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ABSTRACT 

7KLV�SDSHU�VKDUHV�WKH�H[SHULHQFH�RI�WKH�'LSORPD�LQ�&KHPLFDO�(QJLQHHULQJ��'&+(��RIIHUHG�
E\� 6LQJDSRUH� 3RO\WHFKQLF� �63�� LQ� XVLQJ� WKH� &',2� )UDPHZRUN� WR� JXLGH� WKH� GHVLJQ� DQG�
LPSOHPHQWDWLRQ�RI� WKH� LQWHJUDWHG�FXUULFXOXP� IRU� FKHPLFDO�HQJLQHHULQJ�VWXGHQWV� WKURXJK�D�
VSLUDO�FXUULFXOXP�PRGHO��$Q�DQFKRU�FKHPLFDO�SODQW��QDPHO\�$PLQH�7UHDWLQJ�8QLW� �$78�� LV�
XVHG� WR� LQWURGXFH�VLPSOH�FRQFHSWV� WR� WKH�VWXGHQWV� ILUVW��ZKLFK�DUH� WKHQ� UHYLVLWHG�DQG� UH�
FRQVWUXHG�LQ�D�PRUH�LQ�GHSWK�DQG�HODERUDWHG�PDQQHU�WKURXJKRXW�WKH�WKUHH�\HDU�FRXUVH���7KH�
&',2�OHDUQLQJ�RXWFRPHV�DUH�LQWHUWZLQH�LQWR�WKH�FRQWH[W�RI�OHDUQLQJ�WR�VXSSRUW�WKH�OHYHOOLQJ�
XS�RI�NQRZOHGJH�DQG�VNLOOV�IURP�RQH�VHPHVWHU�WR�DQRWKHU��IURP�RQH�PRGXOH�WR�DQRWKHU��ZKLOH�
LQWHJUDWLQJ� FULWLFDO� WKLQNLQJ� VNLOOV� ZLWK� GLVFLSOLQDU\� NQRZOHGJH� WR� SURYLGH� D� PRUH� KROLVWLF�
DSSURDFK� WR� HQJLQHHULQJ� HGXFDWLRQ� IRU� RXU� VWXGHQWV��� 7KH� SDSHU� ILUVW� LQWURGXFHV� VSLUDO�
FXUULFXOXP�IRU�FKHPLFDO�HQJLQHHULQJ�DQG�H[SODLQV�KRZ�WKH�PRGXOHV�DUH�VHTXHQFHG�ZLWKLQ�WKH�
WKUHH�\HDU� FRXUVH� EDVHG� RQ� WKH� FRPSOH[LW\� RI� FRQFHSWV�� FRQWH[W� RI� OHDUQLQJ� DV� ZHOO� DV�
RSSRUWXQLWLHV�IRU�DSSOLFDWLRQ�DQG�LQWHJUDWLRQ�RI�NQRZOHGJH���7KHQ��LW�GHVFULEHV�WKH�XVH�RI�$78�
FKHPLFDO�SURFHVV�SODQW�DV�D�FDVH�VWXG\�WR�GHOLYHU�WKH�VSLUDO�FXUULFXOXP�ZKHUH�NQRZOHGJH�DQG�
VNLOO�FRPSHWHQFLHV�DUH�OHYHOOHG�XS�YLD�D�VHULHV�RI�PRGXOHV�RIIHUHG�ZLWKLQ�WKH���\HDU�GLSORPD�
FRXUVH���/HDUQLQJ�RSSRUWXQLWLHV�DUH�FUHDWHG�IRU�VWXGHQWV�WR�UHYLVLW�NQRZOHGJH�DQG�FRQWHQW�DW�
GLIIHUHQW�VWDJHV�RI�WKH�FXUULFXOXP��DFWLYDWH�SULRU�NQRZOHGJH�DQG�LQWHJUDWH�NQRZOHGJH�DQG�VNLOOV��
6XUYH\V�ZHUH�FDUULHG�RXW�WR�HYDOXDWH�WKH�HIIHFWLYHQHVV�RI�VWXGHQW�OHDUQLQJ���,W�ZDV�IRXQG�WKDW�
ZKHQ�WKH�VDPH�FDVH�VWXG\�LV�XVHG��VWXGHQWV�DUH�IDPLOLDU�ZLWK�WKH�FDVH�DQG�DUH�PRUH�UHFHSWLYH�
WR� EXLOGLQJ� QHZ� NQRZOHGJH�� KHQFH�PDNLQJ� FRQQHFWLRQV� EHWZHHQ� SULRU� NQRZOHGJH� DQG� QHZ�
NQRZOHGJH���)DFXOW\�WHDFKLQJ�VWDII�PDNH�GHOLEHUDWH�HIIRUWV�WR�SRLQW�RXW�KRZ�WKH�FRQFHSWV�DUH�
UHODWHG�DQG�FRQQHFWHG��KRZ�WKH�FRQFHSWV�DUH�OHYHOOHG�XS�IURP�RQH�OHYHO�WR�WKH�QH[W�VR�WKDW�
VWXGHQWV� PDNH� SHUVRQDO� PHDQLQJ� RI� NQRZOHGJH� DQG� VHH� KRZ� LW� LV� XVHG� LQ� UHDO� ZRUOG�
DSSOLFDWLRQV�DQG�SUREOHP�VROYLQJ���,Q�WKH�ODVW�VHFWLRQ�RI�WKH�SDSHU��LW�RXWOLQHV�WKH�EURDG�DUHDV�
ZKHUH�WKH�GHOLYHU\�RI� WKH�VSLUDO�FXUULFXOXP�FDQ�EH�IXUWKHU� LPSURYHG�DQG�HQKDQFHG�WR�EHWWHU�
VXSSRUW�VWXGHQW�OHDUQLQJ��

KEYWORDS 

&KHPLFDO�(QJLQHHULQJ��6SLUDO�&XUULFXOXP��$QFKRU�&DVH�6WXG\��&',2�6WDQGDUG����

127(��� 6LQJDSRUH� 3RO\WHFKQLF� XVHV� WKH� ZRUG� �FRXUVHV�� WR� GHVFULEH� LWV� HGXFDWLRQ� �SURJUDPV��� $�
�FRXUVH��LQ�WKH�'LSORPD�LQ�&KHPLFDO�(QJLQHHULQJ�FRQVLVWV�RI�PDQ\�VXEMHFWV�WKDW�DUH�WHUPHG�
�PRGXOHV���ZKLFK�LQ�WKH�XQLYHUVLWLHV�FRQWH[WV�DUH�RIWHQ�FDOOHG�³FRXUVHV´��$�WHDFKLQJ�DFDGHPLF�
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INTRODUCTION 
�
7KH�'LSORPD�LQ�&KHPLFDO�(QJLQHHULQJ��'&+(��FRXUVH�RIIHUHG�E\�6LQJDSRUH�3RO\WHFKQLF��63��
KDG�DGRSWHG�&',2�DV�WKH�EDVLV�IRU�UHYDPSLQJ�LWV�FXUULFXOXP�VLQFH������DQG�LWV�³&',2�HQDEOHG´�
FXUULFXOXP�ZDV�LQWURGXFHG�IRU�WKH�ILUVW�WLPH�LQ�$SULO������IRU�VWXGHQWV�LQ�WKH�$FDGHPLF�<HDU�
�$<������������FRKRUW��&KHDK����������7KHUH�ZDV�D�QHHG�WR�VKLIW�WKH�FXUULFXOXP�PRGHO��ZKLFK�
ZDV�ODUJHO\�FRQWHQW�GULYHQ�DQG�WDXJKW�LQ�VLORV�ZLWK�OLWWOH�FRQQHFWLYLW\�EHWZHHQ�PRGXOHV��WR�RQH�
IRFXVLQJ� RQ� NH\� FRQFHSWV� IXQGDPHQWDO� WR� XQGHUVWDQGLQJ� DQG� LQ� D� PRUH� LQWHJUDWHG� IRUPDW�
>6WDQGDUG���±�,QWHJUDWHG�&XUULFXOXP@���,Q�DGGLWLRQ�WR�LQWHJUDWLRQ�RI�GLVFLSOLQH�VSHFLILF�NQRZOHGJH�
LQ�WKH�FXUULFXOXP��YDULRXV�JHQHULF�VNLOOV�VXFK�DV�WHDPZRUN��FRPPXQLFDWLRQ�DQG�FULWLFDO�WKLQNLQJ�
ZHUH� LQWHJUDWHG� LQWR� FDUHIXOO\� GHVLJQHG� OHDUQLQJ� DFWLYLWLHV� LQ� ODERUDWRU\� VHVVLRQV� RU�
DVVLJQPHQWV�WR�FRUH�FKHPLFDO�HQJLQHHULQJ�PRGXOHV����
�
6LQFH�WKHQ��D�QDWLRQDO�LQLWLDWLYH�QDPHG�6LQJDSRUH�6NLOOV�)UDPHZRUN�WRRN�RII�ZKLFK�OHG�WR�IXUWKHU�
UHYLHZ�RI�WKH�FRXUVH�WR�UH�GHVLJQ�DQG�GHOLYHU�DSSURSULDWH�OHDUQLQJ�FRQWHQW�WR�PHHW�ERWK�H[LVWLQJ�
DQG�HPHUJLQJ�VNLOOV�UHTXLUHG�IRU�WKH�FKDQJLQJ�LQGXVWU\�QHHGV�DQG�ZRUN�UROHV���7KH�UHGHVLJQ�RI�
WKH�FKHPLFDO�HQJLQHHULQJ�FXUULFXOXP�DQG�LWV�&',2�H[SHULHQFHV�DIWHU�\HDUV�RI�LPSOHPHQWDWLRQ�
ZHUH�GRFXPHQWHG�LQ�YDULRXV�HDUOLHU�SDSHUV��H�J��&KHDK��3KXD�	�1J��������DQG�&KHDK�	�<DQJ�
��������
�
$V�SDUW�RI�D�FRQWLQXDO� LPSURYHPHQW�RYHU�SDVW�HIIRUWV�� WKH�PRVW�UHFHQW�UHYDPS�RI�WKH�'&+(�
FRXUVH�WRRN�SODFH�LQ������ZKLFK�OHG�WR�WKH�DGRSWLRQ�RI�WKH�VSLUDO�FXUULFXOXP�PRGHO�IRU�LWV�FRXUVH�
VWUXFWXUH� IRU� VWXGHQWV� LQ� WKH� $<����������� LQ� UHVSRQVH� WR� SURYLGLQJ� D� PRUH� V\VWHPDWLF�
VWUXFWXUH� WR� EXLOG� XS� VWXGHQW� FRPSHWHQFLHV� XVLQJ� WKH� &',2� DSSURDFK� ZKLOH� HQVXULQJ� WKH�
FXUULFXOXP�UHWDLQV�LWV�LQWHJUDWHG�IRUP���
�
7KH�SURFHVV�XQGHUWDNHQ�E\�WKH�&RXUVH�0DQDJHPHQW�7HDP�WR�FDUU\�RXW�WKH�WUDQVLWLRQ�KDG�EHHQ�
GHVFULEHG�E\�&KHDK�	�<DQJ����������7KH�'&+(�FXUULFXOXP�PRGHO�VKRZQ�LQ�)LJXUH���LOOXVWUDWHV�
WKH�SURJUHVVLYH�GHYHORSPHQW�RI�NH\�FRPSHWHQFLHV�RYHU�WKH�GLSORPD¶V���\HDU�GXUDWLRQ��
�
<DQJ��&KHDK�	�3KXD��������FDUULHG�RXW�WKH�ILUVW�HYDOXDWLRQ�RQ�WKH�VSLUDO�FXUULFXOXP�LQ�'&+(�
DQG�IRXQG�WKDW�VSLUDO�FXUULFXOXP�PRGHO�EHQHILWWHG�VWXGHQW� OHDUQLQJ�ZKHUH�NH\�FRQFHSWV�DQG�
SULQFLSOHV�DUH�UHYLVLWHG�RYHU�WLPH�WR�IXUWKHU�FODULI\�DQG�H[WHQG�WKH�NQRZOHGJH�EDVH�LQ�WHUPV�RI�
DGGLQJ�QHZ�UHODWHG�NQRZOHGJH��HQKDQFLQJ�LQWHJUDWLRQ�DQG�IXUWKHU�UHILQLQJ�XQWLO�VWXGHQWV�PDNH�
VHQVH�RI�WKH�NQRZOHGJH�DQG�DSSO\�WKHP�SXUSRVHIXOO\�DQG�PHDQLQJIXOO\��
�
SPIRAL CURRICULUM MODEL 
�
,Q�D�VSLUDO�FXUULFXOXP��WKH�NH\�FRQFHSWV�DQG�SULQFLSOHV�DUH�UHYLVLWHG�WKURXJKRXW�WKH�LQVWUXFWLRQDO�
SURFHVV���1HZ�UHODWHG�NQRZOHGJH�DUH�DGGHG�RYHU�WLPH�WR�H[WHQG�WKH�NQRZOHGJH�EDVH��HQKDQFH�
LQWHJUDWLRQ�RI�FRQFHSWV�DQG�SULQFLSOHV�DFURVV�UHODWHG�WRSLFV�DQG�IXUWKHU�UHILQH�XQWLO�WKH�VWXGHQW¶V�
PHQWDO�VFKHPDWD�FRPSULVHV�RI�PRVW�DFFXUDWH�DQG�DSSURSULDWH�PHQWDO� UHSUHVHQWDWLRQ�RI� WKH�
FRQFHSWV�DQG�SULQFLSOHV��
�
7KURXJK� WKH� VSLUDO� FXUULFXOXP� PRGHO�� WKH� '&+(� FRXUVH� DLPV� WR� HQDEOH� VWXGHQWV� WR� EXLOG�
NQRZOHGJH�DQG�VNLOOV�SURJUHVVLYHO\�DQG�LQ�DQ�LQWHJUDWLYH�PDQQHU�IURP�RQH�VHPHVWHU�WR�DQRWKHU�
VR�WKDW�VWXGHQWV�FDQ�DSSO\�NQRZOHGJH�DQG�VNLOOV�SXUSRVHIXOO\�DQG�GHPRQVWUDWH�FRPSHWHQFH�LQ�
ERWK�WHFKQLFDO�DQG�QRQ�WHFKQLFDO�VNLOOV�GXULQJ�WKHLU�LQWHUQVKLS�SURJUDPPH��
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�
)LJXUH����7KH�'&+(�6SLUDO�&XUULFXOXP�0RGHO�

�
6SLUDO�FXUULFXOXP�LV�D�FRQFHSW�ZLGHO\�DWWULEXWHG�WR�%UXQHU���������ZKR�UHIHUV�LW�DV�D�FXUULFXOXP�
GHVLJQ� LQ�ZKLFK�NH\�FRQFHSWV�DUH�SUHVHQWHG�UHSHDWHGO\� WKURXJKRXW� WKH�FXUULFXOXP��EXW�ZLWK�
GHHSHQLQJ�OD\HUV�RI�FRPSOH[LW\��RU�LQ�GLIIHUHQW�DSSOLFDWLRQV��%UXQHU��������EHOLHYHV�WKDW�³DQ\�
VXEMHFW�FDQ�EH�WDXJKW�LQ�VRPH�KRQHVW�IRUP�DQG�D�FXUULFXOXP�ZRXOG�EH�VWUXFWXUHG�DURXQG�WKH�
JUHDW�LVVXHV��SULQFLSOHV�DQG�YDOXHV�WKDW�D�VRFLHW\�GHHPV�ZRUWK\�RI�WKH�FRQWLQXDO�FRQFHUQ�RI�LWV�
PHPEHUV´���%UXQHU��������DOVR�DVVHUWHG�WKDW�³ZH�EHJLQ�ZLWK�WKH�K\SRWKHVLV�WKDW�DQ\�VXEMHFW�
FDQ� EH� WDXJKW� HIIHFWLYHO\� LQ� VRPH� LQWHOOHFWXDOO\� KRQHVW� IRUP� WR� DQ\� FKLOG� DW� DQ\� DJH� RI�
GHYHORSPHQW�´�
�
,W�LV�WKURXJK�WKH�V\VWHPDWLF�WHDFKLQJ�RI�NH\�FRQFHSWV��DQG�YDU\LQJ�GHJUHHV�RI�FRPSOH[LW\�DQG�
HODERUDWLRQ��RYHU�WKH�GXUDWLRQ�RI�WKH�FXUULFXOXP�WKDW�ZHUH�PRVW�IXQGDPHQWDO�WR�WKH�DSSURDFK���
,QGHHG��ZLWKLQ�WKH�ILHOG�RI�FRJQLWLYH�QHXURVFLHQFH��WKHUH�LV�PXFK�YDOLGDWLRQ�WR�%UXQHU¶V��������
FRQFHSWLRQV���7KH�LPSRUWDQFH�RI�WHDFKLQJ�NH\�FRQFHSWV�WKDW�DUH�IXQGDPHQWDO�WR�XQGHUVWDQGLQJ��
DQG�WKH�QHHG�IRU�VSDFHG�DQG�GHOLEHUDWH�SUDFWLFH�RYHU�WLPH�WR�HQVXUH�WKDW�NQRZOHGJH�DQG�VNLOOV�
DUH� HQFRGHG� DQG� FHPHQWHG� LQ� ORQJ�WHUP�PHPRU\� LV�ZHOO� YDOLGDWHG� E\�%URZQ��5RHGLJHU�� 	�
0F'DQLHO���������
�
6LQFH�WKHQ��D�QXPEHU�RI�LPSOHPHQWDWLRQV�DW�DFDGHPLF�LQVWLWXWLRQV�LQ�GLIIHUHQW�FRXQWULHV�KDYH�
DGRSWHG�WKH�VSLUDO�FXUULFXOXP�PRGHO��VXFK�DV�WKRVH�LQ�PHGLFLQH��%UDXHU�	�)HUJXVRQ��������
+DUGHQ� 	� 6WDPSHU�� ������� PDWKHPDWLFV� FXUULFXOXP� IRU� SULPDU\� HGXFDWLRQ� LQ� 6LQJDSRUH�
�0LQLVWU\�RI�(GXFDWLRQ���������RQOLQH�OHDUQLQJ�FRXUVHV��0DVWHUV�	�*LEEV���������XQGHUJUDGXDWH�
FKHPLFDO�HQJLQHHULQJ�GHJUHH�FRXUVHV��*RPHV��%DUWRQ��3HWULH��5RPDJQROL��+ROW��$EEDV��&RKHQ��
+DUULV�� +D\QHV�� /DQJULVK�� 2UHOODQD�� 6HH�� 9DOL[�� 	� :KLWH�� ������ *XSWD�� -RVHSK�� $OFDQWDU��
7RRPH\�� 	� 6XQRO�� ������� DQG� FKHPLFDO� HQJLQHHULQJ� PDVWHU� GHJUHH� SURJUDP� �1HXPDQQ��
1HXPDQQ��	�/HZLV���������
�
*RPHV� HW�� DO�� ������� DQG�*XSWD� HW�� DO�� ������� EHOLHYH� WKDW� VSLUDO� FXUULFXOXP� LV� D� VXSHULRU�
OHDUQLQJ� DSSURDFK� EHFDXVH� LW� DOORZV� VWXGHQWV� WR� ³PDVWHU� HDFK� LQFUHPHQW� RI� VXEMHFW� LQ�
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KLHUDUFKLFDO�VHTXHQFH�EHIRUH�JRLQJ�RQ�WR�WKH�QH[W´��*XSWD�HW��DO�����������,Q�IDFW��*RPHV�HW��DO��
������¶V� VWXG\� UHYHDOV� WKDW� WKHUH� LV� VLJQLILFDQW� LQFUHDVH� LQ� VWXGHQW� HQJDJHPHQW� ZLWKLQ� WKH�
EURDGHU� OHDUQLQJ� SURFHVV�� � 0DVWHUV� 	�*LEEV� ������� ILQGV� WKH� VSLUDO� FXUULFXOXP� WR� EH� YHU\�
HIIHFWLYH�IRU�RQOLQH�OHDUQLQJ�LI�WKH�SUDFWLFH�LV�XVHG�FRQVLVWHQWO\��
�
�
INTEGRATED CURRICULUM USING SPIRAL CURRICULUM MODEL WITH AMINE 
TREATING UNIT (ATU) AS ANCHOR CASE STUDY 
�
&KHPLFDO�(QJLQHHULQJ�LV�D�EURDG�GLVFLSOLQH�ZKHUH�WKH�NQRZOHGJH��FRQFHSWV�DQG�VNLOOV�WDXJKW�
FDQ�EH�DSSOLHG�WR�GLIIHUHQW�SURFHVVHV��VXFK�DV�FKHPLFDO��SKDUPDFHXWLFDO�DQG�ELRORJLFDO��$PLQH��
EHLQJ�YHU\�HIIHFWLYH�LQ�UHPRYLQJ�FDUERQ�GLR[LGH��&2���DQG�K\GURJHQ�VXOILGH��+�6���LV�FRPPRQO\�
XVH�LQ�UHILQHU\�DQG�SHWURFKHPLFDO�SODQWV�WR�UHPRYH�DFLG�JDVHV���7KXV��LW�LV�FKRVHQ�DV�DQ�DQFKRU�
FDVH�VWXG\� IRU� WKH�'&+(�FRXUVH��7KH�$PLQH�7UHDWLQJ�8QLW� �$78�� LV�VHOHFWHG�DV�DQ�DQFKRU�
FDVH�VWXG\�WR�VXSSRUW�WKH�LQWHJUDWHG�FXUULFXOXP�XVLQJ�WKH�VSLUDO�FXUULFXOXP�PRGHO�WKURXJK�WKH�
WKUHH�\HDUV�RI�VWXGLHV�LQ�'&+(��$Q�DQFKRU�FDVH�VWXG\�VHUYHV�WR�SURYLGH�VWXGHQWV�ZLWK�D�VLQJOH�
SURFHVV� WR� GHYHORS� GHHS� IDPLOLDULW\� ZLWK�� DQG� XVH� LW� WR� EXLOG� LQFUHDVLQJO\� PRUH� FRPSOH[�
FRQFHSWV�DQG�H[WHQG�WKH�NQRZOHGJH�OHDUQW��6WXGHQWV�ZLOO�QRW�QHHG�WR�VSHQG�WLPH�XQGHUVWDQGLQJ�
QHZ�SURFHVVHV�EHIRUH�EHLQJ�DEOH�WR�DSSO\�FRQFHSWV�WDXJKW��7KH�SUHVHQFH�RI�WKH�IDPLOLDU�FDVH�
VWXG\�ZLOO�DLG�VWXGHQWV�LQ�OHDUQLQJ�QHZ�FRQFHSWV��5HGHU��/LX��.HLQDWK��	�3RSRY����������:KHQ�
LQFRUSRUDWLQJ�WKLV�$78�FDVH�VWXG\�LQWR�WKH�YDULRXV�PRGXOHV�LQ�WKH�FRXUVH��H[LVWLQJ�FRQWHQW�DQG�
OHDUQLQJ�RXWFRPH�LQ�WKH�FXUULFXOXP�UHPDLQ�XQFKDQJHG���7KH�$78�FDVH�VWXG\�PHUHO\�UHSODFHV�
WKH�VFHQDULRV�XVHG�WR�WHDFK�WKH�FRQFHSWV�WKDW�ZHUH�DOUHDG\�WKHUH��
�
7KHUH�DUH�WZR�PDLQ�VWHSV�LQ�$78�DV�VKRZQ�LQ�)LJXUH�����
�
•� �VW�6WDJH��$PLQH�$EVRUEHU�ZKHUHE\�DFLG�JDVHV�DUH�ERXJKW�LQ�FRQWDFW�ZLWK�DPLQH�DQG�WKH�

JDVHV�DUH�DEVRUEHG�LQ�WKH�OLTXLG�DPLQH��
•� �QG� 6WDJH�� $PLQH� 6WULSSHU� ZKHUHE\� WKH� DFLG� JDVHV� DUH� VWULSSHG� DZD\� IURP� WKH� OLTXLG�

�DPLQH���7KLV�LV�WR�UHJHQHUDWH�OHDQ�DPLQH�VROXWLRQ�DQG�UHFLUFXODWH�LW�WR�WKH�DPLQH�DEVRUEHU��
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

)LJXUH����$PLQH�$EVRUEHU�DQG�$PLQH�6WULSSHU�LQ�$78�
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Amine Treating Unit (ATU) as Anchor Case Study for Year 1 
�
,Q�WKLV�LQWHJUDWHG�FXUULFXOXP�HIIRUW��VWXGHQWV�LQ�WKHLU�<HDU���VWXGLHV�DUH�SURYLGHG�DSSURSULDWH�
VFDIIROG�WR�JXLGH�WKHLU�OHDUQLQJ�ZKHQ�XVLQJ�WKH�$78���$V�WKH�FRQWH[W�EHFRPHV�PRUH�FRPSOH[�
LQ�<HDU����WKH�OHDUQLQJ�VFDIIROG�LV�JUDGXDOO\�UHPRYHG�VR�WKDW�VWXGHQWV�OHDUQ�WR�EHFRPH�PRUH�
VHOI�GLUHFWHG�DQG�GHYHORS�UHVLOLHQFH�WR�VROYH�PRUH�FRPSOH[�SUREOHPV�XVLQJ�WKH�$78����)LQDOO\�
LQ�<HDU����VWXGHQWV�DUH�H[SHFWHG�WR�DSSO\�FRQFHSWV�DQG�SULQFLSOHV�ZLWKRXW�H[SOLFLW�LQVWUXFWLRQV�
ZKHUH�LW�LV�KRSHG�WKDW�WKH�VSLUDO�FXUULFXOXP�PRGHO�LQ�WKH�'&+(�FRXUVH�KDV�HQDEOHG�WKHP�WR�
GHYHORS�VRPH� IRUP�RI�PDVWHU\�� WKLQN� LQ�GHSWK�DQG�KDYH� WKH�FRQILGHQFH� WR�VROYH� UHDO�ZRUOG�
SUREOHPV��
�
$78�LV�XVHG�DV�D�JURXS�DVVLJQPHQW�LQ�WKH�ILUVW�FRUH�PRGXOH�IRU�<HDU���VWXGHQWV�LQ�D�6HPHVWHU�
��PRGXOH��QDPHG� ,QWURGXFWLRQ� WR�&KHPLFDO�(QJLQHHULQJ�� ,Q� WKLV�PRGXOH��VWXGHQWV�ZHUH� ILUVW�
LQWURGXFHG�WR�YDULRXV�XQLW�RSHUDWLRQV��EDVLF�VWHS�LQ�SURFHVV��FRPPRQO\�XVHG�LQ�WKH�FKHPLFDO�
LQGXVWU\���$IWHU�ZKLFK��WKH�WRSLF�RI�3URFHVV�)ORZ�'LDJUDP��3)'��LV�WDXJKW��$�3)'�LV�D�GLDJUDP�
FRPPRQO\� XVHG� LQ� FKHPLFDO� DQG� SURFHVV� HQJLQHHULQJ� WR� LQGLFDWH� WKH� JHQHUDO� IORZ� RI� SODQW�
SURFHVVHV�DQG�HTXLSPHQW�� ,Q� WKH�DVVLJQPHQW�� WKH�SURFHVV�GHVFULSWLRQ�RI�$78� LV� SURYLGHG��
6WXGHQWV� DUH� UHTXLUHG� WR� FRQVWUXFW� D� 3)'� IRU� DPLQH� WUHDWLQJ� V\VWHP� XVLQJ�0LFURVRIW� 9LVLR�
VRIWZDUH�E\�DSSO\LQJ�VWDQGDUG�UHTXLUHPHQW�RI�SUHSDULQJ�3)'���)RXU�XQLW�RSHUDWLRQV��QDPHO\�
$PLQH�$EVRUEHU��5LFK�$PLQH�)ODVK�'UXP��$PLQH�6WULSSHU�DQG�/HDQ�$PLQH�6WRUDJH�7DQN�DUH�
WR� EH� LQFOXGHG� WRJHWKHU�ZLWK� SURFHVV�DFFHVVRULHV� VXFK�DV� FRQWURO� YDOYHV�� SXPSV�DQG�KHDW�
H[FKDQJHUV�ZKHUH�DSSURSULDWH��$�VDPSOH�RI�WKH�GHOLYHUDEOH�3)'�LV�VKRZQ�LQ�)LJXUH����

�

�
)LJXUH����$78�3)'�±�$�VDPSOH�RI�GHOLYHUDEOH�RI�WKH�JURXS�DVVLJQPHQW�IRU�,QWURGXFWLRQ�WR�

&KHPLFDO�(QJLQHHULQJ�PRGXOH�

�
,Q� WKH� VHFRQG� FRUH� PRGXOH� IRU� <HDU� �� VWXGHQWV�� QDPHG� &KHPLFDO� (QJLQHHULQJ�
7KHUPRG\QDPLFV��WKH�VDPH�$78�3)'�LV�XVHG�LQ�D�JURXS�DVVLJQPHQW�DV�DQ�H[WHQVLRQ�WR�WKH�
DVVLJQPHQW�FRPSOHWHG�HDUOLHU��,Q�WKLV�PRGXOH��VWXGHQWV�ZHUH�LQWURGXFHG�WR�WKH�IXQGDPHQWDOV�
RI��VW�/DZ�RI�7KHUPRG\QDPLFV�DQG�ZHUH�WKHQ�WDXJKW�KRZ�WR�DSSO\�LW�WR�YDULRXV�HTXLSPHQW�VXFK�
DV�SXPSV�DQG�KHDW�H[FKDQJHUV�FRPPRQO\�XVHG�LQ�D�FKHPLFDO�SODQW��,Q�WKH�JURXS�DVVLJQPHQW��

�
���
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VWXGHQWV� DUH� UHTXLUHG� WR� DSSO\� �VW� /DZ� RI� 7KHUPRG\QDPLFV� DQG� SHUIRUP� HQJLQHHULQJ�
FDOFXODWLRQV� RQ� ERWK� WKH� KHDW� H[FKDQJHU�� (����� DQG� SXPS�� 3����� DV� VKRZQ� LQ� )LJXUH� ���
6WXGHQWV�DUH�VXEVHTXHQWO\�UHTXLUHG�WR�GHVFULEH�KRZ�FKDQJHV�LQ�VWUHDP�FRPSRVLWLRQ�HQWHULQJ�
KHDW�H[FKDQJHU��(������KDYH�D�GLUHFW�LPSDFW�WR�LWV�RXWOHW�WHPSHUDWXUH��,Q�RUGHU�WR�GHVFULEH�WKH�
LPSDFW��WKH\�DUH�UHTXLUHG�WR�KDYH�DQ�XQGHUVWDQGLQJ�DERXW�IHHG�FRPSRVLWLRQ�DQG�VSHFLILF�KHDW�
FDSDFLW\���7KH�NQRZOHGJH�RI�IHHG�FRPSRVLWLRQ�ZDV�FRYHUHG�LQ�DQ�HDUOLHU�PRGXOH��,QWURGXFWLRQ�
WR� &KHPLFDO� (QJLQHHULQJ��� � 7KH� VWXGHQWV� ZLOO� KDYH� OHDUQW� DERXW� VSHFLILF� KHDW� FDSDFLW\� LQ�
&KHPLFDO� (QJLQHHULQJ� 7KHUPRG\QDPLFV� PRGXOH�� 6R�� LQ� WKLV� DVVLJQPHQW�� WKH� VWXGHQWV�
GHPRQVWUDWH�WKHLU�DELOLW\�WR�GUDZ�WKH�FRQQHFWLRQ�EHWZHHQ�IHHG�FRPSRVLWLRQ�DQG�VSHFLILF�KHDW�
FDSDFLW\�RI�WKH�SURFHVV�IOXLG�DQG�KRZ�WKH�UHODWLRQVKLS�EHWZHHQ�WKHVH�WZR�NQRZOHGJH�FDQ�DIIHFW�
WKH�KHDW�H[FKDQJHU�RSHUDWLRQ���:LWK�WKLV��VWXGHQWV�KDYH�WKH�RSSRUWXQLW\�WR�UHYLVLW�D�FRQFHSW�
DQG�WKHQ�DGG�QHZ�UHODWHG�NQRZOHGJH�RYHU�WLPH�WR�H[WHQG�WKHLU�NQRZOHGJH�EDVH�DQG�HQKDQFH�
LQWHJUDWLRQ��

�
,Q� DGGLWLRQ�� WKH� VWXGHQWV� ZHUH� IXUWKHU� FKDOOHQJHG� WR� SUHGLFW� KRZ� WKH� FKDQJHV� LQ� VWUHDP�
FRPSRVLWLRQ� HQWHULQJ� WKH� KHDW� H[FKDQJHU� HYHQWXDOO\� DIIHFW� WKH� KHDW� H[FKDQJHU� GXW\� DQG�
VXEVHTXHQWO\� WKH� GRZQVWUHDP� SURFHVV� DIWHU� WKH� KHDW� H[FKDQJHU�� 6WXGHQWV� ZLOO� GHULYH� WKH�
%HUQRXOOL¶V�HTXDWLRQ�IURP�WKH��VW�/DZ�RI�7KHUPRG\QDPLFV�EDVHG�RQ�SXPS�3�����LQ�)LJXUH�����
7KLV�GHULYDWLRQ�LV�FRPPRQO\�DSSOLHG�LQ�FDOFXODWLRQV�LQYROYLQJ�SXPSV��7KLV�HQDEOHV�VWXGHQWV�WR�
EHWWHU�XQGHUVWDQG�WKH�EDVLV�RI�WKH�%HUQRXOOL¶V�HTXDWLRQ�ZKLFK�HDVHV�WKHP�LQWR�DSSOLFDWLRQ�LQ�
RWKHU�FRQWH[W�WKDW�DUH�FRYHUHG�LQ�D�IROORZ�RQ�PRGXOH�QDPHG�)OXLG�)ORZ�DQG�(TXLSPHQW��,Q�WKH�
DVVLJQPHQW��VWXGHQW�ZLOO�PDNH�XVH�RI�WKH�%HUQRXOOL¶V�HTXDWLRQ�WR�VWXG\�WKH�HIIHFW�RI�OLTXLG�OHYHO�
LQ�WKH�/HDQ�$PLQH�6WRUDJH�7DQN�RQ�WKH�SXPS�SRZHU�UHTXLUHPHQW�IRU�SXPS�3������

�

�
)LJXUH����6HOHFWHG�HTXLSPHQW�IURP�$78�XVHG�LQ�&KHPLFDO�(QJLQHHULQJ�7KHUPRG\QDPLFV�

DVVLJQPHQW�

�
,Q�WKH�WKLUG�FRUH�PRGXOH�IRU�<HDU���VWXGHQWV��QDPHG�+HDW�7UDQVIHU�	�(TXLSPHQW��$78�LV�XVHG�
IRU�VWXGHQWV�WR�LGHQWLI\�WKH�W\SH�RI�KHDW�H[FKDQJHUV�IURP�WKH�3URFHVV�)ORZ�'LDJUDP�RI�$78���

Lean Amine 
Storage Tank

Rich Amine 
Flash Drum

Amine StripperP-201

To Amine 
Absorber

HC to Slop Oil

E-101

Overhead 
accumulator

Acid Gas 
to Flare

Reboiler

Condensate out

Steam in

Condenser

From Amine 
Absorber

�
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%DVHG�RQ�WKH�3URFHVV�)ORZ�'LDJUDP��VWXGHQWV�DUH�ILUVW�UHTXLUHG�WR�LGHQWLI\�WKH�VHUYLFH�W\SH�RI�
WKH�KHDW�H[FKDQJHUV��L�H��HLWKHU�FRROLQJ�RU�KHDWLQJ���7KHQ�EDVHG�RQ�WKH�VHUYLFH�W\SH�LGHQWLILHG��
WKH�VWXGHQWV�DUH�WR�PDNH�UHFRPPHQGDWLRQV�RQ�WKH�DSSURSULDWH�W\SH�RI�PHGLXP�WR�PDWFK�WKH�
VHUYLFH� W\SH��7KHVH� WDVNV� UHTXLUH�VWXGHQWV� WR� OHYHUDJH�RQ� WKHLU�SULRU� NQRZOHGJH�DERXW�XQLW�
RSHUDWLRQ����

�
7KURXJK�D�JURXS�DVVLJQPHQW��VWXGHQWV�DQDO\VH�WKH�SURFHVV�SDUDPHWHUV�DQG�GHULYH�WKH�KHDW�
H[FKDQJHU�GXW\�UHTXLUHG�LQ�RUGHU�WR�GHVLJQ�D�KHDW�H[FKDQJHU�LQ�WKH�$78�WR�PHHW�WKH�SURFHVV�
UHTXLUHPHQW��,Q�DGGLWLRQ��WKH�FRQFHSW�RI�KHDW�LQWHJUDWLRQ�LV�LQWURGXFHG�WR�FUHDWH�DZDUHQHVV�LQ�
WKH�HIIRUW� RI� VXVWDLQDELOLW\� LQ� FKHPLFDO� LQGXVWU\��6WXGHQWV�KDYH� WR� FRPSDUH� WKH�KHDW� VRXUFH�
UHTXLUHG�ZLWK�DQG�ZLWKRXW�WKH�KHDW�LQWHJUDWLRQ�DQG�HYDOXDWH�WKH�DGYDQWDJH�RI�KHDW�LQWHJUDWLRQ�
LQ� FKHPLFDO� SODQW�� �7KLV�JURXS�DVVLJQPHQW�HQDEOHV� WKH�VWXGHQWV� WR�ZRUN�RQ�PRUH�FRPSOH[�
SUREOHPV�WKDW�PLPLF�WKH�FKHPLFDO�LQGXVWU\��

�
,Q�WKH�IRXUWK�FRUH�PRGXOH�IRU�<HDU���VWXGHQWV��QDPHG�)OXLG�)ORZ�	�(TXLSPHQW��D�KLJKHU�OHYHO�
RI� DSSOLFDWLRQ� RI� �VW� /DZ� RI� 7KHUPRG\QDPLFV� LV� LQWURGXFHG�� 6WXGHQWV� KDYH� WR� GHULYH� WKH�
%HUQRXOOL¶V� (TXDWLRQ� WR� FRPSXWH� WKH� SXPS� SRZHU� UHTXLUHPHQW� IRU� SXPS� VL]LQJ�� WDNLQJ� LQWR�
FRQVLGHUDWLRQ� RI� YDULRXV� IULFWLRQ� ORVVHV� DORQJ� WKH� SLSH� OLQH�� � $JDLQ�� WKLV� GHPRQVWUDWHV� WKH�
LQFUHDVLQJ� FRPSOH[LW\� DQG� HODERUDWLRQ� RI� WKH� FRQFHSWV� DQG� SULQFLSOHV� WDXJKW� LQ� WKH� '&+(�
FXUULFXOXP���7KLV�PRGXOH�LV�WKH�FRQFOXGLQJ�PRGXOH�LQ�WKH�<HDU���FXUULFXOXP�DQG�ZUDSV�XS�WKH�
IXQGDPHQWDO�NQRZOHGJH�DQG�FRQFHSWV�QHHGHG�IRU�<HDU���VWXGHQWV�WR�PRYH�RQ�WR�WKHLU�VWXGLHV�
LQ�<HDU����

�
,Q�JHQHUDO��<HDU���PRGXOHV�SURYLGH�IXQGDPHQWDO�FRQFHSWV�WR�SUHSDUH�VWXGHQWV�WR�WDFNOH�DQG�
VROYH�PRUH�FRPSOH[�HQJLQHHULQJ�SUREOHPV�LQ�ODWHU�\HDUV�LQ�D�FRXUVH���,Q�RXU�ZRUN��ZH�UHDOLVHG�
WKDW�WKHUH�DUH�PDQ\�RSSRUWXQLWLHV�WR�LQMHFW�OHYHOOLQJ�XS�OHDUQLQJ�WDVNV�IRU�VWXGHQWV�HYHQ�DW�<HDU�
��OHYHO���:LWK�WKH�IRXU�<HDU���FRUH�PRGXOHV�SURYLGLQJ�WKH�OHYHOOLQJ�XS�H[SHULHQFH�IRU�VWXGHQWV��
<HDU���FRUH�PRGXOHV�DOVR�IROORZ�VXLW�DQG�FRQWLQXH�WR�XVH�WKH�$78�FDVH�VWXG\�DV�WKH�DQFKRU�
SODQW�WR�GHOLYHU�WKH�VSLUDO�FXUULFXOXP��
�
Amine Treating Unit (ATU) as Anchor Case Study for Year 2 
�
7KH�$78�LV�ILUVW�XVHG�WR�DFWLYDWH�SULRU�NQRZOHGJH�LQ�WKH�ILUVW�FRUH�PRGXOH�IRU�<HDU���VWXGHQWV��
QDPHG�6HSDUDWLRQ�3URFHVVHV�	�6LPXODWLRQ��6WXGHQWV�DUH�VKRZQ�)LJXUH���DQG�UHTXLUHG�WR�UHFDOO�
NQRZOHGJH��VXFK�DV�XQLW�RSHUDWLRQV��KHDW�WUDQVIHU�DQG�IOXLG�IORZ�FRQFHSWV�UHODWHG�WR�WKH�$78��
DQG�SULQFLSOHV�DQG�W\SHV�RI�KHDW�H[FKDQJHUV��SXPSV��DQG�YDOYHV��OHDUQW�LQ�YDULRXV�PRGXOHV�LQ�
WKH�SUHYLRXV�\HDU��
�
7KH�$78� LV� QH[W� XVHG� WR� VKRZ� WKH� OLQNDJH�RI� FRQFHSWV� WKDW�ZLOO� EH� WDXJKW� LQ� WKH� WZR� FRUH�
PRGXOHV�LQ�<HDU����6HSDUDWLRQ�3URFHVVHV�	�6LPXODWLRQ��DQG�3URFHVV�,QVWUXPHQWDWLRQ�	�&RQWURO��
,Q�6HSDUDWLRQ� 3URFHVVHV� 	� 6LPXODWLRQ� PRGXOH�� VWXGHQWV� OHDUQ� DERXW� WKH� SULQFLSOHV� RI� WZR�
VHSDUDWLRQ�SURFHVVHV��QDPHO\�IODVK�GUXP��JDV�DEVRUSWLRQ���VWULSSLQJ�WKDW�DUH�SUHVHQW� LQ� WKH�
$78��6WXGHQWV�DOVR�KDG�WR�FRPSDUH�DQG�FRQWUDVW�JDV�DEVRUSWLRQ�DQG�VWULSSLQJ�SURFHVVHV�VR�
WKDW� WKH\� GR� QRW� PHUHO\� NQRZ� WKHVH� SURFHVVHV� EXW� DOVR� XQGHUVWDQG� WKH� GLIIHUHQFHV� DQG�
VLPLODULWLHV�EHWZHHQ�WKHVH�VHSDUDWLRQ�SURFHVVHV�SURYLGLQJ�DQ�RSSRUWXQLW\�IRU�VWXGHQWV�WR�WKLQN�
LQ�GHSWK��2QFH�WKH�VWXGHQWV�XQGHUVWDQG�WKH�VHSDUDWLRQ�SURFHVVHV�FRQFHSWV��WKH�$78�FDQ�EH�
XVHG�WR�H[WHQG�OHDUQLQJ�WKURXJK�WKH�DSSOLFDWLRQ�RI�SURFHVV�PRQLWRULQJ�DQG�DSSURSULDWH�FRQWURO�
VWUDWHJLHV� IRU� WKRVH� SURFHVVHV� LQ� WKH� VHFRQG� FRUH� PRGXOH� LQ� <HDU� �� QDPHG� 3URFHVV�
,QVWUXPHQWDWLRQ�DQG�&RQWURO�ZKHUH�VWXGHQWV�OHDUQ�DERXW�SURFHVV�LQVWUXPHQWDWLRQ��DQG�EDVLF�
DQG�DGYDQFHG�SURFHVV�FRQWURO�FRQFHSWV���
�
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�
)LJXUH����3URFHVV�IORZ�GLDJUDP�RI�$78�XVHG�WR�DFWLYDWH�SULRU�NQRZOHGJH�DQG�OLQN�FRQFHSWV�

WDXJKW�LQ�6HSDUDWLRQ�3URFHVVHV�	�6LPXODWLRQ�PRGXOH�

 
Amine Treating Unit (ATU) As Anchor Case Study For Year 3 
�
7KH�ILQDO�PRGXOH�LQ�WKH�'&+(�FXUULFXOXP�WKDW�XVHV�WKH�$78�FDVH�VWXG\�LV�LQ�3URFHVV�3ODQW�
6DIHW\�DQG�(QJLQHHULQJ�(WKLFV�PRGXOH� LQ�<HDU���� �7KLV�PRGXOH� OHYHUDJHV�RQ�VWXGHQWV�SULRU�
NQRZOHGJH�RQ�XQLW�RSHUDWLRQV��KHDW�WUDQVIHU��IOXLG�IORZ��VHSDUDWLRQ�SURFHVVHV��LQVWUXPHQWDWLRQ�
DQG�FRQWURO�WR�FRQGXFW�D�KD]DUGV�RSHUDELOLW\�VWXG\��+$=23����$�+$=23�VWXG\�LV�D�VWUXFWXUHG�
DQG�V\VWHPDWLF�H[DPLQDWLRQ�RI�D�FRPSOH[�SODQ�WR�LGHQWLI\�DQG�HYDOXDWH�SUREOHPV�WKDW�SUHVHQW�
ULVNV�WR�SHUVRQQHO�DQG�RU�HTXLSPHQW�GXULQJ�RSHUDWLRQ���:KHQ�WKH�VWXGHQWV�FRQGXFW�WKH�+$=23�
VWXG\�XVLQJ� WKH�$78�FDVH�VWXG\�� LW�SUHVHQWV� WKHP�DQ� LQFUHDVLQJO\�FRPSOH[�VFHQDULR�ZKHUH�
WKHUH�DUH�YDULRXV�GLPHQVLRQV�WR�FRQVLGHU�DV�RSSRVHG�WR�WKH�VFHQDULRV�SUHVHQWHG�WR�WKHP�LQ�
<HDU���FRUH�PRGXOHV���7KLV�FHUWDLQO\�PLUURU�D�UHDO�HQJLQHHULQJ�SUREOHP�ZLWK�PDQ\�DVSHFWV�IRU�
VWXGHQWV�WR�FRJLWDWH��XQGHUVWDQG�DQG�DSSO\�WKHLU�FRPSHWHQFH�WKDW�WKH\�KDYH�PDVWHUHG�WKURXJK�
WKH���\HDUV�RI�VWXGLHV�LQ�'&+(��
�
SURVEY RESULTS ON SPIRAL CURRICULUM 
�
:LWK� WKH� LPSOHPHQWDWLRQ�RI� WKH�VSLUDO�FXUULFXOXP�PRGXOH�� WKH�&RXUVH�0DQDJHPHQW�7HDP�LV�
LQWHUHVWHG� WR�XQGHUVWDQG� LWV� LPSDFW�RQ�VWXGHQW� OHDUQLQJ�� �+HQFH��D�TXDQWLWDWLYH�VXUYH\�ZDV�
FRQGXFWHG�DW�WKH�HQG�RI�HDFK�VHPHVWHU���6SHFLILFDOO\��VWXGHQWV�ZHUH�DVNHG�WR�LQGLFDWH�RQ�D��
��SRLQW�/LNHUW�VFDOH�WKH�H[WHQW�WR�ZKLFK�WKH\�DJUHH�RU�GLVDJUHH�ZLWK�WKH�IROORZLQJ�VWDWHPHQWV�
ZLWK���EHLQJ�6WURQJO\�'LVDJUHH�DQG���EHLQJ�6WURQJO\�$JUHH��
�
4XHVWLRQ���� ,�ZDV�DEOH�WR�VHH�FRQQHFWLRQV�EHWZHHQ�ZKDW�ZDV�WDXJKW�LQ�GLIIHUHQW�PRGXOHV��
4XHVWLRQ���� ,�FDQ�XQGHUVWDQG�WKH�EDVLF�HQJLQHHULQJ�FRQFHSWV�EHWWHU��
4XHVWLRQ���� 7KH�VSLUDO�FXUULFXOXP�FKDOOHQJHV�PH�WR�WKLQN�LQ�GHSWK��H�J��DQDO\VH��FRPSDUH�

DQG�FRQWUDVW��HYDOXDWH��
�
7ZR� FRKRUWV� RI� VWXGHQWV� ZHUH� VXUYH\HG�� 7KH� ILUVW� FRKRUW� SDUWLFLSDWHG� LQ� WKH� VXUYH\� LQ�
$<�����������ZKHQ�WKH\�ZHUH�LQ�<HDU����DQG�DJDLQ�LQ�$<����������ZKHQ�WKH\�SURJUHVVHG�WR�
<HDU����7KH�VHFRQG�FRKRUW�ZDV�VXUYH\HG�LQ�$<����������ZKHQ�WKH\�ZHUH�LQ�<HDU����DQG�DJDLQ�
LQ�$<����������ZKHQ�WKH\�PRYHG�WR�<HDU����
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)LJXUH���VKRZV�WKH�UHVSRQVH�REWDLQHG�IURP�<HDU�����%DVHG�RQ�WKH�UHVSRQVHV�REWDLQHG������
�$<�����������DQG������$<�����������RI�WKH�VWXGHQWV�DJUHHG�WKDW�WKH\�DUH�DEOH�WR�³VHH�WKH�
FRQQHFWLRQV´� DPRQJ� WKH� PRGXOHV� ZKHUH� VSLUDO� FXUULFXOXP� HQKDQFHV� VWXGHQWV¶� DELOLW\� WR�
LQWHJUDWH� NQRZOHGJH� OHDUQW� DQG� VWUHQJWKHQ� WKHLU� DELOLW\� WR� VROYH� SUREOHP� RI� KLJKHU� OHYHO� RI�
FRPSOH[LW\���,Q�DQRWKHU�ZRUGV��WKH�LQWHJUDWHG�FXUULFXOXP�KDG�HQDEOHG�VWXGHQWV�WR�OLQN�WKH�NH\�
FRQFHSWV�IURP�RQH�FRUH�PRGXOH�WR�RWKHU�FRUH�PRGXOHV��
�
�����$<�����������DQG������$<�����������RI�WKH�VWXGHQWV�DJUHHG�WKDW�WKH�VSLUDO�FXUULFXOXP�
HQDEOHV�WKHP�WR�EHWWHU�XQGHUVWDQG�WKH�EDVLF�HQJLQHHULQJ�FRQFHSWV�DQG������$<�����������
DQG������$<�����������RI�WKH�VWXGHQWV�DJUHHG�WKDW�WKH�VSLUDO�FXUULFXOXP�FKDOOHQJHV�WKHP�WR�
XVH�KLJKHU�RUGHU�WKLQNLQJ�VNLOOV�VXFK�DV�FRPSDUH��FRQWUDVW�DQG�VROYH�HQJLQHHULQJ�SUREOHPV���
7KLV�HQDEOHG�VWXGHQWV�WR�EXLOG�RQ�NH\�FRQFHSWV�DW�WKH�EHJLQQLQJ�RI�WKH�VHPHVWHU�DQG�FRPSOH[�
FRQFHSWV�DUH�WKHQ�GHYHORSHG�PRUH�HODERUDWHO\�WKURXJKRXW�WKH�VHPHVWHU�LQ�GLIIHUHQW�FRQWH[W�
ZKHUHE\�VWXGHQWV�GHYHORS�FULWLFDO�WKLQNLQJ�VNLOOV�ZLWKLQ�WKH�FKHPLFDO�HQJLQHHULQJ�FRQWH[W��
�
7KURXJK�D� IRFXV�JURXS�GLVFXVVLRQ�ZLWK� VWXGHQWV�� WKH\�VKDUHG� WKDW� WKH�EDVLF�HQJLQHHULQJ�
FRQFHSWV�WDXJKW�LQ�,QWURGXFWLRQ�WR�&KHPLFDO�(QJLQHHULQJ�PRGXOH�ODLG�WKH�IRXQGDWLRQ�QHHGHG�
IRU� WKHP�WR�FRQQHFW�ZLWK� WKH�FRQFHSWV� WDXJKW�RQ�&KHPLFDO�(QJLQHHULQJ�7KHUPRG\QDPLFV�
PRGXOH�� � ,Q� WKH� '&+(� FRXUVH�� WKH� DVVLJQPHQWV� FKDOOHQJH� VWXGHQWV� WR� ZRUN� LQ� JURXSV��
DQDO\VH�WKH�SUREOHPV�DQG�GHYLVH�DSSURSULDWH�VROXWLRQV�E\�DSSO\LQJ�FKHPLFDO�HQJLQHHULQJ�
FRQFHSWV�WDXJKW�LQ�WKH�PRGXOHV��
�
2YHUDOO�� WKHUH� LV�D�VLJQLILFDQW� LPSURYHPHQW� LQ� WKH�VWXGHQWV¶� IHHGEDFN� IURP�$<���������� WR�
$<�����������7KLV�LV�SULPDULO\�GXH�WR�WKH�FRQWLQXRXV�HIIRUW�E\�WKH�PRGXOH�WHDP�WR�LPSURYH�WKH�
GHOLYHU\�RI�WKH�IORZ�RI�PRGXOH�FRQWHQWV��
�

�
)LJXUH����6WXGHQWV¶�5HVSRQVHV�RQ�6SLUDO�&XUULFXOXP�LQ�$FDGHPLF�<HDU��$<������������	�

����������IRU�<HDU���VWXGHQWV�

�
,Q� VXPPDU\�� WKH� TXDQWLWDWLYH� VXUYH\� UHVXOW� REWDLQHG� ZDV� HQFRXUDJLQJ� ZLWK�PDMRULW\� RI� WKH�
VWXGHQWV� HLWKHU� ³$JUHH´� RU� ³6WURQJO\� $JUHH´�� LQGLFDWLQJ� VWURQJ� DOLJQPHQW� WR� WKH� LQWHQGHG�
RXWFRPH���

�
�
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� �
)LJXUH����6WXGHQWV¶�5HVSRQVHV�RQ�6SLUDO�&XUULFXOXP�LQ�$FDGHPLF�<HDU��$<������������	�

����������IRU�<HDU���VWXGHQWV�

 
)LJXUH���VKRZV�WKH�VWXGHQWV¶�UHVSRQVHV�RQ�VSLUDO�FXUULFXOXP�ZKHQ�WKH\�SURJUHVVHG�WR�<HDU���
LQ� $<����������� DQG� $<����������� :KHQ� WKH� VWXGHQWV� PRYHG� RQWR� <HDU� ��� ����
�$<����������� DQG� ���� �$<����������� RI� VWXGHQWV� DJUHHG� WKDW� WKH\� DUH� DEOH� WR� ³VHH�
FRQQHFWLRQV´� DPRQJ� WKH� WZR� PRGXOHV� �6HSDUDWLRQ� 3URFHVVHV� 	� 6LPXODWLRQ�� DQG� 3URFHVV�
,QVWUXPHQWDWLRQ�	�&RQWURO��WDXJKW�LQ�WKDW�\HDU�������$<�����������DQG������$<�����������
RI� WKH� VWXGHQWV� DJUHHG� WKDW� WKH� VSLUDO� FXUULFXOXP�HQDEOHV� WKHP� WR� EHWWHU� XQGHUVWDQG� EDVLF�
HQJLQHHULQJ�FRQFHSWV�������$<�����������DQG������$<�����������RI�VWXGHQWV�DJUHHG�WKDW�
WKH�VSLUDO�FXUULFXOXP�FKDOOHQJHV�WKHP�WR�XVH�KLJKHU�RUGHU�WKLQNLQJ�VNLOOV��6LPLODU�WR�WKH�VXUYH\�
RXWFRPH� IRU� <HDU� �� VWXGHQWV�� WKHUH� LV� DQ� LPSURYHPHQW� LQ� WKH� VWXGHQWV¶� IHHGEDFN� IURP�
$<����������WR�$<����������IRU�<HDU���VWXGHQWV�IRU�WKH�WZR�GLIIHUHQW�FRKRUWV����
�
:KHQ� WKH� VXUYH\� RXWFRPHV� ZHUH� FRPSDUHG� ZLWKLQ� WKH� VDPH� FRKRUW� RI� VWXGHQWV�� WKH�
SHUFHQWDJHV�RI�VWXGHQWV�ZKR�DJUHHG�WKDW�WKH\�ZHUH�DEOH�WR�³VHH�FRQQHFWLRQV´�DPRQJ�PRGXOHV�
�����LQ�<HDU���DQG�����LQ�<HDU�����WKDW�WKH�VSLUDO�FXUULFXOXP�HQDEOHV�WKHP�WR�EHWWHU�XQGHUVWDQG�
EDVLF�HQJLQHHULQJ�FRQFHSWV������LQ�<HDU���DQG�����LQ�<HDU�����DQG�WKDW�WKH�VSLUDO�FXUULFXOXP�
FKDOOHQJHV�WKHP�WR�XVH�KLJKHU�RUGHU�WKLQNLQJ�VNLOOV������LQ�<HDU���DQG�����LQ�<HDU����GURSSHG�
IRU�WKH�ILUVW�FRKRUW�RI�VWXGHQWV�ZKHQ�WKH\�SURJUHVVHG�IURP�<HDU���WR�<HDU����+RZHYHU��IRU�WKH�
VHFRQG�FRKRUW�RI�VWXGHQWV��FRPSDUDEOH�SHUFHQWDJHV�RI�VWXGHQWV�DJUHHG�WKDW�WKH\�ZHUH�DEOH�WR�
³VHH� FRQQHFWLRQV´� DPRQJ� PRGXOHV� ����� LQ� <HDU� �� DQG� ���� LQ� <HDU� ���� WKDW� WKH� VSLUDO�
FXUULFXOXP�HQDEOHV�WKHP�WR�EHWWHU�XQGHUVWDQG�EDVLF�HQJLQHHULQJ�FRQFHSWV������LQ�<HDU���DQG�
����LQ�<HDU�����DQG�WKDW�WKH�VSLUDO�FXUULFXOXP�FKDOOHQJHV�WKHP�WR�XVH�KLJKHU�RUGHU�WKLQNLQJ�
VNLOOV������LQ�<HDU���DQG�����LQ�<HDU����HYHQ�ZKHQ�WKH\�PRYHG�IURP�<HDU���WR�<HDU����7KLV�
LV� SULPDULO\� GXH� WR� WKH� <HDU� �� OHFWXUHUV� SXWWLQJ� LQ� GHOLEHUDWH� HIIRUWV� WR� VWUHQJWKHQ� OLQNDJHV�
EHWZHHQ�DQG�ZLWKLQ�WKH�PRGXOHV�DQG�LPSURYLQJ�WKH�IORZ�RI�PRGXOH�GHOLYHU\��XSRQ�UHIOHFWLQJ�RQ�
WKH�UHVXOWV�IURP�WKH�ILUVW�FRKRUW�RI�VWXGHQWV��
�
�
PLANS FOR MOVING FORWARD 
 
7KLV�VHFWLRQ�GLVFXVVHV�SODQV�IRU�PRYLQJ�IRUZDUG�VXFK�DV�RSSRUWXQLWLHV�WR�ZLGHQ�WKH�XVH�RI�$78�
DV�WKH�DQFKRU�FDVH�VWXG\��LQWHJUDWLRQ�RI�RWKHU�&',2�VNLOOV�DQG�LQFRUSRUDWLRQ�RI�VXVWDLQDELOLW\�
LQWR�WKH�'&+(�FRXUVH��
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0RYLQJ�DKHDG��WKH�FRQQHFWLRQV�EHWZHHQ�ZKDW�ZDV�WDXJKW�LQ�GLIIHUHQW�PRGXOHV�FDQ�GHILQLWHO\�
EH� VWUHQJWKHQ� LQ� <HDU� �� XVLQJ� $78�� )RU� LQVWDQFH�� D� OHDUQLQJ� WDVN� FRXOG� EH� LQWURGXFHG� LQ�
6HSDUDWLRQ�3URFHVVHV�	�6LPXODWLRQ�PRGXOH� IRU�VWXGHQWV� WR�H[SORUH� WKH� LPSDFW�RI�FKDQJLQJ�
VROYHQW�UDWH�VSHFLDOO\�IRU�WKH�DPLQH�DEVRUEHU��,Q�3URFHVV�,QVWUXPHQWDWLRQ�	�&RQWURO�PRGXOH��
WKHUH�DUH�DPSOH�SRVVLELOLWLHV� WR� LQFRUSRUDWH�DSSOLFDWLRQV� LQ� WHUPV�RI�FRQWURO�VWUDWHJLHV�WR�WKH�
VHSDUDWLRQ� SURFHVVHV� LQ� $78� VXFK� DV� WKH� IODVK� GUXP�� DQG� DPLQH� DEVRUEHU� �� VWULSSHU��
)XUWKHUPRUH��LQ�<HDU����LW�FDQ�EH�DVVXPHG�WKDW�VWXGHQWV�DOUHDG\�KDYH�WKH�NQRZOHGJH�RI�WKH�
SULQFLSOHV��IXQFWLRQ�DQG�RSHUDWLRQ�RI�HYHU\�XQLW�RSHUDWLRQ�DW�WKLV�VWDJH�RI�VWXG\��/HVVHU�OHDUQLQJ�
VFDIIROG�FDQ�EH�SURYLGHG�WR�VWXGHQWV�VR�WKDW�WKH\�FDQ�LQFXOFDWH�PRUH�LQGHSHQGHQW�OHDUQLQJ�DQG�
DOORZ�WKHP�WR�EH�PRUH�VHOI�GLUHFWHG��7KHUH�DUH�PRUH�RSSRUWXQLWLHV�IRU�WKHP�WR�PDNH�LQTXLU\�
DQG�VHHN�FODULILFDWLRQ�VR�WKDW�WKH\�EHFRPH�PRUH�LQGHSHQGHQW�OHDUQHUV��6R��ZKHQ�WKH�VWXGHQWV�
DUH�JLYHQ�D�VHSDUDWLRQ�SURFHVV�LQ�WKH�$78�WR�DSSO\�SURFHVV�FRQWURO�SULQFLSOHV��WKH\�ZLOO�KDYH�
WR�DQDO\VH� WKH�JLYHQ� LQIRUPDWLRQ� WKHPVHOYHV�� FDQ�EH� WDVNHG� WR� VNHWFK�DSSURSULDWH�SURFHVV�
FRQWURO�VFKHPH�WR�DFKLHYH�GHVLUHG�FRQWURO�REMHFWLYH�DQG�VXJJHVW�VXLWDEOH�LQVWUXPHQW�VHW�SRLQWV�
WR�DWWDLQ�VSHFLILF�VDIHW\�REMHFWLYH���
�
7KURXJK�WKH�VXUYH\�RXWFRPH��WKH�GHOLYHU\�RI�WHFKQLFDO�FRQWHQW�XVLQJ�WKH�$78�FDVH�VWXG\�DQG�
VSLUDO�FXUULFXOXP�PRGHO�LQGHHG�HQKDQFHG�VWXGHQW�OHDUQLQJ���7KHUH�UHPDLQ�RWKHU�RSSRUWXQLWLHV�
IRU�WKH�&RXUVH�0DQDJHPHQW�7HDP�WR�LQWHJUDWH�RWKHU�VNLOOV�LQWR�WKH�FXUULFXOXP�VXFK�DV�GLJLWDO�
VNLOOV� DQG� GHYHORSPHQW� RI� UHVLOLHQFH� WKURXJK� OHDUQLQJ� IURP� IDLOXUH� �6KHSKHUG�� ������� � 7KH�
&RXUVH�0DQDJHPHQW�7HDP�FDQ�DOVR�HYDOXDWH�WHDPZRUN�VNLOOV�DV�SDUW�RI�WKH�LQWHJUDWLRQ�RI�VNLOOV�
DQG�DWWLWXGH�LQ�WKH�VSLUDO�FXUULFXOXP�WKURXJK�WKH�XVH�RI�DSSURSULDWH�YDOLGDWHG�LQVWUXPHQW�OLNH�
&RPSUHKHQVLYH�$VVHVVPHQW�RI�7HDP�0HPEHU�(IIHFWLYHQHVV��&$70(��WKDW�DVVHVVHV�HIIHFWLYH�
WHDPZRUN��2KODQG��/RXJKU\��:RHKU��%XOODUG��)HOGHU��)LQHOOL��	�6FKPXFNHU���������
�
,Q� ������ 6LQJDSRUH� *UHHQ� 3ODQ� ����� ZDV� ODXQFKHG� DV� D� QDWLRQDO� PRYHPHQW� WR� DGYDQFH�
6LQJDSRUH¶V� QDWLRQDO� DJHQGD� RQ� VXVWDLQDEOH� GHYHORSPHQW�� � 7KLV� IRUPV� D� PDQGDWH� IRU�
HGXFDWLRQDO�LQVWLWXWLRQV�WR�LQFOXGH�VXVWDLQDELOLW\�LQWR�LWV�FXUULFXOXP�VR�WKDW�JUDGXDWHV�ZKR�MRLQ�
WKH�ZRUNIRUFH�LQ�IXWXUH�ZLOO�EH�DEOH�WR�SURSDJDWH�JUHHQ�SUDFWLFHV�LQWR�WKH�LQGXVWU\�DQG�VWULYH�WR�
EXLOG� D� VXVWDLQDEOH� IXWXUH� QDWLRQDOO\� DQG� LQWHUQDWLRQDOO\�� � 7KHUH� LV� DQ� RSSRUWXQLW\� WR� LQIXVH�
VXVWDLQDELOLW\�XVLQJ�WKH�$78�WKURXJK�DOWHUQDWLYH�ORZ�HQHUJ\�WHFKQRORJLHV�WKDW�FRXOG�EH�XVHG�LQ�
SODFH�RI�$78�WR�UHPRYH�DFLG�JDVHV��DQG�OHW�VWXGHQWV�SHUIRUP�D�FRPSDULVRQ�EHWZHHQ�WKH�WZR�
WHFKQRORJLHV��RU�WR�FRQGXFW�OLWHUDWXUH�UHVHDUFK�RQ�DOWHUQDWLYH�JUHHQ�VROYHQWV�WKDW�FDQ�EH�XVHG�
LQVWHDG�RI�DPLQH��
 
 
CONCLUSION 
 
,Q�FRQFOXVLRQ��WKH�XVH�RI�$78�FDVH�VWXG\�DQG�VSLUDO�FXUULFXOXP�PRGHO�KDYH�EHQHILWWHG�VWXGHQW�
OHDUQLQJ�ZKHUH� VWXGHQWV� UHYLVLW� FKHPLFDO� HQJLQHHULQJ� FRQFHSWV� DQG� SULQFLSOHV� RYHU� VHYHUDO�
PRGXOHV�DQG�DFURVV�VHPHVWHUV���7KH�FRPSOH[LW\�RI�WKH�FRQWH[W�LQFUHDVHV�ZLWK�HYHU\�UHYLVLW�RI�
WKH�$78�FDVH�VWXG\�� �7KLV�SURYLGHV�RSSRUWXQLWLHV� IRU� VWXGHQWV� WR�GHOLEHUDWHO\�SUDFWLFH� WKHLU�
XQGHUVWDQGLQJ�RI� WKH�FRQFHSW�ZKLOH�H[WHQGLQJ� WKH�NQRZOHGJH�EDVH� LQ� WHUPV�RI�DGGLQJ�QHZ�
UHODWHG�NQRZOHGJH��HQKDQFLQJ�LQWHJUDWLRQ�DQG�IXUWKHU�UHILQLQJ�XQWLO�VWXGHQWV�PDNH�VHQVH�RI�WKH�
NQRZOHGJH�DQG�DSSO\�WKHP�SXUSRVHIXOO\�DQG�PHDQLQJIXOO\���
�
2XU�VWXG\�KDV�VKRZQ�WKDW�WKH�XVH�RI�D�VLPSOH�SURFHVV��VXFK�DV�WKH�$78�FDVH�VWXG\��ZKHQ�
LQIXVHG�SXUSRVHIXOO\� LQWR�VHOHFWHG�PRGXOHV� LQ� WKH�'&+(�FRXUVH�XVLQJ� WKH�VSLUDO�FXUULFXOXP�
PRGHO��HQDEOHG�VWXGHQWV�ZLWK�OLWWOH�FKHPLFDO�HQJLQHHULQJ�NQRZOHGJH�WR�EXLOG�IDPLOLDULW\�ZLWK�WKLV�
SURFHVV�DQG�SURJUHVVLYHO\�OHDUQ�DQG�DSSO\�FRUH�FKHPLFDO�HQJLQHHULQJ�FRQFHSWV�DQG�SULQFLSOHV�
DW�YDULRXV�VWDJHV�RI�WKH�FRXUVH��
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7KH� &RXUVH� 0DQDJHPHQW� 7HDP� DOVR� LGHQWLILHG� RSSRUWXQH� DUHDV� WR� IXUWKHU� HQKDQFH� WKH�
LQWHJUDWLRQ�RI�RWKHU�VNLOOV�VHWV� LQ�WKH�'&+(�FRXUVH�� IRU�H[DPSOH�&',2�VNLOOV��WHDPZRUN�DQG�
FRPPXQLFDWLRQ��DV�ZHOO�DV�IXWXUH�VNLOOV��GLJLWDO�VNLOOV�DQG�YHUVDWLOLW\����0DNLQJ�FRQQHFWLRQV�ZLWK�
FRQFHSWV�WDXJKW�LQ�GLIIHUHQW�PRGXOHV�FDQ�EH�VWUHQJWKHQ�WR�HQKDQFH�VWXGHQW�OHDUQLQJ�DQG�ZD\V�
WR�LQIXVH�VXVWDLQDELOLW\�FRQFHSWV�PHDQLQJIXOO\�LQWR�WKH�FRXUVH�DUH�DUHDV�IRU�LPSURYHPHQWV� 
 
 
FINANCIAL SUPPORT ACKNOWLEDGEMENTS 
 
7KH�DXWKRU�V��UHFHLYHG�QR�ILQDQFLDO�VXSSRUW�IRU�WKLV�ZRUN��
�
�
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