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ABSTRACT 
�
3URMHFW�EDVHG� OHDUQLQJ��3%/�� LV�FRPPRQO\�DSSOLHG� LQ�HQJLQHHULQJ�HGXFDWLRQ��DQG�HYDOXDWHG�
SRVLWLYHO\�LQ�WHUPV�RI�OHDUQLQJ�RXWFRPHV�DQG�VWXGHQW�HQJDJHPHQW��+RZHYHU��HQVXULQJ�GHSWK�
RI�WKH�WDXJKW�PDWHULDO�DQG�OLPLWLQJ�WKH�ZRUNORDG�SHU�WHDFKHU�LV�QRW�REYLRXV�ZKHQ�LPSOHPHQWLQJ�
3%/��HVSHFLDOO\�IRU�ODUJH�VWXGHQW�SRSXODWLRQV��+HUH�ZH�VKDUH�D�SUDFWLFDO�IUDPHZRUN�WR�SUHSDUH�
DQG� H[HFXWH� SURMHFW� EDVHG� OHDUQLQJ� IRU� JURXSV� RI� DSSUR[LPDWHO\� ���� %6F� VWXGHQWV� LQ�
0HFKDQLFDO�(QJLQHHULQJ��:H�VKRZ�KRZ�D�WHDP�RI�,QVWUXFWRUV�DQG�7HDFKLQJ�$VVLVWDQWV��7$V��
DOORZV�UHGXFLQJ�WKH�ZRUNORDG�RI�LQGLYLGXDOV�LQ�WKH�SUHSDUDWLRQ��H[HFXWLRQ��DQG�JUDGLQJ�SKDVHV�
RI�WKH�SURMHFW��,Q�WKH�SUHSDUDWLRQ�SKDVH��SDLUV�RI�7$V�GUDIW�VHFWLRQV�RI�WKH�SURMHFW�PDQXDO�WKDW�
DUH�WHVWHG�DQG�LPSURYHG�E\�GLIIHUHQW�SDLUV�RI�7$V��'XULQJ�SURMHFW�H[HFXWLRQ��WKH�UROH�RI�7$V�LV�
WZRIROG������7KH\�FR�VXSHUYLVH�WZR�SURMHFW�JURXSV�WRJHWKHU�ZLWK�RQH�VWDII�PHPEHU��DQVZHULQJ�
EDVLF�DQG�DGPLQLVWUDWLYH�TXHVWLRQV������7KH\�DFW�DV�H[SHUWV�IRU�WKH�SURMHFW�JURXSV�RQ�WKH�WRSLFV�
WKDW� WKH\�KHOSHG�GHYHORS��ZKLFK�DUH�VRPHWLPHV�RXWVLGH�RI� WKH�GLUHFW�VFLHQWLILF�VFRSH�RI� WKH�
LQVWUXFWRUV�� 7KHUHIRUH�� WKH� 7$V� DFW� DV�PRUH� NQRZOHGJHDEOH� RWKHUV� LQ� 9\JRWVNL¶V� WKHRU\� RI�
FRQVWUXFWLYH� OHDUQLQJ� DQG� WKHUHIRUH� SURYLGH� HIIHFWLYH� VFDIIROGLQJ�� SUHYHQWLQJ� VWXGHQWV� IURP�
JHWWLQJ�VWXFN�DW�SODFHV�RI�GLIILFXOW� OHDUQLQJ��7KH�LQVWUXFWRUV�����VWDII�PHPEHUV��PDLQO\�RI�RXU�
UHVHDUFK�JURXS��WDNH�UHVSRQVLELOLW\�IRU�WKH�H[HFXWLRQ�DQG�DVVHVVPHQW�SKDVHV�WR�HQVXUH�TXDOLW\��
EXW�DW�D�VWURQJO\�UHGXFHG�ZRUNORDG�EHFDXVH�RI�7$�LQYROYHPHQW��7KH�LPSOHPHQWDWLRQ�VFKHGXOH�
IRU� WKH� SUHSDUDWLRQ�� H[HFXWLRQ�� DQG� DVVHVVPHQW� SKDVHV� RI� WKH� SURMHFW� DUH� LQFOXGHG� LQ� WKH�
VXSSOHPHQWDU\�PDWHULDOV��DV�ZHOO�DV�DQ�H[DPSOH�SURMHFW�GHVFULSWLRQ�RQ�&RYLG�VDIH�WUDLQ�FDELQV��
�
�
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GRAPHICAL ABSTRACT 
 

 
�
INTRODUCTION 
 
7HDFKLQJ�HQJLQHHULQJ�LV�FKDOOHQJLQJ��DV�HQJLQHHULQJ�HQWDLOV�XVLQJ�VFLHQWLILF�SULQFLSOHV�WR�GHVLJQ�
DQG� EXLOG� H�J�� PDFKLQHV� WKDW� RSWLPDOO\� PDNH� XVH� RI� WKH� UHVRXUFHV� RI� QDWXUH� �IUHHO\� DIWHU�
0HUULDP�:HEVWHU�DQG�%ULWDQQLFD���3URMHFW�WHDPV�LQ�LQGXVWU\�FRQQHFW�WKHVH�HOHPHQWV��XVXDOO\�
E\�EULQJLQJ�SHRSOH�ZLWK�GLYHUVH�EDFNJURXQGV�WRJHWKHU�WR�DFKLHYH�HIIHFWLYH�VROXWLRQV��7KHUHIRUH��
SURMHFW�EDVHG�OHDUQLQJ��3%/��SURYLGHV�DQ�RXWVWDQGLQJ�RSSRUWXQLW\�WR�WUDLQ�HQJLQHHULQJ�VWXGHQWV�
LQ�DGGUHVVLQJ�FRPSOH[�DQG�LQWHUGLVFLSOLQDU\�FKDOOHQJHV�LQ�WHFKQRORJ\�DQG�VRFLHW\���
�
7KH� EHQHILWV� RI� 3%/� LQFOXGH� GHHSHU� XQGHUVWDQGLQJ� RI� WKH� FRXUVH� PDWHULDO�� NQRZOHGJH�
UHWDLQPHQW�� FRPPXQLFDWLRQ� DQG� WHDPZRUN� VNLOOV�� DQG� D� VRFLDO� IRXQGDWLRQ� IRU� VWXGHQWV� �H�J��
�2DNOH\� HW� DO��� ������� DQG� UHIHUHQFHV� WKHUHLQ��� &KDOOHQJHV� LQFOXGH� JURXS� WKLQNLQJ� LQ� VHOI�
VHOHFWHG�JURXSV��)HLFKWQHU�	�'DYLV���������LQVXIILFLHQW�ZHLJKW�RI�WKH�SURMHFW�LQ�WKH�WRWDO�JUDGLQJ��
DQG�ODFN�RI�SHHU�UHYLHZ��5HVHDUFK�RQ�3%/�QRZ�SURYLGHV�VROXWLRQV�WR�PRVW�RI�WKHVH�FRQWHQW��
DQG�OHDUQLQJ�UHODWHG�OLPLWDWLRQV��+HQFH��3%/�LV�JHQHUDOO\�FRQVLGHUHG�DV�DQ�HIIHFWLYH�WHDFKLQJ�
PHWKRG�DV�ORQJ�DV�SLWIDOOV�DUH�SUHYHQWHG��DQG�RQH�WKDW�YHU\�ZHOO�FRPSOHPHQWV�FODVVURRP�EDVHG�
WHDFKLQJ���
�
+RZHYHU��WZR�LQWHUFRQQHFWHG�FKDOOHQJHV�VWLOO�H[LVW�LQ�DSSO\LQJ�3%/��
�

����6FDOLQJ�RI�SURMHFW�EDVHG�OHDUQLQJ�WR�JURXSV�ODUJHU�WKDQ�����VWXGHQWV��DV�FRPPRQO\�
UHTXLUHG�IRU�HGXFDWLRQ�DW�%6F�OHYHO��

����'HVLJQ�DQG�H[HFXWLRQ�RI�LQ�GHSWK�SURMHFWV�WKDW�FRQQHFW�D�EURDG�FRQWH[W��VFLHQWLILF�
DQDO\VLV��DQG�VFLHQFH�GULYHQ�GHVLJQ�DQG�RSWLPL]DWLRQ�RI�D�UHDOLVWLF�FDVH���

�
7KHUHIRUH�� LPSOHPHQWLQJ�3%/�RI�FRPSOH[�SURMHFWV� IRU�D� ODUJH�VWXGHQW�SRSXODWLRQ� LV� IDU� IURP�
REYLRXV���
�
7R�DGGUHVV�WKHVH�FKDOOHQJHV��RXU�WHDP�GHYHORSHG�D�IUDPHZRUN�WR�GHVLJQ��H[HFXWH��DQG�DVVHVV�
LQ�GHSWK�SURMHFWV� IRU� ODUJH�JURXSV� �����%6F�VWXGHQWV���$� NH\�JRDO� LV� WR� NHHS� WKH�ZRUNORDG�
PDQDJHDEOH�IRU�WKH�LQVWUXFWRUV��VWDII�PHPEHUV�RI�RXU�UHVHDUFK�JURXS��ZKLOH�HQVXULQJ�DQ�LQ�
GHSWK�OHDUQLQJ�H[SHULHQFH�IRU�WKH�VWXGHQWV��7R�D�ODUJH�H[WHQW��WKHVH�JRDOV�DUH�PHW�E\�LQYROYLQJ�
D�JURXS�RI�WHDFKLQJ�DVVLVWDQWV��7$V��LQ�DOO�SKDVHV�RI�WKH�SURMHFW��LQFOXGLQJ��
�

-� 3UHSDUDWLRQ�DQG�WHVWLQJ�RI�QHZ�SURMHFW�PDQXDOV��
-� *URXS�VXSHUYLVLRQ�DQG�TXHVWLRQ�KRXUV��
-� :ULWWHQ�DVVHVVPHQW��

�

�
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+HUH�ZH�TXDOLWDWLYHO\�GHVFULEH�NH\� OHDUQLQJV� IURP�FRPELQLQJ�DQG� UHILQLQJ�H[LVWLQJ�PHWKRGV�
RYHU� WKH�SDVW�\HDUV�� ,Q�RXU�YLHZ�� WKHVH�KDYH�PDGH�D�SURIRXQG� LPSDFW�RQ� WKH�TXDOLW\�RI� WKH�
SURMHFW�DV�ZHOO�DV�WKH�ZRUNORDG�DQG�HQWKXVLDVP�RI�WKH�VWDII�DQG�WKH�7$V��7KH�JRDO�RI�WKLV�DUWLFOH�
LV�WR�VKDUH�RXU�OHDUQLQJV��WR�LQVSLUH�IHOORZ�WHDFKHUV�ZKR�IDFH�WKH�FKDOOHQJH�RI�LPSOHPHQWLQJ�
3%/�RI�FRPSOH[�WRSLFV�WR�ODUJH�JURXSV��7KHUHE\��ZH�KRSH�WR�FRQWULEXWH�WR�WKH�HGXFDWLRQ�RI�WKH�
QH[W�JHQHUDWLRQ�RI�HQJLQHHUV��LQ�SDUWLFXODU�WKHLU�UHDOLVWLF�SUREOHP�VROYLQJ�DELOLW\��,Q�WKH�IROORZLQJ��
ZH�FRQFLVHO\� UHYLHZ� WKH�VWDWH�RI� WKH�DUW�RQ�VFDOLQJ�RI�3%/��6XEVHTXHQWO\�� LQ�VHFWLRQ���� WKH�
OHDUQLQJ�JRDOV� RI� WKH�SURMHFW� DUH� GLVFXVVHG��6HFWLRQ���� ��� DQG���� GHVFULEH� WKH�SUHSDUDWLRQ��
H[HFXWLRQ�� DQG� DVVHVVPHQW�� UHVSHFWLYHO\�� 2XU� H[SHULHQFHV� DUH� FRQFOXGHG� LQ� VHFWLRQ� ���
LQFOXGLQJ�DQ�RXWOLQH�IRU�IXWXUH�LPSURYHPHQWV���
�
�
STATE OF THE ART 
 
Scaling project-based learning 
 
,PSOHPHQWLQJ�3%/�KDV�D�KLJK�WKUHVKROG�IRU� IDFXOW\�PHPEHUV��DV�VLPXOWDQHRXV�FKDQJHV�DUH�
UHTXLUHG�LQ�WKH�FXUULFXOXP��LQVWUXFWLRQ��DQG�DVVHVVPHQW��%DUURQ�HW�DO����������7KHVH�FKDOOHQJHV�
EHFRPH�HYHQ�PRUH�VLJQLILFDQW�IRU� ODUJH�VWXGHQW�SRSXODWLRQV��ZKHUH�IHHGEDFN�LV�UHTXLUHG�IRU�
PDQ\� SURMHFW� JURXSV� �'RPtQJXH]� 	� -DLPH�� ������� *RRJOH� 6FKRODU� VHDUFKHV� RQ� ³VFDOLQJ�
SURMHFW�EDVHG� OHDUQLQJ´� DQG� ³SURMHFW�EDVHG� OHDUQLQJ� IRU� ODUJH� JURXSV´� UHYHDOHG� VHYHUDO�
VWUDWHJLHV� IRU� VFDOLQJ� 3%/�� )RU� ODERUDWRU\� SURMHFWV�� 6DQGHUV� HW� DO�� �6DQGHUV� HW� DO��� ������
GHVFULEHG�KRZ�D�EULQJ�\RXU�RZQ�GHYLFH��%<2'��FRQFHSW�DOOHYLDWHG�WKH�QHHG�IRU�ODUJH�DPRXQWV�
RI� HTXLSPHQW�� /DERUDWRU\� SURMHFWV� IRU� ��� VWXGHQWV�ZHUH�KHOG�PDQDJHDEOH� E\� GLYLGLQJ�GDLO\�
VXSHUYLVLRQ�DPRQJ�7$V��XQLI\LQJ�WKH�WDVNV�RI�HDFK�JURXS��DQG�D�FOHYHU�H[FKDQJH�RI�WHFKQLFDO�
LQIRUPDWLRQ� EHWZHHQ� JURXSV� WKDW� PRWLYDWHG� DOO� JURXSV� WR� SHUIRUP� ZHOO�� )RU� ODUJH� VWXGHQW�
SRSXODWLRQV�� SHHU�DVVLVWHG� IHHGEDFN� ZLWKLQ� JURXSV� �5RELQVRQ�� ������ DQG� EHWZHHQ� JURXSV�
�%KDY\D�HW�DO���������6DQGHUV�HW�DO���������LV�ZLGHO\�DSSOLHG��0HWD�UHYLHZ�RI�WKH�VWXGHQW¶V�SHHU�
UHYLHZV�E\�WHDFKLQJ�DVVLVWDQWV�DGGV�FUHGLELOLW\�DQG�FRQVLVWHQF\�WR�SHHU�UHYLHZ�DPRQJ�VWXGHQWV�
�%KDY\D�HW�DO����������%RWKD��%RWKD��������GHVFULEHV�D�SURMHFW�IRU������%6F�VWXGHQWV��ZKHUH�
QRQ�ZULWWHQ� DVVHVVPHQW� RI� HQWUHSUHQHXULDO� DFWLYLWLHV� ZDV� D� NH\� HOHPHQW� LQ� NHHSLQJ� WKH�
ZRUNORDG� PDQDJHDEOH�� $OWHUQDWLYHO\�� D� SRSXODWLRQ� RI� ����� 06F� VWXGHQWV� ZDV� GLYLGHG� LQWR�
VXEJURXSV�RI�XS�WR����VWXGHQWV��WKDW�HDFK�H[HFXWH�WKHLU�RZQ�SURMHFW�XQGHU�VXSHUYLVLRQ�RI�RQH�
VWDII�PHPEHU��:DOOLQ�HW�DO����������'RPLQJXH]�DQG�-DLPH��'RPtQJXH]�	�-DLPH��������DSSOLHG�
3%/�WR�D�VXEVHW�RI�VWXGHQWV�RI�D�FRXUVH�LQ�GDWDEDVH�GHVLJQ�OHDUQLQJ��UHSRUWLQJ�WKDW�3%/�UHVXOWV�
LQ�KLJKHU�JUDGHV�EXW�DW�D�ODUJHU�WLPH�LQYHVWPHQW�RI�VWXGHQWV�DQG�WHDFKHUV��0RUH�H[DPSOHV�RI�
3%/�ZHUH�YHU\�FRPSUHKHQVLYHO\�UHYLHZHG�DQG�WDEXODWHG�E\�&KHQ�DQG�<DQJ��&KHQ�	�<DQJ��
�������EXW�WKH�SURYLGHG�H[DPSOHV�RI�3%/�IRU�PRUH�WKDQ�����VWXGHQWV�DUH�OLPLWHG�WR�VXEJURXSV�
VPDOOHU�WKDQ����VWXGHQWV�WKDW�ZHUH�VSUHDG�RYHU�PXOWLSOH�\HDUV�RU�PXOWLSOH�FODVVURRPV���
�
,Q�WKH�DERYH�UHIHUHQFHV��QR�H[DPSOH�ZDV�IRXQG�IRU�VFDOLQJ�RI�SURMHFWV�LQ�%6F�HGXFDWLRQ�ZLWK�D�
KLJK�OHYHO�RI�FRPSOH[LW\��+RZHYHU��VROYLQJ�UHDO�ZRUOG�HQJLQHHULQJ�SUREOHPV�UHTXLUHV�DQDO\VLV�
RI� PDQ\� HOHPHQWV� WKDW� PD\� JURZ� LQ� FRPSOH[LW\� RU� XQFHUWDLQW\� ZKHQ� PRUH� LQIRUPDWLRQ� LV�
REWDLQHG�� 7R� VROYH� VXFK� ³ZLFNHG´� SUREOHPV� HIIHFWLYHO\�� D� ULFK� NQRZOHGJH� EDFNJURXQG� DQG�
H[SHULHQFH�ZLWK�UHODWHG�SUREOHPV�DQG�WKHLU�VROXWLRQV�LV�KLJKO\�EHQHILFLDO��&RQQROO\�DQG�%HJJ�
�&RQQROO\�	�%HJJ��������GHVFULEH�KRZ�3%/�ZDV� LPSOHPHQWHG� LQ� VPDOO� JURXSV�� WR�DGGUHVV�
ZLFNHG�SUREOHPV�LQ�GDWDEDVH�DQDO\VLV�DQG�GHVLJQ��6LPLODUO\��HIIHFWLYH�HQJLQHHUV�PXVW�EH�DEOH�
WR�V\VWHPDWLFDOO\�VROYH�FRPSOH[�SUREOHPV��%HORZ��ZH�GHVFULEH�KRZ�3%/�ZDV�LPSOHPHQWHG�WR�
WHDFK�KLJK�OHYHO�SUREOHP�VROYLQJ�VNLOOV�LQ�HQJLQHHULQJ�WR�D�ODUJH�JURXS�RI�VWXGHQWV���
�
�
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CONTEXT AND CONTENT OF THE COURSE 
 
$W�WKH�8QLYHUVLW\�RI�7ZHQWH��87���3%/�KDV�EHHQ�SDUW�RI�WKH�EDFKHORU�LQ�PHFKDQLFDO�HQJLQHHULQJ�
�0(��VLQFH�������3HWHUV�	�3RZHOO���������+HUH�ZH�IRFXV�RQ�WKH�SURMHFW�LQ�7KHUPDO�DQG�)OXLG�
HQJLQHHULQJ��SDUW�RI�WKH�VHFRQG�\HDU�RI�WKH�%6F�LQ�0(��7KH�VWXGHQWV�KDYH�SDUWLFLSDWHG�LQ���
SURMHFWV�EHIRUH� VWDUWLQJ�RXU�SURMHFW� LQ�0RGXOH���RI� WKH�%6F��$ERXW�����VWXGHQWV� IROORZ� WKH�
SURMHFW��7KH�ZHLJKW�LV���(XURSHDQ�&UHGLWV��(&���HTXLYDOHQW�ZLWK�D�WRWDO�VWXG\�ORDG�RI�����KRXUV��
7KH�SURMHFW�LV�DFFRPSDQLHG�E\�FRXUVHV�RQ�)OXLG�'\QDPLFV�DQG�+HDW�7UDQVIHU�RI����(&�HDFK��
DV�VKRZQ�LQ�)LJXUH����&RPELQHG��WKH�SURMHFW�DQG�WKH�FRXUVHV�IRUP�D�PRGXOH�WKDW�VSDQV���ZHHN��
LQFOXGLQJ�WZR�ZHHNV�IRU�H[DPLQDWLRQV��3DUW���RI�WKH�SURMHFW����ZHHNV�WLPH��RQO\�LQFOXGHV�SKDVH�
���WKH�OLWHUDWXUH�UHYLHZ��7KLV�IRFXVHG�VWDUW�ZDV�FKRVHQ�DV�LW�GRHV�QRW�UHTXLUH�SULRU�NQRZOHGJH�
RI�IOXLG�PHFKDQLFV�DQG�KHDW�WUDQVIHU��DQG�WR�DOORZ�WKHP�WR�VHW�XS�WKHLU�WHDP��3DUW���RI�WKH�SURMHFW�
FRQWDLQV�DOO� RWKHU�DFWLYLWLHV�H[FHSW�DVVHVVPHQW�DQG� LV�SODQQHG�E\� WKH�VWXGHQWV��+HUH�� WKHLU�
NQRZOHGJH�IURP�WKH�OLWHUDWXUH�UHYLHZ�DQG�WKH�LQLWLDO�FRXUVH�PDWHULDOV�HQDEOHV�WKHP�WR�VWDUW�ZLWK�
WKH�IOXLG�DQG�WKHUPDO�DQDO\VLV�SDUW�RI�WKH�SURMHFW��SKDVH�����%DVHG�RQ�WKH�OLWHUDWXUH�DQG�WKLV�
WHFKQLFDO�DQDO\VLV��WKH�VWXGHQWV�GHVLJQ�DQ�RSWLPDO�VROXWLRQ��SKDVH�����,Q�SDUDOOHO�WR�SKDVHV���
DQG����WKH�VWXGHQWV�FRQGXFW�DQ�HWKLFDO�DQDO\VLV�DQG�DQ�H[SHULPHQW��7KH�SURMHFW�LV�FRQFOXGHG�
ZLWK�D�SURMHFW�UHSRUW�GHVFULELQJ�DOO�UHVXOWV��ZKLFK�LV�JUDGHG�SHU�JURXS��$Q�RUDO�H[DP�OHDGV�WR�
DQ� LQGLYLGXDO�JUDGH��ZKLFK� LV�ZHLJKWHG�HTXDOO\� WR�WKH�UHSRUW�JUDGH��$OO�SURMHFW� LQIRUPDWLRQ�LV�
VKDUHG�ZLWK�WKH�VWXGHQWV�YLD�D�&DQYDV�HQYLURQPHQW��
�

�
)LJXUH����3URMHFW�RYHUYLHZ�

 
Learning goals 
 
7KH�IROORZLQJ�OHDUQLQJ�JRDOV�DUH�SXUVXHG�GXULQJ�WKH�SURMHFW���

��� Phase 1: Literature review��*LYHQ�OHFWXUHV�RQ�ILQGLQJ��UHDGLQJ��DQG�ZULWLQJ�VFLHQWLILF�
DUWLFOHV��VWXGHQWV�DUH�DEOH�WR�GR�LQGHSHQGHQW�OLWHUDWXUH�UHVHDUFK�DV�GHPRQVWUDWHG�E\�D�
UHSRUW�FKDSWHU�LQ�ZKLFK�WZR�LPSRUWDQW�GHVLJQV�DUH�LQYHVWLJDWHG�DQG�FRPSDUHG�EDVHG�
RQ�DW�OHDVW����DFDGHPLF�UHIHUHQFHV�SHU�GHVLJQ��

��� Phase 2: Analysis of heat transfer and fluid flow��*LYHQ�OHFWXUHV�RQ�KHDW�DQG�PDVV�
WUDQVIHU��WKH�VWXGHQWV�DUH�DEOH�WR�PRGHO�WKH�V\VWHP�ERWK�QXPHULFDOO\��ZLWK�DQ�H[SOLFLW�
ILUVW�RUGHU�VROYHU�WKH\�GHYHORS��DQG�WKHRUHWLFDOO\��ZLWK�D�VLPSOLILHG��ORZHU�GLPHQVLRQ�
PRGHO���GLVFXVV�WKH�WZR�PDLQ�OLPLWDWLRQV�DQG�WZR�ERXQGDU\�FRQGLWLRQV�RI�HDFK�
DSSURDFK��DQG�FRPSDUH�WKH�UHVXOWV��
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��� Phase 3: System design��%DVHG�RQ�WKH�OLWHUDWXUH�UHYLHZ��D�OHFWXUH�E\�H[SHUWV�IURP�
LQGXVWU\��DQG�D�QXPHULFDO�VROYHU��2SHQ)RDP���WKH�VWXGHQWV�DUH�DEOH�WR�GHVLJQ�DQG�
RSWLPL]H�D�UHDOLVWLF�V\VWHP�FRQILJXUDWLRQ��7KH�UHOHYDQW�ERXQGDU\�FRQGLWLRQV�PXVW�EH�
LQFRUSRUDWHG��DQG�WKH�PDLQ�OLPLWDWLRQV�RI�WKHLU�PRGHOLQJ�DSSURDFK�PXVW�EH�GLVFXVVHG�����

��� Engineering Ethics��*LYHQ�DQ�HWKLFDO�FDVH�DQG�WZR�HWKLFV�OHFWXUHV��WKH�VWXGHQWV�DUH�
DEOH�WR�HYDOXDWH�WKH�LPSDFW�RI�WKHLU�ZRUN�IURP�DQ�HWKLFDO�SHUVSHFWLYH�EDVHG�RQ�
DSSO\LQJ�WKH���VWHS�IUDPHZRUN��9DQ�'H�3RHO�	�5R\DNNHUV��������DV�SURYLGHG�LQ�WKH�
OHFWXUHV���

��� Experimental���*LYHQ�D�ZULWWHQ�WXWRULDO��EDVLF�NQRZOHGJH�RI�0$7/$%��DQG�DQ�RUDO�
LQVWUXFWLRQ��VXEJURXSV�RI���WR���VWXGHQWV�DUH�DEOH�WR�GHULYH�D�WKHRUHWLFDO�PRGHO�IRU�D�
VLPSOLILHG�EXW�UHOHYDQW�YHUVLRQ�RI�WKH�V\VWHP��EXLOG�WKH�FRUUHVSRQGLQJ�VHWXS�DW�KRPH��
SHUIRUP�PHDVXUHPHQWV��DQG�FRPSDUH�WKH�UHVXOWV�EHWZHHQ�WKHRU\�DQG�H[SHULPHQW���

��� Dissemination��*LYHQ�OHFWXUHV�RQ�UHSRUW�ZULWLQJ�DQG�SURMHFW�SODQQLQJ��WKH�VWXGHQWV�
DUH�DEOH�WR�HIIHFWLYHO\�FRPPXQLFDWH�WKHLU�UHVXOWV�E\�GHOLYHULQJ�ZHOO�RUJDQL]HG��
FRPSOHWH��DQG�ZHOO�ZULWWHQ�UHSRUWV�ZLWKLQ�WKH�GHDGOLQH�DQG�VXEVWDQWLDWH�WKHLU�UHSRUW�LQ�
DQ�RUDO�H[DP���

�
7KH�OHDUQLQJ�JRDOV�DUH�WUDQVODWHG�LQWR�WKH�SURMHFW�PDQXDO��RI�ZKLFK�DQ�H[DPSOH�LV�SURYLGHG�LQ�
VXSSOHPHQWDU\� LQIRUPDWLRQ� �6,�� ILOH� ��� 7KH� SURMHFW� PDQXDO� FRQWDLQV� WKH� ³FDVH� GHVFULSWLRQ´�
LQFOXGLQJ� D� JHQHUDO� LQWURGXFWLRQ� WKDW� VWDWHV� WKH� VRFLHWDO� UHOHYDQFH� DV�ZHOO� DV� WKH� WHFKQLFDO�
FKDOOHQJH��7KH�PDQXDO�LQFOXGHV�VWDUWLQJ�UHIHUHQFHV�IRU�WKH�OLWHUDWXUH�UHYLHZ��JXLGLQJ�TXHVWLRQV�
IRU� WKH�DQDO\VLV�DQG�GHVLJQ�SDUWV�� WKH�HWKLFV�DVVLJQPHQW�� DQG�SUDFWLFDO�GHWDLOV� VXFK�DV� WKH�
VXEPLVVLRQ� GHDGOLQHV� IRU� VHFWLRQV� RU� UHSRUWV� DQG� WKH� H[DPLQDWLRQ� GDWHV�� $GGLWLRQDO�
GHVFULSWLRQV�DUH�SURYLGHG�IRU�JXLGLQJ�WKH�H[SHULPHQWV��6,�ILOH����DQG�2SHQ)RDP��6,�ILOH�����7KH�
SHUIRUPDQFH�OHYHOV�DUH�GHVFULEHG�E\�D�5XEULNV��6,�ILOH������
�
�
PREPARATION OF THE PROJECT 
 
Formation of the instructor team 
 
,GHDOO\��WKH�LQVWUXFWRU�WHDP�IRU�D�JURXS�RI�����VWXGHQWV�FRQVLVWV�RI����DFDGHPLF�VWDII�PHPEHUV�
LQFOXGLQJ�RQH�SURMHFW�FRRUGLQDWRU�DQG����7$V��³7XWRU�WHDPV´�WKDW�FRQVLVWV�RI�RQH�LQVWUXFWRU�DQG�
RQH�7$�WKHQ�VXSHUYLVH�WZR�SURMHFW�JURXSV�RI�HLJKW�VWXGHQWV�HDFK���
�
7KH� 7$V� DUH� W\SLFDOO\� �UG� RU� �WK�\HDU� VWXGHQWV� ZKR� SDUWLFLSDWHG� LQ� WKH� SURMHFW� DV� �QG�\HDU�
VWXGHQWV��7KHUHIRUH��WKH\�DUH�IDPLOLDU�ZLWK�WKH�OHYHO�RI�WKH�VWXGHQWV�DQG�FDQ�MXGJH�ZKLFK�WRSLFV�
ZRXOG�EH�H[FLWLQJ�IRU�WKH�IXWXUH�VWXGHQWV�WR�OHDUQ�DERXW��7R�DWWUDFW�DQ�DFDGHPLFDOO\�VWURQJ�DQG�
HQWKXVLDVWLF�WHDP�RI�7$V��ZH�VHOHFW�D�VWURQJ�SURMHFW�JURXS�DQG�LQYLWH�WKLV�JURXS�WR�EHFRPH�RXU�
7$V�IRU�WKH�QH[W�\HDU��:H�VHOHFW�WKLV�JURXS�E\�GLVFXVVLQJ�DPRQJ�WKH�LQVWUXFWRUV�ZKLFK�JURXS�
VWRRG� RXW� LQ� WHUPV� RI� DFDGHPLF� SHUIRUPDQFH� GXULQJ� WKH� SURMHFW�� DELOLW\� WR� FROODERUDWH�� DQG�
HQWKXVLDVP�� $SSUR[LPDWHO\� ���� RI� WKH� VWXGHQWV� WKDW� ZH� DSSURDFK� EHFRPH� 7$�� 7KLV� LV� D�
SURIRXQG� LPSURYHPHQW� DV� FRPSDUHG� WR� SRVWLQJ� 7$� YDFDQFLHV� RQ� JHQHUDO� SODWIRUPV��ZKLFK�
SUHYLRXVO\�UHVXOWHG�LQ�IHZHU�FDQGLGDWHV�ZLWK�PL[HG�FUHGHQWLDOV��7KH�JURXS�RI�7$V�LV�FRPSOHWHG�
E\�H[SHULHQFHG�7$V�WKDW�VWD\�RQ�IRU�DQRWKHU�\HDU��$V�GHVFULEHG�EHORZ��WKH�7$V�DUH�WUDLQHG�LQ�
GHSWK�RQ�GLIIHUHQW�SDUWV�RI�WKH�FRQWHQW�RI�WKH�SURMHFW�LQ�WKH�SUHSDUDWLRQ�SKDVH��HQDEOLQJ�WKHP�
WR�JXLGH�WKH�SURMHFW�JURXSV�EXLOGLQJ�RQ�WKLV�NQRZOHGJH���
�
7KH�LQVWUXFWRUV�DUH�VWDII�PHPEHUV�RI�RXU�UHVHDUFK�JURXS��6LQFH�WKH�7$V�FRYHU�WKH�WHFKQLFDO�
GHWDLOV� RI� WKH� SURMHFW�� WKH� LQVWUXFWRU� SRRO� FDQ� EH� IOH[LEO\� H[SDQGHG� E\� H[SHULHQFHG� VWDII� LQ�
WKHUPDO�RU�IOXLG�HQJLQHHULQJ��RU�HYHQ�DGMDFHQW�67(0�GLVFLSOLQHV�VXFK�DV�VROLG�PHFKDQLFV�RU�
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PDWHULDOV�VFLHQFH��$V�WKH�ZRUNORDG�LV�PDQDJHDEOH�DQG�OHDGV�WR�WZR�ZD\�OHDUQLQJ�RQ�WKH�SURMHFW�
WRSLF��RXU�VWDII�KDSSLO\�SDUWLFLSDWHG��2YHU�WKH�SDVW�\HDU��WKH�LQVWUXFWRU�SRRO�ZDV�HYHQ�IUHTXHQWO\�
H[SDQGHG�E\� VWDII� IURP�RWKHU� JURXSV�ZKR� YROXQWHHUHG� WR� MRLQ��*XLGDQFH�RI�PRUH� WKDQ� WZR�
SURMHFW�JURXSV�SHU�VWDII�PHPEHUV�LV�SRVVLEOH��EXW�GXULQJ�WKH�H[DPLQDWLRQ�ZHHN�WKLV�DSSURDFK�
UHTXLUHV�UHDGLQJ�PRUH�WKDQ�IRXU�UHSRUWV�ZLWKLQ�D�IHZ�GD\V�ZKLFK�LV�FKDOOHQJLQJ��7KHUHIRUH��ZH�
DLP�IRU�DW�PRVW�WZR�SURMHFW�JURXSV�SHU�VWDII�PHPEHU���
�
Take-away��$�SRRO�RI�LQVWUXFWRUV�DQG�7$V�LV�FUHDWHG�PRUH�WKDQ���PRQWKV�LQ�DGYDQFH��7KH�7$V�
DUH� WUDLQHG� WR� EHFRPH� HQWKXVLDVWLF� H[SHUWV� ZKR� NHHS� WKH� ZRUNORDG� PDQDJHDEOH� GXULQJ�
H[HFXWLRQ�RI�WKH�SURMHFW���
�
Preparation and testing of the project manual 
 
7KH�SURMHFW�LV�PDLQO\�SUHSDUHG�E\�WKH�SURMHFW�FRRUGLQDWRU�DQG�WKH�7$V��$IWHU�FKRRVLQJ�D�WRSLF�
WRJHWKHU� ZLWK� WKH� LQVWUXFWRUV�� NH\� VXE�WRSLFV� DUH� VHOHFWHG� DQG� SODFHG� LQ� FRQWH[W� E\� WKH�
FRRUGLQDWRU��6XEJURXSV�RI�WZR�RU�WKUHH�7$V�GHYHORS�TXHVWLRQV�RQ�WKHVH�WRSLFV��)LJXUH����DQG�
GHVLJQ� WKH� H[SHULPHQWV�� WKDW�ZLOO� HYHQWXDOO\� FRQVWLWXWH� WKH� FRUH� RI� WKH� SURMHFW�PDQXDO�� 7KH�
SURMHFW�FRRUGLQDWRU�JXLGHV�WKLV�SURFHVV�LQ�ELZHHNO\�PHHWLQJV�ZLWK�WKH�7$V��6LPXOWDQHRXVO\��WKH�
FRRUGLQDWRU�DOLJQV�WKH�SURMHFW�ZLWK�WKH�OHFWXUHUV�RI�WKH�DFFRPSDQ\LQJ�FRXUVHV��)OXLG�0HFKDQLFV�
,�DQG�+HDW�7UDQVIHU����
�
$V�VKRZQ�LQ�)LJXUH����HDFK�WRSLF�LV�GUDIWHG�E\�WZR�7$V�DQG�WHVWHG�E\�WZR�GLIIHUHQW�7$V��7KH�
IRXU�7$V�WKHQ�WRJHWKHU�LPSURYH�RQ�WKH�TXHVWLRQ��DQG�SURYLGH�DQ�DQVZHULQJ�PRGHO�WKDW�EHQHILWV�
WKH� LQVWUXFWRUV� GXULQJ� WKH� SURMHFW�� ,Q� WKLV� SURFHVV�� WKH�7$V� LGHQWLI\� WKUHVKROG� FRQFHSWV� DQG�
SLWIDOOV�WKDW�WKH�VWXGHQWV�ZLOO�H[SHULHQFH��DV�ZHOO�DV�WKH�RUGHU�RI�PDJQLWXGH�RI�WKH�RXWFRPHV��
7KH�WHVWLQJ�E\�WKH�7$V�UHGXFHV�HUURUV�LQ�WKH�SURMHFW�PDQXDO�WR�D�OHYHO�WKDW�PLQLPDO�FKDQJHV�
DUH� UHTXLUHG� GXULQJ� WKH� SURMHFW�� OLPLWLQJ� TXHVWLRQV� DQG� FRPSODLQWV� IURP� ERWK� VWXGHQWV� DQG�
LQVWUXFWRUV��,Q�DGGLWLRQ��WKHVH�IRXU�7$V�EHFRPH�H[SHUW�RQ�WKH�WRSLF�WKDW�WKH\�GHYHORSHG�WRJHWKHU��
7KH\� DUH� SRVLWLYHO\� FKDOOHQJHG� DQG� EHFRPH� NQRZOHGJHDEOH� RQ� FUHDWLQJ� FRPSOH[� SURMHFW��
PDNLQJ�WKHP�EHWWHU�HQJLQHHUV�WRR��7KH\�GHYHORS�LQWR�DGYDQFHG�OHDUQHUV�WR�D�OHYHO�ZLWKLQ�WKH�
]RQH� RI� SUR[LPDO� GHYHORSPHQWV� RI� WKH� VWXGHQWV�� 7KHUHIRUH�� WKH� 7$V� DUH� YHU\� HIIHFWLYH� LQ�
DQVZHULQJ� � VSHFLDOL]HG� TXHVWLRQV� RQ� ³WKHLU´� WRSLF� DQG� WKH� OHDG� LQ� DQVZHULQJ� WKHVH� GXULQJ�
H[HFXWLRQ���
�
2QH�PRQWK�EHIRUH�VWDUWLQJ�WKH�SURMHFW��WKH�GUDIW�SURMHFW�PDQXDO�LV�FKHFNHG�E\�WKH�FRRUGLQDWRU�
IRU�FRQVLVWHQF\��7KH�LQVWUXFWRUV�DOVR�UHFHLYH�D�GUDIW�FRS\�LQFOXGLQJ�DQVZHUV�GHYHORSHG�E\�WKH�
7$V��SURYLGLQJ�WKHP�WKH�SRVVLELOLW\�WR�FRPPHQW�DQG�LPSURYH��7KH�SURMHFW�PDQXDO�LV�ILQDOL]HG�LQ�
WKH�ZHHN�EHIRUH�WKH�VWDUW�RI�WKH�SURMHFW��DQG�GLVWULEXWHG�WR�WKH�VWXGHQWV�RQ�WKH�ILUVW�GD\�RI�WKH�
H[HFXWLRQ�SKDVH���
�
Take-away�� 1HZ� SURMHFW� PDQXDOV� DUH� FUHDWHG� DQG� WHVWHG� SULPDULO\� E\� WKH� 7$V�� ORZHULQJ�
ZRUNORDG� IRU� WKH�VWDII�ZKLOH� WUDLQLQJ� WKH�7$V�DV�H[SHUWV� WR�DQVZHU�TXHVWLRQV�GXULQJ�SURMHFW�
H[HFXWLRQ���
�
Formation of the project groups: Hybrid between self-formed and instructor-formed 
groups 
 
7KH�SURMHFW�JURXSV�RI���VWXGHQWV�DUH�IRUPHG�RQ�WKH�ILUVW�GD\�RI�WKH�SURMHFW��E\�FRPELQLQJ�VHOI�
FKRVHQ�VXE�JURXSV�RI�XS�WR���VWXGHQWV���
�

�
���



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

,Q�WKLV�ZD\��ZH�EDODQFH�WZR�QHHGV��2Q�WKH�RQH�KDQG��FRPELQLQJ�VWXGHQWV�WKDW�PD\�QRW�NQRZ�
HDFK�RWKHU�DLGV�WKHLU�H[SRVXUH�EH\RQG�WKHLU�IULHQGV�DQG�UHGXFHV�WKH�ULVN�RI�JURXS�WKLQNLQJ��,I�
DSSOLFDEOH��ZH�GLYLGH�WKH��IHZ��IHPDOH�VWXGHQWV�ZKR�DUH�QRW�SDUW�RI�D�VXEJURXS�LQWR�HLWKHU�]HUR�
RU�DW�OHDVW�WZR�ZRPHQ�SHU�JURXS��)HLFKWQHU�DQG�'DYLV��������6LPXOWDQHRXVO\��WKH�VXEJURXSV�
SURWHFWV�VWXGHQWV�E\�PLQLPL]LQJ�WKHLU�ULVN�RI�LVRODWLRQ��DV�WKH\�FDQ�WHDP�XS�ZLWK�IULHQGV��$IWHU���
PRGXOHV� ZLWK� WHDFKHU�HVWDEOLVKHG� SURMHFW� JURXSV�� VWXGHQWV� FUDYH� IRU� D� SURMHFW� ZLWK� D� VHOI�
IRUPHG� JURXS�� $IWHU� LQLWLDO� H[SHULHQFHV� ZLWK� IXOO\� VHOI�IRUPHG� JURXSV�� WKLV� K\EULG� DSSURDFK�
IXQFWLRQV�WR�WKH�VDWLVIDFWLRQ�RI�LQVWUXFWRUV�DQG�VWXGHQWV��
�
7KH� UHVXOWLQJ�SURMHFW�JURXS�VL]H�RI��� VWXGHQWV�H[FHHG� WKH� W\SLFDOO\� UHFRPPHQGHG�PD[LPDO�
JURXS�VL]H�RI���WR���VWXGHQWV��2DNOH\�HW�DO��������)HLFKWQHU�DQG�'DYLV��������EXW�ILW�RXU�SURMHFW�
ZHOO�DV�WKH�VWXGHQW�DUH�VXIILFLHQWO\�PDWXUHG�LQ�3%/��$V�RXU�SURMHFW�LV�ODUJH�LQ�VFRSH�DQG�GXUDWLRQ��
JURXSV�W\SLFDOO\�GLYLGH�WKHPVHOYHV�LQWR�VPDOOHU�VXE�JURXSV�WKDW�ZRUN�RQ�VSHFLILF�OHDUQLQJ�JRDOV��
7KLV�LV�DOORZHG�E\�WKH�LQVWUXFWRUV��DV�OHDUQLQJ�JRDOV��SKDVHV��������DQG���FDQ�EH�FDUULHG�RXW�
VHSDUDWHG� LQ� WLPH�� DQG� DUH� VXIILFLHQWO\� EURDG� LQ� VFRSH� WR� DOORZ� WKH� VXEJURXSV� WR� ZRUN� RQ�
GLIIHUHQW�DVSHFWV�RI�HDFK�OHDUQLQJ�JRDO��)RU�OHDUQLQJ�JRDOV���DQG����HWKLFV�DQG�SUDFWLFDOV���DOO�
VWXGHQWV�KDYH�WR�SHUVRQDOO\�SDUWLFLSDWH�LQ�VPDOOHU�DVVLJQPHQWV�WR�HQVXUH�REWDLQLQJ�WKH�GHVLUHG�
NQRZOHGJH�OHYHO���
�
Take-away�� /DUJH� SURMHFW� JURXSV� WKDW� DUH� SDUWO\� VHOI�VHOHFWHG� HQDEOH� HIIHFWLYH� OHDUQLQJ� IRU�
VWXGHQWV�WKDW�KDYH�H[SHULHQFH�ZLWK�3%/���
�

�
�

)LJXUH����([DPSOH�RI�SKDVLQJ�DQG�ZRUN�GLVWULEXWLRQ�GXULQJ�WKH�SUHSDUDWLRQV�RI�WKH�SURMHFW��
7KH�UHG�EDU�LQGLFDWHV�WKH�RUDO�H[DPV��

 
 
EXECUTION OF THE PROJECT 
 
Supervision of the project groups 
 
(DFK� SURMHFW� JURXS� LV� JXLGHG� E\� D� WXWRU� WHDP� WKDW� FRQVLVWV� RI� RQH� LQVWUXFWRU� DQG� RQH� 7$��
7\SLFDOO\�� WKH� LQVWUXFWRU�DQG� WKH�7$�PHHW�ZLWK�HDFK�JURXS�RQFH�SHU�ZHHN��7KH�JRDO�RI� WKH�
PHHWLQJV�LV�WR�GLVFXVV�SURJUHVV��WR�HQVXUH�WKDW�DOO�PDMRU�SURMHFW�JRDOV�ZHUH�DGGUHVVHG�E\�HDFK�
JURXS�� DQG� IRU� LQIRUPDO� IRUPDWLYH� DVVHVVPHQW�� 7KH� UROH� RI� WKH� LQVWUXFWRUV� LQ� SURMHFW� JURXS�
VXSHUYLVLRQ�LV�WZRIROG��

��� 3URYLGH�WKH�VWXGHQWV�EURDG�FRQWH[W�LQ�IOXLG�PHFKDQLFV�DQG�KHDW�WUDQVIHU��E\�H[SODLQLQJ�
NH\�SULQFLSOHV�RU�XQGHUO\LQJ�PHFKDQLVPV���

��� +HOS�UHVROYLQJ�LQVXIILFLHQW�SHUIRUPDQFH�RU�FRQIOLFWV���
�

�
���
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7KH�UROH�RI�WKH�7$�GXULQJ�WKH�SURMHFW�LV�FRPSOLPHQWDU\��
�

��� +HOS�RUJDQL]LQJ�WKH�PHHWLQJV�ZLWK�WKH�LQVWUXFWRUV���
��� 3URYLGH�DQVZHUV�WR�TXHVWLRQV�RQ�VSHFLILF�FRQWHQW�RU�UHVXOWV��EDVHG�RQ�UHFHQW�

H[SHULHQFH�ZLWK�WKH�SURMHFW�LQ�WKH�VDPH�UROH�DV�WKH�VWXGHQWV�LQ�WKH�SURMHFW�JURXS��
7KHLU�UROH�DV�PRUH�NQRZOHGJHDEOH�RWKHU�LQ�WKH�]RQH�RI�SUR[LPDO�GHYHORSPHQW�
�0F/HRG��������EULGJHV�WKH�FRPPXQLFDWLRQ�JDS�DULVLQJ�IURP�WKH�GLIIHUHQFH�LQ�
H[SHULHQFH�EHWZHHQ�WKH�LQVWUXFWRU�DQG�WKH�VWXGHQWV����

��� *XLGH�VWXGHQWV�WR�7$�VSHFLDOLVWV�RQ�VSHFLILF�WRSLFV�LI�NQRZOHGJH�EH\RQG�WKDW�RI�WKH�
LQVWUXFWRU�DQG�WKH�DVVLJQHG�7$�LV�UHTXLUHG��

��� 2FFDVLRQDOO\�PHHW�ZLWK�WKH�SURMHFW�JURXSV�DORQH��LQ�FDVH�RI�DEVHQFH�RI�WKH�LQVWUXFWRU���
 
Take-away��7KH�7$V�IRUP�D�EULGJH�EHWZHHQ�WKH�SURMHFW�JURXSV�DQG�WKH�LQVWUXFWRUV��HQKDQFLQJ�
WKH�OHDUQLQJ�RI�WKH�VWXGHQWV�DQG�SUHYHQWLQJ�WKDW�WULYLDO�TXHVWLRQV�WDNH�WKH�LQVWUXFWRU¶V�WLPH��$W�
SRLQWV�RI�GLIILFXOW�OHDUQLQJ�WKH�VFDIIROGLQJ�E\�WKH�7$V�LV�HVSHFLDOO\�HIIHFWLYH���
 

�
�

)LJXUH����6XSSRUW�RI�WKH�SURMHFW�JURXSV���D��(DFK�SURMHFW�JURXS�UHFHLYHV�ZHHNO\�VXSSRUW�RQ�
FRQWHQW�DQG�SURFHVV�IURP�RQH�WXWRU�WHDP��(DFK�WXWRU�WHDP�JXLGHV�WZR�SURMHFW�JURXSV���E��7$�
³VSHFLDOLVW�VXSSRUW´�IRU�OHFWXUHV�DQG�TXHVWLRQ�KRXUV�LV�DYDLODEOH�WKURXJKRXW�WKH�SURMHFW��7KH�
GHDGOLQHV�IRU�WKH�OLWHUDWXUH�UHYLHZ�DQG�GUDIW�UHSRUW�DUH�LQGLFDWHG��+HUH��WKH�WXWRU�WHDPV�

SURYLGH�IRUPDWLYH�IHHGEDFN��([DPLQDWLRQ��RUDO�DQG�JUDGLQJ�RI�WKH�UHSRUW��LV�H[HFXWHG�E\�WZR�
LQVWUXFWRU��LQFOXGLQJ�WKH�RQH�IURP�WKH�WXWRU�WHDP���

 
Scaffolding: Project lectures, question hours, and online help 
 
3URMHFW�OHFWXUHV�DUH�VFKHGXOHG�LQ�WKH�ILUVW�WKUHH�ZHHNV�RI�WKH�SURMHFW��WR�IDPLOLDUL]H�WKH�VWXGHQWV�
ZLWK�WKH�WRSLF�DQG�FRQWHQW�RI�WKH�SURMHFW��6L[�OHFWXUHV�DUH�VFKHGXOHG�DV�IROORZV��
�

��� ,QWURGXFWLRQ�OHFWXUH��+HUH��WKH�WRSLF�LV�LQWURGXFHG��WKH�ZRUNIORZ�RI�WKH�SURMHFW�LV�
VKDUHG�ZLWK�WKH�VWXGHQWV��DQG�SODQQLQJ�WRROV��*DQWW�FKDUW��DUH�UHIUHVKHG��

��� /HFWXUH�RQ�UHYLHZLQJ�DFDGHPLF�OLWHUDWXUH��E\�DQ�LQIRUPDWLRQ�VSHFLDOLVW�IURP�WKH�87��
��� (WKLFV�,��SURYLGLQJ�DQ�LQWURGXFWLRQ�WR�HWKLFV��7KH�HWKLFV�OHFWXUHV�DUH�GHOLYHUHG�E\�DQ�

HWKLFV�WHDFKHU�ZKR�LV�IDPLOLDU�ZLWK�HQJLQHHULQJ�VWXGHQWV��

�
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��� *XHVW�OHFWXUH�E\�FRPSDQ\�RUJDQL]DWLRQ�WKDW�UHODWHV�WR�WKH�SURMHFW�WRSLF��
��� (WKLFV�,,��SURYLGLQJ�D�WRROER[�WKDW�VWXGHQWV�KDYH�WR�DSSO\�WR�DQ�HQJLQHHULQJ�HWKLFV�

FDVH��
�
2QOLQH�KHOS��$�TXHVWLRQ�ERDUG� LV�SURYLGHG�YLD�'LVFRUG��+HUH��VWXGHQWV�DVN�TXHVWLRQV�DW�DQ\�
WLPH�DQG�7$V�KHOS�WKHP�W\SLFDOO\�ZLWKLQ���GD\V��7KH�JRDO�LV�WR�SUHYHQW�VWXGHQWV�WR�JHW�VWXFN�IRU�
WRR�ORQJ�RQ�OHVV�LPSRUWDQW�LVVXHV��VXFK�DV�VFLHQWLILF�VRIWZDUH�WKDW�PLJKW�QRW�ZRUN�RU�FRPSOH[�
PDWKHPDWLFV� WKDW� KDV� QR� GLUHFW� FRQQHFWLRQ� WR� WKH� HQJLQHHULQJ� FKDOOHQJH�� %XLOGLQJ� RQ� WKHLU�
NQRZOHGJH� IURP� WKH�SURMHFW�SUHSDUDWLRQ�� WKH�7$V� �WRJHWKHU��SURYLGH� WKH� UROH�RI� WRSLF�H[SHUW�
GXULQJ� WKH� TXHVWLRQ� KRXUV� DQG� WKH� GLVFRUG� VHUYHU�� 7KLV� DSSURDFK� SUHYHQWV� H[FHVVLYH�
SUHSDUDWLRQ�E\�LQVWUXFWRUV�IRU�ZKLFK�WKH�SURMHFW�LV�RXWVLGH�WKHLU�FRUH�UHVHDUFK�DUHD���
�
3OHQDU\�4XHVWLRQ�KRXUV�DUH�RUJDQL]HG�ZLWK�WZR�LQVWUXFWRUV�DQG�WZR�7$V��7KHVH�TXHVWLRQ�KRXUV�
DUH�KHOG�ZHHNO\��VWDUWLQJ�IURP�ZHHN����7KH�PHHWLQJV�DUH�LQ�SHUVRQ��HQDEOLQJ�WKH�LQVWUXFWRUV�
DQG�7$V� WR� LGHQWLI\�TXHVWLRQV� WKDW�RFFXU� LQ�PXOWLSOH�SURMHFW�JURXSV��6XFK�PDMRU�ERWWOHQHFNV�
FRXOG�EH�DGGUHVVHG�RQ�WKH�VSRW�RU�E\�SURYLGLQJ�DGGLWLRQDO�GRFXPHQWV�YLD�WKH�SURMHFW�ZHEVLWH�
RQ�&DQYDV���
�
'XULQJ�WKH�SURMHFW��VFDIIROGLQJ�OHDGV�WR�JURZWK�DQG�PDWXUDWLRQ�RI�WKH�VWXGHQWV�WKDW�ZH�VHH�PRVW�
FOHDUO\�UHIOHFWHG�LQ�WKH�OHYHO�RI�WKH�VWXGHQWV¶�TXHVWLRQV�GXULQJ�WKH�TXHVWLRQ�KRXUV��)RU�H[DPSOH��
LQ�WKH�ILUVW�ZHHNV��VWXGHQWV�ZRXOG�JHW�UHDOO\�GLVVDWLVILHG�ZLWK�D�SRRUO\�SRVHG�TXHVWLRQ�RU�KLJK�
OHYHO�JXLGDQFH��VXFK�DV��\RX�PD\�WU\�D��E��RU�F��LQVWHDG�RI�SRLQWLQJ�WR�WKH�³FRUUHFW´�DQVZHU���
7RZDUGV� WKH�HQG�� WKH�VWXGHQWV�ZRXOG�VD\�� ³,� UHDG� WKH�TXHVWLRQ�� ,� WULHG�D��E��DQG�F�� ,�PDGH�
DVVXPSWLRQV�;�DQG�<��DQG�WKHQ�,�REWDLQ�WZR�SRVVLEOH�UHVXOWV�WKDW�DUH�D�ELW�GLIIHUHQW��&DQ�\RX�
KHOS�PH�WR�XQGHUVWDQG�KRZ�WR�DGGUHVV�WKLV�GLIIHUHQFH�DQG�KRZ�WR�FKRRVH"´��:H�EHOLHYH�WKDW�
WKLV�VWHS�LQ�WKH�GHYHORSPHQW�RI�VWXGHQWV�LV�FULWLFDO�LQ�EHFRPLQJ�HIIHFWLYH�HQJLQHHUV���
�
Take-away��7KH�SDUDGR[�EHWZHHQ�����3%/������JRLQJ�LQ�GHSWK�ZLWK�D�ODUJH�JURXS�RI�VWXGHQWV��
DQG�����PDQDJLQJ�ZRUNORDG�LV�VROYHG�E\�SURYLGLQJ�VWURQJ�VFDIIROGLQJ��OHFWXUHV��TXHVWLRQ�KRXUV��
DQG�RQOLQH�KHOS��LQ�D�MRLQW�HIIRUW�E\�LQVWUXFWRUV�DQG�7$V���
�
 
How to connect the project with courses that run simultaneously?  
 
,Q�LQLWLDO�YHUVLRQV�RI�WKH�SURMHFW��LW�ZDV�VKLIWHG�E\���ZHHNV�ZLWK�UHVSHFW�WR�WKH�FRXUVHV��VWDUWLQJ�
HDUOLHU�DQG�UXQQLQJ�ORQJHU���7KLV�WLPH�VKLIW�HQDEOHG�WKH�VWXGHQWV�WR�DFTXLUH�ZRUNLQJ�NQRZOHGJH�
IURP�WKH�FRXUVHV�RQ�IOXLG�PHFKDQLFV�DQG�KHDW�WUDQVIHU�WKDW�WKH\�FRXOG�DSSO\�WR�WKH�SURMHFW��$IWHU�
D�87�ZLGH�VKLIW�WR�VHOI�FRQWDLQHG���ZHHN�PRGXOHV�WKDW�HDFK�LQFOXGHV�FRXUVHV�DQG�D�SURMHFW��
WKH�SURMHFW�DQG�WKH�FRXUVHV�UXQ�VLPXOWDQHRXVO\��7KHUHIRUH��VWXGHQWV�FDQQRW�EXLOG�RQ�ZRUNLQJ�
NQRZOHGJH�IURP�WKH�FRXUVHV�RQ�IOXLG�PHFKDQLFV�DQG�KHDW�WUDQVIHU�DW�WKH�VWDUW�RI�WKH�SURMHFW���
�
7R�PDLQWDLQ�DQ�LQWHUHVWLQJ�DQG�RQ�WRSLF�SURMHFW��WKH�OLWHUDWXUH�VWXG\��RQH�RI�WKH�OHDUQLQJ�JRDOV��
ZDV�FRQGHQVHG�DQG�LPSOHPHQWHG�LQ�3KDVH����WKH�ILUVW�WZR�ZHHNV�RI�WKH�SURMHFW���7KH�OLWHUDWXUH�
UHYLHZ�ZDV�VXSSRUWHG�E\�D� OHFWXUH�RI�DQ� LQIRUPDWLRQ�VSHFLDOLVW�� 7KLV�DSSURDFK�KDV�VHYHUDO�
EHQHILWV���
�

•� 7KLV�NQRZOHGJH�SURYLGHV�WKH�FRQWH[W�IRU�SDUW���RI�WKH�SURMHFW��7KH�VWXGHQWV�EHFRPH�
LQYROYHG�LQ�WKH�WRSLF�DQG�DUH�DEOH�WR�DQDO\]H�DQG�GHVLJQ�UHOHYDQW�VROXWLRQV�LQ�WKH�ODWHU�
SKDVHV�RI�WKH�SURMHFW��

•� 7KH�VWXGHQWV�IRFXV�RQ�OLWHUDWXUH�UHYLHZLQJ�ZLWKRXW�KDYLQJ�WR�LQWHJUDWH�WKLV�QHZ�VNLOO�
ZLWK�RWKHU�OHDUQLQJ�JRDOV���
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•� 7KH�VWXGHQWV�WUDLQ�WKHLU�UHDGLQJ�VNLOOV�RI�DFDGHPLF�PDWHULDO��DV�RSSRVHG�WR�WHDFKLQJ�
PDWHULDO���SUHSDULQJ�WKHP�IRU�WKHLU�IXWXUH�%6F�DQG�06F�DVVLJQPHQWV���

�
�
ASSESSMENT OF THE PROJECT   
 
Formative assessment 
 
7ZR�ZHHNV�EHIRUH�WKH�UHSRUW�VXEPLVVLRQ�GHDGOLQH��HDFK�SURMHFW�JURXS�ZDV�UHTXLUHG�WR�VXEPLW�
D�GUDIW�UHSRUW�IRU�IRUPDO�IRUPDWLYH�DVVHVVPHQW��7KH�WXWRUV�DQG�7$V�ERWK�SURYLGHG�IHHGEDFN�
RQ�WKHVH�UHSRUWV�ZLWK�D�IRFXV�RQ�OHDUQLQJ�JRDOV�����DQG�����
�
Summative assessment 
 
7KH�ILQDO�JUDGH�RI�WKH�VWXGHQWV�FRQVLVWV�IRU�����RI�D�JURXS�EDVHG�JUDGH�IRU�WKH�UHSRUW��DQG�IRU�
����RI�DQ�LQGLYLGXDO�JUDGH�EDVHG�RQ�DQ�RUDO�H[DP��)RU�WKH�UHSRUW��WKH�5XEULFV��6,�ILOH����VKRZV�
WKH�H[SHFWHG�OHYHO�SHU�OHDUQLQJ�REMHFWLYH��+RZHYHU��WKH�JUDGLQJ�FDQ�GHYLDWH�IURP�WKH�5XEULNV��
)RU�H[DPSOH��PXWXDOO\� LQFRQVLVWHQW�VXEVHFWLRQV�DUH� UHIOHFWHG�E\� ORZHU�JUDGHV��DQG� WUXO\� LQ�
GHSWK�RU�FUHDWLYH�ZRUN�LV�UHZDUGHG�ZLWK�PRUH�SRLQWV��7KH�LQVWUXFWRU�DVVLJQHG�WR�D�SURMHFW�JURXS�
DQG�RQH�DGGLWLRQDO�LQVWUXFWRU�JUDGHG�LWHPV�������������DQG���RI�HDFK�UHSRUW��$W�OHDVW�RQH�RI�WKHVH�
LQVWUXFWRUV�ZDV�H[SHULHQFHG��LQ�KDYLQJ�H[HFXWHG�WKH�SURMHFW�LQ�SUHYLRXV�\HDUV��/HDUQLQJ�JRDO���
�HWKLFV��ZDV�JUDGHG�E\�WKH�(QJLQHHULQJ�(WKLFV�WHDFKHUV��,Q�DGGLWLRQ��VHFWLRQV�RI�DOO�WKH�UHSRUWV�
ZHUH�JUDGHG�E\�WKH�7$V�IRU�OHDUQLQJ�JRDOV������������DQG����7KHVH�VHFWLRQV�FRUUHVSRQGHG�WR�
WKH� H[SHUW� NQRZOHGJH� RI� WKH� 7$V�� 7KLV� DSSURDFK� RI� FRPELQHG� SHU�UHSRUW� JUDGLQJ� DQG� SHU�
VHFWLRQ�JUDGLQJ�ZDV�FKRVHQ�WR�DVVHVV�FRQVLVWHQF\�EHWZHHQ�WKH�DVVHVVPHQW�RI�GLIIHUHQW�JURXSV�
ZKLOH� NHHSLQJ� WKH� ZRUNORDG� PDQDJHDEOH�� 7KH� JUDGHV� IURP� WKH� LQVWUXFWRUV� DQG� 7$V� ZHUH�
QRUPDOL]HG�RQ�D�VFDOH�IURP���WR�����DQ\�JUDGH�DERYH�����UHSUHVHQWV�D�SDVV���DQG�DUH�FRPSDUHG�
LQ�)LJXUH����7KH�JHQHUDO�WUHQG�LV�WKDW�D�FRUUHODWLRQ�H[LVWV�EHWZHHQ�JUDGLQJ�E\�WKH�LQVWUXFWRUV�
DQG�WKH�7$V��+RZHYHU��WKH�LQVWUXFWRUV�JUDGH�RQ�DYHUDJH�D�����ZLWK�D�VWDQGDUG�GHYLDWLRQ�RI������
ZKHUHDV�WKH�7$V�JUDGH�RQ�DYHUDJH�����ZLWK�D�VWDQGDUG�GHYLDWLRQV�RI������EDVHG�RQ�JUDGLQJ�RI�
���SURMHFW�JURXSV��)RU�WKH�WKUHH�ODUJHVW�RXWOLHUV�WKH�LQVWUXFWRUV�JDYH������SRLQWV�RU�PRUH�UHODWLYH�
WR�7$V��7KHVH�GLIIHUHQFHV�RULJLQDWHG�IURP�WKUHH�GLIIHUHQW�WXWRU�WHDPV��DQG�JLYHQ�IRU�UHSRUWV�WKDW�
VKRZ�JRRG�LQWHUQDO�FRKHUHQFH�RU�FUHDWLYH�LGHDV�GHVSLWH�ZHDNQHVVHV�LQ�VSHFLILF�VHFWLRQV���
�
7KH�LQGLYLGXDO�JUDGHV�ZHUH�GHWHUPLQHG�GXULQJ�WKH�RUDO�H[DPV��E\�WKH�WXWRU�WHDP�DV�ZHOO�DV�WKH�
DGGLWLRQDO�LQVWUXFWRU�ZKR�JUDGHG�WKH�UHSRUW��7KH�ILUVW����PLQXWHV��HDFK�VWXGHQW�ZDV�DVNHG���WR�
��TXHVWLRQV�DERXW�D�SDUW�RI�WKH�UHSRUW��,I�WKH�VWXGHQW�NQRZV�WKH�DQVZHU��ZH�SUREHG�IRU�PRUH�
GHSWK�WR�ILQG�WKH�OLPLW�RI�NQRZOHGJH��,I�WKH�VWXGHQWV�GR�QRW�NQRZ�WKH�DQVZHU��WKH�IHOORZ�VWXGHQWV�
DUH�DOORZHG�WR�VWHS�LQ�DQG�KHOS�RU�DQVZHU��,Q�WKLV�IDVKLRQ��WKH�ILUVW����PLQXWHV�XVXDOO\�JLYHV�D�
UHDVRQDEOH�LQGLFDWLRQ�RI�WKH�NQRZOHGJH�OHYHO�RI�HDFK�VWXGHQW��,Q�WKH�VHFRQG�KRXU��DGGLWLRQDO�
TXHVWLRQV�ZHUH� DVNHG��+HUH�� VWXGHQWV�ZKRVH� SHUIRUPDQFH�ZDV� QRW� FOHDU� IURP� WKH� ILUVW� ���
PLQXWHV�LV�DVVHVVHG�E\�DVNLQJ�DGGLWLRQDO�TXHVWLRQV���
�
7KH� UHODWLYHO\� KHDY\� ZHLJKLQJ� ������ RI� WKH� LQGLYLGXDO� JUDGH� ZDV� FKRVHQ� WR� LQFHQWLYL]H�
LQGLYLGXDO�FRQWULEXWLRQV�WR�WKH�SURMHFW��)RU�VRPH�JURXSV��WKH�LQGLYLGXDO�JUDGHV�ZHUH�FRPSDUDEOH�
WR�WKH�JURXS�SHUIRUPDQFH���)RU�RWKHU�JURXSV��IUHH�ULGHUV�RU�H[FHSWLRQDOO\�WDOHQWHG�VWXGHQWV�ZHUH�
LGHQWLILHG�GXULQJ�WKH�RUDOV��DQG�DGHTXDWHO\�JUDGHG��7KH�WLPH�VORW���[���PLQXWHV��ZDV�FKRVHQ�
WR� SURYLGH� D� EDODQFH� EHWZHHQ� DVVHVVLQJ� WKH� VWXGHQWV� IDLUO\� DQG� PDLQWDLQLQJ� WKH� SRVLWLYH�
DWPRVSKHUH�UHTXLUHG�IRU�D�IUXLWIXO�GLVFXVVLRQ��/RQJHU�H[DPV�KDG�EHHQ�WULHG�LQ�SUHYLRXV�\HDUV��
EXW�DOO�VWDII�DJUHHG�WKDW�LW�PHUHO\�OHG�WR�H[KDXVWLRQ�RI�ERWK�VWXGHQWV�DQG�VWDII�GXULQJ�WKH�H[DP���
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Take-away��+\EULG�RUDO�DQG�ZULWWHQ�DVVHVVPHQW�E\�WXWRU�WHDPV�DQG�RQH�H[WUD�LQVWUXFWRU�SHU�
SURMHFW�JURXS�SURYLGHV�D�EDODQFH�EHWZHHQ�WLPH�FRQVXPSWLRQ�RI�WKH�LQVWUXFWRUV�DQG�SUHFLVLRQ�
LQ�WKH�JUDGLQJ����
�

�
)LJXUH����&RPSDULVRQ�RI�JUDGHV�IRU�WKH�UHSRUWV�SURYLGHG�E\�WKH�LQVWUXWRUV�DQG�WKH�7$V��(DFK�
GDWD�SRLQW�LQGLFDWHV�RQH�SURMHFW�JURXS��7KH�OLQH�LQGLFDWHV�HTXDO�JUDGLQJ��WKH�VKDGH�LQGLFDWHV�

WKH����SRLQW�EDQGZLGWK�
�

�
CONCLUSIONS AND OUTLOOK 
 
:H�GHVFULEH�SUDFWLFDO�VXJJHVWLRQV�IRU�LPSHPHQWLQJ�RI�3%/�IRU�ODUJH�JURXSV�RI�%6F�VWXGHQWV��
DLPHG�DW�UHGXFLQJ�WKH�ZRUNORDG�SHU�LQVWUXFWRU�E\�DWWUDFWLQJ�DQG�HGXFDWLQJ�D�SRRO�RI�7$V�DQG�
E\� VSUHDGLQJ� WKH� VXSHUYLVLRQ� DQG� DVVHVVPHQW� ORDG� DPRQJ� LQVWUXFWRUV�ZKLOH� LPSURYLQJ� WKH�
GHSWK�DQG�TXDOLW\�RI�WKH�OHDUQLQJ���
�
$�WHDP�RI�LQVWUXFWRUV�DQG�7$V�LV�FUHDWHG�RYHU���PRQWKV�LQ�DGYDQFH��1HZ�SURMHFW�PDQXDOV�DUH�
FUHDWHG�DQG�WHVWHG�SULPDULO\�E\�WKH�7$V��ORZHULQJ�ZRUNORDG�IRU�WKH�VWDII�ZKLOH�WUDLQLQJ�WKH�7$V�
DV�H[SHUWV�WR�DQVZHU�SURMHFW�VSHFLILF�TXHVWLRQV�GXULQJ�SURMHFW�H[HFXWLRQ��'XULQJ�WKH�SURMHFW��
WKH� 7$V� DOVR� IRUP� D� EULGJH� EHWZHHQ� WKH� OHYHO� RI� WKH� SURMHFW� JURXSV� DQG� WKH� OHYHO� RI� WKH�
LQVWUXFWRUV��HQKDQFLQJ�WKH�OHDUQLQJ�RI�WKH�VWXGHQWV�DQG�SUHYHQWLQJ�WKDW�WULYLDO�TXHVWLRQV�WDNLQJ�
WKH�LQVWUXFWRU¶V�WLPH��7KH�SDUDGR[�EHWZHHQ�����3%/������JRLQJ�LQ�GHSWK�ZLWK�D�ODUJH�JURXS�RI�
VWXGHQWV�� DQG� ���� PDQDJLQJ� ZRUNORDG� LV� VROYHG� E\� SURYLGLQJ� VWURQJ� VFDIIROGLQJ� �OHFWXUHV��
TXHVWLRQ�KRXUV��DQG�RQOLQH�KHOS��LQ�D�MRLQW�HIIRUW�E\�LQVWUXFWRUV��7$V��DQG�JXHVW�VSHDNHUV��+\EULG�
RUDO�DQG�ZULWWHQ�DVVHVVPHQW�E\�WXWRU�WHDPV�DQG�RQH�H[WUD�LQVWUXFWRU�SHU�SURMHFW�JURXS�SURYLGHV�
D�EDODQFH�EHWZHHQ�WLPH�FRQVXPSWLRQ�RI�WKH�LQVWUXFWRUV�DQG�SUHFLVLRQ�LQ�WKH�JUDGLQJ���
�
5HGXFLQJ�WKH�SHU�SHUVRQ�ZRUNORDG�IRU�DQ�LQ�GHSWK�%6F�SURMHFW�IRU�D�ODUJH�JURXS�RI�VWXGHQWV�
KDV�EURDGHQHG�RXU�NQRZOHGJH�RQ�FRQWHQW��LPSURYHG�LQWHUDFWLRQ�EHWZHHQ�WHDFKHUV�DQG�OHDUQHUV��
DQG�HQKDQFHG�RXU�PRWLYDWLRQ�WR�EH�H[DPSOHV�WR�RXU�VWXGHQWV��)XWXUH�ZRUN�PD\�LPSURYH�WKH�
VFLHQWLILF�HPEHGGLQJ�RI�WKLV�DSSURDFK��DQG�PRUH�V\VWHPDWLFDOO\�HYDOXDWH�WKH�LPSDFW�RI�FKDQJHV�
PDGH�RQ�WKH�SURMHFW�RXWFRPHV���
�
�
REFERENCES 
 
%DUURQ��%��-��6���6FKZDUW]��'��/���9\H��1��-���0RRUH��$���3HWURVLQR��$���=HFK��/���	�%UDQVIRUG��-��'��
��������'RLQJ�ZLWK�8QGHUVWDQGLQJ��/HVVRQV�IURP�5HVHDUFK�RQ�3UREOHP��DQG�3URMHFW�%DVHG�/HDUQLQJ��
-RXUQDO�RI�WKH�/HDUQLQJ�6FLHQFHV�����±�������±�����KWWSV���GRL�RUJ�������������������������������
%KDY\D��%���;LDR��-���	�=KDL��&����������6FDOLQJ�XS�'DWD�6FLHQFH�&RXUVH�3URMHFWV��$�&DVH�6WXG\��/#6�
�������3URFHHGLQJV�RI�WKH��WK�$&0�&RQIHUHQFH�RQ�/HDUQLQJ�#�6FDOH�����±�����
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KWWSV���GRL�RUJ�������������������������
%RWKD��0����������$�SURMHFW�EDVHG�OHDUQLQJ�DSSURDFK�DV�D�PHWKRG�RI�WHDFKLQJ�HQWUHSUHQHXUVKLS�WR�D�
ODUJH�JURXS�RI�XQGHUJUDGXDWH�VWXGHQWV�LQ�6RXWK�$IULFD��(GXFDWLRQ�DV�&KDQJH������������±�����
KWWSV���GRL�RUJ������������������������������
&KHQ��&��+���	�<DQJ��<��&����������5HYLVLWLQJ�WKH�HIIHFWV�RI�SURMHFW�EDVHG�OHDUQLQJ�RQ�VWXGHQWV¶�
DFDGHPLF�DFKLHYHPHQW��$�PHWD�DQDO\VLV�LQYHVWLJDWLQJ�PRGHUDWRUV��(GXFDWLRQDO�5HVHDUFK�5HYLHZ��
���'HFHPEHU����������±����KWWSV���GRL�RUJ���������M�HGXUHY�������������
&RQQROO\��7���	�%HJJ��&����������$�&RQVWUXFWLYLVW�%DVHG�$SSURDFK�WR�7HDFKLQJ�'DWDEDVH�$QDO\VLV�DQG�
'HVLJQ�$�&RQVWUXFWLYLVW�%DVHG�$SSURDFK�WR�7HDFKLQJ�'DWDEDVH�$QDO\VLV�DQG�'HVLJQ�7KRPDV�0�
&RQQROO\ௗ��&DURO\Q�(�%HJJ��-RXUQDO�RI�,QIRUPDWLRQ�6\VWHPV�(GXFDWLRQ�����������±����
'RPtQJXH]��&���	�-DLPH��$����������'DWDEDVH�GHVLJQ�OHDUQLQJ��$�SURMHFW�EDVHG�DSSURDFK�RUJDQL]HG�
WKURXJK�D�FRXUVH�PDQDJHPHQW�V\VWHP��&RPSXWHUV�DQG�(GXFDWLRQ�������������±������
KWWSV���GRL�RUJ���������M�FRPSHGX�������������
)HLFKWQHU��6��%���	�'DYLV��(��$����������:K\�VRPH�JURXSV�IDLO��$�6XUYH\�RI�VWXGHQWV¶�H[SHULHQFHV�ZLWK�
OHDUQLQJ�JURXSV��-RXUQDO�RI�0DQDJHPHQW�(GXFDWLRQ����������±����
KWWSV���GRL�RUJ����������������������������
0F/HRG��6��$����������:KDW�,V�WKH�]RQH�RI�SUR[LPDO�GHYHORSPHQW"�
KWWSV���ZZZ�VLPSO\SV\FKRORJ\�RUJ�=RQH�RI�3UR[LPDO�'HYHORSPHQW�KWPO�
2DNOH\��%���)HOGHU��5��0���%UHQW��5���	�(OKDMM��,����������7XUQLQJ�6WXGHQW�*URXSV�LQWR�(IIHFWLYH�7HDPV��
-RXUQDO�RI�6WXGHQW�&HQWHUHG�/HDUQLQJ���������±����
3HWHUV��(��0��$���	�3RZHOO��3��&����������7KH�(IIHFWV�RI�WKH�,QWURGXFWLRQ�RI�D�3URMHFW�%DVHG�&XUULFXOXP�
LQ�WKH�0HFKDQLFDO�(QJLQHHULQJ�&RXUVH�$W�7KH�8QLYHUVLW\�RI�7ZHQWH��,QWHUQDWLRQDO�&RQIHUHQFH�RQ�
3URMHFW�:RUN�LQ�8QLYHUVLW\�6WXGLHV�����±�����
5RELQVRQ��-��.����������3URMHFW�EDVHG�OHDUQLQJ��,PSURYLQJ�VWXGHQW�HQJDJHPHQW�DQG�SHUIRUPDQFH�LQ�
WKH�ODERUDWRU\��$QDO\WLFDO�DQG�%LRDQDO\WLFDO�&KHPLVWU\�����������±����KWWSV���GRL�RUJ���������V������
���������[�
6DQGHUV��-��:���:HVW��0���	�+HUPDQ��*��/����������6FDOLQJ�XS�SURMHFW�EDVHG�OHDUQLQJ�IRU�D�ODUJH�
LQWURGXFWRU\�PHFKDQLFV�FRXUVH�XVLQJ�PRELOH�SKRQH�GDWD�FDSWXUH�DQG�SHHU�IHHGEDFN��$6((�$QQXDO�
&RQIHUHQFH�DQG�([SRVLWLRQ��&RQIHUHQFH�3URFHHGLQJV�������-XQH��KWWSV���GRL�RUJ����������S�������
9DQ�'H�3RHO��,���	�5R\DNNHUV��/����������7KH�HWKLFDO�F\FOH��-RXUQDO�RI�%XVLQHVV�(WKLFV����������±����
KWWSV���GRL�RUJ���������V�����������������
:DOOLQ��3���/\QJ��5���6RUWODQG��%���	�9HLQH��6����������([SHUWV�LQ�WHDPZRUN���$�ODUJH�VFDOH�FRXUVH�IRU�
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