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�3ULWL�$QLO�=RSH���3URI��6ZDUXSD�.DPEOH

�6WXGHQW��7(�&��$,�	�'6���351����������.���)DFXOW\�*XLGH
�'HSW��RI�$UWLILFLDO�,QWHOOLJHQFH�DQG�'DWD�6FLHQFH

�$MHHQN\D�'<�3DWLO�6FKRRO�RI�(QJLQHHULQJ��3XQH��,QGLD

$EVWUDFW

2QOLQH� SRUWDOV� KDYH� EHFRPH� FRPPRQSODFH� IRU� LQWHUQVKLSV� DQG� MRE� RSSRUWXQLWLHV��:LWK� WKH� LQFUHDVLQJ�
QXPEHU�RI�IUDXGXOHQW�LQWHUQVKLS�DQG�MRE�RIIHUV��VWXGHQWV�ILQG�LW�GLIILFXOW�WR�GLIIHUHQWLDWH�EHWZHHQ�OHJLWLPDWH�
RSSRUWXQLWLHV�� 6WXGHQWV� IDFH� YDULRXV� ULVNV� VXFK� DV� IDNH� UHFUXLWHUV�� SKLVKLQJ�� UHJLVWUDWLRQ� IHH� IUDXGV��
XQUHDOLVWLF�RIIHUV��DQG�RWKHU�GHFHSWLRQV��7KLV�SDSHU�SUHVHQWV�D�VWXG\�RQ�DQ�H[SODLQDEOH�DUWLILFLDO�LQWHOOLJHQFH�
DSSURDFK�WR�GHWHFW�IUDXGXOHQW�LQWHUQVKLS�DQG�MRE�RIIHUV��,W�UHYLHZV�H[LVWLQJ�DUWLILFLDO�LQWHOOLJHQFH��PDFKLQH�
OHDUQLQJ��GHHS� OHDUQLQJ��QDWXUDO� ODQJXDJH�SURFHVVLQJ��DQG� WUDQVIRUPHU�EDVHG�UHFUXLWPHQW� IUDXG�GHWHFWLRQ�
DOJRULWKPV� DQG� WHFKQLTXHV� DQG� H[SODLQDELOLW\� PHWKRGV� VXFK� DV� 6+$3� DQG� /,0(� IRU� SURYLGLQJ� DQ�
LQWHUSUHWDEOH�H[SODQDWLRQ�IRU D�PRGHO¶V�RXWFRPH��,W�KLJKOLJKWV�WKH�OLPLWDWLRQV�RI�SUHYLRXV�DSSURDFKHV�VXFK�
DV�XVLQJ�JHQHULF�GDWDVHWV�DQG�ODFNLQJ�LQWHUQVKLS�VSHFLILF�IHDWXUHV��OLPLWHG�H[SODLQDELOLW\�DQG�QR�XVHU�FHQWULF�
H[SODQDWLRQV�

.H\ZRUGV� $UWLILFLDO� LQWHOOLJHQFH�� F\EHU� VHFXULW\�� H[SODLQDEOH�$,�� IUDXG� GHWHFWLRQ�� LQWHUQVKLS� IUDXG�� MRE�
IUDXG��/,0(��PDFKLQH�OHDUQLQJ��QDWXUDO�ODQJXDJH�SURFHVVLQJ��6+$3�

,��,QWURGXFWLRQ

7KH�'HVSLWH�WKH�UDSLG�JURZWK�RI�RQOLQH�UHFUXLWPHQW�SODWIRUPV��HQDEOLQJ�VWXGHQWV�DQG�MRE�VHHNHUV�WR�VHDUFK�
IRU�RQOLQH�LQWHUQVKLSV�DQG�MRE�RIIHUV�ZLWK�PXFK�PRUH�FRQYHQLHQFH��WKH�ULVH�RI�VXFK�VHUYLFHV�KDV�DOVR�OHG�WR�
D�VXUJH�LQ�IUDXGXOHQW�MRE�DGV�DQG�RQOLQH�UHFUXLWPHQW�VFDPV��,Q�WKLV�UHJDUG��VWXGHQWV�PD\�HQFRXQWHU�QXPHURXV�
ULVNV�DQG�FKDOOHQJHV�ZKLOH�VHDUFKLQJ�IRU�D�MRE��LQFOXGLQJ�VFDPPHUV��SKLVKLQJ�OLQNV��UHJLVWUDWLRQ�IHHV��XQUHDO�
VWLSHQGV��IDNH�FHUWLILFDWHV��DQG�GLVKRQHVW�MRE�GHVFULSWLRQV�

7KH�XVH�RI�PDFKLQH�OHDUQLQJ�DSSURDFKHV�KDV�EHHQ�FRQVLGHUHG�IRU�GHWHFWLQJ�IUDXGXOHQW�MRE�SRVWV�DQG�YDULRXV�
IRUPV�RI�UHFUXLWPHQW�IUDXG��&KDLUDWDQDVRSKD�HW�DO��>�@�LQYHVWLJDWHG�PDFKLQH�OHDUQLQJ�PHWKRGV�IRU�GHWHFWLQJ�
IUDXGXOHQW�W\SHV�RI�MREV��ZKHUHDV�$NUDP�HW�DO��>�@�H[SORUHG�WKH�XVH�RI�GHHS�OHDUQLQJ�PHWKRGV�IRU�FRPEDWLQJ�
2QOLQH�5HFUXLWPHQW�)UDXG��25)���,W�LV�SRVVLEOH�WR�HPSOR\�QDWXUDO�ODQJXDJH�SURFHVVLQJ��1/3��WHFKQLTXHV�
WR�DQDO\VH�WKH�WH[W�RI�MRE�GHVFULSWLRQV�DQG�GHWHFW�DQRPDOLHV��0RUHRYHU��WUDQVIRUPHU�EDVHG�ODQJXDJH�PRGHOV�
VXFK�DV�%(57�KDYH�EHHQ�FRQVLGHUHG�IRU�FDSWXULQJ�WKH�FRQWH[W�RI�MRE�SRVWLQJ�UHODWHG�WH[W�IRU�IUDXG�GHWHFWLRQ�
SXUSRVHV��)RU�LQVWDQFH��7DQHMD�HW�DO��>�@�SURSRVHG�)UDXG�%(57��ZKLFK�ZDV�GHVLJQHG�WR�SHUIRUP�FRQWH[W�
DZDUH�RQOLQH�UHFUXLWPHQW�IUDXG�GHWHFWLRQ��ZKHUHDV�-RQDWKDQ�HW�DO��>�@�HYDOXDWHG�%(57�IRU�IDNH�MRE�SRVWLQJ�
GHWHFWLRQ�ZLWK�GDWD�DXJPHQWDWLRQ��)LQDOO\��3DWLO�HW�DO��>�@�SURSRVHG�D�K\EULG�DSSURDFK�WR�IDNH�MRE�GHWHFWLRQ��
ZKLFK�LQYROYHG�WKH�FRPELQDWLRQ�RI�1/3��PDFKLQH�OHDUQLQJ��DQG�'LVWLO%(57��2YHUDOO��WKH�SDSHUV�PHQWLRQHG�
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DERYH�GHPRQVWUDWH�GLIIHUHQW�DSSOLFDWLRQV�RI�DUWLILFLDO�LQWHOOLJHQFH�DQG�GHHS�OHDUQLQJ�WR�UHFUXLWPHQW�IUDXG�
GHWHFWLRQ�

+RZHYHU��WKH�GHWHFWLRQ�RI�IDNH�MRE�RIIHUV�PD\�QRW�EH�VXIILFLHQW�IRU�WKRVH�ZKR�DUH�LQWHUHVWHG�LQ�XQGHUVWDQGLQJ�
ZK\�H[DFWO\�D�SDUWLFXODU�RIIHU�ZDV�LGHQWLILHG�DV�IDNH��([SODLQDEOH�$UWLILFLDO�,QWHOOLJHQFH��;$,��FDQ�UHSRUW�
VXFK�GHWDLOV�E\�SURYLGLQJ�FRPSUHKHQVLYH�H[SODQDWLRQV�UHJDUGLQJ�WKH�UHDVRQV�EHKLQG�D�VSHFLILF�SUHGLFWLRQ��
8VLQJ�WKH�PHWKRGV�VXFK�DV�6+$3�DQG�/,0(�FDQ�KHOS�LGHQWLI\�WKH�IDFWRUV�LQIOXHQFLQJ�D�JLYHQ�RXWFRPH��WKXV�
PDNLQJ�WKH�UHVXOWV�PRUH�WUDQVSDUHQW�DQG�UHOLDEOH��3DWLO�HW�DO��>�@�GHPRQVWUDWHG�WKH�XVH�RI�6+$3�DQG�/,0(�
IRU�H[SODLQLQJ�WKH�SUHGLFWLRQ�UHVXOWV�RI�WKH�IDNH�MRE�GHWHFWRU�EDVHG�RQ�WKH�'LVWLO%(57�PRGHO��5HFHQWO\��WKH�
$,�EDVHG�UHFUXLWPHQW�VFDP�GHWHFWRUV�>�@�DQG�PXOWLPRGDO�IDNH�MRE�RIIHU�GHWHFWRUV�>�@�KDYH�EHHQ�LQWURGXFHG��
7KHUHIRUH��WKLV�SDSHU�DLPV�WR�SUHVHQW�DQ�H[SODLQDEOH�PRGHO�IRU�GHWHFWLQJ�IUDXGXOHQW�LQWHUQVKLS�DQG�MRE�RIIHUV�
ZLWK� D� VSHFLILF� IRFXV� RQ� LQWHUQVKLS�UHODWHG� LQGLFDWLRQV�� SD\LQJ� VSHFLDO� DWWHQWLRQ� WR� WUDQVSDUHQF\� DQG�
LQWHUSUHWDELOLW\�

,,��3UREOHP�6WDWHPHQW

7KH�LQFUHDVLQJ�QXPEHU�RI�IDOVH�LQWHUQVKLS�DQG�MRE�RIIHUV�PDNHV�ILQGLQJ�OHJLWLPDWH�RIIHUV�PRUH�FKDOOHQJLQJ�
WKDQ�EHIRUH��7KH�FXUUHQW�VHW�RI�GHWHFWLRQ�WHFKQLTXHV�LV�RIWHQ�QRQ�WUDQVSDUHQW��QRQ�H[SODQDWRU\��DQG�SURYLGHV�
OLWWOH�RU�QR�UHDVRQLQJ�IRU�LWV�GHFLVLRQV�

,,,��2EMHFWLYHV

7KH�NH\�REMHFWLYHV�RI�WKLV�VWXG\�LQFOXGH�

���7R�SURYLGH�DQ�DQDO\VLV�RI�IUDXGXOHQW�LQWHUQVKLS�DQG�MRE�RIIHU�IUDXGV�

���7R�VKRZFDVH�WKH�FXUUHQW�$,�DQG�;$,�EDVHG�PHWKRGV�IRU�GHWHFWLQJ�VXFK�VFDPV

���7R�GHPRQVWUDWH�WKH�H[SODQDWLRQ�RI�WKH�UHVXOWV XVLQJ�6+$3�DQG�/,0(�YDOXHV

���7R�FRPSDUH�WKH�SURSRVHG�DSSURDFK�WR�WKH�H[LVWLQJ�VROXWLRQV�

,9��5HOHYDQFH�WR�&XUUHQW�7HFKQRORJ\�7UHQGV

7KH�SUHVHQW�DUWLFOH�EXLOGV�XSRQ�WKH�IROORZLQJ�IRXU�WUHQGV�

x *HQHUDWLYH�DUWLILFLDO�LQWHOOLJHQFH��$,���$,�JHQHUDWHG�MRE�RIIHUV�PLJKW�EH�HYHQ�PRUH�FRQYLQFLQJ�DQG�
WKXV�PRUH�GHFHSWLYH�

x ([SODLQDEOH�$,��;$,���;$,�PLJKW�SURYLGH�PRUH�WUDQVSDUHQW�DQG�WKXV�PRUH�DFFXUDWH�UHVXOWV�

x 2QOLQH�UHFUXLWPHQW�JURZWK��6WXGHQWV�PLJKW�XVH�,QWHUQHW�EDVHG�MRE�RIIHUV�PRUH�IUHTXHQWO\��WKXV�EHLQJ�
PRUH�H[SRVHG�WR�IUDXG�

x $,�GULYHQ� IUDXG� GHWHFWLRQ�� 0RUH� DGYDQFHG� IUDXGXOHQW� MRE� RIIHU� GHWHFWLRQ� PHWKRGV� FDQ� HPSOR\�
PDFKLQH�OHDUQLQJ�DQG�QDWXUDO�ODQJXDJH�SURFHVVLQJ��1/3��
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9��/LWHUDWXUH�6XUYH\

5HFHQW�VWXGLHV�KDYH�LQYHVWLJDWHG�WKH�XVH�RI�DUWLILFLDO�LQWHOOLJHQFH��PDFKLQH�OHDUQLQJ��GHHS�OHDUQLQJ��1/3��
DQG�WUDQVIRUPHU�EDVHG�WHFKQLTXHV�IRU�GHWHFWLQJ�IUDXGXOHQW�MRE�DGYHUWLVHPHQWV�LQ�RQOLQH�UHFUXLWPHQW�VFDPV��
0DFKLQH�OHDUQLQJ�SURFHGXUHV�FDQ�GHWHFW�SDWWHUQV�LQ�UHFUXLWPHQW�LQIRUPDWLRQ�FRQQHFWHG�ZLWK�IUDXGXOHQW�MRE�
DGYHUWLVHPHQWV��ZKLOH�GHHS�OHDUQLQJ�SURFHGXUHV�FDQ�OHDUQ�FRPSOH[�SDWWHUQV�IURP�WKH�VDPH�GDWD�>�@��>�@�

1/3�3URYHV�WR�EH�3DUWLFXODUO\�(IIHFWLYH�LQ�WKH�&RQWH[W�RI�$QDO\]LQJ�WKH�/DQJXDJH�RI�-RE�
'HVFULSWLRQV

7KH�WUDQVIRUPHU�EDVHG�GHVLJQ�DOORZV�IRU�WKH�FRQWH[WXDO�DQDO\VLV�RI�WKH�LQWHUGHSHQGHQFLHV�EHWZHHQ�ZRUGV�
DQG�SKUDVHV�WKDW�FDQ�EH�OHYHUDJHG�WR�GHWHFW�GHFHSWLRQ��H�J���>�@�DQG�>�@���3DWLO�HW�DO��>�@�SURSRVHG�D�K\EULG�
VROXWLRQ�WKDW�XVHV�1/3��PDFKLQH�OHDUQLQJ��DQG�'LVWLO%(57�WR�GHWHFW�IDNH�MRE�SRVWV�ZLWK�WKH�LQWHUSUHWDWLRQ�
UHO\LQJ�RQ�WKH�6+$3�DQG�/,0(�PHWKRGV��ZKHUHDV�5DJKDY�HW�DO��>�@�FRPELQHG�D�%L/670�PRGHO�ZLWK /,0(��
7KH�ODWHVW�VROXWLRQV�LQFOXGH�)DNH-RE)LQGHU�WKDW�LPSOHPHQWV�DQ�$,�SRZHUHG�DQG�PXOWLPRGDO�DSSURDFK�WR�
H[WUDFW�DQG�DQDO\]H�YDULRXV�IRUPV�RI�LQIRUPDWLRQ��LQFOXGLQJ�WH[W��LPDJHV��3')V��DQG�85/V��7KH�WRRO�ZDV�
LQWURGXFHG�E\�%DQLN�HW�DO��>�@�ZKR�DOVR�VXJJHVWHG�DQ�$,�SRZHUHG�PHWKRG�WR�FRPEDW�RQOLQH�MRE�VFDPV��,Q�
DQRWKHU� VWXG\��5DDP�9LVKDDO� HW� DO�� >�@� LQWURGXFHG� D� VLPLODU� VROXWLRQ� WKDW� FRPELQHV�'LVWLO%(57��RSWLFDO�
FKDUDFWHU�UHFRJQLWLRQ��DQG�ZHEVLWH�YHULILFDWLRQ�

,Q�DGGLWLRQ�WR�GHWHFWLRQ��;$,�LV�FULWLFDO�WR�HQVXULQJ�WKDW�WKH�SUHGLFWLRQV�DUH�HDV\�WR�XQGHUVWDQG�E\�WKH�XVHUV��
6+$3� DQG� /,0(� FDQ� KLJKOLJKW� WKH� YDULDEOHV� WKDW� FRQWULEXWH� WR� D� FHUWDLQ� SUHGLFWLRQ� DQG� RIIHU� PRUH�
WUDQVSDUHQW�H[SODQDWLRQV��7KH�UHYLHZHG�DUWLFOHV�FDQ�RIIHU�D�EDVLV�IRU�FRQVLGHULQJ�UHFUXLWPHQW�IUDXG�GHWHFWLRQ��
ZKLOH�WKH�H[SODLQDELOLW\��LQWHUQVKLS�UHODWHG�LQGLFDWRUV��DQG�WKH�XVHU�RULHQWHG�H[SODQDWLRQV�FDQ�RIIHU�IXUWKHU�
FRQVLGHUDWLRQV��)LJ����EHORZ�JURXSV� WKH�HLJKW� UHYLHZHG�DUWLFOHV� DFFRUGLQJ� WR� WKH�PHWKRG��ZKLOH�7DEOH���
VXPPDULVHV�WKH�UHYLHZHG�DUWLFOHV�

)LJ�����5HYLHZHG�VWXGLHV�JURXSHG�E\�DSSURDFK�
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7DEOH����/LWHUDWXUH�6XUYH\�0DWUL[
6WXG\ 0HWKRG .H\�ILQGLQJ�DQG�OLPLWDWLRQ

5DJKDY�HW�DO��
�������>�@

%L/670���/,0(

'HWHFWV�IUDXGXOHQW�UHFUXLWPHQW�SRVWLQJV�DQG�SURYLGHV�
KXPDQ�LQWHUSUHWDEOH�H[SODQDWLRQV�XVLQJ�/,0(��/LPLWHG�
XVH�RI�WUDQVIRUPHU�EDVHG�H[SODLQDELOLW\�DQG�LQWHUQVKLS�
VSHFLILF�LQGLFDWRUV�

5DDP�9LVKDDO�HW�DO��
�������>�@

'LVWLO%(57���
2&5���ZHEVLWH�
YHULILFDWLRQ

8VHV�WH[W��LPDJHV��3')V��DQG�85/V�IRU�EHWWHU�IUDXG�
GHWHFWLRQ��'RHV�QRW�XVH�H[SODLQDEOH�$,�DQG�LV�QRW�
LQWHUQVKLS�VSHFLILF�

3DWLO�HW�DO���������
>�@

'LVWLO%(57���
1/3���
6+$3�/,0(

8VHV�1/3�DQG�'LVWLO%(57�IRU�IDNH�MRE�GHWHFWLRQ�DQG�
DSSOLHV�6+$3�DQG�/,0(�WR�LGHQWLI\�IDFWRUV�LQIOXHQFLQJ�
SUHGLFWLRQV��0DLQO\�IRFXVHV�RQ�IDNH�MRE�SRVWLQJV�DQG�GRHV�
QRW�VSHFLILFDOO\�DGGUHVV�LQWHUQVKLS�UHODWHG�IUDXG�
LQGLFDWRUV�

7DQHMD�HW�DO���������
>�@

%(57���
WUDQVIRUPHU

8VHV�D�WUDQVIRUPHU�EDVHG�DSSURDFK�IRU�FRQWH[W�DZDUH�
RQOLQH�UHFUXLWPHQW�IUDXG�GHWHFWLRQ��/LPLWHG�IRFXV�RQ�
H[SODLQDELOLW\�DQG�LQWHUQVKLS�VSHFLILF�LQGLFDWRUV�

-RQDWKDQ�HW�DO��
�������>�@

%(57���GDWD�
DXJPHQWDWLRQ

6WXGLHV�%(57�EDVHG�IDNH�MRE�SRVWLQJ�GHWHFWLRQ�DQG�WKH�
HIIHFW�RI�GDWD�DXJPHQWDWLRQ�RQ�PRGHO�SHUIRUPDQFH��'RHV�
QRW�IRFXV�RQ�H[SODLQDEOH�$,�RU�LQWHUQVKLS�VSHFLILF�
IHDWXUHV�

%DQLN�HW�DO���������
>�@

$,���1/3
3UHVHQWV�DQ�$,�SRZHUHG�DSSURDFK�IRU�FRPEDWLQJ�RQOLQH�
UHFUXLWPHQW�VFDPV��8VHU�XQGHUVWDQGDEOH�H[SODQDWLRQV�DUH�
QRW�WKH�PDLQ�IRFXV�

$NUDP�HW�DO��
�������>�@

'HHS�OHDUQLQJ
([SORUHV�GHHS�OHDUQLQJ�DSSURDFKHV�IRU�GHWHFWLQJ�2QOLQH�
5HFUXLWPHQW�)UDXG��'RHV�QRW�SURYLGH�FOHDU�H[SODQDWLRQV�
IRU�WKH�SUHGLFWLRQ�UHVXOWV�

&KDLUDWDQDVRSKD�HW�
DO���������>�@

0DFKLQH�OHDUQLQJ
'HWHFWV�GLIIHUHQW�W\SHV�RI�IUDXGXOHQW�MRE�DGYHUWLVHPHQWV�
XVLQJ�PDFKLQH�OHDUQLQJ�DSSURDFKHV��/LPLWHG�IRFXV�RQ�
H[SODLQDELOLW\�DQG�LQWHUQVKLS�VSHFLILF�IUDXG�

9,��5HVHDUFK�*DSV

7KH�OLWHUDWXUH�VXUYH\�OHDGV�WR�WKH�LGHQWLILFDWLRQ�RI�ILYH�UHVHDUFK�JDSV�

���7KH�ODFN�RI�MRE�IRFXVHG�UHVHDUFK��7KH�H[LVWLQJ�OLWHUDWXUH�IRFXVHV�RQ�IUDXGXOHQW�MRE�SRVWLQJV�ZLWK�OLPLWHG�
FRQVLGHUDWLRQ�RI�LQWHUQVKLS�VSHFLILF�IUDXG�

���/LPLWHG�PRGHO�H[SODQDWLRQ��0RVW�RI�WKH�GHWHFWLRQ�PRGHOV�RQO\�SURYLGH�SUHGLFWLRQV�EXW�GR�QRW H[SODLQ�
WKH�UDWLRQDOH�EHKLQG�WKH�UHVXOWV��7HFKQLTXHV�VXFK�DV�6+$3�DQG�/,0(�DUH�SULPDULO\�XVHG�IRU�YLVXDOL]DWLRQ�
DQG�DUH�QRW�XWLOL]HG�WR�WKHLU�PD[LPXP�SRWHQWLDO�LQ�SURYLGLQJ�MXVWLILFDWLRQ�IRU�WKH�ILQDO�UHVXOW�

���*HQHULF�GDWDVHWV��7KH�H[LVWLQJ�DSSURDFK�XVHV�JHQHULF�GDWDVHWV�VXFK�DV�WKH�(06&$'���)DNH�-RE�3RVWLQJV�
WKDW�PD\�QRW�EH�VXLWDEOH�IRU�GHWHFWLQJ�LQWHUQVKLS�VSHFLILF�IUDXG�
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