� RWKHU� WRR� ,Q� DGGLWLRQ�� WKH� OHFWXUHU� FDQQRW�RULHQWDWH� LQ� WKH�OHYHO�RI� WKH�VWXGHQWV¶�SULRU�NQRZOHGJH DQG� WKHLU�SHFXOLDULWLHV��$V�EDWFK� OHFWXUHV�DUH�RUJDQL]HG�PRVWO\� DW� JHQHUDO� DQG� ORZHU� OHYHOV� WKH� SUREOHP� LV� QRW� YHU\� VHULRXV�� ,Q�FRQQHFWLRQ� ZLWK� WKH� SUHGLFWHG� LQFUHDVH� LQ� WKH� VSDFH� RI� OHFWXUH� KDOOV� LQ� WKH� PDLQ�EXLOGLQJ�RI�WKH�XQLYHUVLW\�LQ�������WKH�SUREOHP�RI�WKH�ODFN�RI�PLGGOH�VL]HG�DXGLWRULXPV�
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ZLOO� EH�VROYHG��7KXV�� LW�ZLOO� EH�SRVVLEOH� WR� ILQLVK�VXFK�EDWFK� OHFWXUHV� 2Q� WKH�RWKHU�KDQG��EDWFK�OHFWXUHV�UHGXFH�WKH�UHODWLYHO\�ELJ�ZRUNORDG�RI�WKH�DFDGHPLF�VWDII��7KH�XVH�RI�F\FOH�FRXUVHV��HVSHFLDOO\� LQ�FDVH�RI�ILHOGZRUN�DQG�VXEMHFWV�ZLWK�D�VPDOO�YROXPH�RI� DXGLWRU\�ZRUN�� KDV� MXVWLILHG� LWVHOI� ,Q� WKH� IXWXUH� WKH�'HSDUWPHQW�SODQV� WR�LQFUHDVH�WKH�SURSRUWLRQ�RI�F\FOH�FRXUVHV�HYHQ�PRUH��,QGHSHQGHQW� VWXGLHV� DUH� SURPRWHG� LQGLUHFWO\� E\� WKH� XVH� RI� LQGLYLGXDO� VWXG\�SURJUDPPHV�RI�VWXGHQWV��,QGHSHQGHQW�ZRUN�LV�PDLQO\�GHWHUPLQHG�E\�WKH�LQWHUHVWV�RI�D�VWXGHQW��EXW�DOVR�E\�D�SRVVLELOLW\�WR�GHYHORS�RQH�WKHPH�LQ�GHWDLO��VWDUWLQJ�IURP�DQ�DFDGHPLF� UHSRUW� DQG� ILQLVKLQJ� ZLWK� WKH� FRPSLODWLRQ� RI� D� WHUP� SDSHU� DQG� WKHQ� D�%DFKHORU¶V�WKHVLV��7KH�SRVVLELOLWLHV� WR�XVH�FRPSXWHUV� LQ�VWXG\�ZRUN�KDYH� LPSURYHG�FRQVLGHUDEO\��7KH�GDWD�DERXW�WKH�XQLYHUVLW\¶V�FRPSXWHU�SDUN�LV�JLYHQ�LQ�&KDSWHU ���� ,QIUDVWUXFWXUH��7KH�FRPSXWHU� VNLOOV� RI� DGPLWWHG� VWXGHQWV� VKRXOG�PHHW� WKH� UHTXLUHPHQWV� HVWDEOLVKHG�E\�WKH�WHVW�RI�FRPSHWHQFHV�7KH�&HQWUH� RI� (GXFDWLRQDO� 7HFKQRORJ\� DQG� WKH�'HSDUWPHQW� RI� ,QIRUPDWLFVRI� 738�KDYH� MRLQWO\� FUHDWHG� D� ZHE�EDVHG� VWXG\� HQYLURQPHQW� ,9$�KWWS���ZZZ�WSX�HH�LYD�KWPO���7KH� EDVLV� RI� ,9$ LV� D� SHGDJRJLF� FRQFHSWLRQ� ZKLFK� LV�JURXQGHG� RQ� D� PRGHUQ� VRFLR�FRQVWUXFWLYH� WUHDWPHQW� RI� VWXG\�� $FFRUGLQJ� WR� WKLV��VWXG\LQJ� LV� QRW� RQO\� DFTXLULQJ� NQRZOHGJH�� EXW� DOVR� FRQVWUXFWLQJ� D� SHUVRQDO�NQRZOHGJH�EDVH��FUHDWLQJ�RQH¶V�RZQ�¶ZRUOG�RI�PHDQLQJV¶�LQ�DQ�DFWLYH�DQG�PHDQLQJIXO�ZD\�� $W� WKH� PRPHQW� WKH� (VWRQLDQ� H�XQLYHUVLW\� FRQVRUWLXP� LV� WHVWLQJ�,9$ ZLWK� WKH�LQWHQWLRQ� WR� VXJJHVW� WKLV� DV� DQ� RIILFLDO� H�OHDUQLQJ� SODWIRUP� IRU� (VWRQLDQ�XQLYHUVLWLHV��KWWS���ZZZ�H�XQL�HH�PDLQ�SKS��� ,Q� WKH� &KDLU� RI� %LRORJ\� ,9$ LV� EHLQJ� XVHG� DW� WKH�PRPHQW�LQ�WKH�VXEMHFW�=RRORJ\�,Q� FRQFOXVLRQ� ZH� FDQ� VD\� WKDW� WKH� OHDUQLQJ� PHWKRGV� LQ� WKH� 'HSDUWPHQW� RI�1DWXUDO�6FLHQFHV�DUH�PRGHUQ�� YHUVDWLOH� DQG�VHOHFWHG�DFFRUGLQJ� WR� WKH� WDXJKW�GLVFLSOLQHV�DQG� WKH�DLPV�RI� WKH�FXUULFXOD� ,Q� WKH�SDVW� WKUHH� \HDUV� SURJUHVV�KDV�EHHQ� PDGH� HVSHFLDOO\� LQ� WKH� WUDQVLWLRQ� WR� WKH� LQWHJUDWHG� FXUULFXOD�� 7KHUH� LV� D�WHQGHQF\�WR�LQFUHDVH�WKH�XVH�RI�VWXGHQW�FHQWUHG�OHDUQLQJPHWKRGV�
�����$VVHVVPHQW�DQG�$QDO\VLV�RI�$FDGHPLF�5HVXOWV7KH�DVVHVVPHQW�RI�WKH�NQRZOHGJH�DQG�VNLOOV�RI�VWXGHQWV�LV�GHWHUPLQHG�E\�WKH�7DOOLQQ� 3HGDJRJLFDO� 8QLYHUVLW\ �738� 5HJXODWLRQV� IRU� WKH� 2UJDQL]DWLRQ� RI�6WXGLHV��$SSHQGL[����� 7KH�PHWKRGV�RI�DVVHVVPHQW�DUH�JLYHQ�LQ�WKH�FXUULFXOXP�DQG�WKH�V\OODEXV�DQG�WKHLU�DLP�LV�WR�REMHFWLYHO\�VSHFLI\�WKH�DFTXLUHG�OHYHO�RI�D�VWXGHQW�LQ�D�VXEMHFW�7KH�SHUIRUPDQFH�RI�VWXGHQWV�LV�DVVHVVHG�FRQWLQXRXVO\�GXULQJ�WKH�VHPHVWHU�DQG�RU�DW�WKH�HQG�RI�D�FRXUVH�ZLWK�DQ�H[DP�RU�DVVHVVPHQW��$VVHVVPHQW�WDNLQJ�SODFH�GXULQJ�WKH�VHPHVWHU�GLIIHUV�E\�VXEMHFWV��8VXDOO\�UHJXODU�WHVWV�RU�LQWHUPHGLDWH�DVVHVVPHQWV�DUH� RUJDQL]HG� ZKHQ� D� SDUW� RI� WKH� VXEMHFW� KDV� EHHQ� FRYHUHG�� %XW� DOVR� UHSRUWV��SURMHFWV� DQG� UHVHDUFK� ZRUN� FDQ� EH� XVHG� WR� JUDGH� VWXGHQWV�� 3UDFWLFDO� ZRUN� LV�DVVHVVHG�RQ�WKH�EDVLV�RI�WKH�VXPPDULHV��UHFRUGV��RI�WKH�ZRUN�GRQH��7KH�DFDGHPLF�VWDII�WDNHV�LQWR�FRQVLGHUDWLRQ�WKH�VFKHGXOH�RI�VWXGHQWV�ZKLOH�GHWHUPLQLQJ�WKH�WLPH�RI�WHVWV�GXULQJ�WKH�VHPHVWHU�LQ�RUGHU�WR�DYRLG�RYHUODSSLQJ��7KH�ZLVKHV�RIVWXGHQWV�DUH�DOVR�FRQVLGHUHG�ZKHQ�VHWWLQJ�GDWHV�IRU�H[DPLQDWLRQV�
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:KLOH� DVVHVVLQJ�� WKH� LQVWUXFWRUV� SD\� DWWHQWLRQ� WR� KRZ� VWXGHQWV� FDQ� XVH� DFDGHPLF�OLWHUDWXUH�DQG�VWXG\�PDWHULDOV��KRZ�WKH\�FDQ�DSSO\�WKHLU�NQRZOHGJH��GRLQJ�H[HUFLVHV��SURMHFW�PHWKRGV�� ILQGLQJ VROXWLRQV� WR�SUREOHPV��HWF��� DQG�KRZ� WKH\� FDQ� V\QWKHVL]H�WKH�FRQWHQW�RI�GLIIHUHQW�VXEMHFWV�7KHUH�LV�D�PXOWL�OHYHO�DQDO\VLV�RI�WKH�VXFFHVV�DQG�IDLOXUH�RI�VWXGHQWV��LQVWUXFWRUV��WKH�&KDLU�� 7KH�'HSDUWPHQW� RI�1DWXUDO� 6FLHQFHV�� WKH� )DFXOW\�± VHH�&KDSWHU��� 4XDOLW\�$VVXUDQFH� DQG� ,QWHUQDWLRQDO� 5HODWLRQV��� ZKLFK� KHOSV� WR� GHWHUPLQH� WKH� UHDVRQV� IRU�EDG�RU�JRRG�UHVXOWV��$FFRUGLQJ�WR�GLIIHUHQW�UHDVRQV�WKH�WHDFKLQJ�PHWKRGV�DSSOLHG�LQ�WKH�FXUULFXOXP�PLJKW�EH�DGMXVWHG�RU�LPSURYHG��LQHIILFLHQW�PHWKRGV�ZLOO�EH�UHSODFHG�E\QHZ�RQHV�ZKLFK�FRQVLGHU�WKH�SULQFLSOHV�RI�XQLYHUVLW\�GLGDFWLFV��7KH�W\SH�RI�DQ�H[DP�RU�RWKHU�DVVHVVPHQW��ZULWWHQ��FRPELQHG�RU�RUDO��GHSHQGV�RQ�D�VXEMHFW��7KH�W\SH�RI�DVVHVVPHQW��ZULWWHQ�RU�RUDO��LV�GHWHUPLQHG�E\�WKH�DFDGHPLF�VWDII�LQ� WKH� V\OODEXV�� $W�0DVWHU¶V� OHYHO� RU� ZKHQ� WKH� QXPEHU� RI� WKH� VWXGHQWV� ZKR� KDYH�UHJLVWHUHG� IRU� D� FRXUVH� LV� VPDOO�� DQ� RUDO� H[DP� LV� VWLOO� RIWHQ� XVHG�� EXW� WKH� VKDUH� RIZULWWHQ� H[DPV� LV� JUDGXDOO\� JURZLQJ�� 7KHUH� H[LVW� DOVR� FRPELQHG� IRUPV� �ZULWWHQ� DQG�RUDO� WRJHWKHU��� ([DPLQDWLRQ� TXHVWLRQV� GHSHQG� RQ� WKH� V\OODEXV� DQG� WKH� PDWHULDO�FRYHUHG�GXULQJ�WKH�FRXUVH�DQG�PHHW�WKH�DLPV�RI�WKH�VXEMHFW��,Q�FDVH�RI�D�UHSHDWHG�H[DP��VRPHWLPHV�DQ�RUDO�IRUP�LV�XVHG��7KH�VXEMHFW�LV�GHHPHG�WR�KDYH�EHHQ�DFTXLUHG�DIWHU�KDYLQJ�SDVVHG�WKH�H[DPLQDWLRQ�RU� DVVHVVPHQW�� 7KH� WHDFKLQJ� VWDII� PD\� HVWDEOLVK� UHTXLUHPHQWV� �SUHUHTXLVLWHV� IRU�VLWWLQJ�H[DPLQDWLRQV���ZKLFK�KDYH�WR�EH�PDGH�NQRZQ�WR�VWXGHQWV�DW�WKH�EHJLQQLQJ�RI�WKH�VHPHVWHU��GXULQJ�WKH�ILUVW�WZR�ZHHNV���7ZR�GDWHV�GXULQJ�WKH�H[DPLQDWLRQ�VHVVLRQ�DQG�RQH�PRUH�GDWH�GXULQJ�WKH�ZHHN�EHIRUH�WKH�QH[W�VHPHVWHU�RU�DQRWKHU�GDWH�GXULQJ�WKH� ZHHN� RI� LQGHSHQGHQW� ZRUN� LQ� PLG�VHPHVWHU� IRU� WDNLQJ� DQ� H[DP� VKDOO� EH�VXJJHVWHG�E\� WKH� WHDFKLQJ� VWDII� DQG�DJUHHG�XSRQ�ZLWK� WKH� SDUWLFLSDQWV�RQH�PRQWK�EHIRUH� WKH� H[DPLQDWLRQ� VHVVLRQ�� $OO� VWXGHQWV� ZKR� KDYH� UHJLVWHUHG� WR� EH� WKH�DWWHQGHHV�RI�D�VXEMHFW�KDYH�DXWRPDWLFDOO\�UHJLVWHUHG�IRU�WKH�ILUVW�H[DPLQDWLRQ�WRR��)RU�ODWHU�H[DPV�RQH�KDV�WR�UHJLVWHU�LQ�WKH�&KDLU�DW�WKH�WLPH�GHWHUPLQHG�E\�WKH�WHDFKLQJ�VWDII�$VVHVVPHQWV�DUH�WDNHQ�LQ�WKH�ODVW�OHFWXUH�� VHPLQDU�RI�WKH�VHPHVWHU��H[DPV�LQ�PRVW�FDVHV�DUH�FDUULHG�RXW�GXULQJ�WKH�H[DPLQDWLRQ�VHVVLRQ��ZKLFK�IROORZV�WKH�VWXG\�RI�WKH�JLYHQ�VXEMHFW�7KH�UHVXOW�RI�DQ�RUDO�H[DP�RU�DVVHVVPHQW�ZLOO�EH�DQQRXQFHG�RQ�WKH�VDPH�GD\��WKH�UHVXOWV�RI�ZULWWHQ�H[DPV�VKDOO�EH�PDGH�NQRZQ�ZLWKLQ����GD\V��XVXDOO\�����GD\V�ODWHU��7KH� V\VWHP� RI� DVVHVVLQJ� WKH� SHUIRUPDQFH� RI� VWXGHQWV� LQ� 7DOOLQQ� 3HGDJRJLFDO�8QLYHUVLW\�LV�EDVHG�RQ�D�VL[�SRLQW�VFDOH��WDNLQJ�LQWR�FRQVLGHUDWLRQ�WKH�SHUFHQWDJH�RI�NQRZOHGJH��DQG�LW�ZDV�DSSOLHG�LQ�WKH�VWXG\�\HDU�������������7DEOH���������$�VWXGHQW�KDV�QRW�SDVVHG�DQ�H[DP�RU�DVVHVVPHQW�LI�x KH�VKH�ODFNV�WKH�PLQLPXP�NQRZOHGJH�RI�WKH�VXEMHFW��XS�WR������RI�WKH�YROXPH�RI�WKH�VXEMHFW�DFTXLUHG��x KH�VKH�XVHG�VRPH�H[WHUQDO�KHOS�x KH�VKH�GLG�QRW�VKRZ�XS�IRU�WKH�H[DP�x KH�VKH�GLG�QRW�DQVZHU�
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7DEOH�������$VVHVVPHQW�V\VWHP�LQ�7DOOLQQ�3HGDJRJLFDO�8QLYHUVLW\.QRZOHGJH�RI�WKH�VXEMHFW *UDGH�LQ�ZRUGV *UDGH�LQ�D�V\PERO
,Q�/DWLQ ,Q�(QJOLVK IRUPHU SUHVHQW3RVLWLYH�JUDGH�������� FXP�ODXGH ([FHOOHQW ³�´ ³$´��� ����� ODXGDWXU 9HU\�JRRG ³�´ ³%´��� ����� RSWLPH�DSSUREDWXU *RRG ³�´ ³&´�������� DSSUREDWXU 6DWLVIDFWRU\ ³�´ ³'´��� ���� VXIILFLHQW 3RRU ³�´ ³(´1HJDWLYH�JUDGH��± ����� QRQ�VXIILFLHQW )DLO ³�´ ³)´$�VWXGHQW�ZKR�IDLOV�WR�SDVV�DQ�H[DP�KDV�WKH�ULJKW�WR�WDNH�SDUW�LQ�WZR�UH�H[DPLQDWLRQV�XQWLO� WKH� ODVW�GD\�RI� WKH�H[DP�VHVVLRQ�RI� WKH�QH[W�FRUUHVSRQGLQJ�VHPHVWHU��%XW� LI�D�VWXGHQW� ZLWKGUDZV� IURP� WKH� ODVW� UH�H[DP� DQG� UHJLVWHUV� IRU� WKH� FRXUVH� RQFH� DJDLQ�WKURXJK�2SHQ�8QLYHUVLW\��KH�VKH�KDV�WKH�ULJKW�WR�WDNH�WKH�H[DP�WKUHH�PRUH�WLPHV�$FFRUGLQJ�WR�WKH�UHVXOWV�RI�TXHVWLRQQDLUHV�FDUULHG�RXW�DPRQJ�VWXGHQWV��VHH�&KDSWHU������7KH�)HHGEDFN�RI�6WXGHQWV�DQG�*UDGXDWHV�RQ�7KHLU�6WXGLHV��ZH�FDQ�FRQFOXGH�WKDW� WKH�DVVHVVPHQW�RI�VWXG\�SHUIRUPDQFH� LV�REMHFWLYH�DQG� WKH� UHVXOWV� UHIOHFW�TXLWH�DFFXUDWHO\�WKH�OHYHO�RI�DFKLHYHPHQW�RI�VWXG\�REMHFWLYHV��7KH�RUJDQL]DWLRQ�RI�H[DPV�LV�IOH[LEOH�DQG�FDQ�EH�FKHFNHG��7KHUH�H[LVWV�D�VSHFLDO�V\VWHP�VHWWOLQJ�SURWHVWV��:KHQ�HYDOXDWLQJ�WKH�SHUIRUPDQFH�RI�VWXGHQWV��WKH�PHWKRGV�RI�DVVHVVPHQW�ZKLFK�GHYHORS�VRFLDO� FRPSHWHQFHV� DUH� XVHG� �RUDO� H[DPV�� VHPLQDUV�� JURXS� ZRUN��HWF���� :KHQ�IRUPLQJ�H[DPLQDWLRQ�TXHVWLRQV�RU�H[HUFLVHV� IRU�VWXGHQWV�� LW�VKRXOG�EH�REVHUYHG�IRU�WKH�VDNH�RI�REMHFWLYLW\�WKDW�x WKH�VWXGHQW�XQGHUVWDQGV�ZKDW�KH�VKH�KDV�WR�GR�x WKH�VWXGHQW�NQRZV�ZKDW�DQG�KRZKLV�KHU�DQVZHUV�ZLOO�EH�,Q�RUGHU�WR�HQVXUH�REMHFWLYLW\�D�WKUHH�OHYHO�DVVHVVPHQW�V\VWHP�LV�RIWHQ�XVHG��H�J��LQ�VXEMHFWV� $� 6XVWDLQDEOH� %DOWLF� 5HJLRQ�� (QWRPRORJ\�� )LHOG� :RUN� LQ� )ORULVWLFV� DQG�)DXQLVWLFV��3ODQW�DQG�$QLPDO�(FRORJ\��)LHOG�:RUN�LQ�0\FRORJ\��)LHOG�:RUN�LQ�0DULQH�%LRORJ\�� (VWRQLDQ� /LIH� &RPPXQLWLHV��� WKH� REMHFWLYH� DVVHVVPHQW� RI� D� VWXGHQW� WR�KLV�KHU� RZQ� ZRUN�� WKH� DVVHVVPHQW� RI� FR�VWXGHQWV� DQG� WKH� DVVHVVPHQW� RI� DQ�LQVWUXFWRU�� 7KH� PLQXV� RI� WKH� DERYH�PHQWLRQHG� V\VWHP� LV� WKDW� LW� LV� GLIILFXOW� WR� EH�DSSOLHG�LQ�FDVH�RI�ELJ�VWXG\�JURXSV��$Q�LPSRUWDQW�DVSHFW�LQ�DVVHVVLQJ�LV�WR�GHWHUPLQH�WKH� UHODWLYH� TXDOLWDWLYH� ULVH� LQ� WKH� GHYHORSPHQW� RI� DQ� LQGLYLGXDO� �WKLV� DSSURDFK� LV�PRVWO\� XVHG� LQ� VXEMHFWV�ZKLFK� UHTXLUH� D� ELJJHU� DPRXQW� RI� LQGHSHQGHQW�ZRUN�� ILHOG�ZRUNV��HWF���$FFRUGLQJ� WR� WKH� 738� 5HJXODWLRQV� IRU� WKH� 2UJDQL]DWLRQ� RI� 6WXGLHV� �$SSHQGL[� ����WKHUH�H[LVWV�D�V\VWHP�IRU�VHWWOLQJ�SURWHVWV��ZKLFK�JLYHV�D�VWXGHQW�WKH�ULJKW�WRSURWHVW�DERXW� WKH� UHVXOW� RI� DQ� H[DP� RU� DVVHVVPHQW� ZLWKLQ� �� ZRUNGD\V� DIWHU� WKH�DQQRXQFHPHQW�RI JUDGHV��)RU�WKDW�WKH�VWXGHQW�KDV�WR�SUHVHQW�D�ZULWWHQ�DSSOLFDWLRQ�WR�WKH�LQVWUXFWRU�RI�WKH�FRXUVH�RU�WKH�KHDG�RI�WKH�GHSDUWPHQW��,I�WKH�VWXGHQW¶V�DSSHDO�LV�



��

UHIXVHG�ZLWKLQ����GD\V��KH�VKH�FDQ�DSSHDO� IXUWKHU� WR� WKH�KHDG�RI� WKH� IDFXOW\�ZLWKLQ�WZR�ZHHNV�DQG�VR�RQ XS�WR�WKH�UHFWRU��,Q�WKH�SHULRG�RI�����������WKHUH�KDYH�EHHQ�QR�VXFK�DSSHDOV E\�WKH�VWXGHQWV�RI�WKH�'HSDUWPHQW�RI�1DWXUDO�6FLHQFHV�LQ�738��
�����2UJDQL]DWLRQ�RI�6WXGLHV7KH� DFDGHPLF� FDOHQGDU� UHJXODWHV� WKH� RUJDQLVDWLRQ� RI� VWXGLHV� LQ� JHQHUDO�� ,W�HVWDEOLVKHV� WKH� EHJLQQLQJ� DQG� HQGLQJ� GDWH� RI� WKH� VHPHVWHU�� GDWHV� RI�H[DPLQDWLRQV�� UHJLVWUDWLRQ� IRU� SDUWLFLSDWLRQ� LQ� FRXUVHV�� FRQILUPDWLRQ� RI� WKH�VWXGHQW�VWDWXV�RQ�WKH�EDVLV�RI�VWXG\�ORDG�DQG�DFDGHPLF�SHUIRUPDQFH �$SSHQGL[�����7KH� DLP� RI� WKH� WLPHWDEOH� LV�WR� RSWLPLVH� WKH� XVH� RI� URRPV�� DQG� RUJDQLVH� VWXGHQWV¶�VWXG\�ORDG�DQG�WLPH�DV�HYHQO\�DV�SRVVLEOH��7KH�WLPHWDEOH�IRU�WKH�VHPHVWHU�LV�PDGH�SXEOLF� RQ� WKH� QRWLFH� ERDUG� DQG� RQ� WKH� ZHEVLWH�� DQG� LQ� WKH� PDLOLQJ� OLVWV� RI� VWXG\�JURXSV�DQG�RI�WKH�GHSDUWPHQW�D�PLQLPXP�RI�WKUHHZHHNV�EHIRUH�OHFWXUHV�FRPPHQFH��7KH� VWXGHQWV� ZKR� GR� QRW� IROORZ� D� VWDQGDUG� FXUULFXOXP� WKXV� KDYH� HQRXJK� WLPH� WR�FRQVXOW� WKH� DFDGHPLF� FRXQVHOORU�� 7KH� WHDFKLQJ� VWDII� GHOLYHU� WKH� V\OODEL� DW� WKH� ILUVW�OHFWXUH�RI�WKH�VHPHVWHU�WR�WKH�UHJLVWHUHG�VWXGHQWV��7KH�V\OODEXV�LQFOXGHV�WKH�FRXUVH�RXWOLQH��UHTXLUHPHQWV��UHTXLUHG�UHDGLQJ� HWF� 7KH�V\OODEL�DUH�DYDLODEOH�RQ�WKH�ZHEVLWH�GXULQJ� WKH� VHPHVWHU�� &KDQJHV�� HYHQWV� DQG� FORVLQJ� GDWHV� DV� ZHOO� DV� DVVHVVPHQW�UHVXOWV�DUH�PDGH�SXEOLF�RQ� WKH�QRWLFH�ERDUG�RQ� WKH� WKLUG� IORRU�RI� WKH�PDLQ�EXLOGLQJ�DQG�WKH�GHSDUWPHQW¶V�ZHEVLWH�6WXGHQWV�SDUWLFLSDWH� LQ�VRPH�OHFWXUHV�DQG�VHPLQDUV�ZLWK�VWXGHQWV�RI�RWKHU�FXUULFXOD�H�J��JHRHFRORJ\��HQYLURQPHQWDO PDQDJHPHQW�DQG�SK\VLFV�3UHSDULQJ� WLPHWDEOHV� LV� FRPSOLFDWHG� WR� VRPH� H[WHQW� E\� LQVXIILFLHQW� QXPEHUV� RI�FODVVURRPV�� &RPSOHWLRQ� RI� WKH� QHZ� PDLQ� EXLOGLQJ� LV� H[SHFWHG� WR� LPSURYH� WKH�VLWXDWLRQ�FRQVLGHUDEO\��&KDSWHU�����,QIUDVWUXFWXUH��$V�ZH�FDQ�VHH�LQ�&KDSWHU���� 7KH�6WDWLVWLFV�DERXW�WKH�6WXG\�3URFHVV D�WLPHWDEOH�LV�XVXDOO\�YDOLG�IRU�RQH�VHPHVWHU�LQ�DOO WKH�FXUULFXOD�RI�ELRORJ\��6WDEOH�WLPHWDEOHV�DOORZ�VWXGHQWV� FRRUGLQDWH� WKH� FRXUVH�RI� WKHLU� VWXGLHV� DQG�SUHSDUDWLRQ�RI� LQGLYLGXDO� VWXG\�SODQV�� 2Q� WKH� RWKHU� KDQG�� VXFK� WLPHWDEOHV� FRPSOLFDWH� XQLQWHUIHUHG� LQWURGXFWLRQ� RI�VSHFLDO� PRGXOHV� �PRGXODU� VWXGLHV� GXULQJ WKH� VHPHVWHU� LQ� RWKHU� DFDGHPLF�GHSDUWPHQWV� RU� XQLYHUVLWLHV�� LQ� WKH� VWXGLHV�� 3UREOHPV�� KRZHYHU�� DUH� UDUH� DV� WKH�8QLYHUVLW\�RI�7DUWX� LV� WKH�RQO\�XQLYHUVLW\� WR�XVH�PRGXODU� VWXGLHV�RQ�D� ODUJHU� VFDOH��3UHOLPLQDU\� LQIRUPDWLRQ� RQ� ORQJHU�PRGXOHV�DOORZV� VWXGHQWV�SUHSDUH� WKHLU� LQGLYLGXDO�VWXG\�SODQV�ZLWKRXW�PDMRU�GLIILFXOWLHV�6WXG\� ORDG� GXULQJ� WKH� %DFKHORU¶V DQG� 0DVWHU¶V� VWXGLHV� LV� GLVWULEXWHG� WR� DOORZ�FROOHFWLRQ�RI�MXVW�DERYH����&3�LQ�WKH�ILUVW�DQG�MXVW�EHORZ����&3�LQ�WKH�ODVW�VHPHVWHU��LQ� WKH� %DFKHORU¶V� VWXGLHV� RSHQ� HOHFWLYHV� DGG� ���� &3� WR� HQDEOH� FROOHFWLRQ� RI� WKH�UHTXLUHG� DPRXQW� RI� FUHGLW� SRLQWV� ���� ������ &3� ERWK� LQ� WKH� �� DQG� ��\HDU�SURJUDPPHV��� &ROOHFWLRQ� RI� PRUH� FUHGLW� SRLQWV� WRZDUGV� WKH� EHJLQQLQJ� RI� VWXGLHV�DOORZV�IRFXVLQJ�RQ�WKH�ILQDO�SDSHU�GXULQJ�WKH�ILQDO�VHPHVWHUV��,Q�SULQFLSOH��WKH�VDPH�V\VWHP�LV�DSSOLHG�LQ�WKH�GRFWRUDO�VWXGLHV�7KH� FRQWHQW� RI� LQGHSHQGHQW� ZRUN� RI� VWXGHQWV� DQG� GHJUHH� VWXGHQWV� LV� ODUJHO\�GHWHUPLQHG� E\� UHVHDUFK� SULRULWLHV� RI� WKH� XQLYHUVLW\� DQG� GHPDQGV� RI� HPSOR\HUV��6WXGHQWV¶� SHUVRQDO� LQWHUHVW� LQ� WKH� FKRVHQ� WRSLF� LV� HTXDOO\� LPSRUWDQW�� DOVR� WKH�
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RSSRUWXQLW\� WR�GHYHORS� WKH� WRSLF� VWDUWLQJ�ZLWK�DQ�DFDGHPLF� UHSRUW�DQG�FRQWLQXLQJ� LW�WKURXJK�D�WHUP�SDSHU��%DFKHORU¶V��0DVWHU¶V DQG�GRFWRUDO�WKHVLV�/RDG� RI� WKH� WHDFKLQJ� VWDII� LQ� VXSHUYLVLQJ� WHUP� SDSHUV��%DFKHORU¶V�� 0DVWHU¶V DQG�GRFWRUDO�WKHVHV�PD\�EH�XQHTXDO��DV�VWXGHQWV�PD\�SUHIHU�VRPH�WHDFKHUV�WR�RWKHUV�&XUULFXOD�RI�DFDGHPLF�OHYHOV�DUH�LQWHJUDWHG��'HJUHH�VWXGLHV�DW�WKH�XQLYHUVLW\�UHIHU�WR�%DFKHORU¶V� VWXGLHV�� VWXGLHV� EDVHG� RQ� WKH� LQWHJUDWHG� FXUULFXOD� RI %DFKHORU¶V DQG�0DVWHU¶V�VWXGLHV��0DVWHU¶V�VWXGLHV�RU�GRFWRUDWH�VWXGLHV��7KH�V\VWHPDWLF�DQG�GLGDFWLF�VWUXFWXUH�LV�GLVFXVVHG�LQ�WKH�FKDLUV�DQG�WKH�GHSDUWPHQW�DQG�DOORZV�PRUH�RU�OHVV�HYHQ�ZRUNORDG� GXULQJ� WKH� VWXGLHV�� ,Q� WHUPV� RI� WKH� DFDGHPLF� \HDU� DQG� VXEMHFWV� WKH�V\VWHPDWLF�DQG�GLGDFWLF�VWUXFWXUH�RI�RWKHU�FXUULFXOD�RI� WKH�GHSDUWPHQW� LV�FRQVLGHUHG�DV�ZHOO�DV�WLPHO\�WHDFKLQJ�RI�SUHUHTXLVLWH�VXEMHFWV��$Q�XQVWDEOH�HFRQRPLF�VLWXDWLRQ�RI�WKH�VWXGHQWV� LV�D�PDMRU�FDXVH�RI�GLVFRUG��$� ODUJH�QXPEHU�� LQ������FORVH�WR����RI�%DFKHORU¶V�VWXGHQWV�RI�%LRORJ\�KDG WR�ZRUN�DORQJ�ZLWK�WKHLU�VWXGLHV��,Q�WKH�0DVWHU¶V�VWXGLHV� ����� RI� VWXGHQWV� ZRUN�� (YHQ� WKRXJK� WKH� QDWLRQDO� DOORZDQFH� V\VWHP� KDV�EHHQ�LQWURGXFHG��&KDSWHU������ XQIRUWXQDWHO\��WKH�QDWLRQDO�SROLF\�RI�VRFLDO�JXDUDQWHHV�WR�VWXGHQWV�GRHV�QRW�DOORZ�VWXGLHV�ZLWKRXW�D�KLWFK��2WKHU�� OHVV� LQKLELWLQJ�FDXVHV�RI�GLVFRUG� DUH�� VWXGHQWV�� OLWWOH� DFWLYHQHVV� LQ� SODQQLQJ� WKHLU� VWXGLHV�� ILUVW�\HDU� VWXGHQWV�VHOHFW� VXEMHFWV� UDQGRPO\�� D� UHODWLYHO\�PRGHVW� XVH�RI� FRXQVHOOLQJ� DQG�D SUDFWLFH� WR�OHDYH�PRUH� GHPDQGLQJ� DVVHVVPHQWV� DQG� H[DPLQDWLRQV� �WKXV� OHVV� SRSXODU� DPRQJ�WKH� VWXGHQWV�� XQWLO� WKH� HQG� RI� WKH� VWXGLHV�� 'UDZEDFNV� EHFRPH� HVSHFLDOO\� HYLGHQW�ZKHQ�VWXGHQWV�WUDQVIHU�IURP�PRUH�VWULFWO\�HVWDEOLVKHG�IRXQGDWLRQ�VWXGLHV�LQWR�D�PRUH�IUHHO\� RUJDQLVHG� VWDJH� RI� VSHFLDOLVDWLRQ� VWXGLHV� UHTXLULQJ� PRUH� HIIRUW�PDNLQJ� DQG�NQRZOHGJH��7KH�DQDO\VLV�RI�DFDGHPLF�SURJUHVV�VKRZV� WKDW� WKH�VWXGLHV�RI�%DFKHORU�VWXGHQWV� LQ� %LRORJ\� DUH� PRVWO\� KLQGHUHG� E\� GLIILFXOWLHV� LQ� KLJKHU� PDWKHPDWLFV��&RRSHUDWLRQ� ZLWK� WKH� 'HSDUWPHQW� RI 0DWKHPDWLFV� KDV� OHG� WR� WKH� ILQDO� VWDJH� RI�SUHSDUDWLRQ�RI�FRXUVHV�RI�PDWKHPDWLFV�ZKLFK�EHWWHU�FRQIRUP�WR�WKH�QHZ�����FXUULFXOD�DQG�VSHFLILF�UHTXLUHPHQWV�RI�ELRORJ\�,QWHJUDWHG�FXUULFXOD�HQDEOH�VWXGHQWV�IURP�RWKHU�XQLYHUVLWLHV�WR�WUDQVIHU�WR�738�VPRRWKO\� DQG� ZLWKRXW� PDMRU� GLIILFXOWLHV �H�J�� IURP� WKH� )DFXOW\� RI� 6FLHQFH� RI�7DOOLQQ� 8QLYHUVLW\� RI� 7HFKQRORJ\�� WKH� )DFXOW\� RI� %LRORJ\� DQG� *HRJUDSK\� DQG� WKH�)DFXOW\� RI� 0HGLFLQH� RI� 8QLYHUVLW\ RI� 7DUWX�� )DFXOWLHV� RI� $JURQRP\�� 9HWHULQDU\�0HGLFLQH� DQG� )RUHVWU\� RI�(VWRQLDQ $JULFXOWXUDO� 8QLYHUVLW\�� WKH� (VWRQLDQ� 0DULWLPH�$FDGHP\��DQG�WKH�RWKHU�ZD\� URXQG��VHYHUDO�JUDGXDWHV�RI� WKH�FXUULFXOXP�RI�QDWXUDO�VFLHQFHV� ZKR� ZHUH� QRW� PDWULFXODWHG� LQ� WKH�0DVWHU¶V� SURJUDPPH� EHFDXVH� RI� WKHLU�LQVXIILFLHQW� UHVXOWV� DW� WKH� DGPLVVLRQ� FRPSHWLWLRQ�� KDYH� SURYHG� VXLWDEOH� DQG�VXFFHVVIXO�LQ�D�QXPEHU�RI�0DVWHU¶V�SURJUDPPHV�RI�QDWXUDO�VFLHQFHV�RI�8QLYHUVLW\ RI�7DUWX DQG�7DOOLQQ�8QLYHUVLW\�RI�7HFKQRORJ\�
�����7KH�6WDWLVWLFV�DERXW�WKH�6WXG\�3URFHVV�%,2/2*<��0$5,1(�%,2/2*,67�± 63(&,$/,67�21�(19,5210(17$/�68%-(&7���%$&+(/25¶6 &855,&8/80����������
�� 1XPEHU�RI�ZHHNO\�KRXUV�DFFRUGLQJ�WR�WKH�WLPHWDEOH�LQ�D�VHPHVWHU�PLQLPXP ������VHPHVWHU�������ZLWKRXW���VHPHVWHU�DYHUDJH ����ZLWK����VHPHVWHU�������ZLWKRXW����VHPHVWHU�



��

PD[LPXP ���� 0D[LPXP�QXPEHU�RI�VXEMHFWV�GXULQJ�RQH�WHUP������� $YHUDJH�ZHHNO\�YROXPH�RI�LQGHSHQGHQW�ZRUN�LQ�KRXUV������ZLWK����VHPHVWHU�������ZLWKRXW����VHPHVWHU���� 6L]H�RI�JURXSV�GXULQJ�DXGLWRU\�ZRUN� �IRXQG�RQ� WKH�EDVLV�RI� WKH�SUHVHQW� ,,,�	� ,9�\HDU��RQO\�VXEMHFWV�RI�QDWXUDO�VFLHQFHV�ZHUH�WDNHQ�LQWR�DFFRXQW��PLQLPXP ��DYHUDJH ��PD[LPXP ���� 7KH� YROXPH� RI�ZULWWHQ� LQGHSHQGHQW�ZRUN� JLYHQ� LQ� VXEMHFWV� WDXJKW� E\� WKH�&KDLU�GXULQJ�WKH�VWXGLHV�����������GHSHQGV�RQ�WKH�PLQRU�FKRVHQ�E\�WKH�VWXGHQW�����WHUP�SDSHUV�DQG�%DFKHORU¶V�WKHVLV DUH�DPRQJ�WKHP��� $YHUDJH�GXUDWLRQ�RI�SHUPDQHQW�WLPHWDEOH��VHPHVWHU��� 7KH�TXDQWLW\�RI�VWXG\�ERRNV�DYDLODEOH�D� WKH�SURSRUWLRQ�RI�VXEMHFWV�ZLWKRXW�D�VWXG\�ERRN��RU�WKHUH�DUH�RQO\�����LWHPV�LQ�GLIIHUHQW�OLEUDULHV�RI�7DOOLQQ��������E� WKH�SURSRUWLRQ�RI�VXEMHFWV�ZLWK�D�VWXG\�ERRN�LQ�(VWRQLDQ��ZKLFK�FDQ�EH�IUHHO\�SXUFKDVHG��RU�LV�DYDLODEOH�IRU�DQ\RQH�LQ�D�OLEUDU\��������F� WKH�SURSRUWLRQ�RI�VXEMHFWV�ZLWK�D�VWXG\�ERRN�LQ�D�IRUHLJQ�ODQJXDJH�IRU�DW�OHDVW�D�TXDUWHU�RI�WKH�VWXGHQWV������G� WKH�SURSRUWLRQ�RI�VXEMHFWV�ZLWK�D�VWXG\�ERRN�IRU�DW�OHDVW�����RI�WKH�VWXGHQWV�������� 7KH� SHUFHQWDJH� RI� JUDGXDWHV� ZKR� ILQLVKHG� LQ� QRPLQDO� WLPH� �FDOFXODWHG� RQ� WKH�EDVLV�RI�WKH�QXPEHU�RI�HQWUDQWV�LQ�D�UHVSHFWLYH�\HDU���QR�JUDGXDWHV�\HW��� 7KH�SHUFHQWDJH�RI�JUDGXDWHV�ZLWK�FXP�ODXGH��QR�JUDGXDWHV�\HW�%LRORJ\��0DVWHU¶V�FXUULFXOXP������������ 7KH�WRWDO�QXPEHU�RI�VSHFLDOL]HG�PDQGDWRU\�VXEMHFWV�� ���ZKLFK�LV����&3��� JHQHUDO� VXEMHFWV� �SKLORVRSK\�� LQIRUPDWLFV�� IRUHLJQ� ODQJXDJH��� DOWRJHWKHU� ���ZKLFK�LV���&3���� 7KH�UHVW�RI�WKH�VXEMHFWV�FDQ�EH FKRVHQ�DQG�DOWRJHWKHU�WKH\�JLYH����&3��� $XGLWRU\�ZRUN�WDNHV�SODFH�LQ�JHQHUDO�VXEMHFWV�± ��OHVVRQV�LQ�D�ZHHN��LI�WDNHQ�LQ�RQH�VHPHVWHU���� $YHUDJH�GXUDWLRQ�RI�SHUPDQHQW�WLPHWDEOH��VHPHVWHU��� 7KH� QXPEHU� RI� JUDGXDWHV�� ���� 7KH� SHUFHQWDJH� RI� JUDGXDWHV� ZKR� ILQLVKHG� LQ�QRPLQDO�WLPH��������� 7KH�SHUFHQWDJH�RI�JUDGXDWHV�ZLWK�FXP�ODXGH�������
�����)LHOG�:RUN7KH� %DFKHORU¶V� FXUULFXOD� LQ� %LRORJ\� DGGUHVV� WKH� IROORZLQJ� ILHOG� ZRUNV�� 0/%� �����)ORULVWLFV� DQG� )DXQLVWLFV�� 0/%� ����� 0DULQH� %LRORJ\� DQG� 0/%� ����� $QLPDO� DQG�3ODQW�(FRORJ\��0\FRORJ\��'XULQJ�WKH�ILHOG�SUDFWLFH�WKH�VWXGHQWV OHDUQ�WR�LGHQWLI\�DQG�KHUEDUL]H�SODQWV�DQG�WR�SUHSDUH�DQLPDO�FROOHFWLRQV�IRU�VFLHQWLILF�SXUSRVHV��7KH\�DOVR�VWXG\� IXQJL� LQ�VLWX��6HOHFWLQJ�JHRHFRORJ\�DV� WKH�VHFRQG�VXEMHFW�� WKH\�DOVR�KDYH� WR�SDVV 0/*�����)LHOG�:RUN�LQ�*HRHFRORJ\��ZKHUH�WKH\�DUH�LQWURGXFHG�ZLWK�GLIIHUHQW�W\SHV� RI� ODQGVFDSHV�� VRLOV� DQG� ZHWODQGV�� ,Q� DOO� FDVHV�� WKH� VWXGHQWV� DUH� WUDLQHG� WR�
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ZRUN�LQ�UHDO�QDWXUDO�FRQGLWLRQV��7KH�SODFHV�IRU�SUDFWLFH�KDYH�EHHQ�VHOHFWHG�LQ�DUHDV�ZLWK�GLIIHUHQW�VRLO�FRYHU��7KH� DLP� RI� ILHOG� VWXGLHV� LV� WR SUDFWLFH� ZRUN� LQ� UHDO� ILHOG� FRQGLWLRQV� DQG� WR�SURYLGH� IXWXUH� VFLHQWLVWV�� VSHFLDOLVWV� RQ� HQYLURQPHQW�� WHDFKHUV�� HWF� ZLWK�NQRZOHGJH�DQG�VNLOOV�WKH\�ZRXOG�QHHG�LQ�WKHLU�IXWXUH�DFWLYLWLHV�)LHOG� ZRUNV� DUH� DUUDQJHG� LQ� FRRSHUDWLRQ� ZLWK� ORFDO� JRYHUQPHQWV�� VFKRROV�� QDWXUH�UHVHUYHV� DQG� RWKHU� LQVWLWXWLRQV� DQG� RUJDQLVDWLRQV� �H�J�� 6WDWH� )RUHVW� 0DQDJHPHQW�&HQWUH� HWF���� $V� D� SUDFWLFDO� RXWSXW� RI� WKH� ILHOG� SUDFWLFH�� WKHVH� LQVWLWXWLRQV� JHW�LQIRUPDWLRQ�RQ�WKH�QDWXUDO�UHVRXUFHV�RI�WKH�DUHD��7KH�PHWKRGV�DQG�VFLHQWLILF� OHYHO RI�ILHOG�ZRUN�PHHW� LQWHUQDWLRQDO�UHTXLUHPHQWV��7KH�HTXLSPHQW� DQG� PHWKRGV� XVHG� LQ� ILHOG� VWXGLHV� DUH� VWHDGLO\� VXSSOHPHQWHG� *,6� �JHRJUDSKLFDO�LQIRV\VWHPV��*36���SHUVRQDO�FRPSXWHU��DUH�XVHG�7KH� FXUULFXOD� KDYH� EHHQ� FRPSLOHG� FRQVLGHULQJ� ORFDO� QDWXUDO� FRQGLWLRQV� DQG� WKHLU�VFLHQWLILF�VWXG\��'XH� WR� WKH�VKRUWDJH�RI� ILQDQFLDO�PHDQV�ERWK�DW� WKH�XQLYHUVLW\�DV�D�ZKROH� DQG� LQ� WKH� GHSDUWPHQW� LW� LV� QRW� SRVVLEOH� WR� DUUDQJH� ILHOG� SUDFWLFHV� RXWVLGH�(VWRQLD�� $QG� WKLV� LV� D� GLVDGYDQWDJH�� +RSHIXOO\�� WKH� VLWXDWLRQ� ZLOO� LPSURYH�ZKHQ�(VWRQLD� MRLQV� WKH� (XURSHDQ� 8QLRQ� �RQ� 0D\� ��� ������ DQG� WKH� SULRULWLHV� RI� WKH�HGXFDWLRQDO� SROLF\� ZLOO� EH� FKDQJHG��:H� KRSH� WKDW� WKH� JHRJUDSKLFDO� UDQJH� RI� ILHOG�VWXGLHV�ZLOO�ZLGHQ FRQVLGHUDEO\��6R� IDU�� UHVHDUFK�SURMHFWV� IRU�VWXGHQWV� LQ� WKH�%DOWLF�6HD�UHJLRQ�DUUDQJHG�ZLWKLQ�WKH�IUDPHV�RI�WKH�%DOWLF�6HD�8QLYHUVLW\�3URJUDPPH�KDYH�EHHQ�RI�FHUWDLQ�KHOS�$V� WR� 0DVWHU¶V� VWXGLHV�� WKLV� SUREOHP� KDV� DOUHDG\� EHHQ� VROYHG�� 06F� VWXGHQWV�SDUWLFLSDWH�DFWLYHO\�LQ�WKH�ILHOGZRUN�DQG�H[SHGLWLRQV�DUUDQJHG�E\�GLIIHUHQW�LQVWLWXWHV��
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���6WXG\�(QYLURQPHQW������,QIUDVWUXFWXUH�7KH� WRWDO� DUHD�RI� WKH� URRPV�DW� WKH�GLVSRVDO�RI� WKH�'HSDUWPHQW� LV������P���RI� WKDW������P� DUH� OHFWXUH�URRPV��/DERUDWRULHV�WDNH�XS�����P�� �����P� ± DW� WKH�&KDLU�RI�3K\VLFV�����P� ± DW�WKH�&KDLU�RI�&KHPLVWU\������P��± DW�WKH�&KDLU�RI�%LRORJ\��/HFWXUH�URRPV��7KHUH�DUH�WKUHH�OHFWXUH�URRPV�ZLWK�D�WRWDO�DUHD�RI�����P� IL[HG�WR�WKH�GHSDUWPHQW��7KH�OHFWXUHUV�RI�WKH�GHSDUWPHQW�DOVR�XVH�WKHVH�URRPV�WR�ZRUN�ZLWK�VWXGHQWV� RI� RWKHU� FXUULFXOD�� ,Q� WKH� 'HSDUWPHQW� RI� 1DWXUDO�6FLHQFHV� SDUW� RI� WKH�OHFWXUHV� DUH� KHOG� LQ� WKH� JHQHUDO� OHFWXUH� KDOOV� RI� WKH� XQLYHUVLW\� DQG� LQ� WKH� OHFWXUH�URRPV�RI�RWKHU�GHSDUWPHQWV��7KH�WRWDO�DUHD�RI�WKH�OHFWXUH�URRPV�LQ�JHQHUDO�XVH�DW�WKH�'HSDUWPHQW�RI�1DWXUDO�6FLHQFHV�LV������P���WKH�WKUHH�ODUJHVW�RQHV ± ���������DQG����P���UHVSHFWLYHO\�,Q�FRQQHFWLRQ�ZLWK�WKH�UDSLGO\�LQFUHDVLQJ�QXPEHU�RI�VWXGHQWV�LQ�7DOOLQQ�3HGDJRJLFDO�8QLYHUVLW\��WKH�VKRUWDJH�RI�OHFWXUH�URRPV��HVSHFLDOO\ODUJH�RQHV��KDV�DOVR�LQFUHDVHG��$�VROXWLRQ�ZLOO�EH�WKH�QHZ�EXLOGLQJ�WKH�FRQVWUXFWLRQ�RI�ZKLFK�ZLOO�EH�VWDUWHG�LQ�������,Q������� WKH�)DFXOW\�RI�0DWKHPDWLFV�DQG�1DWXUDO�6FLHQFHV�ZLOO�JHW� WKH�ZKROH�PDLQ�EXLOGLQJ� DW� LWV� GLVSRVDO�� %HVLGHV�� LQ� ����±����� WKH� JHQHUDO� OHFWXUH� URRPV� RI� WKH�GHSDUWPHQW�ZLOO�EH�UHSDLUHG�DQG�XS�GDWHG�/DERUDWRULHV� ,Q� ������ WZR� QHZ� ODERUDWRULHV� ZHUH� HTXLSSHG� DQG� RSHQHG�� WKH�ODERUDWRU\�RI�PROHFXODU�DQG�FHOO�ELRORJ\�DW�WKH�&KDLU�RI�%LRORJ\��DQG�WKH�ODERUDWRU\�RI�RUJDQLF� DQG� ELRFKHPLVWU\� DW� WKH� &KDLU� RI� &KHPLVWU\�� ,Q� ������ WKH� ODERUDWRU\� RI�LQRUJDQLF� DQG� DQDO\WLF� FKHPLVWU\� ZDV� UHSDLUHG� DQG� XS�GDWHG�� WZR� ODERUDWRULHV� RI�SK\VLFV�ZHUH� UHRUJDQLVHG�� ,Q������� WKH� ODERUDWRU\�RI� FODVVLFDO� ERWDQ\�DQG�]RRORJ\�ZDV�UHSDLUHG�DQG�XS�GDWHG�'XH�WR�WKH�VSHFLILF�JRDOV�VHW�XS�E\�WKH�FXUULFXOD�WR�EH�HYDOXDWHG�LQ�ELRORJ\��EHVLGHV�WKH�ODERUDWRULHV�DQG�OHFWXUH�URRPV�LQ�WKH�PDLQ�FDPSXV��WKH�HTXLSPHQW�DQG�URRPV�RI�WKH�,QVWLWXWH�RI�(FRORJ\�DW�7DOOLQQ�3HGDJRJLFDO�8QLYHUVLW\��DQG�DOVR� LQ�VHYHUDO�RWKHU�VFLHQWLILF� LQVWLWXWLRQV ± 0DULQH� ,QVWLWXWH� RI� 8QLYHUVLW\ RI� 7DUWX�� ,QVWLWXWH� RI�([SHULPHQWDO� %LRORJ\� DW� (VWRQLDQ� $JULFXOWXUDO� 8QLYHUVLW\�� ,QVWLWXWH� RI� &KHPLVWU\� DW�7DOOLQQ� ,QVWLWXWH� RI� 7HFKQRORJ\�� 7DOOLQQ� %RWDQLFDO� *DUGHQV�� 7DOOLQQ� =RRORJLFDO�*DUGHQV�DQG�7DOOLQQ�1DWXUH�0XVHXP�± DUH�DOVR�XVHG��%DVHG�RQ� WKLV��ZH�FDQ�FODLP� WKDW�FRPSDUHG� WR� WKH�RWKHU�XQLYHUVLWLHV� LQ�(VWRQLD�ZH�KDYH�WKH�EHVW�FRQGLWLRQV�IRU�%DFKHORU¶V DQG�0DVWHU¶V VWXGLHV�DQG�UHVHDUFK�LQ�%LRORJ\�DW�7DOOLQQ�3HGDJRJLFDO�8QLYHUVLW\��3DUWLFXODUO\��LQ�PDULQH�ELRORJ\��VHH�&KDSWHU������&RPSXWHU�FODVVHV����KRXUV�D�GD\��VHYHQ�GD\V�D�ZHHN��WZR�FRPSXWHU�FODVVHV�ZLWK�D�WRWDO� RI� ��� FRPSXWHUV� DUH� RSHQ� IRU� VWXGHQWV�� %HVLGHV�� WKHUH� LV� WKH� GHSDUWPHQW¶V�FRPSXWHU� URRP�ZLWK� ��� FRPSXWHUV�� DQG� LW� LV� DOVR� SRVVLEOH� WR� XVH� WKH� ��� SHUVRQDO�FRPSXWHUV�DQG�ODSWRSV�DYDLODEOH�DW�WKH�FKDLUV�)RU�OHFWXUHV�DQG�VHPLQDUV��FRPSXWHU�DQG�DXGLR�YLGHR�WHFKQRORJ\�WRJHWKHU�ZLWK�IRXU�GDWD�YLGHR�SURMHFWRUV� DW� WKH� GLVSRVDO� RI� WKH� GHSDUWPHQW� �RU� SUHVHQWDWLRQ� VFUHHQV�EHORQJLQJ� WR� WKH�JHQHUDO� SURSHUW\�RI� WKH�XQLYHUVLW\��� RYHUKHDG�SURMHFWRUV�ZLWK� VOLGH�VHWV�� GLIIHUHQW� NLQGV� RI�PRGHO� DQG� GLVWULEXWLRQ�PDWHULDOV� DQG�ZHE�EDVHG�PDWHULDOV��HWF� DUH� XVHG��7KH� QRPHQFODWXUH� RI� SUHVHQWDWLRQ� WHFKQLTXH�ZLOO� EH�ZLGHQHG� LQ� WKH�QHDUHVW� IXWXUH��/HFWXUH�PDWHULDOV�DUH�DYDLODEOH� LQ�WKH� ,QWHUQHW� LQ� WKH�XQLYHUVLW\�GDWD�
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EDQN�RU�RQ�SHUVRQDO�KRPH�SDJHV�RI�OHFWXUHUVDQG�RQ�VXEMHFW�OLVWV��7KH�VWXGHQWV�FDQ�JHW� PDWHULDO� IRU� FRS\LQJ�� 7KH� FRPSXWHU� V\VWHPV� DUH� FRQQHFWHG� WR� WKH� QHWZRUN� RI�7DOOLQQ�3HGDJRJLFDO�8QLYHUVLW\��,QWHUQHW�FRQQHFWLRQ�H[LVWV�2QO\� OLFHQVHG VRIWZDUH� LV� XVHG� DW� WKH� GHSDUWPHQW�� 7KH� PRVW� ZLGHO\� XVHG�SURJUDPPHV�DUH��,QWHUDFWLYH�3K\VLFV��6FLHQFH�:RUNVKRS��0DWKHPDWLFD������0DS,QIR�3URIHVVLRQDO� ����� &HOO� %LRORJ\� ,QWHUDFWLYH�� 6366� ������ 7HVW� 3RLQW� ������ HWF�&RRSHUDWLRQ� ZLWK� WKH� 'HSDUWPHQW� RI� ,QIRUPDWLFV� KDV� SURYLGHG� D SRVVLELOLW\� WR� XVH�VSHFLILF� OLFHQVHG� FRPSXWHU� VRIWZDUH� �$GREH� 3KRWRVKRS� ����� $GREH� ,OOXVWUDWRU� �����0DFURPHGLD� )ODVK� ��� &RUHO'UDZ� ���� &RUHO'UDZ *UDSKLFV� 6XLWH� ��� $FDGHPLF��0DFURPHGLD� *HQHUDWRU� ��� -DYD�� 6'.� ������� 0DWKHPDWLFD� ����� *KRVWYLHZ� �����*KRVWVFULSW� ������0LN7H[� ������ HWF���� $FFHVV� LV� DYDLODEOH� WR� VHYHUDO� LQWHUQDWLRQDOO\�DFNQRZOHGJHG� ELEOLRJUDSKLFDO� GDWD� EDQNV�± (%6&2� +RVWLQJ�� 2&/&L� )LUVW6HDUFK�6HUYLFH��HWF�3HUVRQDO� FRPSXWHUV� DW� 7DOOLQQ�7HFKQLFDO�8QLYHUVLW\� XVH�2SHQ2IILFH� ����� VRIWZDUH�DQG� :LQGRZV DQG� /LQX[� V\VWHPV�� 7R� NHHS� SDFH� ZLWK� WKH� UDSLGO\� DGYDQFLQJ�WHFKQRORJ\�� WKH� VRIWZDUH� DQG� ,&7� LV� VWHDGLO\� XSGDWHG� ERWK� DW� WKH� XQLYHUVLW\� DV� D�ZKROH� DQG� LQ� WKH� GHSDUWPHQW�� ,W� LV� SODQQHG� WR� LQWURGXFH� WKH� QHZHVW� VRIWZDUH�±6WDWLVWLFV��6WDWLVWLFD��$XWR&$'��7KHPDWLF�0DSSHU�HWF� 7R�VXP�WKH�DERYH�PHQWLRQHGXS��LW�PD\�EH�VDLG�WKDW�IURP�WKH�VWDQGSRLQW�RI�WKH�FXUULFXOD��WKH�,&7�SDUN�DV�D�VWXG\�HQYLURQPHQW�LV�DW�D�KLJK�LQWHUQDWLRQDO�OHYHO�0RVW�RI�WKH�VWXGHQWV�KDYH�D�FRPSXWHU�DW�KRPH��7KHUH�LV�,QWHUQHW�FRQQHFWLRQ�DW�WKH�KRVWHO�(TXLSPHQW��7KH�GHYLFHV REWDLQHG�GXULQJ�WKH� ODVW� WKUHH�\HDUV�DUH�DV�IROORZV� &KDLU�RI� %LRORJ\� ± D� QHZ HSLIOXRUHVFHQFH� PLFURVFRSH� =HLVV� $[LRVNRS�� ��� PLFURVFRSHV�1RYH[�������� *)/�6KDNLQJ�,QFXEDWRU�������GLJLWDO�(SSHQGRUI�WKHUPRVWDW�7'%�����%LRVDQ��FHQWULIXJH�+HUDHXV��WZR�GHYLFHV�9RUWH[�91����/DPLQDU�7HOVWDU�%LR�,,�$��HWF��IRU�PRUH�GHWDLOHG� LQIRUPDWLRQ�VHH�$SSHQGL[����� 7KH�&KDLU�RI�&KHPLVWU\�± IUHH]H�GU\LQJ� V\VWHP� 'U\ZLQQHU� �±���� YDFXXP� SXPS� 5=��� UHIUDFWRPHWHU� 5HIUDFWR� ��3�0HWWOHU��SK�PHWHU�0HWWOHU��HWF� 7KH�&KDLUV�RI�3K\VLFV�KDYH�REWDLQHG�VHYHUDO�GHYLFHV�IRU� DWRP� DQG� UDGLDWLRQ� ODERUDWRULHV�� $� UHPDUNDEOH� SURJUHVV� KDV� EHHQ� PDGH� LQ�GLJLWDOLVLQJ�VFLHQWLILF�DQG� WHDFKLQJ�DLGV�DQG� LQ�DGYDQFLQJ� WKH� ,&7�WHFKQRORJ\�EDVHG�FRQWURO�$W�WKH�XQLYHUVLW\��HYHU\ERG\�FDQ�PDNH�FRSLHV�RI�VWXG\�PDWHULDOV�DW�WKH�OLEUDU\�RU�LQ�WKH�SXEOLVKLQJ�GHSDUWPHQW��LQ�WKH�DFDGHPLF�GHSDUWPHQWV�DQG�DW�DOO�FKDLUV�7KH�VWDWH�RI�URRPV�PHHWV�WKH�KHDOWK�SURWHFWLRQ�DQG�VDIHW\�UHTXLUHPHQWV�EURXJKW�RXW�LQ�GLIIHUHQW� OHJDO�DFWV� �/DZ�RQ�3XEOLF�+HDOWK��57� ,�������������������������������������� ������ ������� ����� ������ ���� ����� ���� ����� ������ ���� ����� +HDOWK� 3URWHFWLRQ�5HTXLUHPHQWV�DW�6FKRROV�57/�����������������+HDOWK�3URWHFWLRQ�5HTXLUHPHQWV�IRU�6FKRRO� 7LPHWDEOH� DQG� 7HDFKLQJ� 5HJXODWLRQV� 57/� ������ ���� ���� DQG� +HDOWK�3URWHFWLRQ�5HTXLUHPHQWV�IRU &RPSXWHU�&RXUVHV�DQG�3XEOLF�8VH�RI�&RPSXWHUV�57/�����������������$OO� WKH� URRPV�XVHG� IRU� WHDFKLQJ�SXUSRVHV�DUH�SURYLGHG�ZLWK�XS�WR�GDWH�HTXLSPHQW�%RWK� WKH� XQLYHUVLW\� DV� D� ZKROH� DQG� WKH� 'HSDUWPHQW� RI� 1DWXUDO� 6FLHQFHV� KDV�FRPSHWHQW SHUVRQQHO� NHHSLQJ� WKH� VWXG\� HQYLURQPHQW� LQ� RUGHU�� GHYHORSLQJ� DQG�UHSDLULQJ�LW��
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7KH�DERYH�PHQWLRQHG�VKRZV�WKDW�ZH�KDYH�D�JRRG�SRWHQWLDO�IRU�FDUU\LQJ�RXW�VFLHQWLILF�ZRUN��IRU�WHDFKLQJ�DW�DQ�DFNQRZOHGJHG�LQWHUQDWLRQDO�OHYHO�DQG�IRU�DFKLHYLQJ�WKH�JRDOV�DGGUHVVHG�E\�WKH�FXUULFXOD�LQ�%LRORJ\��&RPSDUHG� WR� WKH� VLWXDWLRQ� IRXU� \HDUV� DJR�� WKH� WHDFKLQJ� HQYLURQPHQW� KDV�FRQVLGHUDEO\� LPSURYHG� IURP� WKH�VWDQGSRLQW�RI� WKH�FXUULFXOD�RI�%LRORJ\��8SGDWLQJ�RI�VFLHQWLILF� DQG� WHDFKLQJ�HQYLURQPHQW� LV� DQ�RQJRLQJ� SURFHVV�� 7KHUH� LV� DQ�HLJKW�\HDU�GHYHORSPHQW SODQ� IRU� IXUWKHU� LPSURYHPHQW� RI� WKH� WHDFKLQJ� HQYLURQPHQW� DQG�ODERUDWRU\�HTXLSPHQW��$V�D�PDLQ�JRDO��WKH�SODQ�DGGUHVVHV�WKH�FUHDWLRQ�RI�D�FRPPRQ�ODERUDWRU\� IRU� WKH� 'HSDUWPHQW� RI� 1DWXUDO� 6FLHQFHV� DQG� LWV� MRLQW� PDQDJHPHQW��$SSHQGL[����
�����/LEUDU\��6WXG\�$LGV7KH� VWXGHQWV� DQG� VWDII� RI� WKH� 8QLYHUVLW\� PD\� XVH� WKH� OLEUDU\� RI� 7DOOLQQ�3HGDJRJLFDO�8QLYHUVLW\ �738� �VWXG\� OLEUDU\���738�$FDGHPLF�/LEUDU\�� OLEUDULHV�RI�GLIIHUHQW�FKDLUV�DQG� WKH�1DWLRQDO�/LEUDU\��7KHUH� LV�DOVR�DFFHVV WR� OLEUDULHV�RI�RWKHU�XQLYHUVLWLHV��7DOOLQQ�8QLYHUVLW\�RI�7HFKQRORJ\� (VWRQLDQ�$JULFXOWXUDO�8QLYHUVLW\�8QLYHUVLW\ RI�7DUWX��(VWRQLDQ�$FDGHP\�RI�0XVLF��(VWRQLDQ�$FDGHP\�RI�$UWV��HWF����%RWK�HPSOR\HHV�DQG�VWXGHQWV�KDYH�DFFHVV�WR�VHYHUDO� LQWHUQDWLRQDOO\�DFNQRZOHGJHG�ELEOLRJUDSKLFDO� GDWDEDVHV�± (%6&2� +RVWLQJ�� 2&/&L� )LUVW6HDUFK� 6HUYLFH�� 2[IRUG�6FKRODUVKLS� 2QOLQH�� ,6,� :HE� RI� .QRZOHGJH�� TXRWLQJ� GDWDEDVHV :HE� RI� 6FLHQFH��GDWDEDVHV�RI�SDWHQWV 'HUZHQW�,QQRYDWLRQV�,QGH[��GDWDEDVHV�RI� WKH� LPSDFW�IDFWRU�RI�PDJD]LQHV -RXUQDO�&LWDWLRQ�5HSRUWV DQG ,6,�(VVHQWLDO�6FLHQFH�,QGLFDWRUV��HWF�6WXGHQWV� KDYH� D� SRVVLELOLW\� WR� XVH� UHDGLQJ� URRPV�� ERUURZ� ERRNV�� YLVLW� GLIIHUHQW�EUDQFKHV�RI� WKH� OLEUDU\��XVH� WKH� LQWHUOLEUDU\� ORDQ�VHUYLFH�� UHIHUHQFH�DQG� LQIRUPDWLRQ�VHUYLFHV�� DQG� HOHFWURQLF� GDWDEDVHV� �(%6&2+RVW�� 6FLHQFH� 'LUHFW�� ,23�� .OXZHU�2QOLQH��2[IRUG�5HIHUHQFH��&DPEULGJH�8QLYHUVLW\�3UHVV��HWF����6WXGHQWV�KDYH�DFFHVV�WR�WKH�QHWZRUN�RI�(VWRQLDQ�OLEUDULHV��WKH�MRLQW�GDWDEDVH�RI�ZKLFK�GHVFULEHV�WKH�LWHPVRI� DOO� SDUWLFLSDWLQJ� OLEUDULHV�� 8VDJH� DQG� ERRNLQJ� RI� WKHVH�YROXPHV� LV� DYDLODEOH� YLD�,QWHUQHW�7KH�DPRXQW�RI�DFDGHPLF�OLWHUDWXUH�FRQQHFWHG�ZLWK�QDWXUDO�VFLHQFHV�LV�ODUJHU�LQ�738�$FDGHPLF�/LEUDU\��IRU�DW�WKH�HQG�RI������WKHUH�ZDV�WKH�MRLQLQJ�RI�OLEUDULHV�DQG�738�6WXG\�/LEUDU\�EHFDPH� WKH� OLEUDU\�RI�VRFLDO�VFLHQFHV�DQG�VWXG\� OLWHUDWXUH��$FDGHPLF�/LEUDU\�UHPDLQHG�RULHQWDWHG�WR�PDWKHPDWLFV�DQG�QDWXUDO�VFLHQFHV��7KH�$FDGHPLF�/LEUDU\�RI�7DOOLQQ�3HGDJRJLFDO�8QLYHUVLW\��IRUPHU�(VWRQLDQ�$FDGHPLF�/LEUDU\� LV� D� SXEOLF� VFLHQFH� OLEUDU\� ZKHUH� LQ� WKH� GHYHORSPHQW� RI� FROOHFWLRQV� DQG�VHUYLFHV� WKH PDLQ�DWWHQWLRQ� LV�SDLG� WR�VDWLVI\LQJ� WKH� LQIRUPDWLRQ�QHHGV�RI�VFLHQWLVWV�DQG�OHFWXUHUV��6R�LW�SULPDULO\�VXSSRUWV�UHVHDUFK�DQG�GHYHORSPHQW�DFWLYLWLHV�DV�ZHOO�DV�DFDGHPLF� HGXFDWLRQ�� ,W� LV� LPSRUWDQW� WR� SURYLGH� XQGHUJUDGXDWHV�� 0DVWHU� DQG� 3K'�VWXGHQWV�ZLWK� LQIRUPDWLRQ�QHHGHG�IRU�WKHLU� UHVHDUFK ZRUN��DQG�WR�VXSSRUW�DFDGHPLF�HGXFDWLRQ� ,Q������WKHUH�ZHUH�����ZRUNLQJ�VSDFHV�LQ�WKH�UHDGLQJ�URRPV������������LWHPV LQ� WKH�XVHUV¶ FROOHFWLRQ�� ����������YROXPHV�RI�ERRNV����������\HDUO\ VHWV RI�VFLHQWLILF� MRXUQDOV� DQG� SRSXODU�VFLHQWLILF� PDJD]LQHV�� ������� \HDUO\ VHWV RI�QHZVSDSHUV�DQG��������UHDGHUV��$V�D�VFLHQWLILF�FHQWUDO�OLEUDU\�LQ�WKH�ILHOG�RI�QDWXUDO�VFLHQFHV� �GHFUHH� ����������� 1R� ��� RI� WKH� (VWRQLDQ� 0LQLVWHU� RI� &XOWXUH� DQG�(GXFDWLRQ�� H[KDXVWLYH RULJLQDO�DQG�PHGLDWLYH�LQIRUPDWLRQ�DERXW QDWXUDO�VFLHQFHV� LV�
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FROOHFWHG��PDLQWDLQHG�DQG�PDGH�DYDLODEOH��7KH OLEUDU\�KDV� WR� IXOILO� WKH� WDVNV�RI�WKH�FDWDORJXH�FHQWUH�RI� LWHPV�UHODWHG�WR�QDWXUDO�VFLHQFHV�DQG�WKH�WDVNV�RI�WKH�FHQWUH�RI�LQWHUOLEUDU\�ORDQ�VHUYLFH�LQ�WKH�VDPH�ILHOG��7KH LQWHUOLEUDU\�ORDQ�VHUYLFH�LV UHJXODWHG�E\�D�GHFUHH�RI�WKH�0LQLVWHU�RI�&XOWXUH�DQG�(GXFDWLRQ�������������1R ����$OO�VWXGHQWV�RI�738��SRVW�JUDGXDWHV�DQG�HPSOR\HHV�DUH�HQWLWOHG WR�XVH�DOO� WKH�IXQGV�RI�WKH�OLEUDU\�LQFOXGLQJ� WKH� VHUYLFH� RI� KRPH� OHQGLQJ�� 7KXV� ZH� FDQ� VD\� WKDW� WKH� VWXGHQWV��UHVHDUFKHUV�DQG�WKH�DFDGHPLF�VWDII�KDYH�XQGRXEWHGO\�RQH�RI�WKH�EHVW�ZRUNLQJ�FRQGLWLRQV�LQ�WKH�5HSXEOLF�IRU�VXFFHVVIXO�OHDUQLQJ�DQG�UHVHDUFK ZRUN�$V DGGLWLRQDO�VHUYLFHV�738�VWXG\�OLEUDU\�RIIHUV�SULQWLQJ��SKRWRFRS\LQJ�DQG�VFDQQLQJ��7KH�VWXG\�OLEUDU\�KDV����FRPSXWHUL]HG�ZRUNLQJ�VSDFHV ����SHUVRQDO�FRPSXWHUV�DQG���� WH[W� WHUPLQDOV������RI�ZKLFK� ����3&V�DQG��� WHUPLQDOV��DUH� IRU� WKH�YLVLWRUV�RI� WKH�OLEUDU\�� 7R� DOO� UHDGHUV� RI� WKH� OLEUDU\� LV� HQVXUHG� WKH� XVDJH� RI� LWHPV�� DFFHVV� WR�HOHFWURQLF� GDWDEDVHV� LQIRUPDWLRQ� VHUYLFH� DQG� FRXQVHOOLQJ� E\� WKH� VSHFLDOLVWV� RI� WKH�OLEUDU\��7KH�DPRXQW�RI�ERRNV�LQ�WKH�8QLYHUVLW\¶V�OLEUDU\�KDV�LQFUHDVHG�LQ�\HDUV��2Q�-DQXDU\���� ����� WKHUH� ZHUH� �������� LWHPV� LQ� WKH� OLEUDU\�� ,Q� DGGLWLRQ� WKHUH� DUH� ����������ERRNV�LQ�738�$FDGHPLF�/LEUDU\��$�ODUJH�SDUW�RI�YROXPLQRXV�VWXG\�ERRNV�RI�QDWXUDO�VFLHQFHV��LQFO��ELRORJ\��LQ�IRUHLJQ�ODQJXDJHV�DUH�SUHVHQWHG� LQ�738�6WXG\�/LEUDU\�DV� VLQJOH� FRSLHV�DQG� WKHUHIRUH�DUH�XVHG�PDLQO\�E\� OHFWXUHUV��+RZHYHU�� WKH�XVH�RI� WKHVH�FRSLHV�E\ VWXGHQWV� LV�DOZD\V�SRVVLEOH� ZKHQ� VXEVFULEHG�� 6SHFLDOLW\� ERRNV� LQ� WKH� (VWRQLDQ� ODQJXDJH� DUH� PRUH�QXPHURXV� LQ� WKH� OLEUDU\�� 8VXDOO\� WKHUH� LV� HQRXJK� IRU� HDFK� VWXGHQW�� $W� 738� 6WXG\�/LEUDU\�WKHUH�DUH����WLWOHV�RI�SHULRGLFDOV�RI�QDWXUDO�VFLHQFHV��$SSHQGL[����� 6WXGHQWV�KDYH�D�SRVVLELOLW\�WR�UHDG�VXFK�VFLHQWLILF�MRXUQDOV�DQG�SRSXODU�VFLHQWLILF�PDJD]LQHV�DV�1DWXUH��6FLHQFH��1DWLRQDO� *HRJUDSKLF�� 2Q� -DQXDU\� ��� ������ WKH� QXPEHU� RI� LWHPV�FRQQHFWHG� ZLWK� ELRORJ\ ZDV� ���� ���� RI� WKHP� SXEOLVKHG� DIWHU� WKH� \HDU� �������FKHPLVWU\� ���� ���� SXEOLVKHG� VLQFH ������� SK\VLFV� ���� ����SXEOLVKHG� VLQFH�������JHRJUDSK\����� ����SXEOLVKHG�VLQFH ������� LQ� WRWDO������ LWHPV��RI�ZKLFK�����KDYH�EHHQ�SXEOLVKHG�VLQFH�������,Q�DGGLWLRQ�WR�WKHVH�YROXPHV��WKHUH� LV�DOVR�WKH�JURZLQJ�QXPEHU�RI�ERRNV�FRQQHFWHG�ZLWK�HQYLURQPHQWDO�VFLHQFHV�6LQFH����������RI�WKH�IXQGV�RI�VFLHQWLILF�OLWHUDWXUH�LQ�WKH�$FDGHPLF�/LEUDU\�LVFRPSOHWHG�DFFRUGLQJ�WR�WKH�ZLVKHV�RI DFDGHPLF�VWDII�DQG�VFLHQWLVWV�738� $FDGHPLF� /LEUDU\� LQ� FR�RSHUDWLRQ� ZLWK� 738� 6WXG\� /LEUDU\�� 1DWLRQDO�/LEUDU\�DQG�WKH�DFDGHPLF�VWUXFWXUDO�XQLWV�RI�738�KDYH�ODXQFKHG�WKH�V\VWHP�RI�H[SHUWLVH�DQG�FRXQVHOOLQJ�RI�WKH�FRPSOHWLRQ�RI�OLEUDU\�IXQGV�,Q�DGGLWLRQ��VWXG\�OLWHUDWXUH�RI�QDWXUDO�VFLHQFHV�FDQ�DOVR�EH�IRXQG�LQ�GLIIHUHQW�FKDLUV�RI�WKH�'HSDUWPHQW�RI�1DWXUDO�6FLHQFHV��$FFRUGLQJ�WR�WKH�DJUHHPHQW�ZLWK�738�6WXG\�/LEUDU\� FXUULFXOXP�UHODWHG� OLWHUDWXUH� LV� FRQFHQWUDWHG� LQ� HYHU\� FKDLU�� $OO� FKDLUV� DOVR�KDYH�WKH�ULJKW�WR�RUGHU�QHZ�LWHPV�RI�DFDGHPLF�OLWHUDWXUH�LQWR�WKH�OLEUDU\��,W�LV�SRVVLEOH�WR�GHSRVLW�LWHPV�RI�DFDGHPLF�OLWHUDWXUH�IURP�738�$FDGHPLF�/LEUDU\�LQ�GLIIHUHQW�FKDLUV�WRR�0DLQ� VWXG\�ERRNV� RI� WKH� VXEMHFWV� WDXJKW� LQ� WKH� &KDLU� RI� %LRORJ\� DUH� SUHVHQWHG� LQ�$SSHQGLFHV��������,Q�DGGLWLRQ�WR�WKHVH��PRVW�RI�WKH�VWXG\�PDWHULDOV�FRPSLOHG�E\�WKH�DFDGHPLF�VWDII�RI� WKH�&KDLU�DUH�DYDLODEOH� WR�VWXGHQWV��DV�UWI��SGI��KWPO��GRF�DQG�SVI�ILOHV��
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�����(YHU\GD\�/LIH�DW�&DPSXV��FDIH�FDQWHHQV�ZLWK�WKH�WRWDO�DUHD�RI�����VT�PHWUHV�DUH�DW�WKH�GLVSRVDO�RI�VWXGHQWV�DQG� DFDGHPLF� VWDII�� 7KHVH� DOORZ� ���� SHRSOH� WR� GLQH�DW� WKH� VDPH� WLPH�� 6HSDUDWH�FDWHULQJ�LV�HQDEOHG�LQ���URRPV��WKH�VXUIDFH�DUHDV�RI�ZKLFK�DUH���VT�P��LQ�WKH�PDLQ�EXLOGLQJ��DQG����VT�P�DQG��� VT�P��LQ�WKH�ODQJXDJH�EXLOGLQJ��,Q� VWXGHQWV¶� VSDUH� WLPH� WKH\� KDYH� DFFHVV� WR� �� J\PV� �VSRUWJDPHV�� DHURELFV� DQG�J\PQDVWLFV��DQG�D�ILWQHVV�FHQWUH�ZLWK�ORFNHU�URRPV�DQG�VKRZHUV�$W�XQLYHUVLW\¶V�GLVSRVDO� WKHUH�DUH��� WUDLQLQJ � UHFUHDWLRQ HVWDEOLVKPHQWV��ZKLFK�FDQ�DFFRPPRGDWH ����SHRSOH������DW�9lUVND�DQG����DW�9DQD�2WHSll��6WXGHQWV� KDYH� PDQ\� SRVVLELOLWLHV� WR� SDUWLFLSDWH� LQ� WKH� ZRUN� RI� FXUULFXOXP� XQLRQV��KREE\�JURXSV��PXVLF��DUW��GDQFH��VSRUW��HWF����VWXGHQW�FRUSRUDWLRQV�DQG�DVVRFLDWLRQV��KWWS���ZZZ�HH�ZZZ�+DULGXV�8OLNRROLG�.RUSRUDWVLRRQLGBXOLRSLODVRUJDQLVDWVLRRQLG���EXW� DOVR� LQ� WKH� 6WXGHQW� %RDUG� �ZZZ�WSX�HH�HGLWPRGH�HVLQGXV�/LQJLG�KWPO��� $� ODUJH�SDUW� RI� VWXGHQWV� RI� QDWXUDO� VFLHQFHV�� LQFOXGLQJ� VWXGHQWV� RI� GLIIHUHQW� FXUULFXOD� RI�%LRORJ\�� SRVW�JUDGXDWHV� DQG� DFDGHPLF� VWDII� SDUWLFLSDWH� DFWLYHO\� LQ� WKH� ZRUN� RI� WKH�(VWRQLDQ�6WXGHQWV¶�(QYLURQPHQWDO�3URWHFWLRQ�8QLRQ�6RUH[��ZZZ�VRUH[�HH��$W� 7DOOLQQ� 3HGDJRJLFDO� 8QLYHUVLW\� WKH� DFFRPPRGDWLRQ� VHUYLFH� LV� GHDOW� ZLWK� E\� WKH�LQVWLWXWLRQ� ³(ODPX´� WKDW� LV� IRUPHG� RQ� WKH� EDVLV� RI� WKH� XQLYHUVLW\¶V� GRUPLWRULHV� ����3lUQX�5RDG�� ���.DUX�6WUHHW�� ���.DUX�6WUHHW� DQG���5DDGLNX�6WUHHW���(QVXUHG�ZLWK�DFFRPPRGDWLRQ� DUH�� D�� SULPDULO\� VWXGHQWV� RI� 738�� E�� SDUWLFLSDQWV� RI� LQ�VHUYLFH�WUDLQLQJ� DQG� GLVWDQFH� OHDUQLQJ� F�� JXHVW OHFWXUHUV� DQG� RWKHU� JXHVWV� RI� 738�� G��VWXGHQWV�RI�RWKHU�XQLYHUVLWLHV��H��RWKHUV�$FFRUGLQJ� WR� WKH� DVVHVVPHQW� RI� WKH� OHYHO� RI� VHUYLFH� XQLWV� SUHVHQW� LQ� RWKHU�(XURSHDQ�XQLYHUVLWLHV��WKH�FRQGLWLRQV�RIIHUHG�LQ�7DOOLQQ�3HGDJRJLFDO�8QLYHUVLW\�FDQ�EH�FRQVLGHUHG�VDWLVIDFWRU\�
�����)LQDQFLDO�5HVRXUFHV�7KH�8QLYHUVLW\�&RXQFLO�DSSURYHV�RI� WKH�8QLYHUVLW\�EXGJHW��ZKLFK�FRQWDLQV� ILQDQFLDO�UHVRXUFHV�DOORWWHG�WR�GLIIHUHQW�IDFXOWLHV��7KH IDFXOW\�DSSURYHV�RI�WKH�IDFXOW\�EXGJHW��LQ�ZKLFK� ILQDQFLDO� UHVRXUFHV� DUH� GLYLGHG� EHWZHHQ� GLIIHUHQW� GHSDUWPHQWV�� 7KH� DQQXDO�EXGJHW� RI� WKH� 'HSDUWPHQW� LV� FRQILUPHG DW� WKH� PHHWLQJ� RI� WKH� &RXQFLO� RI� WKH�'HSDUWPHQW�� 7KH� +HDG� RI� WKH� 'HSDUWPHQW� LV� UHVSRQVLEOH� IRU ILQDQFLDO� PDWWHUV�� ,Q������ WKH� EXGJHW� RI� WKH� 'HSDUWPHQW� RI� 1DWXUDO� 6FLHQFHV� ZDV� ���������� ((.��LQFOXGLQJ� ���������� ((.� IURP� QDWLRQDO� UHVRXUFHV� �VR�FDOOHG� $�EXGJHW�� DQG�����������((.�IURP�LWV�RZQ�UHVRXUFHV��VR�FDOOHG�%�EXGJHW�� ([SHQGLWXUH�IRU�ZDJHV�PDGH�XS�������RI�WKH�EXGJHW��HTXLSPHQW�ZDV�ERXJKW�IRU������PLOOLRQ�((.����������%XGJHWDU\� H[SHQGLWXUH� SHU� VWXGHQW� LV� ��������� ((.�� %DODQFH� H[SHQGLWXUH� RI�HTXLSPHQW�SHU�VWXGHQW�LV��������((.��7KH�FRVW RI�D�QRW�VWDWH�IXQGHG�VWXGHQW�SODFH�SHU� DQQXP� LQ� ���� %DFKHORU¶V� FXUULFXOXP� LV� ������� ((.� DQG� ���� %DFKHORU¶V�FXUULFXOXP� ������� ((.�� ,Q� WKH� FRPLQJ� \HDUV� WKLV� DPRXQW� QHHGV� WR� EH� UDLVHGVLJQLILFDOO\ EHFDXVH�RI�LQIODWLRQ�



��

2QH�RI�WKH�SRVVLELOLWLHV�WR�LQFUHDVH�ILQDQFLQJ�LV�WR�UDLVH�WKH�FRVW�RI�VWDWH�IXQGHG�DQG�QRW�VWDWH�IXQGHG�VWXGHQW�SODFHV��%XW�WKLV�LV�FRPSOLFDWHG�GXH�WR�OLPLWHG�UHVRXUFHV�RI�VWXGHQWV�DQG�WKH�VWDWH�
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���6WXGHQWV�����$GPLVVLRQ�WR�'LIIHUHQW�6SHFLDOLWLHV$GPLVVLRQ�WR� WKH�8QLYHUVLW\� WDNHV�SODFH�DV�D�SXEOLF�FRQWHVW�DFFRUGLQJ�WR�WKH�5HJXODWLRQV�RI� WKH�2UJDQL]DWLRQ�RI�6WXGLHV� LQ�7DOOLQQ�3HGDJRJLFDO�8QLYHUVLW\�738� ������������� DQG�PHHWV� WKH� UHTXLUHPHQWV� RI� WKH� $FFUHGLWDWLRQ� 6WDQGDUG� RI�&XUULFXOD�6���� �6WXGHQWV�� �$SSHQGL[������ 7KH� QXPEHU� DQG� FRVW� RI� VWXGHQW� SODFHV�IRUPHG� RQ� WKH� EDVLV� RI� VWDWH� IXQGLQJ� DUH� GHWHUPLQHG� E\� WKH� (VWRQLDQ� 0LQLVWU\� RI�(GXFDWLRQ� DQG�5HVHDUFK�� ,W� ILQDQFHV� WKH�FRVW� RI� VWXGHQW� SODFHV� WLOO� WKH� HQG� RI� WKH�QRPLQDO� GXUDWLRQ� RI� VWXGLHV�� 7KH� GLYLVLRQ� RI� VWXGHQW� SODFHV LV� FRQILUPHG� E\� WKH�5HFWRU�RI�WKH�8QLYHUVLW\�DFFRUGLQJ� WR�WKH�SURSRVDO�RI�WKH�'HDQ�RI� WKH�'HSDUWPHQW��7KH�QXPEHU�DQG�FRVW�RI�VWXGHQW�SODFHV IRUPHG�RXWVLGH�WKH�VWDWH�EXGJHW�DUH VHW�E\�WKH�8QLYHUVLW\�*RYHUQPHQW��6WXGLHV�DUH�SDLG�IRU�E\�DQ LQGLYLGXDO�RU�D�OHJDO�HQWLW\�WKDW�KDV�RUGHUHG�WKH�VWXGHQW�SODFH��$OO� LQGLYLGXDOV�ZLWK�VHFRQGDU\�HGXFDWLRQ�KDYH�DQ�HTXDO�RSSRUWXQLW\� WR�DSSO\� IRU�WKH�%DFKHORU¶V� FXUULFXOD� RI� WKH 8QLYHUVLW\�� 7R� DSSO\� IRU� WKH� 0DVWHU¶V� FXUULFXOD� WKH�FDQGLGDWHV� KROGLQJ�D� GLSORPD� RU� D� %DFKHORU¶V� GHJUHH� LQ� %LRORJ\� RU� RWKHU� QDWXUDOVFLHQFHV�KDYH�DOVR�HTXDO�RSSRUWXQLWLHV��7KRVH�ZLVKLQJ�WR�DSSO\�IRU�GRFWRUDO VWXGLHV�VKRXOG� KDYH� JUDGXDWHG� IURP� D� 0DVWHU¶V� FXUULFXOXP LQ� ELRORJ\�� HFRORJ\� RU� RWKHU�QDWXUDO VFLHQFHV�&ULWHULD� IRU� WKH�DOUHDG\� ILQLVKHG�DGPLVVLRQ�RI�%LRORJ\� �0DULQH�%LRORJLVW�± 6SHFLDOLVW�RQ�(QYLURQPHQWDO�6XEMHFW���FXUULFXOXP����������DQG�WKH�DGPLVVLRQ�LQ�WKH�SDVW�WZR�\HDUV� RI� %LRORJ\� �:LWK� 6HFRQG� 6XEMHFW� �FXUULFXOXP� ��������� DUH� WKH� VDPH��6WXGHQWV� DUH� DFFHSWHG� DFFRUGLQJ� WR� WKH� UDQNHG� RUGHU� RI� WKH� UHVXOWV�� 7KHUH� DUH�SUHFRQGLWLRQV�LQ�RUGHU�WR�DSSO\�IRU�%DFKHORU¶V�VWXGLHV�LQ�%LRORJ\��VWDWH�H[DPV�LQ�WKH�(VWRQLDQ� ODQJXDJH� DQG� LQ� WZR� VXEMHFWV� RXW� RI� IRXU�� ELRORJ\�� FKHPLVWU\�� SK\VLFV��PDWKHPDWLFV��*UDGHV�DUH�FRQYHUWHG�LQWR D����SRLQW�V\VWHP��,Q�DGGLWLRQ�WR�WKH�DERYH�PHQWLRQHG�WKHUH�LV�DOVR�D�SURIHVVLRQDO�VXLWDELOLW\�WHVW�DQG�LQWHUYLHZ��7KH�DGPLVVLRQ�WR�0DVWHU¶V� VWXGLHV� FRPSULVHV� RI� D� FRPSOH[� H[DP�� 7KHUH� LV� QR� HQWUDQFH H[DP� LQ�DSSO\LQJ� IRU� GRFWRUDO VWXGLHV�� &RPSHWLWLRQ� UHJXODWLRQV� DSSO\� WR DOO� PHQWLRQHGFXUULFXOD�$GPLWWHG� VWXGHQWV� ZKR� KDYH� JUDGXDWHG� IURP� IRUHLJQ�ODQJXDJH� VHFRQGDU\�VFKRROV�DQG� KDYH� QRW� WDNHQ� WKH� VWDWH� H[DP� LQ� (VWRQLDQ� RU� ZKRVH� UHVXOWV� ZHUH� XQGHU� ���SRLQWV ZLOO� EH� REOLJHG� WR� SURYH� WKHLU� NQRZOHGJH� LQ� WKH� (VWRQLDQ� ODQJXDJH�� 7KUHH�SRVVLELOLWLHV�H[LVW� IRU� WKDW�� ILUVW� WR�SURYLGH� WKH�'HDQ¶V�RIILFH�ZLWK�D�FHUWLILFDWH�RI� WKHDFFRPSOLVKHG�H[DP�LQ� WKH�(VWRQLDQ� ODQJXDJH�DW� OHDVW�DW� LQWHUPHGLDWH� OHYHO� �LVVXHG�E\� WKH� 6WDWH� ([DP� DQG� 4XDOLILFDWLRQ� &HQWUH��� VHFRQGO\�� WR� WDNH� WKH� WHVW� LQ� 738�/DQJXDJH� &HQWUH� DQG� JHW� WKH�QHFHVVDU\ FHUWLILFDWH�� WKLUGO\�� WR� VWXG\� WKH� (VWRQLDQ�ODQJXDJH�IRU RQH�DFDGHPLF�\HDU�DQG�DW�WKH�HQG�RI�WKH�\HDU�SURYLGH�WKH�'HDQ¶V�RIILFHZLWK�WKH�GRFXPHQW�SURYLQJ�RQH¶V�ODQJXDJH�VNLOO��HLWKHU�WKH�FHUWLILFDWH�IURP�WKH�6WDWH�([DP� DQG� 4XDOLILFDWLRQ� &HQWUH� RU� 738� /DQJXDJH� &HQWUH��� :LWKLQ� WKH�SDVW� IRXU�\HDUV�� �� VWXGHQWV� IURP 5XVVLDQ�VSHDNLQJ� VFKRROV KDYH� EHHQ� DGPLWWHG�� $V� WKH�SUHFRQGLWLRQ�RI�0DVWHU¶V�VWXGLHV�LV�D�GLSORPD�RU�%DFKHORU¶V�GHJUHH ± WKHUH�KDYH QRW�EHHQ� DQ\ VWXGHQWV ZKR� KDYH� QRW� WDNHQ WKH� H[DP� �DOWKRXJK� WKHUH� KDV� EHHQ� RQH�0DVWHU�VWXGHQW�ZKRVH�QDWLYH�ODQJXDJH�ZDV�QRW(VWRQLDQ���
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$GPLVVLRQ� UHTXLUHPHQWV� DQG� UHJXODWLRQV� DUH� DYDLODEOH� IRU� HYHU\RQH� RQ� WKH�ZHEVLWH� RI� 738 �ZZZ�WSX�HH�� DQG� HYHU\� \HDU� LQ� WKH� VSHFLDOO\� SXEOLVKHG�EURFKXUH� IRU� HQWUDQWV�� ,QIRUPDWLRQ� DERXW� DGPLVVLRQ� UHTXLUHPHQWV� DQG� VKRUW�GHVFULSWLRQV�RI�VSHFLDOLWLHV�DUH�JLYHQ�DOVR�LQ�EXOOHWLQV�DQG�738�QHZVSDSHU��ZKLFK�DUH�GHOLYHUHG� WR�SRWHQWLDO�HQWUDQWV�EHIRUH�VWDWH�H[DPV� %HVLGHV�� LQ� WKH�VSULQJ�VHPHVWHU�WKHUH� LV�DQ� LQIRUPDWLRQ� GD\� LQWURGXFLQJ�GLIIHUHQW� VSHFLDOLWLHV� DQG� YDULRXV�HGXFDWLRQ�IDLUV DUH�RUJDQL]HG�� OLNH�,QWHOOHNWLND �LQ�7DUWX� DQG 7HHYLLW �LQ�7DOOLQQ���3URPRWLRQ� LV�GRQH�DOVR�DW�WHDFKHUV¶�FRQIHUHQFHV�DQG�LQ�PDVV�PHGLD�$GPLVVLRQ� TXRWDV� DW� %DFKHORU¶V� DQG� 0DVWHU¶V� OHYHO� PHHW� WKH�VWDWH� FRPPLVVLRQ�GHWHUPLQHG�E\�WKH�0LQLVWU\�RI�(GXFDWLRQ�DQG�5HVHDUFK �VHH�$SSHQGL[ ����$GPLVVLRQ�WR�WKH�%DFKHORU¶V�DQG�0DVWHU¶V�FXUULFXOD�KDV�EHHQ�GLIIHUHQW�WKURXJKRXW�WKH�\HDUV�� GHSHQGLQJ� RQ� WKH� VWDWH� FRPPLVVLRQ��7DEOHV� ������� DQG� ��������� ,W� ZDV� WKH�ELJJHVW�LQ ���� ± ���DQG�WKH�VPDOOHVW�LQ �����± ���VWXGHQWV��&RPSHWLWLRQ�DW�%DFKHORU¶V�OHYHO�KDV�GLIIHUHG�DFFRUGLQJ�WR�WKH�\HDU��IURP��� LQ�����WR ���� LQ ������ ,Q����� WKH� FRPSHWLWLRQ�ZDV ����� DQG� WKH� UHVXOWV� RI� WKH� DGPLWWHG�VWXGHQWV�DW�WKHLU�HQWUDQFH�H[DPV�IRUPHG��������RI�WKH�PD[LPXP�7KHUH�KDYH�QRW�EHHQ�DQ\�VWXGHQWV�PRYLQJ�RYHU�WR�DQRWKHU�XQLYHUVLW\�LQ�WKH�PLGGOH�RI�WKHLU�VWXGLHV�RU�FRPLQJ�WR�RXUV�LQ�WKH�VDPH�ZD\�LQ�WKH�SDVW�IRXU�\HDUV� 7DEOH������$GPLVVLRQ�RI�VWXGHQWV�WR WKH�VSHFLDOLWLHV�RI�%LRORJ\��%DFKHORU¶V�OHYHO�$SSOLFDWLRQV $GPLVVLRQ &RPSHWLWLRQ��� ��� ��� ��� ��� ���<HDU 6) 16) 6) 16) 6) 16) 6) 16) 6) 16) 6) 16)���� ��� � � � �� �� � � ��� � � ����� ��� � � � �� � � � ���� � � ����� � � ��� � � � �� � � � ��� ����� � � ��� � � � �� �� � � ��� �
�6)�± VWDWH�IXQGHG��16)�± QRW�VWDWH�IXQGHG 7DEHO������$GPLVVLRQ�RI�VWXGHQWV�WR�WKH�0DVWHU¶V�VWXGLHV�RI�%LRORJ\�����������$SSOLFDWLRQV $GPLVVLRQ &RPSHWLWLRQ06F 06F 06F<HDU 6) 16) 6) 16) 6) 16)���� � � � � � ����� � � � � � ����� � � � � � ������� � �� � � � ���
7KH� OHYHO� RI� NQRZOHGJH� RI� VWXGHQW� FDQGLGDWHV� PHHWV� WKH� UHTXLUHPHQWV� VHW� LQ� WKH�1DWLRQDO� &XUULFXOXP� RI� FRPSUHKHQVLYH� VFKRROV�� $� VPDOO� GLIIHUHQFH� LQ� EDVLF�NQRZOHGJH�FRPHV� IURP�D� ORZHU� OHYHO�RI�VRPH�VHFRQGDU\�VFKRROV�DQG� WKHLU� ODFN�RI�VWXG\�DLGV�� ,Q� RUGHU� WR� HYHQ�RXW� WKH� OHYHO� RI� VWXGHQWV��PHPEHUV RI� DFDGHPLF� VWDII�



��

RUJDQL]H� LQGLYLGXDO�FRQVXOWDWLRQV�DQG�LQIRUP�WKH�VWXGHQWV�DERXW�DYDLODEOH�DFDGHPLF�OLWHUDWXUH��7KH�DGPLVVLRQ�RI�VWXGHQWV�WR�WKH�FXUULFXOD�XQGHU�GLVFXVVLRQ�VKRXOG�EH�LQFUHDVHG�LQ�WKH� FRPLQJ� \HDUV�� EHFDXVH� WKHUH� LV� D� GHPDQG� IRU� WKH� JUDGXDWHV� RI� %LRORJ\�WKURXJKRXW�(VWRQLD�� HVSHFLDOO\� LQ�1RUWK�(VWRQLD�� ,Q�PDQ\�FLWLHV� WKHUH� LV�D�QHHG IRU�VSHFLDOLVWV� RI� ELRORJ\� LQ� VHYHUDO� UHVHDUFK� LQVWLWXWLRQV� DQG� IRU� WHDFKHUV� LQ�FRPSUHKHQVLYH� VFKRROV �DFFRUGLQJ� WR� WKH� GDWD� RI� WKH� (VWRQLDQ� /DERXU� 0DUNHW�%RDUG���%HVLGHV�� WKH�JUDGXDWHV¶�ZLGH�NQRZOHGJH�RI�QDWXUDO�VFLHQFHV�JLYHV�WKHP�DQ�RSSRUWXQLW\�WR�EOHQG�LQWR�WKH�UHJLRQDO�HVWDEOLVKPHQWV�LQ�FKDUJH�RI�UHVHDUFK�ZRUNDQG�WKXV�PDNHV�LW�SRVVLEOH IRU�VWXGHQWV�WR�EH�VXFFHVVIXO�LQ�WKH�MRE�PDUNHW��$FFRUGLQJ�WR�WKH 6WDWLVWLFDO�2IILFH DQG�WKH�DXGLW�RUJDQL]HG�E\�WKH 6WDWH�$XGLW�2IILFH LQ ���� a����RI�WKH�WHDFKHUV�RI�QDWXUDO�VFLHQFHV�GR�QRW�KDYH�FRUUHVSRQGLQJ�KLJKHU�HGXFDWLRQ������RI�WKH�WHDFKHUV¶�SRVLWLRQV�DUH�QRW�ILOOHG�DQG�����RI�WKH�WHDFKHUV�RI�QDWXUDO�VFLHQFHV�DUH�ROGHU�WKDQ����\HDUV��7DNLQJ� LQWR� FRQVLGHUDWLRQ� WKH�QHHGV�DQG�SRVVLELOLWLHV�� WKH�RSWLPXP�DGPLVVLRQ�TXRWD�IRU�WKH�%DFKHORU¶V�FXUULFXOD�LQ�WKH�����VWXG\�V\VWHP�LQ�WKH�FRPLQJ�\HDUV�VKRXOG�EH �����VWXGHQWV��VWDWH�IXQGHG ��QRW�VWDWH�IXQGHG�SODFHV��0DWULFXODWLRQ�RI�VWXGHQWV�LV�FDUULHG�RXW�GXULQJ�WKH�ZHHN�EHIRUH�WKH�DXWXPQ�VHPHVWHU�RQ�WKH�EDVLV�RI�WKH�'HDQ¶V�SURSRVDO�DQG�E\�WKH�RUGHU�RI�WKH�5HFWRU�
�����7KH�&RPSRVLWLRQ�RI�WKH�6WXGHQW�%RG\$W� SUHVHQW� WKHUH� DUH� ��� VWXGHQWV� �6)� ��� DQG� 16)� ��� VWXG\LQJ� DFFRUGLQJ� WR� WKH�FXUULFXOXP� %LRORJ\� �0DULQH� %LRORJLVW� ± 6SHFLDOLVW� RQ� (QYLURQPHQWDO� 6XEMHFW��� ���VWXGHQWV� �6)����DQG�16)����� IROORZ� WKH�FXUULFXOXP�%LRORJ\��:LWK�6HFRQG�6XEMHFW�DQG��� VWXGHQWV��6)���DQG 16)�����WKH�0DVWHU¶V�FXUULFXOXP�RI�%LRORJ\��(FRORJ\��$JH�FRPSRVLWLRQ��7KH DJH�RI�VWXGHQWV�DW�%DFKHORU¶V� OHYHO� LV�PDLQO\�EHWZHHQ����±���\HDUV��2QO\�WZR�VWXGHQWV�DUH�ROGHU�WKDQ�����7KH�PDMRULW\�RI�VWXGHQWV����������DUH�������\HDUV�ROG��0DVWHU�VWXGHQWV�DUH�EHWZHHQ���±���\HDUV�RI�DJH��2QO\���PDVWHU�VWXGHQW�LV�ROGHU�WKDQ�����7KH�PDMRULW\�RI�WKHP����������DUH�������\HDUV�ROG��7DEOHV����������������

7DEOH������%LRORJ\��0DULQH�%LRORJLVW�± 6SHFLDOLVW�RQ�(QYLURQPHQWDO�6XEMHFW��%DFKHORU¶V�OHYHO��DJH�FRPSRVLWLRQ�RI�VWXGHQWV�DFFRUGLQJ�WR�WKH�\HDU���\HDU ���\HDU ���\HDU ���\HDU 7RWDO$JH 6) 16) 6) 16) 6) 16) 6) 16) 6) 16)����� � � � � � � � � � ������ � � � � � � �� � �� ������ � � � � � � � � � ������� � � � � � � � � � �� � � � �� � �� � �� �7RWDO� � � �� �� ��$YHUDJH�DJH � � ���� ���� ����



��

7DEOH������%LRORJ\��:LWK�6HFRQG�6XEMHFW� %DFKHORU¶V�OHYHO�±DJH�FRPSRVLWLRQ�RI�VWXGHQWV�DFFRUGLQJ�WR�WKH�\HDU���\HDU ���\HDU ���\HDU 7RWDO$JH 6) 16) 6) 16) 6) 16) 6) 16)����� �� � �� � � � �� ������ � � � � � � � ������ � � � � � ������� � � � � � � ��� � �� � � � �� ��7RWDO� �� �� � ��$YHUDJH�DJH ���� ���� � ����
7DEOH������%LRORJ\��(FRORJ\��0DVWHU¶V�OHYHO�±DJH�FRPSRVLWLRQ�RI�VWXGHQWV�DFFRUGLQJ�WR�WKH�\HDU��WRJHWKHU�ZLWK�WKH�VWXGHQWV�ZKR�ZHUH�DGPLWWHG�EHIRUH��������VWXGHQWV�UHWXUQLQJ�IURP�WKHLU�DFDGHPLF�OHDYH����\HDU ���\HDU 7RWDO$JH 6) 16) 6) 16) 6) 16)����� � � � � � ������ � � � � � ������ � � � � � ������� � � � � � ������� � � � � � �� � � �� � ��7RWDO� � �� ��
7DEOH������%LRORJ\��0DULQH�%LRORJLVW ± 6SHFLDOLVW�RQ�(QYLURQPHQWDO�6XEMHFW��%DFKHORU¶V�OHYHO��JHQHULF�FRPSRVLWLRQ�RI�VWXGHQWV�DFFRUGLQJ�WR�WKH�\HDU6) 16) 6)�16)<HDU ) 0 ) 0 ) 0 7RWDO�� � � � � � � ��� � � � � � � ��� � � � � �� � ���� �� � � � �� � ��7RWDO �� � � � �� � ��
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*HQHULF� FRPSRVLWLRQ�� 7KH� PDMRULW\� RI VWXGHQWV� RI� %LRORJ\� DW� %DFKHORU¶V� OHYHO���������DUH�ZRPHQ��DW�0DVWHU¶V�OHYHO�IHPDOHV�PDNH�XS�����RI�WKH�VWXGHQWV�DQG�DW�'RFWRU¶V�OHYHO�����DUH�PHQ��7DEOHV���������������� 7DEOH������%LRORJ\��:LWK�6HFRQG�6XEMHFW� %DFKHORU¶V�OHYHO�±JHQHULF�FRPSRVLWLRQ�RI VWXGHQWV�DFFRUGLQJ�WR�WKH�\HDU6) 16) 6)�16)<HDU ) 0 ) 0 ) 0 7RWDO�� �� � � � �� � ���� �� � � � �� � ���� � � � � � � �7RWDO �� � � � �� � ��
7DEOH������%LRORJ\��(FRORJ\��0DVWHU¶V�OHYHO�±JHQHULF�FRPSRVLWLRQ�RI�VWXGHQWV�DFFRUGLQJ�WR�WKH�\HDU��WRJHWKHU�ZLWK�WKH�VWXGHQWV�ZKR�ZHUH�DGPLWWHG�EHIRUH��������VWXGHQWV�UHWXUQLQJ�IURP�WKHLU�DFDGHPLF�OHDYH�6) 16) 6)�16)<HDU ) 0 ) 0 ) 0 7RWDO�� � � � � � � ��� � � �� � �� � ��7RWDO � � �� � �� � ��
7DEOH������%LRORJ\��0DULQH�%LRORJLVW ± 6SHFLDOLVW�RQ�(QYLURQPHQWDO�6XEMHFW��±UHJLRQDO�EDFNJURXQG�RI�VWXGHQWV�DFFRUGLQJ�WR�WKH�\HDU<HDU�� �� �� �� 7RWDO7DOOLQQ � � � �� ��+DUMX�&RXQW\ � � � � �3lUQX � � � � �3lUQX�&RXQW\ � � � � �/llQH�9LUX�&RXQW\ � � � � �5DSOD�&RXQW\ � � � � �/llQH�&RXQW\ � � � � �,GD�9LUX�&RXQW\ � � � � �9LOMDQGL�&RXQW\ � � � � �7RWDO � � �� �� ��



��

7DEHO������%LRORJ\��:LWK�6HFRQG�6XEMHFW� � UHJLRQDO�EDFNJURXQG�RI�VWXGHQWV�DFFRUGLQJ�WR�WKH�\HDU<HDU�� �� �� 7RWDO7DOOLQQ � � � ��+DUMX &RXQW\ � � � �3lUQX � � � �3lUQX�&RXQW\ � � � �/llQH�9LUX�&RXQW\ � � � �-lUYD�&RXQW\ � � � �9}UX�&RXQW\ � � � �9LOMDQGL�&RXQW\ � � � �9DOJD�&RXQW\ � � � �,GD�9LUX�&RXQW\ � � � �7DUWX�&RXQW\ � � � �7RWDO �� �� � ��
5HJLRQDO� EDFNJURXQG� 7KH� VWXGHQWV� RI� %LRORJ\� KDYH� FRPH� IURP� DOPRVW� DOO� WKH�FRXQWLHV�DQG�ELJJHU�FLWLHV�RI�(VWRQLD��7DEOHV��������� ���������0RVW�RI�WKH�VWXGHQWV�DW�%DFKHORU¶V� OHYHO� FRPH� IURP� 7DOOLQQ� RU� ,GD�9LUX� &RXQW\� ± ������ DQG� ����UHVSHFWLYHO\��7KH�QH[W�LQ�OLQH�DW�%DFKHORU¶V�OHYHO�DUH�+DUMX�&RXQW\��������DQG�/llQH�9LUX�&RXQW\��������$OWKRXJK�LW�LV�SRVVLEOH�WR�VWXG\�ELRORJ\�DOVR�LQ�8QLYHUVLW\ RI�7DUWX��VRPH�VWXGHQWV� IURP�6RXWK (VWRQLD� �9DOJD��3}OYD��9}UX��9LOMDQGL�DQG�7DUWX�&RXQW\��KDYH� VWLOO� FKRVHQ� WR� FRQWLQXH� WKHLU� VWXGLHV� LQ�738� ����RI� WKH� VWXGHQWV� RI�%LRORJ\�FRPH�IURP�WKLV�SDUW�RI�(VWRQLD��������RI�GHJUHH�VWXGHQWV�DUH�IURP�7DOOLQQ�7DEOH������%LRORJ\��(FRORJ\��0DVWHU¶V�OHYHO�±UHJLRQDO�EDFNJURXQG�RI�VWXGHQWV�DFFRUGLQJ�WR�WKH�\HDU<HDU�� �� 7RWDO7DOOLQQ � �� ��+DUMX�&RXQW\ � � �,GD�9LUX�&RXQW\ � � �7RWDO � �� ��
7KH�SURSRUWLRQ�RI�QRQ�FLWL]HQV�DPRQJ�WKH�VWXGHQWV� 7KH�PDMRULW\�RI�WKH�VWXGHQWV�RI� %LRORJ\� DUH� WKH� FLWL]HQV� RI� (VWRQLD�� 2QO\� �� VWXGHQWV� RI� %LRORJ\��:LWK� 6HFRQG�6XEMHFW� GR�QRW�KROG�WKH�(VWRQLDQ�FLWL]HQVKLS��RQH�RI�WKHP�LV�D�FLWL]HQ�RI�5XVVLD�DQG�WKH�RWKHU¶V� FLWL]HQVKLS� LV� XQGHWHUPLQHG�� 7KH�GHJUHH� VWXGHQWV� KDYH� VR� IDU� DOO� EHHQ�(VWRQLDQ�FLWL]HQV�
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�����6WXGHQW�&RXQVHOOLQJ6XEMHFW�V\VWHPDWLF� RUJDQL]DWLRQ� RI� VWXGLHV� FUHDWHV�PRUH� RSSRUWXQLWLHV� IRU� VWXGHQWV�DQG�WKHUHIRUH�WKH\ QHHG�PRUH�LQIRUPDWLRQ�DQG�FRXQVHOOLQJ�IRU�GHFLVLRQ�PDNLQJ��6WXGHQW�FDQGLGDWHV� &RXQVHOOLQJ�RI�VWXGHQW�FDQGLGDWHV�WDNHV�SODFH�WKURXJKRXW�WKH�\HDU��)RU� WKDW� WKH�DGPLVVLRQ�GHSDUWPHQW�KDV�EHHQ�HVWDEOLVKHG�$OO� WKH� LQIRUPDWLRQ�UHODWHG� WR� DGPLVVLRQ� LV� DOVR� DYDLODEOH� LQ� WKH� ,QWHUQHW� RQ� 7DOOLQQ� 3HGDJRJLFDO�8QLYHUVLW\ �738�¶V�ZHEVLWH��ZZZ�WSX�HH���7KHUH�LV�D�EURFKXUH�IRU�VWXGHQW�FDQGLGDWHV�ZKLFK� LV� SXEOLVKHG� DQQXDOO\�� 2QFH� D� \HDU�� XVXDOO\� LQ� 0DUFK��LQIRUPDWLRQ GD\V� IRU�VWXGHQW�FDQGLGDWHV�WDNH�SODFH��ZKHUH�OHDGLQJ�OHFWXUHUV�RI�WKH�VSHFLDOLW\�LQWURGXFH�WKH�OHDUQLQJ�FRQGLWLRQV�DQG�SRWHQWLDO�SRVVLELOLWLHV�IRU�HPSOR\PHQW��DV�ZHOO�DV�DQVZHU�WR�WKH�TXHVWLRQV�UDLVHG��7R�WKRVH�ZKR�DUH�LQWHUHVWHG� WKH�ODERUDWRULHV�DQG�WKH�PHPEHUV�RI� WKH�DFDGHPLF�VWDII�ZLOO� EH� LQWURGXFHG�� ,QIRUPDWLRQ�GD\V�DUH�YHU\�SRSXODU�DPRQJ�WKH�FDQGLGDWHV�HYHU\�\HDU��7KHUH�DUH�DOVR�YLGHR LQWURGXFWLRQV�RI�WKH�8QLYHUVLW\�DQG�WKH�'HSDUWPHQW�� 6SHFLDOLWLHV� DUH� DOVR� SURPRWHG� LQ� HGXFDWLRQDO� IDLUV�,QWHOOHNWLND �LQ�7DUWX�� DQG� 7HHYLLW �LQ� 7DOOLQQ��� WHDFKHUV¶� FRQIHUHQFHV� DQG� PDVV� PHGLD�� 7DNLQJ�DFFRXQW� DOO� WKH� DERYH�PHQWLRQHG LQIRUPDWLRQ� ZH� FDQ� VD\� WKDW� SURIHVVLRQDO�FRXQVHOOLQJ� LV� VXIILFLHQW��7KH�&DUHHU�DQG�&RXQVHOOLQJ &HQWUH�DOVR�FRQVXOWV� VWXGHQW�FDQGLGDWHV�6WXGHQWV� 6WXGHQWV�KDYH�D�SRVVLELOLW\� WR�JHW�VXIILFLHQW� WLPHO\� LQIRUPDWLRQ�DERXW� WKH�RUJDQL]DWLRQ�RI�VWXGLHV��7KH� LQLWLDO�FRXQVHOOLQJ� WDNHV�SODFH� LQ� WKH�VXEGLYLVLRQ�RI� WKH�WDXJKW�VSHFLDOLW\�± LQ�WKH�'HSDUWPHQW�RI�1DWXUDO�6FLHQFHV�DQG�LQ�WKH�&KDLU�RI�%LRORJ\�WKDW�VXSHUYLVHV�WKH�FXUULFXOD��6WXGHQWV�KDYH�WKH�ULJKW�WR�WXUQ�WR�WKH�'HDQ¶V�RIILFH��WR�WKH�'HSDUWPHQW�RI�1DWXUDO�6FLHQFHV�DQG�WR�WKH�PHPEHUV�RI�WKH�6WXGHQW�%RDUG�WR�JHW�LQIRUPDWLRQ�UHODWHG�WR�WKHLU�VWXGLHV�DQG�WR�ILQG�VROXWLRQV�WR�WKHLU�SUREOHPV�&RXQVHOOLQJ�LV�EDVHG�RQ�GRFXPHQWV�UHJXODWLQJ�WKH�RUJDQL]DWLRQ�RI�VWXGLHV��WKH�FXUULFXOD��V\OODEL��5HJXODWLRQV� IRU� WKH�2UJDQL]DWLRQ�RI�6WXGLHV�� UHJXODWLRQV�RI�WKH�GHSDUWPHQW��IDFXOW\�DQG�XQLYHUVLW\¶V�DGPLQLVWUDWLRQ��HWF���&RXQVHOOLQJ� VWDUWV� RQ� WKH� LQIRUPDWLRQ� GD\� DW� WKH� EHJLQQLQJ� RI� DQ� DFDGHPLF� \HDU��0DLQ� VWUXFWXUDO� XQLWV� RI� 738� WRJHWKHU� ZLWK� WKH� GHSDUWPHQW� DQG� FKDLUV�DUH� WKHQ�LQWURGXFHG�WR� WKH�VWXGHQWV��$Q�RYHUYLHZ�RI� WKH�VWXG\�SURFHVV�DQG�WKH�FXUULFXOD�DUH�SURYLGHG�� WKH� UHVSRQVLELOLWLHV� DQG� ULJKWV� RI� VWXGHQWV� DUH� LQWURGXFHG�� 2Q� WKH�LQIRUPDWLRQ�GD\�VWXGHQWV�PHHW�WKHLU�VXSHUYLVRU�OHFWXUHU�DQG�WXWRU�'XULQJ� WKH� VWXG\� SHULRG� WKH� FRXQVHOOLQJ� RI� VWXGHQWV� WDNHV� SODFH� UHJXODUO\�� 7KH�FRXQVHOORU� LV�DYDLODEOH� IRU�VWXGHQWV�DW�FHUWDLQ� WLPHV���KRXUV�D�ZHHN��&RXQVHOOLQJ� LV�DOVR� DYDLODEOH� RQ� WKH� SKRQH� DQG� YLD� H�PDLO�� ,VVXHV� WKDW� QHHG� FRXQVHOOLQJ� DUH�SULPDULO\�DERXW�WKH�RUJDQL]DWLRQ�RI�VWXGLHV�DQG�LWV�GLIIHUHQW�VLGHV��OLNH�FKRRVLQJ�PDMRU�DQG� PLQRU� VXEMHFWV�� GUDIWLQJ� LQGLYLGXDO� VWXG\� SODQV� DQG� WLPHWDEOHV��HWF� $QRWKHU�DVSHFW�LV�UHODWHG�WR�OHDUQLQJ�GLIILFXOWLHV�DQG�HOLPLQDWLQJ�GHILFLHQFLHV�LQ�WKH�VWXGLHV�7KH�DFDGHPLF�FRXQVHOORU�FRQVXOWV�DOO�VWXGHQWV� LQ� LVVXHV�UHODWHG� WR� WKHLU�FXUULFXOXP��FKRRVLQJ� WKHLU� PLQRU� VXEMHFW�� FRPSRVLQJ� DQ� LQGLYLGXDO� VWXG\� SODQ�� 7KH� QDPHV� RI�DFDGHPLF�DQG�FXUULFXOXP�FRXQVHOORUV�DUH�DYDLODEOH�RQ�XQLYHUVLW\¶V�ZHE�VLWH�� ,Q� WKH�SDVW�IHZ�\HDUV�WKH�FRXQVHOORU�RI� WKH�'HSDUWPHQW�RI�1DWXUDO�6FLHQFHV�+DV�EHHQ�0V�.��5lLP��ZKR�LV�DOVR�WKH�RIILFH�PDQDJHU�RI�WKH�GHSDUWPHQW�
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,Q�WKH�FKDLU�RU�OHFWXUHVKLS�± WKH�VXEGLYLVLRQV RI�WDXJKW VSHFLDOLWLHV�� WKHUH�WDNHV�SODFH�WKH� UHJLVWUDWLRQ RI� VWXGHQWV� DQG� LVVXLQJ� RI�DVVHVVPHQW� VKHHWV�� GRQH� E\� D� FOHUN� RU�VHFUHWDU\�� 7KH� VXSSRUW� VWDII� FRXQVHOV� VWXGHQWV� LQ� LVVXHV� GLUHFWO\� UHODWHG� WR� WKH�RUJDQL]DWLRQ� RI� VWXGLHV�� WLPHWDEOH�� TXHVWLRQV� UHODWHG� WR� OHFWXUHV� DQG� OHFWXUHUV��FXUULFXOXP�DQG� LWV�QRPLQDO�GLYLVLRQ� LQWR�DFDGHPLF�\HDUV��3URPSW� LQIRUPDWLRQ�RI� WKH�FKDLU�DQG�GHSDUWPHQW��H�J��WUDQVIHU�RI�OHFWXUHV��FKDQJHV�LQ�WKH�WLPHWDEOH��LV�SXW�XS�RQ�WKH�LQIRUPDWLRQ�VWDQG�RI�WKH�VXEGLYLVLRQ�DQG�LV�IRUZDUGHG�WR�VWXGHQWV�YLD�WKH�PDLOLQJ�OLVW��7KH�VXSSRUW�VWDII�RI� WKH�GHSDUWPHQW�DOVR�GHDOV�ZLWK�WKH�FRQWUDFWV�RI�QRW�VWDWH�IXQGHG VWXGHQWV� DQG� LVVXHV� UHODWHG� WR� WKHLU� WXLWLRQ�� 6WXGHQWV JHW� WKHLU� V\OODEL DQG�FXUULFXOD� IURP� WKH�FKDLU RU� WKH� OHFWXUHU�ZKR� WHDFKHV� WKH�VXEMHFW��/HFWXUHUV FRXQVHO�VWXGHQWV� LQ� LVVXHV� WKDW� DUH� UHODWHG� WR�WKHLU� VXEMHFWV �VHOHFWLRQ� RI� VWXG\� PDWHULDOV��V\OODEXV�� UHTXLUHPHQWV� IRU� H[DPV� �� DVVHVVPHQWV��HWF��� 2XWVLGH� OHFWXUHUV VWXGHQWVPD\� WXUQ� WR� WKH� KHDG�RI� WKH�VXEGLYLVLRQ RU�PHPEHUV� RI� WKH� DFDGHPLF� VWDII GXULQJ�WKHLU RIILFH�KRXUV�6XSHUYLVRUV�� OHFWXUHUV��$VV��7��3ORRPSXX�DQG�OHFWXUHU�7RRPDV�3}OG��DUH�PHGLDWRUV�DQG�JXLGHV�EHWZHHQ�VWXGHQWV�DQG�OHFWXUHUV�DQG�DGPLQLVWUDWLRQ��7KH�'HDQ¶V� RIILFH� RI� WKH� IDFXOW\� LQIRUPV� VWXGHQWV� DERXW� WKH� UHFRUG�NHHSLQJ� RI� WKH�UHVXOWV�RI�VWXGLHV�� WKH�VWDWXV�RI�D�VWXGHQW�DQG� LVVXHV�FRQQHFWHG�ZLWK�VFKRODUVKLSV��7KH�'HDQ¶V�RIILFH�JLYHV�VWXGHQWV�WKH�VWXG\�FDUG�ZLWK�WKH�UHVXOWV�RI�WKHLU�VWXGLHV�HDFK�PRQWK��IUHH�RI�FKDUJH��7KH� 'HSDUWPHQW� RI� $FDGHPLF� $IIDLUV� FRXQVHOV� VWXGHQWV� DERXW JHQHUDO� LVVXHV�FRQQHFWHG�ZLWK�WKH�VWXGLHV�DQG�SURYLGHV�GRFXPHQWV�DERXW�WKH�VWDWXV�RI�VWXGHQWV�)LUVW�\HDU�%DFKHORU�VWXGHQWV�DUH�DOVR�FRXQVHOOHG�E\�D�VWXGHQW� WXWRU��7KH�V\VWHP�RI�WXWRUV� KDV� EHHQ� ZRUNLQJ� HIIHFWLYHO\� LQ� WKH� GHSDUWPHQW� DOUHDG\� IRU� �� \HDUV�� 7KH�WXWRULQJ�VHUYLFH�RI�VWXGHQWV� LQ�738� LV�EDVHG�RQ� WKH�/DZ�RI�8QLYHUVLWLHV��$UWLFOH�����HWF���� WKH� GHFUHHV� RI� WKH� 0LQLVWU\� RI� (GXFDWLRQ� DQG�5HVHDUFK 5HTXLUHPHQWV� IRU�$FFUHGLWDWLRQ� RI� 8QLYHUVLW\ �$UWLFOHV� ��������� HWF���� WKH� UHTXLUHPHQWV� VWDWHG� LQ� WKH�+LJKHU� (GXFDWLRQ� 6WDQGDUG� �6����� $UWLFOHV� ��� ��� ��� ��� DQG� RWKHU� GRFXPHQWV� WKDW�UHJXODWH�WKH�ZRUN�RI�WKH�XQLYHUVLW\��7KH�WDVN�RI�WKH�WXWRULQJ�VHUYLFH�RI�VWXGHQWV�LV�WR�SURYLGH� VWXGHQWV� ZLWK� QHFHVVDU\� LQIRUPDWLRQ�� WR� KHOS� WKHP� DGMXVW� VRFLDOO\� DQG�DFDGHPLFDOO\� DV�ZHOO� DV� WR� LGHQWLI\� ZLWK� WKH� XQLYHUVLW\� RQ� WKH� OHYHO RI� VWXGHQW WR�VWXGHQW��7KH�PDLQ DLP�RI� WKH WXWRULQJ�VHUYLFH�RI� VWXGHQWV�LV� WR�KHOS� WKHP�VXFFHHG�ERWK� VRFLDOO\� DQG� DFDGHPLFDOO\ �HVSHFLDOO\� RQ� WKH� ILUVW� \HDU���WR� SUHYHQW� DFDGHPLF�SUREOHPV�� DQG� LQ� FRRSHUDWLRQ� ZLWK� WKH� 6WXGHQW� %RDUG� WR� GHYHORS� XQLYHUVLW\¶V�WUDGLWLRQV� DQG� GHPRFUDF\�� 7KHUHIRUH� WKH� WDVN� RI� WXWRUV� LV� WR� KHOS� WKH� ILUVW�\HDU�VWXGHQWV�WR�DGDSW�WR WKH�QHZ�VWXG\�V\VWHP��LQWURGXFH�WKH�ORFDWLRQV�RI�FKDLUV��OLEUDULHV�DQG�RWKHU�QHFHVVDU\�VXEGLYLVLRQV��KHOS�WR�XQGHUVWDQG�WLPHWDEOHV DQG�FRXQVHO WKHPLQ� FKRRVLQJ� WKHLU� HOHFWLYHV�� 6WXGHQW� WXWRUV�DUH� VHQLRU VWXGHQWV� ZKR� KDYH� KDG� WKH�QHFHVVDU\�WUDLQLQJ�DQG�KDYH�WKH�ULJKW�WR�FRXQVHO�\RXQJHU�VWXGHQWV�ZLWKLQ�WKH�OLPLWV�RI�WKHLU�FRPSHWHQFH��7KH�QDPHV DQG�FRQWDFW�LQIRUPDWLRQ RI�WXWRUV�DUH DYDLODEOH�DOVR�LQ�WKH� ,QWHUQHW�� 7KH� WXWRU� LQ� WKH� FXUULFXOD� RI� %LRORJ\� LV� .ULVWL� /XNPDQ��D� IRXUWK�\HDU�VWXGHQW�7KH�6WXGHQW�%RDUG�FRXQVXOWV�DQG�SURWHFWV�VWXGHQWV¶�LQWHUHVWV�LQ�VRFLDO�DQG�HFRQRPLF�LVVXHV�DQG�WKHLU�LQWHOOHFWXDO�ULJKWV�DQG�LQWHUHVWV��7KH�6WXGHQW�%RDUG VWDQGV�IRU�WKH�LQWHUHVWV RI� VWXGHQWV� LQ� WKH� 8QLYHUVLW\� &RXQFLO�� ZKHUH� WKH\ KDYH� D�SOHQLSRWHQWLDU\�PHPEHU� DQG� LQ� DGGLWLRQ� WKHUH� LV� D� UHSUHVHQWDWLYH� IURP� HYHU\�IDFXOW\� 7KH� FKDLUSHUVRQ�RI�WKH�6WXGHQW�%RDUG� LV� D SOHQLSRWHQWLDU\�PHPEHU� RI� WKH�
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%RDUG�RI�WKH�8QLYHUVLW\��738 6WXGHQW�%RDUG LV�D PHPEHU�RI�WKH�(VWRQLDQ�6WXGHQWV¶8QLRQ��(68��DQG�KDV���PHPEHUV�HQWLWOHG�WR�YRWH�LQ�(68�&RXQFLO�738� &DUHHU� DQG� &RXQVHOOLQJ� &HQWUH� �SURMHFW� PDQDJHU� 0V� .�� /DXU�� FRQVXOWV�VWXGHQWV�DERXW�OHDUQLQJ�SUREOHPV��SURIHVVLRQDO�VXLWDELOLW\�DQG�FDUHHU�SODQQLQJ�DQG� FRRUGLQDWHV� WKH� DFWLYLWLHV� RI� WXWRUV�� 6WXGHQW� FDQGLGDWHV� DQG� VFKRRO�OHDYHUV� KDYH� D� SRVVLELOLW\� WR� JHW� LQIRUPDWLRQ� DQG� FRQVXOWDWLRQV� DERXW�VSHFLDOLWLHV�WDXJKW�LQ�WKH�XQLYHUVLW\�DV�ZHOO�DV�DGPLVVLRQ�UHTXLUHPHQWV��
�����6WXG\�$OORZDQFHV,Q� FRQQHFWLRQ� ZLWK� RUJDQL]LQJ� WKH� V\VWHP� RI� VWXGHQW� ORDQV� DQG� VWXG\� DOORZDQFHV��WKHUH�LV�D�KRSH�IRU�WKH�LPSURYHPHQW�RI�WKH�HFRQRPLF�VLWXDWLRQ�RI�VWXGHQWV��1DWLRQDO�VWXG\�DOORZDQFHV�DUH�QRPLQDWHG�E\�RUGHU�RI�WKH�GHDQ IRU�RQH�VHPHVWHU�DQG�D�VWXGHQW�FDQ�EH�QRPLQDWHG�IRU�WKH�DOORZDQFH�LI�KH�VKH�KDV�FRPSOHWHG�D�PLQLPXP�RI�����RI�WKH�VWXG\�YROXPH�RI�WKH�FXUULFXOXP�DQG�KLV�KHU�FXPXODWLYH�LQGH[�LV�!������,Q�WKH�DXWXPQ�VHPHVWHU�RI������ WHQ�%DFKHORU�VWXGHQWV�RI�%LRORJ\� �0DULQH %LRORJLVW�±6SHFLDOLVW� RQ� (QYLURQPHQWDO� 6XEMHFW�� �DYHUDJH� FXPXODWLYH� LQGH[� ������ DQG� �%DFKHORU�VWXGHQWV�RI�%LRORJ\��:LWK�6HFRQG�6XEMHFW� �DYHUDJH�FXPXODWLYH�LQGH[�������UHFHLYHG�D�VWXG\�DOORZDQFH��7KH�EDVLF�DOORZDQFH�DW�%DFKHORU¶V� OHYHO� LQ�WKH�DXWXPQ�VHPHVWHU�ZDV�����((.��,Q������QR�0DVWHU�VWXGHQW�RI�%LRORJ\��(FRORJ\��UHFHLYHG�D�VWXG\�DOORZDQFH��7\SHV�RI�VWXG\�DOORZDQFHV�DUH�x EDVLF�JUDQW�± D�PRQHWDU\�DOORZDQFH�WR�FRYHU�FRVWV�DFFUXHG�LQ�WKH�DFTXLVLWLRQ�RI�HGXFDWLRQ�x HFRQRPLF�DOORZDQFH�± D�PRQHWDU\�DOORZDQFH�IRU�WKRVH�ZKRVH�HFRQRPLF�VLWXDWLRQ�GRHV�QRW�DOORZ�FRQWLQXDWLRQ�RI�VWXGLHV�ZLWKRXW�ILQDQFLDO�DVVLVWDQFH�x VXSSOHPHQWDU\� DOORZDQFH� ± D� PRQHWDU\� DOORZDQFH� WR� FRYHU� WKH� H[SHQVH� RI�DFFRPPRGDWLRQ�DQG�WUDQVSRUWDWLRQ�x GRFWRUDO�DOORZDQFH�± D�PRQHWDU\�DOORZDQFH� WR HQDEOH�FRPPLWPHQW� WR�GRFWRUDWH�VWXGLHV� DQG� UHVHDUFK�� DQG� FRYHU� H[SHQVHV� DFFUXHG� LQ� WKH� DFTXLVLWLRQ� RI�HGXFDWLRQ�
�����7KH�:RUNORDG�DQG�$FDGHPLF�3HUIRUPDQFH�RI�6WXGHQWV7HDFKLQJ� LV� FRQGXFWHG� RQ� WKH� EDVLV� RI� WKH� FXUULFXOD�� WDNLQJ� LQWR� DFFRXQW� WKH�UHTXLUHPHQWV�SUHVHQWHG� LQ WKH�DFFUHGLWDWLRQ�VWDQGDUG�6������ZKLFK�HQDFWV� UDWLRQDO�XVH� RI� VWXGHQWV¶� WLPH� DQG� FUHDWHV� SUHUHTXLVLWHV� IRU� DFKLHYLQJ� JRRG� UHVXOWV� LQ� WKH�VWXG\�SURFHVV��$V�D�EDVLV� IRU� WKH�RUJDQL]DWLRQ�RI�VWXGLHV�VHUYH� WKH�5HJXODWLRQV�IRU�WKH�2UJDQL]DWLRQ�RI� 6WXGLHV� RI� 7DOOLQQ� 3HGDJRJLFDO� 8QLYHUVLW\� ZKLFK� SURFHHG� IURP�WKH�GHFLVLRQV�RI�WKH�&RXQFLO�DQG�*RYHUQPHQW�RI�WKH�8QLYHUVLW\DQG�DUH�LQ DJUHHPHQW�ZLWK� WKH�/DZ�RI�8QLYHUVLWLHV�RI� WKH�5HSXEOLF�RI�(VWRQLD�DQG�WKH�6WDQGDUG�RI�+LJKHU�(GXFDWLRQ� RI� WKH� 5HSXEOLF� RI� (VWRQLD� �KWWS���ZZZ�HNDN�DUFKLPHGHV�HH��.RUJKDULGXVVWDQGDUGBLQJOLVHBNHHOHV�KWP��� 7KH� QHZ� WHDFKLQJ� UHJXODWLRQV� RI� 738�ZHUH� DGRSWHG� LQ� ������ 7KH� GRFXPHQW� LV� DYDLODEOH� LQ� WKH� ,QWHUQHW�� 7KH� DFDGHPLF�FDOHQGDU�� DFFRUGLQJ� WR� ZKLFK� VWXGLHV� DUH� RUJDQL]HG�� LV� SUHVHQWHG� LQ� WKH� UHIHUHQFH�



��

ERRN�JLYHQ�HYHU\� \HDU� WR� WKRVH�ZLVKLQJ� WR�VWDUW� WKHLU� VWXGLHV�DW� WKH�XQLYHUVLW\� �VHH�$SSHQGL[�����7KH�VWXG\�ORDG�RI�VWXGHQWV�LV�UHJXODWHG�E\�FUHGLW�SRLQWV� WKH�DPRXQW�RI�ZKLFK�VKRXOG�EH�DV HTXDO�DV�SRVVLEOH�E\�\HDUV�GXULQJ�WKH�VWDQGDUG�VWXG\�SHULRG��7KH�8QLYHUVLW\� KDV� DGRSWHG� WKH� (XURSHDQ� &UHGLW� 7UDQVIHU� 6\VWHP� �(&76��� 2QH�ORFDO�FUHGLW�SRLQW�FRUUHVSRQGV�WR�����(&76��7KH� FXUULFXOXP� �������� OHDGLQJ� WR� WKH� %DFKHORU¶V� GHJUHH� LQ� %LRORJ\� �0DULQH�%LRORJLVW� ± 6SHFLDOLVW� RQ� (QYLURQPHQWDO� 6XEMHFW�� DVVXPHV� WKDW� GXULQJ� D� VWDQGDUG�VWXG\� SHULRG� ��� \HDUV�� WKH� VWXGHQW� JDLQV� ���� FUHGLW� SRLQWV�� :LWK� WKH� FXUULFXOXP���������DW�WKH�%DFKHORU¶V�OHYHO�LQ�%LRORJ\��:LWK�6HFRQG�6XEMHFW� WKH�VWDQGDUG�VWXG\�SHULRG� LV� �� \HDUV DQG� WKH� DPRXQW� RI� FUHGLW� SRLQWV� ����� 7R� FRPSOHWH� WKH�0DVWHU¶V�GHJUHH�LQ�%LRORJ\��FXUULFXOXP����������ZLWK�D�VWDQGDUG�VWXG\�SHULRG����\HDUV��� WKH�VWXGHQW�PXVW�KDYH����FUHGLW�SRLQWV��,Q� DGGLWLRQ� WR�D�PLQRU� VXEMHFW�� WKH� VWXGHQW�ZKR� LV� VWXG\LQJ�DW� WKH�%DFKHORU¶V� OHYHO�DFFRUGLQJ� WR� WKH� FXUULFXOXP� �������� LQ� %LRORJ\� �0DULQH� %LRORJLVW�± 6SHFLDOLVW� RQ�(QYLURQPHQWDO�6XEMHFW� FDQ�FKRRVH RSHQ�HOHFWLYH�VXEMHFWV�LQ�WKH�YROXPH�RI���FUHGLW�SRLQWV�IURP�WKH�VXEMHFWV�WDXJKW�DW�738�RU�RWKHU�XQLYHUVLWLHV��E\�DJUHHPHQW�ZLWK�WKH�UHOHYDQW�GHSDUWPHQW���0RVW�SRSXODU�DUH�WKH�(QJOLVK�ODQJXDJH�DQG�FRPSXWHU�FRXUVHV��$FFRUGLQJ�WR�WKH�UHTXLUHPHQWV�VHW�XS�DW� WKH�XQLYHUVLW\�WKH�FRPPDQG�RI� WKH�(QJOLVK�ODQJXDJH� DW� WKH� %DFKHORU¶V� OHYHO� PXVW� FRUUHVSRQG� WR OHYHO� %�� HQDFWHG� E\� WKH�(XURSHDQ� &RXQFLO �KWWS���FXOWXUH��FRH�LQW�SRUWIROLR�� DQG� WKH� FRPSXWHU� VNLOOV� WR� WKH�OHYHO� HODERUDWHG� LQ� WKH�'HSDUWPHQW� RI� ,QIRUPDWLFV�� DSSURYHG� E\� WKH�&RXQFLO� RI� WKH�8QLYHUVLW\�DQG�FRQILUPHG�ZLWK�WKH�GHFLVLRQ�RI�WKH�9LFH�5HFWRU�IRU�$FDGHPLF�$IIDLUV��7KRVH��ZKRVH�UHFHLYHG�DW� OHDVW����SRLQWV�IRU� WKHLU�VWDWH�H[DP��GR�QRW�QHHG�WR�WDNH�DGGLWLRQDO� (QJOLVK� FRXUVHV�� %HVLGHV�� WKH� VWXGHQWV� KDYH� D� ULJKW� WR� GHYHORS� WKHLUIRUHLJQ� ODQJXDJH�FRPPDQG�DQG�FRPSXWHU�VNLOOV�RXWVLGH�WKH�XQLYHUVLW\�DQG�WDNH� WKH�H[DPLQDWLRQ�DV�DQ�H[WHUQDO�VWXGHQW��3URFHHGLQJ� IURP� WKH�VHOHFWHG�PLQRU�VXEMHFW� �DW�0DVWHU¶V� OHYHO� IURP� WKH�VWXG\� OLQH���WKH�FXUULFXOXP�DQG�LWV�VWDQGDUG�GLYLVLRQ�LQWR�\HDUV�RI�VWXG\��WLPHWDEOH��VHH�$SSHQGL[����� DQG� SRVVLELOLWLHV�� WKH� VWXGHQW� FRPSLOHV� DQ� LQGLYLGXDO� VWXG\� SODQ� 7KH� W\SLFDO�FXUULFXOXP�FRPSLOHG�LQ�WKH�'HSDUWPHQW�VHUYHV�DV�DQ�H[DPSOH��7KH�FXUULFXOXP�PXVW�EH�SUHVHQWHG�WR�WKH�'HDQ¶V�RIILFH�E\�WKH�GDWH�IL[HG�LQ�WKH�DFDGHPLF�FDOHQGDU��3ULRU�WR�WKDW� GDWH� WKH� VWXGHQW� KDV� D� ULJKW� WR� FKDQJH� WKH� FXUULFXOXP��$IWHU� WKH� GHDGOLQH� WKH�FXUULFXOXP�EHFRPHV�FRPSXOVRU\�DQG�FDQ�EH�FKDQJHG RQO\�E\�ZD\�RI�H[FHSWLRQ�ZLWK�WKH�ZULWWHQ�FRQVHQW RI�WKH�GHDQ�DQG�WKH�KHDG�RI�WKH�GHSDUWPHQW��7KH�FRPSLODWLRQ�RI�DQ�LQGLYLGXDO�VWXG\�SODQ�LV�UDWKHU�GLIILFXOW�EHFDXVH�RI�WKH�FRPSOH[LW\�RI�WKH�FXUULFXOXP�DQG�D JUHDW� QXPEHU� RI� REOLJDWRU\� VXEMHFWV�� ,Q� ���������� D� W\SLFDO� FXUULFXOXP�ZDV�XVHG�E\�DOO�%6F�VWXGHQWV�RI�%LRORJ\�DQG�RQO\�E\�����RI06F�VWXGHQWV��7KH�VWXGHQW�FDQ�FKRRVH�WKH�VXEMHFWV�IRU�KLV�LQGLYLGXDO�VWXG\�SODQ�RQO\�LQ�FDVH�KH�KDV�SUHYLRXVO\�SDVVHG� H[DPV� LQ� REOLJDWRU\� VXEMHFWV� 5HJLVWUDWLRQ� IRU VXEMHFWV� WDNHV� SODFH� DW� WKH�UHOHYDQW� FKDLU�� 7KHUH�DUH� WZR� WLPHV� IRU� WKH� UHJLVWUDWLRQ�� DW� WKH�HQG�RI� WKH�SUHYLRXV�VHPHVWHU��DW� WKH�GDWH�HQDFWHG� LQ� WKH�DFDGHPLF�FDOHQGDU RU�DW� WKH�EHJLQQLQJ�RI� WKH�QH[W�VHPHVWHU��,Q�RUGHU�WR�JUDGXDWH�ZLWK�D�VWDQGDUG�VWXG\�SHULRG�WKH�VWXGHQW�KDV�WR�JDLQ����FUHGLW�SRLQWV�GXULQJ�D�VHPHVWHU�DQG����FUHGLW�SRLQWV GXULQJ�D�\HDU��DV�DQ�DYHUDJH��7KH�WRWDO�DPRXQW�RI�VXEMHFWV� WDNHQ�GXULQJ�D VHPHVWHU�PXVW�JLYH�DW� OHDVW����FUHGLW�SRLQWV�� ,Q�
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FRPSLOLQJ�D�VWXG\�SODQ�RQH�DOVR�KDV� WR�FRQVLGHU WKDW�VRPH�VXEMHFWV�DUH�QRW� WDXJKW�HYHU\�\HDU��WKDW�LQIRUPDWLRQ�LV�DYDLODEOH�LQ�FRXUVH�GHVFULSWLRQV���$W� %DFKHORU¶V� OHYHO� WKH� VWXGHQWV� VWXG\� LQ� WKHLU� ILUVW� \HDU� DFFRUGLQJ� WR� D� W\SLFDO�FXUULFXOXP��7KH�SURSRUWLRQ�RI�FODVV�ZRUN�LV�KLJKHU�LQ�WKH�ILUVW�DQG�VHFRQG�\HDU�WKDQ�LQ�WKH�ODVW�\HDU��7KXV��DFFRUGLQJ�WR�WKH�����������W\SLFDO�FXUULFXOXP�DW�WKH�%DFKHORU¶V�OHYHO� LQ�%LRORJ\� �0DULQH�%LRORJLVW�± 6SHFLDOLVW�RQ�(QYLURQPHQWDO�6XEMHFW�� WKH�VWXG\�ORDG� LQ� WKH� ILUVW� \HDU� ZDV� WKH� IROORZLQJ�� �±�� VHPHVWHUV� ± ��� FUHGLW� SRLQWV�� �±��VHPHVWHUV�± ���FUHGLW�SRLQWV� �±��VHPHVWHUV�± ������FUHGLW�SRLQWV��UHVSHFWLYHO\���±��VHPHVWHUV�± ������FUHGLW�SRLQWV� �VHH�7DEOH��������� ,Q� WKH�HLJKWK�VHPHVWHU� WKH�%6F�WKHVLV�����&3��LV�FRPSLOHG� 'HSHQGLQJ�RQ�WKH�FKRLFH�RI�WKH�PDLQ�VXEMHFW��WKH�VWXG\�ORDG�RI�%6F�VWXGHQWV�IOXFWXDWHV�ZLWKLQ��±��FUHGLW�SRLQWV�� 7DEOH������7KH�VWXG\�ORDG�RI�VWXGHQWV�RI�%LRORJ\��0DULQH�%LRORJLVW�± 6SHFLDOLVW�RQ�(QYLURQPHQWDO�6XEMHFW��E\�VHPHVWHUV6HPHVWHU<HDU�RI�VWXG\ $FDGHPLF�\HDU $XWXPQ��,,� 6SULQJ��,� $YHUDJH, ��������� �����&3 �����&3 �����&3,, ��������� �����&3 �����&3 �����&3,,, ��������� �����&3 �����&3 ������&3,9 ��������� �����&3 �����&3 ������&3
7KH�VKDUH�RI�LQGLYLGXDO�ZRUN�KDV�LQFUHDVHG�E\�\HDUV�VLQFH�OHVV�FODVV�ZRUN�LV�GRQH��,W�YDULHV� ZLWK� VXEMHFWV� DQG� LWV� DSSUR[LPDWH� DPRXQW� LV� JLYHQ� LQ� HDFK� VXEMHFW�SURJUDPPH��7KH�VKDUH�RI� LQGLYLGXDO�ZRUN�DW� WKH�%DFKHORU¶V� OHYHO� LV�JUHDWHU� WKDQ� LQ�WKH�GLSORPD�VWXGLHV��$W�WKH�%DFKHORU¶V�OHYHO�LQ�%LRORJ\��0DULQH�%LRORJLVW�± 6SHFLDOLVW�RQ�(QYLURQPHQWDO�6XEMHFW��LQGLYLGXDO�ZRUN�PDNHV�XS��������$W�WKH�%DFKHORU¶V�OHYHO�LQ�%LRORJ\��:LWK�6HFRQG�6XEMHFW� LW�GHSHQGV�RQ�WKH�VHFRQG�VXEMHFW�DQG�UDQJHV�IURP������� �VHFRQG� VXEMHFW�± FKHPLVWU\�� XS� WR� ������ �VHFRQG� VXEMHFW�± JHRHFRORJ\���7KH�SURSRUWLRQ�RI�LQGLYLGXDO�ZRUN�DW�WKH�0DVWHU¶V�OHYHO�LV�HYHQ�KLJKHU����±������$Q�DFFRXQW�RQ�WKH�FRPSOHWLRQ�RI� WKH�FXUULFXOD� LV�NHSW�DW� WKH�'HDQ¶V�RIILFH�RI�WKH� 'HSDUWPHQW� RI� 0DWKHPDWLFV� DQG� 1DWXUDO� 6FLHQFHV� $VVHVVPHQW� VKHHWV��SURWRFROV�� VHUYH� DV� D� EDVLV� IRU� DVVHVVPHQW�� VKRZLQJ� WKH� UHVXOWV� RI�H[DPLQDWLRQV�DQG�SUHOLPLQDU\�H[DPLQDWLRQV��7KH�DVVHVVPHQW�VKHHWV�DUH�PDLQWDLQHG�LQ�WKH�'HDQ¶V�RIILFH�DW�OHDVW�GXULQJ�WKH�SHULRG�WZLFH�DV�ORQJ�DV�WKH�VWDQGDUG�SHULRG�RI�WKH�VWXGHQW¶V�FXUULFXOXP��%DVHG�RQ� WKHVH� VKHHWV�� WKH� VWDWXV� DQG� VWXG\� ORDG� RI� WKH� VWXGHQWV� DUH�DVVHVVHG�� $W� WKH� HQG� RI� HDFK� VHPHVWHU�� WKH� VWXG\� UHVXOWV� DUH� DQDO\VHG� DQG� LQ�DFFRUGDQFH�ZLWK�WKH�ORDG�RI�VWXGHQWV�WHDFKLQJ�UHJXODWLRQV�DUH�LPSURYHG�6RPH�%6F�VWXGHQWV�KDYH�GLIILFXOWLHV�LQ�FRPSOHWLQJ�WKH�FXUULFXOXP��HVSHFLDOO\GXULQJ�WKH�ILUVW�WKUHH VHPHVWHUV��VHH�$SSHQGL[������'XULQJ WKH�ODVW�WKUHH�\HDUV��WKUHH���%6F�VWXGHQWV� ZHUH� GLVPLVVHG� LQ� D� \HDU�� DV� DQ� DYHUDJH�� $PRQJ� WKRVH�� RQH� GXH� WR� DQ�LQFRPSOHWH�VXEMHFW��6R� IDU��QRQH�RI� WKH�VWXGHQWV�KDV�EHHQ�UHDGPLWWHG� WR� WKH�VDPH�FXUULFXOXP�� ,Q� WKH� ILUVW� \HDU�� WKH� VWXGHQWV� GURS� RXW� PDLQO\� EHFDXVH� WKH� EDVLF�NQRZOHGJH� WKH\� REWDLQHG� DW� VHFRQGDU\� VFKRRO� KDV� UHPDLQHG� VXSHUILFLDO� �WKH�HGXFDWLRQDO�UHIRUPV�FRQFHUQLQJ�HOHPHQWDU\�VFKRROV�DQG�VHFRQGDU\�VFKRROV�KDYH�OHIW�³ERWWOHQHFNV´� LQ� WKH� TXDOLW\� RI� NQRZOHGJH� RI� QDWXUDO� VFLHQFHV� GXULQJ� WKH� ODVW� WZR�
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\HDUV���6RPH�VWXGHQWV�KDYH�QRW�EHHQ�FDSDEOH�RI�DGDSWLQJ�WR�WKH�VWXG\�HQYLURQPHQW�DW�WKH�XQLYHUVLW\��,Q�ROGHU�FRXUVHV�HFRQRPLF�SUREOHPV�SOD\�DQ�LPSRUWDQW�UROH��0RVW�RI�WKH� VWXGHQWV� KDYH� WR�ZRUN� �IXOO� RU� SDUW�WLPH�� LQ� SDUDOOHO�ZLWK� WKHLU� VWXGLHV� 6HYHUDO�PHDVXUHV�KDYH�EHHQ�WDNHQ�WR�LPSURYH�WKH�VLWXDWLRQ��)LUVW��PRUH�DWWHQWLRQ�KDV�EHHQ�SDLG� WR� DQDO\VLQJ� WKH� DFDGHPLF� SURJUHVV� RI� VWXGHQWV�� 6HFRQGO\�� WKH� V\VWHP� RI�FRXQVHOOLQJ� KDV� EHHQ�PDGH�PRUH�HIIHFWLYH� �VHH�&KDSWHU� ����� 7R� IROORZ� WKH� VWXG\�UHVXOWV��UHOHYDQW�FRPSXWHU�SURJUDPPHV�DQG�GDWD�EDQNV�KDYH�EHHQ�LQWURGXFHG��0XFK�DWWHQWLRQ� LV� SDLG� WR� GHYHORSPHQW� ZRUN� WR� PDNH� WKH� LQIRUPDWLRQ� LQ� WKH� ,QWHUQHW�DYDLODEOH� WR� HYHU\� VWXGHQW�� :LWK� WKH� SUREOHPV� UHODWHG� WR� LQDGHTXDWH� DFDGHPLF�SHUIRUPDQFH� WKH�VWXGHQW�PD\� WXUQ� WR� WKH�GHSDUWPHQW¶V�DFDGHPLF�FRXQVHOORU�� WR� WKH�OHFWXUHU� WHDFKLQJ� WKH� VXEMHFW� RU� WR� WKH� SHRSOH� ZRUNLQJ� LQ� WKH� 'HDQ¶V� RIILFH�� 7KH�DFDGHPLF�FRXQVHOORU�IROORZV�WKH�SURJUHVV�RI�WKH�VWXGHQWV�WDONV�WR�WKHP LI�QHFHVVDU\�DQG�DJUHHV�ZLWK�WKH�OHFWXUHU�DERXW�WKH�WLPH�RI�FRQVXOWDWLRQV��%HVLGHV��HYHU\�OHFWXUHU�KDV�LWV�UHFHSWLRQ�KRXUV�ZKHQ�WKH�VWXGHQW�FDQ�WXUQ�WR�KLP�KHU�ZLWK�KLV�KHU�SUREOHPV�'URSSLQJ�RXW�RI�VWXGHQWV�x �����������������������%LRORJ\��0DULQH�%LRORJLVW�± 6SHFLDOLVW�RQ�(QYLURQPHQWDO�6XEMHFW�� �FXUULFXOXP����������� �� IHPDOH� VWXGHQW�ZDV�H[PDWULFXODWHG�GXH� WR� DQ�LQFRPSOHWH�VXEMHFW����IHPDOH�VWXGHQWV�GXH�WR�QRQ�DWWHQGDQFH�LQ�WKH�SURJUDPPH�DQG���IHPDOH�VWXGHQW�GXH�WR�WKH�IDLOXUH�WR�SD\�D�WXLWLRQ�IHH��x �����������������������%LRORJ\��0DULQH�%LRORJLVW�± 6SHFLDOLVW�RQ�(QYLURQPHQWDO�6XEMHFW���FXUULFXOXP�������������IHPDOH�VWXGHQW�ZDV�GLVPLVVHG�DW�KHU�SHUVRQDO�UHTXHVW�x �����������������������%LRORJ\��0DULQH�%LRORJLVW�± 6SHFLDOLVW�RQ�(QYLURQPHQWDO�6XEMHFW���FXUULFXOXP�������������IHPDOH�DQG���PDOH�VWXGHQW�ZHUH�H[PDWULFXODWHG�GXH�WR�LQFRPSOHWH�VXEMHFWV�7KXV��WKH�WRWDO�GURS�RXW�RI�VWXGHQWV�GXULQJ�WKH�SHULRG�RI������������� �������������IHPDOH�VWXGHQWV�DQG���PDOH�VWXGHQW�06F�VWXGHQWV�DUH�VXFFHVVIXO�LQ�WKHLU�VWXGLHV�DQG�VFLHQWLILF�DFWLYLWLHV��(YLGHQFH�LV� GHULYHG� IURP� WKH� SXEOLFDWLRQ� RI� QXPHURXV� VFLHQWLILF� SDSHUV� LQ� GLIIHUHQW�VFLHQWLILF�MRXUQDOV�DQG�SRSXODU�VFLHQWLILF�SHULRGLFDOV �VHH�$SSHQGL[�����7KH�GURS�RXW�RI�PDVWHU�VWXGHQWV� LQ������� ��IHPDOH�VWXGHQWV�DQG�LQ������� ��IHPDOH�VWXGHQW��WKH\�GLGQ¶W�UHJLVWHU�IRU�VWXGLHV��
�����$FDGHPLF�0RELOLW\(VWRQLDQ� 0LQLVWU\� RI� (GXFDWLRQ� DQG� 5HVHDUFK� LPSOHPHQWV� WKH� SROLF\� DFFRUGLQJ� WR�ZKLFK� WKH� %$� OHYHO� SURJUDPV� KDYH� WR� EH� FRPSUHKHQVLYH� DQG� LQ� DFFRUGDQFH� ZLWK�VLPLODU� SURJUDPV� RI� RWKHU� (VWRQLDQ� XQLYHUVLWLHV� 7KLV� LV� WR� DOORZ� H[WHQVLYH� VWXGHQW�PRELOLW\��HVSHFLDOO\�DIWHU�WKH�%DFKHORU�OHYHO�LV�FRPSOHWHG��$W�WKH�VDPH�WLPH�WR�HQVXUH�WKH�SUHSDUDWLRQ�RI�SRVVLEO\�ZLGH�UDQJH�RI�KLJK� OHYHO�VSHFLDOLVW��QHHGHG�IRU�YHUVDWLOH�GHYHORSPHQW� RI� (VWRQLD�� 0DVWHU� OHYHO� FRXUVHV� LQ (VWRQLDQ� XQLYHUVLWLHV� DUH� QRW�DOORZHG�WR�EH�FRQVLGHUDEO\�RYHUODSSLQJ�7KHUHIRUH� WKH� VWXGHQWV� ZKR� KDYH� HQUROOHG� LQ� 0DVWHU� OHYHO� SURJUDP� DW� D� FHUWDLQ�XQLYHUVLW\�DUH�XVXDOO\�QRW� FKDQJLQJ� WKHLU� KRPH�XQLYHUVLW\�XQWLO� WKH�HQG�RI�SURJUDP��&RQFHUQLQJ� WKH� SRVVLELOLWLHV� IRU� HYHU\� VLQJOH� VWXGHQW� WR� WDNH� FRXUVHV� DW� RWKHU�
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XQLYHUVLWLHV��WKH�FRPSXOVRU\�SDUW�RI�RXU�FXUULFXOD�WDNHV�RQO\�XS�WR������PHDQLQJ�WKDW�WKH�VWXGHQWV�KDYH�JRRG�RSSRUWXQLWLHV� WR� WDNH�FRXUVHV�DW�RWKHU�XQLYHUVLWLHV�HLWKHU� LQ�(VWRQLD�RU�DEURDG�7KH�RSWLRQV�RI�PRELOLW\�RI�VWXGHQWV�KDYH�EHHQ�GHILQHG� LQ� WKH�DJUHHPHQWV�EHWZHHQ�WKH�XQLYHUVLWLHV�DQG�WKH\�GHSHQG�RQ�WKH�SUHOLPLQDU\�VWXGLHV�RI�WKH�VWXGHQWV��$W�DUULYDO�RI�D�VWXGHQW�IURP�DQRWKHU�XQLYHUVLW\�WKH�VWXGHQW�FRXQVHOORU�FRPSDUHV�WKH�V\OODEL�ZLWK�WKHVH�RI�WKH FXUULFXOXP�RI�%LRORJ\�DQG�IL[HV�WKH�VXEMHFWV�WKDW�FDQ�EH�WUDQVIHUUHG��7KH�WUDQVIHU� ZLOO� EH�PDGH� DFFRUGLQJ� WR� WKH� GHFLVLRQ� RI� WKH�PHPEHU� RI� DFDGHPLF� VWDII�UHVSRQVLEOH�IRU�WKH�VXEMHFW��ZKR�FDQ�GHPDQG�DFTXLVLWLRQ�RI�DGGLWLRQDO�PDWHULDO�ZKHQ�WKH� YROXPH� RU� FRQWHQW� RI� UHVSHFWLYH� VXEMHFW� GRHV� QRW� FRLQFLGH��� $FFRUGLQJ� WR� WKH�DJUHHPHQWV�EHWZHHQ�WKH�XQLYHUVLWLHV�VWXGHQWV�FDQ�OLVWHQ�WR�FHUWDLQ�FRXUVHV�DW�RWKHU�XQLYHUVLWLHV� �DV� YLVLWLQJ� VWXGHQWV��� $� YLVLWLQJ� VWXGHQW� LV� D� VWXGHQW� PDWULFXODWHG� E\�DQRWKHU� XQLYHUVLW\�� ZKR DFFRUGLQJ� WR� UHVSHFWLYH� DJUHHPHQWV� KDV� JDLQHG� D� ULJKW� WR�VWXG\�RQH�RU� VHYHUDO�VXEMHFWV�DW� WKH�JLYHQ�XQLYHUVLW\�ZKHUHE\�KRPH�XQLYHUVLW\�ZLOO�WUDQVIHU�WKH�UHVXOWV�RI�WKH�VWXG\�7KH�RSWLRQ�RI�VWXG\LQJ�DV�D�YLVLWLQJ�VWXGHQW�DW�8QLYHUVLW\ RI�7DUWX��7DOOLQQ�7HFKQLFDO�8QLYHUVLW\�� 7DOOLQQ� 3HGDJRJLFDO� 8QLYHUVLW\�� (VWRQLDQ� $FDGHP\� RI� $UWV�� (VWRQLDQ�$JULFXOWXUDO� 8QLYHUVLW\� DQG� (VWRQLDQ� $FDGHP\� RI� 0XVLF� ZDV� HVWDEOLVKHG� E\� WKH�PLQXWHV�RI� WKH�PHHWLQJ�RI� WKH� UHFWRUV�RI�SXEOLF�XQLYHUVLWLHV�RQ����6HSWHPEHU������³6WXG\LQJ�DV�D�9LVLWLQJ�6WXGHQW´��$GPLVVLRQ�RI�YLVLWLQJ�VWXGHQWV�DQG�VHQGLQJ�VWXGHQWV�WR� RWKHU� XQLYHUVLWLHV� DV� YLVLWLQJ� VWXGHQWV� LV� GHWHUPLQHG� E\� DJUHHPHQWV� EHWZHHQ�XQLYHUVLWLHV�$�YLVLWLQJ�VWXGHQW�KDVx WKH�ULJKW� WR�SDUWLFLSDWH� LQ�WXLWLRQ�RQ�HTXDO�JURXQGV�ZLWK�WKH�VWXGHQWV�RI�UHFHLYLQJ�8QLYHUVLW\�x WKH�ULJKW�WR�XVH�WKH�OLEUDU\�RI�WKH�8QLYHUVLW\�x WKH�ULJKW�WR�UHVLGH�LQ�WKH�KRVWHO�RI�WKH�8QLYHUVLW\�RQ�DYDLODELOLW\�RI�YDFDQFLHV�x WKH�REOLJDWLRQ�WR�DELGH�E\�WKH�UHJXODWLRQV�RI�WXLWLRQ�DQG�KRXVH�UXOHV�RI�UHFHLYLQJ�8QLYHUVLW\�7KH�8QLYHUVLW\�KDVx WKH� ULJKW� WR� SUHIHU� LWV� RZQ� VWXGHQWV� WR� YLVLWLQJ� VWXGHQWV� LI� QXPEHU� RI� FRXUVH�SDUWLFLSDQWV�LV�OLPLWHG�x WKH�ULJKW�WR�WHUPLQDWH�WKH�VWXGLHV�RI�WKH�YLVLWLQJ�VWXGHQW�LI�WKH�YLVLWLQJ�VWXGHQW�KDV�QRW�DELGHG�E\�WKH�UHJXODWLRQV�RI�WXLWLRQ�RI�WKH�8QLYHUVLW\�DQG�LWV�KRXVH�UXOHV�x WKH�REOLJDWLRQ�WR�FUHDWH�IRU�WKH�YLVLWLQJ�VWXGHQW�FRQGLWLRQV�IRU�WKH�VWXG\�RI�VXEMHFWV�LQGLFDWHG�LQ�KLV�KHU�DSSOLFDWLRQ�&XUUHQWO\� WKH� VWXGHQWV� RI� &RPSXWHU� 6FLHQFH� KDYH� EHHQ� JLYHQ� D� FKDQFH� WR� DSSO\�YDULRXV�JUDQWV�IRU�VWXG\LQJ�DW�XQLYHUVLWLHV�DEURDG��H�J��62&5$7(6 LQ�WKH�IUDPHZRUN�RI�VXESURJUDP�RI�KLJKHU�HGXFDWLRQ�(5$6086��'$$'��%DOWLF�8QLYHUVLW\�3URJUDPPH�HWF���� 7KH� DLP� RI� WKH� JUDQWV� UHFHLYHG� LV� WR� GHYHORS� FRRSHUDWLRQ� LQ� WKH� VSKHUH� RI�KLJKHU�HGXFDWLRQ� LQ�(XURSH� LQ�RUGHU� WR�LQFUHDVH�SURIHVVLRQDO�TXDOLILFDWLRQ�RI�SHRSOH�RI�SDUWLFLSDWLQJ�FRXQWULHV��$�SHULRG�RI�VWXGLHV�DEURDG�RI�WKH�VWXGHQW�LV�WUHDWHG�DV�DQ�HTXDO�SDUW�RI�WKH�FXUULFXOXP�DW�KRPH�XQLYHUVLW\�7KHUH�KDYH�QRW�EHHQ�DQ\�VWXGHQWV�PRYLQJ�RYHU�WR�DQRWKHU�XQLYHUVLW\�LQ�WKH�PLGGOH�RI�WKHLU�VWXGLHV�RU�FRPLQJ�WR�RXUV�LQ�WKH�VDPH�ZD\�LQ�WKH�SDVW�IRXU�\HDUV�
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,Q������DQG�������GXULQJ���PRQWKV�� WZR�VWXGHQWV�IURP�7XUNX�3RO\WHFKQLF �)LQODQG��VWXGLHG� DQG� KDG� WKHLU� SURFHGXUDO� SUDFWLFH� LQ� WKH� &KDLU� RI� %LRORJ\� RI� 738�� DQG� ��0DVWHU� VWXGHQWV� RI� 738� VWD\HG� DV� YLVLWLQJ� VWXGHQWV� LQ�7XUNX�� ,Q� ������ GXULQJ� RQH�VHPHVWHU�� D� VWXGHQW� IURP� WKH�8QLYHUVLW\�RI�7XUNX�SDUWLFLSDWHG� LQ� WKH�VWXGLHV�RI� WKH�'HSDUWPHQW�
�����*UDGXDWHV�RI�WKH�&XUULFXOD'XH� WR� WKH� \RXWK� RI� WKH� FXUULFXOD� RI� %LRORJ\�� QR� VWXGHQWV� RI� 7DOOLQQ� 3HGDJRJLFDO�8QLYHUVLW\ �738� KDYH�JUDGXDWHG�IURP�WKH�%DFKHORU¶�OHYHO�\HW�����VWXGHQWV�KDYH�EHHQ�JUDQWHG�DQ�06F����RI� WKHP�ILQLVKHG�ZLWK�FXP� ODXGH �7DEOH��������� 7KH� OLVW� RI� JUDGXDWHV� WRJHWKHU� ZLWK� WKH� WLWOHV� RI� WKHLU� 0DVWHU¶V� WKHVHV� KDYH�EHHQ� JLYHQ� LQ�$SSHQGL[� ��� 7KH� VWXGHQWV� ZKR� KDYH� JUDGXDWHG� IURP� WKH�0DVWHU¶V�FXUULFXOXP� LQ� 738� KDYH� DOO� IRXQG� ZRUN� LQ� WKH� IROORZLQJ� UHVHDUFK� DQG� HGXFDWLRQDO�LQVWLWXWLRQV�� (VWRQLDQ�0DULQH� ,QVWLWXWH� RI�8QLYHUVLW\ RI� 7DUWX�� )DFXOW\� RI� )RUHVWU\� RI�(VWRQLDQ� $JULFXOWXUDO� 8QLYHUVLW\�� ,QVWLWXWH� RI� (FRORJ\� RI� 7DOOLQQ� 3HGDJRJLFDO�8QLYHUVLW\�� (VWRQLDQ� 0XVHXP� RI� 1DWXUDO� +LVWRU\�� ,QWHUQDWLRQDO� 6WXGHQW� 2IILFH� RI�8QLYHUVLW\ RI� 7DUWX�� (VWRQLDQ� &RQWURO� &HQWUH� RI� 3ODQW� 3URGXFWLRQ�� (VWRQLDQ�0HWHRURORJLFDO DQG� +\GURORJLFDO� ,QVWLWXWH� 7}VWDPDD� 6HFRQGDU\� 6FKRRO�� (VWRQLDQ�5DGLDWLRQ� 3URWHFWLRQ� &HQWUH�� +LLXPDD� ,VOHWV� /DQGVFDSH� 5HVHUYH�� 7UDQVSRUW� DQG�(QYLURQPHQW� 'HSDUWPHQW� RI� WKH� &LW\� RI� 7DOOLQQ�� 0DQ\� JUDGXDWHV� RI� WKH� 0DVWHU�VWXGLHV� RI� %LRORJ\� KDYH� FRQWLQXHG� WKHLU� VWXGLHV� DW� GRFWRUDWH� OHYHO LQ� 7DOOLQQ�3HGDJRJLFDO�8QLYHUVLW\��8QLYHUVLW\ RI�7DUWX��7DOOLQQ�7HFKQLFDO�8QLYHUVLW\��8QLYHUVLW\�RI�.LHO��$SSHQGL[������VHH�DOVR�&KDSWHU������ 7DEOH������1XPEHU�RI�JUDGXDWHV�VLQFH�WKH�RSHQLQJ�RI�WKH�0DVWHU¶V�FXUULFXOXP

<HDU 06F GHJUHH���� ����� ����� ����� ����� ����� ����� �7RWDO ��
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���$FDGHPLF�DQG�$GPLQLVWUDWLYH�3HUVRQQHO
�����7KH�3HUVRQQHO�DQG�LWV�:RUNORDG7KHUH�DUH���� WHDFKHUV�ZRUNLQJ� LQ� WKH�'HSDUWPHQW�RI�1DWXUDO�6FLHQFHV�� �� RI�WKHP� DUH� LQYROYHG� LQ� WKH� SUHSDUDWLRQ� RI� %DFKHORU DQG� 0DVWHU OHYHO� VWXGHQWV� LQ�%LRORJ\��L�H��WKH�FXUULFXOD��������� ������� DQG ���������,Q�DGGLWLRQ�WR�WKHP�WKHUH�DUH� �� SDUW�WLPH� WHDFKHUV� WKDW� DUH� FRQQHFWHG� WR� WKH� FXUULFXOD� XQGHU� DFFUHGLWDWLRQ��7KHUHIRUH�WKH�WRWDO�QXPEHU��EDVHG�RQ�QDPHO\�IXOO�SRVLWLRQV��RI�WHDFKHUV�FRQQHFWHG�WR�WKH�SUHSDUDWLRQ�RI�%DFKHORU DQG�0DVWHU OHYHO�VWXGHQWV�LQ�%LRORJ\�LQ�WKH�'HSDUWPHQW�LV�����7KDW�PHDQV ������HTXLYDOHQW�IXOO�SRVLWLRQV�7KH�WHDFKHUV�RI�WKH�VR�FDOOHG�WUDGLWLRQDO�VXEMHFWV�RI�ELRORJ\�ZRUN�IXOO�WLPH�IRU�7DOOLQQ�3HGDJRJLFDO�8QLYHUVLW\��1HZ�VSHFLILF�VXEMHFWV�DUH� WDXJKW�PRVWO\�E\�JXHVW� WHDFKHUV�RU� WHDFKHUV�ZKR�KDYH�D� WHPSRUDU\� FRQWUDFW��7HDFKHUV� IURP�7DOOLQQ�3HGDJRJLFDO�8QLYHUVLW\ �738� ,QVWLWXWH�RI�(FRORJ\��(VWRQLDQ�0DULQH�,QVWLWXWH�RI�8QLYHUVLW\�RI�7DUWX� DQG� 7DOOLQQ� 7HFKQLFDO� 8QLYHUVLW\� DUH� LQYROYHG� LQ� WHDFKLQJ� WKH� VSHFLDO�FRXUVHV��$W� WKH�VDPH�WLPH�RXU� WHDFKHUV�DUH�UHJXODUO\� LQYROYHG� LQ� WKH�ZRUN�RI�RWKHU�KLJKHU�HGXFDWLRQDO�LQVWLWXWLRQV �IRU�H[DPSOH��DVVRFLDWH�SURIHVVRU�0��+DUDN�DQG�DVVLVWDQW�OHFWXUHU�7��3ORRPSXX�DOVR�ZRUN� LQ� WKH�*HQH�7HFKQRORJ\� ,QVWLWXWH� RI�7DOOLQQ�7HFKQLFDO�8QLYHUVLW\���7KH� OLVW� RI� WKH� DFDGHPLF� SHUVRQQHO� LV� JLYHQ� LQ�$SSHQGL[� ��� 7KH� DGPLQLVWUDWLYH�SHUVRQQHO�RI�WKH�'HSDUWPHQW�RI�1DWXUDO�6FLHQFHV�FRQVLVWV�RI���SHRSOH��ZKLFK LV������HPSOR\HHV�SHU� WHDFKHU�� 7KHUHIRUH� WKH�ZRUNORDG� RI� WKH� DGPLQLVWUDWLYH� SHUVRQQHO� LV�TXLWH� VLJQLILFDQW�� 7KH� UHODWLYHO\� LQDGHTXDWH� QXPEHU� RI� SUHVHQWO\� HPSOR\HG�DGPLQLVWUDWLYH�SHUVRQQHO� LV�DERXW� WR�JURZ� LQ� WKH�QH[W� IHZ�\HDUV� LQ� FRQQHFWLRQ�ZLWK�WKH�VWUXFWXUDO�FKDQJHV�IRUHVHHQ�LQ�WKH�GHYHORSPHQW�SODQ�RI�WKH�GHSDUWPHQW��2Q�WKH�RWKHU�KDQG��WKH�SURIHVVLRQDO�DSSURDFK�RI�WKH�DGPLQLVWUDWLYH�SHUVRQQHO�PDNHV�XS�IRU�WKH�PHQWLRQHG�VKRUWFRPLQJV�3UHVHQWHG�VWDWLVWLFV�VKRZ�WKH�DFDGHPLF�DQG�DGPLQLVWUDWLYH�SHUVRQQHO�FRQQHFWHG� WR�ERWK�FXUULFXOD�XQGHU�DFFUHGLWDWLRQ��$V� WKH�%DFKHORU¶V�FXUULFXOXP�����������DQG�WKH�0DVWHU¶V� FXUULFXOXP� ���������� LQFOXGH� DOVR� EORFNV� RI� JHQHUDO� VXEMHFWV� DQG�LQWHUGLVFLSOLQDU\�HOHFWLYHV�WKHQ�WKH�OLVWV�RI�DFDGHPLF�SHUVRQQHO�FRQQHFWHG�WR�WKHP�LV�SUHVHQWHG�LQ�$SSHQGL[����0RVW LQVWUXFWRUV ����� L�H�� ����� ��� �$SSHQGL[� ��� WHDFKLQJ� VXEMHFWV� RI� QDWXUDO�VFLHQFHV�WKDW�EHORQJ�WR�WKH�FXUULFXOD�RI�%LRORJ\�KDYH�D�UHVHDUFK�GHJUHH�����RI�WKHP����������KDYH�D�3K'�RU�DQ�HTXLYDOHQW�GHJUHH�LQ�VFLHQFH��'6F�± ���3K'�± ���&DQG��6FL��± ������ WHDFKHUV�KDYH�DQ�06F��7KH�LQVWUXFWRUV�DW�0DVWHU¶V�OHYHO�DOO�KDYH�D�3K'�RU�LWV�HTXLYDOHQW��7KHUHIRUH�WKH�UHTXLUHPHQW�SUHVHQWHG�LQ�WKH�GRFXPHQWDWLRQ��WKDW�DW�OHDVW�����RI�WKH�WHDFKHUV�LQYROYHG�LQ�%DFKHORU¶V OHYHO�DQG�DW�OHDVW�����RI�WKH�WHDFKHUV� LQYROYHG LQ� 0DVWHU¶V OHYHO� HGXFDWLRQ� PXVW� KDYH� D� 3K'� RU� DQ� HTXLYDOHQW�GHJUHH�� LV� FRPSOHWHO\� PHW�� 7KH� DYHUDJH� DJH� RI� WKH� DFDGHPLF� SHUVRQQHO� LV� �����\HDUV��7KH�DJH�FRPSRVLWLRQ�RI�WKH�WHDFKLQJ�VWDII�LV�JLYHQ�LQ�7DEOH�������7KH� DYHUDJH� FRQWLQXRXV� WHDFKLQJ� VHUYLFH� RI� WKH� DFDGHPLF� SHUVRQQHO� LV� ����\HDUV������RI�WKHP�KDYH�PRUH�WKDQ����\HDUV�RI�WHDFKLQJ�H[SHULHQFH�
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7DEOH������$JH�FRPSRVLWLRQ�RI�WKH�WHDFKLQJ�VWDII�RI�%LRORJ\�LQ������
«�� �� ����� ����� ����� ���� « 6XEVWDQWLYH�HPSOR\PHQW (TXLYDOHQW�HPSOR\PHQW3URIHVVRU � � � � � � ���$VV��3URI�� � � � � � �� �/HFWXUHU � � � � � � ����$VVLVWDQW� � � � � � � �7HDFKHU� � � � � � � �3DUW�WLPH�DFDGHPLF�VWDII � � � � � � �7RWDO � � � � � �� �����

7KH�DYHUDJH�DQQXDO�DXGLWRU\�ZRUNORDG�RI�WKH�DFDGHPLF�VWDII�DFFRUGLQJ�WR�WKH�SRVLWLRQ��VHH�7DEOH��������PHHWV�WKH�UHTXLUHPHQWV�JLYHQ�LQ�5HVROXWLRQ���RI�738�*RYHUQPHQW�LQ������
7DEOH������$YHUDJH�DQQXDO�ZRUNORDG�RI�WKH�DFDGHPLF�VWDII

$YHUDJH�ZHHNO\�DXGLWRU\�ZRUNORDG
$YHUDJH�DQQXDO�DXGLWRU\�ZRUNORDG

3UHSDUDWLRQ��H[DPV��DVVHVVPHQWV��FRUUHFWLQJ�WHVWV
6XSHUYLVLQJ�SURIHVVLRQDO�SODFHPHQW�DQG�RU�UHVHDUFK�ZRUN

$YHUDJH�WRWDO�DQQXDO�ZRUNORDG�
3URIHVVRU � ��� ��� ��� ���$VV��3URI�� � ��� ��� ��� ���/HFWXUHU� �ZLWK�UHVHDUFK�REOLJDWLRQ� �� ��� ��� ��� ����
/HFWXUHU��ZLWKRXW�UHVHDUFK�REOLJDWLRQ �� ��� ��� ��� ����
7HDFKHU� �� ��� ��� ��� ����
������RI� WHDFKHUV� ���� LQGLYLGXDOV��ZRUN� IXOO�WLPH�� ������ ��� SHRSOH��ZRUN� KDOI�WLPH�DQG�������SDUW�WLPH�������ZRUNORDG��7KH�DYHUDJH�DXGLWRU\�ZRUNORDG�RI�WKH�WHDFKHUV�RI�QDWXUDO�VFLHQFHV�LQ�����������ZDV�����KRXUV��������KRXUV�RI�WKDW�ZDV�VSHQW�UHDGLQJ�IRU�WKH�VWXGHQWV�RI�WKH�'HSDUWPHQW�RI�1DWXUDO�6FLHQFHV� ,Q�DGGLWLRQ�WR�DXGLWRU\�ZRUN�WKH�WHDFKHUV�DUH�DOVR�RFFXSLHG�ZLWK�VXSHUYLVLQJ� WHUP�SDSHUV��JUDGXDWLRQ�SDSHUV�DQG�%DFKHORU¶V� WKHVHV���� WHDFKHUV�DUH�DOVR�LQYROYHG�LQ�OHDGLQJ�WKH�GHSDUWPHQW��,Q�DGGLWLRQ�WR�WKDW�3URI��-��0��3XQQLQJ�LV�WKH�+HDG�RI� WKH� ,QVWLWXWH�RI�(FRORJ\��3URI��5��0DQNLQ� OHDGV� WKH�'HSDUWPHQW�RI�1DWXUDO�
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6FLHQFHV�DQG�3URI��+��.XNN�LV�WKH�'HDQ�RI�WKH�)DFXOW\�RI�0DWKHPDWLFV�DQG�1DWXUDO�6FLHQFHV�,W� LV� GLIILFXOW� WR� EULQJ� RXW� WKH� REMHFWLYH� UHODWLRQVKLS� EHWZHHQ� VWXGHQWV� DQG� WHDFKHUV�ZKHQ�LW�FRPHV�WR�WKH�FXUULFXOD�XQGHU�DFFUHGLWDWLRQ��EHFDXVH�WKH�WHDFKHUV�LQYROYHG�LQ�WHDFKLQJ�%LRORJ\�DOVR�WHDFK�DFFRUGLQJ�WR�GLIIHUHQW�FXUULFXOD�LQ�RWKHU�GHSDUWPHQWV�DQG�RWKHU� IDFXOWLHV�� $FFRUGLQJ� WR� WKH� DYHUDJH� DXGLWRU\� ZRUNORDG� DQG� WDNLQJ� LQWR�FRQVLGHUDWLRQ�WKHLU�HTXLYDOHQW�IXOOWLPH�SRVLWLRQV��ZH�JHW������DV�WKH�VWXGHQW�WHDFKHU�UDWLR��RI�ZKLFK�WKH�IXOILOPHQW�RI�%DFKHORU¶V�FXUULFXOD�LV�����DQG�0DVWHU¶V�FXUULFXOXP�LV�����7KH�VWURQJ�VLGHV�RI�WKH�LQVWUXFWRUV�WHDFKLQJ�WKH�VXEMHFWV�RI�WKH�FXUULFXOD�DUH�x LQVWUXFWRUV� DUH� JRRG� VSHFLDOLVWV� RI� WKH� FXUULFXOXP�� KDYLQJ� ZLGH� DQG� YHUVDWLOH�NQRZOHGJH��x WHDFKHUV�DUH�LQYROYHG�LQ�YDULRXV�DFWLYLWLHV�DFFRUGLQJ�WR�WKHLU�VSHFLDOLWLHV�ZLWKLQ�WKH�XQLYHUVLW\�DQG�DOVR�HOVHZKHUH�x VWURQJ� UHODWLRQV� FRQFHUQLQJ� VFLHQWLILF� VWXGLHV� KDYH� EHHQ� HVWDEOLVKHG� EHWZHHQ�GLIIHUHQW�VFLHQWLILF�LQVWLWXWLRQV�DQG�XQLYHUVLWLHV�LQ�(VWRQLD�DQG�DEURDG�x WHDFKHUV� DUH� TXDOLILHG� IRU� WKHLU� VSHFLDOLWLHV� SHGDJRJLFDO�GLGDFWLFDOO\� DQG� XVH�PRGHUQ�HGXFDWLRQDO�WHFKQRORJ\�DQG�LWV�PHDQV�LQ�WKHLU�HYHU\GD\�ZRUN�7KH� ZHDN� VLGHV� DUH�� ODFN� RI� DGPLQLVWUDWLYH� SHUVRQQHO� DV� PHQWLRQHG� HDUOLHU�LQDGHTXDWH� UHVRXUFHV� IRU� WKH� UHPXQHUDWLRQ� RI� VSHFLDOLVWV� IURP� HOVHZKHUH��VXSHUYLVLQJ� UHVHDUFK� ZRUN�� ZULWLQJ� UHYLHZV��� %XW� VLQFH� ����� WKLQJV� LQ� WKLV�PDWWHU�KDYH�FRQVLGHUDEO\�LPSURYHG���� LQVWUXFWRUV� RI� JHQHUDO� VXEMHFWV�DQG�HOHFWLYHV� ������ HTXLYDOHQW� IXOO� SRVLWLRQV�����ZLWK� D� VFLHQWLILF� GHJUHH� �VHH� $SSHQGL[� ���� DUH� FRQQHFWHG� WR� WKH� %DFKHORU¶V�FXUULFXOXP�����������DQG�WKH�0DVWHU¶V�FXUULFXOXP���������������RI�WKHP�DUH�GRFWRUV��3K'� DQG� &DQG�� 6FL����� KDYH� DQ�06F�0$�� 7KH� DYHUDJH� DJH� RI� WHDFKHUV� LV�����\HDUV�� DYHUDJH� WHDFKLQJ� H[SHULHQFH� �� \HDUV�� 7KHLU� DYHUDJH� DXGLWRU\� ZRUNORDG LQ�FRQQHFWLRQ�ZLWK�WKH�JHQHUDO�DQG�HOHFWLYH�VXEMHFWV�RI�WKH�PHQWLRQHG�WKUHH�FXUULFXOD�LV������KRXUV�7KH� UHODWLRQV� EHWZHHQ� VWXGHQWV��DFDGHPLF� VWDII DQG� RWKHU� HPSOR\HHV� DUH� JRRG��EDVHG�RQ�PXWXDO�XQGHUVWDQGLQJ�DQG�WKH�FRGH�RI�DFDGHPLF�HWKLFV�
�����3HUVRQQHO�3ROLFLHV$FDGHPLF�SHUVRQQHO�LV�FKRVHQ�WKURXJK�D�SXEOLF FRQWHVW�DFFRUGLQJ�WR�WKH�/DZ�RI�8QLYHUVLWLHV�RI�WKH�(VWRQLDQ�5HSXEOLF��WKH�6WDQGDUG�RI�+LJKHU�(GXFDWLRQ�RI�WKH� (VWRQLDQ� 5HSXEOLF� �$SSHQGL[� ��� DQG� RIILFLDO� GRFXPHQWDWLRQ� �HOHFWLRQ�GHFUHH��HWF���HVWDEOLVKHG�LQ�7DOOLQQ�3HGDJRJLFDO�8QLYHUVLW\ �738���7KH�EDVLV�IRU�EHFRPLQJ� HOHFWHG� LV�PHHWLQJ� WKH� TXDOLILFDWLRQ� VWDQGDUGV� RI� D� FHUWDLQ� SRVLWLRQ�� 7KH�FULWHULD� IRU� WKH� FKRLFH� DUH� D� FDQGLGDWH¶V� OHYHO� RI� HGXFDWLRQ�� VFLHQWLILF� DQG� WHDFKLQJ�DELOLWLHV� DV� ZHOO� DV� SUDFWLFDO� NQRZOHGJH� LQ� WKH� ILHOG� 7KH�PRVW� LPSRUWDQW� FULWHULRQ��KRZHYHU��LV�WKH�SURGXFWLYLW\�RI�WKH�FDQGLGDWH¶V�VFLHQWLILF�ZRUN��WKH�DPRXQW�DQG�TXDOLW\�RI� SXEOLFDWLRQV��� &DQGLGDWH¶V� VXLWDELOLW\� IRU� WKH� SRVLWLRQ� LV� ILUVW� HYDOXDWHG� E\� D�VSHFLDOO\�FRQVWUXFWHG�DVVHVVPHQW�FRPPLVVLRQ��7KH�ILQDO�GHFLVLRQ�LV�PDGH�E\�VHFUHW�
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EDOORW�LQ�WKH�8QLYHUVLW\�RU�)DFXOW\�&RXQFLO��GHSHQGLQJ�RQ�WKH�UDQN�RI�WKH�SRVLWLRQ���$�WHPSRUDU\�FRQWUDFW����± ��\HDUV��ZLOO�EH�GUDZQ�XS�ZLWK�WKH�FKRVHQ�HPSOR\HH�7KH� DFWXDO� UDQJH� RI� FKRLFH�� ZKHQ� LW� FRPHV� WR� WKH� DFDGHPLF� SHUVRQQHO�� LV� TXLWH�OLPLWHG�DV� WKH�FLUFOH�RI�VXLWDEOH�DQG�FRPSDWLEOH� LQGLYLGXDOV� LQ�RXU�VPDOO�5HSXEOLF� LV�TXLWH� QDUURZ�� /LPLWHG� ILQDQFLDO� UHVRXUFHV�PLQLPL]H� WKH� SRVVLELOLW\� RI� LQYLWLQJ� JXHVW�OHFWXUHUV� �IURP� RWKHU� XQLYHUVLWLHV� DQG� LQVWLWXWLRQV��� ,Q� FRQQHFWLRQ� ZLWK� WKH�UHDUUDQJHPHQW� RI� WKH� 0DVWHU¶V� DQG� GRFWRUDWH� VWXGLHV� �LQFUHDVLQJ� WKH� DPRXQW� RI�VWXGHQWV�DGPLWWHG��UDLVLQJ�VWXGHQW�DOORZDQFHV��HWF���LW�FDQ�EH�KRSHG�WKDW�WKH�FKRLFH�RI�DFDGHPLF�SHUVRQQHO�ZLOO�ZLGHQ�LQ�WKH�IXWXUH��7KH� DGPLQLVWUDWLYH� SHUVRQQHO� LQ� GLIIHUHQW� &KDLUV� �$SSHQGL[� ��� KDYH SHUPDQHQW�FRQWUDFWV��7KH�ZKROH�DGPLQLVWUDWLYH�SHUVRQQHO�KDV�JRW�KLJKHU�HGXFDWLRQ��$GGLWLRQDO�VFKRROLQJ�DQG�YRFDWLRQDO�FRXUVHV�DUH�UHJXODUO\����� ��WLPHV�SHU�\HDU��DUUDQJHG��7KH�V\VWHP�RI�UHJXODU�DQG�VSHFLILF� �WR� WKH�RFFXSDWLRQ��KHDOWK�FKHFN�XSV�DQG�ULVN� DQDO\VHV� LV� IXQFWLRQLQJ� LQ� DFFRUGDQFH� ZLWK� QDWLRQDO� 2FFXSDWLRQDO�+HDOWKFDUH� 5HJXODWLRQV��)LUVW� DQG� IRUHPRVW�� WKH� SHUVRQQHO� ZRUNLQJ� RXWGRRUV� �DV�ZHOO�DV�RWKHUV��JR� WKURXJK�D�VHULHV�RI�YDFFLQDWLRQV�DQQXDOO\� �IRU�DQ\�GLVHDVHV� WKDW�FDQ�EH�FRQQHFWHG�WR�WKHLU�RFFXSDWLRQ��6RPH�RI�WKH�PRVW�HVVHQWLDO�RULHQWDWLRQV�LQ�WKH�SHUVRQQHO�SROLFLHV�RI�WKH�'HSDUWPHQW�RI�1DWXUDO�6FLHQFHV�RI�738�IRU�WKH�FRPLQJ�\HDUV�DUH�x 7R�ZRUN� RXW� D� VXSSRUW� V\VWHP� WR� HQVXUH� WKH� QH[W� JHQHUDWLRQ� RI� LQVWUXFWRUV� DQG�UHVHDUFKHUV��LQ�FRRSHUDWLRQ�ZLWK�WKH�SDUWQHUV�RI�WKH�8QLYHUVLW\�RI�7DOOLQQ�DEURDG��x 7R�HVWDEOLVK�MRLQW�SURIHVVRUVKLSV�ZLWK�RWKHU�XQLYHUVLWLHV�x 7R�LQYROYH�PRUH�YLVLWLQJ�LQVWUXFWRUV�LQ�WKH�VWXGLHV��WR�LQWURGXFH�WKH�V\VWHP�³9LVLWLQJ�)HOORZV´�$� FRQVWDQW� SROLF\� RI� WKH� GHSDUWPHQW� KDV� EHHQ� WR� UDLVH� WKH� TXDOLILFDWLRQ� RI� WKH�DFDGHPLF�VWDII�DQG�WR LQFUHDVH�WKH�QXPEHU�RI�IXOO�WLPH�LQVWUXFWRUV��%XW�WKHUH�LV�VWLOO�QR�UHDVRQ�WR�EH�VDWLVILHG��$�QHJDWLYH�LQGLFDWRU�LV�WKH�KLJK�DYHUDJH�DJH�RI�WKH�DFDGHPLF�VWDII� �FD� ��� \HDUV�� DQG� WKH� UHODWLYHO\� ELJ� QXPEHU� RI� SDUW�WLPH� WHDFKHUV� �DW� WKH�PRPHQW� WKH�SHUFHQWDJH� LV������$W� ILUVW� WKH�QXPEHU�RI� IXOO�WLPH� LQVWUXFWRUV� LV� OLPLWHG�EHFDXVH�WKH�FDSDFLW\�RI�VXEMHFWV� LQ�WKH�FXUULFXOXP�LV�VPDOO��7KH�TXDOLILFDWLRQ�RI� WKH�SHUVRQQHO�PHHWV�TXLWH�ZHOO�WKH�QHHGV�RI�WKH�FXUULFXOD��EXW�VWLOO�WKHUH�LV�VRPH�URRP�IRU�GHYHORSPHQW��$PRQJ�WKH����IXOO�WLPH�WHDFKHUV�LQ�WKH�'HSDUWPHQW����KDYH�JRW�D�3K'�RU� D� &DQG�� 6FL�� DQG� �� KROG� DQ� 06F�� 7KH� PRVW� VXFFHVVIXO� LQ� UDLVLQJ� WKH� QH[W�JHQHUDWLRQ� RI� WHDFKHUV� GXULQJ� WKH� SDVW� ILYH� \HDUV� KDV� EHHQ� WKH� EUDQFK� RI�JHRHFRORJ\��SRVLWLYH�WHQGHQFLHV�FDQ�EH�VHHQ�DOVR�LQ�WKH�&KDLU�RI�3K\VLFV��%XW�TXLWH�D�ORW�RI�ZRUN�LQ�SUHSDULQJ�QHZ�DFDGHPLF�VWDII�LV�VWLOO�WR�EH�GRQH��0RUH�RSSRUWXQLWLHV�VKRXOG�EH�IRXQG�WR VHQG�GHJUHH�VWXGHQWV�WR�VWXG\�LQ�IRUHLJQ�XQLYHUVLWLHV�IRU�DW�OHDVW�RQH�VHPHVWHU��7KH�QXPEHU�RI�\RXQJ� LQVWUXFWRUV�DQG�UHVHDUFKHUV�PLJKW� LQFUHDVH� LQ�FRQQHFWLRQ�ZLWK�WKH�SODQQHG�LPSURYHPHQW�RI�WKH�ODERUDWRULHV��7KH�ELJJHVW�FKDQJH�LQ�SHUVRQQHO� SROLFLHV� ZLOO� EH� WKH� FUHDWLRQ� RI� WKH� SRVLWLRQ� RI� D� UHVHDUFKHU� �VHQLRU�UHVHDUFKHU�� LQ� &KDLUV� ± WKLV� LV� RQH� RI� WKH� PRVW� LPSRUWDQW� SUHUHTXLVLWHV� IRU� WKH�GHYHORSPHQW�RI�WKH�'HSDUWPHQW��7KH�DYHUDJH�QHHG�IRU�UHVHDUFKHUV�LV���IXOO�SRVLWLRQV�LQ� HDFK� FKDLU��7KH� UHDOL]DWLRQ� RI� WKLV� SODQ�GHSHQGV�RQ� WZR� WKLQJV��KRZ�TXLFNO\� WKH�ODERUDWRU\� SDUN� LQ� WKH� 'HSDUWPHQW� RI� 1DWXUDO� 6FLHQFHV� FDQ� EH� FRQVWUXFWHG� DQG� LI�WKHUH�ZLOO�EH�D�EUHDNWKURXJK� LQ� WKH�IRUPDWLRQ�RI�FRPSHWLWLYH�UHVHDUFK�JURXSV� LQ� WKH�QHDUHVW�IXWXUH�
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�����5DLVLQJ�WKH�4XDOLILFDWLRQ RI�WKH�$FDGHPLF�6WDII7KH� OHFWXUHUV� RI� WKH� 'HSDUWPHQW� WDNH� DQ� DFWLYH� SDUW� LQ� LQWHUQDWLRQDO�FRQIHUHQFHV�� VHPLQDUV�� V\PSRVLD� DQG� VXPPHU� VFKRROV�� 3DUWLFLSDWLRQ� LQ�LQWHUQDWLRQDO� VFLHQWLILF� PHHWLQJV� LV� ILQDQFHG� IURP� (VWRQLDQ� 6FLHQFH� )RXQGDWLRQ�JUDQWV�DQG�WDUJHW�SURMHFWV��'XULQJ�WKH�ODVW�WKUHH�\HDUV������±�������WKH�OHFWXUHUV�RI�WKH� 'HSDUWPHQW� RI� 1DWXUDO� 6FLHQFHV� DWWHQGHG� ��� VFLHQWLILF� FRQIHUHQFHV�� VHPLQDUV�DQG�V\PSRVLD��$SSHQGL[����7ULSV�DEURDG�ZLWK�D�GXUDWLRQ�XS�WR���PRQWKV�KDYH�WDNHQ�SODFH�ZLWKLQ�WKH�IUDPHVRI�MRLQW� LQWHUQDWLRQDO� SURMHFWV�� 7KH� OHFWXUHUV� YLVLW� RWKHU� XQLYHUVLWLHV� DQG� VFLHQWLILF�LQVWLWXWLRQV��0HHWLQJV�DUH�DUUDQJHG�WR�GLVFXVV�SRVVLEOH�FR�RSHUDWLRQ��<RXQJ�OHFWXUHUV�ZLWK�DQ�06F�GHJUHH�DUH�HQFRXUDJHG�WR�FRQWLQXH�WKHLU�VWXGLHV�DW� GRFWRUDO� OHYHO� LQ� RWKHU� XQLYHUVLWLHV�� H�J�� $UQR� 3}OOXPlH� ����±������ $VWULG�+DOMDV�����±������7}QX�/DDV�����±�����DW�8QLYHUVLW\ RI�7DUWX��3ULLW�5HLVND�����±�����DW�WKH�8QLYHUVLW\�RI�.LHO��HWF�)RU� WKH� VDNH� RI� VWHDG\� PRGHUQL]DWLRQ� RI� WHDFKLQJ� PHWKRGV� WKH� 8QLYHUVLW\�V\VWHPDWLFDOO\� DUUDQJHV� LQ�VHUYLFH� WUDLQLQJ� FRXUVHV� IRU� OHFWXUHUV�� )RU� LQVWDQFH�� LQ������� �� LQVWUXFWRUV� IURP� WKH�'HSDUWPHQW� RI�1DWXUDO� 6FLHQFHV� XVHG� WKLV� SRVVLELOLW\��6RPHWLPHV�SDUWLFLSDWLRQ�LQ�WKH�FRXUVHV�LV�GLIILFXOW��EHFDXVH�WKH�WHDFKLQJ�ORDG�RI�WKH�DFDGHPLF�VWDII�LV�ELJ�HQRXJK��VHH�&KDSWHU������ $UWLFOH������RI�WKH�6WDWXWHV�RI�7DOOLQQ�3HGDJRJLFDO�8QLYHUVLW\�HQDFWV�WKDW�LQ�HYHU\�ILYH�\HDUV D�UHJXODU�OHFWXUHU�LV�HQWLWOHG�WR�D�WHDFKLQJ�IUHH�VHPHVWHU�ZLWK�WKH�SUHVHUYDWLRQ�RI�WKH�VDODU\��7KLV�WLPH�FDQ�EH�XVHG�IRU� UDLVLQJ� RQH¶V� TXDOLILFDWLRQ�� 7KH� FRUUHVSRQGLQJ� VFKHGXOH� IRU� WKH� QH[W� DFDGHPLF�\HDU�LV�FRPSLOHG�HYHU\�0DUFK�6FLHQWLILF� VHPLQDUV� DUH� UHJXODUO\� KHOG� LQ� WKH� 'HSDUWPHQW� RI� 1DWXUDO� 6FLHQFHV�� LWV�&KDLUV�DQG�LQ�WKH�,QVWLWXWH�RI�(FRORJ\��$W�WKHVH�VHPLQDUV�RQJRLQJ�LQYHVWLJDWLRQV�DUH�GLVFXVVHG��DQG�WKH�QHZHVW�ZRUOG�OLWHUDWXUH�LV�LQWURGXFHG��$PRQJ�WKH�SDUWLFLSDQWV�DUH�DOVR�%6F�DQG�06F�VWXGHQWV�$PRQJ� WKH� SDUW�WLPH� OHFWXUHUV� RI� WKH� 'HSDUWPHQW� WKHUH� DUH� UHVHDUFKHUV�� VHQLRU�UHVHDUFKHUV� RU� VRPH� RWKHU� OHDGLQJ� VSHFLDOLVWV� �GLUHFWRU�� IURP� VHYHUDO� UHVHDUFK�LQVWLWXWLRQV��(VWRQLDQ�0DULQH� ,QVWLWXWH� RI�8QLYHUVLW\ RI� 7DUWX�� ,QVWLWXWH� RI�(FRORJ\�RI�7DOOLQQ� 3HGDJRJLFDO� 8QLYHUVLW\�� ,QVWLWXWH� RI� ([SHULPHQWDO� DQG� &OLQLFDO� 0HGLFLQH��,QVWLWXWH�RI�&KHPLFDO�DQG�%LRORJLFDO�3K\VLFV��,QVWLWXWH�RI*HQH�7HFKQRORJ\�DW�7DOOLQQ�8QLYHUVLW\� RI� 7HFKQRORJ\�� ,QVWLWXWH� RI� &KHPLVWU\� DW� 7DOOLQQ� ,QVWLWXWH� RI� 7HFKQRORJ\��HWF�7KH�GHYHORSPHQW�SODQ�RI�WKH�'HSDUWPHQW��$SSHQGL[��� DGGUHVVHV�WKH�FUHDWLRQ�RI�D�ODERUDWRU\�IRU� LQWHUGLVFLSOLQDU\�VWXGLHV�LQ�WKH�ILHOG�RI�QDWXUDO�VFLHQFHV�LQ�����±������7KH�PDLQ�VXEMHFW�PDWWHU�RI� WKH� ODERUDWRU\� UHODWHV� WR� LQWHJUDWHG�SURMHFWV�RI�GLIIHUHQW�FKDLUV� LQ� WKH�RYHUODSSLQJ� ILHOGV�RI�ELRORJ\��FKHPLVWU\��JHRHFRORJ\�DQG�SK\VLFV��H�J��VWXG\�RI�SODQW�PHWDEROLWHV��DQDO\VLV�RI�JHRORJLFDO�VWDJHV��HWF����7KH�DLP�LV�WR�LQFUHDVH�WKH�SURSRUWLRQ�RI�UHVHDUFKHUV�LQ�WKH�DFDGHPLF�SHUVRQQHO�WR�DW�OHDVW�����E\�WKH�\HDU������� 6\VWHPDWLF� DSSOLFDWLRQ� RI� WKH� URWDWLRQ� SULQFLSOH� RI� OHFWXUHUV� DQG� UHVHDUFKHUV�ZRXOG�DOVR�FRQWULEXWH�WR�WKH�LPSURYHPHQW�RI�TXDOLILFDWLRQ�RI�WKH�DFDGHPLF�VWDII�
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�����&RRSHUDWLRQ�ZLWK�WKH�8QLYHUVLW\�$GPLQLVWUDWLRQ7KH� SUREOHPV� UHODWLQJ� WR� WHDFKLQJ� DUH� GLVFXVVHG� LQ� UHYHUVHG� KLHUDUFKLFDO�RUGHU��FKDLU��OHFWXUHVKLS��± GHSDUWPHQW�± IDFXOW\�± XQLYHUVLW\��3URFHHGLQJ�IURP�WKH�OHYHO�RI�PDQDJHPHQW��KHDG�RI�WKH�FKDLU�± KHDG�RI�WKH�GHSDUWPHQW�± FRXQFLO�RI� WKH�GHSDUWPHQW� ± GHDQ�± FRXQFLO� RI� WKH� IDFXOW\� ± YLFH�UHFWRUV�± XQLYHUVLW\�FRXQFLO�± H[SDQGHG�FRXQFLO�RI�WKH�XQLYHUVLW\�± UHFWRU��7KHUH�LV�PXWXDO�LQIRUPDWLRQ�H[FKDQJH�EHWZHHQ�WKH�8QLYHUVLW\�PDQDJHPHQW�DQG�WKH�'HSDUWPHQW� RI� 1DWXUDO� 6FLHQFHV�� ,Q� DFFRUGDQFH� ZLWK� WKH� 6WDWXWHV� RI� 7DOOLQQ�3HGDJRJLFDO�8QLYHUVLW\�DQG�RWKHU� UHOHYDQW�GRFXPHQWV�� WKH�FRRSHUDWLRQ� WDNHV�SODFH�WKURXJK�WKH�IROORZLQJ�PDLQ�VWUXFWXUHV��x �� PHPEHUV� RI� WKH� 'HSDUWPHQW� RI� 1DWXUDO� 6FLHQFHV �3URIHVVRUV +�� .XNN�� 5��0DQNLQ��-��0��3XQQLQJ��DUH�PHPEHUV�RI� WKH�&RXQFLO�RI�738��7KH�GHSDUWPHQW� LV�DOVR� UHSUHVHQWHG� LQ� WKH� 5HVHDUFK� DQG� 'HYHORSPHQW� &RPPLVVLRQV� RI� 7DOOLQQ�3HGDJRJLFDO� 8QLYHUVLW\�� 3URI�� 5�� 0DQNLQ� LV� WKH� &KDLUPDQ� RI� WKH� 5HVHDUFK�&RPPLVVLRQ� 3URI�� -��0�� 3XQQLQJ� LV� WKH� &KDLUPDQ� RI� WKH� 'HYHORSPHQW�&RPPLVVLRQ�� 7KH� &RXQFLO� FDQ� GLVFXVV� RQO\� WKHVH SUREOHPV� ZKLFK� WKH�FRPPLVVLRQV KDYH�SURSRVHG��x 3URI��+�� .XNN� UHSUHVHQWV� WKH�'HSDUWPHQW� LQ� WKH�*RYHUQPHQW� RI� WKH�8QLYHUVLW\��7KH�*RYHUQPHQW�FDUULHV�RXW�WKH�GHFLVLRQV�PDGH�E\�WKH�&RXQFLO�RI�WKH�8QLYHUVLW\�DQG�GHDOV�ZLWK�RWKHU�FXUUHQW�JHQHUDO�SUREOHPV�x 7KH� 'HDQ� VHUYHV� DV� D� OLQN� EHWZHHQ� WKH� 'HSDUWPHQW� DQG� WKH� 8QLYHUVLW\�PDQDJHPHQW��7KH�'HDQ¶V�RIILFH�NHHSV�DFFRXQW�RQ�VWXG\�UHVXOWV��WKH�'HSDUWPHQW�RI�$FDGHPLF�$IIDLUV�XVHV� WKLV�GDWD� WR�NHHS�DFFRXQW�RQ�GLVPLVVHG�DQG�DGPLWWHG�VWXGHQWV��7KH�GHSDUWPHQW�LV�UHVSRQVLEOH�IRU�WKH�TXDOLW\�RI�WHDFKLQJ�6LQFH�������WKH�IDFXOWLHV�DQG�DFDGHPLF�GHSDUWPHQWV�DUH�FRPSOHWHO\�IUHH�WR�VROYH�WKH�SUREOHPV�IDOOLQJ�ZLWKLQ�WKHLU�FRPSHWHQFH��+RZHYHU��PDNLQJ�WKHLU�GHFLVLRQV�WKH\�PXVW�QDWXUDOO\� IROORZ� WKH� GRFXPHQWV� UHJXODWLQJ� WKH� XQLYHUVLW\� OLIH� �6WDWXWHV� RI� WKH�8QLYHUVLW\��HWF���7KH�ILUVW�VLJQDO�DERXW�GLVFRUGV�LQ�WHDFKLQJ�FRPHV�HLWKHU�IURP�VWXGHQWV�RU�LQVWUXFWRUV�SURSRVH�WR�DSSO\�VRPH�FKDQJHV��7KH�VKRUWFRPLQJV�DUH�UHSRUWHG�DW�WKH�PHHWLQJV�RI�WKH� &KDLU� ZKLFK� DUH� KHOG� HYHU\� ZHHN�� )HHGEDFN� WDNHV� SODFH� LQ� WKH� IRUP� RI�UHVROXWLRQV�RU�ZULWWHQ�RUGHUV�&RRSHUDWLRQ� ZLWK� WKH� 8QLYHUVLW\� PDQDJHPHQW� LV� DLPHG� DW� ILQGLQJ� SRVVLELOLWLHV� IRU�LQWHJUDWLRQ ZLWK� LQVWLWXWLRQV�RI�QDWXUDO� VFLHQFHV�DQG�RWKHU�XQLYHUVLWLHV WR�VWUHQJWKHQ�WKH�VFLHQWLILF�DQG�PDWHULDO�OHYHO�7R�LQIRUP�WKH�SXEOLF�DERXW�VFLHQWLILF�DQG�WHDFKLQJ�DFWLYLWLHV��GHYHORSPHQWV��HWF� LQ�WKH�8QLYHUVLW\�DV�D�ZKROH�� LQ� WKH�)DFXOW\�RI�0DWKHPDWLFV�DQG�1DWXUDO6FLHQFHV�� LQ� WKH�'HSDUWPHQW�RI�1DWXUDO�6FLHQFHV�DQG�LQ�WKH�&KDLUV�VXUYH\V�DUH�SULQWHG�LQ�WKH�IRUP�RI�ERRNOHWV�RU�LQ�QHZVSDSHUV��LQIRUPDWLRQ�LV�DOVR�DYDLODEOH�LQ�WKH�LQWHUQHW��)RU�LQVWDQFH��WKH�ZHE�VLWH� RI� WKH�&KDLU� RI� %LRORJ\� WKDW� FRRUGLQDWHV� WKH� FXUULFXOD� RI� %LRORJ\� ZDV�RSHQHG�LQ����� �KWWS���ZZZ�WSX�HH�aPDNX�ELRORRJLDBRSSHWRRO�KWP���7KH� SHUVRQQHO� RI� WKH� 8QLYHUVLW\� FDQ� OHDUQ� DERXW� WKH� SUREOHPV� UHODWLQJ� WR� WKH�XQLYHUVLW\� OLIH� IURP� WKH�8QLOLVW� LQ� WKH�,QWHUQHW� +HDGV�RI�DFDGHPLF�GHSDUWPHQWV�DQG�WKHLU�DVVLVWDQWV�DUH�VZLWFKHG�LQWR�WKH�ZHE�EDVHG�LQWHUDFWLYH�GRFXPHQW�PDQDJHPHQW�SURJUDPPH�3RVWLSRLVV��7KXV��LQIRUPDWLRQ�LV�RSHUDWLYH�DQG�DYDLODEOH�DW�DOO�OHYHOV��
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���4XDOLW\�$VVXUDQFH�DQG�,QWHUQDWLRQDO�5HODWLRQV�����7KH�6\VWHP�RI�4XDOLW\�$VVXUDQFH�4XDOLW\�DVVXUDQFH�RI� VFKRODVWLF�SURILFLHQF\� LQ�(VWRQLDQ�XQLYHUVLWLHV� LV� UHJXODWHG�E\�FHUWDLQ� UHJXODWLYH�GRFXPHQWV� �WKH�/DZ�RI�8QLYHUVLWLHV��+LJKHU�(GXFDWLRQ�6WDQGDUG��(VWRQLDQ�*RYHUQPHQW¶V�UHJXODWLRQ�IURP�2FWREHU���������4XDOLW\� DVVXUDQFH� IRU� WKH� FXUULFXOD� RI� %LRORJ\� �0DULQH� %LRORJLVW� ± 6SHFLDOLVW� RQ�(QYLURQPHQWDO�6XEMHFW��%DFKHORU¶V�'HJUHH�DQG�%LRORJ\�0DVWHU¶V�'HJUHH�LV�EDVHG�RQ�WKH� 6WDWXWH� RI� &XUULFXOD� DQG� WKH 5HJXODWLRQV� IRU� WKH� 2UJDQL]DWLRQ� RI� 6WXGLHV��&RXQFLOV�RI�FXUULFXOD�DUH� IRUPHG� LQ�DFFRUGDQFH�ZLWK� WKH� UHVROXWLRQE\� WKH�(VWRQLDQ�*RYHUQPHQW�LQ�2FWREHU��������7KH�IROORZLQJ�PHWKRGV�DUH�XVHG�IRU�TXDOLW\�DVVHVVPHQW��x DQDO\VLV�RI�FXUULFXOXPx DQDO\VLV�RI�VWXG\�DFWLYLWLHV�DQG�RUJDQL]DWLRQ�RI�VWXGLHVx DQDO\VLV�RI�UHVRXUFHVx DQDO\VLV�RI�TXDQWLWDWLYH�DQG�TXDOLWDWLYH�GDWDx DQDO\VLV�RI�IHHGEDFN�IURP�VWXGHQWVx DQDO\VLV�RI�DFDGHPLF�DFKLHYHPHQW�RI�VWXGHQWVx DQDO\VLV�RI�IHHGEDFN�IURP�HPSOR\HUVx DQDO\VLV�RI�IHHGEDFN�IURP�JUDGXDWHV�7KHUH�KDV�EHHQ�VWDUWHG�D�GLVFXVVLRQ�RQ�WKH�OHYHO�RI�DFDGHPLF�GHSDUWPHQWV�WR�ZRUN�RXW�JHQHUDO� SULQFLSOHV� IRU�TXDOLW\�DVVXUDQFH�� WR� IRUPXODWH� WKH�H[WHQW�RI� FRQWULEXWLRQ�DQG� UHVSRQVLELOLW\� IRU� HYHU\� SDUW\� LQYROYHG� LQ� WKH� VWXGLHV� DQG� WR� GHVFULEH� WKH�SURFHGXUHV� WKDW� ZRXOG� DVVHVV� WKH� IROORZLQJ� RI� WKH� DJUHHPHQW�� 7KH� RXWFRPH� LV�H[SUHVVHG� LQ� 7KH� )XQGDPHQWDOV� RI� 4XDOLW\� 0DQDJHPHQW� LQ� 7DOOLQQ� 3HGDJRJLFDO�8QLYHUVLW\�� WKH� GRFXPHQW� VFKHGXOHG� IRU� GLVFXVVLRQ� DQG� FRQILUPDWLRQ� LQ� WKH� 738�&RXQFLO�GXULQJ�WKH�VSULQJ�VHPHVWHU�LQ�������$W�WKH�VDPH�WLPH�WKHUH�LV�D�XQLYHUVLW\�ZLGH� HOHFWURQLF� HYDOXDWLRQ� V\VWHP� LQ� GHYHORSPHQW� WR� DVVHVV� WHDFKLQJ�� VXEMHFW�FRXUVHV��RUJDQL]DWLRQ�RI�VWXGLHV�DQG� MRE�PDUNHW�VXEVLVWHQF\� IRU�DOXPQL� WKDW�ZLOO�EH�WHVWHG�IRU�WKH�ILUVW�WLPH�LQ�WKH�DXWXPQ�WHUP�WKLV�\HDU��7KHVH�DUH� WKH� IDFWRUV� WKDW�DUH�FRQVLGHUHG LQ�RUGHU� WR�HQVXUH� WKH�TXDOLW\�RI�D�FXUULFXOXP�� LQIRUPDWLRQ�DERXW�HPSOR\PHQW� UDWH�DQG�FDUHHU�RI�JUDGXDWHV�� WKH�UHODWLRQV� EHWZHHQ� HPSOR\HUV� DQG� DOXPQL� DQG� WKHLU� FRQWHQWPHQW� ZLWK� WKH�JUDGXDWHV¶�OHYHO�RI�HGXFDWLRQ��VWXGHQWV¶�VXUYH\V�LQ�ERWK�RUDO�DQG�ZULWWHQ�IRUP�DERXW�WKH�TXDOLW\�RI�WHDFKLQJ��FRXUVHV��DFDGHPLF�VWDII� $OVR�D�FRPSDULVRQ�RI�WKH�OHYHOV�RI�JUDGXDWLRQ��%DFKHORU¶V�DQG�0DVWHU¶V�WKHVHV�EHWZHHQ�GLIIHUHQW�(VWRQLDQ�DQG�(XURSHDQ� KLJKHU� HGXFDWLRQ� LQVWLWXWLRQV� LV� FRQVWDQWO\� FDUULHG� RXW� DV� WKH� DERYH�PHQWLRQHG�SDSHUV�DUH� UHYLHZHG�PXWXDOO\�� SDUWLFLSDWLRQ� LQ� FRUUHVSRQGLQJ�H[DPLQLQJ�ERDUGV�WDNHV�SODFH��HWF�,Q������DQG������WKH�DFDGHPLF�SHUVRQQHO�DOVR�WRRN�SDUW�LQ�WKH�WUDLQLQJ�SURJUDPV�RI�WKH�%DOWLF�6HD�8QLYHUVLW\�7KH�TXDOLW\� DVVXUDQFH�RI� WKH�GHYHORSPHQW� RI� WKH� FXUULFXOD� LQ� WKH� IDFXOW\� �LQFOXGLQJ�WKH�FR�RSHUDWLRQ�EHWZHHQ�DOXPQL��HPSOR\HUV�DQG�JXLOGV��LV�JRRG��7KHUH�LV�FRQVWDQW�FRPPXQLFDWLRQ�EHWZHHQ�DOXPQL�DQG�WKH�UHSUHVHQWDWLYHV�RI�WKH�0LQLVWU\�RI�(GXFDWLRQ�
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DQG� 5HVHDUFK� WDNLQJ� SODFH� LQ� WKH� IUDPHZRUNV� RI� 6XEMHFW� 7HDFKHUV¶� 'D\V� DQG�WHDFKHU�WUDLQLQJV��4XDOLW\� DVVXUDQFH� RI VWXGLHV� �WKH� PHWKRGRORJ\� RI� VWXGLHV�� WKH� RUJDQL]DWLRQ� RI�LQGLYLGXDO�VWXG\�DQG�WKH�LPSURYHPHQW�RI�OHDUQLQJ�PDWHULDO��DOVR�KDV�D�ORW�RI�URRP�IRU�GHYHORSPHQW��7KH�TXDOLW\�DVVXUDQFH�LQ�WKH�738�)DFXOW\�RI�0DWKHPDWLFV�DQG�1DWXUDO�6FLHQFHV� LV� VWLOO� DW� WKH� HDUO\� VWDJH� RI� GHYHORSPHQW�� MXVW� OLNH� LQ� RWKHU� (VWRQLDQ�XQLYHUVLWLHV�� ,Q� WKDW� ILHOG� WKHUH� DUH� SODQV� IRU� FRQVWDQW� GHYHORSPHQW� �H�J�� WKH� DIRUH�PHQWLRQHG�FR�RSHUDWLRQ�ZLWK�*ODVJRZ�8QLYHUVLW\�� ,Q� WKH�SDVW� IHZ�\HDUV� WKHUH�KDYH�EHHQ� LPSURYHPHQWV� LQ� WKH�FRXQVHOOLQJ�V\VWHP�� LQ� WXWRULQJ�� LQ�RUJDQL]LQJ�PHWKRGLFDO�VHPLQDUV� IRU� OHFWXUHUV� DQG� IHHGEDFN� SROOV� IRU� VWXGHQWV� DERXW� WKHLU� VXEMHFWV� LQ�SUHYLRXV�VHPHVWHUV��7KH� GHYHORSPHQW� SODQ� RI� WKH� 'HSDUWPHQW� IRU� DVVXULQJ� WKH� TXDOLW\� RI� VWXGLHV� DQG�UHVHDUFK�LV�JLYHQ�LQ�$SSHQGL[���
�����*HQHUDO�3ULQFLSOHV�RI�4XDOLW\�$VVXUDQFH7KH� HIILFLHQF\� RI� VWXGLHV� DQG� TXDOLW\� DVVXUDQFH� DUH� RI� YHU\� KLJK� SULRULW\� LQ�7DOOLQQ�3HGDJRJLFDO�8QLYHUVLW\�,QLWLDO� VLJQDO� DERXW� WKH� LQFRQVLVWHQFLHV� LQ� VWXGLHV� FRPHV� HLWKHU� IURP� VWXGHQWV��JUDGXDWHV�� HPSOR\HUV� ERDUGV� RI� WKH� FXUULFXOD� RI� ELRORJ\� RU� WKH� SURSRVDOV� IRU�FKDQJHV�DUH�GRQH�E\�LQVWUXFWRUV� �VHH�&KDSWHU����� (ODERUDWLRQ�DQG�'HYHORSPHQW�RI�&XUULFXOD��4XHVWLRQQDLUHV� IRU� VWXGHQWV� DUH� FDUULHG� RXW� UHJXODUO\� DW� WKH� HQG� RI� HDFK�VHPHVWHU� WR�JHW� IHHGEDFN�RQ� WKH�TXDOLW\� RI� VWXGLHV�� 7KH� UHVXOWV� DUH� WDNHQ� LQWR�FRQVLGHUDWLRQ� LQ� FRPSLOLQJ� V\OODEL� DQG� DQDO\]LQJ� WHDFKHUV¶� ZRUN� �VHH�&KDSWHU� ����7KH� )HHGEDFN� RI� 6WXGHQWV� DQG�*UDGXDWHV� RQ� 7KHLU� 6WXGLHV�� $SSHQGLFHV����� ����'XH� WR� WKH� SHFXOLDULWLHV� RI� VWXGLHV� DQG� WKHLU� RZQ�LQLWLDWLYH�� LQVWUXFWRUV� KDYH� DOVR�FRQGXFWHG�VXUYH\V�GXULQJ�WKH�VWXGLHV��3UREOHPV�LQ�VWXG\�SURFHVV�DUH�UHJXODUO\�GLVFXVVHG�DW�PHHWLQJV�DQG�VHPLQDUV�RI�WKH�'HSDUWPHQW�DQG�WKH�&KDLUV��IRU�H[DPSOH� WKH�PHHWLQJV�RI� WKH�&KDLU�RI�%LRORJ\� WDNH�SODFH�RQFH�D�ZHHN���7KH�FROOHFWLRQ��DQDO\VLV�DQG�V\VWHPDWL]DWLRQ�RI� WKH�GDWD�DERXW�JUDGXDWHV�DUHGHDOW� ZLWK� E\� WKH� 73h� &DUHHU� DQG� &RXQVHOOLQJ� &HQWUH� %HJLQQLQJ� LQ� DXWXPQ������� WKH� DOXPQL� ZLOO� KDYH� WKH� RSSRUWXQLW\� WR� JLYH� IHHGEDFN� YLD� ,QWHUQHW�� WKH�HOHFWURQLF� IHHGEDFN� V\VWHP� ZLOO� KRSHIXOO\� EH� ILQLVKHG� E\� WKDW� WLPH�� 6R� IDU� WKH�FROOHFWHG�UHVXOWV�LQGLFDWH�WKDW�WKH�PDMRULW\�RI�JUDGXDWHV�SURFHHG�WR�ZRUN�LQ�WKH�ILHOGV�FRQQHFWHG�ZLWK�WKHLU�VSHFLDOLW\��RU�LQVWHDG�FRQWLQXH�WKHLU�VWXGLHV�3URFHGXUH�IRU�VHOHFWLQJ�WHDFKHUV�LQ�738�LV�EDVHG RQ�D�SXEOLF�FRQWHVW� WKH�PDLQ�HOHPHQW� RI� ZKLFK� LV� D� KDELOLWDWLRQ� FRPPLWWHH�� FRQVLVWLQJ� RI� OHDGLQJ� VFLHQWLVWV� DQG�WHDFKHUV�LQ�WKHLU�VSHFLDOLW\�IURP�RXWVLGH�RI�738��7KH�HOHFWLRQV�IRU�SURIHVVRUV�DUH�KHOG�LQ� 738� &RXQFLO�� RWKHU� WHDFKHUV� DUH� DVVLJQHG� WR� WKHLU� SRVLWLRQV� E\� WKH� )DFXOW\�&RXQFLO�� 7KLV� V\VWHP� UXOHV� RXW� WKH�HQUROPHQW RI� WHDFKHUV� ZLWK� D� ORZ� SURIHVVLRQDO�OHYHO��$PHQGPHQWV� WR� WKH� FXUULFXOD� DUH� PDGH� RQFH� D� \HDU� DQG� DSSURYHG� E\� 738�&RXQFLO�LQ�0DUFK�
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$OO� WKH� FXUULFXOD� DQG� DQQRWDWLRQV� IRU� VXEMHFWV� DORQJ� ZLWK� WKH� LQIRUPDWLRQ� RQ� WKH�YROXPH� DQG� IRUP� RI� VWXGLHV� DQG� VFKRODVWLF� SURILFLHQF\� DUH� SXEOLVKHG� LQ� WKH�738�5HIHUHQFH�%RRN�RI�6WXGLHV��IRU� WKH�����V\VWHP�WKH�LQIRUPDWLRQ� LV�DOVR�DYDLODEOH�RQ�WKH�KRPHSDJH�RI�738��ZZZ�WSX�HH�WDVHPHNRROLWXV�KWPO��
�����7KH�)HHGEDFN�RI�6WXGHQWV�DQG�*UDGXDWHV�RQ�7KHLU�6WXGLHV7R�REWDLQ�IHHGEDFN�IURP�VWXGHQWV�� WKH�'HSDUWPHQW�RI�1DWXUDO�6FLHQFHV FRQGXFWV�D�VXUYH\�)HHGEDFN�RQ�WKH�6WXGLHV DW�WKH�HQG�RI�HDFK�WHUP����������DXWXPQ�VHPHVWHU�JDYH� ���� UHVSRQVHV�� $OWRJHWKHU� ���� DVVHVVPHQWV� IRU� GLIIHUHQW� VXEMHFWV�� ��� IRU�WHDFKHUV�DQG����IRU�VXEMHFW�FRXUVHV��6WXGHQWV�HYDOXDWHG�GLIIHUHQW�DVSHFWV�RI�VWXGLHV�LQ� WKH� ��SRLQW� VFDOH� �Ä�³� EHLQJ� ORZHVW� DQG� Ä�³� KLJKHVW�� �6HH�$SSHQGL[� �� IRU� WKH�TXHVWLRQQDLUH��7DEOHV�������DQG�������IRU�WKH�UHVXOWV�RI�WKH�VXUYH\��

7DEOH��������7KH�UHVXOWV�IRU�WKH�VWXGHQW�VXUYH\�)HHGEDFN�RQ�WKH�6WXGLHV FRQGXFWHG�E\�WKH�'HSDUWPHQW�RI�1DWXUDO�6FLHQFHV�RI�7DOOLQQ�3HGDJRJLFDO�8QLYHUVLW\ �738���$YHUDJH�DVVHVVPHQWV�JLYHQ�E\�TXHVWLRQV��7KH�V\OODEXV�ZDV�DYDLODEOH�� ����7KH�OHFWXUHU�IROORZHG�WKH�JLYHQ�V\OODEXV� ����/HFWXUHV�VHPLQDUV�VWDUWHG�DQG�HQGHG�DW�D�VSHFLILHG�WLPH�� ����7KH�FULWHULD�WR�VLW�DQ�H[DPLQDWLRQ�DVVHVVPHQW�ZHUH�NQRZQ� ����7KH� FRPSRVLWLRQ� RI� WKH� OHFWXUH�VHPLQDU� ZDV� ORJLFDO� DQG� ZHOO�VWUXFWXUHG� ����
7KH�OHFWXUHU�SUHVHQWHG�WKH�VXEMHFW�LQ�D�FOHDU�DQG�XQGHUVWDQGDEOH�ZD\� ����7KH�OHFWXUHU�XVHG�UHOHYDQW�PDWHULDOV��XS�WR�GDWH�UHVHDUFK�UHVXOWV�DQG�H[DPSOHV� ����
6XIILFLHQW�LOOXVWUDWLYH�PDWHULDOV�IRU�WKH�JLYHQ�VXEMHFW�ZHUH�XVHG�� ����7KH�UHTXLUHG�OLWHUDWXUH�DQG�DGGLWLRQDO�UHVRXUFHV�JLYHQ�LQ�WKH�V\OODEXV�ZHUH�DYDLODEOH� ����
6WXGHQWV� ZHUH� JLYHQ� D� FKDQFH� WR� DFWLYHO\� SDUWLFLSDWH� LQ� WKH�OHFWXUH�VHPLQDU�� ����
6WXGHQWV�ZHUH�WUHDWHG�IDLUO\�DQG�REMHFWLYHO\�� ����2SSRUWXQLWLHV�WR�JHW�LQ�FRQWDFW�ZLWK�WKH�OHFWXUHU�ZHUHJRRG�� ����&RQVLGHULQJ� WKDW� �(&76�  � ��� KRXUV� RI� WKH� VWXGHQW¶V� ZRUN�� WKH�ZRUNORDG� IRU� WKH� JLYHQ� VXEMHFW� PHW� WKH� YROXPH� RI� FUHGLW� SRLQWV�UHFHLYHG�

����
7KH� VXEMHFW� ZDV� HVVHQWLDO� IURP� WKH� YLHZSRLQW� RI� P\� DUHD� RI�VSHFLDOLVDWLRQ�� ����
7KH�SHUFHQWDJH�RI�DFWXDO�VWXGLHV�WKDW�WRRN�SODFH� �����7KH�SHUFHQWDJH�RI�D�VWXGHQW¶V�SDUWLFLSDWLRQ�LQ�OHFWXUHV�VHPLQDUV�� �����
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7DEOH��������7KH�UHVXOWV�RI�WKH�VWXGHQW�VXUYH\�)HHGEDFN�RQ�WKH�6WXGLHV FRQGXFWHG�E\�WKH�'HSDUWPHQW�RI�1DWXUDO�6FLHQFHV�RI�7DOOLQQ�3HGDJRJLFDO�8QLYHUVLW\ �738���$YHUDJH�DVVHVVPHQWV�DUH�JLYHQ�E\�TXHVWLRQV��7KH�DYHUDJH�IRU�TXHVWLRQV������� ����)ROORZLQJ� RI� WKH� 5HJXODWLRQV� RI� WKH� 2UJDQL]DWLRQ� RI� 6WXGLHV� �WKH�DYHUDJH�IRU�TXHVWLRQV��������������������� ����
0HWKRGLFDO�FRPSHWHQFH�RI�OHFWXUHUV��WKH�DYHUDJH�IRU�TXHVWLRQV��������������������� ����
$V� LW� DSSHDUV�� WKH� YDOXHV� IRU� DOO� TXHVWLRQV� DUH� QHDU� WKH� WRWDO� DYHUDJH�± ������ 7KH�KLJKHVW�YDOXHV��������FDPH�IURP�WKH�TXHVWLRQV�DERXW�WKH�VXEMHFW¶V�UHOHYDQF\�IRU�WKH�JLYHQ�DUHD�RI�VSHFLDOLVDWLRQ�DQG�WKH DQQRXQFHPHQW�RI� WKH�H[DPLQDWLRQ�DVVHVVPHQW�UHTXLUHPHQWV�� 7KH� ORZHVW� UHVXOW� ������� FDPH� IURP� WKH� DYDLODELOLW\� RI� WKH� UHTXLUHG�VWXG\� OLWHUDWXUH�DQG�DGGLWLRQDO�PDWHULDO��&RPPHQWV�ZHUH�DGGHG�DERXW����VXEMHFWV��SRLQWLQJ� RXW� VKRUWFRPLQJV� LQ� WHDFKHUV¶� ZRUN� ���� FRPPHQWV��� WKH�PDLQ� FRPSODLQWV�EHLQJ� DERXW� WKH� PXOWLWXGH� RI� VWXG\� PDWHULDOV� UHTXLUHG�� WKH� QHFHVVLW\� WR� WDNH�H[FHVVLYH� QRWHV� DQG� GLIILFXOWLHV� LQ� XQGHUVWDQGLQJ� WKH� VXEMHFW�� 2FFXUUHQFHV� RI�SRVLWLYH�HPRWLRQV�ZHUH� IHZHU� ����� DSSURYLQJ� LQWHUHVWLQJ� OHFWXUHV�DQG� WHDFKHUV�ZLWK�DQ� H[FHOOHQW� FRPPDQG� RI� WKHLU� VXEMHFW�� 7KH� UHVW� RI� WKH� FRPPHQWV� ���� ZHUH� DERXW�VXJJHVWLRQV� IRU� FKDQJLQJ� WKH� VWXGLHV�� IRU� H[DPSOH� UHGXFLQJ� WKH� FRQWHQW� RI� VRPH�VXEMHFWV�� PDNLQJ� VWXG\� PDWHULDOV� DFFHVVLEOH� RYHU� WKH� ,QWHUQHW�� KDYLQJ� PRUH�LQWHUHVWLQJ H[SHULPHQWV�DQG�D�YDULHW\�RI�WHDFKLQJ�PHWKRGV��$FFRUGLQJ�WR�WKH�UHVXOWV�RI�WKH�VXUYH\�ZH�FDQ�FRQFOXGH�WKDW��x WKH�DFDGHPLF�ZRUN�RI�WHDFKHUV�DQG�WKH�&KDLU�LV�KLJKO\�DSSUHFLDWHG��x PRUH�DWWHQWLRQ�QHHGV�WR�EH�SDLG�WR�WKH�DYDLODELOLW\�RI�UHTXLUHG�VWXG\�OLWHUDWXUH DQG�DGGLWLRQDO�PDWHULDOV��DQG�QRWLI\LQJ�VWXGHQWV�DERXW�WKH�FRUUHVSRQGLQJ�LQIRUPDWLRQ��7KH�DQDO\VLV�VKRZHG�WKDW�GLIILFXOWLHV�RI�REWDLQLQJ�WKH�UHTXLUHG�PDWHULDOV�DSSHDUHG�SULPDULO\ DPRQJ�WKH�VWXGHQWV�ZKR�ZHUH�RIWHQ�DEVHQW�7KH� UHILQLQJ�RI� WKH�FXUULFXOD� LQ�%6F�VWXGLHV� LV�FDUULHG�RXW�JUDGXDOO\�GXH� WR� WKH� IDFW�WKDW�QRQH�RI�WKH�VWXGHQWV�RI WKH�'HSDUWPHQW�RI�1DWXUDO�6FLHQFHV�KDYH�ILQLVKHG�WKHLU�%DFKHORU¶V�VWXGLHV�LQ�%LRORJ\�\HW��,Q�WKH�IXWXUH��D�FRQVLGHUDEOH�DPRXQW�RI�LQIRUPDWLRQ�IRU� WKH� PRGLILFDWLRQ� RI� WKH� FXUULFXOD� ZLOO� FRPH� IURP� %6F� JUDGXDWHV� DQG� WKHLU�HPSOR\HUV�� $QRWKHU LPSRUWDQW� VRXUFH� IRU� GHWHUPLQLQJ� WKH� VXEVWDQWLDO� DOWHUDWLRQV� LQ�WKH�FXUULFXOD�LV�ELRORJ\�LWVHOI��WKH�REVHUYDWLRQ�RI�WKH�JHQHUDO�HYROXWLRQ�RI�LWV�EUDQFKHV��SHGDJRJLFV� DQG� GLGDFWLFV� RI� QDWXUDO VFLHQFHV� LQ� D� JOREDO� VFDOH�� JLYLQJ� XV� WKH�RSSRUWXQLW\� WR� EH� SURDFWLYH� �WKH� VWUDWHJ\�KDV� SURYHQ� WR� EH�D� IRUWH� LQ� GHYHORSLQJ�D�FXUULFXOXP��7KH�VWXGHQWV�DW� WKH�%DFKHORU¶V� OHYHO�KDYH�VKRZQ�PHGLXP�SURJUHVV� �$SSHQGL[�����EXW� WKH�UDWH�RI�GURSSLQJ�RXW����VWXGHQWV�ZLWKLQ���\HDUV�� LV�VWLOO� WROHUDEOH�FRQVLGHULQJ�WKH�LQWHQVLW\�RI�VWXGLHV�7KH�IHHGEDFN�RI�0DVWHU¶V�GHJUHH�JUDGXDWHV�LV�RI�JUHDW�LPSRUWDQFH�IRU�SULQFLSDO�FKDQJHV� LQ� WKH� FXUULFXOD� RI� %6F� VWXGLHV�� 7KH� PDMRULW\� RI� PDWULFXODQWV� IRU� WKH�0DVWHU¶V�VWXGLHV�DUH�WKHUHIRUH�JUDGXDWHV�RI�WKH��� RU���\HDU�'LSORPD�VWXGLHV�RI� WKH�WHDFKHUV�RI�QDWXUDO�VFLHQFHV�LQ�738����������DQG�����������EXW�DOVR�JUDGXDWHV�RI�
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'LSORPD� VWXGLHV� IURP� WKH� (VWRQLDQ� $JULFXOWXUDO� 8QLYHUVLW\�� 8QLYHUVLW\� RI� 7DUWX� DQG�(VWRQLDQ�0DULWLPH�$FDGHP\��%HFDXVH�RI� WKH� SHFXOLDULW\� RI� WKH� FXUULFXOXP��PRVW�RI�WKH� VWXGHQWV� RI� 0DVWHU¶V� DQG� GRFWRUDWH� VWXGLHV� DUH� HPSOR\HHV� RI� PDQ\� GLIIHUHQW�GLYLVLRQV�RI�WKH�(VWRQLDQ�0DULQH�,QVWLWXWH�RI�8QLYHUVLW\ RI�7DUWX��7KH�RYHUYLHZ�RI�WKH�JUDGXDWHV�RI�0DVWHU¶V�VWXGLHV�LQ�%LRORJ\�LQ�����������LV�VKRZQ�LQ�7DEOH�������DQG�LQ�$SSHQGL[����7KH� HPSOR\PHQW� UDWH� RI�06F� JUDGXDWHV� LQ� %LRORJ\� LV�PRQLWRUHG� HYHU\� \HDU�7KH�UHFRUGV�DERXW�06F�JUDGXDWHV��LQ���������RXW�RI���JUDGXDWHV�SURFHHGHG�WR�ZRUN�RQ� WKHLU� VSHFLDOLW\� LQ� WKH� (VWRQLDQ� 0DULQH� ,QVWLWXWH� RI� 8QLYHUVLW\ RI� 7DUWX DQG�FRQWLQXHG�WKHLU�HGXFDWLRQ�LQ�GRFWRUDO�VWXGLHV�HLWKHU�LQ�WKH�8QLYHUVLW\�RI�7DUWX��7DOOLQQ�3HGDJRJLFDO� 8QLYHUVLW\� RU� LQ� WKH� (VWRQLDQ� $JULFXOWXUDO� 8QLYHUVLW\�� ,Q� ������ WZR�JUDGXDWHV� ZHQW� WR� ZRUN� IRU� WKH� (VWRQLDQ� 0DULQH� ,QVWLWXWH�� DW� WKH� VDPH� WLPH�FRQWLQXLQJ�DW�'RFWRU¶V� OHYHO� LQ�738�DQG�RQH�ZDV�HPSOR\HG� LQ� WKH�738� ,QVWLWXWH�RI�(FRORJ\� �DQG� FRQWLQXHG� 'RFWRU¶V� VWXGLHV� LQ� WKH� 8QLYHUVLW\� RI� 7DUWX��� ,Q� ������ RQH�JUDGXDWH� ZKR� ZH� KDYH� GDWD� RQ�� DOVR� SURFHHGHG� WR� ZRUN� RQ� KLV� VSHFLDOLW\�� DOVR�FRQWLQXLQJ� 'RFWRU¶V� VWXGLHV� LQ� 738�� $OO� �� JUDGXDWHV� RI� ����� WKDW� ZH� NQRZ� DERXW��ZHQW� WR� ZRUN� RQ� WKHLU� VSHFLDOLW\� ± WZR� RI� WKHP� LQ� WKH� (VWRQLDQ� 0DULQH� ,QVWLWXWH��FRQWLQXLQJ� GRFWRUDO� VWXGLHV� LQ� 738�� DQG� RQH� LQ� WKH� 'HSDUWPHQW� RI� 6WXGHQWV� RI�8QLYHUVLW\ RI� 7DUWX�� ,Q� ������ WZR� JRW� HPSOR\HG� LQ� WKHLU� SURIHVVLRQ� �6DNX� &RQWURO�&HQWHU�RI�3ODQW�3URGXFWLRQ DQG�(VWRQLDQ�0HWHRURORJLFDO�DQG�+\GURORJLFDO�,QVWLWXWH���RQH�FRQWLQXHG�KLV�GRFWRUDO�VWXGLHV�LQ�WKH�8QLYHUVLW\RI�.LHO��*UDGXDWHV�RI������� DOO�ILYH� WKDW� ZH� NQRZ� RI�� ZRUN� RQ� WKHLU� SURIHVVLRQ� �7}VWDPDD� 6HFRQGDU\� 6FKRRO��(VWRQLDQ� 5DGLDWLRQ� 3URWHFWLRQ� &HQWUH�� +LLXPDD� ,VOHWV� /DQGVFDSH� 5HVHUYH�� 7DOOLQQ�7UDQVSRUW� DQG� (QYLURQPHQW� 'HSDUWPHQW��� WZR� RI� WKHP� FRQWLQXHG� WKHLU�GRFWRUDO�VWXGLHV�LQ�7DOOLQQ�8QLYHUVLW\�RI�7HFKQRORJ\��DQG�738��,Q������± WKH�RQO\�JUDGXDWH�ZH�KDYH� NQRZOHGJH� DERXW� SURFHHGHG� WR� ZRUN� RQ� KLV� VSHFLDOLW\� LQ� WKH� (VWRQLDQ�0HWHRURORJLFDO�DQG�+\GURORJLFDO�,QVWLWXWH�VHH�$SSHQGL[�����,Q�WKH�'HSDUWPHQW�RI�1DWXUDO�6FLHQFHV�WKHUH�DUH�FORVH�FRQWDFWV�ZLWK�WKH�DOXPQL�RI�DOO�FXUULFXOD��/HFWXUHUV�DQG�DOXPQL�JHW�WRJHWKHU�LQ�WKH�(VWRQLDQ�7HDFKHUV¶�8QLRQ��DW� LQ�VHUYLFH�WUDLQLQJV��FRQYHQWLRQV�RI� WKH�%LRORJ\�7HDFKHUV¶�8QLRQ�DQG�$VVRFLDWLRQ�RI� 6FKRRO� 3K\VLFV�� LQ� FKHPLVWU\� WHDFKHUV¶� FOXE� RI� WKH�(VWRQLDQ�&KHPLVWU\�6RFLHW\��HWF�6XUYH\V�IRU�DOXPQL�DUH�FDUULHG�RXW�SHULRGLFDOO\�E\�WKH�&DUHHU�DQG�&RXQVHOOLQJ�&HQWUH� RI� 738�� WKH UHVXOWV� EHLQJ� GLIIHUHQWLDWHG� E\� GHSDUWPHQWV�� LQFOXGLQJ� WKH�'HSDUWPHQW� RI� 1DWXUDO� 6FLHQFHV� )RU� H[DPSOH�� LQ� ����� D� TXHVWLRQQDLUH� ZDV�FRQGXFWHG�WR�ILQG�RXW�DERXW�WKH�DVVHVVPHQW�RI�JUDGXDWHV�RQ�VSHFLDOL]HG�VWXGLHV�DQG�IRU�VXJJHVWLRQV�WR�PDNH�WKH�FXUULFXOD�PRUH�DWWUDFWLYH��VHH�$SSHQGL[������$V D�UHVXOW��LW� WXUQHG� RXW� WKDW� WKH� DOXPQL� DUH� VDWLVILHG� ZLWK� WKH� TXDOLW\ RI� VWXGLHV� DQG� FDQ�VXFFHVVIXOO\�SXW�WKHLU�DFTXLUHG NQRZOHGJH�WR�SUDFWLFH��ERWK�LQ�WKHLU�VSHFLDOLW\�DQG�LQ�RWKHU�OLQHV�RI�ZRUN��7KHUH�ZHUH�DOVR�SRLQWHG�RXW�VRPH�VKRUWDJHV��IRU�H[DPSOH��x LQVXIILFLHQW�SURIHVVLRQDO�ODQJXDJH�SUDFWLFHx OLWWOH�WUDLQLQJ�IRU�H[SUHVVLYHQHVV�LQ�WKH�QDWLYH�ODQJXDJH�WR�PDQDJH�DV�D�WHDFKHU��7KRVH�GHILFLHQFLHV�DUH�FRQVWDQWO\�FRUUHFWHG�LQ�WKH�SURFHVV�RI�VWXGLHV�ZKHQ�SRVVLEOH��7KH� WZR� QHZ� VFLHQFH� ODERUDWRULHV� RSHQHG� LQ� 6HSWHPEHU� ������ DORQJ� ZLWK� WKH�PRGHUQL]DWLRQ� RI� WKH� ROG� RQHV�� VXUHO\� JLYH� PRUH� SRWHQWLDO� IRU� SUDFWLFDO� ODERUDWRU\�
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ZRUN��$FFRUGLQJ� WR� WKH� GHYHORSPHQW�SODQ�RI� WKH�'HSDUWPHQW�� IXUWKHU� HOLPLQDWLRQ� RI�WKRVH�PHQWLRQHG�VKRUWFRPLQJV�LV�SODQQHG��VHH�$SSHQGL[����$V�D�UHVXOW�RI�WKH�UHJXODU�VXUYH\V�ZH�FDQ�VD\�WKDW�ERWK�VWXGHQWV�DQG�WHDFKHUV�YDOXH�SULPDULO\�WKH�TXDOLILFDWLRQ�RI�WHDFKHUV�DQG�WKH�OHYHO�RI�WHDFKLQJ��VKRZLQJ�XV�WKDW�WKH�OHFWXUHUV LQ�WKLV�VSHFLILF�ILHOG�DUH�SURIHVVLRQDOV�DQG�WKH�DWWLWXGH�LV�SDVVHG�RQ�WR�WKH�VWXGHQWV��7KH�NQRZOHGJH�REWDLQHG�LV�DOVR�HVWLPDWHG�KLJK�E\�JUDGXDWHV ZKLFK�PDNHV�LW�SRVVLEOH�WR�EH�VXFFHVVIXO�LQ�WKH�ODERXU�PDUNHW��
����� &KDQJHV� LQ� WKH� &XUULFXOXP� 'HYHORSPHQW� &RPSDUHG� WR� WKH�3UHYLRXV�$FFUHGLWDWLRQ$W� WKH� SUHYLRXV� HYDOXDWLRQ� RI� 7DOOLQQ� 3HGDJRJLFDO� 8QLYHUVLW\ �738� FXUULFXOD� RI�0DVWHU¶V�VWXGLHV� LQ�%LRORJ\��LQFOXGLQJ� WKH�FXUULFXOXP�RI�0DVWHU¶V�GHJUHH� LQ�%LRORJ\��(FRORJ\���DQDO\]HG�LQ�WKH�SUHVHQW�UHSRUW������������LQ������WKH�PDLQ�FRPSODLQWV�RI�WKH�FRPPLVVLRQ�RI�H[SHUWV�DQG�WKH�(VWRQLDQ�+LJKHU�(GXFDWLRQ�$VVHVVPHQW�&RXQFLO�ZHUH� DERXW� WKH�PRGHUQL]DWLRQ� RI� ODERUDWRULHV� DQG� WKHLU� HTXLSPHQW�� DOVR� DERXW� WKH�ODFN�RI�VXIILFLHQW�DFDGHPLF�DQG�HGXFDWLRQDO�OLWHUDWXUH��,W�ZDV�DOVR�SRLQWHG�RXW�WKDW�WKH�RUJDQL]DWLRQ� RI� VWXGLHV� ZDV� EDVHG� PDLQO\� RQ� WKH� VWDII� RI� RQO\� RQH� &KDLU� DQG�WKHUHIRUH� LW� ZDV� FRQVLGHUHG� QHFHVVDU\� WR� LQFUHDVH� WKH� QXPEHU� RI� SHUVRQQHO� ZLWK�YDULRXV�VSHFLDOLWLHV��7KH�UHVROXWLRQV�DQG�RSLQLRQV�RI�WKH�(VWRQLDQ�+LJKHU�(GXFDWLRQ�$VVHVVPHQW�&RXQFLO�DUH�VKRZQ�LQ�7DEOH�������

7DEOH������7KH�UHFRPPHQGDWLRQV�RI�WKH�H[SHUW�FRPPLVVLRQ��LQ�������DQG�WKHLU�LPSOHPHQWDWLRQ(;3(576� (OPDUV� *UHQV�� 3HU�5RVHQNLOGH��$LMD�6DGXUVNLV��-R]HI�7ROGL&200(176� :+$7�+$6�%((1�'21(�&XUULFXOXP7RR� PDQ\� VXEMHFWV� ZLWK� LQVXIILFLHQW�YROXPH�� 7KH� DPRXQW� RI� VXEMHFWV�ZLWK� ORZ� FUHGLW�SRLQWV� KDV� EHHQ� UHPDUNDEO\� UHGXFHG��:KLOH�LQ������WKHUH�ZDV�����FUHGLWV�SHU�VXEMHFW� RQ� DYHUDJH� WKHQ� LQ� ����� WKHVH�ILJXUHV� DUH� ���� IRU� %DFKHORU¶V� VWXGLHV�DQG�����IRU�06F��,QVXIILFLHQW�GLVFXVVLRQ�RI�PROHFXODU�DQG�FHOOXODU� SURFHVVHV� RI� PRGHUQ� ELRORJ\��HVSHFLDOO\�LQ�SUDFWLFH��
9ROXPH� RI� WKH� VXEMHFWV� IRU� PROHFXODU�DQG� FHOOXODU� ELRORJ\� KDV� JURZQ� �a��(&76�� DQG� WKH� VXEMHFW� LV� QRZ� DOVR�FRYHUHG� LQ� RWKHU� FRXUVHV� �3ODQW� DQG�$QLPDO� 3K\VLRORJ\�� 'HYHORSPHQWDO�%LRORJ\���1HZ�ODERUDWRULHV�ZHUH�EXLOW�IRU�FRUUHVSRQGLQJ� SUDFWLFDO� ZRUN� ± 3�����DQG� ����� 3����� ZDV� PRGHUQL]HG� DQGWKH� VLWXDWLRQ�ZLOO� LPSURYH� HYHQ�PRUH� LQ�WKH� QHDU� IXWXUH� ZLWK� WKH� FRPSOHWLRQ� RI�WKH� QHZ� EXLOGLQJ� LQ� ����� �VHH�$SSHQGLFHV �������
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6WXG\�SURFHVV�0RVWO\� RUDO� H[DPLQDWLRQV� DUH� XVHG��PDNLQJ� LW� KDUG� WR� YHULI\� WKH� VFDOH� RI�DVVHVVPHQW��
1RZ� PRVWO\� ZULWWHQ� RU� FRPELQHG�H[DPLQDWLRQV� DUH� XVHG� LQ� %DFKHORU¶V�VWXGLHV�� ,Q� 0DVWHU¶V� VWXGLHV� ZKHUHUHTXLUHG� OLWHUDWXUH� GHSHQGV� RQ� WKH�EUDQFK�RI� WKH�VWXGLHV�RU�UHVHDUFK�WRSLF��PDLQO\�RUDO�H[DPLQDWLRQV�DUH�VWLOO�XVHG��7KH� DEVHQFH� RI� DJUHHPHQWV� EHWZHHQ�WKH� FRQFHUQHG� SDUWLHV� LQ� WKH� VWXGLHV�DERXW�REOLJDWLRQV�DQG�UHVSRQVLELOLWLHV�
:RUN� RQ� WKH� FRQWUDFWXDO� EDVLV� LV� PRUH�VSHFLILHG�� FR�RSHUDWLRQ� KDV� H[WHQGHG��MRLQW� UHVHDUFKHV� DQG� DVSHFWV� RI�FROODERUDWLRQ� DQG� DOVR� WKH� SRVVLELOLWLHV�WR� XVH� VWXG\� PDWHULDOV� IURP� RWKHU�LQVWLWXWLRQV�KDYH�DFFUXHG��&RQWUDFWV�DUH�VLJQHG� ZLWK� 738� ,QVWLWXWH� RI� (FRORJ\��(VWRQLDQ� 0DULQH� ,QVWLWXWH� RI�8QLYHUVLW\RI�7DUWX��,QVWLWXWH�RI�&KHPLVWU\�RI�7DOOLQQ�8QLYHUVLW\� RI� 7HFKQRORJ\�� ,QVWLWXWH� RI�([SHULPHQWDO� %LRORJ\� RI� (VWRQLDQ�$JULFXOWXUDO�8QLYHUVLW\��7DOOLQQ�%RWDQLFDO�*DUGHQV�� 7DOOLQQ� =RRORJLFDO� *DUGHQV��(VWRQLDQ� 0XVHXP� RI� 1DWXUDO� +LVWRU\��8QLYHUVLW\� RI� 7XUNX� DQG� 8SSVDOD�8QLYHUVLW\��$FDGHPLF�VWDII�/HFWXUHUV� DUH� H[SHULHQFHG� EXW�VRPHZKDW� GLVWDQFHG� IURP� PRGHUQ�ELRORJ\��
+DOI�RI�WKH�OHFWXUHUV��&DQG��6FL� 7RRPDV�9HLGHEDXP�� 3K' $WV� 0HWVLV�� 3K'0DUJXV� +DUDN�� DFWLYHO\� SUDFWLVH� LQ�VXEMHFWV� RI� PRGHUQ� ELRORJ\� �VHH�$SSHQGL[����7RR� PDQ\� VXEMHFWV� DUH� WDXJKW�GHVFULSWLYHO\� /DERUDWRULHV� DQG� ,&7� V\VWHPV� KDYH�LPSURYHG�� WKH� LPSRUWDQFH� RI� LQGLYLGXDO�ZRUN�� VHPLQDUV� DQG� ZRUNVKRSV� KDV�LQFUHDVHG�� LQ� PDQ\� VXEMHFWV� SUDFWLFDO�WUDLQLQJV�DUH�RUJDQL]HG�LQ�HQYLURQPHQWDO�SURWHFWLRQ� RUJDQL]DWLRQV�� XUEDQ��VXEMHFWV� LQ� WKH� %DOWLF� 8QLYHUVLW\�3URJUDPPH�� 0DQ� DQG� (QYLURQPHQW�SURJUDPPH�� HWF��� DQG� QDWXUDO�HQYLURQPHQWV� DUH� H[SORUHG� GXULQJ� IRXU�ILHOGZRUNV��VHH�&KDSWHU������/RZ�DFDGHPLF�DFWLYLW\�� 0DQ\� OHFWXUHUV� KDYH� UHFHLYHG� DQ� 06F�RU� 3K'� �06F 7}QX� 3ORRPSXX�� 3K'(GJDU� .DURIHOG�� 3K' 0DUJXV� +DUDN���/HFWXUHUV� ZLWK� D� GHJUHH� KDYH� EHHQHPSOR\HG��06F $UQR�3}OOXPlH��LQVWHDG�RI� WKH� RQHV� ZLWKRXW� 7KH� DPRXQW� RI�UHVHDUFKHV� GRQH� DQG� SXEOLVKHG� LQ�GHJUHH�VWXGLHV�KDV�LQFUHDVHG��
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7KH� QHHG� WR� LQFUHDVH� WKH� QXPEHU� RI�OHFWXUHUV�ZLWK�GLIIHUHQW�VSHFLDOLWLHV�� 7KH� DPRXQW� RI� OHFWXUHUV� ZLWK� YDULRXV�VSHFLDOLVDWLRQ� �$WV� 0HWVLV�� 7LLW� 5DLG��$UQR� 3}OOXPlH�� KDV� JURZQ� DQG� LQ� WKH�QH[W�IHZ�\HDUV��GXH�WR�WKH�IRXQGDWLRQ�RI�7DOOLQQ� 8QLYHUVLW\�� WKH� VWDII� ZLOO� JURZ�HYHQ�PRUH��$SSHQGL[����6WXG\�HQYLURQPHQW,QDGHTXDWH�HTXLSPHQW�LQ�ODERUDWRULHV�� 7KH� FRQGLWLRQ� RI� ODERUDWRULHV� KDV�LPSURYHG� �VHH� &KDSWHU� ����,QIUDVWUXFWXUH��� 1HZ� ODERUDWRULHV� KDYH�EHHQ� EXLOW� DQG� HTXLSSHG� ± 3����� DQG������ 7KHUH� KDYH� EHHQ� EXLOW� DQG�HTXLSSHG� WZR�QHZ� ODERUDWRULHV��RQH� IRU�PROHFXODU�DQG�FHOOXODU�ELRORJ\��WKH�RWKHU�IRU� RUJDQLF� DQG� ELRFKHPLVWU\� UHVHDUFK�ERWK� ZLWK� PRGHUQ� HTXLSPHQW�� 7KH�H[LVWLQJ� ODERUDWRULHV� KDYH� DOVR� EHHQ�UHIRUPHG�� WKH� URRPV� KDYH� EHHQ�UHSDLUHG� DQG� PRGHUQL]HG� �FKHPLVWU\�ODE��� VRPH� QHZ� HTXLSPHQW� LQVWDOOHG� LQ�SK\VLFV�ODEV�,QVXIILFLHQW� DPRXQW� RI� VSHFLDO� OLWHUDWXUH�DQG�WH[WERRNV�LQ�WKH�OLEUDU\�� $� JUHDW� QXPEHU� RI� DFDGHPLF� DQG�HGXFDWLRQDO� OLWHUDWXUH� KDV� EHHQ�REWDLQHG��ODUJHO\�GXH�WR�RQH�RI�(VWRQLD¶V�ODUJHVW� OLEUDULHV� RI� QDWXUDO� VFLHQFHV� ±(VWRQLDQ� $FDGHPLF� /LEUDU\� � PHUJLQJ�LQWR�WKH�VWUXFWXUHV�RI�738��$YDLODELOLW\�RI�HOHFWURQLF� GDWDEDVHV� DQG� VFLHQWLILF�MRXUQDOV� KDV� LQFUHDVHG�� ,Q� FRQMXQFWLRQ�ZLWK� WKH�XQLRQ�RI� WKH�$FDGHPLF�/LEUDU\��DYDLODELOLW\� RI� OLWHUDWXUH� IRU� VWXGLHV� DQG�UHVHDUFK� LV� UDWHG� EHVW� LQ� (VWRQLD� �VHH�&KDSWHU� ���� /LEUDU\�� 6WXG\� $LGV���0RGHUQ� WH[WERRNV� DUH� SURYLGHG� IRU� DOO�VWXGHQWV� LQ� PDQ\� VXEMHFWV� �%DOWLF�8QLYHUVLW\� 3URJUDPPH�� 0DQ� DQG�(QYLURQPHQW��HWF����4XDOLW\�DVVXUDQFH�5DQGRP�IHHGEDFN�IURP�VWXGHQWV�� 5HJXODU�DQDO\VLV�RI�VWXGHQW�IHHGEDFN�RQ�WKH� RUJDQL]DWLRQ� RI� VWXGLHV� E\� VXEMHFWV�LV� FDUULHG� RXW�� ERWK� XQLYHUVLW\�ZLGH� E\�WKH�&KDLUV�DW�WKH�HQG�RI�WKH�FRXUVH��DQG�E\� WHDFKHUV� GXULQJ� WKH� VWXGLHV��,QIRUPDWLRQ� DERXW� WKH� FDUHHU� RI�JUDGXDWHV� LV� DOVR� V\VWHPDWLFDOO\�DQDO\]HG� �VHH� &KDSWHU� �� 4XDOLW\�$VVXUDQFH�DQG�,QWHUQDWLRQDO�5HODWLRQV��
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6XPPDU\
$�VKRUW� GHVFULSWLRQ� RI� WKH� SUREOHPV�DV�ZHOO� DV� VWURQJ� VLGHV� UHODWHG� WR� WKH�%LRORJ\�FXUULFXOD�DW�WKH�7DOOLQQ�3HGDJRJLFDO�8QLYHUVLW\�DUH�OLVWHG�LQ�WKH�WDEOH�EHORZ�$GYDQWDJHV� 3UREOHPV�$�� QDWLRQDO�OHYHO7KH� FXUULFXOD� DUH� XQLTXH� LQ� (VWRQLD��&XUULFXOD�DUH�FRPSHWHQFH�EDVHG�� ,Q� WKH�LPSOHPHQWDWLRQ� VSHFLDOLVWV� IURP� RWKHU�LQVWLWXWLRQV�DUH�LQYROYHG�

7KH� XQLYHUVLWLHV� DQG� VFLHQFH� RQ� WKH�ZKROH� LQ� (VWRQLD� GR� QRW� JHW� HQRXJK�VXSSRUW� IURP� WKH� VWDWH� WR� GHYHORS� WKHLU�LQIUDVWUXFWXUH�� WKH� QXPEHU� RI� VWDWH�ILQDQFHG� VWXG\� SODFHV� GRHV� QRW�FRUUHVSRQG�WR�WKH�QHHG�%�� XQLYHUVLW\�OHYHO&XUULFXOXP� GHYHORSPHQW� SURFHHGV� LQ�FRQFRUGDQFH� ZLWK WKH� REMHFWLYHV� RI� WKH�8QLYHUVLW\�� WKH� 8QLYHUVLW\� JLYHV� VXSSRUW�IRU�UXQQLQJ�WKH�%LRORJ\�FXUULFXOD�
7KHUH�DUH�VRPH�PLQRU�SUREOHPV�ZLWK�WKH�FRRUGLQDWLRQ� RI� WKH� VWXGLHV� ZLWK� RWKHU�GHSDUWPHQWV� �PDLQO\� UHODWHG� WR�DFFRPPRGDWLQJ� JHQHUDO� FRXUVHV� WR� WKH�QHHGV�RI�RXU�FXUULFXOD��&�� GHSDUWPHQW�OHYHO7KHUH� DUH� IDLUO\� JRRG� FRQGLWLRQV� IRU�LPSOHPHQWLQJ� WKH� FXUULFXOD�� KLJK�SURIHVVLRQDO�OHYHO�RI�WKH�WHDFKLQJ�VWDII�
%HFDXVH�RI�WKH�UHODWLYHO\�ORZ�VDODU\�OHYHO�DQG� KLJK� RYHUORDG� DW� WKH� XQLYHUVLW\� LW� LV�GLIILFXOW� WR� HPSOR\� PRWLYDWHG�GHVFHQGDQWV�'�� VWXGHQW�OHYHO�6WXGHQW�FHQWHUHG� SRVVLELOLWLHV� WR� DGDSW�WKH� FXUULFXOD� WR� SHUVRQDO� QHHGV� DQG�LQWHUHVWV�� UHODWLYHO\� VPDOO� VWXG\� JURXSV��H[FHOOHQW� VWXGHQW�WHDFKHU� SHUVRQDO�UHODWLRQV�
/DFN� RI� WKH� VFKRODUVKLS� WR� VXSSRUW�VWXGLHV�� ZKLFK� LV� WKH� UHDVRQ� ZK\�PDQ\�VWXGHQWV� KDYH� WR� KDYH� MREV� LQ� SDUDOOHO�ZLWK�VWXGLHV�

7KH�PDLQ� HPSKDVLV� LQ� WKH� DFWLYLWLHV� RI� WKH�'HSDUWPHQW� RI�1DWXUDO�6FLHQFHV�GXULQJ�WKH� SDVW� IHZ� \HDUV� KDV� EHHQ� WKH� FXUULFXOXP� GHYHORSPHQW�� 7KH� SULRULWLHV� IRU� WKH�FRPLQJ� \HDUV� DUH�� ILUVW� RI� DOO�� LQLWLDWLRQ� RI� DQG� SDUWLFLSDWLRQ� LQ� ERWK� (VWRQLDQ� DQG�(XURSHDQ� UHVHDUFK� SURJUDPPHV�� EXW� DOVR� FRQWLQXRXV� VXSSRUW� WR� \RXQJ� IDFXOW\�PHPEHUV�SXUVXLQJ� WKHLU� DFDGHPLF�GHJUHHV��7KH�QH[W�3K' WKHVLV�ZLOO� EH�GHIHQGHG�GXULQJ�WKH�\HDU�������7��'UHZV��7��3DDOPH��
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