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$UJXLQJ�DJDLQ�IRU�H�H[DPV�LQ�KLJK�VWDNHV�H[DPLQDWLRQV�
�
0DWKHZ�+LOOLHU�
7HDFKLQJ�DQG�(GXFDWLRQDO�'HYHORSPHQW�,QVWLWXWH�
8QLYHUVLW\�RI�4XHHQVODQG�
$QGUHZ�)OXFN�
6FKRRO�RI�(GXFDWLRQ�
8QLYHUVLW\�RI�7DVPDQLD�
�

7KLV�SDSHU�SUHVHQWV�WKH�DUJXPHQW�WKDW�H�H[DPV�DUH�QHHGHG�DQG�ORQJ�RYHUGXH�IRU�XVH�LQ�KLJK�VWDNHV�
H[DPLQDWLRQV�LQ�WKH�WHUWLDU\�VHFWRU��(YLGHQFH�LV�GUDZQ�IURP�WKH�HGXFDWLRQDO�DQG�KLJKHU�HGXFDWLRQ�
OLWHUDWXUH�WR�HVWDEOLVK�WKDW�WKH�HQYLURQPHQW�LV�ULSH�IRU�WKH�DGRSWLRQ�RI�H�H[DPV��$�VHW�RI�
UHTXLUHPHQWV�IRU�D�VXLWDEOH�DSSURDFK�WR�H[DPV�LV�HVWDEOLVKHG�WKDW�WDNHV�LQWR�FRQVLGHUDWLRQ�WKH�
QHHGV�RI�VWXGHQWV��WKH�SHGDJRJLFDO�FRQFHUQV�RI�DFDGHPLFV��ZKLOH�EHLQJ�VXVWDLQDEOH�DQG�VFDODEOH��
$Q�RXWOLQH�RI�WKH�IHDWXUHV�VXFK�D�V\VWHP�ZLOO�QHHG�LQ�RUGHU�WR�PHHW�WKHVH�UHTXLUHPHQWV�LV�
GLVFXVVHG��DORQJ�ZLWK�D�SURJUDP�WR�LPSOHPHQW�DQG�WULDO�VXFK�D�V\VWHP�DW�D�ODUJH�XQLYHUVLW\��
�
.H\ZRUGV��FRPSXWHU�EDVHG�DVVHVVPHQW��KLJK�VWDNHV�DVVHVVPHQW��H[DPLQDWLRQV��H�H[DPV��H�
DVVHVVPHQW�
�

7KH�QHHG�DQG�UHDGLQHVV�IRU�DQ�H�H[DP�VROXWLRQ�LQ�WKH�KLJKHU�HGXFDWLRQ�VHFWRU�
�
&XUUHQWO\�WKH�XVH�RI�,&7�IRU�WHDFKLQJ�DQG�OHDUQLQJ��DQG�LQ�SDUWLFXODU�WKH�FXUUHQW�XVH�RI�SDSHU�IRU�KLJK�VWDNHV�
H[DPV�ZLWKLQ�PRVW�KLJKHU�HGXFDWLRQ�LQVWLWXWLRQV�ODJV�EHKLQG�WKH�H[WHQVLYH�XVDJH�RI�,&7�E\�VWXGHQWV�LQ�WKHLU�
VWXG\��5LGGOH��������5LGGOH�	�+RZHOO��������DQG�HYHU\GD\�OLYHV��7KLV�LV�HYLGHQFHG�E\�WKH�LQFUHDVLQJ�XVH�RI�,&7�
IRU�D�UDQJH�RI�GDLO\�WDVNV��$&0$���������ZLWK�D�UHFHQW�VXUYH\�RI�VWXGHQWV�DW�D�ODUJH�$XVWUDOLDQ�XQLYHUVLW\�GXULQJ�
�����LQGLFDWHG�����RZQHUVKLS�RI�PRELOH�:L)L�HQDEOHG�GHYLFHV�ZLWK�ODSWRS�RZQHUVKLS�WKH�KLJKHVW�DW�����
�0F0DQXV���������6XUYH\V�FRQGXFWHG�LQ�WKH�8QLWHG�6WDWHV�UHYHDO�VLPLODUO\�KLJK�RZQHUVKLS�UDWHV��'DKOVWURP��
������:LOOLDPV��'UHFKVHO�	�.RNLO��������8:0��������8$$��������0F&XH���������7KH�$XVWUDOLDQ�VXUYH\�DOVR�
VKRZV�����RI�VWXGHQWV�DFFHVVLQJ�WKH�RQOLQH�OHDUQLQJ�PDQDJHPHQW�V\VWHP�DW�OHDVW�ZHHNO\��7KLV�SURYLGHV�
HYLGHQFH�WKDW�VWXGHQWV�DOUHDG\�KDYH�D�IDPLOLDULW\�ZLWK�WKH�WHFKQRORJLHV�WKDW�FDQ�EH�XVHG�IRU�H�H[DPV��ZKLOH�WKH�
VPDOO�PLQRULW\�ZKR�GR�QRW�RZQ�VXLWDEOH�HTXLSPHQW�FDQ�EH�DGGUHVVHG�ZLWK�D�ORDQ�RU�HTXLW\�SURJUDP��
�
,W�LV�VWURQJO\�HYLGHQW�LQ�PLVVLRQV��VWUDWHJLF�SODQV�DQG�JUDGXDWH�DWWULEXWHV�WKDW�LQVWLWXWLRQV�LQ�WKH�$XVWUDOLDQ�KLJKHU�
HGXFDWLRQ�VHFWRU�DUH�ILUPO\�FRPPLWWHG�WR�LPSURYLQJ�WKH�WHDFKLQJ�DQG�OHDUQLQJ�HQYLURQPHQW�LQ�RUGHU�WR�DOORZ�
WKHLU�VWXGHQWV�WR�EH�VXFFHVVIXO�LQ�WKHLU�VWXGLHV�DQG�JUDGXDWH�ZLWK�WKH�NQRZOHGJH�DQG�VNLOO�VHWV�QHHGHG�LQ�WKH�
PRGHUQ�ZRUOG��7KHVH�DUH�H[SUHVVHG�LQ�WHDFKLQJ�DQG�OHDUQLQJ�SODQV�LQ�WKH�DUHDV�RI�HQKDQFLQJ�H�OHDUQLQJ�DQG�
EOHQGHG�OHDUQLQJ�WKDW�PDQ\�$XVWUDOLDQ�KLJKHU�HGXFDWLRQ�LQVWLWXWLRQV�DOUHDG\�KDYH�LQ�SODFH��IRU�H[DPSOH�84��
����E���)XUWKHU��DQ�LQWHUQDO�XQLYHUVLW\�VXUYH\�RI�VHQLRU�WHDFKLQJ�OHDGHUV�SODFHG�µH�DVVHVVPHQW���RQOLQH�PDUNLQJ¶�
�84������D��DW�WKH�WRS�RI�WKHLU�SULRULW\�OLVW�IRU�GHYHORSPHQW��6R�LW�FRXOG�EH�DUJXHG�WKDW�H�H[DPV�DUH�WKH�QH[W�VWHS�
RQ�IURP�WKH�LQFUHDVLQJ�XVH�RI�H�DVVHVVPHQW�DQG�FRPSXWHU�DVVLVWHG�PDUNLQJ�IRU�SURJUHVVLYH�DVVHVVPHQW��
�
7KHUH�LV�OLNHO\�WR�EH�XQGHUVWDQGDEOH�DSSUHKHQVLRQ�RQ�WKH�SDUW�RI�DFDGHPLFV�DQG�PDQDJHPHQW�ZKHQ�LW�FRPHV�WR�
DGRSWLQJ�QHZ��IXOO\�HOHFWURQLF�SURFHVVHV�IRU�KLJK�VWDNHV�H[DPV�LQ�SODFH�RI�IDPLOLDU�SDSHU�EDVHG�SURFHVVHV��7KLV�
LV�D�EDUULHU�WKDW�QHHGV�WR�EH�DGGUHVVHG�E\�GHPRQVWUDWLQJ�VHFXUH�DQG�UHOLDEOH�GLJLWDO�V\VWHPV�DQG�SURFHGXUHV�DQG�
E\�RIIHULQJ�D�JUDGXDWHG�WUDQVLWLRQ�SDWKZD\�IURP�SHQ�WR�NH\ERDUG��2Q�D�QDWLRQDO�SROLF\�OHYHO�LQIRUPDWLRQ�DQG�
FRPPXQLFDWLRQ�WRROV�DUH�VHHQ�E\�WKH�$XVWUDOLDQ�IHGHUDO�JRYHUQPHQW�DV�KROGLQJ�JUHDW�SRWHQWLDO�IRU�UHDOLVLQJ�DV�
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\HW�XQIXOILOOHG�SRWHQWLDO�LQ�KLJKHU�HGXFDWLRQ�DV�LW�KDV�GRQH�LQ�RWKHU�VHFWRUV�RI�WKH�HFRQRP\��*LOODUG��������
7KHUHIRUH�LW�LV�DUJXHG�WKDW�WKHUH�LV�D�VWURQJ�QHHG�WR�GHYHORS�DQG�VXFFHVVIXOO\�LPSOHPHQW�VXLWDEOH�H�H[DPV�
V\VWHPV�DQG�SURFHGXUHV�DQG�WKDW�WKHVH�ZLOO�EH�D�NH\�HQDEOHU�LQ�IXOILOOLQJ�WKH�YLVLRQ�DQG�VWUDWHJLHV�DW�QDWLRQDO�DQG�
LQVWLWXWLRQDO�OHYHOV��
�
:H�DUJXH�WKDW�ZLWKRXW�D�VXLWDEOH��FRPSXWHU�EDVHG�ZD\�RI�FRQGXFWLQJ�H[DPV��WKHQ�VXFK�SRVLWLYH�WUDQVIRUPDWLRQ�
DFURVV�WKH�HGXFDWLRQ�VHFWRU�LV�OHVV�OLNHO\�WR�RFFXU��SDUWLFXODUO\�VLQFH�WKH�IRUP�RI�DVVHVVPHQW�LV�D�NH\�IDFWRU�
LQIOXHQFLQJ�WHDFKLQJ�DQG�OHDUQLQJ�EHKDYLRXU��$LQOH\�	�6HDUOH���������7KH�H[SHULHQFH�LQ�7DVPDQLD��)OXFN��������
������KDV�EHHQ�WKDW�RQFH�WKH�8QLYHUVLW\�VWDUWHG�RIIHULQJ�H�H[DPV��WKLV�DFWHG�DV�D�FDWDO\VW�IRU�WKH�VHFRQGDU\�
VFKRRO�V\VWHP�WR�IROORZ�VXLW��3ULRU�WR�WKLV��WKH�VHFRQGDU\�VFKRRO�V\VWHP�ZDV�UHOXFWDQW�WR�PDNH�WKH�PRYH�JLYHQ�
WKH\�VDZ�SDUW�RI�WKHLU�UROH�DV�µWUDLQLQJ¶�WKHLU�VWXGHQWV�WR�EH�VXFFHVVIXO�LQ�8QLYHUVLW\�H[DPLQDWLRQV��
�
,QFUHDVLQJ�VWXGHQW�QXPEHUV��VSXUUHG�RQ�E\�QDWLRQDO�SDUWLFLSDWLRQ�WDUJHWV��DUH�SODFLQJ�SUHVVXUH�RQ�SK\VLFDO�
IDFLOLWLHV��)RU�H[DPSOH�WKH�8QLYHUVLW\�RI�4XHHQVODQG��84���VDZ�DQ�LQFUHDVH�RI��������H[DP�VLWWLQJV�����������
�84�����F���84�ZLWK�LWV�KLJK�SURSRUWLRQ�RI�RQ�FDPSXV�VWXGHQWV�LV�DOUHDG\�IDFLQJ�D�VKRUWDJH�RI�VXLWDEOH�YHQXHV�
WR�KROG�WUDGLWLRQDO�H[DPV��$�VLPLODU�LQFUHDVH�LQ�QXPEHUV�LV�RFFXUULQJ�DFURVV�WKH�KLJKHU�HGXFDWLRQ�VHFWRU�ZKLOH�
EXGJHWV�DUH�LQFUHDVLQJO\�FRQVWUDLQHG��:H�DUJXH�WKDW�H�H[DPV�RIIHU�D�SRVVLEOH�ZD\�WR�H[SDQG�FDSDFLW\��KRZHYHU��
WKH�VWUDWHJ\�DGRSWHG�LV�FULWLFDO�LQ�HQVXULQJ�WKH�LPSOHPHQWDWLRQ�LV�VXVWDLQDEOH�DQG�VFDODEOH��:KLOH�H[LVWLQJ�
FRPSXWHU�WHDFKLQJ�ODE�VSDFHV�FDQ�SURYLGH�VRPH�VKRUW�WHUP�UHOLHI�WR�VSDFH�VKRUWDJHV��WKHVH�DUH�OLPLWHG�LQ�FDSDFLW\�
DQG�GR�QRW�SURYLGH�LGHDO�OD\RXWV�IRU�H[DP�FRQGLWLRQV��'HUPR���������&XVWRP�EXLOW�VSDFHV�GHVLJQHG�IRU�H�
DVVHVVPHQW�DUH�QRW�FRPPRQO\�DYDLODEOH�LQ�PRVW�LQVWLWXWLRQV�DQG�ZKHQ�FRQVWUXFWHG�DUH�H[SHQVLYH�DQG�TXLFNO\�
UHDFK�FDSDFLW\�OLPLWV��LELG���7KH�XVH�RI�RQOLQH�H[DPV�ZLWK�VWXGHQWV�VLWWLQJ�RII�FDPSXV��DW�KRPH��SURYLGHV�D�
SRWHQWLDO�VROXWLRQ�WR�ORRPLQJ�VSDFH�VKRUWDJHV��KRZHYHU�LW�DOVR�UDLVHV�FRQFHUQV�RI�SRWHQWLDO�H[DP�SURWRFRO�
EUHDFKHV�ZKHQ�VWXGHQWV�DUH�QRW�XQGHU�GLUHFW�VXSHUYLVLRQ�LQ�D�FRQWUROOHG�HQYLURQPHQW��7KXV�RQ�FDPSXV�
LQYLJLODWHG�H[DPV�UHPDLQ�WKH�SUHIHUUHG�RSWLRQ�IRU�KLJK�VWDNHV�WHVWLQJ�LQ�KLJKHU�HGXFDWLRQ�DQG�LW�LV�WKLV�VFHQDULR�
WKDW�LV�WKH�PDLQ�IRFXV�RI�WKLV�SDSHU��
,Q�FRQVLGHUDWLRQ�RI�WKH�DERYH�VRFLHWDO�QHHGV�DQG�WUHQGV��DORQJ�ZLWK�D�UHYLHZ�RI�WKH�H�DVVHVVPHQW�OLWHUDWXUH��D�VHW�
RI�GULYHUV�DQG�UHTXLUHPHQWV�IRU�WKH�GHYHORSPHQW�RI�D�VXLWDEOH�H�H[DPV�V\VWHP�DUH�VXJJHVWHG��D�PDSSLQJ�RI�HDFK�
UHTXLUHPHQW�FRYHUHG�EHORZ�WR�SURSRVHG�V\VWHP�IXQFWLRQDOO\�LV�SUHVHQWHG�ODWHU�LQ�WKLV�SDSHU���,W�VKRXOG�EH�QRWHG�
WKDW�WKH�XVH�RI�µV\VWHP¶�LV�PHDQW�PRUH�EURDGO\�WKDQ�MXVW�WKH�WHFKQRORJ\�FRPSRQHQWV�DQG�LQFOXGHV�HOHPHQWV�VXFK�
DV�SHRSOH��SURFHVVHV�DQG�SROLF\��7KH�UHTXLUHPHQWV�DQG�GULYHUV�DUH�SUHVHQWHG�IURP�PXOWLSOH�SHUVSHFWLYHV�
LQFOXGLQJ�D�VWXGHQW¶V�YLHZ��D�SHGDJRJLFDO�RU�WHDFKLQJ�YLHZ��DQG�DQ�LQVWLWXWLRQDO�YLHZ��
�
5HTXLUHPHQWV�DQG�GULYHUV�WRZDUGV�D�VXLWDEOH�H�H[DPV�V\VWHP�
�
7KH�IROORZLQJ�UHTXLUHPHQWV��GULYHUV�DQG�VXUURXQGLQJ�DUJXPHQWV�ZH�KDYH�LGHQWLILHG�DV�OLNHO\�WR�EH�RI�FRQFHUQ�IRU�
YDULRXV�VWDNHKROGHUV��
6WXGHQWV�
>5�@�6WXGHQWV�UDUHO\�KDQG�ZULWH�DVVHVVPHQW�UHVSRQVHV�DQ\PRUH±�WKH\�QRUPDOO\�W\SH��&RXUVH�GHOLYHU\�LQ�WKH�
WHUWLDU\�VHFWRU�LV�PRYLQJ�LQFUHDVLQJO\�RQOLQH�ZKHUH�PRVW�LWHPV�RI�ZRUN�XQGHUWDNHQ�E\�VWXGHQWV�IRU�QRQ�
VXSHUYLVHG�DVVHVVPHQWV�VXFK�DV�UHSRUWV��HVVD\V�DQG�TXL]]HV��DUH�W\SHG��0RJH\�HW�DO���������7KH�W\SHG�PHGLXP�LV�
DOVR�WKH�GRPLQDQW�IRUP�RI�ZULWWHQ�FRPPXQLFDWLRQ�ZLWK�HPDLO�DQG�WH[W�PHVVDJHV��7KLV�PHDQV�WKDW�VWXGHQWV�DUH�
QRZ�PRUH�IDPLOLDU�DQG�FRPIRUWDEOH�ZLWK�W\SHG�LQSXW�WKDQ�WKH�KDQGZULWWHQ�IRUP��)UDQG��������SDUWLFXODUO\�ZKHQ�
LW�FRPHV�WR�DVVHVVPHQW��)XUWKHUPRUH�WKLV�LQFUHDVHG�FRPSXWHU�XVH�KDV�EHHQ�VKRZQ�WR�UHGXFH�KDQGZULWLQJ�PRWRU�
VNLOOV��6�O]HQEU�FN��������OHDGLQJ�WR�GLVFRPIRUW�LQ�ORQJ�KDQG�ZULWWHQ�H[DPV��&RPSODLQWV�IURP�VWXGHQWV�DERXW�
H[DPV�KXUWLQJ�WKHLU�KDQGV�KDYH�DSSHDUHG�LQ�WKH�PHGLD��5DWFOLIIH���������$OO�RI�WKLV�OHDGV�WR�D�JURZLQJ�
GLVFRQQHFW�EHWZHHQ�WKH�ZD\�KLJK�VWDNHV�WHVWLQJ�LV�FRQGXFWHG�XVLQJ�SHQ�RQ�SDSHU�H[DPV�DQG�VWXGHQWV¶�HYHU\GD\�
H[SHULHQFHV��)OXFN��������&RZOLQJ��������'HUPR����������
>5�@�6WXGHQWV�DUH�IDPLOLDU�ZLWK�FRPSXWHU�EDVHG�LQSXW�PHWKRGV�DQG�WKH�GHYLFHV�WKH\�RZQ��-XVW�DV�D�VWXGHQW�FDQ�
FKRRVH�WKHLU�µEHVW�SHQV¶�WR�EULQJ�WR�D�ZULWWHQ�H[DP�WKH\�FRXOG�EH�DOORZHG�WR�XVH�WKHLU�RZQ�IDPLOLDU��FRPIRUWDEOH�
NH\ERDUG�DQG�PRXVH��,W�LV�DUJXHG�WKDW�WKLV�ZRXOG�PHDQ�WKDW�LQ�KLJK�SUHVVXUH�VLWXDWLRQV�WKH\�ZLOO�EH�PRUH�
HIILFLHQW�DQG�OHVV�VWUHVVHG��EXW�QRW�VWUHVV�IUHH��WKDQ�RWKHUZLVH�EHFDXVH�WKH\�GRQ¶W�QHHG�WR�ZRUU\�DERXW�XVLQJ�
XQIDPLOLDU�HTXLSPHQW��3UHYLRXV�IDPLOLDULW\�ZLWK�FRPSXWHU�XVH�KDV�EHHQ�VKRZQ�WR�LQFUHDVH�VWXGHQW�FKRLFH�RI�
NH\ERDUGV�RYHU�SHQV��)OXFN�	�0RJH\���������
>5�@�6WXGHQWV�QRZ�KDYH�KLJK�RZQHUVKLS�RI�ODSWRSV�ZLWK�VXUYH\V�DW�$XVWUDOLDQ�XQLYHUVLWLHV�VKRZLQJ�WKDW�VWXGHQW�
RZQHUVKLS�RI�ODSWRSV�LV�XS�IURP�����LQ�������2OLYHU�	�*RHUNH��������WR�DURXQG�����WRGD\��'HDNLQ��������
0F0DQXV���������8WLOLVLQJ�WKLV�UHDG\�UHVRXUFH�RI�VWXGHQW�RZQHG�GHYLFHV�WR�VHUYH�DV�WKH�QHFHVVDU\�KDUGZDUH�IRU�
UXQQLQJ�H[DPV�ZRXOG�DVVLVW�ZLWK�PLQLPLVLQJ�WKH�FRVWV�DVVRFLDWHG�ZLWK�LQVWLWXWLRQ�RZQHG�HTXLSPHQW��
>5�@�6WXGHQW�RZQHG�GHYLFHV�DUH�GLYHUVH��84������D���7KHVH�GHYLFHV�FRPH�ZLWK�QXPHURXV�RSHUDWLQJ�V\VWHP�
YHUVLRQV�DQG�VRIWZDUH�DSSOLFDWLRQV�DFURVV�HYHQ�WKH�WKUHH�PRVW�FRPPRQ�W\SHV�RI�0LFURVRIW�:LQGRZV��$SSOH�
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0DFLQWRVK�26�;�DQG�/LQX[��1HW0DUNHW6KDUH���������7KLV�ZRXOG��LI�XVHG�LQ�WKHLU�VXSSOLHG�VWDWH��UHVXOW�LQ�DQ�
LQFRQVLVWHQW�VRIWZDUH�HQYLURQPHQW�EHWZHHQ�FDQGLGDWHV��PDNLQJ�XVH�RI�WKHVH�GHYLFHV�IUDXJKW�ZLWK�FRPSOH[LW\���
>5�@�6WXGHQWV�GR�QRW�OLNH�WKHLU�SHUVRQDO�HTXLSPHQW�DQG�VRIWZDUH�WR�EH�LQWHUIHUHG�RU�SULYDF\�EUHDFKHG�E\�H[DP�
DXWKRULWLHV�RU�RWKHUV��6WXGHQWV�KDYH�D�ORW�LQYHVWHG�LQ�WKHLU�HTXLSPHQW�LQ�WHUPV�RI�FRVW��WLPH��SHUVRQDO�RZQHUVKLS�
DQG�SULYDF\��7KH�HTXLSPHQW�LV�RIWHQ�LPSRUWDQW�WR�WKHLU�RQJRLQJ�VWXGLHV�DQG�SHUVRQDO�OLYHV�VR�VDIH�JXDUGLQJ�LWV�
LQWHJULW\�LV�DQ�LPSRUWDQW�FRQVLGHUDWLRQ�ZLWK�HWKLFDO��PRUDO�DQG�SRVVLEO\�OHJDO�LPSOLFDWLRQV��0RVW�H�H[DP�
VROXWLRQV�LQ�WKH�PDUNHWSODFH�WKDW�PDNH�XVH�RI�VWXGHQW�RZQHG�HTXLSPHQW�DUH�LQWUXVLYH��RIWHQ�LQVWDOOLQJ�DQG�
OHDYLQJ�EHKLQG�VRIWZDUH�FRPSRQHQWV�WKDW�LQWHUIHUH�ZLWK�WKH�RSHUDWLRQ�RI�WKH�FRPSXWHU��6RPH�XVH�ELRPHWULFV�
ZKLOH�RWKHUV�XVH�WRROV�VXFK�DV�µNH\�ORJJHUV¶�WR�WUDFN�FDQGLGDWH�DFWLYLWLHV�ZKLFK�UDLVH�FRQFHUQV�IRU�SULYDF\��/HY\�
HW�DO���������
�
7HDFKLQJ�DQG�3HGDJRJLFDO�
>5�@�7HFKQRORJ\�HQKDQFHV�WKH�UDQJH�RI�DVVHVVPHQW�VFHQDULRV�DQG�TXHVWLRQ�W\SHV�ZKHQ�FRPSDUHG�WR�SDSHU�EDVHG�
DSSURDFKHV��&ULVS���������7KH�DELOLW\�WR�LQFRUSRUDWH�PXOWLPHGLD�HOHPHQWV�LQFOXGLQJ�YLGHR��YLUWXDO�YLHZV��
VFHQDULRV��VRIWZDUH�WRROV��VLPXODWLRQV��DUH�DOO�PDGH�SRVVLEOH�ZLWK�FRPSXWHU�EDVHG�IRUPV�RI�DVVHVVPHQW��7KH�
7UDQVIRUPLQJ�$VVHVVPHQW�ZHEVLWH�E\�&ULVS�	�+LOOLHU��������SURYLGHV�H[WHQVLYH�H[DPSOHV�RI�FRPSXWHU�EDVHG�
TXHVWLRQV��7UDGLWLRQDO�SDSHU�EDVHG�H[DPV�SURYLGH�OLWWOH�RSSRUWXQLW\�IRU�IHHGEDFN�DQG�KDV�EHHQ�GHVFULEHG�DV�D�
µIHHGEDFN�GHVHUW¶�E\�6FROHV��+X[KDP�DQG�0F$UWKXU���������&RPSXWHU�PDUNHG�TXHVWLRQV�KDYH�WKH�SRWHQWLDO�WR�
SURYLGH�LQVWDQW�IHHGEDFN��RU�DW�OHDVW��IDVWHU�SURFHVVLQJ�RI�UHVXOWV��,I�PDWFKHG�ZLWK�HOHFWURQLF�PDUNLQJ�WRROV�DQG�
ZRUNIORZV�IDVWHU�IHHGEDFN�FRXOG�DOVR�DSSO\�WR�HVVD\�TXHVWLRQV��DOWKRXJK�ZLWK�WKH�ODWWHU�ORQJHU�UHWXUQ�WLPHV�
ZRXOG�DSSO\��
>5�@�7KHUH�LV�D�QHHG�WR�SURYLGH�DOO�VWXGHQWV�ZLWK�DQ�HTXLYDOHQW�HQYLURQPHQW�IRU�UHDVRQV�RI�IDLUQHVV�ZKLOH�
FDWHULQJ�WR�HTXLW\�LVVXHV��0RJH\��6DUDE��+D\ZRRG��YDQ�+H\QLQJHQ��'HZKXUVW��+RXQVHOO��	�1HLOVRQ���������
9DULRXV�H[DP�DXWKRULWLHV�XWLOLVH�GLIIHUHQW�GHILQLWLRQV�RI�IDLUQHVV��)OXFN��������%RXYLOOH��������WKDW�UDQJH�IURP�
SURYLGLQJ�WKH�VDPH�HQYLURQPHQW�WR�DOO�FDQGLGDWHV�WR�SURYLGLQJ�GLIIHUHQW�HQYLURQPHQWV�WR�HQVXUH�DFFHVVLELOLW\�WR�
WKRVH�ZLWK�GLVDELOLWLHV��7KH�H[DP�V\VWHP�VKRXOG�KDYH�D�UDQJH�RI�DFFHVVLELOLW\�IHDWXUHV�DYDLODEOH�WR�DOO��
5��7KHUH�LV�D�QHHG�WR�SURYLGH�RULHQWDWLRQ�WR�VWXGHQWV�LQ�UHJDUG�WR�WKH�H[DP�HQYLURQPHQW��7KH�XVH�RI�SDSHU�EDVHG�
H[DPV�LQ�WKH�SDVW�ZHUH�FRQGXFWHG�ZKHQ�VWXGHQWV�FRPPRQO\�XVHG�SHQ�DQG�SDSHU�LQ�DVVHVVPHQW�WDVNV�DQG�ZKHUH�
WKH�XVH�RI�PRFN�DQG�SUDFWLFH�H[DPV�SULRU�WR�KLJK�VWDNHV�HYHQWV�PHDQW�WKDW�VWXGHQWV�FRXOG�HDVLO\�EH�DFFXVWRPHG�
WR�WKH�PHGLXP�SULRU�WR�HQWHULQJ�WKH�H[DP�URRP��7KH�LQWURGXFWLRQ�RI�HOHFWURQLF�H[DPV�ZLOO�DOVR�UHTXLUH�WKDW�
SUDFWLFH�VHVVLRQV�DQG�H[SRVXUH�WR�WKH�PHGLXP�RI�WKH�H[DP�ZLOO�QHHG�WR�EH�FDUULHG�RXW��6WXGHQWV�VKRXOG�EH�
SUHSDUHG�LQ�D�ZD\�WKDW�SODFHV�WKHP�LQ�D�JRRG�SRVLWLRQ�WR�FRQFHQWUDWH�RQ�GHPRQVWUDWLQJ�WKHLU�NQRZOHGJH�RI�WKH�
WRSLF�UDWKHU�WKDQ�WKH�PHGLXP�DQG�PHFKDQLFV�RI�SURGXFWLRQ���
�
,QVWLWXWLRQDO�
>5�@�6XVWDLQDEOH�SURYLVLRQ�RI�FRPSXWHU�KDUGZDUH�DQG�IDFLOLWLHV�ZLOO�QHHG�WR�EH�DFKLHYHG��,W�LV�XQOLNHO\�WR�EH�
VXVWDLQDEOH�RU�HFRQRPLF�IRU�LQVWLWXWLRQV�WR�SURYLGH�HDFK�VWXGHQW�ZLWK�KDUGZDUH�IRU�ODUJH�LQIUHTXHQW�DVVHVVPHQW�
HYHQWV�VXFK�DV�H[DPV��7KH�FRVW�RI�SURYLGLQJ�D�ODUJH�QXPEHU�RI�FRPSXWHUV�IRU�HDFK�H[DP�FDQGLGDWH�IRU�VKRUW�
SHULRGV�HDFK�\HDU�PDNHV�WKLV�ORJLVWLFDOO\�GLIILFXOW�DQG�FRVWO\��7KH�FRQVWUXFWLRQ�RI�ODUJH�HQRXJK�GHGLFDWHG�H[DP�
IDFLOLWLHV�ZRXOG�UHSUHVHQW�D�VLJQLILFDQW�LQYHVWPHQW�LQ�SK\VLFDO�LQIUDVWUXFWXUH�WKDW�PD\�QRW�EH�ZHOO�XWLOLVHG�RXWVLGH�
RI�H[DP�SHULRGV��7KH�KLULQJ�RU�FRQVWUXFWLRQ�RI�D�WHPSRUDU\�IDFLOLW\�DQG�SURYLVLRQ�RI�FRPSXWHUV�ZRXOG�UHSUHVHQW�
D�KLJK�UH�RFFXUULQJ�FRVW��*LYHQ�WKH�DOUHDG\�KLJK�RZQHUVKLS�RI�VXLWDEOH�HTXLSPHQW�E\�VWXGHQWV�D�ZD\�WR�PDNH�XVH�
RI�WKLV�HTXLSPHQW�ZRXOG�EH�GHVLUDEOH��6RIWZDUH�OLFHQFH�IHHV�IRU�SURSULHWDU\�VROXWLRQV�DOVR�DGG�WR�WKH�FRVW�LPSRVW��
7KH�DSSURDFK�WR�ILQDQFLQJ�RQJRLQJ�WHFKQLFDO�DQG�SURFHGXUDO�VXSSRUW�LV�DOVR�D�PDWWHU�IRU�FRQVLGHUDWLRQ��
>5��@�(DFK�LQVWLWXWLRQ�KDV�GLIIHUHQW�WHFKQLFDO�LQIUDVWUXFWXUH�WKDW�PDNHV�LW�GLIILFXOW�WR�SURYLGH�VROXWLRQV�WKDW�DUH�
DSSOLFDEOH�DFURVV�WKH�KLJKHU�HGXFDWLRQ�VHFWRU��HVSHFLDOO\�WKRVH�WKDW�DUH�HDVLO\�LQWHJUDWHG�LQWR�H[LVWLQJ�VRIWZDUH�
DQG�KDUGZDUH�HQYLURQPHQWV��0RVW�WHFKQLFDO�VROXWLRQV�RIIHUHG�E\�FRPPHUFLDO�SURYLGHUV�DUH�SODWIRUP�GHSHQGDQW�
RU�DUH�LQWUXVLYH�WR�SULYDWHO\�RZQHG�HTXLSPHQW��-,6&�������SS��������&KHVQH\�	�*LQW\���������7KHUH�LV�D�QHHG�WR�
GHYHORS�DQ�RSHQ�DQG�PRGXODU�H[DP�SODWIRUP�WKDW�ZRXOG�EH�LQWHU�RSHUDEOH�ZLWK�H[LVWLQJ�LQIUDVWUXFWXUH���
>5��@�7KHUH�LV�D�QHHG�WR�SURYLGH�D�UREXVW�DQG�UHOLDEOH�VROXWLRQ��([DPV�DW�XQLYHUVLWLHV�DUH�RI�WKH�KLJKHVW�VWDNHV��
7KH�SURFHVV�QHHGV�WR�EH�DW�OHDVW�HTXLYDOHQW�WR�SDSHU�EDVHG�VROXWLRQV�LQ�WHUPV�RI�UHOLDELOLW\�DQG�YDOLGLW\�WR�EH�
DFFHSWHG�E\�VWDNHKROGHUV��XQLYHUVLW\�DGPLQLVWUDWRUV��DFDGHPLFV��VWXGHQWV��SDUHQWV��HPSOR\HUV��JRYHUQPHQWV�DQG�
WKH�SXEOLF���:LWKRXW�D�VHFXUH�DQG�UHOLDEOH�VROXWLRQ�DFDGHPLFV�LQ�SDUWLFXODU�ZLOO�EH�UHOXFWDQW�WR�DGRSW�H�H[DPV��,I�
WKLQJV�ZHUH�WR�JR�ZURQJ�ZLWK�WKH�H[DP�SURFHVV��WKH�XQLYHUVLW\�ZRXOG�ULVN�ORVV�RI�UHSXWDWLRQ�DV�WR�WKHLU�VWDWXV�DV�
JXDUGLDQV�RI�VWDQGDUGV�DQG�DV�UHOLDEOH�DFFUHGLWRUV�RI�JUDGXDWH�DFKLHYHPHQWV���7KH�LPSDFW�RQ�VWXGHQWV�DIIHFWHG�
ZRXOG�DOVR�EH�VLJQLILFDQW�ZLWK�LQFUHDVHG�GLVWUHVV�DW�D�WLPH�RI�DOUHDG\�KLJK�VWUHVV��
,Q�GHYHORSLQJ�DQ�H[DPV�VROXWLRQ�FRQVLGHUDWLRQ�ZLOO�QHHG�WR�EH�PDGH�UHJDUGLQJ�WKH�VWDELOLW\�DQG�VHFXULW\�RI�
FRPSXWHU�KDUGZDUH��QHWZRUNV��VRIWZDUH��DQG�WKH�SK\VLFDO�HQYLURQPHQW�LQ�UHJDUG�WR�ERWK�FRQWUROOHG�HOHPHQWV�
VXFK�DV�LQVWLWXWLRQ�RZQHG�QHWZRUNV�DQG�XQFRQWUROOHG�HOHPHQWV�VXFK�DV�VWXGHQW�RZQHG�PRELOH�FRPPXQLFDWLRQ�
GHYLFHV��6LPLODUO\�GXULQJ�WKH�FRXUVH�RI�WKH�H[DP�LQYLJLODWRUV�VKRXOG�EH�DEOH�WR�HDVLO\�LGHQWLI\�WKDW�HDFK�FDQGLGDWH�
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LV�XVLQJ�DXWKRULVHG�VRIWZDUH��
>5��@�8QDXWKRULVHG�GDWD�DQG�FRPPXQLFDWLRQ�PXVW�EH�H[FOXGHG�IURP�WKH�H[DP�HQYLURQPHQW��$�FRQWUROOHG�
VRIWZDUH�HQYLURQPHQW�WKDW�SURYLGHV�WKH�DELOLW\�WR�SUHYHQW�VWXGHQWV�DFFHVVLQJ�XQDXWKRULVHG�UHVRXUFHV�VXFK�DV�ZHE�
VLWHV��PRELOH�GHYLFHV�DQG�FRPPXQLFDWLRQV��RWKHU�FDQGLGDWHV���UG�SDUW\�KHOSHUV�RXWVLGH�RI�WKH�H[DP�URRP�RU�WKH�
KDUG�GLVN�GULYH�RI�WKH�FRPSXWHU��1HWZRUN�RU�ZLUHOHVV�DFFHVV�ZRXOG�QHHG�WR�EH�SURKLELWHG�RU�DFFHVV�SHUPLWWHG�
RQO\�WR�VSHFLILF�ORFDWLRQV�FRQWDLQLQJ�WKH�H[DP�TXHVWLRQV�DQG�UHVRXUFHV�RU�WR�FKDQQHOV�WKDW�DOORZ�VHFXUH�WUDQVIHU�
RI�DQVZHUV��'XH�FRQVLGHUDWLRQ�RI�WKH�SULQFLSOHV�RI�LQIRUPDWLRQ�VHFXULW\��:KLWPDQ�	�0DWWRUG��������FDQ�JXLGH�
GHYHORSHUV�LQ�WKH�HDUO\�VWDJHV�RI�V\VWHP�SODQQLQJ�WR�KHOS�HQVXUH�D�VHFXUH�DQG�UHOLDEOH�SODWIRUP��
>5��@�7KHUH�LV�D�QHHG�WR�SURYLGH�HIILFLHQW�ZRUNIORZV�IRU�VHW�XS��FRQGXFW�DQG�SRVW�SURFHVVLQJ�RI�H[DPV��
8QLYHUVLWLHV�DOUHDG\�H[SHQG�VLJQLILFDQW�DPRXQWV�RI�PRQH\�DQG�UHVRXUFHV�LQ�UXQQLQJ�H[DPLQDWLRQV�DQG�ZH�GR�QRW�
ZDQW�WR�XQGXO\�DGG�WR�WKLV�LPSRVW��7KHUHIRUH�ZH�VKRXOG�DLP�IRU�WKH�LQWURGXFWLRQ�RI�H�H[DPV�WR�EH�DW�OHDVW�FRVW�
QHXWUDO�RYHU�WKH�ORQJHU�WHUP��7R�DVVLVW�ZLWK�HIILFLHQF\�WKH�H[DP�SODWIRUP�VKRXOG�HDVLO\�DFFRPPRGDWH�
DXWRPDWLFDOO\�PDUNHG�TXHVWLRQV�WR�EH�XVHG�ZKHQ�SHGDJRJLFDOO\�DSSURSULDWH�DQG�WR�PLQLPLVH�PDQXDO�SURFHVVHV�
DVVRFLDWHG�ZLWK�VHWWLQJ�XS�H[DP�VFULSWV��UXQQLQJ�H[DP�HYHQWV��UHWULHYDO��SURFHVVLQJ�DQG�PDUNLQJ�RI�VWXGHQW�
DQVZHUV��
�
7KH�DERYH�SURYLGHV�D�IUDPHZRUN�IRU�FKRRVLQJ�D�VXLWDEOH�H�H[DPV�VROXWLRQ��
�
&XUUHQW�H�H[DP�VROXWLRQV�
�
$Q�HQYLURQPHQWDO�VFDQ�RI�DYDLODEOH�H�H[DPV�VROXWLRQV�SURYLGHG�E\�FRPPHUFLDO�DQG�RWKHU�SURYLGHUV�VKRZV�WKDW�
WKH�PDMRULW\�GR�QRW�DGGUHVV�WKH�IXOO�UDQJH�RI�WKH�FRQFHUQV�DERYH��
([LVWLQJ�VROXWLRQV�LQFOXGH�RQH�RU�PRUH�RI��

x� %XLOW�LQ�TXL]�WRROV�ZLWKLQ�D�/HDUQLQJ�0DQDJHPHQW�6\VWHP��/06��VXFK�DV�%ODFNERDUG��0RRGOH�RU�
6DNDL��,Q�WKH�PDLQ�WKHVH�/06�DUH�QRW�GHVLJQHG�WR�EH�H�H[DPV�HQYLURQPHQWV�DQG�WKLV�XVXDOO\�PHDQV�
VWXGHQWV�KDYH�DFFHVV�WR�RWKHU�WRROV�ZLWKLQ�WKH�/06��7KHLU�XVH�IRU�H[DPV�WKHUHIRUH�UHTXLUHV�FORVH�
LQYLJLODWLRQ�DQG�FXUUHQWO\�UHTXLUHV�WKH�XVH�RI�FRPSXWHU�ODEV�RQ�FDPSXV��ZKLFK�OHDGV�WR�WKH�QH[W�SRLQW��

x� 7HVWV�DQG�H[DPV�XQGHUWDNHQ�LQ�IL[HG�FRPSXWHU�WHDFKLQJ�ODEV�RQ�FDPSXV��6XFK�VSDFHV�DUH�QRUPDOO\�
OLPLWHG�WR����RU�VR�VWXGHQWV�LQ�D�URRP��WKH�QXPEHU�RI�ODEV�LV�ILQLWH�DQG�OD\RXWV�RI�WKHVH�URRPV�LV�RIWHQ�
QRW�VXLWDEOH�IRU�KLJK�VWDNHV�H[DPV��

x� 3URSULHWDU\�WHVWLQJ�VRIWZDUH�DSSOLFDWLRQV��7KH�PDMRULW\�RI�WKHVH�DUH�GHSHQGHQW�RQ�WKH�XVH�RI�D�SDUWLFXODU�
RSHUDWLQJ�V\VWHP�ZLWK�YHU\�IHZ�EHLQJ�FURVV�SODWIRUP��7KLV�PHDQV�WKDW�WKH�SUHYLRXV�SRLQW�DJDLQ�FRPHV�
LQWR�SOD\�LI�LQVWLWXWLRQ�RZQHG�HTXLSPHQW�QHHGV�WR�EH�VXSSOLHG�XSRQ�ZKLFK�WR�UXQ�LW��)XUWKHU��PDQ\�DOVR�
LQVWDOO�LQYDVLYH�FRPSRQHQWV�LQWR�FRPSXWHUV��

x� 2XWVRXUFHG�WHVWLQJ�FHQWUHV�RU�VHUYLFHV��ZKHUH�FRQWURO�LV�SDVVHG�WR�RWKHU�RUJDQLVDWLRQV�LQGLYLGXDOV��6XFK�
VHUYLFHV�DUH�PDLQO\�LQWHQGHG�IRU�VPDOO�QXPEHUV�RU�H[WHUQDO�GLVWDQFH�HGXFDWLRQ�VWXGHQWV�DQG�WHQG�WR�EH�
FRVWO\�RQ�D�SHU�VWXGHQW�EDVLV��)XUWKHU��WKH�VFKHGXOLQJ�RI�H[DPV�RFFXUV�ZLWKLQ�D�QDUURZ�UDQJH�RI�GDWHV�
PHDQLQJ�LW�LV�XQOLNHO\�WR�EH�YLDEOH�WR�XVH�VXFK�VHUYLFHV�IRU�WKH�PDMRULW\�RI�VWXGHQWV���

x� 2QOLQH�SURFWRULQJ�VHUYLFHV�XVHG�E\�GLVWDQFH�HGXFDWLRQ�VWXGHQWV�ZKR�DUH�RII�FDPSXV�DW�WKH�WLPH�RI�WKH�
H[DP��%HLQJ�RII�FDPSXV�UDLVHV�ULVNV�RI�H[DP�SURWRFRO�EUHDFKHV�LQ�XQFRQWUROOHG�HQYLURQPHQWV��
6ROXWLRQV�DOVR�XVXDOO\�LQYROYH�LQWUXVLYH�VRIWZDUH�EHLQJ�LQVWDOOHG�LQWR�VWXGHQW�RZQHG�FRPSXWHUV�LQ�DQ�
DWWHPSW�WR�VHFXUH�WKH�LQKHUHQWO\�LQVHFXUH�HQYLURQPHQW�RI�D�VWXGHQW�FRQWUROOHG�RSHUDWLQJ�V\VWHP��

�
-XGJLQJ�IURP�WKH�FXUUHQW�PDUNHW�SODFH�WKHUH�LV�D�QHHG�WR�GHYHORS�D�QHZ�VROXWLRQ�WR�H�H[DPV��+RZHYHU��UDWKHU�
WKDQ�HQWLUHO\�UH�LQYLWLQJ�D�VROXWLRQ�IURP�VFUDWFK�LW�ZRXOG�EH�PRUH�HIILFLHQW�WR�GUDZ�XSRQ�H[LVWLQJ�LGHDV��
SURFHVVHV�RU�VRIWZDUH��7R�GR�VR�ZRXOG�PHDQ�XVLQJ�H[LVWLQJ�VRIWZDUH�LQ�QHZ�ZD\V�RU�PDNLQJ�FKDQJHV�WR�VXFK�
VRIWZDUH��7KH�FORVHG�VRXUFH��SURSULHWDU\�VRIWZDUH�OLFHQVLQJ�UHJLPH�RI�WKH�FXUUHQW�SURYLGHUV�PDNHV�GRLQJ�VR�
GLIILFXOW���7KH�RSHQ�VRXUFH�PRYHPHQW�SRWHQWLDOO\�KROGV�D�VROXWLRQ�WR�WKH�SUREOHP�DQG�IRUWXQDWHO\�VXFK�D�VXLWDEOH�
EDVH�LV�IRXQG�LQ�WKH�DOUHDG\�VXFFHVVIXO�µH([DP¶�V\VWHP�EHLQJ�XVHG�DW�8QLYHUVLW\�RI�7DVPDQLD��87$6��DQG�LQ�
SUH�WHUWLDU\�H[DPV��74$��������)OXFN���������7KH�VROXWLRQ�XWLOLVHV�WKH�KLJKO\�FXVWRPLVDEOH�RSHQ�VRXUFH�/LQX[�
RSHUDWLQJ�V\VWHP�DQG�DOORZV�VWXGHQWV�WR�EULQJ�WKHLU�RZQ�ODSWRS�WR�WKH�H[DP�URRP��7KLV�RYHUFRPHV�WZR�ODUJH�
KXUGOHV�ZKHQ�LW�FRPHV�WR�GHYHORSLQJ�DQ�HQKDQFHG�H�H[DPV�VROXWLRQ��WKDW�RI�VFDODELOLW\�DQG�WKH�DYDLODELOLW\�RI�WKH�
WHFKQLFDO�FRPSRQHQWV�IRU�FKDQJH��
�
7KH�IHDWXUHV�RI�WKH�87$6�DSSURDFK�DOLJQ�ZLWK�PDQ\�RI�WKH�UHTXLUHPHQWV�RXWOLQHG�DERYH��6XFK�IHDWXUHV�LQFOXGH�
EHLQJ�RSHQ�DQG�KLJKO\�FRQILJXUDEOH��ZKLFK�PHDQV�LW�LV�DYDLODEOH�IRU�FXVWRPLVDWLRQ�DQG�VKDULQJ�RI�LQQRYDWLRQ�LQ�
WKDW�WKHUH�LV�DQ�DEVHQFH�RI�FRQFHUQV�RYHU�FRPPHUFLDO�OLFHQFH�FRPSOLDQFH��ZKLFK�DOVR�UHPRYHV�VRPH�FRVWV���
)XUWKHU�WKH�V\VWHP�LV�FURVV�SODWIRUP�DQG�H[WUHPHO\�OLJKW�WRXFK�RQ�VWXGHQW�RZQHG�HTXLSPHQW��
+RZHYHU�WKH�V\VWHP�DV�LW�VWDQGV�DOVR�GRHV�QRW�PHHW�DOO�RI�WKH�UHTXLUHPHQWV�DQG�WKHUHIRUH�QHHGV�IXUWKHU�ZRUN�WR�
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LPSURYH�LWV�FDSDELOLWLHV��D�JUHDWHU�QXPEHU�RI�TXHVWLRQ�W\SHV��DQG�HIILFLHQF\��FRPSXWHULVHG�PDUNLQJ�DQG�JUHDWHU�
DXWRPDWLRQ�RI�FXUUHQW�PDQXDO�VHW�XS�DQG�UHVSRQVH�UHWLFXODWLRQ�SURFHVVHV���
�
:H�DUJXH�WKDW�WKH�VWURQJ�QHHG�IRU�D�VWUDWHJLF��VFDODEOH�DQG�VXVWDLQDEOH�H�H[DPV�VROXWLRQ�WKDW�PHHW�WKH�QHHGV�RI�
WHUWLDU\�LQWXLWLRQV�DQG�VWXGHQWV�FDQ�EH�EURXJKW�DERXW�E\�LPSURYLQJ�XSRQ�DYDLODEOH�RSHQ�WHFKQRORJ\�FRPSRQHQWV��
7R�EHJLQ�WKLV�SURFHVV��ZH�SURSRVH�D�VHW�RI�GHVLJQ�IHDWXUHV�DQG�VWUDWHJLHV�DV�GLVSOD\HG�LQ�WKH�IROORZLQJ�VHFWLRQ��
�
'HVLJQ�IRU�D�VXLWDEOH�H�H[DPV�V\VWHP�
�
$�GHVLJQ�IRU�LPSOHPHQWLQJ�WKH�DERYH�UHTXLUHPHQWV�LV�LQHYLWDEO\�JRLQJ�WR�EH�PXOWLIDFHWHG�LQFOXGLQJ�D�PL[WXUH�RI�
WHFKQRORJ\�DQG�SURFHGXUHV���7R�WKLV�HQG�ZH�KDYH�FRPSLOHG�D�VHW�RI�GHVLUDEOH�IXQFWLRQDOLW\�DQG�VWUDWHJLHV�ZKLFK�
KDYH�EHHQ�DOLJQHG�ZLWK�WKH�UHTXLUHPHQWV�GLVFXVVHG�LQ�WKH�ILUVW�KDOI�RI�WKLV�SDSHU��
7KHVH�DUH�GLVSOD\HG�LQ�7DEOH���ZKLOH�WKH�FRPSOH[�LQWHUSOD\�RI�WKHVH�IDFWRUV�DQG�VXEVHTXHQW�IHDWXUHV�DUH�
GLVSOD\HG�JUDSKLFDOO\�LQ�WKH�FRQFHSW�PDS�SUHVHQWHG�LQ�$SSHQGL[����
�

7DEOH����0DWFKLQJ�IXQFWLRQDO�VWUDWHJLHV�DQG�UHTXLUHPHQWV�
)XQFWLRQDOLW\�RU�6WUDWHJ\� 5HTXLUHPHQWV�
7KH�DSSURDFK�VKRXOG�XWLOLVH�VWXGHQW�RZQHG�HTXLSPHQW��6WXGHQWV�VKRXOG�EULQJ�WKHLU�RZQ�
GHYLFHV��%<2'���7KLV�ZLOO�EH�LQ�WKH�IRUP�RI�D�ODSWRS�DORQJ�ZLWK�DQ\�DGGLWLRQDO�KDUGZDUH�
VXFK�DV�VHSDUDWH�NH\ERDUG��WUDFNSDG�RU�PRXVH��

5���5���5���
5���5���

(QDEOH�WKH�SURYLVLRQ�RI�DQ�HTXLYDOHQW�DQG�FRQWUROOHG�HQYLURQPHQW�WKHUHIRUH�DGGUHVVLQJ�
SRWHQWLDO�XQIDLUQHVV�RI�GLVSDUDWH�FRPSXWHU�V\VWHPV�LQ�DQ\�RQH�H[DP��

5���5��

7KH�H�H[DP�VRIWZDUH�HQYLURQPHQW�VKRXOG�DFFRPPRGDWH�UHDVRQDEOH�DGMXVWPHQWV�WR�FDWHU�IRU�
HTXLW\�RI�DFFHVV�LQ�WHUPV�RI�XVDELOLW\�DQG�DFFHVVLELOLW\�UHVRXUFHV��7KLV�VKRXOG�LQFOXGH�
IHDWXUHV�VXFK�DV�WH[W�VL]H�FKDQJH��FRORXU�FRQWUDVW�DGMXVWPHQW��VXEWLWOHV�RQ�YLGHR��
WUDQVFULSWLRQV�RI�DXGLR�WUDFNV�DQG�WR�HQVXUH�WKH�VRIWZDUH�HQYLURQPHQW�FDQ�EH�XVHG�ZLWK�
DOWHUQDWLYH�LQSXW�GHYLFHV��

5���5��

7KH�H�H[DP�VRIWZDUH�VKRXOG�ZRUN�RQ�WKH�YDVW�PDMRULW\�RI�ODSWRS�KDUGZDUH�DYDLODEOH�LQ�
UHFHQW�\HDUV��7KH�DELOLW\�WR�IXQFWLRQ�RQ�DQ\�,QWHO�EDVHG�ODSWRSV�WKDW�FDQ�UXQ�06�:LQGRZV��
0DF�26;�DQG�/LQX[�ZLOO�FRYHU�WKH�YDVW�PDMRULW\�RI�FDVHV��

5��

3URYLGH�DFFHVV�WR�D�ORDQ�RU�HTXLW\�SURJUDP�IRU�VWXGHQWV�ZKR�GR�QRW�KDYH�VXLWDEOH�KDUGZDUH�
DQG�SURYLVLRQ�RI�VSDUH�FRPSXWHUV�DQG�SRZHU�VRFNHWV�IRU�VWXGHQWV�ZLWK�ROGHU�HTXLSPHQW�
QHHGV�WR�EH�SDUW�RI�FRQWLQJHQF\�SODQQLQJ�IRU�H�H[DP�HYHQWV��

5���5��

6WXGHQW�RZQHG�HTXLSPHQW�VKRXOG�EH�FRPSOHWHO\�UHWXUQHG�WR�LWV�SULRU�VWDWH�DIWHU�WKH�H[DP�
HYHQW��OHDYLQJ�QR�WUDFH��(�J��E\�UHVWDUWLQJ�WKH�FRPSXWHU�DIWHU�WKH�H[DP��7KHUHIRUH�WKH�V\VWHP�
DUFKLWHFWXUH�PXVW�PDLQWDLQ�D�VHSDUDWLRQ�RI�WKH�VWXGHQW�RZQHG�SRUWLRQ�RI�WKH�SODWIRUP�IURP�
WKH�H[DP�DXWKRULW\�FRQWUROOHG�SRUWLRQ�ZLWKRXW�WKH�ODWWHU�LQWHUIHULQJ�ZLWK�WKH�IRUPHU��

5��

,W�VKRXOG�EH�FDSDEOH�RI�D�UDQJH�RI�TXHVWLRQ�W\SHV�LQFOXGLQJ�FRPSXWHU�PDUNHG�TXHVWLRQ�W\SHV��
7KHVH�LQFOXGH�TXHVWLRQ�W\SHV�W\SLFDOO\�DYDLODEOH�LQ�PRGHUQ�OHDUQLQJ�PDQDJHPHQW�V\VWHPV�
VXFK�DV�0RRGOH�DQG�%ODFNERDUG��

5���5���

,W�VKRXOG�EH�FDSDEOH�RI�VRSKLVWLFDWHG�FRQVWUXFWHG�DQVZHU�TXHVWLRQV�WKDW�WDNH�IXOO�DGYDQWDJH�
RI�WKH�FDSDELOLWLHV�RI�FRPSXWHULVHG�SODWIRUPV��,QFOXGLQJ�VSHFLDOLVW�RU�GLVFLSOLQH�EDVHG�
VRIWZDUH�WRROV�VXFK�DV�VLPXODWRUV��FDOFXODWRUV��PXOWLPHGLD�VFHQDULRV�ZLOO�DOORZ�VWXGHQWV�WR�
EXLOG��H[SHULPHQW�DQG�SURGXFH�DQVZHUV�ZLWKLQ�WKH�H[DP�FRQWH[W��)RU�H[DPSOH�VWXGHQWV�FRXOG�
UXQ�D�VLPXODWHG�FKHPLVWU\�H[SHULPHQW�DQG�VXEPLW�UHVXOWV�RU�SURJUHVV�WKURXJK�D�PXOWL�VWDJH�
VFHQDULR�ZLWK�PXOWLSOH�GHFLVLRQ�SRLQWV�VXEPLWWHG�IRU�DVVHVVPHQW��

5��

(QVXUH�VWXGHQWV�KDYH�SULRU�H[SRVXUH�RI�WKH�IHDWXUHV�RI�WKH�VRIWZDUH�HQYLURQPHQW�DQG�WKH�
SURFHVVHV�QHHGHG�WR�XQGHUWDNH�D�OLYH�H[DP��7KLV�FDQ�EH�GRQH�WKURXJK�SURYLVLRQ�RI�
VXSHUYLVHG�SUH�H[DP�WHVW�UXQ�VHVVLRQV�DQG�PRFN�H[DPV�WR�DVVLVW�VWXGHQWV�WR�DGMXVW��$�FRS\�
RI�WKH�VRIWZDUH�HQYLURQPHQW�DQG�WULDO�H[DP�FRXOG�DOVR�EH�PDGH�DYDLODEOH�WR�VWXGHQWV�VR�
WHVWLQJ�RI�SURFHVVHV�DQG�FDQGLGDWH�KDUGZDUH�FDQ�RFFXU�DW�KRPH��

5���5��

8VHU�GRFXPHQWV�DQG�JXLGHV�VKRXOG�EH�SURYLGHG�IRU�VWXGHQWV��DFDGHPLFV�DQG�DGPLQLVWUDWRUV�� 5��
(QVXUH�DSSURSULDWH�WUDQVLWLRQ�VWUDWHJLHV�IURP�SDSHU�WR�HOHFWURQLF��)RU�H[DPSOH��D�SKDVH�LQ�
SHULRG�ZKHUH�SDSHU�DQG�HOHFWURQLF�H[DPV�DUH�UXQ�VLGH�E\�VLGH�ZLWK�VWXGHQWV�KDYLQJ�D�FKRLFH��

5��

$OORZ�LQVWLWXWLRQV�WR�FKRRVH�WKH�FRPSRQHQWV�DQG�RSWLRQV�WKDW�EHVW�VXLW�WKHLU�QHHGV��8VLQJ�D�
PRGXODU�DUFKLWHFWXUH�DQG�RSHQ�VRXUFH�VRIWZDUH�IRU�DOO�FRPSRQHQWV��H�J��IRU�WHVW�FUHDWLRQ��
VWXGHQW�VRIWZDUH�HQYLURQPHQW��TXHVWLRQ�HQJLQH��EDFNHQG�SRVW�SURFHVVLQJ��ZLOO�DOORZ�
LQVWLWXWLRQV�WR�SXW�WRJHWKHU�FXVWRP�FRQILJXUDWLRQV��

5����5���
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,QVWLWXWLRQV�VKRXOG�EH�DEOH�WR�OHYHUDJH�H[LVWLQJ�VRIWZDUH�DQG�V\VWHPV�DV�WKH\�VHH�ILW��(�J��XVH�
WKH�H�H[DP�VRIWZDUH�HQYLURQPHQW�EXW�OLQNHG�WR�DQ�LVRODWHG�FRS\�RI�WKHLU�RZQ�/06��

5���5���

7KH�H[DP�DXWKRULW\�VKRXOG�EH�DEOH�WR�JDLQ�FRPSOHWH�NQRZOHGJH�RI�WKH�VRIWZDUH�
HQYLURQPHQW��8VLQJ�WKH�RSHQ�VRXUFH�/LQX[�RSHUDWLQJ�V\VWHP�DOORZV�WKLV�WR�KDSSHQ�WR�D�
JUHDWHU�H[WHQW�WKDQ�FORVHG�VRXUFH�DOWHUQDWLYHV��

5����5���

7KH�FRQILJXUDWLRQ�RI�WKH�VRIWZDUH�HQYLURQPHQW�VKRXOG�EH�FRQWUROODEOH�E\�WKH�H[DP�DXWKRULW\�
7KLV�LQFOXGHV�KDYLQJ�KLJK�OHYHO�RI�FRQWURO�RYHU�FDQGLGDWH�DFFHVV�WR�KDUGZDUH�IHDWXUHV�DQG�
GDWD�VRXUFHV�GXULQJ�WKH�H[DP��2SWLRQV�LQFOXGH�SUHYHQWLQJ�ORFDO�KDUG�GLVN�DFFHVV��H[FOXGLQJ�
RQH�RU�PRUH�QHWZRUN�LQWHUIDFHV��UHVWULFWLQJ�QHWZRUN�DFFHVV�WR�D�JLYHQ�GHVWLQDWLRQ�H�J��/06�
RU�H[DP�VHUYHU��XVLQJ�UHVWULFWHG�ULJKWV�VWXGHQW�DFFRXQW�VR�WKDW�VWXGHQWV�ZLOO�QRW�EH�DEOH�WR�
DFFHVV�DQ\�FRQILJXUDWLRQ�VHUYLFHV�H�J��URRW��VXGR��V\VWHP�ILOHV��$JDLQ��/LQX[�LV�KLJKO\�
FRQILJXUDEOH�ZKLFK�PDNHV�LW�D�JRRG�FDQGLGDWH�IRU�VHFXULW\�KDUGHQLQJ���

5����5���

([DP�LQYLJLODWRUV�VKRXOG�EH�DEOH�WR�HDVLO\�FKHFN�LI�FDQGLGDWHV�DUH�XVLQJ�WKH�DXWKRULVHG�
YHUVLRQ�RI�WKH�VRIWZDUH��6SHFLDO�FRORXU�VFKHPHV�DQG�LPDJHV�FDQ�EH�FKRVHQ�E\�WKH�H[DPLQHU�
WR�EH�XVHG�IRU�GHVNWRS�LPDJHV�DORQJ�ZLWK�FXVWRP�ORJRV�DQG�VHTXHQFH�QXPEHUV�SULQWHG�RQ�
86%�VWLFNV�ZLOO�IDFLOLWDWH�TXLFN�YLVXDO�LQVSHFWLRQ�E\�LQYLJLODWRUV��

5����5���

,W�VKRXOG�EH�SRVVLEOH�WR�UHVWULFWHG�QHWZRUN�RU�LQWHUQHW�DFFHVV�WR�VSHFLILHG�GHVWLQDWLRQV��7KLV�
ZLOO�IDFLOLWDWH�VSHFLILF�DFFHVV�WR�FKRVHQ�ZHEVLWHV�RU�WR�DOORZ�WUDQVIHU�RI�VWXGHQW�DQVZHUV�
XVLQJ�VSHFLILHG�QHWZRUN�SURWRFROV�SRUWV�WR�LQVWLWXWLRQDO�VHUYHUV��

5����5����(���

,W�VKRXOG�EH�SRVVLEOH�WR�HVWDEOLVK�VHFXUH�DQG�LVRODWHG�ZLUHOHVV�QHWZRUNV��)RU�H[DPSOH��WR�UXQ�
LQ�URRP�VHUYHU�V��DQG�ZLUHOHVV�DFFHVV�SRLQWV�DV�DQ�LVRODWHG�QHWZRUN�LQ�SODFHV�ZKHUH�ZLUHOHVV�
LQIUDVWUXFWXUH�LV�XQDYDLODEOH��

5���5���

,V�VKRXOG�EH�VFDODEOH�WR�ODUJH�QXPEHUV�RI�VWXGHQWV��7KH�%<2'�DSSURDFK�PHDQV�WKH�QXPEHU�
RI�FRPSXWHUV�UHTXLUHG�E\�VWXGHQWV�ZLOO�VFDOH�H[DFWO\�DFFRUGLQJ�WR�QHHG��*LYHQ�FRPSXWHUV�
ZLOO�EH�SURYLGHG�E\�WKH�VWXGHQWV�WKHPVHOYHV�LW�LV�DQWLFLSDWHG�ZKROH�SURFHVV�ZLOO�VFDOH�LQ�D�
VLPLODU�ZD\�WR�SDSHU�EDVHG�H[DPV��

5��

,W�VKRXOG�EH�FRVW�HIIHFWLYH��7KH�FRVWV�RI�XVLQJ�87$6�µH([DP¶�V\VWHP�KDV�EHHQ�IRXQG�WR�EH�
ORZHU�WKDQ�WKDW�FRPSDUHG�WR�FRPPHUFLDO�VROXWLRQV��7KH�%<2'�DVSHFW�RI�WKH�DSSURDFK�
PHDQV�HTXLSPHQW�FRVWV�DUH�JUHDWO\�UHGXFHG�FRPSDUHG�WR�VFHQDULRV�LQYROYLQJ�LQVWLWXWLRQ�
VXSSOLHG�HTXLSPHQW��7KH�XVH�RI�UHDGLO\�DYDLODEOH�RSHQ�VRXUFH�VRIWZDUH�DQG�FRPPRGLW\�
KDUGZDUH�PHDQLQJ�RQO\�PLQLPDO�VXSSRUW�LV�QHHGHG�WR�NHHS�WKH�SODWIRUP�XS�WR�GDWH��7KH�
DELOLW\�WR�IUHHO\�VKDUH�WKH�SODWIRUP�DFURVV�WKH�KLJKHU�HGXFDWLRQ�VHFWRU�VKRXOG�DOVR�HQDEOH�
HFRQRPLHV�RI�VFDOH�LQ�WHUPV�RI�IXWXUH�GHYHORSPHQW��*LYHQ�WKH�ODFN�RI�SURSULHWDU\�RU�
FRPPHUFLDO�OLFHQFHV�IHHV�WKH�FRVWV�DVVRFLDWHG�ZLWK�WUDFNLQJ�DQG�DXGLWLQJ�XVDJH�LV�HOLPLQDWHG��

5���5���5���

�
�

,Q�SUDFWLFDO�WHUPV�WKH�IHDWXUHV�DQG�VWUDWHJLHV�ZLOO�WDNH�D�SK\VLFDO�DQG�SURFHGXUDO�IRUP��$�UHSUHVHQWDWLRQ�RI�KRZ�D�
VXLWDEOH�H�H[DP�SODWIRUP�VROXWLRQ�ZRXOG�ZRUN�LV�GHSLFWHG�LQ�)LJXUH����

)LJXUH����FRPSRQHQWV�RI�WKH�H�H[DP�V\VWHP�
7KH�VROXWLRQ�LOOXVWUDWHG�LQ�)LJXUH���FDQ�EH�IXUWKHU�H[SODLQHG�ZLWK�DQ�H[DPSOH�XVH�FDVH��$�W\SLFDO�SURFHVV�XVHG�WR�
SUHSDUH�DQG�UXQ�DQ�H�H[DP�XVLQJ�WKH�V\VWHP�LV�DV�IROORZV��
��� $�UH�XVDEOH�EDVH�86%�PRGHO�LV�SUHSDUHG�E\�LQVWLWXWLRQDO�,7�VHUYLFHV�LQ�WKH�IRUP�RI�D�µ%RRWDEOH�86%�VWLFN¶�GDWD�

LPDJH��7KLV�ZRXOG�FRQWDLQ�DSSURSULDWH�QHWZRUN�FRQILJXUDWLRQ�DQG�DFFHVV�UXOHV�PDWFKHG�WR�WKH�LQVWLWXWLRQDO�
FRQWH[W��+DYLQJ�D�UHXVDEOH�EDVH�VHW�XS�PHDQV�WKDW�WKH�PDMRULW\�RI�WKH�ZRUN�LQ�SUHSDULQJ�WKH�H[DP�VWXGHQW�
SODWIRUP�RQO\�QHHGV�WR�EH�GRQH�RQFH�IRU�HDFK�ORFDWLRQ�LQ�ZKLFK�LW�LV�WR�EH�XVHG�RU�XSRQ�VRIWZDUH�XSGDWHV��H�J��

%RRWDEOH�86%�VWLFN�

26���%URZVHU����

/06���RWKHU�WRROV�

'DWDEDVH�IRU�TXL]��RQO\�
YLD�ZHE�LQWHUIDFH��RU�
([DP�6FULSW��UHDG�RQO\��

:ULWWHQ�DQVZHUV��
�VWXGHQW�HGLWDEOH��

([DP�SUHS�E\�
DFDGHPLF�

6HUYHU�WR�FROODWH�VWXGHQW�
UHVSRQVHV�

$VVHVVPHQW���0DUNLQJ�
�DXWR�RU�PDQXDO��

6\VWHP�SUHS�E\�
,7�SHUVRQQHO�

,QWHUIDFH�FRPSRQHQWV�
XVHG�E\�VWXGHQW��
.H\ERDUG���6FUHHQ���
SRLQWLQJ�GHYLFH��

6WXGHQW��YLHZ�
TXHVWLRQV��XVH�
VRIWZDUH�WRROV�
DQG�W\SH�
DQVZHUV��

6WXGHQW�2ZQHG�'HYLFH�

+''��QHWZRUN�LQWHUIDFHV�
�,3��%OXHWRRWK��LQIUDUHG�
HWF��LQKLELWHG�RU�UHVWULFWHG�
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RQFH�D�\HDU�SHU�H[DP�PRGH�±�µRSHQ�ERRN¶��µFORVHG�ERRN¶�HWF��UDWKHU�WKDQ�IRU�HDFK�LQGLYLGXDO�H[DP�SDSHU��
'HFLVLRQV�DV�WR�WKH�DFWXDO�FRQILJXUDWLRQ�ZRXOG�EH�PDGH�E\�WKH�LQVWLWXWLRQ�GHSHQGLQJ�XSRQ�WKH�QDWXUH�RI�WKHLU�
LQIUDVWUXFWXUH��L�H��DYDLODELOLW\�RI�UHOLDEOH�ZLUHOHVV��XVH�RI�LQVWLWXWLRQDO�/06��UXOHV�LQ�SODFH�IRU�FRQGXFW�RI�
H[DPLQDWLRQV�HWF��

��� 7KH�EDVH�PRGHO�DQG�D�GXPP\�H[DP�DORQJ�ZLWK�XVHU�JXLGHV�ZRXOG�EH�PDGH�DYDLODEOH�WR�VWXGHQWV��7KLV�LV�WR�
DOORZ�WKHP�WR�SUDFWLFH�WKH�SURFHVV�RI�XQGHUWDNLQJ�DQ�H�H[DP�DQG�WR�DOORZ�WKHP�WR�JDLQ�IDPLOLDULW\�ZLWK�WKH�H�
H[DP�VRIWZDUH�HQYLURQPHQW��

��� (DFK�H[DP�VFULSW��ZKLFK�PD\�FRQWDLQ�D�FRPELQDWLRQ�RI�FRPSXWHU�PDUNHG�TXL]�TXHVWLRQV�DQG�KXPDQ�PDUNHG�
TXHVWLRQV��DQG�D�XQLTXH�SKRWR�RU�LPDJH��WR�EH�XVHG�DV�D�GHVNWRS�EDFNJURXQG�WR�IDFLOLWDWH�LQYLJLODWRU�
LGHQWLILFDWLRQ�RI�XQDXWKRULVHG�RU�LQFRUUHFW�H�H[DP�VRIWZDUH��DUH�SUHSDUHG�E\�WKH�H[DPLQLQJ�DFDGHPLF��

��� 7KH�H[DP�VFULSW�DQG�FKRVHQ�VHFXULW\�LPDJH�DUH�SODFHG�RQ�WR�D�FRS\�RI�WKH�86%�EDVH�PRGHO�DQG�WKHQ�GXSOLFDWHG�
RQWR�86%�VWLFNV�E\�VXSSRUW�VHUYLFHV���RQH�86%�VWLFN�SHU�FDQGLGDWH��XVLQJ�FRPPHUFLDOO\�DYDLODEOH�PDVV�
GXSOLFDWRUV��

��� ,Q�WKH�H[DP�URRP�WKH�VWXGHQW�ERRWV�WKHLU�RZQ�ODSWRS�XVLQJ�WKH�86%�VWLFN��7KH�86%�VWLFN�WDNHV�FRQWURO�RI�WKH�
KDUGZDUH�WKXV�GHILQLQJ�ZKDW�WKH�VWXGHQW�FDQ�DQG�FDQQRW�GR�GXULQJ�WKH�H[DP��H�J��SURKLELW�DFFHVV�WR�WKH�KDUG�
GLVN��GDWD�SRUWV��%OXHWRRWK�HWF��UHVWULFWLQJ�RU�SURKLELWLQJ�QHWZRUN�DFFHVV���

��� 7KH�VWXGHQW�ORJV�LQWR�WKH�VRIWZDUH�HQYLURQPHQW�XVLQJ�D�JHQHULF�UHVWULFWHG�ULJKWV�DFFRXQW�WR�GR�WKH�H[DP��
D�� ,Q�TXL]�EDVHG�H[DPV�VHFWLRQV��WKH�VWXGHQW�UHDGV�WKH�H[DP�TXHVWLRQV�LQ�WKH�/06�TXHVWLRQ�HQJLQH�YLD�D�ZHE�

EURZVHU��7KH�VWXGHQW�FDQ�RQO\�UHVSRQG�WR�TXHVWLRQV�YLD�WKH�EURZVHU�LQWHUIDFH�DV�WKH\�ZRXOG�LI�WKH\�ZHUH�
XVLQJ�UHJXODU�RQOLQH�TXL]]HV�LQ�DQ�RQOLQH�/06��4XL]�DQVZHUV�DUH�SURJUHVVLYHO\�VDYHG�LQWR�WKH�GDWDEDVH�E\�
WKH�/06�TXHVWLRQ�HQJLQH�DV�WKH�VWXGHQW�SURJUHVVHV��)RU�VHFXULW\��WKH�GDWDEDVH�ILOHV�DUH�QRW�GLUHFWO\�UHDGDEOH�
RU�ZULWDEOH�E\�WKH�VWXGHQW�DFFRXQW�RU�WKH�ZHE�EURZVHU�LWVHOI��

E�� ,Q�SDSHU�UHSODFHPHQW�HVVD\�H[DPV�D�TXHVWLRQ�SDSHU�VHW�DV�µUHDG�RQO\¶�LQ�WKH�IRUP�RI�D�ZRUG�SURFHVVLQJ�
GRFXPHQW�RI�3')��7KLV�µHVVD\¶�IRUPDW�LV�WKH�IDOO�EDFN�LQ�FDVHV�ZKHUH�FRPSXWHU�PDUNHG�TXHVWLRQV�DUH�QRW�
DSSURSULDWH�RU�FDQQRW�EH�XVHG��(VVD\�UHVSRQVHV�DUH�SXW�RQWR�DQ�DQVZHU�SDUWLWLRQ�RQ�WKH�86%�VWLFN�E\�VDYLQJ�
D�WH[W�GRFXPHQW��

��� 6WXGHQW�UHVSRQVHV��TXL]�RU�ZULWWHQ��DUH�WUDQVIHUUHG�WR�D�VHUYHU�IRU�FROODWLRQ��7KH�PHWKRG�XVHG�GHSHQGV�RQ�WKH�
VW\OH�RI�WKH�H[DP�DQG�WKH�DYDLODEOH�LQIUDVWUXFWXUH��VHH�µYDULDWLRQV¶�EHORZ���

��� 4XL]�TXHVWLRQV�DUH�PDUNHG�E\�WKH�/06�DQG�UHVXOWV�IRUZDUGHG�WR�H[DPLQHUV�RU�WKH�/06�JUDGHERRN��
��� :ULWWHQ�VWXGHQW�UHVSRQVHV�DUH�IRUZDUGHG�RQWR�H[DPLQHUV�RU�PDUNHUV�IRU�PDQXDO�DVVHVVPHQW�DQG�WKHQ�HQWHUHG�

LQWR�JUDGH�ERRN��0DQXDO�PDUNLQJ�LV�QDWXUDOO\�WKH�IDOO�EDFN�SRVLWLRQ��$OWKRXJK�EH\RQG�WKH�VFRSH�RI�WKLV�SDSHU��LW�
LV�ZRUWK�QRWLQJ�WKDW�D�UDQJH�RI�HOHFWURQLF�WRROV�DUH�DYDLODEOH�WR�DVVLVW�KXPDQ�PDUNHUV�DVVHVV�ZULWWHQ�VWXGHQW�
ZRUN�LI�D�IXOO\�HOHFWURQLF�ZRUNIORZ�LV�VWLOO�GHVLUHG��VHH�7(',��������

�
6RPH�YDULDWLRQ�LV�SRVVLEOH�DQG�GHVLUDEOH��7KH�SHGDJRJLFDO�QHHGV�RI�WKH�H[DP�DQG�WKH�DYDLODEOH�WHFKQLFDO�
LQIUDVWUXFWXUH�DW�WKH�LQVWLWXWLRQ�VKRXOG�EH�FDWHUHG�IRU�E\�WKH�SODWIRUP��,W�LV�DQWLFLSDWHG�WKDW�DQ�RSHQ��PRGXODU�
DUFKLWHFWXUH�ZLOO�DOORZ�YDULDWLRQV�DFFRUGLQJ�WR�LQVWLWXWLRQDO�QHHG��3DSHU�UHSODFHPHQW�H[DPV�LQ�WKH�IRUP�RI�W\SHG�
HVVD\�RU�VKRUW�DQVZHU�VW\OH�H[DPV��ZKLFK�DUH�HVVHQWLDOO\�HOHFWURQLF�YHUVLRQV�RI�WUDGLWLRQDO�KDQG�ZULWWHQ�H[DP�VFULSW�
ERRNV��ZRXOG�EH�WKH�IDOO�EDFN�SRVLWLRQ�IRU�WKLV�V\VWHP��
,Q�ORFDWLRQV�ZLWKRXW�LQWHUQHW�DFFHVV�RU�ZKHUH�KLJKHU�OHYHOV�RI�VHFXULW\�DUH�UHTXLUHG��LVRODWHG�DG�KRF�ORFDO�
QHWZRUNV�XVLQJ�SRUWDEOH�VHUYHUV�DQG�DQ�DUUD\�RI�ZLUHOHVV�DFFHVV�SRLQWV�FDQ�EH�GHSOR\HG�LQ�WKH�H[DP�URRP�
HVSHFLDOO\�IRU�WKH�H[DP��7KH�LQYHVWPHQW�LQ�D�OLPLWHG�QXPEHU�RI�WKHVH�PDFKLQHV�ZRXOG�EH�VXVWDLQDEOH��VKDUHG�
DFURVV�PDQ\�FDQGLGDWHV�DQG�UHXVDEOH��DQG�PDLQWDLQDEOH�LQ�FRPSDULVRQ�WR�WKH�KXQGUHGV�RU�WKRXVDQGV�RI�PDFKLQHV�
WKDW�ZRXOG�EH�QHHGHG�LI�DQ�LQVWLWXWLRQ�ZHUH�WR�VXSSO\�FRPSXWHUV�IRU�HDFK�FDQGLGDWH��
,QFOXVLRQ�RI�FRPSXWHU�PDUNHG�TXHVWLRQ�W\SHV�ZRXOG�EULQJ�WKH�SRZHU�RI�PRGHUQ�TXL]�HQJLQHV�WR�WKH�H[DP�URRP�DQG�
FDQ�EH�HQDEOHG�HLWKHU�YLD�DQ�/06�RQ�ERDUG�WKH�86%�VWLFN�RU�YLD�D�ZHE�EURZVHU�LQWHUIDFH�WR�DQ�/06�RQ�D�QHWZRUN�
VHUYHU�DFFHVVHG�RYHU�D�UHVWULFWHG�QHWZRUN�FRQQHFWLRQ��:LWKLQ�WKLV�FDSDELOLW\�WKUHH�SRVVLEOH�VFHQDULRV�DUH�IRUHVHHQ�
WKDW�YDU\�DFFRUGLQJ�WR�DYDLODEOH�LQIUDVWUXFWXUH��
x� :LUHOHVV�DOZD\V�RQ�PRGH�±�FDQ�EH�XVHG�ZKHUH�UHOLDEOH��UHGXQGDQW�DQG�KLJK�FDSDFLW\�ZLUHOHVV�QHWZRUN�DFFHVV�

H[LVWV�LQ�WKH�H[DP�URRP��7KLV�GRHVQ¶W�UHTXLUH�DQ�/06�RQ�ERDUG�WKH�86%�VWLFN��$�ZHE�EURZVHU�FDQ�EH�XVHG�WR�
DFFHVV�D�/06�VHUYHU�YLD�UHVWULFWHG�QHWZRUN�DFFHVV��DFFHVV�WR�RWKHU�,3¶V���SURWRFROV���SRUWV�HWF�FDQ�EH�SURKLELWHG���
$�FXVWRP�QHWZRUN�FRQILJXUDWLRQ�LV�VHW�XS�E\�HDFK�LQVWLWXWLRQ¶V�,7�VHUYLFHV��7KLV�LV�GRQH�RQFH�WR�FUHDWH�D�EDVH�
PRGHO�SHU�LQVWLWXWLRQ�ORFDWLRQ�ZKLFK�LV�UH�XVHG�IRU�HDFK�FRXUVH�H[DP�SDSHU��

x� $G�KRF�ZLUHOHVV�PRGH�±�,Q�WKLV�PRGH�DQ�/06�ZLOO�EH�RQ�ERDUG�WKH�86%�VWLFN�LWVHOI��3HULRGLFDOO\�D�FRQQHFWLRQ�
LV�PDGH�WR�XSORDG�XSGDWH�VWXGHQW�DQVZHUV�RQ�D�FROODWLRQ�VHUYHU��7KLV�PD\�RFFXU�LQ�WKH�EDFNJURXQG�XVLQJ�D�
µGURS�ER[¶�VW\OH�IROGHU�RU�YLD�D�VWXGHQW�LQLWLDWHG�VXEPLVVLRQ�ZLWK�FRQILUPDWLRQ�VKRZQ�RQ�VFUHHQ��

x� 1RQ�ZLUHOHVV�PRGH�±$JDLQ�DQ�/06�ZLOO�EH�SODFHG�RQ�ERDUG�WKH�86%�VWLFN��7KLV�DSSURDFK�UHTXLUHV�GXSOLFDWLQJ�
HTXLSPHQW�WR�UHYHUVH�FRS\�VWXGHQW�DQVZHU�ILOHV�GDWDEDVHV�IURP�WKH�86%�VLFNV�WR�D�FROODWLRQ�ORFDWLRQ��:KHUH�
VXFK�HTXLSPHQW�LV�QRW�DYDLODEOH�D�PDQXDO�SURFHVVHV�RI�FRS\LQJ�HDFK�VWXGHQW¶V�DQVZHU�ILOH�ZRXOG�EH�WKH�IDOO�
EDFN��
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�
3URSRVHG�5HVHDUFK�
�
7KH�UHVHDUFK�SURJUDP�ZLOO�WDNH�RQ�WKH�FKDUDFWHULVWLFV�RI�LQWHUSUHWDWLYH��*UHHQH�������DFWLRQ�UHVHDUFK��*DOOLHUV��
������LQ�LQIRUPDWLRQ�V\VWHPV�LQ�WKDW�LW�ZLOO�EH�LPSOHPHQWLQJ�FKDQJHV�LQ�D��µPHVV\¶��$FNRII���������µZLFNHG¶�
�&KXUFKPDQ��������UHDO�ZRUOG�HGXFDWLRQDO�HQYLURQPHQW�DQG�WDNLQJ�LQWR�FRQVLGHUDWLRQ�WKH�PXOWLSOH�SHUVSHFWLYHV�
RU�YLHZ�SRLQWV�RI�VWDNHKROGHUV��0DVRQ�DQG�0LWURII��������7KH�SURMHFW�ZLOO�EH�EDVHG�DW�D�ODUJH�UHVHDUFK�LQWHQVLYH�
8QLYHUVLW\�RYHU�D�SHULRG�-XO\������WR�-XQH�������7KH�UHVHDUFK�SURJUDP�ZLOO�LQYHVWLJDWH�PXOWLSOH�DVSHFWV�UHOHYDQW�
WR�UXQQLQJ�VXFFHVVIXO�H�H[DPV�LQFOXGLQJ�WHFKQLFDO��SHGDJRJLFDO��SURFHVV��SROLF\�DQG�SHRSOH�IDFWRUV���7KH�
DQWLFLSDWHG�EHQHILWV�DQG�PDWFKLQJ�WDQJLEOH�RXWFRPHV�DUH�GLVSOD\HG�LQ�7DEOH����
'DWD�FROOHFWLRQ�ZLOO�HQWDLO�WZR�URXQGV�RI�SLORWV�XWLOLVLQJ�WKH�QHZ�FXVWRP�PDGH�VRIWZDUH�IRU�DVVHVVPHQW�LQ�DFWLYH�
FRXUVHV�DORQJ�ZLWK�VXUYH\V��LQWHUYLHZV�DQG�IRFXV�JURXSV�ZLWK�VWDNHKROGHUV�LQFOXGLQJ�VWXGHQWV�DQG�DFDGHPLFV���
8QLYHUVLW\�HGXFDWRUV�LQYROYHG�LQ�RIIHULQJ�H[DPV�DW�WKH�KRVW�XQLYHUVLW\�DQG�DW�OHDVW�RQH�RWKHU�LQVWLWXWLRQ�ZLOO�EH�LQYLWHG�
WR�SDUWLFLSDWH�LQ�LQWHUYLHZV��ZKLFK�ZLOO�DLP�WR�FDSWXUH�VWDII�SHUFHSWLRQV�RI�WKH�LVVXHV�IDFHG�E\�DFDGHPLFV�LQ�SUHSDULQJ�
DQG�RIIHULQJ�H[DPV��$Q�DWWHPSW�ZLOO�EH�PDGH�WR�SXUSRVLYHO\�UHFUXLW�SDUWLFLSDQWV�IURP�D�UDQJH�RI�GLVFLSOLQH�DUHDV�
LQFOXGLQJ�6FLHQFH��(GXFDWLRQ��(QJLQHHULQJ��/DQJXDJHV��3KDUPDF\��DQG�9HWHULQDU\�6FLHQFH�LQ�RUGHU�WR�JDXJH�GLIIHUHQW�
SHUVSHFWLYHV�RQ�WKHVH�LVVXHV��6LPLODUO\�VWXGHQWV�ZLOO�EH�DVNHG�WR�WULDO�WKH�VRIWZDUH�V\VWHP�DQG�DVNHG�WR�FRPSOHWH�D�SUH�
WHVW�DQG�SRVW�WHVW�VXUYH\��6WXGHQW�SDUWLFLSDQWV�ZLOO�DOVR�EH�LQYLWHG�WR�D�IRFXV�JURXS�DLPHG�DW�FDSWXULQJ�ZKDW�VWUDWHJLHV�
WKH\�XVH�WR�SUHSDUH�IRU�H[DPV�DQG�WKHLU�LPSUHVVLRQV�RI�FXUUHQW�DQG�SURSRVHG�IRUPDWV�RI�H[DPV�ERWK�SDSHU�EDVHG�DQG�
HOHFWURQLF��7KH�IRFXV�JURXS�GDWD�ZLOO�EH�DQDO\VHG�DQG�XVHG�LQ�FRQMXQFWLRQ�ZLWK�D�UHYLHZ�RI�WKH�OLWHUDWXUH�WR�LQIRUP�WKH�
GHYHORSPHQW�RI�WKH�SURWRW\SH�DQG�D�VHW�RI�GUDIW�JXLGHOLQHV�IRU�HGXFDWRUV��7KH�SXUSRVH�RI�WKH�JXLGHOLQHV�ZLOO�EH�WR��UDLVH�
DZDUHQHVV�RQ�WKH�SDUW�RI�HGXFDWRUV�DV�WR�WKH�LVVXHV�IDFHG�E\�VWXGHQWV�ZKHQ�SUHSDULQJ�DQG�XQGHUWDNLQJ�H�H[DPV��RIIHU�
FRQFUHWH�VWUDWHJLHV�IRU�HIIHFWLYHO\�SUHSDULQJ�WKHVH�VWXGHQWV�IRU�WKH�H�H[DPV��DQG�LGHQWLI\�SRWHQWLDO�LQVWLWXWLRQDO�DQG�
GLVFLSOLQDU\�FKDOOHQJHV�DQG�VWUDWHJLHV�IRU�LPSOHPHQWLQJ�H�H[DPV��7KH�SURWRW\SH�DQG�GUDIW�JXLGHOLQHV�ZLOO�EH�SLORWHG�
DORQJ�ZLWK�WKH�VRIWZDUH�DW�WKH�KRVW�XQLYHUVLW\�LQ�WZR�URXQGV�ZKLFK�ZLOO�DOORZ�WKH�LWHUDWLYH�WHVWLQJ�DQG�UHILQHPHQW�RI�WKH�
H[DP�SODWIRUP�DQG�UHODWHG�SURFHGXUHV�LQ�D�UHDO�ZRUOG�DSSOLFDWLRQ��(WKLFV�DSSURYDO�ZLOO�EH�VRXJKW�YLD�WKH�KRVW�
XQLYHUVLW\¶V�HWKLFV�FRPPLWWHH�GUDZLQJ�XSRQ�OHVVRQV�OHDUQW�IURP�SULRU�VWXGLHV�GRQH�E\�)OXFN��������������WR�HQVXUH�
HTXLW\�IRU�VWXGHQWV�LQYROYHG��7KH�SURJUDP�ZLOO�EH�HYDOXDWHG�YLD�WKH�SUH�WHVW�DQG�SRVW�WHVW�VXUYH\�XVHG�WR�FROOHFW�GDWD��
ZKLFK�ZLOO�HOLFLW�SHUFHSWLRQV�IURP�VWXGHQWV�RQ�WKHLU�H[SHULHQFH�RI�SUHSDULQJ�DQG�XQGHUWDNLQJ�DQ�H�H[DP��WKH�
HIIHFWLYHQHVV�RI�WKH�SUHS�VHVVLRQ�DQG�JXLGHV��'DWD�ZLOO�EH�FROOHFWHG�IURP�HGXFDWRUV�DERXW�WKH�SURFHVVHV��SURFHGXUHV�
DQG�WKH�LPSDFW�RQ�WKHLU�ZRUNIORZ�DQG�ZRUNORDG�E\�WKH�XVH�RI�H�H[DPV�DV�ZHOO�DV�RQ�WKH�GUDIW�SUDFWLFH�JXLGHV��,Q�WKH�
ILQDO�VWDJHV�RI�WKH�SURMHFW�WKH�VHW�RI�JRRG�SUDFWLFH�JXLGHOLQHV�IRU�SUHSDULQJ�VWXGHQWV�DV�ZHOO�DV�UXQQLQJ�H�H[DPV�ZLOO�EH�
GUDZQ�XS��
�

7DEOH����$QWLFLSDWHG�UHVHDUFK�RXWFRPHV�DQG�WDQJLEOH�RXWSXWV�
2XWFRPHV� 7DQJLEOH�2XWSXWV�
7R�PRGHO�DQ�H�H[DP�SODWIRUP�WR�EH�XVHG�LQ�VXSHUYLVHG��
%<2'�VHWWLQJV�WKDW�LQFOXGHV�RSWLRQV�IRU�FRPSXWHU�PDUNHG�
TXHVWLRQV��

$�ZRUNLQJ�SURWRW\SH�RI�DQ�H[DPV�SODWIRUP�DQG�
GRFXPHQWDWLRQ�DOORZLQJ�RWKHUV�WR�UHSURGXFH�LW�
�VHH�'HVLJQ�6SHFLILFDWLRQ���

,QFUHDVHG�DZDUHQHVV�E\�HGXFDWRUV�RI�WKH�GLYHUVLW\�RI�
TXHVWLRQ�W\SHV�SRVVLEOH�ZLWK�H�H[DPV��

$�VHW�RI�H[DPSOH�TXHVWLRQV�WKDW�FDQ�EH�XVHG�LQ�H�
H[DPV��

,QFUHDVHG�DZDUHQHVV�RI�TXDOLW\�SURFHVVHV�DQG�SURFHGXUHV�
IRU�UXQQLQJ�H�H[DPV��

$�UHVHDUFK�LQIRUPHG�VHW�RI�JRRG�SUDFWLFH�
JXLGHOLQHV�RQ�H�H[DP�SURFHVVHV�DQG�SURFHGXUHV��

,QFUHDVHG�DZDUHQHVV�E\�HGXFDWRUV�RI�KRZ�WKH\�FDQ�EHWWHU�
SUHSDUH�VWXGHQWV�IRU�H�H[DPV��

$�JXLGH�RQ�SUHSDULQJ�VWXGHQWV�IRU�H�H[DPV��

$�FROOHFWLRQ�RI�GDWD�WR�GHYHORS�D�IXUWKHU�SURMHFW�
DSSOLFDWLRQ�WKDW�ZLOO�LPSOHPHQW�DQG�HYDOXDWH�D�IXOO\�UREXVW�
H�H[DPV�SODWIRUP�ZKLFK�ZLOO�LQYROYH�LPSOHPHQWDWLRQ�LQ�
PXOWLSOH�LQVWLWXWLRQV��

$�SURMHFW�UHSRUW�DQG�UHODWHG�SXEOLFDWLRQV�WKDW�
ZLOO�LQFOXGH�D�VXPPDU\�RI�WKH�GDWD�FROOHFWHG�DQG�
ILQGLQJV��

�
&RQFOXVLRQ�
�
7KH�DUJXPHQW�SUHVHQWHG�LQ�WKLV�SDSHU�LV�WKDW�JLYHQ�WKH�UDQJH�RI�HQYLURQPHQWDO�FRQGLWLRQV��GULYHUV�DQG�UHTXLUHPHQWV�
WKDW�H[LVW�WKHUH�LV�D�VWURQJ�QHHG�GHYHORS�DQ�H�H[DPV�VROXWLRQ�IRU�WKH�$XVWUDOLDQ�KLJKHU�HGXFDWLRQ�VHFWRU��)XUWKHU��WKDW�
VXFK�DQ�HIIRUW�QHHGV�WR�LQFOXGH�WKH�GHYHORSPHQW�RI�D�PXOWLIDFHWHG�V\VWHPV�VROXWLRQ�FRYHULQJ�QRW�MXVW�WHFKQRORJ\�LQ�WKH�
IRUP�RI�VRIWZDUH�DQG�KDUGZDUH�HOHPHQWV�EXW�DOVR�WKH�DVVRFLDWHG�JRRG�SUDFWLFH�JXLGHOLQHV�FRYHULQJ��SROLF\��SURFHVV�DQG�
SURFHGXUHV��7KHVH�GHOLEHUDWLRQV�KDYH�VR�IDU�JLYH�ULVH�WR�WKUHH�PDLQ�TXHVWLRQV�WKDW�ZLOO�GULYH�IXUWKHU�UHVHDUFK��7KHVH�
DUH��
����+RZ�FDQ�H�H[DPV�EH�GHYHORSHG�WKDW�DUH�VFDODEOH��VXVWDLQDEOH�DQG�YDOLG�DFURVV�GLIIHUHQW�FRQWH[WV"�
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����+RZ�FDQ�HGXFDWRUV�SUHSDUH�DQG�UXQ�H�H[DPV"�
����+RZ�FDQ�HGXFDWRUV�SUHSDUH�VWXGHQWV�DGHTXDWHO\�IRU�H�H[DPV"�
7R�ODXQFK�WKH�UHVHDUFK�SURJUDP�ZH�KDYH�SUHVHQWHG�D�SUHOLPLQDU\�VHW�RI�GHVLJQ�VSHFLILFDWLRQV�DQG�WKH�DVVRFLDWHG�
SURFHVVHV�WR�LOOXVWUDWH�KRZ�D�VXLWDEOH�H�H[DP�SODWIRUP�PLJKW�EH�XVHG�LQ�SUDFWLFH��,W�LV�DQWLFLSDWHG�WKDW�WKH�ILQGLQJV�IURP�
IXUWKHU�UHVHDUFK�ZLOO�UHVXOW�LQ�WKH�GHYHORSPHQW�DQG�UHILQHPHQW�RI�D�UREXVW�H�H[DPV�LPSOHPHQWDWLRQ�DV�ZHOO�DV�D�ERG\�
RI�HYLGHQFH�WR�GHPRQVWUDWH�WKH�XVH�RI�WKH�V\VWHP�DFURVV�D�UDQJH�RI�GLVFLSOLQH�DUHDV�DQG�LQVWLWXWLRQV���
�
5HIHUHQFHV�
�
$FNRII��5�/����������$FNRII¶V�EHVW�±�+LV�FODVVLF�ZULWLQJV�RQ�PDQDJHPHQW��-RKQ�:LOH\�	�6RQV��1HZ�<RUN��86$�
$&0$���������5HSRUW�����$XVWUDOLD¶V�SURJUHVV�LQ�WKH�GLJLWDO�HFRQRP\��3DUWLFLSDWLRQ��WUXVW�DQG�FRQILGHQFH��7KH�

$XVWUDOLDQ�&RPPXQLFDWLRQV�DQG�0HGLD�$XWKRULW\��5HWULHYHG�IURP�
KWWS���ZZZ�DFPD�JRY�DX�ZHEZU�BDVVHWV�PDLQ�OLE�������DXVWUDOLD���V���SURJUHVV���LQ���WKH���GLJLWD
O���HFRQRP\�SGI�

$LQOH\��-��	�6HDUOH��'����������6WXGHQWV�LQ�D�GLJLWDO�DJH��6RPH�LPSOLFDWLRQV�RI�,&7�IRU�WHDFKLQJ�DQG�OHDUQLQJ��
0HOERXUQH��0&((7<$�,&7�LQ�6FKRROV�7DVNIRUFH�
KWWS���ZHE�DUFKLYH�RUJ�ZHE����������������KWWS���ZZZ�LFWWDVNIRUFH�HGQD�HGX�DX�LFWWDVNIRUFH�ZHEGDY�VLWH�L
FWWDVNIRUFHVLWH�XVHUV�URRW�SXEOLF�6WXGHQWVBGLJLWDOBDJH�SGI�

%RXYLOOH��0����������([DP�IDLUQHVV��3K\VLFV�(GXFDWLRQ��SK\VLFV�HG�SK���&RUQHOO�8QLYHUVLW\�/LEUDU\�DU;LY�RUJ�
&KHVQH\��6��	�*LQW\��$����������&RPSXWHU�DLGHG�DVVHVVPHQW��LQ�'HYHORSLQJ�HIIHFWLYH�DVVHVVPHQW�LQ�KLJKHU�

HGXFDWLRQ��$�SUDFWLFDO�JXLGH��6�%OR[KDP�	�3��%R\��HGV���2SHQ�8QLYHUVLW\�3UHVV��0DLGHQKHDG��SS�����������
&KXUFKPDQ��&�:����������:LFNHG�SUREOHPV��0DQDJHPHQW�6FLHQFH���������E����E����
&RZOLQJ��0���������)DUHZHOO�WR�SHQ�DQG�SDSHU��&DPSXV�5HYLHZ���WK�0D\��

KWWS���ZZZ�FDPSXVUHYLHZ�FRP�DX�EORJ�DQDO\VLV�FRPPHQW�IDUHZHOO�WR�SHQ�DQG�SDSHU��
&ULVS��*��	�+LOOLHU��0����������7UDQVIRUPLQJ�$VVHVVPHQW��KWWS���WUDQVIRUPLQJDVVHVVPHQW�FRP�
&ULVS��*����������$&2'(�6XUYH\�RI�,QVWLWXWLRQDO�3UDFWLFHV�RQ�H�$VVHVVPHQW��1RYHPEHU�
'DKOVWURP��(����������(&$5�6WXG\�RI�8QGHUJUDGXDWH�6WXGHQWV�DQG�,QIRUPDWLRQ�7HFKQRORJ\��������('8&$86(�

&HQWHU�IRU�$SSOLHG�5HVHDUFK��5HWULHYHG�IURP�KWWS���QHW�HGXFDXVH�HGX�LU�OLEUDU\�SGI�(56�����(56�����SGI�
'HDNLQ�8QLYHUVLW\���������6WXGHQW�DQG�VWDII�GLJLWDO�DFFHVV��������,QWHUQHW��PRELOH�GHYLFHV�DQG�VRFLDO�VRIWZDUH��

'HDNLQ�8QLYHUVLW\�KWWS���ZZZ�GHDNLQ�HGX�DX�OHDUQLQJ�IXWXUHV�DVVHWV�UHVRXUFHV�GLJLWDO�DFFHVV������GRF[��
'HUPR��-����������H�$VVHVVPHQW�DQG�WKH�VWXGHQW�OHDUQLQJ�H[SHULHQFH��$�VXUYH\�RI�VWXGHQW�SHUFHSWLRQV�RI�H�

DVVHVVPHQW��%ULWLVK�-RXUQDO�RI�(GXFDWLRQDO�7HFKQRORJ\����������������'2,���������M������
����������������[��

'HUPR��-����������'HYHORSLQJ�VSDFHV�IRU�H�DVVHVVPHQW��FDVHV�IURP�WKH�8QLYHUVLW\�RI�%UDGIRUG��7UDQVIRUPLQJ�
$VVHVVPHQW�ZHELQDU����2FWREHU��5HFRUGLQJ�RQOLQH�
KWWS���ZZZ�WUDQVIRUPLQJDVVHVVPHQW�FRP�HYHQWVB�BRFWREHUB�����SKS�

)OXFN��$��	�0RJH\��1����������&RPSDULVRQ�RI�LQVWLWXWLRQDO�LQQRYDWLRQ���WZR�XQLYHUVLWLHV¶�QXUWXULQJ�RI�
FRPSXWHU�EDVHG�H[DPLQDWLRQV��,Q�9��'DJLHQH��(G�����WK�:RUOG�FRQIHUHQFH�RQ�FRPSXWHUV�LQ�HGXFDWLRQ��7RUXQ��
3RODQG�����-XO\��

)OXFN��$����������&DQ�VWXGHQWV�XVH�FRPSXWHUV�IRU�IRUPDO�H[DPLQDWLRQV"�3URFHHGLQJV�RI�7HDFKLQJ�0DWWHUV�
FRQIHUHQFH��1RYHPEHU��+REDUW��S������

)OXFN��$����������6WDWH�ZLGH�DGRSWLRQ�RI�H�$VVHVVPHQWV��S��������3UHVHQWHG�DW�H�$VVHVVPHQWV�LQ�7HUWLDU\�
(GXFDWLRQ��0HOERXUQH��$XVWUDOLD��0HOERXUQH��������$XJXVW�&ULWHULRQ��

)OXFN��$��(����������&DQ�WHUWLDU\�H$VVHVVPHQW�FKDQJH�VHFRQGDU\�VFKRRO�FXOWXUHV"�,Q�)��.KDQGLD��(G������WK�&$$�
,QWHUQDWLRQDO�&RPSXWHU�$VVLVWHG�$VVHVVPHQW�&RQIHUHQFH��SS�����±������/RXJKERURXJK��8.��/RXJKERURXJK�
8QLYHUVLW\��5HWULHYHG�IURP�
KWWS���FDDFRQIHUHQFH�FR�XN�SDVW&RQIHUHQFHV������SURFHHGLQJV�)OXFN���$���I�BIRUPDWWHG�SGI�

)UDQG��-��/����������7KH�LQIRUPDWLRQ�DJH�PLQGVHW��&KDQJHV�LQ�VWXGHQWV�DQG�LPSOLFDWLRQV�IRU�KLJKHU�HGXFDWLRQ��
('8&$86(��6HSWHPEHU�2FWREHU���������KWWS���ZZZ�HGXFDXVH�HGX�LU�OLEUDU\�SGI�(50�����SGI�

*DOOLHUV��5��'����������&KRRVLQJ�DSSURSULDWH�LQIRUPDWLRQ�V\VWHPV�UHVHDUFK�DSSURDFKHV��D�UHYLVHG�WD[RQRP\��LQ�
1LVVHQ��+�)���.OHLQ��+�.��	�+LUVFKKHLP��5���HGV��,QIRUPDWLRQ�V\VWHPV�UHVHDUFK��FRQWHPSRUDU\�DSSURDFKHV�
DQG�HPHUJHQW�WUDGLWLRQV��(OVHYLHU�6FLHQFH�3XEOLVKHUV�%�9��1RUWK�+ROODQG��SS���������

*LOODUG��-����������.H\QRWH�$GGUHVV��$XVWUDOLDQ�&RPSXWHUV�LQ�(GXFDWLRQ�&RQIHUHQFH��&DQEHUUD����2FWREHU��
KWWS���ZZZ�GHHZU�JRY�DX�6FKRROLQJ�'LJLWDO(GXFDWLRQ5HYROXWLRQ�'RFXPHQWV�$&(&0LQLVWHUV6SHHFKB�����
��SGI�

*UHHQH��-��&����������4XDOLWDWLYH�SURJUDP�HYDOXDWLRQ���SUDFWLFH�DQG�SURPLVH��LQ�'HQ]LQ�1�.��	�/LQFROQ�<�6��
�HGV��+DQGERRN�RI�TXDOLWDWLYH�UHVHDUFK��6DJH��1HZEXU\�3DUN��&$��86$��SS����������

-,6&���������(IIHFWLYH�$VVHVVPHQW�LQ�D�GLJLWDO�DJH������
KWWS���ZZZ�MLVF�DF�XN�PHGLD�GRFXPHQWV�SURJUDPPHV�HOHDUQLQJ�GLJLDVVDVVBHDGD�SGI�
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/HY\��<��HW�DO����������&RPSDULQJ�LQWHQWLRQV�WR�XVH�XQLYHUVLW\�SURYLGHG�YV�YHQGRU�SURYLGHG�PXOWLELRPHWULF�
DXWKHQWLFDWLRQ�LQ�RQOLQH�H[DPV��&DPSXV�:LGH�,QIRUPDWLRQ�6\VWHPV����������������

0DVRQ��5�2��	�0LWURII��,�,����������&KDOOHQJLQJ�VWUDWHJLF�SODQQLQJ�DVVXPSWLRQV��WKHRU\��FDVHV��DQG�WHFKQLTXHV��
-RKQ�:LOH\�DQG�6RQV��1HZ�<RUN��1<��86$�

0F&XH��5����������89LF�/DZ�6WXGHQW�7HFKQRORJ\�6XUYH\��)DFXOW\�RI�/DZ��8QLYHUVLW\�RI�9LFWRULD��5HWULHYHG�
IURP�KWWSV���GRFV�JRRJOH�FRP�ILOH�G��%[-���5':�W*:OOM/;SP=�<�E���HGLW"SOL ��

0F0DQXV��0����������1HZ�PHGLD�/LWHUDFLHV�DQG�3HUVRQDOL]HG�/HDUQLQJ��.H\�1RWH�$GGUHVV��6L[WK�8���
(GXFDWLRQDO�,QQRYDWLRQ�&RQIHUHQFH������1RY��1DWLRQDO�8QLYHUVLW\�RI�6LQJDSRUH��
KWWS���ZZZ�XQLYHUVLWDV���FRP�5HODWHG)LOH�'RZQORDG�����

0RJH\��1���3DWHUVRQ��-���%XUN��-���3XUFHOO��0�����������7\SLQJ�FRPSDUHG�ZLWK�KDQGZULWLQJ�IRU�HVVD\�
H[DPLQDWLRQV�DW�XQLYHUVLW\��OHWWLQJ�WKH�VWXGHQWV�FKRRVH��5HVHDUFK�LQ�/HDUQLQJ�7HFKQRORJ\��������
KWWS���ZZZ�UHVHDUFKLQOHDUQLQJWHFKQRORJ\�QHW�LQGH[�SKS�UOW�DUWLFOH�YLHZ�������

0RJH\��1���6DUDE��*���+D\ZRRG��-���YDQ�+H\QLQJHQ��6���'HZKXUVW��'���+RXQVHOO��'�	�1HLOVRQ��5����������7KH�
HQG�RI�KDQGZULWLQJ"�8VLQJ�FRPSXWHUV�LQ�WUDGLWLRQDO�HVVD\�H[DPLQDWLRQV��-RXUQDO�RI�&RPSXWHU�$VVLVWHG�
/HDUQLQJ��������������. https://doi.org/10.1111/j.1365-2729.2007.00243.x�

1HW0DUNHW6KDUH���������2SHUDWLQJ�6\VWHP�PDUNHW�6KDUH��'HFHPEHU��
KWWS���ZZZ�QHWPDUNHWVKDUH�FRP�RSHUDWLQJ�V\VWHP�PDUNHW�VKDUH�DVS["TSULG ��� 

2OLYHU��%��	�*RHUNH��9���������$XVWUDOLDQ�XQGHUJUDGXDWHV¶�XVH�DQG�RZQHUVKLS�RI�HPHUJLQJ�WHFKQRORJLHV��
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