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$�FRPSDUDWLYH�VWXG\�RI�GLVFULPLQDWLRQ�PHWKRGV�DSSOLHG�
WR�WKH�DXWKRUVKLS�RI�WKH�GLVSXWHG�)HGHUDOLVW�SDSHUV�

)5('(5,&.�0267(//(5�
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&HQWHU�IRU�$GYDQFHG�6WXG\�LQ�WKH�%HKDYLRUDO�6FLHQFHV�

$1'�

'$9,'�/��:$//$&(�
8QLYHUVLW\�RI�&KLFDJR�

7KLV�VWXG\�KDV�IRXU�SXUSRVHV��WR�SURYLGH�D�FRPSDULVRQ�RI�GLVFULPL��
QDWLRQ�PHWKRGV��WR�H[SORUH�WKH�SUREOHPV�SUHVHQWHG�E\�WHFKQLTXHV�EDVHG�
VWURQJO\�RQ�%D\HV
�WKHRUHP�ZKHQ�WKH\�DUH�XVHG�LQ�D�GDWD�DQDO\VLV�RI�
ODUJH�VFDOH��WR�VROYH�WKH�DXWKRUVKLS�TXHVWLRQ�RI�7KH�)HGHUDOLVW�SDSHUV��
DQG�WR�SURSRVH�URXWLQH�PHWKRGV�IRU�VROYLQJ�RWKHU�DXWKRUVKLS�SUREOHPV��
:RUG�FRXQWV�DUH�WKH�YDULDEOHV�XVHG�IRU�GLVFULPLQDWLRQ��6LQFH�WKH�

WRSLF�ZULWWHQ�DERXW�KHDYLO\�LQIOXHQFHV�WKH�UDWH�ZLWK�ZKLFK�D�ZRUG�LV�
XVHG��FDUH�LQ�VHOHFWLRQ�RI�ZRUGV�LV�QHFHVVDU\��7KH�ILOOHU�ZRUGV�RI�WKH�
ODQJXDJH�VXFK�DV� DQ��RI��DQG�XSRQ��DQG��PRUH�JHQHUDOO\��DUWLFOHV��
SUHSRVLWLRQV��DQG�FRQMXQFWLRQV�SURYLGH�IDLUO\�VWDEOH�UDWHV��ZKHUHDV�PRUH�
PHDQLQJIXO�ZRUGV�OLNH�ZDU��H[HFXWLYH��DQG�OHJLVODWXUH�GR�QRW��
$IWHU�DQ�LQYHVWLJDWLRQ�RI�WKH�GLVWULEXWLRQ�RI�WKHVH�FRXQWV��WKH�DXWKRUV�

H[HFXWH�DQ�DQDO\VLV�HPSOR\LQJ�WKH�XVXDO�GLVFULPLQDQW�IXQFWLRQ�DQG�DQ�
DQDO\VLV�EDVHG�RQ�%D\HVLDQ�PHWKRGV��7KH�FRQFOXVLRQV�DERXW�WKH�DXWKRU��
VKLS�SUREOHP�DUH�WKDW�0DGLVRQ�UDWKHU�WKDQ�+DPLOWRQ�ZURWH�DOO����RI�
WKH�GLVSXWHG�SDSHUV��
7KH�ILQGLQJV�DERXW�PHWKRGV�DUH�SUHVHQWHG�LQ�WKH�FORVLQJ�VHFWLRQ�RQ�

FRQFOXVLRQV��
7KLV�UHSRUW��VXPPDUL]LQJ�DQG�DEEUHYLDWLQJ�D�IRUWKFRPLQJ�PRQRJUDSK�

>�@��JLYHV�VRPH�RI�WKH�UHVXOWV�EXW�YHU\�OLWWOH�RI�WKHLU�HPSLULFDO�DQG�
WKHRUHWLFDO�IRXQGDWLRQ��,W�WUHDWV�WZR�RI�WKH�IRXU�PDLQ�VWXGLHV�SUHVHQWHG�
LQ�WKH�PRQRJUDSK��DQG�QRQH�RI�WKH�VLGH�VWXGLHV��

,�7KLV�ZRUN�KDV�EHHQ�IDFLOLDWHG�E\�JUDQWV�IURP�7KH�)RUG�)RXQGDWLRQ��WKH�5RFNHIHOOHU�)RXQGDWLRQ��DQG�IURP�
WKH�1DWLRQDO�6FLHQFH�)RXQGDWLRQ�16)�*�������DQG�*��������FRQWUDFWV�ZLWK�WKH�2IILFH�RI�1DYDO�5HVHDUFK�1RQU�
���������DQG�����������DQG�WKH�/DERUDWRU\�RI�6RFLDO�5HODWLRQV��+DUYDUG�8QLYHUVLW\��7KH�ZRUN�ZDV�GRQH�LQ�SDUW�DW�
WKH�0DVVDFKXVHWWV�,QVWLWXWH�RI�7HFKQRORJ\�&RPSXWDWLRQ�&HQWHU��&DPEULGJH��0DVVDFKXVHWWV��DQG�DW�WKH�&HQWHU�
IRU�$GYDQFHG�6WXG\�LQ�WKH�%HKDYLRUDO�6FLHQFHV��6WDQIRUG��&DOLIRUQLD��3HUPLVVLRQ�LV�JUDQWHG�IRU�UHSURGXFWLRQ�LQ�
ZKROH�RU�LQ�SDUW�IRU�SXUSRVHV�RI�WKH�8QLWHG�6WDWHV�*RYHUQPHQW��

��3UHVHQWHG�DW�D�VHVVLRQ�RI�6SHFLDO�3DSHUV�,QYLWHG�E\�WKH�3UHVLGHQWV�RI�7KH�$PHULFDQ�6WDWLVWLFDO�$VVRFLDWLRQ��7KH�
%LRPHWULF�6RFLHW\��(1$5���DQG�7KH�,QVWLWXWH�RI�0DWKHPDWLFDO�6WDWLVWLFV�DW�WKH�VWDWLVWLFDO�PHHWLQJV�LQ�0LQQHDSROLV��
0LQQHVRWD��6HSWHPEHU����������
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7+(� )HGHUDOLVW�SDSHUV�ZHUH�SXEOLVKHG�DQRQ\PRXVO\�LQ�����������E\�$OH[��
DQGHU�+DPLOWRQ��-RKQ�-D\��DQG�-DPHV�0DGLVRQ�WR�SHUVXDGH�WKH�FLWL]HQV�RI�

WKH�6WDWH�RI�1HZ�<RUN�WR�UDWLI\�WKH�&RQVWLWXWLRQ��2I�WKH����HVVD\V������WR������
ZRUGV�LQ�OHQJWK��WKDW�DSSHDUHG�LQ�QHZVSDSHUV��LW�LV�JHQHUDOO\�DJUHHG�WKDW�-D\�
ZURWH�ILYH��1RV��������������DQG�����OHDYLQJ�QR�IXUWKHU�SUREOHP�DERXW�-D\
V�VKDUH��
+DPLOWRQ�LV�LGHQWLILHG�DV�WKH�DXWKRU�RI����SDSHUV��0DGLVRQ�RI�����7KH�DXWKRUVKLS�
RI����SDSHUV��1RV�������������DQG�����LV�LQ�GLVSXWH�EHWZHHQ�+�DPLOWRQ�DQG�0DGL��
VRQ��ILQDOO\��WKHUH�DUH�DOVR�WKUHH�MRLQW�SDSHUV��1RV����������DQG�����ZKHUH�WKH�
LVVXH�LV�WKH�H[WHQW�RI�HDFK�PDQ
V�FRQWULEXWLRQ��
7KH�FRQWURYHUV\�RYHU�WKH�DXWKRUVKLS�RI�WKH�GLVSXWHG�SDSHUV�LV�WKLFN�ZLWK�OLVWV��

$PRQJ�WKHVH��WKH�3RUW�)ROLR�OLVW��WKH�%HQVRQ�OLVW��DQG�WKH�.HQW�OLVW�SXUSRUW�WR�
JLYH�+DPLOWRQ
V�DOORFDWLRQ�RI�WKH�DXWKRUVKLS�RI�7KH�)HGHUDOLVW�SDSHUV�DPRQJ�
-D\��0DGLVRQ��DQG�KLPVHOI��2WKHU�OLVWV�DUH�DWWULEXWHG�WR�0DGLVRQ��DPRQJ�WKHVH�
KLV�DXWKRUVKLS�DOORFDWLRQ�LQ�WKH�*LGHRQ�HGLWLRQ�LV�WKH�PRVW�LPSRUWDQW��EHFDXVH�
0DGLVRQ��KLPVHOI��JDYH�WKH�SXEOLVKHUV�WKH�GDWD�DQG��DIWHU�WKH�OLVW�ZDV�SXEOLVKHG��
FRQILUPHG�LWV�DFFXUDF\��2XU�LQIRUPDWLRQ�FRPHV�ODUJHO\�IURP�VHFRQGDU\�VRXUFHV��
DQG�PRUH�FRPSOHWH�KLVWRULFDO�GDWD�DUH�FRQWDLQHG�LQ�$GDLU
V�IDVFLQDWLQJ�DFFRXQW�
>����@�RI�WKH�FRQWURYHUV\��DV�ZHOO�DV�LQ�&RRNH
V� >�@��:H�FDQQRW�RXUVHOYHV�GR�
MXVWLFH�LQ�OLPLWHG�VSDFH�WR�ERWK�WKH�FRQWURYHUV\�DQG�RXU�FRQWULEXWLRQ�WRZDUG�LWV�
UHVROXWLRQ��1R�GRXEW�WKH�RQO\�UHDVRQ�WKH�GLVSXWH�H[LVWV�LV�WKDW�+DPLOWRQ�DQG�
0DGLVRQ�GLG�QRW�KXUU\�WR�HQWHU�WKHLU�FODLPV��%\�WKH�WLPH�WKRVH�OLVWV�DWWULEXWHG�
WR�+DPLOWRQ�ZHUH�SXEOLVKHG��KH�ZDV�GHDG��DQG�WKHUHDIWHU�0DGLVRQ�ZDLWHG�D�
GHFDGH�WR�PDNH�KLV�RZQ�FODLP��3UREDEO\�+DPLOWRQ�DQG�0DGLVRQ�ZHUH�VORZ�WR�
FODLP�WKHLU�VKDUH�LQ�7KH�)HGHUDOLVW�EHFDXVH�WKH�DUJXPHQWV�HDFK�JDYH�WKHUH�VRPH��
WLPHV�RSSRVHG�SROLWLFDO�SRVLWLRQV�HDFK�DGRSWHG�ODWHU��
%HWZHHQ������DQG������+�HQU\�&DERW�/RGJH�DQG�3DXO� /HLFHVWHU�)RUG�DW��

WDFNHG�0DGLVRQ
V�FODLP��ZKLOVW�(�� *��%RXUQH�VXSSRUWHG�LW��$GDLU�>����@�FRQ��
FOXGHG�WKDW�0DGLVRQ�ZURWH�DOO�RI�WKH�GLVSXWHG�SDSHUV��EXW�KDV�FRQWLQXHG�WR�
JDWKHU�QHZ�HYLGHQFH��
5HFHQWO\�WKUHH�XQDEULGJHG�HGLWLRQV�RI�7KH�)HGHUDOLVW�>��������@�KDYH�DWWULE��

XWHG�1RV��������WR�0DGLVRQ�WZR� ZKROHKHDUWHGO\��RQH�ZLWK�PLOG�UHVHUYDWLRQV��
$QG�1RV�����DQG����DUH�DVVHVVHG�ZLWK�PRUH�GRXEW��7KH�EDVHV�RI�WKH�DWWULEXWLRQV�
DUH�PDLQO\�$GDLU
V�KLVWRULFDO�UHVHDUFK��$�PDMRU�SRLQW�LV�WKH�PDWXUH�FRQVLGHUD��
WLRQ�0DGLVRQ�JDYH�KLV�FODLP��+H�KDG�QR�GXHO�WR�MRJ�KLV�HOERZ��DQG�KLV�OLVW�LV�
JLYHQ�SDSHU�E\�SDSHU�LQ�D�SXEOLVKHG�ERRN��UDWKHU�WKDQ�LQ�FOXPSV��$QG�KH�KDG�DQ�
RSSRUWXQLW\�WR�FKHFN�WKH�DFFXUDF\�DJDLQ�DIWHU�WKH�OLVW�DSSHDUHG��,Q�D�VHQVH��
KRZHYHU��WKH�KLVWRULFDO�GDWD�ZH�QRZ�KDYH�DUH�TXLWH�VLPLODU�WR�WKRVH�WKDW�ZHUH�
DYDLODEOH�WR�/RGJH�DQG�)RUG�ZKR�WRRN�D�WDFN�RSSRVLWH�WR�WKH�SUHVHQWO\�IDYRUHG�
GLUHFWLRQ��3HUKDSV�WKH�KLVWRULDQ�ZLOO�ZHOFRPH�QHZ�HYLGHQFH�RQ�WKH�PDWWHU��
7KH�ZULWLQJV�RI�+DPLOWRQ�DQG�0DGLVRQ�DUH�GLIILFXOW�WR�WHOO�DSDUW�EHFDXVH�ERWK�

DXWKRUV�ZHUH�PDVWHUV�RI�WKH�SRSXODU�6SHFWDWRU�VW\OH�RI�ZULWLQJ�FRPSOLFDWHG�DQG�
RUDWRULFDO��7R�LOOXVWUDWH��LQ������)UHGHULFN�:LOOLDPV�DQG�)UHGHULFN�0RVWHOOHU�
FRXQWHG�VHQWHQFH�OHQJWKV�IRU�WKH�XQGLVSXWHG�SDSHUV�DQG�JRW�PHDQV�RI�������DQG�
������ZRUGV�UHVSHFWLYHO\�IRU�+DPLOWRQ�DQG�0DGLVRQ��DQG�DYHUDJH�VWDQGDUG�
GHYLDWLRQV�IRU�SDSHUV�RI������DQG�������7KHVH�UHVXOWV�VKRZ�WKDW�IRU�VRPH�PHDV��
XUHV�WKH�DXWKRUV�DUH�SUDFWLFDOO\�WZLQV��
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:RUGV�RIIHU�D�JUHDW�PDQ\�RSSRUWXQLWLHV�IRU�GLVFULPLQDWLRQ��WKHUH�DUH�VR�PDQ\�
RI�WKHP��6RPH�YDU\�FRQVLGHUDEO\�LQ�WKHLU�UDWHV�RI�XVH�IURP�RQH�SDSHU�WR�DQRWKHU�
E\�WKH�VDPH�DXWKRU��RWKHUV�VKRZ�UHPDUNDEOH�VWDELOLW\�ZLWKLQ�DQ�DXWKRU���$�
UHFHQW�H[DPSOH�E\�%ULQHJDU�>��@�XVHV�IUHTXHQFLHV�RI�ZRUG�OHQJWKV�IRU�GLVFULPLQD��
WLRQ���
/HW�XV�ORRN�LQ�7DEOH�����DW�IUHTXHQF\�GLVWULEXWLRQV�IRU�UDWHV�RI�WKH�KLJK��

IUHTXHQF\�ZRUGV�E\��IURP��DQG�WR�LQ����+DPLOWRQ�DQG����0DGLVRQ�SDSHUV��VRPH�
H[WHULRU�WR�7KH�)HGHUDOLVW����+LJK�UDWHV�IRU�E\�XVXDOO\�IDYRU�0DGLVRQ��ORZ�IDYRU�

��:H�GR�QRW�JLYH�KHUH�WKH�GHWDLOHG�UHIHUHQFHV�WR�DOO�WKH�H[WHULRU�SDSHUV�XVHG��3DSHUV�QXPEHUHG�IURP���WR����DUH�
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1HDUO\�DOO�ZRUGV�KDYH�ORZ�UDWHV�SHU�WKRXVDQG�ZRUGV��WKXV�WKH�RFFXUUHQFH�RI�

DQ\�RQH�ZRUG�DW�RQH�VSRW�LQ�D�WH[W�LV�D�UDUH�HYHQW��,Q�LQDQ\�VWDWLVWLFDO�SUREOHPV�
GLVWULEXWLRQV�RI�UDUH�HYHQWV�DUH�JRYHUQHG�E\�WKH�3RLVVRQ�ODZ��ZKLFK�JLYHV�WKH�
SUREDELOLW\�RI�D�FRXQW�RI�[�DV�D�IXQFWLRQ�RI�WKH�PHDQ�FRXQW��;��DV�IROORZV��
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7R�ILQG�RXW�KRZ�ZHOO�WKH�3RLVVRQ�ILWV�WKH�GLVWULEXWLRQ�RI�+DPLOWRQ�DQG�0DGL��
VRQ�ZRUG�FRXQWV��ZH�EURNH�XS�D�FROOHFWLRQ�RI�)HGHUDOLVW�SDSHUV�LQWR�����EORFNV�RI�
DSSUR[LPDWHO\�����ZRUGV��DQG�WDEXODWHG�WKH�IUHTXHQF\�GLVWULEXWLRQ�RI�FRXQWV�
IRU�HDFK�RI�PDQ\�GLIIHUHQW�ZRUGV��)RU�D�IHZ�IXQFWLRQ�ZRUGV��ILOOHU�ZRUGV�RI�WKH�
ODQJXDJH�VXFK�DV�DUWLFOHV��FRQMXQFWLRQV��DQG�SUHSRVLWLRQV��ZH�JLYH�GLVWULEXWLRQV�
IRU�+DPLOWRQ�LQ�7DEOH������7KH�GLVWULEXWLRQV�IRU�DQ��DQ\��DQG�XSRQ�DUH�ILWWHG�
UDWKHU�ZHOO�E\�WKH�3RLVVRQ��EXW�HYHQ�D�PRWKHUO\�H\H�VHHV�GLVSDULWLHV�IRU�PD\�DQG�
KLV��7KH�WDLO�RI�WKH�3RLVVRQ�LV�QRW�WKLFN�HQRXJK�WR�ILW�WKH�GLVWULEXWLRQ�IRU�KLV��DQG�
WKH�VL]HV�RI�WKH�ILWWHG�FRXQWV�IRU�[� ���DQG�[� ���DUH�IDU�IURP�WKH�REVHUYHG�FRXQWV��
$QRWKHU�IDPLO\�RI�GLVWULEXWLRQV��WKH�QHJDWLYH�ELQRPLDO��SRVVHVVHV�IHDWXUHV�

WKDW�DLG�WKH�ILWWLQJ�RI�PD\�DQG�KLV��0DQ\�SUREDELOLVWLF�PHFKDQLVPV�OHDG�WR�WKH�
QHJDWLYH�ELQRPLDO��DQG�ZH�PHQWLRQ�RQH�H[DPSOH�IRU�RXU�SUREOHP��6XSSRVH�IRU�
HDFK�SLHFH�RI�ZULWLQJ�DQ�DXWKRU�XVHV�D�JLYHQ�ZRUG�ZLWK�3RLVVRQ�IUHTXHQFLHV�EXW�
WKDW�KH�FKDQJHV�LWV�UDWH�RI�XVH�IURP�RQH�SLHFH�RI�ZULWLQJ�WR�DQRWKHU�DFFRUGLQJ�WR�
D�JDPPD�GLVWULEXWLRQ��7KHQ�WKH�QHJDWLYH�ELQRPLDO�GHVFULEHV�WKH�GLVWULEXWLRQ�RI�
FRXQWV�RYHU�PDQ\�SLHFHV�RI�ZULWLQJ��2QH�ZD\�WR�ZULWH�WKH�QHJDWLYH�ELQRPLDO�LV�

U�;��� .�� �� ;�.9�� L�
3�[�  �  ������[�

[�3�.�� �� ��;�.� �� ���� ;�.�

7KLV�GLVWULEXWLRQ�KDV�PHDQ�;�DQG�YDULDQFH�;����;�.��� 6LQFH�WKH�YDULDQFH�RI�WKH�
3RLVVRQ�ZDV�;��DQG�VLQFH�WKH�QHJDWLYH�ELQRPLDO�KDV�WKH�3RLVVRQ�DV�D�OLPLW�IRU�

7$%/(� �����2%6(59('� $1'� ),77('� 32,6621� $1'� 1�(*$7,9(�
%,120,$/� ',675,%87,216� )25� 6(/(&7('� :25'6�+$0,/721�

2FFXUUHQFHV��

�� �� �� �� �� �� �� ��RU�
PRUH�

DQ�
REV�� ��� ��� ��� ��� �� �� ��
3RLVVRQ� ����� ����� ����� ����� ����� ���� ��� ���
1�%��������� ����� ����� ����� ����� ���� ���� ���� ���

DQ\�
REV�� ���� ��� ��� �� �� ��
3RLVVRQ� ������ ����� ����� ���� ���� ���
1�%�� ����� VDPH�DV�3RLVVRQ�

PD\�
REV�� ���� ��� ��� ��� �� �� ��
3RLVVRQ� ������ ����� ����� ���� ���� ��� ���
1�%�� ������� ������ ����� ����� ����� ���� ���� ��� ���

XSRQ�
REV�� ���� ��� ��� �� �� �� ��RU�
3RLVVRQ� ������ ����� ����� ���� ���� ��� PRUH�
1�%�� ������� ������ ����� ����� ���� ���� ��� ���

KLV�
REV�� ���� ��� ��� �� �� �� �� ��
3RLVVRQ� ������ ����� ����� ���� ��� ���
1�%�� ������� ������ ����� ����� ���� ���� ���� ���� ����

�(VWLPDWHG�YDOXHV�RI�.�IROORZ�1�%��LQ�SDUHQWKHVLV��
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��D� ��DV� ���GR� ���KDV� ���LV� ���QR� ���RU� ���WKDQ� ���WKLV� ���ZKHQ�
��DOO� ��DW� ���GRZQ� ���KDYH� ���LW� ���QRW� ���RXU� ���WKDW� ���WR� ���ZKLFK�
��DOVR� ���EH� ���HYHQ� ���KHU� ���LWV� ���QRZ� ���VKDOO� ���WKH� ���XS� ���ZKR�
��DQ� ���EHHQ� ���HYHU\� ���KLV� ���PD\� ���RI� ���VKRXOG� ���WKHLU� ���XSRQ� ���ZLOO�
��DQG� ���EXW� ���IRU� ���LI� ���PRUH� ���RQ� ���VR� ���WKHQ� ���ZDV� ���ZLWK�
��DQ\� ���E\� ���IURP� ���LQ� ���PXVW� ���RQH� ���VRPH� ���WKHUH� ���ZHUH� ���ZRXOG�
��DUH� ���FDQ� ���KDG� ���LQWR� ���P\� ���RQO\� ���VXFK� ���WKLQJ� ���ZKDW� ���\RXU�

.�!�����;�.� FDQ�EH�WDNHQ�DV�D�PHDVXUH�RI�WKH�QRQ�3RLVVRQQHVV�RI�D�QHJDWLYH�
ELQRPLDO��
,Q�RXU�VWXG\�RI�FODVVLFDO�GLVFULPLQDWLRQ��WKH�IRUP�RI�WKH�GLVWULEXWLRQ�RI�IUH��

TXHQFLHV�IRU�ZRUGV�VFDUFHO\�SOD\V�D�UROH��%XW�LQ�WKH�PDLQ�VWXG\��ZKHUH�%D\HV
�
WKHRUHP�LV�XVHG��WKH�IRUP�RI�WKH�GLVWULEXWLRQ�PDWWHUV��DQG�ZH�LQYHVWLJDWH�WKH�
XVHIXOQHVV�RI�ERWK�WKH�3RLVVRQ�DQG�WKH�QHJDWLYH�ELQRPLDO��
$V�ZH�LPSOLHG�LQ�GLVFXVVLQJ�WKH�ZRUG�ZDU��WKH�ZRUGV�ZH�ZDQW�WR�XVH�DUH�QRQ��

FRQWH[WXDO�RQHV��ZRUGV�ZKRVH�UDWH�RI�XVH�LV�QHDUO\�LQYDULDQW�XQGHU�FKDQJH�RI�
WRSLF��)RU�WKLV�UHDVRQ��WKH�OLWWOH�ILOOHU�ZRUGV��FDOOHG�IXQFWLRQ�ZRUGV��VHH�7DEOH�
������DUH�HVSHFLDOO\�DWWUDFWLYH�IRU�GLVFULPLQDWLRQ�SXUSRVHV��0LOOHU��1HZPDQ�DQG�
)ULHGPDQ�>�@�JLYH�D�OLVW�RI�����IXQFWLRQ�ZRUGV�DQG�WKHLU�IUHTXHQFLHV�LQ�DERXW�
�������ZRUGV�RI�WH[W�DVVHPEOHG�IURP�WKH�.LQJ�-DPHV�%LEOH��IURP�:LOOLDP�-DPHV��
DQG�IURP�7KH�$WODQWLF���������7KLV�FUHDWHG�RQH�SRRO�RI�ZRUGV�IRU�RXU�XVH��)URP�
LW�ZH�FKRVH�WKH����KLJKHVW�IUHTXHQF\�ZRUGV�RQ�WKHLU�OLVW��DQG�D�UDQGRP�VHW�RI����
IURP�WKHLU�ORZ�IUHTXHQF\�ZRUGV��
7ZR�DGGLWLRQDO�SRROV�RI�ZRUGV�ZHUH�XVHG��$Q�DOSKDEHWLFDO�ZRUG�LQGH[�ZLWK�

IUHTXHQFLHV�IRU��������ZRUGV�RI�WH[W��KDOI�+DPLOWRQ��KDOI�0DGLVRQ�EHFDPH�DYDLO��
DEOH��)URP�WKH������GLIIHUHQW�ZRUGV�RI�WKLV�LQGH[��ZH�HOLPLQDWHG�ZRUGV�ZKRVH�
ORZ�IUHTXHQF\��ILYH�RFFXUUHQFHV�RU�IHZHU��PDNH�WKHP�QHDUO\�XVHOHVV�IRU�GLVFULPL��
QDWLRQ��DQG�ZRUGV�WKDW�PLJKW�EH�FRQWH[WXDO��ZRUGV�OLNH�ODZ��H[HFXWLYH��ZDU��DQG�
DOVR�PDQ\�RWKHU�ZRUGV�IRU�ZKLFK�WKH�FRQWH[WXDOLW\�ZDV�OHVV�HYLGHQW��PRVW�FRQ��
FUHWH�QRXQV�DQG�YHUEV��IRU�H[DPSOH��ERG\��FRQGHPQ��GRFWULQH��IULHQGV��ODQG��
RSHQHG��7KH�UHPDLQGHU�ZHUH�WHVWHG�IRU�DELOLW\�WR�GLVFULPLQDWH�E\�SORWWLQJ�WKHLU�
IUHTXHQFLHV�IRU�+DPLOWRQ�DQG�0DGLVRQ�RQ�ELQRPLDO�SUREDELOLW\�SDSHU��:H�NHSW�
DV�SRWHQWLDO�GLVFULPLQDWRUV�WKRVH�IRU�ZKLFK�WKH�DXWKRUV
�UDWHV�GLIIHUHG�E\�DW�OHDVW�
WKUHH�VWDQGDUG�GHYLDWLRQV��7KLV�FUHDWHG�D�VHW�RI�����ZRUGV��
,Q�D�WKLUG�DSSURDFK��XVHG�WR�VHOHFW�ORZ�IUHTXHQF\�ZRUGV�HDUO\�LQ�RXU�ZRUN��ZH�

UHYLHZHG�DSSUR[LPDWHO\�HTXDO�QXPEHUV�RI�SDSHUV��DERXW�ILYH�IRU�HDFK�DXWKRU��
DQG�NHSW�RU�HOLPLQDWHG�ZRUGV�RQ�WKH�EDVLV�RI�LQFLGHQFH��7KHQ�WKRVH�ZRUGV�WKDW�

7$%/(� �����$'',7,21$/� :25'6� $1'� &2'(� 180%(56� )25�
7+(� )('(5$/,67� 678'<�

���DIIHFW� ���FLW\� ���GLUHFWLRQ� ���LQQRYDWLRQ� ����SHUKDSV� ����YLJRU�
���DJDLQ� ���FRPPRQO\� ���GLVJUDFLQJ� ���MRLQ� ����UDSLG� ����YLRODWH�
���DOWKRXJK� ���FRQVHTXHQWO\� ���HLWKHU� ���ODQJXDJH� ����VDUQH� ����YLROHQFH�
���DPRQJ� ���FRQVLGHUDEOH� ���HQRXJK��DQG�LQ� ���PRVW� ����VHFRQG� ����YRLFH�
���DQRWKHU� ���FRQWULEXWH� VDPSOH�RI����� ���QRU� ����VWLOO� ����ZKHUH�
���EHFDXVH� ���GHIHQVLYH� ���IRUWXQH� ���RIIHQVLYH� ����WKRVH� ����ZKHWKHU�
���EHWZHHQ� ���GHVWUXFWLRQ� ���IXQFWLRQ� ����RIWHQ� ����WKURXJKRXW� ����ZKLOH�
���ERWK� ���GLG� ���KLPVHOI� ����SDVV� ����XQGHU� ����ZKLOVW�

�0HDQV�ZRUG�HPHUJHG�IURP�VFUHHQLQJ�VWXG\��WKH�UHVW�IURP�UDQGRP�VDPSOH�RI�ORZ�IUHTXHQF\�IXQFWLRQ�ZRUGV��
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����DERXW� ����FKRLFH� ����LQWUXVW�V�G�HG�LQJ� ����SURSHU�
����DFFRUGLQJ� ����FRPPRQ� ����NLQG� ����SURSULHW\�
����DGYHUVDULHV� ����GDQJHU� ����ODUJH� ����SURYLVLRQ����
����DIWHU� ����GHFLGH��V��HG��LQJ� ����OLNHO\� ����UHTXLLVLWH�
����DLG� ����GHJUHH� ����PDWWHU�V� ����VXEVWDQFH�
����DOZD\V� ����GXULQJ� ����PRUHRYHU� ����WKH\�
����DSW� ����H[SHQFH��V� ����QHFHVVDU\� ����WKRXJK�
����DVVHUWHG� ����H[SHQVH��V� ����QHFHVVLW\��LHV� ����WUXWK�V�
����EHIRUH� ����H[WHQW� ����RWKHUV� ����XV�
����EHLQJ� ����IROORZ��V��HG��LQJ� ����SDUWLFXODUO\� ����XVDJH��V�
����EHWWHU� ����,� ����SULQFLSOH� ����ZH�
����FDUH� ����LPDJLQH��V��HG��LQJ� ����SUREDELOLW\� ����ZRUN��V�

ZHUH�NHSW�ZHUH�WULHG�RQ�DQRWKHU�VHW�RI�SDSHUV��DQG�FXPXODWLYH�WRWDOV�RI�+DPLO��
WRQ�DQG�0DGLVRQ�LQFLGHQFHV�LQ�SDSHUV�UHFRUGHG�IRU�HDFK�ZRUG��7KLV�SURFHVV�
FRQWLQXHG�WKURXJK�IRXU�VHWV�RI�SDSHUV�IRU�HDFK�DXWKRU��DQG�WKH�UHVXOW�ZDV�D�VHOHF��
WLRQ�RI����ORZ�IUHTXHQF\�ZRUGV��
$OO�WROG�WKHQ�IRU�WKH�WKUHH�SRROV�RI�ZRUGV������WKH�0LOOHU�1HZPDQ�)ULHGPDQ�

OLVW�\LHOGHG����KLJK�IUHTXHQF\�ZRUGV�DQG�WKH�UDQGRP�VDPSOH�RI����ORZ�IUH��
TXHQF\�IXQFWLRQ�ZRUGV������WKH�ZRUG�LQGH[�VWXG\�\LHOGHG�����ZRUGV�VHOHFWHG�
IURP�DERXW������IRU�DELOLW\�WR�GLVFULPLQDWH��DQG�����WKH�VXFFHVVLRQ�RI�VHWV�RI�
SDSHUV�\LHOGHG����ZRUGV��VFUHHQLQJ�VHW��VHOHFWHG�IRU�DELOLW\�WR�GLVFULPLQDWH�IURP�
DPRQJ�DERXW������ZRUGV��%HFDXVH�WKH�OLVWV�RYHUODS��WKH�QXPEHU�RI�GLIIHUHQW�
ZRUGV�DPRQJ�WKH�VHWV�RI��������������DQG����LV������:H�GR�QRW�JLYH�D�9HQQ�GLD��
JUDP��EXW�7DEOH�����JLYHV�WKH����KLJK�IUHTXHQF\�IXQFWLRQ�ZRUGV��7DEOH�����JLYHV�
WKH�UDQGRP�VDPSOH�DQG�WKH����REWDLQHG�IURP�WKH�VXFFHVVLYH�ZDYHV��DQG�7DEOH�
����JLYHV�WKH�DGGLWLRQDO�ZRUGV�REWDLQHG�IURP�WKH�ZRUG�LQGH[��

��� :(,*+7�5$7(� $1$/<6,6�

$�� 7KH�VWXG\��LWV�VWUHQJWKV�DQG�ZHDNQHVVHV�

:KLOH�RXU�PDLQ�VWXG\�LV�%D\HVLDQ�LQ�FKDUDFWHU��ZH�ZDQW�DOVR�WR�VHH�KRZ�D�
PRUH�XVXDO�DSSURDFK�KDQGOHV�WKLV�SUREOHP�RI�GLVFULPLQDWLRQ��:H�SUHVHQW�LW�ILUVW�
EHFDXVH�WKH�UHDGHU�PD\�EH�PRUH�IDPLOLDU�ZLWK�WKLV�DSSURDFK��
7KH�SODQ�LV�WR�FRQVWUXFW�D�OLQHDU�GLVFULPLQDQW�IXQFWLRQ��D�ZHLJKWHG�VXP�RI�WKH�

UDWHV�IRU�ZRUGV��XVLQJ�DERXW�KDOI�WKH�GDWD�IRU�HDFK�DXWKRU��FDOOHG�WKH�VFUHHQLQJ�
VHW��WR�VHOHFW�WKH�GLVFULPLQDWLQJ�ZRUGV�DQG�WR�JHW�ZHLJKWV�WR�DSSO\�WR�WKHLU�RE��
VHUYHG�UDWHV��2QFH�WKH�ZRUGV�DUH�FKRVHQ�DQG�ZHLJKWHG��WKH�IXQFWLRQ�LV�WULHG�RXW�
RQ�WKH�RWKHU�KDOI�RI�WKH�PDWHULDO�RI�NQRZQ�DXWKRUVKLS��QRW�RQO\�DV�D�WHVW�RI�WKH�
FKRVHQ�IXQFWLRQ��EXW�DOVR�WR�FDOLEUDWH�WKH�ZHLJKWHG�VXP�RQ�PDWHULDO�XQFRQWDPL��
QDWHG�E\�WKH�HIIHFWV�RI�VHOHFWLRQ�DQG�ZHLJKWLQJ��)LQDOO\��WKH�GLVFULPLQDQW�IXQF��
WLRQ�LV�DSSOLHG�WR�WKH�GLVSXWHG�SDSHUV��DQG�WKH�YDOXHV�REWDLQHG�DUH�FRPSDUHG�
ZLWK�WKRVH�REWDLQHG�IURP�WKH�FDOLEUDWLQJ�VHW�IRU�HDFK�DXWKRU�E\�PHWKRGV�WKDW�DUH�
GHVFULEHG�ODWHU��
:K\�GR�ZH�QHHG�D�FDOLEUDWLQJ�VHW��ZK\�QRW�XVH�DOO�WKH�GDWD�IRU�VHOHFWLRQ�DQG�

ZHLJKWLQJ"�)LUVW��ZKHQ�IRU�VRPH�SXUSRVH�ZH�FKRRVH�WKH�EHVW�ORRNLQJ�IHZ�IURP�D�
ODUJH�VHW�RI�YDULDEOHV�WKH\�PD\�QRW�SHUIRUP�DV�ZHOO�DV�WKH\�DSSHDUHG�WR�LQ�WKH�
PDWHULDO�WKDW�ZDV�XVHG�WR�VHOHFW�WKHP�WKLV�ORVV�LV�FDOOHG�WKH�UHJUHVVLRQ�HIIHFW��
6HFRQG��XVXDOO\�ZHLJKWV�PXVW�EH�FKRVHQ�WR�RSWLPL]H�UHVXOWV�LI�QHZ�GDWD�DUH�YHU\�
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OLNH�WKRVH�LQ�WKH�PDWHULDO�XVHG�IRU�ZHLJKWLQJ��:KHQ�WKH\�DUH�QRW��WKHUH�LV�DQ�
DGGLWLRQDO�VOXPS��7KLUG��ZH�GR�QRW�NQRZ�ZKDW�WKH�VHOHFWLYLW\�PD\�KDYH�GRQH�WR�
WKH�UHODWLRQV�DPRQJ�WKH�FKRVHQ�YDULDEOHV��DQG�ZH�QHHG�HVWLPDWHV�RI�ORFDWLRQ�DQG�
YDULDELOLW\�WKDW�FDQQRW�EH�REWDLQHG�IURP�GDWD�XVHG�IRU�VHOHFWLRQ�DQG�ZHLJKWLQJ��
)RXUWK��VLQFH�ZH�KDYH�ZHLJKWHG�WKH�ZRUGV�DV�LI�WKH\�DUH�XQFRUUHODWHG��DQG�WKH\�
DUH�QRW�TXLWH��WKH�FDOLEUDWLQJ�VHW�LV�UHTXLUHG�WR�DGMXVW�IRU�FRUUHODWLRQ�LQ�WKH�FRP��
SRQHQWV�OHDGLQJ�WR�WKH�WRWDO�VFRUH��7KXV�ZH�DYRLG�KDYLQJ�WKH�ILQDO�DQDO\VLV�OHDQ�
XSRQ�WKH�DVVXPSWLRQ�RI�]HUR�FRUUHODWLRQV��,W�LV�RXU�REVHUYDWLRQ�WKDW�VWXGLHV�RI�
GLVFULPLQDWLRQ�UDUHO\�HPSOR\�FDOLEUDWLQJ�VHWV��HYHQ�WKRXJK�WKH\�PD\�EH�JUDYHO\�
QHHGHG��7KH�PDJQLWXGH�RI�WKH�VHOHFWLRQ�DQG�ZHLJKWLQJ�HIIHFWV�PD\�QRW�EH�DGH��
TXDWHO\�DSSUHFLDWHG��:H�LOOXVWUDWH�WKHLU�VL]HV�IRU�WKLV�SUREOHP�EHORZ��
$Q�DQDO\VLV�RI�UDWHV�LV�WKH�EDVLV�IRU�WKLV�VWXG\��DQG�UDWHV��WKHPVHOYHV��OHDG�WR�

RQH�ZHDNQHVV�WKDW�ZH�KDYH�GRQH�QRWKLQJ�DERXW��/RZ�IUHTXHQF\�ZRUGV�RIWHQ�
KDYH�]HUR�IUHTXHQFLHV�DQG�WKHUHIRUH�]HUR�UDWHV�LQ�WKH�SDSHUV��$�]HUR�UDWH�IRU�D�
�����ZRUG�SDSHU�LV�TXLWH�GLIIHUHQW�LQIRUPDWLRQ�IURP�D�]HUR�UDWH�IRU�D������ZRUG�
SDSHU��DQG�D�SURSHU�DQDO\VLV�VKRXOG�WDNH�VRPH�DFFRXQW�RI�WKDW�IDFW��
$�PDMRU�ZHDNQHVV�RI�WKLV�VWXG\�LV�WKDW�LW�GRHV�QRW�KDYH�WKH�VHULRXV�SURWHFWLRQ�

DJDLQVW�FRQWH[WXDO�ZRUGV�SURYLGHG�IRU�WKH�PDLQ�VWXG\�GLVFXVVHG�ODWHU��3DUWO\�
WKLV�LV�D�ODSVH�LQ�RXU�ZRUN��EXW�SDUWO\�LW�FRPHV�IURP�WKH�OLPLWHG�DPRXQW�RI�PD��
WHULDO�DYDLODEOH�ZKHQ�ZH�XVH�D�FDOLEUDWLQJ�VHW�DV�ZHOO�DV�D�VHOHFWLRQ�DQG�ZHLJKWLQJ�
VHW�RI�SDSHUV��

%�� 0DWHULDOV�DQG�WHFKQLTXHV�
$V�D�SRRO�RI�ZRUGV�IRU�WKLV�VWXG\��ZH�XVH�WKRVH�RI�WKH�VFUHHQLQJ�VWXG\�DQG�WKH�

WZR�VHWV�RI�IXQFWLRQ�ZRUGV��VHFWLRQ�����LQ�DOO��WKH�����ZRUGV�ZLWK�FRGH�QXPEHUV���
WR������VHH�7DEOHV�����DQG�������
:H�XVH����+DPLOWRQ�DQG����0DGLVRQ�SDSHUV�WR�FKRRVH�ZRUGV�DQG�ILQG�ZHLJKWV�

IRU�WKHP��1H[W��WKHVH�ZHLJKWV�DUH�DSSOLHG�WR�WKH�UHPDLQLQJ�SDSHUV�RI�NQRZQ�
DXWKRUVKLS��ZKLFK�IRUP�D�FDOLEUDWLQJ�VHW�RI����+DPLOWRQ�DQG����0DGLVRQ�SDSHUV�
XQFRQWDPLQDWHG�E\�WKH�SURFHVV�RI�VHOHFWLRQ�DQG�ZHLJKWLQJ��)LQDOO\�WKH�ZHLJKWV�
DUH�DSSOLHG�WR�WKH�UDWHV�IRU�WKH�GLVSXWHG�DQG�MRLQW�SDSHUV�DQG�WKHVH�DUH�DVVHVVHG��
,I�[L�GHQRWHV�WKH�REVHUYHG�UDWH�IRU�WKH�LWK�ZRUG�LQ�D�JLYHQ�SDSHU��DQG�LI�:L�LV�D�

ZHLJKW�IRU�WKDW�ZRUG��D�OLQHDU�GLVFULPLQDQW�IXQFWLRQ�WDNHV�WKH�YDOXH�\�IRU�WKH�
JLYHQ�SDSHU��REWDLQHG�E\�VXPPLQJ�RYHU�ZRUGV��

\� � ]� :L[L��

7KH�ZHLJKWV�DUH�FKRVHQ�VR�WKDW�ZKHQ�+DPLOWRQ�LV�WKH�DXWKRU�DQG�WKH�UDWHV�
DSSO\�WR�KLP��WKH�YDOXH�RI�\�WHQGV�WR�EH�ODUJH��VD\���DQG�ZKHQ�0DGLVRQ�LV�WKH�
DXWKRU��WKH�YDOXH�VPDOO��,Q�DGGLWLRQ�WR�DVVLJQLQJ�GLUHFWLRQ��WKH�ZHLJKWV�JLYH�
EHWWHU�GLVFULPLQDWLQJ�ZRUGV�PRUH�LPSRUWDQFH��
7KH�VHW�RI�ZHLJKWV�IRU�ZRUGV�WKDW�PD[LPL]HV�WKH�VWDQGDUGL]HG�GLIIHUHQFH�EH��

WZHHQ�WKH�PHDQV��RI�WKH�GLVFULPLQDQW�IXQFWLRQ�IRU�WKH�WZR�VHWV�RI�SDSHUV�LV�SUR��
SRUWLRQDO�WR�

$LP��� �L0�

D���+��� D���0�

��'LIIHUHQFH�GLYLGHG�E\�WKH�VTXDUH�URRW�RI�WKH�VXP�RI�WKH�YDULDQFHV�RI�VFRUHV�IRU�+DPLOWRQ�DQG�0DGLVRQ��
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:HLJKW�,PSRUWDQFH� :HLJKW�,PSRUWDQFH� :HLJKW�,PSRUWDQFH�

*URXS��� *URXS��� *URXS���
XSRQ� ����� ����� DV� ������� ����� LQQRYDWLRQ� ������ �����

DW� ����� ����� ODQJXDJH� ������ �����
*URXS��� E\� ������ ����� YLJRU� ����� �����
DOWKRXJK� ������ ����� RI� ����� ����� YRLFH� ������ �����
FRPPRQO\� ����� ����� RQ� ������ �����
FRQVHTXHQWO\� ������ ����� WKHUH� ����� ����� *URXS���
FRQVLGHUDEOH� ����� ����� GHVWUXFWLRQ� ����� �����
HQRXJK� ����� ����� *URXS���
ZKLOH� ����� ����� ZRXOG� ����� �����
ZKLOVW� ������ �����

ZKHUH�D8L�DQG�D�� DUH�WKH�PHDQ�DQG�YDULDQFH�RI�WKH�UDWH�IRU�ZRUG�L�IRU�DXWKRU�M�
DQG�ZKHUH�ZRUGV�DUH�DVVXPHG�XQFRUUHODWHG��
6LQFH�ZH�GR�QRW�NQRZ�WKH�WKHRUHWLFDO�PHDQV�DQG�YDULDQFHV��ZH�QHHG�WR�HVWL��

PDWH�WKHP��RU�VRPHWKLQJ�SURSRUWLRQDO�WR�WKHP��
)RU�WKH��X
V�ZH�XVH�PHGLDQ�UDWHV�LQ�WKH�VFUHHQLQJ�VHW�IRU�HDFK�DXWKRU�XQOHVV�RQH�

RU�ERWK�RI�WKH�PHGLDQV�LV�]HUR��DQG�WKHQ�DYHUDJH�UDWH�IRU�HDFK�DXWKRU�LV�XVHG��7R�
UHSODFH�WKH�YDULDQFHV�ZH�XVHG�VTXDUHV�RI�UDQJHV��UDQJH�LV�ODUJHVW�PLQXV�VPDOOHVW�
UDWH���

2XU�UHDVRQV�IRU�XVLQJ�UDQJHV�ZHUH�WR�FXW�GRZQ�RQ�WRWDO�DPRXQW�RI�FDOFXODWLRQ�
DQG�WR�GHIHQG�DJDLQVW�FRQWH[WXDO�ZRUGV��5HFDOO�WKDW�UDQJHV�DUH�VRPHZKDW�PRUH�
DIIHFWHG�E\�RXWOLHUV�WKDQ�VWDQGDUG�GHYLDWLRQV��DQG�WKH�PRUH�FRQWH[WXDO�WKH�
ZRUG��WKH�PRUH�ZLOGO\�LWV�UDWHV�YDU\��7KXV�WKH�ZHLJKW�FKRVHQ��GURSSLQJ�WKH�
VXEVFULSW�L��LV�

:;+� �� ;0�

5+���50�
ZKHUH�5�VWDQGV�IRU�UDQJH�DQG�[�VWDQGV�IRU�PHGLDQ�RU�DYHUDJH�DV�DSSURSULDWH��
1DWXUDOO\�ZH�SUHIHUUHG�QRW�WR�SXW�WKH�HQWLUH�����ZRUGV�LQWR�WKH�GLVFULPLQDQW��

EHFDXVH����DUH�XQVHOHFWHG�DQG�RIIHU�OLWWOH�KRSH�RI�KHOSLQJ��6XSSRVH�RQH�UDWH�LV�
H[DFWO\�DW�+DPLOWRQ
V�DYHUDJH�DQG�DQRWKHU�DW�0DGLVRQ
V��WKHQ�WKH�GLIIHUHQFH�LQ�
VFRUH��:;+��� :;0� � :�;W+��� 0�LV� RQH�PHDVXUH�RI�WKH�LPSRUWDQFH�RI�WKH�YDUL��
DEOH��IRU�LW�JLYHV�WKH�FRQWULEXWLRQ�RI�WKH�SDUWLFXODU�ZRUG�WR�WKH�GLIIHUHQFH�LQ�VFRUH�
EHWZHHQ�DQ�DYHUDJH�+DPLOWRQ�SDSHU�DQG�DQ�DYHUDJH�0DGLVRQ�SDSHU��:H�DUEL��
WUDULO\�FKRVH�DQ�LPSRUWDQFH�RI������DV�WKH�FXW�RII��DQG�WKLV�OHIW�XV�ZLWK�WKH����
ZRUGV�GLVSOD\HG�LQ�7DEOH������

&��5HVXOWV�IRU�WKH�VFUHHQLQJ�DQG�FDOLEUDWLQJ�VHWV��

,Q�7DEOH������ZH�VHH�WKDW�XSRQ�LV�WKH�PRVW�LPSRUWDQW�ZRUG�E\�D�IDFWRU�RI����
2WKHU�OHDGHUV�DUH�ZKLOVW��WKHUH��DQG�RQ��7KH�ZRUGV�DUH�JURXSHG�EHFDXVH�ZH�XVHG�
WKH�ZRUG�LQGH[�DV�D�VRXUFH�WR�KHOS�FODVVLI\�ZRUGV�PRUH�RU�OHVV�DV�WR�WKHLU�GHJUHH�
RI�DSSDUHQW�GDQJHU�IURP�FRQWH[WXDOLW\�IRU�WKH�VWXG\��7KXV�DOO�RI�WKH�����ZRUGV�
LQ�WKH�SRRO�IDOO�LQWR���FODVVHV�*URXS���IRU�XSRQ�EHFDXVH�LW�LV�VR�RXWVWDQGLQJ�DQG�
EHFDXVH�LW�FDQQRW�HDVLO\�EH�FODVVLILHG�HLWKHU�DV�D�KLJK��RU�DV�D�ORZ�IUHTXHQF\�

��7KH�FDOFXODWLRQV�LQ�WKLV�SDUW�RI�WKH�VWXG\�ZHUH�ODUJHO\�VXSHUYLVHG�E\�&KDUOHV�/��2GRURII��
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ZRUG��:H�JDYH�JURXSV�ZH�WKRXJKW�FRQWH[WXDO�KLJKHU�QXPEHUV��)RU�FRQYHQLHQFH�
RI�H[SRVLWLRQ��ZH�WDNH�WKH�UHVW�XS�RXW�RI�QXPHULFDO�RUGHU��
*URXS���FRQVLVWHG�RI�IXQFWLRQ�ZRUGV�IURP�WKH�0LOOHU�1HZPDQ�)ULHGPDQ�OLVW�

�VHH�VHFWLRQ����ZKLFK�ZHUH�SHUVRQDO�SURQRXQV�RU�DX[LOLDU\�YHUEV��
*URXS���FRQVLVWV�RI�WKH�KLJK�IUHTXHQF\�IXQFWLRQ�ZRUGV��FRGH�QXPEHU�������

H[FOXGLQJ�SURQRXQV�DQG�DX[LOLDULHV��DQG�WKH�PHPEHUV�RI�WKH�UDQGRP�VDPSOH�RI�
ORZ�IUHTXHQF\�ZRUGV��$VLGH�IURP�XSRQ��WKH�ZRUGV�REWDLQHG�LQ�WKH�VFUHHQLQJ�
VWXG\�ZHUH�SODFHG�LQ�JURXSV�������RU����*URXS���LQFOXGHV�WKRVH�WKDW�DUH�IXQFWLRQ�
ZRUGV�DQG�WKRVH�RQ�D�OLVW�RI�ZRUGV�ZH�FDOOHG��ZHOO�OLNHG��ZRUGV��)URP�WKH�RULJL��
QDO�ZRUG�LQGH[��ZLWKRXW�DQ\�HYLGHQFH�RI�GLIIHUHQWLDO�XVH�E\�+DPLOWRQ�DQG�0DGL��
VRQ��ZH�PDGH�XS�WZR�OLVWV�RI�ZRUGV��WKH��ZHOO�OLNHG��OLVW�FRQWDLQV�PRVWO\�DE��
VWUDFW�DGYHUEV�WKDW�ZH�DVVHVVHG�DV�ODUJHO\�IUHH�IURP�FRQWH[WXDOLW\��DQG�D�ODUJHU�
OLVW�RI�PRUH�PHDQLQJIXO�ZRUGV��WKDW�GLG�QRW�VHHP�VR�FRQWH[WXDO�WKDW�ZH�VKRXOG�
GHOHWH�WKHP��7KH�ODWWHU�ZRUGV�IDOO�LQWR�JURXS����*URXS���LQFOXGHV�ZKDW�LV�OHIW��
ZRUGV�ZH�UHJDUGHG�DV�SRVVLEO\�KLJKO\�FRQWH[WXDO��
$V�LQ�WKH�PDLQ�VWXG\��WKH�UHDVRQ�ZH�ZHQW�WR�DOO�WKLV�WURXEOH�ZDV�WR�JHW�VRPH�

TXDQWLWDWLYH�LGHD�RI�ZKDW�VXFK�LQWXLWLYH�FODVVLILFDWLRQV�PLJKW�EH�ZRUWK��:H�
ZHUH�HQFRXUDJHG�WR�VHH�WKDW�JURXSV���DQG���ZHUH�SUDFWLFDOO\�DQQLKLODWHG�E\�WKH�
ZHLJKWV�DQG�WKDW�JURXSV���DQG���KDG�D�QXPEHU�RI�PHPEHUV��%XW�WKH�FDOLEUDWLQJ�
VHW�LV�WKH�XOWLPLDWH�WHVW��
1RZ�WKDW�WKH�ZRUGV�DUH�VHOHFWHG�DQG�WKH�ZHLJKWV�UHDGLHG��WKH�ZHLJKWV�DUH�

DSSOLHG�WR�WKH�SDSHUV�LQ�WKH�+DPQLOWRQ�DQG�0DGLVRQ�VFUHHQLQJ�VHWV��:H�H[SHFW�
WKH�WZR�VFUHHQLQJ�VHWV�WR�EH�ZHOO�VHSDUDWHG�VLQFH�WKH�ZRUGV�DQG�ZHLJKWV�DUH�
FKRVHQ�WR�GR�MXVW�WKDW��7KH�+DPLOWRQ�PHDQ�LV������WKH�0DGLVRQ�RQH������� WKH�
PLGSRLQW������3DSHU������3DFLILFXV�,,,��KDV�WKH�ORZHVW�+DPLOWRQ�VFRUH�������SDSHU�
���ZLWK������ WKH�KLJKHVW�0DGLVRQ�VFRUH��6R�WKH�REVHUYHG�VHSDUDWLRQ�EHWZHHQ�
WKH�H[WUHPHV�LV�DERXW���0DGLVRQ�VWDQGDUG�GHYLDWLRQV�DQG�VRPHZKDW�OHVV�WKDQ���
+DPLOWRQ�VWDQGDUG�GHYLDWLRQV��2EVHUYH�WKDW�WKH�VFRUH���SOD\V�QR�VSHFLDO�UROH�LQ�
WKLV�DQDO\VLV��$OO�WKHVH�SDSHUV�FDQ�EH�FODVVLILHG�SHUIHFWO\�E\�WKH�GLVFULPLQDQW�
IXQFWLRQ��
1H[W�ZH�WHVW�WKH�GLVFULPLQDQW�IXQFWLRQ�RQ�WKH�FDOLEUDWLQJ�VHW��ZLWK�WKH�UHVXOWV�

VKRZQ�LQ�7DEOH������+DPLOWRQ
V�DYHUDJH�LV������0DGLVRQ
V������� ZLWK�PLGSRLQW�
�����WKHVH�WKUHH�QXPEHUV�DUH�UDWKHU�VLPLODU�WR�WKRVH�REWDLQHG�IURP�WKH�VFUHHQLQJ�
VHW��DQ�HQFRXUDJLQJ�VLJQ��)RU�ERWK�VHWV�WKH�VWDQGDUG�GHYLDWLRQV�DUH�ODUJHU��2QH�
H[SHFWV�WKH�PHDQV�RI�WKH�WZR�JURXOSV�WR�PRYH�WRZDUG�RQH�DQRWKHU��EXW�KHUH��
LQVWHDG��WKH�VWDQGDUG�GHYLDWLRQV�KDYH�JURZQ��7KH�VPDOOHVW�+DPLOWRQ�VFRUH�LV�
�����WKH�ODUJHVW�0DGLVRQ������VR�WKHUH�LV�VWLOO�QR�RYHUODS�EHWZHHQ�WKH�SDSHUV�RI�
NQRZQ�DXWKRUVKLS��2Q�WKH�RWKHU�KDQG��WKH�GLVWDQFH�EHWZHHQ�WKHVH�FORVHVW�SDSHUV�
LV�RQO\����+DPLOWRQ�VWDQGDUG�GHYLDWLRQV�RU����0DGLVRQ
V��6WLOO�LW�LV�TXLWH�FKHHULQJ�
WR�JHW�QR�RYHUODS��WKRXJK�LW�GRHV�QRW�LPSO\�WKDW�ZH�ZLOO�PDNH�QR�HUURUV�LQ�IXWXUH�
FODVVLILFDWLRQV��

'�� 5HJUHVVLRQ�HIIHFWV�
%HIRUH�JRLQJ�RQ��OHW�XV�VHH�KRZ�PXFK�WKH�YDULRXV�ZRUG�JURXSV�KDYH�GHWHULR��

UDWHG�EHWZHHQ�WKH�VFUHHQLQJ�VHW�DQG�WKH�FDOLEUDWLQJ�VHW��$V�D�PHDVXUH�RI�GLV��
FULPLQDWLRQ�ZH�FKRRVH��<+�<0��>�6+�60���@� EHFDXVH�LW�LV�HDV\�WR�FRPSXWH�
DQG�KDV�WKH�URXJK�LQWHUSUHWDWLRQ��QXPEHU�RI�VWDQGDUG�GHYLDWLRQV�WKH�PHDQV�
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:RUG�JURXS� 6FUHHQLQJ�VHW� &DOLEUDWLRQ�VHW�

*URXS��� ���� ����
*URXS��� ���� ����
*URXS��� ���� ����
*URXS��� ���� ����
*URXS��� ���� ���
*URXS��� ���� ���
7RWDO� ���� ����

DUH�DSDUW���7KH�V\PEROV�LQ�WKLV�IRUPXOD�UHIHU�WR�PHDQV�DQLG�VWDQGDUG�GHYLDWLRQV�
LQ�WKH�VFUHHQLQJ�RU�FDOLEUDWLQJ�VHWV�IRU�JURXSV�RU�WRWDOV��ZKLFKHYHU�DUH�DSSURSUL��
DWH��,Q�7DEOH�����WKH�UHVXOWV�DUH�VKRZQ�IRU�ERWK�VFUHHQLQJ�VHW�DQG�WKH�FDOLEUDWLQJ�
VHW��
7KH�H[FHOOHQFH�RI�JURXS����XSRQ��DFWXDOO\�DQ�LPSURYHPHQW�IURP�VFUHHQLQJ�WR�

FDOLEUDWLRQ��LOOXVWUDWHV�DQ�LPSRUWDQW�SRLQW��ZKHQ�D�IHZ�YDULDEOHV�DUH�VHOHFWHG�
IURP�PDQ\��LI�WKHVH�IHZ�UHDOO\�DUH�KHDG�DQG�VKRXOGHUV�EHWWHU��WKDQ�WKH�UHVW��WKHUH�
QHHG�EH�QR�UHJUHVVLRQ�HIIHFW�RZLQJ�WR�VHOHFWLRQ��WKRXJK�WKHUH�PD\�EH�D�ORVV�RZLQJ�
WR�FKRLFH�RI�ZHLJKWV��7KH�ORVV�IURP�����WR�����LQ�JURXS���LV�LQ�WKH�H[SHFWHG�GLUHF��
WLRQ��EXW�QRW�VSHFWDFXODU��7KH�ORVV�LQ�JURXS���PD\�EH�SDUWO\�VHOHFWLYLW\�DQG�
SDUWO\�WKH�UHVXOW�RI�UHGXFHG�SDSHU�OHQJWK��
:H�VKDOO�QRW�WU\�WR�DFFRXQW�IRU�WKH�FKDQJH�LQ�JURXS����ZKLFK�PD\�EH�GXH�WR�

WKH�FKDQJH�IURP�)HGHUDOLVW�PDWHULDO�LQ�0DGLVRQ
V�VFUHHQLQJ�VHW�WR�WKH�1HXWUDO�
7UDGH�SDSHU�LQ�KLV�FDOLEUDWLQJ�VHW��%RWK�JURXS���DQG�JURXS���IHOO�IODW�RQ�WKHLU�
IDFHV��7KH�GLVFULPLQDWLRQ�LQ�WKH�WRWDO�GURSSHG�IURP�QHDUO\���VWDQGDUG�GHYLDWLRQV�
LQ�WKH�VFUHHQLQJ�VHW�WR�����LQ�WKH�FDOLEUDWLQJ�VHW�D� GURS�LV�FHUWDLQO\�H[SHFWHG��
EXW�WKH�VL]H�RI�WKH�GURS�FDQQRW�EH�DQWLFLSDWHG�LQ�WKLV�PHWKRG��2Q�WKH�SRVLWLYH�
VLGH��ZH�KDYH�OHIW�����VWDQGDUG�GHYLDWLRQV
�ZRUWK�RI�GLVFULPLQDWLRQ�DV�PHDVXUHG�
LQ�DQ�LQGHSHQGHQW�VHW�RI�SDSHUV��$QG�ZH�DUH�JODG�ZH�SURYLGHG�IRU�ERWK�D�VFUHHQ��
LQJ�VHW�DQG�D�FDOLEUDWLQJ�VHW�VR�DV�QRW�WR�EH�PLVOHG�E\�WKH�RULJLQDO���VWDQGDUG�
GHYLDWLRQV��

(�� 5HVXOWV�IRU�WKH�GLVSXWHG�SDSHUV�
6FRUHV�IRU�WKH�MRLQW�DQG�WKH�GLVSXWHG�SDSHUV�DUH�VKRZQ�LQ�7DEOH������7KH�

DYHUDJH�VFRUH�IRU�WKH����GLVSXWHG�SDSHUV�LV������� VOLJKWO\�KLJKHU�WKDQ�0DGLVRQ
V�
����� IRU�WKH�FDOLEUDWLQJ�VHW��([FHSW�IRU�SDSHU�����DOO�KDYH�QHJDWLYH�VFRUHV�DQG�
IDOO�ZHOO�EHORZ�WKH�PLGSRLQW�����IRU�WKH�WZR�FDOLEUDWLQJ�VHWV��3DSHU����KDV�D�
VFRUH�WKDW�LV�KLJKHU�WKDQ�WKH�PRVW�0DGLVRQLDQ�RI�WKH�+DPLOWRQ�FDOLEUDWLQJ�
SDSHUV��DQG�IDOOV�VOLJKWO\�RQ�+DPLOWRQ
V�VLGH��/DWHU�ZH�WU\�WR�WDNH�D�PRUH�TXDQWL��
WDWLYH�YLHZ��6XSHUILFLDOO\��WKHQ��DOO�EXW�1R�����ORRN�0DGLVRQLDQ��DQG�1R�����LV�
KDUG�WR�MXGJH�EHFDXVH�LW�LV�QHDU�WKH�PLGGOH��
$PRQJ�WKH�MRLQW�SDSHUV��DOO�WKUHH�IDOO�EHORZ�WKH�PLGSRLQW������WKRXJK�RQO\�

1R�����IDOOV�YHU\�IDU�EHORZ�LW��DQG�1R�����LV�TXLWH�QHDU�WKH�PLGGOH��
7KHUH�DUH�PDQ\�ZD\V�WR�WU\�WR�DVVHVV�WKHVH�UHVXOWV��DQG�ZH�SUHVHQW�WZR�KHUH��

$V�D�ILUVW�PHWKRG�ZH�FRPSDUH��XVLQJ�W�VWDWLVWLFV��HDFK�GLVSXWHG�SDSHU�ZLWK�WKH�
+DPLOWRQ�FDOLEUDWLQJ�VHW�DQG�ZLWK�WKH�0DGLVRQ�VHW��/HW�\�EH�WKH�WRWDO�VFRUH�IRU�D�
GLVSXWHG�SDSHU��FRPSXWH�
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<� <+� <�<� J0�
W+,� �� W0� B�

6+� ����� 6P��
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+HUH�Q+� Q0�  � ����VR�WKH�QXPEHUV�RI�GHJUHHV�RI�IUHHGRP�IRU�WKH�W
V�DUH�����:H�
XVH�WKHVH�W
V�WR�FRPSXWH�WKH�DUHD�3+�WR�WKH�OHIW�RI�W+�DQG�30��WKDW�WR�WKH�ULJKW�RI�
WP��IRU�WKHVH�W�GLVWULEXWLRQV��+HUH�3+�HYDOXDWHV�WKH�FKDQFH�RI�JHWWLQJ�D�PRUH�
0DGLVRQLDQ�UHVXOW�WKDQ�WKH�RQH�REVHUYHG�LI�+DPLOWRQ�ZURWH�WKH�SDSHU��DQG�30�LV�
D�VLPLODU�TXDQWLW\�IRU�0DGLVRQ��
,I�ERWK�3+�DQG�3M,�ZHUH�ODUJH��VD\�����WKH�PHDQLQJ�LV�WKDW�WKH�GLVFULPLQDWLRQ�LV�

SRRU�WR�VWDUW�ZLWK�DQG�WKDW�WKH�SDSHU�LWVHOI�LV�GLIILFXOW�WR�GLVFULPLQDWH�RQ�WKH�
EDVLV�RI�WKH�GDWD�EHLQJ�H[DPLQHG��7KLV�GRHV�QRW�KDSSHQ�LQ�RXU�SUREOHP�EHFDXVH�
"+� DQG�J0�DUH�IDU�DSDUW��,I�3+�LV�ODUJH�DQG�30�LV�VPDOO�ZH�LQFOLQH�WRZDUG�+DPLO��
WRQ�DV�WKH�DXWKRU��DQG�YLFH�YHUVD��,I�ERWK�3+�DQG�30�DUH�VPDOO��VD\�����DQG������
WKH�SRWHQWLDO�GLVFULPLQDWLRQ�LV�VWURQJ��EXW�WKH�SDSHU�LQ�TXHVWLRQ�LV�GLIILFXOW�WR�
GLVFULPLQDWH�RQ�WKHVH�GDWD��
,Q�7DEOH�����WKH�W
V�DQG�3
V�DUH�JLYHQ�IRU�WKH�MRLQW�DQG�WKH�GLVSXWHG�SDSHUV��

3DSHU�1R�����VWLOO�VHHPV�TXLWH�XS�LQ�WKH�DLU��7KH�UHVW�RI�WKH�GLVSXWHG�SDSHUV�
H[FHSW�SRVVLEO\����VHHP�WR�EH�0DGLVRQ
V��
$V�D�VHFRQG�PHWKRG�RI�DSSUDLVLQJ�WKH�UHVXOWV��D�PHWKRG�PRUH�QHDUO\�FRPSDUD��

EOH�ZLWK�WKH�PDLQ�VWXG\��ZH�VWXG\�DSSUR[LPDWH�FRQILGHQFH�OLPLWV�IRU�WKH�OLNHOL��
KRRG�UDWLR��$VVXPH�WKDW�WKH�VFRUH�\�LV�DSSUR[LPDWHO\�QRUPDOO\�GLVWULEXWHG�IRU�
HDFK�DXWKRU��7KHQ�D�QHZ�SLHFH�RI�ZULWLQJ�RI�OHQJWK�VLPLODU�WR�WKRVH�SLHFHV�SUHYL��
RXVO\�VWXGLHG�JLYHV�WKH�UDWLR�
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.� D����U�DO�

H��\������I��

8QIRUWXQDWHO\�ZH�GR�QRW�NQRZ�WKH��X
V�DQG�R
V��:H�FRXOG��KRZHYHU��VHW�FRQIL��
GHQFH�OLPLWV�RQ�.��RU�ZKDW�LV�HTXLYDOHQW��RQ�LWV�QDWXUDO�ORJDULWKP�;��$�PHWKRG�
IRU�REWDLQLQJ�FRQVHUYDWLYH����SHU�FHQW�FRQILGHQFH�OLPLWV�IRU�;�KDV�EHHQ�ZRUNHG�
RXW�E\�$QQ�0LWFKHOO�DQG�UHVXOWV�IRU�WKH�GLVSXWHG�SDSHUV�DUH�VKRZQ�LQ�7DEOH������
)RU�WKH����GLVSXWHG�SDSHUV�H[FOXGLQJ�1RV�����DQG����WKH�HYLGHQFH�VHHPV�YHU\�

VWURQJ�IRU�0DGLVRQ��)RU�1R�����WKH�FRQILGHQFH�LV�DW�OHDVW�����WKDW�WKH�RGGV�DUH�
EHWZHHQ����WR���IRU�0DGLVRQ�DQG������WR���IRU�+DPLOWRQ��7KLV�HYLGHQFH�GRHV�QRW�
VHHP�VR�VWURQJ�WR�XV��QRU�GR�WKH�VRPHZKDW�VWURQJHU�RGGV�LQ�0DGLVRQ
V�IDYRU�IRU�
SDSHU�1R������
$PRQJ�WKH�MRLQW�SDSHUV��WKH�SUREOHP�LV�RQH�RI�H[WHQW�DQG�WKH�ORJ�RGGV�KDYH�

EHHQ�JLYHQ�IRU�JHQHUDO�LQWHUHVW��
7ZR�REMHFWLRQV�WR�WKHVH�FRQILGHQFH�OLPLWV�DUH��ILUVW��WKH\�DUH�YHU\�OLNHO\�WRR�

FRQVHUYDWLYH�IRU�WKH�DQVZHU�WKH\�FODLP�WR�JLYH��VHFRQG��WKH\�PD\�EH�VHQVLWLYH�WR�
WKH�DVVXPSWLRQ�RI�QRUPDOLW\��7KHVH�REMHFWLRQV�FDQFHO��EXW�RQH�LV�XQFHUWDLQ�
ZKHUH�WKH�QHW�ZRXOG�EH��
)RU�WKRVH�ZKR�ZLVK�D�SRLQW�HVWLPDWH�RI�WKH�ORJ�RGGV�IURP�WKLV�ZHLJKW�UDWH�

VWXG\��ZH�JLYH�RQH�REWDLQHG�IURP�W�GLVWULEXWLRQV�LQ�WKH�ULJKW�PRVW�FROXPQ�RI�
7DEOH������$PRQJ�WKH����GLVSXWHG�SDSHUV��WKH�RGGV�DUH�VDWLVI\LQJO\�IDW�H[FHSW�
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IRU�3DSHUV����DQG�����DQG�0DGLVRQ�LV�VWURQJO\�LQGLFDWHG�DV�WKH�DXWKRU��7KHVH�
FRQFOXVLRQV�DUH�RQO\�IRU�WKH�ZHLJKW�UDWH�VWXG\�DQG�GR�QRW�RYHUULGH�WKH�UHVXOWV�RI�
WKH�PRUH�GHILQLWLYH�PDLQ�VWXG\��:H�IHHO�WKH�VKRUWFRPLQJV�PHQWLRQHG�DW�WKH�FORVH�
RI�VHFWLRQ��$�PDNH�WKH�UHVXOWV�RI�WKH�ZHLJKW�UDWH�VWXG\�OHVV�VDWLVIDFWRU\�WKDQ�
WKRVH�RI�WKH�PDLQ�VWXG\��DQG�WKDW�QR�PDWWHU�ZKDW�VFKRRO�RI�VWDWLVWLFV�RQH�SUHIHUV�
WKHUH�LV�D�VXLWDEOH�LQWHUSUHWDWLRQ�IURP�WKH�PDLQ�VWXG\��2Q�WKH�RWKHU�KDQG��ZH�
PXVW�HPSKDVL]H�WKDW�WKH�ZHDNQHVVHV�RI�WKH�ZHLJKW�UDWH�VWXG\�DUH�QRW�HQWLUHO\�
LQKHUHQW�LQ�WKH�PHWKRG��EXW�UHVLGH�SDUWO\�LQ�RXU�H[HFXWLRQ�RI�LW��DQG�SDUWO\�LQ�WKH�
OLPLWHG�PDWHULDOV�RI�WKLV�SUREOHP��
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+RZ�GRHV�DQ�REVHUYDWLRQ�FKDQJH�RXU�EHOLHIV"�,Q�XQFHUWDLQ�LQIHUHQFH��%D\HV
�
WKHRUHP�RIIHUV�RQH�DQVZHU��:H�XVH�QXPHULFDO�SUREDELOLWLHV�WR�H[SUHVV�GHJUHHV�RI�
EHOLHI�DERXW�SURSRVLWLRQV�VXFK�DV� �+DPLOWRQ�ZURWH�SDSHU�1R�� ���� DQG�XVH�
%D\HV
�WKHRUHP�WR�DGMXVW�WKHVH�SUREDELOLWLHV�IRU�WKH�HYLGHQFH�LQ�KDQG��$�VH��
TXHQFH�RI�H[DPSOHV�LOOXVWUDWHV�ERWK�WKH�LGHDV�DQG�WKH�SUREOHPV�LQYROYHG�LQ�RXU�
WZR�GLIIHUHQW�XVHV�RI�%D\HV
�WKHRUHP�DQG�OHDGV�XV�WR�RXU�DFWXDO�DSSOLFDWLRQ��
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)UHTXHQF\� +DPLOWRQ� 0DGLVRQ�
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�� ������� ������
�� �������� �������
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$��$Q�H[DPSOH�RI�DSSO\LQJ�%D\HV
�WKHRUHP�ZLWK�LQLWLDO�RGGV�DQG�SDUDPHWHUV�
NQRZQ�

6XSSRVH�+DUDLOWRQ
V�DQG�0DGLVRQ
V�XVH�RI�WKH�ZRUG�DOVR�DUH�ZHOO�UHSUHVHQWHG�
E\�3RLVVRQ�GLVWULEXWLRQV�ZLWK�SDUDPHWHUV�Z�X+�DQG�ZO,0��ZKHUH�Z�LV�SDSHU�OHQJWK�
LQ�WKRXVDQGV�RI�ZRUGV�DQG�WKH��X
V�DUH�WKH�UDWHV�SHU�WKRXVDQG��6XSSRVH�IXUWKHU�
WKDW�WKH�UDWHV�DUH�NQRZQ�WR�EH��X+� ���� DQG�SL0� ����� 7KHQ�IRU�DQ�XQNQRZQ�
SDSHU�RI�OHQJWK�Z��� ������ZRUGV���WKH�SUREDELOLWLHV�IRU���WR���XVDJHV�E\�HDFK�
DXWKRU�DUH�VKRZQ�LQ�7DEOH�����WR�WKUHH�VLJQLILFDQW�ILJXUHV��
6XSSRVH�DOVR�LV�XVHG�IRXU�WLPHV�LQ�D�SDSHU�RI������ZRUGV�ZULWWHQ�HLWKHU�E\�

+DPLOWRQ�RU�E\�0DGLVRQ��ZKDW�DUH�WKH�RGGV�WKDW�+DPLOWRQ�ZURWH�WKH�SDSHU"�
1DWXUDOO\��WKH�DQVZHU�GHSHQGV�RQ�RXU�XQFHUWDLQW\��,I�ZH�ZHUH�QHDUO\�VXUH�EH��
IRUH�WKH�REVHUYDWLRQ�WKDW�+DPLOWRQ�ZURWH�LW��WKH�FRPSDULVRQ�RI�WKH�SUREDELOLWLHV��
�������DQG�������ZRXOG�QRW�PXFK�ZHDNHQ�RXU�EHOLHI��%XW�LI�LQLWLDOO\�ZH�WKRXJKW�
WKH�DXWKRUVKLS�ZDV�D�WRVVXS��WKH�HYLGHQFH�ZRXOG�JLYH�XV�QHZ�RGGV�RI����WR���
���������������LQ�IDYRU�RI�0DGLVRQ��1RZ�ZH�GHYHORS�WKHVH�LGHDV�IRUPDOO\��
/HW�SL�DQG�S� �� SL�EH�WKH�SUREDELOLWLHV�EHIRUH�WKH�REVHUYDWLRQV�WKDW�+\��

SRWKHVHV���DQG���UHVSHFWLYHO\�DUH�WUXH��)RU�H[DPSOH��+\SRWKHVLV���PLJKW�EH�WKDW�
+DPLOWRQ�ZURWH�WKH�SDSHU��+\SRWKHVLV���WKDW�0DGLVRQ�ZURWH�LW��/HW�I��[���L � ���
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��EH�WKH�FRQGLWLRQDO�SUREDELOLWLHV�RI�REVHUYLQJ�WKH�UHVXOW�[��JLYHQ�WKDW�+\SRWKH��
VLV�L�LV�WUXH��$VVXPH�WKDW�[�LV�RQH�RI�D�GLVFUHWH�VHW�RI�SRVVLEOH�REVHUYDWLRQV��7KH�
SUREDELOLW\�WKDW�WKH�VSHFLILF�UHVXOW�[�RFFXUV�LV�S�I��[���S�I��[���7KH�FRQGLWLRQDO�
SUREDELOLW\�WKDW�+\SRWKHVLV���LV�WUXH�JLYHQ�REVHUYDWLRQ�[�LV�

3�+\SRWKHVLV���-�[�� �
SOIO�[�� �� 3�I��;��

7KLV�UHVXOW�LV�D�VSHFLDO�FDVH�RI�%D\HV
�WKHRUHP��,W�FDQ�EH�H[WHQGHG�WR�WKH�FRQ��
WLQXRXV�FDVH��
%RWK�FRPSXWDWLRQDO�DQG�LQWXLWLYH�DGYDQWDJHV�DFFUXH�LI�ZH�XVH�RGGV�LQVWHDG�RI�

SUREDELOLWLHV��7KH�RGGV�IRU�+\SRWKHVLV���UHODWLYH�WR�+\SRWKHVLV���DUH�JLYHQ�E\�
WKH�UDWLR�RI�WKHLU�SUREDELOLWLHV��7KXV�WKH�RGGV�DUH�GHILQHG�WR�EH�

2GGV;������ [�� �3�+\SRWKHVLV�O�O�[��B� SLI��[�� �3� ����
3�+\SRWKHVLV�����[�� S�I��[�� 3��� ?�I��;��

 � �LQLWLDO�RGGV��;��OLNHOLKRRG�UDWLR�� � ILQDO�RGGV��

7KXV�SO�3�� LV�WKH�LQLWLDO�RGGV�GHWHUPLQHG�E\�RXU�EHOLHIV�SULRU�WR�WKH�H[HFXWLRQ�
RI�WKH�H[SHULPHQW�OHDGLQJ�WR�WKH�UHVXOW�[��DQG�IL�[��I��[��LV�WKH�OLNHOLKRRG�UDWLR�
GHWHUPLQHG�E\�WKH�GDWD�RI�WKH�H[SHULPHQW�LWVHOI��
7R�UHWXUQ�WR�RXU�H[DPSOH��VXSSRVH�LQLWLDOO\�ZH�DUH�YHU\�VXUH�WKDW�+DPLOWRQ�

ZURWH�WKH�QHZ�SDSHU��VD\�SL ������DQG�3� � ������WKHQ�WKH�LQLWLDO�RGGV�IRU�+DPLO��
WRQ�DUH�������RU������7KH�REVHUYHG�FRXQW�RI���XVDJHV�LQ�WKH�SDSHU�JLYHV�OLNHOL��
KRRG�UDWLR�IL����I������� ���������������� ����7KXV�WKH�ILQDO�RGGV�DUH�

2GGV�+DPLOWRQ��0DGLVRQ�,�[� � ��� ����������� � ������
RU�DERXW�����WR���IRU�+DPLOWRQ��

%�� 6HOHFWLQJ�ZRUGV�DQG�ZHLJKWLQJ�WKHLU�HYLGHQFH�

%D\HV
�WKHRUHP��DV�GHVFULEHG�LQ�HTXDWLRQ������FDQ�KHOS�XV�WR�VHOHFW�ZRUGV�IRU�
WKH�ILQDO�GLVFULPLQDWLRQ��DQG�WR�ZHLJKW�WKH�HYLGHQFH�IURP�HDFK�ZRUG��DV�ZH�QRZ�
LOOXVWUDWH��
/HW�XV�H[WHQG�RXU�SUHYLRXV�H[DPSOH�DQG�VXSSRVH�WKDW�LQGHSHQGHQW�3RLVVRQV�

ZLWK�WKH�NQRZQ�UDWHV�JLYHQ�LQ�7DEOH�����DSSO\�WR�DOVR��DQ��DQG�EHFDXVH��6XSSRVH�
D������ZRUG�SDSHU�E\�RQH�RI�RXU�WZR�DXWKRUV�FRQWDLQV���DOVR
V����DQ
V��DQG���
EHFDXVH
V��,I�+DPLOWRQ�LV�WKH�DXWKRU��WKH�SUREDELOLW\�RI�WKH�WULSOH�����������LV�WKH�
SURGXFW�RI�WKUHH�3RLVVRQ�SUREDELOLWLHV�IS������IS������IS��������ZKLOH�LI�0DGL��
VRQ�LV�WKH�DXWKRU�WKH�SUREDELOLW\�LV�IS������IS������IS��,�����)LQDOO\�WKH�OLNHOLKRRG�
UDWLR�IRU�WKH���ZRUGV�LV�WKH�SURGXFW�RI�WKH�OLNHOLKRRG�UDWLRV�IRU�WKH�VHSDUDWH�
ZRUGV��DQG�WKH�ZHLJKWLQJ�SUREOHP�LV�VROYHG��
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:RUG� +DPLOWRQ�UDWH� 0DGLVRQ�UDWH�

DOVR� ���� ����
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7KH�ORJDULWKPLF�IRUP�RI�%D\HV
�WKHRUHP�FDQ�EH�REWDLQHG�E\�WDNLQJ�WKH�ORJD��
ULWKP�RI�ERWK�VLGHV�RI�HTXDWLRQ�����WR�JHW�

)LQDO�ORJ�RGGV� � ,QLWLDO�ORJ�RGGV����ORJ�OLNHOLKRRG�UDWLR��

DQG�WKHQ�HYLGHQFH�IURP�LQGHSHQGHQW�PHDVXUHPHQWV�LV�DGGLWLYH�LQVWHDG�RI�PXOWL��
SOLFDWLYH��
)RU�D�VLQJOH�SDLU�RI�3RLVVRQ�GLVWULEXWLRQV�WKH�OLNHOLKRRG�UDWLR�LV�

.�  � �*�1�0�[H�Z�$+� $0��

DQG�WKH�ORJ�OLNHOLKRRG�UDWLR�LV�

;�[��  � [�ORJ��+/+��,0���� :��+� �0��

)RU�RQH�REVHUYDWLRQ�RQ�HDFK�RI�Q�LQGHSHQGHQW�ZRUGV�WKH�ORJ�OLNHOLKRRG�UDWLR�LV�

(�  �;L�� � (� >[L�ORJ��,L+�,�L0�� �� :�$L�� �� $LP$�

ZKHUH�WKH�VXEVFULSWV�KDYH�WKHLU�REYLRXV�PHDQLQJV��
,Q�FKRRVLQJ�LQGHSHQGHQW�ZRUGV�IRU�GLVFULPLQDWRUV��WKH�FULWHULRQ�LV�ZKHWKHU�

WKHLU�FRQWULEXWLRQ�LV�ZRUWK�WKH�FRVW�RI�LQFOXGLQJ�WKHP��)RU�NQRZQ�UDWHV��QR�ELDV�
DULVHV�IURP�VHOHFWLRQ��,Q�WKH�H[DPSOH��EHFDXVH�FDQQRW�FRQWULEXWH�PXFK�WR�WKH�ORJ�
RGGV�IRU�DQ\�SODXVLEOH�REVHUYDWLRQ��LQGHHG�LWV�OLNHOLKRRG�UDWLRV�IRU�[� ������������
DUH��VXFFHVVLYHO\������������������������,I�WKH�FRVW�RI�REVHUYLQJ�WKH�IUHTXHQF\�RI�
EHFDXVH�LV�KLJK��RU�LQ�PRUH�FRPSOLFDWHG�SUREOHPV��LI�WKH�FRVW�RI�FRPSXWLQJ�LV�
ODUJH��WKHQ�ZH�PD\�SUHIHU�WR�GLVFDUG�WKH�ZRUG��2I�FRXUVH��WKDW�GHFLVLRQ�VKRXOG�
QRW�EH�SUHFHGHG�E\�D�SHHN�DW�WKH�IUHTXHQFLHV�RI�EHFDXVH
V�LQ�WKH�XQNQRZQ�PDWH��
ULDO��

&�� ,QLWLDO�RGGV�
$OO�WKLV�VHHPV�SHUIHFWO\�VWUDLJKWIRUZDUG��ZKHUHLQ�OLH�WKH�GLIILFXOWLHV"�7KH�ILUVW�

LV�LQ�WKH�FKRLFH�RI�WKH�LQLWLDO�RGGV��KHUH��WKH�YDOXHV�RI�SL�DQG�3��� <RXU�ILQDO�RGGV��
SRVWHULRU�RGGV�ZLOO� GLIIHU�IURP�PLQH��LI�ZH�FKRRVH�GLIIHUHQW�YDOXHV�IRU�SL��,Q�
VRPH�SUREOHPV�WKH�FKRLFH�RI�SL�PLJKW�EH�PDGH�RQ�WKH�EDVLV�RI�REMHFWLYH�IUH��
TXHQFLHV��%XW�LQ�RWKHUV��SHUVRQDO�GHJUHH�RI�EHOLHI�PD\�EH�LQYROYHG��,Q�RXU�RZQ�
SUREOHP�\RX�PLJKW�UHJDUG�WKH�LQLWLDO�DXWKRUVKLS�RGGV�DV� ��IRU�DQ�XQNQRZQ�
SDSHU��UHJDUGLQJ�D�������FKDQFH�DV�DSSURSULDWH�WR�\RXU�GHJUHH�RI�LJQRUDQFH��2U�LI�
\RX�DUH�DQ�KLVWRULDQ�ZLWK�NQRZOHGJH�RI�WKH�SUREOHP�\RX�PD\�KDYH�TXLWH�VWURQOJ�
EHOLHIV�WKDW�OHDG�WR�WKH�DVVLJQPHQW�RI�ODUJH�RGGV�LQ�RQH�RU�WKH�RWKHU�GLUHFWLRQ��
1HYHUWKHOHVV��WKH�DQDO\VLV�RI�WKH�GDWD��XVLQJ�PRUH�DQG�EHWWHU�ZRUGV�WKDQ�WKH�
WKUHH�LQ�WKH�H[DPSOH��PD\�SURYLGH�D�OLNHOLKRRG�UDWLR�WKDW�RYHUZKHOPV�PQRVW�RI�WKH�
YDULDWLRQ�LQ�LQLWLDO�RGGV��7KHQ�WKH�ILQDO�RGGV��WKRXJK�VWLOO�YDULDEOH�IURP�SHUVRQ�
WR�SHUVRQ��ZRXOG�EH�YHU\�ODUJH��RU�YHU\�VPDOO��
)RU�H[DPSOH��D�OLNHOLKRRG�UDWLR�RI������ZRXOG�FRQYHUW�VWURQJ�LQLWLDO�RGGV�RI�����

IRU�+DPLOWRQ�WR�ILQDO�RGGV�RI������ ������WR���IRU�0DGLVRQ���,Q�WHUPV�RI�SUREDELO��
LWLHV��IRU�WKH�VDPH�H[DPSOH��LW�FRQYHUWV�DQ�LQLWLDO�SUREDELOLW\�RI������WR�D�ILQDO�
SUREDELOLW\�RI�������1DWXUDOO\��IRU�DQ\�VWUHQJWK�RI�GDWD��RSLQLRQV�FDQ�EH�VXIIL��
FLHQWO\�H[WUHPH�WKDW�WKH�GLUHFWLRQ�RI�RGGV�FDQQRW�EH�FKDQJHG��
,Q�VXPPDU\��E\�WKH�IDFWRUL]DWLRQ�RI�ILQDO�RGGV�LQWR�WKH�SURGXFW�RI�LQLWLDO�RGGV�

DQG�OLNHOLKRRG�UDWLR��WKH�GLIILFXOWLHV�LQ�DVVHVVLQJ�WKH�LQLWLDO�RGGV�KDYH�EHHQ�VHSD��
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UDWHG�IURP�WKH�VWDWLVWLFDO�DQDO\VLV�QHHGHG�WR�GHWHUPLQH�WKH�OLNHOLKRRG�UDWLR��
)XUWKHU��LI�WKH�OLNHOLKRRG�UDWLR�LV�ODUJH�HQRXJK��RU�VPDOO�HQRXJK��WKH�ILQDO�SURE��
DELOLWLHV��QRW�RGGV��RI�DXWKRUVKLS�DUH�FKDQJHG�RQO\�VOLJKWO\�E\�ZLGH�FKDQJHV�LQ�
WKH�LQLWLDO�RGGV��7KH�VWDWLVWLFDO�DQDO\VLV�LQ�RXU�VWXG\�LV�ODUJHO\�GHYRWHG�WR�WKH�
OLNHOLKRRG�UDWLR�WHUP��

'�� 8QNQRZQ�SDUDPHWHUV�

7KH�VHFRQG�GLIILFXOW\�DULVHV�IURP�XQFHUWDLQW\�LQ�WKH�GDWD�GLVWULEXWLRQ��:H�GR�
QRW�NQRZ�WKDW�LW�LV�3RLVVRQ��LQGHHG�ZH�KDYH�VHHQ�WKDW�WKHUH�LV�HYLGHQFH�IRU�WKH�
QHJDWLYH�ELQRPLDO��%XW�HYHQ�LI�WKH�IRUP�RI�WKH�GLVWULEXWLRQ�ZHUH�NQRZQ�H[DFWO\��
ZH�GR�QRW�NQRZ�LWV�SDUDPHWHUV�H[DFWO\��D�GLIILFXOW\�PDJQLILHG�E\�WKH�VHOHFWLRQ�RI�
EHVW�ZRUGV�IURP�PDQ\�FDQGLGDWHV��$QG��ILQDOO\��FDQ�ZH�EH�FRQILGHQW�WKDW�WKH�
SDUDPHWHUV�UHPDLQ�FRQVWDQW�IURP�RQH�VRUW�RI�WH[W�WR�DQRWKHU"�)RU�QRZ��OHW�XV�
ORRN�DW�WKH�GLIILFXOW\�RI�WKH�XQNQRZQ�SDUDPHWHU�YDOXH��
7KH�XVXDO�VRXUFH�IRU�LQIRUPDWLRQ�RQ�SDUDPHWHU�YDOXHV�LV�REVHUYDWLRQ�RI�ODUJH�

DPRXQWV�RI�GDWD�NQRZQ�WR�EH�VDPSOHG�IURP�HDFK�GLVWULEXWLRQ��,I�WKHVH�GDWD�
SURYLGH�SUHFLVH�SRLQW�HVWLPDWHV�S4+��,0� RI�WKH�SDUDPHWHUV��ZH�ZRXOG��LQ�WKH�WUDGL��
WLRQ�RI�ODUJH�VDPSOH�WKHRU\��XVH�WKH�HVWLPDWHV�LQ�SODFH�RI�WKH�NQRZQ�YDOXHV�WR�
HYDOXDWH�WKH�OLNHOLKRRG�UDWLRV��:H�XVH�WKLV�VDPH�DSSUR[LPDWLRQ�HYHQ�ZKHQ�RXU�
HVWLPDWHV�DUH�QRW�VR�SUHFLVH��
,Q�WKH�DFWXDO�SUREOHP��ZH�KDYH�DERXW��������ZRUGV�RI�WH[W�NQRZQ�WR�EH�ZULW��

WHQ�E\�+DPLOWRQ����������ZRUGV�E\�0DGLVRQ� VHHPLQJO\�YDVW�DQPRXQWV��\HW�
VXUSULVLQJO\�OLWWOH�IRU�PRVW�SXUSRVHV��,I�WKH�ZRUG�DOVR�KDG�WUXH�UDWHV�����DQG�����
LQ�+DPLOWRQ�DQG�0DGLVRQ�ZULWLQJV��ZYH�ZRXOG�H[SHFW�RQLO\����DQG����RFFXUUHQFHV��
UHVSHFWLYHO\��DQG�RXU�VWDQGDUG�HUURUV�IRU�WKH�REVHUYHG�PHDQ�UDWHV�ZRXOG�EH�
9�������������DQG�9�������� ������7KHVH�VWDQGDUG�HUURUV�DUH�QRW�QHJOLJLEOH��
DQG�VHOHFWLRQ�HIIHFWV�DUH�VHULRXV��7KH�ZRUG�DOVR�ZDV�FKRVHQ�DV�RQH�RI�WKH�EHWWHU�
ZRUGV�IRU�GLVFULPLQDWLRQ��RQ�WKH�EDVLV�RI�WKH�GLIIHUHQFH�EHWZHHQ�REVHUYHG�UDWHV��
VR�WKH�WUXH�UDWHV�DUH�OLNHO\�WR�EH�FORVHU�WRJHWKHU�WKDQ�WKH�REVHUYHG�UDWHV��
2QH�PHWKRG�RI�PDNLQJ�DOORZDQFHV�IRU�WKH�VHOHFWLRQ�HIIHFWV�DQG�IRU�JXLGLQJ�WKH�

FKRLFH�RI�SRLQW�HVWLPDWHV�IRU�DSSUR[LPDWH�GHWHUPLQDWLRQ�RI�OLNHOLKRRGV�PDNHV�
XVH�RI�%D\HV
�WKHRUHP��WKLV�WLPH�LQ�DSSOLFDWLRQ�WR�PDQ\�FRQWLQXRXV�SDUDPHWHUV��
UDWKHU�WKDQ�WR�WZR�K\SRWKHVHV��
:H�H[SUHVV�RXU�VWDWH�RI�NQRZOHGJH�DERXW�HDFK�DXWKRU
V�UDWHV�E\�SUREDELOLW\�

GLVWULEXWLRQV��7KHVH�SUREDELOLW\�GLVWULEXWLRQV�DUH�SRVWHULRU�GLVWULEXWLRQV�RE��
WDLQHG�IURP�DQ�DQDO\VLV�RI�SDSHUV�RI�NQRZQ�DXWKRUVKLS�WRJHWKHU�ZLWK�SULRU�LQIRU��
PDWLRQ�DERXW�FRPSDUDWLYH�DQG�DYHUDJH�UDWHV�RI�ZRUG�XVH��7KLV�DQDO\VLV��D�PDMRU�
SDUW�RI�RXU�VWXG\��LV�GHVFULEHG�LQ�VHFWLRQ����DQG�\LHOGV�DV�RXWSXW�IRU�HDFK�ZRUG��
WKH�SRVWHULRU�MRLQW�GHQVLW\��S�,+�� ,0��� RI�+DPLOWRQ
V�DQG�0DGLVRQ
V�UDWHV��%H��
FDXVH�WKH�UDWHV�,+� DQG�W0�DUH�GHSHQGHQW�D�SULRUL�DQG�D�SRVWHULRUL��WKH�PDUJLQDO�
SRVWHULRU�GHQVLWLHV��S�+�� DQG�S��X0��� FDQ�RQO\�EH�REWDLQHG�E\�QXPHULFDO�LQWHJUD��
WLRQV�IURP�S�K+�� \$0���
/HW�XV�UHWXUQ�WR�WKH�DOVR�H[DPSOH��DQG�WKH�SUREOHP�RI�DVVHVVLQJ�WKH�HYLGHQFH�

IURP���RFFXUUHQFHV�LQ�DQ�XQNQRZQ�SDSHU�RI������ZRUGV��:KDW�ZH�QHHG�DV�WKH�
OLNHOLKRRG�UDWLR�IDFWRU�IRU�FKDQJLQJ�LQLLWLDO�RGGV�WR�ILQDO�RGGV�LV�WKH�UDWLR�RI�WKH�
SUREDELOLW\�RI�REVHUYLQJ���RFFXUUHQFHV�RI�DOVR�LI�+DPLOWRQ�LV�WKH�DXWKRU�WR�WKH�
SUREDELOLW\�RI���RFFXUUHQFHV�LI�0DGLVRQ�LV�WKH�DXWKRU��2XU�PRGHO�GRHV�QRW�VSHF��
LI\�WKHVH�SUREDELOLWLHV��LW�VSHFLILHV�WKH�FRQGLWLRQDO�SUREDELOLW\�RI���RFFXUUHQFHV�
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JLYHQ�WKDW�+DPLOWRQ�LV�WKH�DXWKRU�DQG�JLYHQ�WKDW�KLV�UDWH�LV��+�� LQ�V\PEROV��
3�^�[� ���+���+� `��7KH�GHVLUHG�XQFRQGLWLRQDO�SUREDELOLW\�FDQ�EH�IRXQG�E\�DYHUDJ��
LQJ�WKH�FRQGLWLRQDO�SUREDELOLW\�RYHU�WKH�SRVWHULRU�GLVWULEXWLRQ�RI�WKH�UDWH�+��

3^[� �����+`�  � 3^[� �����+,�,� `3*S�$+�G+�  �(�3^[�  � ����+,� +`���

ZKHUH�WKH�WLOGH��� RYHU�$+�LQGLFDWHV�WKDW�WKH�H[SHFWDWLRQ�LV�WDNHQ�RYHU�WKH�GLVWUL��
EXWLRQ�RI�/X+��6LPLODUO\�

3^[ �I0`�  � 3^[� �����0���L0`� S�0�GX0�  � (�3^[�  �����0�\�M`���

VR�WKH�XQFRQGLWLRQDO�OLNHOLKRRG�UDWLR�LV�WKH�UDWLR�RI�WKH�WZR�H[SHFWDWLRQV�RU�
LQWHJUDOV��
(YHQ�IRU�WKH�3RLVVRQ�IDPLO\�RI�GLVWULEXWLRQV��FDUU\LQJ�RXW�WKH�LQWHJUDWLRQV�

UHTXLUHV��H[FHSW�IRU�VRPH�VSHFLDO�FDVHV��ELYDULDWH�QXPHULFDO�LQWHJUDWLRQV��7KH�
LQWHJUDOV�ORRN�XQLYDULDWH��EXW�WKH�PDUJLQDO�GHQVLWLHV�RI�,
+�PXVW�HDFK�EH�REWDLQHG�
E\�DQ�LQWHJUDWLRQ�IURP�WKH�MRLQW�GLVWULEXWLRQ�RI�3+�� L0� WKDW�%D\HV
�WKHRUHP�
\LHOGV��IRU�H[DPSOH��

3^[�  � ����+`�  I3,^[�  ����+��K+`� S��+�� $0�GGX+G,$0��

,Q�WKH�H[WHQVLRQ�WR�WKH�QHJDWLYH�ELQRPLDO�IDPLO\��WKH�LQWHJUDOV�EHFRPH�IRXU��
GLPHQVLRQDO��
$�QDWXUDO�DSSUR[LPDWLRQ�WR�DQ�H[SHFWDWLRQ�LV��

(�J�S���  � I�J�$�S�$�GSW� � J�$��
LQ�ZKLFK�WKH�IXQFWLRQ�LV�HYDOXDWHG�DW�VRPH�FHQWUDO�YDOXH�RI�WKH�GLVWULEXWLRQ�
S��X���7KH�PHDQ�PLJKW�EH�WKH�SUHIHUUHG�PHDVXUH�EXW�LW�FDQ�EH�GHWHUPLQHG�RQO\�
E\�LQWHJUDWLRQV�RI�WKH�W\SH�EHLQJ�DYRLGHG��7KH�PRGH�LV�D�PRUH�IHDVLEOH�FKRLFH�
ZHOO�DUWLFXODWHG�ZLWK�WKH�XVH�RI�%D\HV
�WKHRUHP��7KH�UHVXOW�RI�XVLQJ�WKLV�DSSUR[L��
PDWLRQ�LV�LGHQWLFDO�ZLWK�WKDW�REWDLQHG�ZKHQ�WKH�HVWLPDWHG�UDWHV�IWP���0� DUH�XVHG�
DV�WKH�NQRZQ�UDWHV��

��� +$1'/,1*� 81.12:1� 3$5$0(7(56� 2)� '$7$� ',675,%87,216�

:KHQ�SDUDPHWHUV�RI�D�GDWD�GLVWULEXWLRQ�DUH�XQNQRZQ��%D\HV
�WKHRUHP�UH��
TXLUHV�D�SULRU�GLVWULEXWLRQ�IRU�WKHVH�TXDQWLWLHV��DQG�WKH�SDUDPHWHUV�DUH�WUHDWHG�
DV�UDQGRP�YDULDEOHV�UDWKHU�WKDQ�FRQVWDQWV��)RU�WKH�3RLVVRQ��WKH�UDWH�SDUDPHWHUV�
8+�DQG�$0�IRU�HDFK�ZRUG�ZRXOG�EH�DVVLJQHG�D�SULRU�GLVWULEXWLRQ��DQG�WKH�SULRU�
ZRXOG�DOORZ�IRU�HIIHFWV�RI�VHOHFWLRQ�RI�DSSDUHQWO\�JRRG�GLVFULPLQDWRUV�IURP�ODUJH�
SRROV�RI�ZRUGV��7KH�GDWD�RQ�ZRUGV�LV�VXIILFLHQWO\�OLPLWHG�WKDW�D�IODW�SULRU�LV�LQDS��
SURSULDWH��

$�� (YDOXDWLQJ�WKH�SULRU�
:H�OLNH�WR�KDYH�SULRU�GLVWULEXWLRQV�EDVHG�RQ�GDWD��HYHQ�IHHEO\��7R�JHW�D�KROG�

RQ�WKH�SULRU�GLVWULEXWLRQV�ZH�XVH�WKH�REVHUYHG�GDWD�RQ�D�SRRO�RI�ZRUGV�XQVHOHFWHG�
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IRU�WKHLU�DELOLW\�WR�GLVFULPLQDWH��LQ�SDUWLFXODU�ZH�XVH�WKH����IXQFWLRQ�ZRUGV�IURP�
WKH�0LOOHU�1HZPDQ�)ULHGPDQ�OLVW��VHH�VHFWLRQ�����
7R�JHW�DYHUDJH�IUHTXHQF\�RI�RFFXUUHQFH�VHSDUDWHG�IURP�GLIIHUHQWLDO�IUHTXHQF\�

E\�WKH�WZR�DXWKRUV�ZH�LQWURGXFH�D�SDLU�RI�SDUDPHWHUV�IRU�HDFK�ZRUG��

$+�
�I�  � $+� �� $P�� 
U�  ���

+� �� J0�

&OHDUO\�R��PHDVXUHV�DYHUDJH�IUHTXHQF\��DQG�U�DELOLW\�WR�GLVFULPLQDWH��)RU�IL[HG�
�U�������WKH�ELJJHU�R��WKH�EHWWHU�WKH�GLVFULPLQDWLRQ��:KHQ�U� ������WKH�DXWKRUV�
KDYH�HTXDO�UDWHV��)RU�DXWKRUV�ZULWLQJ�WRJHWKHU�RQ�WKH�VDPH�WRSLF�DW�WKH�VDPH�
SHULRG��ZUH�VXSSRVH�WKDW�WKH�SULRU�GLVWULEXWLRQ�IRU�U�IRU�DQ\�ZRUG�ZRXOG�EH�
QHDUO\�V\PPHWULF�DQG�XQLPRGDO��7KH�VSUHDG�PD\�GHSHQG�RQ�R��2XU�SODQ�LV�WR�
JHW�D�URXJK�HVWLPDWH�RI�WKH�GLVWULEXWLRQ�RI�U�RYHU�RXU�SRRO�RI����ZRUGV��DQG�WR�
XVH�WKDW�HVWLPDWH�DV�D�SULRU�IRU�WKH�U�IRU�DQ\�ZRUG��:H�FDQQRW�H[SHFW�WR�GH��
WHUPLQH�WKH�GLVWULEXWLRQ�RI�U�H[DFWO\��EXW�ZH�FDQ�KRSH�WR�HVWLPDWH�LW�ZLWKLQ�D�
UDQJH�DGHTXDWH�IRU�RXU�XVHV��
$�JUDSKLFDO�WUHDWPHQW�LV�LQVWUXFWLYH��/HW� V P+�P0� HVWLPDWH�R���DQG�W�

�P+�V�HVWLPDWH�U��ZKHUH�WKH�P
V�DUH�REVHUYHG�UDWHV�IRU�D�JLYHQ�ZRUG��)RU�RXU�
PDWHULDO�V�KDV�D�VPDOO�VWDQGDUG�HUURU��VR�IRU�SUDFWLFDO�SXUSRVH�ZH�WDNH�V��� �� 7KH�
VWDQGDUG�HUURU�RI�W�GHSHQGV�RQ�ERWK�U�DQG�R��
,Q�)LJXUH�����WKH��V��W��SDLUV�DUH�SORWWHG�IRU�WKH����XQVHOHFWHG�IXQFWLRQ�ZRUGV��

�7KH�VTXDUH�URRW�VFDOH�LV�XVHG�IRU�WHFKQLFDO�UHDVRQV��7KH�FLUFOHG�SRLQWV�KDYH�EHHQ�
PRYHG�WR�WKH�OHIW���&XUYHV�%�DQG�&�LQ�WKH�ILJXUH�JLYH�WZR�VWDQGDUG�HUURU�EDQGV�
DURXQG�WKH�QXOO�YDOXH�U� ���� &XUYH�$�LV�ORFDWHG���VWDQGDUG�HUURUV�DERYH�WKH�
YDOXH�U �����DQG�&XUYH�'�WKH�VDPH�GLVWDQFH�EHORZ�U �����
7KH�YDULDWLRQ�YHUWLFDOO\�LQ�)LJXUH�����LV�PRUH�WKDQ�3RLVVRQ�YDULDWLRQ�FDQ�

VWDQG��%XW�LI�ZH�ZDQW�WR�HVWLPDWH�WKH�IUDFWLRQ�RI�ZRUGV�ZLWK�U�RXWVLGH�WKH�LQWHU��
YDO����WR�����WKH�HVWLPDWH�VKRXOG�EH�OHVV�WKDQ�WKH�REVHUYHG�IUDFWLRQ�����RI�W
V�RXW��
VLGH��EHFDXVH�VDPSOLQJ�YDULDWLRQ�DORQH�FRXOG�SXW�VRPH�W
V�RXWVLGH�HYHQ�LI�QR�U
V�
DUH��6LPLODUO\�WKH�WUXH�SURSRUWLRQ�RXWVLGH����WR����LV�OHVV�WKDQ�WKH�REVHUYHG������
,I�WKH�GLVWULEXWLRQ�RI�U�YDOXHV�ZHUH�D�EHWD�U\�������U������%��
\��\��ZLWK�HTXDO�

DUJXPHQWV�\��ZH�FRXOG�LQYHVWLJDWH�KRZ�WKH�SUREDELOLWLHV�YDU\�ZLWK�
<��:H�FKRVH�
WKH�IRUP�
< � O���� ���7�WR�DOORZ�GHFUHDVHG�YDULDELOLW\�IRU�U�ZLWK�LQFUHDVHG�D���$IWHU�
UHYLHZLQJ�WKH�EHKDYLRU�RI�\�ZH�GHFLGHG�WKDW�D�UDQJH�RI�\�EHWZHHQ���DQG����ZDV�
SODXVLEOH��7KHUHIRUH�ZH�VHOHFWHG�WKH�SDLUV�RI�YDOXHV�IRU�IO�DQG�I��� VKRZQ�LQ�7DEOH�
�����WKDW�ZRXOG�PRUH�WKDQ�KDQGOH�WKH�UDQJH��

%�� 7KH�LQWHUSUHWDWLRQ�RI�WKH�SULRU�
0RUH�IRUPDOO\��ZH�VXSSRVH�WKHUH�DUH�XQGHUO\LQJ�OLQJXLVWLF�TXDQWLWLHV�I������

WKDW�GHWHUPLQH�WKH�JHQHUDO�VLPLODULW\�RI�ZRUG�RFFXUUHQFHV�E\�+DPLOWRQ�DQG�

7$%/(� �����9$/8(6� 2)� I������ &+26(1� )25� 7+(�
,1,7,$/� &$/&8/$7,216�

�� �� ��� ��� �� �� ���
��� �� �� �� �� �� ��� ���
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),*�������6DPSOH�HVWLPDWHV��V����W�� RI�WKH�SDUDPHWHUV��DU���7���IRU����IXQFWLRQ�ZRUGV��
&XUYHV�%�DQG�&�VKRZ���VWDQGDUG�HUURU�EDQGV�IRU�W���LI�PQ� ���
&XUYH�$�VKRZV���VWDQGDUG�HUURU�EDQG�DERYH�U�� ����
&XUYH�'�VKRZV���VWDQGDUG�HUURU�EDQG�EHORZ�U��� ����

0DGLVRQ�IRU�D�ODUJH�SRRO�RI�ZRUGV�QRW�MXVW�WKH����XQVHOHFWHG�RQHV��:H�KDYH�
IXUWKHU�DVVXPHG�WKDW�JLYHQ�����%���WKH�SULRU�GLVWULEXWLRQV�RI�WKH�U�IRU�HDFK�ZRUG�
LQ�WKH�SRRO��JLYHQ�LWV�FU��DUH�DGHTXDWHO\�UHSUHVHQWHG�E\�LQGHSHQGHQW��V\PPHWULF�
EHWD�GLVWULEXWLRQV��ERWK�RI�ZKRVH�DUJXPHQWV�DUH�
\�  ����
���

&��(IIHFWV�RI�YDU\LQJ�WKH�SULRU�
/RJLFDOO\�WKH�2
V�DUH�SDUDPHWHUV�RI�WKH�GLVWULEXWLRQ�RI�WKH�GLIIHUHQWLDO�UDWH�

SDUDPHWHU�U��EXW�WKLV�WHUPLQRORJ\�LV�LQWROHUDEOH��VR�ZH�FDOO�WKHP��XQGHUO\LQJ�
FRQVWDQWV���7R�WU\�QH[W�WR�LQWURGXFH�D�SULRU�GLVWULEXWLRQ�IRU�IO��DQG� ��� L6� WR�
LQYLWH�DQ�LQILQLWH�UHJUHVVLRQ��,QVWHDG�ZH�UHSHDWHGO\�FDUU\�RXW�WKH�DQDO\VLV�DV��
VXPLQJ�NQRZQ�����I���IRU�VHYHUDO�VHWV�VKRZQ�LQ�7DEOH������1DWXUDOO\�DIWHU�WKH�
LQLWLDO�HYDOXDWLRQV�IXUWKHU�UHILQHPHQWV�FDQ�EH�LQWURGXFHG��7KH�HVVHQWLDO�IHDWXUH�
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LV�WKH�PDQ\�DQDO\VHV��ZLWK�WKHLU�IOXFWXDWLQJ�ORJ�RGGV��1HYHUWKHOHVV��WKH�YDULD��
WLRQ�PD\�QRW�EH�HQRXJK�WR�FKDQJH�WKH�ILQDO�DVVHVVPHQWV�RI�DXWKRUVKLS��

'�� 7KH�SRVWHULRU�GLVWULEXWLRQ�RI�D���U�

)RU�DQ\�SDLU�RI�XQGHUO\LQJ�FRQVWDQWV��������� WKH�SRVWHULRU�GHQVLW\�RI��R���U��
JLYHQ�WKH�GDWD�;+��;0�RQ�WKH�SDSHUV�RI�NQRZQ�DXWKRUVKLS��LV��E\�%D\HV
�WKHRUHP��

3�,�� M�,�;+��;0��  � &�;�� S���� 7��S�;+�� ;0�� ,�&��D�U�

5HWXUQ�WR�WKH�DOVR�H[DPSOH��:H�QRZ�XVH�WKH�DFWXDO�REVHUYHG�UDWHV�LQVWHDG�RI�
WKH�VLPSOLILHG�RQHV�SUHVHQWHG�HDUOLHU��)RU�WKH�3RLVVRQ��WKH�OLNHOLKRRG�RI�REVHUYLQJ�
���FRXQWV�LQ��������ZRUGV�RI�+DPLOWRQ�WH[W��DQG����LQ���������RI�0DGLVRQ�WH[W��
ZLWK�UDWHV��X+ �BU���0 R���U�� ���KDV�ORJDULWKP��

ORJ�3�;+�� ;0�� ,�D��� �� �� ��R�U��� ���ORJ�>��R�U@��� ORJ������� ���R������ U��

�� ���ORJ�>���R����U��@��� ORJ������

7KH�SULRU�GHQVLW\�ZLWK�,�� ��������  � �� �RXU�SUHIHUUHG�FKRLFH��KDV�ORJDULWKP��

ORJ�S�R���U�� � FRQVW���� ������ ���ORJ�>U����U�@��

ZKHUH�WKH�FRQVWDQW�LQFOXGHV�ORJ�%���������DQG�WKH�FRQVWDQW�SULRU�DVVLJQHG�WR� U��
7KHQ�E\�%D\HV
�WKHRUHP�WKH�SRVWHULRU�GHQVLW\�RI��R���U��IRU�DOVR�KDV�ORJDULWKP�

����+�����
ORJ�S�R���U�,�;+��;0��  � FRQO6W��� �� �� ������ ���ORJ�R��

�� ������ ���R��U��� ������� ������ ���� ���ORJU�

�� ���� �� ����� ���ORJ���� �U���

$SSUR[LPDWH�PHWKRGV�WHOO�XV�WKDW�WKH�PRGH�RI�WKH�SRVWHULRU�LV�QHDU��� �����;�
 ������ 7KH�HIIHFW�RI�WKLV�SULRU�LV�WR�JLYH�DQ�HVWLPDWH�U� � ������VRPHZKDW�QHDUHU�
WR�����WKDQ�WKH�HVWLPDWH�W� ����� EDVHG�RQ�WKH�REVHUYHG�UDWH��
6ROYH�IRU��+
� ����� D0 ����� $W�ODVW�ZH�DUH�UHDG\�WR�HVWLPDWH�RGGV�IRU�WKLV�VHW�

RI�XQGHUO\LQJ�FRQVWDQWV��,I�D�SDSHU�RI������ZRUGV�KDV���DOVR
V�ZH�PXOWLSO\�ERWK�
UDWHV�E\��������DQG�XVH�WKH�3RLVVRQ�WDEOHV�WR�JHW�IS���������IS��M��������MXVW�DV�
GHVFULEHG�DW�WKH�VWDUW�RI�VHFWLRQ����

(�� 1HJDWLYH�ELQRPLDO�

7KH�HQWLUH�VWXG\�ZDV�FDUULHG�RXW�LQ�SDUDOOHO�IRU�WKH�QHJDWLYH�ELQRPLDO�DQG�
3RLVVRQ�GDWD�GLVWULEXWLRQV��7KH�QHJDWLYH�ELQRPLDO�LQWURGXFHV�PDQ\�FRPSOLFD��
WLRQV�WKDW�VWURQJO\�LQIOXHQFHG�RXU�DOORFDWLRQ�RI�HIIRUW��EXW�IHZ�QHZ�LGHDV��7KLV�
EULHI�VWDWHPHQW�RI�WKH�WUHDWPHQW�RI�SULRU�GLVWULEXWLRQV�LV�JLYHQ�IRU�FRPSOHWHQHVV��
)RU�HDFK�ZRUG��IRXU�SDUDPHWHUV�DUH�QHHGHG��WKH�PHDQ�UDWH��X�DQG�QRQ�3RLVVRQ���

QHVV��� � ���.� IRU�HDFK�DXWKRU��7KH�PHDQ�UDWHV�ZHUH�KDQGOHG�H[DFWO\�DV�IRU�WKH�
3RLVVRQ��6WXG\�RI�PRPHQWV�HVWLPDWHV��LQ�WKH�VSLULW�RI�)LJXUH������VXJJHVWHG�WKDW�
QRQ�3RLVVRQQHVV���ZDV�QHDUO\�LQGHSHQGHQW�RI�WKH�UDWH����$�WDLO�UHGXFLQJ�WUDQV��
IRUPDWLRQ�IURP�D� WR�  ORJ������ ZDV�PDGH�IRU�HDFK�DXWKRU��DQG�WKHQ�WUDQV��
IRUPHG�WR�W� �3+�� 0�� ;T� � 3+�O� DQDORJRXVO\�WR�D��DQG�U��
:H�LQWURGXFHG���XQGHUO\LQJ�FRQVWDQWV����� �O������� �������� DQG�DVVXPHG�WKDW��

JLYHQ�WKH��
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This content downloaded from 128.122.184.172 on Mon, 19 Aug 2013 18:55:54 PM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


,1)(5(1&(� ,1� $1� $87+256+,3� 352%/(0� ����

7$%/(� �����),1$/� &+2,&(6� 2)� 6(76� 2)� 81'(5/<,1*� &2167$176�

6HW� ��� ��� ��� M�� RU��

��� ��� �� ��� ����� ����
��� ��� �� ��� ���� ����
��� ��� �� ��� ���� ����
��� �� �� �� ���� ����
��� �� �� �� ����� ����
��� �� �� ���� ����� ����

���� ,���a��LT�� DUH�LQGHSHQGHQW�DFURVV�ZRUGV��
�Y��U���L���T�DUH�LQGHSHQGHQW�RI�HDFK�RWKHU�IRU�HDFK�ZRUG��
R��KDV�D� GLVWULEXWLRQ�WKDW�FDQ�EH�DGHTXDWHO\�DSSUR[LPDWHG�E\�D� FRQVWDQW�
GHQVLW\��

FRQGLWLRQDO�RQ�D���U�KDV�WKH�V\PPHWULF�EHWD�GHQVLW\�

>U��� �� U��@�����D����%�������� ��D��� �� ��D����

;�KDV�WKH�V\PPHWULF�EHWD�GHQVLW\�>;����� ���@�����%������������
W� KDV�WKH�JDPPD�GHQVLW\�ZLWK�PHDQ�I��� DUJXPHQW� V���

�������� ��W���� OH��:��� ��)�U� ����

(DFK�TXLQWXSOH�RI��
V�LV�FDOOHG�D�VHW�RI�XQGHUO\LQJ�FRQVWDQWV�DQG�LV�DVVLJQHG�D�
FRGH�QXPEHU��7DEOH�����VKRZV�WKH�YDOXHV�RI�WKH�XQGHUO\LQJ�FRQVWDQWV�IRU�VL[�
VHWV�XVHG�LQ�WKH�GLVSOD\HG�ORJ�RGGV�LQ�VHFWLRQ����
)RU�HDFK�VHW�RI�XQGHUO\LQJ�FRQVWDQWV��WKH�PRGH�RI�WKH�SRVWHULRU�GLVWULEXWLRQ�RI�

����U��a������ ZDV�GHWHUPLQHG�IRU�HDFK�ZRUG��7KH�FRUUHVSRQGLQJ�YDOXHV�RI�WKH�SD��
UDPHWHUV�SL��D��DQG�<��� ��� �VXEVFULSWV���DQG���UHIHU�WR�+DPLOWRQ�DQG�0DGLVRQ��
UHVSHFWLYHO\��ZHUH�XVHG�LQ�WKH�FDOFXODWLRQ�RI�OLNHOLKRRG�UDWLRV�IRU�WKH�XQNQRZQ�
SDSHUV�DV�LI�WKH\�ZHUH�WKH�NQRZQ�SDUDPHWHUV��7DEOH�����VKRZV�WKH�SDUDPHWHUV�
HVWLPDWHG�LQ�WKLV�ZD\�IURP�VHW����RI�XQGHUO\LQJ�FRQVWDQWV�IRU�HDFK�RI�WKH����
ZRUGV�ILQDOO\�FKRVHQ�IRU�WKH�VWXG\��

)�� )LQDO�FKRLFHV�RI�XQGHUO\LQJ�FRQVWDQWV�
)RU�ERWK�WKH�3RLVVRQ�DQG�QHJDWLYH�ELQRPLDO�IDPLOLHV��D�YDULHW\�RI���
V�ZHUH�

XVHG��HDFK�JLYLQJ�D�GLIIHUHQW�SULRU�GLVWULEXWLRQ��)URP�WKH�SRRO�RI����XQVHOHFWHG�
ZRUGV��UDQJHV�RI�IO
V�ZHUH�HVWLPDWHG��7KH�VL[�FKRLFHV�VKRZQ�LQ�7DEOH�����DUH�
VSUHDG�RYHU�WKH�HVWLPDWHG�UDQJH��)RU�WKH�3RLVVRQ�������������DUH�LUUHOHYDQW��
7KH�HIIHFW�RI�����DQG� ��RQ�WKH�HVWLPDWLRQ�RI�WKH�GLIIHUHQWLDO�XVH�SDUDPHWHU�

7LV�HVVHQWLDOO\�WR�DGG�WR�WKH�RFFXUUHQFHV�RI�WKH�ZRUG�LQ�ERWK�WKH�+DPLOWRQ�DQG�
LQ�WKH�0DGLVRQ�WH[WV����������� H[WUD�RFFXUUHQFHV��ZKHUH�D�HVWLPDWHV�WKH�FRP��
ELQHG�UDWH�D���WKH�H[WUD�RFFXUUHQFHV�DUH�QRW�XVHG�WR�HVWLPDWH�Y����7KH�QHW�GLV��
FULPLQDWLQJ�SRZHU�RI�WKH�ZRUG�GHFUHDVHV�DV�������� LQFUHDVHV��IRU�ORZ�IUHTXHQF\�
ZRUGV��IOX�LV�LPSRUWDQW��IRU�KLJK�IUHTXHQF\�ZRUGV����� LV�LPSRUWDQW��
7KH�ILQDO��� �
V�FRQFHUQ�WKH�QRQ�3RLVVRQQHVV�SDUDPHWHUV�D������RI�WKH�QHJDWLYH�

ELQRPLDO��

*��&KRLFH�DQG�JURXSLQJ�RI�ZRUGV�IRU�XVH�RQ�WKH�XQNQRZQ�SDSHUV�
7KH�����ZRUGV�WKDW�HQWHUHG�WKH�PDLQ�VWXG\�ZHUH�UHGXFHG�WR����ZRUGV�FODVVHG�
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LQWR���JURXSV�EHIRUH�WKH�GLVSXWHG�SDSHUV�ZHUH�DQDO\]HG��,Q�WKH�ILUVW�VWHS������
ZRUGV�ZHUH�HOLPLQDWHG��EHFDXVH�WKHLU�GLVFULPLQDWLQJ�SRZHU�ZDV�ORZ��EHFDXVH�
FRPSXWDWLRQ�RI�SRVWHULRU�PRGH�RI�SDUDPHWHUV�KDG�IDLOHG��RU�EHFDXVH�WKH�ZRUG�
ZDV�UHJDUGHG�DV�YHU\�OLNHO\�FRQWH[WXDO�FRUUHVSRQGLQJ�WR�*URXS���LQ�WKH�ZHLJKW��
UDWH�VWXG\�RI�VHFWLRQ����
/RJ�RGGV�IRU�WKH�UHPDLQLQJ����ZRUGV�ZHUH�HYDOXDWHG�IRU�WKH�NQRZQ�SDSHUV�

DQG�H[DPLQHG�IRU�WURXEOHV��$�PDMRU�WURXEOH�ZDV�D� V\VWHPDWLF�GHYLDWLRQ�EH��
WZHHQ�WKH�0DGLVRQ�ZRUG�UDWHV�LQ�7KH�)HGHUDOLVW�DQG�WKRVH�LQ�WKH�ORQJ�1HXWUDO�
7UDGH�SDSHU��%\�PHWKRGV�WKDW�ZH�GR�QRW�SUHVHQW�KHUH��ZH�UHWDLQHG�RQO\�WKRVH�
ZRUGV�WKDW�ZHUH�KRPRJHQHRXV�DFURVV�WKH�0DGLVRQ�SDSHUV��,Q�DGGLWLRQ��ZH�
HOLPLQDWHG�DOO�ZRUGV�LQ�WKH�JURXS�FRQWDLQLQJ�SHUVRQDO�SURQRXQV�DQG�DX[LOLDU\�
YHUEV�DV�SRWHQWLDOO\�FRQWH[WXDO��7KH�QHW�ZDV����ZRUGV�LQ���JURXSV��FDOOHG�
%�$��%�%��%�*��%�(��%�=��DQG�GLVSOD\HG�LQ�7DEOH������ZLWK�WKH�HVWLPDWHG�
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SDUDPHWHUV�IRU�WKH�QHJDWLYH�ELQRPLDO�DQDO\VLV�IRU�VHW����RI�XQGHUO\LQJ�FRQVWDQWV��
*URXSV�%�$��%�%��%�*�FRQWDLQ�IXQFWLRQ�ZRUGV�IURP�WKH�0LOOHU�1HZPDQ��

)ULHGPDQ�OLVW��VHH�VHFWLRQ�����XSRQ�LQ�$��KLJK�IUHTXHQF\�ZRUGV��E\�WKHLU�FRXQW��
LQ�%��DQG�ORZ�IUHTXHQF\�ZRUGV�LQ�*��*URXSV�%�(� DQG�%�=�FRQWDLQ�ZRUGV�RE��
WDLQHG�IURP�WKH�LQLGH[��DV�GHVFULEHG�LQ�VHFWLRQ����WKH��ZHOO�OLNHG��ZRUGV�LQ�(��
WKH�UHVW�LQ�=��7KH�ORZ�IUHTXHQF\�ZRUGV�DPRQJ�WKH�ILQDO����DUH�VRPHWLPHV�FDOOHG�
�PDUNHUV��+DPLOWRQ�PDUNHUV�RU�0DGLVRQ�PDUNHUV�EHFDXVH�HYHQ�RQH�RF��
FXUUHQFH�LV�LQGLFDWLYH�RI��VD\��+DPLOWRQ��

��� 7+(� 5(68/76� 2)� 7+(� 0$,1� 678'<�

,Q�WKLV�VHFWLRQ�ZH�JLYH�RXU�UHVXOWV��UHVHUYLQJ�DGMXVWPHQWV�IRU�VHFWLRQ����2XU�
SUHVHQWDWLRQ�LV�D�VSULQNOLQJ�RI�WKH�ORJ�RGGV�IURP�IURP�DPRQJ�WKH�����;���� ����
QXPEHUV�IRU�����SDSHUV�����ZRUGV��DQG����VHWV�RI�XQGHUO\LQJ�FRQVWDQWV��

$�� &KHFNLQJ�WKH�PHWKRG�

:H�SUHVHQW�WKH�WRWDO�ORJ�RGGV�IRU����SDSHUV�E\�HDFK�DXWKRU�LQ�7DEOH������
)RU�HDFK�DXWKRU��ZH�JLYH�KLV�ILUVW���SDSHUV�IURP�7KH�)HGHUDOLVW��DQG��LQ�DGGLWLRQ��
IRU�+DPLOWRQ��3DFLILFXV�,��,,��DQG�,,,� �FRGH�QXPEHU�����������������IRU�0DGLVRQ��
+HOYLGLXV�,,�� ,,,�� DQG�,9� �FRGH�QXPEHU�����������������3DSHUV�H[WHULRU�WR�
7KH�)HGHUDOLVW�DUH�GLVSOD\HG�WR�JLYH�D�QRWLRQ�RI�ZKDW�KDSSHQV�ZKHQ�WKH�PHWKRG�

7$%/(� �����727$/�1$785$/�/2*�2''6� )25�3$3(56� 2)�.12:1�$87+25��
6+,3�����%<�+$0,/721� $1'����%<�0$',621�� 727$/�)25����),1$/�:25'6��

��6(76� 2)� 81'(5/<,1*� &2167$176�� ��',675,%87,216�

+DPLOWRQ�

3DSHU� 3DSHU� 1HJDWLYH�ELQRPLDO� 3RLVVRQ�
QXEU� OHQJWK�QXPEHU��WKRXVDQGV�� 6HW�RI�XQGHUO\LQJ�FRQVWDQWV� 6HW�RI�XQGHUO\LQJ�FRQVWDQWV�
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��� ���� ����� ����� ����� ������ ������ ���� ����� ����� ������

'LVSXWHG�
��� ������ ����� ����� ���� �� ���� ���� ������ ����� ����� ����
��� ���� �� ���� �� ���� ���� �� ���� ���� ���� ������ ����� ����
��� ������ ����� ����� ���� ����� ���� ������ ����� ����� ����
��� ���� ����� ������ ���� ��� ��� ���� ���� ������ �� ���� ����
��� ������ ����� ����� ������ ����� ���� ������ ����� ����� ����

FRXUVH��WKH�SULRU�GLVWULEXWLRQV�IRU�WKH�SDUDPHWHUV�DUH�D�PHWKRG�RI�ZHLJKWLQJ��
2Q�WKH�RWKHU�KDQG��WKH�FKRLFH�RI�WKH�SULRU�FDQ�PDWWHU��,W�LV�WKH�DJUHHPHQW�ZLWK�
GDWD�WKDW�SXWV�XV�LQ�D�SDUWLFXODU�UHJLRQ�RI�WKH�VSDFH�RI�SULRU�GLVWULEXWLRQV��
6RPH�SHRSOH�DVN��:KR�LV�WR�EH�WKH�RIILFLDO�JXHVVHU�RI�SULRUV"��DQG��:RQ
W�

GLIIHUHQW�SHRSOH�JHW�GLIIHUHQW�UHVXOWV"���7KH�DQVZHUV�DUH��1R�RQH���DQG��<HV���
7KH�SRVLWLRQ�LV�VLPLODU�WR�WKDW�RI�WKH�FKRLFH�RI�WKH�GDWD�GLVWULEXWLRQ�LQ�DQ\�
VRUW�RI�VWDWLVWLFDO�DQDO\VLV��7KHUH�LV�QR�RIILFLDO�FKRRVHU�RI�GDWD�GLVWULEXWLRQV��
DQG�SHRSOH�ZKR�FKRRVH�GLIIHUHQW�RQHV�GR�JHW�GLIIHUHQW�DQVZHUV��)XUWKHUPRUH��QR�
ZLVH�FKRRVHU�HYHU�IHHOV�KH�KDV�FKRVHQ�MXVW�H[DFWO\�WKH�FRUUHFW�GDWD�GLVWULEXWLRQ��
1DWXUDOO\��WKH�FKRRVHU�XVHV�D�YDULHW\�RI�PRUH�RU�OHVV�REMHFWLYH�PHWKRGV�WR�KHOS�
KLP�FKRRVH��DV�ZH�KDYH�GRQH�LQ�VWXG\LQJ�ZRUG�GLVWULEXWLRQV��2XU�VWXG\�LQ��
GLFDWHV�WKDW�LQ�VRPH�SUREOHPV�DW�OHDVW�DQG�LQ�RXUV�LQ�SDUWLFXODU�WKHUH�DUH�ZD\V�
RI�JHWWLQJ�SULRUV�WKDW�DUH�QRW�EOLQG�JXHVVHV��EXW�WKDW�KDYH�D�IRXQGDWLRQ�LQ�GDWD��
D�IRXQGDWLRQ�ZKRVH�ILUPQHVV�LV�OLNH�WKDW�RI�WKH�FKRLFH�RI�GDWD�GLVWULEXWLRQV��
6RPH�SHUVRQDOLVWV�PD\�IHHO�ZH�JR�WRR�IDU�LQ�SUHVVLQJ�WKH�FRUUHVSRQGHQFH�EH��

WZHHQ�FKRRVLQJ�SULRU�GLVWULEXWLRQV�DQG�WKH�ILWWLQJ�RI�GLVWULEXWLRQV�E\�FRQVLGHUD��
WLRQV�RI�UHDO�GDWD��,Q�WKH�HQG��WKH\�IHHO�WKDW�LW�LV�GHJUHH�RI�EHOLHI�WKDW�LV�EHLQJ�
DGMXVWHG�UDWKHU�WKDQ�REMHFWLYH�IUHTXHQFLHV��DQG�WKDW�RXU�HPSKDVLV�LV�PLV��
SODFHG��:H�IHHO�WKDW�ZKHUH�UHDO�GDWD�LV�DYDLODEOH��LW�ZRXOG�EH�XVHG��DQG��ZKHUH�
LW�LV�QRW��H[SHUWLVH�LQ�WKH�VXEMHFW�PDWWHU�DUHD�ZRXOG�EH�LPSRUWDQW��DQG�DJUHH��
PHQW�KDUG�WR�ILQG��,Q�VXFK�FDVHV�WKH�REVHUYHG�GDWD�PD\�QHHG�WR�EH�YHU\�VXE��
VWDQWLDO�LI�LW�LV�WR�VZDPS�WKH�YDULDWLRQ�LQ�SULRUV�RZLQJ�WR�LJQRUDQFH��
��� 'DWD� GLVWULEXWLRQV�DUH�LPSRUWDQW�DQG�QHHG�LQYHVWLJDWLRQ��/RRNLQJ�DJDLQ�

DW�7DEOH�����IRU�3DSHU�1R������IRU�LQVWDQFH��ZH�ILQG�WKDW�WKH�ORJ�RGGV�PRUH�
WKDQ�GRXEOHG�ZKHQ�ZH�ZHQW�IURP�WKH�QHJDWLYH�ELQRPLDO�WR�WKH�3RLVVRQ��$�����
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SHU�FHQW�FKDQJH�LQ�ORJ�RGGV��RU�D�IDFWRU�RI��������LQ�WKH�RGGV��LV�QRW�WR�EH�
LJQRUHG��:KLOH�ZH�KDYH�PDGH�PRGHVW�SURJUHVV�RQ�WKH�TXHVWLRQ�RI�WKH�DVVHVV��
PHQW�RI�GDWD�GLVWULEXWLRQV��ZH�KDYH�QRW�PDUUHG�WKH�VXUIDFH�RI�WKH�SUREOHP��7KH�
IDFW�LV�FOHDU��LQ�%D\HVLDQ�VWXGLHV�WKH�GDWD�GLVWULEXWLRQ�FDQ�EH�HQRUPRXVO\�LP��
SRUWDQW��DQG�LQ�WKLV�VWXG\�LW�FOHDUO\�LV��,I�%D\HVLDQ�PHWKRGV�DUH�WR�EH�ZLGHO\�
XVHG�ZH�QHHG�VRPH�QHZ�ZD\V�RI�FKRRVLQJ�DQG�DVVHVVLQJ�GDWD�GLVWULEXWLRQV��
$QG�ZH�SUHVXPH�WKDW�WKH�LQYHVWLJDWLRQ�ZLOO�UHTXLUH�D� QHZ�HPSLULFDO�DQG�
WKHRUHWLFDO�HIIRUW�FRPSDUDEOH�LQ�PDJQLWXGH�WR�WKDW�H[WHQGHG�RQ�WKH�WKHRU\�RI�
GLVWULEXWLRQV�XQWLO�������
��� 5RXWLQH�SD\V�RII��:H�ZHUH�VXUSULVHG�WKDW�LQ�WKH�HQG��LW�ZDV�WKH�XWWHUO\�

PXQGDQH�KLJK�IUHTXHQF\�IXQFWLRQ�ZRUGV�WKDW�GLG�WKH�EHVW�MRE��7KRXJK�ZH�ORYH�
WKHP�IRU�WKHLU�ODFN�RI�FRQWH[WXDOLW\��WKHLU�ILQDO�VWUHQJWK�ZDV�DV�XQH[SHFWHG�DV�
LW�ZDV�ZHOFRPH��7KH�UHVXOW�LV�UHPLQLVFHQW�RI�D�KDUG�IDFW�SHUHQQLDOO\�EHLQJ�GLV��
FRYHUHG�LQ�WKH�VRFLDO�VFLHQFHV��)RU�WKH�IRUHFDVWLQJ�RI�D�JUHDW�PDQ\�IDFHWV�RI�D�
PDQ
V�EHKDYLRU��LW�LV�KDUG�WR�EHDW�WKH�XVXDO�WLUHG�ROG�VRFLR�HFRQRPLF�YDULDEOHV�
DQG�WKH�VWDQGDUG�SHUVRQDO�EDFNJURXQG�GDWD��
��� 7KH�PDLQ�VWXG\�LV�UREXVW�DJDLQVW�FKDQJHV�LQ�W\SH�RI�HVVD\��7KH�PHWKRG�

SHUIRUPHG�VDWLVIDFWRULO\�RQ�ERWK�)HGHUDOLVW�PDWHULDO�DQG�RQ�HVVD\V�H[WHULRU�WR�
7KH�)HGHUDOLVW��6XFK�UREXVWQHVV�LV�HQFRXUDJLQJ�LQ�FRQVLGHULQJ�WKH�PHWKRG�IRU�
RWKHU�VWXGLHV�DQG�LQ�DVVHVVLQJ�WKH�JHQHUDOLW\�RI�WKH�SUHVHQW�LQIHUHQFH��7KH�GLV��
SXWHG�SDSHUV�FRXOG�EH�DV�FRQWH[WXDOO\�GLVSDUDWH�DV�WKH�3DFLILFXV�RU�+HOYLGLXV�
SDSHUV�IRU�DOO�ZH�NQRZ��
��� 7ZR�RI�WKH�MRLQW�SDSHUV�DUH�PDLQO\�WKH�ZRUN�RI�0DGLVRQ��WKH�WKLUG�SUH��

VHQWV�D�SX]]OH��7KH�MRLQW�SDSHUV�1RV�����DQG����VHHP�PDLQO\�WR�EH�WKH�ZRUN�RI�
0DGLVRQ��1R�����SUHVHQWV�DQ�LQWHUHVWLQJ�QHZ�SUREOHP�FDQ�ZH�VRUW�RXW�WKH�
FRQWULEXWLRQ�RI�D�SRVVLEOH��XQZLWWLQJ��WKLUG�SDUW\��6LU�:LOOLDP�7HPSOH��VR�DV�WR�
DVVHVV�SURSHUO\�+DPLOWRQ
V�VKDUH"�

��� $'-8670(176� 72� 7+(� /2*� 2''6�

7KH�ORJ�RGGV�SUHVHQWHG�GHSHQG�RQ�PDQ\�DVVXPSWLRQV�DQG�DSSUR[LPDWLRQV��
:H�KDYH�VWXGLHG�WKH�HIIHFWV�RI�VHYHUDO�LPSRUWDQW�RQHV�DQG�EULHIO\�GHVFULEH�WKH�
UHVXOWV��EXW�QRW�WKH�WKHRU\�RU�PHWKRG��

$��(IIHFW�RI�PRGDO�HVWLPDWLRQ�
7KH�HIIHFW�RI�XVLQJ�PRGDO�HVWLPDWHV�LV�WR�H[DJJHUDWH�WKH�RGGV��$�YHU\�URXJK�

UXOH�LV��ORJ�RGGV�VKRXOG�EH�GHIODWHG�E\�DERXW����SHU�FHQW��

%�� (IIHFW�RI�FRUUHODWLRQ�

7UHDWLQJ�ZRUGV�DV�LQGHSHQGHQW�PD\�HLWKHU�LQIODWH�RU�GHIODWH�WKH�HVWLPDWHG�
RGGV��2XU�LQYHVWLJDWLRQ�VXJJHVWHG�WKDW�WKH�REVHUYHG�RGGV�VKRXOG�EH�GHIODWHG�E\�
DERXW���SHU�FHQW��

&��(IIHFW�RI�UHJUHVVLRQ�
$�VWXG\�RI�UHJUHVVLRQ�FRPSDUHV�WKH�PHDQ�ORJ�RGGV�LQ�WKH�SDSHUV�RI�NQRZQ�

DXWKRUVKLS�DQG�LQ�WKH�GLVSXWHG�SDSHUV�ZLWK�WKH�H[SHFWHG�ORJ�RGGV�LI�WKH�HV��
WLPDWHG�SDUDPHWHUV�DUH�WUXH��)RU�ERWK�GLVWULEXWLRQV��WKH�H[SHFWHG�ORJ�RGGV�
VKRZ�WKDW�WKH�SULRU�GLVWULEXWLRQV�IRUHFDVW�WKDW�LQ�IUHVK�SDSHUV�WKH�PHDQ�ORJ�
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RGGV�ZLOO�EH�DERXW���OHVV�WKDQ�WKH�ORJ�RGGV�DOUHDG\�REVHUYHG�IRU�WKH�SDSHUV�RI�
NQRZQ�DXWKRUVKLS��7KH�GLVSXWHG�SDSHUV�DUH�IUHVK�DQG�UDWKHU�FOHDUO\�E\�0DGL��
VRQ��DQG�WKH\�VKRZ�OHVV�UHJUHVVLRQ�WKDQ�IRUHFDVW�IRU�0DGLVRQ�SDSHUV��,QGHHG��
IRU�WKH�QHJDWLYH�ELQRPLDO�WKH\�DUH�DERXW�����VWDQGDUG�GHYLDWLRQV�DERYH�WKH�
IRUHFDVW��DQG�IRU�WKH�3RLVVRQ�DERXW����VWDQGDUG�GHYLDWLRQV�DERYH��

'�� (IIHFW�RI�FKDQJHV�LQ�ZRUG�FRXQWV�

7KH�UHFHQW�&RRNH�HGLWLRQ�>�@�RI�7KH�)HGHUDOLVW�FDOOV�DWWHQWLRQ�WR�FKDQJHV�EH��
WZHHQ�WKH�RULJLQDO�QHZVSDSHU�HGLWLRQ�DQG�YDULRXV�ERRN�HGLWLRQV��7KLV�YDOXDEOH�
OLVW�FDPH�WRR�ODWH�WR�DIIHFW�RXU�FDOFXODWLRQV��EXW�RQO\�WZR�FKDQJHV�DUH�DW�DOO�
LPSRUWDQW�DQG�WKHVH�DIIHFW�WZR�LPSRUWDQW�PDUNHU�ZRUGV�LQ�WZR�GLVSXWHG�SDSHUV��
2I�WKH���ZKLOVW
V�LQ�SDSHU�1R������RQH�ZDV�DGGHG�E\�+DPLOWRQ�LQ�SUHSDULQJ�WKH�

0F/HDQ�HGLWLRQ�RQ�ZKLFK�RXU�ZRUN�LV�ODUJHO\�EDVHG��5HPRYLQJ�LW�FKDQJHV�WKH�
ORJ�RGGV�LQ�VHW����E\�RQH�XQLW�IURP������� WR��������
,Q�SDSHU�1R�� ����DQ�XSRQ�LQ�WKH�QHZVSDSHU�HGLWLRQ�ZDV�GHOHWHG�IRU�WKH�

0F/HDQ�HGLWLRQ��LQFUHDVLQJ�WKH�ILQDO�ORJ�RGGV�E\�����IURP������� WR��� ������1R�
RWKHU�FKDQJHV�RI�VLQJOH�ZRUGV�FRXOG�KDYH�FDXVHG�VR�JUHDW�D�VKLIW�DV�WKHVH�IRU�
XSRQ�DQG�ZKLOVW��\HW�WKH�RGGV�DUH�VWLOO�VDWLVI\LQJO\�IDW��

(�� $UH�WKH�RGGV�WR�EH�EHOLHYHG"�
(YHQ�DIWHU�WKH�GHIODWLRQV�GLVFXVVHG�DERYH��WKH�RGGV�FDQQRW�EH�WDNHQ�HQWLUHO\�

DW�IDFH�YDOXH��7KH�SRVVLELOLW\�RI�VRPH�VRUWV�RI�ZKDW�ZH�FDOO�RXWUDJHRXV�HYHQWV�
WKDW�ZH�UHJDUG�DV�RXWVLGH�WKH�IUDPHZRUN�RI�WKH�PRGHO�PXVW�EH�DOORZHG�IRU��
(YHU\RQH�ZRUULHV�ZKHWKHU�+DPLOWRQ�ZURWH�DQG�0DGLVRQ�KHDYLO\�UHYLVHG�WKH�
GLVSXWHG�SDSHUV��:H�WKLQN�WKLV�XQOLNHO\�QRW�RQO\�IRU�KLVWRULFDO�UHDVRQV��EXW�EH��
FDXVH�WKH�WDVN�RI�PDNLQJ�WKH�VHW�RI�UDWHV�DQG�ORJ�RGGV�PDWFK�ZHOO�ZLWK�0DGL��
VRQ
V�FULWHULRQ�VHW�LPSOLHV�HQRUPRXV�UHYLVLRQV�IURP�+DPLOWRQ
V�RULJLQDO�FRS\��
:H�WDNH�WKLV�XS�DW�JUHDWHU�OHQJWK�HOVHZKHUH�>�@��7KH�SRVVLELOLW\�RI�EOXQGHUV�RU�
HUURUV�LQ�FDOFXODWLRQ�LV�DOZD\V�SUHVHQW��6XFK�SRVVLELOLWLHV�UHGXFH�H[WUHPH�RGGV�
YHU\�FRQVLGHUDEO\��EXW�ZRXOG��LI�WKH�UHDGHU�WKRXJKW�KLJKO\�RI�WKH�ZRUN��UHGXFH�
PRGHVW�RGGV�UHODWLYHO\�OLWWOH��7KXV�LQ�WKH�IUDPHZRUN�RI�WKH�PRGHO�RI�SDSHUV�
LQGHSHQGHQWO\�SURGXFHG�E\�RQH�RU�WKH�RWKHU�DXWKRU�VXEMHFW�WR�PXFK�WKH�VDPH�
ZULWLQJ�KDELWV�DV�XVXDO��RGGV�RI�PLOOLRQV�WR�RQH�DUH�XQGHUVWDQGDEOH��%XW�ZKHQ�
RXWUDJHRXV�HYHQWV�DUH�JLYHQ�WKHLU�ULJKWIXO�UROH��WKRXVDQGV�WR�RQH�PD\�EH�VWLOO�
D�ELW�H[WUHPH��
7R�WKH�VWDWLVWLFLDQ�ZKR�DVNV�KRZ�ZH�FDQ�JHW�RGGV�RI�HYHQ�WKRXVDQGV�WR�RQH�

ZKHQ�ZH�KDYH�RQO\�DERXW�����SDSHUV�DOWRJHWKHU��WKH�DQVZHU�LV�WKDW�WKH�GLV��
WULEXWLRQ�WKHRU\��ZKLFK�LV�UDWKHU�ZHOO�IRXQGHG�LQ�GDWD��VXSSOLHV�VRPH�RI�WKLV�
VWUHQJWK��EXW�WKH�PDMRU�SDUW�FRPHV�IURP�WKH�LQGHSHQGHQW�IDLUO\�PRGHVW�FRQ��
WULEXWLRQV�IURP�PDQ\�YDULDEOHV��

���&21&/86,216�

+HUH�ZH�SUHVHQW�WKH�FRQFOXVLRQV�RI�RXU�VWXG\�ZLWKRXW�DUJXPHQW��:H�PD\�JR�
WRR�IDU�LQ�WKHVH�FRQFOXVLRQV��FRQVLGHULQJ�WKDW�ZH�KDYH�RQO\�RQH�ODUJH�GDWD�
DQDO\VLV�WR�EDVH�WKHP�RQ��EXW�WKH\�VKRXOG�VHUYH�WR�VWLPXODWH�WKRXJKW��HYHQ�LI�
WKH\�ODWHU�UHTXLUH�UHYLVLRQ��
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5HVXOWV�RQ�7KH�)HGHUDOLVW�DV�D�FDVH�VWXG\��

���� 2XU�GDWD�LQGHSHQGHQWO\�VXSSOHPHQW�WKDW�RI�WKH�KLVWRULDQ��2Q�WKH�EDVLV�
RI�RXU�GDWD�DORQH��0DGLVRQ�LV�H[WUHPHO\�OLNHO\��LQ�WKH�VHQVH�RI�GHJUHH�RI�EHOLHI��
WR�KDYH�ZULWWHQ�WKH�GLVSXWHG�)HGHUDOLVWV��ZLWK�WKH�SRVVLEOH�H[FHSWLRQ�RI�1R������
DQG�WKHUH�RXU�HYLGHQFH�LV�ZHDN��VXLWDEOH�GHIODWHG�RGGV�DUH����WR���IRU�0DGLVRQ��
1R������QH[W�ZHDNHVW��LV�D�VWURQJ�����WR���IRU�0DGLVRQ��7KH�GDWD�DUH�VWURQJ�IRU�
DOO�WKH�UHVW��LQFOXGLQJ�WKH�WZR�SDSHUV�KLVWRULDQV�IHHO�ZHDNHVW�DERXW��1RV��
���DQG�����

���� $PRQJ�WKH�MRLQW�SDSHUV��1RV�����DQG����ORRN�DV�LI�0DGLVRQ�ZURWH�WKH�
OLRQ
V�VKDUH��1R�����UHTXLUHV�D�PRUH�VXEWOH�DQDO\VLV�RI�LWV�SRVVLEOH�FRQWDPLQD��
WLRQ�E\�WKLUG�SDUWLHV�EHIRUH�+DPLOWRQ
V�VKDUH�FDQ�EH�DVVHVVHG��

���� &KRLFH�RI�SULRU�GLVWULEXWLRQ�PDWWHUHG�OLWWOH�FRPSDUHG�WR�RWKHU�VRXUFHV�RI�
YDULDWLRQ��

���� &KDQJHV�LQ�WKH�GDWD�GLVWULEXWLRQ�KDG�HQRUPRXV�HIIHFWV�RQ�WKH�RXWSXW��
EXW�ERWK�3RLVVRQ�DQG�QHJDWLYH�ELQRPLDO�SHUIRUPHG�EHWWHU�LQ�WKH�GLVSXWHG�
SDSHUV�WKDQ�WKH�WKHRU\�RI�WKHVH�PRGHOV�IRUHFDVWV��

���� 7KH�PDLQ�VWXG\�VKRZV�VWDEOH�GLVFULPLQDWLRQ�IRU�HVVD\V�RQ�YDULRXV�VXE��
MHFWV��WKH�ZULWLQJ�VSUHDG�RYHU�D�TXDUWHU�RI�D�FHQWXU\��

���� 7KH�FODVVLFDO�ZHLJKW�UDWH�VWXG\�JLYHV�UHVXOWV�VLPLODU�WR�WKH�PDLQ�VWXG\��
H[FHSW�WKDW�WKH�UHVXOWV�DSSHDU�ZHDNHU��1R�����VOLJKWO\�IDYRUV�+DPLOWRQ��DQG�
1R�����VOLJKWO\�IDYRUV�0DGLVRQ��6DPSOLQJ�YDULDWLRQ�FRXOG�UHYHUVH�HLWKHU�RQH��

5HPDUNV�RQ�DXWKRUVKLS�SUREOHPV�
���� 7KH�IXQFWLRQ�ZRUGV�RI�WKH�ODQJXDJH�DSSHDU�WR�EH�D�IHUWLOH�VRXUFH�RI�GLV��

FULPLQDWRUV��DQG�OXFNLO\�WKH�KLJK�IUHTXHQF\�ZRUGV�DUH�WKH�VWURQJHVW��8VH�RI�
RXU�UDWH�WDEOH��QRW�SUHVHQWHG�KHUH��IRU�KLJK�IUHTXHQF\�ZRUGV�PD\�KHOS�DQ�LQ��
YHVWLJDWRU�TXLFNO\�IRUP�D�SDWWHUQ�RI�UDWHV�IRU�D�QHZ�DXWKRU��

���� &RQWH[WXDOLW\�LV�D�VRXUFH�RI�ULVN��)RU�WKLV�UHDVRQ�LW�LV�LPSRUWDQW�WR�KDYH�
D�YDULHW\�RI�VRXUFHV�RI�PDWHULDO��WR�DOORZ��EHWZHHQ�ZULWLQJV��YDULDELOLW\�WR�
HPHUJH�DQG�WR�JLYH�D�EDVLV�IRU�WKH�HOLPLQDWLRQ�RI�ZRUGV�WKDW�VKRZ�VXEVWDQWLDO�
KHWHURJHQHLW\��

���� 3URQRXQV�DQG�DX[LOLDU\�YHUEV�DSSHDU�WR�EH�GDQJHURXVO\�FRQWH[WXDO��RWKHU�
IXQFWLRQ�ZRUGV�DUH�QRW�HQWLUHO\�VDIH��DQG�VKRXOG�QRW�EH�WDNHQ�IRU�JUDQWHG��EXW�
VKRXOG�EH�LQYHVWLJDWHG�IRU�FRQWH[WXDOLW\��

���� 3DLUHG�DXWKRUVKLS�SUREOHPV�VKRXOG�QRW�RUGLQDULO\�EH�DV�GLIILFXOW�DV�WKLV�
RQH��EXW�WKHUH�LV�SOHQW\�RI�URRP�IRU�RULJLQDO�LGHDV�RQ�WKH�SUREOHP�RI�VHOHFWLQJ�
RQH�IURP�DPRQJ�PDQ\�DXWKRUV��RU�RI�IDFWRULQJ�D�FROOHFWLRQ�RI�HVVD\V�LQWR�FRP��
SRQHQW�JURXSV�RI�VLPLODU�DXWKRUV��

5HPDUNV�RQ�GLVFULPLQDWLRQ�SUREOHPV�JHQHUDOO\��
���� :KHUH�LPSRUWDQW�DQG�JHUPDQH�YDULDEOHV�DUH�DYDLODEOH�WKH\�VKRXOG��RI�

FRXUVH��EH�WULHG��
���� ,I�REYLRXV�PHWKRGV�IDLO��WKH�V\VWHPDWLF�H[SORUDWLRQ�RI�D�YHU\�ODUJH�SRRO�

RI�YDULDEOHV�PD\�VWULNH�RLO��5RXWLQH�GULOOLQJ�SDLG�RII�IRU�XV�PRUH�WKDQ�FOHYHU�
WKRXJKWV�DERXW�ZRUGV�DQG�RWKHU�YDULDEOHV�WKDW�RXJKW�WR�GLVFULPLQDWH��

���� ,Q�WKH�SUHVHQFH�RI�ODUJH�QXPEHUV�RI�YDULDEOHV��SUHSDULQJ�IRU�VHOHFWLYLW\�
LV�QHFHVVDU\�LQ�FODVVLFDO�VWXGLHV�WKURXJK�FDOLEUDWLQJ�RU�YDOLGDWLQJ�VHWV�RI�GDWD�

This content downloaded from 128.122.184.172 on Mon, 19 Aug 2013 18:55:54 PM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


,1)(5(1&(� ,1� $1� $87+256+,3� 352%/(0� ����

ZKRVH�RULJLQ�LV�NQRZQ�EXW�WKDW�DUH�XQFRQWDPLQDWHG�E\�WKH�VHOHFWLRQ�DQG�
ZHLJKWLQJ�SURFHVVHV��LQ�%D\HVLDQ�VWXGLHV�WKURXJK�UHDOLVWLF�SULRUV�WKDW�FDQ�EH�
EDVHG�RQ�SRROV�RI�YDULDEOHV��

���� ,Q�RWKHU�VWXGLHV��RXU�QRWLRQ�RI�FRQWH[WXDOLW\�KDV�LWV�FRXQWHUSDUWV�LQ�WKH�
XVXDO�VRXUFHV�RI�YDULDWLRQ�DULVLQJ�LQ�WKH�DQDO\VLV�RI�YDULDQFH�VXFK�DV�ORFDWLRQV��
UHJLRQV��WLPHV��DQG�ODERUDWRULHV��7KH�GLVFULPLQDWRU�QHHGV�WR�EH�SUHSDUHG�WR�
KDQGOH�VXFK�YDULDWLRQ�E\�WKH�HOLPLQDWLRQ�RU�SURSHU�ZHLJKWLQJ��XVXDOO\�QRQ��
OLQHDU��RI�HYLGHQFH�VXEMHFW�WR�VXFK�YDULDWLRQ�DQG�ZKDW�HYLGHQFH�LV�QRW"�,Q��
FOXGLQJ�VXIILFLHQWO\�YDULHG�EDFNJURXQG�GDWD�OHVVHQV�WKH�ULVN�RI�EHLQJ�PLVOHG�
E\�XQVXVSHFWHG�FRQWH[WXDOLW\��

���� 'R�XVH�LQWXLWLRQ�WR�JURXS�YDULDEOHV��WR�KHOS�ZLWK�VHOHFWLRQ��DQG�WR�HVFDSH�
FRQWH[WXDOLW\��

���� ,I�IOH[LEOH�KLJK�VSHHG�FRPSXWLQJ�LV�DYDLODEOH��RQH�PHWKRG�RI�YDOLGDWLQJ�LV�
WR�WUHDW�HDFK�SLHFH�RI�NQRZQ�PDWHULDO�DV�DQ�XQNQRZQ�DQG�WR�REWDLQ�WKH�YDUL��
DEOHV�DQG�ZHLJKWV�IURP�DOO�WKH�UHVW�H[FOXVLYH�RI�WKLV�NQRZQ�SLHFH��7KHQ�DSSO\�
WKH�UHVXOWV�WR�WKH�NQRZQ�SLHFH�WR�JHW�D�YDOLGDWLQJ�REVHUYDWLRQ��7KHQ�UHSHDW�IRU�
RWKHU�NQRZQV��7KLV�LV�H[SHQVLYH�EHFDXVH�LW�PHDQV�UHSHDWLQJ�WKH�HQWLUH�VWXG\�
IRU�HDFK�SLHFH�XVHG�DV�D�YDOLGDWRU��EXW�DV�FRPSXWDWLRQ�EHFRPHV�LQH[SHQVLYH��
WKLV�DSSURDFK�EHFRPHV�OHVV�XQUHDVRQDEOH��

5HPDUNV�RQ�%D\HVLDQ�VWXGLHV�
���� 6WXG\�RI�YDULDWLRQ�RI�UHVXOWV�ZLWK�GLIIHUHQW�SULRUV�LV�UHFRPPHQGHG��

%UDFNHWLQJ�WKH�SULRU�LV�RIWHQ�HDV\��:KHQ�IRXQGHG�LQ�GDWD��WKH�FKRLFH�RI�WKH�
SULRU�KDV�D� VWDWXV�OLNH�WKDW�RI�WKH�GDWD�GLVWULEXWLRQ�VXEMHFWLYLW\�WHPSHUHG�
ZLWK�HPSLULFLVP��

����:KHUH�SRVVLEOH��SULRUV�VKRXOG�EH�HPSLULFDOO\�RULHQWHG��3ODQQLQJ�DKHDG�
IRU�WKH�FROOHFWLRQ�RI�GDWD�VXLWDEOH�IRU�HVWLPDWLQJ�WKH�IRUP�DQG�XQGHUO\LQJ�FRQ��
VWDQWV�RI�SULRU�GLVWULEXWLRQV�LV�XVHIXO�DQG�LPSRUWDQW��DQG�YHU\�OLNHO\�QRW�KDUG�WR�
GR�RQFH�RQH�JHWV�LQ�WKH�IUDPH�RI�PLQG�RI�SUHSDULQJ�WR�XVH�%D\HV
�WKHRUHP��
7KH�UHPDUN�LV�DOO�WKH�PRUH�JHUPDQH�LQ�WKH�ILHOG�RI�UHSHWLWLYH�VWXGLHV��ZKHUH�
WKHUH�KDV�QHYHU�EHHQ�PXFK�H[FXVH�IRU�WKH�IDLOXUH�WR�FROOHFW�VXFK�GDWD��

���� ,Q� DQ\�PHWKRG�RI�LQIHUHQFH��GDWD� GLVWULEXWLRQV�PDWWHU�HQRUPRXVO\��
DQG�WKHLU�VWXG\�DQG�FKRLFH�UHTXLUHV�WKH�GHYHORSPHQW�RI�QHZ�DQG�V\VWHPDWLF�
PHWKRGV��

���� 6WDWLVWLFLDQV�QHHG�WR�SURYLGH�ULFKHU�VHWV�RI�SULRUV�DQG�GDWD�GLVWULEXWLRQV�
WKDQ�ZH�QRZ�KDYH��ZLWK�D�YLHZ�WR�WKHLU�PDQDJHDELOLW\�DV�ZHOO�DV�WKHLU�XWLOLW\�LQ�
VWXGLHV�RI�GDWD��)RU�H[DPSOH��PL[WXUH�GLVWULEXWLRQV�FDQ�JLYH�VDWLVIDFWRU\�WDLO�
SURSHUWLHV��EXW�DUH�JULVO\�PDWKHPDWLFDOO\��
���� 7KH�PRPHQW�RQH�OHDYHV�WKH�VLPSOHVW�DSSOLFDWLRQ�RI�%D\HV
�WKHRUHP��WKH�

DSSOLHU�ILQGV�KLPVHOI�LQYROYHG�LQ�D�ZHOWHU�RI�PDNHVKLIWV�DQG�DSSUR[LPDWLRQV��
7KLV�WURXEOH�DQG�LWV�FXUHV�UHTXLUH�V\VWHPDWLF�GHYHORSPHQWV��7KH�SURVSHFW�RI�
XVHIXO�H[DFW�WUHDWPHQWV�FDQ�EH�QHJOHFWHG��

���� 6LPSOH�%D\HVLDQ�PHWKRGV�DUH�QHHGHG�WKDW�FDQ�EH�DSSOLHG�ZLWKRXW�DSSHDO�
WR�KLJK�VSHHG�FRPSXWHUV��

���� 8VHUV�RI�%D\HV
�WKHRUHP�ZLOO�ILQG�WKDW�PDQ\�VWDWLVWLFDO�MREV�DUH�UHDGLO\�
KDQGOHG�E\�VWDQGDUG�GHYLFHV��EXW�QRW�E\�DYDLODEOH�%D\HVLDQ�WHFKQLTXHV��7R�
DYRLG�VXFK�GHYLFHV�IRU�WKH�VDNH�RI�FRQVLVWHQF\�UHGXFHV�WKH�TXDOLW\�RI�WKH�UH��
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VHDUFK��2Q�WKH�RWKHU�KDQG��WLPH�VSHQW�GHYHORSLQJ�%D\HVLDQ�SURFHGXUHV�IRU�D�
VWDQGDUG�SUREOHP�FDQ�EH�D�SURILWDEOH�SXUVXLW��

���� ,Q� VXPPDU\��IRU�ODUJH�VFDOH�GDWD�DQDO\VLV��%D\HVLDQ�PHWKRGV�UHTXLUH�
QHZ�VWXGLHV�RI�WKHRUHWLFDO�DQG�HPSLULFDO�GLVWULEXWLRQV�DQG�WKHLU�DSSUR[LPDWLRQ�
DQG�HVWLPDWLRQ�FRPSDUDEOH�LQ�H[WHQW�WR�WKRVH�SURYLGHG�E\�VWDWLVWLFLDQV�XS�WR�
������

$&.12:/('*0(176�

,W�LV�D�SOHDVXUH�WR�DFNQRZOHGJH�ZLWK�WKDQNV�WKH�PDQ\�ZKR�KDYH�KHOSHG�XV��
7KHVH�LQFOXGH�WKH�IROORZLQJ��
0U��0LOHV�'DYLV�KDV�KDQGOHG�WKH�SURJUDPPLQJ�RI�WKH�KLJK�VSHHG�FDOFXOD��

WLRQV��:D\QH�:LLWDQHQ��&��+DUYH\�:LOOVRQ��DQG�5REHUW�$��+RRGHV��XQGHU�WKH�
GLUHFWLRQ�RI�$OEHUW�(�� %HDWRQ�SURJUDPPHG�WKH�ZRUG�FRXQWV��5RJHU�&DUOVRQ��
5REHUW�0��(ODVKRII��,YRU�)UDQFLV��5REHUW�.OH\OH��&KDUOHV�2GRURII��3��6��5��6��
5DR��DQG�0DULH�<HDJHU�KDYH�DVVLVWHG�ZLWK�PDQ\�SDUWV�RI�WKLV�ZRUN��0UV��
&OHR�<RXW]�KDV�DOVR�VXSHUYLVHG�D�QXPEHU�RI�WKH�VWXGLHV��0UV��9LUJLQLD�0RVWHOOHU�
FRRSHUDWHG�LQ�WKH�VFUHHQLQJ�VWXG\��
:H�DFNQRZOHGJH�ZLWK�WKDQNV�WKH�PDQ\�KHOSIXO�GLVFXVVLRQV�DQG�VXJJHVWLRQV�

UHFHLYHG�IURP�FROOHDJXHV��)UDQN�-��$QVFRPEH��&DUO�&KULVW��:LOOLDP�*��&RFKUDQ��
$UWKXU�3��'HPSVWHU��0DUWLQ�'LDPRQG��-RKQ�*LOEHUW��0RUULV�+DOOH��:LOOLDP�
.UXVNDO��'DYLG� /HYLQ��3�� -��0F&DUWK\��$QQ�0LWFKHOO��-RKQ�:�� 3UDWW��
+RZDUG�5DLIID��/��-��6DYDJH��5REHUW�6FKODLIHU��0DXULFH�0�� 7DWVXRND��DQG�
-RKQ�:��7XNH\��
:H� DSSUHFLDWH�WKH�FDUHIXO�FDOFXODWLRQV�DQG�RWKHU�ZRUN�RI�/LQGD�$OJHU��

(OHDQRU� %HLVVHO��0DU\� %O\PDQ��-RKQ�%XUQKDP��+HOHQ� &DQQLQJ��$GHOOH�
&URZQH��5R\�'
$QGUDGH��$EUDKDP�'DYLGVRQ��6DUD�'XVWLQ��-DQH�+DOORZHOO��
-RDQQD�+DQGOLQ��(OL]DEHWK�$QQ�+HFKW��$QQ�+LONHQ��+HOHQ�9��-HQVHQ��.DWKU\Q�
.DUUDVLN��9LQFHQW�.UXVNDO��&KULVWLQH�/\PDQ��1DQF\�0F&DUWK\��:LOOLDP�
0RVWHOOHU��/RQHWD�1HZEXUJK��(YD�3DKQNH��(OHDQRU�5RVHQEHUJ��$VWULG�6DOYH��
VHQ��0DU\�6NLOOPDQ��/XF\�6WHLJ��(OL]DEHWK�7KRUQGLNH��+HQU\�7LEHU\��%UXFH�%��
9HQULFN��'UXVFLOOD�:HQGRORVNL��DQG�5LFKDUG�:HQGRORVNL��
)RU�ZRUN�RQ�WKH�PDQXVFULSWV�OHDGLQJ�WR�WKLV�SDSHU�ZH�WKDQN�0UV��$QJHOD�

.OHLQ��0LVV�-DQHW�0HQGHOO��0UV��&OHR�<RXW]��DQG�0LVV�5RVHPDULH�6WHPSKHO��

5()(5(1&(6�

>�@�$GDLU��'RXJODVV���7KH�DXWKRUVKLS�RI�WKH�GLVSXWHG�)HGHUDOLVW�SDSHUV��3DUW�,����
7KH�:LOOLDP�DQG�0DU\�4XDUWHUO\��9ROXPH����1R��������������������

>�@�$GDLU��'RXJODVV���7KH� DXWKRUVKLS�RI�WKH�GLVSXWHG�)HGHUDOLVW�SDSHUV��3DUW�,,����
7KH�:LOOLDP�DQG�0DU\�4XDUWHUO\��9ROXPH����1R��������������������

>�@�%ULQHJDU��&ODXGH���0DUN�7ZDLQ�DQG�WKH�4XLQWXV�&XUWLXV�6QRGJUDVV�OHWWHUV��$�
VWDWLVWLFDO�WHVW�RI�DXWKRUVKLS���-RXUQDO�RI�WKH�$PHULFDQ�6WDWLVWLFDO�$VVRFLDWLRQ�����
���������������

>�@�&RRNH��-DFRE�(���(GLWRU��7KH�)HGHUDOLVW��&OHYHODQG��2KLR��:RUOG�3XEOLVKLQJ�&RP��
SDQ\��0HULGLDQ�%RRNV��������

>�@� 7KH�)HGHUDOLVW�3DSHUV��,QWURGXFWLRQ�E\�&OLQWRQ�5RVVLWHU��1HZ�<RUN��7KH�1HZ�
$PHULFDQ�/LEUDU\��0HQWRU�%RRNV��������

>�@�-HIIULHV��+DUROG��7KHRU\�RI�3UREDELOLW\��7KLUG�(GLWLRQ��/RQGRQ��2[IRUG�DW� WKH�
&ODUHQGRQ�3UHVV��������
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>�@�0LOOHU��*��$���1HZPDQ��(��%���DQG�)ULHGPDQ��(��$����/HQJWK�IUHTXHQF\�VWDWLVWLFV�
IRU�ZULWWHQ�(QJOLVK���,QIRUPDWLRQ�DQG�&RQWURO��9ROXPH����1R��������������������

>�@�0RVWHOOHU��)���DQG�:DOODFH��'��/���0HWKRGV�RI�,QIHUHQFH�$SSOLHG�WR�7KH�)HGHUDOLVW��
5HDGLQJ��0DVVDFKXVHWWV��$GGLVRQ�:HVOH\�3XEOLVKLQJ�&RPSDQ\��LQ�SUHVV��

>�@�5DLIID��+RZDUG��DQG�6FKODLIHU��5REHUW��$SSOLHG�6WDWLVWLFDO�'HFLVLRQ�7KHRU\��%RVWRQ��
0DVVDFKXVHWWV��+DUYDUG�%XVLQHVV�6FKRRO��������

>��@�5DR��&��5DGKDNULVKQD��$GYDQFHG�6WDWLVWLFDO�0HWKRGV�LQ�%LRPHWULF�5HVHDUFK��1HZ�
<RUN��-RKQ�:LOH\�DQG�6RQV��,QF���������

>��@�6DYDJH��/�� -���DQG�RWKHU�FRQWULEXWRUV��7KH�)RXQGDWLRQV�RI�6WDWLVWLFDO�,QIHUHQFH��
/RQGRQ��0HWKXHQ��������

>��@�:ULJKW��%HQMDPLQ�)OHWFKHU��(GLWRU��7KH�)HGHUDOLVW��&DPEULGJH��0DVVDFKXVHWWV��
7KH�%HONQDS�3UHVV�RI�+DUYDUG�8QLYHUVLW\�3UHVV��������
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