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$� UHFHQW� VWXG\� VKRZHG� WKDW� WKH� SURQXQFLDWLRQ� RI� WKH� GHILQLWH� DUWLFOH� LQ� (QJOLVK� �DV�
HLWKHU� D� UHGXFHG� ³WKXK´� RU� DQ� XQUHGXFHG� ³WKHH´�� GHSHQGV� RQ� D� QXPEHU� RI� GLIIHUHQW�
IDFWRUV�� LQFOXGLQJ� WKH�SURQXQFLDWLRQ�� VSHOOLQJ�DQG�VWUHVV�DVVLJQPHQW�RI� WKH� IROORZLQJ�
ZRUG��:��'��5D\PRQG��-��$��)LVKHU�	�$��)��+HDOH\���������+RZHYHU��LW�LV�QRW�FOHDU�
IURP� SUHYLRXV� UHVHDUFK� ZKHWKHU� WKHVH� IDFWRUV� LQIOXHQFHG� SHUIRUPDQFH� LPSOLFLWO\� LQ�
QRUPDO�VSHHFK�SURGXFWLRQ��RU�ZKHWKHU�WKH\�UHOLHG�RQ�H[SOLFLW�NQRZOHGJH�RI�WKH�REMHFW�
RI�WKH�H[SHULPHQW��([SHULPHQW���H[DPLQHG�LPSOLFLW�SHUIRUPDQFH�RQ�WKH�SURQXQFLDWLRQ�
RI� WKH� GHILQLWH� DUWLFOH�� DQG� IRXQG� PRUH� V\VWHPDWLF� EHKDYLRXU� WKDQ� ZDV� SUHYLRXVO\�
REVHUYHG��EXW�DJDLQ�DQ�LQIOXHQFH�RI�WKH�SURQXQFLDWLRQ��VSHOOLQJ�DQG�VWUHVV�DVVLJQPHQW�
RI�WKH�IROORZLQJ�ZRUG��,Q�([SHULPHQW����ZH�WHVWHG�WKH�LQIOXHQFH�RI�WKH�IROORZLQJ�ZRUG�
RQ� GHILQLWH� DUWLFOH� SURGXFWLRQ� GXULQJ� ODQJXDJH� GHYHORSPHQW�� IRU� WZR� JURXSV� RI�
FKLOGUHQ� DJHG� �� DQG� ���� 7KLV� H[SHULPHQW� VKRZHG� LQFUHDVLQJ� XVH� RI� WKH� XQUHGXFHG�
IRUP�GXULQJ�GHYHORSPHQW��DQG�D�IXUWKHU�LQIOXHQFH�RI RUWKRJUDSK\��:H�LQWHUSUHW�WKHVH�
UHVXOWV� LQ� WHUPV� RI� DQ� LQWHUDFWLRQ� EHWZHHQ� SHUFHSWLRQ� DQG� SURGXFWLRQ� LQ� ZKLFK� WKH�
SURGXFWLRQ�V\VWHP�PDNHV�XVH�RI�JHQHUDOLVDWLRQV�RQ�WKH�EDVLV�RI�ERWK�SKRQRORJLFDO�DQG�
RUWKRJUDSKLF�UHSUHVHQWDWLRQV�JHQHUDWHG�LQ�SHUFHSWLRQ�

$ PDMRU� UHVHDUFK� JRDO� LQ� SV\FKROLQJXLVWLFV� KDV� EHHQ� WR� XQGHUVWDQG� WKH� ZD\�
PRUSKRORJLFDO� V\VWHPV� RSHUDWH� LQ� ODQJXDJH� SHUFHSWLRQ� DQG� SURGXFWLRQ�� (QWLUHO\�
UHJXODU�PRUSKRORJLFDO�V\VWHPV�DUH�UDUH��ZLWK�WKH�PRUH�QRUPDO�VLWXDWLRQ�EHLQJ�RQH�LQ�
ZKLFK� H[FHSWLRQDO� LWHPV� RU� FODVVHV� RI� DOWHUQDWLYHV� H[LVW�� 7KH� IDPLOLDU� H[DPSOH� RQ�
ZKLFK� PXFK� UHVHDUFK� KDV� EHHQ� EDVHG� LV� WKH� SDVW� WHQVH� RI� (QJOLVK�� 7KLV� QRUPDOO\�
LQYROYHV� WKH� FRQFDWHQDWLRQ� RI� WKH� DOORPRUSKV� �W��� �G�� RU� �+G��� GHSHQGLQJ� RQ� WKH� ILQDO�
SKRQHPH�RI�WKH�SUHVHQW�WHQVH�VWHP��EXW�D�PLQRULW\�RI�YHUEV��VXFK�DV�FDWFK� KLW DQG JR��
XVH� DOWHUQDWLYH� LUUHJXODU� SDVW� WHQVHV�� 7KH� LVVXH� WKDW� KDV� DQLPDWHG� SV\FKRORJLVWV�
LQYROYHV� WKH� QDWXUH� RI� WKH� FRJQLWLYH� V\VWHP� XQGHUSLQQLQJ� WKH� OLQJXLVWLF� RQH�� ZLWK�
GLIIHUHQW� YLHZV� DV� WR� WKH� VHSDUDELOLW\� RI� WKH� UHJXODU� DQG� LUUHJXODU� SURFHVVHV� �H�J���
0F&OHOODQG�	�3DWWHUVRQ��������3LQNHU�	�8OOPDQ��������

,Q�WKLV�DUWLFOH�ZH�ZLOO�DGGUHVV�D�PRUH�VXEWOH��EXW�VXUSULVLQJO\�FRPSOH[�OLQJXLVWLF�
V\VWHP��DOWHUQDWLRQ� LQ�SURQXQFLDWLRQ�RI� WKH�GHILQLWH�DUWLFOH� LQ�(QJOLVK��$OWHUQDWLRQ�RI�
WKH�LQGHILQLWH�DUWLFOH²UHDOLVHG�DV�³D´�RU�³DQ´�GHSHQGLQJ�RQ�WKH�IROORZLQJ�SKRQHPH²
LV� ZLGHO\� DSSUHFLDWHG� E\� (QJOLVK� VSHDNHUV� EHFDXVH� LW� LQIOXHQFHV� WKH� VSHOOLQJ� RI� WKH�
ZRUG�DV�ZHOO�DV�WKH�SURQXQFLDWLRQ���/HVV�WUDQVSDUHQWO\��WKH�LQGHILQLWH�DUWLFOH�³WKH´�KDV�D�
VLPLODU� DOORPRUSKLF� DOWHUQDWLRQ� GHSHQGLQJ� RQ�ZKHWKHU� LW� LV� IROORZHG�E\� D� FRQVRQDQW�
�³WKXK´���&����RU�D�YRZHO��³WKHH´���&K����9DULDWLRQV�FDQ�DOVR�EH�XVHG�IRU�HPSKDVLV��H�J���
³WKLV�LVQ¶W�DQ\�ROG�GHSDUWPHQW��WKLV�LV�WKH GHSDUWPHQW´��DQG�WR�VLJQDO�VSHHFK�SURGXFWLRQ�
SUREOHPV��)R[�7UHH�DQG�&ODUN���������2WKHU�IXQFWLRQ�ZRUGV�DOVR�YDU\�LQ�WHUPV�RI�WKH�
OLNHOLKRRG�RI�UHGXFWLRQ�DV�D�IXQFWLRQ�RI�WKH�IROORZLQJ�VHJPHQW��EXW�WR�D�OHVVHU�H[WHQW��
-XUDIVN\��%HOO��)RVOHU�/XVVLHU��*LUDQG�DQG�5D\PRQG�������� IRXQG� WKDW�³WKH´�ZDV����
WLPHV�PRUH�OLNHO\�WR�FRQWDLQ�D�IXOO�YRZHO��L�H���³WKHH´��LI�LW�ZDV�IROORZHG�E\�D�YRZHO�
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WKDQ�LI�LW�ZDV�IROORZHG�E\�D�FRQVRQDQW��7KH�FORVHVW�HTXLYDOHQW�UDWLRV�IRU�RWKHU�ZRUGV�
DUH��� IRU�³D´���� IRU�³WR´�DQG����� IRU�³RI´��7KXV��DUWLFOH�DOWHUQDWLRQ�LV� WR�VRPH�H[WHQW�
SDUW� RI� D� PRUH� JHQHUDO� UHGXFWLRQ� SURFHVV�� ZKLFK� FDQ� EH� DIIHFWHG� E\� WKH� IROORZLQJ�
VHJPHQW�DQG�E\�PDQ\�RWKHU�IDFWRUV��1RQHWKHOHVV��GHILQLWH�DQG�LQGHILQLWH�DUWLFOHV�VKRZ�
D� PXFK� VWURQJHU� LQIOXHQFH� RI� FRQVRQDQWDO� FRQWH[W�� SRVVLEO\� EHFDXVH� RI� WKH�
FU\VWDOOL]DWLRQ�RI�WKH�LQGHILQLWH�DOWHUQDWLRQ�LQ�WKH�RUWKRJUDSK\�

7KH� VHOHFWLRQ� RI� DUWLFOH� DOWHUQDQW� PLJKW� VHHP� D� WULYLDO� PDWWHU�� WKH� GHIDXOW�
EHKDYLRXU�RQ�VWDWLVWLFDO�JURXQGV�ZRXOG�EH�SURGXFWLRQ�RI�WKH�UHGXFHG�IRUP��&����ZKLFK�
ZRXOG� EH� RYHUULGGHQ� E\� D� VLQJOH� XQUHGXFHG� H[FHSWLRQ� IRUP�� �&K�� LQ� WKH� FDVH� RI� DQ�
XSFRPLQJ� YRZHO�� D� G\VIOXHQF\�� RU� IRU� HPSKDVLV�� +RZHYHU�� WKHUH� DSSHDU� WR� EH�
GLIIHUHQFHV� EHWZHHQ� GLDOHFWV� DQG� DJH� JURXSV� LQ� WHUPV� LQ� WHUPV� RI� WKH� SUHYDOHQFH� RI�
XQUHGXFHG�IRUPV�SUHFHGLQJ�YRZHOV� .HDWLQJ��%\UG��)OHPLQJ�	�7RGDND��������VHH�DOVR�
7RGDND�� ������ DQDO\VHG� WKH� 7,0,7� FRUSXV�� ZKLFK� FRQWDLQV� UHFRUGLQJV� RI� VHQWHQFHV�
UHDG�E\�D�ZLGH�UDQJH�RI�VSHDNHUV�RI�$PHULFDQ�(QJOLVK��'HVSLWH�WKH�IDFW�WKDW�WKH�VSHHFK�
LQ�7,0,7� LV� QRW� VSRQWDQHRXV�� SURQXQFLDWLRQ� RI� ³WKH´�YDULHG�ZLGHO\��ZLWK�PRUH� WKDQ�
MXVW�WKH�LGHQWLW\�RI�WKH�IROORZLQJ�SKRQHPH�LQIOXHQWLDO��7RGDND��������VKRZHG�WKDW�WKH�
SUHYDOHQFH�RI���&K��EHIRUH�YRZHOV�YDULHG�EHWZHHQ�GLDOHFWV��ZLWK�RQO\�����SUHYDOHQFH�
IRU�WKH�1HZ�<RUN�&LW\�GLDOHFW�FRPSDUHG�WR�PRUH�WKDQ�����IRU�1HZ�(QJODQG��:HVWHUQ�
DQG�1RUWK�0LGODQG�GLDOHFWV��7KHUH�ZDV�DOVR�D�FOHDU�HIIHFW�RI�DJH�RQ�XVH�RI��&K��EHIRUH�
YRZHOV��ZLWK�����SUHYDOHQFH�IRU�SHRSOH�LQ�WKHLU���V��LQFUHDVLQJ�WR������IRU�RYHU���V��
)XUWKHU� HYLGHQFH� IRU� FRQWH[WXDO� LQIOXHQFHV� RQ� DUWLFOH� DOORPRUSK\� XVLQJ� D� FRUSXV� RI�
VSRQWDQHRXV� VSHHFK� ZDV� IRXQG� E\� %HOO�� -XUDIVN\�� )RVOHU�/XVVLHU�� *LUDQG� 	� *LOGHD�
�������� 7KHLU� FRUSXV� �6ZLWFKERDUG�� *RGIUH\�� +ROOLPDQ� 	� 0F'DQLHO�� ������ ZDV�
QRWDEOH�LQ�WKDW�LW�FRQWDLQHG�IXOO\����GLIIHUHQW�SKRQRORJLFDO�IRUPV�RI�WKH�GHILQLWH�DUWLFOH��

5D\PRQG��)LVKHU�	�+HDO\��������H[DPLQHG�WKH�IDFWRUV�LQIOXHQFLQJ�GHILQLWH�DQG�
LQGHILQLWH� DUWLFOH� SURGXFWLRQ� LQ� $PHULFDQ� (QJOLVK� XVLQJ� DQ� HPSLULFDO� UDWKHU� WKDQ�
FRUSXV�EDVHG�DSSURDFK��7KHLU�VWXG\�XVHG�ERWK�FRPSUHKHQVLRQ�DQG�SURGXFWLRQ�WDVNV�WR�
H[DPLQH�VSHDNHU�SUHIHUHQFHV�IRU�D�UDQJH�RI�GLIIHUHQW�IROORZLQJ�ZRUGV��2QH�H[SHULPHQW�
UHTXLUHG� SDUWLFLSDQWV� WR� UHSODFH� ³KLV´� LQ� D� VSRNHQ� WZR�ZRUG� SKUDVH� ZLWK� ³D�DQ´� RU�
³WKH´�� )RU� H[DPSOH�� WKH� SDUWLFLSDQW� PLJKW� KHDU� ³KLV� JRYHUQPHQW´� DQG� UHVSRQG E\�
VD\LQJ� ³WKH� JRYHUQPHQW´�� 7KLV� PHWKRGRORJ\� DOORZHG� WKH� H[SHULPHQWHUV� WR� VHOHFW�
SDUWLFXODU�ZRUGV�ZLWKRXW�SUHVHQWLQJ� WKHLU�ZULWWHQ� IRUP�� LQ�RUGHU� WR�H[DPLQH�ZKHWKHU�
WKH\� DIIHFWHG� DUWLFOH� FKRLFH�� 7ZR� IXUWKHU� H[SHULPHQWV� DGGUHVVHG� WKH� VDPH� LVVXH� E\�
DVNLQJ� SDUWLFLSDQWV� WR� VHOHFW� WKHLU� SUHIHUUHG� IRUP� JLYHQ� VSRNHQ� YHUVLRQV� RI� ERWK�
DOWHUQDQWV�IRU�D�SDUWLFXODU�ZRUG�SDLU��H�J���³WKXK�JRYHUQPHQW´�YV��³WKHH�JRYHUQPHQW´���
)RU� WKH� SXUSRVHV� RI� WKLV� SDSHU� ZH�ZLOO� IRFXV� RQ� WKH� UHVXOWV� IRU� WKH� GHILQLWH� DUWLFOH��
ZKLFK�VKRZHG�PXFK�VWURQJHU�HIIHFWV�RI�WKH�IROORZLQJ�ZRUG��$�FRQVLVWHQW�ILQGLQJ�ZDV�
WKDW�GHYLDWLRQV�IURP�WKH�QRUPDWLYH�UXOH��³WKXK´�EHIRUH�FRQVRQDQWV��DQG�³WKHH´�EHIRUH�
YRZHOV��ZHUH�VXUSULVLQJO\�FRPPRQ��SDUWLFXODUO\�LQ�WKH�YRZHO�FDVH��)RU�H[DPSOH��LQ�WKH�
SURGXFWLRQ�H[SHULPHQW������RI�UHVSRQVHV�EHIRUH�FRQVRQDQW�LQLWLDO�ZRUGV�DQG�����RI�
UHVSRQVHV�EHIRUH�YRZHO�LQLWLDO�ZRUGV�GLG�QRW�ILW�WKH�QRUPDWLYH�UXOH��,Q�WKH�SHUFHSWLRQ�
H[SHULPHQWV�WKHUH�ZDV�DOVR�DQ�LQWHUDFWLRQ�EHWZHHQ�LQLWLDO�SKRQHPH�W\SH��FRQVRQDQW�YV��
YRZHO�� DQG� OH[LFDO� VWUHVV� �ILUVW� YV�� VHFRQG� V\OODEOH��� 9RZHO�LQLWLDO� ZRUGV� ZLWK� ILUVW�
V\OODEOH�VWUHVV��H�J���DWWLWXGH��DQG�FRQVRQDQW�LQLWLDO�ZRUGV�ZLWK�VHFRQG�V\OODEOH�VWUHVV�
�H�J��� VRFLHW\�� SURYRNHG�PRUH� GHYLDWLRQV� IURP� WKH� QRUPDWLYH� UXOH� WKDQ� YRZHO�LQLWLDO�
ZRUGV�ZLWK VHFRQG� V\OODEOH� VWUHVV� �H�J���DWWHQWLRQ�� DQG� FRQVRQDQW�LQLWLDO�ZRUGV�ZLWK�
ILUVW� V\OODEOH� VWUHVV� �H�J��� VHUYLFH��� 3HUKDSV�PRVW� LQWULJXLQJO\� RI� DOO�� 5D\PRQG� HW� DO��
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������� IRXQG� WKDW�� LQ� VRPH�FDVHV��DVSHFWV�RI� WKH�VSHOOLQJ�RI� WKH�ZRUGV�IROORZLQJ� WKH�
DUWLFOH�LQIOXHQFHG�LWV�SURQXQFLDWLRQ��6SHFLILFDOO\��ZRUGV�EHJLQQLQJ�ZLWK�WKH�FRQVRQDQW�
SKRQHPH��M��SURYRNHG�PRUH�GHYLDWLRQV�IURP�WKH�QRUPDWLYH�UXOH�ZKHQ�WKH\�EHJDQ�ZLWK�
D� YRZHO� OHWWHU� �H�J��� XQLWHG�� WKDQ� ZKHQ� WKH\� EHJDQ� ZLWK� D� FRQVRQDQW� OHWWHU� �H�J���
\HOORZ���7KLV HIIHFW�ZDV�VLJQLILFDQW�LQ�WKH�WZR�SHUFHSWLRQ�H[SHULPHQWV��DQG�PDUJLQDOO\�
VLJQLILFDQW�LQ�WKH�SURGXFWLRQ�H[SHULPHQW��DQG�VXJJHVWV�WKDW�WR�VRPH�H[WHQW�ZKHWKHU�RU�
QRW�D�ZRUG�LV�VSHOW�ZLWK�D�YRZHO�GHWHUPLQHV�WKH�VHOHFWLRQ�RI�GHILQLWH�DUWLFOH�IRUP�

7KHVH�UHVXOWV�DUH�VWULNLQJ�EHFDXVH�WKH\�VXJJHVW�WKDW�WKH�PHFKDQLVP�UHVSRQVLEOH�
IRU�WKH�VHOHFWLRQ�RI�DUWLFOH�DOWHUQDQW�LV�VHQVLWLYH�WR�IDU�PRUH�WKDQ�MXVW�WKH�LQLWLDO�FODVV�RI�
WKH�IROORZLQJ�SKRQHPH��5D\PRQG�HW�DO���������DUJXHG�WKDW�WKH�KLJK�OHYHO�RI�GHYLDWLRQ�
IURP� WKH�QRUPDWLYH� UXOH� LQ�SHUIRUPDQFH�LPSOLHG� WKDW� WKH�XQGHUO\LQJ�PHFKDQLVP�ZDV�
QRW� UXOH�JRYHUQHG� LQ� WKH� WUDGLWLRQDO� VHQVH�� ,QVWHDG�� LW� VHHPV� WKDW�PXOWLSOH�FRQVWUDLQWV�
DUH�DFWLYH��LQFOXGLQJ�LQIRUPDWLRQ�DERXW�ZRUG�VWUHVV�SDWWHUQV�DQG�RUWKRJUDSKLF�IDFWRUV��
7KLV�DOWHUQDWLYH�GHVFULSWLRQ�RI�SHUIRUPDQFH�LV�FRPSDWLEOH�ZLWK�D�QXPEHU�RI�GLIIHUHQW�
PRGHOV�� VXFK� DV� SUREDELOLVWLF� RU� YDULDEOH� UXOH� PRGHOV� �/DERY�� ������� DQDORJLFDO�
PRGHOV��6HUZDWND�	�+HDO\���������DQG�FRQQHFWLRQLVW�QHWZRUNV��+DUH�	�(OPDQ��������

+RZHYHU�� WKH� 5D\PRQG� HW� DO�� ������� VWXG\� OHIW� XQDQVZHUHG� VRPH� TXHVWLRQV�
DERXW�WKH�PHFKDQLVPV�LQYROYHG��7KH�WDVNV�XVHG�E\�5D\PRQG�HW�DO���������ZHUH�UDWKHU�
XQXVXDO��LQ�WKDW�WKH\�UHTXLUHG�HLWKHU�DQ�H[SOLFLW�FKRLFH�EHWZHHQ�WZR�JLYHQ�DOWHUQDWLYHV�
RU�UHSODFHPHQW�RI�³KLV´�ZLWK�³WKH´�LQ�D�VLPSOH�WZR�ZRUG�SURGXFWLRQ�WDVN��7KH�H[SOLFLW�
QDWXUH� RI� WKLV� WDVN� PD\� KDYH� WZR� HIIHFWV� RQ� SHUIRUPDQFH�� 7KHUH� PD\� EH� DQ�
LQDSSURSULDWH� LQWHUQDO� IRFXV� RI� DWWHQWLRQ� RQ� D� QRUPDOO\� DXWRPDWLF� DQG� XQFRQVFLRXV�
SURFHVV��ZKLFK� FRXOG� LQFUHDVH� HUURU� UDWHV� DQG� OHDG� WR� DEQRUPDO� UHVSRQVHV� �FI��:XOI��
0F1HYLQ��	�6KHD���������0RUH�ZRUU\LQJO\��SDUWLFLSDQWV�ZRXOG�PRVW�OLNHO\�EH�DEOH�WR�
LGHQWLI\�WKH�JRDO�RI� WKH�VWXG\�TXLWH�TXLFNO\��DQG�PD\�EHJLQ�WR�UHVSRQG�XVLQJ�H[SOLFLW�
NQRZOHGJH� RI� SURQXQFLDWLRQ� ³UXOHV´� RU� HYHQ� VRPH� DG� KRF� SULQFLSOHV� JHQHUDWHG� E\�
REVHUYLQJ� WKHLU� RZQ� UHVSRQVHV��([SOLFLW� NQRZOHGJH�RI� UHJXODULWLHV� RIWHQ� ODJV�EHKLQG�
LPSOLFLW�NQRZOHGJH� �H�J���0DWKHZV�HW�DO���������5HEHU���������ZKLFK�PD\�EH�SDUW�RI�
WKH� H[SODQDWLRQ� IRU� WKH� KLJK� OHYHO� RI� GHYLDWLRQ� IURP� WKH� QRUPDWLYH� UXOH� IRU� VRPH�
FRQGLWLRQV�LQ�WKH�5D\PRQG�HW�DO���������VWXG\��([SOLFLW�NQRZOHGJH�PD\�EH�SDUWLFXODUO\�
UHOHYDQW� WR� WKH� H[SODQDWLRQ� RI� WKH� RUWKRJUDSKLF� HIIHFWV� IRXQG� LQ� WKHLU� VWXG\�� ,I�
SDUWLFLSDQWV�DUH�PDNLQJ�XVH�RI�WKH��FRUUHFW��H[SOLFLW�UXOH�³VD\�WKXK�EHIRUH�D�FRQVRQDQW�
DQG� WKHH� EHIRUH� D� YRZHO´� WKH\� PD\� EH� LQFRUUHFWO\� LQIOXHQFHG� E\� VSHOOLQJ� LQ� WKHLU�
FODVVLILFDWLRQ� RI� WKH� LQLWLDO� SKRQHPHV� RI� WKH� IROORZLQJ� ZRUGV�� 7KDW� LV�� SDUWLFLSDQWV�
PLJKW�EH�PRUH�OLNHO\�WR�FODVVLI\�XQLWHG DV�EHJLQQLQJ�ZLWK�D�YRZHO�WKDQ�\HOORZ��EHFDXVH�
LW�LV�VSHOW�ZLWK�D�YRZHO��3HRSOH�OHDUQ�WR�FODVVLI\�OHWWHUV�DV�YRZHOV�DQG�FRQVRQDQWV�ZKHQ�
WKH\� OHDUQ� WR� UHDG�� DQG� DOWKRXJK� WKHUH� LV� DOVR� DZDUHQHVV� RI� WKH� YRZHO�FRQVRQDQW�
GLVWLQFWLRQ� LQ� WHUPV� RI� SKRQHPHV�� SHRSOH� ZLOO� EH� OHVV� DEOH� WR� FODVVLI\� SDUWLFXODU�
SKRQHPHV� �H�J��� �M��� LQ� WKLV� ZD\�� 2UWKRJUDSKLF� LQIOXHQFHV� LQ� SKRQHPH� FODVVLILFDWLRQ�
KDYH� EHHQ� REVHUYHG� LQ� SKRQHPH�PRQLWRULQJ� DQG� JDWLQJ� H[SHULPHQWV� �H�J���'LMNVWUD��
5RHORIV�	�)LHXZV��������+DOOp��&KpUHDX�	�6HJXL���������DOWKRXJK�LQ�WKHVH�FDVHV WKH�
RUWKRJUDSKLF�LQIOXHQFH�LV�QRW�QHFHVVDULO\�WKURXJK�H[SOLFLW�NQRZOHGJH�

,Q� ([SHULPHQW� �� ZH� ZLOO� UHSOLFDWH� WKH� VSHHFK� SURGXFWLRQ� H[SHULPHQW� RI�
5D\PRQG� HW� DO�� �������� EXW� DGG� D� FRQGLWLRQ� LQWHQGHG� WR� DGGUHVV� SURGXFWLRQ�
SHUIRUPDQFH�ZKHQ�SDUWLFLSDQWV�DUH�XQDZDUH�RI�WKH�LQWHQWLRQ�RI�WKH�H[SHULPHQW��,Q�WKLV�
FRQGLWLRQ�� LQVWHDG� RI� EHLQJ� JLYHQ� D� VWLPXOXV� SKUDVH� VXFK� DV� ³KLV� \HOORZ´�� ZLWK� WKH�
H[SOLFLW�LQVWUXFWLRQ�WR�UHSODFH�³KLV´�ZLWK�³WKH´��SDUWLFLSDQWV�KHDU�D�SDLU�RI�ZRUGV��VXFK�
DV�\HOORZ DQG�FKLFN��DQG�DUH�DVNHG WR�IRUP�D�VLPSOH�VHQWHQFH�FRPELQLQJ�WKRVH�ZRUGV�
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�H�J��� ³WKH� \HOORZ� FKLFN� ZDV� IOXII\´��� 7KLV� PHWKRGRORJ\� GRHV� QRW� JXDUDQWHH� WKDW�
SDUWLFLSDQWV�ZLOO�SUHIL[�WKH�WDUJHW�ZRUG�ZLWK�WKH�GHILQLWH�DUWLFOH��EXW�LW�GRHV�PDNH�WKH�
JRDO�RI�WKH�H[SHULPHQW�REVFXUH�WR�WKH�SDUWLFLSDQW�

,Q� ([SHULPHQW� �� ZH� ZLOO� DJDLQ� DGGUHVV� LPSOLFLW� VHOHFWLRQ� RI� GHILQLWH� DUWLFOH�
DOORPRUSKV��EXW� WKLV� WLPH�ORRNLQJ�DW� WKH�GHYHORSPHQW�RI� WKH�VHOHFWLRQ�SURFHVV��XVLQJ�
JURXSV�RI�FKLOGUHQ�DJHG�EHWZHHQ���DQG�����6R�IDU�DV�ZH�NQRZ��RXUV�LV�WKH�ILUVW�VWXG\�WR�
ORRN�DW�GHYHORSPHQWDO�WUHQGV�LQ�DUWLFOH�DOWHUQDQW�SUHIHUHQFH��7KH�.HDWLQJ�HW�DO���������
VWXG\�IRXQG�DQ�LQWULJXLQJ�FRUUHODWLRQ�EHWZHHQ�XQUHGXFHG��&K��XVDJH�DQG�DJH�JURXS�IRU�
VSHDNHUV�DJHV�UDQJLQJ�IURP����XSZDUGV��+RZHYHU��WKH�UDQJH�RI�DJHV�LQYROYHG�PHDQV�
WKDW� WKH� FKDQJH� FRXOG� HLWKHU� EH� VHHQ� LQ� WHUPV� RI� FKDQJHV� LQ� SHUIRUPDQFH� RYHU� WKH�
OLIHWLPH� RI� WKH� VSHDNHU� RU� D� FKDQJH� LQ� WKH� ODQJXDJH� LWVHOI� IURP� JHQHUDWLRQ� WR�
JHQHUDWLRQ�� .HDWLQJ� HW� DO�� ������� UHIHUUHG� WR� WKH� HIIHFW� DV� ³DQ� RQJRLQJ� FKDQJH� LQ� D�
SURQXQFLDWLRQ� QRUP´� �.HDWLQJ� HW� DO��� ������ SS�� ���������� ZKHUHDV� 5D\PRQG� HW� DO��
������� ZHUH� PRUH� HTXLYRFDO�� /DQJXDJH� FKDQJH� QRUPDOO\� RFFXUV� VORZO\�� RYHU� WKH�
FRXUVH� RI� JHQHUDWLRQV�� ZKHUHDV� GHYHORSPHQWDO� FKDQJHV� WHQG� WR� EH� VZLIWHU�� 7KH�
FKLOGUHQ� LQ�RXU�VWXG\�ZHUH�DOO WDXJKW�DW� WKH�VDPH�VFKRRO��DQG�DUH�OLNHO\�WR�KDYH�YHU\�
VLPLODU� ODQJXDJH�HQYLURQPHQWV��7KHUHIRUH�LI�ZH�ILQG�D�VXEVWDQWLDO�DJH�HIIHFW�RQ�WKHLU�
DOWHUQDQW�VHOHFWLRQ��ZH�FDQ�EH�FRQILGHQW�WKDW�LW�LV�D�GHYHORSPHQWDO�FKDQJH��([SHULPHQW�
�� ZLOO� DOVR� SURYLGH� DQ� RSSRUWXQLW\� WR� H[DPLQH� DW� ZKDW� SRLQW� LQ� GHYHORSPHQW�
RUWKRJUDSK\�EHJLQV�WR�LQIOXHQFH�DOWHUQDQW�VHOHFWLRQ��

([SHULPHQW��
3DUWLFLSDQWV

7ZHQW\�ILYH� PDOH� DQG� ��� IHPDOH� XQGHUJUDGXDWH� VWXGHQWV� DW� WKH� 8QLYHUVLW\� RI�
<RUN�SDUWLFLSDWHG�LQ�WKH�H[SHULPHQW��7KHLU�DJHV�UDQJHG�IURP����WR����ZLWK�D�PHDQ�DJH�
RI������\HDUV��$OO�SDUWLFLSDQWV�KDG�%ULWLVK�(QJOLVK�DV�WKHLU�ILUVW�ODQJXDJH�
'HVLJQ�DQG�PDWHULDOV

7ZR�VXEWHVWV�ZHUH� FDUULHG�RXW�XVLQJ� WKH� VDPH� WDUJHW�PDWHULDOV� �L�H��� WKH�ZRUGV�
LQWHQGHG� WR�IROORZ�³WKH´���7KH�GHWHUPLQHU� UHSODFHPHQW�VXEWHVW�ZDV�D�VWUDLJKWIRUZDUG�
UHSOLFDWLRQ� RI� ([SHULPHQW� �� RI� 5D\PRQG� HW� DO�� �������� LQ� ZKLFK� SDUWLFLSDQWV� KHDUG�
³KLV´�IROORZHG�E\�D�WDUJHW�ZRUG�DQG�KDG�WR�VD\�³WKH´�DQG�WKH�WDUJHW�ZRUG��7KH�RWKHU�
VXEWHVW�ZDV� WKH� VHQWHQFH�SURGXFWLRQ� WDVN�RXWOLQHG�DERYH��$OO�SDUWLFLSDQWV�FRPSOHWHG�
WKH�VHQWHQFH�SURGXFWLRQ�WDVN�EHIRUH�WKH�GHWHUPLQHU�UHSODFHPHQW�WDVN�WR�HQVXUH�WKDW�LI�
WKH\�UHDOLVHG�WKH�REMHFW�RI�WKH�H[SHULPHQW�GXULQJ�WKH�UHSODFHPHQW�SKDVH�WKLV�ZRXOG�QRW�
DIIHFW� SHUIRUPDQFH� RQ� VHQWHQFH� SURGXFWLRQ�� ZKLFK� ZDV DLPHG� DW� SURYLGLQJ� D� SXUH�
PHDVXUH�RI�LPSOLFLW�NQRZOHGJH�

7KH� WDUJHW� ZRUGV� ZHUH� ODUJHO\� WDNHQ� IURP� 5D\PRQG� HW� DO�� �������� 7KHVH�
FRPSULVHG� ��� ZRUGV� GHVLJQHG� WR� LQYHVWLJDWH� WKUHH� IDFWRUV� EDODQFHG� LQ� D� �� [� �� [� ��
GHVLJQ��SOXV����ZRUGV�VSHFLDOO\�VHOHFWHG�IRU�VSHFLILF�FRPSDULVRQV��VHH�$SSHQGL[�$���
7KH�WKUHH�IDFWRUV�PDQLSXODWHG�LQ�WKH�PDLQ�LWHP�VHW�ZHUH�LQLWLDO�SKRQHPH�FODVV��YRZHO�
YV�� FRQVRQDQW��� OH[LFDO� VWUHVV� SDWWHUQ� �ILUVW� YV�� VHFRQG� V\OODEOH� VWUHVV��� DQG� ZRUG�
IUHTXHQF\��KLJK�YV��ORZ���7KH�UHPDLQLQJ�ZRUG�VHWV�DOORZHG�IRXU�IXUWKHU�FRPSDULVRQV��
�L��RUWKRJUDSKLF�LQIOXHQFH�IRU��M��LQLWLDO�ZRUGV��H�J���XQLWHG YV��\HOORZ����L��RUWKRJUDSKLF�
LQIOXHQFH�IRU�YRZHO�LQLWLDO�ZRUGV��VLOHQW�³K´�ZRUGV�>H�J���KRQRXU@�YV��RUGLQDU\�YRZHO�
LQLWLDO� ZRUGV��� �LLL�� ILUVW� YHUVXV� VHFRQG� V\OODEOH� VWUHVV� IRU� µK¶�LQLWLDO� ZRUGV� �H�J���
KRVSLWDO YV�� KHURLF�� DQG� �LY�� LQLWLDO� YRZHO� TXDOLW\� �WKH� KLJK� IURQW� YRZHOV� �L�� >H�J���
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HYHQLQJ@�DQG��+��>H�J���LQIOXHQFH@�YV��RWKHU�YRZHOV�>H�J���DWWLWXGH@���7KH�VLJQLILFDQFH�RI�
FRPSDULVRQV� �LLL�� DQG� �LY��ZLOO� EH� H[SODLQHG� LQ� WKH� UHVXOWV� VHFWLRQ�� (DFK� FHOO� RI� WKH�
GHVLJQ� FRQWDLQHG� �� ZRUGV�� DOWKRXJK� LQ� VRPH� FDVHV� WKH� VSHFLDO� FDWHJRULHV� ZHUH�
FRPSDUHG�ZLWK�D�ODUJHU�VHW�RI�LWHPV�IURP�WKH�PDLQ�LWHP�VHW��:LWKLQ�WKH�PDLQ�VHW�RI����
LWHPV��ZRUGV�EHJLQQLQJ�ZLWK�LQLWLDO�JOLGHV DQG�OLTXLGV���Z����M����U����O���ZHUH�DYRLGHG�IRU�
HDVH�RI�YDULDQW� IRUP�LGHQWLILFDWLRQ��DQG�YRZHO�LQLWLDO�ZRUGV�EHJDQ�ZLWK�YRZHOV�RWKHU�
WKDQ�KLJK�RU�VHPL�KLJK�IURQW�YRZHOV��)UHTXHQFLHV�ZHUH�GHWHUPLQHG�XVLQJ�WKH�QRUPV�RI�
.XFHUD� DQG�)UDQFLV� ��������$V� LQ� WKH 5D\PRQG� HW� DO�� ������� VWXG\�� KLJK� IUHTXHQF\�
ZRUGV� ZHUH� OLPLWHG� WR� WKRVH� ZLWK� SHU� PLOOLRQ� IUHTXHQFLHV� DERYH� ����� FRPSDUHG� WR�
EHWZHHQ���DQG����IRU�ORZ�IUHTXHQF\�LWHPV��7KH�VSHFLDO�ZRUGV�ZHUH�QRW�FRQWUROOHG�IRU�
IUHTXHQF\��DQG�RQO\�WKH�LQLWLDO�³K´�ZRUGV�LQ�FRPSDULVRQ��LLL��ZHUH�H[SOLFLWO\�FRQWUROOHG�
IRU�VWUHVV�SDWWHUQ�

7KH�WDUJHW�ZRUGV�ZHUH�SDLUHG�ZLWK�RWKHU�ZRUGV�IRU�WKH�VHQWHQFH�SURGXFWLRQ�WDVN��
7KHVH� ZRUGV� ZHUH� VHOHFWHG� ZLWK� WKH� LQWHQWLRQ� RI� PD[LPL]LQJ� WKH� OLNHOLKRRG� RI�
SURGXFWLRQ� RI� WKH� GHILQLWH� DUWLFOH� EHIRUH� WKH� WDUJHW� ZRUG�� EXW� ZHUH� RWKHUZLVH�
XQFRQVWUDLQHG��7ZHQW\�VL[�WDUJHW�ZRUGV�IURP�5D\PRQG�HW�DO���������ZHUH�XQOLNHO\�WR�
EH�SUHFHGHG�E\�³WKH´�LQ�WKLV�W\SH�RI�WDVN��DQG�ZHUH�UHSODFHG�IRU�ERWK�VXEWHVWV�E\�PRUH�
VXLWDEOH�ZRUGV�ZLWK�HTXLYDOHQW�FULWLFDO�SURSHUWLHV��)RU�H[DPSOH��WKH�ZRUG�RSXOHQW IURP�
WKH�RULJLQDO�VWXG\�ZDV�FKDQJHG�WR�RWWHU DV�LW�ZDV�FRQVLGHUHG�XQOLNHO\�WKDW�D�SDUWLFLSDQW�
ZRXOG� SURGXFH� D� VHQWHQFH� HQFRPSDVVLQJ� WKH�SKUDVH� ³WKH�RSXOHQW´��7ZHQW\�VL[� ILOOHU�
WULDOV�ZHUH�DOVR�XVHG�LQ�WKH�VHQWHQFH�SURGXFWLRQ�EORFN��ZLWK�ZRUG�SDLUV�VHOHFWHG�WR�WU\�
WR�ZLGHQ� WKH�UDQJH�RI�SODXVLEOH�VHQWHQFH�VWUXFWXUHV�XVHG�E\�SDUWLFLSDQWV��7KH�VWLPXOL�
ZHUH� UHFRUGHG� RQWR� &'� LQ� D� VRXQGSURRI� ERRWK� E\� RQH� RI� WKH� FR�DXWKRUV�� DQG� WKHQ�
WUDQVIHUUHG�GLJLWDOO\�WR�3&��,QGLYLGXDO�ZRUG�ILOHV��IRU�WKH�VHQWHQFH�SURGXFWLRQ�VXEWHVW��
DQG�WZR�ZRUG�SKUDVH�ILOHV��IRU�WKH�GHWHUPLQHU�UHSODFHPHQW�VXEWHVW��ZHUH�WKHQ�FUHDWHG�
XVLQJ�&RRO�(GLW� VRIWZDUH�� 7KH� RUGHU� RI� WULDOV�ZDV� UDQGRPLVHG�� IRU� HDFK� VXEWHVW� DQG�
HDFK�SDUWLFLSDQW��LQ�QLQH�EORFNV�WR�HQVXUH�KRPRJHQHLW\�RI�FRQGLWLRQV�
3URFHGXUH

3DUWLFLSDQWV� ZHUH� WHVWHG� LQGLYLGXDOO\� LQ� D� TXLHW� URRP�� 6WLPXOL� ZHUH� GHOLYHUHG�
WKURXJK�6HQQKHLVHU�+'����+HDGSKRQHV�XVLQJ�'0';�VRIWZDUH��)RUVWHU�	�)RUVWHU��LQ�
SUHVV�� RQ� D� 3&�� DQG� SDUWLFLSDQWV¶� VSRNHQ� UHVSRQVHV�ZHUH� UHFRUGHG GLJLWDOO\� XVLQJ� D�
PLFURSKRQH�FRQQHFWHG�WR�WKH�FRPSXWHU�

)RU� WKH� ILUVW� �VHQWHQFH� SURGXFWLRQ�� VXEWHVW�� 3DUWLFLSDQWV� ZHUH� JLYHQ� ZULWWHQ�
LQVWUXFWLRQV� WKDW� WKH\� ZRXOG� KHDU� WZR� ZRUGV� DQG� WKDW� WKH\� ZRXOG� KDYH� DERXW� ���
VHFRQGV� LQ�ZKLFK� WR�FRQVWUXFW�D� VKRUW� VHQWHQFH� LQFOXGLQJ� WKRVH�ZRUGV��$�SLORW�VWXG\�
LQGLFDWHG�WKDW�LQ�RUGHU�WR�HQFRXUDJH�SDUWLFLSDQWV�WR�JLYH�WKH�GHVLUHG�UHVSRQVH��WKH�XVH�
RI� ³WKH´� EHIRUH� WKH� WDUJHW� ZRUG��� LW� ZDV� QHFHVVDU\� WR� PDNH� WKH� LQVWUXFWLRQV� IDLUO\�
VSHFLILF��3DUWLFLSDQWV�ZHUH�LQVWUXFWHG�WKDW�WKH�VHQWHQFH�VKRXOG�EH�DV�VLPSOH�DV�SRVVLEOH��
VKRXOG�XVH� WKH�ZRUGV� LQ� WKH�JLYHQ�RUGHU�� DQG� VKRXOG�QRW�EH�DERXW� WKHPVHOYHV��7KH\�
ZHUH�DVNHG�QRW�WR�DOWHU�WKH�ZRUGV�LQ�DQ\�ZD\��IRU�H[DPSOH�E\�DGGLQJ��µLQJ¶�RU�µV¶�

7KH�VHQWHQFH�SURGXFWLRQ�H[SHULPHQW�EHJDQ�ZLWK�WKH�SUHVHQWDWLRQ�RI�VL[�SUDFWLFH�
LWHPV�� IROORZHG�E\�QLQH�EORFNV�RI� WHVW� LWHPV��6KRUW�EUHDNV�ZHUH�JLYHQ�DIWHU� WKH�WKLUG�
DQG� VL[WK� EORFNV�� (DFK� WULDO� FRQVLVWHG� RI� WKH� SUHVHQWDWLRQ� RI� WKH� WZR� VSRNHQ�ZRUGV��
IROORZHG�E\�D�����VHFRQG�GHOD\�DQG�D�WRQH�WR�LQGLFDWH WKDW�WKH�SDUWLFLSDQW�VKRXOG�VD\�
WKH�VHQWHQFH��7KH�SDUWLFLSDQW�KDG���VHFRQGV�LQ�ZKLFK�WR�UHVSRQG��DIWHU�ZKLFK�WKH�QH[W�
WULDO�EHJDQ�
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$IWHU�WKH�VHQWHQFH�SURGXFWLRQ�WHVW��SDUWLFLSDQWV�WRRN�D�EUHDN�DQG�WKHQ�ZHUH�JLYHQ�
ZULWWHQ�LQVWUXFWLRQV�WKDW� WKH\�ZRXOG�KHDU�ZRUG�SDLUV�DQG�WKDW�WKH\�VKRXOG�UHSODFH�WKH�
ILUVW� ZRUG� �³KLV´�� ZLWK� ³WKH´�� 7KH� RYHUDOO� VWUXFWXUH� RI� WKH� WHVW� IROORZHG� WKDW� RI� WKH�
VHQWHQFH� SURGXFWLRQ� WHVW�� EXW� ZLWK� D� GLIIHUHQW� UDQGRPLVDWLRQ� ZLWKLQ� DQG� EHWZHHQ�
EORFNV��2Q�HDFK�WULDO�WKH�SDUWLFLSDQW�KHDUG�WKH�WDUJHW�SUHFHGHG�E\�³KLV´��DQG�IROORZHG�
E\� D� WRQH� ���� VHFRQGV� ODWHU� VLJQDOOLQJ� WKDW� WKH�SDUWLFLSDQW� VKRXOG� VD\� WKHLU� UHVSRQVH��
$IWHU���VHFRQGV��WKH�QH[W�WULDO�EHJDQ�

3DUWLFLSDQW� UHVSRQVHV� LQ� ERWK� VXEWHVWV� ZHUH� FRGHG� DV� FRUUHFW� RU� LQ� HUURU�
DFFRUGLQJ� WR� FULWHULD� EDVHG� RQ� WKH� QRUPDWLYH� UXOH� IRU� GHILQLWH� DUWLFOH� SURQXQFLDWLRQ��
7KXV���&K��UHVSRQVHV�ZHUH�FRGHG�DV�FRUUHFW�EHIRUH�YRZHO�LQLWLDO�ZRUGV�EXW�DV�LQFRUUHFW�
EHIRUH� FRQVRQDQW�LQLWLDO� ZRUGV�� ZKLOH� �&��� UHVSRQVHV� ZHUH� FRGHG� DV� FRUUHFW� EHIRUH�
FRQVRQDQW�LQLWLDO ZRUGV� EXW� DV� LQFRUUHFW� EHIRUH� YRZHO�LQLWLDO� ZRUGV�� 7ZR�
H[SHULPHQWHUV�FRGHG�HDFK�UHVSRQVH�LQGLYLGXDOO\�GXULQJ�WKH�H[SHULPHQW��DQG�LQ�WKH�UDUH�
FDVHV� ZKHUH� WKHUH� ZDV� D� GLVDJUHHPHQW� RYHU� UHVSRQVHV�� WKUHH� H[SHULPHQWHUV� ZRXOG�
H[DPLQH� WKH� UHVSRQVH�ZDYHIRUP� LQ� RUGHU� WR� UHDFK� D� GHFLVLRQ�� $V�PHQWLRQHG� LQ� WKH�
LQWURGXFWLRQ��WKH�SURGXFWLRQ�RI�WKH�GHILQLWH�DUWLFOH�LV�OLNHO\�WR�EH�SDUWO\�LQIOXHQFHG�E\�D�
JHQHUDO�UHGXFWLRQ�SURFHVV��ZKLFK�PD\�RSHUDWH�FRQWLQXRXVO\�UDWKHU�WKDQ�GLFKRWRPRXVO\��
7KXV��WKH�FDWHJRUL]DWLRQ�RI�WKHVH�WRNHQV�DV�HLWKHU�XQUHGXFHG�RU�UHGXFHG�LV�OLNHO\�WR�EH�
VRPHZKDW� DUWLILFLDO��1RQHWKHOHVV�� FDWHJRULFDO� GHFLVLRQV� UHPDLQ� XVHIXO� DQG� YDOLG� DV� D�
PHDVXUH�RI�WKH�H[WHQW�RI�D�FRQWLQXRXV�UHGXFWLRQ�SURFHVV��:H�ZLOO�UHWXUQ�WR�WKLV�LVVXH�LQ�
WKH�*HQHUDO�'LVFXVVLRQ�
5HVXOWV�DQG�'LVFXVVLRQ

7KH�UHVSRQVHV�IRU� WKH�GHWHUPLQHU� UHSODFHPHQW�VXEWHVW�DOPRVW�DOO�FRQWDLQHG�RQH�
RU�RWKHU�DOORPRUSK�RI�³WKH´����������ZKHUHDV�RQO\�����RI�UHVSRQVHV�LQ�WKH�VHQWHQFH�
SURGXFWLRQ� H[SHULPHQW� XVHG� WKH� GHILQLWH� DUWLFOH� LPPHGLDWHO\� EHIRUH� WKH� WDUJHW�ZRUG��
7KHUH�ZHUH�PDQ\�SRVVLEOH�UHDVRQV�IRU�GLIIHUHQFHV�EHWZHHQ�GLIIHUHQW�VWLPXOXV�LWHPV�LQ�
WHUPV�RI�XVDJH�RI�³WKH´��PRVW�SDUWLFXODUO\��KRZ�ZHOO�WKH�FKRVHQ�ZRUG�SDLU�LQYLWHG�WKH�
GHVLUHG� VHQWHQFH� FRQVWUXFWLRQ��� 2I� LQWHUHVW� KHUH�� KRZHYHU�� LV� ZKLFK� RI� WKH� WZR�
DOWHUQDQWV�ZDV�FKRVHQ�ZKHQ�WKH�GHILQLWH�DUWLFOH�ZDV�XVHG��7KHUHIRUH��DOO�DQDO\VHV�ZLOO�
EH�EDVHG�RQ�WKH�SHUFHQWDJH�RI�³WKH´�UHVSRQVHV�GHYLDWLQJ�IURP�WKH�QRUPDWLYH�UXOH��VHH�
7DEOH�����'HYLDWLRQV�IURP�WKH�QRUPDWLYH�UXOH�ZLOO�VRPHWLPHV�EH�DEEUHYLDWHG�DV�HUURUV��

7DEOH����3HUFHQWDJH�GHYLDWLRQV�IURP�WKH�QRUPDWLYH�UXOH�IRU�SURQXQFLDWLRQ�RI�WKH�
GHILQLWH�DUWLFOH�LQ�([SHULPHQW���

6HQWHQFH�
3URGXFWLRQ

'HWHUPLQHU�
5HSODFHPHQW

&RQGLWLRQ /RZ�) +LJK�) /RZ�) +LJK�)
&RQVRQDQW�LQLWLDO
)LUVW�V\OODEOH�VWUHVV ��� ��� ���� ����
6HFRQG�V\OODEOH�VWUHVV ��� ��� ���� ����

9RZHO�LQLWLDO
)LUVW�V\OODEOH�VWUHVV ��� ��� ���� ����
6HFRQG�V\OODEOH�VWUHVV ��� ��� ���� ����
$�IRXU�ZD\�DQDO\VLV�RI�YDULDQFH��$129$��ZDV�FDUULHG�RXW�RQ�WKH�PDLQ�VHW�RI�

��� VWLPXOL� XVLQJ WKH� YDULDEOHV� VXEWHVW� �VHQWHQFH� SURGXFWLRQ� YV�� GHWHUPLQHU�
UHSODFHPHQW��� VWUHVV� �ILUVW� YV�� VHFRQG� V\OODEOH��� IUHTXHQF\� �KLJK� YV�� ORZ�� DQG� LQLWLDO�
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SKRQHPH��YRZHO�YV��FRQVRQDQW���7KHUH�ZDV�D�PDLQ�HIIHFW�RI�VXEWHVW��)�>����@� �������S�
��������)�>����@� ��������S���������ZLWK�PRUH�GHYLDWLRQV�IURP�WKH�QRUPDWLYH�UXOH�IRU�
WKH� GHWHUPLQHU� UHSODFHPHQW� FRQGLWLRQ� �������� WKDQ� IRU� WKH� VHQWHQFH� SURGXFWLRQ�
FRQGLWLRQ� �������� 7KHUHIRUH�� WKH� VOLJKWO\� DUWLILFLDO� QDWXUH� RI� WKH� UHSODFHPHQW� VXEWHVW�
UHVXOWHG� LQ�PRUH�HUURUV��:H�DVNHG� WKH�SDUWLFLSDQWV�DIWHU� WKH�FRPSOHWH�H[SHULPHQW�IRU�
WKHLU�YLHZV�RQ�ZKDW�ZDV�EHLQJ�WHVWHG��DQG�URXJKO\�KDOI�EHOLHYHG�WKDW�WKH�UHSODFHPHQW�
VXEWHVW�ZDV� DQDO\VLQJ� WKHLU� SURQXQFLDWLRQ� RI� ³WKH´�ZKHUHDV� QRQH� RI� WKH� SDUWLFLSDQWV�
WKRXJKW� WKDW� WKH� VHQWHQFH� SURGXFWLRQ� WDVN� ZDV� UHODWHG� WR� SURQXQFLDWLRQ� RI� ³WKH´��
7KHUHIRUH� LW� LV� SRVVLEOH� WKDW� RQH� FDXVH� RI� WKH� LQIODWHG� HUURU� UDWH� LQ� WKH� UHSODFHPHQW�
VXEWHVW� ZDV� WKDW� SDUWLFLSDQWV� ZHUH� GHYRWLQJ� DQ� DEQRUPDO� OHYHO� RI� DWWHQWLRQ� WR� WKH�
DOWHUQDWLRQ� SURFHVV�� +RZHYHU�� QRQH� RI� WKH� RWKHU� IDFWRUV� LQWHUDFWHG� ZLWK� VXEWHVW��
LPSO\LQJ�WKDW�WKH�DQ\�HIIHFWV�IRXQG�ZHUH�HTXLYDOHQW�IRU�ERWK�PHWKRGRORJLHV�

7KHUH�ZDV�D�PDLQ�HIIHFW�RI�VWUHVV��)�>����@� ������S��� �����)�>����@� ������S���
������SOXV�DQ�LQWHUDFWLRQ�EHWZHHQ�VWUHVV�DQG�LQLWLDO�SKRQHPH��)�>����@� �������S���������
)�>����@� �������S����������$V�LQ�WKH�5D\PRQG�HW�DO��VWXG\��YRZHO�LQLWLDO�ZRUGV�ZLWK�
ILUVW� V\OODEOH� VWUHVV� �H�J��� DWWLWXGH�� ������� DQG� FRQVRQDQW�LQLWLDO� ZRUGV� ZLWK� VHFRQG�
V\OODEOH�VWUHVV��H�J���VRFLHW\��������SURYRNHG�PRUH�GHYLDWLRQV�IURP�WKH�QRUPDWLYH�UXOH�
WKDQ� YRZHO�LQLWLDO� ZRUGV� ZLWK� VHFRQG� V\OODEOH� VWUHVV� �H�J��� DWWHQWLRQ�� ������ DQG�
FRQVRQDQW�LQLWLDO� ZRUGV� ZLWK� ILUVW� V\OODEOH� VWUHVV� �H�J��� VHUYLFH�� ������� 3HUKDSV� WKH�
VLPSOHVW� ZD\� RI� XQGHUVWDQGLQJ� WKLV� LQWHUDFWLRQ� LV� LQ� WHUPV� RI� ILUVW� V\OODEOH� VWUHVV�
SURGXFLQJ�D�ELDV�WRZDUGV�D�UHGXFHG�³WKH´�DQG�VHFRQG�V\OODEOH�VWUHVV�SURGXFLQJ�D�ELDV�
LQ� WKH� RSSRVLWH� GLUHFWLRQ�� $UWLFOH� DOWHUQDQW� VHOHFWLRQ� DSSHDUV� WR� EH� RSHUDWLQJ� LQ�
DFFRUGDQFH� ZLWK� DQ� RYHUDOO� SUHIHUHQFH� IRU� DOWHUQDWLQJ� VWUHVV� SDWWHUQV�� ZKLFK� LV�
JHQHUDOO\�WKH�FDVH�IRU�(QJOLVK��H�J���6HONLUN��������

1R� RWKHU� PDLQ� HIIHFWV� RU� LQWHUDFWLRQV� ZHUH� VLJQLILFDQW� E\� ERWK� LWHPV� DQG�
SDUWLFLSDQWV�� DOWKRXJK� WKH� LQWHUDFWLRQ� EHWZHHQ� LQLWLDO� SKRQHPH� DQG� IUHTXHQF\� ZDV�
VLJQLILFDQW� E\� SDUWLFLSDQWV� �)�>����@� � ����� S� �� ����� )�>����@� � ����� S� !� ����� DQG� WKH�
PDLQ� HIIHFW� RI� LQLWLDO� SKRQHPH� ZDV� VLJQLILFDQW� E\� LWHPV� � �)�>����@�  � ����� S� !� ����
)�>����@� �������S���������

7DEOH����3HUFHQWDJH�GHYLDWLRQV�IURP�WKH�QRUPDWLYH�UXOH�IRU�WKH�VHOHFWHG�FDWHJRULHV�
LQ�([SHULPHQW���

�M��ZRUGV �K��ZRUGV
YRZHO�OHWWHU FRQV�OHWWHU VLOHQW�
K
 V\OO�� V\OO�� KLJK�YRZHO

'HWHUPLQHU�UHSODFHPHQW ���� ���� ���� ���� ���� ����
6HQWHQFH�SURGXFWLRQ ���� ���� ��� ��� ���� ���

7KH�VL[�RWKHU�FRQGLWLRQV�ZHUH�DQDO\VHG�LQ�WZR�ZD\�$129$V�ZLWK�([SHULPHQW�
DQG�&RQGLWLRQ�DV�IDFWRUV��VHH�7DEOH�����)RU�WKH����ZRUGV�EHJLQQLQJ�ZLWK��M��WKHUH�ZDV�D�
PDLQ�HIIHFW�RI�VSHOOLQJ��)�>����@� �������S���������)�>����@� ������S���������ZLWK�ZRUGV�
EHJLQQLQJ� ZLWK� YRZHO� OHWWHUV� SURGXFLQJ� IDU� PRUH� HUURUV� �������� WKDQ� ZRUGV� ZLWK�
FRQVRQDQW�LQLWLDO�OHWWHUV����������7KHUHIRUH��SDUWLFLSDQWV�ZHUH�PRUH�OLNHO\�WR�WUHDW�WKH�
�M�� DV� D� YRZHO� LQ� WHUPV� RI� DUWLFOH� DOWHUQDQW� VHOHFWLRQ� LI� LW� EHJDQ�ZLWK� D� YRZHO� OHWWHU��
(YHQ�LI�WKH�ZRUG�EHJDQ�ZLWK�D�FRQVRQDQW�OHWWHU��WKH�HUURU�UDWH�ZDV�PXFK�KLJKHU�IRU��M��
LQLWLDO� ZRUGV� WKDQ� IRU� REVWUXHQW�LQLWLDO� ZRUGV� JHQHUDOO\� �������� 7KLV� EDVHOLQH�
GLIIHUHQFH� VXJJHVWV� WKDW� WKH� LQIOXHQFH� RI� LQLWLDO� VHJPHQW� W\SH� RQ� DOWHUQDQW� VHOHFWLRQ�
PD\�QRW�EH�GLFKRWRPRXV��,QVWHDG��WKH�GDWD�ILW�D�PRGHO�LQ�ZKLFK�GHJUHH�RI�FORVXUH�LV�D�
FRQWLQXRXV�YDULDEOH�DFWLQJ�SUREDELOLVWLFDOO\��VR�WKDW�JOLGHV�VXFK�DV��M��IDOO�EHWZHHQ�WKH�
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H[WUHPHV�RI�REVWUXHQWV�DQG�YRZHOV��FORVHU�WR�WKH�FRQVRQDQW�HQG��FI��-DNREVRQ��)DQW�	�
+DOOH��������

7KH� PDQLSXODWLRQ� RI� VXEWHVW� ZDV� LQWHQGHG� WR� DVVHVV� ZKHWKHU� DQ\� HIIHFWV� RI�
RUWKRJUDSK\�UHOLHG�RQ�H[SOLFLW�NQRZOHGJH�RI� UXOHV�RI�DOWHUQDWLRQ��7KHUH�ZDV�QR�PDLQ�
HIIHFW� RI� VXEWHVW� LQ� WKH� DQDO\VLV� RI� �M��LQLWLDO� ZRUGV�� EXW� VXEWHVW� GLG� LQWHUDFW� ZLWK�
VSHOOLQJ��)�>����@� ������S��������)�>����@� ������S���������7KLV�LQWHUDFWLRQ�VKRZHG�WKDW�
IDU� IURP� HOLPLQDWLQJ� WKH� HIIHFW� RI� VSHOOLQJ�� WKH� VHQWHQFH� SURGXFWLRQ� WDVN� DFWXDOO\�
DPSOLILHG�LWV�HIIHFW��)RU�GHWHUPLQHU�UHSODFHPHQW��ZRUGV�EHJLQQLQJ�ZLWK�D�YRZHO�OHWWHU�
SURGXFHG�������HUURUV��FRPSDUHG�WR�������IRU�FRQVRQDQW OHWWHU�ZRUGV��ZKHUHDV�LQ�WKH�
VHQWHQFH�SURGXFWLRQ�VXEWHVW�WKH�HUURU�UDWHV�ZHUH�������IRU�YRZHO�OHWWHUV�DQG�������IRU�
FRQVRQDQW� OHWWHUV�� 7KHVH� UHVXOWV� DUH� VWURQJ� HYLGHQFH� IRU� DQ� LPSOLFLW� ORFXV� RI�
RUWKRJUDSKLF�HIIHFWV�LQ�DUWLFOH�DOWHUQDQW�VHOHFWLRQ�

$�VHFRQG DQDO\VLV�H[DPLQHG�ZKHWKHU�D�VLOHQW�³K´�LQ�D�YRZHO�LQLWLDO�ZRUG�ZRXOG�
LQIOXHQFH�SURQXQFLDWLRQ�RI�WKH�GHILQLWH�DUWLFOH��7KH�VHW�RI���ZRUGV�ZLWK�D�VLOHQW�³K´�ZDV�
FRPSDUHG�WR�WKH����LWHPV�IURP�WKH�PDLQ�VHW�EHJLQQLQJ�ZLWK�D�YRZHO��7KLV�FRPSDULVRQ�
VKRZHG�D�PDLQ HIIHFW�RI�VXEWHVW��)�>����@� �������S���������)�>����@� �������S����������
ZLWK�IHZHU�HUURUV�LQ�VHQWHQFH�SURGXFWLRQ��������WKDQ�GHWHUPLQHU�UHSODFHPHQW����������
+RZHYHU�� WKHUH� ZDV� QR� HIIHFW� RI� VSHOOLQJ� RQ� HUURU� UDWH�� DQG� QR� LQWHUDFWLRQ� EHWZHHQ�
VSHOOLQJ�DQG�VXEWHVW��5D\PRQG�HW�DO���������DOVR�IRXQG�OLWWOH�HYLGHQFH�IRU�DQ�LQIOXHQFH�
RI�RUWKRJUDSK\�IRU�YRZHO�LQLWLDO�ZRUGV��DQG�JLYHQ�WKH�YHU\�VWURQJ�HIIHFW�IRU�FRQVRQDQW�
LQLWLDO� ZRUGV�� LW� LV� XQFOHDU�ZK\��2QH� SRVVLELOLW\� LV� WKDW� WKH� XVH� RI� WKH� �M�� FRQVRQDQW�
SODFHG�WKH�V\VWHP�LQ�D�UHJLRQ�RI�KLJK�XQFHUWDLQW\��LQ�ZKLFK�ZHDNHU�FRQVWUDLQWV�VXFK�DV�
VSHOOLQJ�FDQ�KDYH�VWURQJ�HIIHFWV�

)RU� ³K´�LQLWLDO� ZRUGV� LQ� ZKLFK� WKH� ³K´� LV� QRW� VLOHQW�� ZH� WHVWHG�ZKHWKHU� VWUHVV�
DVVLJQPHQW�DIIHFWHG�SURQXQFLDWLRQ�RI�WKH�GHILQLWH�DUWLFOH��7KH�UHDVRQ�IRU�WKLV�WHVW�ZDV�
WKDW�IRU�LQGHILQLWH�DUWLFOHV��³K´�LQLWLDO�ZRUGV�ZLWK�VHFRQG�V\OODEOH�VWUHVV�DUH�DQ�DFFHSWHG�
�DOWKRXJK� QRW� XQLYHUVDOO\� DJUHHG�� H[FHSWLRQ�� )RU� H[DPSOH�� KLVWRULFDO LV� VRPHWLPHV�
FRPELQHG�ZLWK�DQ UDWKHU�WKDQ�D��1R�VXFK�H[FHSWLRQ�H[LVWV�IRU�WKH�GHILQLWH�DUWLFOH��EXW�
VRPH�JHQHUDOLVDWLRQ�LV�SRVVLEOH�LI�WKH�VDPH�V\VWHP�FRQWUROV�ERWK�GHILQLWH�DQG�LQGHILQLWH�
DUWLFOH� DOWHUQDQW� VHOHFWLRQ�� $OWHUQDWLYHO\�� WKH� IDFWRUV� WKDW� KDYH� FRQWULEXWHG� WR� WKH�
GHYHORSPHQW�RI�WKH�H[FHSWLRQ�IRU�LQGHILQLWH�DUWLFOHV �L�H���VRPH�OHQLWLRQ��RU�ZHDNHQLQJ��
RI� WKH��K�� LQ�DQ�XQVWUHVVHG�V\OODEOH��PD\�DOVR�RSHUDWH�LQ�D�OHVV�RYHUW�ZD\�IRU�GHILQLWH�
DUWLFOHV��:H�IRXQG�IRU� WKHVH�VWLPXOL� WKHUH�ZDV�WKH�XVXDO�HIIHFW�RI�VXEWHVW��)�>����@� �
������ S� �� ������ )�>����@�  � ������ S� �� ������� ZLWK� PRUH� HUURUV� IRU� GHWHUPLQHU�
UHSODFHPHQW�� SOXV� D� PDLQ� HIIHFW� RI� VWUHVV� DVVLJQPHQW� �)�>����@�  � ������ S� �� ������
)�>����@� �������S����������ZLWK�PRUH�HUURUV�IRU�VHFRQG�V\OODEOH�VWUHVV���������WKDQ�IRU�
ILUVW�V\OODEOH�VWUHVV���������DQG�QR�LQWHUDFWLRQ��7KLV HIIHFW�RI�VWUHVV�DSSHDUV�WR�EH�IDU�
ELJJHU�WKDQ�WKH�PDLQ�HIIHFW�RI�VWUHVV�IRU�WKH�PDLQ�VHW�RI�LWHPV��/RRNLQJ�DW�WKH�VHQWHQFH�
SURGXFWLRQ� H[SHULPHQW��ZKLFK�ZH� EHOLHYH� JLYHV� WKH� EHVW� LQGLFDWLRQ� RI� WKH� HIIHFWV� LQ�
QRUPDO�ODQJXDJH�SURGXFWLRQ��WKH�³K´�LQLWLDO�VHFRQG�V\OODEOH�VWUHVV�LWHPV�JHQHUDWH�����
GHYLDWLRQV�IURP�WKH�QRUPDWLYH�UXOH��FRPSDUHG�WR������IRU�³K´�LQLWLDO�ZRUGV�ZLWK�ILUVW�
V\OODEOH� VWUHVV�� )RU� REVWUXHQW�LQLWLDO�ZRUGV�ZLWK� VHFRQG�V\OODEOH� VWUHVV�� WKH� HUURU� UDWH�
ZDV�������7KHUHIRUH��VWUHVV�DOORFDWLRQ�DSSHDUV�WR�EH�SDUWLFXODUO\�LQIOXHQWLDO�LQ�WKH�FDVH�
RI�K�LQLWLDO�ZRUGV��ZKLFK�UHLQIRUFHV�WKH�FRQFOXVLRQ�WKDW�D�WHQGHQF\�WR�WUHDW�ZRUGV�VXFK�
DV�KLVWRULFDO DV�H[FHSWLRQV�IRU�WKH�LQGHILQLWH�DUWLFOH�DOVR�KROGV�WUXH�IRU�GHILQLWH�DUWLFOH�
SURQXQFLDWLRQ��$JDLQ�� WKH� ODFN�RI� LQWHUDFWLRQ�ZLWK�VXEWHVW� VXJJHVWV� WKDW� WKLV�HIIHFW� LV�
QRW�EDVHG�RQ�IDXOW\�H[SOLFLW�UXOH�IRUPDWLRQ�
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)LQDOO\��D�VHW�RI���LWHPV�ZLWK�KLJK�IURQW�YRZHOV���L��DQG��+���ZDV�FRPSDUHG�WR�WKH�
���YRZHO�LQLWLDO�ZRUGV�IURP�WKH�PDLQ�VHW��7KHVH�KLJK�IURQW�YRZHOV�DUH�WKH�FORVHVW�WR�
WKH�YRZHO�XVHG�LQ�WKH�XQUHGXFHG�IRUP�RI�³WKH´��ZKLFK�LV�QRUPDOO\�XVHG�EHIRUH�YRZHOV��
7KLV� VLPLODULW\� PD\� KDYH� RQH� RI� WZR� FRQVHTXHQFHV�� WKHUH� PD\� EH� DQ� DVVLPLODWLRQ�
SURFHVV� WKDW� IXUWKHU� GHFUHDVHV� WKH� OLNHOLKRRG� RI� D� UHGXFHG� ³WKH´� EHLQJ� SURGXFHG��
$OWHUQDWLYHO\�� WKH� SUHVHQFH� RI� WKH� IROORZLQJ� KLJK� IURQW� YRZHO� PD\� SURYLGH� D� ELDV�
WRZDUGV� D� UHGXFHG� ³WKH´� LQ� RUGHU� WR� LQFUHDVH� FRPSUHKHQVLELOLW\� DQG� DLG� ZRUG�
VHJPHQWDWLRQ�� 7KH� GDWD� IRU� WKLV� FRPSDULVRQ� VXSSRUWHG� WKH� VHFRQG�DOWHUQDWLYH��7KHUH�
ZDV�D�PDLQ HIIHFW�RI�YRZHO�W\SH���)�>����@� �������S���������)�>����@� ������S���������
ZLWK�PRUH�GHYLDWLRQV�IURP�WKH�QRUPDWLYH�UXOH��L�H���UHGXFHG�IRUPV��IRU�WKH�KLJK�IURQW�
YRZHOV���������WKDQ�IRU�WKH�RWKHU�YRZHOV���������7KHUH�ZDV�DOVR�WKH�H[SHFWHG�PDLQ�
HIIHFW� RI� VXEWHVW� �)�>����@�  � ������ S� �� ������ )�>����@�  � ������ S� �� ������� DQG� QR�
LQWHUDFWLRQ�

$V� ZHOO� DV� ORRNLQJ� DW� WKH� RYHUDOO� LQIOXHQFH� RI� WKH� LQGHSHQGHQW� YDULDEOHV� RQ�
SHUIRUPDQFH�LQ�WKH�WZR�VXEWHVWV��ZH�DOVR�ORRNHG�DW�ZKHWKHU��IRU�DQ\�SDUWLFXODU�WDUJHW�
ZRUG��SDUWLFLSDQWV�WHQGHG�WR�SURYLGH�WKH�VDPH�DOORPRUSK�LQ�HDFK�RI�WKH�VXEWHVWV��7R�GR�
WKLV��ZH�H[DPLQHG�WKH�IUHTXHQF\�RI�WKH�IRXU�GLIIHUHQW�FRPELQDWLRQV�RI�WULDO�RXWFRPHV�
IRU�WKH�WZR�VXEWHVWV��LJQRULQJ�WULDOV�LQ�ZKLFK�WKH�SDUWLFLSDQW�GLG�QRW�VD\�³WKH´�LQ�RQH�RU�
RWKHU�VXEWHVW���2Q�DYHUDJH��D�SDUWLFLSDQW�LQ�([SHULPHQW���PDGH�D�UHVSRQVH�WKDW�ILWWHG�
WKH� QRUPDWLYH� UXOH� LQ� ERWK� H[SHULPHQWV� ������ RI� WKH� WLPH�� 'HYLDWLRQV� LQ� WKH�
GHWHUPLQHU� UHSODFHPHQW� EXW� QRW� WKH� VHQWHQFH� SURGXFWLRQ� H[SHULPHQW� DFFRXQWHG� IRU�
������ RI� WULDOV�� ZKHUHDV� GHYLDWLRQV� LQ� VHQWHQFH� SURGXFWLRQ� EXW� QRW� GHWHUPLQHU�
UHSODFHPHQW�DFFRXQWHG�IRU������RI�UHVSRQVHV��)LQDOO\��RQ������RI�WULDOV��WKHUH�ZDV�D�
FRQVLVWHQW� GHYLDWLRQ� IURP� WKH� QRUPDWLYH� UXOH� LQ� ERWK� VXEWHVWV�� 7KXV�� ���� RI� LWHPV�
ZHUH� WUHDWHG� LQFRQVLVWHQWO\�� DQG� GHYLDWLRQV� IURP� WKH� QRUPDWLYH� UXOH� LQ� WKH� VHQWHQFH�
SURGXFWLRQ� WHVW�ZHUH�PRUH�RIWHQ� WKDQ�QRW� WUHDWHG�DV� ILWWLQJ� WKH�QRUPDWLYH� UXOH� LQ� WKH�
GHWHUPLQHU�UHSODFHPHQW�WHVW��,QWHUHVWLQJO\��WKHUH�ZDV�WKH�JUHDWHVW�OHYHO�RI�LQFRQVLVWHQF\�
LQ� WKH�FRQGLWLRQ�ZLWK� WKH JUHDWHVW�QXPEHU�RI�GHYLDWLRQV�IURP�WKH�QRUPDWLYH�UXOH���M��
LQLWLDO� ZRUGV� EHJLQQLQJ� ZLWK� D� YRZHO� OHWWHU��� IRU� ZKLFK� ���� RI� UHVSRQVHV� ZHUH�
LQFRQVLVWHQW��7KLV� VKRZV� WKDW� WKH� XQFHUWDLQW\� FUHDWHG�E\� VRPH�FRQGLWLRQV�RI�GHILQLWH�
DUWLFOH�VHOHFWLRQ�LV�QRW�GHDOW�ZLWK�FRQVLVWHQWO\�RQ�D�ZRUG�E\�ZRUG�EDVLV��ZKLFK�PLJKW�
EH� H[SHFWHG� LI� DOORPRUSK� SUHIHUHQFH� ZDV� OH[LFDOO\� VSHFLILHG� IRU� HDFK� WDUJHW� ZRUG��
1RQHWKHOHVV��WKHUH�LV�VOLJKWO\�PRUH�FRQVLVWHQF\�RYHUDOO�WKDQ�ZRXOG�EH�H[SHFWHG�SXUHO\�
E\� FKDQFH��:H� WHVWHG� WKLV� E\� HVWLPDWLQJ� WKH� QXPEHU� RI� WULDOV� RI� HDFK� W\SH� IRU� HDFK�
SDUWLFLSDQW�DVVXPLQJ�LQGHSHQGHQFH�RI�SHUIRUPDQFH�LQ�WKH�WZR�VXEWHVWV��7KLV�JLYHV�DQ�
H[SHFWHG� EUHDNGRZQ� RI� ������ �QRUPDWLYH� UXOH� LQ� ERWK��� ������ �GHYLDWLRQ� LQ�
GHWHUPLQHU�UHSODFHPHQW�RQO\���������GHYLDWLRQ�LQ�VHQWHQFH�SURGXFWLRQ�RQO\��DQG������
�GHYLDWLRQ� LQ� ERWK��� 7KH� SUHYDOHQFH� RI� GHYLDWLRQV� IURP� WKH� QRUPDWLYH� UXOH� LQ� ERWK�
H[SHULPHQWV��������LV�RXWVLGH�WKH�����FRQILGHQFH�LQWHUYDO�IRU�WKLV�RXWFRPH�EDVHG�RQ�
WKH�DVVXPSWLRQ�RI�LQGHSHQGHQFH�������������

,Q� VXPPDU\�� ([SHULPHQW� �� GHPRQVWUDWHG� DQ� H[WHQVLYH� DUUD\� RI� IDFWRUV� WKDW�
LQIOXHQFH�WKH�VHOHFWLRQ�RI�GHILQLWH�DUWLFOH�DOWHUQDQWV��8QVXUSULVLQJO\�� WKH�PRVW�FULWLFDO�
IDFWRU�LV�ZKHWKHU�RU�QRW�WKH�LQLWLDO�SKRQHPH�RI�WKH�IROORZLQJ�ZRUG�LV�D�YRZHO��ZKLFK�
SUHGRPLQDWHV� LQ� WKH� FKRLFH� EHWZHHQ� WKH� WZR� IRUPV� RI� ³WKH´�� +RZHYHU�� RXU� UHVXOWV�
VXSSRUW� 5D\PRQG� HW� DO�� ������� LQ� DOVR� GHPRQVWUDWLQJ� HIIHFWV� RI� OH[LFDO� VWUHVV�
DVVLJQPHQW��SDUWLFXODUO\�IRU�³K´�LQLWLDO�ZRUGV���WKH�LQLWLDO�OHWWHU�RI��M��LQLWLDO�ZRUGV��DV�
ZHOO� DV� GLIIHUHQWLDO� HIIHFWV� ZLWKLQ� ERWK� FRQVRQDQW� DQG� YRZHO� FODVVHV�� 7KHVH� IDFWRUV�
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KDYH� OHVVHU� HIIHFWV� RQ� VHOHFWLRQ�� EXW� LQ� FHUWDLQ� FRPELQDWLRQV� FDQ� IRUP� VWURQJ�
FRQVWUDLQWV�LQ�RSSRVLWLRQ�WR�WKH�QRUPDWLYH�UXOH�

:LWK�RQH�H[FHSWLRQ�WKHVH�HIIHFWV�GLG�QRW�LQWHUDFW�ZLWK�VXEWHVW�W\SH��(YHQ�ZKHQ�
SDUWLFLSDQWV� DUH� SURGXFLQJ� VHQWHQFHV� LQ� UHODWLYHO\� QRUPDO� FLUFXPVWDQFHV� ZLWK� QR�
H[SOLFLW�NQRZOHGJH�RI�ZKDW�DVSHFWV�RI�WKHLU�VSHHFK�DUH�XQGHU�WHVW��WKH�VDPH�IDFWRUV�DUH�
RSHUDWLQJ�� ,Q� IDFW� WKH� RQO\� LQWHUDFWLRQ�ZLWK� VXEWHVW�� IRU� WKH� �M��LQLWLDO�ZRUGV VKRZHG�
VWURQJHU�HIIHFWV�RI�RUWKRJUDSK\�IRU�WKH�PRUH�LPSOLFLW�WDVN��7KHVH�GDWD�LQ�FRPELQDWLRQ�
LPSO\� WKDW� WKH� LGHQWLILHG� IDFWRUV� RSHUDWH� DW� D� VXEFRQVFLRXV�� LPSOLFLW� OHYHO� LQ� QRUPDO�
VSHHFK� SURGXFWLRQ�� 7KLV� ILQGLQJ� LV� PRVW� FULWLFDO� IRU� HYDOXDWLQJ� WKH� HIIHFW� RI�
RUWKRJUDSK\� IRXQG�� VLQFH� LW� LPSOLHV� WKDW� WKHUH� LV� D� UDWKHU� VXEWOH� LQIOXHQFH� RI�
RUWKRJUDSKLF�UHSUHVHQWDWLRQV�RQ�YDULDQW�VHOHFWLRQ�LQ�VSHHFK�SURGXFWLRQ��:H�ZLOO�UHWXUQ�
WR�WKLV�LVVXH�LQ�WKH�*HQHUDO�'LVFXVVLRQ�

2XU�UHVXOWV�GR�QRW�VXSSRUW�WKH�UHVXOWV�RI�5D\PRQG�HW�DO���������LQ�RQH�UHVSHFW��
2QH� RI� WKH� DUJXPHQWV� WKH\� XVHG� DJDLQVW� D� UXOH�EDVHG� PRGHO� RI� DUWLFOH� DOWHUQDQW�
VHOHFWLRQ�ZDV�WKH�KLJK�RYHUDOO�OHYHO�RI�GHYLDWLRQ�IURP�WKH�QRUPDWLYH�UXOH��IRU�H[DPSOH��
LQ�WKHLU�([SHULPHQW���WKH\�IRXQG�DQ�RYHUDOO�HUURU�UDWH�RI�������7KH�DUJXPHQW�ZDV�WKDW�
D�QRUPDWLYH�UXOH�PRGHO�VKRXOG�RQO\�SHUPLW�D�UHODWLYHO\�VPDOO�SURSRUWLRQ�RI�HUURUV��DQ�
DFFHSWDEOH� HUURU� UDWH�ZDV� YLHZHG� DV� XS� WR� DURXQG� �����2XU� UHVXOWV� VXJJHVW� WKDW� WKH�
RYHUDOO�HUURU� UDWH� LQ� WKHLU�H[SHULPHQWV�ZDV� LQIODWHG�E\� WKH�FKRLFH�RI� WDVN��VXSSRUWLQJ�
WKH� LGHD� WKDW� WKH� XQXVXDO� IRFXV� RI� DWWHQWLRQ� RQ� D� ODUJHO\� DXWRPDWLF� SURFHVV� KDG�
LPSDLUHG� SHUIRUPDQFH��:H� IRXQG� DQ� RYHUDOO� HUURU� UDWH� RI� ���� IRU� WKH� PDLQ� VHW� RI�
ZRUGV�WHVWHG�XVLQJ�GHWHUPLQHU�UHSODFHPHQW��EXW�ZKHQ�ZH�XVHG�D�VHQWHQFH�SURGXFWLRQ�
WDVN��WKH�HUURU�UDWH�GURSSHG�WR�OHVV�WKDQ�����$SSO\LQJ�WKH�³���DFFHSWDEOH�HUURU�UDWH´�
SULQFLSOH� WR� RXU� SDUWLFLSDQWV� LQ� WKH� VHQWHQFH� SURGXFWLRQ� WDVN� ZRXOG� OHDG� WR� WKH�
FRQFOXVLRQ�WKDW�WKH�YDVW�PDMRULW\�����RXW�RI�����ZHUH�PDNLQJ�XVH�RI�D�QRUPDWLYH�UXOH��
$V�ZH�KDYH�VKRZQ��KRZHYHU��WKHVH�VDPH�SDUWLFLSDQWV�DUH�EHLQJ�LQIOXHQFHG�E\�IDU�PRUH�
WKDQ�PHUHO\�ZKHWKHU�WKH�IROORZLQJ�SKRQHPH�LV�D�YRZHO�RU�D�FRQVRQDQW��7KHUHIRUH��LW�
VHHPV�WKDW�WKH�WUXH�SLFWXUH�LV�RQH�LQ�ZKLFK�WKHUH�LV�UHODWLYHO\�OLWWOH�QRLVH�LQ�WKH�V\VWHP�
�UHVSRQVHV�DUH�JHQHUDOO\�JRYHUQHG�E\�WKH�GRPLQDQW�IDFWRU�RI�WKH�LQLWLDO�SKRQHPH�RI�WKH�
IROORZLQJ�ZRUG���EXW�QRQHWKHOHVV�PXOWLSOH�ZHDN�FRQVWUDLQWV�RSHUDWH�LQ�WKH�VHOHFWLRQ�RI�
WKH�IRUP�RI�WKH�GHILQLWH�DUWLFOH�

([SHULPHQW��
,Q�([SHULPHQW����ZH�DGGUHVVHG� WKH�GHYHORSPHQWDO�SURILOH�RI� WKH�HIIHFWV� LGHQWLILHG� LQ�
([SHULPHQW� ��� 7ZR� JURXSV� RI� FKLOGUHQ� ZHUH� WHVWHG� RQ� WKHLU� XVH� RI� YDULDQWV� RI� WKH�
GHILQLWH�DUWLFOH�LQ�D�YDULHW\�RI�VHQWHQFH�FRQWH[WV��:H�KDG�WZR�DLPV�LQ�WKLV�VWXG\��:H�
ZLVKHG�WR�H[DPLQH�ZKHWKHU WKHUH�ZDV�DQ\�HYLGHQFH�IRU�D�³GHYHORSPHQWDO�GHIDXOW´�LQ�
RSHUDWLRQ� HDUO\� RQ� LQ� ODQJXDJH� DFTXLVLWLRQ�� )RU� H[DPSOH�� JLYHQ� WKDW� WKHUH� DUH�PRUH�
FRQVRQDQW�LQLWLDO� WKDQ�YRZHO�LQLWLDO�ZRUGV� LQ� WKH� ODQJXDJH�� WKH� ODQJXDJH� OHDUQHU�PD\�
UHDFK�D�VWDJH�HDUO\�RQ�LQ�GHYHORSPHQW�ZKHQ�³WKH´�LV�DOZD\V�XVHG�LQ�LWV�PRVW�FRPPRQ�
UHGXFHG�IRUP��,QFUHDVHG�H[SRVXUH�WR�FRQQHFWHG�VSHHFK�ZRXOG�WKHQ�UHVXOW�LQ�D�JUDGXDO�
LQFUHDVH� LQ� FRPSOH[LW\� RI� WKH� VHOHFWLRQ� V\VWHP� WR� DFFRPPRGDWH� WKH� IDFWRUV� WKDW� DUH�
XQGHUVWRRG� WR� DSSO\� LQ� DGXOWKRRG�� 7KLV� EHKDYLRXU� ZRXOG� EH� FRQVLVWHQW� ZLWK� WKH�
SKHQRPHQRQ� RI� HDUO\� ³RYHUUHJXODULVDWLRQ´� IRXQG� LQ� RWKHU� OLQJXLVWLF� V\VWHPV� LQ�
GHYHORSPHQW��H�J���%\EHH�	�6ORELQ��������0DUDWVRV�������� 0DUFXV�� 3LQNHU�� 8OOPDQ��
+ROODQGHU��5RVHQ�	�;X� �������DQG�ZRXOG�VKHG�OLJKW�RQ�WKH�OLQN�EHWZHHQ�DJH�DQG�XVH�
RI��&���EHIRUH�YRZHOV�REVHUYHG�E\�.HDWLQJ�HW�DO���������
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$�VHFRQG�DLP�LV�WR�H[DPLQH�WKH�LQIOXHQFHV�GXULQJ�GHYHORSPHQW�RI�VRPH�RI�WKH�
IDFWRUV�LGHQWLILHG�LQ�([SHULPHQW����$OWKRXJK�PDQ\�SKRQRORJLFDO�DOWHUQDWLRQV�EHFRPH�
DSSDUHQW� LQ� SUHVFKRRO� \HDUV�� WKHUH� LV� VRPH� HYLGHQFH� WKDW� PRUH� VXEWOH� LQIOXHQFHV�
GHYHORS�RYHU�D�ORQJHU�WLPH�FRXUVH��DQG�HYHQ�LQWR�DGXOWKRRG��*X\�	�%R\G���������,Q�
WKH�FDVH�H[DPLQHG�KHUH��ZH�ZLVKHG�WR�ILQG�RXW�ZKHWKHU�RUWKRJUDSKLF�LQIOXHQFHV�FRXOG�
EH� REVHUYHG� DW� DQ� DJH� ZKHUH� VSHOOLQJ� UXOHV� DUH� HPHUJLQJ� DQG� OLQNV� EHWZHHQ�
RUWKRJUDSKLF�DQG�SKRQRORJLFDO�XQLWV�DUH�EHLQJ�IRUJHG��)RU�WKLV�UHDVRQ��ZH�HPSOR\HG�D�
UHGXFHG�VHW�RI�WDUJHW�ZRUGV�WKDW�IRFXVHG�RQ�SRWHQWLDO�RUWKRJUDSKLF�LQIOXHQFHV�RQ�DUWLFOH�
VHOHFWLRQ�
3DUWLFLSDQWV
)RUW\�FKLOGUHQ�ZHUH�WHVWHG��ZLWK��������PDOH�����IHPDOH��LQ�HDFK�DJH�JURXS��7KH�\HDU���
JURXS�ZHUH�DJHG�EHWZHHQ�����DQG�����ZLWK�D�PHDQ�DJH�RI�������7KH�\HDU���JURXS�ZHUH�
DJHG�EHWZHHQ�����DQG�������ZLWK�PHDQ�DJH�������$OO�ZHUH�SXSLOV�DW�WKH�VDPH�VFKRRO�LQ�
WKH�:HVW�0LGODQGV� RI� (QJODQG�� DQG�ZHUH� VHOHFWHG� DW� UDQGRP� IURP� WKH� FODVV��7KLUW\�
GLIIHUHQW� FKLOGUHQ� ���� IURP�HDFK�DJH�JURXS�� WRRN�SDUW� LQ�D�ZRUG� IDPLOLDULW\� WHVW��$OO�
FKLOGUHQ�ZHUH�QDWLYH�VSHDNHUV�RI�%ULWLVK�(QJOLVK�
'HVLJQ�DQG�PDWHULDOV

7KH�WDUJHW�VWLPXOL�IRU�([SHULPHQW���FRPSULVHG���VHWV�RI����ZRUGV��VHH�$SSHQGL[�
%���7KHVH�VHWV�IRFXVHG�RQ�WKH�HIIHFWV�RI�IROORZLQJ�SKRQHPH�FODVV�RQ�DUWLFOH�VHOHFWLRQ��
DQG� RQ� WKH� HIIHFWV� RI� RUWKRJUDSK\�� 7ZR� VHWV� RI� ZRUGV� SURYLGHG� WKH� YRZHO� DQG�
FRQVRQDQW� EDVHOLQHV� IRU� FRPSDULVRQ� ZLWK RWKHU� VHWV� DQG� DOORZHG� H[DPLQDWLRQ� RI�
ZKHWKHU�GHIDXOW�EHKDYLRXU�FKDQJHG�GXULQJ�GHYHORSPHQW��7ZR�IXUWKHU�VHWV�EHJDQ�ZLWK�
WKH��M��SKRQHPH��ZLWK�RQH�VHW�FRPSULVLQJ�ZRUGV�EHJLQQLQJ�ZLWK�FRQVRQDQW�OHWWHUV�DQG�
WKH�RWKHU�FRQWDLQLQJ�YRZHO� OHWWHU�LQLWLDO�ZRUGV��$�IXUWKHU���� LWHPV�FRQWDLQHG�D�VLOHQW�
³K´�� IRU� FRPSDULVRQ�ZLWK� WKH� RUGLQDU\� YRZHO�LQLWLDO�ZRUGV�� )LQDOO\�� ��� LWHPV� EHJDQ�
ZLWK� DQ� ³K´� WKDW� ZDV� SURQRXQFHG�� IRU� FRPSDULVRQ� ZLWK� WKH� QRUPDO� FRQVRQDQW�
FRQGLWLRQ��$V�IDU�DV�SRVVLEOH�WKH�ZRUGV�ZHUH�VHOHFWHG�WR�EH�IDPLOLDU�WR�\RXQJ�FKLOGUHQ��
EXW�LQ�VRPH�FDVHV��SDUWLFXODUO\�WKH�VLOHQW�K�DQG��M��ZRUGV�EHJLQQLQJ�ZLWK�YRZHO�OHWWHUV��
WKHUH�ZDV�D�VPDOO�SRRO�RI�ZRUGV� WR�VHOHFW� IURP��%HFDXVH�RI� WKLV�� VRPH�RI� WKH�ZRUGV�
ZHUH� ORZ� IUHTXHQF\� LWHPV�� DQG� WKH� JURXSV� ZHUH� PDWFKHG� LWHP� E\� LWHP� RQ� &HOH[�
IUHTXHQF\��%DD\HQ��3LHSHQEURFN�	�YDQ�5LMQ���������

2XU� LQWHQWLRQ� ZDV� DJDLQ� WR� H[DPLQH� SHUIRUPDQFH� LQ� D� WDVN� IRU� ZKLFK� WKH�
SDUWLFLSDQW�KDV�QR�DZDUHQHVV�RI� WKH�REMHFW�RI�WKH�VWXG\��7KLV�ZDV�PDGH�HDVLHU�E\�WKH�
IDFW� WKDW� FKLOGUHQ� JHQHUDOO\� KDYH� OHVV� DZDUHQHVV� RI� OLQJXLVWLF� DOWHUQDWLRQV�� 7KH� WDVN�
FKRVHQ� ZDV� VLPLODU� WR� WKH� VHQWHQFH� SURGXFWLRQ� WDVN� LQ� ([SHULPHQW� ��� EXW� ZDV�
VLPSOLILHG� WR� PDNH� LW� VXLWDEOH� IRU� FKLOGUHQ� DV� \RXQJ� DV� ��� ,W� LQYROYHG� SUHVHQWLQJ�
SDUWLFLSDQWV� ZLWK� D� W\SHG� VHQWHQFH� IUDPH� FRQWDLQLQJ� D� JDS� �H�J��� ³-RKQ� SXW� RQ� WKH�
BBBBBBB� MXPSHU´��� 7KLV� IUDPH� FRQWDLQHG� WKH� HQWLUH� VHQWHQFH� WKH� SDUWLFLSDQW� ZDV�
UHTXLUHG�WR�SURGXFH��DSDUW�IURP�WKH�WDUJHW�ZRUG��7KH�WDUJHW�ZRUG�ZDV�WKHQ�SUHVHQWHG�
RUDOO\�� WR� DYRLG� LQGXFLQJ� RUWKRJUDSKLF� HIIHFWV� WKURXJK� YLVXDO� SUHVHQWDWLRQ�� 7KH�
SDUWLFLSDQW�ZDV�WKHQ�UHTXLUHG�WR�SURGXFH�WKH�IXOO�VHQWHQFH��ZLWK�WKH�WDUJHW�ZRUG�ILOOLQJ�
WKH�JDS��7KH�YLVXDO�SUHVHQWDWLRQ�RI�WKH�VHQWHQFH�IUDPH�UHGXFHG�PHPRU\�ORDG��DQG�DOVR�

� 7KH�PHDQ� ORJ� IUHTXHQFLHV� IRU� WKH� �� LWHP� VHWV ZHUH�� FRQVRQDQW�LQLWLDO�� ����� YRZHO�LQLWLDO�� ������ ³K´�
LQLWLDO��������VLOHQW�³K´��������M��LQLWLDO�ZLWK�FRQVRQDQW�OHWWHU���������M��LQLWLDO�ZLWK�YRZHO�OHWWHU�������7KHVH�
FRQGLWLRQV�GLG�QRW�GLIIHU�VLJQLILFDQWO\��)������
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DYRLGHG�DQ\�SULPLQJ�HIIHFW�IRU�WKH�SURQXQFLDWLRQ�RI�WKH�GHILQLWH�DUWLFOH�WKURXJK�VSRNHQ�
SUHVHQWDWLRQ�� 6HQWHQFH� IUDPHV� ZHUH� VLPSOH�� DQG� VHPDQWLFDOO\� DQG� V\QWDFWLFDOO\�
FRQJUXHQW� ZLWK� WKH� WDUJHW� ZRUG�� 2QO\� ZRUGV� DVVXPHG� WR� EH� KLJKO\� IDPLOLDU� WR� WKH�
FKLOGUHQ�ZHUH�XVHG�
3URFHGXUH

3DUWLFLSDQWV� ZHUH� WHVWHG� LQGLYLGXDOO\ LQ� D� TXLHW� URRP�� 7KH� SURFHGXUH� ZDV�
H[SODLQHG�WR�WKHP��DQG�WKH\�ZHUH�JLYHQ�DQ�RSSRUWXQLW\�WR�DVN�TXHVWLRQV��,Q�HDFK�WULDO��
WKH�FKLOG�ZDV�SUHVHQWHG�ZLWK�D�W\SHG�VHQWHQFH�IUDPH�FRQWDLQLQJ�D�PLVVLQJ�ZRUG��DQG�
ZHUH� WROG� WKH� WDUJHW� ZRUG� �H�J��� ³7KH� ZRUG� LV� \HOORZ´��� 7KH� SDUWLFLSDQW� ZDV� WKHQ�
HQFRXUDJHG�WR�UHDG�WKH�FRPSOHWH�VHQWHQFH�IOXHQWO\��ZLWK�WKH�WDUJHW�ZRUG�LQFRUSRUDWHG��
,I� WKHUH�ZHUH� SUREOHPV�ZLWK� SURQXQFLDWLRQ�� WKH� H[SHULPHQWHU� SURYLGHG� KHOS�ZLWKRXW�
XVLQJ�WKH�GHILQLWH�DUWLFOH��,I�WKHUH�ZDV�D�G\VIOXHQF\�WKH FKLOG�ZDV�HQFRXUDJHG�WR�UHSHDW�
WKH�VHQWHQFH��DQG�WKH�UHVSRQVH�ZDV�UHFRUGHG�IRU�WKH�IOXHQW�VHQWHQFH�

)RXU�SUDFWLFH� VHQWHQFHV�ZHUH�XVHG�� IROORZHG�E\���� WHVW� VHQWHQFHV�� SUHVHQWHG���
SHU� $�� SDJH� ZLWK� WKH� RUGHU� RI� WKH� SDJHV� UDQGRPLVHG� IRU� HDFK� SDUWLFLSDQW�� 7KH�
H[SHULPHQWHU�UHFRUGHG�WKH�SURQXQFLDWLRQ�RI�WKH�GHILQLWH�DUWLFOH�EHIRUH�HDFK�WDUJHW�ZRUG�
DV� HLWKHU� UHGXFHG� �³WKXK´�� �&���� RU� XQUHGXFHG� �³WKHH´�� �&K���� )LYH� RXW� RI� WZHQW\� WHVW�
VHVVLRQV� IRU� HDFK� DJH� JURXS� ZHUH� UHFRUGHG� RQ� DXGLR�WDSH� DQG� WKHQ� UHFRGHG� E\� DQ�
LQGHSHQGHQW�H[SHULPHQWHU��ZLWK�D�KLJK�OHYHO�RI�DJUHHPHQW�

$� ZULWWHQ� IDPLOLDULW\� WHVW� ZDV� JLYHQ� WR� GLIIHUHQW� FKLOGUHQ� IURP� WKH� VDPH� \HDU�
JURXSV�����IURP�HDFK���7KLV�OLVWHG�WKH�WDUJHW�ZRUGV�IURP�WKH�PDLQ�H[SHULPHQW��DQG�WKH�
FKLOGUHQ�ZHUH�DVNHG�WR�PDUN�WKH�ZRUGV WKH\�ZHUH�IDPLOLDU�ZLWK�
5HVXOWV�DQG�'LVFXVVLRQ
,Q� ([SHULPHQW� ��� ZH� FDWHJRULVHG� UHVSRQVHV� LQ� WHUPV� RI� ZKHWKHU� WKH\� ILWWHG� WKH�
QRUPDWLYH� UXOH� IRU� GHILQLWH� DUWLFOH� VHOHFWLRQ�� +HUH�� KRZHYHU�� RQH� RI� WKH� UHVHDUFK�
TXHVWLRQV� LV� ZKHWKHU� RU� QRW� DQ� DOWHUQDWLRQ� H[LVWV� EHWZHHQ� UHGXFHG� DQG� XQUHGXFHG�
IRUPV�RI�³WKH´�DW�WKH�DJHV�ZH�DUH�WHVWLQJ��7KHUHIRUH��UHVSRQVHV�LQ�([SHULPHQW���ZHUH�
FRGHG� VLPSO\� LQ� WHUPV�RI� WKH�SHUFHQWDJH�RI�³WKH´� UHVSRQVHV� WKDW� WRRN� WKH�XQUHGXFHG�
IRUP� �³WKHH´�� �&K���� 7KHVH� ILJXUHV�� DORQJ� ZLWK� WKH� WDUJHW� ZRUG� IDPLOLDULW\� UDWLQJV�
�H[SUHVVHG� DV� WKH� SHUFHQWDJH� RI� WKH� SDUWLFLSDQWV� ZKR� IRXQG� WKH� ZRUG� IDPLOLDU�� DUH�
JLYHQ�LQ�WDEOH���

7DEOH�����3HUFHQWDJH�XVH�RI�XQUHGXFHG�GHILQLWH�DUWLFOH�DQG�WDUJHW�ZRUG�IDPLOLDULW\�
SHUFHQWDJH��LQ�SDUHQWKHVHV��IRU�([SHULPHQW���

$JH�JURXS
&RQGLWLRQ <HDU�� <HDU��
FRQVRQDQW�LQLWLDO �������� ��������
YRZHO�LQLWLDO ��������� ���������
�M��ZRUGV

YRZHO�OHWWHU �������� ��������
FRQVRQDQW�OHWWHU �������� ��������

�K��LQLWLDO �������� ��������
VLOHQW�³K´ ��������� ���������

7ZR� VHWV� RI�ZRUGV� FRQWDLQHG� QRUPDO�YRZHO�LQLWLDO� DQG�FRQVRQDQW�LQLWLDO� WDUJHW�
ZRUGV�� 7KH� FRQVRQDQW�LQLWLDO� ZRUGV� XQLIRUPO\� SURYRNHG� VHOHFWLRQ� RI� WKH� UHGXFHG�
GHILQLWH�DUWLFOH��RQO\���RXW�RI�����UHVSRQVHV�ZHUH�FODVVHG�DV�XQUHGXFHG���+RZHYHU��XVH�
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RI�WKH�XQUHGXFHG�DUWLFOH�EHIRUH�YRZHO�LQLWLDO�ZRUGV�ZDV�QRW�SHUYDVLYH��DV�LW�KDG�EHHQ�
IRU�WKH�DGXOWV��2Q�DYHUDJH������RI�WKHVH�LWHPV�ZHUH�SUHFHGHG�E\�DQ�XQUHGXFHG�³WKH´�
IRU� WKH� �� \HDU�ROGV� DQG� ���� IRU� WKH� ��� \HDU�ROGV�� 7KH� HTXLYDOHQW� FRQGLWLRQV� LQ� WKH�
VHQWHQFH� SURGXFWLRQ� FRQGLWLRQ� RI� ([SHULPHQW� �� VKRZHG� ������� XVDJH� RI� WKH�
XQUHGXFHG� IRUP�� $Q� $129$� RQ� WKH� FKLOGUHQ¶V� GDWD� VKRZHG� PDLQ� HIIHFWV� RI� DJH�
�)�>����@� ������S��� �����)�>����@� �������S��� ������DQG�LQLWLDO�SKRQHPH��)�>����@� �
�������S���������)�>����@� �������S����������ZLWK�D�VLJQLILFDQW�LQWHUDFWLRQ�EHWZHHQ�WKH�
WZR�YDULDEOHV��)�>����@� ������S��������)�>����@� �������S����������7KH�GDWD�WKXV�VKRZ�D�
GHYHORSPHQWDO� WUHQG� RI� LQFUHDVLQJ� XVDJH� RI� WKH� XQUHGXFHG� GHILQLWH� DUWLFOH� EHIRUH�
YRZHOV��ZLWK�QR�FKDQJH� LQ�EHKDYLRXU� IRU�FRQVRQDQW�LQLWLDO�ZRUGV��$OWKRXJK�ZH�KDYH�
RQO\� VDPSOHG� WZR� SRLQWV� LQ� GHYHORSPHQW� FURVV�VHFWLRQDOO\�� WKH� PRVW� SDUVLPRQLRXV�
H[SODQDWLRQ� IRU� WKHVH� UHVXOWV� LV� WKDW� HDUO\� RQ� LQ� ODQJXDJH� GHYHORSPHQW�� WKH� UHGXFHG�
IRUP� RI� ³WKH´� SUHGRPLQDWHV� LQ� DOO� FLUFXPVWDQFHV�� 7KLV� LV� IROORZHG� E\� D� JUDGXDO�
LQFUHDVH�LQ�WKH�XVH�RI�WKH�XQUHGXFHG�IRUP�EHIRUH�YRZHOV��ZKLFK�EHFRPHV�GRPLQDQW�DW�
VRPH�SRLQW�DURXQG�DJH�����7KH�ODUJH�VKLIW�LQ�SHUIRUPDQFH�IRXQG�KHUH��D�QHDU�GRXEOLQJ�
RI�WKH�QXPEHU�RI�XQUHGXFHG�UHVSRQVHV�EHWZHHQ�WKH�WZR�DJH�JURXSV��VHHPV�LPSRVVLEOH�
WR�H[SODLQ�LQ�WHUPV�RI�GLIIHULQJ�ODQJXDJH�HQYLURQPHQW�IRU�WKH�WZR�JURXSV�

:H�DOVR�ORRNHG�DW�ZKHWKHU�D�WDUJHW�ZRUG¶V�VSHOOLQJ�ZRXOG�LQIOXHQFH�WKH�DOWHUQDQW�
VHOHFWLRQ�SURFHVV��'HVSLWH�WKH�IDFW� WKDW� WDUJHW�ZRUGV�ZHUH�SUHVHQWHG�RUDOO\��WKHUH�ZDV�
DQ� HIIHFW� RI� VSHOOLQJ� IRU� �M��LQLWLDO� ZRUG�� ZLWK� PRUH� XQUHGXFHG� IRUPV� IRU� ZRUGV�
EHJLQQLQJ� ZLWK� YRZHO� OHWWHUV� WKDQ� FRQVRQDQW� OHWWHUV� �)�>����@�  � ������ S� �� ������
)�>����@�  � ����� S� �� ������ 7KLV� HIIHFW� DSSHDUHG� WR� EH� ODUJHO\� FDUULHG� E\ WKH� ROGHU�
SDUWLFLSDQW�JURXS��DOWKRXJK�WKH�HIIHFWV�RI�DJH��)�>����@� ������S��������)�>����@� ������S�
!� ���� DQG� WKH� LQWHUDFWLRQ� EHWZHHQ� DJH� DQG� LQLWLDO� OHWWHU� �)�>����@�  � ����� S� �� �����
)�>����@� ������S�!�����ZHUH�VLJQLILFDQW�RQO\�E\�SDUWLFLSDQWV�

)LQDOO\� ZH�H[DPLQHG�SHUIRUPDQFH�RQ�ZRUGV�EHJLQQLQJ�ZLWK�WKH�OHWWHU�³K´��7KH�
YDVW� PDMRULW\� RI� WKHVH� ZRUGV� EHJLQ� ZLWK� WKH� �K�� SKRQHPH�� EXW� D� IHZ� EHJLQ� ZLWK� D�
YRZHO�� :H� ORRNHG� DW� ZKHWKHU� WKLV� LQFRQVLVWHQF\� LQIOXHQFHG� SURQXQFLDWLRQ� RI� WKH�
SUHFHGLQJ�GHILQLWH�DUWLFOH��$�FRPSDULVRQ�EHWZHHQ�WKH�SURQRXQFHG�³K´�ZRUGV�DQG�RWKHU�
FRQVRQDQW�LQLWLDO� ZRUGV� VKRZHG� QR� HIIHFWV�� VXJJHVWLQJ� WKDW� WKH� LQFRQVLVWHQF\� LQ�
SURQXQFLDWLRQ� RI� WKHVH� ZRUGV� ZDV� QRW� LQIOXHQFLQJ� YDULDQW� VHOHFWLRQ�� 6LPLODUO\�� D�
FRPSDULVRQ�EHWZHHQ�VLOHQW�³K´�ZRUGV�DQG QRUPDO�YRZHO�LQLWLDO�ZRUGV�IRXQG�DQ�HIIHFW�
RI�DJH��)�>����@� ������S��������)�>����@� �������S���������EXW�QR�HIIHFW�RI�VSHOOLQJ�RU�
LQWHUDFWLRQ� EHWZHHQ� DJH� DQG� VSHOOLQJ�� 7KH� GHYHORSPHQWDO� GDWD� WKHUHIRUH� PDWFK� WKH�
DGXOW�GDWD��VKRZLQJ�DQ�HIIHFW�RI�RUWKRJUDSK\�IRU��M��LQLWLDO�ZRUGV��EXW�QR�LQIOXHQFH�RI�D�
VLOHQW�³K´�

7KH� UDWLQJV�GDWD�FROOHFWHG�DW� WKH�VDPH� WLPH�VXJJHVWHG� WKDW� WDUJHW�ZRUGV�YDULHG�
ZLGHO\�LQ�IDPLOLDULW\��ZLWK��XQVXUSULVLQJO\��KLJKHU�IDPLOLDULW\�UDWLQJV�IRU�WKH�ROGHU�DJH�
JURXS��2XU� UHVSRQVH�FROOHFWLRQ�SURFHGXUH�ZDV�GHVLJQHG� WR�HOLPLQDWH�G\VIOXHQFLHV�E\�
DVNLQJ�SDUWLFLSDQWV�WR�UHSHDW�WKH�VHQWHQFH�LI�D�G\VIOXHQF\�ZDV�GHWHFWHG��+RZHYHU��WKHUH�
PD\� EH� D� PRUH� VXEWOH� HIIHFW� RI� IDPLOLDULW\� RQ� SURGXFWLRQ�� ZKLFK� FRXOG� LQIOXHQFH�
SHUIRUPDQFH��)RU�H[DPSOH��LW�LV�SRVVLEOH�WKDW�KLJKO\�IDPLOLDU�ZRUGV�DUH�PRUH�OLNHO\�WR�
EH� LQFRUSRUDWHG� LQWR� WKH�DGXOW�QRUPDWLYH�UXOH��DOWKRXJK�IRU�WKH�DGXOW�GDWD�WKHUH�ZHUH�
QR� UHOLDEOH� HIIHFWV� RI� IUHTXHQF\� RQ� SHUIRUPDQFH��� 7KHUHIRUH� ZH� ORRNHG� DW� ZKHWKHU�
WKHUH�ZDV�DQ\�FRUUHODWLRQ�EHWZHHQ� IDPLOLDULW\� UDWLQJV� DQG�DUWLFOH� DOWHUQDWLRQ��2YHUDOO�
WKHUH�ZHUH�QR�VLJQLILFDQW�FRUUHODWLRQV�EHWZHHQ�IDPLOLDULW\�OHYHOV�DQG�SURGXFWLRQ�RI�WKH�
XQUHGXFHG�IRUP��\HDU����U� ��������S�!�����\HDU����U� ��������S�!������$V�DQ�DGGLWLRQDO�
FKHFN�� ZH� ORRNHG� DW� WKH� WZR VXEJURXSV� RI� LWHPV� WKDW� VKRZHG� KLJKHU� OHYHOV� RI�
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XQUHGXFHG� GHILQLWH� DUWLFOHV�� YRZHO�LQLWLDO� ZRUGV� DQG� �M��LQLWLDO� ZRUGV�� $JDLQ�� QR�
VLJQLILFDQW� FRUUHODWLRQV� ZHUH� IRXQG� �YRZHO�LQLWLDO�� \HDU� ��� U�  � ������ S� !� ���� YRZHO�
LQLWLDO��\HDU����U� ��������S�!������M��LQLWLDO��\HDU����U� ��������S�!������M��LQLWLDO��\HDU����U� �
������� S� !� ����� 7KHUHIRUH�� WKHUH� LV� QR� HYLGHQFH� WR� VXJJHVW� WKDW� IDPLOLDULW\� ZLWK� WKH�
ZRUGV�ZDV� DIIHFWLQJ� SHUIRUPDQFH��7KLV� ILQGLQJ� LV� LPSRUWDQW�� EHFDXVH� LW� LPSOLHV� WKDW�
HYHQ� IRU� YHU\� ORZ� IDPLOLDULW\� ZRUGV�� WKH� DOWHUQDWLRQ� RI� GHILQLWH� DUWLFOH� RSHUDWHV�
QRUPDOO\�� ,Q� D� IHZ� FDVHV�� WKH� VHOHFWHG� ZRUGV� ZHUH� HIIHFWLYHO\� QRYHO� WR� WKH� \HDU� ��
JURXS�� )RU� H[DPSOH�� ��ZRUGV�� VXFK� DV� FDQGHODEUD�� KDUPRQLFD�� KRQRUDU\� DQG� RGLRXV��
ZHUH�UDWHG�DV�IDPLOLDU�E\� OHVV�WKDQ�����RI�\HDU���FKLOGUHQ��1RQHWKHOHVV�� WKHVH�LWHPV�
ZHUH�WUHDWHG�LQ�WKH�VHQWHQFH�SURGXFWLRQ�WHVW�LQ�WKH�VDPH�ZD\�DV�RWKHU�PHPEHUV�RI�WKHLU�
FODVV�� &OHDUO\�� RUWKRJUDSK\� FDQ� RQO\� LQIOXHQFH� SHUIRUPDQFH� LI� WKH� IROORZLQJ�ZRUG¶V�
VSHOOLQJ�LV�NQRZQ��ZKLFK�PD\�H[SODLQ�ZK\�WKH�HIIHFWV�RI�RUWKRJUDSK\�LQ�([SHULPHQW�
ZHUH� PXFK� VPDOOHU�� DQG� QRQVLJQLILFDQW� IRU� WKH� \HDU� �� SDUWLFLSDQWV��� EXW� WKH� RYHUDOO�
HIIHFW� RI� IROORZLQJ� VHJPHQW� W\SH� RQ� DOWHUQDQW� VHOHFWLRQ� GRHV� QRW� DSSHDU� WR� UHO\� RQ�
IDPLOLDULW\�ZLWK�WKH�IROORZLQJ�ZRUG�LWVHOI��7KLV�LV�VWURQJ�HYLGHQFH�DJDLQVW�D�PRGHO�RI�
DOWHUQDQW� VHOHFWLRQ� WKDW� UHOLHV� RQ� OH[LFDO� LQIRUPDWLRQ� DERXW� WKH� IROORZLQJ� ZRUG� WR�
RSHUDWH�� /LNH� RWKHU� OLQJXLVWLF� V\VWHPV�� WKH� VHOHFWLRQ� RI� DUWLFOH� DOWHUQDQW� FDQ� EH�
JHQHUDOLVHG�WR�UHODWLYHO\�QRYHO�RU�XQIDPLOLDU�LWHPV�

*HQHUDO�'LVFXVVLRQ
7KH� UHVXOWV� RI� WKH� WZR� H[SHULPHQWV� KHUH� FRQILUP� WKH� UROH� RI� D� UDQJH� RI� GLIIHUHQW�
OLQJXLVWLF� FRQVWUDLQWV� RQ� WKH� SURQXQFLDWLRQ� RI� WKH� GHILQLWH� DUWLFOH� LQ� (QJOLVK�� ,Q�
([SHULPHQW� ��� WKH�PRVW� LQIOXHQWLDO� IDFWRU� RQ� SURQXQFLDWLRQ�ZDV� WKH� LQLWLDO� SKRQHPH�
FODVV�RI� WKH� IROORZLQJ�ZRUG��ZLWK� WKH� UHGXFHG� IRUP�JHQHUDOO\�SUHFHGLQJ�D�FRQVRQDQW�
DQG� WKH� XQUHGXFHG� IRUP� JHQHUDOO\� SUHFHGLQJ� D� YRZHO�� 7KLV� DOWHUQDWLRQ� LV� ZLGHO\�
UHFRJQLVHG��+RZHYHU��RWKHU�IDFWRUV�DOVR�LQIOXHQFHG�VHOHFWLRQ��:LWKLQ�WKH�RYHUDOO�FODVV�
RI� FRQVRQDQWV�� �M��LQLWLDO� ZRUGV� ZHUH� DW\SLFDO� LQ� WKDW� WKH\� ZHUH� PRUH� OLNHO\� WR� EH�
SUHFHGHG� E\� DQ� XQUHGXFHG� ³WKHH´�� DQG�ZLWKLQ� WKH� RYHUDOO� FODVV� RI� YRZHOV�� WKH� KLJK�
IURQW�YRZHOV��L��DQG��+��ZHUH�DW\SLFDO�LQ�WKDW�WKH\�ZHUH�PRUH�OLNHO\�WR�EH�SUHFHGHG�E\�D�
UHGXFHG�³WKXK´��7KHUH� LV� DOVR�D�ZHDN�SUHIHUHQFH� IRU�DOWHUQDWLQJ� VWUHVV�SDWWHUQV��ZLWK�
WKH� VHOHFWLRQ� RI� D� UHGXFHG� ³WKXK´�PRUH� OLNHO\� LI� WKH� IROORZLQJ� V\OODEOH� KDV� SULPDU\�
OH[LFDO� VWUHVV�� 7KLV� HIIHFW� RI� VWUHVV� LV� DPSOLILHG� LQ� WKH� FDVH� RI� �K��LQLWLDO� ZRUGV��
PLUURULQJ� WKH� HVWDEOLVKHG� H[FHSWLRQ� WR� WKH� QRUPDWLYH� UXOH� IRU� LQGHILQLWH� DUWLFOH�
SURGXFWLRQ� �H�J��� ³DQ� KLVWRULFDO´��� 7KH� VWUHVV� HIIHFW� LQ� ERWK� FDVHV� PD\� EH� GXH� WR� D�
OHQLWLRQ�RI�WKH��K��LQ�XQVWUHVVHG�V\OODEOHV��OHDGLQJ�WR�D�PRUH�YRZHO�OLNH�TXDOLW\��RU�PD\�
EH� WKRXJKW� RI� D� JHQHUDOLVDWLRQ� RI� WKH� H[FHSWLRQDO� FDVH� IURP� LQGHILQLWH� WR� GHILQLWH�
DUWLFOHV��7KH�RQO\�GLIIHUHQFH�ZRXOG� WKHQ�EH� WKDW� WKH� HIIHFW� IRU� LQGHILQLWH� DUWLFOHV�KDV�
EHFRPH�FU\VWDOOLVHG�LQ�WKH�RUWKRJUDSK\��ZKHUHDV�WKH�HIIHFW�IRU�GHILQLWH�DUWLFOHV�UHPDLQV�
RIWHQ�XQREVHUYHG�E\�VSHDNHU�DQG�OLVWHQHU��3HUKDSV�PRVW�VXUSULVLQJO\��ERWK�H[SHULPHQWV�
VKRZHG� DQ� HIIHFW� RI� WKH� VSHOOLQJ� RI� WKH� IROORZLQJ� ZRUG� RQ� DOWHUQDQW� VHOHFWLRQ�� ,Q�
([SHULPHQW���� WKLV�ZDV�DQ� LQIOXHQWLDO� IDFWRU� IRU� �M��LQLWLDO�ZRUGV��ZLWK�DQ� LQFUHDVH� LQ�
WKH�XVH�RI� WKH�XQUHGXFHG�IRUP�IURP�����WR�����LQ�WKH�VHQWHQFH�SURGXFWLRQ�WDVN��,Q�
([SHULPHQW� �� WKH� LQFUHDVH� IRU� ����� \HDU� ROGV� ZDV� PXFK� VPDOOHU�� EXW� QRQHWKHOHVV�
VLJQLILFDQW�

7KH�FRQGLWLRQV�LQ�ZKLFK�IDFWRUV�VXFK�DV�VWUHVV�DVVLJQPHQW�DQG�RUWKRJUDSK\�KDG�
WKH�JUHDWHVW� LQIOXHQFH�ZHUH� WKH�RQHV� LQ�ZKLFK� WKH� LQLWLDO� VHJPHQW�RI� WKH� WDUJHW�ZRUG�
ZDV�WR�VRPH�H[WHQW�LQWHUPHGLDWH�EHWZHHQ�D�FRQVRQDQW�DQG�D�YRZHO��7KXV��RUWKRJUDSK\�
ZDV�LQIOXHQWLDO�IRU�ZRUGV�EHJLQQLQJ�ZLWK��M���ZKLFK�DV�D�JOLGH�LV�VRPHWLPHV�WHUPHG�D�
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VHPL�YRZHO��DQG�LV�VWDQGDUGO\�WKRXJKW�RI�DV�DQ�LQWHUPHGLDWH�VHJPHQW��-DNREVRQ�HW�DO���
������� 2Q� WKH� RWKHU� KDQG�� RUWKRJUDSK\� KDG� QR� HIIHFW� IRU� ZRUGV� EHJLQQLQJ� ZLWK�
VWDQGDUG�YRZHOV��6LPLODUO\��WKH�LQIOXHQFH�RI�VWUHVV�DVVLJQPHQW�ZDV�PXFK�VWURQJHU�IRU�
�K��LQLWLDO�ZRUGV�WKDQ�IRU�REVWUXHQW�RU�YRZHO�LQLWLDO�ZRUGV��$OWKRXJK�RIWHQ�FODVVHG�DV�D�
IULFDWLYH�� �K�� KDV� DOVR�EHHQ�FODVVHG�DV� D�JOLGH� �H�J��� -DNREVRQ�HW�DO���������GXH� WR� LWV�
YRZHO�OLNH� SURSHUWLHV�� 7KLV� SDWWHUQ� RI� UHVXOWV� VXJJHVWV� WKDW� IDFWRUV� VXFK� DV� VWUHVV�
DVVLJQPHQW� DQG� VSHOOLQJ� DUH� VHFRQGDU\� FRQVWUDLQWV� RQ� GHILQLWH� DUWLFOH� VHOHFWLRQ�� DQG�
RQO\�KDYH�D�VWURQJ�LQIOXHQFH�ZKHQ�WKH�LQLWLDO�SKRQHPH�RI�D�ZRUG�LV�QRW�D�W\SLFDO�YRZHO�
RU�FRQVRQDQW��6XFK�D�FKDUDFWHULVDWLRQ�SUHGLFWV�WKDW�ZRUGV�EHJLQQLQJ�ZLWK�RWKHU�JOLGHV�
VXFK�DV��Z��ZLOO�EH�VLPLODUO\�WUHDWHG�LQ�D�YDULDQW�ZD\��FI��ZDQG YV��RQFH��
0HFKDQLVPV�RI�$OWHUQDQW�6HOHFWLRQ

7KH� QDWXUH� RI� WKH� VHQWHQFH� SURGXFWLRQ� WDVN� LQ� ERWK� H[SHULPHQWV� REVFXUHG� WKH�
JRDO� RI� WKH� H[SHULPHQW� WR� VXFK� DQ� H[WHQW� WKDW� ZH� FDQ� QRZ� UXOH� RXW� RQH� SRVVLEOH�
H[SODQDWLRQ� RI� WKHVH� HIIHFWV�� :H� DUJXHG� LQ� WKH� LQWURGXFWLRQ� WKDW� WKH� HIIHFWV� LQ�
5D\PRQG�HW� DO�� ������� FRXOG� EH� SDUWO\� GXH� WR� WKH�PLVDSSOLFDWLRQ�RI� FRQVFLRXV� UXOHV�
H[WUDFWHG� IURP�REVHUYDWLRQ�RI� WKH� ODQJXDJH��RU� WKH�SDUWLFLSDQW¶V�RZQ�SHUIRUPDQFH�LQ�
WKH� WHVW�� 7KH� VDPH� FDQQRW� EH� VDLG� RI� WKH� FXUUHQW� UHVXOWV�� PHDQLQJ� WKDW� WKH�PXOWLSOH�
FRQVWUDLQWV� ZH� KDYH� REVHUYHG� KHUH� RSHUDWH� LPSOLFLWO\� GXULQJ� QRUPDO� ODQJXDJH�
SURGXFWLRQ�

:KDW� NLQG� RI� PRGHO�� WKHQ�� FRXOG� VXSSRUW� WKLV� DOWHUQDWLRQ"� &XUUHQW�PRGHOV� RI�
VSHHFK�SURGXFWLRQ�DUH�QRW�ZHOO�VSHFLILHG�LQ�WHUPV�RI�WKH�PHFKDQLVPV�XQGHUO\LQJ�IRUP�
YDULDWLRQV�� EXW� WKH\� GR� SURYLGH� D� XVHIXO� VWUXFWXUH� WR� UHIHU� WR�� :H� ZLOO� GLVFXVV� WKH�
VHOHFWLRQ� RI� DUWLFOH� DOWHUQDQW�ZLWK� UHIHUHQFH� WR� WKH�EURDG�DUFKLWHFWXUDO�GLVWLQFWLRQV�RI�
WKH�/HYHOW��5RHORIV�	�0H\HU� �������PRGHO��ZKLFK�GHVFULEHV� VSHHFK�SURGXFWLRQ�DV�D�
VXFFHVVLRQ�RI�GLVFUHWH�VWDJHV��UDQJLQJ�IURP�WKH�OH[LFDO�FRQFHSWV�WR�DUWLFXODWLRQ�RI�WKH�
VSHHFK� LWVHOI�� :LWKLQ� WKLV� PRGHO�� VRPH� V\VWHPDWLF� YDULDWLRQV� LQ� IRUP� RFFXU� DW� D�
UHODWLYHO\� SHULSKHUDO� OHYHO�� )RU� H[DPSOH�� /HYHOW� HW� DO�� ������� DVVXPH� WKDW�
UHV\OODELILFDWLRQ� RI� D� VHTXHQFH� RI� ZRUGV� RFFXUV� DW� WKH� SKRQHWLF� HQFRGLQJ� OHYHO�� $V�
PHQWLRQHG��UHGXFWLRQ�RI�IXQFWLRQ�ZRUG�YRZHOV�LV�QRW�UHVWULFWHG�WR�WKH�GHILQLWH�DUWLFOH��
DQG� LW� LV� TXLWH� SRVVLEOH� WKDW� UHGXFWLRQ� LV� D� FRQWLQXRXV� SURFHVV��2QH�PHFKDQLVP� WKDW�
FRXOG�DFFRXQW�IRU�VRPH�IHDWXUHV�RI�WKH�FXUUHQW�UHVXOWV�PLJKW�LQYROYH�JHVWXUDO�RYHUODS�
DW�WKLV�ODWH�VWDJH�RI�VSHHFK�SURGXFWLRQ��FI��%URZPDQ�	�*ROGVWHLQ���������%\�WKLV�NLQG�
RI�DFFRXQW��WKH�³LQWHQGHG´�RU�OH[LFDO�SURQXQFLDWLRQ�RI�WKH�GHILQLWH�DUWLFOH�PLJKW�DOZD\V�
EH� WKH� UHGXFHG� IRUP��EXW� WKDW� WKH�RYHUODS�ZLWK� WKH�IROORZLQJ�VHJPHQW�ZLOO�GLFWDWH� WR�
ZKDW�H[WHQW�WKH�YRZHO�LV�REVFXUHG��DQG�SHUFHLYHG�DV�UHGXFHG��&RQVRQDQWV�ZLOO�WHQG�WR�
SURYLGH�D�PRUH�RFFOXGLQJ�FRQWH[W�WKDQ�YRZHOV��OHDGLQJ�WR�GLIIHUHQFHV�LQ�WKH�SHUFHLYHG�
GHJUHH�RI�UHGXFWLRQ�EHWZHHQ�FRQVRQDQW�DQG�YRZHO�FRQWH[WV�

:KLOH�QRW�GLVFRXQWLQJ�WKH�SRWHQWLDO�RI�WKLV�NLQG�RI�PHFKDQLVP�WR�H[SODLQ�VRPH�
RI� WKH�YDULDELOLW\�EHWZHHQ�FRQGLWLRQV�RI� IROORZLQJ�FRQWH[W�� LW�VHHPV� LPSODXVLEOH� WKDW�
WKH�IXOO�UDQJH�RI�HIIHFWV�FDQ�EH�H[SODLQHG�LQ�WKLV�ZD\��)LUVW��D�JHVWXUDO�RYHUODS�PRGHO�
ZRXOG�KDYH�JUHDW�GLIILFXOW\�LQ�H[SODLQLQJ�WKH�DOWHUQDWLRQ�EHWZHHQ�³D´�DQG�³DQ´�LQ�WKH�
LQGHILQLWH� DUWLFOH� FDVH�� EHFDXVH� WKH� ILQDO� FRQVRQDQW RI� �Q�� ZRXOG� WHQG� QRW� WR� EH�
REVFXUHG� E\� D� IROORZLQJ� FRQVRQDQW��$V� WKH� FXUUHQW� UHVXOWV� KDYH�GHPRQVWUDWHG�� WKHUH�
DUH� VWURQJ� VLPLODULWLHV� EHWZHHQ� WKH� IDFWRUV� LQIOXHQFLQJ� GHILQLWH� DQG� LQGHILQLWH� DUWLFOH�
DOWHUQDWLRQV�� VXJJHVWLQJ� VRPH� FRPPRQDOLW\� LQ� WKH� ORFXV�RI� WKH� HIIHFWV��$GGLWLRQDOO\��
DOWKRXJK�YRZHO�UHGXFWLRQ�EHIRUH�FRQVRQDQWV�RFFXUV�IRU�RWKHU�IXQFWLRQ�ZRUGV�VXFK�DV�
³WR´� �-XUDIVN\�HW�DO���������� WKH� LQIOXHQFH�RI� WKH�IROORZLQJ�VHJPHQW� LV�PXFK�ZHDNHU��
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VXJJHVWLQJ� WKDW� WKH� DOWHUQDWLRQ�FDQQRW�EH� IXOO\�H[SODLQHG� LQ� WHUPV�RI� VLPSOH�JHVWXUDO�
RYHUODS��)XUWKHUPRUH��WR�RXU�NQRZOHGJH�WKHUH�LV�QR�HTXLYDOHQW�DOWHUQDWLRQ�LQ�WKH�FDVH�
RI�ILQDO�YRZHOV�RI�FRQWHQW�ZRUGV��DV�PLJKW�EH�H[SHFWHG�RQ�D�JHVWXUDO�RYHUODS�DFFRXQW�
�H�J���LQ�%ULWLVK�(QJOLVK�WKH�OD]\ LQ�³OD]\�ER\´�ZRXOG�QRW EH�FRQIXVHG�ZLWK�ODVHU���

$Q�DOWHUQDWLYH�LV�WKDW�WKH�SUHIHUUHG�SURQXQFLDWLRQ�RI�WKH�GHILQLWH�DUWLFOH�LV�VWRUHG�
LQ� WKH� OH[LFDO� UHSUHVHQWDWLRQ� IRU� HDFK� SRWHQWLDO� IROORZLQJ�ZRUG��)RU� H[DPSOH�� LQ� WKH�
/HYHOW� HW� DO�� �������PRGHO� WKH� OHPPD� OHYHO� FRQWDLQV� LQIRUPDWLRQ� DERXW� SHUPLVVLEOH�
V\QWDFWLF� UROHV� DQG�PRUSKRORJLFDO� YDULDQWV� IRU� D�ZRUG��7KH� OHPPD� OHYHO� IRU� FRQWHQW�
ZRUGV�FRXOG�EH�H[WHQGHG�TXLWH�VLPSO\�WR�FRYHU�WKH�SUHIHUUHG�DUWLFOH�IRUP��DORQJ�ZLWK�
LQIRUPDWLRQ� DERXW� VLPLODU� YDULDQWV�� +RZHYHU�� WKLV� OH[LFDO� H[SODQDWLRQ� ZRXOG� VD\�
QRWKLQJ� DERXW� KRZ� WKH� SUHIHUHQFH� IRU� HDFK� SRWHQWLDO� IROORZLQJ�ZRUG� LV� GHFLGHG� DQG�
VWRUHG�� DQG� ZRXOG� DOVR� QHHG� DQ� DGGLWLRQDO� PHFKDQLVP� IRU� WKH� JHQHUDOLVDWLRQ� WR�
XQIDPLOLDU�ZRUGV�LQ�([SHULPHQW���

$�OH[LFDO�PRGHO�ZRXOG�DOVR�DVVXPH�WKDW�ZLWKLQ�DQ\�VSHDNHU�WKH�FKRLFH�RI�DUWLFOH�
DOWHUQDQW�VKRXOG�EH�FRQVLVWHQW�IRU�DQ\�SDUWLFXODU�ZRUG��)RU�H[DPSOH��LI�WKH�OHPPD�OHYHO�
IRU�³XQLWH´�VSHFLILHV�DQ�XQUHGXFHG�DUWLFOH�LQ�RQH�LQGLYLGXDO¶V�OH[LFRQ��WKHQ�WKDW�SHUVRQ�
VKRXOG� FRQVLVWHQWO\� VD\� ³WKHH� XQLWHG´�� 7KH� GHJUHH� RI� FRQVLVWHQF\� IRXQG� EHWZHHQ�
VXEWHVWV� LQ�([SHULPHQW���ZDV� VXUSULVLQJO\� ORZ��DOWKRXJK�����RI� WDUJHWV�ZRUGV�ZHUH�
DWWDFKHG�WR�WKH�VDPH�GHILQLWH�DUWLFOH�DOORPRUSK�LQ�WKH�WZR�VXEWHVWV��WKLV�PD\�EH�ODUJHO\�
EHFDXVH� WKH� QRUPDWLYH� UXOH� LV� QXPHULFDOO\� YHU\� GRPLQDQW�� ,Q� WKH� FRQGLWLRQ�ZLWK� WKH�
KLJKHVW� GHYLDWLRQ� IURP� WKH� QRUPDWLYH� UXOH� ��M��LQLWLDO�ZRUGV� EHJLQQLQJ�ZLWK� D� YRZHO�
OHWWHU�� WKH� PDMRULW\� RI� WDUJHW� ZRUGV� ������ ZHUH� WUHDWHG� LQFRQVLVWHQWO\� DFURVV� WKH�
VXEWHVWV��,W�LV�GLIILFXOW�WR�GUDZ�VWURQJ�FRQFOXVLRQV�DERXW�FRQVLVWHQF\�EDVHG�RQ�VXFK�DV�
VPDOO�DPRXQW�RI�GDWD�DQG�JLYHQ� WKH�GLIIHUHQFH�EHWZHHQ� WKH� WZR�VXEWHVWV� LQ� WHUPV�RI�
WDVN��1RQHWKHOHVV�WKH�VXEVWDQWLDO� OHYHO�RI� LQFRQVLVWHQF\�LQ�SDUWLFLSDQWV¶�UHVSRQVHV�IRU�
VRPH�VXEJURXSV�RI�ZRUGV��SDUWLFXODUO\�ZKHUH�WKH�LQIOXHQFH�RI�RUWKRJUDSK\�LV�VWURQJ��LV�
QRW�SUHGLFWHG�E\�D�OH[LFDO�PRGHO�

$� IXUWKHU�SRVVLELOLW\� LV�D�PRUH�G\QDPLF�SURFHVV�RSHUDWLQJ�RQ�WKH�SURSHUWLHV�RI�
WKH� UHOHYDQW� ZRUGV� �WKHLU� SKRQRORJLFDO�� RUWKRJUDSKLF� DQG� PHWULFDO� UHSUHVHQWDWLRQV��
UDWKHU� WKDQ� UHO\LQJ�RQ�VWRUHG NQRZOHGJH��7KLV�SURFHVV�ZRXOG�DOORZ�JHQHUDOLVDWLRQ�WR�
QRYHO�ZRUGV��ZRXOG�QRW�QHFHVVDULO\�SURGXFH�D�FRQVLVWHQW� VHOHFWLRQ� IRU�DQ\�SDUWLFXODU�
ZRUG��DQG�QHHG�QRW�UHVXOW�LQ�D�FDWHJRULFDO�VHOHFWLRQ��,Q�WHUPV�RI�WKH�/HYHOW�HW�DO���������
KLHUDUFK\��WKLV�SURFHVV�ZRXOG�KDYH�WR�RFFXU�DW�D�VWDJH�ZKHUH�DOO�WKH�UHOHYDQW�IRUPV�RI�
LQIRUPDWLRQ� DERXW� WKH� ZRUG� IROORZLQJ� ³WKH´� ZHUH� DYDLODEOH²SRVVLEO\� WKH�
SKRQRORJLFDO� HQFRGLQJ� VWDJH�� 7KH� GHILQLWH� DUWLFOH� FRXOG� EH� OLQNHG� LQ� D� VSUHDGLQJ�
DFWLYDWLRQ� IUDPHZRUN� WR� WZR� FRPSHWLQJ� SKRQRORJLFDO� IRUPV�� ZLWK� WKH� SKRQRORJLFDO�
IRUPV�DOVR�OLQNHG�WR�WKH�UHOHYDQW�SURSHUWLHV�RI�WKH�IROORZLQJ�ZRUG��WKH�LQLWLDO�SKRQHPH��
WKH� LQLWLDO� OHWWHU�� DQG� WKH� PHWULFDO� IUDPH�� :LWK� DSSURSULDWH� ZHLJKWV� LQ� WKH� OLQNV��
PXOWLSOH� FRQVWUDLQWV� RQ� DUWLFOH� YDULDQW� VHOHFWLRQ� FRXOG� EH� DFFRPPRGDWHG�� ZLWK�
SRWHQWLDOO\�D�FRQWLQXXP�RI�UHVSRQVH�W\SHV��IURP�IXOO\�XQUHGXFHG�WR�IXOO\�UHGXFHG�

2I� FRXUVH�� VXFK� D� PRGHO� ZRXOG� VWLOO� QRW� H[SODLQ�ZK\ WKH� SURGXFWLRQ� V\VWHP�
EHKDYHV�DV�LW�GRHV��7R�DGGUHVV�WKLV�LVVXH�ZH�QHHG�WR�FRQVLGHU�WKH�HIIHFWV�RI�OHDUQLQJ�RQ�
SHUIRUPDQFH��DQG�DOVR�WKH�LQWHUDFWLRQ�EHWZHHQ�SHUFHSWLRQ�DQG�SURGXFWLRQ��FI��+DUH�	�
(OPDQ�� ������� )RU� WKH� VDNH� RI� DUJXPHQW�� ZH� FDQ� DVVXPH� WKDW� WKH� ODQJXDJH� OHDUQHU�
UHFHLYHV�DV�LQSXW�D�VHW�RI�WRNHQV�RI�³WKH´�HPEHGGHG�LQ�FRQQHFWHG�VSHHFK��DQG�URXJKO\�
FRQIRUPLQJ�WR�WKH�QRUPDWLYH�UXOH��&RQVRQDQW�LQLWLDO�ZRUGV�DUH�QXPHULFDOO\�GRPLQDQW�
�D�VHDUFK�RI�WKH�&HOH[�GDWDEDVH�IRU�RSHQ�FODVV�ZRUGV�VKRZHG�D�JUHDWHU�WKDQ�����UDWLR�
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E\� W\SH� DQG�E\� WRNHQ���7KHUHIRUH�� LI�ZH� WKLQN�RI� ODQJXDJH� OHDUQLQJ� DV�D�SURJUHVVLRQ�
WKURXJK�VXFFHVVLYH�DSSUR[LPDWLRQV�WR�WKH�LQSXW�IXQFWLRQ��WKHQ�WKH�ILUVW�DSSUR[LPDWLRQ�
VKRXOG�EH�WR�SURGXFH�D�UHGXFHG�³WKH´�LQ�DOO�FLUFXPVWDQFHV��%\�H[WUDSRODWLRQ�IURP�WKH�
GDWD�LQ�([SHULPHQW����WKLV�DSSHDUV�WR�EH�WKH�FDVH�HDUO\�RQ�LQ�OLIH��SHUKDSV XQWLO�WKH�DJH�
RI� ���� 7KHUH� WKHQ� IROORZV� D� SHULRG� RI� DGMXVWPHQW�� LQ� ZKLFK� WKH� PDLQ� FODVV� RI�
H[FHSWLRQV� WR� WKLV� UXOH� �YRZHO�LQLWLDO� ZRUGV�� LV� WUHDWHG� GLIIHUHQWO\�� ([SHULPHQW� ��
VXJJHVWV�WKDW�WKLV�DGMXVWPHQW�LV�RQJRLQJ�EHWZHHQ���DQG�����DQG�([SHULPHQW���VXJJHVWV�
WKDW� LW� LV� ODUJHO\� FRPSOHWH� E\� XQLYHUVLW\� DJH� LQ� WKH� SRSXODWLRQ� UHSUHVHQWHG� E\� RXU�
VDPSOH�� 7KHUH�PD\�ZHOO�EH�IXUWKHU�DGMXVWPHQW�LQ�ODWHU�OLIH��.HDWLQJ�HW�DO���������

$V�OLWHUDF\�GHYHORSV��RUWKRJUDSKLF�UHSUHVHQWDWLRQV�EHFRPH�DYDLODEOH�GXULQJ�WKH�
FRXUVH RI� VSHHFK� SHUFHSWLRQ�� 7KHVH� UHSUHVHQWDWLRQV� PD\� LQIOXHQFH� WKH� FRXUVH� RI�
VSRNHQ�ZRUG�UHFRJQLWLRQ��=LHJOHU�	�)HUUDQG���������DQG�DUH�FOHDUO\�LQYROYHG�LQ�VSHHFK�
SURGXFWLRQ� LQ� WKH� FDVH� RI� UHDGLQJ� DORXG�� $OWKRXJK� WKH� FRUUHFW� HQFDSVXODWLRQ� RI� WKH�
FRQGLWLRQV�UHTXLUHG�IRU�DQ�XQUHGXFHG�DUWLFOH�LQYROYHV�WKH�LQLWLDO�SKRQHPH�RI�WKH�ZRUG��
WKH� FRUUHODWLRQ�EHWZHHQ� LQLWLDO� SKRQHPH�DQG� OHWWHU� FODVVHV� LV�YHU\�KLJK��2I� WKH������
YRZHO�LQLWLDO� RSHQ� FODVV� ZRUGV� LQ� &HOH[�� ��� ������� EHJLQ� ZLWK� D� FRQVRQDQW� OHWWHU��
6LPLODUO\�� ����RXW�RI������� �������FRQVRQDQW�LQLWLDO�RSHQ�FODVV�ZRUGV�EHJLQ�ZLWK�D�
YRZHO�OHWWHU��7KHUHIRUH��WKH�DVVRFLDWLRQ�RI�YRZHO�LQLWLDO�OHWWHUV�DQG�XQUHGXFHG�GHILQLWH�
DUWLFOHV�ZLOO�EH�VWURQJ��UHVXOWLQJ�LQ�D�WHQGHQF\�WR�SURGXFH�WKH�XQUHGXFHG�IRUP�EHIRUH�
ZRUGV�VXFK�DV�XQLWHG��7KH�HIIHFW�RI�VWUHVV�RQ�³K´�LQLWLDO�ZRUGV�FDQ�EH�WKRXJKW�RI�LQ�WKH�
VDPH�OLJKW��7KH�FLUFXPVWDQFHV�LQ�ZKLFK�WKH�GHILQLWH�DQG�LQGHILQLWH�DUWLFOHV�DOWHUQDWH�DUH�
QHDU�LGHQWLFDO�� DQG� VR� IRU� WKH� RQH� FDVH� LQ�ZKLFK� WKH\� GLIIHU�� WKHUH� LV� D� WHQGHQF\� IRU�
GHILQLWH�DUWLFOH�SURGXFWLRQ�WR�IROORZ�WKH�SDWWHUQ�IRU�LQGHILQLWH�DUWLFOH�SURGXFWLRQ�

,W�LV�SRVVLEOH�WKDW�WKH�XQLYHUVDO�HIIHFW�RI�VWUHVV�DVVLJQPHQW�RQ�DOWHUQDQW�VHOHFWLRQ�
FDQ�EH�WKRXJKW�RI�DV�D�IXUWKHU�JHQHUDOLVDWLRQ�RI�WKH�VSHFLILF�HIIHFW�IRU�³K´�LQLWLDO�ZRUGV�
+RZHYHU�� LQ�WHUPV�RI� WKH�VWDWLVWLFV�RI� WKH�ODQJXDJH�WKLV�SURSRVDO�LV�XQOLNHO\��EHFDXVH�
³K´�LQLWLDO�ZRUGV�FRPSULVH�D�VPDOO�SURSRUWLRQ�RI�WKH�ODQJXDJH�DV�D�ZKROH��,QVWHDG��ZH�
DWWULEXWH�WKH�VPDOO�RYHUDOO�HIIHFW�RI�OH[LFDO�VWUHVV�WR�D�JHQHUDO�SUHIHUHQFH�IRU�DOWHUQDWLQJ�
VWUHVV�IRXQG�LQ�PDQ\�VLWXDWLRQV�LQ�(QJOLVK��FI��HXUK\WKP\��6HONLUN��������
2UWKRJUDSKLF�,QIOXHQFHV�LQ�6SHHFK�3URFHVVLQJ
7KH� PDMRU� LQIOXHQFH� RI� SKRQRORJ\� LQ� DGXOW� UHDGLQJ�� ODQJXDJH� GHYHORSPHQW� DQG�
ODQJXDJH�GLVRUGHUV�LV�ZLGHO\�UHFRJQLVHG��,Q�YLVXDO�ZRUG�UHFRJQLWLRQ�WKH�DFWLYDWLRQ�RI�D�
SKRQRORJLFDO�UHSUHVHQWDWLRQ�SOD\V�DQ�LPSRUWDQW�UROH�LQ�WKH�RXWFRPH�RI�WKH�UHFRJQLWLRQ�
SURFHVV��H�J���/XNDWHOD�	�7XUYH\��������9DQ�2UGHQ���������ZLWK�VRPH�VXJJHVWLRQ�WKDW�
UHDGLQJ� LQYROYHV� DFFHVV� WR� D� UHODWLYHO\�XQDQDO\VHG��GHWDLOHG� UHSUHVHQWDWLRQ�RI� VSHHFK�
�/XNDWHOD��(DWRQ��/HH�	�7XUYH\���������(TXDOO\��UHDGLQJ�GHYHORSPHQW²ERWK�QRUPDO�
DQG� GLVRUGHUHG²KDV� EHHQ� OLQNHG� WR� PHWDSKRQRORJLFDO� DELOLWLHV� �H�J��� %UXFN�� ������
*RVZDPL�	�%U\DQW���������7KLV�FORVH� LQYROYHPHQW�RI�SKRQRORJ\� LQ� UHDGLQJ�KDV� OHG�
VRPH�DXWKRUV�WR�DUJXH�WKDW�LQWHUDFWLYH�IHHGEDFN�OLQNV�H[LVW�EHWZHHQ�SKRQRORJLFDO�DQG�
RUWKRJUDSKLF�UHSUHVHQWDWLRQ��H�J���6WRQH��9DQKR\�	�9DQ�2UGHQ��������

� $OWKRXJK�ZH�FDQ�EH�UHDVRQDEO\�FRQILGHQW�WKDW�RXU�WZR�JURXSV�RI�FKLOGUHQ�LQ�([SHULPHQW���KDG�VLPLODU�
ODQJXDJH�HQYLURQPHQWV��WKH�VDPH�FDQQRW�EH�VDLG�RI�WKH�FRPSDULVRQ�EHWZHHQ�H[SHULPHQWV��7KHUHIRUH�LW�LV�
TXLWH�SRVVLEOH�WKDW�VRPH�RI�WKH�GLIIHUHQFHV�EHWZHHQ�([SHULPHQWV���DQG���LQ�WHUPV�RI�DOWHUQDQW�VHOHFWLRQ�
DUH� GXH� WR� ODQJXDJH� FKDQJH� RU� GLIIHUHQFHV� LQ� ODQJXDJH� HQYLURQPHQW� EHWZHHQ� WKH� WZR� JURXSV� RI�
SDUWLFLSDQWV��1RQHWKHOHVV�� LW� VHHPV�XQOLNHO\� WKDW� WKH� FKLOGUHQ� LQ�([SHULPHQW� ��ZLOO� QRW� SURJUHVV� WR�DQ�
DSSUR[LPDWLRQ�RI�WKH�QRUPDWLYH�UXOH�E\�DGXOWKRRG�
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,Q�WHUPV�RI�WKH�IOLSVLGH�RI�WKLV�LQWHUDFWLRQ��WKHUH�KDYH�EHHQ�IHZHU�GHPRQVWUDWLRQV�
RI� RUWKRJUDSKLF� NQRZOHGJH� LQIOXHQFHV� VSHHFK� SURGXFWLRQ� DQG� SHUFHSWLRQ� SURFHVVHV��
0RVW�RI�WKRVH�WKDW�KDYH��ERWK�IRU�DGXOWV�DQG�LQ�GHYHORSPHQW��KDYH�HPSOR\HG�WDVNV�WKDW�
KDYH� D� PHWDSKRQRORJLFDO� FRPSRQHQW�� )RU� H[DPSOH�� %UXFN� ������� VKRZHG� WKDW� WKH�
VSHOOLQJ�RI�D�ZRUG�LQIOXHQFHG�SHUIRUPDQFH�LQ�SKRQHPH�FRXQWLQJ�DQG�GHOHWLRQ�WDVNV�IRU�
DJH�JURXSV�VLPLODU� WR� WKRVH�XVHG� LQ�([SHULPHQW����&KLOGUHQ�DV�\RXQJ�DV���VKRZHG�D�
VWURQJ� LQIOXHQFH� RI� VSHOOLQJ� ZKHQ� DVNHG� WR� FRXQW� WKH� SKRQHPHV� LQ� QRQZRUGV�
FRQWDLQLQJ�GLJUDSKV��H�J���D�SDUWLFLSDQW�KHDULQJ�WKH�ZRUG�³OHHP´�PLJKW�VD\�WKHUH�DUH���
VRXQGV�� ZKHQ� RQO\� �� SKRQHPHV� DUH� SUHVHQW��� $Q� HTXLYDOHQW� HIIHFW� ZDV� IRXQG� IRU�
SKRQHPH� GHOHWLRQ�� DOWKRXJK� WKLV� HIIHFW� ZDV� RQO\� SUHVHQW� IRU� FKLOGUHQ� DJHG� �� DQG�
DERYH�� 7KHUHIRUH�� DV� LQ� RXU� H[SHULPHQWV�� RUWKRJUDSKLF� LQIOXHQFHV� DUH� SUHVHQW� TXLWH�
HDUO\� LQ� UHDGLQJ� GHYHORSPHQW�� DQG� DSSHDU� WR� LQFUHDVH� ZLWK� DJH�� ,Q� D� VLPLODU� YHLQ��
7UHLPDQ�	�&DVVDU� �������VKRZHG�WKDW�FKLOGUHQ�DJHG�����DQG�DGXOWV�ZHUH�LQIOXHQFHG�
E\�VSHOOLQJ�LQ�D�SKRQHPH�FRXQWLQJ�WDVN�LQYROYLQJ�GLSKWKRQJV�

7KHVH�VWXGLHV�DUH�LQIRUPDWLYH�DERXW�SKRQRORJLFDO�NQRZOHGJH��EXW�E\�WKHLU�QDWXUH�
WKH�WDVNV�LQYROYHG�HQWDLO�FRQVFLRXV��UHIOHFWLYH�SURFHVVLQJ��,I�RQO\�FHUWDLQ�OHYHOV�RI�WKH�
SKRQRORJLFDO�V\VWHP�DUH�DFFHVVLEOH�WR�FRQVFLRXV�DZDUHQHVV��WKHQ�LW�UHPDLQV�XQNQRZQ�
ZKHWKHU� WKHVH� OHYHOV� DUH� LQYROYHG� LQ� QRUPDO� ODQJXDJH� SURFHVVLQJ�� DQG� ZKHWKHU� WKH�
GHHSHU� OHYHOV� DUH� DIIHFWHG� E\�RUWKRJUDSK\� LQ� WKH� VDPH�ZD\� �FI��0RUDLV�	�.ROLQVN\��
�������2UWKRJUDSKLF�HIIHFWV�KDYH�DOVR�EHHQ�VKRZQ�LQ�DGXOWV�XVLQJ�VSHHGHG�WDVNV VXFK�
DV�SKRQHPH�PRQLWRULQJ��'LMNVWUD�HW�DO���������+DOOp�HW�DO���������DQG�UK\PH�MXGJPHQW�
�6HLGHQEHUJ� 	� 7DQHQKDXV�� ������� EXW� RQFH� DJDLQ� WKHUH� LV� WKH� SRVVLELOLW\� WKDW� WKH�
UHSUHVHQWDWLRQV� PDGH� DYDLODEOH� LQ� WKHVH� WDVNV� DUH� QRW� XVHG� LQ� QRUPDO� ODQJXDJH�
SURFHVVLQJ�� 3HUKDSV� WKH� EHVW� HYLGHQFH� VR� IDU� RI� DQ� LQIOXHQFH� RI� VSHOOLQJ� LQ� ZRUG�
UHFRJQLWLRQ� LV� WKH� VWXG\� RI� =LHJOHU� DQG� )HUUDQG� �������� ZKR� IRXQG� DQ� HIIHFW� RI�
RUWKRJUDSKLF�SKRQRORJLFDO� IHHGEDFN� FRQVLVWHQF\� RQ� WKH� VSHHG� RI� OH[LFDO� GHFLVLRQ� WR�
VSRNHQ�ZRUGV��2XU�VWXG\�GHPRQVWUDWHV�WKDW� WKH�UROH�RI�VSHOOLQJ�LQ�VSHHFK�SURGXFWLRQ�
IRXQG� E\�5D\PRQG� HW� DO�� ������� LV� SDUW� RI� QRUPDO� VSHHFK� SURGXFWLRQ�� DQG� GRHV� QRW�
UHTXLUH� UHIOHFWLYH�XVH�RI� FRQVFLRXV� UXOHV� �VHH� DOVR�'DPLDQ�	�%RZHUV�� LQ�SUHVV���:H�
KDYH� DOVR� VKRZQ� WKDW� WKLV� RUWKRJUDSKLF� HIIHFW�� OLNH� WKH� RUWKRJUDSKLF� HIIHFWV� RQ�
PHWDSKRQRORJLFDO�WDVNV��LV�HYLGHQW�LQ�ODQJXDJH�GHYHORSPHQW�DV�ZHOO�DV�DGXOWKRRG��2XU�
VWXG\�GRHV�QRW�LPSO\�WKDW�RUWKRJUDSK\�VKDSHV�WKH�SKRQRORJLFDO�UHSUHVHQWDWLRQV�XVHG�LQ�
VSHHFK�SURGXFWLRQ��QRU�GRHV� LW� UHTXLUH� IHHGEDFN�RU� LQWHUDFWLRQ�EHWZHHQ�RUWKRJUDSKLF�
DQG�SKRQRORJLFDO�UHSUHVHQWDWLRQV��EXW�LW�GRHV�GHPRQVWUDWH�WKH�LQYROYHPHQW�RI�VSHOOLQJ�
LQ�D�SURGXFWLRQ�SURFHVV� WKDW�PLJKW�EH�WKRXJKW�RI�DV�SXUHO\�SKRQRORJLFDO��7KH�UHVXOWV�
VXJJHVW� WKDW� WKH� VWDJH� RI� SURFHVVLQJ� DW�ZKLFK� WKH� DOWHUQDQW� RI� WKH� GHILQLWH� DUWLFOH� LV�
VHOHFWHG�KDV�DFFHVV�WR�D�YDULHW\�RI�W\SHV�RI�LQIRUPDWLRQ��LQFOXGLQJ�WKH�VSHOOLQJ�RI�WKH�
IROORZLQJ�ZRUG�
&RQFOXVLRQV
,Q�VXP��RXU�UHVHDUFK�SRLQWV�WR�D�ZLGH�UDQJH�RI�IDFWRUV�WKDW�GHWHUPLQH�WKH�VHOHFWLRQ�RI
GHILQLWH�DUWLFOH�DOORPRUSKV�LQ�VSHHFK�SURGXFWLRQ��,W�DSSHDUV�WKDW�LQ�(QJOLVK�WKH�XVH�RI�
XQUHGXFHG� GHILQLWH� DUWLFOHV� EHIRUH� YRZHOV� LQFUHDVHV� WKURXJK� FKLOGKRRG�� DQG� SRVVLEO\�
DOVR� WKURXJK� DGXOWKRRG�� 2WKHU� IDFWRUV� EHFRPH� ZHDNO\� LQIOXHQWLDO�� PRVW� QRWDEO\� WKH�
VWDWXV�RI�WKH�LQLWLDO�OHWWHU�RI�WKH�IROORZLQJ�ZRUG��ZKLFK�H[HUWV�DQ�LQIOXHQFH�HYHQ�XQGHU�
FRQGLWLRQV�LQ�ZKLFK�WKH�ZULWWHQ�ZRUG�KDV�QRW�EHHQ�SUHVHQWHG��DQG�WKH�VSHDNHU�GRHV�QRW�
NQRZ�WKDW�WKHLU�DUWLFOH�VHOHFWLRQ�LV�EHLQJ�PRQLWRUHG��7KHVH�UHVXOWV�VXJJHVW�WKDW�PRGHOV�
RI�VSHHFK�SURGXFWLRQ�PXVW�DOORZ�DOORPRUSK�VHOHFWLRQ�WR�RFFXU�DW�D�VWDJH�RI�SURFHVVLQJ�
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LQ�ZKLFK�D�ZLGH�YDULHW\�RI�ORFDO�LQIRUPDWLRQ�LV�SUHVHQW��DQG�WKDW�WKLV�VHOHFWLRQ�SURFHVV�
PXVW�JHQHUDOLVH�WR�FDVHV�LQ�ZKLFK�WKH�IROORZLQJ�ZRUG�LV�XQIDPLOLDU��RU�HYHQ XQNQRZQ�
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%\EHH�� -�� �������� 5HJXODU� PRUSKRORJ\� DQG� WKH� OH[LFRQ�� /DQJXDJH� DQG� &RJQLWLYH�
3URFHVVHV����� ��������

%\EHH��-��/���	�6ORELQ��'��,����������5XOHV�DQG�VFKHPDV�LQ�WKH�GHYHORSPHQW�DQG�XVH�RI�
WKH�(QJOLVK�SDVW�WHQVH��/DQJXDJH���������������

'DPLDQ�� 0�� )��� 	� %RZHUV�� -�� 6�� �LQ� SUHVV��� (IIHFWV� RI� RUWKRJUDSK\� RQ� VSHHFK�
SURGXFWLRQ�LQ�D�IRUP�SUHSDUDWLRQ�SDUDGLJP��-RXUQDO�RI�0HPRU\�DQG�/DQJXDJH�

'LMNVWUD�� 7��� 5RHORIV�� $��� 	� )LHXZV�� 6�� �������� 2UWKRJUDSKLF� HIIHFWV� RQ� SKRQHPH�
PRQLWRULQJ��&DQDGLDQ�-RXUQDO�RI�([SHULPHQWDO�3V\FKRORJ\���� ����������

)RUVWHU��.�� ,��	�)RUVWHU�� -��&�� �LQ�SUHVV���'0';��$�ZLQGRZV�GLVSOD\�SURJUDP�ZLWK�
PLOOLVHFRQG�DFFXUDF\��%HKDYLRU�DQG�5HVHDUFK�0HWKRGV��,QVWUXPHQWV��	�&RPSXWHUV�

)R[� 7UHH�� -��� 	� &ODUN�� +�� �������� 3URGXFLQJ� ³WKH´� DV� ³WKHH´� WR� VLJQDO� SUREOHPV� LQ�
VSHDNLQJ��&RJQLWLRQ����� ��������

*RGIUH\�� -��� +ROOLPDQ�� (��� 	 0F'DQLHO�� -�� �������� 6:,7&+%2$5'�� 7HOHSKRQH�
VSHHFK� FRUSXV� IRU� UHVHDUFK� DQG� GHYHORSPHQW�� ,Q� ,(((� ,&$663��� �SS�� ���±������
6DQ�)UDQFLVFR��&$��,(((�

*RVZDPL�� 8��� 	� %U\DQW�� 3�� (�� �������� 3KRQRORJLFDO� 6NLOOV� DQG� /HDUQLQJ� WR� 5HDG ��
+RYH��/DZUHQFH�(UOEDXP�

*X\��*���	�%R\G�� 6�� ��������7KH�GHYHORSPHQW� RI� D�PRUSKRORJLFDO� FODVV��/DQJXDJH�
9DULDWLRQ�	�&KDQJH���� �����

+DOOp��3��$���&KpUHDX��&���	�6HJXL��-����������:KHUH�LV�WKH��E��LQ��DEVXUGH��>DSV\UG@"�
,W�LV�LQ�)UHQFK�OLVWHQHUV
�PLQGV��-RXUQDO�RI�0HPRU\�DQG�/DQJXDJH��������������

+DUH��0���	�(OPDQ��-��/����������/HDUQLQJ�DQG�PRUSKRORJLFDO�FKDQJH��&RJQLWLRQ������
������

-DNREVRQ�� 5��� )DQW�� *��� 	� +DOOH�� 0�� �������� 3UHOLPLQDULHV� WR� VSHHFK� DQDO\VLV ��
&DPEULGJH�0$��0,7�3UHVV�

-XUDIVN\�� '��� %HOO�� $��� )RVOHU�/XVVLHU�� (��� *LUDQG� &��� 	� 5D\PRQG�� :�� ��������
5HGXFWLRQ�RI�(QJOLVK�IXQFWLRQ�ZRUGV�LQ�6ZLWFKERDUG��,Q�5��+��0DQQHOO�	�-��5REHUW�
5LEHV��(GV����3URFHHGLQJV�RI�WKH��WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�6SRNHQ�/DQJXDJH�
3URFHVVLQJ� �SS�� ������������ 6\GQH\�� $XVWUDOLD�� $XVWUDOLDQ� 6SHHFK� 6FLHQFH� DQG�
7HFKQRORJ\�$VVRFLDWLRQ�
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.HDWLQJ�� 3��� %\UG�� '��� )OHPLQJ�� (��� 	� 7RGDND�� <�� �������� 3KRQHWLF� DQDO\VLV� RI� WKH�
7,0,7�FRUSXV�RI�$PHULFDQ�(QJOLVK��6SHHFK�&RPPXQLFDWLRQV����� ���������

.XFHUD�� +��� 	� )UDQFLV�� :�� 1�� �������� &RPSXWDWLRQDO� $QDO\VLV� RI� 3UHVHQW�'D\�
$PHULFDQ�(QJOLVK��3URYLGHQFH�5,��%URZQ�8QLYHUVLW\�3UHVV�

/DERY�� :�� �������� &RQWUDFWLRQ�� GHOHWLRQ�� DQG� LQKHUHQW� YDULDELOLW\� RI� WKH� (QJOLVK�
FRSXOD��/DQJXDJH��������������

/HYHOW��:�� -��0���5RHORIV��$���	�0H\HU��$��6�� ��������$� WKHRU\�RI� OH[LFDO�DFFHVV� LQ�
VSHHFK�SURGXFWLRQ��%HKDYLRUDO�DQG�%UDLQ�6FLHQFHV���� �������

/XNDWHOD��*���	�7XUYH\��0��7����������9LVXDO�OH[LFDO�DFFHVV�LV�LQLWLDOO\�SKRQRORJLFDO����
(YLGHQFH� IURP� SKRQRORJLFDO� SULPLQJ� E\� KRPRSKRQHV� DQG� SVHXGRKRPRSKRQHV��
-RXUQDO�RI�([SHULPHQWDO�3V\FKRORJ\�*HQHUDO���������������

/XNDWHOD�� *��� (DWRQ�� 7��� /HH�� &��� 	� 7XUYH\�� 0�� 7�� �������� 'RHV� YLVXDO� ZRUG�
LGHQWLILFDWLRQ�LQYROYH�D�VXE�SKRQHPLF�OHYHO"�&RJQLWLRQ����� %���%���

0DUDWVRV��0����������0RUH�RYHUUHJXODUL]DWLRQV�DIWHU�DOO��QHZ�GDWD�DQG�GLVFXVVLRQ�RQ�
0DUFXV��3LQNHU��8OOPDQ��+ROODQGHU��5RVHQ�	�;X��-RXUQDO�RI�&KLOG�/DQJXDJH���� ��
��������

0DUFXV��*��)���3LQNHU��6���8OOPDQ��0���+ROODQGHU��0���5RVHQ��7��-���	�;X��)����������
2YHUUHJXODUL]DWLRQ� LQ� ODQJXDJH�DFTXLVLWLRQ�� 0RQRJUDSKV� RI� WKH� 6RFLHW\� )RU�
5HVHDUFK�LQ�&KLOG�'HYHORSPHQW������5��5����

0DWKHZV�� 5�� &��� %XVV�� 5�� 5��� 6WDQOH\�� :�� %��� %ODQFKDUG�)LHOGV�� )��� &KR�� -�� 5��� 	�
'UXKDQ�� %�� �������� 5ROH� RI� LPSOLFLW� DQG� H[SOLFLW� SURFHVVHV� LQ� OHDUQLQJ� IURP�
H[DPSOHV� � D� V\QHUJLVWLF� HIIHFW�� -RXUQDO� RI� ([SHULPHQWDO� 3V\FKRORJ\�/HDUQLQJ�
0HPRU\�DQG�&RJQLWLRQ���� ������������

0F&OHOODQG�� -�� /��� 	� 3DWWHUVRQ�� .�� �������� 5XOHV� RU� FRQQHFWLRQV� LQ� SDVW�WHQVH�
LQIOHFWLRQV��ZKDW�GRHV�WKH�HYLGHQFH�UXOH�RXW"�7UHQGV�LQ�&RJQLWLYH�6FLHQFHV��� ������
����

0RUDLV�� -��� 	� .ROLQVN\�� 5�� �������� 3HUFHSWLRQ� DQG� DZDUHQHVV� LQ� SKRQRORJLFDO�
SURFHVVLQJ�� WKH�FDVH�RI�WKH�SKRQHPH��&RJQLWLRQ��������������

3LQNHU��6���	�8OOPDQ��0��7����������7KH�SDVW�DQG�IXWXUH�RI�WKH�SDVW�WHQVH��7UHQGV�LQ�
&RJQLWLYH�6FLHQFHV�������������

5D\PRQG��:�� '��� )LVKHU�� -�� $��� 	� +HDO\�� $�� )� �������� /LQJXLVWLF� NQRZOHGJH� DQG�
ODQJXDJH�SHUIRUPDQFH�LQ�(QJOLVK�DUWLFOH�YDULDQW�SUHIHUHQFH��/DQJXDJH�DQG�&RJQLWLYH�
3URFHVVHV��������������

5HEHU��$��6����������,PSOLFLW�UXPLQDWLRQV��3V\FKRQRPLF�%XOOHWLQ�	�5HYLHZ��� ��������
6HLGHQEHUJ�� 0�6��� 	� 7DQHQKDXV�� 0�� .�� �������� 2UWKRJUDSKLF� HIIHFWV� RQ� UK\PH�
PRQLWRULQJ��-RXUQDO�RI�([SHULPHQWDO�3V\FKRORJ\�+XPDQ�/HDUQLQJ�DQG�0HPRU\�����
��������

6HONLUN�� (�� �������� 3KRQRORJ\� DQG� 6\QWD[�� 7KH� 5HODWLRQ� %HWZHHQ� 6RXQG� DQG�
6WUXFWXUH��&DPEULGJH��0$��0,7�3UHVV�

6HUZDWND��0���	�+HDO\��$�)����������2Q�WKH�VWDWXV�RI�WKH�FRXQW�PDVV�GLVWLQFWLRQ�LQ�WKH�
PHQWDO� JUDPPHU�� ,Q� $�)�� +HDO\� 	� /�(�� %RXUQH�� -U�� �(GV���� )RUHLJQ� ODQJXDJH�
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OHDUQLQJ�� 3V\FKROLQJXLVWLF� VWXGLHV� RQ� WUDLQLQJ� DQG� UHWHQWLRQ� �SS�� ����������
0DKZDK��1-��(UOEDXP�

6WRQH��*��2���9DQKR\��0���	�9DQ�2UGHQ��*��&����������3HUFHSWLRQ�LV�D�WZR�ZD\�VWUHHW��
)HHGIRUZDUG� DQG� IHHGEDFN� SKRQRORJ\� LQ� YLVXDO� ZRUG� UHFRJQLWLRQ�� -RXUQDO� RI�
0HPRU\�DQG�/DQJXDJH��������������

7RGDND��<����������3KRQHWLF�YDULDQWV�RI�WKH�GHWHUPLQHU�³WKH´��8&/$�:RUNLQJ�3DSHUV�
LQ�3KRQHWLFV�������������

7UHLPDQ��5���	�&DVVDU��0����������&DQ�FKLOGUHQ�DQG�DGXOWV�IRFXV�RQ�VRXQG�DV�RSSRVHG�
WR�VSHOOLQJ�LQ�D�SKRQHPH�FRXQWLQJ�WDVN"�'HYHORSPHQWDO�3V\FKRORJ\���� ����������

9DQ�2UGHQ��*��&����������$�URZV�LV�D�URVH�� VSHOOLQJ��VRXQG��DQG�UHDGLQJ��0HPRU\�	�
&RJQLWLRQ��������������

:XOI��*���0F1HYLQ��1���	�6KHD��&��+�� ��������7KH� DXWRPDWLFLW\�RI� FRPSOH[�PRWRU�
VNLOO�OHDUQLQJ�DV�D�IXQFWLRQ�RI�DWWHQWLRQDO�IRFXV��4XDUWHUO\�-RXUQDO�RI�([SHULPHQWDO�
3V\FKRORJ\�6HFWLRQ�$�+XPDQ�([SHULPHQWDO�3V\FKRORJ\����������������

=LHJOHU��-�&���	��)HUUDQG��/����������2UWKRJUDSK\�VKDSHV�WKH�SHUFHSWLRQ�RI�VSHHFK��7KH�
FRQVLVWHQF\�HIIHFW�LQ�DXGLWRU\�ZRUG�UHFRJQLWLRQ��3V\FKRQRPLF�%XOOHWLQ�	�5HYLHZ�����
��������

$XWKRU�1RWH
:H�WKDQN�$UGL�5RHORIV�DQG�0DJJLH�6QRZOLQJ�IRU�YDOXDEOH�GLVFXVVLRQ�RI�WKLV�UHVHDUFK��
3KLOLS� 4XLQODQ� IRU� VWDWLVWLFDO� DGYLFH�� DQG� :LOOLDP� 5D\PRQG� DQG� DQ� DQRQ\PRXV�
UHYLHZHU�IRU�FRPPHQWV�RQ�DQ�HDUOLHU�GUDIW�RI�WKXV�SDSHU��

&RUUHVSRQGHQFH�FRQFHUQLQJ�WKLV�DUWLFOH�VKRXOG�EH�DGGUHVVHG�WR�*DUHWK�*DVNHOO�DW�
WKH�'HSDUWPHQW�RI�3V\FKRORJ\��8QLYHUVLW\�RI�<RUN��<RUN�<2����''��8.��(OHFWURQLF�
PDLO�PD\�EH�VHQW�YLD�WKH�LQWHUQHW�WR�J�JDVNHOO#SV\FK�\RUN�DF�XN�
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$SSHQGL[�$
6WLPXOL� XVHG� LQ� ([SHULPHQW� �� DUH� OLVWHG� EHORZ�� 7KH�ZRUGV� DUH� OLVWHG� LQ� SDLUV��ZLWK�
VWDUUHG�ZRUGV�EHLQJ� WKH� WDUJHW�ZRUGV� LQ�ERWK�VXEWHVWV�DQG�WKH�RWKHU�PHPEHU�RI�HDFK�
SDLU� XVHG� RQO\� LQ� WKH� VHQWHQFH� SURGXFWLRQ� VXEWHVW�� 7KH� RUGHU�ZLWKLQ� WKH� SDLUV� LV� WKH�
RUGHU�RI�SUHVHQWDWLRQ�XVHG�LQ�WKH�VHQWHQFH�SURGXFWLRQ�VXEWHVW�
&RQVRQDQW�LQLWLDO���VW V\OODEOH�VWUHVV��KLJK�IUHTXHQF\

JRYHUQPHQW�FRXQWU\�� QXPEHU�XQEHOLHYDEOH�� SURJUDP�FOLIIKDQJHU�� VHUYLFH�
SRRU��SXEOLF�WRLOHWV��VSHFLDO�EDUJDLQ��EXVLQHVV�FULVLV��SUREOHP�LPPHQVH��IDPLO\�
SDUN
&RQVRQDQW�LQLWLDO���VW V\OODEOH�VWUHVV��ORZ�IUHTXHQF\

EDUJDLQ�KDSS\�� GHWRXU�LQFRQYHQLHQW�� EDQNHU�ODWH�� IDFLDO�UDGLDQW�� SRWHQW�
VPHOO��SDVWU\�GHOLFLRXV��SDUURW�FDJH��QXLVDQFH�FODVV��IUDQWLF�VFUHDPHG
&RQVRQDQW�LQLWLDO���QG V\OODEOH�VWUHVV��KLJK�IUHTXHQF\

SDUWLFXODU�SHUVRQ�� SUHVLGHQW�VRFLHW\�� SROLWLFDO�FRQWURYHUVLDO�� SRVLWLRQ�
XQFRPIRUWDEOH�� PHPEHU�FRPPLWWHH�� GLUHFW�FDQFHOOHG�� GHSDUWPHQW�SV\FKRORJ\��
SURGXFWLRQ�HODERUDWH��FRQGLWLRQ�SRRU
&RQVRQDQW�LQLWLDO���QG V\OODEOH�VWUHVV��ORZ�IUHTXHQF\

GHUDQJHG�LUUDWLRQDOO\�� SRUWUD\DO�LQDFFXUDWH�� EDQDQD�EUXLVHG�� FRPSOH[LRQ�
JLUO�� FRPPXQDO�PHVV�� GHVFHQGDQW�XQSRSXODU�� PLUDJH�GHVHUW�� HQMR\HG�WHUULILF��
GLVJXVWLQJ�RYHUSRZHULQJ
9RZHO�LQLWLDO���VW V\OODEOH�VWUHVV��KLJK�IUHTXHQF\

RIILFH�FOXWWHUHG�� DWWLWXGH�ZRPDQ�� RSHQ�GUDIW�� DQVZHU�QR�� HDUO\�ZRUP��
DFWLRQ�ILOP��DUHD�H[WHQVLYH��RUGHU�ZURQJ��ZRUWK�HIIRUW
9RZHO�LQLWLDO��VW V\OODEOH�VWUHVV��ORZ�IUHTXHQF\

DXFWLRQ�ERULQJ�� DUWLIDFW�YDOXDEOH�� DFUREDW�LPSUHVVLYH�� RWWHU�VZLPPLQJ��
ROLYH�VDOW\��RFWRSXV�XJO\��DJLQJ�SURFHVV��XOFHU�VWRPDFK��DEGRPHQ�ERG\
9RZHO�LQLWLDO��QG V\OODEOH�VWUHVV��KLJK�IUHTXHQF\

H[LVWHQFH�*RG�� DGGLWLRQ�EHQHILFLDO�� DQDO\VLV�FRPSOLFDWHG�� ORYHG�
H[SHULHQFH�� HQMR\HG�DWWHQWLRQ�� RULJLQDO�YHUVLRQ�� H[SHFWHG�UHVXOW�� H[DPSOH�
KHOSIXO��LGHD�JURXQGEUHDNLQJ
9RZHO�LQLWLDO���QG V\OODEOH�VWUHVV��ORZ�IUHTXHQF\

H[FXUVLRQ�HQMR\DEOH�� HQODUJHPHQW�SKRWRJUDSK�� RUQDWH�DQWLTXH�� DVWXWH�
SURIHVVRU�� RPLVVLRQ�GLVDVWURXV�� DPRHED�PLFURVFRSH�� DURPD�WHPSWLQJ�� DEUDVLRQ�
DUP��DEQRUPDO�JURZWK
�M��LQLWLDO�ZRUGV�ZLWK�LQLWLDO�YRZHO�OHWWHU

HXFDO\SWXV�SODQW�� XQLWHG�$PHULFD�� XQLYHUVH�LQILQLWH�� XQLW�FXUUHQF\��
XQLFRUQ�EHDXWLIXO��HXORJ\�PRYLQJ��XVH�GUXJV��XQLIRUP�VROGLHU��XWHUXV�EDE\
�M��LQLWLDO�ZRUGV�ZLWK�LQLWLDO�FRQVRQDQW�OHWWHU

\HDUO\�HYHQW�� \R�\R�EURNHQ�� \HOO�GHDIHQLQJ�� \HOS�GRJ�� \HOORZ�FKLFN��
\DFKW�LPSUHVVLYH��\RXWK��WURXEOH��\RXQJVWHU�ORVW��\RJKXUW�WDVW\
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6LOHQW�³K´�ZRUGV
KRQRXUDEOH��KRXUO\�ODWH��RQ�KRXU��KRXUJODVV�VPDVKHG��KRQRXU�WUHPHQGRXV��

KHLUHVV�SUHWW\��KHLUORRP�YDOXDEOH��KRQHVW\�MXGJH��KRQHVW�DQVZHU
1RQVLOHQW�³K´�ZRUGV�ZLWK��VW V\OODEOH�VWUHVV

KDLU\�GRJ�� KRVSLWDO�EXV\�� GURSSHG�KDPPHU�� KHOPHW� KDUG�� KXVEDQG� DIIDLU��
KHDOWK\�RSWLRQ��KDOOZD\�QDUURZ��KDJJDUG�ZLWFK��KLVWRU\�(QJODQG
1RQVLOHQW�³K´�ZRUGV�ZLWK��QG V\OODEOH�VWUHVV

KHUHGLWDU\�IDWDO�� KXPRQJRXV�GRJ�� KHURLF�GLHG�� KHOSIXO�DVVLVWDQW� � �� KRWHO�
HQ�VXLWH��KXPLGLW\�XQEHDUDEOH��VKLS�KRUL]RQ��KRUUHQGRXV�H[DP��KRUULILF�RUGHDO��
+LJK�IURQW�YRZHO�LQLWLDO�ZRUGV

LQVDQH�KRVSLWDOLVHG�� LQIOXHQFH�WHDFKHU�� (DVWHU�EXQQ\�� LQWHUHVW�UDWH��
HFOLSVH�VXQ��LPEHFLOH�UHMHFWHG��HYHQLQJ�GLVDVWHU��HFRQRP\�ERRPLQJ��HDV\�H[DP�
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$SSHQGL[�%
6WLPXOL� XVHG� LQ� ([SHULPHQW� �� DUH� OLVWHG� EHORZ�� (DFK� WDUJHW� ZRUG� �LQ� LWDOLFV�� LV�
IROORZHG�E\�LWV�VHQWHQFH�IUDPH�
2UGLQDU\�YRZHO�LQLWLDO�ZRUGV

HPHUDOG�(PPD�WKRXJKW�WKH�BBBBBBB�ZDV�SUHWW\��DQJHOLF�7KH�BBBBBBB�FKLOGUHQ�
ZHUH�QLFH��LQWHUHVW�7KH�BBBBBBB�LQ�WKH�ERRN�ZDV�JUHDW��RGLRXV�7KH�BBBBBBB�ER\�ZDV�
EDG�� HJJFXS�-DQH� SXW� WKH� BBBBBBB� LQ� WKH� FXSERDUG�� HFOLSVH�.LP� ZDWFKHG� WKH�
BBBBBBB��RUGHU�7KH�JLUO�IRUJRW�WKH�BBBBBBB��LQIOXHQFH�7KH�BBBBBBB�RI�WKH�ERRN�ZDV�
ELJ��HOI�7KH�BBBBBBB�KDG�D�ERZ�DQG�DUURZ��LGLRW�7KH�BBBBBBB�FURVVHG�WKH�URDG
2UGLQDU\�FRQVRQDQW�LQLWLDO�ZRUGV

PDQGROLQ�(OOLH� ZDQWHG� WR� SOD\� WKH� BBBBBBB�� IDFLDO�.DWK\� OLNHG� WKH� BBBBBBB��
JULIILQ�'DYLG� WKRXJKW� WKH� BBBBBBB� ZDV� VFDU\�� IDLU\�7KH� BBBBBBB� IOHZ� DZD\��
PHUPDLG�1DQF\�ORRNHG�DW�WKH�BBBBBBB��PDJLFDO�7KH�BBBBBBB�ODPS�ZDV�YHU\�VSHFLDO��
VRFLHW\�7RE\�ZDV�LQ�WKH�BBBBBBB��FDQGHODEUD�7KH�BBBBBBB�ZDV�YHU\�ELJ��VQRZIODNH�
5REHUW�ORRNHG�DW�WKH�BBBBBBB��FRPSDQLRQ�7KH�BBBBBBB�ZDV�KDSS\
�M��LQLWLDO�ZRUGV�ZLWK�LQLWLDO�YRZHO�OHWWHU

XWHQVLO�7KH� BBBBBBB� ZDV ZHW�� XQLFRUQ�$OH[� ORRNHG� DW� WKH� BBBBBBB��8UDQXV�
7KH�BBBBBBB�PRRQV�ZHUH�ELJ��XWLOLW\�7KH�BBBBBBB�ZDV�YHU\�JRRG��XQLYHUVLW\�-DPHV�
ZHQW�WR�WKH�BBBBBBB��HXORJ\�3RSS\�UHDG�WKH�BBBBBBB��XQLVH[�7KH�BBBBBBB�EDWKURRP�
ZDV�FOHDQ��HXFDO\SWXV�7KH�NRDOD�DWH�WKH�BBBBBBB��XQLYHUVH�7KH�BBBBBBB�LV�YHU\�ELJ��
XQLIRUP�2OLYHU�SXW�RQ�WKH�BBBBBBB
�M��LQLWLDO�ZRUGV�ZLWK�LQLWLDO�FRQVRQDQW�OHWWHU

\HDU�7RP� ZHQW� RQ� KROLGD\� WKH� BBBBBBB� DIWHU�� \HZ�7KH� BBBBBBB� ZDV� LQ� WKH�
JDUGHQ��\DFKW�7KH�BBBBBBB�VDLOHG�RQ�WKH�VHD��\DP�/XF\�DWH�WKH�BBBBBBB��\HOORZ�-RKQ�
SXW� RQ� WKH� BBBBBBB� MXPSHU�� \DUQ�7KH� BBBBBBB� FDPH� ORRVH�� \HDVW�6DOO\� SXW� WKH�
BBBBBBB�LQ�WKH�ERZO��\HOO�7KH�BBBBBBB�JRW�YHU\�ORXG��\HDUO\�7KH�BBBBBBB�SDUW\�ZDV�
IXQ��\HWL�6DP�ZDV�VFDUHG�RI�WKH�BBBBBBB
2UGLQDU\�³K´�LQLWLDO�ZRUGV

KLVWRULFDO�7KH�BBBBBBB�ERRNV�ZHUH�ROG��KDUQHVV�/RXLVH�SXW�WKH�BBBBBBB�RQ�WKH�
KRUVH�� KLQJH�7KH� BBBBBBB� RQ� WKH� GRRU� ZDV� UXVW\�� KXVEDQG�7KH� ZLIH� ZHQW� WR� WKH�
BBBBBBB��KDUYHVW�7KH�BBBBBBB�IHVWLYDO�ZDV�IXQ��KHDGPDVWHU�7KH�BBBBBBB�ZDV�FURVV��
KRXVH�-HQQ\� ZHQW� LQWR� WKH� BBBBBBB�� KHGJHKRJ�7KH� BBBBBBB� ZHQW� WR� VOHHS��
KDUPRQLFD�0LFKDHO�SOD\HG�WKH�BBBBBBB��KDUS\�7KH�BBBBBBB�ZDV�HYLO
6LOHQW�³K´�ZRUGV

KRXUO\�7KH� BBBBBBB� EXV� ZDV� ODWH�� KHLUORRP�.DWLH� ORRNHG� DW� WKH� BBBBBBB��
KRQRUDU\�7KH�BBBBBBB�PHPEHU�VPLOHG��KRXUJODVV�3HWHU�EURNH�WKH�BBBBBBB��KRQHVW\�
7KH� BBBBBBB�ZDV� LPSRUWDQW��KHLU�:LOO�ZDV� WKH� BBBBBBB� WR� WKH� WKURQH��KHLUHVV�7KH�
BBBBBBB�ZDV� YHU\� EHDXWLIXO��KRXU�7KH�BBBBBBB�ZDV� ORQJ��KRQHVW�7KH�BBBBBBB�JLUO�
ZDV�JRRG��KRXUV�7KH�BBBBBBB�ZHQW�VORZO\
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