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

 
 

CHEMICAL ENGINEERING EDUCATION: PEDAGOGY FOR 
LEARNING FROM FAILURE IN PROCESS PLANT OPERATIONS 

�
�
�

Sin-Moh CHEAH  
�

6FKRRO�RI�&KHPLFDO�	�/LIH�6FLHQFHV��6LQJDSRUH�3RO\WHFKQLF�
 
 

ABSTRACT 
�
7KH�DLP�RI�WKLV�SDSHU�LV�WR�SURSRVH�D�SHGDJRJ\�EDVHG�RQ�OHDUQLQJ�IURP�IDLOXUH�WR�GHYHORS�WKH�
FRQILGHQFH�DQG�FRPSHWHQF\�WKDW�JUDGXDWHV�IURP�WKH�'LSORPD�LQ�&KHPLFDO�(QJLQHHULQJ�QHHGHG�
WR� IXQFWLRQ� HIIHFWLYHO\� LQ� WKHLU� MRE� UROH� DV� SURFHVV� WHFKQLFLDQV� LQ� WKH� FKHPLFDO� SURFHVVLQJ�
LQGXVWULHV��,W�LV�IXUWKHU�VXJJHVWHG�WKDW�WKH�&',2�)UDPHZRUN�FDQ�EH�XVHG�WR�DFKLHYH�WKLV�DLP��
7KH�SDSHU�ILUVW�KLJKOLJKWV�WKH�GDQJHU�RI�ORVLQJ�YLWDO�FRJQLWLYH�VNLOOV�GXH�WR�LQFUHDVHG�DXWRPDWLRQ�
DQG�GLJLWDOL]DWLRQ��DQG�DOVR�H[SODLQV�WKH�OLPLWDWLRQ�RI�OHDUQLQJ�XVLQJ�VLPXODWLRQV��GHVSLWH�WKHVH�
EHLQJ�WKH�PRVW�GRPLQDQW�ZD\�RI�SUHSDULQJ�VWXGHQWV�IRU�ZRUN��1H[W��LW�LQWURGXFHV�WKH�FRQFHSW�
RI�OHDUQLQJ�IURP�IDLOXUH��DQG�DUJXHG�WKDW�WKH�SUHYDLOLQJ�DSSURDFK�RI�³/HDUQLQJ�IURP�$FFLGHQWV´�
LV� QRW� DOZD\V� HIIHFWLYH�� HVSHFLDOO\� ZKHQ� RQH� ODFNV� WKH� QHFHVVDU\� VFLHQWLILF� NQRZKRZ� DQG�
XQGHUVWDQGLQJ� RI� FRPSOH[LWLHV� RI� LVVXHV� LQYROYHG�� 7KH� PRGXODU� ZD\� RI� WHDFKLQJ�� ZKHUH�
GLIIHUHQW�HQJLQHHULQJ�IXQGDPHQWDOV��H�J��IOXLG�IORZ��KHDW�WUDQVIHU��HWF��DUH�WDXJKW�LQ�VHSDUDWH�
PRGXOHV�E\�GLIIHUHQW�OHFWXUHUV��RIWHQ�UHVXOWHG�LQ�WKH�RSSRVLWH�RXWFRPH��³GHVLJQLQJ�RXW�IDLOXUH´��
3UREOHP�VROYLQJ�RIWHQ�PHDQV�ZRUNLQJ�WKURXJK�TXHVWLRQV�WKDW� IRFXV�RQ�DSSO\LQJ�WKH�FRUUHFW�
HTXDWLRQV�ZLWKLQ�WKH�FRQILQH�RI�WKH�UHVSHFWLYH�PRGXOH��RIWHQ�QHJOHFWLQJ�WKH�QHHG�WR�XVH�YDOLG�
GDWD��6WXGHQWV�DUH�QRW�WDXJKW�WR�LQWHJUDWH�WKH�NQRZOHGJH�XQWLO�ODWHU�\HDU�RI�VWXG\�E\�FUHDWLQJ�D�
FRPSXWHU�PRGHO�RI�D�FKHPLFDO�SODQW��7KLV�SDSHU�WKHQ�VXJJHVWV�D�SHGDJRJ\�IRU�OHDUQLQJ�IURP�
IDLOXUH�WKDW�FDQ�EH�IRUPXODWHG�WR�VHQVLWL]H�VWXGHQWV�WR�WKH�QRWLRQ�RI�IDLOXUH�DV�D�IRUP�RI�OHDUQLQJ��
UDWKHU�WKDQ�DV�DQ�RXWFRPH�WR�EH�DYRLGHG��,Q�WKH�FRQWH[W�RI�FKHPLFDO�SODQW�RSHUDWLRQ��WKLV�PHDQV�
WKDW�RQH�PXVW�EH�DEOH�WR�PDNH�VHQVH�RI�ELJ�GDWD��QRWDEO\�WKH�UHODWLRQVKLSV�EHWZHHQ�SURFHVV�
YDULDEOHV� LQ�SODQW�RSHUDWLRQV��7KLV�ZLOO�DGGUHVV�WKH� LVVXH�RI�³XQNQRZQ�NQRZQV´��UHIHUULQJ�WR�
VLWXDWLRQV�ZKHUH�VWXGHQWV�ZHUH�XQDEOH�WR�VHH�WKH�FRQQHFWLRQV�EHWZHHQ�NQRZOHGJH�OHDUQW�IURP�
GLIIHUHQW�PRGXOHV�LQ�SUREOHP�DQDO\VLV��7KLV�SDSHU�LOOXVWUDWHV�KRZ�WKH�&',2�)UDPHZRUN��DORQJ�
ZLWK�D�VHW�RI�SULQFLSOHV�IRU�OHDUQLQJ�IURP�IDLOXUH��FDQ�EH�XVHG�WR�GHVLJQ�DQ�LQWHJUDWHG�FXUULFXOXP�
WKDW� SURJUHVVLYHO\� GHYHORS� D� QHZ� ³IDLOXUH�WROHUDQW´� PLQGVHW�� XVLQJ� LQWHJUDWHG� OHDUQLQJ�
H[SHULHQFHV�LQIXVHG�ZLWK�³GHOLEHUDWH�IDLOXUH´�WR�VFDIIROG�OHDUQLQJ�LQ�SURFHVV�SODQW�RSHUDWLRQV��
6XFK�OHDUQLQJ�FDQ�VWDUW�ZLWK�VWXGHQWV�EHLQJ�DZDUH�RI� LQWHUGHSHQGHQFLHV�RI�YDULRXV�SURFHVV�
YDULDEOHV��PRYLQJ�RQ�WR�LQWHUDFWLRQV�EHWZHHQ�GLIIHUHQW�SODQW�HTXLSPHQW�GXULQJ�RSHUDWLRQ��7KLV�
SDSHU�FRQFOXGHV�ZLWK�GLVFXVVLRQ�RQ�KRZ�VXFK�QHZ�PLQGVHW�FDQ�EH�IXUWKHU�GHYHORSHG�XVLQJ�
WKH�SHGDJRJ\�SUHVHQWHG��
�
�
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127(��� 6LQJDSRUH�3RO\WHFKQLF�XVHV�WKH�ZRUG�µFRXUVHV¶�WR�GHVFULEH�LWV�HGXFDWLRQ�µSURJUDPV¶��$�µFRXUVH¶�
LQ�WKH�'LSORPD�LQ�&KHPLFDO�(QJLQHHULQJ�FRQVLVWV�RI�PDQ\�VXEMHFWV�WKDW�DUH�WHUPHG�µPRGXOHV¶��
ZKLFK�LQ�WKH�XQLYHUVLWLHV�FRQWH[WV�DUH�RIWHQ�FDOOHG�µFRXUVHV¶��$�WHDFKLQJ�DFDGHPLF�LV�NQRZQ�DV�
D�µOHFWXUHU¶��ZKLFK�LV�RIWHQ�UHIHUUHG�WR�D�DV�µIDFXOW\¶�LQ�WKH�XQLYHUVLWLHV���

 
 
INTRODUCTION: THE CONTEXT 
�
7RGD\¶V�HGXFDWLRQ�LV�VWUXJJOLQJ�WR�NHHS�XS�ZLWK�FKDQJHV��PRVWO\�QRWDEO\�EURXJKW�DERXW�E\�WKH�
)RXUWK�,QGXVWULDO�5HYROXWLRQ��6XVWDLQDEOH�'HYHORSPHQW�DQG�*OREDOL]DWLRQ��7KLV�LV�SDUWLFXODUO\�
WUXH�IRU�HQJLQHHULQJ�HGXFDWLRQ��GXH�QRW�RQO\�WR�WHFKQRORJLFDO�DGYDQFHV�EXW�DOVR�EHFDXVH�RI�
WKH�LQFUHDVLQJ�QHHG�WR�LQFOXGH�OHDUQLQJ�IURP�RWKHU�GLVFLSOLQHV�VXFK�DV�KXPDQLWLHV�DQG�WKH�DUWV��
DOO�WKH�ZKLOH�VWLOO�KDYLQJ�WR�UHWDLQ�WKH�EDVLF�VFLHQWLILF�SULQFLSOHV�DQG�HQJLQHHULQJ�IXQGDPHQWDOV��
*DMHN��HW�DO��������VXJJHVWHG�WKDW�WKH�PDLQ�IXWXUH�FRPSHWHQFLHV�UHTXLUHG�IRU�WKH�WUDLQLQJ�RI�
FKHPLFDO�HQJLQHHUV�LQ�UHODWLRQ�WR�,QGXVWU\�����WHFKQRORJLHV�DUH�GLJLWDO�FRPSHWHQFHV��SURFHVV�
VRIWZDUH�DQG�V\VWHP�VDIHW\��DELOLW\�WR�KDQGOH�,7�VHFXULW\�DQG�VDIHW\���VRIW�FRPSHWHQFHV��ZLWK�
FXOWXUH�� OHDGHUVKLS�� FRPPXQLFDWLRQ� DQG� RUJDQL]DWLRQ�� DQG� WKH� EXVLQHVV� RU� PDQDJHPHQW�
FRPSHWHQFHV��VXFK�DV�GHFLVLRQ�PDNLQJ��FRPSOH[LW\���,Q�VKRUW��VNLOOV�DQG�DWWLWXGLQDO�DVSHFWV�DUH�
LQFUHDVLQJ�QHHG� WR�EH� LQWHJUDWHG� LQWR�DQ�DOUHDG\�SDFNHG�FXUULFXOXP� WR�SURYLGH� WKH�VXLWDEOH�
FRQWH[W� IRU� OHDUQLQJ�� 'LJLWDO� FRPSHWHQFLHV� LQ� SDUWLFXODU�� LV� QRZ� D� SULRULW\� DUHD� LQ� FKHPLFDO�
HQJLQHHULQJ� HGXFDWLRQ� �=DQGL�� HW� DO�� ������� 7KLV� RIWHQ� EHJV� WKH� TXHVWLRQ�� :KDW� DUH� WKH�
³IXQGDPHQWDOV�RI�IXQGDPHQWDOV´�WKDW�VWXGHQWV�QHHG�WR�NQRZ��DV�IDU�DV�WHFKQLFDO�NQRZOHGJH�LV�
FRQFHUQHG��WR�UHPDLQ�FRPSHWHQW��DQG�FRQILGHQW�LQ�WDFNOLQJ�ZRUNSODFH�LVVXHV"��
�
7KH�FKHPLFDO�SURFHVVLQJ�LQGXVWU\�LV�D�KLJK�ULVN�RQH��LW�RIWHQ�GHDOV�ZLWK�PDWHULDOV�WKDW�DUH�WR[LF�
DQG�IODPPDEOH��XQGHU�FRQGLWLRQV�RI�KLJK�SUHVVXUH�DQG�WHPSHUDWXUH��$GYDQFHV�LQ�WHFKQRORJLHV�
KDG�UHVXOWHG�LQ�PRUH�LQWHJUDWHG�FKHPLFDO�SODQWV�DQG�KDG�RYHU�WKH�\HDUV��PDGH�WKH�RSHUDWLRQ�
VDIHU��,URQLFDOO\��WKLV�PHDQV�WKDW�WKH�SUREDELOLWLHV�RU�OLNHOLKRRG�RI�DQ�LQFLGHQW�KDSSHQLQJ�LV�ORZ��
EXW�WKH�FRQVHTXHQFHV�ZLOO�EH�YHU\�KLJK�VKRXOG�RQH�RFFXUUHG��0RUHRYHU��WKHUH�LV�QR�ZD\�WR�
HOLPLQDWH�ULVN�FRPSOHWHO\��+HQFH��LW�LV�RI�SDUDPRXQW�LPSRUWDQFH�WKDW�HPSOR\HHV�DUH�HIIHFWLYHO\�
WUDLQHG�WR�UHVSRQG�WR�SURFHVV�SODQW�XSVHWV�LQ�D�WLPHO\�PDQQHU��WR�WDNH�SURSHU�FRUUHFWLYH�DFWLRQV�
WR�SUHYHQW�HVFDODWLRQ�RI� WKH�VLWXDWLRQ��$�SURFHVV�PD\�VSLQ�RXW�RI�FRQWURO�� OHDGLQJ� LQ� ORVV�RI�
FRQWDLQPHQW�WKDW�FDQ�UHVXOW�LQ�WR[LF�DQG�RU�IODPPDEOH�UHOHDVHV��ILUHV�DQG�H[SORVLRQV��
�
7KLV�SDSHU�VSHFLILFDOO\�H[SORUHG�WKH�DUHD�RI�FKHPLFDO�SURFHVVLQJ�SODQW�RSHUDWLRQV�LQ�WKH�DJH�
RI�GLJLWDOL]DWLRQ��FKDUDFWHUL]HG�E\�DYDLODELOLW\�RI�ELJ�GDWD��DQG�WKH�QHHG�WR�PDNH�VHQVH�RI�WKHVH�
GDWD� IRU� EHWWHU� GHFLVLRQ�PDNLQJ�� 8VH� RI� PDFKLQH� OHDUQLQJ� �0/�� VXFK� DV� QHXUDO� QHWZRUNV�
FRXSOHG�ZLWK�DUWLILFLDO�LQWHOOLJHQFH��$,��ZLOO�HQDEOH�WKH�UDSLG�SURFHVVLQJ�RI�ODUJH�ELJ�GDWD�IHG�E\�
QXPHURXV�VHQVRUV��H[HFXWLRQ�RI�SUH�SURJUDPPHG�DOJRULWKPV��DQG�GLVSOD\LQJ�WKH�VWDWXV�RI�WKH�
SODQW�LQ�UHDO�WLPH�RQ�GDVKERDUGV���
�
7KLV�SDSHU�VWUHVVHG�WKH�LPSRUWDQFH�RI�EHWWHU�SUHSDULQJ�RXU�VWXGHQWV�VR�WKDW�WKH\�DUH�QRW�RQO\�
WHFKQLFDOO\� FRPSHWHQW� EXW�PRUH� LPSRUWDQWO\�� FRQILGHQW� LQ� LQWHUSUHWLQJ� WKHVH� GDWD� HVSHFLDOO\�
GXULQJ�SURFHVV�SODQW�HPHUJHQFLHV��7KH�HIILFLHQF\�RI�WKH�0/�$,�V\VWHP�ZLOO�SXW�WKH�GHOXJH�RI�
GDWD�WKURXJK�SUH�SURJUDPPHG�GLDJQRVWLFV��RIIHU�SRVVLEOH�FDXVHV�DQG�UHFRPPHQG�SODXVLEOH�
FRUUHFWLYH�DFWLRQV��,W�LV�WKHUHIRUH�LPSRUWDQW�WKDW�FKHPLFDO�SURFHVV�WHFKQLFLDQV�UHPDLQ�FRQILGHQW�
DQG�EH�DEOH�WR�LQWHUSUHW�WKHVH�UDSLGO\�HYROYLQJ�HYHQWV�WR�PDNH�VHQVH�RI�WKHP��DQG�PDNH�WKH�
FRUUHFW�GHFLVLRQ�DPRQJ�WKH�FKRLFHV�DYDLODEOH���
�
7R� WKLV�HQG�� WKLV�SDSHU�SURSRVHV�D�SHGDJRJLFDO�DSSURDFK� IRU� WUDLQLQJ�VWXGHQWV� LQ�FKHPLFDO�
SURFHVV�SODQW�RSHUDWLRQ��XVLQJ�IDLOXUH�DV�D�PHDQ�WR�VWLPXODWH�OHDUQLQJ��PRWLYDWLQJ�WKHP�WR�OHDUQ�
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WKH� IXQGDPHQWDOV� RI� FKHPLFDO� HQJLQHHULQJ�� ,QGHHG�� OHDUQLQJ� IURP� DFFLGHQWV� LV� DOUHDG\� DQ�
LPSRUWDQW� DSSURDFK� IRU� WKH� FKHPLFDO� LQGXVWU\�� EXW� WKH� HIIHFW� RI� GLJLWDOL]DWLRQ� PDNHV� VXFK�
OHDUQLQJ�HYHQ�PRUH�XUJHQW��7KLV�SDSHU�VXJJHVWV�WKDW�WKH�WUDGLWLRQDO�DSSURDFK�RI�OHDUQLQJ�IURP�
DFFLGHQWV�QHHGV�WR�EH�LPSURYHG��DQG�WKDW�VXFK�D�SHGDJRJ\�FDQ�EH�GHYHORSHG�XVLQJ�WKH�&',2�
)UDPHZRUN��,W�LV�HQYLVLRQ�WKDW�RWKHU�HQJLQHHULQJ�GLVFLSOLQHV�FDQ�DOVR�DGRSW�DQG�RU�DGDSW�WKH�
XQGHUO\LQJ�SULQFLSOHV�LQ�WKH�SURSRVHG�SHGDJRJ\�IRU�WKHLU�UHVSHFWLYH�SURJUDPV��
 
 
DIGITALIZATION AND COMPETENCY IN CHEMICAL PROCESS PLANT OPERATIONS 
�
7KH�'LSORPD�LQ�&KHPLFDO�(QJLQHHULQJ��'&+(��RI�6LQJDSRUH�3RO\WHFKQLF�LV�D���\HDU�SURJUDP�
WKDW�SURGXFHV�JUDGXDWHV�WKDW�ZRUN�LQ�D�UDQJH�RI�FKHPLFDO�SURFHVVLQJ�LQGXVWULHV��*UDGXDWHV�
IURP� '&+(� W\SLFDOO\� IRXQG� HPSOR\PHQW� DV� 3URFHVV� 7HFKQLFLDQV�� 7HFKQRORJLVWV� RU�
(QJLQHHULQJ�$VVLVWDQWV��0DQ\�VWXGHQWV�DOVR�IXUWKHU�WKHLU�VWXGLHV�LQ�WKH�XQLYHUVLWLHV�HDUQLQJ�D�
GHJUHH�LQ�FKHPLFDO�HQJLQHHULQJ��DQG�MRLQLQJ�WKH�LQGXVWU\�DV�&KHPLFDO�(QJLQHHUV��(TXLSSHG�
ZLWK�WKH�EDVLF�NQRZOHGJH�IURP�IRUPDO�HGXFDWLRQ��LW�WRRN�PDQ\�PRUH�\HDUV�WR�EXLOG�XS�WKH�H[SHUW�
NQRZOHGJH�WR�EHFRPH�D�SURIHVVLRQDO��,Q�RWKHU�ZRUGV��KXPDQ�XQGHUVWDQGLQJ�LV�SURJUHVVLQJ�DW�
D�IDU�VORZHU�SDFH�FRPSDUHG�WR�WKH�WLPH�LW�WDNHV�0/�DQG�$,�WR�FRGLI\�PDQ\�\HDUV�RI�H[SHULHQFH�
±�HVSHFLDOO\�WDFLW�RQHV�±�LQWR�D�VHW�RI�KHXULVWLFV�WKDW�JXLGHV�WKH�GD\�WR�GD\�RSHUDWLRQV�RI�WKH�
FKHPLFDO�SODQWV��H�J��SUHGLFWLYH�PDLQWHQDQFH��DQG�WURXEOHVKRRWLQJ�RSHUDWLRQDO�LVVXHV���
�
,Q�D�ZD\��WKH�SUREOHP�GHSLFWHG�DERYH�LV�QRW�YHU\�GLIIHUHQW�IURP�WKDW�FKDOOHQJHG�WKH�DYLDWLRQ�
LQGXVWU\��ZKHUH�LQFUHDVHG�DXWRPDWLRQ�KDG�LQFUHDVLQJO\�WDNLQJ�RYHU�WKH�IXQFWLRQV�RI�SLORWV�LQ�
DLUOLQHV��,Q�KLV�ERRN�7KH�*ODVV�&DJH��&DUU��������KDG�DUJXHG�WKDW�RXU�LQFUHDVLQJ�GHSHQGHQF\�
RQ�FRPSXWHUV�DQG�WHFKQRORJ\�LV�FDXVLQJ�XV�WR�ORVH�YLWDO�VNLOOV���:KLOH�WKH�DXWRPDWLRQ�RI�IO\LQJ�
KDV�PDGH� DLU� WUDYHO� VDIHU�� LW� KDV� DOVR� UHVXOWHG� LQ� WKH� ORVV� RI� FRJQLWLYH� FRQWURO� DQG� ODFN� RI�
VLWXDWLRQDO� DZDUHQHVV� DPRQJ� SLORWV�� ,Q� VRPH� FDVHV�� VXFK� GLVFRQQHFW� FDQ� KDYH� GUDPDWLF�
FRQVHTXHQFHV��ZKHQ�DQ�HUURU�RFFXUV�RU�WKH�VRIWZDUH�IDLOV�WR�ZRUN�DV�LQWHQGHG��PDQXDO�FRQWURO�
LV�DEUXSWO\�WKUXVW�EDFN�LQWR�WKH�KDQGV�RI�DQ�RYHUZKHOPHG�SLORW��%RURZVNL���������7KH�UHFHQW�
DYLDWLRQ�GLVDVWHU� WKDW�RI� WKH�%RHLQJ�����0$;�� UHPLQGV�RQH�RI� WKH�TXHVWLRQ�SRVHG�E\�&DUU�
��������+RZ�ZLOO�SLORWV�UHDFW�WR�D�VFHQDULR�WKDW�WKH\�ZHUH�QRW�WUDLQHG�IRU"���
�
/LNH�WKH�DYLDWLRQ�LQGXVWU\�DQG�WKH�QXFOHDU�LQGXVWU\��WKH�FKHPLFDO�SURFHVVLQJ�LQGXVWU\�DOVR�IDFHG�
WKH� FKDOOHQJH� RI� PDQDJLQJ� ULVN� ZKHUH� WLPH�VHQVLWLYH� PDWWHUV� GHPDQGHG� WLPHO\� KXPDQ�
LQWHUYHQWLRQ�WKDW�FRUUHFWO\�DGGUHVV�WKH�GHYHORSLQJ�HPHUJHQF\��)DLOXUH�LV�QRW�DQ�RSWLRQ��7KLV�
EHJV�WKH�TXHVWLRQ�RI�ZKHWKHU�HQJLQHHUV�KDYH�WKH�FRQILGHQFH�LQ�GLDJQRVLQJ�DQ�HYHQW�KH�VKH�
KDG�QHYHU�HQFRXQWHUHG�EHIRUH��DQG�GHFLGH�RQ�WKH�FRUUHFW�FRXUVH�RI�DFWLRQ�WR�WDNH��RU�IRU�WKDW�
PDWWHU��FKRRVH�DPRQJ�VHYHUDO�RSWLRQV�DV�VXJJHVWHG�E\�WKH�FRPSDQ\�$,�V\VWHP��$OUHDG\�WKH�
FKHPLFDO� LQGXVWU\� LV� JUDSSOLQJ� ZLWK� WKH� FKDOOHQJH� RI� DODUP�PDQDJHPHQW�� ZKHUH� RSHUDWLQJ�
SHUVRQQHO�DUH�VWUXJJOLQJ�WR�UHVSRQG�WR� WKH�IORRG�RI�DODUPV�RI�DOO�VRUWV��1RGD��������-RIULHW��
��������
�
&DUU� ������� ZDUQHG� RI� WKH� �� WKUHDWV� FRQIURQWLQJ� KXPDQV� ZKHQ� XVLQJ� WHFKQRORJ\� ZLWKRXW�
WKLQNLQJ�DERXW�WKHP��DXWRPDWLRQ�FRPSODFHQF\�DQG�DXWRPDWLRQ�ELDV��$XWRPDWLRQ�FRPSODFHQF\�
WDNHV�KROG�ZKHQ�D�FRPSXWHU�OXOOV�XV�LQWR�D�IDOVH�VHQVH�RI�VHFXULW\��:H�EHFDPH�VR�FRQILGHQW�
WKDW�WKH�PDFKLQH�ZLOO�ZRUN�IODZOHVVO\��KDQGOLQJ�DQ\�FKDOOHQJH�WKDW�PD\�DULVH��WKDW�ZH�DOORZ�RXU�
DWWHQWLRQ�WR�GULIW��$XWRPDWLRQ�ELDV�LV�FORVHO\�UHODWHG�WR�DXWRPDWLRQ�FRPSODFHQF\��,W�FUHHSV�LQ�
ZKHQ�SHRSOH�JLYH�XQGXH�ZHLJKW�WR�WKH�LQIRUPDWLRQ�FRPLQJ�WKURXJK�WKHLU�PRQLWRUV��7KHLU�WUXVW�
LQ�WKH�VRIWZDUH�EHFRPHV�VR�VWURQJ�WKDW�WKH\�LJQRUH�RU�GLVFRXQW�RWKHU�VRXUFHV�RI�LQIRUPDWLRQ��
LQFOXGLQJ�WKHLU�RZQ�VHQVHV�� ,W� LV� WKH�QRWLRQ�WKDW�EHFDXVH�D�UHVXOW�FRPHV�IURP�D�PDFKLQH�� LW�
PXVW�EH�FRUUHFW��:H�IRUJHW�WKDW�WKH�UHVXOW�PD\�EH�IODZHG�EHFDXVH�LW�FDQ�RQO\�EH�DV�JRRG�DV�
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WKH�DOJRULWKP�XQGHU�ZKLFK�LW�RSHUDWHV��+XWK���������7KH�SUROLIHUDWLRQ�RI�DGYDQFHG�,QGXVWULDO�
,QWHUQHW�RI�7KLQJV��,,R7��WHFKQRORJLHV�VXFK�DV�VPDUW�VHQVRUV�DQG�WUDQVPLWWHUV�DUH�SRLVHG�WR�
H[DFHUEDWH�WKH�VLWXDWLRQ�ZLWK�WKH�ELJ�GDWD�WKH\�JHQHUDWHG�LI�QRW�PDQDJHG�ZHOO��
 
7KLV� LV� LQ� SDUWLFXODU� LPSRUWDQW� WR� JXDUG� DJDLQVW� D� SKHQRPHQRQ� NQRZQ�DV� WKH� ³ZDWHUPHORQ�
HIIHFW´��(OOLV��������WKDW�DULVHV�IURP�LQFUHDVLQJ�XVH�RI�GDVKERDUGV�WR�PRQLWRU�FKHPLFDO�SODQW�
SHUIRUPDQFH��7KH�FRQFHUQ� LV� WKH�GDQJHUV�RI�RSHUDWLQJ�SHUVRQQHO�QRW�FKDOOHQJLQJ�DSSDUHQW�
JRRG�SHUIRUPDQFH��DV�LQGLFDWHG�E\�WKH�JUHHQ�RXWHU�OD\HU�RI�WKH�ZDWHUPHORQ��ZKLFK�UHSUHVHQWV�
LQGLFDWRUV� VXJJHVWLQJ�� ³DOO� LV� ZHOO´�� +RZHYHU�� GHHSHU� GLJJLQJ� ZLOO� UHYHDO� D� UHG� IOHVK� LQVLGH�
LQGLFDWLQJ� SRWHQWLDO� SUREOHP� DUHDV� KLGGHQ� IURP� YLHZ�� KHQFH� FRQYH\LQJ� D� IDOVH� VHQVH� RI�
VHFXULW\��:KHQ� SUREOHPV� GR� VXUIDFHG� WKH\� UHSUHVHQW� GLUH� VLWXDWLRQV� WKDW� GHPDQGHG� TXLFN�
UHVROXWLRQV��EXW�KXPDQ�PLQGV�PD\�EH�RYHUZKHOPHG�E\�WKH�GHOXJH�RI�DODUPV��
 
 
LIMITATION OF TRAINING USING SIMULATION 
�
6LPXODWLRQ�EDVHG� OHDUQLQJ�KDG�EHHQ�ZLGHO\�VWXGLHV��DQG�UHFHQW�UHSRUW�E\�&KHUQLNRYD��HW�DO�
�������UHDIILUPHG�LWV�XVHIXOQHVV�LQ�SURPRWLQJ�OHDUQLQJ�DFURVV�KLJKHU�HGXFDWLRQ�GRPDLQ��,Q�WKH�
FKHPLFDO�LQGXVWU\��VLPXODWLRQ�KDG�EHHQ�XVHG�VXFFHVVIXOO\�DQG�HIIHFWLYHO\�WR�WUDLQ�VWXGHQWV�LQ�
YLUWXDO� SODQW� RSHUDWLRQV� LQ� GHDOLQJ� ZLWK� YDULRXV� SUREOHPV� LQ� WKH� SODQW�� 6LPXODWLRQV� OHQG�
WKHPVHOYHV�UHDGLO\�WR�VXFK�WUDLQLQJV��DV�WKH\�DUH�DEOH�WR�SURYLGH�DXWKHQWLF�VFHQDULRV�WKDW�DUH�
QRW�SRVVLEOH�LQ�WKH�FODVVURRP��DV�WKH�SURFHVVHV�LQ�WKH�FKHPLFDO�LQGXVWULHV�DUH�RIWHQ�FDUULHG�
RXW�DW�KLJK�WHPSHUDWXUHV�DQG�SUHVVXUH��IRU�D�ZLGH�UDQJH�RI�FKHPLFDOV�PDQ\�RI�ZKLFK�DUH�WR[LF��
IODPPDEOH�DQG�RU�H[SORVLYH��
�
,W�LV�LPSRUWDQW�WR�QRWH�WKDW�FRPSHWHQF\�DULVLQJ�IURP�VXFK�WUDLQLQJ�QHHGV�WR�EH�VXSSOHPHQWHG�
ZLWK� UHDO�ZRUOG� ZRUN� H[SHULHQFH�� ZKLFK� RIWHQ� WDNHV� PDQ\� \HDUV� WR� GHYHORS�� )RU� SURFHVV�
WHFKQLFLDQV��WKLV�PHDQV�SHUIRUPLQJ�YDULRXV�UROHV�LQ�WKH�FKHPLFDO�SODQW��JDLQ�LQWLPDWH�ZRUNLQJ�
NQRZOHGJH�E\�XWLOL]LQJ�WKHLU�VHQVHV��QRWDEO\�VLJKW��VRXQG��VPHOO��DQG�WRXFK��7KH�XVH�RI�,,R7�
WHFKQRORJLHV� ZLOO� GUDVWLFDOO\� FKDQJH� WKH� QDWXUH� RI� ZRUN� W\SLFDOO\� SHUIRUPHG� E\� SURFHVV�
WHFKQLFLDQV� LQ� WKH� SODQW�� 8VH� RI� VPDUW� VHQVRUV� DQG� FRQWUROOHUV� KDG� QRW� RQO\� WDNHQ� RYHU�
PRQLWRULQJ�RI�WKH�XVXDO�SURFHVV�YDULDEOHV�RI�IORZ�UDWHV��WHPSHUDWXUHV��SUHVVXUHV��OHYHO��HWF��
EXW�DOVR�WKRVH�SDUDPHWHUV�XVXDOO\�FDUULHG�RXW�E\�SURFHVV�WHFKQLFLDQV�GXULQJ�WKH�URXWLQH�ZDON�
DURXQG�WKH�SODQWV��VXFK�DV�IXQFWLRQLQJ�RI�VWHDP�WUDSV��YLEUDWLRQ�RI�PRWRUV��HWF��
�
&RPSDUHG�ZLWK�WKH�DYLDWLRQ�LQGXVWU\��WKH�FKHPLFDO�SURFHVVLQJ�LQGXVWULHV�KDV�PDQ\�PRUH�SODQWV�
WKDW�DUH�GLIIHUHQW�FRPSDUHG�WR�DLUFUDIW�W\SHV��KDQGOLQJ�ODUJH�QXPEHU�RI�FKHPLFDOV��+HQFH��LW�LV�
LPSRVVLEOH�WR�WUDLQ�VWXGHQWV�LQ�HYHU\�FRQFHLYDEOH�FKHPLFDO�SODQW�FRQILJXUDWLRQV��RU�FKHPLFDO�
SURGXFWV�� (YHQ� LI� RQH� JURXSV� WKHVH� SODQWV� LQWR� VHYHUDO� FDWHJRULHV� EDVHG� RQ� WKH� FKHPLFDO�
SURGXFWV�PDGH��WKH�QXPEHU�RI�GLIIHUHQW�SODQWV�DUH�VWLOO�YHU\�ODUJH��$V�VXFK��EHVLGHV�SURSULHWDU\�
EXLOG� VLPXODWRUV� WKDW� DUH� RQO\� DYDLODEOH� WR� FRPSDQ\� HPSOR\HHV�� PXFK� RI� WKH� VLPXODWRUV�
DYDLODEOH� FRPPHUFLDOO\� IRFXVHG� RQ� FRPPRQ� FKHPLFDO� SURFHVVHV� VXFK� DV� GLVWLOODWLRQ��
DEVRUSWLRQ��HWF��1RW�RQO\�WKDW��WKH�FRVW�RI�DFTXLULQJ�VXFK�WUDLQLQJ�VRIWZDUHV�HYHQ�ZLWK�DFDGHPLF�
GLVFRXQWV�LV�VWLOO�SURKLELWLYHO\�ODUJH�IRU�ZLGHVSUHDG�DGRSWLRQ�LQ�WKH�XQLYHUVLWLHV��
�
)RU�DOO�WKH�EHQHILWV�DFFUXHG�WR�VLPXODWLRQ�EDVHG�WUDLQLQJ��RQH�PXVW�EH�PLQGIXO�WKDW�WKH�PRGHOV�
ZHUH� XVXDOO\� FUHDWHG� EDVHG� RQ� NQRZQ� HYHQWV�� PXFK� OLNH� WKH� DYLDWLRQ� LQGXVWU\� ZKHUH� WKH�
FRQVHTXHQFHV�KDG�EHHQ�H[SHULHQFHG�RU�VWXGLHG��DQG�SURFHGXUHV�KDG�EHHQ�GHYHORSHG�WR�GHDO�
ZLWK�VXFK�DQ�LQFLGHQW��$V�VXFK��VLPXODWLRQ�EDVHG�WUDLQLQJ�RIWHQ�HPSKDVL]HG�H[HFXWLQJ�D�VHULHV�
RI� SUHVFULEHG� VWHSV� LQ� RSHUDWLQJ� PDQXDOV�� L�H�� WKH� IRFXV� LV� DLPHG� DW� SUHYHQWLQJ� IDLOXUHV��
$OWKRXJK� D� W\SLFDO� VLPXODWLRQ� SDFNDJH� ZLOO� LQFOXGH� UHVSRQGLQJ� WR� SURFHVV� PDOIXQFWLRQ�
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VFHQDULRV��VWLOO�WKHVH�DUH�EDVHG�RQ�ZHOO�NQRZQ�RSHUDWLRQDO�SUREOHPV�VXFK�DV�ORVV�RI�FRROLQJ�
ZDWHU�RU�SXPS�WULS��,QGHHG��&KRXGKDUL��������FDXWLRQHG�RQ�WKH�ULVN�RI�LQH[SHULHQFHG�HQJLQHHUV�
UHO\LQJ�RQ�EOLQG�IDLWK�WKDW�VLPXODWLRQV�ZLOO�GHOLYHU�WKH�ULJKW�RXWSXW���
�
,W� LV� FRPPRQ� EHOLHI� WKDW� VLPXODWRUV� FDQ� SURYLGH� VRSKLVWLFDWHG� DQG� DFFXUDWH� UHVXOWV� LQ� WKH�
VKRUWHVW� WLPH�� RIWHQ� XQDZDUH� RI� WKH� OLPLWDWLRQV� DQG� FDSDELOLWLHV� RI� D� VHOHFWHG�PHWKRG� RU� D�
VHOHFWHG�HTXDWLRQ��/LNHZLVH��6LOYHUVWHLQ��������QRWHG�WKDW�WKHUH�³DSSHDUV�WR�EH�D�ELDV�RQ�WKH�
SDUW� RI� VWXGHQWV� WRZDUGV� WUXVWLQJ� H[SHQVLYH� VLPXODWRU� SDFNDJHV� ZLWKRXW� FRQVLGHULQJ� KRZ�
VLPXODWRUV�ZRUN��ZKDW�PRGHOV�DUH�XVHG��ZKDW�DVVXPSWLRQV�DUH�PDGH��RU�SRWHQWLDO�VRXUFHV�RI�
QXPHULFDO� HUURU´�� 7RGD\¶V� VLPXODWRUV� DUH� YHU\� VRSKLVWLFDWHG� WKDW� WR� XWLOL]H� LWV� FDSDELOLW\��
DGHTXDWH�NQRZOHGJH�DQG�VSHFLILF�SURFHVV�H[SHULHQFH�KDV�EHFRPH�D�SUHUHTXLVLWH��&KRXGKDUL��
�������(YHQ�VR��WKH�FRPSOH[LW\�RI�LQWHJUDWHG�FKHPLFDO�SODQWV�PHDQ�WKDW�LW�PD\�QRW�EH�SRVVLEOH�
WR�LGHQWLI\�DOO�SRVVLEOH�LQWHUDFWLRQV�EHWZHHQ�WKH�LQGLYLGXDO�SURFHVV�XQLWV�DQG�KHQFH�WR�SUHSDUH�
VWXGHQWV�IRU�DOO�SRVVLEOH�VFHQDULRV��
�
7KH�WUDLQLQJ�XVLQJ�SURFHVV�VLPXODWRUV�IRU�FKHPLFDO�SODQW�RSHUDWLRQV�RIWHQ�JR�DORQJ�WKHVH�VWHSV��
•� 6WXGHQWV�IDPLOLDUL]H�WKHPVHOYHV�ZLWK�D�JLYHQ�FKHPLFDO�SURFHVV�IRU�ZKLFK�D�VLPXODWLRQ�PRGHO�

LV�EXLOW��6XFK�D�SURFHVV�LV�W\SLFDOO\�D�³JHQHULF´�RQH��ZKLFK�LQ�WKH�FDVH�RI�GLVWLOODWLRQ�FDQ�EH�
D� VLPSOH� ��FRPSRQHQW� VHSDUDWLRQ� RI� VLPSOH� K\GURFDUERQV� RU� PRUH� FRPSOLFDWHG� PXOWL�
FRPSRQHQW�FUXGH�RLO�VHSDUDWLRQ��$�PRGHO�IRU�JDV�DEVRUSWLRQ�W\SLFDOO\�LQYROYH�WKH�UHPRYDO�
RI� K\GURJHQ� VXOILGH� JDV� IURP� D� PL[WXUH� RI� K\GURFDUERQ� JDVHV�� $� VLPXODWLRQ� LQYROYLQJ�
FKHPLFDO�UHDFWLRQ�LV�W\SLFDOO\�RQH�RI�D�IL[HG�EHG�UHDFWRU�IRU�UHPRYDO�RI�VXOIXU�FRPSRXQGV�
IURP�D�GLHVHO�SURGXFW��7KHVH�DUH�WKH�FRPPRQ�PRGHOV�IRU�SURFHVVHV�W\SLFDO�LQ�D�UHILQHU\��
0RGHOV�DUH�DOVR�DYDLODEOH� IRU� WKH�SURGXFWLRQ�RI�SHWURFKHPLFDOV�DQG� ILQH�FKHPLFDOV��7KH�
ERWWRP�OLQH�KHUH�LV�WKDW�VWXGHQWV�PXVW�ILUVW�OHDUQW�WKH�SURFHVV��HTXLSPHQW�LQYROYHG��RSHUDWLQJ�
FRQGLWLRQV��IHHG�PDWHULDOV�WKDW�DUH�XVHG��DQG�VSHFLILFDWLRQV�RI�WKH�GHVLUHG�SURGXFW�V���

•� 7UDLQLQJ� XVXDOO\� VWDUWV� ZLWK� XQGHUVWDQGLQJ� KRZ� WR� RSHUDWH� WKH� SODQW�� E\� VWDUWLQJ� WKH�
VLPXODWLRQ�LQ�³VWHDG\�VWDWH´�PRGH��D�FRQGLWLRQ�ZKHUHE\�WKH�SURFHVV�LV�UXQQLQJ�VPRRWKO\��
6WXGHQWV�VWDUW�WR�PDNH�VPDOO�FKDQJHV�WR�WKH�SODQW��IRU�H[DPSOH��FKDQJHV�LQ�FRPSRVLWLRQ�RI�
WKH�IHHG�PDWHULDOV�LQ�D�GLVWLOODWLRQ�XQLW��UDLVLQJ�WKH�IORZUDWH�RI�D�VROYHQW�WR�D�JDV�DEVRUSWLRQ�
XQLW��RU�LQFUHDVLQJ�WKH�RSHUDWLQJ�WHPSHUDWXUH�RI�D�FKHPLFDO�UHDFWRU��6WXGHQWV�REVHUYH�KRZ�
WKH�HQWLUH�SURFHVV�UHVSRQG�WR�WKHVH�GHOLEHUDWH�FKDQJHV�E\�PRQLWRULQJ�YDULRXV�WUHQG�JUDSKV�
JHQHUDWHG�E\�WKH�VLPXODWRU��

•� 7KH�QH[W�SKDVH�RI�WUDLQLQJ�WKHQ�JR�LQWR�OHDUQLQJ�DERXW�PDOIXQFWLRQV��DQG�KRZ�WR�UHVSRQG�WR�
WKHP��7KLV�XVXDOO\�PDGH�XVH�RI�VHYHUDO�VFHQDULRV�DOUHDG\�DYDLODEOH��SUH�SURJUDPPHG��IURP�
WKH�VLPXODWLRQ�SDFNDJH��DQG�VWXGHQWV�JR�WKURXJK�D�VWHS�E\�VWHS�SURFHVV�RI�UHFWLI\LQJ�WKH�
VLWXDWLRQ� WR� EULQJ� WKH� SURFHVV� EDFN� WR� LWV� VWHDG\�VWDWH� FRQGLWLRQ�� 8QGHU� D� PDOIXQFWLRQ�
VFHQDULR�VLWXDWLRQ��VWXGHQWV�PXVW�LQWHUSUHW�WKH�FDXVH�RI�DODUPV�WKDW�ZHUH�WULJJHUHG��ZKLFK�
FDQ�LQGLFDWH�GHYLDWLRQV�IURP�GHVLUHG�RSHUDWLQJ�FRQGLWLRQV�RU�SRWHQWLDO� LVVXHV�ZLWK�FHUWDLQ�
HTXLSPHQW��DQG�WKH\�QHHG�WR�PDNH�VHQVH�RI�WKH�P\ULDG�RI�GDWD�WR�SLQ�SRLQW�WKH�URRW�FDXVH�
DQG�WKHQ�WDNH�FRUUHFWLYH�DFWLRQV��6WXGHQWV�JHW�WR�FRQQHFW�WKH�REVHUYHG�GDWD�ZLWK�D�JLYHQ�
W\SH�RI�PDOIXQFWLRQ��

•� 7KH� ODVW�SKDVH�RIWHQ� LQYROYHG�DQ�XQNQRZQ� LVVXH�EHLQJ� WULJJHUHG��DQG�VWXGHQWV�QHHG� WR�
WURXEOHVKRRW�WKH�VLWXDWLRQ�WR�DUULYH�DW�DQ�DFFHSWDEOH�ZD\�WR�DGGUHVV�WKH�LVVXH��2IWHQ�WKLV�LV�
EDVHG�RQ�DQ\�RQH�RI� WKH�PDOIXQFWLRQV� WKDW� VWXGHQWV�KDG�SUDFWLFHG�EHIRUH� LQ� WKH�HDUOLHU�
SKDVH��7KLV�SKDVH�PD\�VRXQG�UDWKHU�VWUDLJKW�IRUZDUG��DV�LW�DSSHDUV�WKDW�VWXGHQWV�DOUHDG\�
³PDNH�WKH�FRQQHFWLRQV´�EHWZHHQ�D�JLYHQ�PDOIXQFWLRQ�DQG�WKH�REVHUYHG�SODQW�SHUIRUPDQFH��
,Q�SUDFWLFH�� LW� LV�PRUH�FKDOOHQJLQJ��DV�GLIIHUHQW�PDOIXQFWLRQV�RIWHQ�JLYH� ULVH� WR� WKH�VDPH�
DODUPV�EHLQJ�WULJJHUHG��DV�WKH�SURFHVV�YDULDEOHV�DUH�DOO�LQWHUFRQQHFWHG�DQG�FDQ�DIIHFW�RQH�
DQRWKHU��7KH�FKDOOHQJH�EHFRPHV�RQH�RI�LGHQWLI\LQJ�WKH�LQLWLDO�WULJJHULQJ�HYHQW�DQG�UHDVRQ�
WKURXJK�WKH�PDOIXQFWLRQ�SURFHVV�WR�DVFHUWDLQ�WKH�EHVW�FRUUHFWLYH�PHDVXUH�WR�WDNH��
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LEARNING FROM FAILURE: LITERATURE REVIEW  
�
7KH�FKHPLFDO�LQGXVWULHV�KDG�FRQVFLRXVO\�GRFXPHQWHG�DOO�PDMRU�DQG�PLQRU�DFFLGHQWV�DV�ZHOO�
DV�QHDU�PLVVHV�ZLWK�WKH�DLP�RI�PDNLQJ�DOO�SURFHVVHV�VDIHU��,Q�RUGHU�WR�SUHYHQW�DFFLGHQWV�LW�LV�
HVVHQWLDO�WR�OHDUQ�IURP�SUHYLRXV�DFFLGHQWV�DQG�LQFLGHQWV��/HDUQLQJ�IURP�DFFLGHQWV�LV�WR�H[WUDFW��
SXW�WRJHWKHU�DQG�DQDO\VH�DQG�DOVR�WR�FRPPXQLFDWH�DQG�EULQJ�EDFN�NQRZOHGJH�RQ�DFFLGHQWV�
DQG�QHDU�DFFLGHQWV��IURP�GLVFRYHU\�WR�FRXUVH�RI�HYHQW��GDPDJH��DQG�FDXVH�WR�DOO�ZKR�QHHG�
WKLV�LQIRUPDWLRQ��7KH�SXUSRVH�LV�WR�SUHYHQW�WKH�RFFXUUHQFH�RI�VLPLODU�HYHQWV��WR�OLPLW�GDPDJH��
DQG�WKHUHE\�LPSURYH�VDIHW\�ZRUN��/LQGEHUJ��HW�DO���������/HDUQLQJ�IURP�DFFLGHQWV�DUH�QRUPDOO\�
LQWURGXFHG�WKURXJK�FDVH�VWXGLHV��VHH�IRU�H[DPSOH��:HLEXOO��HW�DO��������.OHW]��������-HIIHUVRQ��
HW�DO���������+RZHYHU��GHVSLWH�WKH�QXPHURXV�ERRNV�DQG�RWKHU�SXEOLFDWLRQV�RQ�WKH�WRSLF��PDQ\�
RUJDQLVDWLRQV�VWLOO�IDFHG�FKDOOHQJHV�LQ�UHGXFLQJ�WKH�QXPEHU�RI�VDIHW\�LQFLGHQWV���
�
7KLV�FDQ�EH�DWWULEXWHG�SDUWO\� WR� WKH�IDLOXUH�WR� OHDUQ�IURP�DFFLGHQWV��'UXSVWHHQ��HW�DO���������
%DUULHUV�WR�OHDUQLQJ�IURP�LQFLGHQWV�DQG�DFFLGHQWV�DUH�DOUHDG\�ZLGHO\�GRFXPHQWHG�HOVHZKHUH�
DQG�ZLOO�QRW�EH�GLVFXVVHG�KHUH��VHH�IRU�H[DPSOH�(65H'$��������5R63$���������6XIILFH�WR�
QRWH�KHUH�WKDW�LW�LV�HVSHFLDOO\�GLIILFXOW�IRU�RQH�WR�OHDUQ�IURP�IDLOXUHV�RI�D�WHFKQLFDO�QDWXUH��DV�RQH�
ODFNV� WKH� EDVLF� VFLHQWLILF� NQRZ�KRZ� WR� EH� DEOH� WR� GUDZ� LQIHUHQFHV� IURP� WKH� H[SHULHQFHV�
V\VWHPDWLFDOO\�� DV�ZHOO� DV� WKH� SUHVHQFH� RI� FRPSOH[� V\VWHPV� WKDW� DUH� LQKHUHQWO\� GLIILFXOW� WR�
XQGHUVWDQG��&DQQRQ�	�(GPRQGVRQ���������7KLV�PD\�DOVR�EH�D�UHDVRQ�ZK\� OHDUQLQJ�XVLQJ�
VLPXODWLRQV�DUH�QRW�XVXDOO\�LQWURGXFHG�XQWLO�ODWHU�\HDUV�RI�VWXG\��,QGHHG��GUDZLQJ�RQ�KLVWRULFDO�
GDWD��0DQQDQ�	�:DOGUDP��������QRWHG�WKDW�WKH�LQWHUQDWLRQDO�FRPPXQLW\�RI�SURFHVV�HQJLQHHUV�
KDV�QRW�EHHQ�JRRG�DW�OHDUQLQJ�OHVVRQV�IURP�WKHLU�SDVW�DFFLGHQWV��DQG�FDOOHG�IRU�D�SDUDGLJP�
VKLIW�LQ�OHDUQLQJ�IURP�IDLOXUH���
�
7KLV�ODVW�SRLQW�LV�DOVR�D�SRLJQDQW�UHPLQGHU�RI�KRZ�VWXGHQWV�DUH�WUDLQHG��WKH\�DUH�RIWHQ�JLYHQ�
WKH�LQIRUPDWLRQ�QHHGHG�WR�³VROYH�SUREOHPV´�GXULQJ�WXWRULDOV��8VXDOO\�WKLV�LQYROYHG�WKHP�SXWWLQJ�
LQ�WKH�ULJKW�QXPEHUV�LQWR�WKH�ULJKW�HTXDWLRQV��RIWHQ�DOUHDG\�JLYHQ���VR�WKDW�WKH\�FDQ�DUULYHG�DW�
D� FHUWDLQ� SUH�GHWHUPLQHG� ³DQVZHU´�� 6WXGHQWV� GR� QRW� TXHVWLRQ� WKH� UHDVRQDEOHQHVV� RI� WKHLU�
VROXWLRQV��,Q�GRLQJ�VR��ZH�KDG�LQDGYHUWHQWO\��³GHVLJQ�RXW´�IDLOXUHV�IURP�WKH�OHDUQLQJ�SURFHVV���
�
7KLV�SDSHU�DWWHPSWV�WR�ORRN�DW�IDLOXUHV�IURP�D�GLIIHUHQW�SHUVSHFWLYH��WKDW�RI�OHDUQLQJ�IURP�IDLOXUH�
IURP�WKH�EXVLQHVV�ZRUOG��HQWUHSUHQHXUVKLS�RU�WKH�GHVLJQ�UHODWHG�HGXFDWLRQ��0RUH�VSHFLILFDOO\��
ZH�ORRN�LQWR�ZD\V�WR�DW�³IDLOXUH�RQ�SXUSRVH´��RU�ZKDW�6LWNLQ��������WHUPHG�³LQWHOOLJHQW�IDLOXUH´��
7KH�ODWWHU�DULVH�IURP�6LWNLQ¶V�REVHUYDWLRQ�WKDW�PRVW�RUJDQL]DWLRQV�WHQG�WR�WU\�WR�HQJLQHHU�IDLOXUHV�
RXW� RI� WKHLU� SURFHVVHV�� WKXV� UREELQJ� WKHPVHOYHV� RI� WKH� RSSRUWXQLW\� WR� LGHQWLI\�ZHDNQHVVHV�
EHIRUH�VPDOO�IDLOXUHV�EHFRPH�ELJ�FDWDVWURSKHV��,Q�IDFW��H[WDQW�PRGHOV�ZHUH�RIWHQ�GHVLJQHG�IRU�
HIILFLHQW�DQG�VWUXFWXUHG�DSSURDFKHV� WKDW�HPSKDVL]H� IDLOXUH�DYRLGDQFH��7DZILN��HW�DO���������
$QRWKHU�WHUP�RIWHQ�XVHG�LV�³IDLOXUH�EDVHG�OHDUQLQJ´��7DZILN��HW�DO���������7KHVH�WHUPV�DUH�XVHG�
LQWHUFKDQJHDEO\�LQ�WKLV�SDSHU��
�
/HDUQLQJ�IURP�IDLOXUH�LV�RIWHQ�FHOHEUDWHG�LQ�WKH�GHVLJQ�ZRUOG��WR�TXRWH�D�IDPRXV�VD\LQJ�E\�-RKQ�
&��0D[ZHOO�� �)DLO�HDUO\�� IDLO�RIWHQ��EXW�DOZD\V�IDLO� IRUZDUG´��-DFNVRQ��HW�DO� �������QRWHG� WKDW�
IDLOXUH�LV�SDUW�DQG�SDUFHO�RI�WKH�GHVLJQ�SURFHVV��LW�LV�HPEHGGHG�LQ�WKH�GHVLJQ�SURFHVV��,WHUDWLRQ�
LV�DQ�LPSRUWDQW�DWWULEXWH�RI�GHVLJQ��DQG�IDLOXUH�ZRXOG�VHHP�WR�EH�DQ�DFFHSWHG��HYHQ�H[SHFWHG��
SDUW�RI�GHVLJQ�DQG�D�OHDUQLQJ�RSSRUWXQLW\��7KH�EHQHILWV�LQFOXGH���D��)DLOXUH�DV�D�PHFKDQLVP�WR�
XQFRYHU� NH\� FRQFHSWV� IURP� VWXGHQWV�� DQG� �E�� )DLOXUH� LQGXFHV� WKRXJKWIXOQHVV� LQ� SUREOHP�
VROYLQJ��7R�UHDOL]H�WKHVH�EHQHILWV��VWXGHQWV�QHHG�WR�EH�DZDUH�RI�WKHLU�IDLOXUHV��,Q�RWKHU�ZRUGV��
IRU�IDLOXUHV�WR�EH�D�XVHIXO�OHDUQLQJ�H[SHULHQFH��VWXGHQWV�QHHG�WR�DQDO\]H�IDLOXUHV��XQGHUVWDQG�
ZKDW�KDSSHQHG��ZK\�LW�KDSSHQHG��DQG�KRZ�WR�PRYH�IRUZDUG��
�

�
��



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

7KLV�LV�HVSHFLDOO\�LPSRUWDQW�WR�VWXGHQWV��ZKR�GXH�WR�WKHLU�ODFN�RI�H[SHULHQFH�DQG�KHQFH�ODFN�RI�
FRQILGHQFH�� WHQG� WR� EH� REVHVVHG� ZLWK� ³FRQFUHWHQHVV´�� IRU� WKH� ³KRZ� WR� GR´�� SXWWLQJ� KHDY\�
HPSKDVLV�RQ� IROORZLQJ�SURFHGXUHV�� WKXV� OLPLWLQJ� WKHLU� LQWHUHVW�H[FOXVLYHO\� WR� ³WKH�VROXWLRQV´��
7KH�SURSRVHG�DSSURDFK�ZLOO�UHIRFXV�WKH�DWWHQWLRQ�WR�WKH�VWUDWHJLF�YDOXH�RI�DQDO\VLV�DQG�SUD[LV��
WR�FRQQHFW�WR�WKHRULHV�DQG�PDNH�VHQVH�RI�WKH�GDWD��'RPLQLFL����������
$�TXHVWLRQ�PD\�EH�SRVHG�ZKHWKHU�OHDUQLQJ�IURP�IDLOXUH�LV�D�IRUP�RI�SUREOHP�EDVHG�OHDUQLQJ�
�3%/��� 7R� WKH� EHVW� RI� WKH� DXWKRU¶V� NQRZOHGJH�� WKH� H[WDQW� OLWHUDWXUH� GLG� QRW� H[SORUHG� VXFK�
UHODWLRQVKLS��7R�EH�VXUH��ZRUNV�RQ�SUREOHP�EDVHG� OHDUQLQJ�FHUWDLQO\�KLJKOLJKWHG� WKH� UROH�RI�
IDLOXUH� LQ� SURPRWLQJ� VWXGHQW� OHDUQLQJ�� EXW� PRUH� HPSKDVLV� LV� SODFHG� RQ� UROH� RI� WHDFKHU� LQ�
IDFLOLWDWLQJ�WKH�OHDUQLQJ�SURFHVV��$Q�LQWHUHVWLQJ�ZRUN�LV�RQH�UHSRUWHG�E\�'REVRQ��HW�DO��������
ZKR�PHQWLRQHG�WKH�XVH�RI�SUREOHP�EDVHG�OHDUQLQJ�RQ�WKH�WHDFKLQJ�RI�HQWUHSUHQHXUVKLS�DQG�
KRZ� OHDUQLQJ� IURP� IDLOXUHV� LQ� EXVLQHVV� SODQV� DQG� PRGHOV�� EXW� WKH� IRFXV� LQ� QRW� RQ� WKH�
FRQQHFWLRQV�EHWZHHQ�GHVLJQLQJ�OHDUQLQJ�WDVNV�WKDW�GHOLEHUDWHO\�UHVXOWHG�LQ�IDLOXUH��7KHUH�DUH�
REYLRXVO\�YDULRXV�GLVFXVVLRQV�RQ�3%/��DQG�LW�LV�QRW�WKH�LQWHQW�RI�WKLV�SDSHU�WR�GLVFXVV�DW�OHQJWK�
WKH�PHWKRG�RI�HQJDJLQJ�VWXGHQWV�LQ�OHDUQLQJ��5HDGHUV�LQWHUHVWHG�LQ�WKH�GHYHORSPHQW�RI�3%/��
KRZ�LW�ZRUNV�DQG�WKH�FKDOOHQJHV�LV�SRVHG�FDQ�UHIHU�WR�WKH�ZRUNV�RI�6HUYDQW�0LNORV���������7KH�
UHPDLQGHU�RI� WKLV�VHFWLRQ�EULHIO\�H[SODLQV�ZKDW�SUREOHP�EDVHG� OHDUQLQJ� LV��DQG�KRZ�GRHV� LW�
FRPSDUHG�ZLWK�OHDUQLQJ�IURP�IDLOXUH��
�
6XIILFH�IRU�WKH�SXUSRVH�RI�WKLV�SDSHU�LV�WKH�UHIHUHQFH�WR�WKH�ZRUNV�RI�+PHOR�6LOYHU��������ZKR�
H[SODLQV�SUREOHP�EDVHG� OHDUQLQJ� �3%/��DV�DQ� LQVWUXFWLRQDO�PHWKRG� LQ�ZKLFK�VWXGHQWV� OHDUQ�
WKURXJK�IDFLOLWDWHG�SUREOHP�VROYLQJ��,Q�3%/��VWXGHQW�OHDUQLQJ�FHQWUHV�RQ�D�FRPSOH[�SUREOHP�
WKDW�GRHV�QRW�KDYH�D�VLQJOH�FRUUHFW�DQVZHU��6WXGHQWV�ZRUN�LQ�FROODERUDWLYH�JURXSV�WR�LGHQWLI\�
ZKDW� WKH\�QHHG�WR� OHDUQ� LQ�RUGHU� WR�VROYH�D�SUREOHP��7KH\�HQJDJH� LQ�VHOI�GLUHFWHG� OHDUQLQJ�
�6'/��DQG�WKHQ�DSSO\�WKHLU�QHZ�NQRZOHGJH�WR�WKH�SUREOHP�DQG�UHIOHFW�RQ�ZKDW�WKH\�OHDUQHG�
DQG�WKH�HIIHFWLYHQHVV�RI�WKH�VWUDWHJLHV�HPSOR\HG��7KH�WHDFKHU�DFWV�WR�IDFLOLWDWH�WKH�OHDUQLQJ�
SURFHVV�UDWKHU�WKDQ�WR�SURYLGH�NQRZOHGJH��7KH�JRDOV�RI�3%/�LQFOXGH�KHOSLQJ�VWXGHQWV�GHYHORS��
���� IOH[LEOH� NQRZOHGJH�� ���� HIIHFWLYH� SUREOHP�VROYLQJ� VNLOOV�� ���� 6'/� VNLOOV�� ���� HIIHFWLYH�
FROODERUDWLRQ�VNLOOV��DQG�����LQWULQVLF�PRWLYDWLRQ��
�
7DZILN��HW�DO��������RQ�WKH�KDQG��DUJXH�WKDW�H[LVWLQJ�³OHDUQLQJ�GHVLJQ�RIWHQ�IRFXV�RQ�WHPSODWHV�
RI� VXFFHVVIXO� SUREOHP�VROYLQJ� WR� VXSSRUW� VWXGHQWV´�� 7KH\� QRWHG� ³WKHRULHV� IURP� QXPHURXV�
GRPDLQV� VXJJHVW� WKDW� IDLOXUH� LV� D� IXQGDPHQWDO� DVSHFW� RI� WKH� OHDUQLQJ� SURFHVV´� DQG� WKDW�
HGXFDWRUV�VKRXOG�PDNH�XVH�RI� OHDUQLQJ�IURP�IDLOXUH�WR�SURPRWH�VWXGHQW� OHDUQLQJ��(GXFDWRUV�
VKRXOG�FUHDWH�³RSSRUWXQLWLHV�IRU�OHDUQHUV�WR�HQFRXQWHU�DQG�RYHUFRPH�IDLOXUHV�GXULQJ�SUREOHP�
VROYLQJ�DV�D�ZD\� WR� UHILQH�H[WDQW�PHQWDO�PRGHOV�DQG�SURPRWH�FRQFHSWXDO�FKDQJH´��+HQFH��
IURP�D�SUREOHP�VROYLQJ�SHUVSHFWLYH��OHDUQLQJ�IURP�IDLOXUH�FDQ�EH�YLHZHG�DV�D�IRUP�RI�3%/��,W�
WRR��DLPV�DW�GHYHORSLQJ�VWXGHQWV¶�SUREOHP�VROYLQJ�VNLOOV��+RZHYHU��LW�LV�GLIIHUHQW�IURP�3%/�LQ�
WKDW�±�DW� OHDVW�DV�IDU�DV�FKHPLFDO�SODQW�RSHUDWLRQ� LV�FRQFHUQHG�±�WKHUH� LV�RIWHQ�RQH�FRUUHFW�
VROXWLRQ�WR�EULQJ�WKH�FKHPLFDO�SURFHVV�IURP�GLVWXUEDQFH�EDFN�WR�VWHDG\�RSHUDWLRQ��/HDUQLQJ�
IURP�IDLOXUH�LQ�FKHPLFDO�SODQW�RSHUDWLRQV�UHTXLUHV�WKDW�VWXGHQWV�VHDUFK�WKHLU�SULRU�NQRZOHGJH�
WR�VHH�FRQQHFWLRQV�EHWZHHQ�YDULRXV�SURFHVV�YDULDEOHV�VKRZQ�RQ�GDVKERDUGV�ZLWK�LVVXHV�ZLWK�
WKH�VSHFLILF�SURFHVV�RSHUDWLRQ�RQ�KDQG��6'/�VNLOOV�PD\�QRW�SOD\�D�NH\�UROH�KHUH��DV�WKH�NH\�
VWHS�LQ�WDFNOLQJ�FKHPLFDO�SURFHVV�RSHUDWLRQDO�SUREOHPV�LV�WR�FRQQHFW�WKH�GRWV�DPRQJ�WKH�PDQ\�
LQGLFDWRUV��XVXDOO\�PDQLIHVW�WKHPVHOYHV�LQ�WKH�IRUP�RI�DODUPV���+HQFH�WKH�SURFHVV�WHFKQLFLDQV�
ZLOO� ILUVW� ³GLJ� GHHS´� LQWR� KLV�KHU� NQRZOHGJH� EDVH� WR� IRUPXODWH� SODXVLEOH� FDXVH�DQG�HIIHFW�
UHODWLRQVKLSV�DPRQJ�WKH�LQGLFDWRUV��DQG�ZKHUH�QHHGHG��DEOH�WR�LGHQWLI\�ZKDW�RWKHU�GDWD�DUH�
QHHGHG�WR�FRQILUP�RU�GLVSURYH�D�K\SRWKHVLV��
�
2WKHU�WKDQ�SUREOHP�VROYLQJ�VNLOOV��WKH�JRDOV�RI�OHDUQLQJ�IURP�IDLOXUH�LQ�WKH�FRQWH[W�RI�FKHPLFDO�
SURFHVV�RSHUDWLRQ�IURP�WKH�SHUVSHFWLYH�RI�WKLV�ZRUN�LV�WR�KHOS�VWXGHQWV�GHYHORS������VHQVH�

�
���



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

PDNLQJ�VNLOOV��QRWDEO\�GLVFHUQLQJ� WKH� UHODWLRQVKLSV�EHWZHHQ�SURFHVV�YDULDEOHV�� ����DELOLW\� WR�
ZRUN� XQGHU� SUHVVXUH�� ���� UHVLOLHQFH�� ���� VHOI�UHIOHFWLRQ�� DQG� ���� VHOI�FRQILGHQFH� LQ� GHFLVLRQ�
PDNLQJ��7KHVH�DUH�WKH�WUDLWV�RU�GLVSRVLWLRQV�WKDW�WKH�DXWKRU�FDOOHG�³IDLOXUH�WROHUDQW´�PLQGVHW��
7KH�QH[W�VHFWLRQ�H[SORUHV�LQ�JUHDWHU�GHWDLOV�KRZ�WR�GHYHORS�WKH�VNLOOV�LQ�VHHLQJ�FRQQHFWLRQV�LQ�
FKHPLFDO�SURFHVV�RSHUDWLRQV��
 
 
LEARNING FROM FAILURE IN CHEMICAL PROCESS OPERATIONS: BACK TO BASICS 
�
7R�WKLV�HQG��ZH�QHHG�WR�UHYLHZ�KRZ�ZH�WHDFK�SUREOHP�VROYLQJ�LQ�FKHPLFDO�HQJLQHHULQJ��)DLOXUH�
LQ�FKHPLFDO�SURFHVVLQJ�LQGXVWULHV�FDQ�WDNH�VHYHUDO�IRUPV��VWDUWLQJ�ZLWK�IDLOXUH�LQ�GHVLJQ��ZKLFK�
ZLOO� FUHDWH� RWKHU� RSHUDWLRQDO� SUREOHPV� ODWHU� ZKHQ� WKH� IDXOW\� GHVLJQ� ZDV� DGRSWHG� DQG�
LPSOHPHQWHG��$Q�H[DPSOH�RI� IDLOXUH�DW� WKH�GHVLJQ�VWDJH� LV� WKDW�DQ�HTXLSPHQW�ZDV�ZURQJO\�
VL]HG��RU�ZURQJ�PDWHULDOV�RI�FRQVWUXFWLRQ�VSHFLILHG��7KH�IRUPHU�PD\�EH�GXH�WR�WKH�XVH�RI�ZURQJ�
HTXDWLRQV�RU�FRUUHODWLRQV��RU�XVLQJ�LQDSSURSULDWH�SURSHUWLHV�RI�WKH�PL[WXUHV�EHLQJ�KDQGOHG�LQ�
WKH�HQVXLQJ�FDOFXODWLRQV��)DLOXUH�DW�WKH�RSHUDWLRQ�VWDJH�PD\�UHVXOW�GLUHFWO\�IURP�WKH�IDXOW�DW�WKH�
GHVLJQ� VWDJH�� EXW� IDLOXUH� FDQ�DOVR�RFFXU� GXH� WR� WKH�SODQW� QRW� EHLQJ�RSHUDWHG� FRUUHFWO\�� IRU�
H[DPSOH��QRW�IROORZLQJ�VWDQGDUG�RSHUDWLQJ�SURFHGXUHV��7KH�W\SH�RI�IDLOXUH�RI�FRQFHUQ�KHUH�LV�
RQH� WKDW� DULVH� IURP� DEQRUPDO� RSHUDWLQJ� FRQGLWLRQV�� IRU� LQVWDQFH�� �D�� GXH� WR� FKDQJHV� LQ�
SURSHUWLHV�RI�WKH�PL[WXUH�EHLQJ�KDQGOHG��RU�SUHVHQFH�RI�LPSXULWLHV�LQ�IHHG���E��SURFHVV�XSVHWV�
VXFK�DV�ORVV�RI�KHDWLQJ�RU�FRROLQJ��RU�GDPDJH�WR�HTXLSPHQW��H�J��GXH�WR�ZHDU�DQG�WHDU���
�
'XH�WR�WKH�ODUJH�YDULHWLHV�LQ�FKHPLFDO�SODQW�RSHUDWLRQV��LW�LV�QRW�SRVVLEOH�QRU�GHVLUDEOH�WR�WHDFK�
VWXGHQWV�DOO�WKH�GLIIHUHQW�FKHPLFDO�SURFHVVHV��,W�LV�DOVR�QRW�SUDFWLFDO�WR�KDYH�VLPXODWLRQ�PRGHOV�
WKDW�FRYHU�DOO�DVSHFWV�RI�FKHPLFDO�SURFHVVLQJ��:KDW�ZH�FDQ�DQG�VKRXOG�GR��LW�WR�JR�EDFN�WR�
EDVLFV�� HPSKDVLVLQJ�PRUH� RQ� WKH� FKHPLFDO� HQJLQHHULQJ� SULQFLSOHV� DQG� IXQGDPHQWDOV�� 7ZR�
DUHDV�WKDW�ZH�VSHFLILFDOO\�ZDQWHG�WR�IRFXV�RQ�DUH��
����� 5HODWLRQVKLS�EHWZHHQ�SURFHVV�YDULDEOHV�
����� 9LVXDOL]DWLRQ�RI�FKHPLFDO�SURFHVVHV�RSHUDWLRQV�
�
$�SURFHVV�YDULDEOH�LQ�RXU�FRQWH[W�UHIHU�WR�D�SDUDPHWHU�LQ�FKHPLFDO�SURFHVVLQJ�SODQW�WKDW�FDQ�
FKDQJHG�DQG�LV�RIWHQ�PRQLWRUHG�VR�DV�WR�PDLQWDLQ�LW�DW�D�FRQVWDQW�YDOXH��([DPSOHV�RI�SURFHVV�
YDULDEOHV�LQFOXGH�IORZ�UDWH��WHPSHUDWXUH��SUHVVXUH��FRPSRVLWLRQ��&KHPLFDO�HQJLQHHULQJ�DV�D�
GLVFLSOLQH� LV�XQLTXH� LQ� WKH�VHQVH� WKDW� LW�GHDOV�ZLWK�PL[WXUHV�PRVW�RI� WKH� WLPH��0L[WXUHV�DUH�
VXEVWDQFHV�WKDW�FRQWDLQ�PRUH�WKDQ�RQH�FRPSRQHQWV��DQG�LQ�WKH�FDVH�RI�FUXGH�RLO��WKHUH�FDQ�
EH�KXQGUHGV�RI�FRPSRQHQWV��0L[WXUH�SURSHUWLHV�DUH�DIIHFWHG�E\�WKH�UHODWLYH�FRPSRVLWLRQV�RI�
VXEVWDQFHV�LQ�WKH�PL[��DQG�WKHLU�LQWHUDFWLRQV�ZLWK�RQH�DQRWKHU��2IWHQ�WKH�FKHPLFDO�SURFHVVHV�
WDNH�SODFH�XQGHU�KLJK�SUHVVXUH�DQG�WHPSHUDWXUH��LQ�HQFORVHG�FRQWDLQHUV�PDGH�RI�FDUERQ�VWHHO�
RU� VWDLQOHVV� VWHHO�� +HQFH�� WKH� FRQWHQWV� DUH� QRW� YLVLEOH�� &KDQJHV� LQ� SODQW� RSHUDWLQJ�
WHPSHUDWXUHV� DQG� SUHVVXUHV� FDQ� DIIHFW� WKH� PL[WXUH� FRPSRVLWLRQV� DQG� WKHLU� GLVWULEXWLRQ�
EHWZHHQ�WKH�SKDVHV��W\SLFDOO\�EHWZHHQ�JDVHRXV�DQG�OLTXLG�SKDVHV��ZKLFK�LQ�WXUQ�DOVR�DIIHFW�
PL[WXUH�SURSHUWLHV��DQG�KHQFH�SURGXFW�VSHFLILFDWLRQV��
�
Learning from Failure: Understand the Relationship between Process Variables 
�
%HLQJ�DEOH�WR�LGHQWLI\�WKH�UHODWLRQVKLSV�EHWZHHQ�YDULRXV�YDULDEOHV�LV�XVHIXO�LQ�KHOSLQJ�WR�PDNH�
VHQVH�RI�WKH�P\ULDG�RI�LQIRUPDWLRQ�WKDW�FDPH�WKURXJK�WKH�PDQ\�VHQVRUV�LQ�D�W\SLFDO�FKHPLFDO�
SODQW� DQG� GLVSOD\HG� RQ� SHUIRUPDQFH� GDVKERDUGV�� %HLQJ� DEOH� WR� YLVXDOL]H� WKH� FKHPLFDO�
SURFHVVHV�HQDEOH�RQH�WR�H[SORUH�YLD�WKH�PLQG¶V�H\HV��SRWHQWLDO�KD]DUGV�RI�D�SURSRVHG�FRXUVH�
RI�DFWLRQ��HVSHFLDOO\�ZKHQ�UHVSRQGLQJ�WR�DQ�HPHUJHQF\�LQ�D�FKHPLFDO�SODQW��
�
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7KLV�DVSHFW�RI�OHDUQLQJ�LV�RIWHQ�QHJOHFWHG��7KH�DXWKRU�RSLQHG�WKDW�WKLV�LV�RIWHQ�WKH�UHVXOW�IURP�
WKH�FXUUHQW�GRPLQDQW�DSSURDFK�WR� WHDFKLQJ��ZKHUH�GLIIHUHQW�HQJLQHHULQJ�IXQGDPHQWDOV��H�J��
IOXLG�IORZ��KHDW�WUDQVIHU��SURFHVV�VDIHW\��HWF��DUH�RIWHQ�WDXJKW�LQ�VHSDUDWH�PRGXOHV��UHVXOWLQJ�LQ�
FRPSDUWPHQWDOL]HG� OHDUQLQJ�� ,Q�DGGLWLRQ�� WKH� WHQGHQF\�RI� IDFXOW\� WR� IRFXV�RQ�VXFK�SUREOHP�
VROYLQJ� ZLWKLQ� RQH¶V� RZQ� PRGXOH� RIWHQ� PHDQV� WKDW� WKH� IRFXV� LV� RQ� DSSO\LQJ� WKH� FRUUHFW�
HTXDWLRQV��ZKHUHDV�WKH�QHHGV�WR�HQVXUH�WKDW�WKH�FRUUHFW�GDWD�DUH�XVHG�LV�RIWHQ�QHJOHFWHG��
�
'HYHORSLQJ�VWXGHQWV¶�DELOLW\�WR�VHH�FRQQHFWLRQV�EHWZHHQ�YDULRXV�SURFHVV�YDULDEOHV�DOVR�KHOSHG�
WKHP�WR�LQWHJUDWH�NQRZOHGJH�DFTXLUHG�LQ�GLIIHUHQW�FKHPLFDO�HQJLQHHULQJ�FRUH�PRGXOHV��WDXJKW�
VHSDUDWHO\��:H�IRXQG�WKDW�RXU�VWXGHQWV�RIWHQ�GR�QRW�NQRZ�KRZ�WR�PDNH�XVH�RI�ZKDW�WKH\�KDG�
OHDUQW�LQ�RQH�PRGXOH�DQG�FRQQHFW�WKHP�WR�DQRWKHU�PRGXOH��:H�WHUPHG�WKLV�WKH�FKDOOHQJH�RI�
³8QNQRZQ� .QRZQ´� DV� VKRZQ� LQ� )LJXUH� ��� LQ� WKH� ORZHU� OHIW� TXDGUDQW�� 7KLV� ILJXUH� LV� RXU�
LQWHUSUHWDWLRQ� RI� WKH� 5XPVIHOG�0DWUL[�� QDPHG� DIWHU� 'RQDOG� 5XPVIHOG� WKH� ODWH� IRUPHU� 8�6��
6HFUHWDU\�RI�'HIHQFH��ZKR�VWDWHG�LQ�KLV�)HEUXDU\������'HIHQFH�'HSDUWPHQW�EULHILQJ��³7KHUH�
DUH�NQRZQ�NQRZQV��7KHUH�DUH�WKLQJV�ZH�NQRZ�WKDW�ZH�NQRZ��7KHUH�DUH�NQRZQ�XQNQRZQV��7KDW�
LV� WR� VD\�� WKHUH�DUH� WKLQJV� WKDW�ZH�QRZ�NQRZ�ZH�GRQ¶W� NQRZ��%XW� WKHUH�DUH�DOVR�XQNQRZQ�
XQNQRZQV��7KHUH�DUH�WKLQJV�ZH�GR�QRW�NQRZ�ZH�GRQ¶W�NQRZ�´��/RJDQ���������
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�
�
�
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)LJXUH����5XPVIHOG¶V�0DWUL[�DGDSWHG�WR�6WXGHQW�/HDUQLQJ�
�
)RFXVLQJ� RQ� KHOSLQJ� VWXGHQWV� PDNLQJ� FRQQHFWLRQV� EHWZHHQ� WKH� PRGXOHV� WKH\� OHDUQW� LV�
WKHUHIRUH�WKH�IRFXV�RQ�RXU�DSSURDFK�WR�WHDFKLQJ�WKH�³IXQGDPHQWDOV�RI� IXQGDPHQWDOV´��0RUH�
VSHFLILFDOO\�WKH�HPSKDVLV�LV�WR�JHW�VWXGHQWV�WR�EH�DZDUH�RI�WKHLU�³XQNQRZQ�NQRZQV´��7KLV�ZLOO�
VWDUW�ZLWK�XQGHUVWDQGLQJ� WKH� UHODWLRQVKLS�EHWZHHQ�SURFHVV�YDULDEOHV��E\� UHFRJQL]LQJ�KRZ�D�
FKDQJH�LQ�WKH�SURFHVV�RSHUDWLQJ�FRQGLWLRQ�V��ZLOO�DIIHFW�RWKHU�SURFHVV�YDULDEOHV��7KLV�FDQ�EH�
FRYHUHG� LQ�<HDU��� LQ�PRGXOHV�VXFK�DV�/DERUDWRU\�	�3URFHVV�6NLOOV��� �LQ�6HPHVWHU����DQG�
/DERUDWRU\�	�3URFHVV�6NLOOV����LQ�6HPHVWHU�����7KHQ�LQ�<HDU����PRUH�FRQQHFWLRQV�FDQ�EH�PDGH�
EHWZHHQ�WKH�³XQNQRZQ�NQRZQV´�LQ�WHUPV�RI�EDVLF�HTXLSPHQW�FRYHUHG�LQ�<HDU���6HPHVWHU����LQ�
PRGXOHV� VXFK� DV� +HDW� 7UDQVIHU� 	� (TXLSPHQW��� DQG� PRUH� VRSKLVWLFDWHG� RQHV� LQ� <HDU� ��
6HPHVWHU� �� �VXFK� DV� GLVWLOODWLRQ� LQ�6HSDUDWLRQ� 3URFHVVHV�� FKHPLFDO� UHDFWRUV� LQ�&KHPLFDO�
5HDFWLRQ�(QJLQHHULQJ���'HHSHU�UHODWLRQVKLSV�EHWZHHQ�SURFHVV�YDULDEOHV�DQG�WKHVH�HTXLSPHQW�
FDQ�EH�IXUWKHU�H[SORUHG�LQ�PRGXOHV�VXFK�DV�3URFHVV�2SHUDWLRQ�6NLOOV����LQ�<HDU���6HPHVWHU�
���DQG�3URFHVV�2SHUDWLRQ�6NLOOV����LQ�<HDU���6HPHVWHU������
�
6XLWDEOH� LQWHJUDWHG� OHDUQLQJ� H[SHULHQFHV� FDQ� EH� GHVLJQHG� IRU� WKHVH� PRGXOHV� WR� FKDQJH�
VWXGHQWV¶�PLQGVHW� DERXW� IDLOXUH� LQ� D� SURJUHVVLYH�PDQQHU�� E\� GHOLEHUDWHO\� ³EXLOG� LQ´� YDULRXV�
DVSHFWV�RI�IDLOXUH�LQ�FKHPLFDO�SODQW�RSHUDWLRQV��7KLV�LV�VKRZQ�LQ�)LJXUH���ZKHUH�VWXGHQWV�ZLOO�
ILUVW�XQGHUVWDQGLQJ�WKH�FRQVHTXHQFHV�UHVXOWLQJ�IURP�IDLOXUH��7KHQ��WKH\�ZLOO� OHDUQ�WR� LGHQWLI\�
VLJQV�RI�SRWHQWLDO�SUREOHP�DUHDV�E\�RYHUFRPLQJ�WKHLU�EOLQG�VSRWV� LQ�WKH�³XQNQRZQ�NQRZQV´��
FRQGXFW�LQTXLULHV�LQWR�FDXVHV�DQG�VRXUFHV�RI�IDLOXUHV��DQG�JUDGXDOO\�OHDUQ�WR�HPEUDFH�IDLOXUH�
DV�D�VRXUFH�RI� OHDUQLQJ��7KH\�ZLOO� JUDGXDOO\�GHYHORS� WKH� UHTXLVLWH� FRQILGHQFH� WR�DFKLHYH�D�
VHQVH�RI�PDVWHU\�LQ�GHDOLQJ�ZLWK�SUREOHPV�LQ�FKHPLFDO�SODQW�RSHUDWLRQV��
�

KNOWN 
KNOWN 

KNOWN 
UNKNOWN 

UNKNOWN 
KNOWN 

$ZDUH�RI�NQRZOHGJH�
JDLQHG�IURP�OHVVRQV�
RU�DFTXLUHG�YLD�VHOI�
GLUHFWHG�OHDUQLQJ��

$ZDUH�RI�NQRZOHGJH�
QHHGHG�IRU�SUREOHP�

VROYLQJ�EXW�QRW�
FXUUHQWO\�SRVVHVVHG�

8QDZDUH�RI�KRZ�WR�
XVH�SULRU�NQRZOHGJH�
JDLQHG�HOVHZKHUH�WR�
FXUUHQW�FRQWH[W��

1RW�DGGUHVVHG�
LQ�WKLV�ZRUN�

UNKNOWN 
UNKNOWN 

�
���
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)LJXUH����3HGDJRJ\�IRU�/HDUQLQJ�IURP�)DLOXUH�
�
7KH�QH[W�VHFWLRQ�H[SORUHV�LQ�GHWDLOV�KRZ�ZH�FDQ�XVH�WKH�&',2�)UDPHZRUN�WR�JXLGH�XV�LQ�WKH�
GHVLJQ�RI�OHDUQLQJ�WDVNV�XVLQJ�IDLOXUH�EDVHG�OHDUQLQJ��
 
 
CDIO FRAMEWORK TO SUPPORT LEARNING FROM FAILURE  
�
7KH�&',2�)UDPHZRUN�OHQGV�LWVHOI�QDWXUDOO\�WR�SURYLGH�JXLGDQFH�WR�GHYHORS�VWXGHQWV¶�FDSDFLW\�
WR�OHDUQ�IURP�IDLOXUH��(VVHQWLDOO\��ZH�PDNH�XVH�RI�WKH�IROORZLQJ���JXLGDQFH�TXHVWLRQV��
��� 1HHG��:KDW�LV�WKH�SURIHVVLRQDO�UROH�DQG�SUDFWLFDO�FRQWH[W�RI�WKH�SURIHVVLRQ"�
��� /HDUQLQJ�RXWFRPHV��:KDW�NQRZOHGJH��VNLOOV�DQG�DWWLWXGHV�VKRXOG�VWXGHQWV��DQG�DGXOW�

OHDUQHUV��SRVVHVV�DV�WKH\�JUDGXDWH�IURP�RXU�SURJUDPV��DQG�DW�ZKDW�OHYHO�RI�SURILFLHQF\"��
��� &XUULFXOXP��ZRUNVSDFH��WHDFKLQJ��OHDUQLQJ�DQG�DVVHVVPHQW��+RZ�FDQ�ZH�GR�EHWWHU�DW�

HQVXULQJ�WKDW�VWXGHQWV�DQG�DGXOW�OHDUQHUV�OHDUQ�WKHVH�VNLOOV"��
�
7KH�&',2�6\OODEXV�SURYLGH�NH\�OHDUQLQJ�RXWFRPHV�RI�WKH�VNLOOV�DQG�DWWLWXGHV�QHHGHG�WR�VXSSRUW�
OHDUQLQJ�IURP�IDLOXUH��IRU�H[DPSOH��
������ 7UDGH�RIIV��6\QHUJLHV��-XGJPHQW�DQG�%DODQFH�LQ�5HVROXWLRQ�
������ 'HPRQVWUDWH� 3RVLWLYH� $WWLWXGH� DQG� :LOOLQJQHVV� WR� 0DNH� 'HFLVLRQV� LQ� )DFH� RI�

8QFHUWDLQW\��
������� 3HUVHYHUDQFH��8UJHQF\�DQG�:LOO�WR�'HOLYHU�
������ 6HOI�$ZDUHQHVV��6HOI�5HIOHFWLRQ��0HWDFRJQLWLRQ�DQG�.QRZOHGJH�,QWHJUDWLRQ�
������ $GGUHVV�WKH�,PSDFW�RI�(QJLQHHULQJ�RQ�6RFLHW\�DQG�WKH�(QYLURQPHQW�
�
7KHVH�VNLOOV�DQG�DWWLWXGHV�FDQ�EXLOG�RQ�DELOLWLHV�DOUHDG\�FRYHUHG�LQ�H[LVWLQJ�PRGXOHV��VXFK�DV�
RI�JURZWK�PLQGVHW�� LQWULQVLF�PRWLYDWLRQ�� WHDPZRUN�DQG�FRPPXQLFDWLRQV��FULWLFDO� WKLQNLQJ�DQG�
SUREOHP�VROYLQJ��7KH�H[WDQW�OLWHUDWXUH�DOVR�SURYLGH�JXLGDQFH�RQ�VWUDWHJLHV�WKDW�FDQ�EH�XVHG�WR�
LQFOXGH�OHDUQLQJ�IURP�IDLOXUH�LQ�VWXGHQWV¶�H[SHULHQFH��$�JRRG�UHIHUHQFH�LV�SURYLGHG�E\�7HZILN��
HW�DO��������DV�VKRZQ�LQ�7DEOH����ZKLFK�VXSSRUWV�WKH�SHGDJRJ\�GHWDLOHG�LQ�)LJXUH����
�

7DEOH����,QVWUXFWLRQDO�'HVLJQ�3ULQFLSOHV�IRU�)DLOXUH�EDVHG�/HDUQLQJ��7DZILN��HW�DO��������
�
*XLGHOLQHV� ([DPSOHV�RI�6WUDWHJLHV�

��� $OORZ�OHDUQHUV�WR�LGHQWLI\�IDLOXUH�
� 'HILQH�FRQGLWLRQV�IRU�

IDLOXUH�
/HDUQHUV�VKRXOG�EH�SURPSWHG�WR�DGGUHVV�WKH�FRQGLWLRQV�IRU�VXFFHVV�DQG�IDLOXUH�
EHIRUH�SUREOHP�VROYLQJ��2WKHUZLVH��WKH\�PD\�QRW�EH�SULPHG�WR�LQYHVWLJDWH�
IDLOXUH�VWDWHV�

� ,GHQWLI\�IDLOXUH�
SHUVSHFWLYHV�

/HDUQHUV�VKRXOG�EH�JLYHQ�WKH�RSSRUWXQLW\�WR�UHGHILQH�WKH�VXFFHVV�DQG�IDLOXUH�
IURP�DQ�DOWHUQDWLYH�SHUVSHFWLYH�DIWHU�WKH�LQLWLDO�SDUDPHWHUV�IRU�IDLOXUH�DUH�
FRQVWUXFWHG�WR�SURPRWH�FRJQLWLYH�IOH[LELOLW\�

���� 'HVLJQ�OHDUQLQJ�HQYLURQPHQWV�WR�LQWHQWLRQDOO\�HQFRXQWHU�IDLOXUH�
� )DLOXUH�EDVHG�TXHVWLRQ�

SURPSWV�
4XHVWLRQ�SURPSWV�GHVLJQHG�IRU�VWXGHQWV�WR�GLVFXVV�DQG�RU�HQFRXQWHU�IDLOXUHV�
VWXGHQWV�PLJKW�RWKHUZLVH�RYHUORRN�

• (PEUDFH�
)DLOXUHV�

• 'HYHORS�
&RQILGHQFH�

• $ZDUHQHVV�RI�
)DLOXUHV�

• ,GHQWLI\�
&RQVHTXHQFH
V�

6(16(�RI�0$67(5<�
6HOI�&RQILGHQFH�LQ�

'HFLVLRQ�0DNLQJ�LQ�WKH�
)DFH�RI�8QFHUWDLQW\�

• ,QTXLU\�LQWR�
)DLOXUHV�

• 5HIOHFWLRQ�
RQ�/HDUQLQJ�

�
���
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� *HQHUDWH�IDLOXUH�EDVHG�
FDXVDO�PRGHOV�

/HDUQHUV�FRXOG�EH�DVNHG�WR�H[SOLFLWO\�JHQHUDWH�D�FDXVDO�PRGHO�WKDW�PD\�UHVXOW�
LQ�D�IDLOHG�VROXWLRQ�IURP�D�VSHFLILF�SHUVSHFWLYH�RU�OHQV�

� 0RGHOV�RI�IDLOXUH� &DVH�OLEUDULHV�FRXOG�EH�SURYLGHG�DV�D�VHULHV�RI�IDLOXUH�EDVHG�QDUUDWLYHV�WKDW�
OHDUQHUV�FRXOG�DFFHVV�DV�MXVW�LQ�WLPH�UHVRXUFHV��

��� 6XSSRUW�LQTXLU\�LQWR�IDLOXUH�IRU�DQDORJLFDO�WUDQVIHU�
� ,QTXLU\�DQG�K\SRWKHVLV�

JHQHUDWLRQ�
3URPSWV�WKH�OHDUQHU�WR�UHIOHFW�RQ�WKHLU�H[SHULHQFH�DQG�PLVFRQFHSWLRQV�
/HDUQHUV�FDQ�EH�DVNHG�WR�JHQHUDWH�DQG�MXVWLI\�UHDVRQV�IRU�WKH�IDXOW�VWDWHV�DQG�
EUHDNGRZQV�LQ�FDXVDO�UHDVRQLQJ�

� 5HIOHFWLRQ�RQ�IDLOXUH� 4XHVWLRQ�SURPSWV�HPEHGGHG�WR�HQFRXUDJH�OHDUQHUV�WR�UHIOHFW�RQ�LQGLYLGXDO�
LQWURVSHFWLRQ��DUWHIDFWV�RI�WKH�IDLOXUH�FRQWH[W��DQG�V\VWHPLF�SHUVSHFWLYH�RI�WKH�
IDLOXUH�

� ,GHQWLI\�RSSRUWXQLWLHV�IRU�
WUDQVIHU�

6SDFH�WR�PDQLSXODWLRQ�YDULDEOHV�RU�SDUDPHWHUV�VR�WKDW�OHDUQHUV�DUH�DEOH�WR�
GHPDUFDWH�WKH�DSSURSULDWH�FRQGLWLRQV�IRU�WUDQVIHU�

��� 6XSSRUW�VROXWLRQ�JHQHUDWLRQ�WR�UHVROYH�IDLOXUHV�
� � 6SDFH�RU�SURPSWV�SURYLGHG�ZLWKLQ�D�OHDUQLQJ�HQYLURQPHQW�WR�KHOS�VWXGHQWV�

JHQHUDWH��GHEDWH��VHOHFW��DSSO\��DQG�HYDOXDWH�VROXWLRQV�WR�UHVROYH�URRW�FDXVHV�
WR�EUHDNGRZQV�RI�WKH�PLFUR�IDLOXUHV�

�
7KH�VWUDWHJLHV�SUHVHQWHG�LQ�7DEOH���FDQ�HDVLO\�ILW�LQWR�WKH�JHQHULF�GHVFULSWRUV�RI�DSSURSULDWH�
&',2�FRUH�VWDQGDUGV��7KH\�VHUYH�WR�LOOXVWUDWH�VSHFLILF�H[DPSOHV�RI�KRZ�WKH�&',2�6WDQGDUGV�
FDQ�EH�LQWHUSUHWHG�ZKHQ�DSSOLHG�WR�SURPRWH�OHDUQLQJ�IDLOXUHV��7KLV�LV�VKRZQ�LQ�7DEOH����
�

7DEOH����6HOHFWHG�&',2�&RUH�6WDQGDUGV�WR�*XLGH�'HVLJQLQJ�IRU�/HDUQLQJ�IURP�)DLOXUH�
�
1R�� 6WDQGDUG�1DPH� *XLGDQFH�WR�'HVLJQLQJ�IRU�/HDUQLQJ�IURP�)DLOXUH�
�� 7KH�&RQWH[W� 'HVFULEH�SRVVLEOH�ZRUNSODFH�VFHQDULRV��IRFXVLQJ�RQ�ZRUN�LWHPV�WKDW�

RSSRUWXQLWLHV�WR�LQWURGXFH�HOHPHQWV�RI�IDLOXUH�WKDW�SURPRWHV�OHDUQLQJ��
HLWKHU�IURP�PLVWDNHV�PDGH��RU�LQ�DQWLFLSDWLQJ�SUREDEOH�IDLOXUHV��DQG�FRPH�
XS�ZLWK�SODXVLEOH�VROXWLRQ�V���

�� /HDUQLQJ�
2XWFRPHV�

.H\�VNLOOV�DQG�DWWLWXGHV�QHHG�WR�GHYHORS�FDSDFLW\�WR�OHDUQ�IURP�IDLOXUH��DV�
SHU�&',2�6\OODEXV��ZKLFK�DOVR�VHUYH�DV�H[SHFWDWLRQV�WKDW�ZLOO�EH�FOHDUO\�
FRPPXQLFDWHG�WR�VWXGHQWV��

�� ,QWHJUDWHG�
&XUULFXOXP�

3URYLGH�JXLGDQFH�RQ�KRZ�WR�VHTXHQFH��LQ�VXLWDEOH�PRGXOHV��OHVVRQV�WKDW�
SURPRWH�OHDUQLQJ�IURP�IDLOXUH�LQ�D�SURJUHVVLYH�PDQQHU��IURP�LQLWLDO�
H[SRVXUH�WR�IDLOXUH��SHUVSHFWLYH�RQ�IDLOXUHV��DQG�LWV�HYHQWXDO�DFFHSWDQFH�
LQ�D�SRVLWLYH�OLJKW��L�H��WRZDUGV�WKH�JUDGXDO�VKLIW�LQ�PLQGVHW�WRZDUGV�
HPEUDFLQJ�IDLOXUH��6XFK�VHTXHQFH�ZLOO�EXLOG�RQ�SULRU�NQRZOHGJH��VNLOOV�DQG�
DWWLWXGHV�DOUHDG\�LQWHJUDWHG��

�� ,QWHJUDWHG�
/HDUQLQJ�
([SHULHQFHV�

6LPXODWHG�UHDO�ZRUOG�ZRUN�HQYLURQPHQWV�ZLOO�QHHG�WR�EH�GHVLJQHG�WR�
SURYLGH�VWXGHQWV�ZLWK�YDULRXV�RSSRUWXQLWLHV�WR�H[SHULHQFH�IDLOXUH�LQ�
DVVLJQHG�WDVNV�DQG�UHSHDWHG�SUDFWLFH��2SSRUWXQLWLHV�WR�WUDQVIHU�IURP�RQH�
FRQWH[W�WR�DQRWKHU�ZLOO�EH�HQWKXVLDVWLFDOO\�H[SORUHG��

�� $FWLYH�/HDUQLQJ� )OLSSHG�OHDUQLQJ�ZLOO�EH�OHYHUDJHG�XSRQ�WR�HQJDJH�VWXGHQWV�LQ�WKH�LQ�FODVV�
FRPSRQHQWV�WR�VWLPXODWH�FULWLFDO�WKLQNLQJ��VXFK�DV�GLVFXVVLQJ�DERXW�WKH�
FDXVDO�PRGHO�V��RI�IDLOXUHV���

�� (QKDQFH�RI�
)DFXOW\�
&RPSHWHQFH�

)DFXOW\�QHHG�WR�EH�WUDLQHG�DV�IDFLOLWDWRUV��ZLWK�VWURQJ�LQWHUSHUVRQDO�VNLOOV�WR�
HQFRXUDJH�RSHQ�PLQGHGQHVV�LQ�VWXGHQWV��WR�VXSSRUW�OHDUQLQJ�IURP�
IDLOXUHV�DORQJVLGH�WKH�WHFKQLFDO�PRGXOH�RQH�LV�WHDFKLQJ��

��� (QKDQFH�RI�
)DFXOW\�
7HDFKLQJ�
&RPSHWHQFH�

)DFXOW\�QHHG�WR�EH�IDPLOLDU�ZLWK�SHGDJRJ\�SUHVHQWHG�LQ�WKLV�SDSHU��DQG�
WUDLQHG�WR�GHVLJQ�LQWHJUDWHG�OHDUQLQJ�H[SHULHQFHV�ZLWK�H[SHULHQWLDO�
OHDUQLQJ�WR�VFDIIROG�VWXGHQWV¶�GHYHORSPHQW�RI�SRVLWLYH�RXWORRN�WRZDUGV�
OHDUQLQJ�IURP�IDLOXUH���

�
���
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��� /HDUQLQJ�
$VVHVVPHQW�

$SSURDFKHV�WR�HYDOXDWH�UHOLDEO\�WKH�SURJUHVVLYH�GHYHORSPHQW�RI�IDLOXUH�
WROHUDQW�PLQGVHW�ZLOO�QHHG�WR�EH�IRUPXODWHG��DQG�VXIILFLHQW�WLPH�GHYRWHG�WR�
JLYLQJ�VWXGHQWV�IHHGEDFN�WR�LPSURYH�OHDUQLQJ��5HIOHFWLRQ�RQ�IDLOXUH�ZLOO�EH�
D�NH\�FRPSRQHQW�WR�VXSSRUW�GHYHORSPHQW�RI�IDLOXUH�WROHUDQW�PLQGVHW��

��� 3URJUDP�
(YDOXDWLRQ�

5HYLHZ�WKH�LQWHJUDWLRQ�HIIRUW�WR�LGHQWLI\�DUHDV�RI�LPSURYHPHQW�DV�SDUW�RI�
WKH�PRGXOH�UHYLHZ�SURFHVV�LQ�63�$FDGHPLF�4XDOLW\�0DQDJHPHQW�6\VWHP��

�
7DEOH���SURYLGHV�VRPH�H[DPSOHV�RI�KRZ� OHDUQLQJ� WDVNV�ZLOO� SURJUHVVLYHO\�GHYHORS�YDULRXV�
DVSHFWV�RI�FRPSHWHQF\�QHHGHG�WR�OHDUQ�IURP�IDLOXUH�RYHU�WKH���VHPHVWHUV�RI�VWXG\��WR�EHWWHU�
SUHSDUH�WKHP�WR�KDQGOH�RSHUDWLRQV�RI�FKHPLFDO�SODQWV�ZKHQ�WKH\�MRLQ�WKH�ZRUNIRUFH�DV�SURFHVV�
WHFKQLFLDQV�XSRQ�JUDGXDWLRQ��6SHFLILF�WHDFKLQJ�DQG�OHDUQLQJ�SUDFWLFHV�ZLOO�EH�GHYHORSHG�IRU�
HDFK�VWDJH�RI�VWXG\�XVLQJ�WKH�JXLGDQFH�IURP�7DEOH����,W�LV�H[SHFWHG�WKDW�E\�<HDU����VWXGHQWV�
DUH� FRPIRUWDEOH� DW� HQFRXQWHULQJ� IDLOXUHV� LQ� SURFHVV� SODQW� RSHUDWLRQV�� IXOO\� XQGHUVWDQG� WKH�
FRQVHTXHQFHV�RI�IDLOXUHV��ZLOO�VWULYH�WR�RSHUDWH�FKHPLFDO�SODQWV�VDIHO\�WR�DYRLG�DQ\�FDWDVWURSKLF�
IDLOXUHV��
�

7DEOH����/HDUQLQJ�7DVNV�WR�3URPRWH�3URJUHVVLYH�'HYHORSPHQW�LQ�/HDUQLQJ�IURP�)DLOXUH�
�

<HDU���6HPHVWHU��� <HDU���6HPHVWHU��� <HDU���6HPHVWHU��� <HDU���6HPHVWHU���
2YHUDOO�DSSURDFK��/HYHUDJH�RQ�FXUUHQW�HIIRUW�LQ�LQVWLOOLQJ�JURZWK�PLQGVHW�LQ�VWXGHQWV��WR�JHW�WKHP�IDPLOLDU�
ZLWK�KDQGOLQJ�ELJ�GDWD��SURPRWH�XQGHUVWDQGLQJ�RI�UHODWLRQVKLS�EHWZHHQ�SURFHVV�YDULDEOHV�YLD�DSSURSULDWH�
GDWD�YLVXDOL]DWLRQV��WR�VXSSRUW�YDULRXV�VWDJH�RI�GHYHORSPHQW�IRU�OHDUQLQJ�IURP�IDLOXUH��
'HYHORS�FRPSHWHQF\�LQ�'DWD�)OXHQF\��IURP�KDQGOLQJ�RI�ELJ�GDWD�WR�WKHLU�YLVXDOL]DWLRQ�WR�DLG�LGHQWLI\LQJ�
UHODWLRQVKLS�EHWZHHQ�SURFHVV�YDULDEOHV�
5HILQH�FXUUHQW�OHDUQLQJ�
WDVN�WR�LQFOXGH�VHOHFWLQJ�
DQG�LQWHUSUHWLQJ�ODUJH�
GDWD�VHW�IURP�OLWHUDWXUH�
�RIWHQ�LQ�WDEXODU�IRUPDW�
WR�GLVFHUQ�SRVVLEOH�
UHODWLRQVKLSV�EHWZHHQ�
YDULRXV�SURSHUWLHV�RI�D�
PL[WXUH��

&UHDWH�EDVLF�OHYHO�GDWD�
YLVXDOL]DWLRQ�WR�GLVSOD\�
DSSURSULDWH�SURFHVV�
YDULDEOHV�WR�LGHQWLI\�
SRWHQWLDO�LVVXH�LQ�D�
VPDOO�VFDOH�SLORW�SODQW��
([SODLQ�SRWHQWLDO�
FRQVHTXHQFHV�LI�VDIHW\�
LV�FRPSURPLVHG��

&UHDWH�PRUH�FRPSOH[�
GDWD�YLVXDOL]DWLRQ�XVLQJ�
PRUH�SURFHVV�YDULDEOHV�
EDVHG�RQ�PRGHUDWHO\�
FRPSOH[�SLORW�SODQWV��
EXW�VWLOO�OLPLWHG�WR�
RSHUDWLRQV�ZLWKLQ�WKH�
VDPH�VLQJOH�SLHFH�RI�
HTXLSPHQW��

&UHDWH�FRPSOH[�GDWD�
YLVXDOL]DWLRQ�XVLQJ�PRUH�
SURFHVV�YDULDEOHV�
EDVHG�RQ�FRPSOH[�SLORW�
SODQWV��7KLV�FDQ�QRZ�EH�
DFURVV�VHYHUDO�SODQW�
LWHPV�LQ�WKH�VDPH�
SURFHVV�XQLW��RU�HYHQ�
DFURVV�SURFHVV�XQLWV��

'HYHORS�FRPSHWHQF\�LQ�SUHSDULQJ�DQG�RU�XVLQJ�([SHULPHQWDO�2SHUDWLQJ�3URFHGXUHV��YLVXDOL]DWLRQ�RI�
VWHSV�LQYROYHG�DQG�FRQVHTXHQFHV�RI�QRW�DGKHULQJ�WR�SURFHGXUHV�
'HYHORS�SURFHGXUHV�IRU�
VRPH�H[SHULPHQWV��
EDVHG�RQ�UHVRXUFHV�
SURYLGHG��9LVXDOL]H�
ZD\V�LQ�ZKLFK�DQ�
H[SHULPHQW�LV�WR�EH�
FRQGXFWHG�EDVHG�RQ�WKH�
SURFHGXUHV�SUHSDUHG��
DQG�LGHQWLI\�SRWHQWLDO�
VDIHW\�KD]DUGV��

,GHQWLI\�PLVWDNHV�LQ�D�
JLYHQ�VHW�RI�VWDQGDUG�
RSHUDWLQJ�SURFHGXUHV�
WKDW�ZDV�GHOLEHUDWHO\�
DUUDQJHG�LQ�ZURQJ�RUGHU�
WKDW�PD\�UHVXOW�LQ�
XQGHVLUHG�RU�QHJDWLYH�
FRQVHTXHQFHV��YLD�
YLVXDOL]DWLRQ���DQG�WR�
FRUUHFW�WKHVH�PLVWDNHV��

2SHUDWH�PRGHUDWHO\�
FRPSOH[�SLORW�SODQWV��
H[SODLQ�UDWLRQDOH�IRU�
SUHVFULEHG�VHTXHQFH�LQ�
RSHUDWLQJ�SURFHGXUHV��
LGHQWLI\�SRWHQWLDO�
SURFHVV�VDIHW\�KD]DUGV�
DQG�FRQVHTXHQFHV�LI�
GHYLDWH�IURP�RSHUDWLQJ�
SURFHGXUHV��

8VH�G\QDPLF�VLPXODWLRQ�
DQG�RU�GLJLWDO�WZLQ�WR�
LQYHVWLJDWH�GLIIHUHQW�
RXWFRPHV�LI�GHYLDWH�
IURP�SUHVFULEHG�VHW�RI�
RSHUDWLQJ�SURFHGXUHV�
IRU�FRPSOH[�SLORW�SODQWV�
�DYDLODEOH�DV�GLJLWDO�
PRGHOV�RQO\��QRW�
SK\VLFDO�LWHPV���

'HYHORS�FRPSHWHQF\�LQ�H[SODLQLQJ�UHODWLRQVKLSV�EHWZHHQ�SURFHVV�YDULDEOHV�GXULQJ�FKHPLFDO�SODQW�
RSHUDWLRQV��DQG�SRWHQWLDO�FRQVHTXHQFHV�

 
  

�
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&RQGXFW�H[SHULPHQWV��
REVHUYH�DQG�LGHQWLI\�
SRVVLEOH�VRXUFHV�RI�
HUURUV��H[SOLFLWO\�UHFRUG�
DOO�REVHUYDWLRQV��
YLVXDOL]H�SRVVLEOH�
FRQGLWLRQV�WKDW�FDQ�OHDG�
WR�IDLOXUH��DQG�LGHQWLI\�
DUHDV�RI�LPSURYHPHQW��

2SHUDWH�VLPSOH�SLORW�
SODQWV��LGHQWLI\�SRWHQWLDO�
KD]DUG�GXULQJ�SODQW�
RSHUDWLRQ��OHYHUDJH�RQ�
YHQGRU�PLVWDNHV�LQ�WKH�
SODQWV��OHIW�XQFRUUHFWHG�
WR�SURYLGH�OHDUQLQJ�
RSSRUWXQLWLHV��VR�ORQJ�
DV�VDIHW\�LV�QRW�EHLQJ�
FRPSURPLVHG���

2SHUDWH�PRGHUDWHO\�
FRPSOH[�SLORW�SODQWV��
LGHQWLI\�SRWHQWLDO�
KD]DUGV��LGHQWLI\�
SRWHQWLDO�LPSDFW�RI�PDO�
IXQFWLRQ�LQ�RQH�SODQW�
LWHP�RQ�RWKHU�SODQW�
LWHPV�ZLWKLQ�WKH�VDPH�
SURFHVV�XQLW��DQG�
H[SODLQ�WKH�UHDVRQV��

2SHUDWH�UHODWLYHO\�
FRPSOH[�YLUWXDO�SLORW�
SODQWV��GLJLWDO�WZLQ�DQG��
RU�G\QDPLF�VLPXODWLRQ���
H[SODLQ�XVLQJ�REVHUYHG�
SURFHVV�YDULDEOHV�WKH�
FDXVHV�RI�YDULRXV�
VLPXODWHG�VFHQDULRV�
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)RU�WUDFNLQJ�RI�VWXGHQWV¶�GHYHORSPHQW�RI�FKDQJH�LQ�DWWLWXGH�WRZDUGV�IDLOXUH��ZH�ZLOO�XVH�IRFXV�JURXS�
GLVFXVVLRQV��DORQJ�ZLWK�VXUYH\V�DGPLQLVWHUHG�DORQJVLGH�H[LVWLQJ�LQLWLDWLYH�RQ�WHDPZRUN�GHYHORSPHQW��
5HIOHFWLRQ�MRXUQDOV�ZLOO�EH�XVHG��DW�GLIIHUHQW�VWDJHV�RI�VWXG\��VWXGHQWV�DUH�WR�GRFXPHQW�WKHLU�OHDUQLQJV�
DQG�FKDQJHV�LQ�SHUFHSWLRQV�UHJDUGLQJ�IDLOXUHV�DQG�FRSLQJ�ZLWK�WKH�FKDQJHV��
�
7KHUH�DUH�RWKHU�DVSHFWV�RI�FKHPLFDO�HQJLQHHULQJ�HGXFDWLRQ�ZKHUH�EHQHILWV�RI�OHDUQLQJ�IURP�
IDLOXUH� FDQ� EH� UHDOL]HG�� 2QH� LGHDV� SUHVHQWHG� HDUOLHU� UHSUHVHQW� RQH� PDLQ� SDWKZD\� RI�
FRPSHWHQF\�GHYHORSPHQW��WKDW�RI�SURFHVV�SODQW�RSHUDWLRQ�WR�SUHSDUH�VWXGHQWV�WR�ZRUN�LQ�WKH�
FKHPLFDO� SURFHVVLQJ� LQGXVWULHV�� 7KH� '&+(� FXUULFXOXP� KDG� DQRWKHU� SDWKZD\� RI� FKHPLFDO�
SURGXFW� GHVLJQ� WKDW� HTXLS� VWXGHQWV� ZLWK� WKH� FRPSHWHQF\� RI� XVLQJ� FKHPLFDO� HQJLQHHULQJ�
VFLHQFHV� DQG� SULQFLSOHV� WR� GHVLJQ�� FRQFHLYH�� LPSOHPHQW� DQG� RSHUDWH� FKHPLFDO� SURGXFWV��
V\VWHPV�RU�VHUYLFHV��7KLV�LV�DQRWKHU�DUHD�ULFK�LQ�RSSRUWXQLWLHV�WR�LQWURGXFH�GHOLEHUDWH�IDLOXUH�
LQWR� VWXGHQWV¶� OHDUQLQJ�� HVSHFLDOO\� YLD� WKH� ³SURMHFW� VSLQH´� LQ� WKH�'&+(� FXUULFXOXP� �&KHDK��
�������7KLV�DUHD�LV�SDUW�RI�D�ZLGHU�UHVHDUFK�WRSLF�WKH�DXWKRU�LV�LQYROYHG�LQ�D�SURMHFW�ZLWK�WKH�
6LQJDSRUH�8QLYHUVLW\�RI�7HFKQRORJ\�DQG�'HVLJQ��687'��DQG�ZLOO�EH�WKH�WRSLF�RI�D�VHSDUDWH�
GLVFXVVLRQ�QRW�FRYHUHG�LQ�WKLV�SDSHU��
�
�
MOVING AHEAD: DEVELOP A “LEARNING FROM FAILURE” MINDSET 
�
7KH�,QGXVWU\�����UHYROXWLRQ�ZLOO�FDXVH�VLJQLILFDQW�HIIHFWV��VXFK�DV�WKH�QHZ�RFFXSDWLRQV�DQG�MRE�
SURILOHV��FKDQJHV�WR�HPSOR\PHQW�IRUPV�DQG�D�PRUH�LPSRUWDQW�UROH�IRU�WKH�SODWIRUP�HFRQRP\��
JHQHUDWLQJ� FKDOOHQJHV� IRU� VRFLDO� SROLF\�� 7KH� GHYHORSPHQW� RI� KXPDQ� FDSLWDO� DQG� FRQVXPHU�
EHKDYLRXU� ZLOO� EH� LPSDFWHG�� 7KH� HGXFDWLRQDO� SURILOH� RI� WKH� KXPDQ� FDSLWDO� LV� QHFHVVDULO\�
FKDQJLQJ�DQG�QHZ�DSSURDFKHV�WR�HGXFDWLRQ�V\VWHPV�PXVW�EH�LQWURGXFHG��*DMHN��HW�DO����������
�
7KLV� SDSHU� KDG� GLVFXVVHG� KRZ� OHDUQLQJ� IURP� IDLOXUH� FDQ� EH� LPSOHPHQWHG� LQ� D� FKHPLFDO�
HQJLQHHULQJ�FXUULFXOXP��VSHFLILFDOO\�IRFXVLQJ�RQ�FKHPLFDO�SURFHVV�RSHUDWLRQV��7KH�DSSURDFK�
VXJJHVWHG� LQ� WKH� SDSHU� LV� WR� ILUVW� IRFXV� RQ� FRQQHFWLQJ� WKH� GRWV� DPRQJ� WKH�PDQ\� SURFHVV�
YDULDEOHV�LQ�D�W\SLFDO�FKHPLFDO�SODQW��VR�WKDW�WKH\�FDQ�GLVFHUQ�KRZ�WKHVH�SURFHVV�YDULDEOHV�DUH�
UHODWHG�DQG� LQWHUDFWHG�ZLWK�RQH�DQRWKHU��7KLV�� FRXSOHG�ZLWK�GRPDLQ�NQRZOHGJH�RI�KRZ� WKH�
FKHPLFDO�SURFHVVLQJ�SODQW�ZRUNV��ZLOO�EHWWHU�HTXLS�VWXGHQWV�WR�SHUIRUP�DV�SURFHVV�WHFKQLFLDQV�
LQ� WKH�FKHPLFDO�SODQWV�� WKDW� WKH\�DUH�DEOH� WR�PDNH�VHQVH�RI� WKH�SOHWKRUD�RI�GDWD� WKDW�FRPH�
WKURXJK�WKH�SODQW�GDVKERDUG��DQDO\VH�DQ\�RXWSXW�IURP�WKH�SODQW�$,�V\VWHP��LQ�SDUWLFXODU�GXULQJ�
SURFHVV�XSVHW��
�
:H�KRSH�WR�SUHSDUH�D�QHZ�EUHHG�RI�JUDGXDWHV�ZKR�KDYH�WKH�WHFKQLFDO�FRPSHWHQF\�DQG�PHQWDO�
FDSDFLW\�WR�YLVXDOL]H�SRWHQWLDO�IDLOXUHV��WR�EHQHILW�IURP�DELOLW\�WR�DQWLFLSDWH�VXFK�IDLOXUHV��DQG�
WDNH� FRUUHFWLYH�PHDVXUHV� WR� SUHYHQW� WKHP� IURP�KDSSHQLQJ�� ,Q� WKLV�ZD\��ZH� KRSH� WKDW� RXU�
JUDGXDWHV�ZLOO�KDYH�WKH�VHOI�FRQILGHQFH�WR�PDNH�GHFLVLRQV�LQ�IDFH�RI�XQFHUWDLQO\�LQ�D�GLJLWDOL]HG�
FKHPLFDO�LQGXVWU\�HQDEOHG�ZLWK�YDULRXV�$,�WRROV�WKDW�VXSSRUW�SODQW�RSHUDWLRQV���
�
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0XFK� UHPDLQV� WR� EH�GRQH�� WR� GHYHORS� WKH� OHDUQLQJ� WDVNV�DV� VXJJHVWHG� LQ�7DEOH� ���)HOORZ�
FROOHDJXHV� ZLOO� QHHG� EH� HQJDJHG� WR� EX\� LQWR� WKLV� QHZ� DSSURDFK� RI� WUDLQLQJ� ±� ZLOO� EH� D�
FKDOOHQJLQJ�IHDW�LQ�YLHZ�RI�WRGD\¶V�ZRUNORDG�IRU�DFDGHPLF�VWDII���7KH\�KDYH�WR�PDNH�WR�H[LVWLQJ�
OHDUQLQJ�WDVNV�RU�GHVLJQ�QHZ�RQHV��:H�DOVR�QHHG�WR�PRQLWRU�VWXGHQWV¶�OHDUQLQJ�SURJUHVV�IURP�
<HDU���WR�<HDU����IRU�H[DPSOH�YLD�D�ORQJLWXGLQDO�VWXG\�LQYROYLQJ�TXHVWLRQQDLUH�VXUYH\V��IRFXV�
JURXS�GLVFXVVLRQV��LQWHUYLHZV��HWF��
�
7R� WKLV� HQG�� ZH� DOVR� QHHG� WR� EHWWHU� SUHSDUH� RXU� OHFWXUHUV� WR� HQJDJH� VWXGHQWV� GLIIHUHQWO\��
HVSHFLDOO\� LQ�DOOD\LQJ�VWXGHQWV¶� IHDU�RI� IDLOXUH� LQ� WKH� µDFDGHPLF�VHQVH¶�� L�H�� UHVXOWLQJ� LQ�SRRU�
JUDGHV��:H�ZLOO�EH�H[SORULQJ�YDULRXV�SURIHVVLRQDO�GHYHORSPHQW�ZRUNVKRSV��IRU�H[DPSOH�ZLWK�
687'��$�ZRUNLQJ�JURXS�RQ� OHDUQLQJ� IURP� IDLOXUH�KDG�EHHQ�SURSRVHG�DQG�DFFHSWHG� IRU� WKLV�
,QWHUQDWLRQDO�&',2�&RQIHUHQFH��DQG�ZH�ZHOFRPH�OLNH�PLQGHG�&',2�FROODERUDWRUV�WR�ZRUN�ZLWK�
XV�RQ�WKLV�DVSHFW���
�
 
CONCLUSION 
�
7KLV�SDSHU�VKDUHV�DQ�DSSURDFK�EDVHG�RQ�WKH�&',2�)UDPHZRUN�WKDW�HQDEOHG�OHDUQLQJV�IURP�
IDLOXUHV� LQ� WKH� FKHPLFDO� HQJLQHHULQJ� FXUULFXOXP�� IRFXVLQJ� VSHFLILFDOO\� RQ� FKHPLFDO� SODQW�
RSHUDWLRQV��7KH�DLP�LV�WR�EHWWHU�SUHSDUH�JUDGXDWHV�WR�PHHW�WKH�ZRUNSODFH�GHPDQG�HTXLSSHG�
ZLWK�VRXQG�WHFKQLFDO�NQRZOHGJH�WR�PDNH�LQIRUPHG�GHFLVLRQV�LQ�IDFH�RI�FKDOOHQJHV��SDUWLFXODUO\�
WKRVH�RI�WLPH�VHQVLWLYH�PDQQHU��$�FRPSOHWH�SHGDJRJLFDO�DSSURDFK�KDG�EHHQ�SUHVHQWHG�WDNLQJ�
LQWR� FRQVLGHUDWLRQV� H[WDQW� OLWHUDWXUH� DERXW� OHDUQLQJ� IURP� IDLOXUH�� DQG� DQ� DOWHUQDWLYH�ZD\� RI�
WUDLQLQJ�VWXGHQWV�JURXQGHG�LQ�WKH�SULQFLSOHV�IURP�WKH�&',2�)UDPHZRUN�LV�RIIHUHG��
�
 
FINANCIAL SUPPORT ACKNOWLEDGEMENTS 
 
7KH�DXWKRU�V��UHFHLYHG�QR�ILQDQFLDO�VXSSRUW�IRU�WKLV�ZRUN��
�
�
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