
7KH�6\VWHP�RI�0RQLWRULQJ�/DQJXDJH�&RPSHWHQFH�LQ�WKH�
7DWDU�/DQJXDJH�DPRQJ�6WXGHQWV�

$OL\D�$��.DELURYɚ���.DGUL\D�6��)DWNKXOORYD���(OYLUD�1��'HQPXNKDPHWRYD���	�5LGD�
,��=HNULVW�

$EVWUDFW��

7KH�VWXG\�H[DPLQHV�WKH�OLQJXLVWLF�DQG�PHWKRGLFDO� IHDWXUHV�RI� WKH�RUJDQL]DWLRQ�DQG�
PRQLWRULQJ� RI� UHVLGXDO� NQRZOHGJH� RI� WKH� PRWKHU� WRQJXH� �7DWDU� ODQJXDJH�� DPRQJ�
VWXGHQWV�ZKR�KDYH�PDVWHUHG�WKH�EDVLF�JHQHUDO�HGXFDWLRQDO�SURJUDP��H[DPLQHV�WDVNV�
IRU�VFKRROV�ZLWK�WKH�5XVVLDQ�ODQJXDJH�RI�LQVWUXFWLRQ��7KH�UHOHYDQFH�RI�WKLV�WRSLF�LV�
GXH� WR� WKH� QHHG� WR� JHQHUDOL]H� SHGDJRJLFDO� H[SHULHQFH� WR� LPSURYH� WKH� TXDOLW\� RI�
LQVWUXFWLRQ�LQ�WKH�QDWLYH��7DWDU��ODQJXDJH�DQG�GHWHUPLQH IRUPV�DQG�PHWKRGV�RI�ZRUN�
IRU�WKH�IXUWKHU�GHYHORSPHQW�RI�VWXGHQWV
�ODQJXDJH�DELOLWLHV��7KH�DUWLFOH�GLVFXVVHV�WKH�
JRDOV��REMHFWLYHV�DQG�WKH�PDLQ�FRQWHQW�RI�PRQLWRULQJ�NQRZOHGJH�RI�WKH�7DWDU�ODQJXDJH�
DPRQJ�5XVVLDQ�VSHDNLQJ�VWXGHQWV��,W�DOVR�SURYLGHV�DQ�DQDO\VLV�RI�WKH�W\SHV�RI�WDVNV�
DLPHG�DW�LGHQWLI\LQJ�VWXGHQWV
�OHYHO�RI�OLVWHQLQJ��UHDGLQJ�DQG�ZULWLQJ�VNLOOV��DV�ZHOO�DV�
OLQJXLVWLF�FRPSHWHQFH��OH[LFDO�DQG�JUDPPDWLFDO�VNLOOV���7KH�PDLQ�SUREOHPV�DVVRFLDWHG�
ZLWK� WKH�LQWURGXFWLRQ�RI� WHVW� WHFKQRORJ\� LQ�WKH�VFKRRO¶V�SUDFWLFH�RI�PRQLWRULQJ�DQG�
HYDOXDWLQJ�WKH�UHVXOWV�RI�HGXFDWLRQDO�DFWLYLWLHV�RI�VWXGHQWV�LQ�WKH�7DWDU�ODQJXDJH�DUH�
DVVRFLDWHG� ZLWK� LPSURYLQJ� WKH� REMHFWLYLW\� DQG� TXDOLW\� RI� FRQWURO� DQG� PHDVXULQJ�
PDWHULDOV���7KH�DUWLFOH�LV�WKH�ILUVW�H[SHULHQFH�LQ�FRYHULQJ�WKH�WHVW�WHFKQRORJ\�RI�FRQWURO�
LQ�WKH�7DWDU�ODQJXDJH��ZKLFK�DOORZV�WR�JLYH�D�FRPSDUDEOH�DVVHVVPHQW�RI�WKH�OLQJXLVWLF�
DFKLHYHPHQWV�RI�VWXGHQWV�LQ�VHFRQGDU\�VFKRROV���6XFK�VWXGLHV�ZLOO�FRQWULEXWH�WR�WKH�
DFWLYDWLRQ� RI� WHVW� IRUPV� RI� GLDJQRVLV� RI� FRPPXQLFDWLYH� DELOLWLHV� RI� VWXGHQWV� LQ�
DFFRUGDQFH�ZLWK�LQWHUQDWLRQDO�ODQJXDJH�FRPSHWHQFLHV��WKH�GLVVHPLQDWLRQ�RI�SRVLWLYH�
H[SHULHQFH�LQ�WKLV�DUHD�

� 3OHDVH�FLWH�WKLV�SDSHU�DV�IROORZV�

.DELURYɚ��$��$���)DWNKXOORYD��.��6���'HQPXNKDPHWRYD��(��'���	�=HNULVW��5��,����������7KH�
V\VWHP�RI�PRQLWRULQJ ODQJXDJH�FRPSHWHQFH�LQ�WKH�7DWDU�ODQJXDJH�DPRQJ�VWXGHQWV��-RXUQDO�RI�
5HVHDUFK�LQ�$SSOLHG�/LQJXLVWLFV�����63�����������

� .D]DQ�)HGHUDO�8QLYHUVLW\
��.D]DQ�)HGHUDO�8QLYHUVLW\
� .D]DQ�)HGHUDO�8QLYHUVLW\��GHQPXNKDPHWRYD#JPDLO�FRP
��.RVWDQD\�6RFLDO�DQG�7HFKQLFDO�8QLYHUVLW\�QDPHG�DIWHU�=��$OGDP]KDU



��� _�3URFHHGLQJV� RI� WKH��WK� ,QWHUQDWLRQDO�&RQIHUHQFH� RQ�$SSOLHG�/LQJXLVWLFV� ,VVXHV�� 6DLQW�3HWHUVEXUJ��
5XVVLD��6XPPHU�DQG�$XWXPQ������
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&RQWURO�

���,QWURGXFWLRQ

,PSURYLQJ WKH� TXDOLW\� RI� KXPDQLWDULDQ� HGXFDWLRQ� SURYLGHV� IRU� WKH�
LQWURGXFWLRQ�RI�LQQRYDWLYH�IRUPV�RI�ZRUN�QRW�RQO\�LQ�WKH�FRQWHQW�RI�ODQJXDJH�OHDUQLQJ��
EXW�DOVR�LQ�WKH�V\VWHP�RI�FRQWURO�RI�OLQJXLVWLF�DELOLWLHV�RI�VWXGHQWV��SURYLGLQJ�WLPHO\�
IHHGEDFN�EHWZHHQ�VWXGHQWV DQG�WKH�WHDFKHU��1HZ�WHFKQRORJLHV�RI�SHGDJRJLFDO�FRQWURO�
RI�HGXFDWLRQDO�DFKLHYHPHQWV�RI� VWXGHQWV�LQ�WKH�7DWDU�ODQJXDJH�DUH�JUDGXDOO\� EHLQJ�
LQWURGXFHG� LQWR� WKH� SUDFWLFH� RI� WKH� VFKRRO�� � 7KH� REMHFWLILFDWLRQ� RI� PDWHULDOV� IRU�
PHDVXULQJ�DQG�DVVHVVLQJ�WKH�OHYHO�RI�SUHSDUHGQHVV�LQ�WKH�7DWDU�ODQJXDJH��GHYHORSHG�
LQ�DFFRUGDQFH�ZLWK�LQWHUQDWLRQDO�VWDQGDUGV�RI�ODQJXDJH�FRPSHWHQFLHV��LV�D�GLFWDWH�RI�
WKH�WLPH��VLQFH�FRQWURO�LV�RQH�RI�WKH�PRVW�LQWHJUDO�FRPSRQHQWV�RI�WKH�HQWLUH�HGXFDWLRQDO�
SURFHVV� ,WV�PDLQ�IXQFWLRQ�LV�WR�GLDJQRVH�OLQJXLVWLF�DQG�VSHHFK�FRPSHWHQFLHV�IRUPHG�
LQ� VWXGHQWV� LQ� WKH� SURFHVV� RI� OHDUQLQJ� WKH� 7DWDU� ODQJXDJH�� $V� QRWHG� LQ� PRGHUQ�
OLQJXLVWLF� DQG� PHWKRGRORJLFDO� OLWHUDWXUH�� WHVWLQJ� DV� D� PHWKRG� RI� SHGDJRJLFDO�
PHDVXUHPHQW�DOORZV� \RX� WR�REWDLQ�TXDQWLWDWLYH�FKDUDFWHULVWLFV�DQG��EDVHG�RQ�WKHP��
XVH� VSHFLDO� VFDOHV� WR� HYDOXDWH� DQG� FRPSDUH�� WKH� OHYHO� DQG� TXDOLW\� RI� WUDLQLQJ� RI�
VWXGHQWV� LQ� WKH� IUDPHZRUN� RI� RQH� HGXFDWLRQDO� SURJUDP�� WKH� TXDOLW\� RI� GLIIHUHQW�
HGXFDWLRQDO� SURJUDPV� LQ� RQH� VXEMHFW� DUHD�� TXDOLW\� RI� WHDFKLQJ��7R� WKLV� HQG�� LQ� WKH�
5HSXEOLF�RI�7DWDUVWDQ��D�PRQLWRULQJ�V\VWHP�KDV�EHHQ�FUHDWHG�IRU�WKH�PRWKHU�WRQJXH�
�7DWDU�ODQJXDJH��IRU�VWXGHQWV�LQ�JUDGHV����,Q�WKLV�FDVH��WKH�ILQDO�FRQWURO�LV�FDUULHG�RXW�
DW�WKH�UHTXHVW�RI�WKH�VWXGHQW��DW�WKH�FKRLFH�RI�WKH�VXEMHFW�E\�WKH�VWXGHQW��DV�WKH�PDLQ�
VWDWH�H[DP�RQ�WKH�VXEMHFW�RI�QDWLYH��7DWDU��ODQJXDJH��,Q�WKLV�DUWLFOH��ZH�FRQVLGHU�WKH�
OLQJXLVWLF�DQG�PHWKRGRORJLFDO� IHDWXUHV�RI�RUJDQL]LQJ�DQG�FRQGXFWLQJ�PRQLWRULQJ�LQ�
WKH�QDWLYH��7DWDU��IRU�VWXGHQWV�RI�VFKRROV�ZLWK�WKH�5XVVLDQ�ODQJXDJH�RI�LQVWUXFWLRQ��
6XFK�WHVWLQJ�LQ�WKH�5HSXEOLF�RI�7DWDUVWDQ�KDV�EHHQ�FDUULHG�RXW�VLQFH������DQG�VKRZV�
WKH� SRWHQWLDO� IRU� SURYLGLQJ� DQ� REMHFWLYH� DVVHVVPHQW� RI� WKH� OHYHO� RI� OLQJXLVWLF�
SUHSDUHGQHVV�RI�VWXGHQWV��

7KH�SXUSRVH�RI�WKH�VWXG\�LV�WR�VXPPDUL]H�WKH�SRVLWLYH�H[SHULHQFH�LQ�XVLQJ�
WHVW�WHFKQRORJ\�WR�DVVHVV�WKH�OHYHO�RI�SUDFWLFDO�NQRZOHGJH�RI�WKH�7DWDU�ODQJXDJH�RI�
VWXGHQWV�ZKR�KDYH�PDVWHUHG�WKH�EDVLF�JHQHUDO�HGXFDWLRQDO�SURJUDP�LQ�5XVVLDQ�JURXSV�
RI�VFKRROV�ZLWK WKH�5XVVLDQ�ODQJXDJH�RI�LQVWUXFWLRQ��,Q�DFFRUGDQFH�ZLWK�WKH�SURJUDP�
UHTXLUHPHQWV��WKH�VWXG\�RI�WKH�QDWLYH��7DWDU��ODQJXDJH�LQ�D�5XVVLDQ�VFKRRO�LV�DLPHG�DW�
GHYHORSLQJ� VWXGHQWV
� FRPPXQLFDWLYH� FRPSHWHQFH�� XQGHUVWRRG� DV� WKH� DELOLW\� DQG�
ZLOOLQJQHVV�WR�FRPPXQLFDWH�LQ�WKH�VWDWH�ODQJXDJH��7R�PRQLWRU�WKH�OHYHO�RI�IRUPDWLRQ�
RI�WKH�PDLQ�LQGLFDWRUV�RI�FRPPXQLFDWLYH�FRPSHWHQFH��VSHHFK��ODQJXDJH��VRFLRFXOWXUDO�
FRPSHWHQFLHV��� YDULRXV� W\SHV� RI� DVVLJQPHQWV� DUH� XVHG� GXULQJ� WKH� PRQLWRULQJ� RI�
JUDGXDWHV�RI�D�EDVLF�VFKRRO��7KH� IXOILOOPHQW�E\�VWXGHQWV�RI� WKH� WRWDOLW\�RI� WKH�WDVNV�
SUHVHQWHG�PDNHV�LW�SRVVLEOH�WR�DVVHVV�WKH�FRUUHVSRQGHQFH�RI�WKH�OHYHO�RI�WKHLU�ODQJXDJH�
WUDLQLQJ� UHDFKHG� E\� WKH� HQG� RI� WKHLU� HGXFDWLRQ� LQ� D� EDVLF� VFKRRO� ZLWK� WKH� OHYHO�
GHWHUPLQHG�E\�WKH�DSSUR[LPDWH�SURJUDP�IRU�WHDFKLQJ�WKH�7DWDU�ODQJXDJH��
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���0HWKRGV

7KH�PDLQ�PHWKRGV�WKDW�ZHUH�XVHG�LQ�WKLV�VWXG\��D�FRPSDUDWLYH�PHWKRG��DQ�
DQDO\WLFDO�PHWKRG�DQG�D�JHQHUDOL]DWLRQ�PHWKRG��

7KH�VWXG\�PDLQO\�XVHG�WKH�GHVFULSWLYH�PHWKRG��7R�GHWHUPLQH�WKH�FKURQRORJ\�
DQG�VHTXHQFH�RI�ODQJXDJH�SURFHVVHV��D�FRPSDUDWLYH�KLVWRULFDO�PHWKRG�ZDV�XVHG��7R�
DQDO\]H�WKH�IUHTXHQF\�DQG�UHJXODULW\�RI�WKH�YRFDEXODU\�RI�OH[LFDO�XQLWV��WKH�VWDWLVWLFDO�
PHWKRG�ZDV�XVHG��$OVR��WKH�PHWKRGRORJLFDO�EDVH�RI�WKH�UHVHDUFK�LV��DQ�DSSURDFK�WKDW�
GHWHUPLQHV� WKH� XQLW\� RI� DFWLYLW\� DQG� FRQVFLRXVQHVV�� D[LRORJLFDO�� FXOWXURORJLFDO��
KHUPHQHXWLF� DSSURDFKHV�� DOORZLQJ� WR� LQWHUSUHW� WKH� OH[LFDO�VHPDQWLF� IHDWXUHV� RI�
V\QRQ\PV�LQ�WKH�FRPPRQ�7XUNLF�OLQJXLVWLF�HQYLURQPHQW��

���5HVXOWV

7KH�UHVXOWV�RI�WKH�WHVW�RI�UHVLGXDO�NQRZOHGJH�RI�VWXGHQWV�VKRZ�WKDW�WKLV�PRGHO�
RI�WKH�PRQLWRULQJ�V\VWHP�IRU�WKH�TXDOLW\�RI�7DWDU�ODQJXDJH�WHDFKLQJ�PDNHV�LW�SRVVLEOH�
WR�REMHFWLYHO\�DVVHVV�WKH�OHYHO�RI�ODQJXDJH�DQG�VSHHFK�WUDLQLQJ�RI�VWXGHQWV��DV�ZHOO�DV�
WKH OHYHO�RI�WHDFKLQJ��REWDLQ�UHOLDEOH�DQG�GLIIHUHQWLDWHG�JUDGHV��VWDWLVWLFDOO\�DFFXUDWHO\�
DQDO\]H� WKH� SURFHVV� RI� REWDLQLQJ� ODQJXDJH� HGXFDWLRQ� DQG� VHH� IXUWKHU� SURVSHFWV�� LWV�
GHYHORSPHQW�� LGHQWLI\� JDSV� LQ� WKH� DVVLPLODWLRQ� RI� SURJUDP� PDWHULDO� DQG� WLPHO\�
HUDGLFDWH�WKHP��,W�LV�DOVR�LPSRUWDQW�WKDW�WHVWLQJ�LQ�WKLV�IRUPDW�DOORZV�\RX�WR�ILQG�RXW�
WKH�G\QDPLFV�RI�WKH�IRUPDWLRQ�RI�WKH�FRPPXQLFDWLYH�FRPSHWHQFH�RI�VWXGHQWV�DQG�WKHLU�
HGXFDWLRQDO� DFKLHYHPHQWV� LQ� PDVWHULQJ� WKH� 7DWDU� ODQJXDJH� ZLWKLQ� WKH� VFKRRO�
FXUULFXOXP��

�� 6XPPDU\

7KH� LPSOHPHQWDWLRQ� RI� WKH� PRQLWRULQJ� V\VWHP� IRU� VWXGHQWV� RI� VHFRQGDU\�
VFKRROV�LQ�WKH�5HSXEOLF�RI�7DWDUVWDQ�ZDV�FDUULHG�RXW�LQ�VWDJHV��$W�ILUVW��FRQWURO�DQG�
PHDVXULQJ�PDWHULDOV�ZHUH�GHYHORSHG�WDNLQJ�LQWR�DFFRXQW�WKH�PDLQ�FULWHULD�IRU�GLGDFWLF�
WHVWV �YDOLGLW\��FRUUHFWQHVV��GLIIHUHQWLDWLQJ�DELOLW\��HWF����DV�ZHOO�DV�UHODWHG�GRFXPHQWV�
�VSHFLILFDWLRQ�LQ�7DWDU�DQG�5XVVLDQ��FRGLILHU��FULWHULD�IRU�HYDOXDWLQJ�WDVNV�RI�D�GHWDLOHG�
WHVW�DQVZHU���7KH�QH[W� VWDJH�ZDV�WUDLQLQJ�VHPLQDUV� IRU� VFKRRO� WHDFKHUV� LQYROYHG LQ�
FKHFNLQJ�WHVW�UHVXOWV��,Q�WKH�����������DFDGHPLF�\HDU�RI�WKH DFDGHPLF�\HDU��IRU�WKH�
ILUVW�WLPH��WULDO�WHVWLQJ�ZDV�RUJDQL]HG�LQ�WKH�QDWLYH��7DWDU��ODQJXDJH�IRU�VWXGHQWV�RI�
JUDGHV���RI�LQGLYLGXDO�FRPSUHKHQVLYH�VFKRROV�DV�DQ�H[SHULPHQW��)URP������WR������
IXOO�VFDOH� WHVWLQJ�ZDV� FRQGXFWHG��DQG� IURP�������PRQLWRULQJ� RI� NQRZOHGJH� LQ� WKH�
QDWLYH��7DWDU��ODQJXDJH�LV�FDUULHG�RXW�LQ�WKH�IRUP�RI�WKH�PDLQ�VWDWH�H[DP�IRU�VWXGHQWV�
WR� FKRRVH� D� VXEMHFW�� � 'HSHQGLQJ� RQ� WKH� W\SH� RI� HGXFDWLRQDO� LQVWLWXWLRQ�� VWXGHQWV�
FRPSOHWH�DVVLJQPHQWV�LQ�WKUHH�FDWHJRULHV�����WHVW�DVVLJQPHQWV�IRU�VWXGHQWV�LQ�VFKRROV�
ZLWK� WKH�7DWDU�ODQJXDJH�RI� LQVWUXFWLRQ�����DVVLJQPHQWV� IRU�7DWDU�JURXSV�RI� VFKRROV�
ZLWK�WKH�5XVVLDQ�ODQJXDJH�RI�LQVWUXFWLRQ��DQG����DVVLJQPHQWV�IRU�5XVVLDQ�VSHDNLQJ�
VWXGHQWV� RI� VFKRROV�ZLWK� WKH� 5XVVLDQ� ODQJXDJH� RI� LQVWUXFWLRQ�� ZKLFK� LV� GXH� WR� WKH�
VFKRRO�FXUULFXOXP�LQ�WKLV�VXEMHFW��
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:KHQ�GHYHORSLQJ�FRQWURO�DQG�PHDVXULQJ�PDWHULDOV�LQ�WKH�7DWDU�ODQJXDJH��ZH�
SURFHHG� IURP� WKH� IDFW� WKDW� ³D� WHVW� LV�D� WRRO� FRQVLVWLQJ� RI� D�TXDOLPHWULFDOO\ YHULILHG�
V\VWHP� RI� WHVW� WDVNV�� D� VWDQGDUGL]HG� SURFHGXUH� IRU� FRQGXFWLQJ� DQG� D� SUH�GHVLJQHG�
WHFKQRORJ\�IRU�SURFHVVLQJ�DQG�DQDO\]LQJ�UHVXOWV´��0D\RURYD����������6KDNHU�0HKGL�
5DKLPL��	�=DUH���������7KH�VWXG\�RI�WKH�7DWDU�ODQJXDJH�LQ�5XVVLDQ�VSHDNLQJ�JURXSV�
LV DLPHG� DW� HQVXULQJ� WKH� VWXGHQWV
� DELOLW\� WR� FRPPXQLFDWH� LQ� HYHU\GD\� OLIH�
�.KXVQXOOLQD�HW�DO���������6DODNKRYD�	�6LEJDHYD��������*XU\DQRY�HW�DO���������&RRN��
�������WR�LQWHUDFWLRQ�DQG�PXWXDO�XQGHUVWDQGLQJ�LQ�D�PXOWLOLQJXDO�VRFLHW\��.KDQRYD�HW�
DO���������*DOLPRYD�HW�DO���������<DNXSRY�HW�DO���������5DNKLPRY�	�<XVXSRYD���������
*D\D]RY�HW�DO����������$OWKRXJK�WKHUH�DUH�GLIIHUHQW�W\SHV�DQG�PHWKRGV�RI�OHDUQLQJ�D�
ODQJXDJH��2QOLQH�6FKRRO�()�$1$�7(/(���WKH�NQRZOHGJH�JDLQHG�LQ�D�VXEMHFW�GXULQJ�
VWXGLHV�DW�D�VHFRQGDU\�VFKRRO�LV�PRUH�HIIHFWLYH�DQG�GXUDEOH��DV�PRQLWRULQJ�SUDFWLFH�
VKRZV��

7KH�WHVW�ZRUN�RQ�WKH�7DWDU�ODQJXDJH�IRU�5XVVLDQ�VSHDNLQJ�VWXGHQWV�FRQVLVWV�
RI�IRXU�VHFWLRQV��ZKLFK�FRQWDLQ�WDVNV�RQ�OLVWHQLQJ��UHDGLQJ��YRFDEXODU\�DQG�JUDPPDU��
DQG� ZULWLQJ�� 7KH� OLVWHQLQJ� WHVW� VHFWLRQ� LQFOXGHV� WDVNV� IRU� XQGHUVWDQGLQJ� DXWKHQWLF�
WH[WV��6WXGHQWV�PRVWO\�FRPSOHWH�WKHVH�WDVNV�ZLWKLQ����PLQXWHV���7KH�YRFDEXODU\�DQG�
JUDPPDU�VHFWLRQ�LV�DOVR�GHVLJQHG�IRU����PLQXWHV��7KH�ZULWLQJ�WDVNV�VHFWLRQ�LV�JLYHQ�
PRUH� WLPH�� VLQFH� WKHUH� DUH� WZR� W\SHV� RI� WDVNV�� 6WXGHQWV� QHHG� WR�ZULWH� UHPDUNV� LQ�
DFFRUGDQFH�ZLWK�WKH�JLYHQ�FRPPXQLFDWLYH�WDVNV��DQG�ODWHU�LW� LV�SURSRVHG�WR�ZULWH�D�
SHUVRQDO� UHVSRQVH� OHWWHU� DFFRUGLQJ� WR� WKH� SURSRVHG� RSWLRQ�� � ,Q� HDFK� VHFWLRQ�� WKH�
IROORZLQJ�W\SHV�RI�WDVNV�DUH�XVHG��FRPSOLDQFH�WDVNV��WDVNV�ZLWK�D�FKRLFH�RI�RQH�RI�WKH�
WZR�SURSRVHG�DQVZHUV��WDVNV�ZLWK�D�FKRLFH�RI�RQH�DQVZHU�IURP�WKH�WKUHH�SURSRVHG��
WDVNV� ZLWK� D� VKRUW� DQVZHU�� WDVNV� IRU� VSHHFK� VLWXDWLRQV� DQG� �� WDVN� ZLWK� D� GHWDLOHG�
DQVZHU��'XULQJ�WKH�VHYHQ�\HDUV�RI�PRQLWRULQJ�LQ�WKH�5HSXEOLF�RI�7DWDUVWDQ�LQ�GLIIHUHQW�
\HDUV��WKH�QXPEHU�RI�WDVNV�YDULHG�DQG�UDQJHG�IURP����WR����WDVNV��

7HVWLQJ�LQ�WKH�7DWDU�ODQJXDJH�IRU�5XVVLDQ�VSHDNLQJ�VWXGHQWV�DFFRUGLQJ�WR�WKH�
VWUXFWXUH�RI�WDVNV�FRQVLVWV�RI���SDUWV��7KH�ILUVW�SDUW�LV�WDVNV�ZLWK�D�FKRLFH�RI�DQVZHUV�
IURP� VHYHUDO� SURSRVHG� RQHV� �PXOWLSOH� FKRLFH� WDVNV��� LQFOXGLQJ� WDVNV� IRU� ILQGLQJ� D�
PDWFK��7KH\�DUH�DLPHG�DW�FKHFNLQJ�WKH�XQGHUVWDQGLQJ�RI�WKH�PDLQ�FRQWHQW�RI�WKH�KHDUG�
DQG�UHDG�WH[WV�DQG�WKH�ORFDWLRQ�RI�WKH�UHTXHVWHG�LQIRUPDWLRQ�LQ�WKHP��7KH�VHFRQG�SDUW�
LV� DVVLJQPHQWV� ZLWK� D� VKRUW� DQVZHU�� ZKLFK� DUH� DLPHG� DW� WHVWLQJ� WKH� OH[LFDO� DQG�
JUDPPDWLFDO�VNLOOV�RI�JUDGXDWHV��7KH�WKLUG�SDUW�LV�WDVNV�ZLWK�D�GHWDLOHG�DQVZHU��ZULWLQJ�
UHSOLFDV�LQ�DFFRUGDQFH�ZLWK�VSHHFK�VLWXDWLRQV��ZULWLQJ�D�SHUVRQDO�OHWWHU�

6WXGHQWV�ILUVW�FRPSOHWH�OLVWHQLQJ�H[HUFLVHV��7R�GR�WKLV��XVH�WKH�VWDWHPHQWV�RI�
LQWHUORFXWRUV�LQ�FRPPRQ�VWDQGDUG�VLWXDWLRQV�RI�HYHU\GD\�FRPPXQLFDWLRQ��SUDJPDWLF�
�DQQRXQFHPHQWV��DQG�LQIRUPDWLRQDO�DXGLR�WH[WV��)LUVW��VWXGHQWV�SHUFHLYH�GLDORJXHV�E\�
HDU�DQG�GHWHUPLQH�WKHLU�SODFHV�RI�DFWLRQ��DQG�WKHQ�OLVWHQ�WR�PRQRORJLF�VWDWHPHQWV�DQG�
HVWDEOLVK�FRUUHVSRQGHQFH�EHWZHHQ�WKH�VWDWHPHQWV�RI�HDFK�VSHDNHU�DQG�WKH�VWDWHPHQWV�
JLYHQ�LQ�WKH�DVVLJQPHQW��7KHQ��VWXGHQWV�FRPSOHWH�DVVLJQPHQWV�WR�XQGHUVWDQG�WKH�PDLQ�
FRQWHQW�RI�WKH UHDG�WH[W�DQG�XQGHUVWDQG�WKH�UHTXHVWHG�LQIRUPDWLRQ�LQ�WKH�UHDG�WH[W��,Q�
WKLV�FDVH��WKH\�DUH�RIIHUHG�SUDJPDWLF��SRSXODU�VFLHQFH��MRXUQDOLVWLF�DQG�OLWHUDU\�WH[WV��
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7R�FRPSOHWH�JUDPPDU�WDVNV��D�FRKHUHQW�DXWKHQWLF�WH[W�LV�DOVR�XVHG�LQ�ZKLFK�LQGLYLGXDO�
ZRUGV�DUH�PLVVLQJ��DQG�WKHLU�LQLWLDO�IRUPV�DUH�LQGLFDWHG�QH[W�WR�VHQWHQFHV��6WXGHQWV�
VKRXOG�XVH�WKHVH�ZRUGV�UHODWHG�WR�GLIIHUHQW�SDUWV�RI�VSHHFK�LQ�WKH�FRUUHFW�JUDPPDWLFDO�
IRUP�� 7KH� FRQWURO� V\VWHP� LQ� WKH� 7DWDU� ODQJXDJH� UHTXLUHV� WDNLQJ� LQWR� DFFRXQW� WKH�
OLQJXLVWLF�IHDWXUHV�RI�WKH�PDWHULDO�EHLQJ�VWXGLHG��VLQFH�HDFK�ODQJXDJH�FRQVLVWV�RI�XQLWV�
WKDW� DUH� GLIIHUHQW� LQ� WKHLU� FRPPXQLFDWLYH� VLJQLILFDQFH��&RQWURO� WHVWLQJ� LQ� WKH�7DWDU�
ODQJXDJH�� LWV� IRUPV� DQG�PHWKRGV�� W\SHV� RI� WDVNV� DUH� GHWHUPLQHG� E\� WKH� ODQJXDJH�
VSHFLILFLW\�RI� WKH�VHOHFWHG�PDWHULDO�� WKH�RULJLQDOLW\�RI�FRPPXQLFDWLYH�FRQVWUXFWLRQV�
XVHG� LQ� 7DWDU� VSHHFK�� :LWKD� FRXSOH� RI� WKLQJV� VDLG�� ZKHQ� GHYHORSLQJ� WDVNV�� WKH�
HPSKDVLV� LV� RQ� LQFOXGLQJ� LQ� WKH� WDVNV� WKRVH� IRUPV� WKDW�DUH�PRVW� FRPPRQ� LQ�7DWDU�
VSHHFK�DQG�ZKRVH�SUDFWLFDO�PDVWHU\�FDXVHV�FHUWDLQ�GLIILFXOWLHV�IRU�5XVVLDQ�VSHDNLQJ�
VWXGHQWV��QRXQV�ZLWK�DIIL[HV�RI�DIILOLDWLRQ�LQ�GLIIHUHQW�FDVHV��WHPSRUDU\�IRUPV�RI�YHUEV�
�� FDVH� IRUPV� RI� GHPRQVWUDWLYH� SURQRXQV�� IRUPV� RI� SDUWLFLSOHV� DQG� SDUWLFLSOHV��
DQDO\WLFDO�YHUEV�H[SUHVVLQJ�WKH�GHJUHH�RI�WKH�FRXUVH�RI�DFWLRQ��DV�ZHOO�DV�DQDO\WLFDO�
IRUPV�ZLWK�PRGDO�PHDQLQJV� RI� GHVLUH�� LQWHQGV� RLD�� RSSRUWXQLWLHV� �� LPSRVVLELOLWLHV��
QHFHVVLW\��HWF����)XOILOOLQJ�WKH�WDVNV�RI�WKH�QH[W�VHFWLRQ�UHTXLUHV�VWXGHQWV�WR�EH�PRVW�
SUHSDUHG�LQ�WKH�7DWDU�ODQJXDJH��DV�WKH\�DUH�RI�D�OH[LFDO�DQG�JUDPPDWLFDO�QDWXUH��,W�LV�
LQ�WKLV�SDUW�RI� WKH�ZRUN�WKDW� VWXGHQWV�H[SHULHQFH� WKH�JUHDWHVW�GLIILFXOWLHV�DQG�PDNH�
QXPHURXV�PLVWDNHV��6WXGHQWV�UHDG�DXWKHQWLF�WH[W�DQG�LQVWHDG�RI�RPLVVLRQV�WKH\�PXVW�
IRUP�D�QHZ�ZRUG�IURP�D�JLYHQ�URRW DQG�XVH�LW�LQ�WKH�FRUUHFW�JUDPPDWLFDO�IRUP��7R�GR�
WKLV�� WKH\�PXVW� NQRZ� WKH�PRVW� SURGXFWLYH�ZRUG�EXLOGLQJ�DIIL[HV��ZLWK� WKH�KHOS� RI�
ZKLFK�QRXQV��DGMHFWLYHV�� YHUEV� DQG� RWKHU� LQGHSHQGHQW� SDUWV� RI� VSHHFK� LQ� WKH�7DWDU�
ODQJXDJH�DUH�IRUPHG��,Q�RUGHU�WR�FKHFN�WKH GHYHORSPHQW�RI�VWXGHQWV
�ZULWWHQ�ZULWLQJ�
VNLOOV�� PRQLWRULQJ� LQFOXGHV� WDVNV� IRU� XQGHUVWDQGLQJ� WKH� FRPPXQLFDWLYH� WDVN� DQG�
ZULWLQJ�UHSOLFDV�LQ�DFFRUGDQFH�ZLWK�D�JLYHQ�VSHHFK�VLWXDWLRQ��ZULWLQJ�D�SHUVRQDO�OHWWHU�
RQ�D�JLYHQ�WRSLF��)RU�WKH�VXFFHVVIXO�FRPSOHWLRQ RI�WKH�DERYH�WDVNV��VWXGHQWV�PXVW�OHDUQ�
KRZ�WR�XVH�ODQJXDJH�WRROV�WR�VROYH�FRPPXQLFDWLYH�WDVNV�LQ�YDULRXV�VSHHFK�VLWXDWLRQV��
REVHUYH�ZLWKWKH�LQWDFW�IHDWXUHV�RI�7DWDU�VSHHFK��LQ�ZKLFK�SURQRXQ�FRQVWUXFWLRQV�DUH�
SUHVHQW�LQ�ODUJH�QXPEHUV��QXPHURXV�W\SHV�RI�DIILUPDWLYH��LQWHUURJDWLYH��DQG�QHJDWLYH�
VHQWHQFHV��7KDW�LV�ZK\�LW�LV�LPSRUWDQW�WR�WHDFK�VWXGHQWV�WR�XVH�WKH�VWUXFWXUDO�W\SHV�RI�
LQWHUURJDWLYH� VHQWHQFHV� �ZLWK� WKH� SDUWLFOH� �PL�� �PH�� ZLWK� LQWHUURJDWLYH� SURQRXQV���
FKRRVH� V\QWDFWLF� PRGHOV� WDNLQJ� LQWR� DFFRXQW� WKH� FRPPXQLFDWLRQ� VLWXDWLRQ� DQG�
OH[LFDOO\�ILOO�WKHP�FRUUHFWO\��WUDQVIRUP�RQH�VSHHFK�VDPSOH�LQWR�DQRWKHU��DVN�TXHVWLRQV�
ZLWKRXW� UHIHUHQFH� WR� D� VDPSOH�� XVH� FOLFKHV� LQ� VSHHFK� LQKHUHQW� LQ� 7DWDU� FROORTXLDO�
VSHHFK��XVH��LQ�QHFHVVDU\�VLWXDWLRQV��UHSOLFDV�RI�DQ�HYDOXDWLYH�DQG�PRGDO�QDWXUH�RI�WKH�
W\SH��<DUL\PL"��&DQ�,"���<DNKVKL��*RRG����6KHS��([FHOOHQW���XVH�WKH�IRUPXODV�RI�7DWDU�
VSHHFK� HWLTXHWWH�� $V� D� UHVXOW�� VWXGHQWV�PDVWHU� WKH� DELOLW\� WR� FRQVWUXFW� VWDWHPHQWV�
WDNLQJ�LQWR�DFFRXQW�VSHFLILF�VSHHFK�WDVNV��ZKLOH�H[SUHVVLQJ�WKHLU�DWWLWXGH�WR�WKH�FRQWHQW�
RI� WKH� PHVVDJH� DQG� XVLQJ� DOO� SRVVLEOH� PHDQV� RI� WKH� ODQJXDJH� �H[SUHVVLYHQHVV��
LPDJHU\��UK\WKP��HPRWLRQDOLW\��SDWWHUQV�RI�VSHHFK�HWLTXHWWH��HWF����

$OO� VHFWLRQV� XVH� WH[WV� DQG� VLWXDWLRQV� ZLWKLQ� WKH� IROORZLQJ� WRSLFV�� $ERXW�
\RXUVHOI�� $� IDPLO\� 5HODWLYHV� DQG� IULHQGV�� (YHU\GD\� /LIH� 'D\� UHJLPHQ�� /HLVXUH�
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5XVVLD��6XPPHU�DQG�$XWXPQ������

+ROLGD\V�DQG�FRQJUDWXODWLRQV��1DWLRQDO� WUDGLWLRQV�RI� WKH�SHRSOHV�RI�5XVVLD�DQG�WKH�
5HSXEOLF�RI�7DWDUVWDQ��+REELHV�7KH�ZRUOG�RI�WKH�,QWHUQHW��6SRUW��7KH�DSSHDUDQFH�DQG�
FKDUDFWHU�RI�D�SHUVRQ��0\�HQYLURQPHQW�6FKRRO�WLPH��)XWXUH�SURIHVVLRQ�(OHPHQWDU\�
6FLHQFH�7KH�QDWXUH�RI�WKH�QDWLYH�ODQG��(FRORJ\�5HSXEOLF�RI�7DWDUVWDQ��HWF��6WXGHQWV�
VKRXOG� NQRZ� VXFK� JHQHUDO� LQIRUPDWLRQ�� WKH� QDPHV� RI� FDSLWDOV��PDMRU� FLWLHV� RI� WKH�
FRXQWU\�DQG�ULYHUV��WKH�SRSXODWLRQ�RI�7DWDUVWDQ��VLJKWV��SURPLQHQW�UHSUHVHQWDWLYHV�RI�
WKH�7DWDU�SHRSOH��HWF��,W�VKRXOG�EH�QRWHG�WKDW�WKH�FRQWHQW�RI�WKH�FRQWURO�DQG�PHDVXULQJ�
PDWHULDOV�IRU�PRQLWRULQJ�LQ�WKH�7DWDU�ODQJXDJH�LV�IXOO\�GHWHUPLQHG�RQ�WKH�EDVLV�RI�WKH�
VDPSOH�SURJUDP��

%HIRUH�WHVWLQJ��WKH�PLQLPXP�QXPEHU�RI�SRLQWV�LV�HVWDEOLVKHG��FRQILUPLQJ�WKH�
VWXGHQWV
�PDVWHULQJ�RI�WKH�SURJUDP�RI�EDVLF�JHQHUDO�HGXFDWLRQ�LQ�WKH�7DWDU�ODQJXDJH��
7KH�PLQLPXP�VFRUH�LQ�WKH�7DWDU�ODQJXDJH�LV�GHWHUPLQHG�E\�WKH�YROXPH�RI�NQRZOHGJH�
DQG� VNLOOV��ZLWKRXW�ZKLFK� LW� LV� LPSRVVLEOH� LQ� WKH� IXWXUH� WR�FRQWLQXH� HGXFDWLRQ� LQ� D�
VHFRQGDU\�VFKRRO��*UDGXDWHV�RI�JUDGHV�,;�ZKR�VFRUHG�QR�ORZHU�WKDQ�WKH�PLQLPXP�
VFRUH�LQ�WHVWLQJ�LQ�WKH�7DWDU�ODQJXDJH�PXVW�GHPRQVWUDWH�

XQGHUVWDQGLQJ�RI�WKH�PDLQ�FRQWHQW�RI�WKH�KHDUG�WH[W��

XQGHUVWDQGLQJ�RI�WKH�UHTXHVWHG�LQIRUPDWLRQ�LQ�WKH�OLVWHQHG�WH[W�

XQGHUVWDQGLQJ�RI�WKH�PDLQ�FRQWHQW�RI�WKH�UHDG�WH[W�

XQGHUVWDQGLQJ�RI�WKH�UHTXHVWHG�LQIRUPDWLRQ�LQ�WKH�OLVWHQHG�WH[W�

YRFDEXODU\�DQG�JUDPPDU�DQG�VSHOOLQJ�VNLOOV�

:ULWLQJ�VNLOOV�RQ�D�VSHFLILF�WRSLF�RU�SUREOHP�

7KH�DXWKRUV�GHYHORSHUV�RI�WKH�WHVWV�SD\�VSHFLDO�DWWHQWLRQ�WR�WKH�VHOHFWLRQ�RI�
FRQWUROOHG�FRQWHQW�LQ�WKH�WHVWV�DQG�UHO\�RQ�WKH�IROORZLQJ�FULWHULD��WKH�VLJQLILFDQFH�RI�
WKH� VHOHFWHG� ODQJXDJH� DQG� VSHHFK� PDWHULDO�� LWV� VFLHQWLILF� QDWXUH� DQG�
UHSUHVHQWDWLYHQHVV��V\VWHPDWLF�DQG�FRPSOH[�ODQJXDJH�HOHPHQWV��'XH�WR�WKH�IDFW�WKDW�
WHVWLQJ�LV�RQH�RI�WKH�IRUPV�RI�DVVHVVLQJ�WKH�OHYHO�RI�SUDFWLFDO�NQRZOHGJH�RI�WKH�7DWDU�
ODQJXDJH�RI�VWXGHQWV�ZKR�KDYH�PDVWHUHG�WKH�EDVLF�JHQHUDO�HGXFDWLRQDO�SURJUDP��ZKHQ�
GHYHORSLQJ� WHVW� WDVNV�� ZH� DUH� JXLGHG� E\� WKH� UHTXLUHPHQWV� RI� WKH� )HGHUDO� 6WDWH�
(GXFDWLRQDO�6WDQGDUG�DQG�WKH�UHJXODWRU\�GRFXPHQWV�DGRSWHG�LQ�WKH�FRXQWU\�LQ�WKH�ILHOG�
RI� ODQJXDJH� HGXFDWLRQ�� ,Q� DGGLWLRQ� WR� KLJKO\� TXDOLILHG� SKLORORJLVWV�� H[SHULHQFHG�
WHDFKHUV� RI� VHFRQGDU\� VFKRROV� DUH� DOVR� LQYROYHG� LQ� WKLV� ZRUN�� DV� WKH\� FDQ� EHWWHU�
GHWHUPLQH� WKH� OHYHO� RI� GLIILFXOW\� RI� WKH� SURSRVHG� WDVNV� DQG� NQRZ� IURP� WKH� ZRUN�
H[SHULHQFH� WKH� SRVVLEOH� DQVZHUV� RI� WKH� VWXGHQWV�� ,W� VKRXOG�EH� HPSKDVL]HG� WKDW� WKH�
GHYHORSHG�WHVW�YDULDQWV�XQGHUJR D�WKRURXJK�H[DPLQDWLRQ�

$V�WKH�H[SHULHQFH�RI�SUHSDULQJ�IRU�WHVWLQJ�LQ�WKH�7DWDU�ODQJXDJH�VKRZV��RQH�
RI� WKH� XUJHQW� SUREOHPV� LV� WKH� GHYHORSPHQW� DQG� SXEOLFDWLRQ� RI� WH[WERRNV� IRU�
VFKRROFKLOGUHQ�ZLWK� YDULRXV� RSWLRQV� WKDW�PDNH� LW� SRVVLEOH� WR� UHSHDW� DOO� WKH� VWXGLHG�
ODQJXDJH�DQG�VSHHFK�PDWHULDO�IRU�WKH�FRXUVH�RI�WKH�PDLQ�FRPSUHKHQVLYH�VFKRRO��DQG�
WR� GHHSHQ� FRPPXQLFDWLRQ� VNLOOV�� 7KDQNV� WR� VXFK� GHYHORSPHQWV�� WKH� WHDFKHU� FDQ�
SUHSDUH� VWXGHQWV� IRU� WHVWLQJ�� WKH� H[DFW� IROORZLQJ� RI� LQVWUXFWLRQV��DV�ZHOO� DV� IRU� WKH�
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LPSOHPHQWDWLRQ� RI� WKH� PRVW� FRPSOH[� OH[LFDO� DQG� JUDPPDU� WDVNV� DQG� ZULWLQJ� D�
FRKHUHQW�WH[W��

���&RQFOXVLRQV

$OO� RI� WKH� DERYH� JLYHV� UHDVRQ� WR� FRQFOXGH� WKDW� PRQLWRULQJ� UHVLGXDO�
NQRZOHGJH�LQ�WKH�QDWLYH��7DWDU��ODQJXDJH�LV�GHVLJQHG�WR�KHOS�LPSURYH�WKH�TXDOLW\�RI�
ODQJXDJH� HGXFDWLRQ� LQ� WKH� UHSXEOLF�� DQG� WR� GHYHORS� DQG� GHHSHQ� WKH� OLQJXLVWLF� DQG�
FRPPXQLFDWLYH�DELOLWLHV�RI�VWXGHQWV��

$FNQRZOHGJPHQWV

7KH�ZRUN�LV�SHUIRUPHG�DFFRUGLQJ�WR�WKH�5XVVLDQ�*RYHUQPHQW�3URJUDP�RI�
&RPSHWLWLYH�*URZWK�RI�.D]DQ�)HGHUDO�8QLYHUVLW\�

5HIHUHQFHV

&RRN�� 7�� �������� 7KH� -DSDQHVH� ZD\� RI� VWUHQJWK�EDVHG� FRUUHFWLRQ�� ,QWHUQDWLRQDO�
(OHFWURQLF� -RXUQDO� RI� 0DWKHPDWLFV� (GXFDWLRQ�� ������� ���������
KWWSV���GRL�RUJ����������LHMPH�����

*DOLPRYD��*��1���1DELXOOLQD��*��$���	�2QHU��0����������6SHHFK�VWHUHRW\SHV�LQ�WKH�
OLQJXLVWLF� HWKLFVRI� WDWDU� DQG� WXUNLVK� HWKQRFXOWXUHV� 5HYLVWD�48,'� ������ �����
�����

*D\D]RY�� $�� 6��� =DPDOHWGLQRYD�� *�� )��� $PLURY�� $�� )��� .RVWU\XNRY�� $�� 9��� 	�
7LNKRPLURYD�� (�� ,�� �������� 0RGHUQ� WHDFKLQJ� WHQGHQFLHV� RI� FULWLFDO� WKLQNLQJ�
IRUPLQJ� RI� XQLYHUVLW\� VWXGHQWV�� ,QWHUQDWLRQDO� 5HYLHZ� RI� 0DQDJHPHQW� DQG�
0DUNHWLQJ����������������

*XU\DQRY�� ,�� 2��� =DPDOHWGLQRY�� 5�� 5��� <DUPDNHHY�� ,�� (��� *DIL\DWRYD�� (�� 9��� 	�
.RURYLQD��,��9����������7KH�LPSDFW�RI�WKH�VSHDNHUV¶�QDWLYH�ODQJXDJH�RQ�WKH�UDQJH�
RI� WKH� LGLRPV�XVHG� LQ� RUDO� GLVFRXUVH� 0RGHUQ�-RXUQDO�RI� /DQJXDJH�7HDFKLQJ�
0HWKRGV� �������������

.KDQRYD��=� *���.LULOORYD��=��1���	�$OND\D��(����������+LVWRU\�DQG�FXUUHQW�VWDWH�RI�
7WDWDU�ODQJXDJH�WHDFKLQJ�LQ�WKH�5HSXEOLF�RI�7DWDUVWDQ� 5HYLVWD�3XEOLFDQGR� �����
����������������

.KXVQXOOLQD�� *�� 1��� ,VODPRYD�� (�� $��� 	� %ROJDURYD�� 5�� 0�� �������� 7KH� VWXG\� RI�
OLQJXLVWLF� FRQVFLRVQHVV� RI� VWXGHQWV� EDVHG� RQ� WKH� PDWHULDO� RI� DVVRFLDWLRQ�
H[SHULPHQWV� 0RGHUQ�-RXUQDO�RI�/DQJXDJH�7HDFKLQJ�0HWKRGV����������

0D\RURYD���$��1����������7HRUL\D���,���3UDNWLND���6D]GDQL\D���7HVWRY���'OC$���6LVWHPL���
2EUD]RYDQL\D����0RVFRZ��,QWHOOHNW�VHQWU�

2QOLQH�VFKRRO�()�$1$�7(/(� 85/��ZZZ�KWWS�����DQDWHOH�HI�FRP
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5DNKLPRY��'��,���	�<XVXSRYD���=��)����������/DQJXDJH�WUDLQLQJ�RI�PLJUDQW�ZRUNHUV��
PHWKRGRORJLFDO�UHFRPPHQGDWLRQV�IRU�WHDFKHUV��/DQJXDJH�DQG�/LWHUDWXUH��������
��������

6DODNKRYD�� 5�� 5��� 	� 6LEJDHYD�� )�� 6�� �������� 3UREOHPV� RI� VWXG\LQJ� WKH� YHUEDO�
VHPDQWLFV�RI�GLIIHUHQWLDO�ODQJXDJHV� LQ� WKH�FRQGLWLRQV�RI�ELOLQJXLVP� $PHULFDQ�
-RXUQDO�RI�3KLORORJ\� ��������������������

6KDNHU�0HKGL�5DKLPL��0���	 =DUH��0����������7KH�HIIHFWLYHQHVV�RI�WKHUDS\�EDVHG�RQ�
DFFHSWDQFH� DQG� FRPPLWPHQW� VRFLDO� DQ[LHW\� DQG� JHQHUDO� VHOI�HIILFDF\� RQ�
GLYRUFHG�ZRPHQ�XQGHU�ZHOIDUH�RUJDQL]DWLRQ�LQ�<D]G��8&7�-RXUQDO�RI�6RFLDO�
6FLHQFHV�DQG�+XPDQLWLHV��5HVHDUFK�������������

<DNXSRY��5��1���)DWNKXOORYD��.��6���'HQPXNKDPHWRYD��(��1���	�.XOPDQRY��.��6��
��������7KH� IRUHLJQ�VWXGHQWV
�FRPPXQLFDWLYH�FRPSHWHQFH�GHYHORSPHQW�LQ� WKH�
7DWDU�ODQJXDJH� +(/,;� ����������������


