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7KH�PDWHULDO�LQ�WKLV�GRFXPHQW�FRPHV�IURP�WKH�+$623�PDQXDO�4XDOLWDWLYH�5HVHDUFK�$SSURDFKHV�LQ�
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'DWD�$QDO\VLV�
'DWD�DQDO\VLV�LQ�HWKQRJUDSK\��7KHPDWLF�DQDO\VLV�DQG�H[HPSODU\�OLIH�
KLVWRULHV�
(WKQRJUDSK\�VKDUHV�ZLWK�WKH�RWKHU�IRXU�DSSURDFKHV�D�FRUH�PHWKRG�RI�GDWD�DQDO\VLV��QDPHO\�WKHPDWLF�
DQDO\VLV��7KH�RWKHU�DSSURDFKHV�PD\�XVH�GLIIHUHQW�WHUPV�RU�VSHFLI\�VOLJKWO\�GLIIHUHQW�SURFHGXUHV��EXW�WKH�
FRUH�DQDO\WLF�PHWKRG�LV�TXLWH�VLPLODU��:H�GHVFULEH�LW�EULHIO\�KHUH�LQ�LWV�HWKQRJUDSKLF�IRUP��DQG�ZH¶OO�
GHVFULEH�LW�EULHIO\�LQ�LWV�RWKHU�IRUPV�ZKHQ�RXWOLQLQJ�WKH�RWKHU�DSSURDFKHV��/HDUQHUV�DUH�DGYLVHG�WR�
PDVWHU�WKH�JHQHUDO�PHWKRG�UHJDUGOHVV�RI�WKH�DSSURDFK�WKH\�VHOHFW���

2QFH�WKH�GDWD�DUH�FROOHFWHG�E\�REVHUYDWLRQV��LQWHUYLHZV��DXGLR�WDSHG�DQG�WUDQVFULEHG���ILHOG�QRWHV��RU�
DQ\�RWKHU�VRXUFHV��SDWWHUQV�RI�H[SHULHQFH��UHFXUULQJ�ZRUGV��SKUDVHV��GHVFULSWLRQV��HWF���DUH�LGHQWLILHG�
DQG�OLVWHG��7KHVH�SDWWHUQV�DUH�GHULYHG�IURP�GLUHFW�TXRWHV�DQG�SDUDSKUDVHV�RI�UHFXUULQJ�LGHDV�HPHUJLQJ�
IURP�WKH�GDWD��7KHVH�SDWWHUQV�IRUP�WKH�ILUVW�OHYHO�RI�WKHPDWLF�DQDO\VLV���

1H[W��WKH�UHVHDUFKHU�LGHQWLILHV�GDWD�WKDW�FRUUHVSRQG�WR�WKH�LGHQWLILHG�SDWWHUQV��,I��LQ�D�VWXG\�RI�WKH�FXOWXUH�
RI�D�FRUSRUDWLRQ��D�SDWWHUQ�LV�QRWHG�VXFK�DV�³PDOHV�GHIHU�WR�KLHUDUFKLFDOO\�VXSHULRU�PDOHV��EXW�QRW�WR�
KLHUDUFKLFDOO\�VXSHULRU�IHPDOHV�´�H[DPSOHV�WKDW�FRQILUP�WKLV�±�WKDW�VKRZ�LW�LV�ERWK�UHFXUULQJ�DQG�DQ�
DFFXUDWH�GHVFULSWLRQ�RI�HYHQWV���DUH�ORFDWHG�LQ�WKH�GDWD��WUDQVFULSWV��QRWHV��HWF���DQG�DQQRWDWHG�ZLWK�WKH�
OLVWHG�SDWWHUQ��DV�TXRWHV�DORQJ�ZLWK�FLWDWLRQ�RI�WKHLU�VRXUFH���

1RZ��WKH�UHVHDUFKHU�FRPELQHV�DQG�FDWDORJXHV�UHODWHG�SDWWHUQV�LQWR�WKHPHV��7KHPHV�DUH�GHILQHG�DV�
GHVFULSWLYH�PHDQLQJ�XQLWV�GHULYHG�IURP�WKH�SDWWHUQV��)RU�H[DPSOH��LI�DORQJ�ZLWK�WKH�HDUOLHU�H[DPSOH�WKLV�
SDWWHUQ�HPHUJHG��³PDOHV�UHSHDWHGO\�LQLWLDWH�IOLUWLQJ�EHKDYLRU�ZLWK�IHPDOHV�UHJDUGOHVV�RI�WKH�IHPDOHV¶�UDQN�
DQG�WKH�IHPDOHV�UHWXUQ�WKH�IOLUWDWLRQ��HYHQ�ZKHQ�WKH\�GLVOLNH�LW�´�WZR�WKHPHV�RU�PHDQLQJ�XQLWV�PLJKW�EH�
FRQVWUXFWHG�DV�IROORZV��³0DOHV�LPSRVH�UDQN�GRPLQDQFH�RQ�VXERUGLQDWH�PDOHV´�DQG�³PDOHV�LPSRVH�
VH[XDO�GRPLQDQFH�RQ�DOO�IHPDOHV�´���

)LQDOO\��DW�WKH�KLJKHVW�OHYHO�RI�DEVWUDFWLRQ��WKHPHV�WKDW�HPHUJH�IURP�WKH�SDWWHUQV��ZKLFK�HPHUJHG�IURP�
WKH�RULJLQDO�GDWD��DUH�V\QWKHVL]HG�WRJHWKHU�WR�IRUP�D�FRPSUHKHQVLYH�UHSUHVHQWDWLRQ�RI�WKH�HOHPHQW�RI�
WKH�FXOWXUH�WKDW�LV�EHLQJ�LQYHVWLJDWHG��7KH�DERYH�PHDQLQJ�XQLWV�RU�WKHPHV�PLJKW�FRQVWHOODWH�ZLWK�RWKHU�
GHVFULSWLYH�WKHPHV�RI�WKH�PDOH�DQG�IHPDOH�LQWHUDFWLRQV�LQ�WKH�RUJDQL]DWLRQ�LQWR�D�ULFK�DQG�WH[WXUHG�
GHVFULSWLRQ�RI�WKH�UXOHV��FXVWRPV��DWWLWXGHV��DQG�SUDFWLFHV�DURXQG�JHQGHU�LQ�WKDW�RUJDQL]DWLRQ���

7KLV�GLVWLOODWLRQ�RI�WKH�SUDFWLFH�RI�WKHPDWLF�DQDO\VLV�LV�DGDSWHG�IURP�7D\ORU�DQG�%RGJDQ��������DQG�
$URQVRQ���������

,Q�ZULWLQJ�HWKQRJUDSKLF�UHSRUWV��RQH�FRPPRQ�±�WKRXJK�E\�QR�PHDQV�UHTXLUHG���SUHVHQWDWLRQ�SUDFWLFH�LV�
WR�FRQVWUXFW�³OLIH�VWRULHV´�RI�UHSUHVHQWDWLYH�RU�H[HPSODU\�SDUWLFLSDQWV�LQ�WKH�FXOWXUH��JURXS��RU�
RUJDQL]DWLRQ��3HUKDSV�D�PRUH�DFFXUDWH�WHUP�ZRXOG�EH�³FXOWXUH�VWRULHV´�RU�³RUJDQL]DWLRQ�VWRULHV�´�7KH�
REMHFWLYH�LV�QRW�WR�VLQJOH�RXW�WKH�LQGLYLGXDOV�IRU�VWXG\��EXW�WR�XVH�WKHLU�H[SHULHQFHV�WR�H[HPSOLI\�NH\�
WKHPHV�IRXQG�LQ�WKH�GDWD��7KHVH�UHSUHVHQWDWLYH�OLIH�VWRULHV�DUH�QRW�VWDQGDUG�ELRJUDSKLHV�RU�OLIH�KLVWRULHV�
DV�PLJKW�EH�IRXQG�LQ�ELRJUDSKLFDO�UHVHDUFK���

7KHVH�OLIH�RU�RUJDQL]DWLRQDO�VWRULHV�DUH�FUHDWHG�LQ�D�SURFHVV�QRW�XQOLNH�WKHPDWLF�DQDO\VLV��+HUH��
KRZHYHU��WKH�VWRULHV�RI�WKH�SDUWLFLSDQWV¶�H[SHULHQFH�LQ�WKH�FXOWXUH��JURXS��VRFLHW\��RU�RUJDQL]DWLRQ�DUH�
FXOOHG�IRU�WKH�LQLWLDO�SDWWHUQV�RI�UHFXUULQJ�H[SHULHQFHV��EHKDYLRUV��HWF��7KHVH�LQ�WXUQ�DUH�RUJDQL]HG�LQWR�
WKHPHV�RU�PHDQLQJ�XQLWV�ZKLFK�LQ�D�UREXVW�ZD\�H[HPSOLI\�LPSRUWDQW�DVSHFWV�RI�WKH�ODUJHU�FXOWXUH��
VRFLHW\��JURXS��RU�RUJDQL]DWLRQ��)LQDOO\��DV�LQ�WKHPDWLF�DQDO\VLV��WKH�PHDQLQJ�XQLWV�DUH�ZRYHQ�LQWR�D�
ULFKO\�HYRFDWLYH�GHVFULSWLRQ�RI�WKH�PHDQLQJ�RI�WKH�SHUVRQV�H[SHULHQFH�LQ�WKLV�FXOWXUH�ZKLFK�VWDQGV�IRU�
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PDQ\�RWKHUV¶�VLPLODU�H[SHULHQFHV��,Q�HIIHFW��WKH�OLIH�VWRU\��RU�WKH�RUJDQL]DWLRQ�VWRU\��LI�\RX�ZLOO��RI�WKH�
H[HPSODU�³VWDQGV�IRU´�WKH�HVVHQFH�RI�WKH�HWKQRJUDSKLF�GHVFULSWLRQ�RI�ZKDW�LW�PHDQV�WR�EH�D�PHPEHU�RI�
WKLV�FXOWXUH��JURXS��RU�RUJDQL]DWLRQ���

5HIHUHQFHV�

$URQVRQ��-����������$�3UDJPDWLF�9LHZ�RI�7KHPDWLF�$QDO\VLV��7KH�4XDOLWDWLYH�5HSRUW�����1XPEHU����
5HWULHYHG�-DQXDU\����������IURP�KWWS���ZZZ�QRYD�HGX�VVVV�45�LQGH[�KWPO�

7D\ORU��6��-��	�%RJGDQ��5����������,QWURGXFWLRQ�WR�TXDOLWDWLYH�UHVHDUFK�PHWKRGV��7KH�VHDUFK�IRU�
PHDQLQJ���QG�HGLWLRQ��1HZ�<RUN��-RKQ�:LOH\��

'DWD�DQDO\VLV�LQ�FDVH�VWXGLHV�
7ZR�W\SHV�RI�GDWD�DQDO\VLV�IRU�D�FDVH�VWXG\�DUH�VRPHWLPHV�UHIHUUHG�WR��IRU�H[DPSOH��3DWWRQ����������
KROLVWLF�DQDO\VLV��LQ�ZKLFK�WKH�LQIRUPDWLRQ�DERXW WKH�HQWLUH�FDVH�LV�DQDO\]HG��DQG�HPEHGGHG�DQDO\VLV��LQ�
ZKLFK�LQIRUPDWLRQ�DERXW�D�VSHFLILF�EXW�OLPLWHG�DVSHFW�RI�WKH�FDVH�LV�DQDO\]HG���)RU�H[DPSOH��LQ�D�FDVH�
VWXG\�RI�OHDUQHUV¶�H[SHULHQFHV�ZLWK�RQOLQH�HGXFDWLRQ��LI�DOO�DVSHFWV�RI�WKH�H[SHULHQFH�DUH�VWXGLHG�±�WKH�
QDWXUH�RI�WKH�RQOLQH�SODWIRUP��WKH�,7�VXSSRUW�VWUXFWXUH��WKH�W\SH�RI�HGXFDWLRQDO�FRPSDQ\�SURYLGLQJ�WKH�
RQOLQH�OHDUQLQJ��WKH�TXDOLW\�DQG�WUDLQLQJ�RI�WKH�WHDFKHUV��WKH�QDWXUH�RI�WKH�FXUULFXOXP��WKH�GHPRJUDSKLFV�
RI�WKH�OHDUQHUV��WKH�FRVWV�DQG�EHQHILWV�SHUFHLYHG�E\�WKH�OHDUQHUV��WKH�ZRUN�ORDG�RI�WKH�IDFXOW\��DQG�VR�RQ�
DQG�VR�IRUWK�±�WKH�DQDO\VLV�LV�VDLG�WR�EH�KROLVWLF���

+RZHYHU��LI�RXW�RI�WKDW�PDVV�RI�GDWD�RQO\�RQH�DVSHFW�LV�DQDO\]HG�DQG�UHSRUWHG�±�IRU�H[DPSOH��WKH�
OHDUQHUV�SHUFHSWLRQV�RI�WKH�OHDUQLQJ�SODWIRUP�DQG�RI�WKH�LQVWUXFWRUV¶�FRPSHWHQFH�±�WKLV�ZRXOG�EH�DQ�
HPEHGGHG�DQDO\VLV��$�FDVH�VWXG\�GLVVHUWDWLRQ�ZRXOG�PRVW�OLNHO\�EH�D�KROLVWLF�DQDO\VLV�RI�D�FDVH�RU�VHW�RI�
FDVHV���

7KHUH�LV�QR�FRQVHQVXV�IRUPDW�IRU�FDVH�VWXG\�GDWD�DQDO\VLV��EXW�D�FRPPRQ�VHULHV�RI�VWHSV�FDQ�EH�IRXQG�
LQ�PDQ\�VRXUFHV��7KH�IROORZLQJ�GHVFULSWLRQ�LV�DGDSWHG�IURP�&UHVZHOO��������DQG�6WDNH����������

� 7KH�RSHQLQJ�VWHS�RI�GDWD�DQDO\VLV�±�VRPHWLPHV�UHIHUUHG�WR�DV�GHVFULSWLRQ�±�LQYROYHV�FUHDWLQJ�D�
GHWDLOHG�GHVFULSWLRQ�RI�WKH�FDVH�DV�D�ZKROH�DQG�RI�LWV�VHWWLQJ�V��DQG�FRQWH[WV��7KH�REMHFWLYH�LV�
ERWK�FODULW\�DQG�GHWDLO��FUHDWLQJ�D�ULFK�DQG�WH[WXUHG�SLFWXUH�RI�WKH�FDVH�DQG�LWV�VHWWLQJV����

� 7KH�FDVH�VWXG\�UHVHDUFKHU�ORRNV�DW�VLQJOH�LQVWDQFHV�LQ�WKH�GHVFULEHG�GDWD�DQG�GUDZV�PHDQLQJ�
IURP�HDFK�ZLWKRXW��\HW��ORRNLQJ�IRU�PXOWLSOH�LQVWDQFHV��7KLV�SURFHVV�SXOOV�WKH�GHVFULEHG�GDWD�
DSDUW�DQG�SXWV�WKHP�EDFN�WRJHWKHU�LQ�PRUH�PHDQLQJIXO�ZD\V���7KLV�PD\�EH�FDOOHG�GLUHFW�
LQWHUSUHWDWLRQ�

� 1H[W��WKH�UHVHDUFKHU�VHHNV�D�FROOHFWLRQ�RI�PHDQLQJ�ULFK�LQVWDQFHV�IURP�WKH�GDWD��DJJUHJDWLQJ�
WKHVH�LQWR�FDWHJRULHV�RI�PHDQLQJ��JLYLQJ�ULVH�WR�WKH�WHUP�FDWHJRULFDO�DJJUHJDWLRQ���

� %\�DQDO\]LQJ�WKH�FDWHJRULHV��DQG�WKH�XQGHUO\LQJ�LQVWDQFHV�DQG�GDWD�RI�WKH�YDULRXV�FDWHJRULHV���
WKH�UHVHDUFKHU�ZLOO�LGHQWLI\�WKHPHV�±�FRPPRQ�VWDWHPHQWV�RI�UHFXUULQJ�GHVFULSWLRQ�DQG�SDWWHUQV�
RI�PHDQLQJ���DQG�FRQQHFWLRQV�EHWZHHQ�RU�DPRQJ�WKH�WKHPHV��7KHVH�WKHPHV�ZLOO�EH�GHYHORSHG�
XVLQJ�YHUEDWLP�SDVVDJHV�DQG�GLUHFW�TXRWHV�IURP�WKH�GDWD�WR�HOXFLGDWH�HDFK�WKHPH��$W�WKLV�SRLQW��
GDWD�IURP�WKH�FDVH�LWVHOI�DUH�XVHG��ZLWKRXW�EHLQJ�FRPSDUHG�\HW�ZLWK�GDWD�DQG�WKHPHV�IURP�RWKHU�
FDVHV��WKLV�LV�ZLWKLQ�FDVH�DQDO\VLV��

� 7KH�VDPH�VWHSV�DUH�IROORZHG�IRU�HDFK�FDVH�LQ�WKH�VHULHV��VR�WKDW�HDFK�LV�DQDO\]HG�ZLWKLQ�LWVHOI��
�)RU�LQVWDQFH��LI�WKH�VWXG\�LQYHVWLJDWHV�WHQ�FDVHV�RI�PXOWLSOH�VFOHURVLV�LQ�\RXQJ�PDUULHG�SHRSOH��
HDFK�SHUVRQ¶V�GDWD�DUH�DQDO\]HG�VHSDUDWHO\�ILUVW��DV�D�VLQJOH�FDVH��EHIRUH�WDNLQJ�WKH�QH[W�VWHS���

� 7KHQ��WKH�UHVHDUFKHU�ZLOO�GHYHORS�D�WKHPDWLF�DQDO\VLV�DFURVV�FDVHV��DFURVV�FDVH�DQDO\VLV��DV�
ZHOO�DV�LQWHUSUHWDWLRQV�RI�WKH�LQWHJUDWHG�PHDQLQJ�RI�DOO�WKH�FDVHV�LQ�WKH�VWXG\��

� ,Q�WKH�ILQDO��LQWHUSUHWLYH��SKDVH��WKH�UHVHDUFKHU�GHYHORSV�QDWXUDOLVWLF�JHQHUDOL]DWLRQV�IURP�WKH�
GDWD�DV�D�ZKROH�DQG�UHSRUWV�RQ�WKH�OHVVRQV�OHDUQHG�IURP�WKH�FDVH�VWXG\�����
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5HIHUHQFHV�

&UHVZHOO��-����������4XDOLWDWLYH�LQTXLU\�DQG�UHVHDUFK�GHVLJQ��&KRRVLQJ�DPRQJ�ILYH�WUDGLWLRQV���7KRXVDQG�
2DNV��&$��6DJH�3XEOLFDWLRQV��,QF��

6WDNH��5����������7KH�DUW�RI�FDVH�VWXG\�UHVHDUFK��7KRXVDQG�2DNV��&$��6DJH��

*URXQGHG�WKHRU\�GDWD�DQDO\VLV�PHWKRGV�DQG�SURFHGXUHV��&RGLQJ��
%HFDXVH�JURXQGHG�WKHRU\�JRHV�EH\RQG�WKH�GHVFULSWLYH�DQG�LQWHUSUHWLYH�JRDOV�RI�PDQ\�RWKHU�TXDOLWDWLYH�
PRGHOV�DQG�LV�DLPHG�DW�EXLOGLQJ�WKHRULHV��GDWD�DQDO\VLV�WHQGV�WR�EH�PRUH�FRPSOH[�DQG�DLPV�WR�DFKLHYH�
DQ�H[SODQDWRU\�SRZHU�WKDW�LV�QRW�QHFHVVDU\�LQ�RWKHU�DSSURDFKHV���7KH�KHDUW�RI�WKH�JURXQGHG�WKHRU\�
DSSURDFK�RFFXUV�LQ�LWV�XVH�RI�FRGLQJ��LWV�PDLQ�IRUP�RI�GDWD�DQDO\VLV���7KHUH�DUH�WKUHH�GLIIHUHQW�W\SHV�RI�
FRGLQJ�XVHG�LQ�D�PRUH�RU�OHVV�VHTXHQWLDO�PDQQHU��WKLV�GLVFXVVLRQ�LV�DGDSWHG�IURP�6WUDXVV�DQG�&RUELQ��
������������3DWWRQ��������DQG�&UHVZHOO���������

7KH�ILUVW�W\SH�RI�FRGLQJ�LV�RSHQ�FRGLQJ�ZKLFK�LV�PXFK�OLNH�WKH�GHVFULSWLRQ�JRDO�RI�VFLHQFH��8VXDOO\�RSHQ�
FRGLQJ�LV�GRQH�ILUVW��'XULQJ�RSHQ�FRGLQJ��WKH�UHVHDUFKHU�ODEHOV�DQG�FDWHJRUL]HV�WKH�SKHQRPHQD�EHLQJ�
VWXGLHG��7KLV�LQYROYHV�WKH�SURFHVV�RI�GHVFULELQJ�WKH�GDWD�WKURXJK�PHDQV�VXFK�DV�H[DPLQDWLRQ��
FRPSDULVRQ��FRQFHSWXDOL]DWLRQ��DQG�FDWHJRUL]DWLRQ��/DEHOV�DUH�FUHDWHG�WR�GHVFULEH�LQ�RQH�RU�D�IHZ�
ZRUGV�WKH�FDWHJRULHV�RQH�ILQGV�LQ�WKH�GDWD��([DPSOHV�DUH�FROOHFWHG�IRU�DOO�WKHVH�FDWHJRULHV��)RU�
H[DPSOH��LQ�D�JURXQGHG�WKHRU\�VWXG\�RI�WKH�HIIHFWV�RI�FKLOG�VH[XDO�DEXVH��RSHQ�FRGLQJ�PLJKW�GLVFRYHU�LQ�
WKH�UHSRUWV�RI�WKH�SDUWLFLSDQWV�VRPH�FDWHJRULHV�VXFK�DV�WKHVH��)HHOLQJ�SRZHUOHVV��KDWLQJ�P\VHOI��KDWLQJ�
WKH�DEXVHU��RU�IHHOLQJ�SHUPDQHQWO\�GDPDJHG���

7KH�FDWHJRULHV�DUH�VWXGLHG�PRUH�FDUHIXOO\�WR�LGHQWLI\�VXEFDWHJRULHV��ZKLFK�DUH�FDOOHG�SURSHUWLHV�DQG�
GLPHQVLRQDOLW\�LQ�WKH�FDWHJRULHV��)RU�LQVWDQFH��WKH�UHVHDUFKHU�LQ�RXU�H[DPSOH�PLJKW�GLVFRYHU�WKDW�³KDWLQJ�
P\VHOI´�KDG�D�ZLGH�UDQJH�RI�HPRWLRQDO�SRZHU�±�LQ�VRPH�SDUWLFLSDQWV�LW�LV�YHU\�VWURQJ��ZKHUHDV�LQ�RWKHUV�
LW�LV�QRW�VWURQJ�DW�DOO��7KH�FDWHJRULHV��SURSHUWLHV��DQG�GLPHQVLRQV�GLVFRYHUHG�LQ�WKH�GDWD�DUH�IXOO\�
GHVFULEHG�LQ�WKH�SDUWLFLSDQWV¶�ZRUGV���

7KHQ�EHJLQV�WKH�VHFRQG�W\SH�RI�FRGLQJ��D[LDO�FRGLQJ�ZKLFK�LQYROYHV�ILQGLQJ�OLQNV�DPRQJ�WKH�FDWHJRULHV��
SURSHUWLHV��DQG�GLPHQVLRQV�WKDW�ZHUH�GHULYHG�IURP�RSHQ�FRGLQJ���$�OLQN�LV�DQ�D[LV��KHQFH�WKH�WHUP�
D[LDO���+RZ�LV�D[LDO�FRGLQJ�DFWXDOO\�GRQH"�

$[LDO�FRGLQJ�ILUVW�LGHQWLILHV�WKH�FHQWUDO�FDWHJRULHV�DERXW�WKH�SKHQRPHQRQ��7KHVH�FHQWUDO�RU�FRUH�
FDWHJRULHV�WHQG�WR�EH�WKH�PRVW�LPSRUWDQW�DVSHFW�V��RI�HOHPHQW�RI�WKH�SKHQRPHQRQ��WKH�RQH�WKDW�FOHDUO\�
KDV�WKH�JUHDWHVW�VWUHQJWK�DQG�DSSHDUV�LQ�DOO�RU�PRVW�RI�WKH�SDUWLFLSDQWV¶�UHSRUWV�RU�RWKHU�GDWD��)RU�
LQVWDQFH��D�FHQWUDO�FDWHJRU\�RI�WKH�SKHQRPHQRQ�RI�WKH�SV\FKRORJLFDO�HIIHFWV�RI�FKLOGKRRG�VH[XDO�DEXVH�
PLJKW�EH�IRXQG�WR�EH�³IHHOLQJV�RI�SRZHUOHVVQHVV�´��

1H[W��WKH�UHVHDUFKHU�H[SORUHV�WKH�GDWD�FDUHIXOO\�WR�GLVFRYHU�FDXVDO�FRQGLWLRQV��ZKLFK�DUH�FDWHJRULHV�RI�
FRQGLWLRQV�LQIOXHQFLQJ�WKH�FHQWUDO�FDWHJRU\�RU�FDWHJRULHV��)RU�LQVWDQFH��LQ�WKH�FKLOG�VH[XDO�DEXVH�VWXG\��
RQH�FDXVDO�FRQGLWLRQ�PLJKW�EH�IRXQG�WR�EH�³UHSHDWHG�KXPLOLDWLRQV�´�D�FRQGLWLRQ�WKDW�LV�IRXQG�DFURVV�
PDQ\�UHSRUWV�WR�VXSSRUW�RU�LQIOXHQFH�WKH�GHYHORSPHQW�RI�IHHOLQJV�RI�SRZHUOHVVQHVV��WKH�FHQWUDO�
FDWHJRU\����

7KH�UHVHDUFKHU�FRQWLQXHV�D[LDO�FRGLQJ�E\�LGHQWLI\LQJ�LQWHUDFWLRQV�DPRQJ�WKH�FDWHJRULHV��ZKLFK�DUH�
FDOOHG�VWUDWHJLHV��DOWKRXJK�WKDW�WHUP�PLJKW�EH�FRQIXVLQJ���6WUDWHJLHV�LQ�WKH�H[DPSOH�VWXG\�FRXOG�EH��IRU�
H[DPSOH��³UHSHDWHG�KXPLOLDWLRQV�VWUHQJWKHQ�IHHOLQJV�RI�SRZHUOHVV��EXW�ZHDNHQ�KDWUHG�RI�WKH�DEXVHU�
ZKLOH�VWUHQJWKHQLQJ�VHOI�KDWUHG�´�<RX�PLJKW�WKLQN�RI�³VWUDWHJLHV´�LQ�JURXQGHG�WKHRU\�DV�WKH�HTXLYDOHQW�RI�
FRUUHODWLRQV�LQ�VWDWLVWLFDO�WKHRU\�EXLOGLQJ���

$[LDO�FRGLQJ�FRQWLQXHV�ZLWK�WKH�LGHQWLILFDWLRQ�DQG�H[SORUDWLRQ�RI�RWKHU�VXSSRUWLQJ�RU�ZHDNHQLQJ�
FRQGLWLRQV�ZKLFK�H[HUW�OHVVHU�LQIOXHQFHV�RQ�WKH�FHQWUDO�YDULDEOHV��7KHVH�DUH�FDWHJRULHV�LQ�WKH�GDWD�
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ZKLFK�ODEHO�WKH�FRQWH[WV�DQG�LQWHUYHQLQJ�FRQGLWLRQV��([DPSOHV�IURP�WKH�JURXQGHG�WKHRU\�VWXG\�RI�WKH�
HIIHFWV�RI�FKLOG�VH[XDO�DEXVH�PLJKW�LQFOXGH�³SURWHFWLRQ�E\�DQRWKHU�DGXOW�´�ZKLFK�ZKHQ�IRXQG�WR�EH�
SUHVHQW�DPHOLRUDWHV��SRVLWLYHO\�LQIOXHQFHV��WKH�FHQWUDO�FDWHJRU\��EXW�ZKLFK�LV�LQVXIILFLHQW�LQ�LWVHOI�WR�
SUHYHQW�WKH�GDPDJH�HQWLUHO\��)LQDOO\��FRQVHTXHQFHV�DUH�FDUHIXOO\�LGHQWLILHG�DQG�GHVFULEHG��7KHVH�ZRXOG�
LQFOXGH�DOO�WKH�RXWFRPHV�RI�WKH�SUHVHQFH�RI�WKH�FHQWUDO�FDWHJRU\�LQ�DOO�LWV�LQWHUDFWLRQV��VWUDWHJLHV��ZLWK�
FRQWH[WV��LQWHUYHQLQJ�FRQGLWLRQV��SURSHUWLHV��GLPHQVLRQV��HWF��&RQVHTXHQFHV�GHVFULEH�ZKDW�KDSSHQV�
ZKHQ�WKH�FHQWUDO�FDWHJRU\�LV�IRXQG�XQGHU�VSHFLILF�FRQGLWLRQV��)RU�H[DPSOH��ZKHQ�³IHHOLQJV�RI�SRZHUOHVV´�
DUH�IRXQG�WR�EH�YHU\�VWURQJ��DFFRPSDQLHG��LQWHUDFWLQJ�ZLWK��³LVRODWLRQ´�DQG�³UHSHDWHG�KXPLOLDWLRQ�´�
GHSUHVVLRQ�PD\�EH�IRXQG�WR�EH�D�FRQVHTXHQFH���

1RWLFH�WKDW�WKHVH�FRQVHTXHQFHV�DUH�127�SUHVXSSRVHG��EXW�DUH�FDUHIXOO\�WHDVHG�RXW�RI�WKH�UHDO�UHSRUWV�
DQG�GHVFULSWLRQV�RI�WKHLU�H[SHULHQFHV�E\�WKH�PDQ\�SDUWLFLSDQWV�LQ�WKH�VWXG\��3UHFRQFHSWLRQV�DERXW�WKH�
WKHRU\�PXVW�EH�OHIW�DW�WKH�GRRU��6HH�³3KHQRPHQRORJ\�´�EHORZ��DQG�LWV�GLVFXVVLRQ�RI�HSRFKH�DQG�WKH�
SKHQRPHQRORJLFDO�UHGXFWLRQ��:LWKRXW�XVLQJ�WKH�WHUPLQRORJ\�RI�SKHQRPHQRORJ\��WKH�UHTXLUHPHQW�LV�WKH�
VDPH��

7KH�WKLUG�W\SH�RI�FRGLQJ�LV�VHOHFWLYH�FRGLQJ�FRQWLQXHV�WKH�D[LDO�FRGLQJ�DFWLYLW\�RI�UHODWLQJ�WKH�VXEVLGLDU\�
FDWHJRULHV�WR�WKH�FHQWUDO�FDWHJRU\�V����6HOHFWLYH�FRGLQJ�LV�WKH�SURFHVV�RI�VHOHFWLQJ�\RXU�PDLQ�
SKHQRPHQRQ��FRUH�FDWHJRU\��DURXQG�ZKLFK�DOO�RWKHU�SKHQRPHQD��VXEVLGLDU\�FDWHJRULHV��DUH�JURXSHG��
DUUDQJLQJ�WKH�JURXSLQJV��VWXG\LQJ�WKH�UHVXOWV�DQG�UHDUUDQJLQJ�ZKHUH�QHFHVVDU\��,W�LV�QHFHVVDU\�WR�
UHPDLQ�IDLWKIXO�WR�WKH�GDWD��VR�LQ�VHOHFWLYH�FRGLQJ��RQH�IUHTXHQWO\�JRHV�³EDFN�WR�WKH�WKLQJV�WKHPVHOYHV´�
WR�HQVXUH�WKDW�RQH�LV�FDSWXULQJ�ZKDW�RQH¶V�LQIRUPDQWV�WROG�RQH��

)URP�WKLV�ODVW�W\SH�RI�FRGLQJ��WKH�JURXQGHG�WKHRU\�UHVHDUFKHU�PRYHV�WRZDUG�GHYHORSLQJ�D�PRGHO�RI�
SURFHVV�DQG�D�WUDQVDFWLRQDO�V\VWHP��ZKLFK�HVVHQWLDOO\�WHOOV�WKH�VWRU\�RI�WKH�RXWFRPH�RI�WKH�UHVHDUFK��
&UHDWLQJ�D�OLWHUDO�³VWRU\�OLQH´�LV�RQH�PDQQHU�RI�GRLQJ�VHOHFWLYH�FRGLQJ��7KH�VWRU\�OLQH�WHOOV�WKH�UHVXOWV�RI�
WKH�D[LDO�FRGLQJ�LQ�D�FRKHUHQW�QDUUDWLYH��0DQ\�JURXQGHG�WKHRU\�UHVHDUFKHUV�GR�QRW�FUHDWH�D�FRQGLWLRQDO�
PDWUL[��D�GLDJUDP�RU�SLFWXUH�RI�WKH�YDULRXV�FDWHJRULHV��LQWHUDFWLRQV��DQG�UHODWLRQVKLSV�DPRQJ�WKH�FHQWUDO�
FDWHJRU\�V��DQG�WKH�VXEVLGLDU\�FDWHJRULHV��%XW�WKH�FRQGLWLRQDO�PDWUL[�LV�D�YHU\�KHOSIXO�WRRO�LQ�FUHDWLQJ�WKH�
QDUUDWLYH�VWRU\�OLQH�ZKLFK�HPERGLHV�WKH�JURXQGHG�WKHRU\��

7KH�VHOHFWLYH�FRGLQJ�SURFHVV�W\SLFDOO\�IRFXVHV�RQ�WZR�GLPHQVLRQV�RI�WKH�SKHQRPHQRQ��LWV�SURFHVV�DQG�
LWV�WUDQVDFWLRQDO�V\VWHP��$JDLQ��WKH�FRQGLWLRQDO�PDWUL[�LV�TXLWH�XVHIXO�LQ�HOXFLGDWLQJ�WKHVH�WZR�HOHPHQWV�
RI�WKH�WKHRU\��

3URFHVV�LV�WKH�PDQQHU�LQ�ZKLFK�DFWLRQV�DQG�LQWHUDFWLRQV�RFFXU�LQ�D�VHTXHQFH�RU�VHULHV��,W�
LQFRUSRUDWHV�WKH�WLPH�HOHPHQW���³$V�WLPH�ZHQW�RQ�DQG�,�JRW�ROGHU��WKH�UHSHDWHG�KXPLOLDWLRQV�
P\�IDWKHU�LQIOLFWHG�RQ�PH�EHJDQ�WR�WHDU�PH�DSDUW��,�VWDUWHG�WR�KDWH�P\VHOI��WKRXJK�QRW�DW�
ILUVW�´��,W�DOVR�LQFRUSRUDWHV�WKH�YDULRXV�FDWHJRULHV�ZKLFK�PXWXDOO\�LQIOXHQFHG�HDFK�RWKHU��
�³0\�EURWKHU�WULHG�WR�KHOS��DQG�,�ZDV�JUDWHIXO��EXW�,�ZDV�PRUH�ZRUULHG�KH¶G�JHW�KXUW��VR�,�
DVNHG�KLP�WR�VWD\�RXW�RI�LW��+H�KDVQ¶W�EHHQ�PXFK�D�SDUW�RI�P\�OLIH�VLQFH�´��

7KH�WUDQVDFWLRQDO�V\VWHP�LV�D�JURXQGHG�WKHRU\¶V�DQDO\WLF�PHWKRG�WKDW�DOORZV�DQ�
H[DPLQDWLRQ�RI�WKH�LQWHUDFWLRQV�RI�GLIIHUHQW�HYHQWV���³6HOI�KDWUHG�OHG�WR�LQFUHDVHG�ZLOOLQJQHVV�
WR�EH�KXUW��,W�VWUHQJWKHQHG�WKH�EHOLHI�DPRQJ�PRVW�SDUWLFLSDQWV�WKDW�WKH�YLFWLP�LV�EDG�DQG�
GHVHUYHV�SXQLVKPHQW��DQG�DOVR�VWUHQJWKHQHG�WKH�\HDUQLQJ�IRU�HYHQ�WKH�DEXVLYH�³ORYH´�
RIIHUHG�E\�WKH�SHUSHWUDWRU��7KLV�LQ�WXUQ�DOLHQDWHG�PRVW�SDUWLFLSDQWV�IURP�RWKHU�VRXUFHV�RI�
PRUH�EHQLJQ�ORYH��EHFDXVH�WKH�YLFWLPV�GLG�QRW�IHHO�ZRUWK\�RI�LW�´��

7KH�XVH�RI�WKH�FRQGLWLRQDO�PDWUL[�DQG�WKH�SURFHVV�DQG�WUDQVDFWLRQDO�V\VWHP�DQDO\VLV�OHDGV�ILQDOO\�WR�WKH�
JHQHUDO�GHVFULSWLRQ�RI�WKH�JURXQGHG�WKHRU\��,W�PLJKW�EH�D�EULHI�VHQWHQFH�GLVWLOOLQJ�DOO�WKH�DERYH�ZRUN��RU�D�
PRUH�FRPSOH[�VWDWHPHQW��%XW�LW�ZLOO�DOVR�EH�DFFRPSDQLHG�E\�D�VHW�RI�SURSRVLWLRQV�RU�K\SRWKHVHV�ZKLFK�

PHQRQ�XQGHU�VWXG\���H[SODLQ�WKH�SKHQR
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$W�WKLV�VWDJH��LW�LV�XVXDO�IRU�JURXQGHG�WKHRU\�UHVHDUFKHUV�WR�UHWXUQ�QRW�RQO\�WR�WKH�RULJLQDO�GDWD�WR�HQVXUH�
WKDW�WKH�WKHRU\�ILWV�WKRVH�GDWD��EXW�PD\�PHHW�ZLWK�WKH�SDUWLFLSDQWV�DJDLQ�WR�FRPSDUH�WKH�WKHRU\�ZLW
SHUFHSWLRQV�DQG�WR�DVN�WKHP�ZKHWKHU�WKH�WKHRU\�ILWV�WKHLU�H[SHULHQFHV��7KHLU�UHVSRQVHV�ZLOO�EH�WDNHQ�DV�
QHZ�GDWD�WR�EH�LQFRUS

K�WKHLU�

RUDWHG�LQWR�WKH�WKHRU\��ZKLFK�LV�WKRXJKW�WR�EH�LQ�D�FRQWLQXDO�DGDSWDWLRQ�DQG�
YROXWLRQ��*URXQGHG�WKHRU\�LV�QHYHU�FRPSOHWH���$GDSWHG�IURP�6WUDXVV��	�&RUELQ��������������&UHVZHOO��

�������

G�

JH���

WUDXVV��$���&RUELQ��-����������%DVLFV�RI�TXDOLWDWLYH�UHVHDUFK���7HFKQLTXHV�DQG�WKHRU\�IRU�GHYHORSLQJ�
JURXQGHG�WKHRU\���QG�HG�����1HZEXU\�3DUN��&$��6DJH��

H�D�

PHWKRG�RI�DQDO\VLV�RI�SKHQRPHQRORJLFDO�GDWD�DUH�DFFHSWDEOH�LQ�WKH�*HQHUDO�3V\FKRORJ\�VSHFLDOL]DWLRQ��
HG�SURYLGHG�WKH\�PHHW��DUH�HTXLYDOHQW�WR��WKH�FULWHULD�GHVFULEHG�LQ�WKHVH�SDJHV��

U�GHHSHU�
�FRPSDULVRQ��7KHVH�VHJPHQWV��RU�³PHDQLQJ�XQLWV´�DV�GHVFULEHG�DERYH��ZLOO�EH�RUJDQL]HG�

HPDWLFDOO\�LQ�WZR�PDMRU�ZD\V��ZLWKLQ�WKH�FRQWH[W�RI�D�VLQJOH�LQWHUYLHZ��DQG�DFURVV�D�VHULHV�RI�

HG�

J�
HUYLHZV´�ZRXOG�QRW�KDYH�EHHQ�SRVVLEOH�XQOHVV�WKH�

GLYLGXDO�SKUDVHV�FRXOG�KDYH�EHHQ�FXW�RXW�DQG�NHSW�LQ�D�VHSDUDWH�³PHDQLQJ�XQLW´�GRFXPHQW�RI�VRPH�

LQJV�WKDW�HPHUJH�IURP�WKH�GDWD�LQ�WKHLU�RZQ�WHUPV��,I�ZH�LQFOXGH�WKHVH�WZR�SUHOLPLQDU\�VWHSV�ZLWK�

H
������3DWWRQ�

5HIHUHQFHV�

&UHVZHOO��-����������4XDOLWDWLYH�LQTXLU\�DQG�UHVHDUFK�GHVLJQ��&KRRVLQJ�DPRQJ�ILYH�WUDGLWLRQV���7KRXVDQ
2DNV��&$��6DJH�3XEOLFDWLRQV��,QF��

3DWWRQ��0����������4XDOLWDWLYH�UHVHDUFK�DQG�HYDOXDWLRQ�PHWKRGV���UG�HG����1HZEXU\�3DUN��&$���6D

6WUDXVV��$���&RUELQ��-����������%DVLFV�RI�TXDOLWDWLYH�UHVHDUFK���*URXQGHG�WKHRU\�SURFHGXUHV�DQG�
WHFKQLTXHV���1HZEXU\�3DUN��&$��6DJH��

6

3KHQRPHQRORJLFDO�'DWD�$QDO\VLV�
0RVW�VWDQGDUG�WH[WV��H�J���&UHVZHOO��������3DWWRQ��������RU�7D\ORU�DQG�%RJGDQ��������SURSRV
JHQHUDO�ILYH�VWHS�PRGHO�IRU�SKHQRPHQRORJLFDO�DQDO\VLV��7KHVH�VWHSV�DUH�HODERUDWHG�LQ�WKUHH�PRUH�
GHWDLOHG�PRGHOV�GHVFULEHG�LQ�$SSHQGL[�$��VHH�³HPSLULFDO�SKHQRPHQRORJ\´�>$PHGHR�*LRUJL@��
³WUDQVFHQGHQWDO�SKHQRPHQRORJ\´�>&ODUN�0RXVDNDV@�DQG�WKH�6WHYLFN�&RODL]]L�.HHQ�0HWKRG�RI�$QDO\VLV�
RI�3KHQRPHQRORJLFDO�'DWD���7KH�*LRUJL�PRGHO��WKH�0RXVWDNDV�PRGHO��DQG�WKH�6WHYLFN�&RODL]]L�.HHQ�

2WKHU�PRGHOV�FDQ�EH�XV

3UHOLPLQDU\�VWHSV�
7KH�JHQHULF�PHWKRG�RI�DQDO\VLV�FRQVLVWV�RI�ILYH�HVVHQWLDO�VWHSV��EXW�LV�SUHFHGHG�E\�FDUHIXO�SUHSDUDWLRQ�
RI�WKH�GDWD�DQG�RI�WKH�UHVHDUFKHU��)LUVW��WKH�GDWD�PXVW�EH�WUDQVIRUPHG�LQWR�ZULWWHQ�IRUP�±�XVXDOO\�
WUDQVFULSWV�RI�LQWHUYLHZV�±�ZKLFK�FDQ�EH�VWXGLHG�DV�D�ZKROH�DQG��ODWHU��LQ�ELWV�RU�XQLWV��:RUG�SURFHVVLQJ�
SURJUDPV�DUH�LGHDO�IRU�WKLV��DOORZLQJ�ERWK�UHWHQWLRQ�RI�WKH�RULJLQDO�LQWHUYLHZ�LQ�³UDZ´�IRUP�DQG�³FXWWLQJ�
DQG�SDVWLQJ´�LQGLYLGXDO�VHJPHQWV��SKUDVHV��VHQWHQFHV��SDUDJUDSKV��LQWR�VHSDUDWH�GRFXPHQWV�IR
DQDO\VLV�DQG
WK
LQWHUYLHZV���

)RU�H[DPSOH��LQ�D�VHULHV�RI�SKHQRPHQRORJLFDO�LQWHUYLHZV�RQ�WKH�H[SHULHQFH�RI�JULHI�LQ�FKLOGUHQ��WKH�
UHVHDUFKHU�IRXQG�WKDW�SDUWLFLSDQW�$�UHSHDWHG�WKH�SKUDVH��³VKH�OHIW�PH�EHKLQG´�PDQ\�WLPHV�LQ�WDONLQJ�
DERXW�ZKDW�LW�ZDV�OLNH�WR�ORVH�KLV�PRPP\��:LWKLQ�WKH�FRQWH[W�RI�WKDW�FKLOG¶V�H[SHULHQFH��EHLQJ�³OHIW�
EHKLQG´�EHFDPH�D�YHU\�VLJQLILFDQW�SDUW�RI�WKH�H[SHULHQFH��D�³PHDQLQJ�XQLW�´�0HDQZKLOH��FKLOG�%�UHSHDW
WKH�SKUDVH�³VKH¶V�JRQH��,�FDQ¶W�ILQG�KHU´�D�QXPEHU�RI�WLPHV��7KLV�WRR�ZDV�D�PHDQLQJ�XQLW�IRU�FKLOG�%��
/RRNLQJ�DFURVV�ERWK�WUDQVFULSWV�DQG�FRPSDULQJ�WKH�WZR�PHDQLQJ�XQLWV�DQG�UHIOHFWLQJ�GHHSO\�RQ�WKHP�
DQG�WKHLU�FRQWH[WV�LQ�WKH�LQWHUYLHZV��WKH�UHVHDUFKHU�WHDVHG�RXW�D�GHHSHU�OHYHO�RI�PHDQLQJ�E\�FRPSDULQ
WKH�WZR�GLIIHUHQW�XQLWV��³,�IHHO�ORVW�´�7KLV�³DFURVV�LQW
LQ
NLQG��ZKLFK�ZRUG�SURFHVVLQJ�PDNHV�TXLWH�KDQG\��

%HIRUH�VWDUWLQJ�WR�DQDO\]H�GDWD��WKRXJK��WKH�UHVHDUFKHU�GRHV�D�VHFRQG�SUHSDUDWRU\�VWHS��ZKLFK�DV�EHHQ�
GHVFULEHG�EULHIO\�DERYH�DV�WKH�³SKHQRPHQRORJLFDO�UHGXFWLRQ�´�6KH�DWWHPSWV�WR�UHGXFH�WKH�LPSDFW�RI�KLV�
RU�KHU�ELDVHV��SUHFRQFHSWLRQV��DQG�EHOLHIV�DERXW�WKH�SKHQRPHQRQ�DQG�RSHQLQJ�RQHVHOI�WR�WKH�GDWD�DQG�
PHDQ
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WKH�ILYH�VWHSV�SURSRVHG�E\�PRVW�WH[WV��ZH�KDYH�D�JHQHULF�VHYHQ�VWHS�PRGHO�IRU�GDWD�DQDO\VLV��EHJLQQLQJ�

6WHS���DQG����3UHSDUH�WKH�GDWD�DQG�DGRSW�WKH�SKHQRPHQRORJLFDO�DWWLWXGH��³UHGXFWLRQ´�RU�³HSRFKH´�>VHH�
EHORZ@���

WHS����$FKLHYH�D�6HQVH�RI�WKH�:KROH��7KH�UHVHDUFKHU�UHDGV�WKH�HQWLUH�GHVFULSWLRQ�LQ�RUGHU�WR�JHW�D�

RHV�

GH�
LWK�SV\FKRORJLFDO�FULWHULD�LQ�PLQG���7KH�UHVHDUFKHU�QH[W�HOLPLQDWHV�UHGXQGDQFLHV�DQG�FODULILHV�DQG�

�FRQFUHWH�
DQWV��UHIOHFWV�RQ�WKHP��DQG�FRPHV�XS�ZLWK�WKH�HVVHQFH�RI�WKH�H[SHULHQFH�IRU�WKH�

DUWLFLSDQW��7KH�UHVHDUFKHU�QH[W�WUDQVIRUPV�HDFK�UHOHYDQW�XQLW¶V�HVVHQFH�LQWR�WKH�ODQJXDJH�RI�

HUH��WKH�UHVHDUFKHU�V\QWKHVL]HV�DOO�RI�WKH�WUDQVIRUPHG�PHDQLQJ�XQLWV��QRZ�H[SUHVVHG�LQ�
H�ODQJXDJH�RI�SV\FKRORJLFDO�VFLHQFH��LQWR�D�FRQVLVWHQW�VWDWHPHQW�UHJDUGLQJ�WKH�SDUWLFLSDQW¶V�

U�V\QWKHVL]HV�DOO�RI�WKH�HVVHQFH�RU�VWUXFWXUH�VWDWHPHQWV�
UHJDUGLQJ�HDFK�SDUWLFLSDQW¶V�H[SHULHQFH�LQWR�RQH�FRQVLVWHQW�VWDWHPHQW��ZKLFK�GHVFULEHV�DQG�FDSWXUHV�

G�

�DERYH��(LWKHU�RI�WKH�
RGHOV�LV�DFFHSWDEOH�IRU�SKHQRPHQRORJLFDO�UHVHDUFK�LQ�WKH�*HQHUDO�3V\FKRORJ\�VSHFLDOL]DWLRQ��7KH�

DW�

WLYH�
UDWLRQDOH�VKRXOG�EH�DSSURYHG�E\�WKH�PHQWRU��DQG�WKH�GLVVHUWDWLRQ�FRPPLWWHH��RI�FRXUVH��

QG�UHYLHZHG��ZLWK�D�UDWLQJ�RI�³6DWLVIDFWRU\´�RU�EHWWHU��E\�WKH�0HWKRGRORJ\�&RPPLWWHH�RI�WKH�

����
J\´��

(UQHVW�.HHQ�RI�%XFNQHOO�8QLYHUVLW\��������DQG�3DXO�)��&RODL]]L�DQG�(PLO\�0��6WHYLFN�RI�'XTXHVQH�

ZLWK��

6WHSV�LQ�SKHQRPHQRORJLFDO�GDWD�DQDO\VLV��*HQHULF�PRGHO�
6
JHQHUDO�VHQVH�RI�WKH�ZKROH�VWDWHPHQW���

6WHS����'LVFULPLQDWLRQ�RI�0HDQLQJ�8QLWV�:LWKLQ�D�3V\FKRORJLFDO�3HUVSHFWLYH�DQG�)RFXVHG�RQ�WKH�
3KHQRPHQRQ�%HLQJ�5HVHDUFKHG��2QFH�WKH�VHQVH�RI�WKH�ZKROH�KDV�EHHQ�JUDVSHG��WKH�UHVHDUFKHU�J
EDFN�WR�WKH�EHJLQQLQJ�DQG�UHDGV�WKURXJK�WKH�WH[W�RQFH�PRUH�DQG�GHOLQHDWHV�HDFK�WLPH�WKDW�D�WUDQVLWLRQ�
LQ�PHDQLQJ�RFFXUV��7KH�VSHFLILF�DLP�LV�WR�GLVFULPLQDWH�³PHDQLQJ�XQLWV´�IURP�ZLWKLQ�D�SV\FKRORJLFDO�
SHUVSHFWLYH�DQG�ZLWK�D�IRFXV�RQ�WKH�SKHQRPHQRQ�EHLQJ�UHVHDUFKHG���7KH�PHDQLQJ�XQLW�VKRXOG�EH�PD
Z
HODERUDWHV�RQ�WKH�PHDQLQJ�RI�WKH�XQLWV�E\�UHODWLQJ�WKHP�WR�HDFK�RWKHU�DQG�WR�WKH�VHQVH�RI�WKH�ZKROH��

6WHS����7UDQVIRUPDWLRQ�RI�6XEMHFWV�(YHU\GD\�([SUHVVLRQV�LQWR�3V\FKRORJLFDO�/DQJXDJH�ZLWK�(PSKDVLV�
RQ�WKH�3KHQRPHQRQ�%HLQJ�,QYHVWLJDWHG��2QFH�PHDQLQJ�XQLWV�KDYH�EHHQ�GHOLQHDWHG�DQG�OLQNHG�
WRJHWKHU��WKH�UHVHDUFKHU�JRHV�WKURXJK�DOO�RI�WKH�PHDQLQJ�XQLWV��ZKLFK�DUH�VWLOO�H[SUHVVHG�LQ�WKH
ODQJXDJH�RI�WKH�SDUWLFLS
S
SV\FKRORJLFDO�VFLHQFH��

6WHS����6\QWKHVLV�RI�7UDQVIRUPHG�0HDQLQJ�8QLWV�LQWR�D�&RQVLVWHQW�6WDWHPHQW�RI�WKH�6WUXFWXUH�RI�WKH�
([SHULHQFH��+
WK
H[SHULHQFH���

6WHS����)LQDO�6\QWKHVLV��)LQDOO\��WKH�UHVHDUFKH

WKH�HVVHQFH�RI�WKH�H[SHULHQFH�EHLQJ�VWXGLHG��

$FFHSWDEOH�0RGHOV�RI�3KHQRPHQRORJLFDO�$QDO\VLV�
7KH�JHQHULF�PRGHO�GHVFULEHG�DERYH�LV�HODERUDWHG�LQ�WZR�DFFHSWDEOH�DQG�GHWDLOHG�PRGHOV�RI�
SV\FKRORJLFDO�SKHQRPHQRORJLFDO�DQDO\VLV�GHYHORSHG�E\�$PHGHR�*LRUJL�DW�'XTXHVQH�8QLYHUVLW\�DQ
&ODUN�0RXVWDNDV�DW�WKH�&HQWHU�IRU�+XPDQLVWLF�6WXGLHV�DQG�7KH�8QLRQ�,QVWLWXWH��(DFK�RI�WKHVH�PRGHOV�LV�
GHWDLOHG�DQG�SURYLGHV�D�VWHSZLVH�JXLGH�WR�WKH�VHYHQ�JHQHULF�VWHSV�SUHVHQWHG
P
0RXVWDNDV�PRGHO�LV�IXUWKHU�HODERUDWHG�LQ�WKH�6WHYLFN�&RODL]]L�.HHQ�PRGHO���

$�OHDUQHU�PD\�DGRSW�D�GLIIHUHQW�PRGHO�IRU�WKH�GDWD�DQDO\VLV��SURYLGHG�WKDW�WKH�DOWHUQDWLYH�PRGHO�LV�
OHDVW�DV�FOHDUO\�DUWLFXODWHG�DQG�SURYLGHV�DW�OHDVW�DV�PXFK�JXLGDQFH�IRU�SURFHGXUHV�DV�WKH�DFFHSWHG�
PRGHOV��7KH�OHDUQHU�VKRXOG�SUHSDUH�D�FDUHIXO�GHVFULSWLRQ�RI�DQG�UDWLRQDOH�IRU�XVLQJ�DQ�DOWHUQD
PRGHO��DQG�WKDW�
D
6SHFLDOL]DWLRQ���

7KH�*LRUJL�PRGHO��XVXDOO\�FDOOHG�³HPSLULFDO�SKHQRPHQRORJ\´�RU�³SKHQRPHQRORJLFDO�SV\FKRORJ\´�����
�������*LRUJL�	�*LRUJL��������DQG�WKH�0RXVWDNDV�PRGHO��RIWHQ�FDOOHG�³WUDQVFHQGHQWDO�SKHQRPHQROR
DQG�WKH�³6WHYLFN�&RODL]]L�.HHQ�0RGHO´�V\QWKHVL]HG�E\�0RXVWDNDV��������DQG�EDVHG�RQ�WKH�ZRUN�RI�
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8QLYHUVLW\�DUH�GHVFULEHG�PRUH�IXOO\�LQ�$SSHQGL[�$��7KH\�GLIIHU�IURP�HDFK�RWKHU�DQG�IURP�WKH�JHQHULF�
PRGHO�DERYH�RQO\�LQ�WKH�ZD\V�LQ�ZKLFK�WKH\�RXWOLQH�WKH�SURFHGXUHV��(DFK�SURYLGHV�PXFK�PRUH�GHWDLO�
ERXW�KRZ�WR�SURFHHG�LQ�HDFK�VWHS�RU�VWDJH��

HIHUHQFHV�

&UHVZH UHVHDUFK�GHVLJQ��&KRRVLQJ�DPRQJ�ILYH�WUDGLWLRQV���7KRXVDQG�

*LRUJL��$ ����3KHQRPHQRORJ\�DQG�SV\FKRORJLFDO�UHVHDUFK���3LWWVEXUJK��3$���'XTXHVQH�8QLYHUVLW\�

*LRUJL��$ V�D�TXDOLWDWLYH�

*LRUJL��$ DPLF��
QJ�

\�DQG�GHVLJQ��SS������������:DVKLQJWRQ��'&��$PHULFDQ�

.HHQ��( RJ\�SKHQRPHQRORJLFDOO\��8QSXEOLVKHG�0DQXVFULSW��/HZLVEHUJ��3$���

UG DJH���

7D\ORU�� LWDWLYH�UHVHDUFK�PHWKRGV��7KH�VHDUFK�IRU�
PHDQLQJ���QG�HGLWLRQ��1HZ�<RUN��-RKQ�:LOH\��

XOG�
H�WKH�UHVHDUFKHU��ZKR�SHUIRUPV�WKHP��LV�D�

DUWLFLSDQW��WKH\�DOUHDG\�DUH�D�IRUP�RI�GDWD�FROOHFWLRQ��

Q��

IRUP�RI�WKH�SKHQRPHQRORJLFDO�
GXFWLRQ�RU�HSRFKH��VHH�$SSHQGL[�$�IRU�D�GHVFULSWLRQ�RI�HSRFKH����

RWKHU�IRUPV�RI�VHOI�H[SUHVVLRQ�PD\�EHFRPH�WKH�
ULPDU\�PRGH�RI�ERWK�GDWD�FROOHFWLRQ�DQG�GDWD�DQDO\VLV��

LWK�

D
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OO��-����������4XDOLWDWLYH�LQTXLU\�DQG�
2DNV��&$��6DJH�3XEOLFDWLRQV��,QF��

�������
3UHVV��

�����������7KH�WKHRU\��SUDFWLFH�DQG�HYDOXDWLRQ�RI�SKHQRPHQRORJLFDO�PHWKRGV�D
UHVHDUFK�SURFHGXUH���-RXUQDO�RI�3KHQRPHQRORJLFDO�3V\FKRORJ\���������������

�3��	�*LRUJL��%�0����������7KH�GHVFULSWLYH�SKHQRPHQRORJLFDO�SV\FKRORJLFDO�PHWKRG��,Q�&
3�0���5KRGHV��-�(��	�<DUGOH\��/���(GV����4XDOLWDWLYH�UHVHDUFK�LQ�SV\FKRORJ\��([SDQGL
SHUVSHFWLYHV�LQ�PHWKRGRORJ
3V\FKRORJLFDO�$VVRFLDWLRQ��

����������'RLQJ�SV\FKRO
%XFNQHOO�8QLYHUVLW\��

0RXVWDNDV��&������������3KHQRPHQRORJLFDO�UHVHDUFK�PHWKRGV��7KRXVDQG�2DNV��&$��6DJH��

3DWWRQ��0����������4XDOLWDWLYH�UHVHDUFK�DQG�HYDOXDWLRQ�PHWKRGV��� �HG����1HZEXU\�3DUN��&$���6

6��-��	�%RJGDQ��5����������,QWURGXFWLRQ�WR�TXDO

'DWD�$QDO\VLV�0HWKRGV�LQ�+HXULVWLF�,QTXLU\�
,Q�JHQHUDO��VL[�VWHSV�FKDUDFWHUL]H�WKH�KHXULVWLF�DSSURDFK�WR�GDWD�DQDO\VLV��7KH\�DUH�DV�IROORZV���LQLWLDO�
HQJDJHPHQW��LPPHUVLRQ��LQFXEDWLRQ��LOOXPLQDWLRQ��H[SOLFDWLRQ�DQG�V\QWKHVLV��'RXJODVV�DQG�0RXVWDNDV�
O�����0RXVWDNDV�����������������������������6WHSV���DQG����LQLWLDO�HQJDJHPHQW�DQG�LPPHUVLRQ��ZR
DSSHDU�WR�EH�SUHOLPLQDU\�WR�GDWD�FROOHFWLRQ��EXW�EHFDXV
S

6WHS����,QLWLDO�HQJDJHPHQW�LQYROYHV�DQG�DZDUHQHVV�RI�WKH�WRSLF���,Q�KHXULVWLFV�LW�LV�HVVHQWLDO�WKDW�WKH�
WRSLF�QRW�RQO\�EH�RI�LPSRUWDQFH�WR�WKH�UHVHDUFKHU�EXW�DOVR�WKDW�KH�VKH�H[SHULHQFHV�D�VHQVH�RI�SDVVLRQ�LQ
FRQQHFWLRQ�ZLWK�LW���)URP�WKH�H[SHULHQFH�RI�EHLQJ�ZLWK�WKH�WRSLF�LQ�DQ�RSHQ�ZD\�HPHUJHV�WKH�TXHVWLR
7KH�FXOPLQDWLRQ�RI�WKH�LQLWLDO�HQJDJHPHQW�SHULRG�LV�WKH�FUHDWLRQ�RI�D�FOHDU�UHVHDUFK�TXHVWLRQ�ZKLFK�
IRUPV�WKH�KHDUW�RI�WKH�LQTXLU\��,QLWLDO�HQJDJHPHQW�UHTXLUHV�WKH�UHVHDUFKHU�WR�UHGXFH�WKH�LQIOXHQFH�RI
SUHFRQFHSWLRQV�DQG�EHOLHIV�DERXW�WKH�SKHQRPHQRQ��VR�LW�LQFOXGHV�D�
UH

6WHS����'XULQJ�WKH�LPPHUVLRQ�VWHS��WKH�UHVHDUFKHU�PDNHV�KLV�KHU�TXHVWLRQ�WKH�FHQWHU�RI�WKH�
H[SHULHQWLDO�ZRUOG��DOORZLQJ�WKH�VHOI�WR�EHFRPH�RQH�ZLWK�WKH�TXHVWLRQ���7KLV�LV�GRQH�LQ�D�ORRVH��QRQ�
VWUXFWXUHG�ZD\��SHUPLWWLQJ�RSHQQHVV�WR�WKH�UDQJH�RI�UHODWHG�H[SHULHQFHV��ZKLFK�KHOSV�WR�IDFLOLWDWH�DQ�
XQGHUVWDQGLQJ�RI�WKH�SKHQRPHQRQ���'XULQJ�WKLV�VWHS��WKH�UHVHDUFKHU�LV�QRQ�MXGJPHQWDO�DQG�QRQ�FULWLFDO��
RSHQ�WR�WKH�IORZ�RI�H[SHULHQFH��DJDLQ��D�YHUVLRQ�RI�WKH�SKHQRPHQRORJLFDO�UHGXFWLRQ����7KH�UHVHDUFKHU�LV�
RSHQ�WR�LQWXLWLRQV��KXQFKHV�EDVHG�RQ�FOXHV��DQG�WDFLW�NQRZOHGJH��NQRZLQJ�WKDW�KH�VKH�NQRZV�EXW�QRW�
NQRZLQJ�KRZ�KH�VKH�NQRZV���$W�WKLV�VWDJH��MRXUQDOLQJ�RU�
S

'XULQJ�LPPHUVLRQ��KHXULVWLF�UHVHDUFKHUV�DOVR�JDWKHU�LQIRUPDWLRQ�IURP�WKHLU�FR�UHVHDUFKHUV��LQ�WKH�IRUP�
RI�LQWHUYLHZV��GLDULHV��MRXUQDOV��ZULWLQJV��DUW��ILOP��HWF����DQG�LPPHUVH�WKHPVHOYHV�LQ�WKRVH�GDWD�DORQJ�Z
WKHLU�RZQ�GDWD��7\SLFDOO\��HDFK�UHVHDUFKHU�ILQGV�D�SHUVRQDO�PHWKRG�IRU�LPPHUVLQJ�RQHVHOI�LQ�WKH�GDWD�



'DWD�$QDO\VLV

��

WKDW�DUH�HPHUJLQJ�IURP�WKH�LQWHUYLHZV�DQG�RWKHU�GRFXPHQWV��$V�FDQ�EH�VHHQ��GDWD�³FROOHFWLRQ´�DQG�G
³DQDO\VLV´�DUH�QRW�HDVLO\�VHSDUDWHG�LQWR�G

DWD�
LVFUHWH�VWHSV�RU�VWDJHV��EXW�DUH�DQ�LQWHJUDWHG�DQG�RQJRLQJ�

SURFHVV�HDFK�LQIRUPLQJ�WKH�RWKHU��

G�RQ�

UH�

HO��1R�
\�WKH�HQJDJHG�

VHDUFKHU�ZLOO�EH�³SUHVHQW´�WR�WKH�SURFHVV�DQG�UHIOHFWLQJ�RIWHQ�RQ�KRZ�LW�LV�JRLQJ��

HU�

Q�

Q�OHDUQHU��EHFDXVH�WKH�WLPH�DQG�PRQH\�SUHVVXUHV�RI�WKH�IRXU�FRXUVH��RQH�\HDU�PRGHO�FDQ�EH�
�IDFWRU��

HUYHV�

V�
G�

RQ�

�LQGZHOOLQJ�DQG�UHIOHFWLRQ�
H�HVVHQWLDO�VWUXFWXUHV�RI�WKH�H[SHULHQFH�RI�WKH�SKHQRPHQRQ�XQGHU�VWXG\��

I�

KHXULVWLF�LQTXLU\�LV�VLPLODU�WR�WKH�³ILQDO�V\QWKHVLV´�LQ�WKH�JHQHULF�PRGHO�RI�
SKHQRPHQRORJLFDO�DQDO\VLV��

XHVWLRQ�RU�SUREOHP�$1'�����WR�GHYHORS�SRUWUDLWV�RI�WKH�SHUVRQV�ZKR�KDYH�H[SOLFDWHG�WKH�H[SHULHQFH��

HIHUHQFHV�

'RXJODV �LQTXLU\���7KH�LQWHUQDO�VHDUFK�WR�NQRZ���-RXUQDO�RI�

0RXVWD DUFK��,Q�-�)�7��%XJHQWDO��(G���&KDOOHQJHV�RI�+XPDQLVWLF�
3V\FKRORJ\��0F*UDZ�+LOO���

6WHS����$IWHU�D�SHULRG�RI�WLPH��KDYLQJ�EHHQ�LPPHUVHG�LQ�WKH�UHVHDUFK�TXHVWLRQ��WKH�UHVHDUFKHU�SXWV�
DVLGH�DOO�GHOLEHUDWH�IRFXV�RQ�WKH�H[SHULHQFH�DQG�WKH�GDWD�DQG�DOORZV�WKH�LQIRUPDWLRQ�WR�EH�SURFHVVH
DQ�XQFRQVFLRXV�OHYHO��D�SURFHVV�NQRZQ�DV�LQFXEDWLRQ��:KHQ�WKLV�EHFRPHV�DSSURSULDWH�FDQQRW�EH�
DUELWUDULO\�VSHFLILHG��EXW�GHSHQGV�RQ�WKH�GDWD�WKHPVHOYHV��$�FRPPRQ�PDUNHU�LV�ZKHQ�QHZ�WKHPHV�DUH�
QR�ORQJHU�HPHUJLQJ�LQ�WKH�GDWD���D�FRQGLWLRQ�VRPHWLPHV�FDOOHG�VDWXUDWLRQ���'XULQJ�LQFXEDWLRQ��GDWD�D
QR�ORQJHU�EHLQJ�FROOHFWHG�LQWHQWLRQDOO\��DOWKRXJK�QHZ�LQVLJKWV�PD\�HPHUJH�RU�QHZ�LQIRUPDWLRQ�PD\�
DULVH���,QVWHDG��WKH�UHVHDUFKHU�DOORZV�WKH�GDWD�WR�³JR�XQFRQVFLRXV´�DQG�WR�EH�SURFHVVHG�DW�WKDW�OHY
LQWHQWLRQDO��FRQVFLRXV��ZRUN�LV�GRQH�WR�IXUWKHU�WKH�LQWHUSUHWDWLRQ��DOWKRXJK�REYLRXVO
UH

6WHS����7KH�LQIRUPDWLRQ�FRQWLQXHV�WR�FRQVROLGDWH�DQG�JURZ��³LQFXEDWH´��XQWLO�D�VHQVH�RI�GLVFRYHU\�
RFFXUV���7KLV�PRPHQW�RI�UHDOL]DWLRQ�DQG�HQOLJKWHQPHQW�LV�NQRZQ�DV�LOOXPLQDWLRQ��DQG�RIWHQ�KDV�WKH�IHOO�
RI�DQ�³$KD�´�H[SHULHQFH���$W�WKLV�SRLQW��QHZ�NQRZOHGJH�LV�REWDLQHG��UHSUHVHQWLQJ�D�ZKROH�WKDW�LV�JUHDW
WKDQ�WKH�VXP�RI�LWV�SDUWV��7KH�JUHDW�GDQJHU�KHUH�LV�WKDW�WKH�UHVHDUFKHU�ZLOO�VXFFXPE�WR�SUHVVXUHV�RI�
WLPH��PRQH\��RU�H[SHGLHQF\�DQG�³IRUFH´�DQ�LOOXPLQDWLRQ�ZKLFK�LV�QRW�DXWKHQWLF��%HFDXVH�WKH�LQFXEDWLR
SHULRG��VWHS����LV�E\�QDWXUH�DQ�XQFRQVFLRXV�SURFHVV��LW�LV�XQSUHGLFWDEOH��2QH�FDQQRW�NQRZ�DKHDG�RI�
WLPH�ZKHQ�LQVLJKW�RU�LOOXPLQDWLRQ�ZLOO�HPHUJH��7KLV�SURYLGHV�DQ�DOHPHQW�RI�ULVN�WR�WKH�&DSHOOD�8QLYHUVLW\�
GLVVHUWDWLR
D

6WHS����7KH�QH[W�VWHS�LV�H[SOLFDWLRQ���'XULQJ�WKH�H[SOLFDWLRQ�SKDVH��WKH�UHVHDUFKHU�UHWXUQV�WR�WKH�GDWD�
�WUDQVFULSWV��GRFXPHQWV��HWF����DQG�ZLWK�WKH�QHZ�LQVLJKWV�JDLQHG�GXULQJ�WKH�LOOXPLQDWLRQ�SKDVH��REV
WKH�SDWWHUQV�DQG�WKHPHV�DULVLQJ�ZKLFK�SRUWUD\�HVVHQWLDO�PHDQLQJV��7KLV�LV�D�YHUVLRQ�RI�³WKHPDWLF�
DQDO\VLV´�DV�GLVFXVVHG�LQ�WKH�VHFWLRQ�RQ�HWKQRJUDSK\��,QGZHOOLQJ�LV�XVHG�WR�GZHOO�ZLWKLQ�WKH�H[SHULHQFHV
DQG�GUDZ�PHDQLQJ�IURP�WKHP���3RODQ\L��O�����UHIHUV�WR�LQGZHOOLQJ�DV�IROORZV���³,W�EULQJV�KRPH�WR�XV�WKDW�
LW�LV�QRW�E\�ORRNLQJ�DW�WKLQJV��EXW�E\�GZHOOLQJ�LQ�WKHP��WKDW�ZH�XQGHUVWDQG�WKHLU�MRLQW�PHDQLQJ´��S��O����7KL
SKDVH�UHVHPEOHV�WKH�HDUOLHU�LPPHUVLRQ�SKDVH��ZLWK�WKH�GLIIHUHQFH�WKDW�QRZ�RQH�GZHOOV�LQ�WKH�GDWD�DQ
WKHLU�HPHUJLQJ�PHDQLQJV�DQG�VWUXFWXUHV�LQ�RUGHU�WR�LQWHUSUHW�WKHP��ZKHUHDV�LQ�WKH�HDUOLHU�LPPHUVL
SKDVH��RQH�ZDV�LPPHUVHG�LQ�WKH�DUWLFXODWLRQ�RI�WKH�SKHQRPHQRQ�LWVHOI�DQG�LQ�JDWKHULQJ�VLPLODU�
DUWLFXODWLRQV�IURP�RQH¶V�FR�UHVHDUFKHUV��7KH�JRDO�RI�VWHS���LV�WR�DUWLFXODWH�E\
WK

6WHS����7KH�ILQDO�VWHS�LQ�D�KHXULVWLF�LQTXLU\�LV�V\QWKHVLV���,W�LV�WKURXJK�V\QWKHVLV�WKDW�WKH�ZKROH�
H[SHULHQFH�LV�FDSWXUHG���6\QWKHVLV�LV�PRUH�WKDQ�D�VXPPDU\��LW�LV�WKH�FUHDWLRQ�RI�D�QHZ�XQGHUVWDQGLQJ�R
WKH�HVVHQFH�RI�WKH�H[SHULHQFH��³6\QWKHVLV�JRHV�EH\RQG�GLVWLOODWLRQ�RI�WKHPHV�DQG�SDWWHUQV���,W�LV�QRW�D�
VXPPDU\�RU�UHFDSLWXODWLRQ���,Q�V\QWKHVLV��WKH�VHDUFKHU�LV�FKDOOHQJHG�WR�JHQHUDWH�D�QHZ�UHDOLW\��D�QHZ
PRQROLWKLF�VLJQLILFDQFH�WKDW�HPERGLHV�WKH�HVVHQFH�RI�WKH�KHXULVWLF�WUXWK´��'RXJODVV�DQG�0RXVWDNDV��
O�����S��O����7KH�V\QWKHVLV�LQ�

7KH�WDVN�LV��O��WR�DUULYH�DW�D�GHSLFWLRQ�RI�WKH�H[SHULHQFH��D�V\QWKHVL]LQJ�VWDWHPHQW�WKDW�LOOXPLQDWHV�WKH�
T
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V��%��	�0RXVWDNDV��&���O�������+HXULVWLF
KXPDQLVWLF�SV\FKRORJ\����������������

NDV��&���������+HXULVWLF�UHVH
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��

0RXVWDNDV��&���������+HXULVWLF�PHWKRGV�RI�REWDLQLQJ�NQRZOHGJH��,Q�&��0RXVWDNDV��5K\WKPV��5LWXDOV��
DQG�5HODWLRQVKLSV��&HQWHU�IRU�+XPDQLVWLF�6WXGLHV���

0RXVWDNDV��&���������+HXULVWLF�5HVHDUFK��'HVLJQ��PHWKRGRORJ\�DQG�DSSOLFDWLRQV��1HZEXU\�3DUN��&$��
6DJH��

0RXVWDNDV��&���������+HXULVWLF�UHVHDUFK��'HVLJQ�DQG�0HWKRGRORJ\��,Q�.�-��6FKQHLGHU��-�)�7��%XJHQWDO�
	�-�)��3LHUVRQ���(GV���7KH�+DQGERRN�RI�+XPDQLVWLF�3V\FKRORJ\��/HDGLQJ�HGJHV�LQ�WKHRU\��
UHVHDUFK��DQG�SUDFWLFH��6DJH��

3RODQ\L��0���O�������7KH�WDFLW�GLPHQVLRQ���*DUGHQ�&LW\��1HZ�<RUN���$QFKRU�%RRNV�'RXEOHGD\�DQG�
&RPSDQ\��,QF��

'HWDLOHG�6WHS�E\�6WHS��3URFHGXUHV�IRU�'DWD�$QDO\VLV�

7KUHH�0RGHOV�RI�3KHQRPHQRORJLFDO�$QDO\VLV�

$�� (PSLULFDO�3KHQRPHQRORJ\�LV�D�PRGHO�RI�SKHQRPHQRORJLFDO�SV\FKRORJLFDO�UHVHDUFK�WKDW�ZDV�
GHYHORSHG�DW�'XTXHVQH�8QLYHUVLW\��*LRUJL��������������*LRUJL�	�*LRUJL�����������

,Q�RUGHU�WR�GHYHORS�DQ�XQGHUVWDQGLQJ�RI�WKH�SKHQRPHQRORJLFDO�SV\FKRORJLFDO�UHVHDUFK�PHWKRG��
LW�LV�HVVHQWLDO�WR�ILUVW�XQGHUVWDQG�WKH�FRQFHSW�RI�LQWHQWLRQDOLW\�DQG�LWV�UROH�LQ�WKH�
SKHQRPHQRORJLFDO�PHWKRG���7KH�IROORZLQJ�SDVVDJH�IURP�$PHGHR�*LRUJL��������H[SODLQV�WKH�
UROH�RI�LQWHQWLRQDOLW\�LQ�SKHQRPHQRORJ\��

)LQDOO\��QR�GLVFXVVLRQ�RI�SKHQRPHQRORJ\�ZRXOG�EH�FRPSOHWH�ZLWKRXW�PHQWLRQLQJ�LQWHQWLRQDOLW\��
(GPXQG�+XVVHUO�WRRN�WKH�WHUP�RYHU�IURP�)UDQ]�%UHWDQR�EXW�XVHV�LW�LQ�D�IXQGDPHQWDOO\�GLIIHUHQW�
ZD\��)RU�+XVVHUO��LQWHQWLRQDOLW\�LV�WKH�HVVHQWLDO�IHDWXUH�RI�FRQVFLRXVQHVV��DQG�LW�UHIHUV�WR�WKH�
IDFW�WKDW�FRQVFLRXVQHVV�LV�DOZD\V�GLUHFWHG�WR�DQ�REMHFW�WKDW�LV�QRW�LWVHOI�FRQVFLRXVQHVV��DOWKRXJK�
LW�FRXOG�EH��DV�LQ�UHIOHFWLYH�DFWV��0RUH�SUHFLVHO\��FRQVFLRXVQHVV�DOZD\V�WDNHV�DQ�REMHFW��DQG�WKH�
REMHFW�DOZD\V�WUDQVFHQGV�WKH�DFW�LQ�ZKLFK�LW�DSSHDUV��7KLV�LGHD�LV�LPSRUWDQW�IRU�WKH�KXPDQ�
VFLHQFHV�DV�ZHOO��VLQFH�LW�KHOSV�RYHUFRPH�WKH�&DUWHVLDQ�XQGHUVWDQGLQJ�RI�WKH�VXEMHFW�REMHFW�
UHODWLRQVKLS��7KHUH�DUH�QRW�WZR�LQGHSHQGHQW�HQWLWLHV��REMHFWV�DQG�VXEMHFWV��H[LVWLQJ�LQ�
WKHPVHOYHV�ZKLFK�ODWHU�JHW�WR�UHODWH�WR�HDFK�RWKHU��EXW�WKH�YHU\�PHDQLQJ�RI�VXEMHFW�LPSOLHV�D�
UHODWLRQVKLS�WR�DQ�REMHFW��DQG�WR�EH�DQ�REMHFW�LQWULQVLFDOO\�LPSOLHV�EHLQJ�UHODWHG�WR�VXEMHFWLYLW\��
7KXV��WKH�VXEMHFW�REMHFW�UHODWLRQVKLS�PXVW�EH�XQGHUVWRRG�VWUXFWXUDOO\�DQG�KROLVWLFDOO\��S���������

,Q�WKH�SKLORVRSKLFDO�SKHQRPHQRORJLFDO�PHWKRG�WKHUH�DUH�WKUHH�LQWHUORFNLQJ�VWHSV�������WKH�
SKHQRPHQRORJLFDO�UHGXFWLRQ������GHVFULSWLRQ�DQG�����VHDUFK�IRU�HVVHQFHV���7KH�
SKHQRPHQRORJLFDO�UHGXFWLRQ�LV�D�PHWKRGRORJLFDO�GHYLFH�GHYLVHG�E\�+XVVHUO�WKDW�LV�XVHG�WR�
PDNH�UHVHDUFK�ILQGLQJV��ZKLFK�XVH�WKH�SKHQRPHQRORJLFDO�PRGHO�PRUH�SUHFLVH���'XULQJ�WKH�
SKHQRPHQRORJLFDO�UHGXFWLRQ��RQH�EUDFNHWV�SDVW�NQRZOHGJH�DERXW�WKH�SKHQRPHQRQ�
HQFRXQWHUHG�LQ�RUGHU�WR�EH�IXOO\�SUHVHQW�WR�LW�DV�LW�LV�LQ�WKH�FRQFUHWH�VLWXDWLRQ�LQ�ZKLFK�RQH�LV�
HQFRXQWHULQJ�LW���2QH�SXWV�DVLGH�RU�UHQGHUV��QRQ�LQIOXHQWLDO��DOO�SDVW�NQRZOHGJH�WKDW�PD\�EH�
DVVRFLDWHG�ZLWK�WKH�SUHVHQWO\�JLYHQ�REMHFW��

7KH�UHVHDUFKHU�FDQQRW�H[SHFW�DOO�SDUWLFLSDQWV�LQ�WKH�SV\FKRORJLFDO�SKHQRPHQRORJLFDO�VWXG\�WR�
EH�SKHQRPHQRORJLFDO�DQG��WKXV��FDSDEOH�RI�DVVXPLQJ�WKH�DWWLWXGH�RI�WKH�SKHQRPHQRORJLFDO�
UHGXFWLRQ���0RUHRYHU��IRU�KXPDQ�VFLHQFH�UHVHDUFK��WKH�GHWDLOV��ELDVHV��HUURUV��DQG�SUHMXGLFHV�
WKDW�ZH�FDUU\�ZLWK�XV�LQ�HYHU\GD\�OLIH�DUH�H[DFWO\�ZKDW�KDYH�WR�EH�XQGHUVWRRG�LQ�SV\FKRORJLFDO�
SKHQRPHQRORJLFDO�UHVHDUFK���:KDW�LV�FULWLFDO�LV�WKDW�WKH�GHVFULSWLRQ�EH�DV�SUHFLVH�DQG�GHWDLOHG�



'DWD�$QDO\VLV

���

DV�SRVVLEOH�ZLWK�D�PLQLPXP�QXPEHU�RI�JHQHUDOLWLHV�DQG�DEVWUDFWLRQV���+RZHYHU��WKH�
SKHQRPHQRORJLFDO�DWWLWXGH�GRHV�GHPDQG�WKDW�WKH�UHVHDUFKHU�EH�DEOH�WR�GR�KLV�KHU�ZRUN�IURP�
ZLWKLQ�WKH�DWWLWXGH�RI�WKH�UHGXFWLRQ�RU�HOVH�QR�SKHQRPHQRORJLFDO�FODLPV�IRU�WKH�DQDO\VLV�FRXOG�EH�
PDGH���

7KHUH�DUH�WZR�GHVFULSWLYH�OHYHOV�RI�WKH�HPSLULFDO�SKHQRPHQRORJLFDO�PRGHO����

/HYHO����WKH�RULJLQDO�GDWD�LV�FRPSULVHG�RI�QDwYH�GHVFULSWLRQV�REWDLQHG�WKURXJK�RSHQ�HQGHG�
TXHVWLRQV�DQG�GLDORJXH����

/HYHO�,,��WKH�UHVHDUFKHU�GHVFULEHV�WKH�VWUXFWXUHV�RI�WKH�H[SHULHQFHV�EDVHG�RQ�UHIOHFWLYH�DQDO\VLV�
DQG�LQWHUSUHWDWLRQ�RI�WKH�UHVHDUFK�SDUWLFLSDQW
V�DFFRXQW�RU�VWRU\����

7KH�PHWKRG�RI�DQDO\VLV�FRQVLVWV�RI�ILYH�HVVHQWLDO�VWHSV�ZKLFK�DUH�DV�IROORZV��

��� 6HQVH�RI�WKH�:KROH�±�2QH�UHDGV�WKH�HQWLUH�GHVFULSWLRQ�LQ�RUGHU�WR�JHW�D�JHQHUDO�VHQVH�
RI�WKH�ZKROH�VWDWHPHQW��

��� 'LVFULPLQDWLRQ�RI�0HDQLQJ�8QLWV�:LWKLQ�D�3V\FKRORJLFDO�3HUVSHFWLYH�DQG�)RFXVHG�RQ�
WKH�3KHQRPHQRQ�%HLQJ�5HVHDUFKHG�±�2QFH�WKH�VHQVH�RI�WKH�ZKROH�KDV�EHHQ�JUDVSHG��
WKH�UHVHDUFKHU�JRHV�EDFN�WR�WKH�EHJLQQLQJ�DQG�UHDGV�WKURXJK�WKH�WH[W�RQFH�PRUH�DQG�
GHOLQHDWHV�HDFK�WLPH�WKDW�D�WUDQVLWLRQ�LQ�PHDQLQJ�RFFXUV�ZLWK�WKH�VSHFLILF�DLP�RI�
GLVFULPLQDWLQJ��PHDQLQJ�XQLWV��IURP�ZLWKLQ�D�SV\FKRORJLFDO�SHUVSHFWLYH�DQG�ZLWK�D�IRFXV�
RQ�WKH�SKHQRPHQRQ�EHLQJ�UHVHDUFKHG���7KH�PHDQLQJ�XQLW�VKRXOG�EH�PDGH�ZLWK�
SV\FKRORJLFDO�FULWHULD�LQ�PLQG���7KH�UHVHDUFKHU�QH[W�HOLPLQDWHV�UHGXQGDQFLHV�DQG�
FODULILHV�DQG�HODERUDWHV�RQ�WKH�PHDQLQJ�RI�WKH�XQLWV�E\�UHODWLQJ�WKHP�WR�HDFK�RWKHU�DQG�
WR�WKH�VHQVH�RI�WKH�ZKROH��

��� 7UDQVIRUPDWLRQ�RI�6XEMHFWV�(YHU\GD\�([SUHVVLRQV�LQWR�3V\FKRORJLFDO�/DQJXDJH�ZLWK�
(PSKDVLV�RQ�WKH�3KHQRPHQRQ�%HLQJ�,QYHVWLJDWHG�±�2QFH�PHDQLQJ�XQLWV�KDYH�EHHQ�
GHOLQHDWHG��WKH�UHVHDUFKHU�JRHV�WKURXJK�DOO�RI�WKH�PHDQLQJ�XQLWV��ZKLFK�DUH�VWLOO�
H[SUHVVHG�LQ�WKH�FRQFUHWH�ODQJXDJH�RI�WKH�SDUWLFLSDQWV��UHIOHFWV�RQ�WKHP�DQG�FRPHV�XS�
ZLWK�WKH�HVVHQFH�RI�WKH�H[SHULHQFH�IRU�WKH�SDUWLFLSDQW��7KH�UHVHDUFKHU�QH[W�WUDQVIRUPV�
HDFK�UHOHYDQW�XQLW�LQWR�WKH�ODQJXDJH�RI�SV\FKRORJLFDO�VFLHQFH�

��� 6\QWKHVLV�RI�7UDQVIRUPHG�0HDQLQJ�8QLWV�LQWR�D�&RQVLVWHQW�6WDWHPHQW�RI�WKH�6WUXFWXUH�
RI�WKH�([SHULHQFH�±�)LQDOO\��WKH�UHVHDUFKHU�V\QWKHVL]HV�DOO�RI�WKH�WUDQVIRUPHG�PHDQLQJ�
XQLWV�LQWR�D�FRQVLVWHQW�VWDWHPHQW�UHJDUGLQJ�WKH�SDUWLFLSDQW
V�H[SHULHQFH���

��� )LQDO�6\QWKHVLV�±�)LQDOO\�WKH�UHVHDUFKHU�V\QWKHVL]HV�DOO�RI�WKH�VWDWHPHQWV�UHJDUGLQJ�
HDFK�SDUWLFLSDQW
V�H[SHULHQFH�LQWR�RQH�FRQVLVWHQW�VWDWHPHQW��ZKLFK�GHVFULEHV�DQG�
FDSWXUHV�WKH�HVVHQFH�RI�WKH�H[SHULHQFH�EHLQJ�VWXGLHG�

����������������������������������������$GDSWHG�IURP�*LRUJL��������������*LRUJL�	�*LRUJL��������

%�� 7UDQVFHQGHQWDO�3KHQRPHQRORJ\��7KHUH�DUH�WKUHH�FRUH�SURFHVVHV�WKDW�IDFLOLWDWH�GHULYDWLRQ�RI�
NQRZOHGJH�LQ�WKH�WUDQVFHQGHQWDO�SKHQRPHQRORJLFDO�DSSURDFK�DV�SURSRVHG�E\�&ODUN�0RXVWDNDV�
���������7KH�WKUHH�FRUH�SURFHVVHV�DUH���(SRFKH��7UDQVFHQGHQWDO��3KHQRPHQRORJLFDO�
5HGXFWLRQ�DQG�,PDJLQDWLYH�9DULDWLRQ��

��� (SRFKH���6HWWLQJ�DVLGH�SUHMXGJPHQWV�DQG�RSHQLQJ�WKH�UHVHDUFK�LQWHUYLHZ�ZLWK�DQ�
XQELDVHG��UHFHSWLYH�SUHVHQFH���,W�LV�UHWXUQLQJ�WR�WKLQJV�WKHPVHOYHV��IUHH�RI�
SUHMXGJPHQWV�DQG�SUHFRQFHSWLRQV��



'DWD�$QDO\VLV

���

��� 7UDQVFHQGHQWDO�3KHQRPHQRORJLFDO�5HGXFWLRQ���7KH�WDVN�LV�WKDW�RI�GHVFULELQJ�LQ�WH[WXDO�
ODQJXDJH�MXVW�ZKDW�RQH�VHHV��QRW�RQO\�LQ�WHUPV�RI�WKH�H[WHUQDO�REMHFW�EXW�DOVR�WKH�
LQWHUQDO�DFW�RI�FRQVFLRXVQHVV��WKH�H[SHULHQFH�DV�VXFK��WKH�UK\WKP�DQG�UHODWLRQVKLS�
EHWZHHQ�SKHQRPHQRQ�DQG�VHOI���7H[WXDO�TXDOLWLHV�DUH�DV�IROORZV���URXJK�DQG�VPRRWK��
VPDOO�DQG�ODUJH��TXLHW�DQG�QRLV\��FRORUIXO�DQG�EODQG��KRW�DQG�FROG��VWDWLRQDU\�DQG�
PRYLQJ��KLJK�DQG�ORZ��VTXHH]HG�LQ�DQG�H[SDQVLYH��IHDUIXO�DQG�FRXUDJHRXV��DQJU\�DQG�
FDOP�±�GHVFULSWLRQV�WKDW�SUHVHQW�YDU\LQJ�LQWHQVLWLHV��UDQJHV�RI�VKDSHV��VL]HV�DQG�
VSHFLDO�TXDOLWLHV��WLPH�UHIHUHQFHV�DQG�FRORUV�ZLWKLQ�DQ�H[SHULHQWLDO�FRQWH[W��

D�� %UDFNHWLQJ�WKH�7RSLF�RU�4XHVWLRQ�±�7KH�IRFXV�RI�WKH�UHVHDUFK�LV�SODFHG�LQ�
EUDFNHWV��HYHU\WKLQJ�HOVH�LV�VHW�DVLGH�VR�WKDW�WKH�HQWLUH�UHVHDUFK�SURFHVV�LV�
URRWHG�VROHO\�RQ�WKH�WRSLF�DQG�TXHVWLRQ��

E�� +RUL]RQDOL]DWRQ�±�(YHU\�VWDWHPHQW�LV�WUHDWHG�DV�KDYLQJ�HTXDO�YDOXH����
F�� 6WDWHPHQWV�LUUHOHYDQW�WR�WKH�WRSLF�RU�TXHVWLRQ�DV�ZHOO�DV�WKRVH�WKDW�DUH�

UHSHWLWLYH�RU�RYHUODSSLQJ DUH�GHOHWHG��OHDYLQJ�RQO\�WKH�+RUL]RQV��WKH�WH[WXDO�
PHDQLQJ�DQG�LQYDULDQW�FRQVWLWXHQWV�RI�WKH�SKHQRPHQRQ��

G�� 'HOLPLWLQJ�+RUL]RQV�RU�0HDQLQJV���+RUL]RQV�WKDW�VWDQG�RXW�DV�LQYDULDQW�
TXDOLWLHV�RI�WKH�H[SHULHQFH��

H�� ,QYDULDQW�4XDOLWLHV�DQG�7KHPHV�±�1RQ�UHSHWLWLYH��QRQ�RYHUODSSLQJ�
FRQVWLWXHQWV�DUH�FOXVWHUHG�LQWR�WKHPHV��

I�� ,QGLYLGXDO�7H[WXDO�'HVFULSWLRQV�±�'HYHORS�LQWHJUDWLRQ��GHVFULSWLYHO\��RI�WKH�
LQYDULDQW�WH[WXUDO�FRQVWLWXHQWV�DQG�WKHPHV�RI�HDFK�UHVHDUFK�SDUWLFLSDQW����

J�� &RPSRVLWH�7H[WXDO�'HVFULSWLRQ�±�'HYHORS�LQWHJUDWLRQ�RI�DOO�RI�WKH�LQGLYLGXDO�
WH[WXDO�GHVFULSWLRQV�LQWR�D�JURXS�RU�XQLYHUVDO�WH[WXDO�GHVFULSWLRQ��

��� ,PDJLQDWLYH�9DULDWLRQ���7KH�WDVN�RI�,PDJLQDWLYH�9DULDWLRQ�LV�WR�VHHN�SRVVLEOH�PHDQLQJV�
WKURXJK�WKH�XWLOL]DWLRQ�RI�LPDJLQDWLRQ��YDU\LQJ�IUDPHV�RI�UHIHUHQFH��HPSOR\LQJ�SRODULWLHV�
DQG�UHYHUVDOV��DQG�DSSURDFKLQJ�WKH�SKHQRPHQRQ�IURP�GLYHUJHQW�SHUVSHFWLYHV��GLIIHUHQW�
SRVLWLRQV�UROHV�RU�IXQFWLRQV���7KH�DLP�LV�WR�DUULYH�DW�VWUXFWXUDO�GHVFULSWLRQV�RI�DQ�
H[SHULHQFH��WKH�XQGHUO\LQJ�DQG�SUHFLSLWDWLQJ�IDFWRUV�WKDW�DFFRXQW�IRU�ZKDW�LV�EHLQJ�
H[SHULHQFHG��LQ�RWKHU�ZRUGV�WKH�³KRZ´�WKDW�VSHDNV�WR�FRQGLWLRQV�WKDW�LOOXPLQDWH�WKH�
³ZKDW´�RI�H[SHULHQFH���+RZ�GLG�WKH�H[SHULHQFH�RI�WKH�SKHQRPHQRQ�FRPH�WR�EH�ZKDW�LW�
LV"��7KH�VWHSV�WR�,PDJLQDWLYH�9DULDWLRQ�DUH�DV�IROORZV��

D�� 6\VWHPDWLF�YDU\LQJ�RI�WKH�SRVVLEOH�VWUXFWXUDO�PHDQLQJV�WKDW�XQGHUOLH�WKH�
WH[WXUDO�PHDQLQJV���9DU\�SHUVSHFWLYHV�RI�WKH�SKHQRPHQRQ�IURP�GLIIHUHQW�
YDQWDJH�SRLQWV��VXFK�DV�RSSRVLWH�PHDQLQJV�DQG�YDULRXV�UROHV���8VLQJ�IUHH�
IDQWDV\�YDULDWLRQV��FRQVLGHU�IUHHO\�WKH�SRVVLEOH�VWUXFWXUDO�TXDOLWLHV�RU�
G\QDPLFV�WKDW�HYRNH�VWUXFWXUDO�TXDOLWLHV��

E�� &RQVWUXFW�D�OLVW�RI�WKH�VWUXFWXUDO�TXDOLWLHV�RI�WKH�H[SHULHQFH��
F�� 5HFRJQL]LQJ�WKH�XQGHUO\LQJ�WKHPHV�RU�FRQWH[WV�WKDW�DFFRXQW�IRU�HPHUJHQFH�

RI�WKH�SKHQRPHQRQ����
G�� 'HYHORS�VWUXFWXUDO�WKHPHV�E\�FOXVWHULQJ�WKH�VWUXFWXUDO�TXDOLWLHV�LQWR�WKHPHV��
H�� &RQVLGHULQJ�WKH�XQLYHUVDO�VWUXFWXUHV�WKDW�SUHFLSLWDWH�IHHOLQJV�DQG�WKRXJKWV�

ZLWK�UHIHUHQFH�WR�WKH�SKHQRPHQRQ��VXFK�DV���WLPH��VSDFH��ERGLO\�FRQFHUQV��
PDWHULDOLW\��FDXVDOLW\��UHODWLRQ�WR�VHOI��RU�UHODWLRQ�WR�RWKHUV��

I�� ,QGLYLGXDO�6WUXFWXUDO�'HVFULSWLRQV���)RU�HDFK�SDUWLFLSDQW��LQWHJUDWH�WKH�
VWUXFWXUDO�TXDOLWLHV�DQG�WKHPHV�LQWR�DQ�LQGLYLGXDO�VWUXFWXUDO�GHVFULSWLRQ�RI�
WKH�H[SHULHQFH��

J�� &RPSRVLWH�6WUXFWXUDO�'HVFULSWLRQ���,QWHJUDWLRQ�RI�DOO�RI�WKH�LQGLYLGXDO�
VWUXFWXUDO�GHVFULSWLRQV�LQWR�D�JURXS�RU�XQLYHUVDO�VWUXFWXUDO�GHVFULSWLRQ�RI�WKH�
H[SHULHQFH��

��� 6\QWKHVLV�RI�0HDQLQJV�DQG�(VVHQFHV���7KH�ILQDO�VWHS�LQ�WKH�SKHQRPHQRORJLFDO�
UHVHDUFK�SURFHVV�LV�WKH�LQWXLWLYH�LQWHJUDWLRQ�RI�WKH�FRPSRVLWH�WH[WXDO�DQG�VWUXFWXUDO�
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GHVFULSWLRQV�LQWR�D�XQLILHG�VWDWHPHQW�RI�WKH�HVVHQFHV�RI�WKH�H[SHULHQFH�RI�WKH�
SKHQRPHQRQ�DV�D�ZKROH���7KH�HVVHQFHV�RI�DQ\�H[SHULHQFH�DUH�QHYHU�WRWDOO\�
H[KDXVWHG���7KH�IXQGDPHQWDO�WH[WXDO�VWUXFWXUDO�V\QWKHVLV�UHSUHVHQWV�WKH�HVVHQFHV�DW�D�
SDUWLFXODU�WLPH�DQG�SODFH�IURP�WKH�YDQWDJH�SRLQW�RI�DQ�LQGLYLGXDO�UHVHDUFKHU�IROORZLQJ�
DQ�H[KDXVWLYH�LPDJLQDWLYH�DQG�UHIOHFWLYH�VWXG\�RI�WKH�SKHQRPHQRQ��

�$GDSWHG�IURP�0RXVWDNDV��������

&�� 6WHYLFN�&RODL]]L�.HHQ�0HWKRG�RI�$QDO\VLV�RI�3KHQRPHQRORJLFDO�'DWD��6HH�)ORZ�&KDUW�LQ�
$SSHQGL[�%��

(SRFKH�LV�WKH�ILUVW�VWHS�LQ�WKH�SKHQRPHQRORJLFDO�PHWKRG�DQG�LV�D�SURFHVV�LQ�ZKLFK�WKH�
UHVHDUFKHU�VHWV�DVLGH�DOO�SUHFRQFHLYHG�LGHDV�DERXW�ZKDW�LV�EHLQJ�H[SHULHQFHG�DQG�GHVFULEHG�E\�
WKH�SDUWLFLSDQWV��3KHQRPHQRORJLFDO�5HGXFWLRQ�LV�WKH�SURFHVV�E\�ZKLFK�WKH�SDUWLFLSDQW�GHVFULEHV�
LQ�WH[WXDO�ODQJXDJH�MXVW�ZKDW�RQH�VHHV��QRW�RQO\�LQ�WHUPV�RI�WKH�H[WHUQDO�REMHFW�EXW�DOVR�WKH�
LQWHUQDO�DFW�RI�FRQVFLRXVQHVV��WKH�H[SHULHQFH�XQGHU�LQTXLU\�DV�VXFK��WKH�UK\WKP�DQG�
UHODWLRQVKLS�EHWZHHQ�SKHQRPHQRQ�DQG�VHOI���7H[WXDO�TXDOLWLHV�DUH�DV�IROORZV���URXJK�DQG�
VPRRWK��VPDOO�DQG�ODUJH��TXLHW�DQG�QRLV\��FRORUIXO�DQG�EODQG��KRW�DQG�FROG��VWDWLRQDU\�DQG�
PRYLQJ��KLJK�DQG�ORZ��VTXHH]HG�LQ�DQG�H[SDQVLYH��IHDUIXO�DQG�FRXUDJHRXV��DQJU\�DQG�FDOP�±�
GHVFULSWLRQV�WKDW�SUHVHQW�YDU\LQJ�LQWHQVLWLHV��UDQJHV�RI��VKDSHV��VL]HV�DQG�VSHFLDO�TXDOLWLHV��WLPH�
UHIHUHQFHV�DQG�FRORUV�ZLWKLQ�DQ�H[SHULHQWLDO�FRQWH[W���'XULQJ�WKLV�VWHS�LQ�WKH�SKHQRPHQRORJLFDO�
SURFHVV��WKH�WH[WXUDO�TXDOLWLHV�RI�WKH�OLYHG�H[SHULHQFH�RI�WKH�SDUWLFLSDQW�DUH�VHSDUDWHG��7KRVH�
FRPPHQWV�WKDW�GHDO�ZLWK�WKH�TXHVWLRQ�DUH�FOXVWHUHG�LQWR�WKHPHV��0RXVWDNDV������������

)ROORZLQJ�WKH�3KHQRPHQRORJLFDO�5HGXFWLRQ��WKH UHVHDUFKHU�XVHV�LPDJLQDWLYH�YDULDWLRQ���7KH�
WDVN�RI�LPDJLQDWLYH�YDULDWLRQ�LV�WR�VHHN�SRVVLEOH�PHDQLQJV�WKURXJK�WKH�XWLOL]DWLRQ�RI�LPDJLQDWLRQ��
YDU\LQJ�IUDPHV�RI�UHIHUHQFH��HPSOR\LQJ�SRODULWLHV�DQG�UHYHUVDOV��DQG�DSSURDFKLQJ�WKH�
SKHQRPHQRQ�IURP�GLYHUJHQW�SHUVSHFWLYHV��GLIIHUHQW�SRVLWLRQV�UROHV�RU�IXQFWLRQV���7KH�DLP�LV�WR�
DUULYH�DW�VWUXFWXUDO�GHVFULSWLRQV�RI�DQ�H[SHULHQFH��WKH�XQGHUO\LQJ�DQG�SUHFLSLWDWLQJ�IDFWRUV�WKDW�
DFFRXQW�IRU�ZKDW�LV�EHLQJ�H[SHULHQFHG��LQ�RWKHU�ZRUGV��WKH�³KRZ´�WKDW�VSHDNV�WR�FRQGLWLRQV�WKDW�
LOOXPLQDWH�WKH�³ZKDW´�RI�H[SHULHQFH���+RZ�GLG�WKH�H[SHULHQFH�RI�WKH�SKHQRPHQRQ�FRPH�WR�EH�
ZKDW�LW�LV"��7KURXJK�WKH�XVH�RI�LPDJLQDWLYH�YDULDWLRQ�WKH�UHVHDUFKHU�H[DPLQHV�WKH�GDWD�FROOHFWHG�
IURP�SDUWLFLSDQWV�IURP�GLIIHUHQW�YLHZV��FKDQJLQJ�WKH�IUDPHV�RI�UHIHUHQFH��XVLQJ�SRODULWLHV�DQG�
UHYHUVDOV��DQG�ORRNLQJ�DW�WKH�SKHQRPHQRQ�IURP�GLIIHUHQW�SHUVSHFWLYHV��SRVLWLRQV��UROHV��RU�
IXQFWLRQV����(PSOR\�XQLYHUVDO�VWUXFWXUHV�DV�WKHPHV���WLPH��VSDFH��PDWHULDOLW\��UHODWLRQVKLS�WR�VHOI��
UHODWLRQVKLS�WR�RWKHUV��ERGLO\�FRQFHUQV��FDXVDO�DQG�LQWHQWLRQDO�VWUXFWXUHV����

7KH�ILQDO�VWHS�RI�WKH�SURFHVV�LV�FDOOHG�LQWXLWLYH�LQWHJUDWLRQ��,QWXLWLYH�LQWHJUDWLRQ�LV�WKH�SURFHVV�E\�
ZKLFK�WKH�UHVHDUFKHU�GHYHORSV�WH[WXUDO�VWUXFWXUDO�V\QWKHVLV�WKDW�UHSUHVHQWV�WKH�HVVHQFH�RI�WKH�
H[SHULHQFH�RI�WKH�SKHQRPHQRQ�XQGHU�LQTXLU\��0RXVWDNDV���������

7KH�VWHSV�WR�WKH�PRGLILHG�6WHYLFN�&RODL]]L�.HHQ�0HWKRG�RI�$QDO\VLV�RI�������������������������������
3KHQRPHQRORJLFDO�'DWD�DUH�DV�IROORZV��

��� 6HW�DVLGH�DOO�SUHFRQFHLYHG�LGHDV�DERXW�ZKDW�LV�EHLQJ�H[SHULHQFHG�DQG�GHVFULEHG�
E\�WKH�SDUWLFLSDQW��(SRFKH���

��� &RQVLGHU�HDFK�VWDWHPHQW�ZLWK�WKH�HPSKDVLV�RQ�WKH�LPSRUWDQFH�IRU�GHVFULSWLRQ�RI�
WKH�H[SHULHQFH��

��� 5HFRUG�DOO�RI�WKH�UHOHYDQW�VWDWHPHQWV�GHDOLQJ�ZLWK�WKH�H[SHULHQFH��

��� 0DNH�D�OLVW�RI�HYHU\�QRQ�UHSHWLWLYH��QRQ�RYHUODSSLQJ�VWDWHPHQW��7KHVH�FRQVWLWXWH�
WKH�LQYDULDQW�KRUL]RQV�RU�PHDQLQJ�XQLWV�RI�WKH�H[SHULHQFH��
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��� &OXVWHU�WKH�LQYDULDQW�PHDQLQJ�XQLWV�LQWR�WKHPHV��

��� 2UJDQL]H�WKH�LQYDULDQW�PHDQLQJ�XQLWV�DQG�WKHPHV�LQWR�D�GHVFULSWLRQ�RI�WKH�
WH[WXUHV�RI�WKH�H[SHULHQFH��WH[WXUDO�GHVFULSWLRQ���,QFOXGH�GLUHFW�TXRWHV�DQG�
YHUEDWLP�SDVVDJHV�IURP�WKH�SDUWLFLSDQWV��

��� 5HIOHFW�RQ�WKH�WH[WXDO�GHVFULSWLRQV��7KURXJK�WKH�XVH�RI�LPDJLQDWLYH�YDULDWLRQ��
GHYHORS�D�GHVFULSWLRQ�RI�WKH�VWUXFWXUHV�RI�WKHVH�H[SHULHQFHV��VWUXFWXUDO�
GHVFULSWLRQ���

��� &RQVWUXFW�D�WH[WXUDO�VWUXFWXUDO�GHVFULSWLRQ�RI�WKH�PHDQLQJV�DQG�HVVHQFHV�RI�WKH�
H[SHULHQFHV�IRU�WKH�LQGLYLGXDO�SDUWLFLSDQW��

��� 2QFH�WKLV�SURFHVV�LV�FRPSOHWHG�IRU�WKH�GDWD�FROOHFWHG�IURP�HDFK�SDUWLFLSDQW�LQ�WKH�
VWXG\��V\QWKHVL]H�DOO�RI�WKHVH�GHVFULSWLRQV�LQWR�D�FRPSRVLWH�WH[WXUDO�VWUXFWXUDO�
GHVFULSWLRQ�RI�WKH�H[SHULHQFH�UHSUHVHQWLQJ�WKH�HVVHQFH�RI�WKH�H[SHULHQFH�RI�WKH�
SDUWLFLSDQWV�LQ�WKH�VWXG\�DV�D�ZKROH���7KXV��GHYHORSLQJ�D�FRPSRVLWH�WH[WXUDO�
VWUXFWXUDO�V\QWKHVLV��ZKLFK�UHSUHVHQWV�WKH�OLYHG�H[SHULHQFH�RI�WKH�VXEMHFW�XQGHU�
LQYHVWLJDWLRQ�IRU�SDUWLFLSDQWV�LQYROYHG�LQ�WKH�VWXG\��

������������������������������������������������������������������������������������������$GDSWHG�IURP�0RXVWDNDV��������

5HIHUHQFHV�

%UHQQDQ��-����������+LVWRU\�DQG�V\VWHPV�RI�SV\FKRORJ\��3UHQWLFH�+DOO��1HZ�-HUVH\��

*LRUJL��$�����������3KHQRPHQRORJ\�DQG�SV\FKRORJLFDO�UHVHDUFK���3LWWVEXUJK��3$���'XTXHVQH�8QLYHUVLW\�
3UHVV��

*LRUJL��$�����������7KH�WKHRU\��SUDFWLFH�DQG�HYDOXDWLRQ�RI�SKHQRPHQRORJLFDO�PHWKRGV�DV�D�TXDOLWDWLYH�
UHVHDUFK�SURFHGXUH���-RXUQDO�RI�3KHQRPHQRORJLFDO�3V\FKRORJ\���������������

*LRUJL��$�3��	�*LRUJL��%�0����������7KH�GHVFULSWLYH�SKHQRPHQRORJLFDO�SV\FKRORJLFDO�PHWKRG��,Q�&DPLF��
3�0���5KRGHV��-�(��	�<DUGOH\��/���(GV����4XDOLWDWLYH�UHVHDUFK�LQ�SV\FKRORJ\��([SDQGLQJ�
SHUVSHFWLYHV�LQ�PHWKRGRORJ\�DQG�GHVLJQ��SS�������������

:DVKLQJWRQ��'&��$PHULFDQ�3V\FKRORJLFDO�$VVRFLDWLRQ��

0RXVWDNDV��&������������3KHQRPHQRORJLFDO�UHVHDUFK��7KRXVDQG�2DNV��&$��6DJH��

9DQ�0DQHQ��0������������5HVHDUFKLQJ�OLYHG�H[SHULHQFH���+XPDQ�VFLHQFH�IRU�DQ�DFWLRQ�VHQVLWLYH�
SHGDJRJ\���$OEDQ\��1<��6WDWH�8QLYHUVLW\�RI�1HZ�<RUN�3UHVV��
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$SSHQGL[�%�����)ORZ�FKDUW�RI�.HHQ¶V�YHUVLRQ�RI�WUDQVFHQGHQWDO�SKHQRPHQRORJLFDO�GDWD�
DQDO\VLV

6WHS����
(SRFKH�

6WHS����3KHQRPHQRORJLFDO�
UHGXFWLRQ�

6WHS����,PDJLQDWLYH�9DULDWLRQ�

6WHS����,QWXLWLYH�V\QWKHVLV�

(SRFKH�LV�WKH�ILUVW�VWHS�LQ�WKH�SKHQRPHQRORJLFDO�PHWKRG�DQG�LV�D�SURFHVV�LQ�ZKLFK�WKH�UHVHDUFKHU�VHWV�
DVLGH�DOO�SUHFRQFHLYHG�LGHDV�DERXW�ZKDW�LV�EHLQJ�H[SHULHQFHG�DQG�GHVFULEHG�E\�WKH�SDUWLFLSDQWV��
3KHQRPHQRORJLFDO�UHVHDUFKHUV�GHYHORS�WKHLU�RZQ�WHFKQLTXHV��RIWHQ�LQYROYLQJ�PHGLWDWLYH�RU�DZDUHQHVV�
WHFKQLTXHV��VXFK�DV�PLQGIXOQHVV�PHGLWDWLRQ��MRXUQDOLQJ��DQG�WKH�OLNH��WR�EHFRPH�DZDUH�RI�WKH�DULVLQJ�RI�
ELDVHV�RU�ELDVLQJ�WKRXJKWV����

3KHQRPHQRORJLFDO�5HGXFWLRQ�LV�WKH�SURFHVV�E\�ZKLFK�WKH�SDUWLFLSDQW�GHVFULEHV�LQ�WH[WXDO�ODQJXDJH�MXVW�
ZKDW�RQH�VHHV��QRW�RQO\�LQ�WHUPV�RI�WKH�H[WHUQDO�REMHFWV�EXW�DOVR�WKH�LQWHUQDO�DFW�RI�FRQVFLRXVQHVV��WKH�
H[SHULHQFH�XQGHU�LQTXLU\�DV�VXFK��WKH�UK\WKP�DQG�UHODWLRQVKLS�EHWZHHQ�SKHQRPHQRQ�DQG�VHOI��'XULQJ�
WKLV�VWHS�LQ�WKH�SKHQRPHQRORJLFDO�SURFHVV��WKH�WH[WXUDO�TXDOLWLHV�RI�WKH�OLYHG�H[SHULHQFH�RI�WKH�
SDUWLFLSDQW�DUH�VHSDUDWHG�DQG�D�WH[WXUDO�GHVFULSWLRQ�LV�GHYHORSHG��

7KH�WDVN�RI�LPDJLQDWLYH�YDULDWLRQ�LV�WR�VHHN�SRVVLEOH�PHDQLQJV�WKURXJK�WKH�XWLOL]DWLRQ�RI�LPDJLQDWLRQ��
YDU\LQJ�IUDPHV�RI�UHIHUHQFH��HPSOR\LQJ�SRODULWLHV�DQG�UHYHUVDOV��DQG�DSSURDFKLQJ�WKH�SKHQRPHQRQ�
IURP�GLYHUJHQW�SHUVSHFWLYHV��GLIIHUHQW�SRVLWLRQV�UROHV�RU�IXQFWLRQV���7KH�DLP�LV�WR�DUULYH�DW�VWUXFWXUDO�
GHVFULSWLRQV�RI�DQ�H[SHULHQFH��WKH�XQGHUO\LQJ�DQG�SUHFLSLWDWLQJ�IDFWRUV�WKDW�DFFRXQW�IRU�ZKDW�LV�EHLQJ�
H[SHULHQFHG��LQ�RWKHU�ZRUGV��WKH�³KRZ´�WKDW�VSHDNV�WR�FRQGLWLRQV�WKDW�LOOXPLQDWH�WKH�³ZKDW´�RI�
H[SHULHQFH����
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7KH�ILQDO�VWHS�RI�WKH�SURFHVV�LV�FDOOHG�LQWXLWLYH�LQWHJUDWLRQ��,QWXLWLYH�LQWHJUDWLRQ�LV�WKH�SURFHVV�E\�ZKLFK�
WKH�UHVHDUFKHU�GHYHORSV�WH[WXUDO�VWUXFWXUDO�V\QWKHVLV�WKDW�UHSUHVHQWV�WKH�HVVHQFH�RI�WKH�H[SHULHQFH�RI�
WKH�SKHQRPHQRQ�XQGHU�LQTXLU\�
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���

$SSHQGL[��&����)ORZ�FKDUW�RI�*HQHULF�WKHPDWLF�DQDO\VLV�RI�4XDOLWDWLYH�'DWD���

6WHS����3DWWHUQV�RI�H[SHULHQFH�DUH�LGHQWLILHG��UHFXUULQJ�
ZRUGV�DQG�SKUDVHV�DUH�LGHQWLILHG�DQG�VXPPDUL]HG��
7KHVH�DUH�FDOOHG�PHDQLQJ�XQLWV�

6WHS����&RQILUPLQJ�GDWD��VSHFLILF�ZRUGV��SKUDVHV��HWF���DUH�
OLQNHG�WR�WKH�PHDQLQJ�XQLWV�IURP�VWHS����

6WHS��� 5HODWHG�SDWWHUQV�RU�PHDQLQJ�XQLWV��VWHSV���	����DUH�FRPELQHG�LQWR
WKHPHV���

6WHS����7KHPHV�DUH�V\QWKHVL]HG�WR�IRUP�D�FRPSUHKHQVLYH�
GHVFULSWLRQ��RI�WKH�SKHQRPHQRQ���

3DWWHUQV�RI�H[SHULHQFH�RU PHDQLQJ�XQLWV�

2QFH�WKH�GDWD�DUH�FROOHFWHG�E\�REVHUYDWLRQV��LQWHUYLHZV��DXGLR�WDSHG�DQG�WUDQVFULEHG���ILHOG�QRWHV��RU�
DQ\�RWKHU�VRXUFHV��SDWWHUQV�RI�H[SHULHQFH��UHFXUULQJ�ZRUGV��SKUDVHV��GHVFULSWLRQV��HWF���DUH�LGHQWLILHG�
DQG�OLVWHG��7KHVH�SDWWHUQV�DUH�GHULYHG�IURP�GLUHFW�TXRWHV�DQG�SDUDSKUDVHV�RI�UHFXUULQJ�LGHDV�HPHUJLQJ�
IURP�WKH�GDWD��7KHVH�SDWWHUQV�IRUP�WKH�ILUVW�OHYHO�RI�WKHPDWLF�DQDO\VLV���

/LQNLQJ�WKH�GDWD�WKHPVHOYHV�WR�WKH�PHDQLQJ�XQLWV��FRQILUPLQJ�WKH�PHDQLQJ�XQLWV��

1H[W��WKH�UHVHDUFKHU�LGHQWLILHV�GDWD�WKDW�FRUUHVSRQG�WR�WKH�LGHQWLILHG�SDWWHUQV��,I��LQ�D�VWXG\�RI�WKH�FXOWXUH�
RI�D�FRUSRUDWLRQ��D�SDWWHUQ�LV�QRWHG�VXFK�DV�³PDOHV�GHIHU�WR�KLHUDUFKLFDOO\�VXSHULRU�PDOHV��EXW�QRW�WR�
KLHUDUFKLFDOO\�VXSHULRU�IHPDOHV�´�H[DPSOHV�WKDW�FRQILUP�WKLV�±�WKDW�VKRZ�LW�LV�ERWK�UHFXUULQJ�DQG�DQ�
DFFXUDWH�GHVFULSWLRQ�RI�HYHQWV���DUH�ORFDWHG�LQ�WKH�GDWD��WUDQVFULSWV��QRWHV��HWF���DQG�DQQRWDWHG�ZLWK�WKH�
OLVWHG�SDWWHUQ��DV�TXRWHV�DORQJ�ZLWK�FLWDWLRQ�RI�WKHLU�VRXUFH���7KLV�VWHS�LV�FULWLFDO��EHFDXVH�LW�SURYLGHV�
FRQILUPLQJ�HYLGHQFH�WKDW�WKH�PHDQLQJ�XQLWV�KDYH�HPHUJHG�GLUHFWO\�IURP�WKH�GDWD�WKHPVHOYHV�DQG�QRW�
IURP�WKH�UHVHDUFKHU¶V�ELDVHV�RU�SUHFRQFHSWLRQV��7KLV�VWHS�DOVR�SURYLGHV�WKH�PDWHULDO�IRU�VXEVWDQWLDWLQJ�
WKH�³UHVXOWV´�VHFWLRQ�RI�WKH�GLVVHUWDWLRQ��W\SLFDOO\�&KDSWHU�)RXU���

&UHDWLQJ�7KHPHV�
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1RZ��WKH�UHVHDUFKHU�FRPELQHV�DQG�FDWDORJXHV�UHODWHG�SDWWHUQV�LQWR�WKHPHV��7KLV�LV�D�PRUH�DEVWUDFW�
VWHS��GXULQJ�ZKLFK�WKH�UHVHDUFKHU�PXVW�EHZDUH�WKH�LQWUXVLRQ�RI�ELDV��SUHFRQFHSWLRQV��EHOLHIV��HWF��
7KHPHV�DUH�FRPSULVHG�RI�FRPELQDWLRQV�DQG�GLVWLOODWLRQV�RI�WKH�GHVFULSWLYH�PHDQLQJ�XQLWV�GHULYHG�IURP�
WKH�SDWWHUQV�LQ�WKH�GDWD��)RU�H[DPSOH��LI�DORQJ�ZLWK�WKH�HDUOLHU�H[DPSOH�WKLV�SDWWHUQ�HPHUJHG��³PDOHV�
UHSHDWHGO\�LQLWLDWH�IOLUWLQJ�EHKDYLRU�ZLWK�IHPDOHV�UHJDUGOHVV�RI�WKH�IHPDOHV¶�UDQN�DQG�WKH�IHPDOHV�UHWXUQ�
WKH�IOLUWDWLRQ��HYHQ�ZKHQ�WKH\�GLVOLNH�LW�´�WZR�WKHPHV�RU�PHDQLQJ�XQLWV�PLJKW�EH�FRQVWUXFWHG�DV�IROORZV��
³0DOHV�LPSRVH�UDQN�GRPLQDQFH�RQ�VXERUGLQDWH�PDOHV´�DQG�³PDOHV�LPSRVH�VH[XDO�GRPLQDQFH�RQ�DOO�
IHPDOHV�´���

6\QWKHVLV�RI�WKHPHV�

)LQDOO\��DW�WKH�KLJKHVW�OHYHO�RI�DEVWUDFWLRQ��WKHPHV�WKDW�HPHUJH�IURP�WKH�SDWWHUQV�RU�PHDQLQJ�XQLWV�
�ZKLFK�HPHUJHG�IURP�WKH�RULJLQDO�GDWD��DUH�V\QWKHVL]HG�WRJHWKHU�WR�IRUP�D�FRPSUHKHQVLYH�
UHSUHVHQWDWLRQ�RI�WKH�HOHPHQW�RI�WKH�FXOWXUH�WKDW�LV�EHLQJ�LQYHVWLJDWHG��7KH�DERYH�PHDQLQJ�XQLWV�RU�
WKHPHV�PLJKW�FRQVWHOODWH�ZLWK�RWKHU�GHVFULSWLYH�WKHPHV�RI�WKH�PDOH�DQG�IHPDOH�LQWHUDFWLRQV�LQ�WKH�
RUJDQL]DWLRQ�LQWR�D�ULFK�DQG�WH[WXUHG�GHVFULSWLRQ�RI�WKH�UXOHV��FXVWRPV��DWWLWXGHV��DQG�SUDFWLFHV�DURXQG�
JHQGHU�LQ�WKDW�RUJDQL]DWLRQ���

7KLV�GLVWLOODWLRQ�RI�WKH�SUDFWLFH�RI�WKHPDWLF�DQDO\VLV�LV�DGDSWHG�IURP�7D\ORU�DQG�%RGJDQ��������DQG�
$URQVRQ��������
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$SSHQGL[�'�������0RXVWDNDV¶�'HVFULSWLRQ�RI�'DWD�$QDO\VLV�LQ�+HXULVWLF�5HVHDUFK�

��� 3ODFH�DOO�WKH�PDWHULDO�GUDZQ�IURP�RQH�SDUWLFLSDQW�EHIRUH�\RX��UHFRUGLQJV��WUDQVFULSWLRQV��
MRXUQDOV��QRWHV��SRHPV��DUW�ZRUN��HWF����7KLV�PDWHULDO�PD\�HLWKHU�EH�GDWD�JDWKHUHG�E\�VHOI�VHDUFK�
RU�E\�LQWHUYLHZV�ZLWK�FR�UHVHDUFKHUV��

��� ,PPHUVH�\RXUVHOI�IXOO\�LQ�WKH�PDWHULDO�XQWLO�\RX�DUH�DZDUH�RI�DQG�XQGHUVWDQG�HYHU\WKLQJ�WKDW�LV�
EHIRUH�\RX��

��� 3XW�WKH�PDWHULDO�DVLGH�IRU�D�ZKLOH���/HW�LW�VHWWOH�LQ�\RX���/LYH�ZLWK�LW�EXW�ZLWKRXW�SDUWLFXODU�DWWHQWLRQ�
RU�IRFXV���5HWXUQ�WR�WKH�LPPHUVLRQ�SURFHVV���0DNH�QRWHV�ZKHUH�WKHVH�ZRXOG�HQDEOH�\RX�WR�
UHPHPEHU�RU�FODVVLI\�WKH�PDWHULDO���&RQWLQXH�WKH�UK\WKP�RI�ZRUNLQJ�ZLWK�WKH�GDWD�DQG�UHVWLQJ�
XQWLO�DQ�LOOXPLQDWLRQ�RU�HVVHQWLDO�FRQILJXUDWLRQ�HPHUJHV���)URP�\RXU�FRUH�RU�JOREDO�VHQVH��OLVW�WKH�
HVVHQWLDO�FRPSRQHQWV�RU�WKHPHV�WKDW�FKDUDFWHUL]H�WKH�IXQGDPHQWDO�QDWXUH�DQG�PHDQLQJ�RI�WKH�
H[SHULHQFH���5HIOHFWLYHO\�VWXG\�WKH�WKHPHV��GZHOO�LQVLGH�WKHP��DQG�GHYHORS�D�IXOO�GHSLFWLRQ�RI�
WKH�H[SHULHQFH���7KH�GHSLFWLRQ�PXVW�LQFOXGH�WKH�HVVHQWLDO�FRPSRQHQWV�RI�WKH�H[SHULHQFH��

��� ,OOXVWUDWH�WKH�GHSLFWLRQ�RI�WKH�H[SHULHQFH�ZLWK�YHUEDWLP�VDPSOHV��SRHPV��VWRULHV��RU�RWKHU�
PDWHULDOV�WR�KLJKOLJKW�DQG�DFFHQWXDWH�WKH�SHUVRQ¶V�OLYHG�H[SHULHQFH��

��� 5HWXUQ�WR�WKH�³UDZ�PDWHULDO´�RI�\RXU�FR�UHVHDUFKHU��SDUWLFLSDQW����'RHV�\RXU�GHSLFWLRQ�RI�WKH�
H[SHULHQFH�ILW�WKH�GDWD�IURP�ZKLFK�\RX�KDYH�GHYHORSHG�LW"��'RHV�LW�FRQWDLQ�DOO�WKDW�LV�HVVHQWLDO"�

&RPSOHWH�WKH�DERYH�VWHSV�IRU�HDFK�SDUWLFLSDQW���7KHQ��
D�� 3ODFH�WKH�5HIOHFWLYH�'HSLFWLRQ�IRU�HDFK�SDUWLFLSDQW�EHIRUH�\RX��
E�� ,PPHUVH�\RXUVHOI�FRPSOHWHO\�LQ�WKH�5HIOHFWLYH�'HSLFWLRQV�XQWLO�\RX�DUH�IXOO\�DZDUH�RI�DQG�

XQGHUVWDQG�ZKDW�WKH\�FRQWDLQ��
F�� 3XW�WKH�PDWHULDO�DVLGH�DQG�HQJDJH�LQ�D�UK\WKP�RI�UHVW�DQG�ZRUN�XQWLO�WKH�HVVHQWLDO�LQYDULDQW�DQG�

QRQ�UHSHWLWLYH�WKHPHV�RI�WKH�PDWHULDO�VWDQG�RXW��
G�� 0DNH�D�OLVW�RI�WKH�HVVHQWLDO�FRPSRQHQWV�RI�WKH�H[SHULHQFH��WKHVH�VKRXOG�SRUWUD\�WKH�TXDOLWLHV��

QDWXUH��DQG�PHDQLQJV�WKDW�FKDUDFWHUL]H�WKH�H[SHULHQFH���
H�� )URP�WKH�DERYH��GHYHORS�D�IXOO�UHIOHFWLYH�GHSLFWLRQ�RI�WKH�H[SHULHQFH��RQH�WKDW�FKDUDFWHUL]HV�WKH�

SDUWLFLSDQWV�DV�D�JURXS��UHIOHFWLQJ�FRUH�PHDQLQJV�QRW�RQO\�IRU�WKH�LQGLYLGXDOV�EXW�WKH�JURXS�RI�
SHUVRQV�DV�D�ZKROH���,QFOXGH�LQ�WKH�GHSLFWLRQ��YHUEDWLP�VDPSOHV��SRHPV��VWRULHV��HWF���WR�
KLJKOLJKW�DQG�DFFHQWXDWH�WKH�OLYHG�QDWXUH�RI�WKH�H[SHULHQFH���7KLV�GHSLFWLRQ�ZLOO�VHUYH�DV�WKH�
FUHDWLYH�V\QWKHVLV��ZKLFK�ZLOO�FRPELQH��LQ�DQ�HVWKHWLFDOO\�SOHDVLQJ�ZD\��WKH�WKHPHV�DQG�SDWWHUQV�
LQWR�D�UHSUHVHQWDWLRQ�RI�WKH�ZKROH���7KLV�V\QWKHVLV�ZLOO�FRPPXQLFDWH�WKH�HVVHQFH�RI�WKH�OLYHG�
H[SHULHQFH�XQGHU�LQTXLU\���7KH�V\QWKHVLV�LV�PRUH�WKDQ�D�VXPPDU\���LW�LV�OLNH�D�FKHPLFDO�
UHDFWLRQ��D�FUHDWLRQ�RI�DQHZ��

I�� 5HWXUQ�WR�WKH�LQGLYLGXDOV��VHOHFW�WZR�RU�WKUHH�DQG�GHYHORS�SRUWUDLWV�RI�WKHVH�SHUVRQV�WKDW�DUH�
FRQVLVWHQW�ZLWK�WKH�FRPSRVLWH�GHSLFWLRQ�RI�WKH�JURXS�DV�D�ZKROH��LQ�VXFK�D�ZD\�WKDW�WKH�
SKHQRPHQRQ�DQG�WKH�SHUVRQ�HPHUJH�DV�UHDO��
�������������������������������������������������������������������������������������$GDSWHG�IURP�0RXVWDNDV��������

5HIHUHQFHV�

0RXVWDNDV��&����������+HXULVWLF�UHVHDUFK��1HZEXU\�3DUN��&$���6DJH���


