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ABSTRACT 
�
7R�GHDO�ZLWK�VRFLHWDO�FKDOOHQJHV��IXWXUH�HQJLQHHUV�QHHG�QHZ�VNLOOV�DQG�FRPSHWHQFHV��'HVLJQ�
WKLQNLQJ�LV�RQH�VXFK�VNLOO��7KH�SURMHFW�)XWXUH�7HFKQRORJ\�6WXGLHV��'DKOH��LHQ��������DLPHG�WR�
GHYHORS�WKH�VWXG\�SURJUDPV�LQ�WHFKQRORJ\�DW�1RUZHJLDQ�8QLYHUVLW\�RI�6FLHQFH�DQG�7HFKQRORJ\�
�1718�� DFFRUGLQJ� WR� IXWXUH� WHFKQRORJLFDO� GHYHORSPHQW�� VRFLHWDO� FKDOOHQJHV�� DQG� LQGXVWU\�
QHHGV�� 2QH� RI� WKH� ILQGLQJV� IURP� )76� ZDV� WKDW� WHFKQRORJ\� VWXGHQWV� VKRXOG� OHDUQ� 'HVLJQ�
7KLQNLQJ�� ,Q� WKLV� ZRUN�� ZH� VWXG\� DQ� LPSOHPHQWDWLRQ� RI� GHVLJQ� WKLQNLQJ� LQ� DQ� HOHFWURQLF�
HQJLQHHULQJ� VWXG\� SURJUDP�� 6SHFLILFDOO\�� ZH� XVH� WKUHH� SHUVSHFWLYHV�� VWXGHQWV�� OHDUQLQJ�
DVVLVWDQWV��DQG�WHDFKHUV��WR�VWXG\�KRZ�WKH\�H[SHULHQFH�WKH�LQWURGXFWLRQ�RI�D�FURVV�GLVFLSOLQDU\�
WRSLF�LQ�D�GRPDLQ�VSHFLILF�SURMHFW�FRXUVH��7KH�WDUJHW�JURXS�ZHUH�HOHFWULFDO�HQJLQHHULQJ�VWXGHQWV�
�1 �����ZKR�GLG�D�XVHU�FHQWHUHG�HOHFWURQLF�V\VWHP�LQ�D�SURMHFW�EDVHG�LQWURGXFWRU\�FRXUVH�LQ�
HOHFWURQLF�V\VWHPV�GHVLJQ��'UDZLQJ�RQ�ILQGLQJV�IURP�D�ZHE�EDVHG�TXHVWLRQQDLUH�IURP�VWXGHQWV�
�1 ����DQG�LQWHUYLHZV�ZLWK�FRXUVH�VWDII�PHPEHUV�DQG�WXWRUV��1 ����RXU�ILQGLQJV�VKRZ�����WKDW�
PRUH� ZRUN� LV� QHHGHG� WR� LPSURYH� WKH� FRXUVH� GHVFULSWLRQ�� DFWLYLWLHV�� V\OODEXV�� DQG� VWXGHQW�
HYDOXDWLRQ�DQG�����WKH�LPSRUWDQFH�RI�PDNLQJ�WKH�SXUSRVH�DQG�JRDO�RI�LQFOXGLQJ�GHVLJQ�WKLQNLQJ�
LQ�WKH�FRXUVH�FOHDU�IRU�WKH�VWXGHQWV��
�
�
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&URVV�GLVFLSOLQDU\�WHDFKLQJ��IXWXUH�WHFKQRORJ\�VWXGLHV��GHVLJQ�WKLQNLQJ��HOHFWULFDO�HQJLQHHULQJ��
GHVLJQ��&',2��VWDQGDUGV��������������
 
 
INTRODUCTION 
 
7RGD\��WHFKQRORJ\�LV�LQWHUWZLQHG�ZLWK�DOPRVW�DOO�DUHDV�RI�RXU�OLYHV��DIIHFWLQJ�SHRSOH¶V�GDLO\�OLYHV�
ERWK�LQ�VHHQ�DQG�XQVHHQ�ZD\V��DQG�FRQWLQXRXVO\�HQWHUV�DQG�FKDQJHV�QHZ�GRPDLQV�RI�VRFLHW\��
6RFLHW\�DQG�VRFLHW\¶V�FKDOOHQJHV�KDV�JURZQ�LQFUHDVLQJO\�FRPSOH[�DV�WKH�UDWH�RI�WHFKQRORJLFDO�
GHYHORSPHQW� KDV� LQFUHDVHG�� 6ROXWLRQV� WR� WKHVH� FKDOOHQJHV� UHTXLUH� PRUH� WKDQ� D� WHFKQLFDO�
XQGHUVWDQGLQJ��EXW�DOVR�DQ�XQGHUVWDQGLQJ�RI� WKH�VRFLHWDO�DQG�HQYLURQPHQWDO� FRQWH[W�RI� WKH�
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SUREOHP��7KXV��IRU�WKH�PRGHUQ�HQJLQHHU��WHFKQLFDO�FRPSHWHQFH�LV�UHTXLUHG��EXW�QRW�VXIILFLHQW�
WR�DSSO\�WKHLU�NQRZOHGJH�WR�WKH�EHQHILW�RI�ERWK�SHRSOH�DQG�HQYLURQPHQW��7R�EH�DEOH�WR�HGXFDWH�
WKH�PRGHUQ�HQJLQHHU�ZH�QHHG�WR�YLHZ�WKH�SURFHVV�RI�HQJLQHHULQJ�DV�PRUH�WKDQ�WKH�VLPSOH�
DSSOLFDWLRQ� RI� VFLHQFH�� )LJXHLUHGR� ������� VXJJHVWV� WKDW� WKHUH� DUH� IRXU� GLPHQVLRQV� WR� DQ�
HQJLQHHU�� WKH�HQJLQHHU�DV�D�VFLHQWLVW� �EDVLF�VFLHQFH��� VRFLRORJLVW� �VRFLDO� VFLHQFH���GHVLJQHU�
�GHVLJQ��DQG�D�GRHU��SUDFWLFDO�LPSOHPHQWDWLRQ���(QJLQHHULQJ�QHHGV�WR�EH�VHHQ�DV�D�SURFHVV�
ZKHUH�NQRZOHGJH�IURP�WKHVH�GLPHQVLRQV�LV�XVHG�EDVHG�RQ�WKH�VSHFLILF�FRQWH[W�RI�WKH�SUREOHP�
WKH�HQJLQHHU�LV�ZRUNLQJ�RQ��7UDGLWLRQDOO\��HQJLQHHULQJ�HGXFDWLRQ�KDV�KDG�D�VWURQJ�IRFXV�RQ�WKH�
XQGHUVWDQGLQJ� RI� EDVLF� VFLHQFHV�� ZLWK� SUDFWLFDO� LPSOHPHQWDWLRQ� RI� EDVLF� VFLHQFH� EHLQJ�
LQWURGXFHG�WRZDUGV�WKH�HQG�RI�D�GHJUHH��+RZHYHU��WKHUH�LV�DQ�HPHUJLQJ�XQGHUVWDQGLQJ�RI�WKH�
QHHG�IRU�WKH�RWKHU�WZR�GLPHQVLRQV�LQ�HQJLQHHULQJ�HGXFDWLRQ��7KH�QHHGV�RI�WKH�PRGHUQ�HQJLQHHU�
DQG� PRGHUQ� HQJLQHHULQJ� HGXFDWLRQ� KDV� UHFHQWO\� EHHQ� ORRNHG� LQWR� E\� WKH� SURMHFW� )XWXUH�
7HFKQRORJ\� 6WXGLHV� DW� 1718� �)76�� �'DKOH� �LHQ�� ������ DQG� KLJKOLJKW� WKH� QHHG� IRU�
VWUHQJWKHQLQJ� WKH�HQJLQHHULQJ�VWXGHQWV¶� FRPSHWHQFHV�ZLWKLQ� WKH�GHVLJQ�DQG�VRFLDO� VFLHQFH�
GLPHQVLRQV�DERYH��)76�UDQ�EHWZHHQ������DQG������DW�1718�ZLWK�JRDO�WR�©IDFLOLWDWH�1718¶V�
VWXG\� SRUWIROLR� LQ� WHFKQRORJ\� WR� EH� DV� FORVHO\� DOLJQHG� DV� SRVVLEOH� ZLWK� WHFKQRORJLFDO�
GHYHORSPHQW��VRFLHWDO�FKDOOHQJHV�DQG�WKH�QHHGV�RI�EXVLQHVV�DQG�ZRUNLQJ�OLIH�LQ�WKH�SHULRG�IURP�
�����RQZDUGVª��%RGVEHUJ����������,Q�DGGLWLRQ��WKH�UHSRUWV�(QJLQHHULQJ�FKDQJH�±�7KH�IXWXUH�RI�
HQJLQHHULQJ�HGXFDWLRQ�LQ�$XVWUDOLD��3��/��/HH��������DQG�1DYLJDWLQJ�WKH�/DQGVFDSH�RI�+LJKHU�
(QJLQHHULQJ�(GXFDWLRQ�IURP�WKH�7HFKQLFDO�8QLYHUVLW\��'HOIW��.DPS���������ERWK�KLJKOLJKW�WKDW�
IXWXUH�HQJLQHHUV�QHHG�FRPSHWHQFHV�RXWVLGH�DSSOLFDWLRQ�RI�VFLHQFH��
�
7KHVH� UHSRUWV� SUHGLFW� WKDW� WKH� IXWXUHV� IRU� HQJLQHHULQJ� ZRUN� DUH� FKDUDFWHUL]HG� E\� PRUH�
FRPSOH[LW\��PRUH�PXOWLGLVFLSOLQDU\�� JUHDWHU� DFFRXQWDELOLW\��PRUH� IRFXV� RQ� VXVWDLQDELOLW\�� DQG�
EHLQJ�SHUIRUPHG�RQ�D�JOREDO�DUHQD��)XWXUH�H[SHFWDWLRQV�RI�SURIHVVLRQDO�HQJLQHHUV�DUH�WKDW�WKH\�
KDYH�VNLOOV�DQG�FRPSHWHQFHV�WKDW�H[FHO�WKH�SDVW�HQJLQHHULQJ�ZRUN��6RPH�RI�WKHVH�VNLOOV�DUH�
KXPDQ� IRFXVHG� LPSDFWV�� GHVLJQ� WKLQNLQJ�� SUREOHP� ILQGLQJ�IUDPLQJ�VROYLQJ��PXOWL�GLVFLSOLQDU\�
FROODERUDWLRQ� DQG� FRPPXQLFDWLRQ�� VWDNHKROGHU� LQWHUDFWLRQ�� FUHDWLYLW\�� DQG� LPDJLQDWLRQ�
�&URVWKZDLWH���������$OO�RI� WKHVH�DUH� LPSRUWDQW�HOHPHQWV�RI�ZRUNLQJ�RQ�SURMHFWV�ZLWK�GHVLJQ�
WKLQNLQJ��'7��DV�D�IUDPHZRUN��
�
'HVLJQ� WKLQNLQJ� LV� D� IUDPHZRUN� WKDW� JLYHV� VWXGHQWV� DQG� HGXFDWRUV� VWUXFWXUH� DQG� WRROV� WR�
DGGUHVV�SUREOHPV�ZLWK�XQNQRZQ�VROXWLRQV�DQG�ZLFNHG�SUREOHPV��7KH�IUDPHZRUN�LV�D�KXPDQ�
FHQWHUHG�LWHUDWLYH�SUREOHP�VROYLQJ�DSSURDFK�IRU�GHYHORSLQJ�LQQRYDWLYH�WHFKQRORJLHV��SURGXFWV��
DQG�VHUYLFHV��7KH�DSSURDFK�LQYROYHV��D��LGHQWLI\LQJ�D�SUREOHP�DQG�PDS�DQG�XQGHUVWDQG�XVHU�
QHHGV�� �E�� GHYHORSLQJ� FRQFHSWV� DQG� SURSRVDOV� IRU� VROXWLRQV� WKURXJK� FUHDWLYH� GHYHORSPHQW�
PHWKRGV��VNHWFKHV��DQG�SURWRW\SHV���F��V\VWHPDWLFDOO\�WHVWLQJ�WKH�VROXWLRQV�RQ�HQG�XVHUV��DQG�
�G�� LPSURYLQJ� WKH�VROXWLRQ� WKURXJK� LWHUDWLRQV�RI� WKH�SURFHVV��7KH� IUDPHZRUN��ZKLFK�H[LVW� LQ�
QXPHURXV� YDULDQWV� DQG� PRGLILFDWLRQV� DQG� LV� XVXDOO\� H[SODLQHG� WKURXJK� WKH� ILYH� SKDVHV�
GHVFULEHG�LQ�)LJXUH����
�

�
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)LJXUH����3KDVHV�DQG�H[DPSOH�PHWKRGV�RI�WKH�GHVLJQ�WKLQNLQJ�IUDPHZRUN�
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7KH� WRSLF�RI� WHDFKLQJ�SUREOHP�VROYLQJ�DQG�PRUH�VSHFLILFDOO\�GHVLJQ� WKLQNLQJ� WR�HQJLQHHULQJ�
VWXGHQWV�KDV�EHHQ�UHVHDUFKHG�H[WHQVLYHO\�IURP�VHYHUDO�DQJOHV�IRU�GHFDGHV��LQFOXGLQJ�±�EXW�
QRW�OLPLWHG�WR��UHVHDUFKHUV�LQ�WKH�ILHOGV�RI�GHVLJQ�HGXFDWLRQ�DQG�&',2���
�
3UHYLRXV� UHVHDUFK� KDYH� ±� DPRQJ� RWKHU� WKLQJV�� ORRNHG� DW� FRPSDULQJ� MXQLRU� DQG� VHQLRU�
HQJLQHHULQJ�VWXGHQWV�DSSURDFKHV�WR�VROYLQJ�RSHQ�HQGHG�SUREOHPV��&��-��$WPDQ�HW�DO���������
�&��$WPDQ�HW�DO����������FRPSDULQJ�HQJLQHHULQJ�VWXGHQWV�DQG�H[SHUW�GHVLJQ�SUDFWLWLRQHUV��&��
$WPDQ�HW�DO���������DQG�KRZ�VWXGHQWV¶�GHVLJQ�SURFHVVHV�GLIIHU�DQG�GHYHORS�WKURXJK�WKH�FRXUVH�
RI�DQ�HQJLQHHULQJ�SURJUDP��&DUGHOOD�HW�DO����������2WKHU�UHVHDUFKHUV�KDYH�ORRNHG�DW�FRXUVH�
GHVLJQ�DQG�GLGDFWLF�DVSHFWV�RI�WHDFKLQJ�GHVLJQ�WR�WKLV�JURXS�RI�VWXGHQWV��/LOOLHVN|OG�	�gVWOXQG��
������LQFOXGLQJ�VWUDWHJLHV�IRU�OHDUQLQJ��9DWWDP�	�.RORGQHU���������6LPLODUO\��REVHUYDWLRQV�RQ�
KRZ�WR�KRZ�WKH�WRSLF�RI�GHVLJQ�WKLQNLQJ�PD\�ILQG�LWV�ZD\�LQWR�D�&',2�FRQWH[W�FDQ�EH�IRXQG�LQ�
WKH�ZRUNV�RI�)DL���������3LQJ���������/HH�HW�DO���������DQG�PDQ\�RWKHUV���
�
:KLOH�WKHUH�KDYH�EHHQ�D�QXPEHU�RI�DUWLFOHV�H[SORULQJ�WKH�HIIHFWV�RI�WHDFKLQJ�DQG�WXWRULQJ�RQ�
WKH� GHVLJQ� WKLQNLQJ� FRPSHWHQFH� DPRQJ� HQJLQHHULQJ� VWXGHQWV�� KHUH� ZH� UHSRUW� RQ� WKH�
H[SHULHQFHV� IURP� LQWURGXFLQJ� GHVLJQ� WKLQNLQJ� LQ� DQ� DOUHDG\� HVWDEOLVKHG� SURMHFW� FRXUVH��
IRFXVLQJ� RQ� WKH� LPSOHPHQWDWLRQ� LWVHOI� IURP� WKUHH� SHUVSHFWLYHV� ±� WKH� VWXGHQW�� WKH� VWXGHQW�
OHDUQLQJ�DVVLVWDQW��DQG�WKH�WHDFKHU���
�
,Q�WKLV�ZRUN��ZH�KDYH�LQWURGXFHG�GHVLJQ�WKLQNLQJ�LQ�D�ILUVW�\HDU�SURMHFW�FRXUVH�JLYHQ�WR�HOHFWULFDO�
HQJLQHHULQJ�VWXGHQWV� WKURXJK�D�FROODERUDWLRQ�EHWZHHQ�GHSDUWPHQWV�RI�GHVLJQ�DQG�HOHFWULFDO�
V\VWHPV�DW�1718��:KLOH�VLPLODU�VWXGLHV�KDYH�KDG�D�IRFXV�RQ�WKH�OHDUQLQJ�RXWFRPH��EHKDYLRUV�
RU� FRPSHWHQFLHV�� WKH� DLP� RI� RXU� VWXG\� KDV� EHHQ� JHWWLQJ�PRUH� LQVLJKW� LQWR� WKH� SURFHVV� RI�
LQWHJUDWLRQ��)LUVWO\��WR�JDWKHU�GDWD�IURP�VWXGHQW�WXWRUV�DQG�WHDFKLQJ�VWDII�DERXW�WKHLU�H[SHULHQFHV�
UHODWHG�WR�WHDFKLQJ�DQG�WXWRULQJ�D�FURVV�GLVFLSOLQDU\�WRSLF�WR�D�QHZ�JURXS�RI�VWXGHQWV��6HFRQGO\��
ZH�ZDQWHG� VWXGHQW� RSLQLRQV� DERXW� OHDUQLQJ� DQG� XVLQJ� D� FURVV�GLVFLSOLQDU\� WRSLF� WR� VROYH� D�
SUREOHP�LQ�WKHLU�RZQ�GRPDLQ��
�
Design Thinking for technologists 
�
$V�D�FDVH�WR�VWXG\�KRZ�'7�FDQ�EH�LQWHJUDWHG�LQ�HQJLQHHULQJ�HGXFDWLRQ��ZH�XVHG�D�ILYH�\HDU�
PDVWHU¶V�GHJUHH�SURJUDP�LQ�(OHFWURQLFV�6\VWHPV�'HVLJQ�DQG�,QQRYDWLRQ��07(/6<6��DW�1718��
$W�WKLV�SURJUDP�VWXGHQWV�OHDUQ�KRZ�WR�GHVLJQ�DQG�GHYHORS�HOHFWURQLF�HTXLSPHQW�DQG�V\VWHPV��
7KH� VWXG\� SURJUDP� KDV� D� IRXQGDWLRQ� RI� PDWKHPDWLFV�� SK\VLFV�� DQG� SURJUDPPLQJ� LQ�
FRPELQDWLRQ�ZLWK�GLJLWDO�WHFKQRORJ\��7KH�VWXG\�SURJUDP�VWDUWV�ZLWK�D�EDVLF�FRXUVH�LQ�(OHFWURQLF�
6\VWHP�'HVLJQ��(6'��IRU�LWV�DSSUR[LPDWHO\�����VWXGHQWV��'HSDUWPHQW�RI�(OHFWURQLF�6\VWHPV��
1718������D���7KH�FRXUVH�LV�RUJDQL]HG�DURXQG�WKH�ILUVW�SKDVH�RI�D�ODUJHU�LQQRYDWLRQ�SURMHFW�LQ�
FROODERUDWLRQ�ZLWK�DQ�H[WHUQDO�FRPSDQ\�RU�RUJDQL]DWLRQ�ZLWK�D�UHDO�ZRUOG�SUREOHP��'HSDUWPHQW�
RI�(OHFWURQLF�6\VWHPV��1718������E���7KH�VWXGHQWV�ZRUN�LQ�JURXSV�WR�PDNH�D�SURWRW\SH��XVLQJ�
PLFURFRQWUROOHUV��VHQVRUV��DQG�DFWXDWRUV��WKDW�FDQ�FRQWULEXWH�WR�D�VROXWLRQ�WR�WKH�FROODERUDWRU¶V�
SUREOHP��ZLWK�WKH�JRDO�RI�OHDUQLQJ�KRZ�WR�GHVLJQ�VLPSOH�HOHFWURQLF�V\VWHPV��(6'�LV�GLYLGHG�LQWR�
WZR�SDUWV��WKH�LQWURGXFWRU\�ZHHNV�DQG�WKH�LQQRYDWLRQ�SURMHFW��7KH�LQWURGXFWRU\�ZHHNV�DLP�DW�
JLYLQJ�WKH�VWXGHQWV�WKH�EDVLF�FRPSHWHQF\�QHHGHG�WR�EH�DEOH�WR�FRQWULEXWH�WR�WKH�LQQRYDWLRQ�
SURMHFW�LQ�WKH�VHFRQG�SDUW��7KH�LQWURGXFWRU\�ZHHNV�KDYH�XQWLO�QRZ�IRFXVHG�RQ�JLYLQJ�VWXGHQWV�
SUDFWLFDO�VNLOOV�ZLWKLQ�HOHFWURQLFV�WKURXJK�VHYHUDO�VKRUW�PLFURFRQWUROOHU�EDVHG�H[HUFLVHV���
�
7R�FRXQWHUEDODQFH�WKH�KHDY\�WHFKQRORJ\�IRFXV�LQ�WKH�FRXUVH�DQG�WR�PDNH�WKH�SURMHFW�UHVXOWV�
PRUH�XVHIXO�IRU�LWV�VWDNHKROGHUV��WKH�FRXUVH�FRRUGLQDWRU��FR�DXWKRU�%ROVWDG��UHDFKHG�RXW�WR�DQ�
HPSOR\HH�DW�'HSDUWPHQW�RI�'HVLJQ��FR�DXWKRU�$OVRV���ZKR�ZDV�WHDFKLQJ�D�FRPSDUDEOH�FRXUVH�
IRU�LQGXVWULDO�GHVLJQ�VWXGHQWV��$OVRV���������WR�VHH�LI�WKH\�FRXOG�H[FKDQJH�LGHDV��$V�D�UHVXOW��
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LQ������WKH�WZR�FRXUVH�FRRUGLQDWRUV�VWDUWHG�DQ�XQGHUFRYHU�OHDUQLQJ�DVVLVWDQW��/$��H[FKDQJH�
SURJUDP�ZKHUH�/$V�HPSOR\HG�DW�WKH�LQGXVWULDO�GHVLJQ�SURJUDP�ZHUH�OHQG�RXW�WR�WXWRU�VWXGHQWV�
DW� WKH�HOHFWURQLF�V\VWHP�GHVLJQ�SURJUDP�±�DQG�YLFH�YHUVD��&RPLQJ� IURP�GLIIHUHQW�)DFXOWLHV�
�$UFKLWHFWXUH�DQG�'HVLJQ���,QIRUPDWLRQ�7HFKQRORJ\�DQG�(OHFWULFDO�(QJLQHHULQJ��WKH�XQGHUFRYHU�
ODEHO�ZDV�JLYHQ�WR�DYRLG�DQ\�EXUHDXFUDWLF��RUJDQL]DWLRQDO��DQG�HFRQRPLFDO�REVWDFOHV��,Q������
'HVLJQ�7KLQNLQJ�ZDV�LQWURGXFHG�IRUPDOO\�DV�D�SDUW�RI�WKH�FXUULFXOXP��
�
7KH�PRWLYDWLRQ�IRU�LQWURGXFLQJ�'7�LQ�WKH�(6'�FRXUVH�ZDV�IRXU�IROG��)LUVW��LW�ZDV�REVHUYHG�E\�
WKH� WHDFKHUV� LQYROYHG� LQ� WKH� FRXUVH� WKDW� ZKLOH� WKH� VWXGHQWV� FUHDWHG�ZHOO�FUDIWHG� HOHFWURQLF�
V\VWHPV�� WKH\� GLG� QRW� QHFHVVDULO\� FUHDWH� V\VWHPV� LQ� OLQH� ZLWK� WKH� QHHGV� RI� WKH� H[WHUQDO�
FROODERUDWRU��6HFRQG��WKH�FRPSHWHQFHV�JDLQHG�WKURXJK�OHDUQLQJ�'7�ZRXOG�PDNH�WKH�FRXUVH�
PRUH�FRQVWUXFWLYHO\�DOLJQHG�ZLWK�WKH�FRXUVH¶V�LQWHQGHG�OHDUQLQJ�RXWFRPH�RI�JLYLQJ�WKH�VWXGHQWV�
D�³EHJLQQLQJ�LGHQWLILFDWLRQ�ZLWK�WKH�UROH�RI�WHFKQRORJLFDO�SUREOHP�VROYHU�DQG�LQQRYDWRU´��&RXUVH�
��(OHFWURQLF�6\VWHP�'HVLJQ��%DVLF�&RXUVH���777�������1718��Q�G����7KLUG��LW�KDV�SUHYLRXVO\�
EHHQ�IRXQG�WKDW�WKH�VWXGHQWV�KDYH�D�OLPLWHG�YLHZ�RI�GHVLJQ�DQG�FRQVLGHUV�GHVLJQ�DV�PDLQO\�
EHLQJ�UHODWHG�WR�DHVWKHWLFV�DQG�RWKHU�H[WHULRU�DVSHFWV�RI�WKH�SURWRW\SH�DQG�UHYHDOV�D�EHOLHI�WKDW�
LQQRYDWLRQ�LV�PDLQO\�D�WHFKQRORJLFDO�FKDOOHQJH�WKHUHE\�OLPLWLQJ�WKH�FRJQLWLYH�URRP�DYDLODEOH�WR�
WKH�VWXGHQWV�ZKHQ�DVNHG�WR�ZRUN�DV�HQJLQHHU�LQ�WKH�LQQRYDWLRQ�SURMHFW��%ROVWDG�HW�DO����������
/DVWO\�� WKH� 1718� SURMHFW� 7HFKQRORJ\� 6WXGLHV� RI� WKH� )XWXUH� H[SOLFLWO\� PHQWLRQHG� 'HVLJQ�
7KLQNLQJ�DV�FRPSHWHQFH�WKDW�WHFKQRORJ\�VWXGHQWV�VKRXOG�OHDUQ��'DKOH��LHQ������E��S�������
�
7KH�'7�PRGXOH�ZDV�FDOOHG�'HVLJQ�WKLQNLQJ�IRU�7HFKQRORJLVWV�DQG�ZDV�LPSOHPHQWHG�DV�D�����
(&76�PLFUR�PRGXOH��,W�ZDV�QRW�D�VWDQGDUGL]HG��VWDQG�DORQH�FRXUVH�RI�WKH�XVXDO�����(&76��EXW�
ZDV�GHSHQGHQW�RQ�UXQQLQJ�LQ�SDUDOOHO�ZLWKLQ�DQ�H[LVWLQJ�SURMHFW�EDVHG�FRXUVH��D�NLQG�RI�KRVW�
ZKLFK�LW�FRXOG�OLYH�LQ�V\PELRVLV�ZLWK��7KH�PRGXOH�WRRN�DGYDQWDJH�RI�D�SUH�H[LVWLQJ�DQG�QRW�WRR�
VSHFLILF� FXUULFXOXP� DQG� LQWURGXFHG� QHZ� WRSLFV� LQWR� WKH� V\OODEXV�� EXW� ZLWKRXW� FKDQJLQJ� WKH�
RYHUDOO� VWUXFWXUH� RI� WKH� FRXUVH� QRU� WKH� W\SH� RI� DVVHVVPHQWV�� 7KH� OHDUQLQJ� RXWFRPHV� DQG�
FXUULFXOXP� RI� WKH� PRGXOH� ZDV� VLPSOLILHG� FRPSDUHG� WR� RWKHU� GHVLJQ� WKLQNLQJ� FRXUVHV�� DQG�
FDUHIXOO\�DGDSWHG�WR�WKH�WDUJHW�JURXS��7KH�QXPEHU�RI�PHWKRGV�WKH\�OHDUQHG�ZLWKLQ�HDFK�VWDJH�
RI�WKH�GHVLJQ�WKLQNLQJ�SURFHVV�ZDV�UHGXFHG�WR�D�PLQLPXP��,Q�DGGLWLRQ�WR�WHDFK�DQG�WXWRU�'7�
IUDPHZRUN� DQG� PHWKRGV� WR� WKH� WHFKQRORJ\� VWXGHQWV�� WKH� DLPV� ZHUH� DOVR� WR� WHVW� RXW� WKH�
LQWHJUDWLRQ�RI�D�'7�PLFUR�PRGXOH�LQWR�DQ�H[LVWLQJ�SURMHFW�EDVHG�FRXUVH��WR�H[SORUH�QHZ�ILQDQFLDO�
GLVWULEXWLRQ�NH\V�DQG�SHUIRUPDQFH�DOORFDWLRQ��DQG�WR�HQFRXUDJH�LQWHUGLVFLSOLQDU\�FROODERUDWLRQ�
DQG�FRRUGLQDWLRQ�EHWZHHQ�GLIIHUHQW�IDFXOWLHV���
�
,Q�FRQMXQFWLRQ�ZLWK�WKH�LQWURGXFWLRQ�RI�'7��DV�GHVFULEHG�LQ�WKLV�ZRUN��WKH�LQWURGXFWLRQ�ZHHNV�
ZHUH�UHZRUNHG��,QVWHDG�RI�VKRUW�H[HUFLVHV�LQ�ZHHN�WZR�DQG�WKUHH��WKH�VWXGHQWV�XVH�'7�LQ�VKRUW�
RQH�ZHHN�SURMHFWV��7KHUH��WKH\�ZHUH�DVNHG�WR�HPSDWKL]H�ZLWK�HQG�XVHUV��GHILQH�WKH�SUREOHP��
DQG� LGHDWH��SURWRW\SH��DQG� WHVW�VROXWLRQV�EDVHG�RQ�PLFURFRQWUROOHUV�ZKLOH�KDYLQJ�DFFHVV� WR�
LQVWUXFWLRQV� RQ� KRZ� WR� FUHDWH� XVHIXO� SDUWV� RI� WKH� SURWRW\SH� V\VWHP�� IRU� H[DPSOH� KRZ� WR�
FRPPXQLFDWH�ZLUHOHVVO\�EHWZHHQ�PLFURFRQWUROOHUV��)RU�PRUH�GHWDLOV�RQ� WKH�VWUXFWXUH�RI� WKH�
FRXUVH�VHH��/XQGKHLP�HW�DO����������,Q�WKH�UHVW�RI�WKLV�SDSHU��ZH�VXPPDUL]H�WKH�DVVHVVPHQW�RI�
WKH�'HVLJQ�7KLQNLQJ�SLORW�WKDW�UDQ�LQ�SDUDOOHO�ZLWK�WKH�(6'�FRXUVH�GXULQJ�WKH�IDOO�VHPHVWHU�RI�
�������
�
 
METHODS 
�
7KH� DLP� RI� WKLV� VWXG\� ZDV� ���� WR� DVVHVV� ZKHWKHU� WKH� GHVLJQ� WKLQNLQJ� PRGXOH� JDYH� WKH�
FDQGLGDWHV� FRPSHWHQFHV� LQ� GHVLJQ� WKLQNLQJ� WKDW� HQDEOHV� WKHP� WR� GHYHORS� XVHU�IULHQGO\�
WHFKQRORJ\�� DQG� ���� WR� ILQG� RXW� LI� WKH� FRQFHSW� RI�PLFUR�PRGXOHV� LQWHJUDWHG� LQWR� DQ� H[LVWLQJ�
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FRXUVH��:H�XVHG�D�WZR�SURQJHG�DSSURDFK�WR�LQYHVWLJDWH�WKH�VWXGHQW�DQG�VWDII�H[SHULHQFHV�ZLWK�
UHJDUGV� WR� WHVWLQJ� RXW� WKH� GHVLJQ� WKLQNLQJ� PRGXOH�� 6WDII�� VWXGHQW� WXWRUV�� DQG� VWXGHQW�
UHSUHVHQWDWLYHV�ZHUH� LQWHUYLHZHG�ZLWK� WKH�JRDO� RI� JHWWLQJ�DQ� LQ�GHSWK�XQGHUVWDQGLQJ�RI� WKH�
VXEMHFW�PDWWHU��:H�DOVR�FRQGXFWHG�D�VXUYH\�ZLWK�VWXGHQWV�DW�WKH�HQG�RI�WKH�FRXUVH�DQG�DV�SDUW�
RI� WKH� JHQHUDO� FRXUVH� DVVHVVPHQW��7KH� SXUSRVH�ZDV� WR� VKHG� OLJKW� RQ� WKH� GHVLJQ� WKLQNLQJ�
FRPSHWHQF\�GHYHORSPHQW�E\�VWXGHQWV���
�
$OO�WKH�VWXGHQWV�LQ�WKH�FRXUVH��1 �����ZHUH�DVNHG�WR�WDNH�SDUW�LQ�D�FRXUVH�TXDOLW\�VXUYH\�DW�WKH�
HQG�RI�WKH�FRXUVH��2I�WKHVH�������SDUWLFLSDWHG�LQ�WKH�VXUYH\��1 �����7KH\�DQVZHUHG�D�VXEVHW�
RI����TXHVWLRQV��IURP�D�WRWDO�RI����TXHVWLRQV��WKDW�ZHUH�GLUHFWO\�RU�LQGLUHFWO\�UHOHYDQW�IRU�WKHLU�
H[SHULHQFH�ZLWK�OHDUQLQJ�DERXW�'7��7KH�VWXGHQWV�ZHUH�DVNHG�RQ�D�ILYH�SRLQW�VFDOH�KRZ�PXFK�
WKH\�DJUHHG�RQ�YDULRXV�GLPHQVLRQV�DERXW�WKH�FRXUVH��VXFK�DV�SULRU�NQRZOHGJH��VDWLVIDFWLRQ��
UHOHYDQFH� IRU� VWXG\� SURJUDP�� GLIILFXOW\� OHYHO�� ZRUNORDG�� LQIRUPDWLRQ�� WHDFKLQJ�� VXSHUYLVLRQ��
OHDUQLQJ�HQYLURQPHQW��UHVRXUFHV��SURMHFW�ZRUN��DVVHVVPHQW��HWF����6RPH�RI�WKH�TXHVWLRQV�ZHUH�
GLUHFWO\� UHOHYDQW� IRU� WKH�'7�PRGXOH� �VXFK�DV� WKH�SULRU� LQIRUPDWLRQ�DERXW�'7�� WHDFKLQJ��DQG�
WXWRULQJ�LQ�'7��WKH�OHDUQLQJ�HQYLURQPHQW�LQ�'7��XVH�RI�'7�LQ�WKH�SURMHFWV��WKH�DVVHVVPHQW�RI�
'7��DQG�DQ\�RWKHU�FRPPHQWV�UHJDUGLQJ�WKH�WHDFKLQJ��WXWRULQJ��DQG�DVVHVVPHQW�RQ�WKH�WRSLF�RI�
'7��� ,Q� WKLV�ZRUN�ZH�SUHVHQW� WKH� UHVXOWV� IURP�D� VXEVHW� RI� WKHVH�TXHVWLRQV�� VSHFLILFDOO\� WKH�
SHUFHLYHG�TXDOLW\�RI�WKH�WHDFKLQJ�DQG�UHVRXUFHV��WKH�UHSRUWHG�GHYHORSPHQW�RI�XQGHUVWDQGLQJ�
HOHFWURQLF�V\VWHPV�DQG�'7��DQG�LQ�ZKLFK�DUHQDV�RI�WKH�FRXUVH�WKLV�XQGHUVWDQGLQJ�KDV�EHHQ�
GHYHORSHG��7KH�VXEVHW�ZDV�FKRVHQ�EDVHG�RQ�WKH�UHVHDUFK�TXHVWLRQV�DQG�WKH�WKHPDWLF�DQDO\VLV�
RI�WKH�LQWHUYLHZV��7R�FKHFN�IRU�VWDWLVWLFDO�VLJQLILFDQFH�WKH�:LOFR[RQ�6LJQHG�5DQN�WHVW�LV�XVHG��
ZKLFK�LV�D�QRQ�SDUDPHWULF�YHUVLRQ�RI�WKH�SDLUHG�W�WHVW��ZLWK�D�VLJQLILFDQFH�OHYHO�RI��������
�
8VLQJ�JXLGHOLQHV�DQG�DQ�DSSURYDO�IURP�WKH�1RUZHJLDQ�&HQWUH�IRU�5HVHDUFK�'DWD��16'���ZH�
LQWHUYLHZHG�WZR�UHIHUHQFH�JURXS�PHPEHUV��1 ���RXW�RI�IRXU�WRWDO�UHIHUHQFH�JURXS�PHPEHUV��
HLJKW�OHDUQLQJ�DVVLVWDQWV��/$V���1 ���RXW�RI�WHQ�WRWDO�/$V��DQG�WKUHH�WHDFKHUV��1 ���RXW�RI�IRXU�
WRWDO� WHDFKHUV��7KH\�SDUWLFLSDWHG� LQ�D�TXDOLWDWLYH��VHPL�VWUXFWXUHG��DQG�RSHQ� LQWHUYLHZ�DERXW�
WKHLU� JHQHUDO� H[SHULHQFHV� LQ� EHLQJ� WDXJKW�WHDFKLQJ� DQG� WXWRULQJ� GHVLJQ� WKLQNLQJ� DQG� WKHLU�
VXJJHVWHG�LPSURYHPHQWV��,Q�WRWDO�����SHUVRQV�ZLWKLQ�WKHVH�JURXSV��LQ�LQFOXGLQJ�WKH�FR�DXWKRUV�
RI� WKLV� DUWLFOH�� ZHUH� LQWHUYLHZHG� E\� WKH� ILUVW� DXWKRU� RI� WKLV� DUWLFOH�� 7R� DYRLG� DQ\� ELDV�� WKH�
FRDXWKRUV�ZHUH� QRW� LQYROYHG� LQ� WKH� GHYHORSPHQW� RI� WKH� LQWHUYLHZ� SURWRFRO�� GDWD� FROOHFWLRQ��
WUDQVFULSWLRQ�RI�GDWD��QRU�WKHPDWLF�DQDO\VLV��7KH�LQWHUYLHZHHV�FDPH�ERWK�IURP�WKH�'HSDUWPHQW�
RI�(OHFWURQLF�(QJLQHHULQJ��1 ����DQG�IURP�'HSDUWPHQW�RI�'HVLJQ��1 �����
�
$IWHU�FRQGXFWLQJ�WKH�LQWHUYLHZV��ZH�WUDQVFULEHG�WKH�UHFRUGLQJV�LQWR�DQRQ\PL]HG�WH[W�IRU�IXUWKHU�
SURFHVVLQJ� XVLQJ� 19LYR� XVLQJ� WKHPDWLF� DQDO\VLV� �%UDXQ� 	� &ODUNH�� ������� :H� FDUHIXOO\�
H[DPLQHG�WKH�LQWHUYLHZ�WUDQVFULSWLRQV�WR�LGHQWLI\�SDWWHUQV�DQG�FRPPRQ�WKHPHV�XVLQJ�D�VL[�VWHS�
SURFHVV��IDPLOLDUL]DWLRQ��FRGLQJ��JHQHUDWLQJ�WKHPHV��UHYLHZLQJ�WKHPHV��GHILQLQJ��DQG�QDPLQJ�
WKHPHV��DQG�ZULWLQJ�XS��7KH�TXRWHV�XVHG�KHUH�KDV�EHHQ�WUDQVODWHG�IURP�(QJOLVK�WR�1RUZHJLDQ�
E\�WKH�DXWKRUV��
�
Limitations 
�
7KHUH�DUH�VHYHUDO�OLPLWDWLRQV�ZLWK�WKH�DSSURDFK�XVHG�KHUH��,Q�WKH�VXUYH\��ZH�XVH�VHOI�UHSRUWHG�
GDWD�RQ�OHDUQLQJ��ZKLFK�PLJKW�QRW�UHYHDO�WKH�WUXH�OHDUQLQJ�DV�WKH\�DUH�QRYLFHV�ZLWKLQ�WKH�ILHOG��
:LWK� UHJDUGV� WR� WKH� LQWHUYLHZV�� XVLQJ� UHIHUHQFH� JURXS� PHPEHUV� DV� LQWHUYLHZHHV� FDQ� EH�
EHQHILFLDO�DV�WKH\�VKRXOG�KDYH�DQ�RYHUYLHZ�RI�WKH�JHQHUDO�YLHZV�RI�WKH�VWXGHQW�JURXS��+RZHYHU��
DV� WKH\� KDYH� VHOI�VHOHFWHG� WR� EH� D� SDUW� RI� WKH� UHIHUHQFH� JURXS�� WKH\� PLJKW� EH� HVSHFLDOO\�
PRWLYDWHG�RU�LQWHUHVWHG�LQ�WKH�VXEMHFW��
5(68/76�
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:KHQ�DVNLQJ�WKH�VWXGHQWV�DERXW�WKH�TXDOLW\�RI�WKH�'7�PRGXOH�DV�FRPSDUHG�WR�WKH�UHVW�RI�WKH�
FRXUVH��WKH\�UHSRUW�D�ORZHU�TXDOLW\�IRU�WKH�'7�PRGXOH�DFURVV�DOO�PHDVXUHG�DUHDV�DV�VHHQ�LQ�
ILJXUH��$��ZLWK�WKH�GLIIHUHQFHV�EHLQJ�VWDWLVWLFDOO\�VLJQLILFDQW��7KH�ODUJHVW�GLIIHUHQFHV�DUH�VHHQ�
ZLWK�UHJDUGV�WR�WKH�UHSRUWHG�TXDOLW\�RI�WKH�ORFDWLRQ�DQG�UHVRXUFHV��$V�WKH�ORFDWLRQ�ZDV�FRQVWDQW�
WKURXJKRXW�WKH�FRXUVH��WKH�GLIIHUHQFH�PXVW�EH�D�UHVXOW�RI�WKH�TXDOLW\�RI�WKH�UHVRXUFHV�DYDLODEOH��
/DUJHU�GLIIHUHQFHV�DUH�DOVR�IRXQG�IRU�WKH�TXDOLW\�RI�WKH�XVH�RI�'7�LQ�WKH�LQWURGXFWRU\�ZHHNV��LQ�
WKH� LQQRYDWLRQ� SURMHFW�� DQG� LQ� WKH� DVVHVVPHQW�� FRPSDUHG� WR� WKH� RWKHU� HOHPHQWV� RI� WKHVH�
DFWLYLWLHV��
�

�
�
)LJXUH�����$��7KH�UHSRUWHG�TXDOLW\�RI�YDULRXV�DVSHFWV�RI�WKH�FRXUVH�LQ�JHQHUDO�DQG�WKH�'7�

PRGXOH�LQ�SDUWLFXODU���%��7KH�UHSRUWHG�GHYHORSPHQW�RI�XQGHUVWDQGLQJ�IRU�FHQWUDO�WRSLFV�LQ�WKH�
FRXUVH���&��7KH�UHSRUWHG�GHYHORSPHQW�RI�XQGHUVWDQGLQJ�IRU�FHQWUDO�WRSLFV�LQ�WKH�FRXUVH�

�
'HVSLWH� WKH� UHSRUWHG� GLIIHUHQFHV� LQ� TXDOLW\�� ZKHQ� DVNHG� WR� UHSRUW� WKHLU� GHYHORSPHQW� RI�
XQGHUVWDQGLQJ�RI�WRSLFV�FHQWUDO�WR�WKH�FRXUVH�VXFK�DV�HOHFWURQLF�V\VWHPV��V\VWHPV�WKLQNLQJ��
LQQRYDWLRQ��JURXSZRUN�DQG�'7��WKH�GLIIHUHQFHV�DUH�VPDOO��ILJXUH��%���7KH�GLIIHUHQFH�EHWZHHQ�
WKH� GHYHORSHG� XQGHUVWDQGLQJ� RI� HOHFWURQLF� V\VWHPV�� WKH� FHQWUDO� WKHPH� RI� WKH� FRXUVH� DQG�
DVVRFLDWHG�SURJUDP��DQG� WKH�GHYHORSHG�XQGHUVWDQGLQJ�RI�'7� LV� QRW� VWDWLVWLFDOO\� VLJQLILFDQW��
([DPLQLQJ�WKH�XQGHUVWDQGLQJ�RI�'7�IXUWKHU��ILJXUH��&���ZH�ILQG�WKDW�WKH�VWXGHQWV�UHSRUW�WKDW�
WKHLU�XQGHUVWDQGLQJ�GHYHORSHG�WKH�PRVW�WKURXJK�ZRUNLQJ�RQ�WKH�LQQRYDWLRQ�SURMHFW��PRUH�WKDQ�
WKURXJK� WKH� DFWLYLWLHV� LQ� WKH� LQWURGXFWRU\� ZHHNV� RU� WKURXJK� FRQYHUVDWLRQV� ZLWK� WHDFKHUV��
VWXGHQWV��RU�/$V���
�
:H�WKHQ�ZHQW�IURP�ORRNLQJ�DW�WKH�'7�OHDUQLQJ�H[SHULHQFHV�DPRQJ�WKH�VWXGHQWV�LQ�WKH�VXUYH\��
WR�ORRNLQJ�DW�WKH�LQGLYLGXDO�WHDFKLQJ�RU�WXWRULQJ�H[SHULHQFHV�DPRQJ�WKH�WHDFKLQJ�VWDII��76��DQG�
OHDUQLQJ� DVVLVWDQWV� �/$V�� LQ� WKH� LQWHUYLHZV�� 2XU� NH\� TXHVWLRQV� FHQWHUHG� DURXQG� ZKDW� WKH�
SDUWLFLSDQWV�IHOW�ZDV�SRVLWLYH�ZLWK�WKH�WHDFKLQJ�WXWRULQJ�WDVN�WKH\�KDG�EHHQ�WKURXJK��DQG�ZKHUH�
WKH\�IHOW�WKH�'7�PRGXOH�KDG�URRP�IRU�LPSURYHPHQWV��)URP�D�JHQHUDO�SHUVSHFWLYH��ZH�QRWHG�
WKDW�YHU\�IHZ�RI�WKH�LQWHUYLHZHHV�KDG�QHJDWLYH�H[SHULHQFHV�WR�UHSRUW��DQG�WKDW�WKHUH�ZHUH�D�
ZLGH�YDULHW\�RI�FRQVWUXFWLYH�VXJJHVWLRQV�RQ�KRZ�WR�LPSURYH�WKH�PRGXOH��
�
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6WDUWLQJ�ZLWK� WKH� IRUPHU��/$�� IURP� WKH�GHSDUWPHQW�RI�GHVLJQ�VWDWHG� WKDW� ILUVW�\HDU�VWXGHQWV��
XQIDPLOLDU�ZLWK�GHVLJQ�WKLQNLQJ��'7���ZLOO�PRUH�HDVLO\�HQWHU�D�VWDWH�ZKHUH�WKH\�GR�QRW�FRQVLGHU�
WKH�HQG�JRDO�RI� WKH�SURMHFW��HQGLQJ�ZLWK�SRRUO\�FRQVLGHUHG� IHDWXUHV� LQ� WKH�VROXWLRQ� WKH\�DUH�
GHVLJQLQJ�DQG�EXLOGLQJ��,QWURGXFLQJ�'7�DQG�XVLQJ�/$V�ZLWK�'7�EDFNJURXQG�JLYHV�WKH�VWXGHQWV�
D�UHDVRQ�WR�WKLQN�DERXW�WKH�HQG�XVHU�YDOXH�WKHLU�SURMHFW�FUHDWHV��
�

6R��,�WKLQN�LW�LV�RQO\�XVHIXO�IRU�WKHP�WR�EH�FRQIURQWHG�ZLWK�WKH�IDFW�WKDW�VRPHRQH�H[SOLFLWO\�DVNV�
\RX�WKRVH�TXHVWLRQV��VXFK�DV��ZK\�KDYH�\RX�FKRVHQ�WR�GR�WKLV"�$QG�>«@�ZKDW�YDOXH�GRHV�LW�
DFWXDOO\�FUHDWH"�,�WKLQN�DW�OHDVW�DV�ILUVW�JUDGHUV�±�LW
V�YHU\�HDV\�IRU�WKHP�WR�IDOO�LQWR�WKDW��KHUH
V�D�
UHDOO\�FRRO�WKLQJ�WR�GR���ZH�KDYH�WR�GR�LW�KHUH��PHQWDOLW\��$QG�WKHQ�WKH\�MXVW�GR�LW��DQG�WKHQ�WKH\�
EXLOG�RQ�LW�ZLWK�IHDWXUHV��DQG�WKHQ�LW
V�����LW�MXVW�EHFRPHV�D�PHVV�

�
6HYHUDO� /$V� UHFUXLWHG� IURP� WKH� 'HSDUWPHQW� RI� (OHFWURQLF� 6\VWHPV� �,(6�� JDYH� XV� VLPLODU�
IHHGEDFN� DERXW� WKH� SRVLWLYH� DVSHFWV� RI� WKH� FRXUVH�� KLJKOLJKWLQJ� WKH� '7� DFWLYLWLHV� LQ� WKH�
LQWURGXFWRU\�ZHHNV�DV�LPSRUWDQW�IRU�WKH�VXFFHVV�RI�WKH�'7�PRGXOH���
�

,�WKLQN�LW�ZDV�JRRG�WKDW�LW�ZDV�SODQQHG�DQG�WKDW�WKHUH�ZHUH�LQWURGXFWRU\�ZHHNV�DW�WKH�VWDUW��>«@�
WKHQ�WKH\�KDYH�D�OLWWOH�XQGHUVWDQGLQJ�RI�ZKDW�WKH�OHYHO�RI�DPELWLRQ�LV�SODFHG�DQG�ZKDW�WKH\�FDQ�
DFKLHYH��

�
)XUWKHUPRUH��/$V�DOVR�QRWH�WKH�LPSRUWDQFH�RI�IRFXVLQJ�RQ�XVHU�FHQWHUHG�LQVLJKWV�DQG�EHLQJ�
DEOH�WR�WDNH�VWDNHKROGHUV�LQ�WR�DFFRXQW�IRU�WKHVH�VWXGHQWV¶�IXWXUHV�DV�HQJLQHHUV���
�

>«@�QRZ�LW�KDV�DOVR�FRPH�WR�WKH�SRLQW�ZKHUH�\RX�KDYH�WR�WKLQN�DERXW�WKH�FRQVXPHU����LW�JLYHV�
VRPH�LQVLJKW�LQWR�ZKDW�SUREOHPV�DFWXDOO\�FRPH�XS����KHUH��WKHUH�LV�D�ORW�PRUH�ZH�FDQ�DFWXDOO\�
WKLQN�DERXW��UHDOO\���

�
7KURXJK�XVLQJ�/$V�IURP�WKH�'HSDUWPHQW�RI�'HVLJQ��,'���LQ�DGGLWLRQ�WR�WKH�OHDUQLQJ�DVVLVWDQWV�
IURP�,(6��WKH�VWXGHQWV�UHFHLYH�JXLGDQFH�DQG�VXSSRUW��KHOSLQJ�WKH�VWXGHQWV�VWDUW�WR�GHYHORS�WKH�
PHQWDO�SDWKZD\V�QHFHVVDU\�IRU�'7��7KH�ILUVW�RQH�RI�WKH�WZR�UHIHUHQFH�JURXS�PHPEHUV�LQ�WKH�
FODVV�ZH�LQWHUYLHZHG��IRFXVHG�RQ�WKH�LQVSLULQJ�OHDUQLQJ�DVVLVWDQWV�IURP�,'�DV�RQH�RI�WKH�NH\�
SRVLWLYH�DVSHFWV�RI�WKH�PRGXOH��

�
«�WKH\�VKRZHG�RII�WKHLU�SURMHFWV�DQG�ZH�KDYH�UHFHLYHG�UHSRUWV�IURP�GHVLJQ�VWXGHQWV�WR�VHH�KRZ�
WKH\�GHVLJQ�LW�DQG�WKLQN��

�
2QH�RI�WKH�PHPEHUV�RI�WKH�WHDFKLQJ�VWDII��76���DW�WKH�'HSDUWPHQW�RI�(OHFWURQLF�6\VWHPV��,(6��
ZH� LQWHUYLHZHG��DOVR�FDOO�DWWHQWLRQ� WR�KRZ�'7� LQFHQWLYL]HV�VWXGHQWV� WR� UHIOHFW�RQ� WKHLU�JRDOV�
WKURXJK�WKH�HPSDWK\�SKDVH�DQG�LWV�IRFXV�RQ�WKH�HQG�XVHU��)XUWKHUPRUH��WKH�VWDII�PHPEHU�HFKR�
WKH�VWDWHPHQWV�E\�WKH�/$V��KLJKOLJKWLQJ�WKH�LQWURGXFWRU\�ZHHNV�DV�LPSRUWDQW�IRU�WKH�'7�PRGXOH��
ZKHUH� WKH� RQH�GD\� SURMHFWV� JLYHV� WKH� VWXGHQWV� DQ� XQGHUVWDQGLQJ� RI� WKH� SURFHVV� DQG� WKH�
XVHIXOQHVV�RI�'7��
�

«7KH�IDFW�WKDW�ZH�LQFOXGH�LV�WKLV�HPSDWKL]H�SKDVH�WKDW�FRPHV�DW�WKH�YHU\�EHJLQQLQJ�ZKHUH�\RX�
MXVWLI\«��,� WKLQN�WKDW�KDV�ZRUNHG�YHU\�ZHOO�� WKDW� WKH�VWXGHQWV�KDYH�WR� MXVWLI\� WKH�QHHG�IRU� WKH�
VROXWLRQ�EHIRUH�WKH\�VWDUW�WKLQNLQJ�DERXW�LGHDV�DQG�EHIRUH�WKH\�VWDUW�LPSOHPHQWLQJ�WKH�LGHDV�RU�
WKH�FRQFHSW�VROXWLRQV��>«@�,�IHHO�WKDW�WKH�VWXGHQWV�KDYH�JDLQHG�D�ORW�IURP�WKDW«��
�
>«@�DQG�ZKHQ�ZH�IDFLOLWDWHG�WKRVH�RQH�GD\�SURMHFWV�LQ�WKH�LQWUR�ZHHNV��ZKHUH�WKH\�KDG�WR�JR�
WKURXJK����ZLWKLQ�RQH�GD\�WKH\�KDG�WR�JR�WKURXJK�WKH�ZKROH�ORRS��DOVR�WHVW�E\�PDNLQJ�D�FDUGERDUG�
SURWRW\SH� LQ� MXVW�RQH�GD\����$QG� WKHVH�ZHUH�VWXGHQWV�ZKR�ZHUH�RQO\���� WKH\�KDYHQ
W�KDG�DQ\�
WHFKQLFDO�WUDLQLQJ�EHIRUH�WKLV��VR�WKH\�UHDOO\�FDQ
W�GR�PXFK���DQG�,�IHOW�WKDW�ZRUNHG�YHU\�ZHOO��DQG�
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,�WKLQN�WKDW�LQ�D�ZD\�WKH\�JRW�WR�NQRZ�WKH�SRZHU�RI�WKH�GHVLJQ�WKLQNLQJ�PRGXOH�DQG��SURFHVV��,�
GHILQLWHO\�IHHO�WKDW�ZH�KDYH�WR�WDNH�WKDW�IRUZDUG��

�
76��DOVR�FRPPHQWHG�RQ�WKH�SRWHQWLDO�LPSURYHPHQWV�RI�WKH�GHVLJQ�WKLQNLQJ�PRGXOH��LQFOXGLQJ�
PDLQWDLQLQJ�WKH�SUHVVXUH�RQ�WKH�VWXGHQWV�WR�FRQQHFW�WKHLU�HIIRUW�WR�HPSDWKL]H�ZLWK�WKH�HQG�XVHU�
DW�WKH�VWDUW��ZLWK�WKH�SURMHFW�V�ILQDO�UHVXOW���
�

>«@� WKH\�PXVW� VKRZ� YHU\� FOHDUO\� WKDW� WKH� SURWRW\SH� DQG� WKH� VROXWLRQ� WKH\� HQG� XS�ZLWK�� LW� LV�
FRQQHFWHG�WR�WKH�ZRUN�WKH\�KDYH�GRQH�LQ�FRQQHFWLRQ�ZLWK��HPSDWKL]H��DQG�WKH�LGHD�JHQHUDWLRQ�
SKDVH�DQG�QRW�OHDVW�WKH�WHVWLQJ�SKDVH�DQG�WKDW�LW��WKH�ZRUN��LV�FRQQHFWHG�LQ�VHYHUDO�LWHUDWLRQV�
WKHQ��7KH�ZD\�WKH�VWXGHQWV�DUH�QRZ�SUHVHQWLQJ�LW�� WKHUH�DUH�IDLUO\� OLQHDU�SURFHVVHV�XS�WR�WKH�
SURWRW\SH��DQG�,�WKLQN�WKHUH�LV�FOHDUO\�SRWHQWLDO�IRU�LPSURYHPHQW�WKHUH��%\�WU\LQJ�WR�SHUPHDWH�WKDW�
GHVLJQ�WKLQNLQJ�SURFHVV�IXUWKHU�LQWR�WKH�VXEMHFW�WKHQ���WRZDUGV�WKH�GHDGOLQH�DV�ZHOO��ULJKW�XS�WR�
WKH�GHDGOLQH��

�
76��ZDV�QRW� WKH�RQO\�RQH�ZLWK�VXJJHVWLRQV� IRU� LPSURYHPHQWV��7KH� ILUVW�/$�ZH� LQWHUYLHZHG�
VXJJHVWHG� WKDW� WKH� LQWHUIDFH�WUDQVLWLRQ�EHWZHHQ� WKH�FRXUVH�DQG� WKH�GHVLJQ� WKLQNLQJ�PRGXOH�
QHHGV�ZRUN��EXW�KDG�QR�VSHFLILF�VXJJHVWLRQV��
�

���,� VLPSO\� WKLQN� WKDW� ILQGLQJ�D�VOLJKWO\� VRIWHU� WUDQVLWLRQ�EHWZHHQ�GHVLJQ� WKLQNLQJ�DQG� �������� WKH�
WHFKQLFDO�DVSHFWV�RI�WKH�VXEMHFW��,�WKLQN�WKDW�ZRXOG�KDYH�KHOSHG�D�ORW��

�
7KH�VHFRQG�UHIHUHQFH�JURXS�PHPEHU�DOVR�JDYH�XV�D�VXJJHVWHG�LPSURYHPHQW�ZKHQ�QRWLQJ�WKDW�
WKH�SODFHPHQW�RI�WKH�OHFWXUH�DERXW�GHVLJQ�WKLQNLQJ�FRXOG�KDYH�D�KLJKHU�LPSDFW�LI�LW�ZDV�PRYH�
WR�DQ�HDUOLHU�SODFH�LQ�WKH�FRXUVH��
�

>«@�SHUKDSV�PRYH�WKDW�OHFWXUH�D�OLWWOH�HDUOLHU�RU�GR�LW�LQ�D�GLIIHUHQW�ZD\��WKHQ�SHUKDSV�HYHQ�PRUH�
ZRXOG�KDYH�HQWHUHG�WKDW�EDVLF�NQRZOHGJH�DQG�LW�ZRXOG�KDYH�EHHQ�HDVLHU�WR�XVH�WKHP��

�
2QH�RI�WKH�/$V�WKDW�UHSRUWHG�WR�EH�DQ�H[SHULHQFHG��WK�\HDU�VWXGHQW��KLJKOLJKWHG�WKH�LPSRUWDQFH�
RI�EHLQJ�SK\VLFDO�FORVH�DQG�DFFHVVLEOH�WR�WKH�VWXGHQWV���
�

>«@�WKH�PRVW�LPSRUWDQW�WKLQJ�IRU�WKH�VXEMHFW�����DQG�IRU�\RX�WR�XVH�XV�OHDUQLQJ�DVVLVWDQWV�EHFDXVH�
LW�LV�YHU\�QLFH�IRU�WKHP��LV�WKDW�WKH\�VHH�XV����DQG�WKDW�ZH�DUH�YHU\�DFFHVVLEOH��%HFDXVH�RI�WKDW��
ZH�QRWLFHG�D�GLIIHUHQFH�WKLV�\HDU�DV�ZHOO��7KDW�WKH�JURXSV�WKDW�VDW�LQVLGH�WKH�>VSDFH�UHVHUYHG�IRU�
WKH� FRXUVH@�� WKH\� XVHG� WKHLU� OHDUQLQJ� DVVLVWDQWV�PXFK�PRUH� WKDQ� WKH� JURXSV� ,� KDG� WKDW� VDW�
RXWVLGH����

�
/HDUQLQJ� DVVLVWDQW� QXPEHU� ILYH� IURP� 07(/6<6�� DOVR� FRPPHQWHG� WKDW� WKH� FRXUVH� FRXOG�
LPSURYH�E\�FROOHFWLQJ�DQG� UHF\FOLQJ�PDWHULDOV� IRU� WKH�SURWRW\SHV��DQG� LPSURYH�E\�PDNLQJ� LW�
SRVVLEOH�WR�SXOO�WKHP�DSDUW�DJDLQ��IRU�\HW�DQRWKHU�UH�XVH�RI�WKH�PDWHULDOV�XVHG���
�

$QG�RQH�PRUH�WKLQJ��<RX�PXVW�UHPHPEHU�LPSURYHPHQW��7KH\�KDYH�WDNHQ����SXW�QRZ��WKH�QRZ�WR�
EH�HQYLURQPHQWDOO\�IULHQGO\�ZKHQ�ZH�VHH�WKDW�WKHUH�LV�D�QHZ�SURMHFW�HYHU\�\HDU��7KHQ�LW�ZDV�
HDVLHU�WR�EH�DEOH�WR�XVH�ILQV�RU�RQH�WKLQJ�RU�DQRWKHU��RU�LI�WKH�VFKRRO�FRXOG�EULQJ�LQ�WKLQJV�WKDW�
FDQ�EH�UHXVHG�WKHQ��EHFDXVH�LW�EHFRPHV�PRUH�OLNH�WKDW��HYHU\WKLQJ�LV�GRQH�WKHUH��DQG�WKHQ�LW�LV�
JOXHG��DQG�WKHQ�WKLQJV�EHFRPH�WRUQ�DSDUW�DQG�XQIRUWXQDWHO\�FDQQRW�EH�XVHG�DJDLQ��%HFDXVH�LW�
VKRXOG�DOVR�EH�LQ�WKH�IXWXUH��
�

Reflections-On-Action 
�
$V�D�IRUP�RI�UHIOHFWLRQ�RQ�DFWLRQ��6FK|Q���������WKH�VHFRQG�DQG�WKLUG�DXWKRU�RI�DUWLFOH�UHIOHFW�
DV�IROORZV�RQ�WKHLU�RZQ�DFWLRQV�RI�FUHDWLQJ�DQG�WHVWLQJ�WKH�GHVLJQ�WKLQNLQJ�PLFUR�PRGXOH��
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2XU�SXUSRVH�RI�WKH�PRGXOH�ZDV�WR�JLYH�WHFKQRORJ\�VWXGHQWV�FRPSHWHQFH�LQ�GHVLJQ�WKLQNLQJ�VR�
WKDW�WKH\�FRXOG�OHDUQ�WR�PDNH�WHFKQRORJ\�ZLWK�YDOXH�IRU�LQGLYLGXDOV��RUJDQL]DWLRQV��DQG�VRFLHW\��
QRW�RQO\�IRU�WKH�VDNH�RI�WHFKQRORJ\��%DVHG�RQ�RXU�LPSUHVVLRQ��ZH�WKLQN�WKDW�ZH�VXFFHHGHG�LQ�
LQWURGXFLQJ�GHVLJQ�WKLQNLQJ�WR�WKH�HQJLQHHULQJ�VWXGHQWV�DQG�FKDQJLQJ�WKH�ZD\�WKH\�WKLQN�DERXW�
WKH�LPSRUWDQFH�RI�HQG�XVHUV��+RZHYHU��YDU\LQJ�GHJUHHV�RI�DSSOLFDWLRQ�RI�'7�E\�WKH�JURXSV�LQ�
WKH�LQQRYDWLRQ�SURMHFW�ZDV�REVHUYHG��UHVXOWLQJ�LQ�SURWRW\SHV�ZLWK�D�GLYHUJLQJ�DOLJQPHQW�EHWZHHQ�
IXQFWLRQ�DQG�UHDO�XVHU�QHHGV����
�
2QH�RI�WKH�PDLQ�FKDOOHQJHV�IRU�XV�ZDV�WR�ILQG�D�ZD\�WR�ILW�WKH�GHVLJQ�WKLQNLQJ�V\OODEXV�LQWR�WKH�
07(/6<6�VWXG\�SURJUDP��6WXG\�SURJUDPV�DUH�XVXDOO\� FRPSOHWHO\� IXOO�� DQG� WR�ZHGJH� LQ� \HW�
DQRWKHU�FRXUVH�LV�LPSRVVLEOH�ZLWKRXW�WDNLQJ�DQRWKHU�FRXUVH�RXW��,Q�DGGLWLRQ��LW�ZRXOG�QRW�PDNH�
VHQVH� WR� DUUDQJH� D� GHVLJQ� WKLQNLQJ� FRXUVH� ZLWKRXW� D� SURMHFW� WR� DSSO\� WKH� GHVLJQ� WKLQNLQJ�
IUDPHZRUN�� 7KLV� SURMHFW� VKRXOG� QRW� EH� DQ\� UDQGRP� SURMHFW� EXW� VKRXOG� EH� DOLJQHG� ZLWK� WKH�
OHDUQLQJ�RXWFRPHV�RI�WKH�VWXG\�SURJUDP��7KHUHIRUH��RXU�VROXWLRQ�ZDV�WR�FUHDWH�D�PLFUR�PRGXOH�
WKDW�FRXOG�IORDW�RQ�WRS�RI�DQ�H[LVWLQJ�SURMHFW�EDVHG�FRXUVH���
�
%HFDXVH�RI� WKH�VL]H�RI� WKH�PLFUR�PRGXOH� WKH�VWXGHQWV� FRXOG�RQO\� OHDUQ�D� OLPLWHG�QXPEHU�RI�
PHWKRGV�IURP�WKH�GHVLJQ�WKLQNLQJ�IUDPHZRUN��:H�KDG�WR�FDUHIXOO\�VHOHFW�D�IHZ�PHWKRGV�LQ�HDFK�
SKDVH���
�
)OH[LELOLW\�IURP�DOO�LQYROYHG�SDUWLHV�ZDV�HVVHQWLDO�WR�DOORZ�WKH�FORVH�FRXUVH�LQWHJUDWLRQ�RI�WKH�'7�
PRGXOH��7KH�SULRU�FROODERUDWLRQ�ZLWK� WKH�/$�H[FKDQJH�DQG� WKH�SHUVRQDO� UHODWLRQ�DQG�PXWXDO�
UHVSHFW�ZH�GHYHORSHG�ZDV�LPSRUWDQW�WR�PDNH�WKLV�FROODERUDWLRQ�SRVVLEOH��7KLV�LQLWLDWLYH�VWDUWHG�
DV�DQ�XQGHUFRYHU�RSHUDWLRQ�RYHU�VHYHUDO�\HDUV�EXW�ZDV�ODWHU�QRUPDOL]HG�WKURXJK�DQ�RIILFLDO�SLORW��

�
�
DISCUSSION AND CONCLUSION 
�
%XLOGLQJ�RQ�WKH�VXUYH\��LQWHUYLHZV��DQG�UHIOHFWLRQ�RQ�DFWLRQ��ZH�ZLOO�LQ�WKLV�VHFWLRQ�GLVFXVV�WKH�
HIIHFW�� GHVLJQ�� DQG� WUDQVIHUDELOLW\� RI� WKLV� PRGXOH�� 'HVSLWH� WKH� VWXGHQWV� UHSRUWLQJ� WKDW� WKH\�
H[SHULHQFH�WKH�TXDOLW\�RI�WKH�'7�DVSHFWV�RI�WKH�FRXUVH�DV�ORZHU�WKDQ�WKH�UHVW�RI�WKH�FRXUVH��
WKH\� VWLOO� UHSRUW� WKH� VDPH� GHJUHH� RI� GHYHORSPHQW� RI� XQGHUVWDQGLQJ� RI� '7� DV� RI� HOHFWURQLF�
V\VWHPV��7KH� ORZHU� UHSRUWHG�TXDOLW\�PLJKW�DULVH� IURP�D� IUXVWUDWLRQ� IURP�HQJDJHPHQW� LQ�'7�
FRQFHSWV� IRUHLJQ� IRU� WKH� VWXGHQWV�� ,Q� WKH� LQWHUYLHZV�� WKH� /DV� DQG� VWDII� KLJKOLJKW� KRZ� WKH�
LQWHJUDWLRQ�RI�'7�IRUFHV�WKH�VWXGHQWV�WR�PDNH�QHZ�PHQWDO�SDWKZD\V�DQG�PDNH�FRQVLGHUDWLRQV�
WKDW�PLJKW�EH�FRXQWHU�WR�WKHLU�LQVWLQFWV�DV�ILUVW�\HDU�HQJLQHHULQJ�VWXGHQWV��PDWFKLQJ�WKH�LQWHQGHG�
JRDOV�RI�WKH�PRGXOH��7KLV�IUXVWUDWLRQ�LV�DOVR�IRXQG�ZKHQ�EXVLQHVV�VWXGHQWV�DUH�H[SRVHG�WR�'7�
SURMHFW�ZRUN��*OHQ�HW�DO�����������7KH�DELOLW\�WR�PDQDJH�IUXVWUDWLRQ�DQG�XQFHUWDLQW\�DQG�LQWHJUDWH�
QHZ�FRQFHSWV�DUH�LPSRUWDQW�VNLOOV�WKDW�DQ�HQJLQHHULQJ�SURJUDP�QHHGV�WR�GHYHORS�LQ�LWV�VWXGHQWV�
LQ�RUGHU�WR�SUHSDUH�WKHP�IRU�D�ZRUOG�ZLWK�ZLFNHG�HQJLQHHULQJ�SUREOHPV��'DKOH��LHQ���������
+RZHYHU��WRR�PXFK�IUXVWUDWLRQ�ZLOO�OHDG�WR�D�GLVHQJDJHPHQW�ZLWK�WKH�'7�LQ�WKH�VWXGHQWV��ZKLFK�
ZDV� REVHUYHG� LQ� VRPH� JURXSV�� HVSHFLDOO\� IRU� VWXGHQWV�ZLWK� ORZ� WROHUDQFHV� IRU� XQFHUWDLQW\��
,QWHJUDWLQJ�'7�LQ�D�ILUVW�\HDU�FRXUVH�QHHGV�WR�IRFXV�RQ�VLPSOH�DFWLYLWLHV�DQG�PDQDJHDEOH�JRDOV�
WR�DFKLHYH�D�GHJUHH�RI�IUXVWUDWLRQ�LQ�WKH�VWXGHQWV�WKDW�HQFRXUDJH�WKH�HQJDJHPHQW�DQG�UHIOHFWLRQ�
WKDW�FUHDWH�QHZ�PHQWDO�SDWKZD\V��7KH�DFWLYLWLHV�LQ�WKH�PRGXOH�GHVFULEHG�LQ�WKLV�ZRUN�VHHPV�WR�
EH�FORVH� WR� ILQGLQJ� WKLV�EDODQFH�DV� WKH�UHSRUWHG�GHYHORSPHQW�RI�XQGHUVWDQGLQJ� LV�VLPLODU� WR�
RWKHU�FHQWUDO�HOHPHQWV�RI�WKH�FRXUVH���
�
:H�REVHUYH�WKDW�WKH�PRVW�LPSRUWDQW�DUHQDV�IRU�WKH�GHYHORSPHQW�RI�XQGHUVWDQGLQJ�RI�'7�DUH�
WKH�LQWURGXFWRU\�ZHHNV��DV�UHSRUWHG�E\�/$V�DQG�VWDII�WKURXJK�WKH�LQWHUYLHZV��DQG�WKH�LQQRYDWLRQ�
SURMHFW�� DV� UHSRUWHG�E\� WKH� VWXGHQWV� LQ� WKH� VXUYH\��7KDW� WKH� VWXGHQWV� UHSRUW� WKH� LQQRYDWLRQ�
SURMHFW�DV�WKH�FHQWUDO�OHDUQLQJ�DUHQD�LV�QDWXUDO�DV�WKH�PDMRULW\�RI�WKH�VHPHVWHU�LV�VSHQW�ZRUNLQJ�
RQ�WKH�LQQRYDWLRQ�SURMHFW��+RZHYHU��IURP�WKH�LQWHUYLHZV�DQG�RZQ�H[SHULHQFHV�ZH�EHOLHYH�WKDW�
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WKH�OHDUQLQJ�IURP�LQQRYDWLRQ�ZRXOG�EH�VHYHUHO\�OLPLWHG�ZLWKRXW�WKH�LQWURGXFWRU\�ZHHNV��7KH\�
SURYLGH� WKH� QHFHVVDU\�PHQWDO� VFDIIROGLQJ� WR� DOORZ� WKH� DSSOLFDWLRQ� RI� '7� RQ� WKH� UHDO�ZRUOG�
ZLFNHG�SUREOHP�JLYHQ�LQ�WKH�LQQRYDWLRQ�SURMHFW��+RZHYHU��WKHUH�DUH�VLJQV�WKDW�WKLV�VFDIIROGLQJ�
QHHGV� IXUWKHU� LPSURYHPHQWV�� DV� WKHUH� DUH� VLJQV� WKDW� WKH� VWXGHQWV� GLG� QRW� ZRUN� WKURXJK�
LWHUDWLRQV�DV�LQWHQGHG��EXW�UDWKHU�OLQHDUO\��
�
7R� LQFUHDVH�WKH�XQGHUVWDQGLQJ�RI�'7�DV�D�UHVXOW�RI� WKH�PRGXOH�� WKHUH�QHHGV�WR�EH�DQ�HYHQ�
FORVHU�LQWHJUDWLRQ�RI�WKH�'7�DQG�WHFKQLFDO�DVSHFWV�RI�WKH�FRXUVH��ZLWK�PRUH�DVVLVWDQFH�IURP�
/$V�DQG�VXSSRUWLQJ�DFWLYLWLHV��,Q�WKLV�UHJDUG��XVLQJ�D�FRXUVH�DQG�D�SURMHFW�UHOHYDQW�IRU�WKH�VWXG\�
SURJUDP�LV�HVVHQWLDO��8VLQJ�VNLOOV�GHYHORSHG�LQ�D�JHQHUDO�FRQWH[W�FDQ�EH�FRJQLWLYHO\�GLIILFXOW�WR�
DSSO\�LQWXLWLYHO\�WR�RWKHU�VSHFLILF�FRQWH[WV��3HUNLQV�	�6DORPRQ���������7KHUHIRUH��LI�ZH�ZDQW�WR�
JLYH�WKH�VWXGHQWV� WKH�DELOLW\� WR�XWLOL]H�'7�RQ�SUREOHPV�WKH\�ZLOO� IDFH�DV�HQJLQHHUV�� WHDFKLQJ�
WKHP�ZLWKLQ�D�UHOHYDQW�FRQWH[W�LV�LPSRUWDQW���
�
$�FORVHU�ORRN�DW�WKH�FRQVWUXFWLYH�DOLJQPHQW��%LJJV��������LQ�WKH�FRXUVH�DQG�WR�ZKDW�GHJUHH�WKH�
DVVHVVPHQW� LV� DOLJQHG�ZLWK� WKH� OHDUQLQJ� DFWLYLWLHV� DQG� WXWRULQJ�PD\� DOVR� EH� UHOHYDQW� WR� DQ�
LPSURYHG�PLFURPRGXOH�LQ�WKLV�VSHFLILF�FDVH��
�
$Q�LPSRUWDQW�JRDO�IRU�WKH�GHYHORSPHQW�RI�WKLV�PRGXOH�LV�WKH�SRVVLELOLW\�RI�JLYLQJ�VLPLODU�PRGXOHV�
WR�RWKHU�HQJLQHHULQJ�SURJUDPV��$�FHQWUDO�FKDOOHQJH�IRU�WKH�WUDQVIHUDELOLW\�RI�WKH�PRGXOH�LV�WKH�
RULJLQ� RI� WKH� PRGXOH� LQ� D� SHUVRQDO� LQWHUDFWLRQV� DQG� FRQQHFWLRQV�� 7KH� PRGXOH� KDV� EHHQ�
GHYHORSHG�DQG�WDLORUHG�IRU�WKH�FRXUVH�RYHU�VHYHUDO�\HDUV�DQG�WKURXJK�FRQWLQXDO�FROODERUDWLRQ���
2QH�FRXOG�DUJXH�WKDW�LW�ZLOO�EH�WRR�GLIILFXOW�RU�WRR�WLPH�FRQVXPLQJ�WR�HVWDEOLVK�VXFK�SHUVRQDO�
FRQQHFWLRQ� IRU� HYHU\� QHZ� LQWHJUDWLRQ� RI� D� '7� PRGXOH�� +RZHYHU�� WKH� WUDQVIRUPDWLRQ� RI�
HGXFDWLRQ�� WKDW� IRU� H[DPSOH� WKH� KRVW� LQVWLWXWLRQ� RI� WKLV� VWXG\� LV� IDFLQJ� �'DKOH��LHQ�� �������
UHTXLUHV�PRUH� FROODERUDWLRQ� DFURVV� FRXUVHV� DQG� DFURVV� GLVFLSOLQDU\� ERXQGDULHV�� 3ODFLQJ� D�
ODUJHU� HPSKDVLV� RQ� FUHDWLQJ� DUHQDV� DQG� VLWXDWLRQV� ZKHUH� WKHVH� FRQQHFWLRQV� FDQ� EH�
HVWDEOLVKHG�PLJKW�EH�D�UHTXLVLWH�IRU�WKH�VXFFHVV�RI�VXFK�WUDQVIRUPDWLRQ�HIIRUWV���
�
$�ODVW�FKDOOHQJH�IRU�WKH�WUDQVIHUDELOLW\�LV�WKH�RUJDQL]DWLRQDO�REVWDFOHV��,(6�DQG�,'�DUH�ORFDWHG�
DW�GLIIHUHQW�IDFXOWLHV��7KH�LQFHQWLYHV�IRU�FR�SURGXFWLRQ�RI�FRXUVHV�DFURVV�IDFXOW\�EDUULHUV�DUH�
ORZ�� DV� IDFXOWLHV� DUH� LQGHSHQGHQW� RUJDQL]DWLRQV� ZLWK� WKHLU� RZQ� EXGJHW�� HPSOR\HHV�� DQG�
FRXUVHV�� ([SORULQJ� KRZ� D� FXOWXUH� IRU� LQWHJUDWLQJ�� WHDFKLQJ�� WXWRULQJ�� DQG� HYDOXDWLQJ� GHVLJQ�
WKLQNLQJ�PD\�VSUHDG�WR�D�ODUJHU�1718�DXGLHQFH�RI�SURJUDPV��FRXUVHV�DQG�VWDII��VKRXOG�EH�WKH�
JRDO�RI�IXUWKHU�VWXGLHV��
�
�
FINANCIAL SUPPORT ACKNOWLEDGEMENT 
�
7KH�VWXG\�ZDV�ILQDQFLDOO\�VXSSRUWHG�E\�WKH�683(5�SURMHFW��IXQGHG�E\�+.',5��WKH�1RUZHJLDQ�
'LUHFWRUDWH� IRU� +LJKHU� (GXFDWLRQ� DQG� 6NLOOV� XQGHU� $.7,9������������� DQG� WKH� )XWXUH�
7HFKQRORJ\�6WXGHQWV�SURMHFW��������������IXQGHG�E\�1718��1RUZHJLDQ�8QLYHUVLW\�RI�6FLHQFH�
DQG�7HFKQRORJ\���
�
7KH�DXWKRUV�ZDQW�WR�WKDQN�DOO�WKH�SDUWLFLSDWLQJ�VWXGHQWV�DQG�VWDII�DVVRFLDWHG�ZLWK�WKH�FRXUVH�
777�����(OHFWURQLFV�6\VWHP�'HVLJQ�±�%DVLF�&RXUVH��,GD�3DUHOLXV�IRU�LQWHUYLHZLQJ�D�VHOHFWLRQ�
RI� WKH� OHDUQLQJ� DVVLVWDQWV�� DQG� WKH� 'HSDUWPHQW� RI� 'HVLJQ� DQG� 'HSDUWPHQW� RI� (OHFWURQLF�
6\VWHPV�IRU�VXSSRUWLQJ�WKLV�SURMHFW���
�
�
�
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