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ABSTRACT 
�
7KLV�SDSHU�GHVFULEHV�D� ILUVW�\HDU�XQGHUJUDGXDWH�HQJLQHHULQJ�FRXUVH�FDOOHG�(QHUJ\� WKDW�KDV�
EHHQ�GHYHORSHG�DQG�WDXJKW�DW�WKH�'HSDUWPHQW�RI�(QJLQHHULQJ�DW�5H\NMDYLN�8QLYHUVLW\��7KH�DLP�
RI�WKLV�FRXUVH�ZDV�WR�PHUJH�0DWODE�SURJUDPPLQJ�DQG�WKHUPRG\QDPLFV�LQWR�RQH�FRXUVH��,Q�WKLV�
FRXUVH�WKH�VWXGHQWV�OHDUQ�WKH�IXQGDPHQWDOV�RI�WKHUPRG\QDPLFV�DQG�VROYH�WKHUPRG\QDPLF�DQG�
HQHUJ\� UHODWHG� DVVLJQPHQWV� XVLQJ�0DWODE� SURJUDPPLQJ�� � 2WKHU� FRXUVHV� WKDW� WKH� ILUVW�\HDU�
VWXGHQWV�DUH�WDNLQJ�VLPXOWDQHRXVO\�DOVR�LQWHJUDWH�0DWODE�LQWR�WKHLU�FXUULFXOXP�WR�VRPH�GHJUHH���
,Q� WKH� ����� FRXUVH� WKH� V\OODEXV� RI� 0DWODE� SURJUDPPLQJ� DQG� WKHUPRG\QDPLFV� ZDV� IXVHG�
WRJHWKHU�IURP�GD\�RQH��ZLWK�PDQ\�VWXGHQWV�KDYLQJ�GLIILFXOW\�LQ�OHDUQLQJ�WKH�EDVLF�SURJUDPPLQJ�
ZKLOH� WDNLQJ� LQ�QHZ�WKHRUHWLFDO� UHODWLRQV�RI� WKHUPRG\QDPLFV��7KLV�ZDV�FKDQJHG� LQ� WKH������
FRXUVH�ZKHUH�WKH�ILUVW���ZHHNV�RI�WKH�FRXUVH�IRFXVHG�DOPRVW�HQWLUHO\�RQ�0DWODE�SURJUDPPLQJ�
DQG�WKH�UHPDLQLQJ���ZHHNV�IRFXVHG�RQ�WKHUPRG\QDPLFV��ZKHUH�0DWODE�ZDV�XVHG�DV�D�WRRO�WR�
VROYH�SUREOHPV���,Q������WKLV�ZDV�VSOLW�LQWR�WZR�FRXUVHV��RQH���ZHHNV�0DWODE�FRXUVH�DQG�RQH�
��ZHHNV�(QHUJ\�FRXUVH�ZKHUH�VWXGHQWV�FRQWLQXH�WR�XVH�0DWODE���7KH�FRXUVH�LV�EHLQJ�GHYHORSHG�
IXUWKHU��EXW�WKH�PDLQ�IHHGEDFN�IURP�VWXGHQWV�LV�WKDW�WKH\�SUHIHU�WKH�FRQWHQW�RI�SURJUDPPLQJ�
DQG�WKHUPRG\QDPLFV�WR�EH�GLVWLQJXLVKHG�WR�VRPH�H[WHQW��'HYHORSLQJ�WKLV�FRXUVH�LV�LQ�OLQH�ZLWK�
WKH�&',2� VWDQGDUGV� �� DQG� ��� ,QWHJUDWHG� FXUULFXOXP�DQG� ,QWURGXFWLRQ� WR� HQJLQHHULQJ�ZKHUH�
VWXGHQWV�JHW�UHDO�GDWD�WR�ZRUN�ZLWK�ZKLFK�UHODWHV�WKHP�PRUH�WR�PRGHUQ�DQG�FXUUHQW�HQJLQHHULQJ�
FKDOOHQJHV� LQ� HQHUJ\� UHODWHG� WRSLFV�� � 7KLV� ZLOO� SUHSDUH� WKHP� IRU� ZRUNLQJ� RQ� WKH� HQHUJ\�
FKDOOHQJHV�WKH�ZRUOG�LV�QRZ�IDFLQJ��
�
�
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INTRODUCTION 
 
8QGHUJUDGXDWH� VWXG\� LQ� HQJLQHHULQJ� DW� WKH� 'HSDUWPHQW� RI� (QJLQHHULQJ� �'(�� DW� 5H\NMDYLN�
8QLYHUVLW\� �58�� LQ� ,FHODQG�DLPV�DW�SURYLGLQJ�VROLG�EDFNJURXQG� IRU�VSHFLDOL]DWLRQ� LQ�GLIIHUHQW�
HQJLQHHULQJ�VWXG\�OLQHV�DQG�SUHSDUH�VWXGHQWV�IRU�JUDGXDWH�VWXG\�DQG�HQJLQHHULQJ�SURIHVVLRQ���
$QQXDOO\�DURXQG�����VWXGHQWV�DUH�HQUROOHG�LQWR�WKH�ILUVW�\HDU�RI�WKH�IROORZLQJ�%6F�SURJUDPV��
)LQDQFLDO� (QJLQHHULQJ�� (QJLQHHULQJ� 0DQDJHPHQW�� %LRPHGLFDO� (QJLQHHULQJ�� 0HFKDWURQLFV��
(QHUJ\�(QJLQHHULQJ��0HFKDQLFDO�(QJLQHHULQJ�DQG�(OHFWULF�3RZHU�(QJLQHHULQJ���'(�DW�58�KDV�
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EHHQ�LPSOHPHQWLQJ�WKH�&',2�DSSURDFK�LQWR�LWV�FXUULFXOXP�IRU�PRUH�WKDQ�D�GHFDGH��$XGXQVVRQ�
HW�DO���������DQG�6DHPXQGVGRWWLU�HW�DO���������
�
3URJUDPPLQJ�LV�DQ�HVVHQWLDO�IDFWRU�LQ�WKH�HQJLQHHULQJ�FXUULFXOXP�DQG�LW�KDV�EHHQ�D�FRUH�VXEMHFW�
LQ�XQGHUJUDGXDWH�VWXGLHV�RI�DOO�HQJLQHHULQJ�VWXG\�OLQHV�WDXJKW�DW�58���7KH�VWXGHQWV�ZKR�DUH�
HQUROOHG�LQWR�WKH�HQJLQHHULQJ�SURJUDPV�FRPH�IURP�GLIIHUHQW�VHFRQGDU\�VFKRROV�DQG�PDQ\�RI�
WKHP�KDYH�OLWWOH�RU�QR�H[SHULHQFH�LQ�SURJUDPPLQJ�ZKLOH�RWKHU�VWXGHQWV�KDYH�JUDGXDWHG�IURP�
VSHFLILF�FRPSXWHU�VFLHQFH�SURJUDPV��7R�JHW�WKH�VWXGHQWV�WR�D�VLPLODU�SDJH�ZKHQ�LW�FRPHV�WR�
SURJUDPPLQJ��0DWODE�SURJUDPPLQJ�KDV�EHHQ�XVHG�DV� WKH� ILUVW�SURJUDPPLQJ� ODQJXDJH�WKH\�
OHDUQ�DW�58�DQG�LW�KDV�EHHQ�WDXJKW�LQ�D�VSHFLILF�0DWODE�FRXUVH���0DWODE�LV�FRQVLGHUHG�WR�EH�D�
UHODWLYHO\�VLPSOH�DQG�D�XVHU�IULHQGO\�V\QWD[�ZKLFK�ZRUNV�ZHOO�IRU�HQJLQHHULQJ�VWXGHQWV�ZLWK�OLWWOH�
RU�QR�EDFNJURXQG� LQ�SURJUDPPLQJ��DQG� LW�KDV�EHHQ�ZLGHO\� WDXJKW� LQ�HQJLQHHULQJ�FXUULFXOXP�
�%HWWLQ�HW��DO����������$W�58�D���(&76�FRXUVH�LQ�0DWODE�SURJUDPPLQJ�KDV�EHHQ�WDXJKW�IRU�ILUVW�
\HDU�HQJLQHHULQJ�VWXGHQWV�VLQFH�\HDU������DQG�DIWHU�FRPSOHWLQJ� WKDW�FRXUVH�VWXGHQWV�KDYH�
WDNHQ�DQRWKHU���(&76�FRXUVH�LQ�D�FRPSXWHU�ODQJXDJH�OLNH�&���RU�3\WKRQ���(DUOLHU�WKLV�ZDV�
FRQVLGHUHG�WR�EH�D�VXFFHVVIXO�VHWXS�EXW�LQ�UHFHQW�\HDUV��VWXGHQWV�DUH�PRUH�IUHTXHQWO\�XVLQJ�
3\WKRQ�LQVWHDG�RI�0DWODE�LQ�RWKHU�FRXUVHV�DQG�WKHVLV�ZRUN�LQ�ODWHU�\HDUV�RI�WKHLU�VWXGLHV���7KDW�
IDFW�KDV�VKLIWHG�WKH�HPSKDVLV�IURP�D�ZKROH���(&76�FRXUVH�LQ�0DWODE�SURJUDPPLQJ�LQWR�OHDUQLQJ�
RQO\�WKH�EDVLFV�RI�0DWODE�SURJUDPPLQJ�DQG�LQWHJUDWLQJ�WKHVH�VNLOOV�LQWR�RWKHU�FRXUVHV���7KLV�
KDV�EHHQ�VXFFHVVIXOO\�LQWHJUDWHG�LQ�PDQ\�RWKHU�SURJUDPV�DW�WHFKQLFDO�XQLYHUVLWLHV��DQ�H[DPSOH�
RI�D�&',2�DSSURDFK�WR�WKLV�FDQ�EH�IRXQG�LQ�D�SDSHU�E\�(QHOXQG�HW�DO����������
�
,Q� ,FHODQG�� DOPRVW� DOO� RI� WKH� HOHFWULFLW\� LV� SURGXFHG� IURP� UHQHZDEOH� HQHUJ\� VRXUFHV� OLNH�
JHRWKHUPDO�DQG�K\GURSRZHU��(QHUJ\�6WDWLVWLFV����������7KH�FRXQWU\�KDV�D�XQLTXH�RSSRUWXQLW\�
WR�SKDVH�RXW�IRVVLO�IXHOV�LQ�WKHLU�WUDQVSRUWDWLRQ�VHFWRU���7KH�FXUUHQW�HQHUJ\�WUDQVLWLRQ�DLPV�DW�
UHSODFLQJ�IRVVLO�IXHOV�ZLWK�UHQHZDEOH�HQHUJ\��HLWKHU�XVLQJ�HOHFWULFLW\�GLUHFWO\�RU�E\�SURGXFLQJ�(�
IXHOV��H�J��K\GURJHQ�DQG�DPPRQLD��DV�HQHUJ\�FDUULHUV���,FHODQG�DLPV�IRU�FDUERQ�QHXWUDOLW\�E\�
������*RY��RI�,FHODQG��������DQG�WKH�HQHUJ\�DQG�WUDQVSRUW�VHFWRU�ZLOO�EH�RQH�RI�WKH�ELJJHVW�
FRQWULEXWRUV�WR�IXOILOO�WKDW�JRDO���,W�LV�WKHUHIRUH�LPSRUWDQW�WKDW�DOO�HQJLQHHULQJ�VWXGHQWV�LQ�,FHODQGLF�
XQLYHUVLWLHV�JHW�D�VROLG�EDFNJURXQG�LQ�WKHUPRG\QDPLFV�DQG�NQRZOHGJH�RI�WKH�HQHUJ\�VRXUFHV��
VLQFH�LW�LV�OLNHO\�WKDW�WKH\�ZLOO�EH�UHTXLUHG�WR�KDYH�WKHVH�EDVLF�VNLOOV�LQ�WKHLU�IXWXUH�HPSOR\PHQW��
UHJDUGOHVV�RI�ZKLFK�HQJLQHHULQJ�VWXG\�OLQH�WKH\�KDYH�VHOHFWHG���7KLV�VXEMHFW�LV�DOVR�DQ�H[FHOOHQW�
SODWIRUP� LQ� D� XQLYHUVLW\� FRXUVH� WR� LQWHJUDWH� ZLWK� WKH� EDVLFV� RI� SURJUDPPLQJ� WR� SHUIRUP�
FDOFXODWLRQV��LPSRUW�GDWD�DQG�SUHVHQW�UHVXOWV�H�J��LQ�VSUHDGVKHHWV�DQG�JUDSKV���7KLV�RXWOLQHV�
WKH�PRWLYDWLRQ�IRU�WKH�GHYHORSPHQW�RI�WKH�QHZ�ILUVW�\HDU�FRXUVH�LQ�XQGHUJUDGXDWH�HQJLQHHULQJ�
VWXGLHV�DW�58�WKDW�LV�GHVFULEHG�LQ�WKLV�SDSHU��
�
7KH�DLP�RI�WKLV�SDSHU�LV�WR�GHVFULEH�WKH�GHYHORSPHQW�RI�WKH�QHZ�FRXUVH�(QHUJ\�DW�58�ZKLFK�
KDV�EHHQ�LQ�WKH�HQJLQHHULQJ�FXUULFXOXP�VLQFH������DQG�KRZ�WKH�OHVVRQV�OHDUQHG�KDYH�OHG�WR�
FKDQJHV�LQ�WKDW�FRXUVH�RYHU�WKH�SDVW���\HDUV�WKLV�FRXUVH�KDV�EHHQ�WDXJKW��'XULQJ�WKH�FRXUVH�
GHYHORSPHQW� WKH� &',2� 6WDQGDUG� �� IRU� ,QWHJUDWHG� FXUULFXOXP� DV� ZHOO� DV� 6WDQGDUG� �� RI�
,QWURGXFWLRQ�WR�HQJLQHHULQJ��&',2��������KDYH�EHHQ�LPSOHPHQWHG��
�
�
THE ENERGY COURSE  
�
Background  
�
,Q������ZKHQ�D�QHZ�'HDQ�RI�'HSDUWPHQW�RI�(QJLQHHULQJ�DQG�D�QHZ�'HSDUWPHQW�&RXQFLO�FDPH�
RQ� ERDUG� DW� 58�� WKH\� GHFLGHG� WR� GR� FXUULFXOXP� FKDQJHV� WR� WKH� VWXG\� OLQHV� RIIHUHG� DW� WKH�
GHSDUWPHQW�� � )RU� WKH� VWXG\� OLQHV� )LQDQFLDO� HQJLQHHULQJ� DQG� (QJLQHHULQJ�PDQDJHPHQW� WZR�
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FRXUVHV��&KHPLVWU\����(&76��DQG�7KHUPRG\QDPLFV����(&76��ZHUH�UHPRYHG�DV�PDQGDWRU\�
FRXUVHV���$OVR��DOO�VWXGHQWV�QRZ�WDNH�D�FRXUVH�LQ�3\WKRQ�SURJUDPPLQJ�LQ�WKH�VHFRQG�VHPHVWHU���
7KLV�LQLWLDWHG�FKDQJHV�WR�KRZ�SURJUDPPLQJ�DQG�WKHUPRG\QDPLF�FRXUVHV�ZHUH�WDXJKW�IRU�WKH�
ILUVW�\HDU�XQGHUJUDGXDWH�VWXGHQWV���
�
,W� LV� YHU\� LPSRUWDQW� WKDW� DOO� HQJLQHHUV� KDYH� IXQGDPHQWDO� XQGHUVWDQGLQJ� RI� WKHUPRG\QDPLF�
SURFHVVHV�DQG�KRZ�HQHUJ\�FRQYHUVLRQ�WDNHV�SODFH�DQG�ZKLFK�OLPLWDWLRQV�DSSO\�DFFRUGLQJ�WR�
WKH�ODZV�RI�WKHUPRG\QDPLFV���,Q�SDUWLFXODU��EDVLF�SUDFWLFDO�NQRZOHGJH�RI�WKHUPRG\QDPLFV�DQG�
HQHUJ\� WHFKQRORJ\� LV�RI� VSHFLDO� LPSRUWDQFH� LQ� ,FHODQG�GXH� WR� WKH�FXUUHQW�HQHUJ\� WUDQVLWLRQ��
7KHUHIRUH�� VLQFH� VRPH� VWXG\� OLQHV� GR� QRW� KDYH� WKHUPRG\QDPLFV� DV� D� PDQGDWRU\� FRXUVH�
DQ\PRUH� DQG� VWXGHQWV� OHDUQ� SURJUDPPLQJ� LQ� 3\WKRQ� DOUHDG\� LQ� VHFRQG� VHPHVWHU�� LW� ZDV�
GHFLGHG�WR�PHUJH�LQWURGXFWRU\�WKHUPRG\QDPLFV�DQG�HQHUJ\�WHFKQRORJ\�WRJHWKHU�ZLWK�SUDFWLFDO�
SURJUDPPLQJ�LQ�0DWODE�LQWR�RQH�FRXUVH��FDOOHG�(QHUJ\���,W�LV�WR�EH�QRWHG��WKDW�VRPH�VWXG\�OLQHV�
�H�J�� 0HFKDQLFDO� DQG� (QHUJ\� HQJLQHHULQJ�� VWLOO� KDYH�PDQGDWRU\� FRXUVHV� LQ� &KHPLVWU\� DQG�
7KHUPRG\QDPLFV� ODWHU� LQ� WKHLU� FXUULFXOXP�� 7KH� �VW� \HDU� FXUULFXOXP� SULRU� WR� DQG� DIWHU� WKHVH�
DSSOLHG�LQLWLDO�FKDQJHV�DUH�VKRZQ�LQ�7DEOH���ZKHUH�WKH�FKDQJHV�PDGH�WR�WKH�SULRU�FXUULFXOXP�
�7DEOH��D��DUH�VKRZQ�LQ�LWDOLFV�LQ�7DEOH��E��
�
7DEOH����&XUULFXOXP�IRU��VW�\HDU�%6F�(QJLQHHULQJ�SULRU� WR�DQG�DIWHU� WKH�FXUULFXOXP�FKDQJHV�
PDGH�LQ�������&KDQJHV�IURP�SUHYLRXV�FXUULFXOXP��D��DUH�VKRZQ�LQ�LWDOLFV�LQ��E���
�

Autumn Semester 1st year 
a. Prior to curriculum change b. After the curriculum change 
&DOFXOXV�,����(&76�� &DOFXOXV�,����(&76��
3K\VLFV�,����(&76�� 3K\VLFV�,����(&76��
&KHPLVWU\����(&76�� /LQHDU�DOJHEUD����(&76��
3UDFWLFDO�3URJUDPPLQJ�LQ�0DWODE����(&76�� (QHUJ\����(&76��
%UDLQVWRUPLQJ����(&76�� %UDLQVWRUPLQJ����(&76��
,QWURGXFWLRQ�WR�(QJLQHHULQJ����(&76�����ZHHNV�� ,QWURGXFWLRQ�WR�(QJLQHHULQJ����(&76�����

ZHHNV��
Spring Semester 1st year 

a. Prior to curriculum change b. After the curriculum change 
&DOFXOXV�,,����(&76�� &DOFXOXV�,,����(&76��
3K\VLFV�,,����(&76�� 3K\VLFV�,,����(&76��
/LQHDU�$OJHEUD����(&76�� (QJLQHHULQJ�SURJUDPPLQJ����(&76��
6WXG\�OLQH�VSHFLILF�FRXUVH����(&76�� 6WXG\�OLQH�VSHFLILF�FRXUVH����(&76��
(QWUHSUHQHXUVKLS�DQG�6WDUWLQJ�1HZ�9HQWXUHV����
(&76�����ZHHNV��

(QWUHSUHQHXUVKLS� DQG� 6WDUWLQJ� 1HZ�
9HQWXUHV����(&76�����ZHHNV��

�
Course description 
�
)ROORZLQJ�LV�WKH�LQLWLDO�FRXUVH�GHVFULSWLRQ�DQG�OHDUQLQJ�RXWFRPHV�RI�WKH���(&76�FRXUVH�(QHUJ\�
ZKLFK�ZDV�ODXQFKHG�LQ�DXWXPQ�VHPHVWHU�������
�
&RXUVH�GHVFULSWLRQ�
$W�WKH�EHJLQQLQJ�RI�WKH�FRXUVH�WKH�VWXGHQWV�ZLOO�OHDUQ�WKH�EDVLFV�RI�SURJUDPPLQJ�WRROV��H�J��
0DWODE�WR�VROYH�HQJLQHHULQJ�SUREOHPV���7KLV�WRRO�ZLOO�EH�XVHG�LQ�WKH�FRXUVH�LQ�SURMHFW�ZRUN���
7KH�EDVLFV�FRQFHSWV�DQG�ODZV�RI�SK\VLFV�ZKLFK�UHODWH�WR�WKHUPRG\QDPLFV�DQG�KHDW�WUDQVIHU�
ZLOO�EH�LQWURGXFHG���$Q�HPSKDVLV�LV�PDGH�RQ�FRQVHUYDWLRQ�RI�PDWWHU��PDVV�DQG�HQHUJ\�LQ�
VLPSOH� V\VWHPV�� 7KHUPRG\QDPLF� SURSHUWLHV� RI� SXUH� VXEVWDQFHV� DQG� ODZV� RI�
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WKHUPRG\QDPLFV��DQG�ZD\V�RI�KHDW�WUDQVIHU�ZLOO�EH�LQWURGXFHG�DV�ZHOO�DV�DQDO\VLV�RI�HQHUJ\�
VRXUFHV�IRU�WKHUPDO�HQHUJ\�DQG�HOHFWULFLW\�SURGXFWLRQ��
�
/HDUQLQJ�RXWFRPHV��
$W�WKH�HQG�RI�WKH�FRXUVH�WKH�VWXGHQWV�VKRXOG�KDYH�NQRZOHGJH�RI��

•� 7KH�IXQGDPHQWDOV�RI�HQJLQHHULQJ�ZKLFK�UHODWHV�WR�WKHUPRG\QDPLFV�
•� (QHUJ\�DQG�PDVV�FRQVHUYDWLRQ�LQ�VLPSOH�HQJLQHHULQJ�V\VWHPV�
•� 7KH�SK\VLFV�RI�KHDW�WUDQVIHU�
•� 3UDFWLFDO�SURJUDPPLQJ�IRU�VROYLQJ�HQJLQHHULQJ�SUREOHPV�

$W�WKH�HQG�RI�WKH�FRXUVH�WKH�VWXGHQWV�VKRXOG�KDYH�FRPSHWHQFH�WR��
•� 6ROYH�VLPSOH�HQJLQHHULQJ�SUREOHPV�UHODWHG�WR�PDVV�DQG�HQHUJ\�EDODQFH�DQG�KHDW�

WUDQVIHU�
•� 6HW� XS� DQG� VROYH� VLPSOH� FDOFXODWLRQV� RI� HQHUJ\� SURGXFWLRQ�� ZLWK� WKH� XVH� RI� H�J��

SUDFWLFDO�SURJUDPPLQJ�WRROV�
•� 7R�SUHVHQW�UHVXOWV�RI�FDOFXODWLRQV�LQ�DQ�HIILFLHQW�ZD\�

$W� WKH�HQG�RI� WKH�FRXUVH� WKH�VWXGHQWV� VKRXOG�KDYH�JDLQHG�VNLOOV� WR�DSSO\LQJ�HQJLQHHULQJ�
PHWKRGV�WR�VROYH�VLPSOH�HQHUJ\�UHODWHG�SUREOHPV��
�
�
7KLV� FRXUVH� LV� LQWHJUDWLQJ� SUDFWLFDO� SURJUDPPLQJ� WRROV� LQWR� WKHUPRG\QDPLFV� DQG� HQHUJ\�
WHFKQRORJ\���,Q�RWKHU�ILUVW�VHPHVWHU�FRXUVHV��WKH�VWXGHQWV�DOVR�XVH�0DWODE�ZKHUH�DSSOLFDEOH���
7R� QDPH� IHZ� H[DPSOHV�� WKH� VWXGHQWV� XVH� 0DWODE� IRU� DQDO\]LQJ� PHDVXUHPHQW� GDWD� DQG�
UHSUHVHQWLQJ�UHVXOWV� LQ�3K\VLFV� ODE�FODVVHV�� � ,Q�&DOFXOXV VWXGHQWV�XVH�0DWODE� IRU�QXPHULFDO�
PHWKRGV�WR�FRPSXWH�LQWHJUDOV�DQG�VROYH�HTXDWLRQV��XVLQJ�WKH�ELVHFWLRQ�PHWKRG����7KH�WRROV�
�0DWODE�SURJUDPPLQJ�IRU�HQJLQHHULQJ�DQG�VFLHQWLILF�SUREOHP�VROYLQJ��DUH�WKHUHIRUH�WDXJKW� LQ�
RQH�FRXUVH�LQ�WKH�ILUVW�VHPHVWHU�DQG�XVHG�LQ�WKH�FRXUVHV�WDXJKW�SDUDOOHOO\���7KLV�FDQ�EH�UHODWHG�
WR�WKH�&',2�6WDQGDUG���±�,QWHJUDWHG�&XUULFXOXP��
�
$V�VHHQ�IURP�WKH�DERYH�OHDUQLQJ�RXWFRPHV��WKH�(QHUJ\�FRXUVH�FRYHUV�YDULHW\�RI�VXEMHFWV�LQ�
SURJUDPPLQJ�DQG�HQHUJ\�HQJLQHHULQJ�DQG�LW�KDV�EHHQ�D�FKDOOHQJH�WR�PHUJH�DOO�WKHVH�RXWFRPHV�
LQWR�D�VLQJOH���(&76�FRXUVH�DV�GHVFULEHG�LQ�WKH�IROORZLQJ�VHFWLRQ��
�
Lessons learned 
 
7KH�FRXUVH�(QHUJ\�KDV�QRZ�EHHQ�WDXJKW���WLPHV��LQ�WKH�DXWXPQ�VHPHVWHUV�������������)LUVW�
WZR� WLPHV� WKH�FRXUVH�ZDV� WDXJKW�ZDV�XQGHU�FKDOOHQJLQJ�FLUFXPVWDQFHV�GXH� WR� WR�&RYLG����
UHVWULFWLRQV���7KH�FRXUVH�LQ������KDG�WKH�0DWODE�FRQWHQW� LQWHJUDWHG�LQWR�WKH�WKHUPRG\QDPLF�
FRQWHQW� IURP� GD\� RQH� EXW� WKH� ILUVW� WZR�ZHHNV�ZHUH� KRZHYHU�PRUH� IRFXVHG� RQ� JHWWLQJ� WKH�
IXQGDPHQWDOV�RI�0DWODE�SURJUDPPLQJ���*UDGXDOO\��WKH�0DWODE�FRQWHQW�ZDV�EXLOW�XS�DQG�XVHG�
IRU�SUREOHP�VROYLQJ�LQ�WKHUPRG\QDPLF�H[HUFLVHV��
�
7KH�VWXGHQWV�H[SHULHQFH�IURP�WKH�ILUVW�URXQG��DV�UHSRUWHG�LQ�WKH�VWXGHQW�WHDFKLQJ�VXUYH\��ZDV�
WKDW� VWXGHQWV� RIWHQ� IRXQG� WKLV� TXLWH� RYHUZKHOPLQJ� WR� EH� OHDUQLQJ� SURJUDPPLQJ� DQG�
WKHUPRG\QDPLF�VLPXOWDQHRXVO\�VLQFH�IRU�PRVW�RI�WKH�VWXGHQWV��ERWK�WKHVH�WRSLFV�ZHUH�QHZ�WR�
WKHP���,W�ZDV�WKHUHIRUH�GHFLGHG��IRU�WKH�VHFRQG�URXQG�RI�WKH�FRXUVH�(QHUJ\�LQ������WR�GLYLGH�
WKHVH�WRSLFV�PRUH�DQG�IRFXV�RQ�0DWODE�RQO\�IRU�WKH�ILUVW���ZHHNV�DQG�WHDFK�WKHUPRG\QDPLFV�
DQG�HQHUJ\� WHFKQRORJ\�ZLWK�0DWODE� LQWHJUDWLRQ� IRU���ZHHNV�DIWHU� WKDW�� �7KLV�SURYHG� WR�EH�D�
VXFFHVVIXO�FKDQJH�DQG�ZDV�WDNHQ�RQH�VWHS�IXUWKHU�E\�VSOLWWLQJ�WKH�HQHUJ\�FRXUVH�LQWR���ZHHNV�
0DWODE�FRXUVH�DQG���ZHHNV�RI�(QHUJ\�FRXUVH�ZLWK�0DWODE�LQWHJUDWLRQ���7KLV�LV�VXPPDUL]HG�LQ�
7DEOH���ZKLFK�VKRZV�KRZ�WKH�FRXUVH�KDV�GHYHORSHG�RYHU�WKH�WKUHH�\HDUV�SHULRG������������
�

�
���
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7DEOH����6HWXS�RI�WKH�(QHUJ\�DQG�0DWODE�FRXUVH�
�

$XWXPQ������ $XWXPQ������ $XWXPQ������
�
7�����25.$����(&76��

�
7�����25.$����(&76��

7ZR�FRXUVHV��
�����7�����0$7/����(&76��
�	��7�����25.$����(&76��

2QH�FRXUVH��
0DWODE�SURJUDPPLQJ��
WKHUPRG\QDPLFV�DQG�HQHUJ\�
WHFKQRORJ\�LQWHJUDWHG�IRU����
ZHHNV�
�

2QH�FRXUVH��
0DWODE�SURJUDPPLQJ�IRU���
ZHHNV��7KHUPRG\QDPLFV�
DQG�HQHUJ\�WHFKQRORJ\�ZLWK�
0DWODE�SURJUDPPLQJ�
LQWHJUDWHG�IRU���ZHHNV�
�

7ZR�FRXUVHV��
���0DWODE�SURJUDPPLQJ�IRU���
ZHHNV���
���7KHUPRG\QDPLFV�DQG�
HQHUJ\�WHFKQRORJ\�ZLWK�
0DWODE�SURJUDPPLQJ�
LQWHJUDWHG�IRU���ZHHNV�

�
Course assessment and project examples 
 
7KH�FRXUVH�DVVHVVPHQW�FRQVLVWV�RI�ZHHNO\�KRPHZRUNV�DQG�TXL]]HV��PLGWHUP�H[DPV��JURXS�
SURMHFW�ZRUN��DFWLYLWLHV�LQ�SUREOHP�FODVVHV�DQG�D�ILQDO�H[DP���)LJXUH���VKRZV�H[DPSOHV�RQ�KRZ�
WKH�EDVLFV�RI�0DWODE�SURJUDPPLQJ�ZHUH�XVHG�RQ�D�WKHUPRG\QDPLF�DQG�DQ�HQHUJ\�WHFKQRORJ\�
SUREOHP�LQ�WKH�(QHUJ\�FRXUVH���7KH�XSSHU�ILJXUH�LQ�)LJXUH���VKRZV�0DWODE�FRGH�DQG�D�SORW�IRU�
DQ�LVRWKHUPDO�FRPSUHVVLRQ�SURFHVV�RI�DQ�LGHDO�JDV���7KH�ORZHU�SDUW�RI�)LJXUH���VKRZV�LI�HOVHLI�
HOVH�VWDWHPHQW�LQ�0DWODE�IRU�XVLQJ�D�UDQJH�RI�YHORFLW\�YDOXHV�IRU�FDOFXODWLQJ�ZLQG�WXUELQH�SRZHU�
DQG�HIILFLHQF\��
�

�

�
�

�
���
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�
�

)LJXUH�����([DPSOHV�RI�WZR�SUREOHPV�VWXGHQWV�VROYHG�LQ�WKH�(QHUJ\�FRXUVH�XVLQJ�0DWODE����
8SSHU���&DOFXODWLQJ�DQG�SORWWLQJ�DQ�LVRWKHUPDO�SURFHVV�RI�DQ�LGHDO�JDV�
/RZHU���&DOFXODWLQJ�DQG�SORWWLQJ�ZLQG�WXUELQH�SRZHU�DQG�HIILFLHQF\�

�
([DPSOHV�RI�ODUJHU�JURXS�SURMHFWV�LQ�WKH�(QHUJ\�FRXUVH�ZKHUH�0DWODE�ZDV�DSSOLHG�WR�DQDO\]H�
UHDO�ZRUOG�GDWD�DQG�SUHVHQW�WKH�UHVXOWV�LQ�D�YLGHR�DQG�RU�UHSRUW�DUH��
�

•� (VWLPDWLQJ�ZLQG�SRZHU�SRWHQWLDO�RQ�D�VSHFLILF�VLWH�EDVHG�RQ�ZLQG�VSHHG�GDWD�DQG�KRZ�
ZHOO�WKLV�SRZHU�FRXOG�IXOILOO�WKH�UHTXLUHPHQW�RI�WKH�XVH�RI�WKDW�VLWH��EDVHG�RQ�GDWD�IURP�
D�QHDUE\�VXEVWDWLRQ��
�

•� 'HWHUPLQLQJ� SRZHU� SURGXFWLRQ� SRWHQWLDO� IURP� RYHUIORZ� RI� DQ� H[LVWLQJ� K\GURSRZHU�
UHVHUYRLU� �/DQGVYLUNMXQ�� ������� � $� SUHOLPLQDU\� GHVLJQ� RI� WKH� SODQW� DQG� WR� VHOHFW� DQ�
DSSURSULDWH�WXUELQH�W\SH��'HWHUPLQH�KRZ�PXFK�K\GURJHQ�FDQ�EH�SURGXFHG�XVLQJ�WKLV�
DGGLWLRQDO�HOHFWULFLW\�SURGXFHG�
�

7KHVH�DVVLJQPHQWV�IURP�WKH�(QHUJ\�FRXUVH�DUH�H[DPSOHV�ZKHUH�VWXGHQWV�XVHG�0DWODE�DV�D�
WRRO�WR�HQDEOH�D�VXFFHVVIXO�VROXWLRQ�RI�WKH�SUREOHPV�WKH\�ZHUH�JLYHQ���7KLV�FRPELQHV�,QWHJUDWHG�
FXUULFXOXP�DQG�,QWURGXFWLRQ�WR�HQJLQHHULQJ�ZKLFK�DUH�WZR�RI�WKH����&',2�VWDQGDUGV��&',2��
�������
�
�
DISCUSSION 
 
&XUULFXOXP�FKDQJH�ZDV�PDGH�IRU�WKH�ILUVW�\HDU�HQJLQHHULQJ�VWXGHQWV�ZKHUH��[�(&76�FRXUVHV�
LQ�0DWODE�SURJUDPPLQJ�DQG�7KHUPRG\QDPLFV�ZHUH�FRPELQHG�LQWR�RQH��(&76�FRXUVH�FDOOHG�
(QHUJ\���7KH�OHVVRQV�OHDUQHG�IURP�WKH�ILUVW�WZR�URXQGV�WKH�FRXUVH�ZDV�WDXJKW��ZDV�WR�SUHSDUH�
WKH�VWXGHQWV�ILUVW�LQ�WKH�EDVLF�SULQFLSOHV�RI�0DWODE�EHIRUH�HQHUJ\�UHODWHG�WRSLFV�ZHUH�LQWURGXFHG��
7KHUHIRUH��ZH�KDYH�FKDQJHG�WKLV�LQWR���QHZ�FRXUVHV��D���(&76�FRXUVH�3URJUDPPLQJ�LQ�0DWODE�

�
���
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DQG���(&76�FRXUVH�(QHUJ\���0HUJLQJ�WRJHWKHU�WKHUPRG\QDPLFV�DQG�0DWODE�SURJUDPPLQJ�LQ�D�
RQH�FRXUVH�KDV�EHHQ�DQ�LQWHUHVWLQJ�DQG�D�FKDOOHQJLQJ�SURFHVV��HVSHFLDOO\�XQGHU�G\QDPLF�DQG�
OLPLWDWLQJ�FRQGLWLRQV�GXH�WR�&RYLG������
�
,W�WXUQHG�RXW�WKDW�LQWHJUDWLQJ�WKHVH�WZR�WRSLFV�HQWLUHO\�PD\�KDYH�EHHQ�WRR�ODUJH�VWHS�IRU�ILUVW�
\HDU�VWXGHQWV�VWDUWLQJ�WKHLU�XQLYHUVLW\�MRXUQH\�ZKHUH�PRVW�RI�WKHP�KDYH�OLWWOH�RU�QR�EDFNJURXQG�
LQ�SURJUDPPLQJ���7KHUHIRUH�LW�ZDV�GHFLGHG�WR�GLVWLQJXLVK�PRUH�EHWZHHQ�WKH�WZR�WRSLFV���,Q�WKLV�
GHYHORSPHQW��ZH�KDYH�KRZHYHU�OHDUQHG��WKDW�ZLWK���ZHHNV�RI�0DWODE�WUDLQLQJ�WKH�VWXGHQWV�JHW�
HQRXJK�EDFNJURXQG�WR�LQWHJUDWH�WKHLU�NQRZOHGJH�LQWR�RWKHU�SURFHHGLQJ�FRXUVHV�DQG�ZRUN�RQ�
UHDO�ZRUOG�SUREOHPV���,W�LV�DOVR�LPSRUWDQW�WKDW�0DWODE�LV�LQWHJUDWHG�V\VWHPDWLFDOO\�LQWR�WKH�RWKHU�
ILUVW�\HDU�FRXUVHV�WR�HQVXUH�FRQWLQXLW\�LQ�WKH�FXUULFXOXP�DQG�WKH�VWXGHQW�XVH�WKLV�XVHIXO�WRRO�WKDW�
0DWODE�SURJUDPPLQJ�FDQ�EH�LQ�WKHLU�VFLHQFH�DQG�HQJLQHHULQJ�VXEMHFWV��
�
,QWHJUDWLQJ� WKH� FXUULFXOXP� DFFRUGLQJ� WR� WKH� &',2� VWDQGDUGV� LV� DQ� LPSRUWDQW� SDUW� RI� WKH�
FXUULFXOXP�GHYHORSPHQW�DW� WKH�'HSDUWPHQW�RI�(QJLQHHULQJ�DW�58�DQG�FRPELQLQJ� WKHVH� WZR�
VXEMHFWV��LQWURGXFWLRQ�WR�SURJUDPPLQJ�DQG�WKHUPRG\QDPLFV�LV�RQO\�RQH�SDUW�RI�WKH�RYHUDOO�&',2�
LPSOHPHQWDWLRQ�DW�WKH�GHSDUWPHQW��
�
,Q�OLJKW�RI�WKH�FXUUHQW�GHYHORSPHQW�UHODWHG�WR�WDFNOH�FOLPDWH�FKDQJH�E\�HQHUJ\�WUDQVLWLRQ�LW�LV�
HVVHQWLDO� WKDW� DOO� PRGHUQ� HQJLQHHUV� KDYH� D� VROLG� EDVLF� XQGHUVWDQGLQJ� RI� WKH� ODZV� RI�
WKHUPRG\QDPLFV�DQG�HQHUJ\�WHFKQRORJ\��$OVR��LW�LV�LPSRUWDQW�WKDW�HQJLQHHULQJ�VWXGHQWV�ZRUN�
IURP� WKH� EHJLQQLQJ� RI� WKHLU� VWXG\� RQ� UHDO� OLIH� SUREOHPV� DQG� XVH� WKH� WRROV� WKDW� KDYH� EHHQ�
LQWURGXFHG�WR�WKHP��H�J��0DWODE�SURJUDPPLQJ��WR�HQDEOH�D�VXFFHVVIXO�VROXWLRQ�WR�WKH�SUREOHPV�
DQG�UHSUHVHQWDWLRQ�RI�WKH�UHVXOWV���
�
 
FINANCIAL SUPPORT ACKNOWLEDGEMENTS 
 
7KH�DXWKRU�UHFHLYHG�QR�ILQDQFLDO�VXSSRUW�IRU�WKLV�ZRUN��
�
�
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