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ABSTRACT 
�
7KLV�SDSHU�GHWDLOV�WKH�GHYHORSPHQW�DQG�HYROXWLRQ�RI�D�UHYHUVH�HQJLQHHULQJ�SURMHFW�XQGHUWDNHQ�
E\� DOO� ILUVW�\HDU� HQJLQHHULQJ� VWXGHQWV� DW� 1RWWLQJKDP� 7UHQW� 8QLYHUVLW\� �178��� 7KH� SDSHU�
HODERUDWHV�RQ�KRZ�WKH�WHDFKLQJ�DQG�DVVHVVPHQW�PHWKRGV�XVHG�LQ�WKH�SURMHFW�FDQ�EH�XWLOLVHG�
WR�HQKDQFH�VWXGHQW�DV�ZHOO�DV�WHDFKLQJ�VWDII�FRPSHWHQFH��,W�LV�DUJXHG�WKDW�WHFKQLFDO�VWDII�SOD\�
D�YLWDO�UROH�LQ�VXSSRUWLQJ�DQG�GHOLYHULQJ�SURMHFW�EDVHG�OHDUQLQJ�DQG�DUH�OLNHO\�WR�UHFHLYH�PRUH�
VWXGHQW� IHHGEDFN� RXWVLGH� RI� IRUPDO� VWXGHQW� VXUYH\V�� &RQVHTXHQWO\�� LQFUHDVHG� WHFKQLFLDQ�
LQYROYHPHQW�LQ�WKH�GHYHORSPHQW�RI�WKH�SURMHFW�LV�XWLOLVHG�LQ�WKH�KRSHV�RI�EHWWHU�FDSWXULQJ�VWXGHQW�
OHDUQLQJ�QHHGV�DQG�HQVXULQJ�VWXGHQWV�DUH�JLYHQ�D�JRRG�ILUVW� LQWURGXFWLRQ�WR�XVLQJ�KDQG�DQG�
PHDVXUHPHQW�WRROV��6LPXOWDQHRXVO\��GHOLYHULQJ�VXFK�D�SURMHFW�UHTXLUHV�WKH�VWDII�WR�OHDUQ�QHZ�
WRROV� DQG� DFTXLUH� UHOHYDQW� VNLOOV�� WKHUHE\� HQKDQFLQJ� IDFXOW\� FRPSHWHQFH�� ,QVWHDG� RI� XVLQJ�
PXOWLSOH��VPDOOHU�DQG�GLVFLSOLQH�VSHFLILF�GHYLFHV�UHSRUWHG�SUHYLRXVO\��D�VLQJOH�DQG�ODUJHU�GHYLFH�
LV�UHYHUVH�HQJLQHHUHG�DFURVV�DOO�GLVFLSOLQHV�IRU�WKH�SURMHFW�DW�KDQG��5HYHUVH�HQJLQHHULQJ�WKH�
VDPH�GHYLFH�DFURVV�GLVFLSOLQHV�LV�SURSRVHG�DV�D�PHDQV�WR�PRYH�DZD\�IURP�HQJLQHHULQJ�VLORV�
E\� XQLI\LQJ� WKH� WRROV� XVHG� DQG� WKH� VNLOOV� JDLQHG� GXULQJ� WKH� SURMHFW�� )XUWKHUPRUH�� VWXGHQW�
IHHGEDFN�DQG�WHFKQLFLDQ�SHUVSHFWLYHV�DUH�SUHVHQWHG�WR�SDLQW�D�KROLVWLF�SLFWXUH�RI�WKH�GHOLYHU\�
RI� WKH� SURMHFW� IURP� WKH� VWDQGSRLQW� RI� VWXGHQWV�� WHFKQLFLDQV� DQG� WKH� DFDGHPLF�� )LQDOO\��
UHFRPPHQGDWLRQV�DUH�SXW�IRUWK�RQ�KRZ�WR�IXUWKHU�LPSURYH�WKH�GHOLYHU\�RI�VXFK�D�SURMHFW�DQG�
LQFUHDVH�WHFKQLFDO�VWDII�LQYROYHPHQW�LQ�DQ�HQJLQHHULQJ�FXUULFXOXP��
�
�
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�
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�
INTRODUCTION  
�
1RWWLQJKDP�7UHQW�8QLYHUVLW\��178��HVWDEOLVKHG�D�QHZ�HQJLQHHULQJ�GHSDUWPHQW�LQ������ZLWK�D�
PRGHUQ�DSSURDFK�WR�GHOLYHULQJ�HQJLQHHULQJ�HGXFDWLRQ��7KH�DSSURDFK�DFNQRZOHGJHV�WKDW�LW�LV�
HVVHQWLDO�WR�GHYHORS�WKH�JHQHUDO�VNLOOV�RI�IXWXUH�HQJLQHHUV�DORQJ�ZLWK�VSHFLDOLVHG�VNLOOV��6X]XNL�
HW�DO����������7KH�GHOLYHU\�RI�WKLV�FXUULFXOXP�LV�EXLOW�XSRQ���SLOODUV���
�

��� Tools:�*UDGXDWH�HQJLQHHUV�KDYH�VXLWDEOH�WRRONLW�WR�WDFNOH�HQJLQHHULQJ�FKDOOHQJHV�
��� Skills:�*UDGXDWH�HQJLQHHUV�KDYH�QHFHVVDU\�VNLOOV�WR�HIIHFWLYHO\�XVH�HQJLQHHULQJ�WRROV�
��� Creativity:�*UDGXDWH�HQJLQHHUV�KDYH�WKH�GHVLUH�WR�SXW�IRUWK�FUHDWLYH�LGHDV�RQ�ZKLFK�

WKH\�XVH�WKHLU�VNLOOV�
��� Delivery:�*UDGXDWH�HQJLQHHUV�KDYH�KDG�H[SHULHQFH�RI�WDNLQJ�WKHLU�FUHDWLYH�LGHDV�IURP�

FRQFHSW�WR�SURGXFWLRQ�LQ�D�WLPHO\�DQG�RUJDQLVHG�PDQQHU��
�

�
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(QJLQHHUV� LQ�WKH�LQGXVWU\�FDQ�RIWHQ�ILQG�WKHPVHOYHV�ZRUNLQJ�ZLWK�XQFKDUWHUHG��RSHQ�HQGHG��
DQG�FRPSOH[�SUREOHPV��-RQDVVHQ�HW�DO���������=KX�HW�DO����������7KHUHIRUH��WKH�HQJLQHHULQJ�
FXUULFXOXP�DW�178� IRFXVHV�RQ�H[SHULHQWLDO� OHDUQLQJ�±�DOORZLQJ�VWXGHQWV� WR�ZRUN�RQ�VHYHUDO�
SURMHFWV��WR�JLYH�WKHP�DQ�H[SHULHQFH�RI�ZKDW�UHDO�ZRUOG�HQJLQHHULQJ�FKDOOHQJHV�PLJKW�ORRN�OLNH��
7KLV�LV�WKH�RSSRVLWH�RI�WUDGLWLRQDO��GLGDFWLF�OHDUQLQJ��*DGROD�	�&KLQGDPR��������DQG�LQVWUXFWRUV�
LQYROYHG�LQ�GHOLYHULQJ�WKLV�W\SH�RI�OHDUQLQJ�DLP�WR�IDFLOLWDWH�VWXGHQW�OHDUQLQJ�DV�RSSRVHG�WR�DFWLQJ�
DV�PHUH�WUDQVPLWWHUV�RI�LQIRUPDWLRQ��7KHUH�LV�DQ�DEXQGDQFH�RI�OLWHUDWXUH�WR�VXSSRUW�WKH�HIILFDF\�
RI�SURMHFW�EDVHG�OHDUQLQJ�LQ�LPSURYLQJ�VWXGHQWV¶�FROODERUDWLRQ�VNLOOV��FRPPXQLFDWLRQ��DFDGHPLF�
DFKLHYHPHQW�DQG�OHDUQLQJ�PRWLYDWLRQ��&KHQ�	�<DQJ��������+PHOR�6LOYHU��������5DOSK��������
<DGDY�HW�DO�����������
�
,W�KDV�EHHQ�DUJXHG�WKDW�WKH�VWXGHQWV¶�ZHOOEHLQJ�DQG�VRFLDO�FRPSHWHQFLHV�ZLWKLQ�D�WHDP�WDNHV�
SUHFHGHQFH�RYHU�DFDGHPLF�DFKLHYHPHQW�LQ�WKH�GHOLYHU\�RI�TXDOLW\�SURMHFW�ZRUN��)ODUXS�	�:LYHO��
������� ,QGHHG�� JUDGXDWHV� ZLWK� PDUNHW�RULHQWHG� VNLOOV�� VXFK� DV� PDQDJLQJ� SURMHFWV��
FRPSUHKHQVLRQ� RI� HQJLQHHULQJ� HFRQRPLFV�� WHDPZRUNLQJ� VNLOOV�� DQG� �RU�� FRPSHWHQFH� XVLQJ�
HQJLQHHULQJ�WRROV�DUH�PRUH�GHVLUDEOH�IRU�HPSOR\HUV��<DQJ���������,Q�WKH�SXUVXLW�RI�SURGXFLQJ�
KLJK�TXDOLW\�DQG�HPSOR\DEOH�JUDGXDWH�HQJLQHHUV��EXGGLQJ�HQJLQHHUV�QHHG�WR�EH�SXW�LQ�OHDUQLQJ�
HQYLURQPHQWV�WKDW�DOORZ�WKHP�WR�OHDUQ�D�PXOWLWXGH�RI�VNLOOV�VLPXOWDQHRXVO\��3UHYLRXV�UHVHDUFK�
KDV�VKRZQ�WKDW�VXFK�D�OHDUQLQJ�HQYLURQPHQW�LV�DFKLHYDEOH�WKURXJK�WKH�LPSOHPHQWDWLRQ�RI�&',2�
VWDQGDUGV� �%XWW�	�6LHJNDV��������'HZHFN�HW�DO���������0D]LQL�HW�DO���������6LHJNDV��������
<DQJ��������
�
$�UHFXUULQJ�LVVXH�LQ�HQJLQHHULQJ�HGXFDWLRQ�LV�WKH�UHLQIRUFHPHQW�RI�GLVFLSOLQDU\�VLORV��)LW]SDWULFN�
HW�DO���������+RRSOH�HW�DO����������7KH�HYHU�FKDQJLQJ�ODQGVFDSH�RI�PRGHUQ�WHFKQRORJLHV�LQ�WKH�
IRXUWK�LQGXVWULDO�UHYROXWLRQ�KDV�EURXJKW�LQWHUGLVFLSOLQDULW\�IURQW�DQG�FHQWUH��5R\�	�5R\��������
DQG�KLJKOLJKWV�WKH�LPSRUWDQFH�RI�SURGXFLQJ�HQJLQHHUV�ZLWK�GLYHUVH�H[SHUWLVH�UDWKHU�WKDQ�EHLQJ�
GLVFLSOLQH� VSHFLILF� H[SHUWV�� 0RUHRYHU�� LW� LV� REYLRXV� WKDW� FRQWHPSRUDU\� DQG� IXWXUH� JUDQG�
FKDOOHQJHV�DUH�QRW�OLPLWHG�WR�VSHFLILF�GLVFLSOLQHV�DQG�UHTXLUH�DQ�LQWHUGLVFLSOLQDU\�DSSURDFK�WR�
FUHDWH�LQQRYDWLYH�VROXWLRQV��
�
,Q�FUHDWLQJ�D�FRQGXFLYH�OHDUQLQJ�HQYLURQPHQW��LW�LV�LPSRUWDQW�IRU�WKH�LQVWUXFWRUV�WR�PDNH�OHDUQLQJ�
HDVLHU� IRU� WKH� OHDUQHUV�DQG� WR�ZRUN�ZLWK� WKHP� WRZDUGV� NQRZOHGJH�FRQVWUXFWLRQ� �0RKHGR�	�
%~MH]���������)URP�SHUVRQDO�H[SHULHQFH��WR�EHFRPH�FKDQJH�DJHQWV��LQVWUXFWRUV�PXVW�EH�DZDUH�
RI�WKH�OHDUQLQJ�RXWFRPHV�DQG�KDYH�VLJQLILFDQW�LQYROYHPHQW�LQ�SODQQLQJ�SURMHFW�EDVHG�DFWLYLWLHV��
6HYHUDO� SURMHFW�EDVHG�PRGXOHV� DW� 178� HPSOR\� WKH� VHUYLFHV� RI� WHFKQLFLDQV�� IRU� VHWWLQJ� XS�
ZRUNVSDFHV��ODERUDWRULHV�DV�ZHOO�DV�GHPRQVWUDWLRQV��,Q�HVVHQFH��WKH�WHFKQLFLDQV�SOD\�D�UROH�LQ�
WKH� GHOLYHU\� RI� WKHVH� SURMHFWV� DV� LQVWUXFWRUV�� � 7KLV� SDSHU� EXLOGV� XSRQ� WKH� ZRUN� SUHYLRXVO\�
SUHVHQWHG��%XWW�	�6LHJNDV��������6LHJNDV��������DQG�H[SORUHV�&',2�LPSOHPHQWDWLRQ�LQ�D�ILUVW�
\HDU�HQJLQHHULQJ�SURMHFW�ZLWK�D�IRFXV�RQ�LQYROYLQJ�HQJLQHHULQJ�WHFKQLFLDQV�LQ�WKH�SODQQLQJ�DQG�
GHOLYHU\�RI�WKH�SURMHFW��7KLV�HDUO\�LQYROYHPHQW�LV�VWUDWHJLF��LQ�WKDW�WKH�WHFKQLFLDQV�DUH�DOORZHG�
WR� GLVVHPLQDWH� WKHLU� WHFKQLFDO� NQRZOHGJH� WR� HQJLQHHULQJ� VWXGHQWV� HDUO\� RQ� LQ� WKHLU� VWXGHQW�
MRXUQH\�DQG�LQ�GRLQJ�VR��WKH�FRPSHWHQF\�RI�WKH�HQWLUH�WHFKQLFDO�WHDP�LV�LPSURYHG���$Q�HIIRUW�LV�
PDGH�ZLWKLQ� WKH� SURMHFW� WR�PLQLPLVH� WKH� UHLQIRUFHPHQW� RI� GLVFLSOLQDU\� VLORV�� ERWK�ZLWKLQ� WKH�
VWXGHQW�ERG\�DQG�WKH�WHFKQLFDO�WHDP���
�
�
PROJECT DESCRIPTION  
�
7KH� UHYHUVH� HQJLQHHULQJ� SURMHFW� SUHVHQWHG� KHUH� LV� SDUW� RI� D� FRUH�PRGXOH� �,QQRYDWLRQ� DQG�
(QJLQHHULQJ�6ROXWLRQV�� XQGHUWDNHQ�E\�DOO� \HDU���HQJLQHHULQJ� VWXGHQWV�DW�1RWWLQJKDP�7UHQW�
8QLYHUVLW\�� 7KH� FRXUVHV� HQUROOHG� LQ� WKH� PRGXOH� DUH� 0HFKDQLFDO�� 6SRUW�� %LRPHGLFDO� DQG�
(OHFWULFDO�	�(OHFWURQLFV�(QJLQHHULQJ��7KH�PRGXOH�UXQV�WKURXJKRXW�WKH�DFDGHPLF�\HDU�DQG�KDV�
��LWHPV�RI�DVVHVVPHQW��HDFK�FRQWULEXWLQJ�����WR�WKH�PRGXOH��7KH�UHYHUVH�HQJLQHHULQJ�SURMHFW�
LV�WKH�ILUVW�RI�PDQ\�SURMHFWV�XQGHUWDNHQ�E\�HQJLQHHULQJ�VWXGHQWV�DW�178��UHDGHUV�LQWHUHVWHG�LQ�
SUHYLRXV�LWHUDWLRQV�RI�WKLV�SURMHFW�DUH�UHGLUHFWHG�WR��%XWW�	�6LHJNDV��������DQG��6LHJNDV��������� 

�
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�
7KH�SURMHFW�OHDUQLQJ�RXWFRPHV�LQFOXGHG��
�

•� 5HFDOO�HQJLQHHULQJ�SULQFLSOHV� UHODWHG� WR� WKH�SURSHUWLHV�RI�PDWHULDOV�DQG�HQJLQHHULQJ�
FRPSRQHQWV�WR�GHVFULEH�WKHLU�LQWHUDFWLRQ�ZLWK�WKH�HQYLURQPHQW�DQG�HQG�XVHU���

•� 'HVFULEH�FKDUDFWHULVWLFV�RI�PDWHULDOV��FRPSRQHQWV�DQG�GHYLFHV�DQG�WKHLU�DSSOLFDWLRQV�
•� 5HFRJQLVH� WKH� OLPLWDWLRQV� LQ� DQ� HQJLQHHULQJ� V\VWHP� E\� FRQVLGHULQJ� D� SURGXFW¶V�

PDWHULDOV��GHVLJQ��DQG�DVVHPEO\��
•� &RPSHWHQWO\� DQG� VDIHO\� XVH� PDFKLQHU\�� KDUGZDUH� DQG� VRIWZDUH� LQ� WKH� GHVLJQ��

DVVHPEO\�GLVDVVHPEO\��DQG�SURGXFWLRQ�RI�FRPSRQHQWV�DQG�RU�SURGXFWV��
•� :RUN�DV�D�PHPEHU�RI�D�WHDP�WR�XQGHUWDNH�D�VPDOO�HQJLQHHULQJ�SURMHFW�DQG�GHOLYHU�LWV�

UHVXOWV�LQ�D�IRUPDW�VXLWDEOH�IRU�D�UHOHYDQW�LQGXVWULDO�DXGLHQFH�RU�VWDNHKROGHU��
�
Project delivery:�7KHUH�ZHUH�����VWXGHQWV�HQUROOHG�LQ�WKH�PRGXOH��*URXSV�FRQVLVWLQJ�RI�DQ�
DYHUDJH�RI���PHPEHUV�ZHUH�FUHDWHG��JLYLQJ�D�WRWDO�RI����JURXSV��7KH�DLP�RI�WKH�JURXS�SURMHFW�
ZDV�WR�LQWURGXFH�ILUVW�\HDU�VWXGHQWV�WR�UHYHUVH�HQJLQHHULQJ�E\�GHFRQVWUXFWLQJ�DQ�HQJLQHHUHG�
GHYLFH�LQWR�LWV�FRQVWLWXHQWV��GRFXPHQWLQJ�WKHVH�LQ�D�ELOO�RI�PDWHULDOV�DQG�WKHQ�H[DPLQLQJ�WKHVH�
LQ�GHWDLO�E\�GLVFXVVLQJ�WKH�IXQFWLRQ�RI�HDFK�FRQVWLWXHQW�HOHPHQW�DQG�SURSRVLQJ�KRZ�WKLV�FDQ�EH�
LPSURYHG�EHIRUH�ILQDOO\�UHFRQVWUXFWLQJ�WKH�GHYLFH��7KH�JURXSV�KDG�WR�GHVLJQ�WKH�GHFRQVWUXFWHG�
SDUWV�XVLQJ�&RPSXWHU�$LGHG�'HVLJQ��&$'��RQ�$XWRGHVN�)XVLRQ������$XWRGHVN��������DQG�WKHQ�
FUHDWH� D� YLUWXDO� DVVHPEO\� RI� WKHVH� FRPSRQHQWV�� 7KH� UHYHUVH� HQJLQHHULQJ�ZRUNVKRSV�ZHUH�
VWUXFWXUHG� DV� *DWHZD\V� ZKLFK� ZHUH� XVHG� DV� RSSRUWXQLWLHV� WR� SURYLGH� IHHGEDFN� �&',2�
6WDQGDUGV�����������������������
�
7R�HQKDQFH�WKH�&$'�PRGHOOLQJ�VNLOOV�RI�WKH�VWXGHQWV�XQGHUWDNLQJ�WKH�SURMHFW��&$'�WXWRULDOV�
ZHUH�UXQ�LQ�WDQGHP�ZLWK�WKH�SURMHFW��7KH�SURMHFW�WRRN�SODFH�RYHU����ZHHNV��ZKHUH���ZHHNV�
ZHUH�GHGLFDWHG� WR�ZRUNVKRS�VHVVLRQV�ZKHUH� WKH�HQJLQH�ZDV� UHYHUVH�HQJLQHHUHG�ZKLOH� WKH�
RWKHU� �� ZHHNV� ZHUH� GHGLFDWHG� WR� &$'� VHVVLRQV�� $Q� RXWOLQH� RI� WKHVH� VHVVLRQV� KDV� EHHQ�
SUHVHQWHG�LQ�7DEOH����7KH�VHVVLRQV�ZHUH�UXQ�LQ�DQ�DOWHUQDWLQJ�PDQQHU��ZKHUHE\�VWXGHQWV�ZRXOG�
DWWHQG�RQH�&$'�VHVVLRQ�DQG�DWWHQG�WKH�UHYHUVH�HQJLQHHULQJ�ZRUNVKRSV�LQ�WKH�IROORZLQJ�ZHHN���
�

7DEOH����2XWOLQH�RI�WKH�UHYHUVH�HQJLQHHULQJ�SURMHFW�VHVVLRQV�
�

Reverse Engineering Project 
Session Content 

:RUNVKRS��� *DWHZD\����3UHOLPLQDU\�DQDO\VLV�DQG�'HFRQVWUXFWLRQ�
:RUNVKRS��� *DWHZD\����'HFRQVWUXFWLRQ��0HDVXUHPHQWV�DQG�'RFXPHQWDWLRQ�
:RUNVKRS��� *DWHZD\����%LOO�RI�PDWHULDOV�
:RUNVKRS��� *DWHZD\����)XQFWLRQDO�DQDO\VLV�DQG�SURSRVHG�LPSURYHPHQWV�
:RUNVKRS��� *DWHZD\����5HFRQVWUXFWLRQ�

&$'�VHVVLRQ��� ,QWURGXFWLRQ�WR�&$'��6NHWFKLQJ��([WUXGHV�
&$'�VHVVLRQ��� 3DWWHUQV��5HYROYHV�DQG�)LOOHWV�
&$'�VHVVLRQ��� 6ZHHS�DQG�/RIW��ZLWK�JXLGHG�ORIWV��
&$'�VHVVLRQ��� $VVHPEO\�DQG�$QLPDWLRQV�
&$'�VHVVLRQ��� 'UDZLQJV�DQG�%R0�

�
6HSDUDWH� ZRUNVSDFHV� ZHUH� SURYLGHG� WR� VWXGHQWV� WR� ZRUN� RQ� WKH� SURMHFW�� )RU� PRGHOOLQJ��
VWXGHQWV�XVHG�WKH�SXUSRVH�EXLOW�GHVLJQ�DQG�VLPXODWLRQ�VXLWH�ZLWK�KLJK�VSHF�GHVNWRS�FRPSXWHUV�
ZKHUH� WKH\� FRXOG� XVH� WKH�&$'� VRIWZDUH� WR� OHDUQ� DQG�PRGHO� WKHLU� SDUWV� ZKLOH� WKH� UHYHUVH�
HQJLQHHULQJ�WRRN�SODFH�LQ�WKH�HQJLQHHULQJ�GHVLJQ�VXLWH�ZKHUH�KDQG�PHDVXUHPHQW�WRROV�ZHUH�
SURYLGHG�DORQJ�ZLWK�WKH�HQJLQH�DQG�PDQXDO�JXLGHV��&',2�6WDQGDUG�����7KH�HQJLQHHULQJ�GHVLJQ�
VXLWH�LV�DQ�RSHQ�SODQ�URRP�ZLWK�DPSOH�VSDFH�IRU�VWXGHQWV�WR�ZRUN�LQ�JURXSV�DQG�KDV�OLPLWHG�
FRPSXWHUV�DQG�D�VHSDUDWH�SURYLVLRQ�RI�ODSWRSV�VKRXOG�WKH\�UHTXLUH�WKHVH�IRU�GRFXPHQWDWLRQ��
PRGHOOLQJ�� ,Q� WKH� ODVW� WKUHH� \HDUV�� WKH� UHYHUVH�HQJLQHHULQJ�SURMHFW� KDV�HYROYHG� IURP�XVLQJ�
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KRXVHKROG� DSSOLDQFHV� WR� GLVFLSOLQH� VSHFLILF� DSSOLDQFHV� DQG� QRZ� ILQDOO\� VWDQGDUGLVLQJ� WKH�
UHYHUVH�HQJLQHHUHG�GHYLFH�WR�DQ�HQJLQH��7KH�HQJLQH�XVHG�IRU�WKH�SURMHFW�LV�SURYLGHG�LQ�)LJXUH�
��� 

�
)LJXUH����+RQGD�*3�����(QJLQH�XVHG�IRU�WKH�UHYHUVH�HQJLQHHULQJ�SURMHFW��,PDJH�FRXUWHV\�RI�

+RQGD��
�

Engine selection:�7KH�WHFKQLFDO�WHDP�ZHUH�WDVNHG�WR�SURFXUH�D�VXLWDEOH�HQJLQH�IRU�D�SURMHFW�
RI� WKLV� VFDOH�� 7KHUH� ZHUH� VRPH� FKDOOHQJHV� LQ� WKH� VHOHFWLRQ� RI� WKH� HQJLQH�� VRPH� HQJLQHV�
DYDLODEOH�RQ�WKH�PDUNHW�KDG�YHU\�IHZ�SDUWV�DQG�DV�VXFK�ODFNHG�WKH�FRPSOH[LW\�QHHGHG�WR�WDUJHW�
WKH�H[SHFWHG�OHDUQLQJ�RXWFRPHV��,W�ZDV�FUXFLDO�WR�HQVXUH�HQRXJK�SDUWV�ZHUH�DYDLODEOH�IRU�DOO�
VWXGHQWV�WR�WDNH�SDUW�LQ�WKH�GHFRQVWUXFWLRQ��PHDVXUH�WKH�SDUWV��GHVLJQ�WKHP�XVLQJ�&$'��FUHDWH�
D�ELOO�RI�PDWHULDOV�EHIRUH�ILQDOO\�FRQGXFWLQJ�D�IXQFWLRQDO�DQDO\VLV�WR�VXJJHVW�LPSURYHPHQWV��2QH�
RI� WKH�HQJLQHV�WKDW�ZDV�H[SORUHG�ZDV�D�VPDOO���FF�TXDGELNH�HQJLQH�PDGH�E\� L0DUV��HED\��
��������WKH�HQJLQH�UHWDLOV�DW������7KLV�HQJLQH�ZDV�UHODWLYHO\�FKHDS�DQG�KDG�DPSOH�QXPEHU�RI�
SDUWV�WKDW�ZHUH�VXLWDEOH�IRU�WKLV�SURMHFW��+RZHYHU��WKH�ODFN�RI�VWDQGDUG�SDUW�VL]HV�IRU�WKLV�HQJLQH�
PHDQW�ILQGLQJ�WKH�WRROV�WR�GHFRQVWUXFW�WKLV�HQJLQH�ZRXOG�SURYH�WULFN\��,Q�HVVHQFH��D�VLJQLILFDQW�
QXPEHU�RI�WRROV�ZRXOG�KDYH�WR�EH�SURFXUHG�WR�GHFRQVWUXFW�WKLV�HQJLQH���$IWHU�PXFK�GHOLEHUDWLRQ��
WKH�WHFKQLFDO�WHDP�FRQFOXGHG�WKDW�WKH�EXGJHW�KDG�WR�EH�LQFUHDVHG�WR�SURFXUH�D�KLJK�TXDOLW\�
HQJLQH�WKDW�ZDV�RI�DQ�DSSURSULDWH�VL]H��KDG�DPSOH�SDUWV�DQG�KDG�VWDQGDUG�VL]HG�SDUWV��$IWHU�
H[SORULQJ�YDULRXV�RSWLRQV��+RQGD�*3�����+RQGD��������ZDV�DJUHHG�XSRQ�DV�WKH�PRVW�VXLWDEOH�
RSWLRQ��7KHVH�HQJLQHV�KDG�WKH�ULJKW�QXPEHU�RI�SDUWV��ZHUH�VPDOO�HQRXJK�WR�WUDQVSRUW�HDVLO\�
DQG�KDG�PHWULF�VL]LQJ�ZLWK�HYHU\�QXW�DQG�EROW�EHLQJ�DQ�0��[������PP��7KH�VWDQGDUG�PHWULF�
VL]LQJ�PHDQW�WKDW�WKH�WRROV�ZHUH�PXFK�HDVLHU�WR�EX\�DQG�LQ�WKH�HYHQW�RI�ORVV�GDPDJH��VSDUH�
SDUWV�ZHUH�UHDGLO\�DYDLODEOH��2QO\�RQH�HQJLQH�ZDV�RUGHUHG� LQLWLDOO\� IRU� WHVWLQJ�DQG�RQFH�WKH�
WHFKQLFDO�WHDP�ZHUH�VDWLVILHG�ZLWK�WKH�HQJLQH�EXLOG�DQG�HDVH�RI�GHFRQVWUXFWLRQ��D�IXUWKHU����
HQJLQHV�ZHUH�RUGHUHG�IRU�D�WRWDO�RI����������
�
Engine preparation:�8SRQ�GHOLYHU\�LW�ZDV�IRXQG�WKDW�HDFK�HQJLQH�KDG���PO�RI�RLO�WR�SUHYHQW�
WKH�SDUWV�IURP�VHL]LQJ�RU�VWLFNLQJ�WR�HDFK�RWKHU�XQGHU�YDU\LQJ�WHPSHUDWXUHV�GXULQJ�GHOLYHU\��
7KH� RLO� ZDV� ILUVW� GUDLQHG� IURP� WKH� HQJLQH� DIWHU�ZKLFK� WKH\�ZHUH� GLVDVVHPEOHG�� 7KH� HQWLUH�
WHFKQLFDO�WHDP�����WHFKQLFLDQV��DQG�WKH�PRGXOH�OHDGHU�ZHUH�LQYROYHG�LQ�WKH�GHFRQVWUXFWLRQ�RI�
WKH�HQJLQHV�WR�HQVXUH�HYHU\RQH�LQYROYHG�KDG�DQ�DSSUHFLDWLRQ�RI�WKH�FRQVWLWXHQW�SDUWV�RI�WKH�
HQJLQH�DV�ZHOO�DV�JDLQ� LQVLJKWV� LQWR�KRZ�WKH�HQJLQH� IXQFWLRQHG��$OWKRXJK���±��� WHFKQLFLDQV�
ZHUH� FRPPLWWHG� LQ� WKH� GHOLYHU\� RI� WKH� SURMHFW�� DOO� WHFKQLFLDQV� KDG� WR� XQGHUWDNH� WKH�
GHFRQVWUXFWLRQ�LQ�FDVH�D�FRYHU�ZDV�UHTXLUHG�LQ�WKH�DEVHQFH�RI�WKH�SULPDU\�WHFKQLFLDQV�LQYROYHG��
8SRQ�GHFRQVWUXFWLRQ��WKH�HQJLQHV�ZHUH�FOHDQHG�ZLWK�:'���DQG�WKHQ�SXW�EDFN�WRJHWKHU��,W�LV�
QRWHZRUWK\� WKDW� WKH� WHFKQLFLDQV� LQYROYHG� LQ� WKH� GHFRQVWUXFWLRQ�� UHFRQVWUXFWLRQ� KDG� YDU\LQJ�
WHFKQLFDO�VSHFLDOLWLHV��VRPH�KDG�%LRPHGLFDO�(QJLQHHULQJ�WHFKQLFDO�H[SHUWLVH�ZKLOH�VRPH�FDPH�
IURP�DQ�(OHFWURQLFV�EDFNJURXQG���7HFKQLFLDQV�ZHUH�HQFRXUDJHG�WR�OHDUQ�KRZ�WR�XVH�KDQG�WRROV�
GXULQJ�WKLV�H[HUFLVH�WR�LPSURYH�WKHLU�FRPSHWHQFH�DQG�HQVXUH�WKH\�KDG�DPSOH�NQRZOHGJH�WR�
WHDFK�VWXGHQWV�WKH�XVH�RI�VSHFLILF�WRROV�VXFK�DV�VWUDS�ZUHQFKHV�DQG�EHDULQJ�SXOOHUV���
�
Manuals and guides: $� GHFRQVWUXFWLRQ� PDQXDO� ZDV� SUHSDUHG� ZKLOH� WKH� WHFKQLFDO� WHDP�
GHFRQVWUXFWHG� WKH� HQJLQHV�� 1RWHV� DQG� SLFWXUHV� ZHUH� WDNHQ� DW� YDULRXV� VWDJHV� RI� WKH�
GHFRQVWUXFWLRQ�DQG�D�EULHI�GHVFULSWLRQ�DORQJ�ZLWK�VRPH�ODEHOV�ZHUH�ODWHU�DGGHG�WR�HDFK�SLFWXUH�
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WR�FUHDWH�D�VWHS�E\�VWHS�JXLGH���2QFH�D�ILUVW�GUDIW�RI�WKH�JXLGH�ZDV�FUHDWHG��DQRWKHU�WHFKQLFLDQ�
IROORZHG� WKLV� GHFRQVWUXFWLRQ�PDQXDO� WR� GHFRQVWUXFW� DQRWKHU� HQJLQH�� 7KLV� H[HUFLVH� DOORZHG�
UHFHLYLQJ�IHHGEDFN�RQ�WKH�ILUVW�GUDIW�WR�HQVXUH�DSSURSULDWH�UHYLVLRQV�ZHUH�PDGH��7KLV�SURFHVV�
ZDV�UHSHDWHG�VHYHUDO�WLPHV�WR�SHUIHFW�WKH�GHFRQVWUXFWLRQ�PDQXDO��7KH�RUGHU�RI�WKH�GRFXPHQW�
ZDV�DOVR� FKDQJHG�D� IHZ� WLPHV� WR� HQVXUH� WKH�PRVW� RSWLPXP�GHFRQVWUXFWLRQ�PHWKRGV�ZHUH�
DUWLFXODWHG� LQ� WKH� GHFRQVWUXFWLRQ� PDQXDO�� � 7KH� LQVWUXFWLRQV� KDG� WR� EH� FOHDU� DQG� HDV\� WR�
XQGHUVWDQG��WKH\�ZHUH�FUHDWHG�ZLWK�WKH�DVVXPSWLRQ�WKDW�WKH�VWXGHQWV�IROORZLQJ�WKLV�JXLGH�PD\�
KDYH� QHYHU� VHHQ� DQ� HQJLQH� EHIRUH�� $� VLPLODU� DSSURDFK� ZDV� DGRSWHG� LQ� FUHDWLQJ� D�
UHFRQVWUXFWLRQ� PDQXDO�� ,W� LV� QRWHZRUWK\� WKDW� WKH� UHFRQVWUXFWLRQ� VWHSV� ZHUH� QRW� VLPSO\� WKH�
GHFRQVWUXFWLRQ�EDFNZDUGV�DV�VRPH�SDUWV�QHHGHG�WR�EH�SXW�EDFN�ILUVW�EHIRUH�WKH�RWKHU�SDUWV�WR�
DOORZ�HDVLHU�DFFHVV��,Q�DGGLWLRQ�WR�WKH�GHFRQVWUXFWLRQ�DQG�UHFRQVWUXFWLRQ�PDQXDO��D�5HYHUVH�
(QJLQHHULQJ�/DERUDWRU\�0DQXDO�ZDV�DOVR�SUHSDUHG�WKDW�WKH�VWXGHQWV�FRXOG�XVH�WR�DLG�WKHP�LQ�
FROOHFWLYHO\�GRFXPHQW�WKH�UHYHUVH�HQJLQHHULQJ�SURMHFW�SURJUHVV��7KLV�PDQXDO�ZDV�VSOLW�LQWR���
VHFWLRQV��HDFK�VHFWLRQ�FRUUHVSRQGLQJ�WR�WKH�JDWHZD\V�GHVFULEHG�HDUOLHU���

�
)LJXUH�����/HIW��$Q�H[WUDFW�IURP�WKH�GHFRQVWUXFWLRQ�PDQXDO��5LJKW��$Q�H[WUDFW�IURP�WKH�

PHDVXUHPHQW�JXLGH��
�
$�PHDVXUHPHQW�JXLGH�ZDV�DOVR�SUHSDUHG�DQG�PDGH�DYDLODEOH�IRU�WKH�VWXGHQWV�WR�LQVWUXFW�WKHP�
RQ�WKH�FRUUHFW�XVDJH�RI�VSHFLDOLVW�PHDVXUHPHQW�WRROV��7KH�PHDVXUHPHQW�WRROV�FRYHUHG�LQ�WKH�
JXLGH�LQFOXGHG�D�PLFURPHWUH��VSULQJ�ORDGHG�ERUH�JDXJH�DQG�IHHOHU�JDXJHV��([FHUSWV�IURP�WKH�
GHFRQVWUXFWLRQ�PDQXDO�DQG�WKH�0HDVXUHPHQW�*XLGH�FDQ�EH�VHHQ�LQ�)LJXUH���
��
Project gateways:�6WXGHQWV�ZHUH�H[SHFWHG�WR�ILOO�LQ�WKH�UHYHUVH�HQJLQHHULQJ�ODERUDWRU\�PDQXDO�
RQ�D�EL�ZHHNO\�EDVLV��(DFK�JDWHZD\�RI�WKH�PDQXDO�IRFXVHG�RQ�D�VSHFLILF�WDVN��$W�WKH�VWDUW�RI�
WKH�VHVVLRQ��VWXGHQWV�ZHUH�EULHIHG�RQ�WKH�WDVN�DW�KDQG�DQG�SURYLGHG�VRPH�SRLQWHUV�RQ�EHVW�
SUDFWLFHV�IRU�VXFFHVVIXO�FRPSOHWLRQ�RI�WKH�WDVN��7KURXJKRXW�WKH�UHYHUVH�HQJLQHHULQJ�VHVVLRQV��
WKH�PRGXOH�OHDGHU�DQG�D�IHZ�PHPEHUV�RI�WKH�WHFKQLFDO�WHDP�ZHUH�DOZD\V�SUHVHQW�WR�VXSHUYLVH�
WKH�VWXGHQWV�DQG�IDFLOLWDWH�WKHP��)DFLOLWDWLRQ�WRRN�WKH�IRUP�RI�VXJJHVWLRQV��GHPRQVWUDWLRQV�RQ�
KRZ� WR� XVH�PHDVXUHPHQW�KDQG� WRROV�� DVVLVWDQFH� LQ� GHVLJQLQJ� FRPSRQHQWV�� DQG� IRUPDWLYH�
IHHGEDFN�DW�WKH�HQG�RI�WKH�VHVVLRQ��7KH�PRGXOH�OHDGHU�DQG�WHFKQLFLDQV�ZRXOG�DOVR�VSHQG�VRPH�
WLPH�ZLWK�HDFK�JURXS�HYHU\�VHVVLRQ�DV�D�IRUP�RI�PHQWRULQJ�FRDFKLQJ�WR�FKHFN�LQ�RQ�WKHLU�WHDP�
G\QDPLFV�DQG�VXJJHVW�ZD\V�WR�PLWLJDWH�DQ\�LVVXHV�DQG��RU��ODFN�RI�HQJDJHPHQW����
7KH�GHVFULSWLRQ�RI�HDFK�JDWHZD\�DQG�WKH�UHVSHFWLYH�WDVN�LV�SURYLGHG�DV�IROORZV��
�
Gateway 1: Deconstruction and Preliminary Analysis - 6WXGHQWV�ZHUH�H[SHFWHG�WR�SURYLGH�
D�SUHOLPLQDU\�DQDO\VLV�ZKLOH�GHFRQVWUXFWLQJ�WKH�HQJLQH��6DIHW\�EULHILQJ�DQG�WRROV�UHTXLUHG�WR�
GHFRQVWUXFW�WKH�HQJLQH�ZHUH�SURYLGHG�WR�WKH�VWXGHQWV��7KH�SUHOLPLQDU\�DQDO\VLV�ZDV�SURYLGHG�
E\�WKH�JURXSV�EDVHG�RQ�D�VHW�RI�SUREHV�SURYLGHG�LQ�WKH�ODERUDWRU\�PDQXDO��VXFK�DV�ZKDW�LV�WKH�
GHYLFH"�+RZ�GRHV�WKH�XVHU�LQWHUDFW�ZLWK�WKH�GHYLFH"�:K\�LV�WKH�GHYLFH�GHVLJQHG�LQ�WKLV�ZD\"�
+RZ�GRHV�WKH�GHYLFH�ZRUN"�+RZ�ZRXOG�\RX�LPSURYH�WKLV�GHYLFH"�
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Gateway 2 - Deconstruction, Measurements and Photographed Documentation: 
6WXGHQWV�ZHUH�H[SHFWHG�WR�GRFXPHQW�WKH�GHFRQVWUXFWLRQ�RI�WKH�GHYLFH�E\�LWHPLVLQJ�WKH�HQJLQH�
DQG� SKRWRJUDSKLQJ� WKH� FRQVWLWXHQW� FRPSRQHQWV�� 6WXGHQWV� ZHUH� H[SHFWHG� WR� SODFH� HDFK�
GHFRQVWUXFWHG�FRPSRQHQW� LQ�D� ODEHOOHG�EDJ��7KH�VWXGHQWV�ZHUH� UHPLQGHG� WKDW� WKH\�KDG� WR�
SURGXFH�&$'�PRGHOV�RI� WKH�FRQVWLWXHQW�FRPSRQHQWV�DQG�ZHUH�HQFRXUDJHG�WR�PHDVXUH�WKH�
FRPSRQHQWV��9DULRXV�PHDVXULQJ�WRROV�ZHUH�SURYLGHG�WR�DFKLHYH�WKLV��DQG�WKH�VWXGHQWV�ZHUH�
HQFRXUDJHG�WR�GRFXPHQW�WKH�PHDVXUHPHQWV�LQ�WKH�ODERUDWRU\�PDQXDO���
Gateway 3: Bill of materials - 6WXGHQWV�ZHUH�H[SHFWHG�WR�GRFXPHQW�WKH�GHFRQVWUXFWLRQ�RI�WKH�
GHYLFH� E\� LGHQWLI\LQJ� WKH� PDWHULDOV�� IXQFWLRQ�� LQWHUDFWLRQ�� SULFH�� HWF�� RI� WKH� FRQVWLWXHQW�
FRPSRQHQWV�� $� JHQHULF� ELOO� RI� PDWHULDOV� ZDV� SURYLGHG� WR� WKH� VWXGHQWV� WR� SRSXODWH� LQ� WKH�
ODERUDWRU\�PDQXDO�� 
Gateway 4: Functional analysis and proposed improvements���6WXGHQWV�ZHUH�H[SHFWHG�WR�
FRQGXFW�D� WKRURXJK� IXQFWLRQDO�DQDO\VLV�RI�HDFK�FRPSRQHQW�RI� WKH�GHYLFH�DQG�SURSRVH�DQ\�
LPSURYHPHQWV�� 6WXGHQWV� ZHUH� SURYLGHG� VSDFHV� LQ� WKH� ODERUDWRU\� PDQXDO� WR� LQFOXGH� WZR�
SDUDJUDSKV��WKH�ILUVW�SDUDJUDSK�GHWDLOLQJ�ZKDW�WKH�SDUW�LV��IXQFWLRQ�DQG�LQWHUDFWLRQ���WKH�PDWHULDO�
XVHG�WR�PDNH�LW�DQG�KRZ�LW�KDV�EHHQ�PDQXIDFWXUHG�DQG�WKH�VHFRQG�SDUDJUDSK�WR�VXJJHVW�ZD\V�
WR�LPSURYH�WKH�FRPSRQHQW��
Gateway 5: Reconstruction - 6WXGHQWV�ZHUH�H[SHFWHG�WR�UHDVVHPEOH�WKH�HQWLUH�HQJLQH�DQG�
SURYLGH� DQ� LPDJH� RI� WKH� UHFRQVWUXFWHG� HQJLQH� LQ� WKH� ODERUDWRU\� PDQXDO�� 6WXGHQWV� ZHUH�
HQFRXUDJHG�WR�QRWH�GRZQ�VWHSV�WDNHQ� LQ�UHDVVHPEOLQJ�WKH�HQJLQH�� WKH�WRROV�XVHG��DQG�DQ\�
FKDOOHQJHV�IDFHG�ZKLOH�UHDVVHPEOLQJ��

�
)LJXUH����6RPH�H[FHUSWV�IURP�YDULRXV�VHFWLRQV�RI�WKH�UHYHUVH�HQJLQHHULQJ�ODERUDWRU\�PDQXDO��
 
Project outcome:�$W�WKH�HQG�RI�WKH�SURMHFW��VWXGHQWV�ZHUH�UHTXLUHG�WR�VXEPLW�D�JURXS�UHSRUW�
WKDW�GHWDLOHG�WKH�IROORZLQJ��&',2�6WDQGDUG������
�

��� %DFNJURXQG�RI�WKH�HQJLQH��
��� 0HWKRGV�DGRSWHG�DQG�WRROV�XVHG�
��� %LOO�RI�PDWHULDOV��
��� )XQFWLRQDO�DQDO\VLV�RI�WKH�HQJLQH�FRPSRQHQWV��
��� 6XJJHVWHG�LPSURYHPHQWV�WR�WKH�HQJLQH�FRPSRQHQWV�
��� &$'�PRGHOV�RI�WKH�HQJLQH�FRPSRQHQWV�DQG�WKHLU�DVVHPEO\��

�
6WXGHQWV� ZHUH� UHTXLUHG� WR�PRGHO� DW� OHDVW� ��� FRPSRQHQWV� XVLQJ�&$'�� 7KHVH� FRPSRQHQWV�
LQFOXGHG�DLU�ILOWHU��IXHO�WDQN��H[KDXVW��IDQ�FDVLQJ��UHFRLO�VWDUWHU�DVVHPEO\��FUDQNFDVH��FUDQNFDVH�
FRYHU��SLVWRQ�DVVHPEO\��FUDQN�VKDIW��F\OLQGHU�KHDG�DQG�YDOYHV��FDPVKDIW��FDUEXUHWWRU��IDQ��DQG�
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IO\ZKHHO�� )RU� GHWDLOV� RQ� WKH�PDUNLQJ� VFKHPH�� LQWHUHVWHG� UHDGHUV� DUH� UHGLUHFWHG� WR� �%XWW� 	�
6LHJNDV��������
�

�
�

)LJXUH����$�IHZ�H[DPSOHV�RI�WKH�VWXGHQWV�DW�ZRUN�LQ�WKH�ODERUDWRU\�VHVVLRQV��,PDJHV�FRXUWHV\�
RI�*URXS�����

 
DISCUSSION  
�
Module leader perspectives: 7KH�W\SH�RI�GHYLFH�XVHG�LQ�WKH�ODWHVW� LWHUDWLRQ�RI�WKH�UHYHUVH�
HQJLQHHULQJ�SURMHFW�ZDV�VHOHFWHG�IRU�D�IHZ�UHDVRQV��6WDQGDUGLVLQJ�WKH�GHYLFH�PHDQW�SURMHFW�
PDQDJHPHQW� IURP� DQ� DFDGHPLF¶V� SRLQW� RI� YLHZ� ZDV� HDVLHU�� ,Q� HDFK� UHYHUVH� HQJLQHHULQJ�
ODERUDWRU\�VHVVLRQ��WKHUH�ZDV�D�TXLFN�&$'�GHPRQVWUDWLRQ�WR�FRQWH[WXDOLVH�PRGHOOLQJ�LQ�WHUPV�
RI�WKH�HQJLQH�EHLQJ�GHFRQVWUXFWHG��$V�DQ�H[DPSOH��E\�WKH�HQG�RI�ODERUDWRU\�VHVVLRQ����VWXGHQWV�
KDG� DOUHDG\� OHDUQW� H[WUXGLQJ� LQ�&$'� LQ� WKH�ZHHN� SULRU� WR� WKLV� VHVVLRQ�� 7KH� GHPRQVWUDWLRQ�
IRFXVHG�RQ�XVLQJ�H[WUXGH�WR�FUHDWH�D�FRPSRQHQW�RI�WKH�HQJLQH�±�WKH�DLU�ILOWHU�LQ�WKLV�H[DPSOH��
+DYLQJ�UXQ�UHYHUVH�HQJLQHHULQJ�VHVVLRQV�ZLWK�PXOWLSOH�GHYLFHV�LQ�WKH�SUHYLRXV�LWHUDWLRQ��LW�ZDV�
KDUG� WR� SURYLGH� D� VLPLODU� GHPRQVWUDWLRQ� DV� WKH� GHYLFHV� ZHUH� GLIIHUHQW� IRU� YDULRXV� JURXSV��
6WDQGDUGLVLQJ�WKH�GHYLFH�DOVR�PHDQW�WKDW�DOO�VWXGHQWV�IURP�YDULRXV�EDFNJURXQG�ZRUNHG�RQ�WKH�
VDPH� GHYLFH� IROORZLQJ� VLPLODU� SURFHGXUHV� XVLQJ� WKH� VDPH� PDQXDOV� DQG� JXLGHV�� $OWKRXJK�
HQJLQHV�DUH� WUDGLWLRQDOO\�DVVRFLDWHG�ZLWK�0HFKDQLFDO�HQJLQHHUV��(OHFWURQLF��%LRPHGLFDO�DQG�
6SRUW�HQJLQHHULQJ�VWXGHQWV�KDG�DQ�RSSRUWXQLW\�WR�ZRUN�ZLWK�D�GHYLFH�WKDW�LV�WUDGLWLRQDOO\�QRW�
DVVRFLDWHG�ZLWK� WKHLU�GLVFLSOLQH��7KH�DLP�ZDV� WR�JLYH� WKH�VWXGHQWV� VRPHWKLQJ� WR�ZRUN�ZLWK��
ZLWKRXW� FRQVLGHUDWLRQ� IRU� WKH� UHOHYDQFH� WR� WKHLU� GLVFLSOLQH�� UDWKHU� HQFRXUDJLQJ� WKHP� ZRUN�
RXWVLGH� WKHLU� FRPIRUW� ]RQH�DQG� IRFXV�RQ� FUHDWLYLW\�� GHVLJQ� VNLOOV�� WHDP�ZRUNLQJ�DQG�SURMHFW�
PDQDJHPHQW�� 6WDQGDUG� GHYLFHV� DOVR�PHDQW� VWDQGDUG�PHDVXUHPHQW� DQG� KDQG� WRROV� ZKLFK�
ZRUNHG�ZHOO� ZKHQ� FRQVLGHULQJ� UHVRXUFH�PDQDJHPHQW�� $OO� WHFKQLFLDQV�� LUUHVSHFWLYH� RI� WKHLU�
GLVFLSOLQDU\�EDFNJURXQGV��GHFRQVWUXFWHG�WKH�VDPH�HQJLQH��HQVXULQJ�WKH\�UHYLVLWHG�WKHLU�KDQG��
PHDVXUHPHQW�WRRO�VNLOOV�LI�WKH\�ZHUH�IDPLOLDU�ZLWK�WKH�WRROV�DOUHDG\��,I�WKH\�KDG�QRW�XVHG�WKHVH�
WRROV�EHIRUH��WKLV�H[HUFLVH�HQFRXUDJHG�WKHP�WR�OHDUQ�WRROV�DQG��LQ�WKH�SURFHVV��HQKDQFH�WKHLU�
FRPSHWHQFH��&',2�6WDQGDUG����� 
 
6RPH�UHVHUYDWLRQV�IURP�(OHFWURQLF��6SRUW�DQG�%LRPHGLFDO�HQJLQHHULQJ�VWXGHQWV�RQ�WKH�W\SH�RI�
GHYLFH�ZDV�H[SHFWHG�EDVHG�RQ�SULRU�H[SHULHQFH��+RZHYHU��PDMRULW\�RI�WKH�VWXGHQWV�HQJDJHG�
ZHOO�ZLWK�WKH�GHYLFH�DQG�IRXQG�WKH�VHVVLRQV�LQWHUHVWLQJ��PRWLYDWLQJ�WKHP�WR�OHDUQ�PRUH� ,Q�IDFW��
WKH�DXWKRUV�OHDUQW�TXLWH�D�IHZ�QHZ�WKLQJV�VXFK�DV�WKH�XVH�RI�KDQG�WRROV�DQG�WKH�DVVHPEO\�RI�
WKH�HQJLQHV�XVHG��$V�DQ�H[DPSOH��DXWKRU���OHDUQW�KRZ�WR�XVH�D�EHDULQJ�SXOOHU��SLVWRQ�VSULQJ�
FRPSUHVVRU�DQG�D�VWUDS�ZUHQFK�ZKLOH�DXWKRU���SLFNHG�XS�QHZ�&$'�VNLOOV�VXFK�DV�XVLQJ��'�
VNHWFKLQJ�DQG�VZHHS�WR�FUHDWH�JHDU�WHHWK��7KH�VWXGHQW�RXWSXWV�ZHUH�LPSUHVVLYH��LQ�WKDW�WKH�
&$'� PRGHOOLQJ� VNLOOV� LPSURYHG� LPPHQVHO\� RYHU� WKH� FRXUVH� RI� WKH� SURMHFW� WKDQ� SUHYLRXV�
LWHUDWLRQV�RI�WKH�SURMHFW��7KLV�LPSURYHPHQW�LV�SDUWO\�DWWULEXWHG�WR�WKH�FRPSOH[LW\�RI�WKH�GHYLFH�
XVHG� FRPSDUHG� WR� SUHYLRXV� LWHUDWLRQV�� EXW� LW� LV� HYLGHQW� WKDW� WKH�&$'� GHPRQVWUDWLRQ� LQ� WKH�
ODERUDWRU\�VHVVLRQV�KHOSHG�LQ�PDNLQJ�&$'�PRGHOOLQJ�IHDWXUHV�VXFK�DV�H[WUXGHV�DQG�UHYROYHV�
PRUH�UHODWDEOH���6RPH�H[DPSOHV�RI�WKH�VWXGHQWV�UHFRUGHG�PHDVXUHPHQWV�DQG�SDUW�PRGHOOLQJ�
VNLOOV�DUH�VKRZQ�LQ�)LJXUH����)LJXUH����
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�
)LJXUH�����/HIW��0HDVXUHPHQWV�UHFRUGHG�LQ�WKH�ODERUDWRU\�PDQXDO��5LJKW��&$'�PRGHO�RI�WKH�

HQJLQH�FDPVKDIW��,PDJHV�FRXUWHV\�RI�*URXSV����	�����
�

�
)LJXUH����([DPSOHV�RI�WKH�&$'�DVVHPEOLHV�RI�WKH�HQJLQH�FUHDWHG�E\�VWXGHQW�JURXSV��,PDJHV�

FRXUWHV\�RI�*URXSV���	����
�
)RU�WKH�ELOO�RI�PDWHULDOV��VWXGHQWV�ZHUH�HQFRXUDJHG�WR�IRFXV�RQ�PDWHULDOV��PDQXIDFWXULQJ��DQG�
WKH�SULFLQJ��6WXGHQWV�ZHUH�DVNHG�WR�MXVWLI\�KRZ�WKH\�DUULYHG�DW�WKH�SULFHV�IRU�HDFK�FRPSRQHQW��
7KH� SULFHV�ZHUH� FDOFXODWHG� LQ� WZR�ZD\V�� �ZHLJKLQJ� WKH� FRPSRQHQWV�� GHGXFLQJ� LWV�PDWHULDO�
EDVHG�RQ� UHVHDUFK�DQG� WKH� ORRNLQJ�XS�VWDQGDUG�PDWHULDO�SULFHV�SHU�XQLW�PDVV� IURP�YHQGRU�
ZHEVLWHV�RU�E\�VLPSO\� ORRNLQJ�XS�VSDUH�SDUWV�DYDLODEOH�RQOLQH�DQG�WKHQ�FDOFXODWLQJ� WKH�FRVW�
SULFH�RI�WKH�SDUW�E\�VXEWUDFWLQJ�DQ�HVWLPDWHG�SURILW�PDUJLQ�IURP�WKH�VHOOLQJ�SULFH��$Q�H[WUDFW�
IURP�D�VWXGHQW�JURXS�FUHDWHG�ELOO�RI�PDWHULDOV�LV�SUHVHQWHG�LQ�)LJXUH�����
�

�
)LJXUH����([WUDFW�IURP�D�%R0�FUHDWHG�E\�D�VWXGHQW�JURXS��,PDJH�FRXUWHV\�RI�*URXS�����

�

�
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)RU� WKH� IXQFWLRQDO�DQDO\VLV�DQG�SURSRVLWLRQ�RI� LPSURYHPHQWV��VWXGHQWV�ZHUH�HQFRXUDJHG� WR�
UHVHDUFK�HDFK�SDUW��LWV�IXQFWLRQ��PDWHULDO��PDQXIDFWXULQJ�PHWKRGV�DV�ZHOO�DV�DQ\�DOWHUQDWLYHV�
WKDW�FRXOG�EH�XVHG�IRU�D�VSHFLILF�SDUW�EHIRUH�SURSRVLQJ�LPSURYHPHQWV��6WXGHQWV�ZHUH�UHPLQGHG�
WKDW� ZKHQ� SURSRVLQJ� LPSURYHPHQWV�� WKH\� ZRXOG� QHHG� WR� GLVFXVV� KRZ� WKH� VXJJHVWHG�
LPSURYHPHQWV� PLJKW� KDYH� DQ� LPSDFW� RQ� WKH� FRPSRQHQWV¶� SULFHV�� XVHU�IULHQGOLQHVV�� DQG�
HQYLURQPHQWDO� LPSDFW� �&',2� 2SWLRQDO� 6WDQGDUG� ���� ,Q� HVVHQFH�� VWXGHQWV� ZHUH� DVNHG� WR�
FRQVLGHU�WKH�7ULSOH�ERWWRP�OLQH��FDWHULQJ�WR�WKH�VRFLDO��HFRQRPLF��DQG�HQYLURQPHQWDO�LPSDFW��RU�
�3V�±�SHRSOH��SODQHW��DQG�SURILW��DQG�LQ�GRLQJ�VR�PDNH�WUDGH�RIIV�WR�FRQFOXGH�ZKLFK�VXJJHVWHG�
LPSURYHPHQWV�IURP�DOO�WKH�SDUWV�ZRXOG�WKH\�WDNH�RQ�ERDUG�LQ�LPSURYLQJ�WKH�HQWLUH�HQJLQH��7KH�
DLP�ZDV�WR�LPSURYH�WKH�VWXGHQW¶V�DWWHQWLRQ�WR�GHWDLO�ZKLOH�DOVR�HQVXULQJ�WKH\�FRQVLGHUHG�WKH�
EURDGHU� FRQWH[W� E\� FRQVLGHULQJ�PRGXODULW\�� HDVH� RI�PDLQWHQDQFH� DQG� XVH��6WXGHQWV�PDGH�
VRPH�IDVFLQDWLQJ�VXJJHVWLRQV��DQG�PRVW�JURXSV�FRQVLGHUHG�WKH�ELJJHU�SLFWXUH��$V�DQ�H[DPSOH��
D�VWXGHQW�JURXS�VXJJHVWHG�LPSURYLQJ�WKH�DLU�ILOWHU�FDVLQJ�E\�ILUVW�GHGXFLQJ�WKDW�DLU�ILOWHUV�DUH�
LQMHFWLRQ�PRXOGHG�SRO\SURS\OHQH�DQG�DV�VXFK�RQH� LPSURYHPHQW�FRXOG�EH��'�SULQWLQJ� WKHVH�
SDUWV�WR�DYRLG�FUHDWLQJ�H[SHQVLYH�PRXOGV�IRU�LQMHFWLQJ�PRXOGLQJ�DQG�SRVVLEO\�UHGXFLQJ�WKH�VL]H�
RI� WKH� DLU� ILOWHU�� +RZHYHU�� WKH� JURXS� DSSUHFLDWHG� WKDW� D� VPDOOHU� VL]H� ZRXOG� LPSDFW� WKH�
SHUIRUPDQFH�RI� WKH� HQJLQH� DQG�GXH� WR�+RQGD¶V�PDVV� SURGXFWLRQ� DQG�HFRQRPLHV� RI� VFDOH��
QHLWKHU�RI�WKHVH�LPSURYHPHQWV�ZRXOG�KDYH�D�PHDVXUDEOH�LPSDFW���
�
:RUNLQJ�LQ�JURXSV��UHVHDUFKLQJ��GHFRQVWUXFWLQJ��GRFXPHQWLQJ��FRPPXQLFDWLQJ��GHVLJQLQJ��DQG�
LQWHUDFWLQJ�ZLWK�WKH�LQVWUXFWRUV�DOORZHG�VWXGHQWV�WR�WDNH�SDUW�LQ�DFWLYH�NQRZOHGJH�FRQVWUXFWLRQ�
DQG�DLGHG�LQ�WKH�GHYHORSPHQW�RI�WKHLU�LQWHU�SHUVRQDO�VNLOOV��7\QMlOl��������<DQJ���������7KH�
FRPSOH[LW\�RI�WKH�GHYLFH�LQWURGXFHG�WKLV�HDUO\�LQ�WKH�VWXGHQW�MRXUQH\�HQVXUHG�VWXGHQWV�ZHUH�
QRW�IRFXVHG�RQ�WKHLU�WHFKQLFDO�GLVFLSOLQHV�EXW�UDWKHU�WKH�WDVN�DW�KDQG��,W�LV�QRWHZRUWK\�WKDW�WKH�
JURXSV�ZHUH�GLVFLSOLQH�VSHFLILF��WKLV�LV�ODUJHO\�GXH�WR�WLPHWDEOLQJ�FRQIOLFWV��7KH�DXWKRUV�IHHO�WKDW�
LQWHUGLVFLSOLQDULW\�FRXOG�EH�HQKDQFHG�E\�FUHDWLQJ�PL[HG�GLVFLSOLQH�JURXSV��VRPHWKLQJ�WKDW�178�
VWXGHQWV�XQGHUJR�ODWHU�LQ�WKHLU�ILUVW�DQG�VHFRQG�\HDUV��$V�LV�QRUPDO�ZLWK�JURXS�ZRUNLQJ��VRPH�
PHPEHUV�FRQWULEXWHG�PRUH�WR�WKH�JURXS�SURMHFW�LQ�VRPH�JURXSV�DQG�DQ�DWWHPSW�ZDV�PDGH�WR�
PLWLJDWH�WKLV�XVLQJ�SHHU�DVVHVVPHQWV��$�PRUH�UREXVW�DVVHVVPHQW�PHWKRG�LV�EHLQJ�GHOLEHUDWHG�
RQ�WR�HQVXUH�WKDW�DOO�PHPEHUV�RI�D�JURXS�WDNH�SDUW�LQ�DOO�WDVNV�RI�WKH�SURMHFW���
�
Technician perspectives: +DQG� WRROV�XVHG�GXULQJ� WKH�GHFRQVWUXFWLRQ�RI� WKH�HQJLQHV�ZHUH�
UDWFKHWV�ZLWK�������PP�DQG���PP�VRFNHWV����PP�VSDQQHUV����PP�VSDUN�SOXJ�VRFNHWV�DQG�D�
VWUDS�ZUHQFK��7KH�XVH�RI�WRROV�ZDV�WDXJKW�E\�WHFKQLFLDQV�WR�HDFK�JURXS�VR�WKDW�JURXSV�KDG�D�
PRUH�SHUVRQDO�H[SHULHQFH�RQ�KRZ�WR�VDIHO\�XVH�HTXLSPHQW�DURXQG�WKHP��:KHQ�UHFRQVWUXFWLQJ��
WKH�XVH�RI�D�SLVWRQ�ULQJ�FRPSUHVVRU�ZDV�DOVR�LQWURGXFHG��'HPRQVWUDWLRQV�RI�WKH�SLVWRQ�ULQJ�
FRPSUHVVRU�ZDV�FDUULHG�RXW�E\�D�WHFKQLFLDQ�DQG�WKHQ�WKH�JURXSV�KDG�WKH�RSSRUWXQLW\�WR�XVH�LW�
LI� WKH\�ZDQWHG��,W�ZDV�REVHUYHG�WKDW�VWXGHQWV�IURP�WKH�PHFKDQLFDO�HQJLQHHULQJ�FRKRUW�ZHUH�
PRUH�IDPLOLDU�ZLWK�WKH�KDQG�WRROV�SURYLGHG�ZKLOH�ELRPHGLFDO�HQJLQHHULQJ�VWXGHQWV�QHHGHG�PRUH�
VXSSRUW��7KLV�LV�VXJJHVWLYH�WKDW�WKH�XVH�RI�KDQG�WRROV�LV�PRUH�UHODWDEOH�IRU�VWXGHQWV�ZKR�PLJKW�
KDYH�EHHQ�HQUROOHG�LQ�WHFKQLFDO�GHJUHHV�VXFK�DV�%7(&V��6WXGHQWV�FRPH�LQWR�XQLYHUVLW\�ZLWK�
YDU\LQJ� OHYHOV�RI� WDOHQWV�DQG�GLVSRVLWLRQV��7KRPDV�	�0D\��������� ,QWURGXFLQJ� WKH�HQJLQH� LQ�
WKHLU� ILUVW� WHUP�RI�WHDFKLQJ�HQVXUHV�WKH\�GHYHORS�NH\�VNLOOV�HDUO\�RQ�LQ�WKHLU�VWXGHQW� MRXUQH\��
ZKLFK�FDQ�EH�XVHG�LQ�YDULRXV�RWKHU�PRGXOHV�DV�WKH\�JR�WKURXJK�WKH�HQJLQHHULQJ�FXUULFXOXP��
$V�DQ�H[DPSOH��WKH�178�(QJLQHHULQJ�*UDQG�&KDOOHQJH�LV�DQ�DQQXDO�HYHQW�ZKHUH�VWXGHQWV�LQ�
\HDU���DQG�\HDU���ZRUN�DV�D�JURXS�DQG�DSSO\�WKHLU�NQRZOHGJH�DQG�VNLOOV�WR�SURSRVH�D�FUHDWLYH�
VROXWLRQ�WR�FRQWHPSRUDU\�JUDQG�FKDOOHQJHV��/HDUQLQJ�KRZ�WR�ZRUN�LQ�D�JURXS�DQG�XVLQJ�GLIIHUHQW�
WRROV�ZLWKLQ�WKH�5HYHUVH�(QJLQHHULQJ�3URMHFW�KHOSV�VWXGHQWV�FRPH�RXW�RI�WKHLU�FRPIRUW�]RQH��
6LPXOWDQHRXVO\��LW�HQVXUHV�VWXGHQWV�XQGHUVWDQG�KRZ�WR�XVH�WRROV�VDIHO\�VR�WKDW�WKH\�REVHUYH�
VDIH�ZRUNLQJ�SUDFWLFHV�LQVLGH�WKH�ODERUDWRULHV�DQG�ZRUNVKRSV��7KHVH�VNLOOV�FDUU\�WKURXJK�WKHLU�
HQWLUH� VWXGHQW� MRXUQH\� DQG�DUH� FRQWLQXDOO\� LPSURYHG��0RUHRYHU��ZKLOH�ZRUNLQJ� RQ� WKH�&$'�
PRGHO�RI�WKH�HQJLQHV��VWXGHQW¶V�PRGHOOLQJ�VNLOOV�DUH�LPSURYHG�ZKLFK�HQDEOHV�WKHP�WR�SURGXFH�
KLJKHU� TXDOLW\� DQG� PRUH� DFFXUDWH� PRGHOV�� 3DUW� RI� WKH� &$'�PRGHOOLQJ� ZLWKLQ� WKH� 5HYHUVH�
(QJLQHHULQJ�3URMHFW�LQYROYHV�SURGXFLQJ�WHFKQLFDO�GUDZLQJV�ZKLFK�DOORZV�WHFKQLFLDQV�WR�EHWWHU�
YLVXDOL]H�ZKDW�WKH�VWXGHQWV�LQWHQG�WR�PDQXIDFWXUH�DQG�LQ�WXUQ�PDNHV�PDQXIDFWXULQJ�HDVLHU�DQG�
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PRUH�HIILFLHQW��7KLV�FODULW\�LQ�FRPPXQLFDWLRQ�EHWZHHQ�GHVLJQ�DQG�PDQXIDFWXUH�LV�DQ�H[SOLFLW�
H[SHFWDWLRQ�LQ�DQ�LQGXVWULDO�VHWWLQJ���
�
%\�DVVLVWLQJ�RQ�WKLV�SURMHFW��WKH�WHFKQLFDO�WHDP�JDLQHG�DQ�LQVLJKW�LQWR�WKH�OHYHO�RI�FRPSHWHQF\�
VWXGHQWV�FRPH�LQWR�XQLYHUVLW\�ZLWK��0XFK�OLNH�WKH�VWXGHQWV��WKH�VNLOOV�RI�WKH�WHFKQLFLDQV�LQYROYHG�
DOVR� YDULHG��7HFKQLFLDQV� IURP�D�ELRPHGLFDO� RU� VSRUW� HQJLQHHULQJ�EDFNJURXQG�QHHGHG�H[WUD�
VXSSRUW� LQ�XVLQJ�KDQG�WRROV�ZKHQ�RULJLQDOO\�GHFRQVWUXFWLQJ�WKH�HQJLQH�LQ�SUHSDUDWLRQ�IRU�WKH�
PRGXOH�� WKLV� LV�SDUWO\�EHFDXVH�KDQG� WRROV�DUH�QRW�DV� UHJXODUO\�XVHG� LQ� WKHVH�GLVFLSOLQHV�DV�
FRPSDUHG�WR�PHFKDQLFDO�DQG�HOHFWULFDO�HQJLQHHULQJ��'XULQJ�WKH�SUHSDUDWLRQ�RI�WKLV�SURMHFW��WKH�
WHFKQLFDO�WHDP�KDG�WR�OHDUQ�KRZ�WR�UHDG�DQG�LQWHUSUHW�RIILFLDO�GRFXPHQWDWLRQ�IRU�HQJLQHV��$V�
HQJLQHV� KDYH� QRW� EHHQ� XVHG� EHIRUH�� QHZ� KDQG� WRROV� DQG� PHDVXUHPHQW� WRROV� KDG� WR� EH�
SURFXUHG�DQG�DOO�WHFKQLFLDQV�ZHUH�WKHQ�WUDLQHG�LQ�WKH�XVH�RI�PLFURPHWUHV��VWUDLQ�JDXJHV�DQG�
IHHOHU�JDXJHV��7KH�WHFKQLFLDQ�FRPSHWHQF\�LQ�WKH�XVH�RI�WKHVH�WRROV�ZDV�IXUWKHU�LPSURYHG�E\�
WHDFKLQJ�WKH�VWXGHQWV�RQ�KRZ�WR�XVH�WKHP��7KH�RYHUDOO�FRPSHWHQF\�LQ�WKH�XVH�RI�PHDVXUHPHQW�
WRROV�LPSURYHG�ZKHQ�VKRZLQJ�WKH�VWXGHQWV�KRZ�WR�XVH�WKH�HTXLSPHQW��7HFKQLFLDQV�ZHUH�DOVR�
DEOH� WR�REVHUYH�VWXGHQWV�XVLQJ� WKHVH� WRROV�DQG�ZHUH�DEOH� WR�DSSUHFLDWH� WKH�GLIILFXOWLHV�DQG�
FKDOOHQJHV�IDFHG�E\�WKH�VWXGHQWV��7HFKQLFLDQV�DOVR�REVHUYHG�ZKDW�WRROV�ZHUH�XVHG�IUHTXHQWO\�
DQG� ZKLFK� FRPSRQHQWV� ZHUH� SURQH� WR� GDPDJH�� HQKDQFLQJ� WKH� WHFKQLFDO� WHDP¶V� UHVRXUFH�
PDQDJHPHQW�VNLOOV���
�
'XH� WR� WKH�QDWXUH�RI� WKH�SURMHFW�� WHFKQLFLDQV�ZRUNHG�TXLWH� FORVHO\�ZLWK� WKH� VWXGHQWV� LQ� WKH�
SUDFWLFDO�VHVVLRQV��DOORZLQJ�WKHP�WR�IXUWKHU�DFFRPPRGDWH�WKH�VWXGHQWV��$V�DQ�H[DPSOH��LI�D�
VWXGHQW�ZDV�VWUXJJOLQJ�ZLWK�D�VSHFLILF�WRRO��WKH�WHFKQLFLDQ�FRXOG�SURYLGH�WUDLQLQJ�LQVWDQWO\�DQG�
WKH� VWXGHQW� DSSOLHG� WKLV� WUDLQLQJ� ULJKW� DZD\�� WKHUHIRUH� UHLQIRUFLQJ� WKH� OHDUQLQJ� XQGHUWDNHQ��
$QRWKHU�H[DPSOH�LV�ZKHQ�WKH�WHFKQLFLDQV�REVHUYHG�WKDW�WKH�SURYLVLRQ�RI�ODEHOOHG�EDJV�IRU�WKH�
HQJLQH� FRPSRQHQWV� DOORZHG� VWXGHQWV� WR� EHWWHU� XQGHUVWDQG� DQG� FRPSDUWPHQWDOL]H� HQJLQH�
FRPSRQHQWV��7KLV�LV�DQ�LPSRUWDQW�REVHUYDWLRQ�DV�PRYLQJ�IRUZDUG��WHFKQLFLDQV�FDQ�UHSHDW�WKH�
VDPH�SUDFWLFH�IRU�RWKHU�ODUJHU��SURMHFW�EDVHG�PRGXOHV���
�
Student feedback:�7HFKQLFLDQV�ZRUN�FORVHO\�ZLWK�WKH�VWXGHQWV�EXW�DUH�QRW�DOZD\V�VHHQ�DV�
LQVWUXFWRUV� �:LQEHUJ�� ������ OLNH� DFDGHPLFV� FDQ� EH�� VR� VWXGHQWV� WHQG� WR� JLYH�PRUH� KRQHVW�
IHHGEDFN�� 6WXGHQW� IHHGEDFN� YDULHG� WKURXJK� WKLV� PRGXOH�� DW� WKH� EHJLQQLQJ� VWXGHQWV� ZHUH�
DSSUHKHQVLYH�DERXW�VWDUWLQJ�VXFK�D�ELJ�SURMHFW�EXW�H[FLWHG�WR�WU\�VRPHWKLQJ�QHZ��$V�WKH�PRGXOH�
ZHQW�RQ��WKH\�JDLQHG�PRUH�XQGHUVWDQGLQJ�RI�ZK\�WKH�SURMHFW�ZDV�JLYHQ�WR�WKHP��$V�DQ�H[DPSOH��
LQLWLDOO\�VRPH�VWXGHQWV�IURP�ELRPHGLFDO�DQG�HOHFWURQLF�HQJLQHHULQJ�EHFDPH�VOLJKWO\�IUXVWUDWHG�
WKDW�WKH�WDVN�DW�KDQG�ZDV�WRR�FRPSOH[�DQG�µLUUHOHYDQW¶�WR�WKHLU�GLVFLSOLQHV��%\�WKH�HQG�RI�WKH�
SURMHFW��WKH�VDPH�VWXGHQWV�ZHUH�SURXG�RI�ZKDW�WKH\�KDG�DFKLHYHG�DQG�KRZ�PXFK�WKHLU�&$'�
DQG�FULWLFDO�VNLOOV�KDG�LPSURYHG��2QH�HOHFWULFDO�HQJLQHHULQJ�VWXGHQW�FRPPHQWHG�WR�D�WHFKQLFLDQ�
³,�ZRXOG�QHYHU�KDYH�WKRXJKW�WKDW���PRQWKV�IURP�WKH�VWDUW�RI�WKH�PRGXOH��,¶G�EH�WKLV�JRRG�DW�
&$'�´��,Q�WKH�SDVW��VWXGHQWV�KDYH�UDWHG�WKLV�PRGXOH�TXLWH�KLJKO\�DQG�KDYH�JLYHQ�SUDLVH�IRU�KRZ�
SUDFWLFDO�WKH�PRGXOH�LV��7KH\�IHOW�WKHUH�ZDV�DOZD\V�VRPHWKLQJ�WR�NHHS�WKHP�EXV\�GXULQJ�WKH���
KRXU�VHVVLRQV�DQG� IHOW� WKDW� LW�KDG�SUHSDUHG� WKHP�PRUH� IRU� WKH�QH[W� WHUP��0RUH� LPSRUWDQWO\��
VWXGHQWV�IHOW�WKH�PRGXOH�KDG�JLYHQ�WKHP�DQ�LQVLJKW�LQWR�ZKDW�LQGXVWU\�PLJKW�EH�OLNH�IRU�WKHP���
7KH�PRGXOH�UHFHLYHG�IDYRXUDEOH�UHVSRQVHV�LQ�WKH�HQG�RI�\HDU�PRGXOH�HYDOXDWLRQ�VXUYH\�����
VWXGHQWV� FRPSOHWHG� WKH�HYDOXDWLRQ�DQG�JDYH�DQ�DYHUDJH�VFRUH�RI�����RXW�RI� �� IRU� ³2YHUDOO�
VDWLVIDFWLRQ´�ZLWK� WKH�PRGXOH��+RZHYHU�� WKHUH�ZHUH�VRPH�SDUWV�RI� WKH�SURMHFW� WKDW�VWXGHQWV�
GLGQ¶W� OLNH� DV� PXFK�� VXFK� DV� WKH� ODFN� RI� UHVHDUFK� VXSSRUW� DURXQG� WKH� ELOO� RI� PDWHULDOV��
7HFKQLFLDQV�VXSSRUWLQJ�WKH�PRGXOH�KDYH�WDNHQ�WKLV�RQ�ERDUG�DQG�KDYH�FRQVLGHUHG�SURYLGLQJ�
VRPH�OLQNV�WR�WKH�SODFHV�WKH\�SURFXUH�PDWHULDOV�IURP�VR�WKDW�VWXGHQWV�FDQ�VHH�UHDO�OLIH�FRVWLQJV�
RI�PDWHULDO�IURP�YHQGRU�ZHEVLWHV���
�
�
�  
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CONCLUSIONS  
�
7KH�PHWKRGV�DQG�GLVFXVVLRQ�SUHVHQWHG�KHUH�GHPRQVWUDWH�KRZ�&',2�LPSOHPHQWDWLRQ�OHG�WR�
PHDQLQJIXO�OHDUQLQJ�IRU�HQJLQHHULQJ�VWXGHQWV��7KH�SUHVHQWHG�SURMHFW¶V�OHDUQLQJ�RXWFRPHV�DQG�
GHOLYHU\�PHWKRGV�HQVXUHG�WKDW�WKH�VWXGHQWV�ZHUH�HQJDJHG�LQ�D�ZD\�WKDW�WKH�UHLQIRUFHPHQW�RI�
GLVFLSOLQDU\�VLORV�ZDV�PLQLPLVHG��DQG�WKH�VWXGHQWV�JDLQHG�D�P\ULDG�RI�VNLOOV��7KH�VNLOOV�LQFOXGHG�
�EXW�DUH�QRW� OLPLWHG�WR�� WHDPZRUNLQJ��XVH�RI�KDQG�PHDVXUHPHQW� WRROV��HIILFLHQW�XVH�RI�&$'��
UHVHDUFK��SURMHFW�PDQDJHPHQW�DV�ZHOO�DV�GRFXPHQWDWLRQ�DQG�SURIHVVLRQDO�UHSRUWLQJ��6WXGHQW�
RXWFRPHV� SUHVHQWHG� KHUH� DUH� D� WHVWDPHQW� WR� WKH� HPSKDVLV� RI� HQYLURQPHQWDO�� VRFLDO�� DQG�
HFRQRPLF� VXVWDLQDELOLW\� DGRSWLRQ� WKURXJK� WKH� HQWLUHW\� RI� WKH� SURMHFW�� ,QYROYHPHQW� RI� WKH�
WHFKQLFLDQV� HDUO\� RQ� LQ� WKH� GHYHORSPHQW� RI� WKH� SURMHFW� GHOLYHU\� HQULFKHG� WKH� OHDUQLQJ�
H[SHULHQFH�IRU�WKH�VWXGHQWV�DQG�KHOSHG�HQKDQFH�WKH�FRPSHWHQFH�RI�WKH�WHFKQLFLDQV�DQG�WKH�
PRGXOH�OHDGHU��6RPH�H[DPSOHV�RI�HQKDQFHG�IDFXOW\�FRPSHWHQFH�LQFOXGH�WLPH�DQG�UHVRXUFH�
PDQDJHPHQW�� ,QFUHDVHG� WHFKQLFLDQ� LQYROYHPHQW� PHDQW� GRFXPHQWDWLRQ� IRU� HQJLQH�
GHFRQVWUXFWLRQ�ZDV�FRPSUHKHQVLEOH�IRU�WKH�VWXGHQWV�����
�
%DVHG� RQ� GHOLYHU\� H[SHULHQFH� � DQG� VWXGHQW� IHHGEDFN�� VRPH� VXJJHVWLRQV� IRU� LPSURYHPHQW�
LQFOXGH�RIIHULQJ�PRUH�VXSSRUW�WR�WKH�VWXGHQWV�LQ�FUHDWLQJ�D�ELOO�RI�PDWHULDOV�E\�SURYLGLQJ�D�OLVW��
ZHEVLWH�OLQNV�RI�DSSURYHG�PDWHULDO�VXSSOLHUV��7HFKQLFLDQV�DOVR�DLP�WR�FUHDWH�YLGHR�WXWRULDOV�WKDW�
GHPRQVWUDWH�WKH�XVH�RI�KDQG�DQG�PHDVXUHPHQW�WRROV�WR�HQVXUH�VWXGHQWV�DUH�JLYHQ�DXWRQRP\�
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