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ABSTRACT 
�
,Q�UHFHQW�\HDUV��SUDFWLFH�EDVHG�OHDUQLQJ�KDV�EHHQ�HVWDEOLVKLQJ�LWVHOI�DV�D�QHZ�QRUP�LQ�KLJKHU�
HGXFDWLRQ��DQ�HQDEOHU� WR� IRVWHU�NQRZOHGJH��VNLOOV�DQG� LQQRYDWLYH� WKLQNLQJ� LQ�\RXQJ� OHDUQHUV��
&RQFHLYH�� GHVLJQ�� LPSOHPHQW� DQG� RSHUDWH� �&',2��� D� ZHOO�HVWDEOLVKHG� SHGDJRJLFDO�
PHWKRGRORJ\��RIIHUV�PDQ\�RSSRUWXQLWLHV�IRU�HGXFDWLRQ�SURYLGHUV�VHHNLQJ�WR�EHVW�DFKLHYH�WKLV�
SUDFWLFH�EDVHG�OHDUQLQJ�ZLWKLQ�YDULRXV�HGXFDWLRQDO�HQYLURQPHQWV��&DVH�VWXGLHV�RI�HQJLQHHULQJ�
SURJUDPV�WKDW�PDGH�XVH�RI�WKH�&',2�PRGHO�SURYLGH�LOOXVWUDWLRQV�RI�KRZ�WKH�LGHDV�ZHUH�SXW�LQWR�
HIIHFW�LQ�DFWXDO�SURMHFWV��7KLV�SDSHU�GUDZV�RQ�D�&',2�EDVHG�GHVLJQ�FDVH�VWXG\�ZKHUH�VWXGHQWV�
ZHUH�UHTXHVWHG�WR�VROYH�D�UHDO�HQJLQHHULQJ�SUREOHP��LQ�RUGHU�WR�H[SORUH�WKH�JUHDW�SRWHQWLDO�RI�
VXFK� D� WHDFKLQJ� DQG� OHDUQLQJ� SDUDGLJP� LQ� SUDFWLFH� VHWWLQJV�� 6RPH� ILUVW�\HDU� PHFKDQLFDO��
ELRPHGLFDO�DQG�SURGXFW�GHVLJQ�HQJLQHHULQJ�VWXGHQWV�VWXG\LQJ�DW�WKH�&DQWHUEXU\�&KULVW�&KXUFK�
8QLYHUVLW\�ZHUH�VHW�D�GHVLJQ�EULHI�E\�D�)RUG�0RWRU�&RPSDQ\�WLHU�VXSSOLHU�� WR�GHVLJQ�D�KLJK�
VHFXULW\�ORFN�IRU�FRPPHUFLDO�YHKLFOHV�ZKLFK�ZRUNV�RQ�ERWK�VOLGLQJ�DQG�UHDU�KLQJHG�VODP�GRRUV��
7KH� SURMHFW� KDG� WZHOYH� HQJLQHHULQJ� JURXSV�� HDFK� ZLWK� WKUHH� RU� IRXU� VWXGHQWV� VKDULQJ�
UHVSRQVLELOLW\� IRU�VHSDUDWH�SURMHFW�GHVLJQ�DQG�HQJLQHHULQJ� UROHV�� LQFOXGLQJ�GHVLJQ�VNHWFKHV��
FRPSXWHU�DLGHG� PRGHOOLQJ�� HQJLQHHULQJ� PDWHULDO� LQYHVWLJDWLRQ�� ILQLWH� HOHPHQW� DQDO\VLV��
FRPSXWHU�DLGHG�PDQXIDFWXULQJ��SURWRW\SLQJ��SURMHFW� UHSRUWLQJ�DQG�FRPSDQ\�SUHVHQWDWLRQ�� ,Q�
RUGHU�WR�DQDO\VH�WKH�HIIHFW�RI�LQFHQWLYHV�RQ�WKH�XQGHUO\LQJ�PRWLYDWLRQ�RI�OHDUQHUV��D�FDVK�SUL]H�
ZDV� VHFXUHG� YLD� WKH� (QJLQHHUV� LQ� %XVLQHVV� )HOORZVKLS� �(,%)�� RUJDQLVDWLRQ�� WR� EH� VKDUHG�
EHWZHHQ� WKH� ZLQQHUV� VHOHFWHG� E\� WKH� LQGXVWULDO� SDUWQHU� DIWHU� D� GHWDLOHG� VWXG\� RI� EHQHILWV��
PDQXIDFWXUDELOLW\� DQG� SRWHQWLDO� LQQRYDWLRQ�� 7KLV� SDSHU� GRFXPHQWV� WKH� ILQGLQJV� RI� FROOHFWHG�
TXDOLWDWLYH�DQG�TXDQWLWDWLYH�GDWD�DV�SDUW�RI� WKLV�SURMHFW�EDVHG�FDVH�VWXG\��DQG� IXUWKHUPRUH��
UHIOHFWV�RQ�WKH�HIIHFWLYHQHVV�RI�&',2�LPSOHPHQWDWLRQ�RQ�WKH�GHSWK�RI�VWXGHQWV¶�NQRZOHGJH�DQG�
OHYHO�RI�SUDFWLFDO�HQJLQHHULQJ� OHDUQLQJ��7KH�REMHFWLYH�KHUH� LV� WR�HYDOXDWH� WKH� LQGLYLGXDO�DQG�
FROODERUDWLYH� OHDUQLQJ� SURFHVVHV� WKDW� RFFXU� DPRQJ�D� JURXS� RI� VWXGHQWV� DV� WKH\� XVH�&',2�
DFWLYH� OHDUQLQJ� WDFWLFV�� 7KH� DQDO\VLV� UHSRUWHG� LQ� WKLV� SDSHU� FDQ� VHUYH� DV� D� IRXQGDWLRQ� WR�
LOOXVWUDWH�KRZ�HGXFDWRUV�PD\�EHWWHU�SUHSDUH�WKHLU�VWXGHQWV�IRU�MRLQLQJ�WKH�ZRUNIRUFH�RI�WKH�IXWXUH��
E\�XVLQJ�DQ�DFWLYH�OHDUQLQJ�DSSURDFK�WKDW�SURYLGHV�PRUH�ZHLJKW�WR�SUDFWLFDO�WKDQ�WKHRUHWLFDO�
NQRZOHGJH��
�
�
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INTRODUCTION 
 
7KURXJKRXW�WKH�\HDUV��D�FRPELQDWLRQ�RI�WKHRUHWLFDO�DQG�DFWLYH�OHDUQLQJ�H[SHULHQFHV�WKURXJK�
SUDFWLFH� �*yPH]� 3XHQWH�� ������ KDYH� EHHQ� XVHG� WR� HGXFDWH� DQG� GHYHORS� HQJLQHHUV� LQWR�
SURIHVVLRQDOV�ZKR�ZRUN�WR�PHHW�LQGXVWULDO�GHPDQGV��/HDUQLQJ�RSSRUWXQLWLHV�IURP�FROODERUDWLRQV�
EHWZHHQ�LQGXVWU\�DQG�KLJKHU�HGXFDWLRQ�OHDG�WR�PXWXDOO\�EHQHILFLDO�VROXWLRQV�JHQHUDWHG�IRU�DOO��
LQFOXGLQJ�WKH�VWDNHKROGHUV��DQG�SURGXFH�LQGXVWU\�UHDG\�HQJLQHHULQJ�JUDGXDWHV���&KHZ�HW�DO��
�������:LWK� LQGXVWU\� VXSSO\LQJ� UHDO� GHVLJQ� EULHIV� IRU� VWXGHQWV� WR� ZRUN� XSRQ�� WKLV� SURYLGHV�
RSSRUWXQLWLHV�IRU�VWXGHQWV�WR�OHDUQ�DQG�GHYHORS�WKHLU�HQJLQHHULQJ�GHVLJQ�DQG�HPSOR\DELOLW\�VNLOOV��
�0RUJDQ� 	� 2
*RUPDQ�� ������� $GRSWLQJ� D� FRQVWUXFWLYLVW� DSSURDFK� VKLIWV� WKH� OHDUQLQJ� IURP�
DFDGHPLFV�EHLQJ�WUDQVPLWWHUV�RI�NQRZOHGJH��WR�IDFLOLWDWLQJ�VWXGHQWV�WR�OHDUQ�WKURXJK�H[SHULHQFH�
DQG�DFWLYLW\�EDVHG�VWXG\��%ULHGH����������
�
&RQFHLYH��GHVLJQ�� LPSOHPHQW��RSHUDWH� �&',2�� LV�D�SHGDJRJLFDO�PHWKRG� WKDW�RIIHUV� UDWLRQDO��
XQLYHUVDO�� FRPSOHWH�� DQG�JHQHUDOLVDEOH� JRDOV� IRU� HQJLQHHULQJ�HGXFDWLRQ� �&',2�� �������7KH�
&',2�VWDQGDUG�RI�GHVLJQ�LPSOHPHQW�H[SHULHQFHV�HQDEOHV�VWXGHQWV�WR�FRQFHSWXDOLVH�D�GHVLJQ�
DQG�LPSOHPHQW�LW��DSSO\LQJ�WKHLU�HQJLQHHULQJ�OHDUQLQJ�LQ�SUDFWLFH��7KLV�LV�GRQH�SULPDULO\�WKURXJK 
HPSKDVLVLQJ� HQJLQHHULQJ� IXQGDPHQWDOV� LQ� DQ� HQJLQHHULQJ� SURJUDPPH�� :KLOH� �'� SULQWLQJ�
WHFKQRORJ\�HQDEOHV�VWXGHQWV�WR�UDSLG�SURWRW\SH�WKHLU�GHVLJQV��DLGLQJ�LQ�WKH�EUHDGWK�DQG�GHSWK�
RI�WKHLU�OHDUQLQJ�RI�GHVLJQ���)RUG��	�0LQVKDOO���������7KH��'�SULQWHUV�DGG�D�&',2�SHGDJRJLFDO�
DSSURDFK�DQG�HQDEOH�VWXGHQWV�WR�H[SORUH�WKHLU�GHVLJQV��IDLOXUHV��JHRPHWU\��DQG�WROHUDQFHV�LQ�
SUDFWLFH���+DDYL�HW�DO����������
�
&',2�IUDPHZRUN�LV�GHYHORSHG�WR�LPSURYH�WKH�OHDUQLQJ�DQG�WHDFKLQJ�VWDQGDUGV�IRU�VWXGHQWV�LQ�
DQ\�GLVFLSOLQH�DQG�LQ�SDUWLFXODU��WKH�VFLHQFH�DQG�HQJLQHHULQJ�ILHOGV��7KH�SRVLWLYH�LPSDFW�RQ�WKH�
VWXGHQWV�OHDUQLQJ�KDV�DOVR�EHHQ�REVHUYHG�LQ�RQOLQH�FRXUVHV��6KDK�	�)RVWHU���������7KHUH�DUH�
QXPHURXV�DGYDQWDJHV�DVVRFLDWHG�ZLWK�WKH�LPSOHPHQWDWLRQ�RI�&',2�SULQFLSOHV�LQ�GLJLWDO�OHDUQLQJ�
DQG�UHPRWH�OHDUQLQJ�VFHQDULRV��7KHVH�DGYDQWDJHV�LQFOXGH�EXW�DUH�QRW�OLPLWHG�WR�DQ�LPSURYHG�
IOH[LELOLW\�RI�GHOLYHU\��DFFHVVLELOLW\��DQG�HQKDQFHG�FROODERUDWLRQ�DPRQJVW�VWXGHQWV�ZKLFK�UHVXOW�
LQ�VLJQLILFDQW�LPSURYHPHQW�RI�WKH�WHFKQLFDO�DQG�QRQ�WHFKQLFDO�VNLOOV�LQ�OHDUQHUV��7KLV�ILQGLQJ�LV�
REVHUYHG�LQ�WKH� ODWHVW�SXEOLFDWLRQ�RI�0DUWLQV�HW�DO�� ��������ZKHUH�VWXGHQWV�GHPRQVWUDWHG�DQ�
LPSURYHG� FRPPXQLFDWLRQ�� FULWLFDO� SUREOHP� VROYLQJ� DQG� VWUDWHJLF� WKLQNLQJ� VNLOOV� WR� WDFNOH�
VFLHQWLILF�FKDOOHQJHV�LQ�D�&',2�EDVHG�FRXUVH��7KH�UHVXOWV�DOVR�VKHG�OLJKW�RQ�WKH�LPSRUWDQFH�RI�
LQFRUSRUDWLQJ�UHDO�ZRUOG�VFHQDULRV�DQG�SURMHFWV�WR�SURYLGH�VWXGHQWV�ZLWK�DQ�RSSRUWXQLW\�WR�OHDUQ�
SURGXFWLYH�WHDP�ZRUN�FURVV�GLVFLSOLQDU\��/RSHV�HW�DO��������¶V�UHVHDUFK�IXUWKHU�HPSKDVLVH�RQ�
WKLV�LQ�ZRUN�EDVHG�OHDUQLQJ�FRXUVHV�ZKHUH�WKH�LQFRUSRUDWLRQ�RI�UHDO�ZRUOG�SURMHFWV�UHVXOWHG�LQ�
EHWWHU�XQGHUVWDQGLQJ�WKH�DSSOLFDWLRQ�RI�WKHRU\�LQ�SUDFWLFH��,W�ZDV�UHYHDOHG�WKDW�VWXGHQWV�ZHUH�
EHWWHU� DEOH� WR� EULGJH� WKH� JDS� EHWZHHQ� WKHRU\� DQG� SUDFWLFH� DQG� DSSUHFLDWH� WKH� QHHG� IRU�
FRQWLQXRXV�OHDUQLQJ�WKURXJKRXW�WKHLU�SURIHVVLRQDO�OLYHV���
�
'HOYLQJ�LQWR�RWKHU�VWXGLHV�RQ�&',2�SUDFWLFHV�LQ�HQJLQHHULQJ��=KDQJ�HW�DO���������KDV�LQWURGXFHG�
D�QRYHO�PHWKRG�WR�GHYHORS�HQJLQHHULQJ�FXUULFXOXPV�ZLWK�VXVWDLQDELOLW\�DW�WKHLU�FRUH��7KH�DLP�RI�
WKLV� UHVHDUFK� LV� WR� HTXLS� VWXGHQWV� ZLWK� VNLOOV� UHTXLUHG� WR� LQWHJUDWH� VXVWDLQDELOLW\� LQ� HYHU\�
HQJLQHHULQJ�SURMHFW��7KH�&',2�EDVHG�DSSURDFK�WR�FUHDWLQJ�RSSRUWXQLWLHV�IRU�VWXGHQWV�WR�LQIXVH�
VXVWDLQDELOLW\�SULQFLSOHV�LQ�WKHLU�HQJLQHHULQJ�FRXUVHZRUN�LV�DQ�HVVHQWLDO�VWHS�WRZDUGV�HGXFDWLQJ�
HQYLURQPHQWDOO\� DZDUH� HQJLQHHUV� IRU� WKH� IXWXUH�� 8SRQ� JUDGXDWLRQ�� VWXGHQWV� ZLOO� EH� ZHOO�
HGXFDWHG�WR�ZRUN�RQ�PXOWL�GLVFLSOLQDU\�DQG�LQQRYDWLYH�SURMHFWV�ZLWK�HQYLURQPHQWDO�VXVWDLQDELOLW\�
SULQFLSOHV�LQ�PLQG��7KH�EHQHILWV�RI�SUREOHP�EDVHG�OHDUQLQJ�RI�&',2�LQ�HQJLQHHULQJ�ILHOGV�ZHUH�
IXUWKHU�H[SORUHG�E\�+X�HW�DO�� ��������ZKHUH� WKH� ILQGLQJV�VKRZHG�SURPLVLQJ� LPSURYHPHQW� LQ�
VWXGHQWV¶�HQJDJHPHQW�LQ�FRXUVH�DFWLYLWLHV��6WXGHQWV�ZHUH�IRXQG�WR�KDYH�PRUH�HQWKXVLDVP�DQG�
FRQILGHQFH�LQ�WDFNOLQJ�FROODERUDWLYH�SURMHFWV�EDVHG�RQ�UHDO�ZRUOG�VFHQDULRV���
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7KHUH�DUH�PDQ\�FDVH�VWXGLHV�RIIHULQJ�VXUH�SURRI�RI�SRVLWLYH�DGYDQWDJHV�DVVRFLDWHG�ZLWK�&',2�
EDVHG�OHDUQLQJ��+RZHYHU��DOO�VWXGLHV�FRQFXU�WKDW�QR�EHQHILWV�ZLOO�EH�DFKLHYHG�ZLWKRXW�D�VWUDWHJLF�
DSSURDFK�WRZDUGV�SODQQLQJ�IRU�WKH�HIIHFWLYH�DGRSWLRQ�DQG�LPSOHPHQWDWLRQ�RI�&',2�SULQFLSOHV�
LQ�VFLHQFH�DQG�HQJLQHHULQJ�FXUULFXOXPV��&DVH�VWXGLHV�GHPRQVWUDWH�WKH�VLJQLILFDQFH�RI�UHVRXUFH�
DOORFDWLRQ��LQGXVWU\�HQJDJHPHQW��DQG�WHFKQRORJLFDO�IDFLOLWLHV�WR�IXOO\�HPEUDFH�WKH�IUXLWV�RI�&',2�
LQ�HGXFDWLRQ���
�
$W�&DQWHUEXU\�&KULVW�&KXUFK�8QLYHUVLW\��&&&8���D�&',2�SURMHFW�DLPHG�DW�LPSURYLQJ�WKH�GHVLJQ�
DQG�PDQXIDFWXULQJ�RI� ORFNV�ZDV�GHILQHG� LQ�FROODERUDWLRQ�ZLWK�$GYDQFHG�0HWDO�&RPSRQHQWV�
�$0&��/WG��D�FRPSDQ\�WKDW�VSHFLDOL]HV�LQ�&1&�PDFKLQLQJ�DQG�PDQXIDFWXULQJ�RI�ORFNV�IRU�WKHLU�
FOLHQW��)RUG�0RWRU�&RPSDQ\��$�SUL]H�RI�������ZDV�DOVR�VHFXUHG� WKURXJK� WKH�(QJLQHHUV� LQ�
%XVLQHVV� )HOORZVKLS� �(,%)�� IRU� WKH� ZLQQLQJ� WHDP�� DV� FKRVHQ� E\� $0&� DIWHU� D� WKRURXJK�
HYDOXDWLRQ�RI�EHQHILWV��PDQXIDFWXUDELOLW\��DQG�SRWHQWLDO�LQQRYDWLRQ��7KH�VWXGHQWV�ZHUH�WDVNHG�
ZLWK�GHVLJQLQJ�D�KLJK�VHFXULW\�ORFN�IRU�FRPPHUFLDO�YHKLFOHV�WKDW�FDQ�EH�XVHG�RQ�ERWK�VOLGLQJ�
DQG�UHDU�KLQJHG�VODP�GRRUV��ZKLFK�DUH�RIWHQ�DGGHG�WR�YDQV�DV�D�WKHIW�GHWHUUHQW��7KH�ORFN�ZDV�
UHTXLUHG�WR�KDYH�D�VWDQGDUG�HXUR�ORFN�LQVHUW��D�UREXVW�DQG�UHVLVWDQW�PDLQ�ERG\��DQG�HDV\�WR�
DVVHPEOH�PHFKDQLFDO�FRPSRQHQWV��$GGLWLRQDOO\��WKH�GHVLJQ�QHHGHG�WR�EH�DSSHDOLQJ�WR�)RUG�
0RWRU�&RPSDQ\��ZKR�ZHUH�FRQVLGHULQJ�D�FXVWRP�GHVLJQ�IURP�$0&��7KH�SURMHFW�ZDV�GLYLGHG�
LQWR� WZHOYH� HQJLQHHULQJ� JURXSV�� HDFK� FRQVLVWLQJ� RI� WKUHH� RU� IRXU� VWXGHQWV�� UHVSRQVLEOH� IRU�
YDULRXV� DVSHFWV� RI� WKH� SURMHFW�� LQFOXGLQJ� GHVLJQ� VNHWFKHV�� �'� &$'� SURGXFW� GHYHORSPHQW��
PDWHULDO� LQYHVWLJDWLRQ�� ILQLWH� HOHPHQW� DQDO\VLV�� FRPSXWHU�DLGHG� PDQXIDFWXULQJ�� SURWRW\SLQJ��
SURMHFW�UHSRUWLQJ��DQG�FRPSDQ\�SUHVHQWDWLRQ��
�
)LYH�JURXS�UHSRUWV�ZHUH�UHYLHZHG�LQ� OLQH�ZLWK�WKH�GHVLUHG�RXWFRPHV�RI� LPSOHPHQWLQJ�&',2��
/HDUQLQJ� SRLQWV� DQG� DUHDV� IRU� LPSURYHPHQW� ZHUH� GLVFXVVHG�� 3DVW� H[DP� GDWD� ZDV� DOVR�
UHYLHZHG�IRU�YDULRXV�SURWHFWHG�JURXSV�WR�IXUWKHU�KLJKOLJKW�WKH�EHQHILW�RI�XVLQJ�WKLV�WUDLQLQJ�PRGHO�
WR�GHYHORS�IXWXUH�HQJLQHHUV��
 
 
REPORT REVIEW 
�
)LYH�VDPSOH�UHSRUWV�ZHUH�DQDO\VHG�LQ�OLQH�ZLWK�WKH�DVVLJQPHQW�EULHI¶V�UHTXLUHPHQWV�DQG�ZKDW�
RQH�ZRXOG�H[SHFW�RI�D�VWXGHQW�ZKR�KDV�VWXGLHG�XQGHU�&',2¶V�JXLGHOLQHV�DQG�H[SHFWDWLRQV��$�
JURXS� RI� ILUVW�\HDU� \HDU� XQGHUJUDGXDWH� PHFKDQLFDO�� ELRPHGLFDO�� DQG� SURGXFW� GHVLJQ�
HQJLQHHULQJ�VWXGHQWV�ZHUH�WDVNHG�ZLWK�WKH�GHVLJQ�DQG�DQDO\VLV�RI�D�VODP�ORFN��7KH�ORFN�ZDV�
WR�EH�GHVLJQHG�WR�DXWRPDWLFDOO\�ORFN�ZKHQ�LW�LV�VODPPHG�VKXW�EXW�KDYH�DQ�LQWHUQDO�UHOHDVH�LQ�
FDVH�D�XVHU�LV�VWXFN�LQ�WKH�FDUJR�DUHD��,W�VKRXOG�EH�PDGH�RI�PDWHULDOV�VWURQJ�HQRXJK�WR�HQDEOH�
LW�WR�UHVLVW�DQ\�DWWDFN�ZLWK�SRZHU�WRROV�QRU�VKRXOG�LW�EH�SRVVLEOH�WR�OHYHU�LW�RSHQ��DQG�LW�VKRXOG�
EH�YHUVDWLOH�HQRXJK�WR�EH�XVHG�RQ�D�UHDU�EDUQ�W\SH�GRRU�RU�D�VLGH�VOLGLQJ�GRRU��2WKHU�GHVLJQ�
SDUDPHWHUV�DQG�JXLGHOLQHV�ZHUH�SURYLGHG� LQ� WKH�DVVHVVPHQW�EULHI��7KH�PDLQ�DFWLYLWLHV� WKDW�
ZHUH�H[SHFWHG�IURP�DOO�VWXGHQWV�ZHUH��
�
•� Design sketches and drawings:�GHVLJQ�FRQFHSWV�ZHUH�H[SHFWHG��DV�VWXGHQWV�VKRXOG�
EH�DEOH�WR�FRQFHSWXDOLVH�WKH�GHVLJQ�WKDW�WKH\�DUH�WR�PDNH��7KLV�DOORZHG�WKHP�WR�FUHDWH�HLWKHU�
KDQG�GUDZQ�VNHWFKHV�RI�WKH�GHVLJQ�FRQFHSWV�RU�D�FRPELQDWLRQ�RI�ERWK�KDQG�GUDZQ�VNHWFKHV�
DQG� WHFKQLFDO� GUDZLQJV�� ,I� WHFKQLFDO� GUDZLQJV�ZHUH� VXEPLWWHG�� WKH\� KDG� WR� EH� DOLJQHG�ZLWK�
%6�����HQJLQHHULQJ�GUDZLQJ�VWDQGDUGV��
•� CAD models:�VWXGHQWV�ZHUH�UHTXLUHG�WR�VXEPLW��'�FRPSXWHU�DLGHG�GHVLJQ�PRGHOV�RI�
WKH� ILQLVKHG� SURGXFW�� 7KHVH� PRGHOV� ZHUH� WR� EH� PDGH� ZLWK� PDQXIDFWXUDELOLW\� DQG� PDVV�
SURGXFWLRQ� LQ�PLQG��7KH\�ZHUH�DOVR�DVNHG� WR� UHIOHFW� WKH�GHVLJQHU¶V� LQWHQW�DQG�KLJKOLJKW� WKH�
SURGXFW¶V�IHDWXUHV��
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•� FEA analyses:�ILQLWH�HOHPHQW�DQDO\VLV��)($��VKRXOG�EH�XVHG�WR�GHPRQVWUDWH�KRZ�WKH�
SURGXFW� DQG� LWV� LQGLYLGXDO� FRPSRQHQWV� EHKDYH�ZKHQ� YDULRXV� ORDGV�DUH�DSSOLHG�RQ� WKHP�� ,W�
ZRXOG�EH�XVHIXO�WR�FRQVLGHU�H[SHFWHG�ORDGV��L�H���WKRVH�WKDW�DUH�H[HUWHG�GXULQJ�KDQGOLQJ��DV�
ZHOO�DV�WKRVH�WKDW�DUH�H[HUWHG�GXULQJ�IRUFHG�HQWU\��7KH�ODWWHU�GHPRQVWUDWHV�WKH�SURGXFW¶V�DELOLW\�
WR�SHUIRUP�VDIHO\�GXULQJ�D�EUHDN�LQ��$VSHFWV�RI�)($�VXFK�DV�PHVK�FRQYHUJHQFH�DQG�PHVK�
UHILQHPHQW� KDG� DOVR� WR� EH� GHPRQVWUDWHG�� WR� VKRZ� DQ� XQGHUVWDQGLQJ� RI� )($� DQG� KRZ� WKH�
DFFXUDF\�RI�UHVXOWV�FDQ�EH�LPSURYHG��$XWRGHVN���������
•� CAM simulations:�WKHVH�KDG�WR�EH�FDUULHG�RXW�WR�GHPRQVWUDWH�WKH�PDQXIDFWXUDELOLW\�RI�
WKH� SURGXFW¶V� FRPSRQHQWV� XVLQJ� FRPSXWHU�DLGHG�PDQXIDFWXULQJ� VLPXODWLRQ�� 7KLV� KDG� WR� EH�
GRQH� IRU� DW� OHDVW� RQH� RI� WKH� FRPSRQHQWV�� 2QFH� WKLV� KDG� EHHQ� GHPRQVWUDWHG� YLUWXDOO\�� WKH�
PDQXIDFWXULQJ�FRGH�JFRGH�IRU�WKH�FRPSRQHQW�ZDV�WR�EH�SURGXFHG�DQG�WUDQVIHUUHG�WR�D�&1&�
PDFKLQH�RU�D��'�SULQWHU�IRU�WKH�SUDFWLFDO�SURGXFWLRQ�RI�WKH�FRPSRQHQW��
•� Manufacturing:�RQH�FRPSRQHQW�ZDV� WR�EH�PDQXIDFWXUHG�DV�SDUW�RI� WKH�SURWRW\SLQJ�
SKDVH�� (LWKHU� WUDGLWLRQDO� PDQXIDFWXULQJ� RU� UDSLG� SURWRW\SLQJ� PD\� EH� XVHG� DW� WKLV� VWDJH��
3URIHVVLRQDO�SUDFWLFH�VNLOOV�VXFK�DV�KHDOWK�DQG�VDIHW\��DSSURSULDWH�XVH�RI�PDFKLQHU\��DQG�VDIH�
XVDJH�RI�WKH�ILQDO�SURGXFW�ZDV�DVVHVVHG��
•� Results analyses and presentations:�DOO� ILQGLQJV�ZHUH�WR�EH�SUHVHQWHG� LQ�D������
ZRUG�UHSRUW�DQG�DQ�����ZRUG�SRVWHU��7KH�RYHUDOO�HYDOXDWLRQ�KDG�WR�DGGUHVV�KRZ�WKH�PDVV�DQG�
FRVW� RI� WKH� FRPSRQHQWV� FDQ� EH� UHGXFHG� ZLWKRXW� QHJDWLYHO\� DIIHFWLQJ� WKH� SDUW¶V� VWUXFWXUDO�
LQWHJULW\�� 5HSRUW� ZULWLQJ� DQG� SUHVHQWDWLRQ� VNLOOV� ZDV� DGGUHVVHG� LQ� OLQH� ZLWK� SURIHVVLRQDO�
SUHVHQWDWLRQ�VWDQGDUGV��
 
 
CASE STUDY 1 
�
7KLV�UHSRUW�LQFOXGHG�KDQG�GUDZQ�VNHWFKHV��DQQRWDWLRQV�DQG�GLPHQVLRQV��WZR�GLPHQVLRQDO�DQG�
WKUHH�GLPHQVLRQDO�GLDJUDPV��GHWDLOHG�&$'�PRGHOV�RI�HDFK�FRPSRQHQW�DQG�WKH�ILQDO�DVVHPEO\�
ZDV�SURGXFHG�DQG�UHQGHUHG�WR�D�KLJK�VWDQGDUG���
�
'HWDLOHG�)($�DQDO\VLV�ZDV�GRQH� WR�D� VLJQLILFDQW� OHYHO� RI� GHWDLO�� 7KH�FRPSRQHQW¶V�EROW�ZDV�
WHVWHG� WR� GHWHUPLQH� ZKHWKHU� KLJK�VWUHQJWK� DOOR\� VWHHO� RU� PLOG� VWHHO� VKRXOG� EH� XVHG�� 7KH�
GHFLVLRQ�ZDV�PDGH�EDVHG�RQ�WKH�ORDGLQJ�WHVW��ZKLFK�\LHOGHG�GLIIHUHQW�UHVXOWV�IRU�WKH�VRIWQHVV�
RI�PDWHULDO��7KH�UHSRUW�GHPRQVWUDWHG�D�JRRG�XQGHUVWDQGLQJ�RI�)($�DQG�KRZ�LW�FDQ�EH�XVHG�WR�
GHVLJQ�DQG�WHVW�D�FRPSRQHQW�SUH�PDQXIDFWXUH��%L����������
�

�
�

)LJXUH����&DVH�6WXG\���SURMHFW�RXWFRPH���D��&$'�0RGHO���E��)($�$QDO\VLV���F��&$0�
6LPXODWLRQ��DQG��G��3URWRW\SH�

�
���
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5DSLG�SURWRW\SLQJ�ZDV�XVHG�WR�PDQXIDFWXUH�WKH�GHVLJQ�DQG�FRUUHFWLYH�PHDVXUHV�ZHUH�GHWDLOHG��
ZKLFK�GHPRQVWUDWHG�D�JRRG�XQGHUVWDQGLQJ�RI�SURGXFW�IXQFWLRQDOLW\�DQG�WKH�DELOLW\� WR�FRUUHFW�
LVVXHV�WKDW�UHVXOW�IURP�IDFWRUV�WKDW�DUH�RXW�RI�WKH�VWXGHQWV¶�FRQWURO��ZKLFK�ZDV�WKH�TXDOLW\�RI�WKH�
SULQWHG�SURGXFW��LQ�WKLV�FDVH���7KH�UHSRUW�VDWLVILHG�WKH�UHVHDUFK�UHTXLUHPHQWV�RI�WKH�DVVLJQPHQW�
LQ�TXDOLW\�DQG�GHSWK���
�
 
CASE STUDY 2 
�
7KLV�UHSRUW�VWDUWHG�RII�ZLWK�PDUNHW�UHVHDUFK��DQ�LPSRUWDQW�DVSHFW�RI�HQJLQHHULQJ�GHVLJQ�DQG�D�
JRRG�VWXGHQW�LQLWLDWLYH��([LVWLQJ�GHVLJQV�ZHUH�FULWLFDOO\�LQYHVWLJDWHG�WR�GHWHUPLQH�WKH�RSWLPXP�
GHVLJQ�FRQFHSW��7KH�RXWHU�VKHOO�DQG�LQWHUQDO�ORFNLQJ�PHFKDQLVP�FRQFHSWV�ZHUH�ILQDOLVHG�ZLWK�
DQQRWDWLRQV��EDVHG�RQ�WKH�SUHOLPLQDU\�KDQG�GUDZQ�VNHWFKHV��%RWK�OLQHDU�DQG�QRQ�OLQHDU�)($�
DQDO\VHV� ZHUH� FDUULHG� RXW� RQ� WKH� FRPSRQHQW�� WR� SURYLGH� LQIRUPDWLRQ� RQ� WKH� SURGXFW¶V�
SHUIRUPDQFH� GXULQJ� ORDGLQJ� LQ� D� PRUH� QDWXUDO� VFHQDULR� �)HPWR�� ������� &RPSXWHU�DLGHG�
PDQXIDFWXULQJ�VLPXODWLRQV�ZHUH�FDUULHG�RXW�RQ�PRVW�RI� WKH�SURGXFW¶V�FRPSRQHQWV��ZLWK� WKH�
VSULQJ� DQG� EROWV� EHLQJ� WKH� RQO\� SDUWV� WKDW� ZRXOG� EH� RXWVRXUFHG�� 7KLV� GHPRQVWUDWHV� DQ�
DSSUHFLDWLRQ�RI�SURGXFWLRQ�FRVW�FXWWLQJ�PHDVXUHV�ZKLFK�DUH�XVHIXO�LQ�UHGXFLQJ�SURGXFWLRQ�WLPHV��
FRVWV��DQG�IORRU�VSDFH�LQ�IDFWRULHV��7KH�SDUWV�ZHUH�WKHQ��'�SULQWHG��EXW�WKLV�VWXG\�GLG�QRW�KDYH�
PXFK�VXFFHVV�ZLWK�UHFWLI\LQJ�WKH�SUHYLRXVO\�PHQWLRQHG�SULQWLQJ�LVVXHV�WR�SURGXFH�D�ZRUNLQJ�
SURWRW\SH��$Q�)0($��IDLOXUH�PRGH�DQG�HIIHFWV�DQDO\VLV��ZDV�FDUULHG�RXW�RQ�WKH�SURFHVV�XVHG�
WR� PDNH� WKH� ILQLVKHG� SURGXFW�� ZKLFK� ZLOO� FRPH� XVHIXO� IRU� WKH� VWXGHQWV¶� IXWXUH� GHVLJQ� DQG�
SURGXFWLRQ�HQGHDYRXUV��:HLEXOO���������
�

�
)LJXUH����&DVH�6WXG\���SURMHFW�WHFKQLFDO�GUDZLQJ�DQG�ODWFKLQJ�PHFKDQLVP�

�
$OWKRXJK�WKLV�JURXS�IDLOHG�WR�SUHVHQW�D�KLJK�TXDOLW\�SURGXFW�GXH�WR�PLVPDQDJHPHQW�RI�WLPH�DQG�
WKH��'�SULQWLQJ�FKDOOHQJHV�� WKH� UHSRUW�GHPRQVWUDWHG�D� IDLU�XQGHUVWDQGLQJ�RI�SURGXFW�GHVLJQ�
ZKLFK�FRPSOLPHQWV�WKH�XVH�RI�&',2�PHWKRGV��SULQFLSOHV�DQG�UHIOHFWLRQV�RQ�WKH�RSSRUWXQLWLHV�
IRU�LPSURYHPHQW�LQ�WKH�HQJLQHHULQJ�DQG�WKHPVHOYHV��
 
 
CASE STUDY 3 
�
7KLV� UHSRUW� VWDUWHG� RII� ZLWK� WKH� SUREOHP� VWDWHPHQW� DQG� UHTXLUHPHQWV�� 5HVHDUFK� RQ� FRVW��
PDWHULDOV��DQG�GHVLJQ�SRWHQWLDO�ZHUH�XVHG�WR�GHYHORS�VNHWFKHV�RI�YDULRXV�FRQFHSWV�DQG�ZKLFK�
GHPRQVWUDWHG�D�JRRG�DSSUHFLDWLRQ�RI�WKH�LPSRUWDQFH�RI�VFLHQFH�EDFNHG�GHVLJQ�SULQFLSOHV��&(6��

�
���



3URFHHGLQJV�RI�WKH���WK�,QWHUQDWLRQDO�&',2�&RQIHUHQFH��KRVWHG�E\�1718��7URQGKHLP��1RUZD\��-XQH��������������

�������$OWKRXJK�WKH�&$'�ZRUN�ZDV�GHWDLOHG��WKH�)($�ODFNHG�VXIILFLHQW�GHWDLOV��7KH�ILQLVKHG�
FRPSRQHQW�ZDV� VXFFHVVIXOO\� �'�SULQWHG�DQG�DVVHPEOHG��$UHDV�RI� LPSURYHPHQW� IRU� GHVLJQ�
SURGXFWLRQ� DQG� WHVWLQJ� ZHUH� QRWHG�� DORQJ� ZLWK� KHDOWK� DQG� VDIHW\� FRQVLGHUDWLRQV�� ZKLFK�
GHPRQVWUDWHG�DQ�DZDUHQHVV�RI�TXDOLW\�FRQWURO�DQG�SURFHVV�LPSURYHPHQW���
�

�
�

)LJXUH����&DVH�6WXG\���SURMHFW�RXWFRPH���D��&$'�0RGHO���E��3URWRW\SH���F��,QWHUQDO�
0HFKDQLVP�

�
�
CASE STUDY 4 
�
7KLV�UHSRUW�ZDV�OHVV�GHWDLOHG�WKDQ�WKH�SUHYLRXV�WKUHH��+RZHYHU��PRVW�RI�WKH�NH\�HOHPHQWV�ZHUH�
FRYHUHG��$�ULVN�DVVHVVPHQW�ZDV�GRQH�IRU�WKH�SURGXFWLRQ�ZRUN��DQG�WKH�PDLQ�KD]DUG�VWDWHG�KDG�
D�SURSRVHG�PLWLJDWLQJ�PHDVXUH� WKDW�ZDV�FDUULHG�RXW�RQ� WKH�VDPH�GD\��7KH�)($��&$0�DQG�
WHFKQLFDO�GUDZLQJV�ODFNHG�VXIILFLHQW�GHWDLOV�DQG�WKH�SUHVHQWDWLRQ�RI�WKH�ZRUN�ODFNHG�VWUXFWXUH��
'HVSLWH� WKH� GRZQIDOOV�� NQRZOHGJH� RI� WKH� NH\� WHFKQLFDO� DVSHFWV� RI� WKH� SURMHFW� ZDV� ZHOO�
GHPRQVWUDWHG���
�

�
�

)LJXUH����&DVH�6WXG\���SURMHFW�RXWFRPH���D��&$0�6LPXODWLRQ�DQG��E��3URWRW\SH�
 

�
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CASE STUDY 5 
�
7KH�ILIWK�UHSRUW�FRYHUHG�WKH�NH\�DVSHFWV�RI�WKH�SURMHFW��EXW�UHTXLUHG�VRPH�LPSURYHPHQWV�LQ�WKH�
RUGHU�RI�WKH�LQIRUPDWLRQ�SUHVHQWHG�DQG�WKH�RUJDQLVDWLRQ�RI�WKH�LPDJHV�SURYLGHG��$�PLQG�PDS�
ZDV�GUDZQ�WR�LOOXVWUDWH�KRZ�WKH�ILQDO�GHVLJQ�ZDV�DUULYHG�DW��ZKLFK�ZDV�FRXSOHG�ZLWK�VRPH�KDQG�
GUDZQ�VNHWFKHV��$�TXDOLW\�IXQFWLRQ�GHSOR\PHQW��4)'��GLDJUDP�ZDV�XVHG�WR�LQFRUSRUDWH�ZKDW�
WKH�VWXGHQWV�GHWHUPLQHG�WR�EH�WKH�YRLFH�RI�WKH�FXVWRPHU�LQWR�WKH�GHVLJQ�RI�WKH�ILQDO�SURGXFW�
�$64���������7KH�&$'�PRGHOV��)($��DQG�&$0�ZHUH�SUHVHQWHG�WR�D�SURIHVVLRQDO�OHYHO��DQG�DQ�
HYDOXDWLRQ�RI�WKH�ZRUN�GRQH�ZDV�DOVR�FDUULHG�RXW��7KH��'�SULQWHG�PRGHOV�ZHUH�QRW�DGHTXDWH�
DQG�UHVXOWHG�LQ�DQ�LQFRPSOHWH�SURGXFW�ZKHQ�FRPSDUHG�WR�WKH�SURGXFWV�WKDW�WKH�RWKHU�JURXSV�
PDQXIDFWXUHG��EXW�VWLOO�VXIILFLHQWO\�IXOILOOHG�WKH�DVVHVVPHQW�EULHI���
 
 
OVERALL FINDINGS 
�
7KH�DSSOLFDWLRQ�RI�&',2�SULQFLSOHV� WKURXJKRXW� WKH�HQJLQHHULQJ� FRXUVH�HQDEOHG� VWXGHQWV� WR�
HQKDQFH� WKHLU� FULWLFDO� WKLQNLQJ� VNLOOV� LQ� WKH� GHVLJQ� DQG� EXLOG� RI� HQJLQHHULQJ� SURGXFWV� DQG�
V\VWHPV��$OWKRXJK�WKH�FDVH�VWXGLHV�GLVFXVV�ILYH�JURXSV��ILQGLQJV�ZHUH�DSSOLFDEOH�WR�DOO�WZHOYH�
JURXSV�LQYROYHG�LQ�WKH�FRXUVH��7KH�ILQGLQJV�GHPRQVWUDWHG�YDU\LQJ�FDSDELOLWLHV�DQG�SHUIRUPDQFH�
GHJUHHV�DFURVV�WKH�JURXSV��EXW�WKH�SRVLWLYH�LPSDFW�RI�&',2�SULQFLSOHV�ZDV�HYLGHQW�LQ�DOO�JURXSV���
�
7KH�EDVLF�SULQFLSOHV�RI�&',2�ZHUH�HYLGHQW�LQ�WKH�ILYH�JURXSV�XQGHU�VWXG\��ZLWK�NQRZOHGJH�RI�
WHFKQLFDO� DQG� SURIHVVLRQDO� HQJLQHHULQJ� FRQFHSWV� DQG� SUDFWLFHV� EHLQJ� GHPRQVWUDWHG�� (DFK�
JURXS� KDG� LWV� VWUHQJWKV� DQG� ZHDNQHVVHV�� DQG� WKH� VWUHQJWKV� ZHUH� URRWHG� LQ� SURIHVVLRQDO�
HQJLQHHULQJ�SUDFWLFHV��(OHPHQWV�VXFK�DV�PDUNHW�DQDO\VHV��GHWDLOHG�)($�DQG�&$0�SURFHVVHV��
ULVN�DVVHVVPHQWV��DQG�WKH�XVH�RI�4)'V�ZHUH�DOO�WRXFKHG�RQ��:LWK�PRUH�WUDLQLQJ��VWXGHQWV�ZLOO�
PDVWHU�WKHVH�DQG�RWKHU�UHOHYDQW�VNLOOV�ZHOO�EHIRUH�WKH\�DUH�UHDG\�WR�SXUVXH�WKHLU�IXWXUH�FDUHHU�
DV�HQJLQHHUV��$OVR��WKH�LQFRUSRUDWLRQ�RI�FURVV�GLVFLSOLQDU\�FROODERUDWLRQ�WKURXJKRXW�WKH�FRXUVH�
FDQ� SURYH� ERWK� FKDOOHQJLQJ� DQG� EHQHILFLDO� IRU� WKH� VWXGHQWV�� 'HVSLWH� SRWHQWLDO�
PLVFRPPXQLFDWLRQV��GLYHUVLW\�RI� WKRXJKW�DQG�HTXDO�RSSRUWXQLWLHV�EULQJ�YDOXDEOH�VROXWLRQV�WR�
HQJLQHHULQJ�SUREOHPV�WKDW�FDQ�EULQJ�QHZ�KRUL]RQV�WR�WKH�HQJLQHHULQJ�VHFWRU���
�
�
STUDENT SURVEY 
 
7R�JLYH�D�VWURQJHU�FDVH�IRU�&',2��D�VXUYH\�ZDV�GHVLJQHG�EDVHG�RQ�WKH�$+(3�����OHDUQLQJ�
RXWFRPHV�IRU�ILUVW�\HDU�VWXGHQWV��WR�GHWHUPLQH�WKH�VNLOOV�DFTXLUHG�LQ�WKLV�DFDGHPLF�\HDU��7KH�
PDLQ�VNLOOV�DFTXLUHG�ZHUH��GHVLJQLQJ�IRU�LQWHJUDWLRQ�WR�VWDQGDUG�FRPSRQHQWV��IL[HV�DQG�ILWWLQJV��
HQJLQHHULQJ� PRGHOOLQJ� HQJLQHHULQJ� PHDVXUHPHQW�� HQJLQHHULQJ� SUREOHP� LGHQWLILFDWLRQ��
HQJLQHHULQJ�ILQLWH�HOHPHQW�DQDO\VLV��DQG�HQJLQHHULQJ�FRPSXWHU�DLGHG�PDQXIDFWXULQJ��6NLOOV�OLNH�
LQFOXVLYH�GHVLJQ�RU�ILQLVK�SURFHVVHV�KDG�WKH�ORZHVW�VFRUHV��ZKLFK�LQ�IXWXUH�PRGXOH�LWHUDWLRQV�
ZLOO�EH�DGGUHVVHG�E\�SURPRWLQJ�VWXGHQWV�WR� LPSURYH�WKHLU�GHVLJQ�WKURXJK�V\VWHPDWLF�UHYLHZ�
DQG�IRUPDWLYH�IHHGEDFN�IURP�WKH�DFDGHPLFV���
 

�
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�
�

)LJXUH����6XUYH\�UHVXOWV�IRU�WHFKQLFDO�VNLOOV�DFTXLUHG�
�
7KH�JUDSK�EHORZ�VKRZV�WKH�HPSOR\DELOLW\�VNLOOV�DFTXLUHG�E\�WKH�HQG�RI�WKH�PRGXOH��
�

�
�

)LJXUH����6XUYH\�UHVXOWV�IRU�HPSOR\DELOLW\�VNLOOV�DFTXLUHG�
 
7KH�PDLQ� HPSOR\DELOLW\� VNLOOV� DFTXLUHG�ZHUH�� WHDPZRUNLQJ�� SUREOHP� LGHQWLILFDWLRQ�� SUREOHP�
VROYLQJ�� UHVHDUFK�� WLPH� PDQDJHPHQW�� RUJDQLVDWLRQ�� OHDGHUVKLS�� DQDO\VLV�� HQWUHSUHQHXUVKLS��
LQQRYDWLRQ��DQG�SURMHFW�PDQDJHPHQW��6NLOOV�VXFK�DV�QHJRWLDWLRQ��SHUVXDVLRQ��DQG�FRQILGHQFH�
VFRUHG�ORZO\��ZKLFK�LV�FRPPRQ�LQ�VWXGHQWV�DGMXVWLQJ�WR�WKH�DFDGHPLF�HQYLURQPHQW���
�
7KH� JUDSK� WKDW� IROORZV� VKRZV� WKH� SURSRUWLRQ� RI� VWXGHQWV� ZKR� KDYH� DSSOLHG� SHUVRQDO�
GHYHORSPHQWDO� SUDFWLFHV� LQ� OLQH� ZLWK� (QJLQHHULQJ� &RXQFLO� $FFUHGLWDWLRQ� +LJKHU� (GXFDWLRQ�
3URJUDPPHV��$+(3������JXLGHOLQHV��(QJLQHHULQJ�&RXQFLO���������
�

�
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�
�

)LJXUH����6XUYH\�UHVXOWV�IRU�RWKHU�VNLOOV�DFTXLUHG�
 
:RUNLQJ�DV�DQ�LQGLYLGXDO�DQG�D�PHPEHU�RI�D�WHDP��DSSO\LQJ�NQRZOHGJH�RI�HQJLQHHULQJ�DQG�
SURMHFW� PDQDJHPHQW� WR� WKH� SURMHFW�� DQG� DQDO\VLQJ� SUREOHPV� DQG� UHDFKLQJ� VXEVWDQWLDO�
FRQFOXVLRQV�ZHUH�WKH�WKUHH�PDLQ�VNLOOV�WKDW�ZHUH�DSSOLHG�E\�VWXGHQWV��2WKHU�VNLOOV�OLNH�PLWLJDWLQJ�
VHFXULW\� ULVNV�� HYDOXDWLQJ� WKH� HQYLURQPHQWDO� DQG� VRFLDO� LPSDFW� RI� SUREOHP� VROXWLRQV�� DQG�
UHFRJQLVLQJ�WKH�LPSRUWDQFH�RI�HTXDOLW\��GLYHUVLW\��DQG�LQFOXVLRQ�LQ�WKH�ZRUNSODFH�FDQ�DOVR�EH�
GHYHORSHG��3HUKDSV�VWXGHQWV�DUH�NHHQHU�RQ�OHDUQLQJ�DQG�LPSOHPHQWLQJ�WHFKQLFDO�VNLOOV�RYHU�
VRFLDO�DQG�HPSOR\DELOLW\�VNLOOV��EHFDXVH�WKLV�LV�ZKDW�HQJLQHHUV�DUH�SULPDULO\�NQRZQ�IRU��DQG�WKLV�
QHHGV�WR�EH�DGGUHVVHG�LQ�OLJKW�RI�WKH�HYHU�FKDQJLQJ�GHPDQGV�RI�JOREDOLVDWLRQ��1*(&���������
�
7KH�JUDSK�EHORZ�VKRZV�WKH�IHHGEDFN�IURP�VWXGHQWV�DERXW�WKHLU�RYHUDOO�H[SHULHQFH�LQ�WKHLU�ILUVW�
HQJLQHHULQJ�DFDGHPLF�\HDU��ZKLFK�DUH�RYHUO\�SRVLWLYH��ZLWK�PRVW�VWXGHQWV�ILQGLQJ�LW�JRRG��XVHIXO��
VDWLVI\LQJ��KHOSIXO��DQG�H[FHOOHQW��)HZ�IRXQG�LW�FKDOOHQJLQJ��DQG�QR�RQH�IRXQG�LW�GLIILFXOW���

�
)LJXUH����$�JUDSK�VKRZLQJ�WKH�VXUYH\�UHVXOWV�IRU�WKH�RYHUDOO�IHHOLQJ�DERXW�WKH�SURMHFW�

�
7KH� HYLGHQFH� GHPRQVWUDWHV� GLVFUHSDQFLHV� LQ� WKH� VWXGHQWV¶� DELOLWLHV� WR� HYDOXDWH� WKHLU�
SHUIRUPDQFH�LQ�OHDGHUVKLS��GLVFXVVLRQ�VNLOOV�DQG�VHOI�FRQILGHQFH�DWWULEXWHV��7KHVH�ILQGLQJV�FDQ�
DVVLVW�HGXFDWRUV�LQ�FORVLQJ�WKH�JDS�EHWZHHQ�SHUFHSWLRQ�DQG�H[SHULHQFH�WR�VXSSRUW�OHDUQHUV�LQ�
WKHLU�ZHDN�DUHDV�DQG�SURYLGH�JURZWK�RSSRUWXQLWLHV�DORQJ�WKHLU�DFDGHPLF�MRXUQH\V��$V�SHU�WKH�
&',2¶V�WKLUG�VWDQGDUG�VHOI�DVVHVVPHQW�UXEULF�� WKH� LWHUDWLYH� LPSURYHPHQW�DQG�UHYLVLRQ�RI� WKH�
FRXUVH��EDVHG�RQ�VWXGHQWV�IHHGEDFN�FRUUHVSRQGV�WR�WKH�OHYHO���RI�WKH�FRPSOLDQFH�UXEULF����

�
��
��
��
��
��
��
��
��
��

$S
SO\
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FH
�«
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STUDENT ATTAINMENT RESULTS 
7KLV�UHVHDUFK�RIIHUV�D�XQLTXH�RXWORRN�RQ�WKH�FRQWULEXWLQJ�IDFWRUV�WR�VWXGHQWV¶�SHUIRUPDQFH�DQG�
HQJDJHPHQW�DFURVV�DOO� WKUHH�\HDUV��7KH�ILUVW�\HDU�ZDV�YRLG�RI� LQGXVWU\�HQJDJHPHQW�DQG�QR�
LQFHQWLYH� ZDV� LQ� SODFH�� ,Q� WKH� VHFRQG� DQG� WKLUG� \HDUV�� LQGXVWU\� OHG� &',2� SURMHFWV� ZHUH�
LQWURGXFHG�WR�RIIHU�VWXGHQWV�WKH�RSSRUWXQLW\�RI�ZRUNLQJ�RQ�UHDO�ZRUOG�SURMHFWV��7KH�WKLUG�\HDU�
DOVR�EHQHILWHG�IURP�FDVK�SUL]H�LQFHQWLYHV�WR�WKH�EHVW�SURMHFW�RXWSXW�7KH�JUDSK�EHORZ�VKRZV�
KRZ�GLIIHUHQW�VWXGHQW�IURP�GLIIHUHQW�GHPRJUDSKLFV�SHUIRUPHG�LQ�WKH�DVVLJQPHQW�LQ�WKH������
�����DFDGHPLF�\HDU��LW�LOOXVWUDWHV�WKH�ILUVW�WLPH�SDVV�UDWHV��
�

�
 

)LJXUH����$WWDLQPHQW�ILUVW�WLPH�SDVV�UDWHV�IRU�GLIIHUHQW�GHPRJUDSKLFV������������ 
�
7KH�UHVXOWV�VKRZ�WKDW� WKH�DWWDLQPHQW� UDWHV� IRU�DOO� WKH�JURXSV�ZHUH�KLJK��ZLWK� WKH�EODFN�DQG�
$VLDQ�PLQRULW\�HWKQLF��%$0(��JURXS�KDYLQJ�WKH�ORZHVW�JURXS�ILUVW�WLPH�SDVV�UDWH�DW������VWLOO�
DERYH� 8.� QRUP��� DQG� ERWK� PDWXUH� DQG� WLHU� �� YLVD� VWXGHQWV� KDYLQJ� ����� ILUVW�WLPH� SDVV�
DWWDLQPHQW� UDWHV�� )XWXUH� UHVHDUFK� VKRXOG� LQYHVWLJDWH� WKH� XQGHUSLQQLQJ� SUREOHPV� DQG� VHHN�
UHPHGLDO�DFWLRQ��7KH�JUDSK�LQ�WKH�QH[W�ILJXUHV�����DQG�����VKRZV�UHVXOWV�LQ�WKH�IROORZLQJ�\HDU��
ZLWK�D�QRWDEOH�GLIIHUHQFH�EHLQJ�WKH�XVH�RI�DQ�LQFHQWLYH�IRU�JRRG�SHUIRUPHUV��
�
 

 
 

)LJXUH�����$YHUDJH�PDUNV�IRU�GLIIHUHQW�GHPRJUDSKLFV������������ 

�
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�

�
)LJXUH�����3DVV�DQG�IDLO�UDWHV�IRU�GLIIHUHQW�GHPRJUDSKLFV�IRU�����������

 
7KH�GDWD�VKRZV�WKDW��XVLQJ�&',2��PDWXUH�VWXGHQWV�SHUIRUPHG�VLJQLILFDQWO\�EHWWHU� WKDQ�WKHLU�
\RXQJHU�FRXQWHUSDUWV��EXW�SHUIRUPDQFHV�EHWZHHQ�RWKHU�JURXSV�DUH�FORVHU��ZKLFK�LV�D�SRVLWLYH�
RXWFRPH�LQ�FORVLQJ�WKH�%$0(�DWWDLQPHQW�JDS��7KLV�DWWDLQPHQW�JDS�EHWZHHQ�%$0(�DQG�QRQ�
%$0(�VWXGHQWV�LV�����RU�PRUH�LQ�WKH�8.��1RUWFOLIIH�HW�DO����������0DOH�VWXGHQWV�SHUIRUPHG�
VOLJKWO\�EHWWHU�WKDQ�IHPDOH�VWXGHQWV��GLVDEOHG�VWXGHQWV�SHUIRUPHG�PDUJLQDOO\�EHWWHU�WKDQ�QRQ�
GLVDEOHG�VWXGHQWV��7KH�XVH�RI�DQ�LQFHQWLYH�DOVR�VKRZV�SURPLVLQJ�UHVXOWV�ZLWK�GLVDEOHG�SHRSOH�
DQG�%$0(�VWXGHQWV� UHFRUGLQJ������SDVV�UDWHV��7KH�UHVXOWV� IRU� WKH� IROORZLQJ�\HDU� IROORZ�D�
VLPLODU�WUHQG�DV�VKRZQ�EHORZ��
 

 
�
)LJXUH�����)LUVW�WLPH�SDVV�UDWHV�IRU�GLIIHUHQW�GHPRJUDSKLFV�IRU�WKH�����������DFDGHPLF�\HDU�
 
 

�
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�

)LJXUH�����$YHUDJH�PDUNV�IRU�GLIIHUHQW�GHPRJUDSKLFV�������������
 
7KHUH�DUH�QR�QRWDEOH�GLIIHUHQFHV�EHWZHHQ�PDUNV�DQG�WKH�SUHYDLOLQJ�SURWHFWHG�FKDUDFWHULVWLFV�
ZKHQ�FRPSDUHG�WR�WKH�SUHYLRXV�DFDGHPLF�\HDU��7KH�RQO\�GLIIHUHQFH�LV�WKDW�WKH�PDUNV�DUH�KLJKHU�
LQ�DOO�FDVHV�H[FHSW� LQ� WKH�FDVH�RI� WKH�XQGHU���V��ZKHUH�WKH�DYHUDJH�PDUN� LV� ORZHU��)XUWKHU�
UHVHDUFK�LV�UHTXLUHG�WR�GHWHUPLQH�WKH�FDXVH�DQG�HIIHFW�DQG�WKH�DSSURSULDWH�DFWLRQV�� 
 
 
CONCLUSION 
 
,Q�FRQFOXVLRQ��WKH�UHVXOWV�RI�XVLQJ�WKH�&',2�DUH�FOHDU��DV�VKRZQ�LQ�WKH�ILYH�UHSRUWV��DQG�WKH�
OHYHO�RI�HQJDJHPHQW�E\�VWXGHQWV�RQ�WKLV�HQJLQHHULQJ�FRXUVH�DQG�WKRVH�WKDW�ZHUH�DQDO\VHG�LQ�
WKH� VXUYH\V� LV� KLJK�� 7KH� PDLQ� SRLQWV� RI� WKLV� WHDFKLQJ� DQG� OHDUQLQJ� PHWKRG�� FRQFHLYLQJ��
GHVLJQLQJ��LPSOHPHQWLQJ��DQG�RSHUDWLQJ��ZHUH�DOO�VXFFHVVIXOO\�LQGLFDWHG�LQ�WKH�ILYH�UHSRUWV�WKDW�
ZHUH�DQDO\VHG��DOEHLW�DW�GLVWLQFW�OHYHOV��
�
7KH�FRPSDUDWLYH�DQDO\VLV�RI�WKH�OHDUQLQJ�RXWFRPHV�ZLWK�WKH�$+(3�����UHTXLUHPHQWV�LOOXVWUDWHV�
WKDW� DOO� ILYH� JURXSV� GHPRQVWUDWHG� JRRG� NQRZOHGJH� DQG� DSSOLFDWLRQ� RI� PDWKHPDWLFDO��
HQJLQHHULQJ��DQG�QDWXUDO�VFLHQFH�SULQFLSOHV� WR� WKH�GHVLJQ�DQG�SURGXFWLRQ�SUREOHP��3UREOHP�
VROYLQJ�DQG�DQDO\WLFDO�VNLOOV�ZHUH�DOVR�HYLGHQW��DOWKRXJK��IXUWKHU�XVH�RI�WHFKQLFDO�OLWHUDWXUH�FRXOG�
VXSSRUW�VFLHQWLILF� MXVWLILFDWLRQ��7KH�IRXUWK�UHSRUW� LQ�SDUWLFXODU� ODFNHG�VLJQLILFDQWO\�LQ�WKLV�DUHD��
GHVSLWH�WKH�JRRG�WHFKQLFDO�ZRUN�GRQH��7KH�SURGXFWV�ZHUH�PHWLFXORXVO\�GHVLJQHG�DQG�LOOXVWUDWHG��
EXW�VRPH�RI�WKH�JURXSV�GLG�QRW�SURSHUO\�VKRZ�KRZ�WKH\�DUULYHG�DW�WKHLU�FKRVHQ�FRQFHSWV��7KH�
JURXSV�GLG�ZHOO�JHQHUDOO\�ZKHQ�LW�FDPH�WR�DGGUHVVLQJ�WKH�VRFLDO�DVSHFWV�RI�WKH�SURMHFW��VXFK�
DV�GHVLJQLQJ�WKH�SURGXFW�DJDLQVW�IRUFHG�HQWU\�DQG�FDUU\LQJ�RXW�ULVN�DVVHVVPHQWV�WR�PLWLJDWH�RU�
HOLPLQDWH� KD]DUGV� DW� WKH� ZRUNSODFH�� )XUWKHU� SUDFWLFH� ZLOO� HQDEOH� WKHVH� VWXGHQWV� WR� EHWWHU�
DGGUHVV�LVVXHV�VXFK�DV�HWKLFV��VXVWDLQDELOLW\��DQG�GLYHUVLW\��(QJLQHHULQJ�&RXQFLO��S���������7KH�
XVH�RI�FRQWHPSRUDU\�HQJLQHHULQJ�WHFKQRORJLHV�ZDV�GHPRQVWUDWHG�ZHOO�E\�DOO�WKH�JURXSV��DQG�
ZLWK�PRUH�SUDFWLFH�� WKHLU�XVDJH�ZLOO� LPSURYH� LQ�TXDOLW\�DQG�SURIHVVLRQDOLVP��&RPPXQLFDWLRQ�
FRXOG�EH�LPSURYHG��HVSHFLDOO\�ZKHQ�UHSRUW�IRUPDWWLQJ�DQG�SUHVHQWDWLRQ�DUH�LPSURYHG��2YHUDOO��
DOO�JURXSV�DFKLHYHG�WKH�OHDUQLQJ�RXWFRPHV�RXWOLQHG�LQ�$+(3����¶V�JXLGHOLQHV��ZKLFK�FDQ�EH�
DWWULEXWHG�WR�WKH�XVH�RI�&',2��
�
$PHOLRUDWLRQ� RI� VWXGHQW� SHUIRUPDQFH� DQG� HQJDJHPHQW� LV� RQO\� SRVVLEOH� WKURXJK� D� VWUDWHJLF�
DSSURDFK�HQFRPSDVVLQJ�WKH�IROORZLQJ�FRQVLGHUDWLRQV���

�
���



3URFHHGLQJV�RI�WKH���WK�,QWHUQDWLRQDO�&',2�&RQIHUHQFH��KRVWHG�E\�1718��7URQGKHLP��1RUZD\��-XQH��������������

D�� 3HULRGLF�DVVHVVPHQW�WR�HYDOXDWH�VWXGHQWV¶�ZHDNQHVVHV�WKDW�FDQ�EH�DGGUHVVHG�LQ�
WDLORUHG�WXWRULDOV�RU�RQH�WR�RQH�VXSSRUW�VHVVLRQV�GHVLJQHG�WR�PHHW�HYHU\�VWXGHQWV¶�SDUWLFXODU�
QHHG�WR�SHUIRUP�WKHLU�EHVW���
E�� ,QWHJUDWLRQ�RI�SUREOHP�EDVHG�OHDUQLQJ�LQ�WKH�GHOLYHU\�SURJUDP�WR�HQVXUH�VWXGHQWV�JDLQ�
LQ�GHSWK�XQGHUVWDQGLQJ�RI�HQJLQHHULQJ�IXQGDPHQWDOV�DQG�WKHLU�DSSOLFDWLRQ�LQ�SUDFWLFH���
F�� ,QFRUSRUDWH�WUDLQLQJ�IRU�LQWHUSHUVRQDO�VNLOOV�LQFOXGLQJ�WLPH�PDQDJHPHQW��DQG�
SURGXFWLYH�VWXG\LQJ�PHWKRGV��ZKHUH�D�JURZWK�PLQGVHW�LV�HQFRXUDJHG�WR�HQDEOH�VWXGHQWV�
RYHUFRPH�FKDOOHQJHV�WKURXJKRXW�WKHLU�DFDGHPLF�DQG�SURIHVVLRQDO�OLYHV����
G�� 3URYLGH�DFFHVV�WR�YDULRXV�WHDFKLQJ�PDWHULDOV��LQFOXGLQJ�GLJLWDO�WRROV�WR�HPSRZHU�
VWXGHQWV�DQG�FUHDWH�D�VDIH�VSDFH�IRU�DQ\RQH�VWUXJJOLQJ�ZLWK�SK\VLFDO�RU�PHQWDO�FKDOOHQJHV�
WKDW�PD\�LPSHGH�WKHLU�OHDUQLQJ�DELOLWLHV���
H�� 3URPRWH�FROODERUDWLRQ�DQG�WHDPZRUN�DPRQJVW�VWXGHQWV�WR�GHYHORS�D�SURGXFWLYH�
HQYLURQPHQW�ERWK�LQVLGH�DQG�RXWVLGH�WKH�FODVVURRP��ZKHUH�SHHU�VXSSRUW�JLYHV�SRZHU�WR�WKRVH�
ZLWK�ORZHU�SHUIRUPDQFHV�DQG�ERRVWV�HQWKXVLDVP�DPRQJVW�DOO�VWXGHQWV���
I�� &RQGXFWLQJ�UHJXODU�IHHGEDFN�VHVVLRQV�FRXSOHG�ZLWK�PRQLWRULQJ�VWXGHQWV¶�SURJUHVV�
FDQ�VXSSRUW�LPSURYLQJ�GHOLYHU\�VWUDWHJLHV�DQG�LGHQWLILHV�DQ\�QHHG�IRU�IXUWKHU�UHVRXUFHV�
UHTXLUHG�E\�WKH�LQVWLWXWLRQ�WR�VXSSRUW�DOO�OHDUQHUV���
�
7KH� DERYHPHQWLRQHG� FRQVLGHUDWLRQV� FDQ� HQVXUH� DQ� DOO�HQFRPSDVVLQJ� DSSURDFK� WRZDUGV�
LPSURYLQJ�WKH�OHDUQLQJ�RI�XQGHUSHUIRUPLQJ�VWXGHQWV��7KH�UHVHDUFK�DOVR�KLJKOLJKWV�WKH�SRVLWLYH�
LPSDFW� RI� LQFHQWLYHV� RQ� WKH� VWXGHQWV¶� DWWDLQPHQW� UHVXOWV�� KRZHYHU�� PRUH� WHVW� VDPSOHV� DUH�
UHTXLUHG�IRU�D�PRUH�UHOLDEOH�LQIHUHQFH��ZKLFK�FDQ�EH�DGGUHVVHG�E\�IXWXUH�UHVHDUFK��
 
 
FINANCIAL SUPPORT ACKNOWLEDGEMENTS 
 
7KH�DXWKRUV�UHFHLYHG�QR�ILQDQFLDO�VXSSRUW�IRU�WKLV�ZRUN��
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Appendix A 

�
�

)LJXUH�$���$�WDEOH�VKRZLQJ�WKH�VFLHQFH��HQJLQHHULQJ��DQG�PDWKHPDWLFV�OHDUQLQJ�RXWFRPHV�IRU�
VWXGHQWV�VWXG\LQJ�DW�EDFKHORUV¶�OHYHO�DQG�EHORZ��(QJLQHHULQJ�&RXQFLO��������

�

�
�

)LJXUH�$���$�VXPPDU\�RI�WKH�SUREOHP�VROYLQJ�DQG�DQDO\WLFDO�OHDUQLQJ�RXWFRPHV�IRU�EDFKHORU�
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PRGHOOLQJ��%LJ�'DWD�DQDO\WLFV� LQ�PDQXIDFWXULQJ��GDWD�PLQLQJ�DQG�PDFKLQH� OHDUQLQJ��6DOPDQ�
KDV�EHHQ�LPSOHPHQWLQJ�WKH�&',2�PHWKRGRORJ\�LQWR�YDULRXV�HQJLQHHULQJ�PRGXOHV�DW�&&&8� 
�
Dr Nikdokht Ghadiminia��LV�D�VHQLRU�OHFWXUHU�LQ�%XLOW�(QYLURQPHQW�DW�WKH�6FKRRO�RI�(QJLQHHULQJ��
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