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�
'R���VW�&HQWXU\�6WXGHQWV�'UHDP�RI�(OHFWULF�6KHHS"�$�
PRELOH�VRFLDO�PHGLD�IUDPHZRUN�IRU�FUHDWLYH�SHGDJRJLHV�
�
7KRPDV�&RFKUDQH� � ��
&HQWUH�IRU�/HDUQLQJ�$QG�7HDFKLQJ�
$87�8QLYHUVLW\�
$QGUHZ�:LWKHOO� � ��
6FKRRO�RI�'HVLJQ��
$87�8QLYHUVLW\�
�

6WXGHQWV�VRPHWLPHV�DSSHDU�WR�EH�µDVOHHS¶�DQG�DUH�RIWHQ�XSGDWLQJ�WKHLU�)DFHERRN�VWDWXV�GXULQJ�
VHPLQDUV�DQG�OHFWXUHV��:H�DUJXH�WKLV�LV�WKH�HTXLYDOHQW�RI�FRXQWLQJ�HOHFWULF�VKHHS��6WXGHQW�
EUDLQZDYH�DFWLYLW\�PHDVXUHG�GXULQJ�WUDGLWLRQDO�OHFWXUHV�KDV�EHHQ�VKRZQ�WR�EH�VLPLODU�WR�WKDW�ZKLOH�
ZDWFKLQJ�WHOHYLVLRQ�DQG�VLJQLILFDQWO\�ORZHU�WKDQ�WKDW�H[KLELWHG�GXULQJ�DQ\�IRUP�RI�DFWLYLW\�
LQFOXGLQJ�VOHHS��0D]XU���������0D]XU�IRXQG�WKDW�LQWURGXFLQJ�LQWHUDFWLYH�DFWLYLWLHV�LQ�OHFWXUHV�
VLJQLILFDQWO\�LQFUHDVHV�EUDLQ�DFWLYLW\��,Q�WKLV�SDSHU�ZH�H[SORUH�WKH�SRWHQWLDO�IRU�POHDUQLQJ�WR�
HQKDQFH�VWXGHQW�LQWHUDFWLYLW\�DQG�FROODERUDWLRQ�ERWK�LQ�WKH�FODVVURRP�DQG�LQ�DXWKHQWLF�VLWXDWHG�
OHDUQLQJ�FRQWH[WV��:H�SDUWQHUHG�ZLWK�9RGDIRQH�1HZ�=HDODQG�DQG�$XFNODQG�7UDQVSRUW�WR�SURYLGH�
RXU�VWXGHQWV�ZLWK�DQ�L3DG�0LQL��DQG��*�FRQQHFWLYLW\��WR�HQDEOH�VWXGHQW�JHQHUDWHG�UHVHDUFK�
SURMHFWV��7KH�VWXGHQWV¶�EULHI�ZDV�WR�GHVLJQ�DQ�HQKDQFHG�H[SHULHQFH�RI�FRPPXWLQJ�YLD�SXEOLF�
WUDQVSRUW�LQ�$XFNODQG�&LW\��7KXV�WKH�UHVHDUFK�LQYHVWLJDWHV�KRZ�PRELOH�GHYLFHV�FDQ�EH�XVHG�HQDEOH�
LQWHUDFWLYH�OHDUQLQJ�HQYLURQPHQWV���
�
.H\ZRUGV��3HGDJRJ\��+HXWDJRJ\��0RELOH�6RFLDO�0HGLD��
�

,QWURGXFWLRQ�
�
0D]XU��������DUJXHV�WKDW�WKH�EUDLQZDYH�DFWLYLW\��RU�ODFN�RI��GXULQJ�WUDGLWLRQDO�OHDUQLQJ�HQYLURQPHQWV�ZRXOG�
LQGLFDWH�WKDW�VWXGHQWV�DUH�VWLPXODWHG�OHVV�WKDQ�ZKLOH�VOHHSLQJ�E\�SDVVLYH�OHDUQLQJ�HQYLURQPHQWV��,QIDPRXVO\�
3KLOLS�.�'LFN��������ZURWH�D�QRYHO�WLWOHG�³'R�DQGURLGV�GUHDP�RI�HOHFWULF�VKHHS"´�WR�H[SORUH�WKH�QRWLRQ�RI�VHOI�
DZDUHQHVV�RI�DUWLILFLDO�LQWHOOLJHQFH�LQ�URERWV��:H�VXJJHVW�WKDW�WUDGLWLRQDO�WHDFKHU�FHQWULF�FRQWHQW�GHOLYHU\�
SHGDJRJLHV�DUH�D�SDVVLYH�H[SHULHQFH�IRU����FHQWXU\�VWXGHQWV�WKDW�GULYH�WKHP�WR�VHHN�PRUH�VWLPXODWLQJ�
HQJDJHPHQW�YLD�)DFHERRN��HPDLO�RU�RWKHU�VRFLDOO\�FRQQHFWHG�DFWLYLWLHV�GXULQJ�FODVV�WLPH��HIIHFWLYHO\�GULYLQJ�RXU�
VWXGHQWV�WR�GUHDP�RI�HOHFWULF�VKHHS��YLD�FRQQHFWHG��VRFLDO�QHWZRUNV��GXULQJ�WHDFKHU�GHOLYHUHG�PRQRORJXHV��
0D]XU¶V�UHVHDUFK�GHPRQVWUDWHV�WKDW�LQWURGXFLQJ�LQWHUDFWLRQ��FROODERUDWLRQ�DQG�VWXGHQW�JHQHUDWHG�FRQWHQW�LQWR�
OHDUQLQJ�H[SHULHQFHV�VLJQLILFDQWO\�LQFUHDVHV�EUDLQZDYH�DFWLYLW\�DQG�OHDUQLQJ�RXWFRPHV��,Q�WRGD\¶V�ZRUOG�ZKHUH�
WKH�PRVW�XELTXLWRXV�WHFKQRORJ\�LV�PRELOH��,78��������DQG�PRELOH�LQWHUQHW�FRQQHFWLYLW\�H[FHHGV�IL[HG�
FRQQHFWLRQV��HGXFDWLRQ�PXVW�LQFOXGH�D�FULWLFDO�HQJDJHPHQW�ZLWK�QHZ�WHFKQRORJLHV�LQFOXGLQJ�PRELOH�VRFLDO�
PHGLD��$V�<DJRX��������QS��DUJXHV��³+DYLQJ�VWDUWHG�DV�FUDIW�EDVHG�WUDLQLQJ�ZLWK�UDWKHU�QDUURZ�YRFDWLRQDO�DLPV��
GHVLJQ�HGXFDWLRQ�LV�GHYHORSLQJ�LQWR�DQ�LQWHUGLVFLSOLQDU\�DFDGHPLF�ILHOG�HPSKDVL]LQJ�UHVHDUFK�DQG�SUHSDULQJ�
GHVLJQHUV�IRU�D�NQRZOHGJH�HFRQRP\´���
�
7KH�UHFHQWO\�GHYHORSHG�3URGXFW�'HVLJQ�SURJUDPPH�DW�$XFNODQG�8QLYHUVLW\�RI�7HFKQRORJ\�LV�XQGHUSLQQHG�E\�
SK\VLFDO�VWXGLR�H[SHULHQFH�IRU�VWXGHQWV�WKDW�VXSSRUWV�DQG�IDFLOLWDWHV�D�'HVLJQ�7KLQNLQJ�DSSURDFK��%DXHU�	�
(DJHQ���������:KLOH�JUHDW�SK\VLFDO�VWXGLR�VSDFHV�SURYLGH�DQ�H[FHOOHQW�HQYLURQPHQW�WR�VXSSRUW�WKH�OHDUQLQJ�DQG�
WHDFKLQJ�RI�NH\�DVSHFWV�RI�'HVLJQ�7KLQNLQJ�LQFOXGLQJ�JURXS�FROODERUDWLRQ��EUDLQVWRUPLQJ��GUDZLQJ�LGHDWLRQ�DQG�
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�'�SURWRW\SLQJ��WKHVH�VWXGLRV�KDYH�D�GDQJHU�RI�µLQVXODWLQJ¶�VWXGHQWV�IURP�UHDO�ZRUOG�GHVLJQ�FRQWH[WV��7KH�
VLWXDWLRQ�LV�VLPLODU�WR�$UFKLWHFWXUDO�HGXFDWLRQ��EDVHG�RQ�ZKDW�RQFH�ZDV�FRQVLGHUHG�D�UDGLFDO�VWXGLR�PRGHO��
³$UFKLWHFWXUDO�SHGDJRJ\�KDV�EHFRPH�VWDOH«�FXUULFXODU�VWUXFWXUHV�KDYH�KDUGO\�FKDQJHG�LQ�UHFHQW�GHFDGHV��
GHVSLWH�WKH�PDMRU�WUDQVIRUPDWLRQV�WKDW�KDYH�WDNHQ�SODFH�ZLWK�WKH�JURZWK�RI�JOREDOLVDWLRQ��QHZ�WHFKQRORJLHV��DQG�
LQIRUPDWLRQ�FXOWXUH´��&RORPLQD�HW�DO����������,Q�FRQWUDVW��'HVLJQ�7KLQNLQJ�PHWKRGRORJLHV�DOVR�UHTXLUH�KXPDQ�
FHQWUHG�REVHUYDWLRQ��LQWHUYLHZV�DQG�WKH�WHVWLQJ�RI�LGHDV�DQG�FRQFHSWV�LQ�UHDO�ZRUOG�VLWXDWLRQV��'HVLJQ�7KLQNLQJ�
DOVR�UHTXLUHV�VWXGHQWV�WR�FROODERUDWH��VKDUH�DQG�WR�UHIOHFW�DERXW�WKHLU�ZRUNV�µRQ�WKH�IO\¶��ZKLOH�PRELOH��DQG�LQ�OHVV�
IRUPDO�OHDUQLQJ�VLWXDWLRQV����
�
'UDZLQJ�XSRQ�GLVFLSOLQHV�RXWVLGH�RI�GHVLJQ��LQFOXGLQJ�PHGLD�VWXGLHV��FRPPXQLFDWLRQ�DQG�HGXFDWLRQ��WKH�
LQWHJUDWLRQ�RI�PRELOH�VRFLDO�PHGLD��PRELOH�SKRQHV�DQG�WDEOHWV��EORJV��WZLWWHU�DQG�RWKHU�VRFLDO�PHGLD�WRROV�KDV�WKH�
SRWHQWLDO�WR�HQKDQFH�WKH�'HVLJQ�7KLQNLQJ�SURFHVV��DFWLQJ�DV�D�FDWDO\VW�IRU�QHZ�SHGDJRJLHV��.XNXOVND�+XOPH��
�������,W�DOVR�KDV�WKH�SRWHQWLDO�WR�FRPSOHPHQW��DXJPHQW�DQG�HQKDQFH�JUHDW�SK\VLFDO�OHDUQLQJ�HQYLURQPHQWV�E\�
SURYLGLQJ�WKH�WRROV�DQG�PHFKDQLVPV�WKDW�HQFRXUDJH�VWXGHQWV�WR�WDNH�WKHLU�OHDUQLQJ�RXWVLGH�LQWR�WKH�µUHDO�ZRUOG¶��
DQG�WR�ZRUN�PRUH�FROODERUDWLYHO\�LQ�QHZ�DQG�HIIHFWLYH�ZD\V��$V�%DOVDPR��������DUJXHV��KLJKHU�HGXFDWLRQ�QHHGV�
DQ�HSLVWHPRORJLFDO�UHERRW��:H�DUJXH�WKDW�LQ�HVVHQFH�VXFK�D�UHERRW�ZLOO�SURYLGH�D�EULGJH�EHWZHHQ�WKH�IRUPDO�DQG�
LQIRUPDO�OHDUQLQJ�FRQWH[WV�IRU�'HVLJQ�7KLQNLQJ�XWLOL]LQJ�PRELOH�VRFLDO�PHGLD��
�
7KLV�SDSHU�SUHVHQWV�WKH�EDFNJURXQG��WKH�LPSOHPHQWDWLRQ��DQG�WKH�LPSDFW�RI�D�SURMHFW��ZKLFK�DLPV�WR�XVH�PRELOH�
VRFLDO�PHGLD�WR�DXJPHQW�DQG�HQKDQFH�D�'HVLJQ�SURJUDPPH�XQGHUSLQQHG�E\�'HVLJQ�7KLQNLQJ��7KH�JRDO�RI�WKH�
SURMHFW�LV�WR�HQKDQFH�VWXGHQW�OHDUQLQJ�H[SHULHQFHV��SRVLWLYHO\�LPSDFW�WKHLU�'HVLJQ�7KLQNLQJ�H[SHUWLVH�
GHYHORSPHQW��DQG�WR�H[SORUH�WKH�IXWXUH�RI�'HVLJQ�7KLQNLQJ�HGXFDWLRQ�HQKDQFHG�E\�PRELOH�VRFLDO�PHGLD��,Q�
DGGLWLRQ�LW�SURYLGHV�DQ�RSSRUWXQLW\�IRU�D�VPDOO�XQLYHUVLW\�GHSDUWPHQW�WR�HQJDJH�ZLWK�LPSOHPHQWLQJ�DQG�
VXVWDLQLQJ�SHGDJRJLFDO�FKDQJH�HQDEOHG�E\�WHFKQRORJ\�WKURXJK�WKH�HVWDEOLVKPHQW�RI�FRPPXQLWLHV�RI�SUDFWLFH�
�&RFKUDQH���������%XLOGLQJ�XSRQ�RXU�ZRUN�RI�HVWDEOLVKLQJ�D�IUDPHZRUN�IRU�PRELOH�VRFLDO�PHGLD�LQWHJUDWLRQ�LQ�
KLJKHU�HGXFDWLRQ��&RFKUDQH�DQG�%DWHPDQ��������ZH�H[SORUHG�KRZ�WR�KDUQHVV�WKH�DIIRUGDQFHV�RI�PRELOH�VRFLDO�
PHGLD�WR�VWLPXODWH�VWXGHQW�JHQHUDWHG�OHDUQLQJ�LQ�DQG�EH\RQG�WKH�FODVVURRP��&RFKUDQH�DQG�:LWKHOO��LQ�SUHVV���:H�
XVH�WKH�FRQFHSW�RI�WKH�SHGDJRJ\�DQGUDJRJ\�KHXWDJRJ\��3$+��FRQWLQXXP��/XFNLQ�HW�DO���������DV�D�PHDVXUH�RI�
SHGDJRJLFDO�FKDQJH�HQDEOHG�E\�WKH�LQWURGXFWLRQ�RI�PRELOH�VRFLDO�PHGLD�ZLWKLQ�WKH�FXUULFXOXP��/XFNLQ�HW�DO���
�������DUJXH�WKDW�KHXWDJRJ\��RU�VWXGHQW�GLUHFWHG�OHDUQLQJ��%ODVFKNH���������QHHG�QRW�EH�WKH�VROH�GRPDLQ�RI�SRVW�
JUDGXDWH�HGXFDWLRQ��UDWKHU�SHGDJRJLFDO�VWUDWHJLHV�FDQ�EH�VHHQ�DV�D�FRQWLQXXP�HQFRPSDVVLQJ�WHDFKHU�GLUHFWHG�
SHGDJRJ\��VWXGHQW�FHQWUHG�DQGUDJRJ\��DQG�VWXGHQW�GLUHFWHG�KHXWDJRJ\��:KLOH�WKLV�SDSHU�IRFXVHV�XSRQ�RQH�
VSHFLILF�POHDUQLQJ�SURMHFW�GXULQJ�������WKH�UHVHDUFK�ZDV�SDUW�RI�D�ZLGHU�FRPPXQLW\�RI�SUDFWLFH�LQYROYLQJ�DOO�RI�
WKH�OHFWXUHUV�LQ�WKH�3URGXFW�'HVLJQ�GHSDUWPHQW�EHJXQ�LQ�������ZLWK�WKH�DLP�RI�HQKDQFLQJ�WKH�FXUULFXOXP�DFURVV�
DOO�WKUHH�\HDUV�RI�WKH�EDFKHORUV�GHJUHH��LQYROYLQJ�D�IRXU�IROG�DSSURDFK�LQFOXGLQJ��LQWHJUDWLQJ�WKH�XVH�RI�PRELOH�
VRFLDO�PHGLD�LQWR�WKH�FXUULFXOXP��HVWDEOLVKLQJ�VWXGHQW�HSRUWIROLRV�DV�D�FRUH�DVSHFW�RI�WKH�GHVLJQ�FXUULFXOXP��
FULWLFDOO\�XQGHUSLQQHG�E\�D�'HVLJQ�7KLQNLQJ�7RRONLW��'77���DQG�QHZ�µVPDUW¶�DVVHVVPHQW�VWUDWHJLHV����

�
7KH�RXWFRPHV�RI�WKH�PRELOH�VRFLDO�PHGLD�SURMHFW�GXULQJ������UHVXOWHG�LQ�D�UDGLFDO�FRQFHSWXDO�VKLIW�ZLWKLQ�WKH�
WKLQNLQJ�RI�WKH�OHFWXUHUV��ZKHUH�³PRELOH�VRFLDO�PHGLD�ZDV�UHDVVLJQHG�IURP�WKH�FDWHJRU\�RI�D�SXUHO\�VRFLDO�WRRO�
IRU�LQIRUPDO�XVH�LQWR�D�SRZHUIXO�WRRO�IRU�VWXGHQW�JHQHUDWHG�FRQWHQW�DQG�FROODERUDWLRQ�ZLWKLQ�VWXGHQW�JHQHUDWHG�
OHDUQLQJ�FRQWH[WV´��:LWKHOO�HW�DO����������7KLV�FRQFHSWXDO�VKLIW�WKHQ�OHG�WR�WKH�UHLPDJLQLQJ�RI�FRUH�WRROV�IRU�
VXSSRUWLQJ�VRFLDO�FRQVWUXFWLYLVW�SHGDJRJ\�WKURXJKRXW�WKH�SURJUDPPH��OHDGLQJ�WR�WKH�LPSOHPHQWDWLRQ�RI�D�PRELOH�
VRFLDO�PHGLD�IUDPHZRUN�DFURVV�WKH�HQWLUH�%DFKHORU�RI�3URGXFW�'HVLJQ�SURJUDPPH��,PSOHPHQWLQJ�WKLV�IUDPHZRUN�
LQYROYHG�WKUHH�NH\�DVSHFWV��LQFOXGLQJ��FUHDWLQJ�D�QHZ�FXOWXUH�DURXQG�EXLOGLQJ�OHDUQLQJ�FRPPXQLWLHV��LQWHJUDWLQJ�
WKH�SHGDJRJLFDO�XVH�RI�PRELOH�VRFLDO�PHGLD�LQWR�WKH�FXUULFXOXP��DQG�SURYLGLQJ�WKH�WHFKQRORJ\�LQIUDVWUXFWXUH�
UHTXLUHG�WR�VXSSRUW�WKH�XVH�RI�PRELOH�VRFLDO�PHGLD��2XU�UHYLHZ�RI�WKH�POHDUQLQJ�OLWHUDWXUH�UHYHDOHG�WKDW�WKHUH�DUH�
IHZ�POHDUQLQJ�SURMHFWV�WKDW�GHVLJQ�IRU�WKHVH�WKUHH�NH\�DVSHFWV��&RFKUDQH���������$�QRWDEOH�H[FHSWLRQ�ZDV�WKH�
0ROH1(7�SURMHFW��$WWHZHOO�HW�DO����������ZKLFK�IRFXVHG�XSRQ�GHYHORSLQJ�D�ULJRURXV�WHDFKHU�SURIHVVLRQDO�
GHYHORSPHQW�VWUDWHJ\��HPEHGGLQJ�WKH�XVH�RI�WHFKQRORJ\�LQ�WKH�FXUULFXOXP��DQG�PDNLQJ�LQIRUPHG�GHFLVLRQV�DERXW�
WKH�FKRLFH�RI�WHFKQRORJLHV��)URP�RXU�SUHYLRXV�H[SHULHQFH��IDLOLQJ�WR�SURYLGH�WHFKQRORJLFDO�LQIUDVWUXFWXUH�WR�
VXSSRUW�SHGDJRJLFDO�LQQRYDWLRQ�DQG�FXUULFXOXP�UHGHVLJQ�OHDGV�WR�SURMHFW�IDLOXUH��&RFKUDQH������E���7KH�
LQWHJUDWLRQ�RI�WKH�VRFLDO�PHGLD�IUDPHZRUN�LQWR�WKH�3URGXFW�'HVLJQ�FXUULFXOXP�LQYROYHG�WKUHH�VWDJHV��ZLWK�HDFK�
VWDJH�DOLJQHG�ZLWK�HDFK�\HDU�RI�WKH�%DFKHORU�RI�3URGXFW�'HVLJQ�SURJUDPPH��DV�VKRZQ�LQ�7DEOH����
�
�
�
�
�
�
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�
7DEOH����6WDJLQJ�DQG�VFDIIROGLQJ�WKH�3$+�FRQWLQXXP�

�
6WDJH� /HDUQLQJ�FRQWH[W� 0RELOH�VRFLDO�PHGLD�

SURMHFW�
&RXUVH�
WLPHIUDPH�

,QIUDVWUXFWXUH� 3$+�DOLJQPHQW�

/HYHO��� 6RFLDO�
FROODERUDWLRQ�
ZLWK�SHHUV�DQG�
OHFWXUHU�
6WXGHQW�JHQHUDWHG�
FRQWHQW�

(VWDEOLVKPHQW�RI�
VWXGHQW�JHQHUDWHG�H�
SRUWIROLRV�XVLQJ�
VWXGHQW�RZQHG�PRELOH�
GHYLFHV��:RUGSUHVV�
EORJV��DQG�FULWLFDOO\�
IRXQGHG�RQ�WKH�
PRELOL]HG�'HVLJQ�
7KLQNLQJ�7RROER[��

)LUVW�\HDU�RI�
3URGXFW�'HVLJQ�
FRXUVH�

:L)L�
/HFWXUHU�L3DGV�
5�'��
SUHVHQWDWLRQ�
V\VWHPV�

3HGDJRJ\��OHFWXUHU�
GLUHFWHG��

/HYHO��� 6RFLDO�
FROODERUDWLRQ�
ZLWK�SHHUV�DQG�
µDXWKHQWLF�
HQYLURQPHQWV¶�
&RQWH[W�DZDUH�

6WXGHQW�SURMHFW�
FROODERUDWLRQ�XVLQJ�
'URSER[��*RRJOH�
'ULYH��DQG�VWXGHQW�
RZQHG�PRELOH�GHYLFHV���

6HFRQG�\HDU�RI�
3URGXFW�'HVLJQ�
FRXUVH�

:L)L�
/HFWXUHU�L3DGV�
5�'��
SUHVHQWDWLRQ�
V\VWHPV�

)URP�SHGDJRJ\�WR�
DQGUDJRJ\��VWXGHQWV�
EHFRPH�WKH�FRQWHQW�
FUHDWRUV��

/HYHO��� &RQWH[W�
LQGHSHQGHQW��
EULGJLQJ�IRUPDO�
DQG�LQIRUPDO�
OHDUQLQJ�
6WXGHQW�JHQHUDWHG�
FRQWH[WV�

6WXGHQW�QHJRWLDWHG�
WHDP�SURMHFWV�H[SORULQJ�
WKH�XQLTXH�DIIRUGDQFHV�
RI�PRELOH�GHYLFHV�LQ�
SDUWQHUVKLS�ZLWK�
9RGDIRQH�1HZ�=HDODQG�
DQG�$XFNODQG�
7UDQVSRUW�

7KLUG�\HDU�RI�
3URGXFW�'HVLJQ�
FRXUVH�

6WXGHQW�L3DGV�
ZLWK��*�
02$V�

)URP�DQGUDJRJ\�WR�
KHXWDJRJ\��VWXGHQWV�
EHFRPH�LQGHSHQGHQW�
OHDUQHUV��

�
0HWKRGRORJ\�
�
7KH�FRQWH[W�RI�WKLV�UHVHDUFK�SURMHFW�ZDV�WKH�WKLUG�\HDU�RI�D�%DFKHORU�RI�3URGXFW�'HVLJQ��3DUWLFLSDQWV�LQFOXGHG����
VWXGHQWV��WZR�OHFWXUHUV��DQG�WZR�UHVHDUFKHUV��$V�ZH�DUH�LQWHUHVWHG�LQ�SHGDJRJLFDO�FKDQJH�DQG�EHWWHU�JUDGXDWH�
RXWFRPHV��D�SDUWLFLSDWRU\�DFWLRQ�UHVHDUFK�PHWKRGRORJ\�ZDV�XVHG��6ZDQW]���������$�VXUYH\�RI�WKH������WKLUG�
\HDU�3URGXFW�'HVLJQ�VWXGHQWV�LQGLFDWHG�WKDW�OHVV�WKDQ�����RI�WKH�VWXGHQWV�RZQHG�VPDUWSKRQHV�DQG�QRQH�RZQHG�
WDEOHW�GHYLFHV��7KHUHIRUH�WR�LPSOHPHQW�WKLV�SURMHFW�ZH�UHTXLUHG�DSSURSULDWH�PRELOH�GHYLFHV�IRU�WKH�
SDUWLFLSDQWV��7KH�DXWKRUV�VHFXUHG�D�FRQWHVWDEOH�JUDQW�IURP�9RGDIRQH�1HZ�=HDODQG�WR�VXSSO\�DOO�WKLUG�\HDU�
3URGXFW�'HVLJQ�VWXGHQWV�ZLWK�DQ�L3DG�PLQL�DQG��*%�SHU�PRQWK�PRELOH�EURDGEDQG�GDWD�WR�XWLOL]H�GXULQJ�D�SURMHFW�
WR�LQYHVWLJDWH�DQG�GHVLJQ�DQ�HQKDQFHG�FRPPXWLQJ�H[SHULHQFH�IRU�SXEOLF�WUDQVSRUWDWLRQ�RQ�$XFNODQG�EXVHV��$Q�
DFFHSWDEOH�XVH�SROLF\�ZDV�FUHDWHG�DQG�VLJQHG�E\�DOO�SDUWLFLSDWLQJ�VWXGHQWV�WKDW�RXWOLQHG�WKH�SURMHFW�H[SHFWDWLRQV�
DQG�XVH�RI�WKH�L3DG�0LQL��6WXGHQWV�DOVR�VLJQHG�HWKLFV�FRQVHQW�IRUPV�FRQVHQWLQJ�WR�DQRQ\PRXV�XVH�RI�GDWD�
DVVRFLDWHG�ZLWK�WKH�SURMHFW�IRU�UHVHDUFK�SXEOLFDWLRQ��6WXGHQWV�ZHUH�H[SHFWHG�WR�XVH�WKHLU�PRELOH�GHYLFH�RQ�D�
QXPEHU�RI�VRFLDO�PHGLD�SODWIRUPV�LQFOXGLQJ��:RUGSUHVV��*RRJOH�3OXV��<RX7XEH�DQG�7ZLWWHU��7KH�SURMHFW�ZDV�
LQWURGXFHG�DQG�VXSSRUWHG�E\�VHYHUDO�PRELOH�VRFLDO�PHGLD�WXWRULDOV�FXUDWHG�YLD�(YHUQRWH�
�KWWS���WLQ\XUO�FRP�E�G��YU����
�
(QDEOLQJ�PRELOH�FROODERUDWLRQ�ZDV�D�NH\�JRDO�RI�WKH�SURMHFW��WKXV�ZH�H[SORUHG�GHVLJQLQJ�LQIUDVWUXFWXUH�RSWLRQV�
IRU�IDFLOLWDWLQJ�WKLV��7ZR�DSSURDFKHV�ZHUH�WDNHQ��H[SORULQJ�ZLUHOHVV�PRELOH�SUHVHQWDWLRQ�V\VWHPV�IRU�YLGHR�
SURMHFWRUV�LQ�ODUJH�JURXS�VHWWLQJV��DQG�ZLUHOHVV�VPDOO�JURXS�FROODERUDWLYH�ZRUNVWDWLRQV�XVLQJ�ODUJH�VFUHHQ�
PRXQWHG�GLVSOD\V��:LUHOHVV�PLUURULQJ�RI�PRELOH�GHYLFH�VFUHHQV�LV�D�UHODWLYHO\�QHZ�DIIRUGDQFH�WKDW�ZDV�
LQWURGXFHG�LQ�WKH������$LUSOD\�XSGDWH�RI�WKH�$SSOH79�VRIWZDUH�DQG�EXLOW�LQ�WR�WKH�L3KRQH��6�DQG�L3DG���7KLV�
ZDV�TXLFNO\�IROORZHG�E\�VLPLODU�ZLUHOHVV�VFUHHQ�PLUURULQJ�SURWRFROV�IRU�:LQGRZV��:L'L��DQG�$QGURLG�
�&KURPHFDVW��EDVHG�PRELOH�GHYLFHV��%DVHG�XSRQ�WKH�ZRUN�RQ�0RELOH�&ROODERUDWLYH�:RUNVWDWLRQV��&2:V��E\�
0LWFKHO�HW�DO�����������ZH�GHYHORSHG�02ELOH�$LUSOD\�VFUHHQV��02$V��WR�HQDEOH�VWXGHQWV�WR�VKDUH�DQG�LQWHUDFW�LQ�
JURXSV�GLUHFWO\�IURP�WKHLU�PRELOH�GHYLFHV��8VLQJ�ZLUHOHVV�VFUHHQ�PLUURULQJ�WHFKQRORJLHV�VXFK�DV�$LUSOD\��$SSOH�
,QF���DQG�$OOVKDUH��6DPVXQJ�(OHFWURQLFV��VWXGHQWV�FDQ�SUHVHQW�WKH�VFUHHQ�RI�WKHLU�PRELOH�GHYLFH�RQWR�D�ODUJH�
VFUHHQ�PRELOH�GLVSOD\�WXUQLQJ�WKHLU�PRELOH�GHYLFH�LQWR�D�JURXS�SUHVHQWDWLRQ�DQG�FROODERUDWLRQ�WRRO��7KH�02$�
DFURQ\P�SOD\V�RQ�WKH�QDPH�RI�WKH�ODUJH�IOLJKWOHVV�ELUG�RQFH�QDWLYH�WR�1HZ�=HDODQG��VLPLODU�WR�WKH�(PX��EXW�QRZ�
H[WLQFW��7KHVH�02$V�FDQ�EH�ZKHHOHG�LQWR�GLIIHUHQW�VSDFHV�IRU�VWXGHQWV�WR�EUHDNRXW�LQWR�WHDPZRUN�GXULQJ�RU�LQ�
EHWZHHQ�FODVVHV��7KXV�ZH�H[SDQG�WKH�FROODERUDWLRQ�DQG�FRQQHFWLYLW\�DIIRUGDQFHV�RI�PRELOH�VRFLDO�PHGLD�IURP�D�
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SHUVRQDO�ZRUNVSDFH�LQWR�D�JURXS�FROODERUDWLRQ�VSDFH��7KLV�DOORZV�D�UHIRFXV�LQ�WKH�FODVVURRP�FRQWH[W�IURP�
WHDFKHU�GLUHFWHG�SHGDJRJ\�WRZDUGV�VWXGHQW�GLUHFWHG�KHXWDJRJ\��6WXGHQWV�ZHUH�DVVHVVHG�RQ�WKHLU�DSSOLFDWLRQ�RI�
WKH�'HVLJQ�7KLQNLQJ�SURFHVVHV�WKURXJKRXW�WKH�SURMHFW��3URMHFW�FULWHULD�LQFOXGHG��SODQQLQJ�DQG�PDQDJHPHQW��
DQDO\VLV��UHVHDUFK��V\QWKHVLV��FRPPXQLFDWLRQ��DQG�DSSURSULDWH�XVH�RI�PRELOH�VRFLDO�PHGLD��
�
5HVHDUFK�TXHVWLRQV��
�
7KHUH�DUH�WZR�UHVHDUFK�TXHVWLRQV�LQIRUPLQJ�WKLV�SURMHFW��
��� +RZ�FDQ�PRELOH�VRFLDO�PHGLD�EH�XVHG�DV�D�FDWDO\VW�WR�HQDEOH�VWXGHQW�GLUHFWHG�FROODERUDWLRQ�LQ�DQG�EH\RQG�

WKH�FODVVURRP"�
��� +RZ�FDQ�ZH�GHVLJQ�SUHVHQWDWLRQ�V\VWHPV�WKDW�WXUQ�D�SHUVRQDO�PRELOH�GHYLFH�LQWR�D�FROODERUDWLYH�WRRO"�
�
'DWD�FROOHFWLRQ�PHWKRGV�LQFOXGHG��WKH�FROODWLRQ�RI�SDUWLFLSDWLQJ�OHFWXUHUV�DQG�VWXGHQWV�ZHE�����HSRUWIROLRV�YLD�
566�IHHGV�ZLWKLQ�*RRJOH�5HDGHU��VWXGHQW�SUH�SURMHFW�VXUYH\V��DQG�LQIRUPDO�IRFXV�JURXS�GLVFXVVLRQV��6WXGHQW�
IHHGEDFN�WKURXJKRXW�WKH�SURMHFW�ZDV�XVHG�WR�LQIRUP�WZHDNV�WR�WKH�UHVHDUFK�SURMHFW�LPSOHPHQWDWLRQ��
�
'DWD�DQG�DQDO\VLV�
�
$OO�SDUWLFLSDQWV�KDG�HVWDEOLVKHG�:RUGSUHVV�EORJV�GXULQJ�������7KLV�ZDV�H[WHQGHG�LQ������E\�WKH�XVH�RI�WKH�
:RUGSUHVV�$SS�IRU�EORJJLQJ�IURP�WKHLU�L3DGV�DQ\ZKHUH��DQ\WLPH��6WXGHQWV�XVHG�WKHLU�:RUGSUHVV�EORJV�DV�WKH�
KXE�RI�WKHLU�HSRUWIROLRV�IRU�WKH�SURMHFW��HPEHGGLQJ�<RX7XEH�YLGHRV�DQG�D�YDULHW\�RI�VRFLDO�PHGLD�LQWR�WKHLU�
EORJV��7KHVH�ZHUH�DJJUHJDWHG�YLD�566�IHHGV�E\�*RRJOH�5HDGHU��DQG�FXUDWHG�E\�WKH�VWXGHQWV�YLD�WKH�)OLSERDUG�
$SS�RQ�WKHLU�L3DGV��$QDO\VLV�WRROV�LQFOXGHG�WKH�XVH�RI�6XUYH\PRQNH\�IRU�VWXGHQW�IHHGEDFN��GLVFRXUVH�DQDO\VLV�RI�
SDUWLFLSDQW�EORJ�SRVWV�XVLQJ�FROODWHG�ZRUG�FORXGV��DQG�WUDQVFULSWLRQ�RI�SDUWLFLSDQW�UHIOHFWLYH�YLGHRV�WKDW�KDG�EHHQ�
XSORDGHG�WR�<RX7XEH�DQG�HPEHGGHG�LQ�WKHLU�EORJV��7KLV�HQDEOHG�LGHQWLILFDWLRQ�RI�HPHUJLQJ�WKHPHV��DQG�WKLV�
ZDV�WULDQJXODWHG�DJDLQVW�WKH�REVHUYDWLRQ�DQG�LGHQWLILFDWLRQ�RI�FULWLFDO�LQFLGHQWV�IURP�IRFXV�JURXS�GLVFXVVLRQV�
ZLWK�VHOHFWHG�VWXGHQWV��$QRWKHU�ULFK�VRXUFH�ZDV�WKH�XVH�RI�*RRJOH�'RFV�IRU�FROODERUDWLYH�FRPSDULVRQ�RI�
SUHYLRXV�FRXUVH�DVVHVVPHQWV�ZLWK�WKRVH�GHYHORSHG�DV�RXWFRPHV�RI�WKH�SURMHFW��
�
5HVXOWV�
�
7KH�LQLWLDO�UROORXW�RI�L3DG�PLQLV�IRU�WKH�VWXGHQWV�ZDV�PHW�ZLWK�XQVXUSULVLQJ�HQWKXVLDVP��ZLWK�WKH�PRVW�LPPHGLDWH�
LPSDFW�EHLQJ�PRVW�QRWLFHDEOH�LQ�D�VLJQLILFDQW�KLJKHU�OHYHO�RI�HQJDJHPHQW�ZLWK�EORJJLQJ�DV�VWXGHQW�GHVLJQ�
MRXUQDOV��
�

7RGD\�ZDV�D�ELJ�GD\�IRU�$87�3URGXFW�'HVLJQ��UG�<HDU�6WXGHQWV��6XUSULVLQJO\�WR�XV��$SSOH�
>9RGDIRQH@�KDV�NLQGO\�JLYHQ�XV�L3DG�PLQLV�WR�XVH�IRU�WKH�\HDU�WR�PDNH�EORJJLQJ�DQG�UHVHDUFK�IRU�
RXU�GHVLJQLQJ�HDVLHU�DQG�TXLFNHU��+DYLQJ�WKH�DSSV�RQ�GLVSOD\�IRU�DOO�RXU�QHHGV�PDNHV�WKH�EORJJLQJ�
H[SHULHQFH�D�ORW�PRUH�IXQ���6WXGHQW�EORJ�SRVW��0DUFK�������

�
$�VXUYH\�RI�WKH�SDUWLFLSDWLQJ�VWXGHQWV�DW�WKH�HQG�RI�WKH�ILUVW�VHPHVWHU�RI�WKH�SURMHFW�DVNHG�WKH�VWXGHQWV�WR�LQGLFDWH�
ZKDW�DFWLYLWLHV�WKH\�KDG�XVHG�WKH�L3DG�IRU��)LJXUH�����DQG�WR�UDWH�WKH�PRVW�XVHIXO�DIIRUGDQFHV�RI�WKH�L3DG��)LJXUH�
����)LJXUH���LQGLFDWHV�WKDW�VWXGHQWV�XVHG�WKH�L3DG�PLQL�WR�GRFXPHQW�WKHLU�GHVLJQ�SURFHVVHV�DQG�UHFRUG�WKH�GHVLJQ�
DFWLYLW\�DVVRFLDWHG�ZLWK�WKHLU�SURMHFWV��/HVV�XVHG�ZHUH�WKH�FRPPXQLFDWLRQ�DIIRUGDQFHV�RI�WKH�L3DG��ZLWK�7ZLWWHU�
EHLQJ�XVHG�E\�RQO\�����RI�WKH�VWXGHQWV�IRU�FROODERUDWLQJ�RQ�WKHLU�SURMHFWV��DQG�QRQH�XWLOL]LQJ�*RRJOH�3OXV������
RI�VWXGHQWV�GLG�KRZHYHU�PDNH�XVH�RI�)DFHERRN�RQ�WKHLU�L3DG��)DFHWLPH��YLGHR�FDOOLQJ��DQG�DXGLR�UHFRUGLQJ�ZHUH�
XVHG�E\�D�VLJQLILFDQW�QXPEHU�RI�VWXGHQWV��PRVWO\�IRU�IUHH�YLGHR�FDOOLQJ�EHWZHHQ�WHDP�PHPEHUV��DQG�UHFRUGLQJ�RI�
LQWHUYLHZV�ZLWK�LQGXVWU\�H[SHUWV�DQG�SXEOLF�WUDQVSRUW�SDWURQV�XVHG�WR�JDWKHU�IHHGEDFN�RQ�WKH�$XFNODQG�%XV�
WUDQVSRUWDWLRQ�V\VWHP��)LJXUH���LQGLFDWHV�WKDW�WKH�H[SHULHQFH�ZDV�D�SRVLWLYH�HQKDQFHPHQW�DFURVV�D�UDQJH�RI�
DFWLYLWLHV�IRU�VWXGHQWV��ZLWK�QR�GLUHFW�QHJDWLYHV�LGHQWLILHG��0RVW�YDOXHG�E\�WKH�VWXGHQWV�ZDV�WKH�PRELOLW\�DQG�
XELTXLWRXV�FRQQHFWLYLW\�RI�WKH�L3DG��SDUWLFXODUO\�DOORZLQJ�WKHP�WR�UHIOHFW�DQG�FULWLTXH�LQ�VLWX�H[SHULHQFHV�WKDW�
SUHYLRXVO\�UHTXLUHG�VHSDUDWH�GRFXPHQWDWLRQ�DQG�VXEVHTXHQW�UHFRUGLQJ�DQG�HYDOXDWLRQ��7KH\�ZHUH�DEOH�WR�UHFRUG�
DQG�FULWLTXH�WKH�LPSOHPHQWDWLRQ�RI�WKHLU�EXV�WULS�HQKDQFHPHQW�GHVLJQV�ZKLOH�RQ�ORFDWLRQ�DQG�FRRUGLQDWH�LQWULFDWH�
UHDO�WLPH�H[SHULPHQWV����
�
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�
)LJXUH����7\SHV�RI�L3DG�DFWLYLWLHV�

�

�
)LJXUH����0RVW�KHOSIXO�L3DG�DFWLYLWLHV�

�
$�YLVXDO�VXPPDU\�RI�VWXGHQW�IHHGEDFN�LV�VKRZQ�LQ�)LJXUH����UHSUHVHQWHG�E\�D�ZRUG�FORXG�RI�FROODWHG�VWXGHQW�
UHIOHFWLRQV�RQ�WKHLU�L3DG�H[SHULHQFH�SRVWHG�WR�WKHLU�FRXUVH�EORJV��7KH�FUHDWLYH��VHUHQGLSLWRXV�DQG�HPSRZHULQJ�
QDWXUH�RI�PRELOH�EORJJLQJ�IHDWXUHG�VWURQJO\�LQ�VWXGHQW�IHHGEDFN��DV�ZHOO�DV�WKH�WHPSWDWLRQ�WR�SURFUDVWLQDWH��$V�
)LJXUHV���WR���LQGLFDWH�RQH�RI�WKH�KLJKHVW�XVHV�WKH�L3DG�ZDV�IRU�EORJJLQJ�LQFOXGLQJ�EORJJLQJ�LQ�VLWX�ZKLOH�
UHIOHFWLQJ�RQ�WKHLU�H[SHULHQFHV��2Q�DYHUDJH�VWXGHQW�EORJ�SRVWV�LQFUHDVHG������DIWHU�WKH�LQWURGXFWLRQ�RI�WKH�L3DG�
LQ������LQ�FRPSDULVRQ�WR�WKH�DYHUDJH�QXPEHU�RI�EORJ�SRVWV�SHU�VWXGHQW�GXULQJ�������6WXGHQWV�DOVR�EHJDQ�
HPEHGGLQJ�<RX7XEH�YLGHR�UHIOHFWLRQV�RQ�WKHLU�EORJV�IRU�WKH�ILUVW�WLPH�DIWHU�WKH�LQWURGXFWLRQ�RI�WKH�L3DG��
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�
)LJXUH����:RUGOH�RI�FROODWHG�VWXGHQW�IHHGEDFN�

�
$Q�H[DPSOH�RI�WKH�GHYHORSPHQW�DQG�SURJUHVVLRQ�LQ�WKH�ZD\�VWXGHQWV�LQWHJUDWHG�WKH�XVH�RI�WKH�L3DG�LQWR�WKHLU�
ZRUN�IORZV��FROODERUDWLRQ�DQG�RII�FDPSXV�UHVHDUFK�LV�FDSWXUHG�QLFHO\�LQ�D�VHULHV�RI�YLGHR�UHIOHFWLRQV�SRVWHG�WR�D�
VWXGHQW¶V�EORJ��7KHVH�YLGHR�UHIOHFWLRQV�DUH�WUDQVFULEHG�EHORZ��
�

:H
YH�EHHQ�XVLQJ�WKH�L3DG�IRU��0XOWLWXGH�RI�GLIIHUHQW�UHDVRQV��LQFOXGLQJ�EORJJLQJ��DQG�LWV�D�UHDOO\�
JRRG�WRRO�IRU�UHIOHFWLQJ�LPPHGLDWHO\�XSRQ�WKLQJV�WKDW�ZH�KDYH�GRQH�LQ�OHFWXUHV��DQG�GRLQJ�VWXII�RQ�
WKH�JR���ZH�FDQ�WDNH�LW�ZKHUH�HYHU�ZH�ZDQW��XVH�RXU��*�WR�GR�ZRUN�RQ�WKH�)HUU\�RQ�WKH�ZD\�KRPH��
$QG�LW
V�VR�JRRG�WKDW�LW¶V�VR�OLJKW��,�FDQ�MXVW�SRS�LW�LQ�P\�EDJ�DQG�F\FOH�WR�8QL�ZLWKRXW�KDYLQJ�WR�
OXJ�DURXQG�D�PDVVLYH�ODSWRS�DQ\PRUH���LW
V�DZHVRPH���6WXGHQW�YLGHR�SRVW��0DUFK�������
�
:H�XVHG�RXU�L3DGV�IRU�RXU�SUHVHQWDWLRQV�LQ�D�UHDOO\�FRRO�ZD\���ZH�OLQNHG�RXU�L3DGV�WR�RXU�
SUHVHQWDWLRQV�YLD�DQ�$SSOHWY�DQG�WKHQ�ZH�FRXOG�VHH�ZKHUH�ZH�ZHUH�XS�WR�ZLWKRXW�KDYLQJ�WR�ORRN�DW�
WKH�VFUHHQ�EHKLQG�XV��,W�ORRNHG�UHDOO\�IXQQ\�EHFDXVH�HYHU\RQH�KDG�WKHLU�L3DGV�RXW�GXULQJ�WKHLU�
SUHVHQWDWLRQV�VR�ZH�FRXOG�WDNH�QRWHV�DQG�YLGHR�HDFK�RWKHU��ZKLFK�FRXOG�EH�D�UHDOO\�XVHIXO�WRRO�IRU�
YLHZLQJ�DQG�DQDO\VLQJ�RXU�SUHVHQWDWLRQ�VNLOOV��,
YH�DOVR�EHHQ�XVLQJ�LW�IRU�GRLQJ�VWXII�RQ�WKH�VSRW���
,
OO�EH�DZD\�VRPHZKHUH�DQG�,�FDQ�TXLFNO\�QRWH�LGHDV�DQG�FDSWXUH�UDZ�GDWD��6RPH�RI�WKH�QHJDWLYHV��
LW
V�D�ELW�RI�DQ�DGGLFWLYH�WHFKQRORJ\��WKDW�RQFH�\RX
YH�JRW�LW�\RX�IHHO�OLNH�\RX�QHHG�LW�DOO�WKH�WLPH��
HYHU\�IHZ�VHFRQGV�\RX�FDQ�FKHFN�LW���\RX�JHW�QRWLILFDWLRQV��DQG�\RX�QHHG�WR�VRUW�RXW�ZKDW�LV�
LPSRUWDQW���\RX�KDYH�WR�JHW�D�JRRG�EDODQFH�JRLQJ��2WKHU�WKDQ�WKDW�,
P�ILQGLQJ�LW�D�UHDOO\�JRRG�WRRO��
IRU�EORJJLQJ�HVSHFLDOO\��DQG�UHDGLQJ�DQG�DQQRWDWLQJ�QRWHV��6R�IDU�,
P�YHU\�SOHDVHG�ZLWK�WKH�L3DG��
�6WXGHQW�YLGHR�SRVW��$SULO�������
�
6R�KHUH�,�DP��RQ�ORFDWLRQ�LQ�1JDUXDZDKLD��ILWWLQJ�LQ�VRPH�WKLQNLQJ��UHIOHFWLQJ�DQG�D�ELW�RI�ZRUN�
GXULQJ�D�ORQJ�ZHHNHQG��7KH�L3DG�LV�SUHWW\�VXSUHPH�IRU�WKLV���LW
V�SUHWW\�PXFK�WKH�RQH�WKLQJ�WKDW�WKH�
L3DG�LV�WKH�PRVW�XVHIXO�IRU���WDNLQJ�LW�RQ�ORFDWLRQ�ZLWK�\RX�DQG�EHLQJ�DEOH�WR�GR�ZRUN�RQ�WKH�JR��
2QH�RI�WKH�PRVW�XVHIXO�$SSV�,
YH�IRXQG�VR�IDU�LV�WKLV�QHZ�<RX7XEH�$SS���\RX�FDQ�WDNH�YLGHR�DQG�
XSORDG�LW�VWUDLJKW�DZD\�ZLWKRXW�WKH�KDVVOH�RI�WU\LQJ�WR�FRQYHUW�LW�IURP�RQH�IRUPDW�WR�DQRWKHU��
$QRWKHU�IDYH�$SS�RI�PLQH�DW�WKH�PRPHQW�LV�WKH�0DLO�$SS�DQG�WKH�FDOHQGDU���EHLQJ�DEOH�WR�RUJDQLVH�
\RXU�OLIH�RQ�WKH�JR�LQFOXGLQJ�\RXU�8QL�OLIH�DQG�VRFLDO�OLIH�DQG�KRZ�HYHU\WKLQJ�FDQ�ILW�WRJHWKHU��
HVSHFLDOO\�ZKHQ�WKLQJV�JHW�FKDRWLF�DW�WKH�HQG�RI�VHPHVWHU��7KH�L3DG�KDV�EHHQ�UHDOO\�JRRG�IRU�P\�
OHDUQLQJ�VR�IDU���\RX�FDQ�GR�HYHU\WKLQJ�TXLFNO\�DQG�HIILFLHQWO\���6WXGHQW�YLGHR�SRVW��0D\�������

�
6WXGHQWV�WHQGHG�WR�HYLGHQFH�D�SURJUHVVLRQ�IURP�XVLQJ�WKH�L3DG�DV�D�FRQYHQLHQW�UHSODFHPHQW�IRU�DFWLYLWLHV�WKH\�
ZRXOG�SUHYLRXVO\�KDYH�DFKLHYHG�RQ�D�ODSWRS�RU�GHVNWRS�FRPSXWHU��WR�H[SORULQJ�DFWLYLWLHV�WKDW�ZHUH�SUHYLRXVO\�
GLIILFXOW�RU�LPSRVVLEOH�WR�DFKLHYH�ZLWK�D�ODSWRS�RU�RWKHU�FRPSXWLQJ�WHFKQRORJ\��7KHUH�ZHUH�PDQ\�ORFDWLRQ�
SKRWRV��UHFRUGLQJ�SDSHU�EUDLQVWRUPV��DQG�LQWHUYLHZ�QRWHV�SRVWHG�WR�VWXGHQW�%ORJV�IURP�WKH�L3DG��:KLOH�WKHUH�ZDV�
SOHQW\�RI�HYLGHQFH�RI�WKH�XVH�RI�WKH�L3DG�IRU�HQKDQFLQJ�SURGXFWLYLW\�DQG�IRU�UHFRUGLQJ�LGHDV�DQG�DFWLYLWLHV��WKHUH�
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ZHUH�DOVR�H[DPSOHV�RI�VWXGHQWV�XVLQJ�WKH�L3DG�DQG�LWV��*�FRQQHFWLYLW\�WR�DFKLHYH�FUHDWLYH�FROODERUDWLYH�DFWLYLWLHV�
WKDW�ZHUH�SUHYLRXVO\�GLIILFXOW�RU�LPSRVVLEOH��$Q�H[DPSOH�RI�KRZ�VWXGHQWV�XWLOL]HG�WKH�DIIRUGDQFHV�RI�WKH�L3DG�WR�
HQKDQFH�D�WHDP�UHVHDUFK�SURMHFW�ZDV�UHFRUGHG�DV�D�VWXGHQW�EORJ�SRVW�UHIOHFWLQJ�XSRQ�WKHLU�EXV�MRXUQH\�SURMHFW��
�

'XULQJ�RXU�H[SHULPHQW�DW�WKH�EXV�VWRSV�ZH�XVHG�RXU�L3DGV�PHVVDJLQJ�FDSDELOLWLHV�WR�RXU�DGYDQWDJH�
DV�VKRZ�LQ�WKH�GLDJUDP�>)LJXUH��@�RQH�RI�XV�VWRRG�GRZQ�WKH�URDG�DQG�DV�ZH�VDZ�WKH�EXV�
DSSURDFKLQJ�ZH�PHVVDJHG�WKH�RWKHU�WR�WULJJHU�WKH�GRRUEHOO��7KH�RWKHU�SHUVRQ�ILOPHG�WKH�UHDFWLRQ��
$OWRJHWKHU�ZH�ZHUH�XVLQJ�WKUHH�L3DGV�DQG�WKH�VSHHG�DQG�UHOLDELOLW\�MXVW�PDGH�WKH�ZKROH�WHVW�HDV\�
DQG�VLPSOH�WR�GR��,QLWLDOO\�ZH�WKRXJKW�WKDW�ZH�ZRXOG�QHHG�ZDON\�WDONLHV�WR�FRPPXQLFDWH�EXW�WKDW�
SUREDEO\�ZRXOG�KDYH�ORRNHG�D�ELW�VXVSLFLRXV�DQG�EORZQ�RXU�FRYHU��'XULQJ�WKH�H[SHULPHQW�ZH�
FRXOG�ZULWH�GRZQ�RXU�QRWHV�LPPHGLDWHO\�DQG�WKHQ�FRS\�LW�VWUDLJKW�WR�RXU�EORJV��7KHVH�L3DGV�DUH�
SURYLQJ�WR�EH�YHU\�XVHIXO���6WXGHQW�EORJ�SRVW��$SULO�������
�

)LJXUH���LV�WKH�VWXGHQWV¶�GLDJUDP�H[SODLQLQJ�WKHLU�XVH�RI�WKH�L3DG�WR�IDFLOLWDWH�WKLV�RQ�VLWH�UHVHDUFK�H[SHULPHQW��

�
)LJXUH����6WXGHQWV�XVLQJ�L3DGV�WR�WULJJHU�DQG�WHVW�EXV�DUULYDO�DODUP�V\VWHP��

�
'LVFXVVLRQ�
�
,Q�WKLV�VHFWLRQ�ZH�GLVFXVV�VRPH�RI�WKH�LGHQWLILHG�FULWLFDO�LVVXHV�DURXQG�WKH�PRELOH�VRFLDO�PHGLD�SURMHFW��DQG�ZH�
GUDZ�XSRQ�RXU������H[SHULHQFH�LQ�OLJKW�RI�ZKDW�ZH�KDYH�OHDUQW�LQ�D�YDULHW\�RI�PRELOH�VRFLDO�PHGLD�SURMHFWV�
�&RFKUDQH�	�:LWKHOO��������&RFKUDQH�	�%DWHPDQ��������&RFKUDQH������D��WR�LOOXVWUDWH�D�VRFLDO�PHGLD�
IUDPHZRUN�RXWOLQHG�LQ�7DEOH����
�
&ULWLFDO�LVVXHV�
�
7KHUH�ZHUH�VRPH�SUDJPDWLF�LQIUDVWUXFWXUH�LVVXHV�WKDW�QHHGHG�WR�EH�VRUWHG�RXW�WKURXJKRXW�WKH�LPSOHPHQWDWLRQ�RI�
WKH�SURMHFW��SDUWLFXODUO\�WKH�VLJQLILFDQW�LPSDFW�RI�DQ�LQFUHDVHG�ORDG�XSRQ�WKH�LQVWLWXWLRQ¶V�:L�)L�LQIUDVWUXFWXUH��
7KH�UHVHDUFKHU�ZRUNHG�ZLWK�WKH�,7�GHSDUWPHQW�WR�HQDEOH�$LUSOD\�SURWRFROV�RQ�WKH�:L�)L�QHWZRUN�IRU�ZLUHOHVV�
PLUURULQJ�GXULQJ�SUHVHQWDWLRQV�DQG�JURXS�ZRUN��+RZHYHU�WKHUH�ZDV�D�VLJQLILFDQW�LQFUHDVH�LQ�:L�)L�GHYLFHV�
FRQQHFWLQJ�WR�WKH�ZLUHOHVV�QHWZRUN�GXULQJ�VHPHVWHU�RQH�������WKH�QXPEHU�RI�GHYLFHV�GRXEOHG�DFURVV�WKH�HQWLUH�
LQVWLWXWLRQ�LQ�FRPSDULVRQ�WR�WKDW�UHFRUGHG�DW�WKH�HQG�RI�������DQG�WKH�,7�GHSDUWPHQW�KDG�QRW�DQWLFLSDWHG�VXFK�D�
KHDY\�LQFUHDVH��7KLV�ZDV�RIIVHW�IRU�WKH�SURMHFW�E\�WKH�DOORZDQFH�RI��*%�RI��*�GDWD�IRU�HDFK�RI�WKH�SDUWLFLSDWLQJ�
VWXGHQWV��ZKLFK�FRLQFLGHG�ZLWK�WKH�UROORXW�RI�9RGDIRQH�1HZ�=HDODQG¶V��*�QHWZRUN��:KHUH�DYDLODEOH���*�
FRQQHFWLYLW\�ZDV�JHQHUDOO\�IRXQG�WR�EH�PXFK�IDVWHU�WKDQ�:L�)L��DQG�SURYLGHG�D�ZHOFRPH�DOWHUQDWLYH�FRQQHFWLYLW\�
RSWLRQ�ZKHQ�WKH�LQVWLWXWLRQV�VHUYHU�DQG�LQWHUQHW�SURYLGHU�FUDVKHG�HDUO\�LQ�VHPHVWHU�RQH�������7KH�LQWURGXFWRU\�
WXWRULDO�VHVVLRQV�ZHUH�YROXQWDU\�IRU�WKH�SDUWLFLSDQWV��DQG�DV�D�FRQVHTXHQFH�RQO\�KDOI�RI�WKH�VWXGHQWV�DWWHQGHG�
WKHVH��,W�ZDV�QRWDEOH�WKDW�WKH�VWXGHQWV�ZKR�GLG�DWWHQG�WKH�WXWRULDOV�HYLGHQFHG�IDU�PRUH�FUHDWLYLW\�ZLWK�WKHLU�L3DG�
XVH�WKDQ�WKRVH�ZKR�GLG�QRW�DWWHQG�WKHVH�VHVVLRQV��7KLV�ZDV�GRFXPHQWHG�LQ�UHIOHFWLYH�EORJ�SRVWV�DQG�HYLGHQFHG�LQ�
WKH�XVH�RI�PRELOH�VRFLDO�PHGLD�IRU�SUHVHQWDWLRQV�DQG�LQWHUDFWLRQ�±�ZKHUHDV�WKH�VWXGHQWV�ZKR�DWWHQGHG�WKH�
WXWRULDOV�XVHG�QHZ�SUHVHQWDWLRQ�WRROV�VXFK�DV�3UH]L�IURP�WKHLU�L3DGV�FRQQHFWHG�ZLUHOHVVO\�WR�WKH�SURMHFWLRQ�
V\VWHP��FRQYHUVHO\�WKRVH�VWXGHQWV�ZKR�GLG�QRW�DWWHQG�WKH�WXWRULDOV�XVHG�3RZHU3RLQW�IURP�WKHLU�ODSWRSV�WR�SUHVHQW�
WKHLU�SURMHFW�SURSRVDOV�DQG�UHSRUWV��&UHDWLQJ�DQG�VXSSRUWLQJ�D�QHZ�FXOWXUH�DURXQG�OHDUQLQJ�DQG�WHDFKLQJ�LQYROYHG�
D�UHIRFXV�XSRQ�RQWRORJLFDO�SHGDJRJLHV��'DQYHUV��������WKDW�WUDQVIRUP�VWXGHQWV�IURP�OHDUQLQJ�DERXW�GHVLJQ�
SULQFLSOHV�WR�EHFRPLQJ�DFWLYH�FUHDWLYH�GHVLJQHUV�ZLWKLQ�DQ�DXWKHQWLF�FRPPXQLW\��7KLV�LQYROYHV�PRYLQJ�IURP�
VLPSOH�UHSURGXFWLRQ�RI�LGHDV�WR�WKH�UHLQLWLDWLRQ�RI�GHVLJQ�EDVHG�XSRQ�QHZ�LGHDV��6WHUQEHUJ��.DXIPDQQ�	�3UHW]��
�������7KH�L3DG�HQDEOHG�D�VKLIW�IURP�WKH�VDIH�ZDOOHG�HQYLURQPHQW�RI�WKH�GHVLJQ�VWXGLR�LQWR�LQWHUDFWLRQ�ZLWK�WKH�
HQYLURQPHQWV�LQ�ZKLFK�WKH�VWXGHQW�GHVLJQ�SURMHFWV�ZHUH�VLWXDWHG��
�
7KH�L3DG�SURMHFW�IROORZHG�D�SURFHVV�VLPLODU�WR�3XHQWHGXUD¶V��������6$05�PRGHO��6XEVWLWXWLRQ��$XJPHQWDWLRQ��
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0RGLILFDWLRQ��5HGHILQLWLRQ��RI�HGXFDWLRQDO�WHFKQRORJ\�WUDQVIRUPDWLRQ��6WXGHQWV�LQLWLDOO\�XVHG�WKH�L3DG�WR�
UHSOLFDWH�RU�UHSODFH�DFWLYLWLHV�WKH\�XVHG�WKHLU�ODSWRS�FRPSXWHUV�IRU��EXW�WKHQ�SURJUHVVLYHO\�IRXQG�FUHDWLYH�
DIIRUGDQFHV�WKDW�HQDEOHG�QHZ�ZD\V�RI�ZRUNLQJ�WKDW�HQDEOHG�WKHP�WR�PRGLI\�DQG�HYHQ�UHGHILQH�WHDP�DFWLYLWLHV�
DQG�FROODERUDWLRQ��7KH�L3DG�WXWRULDO�VHVVLRQV�H[SORUHG�YDULRXV�LGHDV�IRU�XVLQJ�WKH�L3DGV�IRU�UHGHILQLQJ�
FROODERUDWLRQ��DQG�PRGHOOHG�DQG�HQFRXUDJHG�VWXGHQWV�WR�H[SORUH�ZLUHOHVV�SUHVHQWDWLRQ�RSWLRQV��7KH�LQWURGXFWLRQ�
RI�WKH�02$V�SURYLGHG�WKH�LQIUDVWUXFWXUH�WKDW�HQDEOHG�D�UHGHILQLWLRQ�RI�PRELOH�GHYLFHV�IURP�SHUVRQDO�GHYLFHV�WR�
EHFRPH�FROODERUDWLRQ�DQG�JURXS�ZRUN�WRROV��
�
7KH�GHVLJQ�RI�ZLUHOHVV�FROODERUDWLYH�SUHVHQWDWLRQ�DQG�FROODERUDWLRQ�ZRUNVWDWLRQV�IRU�PRELOH�GHYLFHV�UHVXOWHG�LQ�
WZR�GLVWLQFW�GHVLJQV��D�ZLUHOHVV�SURMHFWRU�SUHVHQWDWLRQ�V\VWHP�QLFN�QDPHG�5�'���DQG�D�ZLUHOHVV�ODUJH�VFUHHQ�
ZRUNVWDWLRQ�QLFN�QDPHG�D�02$��7KH�ZLUHOHVV�SURMHFWRU�SUHVHQWDWLRQ�V\VWHPV�KDYH�UHSODFHG�GHGLFDWHG�GHVNWRS�
FRPSXWHU�V\VWHPV�FRQQHFWHG�WR�IL[HG�PRXQWHG�YLGHR�SURMHFWRUV�LQ�DOO�RI�WKH�3URGXFW�'HVLJQ�FODVVURRPV�DQG�
VWXGLRV��,Q�FRQWUDVW�WKH�02$V�KDYH�EHHQ�H[SOLFLWO\�GHVLJQHG�WR�IDFLOLWDWH�VWXGHQW�WHDP�ZRUN�HQDEOHG�E\�
PLUURULQJ�WKHLU�PRELOH�GHYLFHV�WR�D�ODUJH�SRUWDEOH�VFUHHQ�WKDW�FDQ�EH�ZKHHOHG�LQWR�DQ\�VSDFH�RI�VWXGHQWV¶�
SUHIHUHQFH��7KH�02$�GHVLJQ�WHDP�LQFOXGHG�D�SRVW�JUDGXDWH�3URGXFW�'HVLJQ�VWXGHQW��WKH�FRXUVH�OHFWXUHUV��DQG�
WKH�UHVHDUFKHU��UHVXOWLQJ�LQ�LQSXW�IURP�DOO�RI�WKH�VWDNHKROGHUV��7KH�02$�KDV�EHHQ�WHVWHG�LQ�VHYHUDO�VPDOO�JURXS�
FROODERUDWLYH�VLWXDWLRQV��DQG�LW�KDV�EHHQ�IRXQG�WR�IDFLOLWDWH�PRUH�RI�D�IOH[LEOH�ZRUN�JURXS�FROODERUDWLYH�
HQYLURQPHQW�UDWKHU�WKDQ�WKH�SUHVHQWDWLRQ�FHQWULF�5�'��GHVLJQ��3URWRW\SHV�RI�ERWK�XQLWV�DUH�VKRZQ�LQ�)LJXUH���
�5�'���DQG�)LJXUH����02$���
�

�� �
)LJXUH����5�'�� � � � � � )LJXUH����02$�

�
7KH�JRDO�RI�WKH�3URGXFW�'HVLJQ�FXUULFXOXP�LV�WR�SURGXFH�FUHDWLYH�SURIHVVLRQDOV�ZKR�HPSOR\�VXVWDLQDEOH�DQG�
UHVSRQVLEOH�GHVLJQV��DQG�WKLV�UHTXLUHV�FUHDWLYH�SHGDJRJLHV��'DQYHUV��������6WHUQEHUJ�HW�DO����������7KHUHIRUH�
WKHUH�LV�VWURQJ�DIILQLW\�ZLWK�WKH�FRQFHSW�RI�VWXGHQW�GLUHFWHG�OHDUQLQJ��KHXWDJRJ\��ZLWKLQ�WKH�GHJUHH��+RZHYHU�
LQWURGXFLQJ�VWXGHQW�GLUHFWHG�SURMHFWV�UHTXLUHV�VWDJLQJ�DQG�VFDIIROGLQJ�DFURVV�WKH�WKUHH�\HDUV�RI�WKH�GHJUHH��7DEOH�
���DV�VWXGHQWV�SUHYLRXV�HGXFDWLRQDO�H[SHULHQFHV�DUH�XVXDOO\�KHDYLO\�WHDFKHU�GLUHFWHG��$GGLWLRQDOO\��VWXGHQW�
HQJDJHPHQW�ZLWK�VRFLDO�PHGLD�LV�LQYDULDEO\�OLPLWHG�WR�WKH�XVH�RI�)DFHERRN��DQG�VWXGHQWV�UHTXLUH�VLJQLILFDQW�
PRGHOOLQJ�RI�KRZ�WR�XWLOL]H�PRELOH�VRFLDO�PHGLD�ZLWKLQ�D�SURIHVVLRQDO�IUDPHZRUN��7KH�DGGLWLRQ�RI�PRELOH�VRFLDO�
PHGLD�LQWR�WKH�FXUULFXOXP�KDV�HQDEOHG�D�KLJKHU�OHYHO�RI�VWXGHQW�GLUHFWHG�FROODERUDWLRQ�EH\RQG�WKH�VWXGLR�DQG�
FODVVURRP�WKDW�ZDV�SUHYLRXVO\�GLIILFXOW�DQG�XVXDOO\�LQYROYHG�D�WZR�VWHS�SURFHVV�RI�GRFXPHQWDWLRQ�IROORZHG�E\�
UHIOHFWLRQ�DQG�DQDO\VLV�DIWHU�WKH�HYHQW�EDFN�LQ�WKH�FRQILQHV�RI�WKH�GHVLJQ�VWXGLR��:KLOH�WKH�FRXUVH�KDV�PDGH�
VLJQLILFDQW�VWULGHV�LQ�DQ�DUHD�WKDW�VWLOO�QHHGV�DWWHQWLRQ�LV�HQFRXUDJLQJ�VWXGHQWV�WR�EHFRPH�DFWLYH�SDUWLFLSDQWV�
ZLWKLQ�D�JOREDO�GHVLJQ�FRPPXQLW\��7KLV�LV�ZKHUH�*RRJOH�3OXV�+DQJRXWV�DQG�7ZLWWHU�ZLOO�EHFRPH�DQ�HVVHQWLDO�
SDUW�RI�WKHLU�PRELOH�VRFLDO�PHGLD�WRRONLW��&XUUHQWO\�VWXGHQWV�DUH�VWLOO�YHU\�IRFXVHG�XSRQ�WKHLU�SK\VLFDO�ORFDWHG�
FRPPXQLW\�EDVHG�ZLWKLQ�WKH�'HVLJQ�6WXGLR��2QH�ZD\�WR�PRGHO�DFWLYH�LQWHUQDWLRQDO�SDUWLFLSDWLRQ�ZRXOG�EH�IRU�
WKH�OHFWXUHUV�WR�PRUH�H[SOLFLWO\�VKDUH�WKHLU�LQWHUQDWLRQDO�H[SHULHQFHV�VXFK�DV�LQYROYLQJ�VWXGHQWV�LQ�WKHLU�
LQWHUQDWLRQDO�FRQIHUHQFH�SUHVHQWDWLRQV�DQG�LQYLWLQJ�YLUWXDO�FRPPXQLW\�SDUWLFLSDWLRQ�YLD�7ZLWWHU�FRQWDFWV��LQYLWLQJ�
DQG�EURNHULQJ�JXHVW�LQWHUQDWLRQDO�H[SHUWV�WR�LQWHUDFW�YLD�PRELOH�VRFLDO�PHGLD�ZLWK�WKH�VWXGHQW�SURMHFWV��%XFKHP�
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HW�DO����������7KLV�ZRXOG�UHTXLUH�IXUWKHU�FRQFHSWXDO�VKLIWV�LQ�FROODERUDWLYH�FXUULFXOXP�GHVLJQ��
�
$�PRELOH�VRFLDO�PHGLD�IUDPHZRUN�
�
2XU�PRELOH�VRFLDO�PHGLD�IUDPHZRUN�LV�D�PDVKXS�RI�DVVRFLDWHG�IUDPHZRUNV�WKDW�ZRUN�WRJHWKHU�WR�DFKLHYH�
FUHDWLYH�VRFLDO�FXOWXUDO�SHGDJRJ\��PDSSHG�RQWR�WKH�SHGDJRJ\�DQGUDJRJ\�KHXWDJRJ\�FRQWLQXXP��/XFNLQ�HW�DO���
�������7DEOH���SURYLGHV�D�VXPPDU\�RI�WKH�W\SHV�RI�FKDQJHV�EURXJKW�DERXW�LQ�WKH�FXUULFXOXP�E\�WKH�PRELOH�VRFLDO�
PHGLD�IUDPHZRUN�DQG�SURYLGHV�D�SRWHQWLDOO\�WUDQVIHUDEOH�PRELOH�VRFLDO�PHGLD�IUDPHZRUN�IRU�D�YDULHW\�RI�
FRQWH[WV��
�
7DEOH����0RELOH�VRFLDO�PHGLD�IUDPHZRUN�DQG�WKH�3$+�FRQWLQXXP��PRGLILHG�IURP�/XFNLQ�HW�DO���������

� 3HGDJRJ\� $QGUDJRJ\� +HXWDJRJ\�
$FWLYLW\�7\SHV� x� '77�GHOLYHUHG�

x� 'LJLWDO�DVVHVVPHQW�
x� 7HDFKHU�GHOLYHUHG�FRQWHQW�
x� 7HDFKHU�GHILQHG�SURMHFWV�

x� '77�DV�JXLGH�
x� 'LJLWDO�LGHQWLW\�
x� 6WXGHQW�JHQHUDWHG�

FRQWHQW�
x� 6WXGHQW�QHJRWLDWHG�

WHDPV�

x� '77�LQKHUHQW�
x� 'LJLWDO�SUHVHQFH�
x� 6WXGHQW�JHQHUDWHG�

FRQWH[WV�
x� 6WXGHQW�QHJRWLDWHG�

SURMHFWV�
/RFXV�RI�FRQWURO� 7HDFKHU� 6WXGHQW� 6WXGHQW�
&RJQLWLRQ� &RJQLWLYH� 0HWD�FRJQLWLYH� (SLVWHPLF�
6$05� 6XEVWLWXWLRQ�	�$XJPHQWDWLRQ�

x� 3RUWIROLR�WR�HSRUWIROLR�
x� 3RZHU3RLQW�RQ�L3DG�
x� )RFXV�RQ�SURGXFWLYLW\�
x� 0RELOH�GHYLFH�DV�SHUVRQDO�

GLJLWDO�DVVLVWDQW�DQG�
FRQVXPSWLRQ�WRRO�

0RGLILFDWLRQ�
x� 5HIOHFWLRQ�DV�

92'&DVW�
x� 3UH]L�RQ�L3DG�
x� 1HZ�IRUPV�RI�

FROODERUDWLRQ�
x� 0RELOH�GHYLFH�DV�

FRQWHQW�FUHDWLRQ�DQG�
FXUDWLRQ�WRRO�

5HGHILQLWLRQ�
x� ,Q�VLWX�UHIOHFWLRQV�
x� 3UHVHQWDWLRQV�DV�

GLDORJXH�ZLWK�
VRXUFH�PDWHULDO�

x� &RPPXQLW\�
EXLOGLQJ�

x� 0RELOH�GHYLFH�DV�
FROODERUDWLYH�WRRO�

.QRZOHGJH�
SURGXFWLRQ�

6XEMHFW�XQGHUVWDQGLQJ� 3URFHVV�QHJRWLDWLRQ� &RQWH[W�VKDSLQJ�

&UHDWLYLW\�� 5HSURGXFWLRQ� ,QFUHPHQWDWLRQ� 5HLQLWLDWLRQ�
6HOI�SHUFHSWLRQ� /HDUQLQJ�DERXW� /HDUQLQJ�WR�EHFRPH� $FWLYH�SDUWLFLSDWLRQ�

ZLWKLQ�WKH�SURIHVVLRQDO�
GHVLJQ�FRPPXQLW\�

�
5HYLVLWLQJ�(OHFWULF�6KHHS�
�
5DWKHU�WKDQ�SURYLGLQJ�D�GLVWUDFWLRQ�IRU�GLVHQJDJHG�VWXGHQWV��LQWHJUDWLQJ�WKH�XVH�RI�PRELOH�VRFLDO�PHGLD�LQWR�WKH�
FXUULFXOXP�KDV�DIIRUGHG�WKH�GHYHORSPHQW�RI�D�FXOWXUH�DURXQG�HQDEOLQJ�GHVLJQ�WKLQNLQJ�DQG�H[SORULQJ�QHZ�IRUPV�
RI�FROODERUDWLRQ��/HFWXUHV�QR�ORQJHU�IRFXV�XSRQ�WDON�DQG�FKDON��EXW�LQYROYH�DFWLYH�VWXGHQW�HQJDJHPHQW�RQ�WKH�IO\�
FUHDWLQJ�RSSRUWXQLWLHV�IRU�LQ�FODVV�H[SORUDWLRQ�YLD�PRELOH�FRQQHFWLYLW\��HQDEOLQJ�VWXGHQWV�WR�VKDUH�WKHLU�LGHDV�DQG�
GLVFRYHULHV�GLUHFWO\�IURP�WKHLU�PRELOH�GHYLFH�ZLUHOHVVO\�IRU�WKH�HQWLUH�FODVV�WR�GLVFXVV�DQG�FULWLTXH��2I�FRXUVH�
WKLV�ZDV�QRW�DQ�LQVWDQW�SURFHVV��EXW�LV�WKH�UHVXOW�RI�WKH�GHYHORSPHQW�RI�D�FXOWXUDO�VKLIW�WKDW�WKH�OHFWXUHUV�DQG�
VWXGHQWV�KDYH�HPEDUNHG�XSRQ��VXSSRUWHG�E\�WKH�UHVHDUFKHUV�DV�WHFKQRORJ\�VWHZDUGV��)HHGEDFN�IURP�WKH�VWDII�
PHPEHUV�WHDFKLQJ�LQWR�WKH�\HDU�WKUHH�SURGXFW�GHVLJQ�VWXGLR�KDV�LQGLFDWHG�WKDW�WKHUH�KDV�EHHQ�TXLWH�DQ�
LPSURYHPHQW�LQ�VWXGHQW�HQJDJHPHQW��HVSHFLDOO\�GXULQJ�OHFWXUHV�DQG�VHPLQDU�SUHVHQWDWLRQV��)RU�H[DPSOH�WKH\�
FRPPHQWHG�WKDW�WKH�VWXGHQWV�ZHUH�QRZ�XVLQJ�WKHLU�L3DGV�WR�DFWLYHO\�IROORZ�OHFWXUHU�SUHVHQWDWLRQV�µRQ�WKH�IO\¶�LQ�
FODVV�DV�ZHOO�DV�SUHVHQWLQJ�WKHLU�LGHDV�DQG�FRQFHSWV�YLD�$SSOH�79�DQG�WKH�02ELOH�$LUSOD\�VFUHHQV��02$V��WR�
WKH�UHVW�RI�WKH�JURXS�IRU�IHHGEDFN��7KLV�KDV�DOORZHG�IRU�D�PRUH�LQWHUDFWLYH�DQG�VWLPXODWLQJ�H[SHULHQFH�IRU�ERWK�
VWDII�DQG�VWXGHQWV��,Q�DGGLWLRQ�WKH�:RUGSUHVV�EORJV�KDYH�EHHQ�XVHIXO�WR�GULYH�VWXGHQW�SHUVRQDO�UHIOHFWLYH�
SUDFWLFHV��ZLWK�PRELOH�GHYLFHV�DOORZLQJ�LPPHGLDWH�DQG�LQ�FRQWH[W�UHIOHFWLRQ��,QLWLDO�DQDO\VLV�KDV�LQGLFDWHG�WKDW�
VWXGHQWV�KDYH�EHHQ�PRUH�LQFOLQHG�WR�GRFXPHQW�DQG�UHIOHFW�GHHSO\�RQ�WKHLU�ZRUN�YLD�SHUVRQDO�EORJV�UDWKHU�WKDQ�
WKH�SUHYLRXVO\�HVWDEOLVKHG�JURXS�HOHFWURQLF�SRUWIROLRV�WKDW�XWLOLVHG�0DKDUD��)HHGEDFN�IURP�VWXGHQWV�KDV�LQGLFDWHG�
WKDW�WKH�L3DGV�KDYH�SURYLGHG�D�JRRG��DQG�UHDGLO\�VXFFHVVIXO�SODWIRUP�IRU�EORJJLQJ��LGHDWLRQ��DQG�FROODERUDWLRQ��
�
&RQFOXVLRQ�
�
5DWKHU�WKDQ�GUHDPLQJ�RI�HOHFWULF�VKHHS��WKH�VWXGHQWV�LQ�RXU�PRELOH�VRFLDO�PHGLD�SURMHFW�KDYH�EHHQ�GUHDPLQJ�XS�
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QHZ�ZD\V�RI�FROODERUDWLQJ�DQG�FUHDWLYH�WKLQNLQJ��7KH�LPSDFW�RI�WKH�SURMHFW�KDV�EHHQ�GHVFULEHG�E\�WKH�
SDUWLFLSDWLQJ�OHFWXUHUV�DV��³RYHUDOO�TXLWH�WUDQVIRUPDWLYH´�DQG�KDV�UHVXOWHG�LQ�VLJQLILFDQW�FKDQJH�ZLWKLQ�WKH�
FXUULFXOXP�ZLWK�WKH�LPSOHPHQWDWLRQ�RI�QHZ�DVVHVVPHQW�VWUDWHJLHV�WKDW�DUH�QR�ORQJHU�SK\VLFDOO\�OLPLWHG�WR�WKH�
GHVLJQ�VWXGLR��DQG�HQDEOLQJ�QHZ�IRUPV�RI�VWXGHQW�JHQHUDWHG�FROODERUDWLRQ�ERWK�LQ�WKH�VWXGLR�DQG�LQ�DXWKHQWLF�
FRQWH[WV��7KURXJK�GHVLJQLQJ�DQG�GHSOR\LQJ�D�IORFN�RI�02$V�ZH�KDYH�SURYLGHG�D�IOH[LEOH�LQIUDVWUXFWXUH�WR�
HQDEOH�VWXGHQW�RZQHG�SHUVRQDO�GHYLFHV�WR�EH�UHFRQFHSWXDOLVHG�DV�FROODERUDWLYH�WHDP�ZRUN�DQG�SUHVHQWDWLRQ�
WRROV��
�
5HIHUHQFHV�
�
$WWHZHOO��-���6DYLOO�6PLWK��&���'RXFK��5���	�3DUNHU��*����������0RGHUQLVLQJ�HGXFDWLRQ�DQG�WUDLQLQJ��0RELOLVLQJ�

WHFKQRORJ\�IRU�OHDUQLQJ�$YDLODEOH�IURP�
KWWS���ZZZ�WDOSDOLQN�FR�XN�UHVRXUFHV�0RGHUQLVLQJ�HGXFDWLRQ�DQG�WUDLQLQJ��&�PRELOLVLQJ�WHFKQRORJ\�IRU
�OHDUQLQJ�SGI�

%DOVDPR��$����������'HVLJQLQJ�&XOWXUH��7KH�7HFKQRORJLFDO�,PDJLQDWLRQ�DW�:RUN��86$��'XNH�8QLYHUVLW\�3UHVV�� 
%DXHU��5���	�(DJHQ��:����������'HVLJQ�WKLQNLQJ��(SLVWHPLF�SOXUDOLW\�LQ�PDQDJHPHQW�DQG�RUJDQL]DWLRQ��

$HVWKHVLV��������
%ODVFKNH��/��0����������+HXWDJRJ\�DQG�OLIHORQJ�OHDUQLQJ��$�UHYLHZ�RI�KHXWDJRJLFDO�SUDFWLFH�DQG�VHOI�GHWHUPLQHG�

OHDUQLQJ��>5HVHDUFK�$UWLFOH@��7KH�,QWHUQDWLRQDO�5HYLHZ�RI�5HVHDUFK�LQ�2SHQ�DQG�'LVWDQFH�/HDUQLQJ���������
�������https://doi.org/10.19173/irrodl.v13i1.1076

%XFKHP��,���&RFKUDQH��7���*RUGRQ��$���.HHJDQ��+���	�&DPDFKR��0����������0OHDUQLQJ������7KH�SRWHQWLDO�DQG�
FKDOOHQJHV�RI�FROODERUDWLYH�PRELOH�OHDUQLQJ�LQ�SDUWLFLSDWRU\�FXUULFXOXP�GHYHORSPHQW�LQ�KLJKHU�HGXFDWLRQ��,Q�
,��$��6iQFKH]�	�3��,VDLDV��(GV����3URFHHGLQJV�RI�WKH�,$',6�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�0RELOH�/HDUQLQJ�
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