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Abstract²7KH�3URGXFW�'HYHORSPHQW�3URFHVV��3'3��LV�DQ�DOUHDG\�

ZLGHO\�UHVHDUFKHG�WRSLF�LQ�VHYHUDO�DUHDV�RI�NQRZOHGJH��EXW�QHZ�ZD\V�
RI� WHDFKLQJ� HQJLQHHULQJ� UHTXHVW� GLIIHUHQW� DSSURDFKHV�� VXFK� DV� XVLQJ�
WKH� VFLHQWLILF� PHWKRG� LQ� SUREOHP�VROYLQJ�� 7KLV� SDSHU� SURSRVHV� WKH�
GHYHORSPHQW�RI� D�ZD\�RI� WHDFKLQJ� WKH�3'3�XVLQJ� WKH�3URMHFW�%DVHG�
/HDUQLQJ� �3%/�� DSSURDFK� V\VWHPDWL]HG� LQ� D� URXWLQH� RI� UHDVRQLQJ�
URXWLQH� EDVHG� RQ� WKH� VFLHQWLILF� PHWKRG�� WKH� 7R\RWD� .DWD� DSSURDFK��
7KH� PHWKRGRORJ\� XVHG� ZDV� DFWLRQ� UHVHDUFK� FRQGXFWHG� LQ� D� SXEOLF�
XQLYHUVLW\� GXULQJ� D� TXDUWHU�� LQ� WZR� GLVWLQFW� FODVVHV� RI� WKH�
XQGHUJUDGXDWH�FRXUVH�LQ�0DWHULDOV�(QJLQHHULQJ�RI�)HGHUDO�8QLYHUVLW\�
RI� 6DQWD� &DWDULQD� �8)6&��� IRU� WHVWLQJ� WKLV� SURSRVDO�� 6WXGHQWV�
GHYHORSHG� D� SURGXFW� WKURXJK� WKH� SURFHVVHV� RI� WKH� 3'3� ,QIRUPDWLYH�
'HVLJQ��&RQFHSWXDO�'HVLJQ��DQG�'HWDLOHG�'HVLJQ�SKDVHV��$V�D�UHVXOW��
WKH�URXWLQH�HPSOR\HG�ZDV�FDSDEOH�WR�GHYHORS�WKH�(QJLQHHULQJ�&XOWXUH�
LQ� WKH� VWXGHQWV�� RQFH� WKH\� ZHUH� DEOH� WR� SURJUHVVLYHO\� GHYHORS� WKH�
SUDFWLFH�RI�UHDVRQLQJ�EDVHG�RQ�WKH�VFLHQWLILF�PHWKRG�LQ�WKH�VHDUFK�IRU�
VROXWLRQV�WR�VROYH�WKH�SUREOHPV�RI�SURGXFW�GHYHORSPHQW��
�
Keywords²3URGXFW� GHYHORSPHQW� SURFHVV�� SURMHFW�EDVHG�

OHDUQLQJ��HQJLQHHULQJ��FXOWXUH��URXWLQH���

,�� ,1752'8&7,21�
+(�3'3�LV�DQ�DOUHDG\�ZLGHO\�UHVHDUFKHG� WRSLF� LQ�VHYHUDO�
DUHDV� RI� NQRZOHGJH�� DQG� WRGD\� WKHUH� DUH� QXPHURXV�

PHWKRGV�� WRROV�� DQG� IUDPHZRUNV� DYDLODEOH� WR� DVVLVW� HQJLQHHUV�
DQG�GHVLJQHUV�� ,W� KDV� ORQJ�EHHQ�EHOLHYHG� WKDW� WKH� WHDFKLQJ�RI�
3'3�EDVHG�RQ�WKHVH�WHFKQLFV�ZDV�VXIILFLHQW�IRU�WKH�WUDLQLQJ�RI�
IXWXUH� GHVLJQHUV� >�@�� >�@�� EXW� QHZ� LQVLJKWV� LQ� WKH� WHDFKLQJ� RI�
HQJLQHHULQJ�DQG�SURGXFW�GHVLJQ�SRLQW�WR�WKH�QHHG�WR�GHYHORS�D�
GLIIHUHQW� ZD\� RI� WKLQNLQJ� WKH� SURGXFW� GHYHORSPHQW��
(VWDEOLVKLQJ� D� URXWLQH� IRU� WKH�XVH� RI� WKH� VFLHQWLILF�PHWKRG� LQ�
SUREOHP�VROYLQJ� �WUDQVODWHG� DV� DQ� (QJLQHHULQJ� &XOWXUH�� LV� D�
FKDOOHQJH� EHFDXVH� LW� FRQVLVWV� RI� D� FKDQJH� WKH� ZD\� VWXGHQWV�
WKLQN��
+DELWV� GHYHORS� DV� SHRSOH� UHVSRQG� UHSHDWHGO\� WR� D� VWDEOH�

FRQWH[W��DQG�WKXV�IRUP�GLUHFW�DVVRFLDWLRQV�LQ�PHPRU\�EHWZHHQ�
WKDW� UHVSRQVH� DQG� FKDQJHV� LQ� WKH� SHUIRUPDQFH� FRQWH[W� >�@��
6ROYLQJ� GLIIHUHQW� SUREOHPV� IRU� WKH� GHOLYHU\� RI� D� SURMHFW� RU� D�
SURGXFW� FDQ�EH� FRQVLGHUHG� DV� D�ZD\� WR� H[HUFLVH� WKHVH�KDELWV��
7R�WKLV��WKH�7R\RWD�.DWD�DSSURDFK�FDQ�EH�XVHG��ZKLFK�FRQVLVWV�

�
6��0��:HUQHU�LV�D�GRFWRUDO�FDQGLGDWH�RI�3URGXFWLRQ�(QJLQHHULQJ�DW�)HGHUDO�

8QLYHUVLW\�RI�6DQWD�&DWDULQD��)ORULDQySROLV��6&��%5$��FRUUHVSRQGLQJ�DXWKRU��
SKRQH����������������������H�PDLO��VWHIIDQBPBZ#\DKRR�FRP�EU����

)��$��)RUFHOOLQL�DQG�3��7��)HUQDQGHV�DUH�SURIHVVRUV�DW�)HGHUDO�8QLYHUVLW\�RI�
6DQWD�&DWDULQD��)ORULDQySROLV��6&��%5$��H�PDLO��IHUQDQGR�IRUFHOOLQL#XIVF�EU��
SDPHOD�IHUQDQGHV#LIVF�HGX�EU���

7KLV� VWXG\�ZDV� ILQDQFHG� LQ�SDUW�E\� WKH�&RRUGHQDomR�GH�$SHUIHLoRDPHQWR�
GH�3HVVRDO�GH�1tYHO�6XSHULRU�±�%UDVLO��&$3(6���

RI�D� V\VWHPDWLF� URXWLQH� WKDW� LQWHUQDOL]HV� WKH�VFLHQWLILF�PHWKRG�
�(QJLQHHULQJ� &XOWXUH�� WKURXJK� H[SHULPHQWDWLRQ� LQ� LWV�
SDUWLFLSDQWV��7KLV�DSSURDFK�LV�RQH�RI�WKH�WHFKQLTXHV�WKDW�FDQ�EH�
XVHG�WR�GULYH�DQG�PDQDJH�WKH�3%/��7KXV�� WKLV�DUWLFOH�DLPV� WR�
DQDO\]H� WKH� RSHUDWLRQDOL]DWLRQ� RI� 3%/� WR� SHUIRUP� WKH� 3'3�
WKURXJK�D�VFLHQWLILF�PHWKRG�V\VWHPDWLF�URXWLQH�LQ�WKH�DFDGHPLF�
HQYLURQPHQW��

,,��%$&.*5281'�
7KH� 3%/� LV� DQ� DSSURDFK� XVHG� WR� SURPRWH� WKH� SUREOHP�

VROYLQJ� SURFHVV� DV� LW� SURYLGHV� D� FRQFUHWH� NQRZOHGJH�
DFTXLUHPHQW�PHDQV�LQ�DQ�DFWLYH�OHDUQLQJ�HQYLURQPHQW�>�@���
,Q� WHDFKLQJ�� WKH�SURFHVVHV� LQ�ZKLFK� VWXGHQWV� DVN� WKHLU�RZQ�

TXHVWLRQV�� SODQ� WKHLU� UHVHDUFK�� DQDO\]H� DQG� H[SUHVV� WKHLU� RZQ�
ILQGLQJV�� DQG� VWUXFWXUH� WKHLU� RZQ�XQGHUVWDQGLQJ�� HQDEOH�PRUH�
HIIHFWLYH� DQG� ODVWLQJ� OHDUQLQJ� >�@�� $FFRUGLQJ� WR�2UOLFK� HW� DO��
>�@�� SURYLGLQJ� WKH� VWXGHQW� WKH� RSSRUWXQLW\� WR� TXHVWLRQ� LV�
LPSRUWDQW� IRU� KLP� WR� H[SUHVV� KLV� RSLQLRQV� DQG� SURSRVH�
VROXWLRQV� WR� SUREOHPV�� +RZHYHU�� UHVHDUFK�EDVHG� LQVWUXFWLRQV�
UHTXLUH� D� JUHDW� LQWHUDFWLRQ� EHWZHHQ� HQYLURQPHQW�� FRQWHQW��
PDWHULDOV�� WHDFKHU�� DQG� VWXGHQW�� ,Q� WKLV� ZD\�� WKH� UHVXOWV� RI�
WHDFKLQJ� WHQG� WR� EH� SRVLWLYH�� EULQJLQJ� VWXGHQWV� WR� DQ� DFWLYH�
SRVWXUDO��ZLWK�D�EHWWHU�XQGHUVWDQGLQJ�DQG�GHYHORSLQJ�VNLOOV�WKDW�
KHOS� D� EHWWHU� XQGHUVWDQG� WKH� QDWXUH� RI� VFLHQFH� >�@�� >�@�� )LYH�
DVSHFWV�DUH�SRLQWHG�RXW�E\�7KRPDV�>�@�IRU�WKH�DFFRPSOLVKPHQW�
RI�D� VXFFHVVIXO�3%/�� �L�� FHQWUDOL]HG� WHDFKLQJ� LQ� WKH�3%/�� �LL��
H[LVWHQFH�RI�D�JXLGLQJ�TXHVWLRQ���LLL��WKH�QHHG�IRU�FRQVWUXFWLYLVW�
UHVHDUFK�� GHYHORSLQJ� VWXGHQWV¶� NQRZOHGJH� RU� VNLOOV�� �LY��
HQFRXUDJLQJ� DXWRQRP\�� DQG� �Y�� UHDOLVP�� IRFXVLQJ� RQ� UHDO�
SUREOHPV��7KH�3%/�FDQ�EH�FRQGXFWHG�WKURXJK�VPDOO�F\FOHV�RI�
H[SHULPHQWDWLRQ�� ZKLFK� UHTXLUH� D� V\VWHPDWLF� VWUXFWXUH� IRU� LWV�
FRQGXFWLRQ� DQG�PDQDJHPHQW�� ,Q� WKLV� ZD\�� WKH� URXWLQH� RI� WKH�
7R\RWD� .DWD� DSSURDFK� FDQ� EH� XVHG� WR� OHDG� DQG� PDQDJH� WKH�
3%/�E\�PHDQV�RI� WKH� HODERUDWLRQ� DQG�H[HFXWLRQ�RI� WKH� VPDOO�
F\FOHV�RI�H[SHULPHQWDWLRQ� IRU� WKH�SURSRVHG� VROXWLRQV��EHVLGHV�
JXDUDQWHHLQJ�WKH�UHFRUG�RI�WKH�OHDUQLQJ�DFTXLUHG�LQ�WKLV�FRXUVH��
7KH� 7R\RWD� .DWD� DSSURDFK� LV� D� SURFHVV� LPSURYHPHQW�

URXWLQH� GHYHORSHG� DW� WKH� 7R\RWD� &RPSDQ\�� ZKLFK� DOORZV� WR�
QDYLJDWH�WKH�WHUULWRU\�RI�XQFHUWDLQW\�E\�WDNLQJ�D�VPDOO�VWHS�DW�D�
WLPH��7KH� WHUP�.DWD�PHDQV� �ZD\�RI�GRLQJ��DQG� UHIHUV� WR� WKH�
IRUP� RU� SDWWHUQ� WKDW� FDQ� EH� SUDFWLFHG� WR� GHYHORS� SDUWLFXODU�
VNLOOV�DQG�D�QHZ�PHQWDOLW\� >��@��7KH�JRDO� LV� WR�GHYHORS�ZHOO�
WUDLQHG� PHQWDO� FLUFXLWV� IRU� V\VWHPDWLF� DQG� VFLHQWLILF� ZD\V� RI�
GHYHORSLQJ�VROXWLRQV�LQ�G\QDPLF�DQG�XQFHUWDLQ�VLWXDWLRQV��7KH�
7R\RWD�.DWD�DSSURDFK�LV�EDVHG�RQ�WZR�FRQFHSWV��,PSURYHPHQW�
.DWD�DQG�&RDFKLQJ�.DWD�>��@��

�6WHIIDQ�0DFDOL�:HUQHU��)HUQDQGR�$QW{QLR�)RUFHOOLQL��3kPHOD�7HL[HLUD�)HUQDQGHV�

'HYHORSLQJ�DQ�(QJLQHHULQJ�&XOWXUH��7KH�8VH�RI�
6FLHQWLILF�0HWKRG�DV�D�5RXWLQH�IRU�3URGXFW�

'HYHORSPHQW�
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7KH� ,PSURYHPHQW� .DWD� FRQFHSW� LV� LQWHQGHG� WR� WUDLQ� DQG�
WHDFK� WKH� ZKROH� RUJDQL]DWLRQ�� DLPLQJ� DW� PDNLQJ� FRQWLQXRXV�
LPSURYHPHQW�D�V\VWHPDWLF�DELOLW\��,W�FRQVLVWV�RI� WKH�IROORZLQJ�
VWHSV�>��@��
��� 'HILQH�ZKDW�WKH�FKDOOHQJH�LV��%HIRUH�DFWLQJ��WKH�WHDP�PXVW�

LGHQWLI\� D� FKDOOHQJH� DOLJQHG� LQ� WKH� GLUHFWLRQ� RI� WKH�
RUJDQL]DWLRQ
V�ORQJ�WHUP�YLVLRQ��

��� 8QGHUVWDQG� WKH� FXUUHQW� VLWXDWLRQ�� &DUHIXOO\�� WKH� WHDP�
VKRXOG�DQDO\]H� WKH� IDFWV�DQG�GDWD�RI�ZKHUH�KRZ� WKH\�DUH�
QRZ���

��� (VWDEOLVK� WKH� QH[W� WDUJHW� FRQGLWLRQ�� $� WDUJHW� FRQGLWLRQ�
GHVFULEHV� D� FRPELQDWLRQ� RI� DWWULEXWHV� WKDW� RQH� ZDQWV� WR�
DFKLHYH� RQ� D� SUHGHWHUPLQHG� GDWH�� $FKLHYLQJ� D� WDUJHW�
FRQGLWLRQ�LV�D�OHDUQLQJ�WDVN�EHFDXVH�RQH�LV�QRW�IXOO\�DZDUH�
RI�WKH�REVWDFOHV�RQH�ZLOO�IDFH�LQ�UHDFKLQJ�LW��

��� 1DYLJDWH� IURP� &XUUHQW� &RQGLWLRQ� WR� 7DUJHW� &RQGLWLRQ��
7KH� ,PSURYHPHQW� .DWD� LQFRUSRUDWHV� D� V\VWHPDWLF� DQG�
LWHUDWLYH� URXWLQH� WR� QDYLJDWH� WKH� XQSUHGLFWDEOH� JUH\� ]RQH�
EHWZHHQ�WKHVH�WZR�FRQGLWLRQV��

7KLV�V\VWHPDWLF�URXWLQH�VKRXOG�EH�FRQGXFWHG�WKURXJK�3'&$�
�3ODQ�� 'R�� &KHFN�� $FW�� F\FOHV� RI� TXLFN� H[SHULPHQWV�� ,Q� WKLV�
SURFHVV�� WHDPV� OHDUQ� DV� WKH\� VWULYH� WR� UHDFK� WKHLU� WDUJHW�
FRQGLWLRQ� DQG� DGDSW� EDVHG� RQ� ZKDW� WKH\� DUH� OHDUQLQJ�� $�
VWRU\ERDUG� VKRXOG� EH� XVHG� WR� UHFRUG� WKH� FXUUHQW� FRQGLWLRQ��
WDUJHW� FRQGLWLRQ�� REVWDFOHV� LGHQWLILHG�� DQG� DFWLRQV� GHVFULEHG�
HDFK�3'&$�F\FOH�DFFRPSOLVKHG��:KDW�GR�\RX�SODQ"��:KDW�GR�
\RX�H[SHFW"��:KDW�KDSSHQHG"��DQG��:KDW�\RX�KDYH�OHDUQHG"���
7KH� &RDFKLQJ� .DWD� LV� WKH� ZD\� LQ� ZKLFK� WKH� .DWD�

,PSURYHPHQW�URXWLQH�LV�WDXJKW��7KH�FRDFK�SURYLGHV�VXSSRUW�WR�
WKH� OHDUQHU�� MXVW� DV� DQ� H[SHULHQFHG� WUDLQHU� LQIOXHQFHV� WKH�
OHDUQHU�WR�SUDFWLFH�D�GHVLUHG�QHZ�EHKDYLRU��7KH�SUHVHQFH�RI�WKH�
FRDFK�IDYRUV�WKH�SUDFWLFH�RI�WKH�SDWK�HIILFLHQWO\�DQG�HIIHFWLYHO\�
IRU�WKH�SURFHVV�RI�FKDQJLQJ�PHQWDOLW\�DQG�PDVWHU\�RI�WKH�QHZ�
VWDQGDUG�>��@��

,,,�� 0(7+2'2/2*<�
7KH� VWXG\� ZDV� FRQGXFWHG� WKURXJK� DFWLRQ� UHVHDUFK� ZKLFK�

VHHNV� WR� OLQN�UHVHDUFK�ZLWK� WKH�DFDGHPLF�SUDFWLFH�� LQ�RUGHU� WR�
PDNH� WKH� UHVHDUFK� SURFHVV� D� OHDUQLQJ� SURFHVV� IRU� DOO�
SDUWLFLSDQWV� �VWXGHQWV� DQG� WHDFKHU��� ,Q� WKLV� ZD\�� WKH�
SUREOHPDWLF�VLWXDWLRQ� LV� LQWHUSUHWHG�IURP� WKH�SRLQW�RI�YLHZ�RI�
WKH� SHRSOH� LQYROYHG� >��@�� ZKRVH� SUDFWLFDO� REMHFWLYH� LV� WKH�
WHDFKLQJ�IRU�WKH�VWXGHQWV�DQG�VFLHQWLILF�REMHFWLYH�LV�WR�DQDO\]H�
WKH� XVH� WKH� 7R\RWD�.DWD� DSSURDFK� WR� RSHUDWLRQDOL]H� WKH� 3%/�
IRU�WHDFKLQJ��
7KH�UHVHDUFK�ZDV�FRQGXFWHG�LQ�D�SXEOLF�XQLYHUVLW\�GXULQJ�D�

TXDUWHU��LQ�WZR�GLVWLQFW�FODVVHV�RI� WKH�XQGHUJUDGXDWH�FRXUVH�LQ�
0DWHULDOV�(QJLQHHULQJ�RI�0HFKDQLFDO�(QJLQHHULQJ�'HSDUWPHQW�
RI�8)6&��ZLWK�DSSUR[LPDWHO\����VWXGHQWV�HDFK��ZKR�DUH�LQ�WKH�
��WK�SKDVH��7KH�FRXUVH�KDV��LQ�WRWDO�����SKDVHV��7KH�VWXG\�WRRN�
SODFH� GXULQJ� WKH� WLPH� UHVHUYHG� IRU� WKH� 3URMHFW� 0HWKRGRORJ\�
FODVV��ZKLFK�DUH�JLYHQ�RQ�WZR�GD\V�RI�WKH�ZHHN���K���GD\��DQG�
SURFHHG� DV� IROORZV�� 2Q� WKH� ILUVW� GD\� WKH� FRDFKLQJ� F\FOH� LV�
FDUULHG�RXW�ZLWK� WKH� IRUPHG�ZRUN� WHDPV�E\� WKH� VWXGHQWV�� DQG�
RQ� WKH� VHFRQG� GD\�� D� OHFWXUH� LV� JLYHQ� RQ� D� WRSLF� UHODWHG� WR�
SURGXFW� GHYHORSPHQW� �H�J�� 4)'�� VHOHFWLRQ� WHFKQLTXHV��
FUHDWLYLW\��IXQFWLRQDO�PRGHOOLQJ��DPRQJ�RWKHUV���7KH�REMHFWLYH�

RI�WKH�FODVV�LV�WR�JXLGH�KRZ�WR�GHYHORS�D�QHZ�SURGXFW��KDYLQJ�
DV�FRQWHQWV�DGGUHVVHG�� LQWURGXFWLRQ�DQG�PDQDJHPHQW�RI�3'3��
WKH�PRGHO� RI� UHIHUHQFH� IRU� 3'3�� EDVHG� RQ� >��@� WKDW� LQFOXGHV�
WKH� SUHVHQWDWLRQ� RQ� WKH� SKDVHV� RI� ,QIRUPDWLRQDO� 3URMHFW��
&RQFHSWXDO� 3URMHFW� DQG�'HWDLOHG� 3URMHFW�� 7KH� FODVV� SODQ�ZDV�
HVWDEOLVKHG�FRQVLGHULQJ�LWV�WLPH�DYDLODEOH��)LJ������

�

�
)LJ����&ODVV�SODQ�

�
$V� LOOXVWUDWHG� LQ� )LJ�� ��� WKH� ILUVW� �� ZHHNV� ZHUH� XVHG� IRU�

H[SRVLWRU\� FODVVHV� WR� H[SODLQ�SUHVHQW�� 3%/� ORJLF� DQG� FODVV�
UXOHV��WKH�IXQGDPHQWDOV�RI�WKH�3'3��ZLWK�WKH�SKDVHV��WKH�PDLQ�
VWDJHV� DQG� WKH� H[LW� RI� HDFK� RQH�� DQG� ZKDW� LV� 7R\RWD� .DWD
V�
DSSURDFK��LQFOXGLQJ�LWV�FRQFHSWV��XVDJH�ORJLF�DQG�KRZ�WR�ILOO�LQ�
WKH� VWRU\ERDUG�� 7KH� WHDFKHUV� VHW� WKH� GDWHV� IRU� WZR�
SUHVHQWDWLRQV�� WKH� ILUVW�� �RFFXUV��UG�ZHHN��ZKHUH� WKH� VWXGHQWV�
VKRXOG�SUHVHQW� WKHLU�SODQV� LQ� WKH� IRUP�RI�D�GHOLYHU\�URDGPDS��
DQG�WKH�VHFRQG��RFFXUV���WK�ZHHN�RU�DW�WKH�HQG�RI�WKH�TXDUWHU���
LQ� ZKLFK� VWXGHQWV� VKRXOG� SUHVHQW� WKH� ILQLVKHG� SURGXFW�
FRPSOHWHG� XQWLO� WKH� GHWDLOHG� GHVLJQ� SKDVH�� 7KH� GHOLYHU\� RI�
WKUHH� UHSRUWV�FRUUHVSRQGLQJ� WR� WKH�RXWSXWV�RI� WKH�3'3�SKDVHV�
ZDV� DOVR� IRUHVHHQ�� 7KH� IROORZLQJ� LWHPV� DUH� UHTXHVWHG� LQ�
UHSRUWV��5HSRUW� �� �5���� WDUJHW� FXVWRPHU�� FXVWRPHU� QHHGV�� DQG�
WDUJHW� VSHFLILFDWLRQV�� 5��� IXQFWLRQDO� PRGHOLQJ�� VROXWLRQ�
DOWHUQDWLYHV�� DQG� LQLWLDO� VNHWFKHV�� 5��� SURGXFW� VWUXFWXUH��
PDWHULDO�VHOHFWLRQ��PDFUR�PDQXIDFWXULQJ�SURFHVV�SODQQLQJ��DQG�
FRVW�GHILQLWLRQ��7KHVH�UHSRUWV�DUH�FXPXODWLYH��VR�DW�WKH�HQG�RI�
WKH� SURFHVV�� VWXGHQWV� VKRXOG� VXEPLW� DOO� WKH� LQIRUPDWLRQ�
SUHVHQWHG�LQ�WKH�WKUHH�SKDVHV�RI�WKH�SURMHFW��
)RU� WKH� RSHUDWLRQDOL]DWLRQ� RI� WKLV� 3%/�� LW� ZDV� FRQVLGHUHG�

WKDW� WKH� UHVXOWV� RI� HDFK� SKDVH� RI� WKH� 3'3�ZRXOG� FRQILJXUH� D�
WDUJHW�FRQGLWLRQ�IRU�WKH�LWHUDWLRQV�RI�WKH�7R\RWD�.DWD�DSSURDFK��
7KLV� HQDEOHG� WKH� VWXGHQWV� WR� FOHDUO\� YLVXDOL]H� WKH� GHOLYHULHV�
WKH\� ZHUH� H[SHFWHG� WR� PDNH�� DV� ZHOO� DV� HQVXULQJ� VKRUW�
H[SHULPHQW� F\FOHV� WR� DFKLHYH� WKHVH� WDUJHW� FRQGLWLRQV��
+RZHYHU�� WR� VWDUW� WKH� SURMHFW�� D� GHOLYHU\� URDGPDS� ZDV�
UHTXHVWHG� WR� HDFK� WHDP� ZLWK� WKH� PDLQ� GHOLYHULHV� WKDW� WKH�
VWXGHQWV�SODQQHG�WR�FDUU\�RXW��DV�VKRZQ�LQ�)LJ�����
7KH� SURGXFW� GHYHORSPHQW� E\� 7R\RWD� .DWD� DSSURDFK�

FRQVLVWHG�RI�WKH�GHVFULSWLRQ�GRQH�E\�VWXGHQWV�DERXW�WKH�FXUUHQW�
FRQGLWLRQ� RI� WKH� SURMHFW� �ZKHUH� LV� LW"��� LWV� WDUJHW� FRQGLWLRQ�
�ZKHUH� LW� ZDQWV� WR� JR"�� DQG� WKH� FRPSDULVRQ� EHWZHHQ� WKHVH�
FRQGLWLRQV�� 7KLV� FRPSDULVRQ� DOORZHG� WKH� LGHQWLILFDWLRQ� RI�
REVWDFOHV�WKDW�PXVW�EH�RYHUFRPH�IRU�WKDW�WKH�WDUJHW�FRQGLWLRQ�LV�
UHDFKHG�� (DFK� REVWDFOH� LGHQWLILHG� VKRXOG� EH� LQGLYLGXDOO\�
ZRUNHG�E\�VWXGHQWV��ZKR�DOVR�GHVFULEH�ZKDW�ZDV�SODQQHG�DQG�
ZKDW� LV� H[SHFWHG� DV� D� UHVXOW� RI� SODQQHG� DFWLRQ�� $IWHU�
SHUIRUPLQJ� WKH�SURSRVHG�DFWLRQ� IRU� WKH�REVWDFOH�� WKH� VWXGHQWV�
GHVFULEH� ZKDW� KDSSHQHG� DQG� WKHLU� UHIOHFWLRQV� RQ� ZKDW� WKH\�
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OHDUQHG��3'&$�F\FOH���,Q�WKLV�SURFHVV��WKH�WHDFKHU�DVVXPHV�WKH�
UROH� RI� WKH� FRDFK� VXSSRUWLQJ� WKH� GHYHORSPHQW� RI� WKH� SURMHFW�

VROXWLRQV�DQG�HVWDEOLVKLQJ� WKH�GDWHV�DQG�FRQWHQW�RI� WKH�PDFUR�
GHOLYHULHV��

�

��
)LJ����3%/�VWUXFWXUH�

�
7$%/(�,�

678'(17¶6�6725<%2$5'�
3URMHFW��%RWWOH�+ROGHU� &KDOOHQJH��7DUJHW�VSHFLILFDWLRQV�

&XUUHQW�FRQGLWLRQ�
��8QNQRZQ�RI�FRPSHWLWRUV�
��8QNQRZQ�WDUJHW�FXVWRPHU�
��/LIH�F\FOH�QRW�GHILQHG�
��&XVWRPHU�UHTXLUHPHQWV�
QRW�GHWHUPLQHG�

��1RQ�GHWHUPLQHG�SURGXFW�
UHTXLUHPHQWV�

7DUJHW�&RQGLWLRQ�
��1LFKH�RI�NQRZQ�FRPSHWLWRUV�
��7DUJHW�FXVWRPHU�GHILQHG�
��3URGXFW�OLIH�F\FOH�GHILQHG�
��FOLHQW�UHTXLUHPHQWV�
GHWHUPLQHG�

��3URGXFW�UHTXLUHPHQWV�
GHWHUPLQHG�

:KDW�\RX�SODQ"�
���6HDUFK�LQ�SK\VLFDO�VWRUHV�RI�VSRUWLQJ�JRRGV�
DQG�RQ�WKH�,QWHUQHW�SURGXFWV�WKDW�DUH�WKH�VDPH�
RU�VLPLODU�WR�ZKDW�ZH�ZDQW�WR�PDQXIDFWXUH��
���'HILQH�WDUJHW�FXVWRPHU�WKDW�WKH�SURGXFW�
ZLOO�DWWHQG�

:KDW�LV�H[SHFWHG"�
���'HILQH�ZKLFK�DUH�WKH�QDWLRQDO�DQG�LQWHUQDWLRQDO�
FRPSHWLWRUV�WKDW�PDQXIDFWXUH�SURGXFWV�WKDW�DUH�WKH�
VDPH�RU�VLPLODU�WR�ZKDW�ZH�ZDQW�WR�SURGXFH��
����'HILQH�ZKDW�W\SH�RI�FXVWRPHU�ZH�ZDQW�WR�UHDFK��
WKHLU�UHYHQXH�DQG�UDFH�KDELWV�

:KDW�KDSSHQHG"�
���,W�KDV�EHHQ�VHHQ�WKDW�LQ�%UD]LO�WKHUH�DUH�QR�
SURGXFWV�WKDW�DUH�WKH�VDPH�RU�VLPLODU�WR�ZKDW�
ZH�ZDQW�WR�SURGXFH��,Q�WKH�86$��WKHUH�DUH�
VHYHUDO�PRGHOV�RI�ERWWOH�KROGHU�GXULQJ�UDFHV�
DQG�SK\VLFDO�H[HUFLVHV��

:KDW�\RX�KDYH�OHDUQHG"�
���,W�ZDV�GHILQHG�WKDW�RXU�SURGXFW�ZLOO�VHUYH�WKH�
QDWLRQDO�PDUNHW��
,W�ZLOO�EH�DQ�DFFHVVLEOH�DQG�LQQRYDWLYH�SURGXFW�LQ�
%UD]LO��:H�ZLOO�XVH�WKH�SURGXFWV�RI�$PHULFDQ�
FRPSHWLWRUV�DV�LQVSLUDWLRQ�IRU�GHYHORSLQJ�RXU�RZQ�
ERWWOH�KROGHU��

2EVWDFOHV�
���8QNQRZQ�RI�FRPSHWLWRUV�
���8QNQRZQ�WDUJHW�FXVWRPHU�
���8QNQRZQ�RI�WKH�SURGXFW�OLIH�F\FOH�
���,QGHWHUPLQDF\�RI�SURGXFW�UHTXLUHPHQW�
���,QGHWHUPLQDF\�RI�FXVWRPHU�UHTXLUHPHQW�
�

,9�� 5(68/76�
,QLWLDOO\�� HDFK� JURXS� SURGXFHG� WKHLU� GHOLYHU\� URDGPDS� DQG�

ILOOHG� RXW� WKHLU� 6WE�� �6WRU\ERDUG� ��� DFFRUGLQJ� WR� WKLV�
LQIRUPDWLRQ�� )ROORZLQJ�� WKHUH� ZDV� WKH� FRDFKLQJ� URXQG� LQ�
ZKLFK� WKH� WHDFKHU� FKHFNHG� WKH� VWRU\ERDUG� DQG� HQGRUVHG� WKH�
FRQWLQXDWLRQ�RI� WKH�ZRUN��7KH�VWXGHQWV�SHUIRUPHG�WKH�DFWLRQV�
IRU� D� ZHHN� DQG� SUHVHQWHG� DJDLQ� WKH� VWRU\ERDUG� LQ� WKH� FODVV�
GHGLFDWHG�WR�WKH�FRDFKLQJ�URXQG��,Q�WKLV�QHZ�F\FOH��LQ�DGGLWLRQ�
WR� GHVFULELQJ� ZKDW� KDSSHQHG� DQG� ZKDW� WKH\� OHDUQHG�� WKH�
SODQQLQJ� IRU� WKH� IROORZLQJ�ZHHN�ZDV� UHFRUGHG� DQG� WKH� WHDP�

GHVFULEHG� ZKDW� WKH\� KRSH� WR� DFKLHYH� E\� GHYHORSLQJ� WKLV�
SODQQLQJ��VHH�H[DPSOH�LQ�7DEOH�,���7KLV�VWRU\ERDUG�LV�DQDO\]HG�
E\�WKH�FRDFK��ZKR�SURYLGHV�IHHGEDFN�WR�WKH�VWXGHQW��7KH�IRFXV�
RI� WKH� IHHGEDFN�JLYHQ�E\� WKH�FRDFK�LV�QRW� IRU� WKH�RXWFRPH�RI�
WKH� SURMHFW� DFKLHYHG� E\� WKH� VWXGHQW�� EXW� IRU� WKH� FRPSOHWH�
H[HFXWLRQ� RI� WKH� V\VWHP�� WKH� GHVFULSWLRQ� RI� WKH� FXUUHQW�
FRQGLWLRQ� DQG� WDUJHW� FRQGLWLRQ�� WKH� REVWDFOHV� LGHQWLILHG�� WKH�
UHFRUGHG� SODQQLQJ� DQG� ZKDW� LV� H[SHFWHG� ZLWK� WKLV� SODQQLQJ��
7KH� JRDO� LV� IRU� WKH� VWXGHQW� WR� H[HUFLVH� VFLHQWLILF� WKLQNLQJ�
�(QJLQHHULQJ�&XOWXUH���7KDW� LV�� UHJDUGOHVV�RI� WKH� WRRO�XVHG�RU�
WKH�VWHSV�DUH�WDNHQ�WR�FDUU\�RXW�WKH�SURMHFW��WKH�UHVXOW�H[SHFWHG�
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E\�WKH�FRDFK�LV�WKH�FRUUHFW�VFLHQWLILF�PHWKRG��
7KH� FRDFK� IRFXVHV� RQ� FRQFHSWXDO� HUURUV�� VXFK� DV� �D��ZKHQ�

WKH�WHDP�GHVFULEHV�ZKDW�LW�H[SHFWV�WR�GLYHUJH�IURP�WKH�SODQQHG�
DFWLYLW\�� RU�� �E�� ZKHQ� WKH� WHDP� SODQV� VRPHWKLQJ� EXW� FDQQRW�
H[SUHVV�WKH�UHDVRQ�IRU�VXFK�SODQQLQJ��H�J��DSSOLFDWLRQ�RI�WRROV�
ZLWKRXW� MXVWLILFDWLRQ��� 7KH� HYROXWLRQ� RI� VWXGHQWV� LV� DOVR�
DQDO\]HG� WKURXJK� WKH� GHVFULSWLRQV� RI� WKHLU� OHDUQLQJ�� 7KH�
IROORZLQJ� H[FHUSWV� DUH� UHODWHG� WR� VRPH� H[DPSOHV� RI�
DSSUHQWLFHVKLSV�UHJLVWHUHG�E\�WKH�WHDPV��
�� ³:H� KDYH� OHDUQHG� WKDW� PDUNHW� UHVHDUFK� LV� LPSRUWDQW� LQ�

RUGHU�WR�EHWWHU�XQGHUVWDQG�FXVWRPHUV�DQG�NQRZ�WKHLU�PDLQ�
QHHGV�DQG�ZLVKHV´���

�� ³$�VLQJOH�FXVWRPHU¶V�QHHG�GHVLUH�FDQ�PHDQ�PRUH�WKDQ�RQH�
UHTXLUHPHQW� IRU� WKH� SURGXFW�� MXVW� DV� D� ELJ� QXPEHU� RI�
QHHGV�GHVLUHV�FDQ�EH�WUDQVODWHG�LQWR�D�VLQJOH�UHTXLUHPHQW´��

�� ³:H�OHDUQHG�WKH�LPSRUWDQFH�RI�YHULI\LQJ�LQIRUPDWLRQ�DQG�
VWRULQJ� LW� LQ� D� FOHDU� ZD\� WR� HVWDEOLVK� WKH� UHODWLRQVKLS� RI�
FXVWRPHU�QHHGV�ZLWK� HQJLQHHULQJ� UHTXLUHPHQWV��:H�KDYH�
DOVR� OHDUQHG� KRZ� WR� FRUUHODWH� SURGXFW� UHTXLUHPHQWV�ZLWK�
WKHLU�VSHFLILFDWLRQV�WKURXJK�WRROV�VXFK�DV�0XGJH�'LDJUDP�
DQG�4)'´��

�� ³:H�KDYH� OHDUQHG�WKDW�FUHDWLQJ� LQQRYDWLYH�VROXWLRQV�ZLWK�

VLPLODU�SURGXFWV�RQ�WKH�PDUNHW�LV�GLIILFXOW��DV�WKLV�µPRGHO�
SURGXFW¶�XQFRQVFLRXVO\�HQGV�XS� OLPLWLQJ� WKH�FUHDWLYLW\�RI�
WKH� JURXS�� 7KLV� DFWLYLW\� KDV� VKRZQ� JUHDW� GLIILFXOW\� VLQFH�
WKH�FUHDWLYLW\�DVSHFW� LV� OLWWOH�ZRUNHG�DQG�H[SORUHG�GXULQJ�
JUDGXDWLRQ�� 7KXV�� LW� ZDV� SRVVLEOH� WR� SHUFHLYH� WKH�
LPSRUWDQFH�RI�H[HUFLVLQJ�JURXS�ZRUN�E\�JHQHUDWLQJ�PDQ\�
LGHDV�ZLWKRXW�MXGJLQJ�WKHP�LQ�WKH�ILUVW�LQVWDQFH´��

�� ³7KURXJKRXW�GHYHORSPHQW��ZH�QRWHG� WKH�GHYHORSPHQW� RI�
WKH� WHDP� UHJDUGLQJ� KRZ� WR� FRQGXFW� WKH� 3'3� SKDVHV�� ,Q�
WKDW��WKH�URXWLQH�RI�SODQQLQJ�WKH�QH[W�VWHSV�LQ�VKRUW�F\FOHV�
VWLPXODWHG� WKH� JDWKHULQJ� RI� LQIRUPDWLRQ�� XSGDWLQJ�� DQG�
FRQWURO�RI�WKH�GHFLVLRQ�PDNLQJ�´�

,Q� RUGHU� WR� DQDO\]H� VWXGHQWV¶� SURJUHVV� LQ� WKH� SUREOHP�
VROYLQJ� V\VWHP�� WKH� WHDFKHUV� HYDOXDWHG� WKH� FRPSOHWLRQ� RI� WKH�
WHDPV
�VWRU\ERDUGV�LQ�DGGLWLRQ�WR�WKH�OHDUQLQJ�UHFRUGV�PDGH�E\�
WKH� VWXGHQWV� WKHPVHOYHV�� 7KLV� DQDO\VLV� HQDEOHG� WHDFKHUV� WR�
GLUHFW�DFWLRQV�IRFXVHG�RQ�WKH�PRVW�IUDJLOH�SRLQWV�UHODWHG�WR�WKH�
NQRZOHGJH� SUHVHQWHG� E\� WKH� VWXGHQWV�� ERWK� LQ� UHODWLRQ� WR� WKH�
OHDUQLQJ�RI�WKH�SURGXFW�GHYHORSPHQW�DQG�RQ�WKH�V\VWHPDWLFV�RI�
VFLHQWLILF� WKLQNLQJ� WR� VROYH� WKH� SUREOHPV� HQFRXQWHUHG�� 7KHVH�
UHVXOWV�DUH�SUHVHQWHG�LQ�7DEOH�,,��

�
7$%/(�,,�

(9$/8$7,21�2)�6725<%2$5'6�3(5)250('�,1�21(�2)�7+(�&/$66(6�
�� ,WHP� &\FOH��� &\FOH��� &\FOH��� &\FOH��� &\FOH��� &\FOH��� &\FOH��� &\FOH��� 7RWDO�
�� ³:KDW�KDSSHQHG´�LVQ¶W�FRUUHFWO\�GHVFULEHG� �� �� �� �� �� �� �� �� ���
�� ³:KDW�ZH�OHDUQHG´�LVQ¶W�FRUUHFWO\�GHVFULEHG� �� �� �� �� �� �� �� �� ���
�� 1R�SODQQLQJ�IRU�QH[W�F\FOH� �� �� �� �� �� �� �� �� ���
�� ³:KDW�ZH�OHDUQHG´�LV�³ZKDW�KDSSHQHG´� �� �� �� �� �� �� �� �� ��
�� ³:KDW�\RX�H[SHFW´�LV�DQ�DFWLRQ�SODQ� �� �� �� �� �� �� �� �� ��
�� 2EVWDFOHV�GRQ¶W�UHIOHFW�WKH�JDS�EHWZHHQ�&&�DQG�7&� �� �� �� �� �� �� �� �� ��
�� 3ODQQHG�GRHVQ¶W�PDWFK�REVWDFOHV� �� �� �� �� �� �� �� �� ��
�� ³:KDW�ZH�OHDUQHG´�GRHVQ¶W�PDWFK�SODQQHG�DFWLRQV� �� �� �� �� �� �� �� �� ��
�� ³:KDW�\RX�H[SHFW´�LVQ¶W�FRUUHFWO\�GHVFULEHG� �� �� �� �� �� �� �� �� ��
��� ³:KDW�\RX�H[SHFW´�GRHVQ¶W�PDWFK�WKH�SODQQHG�DFWLRQV� �� �� �� �� �� �� �� �� ��
� $FFXPXODWHG� ��� �� �� �� �� �� �� �� ���

�
,Q�WKH�UHVXOWV�SUHVHQWHG�LQ�7DEOH�,,�WKH�LWHP�����LV�DERXW�WKH�

ODFN� RI� LQIRUPDWLRQ� LQ� WKH� �ZKDW� KDSSHQHG�� ILHOG�� ,Q� ZKLFK�
VWXGHQWV�DUH�FRQFHUQHG�WR�GHVFULEH�KRZ�WKH\�GLG�WKH�DFWLRQ�DQG�
QRW� WKH� UHVXOWV� REWDLQHG�� ,WHP� �� �� LV� GLVUHJDUGHG� LQ� F\FOH� ��
EHFDXVH�LW�LV�WKH�ODVW��%RWK�SUREOHPV�KDYH�GHPDQGHG�D�JUHDWHU�
H[SODQDWLRQ� LQ� WKH� LQWURGXFWLRQ� WR� WKHLU� PLWLJDWLRQ� LQ� IXWXUH�
FODVVHV��,Q�LW�� LW� LV�SRVVLEOH�WR�REVHUYH�WKH�GHYHORSPHQW�RI� WKH�
VWXGHQWV� LQ� UHODWLRQ� WR� WKH� OHDUQLQJ� RI� WKH� XVH� RI� WKH� 7R\RWD�
.DWD�DSSURDFK��(YHQ�XVLQJ�WKH�VWUXFWXUH�ZLWK����VWRU\ERDUGV�LW�
ZDV�SRVVLEOH�WR�SHUIRUP�RQO\���FRDFKLQJ�F\FOHV�ZLWK�VWXGHQWV�
�GXH�WR�QRQ�VFKRRO�GD\V���+RZHYHU��LW�LV�SRVVLEOH�WR�QRWLFH�WKH�
WHQGHQF\� LQ� WKH� UHGXFWLRQ� RI� PLVWDNHV� PDGH� E\� WKH� VWXGHQWV�
GXULQJ�WKLV�SHULRG��

9���&21&/86,21�
$FFRUGLQJ� WR� WKH�H[HFXWLRQ�RI� WKH�FODVVHV�� LW�ZDV�REVHUYHG�

WKDW� LW� LV� SRVVLEOH� WR� RSHUDWLRQDOL]H� WKH� 3%/� LQ� D� VFLHQWLILF�
PHWKRG�URXWLQH�WR�SHUIRUP�WKH�3'3�LQ�WKH�DFDGHPLF�FODVV��7KH�
XVH�RI�WKH�7R\RWD�.DWD�DSSURDFK�KDV�SURYHQ�WR�EH�SURPLVLQJ��
SURYLGLQJ� VWDQGDUGL]HG� VXSSRUW� IRU� GULYLQJ� DQG� PDQDJLQJ�

SURGXFW� DQG� VWXGHQW� GHYHORSPHQW�� ,Q� WKLV� ZD\�� WKH� VWXGHQWV�
GHYHORSHG� D� URXWLQH� IRU� VROYLQJ� 3URGXFW� 'HYHORSPHQW�
SUREOHPV� ZLWK� WKH� VFLHQWLILF� PHWKRG�� 7KLV� GHYHORSPHQW� LV�
DFFRPSDQLHG� E\� WKH� HYDOXDWLRQ� RI� WKH� VWRU\ERDUGV� E\� WKH�
FRDFKHV��
7KLV�DSSURDFK�DOVR�KHOSHG�WR�HYLGHQFH�VWXGHQWV
�SHUFHSWLRQV�

RI�WKH�LPSRUWDQFH�RI�XVLQJ�WKH�VFLHQWLILF�PHWKRG�IRU�SUREOHP�
VROYLQJ�� :H� DOVR� REVHUYH� WKDW� HDFK� H[SHULPHQW� KDV� DQ�
HYROXWLRQ� LQ� WKH� IRUP� RI� WHDFKLQJ�� DQG� WKH� WHDFKHU� LV� DEOH� WR�
LGHQWLI\�WKH�ZHDNQHVVHV�RI�KLV�VWXGHQWV
�NQRZOHGJH��WKXV�EHLQJ�
DEOH� WR�DFW�VSHFLILFDOO\�RQ� WKH�QHFHVVDU\�NH\�WKHPHV��0RVW�RI�
WKH� VWXGHQWV� ZKR� SDUWLFLSDWHG� LQ� WKLV� UHVHDUFK� KDG� JUHDW�
GLIILFXOW\� LQ�GHVFULELQJ�ZKDW� WKH\� OHDUQHG�DQG�RIWHQ� UHFRUGHG�
RQO\� WKH� UHVXOWV� RI� WKHLU� DFWLRQV�� 7KLV� GUDZV� DWWHQWLRQ� WR� WKH�
IRUP�RI� WHDFKLQJ�FXUUHQWO\�SUDFWLFHG�� LQ�ZKLFK� WKH� WUDLQLQJ�RI�
VWXGHQWV� LV� FRQVWDQWO\� EDVHG� RQ� WKH� UHSHWLWLRQ� RI� DFWLRQV��
WHFKQLTXHV��WRROV��HWF��WKDW�GR�QRW�VWLPXODWH�UHDVRQLQJ�EDVHG�RQ�
WKH� VFLHQWLILF� PHWKRG� IRU� WKH� UHVROXWLRQ� RI� WKH� SUREOHPV� RI�
HQJLQHHULQJ��(QJLQHHULQJ�&XOWXUH���,Q�WKH�UHVHDUFK�FDUULHG�RXW�
LQ�WKLV�VWXG\��LW�ZDV�SRVVLEOH�WR�REVHUYH�WKDW�ZLWK�WKH�FRXUVH�RI�
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WKH� FODVVHV� WKH� VWXGHQWV� ZHUH� DEOH� WR� LGHQWLI\� WKHLU� PLVWDNHV�
DQG�OHDUQLQJ�IURP�WKHLU�RZQ�H[SHULHQFHV��7KLV�KDV�FRQWULEXWHG�
WR� D� JUDGXDO� LPSURYHPHQW� LQ� WKH� H[HFXWLRQ� RI� FODVVURRP�
DFWLYLWLHV�� DV�ZHOO� DV� WKH� VWXGHQWV
� RZQ� SHUFHSWLRQ� RI� KRZ� WR�
GHDO�ZLWK�WKH�SUREOHPV��REVWDFOHV�� WKDW�DSSHDU�WKURXJKRXW�WKH�
DFWLYLWLHV�WKDW�PDNH�XS�SURGXFW�GHYHORSPHQW��

5()(5(1&(6��
>�@� +�� %LQ]�� $�� .HOOHU�� 0�� .UDW]HU�� 0�� 0HVVHUOH�� '�� 5RWK�� ,QFUHDVLQJ�

HIIHFWLYHQHVV�DQG�HIILFLHQF\�RI�3URGXFW�'HYHORSPHQW� ��$�FKDOOHQJH� IRU�
GHVLJQ� PHWKRGRORJLHV� DQG� NQRZOHGJH� PDQDJHPHQW�� ,Q�� The Future of 
Design Methodology�� %LUNKRIHU�� +�� �(G���� 6SULQJHU�9HUODJ�� /RQGRQ��
������

>�@� 7�5��%URZQLQJ��2Q�WKH�DOLJQPHQW�RI�WKH�SXUSRVHV�DQG�YLHZV�RI�SURFHVV�
PRGHOV�LQ�SURMHFW�PDQDJHPHQW��Journal of Operations Management��YRO��
����QR�����SS�����±������������

>�@� :��:RRG��'�� 7�� 1HDO�� 7KH� +DELWXDO� &RQVXPHU�� Journal of Consumer 
Psychology��YRO������QR�����SS�����������������

>�@� =�� =DFKDULD�� $�� &�� %DUWRQ�� 8UEDQ� PLGGOHဨVFKRRO� VWXGHQWV
� DWWLWXGHV�
WRZDUG�D�GHILQHG�VFLHQFH��Science Education��YRO������QR�����SS�����������
������

>�@� $��:LHN�� $�� ;LRQJ��.�� %UXQGLHUV�� DQG� 6�� YDQ�'HU� /HHXZ�� ,QWHJUDWLQJ�
SUREOHP�DQG�SURMHFW�EDVHG�OHDUQLQJ�LQWR�VXVWDLQDELOLW\�SURJUDPV��$�FDVH�
VWXG\� RQ� WKH� 6FKRRO� RI� 6XVWDLQDELOLW\� DW� $UL]RQD� 6WDWH� 8QLYHUVLW\��
International Journal of Sustainability in Higher Education��YRO������QR��
���SS�����������������

>�@� '��2UOLFK��5��+DUGHU��5��&DOODKDQ��DQG�+��*LEVRQ��Teaching Strategy: A 
Guide to Better Instruction�� %RVWRQ�� +RXJKWRQ� 0LIIOLQ� &ROOHJH� 'LY��
�����

>�@� .�� (�� 0HW]�� &KLOGUHQ¶V� XQGHUVWDQGLQJ� RI� VFLHQWLILF� LQTXLU\�� 7KHLU�
FRQFHSWXDOL]DWLRQ� RI� XQFHUWDLQW\� LQ� LQYHVWLJDWLRQV� RI� WKHLU� RZQ� GHVLJQ��
Cognition and Instruction��YRO������QR�����SS�����������������

>�@� &��6��:DOODFH��0��<��7VRL��-��&DONLQ��0��'DUOH\��/HDUQLQJ�IURP�LQTXLU\ဨ
EDVHG� ODERUDWRULHV� LQ� QRQPDMRU� ELRORJ\�� $Q� LQWHUSUHWLYH� VWXG\� RI� WKH�
UHODWLRQVKLSV�DPRQJ�LQTXLU\�H[SHULHQFH��HSLVWHPRORJLHV��DQG�FRQFHSWXDO�
JURZWK�� Journal of Research in Science Teaching�� YRO�� ���� QR����� SS��
����������������

>�@� -��:��7KRPDV��$�5HYLHZ�RI�WKH�5HVHDUFK�RQ�3URMHFW�%DVHG�/HDUQLQJ����
����6DQ�5DIDHO��&$��7KH�$XWRGHVN��SS��������������

>��@� 0�� 5RWKHU, Toyota Kata Managing People for Improvement, 
Adaptiveness and Superior Results.� 0F*UDZ�+LOO� 3URIHVVLRQDO�
3XEOLVKLQJ��������

>��@� '�� .RVDND�� .DWD�� criando a cultura da melhoria contínua�� ������
$YDLODEOH��
KWWS���ZZZ�OHDQ�RUJ�EU�FRPXQLGDGH�FOLSSLQJ�FOLSSLQJB����SGI��
$FFHVVHG�RQ����������)HEUXDU\��������

>��@� *��,��(QJHO���3HVTXLVD�DomR���Educar em Revista,�������QR������SS������
�����

>��@� +��5RVHQIHOG��)��$��)RUFHOOLQL��'��&��$PDUDO��-��&��'��7ROHGR��6��/��'��
6LOYD��'��+��$OOLSUDQGLQL��DQG�5��.��6FDOLFH� Gestão de desenvolvimento 
de produtos: uma referência para a melhoria do processo��6DUDLYD��6mR�
3DXOR�������

�

Conference Proceedings, Madrid Spain Mar 26-27, 2020, Part XVI

1911


