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3+<6,&6�7($&+(56¶�75$,1,1*�:(%,1$56�)25�
7($&+,1*�$1'�/($51,1*�,1752'8&725<�

7+(502'<1$0,&6�,1�833(5�6(&21'$5<�6&+22/�
.DOOLRSL�0HOL���'LPLWULV�.ROLRSRXORV��DQG�.RQVWDQWLQRV�/DYLGDV��

�8QLYHUVLW\�RI�3DWUDV��3DWUDV��*UHHFH�
7KLV�VWXG\�UHIHUV�WR�D�WUDLQLQJ�SURJUDP�DGGUHVVLQJ�XSSHU�VHFRQGDU\�VFKRRO�SK\VLFV�WHDFKHUV�
IRU� WKH� GHYHORSPHQW� RI� 7HDFKLQJ� DQG� /HDUQLQJ� 6HTXHQFHV� �7/6V�� IRU� LQWURGXFWRU\�
WKHUPRG\QDPLFV� FRXUVHV�� 7R� DFFRPSOLVK� WKDW�� ZH� SUHVHQWHG� HVVHQWLDO� HSLVWHPRORJLFDO� DQG�
SHGDJRJLFDO�HOHPHQWV�RI�WKHUPRG\QDPLFV�DQG�SURSRVHG�DQ�DOWHUQDWLYH�DSSURDFK�WR�WKH�UHOHYDQW�
OHVVRQV��7R�LQYHVWLJDWH�WKH�VWDWXV�RI�WHDFKHUV
�NQRZOHGJH�DQG�DSSURDFK�WR�WHDFKLQJ�DQG�OHDUQLQJ�
RI� WKLV� ILHOG��ZH�FRQGXFWHG�DQ�RQOLQH� VXUYH\�DGGUHVVLQJ�SK\VLFV� WHDFKHUV� LQ� WKH�HGXFDWLRQDO�
GLVWULFW�RI� FHQWUDO�$WKHQV� �*UHHFH���7KH�SUH�ZHELQDU� UHVXOWV� �1 ���� LQGLFDWHG� WKDW� WHDFKHUV�
ZHUH�UDWKHU�GLVDSSRLQWHG�ZLWK�WKH�WUDGLWLRQDO�DSSURDFK�WKDW�WKH�RIILFLDO�FXUULFXOXP�SURPRWHV��
DQG�WKH\�DJUHHG�RQ�HQKDQFLQJ�WKHLU�UHVSHFWLYH�NQRZOHGJH�DQG�VNLOOV�WR�GHVLJQ�DQG�LPSOHPHQW�D�
7/6� WKDW� FRXOG� LPSURYH� WKH� FRXUVH� DQG� DGYDQFH� WKH� UHVSHFWLYH� HGXFDWLRQDO� UHVHDUFK�� 7KH�
WUDLQLQJ� SURJUDP�ZDV� KHOG� WKURXJK� IRXU�ZHELQDU� VHVVLRQV� WKDW� ODVWHG� WZR� KRXUV� HDFK�� 7KH�
SDUWLFLSDQWV�ZHUH� ��� LQ�VHUYLFH� SK\VLFV� WHDFKHUV� IURP�GLIIHUHQW� XSSHU� VHFRQGDU\� VFKRROV� LQ�
$WKHQV��7KH�ZHELQDUV�DGGUHVVHG�WKH�WHDFKLQJ�DQG�OHDUQLQJ�RI�LQWURGXFWRU\�WKHUPRG\QDPLFV�LQ�
WHUPV�RI��D��HSLVWHPRORJ\���E��WUDGLWLRQDO�LQVWUXFWLRQDO�DSSURDFK���F��DOWHUQDWLYH�LQVWUXFWLRQDO�
DSSURDFKHV��DQG��G��GHVLJQ�RI�D�7/6��)RU�WKH�HYDOXDWLRQ�RI�WKH�WUDLQLQJ�SURJUDP��ZH�FROOHFWHG�
TXDOLWDWLYH�GDWD�GXULQJ�WKH�ZHELQDUV�DQG�DIWHU�WKH�ODVW�ZHELQDU��XVLQJ�UHFRUGLQJV�RI�IRXU�JURXS�
GLVFXVVLRQV� DQG� ILYH� VHPL�VWUXFWXUHG� LQWHUYLHZV� DFFRUGLQJO\�� 2XU� UHVXOWV� LQGLFDWHG� WKDW�
SDUWLFLSDWLQJ�WHDFKHUV�ZHUH�ZLOOLQJ�WR�FKDQJH�WKHLU�WUDGLWLRQDO�LQVWUXFWLRQ�WRZDUGV�D�UHVHDUFK�
EDVHG�7/6��
.H\ZRUGV�� SK\VLFV� WHDFKHU� HGXFDWLRQ�� LQWURGXFWRU\� WKHUPRG\QDPLFV�� WHDFKLQJ� DQG� OHDUQLQJ�
VHTXHQFHV�

7+(25(7,&$/�)5$0(:25.�
7KHRUHWLFDO�IUDPHZRUN�IRU�SK\VLFV�WHDFKHUV¶�WUDLQLQJ�

&RQWHPSRUDU\�VFLHQFH�HGXFDWLRQ�UHVHDUFK�UHYHDOV�WKDW�VFKRRO�VWXGHQWV�DQG�XQLYHUVLW\�EHJLQQHUV�
HQJDJH�ZLWK�WKHUPRG\QDPLFV�FRXUVHV�PRVWO\�LQ�D�VXSHUILFLDO�ZD\��PHPRUL]LQJ�IRUPXODV�DQG�
FRPSXWDWLRQDO� PHWKRGV� EXW� QRW� SURIRXQGO\� FRQVWUXFWLQJ� HVVHQWLDO� FRQFHSWV� DQG� ODZV�� 7KH�
SHUWLQHQW� UHVHDUFK� LQGLFDWHV� WKDW� SURSHU� FKDQJHV� LQ� LQWURGXFWRU\� WKHUPRG\QDPLFV� DW� WKH�
VHFRQGDU\�VFKRRO�OHYHO�FDQ�PDNH�D�ORQJ�ODVWLQJ�GLIIHUHQFH��/HLQRQHQ�HW�DO����������

3K\VLFV� WHDFKHUV¶� WUDLQLQJ� FDQ� SOD\� D� FUXFLDO� UROH�� HVSHFLDOO\� ZKHQ� WKH� RIILFLDO� FXUULFXOXP�
IROORZV� D� UDWKHU� WUDGLWLRQDO� DSSURDFK�� LQ� WKH� VHQVH� WKDW� LW� KDV� QRW� EHHQ� LQIRUPHG� E\� UHFHQW�
UHVHDUFK�HYLGHQFH��,Q�VXFK�FDVHV��D�WUDLQLQJ�SURJUDP�DLPV�WR�LQWHUYHQH�LQ�WKH�LQWHUQDO�GLGDFWLF�
WUDQVSRVLWLRQ� IRU� WKH� VFKRRO�NQRZOHGJH� WR�EH� WDXJKW� �&KULVWLDQVHQ�	�5XPS��������� LQ�RWKHU�
ZRUGV��WR�IDFLOLWDWH�WHDFKHUV�UHRUJDQL]H�WKH�FRQWHQW�WKH\�KDYH�WR�WHDFK�WR�PDNH�LW�WUXO\�DFFHVVLEOH�
WR�WKH�VWXGHQWV��

7R� DFFRPSOLVK� WKDW�� WHDFKHUV¶� UHDGLQHVV� WR� UHGHVLJQ� WKHLU� 7HDFKLQJ� DQG� /HDUQLQJ� 6HTXHQFH�
�7/6��IRU� WKHLU� WKHUPRG\QDPLFV�FRXUVHV�� LV�YLWDO� �'XQQ�HW�DO����������$�SUHUHTXLVLWH�IRU� WKLV�
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HQGHDYRXU�LV�IRU�WKHP�WR�DGYDQFH�WKHLU�NQRZOHGJH�RI�WKH�VXEMHFW�PDWWHU�HSLVWHPRORJ\�DQG�WKH�
SHGDJRJLFDO�HOHPHQWV�WKDW�ZRXOG�PDNH�D�JRRG�ILW�IRU�WKLV�SDUWLFXODU�FRQWHQW��)ORUHV��/RSH]��HW�
DO����������

*LO�3pUH]�	�3HVVRD�'H�&DUYDOKR��������GHVFULEH�D�SK\VLFV�WHDFKHUV¶�WUDLQLQJ�SURJUDP�LQ�WKLV�
GLUHFWLRQ�� WDNLQJ� LQWR�DFFRXQW� WKH� WKHRUHWLFDO�DQG�HPSLULFDO�FRQFOXVLRQV� WKDW�DUH�GUDZQ�IURP�
HGXFDWLRQDO� UHVHDUFK��7KHLU� IUDPHZRUN� LQFOXGHV� IRXU� FRPSRQHQWV� WKDW� VXPPDUL]H�QXPHURXV�
VXERUGLQDWH�HOHPHQWV�UHIHUULQJ�WR�SK\VLFV�DV�WKH�VFKRRO�NQRZOHGJH�WR�EH�WDXJKW�LQ�JHQHUDO�WHUPV��
+DYLQJ�WKHVH�FRPSRQHQWV�DGMXVWHG�WR�WKHUPRG\QDPLFV�LQ�SDUWLFXODU��WKH\�DUH�WKH�IROORZLQJ���D��
NQRZLQJ�WKHUPRG\QDPLFV�DV�WKH�VXEMHFW�PDWWHU�WR�EH�WDXJKW���E��NQRZLQJ�WHDFKHUV¶�VSRQWDQHRXV�
LGHDV� RQ� WKHUPRG\QDPLFV� DQG� RQ� WHDFKLQJ� DQG� OHDUQLQJ� WKHUPRG\QDPLFV�� �F�� DFTXLULQJ�
WKHRUHWLFDO� NQRZOHGJH� DERXW� WKH� WKHUPRG\QDPLFV� WHDFKLQJ� DQG� OHDUQLQJ� SURFHVV�� DQG� �G��
WHDFKHUV¶�LQYROYHPHQW�LQ�WKHUPRG\QDPLFV�HGXFDWLRQ�UHVHDUFK�DQG�LQQRYDWLRQ��
&RQWHQW�RI�WKH�WUDLQLQJ�SURJUDP�

)RU�WKH�FRQWHQW�RI�D�WUDLQLQJ�SURJUDP�DGGUHVVLQJ�LQ�VHUYLFH�SK\VLFV�WHDFKHUV�IRU�WKH�WHDFKLQJ�
DQG� OHDUQLQJ� RI� WKHUPRG\QDPLFV� LQ� XSSHU� VHFRQGDU\� VFKRRO�� ZH� FRQVLGHUHG� WKH� WKHRUHWLFDO�
FRPSRQHQWV� VXJJHVWHG� E\�*LO�3pUH]�	� 3HVVRD�'H�&DUYDOKR� �������� WKH� HPSLULFDO� HYLGHQFH�
GHULYLQJ�IURP�SUHFHGLQJ�WUDLQLQJ�SURJUDPV��H�J���)ORUHV��/RSH]��HW�DO���������.DQGHUDNLV�HW�DO���
�������DQG�WKH�SDUWLFXODULWLHV�RI�LQWURGXFWRU\�WKHUPRG\QDPLFV�DV�NQRZOHGJH�WR�EH�WDXJKW�IURP�
ERWK�WKH�VWXGHQW�VLGH��H�J���/HLQRQHQ�HW�DO���������0HOL�HW�DO���������DQG�WKH�WHDFKHU�VLGH��H�J���
%H]HQ�HW�DO���������7RELQ�HW�DO����������

7DNLQJ�WKHVH�HOHPHQWV� LQWR�FRQVLGHUDWLRQ�� WKH�WUDLQLQJ�SURJUDP�DGGUHVVHG�WKH�IROORZLQJ�IRXU�
DVSHFWV� RI� WKHUPRG\QDPLFV�� �D�� HSLVWHPRORJ\�� �E�� WUDGLWLRQDO� LQVWUXFWLRQDO� DSSURDFK�� �F��
DOWHUQDWLYH� LQVWUXFWLRQDO� DSSURDFKHV�� DQG� �G�� GHVLJQ� RI� D�7/6��$�GHWDLOHG� GHVFULSWLRQ� RI� WKH�
SURSRVHG�7/6�FDQ�EH�IRXQG�LQ�0HOL�	�.ROLRSRXORV���������7KH�PDLQ�SULQFLSOHV�WKDW�SHQHWUDWHG�
WKH�FRQWHQW�WKURXJKRXW�WKH�WUDLQLQJ�SURJUDP�ZHUH�WKH�IROORZLQJ���D��RSHUDWLRQDOL]DWLRQ�RI�WKH�
ILUVW�IXQFWLRQDO�VWHDP�HQJLQH��1HZFRPHQ¶V��DV�WKH�REMHFW�XQGHU�VWXG\���E��H[FOXVLYH�XVH�RI�WKH�
PDFURVFRSLF� �FODVVLFDO�� IUDPHZRUN� RI� WKHUPRG\QDPLFV� IRU� WKH� LQWHUSUHWDWLRQ� RI� SKHQRPHQD�
FRQQHFWHG�WR�WKHUPRG\QDPLFV�SURFHVVHV��DQG��F��HQHUJ\�GLVWULEXWLRQ�UHSUHVHQWDWLRQV��(QHUJ\�
&KDLQ� 0RGHO�� IRU� EULGJLQJ� TXDOLWDWLYH� DQG� TXDQWLWDWLYH� DVSHFWV� IRU� WKH� LQWHUSUHWDWLRQ� RI�
SKHQRPHQD��0HOL�HW�DO����������

7KHVH�SULQFLSOHV�VLJQLILFDQWO\�FRQWUDGLFW�WKH�WUDGLWLRQDO�DSSURDFK�RI�WKHUPRG\QDPLFV��QDPHO\�
WKH�RQH�LQWURGXFHG�E\�WKH�RIILFLDO�SK\VLFV�FXUULFXOXP�DQG�WKH�UHVSHFWLYH�WH[WERRN��2YHUDOO��WKH�
WUDGLWLRQDO� DSSURDFK� UHSOLFDWHV� WKH� VWUXFWXUH� RI� VWDQGDUG� XQLYHUVLW\� SK\VLFV� WH[WERRNV� �H�J���
<RXQJ�	�)UHHGPDQ���������VLPSO\�RPLWWLQJ�DOO�WKH�³GLIILFXOW´�SDUWV��PRVWO\�UHODWHG�WR�DGYDQFHG�
PDWKHPDWLFV�� LQVWHDG� RI� DWWHPSWLQJ� DQ� DSSURSULDWH� GLGDFWLF� WUDQVSRVLWLRQ� IRU� WKH� VHFRQGDU\�
VFKRRO� OHYHO�� 7\SLFDOO\�� WKLV� DSSURDFK� JLYHV� SURPLQHQFH� WR� WKH� IROORZLQJ� DVSHFWV�� �D�� WKH�
PLFURVFRSLF��VWDWLVWLFDO��IUDPHZRUN�RI�WKHUPRG\QDPLFV��LQWURGXFHG�PRVWO\�WKURXJK�WKH�NLQHWLF�
WKHRU\�RI�JDVHV��SUHFHGHV�WKH�PDFURVFRSLF��FODVVLFDO��IUDPHZRUN�WKDW�IRFXVHV�RQ�HQHUJ\�UHODWHG�
FRQFHSWV� DQG� SULQFLSOHV�� �E�� V\PEROLF� DQG� TXDQWLWDWLYH� UHSUHVHQWDWLRQV� RI� SKHQRPHQD� DUH�
SUHVHQWHG� ZLWKRXW� TXDOLWDWLYH� DQG� VHPL�TXDOLWDWLYH� LQWHUPHGLDWH� PRGHOV� WKDW� MXVWLI\� WKH�
IRUPXODV��DQG��F��UHDO�OLIH�DSSOLFDWLRQV�RI�WKHUPRG\QDPLFV�DQG�UHVSHFWLYH�FXOWXUDO�GLPHQVLRQV�
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DUH�LOOXVWUDWHG�DV�³GHFRUDWLYH´�HOHPHQWV�WKDW�GR�QRW�RUJDQLFDOO\�FRQQHFW�WR�WKH�NQRZOHGJH�WR�EH�
WDXJKW��(GXFDWLRQDO� UHVHDUFK� VXJJHVWV� WKDW� WKHVH� WUDGLWLRQDO� HSLVWHPRORJLFDO� DQG�SHGDJRJLFDO�
IHDWXUHV�DUH�LQ�JUHDW�FRQWUDVW�WR�FRQWHPSRUDU\�FRQVWUXFWLYLVW�IUDPHZRUNV�VLQFH�WKH\�GR�QRW�WDNH�
LQWR�DFFRXQW� WKH�VWXGHQWV¶�SULRU�NQRZOHGJH�DQG�FRJQLWLYH�QHHGV�FDSDFLWLHV� IRU� WKLV�SDUWLFXODU�
HGXFDWLRQ�OHYHO��0HOL�HW�DO����������

5(6($5&+�48(67,216�
2XU�UHVHDUFK�REMHFWLYH�LV�WR�H[SORUH�WKH�LPSDFW�RI�WKH�WUDLQLQJ�SURJUDP�IRU�WHDFKLQJ�DQG�OHDUQLQJ�
WKHUPRG\QDPLFV�RQ�LQ�VHUYLFH�XSSHU�VHFRQGDU\�VFKRRO�WHDFKHUV��:H�DUH�SDUWLFXODUO\�LQWHUHVWHG�
LQ�WKH�DOWHUQDWLYH�HOHPHQWV�WKH\�ZRXOG�EH�ZLOOLQJ�WR�LQWURGXFH�LQ�WKHLU�7/6�IRU�WKH�UHVSHFWLYH�
WKHUPRG\QDPLFV�FRXUVHV�EHFDXVH�RI� WKHLU� WUDLQLQJ��7KHUHIRUH�� WKH� UHVHDUFK�TXHVWLRQV�DUH� WKH�
IROORZLQJ��

���:KLFK�ZHUH� WKH� SK\VLFV� WHDFKHUV¶� HSLVWHPRORJLFDO� DQG� SHGDJRJLFDO� FRQFHSWLRQV� RI�
WKHUPRG\QDPLFV�EHIRUH�WKHLU�SDUWLFLSDWLRQ�WR�WKH�WUDLQLQJ�SURJUDP"�

���:KDW� ZHUH� WKH� VXEMHFWV� �FRQQHFWHG� WR� WKH� FRQFHSWLRQV�� WKDW� ZHUH� PRVW� IUHTXHQWO\�
GLVFXVVHG�GXULQJ�WKH�WUDLQLQJ�SURJUDP"�

���:KDW� ZHUH� WKH� VXEMHFWV� �FRQQHFWHG� WR� WKH� FRQFHSWLRQV�� WKDW� ZHUH� PRVW� IUHTXHQWO\�
GLVFXVVHG�KRZ�GLG� WKH\� LQIRUP� WKH� WHDFKHUV¶�YLHZV� IRU� WKH�GHVLJQ�RI� DQ� DOWHUQDWLYH�
7/6"�

0(7+2'�
)RU�EHWWHU�XQGHUVWDQGLQJ�SK\VLFV�WHDFKHUV¶�H[LVWLQJ�FRQFHSWLRQV�DQG�LQWHUYHQLQJ�ZLWK�D�FDOO�WR�
DFWLRQ��ZH�IROORZ�WKH�GHVLJQ�RI�D�FDVH�VWXG\� �&RKHQ�HW�DO����������$V�1LVEHW�	�:DWW��������
VXJJHVW�IRU�WKH�SKDVHV�RI�D�FDVH�VWXG\��WKH�WUDLQLQJ�SURJUDP��D��FRPPHQFHG�ZLWK�D�ZLGH�ILHOG�
RI� IRFXV�� DGGUHVVLQJ� SK\VLFV� WHDFKHUV� RI� WKH� HQWLUH� UHJLRQDO� DUHD� DQG� VKDULQJ� DQ� RQOLQH�
TXHVWLRQQDLUH�ZLWK�EURDG�HSLVWHPRORJLFDO�DQG�SHGDJRJLFDO�FRQWH[W� WR� LQWHUHVWHG�WHDFKHUV���E��
SURJUHVVLYHO\� IRFXVHG� WR� QDUURZHU� ILHOGV� GXULQJ� WKH� ZHELQDUV�� DQG� �F�� FKHFNHG� WKH� GUDIW�
FRQFOXVLRQV�ZLWK�D�OLPLWHG�QXPEHU�RI�SDUWLFLSDQWV�GXULQJ�WKH�LQWHUYLHZ�SKDVH��
7R�LGHQWLI\�KRZ�SK\VLFV�WHDFKHUV�FRQFHLYHG�WKHLU�NQRZOHGJH�RI�WKHUPRG\QDPLFV�HSLVWHPRORJ\�
DQG�SHGDJRJ\�DQG�WR�ZKDW�H[WHQW�WKH\�ZHUH�ZLOOLQJ�WR�H[SORUH�QHZ�DSSURDFKHV��WKH�FRRUGLQDWRUV�
RI� WKH� 5HJLRQDO� &HQWUH� RI� (GXFDWLRQDO� 3ODQQLQJ� IRU� WKH� XSSHU� VHFRQGDU\� VFKRRO� VFLHQFH�
FXUULFXOXP��FHQWUDO�$WKHQV��VHQW�DQ�RQOLQH�TXHVWLRQQDLUH� WR�����SK\VLFV� WHDFKHUV� WKDW� WDXJKW�
WKHUPRG\QDPLFV�GXULQJ�WKDW�VFKRRO�\HDU�����������������WHDFKHUV������PDOHV��DQVZHUHG�WKH�
TXHVWLRQQDLUH��WKH�YDVW�PDMRULW\�������KDG�DOUHDG\�EHHQ�WHDFKLQJ�WKLV�FRXUVH�IRU�PRUH�WKDQ�IRXU�
VFKRRO�\HDUV�DQG�PRUH�WKDQ�KDOI�������ZHUH�KROGLQJ�D�SRVWJUDGXDWH�GHJUHH��7KH�TXHVWLRQQDLUH�
LQFOXGHG� ��� FORVHG�W\SH� TXHVWLRQV� �ZLWK� D� ��SRLQW� /LNHUW� VFDOH��� WKDW� GHULYHG� IURP� WKH�
FRPSRQHQWV�RI�WKH�WKHRUHWLFDO�IUDPHZRUN�IRU�SK\VLFV�WHDFKHUV¶�WUDLQLQJ��DQG�ZDV�TXDQWLWDWLYHO\�
DQDO\VHG�LQ�6366��

,Q� DGGLWLRQ� WR� WKH� TXHVWLRQQDLUH�� WKH� FRRUGLQDWRUV� LQYLWHG� WHDFKHUV� WR� SDUWLFLSDWH� LQ� D� ��SDUW�
ZHELQDU� VHULHV� IRU� WKH� WHDFKLQJ� DQG� OHDUQLQJ� RI� LQWURGXFWRU\� WKHUPRG\QDPLFV�� ��� RI� WKHP�
SDUWLFLSDWHG�LQ�WKH�WUDLQLQJ�SURJUDP��7KH�ZHELQDUV�ZHUH�KHOG�IRU�WZR�KRXUV�HYHU\�RWKHU�ZHHN�
�1RYHPEHU�'HFHPEHU�������DQG�LQFOXGHG�SUHVHQWDWLRQ�VHFWLRQV�DQG�WLPH�IRU�JURXS�GLVFXVVLRQV��
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:LWKLQ�D�ZHHN�DIWHU�WKH�FRPSOHWLRQ�RI�WKH�WUDLQLQJ�SURJUDP��ZH�FRQGXFWHG���LQWHUYLHZV�WKDW�
HDFK� ODVWHG� ������ PLQXWHV�� 7KH\� ZHUH� VHPL�VWUXFWXUHG� ZLWK� �� TXHVWLRQV� WKDW� FRYHUHG� WKH�
FRPSRQHQWV�WKDW�KDG�EHHQ�UDLVHG�LQ�WKH�FORVHG�W\SH�TXHVWLRQQDLUH��$V�ZLWK�WKH�JURXS�GLVFXVVLRQ�
SDVVDJHV��DOO�LQWHUYLHZV�ZHUH�UHFRUGHG��WUDQVFULEHG��DQG�TXDOLWDWLYHO\�DQDO\VHG�LQ�19LYR��

5(68/76�
3K\VLFV� WHDFKHUV¶� FRQFHSWLRQV� RI� WKHUPRG\QDPLFV� EHIRUH� WR� WKH� WUDLQLQJ� SURJUDP�
�TXHVWLRQQDLUH��

7DEOHV�����SUHVHQW�WKH�TXHVWLRQQDLUH�LWHPV�DQG�WKH�UHVXOWV�IRU�HDFK�FRPSRQHQW�RI�WKH�WKHRUHWLFDO�
IUDPHZRUN�IRU�SK\VLFV�WHDFKHUV¶�WUDLQLQJ��

7DEOH����4XHVWLRQQDLUH�LWHPV�DQG�UHVXOWV��1 ����IRU�WKH�ILUVW�FRPSRQHQW�RI�WKH�WKHRUHWLFDO�IUDPHZRUN�IRU�
SK\VLFV�WHDFKHUV¶�WUDLQLQJ��NQRZLQJ�WKHUPRG\QDPLFV�DV�WKH�VXEMHFW�PDWWHU�WR�EH�WDXJKW���

� � �� �� �� �� ��
���
� :KDW�LV�\RXU�DVVHVVPHQW�RI�\RXU�NQRZOHGJH�RI�

WKH�KLVWRU\�RI�WKHUPRG\QDPLFV�FRQFHUQLQJ�WKH�
GHYHORSPHQW�RI�LWV�FRQFHSWV"�

������ ������� ������� ������� ������

���
� :KDW�LV�\RXU�DVVHVVPHQW�RI�\RXU�NQRZOHGJH�RI�
WKH�KLVWRU\�RI�WKHUPRG\QDPLFV�FRQFHUQLQJ�WKH�
GHYHORSPHQW�RI�LWV�PHWKRGV"�

������ ������� ������� ������� ������

���
� :KDW�LV�\RXU�DVVHVVPHQW�RI�\RXU�NQRZOHGJH�RI�
WKH�KLVWRU\�RI�WKHUPRG\QDPLFV�FRQFHUQLQJ�WKH�
FXOWXUDO�FRQWH[W�ZLWKLQ�LW�ZDV�GHYHORSHG"�

������� ������� ������� ������� ������

���
� :KDW�LV�\RXU�DVVHVVPHQW�RI�\RXU�NQRZOHGJH�RI�
WKH�UHFHQW�VFLHQWLILF�GHYHORSPHQWV�LQ�
WKHUPRG\QDPLFV��LQWHUGLVFLSOLQDU\�"�

������ ������� ������� ������� �����

���

� :KDW�LV�\RXU�DVVHVVPHQW�RI�\RXU�UHDGLQHVV�IRU�WKH�
HQULFKPHQW�RI�\RXU�NQRZOHGJH�RI�
WKHUPRG\QDPLFV�DV�D�VXEMHFW�WR�EH�WDXJKW"�

����� ������ ������� ������� �������

���

� :KDW�LV�\RXU�DVVHVVPHQW�RI�\RXU�SRWHQWLDO�WR�
UHVWUXFWXUH��HQULFK��RU�DOWHUQDWH�WKH�VWDQGDUG�
VXJJHVWHG�VFKRRO�NQRZOHGJH�RI�WKHUPRG\QDPLFV"�

����� ������ ������� ������� �������


�� ,�NQRZ�QRWKLQJ�DERXW�LW�XS�WR�� ,�NQRZ�HYHU\WKLQJ�DERXW�LW�


�� ,�FRXOG�QRW�GR�LW�DW�DOO�XS�WR�� ,�FDQ�DEVROXWHO\�GR�LW�
�

7DEOH����4XHVWLRQQDLUH�LWHPV�DQG�UHVXOWV��1 ����IRU�WKH�VHFRQG�FRPSRQHQW�RI�WKH�WKHRUHWLFDO�IUDPHZRUN�IRU�
SK\VLFV�WHDFKHUV¶�WUDLQLQJ��NQRZLQJ�WHDFKHUV¶�VSRQWDQHRXV�LGHDV�RQ�WKHUPRG\QDPLFV�DQG�RQ�WHDFKLQJ�DQG�
OHDUQLQJ�WKHUPRG\QDPLFV���

� � �� �� �� �� ��
���
� 'R�\RX�EHOLHYH�WKDW�LW�ZRXOG�EH�XVHIXO�WR�SUHVHQW�

PRUH�KLVWRULFDO�HOHPHQWV�IRU�WKH�GHYHORSPHQW�RI�
WKHUPRG\QDPLFV��H�J���LQYHQWLRQV��FUHDWLYH�
VROXWLRQV�"�

����� ������� ������� ������� �������

���
� 'R�\RX�EHOLHYH�WKDW�LW�ZRXOG�EH�XVHIXO�WR�SUHVHQW�
WKH�VFLHQWLILF�PHWKRGV�WKDW�KLVWRULFDOO\�OHG�WR�WKH�
GHYHORSPHQW�RI�WKHUPRG\QDPLFV��DQG�QRW�MXVW�WKH�
XOWLPDWH�UHVXOWV�"�

������ ������� ������� ������� �������

���
� 'R�\RX�EHOLHYH�WKDW�LW�ZRXOG�EH�XVHIXO�WR�SUHVHQW�
WKH�VFLHQWLVWV¶�FROODERUDWLYH�ZRUN�WKDW�KLVWRULFDOO\�
OHG�WR�WKH�GHYHORSPHQW�RI�WKHUPRG\QDPLFV��DQG�
QRW�MXVW�WKH�SHUVRQV¶�WKDW�ZHUH�GLUHFWO\�FRQQHFWHG�
WR�WKH�XOWLPDWH�UHVXOWV�"�

������ ������� ������� ������� �������



�
�

ϭϭϯϬ�
� �

���
� 'R�\RX�EHOLHYH�WKDW�LW�ZRXOG�EH�XVHIXO�WR�SUHVHQW�
WKH�FRQQHFWLRQ�RI�WKHUPRG\QDPLFV�ZLWK�VRFLDO�
LVVXHV��KLVWRULFDO�DQG�UHFHQW�"�

������ ������� ������� ������� �������

���
� 'R�\RX�EHOLHYH�WKDW�LW�ZRXOG�EH�XVHIXO�WR�IXUWKHU�
XWLOL]H�H[SHULPHQWV�IRU�WKH�VFKRRO�NQRZOHGJH�RI�
WKHUPRG\QDPLFV"�

����� ������ ������� ������� �������

���
� 'R�\RX�EHOLHYH�WKDW�LW�ZRXOG�EH�XVHIXO�WR�SUHVHQW�
WKHUPRG\QDPLFV�DV�DQ�LQWHUGLVFLSOLQDU\�VFLHQWLILF�
VXEMHFW"�

����� ������� ������� ������� �������

���

� 'R�\RX�EHOLHYH�WKDW�WKHUPRG\QDPLFV�LV�D�
VFLHQWLILF�VXEMHFW�WKDW�VKRXOG�EH�LW�SURPRWHG�DV�D�
PHDQLQJIXO�DQG�DSSURDFKDEOH�RQH�IRU�DOO�
VWXGHQWV"�

������� ������� ������� ������� �������

���

� 'R�\RX�EHOLHYH�WKDW�VWXGHQWV¶�UHDO�OLIH�
FRQFHSWLRQV�RI�WKHUPRG\QDPLFV�LQWHUDFW�ZLWK�WKH�
VFLHQWLILF�RQHV�WKDW�DUH�LQWURGXFHG�DV�VFKRRO�
NQRZOHGJH"�

������ ������� ������� ������� ������


� 7KDW�ZRXOG�QRW�EH�XVHIXO�DW�DOO�XS�WR�� 7KDW�ZRXOG�EH�DEVROXWHO\�XVHIXO�


� ,�GRQ¶W�EHOLHYH�WKDW�DW�DOO�XS�WR�� ,�DEVROXWHO\�EHOLHYH�WKDW�
�
7DEOH����4XHVWLRQQDLUH�LWHPV�DQG�UHVXOWV��1 ����IRU�WKH�WKLUG�FRPSRQHQW�RI�WKH�WKHRUHWLFDO�IUDPHZRUN�IRU�
SK\VLFV� WHDFKHUV¶� WUDLQLQJ� �DFTXLULQJ� WKHRUHWLFDO� NQRZOHGJH� DERXW� WKH� WKHUPRG\QDPLFV� WHDFKLQJ� DQG�
OHDUQLQJ�SURFHVV���

� � �� �� �� �� ��
���
� :KDW�LV�\RXU�DVVHVVPHQW�RI�WKH�WUDGLWLRQDO�

PHWKRGV�WKDW�DUH�XVHG�IRU�WKH�LQWURGXFWLRQ�RI�
WKHUPRG\QDPLFV�WR�VWXGHQWV"�

������� ������� ������� ������ �����

���
� :KDW�LV�\RXU�DVVHVVPHQW�RI�WKH�WUDGLWLRQDO�
PHWKRGV�WKDW�DUH�XVHG�IRU�WKH�VWXGHQWV¶�
SHQHWUDWLRQ�RI�WKHUPRG\QDPLFV"�

������� ������� ������� ����� ������

���
� :KDW�LV�\RXU�DVVHVVPHQW�RI�WKH�OHYHO�RI�JURXS�
OHDUQLQJ�GXULQJ�\RXU�WKHUPRG\QDPLFV�FRXUVHV"�

������� ������� ������� ������ �����

���

� :KDW�LV�\RXU�DVVHVVPHQW�RI�\RXU�NQRZOHGJH�
FRQFHUQLQJ�FRQWHPSRUDU\�DOWHUQDWLYH�DSSURDFKHV�
RI�WKHUPRG\QDPLFV�WHDFKLQJ�DQG�OHDUQLQJ"�

������ ������� ������� ������� ������

���

� :KDW�LV�\RXU�DVVHVVPHQW�RI�\RXU�NQRZOHGJH�
FRQFHUQLQJ�VWXGHQWV¶�FRQFHSWLRQV�RQ�
WKHUPRG\QDPLFV"�

������ ������� ������� ������� ������


� 1RW�VDWLVIDFWRU\�DW�DOO�XS�WR�� &RPSOHWHO\�VDWLVIDFWRU\�


� �,�NQRZ�QRWKLQJ�DERXW�LW�XS�WR�� ,�NQRZ�HYHU\WKLQJ�DERXW�LW�
�
7DEOH����4XHVWLRQQDLUH�LWHPV�DQG�UHVXOWV��1 ����IRU�WKH�IRXUWK�FRPSRQHQW�RI�WKH�WKHRUHWLFDO�IUDPHZRUN�IRU�
SK\VLFV�WHDFKHUV¶�WUDLQLQJ��WHDFKHUV¶�LQYROYHPHQW�LQ�WKHUPRG\QDPLFV�HGXFDWLRQ�UHVHDUFK�DQG�LQQRYDWLRQ���

� � �� �� �� �� ��
���
� :KDW�LV�\RXU�DVVHVVPHQW�RI�\RXU�WHDFKLQJ�RI�WKH�

VFKRRO�NQRZOHGJH�RI�WKHUPRG\QDPLFV�XS�WR�QRZ"�
����� ������� ������� ������� ������

���

� $UH�\RX�LQWHUHVWHG�LQ�DSSURDFKLQJ�WKH�VFKRRO�
NQRZOHGJH�RI�WKHUPRG\QDPLFV�ZLWK�D�QHZ�
WHDFKLQJ�DQG�OHDUQLQJ�VHTXHQFH"�

����� ������ ������� ������� �������

���

� $UH�\RX�LQWHUHVWHG�LQ�DSSURDFKLQJ�WKH�VFKRRO�
NQRZOHGJH�RI�WKHUPRG\QDPLFV�ZLWK�D�QHZ�
WHDFKLQJ�DQG�OHDUQLQJ�VHTXHQFH�WKDW�ZLOO�EH�
LPSOHPHQWHG�WR�FRQWULEXWH�WR�WKH�SHUWLQHQW�
HGXFDWLRQDO�UHVHDUFK"�

����� ������ ������� ������� �������



� 1RW�VDWLVIDFWRU\�DW�DOO�XS�WR�� &RPSOHWHO\�VDWLVIDFWRU\�



�
�

ϭϭϯϭ�
� �



� ,�DP�QRW�LQWHUHVWHG�DW�DOO�XS�WR�� ,�DP�DEVROXWHO\�LQWHUHVWHG�
�
6XPPDUL]LQJ�� WKH�DERYH� UHVXOWV� LQGLFDWHG� WKDW�SK\VLFV� WHDFKHUV�FRQVLGHUHG� WKH� OHYHO�RI� WKHLU�
H[LVWLQJ� NQRZOHGJH� RI� WKHUPRG\QDPLFV� HSLVWHPRORJ\� EHORZ� DYHUDJH�� DOWKRXJK� WKH\� ZHUH�
SRVLWLYH� LQ� LQWURGXFLQJ�VXFK�HOHPHQWV� LQ� WKHLU� IRUPDO� LQVWUXFWLRQ��5HJDUGLQJ� WKH�SHGDJRJLFDO�
SHUVSHFWLYH��WKH\�EHOLHYHG�WKDW�WKH�RIILFLDO�FXUULFXOXP�ZDV�UDWKHU�LQDGHTXDWH�LQ�LQWURGXFLQJ�DQG�
GHOYLQJ� LQWR� WKHUPRG\QDPLFV� FRQFHSWV� EXW�� DW� WKH� VDPH� WLPH�� WKH\� FKDUDFWHUL]HG� WKHLU�
NQRZOHGJH�RI�DOWHUQDWLYH�WHDFKLQJ�DQG�OHDUQLQJ�DSSURDFKHV�DV�UDWKHU�LQVXIILFLHQW��7KHUHIRUH��LW�
ZDV�VRPHKRZ�H[SHFWHG�WKDW�WKH\�DJUHHG�WR�SDUWLFLSDWH�LQ�D�WUDLQLQJ�SURJUDP�IRU�WKH�GHVLJQ�DQG�
LPSOHPHQWDWLRQ�RI�D�7/6�IRU�WKHUPRG\QDPLFV�WR�PDNH�XVH� LQ�WKHLU�FODVVURRP�DV�ZHOO�DV�IRU�
LQIRUPLQJ�WKH�UHOHYDQW�HGXFDWLRQDO�UHVHDUFK��

3K\VLFV� WHDFKHUV¶� FRQFHSWLRQV� RI� WKHUPRG\QDPLFV�GXULQJ� WKH� WUDLQLQJ�SURJUDP� �JURXS�
REVHUYDWLRQ��

7DEOH� �� VXPPDUL]HV� WKH� PRVW� SUHYDLOLQJ� FRQFHSWLRQV� LQ� WHUPV� RI� IUHTXHQF\� �PLQLPXP� ��
UHIHUHQFHV��DV�WKH\�VXUIDFHG�GXULQJ�HDFK�RI�WKH�IRXU�ZHELQDUV�RI�WKH�WUDLQLQJ�SURJUDP��7KHVH�
FRUUHVSRQG�WR�WKH�UHVSHFWLYH�TXHVWLRQQDLUH�LWHPV��DV�SUHVHQWHG�LQ�7DEOHV�������

7DEOH����)UHTXHQF\�RI�UHIHUHQFHV����UHIHUHQFHV�PLQ���WR�WKH�TXHVWLRQQDLUH�LWHPV�GXULQJ�WKH�IRXU�ZHELQDUV�
�1 �����

� �VW� �QG� �UG� �WK� 7RWDO�
���� �� �� �� �� ��
���� �� �� �� �� ��
���� �� �� ��� �� ���
���� �� �� �� �� ��
���� �� �� �� �� ��
���� �� �� �� �� ��
���� �� �� �� �� ��
���� �� �� �� �� ���
���� �� �� �� �� ���
���� �� �� �� �� ���
���� �� �� �� �� ��
���� �� �� �� �� ��

�

'XULQJ� WKH� ZHELQDUV�� JURXS� GLVFXVVLRQV� �1 ���� ZHUH� RULHQWHG� WR� ERWK� HSLVWHPRORJLFDO� DQG�
SHGDJRJLFDO�LVVXHV��&RQFHUQLQJ�WKHUPRG\QDPLFV�HSLVWHPRORJ\��WKH�SDUWLFLSDQWV�PDLQO\�IRFXVHG�
RQ� WKH� GLVWLQFWLRQ� EHWZHHQ� WKH� PDFURVFRSLF� DQG� PLFURVFRSLF� DSSURDFK� DQG� WKH� QRQ�OLQHDU�
KLVWRULFDO�HYHQWV��VFLHQWLVWV
�LQWHUDFWLRQV�WKDW�JDYH�ULVH�WR�WKH�WKHRU\�DQG�WKH�DSSOLFDWLRQV�RI�WKH�
ILHOG�� ,Q� UHIHUHQFH� WR� WKH�SHGDJRJ\�� WKH\�ZHUH�FRQFHUQHG�DERXW�SUDFWLFDO� LVVXHV�� VXFK�DV� WKH�
FRQVWUDLQWV� WKDW� WKH�RIILFLDO�FXUULFXOXP�VHWV�� WKH�GLIIHUHQW�H[SHULPHQWV� WKDW�FDQ�EH�HIILFLHQWO\�
H[HFXWHG�LQ�WKH�FODVVURRP��DQG�WKH�ZD\�DOWHUQDWLYH�DSSURDFKHV�FDQ�EH�LPSOHPHQWHG��

�

�

�



�
�
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3K\VLFV�WHDFKHUV¶�FRQFHSWLRQV�RI�WKHUPRG\QDPLFV�DIWHU�WKH�WUDLQLQJ�SURJUDP��LQWHUYLHZV��

7DEOH���VXPPDUL]HV� WKH�PRVW�SUHYDLOLQJ�FRQFHSWLRQV�LQ� WHUPV�RI�IUHTXHQF\�DV�WKH\�VXUIDFHG�
GXULQJ� WKH� LQWHUYLHZV� IRU� HDFK� RI� WKH� LQWHUYLHZHHV�� 7KHVH� FRUUHVSRQG� WR� WKH� UHVSHFWLYH�
TXHVWLRQQDLUH�LWHPV��DV�SUHVHQWHG�LQ�7DEOHV�������

7DEOH����)UHTXHQF\�RI�UHIHUHQFHV����UHIHUHQFHV�PLQ���WR�WKH�TXHVWLRQQDLUH�LWHPV�GXULQJ�WKH�LQWHUYLHZV��1 ����

� ��� ��� ��� ��� ��� 7RWDO�
���� �� �� �� �� �� ���
���� �� �� �� �� �� ���
���� �� �� �� �� �� ���
���� �� �� �� �� �� ��
���� �� �� �� �� �� ���
���� �� �� �� �� �� ��
���� �� �� �� �� �� ���
���� �� �� �� �� �� ��
���� �� �� �� �� �� ���
���� �� �� �� �� �� ��
���� �� �� �� �� �� ��

�

7KH�TXDOLWDWLYH�DQDO\VLV�RI�WKH�LQWHUYLHZV��1 ���LQGLFDWHG�WKDW�WKH�WUDLQLQJ�SURJUDP�IDFLOLWDWHG�
SK\VLFV�WHDFKHUV�LQ�SXWWLQJ�H[LVWLQJ�DQG�QHZ�NQRZOHGJH�RI�WKHUPRG\QDPLFV�HSLVWHPRORJ\�LQ�D�
SHGDJRJLFDO�SHUVSHFWLYH��7KH�PRVW�SUHYDLOLQJ�HOHPHQWV�RI�WKLV�KROLVWLF�DSSURDFK�DUH�UHODWHG�WR�
WKH�FOHDU�GLVWLQFWLRQ�EHWZHHQ�WKH�PDFUR�PLFUR�IUDPHZRUNV�ZLWK�SURPLQHQFH�WR�WKH�PDFURVFRSLF�
HQHUJ\� FRQFHSWV�� WKH� XVH� RI� WHFKQRORJLFDO� FRPSRQHQWV� DV� FDVH� VWXGLHV� IRU� LQWURGXFLQJ�
FRQFHSWV�ODZV��DQG�WKH�LQWURGXFWLRQ�RI�VRFLR�HFRQRPLF�FRQWH[W�WR�MXVWLI\�WKH�VLJQLILFDQFH�RI�WKH�
ILHOG��,QGLFDWLYH�SDVVDJHV�IURP�WKH�LQWHUYLHZV��WKDW�VXJJHVWHG�D�GLIIHUHQWLDWHG�DSSURDFK�WR�WKH�
7/6��DUH�WKH�IROORZLQJ��

7R�EHJLQ�ZLWK��ZH�VKRXOG�RPLW�WKH�PLFURVFRSLF�IUDPHZRUN��LW�FRPHV�RXW�RI�WKH�EOXH��LW�FUHDWHV�
PLVFRQFHSWLRQV��:H�VKRXOG�LQVWHDG�IRFXV�RQ�WKH�FXOWXUDO�SHUVSHFWLYH��RQ�VPDOO�UDQJH�UHVHDUFK�
VR�WKH�VWXGHQWV�OHDUQ�ZKHUH�WKH�YDULRXV�WKHUPRG\QDPLFV�SULQFLSOHV�DUH�DSSOLHG«�,�ZRXOG�JLYH�
SURPLQHQFH�WR�WKH�ZD\�NQRZOHGJH�ZDV�GHYHORSHG��WKH�KLVWRULFDO�SHUVSHFWLYH�RI�WKHUPRG\QDPLFV��
E\� DGRSWLQJ� HOHPHQWV� IURP� WKH� WUDLQLQJ� SURJUDP�� ,� ZRXOG� SRVVLEO\� XVH� SDVVDJHV� WKDW�
GHPRQVWUDWH�WKH�GLIILFXOWLHV��VFLHQWLVWV��IDFHG�ZKHQ�FRQVWUXFWLQJ�VWHDP�HQJLQHV�DQG�WKH�PHWKRG�
WKH\�XVHG�ZKLOH�FRQVWUXFWLQJ�WKHP�DQG�KRZ�WKLV�PHWKRG�ZDV�LPSURYHG���7HDFKHU�����

:HOO��ZKDW�KDGQ¶W�RFFXUUHG�WR�PH�EHIRUH��WKH�WUDLQLQJ�SURJUDP��LV�WKDW�,�FDQ�DW�ILUVW�E\SDVV�WKH�
NLQHWLF� WKHRU\�RI�JDVHV«�,�FRXOG�JR�VWUDLJKW� WR� WKH�)LUVW�/DZ�RI�7KHUPRG\QDPLFV�DQG�ZRUN�
WRZDUGV�WKH�WKHUPRG\QDPLFV�SURFHVVHV��,�OLNHG�WKLV�VXJJHVWLRQ�YHU\�PXFK«�<RX�JDYH�PH�PDQ\�
LGHDV��EHFDXVH�,�XVHG�WR�VWDUW�ZLWK�WKH�NLQHWLF�WKHRU\�DQG�WKHQ�PRYH�RQ�WR�WKH�SURFHVVHV�DQG�,�
XVXDOO\�IDFHG�PDQ\�SUREOHPV�WKHUH��1RZ�,�EHOLHYH�WKDW�,�FDQ�VHDPOHVVO\�JR�VWUDLJKW�WR�WHDFKLQJ�
WKH�HQHUJ\�SDUW��,�PHDQ�WKH�)LUVW�/DZ��DQG�ZRUN�DOO�FRQFHSWV�WKURXJK�WKDW�FKDSWHU�DQG�WKLV�LV�



�
�

ϭϭϯϯ�
� �

H[WUHPHO\�SRVLWLYH��,�ZRXOGQ¶W�GHFLGH�GRLQJ�WKLV�FKDQJH�RQ�P\�RZQ��EXW�VLQFH�\RX�SURSRVH�D�
UHDG\�WR�JR�LGHD��WKLV�LV�SLYRWDO���7HDFKHU������

&21&/86,216�
,Q�VHUYLFH�SK\VLFV�WHDFKHUV�WKDW�SDUWLFLSDWHG�LQ�WKH�WUDLQLQJ�SURJUDP�FRQILUPHG�WKH�WUHQG�VKRZQ�
LQ�WKH�UHOHYDQW�UHVHDUFK�ZRUOGZLGH�WKDW�WKHUH�LV�D�JURZLQJ�VFHSWLFLVP�RYHU�WKH�HSLVWHPRORJLFDO�
DQG�SHGDJRJLFDO�DSSURDFK�RI�LQWURGXFWRU\�WKHUPRG\QDPLFV�DW�WKH�VHFRQGDU\�VFKRRO�HGXFDWLRQ�
OHYHO��H�J���%H]HQ��������)ORUHV��/ySH]��HW�DO���������*LO�3HUH]�	�3HVVRD�GH�&DUYDOKR���������
2IILFLDO� SK\VLFV� FXUULFXOD� GR� QRW� \HW� DSSO\� D� GLGDFWLF� WUDQVSRVLWLRQ� WKDW� SURSHUO\� ILWV� WKH�
UHTXLUHPHQWV�RI�WKHUPRG\QDPLFV�VFKRRO�NQRZOHGJH��WXUQLQJ�D�EOLQG�H\H�WR�HGXFDWLRQDO�UHVHDUFK�
UHFRPPHQGDWLRQV�IRU� WKH�DGDSWDWLRQ�RI�D�FRQVWUXFWLYLVW�DSSURDFK��'XULQJ�IRUPDO� LQVWUXFWLRQ��
VHYHUDO�LVVXHV�FRQFHUQLQJ�WKHUPRG\QDPLFV�HSLVWHPRORJ\�DQG�SHGDJRJ\�FRPH�RQ�WKH�VXUIDFH��
PDNLQJ�LQVWUXFWLRQ�HYHQ�PRUH�FKDOOHQJLQJ��

7KH�WUDLQLQJ�SURJUDP�IRU�WKHUPRG\QDPLFV�VFKRRO�NQRZOHGJH�DWWHPSWHG�WR�UHFRQVWUXFW�WHDFKHUV¶�
FRQFHSWLRQV�RI�WKHUPRG\QDPLFV�HSLVWHPRORJ\��LQGLFDWH�WKH�SUREOHPDWLF�VSRWV�RQ�WKH�WUDGLWLRQDO�
WHDFKLQJ�DQG�OHDUQLQJ�DSSURDFK�DQG�LQWURGXFH�DOWHUQDWLYH�ZD\V�IRU�WKH�GHVLJQ�RI�D�7/6��3UH�
ZHELQDU�UHVXOWV�LQGLFDWHG�WKDW�WHDFKHUV¶�NQRZOHGJH�RQ�WKHVH�DVSHFWV��WKDW�ZRXOG�DOORZ�WKHP�WR�
UHGHVLJQ�WKHLU�7/6�ZDV�UDWKHU�OLPLWHG��KRZHYHU�WKH\�GHPRQVWUDWHG�D�SRVLWLYH�OHDUQLQJ�DWWLWXGH��
'XULQJ� WKH� ZHELQDUV�� WKH� FRQFHSWLRQV� DSSHDUHG� WR� EH� VRPHKRZ� GHVWDELOL]HG� DQG� FKDQJH�
RULHQWHG��7KLV�UHSRVLWLRQLQJ�ZDV�PRUH�REYLRXV�GXULQJ�WKH�SRVW�ZHELQDU�LQWHUYLHZV��ZKHUH�WKH�
SDUWLFLSDQWV� LQGLFDWHG� LQ� ZKLFK� GLUHFWLRQ� WKH\� ZRXOG� DGMXVW� D� WUDLQLQJ�LQIRUPHG� 7/6�� 7KH�
IHDVLELOLW\� RI� WKH� SURSRVHG� DSSURDFK� ZDV� HVSHFLDOO\� LPSRUWDQW� IRU� WKHP�� WKHUHIRUH� LW� ZDV�
HVVHQWLDO�WKDW�WKH\�VHHPHG�FRQILGHQW�WR�JR�UDWKHU�VHDPOHVVO\�IURP�WKHRU\�WR�SUDFWLFH��

/,0,7$7,216�$1'�)8785(�5(6($5&+�',5(&7,216�
7KH� PDLQ� OLPLWDWLRQ� RI� WKLV� UHVHDUFK� LV� WKH� ODFN� RI� IXUWKHU� UHVXOWV� GHULYLQJ� IURP� WKH� FODVV�
HQYLURQPHQW� WKDW�ZRXOG� MXVWLI\� WKH� WUDLQLQJ� SURJUDP� LPSDFW� RQ� WKH� SDUWLFLSDQWV��'XH� WR� WKH�
UHVWULFWLRQV�HQIRUFHG�GXH�WR�WKH�SDQGHPLF��LW�ZDV�LPSRVVLEOH�IRU�WKH�UHVHDUFKHUV�WR�REVHUYH�WKH�
UHVSHFWLYH� FRXUVHV� LQ� RUGHU� WR� LGHQWLI\� KRZ� WKH�ZHELQDUV� DIIHFWHG� LQ� SUDFWLFH� WKH� GHVLJQ� RI�
DOWHUQDWLYH�7/6V�IRU� WKHUPRG\QDPLFV�FRXUVHV�DQG�RU�ZKDW�ZDV� WKH� OHDUQLQJ�RXWFRPH�IRU� WKH�
VWXGHQWV��

$�SRVVLEOH�H[WHQVLRQ�RI� WKLV� UHVHDUFK� LV� WKH�EURDGHU�XVH�RI� WKH�SUH�ZHELQDU�TXHVWLRQQDLUH� WR�
LQYHVWLJDWH�SK\VLFV�WHDFKHUV¶�HSLVWHPRORJLFDO�DQG�SHGDJRJLFDO�FRQFHSWLRQV�LQ�D�QDWLRQDO�OHYHO�
RU�DV�SDUW�RI�D�FRPSDUDWLYH�VWXG\�EHWZHHQ�FRXQWULHV�ZLWK�VLPLODU�DSSURDFK�WR�WKH�VFKRRO�VFLHQFH�
FXUULFXOXP�IRU�XQLWV�RI�WKHUPRG\QDPLFV��,Q�DGGLWLRQ��WKLV�LQVWUXPHQW�FDQ�DOVR�EH�HDVLO\�DGMXVWHG�
IRU�WKH�H[SORUDWLRQ�RI�WHDFKHUV¶�FRQFHSWLRQV�RQ�DQRWKHU�VSHFLILF�SK\VLFV�ILHOG��H�J���PHFKDQLFV��
HOHFWURPDJQHWLVP��RU�SK\VLFV� LQ�JHQHUDO�� IRU� WKH�GHVLJQ�RI� UHVSHFWLYH� WUDLQLQJ�SURJUDPV�DQG�
EH\RQG��
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$&.12:/('*0(176�
7KLV�UHVHDUFK�LV�FR�ILQDQFHG�E\�*UHHFH�DQG�WKH�(XURSHDQ�8QLRQ��(XURSHDQ�6RFLDO�)XQG��(6)��
WKURXJK�WKH�2SHUDWLRQDO�3URJUDPPH�©+XPDQ�5HVRXUFHV�'HYHORSPHQW��(GXFDWLRQ�DQG�/LIHORQJ�
/HDUQLQJª�LQ�WKH�FRQWH[W�RI�WKH�SURMHFW�³5HLQIRUFHPHQW�RI�3RVWGRFWRUDO�5HVHDUFKHUV����QG�&\FOH´�
�0,6�����������LPSOHPHQWHG�E\�WKH�6WDWH�6FKRODUVKLSV�)RXQGDWLRQ��ǿȀȊ���

�

5()(5(1&(6�
%H]HQ��6�� ��������&RQFHSWXDO�&RPSUHKHQVLRQ�RI�3UH�6HUYLFH�3K\VLFV�7HDFKHUV�7RZDUGV��VW�/DZ�RI�

7KHUPRG\QDPLFV�� -RXUQDO� RI� 7XUNLVK� 6FLHQFH� (GXFDWLRQ�� ������� ��±����
KWWSV���GRL�RUJ����������WXVHG������D�

%H]HQ��6���$\NXWOX��,���	�%D\UDN��&����������&RQFHSWXDO�FRPSUHKHQVLRQ�RI�SUH�VHUYLFH�SK\VLFV�WHDFKHUV�
WRZDUGV� �VW� ODZ� RI� WKHUPRG\QDPLFV�� -RXUQDO� RI� 7XUNLVK� 6FLHQFH� (GXFDWLRQ�� ������� ��±����
KWWSV���GRL�RUJ����������WXVHG������D�

&KULVWLDQVHQ��)��9���	�5XPS��&����������7KUHH�&RQFHSWLRQV�RI�7KHUPRG\QDPLFV��7HFKQLFDO�0DWULFHV�LQ�
6FLHQFH� DQG� (QJLQHHULQJ�� 5HVHDUFK� LQ� 6FLHQFH� (GXFDWLRQ�� ������� ���±�����
KWWSV���GRL�RUJ���������V���������������[�

&RKHQ�� /��� 0DQLRQ�� /��� 	� 0RUULVRQ�� .�� �������� 5HVHDUFK� 0HWKRGV� LQ� (GXFDWLRQ� ��WK� HG����
5RXWOHGJH)DOPHU��

'XQQ�� 5��� +DWWLH�� -��� 	� %RZOHV�� 7�� �������� ([SORULQJ� WKH� H[SHULHQFHV� RI� WHDFKHUV� XQGHUWDNLQJ�
(GXFDWLRQDO�'HVLJQ�5HVHDUFK��('5��DV�D�IRUP�RI�WHDFKHU�SURIHVVLRQDO�OHDUQLQJ��3URIHVVLRQDO�
'HYHORSPHQW�LQ�(GXFDWLRQ������������±�����KWWSV���GRL�RUJ�������������������������������

)ORUHV��)���/RSH]��$���*DOOHJRV��/���	�%DURMDV��-����������7UDQVIRUPLQJ�VFLHQFH�DQG�OHDUQLQJ�FRQFHSWV�RI�
SK\VLFV� WHDFKHUV�� ,QWHUQDWLRQDO� -RXUQDO� RI� 6FLHQFH� (GXFDWLRQ�� ������� ���±�����
KWWSV���GRL�RUJ�������������������������

*LO�3pUH]��'���	�3HVVRD�'H�&DUYDOKR��$��0����������3K\VLFV�WHDFKHU�WUDLQLQJ��$QDO\VLV�DQG�SURSRVDOV��
,Q�$��7LEHUJKLHQ��(��/��-RVVHP��	�-��%DURMDV��(GV����&RQQHFWLQJ�5HVHDUFK�LQ�3K\VLFV�(GXFDWLRQ�
ZLWK�7HDFKHU�(GXFDWLRQ��SS����±������,QWHUQDWLRQDO�&RPPLVVLRQ�RQ�3K\VLFV�(GXFDWLRQ��

.DQGHUDNLV��1���'RVVLV��6���	�.ROLRSRXORV��'����������7HDFKHUV¶�FRQFHSWLRQV�DERXW�WKH�LPSOHPHQWDWLRQ�
RI� D� +36� VHTXHQFH� FRQFHUQLQJ� WKH� PRYHPHQW� RI� D� VLPSOH� SHQGXOXP�� ,Q� )�� 6HURJORX�� 9��
.RXORXQW]RV��	�$��6LDWUDV��(GV����3URFHHGLQJV�RI�WKH���WK�,QWHUQDWLRQDO�,+367�DQG��WK�*UHHN�
+LVWRU\��3KLORVRSK\�DQG�6FLHQFH�7HDFKLQJ�-RLQW�&RQIHUHQFH�³6FLHQFH�DQG�&XOWXUH��3URPLVH��
&KDOOHQJH�DQG�'HPDQG´��SS�����±������(SLNHQWUR��

/HLQRQHQ��5���$VLNDLQHQ��0��D���	�+LUYRQHQ��3��(����������8QLYHUVLW\�6WXGHQWV�([SODLQLQJ�$GLDEDWLF�
&RPSUHVVLRQ�RI�DQ�,GHDO�*DV�$�1HZ�3KHQRPHQRQ�LQ�,QWURGXFWRU\�7KHUPDO�3K\VLFV��5HVHDUFK�
LQ�6FLHQFH�(GXFDWLRQ�������������±������KWWSV���GRL�RUJ���������V�����������������

0HOL��.���	�.ROLRSRXORV��'����������5HVHDUFK�EDVHG�GHVLJQ�RI�D�WHDFKLQJ�DQG�OHDUQLQJ�VHTXHQFH�IRU�WKH�
)LUVW�/DZ�RI�7KHUPRG\QDPLFV��,Q�2��/HYULQL�	�*��7DVTXLHU��(GV����(6(5$������&RQIHUHQFH�
�7KH�EHDXW\�DQG�SOHDVXUH�RI�XQGHUVWDQGLQJ��HQJDJLQJ�ZLWK�FRQWHPSRUDU\�FKDOOHQJHV�WKURXJK�
VFLHQFH�HGXFDWLRQ´��SS�����±������

0HOL��.���.ROLRSRXORV��'���	�/DYLGDV��.����������$�0RGHO�%DVHG�&RQVWUXFWLYLVW�$SSURDFK�IRU�%ULGJLQJ�
4XDOLWDWLYH� DQG� 4XDQWLWDWLYH� $VSHFWV� LQ� 7HDFKLQJ� DQG� /HDUQLQJ� WKH� )LUVW� /DZ� RI�
7KHUPRG\QDPLFV��6FLHQFH�	�(GXFDWLRQ��LQ�SUHVV��KWWSV���GRL�RUJ���������V������������������
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1LVEHW��-���	�:DWW��-����������&DVH�VWXG\��,Q�-��%HOO��7��%XVK��$��)R[��-��*RRGH\��	�6��*RXOGLQJ��(GV����
&RQGXFWLQJ� 6PDOO�6FDOH� ,QYHVWLJDWLRQV� LQ� (GXFDWLRQDO�0DQDJHPHQW� �SS�� ��±����� +DUSHU� 	�
5RZ��

7RELQ��5��*���&ULVVPDQ��6���'RXEOHU��6���*DOODJKHU��+���*ROGVWHLQ��*���/DF\��6���5RJHUV��&��%���6FKZDUW]��
-���	�:DJRQHU��3����������7HDFKLQJ�7HDFKHUV�$ERXW�(QHUJ\��/HVVRQV�IURP�DQ�,QTXLU\�%DVHG�
:RUNVKRS�IRU�.���7HDFKHUV��-RXUQDO�RI�6FLHQFH�(GXFDWLRQ�DQG�7HFKQRORJ\������������±�����
KWWSV���GRL�RUJ���������V���������������[�

<RXQJ��+��'���	�)UHHGPDQ��5��$����������6HDUV�DQG�=HPDQVN\¶V�XQLYHUVLW\�SK\VLFV��ZLWK�PRGHUQ�SK\VLFV�
���WK�HG����$GGLVRQ�:HVOH\��
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