
5HODWLQJ�IRUPDQWV�DQG�DUWLFXODWLRQ�LQ�LQWHOOLJLELOLW\�WHVW�ZRUGV

0LFKLNR�+DVKL�����5D\PRQG�'��.HQW�����-RKQ�5��:HVWEXU\�����DQG�0DU\�-��/LQGVWURP���

'HSDUWPHQWV�RI�&RPPXQLFDWLYH�'LVRUGHUV�����DQG�%LRVWDWLVWLFV������8:�0DGLVRQ

$%675$&7

7KH� SUHVHQW� VWXG\� UHSUHVHQWV� DQ� DWWHPSW� WR� GHVFULEH� WKH

UHODWLRQVKLSV� EHWZHHQ� IRUPDQW� KLVWRULHV� DQG� OLQJXDO� IOHVKSRLQW

PRYHPHQWV� IRU� VHOHFWHG� ZRUGV� VSRNHQ� E\� ILYH� QRUPDO�

\RXQJ�DGXOW�VSHDNHUV�RI�$PHULFDQ�(QJOLVK���7KH�GDWD�DUH�GUDZQ

IURP�WKH�;�UD\�0LFUREHDP��;50%��6SHHFK�3URGXFWLRQ�'DWDEDVH

����� � $� PDMRU� SXUSRVH� RI� WKH� VWXG\� LV� WR� H[DPLQH� WKH

DSSURSULDWHQHVV�RI�VLPSOH�DFRXVWLF�WR�DUWLFXODWRU\�LQIHUHQFHV�WKDW

DUH�FRPPRQ�LQ�VSHHFK�UHVHDUFK�

�������������

����,1752'8&7,21

,QIHUULQJ�DUWLFXODWRU\�JHVWXUHV�IURP�WKH�VSHHFK�DFRXVWLF�VLJQDO�KDV

EHHQ�D�FRPPRQ�SUDFWLFH�LQ�VSHHFK�VFLHQFH�DQG�VSHHFK�SDWKRORJ\�

7KH�SUHYDOHQFH�RI�DUWLFXODWRU\�LQIHUHQFH�FDQ�EH�HDVLO\�XQGHUVWRRG

LQ� YLHZ� RI� WKH� GLIILFXOW\� DQG� FRVW� DVVRFLDWHG� ZLWK� REWDLQLQJ

DUWLFXODWRU\�GDWD���

$FRXVWLF�WR�DUWLFXODWRU\�LQIHUHQFH�KDV�LWV�EDVHV�LQ�FODVVLF�PRGHOV

RI� VSHHFK�SURGXFWLRQ�� �6WHYHQV�	�+RXVH� ���
V� GDWD� IURP� WKHLU

VLQJOH�WXEH�PRGHO�UHYHDOHG�)��IUHTXHQF\�WR�GHSHQG�PRVW�VWURQJO\

XSRQ�GHJUHH�RI�FRQVWULFWLRQ��PRXWK�RSHQLQJ��DQG�LQ�VRPH�FDVHV�

ORFDWLRQ�RI�FRQVWULFWLRQ��ZKLOH�)��IUHTXHQF\�GHSHQGHG�SULPDULO\

XSRQ�ORFDWLRQ�RI�FRQVWULFWLRQ���/LQGEORP�	�6XQGEHUJ�����XVHG�D

VL[�SDUDPHWHU� PRGHO� WR� H[DPLQH� WKH� FRQWULEXWLRQV� RI� HDFK� RI

VHYHUDO� DUWLFXODWRUV� WR� FKDQJHV� LQ� IRUPDQW� IUHTXHQFLHV�� 7KHLU

UHVXOWV�LQGLFDWHG�WKDW�WRQJXH�ERG\�SRVLWLRQ�KDG�D�GHWHUPLQLVWLF

HIIHFW�RQ�)���VXFK�WKDW�UHWUDFWLQJ�WKH�WRQJXH�ERG\�DORQJ�WKH�WUDFW

ORZHUHG� )�� �DQG� UDLVHG� )�� DOEHLW� WR� D� VPDOOHU� GHJUHH��� MDZ

RSHQLQJ�ORZHUHG�)���DQG��LQFUHDVLQJ�WKH�GHJUHH�RI�FRQVWULFWLRQ�RI

WKH�WRQJXH�PRGLILHG�SULPDULO\�)����)DQW�������
V�WKUHH�SDUDPHWHU

�ORFDWLRQ�DQG�GHJUHH�RI�FRQVWULFWLRQ�DQG�OLS�RSHQLQJ��IRXU�FDYLW\

PRGHO� DOVR� LQGLFDWHG� WKDW� WRQJXH� KHLJKW� ZDV� D� SULPDU\

GHWHUPLQDQW�RI�)��IUHTXHQF\�DQG�WRQJXH�DGYDQFHPHQW��RI�)����

&ODVVLF� SURGXFWLRQ� PRGHOV� WKXV� SURYLGH� D� IRXQGDWLRQ� IRU

LQWHUSUHWDWLYH� UXOHV� RI� WKXPE� WKDW� DUH� RIWHQ� DSSOLHG� WR� VSHHFK

DFRXVWLF�GDWD�� � ,W�KDV�EHHQ�FXVWRPDU\� WR� LQWHUSUHW�)��EHLQJ�DQ

LQGH[� RI� WRQJXH� KHLJKW� LQ� WKDW� )�� DQG� WRQJXH� KHLJKW� IRUP� D

PRQRWRQLFDOO\� GHFUHDVLQJ� IXQFWLRQ�� � /LNHZLVH�� )�� DQG� WRQJXH

SRVLWLRQ�RU�DGYDQFHPHQW�DUH�DVVXPHG�WR�IRUP�D�PRQRWRQLFDOO\

LQFUHDVLQJ� IXQFWLRQ�� $VVXPSWLRQV� VXFK� DV� WKHVH� XQGHUOLH

DUWLFXODWRU\�LQWHUSUHWDWLRQV�E\�.HQW�HW�DO������LQ�WKHLU�DQDO\VLV�RI

LQWHOOLJLELOLW\�GHILFLWV�DPRQJ�VSHDNHUV�ZLWK�QHXURJHQLF�GLVRUGHUV�

2QH� GLIILFXOW\� ZLWK� WKHVH� DVVXPSWLRQV� LV� WKDW� WKH\� DUH

VSHDNHU�JHQHUDO�� DQG� GR� QRW� FRQVLGHU� GLIIHUHQFHV� DPRQJ

LQGLYLGXDO� YRFDO� WUDFWV�� RU� GLIIHUHQFHV� DPRQJ� DUWLFXODWRU\

VWUDWHJLHV� WKDW� GLIIHUHQW� VSHDNHUV� PLJKW� DGRSW� WR� SURGXFH� WKH

VRXQGV� RI� WKHLU� ODQJXDJH�� � ,Q� RXU�ZRUN��ZH� DUH� DWWHPSWLQJ� WR

GHYHORS� ERWK� TXDOLWDWLYH� DQG� TXDQWLWDWLYH� GHVFULSWLRQV� RI� � WKH

UHODWLRQVKLSV� EHWZHHQ� IRUPDQW� KLVWRULHV� DQG� DUWLFXODWRU\

PRYHPHQWV� LQ� LQWHOOLJLELOLW\� WHVW� ZRUGV� VSRNHQ� E\� GLIIHUHQW

VSHDNHUV���$�PDMRU�SXUSRVH�LV�WR�H[DPLQH�WKH�DSSURSULDWHQHVV�RI

VSHDNHU�JHQHUDO�DFRXVWLF�WR�DUWLFXODWRU\�LQIHUHQFHV���,QIRUPDWLRQ

UHJDUGLQJ�WKH�UHODWLRQVKLS�EHWZHHQ�IRUPDQWV�DQG�WKHLU�DUWLFXODWRU\

FRUUHODWHV� PD\� HQKDQFH� RXU� XQGHUVWDQGLQJ� RI� WKH� QDWXUH� RI

QRUPDOO\�LQWHOOLJLEOH�VSHHFK�SURGXFWLRQ��DQG�SURYLGH�D�EDVLV�IRU

DSSURSULDWH�GLDJQRVLV�DQG�LQWHUYHQWLRQ�IRU�GLVRUGHUHG�VSHHFK���

����0(7+2'6

7KH�GDWD�VHOHFWHG�IRU�DQDO\VLV�LQ�WKLV�UHSRUW�ZHUH�GUDZQ�IURP�WKH

;50%� 6SHHFK� 3URGXFWLRQ�'DWDEDVH� ����� D� SXEOLFO\� DYDLODEOH

FROOHFWLRQ�RI�V\QFKURQRXV�IOHVKSRLQW�NLQHPDWLF�DQG�DFRXVWLF�GDWD�

UHFRUGHG� IURP� ��� QRUPDO�� \RXQJ� DGXOW� VSHDNHUV� RI� $PHULFDQ

(QJOLVK���7KH�DQDO\VLV�IRFXVHV�LQ�SDUW�RQ�VDJLWWDO�SODQH�WUDMHFWRULHV

RI�IRXU�JROG�SHOOHWV���PP�GLDPHWHU��JOXHG�DORQJ�WKH�ORQJLWXGLQDO

VXOFXV�RI�WKH�WRQJXH��IRU�ILYH�GDWDEDVH�VSHDNHUV��PDOHV���������DQG

���� DQG� IHPDOHV� ��� DQG� ���� DOO� QDWLYH� WR� :LVFRQVLQ��� � 7KH

IURQWPRVW�SHOOHW� �7���ZDV�SODFHG� LQ� WKH�YLFLQLW\�RI� WKH� WRQJXH

EODGH��DERXW���FP�SRVWHULRU�WR�WKH�DSH[�RI�WKH�H[WHQGHG�WRQJXH�

DQG�WKH�UHDUPRVW�SHOOHW��7���LQ�WKH�YLFLQLW\�RI�WKH�WRQJXH�GRUVXP�

DERXW���FP�SRVWHULRU�WR�WKH�DSH[���7ZR�LQWHUPHGLDWH�SHOOHWV��7�

DQG�7���UHSUHVHQW�ORFDWLRQV�EHWZHHQ�7��DQG�7��WKDW�GLYLGH�WKH

GLVWDQFH� EHWZHHQ� WKHP� LQWR� WKUHH� QHDUO\� HTXDO� VHJPHQWV�

3RVLWLRQV� RI� WKH� IRXU� WRQJXH� SHOOHWV� DUH� GHILQHG� UHODWLYH� WR� D

FUDQLDOO\�EDVHG�&DUWHVLDQ�FRRUGLQDWH�V\VWHP�WKDW�ZDV�HVWDEOLVKHG

LQ� D� VLPLODU� ZD\� IRU� HDFK� VSHDNHU�� DFFRUGLQJ� WR� SURFHGXUHV

GHVFULEHG�HOVHZKHUH���������,Q�VKRUW��WKH�FRRUGLQDWH�V\VWHP�KDV�LWV

RULJLQ� DW� WKH� WLS� RI� WKH� FHQWUDO�PD[LOODU\� LQFLVRUV�� � 7KH� [�D[LV

FRUUHVSRQGV�WR� WKH� LQWHUVHFWLRQ�RI� � WKH�PLGVDJLWWDO�SODQH�DQG�D

PD[LOODU\�SODQH��0D[23��JLYHQ�E\�WKH�WLSV�RI�WKH�FHQWUDO�LQFLVRUV

DQG�DW�OHDVW�WZR�RWKHU�WHHWK�RQ�RSSRVLWH�VLGHV�RI�WKH�PRXWK���7KH

\�D[LV�LV�QRUPDO�WR�WKH�0D[23��DQG�LQWHUVHFWV�WKDW�SODQH�DW�WKH

RULJLQ�� �7KH��[�DQG��\�GLUHFWLRQV�DUH�GHILQHG�WR�EH�RXW�RI� WKH

PRXWK��DQG�WRZDUG�WKH�URRI�RI�WKH�PRXWK��UHVSHFWLYHO\�

7KH�;50%�V\VWHP�ZDV�XVHG�WR�WUDFN�DQG�VDPSOH�7��SRVLWLRQV�DW

���� +]�� DQG� 7��7�� SRVLWLRQV� DW� ��� +]�� ZKLOH� HDFK� GDWDEDVH

VSHDNHU�SURGXFHG�D�QXPEHU�RI�WDUJHW�ZRUGV�LQ��FLWDWLRQ��IRUP�

7ZR�VXFK�ZRUGV��ZD[�DQG�VLJK��DOVR�DSSHDU�LQ�WKH�LQWHOOLJLELOLW\

WHVW� LQYHQWRU\� GHVFULEHG� E\� .HQW� HW� DO�� ����� � ,Q� WKH� ;50%

'DWDEDVH�� WKHVH� ZHUH� UHFRUGHG� DV� WRNHQV� ZLWKLQ� VKRUW� OLVWV
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)LJXUH��

�UHFRUGV�� RI� VHYHQ� ZRUGV�� SUHVHQWHG� RQ� D� SURPSWHU� DQG� UHDG

WKURXJK�ZLWKLQ�D�����VHF�ZLQGRZ���7KH�ZRUG�VLJK�ZDV�SURGXFHG

RQO\� RQFH� E\� HDFK� VSHDNHU�� �:D[�ZDV� UHSHDWHG� ILYH� WLPHV�� LQ

GLIIHUHQW�UHFRUGV��EXW�RQO\�RQH�RI�WKHVH�ZDV�UDQGRPO\�VHOHFWHG�IRU

DQDO\VLV���7KH�UDZ�IOHVKSRLQW�NLQHPDWLF�GDWD�ZHUH�VXEVHTXHQWO\

VPRRWKHG�DQG�UH�VDPSOHG�WR�DFKLHYH�D�VDPH�VDPSOH�WLPH�IRUPDW�

ZLWK�DOO�WUDMHFWRULHV�VDPSOHG�DW����+]����

7KH� FHQWUDO� LGHD� RI� RXU� DQDO\VLV� ZDV� WR� FRPSDUH� WKHVH� IRXU

IOHVKSRLQW�WUDMHFWRULHV�WR�IRUPDQW�KLVWRULHV�RI�WKH�WHVW�ZRUGV��RYHU

VRPH�LQWHUYDO�RI�WLPH�ZLWKLQ�HDFK�ZRUG��7KH�DQDO\VLV�LQWHUYDO�ZH

VHOHFWHG�FRUUHVSRQGV�WR�HDFK�WDUJHW�ZRUG
V�YRZHO�QXFOHXV���:H

GHILQH� WKDW�QXFOHXV� WR�EHJLQ� DQG�HQG�DW� WKH� HDUOLHVW� DQG� ODWHVW

PRPHQWV��UHVSHFWLYHO\��ZKHQ�WKH�ILUVW�WKUHH�IRUPDQWV�ZHUH�YLVLEOH

LQ�D�ZLGH�EDQG�VSHFWURJUDP�����+]�EDQGZLGWK�IRU�PDOHV��DQG

���+]�IRU�IHPDOHV��ZLWK�G\QDPLF�UDQJH�RI����G%���DQG�)��FRXOG

EH�PHDVXUHG���6SHFWURJUDPV�DQG�)��KLVWRULHV�ZHUH�GHULYHG�IURP

WKH�;50%�'DWDEDVH�VSHHFK�DFRXVWLF�ZDYH��RULJLQDOO\�VDPSOHG�DW

������+]�WKURXJK�D����ELW�UHVROXWLRQ�$�'�FRQYHUWHU��SUHFHGHG�E\

DQ�DQWL�DOLDVLQJ�ILOWHU�>���GE�DW������+]@���XVLQJ�D�FRPPHUFLDOO\

DYDLODEOH� SHUVRQDO�FRPSXWHU� SURJUDP� IRU� DFRXVWLF� DQDO\VLV

�&6SHHFK�� ���� � 7UDFNLQJ� DOJRULWKPV� LQ�&6SHHFK�ZHUH� XVHG� WR

REWDLQ�KLVWRULHV�RI�)��)��VDPSOHG�DW����+]����7KH�IRUPDQW�WUDFNV

ZHUH�YLVXDOO\�H[DPLQHG��DQG�KDQG�FRUUHFWLRQ�ZDV�SHUIRUPHG�LQ

FDVHV� LQYROYLQJ�REYLRXV� WUDFNLQJ�HUURUV� LQ�)��DQG�)��� �/LQHDU

LQWHUSRODWLRQ�ZDV�DSSOLHG� WR�DOO�GHULYHG�DFRXVWLF�FKDQQHOV�� � WR

DOLJQ�WKHLU�VDPSOHV�ZLWK�WKRVH�LQ�WKH�SHOOHW�SRVLWLRQ�KLVWRULHV���

)LJXUH� �� VKRZV� WRQJXH� SHOOHW� WUDMHFWRULHV�� D� ZDYHIRUP�� DQG

KLVWRULHV� RI� )�� DQG� )��� VSDQQLQJ� WKH� QXFOHXV� RI� RQH� ZRUG

SURGXFHG�E\�RQH�VSHDNHU���7KH�SHOOHW�WUDMHFWRULHV��LOOXVWUDWHG�LQ�WKH

OHIW� SDQHO�� DUH� ERXQGHG� DERYH� E\� D� SLHFHZLVH�FRQWLQXRXV

PLGVDJLWWDO�RXWOLQH�RI�WKH�KDUG�SDODWH��DQG�EHKLQG��WR�WKH�IDU�OHIW�

E\� D� OLQH�VHJPHQW� UHSUHVHQWLQJ�SRVLWLRQ�DQG�RULHQWDWLRQ�RI� WKH

SRVWHULRU�SKDU\QJHDO�ZDOO��%RWK�ERXQGDU\�RXWOLQHV�ZHUH�HVWLPDWHG

IURP� YRFDO� WUDFW� VFDQ� LPDJHV� WKDW� DUH� UHTXLUHG� WR� LQLWLDOL]H

SHOOHW�WUDFNLQJ�IXQFWLRQV�RI�WKH�;50%�V\VWHP�

,Q� WKH� ;50%� 'DWDEDVH�� WKH� WRQJXH� LV� UHSUHVHQWHG� E\� HLJKW

YDULDEOHV�� IRXU� IOHVKSRLQWV�� HDFK� ZLWK� WKHLU� RZQ� [� DQG� \

FRRUGLQDWHV� �7�[�� 7�\�� ��7�[�� 7�\��� � /LQHDU� OHDVW�VTXDUHV

UHJUHVVLRQ�DQDO\VHV�DSSOLHG�WR�WKLV�LQIRUPDWLRQ��IRU�WKH�WZR�ZRUGV

ZD[� DQG� VLJK� VSRNHQ� E\� WKH� ILYH� VSHDNHUV�� UHYHDOHG� VWURQJ

UHODWLRQVKLSV�EHWZHHQ�SDLUHG�FRRUGLQDWHV�RI�WKH�7��DQG�7��SHOOHWV�

7KXV�� WKH� [� DQG� \� FRRUGLQDWHV� IRU� WKHVH� WZR� SHOOHWV� FRXOG� EH

FRPELQHG��H�J���DYHUDJHG��\LHOGLQJ�7��[�DQG�7��\���WR�REWDLQ�D

VOLJKWO\�PRUH�FRPSDFW�UHSUHVHQWDWLRQ�RI�WKLV�FHQWUDO�UHJLRQ�RI�WKH

WRQJXH� VXUIDFH�� 7KLV� VLPSOH� VWHS� UHGXFHG� WKH� QXPEHU� RI

DUWLFXODWRU\�YDULDEOHV�UHSUHVHQWLQJ�WKH� WRQJXH�LQ�RXU�GDWD�IURP

HLJKW�WR�VL[���

7KH� VHULHV� RI� YDOXHV� UHSUHVHQWLQJ� HDFK� IRUPDQW� KLVWRU\� ZDV

SORWWHG� DJDLQVW� WKH� VHULHV� RI� YDOXHV� UHSUHVHQWLQJ� HDFK� RI� VL[

DUWLFXODWRU\�YDULDEOHV��FRRUGLQDWHV���IRU�HDFK�ZRUG�DQG�VSHDNHU�

:H�DVVXPH�WKDW�WKH�[�DQG�\�GLPHQVLRQV�RI�WKH�FUDQLDOO\�EDVHG

;50%�FRRUGLQDWH�V\VWHP�FRUUHVSRQG��DW�OHDVW�JHQHUDOO\��WR�WKH

IURQW�EDFN�DQG�KLJK�ORZ�GLPHQVLRQV�LQ�FODVVLF�VSHHFK�SURGXFWLRQ

PRGHOV��,Q�WKH�FRQWH[W�RI�WKLV�DVVXPSWLRQ��RXU�DQDO\VHV�DGGUHVV

WKH�DGHTXDF\�RI�PRGHO�EDVHG�DFRXVWLF�WR�DUWLFXODWRU\�LQIHUHQFHV�

HVSHFLDOO\�LQVRIDU�DV�UHODWLRQV�EHWZHHQ�)��IUHTXHQFLHV�DQG�SHOOHWV


\�FRRUGLQDWHV��DQG�)��IUHTXHQFLHV�DQG�SHOOHWV
�[�FRRUGLQDWHV��DUH

FRQFHUQHG�

���5(68/76

5HVXOWV�GHVFULEHG�LQ�VHFWLRQV�WKDW�IROORZ�DUH�SUHVHQWHG�SULPDULO\

JUDSKLFDOO\� DQG� TXDOLWDWLYHO\�� � ,Q� D� PRGHVW� QXPEHU� RI� FDVHV�

VSHDNHUV�GHPRQVWUDWHG� IRUPDQW�� IUHTXHQF\�WR�SHOOHW�PRYHPHQW

UHODWLRQV�WKDW�DUH�FRQVLVWHQW�ZLWK�WKH�VLPSOHVW�JHQHUDOL]DWLRQV�IURP

FODVVLF� SURGXFWLRQ�PRGHOV�� �RQH�SLHFH�� OLQHDU� LQFUHDVHV� LQ� )�

IUHTXHQF\� DFFRPSDQLHG� ZLWK� GHFUHDVHV� LQ� WKH� \�SRVLWLRQV� RI

WRQJXH�SHOOHWV��DQG���RQH�SLHFH��OLQHDU��LQFUHDVHV�LQ�)��IUHTXHQF\

DFFRPSDQLHG�ZLWK�LQFUHDVHV�LQ�WKH�[��SRVLWLRQV�RI�WRQJXH�SHOOHWV�

7UDMHFWRULHV�RI�WKH�IRUPHU�W\SH�WUDFH�QHDU�VWUDLJKW�OLQH�SDWKV��ZLWK

QHJDWLYH�VORSHV��RQ�D��7Q\�)���SODQH��DV�FDQ�EH�VHHQ�LQ�WKH�OHIW

VLGH�FROXPQ�LQ�)LJXUH�����7UDMHFWRULHV�RI�WKH�ODWWHU�W\SH�WUDFH�QHDU�

VWUDLJKW�OLQH�SDWK�ZLWK�SRVLWLYH�VORSH�RQ�D��7Q[��)���SODQH��DV�FDQ

EH�VHHQ�LQ�WKH�ULJKW�VLGH�FROXPQ�LQ�)LJXUH����6XFK��RQH�SLHFH�

OLQHDU� UHODWLRQVKLSV� EHWZHHQ� IRUPDQW� FKDQJHV� DQG� SHOOHW

PRYHPHQWV�ZHUH� QRW� WKH� UXOH�� DFURVV� DOO� VSHDNHUV� DQG�ZRUGV�

$PRQJ� ����SORWV� H[DPLQHG� ��� VSHDNHUV�E\� WZR�ZRUGV�E\� WZR

IRUPDQWV�E\�WKUHH�DUWLFXODWRU\�YDULDEOHV�>)��ZLWK�UHVSHFW�WR�SHOOHWV


\�FRRUGLQDWHV��DQG�)��ZLWK�UHVSHFW�WR�SHOOHWV
�[�FRRUGLQDWHV@���OHVV

WKDQ�KDOI�RI�WKHP�GHPRQVWUDWHG�VXFK�SDWWHUQ��0DQ\�RWKHU��SORWV

UHYHDOHG��WZR�OLQH��SDWWHUQV�OLNH�WKRVH�VKRZQ�LQ�WKH�OHIW�DQG�ULJKW

SDQHOV� RI� )LJXUH� ��� � ,Q� H[DPSOHV� RI� WKLV� W\SH�� IRUPDQW�

IUHTXHQF\�E\�SHOOHW�SRVLWLRQ� WUDMHFWRULHV� IROORZHG� WZR

VWUDLJKW�OLQH� SDWKV�� MRLQHG� DW� D� �NQHH�� �L�H��� LQIOHFWLRQ��� � %RWK

VHJPHQWV�RI



�
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VXFK�WUDMHFWRULHV�W\SLFDOO\�KDG�D�VORSH�ZLWK�VLJQ��FRQVLVWHQW�ZLWK

PRGHO�EDVHG� JHQHUDOL]DWLRQV�� +RZHYHU�� WKH� VORSHV� RI� WKH� WZR

VHJPHQWV�ZHUH�GLVWLQFWO\�GLIIHUHQW��7KH�NQHHV�LQ�VXFK�SORWV�RIWHQ

FRUUHVSRQGHG� WR� D� WLPH� ZKHQ� VRPH� GLPHQVLRQV� RI� DUWLFXODWRU

IOHVKSRLQWV�WUDFNHG�E\�WKH�;50%�V\VWHP��RQ�WKH�WRQJXH��DV�ZHOO

DV�OLSV��FKDQJHG�WKHLU�UHVSHFWLYH�GLUHFWLRQV�RI�PRWLRQ�DW�DERXW�WKH

VDPH�WLPH����$PRQJ�WKH����SORWV�H[DPLQHG��OHVV�WKDQ�D�KDOI�RI

WKHP�GHPRQVWUDWHG�VXFK�SDWWHUQ��

6WLOO� RWKHU� VFDWWHUSORWV� IURP� WKH� GDWD� VHW� VKRZHG� FXUYHOLQHDU

UHODWLRQVKLSV� EHWZHHQ� DFRXVWLF� DQG� DUWLFXODWRU\� YDULDEOHV�

)RUPDQW�IUHTXHQF\�E\�SHOOHW�SRVLWLRQ� WUDMHFWRULHV� RI� WKLV� W\SH

DUJXH�DJDLQVW�WKH�JHQHUDO�XVH�RI��VWUDLJKW��OLQHDU�VWDWLVWLFDO�PRGHOV

LQ�DQDO\]LQJ�DQG�VXPPDUL]LQJ��GDWD���2QH�H[DPSOH�RI�WKLV�W\SH�LV

VKRZQ� LQ� WKH� OHIW� SDQHO� RI� )LJXUH� ��� 7KLV� WUDMHFWRU\� FDQ� EH

SDUWLWLRQHG�LQWR�WZR�RU�PRUH�SDUWV��DQG�DSSUR[LPDWHG��E\�WZR�RU

PRUH�VWUDLJKW�OLQH�VHJPHQWV��VRPH�KDYLQJ�WKHRU\�DSSURSULDWH�

VORSHV��DQG�VRPH�QRW���&ORVH�WR�����RI�WKH�WUDMHFWRULHV�ZH�KDYH

H[DPLQHG�FRQWDLQHG� VXELQWHUYDOV� WKDW� FDQ�EH� DSSUR[LPDWHG�E\

OLQHV�ZLWK�WKHRU\�LQDSSURSULDWH�VORSHV���,Q�IDFW��WKRXJK��WKH�FXUYH

WUDFHG�E\�WKH�OHIW�SDQHO�WUDMHFWRU\�LQ�)LJXUH���LV�VPRRWK��L�H���LWV�

)LJXUH��

VORSH�FKDQJHV�FRQWLQXRXVO\���LQ�D�ZD\�WKDW�LV�QRW�DW\SLFDO�RI�RWKHU

H[DPSOHV�LQ�WKH�GDWD�VHW���7KH�ULJKW�SDQHO�RI�)LJXUH���LOOXVWUDWHV�DQ

HYHQ�PRUH�XQXVXDO�IRUPDQW�E\�SHOOHW�SRVLWLRQ�WUDMHFWRU\��LQ�ZKLFK

)��GHFUHDVHV�GXULQJ�WKH�QXFOHXV�RI�VLJK�VSRNHQ�E\�6����DV�WKH

FRPELQHG� 7��� SHOOHW� �UHSUHVHQWLQJ� WKH� PLG�IURQW� SDUW� RI� WKH

WRQJXH��PRYHV�IRUZDUG�LQ�WKH�PRXWK���7KH�VLJQ�RI�WKH�JHQHUDO

VORSH�RI�WKLV�WUDMHFWRU\�LV�RSSRVLWH�WKDW�H[SHFWHG�IURP�WKH�XVXDO

UXOH�RI�WKXPE���7KXV��H[DPSOHV�RI�WKLV�W\SH�GHPRQVWUDWH�D�KLJKO\

XQXVXDO�DVVRFLDWLRQ�EHWZHHQ�DUWLFXODWRU\�DQG�DFRXVWLF�LQIRUPDWLRQ

EHORQJLQJ�WR�D�YRZHO�QXFOHXV���

)LJXUH��

:H�KDYH�DOVR�LQYHVWLJDWHG�WKH�DVVRFLDWLRQV�EHWZHHQ�DUWLFXODWRU\

DQG�DFRXVWLF�FRUUHODWHV�RI�WHVW�ZRUGV��IRU�GDWD�LQ�QRUPDOL]HG�IRUP�

)OHVKSRLQW� NLQHPDWLF� GDWD� ZHUH� VFDOHG� XVLQJ� VSHDNHU�VSHFLILF

UXOHV� WKDW� WRRN� LQWR� DFFRXQW� RUDO� FDYLW\� VL]H�� DQG�� IRUPDQW

IUHTXHQF\�GDWD�ZHUH�QRUPDOL]HG�XVLQJ�%DUN�GLIIHUHQFH�VFDOHV���,Q

VKRUW��WKHVH�WUDQVIRUPDWLRQV�GLG�QRW�DIIHFW�WKH�JHQHUDO�FKDUDFWHU�RI

FRQFOXVLRQV�GUDZQ�IURP�WKH�GDWD�
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7KH�SUHVHQW�VWXG\�LQFOXGHG�D�VPDOO�QXPEHU�RI�ZRUGV�DQG�VSHDNHUV

ZLWK� UHODWLYHO\� KRPRJHQHRXV� EDFNJURXQG�� � 1RQHWKHOHVV�� WKH

UHVXOWV� GHPRQVWUDWHG� VXEVWDQWLYH� YDULDELOLW\� LQ� WKH� UHODWLRQ

EHWZHHQ�DFRXVWLF�DQG�DUWLFXODWRU\�YDULDEOHV�� �7KH�PRGHO�EDVHG

PRQRWRQLF� )��WRQJXH� KHLJKW� DQG� )��WRQJXH� DGYDQFHPHQW

UHODWLRQV� KHOG� IRU� VRPH� FRPELQDWLRQ� RI� VSHDNHUV�� ZRUGV�� DQG

SHOOHWV��EXW�WKH�UHODWLRQ�ZDV�QRQOLQHDU�LQ�PDQ\�FDVHV�DQG�DSSHDUV

WR�EH�DIIHFWHG�E\�FKDQJH�LQ�PRYHPHQW�LQ�RWKHU�DUWLFXODWRUV�DQG

RWKHU�SDUWV�RU�GLPHQVLRQ�LQ�WKH�VDPH�DUWLFXODWRU���

)RUPDQW� PRYHPHQWV� DUH� D� FRPELQHG� UHVXOW� RI� PRYHPHQWV� LQ

VHYHUDO�DUWLFXODWRUV���7KH�H[WHQW�WKDW�D�SDUWLFXODU�IRUPDQW�UHIOHFWV

D� SDUWLFXODU� DUWLFXODWRU\� PRYHPHQW� GHSHQGV� ODUJHO\� RQ� WKH

FRQFXUUHQW�PRYHPHQWV�LQ�RWKHU�DUWLFXODWRUV�RU�LQ�RWKHU�SDUWV�RU

GLPHQVLRQV�RI� WKH� VDPH�DUWLFXODWRU�� �7KH� UHVXOWV�GHPRQVWUDWHG

YDULDELOLW\� LQ� WKH� H[WHQW� WKDW� WKH� ILUVW� WZR� IRUPDQWV� UHIOHFWV

SDUWLFXODU�WRQJXH�PRYHPHQWV�DFURVV�GLIIHUHQW�ZRUGV�DQG�VSHDNHUV�

7KHVH�UHVXOWV�DUH�QRW�VXUSULVLQJ���+RZHYHU��WKH\�DUH�EHQHILFLDO

EHFDXVH�WKH\�ZDUQ�WKDW��FDYHDWV�VKRXOG�EH�DVVRFLDWHG�ZLWK�RYHUO\

VLPSOLILHG� DQG�RU� RYHUO\� JHQHUDOL]HG� DFRXVWLF�WR�DUWLFXODWRU\

LQIHUHQFHV�� �2QH�VXFK�FDYHDW� LV� WKDW�ZH�PXVW�UHPHPEHU�QRW� WR

DVVXPH�OLQHDULW\���:KLOH�VLPSOH�UHODWLRQVKLSV�PD\�KROG�IRU�VRPH

VSHDNHUV�DQG�ZRUGV��ZH�VKRXOG�QRW�DVVXPH�WKDW�D�SDUWLFXODU�H[WHQW

RI�FKDQJH�LQ�WKH�IRUPDQW�LV�DVVRFLDWHG�ZLWK�D�SDUWLFXODU�H[WHQW�RI

PRYHPHQW�LQ�WKH�WRQJXH���6LPLODUO\��ODFN�RI�FKDQJH�LQ�IRUPDQW

IUHTXHQFLHV�GRHV�QRW�QHFHVVDULO\�LQGLFDWH�ODFN�RI�PRYHPHQW�LQ�WKH

WRQJXH�� � 7KH� UHVXOWV� DOVR�PDNH� XV� DZDUH� RI� � FDVHV�ZKHUH� WKH

IRUPDQW�WRQJXH�UHODWLRQVKLSV�LPSOLHG�E\�WKH�PRGHOV�GR�QRW�KROG�

7KHVH�PD\�EH� WKH� FDVHV�ZKHUH� HIIHFWV�RI�RWKHU� DUWLFXODWRUV�� RU

RWKHU�SDUWV�RU�GLPHQVLRQ�RI�WKH�VDPH�DUWLFXODWRU��RQ�D�IRUPDQW�

RYHUULGH�WKH�HIIHFW�RI�WKH�SDUW�RI�WKH�WRQJXH�ZH�KDSSHQ�WR�REVHUYH�

,Q� FDVHV� RI� WKLV� W\SH�� VLPSOLVWLF� LQIHUHQFHV� DERXW

DFRXVWLF�WR�DUWLFXODWRU\�FRUUHVSRQGHQFHV�PD\�SURGXFH�HUURQHRXV

FRQFOXVLRQV�DERXW�XQGHUO\LQJ�WRQJXH�PRYHPHQW��
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RI� D� TXDQWLWDWLYH� GHVFULSWLRQ� RI� YRZHO� DUWLFXODWLRQ�

-RXUQDO�RI�$FRXVWLFDO�6RFLHW\�RI�$PHULFD��������������

�� /LQGEORP�� %�� (�� )�� 	� 6XQGEHUJ�� -�� (�� )�� �������

$FRXVWLFDO�FRQVHTXHQFHV�RI�OLS��WRQJXH��MDZ��DQG�ODU\Q[

PRYHPHQW���-RXUQDO�RI�$FRXVWLFDO�6RFLHW\�RI�$PHULFD�
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�� )DQW�� *�� �������� � $FRXVWLF� 7KHRU\� RI� 6SHHFK

3URGXFWLRQ��0RXWRQ��7KH�+DJXH���

�� )DQW��*�����������7KH�UHODWLRQV�EHWZHHQ�DUHD�IXQFWLRQV

DQG�WKH�DFRXVWLF�VLJQDO��3KRQHWLFD��������������

�� .HQW�-��)���.HQW�5��'���5RVHQEHN�-��&���:HLVPHU�*��

0DUWLQ�5���6XILW�5��	�%URRNV�%����������4XDQWLWDWLYH

GHVFULSWLRQ� RI� WKH� G\VDUWKULD� LQ� ZRPHQ� ZLWK

$P\RWURSKLF�/DWHUDO�6FOHURVLV��-RXUQDO�RI�6SHHFK�DQG

+HDULQJ�5HVHDUFK����������������

�� :HVWEXU\��-��5�����������2Q�FRRUGLQDWH�V\VWHP�DQG�WKH

UHSUHVHQWDWLRQ�RI� DUWLFXODWRU\�PRYHPHQWV�� -RXUQDO�RI

$FRXVWLFDO�6RFLHW\�RI�$PHULFD���������������������

�� .HQW��5��'���:HLVPHU��*���.HQW��-��)��	�5RVHQEHN��-��&�

�������� � 7RZDUG� SKRQHWLF� LQWHOOLJLELOLW\� WHVWLQJ� LQ

G\VDUWKULD��-RXUQDO�RI�6SHHFK�DQG�+HDULQJ�'LVRUGHUV�
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