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ABSTRACT 
 
$�GHVLJQ�LPSOHPHQW�H[SHULHQFH�LQ�FRPSXWHU�YLVLRQ��ZKLFK�LV�SDUW�RI�WKH�%DFKHORU¶V�SURJUDP�LQ�
$UWLILFLDO�,QWHOOLJHQFH�DW�WKH�)HGHUDO�8QLYHUVLW\�RI�*RLiV��%UD]LO��LV�SUHVHQWHG��7KH�SURJUDP�UXQV�
RYHU�IRXU�\HDUV��DQG�WKH�GHVLJQ�LPSOHPHQW�H[SHULHQFH�LV�SDUW�RI�D�FRXUVH�PRGXOH�LQ�FRPSXWHU�
YLVLRQ�LQ�WKH�WKLUG�\HDU��7KH�ILUVW�\HDUV�RI�WKH�SURJUDP�FRQWDLQV�PDQGDWRU\�FRXUVH�PRGXOHV�LQ�
PDWKHPDWLFV��FRPSXWHU�VFLHQFH�DQG�HQWUHSUHQHXUVKLS��DQG�WKH�PRGXOH�LQ�FRPSXWHU�YLVLRQ�LV�
WKH�ILUVW�PRGXOH�ZKHUH�VWXGHQWV�ZHUH�LQWURGXFHG�WR�ZRUN�LQ�SURMHFWV�LQ�WKH�&',2�IRUP��$V�D�
UHVXOW��VRPH�RI�WKH�VWXGHQWV�ZKLFK�KDG�SUHYLRXV�NQRZOHGJH�DERXW�SURMHFW�PDQDJHPHQW�DQG�
GHYHORSPHQW� SHUIRUPHG� ZHOO� DQG� DFKLHYHG� VROLG� UHVXOWV�� 6RPH� RWKHU� VWXGHQWV� ZKLFK�
XQGHUHVWLPDWHG�WKH�SURMHFW�VFRSH�KDG�D�OHVV�VROLG�SHUIRUPDQFH�DQG�DFKLHYHG�ZHDNHU�UHVXOWV��
+RZHYHU��WKH�ILQDO�RYHUDOO�IHHGEDFN�IURP�WKH�VWXGHQWV�ZDV�SRVLWLYH�DQG�OHVVRQV�OHDUQHG�ZHUH�
DSSRLQWHG�IRU�IXWXUH�LPSURYHPHQWV��
�
�
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INTRODUCTION 
 
,Q�UHFHQW�\HDUV��XQLYHUVLWLHV�DQG�UHVHDUFK�LQVWLWXWLRQV�DOO�RYHU�WKH�ZRUOG�KDYH�VKRZHG�LQFUHDVLQJ�
LQWHUHVW� LQ� WKH�DVVHVVPHQW� DQG� LPSURYHPHQW� RI� WKH�TXDOLW\� RI� KLJKHU� HGXFDWLRQ��7KH�&',2�
LQLWLDWLYH� LV� RQH� RI� WKH� HIIRUWV� WKDW� KDYH� UHFHLYHG� WKH�PRVW� DWWHQWLRQ� DOO� RYHU� WKH� ZRUOG�� DV�
GHPRQVWUDWHG�E\�WKH�DPRXQW�DQG�TXDOLW\�RI�WKH�XQLYHUVLWLHV�WKDW�KDYH�VXEVFULEHG�WR�LW��WR�QDPH�
D�IHZ��0,7�LQ�WKH�86��DQG�.7+�LQ�6ZHGHQ��7KH�LPSDFW�RI�WKH�&',2�LQLWLDWLYH�KDV�PRUH�UHFHQWO\�
EHHQ� H[WHQGHG� IXUWKHU� WR� XQLYHUVLWLHV� LQ� %UD]LO��0RUH� VSHFLILFDOO\�� WKH� )HGHUDO�8QLYHUVLW\� RI�
*RLiV��8)*��KDV�UHFHQWO\�LPSOHPHQWHG�ZLWK�D�&',2�GHVLJQ�LPSOHPHQW�H[SHULHQFH�LQ�RQH�RI�
WKHLU�SURJUDPV��7KH�HIIRUW�ZDV�PDGH�SRVVLEOH�GXH�WR�D�FORVH�ELODWHUDO�FROODERUDWLRQ�EHWZHHQ�
VFKRODUV�IURP�6ZHGHQ��/LQNRSLQJ�8QLYHUVLW\��DQG�%UD]LO��)HGHUDO�8QLYHUVLW\�RI�*RLiV���
7KH�SXUSRVH�RI� WKLV�ZRUN� LV� WR�SUHVHQW� WKH�UHVXOWV�RI� WKH�LPSOHPHQWDWLRQ�RI�D�&',2�GHVLJQ�
LPSOHPHQW�H[SHULHQFH�LQ�FRPSXWHU�YLVLRQ�ZLWKLQ�WKH�%DFKHORU¶V�SURJUDP�LQ�$UWLILFLDO�,QWHOOLJHQFH�
DW�WKH�)HGHUDO�8QLYHUVLW\�RI�*RLiV��7KH�&',2�H[SHULHQFH�ZDV�LPSOHPHQWHG�DQG�FRPSOHWHG�RQ�
D�IXOO�VHPHVWHU�GXULQJ������DQG�������DQG�LW�LV�WKH�ILUVW�H[SHULHQFH�RQ�LWV�FODVV�WR�EH�SHUIRUPHG�

�
���



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

DW�8)*��1XPHURXV�H[DPSOHV�RI�GHVLJQ�LPSOHPHQW�H[SHULHQFHV�KDYH�EHHQ�UHSRUWHG�ZLWKLQ�WKH�
&',2�FRPPXQLW\��DQG�RQH�H[DPSOH�LV�UHSRUWHG�LQ�6YHQVVRQ�DQG�*XQQDUVVRQ���������$OVR��
WKH�&',2�.QRZOHGJH�OLEUDU\��WKDW�LV�UHDFKHG�YLD�WKH�&',2�ZHE�VLWH��FRQWDLQV�PDQ\�H[DPSOHV�
RI�VXFK�OHDUQLQJ�DFWLYLWLHV��(YHQ�WKRXJK�WKH�H[DPSOHV�RI�GHVLJQ�LPSOHPHQW�H[SHULHQFHV�FRYHU�
D�ZLGH�UDQJH�RI�GLVFLSOLQHV�WKHUH�DUH�YHU\�IHZ�SXEOLVKHG�H[DPSOHV�ZLWKLQ�WKH�&',2�FRPPXQLW\�
UHODWHG�WR�WKH�FRPSXWHU�YLVLRQ�ILHOG��$UHDV�VRPHZKDW�UHODWHG�WR�FRPSXWHU�YLVLRQ�DUH�WUHDWHG�LQ��
IRU�H[DPSOH��%HUPHMR�HW�DO��������DQG�9DU�7RUUH�DQG�9HUKDHYHUW���������+HQFH��WR�WKH�EHVW�RI�
WKH�DXWKRUV¶�NQRZOHGJH�QR�ZRUNV�KDYH�EHHQ�UHSRUWHG�ZLWKLQ�WKH�&',2�FRPPXQLW\�UHODWHG�WR�
FRPSXWHU�YLVLRQ�DQG��WKXV��WKH�QRYHOW\�RI�RXU�FRQWULEXWLRQ��(YHQ�WKRXJK�LW�KDV�QRW�EHHQ�UHSRUWHG�
LQ� WKH� OLWHUDWXUH�� WKH� FRXUVH� ,PDJHV� DQG� *UDSKLFV� 3URMHFW� &RXUVH� &',2� �������� JLYHQ� DW�
/LQN|SLQJ�8QLYHUVLW\�� LV� DQ�H[FHOOHQW� H[DPSOH�RI� D� FRXUVH�ZLWKLQ� FRPSXWHU� YLVLRQ�GHVLJQHG�
DFFRUGLQJ�WR�WKH�&',2�IUDPHZRUN��
�
�
BACKGROUND INFORMATION 
 
The CDIO framework 
�
7KH�IXQGDPHQWDO�DLP�RI�WKH�&',2�IUDPHZRUN�LV�WR�HGXFDWH�VWXGHQWV�ZKR�DUH�³UHDG\�WR�HQJLQHHU´�
DQG�WR�UDLVH�WKH�TXDOLW\�RI�HQJLQHHULQJ�SURJUDPV��VHH�&UDZOH\�HW�DO���������DQG�WKH�ZHE�VLWH�
&',2�,QLWLDWLYH����������7KH�IUDPHZRUN�UHOLHV�RQ�IRXU�NH\�FRPSRQHQWV��

•� $�³GHILQLWLRQ´�RI�WKH�UROH�RI�DQ�HQJLQHHU� 
•� &OHDUO\� GHILQHG� DQG� GRFXPHQWHG� JRDOV� IRU� WKH� GHVLUHG� NQRZOHGJH� DQG� VNLOOV� RI� DQ�

HQJLQHHU�OLVWHG�LQ�WKH�GRFXPHQW�&',2�6\OODEXV���������ZKLFK�VHUYHV�DV�D�VSHFLILFDWLRQ�
RI�OHDUQLQJ�RXWFRPHV�� 

•� &OHDUO\�GHILQHG�DQG�GRFXPHQWHG�JRDOV�IRU�WKH�SURSHUWLHV�RI�WKH�HQJLQHHULQJ�HGXFDWLRQ�
SURJUDP�FROOHFWHG�LQ�WKH�GRFXPHQW�&',2�6WDQGDUGV���������ZKLFK�ZRUNV�DV�JXLGHOLQHV�
RI�KRZ�WR�GHVLJQ�D�ZHOO�IXQFWLRQLQJ�HQJLQHHULQJ�HGXFDWLRQ�� 

•� 0HWKRGV� DQG� WRROV� IRU� V\VWHPDWLF� GHYHORSPHQW� DQG� PDQDJHPHQW� RI� HGXFDWLRQ�
SURJUDPV� 

$FFRUGLQJ�WR�WKH�&',2�IUDPHZRUN��VHH�&UDZOH\�HW��DO���������SDJH�����WKH�JRDO�RI�HQJLQHHULQJ�
HGXFDWLRQ�LV�WKDW�HYHU\�JUDGXDWLQJ�HQJLQHHU�VKRXOG�EH�DEOH�WR�&RQFHLYH�'HVLJQ�,PSOHPHQW�
2SHUDWH�FRPSOH[�YDOXH�DGGHG�HQJLQHHULQJ�SURGXFWV��SURFHVVHV��DQG�V\VWHPV� LQ�D�PRGHUQ��
WHDP�EDVHG�HQYLURQPHQW��7KLV�IRUPXODWLRQ�FDQ�VHUYH�DV�D�GHILQLWLRQ�SURYLGLQJ�WKH�EDVLV�IRU�WKH�
HQWLUH�&',2�IUDPHZRUN���$GRSWLQJ�WKH�GHILQLWLRQ��LW�LV�QDWXUDO�WR�GHVLJQ�DQG�UXQ�DQ�HQJLQHHULQJ�
HGXFDWLRQ�SURJUDP�ZLWK�WKLV�LQ�IRFXV��7KH�&',2�6\OODEXV�LV�D�OLVW�RI�WKH�GHVLUHG�NQRZOHGJH�DQG�
VNLOOV� RI� D�JUDGXDWHG�HQJLQHHU��7KH�GRFXPHQW� FDQ�EH� IRXQG�YLD� WKH�&',2�ZHE�VLWH�� DQG� LW�
FRQVLVWV�RI�WKH�IROORZLQJ�IRXU�PDLQ�VHFWLRQV��

��� 'LVFLSOLQDU\�NQRZOHGJH�DQG�UHDVRQLQJ�
��� 3HUVRQDO�DQG�SURIHVVLRQDO�VNLOOV�DQG�DWWULEXWHV�
��� ,QWHUSHUVRQDO�VNLOOV��7HDPZRUN�DQG�FRPPXQLFDWLRQ�
��� &RQFHLYLQJ��GHVLJQLQJ��LPSOHPHQWLQJ��DQG�RSHUDWLQJ�V\VWHPV�LQ�WKH�HQWHUSULVH��VRFLHWDO��

DQG�HQYLURQPHQWDO�FRQWH[W�±�7KH�LQQRYDWLRQ�SURFHVV��
9LD�WKH�VXE�VHFWLRQV�DQG�VXE�VXE�VHFWLRQV��WKH�GRFXPHQW�RIIHUV�DQ�H[WHQVLYH�OLVW�RI�NQRZOHGJH�
DQG�VNLOOV��ZKLFK�FDQ�EH�XVHG�WR�VSHFLI\�OHDUQLQJ�RXWFRPHV�RI�LQGLYLGXDO�FRXUVHV�RU�HGXFDWLRQ�
SURJUDPV��7KH�&',2�6WDQGDUGV���������ZKLFK�DOVR�FDQ�EH�IRXQG�DQG�H[SODLQHG�LQ�GHWDLO�YLD�
WKH�&',2�ZHE�VLWH��LV�D�VHW�RI�WZHOYH�FRPSRQHQWV�WKDW�DUH�QHFHVVDU\�IRU�GHVLJQLQJ�DQG�UXQQLQJ�
DQ�HQJLQHHULQJ�SURJUDP�WKDW�HQDEOHV�WKH�VWXGHQWV�WR�UHDFK�WKH�GHVLUHG�NQRZOHGJH�DQG�VNLOOV���
7KH�&',2�IUDPHZRUN�RIIHUV�D�YDULHW\�RI�WRROV�IRU�GHYHORSPHQW�DQG�PDQDJHPHQW�RI�HGXFDWLRQ�
SURJUDPV�� LQFOXGLQJ� IRU� H[DPSOH� WKH� VR�FDOOHG� %ODFN�ER[� H[HUFLVH� DQG� WKH� &',2� 6\OODEXV�
VXUYH\��7KHVH�WRROV�DUH�GHVFULEHG�LQ�VRPH�GHWDLO�LQ�&UDZOH\�HW�DO����������
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CDIO in Brazil 
�
7KH�&',2�IUDPHZRUN�KDV�UHFHLYHG�FRQVLGHUDEOH�DWWHQWLRQ�LQ�%UD]LO��DQG�VHYHUDO�XQLYHUVLWLHV�
KDYH� MRLQHG� WKH�&',2� ,QLWLDWLYH��$OVR�� VHYHUDO� SDSHUV� GHVFULELQJ� WKH� LPSOHPHQWDWLRQ� RI� WKH�
&',2�IUDPHZRUN� LQ�WKH�%UD]LOLDQ�FRQWH[W�KDYH�EHHQ�SXEOLVKHG��6HH��IRU�H[DPSOH��/RXUHQFR�
DQG�9HUDOGR� ��������1HWR�HW�DO� ��������3DVVRV�HW�DO� ��������DQG�5H]HQGH�HW�DO� ��������$V�
SRLQWHG�RXW� LQ�5H]HQGH�HW�DO��������WKH�&',2�IUDPHZRUN�LV�YHU\�YDOXDEOH�LQ�WKH�SURFHVV�RI�
LPSOHPHQWLQJ�WKH�QHZ�QDWLRQDO�JXLGHOLQHV�IRU�HQJLQHHULQJ�HGXFDWLRQ���
�
 
THE CONTEXT OF THE DESIGN-IMPLEMENT EXPERIENCE  
�
The Federal University of Goiás 
 
7KH�)HGHUDO�8QLYHUVLW\�RI�*RLiV��8)*��LV�D�SXEOLF�UHVHDUFK�LQVWLWXWLRQ�ORFDWHG�LQ�*RLDQLD��VWDWH�
RI�*RLiV��%UD]LO��,W�LV�WKH�ODUJHVW�XQLYHUVLW\�LQ�WKH�&HQWUDO�:HVW�UHJLRQ�LQ�%UD]LO��LPPHUVHG�LQ�D�
VRFLRHFRQRPLFDO�HQYLURQPHQW�FKDUDFWHUL]HG�E\�D�VWURQJ�DJUR�LQGXVWULDO�HFRV\VWHP��:LWK����
\HDUV� RI� KLVWRU\�� 8)*� KDV� ���� XQGHUJUDGXDWH� VFKRROV�� ��� SRVW�JUDGXDWH� SURJUDPV�� ZLWK�
DSSUR[LPDWH��������VWXGHQWV�GLVWULEXWHG�DFURVV� IRXU�FDPSXVHV��7KH�%DFKHORU¶V�SURJUDP� LQ�
$UWLILFLDO�,QWHOOLJHQFH��ZKHUH�WKH�PRGXOH�LQ�FRPSXWHU�YLVLRQ�EHORQJV�WR��LV�UXQ�E\�WKH�,QVWLWXWH�RI�
,QIRUPDWLFV�DW�8)*�� LQ�DGGLWLRQ� WR� WKH� WKUHH�RWKHU�%DFKHORU¶V�SURJUDPV�&RPSXWHU�6FLHQFH��
6RIWZDUH�(QJLQHHULQJ��DQG�,QIRUPDWLRQ�6\VWHPV��
 
The Bachelor’s Program in Artificial Intelligence  
 
7KH�%DFKHORU¶V�SURJUDP�LQ�$UWLILFLDO�,QWHOOLJHQFH��FRPPRQO\�VKRUWHQHG�DV�%,$�IURP�LWV�DFURQ\P�
³%DFKDUHODGR�HP�,QWHOLJrQFLD�$UWLILFLDO´�LQ�3RUWXJXHVH��LV�WKH�ILUVW�SURJUDP�RI�LWV�FODVV�LQ�%UD]LO�
DQG� WKH�QHZHVW�XQGHUJUDGXDWH�SURJUDP�RIIHUHG�E\� WKH� ,QVWLWXWH�RI� ,QIRUPDWLFV�DW�8)*��7KH�
SURJUDP� EHJXQ� DFWLYLWLHV� LQ� �����ZLWK� WKH� SXUSRVH� RI� IXOILOOLQJ� WKH� ODFN� RI� SURIHVVLRQDOV� LQ�
DUWLILFLDO�LQWHOOLJHQFH�LQ�WKH�ORFDO�%UD]LOLDQ�PDUNHW��7KH�DGPLVVLRQ�V\VWHP�RI�%,$�DOORZV����QHZ�
VWXGHQWV�HDFK�\HDU��ZLWK�DQ�HQWUDQFH�H[DPLQDWLRQ�DW� WKH�EHJLQQLQJ�RI�HYHU\�\HDU��7KH�%,$�
SURJUDP�KDV�FXUUHQWO\�WKUHH�RQJRLQJ�FODVVHV�DQG�DQ�H[SHFWHG�GDWH�RI�JUDGXDWLRQ�IRU�WKH�ROGHVW�
FODVV�E\�WKH�HQG�RI�������%,$�LV�D�IRXU�\HDU�SURJUDP��FRPSRVHG�RI�HLJKW�VHPHVWHUV�DQG�������
KRXUV�RI�FUHGLWV�LQ�WRWDO��7KH�ILUVW�WZR�\HDUV�LQFOXGH�FRXUVH�PRGXOHV�RQ�PDWKHPDWLFV��FRPSXWHU�
VFLHQFH�DQG�HQWUHSUHQHXUVKLS��7KH�ODVW�WZR�\HDUV�FRQWHPSODWH�LQWURGXFWRU\��LQWHUPHGLDWH��DQG�
DGYDQFHG� FRXUVHV� RQ� PDFKLQH� OHDUQLQJ�� GHHS� OHDUQLQJ� DQG� WKHLU� DSSOLFDWLRQV� LQ� QDWXUDO�
ODQJXDJH�SURFHVVLQJ�� UHLQIRUFHPHQW� OHDUQLQJ�DQG� URERWLFV�� ILQLVKLQJ�ZLWK�D�SUH�SURIHVVLRQDO�
LQWHUQVKLS�RQ� WKH� ODVW�VHPHVWHU�DW� WKH�&HQWHU�RI�([FHOOHQFH� LQ�$UWLILFLDO� ,QWHOOLJHQFH�±�&(,$�
�������DV�D�SDUW�RI�WKH�UHTXLUHPHQWV�IRU�JUDGXDWLRQ��7KH�FRPSXWHU�YLVLRQ�PRGXOH�UXQV�RQ�WKH�
ILIWK�VHPHVWHU��,W�KDV����KRXUV�RI�FUHGLWV�LQ�WRWDO�DQG�LW�LV�WKH�ILUVW�FRXUVH�RI�%,$�ZKHUH�D�&',2�
GHVLJQ�LPSOHPHQW�H[SHULHQFH�LV�LQWURGXFHG��
 
 
THE DESIGN-IMPLEMENT EXPERIENCE IN COMPUTER VISION 
�
Structure of the course module and learning goals   
�
7KH�FRPSXWHU�YLVLRQ�PRGXOH�UXQV�RYHU����ZHHNV�DQG�FRUUHVSRQGV�WR�DSSUR[LPDWHO\���(&76�
FUHGLWV�����(&76�FUHGLWV�FRUUHVSRQG�WR�RQH�\HDU�RI�IXOO�WLPH�VWXGLHV���ZKLFK�PHDQV�WKH�VWXGHQWV�
DUH�H[SHFWHG�WR�VSHQG����KRXUV�RQ�WKH�PRGXOH��
�
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7KH�OHDUQLQJ�RXWFRPHV�FRQWDLQHG�JRDOV�UHODWHG�WR��XQVXSHUYLVHG��GHVFULSWLRQ�RI�D�FRPSXWHU�
YLVLRQ�VROXWLRQ���VXSHUYLVHG��VWHS�E\�VWHS�LPSOHPHQWDWLRQ�RI�D�FRPSXWHU�YLVLRQ�DOJRULWKP��DQG�
WKH� �IROORZLQJ�LQVWUXFWLRQV�� GHVLJQ� RI� D� FRPSXWHU� YLVLRQ� V\VWHP�� +HUH� WKH� H[SUHVVLRQV�
XQVXSHUYLVHG��VXSHUYLVHG��DQG�IROORZLQJ�LQVWUXFWLRQV�UHIHU�WR�WKH�WKUHH�OHYHOV�RI�LQGHSHQGHQFH�
RI�D�VWXGHQW�WRZDUGV�UHDFKLQJ�WKH�JRDOV�VSHFLILHG�LQ�WKH�FRXUVH¶V�6WXG\�3ODQ��
�
,Q�WKH�ILUVW�HOHYHQ�ZHHNV�RI�WKH�PRGXOH�WKH�VWXGHQWV�UHFHLYH�OHFWXUHV�LQYROYLQJ�WKHRUHWLFDO�DQG�
SUDFWLFDO�DVSHFWV�RI�FRPSXWHU�YLVLRQ��'XULQJ�WKHVH�ZHHNV��WKH�VWXGHQWV�DUH�HYDOXDWHG�RQ�WKH�
XQVXSHUYLVHG�DQG�VXSHUYLVHG�OHDUQLQJ�RXWFRPHV��7KH�SUDFWLFDO�DFWLYLWLHV�DUH�GHVLJQHG�WR�EH�
SHUIRUPHG�LQ�WHDPV�DQG�VXFK�WHDPV�DUH�SUHYLRXVO\�GHILQHG�RQ�WKH�ILUVW�ZHHN�RI�WKH�FRXUVH��
�
7KH� ODVW� ILYH�ZHHNV�RI� WKH�PRGXOH� DUH� GHGLFDWHG� WR� WKH�GHYHORSPHQW� RI� WKH�&',2�GHVLJQ�
LPSOHPHQW�H[SHULHQFH��7KH�IROORZLQJ�LQVWUXFWLRQV�OHDUQLQJ�JRDO� LV�FRYHUHG�RQ�WKLV�VWHS��)LYH�
SURMHFWV�DUH�VXJJHVWHG�WR�WKH�VWXGHQWV�FRQVLGHULQJ�DSSOLHG�FRPSXWHU�YLVLRQ�WDVNV��VXFK�DV��'�
UHFRQVWUXFWLRQ��YLVXDO�RGRPHWU\�DQG�REMHFW�GHWHFWLRQ��7KH�WHDPV�UHFHLYH�LQVWUXFWLRQV�UHODWHG�
WR�WKH�GHWDLOV�RI�WKH�GHOLYHUDEOHV�DQG�WKHLU�RXWFRPHV�D�ZHHN�LQ�DGYDQFH��7KH�SURMHFW�FRQFOXGHV�
ZLWK�D�ZULWWHQ�UHSRUW��DQ�RUDO�SUHVHQWDWLRQ�DQG�WKH�GLVFXVVLRQ�RI�WKH�OHVVRQV�OHDUQHG�IURP�WKH�
H[HFXWLRQ�RI�WKH�SURMHFW��
�
Work process and assessment 
�
7ZHQW\�ILYH� VWXGHQWV� WRRN� SDUW� LQ� WKH� FRXUVH�� 7KH\�ZHUH� GLYLGHG� LQWR� ILYH� WHDPV�� ZLWK� ILYH�
VWXGHQWV�LQ�HDFK�WHDP��7KH�VWXGHQWV�ZHUH�IUHH�WR�FKRRVH�ZKR�WR�ZRUN�ZLWK�DQG�HDFK�WHDP�KDG�
D� OHDGHU� LQ�FKDUJH�RI�KDQGOLQJ� WKH�JHQHUDO� WHDP�PDQDJHPHQW�DQG�FRPPXQLFDWLRQ�ZLWK� WKH�
LQVWUXFWRU��7KH�WDVNV�ZHUH�IRUPXODWHG�WR�EH�GHYHORSHG�LQ�ILYH�ZHHNV�LQFOXGLQJ�WKUHH�LQFUHPHQWDO�
ZRUN�VXEPLVVLRQV�WKURXJK�WKH�*LW+XE¶V�YHUVLRQLQJ�V\VWHP��7KH�GHVLJQ�LPSOHPHQW�H[SHULHQFH�
LV�HYDOXDWHG�SURJUHVVLYHO\�DORQJ�HDFK�VXEPLVVLRQ��7KH�ILQDO�DVVHVVPHQW�LV�GRQH�YLD�D�ZULWWHQ�
WHFKQLFDO�UHSRUW��DQ�RUDO�SUHVHQWDWLRQ��DQG�D�GLVFXVVLRQ�RI�WKH�UHVXOWV��(DFK�WHDP�KDYH�DFFHVV�
WR�VRPH�DPRXQW�RI�VXSSRUW�DQG�VXSHUYLVLRQ�GXULQJ�WKH�SURMHFW¶V�OLIHF\FOH���$W�WKH�HQG��WKUHH�
WHDPV�DUH�UDQGRPO\�VHOHFWHG�WR�SDUWLFLSDWH�LQ�D�IRFXV�JURXS�WR�FROOHFW�RUDO�IHHGEDFN�IURP�WKH�
VWXGHQWV� DERXW� WKH� UHDOL]DWLRQ� RI� WKH�GHVLJQ�EXLOW� H[SHULHQFH�� 7KH�PHHWLQJV� DUH� FRQGXFWHG�
LQGLYLGXDOO\�ZLWK�HDFK�JURXS�ZLWK�WKH�DLP�WR�UHGXFH�FURVV�IHHGEDFN�ELDVHV��7KH�IHHGEDFN�LV�
FROOHFWHG�IURP�WKH�OHDGHU�RI�HDFK�JURXS��ZKR�LV�LQ�FKDUJH�RI�FROOHFWLQJ�WKH�JURXS¶V�IHHGEDFN�
SUHYLRXV�WR�WKH�HQFRXQWHU��
 
Examples of project tasks and results 
 
7KH�WHDPV�ZHUH�DWWULEXWHG�ILYH�SURMHFWV�RI�VLPLODU�ZRUNORDG��LQFOXGLQJ��'�UHFRQVWUXFWLRQ��REMHFW�
GHWHFWLRQ��FODVVLILFDWLRQ�RI�IDOOV��YLVXDO�RGRPHWU\�DQG�KDQG�JHVWXUH�UHFRJQLWLRQ��6RPH�LPSRUWDQW�
REVHUYDWLRQV� ZHUH� LGHQWLILHG� DW� WKH� FRPSOHWLRQ� RI� WKH� SURMHFWV� UHJDUGLQJ� WKH� OHYHO� RI� WKH�
RXWFRPH�DFKLHYHG��7KH�WHDPV�ZKR�KDG�KLJKHU�PDWXULW\�DQG�SUHYLRXV�H[SHULHQFHV�LQ�SURMHFW�
GHYHORSPHQW�ZHUH�DEOH�WR�UHDFK�WKH�SURMHFW�JRDOV�WR�WKH�SRLQW�RI�LQFOXGLQJ�DGGLWLRQDO�IHDWXUHV�
DQG�SURMHFW�H[WHQVLRQV��
�
$� ILUVW� WHDP�� LQYROYHG� LQ� WKH� IDOO� GHWHFWLRQ� WDVN�� FKRVH� VXFK� WRSLF� EHFDXVH� LW�ZDV�SDUW� RI� D�
FDSVWRQH�SURMHFW� WKH\�ZHUH�GHYHORSLQJ� LQ�SDUDOOHO��'XH� WR� WKLV�� WKH�SDUWLFLSDQWV�KDG�DOUHDG\�
VRPH�DPRXQW�RI� LQWLPDF\�ZLWK�WKH�WRSLF�DQG�H[SHULHQFH�ZLWK�WKH�W\SH�RI�UHVXOWV�WKH\�VKRXOG�
H[SHFW��DV�WKH\�UXQ�SUHOLPLQDU\�WHVWV�LQ�DGYDQFH��:LWK�WKLV�LQ�FRQVLGHUDWLRQ��WKH�GHILQLWLRQ�RI�
SURMHFW� WDVNV� DQG� VFRSH� ZHUH� FOHDUHU� IURP� WKH� NLFNRII� DQG� WKH� WHDP¶V� HIIRUW� ZDV� SXW� RQ�
RXWUHDFKLQJ�WKH�RULJLQDO�SURMHFW�RXWFRPHV�E\�XVLQJ�WKH�FDSVWRQH�SURMHFW�DV�D�EHQFKPDUN�WR�
LPSURYH�WKH�DFFXUDF\�RI�WKH�IDOO�GHWHFWLRQ�WDVN��
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$�VHFRQG� WHDP��ZKLFK�ZRUNHG�ZLWK� WKH�KDQG�JHVWXUH� UHFRJQLWLRQ�SURMHFW�� FKRVH�VXFK� WRSLF�
EHFDXVH�SDUWV�RI�WKH�PHPEHUV�ZHUH�DOUHDG\�LQYROYHG�LQ�D�URERWLFV�FKDOOHQJH�RI�VLPLODU�VFRSH�
WKDW�ZDV�OHG�E\�3HTXL�0HFkQLFR��WKH�5RERWLFV�JURXS�DW�8)*���������,Q�VXFK�D�FDVH��WKH�WHDP¶V�
HIIRUW�ZDV�SXW�RQ�OHYHUDJLQJ�WKH�WHDP¶V�NQRZOHGJH�LQ�PRUH�DGYDQFHG�WDVNV�GHPDQGHG�E\�WKH�
IRUPHU�FKDOOHQJH��VXFK�DV�REMHFWLRQ�GHWHFWLRQ�DQG�UHFRJQLWLRQ�RI�YLVXDO�IHDWXUHV�IURP�WKH�KDQG��
7KH�SURMHFW�WDVNV�DQG�RXWFRPH�ZHUH�RQO\�ZHOO�XQGHUVWRRG�E\�SDUW�RI�VWXGHQWV�ZKR�ZHUH�DOUHDG\�
LQYROYHG�LQ�WKH�URERWLFV�FKDOOHQJH��7KLV�UHVXOWHG�LQ�D�KHWHURJHQRXV�NQRZOHGJH�DERXW�WKH�SURMHFW�
JRDOV�EHWZHHQ�WKH�WHDP�PHPEHUV�DQG��WKXV��WKH�OHDUQLQJ�RXWFRPHV�DFKLHYHG�LQGLYLGXDOO\�ZHUH�
GLYHUVH�DV�ZHOO��7KH�WHDP�VWDUWHG�ZLWK�D�JRRG�SHUIRUPDQFH�DQG�PRWLYDWLRQ��EXW�VRRQ�IRXQG�
LQVXIILFLHQW�WLPH�DQG�LQWHUQDO�VXSSRUW�IURP�WKH�PHPEHUV�ZLWK�OHVV�FRQILGHQFH�DERXW�WKH�WRSLF�WR�
EH� DEOH� WR� VXUSDVV� WKH� KDUGHVW� WDVNV�� $V� D� UHVXOW�� SDUW� RI� WKH� WHDP�PHPEHUV� VKRZHG� DQ�
H[FHOOHQW�SHUIRUPDQFH�GXULQJ�WKH�RUDO�GLVFXVVLRQ��ZKLOVW�VRPH�RWKHUV�VKRZHG�MXVW�IDLU�RU�ZHDN�
FRQWULEXWLRQV��
�
$�WKLUG�WHDP��ZKLFK�GHYHORSHG�WKH���'�UHFRQVWUXFWLRQ�WDVN��XQGHUHVWLPDWHG�WKH�VFRSH�RI�WKH�
DFWLYLWLHV�� 7KLV� ZDV� PDLQO\� GXH� WR� DQ� H[FHVV� RI� FRQILGHQFH� DERXW� WKH� WDVN�� ZKLFK� WKH\�
FRQVLGHUHG�WR�EH�VXIILFLHQWO\�HDV\�D�SULRUL��$V�D�UHVXOW��WKH�WHDP�ZDV�DEOH�WR�WHFKQLFDOO\�GHVFULEH�
WKH�PHWKRGRORJ\�WRZDUGV�VROYLQJ�D�UHFRQVWUXFWLRQ�WDVN�EXW�ZDV�XQDEOH�WR�FRPSOHWH�LW�GXH�WR�
IRXQGDWLRQDO�GLIILFXOWLHV�IRXQG�GXULQJ�WKH�LPSOHPHQWDWLRQ��VXFK�DV�LPSOHPHQWLQJ�D�VXFFHVVIXO�
RXWOLHU�UHMHFWLRQ�VWUDWHJ\��DQG�RWKHU�PRUH�DGYDQFHG�VWHSV��
�
,Q�VXPPDU\��WKH�SHUIRUPDQFH�RI�WKH�GHVLJQHG�LPSOHPHQW�H[SHULHQFH�RI�WKH�FRPSXWHU�YLVLRQ�
FODVV�ZDV�VDWLVIDFWRU\�DQG�GLYHUVH��7KH�OHYHO�RI�SHUIRUPDQFH�RI�WKH�VWXGHQWV�PXFK�GHSHQGHG�
RQ� KDUG� VNLOOV� DOUHDG\� LQFRUSRUDWHG� E\� WKH� WHDP�PHPEHUV�� VXFK� DV� WKH� OHYHO� RI� WHFKQLFDO�
H[SHUWLVH�DERXW�WKH�WRSLF��EXW�DOVR�GHSHQGHG�RQ�VRIW�VNLOOV��VXFK�DV�JRRG�SURMHFW�PDQDJHPHQW�
DELOLWLHV��7KLV�LV�D�UHVXOW�WKDW�FDQ�EH�LPSURYHG�RQ�D�QH[W�UXQ�RI�WKH�FRXUVH�PRGXOH��IRU�LQVWDQFH��
E\�VKRZLQJ�WKH�UHVXOWV�IURP�SUHYLRXV�&',2�SURMHFWV�WR�WKH�QH[W�FODVVHV�IURP�WKH�EHJLQQLQJ�RI�
DFWLYLWLHV��DQG�E\�XVLQJ�WKH�SUDFWLFDO�KRXUV�ZRUNHG�DW�WKH�ILUVW�ZHHNV�RI�WKH�PRGXOH�WR�VWUHQJWKHQ�
WKH�KDUG�DQG�VRIW�VNLOOV�UHTXLUHG�WR�DFKLHYH�D�VXFFHVVIXO�GHVLJQ�EXLOG�H[SHULHQFH��
�
Observations and student feedback   
�
6RPH� LQWHUHVWLQJ� REVHUYDWLRQV� DQG� OHVVRQV� OHDUQHG� FDQ� EH� VXPPDUL]HG� DIWHU� WKH� OHDUQLQJ�
DFWLYLW\���
�� 7KH� DPRXQW� RI� SURSHU� ZHHNO\� IROORZ�XS� IURP� WKH� LQVWUXFWRU� ZDV� UHVWULFWHG�� PDLQO\�

EHFDXVH�RI� OLPLWHG� UHVRXUFHV� LQ� WHUPV�RI�DYDLODELOLW\�RI� WHDFKLQJ�DVVLVWDQWV� IRU�H[WUD�
FODVV�VXSSRUW��

�� $QRWKHU� REVHUYDWLRQ� ZDV� WKDW� WHDPV� WKDW� ZHUH�PRUH� FRKHVLYH� DOVR� DFKLHYHG�PRUH�
PDWXUH�UHVXOWV��6XFK�WHDPV�DSSOLHG�D�NH\�VWUDWHJ\��ZKLFK�ZDV�HVWDEOLVKLQJ�FRQQHFWLRQV�
ZLWK� RWKHU� UHODWHG� SURMHFWV� WKH\� ZHUH� FRQGXFWLQJ� LQ� SDUDOOHO�� :KHQ� WKH� OHYHO� RI�
XQGHUVWDQGLQJ� RI� WKH� WRSLF� ZDV� KRPRJHQHRXV�� WKH� UHVXOWV� ZHUH� PRUH� SURIRXQG��
RWKHUZLVH��PL[HG�UHVXOWV�ZHUH�DFKLHYHG�ZKHQ�RQO\�SDUW�RI�WKH�WHDP�PHPEHUV�VKRZHG�
D�SURSHU�XQGHUVWDQGLQJ�RI�WKH�SURMHFW�WDVNV�WKH\�ZHUH�LQYROYHG�ZLWK��

�� $�WKLUG�REVHUYDWLRQ�ZDV�WKH�GLIIHUHQFH�LQ�WKH�OHYHO�RI�PDWXULW\�DFKLHYHG�E\�WKH�WHDPV�DW�
WKH�FRPSOHWLRQ�RI�HDFK�SURMHFW��6RPH�RI�WKH�WHDPV�XQGHUHVWLPDWHG�WKH�FKDOOHQJHV�WKH\�
ZHUH�JLYHQ��7KHUHIRUH��WKH�VXFFHVVIXO�SHUIRUPDQFH�RI�WKH�VWHSV�WR�VROYH�WKH�SUREOHP�
ZDV� KDUGHU� WKDQ� WKH\� H[SHFWHG�� 7KLV� OHG� WR� D� SURJUHVVLYH� ODFN� RI� PRWLYDWLRQ� DQG��
WKHUHIRUH��ZHDN� UHVXOWV�DW� WKH�HQG��2Q� WKH�FRQWUDU\�� WHDPV� WKDW�KDG�VRPH�SUHYLRXV�
NQRZOHGJH�DERXW�WKH�WRSLF�PDGH�D�FOHDUHU�LGHQWLILFDWLRQ�RI�WKH�FKDOOHQJHV�WR�EH�VROYHG�
DQG�ZHUH�DEOH�WR�VXFFHVVIXOO\�FRPSOHWH�WKH�H[SHULHQFH�RQ�WLPH��
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'HVSLWH�WKH�GLIIHUHQFH�LQ�WKH�SHUIRUPDQFH�RI�WKH�WHDPV��WKH�RYHUDOO�IHHGEDFN�IURP�WKH�VWXGHQWV�
ZDV�SRVLWLYH��$FFRUGLQJ�WR�WKH�VWXGHQWV��WKH�KLJKOLJKWV�IURP�WKH�GHVLJQ�LPSOHPHQW�H[SHULHQFH�
LQFOXGHG��

��� 9DOLGDWLQJ�WKH�WKHRU\�LQ�SUDFWLFH��
��� 7KH�RSSRUWXQLW\�WR�UXQ�D�FRPSXWHU�YLVLRQ�SURMHFW�DFFRUGLQJ�WR�WKHLU�RZQ�LQWHUHVWV��

7KH�FRQFOXVLRQ� IURP� WKH�VWXGHQWV�ZDV� WKDW� WKH�&',2�GHVLJQ�LPSOHPHQW�H[SHULHQFH�KHOSHG�
WKHP�QRW�RQO\�WR�LQFUHDVH�WKHLU�WHFKQLFDO�OHYHO�RI�PDWXULW\��ZKLFK�LV�D�SUH�UHTXLVLWH�RI�WKH�FRXUVH�
PRGXOH� LQ� FRPSXWHU� YLVLRQ�� EXW� DOVR� WR� SXW� SURMHFW�PDQDJHPHQW� VNLOOV� LQ� SUDFWLFH�� VXFK� DV�
VFKHGXOH�SODQQLQJ��D�ZHHNO\�DVVHVVPHQW�RI�DFWLYLWLHV��DQG�WKH�FDSDFLW\�WR�RSHUDWH�ZLWK�D�OLPLWHG�
EXGJHW�RI�WLPH�DQG�UHVRXUFHV��
 
 
CONCLUSIONS 
�
,Q�WKLV�ZRUN�ZH�GHVFULEHG�D�&',2�GHVLJQ�LPSOHPHQW�H[SHULHQFH�ZLWKLQ�FRPSXWHU�YLVLRQ�DW�WKH�
%DFKHORU¶V�SURJUDP� LQ�$UWLILFLDO� ,QWHOOLJHQFH��)HGHUDO�8QLYHUVLW\�RI�*RLiV��%UD]LO��7KH�UHVXOWV�
VKRZHG� WKDW� VWXGHQWV� DSSUHFLDWHG� WKH� &',2� H[SHULHQFH� IURP� D� SURIHVVLRQDO� SHUVSHFWLYH��
KLJKOLJKWLQJ�WKDW�LW�KHOSHG�WKHP�WR�LQFRUSRUDWH�ERWK�WKH�WHFKQLFDO�PDWXULW\�UHTXLUHG�WR�H[HFXWH�
DGYDQFHG� HQJLQHHULQJ� WDVNV� DQG� WKH� SURMHFW� PDQDJHPHQW� VNLOOV� UHTXLUHG� WR� VXFFHHG� RQ�
FRPSOHWLQJ�WKH�SURMHFW�WDVNV��,Q�WKH�IXWXUH��WKH�GHVLJQ�LPSOHPHQW�H[SHULHQFH�FRXOG�EH�LPSURYHG�
ZLWK� D� WKUHHIROG� VWUDWHJ\�� )LUVWO\�� E\� VKRZFDVLQJ� WKH� UHVXOWV� IURP� SUHYLRXV� FODVVHV� WR�
QHZFRPHUV��6HFRQGO\��E\�LPSOHPHQWLQJ�D�WHDFKLQJ�DVVLVWDQW�VXSSRUW��7KLUGO\��E\�H[WHQGLQJ�WKH�
&',2� IUDPHZRUN� WR� RWKHU� FRXUVH� PRGXOHV� ZLWKLQ� WKH� %DFKHORU¶V� 3URJUDP� LQ� $UWLILFLDO�
,QWHOOLJHQFH�WR�EH�DEOH�WR�VKDUH�DQG�OHDUQ�IURP�WKH�H[SHULHQFHV�RI�RWKHU�&',2�LQVWUXFWRUV��
�
�
FINANCIAL SUPPORT ACKNOWLEDGEMENTS 

 
7KH�DXWKRU�V��UHFHLYHG�QR�ILQDQFLDO�VXSSRUW�IRU�WKLV�ZRUN��
�
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3DVVRV�$���GH�$UXGD�+���9DVFRQFHORV�0���)HUUDUL�)����������'HVLJQ�LPSOHPHQW�FRXUVHV�WR�VXSSRUW�
FKDQJH�LQ�HQJLQHHULQJ�HGXFDWLRQ����WK�,QWHUQDWLRQDO�&',2�&RQIHUHQFH��$DUKXV��'HQPDUN��
3HTXL�0HFkQLFR��������$SULO������2�1~FOHR�GH�5REyWLFD�GD�8QLYHUVLGDGH�)HGHUDO�GH�*RLiV��5HWULHYHG�
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