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$�QHZ�HUD��3HUVRQDO�7HFKQRORJ\�&KDOOHQJHV�(GXFDWLRQDO�
7HFKQRORJ\�
�
5LFKDUG�(YDQV� � ��
/HDUQLQJ�'HVLJQ�
4XHHQVODQG�8QLYHUVLW\�RI�7HFKQRORJ\�
$QQH�0DWWKHZ� � ��
)DFXOW\�RI�/DZ�
4XHHQVODQG�8QLYHUVLW\�RI�7HFKQRORJ\�
�

$V�ZH�UDFH�WRZDUGV�D�QHZ�HUD��UDSLG�FKDQJH�RI�FRQYHQWLRQDO�PRGHOV�KDV�EHFRPH�WKH�QRUP��-XVW�DV�
WHFKQRORJ\�KDV�HWFKHG�LWVHOI�WR�WKH�FRUH�RI�VRFLHW\��WKH�VKHHU�TXDQWLW\�RI�VWXGHQW�GHYLFHV�FRQQHFWLQJ�WR�
XQLYHUVLW\�QHWZRUNV�SUHVHQWV�D�VHFWRU�ZLGH�FKDOOHQJH�FRLQFLGLQJ�DOPRVW�SHUIHFWO\�ZLWK�PDQ\�
XQLYHUVLWLHV�FUHDWLQJ�WHFKQRORJ\�ULFK�OHDUQLQJ�VSDFHV��1HZ�IHDUV�LQFOXGH�IXWXUH�SURRILQJ��,W�LV�QRW�MXVW�D�
PDWWHU�RI�WHFKQRORJ\�EHFRPLQJ�RXWGDWHG��,Q�VHHNLQJ�WR�DFFRPPRGDWH�WKH�WHDFKLQJ�VW\OHV�DQG�
H[SHULHQFH�RI�VWDII�DFURVV�GLYHUVH�IDFXOWLHV��LV�WKLV�WHFKQRORJ\�VLPSO\�WRR�YDQLOOD�WR�PHHW�WKHLU�QHHGV�DV�
WKH\�EHFRPH�LQFUHDVLQJO\�VNLOOHG�DQG�LQVSLUHG�E\�WHFKQRORJ\¶V�SRWHQWLDO"�7KURXJK�WKH�HDUO\�ILQGLQJV�RI�
D�VWXG\�LQWR�VWDII�XVH�RI�WHFKQRORJ\�ZLWKLQ�4XHHQVODQG�8QLYHUVLW\�RI�7HFKQRORJ\
V�QH[W�JHQHUDWLRQ�
FROODERUDWLYH�OHDUQLQJ�VSDFHV��WKLV�SDSHU�H[SORUHV�ZKHWKHU�WKH�DQVZHUV�OLH�LQ�D�PRGHO�SUHVHQWHG�E\�
VWXGHQWV�HTXLSSLQJ�WKHPVHOYHV�ZLWK�WKH�WRROV�WKH\�QHHG�WR�OHDUQ�LQ�WKH���VW�FHQWXU\��

.H\ZRUGV��7HFKQRORJ\��OHDUQLQJ��KLJKHU�HGXFDWLRQ��IXWXUH�SURRILQJ��FROODERUDWLYH�OHDUQLQJ��
OHDUQLQJ�VSDFHV���

�
7KH�'LJLWDO�)XWXUH��
�
9LVLRQV�RI�D�GLJLWDO�IXWXUH�PRUH�RIWHQ�WKDQ�QRW�SOD\�RXW�LQ�VFLHQFH�ILFWLRQ�EHIRUH�EHFRPLQJ�RXU�UHDOLW\��$GYDQFHV�
LQ�WHFKQRORJ\�DUH�VHHPLQJO\�OLPLWHG�RQO\�E\�RXU�LPDJLQDWLRQ��7KH�SDFH�RI�DFFHOHUDWLRQ�LQ�WHFKQRORJLFDO�
GHYHORSPHQW�DSSURDFKHV�OLJKW�VSHHG��:KHQ�FRPSXWHU�V\VWHPV�RQFH�UHTXLUHG�ZKROH�URRPV��WKH�QHHG�IRU�SHUVRQDO�
FRPSXWHUV�ZRXOG�KDYH�EHHQ�LQFRPSUHKHQVLEOH��<HW�E\�WKH�����V�PRELOH�FRPSXWLQJ�EHFDPH�IDFW��7KH�FRPSXWLQJ�
ODQGVFDSH�VXEVHTXHQW�H[SORGHG�ZLWK�VPDUW�SKRQHV�DQG�WDEOHWV�QRZ�EH�IRXQG�LQ�WKH�SRFNHWV�DQG�EDFNSDFNV�RI�
VWXGHQWV�DFURVV�WKH�JOREH��,Q�MXVW�D�IHZ�VKRUW�\HDUV�PRELOH�WHFKQRORJ\�KDV�EHFRPH�XELTXLWRXV�DQG�SUHVHQWV�LWVHOI�
DV�WKH�VLOHQW�UHYROXWLRQ�LQ�KLJKHU�HGXFDWLRQ��6PDUW�GHYLFHV�QRZ�RXWQXPEHU�JOREDO�SRSXODWLRQ��,78������������$V�
WKH�LQWHOOLJHQFH�RI�WKHVH�GHYLFHV�PDWXUHV��SUHGLFWLQJ�RXU�SURFHVVHV�DV�ZH�LQWHUDFW��VR�WRR�ZLOO�WKHLU�HQWDQJOHPHQW�
LQ�RXU�HYHU\GD\�OLYHV��:KHUH�GRHV�WKH�IXWXUH�OLH�IRU�KLJKHU�HGXFDWLRQ"��

6HFWRU�ZLGH��FRQFHUQV�DUH�VKLIWLQJ�IURP�DFFHVV�DQG�DYDLODELOLW\�RI�WHFKQRORJ\�WR�WKH�VKHHU�TXDQWLW\�RI�VWXGHQW�
GHYLFHV�FRQQHFWLQJ�WR�XQLYHUVLW\�QHWZRUNV��8QLYHUVLW\�LQYHVWPHQW�LQ�QHZ�OHDUQLQJ�VSDFHV�LV�FRQVLGHUDEOH��\HW�
WKHVH�VSDFHV�DUH�URXWLQHO\�HTXLSSHG�ZLWK�YDQLOOD�WHFKQRORJ\��3DFH�RI�WHFKQRORJLFDO�DGYDQFHPHQW�SUHVHQWV�D�
FRQVWDQW�SUHVVXUH�XSRQ�HQVXULQJ�WHFKQRORJ\�LV�QRW�RXWGDWHG�EHIRUH�LWV�LQVWDOODWLRQ��7KH�HFRQRPLFV�RI�VHUYLFLQJ�
ODUJH�IOHHWV�RI�FRPSXWHUV�ZLWKLQ�OHDUQLQJ�VSDFHV�LV�LQIOXHQWLDO�LQ�PDNLQJ�FRVW�HIIHFWLYH��XQLQVSLULQJ�WHFKQRORJLFDO�
VROXWLRQV��3UHVVXUHV�XSRQ�FKRLFH�LQFOXGH�WKH�FDSDFLW\�RI�WKH�WHFKQRORJ\�WR�PHHW�WKH�QHHGV�RI�WHDFKLQJ�VWDII�
DFURVV�D�UDQJH�RI�IDFXOWLHV�ZLWK�YDULRXV�WHDFKLQJ�VW\OHV�DQG�VNLOO�VHWV�LQ�WHDFKLQJ�ZLWK�WHFKQRORJ\��'HVLJQHUV�DQG�
DUFKLWHFWV�RI�WKHVH�VSDFHV�DUH�FRQIURQWHG�E\�KRZ�WR�FRSH�ZLWK�WKH�FKDQJLQJ�QHHGV�RI�WHDFKLQJ�VWDII�DV�WKH\�
EHFRPH�LQFUHDVLQJO\�SURILFLHQW�DQG�LQVSLUHG�E\�WHFKQRORJ\¶V�SRWHQWLDO�LQ�WKHLU�WHDFKLQJ���
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(DUO\�DGRSWHUV�RI�WHFKQRORJ\�DPRQJ�WHDFKLQJ�VWDII�DSSHDU�WR�EH�IROORZLQJ�WKH�OHDG�RI�VWXGHQWV�DQG�EULQJLQJ�WKHLU�
RZQ�GHYLFHV�ZKLOH�ZDLWLQJ�IRU�LQVWLWXWLRQDO�FDWFK�XS��7KLV�SUHVHQWV�D�SRWHQWLDO�LQVWLWXWLRQDO�VROXWLRQ��(PSOR\HH�
%<2'�LV�QRW�D�QHZ�SKHQRPHQRQ�LQ�RWKHU�VHFWRUV��/LNH�WKH�SUHIHUUHG�NQLYHV�RI�D�FKHI��RU�WKH�VFLVVRUV�RI�D�KDLU�
VW\OLVW��VKRXOG�KLJKHU�HGXFDWLRQ�DGRSW�WKH�PRGHO�XVHG�LQ�LQGXVWULHV�ZKHUH�HPSOR\HHV�DUH�VXSSRUWHG�LQ�HTXLSSLQJ�
WKHPVHOYHV�ZLWK�WKH�WRROV�RI�WKHLU�WUDGH"�7KH�DQVZHU�WR�VXVWDLQDELOLW\�PD\�EH�WKDW�LQVWLWXWLRQV�WDNH�WKH�OHDG�LQ�
SURYLGLQJ�OHDUQLQJ�VSDFHV�WKDW�DUH�LQYLWLQJ��FRQGXFLYH�WR�D�UDQJH�RI�OHDUQLQJ�H[SHULHQFHV�DQG�IDFLOLWDWH�WKH�XVH�RI�
D�PXOWLWXGH�RI�WHFKQRORJLHV��ZKLFK�PD\�EH�EURXJKW�LQWR�WKH�VSDFH�E\�DFDGHPLF�WHDFKLQJ�VWDII�DQG�VWXGHQWV��,Q�
VXFK�D�YLVLRQ�RI�WKH�IXWXUH�LW�ZRXOG�EH�LPSHUDWLYH�WKDW�LQVWLWXWLRQV�DVVXPH�UHVSRQVLELOLW\�IRU�VXSSRUWLQJ�DQG�
HQFRXUDJLQJ��ILQDQFLDOO\�DQG�RWKHUZLVH��DFDGHPLF�VWDII�ZKR�ZLVK�WR�HTXLS�WKHPVHOYHV�ZLWK�WRROV�WR�WHDFK�LQ���VW�
FHQWXU\�OHDUQLQJ�VSDFHV��,QVWLWXWLRQDO�HTXLW\�LQLWLDWLYHV��SDUWLFXODUO\�LQ�UHODWLRQ�WR�DFFHVV�DQG�DIIRUGDELOLW\��PXVW�
DGGUHVV�WKH�QHHGV�RI�ERWK�VWDII�DQG�VWXGHQWV��7KH�HFRQRPLFV�RI�VXFK�D�PRGHO�LQFOXGH�WKH�OLNHOLKRRG�RI�VWDII�DQG�
VWXGHQWV�UHQHZLQJ�WKHLU�WHFKQRORJLFDO�FKRLFHV�PRUH�RIWHQ�WKDQ�ZRXOG�EH�ILQDQFLDOO\�IHDVLEOH�ZHUH�WKH�PRELOH�
GHYLFHV�RZQHG�E\�WKH�XQLYHUVLW\���

,Q�6SDFH��
�
7KH�SDFH�RI�VWXGHQW�DGRSWLRQ�RI�WHFKQRORJ\�LV�HFOLSVHG�RQO\�E\�WKH�IRUPV�LQ�ZKLFK�WKH\�KDYH�VHHQ�ILW�WR�PRXOG�
SHUVRQDOO\�RZQHG�GHYLFHV�LQWR�WKHLU�OHDUQLQJ�H[SHULHQFH��&RQROH��*���GH�/DDW��0���'LOORQ��7���	�'DUE\��-����������
6WXGHQWV�DUH�DFWLYHO\�GHPRQVWUDWLQJ�WKH�DIIRUGDQFH�RI�XVLQJ�RQH¶V�RZQ�WHFKQRORJ\��7KLV�WHVWLILHV�WR�WKHLU�
SHUFHSWLRQ�RI�WKH�EHQHILWV�RI�HTXLSSLQJ�WKHPVHOYHV�ZLWK�WKH�WRROV�WR�OHDUQ�LQ�WKH���VW�FHQWXU\��-XVW�D�IHZ�\HDUV�
DJR��ZH�ZHUH�FRQFHUQHG�WKDW�QRW�DOO�RXU�VWXGHQWV�PLJKW�KDYH�D�PRELOH�GHYLFH�RQ�KDQG�LQ�RXU�FODVVURRPV��(YDQV�
DQG�0DWWKHZ���������7KH�SRWHQWLDO�IRU�D�SDUDGLJP�VKLIW�LQ�VWDII�DQG�LQVWLWXWLRQDO�XVH�RI�WHFKQRORJ\�UHPDLQV�
ODUJHO\�XQWDSSHG�DQG�\HW�LV�D�SUHVVLQJ�FRQFHUQ�LQ�FUHDWLQJ�VXVWDLQDEOH��WHFKQRORJLFDOO\�ULFK��OHDUQLQJ�VSDFHV���

$V�ZH�LGHQWLI\�FKDOOHQJHV�EHWZHHQ�SHUVRQDO�WHFKQRORJLHV�DQG�HGXFDWLRQDO�WHFKQRORJLHV��WUHQGV�DUH�HPHUJLQJ�
IURP�WKH�ZRUN�XQGHUWDNHQ�E\�4XHHQVODQG�8QLYHUVLW\�RI�7HFKQRORJ\�LQ�WKH�XVH�RI�WKH�QHZ�FROODERUDWLYH�OHDUQLQJ�
VSDFHV�DQG�WKH�GHVLJQ�RI�D�QHZ������PLOOLRQ�6FLHQFH�DQG�(QJLQHHULQJ�&HQWUH�RSHQHG�LQ�������7KH�GHVLJQ�RI�
WKHVH�QHZ�OHDUQLQJ�VSDFHV�GUDZV�RQ�UHVHDUFK�DQG�SUDFWLFH�LQ�ERWK�SUREOHP�EDVHG�OHDUQLQJ��3%/���+PHOR�6LOYHU��
&��(��������DQG�FROODERUDWLYH�OHDUQLQJ��/HH��&��'���	�6PDJRULQVN\��3���������([SHULPHQWDO�FROODERUDWLYH�VSDFH�
GHVLJQ�DQG�WKH�VWXG\�RI�WKH�H[SHULHQFH�RI�HDUO\�DGRSWHUV�ZLWKLQ�WKRVH�VSDFHV�ZHUH�XQGHUSLQQHG�E\�D�XQLYHUVLW\�
IXQGHG�SURMHFW�FDOOHG��/HDUQLQJ�DQG�7HDFKLQJ�LQ�&ROODERUDWLYH�(QYLURQPHQW��/$7,&(��ZLWK�IRXU�NH\�REMHFWLYHV��

x� 'HYHORSLQJ�D�VWUDWHJ\�WR�LQWHJUDWH�D�UDQJH�RI�VFDODEOH��WUDQVIRUPDWLYH�DQG�VXVWDLQDEOH�PRGHOV�IRU�OHDUQLQJ�
DQG�WHDFKLQJ�LQ�QHZ�SK\VLFDO�DQG�YLUWXDO�VSDFHV��VWUDWHJLFDOO\�DOLJQLQJ�ZLWK�XQLYHUVLW\�LQLWLDWLYHV��

x� $VVLVWLQJ�DFDGHPLFV�WR�GHVLJQ��GHYHORS��DQG�LPSOHPHQW�QHZ�SHGDJRJLHV�WKDW�XWLOLVH�PRUH�IOH[LEOH�
LQWHUDFWLYH�DQG�FROODERUDWLYH�OHDUQLQJ�VSDFH��

x� (QVXULQJ�SURYLVLRQ�RI�VXSSRUW�IRU�DSSURSULDWH�FROODERUDWLYH�WHFKQRORJLHV�WR�IDFLOLWDWH�FROODERUDWLYH�OHDUQLQJ�
DQG�WHDFKLQJ�PRGHOV�IRU�LQ�FODVV�SK\VLFDO�DQG�YLUWXDO�FROODERUDWLRQ�FRPPXQLFDWLRQ��

x� 8QLYHUVLW\�VHFWRU�DQG�LQWHU�IDFXOW\�FROODERUDWLRQ��DGYDQFLQJ�UHVHDUFK�DQG�HYDOXDWLRQ�RI�QHZ�OHDUQLQJ�
HQYLURQPHQWV�IRFXVHG�RQ�SHGDJRJ\��VSDFH�DQG�WHFKQRORJ\��

%XLOGLQJ�WKH�DVSLUDWLRQV�RI�WHDFKLQJ�VWDII�ZDV�FHQWUDO�WR�WKH�DGRSWLRQ�RI�WKHVH�QHZ�OHDUQLQJ�VSDFHV�DQG�DV�SDUW�RI�
WKH�/$7,&(�SURMHFW��6SHFLDOLVW�VWDII�GHYHORSPHQW�SURJUDPV�ZHUH�FUHDWHG�WKDW�IRFXVHG�RQ�VWXGHQW�FHQWHUHG�
DSSURDFKHV�IRU�DFWLYH�DQG�FRQQHFWHG�OHDUQLQJ��3HQXHO��%���5KRGHV��-���6DOHQ��.���6FKRU��-���	�6HIWRQ�*UHHQ��-��
��������7KH�NH\�DLP�RI�WKHVH�SURJUDPV�ZDV�WR�LQVSLUH�WHDFKLQJ�VWDII�ZLWK�QHZ�LGHDV�DQG�DSSURDFKHV�WR�HQJDJLQJ�
VWXGHQWV�LQ�ULFK��UHDO�ZRUOG�OHDUQLQJ�H[SHULHQFHV�WKDW�KDUQHVV�WKH�SK\VLFDO�VSDFH�DQG�WKHLU�WHFKQRORJ\�ZKLOH�
HQFRXUDJLQJ�EHVW�SUDFWLFH�LPSOHPHQWDWLRQ�RI�HPHUJLQJ�SHGDJRJLFDO�SUDFWLFHV��(YDOXDWLRQ�RI�WKHVH�VSDFHV�KDV�
LQFOXGHG�GHWDLOHG�VXUYH\V�RI�ERWK�VWDII�DQG�VWXGHQW�H[SHULHQFHV�RI�OHDUQLQJ�DQG�WHDFKLQJ��LQWHUYLHZV��
REVHUYDWLRQDO�GDWD�DQG�EXVLQHVV�DQDO\WLFV�H[DPLQLQJ�WKH�LPSDFW�RQ�DWWULWLRQ�RI�FODVVHV�WDXJKW�LQ�WKH�QHZ�VSDFHV���

7KH�SXUSRVH�RI�WKH�HYDOXDWLRQ�ZDV�IRU�WKH�HYDOXDWLRQ�DQG�LPSURYHPHQW�RI�OHDUQLQJ�DQG�WHDFKLQJ��,W�ZDV�
XQGHUWDNHQ�LQ�DFFRUGDQFH�ZLWK�XQLYHUVLW\�HWKLFV�SURFHGXUHV��7KH�GDWD�H[DPLQHG�LQ�WKLV�SDSHU�LV�SDUW�RI�D�EURDGHU�
HYDOXDWLRQ�SURFHVV�DQG�VKRXOG�EH�FRQVLGHUHG�ZLWKLQ�WKLV�FRQWH[W��$FDGHPLFV�WHDFKLQJ�LQ�FROODERUDWLYH�VSDFHV�
ZHUH�LQYLWHG�WR�XQGHUWDNH�DQ�RQOLQH�VXUYH\��7KH�VXUYH\�ZDV�GHVLJQHG�WR�SURYLGH�D�PHDQLQJIXO�LQVLJKW�LQWR�ERWK�
WKH�DFDGHPLF�H[SHULHQFH�DQG�DFDGHPLF�SHUFHSWLRQ�RI�WKH�VWXGHQW�H[SHULHQFH�LQ�FROODERUDWLYH�VSDFHV�����
UHVSRQVHV�ZHUH�UHFHLYHG��7KH�XVH�RI�WHFKQRORJ\�ZLWKLQ�WKHVH�QHZ�OHDUQLQJ�VSDFHV�ZDV�RI�SDUWLFXODU�LQWHUHVW��
)LJXUH���GLVSOD\V�VWDII�UHVSRQVHV�WR�WKH�VXUYH\�TXHVWLRQ�
ZKDW�WHFKQRORJ\�GR�\RX�W\SLFDOO\�XVH�LQ�FODVV¶��
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5HVSRQGHQWV�ZHUH�DEOH�WR�VHOHFW�PRUH�WKDQ�RQH�WHFKQRORJ\�LQ�UHVSRQVH��5HVXOWV�IRU�HDFK�SRVVLEOH�UHVXOW�DUH�
GLVSOD\HG�RXW�RI�������DOORZLQJ�VFUXWLQ\�RI�HDFK�WHFKQRORJ\�DQG�LWV�XVH�E\�WKH�VXUYH\�UHVSRQGHQWV����

 
:KLFK�WHFKQRORJLHV�GR�\RX�W\SLFDOO\�XVH�LQ�FODVV"��\RX�PD\�WLFN�PRUH�WKDQ�RQH��

)LJXUH����6XUYH\�5HVXOWV�
�
3UHOLPLQDU\�DQDO\VLV�RI�WKHVH�VXUYH\�UHVXOWV�VKRZ�RYHU�����RI�VWDII�LQGLFDWHG�WKDW�WKH\�ZHUH�XVLQJ�WKH�XQLYHUVLW\�
SURYLGHG�FRPSXWHU�LQ�WKH�QHZ�FROODERUDWLYH�OHDUQLQJ�VSDFHV�LQ�FRQWUDVW�ZLWK�����XVLQJ�WDEOHWV�DQG�����XVLQJ�D�
ODSWRS��$�VLJQLILFDQW�QXPEHU�RI�UHVSRQGHQWV�UHO\�XSRQ�DQG�XVH�WKH�XQLYHUVLW\�SURYLGHG�WHFKQRORJ\�EXW�D�QXPEHU�
DUH�EULQJLQJ�WKHLU�RZQ�WHFKQRORJ\��:KHQ�FRUUHODWHG�WR�WKH�JURZWK�RI�VWDII�PRELOH�GHYLFHV�VHHNLQJ�WR�FRQQHFW�WR�
487�ZLUHOHVV�QHWZRUNV��WKHVH�UHVXOWV�DSSHDU�FRQVLVWHQW�ZLWK�VRFLDO�WUHQGV�JHQHUDOO\�LQ�VWDII�%<2'��LW�DSSHDUV�
WKDW�ZH�DUH�ZLWQHVVLQJ�DQ�LQFUHDVH�LQ�WKH�SKHQRPHQRQ�RI�VWDII�EULQJLQJ�WKHLU�SHUVRQDOO\�RZQHG�GHYLFHV�LQWR�WKHLU�
WHDFKLQJ�DQG�OHDUQLQJ�HQYLURQPHQWV��:KLOH�LQVWLWXWLRQV�FRQWLQXH�WR�JUDSSOH�ZLWK�GDWD�VHFXULW\�LPSOLFLW�LQ�VWDII�
%<2'��WKHUH�PD\�EH�D�VHUHQGLSLWRXV�HIILFLHQW�EHQHILW�WKDW�PD\�JR�VRPH�ZD\�WR�DGGUHVVLQJ�LQVWLWXWLRQDO�FRQFHUQV�
UHJDUGLQJ�VXVWDLQDELOLW\�RI�WHFKQRORJ\�ULFK�OHDUQLQJ�VSDFHV���

7KH�FROODERUDWLYH�OHDUQLQJ�VSDFHV�DUH�GHVLJQHG�IRU�PXOWLSOH�JURXSV�RI�����VWXGHQWV��HDFK�JURXS�HTXLSSHG�ZLWK�D�
&RPSXWHUV�RQ�:KHHOV��&2:V���ZKLWHERDUGV��NH\ERDUGV��ZHE�DFFHVV��ODUJH�WDEOHV��FRPIRUWDEOH�FKDLUV��WKH�ODWWHU�
WZR�DOO�RQ�ZKHHOV��487¶V�FROODERUDWLYH�OHDUQLQJ�VSDFHV�HPSOR\�KHUGV�RI�&2:V��D�WUROOH\�PRXQWHG�FRPSXWHU�
ZLWK�D�ODUJH�SODVPD�VFUHHQ��GHVLJQHG�VSHFLILFDOO\�IRU�VWXGHQW�FROODERUDWLRQ���

&RQVLGHULQJ�WKH�WUDGLWLRQDO�XVH�RI�WHFKQRORJLHV�LQ�OHDUQLQJ�VSDFHV��ZH�PD\�KDYH�H[SHFWHG�WR�VHH�ERWK�D�
UHVLVWDQFH�WR�HQJDJHPHQW�ZLWK�QHZ�WHFKQRORJLHV�DQG�SHUVLVWHQW�FRQWLQXDQFH�ZLWK�IDPLOLDU�WHFKQRORJLHV��
5HOXFWDQFH�WR�HQJDJH�ZLWK�QHZ�WHFKQRORJLHV�LV�OLNHO\�WR�EH�DW�LWV�KLJKHVW�ZKHUH�SHGDJRJLFDOO\�VRXQG�XVH�RI�QHZ�
WHFKQRORJ\�LQYROYHV�D�GHHSHU�XQGHUVWDQGLQJ�RI�OHDUQLQJ��:KLOH�WKLV�ZDV�H[SHFWHG��LW�GLG�QRW�SURYH�WR�EH�WKH�FDVH�
ZLWK�WKLV�GDWD�VHW���

x� 6XUYH\�UHVSRQVHV�LQGLFDWHG�WKDW�&2:V�ZHUH�XVHG�E\�����RI�VWDII��,QWHUHVWLQJO\��&2:V�DUH�GHVLJQHG�IRU�
VWXGHQW�XVH��&2:V�DUH�QRW�VSHFLILFDOO\�GHVLJQHG�IRU�VWDII�XVH���

x� 5HDO�WLPH�FROODERUDWLRQ�WRROV�SOD\HG�D�FHQWUDO�UROH�LQ�WKH�VWDII�GHYHORSPHQW�SURJUDPV��0RUH�WKDQ�����RI�
UHVSRQGHQWV�LQGLFDWHG�WKDW�WKH\�XVHG�UHDO�WLPH�FROODERUDWLRQ�WRROV�OLNH�JRRJOH�GRFXPHQWV�ZLWKLQ�WKHLU�
WHDFKLQJ��WKXV�HVWDEOLVKLQJ�D�FRQQHFWLRQ�EHWZHHQ�DFDGHPLF�VWDII�GHYHORSPHQW�SURJUDPV�DQG�DGRSWLRQ�RI�
WHFKQRORJ\���

x� ����RI�VXUYH\�UHVSRQVHV�UHSRUWHG�XVLQJ�D�ZKLWHERDUG�EXW�LQWHUHVWLQJO\�����PDGH�XVH�RI�WKH�GRFXPHQW�
FDPHUD��ZKLFK�PDQ\�UHJDUG�DV�WKH�IXWXUH�ZKLWHERDUG���

x� ����RI�UHVSRQGHQWV�LQGLFDWHG�WKDW�WKH\�ZHUH�XVLQJ�LQWHUDFWLYH�SURMHFWRU�WHFKQRORJ\�FRPSDUHG�WR�����XVLQJ�
WKH�EXLOW�LQ�FRPSXWHU��7KLV�WUHQG�LQ�UHVXOWV�VXJJHVWV�WKDW�WKH�QHHG�IRU�XVLQJ�SURMHFWRU�WHFKQRORJ\�ZDV��WR�
VRPH�H[WHQW�GLVSODFHG�E\�VFUHHQ�VKDULQJ�VRIWZDUH�XVHG�E\�����RI�UHVSRQGHQWV���

�
,Q�7LPH�
�
$FDGHPLF�DGRSWLRQ�RI�WHFKQRORJ\�LQ�WHDFKLQJ�LV�FRQVLVWHQW�ZLWK�SHGDJRJ\�WDUJHWLQJ�LQFUHDVHG�VWXGHQW�
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