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ABSTRACT 
�
7KLV� VWXG\� DLPV� WR� LGHQWLI\� HIIHFWLYH� HQJDJHPHQW� WRROV� DQG� VWUDWHJLHV� WKDW�PD\� VWUHQJWKHQ�
VWXGHQW�OHDUQLQJ�SURFHVVHV�ZLWK�D�ORQJ�WHUP�LPSDFW��7KH�FRQWH[W�RI�OHDUQLQJ�SOD\V�DQ�DFWLYH�
UROH�LQ�VWXGHQW�SHUIRUPDQFH�DQG�QHHGV�WR�EH�FDUHIXOO\�FRQVLGHUHG�ZKHQ�GHVLJQLQJ�FROODERUDWLYH�
OHDUQLQJ�HQYLURQPHQWV��,Q�WKH�IUDPHZRUN�RI�D�&',2�FRXUVH�HQWLWOHG�3URMHFW�&RXUVH�LQ�$SSOLHG�
3K\VLFV�����(&76���PDVWHU¶V�VWXGHQWV�LQ�DSSOLHG�SK\VLFV��HOHFWULFDO�HQJLQHHULQJ��ELRPHGLFDO�
HQJLQHHULQJ��PDWHULDO�VFLHQFH�DQG�QDQRWHFKQRORJ\�ZRUN�LQ�JURXSV�RI�IRXU�WR�VHYHQ�SHRSOH�IRU�
UHDOL]LQJ� WKHLU� RZQ� SURMHFW� LGHD� JLYHQ� WKUHH� EURDG� UHTXLUHPHQWV�� �L�� XVH� JDV� VHQVRUV�� �LL��
PDQDJH�D�FHUWDLQ�PD[LPXP�EXGJHW�WR�SXUFKDVH�FRPSRQHQWV��DQG��LLL��EXLOG�D�ZRUNLQJ�SURWRW\SH�
IRU�DQ\�LQGRRU�DLU�TXDOLW\�PRQLWRULQJ�DSSOLFDWLRQ�RI�LQWHUHVW�IRU�WKHP�DQG�WKHLU�FXVWRPHU��*URXSV�
DUH� JHQHUDOO\� PXOWLFXOWXUDO� DQG� PXOWLGLVFLSOLQDU\�� 4XDOLILHG� VXSHUYLVLRQ� DQG� VNLOOV� WUDLQLQJ�
DFWLYLWLHV�DUH�DGDSWHG�WR�IDFLOLWDWH�WKH�VWXGHQWV¶�SURJUHVV�DQG�JXDUDQWHH�WKH�VXFFHVV�RI�WKHLU�
SURMHFW� ZRUN�� %DVHG� RQ� REVHUYDWLRQV�� IHHGEDFN�� DQG� UHVXOWV� RYHU� D� ILYH�\HDU� SHULRG�� WKLV�
DSSURDFK�DSSHDUV�PRUH�HQJDJLQJ�DQG�LQVSLULQJ�IRU�ERWK�VWXGHQWV�DQG�WHDFKHUV�FRPSDUHG�WR�
PRUH�GHILQHG�SURMHFWV��(QFRXUDJLQJ�WKH�VWXGHQWV�WR�FRQFHLYH�WKHLU�RZQ�RULJLQDO�LGHDV��LQYROYLQJ�
WKHP�LQ�WKH�FR�FUHDWLRQ�RI�WKH�OHDUQLQJ�SURFHVV��DQG�EXLOGLQJ�NQRZOHGJH��XQGHUVWDQGLQJ��DQG�
VNLOOV� WKURXJK� D� YDULHW\� RI� HQJDJLQJ� H[SHULHQFHV�� KHOSV� WKHLU� PRWLYDWLRQ�� LQWHUHVW�� DFWLYH�
SDUWLFLSDWLRQ��DQG�FUHDWLYLW\�ZLWK�D�GLUHFW�LPSDFW�RQ�WKH�TXDOLW\�RI�WKHLU�OHDUQLQJ��$V�DQ�H[DPSOH�
RI�VXFFHVVIXO�SURMHFW�ZRUN��KHUH�ZH�UHSRUW�RQ�WZR�JURXSV�RI�VWXGHQWV�DW�/LQN|SLQJ�8QLYHUVLW\��
6ZHGHQ��ZKR�KDYH� UHFHQWO\�GHVLJQHG��GHYHORSHG��DQG� WHVWHG�DQ� LQQRYDWLYH�VHQVRU�V\VWHP�
SURWRW\SH� IRU� VPDUW� PRQLWRULQJ� RI� JDV� DQG� SDUWLFOH� HPLVVLRQV� IURP� FRRNLQJ� DFWLYLWLHV�� 7KH�
SURMHFW�FRXUVH�KDV�UHFHLYHG���������DV�DQ�RYHUDOO�VWXGHQWV¶�HYDOXDWLRQ��
�
�
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�
/LIHORQJ� OHDUQLQJ�� ([SHULHQWLDO� OHDUQLQJ�� $FWLYH� OHDUQLQJ�� 6NLOOV� WUDLQLQJ�� 0XOWLFXOWXUDO�
HQYLURQPHQW��(QJDJHPHQW��6WDQGDUGV��������������������
�
�
THE CONTEXT OF LEARNING 
�
,Q�OLJKW�RI�H[SHULHQWLDO�OHDUQLQJ�WKHRU\��.ROE���������OHDUQLQJ�LV�µWKH�SURFHVV�ZKHUHE\�NQRZOHGJH�
LV�FUHDWHG�WKURXJK�WKH�WUDQVIRUPDWLRQ�RI�H[SHULHQFH¶��7KHUHIRUH��SHRSOH�OHDUQ�IURP�H[SHULHQFH�
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DQG�WKURXJK�LW��GXULQJ�WKHLU�ZKROH� OLIH�� WKH\�DFTXLUH�WKHLU�RZQ�OHDUQLQJ�VWUDWHJLHV�ZKLFK�KHOS�
WKHP� WR� IDFH� GDLO\� VLWXDWLRQV� DQG� VROYH� SUREOHPV�� EXW� DOVR� LQIOXHQFH� WKHLU� EHKDYLRUV� DQG�
GHFLVLRQV��(DFK�SHUVRQ�KDV� LWV�RZQ�SHUVRQDO� FRJQLWLYH�VW\OHV��DOVR�FDOOHG� ³OHDUQLQJ�VW\OHV´��
ZKLFK�PD\� GLIIHU� GHSHQGLQJ� RQ�� H�J��� FXOWXUH�� DJH�� RU� JHQGHU� �%DUPH\HU�� ������� DQG�PD\�
FRQWDLQ�ERWK�VWURQJ�DQG�ZHDN�SRLQWV��-RQDVVHQ�DQG�*UDERZVNL���������$FFRUGLQJ�WR�+RIVWHGH�
��������RXU�FRJQLWLYH�GHYHORSPHQW�LV�GHWHUPLQHG�E\�WKH�HQYLURQPHQW�ZKHUH�ZH�JUHZ�XS��DQG�
RXU�VNLOOV�DUH�VKDSHG�DQG�UHLQIRUFHG�LQ�UHODWLRQ�WR�WKH�SDWWHUQV�RI�D�VSHFLILF�VRFLHW\��FRQVLVWLQJ�
RI�IDPLO\��VFKRRO�DQG�XQLYHUVLW\��ZRUN�HQYLURQPHQW��DQG�FRPPXQLW\��0DQ\�VWXGLHV�LQVLVW�RQ�WKH�
LPSRUWDQFH�RI�FXOWXUH�DQG�LWV�LPSDFW�RQ�WKH�VWXGHQWV¶�OHDUQLQJ�SURFHVV��1HYHUWKHOHVV��FXOWXUH�
LV�QRW�GHWHUPLQLVWLF��LQGLYLGXDOV�DUH�DQ�H[SUHVVLRQ�RI�WKHLU�QDWLYH�FXOWXUH��EXW�DOVR�D�SURGXFW�RI�
G\QDPLF�DQG�FRQWLQXRXV�LQWHUDFWLRQV�ZLWK�WKH�HQYLURQPHQW�ZKHUH�WKH\�OLYH��DW�KRPH�RU�DEURDG�
�6LJQRULQL� HW� DO��� ������� 7KH� LQGLYLGXDOV� VLPXOWDQHRXVO\� PRGLI\� DQG� DUH� PRGLILHG� E\� WKH�
HQYLURQPHQW�ZKLOH� ILWWLQJ� WKHPVHOYHV� LQ� LW��$GDSWDWLRQ� WR� H[WHUQDO� FRQGLWLRQV�EHORQJV� WR� WKH�
OHDUQLQJ�SURFHVV��WKHUHIRUH��WKH�ODWWHU�PD\�EH�QHJDWLYHO\�DIIHFWHG�ZKHQ�DGDSWDWLRQ�GRHV�QRW�
RFFXU�GXH�WR��H�J���WKH�LQGLYLGXDO¶V�UHVLVWDQFH�WR�D�VLWXDWLRQ�RU�FKDQJH��H�J���EHFDXVH�LW�FDXVHV�
XQFHUWDLQW\� RU� UHFRQVLGHUDWLRQ� RI� WKH� RZQ� KDELWV��� 6RPH� VWXGLHV� VXJJHVW� WKDW� VWXGHQWV� LQ�
LQWHUFXOWXUDO� HGXFDWLRQDO� VHWWLQJV� DUH� DEOH� DQG� ZLOOLQJ� WR� FKDQJH� DQG� EHKDYH� GLIIHUHQWO\� LQ�
UHVSRQVH� WR�GHPDQGV�DQG� WHDFKLQJ�VW\OHV� LQ� WKH�QHZ�HGXFDWLRQDO� FRQWH[W��+RZHYHU�� WKHVH�
FKDQJHV�DUH�QRW�XQLIRUP��7KH\�YDU\�EHWZHHQ� LQGLYLGXDOV�DOVR�EDVHG�RQ� WKHLU� H[SHFWDWLRQV��
YLHZV��NQRZOHGJH��VNLOOV��DWWLWXGHV��FXUUHQW�DQG�SDVW�H[SHULHQFHV��,QWHUQDWLRQDO�VWXGHQWV�DUH��
RQ�DYHUDJH��PRUH� LQFOLQHG� WR�DGDSW� WR�FKDQJLQJ�FRQGLWLRQV��DV�PRYLQJ�DEURDG� LV� WKHLU�RZQ�
FKRLFH��EXW�QRW�DOZD\V�QDWLRQDO�VWXGHQWV�DUH�ZLOOLQJ�WR�DGDSW�WR�DQ�LQWHUQDWLRQDO�FRQWH[W�WKDW�
WKH\�KDYH�QRW�FKRVHQ��7KHUHIRUH��KLJKHU�HGXFDWRUV�LQ�HDFK�VSHFLDOL]DWLRQ�DUHD�DUH�UHVSRQVLEOH�
IRU�HQVXULQJ�WKDW�WKH�OHDUQLQJ�SURFHVVHV�DQG�PHWKRGV�WKH\�XVH�KDYH�HOHPHQWV�WKDW�VWXGHQWV�
IURP�GLIIHUHQW�FXOWXUHV�DQG�EDFNJURXQGV�FDQ�XQGHUVWDQG�DQG�DFFHSW��-R\�DQG�.ROE���������
�
&RQFHSWXDOO\��FXOWXUH� LV�FRQVLGHUHG� WR� UHVLGH�ERWK� LQ�JURXSV�DQG� LQGLYLGXDOV��DQG� LW� LV�RIWHQ�
DVVRFLDWHG�ZLWK�QDWLRQDO�GLIIHUHQFHV��+RZHYHU��LQ�WRGD\¶V�JOREDOL]HG�ZRUOG��FXOWXUH�FDQQRW�EH�
VLPSO\�HTXDWHG�WR�WKH�FRQFHSW�RI�³QDWLRQ´�DV�LW�FDQ�QR�ORQJHU�EH�FRQILQHG�WR�D�SK\VLFDO�VSDFH�
�6LJQRULQL�HW�DO����������'XH�WR�WKH�FKDQJLQJ�QDWXUH�RI�FXOWXUH�LQ�WKH�QHZ�JOREDO�FRQWH[W�RI�KLJKHU�
HGXFDWLRQ��RI�ZKLFK�6ZHGHQ�LV�D�SULPH�H[DPSOH��HTXDWLQJ�³FXOWXUH´�DQG�³QDWLRQ´�PD\�EH�KLJKO\�
SUREOHPDWLF��1DWLRQDO�FXOWXUH�LV�LPSRUWDQW��EXW�LW�LV�QRW�WKH�RQO\�LQGLFDWRU�RI�LQGLYLGXDO¶V�OHDUQLQJ�
LGHQWLW\��ZKLFK�LV�VKDSHG�E\�FXOWXUDO�DQG�HFRORJLFDO�FKDUDFWHULVWLFV�RI�WKH�OHDUQLQJ�FRQWH[W��
�
,Q�WKH�&',2��&RQFHLYH�±�'HVLJQ�±�,PSOHPHQW�±�2SHUDWH��IUDPHZRUN��H[SHULHQWLDO�OHDUQLQJ�LV�D�
IRUP�RI�DFWLYH� OHDUQLQJ� �&',2�6WDQGDUGV������6WDQGDUG�����$FWLYH�DQG�H[SHULHQWLDO� OHDUQLQJ�
PHWKRGV�DUH�XVHG�WR�GLUHFWO\�HQJDJH�VWXGHQWV�LQ�WDNLQJ�RQ�UROHV�DQG�UHVSRQVLELOLWLHV�DV�ZHOO�DV�
LQ�WKLQNLQJ�DQG�SUREOHP�VROYLQJ�DFWLYLWLHV��,Q�WKH�FDVH�VWXG\�KHUH�SUHVHQWHG��ZH�LPSOHPHQWHG�
6WDQGDUG���WKURXJK�VPDOO�JURXS�GLVFXVVLRQV��TXHVWLRQV�DQG�DQVZHUV�VHVVLRQV��IHHGEDFN�IURP�
VWXGHQWV�DERXW�WKHLU�SURJUHVV��FRQFHSW�TXHVWLRQV�IURP�WKH�LQVWUXFWRUV��VXSHUYLVRUV��FXVWRPHU��
H[DPLQHU�� VFLHQWLILF� DGYLVRU��� DQG� GHPRQVWUDWLRQ� RI� WKH� SURGXFW� �D� ZRUNLQJ� VHQVRU� V\VWHP�
SURWRW\SH�� DW� D� ILQDO� ZRUNVKRS�� ZKLFK� LV� DOVR� SDUW� RI� WKH� VWXGHQWV¶� OHDUQLQJ� DVVHVVPHQW�
�6WDQGDUG������(QJDJLQJ�VWXGHQWV�LQ�WKLQNLQJ�DERXW�SRVVLEOH�SURMHFW�LGHDV��WDNLQJ�UHVSRQVLELOLW\�
IRU�WKHLU�FKRLFHV�DQG�ZRUNLQJ�RQ�SUREOHP�VROYLQJ�LQFUHDVHV�VWXGHQWV¶�PRWLYDWLRQ�WR�DFKLHYH�WKH�
LQWHQGHG�OHDUQLQJ�RXWFRPHV�DQG�GHYHORS�KDELWV�RI�OLIHORQJ�OHDUQLQJ��+RZHYHU��WKLV�HQJDJHPHQW�
SURFHVV�QHHGV�WR�EH�DFFRPSDQLHG�E\�FRQWLQXRXV�VXSSRUW�IURP�WKH�LQVWUXFWRUV�WR�DYRLG�WKDW�WKH�
VWXGHQWV�PD\�IHHO�ORVW�RU�RYHUZKHOPHG��7KH�VXSSRUWLYH�SUHVHQFH�DQG�FRQVWDQW�DYDLODELOLW\�RI�
WKH�VXSHUYLVRUV�DQG�RWKHU�LQVWUXFWRUV�KHOSV�WR�PRQLWRU�DQG�UHYLHZ��LI�QHFHVVDU\��WKH�VWXGHQWV¶�
OHDUQLQJ�DFWLYLWLHV�� IDFLOLWDWH� WKHLU� SURJUHVV�� DQG�JUDGXDOO\� OHDG� WKHP� WRZDUGV� RUJDQL]DWLRQDO�
LQGHSHQGHQFH��
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2XU�FRXUVH�LV�FKDUDFWHUL]HG�E\�WKH�SUHVHQFH�RI�ORFDO��QDWLRQDO��DQG�LQWHUQDWLRQDO�VWXGHQWV�IURP�
GLIIHUHQW�VWXG\�SURJUDPV��7KLV�GLYHUVLW\�HQVXUHV�D�YDULHW\�RI�OHDUQLQJ�VW\OHV�WKDW�LQIOXHQFH�ZRUN�
G\QDPLFV� DQG� OHDUQLQJ� SURFHVVHV� LQ� VHYHUDO� ZD\V�� 7KH� PXOWLFXOWXUDO� DQG� PXOWLGLVFLSOLQDU\�
HQYLURQPHQW�FUHDWHV�D�WRWDOO\�QHZ�OHDUQLQJ�H[SHULHQFH�WKDW�PD\�EH�XVHG�WR�IDFLOLWDWH��RQ�D�KDQG��
WKH�DFTXLVLWLRQ�RI�NQRZOHGJH�YLD�WUDQVIRUPDWLRQ�RI�H[SHULHQFH��DQG�VWLPXODWH��RQ�WKH�RWKHU�KDQG��
DGDSWDWLRQ�WR�H[WHUQDO�FRQGLWLRQV��)XUWKHUPRUH��REVHUYLQJ�WKH�JURXS�G\QDPLFV�DQG�DVVHVVLQJ�
WKH� SURMHFW� RXWFRPHV� RYHU� D� PHGLXP� WR� ORQJ� WHUP� FDQ� KHOS� WR� LGHQWLI\� VWUHQJWKV� DQG�
ZHDNQHVVHV�RI�&',2�LPSOHPHQWDWLRQ�LQ�VXFK�D�OHDUQLQJ�HQYLURQPHQW��0DWFKLQJ�SHRSOH�ZLWK�
WKH�HQYLURQPHQW��L�H���XQGHUVWDQGLQJ�WKH�GLIIHUHQW�QHHGV��DWWLWXGHV��LQWHUHVWV��DQG�VNLOOV�RI�RXU�
VWXGHQWV�IRU�FUHDWLQJ�WKH�PRVW�VXLWDEOH�DQG�VXVWDLQDEOH�OHDUQLQJ�HQYLURQPHQW��LV�DQ�HIIHFWLYH�
ZD\�WR�HQVXUH�WKH�DFKLHYHPHQW�RI�WKH�VWXGHQWV¶�OHDUQLQJ�RXWFRPHV��6WDQGDUG�����
�
�
LEARNING AS A COLLABORATIVE RESPONSIBILITY 
�
:KHQ�VWXGHQWV�DQG� WHDFKHUV�FRPH� IURP�GLIIHUHQW� FXOWXUHV�� OLNH� LQ�RXU�&',2�FRXUVH�� FURVV�
FXOWXUDO� OHDUQLQJ�VLWXDWLRQV�DUH�QDWXUDOO\�GHYHORSHG��0XWXDO� XQGHUVWDQGLQJ��DZDUHQHVV��DQG�
VXVWDLQHG�HIIRUWV�IURP�ERWK�WHDFKHUV�DQG�VWXGHQWV�DUH�UHTXLUHG�WR�DYRLG�SUHPDWXUH�MXGJHPHQWV�
�+RIVWHGH���������PLVXQGHUVWDQGLQJV��RU�XQIUXLWIXO�OHDUQLQJ�VLWXDWLRQV��
�
2XU�FRJQLWLYH�GHYHORSPHQW�LV�GHWHUPLQHG�E\�WKH�GHPDQGV�RI�WKH�HQYLURQPHQW�LQ�ZKLFK�ZH�JUHZ�
XS��DQG�LW�LV�URRWHG�LQ�WKH�SDWWHUQ�RI�D�VRFLHW\��:H�EHFRPH�JRRG�DW�GRLQJ�VRPHWKLQJ�LI�ZH�GR�
VRPHWKLQJ� WKDW� LV� LPSRUWDQW��PHDQLQJIXO�� IDPLOLDU��DQG�UHSHDWHG� IUHTXHQWO\��7KLV�PHDQV� WKDW�
SHRSOH�IURP�GLIIHUHQW�VRFLHWLHV�SURFHVV�LQIRUPDWLRQ�LQ�GLIIHUHQW�ZD\V��DFTXLUH�GLIIHUHQW�VNLOOV��
DQG�FRQVLGHU� LPSRUWDQW�GLIIHUHQW� WKLQJV��$OVR�DFDGHPLF� OHDUQLQJ� LV�DIIHFWHG�E\� WKLV�SURFHVV��
HVSHFLDOO\�ZKHQ�UHIHUUHG�WR�FURVV�FXOWXUDO�OHDUQLQJ��7UDQVSDUHQF\��RSHQ�FRPPXQLFDWLRQ��DQG�
FRQVWUXFWLYH�IHHGEDFN�KHOS�WKH�UHDOL]DWLRQ�RI�FROODERUDWLYH�SURFHVVHV�WKDW�DUH�EHQHILFLDO�WR�ERWK�
VWXGHQWV�DQG�WHDFKHUV�IRU� LQFUHDVHG�HQJDJHPHQW�� OHDUQLQJ��DQG� OHDUQLQJ�UHWHQWLRQ��%HQHILWV�
IURP�FROODERUDWLRQ�PD\�RFFXU�DW� GLIIHUHQW� OHYHOV�� EHWZHHQ�VWXGHQWV�� EHWZHHQ� WHDFKHUV�� DQG�
EHWZHHQ� WHDFKHUV� DQG� VWXGHQWV��6HYHUDO� VWXGLHV� VXJJHVW� WKDW� VWXGHQWV� DQG� WHDFKHUV� OHDUQ�
PRUH�DQG�DW�D�GHHSHU�OHYHO��DUH�PRUH�HQJDJHG��DQG�KDYH�D�KLJKHU�UDWH�RI�DFKLHYHPHQW�DQG�
UHWHQWLRQ�ZKHQ�ZRUNLQJ�LQ�D�FROODERUDWLYH�HQYLURQPHQW�UDWKHU�WKDQ�DORQH��7RWWHQ�HW�DO���������
&KLULDF�� ������� ,Q� DGGLWLRQ�� D� FROODERUDWLYH� HQYLURQPHQW� KHOSV� VWXGHQWV� WR� EXLOG� RU� LPSURYH�
SHUVRQDO�� LQWHUSHUVRQDO�� DQG�VRFLDO� VNLOOV� WKDW� DUH� LPSRUWDQW� LQ�SUHSDULQJ� WKHP� IRU� WKH� ODERU�
PDUNHW�� ZKHUH� FROODERUDWLRQ�� WHDPZRUN�� SUREOHP�VROYLQJ�� DQG� RWKHU� MRLQW� PLVVLRQV� DUH� NH\�
HOHPHQWV�RI�PDQ\�FDUHHUV��&ROODERUDWLYH�HQYLURQPHQWV�DOORZ�VWXGHQWV� WR�VXUSDVV� LQGLYLGXDO�
OLPLWDWLRQV�� LQFUHDVH� UHIOHFWLYH� DQG� FULWLFDO� WKLQNLQJ�� DQG� HQKDQFH� GHSWK� RI� XQGHUVWDQGLQJ�
�0HVHNH�HW�DO����������3RVLWLYH�RXWFRPHV�IURP�FROODERUDWLYH� OHDUQLQJ�FDQ�DOVR�EH�UHODWHG�WR�
WHDFKHUV¶�SHUIRUPDQFH�LQ�WHUPV�RI�LQFUHDVHG�FRPPLWPHQW�DQG�VHQVH�RI�VKDUHG�UHVSRQVLELOLW\��
UHGXFWLRQ�RI� LVRODWLRQ��DFTXLVLWLRQ�RI�QHZ�VWUDWHJLHV�DQG�VNLOOV��H[FKDQJH�RI� LQIRUPDWLRQ�DQG�
H[SHULHQFHV��&ROODERUDWLRQ�FDQ�EH�VHHQ�DV�D�SRVLWLYH�SHHU�WR�SHHU�WUDQVIHU�RI�NQRZOHGJH�DQG�
WKH�RFFDVLRQ�WR�GHYHORS�VRFLDO�DQG�FRRSHUDWLYH�VNLOOV��0HVHNH�HW�DO����������
�
,Q� WKH� &',2� IUDPHZRUN�� WKH� GHVLJQ� DQG� LPSOHPHQWDWLRQ� RI� H[SHULHQFHV� RI� LQFUHDVLQJ�
FRPSOH[LW\��6WDQGDUG�����LQ�WKH�IRUP�RI�ERWK�LQGLYLGXDO�DQG�JURXS�DVVLJQPHQWV��PD\�EH�RIIHUHG�
WR�KHOS�VWXGHQWV�WR�UHLQIRUFH�WKHLU�XQGHUVWDQGLQJ�DQG�LQWHJUDWH�SULRU�NQRZOHGJH�DQG�VNLOOV�IRU�
GHYHORSLQJ�QHZ�WHFKQLFDO�GLVFLSOLQDU\�NQRZOHGJH�DQG�FRQVROLGDWLQJ�WKHLU�KDUG�DQG�VRIW�VNLOOV�
�6WDQGDUG�����,Q�RXU�DSSURDFK��WKH�FROODERUDWLYH�HQYLURQPHQW�LV�FRQVLGHUHG�WKH�IRXQGDWLRQ�RI�
HIIHFWLYH�DQG�OLIHORQJ�OHDUQLQJ��,Q�RWKHU�ZRUGV��ZH�SURSRVH�DQ�DOWHUQDWLYH�ZD\�WR�DSSO\�6WDQGDUG�
��E\�FRQVLGHULQJ�WKH�IUDPHZRUN��DQG�QRW�WKH�SURGXFW��DV�WKH�FRQWH[W�RI�OHDUQLQJ�LQ�ZKLFK�WKH�
WHFKQLFDO�NQRZOHGJH�DQG�VHYHUDO�VNLOOV�DUH�WDXJKW��$�GHVLUHG�HIIHFW�RI�WKLV�FKDQJH�RI�SHUVSHFWLYH�
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LV�WKDW�WKH�VWXGHQWV�FDQ�IHHO�HYHQ�PRUH�PRWLYDWHG�DQG�LQYROYHG�LQ�WKH�OHDUQLQJ�SURFHVV�EHFDXVH�
WKH\� QRW� RQO\� DFWLYHO\� SDUWLFLSDWH� LQ� WKH� HGXFDWLRQDO� SURFHVVHV� DQG� FRQWULEXWH� WR� WKH�
GHYHORSPHQW�RI�HQJLQHHULQJ�VROXWLRQV�EXW�FR�FUHDWH�ERWK�SURFHVVHV�DQG�VROXWLRQV�WRJHWKHU�ZLWK�
WKHLU� LQVWUXFWRUV�� 1HYHUWKHOHVV�� DOWKRXJK� PRVW� VWXGLHV� ZDUPO\� DSSODXG� WKH� EHQHILWV� RI�
FROODERUDWLYH� OHDUQLQJ�� WKHUH�DUH�QRWDEOH� LVVXHV�WR�EH�FRQVLGHUHG��)RU�H[DPSOH��XQSUHSDUHG�
SHHUV� �H�J��� IUHH� ULGHUV�� PD\� EH� DEOH� WR� SDVV� XQGHVHUYHGO\� WKH� ILQDO� H[DPLQDWLRQ� WDVN� RU��
FRQYHUVHO\��PD\�EH�WKH�FDXVH�RI�ZHDN�RU�G\VIXQFWLRQDO�JURXSV��$OVR��SUREOHPV�PD\�DULVH�ZKHQ�
JURXS�FRQVHQVXV�FDQQRW�EH�DFKLHYHG��0HVHNH�HW�DO����������%HVLGHV��WKHUH�DUH�VWXGHQWV�ZKR�
GR�QRW�IHHO�FRPIRUWDEOH�WR�ZRUN�LQ�JURXS��VKDUH�LQIRUPDWLRQ��GLVWULEXWH�WDVNV��DQG�ZRXOG�SUHIHU�
LQGHSHQGHQW�ZRUN�DQG�LQGLYLGXDO�DVVLJQPHQWV��+RZ�LV�LW��WKHUHIRUH��SRVVLEOH�WR�HVWDEOLVK�ERWK�
LQGHSHQGHQW� DQG� FROODERUDWLYH� URXWHV� WRZDUGV� ERWK� LQGLYLGXDO� DQG� FRPPRQ� REMHFWLYHV"�
(PSRZHUPHQW� RI� WKH� LQGLYLGXDO�� RQ� D� KDQG�� DQG� LQFUHDVLQJ� LQWHUGHSHQGHQFH� EHWZHHQ�
LQGLYLGXDOV��RQ�WKH�RWKHU�KDQG��FRQVWLWXWH�WKH�QHZ�LGHQWLW\�RI�PRGHUQ�:HVWHUQ�VRFLHWLHV��7KLV�
VLPXOWDQHRXV� LQGHSHQGHQFH� DQG� LQWHUGHSHQGHQFH� LV� FDOOHG� FROODERUDWLYH� LQGLYLGXDOLVP�
�/LPHULFN� DQG� &XQQLQJWRQ�� ������� ,Q� WKLV� FRQWH[W�� FROODERUDWLRQ� DQG� LQGLYLGXDOLVP� FRPH�
WRJHWKHU� LQWR� D� EDODQFH�� LQ� WKH� VHQVH� RI� WKH� VLPXOWDQHRXV� DVVHUWLRQ� RI� ERWK�� &ROODERUDWLYH�
LQGLYLGXDOV�DUH� UHVSRQVLEOH� IRU� WKHLU�RZQ�DFWLRQV�ZKLOH�EHLQJ�FROODERUDWLYH�DQG�ZRUNLQJ�ZLWK�
RWKHUV�WRZDUGV�FRPPRQ�JRDOV��,Q�DQ�HQJLQHHULQJ�OHDUQLQJ�ZRUNVSDFH�XVLQJ�WKH�&',2�PRGHO��
WHDFKLQJ�DQG�OHDUQLQJ�DFWLYLWLHV�DLPLQJ�DW�UHLQIRUFLQJ�ERWK�LQGLYLGXDO�DQG�FROOHFWLYH�VNLOOV�DQG�
FRPSHWHQFLHV� DW� D� KLJK� FRJQLWLYH� OHYHO� PD\� XVH� FRQVWUXFWLYH� DOLJQPHQW� DQG� SHUIRUPDWLYH�
IHHGEDFN�DV� WZR�SRZHUIXO� WRROV� WR�KHOS�VWXGHQWV� WR�GHYHORS�FULWLFDO� WKLQNLQJ�� LQGHSHQGHQFH��
SUREOHP�VROYLQJ�� DQG� FUHDWLYH� VNLOOV�� DQG� WR� DSSO\� WKHP� LQ�PHDQLQJIXO�ZD\V�� %XLOGLQJ� VNLOOV�
FRQFXUUHQWO\�ZLWK�GLVFLSOLQDU\�NQRZOHGJH�DQG�SURYLGLQJ�RSSRUWXQLWLHV�IRU�VRFLDO� OHDUQLQJ�PD\�
KHOS�WR�RYHUFRPH�LQGLYLGXDO�OLPLWDWLRQV�DQG�LPSURYH�WKH�TXDOLW\�RI�WHDFKLQJ�DQG�VWXGHQW�OHDUQLQJ�
�6WDQGDUG�����
�
�
CASE STUDY�
�
7KH�&',2�FRXUVH�HQWLWOHG�3URMHFW�&RXUVH�LQ�$SSOLHG�3K\VLFV��7)<$�������(&76���LV�RIIHUHG�WR�
PDVWHU¶V�VWXGHQWV�LQ�DSSOLHG�SK\VLFV��HOHFWULFDO�HQJLQHHULQJ��ELRPHGLFDO�HQJLQHHULQJ��PDWHULDO�
VFLHQFH�DQG�QDQRWHFKQRORJ\�DW�WKH�'HSDUWPHQW�RI�3K\VLFV��&KHPLVWU\�DQG�%LRORJ\��,)0��DW�
/LQN|SLQJ� 8QLYHUVLW\�� 6ZHGHQ�� 7KH� FRXUVH� LV� GHVLJQHG� DQG� GHYHORSHG� WR� PHHW� GLIIHUHQW�
EDFNJURXQGV�DQG�LQWHUHVWV�RI�PXOWLGLVFLSOLQDU\�DQG�KHWHURJHQHRXV�WDUJHW�JURXSV��'XULQJ�WKH�
FRXUVH��RXU�VWXGHQWV�GHYHORS�HQJLQHHULQJ�NQRZOHGJH��FRPSHWHQFH��DQG�VNLOOV�DV�ZHOO�DV�WKH�
EDVLFV�RI�SURMHFW�PDQDJHPHQW��ZRUNLQJ�DV�D�WHDP�LQ�DQ�LQGXVWU\�OLNH�HQYLURQPHQW��XVLQJ�WKH�
&',2� FRQFHSW�� 7KH� FRUH�SDUW� RI� WKH� FRXUVH� LQFOXGHV� WKH� UHDOL]DWLRQ� RI� D� SURMHFW� LQ�
PXOWLGLVFLSOLQDU\�DSSOLHG�SK\VLFV� WKDW� VKDOO� OHDG� WR� WKH�GHYHORSPHQW�RI�D�SURGXFW�ZLWK� ODUJH�
LQQRYDWLRQ�DQG�DSSOLFDWLRQ�SRVVLELOLWLHV��3URMHFWV�PD\�EH�HLWKHU�H[SHULPHQW��RU�WKHRU\�RULHQWHG��
DQG�DSSOLFDWLRQ�IRFXVHG��+HUH��ZH�UHSRUW�RQ�H[SHULPHQW�RULHQWHG�SURMHFWV�DQG�WKHLU�LPSDFW�RQ�
RXU�VWXGHQWV�RYHU�WKH�SDVW�ILYH�\HDUV��$V�DQ�H[DPSOH�RI�VXFFHVVIXO�SURMHFW�ZRUN�EDVHG�RQ�WKH�
SURSRVHG� PHWKRGRORJ\� DQG� LPSOHPHQWDWLRQ� RI� &',2� SULQFLSOHV� LQ� D� SUDFWLFDO� VHWWLQJ�� ZH�
SUHVHQW� WKH� SURMHFW� UHVXOWV� RI� WZR� JURXSV� RI� VWXGHQWV� ZKR� KDYH� VXFFHVVIXOO\� GHVLJQHG��
GHYHORSHG�� DQG� WHVWHG� DQ� LQQRYDWLYH� VHQVRU� V\VWHP� SURWRW\SH� IRU� UHDO�WLPH� PRQLWRULQJ� RI�
FRRNLQJ�DFWLYLWLHV�XVLQJ�DQ�HOHFWULF�VWRYH��\HDU��������
�
Implementation of the collaborative environment in a practical setting 
�
2XU�VWXGHQWV�DUH�KLJKO\�LQYROYHG�LQ�DOO�SKDVHV�RI�WKHLU�SURMHFW�ZRUN��$W�WKH�VWDUW�RI�WKH�FRXUVH��
WKH\�IRUP�DXWRQRPRXVO\�WKHLU�JURXSV��W\SLFDOO\��IRXU�WR�VHYHQ�PHPEHUV��DQG�GLVWULEXWH�UROHV�
DQG� WDVNV� ZLWKLQ� HDFK� JURXS�� :H� RQO\� VXJJHVW� WKHP� WR� EH� VWUDWHJLF� RQ� FUHDWLQJ� D�
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PXOWLGLVFLSOLQDU\� WHDP� ZLWK� FRPSOHPHQWDU\� NQRZOHGJH�� LQWHUHVWV�� DQG� VNLOOV�� $W� OHDVW� RQH�
VXSHUYLVRU� LV�DVVLJQHG� WR�HDFK�JURXS��$FWLYH�SDUWLFLSDWLRQ�ZLWKLQ� WKH�JURXS�DQG�FRQWLQXRXV�
LQWHUDFWLRQ�EHWZHHQ�WKH�JURXSV�DQG�ZLWK�WKH�WHDFKLQJ�VWDII�VKDSH�WKH�FRPPXQLFDWLRQ�VW\OHV�
ZLWKLQ� WKH� FROODERUDWLYH� HQYLURQPHQW�� ,QWURGXFWRU\� OHFWXUHV� DQG� ZRUNVKRSV�� VNLOOV� WUDLQLQJ�
DFWLYLWLHV��IHHGEDFN��DQG�VXSHUYLVLRQ��DUH�RIIHUHG�WR�VXSSRUW�WKH�VWXGHQWV¶�OHDUQLQJ�DQG�HQVXUH�
DGYDQFHV� LQ� WKHLU� SURMHFW� ZRUN�� 7KH� &',2� PRGHO� LV� XVHG� IRU� WKH� HQWLUH� SURGXFW� OLIHF\FOH�
�6WDQGDUG�����7R�ERRVW�DFWLYH�OHDUQLQJ��6WDQGDUG����IURP�WKH�EHJLQQLQJ��RXU�VWXGHQWV�DUH�QRW�
DVVLJQHG�D�SURMHFW�WR�GHYHORS��EXW�HQFRXUDJHG�WR�FRQFHLYH�WKHLU�RZQ�RULJLQDO�LGHDV�WR�SLWFK�DW�
D�ILUVW�GHFLVLRQ�SRLQW�PHHWLQJ�ZLWK�WKHLU�LQVWUXFWRUV��H[DPLQHU��FXVWRPHU��VXSHUYLVRUV��VFLHQWLILF�
DGYLVRU��� $IWHU� WKH� DSSURYDO� RI� WKH� VHOHFWHG� LGHD�� WKH\� PD\� VWDUW� ZRUNLQJ� RQ� WKH� GHVLJQ�
LPSOHPHQW� SKDVH�� 7KH� SURMHFW� HQGV� ZLWK� WKH� GHPRQVWUDWLRQ� RI� D� ZRUNLQJ� VHQVRU� V\VWHP�
SURWRW\SH�LQ�RSHUDWLRQDO�HQYLURQPHQW�DQG�WKH�DSSURYDO�RI�D�WHFKQLFDO�UHSRUW��$VVHVVPHQW�RI�WKH�
VWXGHQWV¶�OHDUQLQJ�LV�FRQGXFWHG�FRQWLQXRXVO\�GXULQJ�WKH�FRXUVH�E\�RQJRLQJ�LQGLYLGXDO�DV�ZHOO�
DV� JURXS� DVVLJQPHQWV�� SUHVHQWDWLRQV�� VNLOOV� WUDLQLQJ� DQG� SUDFWLFDO� DFWLYLWLHV�� WHFKQLFDO�
GRFXPHQWDWLRQ�� VWXGHQWV¶� UHIOHFWLRQV�� SHHU� DQG� VHOI�DVVHVVPHQW�� REVHUYDWLRQV� RI� VWXGHQWV¶�
SHUIRUPDQFH��WLPH�PDQDJHPHQW�DQG�OHYHO�RI�SDUWLFLSDWLRQ�DW�DOO�SURSRVHG�DFWLYLWLHV��6WDQGDUG�
�����:H�REVHUYHG�WKDW� LQYLWLQJ�VWXGHQWV� WR�SURSRVH�SURMHFW� LGHDV�� WR� ILQG�DJUHHPHQWV�ZLWKLQ�
WKHLU�UHVSHFWLYH�JURXSV��DQG�WR�SURYLGH�IHHGEDFN�WR�WKH�RWKHU�JURXS��LV�D�VLPSOH�DQG�HIIHFWLYH�
ZD\�WR�HQKDQFH�WHDPZRUN��FRRSHUDWLRQ��DQG�FRPPXQLFDWLRQ��DQG�HQJDJH�WKHP�GLUHFWO\�LQ�WKHLU�
RZQ� OHDUQLQJ� �6WDQGDUG� ���� 2IIHULQJ� VWXGHQWV� WKH� SRVVLELOLW\� WR� SHUVRQDOL]H� WKHLU� OHDUQLQJ�
H[SHULHQFH� EDVHG� RQ� WKHLU� LQGLYLGXDO� DQG� FROOHFWLYH� LQWHUHVWV�� VNLOOV�� DQG� HGXFDWLRQDO�
EDFNJURXQGV� VWLPXODWHV� WKHLU� FUHDWLYLW\�� SURPRWH� DFWLYH� SDUWLFLSDWLRQ�� DQG� LQFUHDVHV� WKHLU�
LQWHUHVW� DQG�PRWLYDWLRQ� WRZDUGV� DFKLHYLQJ�PD[LPXP� OHDUQLQJ� RXWFRPHV� �6WDQGDUG� ���� 7KH�
DFWLYDWLRQ�RI�VXFK�D�YLUWXRXV�PHFKDQLVP�LV�LPSRUWDQW�IRU�D�FRXUVH�OLNH�WKLV�ZKHUH�D�SDVV�IDLO�
JUDGH�FRXOG�RWKHUZLVH�UHGXFH�WKH�VWXGHQWV¶�DPELWLRQ�WR�DFKLHYH�WKH�PLQLPXP�UHTXLUHPHQWV�WR�
SDVV�WKH�FRXUVH��
�
�
RESULTS AND DISCUSSION 
 
,Q� WKLV� VHFWLRQ�� ZH� SUHVHQW� DQG� GLVFXVV� WKH� UHVXOWV� RI� VWXGHQW� FRXUVH� HYDOXDWLRQ� DQG� WKH�
WHFKQLFDO� UHVXOWV� RI� WZR� VWXGHQW� SURMHFWV� �FDVH� VWXG\�� DV� HYLGHQFH� RI� D� VXFFHVVIXO� &',2�
LPSOHPHQWDWLRQ�LQ�D�SUDFWLFDO�VHWWLQJ�XVLQJ�DQ�DFWLYH�DQG�H[SHULHQWLDO�OHDUQLQJ�DSSURDFK���
 
Feedback from the students’ course evaluation 
�
)LJXUH���VKRZV�D�VXPPDU\�RI�WKH�VWXGHQW�FRXUVH�HYDOXDWLRQ�GXULQJ�WKH�SHULRG������������:H�
GLVFDUGHG� WKH� UHVXOWV� IURP������EHFDXVH� WKH\�ZHUH�GHHPHG�VWDWLVWLFDOO\� LQFRQFOXVLYH��7KH�
WLPHIUDPH�FRQVLGHUHG�LV�FKDUDFWHUL]HG�E\�LWHUDWLYH�LPSURYHPHQW�RI�WKH�FRXUVH�EDVHG�RQ�WKH�
IHHGEDFN�UHFHLYHG�IURP�WKH�VWXGHQWV��ERWK�RUDO�DQG�ZULWWHQ��GXULQJ�JURXS�GLVFXVVLRQV��LQIRUPDO�
FRQYHUVDWLRQV��H�PDLO�FRPPXQLFDWLRQV��DQG�ILQDO�FRXUVH�HYDOXDWLRQV��DV�ZHOO�DV�RXU�SHUVRQDO�
H[SHULHQFH�� REVHUYDWLRQV�� DQG� IHHGEDFN� VKDUHG�ZLWK� DQG� UHFHLYHG� IURP� WKH� RWKHU� LQYROYHG�
LQVWUXFWRUV�DQG�JXHVW� OHFWXUHUV��)XUWKHUPRUH�� WKLV� LV� WKH�SHULRG�RI�VLJQLILFDQW�FKDQJHV� LQ� WKH�
FRXUVH� V\OODEXV�� GHVLJQ�� FRQWHQWV�� HQJDJLQJ� WRROV�� WHDFKLQJ� VWDII�� DQG� PHWKRGRORJLFDO�
DSSURDFK�� ,W� LV� ZRUWK� QRWLFLQJ� WKDW� WKH� SHULRG� FRQVLGHUHG� LQFOXGHV� WKH� \HDUV� RI� &29,'����
SDQGHPLF�RXWEUHDN�WKDW�GHWHUPLQHG�KLJKHVW�OHYHOV�RI�XQFHUWDLQW\��OLPLWHG�DFFHVV�WR�ODERUDWRU\�
IDFLOLWLHV�� DQG� VLJQLILFDQW� FKDQJHV� WR� WKH� OHDUQLQJ� ZRUNVSDFH� �6WDQGDUG� ��� DQG� GHVLJQ�
LPSOHPHQW�H[SHULHQFHV� �6WDQGDUG����GXULQJ������DQG�������7KH� WKUHH�TXHVWLRQV�H[WUDFWHG�
IURP�WKH�FRXUVH�HYDOXDWLRQ�UHIHU�WR�WKH�UHOHYDQFH�RI�WKH�WHDFKLQJ�DQG�ZRUNLQJ�PHWKRGV�XVHG�
�4����HYDOXDWLRQ�RI�WKH�FRXUVH�FRPSRQHQWV��4����DQG�RYHUDOO�HYDOXDWLRQ�DQG�UHOHYDQFH�RI�WKH�
FRXUVH�WR�VWXGHQW¶V�HGXFDWLRQ��4���IURP�WKH�VWXGHQW�SHUVSHFWLYH��7KH�UHVXOWV�DUH�VDWLVI\LQJ�LQ�
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DOO�FDVHV�DQG�VKRZ�DQ�DYHUDJH�LQFUHDVH�LQ�WKH�PHDQ�YDOXHV�IURP������WR�������7KH�PHDVXUHV�
WDNHQ�GXULQJ�&29,'����SDQGHPLF�RXWEUHDN�WR�EHWWHU�DGDSW�WKH�WHDFKLQJ�DQG�ZRUNLQJ�PHWKRGV�
�4���DV�ZHOO�DV�WKH�GLIIHUHQW�FRXUVH�FRPSRQHQWV��4���WR�WKH�FKDQJLQJ�DQG�XQFHUWDLQ�VLWXDWLRQV�
ZRUNHG�ZHOO�DQG�SURGXFHG�WDQJLEOH�UHVXOWV��VHH�����������EHIRUH�SDQGHPLF�DQG�����������
GXULQJ� SDQGHPLF�� 2YHUDOO� VWXGHQW� VDWLVIDFWLRQ� ZLWK� WKH� FRXUVH� DV� D� SRVLWLYH� UHVXOW� RI�
LPSOHPHQWLQJ�WKH�SURSRVHG�VWUDWHJ\��4���LV�GHPRQVWUDWHG�E\�KLJK�UDWLQJ�WKURXJKRXW�WKH�SHULRG�
FRQVLGHUHG�DQG�D�����QHW�LQFUHDVH�IURP���������LQ������WR����������LQ�������7KH�SRVLWLYH�WUHQGV�
UHFRUGHG�RYHU�WKH�\HDUV�RI�LQFUHDVLQJ�LPSOHPHQWDWLRQ�RI�HQJDJHPHQW�WRROV�LQGLFDWH�D�JHQHUDO�
SUHIHUHQFH�IRU�WKLV�QHZ�DSSURDFK�FRPSDUHG�WR�SUHYLRXVO\�PRUH�GHILQHG�SURMHFWV��

�
)LJXUH�����6WXGHQWV¶�DQVZHUV�WR�WKUHH�RI�WKH�TXHVWLRQV�FRQWDLQHG�LQ�WKH�FRXUVH�HYDOXDWLRQ�

GXULQJ������������
�
7KHVH�YHU\�SRVLWLYH� UHVXOWV�DUH�FOHDU�SURRI� WKDW� WKH� LPSURYHPHQWV� LQWURGXFHG� LQ� WKH�FRXUVH�
ZRUN�ZHOO�DQG�DUH�ZHOO�SHUFHLYHG�E\�WKH�VWXGHQWV���
�
Conceive-Design-Implement-Operate a working system 
�
2XU� &',2� FRXUVH� LV� D� SURMHFW�EDVHG� FRXUVH� WKDW� XVHV� DQ� H[SHULPHQWDO� DQG� H[SHULHQWLDO�
DSSURDFK� WR� IDFLOLWDWH� DQG� VWLPXODWH� VWXGHQWV¶� DFWLYH� OHDUQLQJ� WKURXJK� PXOWLSOH� HQJDJLQJ�
H[SHULHQFHV��FIU��.ROE��������DQG�&',2�6WDQGDUG�����,Q�������WZR�JURXSV�RI�VWXGHQWV�GHVLJQHG��
GHYHORSHG��DQG�WHVWHG�DQ�LQQRYDWLYH�VHQVRU�V\VWHP�SURWRW\SH�IRU�VPDUW�PRQLWRULQJ�RI�FRRNLQJ�
IXPHV��KHDW��DQG�VWHDP��DQG�DXWRPDWHG�FRQWURO�RI�D�VWRYH�KRRG��(DFK�JURXS�FRQVLVWHG�RI�VL[�
VWXGHQWV��%\�XVH�RI�D�EXGJHW�WLPH�RI�����KRXUV�RYHU�D�SHULRG�RI�DERXW�IRXU�PRQWKV��6HSWHPEHU�
'HFHPEHU��� WKH� WZR� JURXSV� RI� VWXGHQWV� GHPRQVWUDWHG� WKDW�� GHSHQGLQJ� RQ� WKH� PHDVXUHG�
FRQFHQWUDWLRQ��WKH�V\VWHP�FDQ�VZLWFK�WKH�IDQ�RQ�RII�DQG�UHJXODWH�LWV�VSHHG�ZLWK�WKH�HIIHFW�RI�
VXSSUHVVLQJ� SROOXWDQWV� WKDW� DUH� UHOHDVHG� ZKLOH� SUHSDULQJ� IRRG�� DQG� UHGXFLQJ� SRZHU�
FRQVXPSWLRQ��
�
%RWK�SURWRW\SHV�LQFOXGHG�WKUHH�PDLQ�VXEV\VWHPV��HYHQ�LI�GHVLJQHG�DQG�LPSOHPHQWHG�GLIIHUHQWO\��
����D�VHQVRU�XQLW�IRU�PRQLWRULQJ�W\SLFDO�LQGRRU�DLU�SROOXWDQWV�HPLWWHG�GXULQJ�FRRNLQJ�DFWLYLWLHV��
QDPHO\� SDUWLFXODWH� PDWWHU� �30��� WRWDO� YRODWLOH� RUJDQLF� FRPSRXQGV� �792&��� IRUPDOGHK\GH�
�&+�2���FDUERQ�GLR[LGH��&2����SOXV�WHPSHUDWXUH��7��DQG�UHODWLYH�KXPLGLW\��5+�������D�FRQWURO�
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XQLW�IRU�VLJQDO�UHFHSWLRQ��SURFHVVLQJ��DQG�WUDQVPLVVLRQ�WR�WKH�KRRG��DQG�����DQG�D�FRRNLQJ�XQLW�
FRQWDLQLQJ�DQ�HOHFWULF�VWRYH�DQG�KRRG�IRU�H[SHULPHQWV��%HVW�LQ�FODVV�FRPPHUFLDO�VHQVRUV�IRU�
PHDVXUHPHQW�RI�WKH�PHQWLRQHG�SROOXWDQWV�DQG�HQYLURQPHQWDO�SDUDPHWHUV�ZHUH�VHOHFWHG�EDVHG�
RQ�FHUWDLQ�UHTXLUHPHQW�VSHFLILFDWLRQV��,Q�WKH�FDVH�RI�SURWRW\SH�����)LJXUH�����WKH�KRXVLQJV�IRU�
WKH�HOHFWURQLFV�DQG�VHQVRUV�ZHUH�PDQXIDFWXUHG�XVLQJ��'�SULQWLQJ�WHFKQRORJ\��ZKHUHDV�LQ�WKH�
FDVH�RI�SURWRW\SH�����)LJXUH�����WKH�FKDPEHU�KRVWLQJ�DOO�KDUGZDUH�FRPSRQHQWV�RI�WKH�V\VWHP�
ZDV�UHDOL]HG�XVLQJ�UHF\FOHG�ZDVWH�PDWHULDOV�DV�D�VXVWDLQDEOH�FKRLFH���

�

��D��� ��������E��
�

)LJXUH�����D��6HQVRU�V\VWHP�SURWRW\SH����E\�)$1WDV7(&+�7HDP���E��&RQWDLQHUV�IRU�WKH�
VHQVRUV�DQG�FRQWURO�V\VWHPV�UHDOL]HG�XVLQJ��'�SULQWLQJ�WHFKQRORJ\��

�

�D�� ���E��� �
�

)LJXUH�����D��6HQVRU�V\VWHP�SURWRW\SH����E\�6(16�&21�7HDP���E��&RRNLQJ�XQLW�DQG�
FKDPEHU�KRVWLQJ�DOO�KDUGZDUH�FRPSRQHQWV�RI�WKH�V\VWHP��

�
([SHULPHQWV�ZHUH�SHUIRUPHG�LQ�ERWK�ODERUDWRU\�DQG�KRPH�HQYLURQPHQWV��*DV�DQG�SDUWLFXODWH�
HPLVVLRQV�IURP�FRPPRQ�FRRNLQJ�DFWLYLWLHV��VXFK�DV�ERLOLQJ�ZDWHU�DQG�IU\LQJ�UDSHVHHG�RLO�ZLWK�

�
���



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

RU�ZLWKRXW�EDFRQ��RQLRQ��DQG�HJJV��ZHUH�PHDVXUHG�RYHU� WLPH��DQG� WKH�HIILFLHQF\�RI�JUHDVH�
ILOWHUV�ZDV�HYDOXDWHG��
'XULQJ�WKH�SURFHVV�RI�ERLOLQJ�ZDWHU��)$1WDV7(&+�SURWRW\SH����PHDVXUHG�DQ�LQFUHDVH�RI�5+�
DV�ZHOO�DV�RI�&2��FRQFHQWUDWLRQ�DIWHU�DERXW�����V�IURP�WKH�VWDUW�RI�DFWLYLW\��7KH�WHPSHUDWXUH�
LQFUHDVHG� VWHDGLO\� HLWKHU�ZLWK� RU�ZLWKRXW� WKH� JUHDVH� ILOWHU�� 7KH�30� FRQFHQWUDWLRQ� UHPDLQHG�
DURXQG�]HUR�XQWLO�WKH�ZDWHU�UHDFKHG�WKH�ERLOLQJ�SRLQW��WKHQ�VRPH�30�SHDNV�ZHUH�PHDVXUHG��
7HPSHUDWXUH�DQG�5+�ZHUH�XVHG�DV�LQGLFDWRUV�WR�WXUQ�WKH�IDQ�RQ�ZKHQ�ERLOLQJ�ZDWHU��'XULQJ�WKH�
SURFHVV�RI�IU\LQJ�UDSHVHHG�RLO��30�LQFUHDVHG�DIWHU�DERXW�����V�IURP�WKH�VWDUW�RI�DFWLYLW\��$OVR�
WKH�WHPSHUDWXUH�LQFUHDVHG�ZLWK�WLPH��DV�WR�EH�H[SHFWHG��6LQFH�WKH�30�FRQFHQWUDWLRQ�LQFUHDVHG�
VLJQLILFDQWO\� DV� WKH� RLO� EHJDQ� WR� KHDW� XS�� WKH� IDQ� ZDV� SURJUDPPHG� WR� VWDUW� ZKHQ� WKH� 30�
FRQFHQWUDWLRQ�OHYHO�LQFUHDVHG�E\������IURP�LWV�PHDQ�YDOXH��5+�SHUFHQW�DQG�&2��FRQFHQWUDWLRQ�
YDULHG�VLJQLILFDQWO\�GXULQJ�WKH�PHDVXUHPHQW��ZLWK�QR�FOHDU�WUHQG�RU�SDWWHUQ��DQG�ZHUH�WKHUHIRUH�
H[FOXGHG�DV�UHOHYDQW�SDUDPHWHUV���
�
'XULQJ�WKH�SURFHVV�RI�IU\LQJ�EDFRQ��)LJXUH�����6(16�&21�SURWRW\SH����PHDVXUHG�D�VLJQLILFDQW�
GHFUHDVH�LQ�WKH�792&�LQGH[��D�X���IURP�����WR�����ZKHQ�WKH�NLWFKHQ�IDQ�ZDV�VZLWFKHG�RQ��
%DVHG�RQ�WKH�FRQGXFWHG�H[SHULPHQWV��30�DQG�792&�ZHUH�GHPRQVWUDWHG�DV�PDLQ�FRQWULEXWRUV�
WR� LQGRRU� DLU� SROOXWLRQ�ZKHQ�KHDWLQJ� UDSHVHHG�RLO�� $Q� LQFUHDVH�RI�&+�2�FRQFHQWUDWLRQ�ZDV�
REVHUYHG�ZKHQ�IU\LQJ�EDFRQ��RQLRQ��DQG�HJJV�ZLWK�UDSHVHHG�RLO��$OVR� LQ�WKLV�FDVH��WKH�&2��
VHQVRU�VKRZHG�QR�FRUUHODWLRQ�WR�WKH�FRRNLQJ�SURFHVV�ZKHQ�DQ�HOHFWULF�VWRYH�LV�XVHG���

�
)LJXUH����&RRNLQJ�DFWLYLW\��IU\LQJ�EDFRQ�ZLWK��VWUDLJKW�OLQH��RU�ZLWKRXW��GRWWHG�OLQH��WKH�IDQ�

DFWLYDWHG��(PLVVLRQV�RI�792&��EOXH��DQG�30��UHG���
�
,Q�VXPPDU\��WKH�UHVXOWV�REWDLQHG�E\�ERWK�JURXSV�DUH�VFLHQWLILFDOO\�UREXVW��UHOHYDQW��DQG�RULJLQDO��
$V� SURRI� RI� WKLV�� WKH� VFLHQWLILF� ILQGLQJV� ZHUH� SUHVHQWHG� DV� DQ� RUDO� FRQWULEXWLRQ� WR� D� ZHOO�
HVWDEOLVKHG� LQWHUQDWLRQDO�FRQIHUHQFH�IRFXVLQJ�RQ� WKH� ODWHVW�VFLHQWLILF�DGYDQFHV�DQG�RQJRLQJ�
UHVHDUFK�LQ�WKH�ILHOG�RI�LQGRRU�DLU�TXDOLW\��'RPqQHFK�*LO�HW�DO����������)XUWKHUPRUH��WKH�VWXGHQW�
SURMHFWV�UHFHLYHG�DWWHQWLRQ�IURP�RXU�XQLYHUVLW\�SUHVV�IRU�WKHLU�QRYHOW\�DQG�VFLHQWLILF�UHOHYDQFH��
LQQRYDWLRQ� DVSHFWV�� DQG� JRRG� H[DPSOH� RI� D� FROODERUDWLYH� OHDUQLQJ� HQYLURQPHQW� WKDW� FDQ�
SURGXFH� UHVXOWV� EH\RQG� H[SHFWDWLRQV� DQG� FDQ� WKHUHIRUH� EH� D� VRXUFH� RI� LQVSLUDWLRQ� DQG�
PRWLYDWLRQ�IRU�RWKHUV�DV�ZHOO��3ODQWKDEHU���������
�
�
CONCLUSIONS 
�
0XOWLGLVFLSOLQDU\�DQG�RSHQ�HQGHG�SURMHFWV�FDQ�EH�FKDOOHQJLQJ�WR�GHVLJQ�DQG� LPSOHPHQW��EXW�
DOVR�D�JUHDW�WRRO�IRU�DFWLYH�DQG�H[SHULHQFH�EDVHG�OHDUQLQJ��7KH�GLIIHUHQW�FRPSRQHQWV�FRQWDLQHG�

�
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LQ� WKLV� FRXUVH� DOORZ� RXU� VWXGHQWV� WR� GHVLJQ�� GHYHORS�� DQG� WHVW� VXFFHVVIXOO\�� LQ� DERXW� IRXU�
PRQWKV��WKHLU�XQLTXH�ZRUNLQJ�VHQVRU�V\VWHP�SURWRW\SH�ZLWK�SRWHQWLDO�LQWHUHVW�IRU�WKH�PDUNHW��
7KH�KLJK�TXDOLW\�UHVXOWV�IURP�WKH�FDVH�VWXG\�FOHDUO\�GHPRQVWUDWH�WKDW�WKH�VWXGHQWV�DFKLHYHG�
WHFKQLFDO� GLVFLSOLQDU\� NQRZOHGJH� DW� DQ� DGHTXDWH� OHYHO� �6WDQGDUG� ���� 7KH� RSSRUWXQLW\� WR�
FRQFHLYH�GHVLJQ�LPSOHPHQW�RSHUDWH� D� SURWRW\SDO� SURGXFW�� FR�FUHDWH� WKH� SURFHVV�� FRPELQH�
PXOWLGLVFLSOLQDU\�NQRZOHGJH��DQG�GHYHORS�ERWK�WHFKQLFDO�DQG�SHUVRQDO�DQG�LQWHUSHUVRQDO�VNLOOV�
QRW�RQO\�RIIHUV�VWXGHQWV�WR�DFTXLUH�VROLG�NQRZOHGJH�DQG�XQGHUVWDQGLQJ�RQ�ZKLFK�WKH\�FDQ�EXLOG�
WKH�IRXQGDWLRQ�IRU�WKHLU�IXWXUH��EXW�LW�LV�DOVR�EHQHILFLDO�IRU�RWKHU�FR�FXUULFXODU�DFWLYLWLHV��VXFK�DV�
XQGHUJUDGXDWH�UHVHDUFK�SURMHFWV��WKHVLV�ZRUNV��DQG�LQWHUQVKLSV��6WDQGDUG�����7KH�HPSKDVLV�
RQ�EXLOGLQJ�D�ZRUNLQJ�V\VWHP�FRQWDLQLQJ�HOHPHQWV�RI�DSSOLHG�SK\VLFV�FRPELQHG�ZLWK�VHQVRU�
WHFKQRORJLHV��HOHFWURQLFV��SURJUDPPLQJ���'�SULQWLQJ��DQG�VXVWDLQDELOLW\��JHWWLQJ�LQVSLUHG�IURP�
GDLO\� OLIH�H[SHULHQFHV��DQG�HQYLVLRQLQJ�SRVVLEOH�DSSOLFDWLRQV� LQ� UHDO�ZRUOG�FRQWH[WV�SURYLGHV�
VWXGHQWV�ZLWK� WKH�RSSRUWXQLW\� WR�PDNH�FRQQHFWLRQV�EHWZHHQ� WKH� WHFKQLFDO� FRQWHQW� WKH\�DUH�
OHDUQLQJ��WKH�XVHIXOQHVV�IRU�WKHLU�IXWXUH�VWXGLHV�DQG�FDUHHUV��DQG�WKH�LPSDFW�RQ�VRFLHWDO�QHHGV��
��
2YHU�WKH�\HDUV��WKH�7)<$���FRXUVH�KDV�EHHQ�SURYHQ�WR�FDWHU�IRU�GLYHUVH�EDFNJURXQGV�DQG�
LQWHUHVWV�RI�LQWHUQDWLRQDO��PXOWLFXOWXUDO��DQG�PXOWLGLVFLSOLQDU\�WDUJHW�JURXSV��,Q�WKH�SDVW�ILYH�\HDUV��
WKLV�SURMHFW�KDV�UHFHLYHG�DQ�LQFUHDVLQJ�RYHUDOO�FRXUVH�HYDOXDWLRQ�IURP���������WR����������
%DVHG�RQ�WKH�UHVXOWV�SUHVHQWHG��ZH�FDQ�FRQFOXGH�WKDW�ZRUNLQJ�LQ�D�FROODERUDWLYH�HQYLURQPHQW�
WKDW� IRVWHUV�� DPRQJ� RWKHU� IDFWRUV�� PXWXDO� KHOS�� WUXVW�� RSHQ� FRPPXQLFDWLRQ�� LQIRUPDWLRQ�
H[FKDQJH��IHHGEDFN��SHHU�DQG�VHOI�DVVHVVPHQW�LV�EHQHILFLDO�WR�VWXGHQW�OHDUQLQJ�RXWFRPHV�DQG�
LV� FOHDUO\� UHIOHFWHG� LQ� VWXGHQW� VDWLVIDFWLRQ�� 7KLV� W\SH� RI� &',2� LPSOHPHQWDWLRQ� LV� QRW� RQO\�
EHQHILFLDO�WR�RXU�VWXGHQWV��,W�LV�D�XVHIXO�DFWLYH�DQG�H[SHULHQWLDO�OHDUQLQJ�SURFHVV�IRU�LQVWUXFWRUV�
DV� ZHOO�� :HOO� GHVLJQHG� DQG� LQWHUFRQQHFWHG� FRXUVH� FRPSRQHQWV�� FRRSHUDWLYH� DQG� ZHOO�
IXQFWLRQLQJ�WHDPZRUN��DGHTXDWH�ZRUN�HQYLURQPHQWV��DQG�GHGLFDWHG�PHQWRULQJ�DFFRPSDQLPHQW�
DUH�UHIOHFWHG�LQ�WKH�KLJK�OHYHO�RI�PRWLYDWLRQ�� LQWHUHVW��FUHDWLYLW\��DQG�FRPPLWPHQW�RI�ERWK�WKH�
WHDFKHUV�DQG�WKH�VWXGHQWV��6XFFHVV�OLHV�LQ�WKH�SURFHVV��
�
'HVLJQLQJ�SURMHFW�EDVHG�FRXUVHV�DQG�H[SHULPHQWV�UHODWHG�WR�DQ�HYHU\GD\�OLIH�VLWXDWLRQ�OLNH�WKLV�
HQDEOHV�HIIHFWLYH�DQG�ODVWLQJ�OHDUQLQJ��7KLV�W\SH�RI�HGXFDWLRQDO�DSSURDFK�DOORZV�HQJLQHHULQJ�
VWXGHQWV�QRW�RQO\�WR�VWUHQJWKHQ�DQG�DSSO\�ERWK�WKHRUHWLFDO�DQG�SUDFWLFDO�NQRZOHGJH��EXW�DOVR�WR�
GLUHFWO\� WUDQVIHU� WKH� ILQGLQJV�IURP�WKHLU�PHDVXUHPHQWV� WR� WKHLU�SHUVRQDO�HQYLURQPHQW��ZLWK�D�
GLUHFW�LPSDFW�RQ�WKHLU�DWWLWXGHV��EHKDYLRUV��VXVWDLQDEOH�FKRLFHV��DQG�FDUHHU�SDWKV��
�
�
FINANCIAL SUPPORT ACKNOWLEDGEMENTS 
 
7KLV�ZRUN�KDV�SDUWLDOO\�UHFHLYHG�ILQDQFLDO�VXSSRUW�IURP�WKH�'HSDUWPHQW�RI�3K\VLFV��&KHPLVWU\�
DQG�%LRORJ\��/LQN|SLQJ�8QLYHUVLW\��6ZHGHQ��7KH�$XWKRUV�ZLVK�WR�WKDQN�DOO�&',2�VWXGHQWV�PHW�
RYHU� WKHVH� \HDUV�� )$1WDV7(&+� DQG� 6(16�&21� WHDPV�� &LJUy�� 7UXLWD�� -RVH� 0DUWLQH]� *LO��
$PDLD�2UWHJD�6DQWRV��-HQV�(ULNVVRQ��,GD�,UDQPDQHVK��)LOLS�:LOWJUHQ��DQG�6YDQWH�*XQQDUVVRQ�
IRU�WKHLU�YDOXDEOH�FRQWULEXWLRQ�WR�WKH�7)<$���VHQVRU�V\VWHP�EDVHG�SURMHFW��
�
�
REFERENCES 
�
%DUPH\HU��&��,����������/HDUQLQJ�6W\OHV�DQG�7KHLU�,PSDFW�RQ�&URVV�&XOWXUDO�7UDLQLQJ��$Q�,QWHUQDWLRQDO�
&RPSDULVRQ�LQ�)UDQFH��*HUPDQ\�DQG�4XHEHF��,QWHUQDWLRQDO�-RXUQDO�RI�,QWHUFXOWXUDO�5HODWLRQV���������
�����
&',2�6WDQGDUGV������DYDLODEOH�DW�KWWS���ZZZ�FGLR�RUJ�FRQWHQW�FGLR�VWDQGDUGV����
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&KLULDF��(��+����������*URXS�:RUN�DV�DQ�,QFHQWLYH�IRU�/HDUQLQJ�±�6WXGHQWV¶�([SHULHQFHV�RI�*URXS�:RUN��
)URQWLHUV�LQ�3K\VLFRORJ\����������������
'RPqQHFK�*LO��*���6LODQGHU��-���6NRJOXQG��/���%pJRQ��%���*U|QOXQG�)DON��2���+nNDQVVRQ��0���5XWEHUJ��
9���9DOHQWLQ��)���)RUVJUHQ��0���*XR��6���'HWWNH��7���/\X��:���0RKDPPDGLDQUDVQDQL��=���2UWHJD�6DQWRV��
$��%���0DUWLQH]�*LO��-��*���(ULNVVRQ��-���3XJOLVL��'����������6PDUW�VWRYH�KRRG�ZLWK�HPEHGGHG�VHQVRUV��D�
VWXGHQW�SURMHFW��([WHQGHG�$EVWUDFW�RI�WKH�,QGRRU�$LU������&RQIHUHQFH��.XRSLR��)LQODQG��8QLYHUVLW\�RI�
(DVWHUQ�)LQODQG��
+RIVWHGH��*����������&XOWXUDO�'LIIHUHQFHV�LQ�7HDFKLQJ�DQG�/HDUQLQJ��,QWHUQDWLRQDO�-RXUQDO�RI�,QWHUFXOWXUDO�
5HODWLRQV��������������
-RQDVVHQ��'��+���*UDERZVNL���%��/����������+DQGERRN�RI�,QGLYLGXDO�'LIIHUHQFHV��/HDUQLQJ��DQG�,QVWUXFWLRQ��
1HZ�-HUVH\��/DZUHQFH�(UOEDXP��
-R\��6���.ROE��'��$����������$UH�7KHUH�&XOWXUDO�'LIIHUHQFHV�LQ�/HDUQLQJ�6W\OHV"�,QWHUQDWLRQDO�-RXUQDO�RI�
,QWHUFXOWXUDO�5HODWLRQV������������
.ROE�� '�� $�� ��������([SHULHQWLDO� /HDUQLQJ�� ([SHULHQFH� DV� D� 6RXUFH� RI� /HDUQLQJ� DQG� 'HYHORSPHQW��
3UHQWLFH�+DOO��
/LPHULFN��'���&XQQLQJWRQ��%����������0DQDJLQJ�WKH�1HZ�2UJDQL]DWLRQ��&ROODERUDWLYH�,QGLYLGXDOLVP�DQG�
WKH�(QG�RI�WKH�&RUSRUDWLYH�&LWL]HQ��&KDWVZRRG��%XVLQHVV�	�3URIHVVLRQDO�3XEOLVKLQJ��
0HVHNH��&��$���1DI]LJHU��5���0HVHNH��-��.����������6WXGHQW�$WWLWXGHV��6DWLVIDFWLRQ��DQG�/HDUQLQJ�LQ�D�
&ROODERUDWLYH�7HVWLQJ�(QYLURQPHQW��7KH�-RXUQDO�RI�&KLURSUDFWLF�(GXFDWLRQ����������������
3ODQWKDEHU��2����������/L8�VWXGHQWV�LQYHQW�D�VPDUW�NLWFKHQ�VROXWLRQ��/LQN|SLQJ�8QLYHUVLW\�1HZV�����'HF��
6LJQRULQL�� 3��� :LHVHPHV�� 5��� 0XUSK\�� 5�� ��������'HYHORSLQJ� $OWHUQDWLYH� )UDPHZRUNV� IRU� ([SORULQJ�
,QWHUFXOWXUDO�/HDUQLQJ��D�&ULWLTXH�RI�+RIVWHGH¶V�&XOWXUDO�'LIIHUHQFH�0RGHO��7HDFKLQJ�LQ�+LJKHU�(GXFDWLRQ�
�����������������
7RWWHQ��6���6LOOV��7���'LJE\��$���5XVV��3����������&RRSHUDWLYH�/HDUQLQJ��$�*XLGH�WR�5HVHDUFK��1HZ�<RUN��
*DUODQG��
�
�
BIOGRAPHICAL INFORMATION 
 
Donatella Puglisi�LV�$VVRFLDWH�3URIHVVRU�RI�DSSOLHG�SK\VLFV�DW�WKH�'HSW��RI�3K\VLFV��&KHPLVWU\�
DQG�%LRORJ\�DW�/LQN|SLQJ�8QLYHUVLW\��/L8���SUHVHQWO\�EHLQJ�H[DPLQHU�RU�FRXUVH�FRRUGLQDWRU�RI�
ILYH�FRXUVHV�IRU�HQJLQHHULQJ�VWXGHQWV�DW�WKH�ILUVW��VHFRQG��DQG�WKLUG�F\FOH�RI�HGXFDWLRQ�DW�/L8��
6KH�KROGV�DQ�06F�GHJUHH�DQG�D�3K'�GHJUHH�LQ�3K\VLFV��DQG�D�VFLHQWLILF�KDELOLWDWLRQ��'RFHQW��
LQ�$SSOLHG�3K\VLFV�ZLWK�VSHFLDOL]DWLRQ� LQ�DSSOLHG�VHQVRU�VFLHQFH��6KH�KDV�DOPRVW����\HDUV¶�
H[SHULHQFH� RI� WHDFKLQJ�� VXSHUYLVLRQ�� DQG� HGXFDWLRQ� GHYHORSPHQW� IURP� ,WDOLDQ� DQG�6ZHGLVK�
XQLYHUVLWLHV��+HU�UHVHDUFK�LQWHUHVWV�DUH�PXOWLGLVFLSOLQDU\�DQG�ZLGH�UDQJLQJ�DQG�LQFOXGH�QRYHO�
GHYLFHV��VHQVRUV��GLJLWDO�WHFKQRORJLHV�IRU�GLIIHUHQW�DLU�TXDOLW\�PRQLWRULQJ�DSSOLFDWLRQV��
�
�
Guillem Domènech-Gil� LV� 3RVW�GRFWRUDO� 5HVHDUFKHU� DW� WKH� 'HSW�� RI� 7KHPDWLF� 6WXGLHV� ±�
(QYLURQPHQWDO�&KDQJH�DW�/LQN|SLQJ�8QLYHUVLW\��+H�KROGV�DQ�06F�GHJUHH�DQG�D�3K'�GHJUHH�LQ�
1DQRVFLHQFH� DQG� 1DQRWHFKQRORJ\�� +H� KDV� PRUH� WKDQ� ��� \HDUV¶� H[SHULHQFH� RI� WHDFKLQJ�
VFLHQFH� DQG� HQJLQHHULQJ� VXEMHFWV�� IURP� SULPDU\� VFKRRO� WR� XQLYHUVLW\� OHYHO�� +LV� UHVHDUFK�
LQWHUHVWV�LQFOXGH�GHYHORSPHQW��LQWHJUDWLRQ�DQG�FKDUDFWHUL]DWLRQ�RI�FKHPLFDO�JDV�VHQVRUV�DQG�
VHQVRU�V\VWHPV�IRU�HQYLURQPHQWDO�PRQLWRULQJ�DQG�LQGRRU�DLU�TXDOLW\�FRQWURO��
�
�
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