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�
0RELOH�/HDUQLQJ�DW�&KDUOHV�6WXUW�8QLYHUVLW\��/HVVRQV�
OHDUQHG�IURP�XQLYHUVLW\�ZLGH�L3DG�WULDOV�LQ�������
�
7LP�.ODSGRU� ��
'LYLVLRQ�RI�6WXGHQW�/HDUQLQJ�
&KDUOHV�6WXUW�8QLYHUVLW\�
3KLOLS�8\V�
'LYLVLRQ�RI�6WXGHQW�/HDUQLQJ�
&KDUOHV�6WXUW�8QLYHUVLW\�
�

7KH�P/HDUQ�3URMHFW�DW�&KDUOHV�6WXUW�8QLYHUVLW\��&68��VWDUWHG�LQ������DV�DQ�LQLWLDWLYH�WR�H[SORUH�PRELOH�
OHDUQLQJ�DQG�LWV�DSSOLFDWLRQ�DQG�SRWHQWLDO�IRU�WKH�LQVWLWXWLRQ��7KLV�SDSHU�SURYLGHV�D�PHWD�SHUVSHFWLYH�RI�
RQH�SDUWLFXODU�DVSHFW�RI�WKH�SURMHFW��D�VHULHV�RI�XQLYHUVLW\�ZLGH�GHYLFH�WULDOV��DQG�GHVFULEHV�ZKDW�WRRN�
SODFH��WKH�LQLWLDO�ILQGLQJV��GLVFXVVLRQV�UHODWHG�WR�PRELOH�DQG�WKH�NH\�UHFRPPHQGDWLRQV�IURP�WKH�SURMHFW��
7KH�SURMHFW�KDV�SURYLGHG�D�ZD\�IRU�WKH�XQLYHUVLW\�WR�H[SORUH�QHZ�WHFKQRORJ\�ZLWKLQ�LWV�VSHFLILF�DQG�
XQLTXH�OHDUQLQJ�DQG�WHDFKLQJ�FRQWH[WV��,W�KDV�SURYLGHG�UHDO�ZRUOG�H[SHULHQFHV�IURP�ZKLFK�WR�OHDUQ�DQG�
WKURXJK�H[SORUDWLRQ�D�EHWWHU�XQGHUVWDQGLQJ�RI�RXU�SUHVHQW�KDV�EHHQ�UHDFKHG��7KLV�SDSHU�LV�DQ�DWWHPSW�WR�
VKDUH�WKH�H[DPSOHV�DQG�H[SHULHQFHV�DQG�SURYLGH�D�EDVLV�WR�LPDJLQH�RXU�IXWXUH�GLUHFWLRQ��
�
.H\ZRUGV��PRELOH�OHDUQLQJ��LQVWLWXWLRQDO�LQLWLDWLYH��WHFKQRORJ\�SURMHFW��LQQRYDWLRQ��L3DG�
�

,QWURGXFWLRQ�DQG�FRQWH[W�
�
,Q������&KDUOHV�6WXUW�8QLYHUVLW\��&68��HVWDEOLVKHG�WKH�P/HDUQ�SURMHFW�WR�LQYHVWLJDWH�WKH�SRWHQWLDO�IRU�PRELOH�
WHFKQRORJ\�WR�EH�XVHG�LQ�DOO�RXU�OHDUQLQJ�DQG�WHDFKLQJ�FRQWH[WV���ERWK�GLVWDQFH��RQ�FDPSXV�DQG�LQ�SUDFWLFH�EDVHG�
VHWWLQJV���
�
7KH�DLP�RI�WKH�SURMHFW�ZDV�H[SORUDWRU\��VHHNLQJ�WR�XQGHUVWDQG�ZKDW�LV�SRVVLEOH�WRGD\�VR�WKDW�ZH�FDQ�VWDUW�WR�
LPDJLQH�WKH�IXWXUH���RQH�PLJKW�FDOO�LW�PRELOH�GUHDPLQJ��/DUJH�VFDOH�DGRSWLRQ�RI�PRELOH�WHFKQRORJ\�LV�VWLOO�YHU\�
QHZ�LQ�WKH�HGXFDWLRQ�VHFWRU��VR�WKH�JRDO�RI�WKH�SURMHFW�KDV�EHHQ�WR�JDLQ�NQRZOHGJH��XQGHUVWDQGLQJ�DQG�UHDO�ZRUOG�
H[SHULHQFH��7KLV�KDV�EHHQ�DFKLHYHG�E\�FRQGXFWLQJ�GHYLFH�WULDOV�ZLWK�RXU�VWXGHQWV��RXU�VWDII�DQG�LQIUDVWUXFWXUH���
�
7KH�WULDOV�KDYH�EHHQ�VHW�XS�LQ�FRQVXOWDWLRQ�ZLWK�WKH�/HDUQLQJ�DQG�7HDFKLQJ�6XE�'HDQV��DFDGHPLFV�DQG�
HGXFDWLRQDO�GHVLJQHUV�ZKR�VHW�XS�WKH�SDUDPHWHUV�IRU�HDFK�WULDO�LQ�FRQVXOWDWLRQ�ZLWK�D�FHQWUDO�SURMHFW�WHDP��7KH�
FHQWUDO�SURMHFW�WHDP�FRQVLVWHG�RI�WKH�ILUVW�DXWKRU�DV�WKH�SURMHFW�OHDG��SURJUDPPLQJ�VWDII�DQG�UHSUHVHQWDWLYHV�IURP�
NH\�GLYLVLRQDO�DUHDV��7KH�SURMHFW�VSRQVRU��ZKR�LV�WKH�VHFRQG�DXWKRU��IDFLOLWDWHG�WKH�ZRUN�RI�WKH�6WHHULQJ�
&RPPLWWHH�WKDW�KDV�UHSUHVHQWDWLRQ�IURP�NH\�GLYLVLRQDO�VWDII�DV�ZHOO�DV�IURP�WKH�IDFXOWLHV��7KH�P/HDUQ�SURMHFW�
UXQV�IURP�ZLWKLQ�WKH�'LYLVLRQ�RI�6WXGHQW�/HDUQLQJ�RI�ZKLFK�WKH�DXWKRUV�DUH�PHPEHUV��$V�OHDGHUV�DQG�LPPHUVHG�
FRQWULEXWRUV�WR�WKH�SURMHFW��WKH�DXWKRUV�KDYH�D�XQLTXH�RSSRUWXQLW\�WR�GHYHORS�D�PHWD�SHUVSHFWLYH�RI�WKH�WULDOV�DQG�
SURYLGH�D�µELJ�SLFWXUH¶�WR�VKRZ�FRQQHFWLRQV�DQG�EURDG�LPSOLFDWLRQV��7KLV�PHWD�SHUVSHFWLYH�FRYHUV�D�QXPEHU�RI�
WULDOV��LQ�PXOWLSOH�IDFXOWLHV�DQG�LQ�PXOWLSOH�GLVFLSOLQHV�DQG�LV�GLIIHUHQW�IURP�ODUJHO\�VLQJXODU�RU�XQL�GLVFLSOLQH�
WULDOV�DQG�LQWHUYHQWLRQV�VXFK�DV�WKRVH�UHFHQWO\�UHSRUWHG�E\�$OELRQ�HW�DO����������*ROGDFUH���������6WHHO���������
7LPRNR���������7XWW\���������DQG�:DWDQDEH���������
�
7KH�SURMHFW¶V�GHVLJQ�DQG�GHYHORSPHQW�KDV�EHHQ�JUHDWO\�LQIOXHQFHG�E\�WKH�ZRUN�RYHUVHDV�DW�$ELOHQH�&KULVWLDQ�
8QLYHUVLW\�LQ�WKHLU�$&8�&RQQHFWHG�SURMHFW�DQG�WKH�L0HG(G�LQLWLDWLYH�DW�WKH�8QLYHUVLW\�RI�&DOLIRUQLD�,UYLQH�DV�



�

��WK�DVFLOLWH�&RQIHUHQFH������3URFHHGLQJV� � 3DJH�����

ZHOO�DV�ORFDO�LQLWLDWLYHV�VKDUHG�WKURXJK�$VFLOLWH�IURP�%RQG�8QLYHUVLW\��%UDQG��������DQG�7KH�&KLQHVH�
8QLYHUVLW\�RI�+RQJ�.RQJ��/DP���������(VVHQWLDO�WR�WKH�SURMHFW�ZDV�WR�EXLOG�RQ�WKLV�SULRU�ZRUN�DQG�GHYHORS�RI�
XQLTXH�DQG�FRQWH[WXDO�XQGHUVWDQGLQJ�WKDW�UHIOHFWV�&68��
�
7R�FRSH�ZLWK�WKH�IDVW�SDFHG�FKXUQ�RI�QHZ�WHFKQRORJLHV�DQG�SODWIRUPV�WKH�SKLORVRSK\�RI�WKH�3URMHFW�DOLJQV�ZLWK�
WKH�PRGHO�RXWOLQHG�LQ�WKH�/HDQ�6WDUWXS��5LHV���������DQG�IROORZV�WKH�FRUH�SULQFLSOH�RI�%XLOG�0HDVXUH�/HDUQ��7KH�
3URMHFW�LV�%XLOG�RULHQWHG�ZLWK�D�IRFXV�RQ�RXWFRPHV�DQG�DFWLRQV��7KHVH�RXWFRPHV��WKRVH�SODQQHG�DQG�XQSODQQHG��
ZLOO�EH�XVHG�WR�0HDVXUH�UHVXOWV�ZKLFK�LQ�WXUQ�ZLOO�DOORZ�WKH�XQLYHUVLW\�DV�D�ZKROH�WR�/HDUQ�IURP�WKH�H[SHULHQFH��
7KH�SURMHFW�LV�PXOWL�WKUHDGHG�ZLWK�D�QXPEHU�RI�FRQFXUUHQW�DUHDV�WKDW�FRYHU�WKH�WULDOV�DQG�WKH�GHVLJQ�DQG�
GHYHORSPHQW�RI�PRELOH�FRQWHQW�DQG�V\VWHPV��7KLV�SDSHU��KRZHYHU��ZLOO�IRFXV�RQO\�RQ�WKH�WULDOV�DV�WKHLU�LPSDFW�
DQG�DSSOLFDWLRQ�UXQV�DFURVV�GLVFLSOLQHV�DQG�LQFOXGHV�UHSUHVHQWDWLRQ�IURP�PRVW�GLYLVLRQV�DQG�DOO�IRXU�IDFXOWLHV���
�
'HILQLQJ�0RELOH�
2QH�RI�WKH�ELJJHVW�FKDOOHQJHV�ZH�KDYH�IDFHG�LQ�WKH�SURMHFW�LV�KRZ�WR�GHILQH�0RELOH��7KH�ZRUG�µPRELOH¶�KDV�QRZ�
HYROYHG�LQWR�DQ�XPEUHOOD�WHUP�XVHG�WR�GHILQH�WKH�KDUGZDUH��PRELOLW\�RI�WKH�XVHU�DQG�WKH�VXSSRUWLQJ�WHFKQRORJLHV�
DQG�LQWHUIDFHV��0RELOH�KDV�EHFRPH�D�EURDGHU�FXOWXUDO�ODEHO�HQFRPSDVVLQJ�WKH�WHFKQRORJLHV��LGHDV��FXVWRPV��DQG�
EHKDYLRUV�WKDW�DFFRPSDQ\�WKHVH�GHYLFHV��7KLV�SDSHU�KDV�XVHG�WKH�FXOWXUDO�IRUP�WKURXJKRXW��H[FHSW�ZKHUH�
UHIHUULQJ�WR�GHYLFHV�RU�WHFKQRORJ\�H[SOLFLWO\��EXW�WKLV�DPELJXLW\�FDQ�PDNH�WKH�WRSLF�TXLWH�GLIILFXOW�WR�QDYLJDWH�
DQG�HQVXUH�FRQJUXHQW�GLVFXVVLRQ���
�
'HVLJQ�RI�WKH�WULDOV�
�
:H�KDYH�FKRVHQ�WR�UXQ�D�QXPEHU�RI�WULDOV�FRQFXUUHQWO\�UDWKHU�WKDQ�DV�VPDOO�VHSDUDWH�SURMHFWV�DV�JURXSLQJ�WKHP�
XQGHU�WKH�RQH�EDQQHU�PDNHV�RSWLPXP�XVH�RI�UHVRXUFHV�DQG�WKH�FURVVRYHU�LQ�NQRZOHGJH�DQG�VNLOOV�UHTXLUHG��7KH�
IRFXV�KDV�EHHQ�RQ�HQFRXUDJLQJ�VPDOO�VFDOH�LQQRYDWLRQ�UDWKHU�WKDQ�ODUJH�VFDOH�RXWFRPHV�DQG�WKH�WULDOV�KDYH�DFWHG�
DV�DQ�LQFXEDWRU�IRU�LQQRYDWLRQ��:XQNHU��������DQG�SURYLQJ�JURXQG�IRU�QHZ�LGHDV��WHFKQRORJ\��ZRUNIORZ�DQG�
SUD[LV��7KH�SURMHFW�KDV�EHHQ�HTXLSSHG�WR�SURYLGH�DFDGHPLF�VWDII�DQG�VWXGHQWV�ZLWK�DFFHVV�WR�PRELOH�GHYLFHV��WKH�
UHTXLUHG�VXSSRUW�PHFKDQLVPV�DQG�WHFKQLFDOO\�FDSDEOH�VWDII��VR�WKDW�LW�FDQ�HQDEOH�VWDII�DQG�SXW�LGHDV�LQWR�UHDO�
ZRUOG�DFWLRQ��
�
7KURXJKRXW������DQG������WKHVH�GHYLFH�WULDOV�ZHUH�FRQGXFWHG�ZLWK�&68�VWXGHQWV�DQG�VWDII�XVLQJ�RXU�FXUUHQW�
LQIUDVWUXFWXUH�DQG�OHDUQLQJ�DQG�WHDFKLQJ�FRQWH[WV��7KH�SLORW�SURJUDPV�KDYH�EHHQ�VWUXFWXUHG�WR�EH�VPDOO�DQG�KDYH�
D�OLPLWHG�VFRSH��VR�WKDW�PXOWLSOH�SURJUDPV�FDQ�EH�UXQ�DW�WKH�VDPH�WLPH�DQG�DV�D�ZKROH�WKH�SURMHFW�FDQ�IROORZ�DQ�
$JLOH�0HWKRGRORJ\��%HFN��HW�DO����������7KH�VPDOO�VL]H�PDNHV�LW�PXFK�HDVLHU�WR�SURYLGH�IRFXVHG�VXSSRUW�WR�VWDII�
DQG�VWXGHQWV��DIIRUGLQJ�WKH�DELOLW\�WR�FKDQJH�DQG�DGDSW�WR�UHVROYH�LVVXHV�DV�WKH\�HPHUJH��7KH�DLP�RI�WKLV�
DSSURDFK�LV�WR�PDNH�LW�HDVLHU�WR�PDQDJH�ULVNV�DQG�UHGXFH�IDLOXUH�UDWHV��6KRUWHU�WLPHOLQHV�IRU�WKH�WULDOV��EDVHG�
DURXQG�VHVVLRQDO�GDWHV��GLFWDWHG�WKDW�OHVV�WLPH�LV�VSHQW�SODQQLQJ�DQG�PRUH�WLPH�GRLQJ��DQG�ZLWK�DOO�WKH�SLORWV�WKHUH�
LV�D�VHQVH�RI�H[SORUDWLRQ�RI�WKH�SRVVLELOLWLHV�UDWKHU�WKDQ�OLPLWDWLRQV�EHFDXVH�RI�WKH�ULVNV�LQYROYHG��
�
7KH�LQLWLDO�VWXGHQW�WULDOV�WKDW�ZHUH�FRQGXFWHG�GXULQJ�WKH�ILUVW�VHVVLRQ�RI������ZHUH�VHW�XS�WKURXJK�FRQVXOWDWLRQ�
ZLWK�WKH�/HDUQLQJ�DQG�7HDFKLQJ�6XE�'HDQV�LQ�WKH�IRXU�IDFXOWLHV�ZKR�DOORFDWHG�VSHFLILF�VXEMHFWV�DQG�DFDGHPLFV��
7KH�DFDGHPLFV�LQYROYHG�DQG�VFKRROV¶�(GXFDWLRQDO�'HVLJQHUV�WKHQ�VHWXS�WKH�SDUDPHWHUV�IRU�WKH�SURMHFW�LQ�
FRQVXOWDWLRQ�ZLWK�WKH�SURMHFW¶V�FRUH�WHDP��7KH�VXEVHTXHQW�WULDOV�ZHUH�VHW�XS�WKURXJK�DQ�H[SUHVVLRQ�RI�LQWHUHVW�
RSHQ�WR�DOO�VWDII�LQ�WKH�LQVWLWXWLRQ�IRU�VXJJHVWLRQV�RI�WULDOV�WR�FRQGXFW�LQ�WKH�UHDOP�RI�OHDUQLQJ�DQG�WHDFKLQJ��7KHVH�
ZHUH�WKHQ�VFUHHQHG�WR�DOLJQ�ZLWK�WKH�REMHFWLYHV�RI�WKH�3URMHFW�DQG�D�QXPEHU�VHOHFWHG�WR�JR�DKHDG��7KH�SURMHFW�
WHDP�SURYLGHG�WKH�UHTXLUHG�WHFKQLFDO�VXSSRUW�DQG�HTXLSPHQW�WKURXJKRXW�WKH�WULDOV�DQG�ZHUH�KHDYLO\�LQYROYHG�LQ�
WKH�LQLWLDO�VHWXS�DQG�WUDLQLQJ��$�VLWH�LQ�WKH�/HDUQLQJ�0DQDJHPHQW�6\VWHP��/06���RXU�LQVWDOODWLRQ�RI�6DNDL�FDOOHG�
,QWHUDFW��ZDV�GHYHORSHG�DOORZLQJ�DFFHVV�WR�RQJRLQJ�VXSSRUW��FRQWDFW�ZLWK�WKH�WHDP��NQRZOHGJH�EDVH�PDWHULDOV��
KRZ�WR�JXLGHV�DQG�YLGHR�WXWRULDOV���
�
6XUYH\V�ZHUH�FRQGXFWHG�DW�WKH�VWDUW�DQG�HQG�RI�HDFK�VHVVLRQ�WR�OHDUQ�IURP�WKHVH�WULDOV�DQG�WR�PHDVXUH�UHVXOWV��7KH�
LQLWLDO�VXUYH\�ZDV�GHVLJQHG�WR�JDXJH�SDUWLFLSDQWV¶�DFFHVV�WR�WHFKQRORJ\�DQG�IDPLOLDULW\�ZLWK�PRELOH�WHFKQRORJ\��
7KH�VHFRQG�VXUYH\�FRQGXFWHG�DW�WKH�FRQFOXVLRQ�RI�WKH�WULDOV�DVNHG�SDUWLFLSDQWV�DERXW��
�� H[SHULHQFHV�ZLWK�WKH�L3DG�
�� H[SHULHQFHV�ZLWK�VXSSRUW�UHFHLYHG�LQ�WKH�3URMHFW�
�� DFWLYLWLHV�SHUIRUPHG�ZLWK�WKH�GHYLFH�
�� WLPH�VSHQW�RQ�WKH�GHYLFH�
�� SHUFHLYHG�HIIHFW�LW�KDG�RQ�WKHP�DQG�WKHLU�VWXG\�
�� FRQILGHQFH�LQ�XVLQJ�WKH�WHFKQRORJ\�
�� DWWLWXGHV�WRZDUGV�PRELOH�
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�� WHFKQRORJ\�SUHIHUHQFHV��
�� YRLFLQJ�WKHLU�YLHZV�DQG�RSLQLRQV�RSHQO\��
�
7KH�WULDOV�FDQ�EH�EURNHQ�GRZQ�LQWR�WKUHH�GLVWLQFW�JURXSV���
�
3KDVH���6WXGHQW�7ULDOV�
7KH�ILUVW�VHW�RI�WULDOV�ZHUH�FRQGXFWHG�LQ�WKH�ILUVW�VHVVLRQ�RI������DQG�IRFXVHG�RQ�WKH�VWXGHQWV¶�XVH�RI�PRELOH�
WHFKQRORJ\��L3DGV�ZHUH�GHSOR\HG�WR�VXEMHFWV�DFURVV�WKUHH�IDFXOWLHV�WKDW��UHSUHVHQWHG�TXLWH�GLIIHUHQW�GLVFLSOLQH�
DUHDV�DQG�VWXGHQW�FRKRUWV��7KH�VXEMHFWV�LQYROYHG�ZHUH�(�FRPPHUFH�7HFKQRORJLHV��,7&������,QYHVWLJDWLRQ��
/LWHUDF\��(0/�����DQG�1XFOHDU�0HGLFLQH�6FLHQFH����056������6HYHQ�WHDFKLQJ�DQG�VXSSRUW�VWDII�ZHUH�DOVR�
SURYLGHG�ZLWK�GHYLFHV���
�
3KDVH���6WDII�	�6WXGHQW�7ULDOV�
7KH�VHFRQG�VHW�RI�WULDOV�ZHUH�FRQGXFWHG�LQ�WKH�VHFRQG�VHVVLRQ�RI������ZHUH�VXJJHVWHG�E\�DFDGHPLFV�WKURXJK�DQ�
([SUHVVLRQ�RI�,QWHUHVW��7KH�SURMHFW�WHDP�DQG�VWHHULQJ�FRPPLWWHH�HQVXUHG�WKDW�WKH�WULDOV�FKRVHQ�DOLJQHG�ZLWK�WKH�
DLPV�RI�WKH�SURMHFW�DQG�WKH�VWUDWHJLF�QHHGV�RI�&68��$�UDQJH�RI�GHYLFHV���L3DGV��L3RG�7RXFK�	�*RRJOH�1H[XV�
WDEOHWV���ZHUH�GHSOR\HG�WR�DFURVV�WKH�IDFXOWLHV�DQG�LQFOXGHG�D�UDQJH�RI�XQLTXH�DQG�GLVFLSOLQH�VSHFLILF�DSSOLFDWLRQV�
RI�PRELOH�WHFKQRORJ\��7KHVH�WULDOV�DUH�RXWOLQHG�IXUWKHU�LQ�WKH�VHFWLRQ�EHORZ���
�
/LEUDU\�7ULDOV�
7KH�OLEUDU\�H[SORUHG�WKH�XVH�RI�L3DGV�DQG�H5HDGHUV�DQG�WKH�RSSRUWXQLWLHV�IRU�OHQGLQJ�WR�VWXGHQWV��,QLWLDO�SODQV�IRU�
GHYLFH�OHQGLQJ�LQFOXGHG�VXSSRUWLQJ�VWXGHQWV�RQ�ZRUN�SODFHPHQWV���DOVR�UHIHUUHG�WR�DV�SUDFWLFH�EDVHG�OHDUQLQJ���
OHQGLQJ�WR�UHPRWH�DQG�GLVWDQFH�HGXFDWLRQ�VWXGHQWV��SUH�ORDGLQJ�GHYLFHV�ZLWK�OHDUQLQJ�UHVRXUFHV��H%RRNV��MRXUQDO�
DUWLFOHV��HWF��DQG�SXUFKDVLQJ�DSSV�RU�RWKHU�PRELOH�IULHQGO\�UHVRXUFHV��
�
&RQGXFWLQJ�WKH�WULDOV�
�
(DFK�WULDO�ZDV�WR�H[SORUH�XQLTXH�DVSHFWV�RI�KRZ�PRELOH�WHFKQRORJ\�FRXOG�EH�LQWHJUDWHG�LQ�WKH�OHDUQLQJ�DQG�
WHDFKLQJ�H[SHULHQFH��7KLV�KDV�SURYLGHG�WKH�SURMHFW�ZLWK�D�UDQJH�RI�H[HPSODUV�DQG�ULFK�ILQGLQJV��HDFK�ZRUWK�RI�D�
FDVH�VWXG\�WKHPVHOYHV��$�EULHI�RYHUYLHZ�RI�HDFK�WULDO�LV�SURYLGHG�EHORZ��
�
/LEUDU\�
7KH�L3DGV�DQG�6RQ\�5HDGHU�GHYLFHV�ZHUH�SXUFKDVHG�IRU�WKH�/LEUDU\�WR�H[SORUH�RSSRUWXQLWLHV�IRU�OHQGLQJ�WR�
VWXGHQWV���7KHUH�ZHUH��KRZHYHU��D�QXPEHU�RI�LVVXHV�WKDW�DURVH�GXULQJ�WKHVH�SLORWV��6RPH�RI�WKH�LQLWLDO�REMHFWLYHV�
RI�WKH�3URMHFW�KDG�WR�EH�DPHQGHG�WR�FRXQWHU�LVVXHV�UHODWLQJ�WR�OLFHQVLQJ�DQG�GHYLFH�OLPLWDWLRQV��)RU�H[DPSOH�LW�
ZDV�QRW�SRVVLEOH�WR�SUHORDG�GHYLFHV�ZLWK�FRQWHQW��QRU�PDNH�WKH�GHYLFHV�DYDLODEOH�WR�UHPRWH�VWXGHQWV�GXH�WR�VRPH�
RI�WKH�$SSOH�L7XQHV�DQG�$SS�6WRUH�WHUPV�DQG�FRQGLWLRQV�DQG�WKDW�WKH�OLWKLXP�EDWWHULHV�XVHG�LQ�PRELOH�GHYLFHV�DUH�
FRQVLGHUHG�WR�EH�GDQJHURXV�JRRGV��DQG�FDQQRW�EH�WUDQVSRUWHG�E\�DLU���
�
,QVWHDG��WKH�L3DG�OHQGLQJ�ZDV�PDGH�DYDLODEOH�WR�VWXGHQWV�RQ�SURIHVVLRQDO�SODFHPHQWV�ZKR�KDG�VLJQLILFDQWO\�
ORQJHU�ERUURZLQJ�UHTXLUHPHQWV�WR�FRXQWHU�WKH�FRQGLWLRQ�WKDW�D�GHYLFH�FDQ�EH�DVVRFLDWHG�ZLWK�RQO\�RQH�$SSOH�,'�
DFFRXQW�DW�DQ\�JLYHQ�WLPH�DQG�\RX�PD\�VZLWFK�D�GHYLFH�WR�D�GLIIHUHQW�DFFRXQW�RQO\�RQFH�HYHU\����GD\V��7KH�
SLORWV�DOVR�HQVXUHG�WKDW�OHQGLQJ�WHUPV�DQG�FRQGLWLRQV�ZHUH�GHYHORSHG��SURFHGXUHV�IRU�GHYLFH�PDQDJHPHQW�ZHUH�
GHYHORSHG�DQG�WUDLQLQJ�IRU�$FFHVV�6HUYLFHV�VWDII�ZDV�SURYLGHG��
�
,7&������(�FRPPHUFH�7HFKQRORJLHV�
7KH�VXEMHFW�SURYLGHG�WKH�FKDOOHQJH�RI�HTXLSSLQJ�DQG�GHOLYHULQJ�VXSSRUW�WR�WZHQW\�RQH�VWXGHQWV�DFURVV�PXOWLSOH�
FRKRUWV��VWXG\LQJ�RQ�FDPSXV����VWXGHQWV���E\�GLVWDQFH�����DQG�WKURXJK�WKH�0HOERXUQH�����DQG�6\GQH\�����VWXG\�
FHQWUHV��7KH�GHYLFHV�ZHUH�XVHG�WR�LQIRUP�DQG�HQKDQFH�D�UHVHDUFK�SURMHFW�LQWR�PRELOH�WHFKQRORJ\�DQG�
H&RPPHUFH�DQG�SURYLGH�VWXGHQWV�ZLWK�WKH�WHFKQRORJLHV�WR�H[SORUH�PRELOH�WHFKQRORJ\�XVHV��7KH�SURMHFW�ZDV�DOVR�
DEOH�WR�DVVHVV�WKH�SURFHVV�UHTXLUHG�IRU�GHOLYHU\�DQG�UHWXUQ�RI�GHYLFHV�WR�QRQ�LQWHUQDO�VWXGHQWV���
�
(0/������,QYHVWLJDWLRQ��/LWHUDF\�
,Q�WKLV�WULDO�WZHQW\�VHYHQ�VWXGHQWV�XVHG�WKH�FDSDELOLWLHV�RI�WKH�GHYLFH�WR�FUHDWH�PXOWLPRGDO�WH[W��7KH\�SDUWLFLSDWHG�
LQ�ZHHNO\�WXWRULDO�VHVVLRQV�DQG�ZHUH�DVNHG�WR�GHYHORS�ZULWLQJ�WDVNV�XVLQJ�WKH�L3DG�DQG�SRVW�WKHVH�ZULWLQJ�WDVNV�WR�
D�FODVV�EORJ�LQ�DQ�DWWHPSW�WR�DVVHVV�WKH�HIILFDF\�RI�WKH�L3DG���
�
056������1XFOHDU�0HGLFLQH�6FLHQFH���
7KLV�JURXS�RI�WKLUWHHQ�VWXGHQWV�IRUPHG�D�ORQJLWXGLQDO�VWXG\��DV�LW�LV�D�\HDUORQJ�VXEMHFW��7KH�VDPH�FRKRUW�RI�
VWXGHQWV�KDV�FRQWLQXHG�WKHLU�UROH�LQ�WKH�SURMHFW�LQWR�������7KH�WULDO�ORRNHG�DW�PDQ\�DVSHFWV�RI�LQWHJUDWLQJ�WKH�
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PRELOH�WHFKQRORJ\�LQWR�WKH�FODVVURRP�LQFOXGLQJ�WKH�DGGLWLRQ�RI�LQWHUDFWLYH�HOHPHQWV�WR�D�VWDQGDUG�OHFWXUH�XVLQJ�
UHVSRQVHZDUH��7KH�GHYLFHV�ZHUH�XVHG�WR�SURYLGH�DQ�LQIRUPDWLRQ�DFFHVV�SRLQW�DQG�FRPPXQLFDWLRQ�WRRO�IRU�
VWXGHQWV�RQ�SODFHPHQW�DQG�SURYLVLRQ�VXSSRUW�WR�VWXGHQWV�RQ�SODFHPHQW�WKURXJK�YLGHR�FKDW��7KH�WULDO�DOVR�
H[SORUHG�WKH�XVH�RI�GLVFLSOLQH�VSHFLILF�DSSOLFDWLRQV�DV�D�OHDUQLQJ�UHVRXUFH��PXOWLPHGLD�FDSDELOLWLHV�WR�UHFRUG�
OHDUQLQJ�SUDFWLFH�LQ�D�YLGHR�GLDU\��DQG�OHYHUDJH��*�WHFKQRORJ\�WR�SURYLGH�XELTXLWRXV�DFFHVV�WR�VXEMHFW�PDWHULDOV��
�
$SSV�LQ�1XUVLQJ���6LPXODWLRQ�	�5HVRXUFHV�
$�VHW�RI�ILYH�L3DGV�ZHUH�GHSOR\HG�WR�WKH�QXUVLQJ�FOLQLF�DQG�XVHG�LQ�D�QXPEHU�RI�VXEMHFWV�WKDW�UDQ�VXEMHFWV�LQ�WKLV�
HQYLURQPHQW��(DFK�L3DG�ZDV�VHW�XS�ZLWK�WKH�SDWLHQW�PRQLWRU�DSS�6LP0RQ�WR�HQKDQFH�WKH�VLPXODWLRQ�HQYLURQPHQW�
LQ�WKH�VNLOOV�ZDUG�DW�$OEXU\�FDPSXV�LQ�FRQMXQFWLRQ�ZLWK�VLPXODWLRQ�PDQLNLQV�WKDW�ZHUH�DOUHDG\�LQ�VLWX��'HYLFHV�
ZHUH�VHW�XS�LQ�SDLUV�ZLWK�RQH�EHFRPLQJ�WKH�SDWLHQW�PRQLWRU��GLVSOD\LQJ�SDWLHQW�KHDUW�UDWH��EORRG�SUHVVXUH�DQG�
6S2���DQG�WKH�VHFRQG�XVHG�E\�WKH�IDFLOLWDWRU�WR�FKDQJH�SDWLHQW�YLWDO�VLJQV�RQ�WKH�ILUVW�GHYLFH��WKH�PRQLWRU���7KLV�
ZRXOG�VLPXODWH�D�GHWHULRUDWLQJ�RU�LPSURYLQJ�SDWLHQW��7KH�L3DGV�ZHUH�DOVR�XVHG�WR�DFFHVV�UHVRXUFHV�VXFK�DV�H�
0,06�IRU�VWXGHQWV�WR�ORRN�XS�GLIIHUHQW�GUXJV�DQG�DFTXLUH�WKH�PRVW�XS�WR�GDWH�LQIRUPDWLRQ��7KLV�DOVR�H[WHQGHG�WR�
D�UDQJH�RI�RWKHU�UHVRXUFHV�DYDLODEOH�WKURXJK�&68�/LEUDU\¶V�H[WHQVLYH�GLJLWDO�FDWDORJXHV���
�
L3DGV�IRU�$FFHVVLELOLW\�
7KUHH�VWXGHQWV�ZKR�HQJDJH�ZLWK�DFFHVVLELOLW\�VHUYLFHV�HYDOXDWHG�WKH�PRELOH�OHDUQLQJ�HQYLURQPHQW�DQG�DFFHVV�
DVSHFWV�RI�L3DGV��6WXGHQWV�ZHUH�DVNHG�WR�DVVHV�KRZ�WKH�GHYLFHV�ZRXOG�SHUIRUP�IRU�D�XVHU�ZLWK�D�YLVLRQ�
LPSDLUPHQW��XWLOLVLQJ�RQ�VFUHHQ�HQODUJHPHQW�DQG�WH[W�WR�VSHHFK�VRIWZDUH��7KH�DVVHVVPHQW�H[WHQGHG�WR�KRZ�
OHDUQLQJ�UHVRXUFHV�PD\�EH�GHOLYHUHG�LQ�D�YDULHW\�RI�DFFHVVLEOH�IRUPDWV��
�
'HPRQVWUDWLQJ�PDWKHPDWLFV�XVLQJ�DQ�L3DG�
$�WHDP�FRQVLVWLQJ�RI�VHYHQ�DFDGHPLFV�WHDFKLQJ�SK\VLFV�LQ�WKH�6FKRRO�RI�'HQWLVWU\�DQG�+HDOWK�6FLHQFHV�DQG�WZR�
VWDII�IURP�$FDGHPLF�6XSSRUW�LQYHVWLJDWHG�WKH�XVH�RI�L3DGV�LQ�PDWKHPDWLFDOO\�EDVHG�VXEMHFWV�WR�LPSURYH�WKH�
VWXGHQW�H[SHULHQFH�DQG�SHUIRUPDQFH��2QH�DUHD�LQ�SDUWLFXODU�ZDV�KRZ�WR�UHGXFH�RU�EUHDN�GRZQ�WKH�EDUULHU�IRU�
GLVWDQFH�VWXGHQWV�KDYLQJ�GLIILFXOW\�ZLWK�SUREOHP�VROYLQJ��'LUHFW�LQWHUDFWLRQ�ZLWK�GLVWDQFH�VWXGHQWV�ZRXOG�HQDEOH�
LPSURYHG�SUREOHP�VROYLQJ��FRQFHSW�GHYHORSPHQW�DQG�UHWHQWLRQ�LQ�KLJKO\�PDWKHPDWLFDO�VXEMHFWV��7KH�VWDII�XVHG�D�
UDQJH�RI�DSSV�WR�UHFRUG�GUDZLQJ�DQG�KDQGZULWLQJ�ZLWK�YRLFH�WR�FUHDWH�UHVRXUFHV�WKDW�FDQ�EH�VWRUHG�DQG�VHQW�WR�
VWXGHQWV�WR�H[SODLQ�GLIILFXOW�FRQFHSWV�DQG�SUREOHP�VROYLQJ�LQVWUXFWLRQ���
�
L3DGV�IRU�7HDFKLQJ�
7KLV�FRKRUW�RI�IRXUWHHQ�DFDGHPLF�VWDII�IURP�WKH�6FKRRO�RI�&RPPXQLW\�+HDOWK�DQG�6FKRRO�RI�(QYLURQPHQWDO�
6FLHQFH�DVVHVVHG�WKH�XWLOLW\�RI�WKH�L3DG�IRU�D�UDQJH�RI�WDVNV�LQ�DFDGHPLF�UROHV��7KLV�LQFOXGHG�WKH�XVH�RI�WKH�L3DG�
WR�IDFLOLWDWH�SDSHUOHVV�PDUNLQJ��VRFLDO�PHGLD�HQJDJHPHQW�ZLWK�VWXGHQWV��LQYHVWLJDWLRQ�RI�OHDUQLQJ�UHVRXUFHV��
LPSOHPHQWDWLRQ�RI�SDSHUOHVV�VWUDWHJLHV�DQG�WKH�LQWHJUDWLRQ�RI�PRELOH�WHFKQRORJ\�LQWR�D�UDQJH�RI�WHDFKLQJ�
FRQWH[WV�DFURVV�D�UDQJH�RI�GLVFLSOLQH�DUHDV��
�
L3DGV�IRU�:ULWLQJ�
)LYH�VWXGHQWV�HQUROOHG�LQ�WKH�VXEMHFW��:ULWLQJ�IRU�3XEOLVKLQJ��:57������DVVHVVHG�WKH�VXLWDELOLW\�RI�WKH�L3DG�IRU�
ZULWLQJ�H[WHQVLYHO\�DQG�KRZ�WR�FDSLWDOLVH�RQ�LWV�SRUWDELOLW\�DQG�H[WUD�IXQFWLRQDOLWLHV��7KH�WULDO�DOVR�LQYHVWLJDWHG�
SDSHUOHVV�PDUNLQJ�DQG�WKH�XVH�RI�VRFLDO�PHGLD��
�
0RELOH�'HYLFHV�IRU�'LJLWDO�0HGLD�
6WXGHQWV�LQ�WKH�VXEMHFW��8QGHUVWDQGLQJ�'LJLWDO�0HGLD��&20������LQYHVWLJDWHG�WKH�VXLWDELOLW\�RI�PRELOH�
WHFKQRORJ\�IRU�SURGXFWLRQ�RI�GLJLWDO�PHGLD��6WXGHQWV�ZHUH�H[SRVHG�WR�D�UDQJH�RI�WHFKQRORJ\�IURP�FRQVXPHU�
JUDGH�JHDU�WKURXJK�WR�SURIHVVLRQDO�SURGXFWLRQ�HTXLSPHQW��7KH�SURMHFW�SURYLGHG�D�ODUJH�FRKRUW�RI�VWXGHQWV�WKH�
DELOLW\�WR�ORDQ�L3RG�WRXFK�GHYLFHV�WKURXJK�WKH�H[LVWLQJ�HTXLSPHQW�ODE�LQ�WKH�VFKRRO��
�
)LQGLQJV�
7KH�ILQGLQJV�IURP�WKHVH�WULDOV�DUH�EDVHG�RQ�WKH�WZR�VXUYH\V�FRQGXFWHG��RQH�DW�WKH�VWDUW�RI�WKH�WULDO�RQH�DW�WKH�HQG��
,Q�DGGLWLRQ�WR�WKLV�GDWD�DUH�ZULWWHQ�UHSRUWV�IURP�DFDGHPLF�VWDII�DQG�LQIRUPDO�RQH�WR�RQH�LQWHUDFWLRQV�WKDW�
RFFXUUHG�EHWZHHQ�SDUWLFLSDQWV�DQG�WKH�SURMHFW�WHDP��7KLV�IHHGEDFN�KDV�HQDEOHG�WKH�SURMHFW�WR�H[SORUH�KRZ�
VWXGHQWV�DQG�VWDII�KDYH�XWLOLVHG�WKH�L3DGV�DQG�ZKDW�WKHLU�YLHZV�DUH�DERXW�YDULRXV�DVSHFWV�RI�PRELOH�WHFKQRORJ\���
�
3UH�WULDO�6XUYH\�
7KH�SUH�WULDO�VXUYH\V�ZHUH�XVHG�WR�JDWKHU�LQIRUPDWLRQ�WR�XQGHUVWDQG�WKH�SDUWLFLSDQWV¶�JHQHUDO�OHYHO�RI�NQRZOHGJH��
H[SHULHQFH�DQG�FRQILGHQFH�ZLWK�WKH�GHYLFHV��,Q�6XUYH\���WKHUH�ZHUH����UHVSRQVHV��(0/���������,7&���������
056��������D�UHVSRQVH�UDWH�RI������,Q�6XUYH\���WKHUH�ZHUH����UHVSRQVHV����6WXGHQWV��D�UHVSRQVH�UDWH�RI������
DQG����6WDII�PHPEHUV��D�UHVSRQVH�UDWH�RI������7KH�NH\�PHDVXUHV�IURP�WKLV�VXUYH\�ZHUH�SUHYLRXV�XVH�RI�L3DGV��
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FRQILGHQFH�LQ�XVLQJ�WKHP�DW�WKH�VWDUW�RI�WKH�WULDO�DQG�WKHLU�FXUUHQW�RZQHUVKLS�RI�WHFKQRORJ\�DW�WKH�VWDUW�RI�WKH�
WULDOV��7KH�IROORZLQJ�ILJXUHV�VKRZ�WKH�DYHUDJHV�DFURVV�WKH�VXUYH\V��

�
)LJXUH����3UHYLRXV�H[SHULHQFH�ZLWK�DQ�L3DG�DQG�VPDUWSKRQH�RZQHUVKLS�

�

�
)LJXUH����$W�WKH�VWDUW�RI�WKH�WULDO�KRZ�GR�\RX�IHHO�DERXW�XVLQJ�DQ�L3DG"�

�
7KHVH�VXUYH\V�ZHUH�DOVR�XVHG�WR�JHW�D�EHWWHU�VHQVH�RI�WKHLU�H[SHFWDWLRQV�RI�VHUYLFHV�DQG�FRQWHQW�UHODWHG�WR�WKH�
/06��,QWHUDFW��WKDW�VKRXOG�EH�DYDLODEOH�RQ�PRELOH���
�

�
)LJXUH����:KDW�WRROV�IURP�WKH�/06�ZRXOG�\RX�OLNH�WR�DFFHVV�RQ�D�PRELOH�GHYLFH"�

�
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�
)LJXUH���:KDW�DVSHFWV�RI�OHDUQLQJ�DQG�WHDFKLQJ�VKRXOG�EH�DYDLODEOH�RQ�PRELOH�WHFKQRORJ\"�

�
�
([LW�6XUYH\�
7KH�H[LW�VXUYH\�ZDV�XVHG�WR�PHDVXUH�ZKDW�VWDII�DQG�VWXGHQWV�KDG�GRQH�LQ�WKH�WULDOV��KRZ�WKH\�KDG�XVHG�WKH�
GHYLFHV�DQG�KRZ�WKH\�YLHZHG�XVLQJ�WKH�L3DGV��7KLV�VXUYH\�KDYH�EHHQ�EURNHQ�XS�LQWR�WKUHH�SDUWLFLSDQW�JURXSV��
6WXGHQW�*URXS���ZHUH�SDUW�RI�WKH�ILUVW�VHW�RI�WULDOV��6WXGHQW�*URXS���ZKR�ZHUH�WKH�ORQJLWXGLQDO�JURXS�IURP�
056����ZKR�FRQGXFWHG�WKH�H[LW�VXUYH\�DIWHU�WZR�VHVVLRQV�ZLWK�WKH�L3DG��DQG�WKH�ILQDO�JURXS�ZDV�PDGH�XS�RI�WKH�
VWDII�SDUWLFLSDQWV��3DUWLFLSDWLRQ�ZDV�DV�IROORZV��
�� 6WXGHQW�*URXS����6*�������5HVSRQVHV��(0/��������	�,7&���������D�UHVSRQVH�UDWH�RI������
�� 6WXGHQW�*URXS����6*������5HVSRQVHV��056����������D�UHVSRQVH�UDWH�RI������
�� 6WDII�*URXS��67*�����5HVSRQVHV��&RPPXQLW\�+HDOWK������(QYLURQPHQWDO�6FLHQFH������'HQWLVWU\�	�+HDOWK�

6FLHQFHV������$FDGHPLF�6XSSRUW������2WKHU������D�UHVSRQVH�UDWH�RI������
�
$FWLYLWLHV�RQ�WKH�L3DG�
2QH�RI�WKH�NH\�RXWFRPHV�RI�WKH�VXUYH\V�ZDV�WR�JDLQ�D�EHWWHU�LQVLJKW�LQWR�KRZ�VWDII�DQG�VWXGHQWV�ZRXOG�XVH�DQ�
L3DG��$FURVV�WKH�WKUHH�JURXSV�XVDJH�FDQ�EH�EURNHQ�LQWR�WKH�IROORZLQJ�FDWHJRULHV���
�� 5HVHDUFK�,QYHVWLJDWLRQ���ZHEVLWHV��OLEUDU\�FDWDORJXHV�DQG�MRXUQDOV��
�� 5HDGLQJ���RQOLQH�DQG�GLJLWDO�GRFXPHQWV��
�� &RPPXQLFDWLRQ���HPDLO��VRFLDO�PHGLD�DQG�6N\SH��
�� 1RWH�7DNLQJ���LQ�FODVV��LQ�WKH�ILHOG�DQG�DW�KRPH��
�� 9LGHR�&RQVXPSWLRQ���H[WHQVLYH�XVH�RI�<RX7XEH�DQG�LQWHUQDO�OHFWXUHV�
�� 9LGHR�	�$XGLR�&UHDWLRQ���VWDII�DQG�VWXGHQWV�UHFRUGLQJ�WKHPVHOYHV�DV�SDUW�RI�WKHLU�SUDFWLFH��UHVHDUFK�DQG�

OHDUQLQJ��
�� *URXS�:RUN�	�6KDULQJ���SDUWLFLSDWLRQ�DQG�FROODERUDWLRQ�DURXQG�D�GHYLFH�DQG�FRQWHQW��
6WXGHQWV�UHSRUWHG�WKDW�WKH\�ZRXOG�VSHQG�PRUH�WLPH�DFFHVVLQJ�WKHLU�VXEMHFW�RXWOLQHV��,QWHUDFW��RWKHU�OHDUQLQJ�
PDWHULDOV�DQG�WKHLU�OHFWXUH�ZKHQ�WKH\�KDG�DQ�L3DG��$FFHVV�WR�OLEUDU\��IRUXPV�DQG�WH[WERRNV�UHPDLQ�XQFKDQJHG��
7KH�PHGLDQ�PHDVXUHPHQWV�DFURVV�WKH�JURXSV�VKRZHG�WKDW�WKH�L3DG�ZDV�XVHG�����GD\V�D�ZHHN�IRU�DURXQG�����
KRXUV�HDFK�GD\���
�
7KH�L3DG¶V�(IIHFW�
7KLV�VHFWLRQ�RI�WKH�VXUYH\�ZDV�XVHG�WR�JDLQ�D�VXEMHFWLYH�DVVHVVPHQW�RI�KRZ�WKH\�IHOW�XVLQJ�WKH�L3DG�PD\�KDYH�
DIIHFWHG�WKHP��6WDII�DQG�VWXGHQWV�UHVSRQGHG�WKDW�WKH�L3DG�ZDVQ¶W�D�GLVWUDFWLRQ�LQ�FODVV��D�GLVWUDFWLRQ�LQ�WKHLU�
SHUVRQDO�VSDFH�QRU�GLG�LW�PDNH�WKHP�PRUH�IRFXVHG�LQ�FODVV��7KH�PDMRULW\�RI�VWDII�DQG�VWXGHQWV�GLG�IHHO�WKRXJK�
WKDW�WKH�L3DG�PDGH�WKHP�IHHO��
�� PRUH�HQJDJHG�DQG�DFWLYH�LQ�FODVV�DQG�WKH�VXEMHFW�DV�D�ZKROH��
�� LW�ZDV�D�EHQHILW�GXULQJ�FODVVHV�DQG�SHUVRQDO�WLPH��
�� PRUH�PRWLYDWHG�IRU�VWXG\�DQG�WKDW�WKH\�ZHUH�OHDUQLQJ�EHWWHU��
�� DQG�WKDW�WKH\�ZRXOG�UHFRPPHQG�WKH�L3DG�DV�D�VWXG\�WRRO��
�
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7HFKQRORJ\�3UHIHUHQFHV�
7KH�SURMHFW�WULDOV�GLG�QRW�FRQGXFW�GLUHFW�FRPSDULVRQV�RI�WHFKQRORJLHV�QRU�PDNH�LW�PDQGDWRU\�WKDW�VWDII�RU�
VWXGHQWV�XVH�WKH�SUHVFULEHG�WHFKQRORJ\��,QVWHDG�VWDII�DQG�VWXGHQWV�ZHUH�DVNHG�WR�VXEMHFWLYHO\�LQGLFDWH�WKHLU�
SUHIHUHQFH�IURP�D�UDQJH�RI�WHFKQRORJLHV�±�VPDUWSKRQH��WDEOHW��ODSWRS��GHVNWRS�DQG�SDSHU�±�WR�FRPSOHWH�VSHFLILF�
WDVNV�DQG�DFWLYLWLHV��%DVHG�RQ�WKHVH�UHVSRQVHV���
�� /DSWRSV�DUH�WKH�SUHIHUUHG�WHFKQRORJ\�WR�ZULWH�DQ�HVVD\�DQG�XVH�3HEEOH3DG��WKH�H3RUWIROLR�WRRO�DW�&68���
�� 7DEOHWV�DUH�WKH�SUHIHUHQFH�IRU�WKH�IROORZLQJ�DFWLYLWLHV��:ULWH�D�EORJ�ZLNL��$FFHVV�,QWHUDFW��$FFHVV�VWXGHQW�FVX�

�ZKLFK�LV�WKH�FHQWUDO�VWXGHQW�VXSSRUW�ZHEVLWH���$FFHVV�VWDII�FVX���ZKLFK�LV�WKH�FHQWUDO�VWDII�VXSSRUW�ZHEVLWH���
5HDG�\RXU�OHDUQLQJ�PDWHULDOV��7DNH�WR�&ODVV��7DNH�WR�3UDFWLFXP��7DNH�WR�&RQIHUHQFH��7DNH�+RPH�DQG�'HYLFH�
VXSSOLHG�E\�WKH�8QLYHUVLW\��

�� 2QO\�RQH�DFWLYLW\�WKDW�KDG�D�SUHIHUHQFH�IRU�SDSHU�ZDV�³5HDG�\RXU�7H[WERRN´���
�� 6PDUWSKRQHV�GLG�QRW�UHFHLYH�DERYH����RQ�DQ\�WDVN�DQG�RQ�PRVW�ZDV������
��� )RU�ZULWLQJ�DQ�HVVD\�'HVNWRSV�UHFHLYHG�����RI�WKH�YRWH��EXW�WKLV�ZDV�WKH�RQO\�WDVN�WKH\�DFKLHYHG�DERYH�D�

VLJQLILFDQW�PLQRULW\���
�
6RPH�VWXGHQW�FRPPHQWV�
³:H�XVHG�YDULRXV�DSSV�WR�PDNH�YLUWXDO�VWRU\ERRNV�IRU�FKLOGUHQ�ZKHUH�\RX�FRXOG�GUDZ�\RXU�RZQ�SLFWXUHV�DQG�DGG�
ZRUGV��DXGLR�DQG�YRLFH�RYHUV��,�IRXQG�WKLV�UHDOO\�XVHIXO�DQG�HQGHG�XS�XVLQJ�LW�LQ�DQRWKHU�FODVV�IRU�DQ�DVVLJQPHQW�
ZKLFK�JRW�UHDOO\�JRRG�IHHGEDFN�´�
³,W�ZDV�XVHIXO�IRU�EULQJLQJ�XS�ZHEVLWHV��V\OODEXV�GRFXPHQWV�DQG�UHVRXUFHV��ZKLOVW�W\SLQJ�WKH�DVVLJQPHQW�RQ�P\�
ODSWRS�RU�L0DF�´�
³/RYHG�EHLQJ�DEOH�WR�UHOD[�LQ�DQ�DUPFKDLU�DQG�GR�UHDGLQJ�IRU�XQL�����«��LW�ZDV�DOVR�JUHDW�IRU�VKDULQJ�VWXII�ZLWK�
RWKHUV�LQ�DQ�LQIRUPDO�HQYLURQPHQW�´�
³7\SLQJ�LV�VORZ�IRU�DVVLJQPHQWV��ZKLFK�,�VROYHG�E\�FRQQHFWLQJ�D�ZLUHOHVV�NH\ERDUG��$SDUW�IURP�WKDW��VRPH�
OHFWXUHUV�VHHPHG�WR�DVVXPH�L3DGV�ZHUH�EHLQJ�XVHG�IRU�WKLQJV�RWKHU�WKDQ�VWXG\�LQ�FODVV�OHFWXUHV�DQG�ZHUH�SHUKDSV�
QRW�IDPLOLDU�ZLWK�WKH�SRVVLELOLWLHV�RI�WKHLU�XVH�´�
³,�KDG�WR�OHDUQ�D�ORW�RI�QHZ�WHFKQRORJ\�DQG�IHOW�,�VSHQW�D�IDLU�ELW�RI�WLPH�OHDUQLQJ�DERXW�WKH�WHFKQRORJ\�UDWKHU�WKDQ�
DSSO\LQJ�P\VHOI�WR�WKH�VXEMHFW��EXW�WKDW�LV�ZKDW�KDSSHQV�ZKHQ�\RX�XVH�QHZ�WHFKQRORJ\´�
�
6WXGHQWV�ZHUH�DVNHG�ZKDW�ZDV�WKH�PRVW�LPSRUWDQW�OHVVRQ�OHDUQHG��
³7KDW�HYHU\WKLQJ�FDQ�EH�PXFK�VLPSOHU��$VLGH�IURP�W\SLQJ�DQ�HVVD\�RU�QRWHV��WKH�L3DG�PDGH�VWXG\LQJ�
VLJQLILFDQWO\�HDVLHU��TXLFNHU�DQG�VLPSOHU����LW�FKDQJHG�WKH�ZD\�ZH�VWXGLHG�DQG�LW�LV�D�ELJ�WUDQVLWLRQ�WR�JR�EDFN�WR�
KRZ�ZH�ZHUH�GRLQJ�LW�EHIRUH�´�
³+RZ�EHQHILFLDO�DQ�L3DG�FDQ�EH�LQ�FODVV��,�QHYHU�UHDOO\�WKRXJKW�RI�DQ�L3DG�DV�DQ�HGXFDWLRQDO�WRRO�EXW�DIWHU�XVLQJ�LW�
IRU�D�VHPHVWHU�,�QRZ�UHDOLVH�KRZ�EHQHILFLDO�LW�ZDV�WR�P\�VWXGLHV��5HDGLQJ�WKLQJV�RQOLQH�ZDV�WKH�EHVW�WKLQJ�DQG�
ORRNLQJ�XS�WKH�V\OODEXV´�
³7KDW�WHFKQRORJ\�VKRXOG�QRW�UHSODFH�ROG�PHWKRGV�VXFK�DV�XVLQJ�SHQ�DQG�SDSHU�DQG�FDQ�EH�XQUHOLDEOH�DQG�QRW�
VXLWHG�WR�DOO�WDVNV�´�
³,W�DOORZHG�IRU�P\�HGXFDWLRQ�WR�EH�PRUH�LQWHUDFWLYH�DQG�HQJDJLQJ��,W�ZDV�UHDOO\�KHOSIXO�´�
�
'LVFXVVLRQ�
�
7KLV�VHFWLRQ�DLPV�WR�SURYLGH�D�PHWD�SHUVSHFWLYH�RI�WKH�WULDOV�DQG�GHYHORS�DQ�RYHUYLHZ�RI�WKH�FRQQHFWLRQV�DQG�
LPSOLFDWLRQV�WKDW�WKH�SURMHFW�KDV�UHYHDOHG��,W�LV�DQ�DWWHPSW�WR�JR�EH\RQG�WKH�W\SLFDO�VPDOO�VFDOH�DQG�LVRODWHG�
VWXGLHV�RI�HGXFDWLRQDO�WHFKQRORJ\�DQG�SODFH�LQVWHDG�IRFXV�RQ�D�EURDGHU�FRQWH[W�UHODWLQJ�WR�LQVWLWXWLRQDO�
RSHUDWLRQV��VWUDWHJ\�DQG�UHVRXUFLQJ���
�
7KH�SURMHFW�KDV�PDGH�D�ULJRURXV�DWWHPSW�WR�EH�H[SDQVLYH�DQG�WRXFK�RQ�D�ZLGH�UDQJH�RI�DUHDV�UHODWHG�WR�RXU�
LQVWLWXWLRQ��RXU�VWDII�DQG�VWXGHQWV�WR�GLVFRYHU�WKH�LVVXHV�DQG�RSSRUWXQLWLHV�DVVRFLDWHG�ZLWK�PRELOH�WHFKQRORJ\�LQ�
OHDUQLQJ�DQG�WHDFKLQJ��0RELOH�UHSUHVHQWV�D�VLJQLILFDQW�RSSRUWXQLW\�IRU�KLJKHU�HGXFDWLRQ�DV�ZH�PRYH�WRZDUGV�D�
PRUH�GLJLWDO�DQG�RQOLQH�HQYLURQPHQW��,W�DOVR�SUHVHQWV�XV�ZLWK�PDQ\�FKDOOHQJHV�DQG�TXHVWLRQV�WR�H[SORUH�IXUWKHU�
DERXW�ZKHWKHU�RXU�LQIUDVWUXFWXUH��VHUYLFHV��SUDFWLFH��VXSSRUW�DQG�UROH�DV�LQVWLWXWLRQV�DUH�UHDG\�IRU�D�
WHFKQRORJLFDOO\�GLIIHUHQW�ZRUOG���
�
7KHUH�LV�VLJQLILFDQW�UHZDUG�IRU�0RELOLW\�
7KH�P/HDUQ�SURMHFW�KDV�DWWHPSWHG�WR�ILQG�RXW�KRZ�PRELOH�WHFKQRORJ\�FDQ�EH�DSSOLHG�WR�OHDUQLQJ�DQG�WHDFKLQJ��
EXW�DOVR�WR�LQYHVWLJDWH�WKH�SRVVLEOH�UHZDUGV�IRU�LWV�DGRSWLRQ�DQG�UROORXW��7KH�VXUYH\�DQG�IHHGEDFN�IURP�WKH�WULDOV�
SRLQW�WR�D�QXPEHU�RI�SRVLWLYH�RXWFRPHV��
��� ,PSURYHG�'LJLWDO�/LWHUDFLHV���7KH�GLVFXVVLRQV�DQG�VXUYH\�GDWD�IURP�WKH�SURJUDP�GHPRQVWUDWHV�WKDW�VWDII�

DQG�VWXGHQWV�DUH�UHSRUWLQJ�LPSURYHG�FRQILGHQFH�DQG�NQRZOHGJH�ZRUNLQJ�ZLWK�WKH�WHFKQRORJ\��7KHVH�VNLOOV�
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DUH�RI�LQFUHDVLQJ�LPSRUWDQFH�LQWR�WKH�IXWXUH��EXW�GHYHORSLQJ�WKHVH�OLWHUDFLHV�IXUWKHU�ZLOO�UHTXLUH�RQJRLQJ�
GHYHORSPHQW�DQG�VXSSRUW��7KH�LQWURGXFWLRQ�RI�PRELOH�GHYLFHV�LQWR�WKH�VWDII�DQG�VWXGHQW�WHFKQRORJ\�UHSHUWRLUH�
KDV�DFWHG�DV�D�FDWDO\VW�IRU�FKDQJH�DQG�SHUVRQDO�GHYHORSPHQW�SURYLGLQJ�WKH�IRXQGDWLRQ�DQG�PRWLYDWLRQ�IRU�
IXUWKHU�H[SORUDWLRQ���

��� 6XSSRUWV�&XUUHQW�,QLWLDWLYHV���0RELOH�WHFKQRORJ\�SURYLGHV�D�SODWIRUP�WR�VXSSRUW�PDQ\�LQLWLDWLYHV�FXUUHQWO\�
XQGHUZD\�DFURVV�WKH�VHFWRU��6WXGHQW�H[SHULHQFH�DQG�VDWLVIDFWLRQ�SURJUDPV�WHQG�WR�EHQHILW��$&8��������DQG�
WKH�WHFKQRORJ\�LV�SOD\LQJ�D�YLWDO�UROH�LQ�DUHDV�VXFK�DV�SDSHUOHVV�PDUNLQJ��UHFHQW�IHDWXUHV�WR�WKH�0RRGOH�DQG�
'HVLUH�WR�/HDUQ�/06V��*LYHQ�WKH�KDVWH�DQG�HIIRUW�VKRZQ�E\�DOO�WKH�/06�YHQGRUV�PRELOH�LV�DOVR�VHHQ�DV�D�
YLWDO�FRPSRQHQW�LQ�WKH�LQFUHDVLQJ�PRYH�WR�RQOLQH�DQG�EOHQGHG�PRGHV�RI�FRXUVH�GHOLYHU\���

��� ,QFUHDVHG�(QJDJHPHQW�	�)OH[LELOLW\���6WXGHQWV�DQG�VWDII�KDYH�EHHQ�JLYHQ�PXFK�JUHDWHU�IOH[LELOLW\�WKURXJK�
WKH�WHFKQRORJLFDO�DIIRUGDQFHV�DQG�LPSURYHG�RSSRUWXQLWLHV�IRU�HQJDJHPHQW�LQ�FRXUVH�DQG�VXEMHFW�ZRUN��7KH�
GHYLFHV�DUH�DEOH�WR�SURYLGH�ULFK�DQG�HQJDJLQJ�FRQWHQW�WKURXJK�DSSV�DQG�GLJLWDO�SXEOLFDWLRQV�WKDW�WDNH�
DGYDQWDJH�RI�WKH�XQLTXH�DELOLWLHV�RI�PRELOH�GHYLFHV��WKHLU�VHQVRUV�DQG�GLJLWDO�DIIRUGDQFHV�OLNH��'�DQG�
LQWHUDFWLYLW\��7KHVH�SURYLGH�VLJQLILFDQW�RSSRUWXQLWLHV�IRU�KLJKHU�HGXFDWLRQ�WR�GHYHORS�LQFUHDVLQJO\�LQWHUDFWLYH��
VHDPOHVV�DQG�HQJDJLQJ�WHDFKLQJ�DQG�OHDUQLQJ���

��� (QKDQFHG�&RPPXQLFDWLRQ���0RELOH�GHYLFHV�KDYH�GHPRQVWUDWHG�WKH�DELOLW\�WR�RSHQ�QHZ�FRPPXQLFDWLRQ�
FKDQQHOV�ZLWK�VWDII�DQG�VWXGHQWV�DFURVV�D�UDQJH�RI�VRFLDO�PHGLD�DQG�RQOLQH�WRROV��7KHVH�KDYH�EHHQ�XVHG�WR�
LPSURYH�DFFHVV�WR�VWDII�DQG�LQVWLWXWLRQDO�VHUYLFHV�LQ�WKH�SURMHFW�����

��� 5HGXFWLRQ�LQ�&RVWV���,Q�RQH�RI�WKH�SURMHFW�WULDOV��056�����D�VLJQLILFDQW�UHGXFWLRQ�LQ�WUDYHO�H[SHQGLWXUH�ZDV�
DFKLHYHG�WKURXJK�WKH�SURYLVLRQ�RI�L3DGV�EHFDXVH�LW�SURYLGHG�D�VWDEOH�SODWIRUP�IRU�FRQWDFW�ZKLOH�RQ�
SODFHPHQW��7KHUH�ZHUH�DOVR�VLJQLILFDQW�UHGXFWLRQV�LQ�SULQWLQJ�DWWULEXWHG�WR�PRUH�RQOLQH�FRQWHQW�EHLQJ�
DFFHVVHG�DQG�WKH�XSWDNH�RI�SDSHUOHVV�PDUNLQJ��7KLV�KDV�ZLGHVSUHDG�LPSOLFDWLRQV�IRU�LQVWLWXWLRQV�DURXQG�WKH�
ZRUOG�WU\LQJ�WR�UHGXFH�WKH�FRVWV�RI�HGXFDWLRQ�IRU�WKH�VWXGHQW�DQG�WKH�RUJDQL]DWLRQ��

�
7KH�/HDUQLQJ�&XUYH�
0RVW�VWDII�DQG�VWXGHQWV�DJUHHG�WKDW�WKH�VHWXS�SURFHVV�DQG�OHDUQLQJ�WR�XVH�DQ�L3DG�ZDV�TXLWH�TXLFN�DQG�HDV\�DQG�
WKDW�WKHUH�LV�QR�UHTXLUHPHQW�IRU�PXFK�SULRU�OHDUQLQJ�RU�VNLOOV��+RZHYHU��ZKLOH�LQWXLWLYH�LQ�WKH�GHVLJQ��WKH�L3DG�
VWLOO�KDV�D�VLJQLILFDQW�OHDUQLQJ�FXUYH�DVVRFLDWHG�ZLWK�LWV�DGRSWLRQ�DQG�DSSOLFDWLRQ��7KHUH�LV�D�QHHG�WR�DGDSW�QRW�
RQO\�WR�WKH�QHZ�GHYLFH�EXW�WR�OHDUQ�D�YDULHW\�RI�QHZ�FRQFHSWV�DQG�PHWKRGV�RI�ZRUNLQJ�ZLWK�WKLV�PRELOH�
WHFKQRORJ\�LQFOXGLQJ��
�� 7KH�ODFN�RI�D�YLVLEOH�ILOH�V\VWHP�
�� $�ODFN�RI�HTXLYDOHQW�DSSOLFDWLRQV�WR�ZKDW�LV�DYDLODEOH�RQ�ODSWRS�DQG�GHVNWRS�FRPSXWHUV�
�� &ORXG�FRPSXWLQJ�VHUYLFHV�DUH�LQWHJUDO�WR�WKH�IXQFWLRQDOLW\�RI�WKH�GHYLFH�VR�D�UDQJH�RI�QHZ�VHUYLFHV�DUH�

UHTXLUHG�WR�EH�VLJQHG�XS�IRU�WR�PD[LPL]H�WKH�HIIHFWLYHQHVV�RI�WKH�XVHU�
�� 6WXGHQWV�DUH�QRW�DV�VRSKLVWLFDWHG�DV�ZH�LPDJLQHG�DQG�WHQG�QRW�WR�EH�DGYHQWXURXV�LQ�WKHLU�XVDJH��SUHIHUULQJ�WR�

UHPDLQ�ZLWK�NQRZQ�DSSURDFKHV��
�� 0DQ\�SDUWLFLSDQWV�KLJKOLJKWHG�D�ODFN�RI�DYDLODEOH�GRFXPHQWDWLRQ�DQG�LQIRUPDWLRQ�DURXQG�PRELOH�GHYLFHV��

DSSOLFDWLRQV��VRIWZDUH�DQG�XVDJH���
7KLV�OHDUQLQJ�FXUYH�SRLQWV�WR�WKH�QHHG�IRU�LQVWLWXWLRQV�WR�SURYLGH�PRUH�LQIRUPDWLRQ��WUDLQLQJ�DQG�DGYLFH�IRU�
H[LVWLQJ�DQG�IXWXUH�XVHUV�RI�PRELOH�WHFKQRORJ\��7KLV�SXWV�SUHVVXUH�RQ�LQVWLWXWLRQV¶�SURIHVVLRQDO�GHYHORSPHQW�DQG�
VXSSRUW�FDSDELOLWLHV��,W�DOVR�RSHQV�XS�RSSRUWXQLWLHV�WR�UHVSRQG�WR�WKHVH�FKDOOHQJHV�LQ�QHZ�DQG�HPHUJHQW�ZD\V��
7KH�P/HDUQ�3URMHFW�DLPV�WR�GHYHORS�D�ZHEVLWH�WR�DFW�DV�D�KXE�IRU�WKLV�LQIRUPDWLRQ�E\�WKH�HQG�RI������WR�IRUP�D�
FHQWUDO�FRQWDFW�DQG�SXEOLVKLQJ�SRLQW�IRU�LQIRUPDWLRQ�UHODWHG�WR�PRELOH�WHFKQRORJ\�DQG�LWV�UHODWLRQVKLS�ZLWK�
OHDUQLQJ�DQG�WHDFKLQJ���
�
$Q�$JLOH�$SSURDFK�
$�UDQJH�RI�QHZ�LVVXHV�DQG�FKDOOHQJHV�KDYH�DFFRPSDQLHG�WKH�SURMHFW¶V�SURJUHVV�DQG�WKH�DSSOLFDWLRQ�RI�DQ�$JLOH�
SURFHVV�KDV�HQVXUHG�WKDW�WKH�WHDP�KDV�EHHQ�DEOH�WR�DGDSW�TXLFNO\�WR�FKDQJHV�LQ�FLUFXPVWDQFHV��)RU�H[DPSOH�LQ�
-XQH������ZKHQ�WKH�RXWOLQH�RI�WKH�SURMHFW�ZDV�VWLOO�EHLQJ�GHYHORSHG������RI�WKH�DGXOW�SRSXODWLRQ�RI�$XVWUDOLD�
KDG�D�6PDUWSKRQH��%\�-XQH������WKDW�ILJXUH�ZDV������$&0$��������DQG�RXU�VWXGHQW�VWDWLVWLFV�SRLQW�WR�WKLV�
EHLQJ�DV�KLJK�DV������7UDGLWLRQDO�SURMHFW�HVWDEOLVKPHQW�DQG�PDQDJHPHQW�PHWKRGRORJ\�DUH�QRW�DGHTXDWHO\�
HTXLSSHG�WR�FRSH�ZLWK�WKHVH�NLQGV�RI�UDSLG�FKDQJHV�EHFDXVH�ZKHQ�WKLQJV�DUH�XQH[SHFWHG�WKH\�WHQG�WR�KDYH�
QHJDWLYH�FRQVHTXHQFHV�UDWKHU�WKDQ�SRVLWLYH��'HQ���������$�WHFKQRORJ\�SURMHFW�WRGD\�KDV�WR�FRQWHQG�ZLWK�
H[WHQVLYH�WHFKQRORJLFDO�DQG�FXOWXUDO�FKDQJHV�DQG�DV�VXFK�QHHGV�WR�IROORZ�DQ�DJLOH�PHWKRGRORJ\�VR�WKDW�LW�FDQ�
DGDSW�DQG�HYROYH�WR�WKH�IDVW�SDFHG�FKXUQ�RI�QHZ�WHFKQRORJLHV�DQG�SODWIRUPV�WR�HQVXUH�LW�FDQ�QRW�RQO\�NHHS�XS��
EXW�DOVR�UHPDLQ�UHOHYDQW��
�
7HFKQLFDO�)LQGLQJV�
$�UDQJH�RI�VLJQLILFDQW�WHFKQLFDO�LVVXHV�ZHUH�XQFRYHUHG�GXULQJ�WKH�WULDOV��$ZDUHQHVV�RI�WKHVH�FRXOG�DVVLVW�RWKHU�
XQLYHUVLWLHV�DQG�KLJKOLJKW�DUHDV�WKDW�PD\�QHHG�PRUH�LQYHVWLJDWLRQ��LQYHVWPHQW�DQG�GHYHORSPHQW���
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�� 7KH�&68�:L)L�QHWZRUN�XVHV�WKH�($3�HQFU\SWLRQ�PHWKRG�WKDW�LV�LQFRPSDWLEOH�ZLWK�VRPH�GHYLFHV��LQ�
SDUWLFXODU��H5HDGHUV�DQG�ROGHU�PRELOH�GHYLFHV��7KLV�NLQG�RI�WHFKQLFDO�OLPLWDWLRQ�FDQ�DIIHFW�WKH�VWXGHQW�
H[SHULHQFH�DQG�PD\�DOVR�UHQGHU�VRPH�GHYLFHV�XQXVDEOH�DQG�UHGXQGDQW��

�� 7KH�OLWKLXP�EDWWHULHV�XVHG�LQ�PRELOH�GHYLFHV�DUH�FRQVLGHUHG�WR�EH�GDQJHURXV�JRRGV��DQG�FDQQRW�EH�
WUDQVSRUWHG�E\�DLU��)RU�LQVWLWXWLRQV�ORRNLQJ�DW�GLVWDQW�DQG�EOHQGHG�HGXFDWLRQ�VWXGHQWV�RU�UHPRWH�VWDII�WKLV�PD\�
KDYH�VLJQLILFDQW�LPSDFWV��7KLV�H[WHQGV�QRW�MXVW�WR�WKH�SURYLVLRQ�RU�VXSSO\�RI�GHYLFHV�EXW�OHQGLQJ�VHUYLFHV��
WKURXJK�WKH�OLEUDU\�IRU�H[DPSOH��

�� /LFHQVLQJ�OLPLWDWLRQV�DURXQG�WKH�$SSOH�,'��UHTXLUHG�WR�XVH�L3DGV��DIIHFWHG�WKH�SODQQHG�UROORXW�VWUDWHJ\�IRU�
ORDQLQJ�GHYLFHV�LQ�WKH�SURMHFW��7KHVH�NLQGV�RI�OLFHQVLQJ�VWLSXODWLRQV�FDQ�LPSDFW�WKH�DELOLW\�IRU�LQVWLWXWLRQV�WR�
GHOLYHU�VROXWLRQV�DQG�IRUFH�VLJQLILFDQW�FRPSURPLVH�DQG�FKDQJH��

�� 0DQ\�FRPSRQHQWV�RI�WKH�&68�RQOLQH�H[SHULHQFH�DUH�QRW�PRELOH�IULHQGO\�DQG�XVH�OHJDF\�WHFKQRORJ\�RU�WKRVH�
LQFRPSDWLEOH�ZLWK�PDQ\�PRELOH�GHYLFHV��LQ�SDUWLFXODU�-DYD�DQG�)ODVK��7UDQVLWLRQLQJ�V\VWHPV�DQG�OHDUQLQJ�
UHVRXUFHV�DW�VFDOH�UHTXLUHV�VLJQLILFDQW�LQYHVWPHQW�DQG�UHVRXUFLQJ��)RU�D�SURMHFW�WKHVH�LVVXHV�FDQ�EH�
FRPSRXQGHG�E\�WKH�LQDELOLW\�WR�SURYLGH�VXSSRUW�UHPRWHO\�RU�VFRSH�WR�UHVROYH�V\VWHPLF�LVVXHV��

�� L3DGV�DUH�H[WUHPHO\�UREXVW��WKH�EXLOG�TXDOLW\�LV�H[FHOOHQW�DQG�QR�GHYLFHV�IDLOHG�GXULQJ�WKH�WULDOV��7KLV�
UHPRYHG�WKH�SURMHFW¶V�UHTXLUHPHQWV�IRU�RQJRLQJ�VXSSRUW��UHSODFHPHQW�DQG�VSDUH�GHYLFHV��7KH�YDOXH�RI�EXLOG�
TXDOLW\��ORRN�DQG�IHHO��DWWHQWLRQ�WR�GHWDLO�DQG�WKH�XVHU�H[SHULHQFH�LV�RIWHQ�GLIILFXOW�WR�TXDQWLI\�FRPSDUHG�WR�
YDOXHV�OLNH�VSHFLILFDWLRQV�DQG�SULFH��<HW�WKHVH�YDOXHV�SOD\�DQ�H[WUHPHO\�LPSRUWDQW�FRPSRQHQW�LQ�WKH�RYHUDOO�
VDWLVIDFWLRQ��VXSSRUW�DQG�XVDJH�RI�WKH�WHFKQRORJ\��ZKLFK�FDQ�LPSDFW�D�SURMHFW�LQ�PDQ\�ZD\V��SDUWLFXODUO\�
ZKHUH�HQHUJ\��WLPH�DQG�PRQH\�QHHG�WR�EH�VSHQW��7KH�YDOXH�RI�TXDOLW\�VKRXOG�SOD\�DQ�LPSRUWDQW�SDUW�LQ�WKH�
HYDOXDWLRQ�RI�QHZ�DQG�LQQRYDWLYH�WHFKQRORJ\�DV�LW�FDQ�KDYH�VLJQLILFDQW�UHSHUFXVVLRQV�LQ�RYHUDOO�FRVW���

�
6XPPDU\�DQG�UHFRPPHQGDWLRQV�
�
2QH�RI�WKH�RXWFRPHV�IRU�WKH�SURMHFW�KDV�EHHQ�WKH�GHYHORSPHQW�RI�UHFRPPHQGDWLRQV�WR�EH�IHG�EDFN�WR�WKH�
XQLYHUVLW\�WR�KHOS�LPDJLQH�DQG�GHYHORS�WKH�UROH�RI�PRELOH�WHFKQRORJ\�LQWR�WKH�IXWXUH�DQG�KDYH�EURDG�
DSSOLFDELOLW\�WR�WKH�KLJKHU�HGXFDWLRQ�VHFWRU��7KH�SURMHFW�KDV�IRFXVHG�RQ�ILYH�NH\�DUHDV���
�
3URYLVLRQLQJ�RI�L3DGV�WR�6WDII�
7KH�SURYLVLRQLQJ�RI�L3DG�GHYLFHV�WR�DOO�DFDGHPLF�DQG�VXSSRUW�VWDII�VKRXOG�EH�JLYHQ�FRQVLGHUDWLRQ�DV�SDUW�RI�DQ�
DFFHOHUDWRU�SURJUDP�WR�LQFUHDVH�GLJLWDO�OLWHUDF\�DQG�VXSSRUW�RWKHU�XQLYHUVLW\�LQLWLDWLYHV��6XSSO\LQJ�L3DGV�FDQ�
XQGHUSLQ�WKH�XSWDNH�RI�FXUUHQW�LQLWLDWLYHV�VXFK�DV�LQFUHDVHG�RQOLQH�FRQWHQW��SDSHUOHVV�PDUNLQJ��D�UHGXFWLRQ�LQ�
SULQW�DQG�LQQRYDWLRQ�LQ�DVVHVVPHQW��7KHUH�LV�DOVR�WKH�EHQHILW�RI�LQFUHDVLQJ�EOHQGHG�DQG�IOH[LEOH�ZRUNLQJ�RSWLRQV��
7KH�XELTXLW\�DQG�HTXLW\�FUHDWHG�E\�WKLV�NLQG�RI�LQLWLDWLYH�ZRXOG�SURYLGH�D�SODWIRUP�IURP�ZKLFK�IXUWKHU�
LQQRYDWLRQ�LQ�DQ�LQVWLWXWLRQ�FRXOG�RFFXU�WKURXJK�DSS�GHYHORSPHQW��FORXG�VHUYLFHV��GLJLWDO�UHVRXUFHV�DQG�
FRPPXQLWLHV�RI�SUDFWLFH��
�
3URYLVLRQLQJ�RI�L3DGV�WR�6WXGHQWV�
7KH�3URMHFW�FDQQRW�HQGRUVH�D�����UROORXW�DFURVV�WKH�ERDUG�WR�VWXGHQWV�GXH�WR�WKH�FRQFHUQV�RYHU�VXVWDLQDELOLW\��
VXLWDELOLW\�DQG�WKH�LQFUHDVHG�SUHIHUHQFH�IRU�%ULQJ�<RXU�2ZQ�'HYLFH�VROXWLRQV��+RZHYHU��WKHUH�VKRXOG�EH�VFRSH�
WR�GHYHORS�D�IXOO�UDQJH�RI�SURYLVLRQLQJ�RSWLRQV�WR�DVVLVW�VWXGHQWV�DFFHVV�WKH�WHFKQRORJ\��6RPH�ODUJH�VFDOH�IXQGHG�
UROORXWV�DFURVV�VSHFLILF�GLVFLSOLQH�DUHDV�ZRXOG�EH�XVHIXO�ZKHUH�WKH\�FDQ�GHPRQVWUDWH�D�UHWXUQ�RQ�LQYHVWPHQW��
SURYLGH�VLJQLILFDQW�EHQHILWV�RYHU�H[LVWLQJ�WHFKQRORJ\�DQG�SUDFWLFHV�RU�LPSURYH�HTXLW\�DQG�DFFHVV�WR�WKH�
XQLYHUVLW\���
�
6XSSRUW�DQG�7UDLQLQJ�
,QYHVWPHQW�LQ�HVWDEOLVKLQJ�VXSSRUW�VWDII�DQG�WUDLQLQJ�UHVRXUFHV�IRU�PRELOH�WHFKQRORJ\�DW�D�XQLYHUVLW\�OHYHO�LV�
UHTXLUHG�DV�FXUUHQWO\�WKHUH�LV�RQO\�OLPLWHG�VXSSRUW�IURP�V\VWHPV�DQG�VWDII��:KLOH�PRELOH�WHFKQRORJ\�LV�
FRQVLGHUHG�LQWXLWLYH��LW�LV�FHUWDLQO\�QRW�IUHH�IURP�WUDLQLQJ�DQG�RQJRLQJ�VXSSRUW�UHTXLUHPHQWV�DQG�FDSDELOLWLHV�
ZLWKLQ�WKH�LQVWLWXWLRQ�QHHG�WR�EH�GHYHORSHG���
�
$GDSWLYH�'LJLWDO�3XEOLVKLQJ�
/HDUQLQJ�UHVRXUFHV�DQG�FRQWHQW�ILW�IRU�SXUSRVH�RQ�PRELOH�GHYLFHV�LV�VWLOO�VFDQW�ZLWKLQ�WKH�LQVWLWXWLRQ��)XUWKHU�
LQYHVWLJDWLRQ�DQG�GHYHORSPHQW�LV�UHTXLUHG�WR�HVWDEOLVK�D�SODWIRUP�QHXWUDO�SXEOLVKLQJ�VWDQGDUG�WKDW�ZRXOG�SURYLGH�
XQLYHUVLWLHV�ZLWK�IXWXUH�IULHQGO\�FRQWHQW�WKDW�LV�IOH[LEOH�DQG�LQWHURSHUDEOH��7KHVH�VWDQGDUGV�ZLOO�DVVLVW�LQ�WKH�
UHGXFWLRQ�RI�FRQWHQW�VLORV�DQG�HQDEOH�WKH�SURYLVLRQLQJ�RI�OHDUQLQJ�UHVRXUFHV�DFURVV�PXOWLSOH�SODWIRUPV��GHYLFHV�
DQG�SXEOLVKLQJ�SRLQWV��SULQW��H%RRN��:HE��$SS��DQG�DFURVV�DQ�HFRV\VWHP�RI�GHYLFHV���
�
,QWHUQDO�&ORXG�6HUYLFHV�
0RELOH�FRPSXWLQJ�UHOLHV�RQ�WKH�&ORXG�DQG�LQYHVWPHQW�LV�QHHGHG�WR�UROORXW�HQWHUSULVH�FORXG�VHUYLFHV�WKDW�FDQ�EH�



�

��WK�DVFLOLWH�&RQIHUHQFH������3URFHHGLQJV� � 3DJH�����

LQWHJUDWHG�ZLWK�D�YDULHW\�RI�GHYLFH�DSSOLFDWLRQV�DQG�XVHG�DFURVV�PXOWLSOH�SODWIRUPV��,QYHVWPHQW�LQ�D�PDQDJHG�
&ORXG�6WRUDJH�DQG�6HUYLFHV�LQIUDVWUXFWXUH�ZRXOG�HQVXUH�D�VDIH�DQG�VHFXUH�V\VWHP�DQG�D�SODWIRUP�IRU�IXWXUH�
GHYHORSPHQW��
�
$UHDV�DQG�2SSRUWXQLWLHV�IRU�)XUWKHU�5HVHDUFK�
7KH�SURMHFW�KDV�DOVR�KLJKOLJKWHG�D�QXPEHU�RI�SRVVLELOLWLHV�IRU�IXUWKHU�UHVHDUFK���7KHVH�ZRXOG�LQFOXGH��
�� 7KH�XVH�RI�PRELOH�DV�FUHDWLRQ�WRRO��7KLV�FRXOG�KDYH�VLJQLILFDQW�LPSDFW�RQ�DVVHVVPHQW�DQG�QHZ�RSSRUWXQLWLHV�

WR�OHYHUDJH�WKH�DIIRUGDQFH�RI�PRELOH�GHYLFHV���
�� 0RELOH�DV�D�VKDUHG�UHVRXUFH�LQ�WKH�FODVVURRP��7KLV�ZRXOG�HQWDLO�XVLQJ�DSSV�DV�OHDUQLQJ�UHVRXUFHV�DQG�EH�

SDUWLFXODUO\�XVHIXO�LQ�D�FROODERUDWLYH�HQYLURQPHQW���
�� 7KH�P/HDUQ�3URMHFW�WHDP�LQ�FORVH�FRRSHUDWLRQ�ZLWK�RWKHU�VHFWLRQV�LQ�WKH�'LYLVLRQ�RI�6WXGHQW�/HDUQLQJ�LV�

GHYHORSLQJ�D�IXQFWLRQDO�SURRI�RI�FRQFHSW�RI�$GDSWLYH�'LJLWDO�3XEOLVKLQJ�GXH�DW�WKH�HQG�RI�������
�
&RQFOXVLRQ�
�
7KH�PHWKRGRORJ\�HPSOR\HG�E\�WKH�SURMHFW�KDV�SURYLGHG�DQ�H[FHOOHQW�PRGHO�IRU�LQWURGXFLQJ�DQG�WULDOLQJ�QHZ�
WHFKQRORJ\��7KH�SURMHFW�KDV�EHHQ�DEOH�WR�FRQGXFW�D�YDULHW\�RI�WULDOV�DFURVV�GLIIHUHQW�IDFXOWLHV��GLVFLSOLQHV��
ORFDWLRQV��DSSOLFDWLRQV��VWDII�DQG�VWXGHQW�FRKRUWV��&RQGXFWLQJ�UHDO�ZRUOG�WULDOV�RQ�D�VPDOO�VFDOH�KDV�SURYHG�HDVLHU�
WR�VXSSRUW�DQG�WKH�WHDP�KDV�EHHQ�DEOH�WR�UHVSRQG�TXLFNO\�WR�LVVXHV��VLJQLILFDQWO\�UHGXFLQJ�WKHLU�LPSDFW��7KH�WULDOV�
KDYH�SURYLGHG�XV�ZLWK�PDQ\�OHVVRQV�DV�WR�ZKDW�ZRUNV�DQG�ZKDW�GRHV�QRW�ZLWKLQ�RXU�FXUUHQW�VLWXDWLRQ�DQG�
EHFDXVH�WKH\�KDYH�EHHQ�FRQGXFWHG�LQ�VLWX���ZLWK�RXU�VWXGHQWV��WKH�FXUUHQW�WHFKQRORJ\�DQG�LQIUDVWUXFWXUH���WKH\�
KDYH�SURYLGHG�LQVLJKW�DQG�D�EHWWHU�XQGHUVWDQGLQJ�RXU�SUHVHQW�HQYLURQPHQW�DQG�FDSDELOLWLHV��7KLV�KDV�DOORZHG�XV�
WR�GHYHORS�DQG�FRQWULEXWH�WR�D�PXFK�PRUH�YLYLG�YLVLRQ�RI�WKH�IXWXUH����
�
0RELOH�LV�QRZ�WKH�1HZ�1RUPDO�WKDW�FDQ�QR�ORQJHU�EH�FRQVLGHUHG�DQ�DGG�RQ�RU�D�QLFH�WR�KDYH��LW�LV�WKH�VWDQGDUG�
WHFKQRORJ\�WKDW�PRUH�SHRSOH�ULJKW�DURXQG�WKH�ZRUOG�KDYH�DFFHVV�WR�WKDQ�DQ\�WHFKQRORJ\�EHIRUH�LW���LQFOXGLQJ�
FDUV��UDGLR�DQG�WHOHYLVLRQ��$KRQHQ���������0RELOH�LV�FKDQJLQJ�WHFKQRORJ\��(YDQV��������DQG�UHSUHVHQWV�WKH�
GDZQ�RI�D�QHZ�QRUPDO�WKDW�LV�D�XVHU�FHQWULF�HFRV\VWHP�WKDW�HQFRPSDVVHV�PXOWLSOH�GHYLFHV���WDEOHWV��SKRQHV��
ODSWRSV�DQG�GHVNWRSV��$Q�HFRV\VWHP�ZKHUH�PRELOH�GHYLFHV�LQFUHDVLQJO\�UHSUHVHQW�WKH�SULPDU\�GHYLFH�EHFDXVH�LW�
LV�FRPSDFW�DQG�DIIRUGDEOH��:H�DUH�DOUHDG\�OLYLQJ��ZRUNLQJ�DQG�OHDUQLQJ�DFURVV�PXOWLSOH�GHYLFHV�DQG�PRELOH�
UHSUHVHQWV�MXVW�WKH�ILUVW�ZDYH�RI�HPEHGGHG�DQG�FRQWH[WXDO�WHFKQRORJ\��+LJKHU�HGXFDWLRQ�LV�HQWHULQJ�D�VWDJH�
ZKHUH�ZH�QHHG�WR�FKDQJH�KRZ�ZH�WKLQN�DERXW�WHFKQRORJ\��OHVV�DERXW�VLQJOH�VROXWLRQV��PRUH�DERXW�RSHUDWLQJ�LQ�
HFRV\VWHPV��7KHUH�LV�QR�VLQJOH�GHYLFH��QR�VLQJOH�DSS��DQG�QR�VLQJOH�VHUYLFH�WKDW�FDQ�SURYLGH�WKH�VROXWLRQ�EHFDXVH�
WKH�QHZ�QRUPDO�LV�LQFOXVLYH�UDWKHU�WKDQ�H[FOXVLYH��FRPSOH[�UDWKHU�WKDQ�VLPSOH��DQG�H[SDQVLYH�QRW�UHVWULFWLYH���
�
5HIHUHQFHV�
�
$ELOHQH�&KULVWLDQ�8QLYHUVLW\��$&8��������������������0RELOH�/HDUQLQJ�5HSRUW���5HWULHYHG�6HSWHPEHU�����������

IURP�KWWS���ZZZ�DFX�HGX�WHFKQRORJ\�PRELOHOHDUQLQJ�GRFXPHQWV�$&8�������0RELOH/HDUQLQJ5HSRUW�SGI�
$XVWUDOLDQ�&RPPXQLFDWLRQV�DQG�0HGLD�$XWKRULW\��$&0$����-DQXDU\��������5HSRUW��²6PDUWSKRQHV�DQG�

WDEOHWV��7DNH�XS�DQG�XVH�LQ�$XVWUDOLD��&RPPXQLFDWLRQV�5HSRUW�����±���VHULHV��5HWULHYHG�IURP�
KWWS���ZZZ�DFPD�JRY�DX�WKH$&0$�/LEUDU\�UHVHDUFKDFPD�'LJLWDO�VRFLHW\�UHVHDUFK�FRPPXQLFDWLRQV�UHSRUW�
�������OLEUDU\�ODQGLQJ�SDJH��

$KRQHQ��7��7���������)HEUXDU\������&RPPXQLWLHV�'RPLQDWH�%UDQGV��
&RPPXQLWLHV�'RPLQDWH�%UDQGV
�5HWULHYHG�
-XQH�����������IURP�KWWS���FRPPXQLWLHV�GRPLQDWH�EORJV�FRP�EUDQGV���������DOO�WKH�QXPEHUV�DOO�WKH�IDFWV�
RQ�PRELOH�WKH�WULOOLRQ�GROODU�LQGXVWU\�ZK\�LV�JRRJOH�VD\LQJ�SXW�\RXU�E�KWPO��

$OELRQ��3��5���-DPLHVRQ�3URFWRU��5���5HGPRQG��3��/���/DUNLQ��.���	�0D[ZHOO��$����������*RLQJ�PRELOH��(DFK�
VPDOO�FKDQJH�UHTXLUHV�DQRWKHU��,Q�0��%URZQ��0��+DUWQHWW�	�7��6WHZDUW��(GV����)XWXUH�FKDOOHQJHV��VXVWDLQDEOH�
IXWXUHV��3URFHHGLQJV�DVFLOLWH�:HOOLQJWRQ��������SS��������

%HFN��.���%HHGOH��0���YDQ�%HQQHNXP��$���&RFNEXUQ��$���&XQQLQJKDP��:���)RZOHU��0���«�7KRPDV��'����������
3ULQFLSOHV�EHKLQG�WKH�$JLOH�0DQLIHVWR���5HWULHYHG�IURP�KWWS���DJLOHPDQLIHVWR�RUJ�SULQFLSOHV�KWPO�>YLHZHG����
-XQH�����@��

%UDQG��-���.LQDVK��6���0DWKHZ��7��	�.RUG\EDQ��5����������L:DQW�GRHV�QRW�HTXDO�L:LOO��&RUUHODWHV�RI�PRELOH�
OHDUQLQJ�ZLWK�L3DGV��H�WH[WERRNV��%ODFN%RDUG�0RELOH�/HDUQ�DQG�D�EOHQGHG�OHDUQLQJ�H[SHULHQFH��,Q�
*�:LOOLDPV��3��6WDWKDP��1��%URZQ��%��&OHODQG��(GV���&KDQJLQJ�'HPDQGV��&KDQJLQJ�'LUHFWLRQV��
3URFHHGLQJV�DVFLOLWH�+REDUW��������SS�����������

'HQ��9����������µ7KH�6HHPLQJO\�3HFXOLDU�3URSHUW\�RI�3URMHFWV¶�5HWULHYHG����6HSWHPEHU������IURP�
KWWS���YHUJLOVEORJ�VTXDUHVSDFH�FRP�HVVD\V�����������WKH�VHHPLQJO\�SHFXOLDU�SURSHUW\�RI�SURMHFWV�KWPO�



��WK�DVFLOLWH�&RQIHUHQFH������3URFHHGLQJV� 3DJH�����

(YDQV��(�������������������%($���
0RELOH�,V�(DWLQJ�WKH�:RUOG
�5HWULHYHG�-XQH�����������IURP�
KWWS���ZZZ�VOLGHVKDUH�QHW�EJH�����������EHD��

*ROGDFUH��3���������8VLQJ�0RELOH�/HDUQLQJ�WR�)DFLOLWDWH�(DUO\�(QJDJHPHQW��,Q�0��%URZQ��0��+DUWQHWW�	�7��
6WHZDUW��(GV����)XWXUH�FKDOOHQJHV��VXVWDLQDEOH�IXWXUHV��3URFHHGLQJV�DVFLOLWH�:HOOLQJWRQ��������SS�����������

/DP��3���.RZN��0��	�:RQJ��.����������6XSSRUW�DQG�SURPRWLRQ�RI�PRELOH�OHDUQLQJ�VWUDWHJLHV��,Q�*��:LOOLDPV��3��
6WDWKDP��1��%URZQ�	�%��&OHODQG��(GV����&KDQJLQJ�'HPDQGV��&KDQJLQJ�'LUHFWLRQV��3URFHHGLQJV�DVFLOLWH�
+REDUW��������SS�����������

5LHV��(����������7KH�OHDQ�VWDUWXS��1HZ�<RUN��&URZQ�%XVLQHVV��
6WHHO��&����������)LWWLQJ�OHDUQLQJ�LQWR�OLIH��/DQJXDJH�VWXGHQWV
�SHUVSHFWLYHV�RQ�EHQHILWV�RI�XVLQJ�PRELOH�DSSV��,Q�

0��%URZQ��0��+DUWQHWW�	�7��6WHZDUW��(GV����)XWXUH�FKDOOHQJHV��VXVWDLQDEOH�IXWXUHV��3URFHHGLQJV�DVFLOLWH�
:HOOLQJWRQ��������SS�����������

7LPRNR��7����������0RELOH�OHDUQLQJ��H[SORULQJ�WKH�SRVVLELOLWLHV�IRU�UDQJDWDKL�,Q�0��%URZQ��0��+DUWQHWW�	�7��
6WHZDUW��(GV����)XWXUH�FKDOOHQJHV��VXVWDLQDEOH�IXWXUHV��3URFHHGLQJV�DVFLOLWH�:HOOLQJWRQ��������SS�����������

7XWW\��-��	�/HVOLH�0F&DUWK\��6����������$18�&DPSXV�4XHVW��$�0RELOH�$SS�)RU�7UDQVLWLRQ�,Q�0��%URZQ��0��
+DUWQHWW�	�7��6WHZDUW��(GV����)XWXUH�FKDOOHQJHV��VXVWDLQDEOH�IXWXUHV��3URFHHGLQJV�DVFLOLWH�:HOOLQJWRQ�������
�SS�����������

:DWDQDEH��<����������5HDG\�IRU�P�OHDUQLQJ"�$FFHVV�WR�PRELOH�GHYLFHV�E\�WHUWLDU\�VWXGHQWV�VWXG\LQJ�-DSDQHVH��,Q�
0��%URZQ��0��+DUWQHWW�	�7��6WHZDUW��(GV����)XWXUH�FKDOOHQJHV��VXVWDLQDEOH�IXWXUHV��3URFHHGLQJV�DVFLOLWH�
:HOOLQJWRQ��������SS�������������

:XQNHU��6���������'HFHPEHU������,QFXEDWLQJ�,QQRYDWLRQ��)RUEHV��5HWULHYHG�-XQH�����������IURP�
KWWS���ZZZ�IRUEHV�FRP������������LEP�KS�LQFXEDWRU�OHDGHUVKLS�FOD\WRQ�
LQBVZB����FOD\WRQFKULVWHQVHQBLQO�KWPO��

$XWKRU�FRQWDFW�GHWDLOV��7LP�.ODSGRU��WNODSGRU#FVX�HGX�DX�

3OHDVH�FLWH�DV��.ODSGRU��7��	�8\V��3����������0RELOH�/HDUQLQJ�DW�&KDUOHV�6WXUW�8QLYHUVLW\��/HVVRQV�OHDUQHG� 
IURP�XQLYHUVLW\�ZLGH�L3DG�WULDOV�LQ�������,Q�+��&DUWHU��0��*RVSHU�DQG�-��+HGEHUJ��(GV����(OHFWULF�'UHDPV�� 
3URFHHGLQJV�DVFLOLWH������6\GQH\���SS���������. https://doi.org/10.14742/apubs.2013.1475�

&RS\ULJKW��������7LP�.ODSGRU�DQG�3KLOLS�8\V��

7KH� DXWKRU�V�� DVVLJQ� WR� DVFLOLWH� DQG� HGXFDWLRQDO� QRQ�SURILW� LQVWLWXWLRQV�� D� QRQ�H[FOXVLYH� OLFHQFH� WR� XVH� WKLV�
GRFXPHQW� IRU� SHUVRQDO� XVH� DQG� LQ� FRXUVHV� RI� LQVWUXFWLRQ�� SURYLGHG� WKDW� WKH� DUWLFOH� LV� XVHG� LQ� IXOO� DQG� WKLV�
FRS\ULJKW� VWDWHPHQW� LV� UHSURGXFHG��7KH� DXWKRU�V�� DOVR�JUDQW� D� QRQ�H[FOXVLYH� OLFHQFH� WR� DVFLOLWH� WR�SXEOLVK� WKLV�
GRFXPHQW�RQ�WKH�DVFLOLWH�ZHEVLWH�DQG�LQ�RWKHU�IRUPDWV�IRU�WKH�3URFHHGLQJV�DVFLOLWH�6\GQH\�������$Q\�RWKHU�XVH�LV�
SURKLELWHG�ZLWKRXW�WKH�H[SUHVV�SHUPLVVLRQ�RI�WKH�DXWKRU�V���

https://doi.org/%ED%AF%80%ED%B0%94%ED%AF%80%ED%B0%93%ED%AF%80%ED%B0%91%ED%AF%80%ED%B0%94%ED%AF%80%ED%B0%97%ED%AF%80%ED%B0%9A%ED%AF%80%ED%B0%97%ED%AF%80%ED%B0%95%ED%AF%80%ED%B0%92%ED%AF%80%ED%B1%84%ED%AF%80%ED%B1%93%ED%AF%80%ED%B1%98%ED%AF%80%ED%B1%85%ED%AF%80%ED%B1%96%ED%AF%80%ED%B0%91%ED%AF%80%ED%B0%95%ED%AF%80%ED%B0%93%ED%AF%80%ED%B0%94%ED%AF%80%ED%B0%96%ED%AF%80%ED%B0%91%ED%AF%80%ED%B0%94%ED%AF%80%ED%B0%97%ED%AF%80%ED%B0%9A%ED%AF%80%ED%B0%98%ED%AF%80%ED%B0%83



