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,Q�UHFHQW�\HDUV��HGXFDWLRQDO�UHVHDUFK�KDV�H[SORUHG�QHZ�DUHDV�LQ�WKH�ILHOG�RI�
DVVHVVPHQW�� IRFXVLQJ� RQ� WKH� UHODWLRQVKLS� EHWZHHQ� DVVHVVPHQW�� LQVWUXFWLRQDO�
GHVLJQ��DQG�OHDUQLQJ�FRQFHUQLQJ�DFFRXQWDELOLW\��GHPRFUDF\��DQG�HTXLW\��,EDUUDဨ
6iL]�HW�DO����������

:KLOH�UHVHDUFK�KDV�SUHYLRXVO\�IRFXVHG�RQ�PRUH� WHFKQLFDO��SURFHVVဨUHODWHG�
DQG� HYLGHQFHဨUHODWHG� DVSHFWV�� VXFK� DV� YDOLGLW\� DQG� UHOLDELOLW\�� PRUH� UHFHQW�
UHVHDUFK�SD\V�PRUH�DWWHQWLRQ�WR�WKH�UROH�DQG�LPSDFW�RI�HYDOXDWLRQ�RQ�WKH�VXEMHFW�
DQG�VRFLHW\����

%\� WDNLQJ� WKLV�SHUVSHFWLYH��ZH�FDQ�VHH� WKH�HYROXWLRQ�IURP�DVVHVVPHQW� IRU�
OHDUQLQJ� �%ODFN�	�:LOLDP�� ������ 6DPEHOO� HW� DO��� ������ WR� OHDUQLQJဨRULHQWHG�
DVVHVVPHQW��&DUOHVV���������VXVWDLQDEOH�DVVHVVPHQW��%RXG�	�6ROHU���������DQG�
DVVHVVPHQW� DV� OHDUQLQJ� �'DQQ�� ������ (DUO�� ������:LQVWRQH� 	� %RXG�� ������
:LQVWRQH�	�&DUOHVV���������

,Q�WKRVH�QHZ�DSSURDFKHV��VWXGHQWV�KDYH�D�PRUH�UHVSRQVLEOH�DQG�SDUWLFLSDWLYH�
UROH��2SSRUWXQLWLHV�DUH�SURYLGHG� WR�GHYHORS�FULWLFDO�DQG�FUHDWLYH�VWUDWHJLHV� WR�
DFWLYDWH�WKH�VHOIဨDVVHVVPHQW�SURFHVV��%RXG�HW�DO������������

5HIOHFWLRQ�RQ�DVVHVVPHQW�UXQV�LQ�SDUDOOHO�ZLWK�UHIOHFWLRQ�RQ�IHHGEDFN��7KH�
ODWWHU�LV�QR�ORQJHU�VHHQ�RQO\�DV�FRPPXQLFDWLRQ�RI�WKH�WHVW�RXWFRPH��)HHGEDFN�
LV�DOVR�FRQVLGHUHG�DV�D�UHIOHFWLYH�FRQVLGHUDWLRQ�RI�WKH�SURFHVV�DQG�WKH�VWXGHQW¶V�
DELOLW\�WR�EXLOG�FRKHUHQW�VWUDWHJLHV�DQG�UHVSRQVHV����

,I�WKH�SXUSRVHV�RI�HYDOXDWLRQ�DQG�IHHGEDFN�FKDQJH��SUDFWLFHV�VKRXOG�DOVR�EH�
UHGHVLJQHG� WKURXJK�H[SHULPHQWDWLRQ�RI�GLIIHUHQW� V\QHUJLHV�EHWZHHQ�HQGV�DQG�
PHDQV� DQG� QHZ�PRGHV� RI� DFWLRQ� WKDW�PRGLI\� WKH� FRQWH[WV� DQG� WKH� WHDFKLQJ�
DFWLRQ��$W�WKH�VDPH�WLPH��WKH�VXSSRUW�WKDW�WHFKQRORJLHV�FDQ�SURYLGH�DOVR�UHTXLUHV�
FRQVLGHUDWLRQ��2IWHQ��WKH�YHU\�SRVVLELOLW\�RI�DVVHVVLQJ�DQG�SURYLGLQJ�IHHGEDFN�
LQ�UHDO�WLPH�FDQ�EH�SURYLGHG�RQO\�E\�GLJLWDO�WHFKQRORJ\��

%DVHG�RQ�WKHVH�UHIOHFWLRQV�DQG�VXSSRUWHG�E\�WKH�FHQWUDOLW\�RI�WKH�WRSLF�LQ�WKH�
FXUUHQW� GHEDWH�� WKH� &DOO� IRU� 3DSHUV� DWWUDFWHG� D� JUHDW� GHDO� RI� LQWHUHVW� ZKHQ�

�
� ([HFXWLYH� 'LUHFWRU� RI� WKH� 6$/7� &HQWHU� DW� WKH� 8QLYHUVLW\� RI� $UL]RQD�� 86$�� (�PDLO��

PLOOHUJ#DUL]RQD�HGX��
�
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ODXQFKHG��:H�UHFHLYHG�PRUH�WKDQ����FRQWULEXWLRQV��DOO�RI�ZKLFK�GHYHORSHG�WKH�
UHG� WKUHDGV� SURSRVHG� LQ� WKH� &DOO�� :H� ZLOO� QRZ� OLVW� WKH� SDSHUV� SXEOLVKHG��
KLJKOLJKWLQJ�WKH�FRPPRQ�OLQH�OLQNLQJ�WKHP��

2QH� WKHPH� WKDW� KDV� EHHQ� GHDOW� H[WHQVLYHO\� ZLWK� LV� WKH� UHIOHFWLRQ� RQ� WKH�
IRUPDWLYH� UROH� RI� DVVHVVPHQW�� HVSHFLDOO\� LQ� WKH� XQLYHUVLW\� FRQWH[W�� $XWKRUV�
DGGUHVVLQJ� WKLV� WRSLF� DUH� (OOHUDQL� 	� %DUFD� �9DOXWD]LRQH� QDUUDWLYD� H�
WUDVIRUPDWLYD��FR�FRVWUX]LRQH�GL�FRPXQLWj�GL�DSSUHQGLPHQWR��8Q�FDVR�GL�VWXGLR�
HVSORUDWLYR��� $OEDQHVH� �/D� VILGD� QHXUR�GRFLPRORJLFD�� FULWLFLWj� H� VWUXPHQWL�
SRVVLELOL���3DWHUD�	�*UDQJH��/D�YDOXWD]LRQH�IRUPDWLYD�SHU�VRVWHQHUH�OR�VYLOXSSR�
GHOOD�GLPHQVLRQH�SURIRQGD�GHOO¶DJLUH�FRPSHWHQWH��8Q�FDVR�GL�VWXGLR���6FLHUUL�	�
&DSSHUXFFL��/D�YDOXWD]LRQH�SHU�SURPXRYHUH�O
DSSUHQGLPHQWR�SHUPDQHQWH���DQG�
)HGHOL�	�*LURWWL��7HVWLQJ�IRU�WKH�IXWXUH��D�ZRUNVKRS�KDQGV�RQ�H[SHULHQFH�IRU�
WUDLQLQJ�LQ�IRUPDWLYH�DVVHVVPHQW���

7KH�FRQQHFWLRQ�EHWZHHQ�HYDOXDWLRQ��MXVWLFH�DQG�HTXLW\�LV�DOVR�DGGUHVVHG�LQ�
WKH�DUWLFOHV�RI�$FTXDULR��7KURXJK�WKH�OHQV�RI�MXVWLFH��$�V\VWHPDWLF�UHYLHZ�RQ�
HTXLW\� DQG� IDLUQHVV� LQ� OHDUQLQJ� DVVHVVPHQW��� 8JROLQL� �&RQFH]LRQL� GL� 2SHQ�
(GXFDWLRQ�H�LVWDQ]H�GL�HTXLWj��4XHVWLRQL�GLGDWWLFKH�H�DSSURFFL�YDOXWDWLYL���DQG�
%HDU]L� 	� 7DUDQWLQR� �&R�HYDOXDWLRQ� SURFHVVHV� DQG� DJHQWLF� HTXLW\� LQ� WKH�
WUDQVIRUPDWLYH�SDQGHPLF�DQG�SRVW�SDQGHPLF�HGXFDWLRQ���

,Q�WKH�FRQWH[W�RI�HTXLW\��VRPH�FRQWULEXWLRQV�DQDO\VHG�WKH�LVVXH�RI�HYDOXDWLRQ�
ZLWK�D�VSHFLILF�IRFXV�RQ�LQFOXVLRQ��'HWWRUL�	�/HWWHUL��9DOXWDUH�SHU�LQFOXGHUH�JOL�
VWXGHQWL�FRQ�GLVWXUEL�GHOOR�VSHWWUR�GHOO¶DXWLVPR��,O�VXSSRUWR�GHOOH�WHFQRORJLH�SHU�
XQD�YDOXWD]LRQH�GL�TXDOLWj���6JDPEHOOXUL� �9DOXWDUH� LQ�DPELWR�GLGDWWLFR��'DOOD�
SHUVRQDOL]]D]LRQH� GHO� FXUULFROR� DOOD� SURJHWWD]LRQH� XQLYHUVDOH��� $UGXLQL� 	�
&KLXVDUROL� �,O� FRQWULEXWR� GHL� 'LVDELOLW\� 6WXGLHV� SHU� XQD� VFXROD� SL�� HTXD� HG�
LQFOXVLYD��� DQG�=DSSDOj�	�*DOGLHUL� �6WUXPHQWL� H� DSSURFFL� SHU� OD� YDOXWD]LRQH�
GHOOH�FDSDFLWj�FRPXQLFDWLYH�GL�DOXQQL�FRQ�'LVWXUER�GHOOR�6SHWWUR�$XWLVWLFR���

$�WKLUG�WKHPH�WKDW�JDWKHUHG�PXFK�LQWHUHVW�LV�WKH�UHIOHFWLRQ�RQ�WKH�UHODWLRQVKLS�
EHWZHHQ�HYDOXDWLRQ�DQG�IHHGEDFN��$UWLFOHV�DGGUHVVLQJ�WKLV� WRSLF�DUH�DXWKRUHG�
E\�*ULRQ�HW�DO���5LSHQVDUH�LO�FRQFHWWR�GL�IHHGEDFN��LO�UXROR�GHOOD�FRPSDUD]LRQH�
QHL�SURFHVVL�GL�YDOXWD]LRQH�SHU�O¶DSSUHQGLPHQWR���%UXQL�	�3HWWL��*UDQGH�DXOD�
XQLYHUVLWDULD�RQ�OLQH�H�IHHGEDFN��XQ�FRQQXELR�SRVVLELOH"���/D�5RFFD��7ULDQJROR�
GHO�IHHGEDFN�SHU�XQD�YDOXWD]LRQH�WUDVSDUHQWH�H�FRQGLYLVD��LQ�DPELHQWL�GLJLWDOL��
'HVFUL]LRQH�GL�XQD�HVSHULHQ]D���9LQFL��3HHU�UHYLHZ��IHHGEDFN�H�QXRYL�PRGHOOL�
GL�YDOXWD]LRQH�SDUWHFLSDWD�QHOO¶KLJKHU� HGXFDWLRQ��XQD� VSHULPHQWD]LRQH�SUHVVR�
O¶8QLYHUVLWj� 0HGLWHUUDQHD� GL� 5HJJLR� &DODEULD��� '¶DQJHOR� HW� DO�� �(PRWLRQDO�
)HHGEDFN� LQ� HYDOXDWLRQ� SURFHVVHV�� FDVH� VWXGLHV� LQ� WKH� 8QLYHUVLW\� FRQWH[���
/HKPDQQ�	�6YDUQ\��8VLQJ�D�VRFLDO�URERW�IRU�GLIIHUHQW�W\SHV�RI�IHHGEDFN�GXULQJ�
XQLYHUVLW\�OHFWXUHV���6WRUDL�	�3HGDQL��8QR�VWXGLR�VXO�JUDGLPHQWR�GHO�IHHGEDFN�
LQ�GXH�FRUVL�XQLYHUVLWDUL�RQOLQH���3LOOHUD��)HHGEDFN�GRFHQWH�H�UHYLVLRQH�WUD�SDUL�
VX�FRPSLWL�GL�SURJHWWD]LRQH�GHOOD� ULFHUFD��HYLGHQ]H�HPSLULFKH�GD�XQ�FRUVR�GL�
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3HGDJRJLD� VSHULPHQWDOH��� DQG� )HUUDUL� �,O� TXHVWLRQLQJ� PHGLDWR� GLJLWDOPHQWH�
FRPH�DOOHDWR�GHO�IHHGEDFN���

)RFXVLQJ�VSHFLILFDOO\�RQ�HYDOXDWLRQ�LQ�WKH�XQLYHUVLW\�FRQWH[W��LQ�DGGLWLRQ�WR�
PDQ\�RI�WKH�SUHYLRXV�SDSHUV��ZH�KDYH�WKH�FRQWULEXWLRQV�E\�0LUDQGD��0DU]DQR�
	� 7ULQFKHUR� �'HHS� 8QGHUVWDQGLQJ�� &RQWURO� RI� VWXGHQW� XQGHUVWDQGLQJ� LQ�
XQLYHUVLW\�GXULQJ�GLVWDQFH�DQG�IDFH�WR�IDFH�OHDUQLQJ���0RQWDOEHWWL��,QQRYDUH�OD�
YDOXWD]LRQH�DOO¶XQLYHUVLWj�� VL�SXz��DQ]L� VL�GHYH����$QHOOR� �9DOLGD]LRQH�GL�XQR�
VWUXPHQWR� GL� HWHUR�� H� DXWR�YDOXWD]LRQH� GHOOD� FRPSHWHQ]D� GL� RUJDQL]]D]LRQH�
GLGDWWLFD�D�VFXROD���3LJQDOEHUL��&RPSHWHQ]H�VWUDWHJLFKH�H�GLGDWWLFD�XQLYHUVLWDULD��
1XRYL� SHUFRUVL� GL� DXWRUHJROD]LRQH� H� YDOXWD]LRQH� GHOO¶DSSUHQGLPHQWR� QHOOR�
VWXGLR�H�QHO�ODYRUR���DQG�5LFFKLDUGL��8WLOL]]R�IRUPDWLYR�GL�SURYH�DXWHQWLFKH�QHO�
FRUVR�GL�ODXUHD�LQ�6FLHQ]H�GHOOD�IRUPD]LRQH�SULPDULD���

)LQDOO\�� VRPH�SDSHUV�DQDO\VHG�HYDOXDWLRQ� IURP� WKH�SHUVSHFWLYH�RI� WHDFKHU�
WUDLQLQJ�� ,Q� WKLV� GLUHFWLRQ� ZH� FDQ� UHDG� WKH� DUWLFOHV� RI� *UDWDQL� �7RZDUGV�
$VVHVVPHQW� DV�/HDUQLQJ�� ILQGLQJV� IURP�RQOLQH� FRXUVHV� IRU� VHFRQGDU\� VFKRRO�
WHDFKHUV��� 6DQVRQH� HW� DO�� �,O� SHHU�DVVHVVPHQW� QHOOD� IRUPD]LRQH� LQVHJQDQWL��
DFFRUJLPHQWL�H�ULFDGXWH���&DSSXFFLR�	�&RPSDJQR��9DOXWD]LRQH�H�IHHGEDFN��OD�
FRPSHWHQ]D�GRFLPRORJLFD�FRPH�FRPSHWHQ]D�FRPXQLFDWLYD��8QD�ULFHUFD�FRQ�L�
GRFHQWL� GHOOD� VFXROD� VHFRQGDULD��� DQG� 7LQWHUUL� HW� DO�� �5H�RUJDQL]DWLRQ� RI�
DVVHVVPHQW� GXULQJ� WKH� HGXFDWLRQDO� HPHUJHQF\� LQ� SULPDU\� DQG� VHFRQGDU\�
WHDFKLQJ��DQ�,WDOLDQ�FDVH���

)URP� DQ� RYHUDOO� YLHZ� RI� WKH� YROXPH�� ZH� FDQ� KLJKOLJKW� WZR� HPHUJLQJ�
HOHPHQWV�WKDW�VKRZ�VRPH�RI�WKH�WUHQGV�SUHYDLOLQJ�WRGD\�LQ�HGXFDWLRQDO�UHVHDUFK��
LQ�JHQHUDO��DQG�RQ�HYDOXDWLRQ��LQ�SDUWLFXODU��

7KH� ILUVW� LV� WKH�ZLGHVSUHDG� LQWHUHVW� LQ� XQLYHUVLW\� GLGDFWLFV��7KH� WKHPH�RI�
XQLYHUVLW\�HYDOXDWLRQ�LV�DQDO\VHG�LQ�GHWDLO��6WLOO��DWWHQWLRQ�WR�TXDOLW\�DQG�OHDUQLQJ�
DQG�WHDFKLQJ�SURFHVVHV�LQ�KLJKHU�HGXFDWLRQ�VHHPV�WR�IRFXV�QRW�RQO\�RQ�UHVHDUFK�
EXW�DOVR�RQ�SROLFLHV��QRW�RQO\�LQ�,WDO\��

7KH� VHFRQG� WKHPH� LV� IHHGEDFN�� 7KH�PRVW� UHFHQW� UHVHDUFK� RI� &DUOHVV� DQG�
:LQVWRQ�DOORZHG�IRFXVLQJ�RQ�WKH�VKRUW�FLUFXLW�WKDW�H[LVWV�EHWZHHQ�GLGDFWLFV�DQG�
WUDLQLQJ��FHUWLILFDWLRQ�DQG�WUDLQLQJ�SXUSRVHV��DQG�EHWZHHQ�WKH�QHHG�WR�GHVFULEH�
SHUIRUPDQFHV� DQG� OLQN� WKHP� WR� VWDQGDUGV� RQ� LQGLYLGXDO� VXEMHFWV� DQG�
SHUVRQDOLVHG�SURFHVVHV��

7KH� SUHYLRXV� UHIOHFWLRQV� DOVR� VXJJHVW� WKH� FKRLFH� IRU� WKH� ODVW� :HHN� RI�
([FHOOHQFH�RI�WKH�'HSDUWPHQW�RI�(GXFDWLRQ��&XOWXUDO�+HULWDJH�DQG�7RXULVP�WR�
EH� KHOG� LQ� DXWXPQ� ������ ZKLFK� ZLOO� EH� VWUXFWXUHG� DURXQG� WKH� WKHPHV� RI�
HYDOXDWLRQ�DQG�IHHGEDFN�LQ�WKH�SHUVSHFWLYH�RI�XQLYHUVLW\�WHDFKLQJ��
�
�
�
�
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