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�

7KLV�SDSHU�UHIOHFWV�RXU�MRXUQH\�WRZDUGV�WKH�GUHDP�RI�D�VHDPOHVVO\�HQKDQFHG�WHDFKLQJ�DQG�OHDUQLQJ�
IUDPHZRUN�WR�VXSSRUW�RXU�DFDGHPLF�H[FHOOHQFH�WKURXJK�9/(V��:KLOH�ZH�RIWHQ�VHHN�WR�PRYH�
IRUZDUG�DQG�HPEUDFH�WKH�IXWXUH�RI�HGXFDWLRQ��LW�LV�LQFUHDVLQJO\�LPSRUWDQW�WR�UHIOHFW�RQ�WKH�
LPSRUWDQFH�RI�RXU�SUHVHQW��ERWK�LQ�WHUPV�RI�D�VWDEOH�EDVH�WR�EXLOG�RQWR�DQG�DV�D�ULFK�VRXUFH�RI�
OHVVRQV�WR�EH�OHDUQW��:H�WKHUHIRUH�VHHN�PRYH�DZD\�IURP�UHSHDWLQJ�WKH�PLVWDNHV�RI�RXU�SDVW��WDNLQJ�
D�EURDGHU�KROLVWLF�SHUVSHFWLYH�RI�WKH�HPEHGGLQJ�RI�WHFKQRORJ\�LQ�HGXFDWLRQ��2XU�PRGHO�DQG�
SUDFWLFHV�GUDZ�RQ�OLWHUDWXUH�WR�EXLOG�RQ�DQDORJ\�RI�D�OHDUQLQJ�HFRV\VWHP��ZKLFK�WKHQ�LQIRUPV�RXU�
ILUVW�VWHSV�LQ�D�EUDYH��QHZ��UHFRPELQDQW��IRUP���
�
.H\ZRUGV��/HDUQLQJ�HFRV\VWHP��HGXFDWLRQDO�WHFKQRORJ\��H�OHDUQLQJ��UHFRPELQDWLRQ��SHGDJRJ\��
KLJKHU�HGXFDWLRQ��9/(��HYROXWLRQ�
�

,QWURGXFWLRQ�
�
7KLV�SDSHU�UHIOHFWV�WKH�MRXUQH\�ZKLFK�ZH�KDYH�HPEDUNHG�XSRQ�ZLWKLQ�%XVLQHVV�6FKRRO�;��UHDFKLQJ�IRU�WKH�LG\OO�
RI�D�VHDPOHVVO\�HQKDQFHG�WHDFKLQJ�DQG�OHDUQLQJ�IUDPHZRUN�WR�VXSSRUW�RXU�DFDGHPLF�H[FHOOHQFH�WKURXJK�9LUWXDO�
/HDUQLQJ�(QYLURQPHQWV��9/(V���:KLOH�ZH�FRQWLQXDOO\�VHHN�WR�PRYH�IRUZDUG�DQG�HPEUDFH�WKH�IXWXUH�RI�
HGXFDWLRQ��ZH�KDYH�LQFUHDVLQJO\�FRPH�WR�UHIOHFW�RQ�WKH�LPSRUWDQFH�RI�RXU�SUHVHQW��ERWK�LQ�WHUPV�RI�D�VWDEOH�EDVH�
WR�EXLOG�RQWR��EXW�DOVR��DQG�PD\EH�PRUH�LPSRUWDQWO\��DV�D�ULFK�VRXUFH�RI�OHVVRQV�WR�EH�OHDUQW���
�
7KH�6FKRRO¶V�HDUO\�H[SORUDWLRQ�RI�9LUWXDO�/HDUQLQJ�(QYLURQPHQWV��9/(V��DV�WRROV�WR�VXSSRUW�WKH�HGXFDWLRQDO�
H[SHULHQFH�EHJDQ�RYHU�D�GHFDGH�DJR���������6LQFH�WKHQ��WKLV�UHODWLRQVKLS�KDV�FRQWLQXHG�WR�HYROYH��DQG�UHPDLQV�
DQ�LPSRUWDQW�SDUW�RI�HQKDQFLQJ��H[WHQGLQJ�DQG�UHLQIRUFLQJ�RXU�WHDFKLQJ�DQG�OHDUQLQJ��DORQJ�ZLWK�GHYHORSLQJ�QHZ�
LQQRYDWLYH�DQG�LQWHUQDWLRQDO�DSSURDFKHV��3DUW�RI�D�FROOHJLDWH�VWUXFWXUH�8QLYHUVLW\��WKH�VFKRRO�QRZ�VKDUHV�D�
FHQWUDO�9/(�ZLWK�RWKHU�6FKRROV��DQG�ERWK�EHQHILWV�IURP��DQG�FRQWULEXWHV�WR��D�ULFK�FXOWXUH�RI�SHGDJRJ\�DQG�
HGXFDWLRQDO�WHFKQRORJ\��
�
+RZHYHU��WZR�\HDUV�LQWR�WKH�PRVW�UHFHQW�9/(�XSJUDGH��DW�WKH�EHJLQQLQJ�RI�������LW�EHFDPH�DSSDUHQW�WKDW�WKRXJK�
ZH�ZHUH�VWLOO�DKHDG�RI�PDQ\�RI�RXU�6FKRRO�FRQWHPSRUDULHV��DJH�ROG�SUREOHPV�VWLOO�UHPDLQHG��7KH�9/(�ZDV�VWLOO�
SHUFHLYHG�LQVWLWXWLRQDOO\�DV�DQ�LVRODWHG�HOHPHQW�WKDW�RIWHQ�UHSOLFDWHG�SUHYLRXVO\�HVWDEOLVKHG�WURSHV��DQG�ZKLOH�
SRFNHWV�RI�LQQRYDWLRQ�GRWWHG�RXU�ODQGVFDSH�RXU�XVH�RI�WKH�V\VWHP�ZDV�QRW�IXOILOOLQJ�WKH�SURPLVH�RI�RXU�RULJLQDO�
DPELWLRQ��6WLOO�FRQVWUDLQHG�E\�ROGHU�SDUDGLJPV��ZH�QHHGHG�WR�PRYH�EH\RQG�RXU�EDVHOLQH�XVH��LQFUHDVH�VWDII�
XSWDNH�DQG�HVWDEOLVK�DQ�LQWHJUDWHG�DQG�FRQQHFWHG�DSSURDFK��PRUH�LQ�OLQH�ZLWK�RXU�DFDGHPLF�VWDII¶V�SHGDJRJLF�
EHVW�SUDFWLFH���
�
$W�WKH�VDPH�WLPH��LQFUHDVLQJ�H[WHUQDO�SUHVVXUHV�ZHUH�DGGLQJ�IXUWKHU�LPSHWXV�WR�HYROYH�RXU�HGXFDWLRQDO�
WHFKQRORJ\�RIIHULQJ��%HWWHU�VXSSRUW�PRGHOV�IRU�ODUJHU�FRKRUWV�RI�VWXGHQWV�ZHUH�QHHGHG��ZKLOH�VWLOO�PDLQWDLQLQJ�D�
KLJK�TXDOLW\�RI�WHDFKLQJ�DQG�SHUVRQDOLVDWLRQ��7KH�H[WHQVLRQ�DQG�LQWHJUDWLRQ�RI�RWKHU�VWXGHQW�VXSSRUW�VHUYLFHV�
ZLWKLQ�RXU�VXSSRUW�EDVH�ZDV�UHTXLUHG�WR�EHWWHU�H[WHQG�DQG�HQKDQFH�RXU�VWXGHQWV¶�HPSOR\DELOLW\�VNLOOV��
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�
6OHHSZDONLQJ�WR�WKH�IXWXUH�
�
'HVSLWH�WKH�HYHU�LQFUHDVLQJ�UDWH�RI�WHFKQRORJ\�LQQRYDWLRQ�ZLWK�LWV�YDVW�SHGDJRJLF�SRVVLELOLWLHV��ZLGH�VFDOH�
DGRSWLRQ�DQG�VHDPOHVV�LQWHJUDWLRQ�DUH�WDQWDOLVLQJ�FORVH�EXW�VWLOO�HOXGH�XV��$�FRPPRQ�WKHPH�WKURXJKRXW�WKH�
OLWHUDWXUH�DURXQG�HGXFDWLRQDO�WHFKQRORJ\�LV�WKH�IHHOLQJ�WKDW�³WHFKQRORJ\
V�SURPLVH�WR�WUDQVIRUP�OHDUQLQJ�LQ�KLJKHU�
HGXFDWLRQ�KDV�QRW�EHHQ�NHSW´���3ULYDWHHU�����������(YHQ�LI�WKH�UDWH�RI�LQQRYDWLRQ�DQG�LWV�XVH�IRU�SHGDJRJLFDO�
EHQHILW�ZLWKLQ�HGXFDWLRQ�LV�UDSLGO\�LQFUHDVLQJ��WKLV�LV�VWLOO�RIWHQ�SDWFK\�DQG�GLIILFXOW�WR�VXVWDLQ���
�
7KLV�LV�DQ�LVVXH�WKDW�FDQQRW�EH�LJQRUHG���0RRUH¶V�ODZ�GHQRWHV�WKH�HYHU�LQFUHDVLQJ�LPSRUWDQFH�RI�HTXLSSLQJ�RXU�
VWXGHQWV�WR�QDYLJDWH�DQ�LQFUHDVLQJO\�FRPSOH[�DQG�FKDQJHDEOH�GLJLWDO�ZRUOG��VHH�/RQJ��������6DQWDPDULD��������
<HW�ZH�VWLOO�VHHP�XQDEOH�WR�HYROYH�RXUVHOYHV�DV�LQVWLWXWLRQV�UHVSRQGLQJ�WR�WKHVH�FKDQJHV��DQG�HGXFDWLRQDO�
WHFKQRORJ\�LV�VWLOO�QRW�D�QDWXUDO�WHFKQRORJLFDO�JHVWXUH�IRU�PRVW�RI�RXU�VWDII�DQG�VWXGHQWV���LW�LV�VWLOO�µQRW�D�FKDLU¶��
�-HQQHU��������
�
6RPH�RI�WKLV�FDQ�SUREDEO\�EH�DWWULEXWHG�WR�WKH�OHYHO�RI�PDWXULW\�RI�WKH�WHFKQRORJ\�LWVHOI��ZKLFK�LV�RIWHQ�GHSOR\HG�
EHIRUH�LW�LV�HDV\�IDPLOLDU�HQRXJK�WR�DOORZ�XVHUV�WR�DFKLHYH�WKHLU�FRPPRQ�WDVNV���,Q�FDVHV�ZKHUH�LQQRYDWRUV�KDYH�
GHWHUPLQHGO\�VRXJKW�WR�µMXPS�DKHDG¶�ZLWK�LPPDWXUH�WHFKQRORJ\�WKH\�DUH�RIWHQ�WRR�IDU�DKHDG�RI�WKH�FXUYH��DQG�
KDYH�QRW�DGGUHVVHG�WKH�EDVLFV�ILUVW��:LWKRXW�D�VWDEOH�HQRXJK�EDVH�RI�NQRZOHGJH�DQG�SUDFWLFH��LQQRYDWLRQ�
WKHUHIRUH�FRQWLQXHV�WR�UHPDLQ�WKH�SUHURJDWLYH�RI�RQO\�WKH�EUDYH�DQG�RXW�RI�UHDFK�IRU�WKH�YDVW�PDMRULW\�RI�XVHUV���
�
$�FRQWUDVWLQJ�SRLQW�DOVR�IRXQG�LQ�VXUURXQGLQJ�OLWHUDWXUH�VXJJHVWV�WKDW�DOO�WRR�RIWHQ�WKH�IRFXV�RI�LPSURYHPHQWV�DW�
DQ�LQVWLWXWLRQDO�VWUDWHJLF�OHYHO�EHFRPHV�WKH�WHFKQRORJ\�³DV�D�SURGXFWLYLW\�RU�LQIRUPDWLRQ�DFFHVV�HQKDQFHU��DW�WKH�
H[SHQVH�RI�XVLQJ�LW�WR�UHYROXWLRQL]H�SHGDJRJ\´�3ULYDWHHU����������:H�WKHUHIRUH�RIWHQ�VHHP�WR�UHFUHDWH�
SUHYLRXVO\�HVWDEOLVKHG�WURSHV��DQ�HOHFWURQLF�ERRN��DQ�RQOLQH�IRUP���EXW�QRW�UHYLHZ�ZKDW�FRXOG�EH�GRQH�
�GLIIHUHQWO\��LQ�WKHVH�QHZ�FRQWH[WV�DQG�FRQWLQXH�WR�WDFNOH�ROG�SUREOHPV���VWXGHQW�HQJDJHPHQW��DVVHVVPHQW��JURXS�
ZRUN�HWF������ZLWK�QHZ�WRROV���
�
7KH�ILUVW�VWHS�LQ�RXU�HYROXWLRQ�PXVW�EH�WR�ORRN�DW�WKH�SUREOHPV�VWDII�DQG�VWXGHQWV�IDFH��DGGUHVVLQJ�DGPLQLVWUDWLYH�
DQG�WHFKQLFDO�IUXVWUDWLRQV��:H�FDQ�WKHQ�PRYH�RQ�ZLWK�D�UHDOLVWLF�KRSH�RI�VXFFHVVIXOO\�WDFNOLQJ�QHZ�WHFKQRORJ\�
DQG�PRUH�DGYHQWXURXV�DQG�RXWVWDQGLQJ�DFDGHPLF�SUDFWLFH���:H�WKHUHIRUH�QHHG�WR�VKLIW�RXU�IRFXV�RI�WHFKQRORJ\�
DGRSWLRQ�WR�DGDSWLRQ��DQG�WDFNOH�DIUHVK�WKH�XQGHUO\LQJ�SURFHVVHV�WKDW�VKDSH�WKH�UHDOLW\�RI�XVH�WR�ILQDOO\�HQVXUH�
WKDW�WHFKQRORJ\�³>UHDOLVHV@�LWV�WUXH�UHYROXWLRQDU\�GHVWLQ\´��3ULYDWHHU������������
�
8QGHUVWDQGLQJ�FRPSOH[LW\�WKURXJK�DQ�HFRV\VWHP�
�
/LPLWLQJ�RXUVHOYHV�WR�XVLQJ�WKH�9/(�DV�D�PHUH�WHFKQLFDO�VXSSRUW�IRU�OHFWXUH�QRWHV�KDUGO\�MXVWLILHV�WKH�
FRQVLGHUDEOH�LQYHVWPHQW��ILQDQFLDO�DQG�SURIHVVLRQDO��WKDW�RXU�HIIRUW�GHPDQGHG��:H�IHOW�WKLV�ZRXOG�KDYH�OLWWOH�
SHGDJRJLF�LPSDFW�IRU�WKH�6FKRRO�PRYLQJ�IRUZDUG�ZLWKRXW�WKH�UH�GHVLJQ�RI�DQ�LQWHJUDWHG��FRKHVLYH�VXSSRUW�
PRGHO��PRYLQJ�WRZDUGV�QHZ�³UHFRPELQDQW´�ZD\V�RI�ZRUNLQJ��.QRZOHGJH:RUNV��������7R�GR�WKLV�ZH�ZRXOG�
ILUVW�QHHG�WR�WDNH�VWHS�EDFN�DQG�ORRN�DW�WKH�ELJJHU�SLFWXUH��,Q�RUGHU�WR�WU\�WR�XQGHUVWDQG�WKH�FRPSOH[�LQWHUSOD\�RI�
IDFWRUV�DSSDUHQW�LQ�WKLV�PRUH�KROLVWLF�DSSURDFK�ZH�QHHGHG�D�PRGHO���
�
7KH�DQDORJ\�RI�DQ�HFRV\VWHP�WR�H[SODLQ�DQG�H[SORUH�WKH�LQWHUSOD\�RI�WHFKQRORJ\�RU�LQIRUPDWLRQ�LV�QRW�D�QHZ�RQH��
DQG�LV�LQFUHDVLQJO\��WKH�HFRORJLFDO�LV�LQFUHDVLQJO\�DSSDUHQW�LQ�H�OHDUQLQJ�OLWHUDWXUH��HPHUJLQJ�IURP�HDUOLHU�
FRQFHSWV�RI�LQIRUPDWLRQ�HFRORJ\��1DUGL�	�2¶'D\��������OHDUQLQJ�HFRORJ\��%URZQ��������FRPPXQLWLHV�RI�
SUDFWLFH��:HQJHU�������%DUDE�HW�DO���������QHWZRUNV�DV�HFRV\VWHPV��.HOO\��������DQG�HYLGHQW�LQ�WH[WV�VXFK�DV�
'HHS�/HDUQLQJ�IRU�D�'LJLWDO�$JH��:HLJHO�������DQG�H�/HDUQLQJ�IRU�WKH���VW�&HQWXU\��*DUULVRQ�DQG�$QGHUVRQ�
������´��)ULHOLFN���������
�
7DNLQJ�WKH�GHILQLWLRQ�RI�DQ�HFRV\VWHP�DV�RQH�ZKHUH�³PHPEHUV�EHQHILW�IURP�HDFK�RWKHU
V�SDUWLFLSDWLRQ�YLD�
V\PELRWLF�UHODWLRQVKLSV´��WKLV�WUDQVODWHV�LQ�H�OHDUQLQJ�DV�D�³GLJLWDO�HQYLURQPHQW�SRSXODWHG�E\�>GLJLWDO�VSHFLHV�
ZKLFK@��OLNH�OLYLQJ�VSHFLHV��LQWHUDFW��H[SUHVV�DQ�LQGHSHQGHQW�EHKDYLRU��DQG�HYROYH´��8GHQ�	�'DPLDQL������������
(DFK�HOHPHQW�RU�VSHFLHV�DQG�WKH�LQWHU�UHODWLRQVKLSV�EHWZHHQ�WKHP�GHVHUYHV�HTXDO�PHULW�DQG�FULWLFDO�UHIOHFWLRQ��WR�
LPSURYH�HIILFLHQF\��HIIHFWLYHQHVV�DQG�LQQRYDWLRQ�DQG�³FUHDWH�D�VXVWDLQDEOH�OHDUQLQJ�HQYLURQPHQW�WKDW�SURYLGHV�
WKH�JUHDWHVW�LPSDFW�IRU�WKH�OHDUQHU�DQG�WKHLU�RUJDQL]DWLRQ´��6SHQFHU��������
�
(FRORJLFDO�VXUYH\�
�
'HWHUPLQHG�WR�JHW�D�FOHDU�SLFWXUH�RI�RXU�QHHGV�DQG�UHYLHZ�RXU�XVH�RI�WKH�9/(�DIUHVK��LW�VHHPHG�³FUXFLDO�IRU�WKH�
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LQ�GHSWK�XQGHUVWDQGLQJ�RI�RQOLQH�OHDUQLQJ�HQYLURQPHQWV��DQG�WR�VWDQGDUGLVH�DQG�SURPRWH�HIIHFWLYH�H�OHDUQLQJ�
SUDFWLFHV´��5HQ\D������������WR�DQDO\VH�RXU�OHDUQLQJ�HFRV\VWHP�DQG�LWV�GLIIHUHQW�SDUWV��'UDZLQJ�RQ�5HQ\D¶V�
'LJLWDO�7HDFKLQJ�DQG�/HDUQLQJ�(FRV\VWHP��'7/(���LELG���PRGHO�ZH�VRXJKW�WR�XQGHUVWDQG�RXU�FXUUHQW�SRVLWLRQ�
DQG�WKH�µKHDOWK¶�RI�RXU�HFRV\VWHP��FRQVXOWLQJ�DQG�LQYROYLQJ�DOO�WKRVH�DVVRFLDWHG�LQ�WKH�HGXFDWLRQDO�H[SHULHQFH��
�
$V�SDUW�RI�KLV�HFRV\VWHP�DQDORJ\��5HQ\D�LGHQWLILHV�WZR�PDMRU�FRPSRQHQWV��ELRWLF�DQG�DELRWLF���
�

³7KH�ELRWLF�FRPSRQHQW�FRPSULVHV�WZR�VXEFDWHJRULHV��RUJDQLVPV�FRKDELWLQJ�LQ�WKH�7HDFKLQJ�1LFKH�
�OHFWXUHU��WXWRU�DQG�H�OHDUQLQJ�RIILFHU��DQG��RUJDQLVPV�FRKDELWLQJ�LQ�WKH�/HDUQLQJ�1LFKH��
�>VWXGHQWV@���7KH�DELRWLF�FRPSRQHQW�FRPSULVHV�WKH�SK\VLFDO�GHYLFHV�WKDW�VWXGHQWV�XVH�WR�DFFHVV�
FRQWHQW��>FRPSXWHUV��ODSWRSV��PRELOH�GHYLFHV��HWF@���WKH�LQWHUQHW�FRQQHFWLRQ�>���@��WKH�H�OHDUQLQJ�
LQWHUIDFH�RU�SRUWDO��DQG�WKH�FRQWHQW��ZKLFK�FDQ�EH�VWDWLF�RU�G\QDPLF´��5H\QD��������������

�
$V�0DUVKDOO�	�0LWFKHOO�QRWH��DQDO\VHV�RI�H�OHDUQLQJ�RIWHQ�RQO\�H[DPLQH�WKH�RXWFRPHV�RI�³LQGLYLGXDO�SUDFWLFHV´��
ZLWKRXW�D�³GHHSHU�DQDO\VLV�RI�WKH�FRQWULEXWLRQV�RI�WKH�LQVWLWXWLRQDO�FRQWH[W´���������7R�PRYH�EH\RQG�RXU�FXUUHQW�
SURFHVVHV�KRZHYHU�ZH�QHHG�D�³PRUH�KROLVWLF�DSSURDFK�ZLWK�D�IRFXV�RQ�EHVW�V\VWHPV´��LELG�����0DQ\�RI�WKH�
H[LVWLQJ�HFRV\VWHP�PRGHOV�ZH�FDPH�DFURVV�VWLOO�UHPDLQHG�WRR�QDUURZ��RQO\�ORRNLQJ�DW�VSHFLILF�LQWHUDFWLRQ�
EHWZHHQ�WKH�³OHFWXUHU��WXWRU�DQG�H�OHDUQLQJ�RIILFHU´��5H\QD�������DQG�LJQRULQJ�WKH�LPSDFW�RI�WKH�IXQFWLRQDO�
DGPLQLVWUDWLYH�DQG�SHUVRQDO�VXSSRUW�SURYLGHG�E\�DGPLQLVWUDWLYH�VXSSRUW�WHDPV�DQG�SURIHVVLRQDO�VWDII��,W�ZDV�DOVR�
LPSRUWDQW�WR�XV�WR�QRW�MXVW�LGHQWLI\�FRPSRQHQWV�RI�RXU�HFRV\VWHP�DQG�GHILQH�WKH�VWUXFWXUHV�WKDW�WKH\�RSHUDWHG�LQ�
WR�VXSSRUW�OHDUQLQJ��EXW�DOVR�UHFRJQLVH�WKDW�ELRWLF�FRPSRQHQWV�HVSHFLDOO\�LQKDELW�PXOWLSOH�µZHEV¶�RI�³6XSSRUWLQJ�
UHODWLRQVKLSV��JRDOV��VNLOOV�JDSV��IHHGEDFN��SURFHVVHV��RXWFRPHV�´��6SHQFHU���������:H�GHFLGHG�WR�IXUWKHU�
H[DPLQH�WKH�UHODWLRQVKLSV�RI�FRPSRQHQWV�JOREDOO\�DQG�GHWHUPLQH�ZKDW�HOHPHQWV�DQG�DFWLRQV�DOUHDG\�OHG�RU�FRXOG�
OHDG�WR�PRUH�³V\PELRWLF´�DQG�SRVLWLYH�FROODERUDWLRQ�EHWZHHQ�WKHP��5H\QD��������
�
7KHVH�DOWHUDWLRQV�WR�WKH�'7/(�PRGHO�WU\�WR�WDNH�LQWR�DFFRXQW�WKH�KROLVWLF�LPSDFW�RI�ZLGHU�SURFHVV�DQG�ZHEV�RI�
LQWHUDFWLRQ��WR�EXLOG�D�PRUH�UHDOLVWLF�DQG�PRUH�KXPDQ�SHUVSHFWLYH�RQ�HGXFDWLRQDO�WHFKQRORJ\�XVH�LQ�WKH�6FKRRO��
$UPHG�ZLWK�WKHVH�FRQFHSWXDO�WRROV��ZH�WKHUHIRUH�GHFLGHG�WR�FRQGXFW�RXU�RZQ�µ(FRORJLFDO�6XUYH\¶�WR�VLPLODUO\�
LGHQWLI\�PDMRU�FRPSRQHQWV�DQG�DUHDV�RI�QHJDWLYH�LPSDFW�DQG�JDWKHU�UHTXLUHPHQWV�IRU�IXUWKHU�DFWLRQ����
�
0HWKRGRORJ\�
�
2XU�PHWKRGRORJ\�ZDV�PXOWL�VWUDQGHG��LQYROYLQJ�D�VHULHV�RI�VWUXFWXUHG�FRQYHUVDWLRQV�DQG�ZRUNVKRSV�ZLWK�VWDII��
DQG�DQDO\VLV�RI�GDWD�IURP�VWDII�DQG�VWXGHQW�VXUYH\V��:LWK�WKLV�PL[�RI�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�PHWKRGV�ZH�
KRSHG�WR�FDSWXUH�D�EURDG�SHUVSHFWLYH�RI�WKH�6FKRRO¶V�QHHGV�IURP�DFURVV�WKHVH�WKUHH�JURXSV��,Q�DGGLWLRQ��DOO�OHYHOV�
ZLWKLQ�WKH�6FKRRO�ZHUH�LQYROYHG�DV�SDUW�RI�D�VLPXOWDQHRXV�WRS�GRZQ�DQG�ERWWRP�XS�DSSURDFK��VHH�)UD\HU��������
WR�³HQFRXUDJH�RZQHUVKLS�DQG�>SURYLGH@�D�GLUHFWLRQ�IRU�GHYHORSPHQWV´��1HZODQG�HW�DO��������8OWLPDWHO\�ZH�WULHG�
WR�DVFHUWDLQ�FRPPRQ�WKHPHV�DFURVV�WKH�6FKRRO�DV�D�ZKROH��DV�ZHOO�DV�PRUH�VSHFLILF�SULRULWLHV�IRU�VWXGHQWV��DQG�
VWDII���
�
7R�PDNH�VWUXFWXUHG�FRQYHUVDWLRQV�UHOHYDQW�WR�VWDII�DQG�HVWDEOLVK�D�VKDUHG�IUDPH�RI�UHIHUHQFH��ZH�WULHG�WR�HQVXUH�
LPSURYHPHQWV�ZHUH�DQ�RSHQ�UHVSRQVH�WR�VWDII�IHHGEDFN��DQG�EXLOW�XS�D�PRGHO�WR�DOORZ�LQWHUORFXWRUV�WR�VLWXDWH�
WKHPVHOYHV�DQG�WKHLU�DVSLUDWLRQV��VHH�/DXULOODUG¶V�&RQYHUVDWLRQDO�)UDPHZRUN���������7KLV�ZDV�LQVSLUHG�E\�DQ�
LQLWLDO�8QLYHUVLW\�ZLGH��µ3HGDJRJ\�8SJUDGH�SURMHFW¶��EDVHG�RQ�WKH�(GLQEXUJK�1DSLHU��(�)UDPHZRUN���������
7KLV�DLPHG�WR�³KHOS�DFDGHPLF�VWDII�WR�FRQVLGHU�QHZ�RU�IXUWKHU�GHYHORSHG�XVHV�RI�WHFKQRORJ\�WKDW�DUH�DSSURSULDWH�
IRU�WKH�FRQWH[WV�ZLWKLQ�ZKLFK�WKH\�WHDFK´��������ZLWKLQ�WKHLU�PRGXOHV��:H�H[SDQGHG�WKLV�EH\RQG�EHQFKPDUNLQJ�
DQG�LQWR�D�PRGHO�IRU�GLVFXVVLQJ�HGXFDWLRQDO�H[FHOOHQFH�ZLWK�RXU�DFDGHPLF�VWDII��ZLWK�WKHVH�FDWHJRULHV��(�
FDWHJRULHV�UH�HPHUJHG�DV�((,��(IILFLHQF\��(IIHFWLYHQHVV��DQG�,QQRYDWLRQ���
�

�
)LJXUH����(IILFLHQF\��(IIHFWLYHQHVV��DQG�,QQRYDWLRQ��((,��0RGHO�

�
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$�IUHVK�VWDUW�RQ�D�QHZ�V\VWHP�ZDV�DOVR�DQ�RSSRUWXQLW\�EHQFKPDUN�DQG�ORRN�DW�KRZ��UDWKHU�WKDQ�MXVW�ZKHWKHU��
WHFKQRORJ\�ZDV�XVHG�IRU�WHDFKLQJ��$�6WDII�0RRGOH�5HTXLUHPHQWV�6XUYH\�ZDV�VHQW�RXW�LQ�'HFHPEHU�������WR�
JDWKHU�DQRQ\PRXV�IHHGEDFN�DV�SDUW�RI�WKH�8QLYHUVLW\�ZLGH�9/(�XSJUDGH�LQLWLDWLYH��GXH�LQ�������7KH�UHVXOWV�IRU�
6FKRRO�VWDII�����UHVSRQGHQWV��ZHUH�DQDO\VHG�WR�LGHQWLI\���WRS�SULRULWLHV�IRU�LPSURYHPHQW�LQ�WKH�QHZ�V\VWHP��
*URXS�DVVLJQPHQWV�DQG�IHHGEDFN��)DVWHU�DGGLQJ�DQG�PRUH�HIIHFWLYH�PDQDJHPHQW�RI�FRQWHQW��(DVLHU�DGGLQJ�RI�
JUDGHV�DQG�IHHGEDFN��,PSURYLQJ�WKH�LQWHJUDWLRQ�RI�RWKHU�XQLYHUVLW\�V\VWHPV��VXFK�DV�WLPHWDEOLQJ��ZLWKLQ�WKH�
9/(��
�
+RZHYHU��HYHQ�DUPHG�ZLWK�WKLV�GDWD��WR�EXLOG�D�VROLG�IRXQGDWLRQ�ZH�QHHGHG�WR�ORRN�EH\RQG�SXUH�WHFKQRORJ\�
VROXWLRQV�DQG�HQJDJH�RXU�FRPPXQLW\�DV�D�ZKROH�LQ�D�PRUH�VKDUHG�DQG�FRQVLVWHQW�HIIRUW�WR�HYROYH�WRJHWKHU���
�
%LRWLF�&RPSRQHQWV�
�
:LWKLQ�WKH�VFRSH�RI�RXU�OHDUQLQJ�HFRV\VWHP�ZH�LGHQWLILHG�WKUHH�NH\�ELRWLF�FRPSRQHQWV��)DFXOW\�VWDII��
3URJUDPPH��&RXUVH�2IILFH��3URIHVVLRQDO�VWDII�DQG�6WXGHQWV���
�

�
)LJXUH����7ULIHFWD�RI�ELRWLF�FRPSRQHQWV�

�
&RQWLQXLQJ�RXU�EURDG�DQG�FRPSOH[�SHUVSHFWLYH��LW�ZDV�FUXFLDO�WR�YLHZ�WKHVH�ELRWLF�SDUWV�DV�EHLQJ�V\PELRWLF�DQG�
LQWHUUHODWHG���D�WULIHFWD�UDWKHU�WKDQ�LVRODWHG�LQLWLDWLYHV��:H�WKHUHIRUH�VHW�DERXW�WU\LQJ�WR�UHILQH�RXU�XQGHUVWDQGLQJ�
RI�WKLV�WULIHFWD�DQG�LWV�UHTXLUHPHQWV�WR�GLVFRYHU�WKH�DUHDV�WKDW�QHHGHG�LPSURYHPHQW�DQG�ZRXOG�SURYLGH�WKH�
³JUHDWHVW�EHQHILWV�IRU�VWXGHQWV�DQG�IRU�WKH�LQVWLWXWLRQ�DV�D�ZKROH´��0DUVKDOO�	�0LWFKHOO��������
�
&ODULW\�DQG�SULRULWLHV�IURP�6WDII��
:H�PHW�ZLWK�WKH�+HDGV�RI�HDFK�)DFXOW\�DV�SDUW�RI�VWUXFWXUHG�FRQYHUVDWLRQV�WR�GLVFXVV�DUHDV�RI�LQWHUHVW�RU�FRQFHUQ�
DQG�SUHVHQW�WKH�6FKRRO¶V�µ7RS��¶�9/(�LPSURYHPHQWV�IRU�FRPPHQW�XVLQJ�FRQFHSWV�IURP�WKH�((,�IUDPHZRUN��
7KLV�ZDV�DOVR�HFKRHG�LQ�GHEDWHV�LQ�WKH�6FKRRO¶V�7HDFKLQJ�	�/HDUQLQJ��7	/��&RPPLWWHH��ZKLFK�FRXQWV�
PHPEHUV�RI�WKH�6FKRRO¶V�$FDGHPLF�4XDOLW\�6HUYLFHV�DQG�7	/�&KDPSLRQV�IURP�HDFK�)DFXOW\�ZKR�UDLVH�WKH�
SURILOH�RI�HGXFDWLRQDO�GHYHORSPHQW�RSSRUWXQLWLHV�ZLWKLQ�WKHLU�GLVFLSOLQH�DQG�PHQWRU�QHZ�DFDGHPLF�VWDII��
&RPELQHG�ZLWK�GLUHFWLRQ�IRU�WHFKQRORJLFDO�LPSURYHPHQWV�WKLV�DOVR�KDG�WKH�SURPLVH�RI�SURYLGLQJ�D�ZLGHU�LPSDFW�
RI�SHGDJRJLF�EHQHILWV��
�
)RU�RXU�WKUHH�ODUJHVW�3URJUDPPH�WHDPV��8QGHUJUDGXDWH��6SHFLDOLVW�0DVWHUV�DQG�0DVWHUV���ZH�UDQ�ZRUNVKRSV�WR�
PDS�RXW�ZKDW�VXSSRUW�PHFKDQLVPV�WKH\�RIIHUHG�WR�DFDGHPLF�VWDII�DQG�VWXGHQWV�XVLQJ�HGXFDWLRQDO�WHFKQRORJ\��
DQG�WR�LGHQWLI\�DUHDV�ZKHUH�SURFHVVHV�FRXOG�VWUHDPOLQHG��7KH�WKUHH�3URJUDPPH�WHDPV�DOVR�QHYHU�PHW�VR�ZH�UDQ�D�
ZRUNVKRS�WR�DLG�UHIOHFWLRQ��KHOSLQJ�WKHP�DQG�XV�XQGHUVWDQG�WKHLU�VLPLODULWLHV�DQG�GLIIHUHQFHV��DQG�UDWLRQDOLVH�
ORFDOLVHG�SUDFWLFHV��&RPPRQDOLWLHV�HPHUJHG�DURXQG�LQHIILFLHQW�SURFHVVHV�DURXQG�HGXFDWLRQDO�WHFKQRORJ\��
PDNLQJ�VXSSRUWLQJ�UHOXFWDQW�)DFXOW\�VWDII�KDUGHU�DQG�FUHDWLQJ�D�QHHG�IRU�HDVLHU�UHSRUWLQJ�DQG�IHHGEDFN��'LVWLQFW�
GLIIHUHQFH�EHWZHHQ�GLIIHUHQW�3URJUDPPHV¶�SURFHVVHV��UHIOHFWHG�LQ�WKHLU�EDVHOLQH�XVH��DOVR�FDXVHG�FRQIXVLRQ�EXW�
RYHUDOO��WKH�GD\�DOORZHG�VWDII�WR�JHW�D�EURDGHU�XQGHUVWDQGLQJ�RI�KRZ�WKLQJV�FRXOG�ZRUN��DQG�SODQ�DURXQG�
HGXFDWLRQDO�WHFKQRORJ\�DV�D�JURXS�IRU�WKH�QH[W�DFDGHPLF�\HDU��
�
/DVWO\��ZLWK�D�PRUH�KROLVWLF�YLHZ�RI�WKH�VWXGHQW�H[SHULHQFH��ZH�PHW�ZLWK�FXUULFXODU�DQG�QRQ�FXUULFXODU�VXSSRUW�
VHUYLFHV�DYDLODEOH�WR�VWXGHQWV��LQFOXGLQJ�&DUHHUV��/LEUDU\�6HUYLFHV�DQG�$FDGHPLF�4XDOLW\�6HUYLFHV��)URP�WKLV�ZH�
JDLQHG�D�EHWWHU�SHUVSHFWLYH�RI�WKH�UHVRXUFHV�DYDLODEOH�WR�RXU�VWXGHQWV�DQG�ZHUH�DEOH�WR�LQFOXGH�WKHVH�LQ�RWKHU�
GLVFXVVLRQV�ZLWK�VWDII��DV�ZHOO�DV�ODWHU�EXLOGLQJ�WKHVH�LQWR�PRGXOH�WHPSODWHV�DQG�SURFHVVHV��7KLV�VKRXOG�HQVXUH�
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WKDW�SDWKV�WR�VWXGHQW�VXSSRUW�DUH�FRQVLVWHQWO\�DQG�YLVLEO\�KLJKOLJKWHG�IRU�DOO��DQG�WKDW�WKHVH�VHUYLFHV�KDYH�D�EHWWHU�
TXDOLW\�SUHVHQFH�ZLWKLQ�WKH�HGXFDWLRQDO�HQYLURQPHQW��
�
/RRNLQJ�WKURXJK�WKH�H\HV�RI�RXU�6WXGHQWV�
,Q�DGGLWLRQ�WR�WKH�UHVXOWV�RI�VWXGHQW�IHHGEDFN�IURP�WKH�1DWLRQDO�6WXGHQW�6XUYH\��166���ZH�VXSSRUWHG�D�VWXGHQW�
OHG�UHVHDUFK�SURMHFW�DQG�JURXS�GLVFXVVLRQV�DURXQG�WKH�XVH�RI�WKH�9/(�LQ�WKH�6FKRRO��7ZR�VWXGHQWV�VXUYH\HG�WKHLU�
WKLUG�\HDU�8QGHUJUDGXDWH�SHHUV��WKHQ�DQDO\VHG�WKH����UHVSRQVHV�DQG�FROODWHG�D�UHSRUW�RI�UHFRPPHQGDWLRQV��7KHVH�
ZHUH�RIWHQ�DURXQG�SUREOHPV�RI�FRQVLVWHQF\�LQ�FRPPXQLFDWLRQ�DQG�LQIRUPDWLRQ�ZLWKLQ�0RRGOH��DQG�KLJKOLJKWHG�D�
SHUFHSWLRQ�WKDW�WKH�9/(�ZDV�RQO\�D�SODFH�WR�JHW�JUDGHV��QRW�DQ�HQYLURQPHQW�IRU�OHDUQLQJ��7KHUH�ZDV�DOVR�D�ODFN�
RI�DZDUHQHVV�RI�WKH�PDQ\�DFDGHPLF�DQG�H[WUD�FXUULFXODU�VXSSRUW�RSSRUWXQLWLHV��VXFK�DV�/LEUDU\�,QIRUPDWLRQ�DQG�
&DUHHUV���
�
$ORQJVLGH�RWKHU�LQIRUPDO�JURXS�GLVFXVVLRQV�ZLWK�WKLUG�\HDU�8QGHUJUDGXDWH�%XVLQHVV�LQ�,QIRUPDWLRQ�7HFKQRORJ\�
VWXGHQWV��D�FOHDUHU�UHSUHVHQWDWLRQ�HPHUJHG�RI�KRZ�VWXGHQWV�SHUFHLYHG�WKH�V\VWHP�DQG�ZDQWHG�IURP�LW��$V�
UHFRJQLWLRQ�IRU�WKHLU�FRQWULEXWLRQ��WKH�VWXGHQWV�ZHUH�RIIHUHG�WKH�RSSRUWXQLW\�WR�SUHVHQW�WKHLU�DFDGHPLF�SDSHU�DW�
WKH�DQQXDO�0RRGOH�5HVHDUFK�&RQIHUHQFH��/RRNLQJ�IRUZDUG��WKLV�VWXGHQW�OHG�UHVHDUFK�RIIHUV�D�JUHDW�PRGHO�IRU�
HQJDJLQJ�ZLWK�VWXGHQWV�DQG�JDWKHULQJ�IHHGEDFN��QRWZLWKVWDQGLQJ�WKH�DGGLWLRQDO�HPSOR\DEOH�VNLOOV�WKH�VWXGHQWV�
DFKLHYHG�WKURXJK�WKH�SURFHVV��
�
&RPPRQ�7KHPHV�
)URP�WKHVH�PXOWLSOH�DSSURDFKHV�ZH�JDWKHUHG�NH\�WKHPHV�DFURVV�WKH�6FKRRO��DV�ZHOO�DV�VSHFLILF�SULRULWLHV�IRU�
VWXGHQWV��HDFK�&RXUVH�2IILFH�DQG�)DFXOWLHV��$ORQJVLGH�RXU�SUHYLRXV�DFWLRQV�WR�EXLOG�D�PRUH�FRKHVLYH�VXSSRUW�
PRGHO�DQG�DGGUHVV�WKH�V\VWHP¶V�PDWXULW\��ZH�DOVR�QHHGHG�WR�ILQG��
�
Ɣ� :D\V�WR�PRYH�EH\RQG�EDVHOLQH�XVH�DQG�VHW�QHZ�H[SHFWDWLRQV�IRU�WKH�IXWXUH��UDLVLQJ�HGXFDWLRQDO�VWDQGDUGV�

DFURVV�DOO�FRXUVHV���
Ɣ� %HWWHU�PRGHOV�IRU�GLVWLOOLQJ�DQG�HPEHGGLQJ�HIIHFWLYH�WHDFKLQJ�SUDFWLFHV��RIIHULQJ�D�ZLGHU�VFRSH�IRU�

LQQRYDWLRQ���
Ɣ� 3URYLGLQJ�D�PRUH�VXSSRUWLYH��KROLVWLF�OHDUQLQJ�H[SHULHQFH�E\�DOORZLQJ�DOO�SDUWV�RI�WKH�WULIHFWD�WR�ZRUN�

FRQVLVWHQWO\�LQ�V\PELRVLV��
Ɣ� 'HYHORSLQJ�EHWWHU�PHFKDQLVPV�IRU�UHSRUWLQJ�DQG�UHYLHZ�RI�RXU�RQJRLQJ�UHFRPELQDWLRQ�PRGHOV�
�
6KDUHG�H[SHFWDWLRQV�
3DUW�RI�ZRUNLQJ�WRJHWKHU�LV�NQRZLQJ�ZKDW�VXSSRUW�\RX�FDQ�H[SHFW�IURP�\RXU�FROOHDJXHV��VR�ZH�VHW�RXW�WR�PDNH�
H[SOLFLW�WKH�UHODWLRQVKLS�ZHEV�LQ�ZKLFK�HDFK�FRPSRQHQW�SOD\V�D�SDUW��-XVW�DV�V\PELRWLF�UHODWLRQVKLSV�ZLWKLQ�DQ�
HFRV\VWHP�DUH�FDXJKW�LQ�D�GHOLFDWH�HTXLOLEULXP��ZH�LQFUHDVLQJO\�IHOW�WKDW�SURJUHVV�DQG�VWDELOLW\�ZRXOG�UHO\�RQ�DOO�
SDUWV�RI�RXU�WULIHFWD�EHLQJ�DZDUH�RI�WKHLU�LQWHUGHSHQGHQFH�DQG�ZRUNLQJ�WRJHWKHU�WR�D�VKDUHG�XQGHUVWDQGLQJ���
�
%DVHG�RQ�RXU�FRQYHUVDWLRQV�DQG�UHVHDUFK�ZH�WKHUHIRUH�VHW�DERXW�WU\LQJ�WR�H[SUHVV�VRPH�RI�WKH�EDVLF�SULQFLSOHV�
WKDW�FRXOG��RU�VKRXOG��XQGHUSLQ�KRZ�WKHVH�FRPSRQHQWV�LQWHUDFW��:H�DOVR�UHDOLVHG��IURP�D�UHIOH[LYH�SHUVSHFWLYH�
GXULQJ�GLVFXVVLRQV�WKDW�ZH�WKH�(�OHDUQLQJ�WHDP��HVWDEOLVKHG�WR�VXSSRUW�WKH�XVH�RI�HGXFDWLRQDO�WHFKQRORJ\�ZLWKLQ�
WKH�6FKRRO��ZHUH�DOVR�D�NH\�SDUW�RI�WKH�6FKRRO¶V�OHDUQLQJ�HFRV\VWHP��DQG�DGGHG�ZKDW�ZH�KRSHG�VXPPDULVHG�
ZKDW�ZH�KDG�WR�RIIHU��
�
7KH�VKDUHG�H[SHFWDWLRQV�VWDWHPHQWV�EHORZ�VHHN�WR�HVWDEOLVK�WKH�VKDUHG�H[SHFWDWLRQV�RI�ZKDW�HDFK�ELRWLF�JURXS�
FDQ�RIIHU�HDFK�RWKHU�DQG�ZKDW�WKH\�VKRXOG�EH�DEOH�WR�H[SHFW�LQ�UHWXUQ���
�
)DFXOW\��/HFWXUHUV�DQG�9LVLWLQJ�/HFWXUHUV���)DFXOW\��ZRUNLQJ�LQ�SDUWQHUVKLS�ZLWK�WKH�&RXUVH�2IILFH��ZLOO�
SURYLGH�D�VXSSRUWLYH�OHDUQLQJ�H[SHULHQFH�WR�GLVWLOO�HGXFDWLRQDO�H[FHOOHQFH�DQG�VWUHQJWKHQ�6WXGHQW�OHDUQLQJ��
�
&RXUVH�2IILFH��ZLWK�RWKHU�3URIHVVLRQDO�6HUYLFHV���7KH�&RXUVH�2IILFH�ZLOO�SURYLGH�D�FRQVLVWHQW�SRLQW�RI�FRQWDFW�
IRU�6WXGHQWV�HQJDJHPHQW�ZKLOH�ZRUNLQJ�LQ�SDUWQHUVKLS�ZLWK�)DFXOW\�WR�SURYLGH�DQ�HIILFLHQW�HGXFDWLRQDO�
HQYLURQPHQW��
�
6WXGHQWV��6WXGHQWV�ZLOO�HQJDJH�ZLWK�WKH�&RXUVH�2IILFH�WKURXJK�FRQVROLGDWHG�VXSSRUW�PHFKDQLVPV�ZKLOH�
GHYHORSLQJ�WKHLU�HGXFDWLRQDO�VWUHQJWK�ZLWK�WKH�FXOPLQDWLRQ�RI�HGXFDWLRQDO�H[FHOOHQFH��
�
(GXFDWLRQDO�7HFKQRORJLVWV��,QWHUZHDYLQJ�WKLV�PRGHO�DUH�(GXFDWLRQDO�7HFKQRORJLVWV�ZKR�IDFLOLWDWH�LQLWLDO�
GLVFXVVLRQV�DQG�SURYLGH�D�IUDPHZRUN�IRU�WKH�VKDULQJ�RI�JRRG�SUDFWLFH�E\�HPEHGGLQJ�DQ\�HIILFLHQFLHV�GLUHFWO\�
LQWR�WKH�WHFKQRORJ\�WKDW�HYHU\RQH�XVHV��:H�HQVXUH�WKH�VWDEOH�VHW�XS�DQG�WDLORULQJ�RI�WKHVH�SURFHVVHV�LQ�WKH�
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9/(�RWKHU��DELRWLF��WHFKQRORJLHV��ZLWK�JRRG�IHHGEDFN�FKDQQHOV�LQ�SODFH�IRU�DOO�SDUWLHV�LQYROYHG��2QFH�WKLV�
FRPPRQ�IUDPHZRUN�DQG�VXSSRUW�EDVH�LV�HVWDEOLVKHG�IRU�DOO�WR�UHIHU�WR��ZH�WKHQ�SURYLGH�WUDLQLQJ�DQG�VSHFLDOLVW�
H[SHUWLVH�DURXQG�HIIHFWLYH�DQG�LQQRYDWLYH�SUDFWLFH��
�
$ELRWLF�FRPSRQHQWV��
�
:KLOH�VHHNLQJ�WR�ORRN�EH\RQG�SXUH�LPSOHPHQWDWLRQ�DQG�DGRSWLRQ�RI�WHFKQRORJ\��HGXFDWLRQDO�WHFKQRORJ\�³DELRWLF�
FRPSRQHQWV�DOVR�KDYH�UROHV�ZKLFK�FRQWULEXWH�WR�WKH�RUJDQLVDWLRQ�RI�WKH�V\VWHP´��5H\QD�������������7R�PRYH�
RXU�HGXFDWLRQDO�WHFKQRORJLHV�WRZDUGV�EHFRPLQJ�QDWXUDO�WHFKQRORJLFDO�JHVWXUHV��WKH\�PXVW�EH�PDWXUH��VWDEOH�DQG�
SHGDJRJLFDOO\�UHOHYDQW�IURP�WKH�EHJLQQLQJV�RI�WKHLU�DGDSWDWLRQ��,I�ZH�ZDQWHG�WKH�9/(�HVSHFLDOO\�WR�EH�GHHSO\�
HPEHGGHG�ZH�QHHGHG�WR�DGGUHVV�WKH�V\VWHP¶V�PDWXULW\��DQG�LPSURYH�LWV�IXQFWLRQDOLW\�DQG�PDNH�LW�PRUH�XVHU�
IULHQGO\��)RU�VKDUHG�H[SHFWDWLRQV�WR�EH�D�VXFFHVV��DQG�PDNH�PRYLQJ�EH\RQG�HIIRUWOHVV�DQG�DWWUDFWLYH��LQLWLDO�HIIRUW�
PXVW�EH�SXW�LQ�WR�HVWDEOLVK�WKH�EDVLFV�DQG�HQVXUH�RXU�V\VWHPV�DUH�WDLORUHG�DQG�ILW�IRU�RXU�SXUSRVH���
�
$�WHPSODWH�IRU�H[FHOOHQFH�
,Q�FRQMXQFWLRQ�ZLWK�WKH�VKDUHG�H[SHFWDWLRQV�ZKLFK�H[SOLFLWO\�KLJKOLJKWHG�ZRUNLQJ�UHODWLRQVKLSV��SRLQWV�RI�FRQWDFW�
DQG�VHUYLFHV�ZHUH�DOVR�HPEHGGHG�DFURVV�WHPSODWHV�IRU�9/(�FRXUVHV��7KLV�VKRXOG�HQVXUH�WKDW�DFURVV�DOO�OHYHOV�RI�
D�&RXUVH¶V�RQOLQH�SUHVHQFH��3URJUDPPH��'HJUHH�DQG�0RGXOH��HYHU\RQH�KDV�HDV\�DQG�REYLRXV�DFFHVV�WR�UHOHYDQW�
DFDGHPLF��DGPLQLVWUDWLYH�DQG�H[WUD�FXUULFXODU�LQIRUPDWLRQ��%H\RQG�VWUHDPOLQLQJ�VXSSRUW�DQG�SURFHVVHV��WKLV�DOVR�
WULHG�WR�DGGUHVV�LVVXHV�RI�FRQVLVWHQF\�WR�EXLOG�D�EHWWHU��PRUH�UHOLDEOH�DQG�IDPLOLDU�OHDUQLQJ�HQYLURQPHQW��
�
7KUHH�VWDQGDUGLVHG�VXSSRUW�EORFNV��VHW�WR�DSSHDU�LQ�WKH�VDPH�SODFH�RQ�HYHU\�6FKRRO�PRGXOH�WHPSODWH��IRUP�WKH�
EDVLV�IRU�PRUH�HPEHGGHG�DQG�FRQVROLGDWHG�VXSSRUW�VHUYLFHV�DQG�UHVRXUFHV��7KLV�VKRXOG�HQVXUH�WKDW�DFURVV�DOO�
OHYHOV�RI�D�PRGXOHV¶�RQOLQH�SUHVHQFH��3URJUDPPH��'HJUHH�DQG�0RGXOH��VWXGHQWV��DQG�VWDII��KDYH�HDV\�DQG�
REYLRXV�DFFHVV�WR�WKH�UHOHYDQW�DFDGHPLF��DGPLQLVWUDWLYH�DQG�H[WUD�FXUULFXODU�LQIRUPDWLRQ��&HQWUDOLVHG�VXSSRUW�
PRGXOHV��FRQVLVWHQWO\�OLQNHG�WKURXJK�WKH�VWDQGDUGLVHG�EORFNV��ZHUH�GHVLJQHG�WR�HQFDSVXODWH�NQRZOHGJH�IURP�
DFURVV�WKH�6FKRRO�IRU�ERWK�6WXGHQWV�DQG�6WDII�DQG�LPSURYH�NQRZOHGJH�PDQDJHPHQW�DQG�LQFUHDVH�GLVVHPLQDWLRQ��
)RU�9/(�KHOS��VHSDUDWH�RQOLQH�LQGXFWLRQ�PRGXOHV�IRU�VWDII�DQG�VWXGHQWV�KROG�UHOHYDQW�JXLGHV�ZKLOH�SXUHO\�
WHFKQLFDO�SUREOHPV�DUH�UHGLUHFWHG�WR�,7���
�
,Q�DGGLWLRQ�RXU�WHPSODWHV�DOVR�DLP�WR�UHGXFH�XQQHFHVVDU\�WHFKQLFDO�FRPSOH[LW\�IRU�VWDII�DQG�PDNH�JRRG�
HGXFDWLRQDO�SUDFWLFH�WKH�QRUP��WDNLQJ�DQG�HPEHGGLQJ�EHVW�SUDFWLFH�LQ�WHUPV�RI�VHW�XS�IURP�DOO�WKUHH�3URJUDPPHV��
7KLV�VHHPV�NH\�WR�DOORZ�DOO�VWDII�WR�FRQFHQWUDWH�RQ�PRUH�HIIHFWLYH�DQG�LQQRYDWLYH�ZD\V�RI�VKDULQJ�WKHLU�
NQRZOHGJH�DQG�HQJDJLQJ�ZLWK�VWXGHQWV���
�
7R�SURYLGH�D�FRQVLVWHQW�PRGHO�IRU�EDVHOLQH�FRXUVHZRUN�DVVHVVPHQW��PRGXOHV�QRZ�LQFOXGH�D�&RXUVHZRUN�
$VVHVVPHQW�VHFWLRQ�ZLWK�PRGHO�DVVHVVPHQW�µVKHOOV¶��ZLWK�WKH�VHFWLRQ�DV�D�ZKROH�UHVWULFWHG�IURP�VWXGHQWV�XQWLO�
WKH\�DJUHH�WR�D�SUH�VHW�VXEPLVVLRQ�VWDWHPHQW��*XLGDQFH�LV�DOVR�EXLOW�LQ��ZLWK�VWDII�JXLGHV�ORFDWHG�QH[W�WR�
DFWLYLWLHV��DQG�DVVHVVPHQW�LQVWUXFWLRQV�IRU�VWXGHQWV�RXWOLQHG�LQ�WKH�SUH�SRSXODWHG�VKHOOV���
�
$GDSWLQJ�WKH�9/(�
7KRXJK�PXFK�RI�WKH�ZRUN�VR�IDU�PD\�VHHP�SUDJPDWLF�DQG�GRZQ�WR�HDUWK��ZH�KRSH�LW�LV�XQGHUVWDQGDEOH�WKDW�WKLV�
JURXQGZRUN�LV�QHFHVVDU\�WR�JLYH�D�VWDEOH�HQYLURQPHQW�ZKHUH�PRUH�HODERUDWH�DQG�LQQRYDWLYH�WHDFKLQJ�DQG�
OHDUQLQJ�PHWKRGV�FDQ�JURZ�DQG�EH�VKDUHG��2XU�ZRUN�DURXQG�WKHVH�WHPSODWHV�LV�DQ�DWWHPSW�WR�UHVSRQG�WR�WKH�
FRQVWUDLQWV�RI�ZRUNLQJ�ZLWK�D�WRRO�WKDW�LV�QRW�SHUIHFWO\�GHVLJQHG�IRU�RXU�QHHGV��+RZHYHU��LW�LV�KRSHG�WKDW�WKLV�ZD\�
RI�ZRUNLQJ�JLYHV�VWXGHQWV�WKH�FRQVLVWHQF\�DQG�DFFHVV�WR�VXSSRUW�WKH\�H[SHFW�DQG�GHVHUYH��ZKLOH�HDVLQJ�WKH�
WHFKQLFDO�EXUGHQ�RQ�VWDII�OHDYLQJ�WKHP�PRUH�HQHUJ\�WR�VXSSRUW�JUHDWHU�GHYHORSPHQWV�WRZDUGV�PRUH�LQQRYDWLYH�
DQG�LQFOXVLYH�WHDFKLQJ��
�
:H�DOVR�ORRNHG�PRUH�EURDGO\�DW�IXQGDPHQWDO�LQVWLWXWLRQDO�LVVXHV��XQGHUVWDQGLQJ�WKDW�WKHVH�SURFHVVHV�ZRXOG�DOVR�
VKDSH�XVHUV¶�H[SHULHQFH�RI�WKH�9/(�DQG�RWKHU�PHGLD�EDVHG�LPSURYHPHQWV��7R�PDNH�WKHVH�HDV\�WR�XVH�DQG�
UHOLDEOH�ZH�VRXJKW�WR�HPEHG�WKH�QHFHVVDU\�WHFKQLFDO�UHTXLUHPHQWV�IRU�LQFRUSRUDWLRQ�LQWR�GHYHORSPHQW�RI�
8QLYHUVLW\�ZLGH�,7�LQIUDVWUXFWXUH���
�
$ORQJVLGH�WKH�6FKRRO¶V�LQGLYLGXDO�UHTXLUHPHQWV��WKH�8QLYHUVLW\�DOVR�IRFXVVHG�RQ�HQVXULQJ�HIILFLHQFLHV�ZHUH�
EXLOW�LQ��$�8QLYHUVLW\�8VDELOLW\�VWXG\�ZDV�XQGHUWDNHQ�ZKLFK�KLJKOLJKWHG�FRQWLQXHG�SRLQWV�IRU�LPSURYHPHQW��
VRPH�RI�ZKLFK�FRXOG�EH�DFKLHYHG�E\�WKH�XSGDWHG�9/(�ZKLOH�RWKHUV�VWLOO�UHTXLUHG�IXUWKHU�FXVWRPLVDWLRQ��7KHVH�
UHVXOWHG�LQ�WKUHH�DUHDV�IRU�LPSURYHPHQW��RYHUDOO�ORRN�DQG�IHHO��QDYLJDWLRQ�DQG�HDVLHU�DFFHVV�WR�SHUVRQDOO\�
UHOHYDQW�FRQWHQW��7KHVH�OHVVRQV�OHDUQW�ZHUH�WKHQ�VKDUHG�EDFN�WR�WKH�ZLGHU�9/(�FRPPXQLW\��IHHGLQJ�EDFN�
LPSURYHPHQWV�ZH�KDG�UHTXHVWHG�DQG�WHVWHG�WR�FRQWLQXH�RXU�PLVVLRQ�WR�VKDUH�EHVW�SUDFWLFH��
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&RQFOXVLRQV�
�
7KH�SURFHVV�RI�FKDQJH�DQG�UHFRPELQLQJ�SUDFWLFH�WR�EXLOG�SULQFLSOHV�RI�DFWLRQ�ZKLFK�HPSRZHU�DQG�VXSSRUW�DQ�
H[FHOOHQW�HGXFDWLRQDO�H[SHULHQFH�LV�OLNHO\�WR�EH�D�ORQJ�DQG�FRPSOH[�MRXUQH\��+RZHYHU��ZH�KDYH�WDNHQ�WKH�ILUVW�
VWHSV�LQ�RXU�HYROXWLRQ�E\�ORRNLQJ�DW�WKH�OHDUQLQJ�HFRV\VWHP�PRUH�EURDGO\�DQG�PRYLQJ�DZD\�IURP�UHSOLFDWLQJ�
SXUHO\�WRRO�EDVHG�RU�SHGDJRJLF�DSSURDFKHV��%\�PDNLQJ�H[SOLFLW�DQG�DGGUHVVLQJ�WKH�UHODWLRQVKLS�DQG�WHFKQLFDO�
SUREOHPV�VWDII�DQG�VWXGHQWV�IDFH��ZH�KRSH�WR�SRVLWLRQ�RXUVHOYHV�WR�EHWWHU�³OHYHUDJH�FKDQJHV�LQ�WHFKQRORJ\�
SUDFWLFHV�WR�PHHW�LQFUHDVLQJ�GHPDQGV´��*UDMHN�	�3LUDQL������������
�
6HW�LQ�D�FRQVWDQWO\�FKDQJLQJ�GLJLWDO�ZRUOG��ZH�DUH�FRQFHUQHG�ZLWK�EXLOGLQJ�SUDFWLFDO�SULQFLSOHV�DQG�KHXULVWLF�
PRGHOV�WKDW�HQDEOH�DFWRUV�ZLWKLQ�WKH�OHDUQLQJ�HFRV\VWHP�WR�XQGHUVWDQG�WKHLU�HQYLURQPHQW�DQG�VKDSH�WKHLU�GLJLWDO�
IXWXUH�DFFRUGLQJO\��,W�LV�LPSRUWDQW�WR�HPSKDVLVH�WKDW�WKH�PRGHO�DERYH�GRHV�QRW�VHHN�WR�DSSO\�D�µRQH�VL]H�ILWV�DOO¶�
DWWLWXGH��EXW�EXLOG�PHWKRGRORJLHV�IRU�UHTXLUHPHQWV�JDWKHULQJ�DQG�GHYHORSPHQW�ZKLFK�DUH�IOH[LEOH�DQG�DJQRVWLF��
DOORZLQJ�XV�WR�UHVSRQG�WR�HQYLURQPHQWDO�SUHVVXUHV�DQG�PDLQWDLQ�D�KHDOWK\�OHDUQLQJ�HFRV\VWHP��
�
1H[W�VWHSV�
�
+DYLQJ�XSJUDGHG�WR�D�QHZ�9/(�DQG�KRSHIXOO\�EXLOW�D�VROLG�IRXQGDWLRQ�ZLWK�WKH�DJUHHPHQW�DQG�KDUG�ZRUN�RI�RXU�
FRPPXQLW\�DV�D�ZKROH��RXU�QH[W�VWHSV�DUH�QRZ�WR�PRYH�EH\RQG�WKH�EDVLFV��EH\RQG�FXUUHQW�PHWKRGV�DQG�LGHDV��WR�
GR�WKLQJV�WR�VXSSRUW�H[FHOOHQW�VWXGHQW�OHDUQLQJ�WKDW�ZHUH�MXVW�QRW�SRVVLEOH�EHIRUH��3DUW�RI�WKLV�ZLOO�LQYROYH�
H[DPLQLQJ�KRZ�WR�UHFRPELQH�EHWWHU�PRGHOV�IRU�GLVWLOOLQJ�DQG�HPEHGGLQJ�HIIHFWLYH�WHDFKLQJ�SUDFWLFHV��UDLVLQJ�WKH�
EDU�DFURVV�WKH�6FKRRO�DQG�DOORZLQJ�XV�WR�DLP�EH\RQG�PHUH�VWDELOLW\�WRZDUGV�LQQRYDWLRQ�DQG�QHZ�IRUPV�RI�
HGXFDWLRQ���
�
7KRXJK�RXU�SODQV�IRU�WKH�IXWXUH�PXVW�EH�WHPSHUHG�ZLWK�WKH�SUDFWLFDOLW\�RI�WKH�SUHVHQW�WR�EH�UHDOLVWLF��ZH�DUH�DOVR�
ZDU\�RI�EHLQJ�FDXJKW�XQDZDUHV�DJDLQ�E\�D�UDSLGO\�PRYLQJ�WHFKQRORJLFDO�DQG�HGXFDWLRQDO�FRQWH[W��:H�DUH�
UHTXLUHG�WR�DFWLYHO\�HYROYH�RXU�SUDFWLFH��RU�³ULVN�OHWWLQJ�WKH�GLVUXSWLRQV�RI�WKH�FRPLQJ�GHFDGH�SHUSHWXDWH�
LQHTXLWLHV�IRU�OHDUQHUV��XQGHUPLQH�WKH�OHDUQLQJ�HFRV\VWHP¶V�FDSDFLW\�WR�DGDSW��DQG�QDUURZ�WKH�LPSDFW�RI�
HGXFDWLRQ�LQQRYDWLRQV�E\�NHHSLQJ�WKHP�ODUJHO\�XQFRRUGLQDWHG��RSSRUWXQLVWLF��DQG�IUDJPHQWHG´�
�.QRZOHGJH:RUNV����������
�
7R�PDLQWDLQ�RXU�PRPHQWXP�DQG�VWD\�WUXH�WR�RXU�GUHDPV��ZH�QHHG�WR�LPSURYH�RXU�WHFKQRORJ\�WR�EHWWHU�³IDFLOLWDWH�
GHOLYHU\�RI�UHDGLO\�DFFHVVLEOH�DQG�XVHIXO�PHWULFV>��DOORZLQJ�XV@�WR�UHFRJQL]H�DQG�UHDOLJQ�LQFHQWLYHV�DQG�
LQYHVWPHQWV�WKDW�LQGXFH�SRVLWLYH�FKDQJH�LQ�OHDUQLQJ��WHDFKLQJ��DGPLQ�SURFHVVHV��HWF´��*UDMHN����������5HYLHZ�
DQG�UHSRUW�SRLQWV�DUH�DOUHDG\�EHLQJ�VHW�ZLWK�&RXUVH�2IILFHV�DQG�ZH�DUH�ORRNLQJ�WR�XVH�QHZ�IXQFWLRQDOLWLHV�LQ�WKH�
9/(�WR�WUDFN�SRLQWV�RI�HQJDJHPHQW�DQG�GLVFRQQHFWLRQ�E\�VWDII�DQG�VWXGHQWV�XVLQJ�WKH�V\VWHP��:H�DOVR�ZDQW�WR�
EXLOG�RQ�RXU�VXFFHVVIXO�VWXGHQW�OHG�UHVHDUFK�SUDFWLFHV�DQG�HQJDJH�RXU�FRPPXQLW\�RI�XVHUV�DV�D�ZKROH�PRUH�LQ�
UHYLHZ�SURFHVVHV��GUDZLQJ�RQ�XVDELOLW\�WHVWLQJ�DQG�WKH�H[SHUWLVH�RXU�VWDII�KROG�LQ�GDWD�DQDO\VLV�DQG�PRGHOOLQJ���
�
&ORVLQJ�UHPDUNV�
�
+DYLQJ�UHIOHFWHG�XSRQ�RXU�SUHYLRXV�H[SHULHQFHV�DQG�RXU�SUHVHQW�FKDOOHQJHV�ZH�KDYH�EURDGHQHG�RXU�SHUVSHFWLYHV�
DQG�DUH�QRZ�DW�WKH�VWDJH�RI�VKDULQJ��UHILQLQJ�DQG�WU\LQJ�WR�UHFRPELQH�RXU�SURFHVVHV�DQG�SUDFWLFH���:H�IHHO�WKDW�
WKLV�RQJRLQJ�DQG�UHIOHFWLYH�HYROXWLRQ�LV�NH\�WR�%XVLQHVV�6FKRRO�;¶V�DPELWLRQ�RI�RIIHULQJ�DQ�HQKDQFHG��DQG�
FRQWLQXDOO\�RXWVWDQGLQJ��HGXFDWLRQDO�H[SHULHQFH��7KRXJK�%XVLQHVV�6FKRRO�;�DQG�WKH�ZLGHU�8QLYHUVLW\�DUH�JRLQJ�
WKURXJK�D�WLPH�RI�FKDQJH�ZH�DUH�GHWHUPLQHG�WR�VXSSRUW�VWDII�DQG�VWXGHQWV�WR�WKH�EHVW�RI�RXU�DELOLW\�DQG�HQVXUH�
WKDW�HGXFDWLRQ�DW�WKH�6FKRRO�FRQWLQXHV�WR�GHOLYHU�DQ�HGXFDWLRQDO�H[SHULHQFH�WKDW�SURYLGHV�ERWK�DFDGHPLF�ULJRU�
DQG�RSSRUWXQLWLHV�IRU�VWXGHQW�WR�H[SDQG�WKHLU�FDSDELOLWLHV�EDVHG�RQ�LQWHUHVWV�DQG�DVSLUDWLRQV��
�
:H�KRSH�\RX�ZLOO�ILQG�WKLV�DWWHPSW�WR�H[SORUH�QHZ�ZD\V�RI�WKLQNLQJ��ZRUNLQJ�WRJHWKHU��DQG�HGXFDWLQJ��D�
WKRXJKW�SURYRNLQJ�H[DPSOH�RI�D�UHIOH[LYH�\HW�SUDFWLFDO�DSSURDFK�WR�HPEHGGLQJ�HGXFDWLRQDO�WHFKQRORJ\�DW�WKH�
KHDUW�RI�+LJKHU�(GXFDWLRQ��:H�ORRN�IRUZDUG�WR�WHVWLQJ�WKH�VWUHQJWKV�DQG�DUHDV�IRU�LPSURYHPHQW�RI�WKHVH�QHZ�
SDUDGLJPV�DQG�VKDULQJ�WKHVH�RQFH�DJDLQ�LQ�WKH�JOREDO�FRPPXQLW\����
�
�
5HIHUHQFHV�
�
(GLQEXUJK�1DSLHU�8QLYHUVLW\����������8QLYHUVLW\�EHQFKPDUN�IRU�WKH�XVH�RI�WHFKQRORJ\�LQ�PRGXOHV��(GLQEXUJK�

1DSLHU�8QLYHUVLW\�ZHEVLWH��1RYHPEHU��������KWWS���VWDII�QDSLHU�DF�XN�VHUYLFHV�YLFH�SULQFLSDO�
DFDGHPLF�DFDGHPLF�7(/�7HFK%HQFKPDUN�3DJHV�KRPH�DVS[��>YLHZHG����-XO\�����@�
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)UD\HU��'���������&UHDWLQJ�D�&DPSXV�&XOWXUH�WR�6XSSRUW�D�7HDFKLQJ�DQG�/HDUQLQJ�5HYROXWLRQ��
&$86(�())(&7�MRXUQDO����������KWWS���QHW�HGXFDXVH�HGX�LU�OLEUDU\�KWPO�FHP�FHP���FHP�����KWPO�>YLHZHG�
���-XO\�����@�

)ULHOLFN��6����������%H\RQG�FRQVWUXFWLYLVP��$Q�HFRORJLFDO�DSSURDFK�WR�H�OHDUQLQJ��,Q�5��$WNLQVRQ��&��0F%HDWK��
'��-RQDV�'Z\HU�	�5��3KLOOLSV��(GV���%H\RQG�WKH�FRPIRUW�]RQH��3URFHHGLQJV�RI�WKH���VW�$6&,/,7(�
&RQIHUHQFH��SS������������KWWS���ZZZ�DVFLOLWH�RUJ�DX�FRQIHUHQFHV�SHUWK���SURFV�IULHOLFN�KWPO��>YLHZHG����
-XO\�����@�

*UDMHN��6��	�3LUDQL��-���������7KURXJK�D�*ODVV��%ULJKWO\��,7¶V�,PSDFW�RQ�+LJKHU�(GXFDWLRQ�E\�������
('8&$86(�&HQWHU�IRU�$SSOLHG�5HVHDUFK���5HVHDUFK�%XOOHWLQ���$XJXVW�����������
KWWS���QHW�HGXFDXVH�HGX�LU�OLEUDU\�SGI�(5%�����SGI��>YLHZHG����-XO\�����@�

-HQQHU��0���������:KHQ�GRHV�D�WHFKQRORJ\�QR�ORQJHU�EHFRPH�D�WHFKQRORJ\"��8&/�(�/HDUQLQJ�(QYLURQPHQWV�
WHDP�EORJ�����)HEUXDU\��������KWWSV���EORJV�XFO�DF�XN�HOH������������ZKHQ�GRHV�D�WHFKQRORJ\�QR�ORQJHU�
EHFRPH�D�WHFKQRORJ\���>YLHZHG����-XO\�����@�

.QRZOHGJH:RUNV��������5HFRPELQDQW�(GXFDWLRQ��5HJHQHUDWLQJ�WKH�/HDUQLQJ�(FRV\VWHP��.QRZOHGJH:RUNV�
)RUHFDVW����2FWREHU�������KWWS���NQRZOHGJHZRUNV�RUJ�VLWHV�GHIDXOW�ILOHV�X��)RUHFDVW�B��SGI�>YLHZHG����-XO\�
����@�

/DXULOODUG��'����������5HWKLQNLQJ�8QLYHUVLW\�7HDFKLQJ��$�FRQYHUVDWLRQDO�IUDPHZRUN�IRU�WKH�HIIHFWLYH�XVH�RI�
OHDUQLQJ�WHFKQRORJLHV��/RQGRQ��5RXWOHGJH��

/RQJ��3�'����������0RRUH¶V�ODZ�DQG�WKH�FRQXQGUXP�RI�KXPDQ�OHDUQLQJ��(GXFDXVH�UHYLHZ����������
KWWS���QHW�HGXFDXVH�HGX�LU�OLEUDU\�SGI�HUP�����SGI�>YLHZHG����-XO\�����@�

0DUVKDOO��6���	�0LWFKHOO��*����������$VVHVVLQJ�VHFWRU�H�OHDUQLQJ�FDSDELOLW\�ZLWK�DQ�H�OHDUQLQJ�PDWXULW\�PRGHO��
$VVRFLDWLRQ�IRU�/HDUQLQJ�7HFKQRORJLHV�&RQIHUHQFH��������(GLQEXUJK��
KWWS���XELU�EROWRQ�DF�XN�LQGH[�SKS"DFWLRQ ILOH'RZQORDG	UHVRXUFH,G ���	KDVK D�D��F����H��DGH�����G
���G���I�H��������	ILOHQDPH 0�:����-RKQVRQ���UHVHDUFKBSURFHHGLQJVBDOWF�����SGI��>YLHZHG����
-XO\�����@�

1HZODQG��%���-HQNLQV��0���5LQJDQ��1���������$FDGHPLF�([SHULHQFHV�RI�8VLQJ�9/(V��2YHUDUFKLQJ�/HVVRQV�IRU�
3UHSDULQJ�DQG�6XSSRUWLQJ�6WDII��,Q�2
'RQRJKXH��-��HG�7HFKQRORJ\�6XSSRUWHG�/HDUQLQJ�DQG�7HDFKLQJ��$�
6WDII�3HUVSHFWLYH��,QIRUPDWLRQ�6FLHQFH�3XEOLVKLQJ��/RQGRQ���������

3ULYDWHHU��3�0����������$FDGHPLF�7HFKQRORJ\�DQG�WKH�)XWXUH�RI�+LJKHU�(GXFDWLRQ��6WUDWHJLF�3DWKV�7DNHQ�DQG�
1RW�7DNHQ��7KH�-RXUQDO�RI�+LJKHU�(GXFDWLRQ�9RO������1R�����-DQ����)HE����������SS��������3XEOLVKHG�E\��
2KLR�6WDWH�8QLYHUVLW\�3UHVV��KWWS���ZZZ�MVWRU�RUJ�VWDEOH�����������>YLHZHG����-XO\�����@�

5HQ\D��-���������'LJLWDO�7HDFKLQJ�DQG�/HDUQLQJ�(FRV\VWHP��'7/(���$�7KHRUHWLFDO�$SSURDFK�IRU�2QOLQH�
/HDUQLQJ�(QYLURQPHQWV��,Q�*��:LOOLDPV��3��6WDWKDP��1��%URZQ�	�%��&OHODQG��(GV����&KDQJLQJ�'HPDQGV��
&KDQJLQJ�'LUHFWLRQV��3URFHHGLQJV�DVFLOLWH�+REDUW��������SS�������������
KWWS���ZZZ�DVFLOLWH�RUJ�DX�FRQIHUHQFHV�KREDUW���GRZQORDGV�SDSHUV�5H\QD�FRQFLVH�SGI��>YLHZHG����-XO\�
����@�

6DQWDPDULD��*���������0RRUH
V�/DZ�([SODLQV�3RRU�(GXFDWLRQ��3OXV�8OWUD�7HFKQRORJLHV���6WHSV���%ORJ����WK�
$SULO�������KWWS���SOXVXOWUDWHFK��EORJVSRW�FR�XN���������PRRUHV�ODZ�H[SODLQV�SRRU�HGXFDWLRQ�KWPO�>YLHZHG�
���-XO\�����@�

6SHQFHU��(���������0DQDJLQJ�D�/HDUQLQJ�(FRV\VWHP��&UHDWLQJ�,PPHUVLYH�/HDUQLQJ�(QYLURQPHQW��%UDQGRQ�+DOO�
*URXS�%ORJ��)HEXUDU\�����������KWWS���ZZZ�EUDQGRQKDOO�FRP�EORJV�PDQDJLQJ�D�OHDUQLQJ�HFRV\VWHP�
FUHDWLQJ�LPPHUVLYH�OHDUQLQJ�HQYLURQPHQWV����>YLHZHG����-XO\�����@�

8GHQ��/���:DQJVD��7�,���'DPLDQL��(����������7KH�IXWXUH�RI�(�OHDUQLQJ�±�(�OHDUQLQJ�HFRV\VWHP��7KH�,QDXJXUDO�
,(((�,QWHUQDWLRQDO�'LJLWDO�(FRV\VWHPV�DQG�7HFKQRORJLHV�&RQIHUHQFH��,(((�'(67�������
KWWS���ZZZ�IFHW�VWDIIV�DF�XN�LWZ��ORUQDBLQFH�SGI��>YLHZHG����-XO\�����@�

$XWKRU�FRQWDFW�GHWDLOV��/HRQD�1RUULV��OHRQD�QRUULV��#FLW\�DF�XN�

3OHDVH�FLWH�DV��1RUULV��/���<HW�'HVVXV��$��	�+ROWKDP��&����������7KH�/HDUQLQJ�(FRV\VWHP��$�SUDFWLFDO��KROLVWLF� 
DSSURDFK�WR�ROG�SUREOHPV�LQ�D�QHZ�ZRUOG���,Q�+��&DUWHU��0��*RVSHU�DQG�-��+HGEHUJ��(GV����(OHFWULF�'UHDPV�� 
3URFHHGLQJV�DVFLOLWH������6\GQH\���SS���������. https://doi.org/10.14742/apubs.2013.1352�

&RS\ULJKW��������/HRQD�1RUULV��$QQRUD�(\W�'HVVXV�DQG�&OLYH�+ROWKDP��

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�
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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���
� �


