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7KH�SUREOHP�RI�DQDO\]LQJ�WLPH�WR�HYHQW�GDWD��VXUYLYDO�GDWD��DULVHV�LQ�PDQ\� GLVFLSOLQHV�� VXFK� DV� PHGLFLQH�� ELRORJ\�� HFRQRPLFV�� HQJLQHHULQJ��HSLGHPLRORJ\�� DQG� PDQ\� RWKHUV�� � +HUH� ZH� ZLOO� IRFXV� RQ� DSSO\LQJ� VRPH�VWDWLVWLFDO�WHFKQLTXHV�WR�PHGLFLQH��
/HW�; EH�WKH�WLPH�XQWLO�D�SDUWLFXODU�HYHQW��7KLV�HYHQW�PD\�EH�GHDWK��LQIHFWLRQ�� WKH�DSSHDUDQFH�RI�D� WXPRU�� WKH�GHYHORSPHQW�RI�VRPH�GLVHDVH��DQG�VR�IRUWK��7KH�GLVWULEXWLRQ�RI�D�UDQGRP�YDULDEOH�; FDQ�EH�FKDUDFWHUL]HG�E\�LWV�SUREDELOLW\� GHQVLW\� �RU� SUREDELOLW\� PDVV�� IXQFWLRQ�� VXUYLYDO� IXQFWLRQ� DQG�KD]DUG�UDWH��IXQFWLRQ���7KHVH�IXQFWLRQV�DUH�IXQGDPHQWDO�TXDQWLWLHV�LQ�VXUYLYDO�DQDO\VLV��7KH� SUREDELOLW\� GHQVLW\� �RU� SUREDELOLW\�PDVV�� IXQFWLRQ� I�[� RI�; LV�WKH� XQFRQGLWLRQDO� SUREDELOLW\� RI� WKH� HYHQW� RFFXUULQJ� DW� WLPH� [� WKH� VXUYLYDO�IXQFWLRQ�6�[� LV�WKH�SUREDELOLW\�RI�DQ�LQGLYLGXDO�VXUYLYLQJ�EH\RQG�WLPH�[� DQG�ILQDOO\�� WKH� KD]DUG� UDWH� �IXQFWLRQ��K�[� LV� WKH� FKDQFH� DQ� LQGLYLGXDO� RI� DJH�[H[SHULHQFLQJ� WKH� HYHQW� LQ� WKH� QH[W� LQVWDQW�� )RU� IXUWKHU� GHWDLOV� RQ� VXUYLYDO�DQDO\VLV� VHH� .OHLQ� 	� 0RHVFKEHUJHU� ������� DQG� .DOEIHLVFK� 	� 3UHQWLFH���������

�� 6�OH\PDQ� 'HPLUHO� hQLYHUVLWHVL�� ø�ø�%�)�� (NRQRPHWUL� %|O�P�� øVWDWLVWLN� $QDELOLP� 'DOÕ�
g÷UHWLP�h\HVL��

��� .OHLQ�� -RKQ� 3�� DQG�0HOYLQ� /��0RHVFKEHUJHU�� �������� 6XUYLYDO� $QDO\VLV�� 7HFKQLTXHV� IRU�
&HQVRUHG�DQG�7UXQFDWHG�'DWD��6SULQJHU��1HZ�<RUN��

��� .DOEIOHLVFK��-�'��DQG�5�/��3UHQWLFH����������7KH�6WDWLVWLFDO�$QDO\VLV�RI�)DLOXUH�7LPH�'DWD��
-RKQ�:LOH\�DQG�6RQV��1HZ�<RUN��
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7KH� SULPDU\� SXUSRVH� RI� WKLV� ZRUN� LV� WR� FRPSDUH� WZR� WUHDWPHQW�SROLFLHV� EDVHG� RQ� WKH� VXUYLYDO� IXQFWLRQV� DQG�RU� KD]DUGV� XQGHU� JLYHQ�FRYDULDWHV�� 7KH� ZRUN� ZLOO� DWWHPSW� WR� VKRZ� LI� WKHUH� DUH� DQ\� VLJQLILFDQW�GLIIHUHQFHV� EHWZHHQ� WUHDWPHQW� JURXSV� ZKHQ� WKH� FRYDULDWHV� DUH�DUH� QRW�LJQRUHG�� 7KH� IDFWRUV� WKDW� PD\� LQIOXHQFH� WKH� VXUYLYDO� IXQFWLRQV� RI� WKH� WZR�WUHDWPHQW�JURXSV�ZLOO�EH�DJH�GLIIHUHQFHV�RI�WKH�SDWLHQWV��WKH�KLVWRORJLFDO�W\SH�RI� WXPRU� �L�H�� VTXDPRXV�� VPDOO� FHOO�� DGHQR�� HWF������ DQG� WKH� SDWLHQWV¶�SHUIRUPDQFH�� 7KH� SHUIRUPDQFH� RI� WKH� SDWLHQWV� VWDWXV� ZLOO� EH� PHDVXUHG� DW�UDQGRPL]DWLRQ�WR�GHWHUPLQH�WKH�PDJQLWXGH�RI�LOOQHVV��.DUQDIVN\�UDWLQJ���7KH�VHFRQG� SKDVH� RI� WKLV� ZRUN� XVHV� WZR� FRPSDULVRQV�� 7KH� ILUVW� FRPSDULVRQ�LQYROYHV� WKH� FHOO� W\SH� LQ� WHUPV� RI� KD]DUG� UDWHV�� DQG� WKH� VHFRQG� FRPSDULVRQ�FRQVLVWV�RI�.�VFRUH��.DUQDIVN\�VFRUH��YDULDEOHV�LQ�WHUPV�RI�KD]DUG�IXQFWLRQV��%RWK� FRPSDULVRQV� LQFOXGHG� ORFDO� WHVW� DGMXVWLQJ� WKH� DJH�� WUHDWPHQW� DQG� WKH�WKHUDS\� YDULDEOHV�� $OO� FRPSXWDWLRQV� ZHUH� GRQH� LQ� 6$6� SURJUDPPLQJ�ODQJXDJH���
�

���'$7$�
7KH� GDWD� IRU� WKH� H[SHULPHQW� ZDV� JDWKHUHG� IURP� WKH� 9HWHUDQ¶V�$GPLQLVWUDWLRQ�� ,W� FRQVLVWV� RI� ���� PDOHV� ZLWK� LQRSHUDEOH� OXQJ� FDQFHU�� 7KH�KHWHURJHQHLW\� EHWZHHQ� WKH� SDWLHQWV� YDULHG�� 1LQH� RI� WKH� ���� SDWLHQWV� ZHUH�FHQVRUHG�� +HUH� E\� FHQVRULQJ� ZH� PHDQ� ULJKW� FHQVRULQJ� ZKLFK� UHIHUV� WR� WKH�WUHDWPHQW�RI�FDVHV��LQGLYLGXDOV��WKDW�GR�QRW�IDLO�DW�WKH�HQG�RI�WKH�REVHUYDWLRQ�SHULRG��7KH�LQGLYLGXDOV�ZHUH�UDQGRPO\�VSOLW�LQWR�WZR�JURXSV�ZKHUH����RI�WKH�SHUVRQV� UHFHLYHG� VWDQGDUG� WKHUDS\� �FKHPRWKHUDS\�� DQG� WKH� UHPDLQLQJ� ���SHUVRQV� UHFHLYHG� WHVW� WKHUDS\�� 7KHVH� SDWLHQWV� ZHUH� LQGHSHQGHQW� IURP� HDFK�RWKHU�� 'DWD� LV� JDWKHUHG� IURP� .DOEIHLVFK� � 	� 3UHQWLFH� �������� $� VKRUW�GHVFULSWLRQ� DQG� WKH� FRGLQJ� XVHG� LQ� 6$6� RI� WKH� UHVSRQVH� YDULDEOH� DQG�FRYDULDWHV�DUH�DV�IROORZV��
5HVSRQVH�YDULDEOH�� 7KH� VXUYLYDO� WLPH� LQ� GD\V� RI� D� JURXS� RI�OXQJ�FDQFHU�SDWLHQWV��
&RYDULDWHV�� �
x 7UHDWPHQW�7\SH��

���� 6WDQGDUG�FKHPRWKHUDS\�
���� 7HVW�FKHPRWKHUDS\��������

x 7\SH�RI�&DQFHU�&HOO�
����6TXDPRXV� ����6PDOO�&HOO�
����$GHQR� � ����/DUJH�&HOO�

x 6WDWXV�RI�SDWLHQW�
����'HDG� � ����&HQVRUHG��

x .DUQRIVN\�UDWLQJ��$�PHDVXUH�RI�WKH�RYHUDOO�VWDWXV�RI�WKH�SDWLHQW�DW�WKH�HQWU\�RI�WKH�WULDO��
������FRPSOHWHO\�KRVSLWDOL]HG��Æ �.�VFRUH� ���
������SDUWLDO�FRQILQHPHQW������Æ �.�VFRUH� ���
������DEOH�WR�FDUH�IRU�VHOI����Æ �.�VFRUH� ���
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x 0RQWKV� IURP�GLDJQRVLV��7KH� WLPH� LQ�PRQWKV� IURP�GLDJQRVLV� WR�WKH�HQWU\�LQWR�WKH�WULDO��
x $JH�LQ�\HDUV�
x 3ULRU�WKHUDS\�

���� �1R� ����� �<HV�
�5HVXOWV�UHFHLYHG�IURP�7DEOH�����DQG�7DEOH������VKRZ�WKDW�RI�WKH����SHUVRQV� WKDW� UHFHLYHG� VWDQGDUG� FKHPRWKHUDS\� RQO\� �� SHUVRQV� ZKHUH�FRPSOHWHO\� KRVSLWDOL]HG�� ��� SHUVRQV� ZHUH� SDUWLDOO\� FRQILQHG� DQG� WKH�UHPDLQLQJ����ZHUH� DEOH� WR� FDUH� IRU� WKHPVHOYHV��)XUWKHU�� ��� LQGLYLGXDOV�KDG�VTXDPRXV� FHOO� W\SH�� ��� KDG� VPDOO� FHOO� W\SH�� �� KDG� DGHQR� FHOO� W\SH� DQG� WKH�UHPDLQLQJ����SHUVRQV�KDG�ODUJH�FHOO� W\SH��)URP�WKH����WKDW�UHFHLYHG�WKH�WHVW�WUHDWPHQW�����SHUVRQV�ZHUH�FRPSOHWHO\�KRVSLWDOL]HG�����SHUVRQV�ZHUH�SDUWLDOO\�FRQILQHG�� ��� SHUVRQV� ZHUH� DEOH� WR� FDUH� IRU� WKHPVHOYHV� DQG� WKHUH� ZDV� RQH�SHUVRQ� ZKR� ZDV� PLVVLQJ� YDOXH�� 7KH� W\SH� RI� FHOO� VKRZQ� LQ� WKH� LQGLYLGXDOV�ZHUH� DV� IROORZV�� ��� SHUVRQV�KDG� VTXDPRXV� FHOO� W\SH�� ��� SHUVRQV� KDG� VPDOO�FHOO�W\SH��ZKLOH����KDG�ODUJH�WXPRU�FHOO��WKH�UHPDLQLQJ����SHUVRQV�KDG�DGHQR�FHOO�W\SH��
7DEOH������7DEOH�RI�WUHDWPHQW�E\�FHOO�W\SH�
� .�VFRUH� � 7UHDWPHQW�

)UHTXHQF\�3HUFHQW� VWDQGDUG� WHVW� 7RWDO�
&RPSOHWHO\�KRVSLWDOL]HG� ������ �������� ���������
3DUWLDO�FRQILQHPHQW� ��������� ��������� ���������
DEOH�WR�FDUH�IRU�VHOI� ��������� ��������� ���������
7RWDO� ��������� ��������� �����������

)UHTXHQF\�PLVVLQJ� ���
�7DEOH������7DEOH�RI�.�VFRUH�E\�WUHDWPHQW�� UHDWPHQW������������������������������������������������&HOO�W\SH�

)UHTXHQF\�3HUFHQW� VTXDPRXV� VPDOO��FHOO� DGHQR� ODUJH�FHOO�
�7RWDO�

6WDQGDUG� ��������� ��������� ������ ��������� ���������
7HVW� ��������� ��������� ��������� �������� ���������
7RWDO� ��������� ��������� ��������� ��������� �����������



.$<,ù���

���

�����

���67$7,67,&$/�0(7+2'6�
7R�FRQGXFW�WKH�H[SHULPHQW�WZR�PHWKRGV�RI�DQDO\VLV�ZHUH�XVHG��QRQ�SDUDPHWULF� DQG� VHPL�SDUDPHWULF�� 7KH� QRQ�SDUDPHWULF� PHWKRG� LV� XVHG� WR�FRPSDUH� WKH� VXUYLYDO� IXQFWLRQV� EHWZHHQ� JURXSV�� $� SUHOLPLQDU\� DQDO\VLV� RI�VXUYLYDO� GDWD� LV� JDWKHUHG� IRU� WHVWLQJ� VLPSOH� K\SRWKHVHV�� ,W� XVHV� 6$6�SURJUDPPLQJ�3URF�OLIHWHVW��EDVHG�RQ�WKH�3URGXFW�OLPLW�HVWLPDWRU��WKH�VWDQGDUG�HVWLPDWRU� RI� WKH� VXUYLYDO� IXQFWLRQ� SURSRVHG� E\�.DSODQ� DQG�0HLHU� ����������7KH� VHPL�SDUDPHWULF� DQDO\VLV� VKRZV� WKH� HIIHFW� RI� QXPHULFDO� YDULDEOHV� RQ�VXUYLYDO�IXQFWLRQV��7KLV�LV�DOVR�NQRZQ�DV�WKH�&R[�5HJUHVVLRQ�0RGHO��,W�XVHV�6$6�SURJUDPPLQJ�3URF�3+5(*��
�
���$1$/<6,6�$1'�5(68/76�
�����1RQ�3DUDPHWULF�0HWKRG��
7KH�DFWXDO�DQDO\VLV�EHJDQ�ZLWK�D�YLVXDO�FKHFN�RI�VXUYLYDO� IXQFWLRQV�ZLWKLQ�WKH�WZR�WUHDWPHQW�JURXSV�LJQRULQJ�DOO�FRYDULDWHV��7KLV�FKHFN�LGHQWLILHG�WKH�PHDQ�VXUYLYDO� WLPH� IRU� WKH� WHVW� JURXS� WR�EH���������GD\V�ZLWK� VWDQGDUG�HUURU�RI���������)RU�WKH�VWDQGDUG�WUHDWPHQW�JURXS�WKH�PHDQ�VXUYLYDO�WLPH�ZDV���������ZLWK� VWDQGDUG� HUURU�RI���������:KHQ� WKH� WZR� VXUYLYDO� FXUYHV�ZHUH�SORWWHG��QR�HYLGHQFH�ZDV�VHHQ�WR�LQGLFDWH�DQ\�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�WKH� JURXSV�� $FFRUGLQJ� WR� WKH� ORJ�UDQN� WHVW� DQG�:LOFR[RQ� WHVW�� WKH� S�YDOXHV�VKRZHG�������DQG�������UHVSHFWLYHO\��7KLV�VKRZV�WKDW�WKHUH�LV�QR�VLJQLILFDQW�HYLGHQFH�WR�UHMHFW�WKH�HTXDOLW\�RI�VXUYLYDO�IXQFWLRQV�RYHU�WKH�WHVW�RU�VWDQGDUG�WUHDWPHQW� JURXSV�� 6LQFH� WKH� YLVXDO� FKHFN� GRHV� QRW� FRQWDLQ� WKH� FRYDULDWHV�ZKLFK� PD\� DIIHFW� WKH� VXUYLYDO� IXQFWLRQV� WKH� UHVXOW� RI� WKHVH� WZR� WUHDWPHQW�HIIHFWV�PD\�QRW�EH�DFFXUDWH��)RU�WKLV�UHDVRQ�RWKHU�FRYDULDWHV�VXFK�DV�DJH��FHOO�W\SH�DQG�.�VFRUH�ZHUH�FRQVLGHUHG��
7KH�DJH�JURXS�LV�FRQWUROOHG�E\�GLFKRWRPL]LQJ�LQWR�\RXQJ�������\HDUV�RI� DJH�� DQG� ROG� � !��� \HDUV� RI� DJH�� WR� VWXG\� WKH� WUHDWPHQW� HIIHFWV� RQ� WKH�VXUYLYDO� IXQFWLRQV�� 7KLV� FKHFN� LGHQGLILHG� WKH� PHDQ� VXUYLYDO� WLPH� IRU� WKH�\RXQJ� JURXS� WR� EH� ������� GD\V� ZLWK� VWDQGDUG� HUURU� RI� �������� )RU� WKH� ROG�JURXS� WKH� PHDQ� VXUYLYDO� WLPH� LV� �������� ZLWK� VWDQGDUG� HUURU� RI� ��������$FFRUGLQJ�WR�WKH�ORJ�UDQN�WHVW��WKH�S�YDOXH�ZDV�������ZKHUH�DV�WKH�:LOFR[RQ�WHVW�VKRZHG�S�YDOXH�RI� �������,Q�HLWKHU�FDVH� WKHUH�ZDV�QR�HYLGHQFH� WR�UHMHFW�WKH� HTXDOLW\� RI� VXUYLYDO� IXQFWLRQV� RYHU� WKH� \RXQJ� YHUVXV� WKH� ROG� SDWLHQWV��0RUH�RYHU�FRQWUROOLQJ�DJH� IDFWRU� WKH� UHVXOW�RI� WKH�XQLYDULDWH�FKL�VTXDUHV� IRU�WKH�ORJ�UDQN�WHVW�ZLWK�S�YDOXH�RI�������VKRZHG�QRW�HQRXJK�HYLGHQFH�WR�UHMHFW�QR�WUHDWPHQW�DIIHFWV�RQ�VXUYLYDO�IXQFWLRQV���
1H[W�� WKH� FHOO� W\SH� ZDV� FRQWUROOHG� E\� GLYLGLQJ� WKH� FHOOV� LQWR� IRXU�JURXSV��VTXDPRXV��VPDOO�FHOO��DGHQR��DQG�ODUJH�FHOO��7KH�PHDQ�VXUYLYDO�WLPH�DQG�VWDQGDUG�HUURU�IRU�WKH�FHOO� W\SHV�DUH��DV�IROORZV��VTXDPRXV�ZDV���������

��� .DSODQ�� (�/�� DQG� 0HLHU�� 3�� �������� ³1RQSDUDPHWULF� (VWLPDWLRQ� IURP� ,QFRPSOHWH�
2EVHUYDWLRQV�´�-RXUQDO�RI�WKH�$PHULFDQ�6WDWLVWLFDO�$VVRFLDWLRQ������SS����������
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ZLWK�VWDQGDUG�HUURU�RI��������� VPDOO�FHOO�ZDV��������ZLWK� VWDQGDUG�HUURU�RI���������DGHQR�ZDV��������ZLWK�VWDQGDUG�HUURU�RI���������DQG�ODUJH��FHOO�ZDV���������ZLWK�VWDQGDUG��HUURU�RI����������
$FFRUGLQJ�WR�WKH�ORJ�UDQN�WHVW�ZLWK�S�YDOXH�������DQG�:LOFR[RQ�WHVW�ZLWK� S�YDOXH� ������ WKHUH� LV� VLJQLILFDQW� HYLGHQFH� WKDW� DW� OHDVW� RQH� RI� WKH�VXUYLYDO� IXQFWLRQV� RI� WKH� FHOO� JURXSV� LV� GLIIHUHQW�� :KHQ� WKH� SORWV� RI� WKH�VXUYLYDO�GLVWULEXWLRQ�IXQFWLRQV�LV�JUDSKHG�WKH�DGHQR�W\SH�DQG�VPDOO�FHOO� W\SH�VKRZ�WKDW�WKHLU�VXUYLYDO�IXQFWLRQV�DUH�FORVH�WRJHWKHU��7KH�RWKHU�FHOO�W\SHV�DUH�VLJQLILFDQWO\�GLIIHU�IURP�HDFK�RWKHU��0RUH�RYHU��FRQWUROOLQJ�FHOO�W\SHV�WKH�ORJ�UDQN� WHVW� ZLWK� S�YDOXH� RI� ������ VKRZV� QRW� HQRXJK� HYLGHQFH� WR� UHMHFW� WR�WUHDWPHQW�HIIHFWV�RQ�VXUYLYDO�IXQFWLRQV��
)LQDOO\�� WKH�.�VFRUH�LV�FRQWUROOHG��$JDLQ�LQ�WKLV�FRYDULDWH�JURXS�WKH�FRQFOXVLRQ� WKDW� LV� IRXQG� LV� WKDW� WKHUH� LV�QR� VLJQLILFDQW�HYLGHQFH� WR� UHMHFW�QR�WUHDWPHQW�HIIHFWV�RQ�VXUYLYDO�IXQFWLRQV��7KH�GDWD�WKDW�OHDG�WR�WKLV�FRQFOXVLRQ�SURYLGHG� LQIRUPDWLRQ� RQ� WKH� RYHU� DOO� VWDWXV� RI� WKH� SDWLHQW� DW� HQWU\� LQWR� WKH�WUDLO�� )RU� WKRVH� SDWLHQWV� WKDW� DUH� FRPSOHWHO\� KRVSLWDOL]HG�� WKH�PHDQ� VXUYLYDO�WLPH� LV��������ZLWK� VWDQGDUG� HUURU�RI��������7KH�SDUWLDOO\� FRQILQHG�SDWLHQWV�KDYH� D�PHDQ� VXUYLYDO� WLPH� RI� �������ZLWK� VWDQGDUG� HUURU� RI� ��������7KRVH�WKDW�DUH�DEOH� WR�FDUH� IRU� WKHPVHOYHV�KDV�D�PHDQ�VXUYLYDO� WLPH�RI�������ZLWK�VWDQGDUG�HUURU�RI���������,Q�SORWWLQJ� WKH�VXUYLYDO� IXQFWLRQV�DQG�WKH� ORJ�UDQN�WHVW� ZLWK� S�YDOXH� RI� ������ DQG� WKH� :LOFR[RQ� WHVW� RI� ������� WKH� VXUYLYDO�IXQFWLRQV� DUH� IRXQG� QRW� WR� EH� WKH� VDPH� IRU� HDFK� JURXS�� ,Q� DGGLWLRQ� WKH�FRQWUROOLQJ�.�VFRUH�VKRZHG�WKDW�WKH�ORJ�UDQN�WHVW�ZLWK�S�YDOXH��������
����6HPL�3DUDPHWULF�0HWKRG��
7LOO� QRZ� WKH� QRQ�SDUDPHWULF� DQDO\VLV� LQGLFDWHG� LQ� DOO� WKH� VLWXDWLRQV�WKDW��WKHUH�LV�QR�VLJQLILFDQW�HYLGHQFH�WR�UHMHFW�QR�WUHDWPHQW�DIIHFWV�RQ�VXUYLYDO�IXQFWLRQV�� 7XUQLQJ� WR� WKH� VHPL�SDUDPHWULF� DQDO\VLV� DSSURDFK� WKH� VDPH�SURFHGXUH�ZDV�WDNHQ��$V�EHIRUH��OHW�; GHQRWH�WKH�WLPH�WR�VRPH�HYHQW�DQG�=�W�

 �=��W��}�� =S�W� �W GHQRWH� D� YHFWRU� RI� FRYDULDWHV� RU� ULVN� IDFWRUV� DW� WLPH� WZKLFK�PD\�DIIHFW�WKH�VXUYLYDO�GLVWULEXWLRQ�RI�;��&RQVLGHU�WKH�IL[HG�FRYDULDWH�
FDVH� DQG� OHW�K�W_ =� EH� WKH� KD]DUG� UDWH� DW� WLPH� W IRU� DQ� LQGLYLGXDO�ZLWK� ULVN�IDFWRU�=� 7KH�FRPPRQ�VHPL�SDUDPHWULF�PRGHO�ZKLFK�LV�FDOOHG�&R[�PRGHO�LV�DV�IROORZV��VHH�.OHLQ�	�0RHVFKEHUJHU����������

K�W_ =�  K��W� H[S�EW�=�  �K��W� H[S�E�=��}�ES=S� ��������
ZKHUH� K��W� LV� DQ� DUELWUDU\� EDVHOLQH� KD]DUG� UDWH� DQG� E  �E��}�ES�W LV� D�SDUDPHWHU�YHFWRU��&OHDUO\�WKH�ORJDULWKP�RI�WKH�UDWLR�K�W_ =� e K��W� LV�WKH�XVXDO�OLQHDU� PRGHOV� IRUPXODWLRQ� IRU� WKH� HIIHFWV� RI� FRYDULDWHV�� 7KH� &R[� PRGHO� LV�RIWHQ� FDOOHG� D�SURSRUWLRQDO�KD]DUGV�PRGHO� VLQFH� WKH� UDWLR�RI� KD]DUG� UDWHV�RI�WZR�LQGLYLGXDOV�ZLWK�FRYDULDWH�YDOXHV�= DQG�= LV�FRQVWDQW�KHQFH�WKH�KD]DUGV�UDWHV� DUH� SURSRUWLRQDO�� ,Q� DGGLWLRQ�� IRU� WLPH�GHSHQGHQW� FRYDULDWHV� FDVH� WKH�FRPPRQO\�XVHG�PRGHO�FDQ�EH�REWDLQHG�IURP�HTXDWLRQ����������E\�UHSODFLQJ�=ZLWK�=�W� DQG�LW�LV�ZULWWHQ�DV�

K�W_ =�W��  K��W� H[S�EW�=�W��� �K��W� H[S�E�=��W��}�ES=S�W����
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)RU�WKH�DQDO\VLV��DV�LW�ZDV�GRQH�LQ�WKH�QRQ�SDUDPHWULF�FDVH��D�YLVXDO�FKHFN�DV�ZHOO�DV�D�WHVW�IRU�WKH�SURSRUWLRQDO�KD]DUGV�DVVXPSWLRQ�RQ�VXVSHFWHG�FRYDULDWHV�VXFK�DV�DJH��FHOO�W\SH��WKHUDS\�DQG�.�VFRUH�ZHUH�PDGH��7R�WHVW�WKH�SURSRUWLRQDO�KD]DUGV�DVVXPSWLRQ�� IRU�D�IL[HG�WLPH�FRYDULDWH�=�� D�QHZ� WLPH�GHSHQGHQW�FRYDULDWH�=�
�W� ZDV�GHILQHG�DV�=�

�W�  �=�u ORJ� �VXUYLYDO� WLPH� W�DQG� PRGHOHG�� $V� D� SUHFDXWLRQ� WR� DYRLG� DQ\� QXPHULFDO� SUREOHPV� WKH� ORJ�VXUYLYDO�WLPH�UDWKHU�WKDQ�VXUYLYDO�WLPH�LV�XVHG��$�SURSRUWLRQDO�KD]DUGV�PRGHO�
LV� ILW� WR� =� DQG� =�

�W��� L�H�� K�W_ =��  K��W�H[S�E�=��E�=�
�W���  � K��W�H[S>E�=��E�� =�uORJ�W��@� 7KH�ORFDO�WHVW�RI�WKH�QXOO�K\SRWKHVLV�WKDW�E�� �� LV�D�WHVW� IRU� WKH� SURSRUWLRQDO� KD]DUGV� DVVXPSWLRQ�� 7KH� UHPDLQGHU� RI� WKH�REVHUYDWLRQV�PD\�FRQVLVW�RI�WLHV�EHWZHHQ�HYHQW�WLPHV��,I�WKLV�RFFXUV�WKH�(IURQ�0HWKRG�RU�WKH�([DFW�0HWKRG�LV�XVHG��VHH�.OHLQ�	�0RHVFKEHUJHU����������

7KH� VXVSHFWHG�YDULDEOHV� DQG� WKHLU� LQWHUDFWLRQ�ZLWK� WLPH�� DV�GHILQHG�DERYH�� DUH�PRGHOHG� WRJHWKHU�� )RU� WKH� DJH� YDULDEOHV� �ROG� YHUVXV� \RXQJ��� WKH�LQWHUDFWLRQ� FRYDULDWH� KDG� D� S�YDOXH� HTXDO� WR� ������� ZKLFK� LPSOLHV� WKDW� WKH�SURSRUWLRQDO� KD]DUG� DVVXPSWLRQ� LV� QRW� YLRODWHG�� 7KH� FHOO� W\SH�� RQ� WKH� RWKHU�KDQG�� KDV� D� VLJQLILFDQW� FRHIILFLHQW� ZLWK� S�YDOXH�  � ������� (YLGHQFH� RI� QRQ�SURSRUWLRQDOLW\�H[LVWHG��PHDQLQJ�WKH�3+��SURSRUWLRQDO�KD]DUG��DVVXPSWLRQ�LV�YLRODWHG�� $V� IRU� WKH� WKHUDS\� W\SH�� LQWHUDFWLRQ� FRYDULDWH� GRHV� QRW� KDYH� DQ\�VLJQLILFDQW�HIIHFW�RQ�WKH�VXUYLYDO�IXQFWLRQ��$�FRUUHVSRQGHQW�S�YDOXH�RI�������LV� UHFHLYHG� IRU� WKLV� W\SH� RI� LQWHUDFWLRQ� FRYDULDWH�� 7KXV�� WKH� SURSRUWLRQDO�KD]DUGV� DVVXPSWLRQ� LV� QRW� YLRODWHG�� )LQDOO\� IRU� WKH�.�VFRUH�� WKH� LQWHUDFWLRQ�FRYDULDWHV� VKRZHG� VLJQLILFDQW� FRHIILFLHQW� ZLWK� S�YDOXH� RI� ������� +HQFH� WKH�SURSRUWLRQDO�KD]DUG�IXQFWLRQ�LV�YLRODWHG��
6LQFH� WKH� 3+�� SURSRUWLRQDO� KD]DUG�� DVVXPSWLRQ� LV� YLRODWHG� E\� FHOO�W\SH� DQG� .�VFRUH�� IRU� HDFK� .�VFRUH� WKH� FHOO� W\SH� ZDV� FRQWUROOHG� DQG� WKH�WUHDWPHQW�HIIHFWV�ZDV�WHVWHG��1RWLFHG�WKDW�EHVLGHV�WKH�WUHDWPHQW��DJH��PRQWKV��DQG�WKHUDS\�YDULDEOHV�DUH�DOVR�LQFOXGHG�LQ�WKH�UHJUHVVLRQ�PRGHO��)RU�SDWLHQWV�WKDW� DUH� LQ� WKH�.�VFRUH�RQH�JURXS�� FHOO� W\SHV�ZHUH� FRQWUROOHG��$FFRUGLQJ� WR�WKH�:DOG�WHVW�WKH�S�YDOXH�ZDV�������\HW�WKH�VFRUH�WHVW�KDG�S�YDOXH�RI��������)RU� WKH� SDWLHQWV� WKDW� ZHUH� LQ� WKH� .�VFRUH� WZR� JURXS�� WKH� FHOO� W\SHV� ZHUH�FRQWUROOHG�WRR��$JDLQ�WKH�:DOG�WHVW�DQG�VFRUH�WHVW�ZHUH�FRQGXFWHG��7KH�:DOG�WHVW�VWDWLVWLF�KDG�D�S�YDOXH�RI�������ZKHUHDV�WKH�VFRUH�WHVW�VWDWLVWLF�KDG��������7KH�ILQDO�.�VFRUH�JURXS�VKRZHG�WKH�:DOG�WHVW�WR�KDYH�D�S�YDOXH�RI�������DQG�WKH� VFRUH� WHVW� WR� KDYH� ������� ,Q� DOO� WKUHH� RI� WKHVH� VFRUH� WHVWV� QRQH� RI� WKH�YDULDEOHV�� WUHDWPHQW�� DJH�� PRQWKV�� DQG� WKHUDS\� KDG� DQ\� DIIHFW� RQ� KD]DUG�IXQFWLRQV��
)RU� FXULRVLW\� SXUSRVHV� D� VHFRQGDU\� WHVW� RU� SKDVH� ZDV� GRQH� LQ� WKLV�ZRUN�� $� FRPSDULVRQ� LQYROYLQJ� WKH� FHOO� W\SH� LQ� WHUPV� RI� KD]DUGV�� DQG� WKH�VHFRQG� FRPSDULVRQ� FRQVLVWLQJ� RI� .�VFRUH� YDULDEOHV� LQ� WHUPV� RI� KD]DUG�IXQFWLRQV� DUH� GRQH�� %RWK� FRPSDULVRQV� ZLOO� LQFOXGH� ORFDO� WHVWV�� ZKLFK� LV� D�

K\SRWKHVLV� WHVW� DERXW� D� VXEVHW� RI� WKH�E¶V�� DGMXVWLQJ� WKH� DJH�� WUHDWPHQW�� DQG�WKHUDS\��7KH�UHVXOWV�RI�WKH�WHVWV�DUH�DV�IROORZV��)RU�WKH�FRPSDULVRQ�RI�WKH�FHOO�W\SH�LQ�WHUPV�RI�KD]DUG�UDWH�WKH�:DOG�FKL�VTXDUH�ZDV�IRXQG���������ZLWK�S�YDOXH�RI� �������7KHUH� LV�D� VWURQJ�HYLGHQFH� WR� UHMHFW� WKH�QXOO�K\SRWKHVLV� WKDW�
FRHIILFLHQWV�DUH�HTXDO� WR�]HUR�� �L�H��5HMHFW�+�� E� E� E� ����+HQFH�DW� OHDVW�
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RQH�FHOO�W\SH�ZLOO�KDYH�DQ�HIIHFW�RQ�KD]DUG�IXQFWLRQV�DIWHU�DGMXVWLQJ�WKH�DJH��WUHDWPHQW�DQG�WKHUDS\��$FFRUGLQJ�WR�WKH�6$6�UHVXOWV�FRHIILFLHQWV�RI�VPDOO�FHOO�DQG� DGHQR� DUH� VLJQLILFDQW�� 6PDOO� FHOO� W\SH� KDV� D� FRHIILFLHQW� RI� ������ DQG�FRUUHVSRQGLQJ�S�YDOXH�RI���������
$GHQR�FHOO�W\SH�KDV�D�FRHIILFLHQW�RI�������ZLWK�S�YDOXH�RI��������)RU�WKH� VHFRQG� FRPSDULVRQ�� WKH� FRPSDULVRQ� RI� WKH� .�VFRUH� LQ� WHUPV� RI� KD]DUG�UDWH��WKH�:DOG�FKL�VTXDUH�ZDV�IRXQG�������ZLWK�S�YDOXH�RI��������7KHUH�LV�D�VLJQLILFDQW�HYLGHQFH�WR�UHMHFW�.�VFRUH�FRHIILFLHQWV�HTXDO�WR�]HUR��$W�OHDVW�RQH�.�VFRUH�W\SH�ZLOO�KDYH�DQ�HIIHFW�RQ�KD]DUG�IXQFWLRQV�DIWHU�DGMXVWLQJ�WKH�DJH��WUHDWPHQW� DQG� WKHUDS\�� $FFRUGLQJ� WR� WKH� 3DUWLDO� 0D[LPXP� /LNHOLKRRG�(VWLPDWHV�� ERWK� .�VFRUHV� RQH� DQG� WZR� KDYH� VLJQLILFDQW� HIIHFWV� RQ� KD]DUG�IXQFWLRQV�� .�VFRUH� RQH� KDV� D� FRHIILFLHQW� RI� ������� DQG� D� S�YDOXH� RI� ������ZKHUH�DV�.�VFRUH�WZR�KDV�D�FRHIILFLHQW�RI�������ZLWK�D�S�YDOXH�RI��������

�
���&21&/86,21�
,Q� ORRNLQJ� DW� DOO� WKH� DQDO\VLV� UHVXOWV� DQG� FRQVLGHULQJ� DOO� WKH�FRYDULDWHV� VXFK� DV� DJH�� FHOO� W\SH� DQG� .�VFRUH�� QR� VLJQLILFDQW� HIIHFW� RI�WUHDWPHQW�RQ�VXUYLYDO� IXQFWLRQV�KHQFH�KD]DUGV�ZDV�IRXQG��7KLV� LV�QRW�WR�VD\�WKDW� IXUWKHU�VWXG\��VXFK�DV�XVLQJ�SDUDPHWULF�PHWKRG��PD\�KDYH�VRPH�VRUW�RI�VLJQLILFDQW� HIIHFW� RQ� VXUYLYDO� IXQFWLRQV�� ,Q� DQ\� FDVH�� WKH� DQDO\VLV� WKDW� ZDV�GRQH�FRQVLVWHG�RI�DOO� WKH�SORWV�RI� ORJ� ��ORJ�VXUYLYDO��YHUVXV� ORJ� �VXUYLYDO� LQ�WLPH�� IRU� WKH� WRWDO� JURXSV�� 7KH� SORWV� VKRZ� WKDW� WKH� GDWD� FDPH� IURP� VRPH�:HLEXOO� GLVWULEXWLRQV� WKXV�� DQ� DQDO\VLV� FDQ� EH� GRQH� WR� WHVW� WKH� HIIHFWV� RI�JURXSV�RQ�VXUYLYDO�IXQFWLRQV�E\�DSSO\LQJ�WKH�SDUDPHWULF�UHJUHVVLRQ�PRGHO�RQ�FRYDULDWHV�� 7KH� GHQVLW\� I�[��� VXUYLYDO� IXQFWLRQ� 6�[� DQG� KD]DUG� UDWH� K�[� RI�

:HLEXOO�GLVWULEXWLRQ� �ZLWK�VKDSH�SDUDPHWHU�D DQG�VFDOH�SDUDPHWHU�O � DUH�DV�IROORZV��7KH�GHQVLW\�LV�JLYHQ�E\� �
I;��[�  �OD[D����H[S���O[D����

DQG�WKH�VXUYLYDO�IXQFWLRQ�LV�
� 6;��[�  �H[S���O[D�����
DQG�ILQDOO\��WKH�KD]DUG�UDWH�LV�H[SUHVVHG�E\�
� K;��[�  �OD[D���
ZKHUH�D� O !�� DQG�[ t ��
'HWDLOV� DERXW� :HLEXOO� GLVWULEXWLRQ� DQG� FRPPRQ� SDUDPHWULF� PRGHOV� IRU�VXUYLYDO�GDWD�FDQ�EH�IRXQG�LQ�.OHLQ�DQG�0RHVFKEHUJHU���������

�
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5()(5(1&(6�
��� ��.DOEIOHLVFK�� -�'�� DQG�5�/�� 3UHQWLFH�� ��������7KH�6WDWLVWLFDO�$QDO\VLV�RI�)DLOXUH�7LPH�'DWD��-RKQ�:LOH\�DQG�6RQV��1HZ�<RUN��
��� .DSODQ�� (�/�� DQG� 0HLHU�� 3�� �������� ³1RQSDUDPHWULF� (VWLPDWLRQ� IURP�,QFRPSOHWH� 2EVHUYDWLRQV�´� -RXUQDO� RI� WKH� $PHULFDQ� 6WDWLVWLFDO�$VVRFLDWLRQ� ����SS����������
��� �� .OHLQ�� -RKQ� 3�� DQG� 0HOYLQ� /�� 0RHVFKEHUJHU�� �������� 6XUYLYDO�

$QDO\VLV�� 7HFKQLTXHV� IRU� � � � � � � � � &HQVRUHG� DQG� 7UXQFDWHG� 'DWD��6SULQJHU��1HZ�<RUN���
�


