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7KH� UHVXOWV� RI� DQ� H\H�WUDFNLQJ� H[SHULPHQW� DUH� SUHVHQWHG� LQ

ZKLFK�'XWFK�OLVWHQHUV¶�H\H�PRYHPHQWV�ZHUH�PRQLWRUHG�DV�WKH\

KHDUG� VHQWHQFHV� DQG� VDZ� IRXU� SLFWXUHG� REMHFWV�� 3DUWLFLSDQWV

ZHUH� LQVWUXFWHG� WR� FOLFN� RQ� WKH� REMHFW� PHQWLRQHG� LQ� WKH

VHQWHQFH�� ,Q� WKH� FULWLFDO� VHQWHQFHV�� D� VWRS�LQLWLDO� WDUJHW� �H�J��

³SRW´�� ZDV� SUHFHGHG� E\� DQ� >V@�� WKXV� FDXVLQJ� DPELJXLW\

UHJDUGLQJ� ZKHWKHU� WKH� VHQWHQFH� UHIHUV� WR� D� VWRS�LQLWLDO� RU� D

FOXVWHU�LQLWLDO� ZRUG� �H�J��� ³VSRW´��� 3DUWLFLSDQWV� PDGH� IHZHU

IL[DWLRQV�WR�WKH�WDUJHW�SLFWXUHV�ZKHQ�WKH�VWRS�DQG�WKH�SUHFHGLQJ

>V@�ZHUH�FURVV�VSOLFHG�IURP�WKH�FOXVWHU�LQLWLDO�ZRUG�WKDQ�ZKHQ

WKH\� ZHUH� VSOLFHG� IURP� D� GLIIHUHQW� WRNHQ� RI� WKH� VHQWHQFH

FRQWDLQLQJ� WKH� VWRS�LQLWLDO� ZRUG�� $FRXVWLF� DQDO\VHV� VKRZHG

WKDW� WKH� WZR� YHUVLRQV� GLIIHUHG� LQ� YDULRXV� PHDVXUHV�� EXW� RQO\

RQH� RI� WKHVH� ±� WKH� GXUDWLRQ� RI� WKH� >V@� ±� FRUUHODWHG� ZLWK� WKH

SHUFHSWXDO� HIIHFW�� 7KXV�� LQ� WKLV� FRQWH[W�� WKH� >V@� GXUDWLRQ

LQIRUPDWLRQ�LV�DQ�LPSRUWDQW�IDFWRU�JXLGLQJ�ZRUG�UHFRJQLWLRQ�

��� ,QWURGXFWLRQ

,Q�RUGHU�WR�XQGHUVWDQG�D�VSRNHQ�XWWHUDQFH��WKH�FRQWLQXRXV

VSHHFK� VLJQDO� PXVW� EH� VHJPHQWHG� LQWR� OH[LFDO� XQLWV�� &XUUHQW

PRGHOV� RI� VSRNHQ�ZRUG� UHFRJQLWLRQ� VXFK� DV� 75$&(� >�@�

6KRUWOLVW�>�@��DQG�'&0�>�@�DJUHH�WKDW��DV�VSHHFK�XQIROGV�RYHU

WLPH��ZRUGV�WKDW�DUH�IXOO\�RU�SDUWLDOO\�FRQVLVWHQW�ZLWK�WKH�LQSXW

EHFRPH� DFWLYDWHG� DQG� FRPSHWH� DPRQJ� RQH� DQRWKHU�� 7KH

RXWFRPH�RI� WKH� FRPSHWLWLRQ� LV� WKDW� WKH� LQSXW� LV� SDUVHG� LQWR� D

VHTXHQFH�RI�QRQ�RYHUODSSLQJ�ZRUGV�

7KH� OH[LFDO� FRPSHWLWLRQ� SURFHVV� LV� GHWHUPLQHG�� WR� D� ODUJH

H[WHQW��E\�WKH�LQIRUPDWLRQ�LQ�WKH�DFRXVWLF�VLJQDO��$Q�LPSRUWDQW

OLQH�RI� UHVHDUFK�KDV� WKHUHIRUH� IRFXVHG�RQ� LGHQWLI\LQJ� DFRXVWLF

FXHV� WKDW�PD\�PDUN�ZRUG�ERXQGDULHV��2QH� FRQVLVWHQW� ILQGLQJ

LQ� WKH� DFRXVWLF�SKRQHWLF� OLWHUDWXUH� LV� WKDW� SKRQHPH� GXUDWLRQ

YDULHV� DV� D� IXQFWLRQ� RI� WKH� SRVLWLRQ� RI� WKH� SKRQHPH� ZLWK

UHVSHFW� WR�ZRUG� ERXQGDULHV�� 7KXV�� IRU� H[DPSOH�� SKRQHPHV� LQ

ZRUG�LQLWLDO�SRVLWLRQ�WHQG�WR�EH�ORQJHU�WKDQ�LQ�ZRUG�PHGLDO�RU

ZRUG�ILQDO�SRVLWLRQ�>�������@�

�7KH� LQIOXHQFH�RI� SKRQHPH�GXUDWLRQ� RQ� VHJPHQWDWLRQ� KDV

EHHQ� GHPRQVWUDWHG� LQ� D� VWXG\� ZLWK� DPELJXRXV� WZR�ZRUG

VHTXHQFHV��VXFK�DV�WKH�'XWFK�SKUDVHV�GLHS� LQ� �³GHHS� LQ´��DQG

GLH� SLQ� �³WKDW� SLQ´�� >�@�� 8VLQJ� D� IRUFHG�FKRLFH� WDVN�� LW� ZDV

VKRZQ� WKDW� 'XWFK� OLVWHQHUV� PDGH� XVH� RI� WKH� GXUDWLRQ� RI� WKH

LQWHUYRFDOLF� FRQVRQDQW� LQ� VHJPHQWLQJ� WKHVH� ZRUG� SDLUV�� 7KH

VWXG\� VKRZHG� WKDW� PDQLSXODWLQJ� WKH� GXUDWLRQ� RI� WKLV

LQWHUYRFDOLF� FRQVRQDQW� LQIOXHQFHG� OLVWHQHUV¶� H[SOLFLW� OH[LFDO

VHJPHQWDWLRQ�MXGJHPHQWV�

2WKHU� VWXGLHV� KDYH� VKRZQ� WKH� LQIOXHQFH� RI� SKRQHPH

GXUDWLRQ�RQ�VHJPHQWDWLRQ�XVLQJ�RQ�OLQH�PHDVXUHV��$� VWXG\� LQ

)UHQFK� >�@� H[DPLQHG� VHJPHQWDWLRQ� LQ� D� OLDLVRQ� HQYLURQPHQW�

WKDW� LV�� LQ�SKUDVHV�ZKHUH� UHV\OODELILFDWLRQ�RFFXUV� DFURVV�ZRUG

ERXQGDULHV�� ,Q� FRQWH[WV� OLNH� GHUQLHU� RLJQRQ� �ODVW� RQLRQ��� WKH

ILQDO� >·@� RI� GHUQLHU� LV� SURGXFHG� DQG� UHV\OODELILHG� ZLWK� WKH

IROORZLQJ� V\OODEOH�� PDNLQJ� WKH� SKUDVH� KRPRSKRQRXV� ZLWK

GHUQLHU�URJQRQ��ODVW�NLGQH\���7KH�UHVXOWV�RI�WKH�VWXG\�VXJJHVW

WKDW� )UHQFK� OLVWHQHUV¶� VHJPHQWDWLRQ� RI� DQ� DPELJXRXV� OLDLVRQ

SKUDVH� �H�J��� GHUQLHU� RLJQRQ� �� URJQRQ�� LV� LQIOXHQFHG� E\� WKH

OHQJWK�RI� WKH� OLDLVRQ�FRQVRQDQW�� WKH�FRQVRQDQWV� LQ� WKH� OLDLVRQ

HQYLURQPHQWV� ZHUH� VKRUWHU� WKDQ� WKH� ZRUG�LQLWLDO� FRQVRQDQWV

�H�J��� >·@� LQ� GHUQLHU� RLJQRQ� YV�� URJQRQ��� 6LPLODUO\�� LQ� DQ

(QJOLVK�VWXG\�>�@��HYLGHQFH�ZDV�IRXQG�IRU�SULPLQJ�RI�ZRUGV�LQ

WZR�ZRUG�VHTXHQFHV��H�J���RI�OLSV�LQ�WZR�OLSV��EXW�QRW�ZKHQ�WKH

ZRUGV�ZHUH�SURQRXQFHG�DV�SDUW�RI�VLQJOH�ZRUG�VHTXHQFHV��H�J��

WXOLSV��� *LYHQ� WKH� IDFW� WKDW� WKH� ZRUG�LQLWLDO� FRQVRQDQWV� �H�J��

WKH�>O@�LQ�WZR�OLSV��ZHUH�ORQJHU�WKDQ�WKH�QRQ�LQLWLDO�FRQVRQDQWV

�H�J��� WKH� >O@� LQ� WXOLSV��� WKH� DXWKRUV� FRQFOXGHG� WKDW� OLVWHQHUV

ZHUH�XVLQJ�WKLV�DFRXVWLF�PDUNHU�RI�ZRUG�RQVHW�LQ�OH[LFDO�DFFHVV

DQG� VHJPHQWDWLRQ�� +RZHYHU�� LQ� ERWK� >�@� DQG� >�@�� LW� ZDV� QRW

GHPRQVWUDWHG� WKDW� WKH� GXUDWLRQ� RI� WKH� FULWLFDO� FRQVRQDQWV� LV

ZKDW�DIIHFWHG�OLVWHQHUV¶�VHJPHQWDWLRQ��,Q�RWKHU�ZRUGV��WKH�OLQN

EHWZHHQ� WKH� DFRXVWLF� FXH� RI� ZRUG�LQLWLDO� SKRQHPH� GXUDWLRQ

DQG�WKH�SHUFHSWXDO�HIIHFW�UHPDLQV�LQIHUHQWLDO��,Q�DGGLWLRQ��RWKHU

FXHV�WR�ZRUG�ERXQGDULHV�ZHUH�QRW�H[DPLQHG�

7KH�PDLQ�DLP�RI�WKH�SUHVHQW�VWXG\�ZDV�WKXV�WR�H[SORUH�WKH

GHJUHH� WR� ZKLFK� OLVWHQHUV� XVH� YDULRXV� DFRXVWLF� FXHV� WR� ZRUG

ERXQGDULHV�LQ�VHJPHQWDWLRQ�RI�FRQWLQXRXV�VSHHFK��7R�WKLV�HQG�

DPELJXRXV�'XWFK�SKUDVHV�ZHUH�FRQVWUXFWHG��FRQWDLQLQJ�HLWKHU

D�VWRS�LQLWLDO�ZRUG��H�J���WKH�ZRUG�SRW�LQ�]H�KHHIW�ZHO�HHQV�SRW

JH]HJG�� ³VKH� VDLG� RQFH� MDU´�� RU� D� FOXVWHU�LQLWLDO� ZRUG� WKDW

PDWFKHG� WKH� VWRS�LQLWLDO�ZRUG� WRJHWKHU�ZLWK� WKH�SUHFHGLQJ� >V@

SKRQHPH��H�J���WKH�ZRUG�VSRW�LQ�]H�KHHIW�ZHO�HHQ�VSRW�JH]HJG�

³VKH� GLG� VD\� RQH� PRFNHU\´��� 7KH� VHQWHQFHV� ZHUH�� WKXV�

SKRQHPLFDOO\� LGHQWLFDO� EXW� GLIIHUHG� LQ� WKHLU� SUHFLVH� DFRXVWLF�

SKRQHWLF� UHDOL]DWLRQ�� 7KH� VHQWHQFHV� ZHUH� PDQLSXODWHG� E\

FURVV�VSOLFLQJ��VXFK�WKDW�WKH�LQLWLDO�VWRS�RI�WKH�WDUJHW�ZRUG�DQG

WKH�SUHFHGLQJ�SKRQHPH�>V@��H�J���WKH�>V@�DQG�WKH�>S@�LQ�]H�KHHIW

ZHO�HHQV�SRW�JH]HJG��ZHUH�HLWKHU�UHSODFHG�E\�D�FOXVWHU�IURP�WKH

FOXVWHU�LQLWLDO� ZRUG�� RU� E\� DQ� LQLWLDO� VWRS� DQG� SUHFHGLQJ� >V@

IURP� DQRWKHU� UHFRUGLQJ� RI� WKH� VHQWHQFH�� $FRXVWLF

PHDVXUHPHQWV� RI� WKH� DPELJXRXV� VHTXHQFHV� �H�J��� WKH� >VS@� LQ

HHQV�SRW�YV��HHQ�VSRW��ZHUH�SHUIRUPHG�WR�DVVHVV�WKH�GLIIHUHQFHV

EHWZHHQ�WKHP��7KH�GHJUHH�WR�ZKLFK�D�VWRS�LQLWLDO�ZRUG�LQ�WKLV

FRQWH[W�FDQ�EH�GLVFULPLQDWHG�IURP�D�FOXVWHU�LQLWLDO�ZRUG�VKRXOG

GHSHQG� RQ� WKH� DFRXVWLF� FRUUHODWHV� RI� ZRUG� ERXQGDULHV�� 7KH

H\H�WUDFNLQJ�SDUDGLJP�ZDV�XVHG�WR�HYDOXDWH�OLVWHQHUV¶�DELOLW\�WR

GLVWLQJXLVK�EHWZHHQ�WKH�WZR�DPELJXRXV�VHQWHQFHV��,Q�WKH�H\H�

WUDFNLQJ�SDUDGLJP��SDUWLFLSDQWV�JHQHUDOO\�KHDU� D� VHQWHQFH� DQG

DUH� WKHQ� VKRZQ� IRXU� REMHFWV� SUHVHQWHG� DV� SLFWXUHV� RQ� D

FRPSXWHU�VFUHHQ��7KHLU�WDVN�LV�WR�FOLFN�RQ�DQG�PRYH�WKH�REMHFW

UHIHUUHG� WR� LQ� WKH� VHQWHQFH� ZLWK� WKH� FRPSXWHU� PRXVH�� 2I

SULPDU\� LQWHUHVW� ZDV� ZKHWKHU� SDUWLFLSDQWV
� IL[DWLRQV� WR� WKH

WDUJHW� SLFWXUH� ZRXOG� GLIIHU� DFURVV� WKH� VSOLFLQJ� FRQGLWLRQV�

6XEVHTXHQWO\�� WKH� DFRXVWLF� LQIRUPDWLRQ� ZKLFK� SDUWLFLSDQWV

PLJKW� EH� XVLQJ� ZDV� GHWHUPLQHG� E\� FRUUHODWLQJ� WKHLU

SHUIRUPDQFH� LQ� WKH� H\H�WUDFNLQJ� WDVN� ZLWK� WKH� GLIIHUHQFHV

IRXQG�LQ�WKH�DFRXVWLF�DQDO\VHV�



��� 0HWKRG

����� 3DUWLFLSDQWV

7ZHQW\�IRXU� PHPEHUV� RI� WKH� 0D[� 3ODQFN� ,QVWLWXWH� VXEMHFW

SDQHO��QDWLYH�VSHDNHUV�RI�'XWFK��ZHUH�SDLG�WR�WDNH�SDUW�

����� 0DWHULDOV

7ZHQW\� VWRS�LQLWLDO� 'XWFK� QRXQV� UHIHUULQJ� WR� SLFWXUDEOH

REMHFWV� �H�J���SRW��ZHUH� VHOHFWHG�� VXFK� WKDW� WKH� DGGLWLRQ�RI� DQ

LQLWLDO�>V@�WR�HDFK�ZRUG�ZRXOG�UHVXOW�LQ�DQ�H[LVWLQJ�'XWFK�QRXQ�

)RU� H[DPSOH�� WKH� DGGLWLRQ� RI� DQ� >V@� WR� WKH� 'XWFK� ZRUG� SRW

UHVXOWV� LQ� WKH� ZRUG� VSRW�� 1RWH� WKDW� WKH� FOXVWHU�LQLWLDO

FRXQWHUSDUW�ZRUGV�ZHUH�QRW�QHFHVVDULO\�SLFWXUDEOH�QRXQV��(DFK

WDUJHW� ZDV� SDLUHG� ZLWK� D� FOXVWHU�LQLWLDO� SLFWXUDEOH� QRXQ� �WKH

FRPSHWLWRU��ZKLFK�RYHUODSSHG�ZLWK� WKH�ILUVW� WZR�SKRQHPHV�RI

WKH� WDUJHW¶V� FOXVWHU�LQLWLDO� FRXQWHUSDUW�� )RU� H[DPSOH�� IRU� WKH

WDUJHW� SRW�� WKH� FRPSHWLWRU� VSLQ� �VSLGHU�� ZDV� VHOHFWHG�

RYHUODSSLQJ� ZLWK� WKH� ILUVW� WZR� SKRQHPHV� RI� VSRW�� 7ZR

VHPDQWLFDOO\� DQG� SKRQRORJLFDOO\� XQUHODWHG� GLVWUDFWRUV� ZHUH

DVVLJQHG� WR� HDFK� WDUJHW� DQG� FRPSHWLWRU� SDLU� �H�J��� YXXU� >ILUH@

DQG�NRPSDV�>FRPSDVV@���/LQH�GUDZLQJ�SLFWXUHV�DVVRFLDWHG�ZLWK

WKH� LWHPV� ZHUH� VHOHFWHG� IURP� YDULRXV� SLFWXUH� GDWDEDVHV�� ,Q

DGGLWLRQ� WR� WKH� ��� H[SHULPHQWDO� LWHP� VHWV�� ��� ILOOHU� VHWV�ZHUH

FRQVWUXFWHG��3LFWXUHV�IRU�WKH�ILOOHU�WULDOV�ZHUH�VHOHFWHG�IURP�WKH

VDPH�GDWDEDVHV�DV�ZHUH�XVHG�IRU�WKH�H[SHULPHQWDO�WULDOV�

)RU� HDFK� H[SHULPHQWDO� LWHP�� WZR� UHFRUGLQJ� FRQWH[WV�ZHUH

FRQVWUXFWHG�� ,Q� RQH� RI� WKH� FRQWH[WV� WKH� WDUJHW� ZRUG� ZDV

PHQWLRQHG� DQG� LQ� WKH� RWKHU� WKH� WDUJHW¶V� FOXVWHU�LQLWLDO

FRXQWHUSDUW� ZDV� PHQWLRQHG�� 7KH� UHFRUGLQJ� FRQWH[WV� ZHUH

FRQVWUXFWHG�VXFK�WKDW�WKH�VHTXHQFHV�FRQWDLQLQJ�WKH�WDUJHW�RU�LWV

FRXQWHUSDUW�ZHUH�LGHQWLFDO�DQG��WKHUHIRUH��IXOO\�DPELJXRXV��)RU

H[DPSOH�� WKH� VHQWHQFH� ]H� KHHIW� ZHO� HHQV� SRW� JH]HJG� LV

SKRQHPLFDOO\� LGHQWLFDO� WR� WKH� VHQWHQFH� ]H� KHHIW� ZHO� HHQ� VSRW

JH]HJG�

$OO�VHQWHQFHV�ZHUH�UHDG�DORXG�LQ�UDQGRP�RUGHU�E\�D�IHPDOH

VSHDNHU�RI�'XWFK�LQ�D�VRXQG�DWWHQXDWHG�ERRWK�DQG�UHFRUGHG�RQ

D�'$7�WDSH��VDPSOLQJ�DW����N+]�ZLWK����ELW�UHVROXWLRQ���(DFK

VHQWHQFH�ZDV�UHFRUGHG�DW�OHDVW�IRXU�WLPHV��7KH�VHQWHQFHV�ZHUH

WKHQ� UH�GLJLWL]HG� DW� D� VDPSOH� UDWH� RI� ��N+]� DQG� HGLWHG� XVLQJ

;ZDYHV� VSHHFK�HGLWRU� VRIWZDUH�� )RU� HDFK� WDUJHW� ZRUG�� WZR

VSOLFHG� YHUVLRQV� RI� WKH� VHQWHQFH� ZHUH� FUHDWHG�� 7KH� FDUULHU

SKUDVH�IRU�ERWK�YHUVLRQV�FRQVLVWHG�RI�WKH�LQLWLDO�SRUWLRQ�RI�WKH

WDUJHW�VHQWHQFH��XS�WR�WKH�>V@��H�J���]H�KHHIW�ZHO�HHQ��WDNHQ�IURP

WKH� WDUJHW� UHFRUGLQJ� FRQWH[W�� DQG� WKH� ILQDO� SRUWLRQ� RI� WKDW

FRQWH[W��H�J���JH]HJG���)RU�RQH�YHUVLRQ��KHUHDIWHU��WKH�LGHQWLW\�

VSOLFHG� YHUVLRQ�� WKH� VWRS� �H�J��� WKH� >S@� LQ� SRW�� DQG� WKH

SUHFHGLQJ� >V@� ZHUH� WDNHQ� IURP� DQRWKHU� WRNHQ� RI� WKH� WDUJHW

UHFRUGLQJ� FRQWH[W� DQG� VSOLFHG� RQWR� WKH� FDUULHU� SKUDVH�� ,Q� WKH

RWKHU�YHUVLRQ��KHUHDIWHU��WKH�FURVV�VSOLFHG�YHUVLRQ��WKH�VWRS�DQG

WKH�SUHFHGLQJ� >V@� RULJLQDWHG� IURP� WKH� FOXVWHU�LQLWLDO� UHFRUGLQJ

FRQWH[W� �H�J��� WKH� >VS@� IURP� VSRW�� �VHH� 7DEOH� ���� 7KH� FURVV�

VSOLFHG�VHQWHQFHV�ZHUH�WKXV� OH[LFDOO\� LGHQWLFDO� WR� WKH� LGHQWLW\�

VSOLFHG�VHQWHQFHV��EXW�GLIIHUHG�LQ�WKH�RULJLQ�RI�WKH�>V@�DQG� WKH

IROORZLQJ�VWRS��L�H���ZKHWKHU�WKLV�VHTXHQFH�ZDV�WDNHQ�IURP�WKH

WDUJHW� RU� WKH� FOXVWHU�LQLWLDO� UHFRUGLQJ� FRQWH[W��� &URVV�VSOLFHG

VHQWHQFHV� ZHUH� FRQVWUXFWHG� IRU� ��� ILOOHU� LWHPV�� 7KUHH� RI� WKH

ILOOHUV�LWHPV�SURYHG�WR�EH�SUREOHPDWLF�DQG�KDG�WR�EH�H[FOXGHG

IURP� WKH� H[SHULPHQW�� $OO� VSOLFLQJ� SRLQWV�ZHUH� WDNHQ� DW� ]HUR�

FURVVLQJV� DQG� WKH� VSOLFLQJ� PDQLSXODWLRQ� ZDV� GRQH� YHU\

FDUHIXOO\�VR�DV�WR�SUHYHQW�DQ\�DFRXVWLF�DUWLIDFWV��VXFK�DV�FOLFNV

RU�RWKHU�GLVWRUWLRQV�

7DEOH����6WLPXOXV�H[DPSOH�RI�WKH�FRQGLWLRQV�LQ�WKH�H[SHULPHQW�

2ULJLQ�RI�5HFRUGLQJ 6SOLFHG�YHUVLRQ

,GHQWLW\�VSOLFHG�FRQGLWLRQ

�D��=H�KHHIW�ZHO�HHQV�SRW�JH]HJG

�E��=H�KHHIW�ZHO�HHQV�SRW�JH]HJG

=H�KHHIW�ZHO�HHQV�SRW

JH]HJG

&URVV�VSOLFHG�FRQGLWLRQ

�D��=H�KHHIW�ZHO�HHQV�SRW�JH]HJG

���=H�KHHIW�ZHO�HHQ�VSRW�JH]HJG

=H�KHHIW�ZHO�HHQV�SRW

JH]HJG

����� $FRXVWLF�DQDO\VHV

$FRXVWLF�PHDVXUHPHQWV� RI� WKH� VSOLFHG�SRUWLRQV�RI� WKH� VWLPXOL

�H�J��� WKH� >VS@� LQ�HHQV�SRW�RU� LQ�HHQ� VSRW��ZHUH� FDUULHG�RXW� WR

HYDOXDWH� WKH� H[WHQW� WR� ZKLFK� WKHLU� DFRXVWLF� UHDOL]DWLRQ� ZDV

LQIOXHQFHG� E\� WKH� LQWHQGHG� PHDQLQJ�� 7KH� IROORZLQJ

PHDVXUHPHQWV�ZHUH�WDNHQ��>V@�GXUDWLRQ��VWRS�FORVXUH�GXUDWLRQ�

DQG� 9RLFH� 2QVHW� 7LPH�� 'XUDWLRQ� PHDVXUHPHQWV� ZHUH� WDNHQ

IURP� WKH� VSHFWURJUDPV� DQG� WKH� ZDYHIRUPV� FRPELQHG�� XVLQJ

;ZDYHV�� ,Q� DGGLWLRQ�� 506� HQHUJ\� DQG� 6SHFWUDO� &HQWUH� RI

*UDYLW\� �6&*�� ZHUH� PHDVXUHG� IRU� WKH� >V@� DQG� IRU� WKH� VWRSV�

506� HQHUJ\� ZDV� FDOFXODWHG� E\� WDNLQJ� WKH� ORJDULWKP� RI� WKH

PHDQ�VXP�RI�VTXDUHV�RI�DOO�VDPSOH�SRLQWV�LQ�WKH�VHJPHQW��6&*

ZDV� PHDVXUHG� XVLQJ� WKH� EXLOW�LQ� IXQFWLRQ� LQ� 3UDDW� VSHHFK�

HGLWRU� VRIWZDUH��ZKLFK� FDOFXODWHV� WKH� DYHUDJH� IUHTXHQF\� IURP

DQ�))7�VSHFWUXP�RYHU�D�IUHTXHQF\�UDQJH�IURP���WR�������+]�

7R�PHDVXUH� WKH�6&*�RI�>V@�� WKH�VHJPHQW�ZDV�GLYLGHG� LQWR���

PV� LQWHUYDOV�� DQ� ))7� VSHFWUXP� ZDV� PDGH� IRU� HDFK� LQWHUYDO

�ILOWHULQJ� RXW� WKH� IUHTXHQF\� UDQJH� EHORZ� �����+]� WR� UHPRYH

DQ\�VSXULRXV�ORZ�IUHTXHQF\�FRPSRQHQWV��DQG�WKH�6&*�RI�HDFK

LQWHUYDO�ZDV� WDNHQ��7KH�PD[LPDO�6&*�ZDV� WDNHQ� DV� WKH�6&*

IRU�WKH�VHJPHQW�

����� 3URFHGXUH�DQG�GHVLJQ

3DUWLFLSDQWV� ZHUH� WHVWHG� LQGLYLGXDOO\�� 7KH\� ZHUH� ILUVW

IDPLOLDUL]HG�ZLWK�WKH�����SLFWXUHV��7KH�SLFWXUHV�DSSHDUHG�RQ�D

FRPSXWHU�VFUHHQ��RQH�DW�D�WLPH��DORQJ�ZLWK�WKHLU�SULQWHG�QDPH�

DQG� SDUWLFLSDQWV� SUHVVHG� D� UHVSRQVH� EXWWRQ� WR� SURFHHG� WR� WKH

QH[W�SLFWXUH��$IWHU�WKLV�SDUW�RI�WKH�H[SHULPHQW��WKH�H\H�WUDFNLQJ

V\VWHP�ZDV�VHW�XS�

3DUWLFLSDQWV�ZHUH�VHDWHG�DW�D�FRPIRUWDEOH�GLVWDQFH�IURP�WKH

FRPSXWHU�VFUHHQ��(\H�PRYHPHQWV�ZHUH�PRQLWRUHG�XVLQJ�D�60,

(\H/LQN�KHDG�PRXQWHG� H\H�WUDFNLQJ� V\VWHP�� VDPSOLQJ� DW� ���

+]��3LFWXUHV�ZHUH�SUHVHQWHG�RQ�D�9LHZ6RQLF���36�VFUHHQ��DQG

WKH� DXGLWRU\� VWLPXOL� ZHUH� SUHVHQWHG� RYHU� KHDGSKRQHV� XVLQJ

1(68�VRIWZDUH��%RWK�H\HV�ZHUH�PRQLWRUHG��EXW�RQO\� WKH�GDWD

IURP�WKH�ULJKW�H\H�ZHUH�DQDO\]HG�

7KH�VWUXFWXUH�RI�HDFK� WULDO�ZDV�DV� IROORZV��)LUVW�� D�FHQWUDO

IL[DWLRQ�GRW� DSSHDUHG�RQ� WKH� VFUHHQ� IRU� ����PV��$IWHU� WKDW�� D

VSRNHQ� VHQWHQFH� ZDV� SUHVHQWHG� WR� WKH� SDUWLFLSDQWV� DQG

VLPXOWDQHRXVO\�D��[��JULG�ZLWK�SLFWXUHV�DSSHDUHG�RQ�WKH�VFUHHQ

�VHH� )LJXUH� ���� 3ULRU� WR� WKH� H[SHULPHQW�� SDUWLFLSDQWV� UHFHLYHG

ZULWWHQ� LQVWUXFWLRQV� WR� PRYH� WKH� REMHFW� PHQWLRQHG� LQ� WKH

VSRNHQ� VHQWHQFH� DERYH� RU� EHORZ� WKH� JHRPHWULFDO� VKDSH

DGMDFHQW�WR�LW��XVLQJ�WKH�FRPSXWHU�PRXVH��7KH�SRVLWLRQV�RI�WKH

SLFWXUHV� ZHUH� UDQGRPL]HG� DFURVV� IRXU� IL[HG� SRVLWLRQV� RI� WKH

JULG�ZKLOH�WKH�JHRPHWULF�VKDSHV�DSSHDUHG�LQ�IL[HG�SRVLWLRQV�RQ

HYHU\�WULDO��2QFH�WKH�SLFWXUH�KDG�EHHQ�PRYHG��WKH�H[SHULPHQWHU

SUHVVHG�D�EXWWRQ�WR�LQLWLDWH�WKH�QH[W�WULDO�



)LJXUH� ��� ([DPSOH� RI� VWLPXOXV� GLVSOD\� SUHVHQWHG� WR

SDUWLFLSDQWV�

7ZR� OLVWV� ZHUH� FUHDWHG�� FRQWDLQLQJ� WKH� ILOOHU� DQG� WKH

H[SHULPHQWDO� LWHPV�� 7KH� OLVWV� YDULHG� RQ� ZKLFK� RI� WKH� WZR

VHQWHQFHV� �L�H��� WKH� LGHQWLW\�VSOLFHG� RU� WKH� FURVV�VSOLFHG

VHQWHQFH��ZDV� SUHVHQWHG� IRU� HDFK� RI� WKH� H[SHULPHQWDO� LWHPV�

:LWKLQ�HDFK�OLVW�����H[SHULPHQWDO�LWHPV�ZHUH�DVVLJQHG�WR�HDFK

FRQGLWLRQ�� 7ZHOYH� UDQGRP� RUGHUV� ZHUH� FUHDWHG� IRU� WKH� OLVWV�

ZLWK� WKH� FRQVWUDLQWV� WKDW� WKHUH�ZDV� DOZD\V� DW� OHDVW� RQH� ILOOHU

LWHP� EHWZHHQ� WZR� H[SHULPHQWDO� LWHPV�� 3DUWLFLSDQWV� ZHUH

UDQGRPO\�DVVLJQHG�WR�RQH�OLVW�

��� 5HVXOWV

*UDSKLFDO� VRIWZDUH� ZDV� XVHG� WR� GLVSOD\� WKH� ORFDWLRQV� RI� WKH

SDUWLFLSDQWV
� IL[DWLRQV� DV� GRWV� VXSHULPSRVHG� RQ� WKH� IRXU� OLQH

GUDZLQJV�IRU�HDFK�WULDO�DQG�HDFK�SDUWLFLSDQW��7KH�WLPLQJ�RI�WKH

IL[DWLRQV� ZDV� HVWDEOLVKHG� UHODWLYH� WR� WKH� RQVHW� RI� WKH� WDUJHW

ZRUG��)L[DWLRQV�RQ�WKH�OLQH�GUDZLQJV�ZHUH�FRGHG�DV�SHUWDLQLQJ

WR�WKH�WDUJHW�REMHFW��WKH�FRPSHWLWRU��RU�RQH�RI�WKH�WZR�XQUHODWHG

GLVWUDFWRUV��RU� WR�DQ\ZKHUH�HOVH�RQ� WKH� VFUHHQ��)RU� HDFK� WULDO�

IL[DWLRQV�ZHUH� FRGHG� IURP� WKH� RQVHW� RI� WKH� WDUJHW�ZRUG� XQWLO

WKH� VXEMHFW� KDG� FOLFNHG� ZLWK� WKH� PRXVH� FXUVRU� RQ� WKH� WDUJHW

SLFWXUH�� )RXU� WULDOV� KDG� WR� EH� UHPRYHG� IURP� WKH� DQDO\VLV�

EHFDXVH�SDUWLFLSDQWV�FOLFNHG�RQ�DQ�REMHFW�RWKHU�WKDQ�WKH�WDUJHW

REMHFW�� 7KH� SURSRUWLRQV� RI� WKH� IL[DWLRQV�ZHUH� DQDO\]HG� LQ� ��

PV� VOLFHV� WR� SURYLGH� ILQH�JUDLQHG� LQIRUPDWLRQ� DERXW� WKH� WLPH

FRXUVH�RI�OH[LFDO�DFWLYDWLRQ�DV�WKH�VSHHFK�XQIROGHG�

)LJXUH���SUHVHQWV�WKH�SURSRUWLRQV�RI�IL[DWLRQV�WR�WKH�WDUJHW�

FRPSHWLWRU�DQG�GLVWUDFWRU�SLFWXUHV��DYHUDJHG�RYHU�SDUWLFLSDQWV�

LQ� WKH� LGHQWLW\�VSOLFHG� FRQGLWLRQ� DQG� WKH� FURVV�VSOLFHG

FRQGLWLRQ��)L[DWLRQ�SURSRUWLRQV�WR�WKH�WZR�XQUHODWHG�GLVWUDFWRUV

ZHUH�DYHUDJHG��)L[DWLRQ�SURSRUWLRQV�DUH�VKRZQ�IURP�WKH�VSOLFH

SRLQW��WKH�RQVHW�RI�WKH�>V@�SUHFHGLQJ� WKH� WDUJHW�ZRUG�� WR�����

PV�WKHUHDIWHU�

$V� LV� DSSDUHQW� IURP� )LJXUH� ��� VWDUWLQJ� DURXQG� ���� PV�

IL[DWLRQ� SURSRUWLRQV� LQ� WKH� LGHQWLW\�VSOLFHG� FRQGLWLRQ� URVH

IDVWHU� DQG� UHPDLQHG� KLJKHU� WKDQ� WKRVH� LQ� WKH� FURVV�VSOLFHG

FRQGLWLRQ��7KH�GLIIHUHQFH�EHWZHHQ�FRQGLWLRQV�ZDV�VWDWLVWLFDOO\

WHVWHG� RYHU� D� WLPH� ZLQGRZ� H[WHQGLQJ� IURP� ���� WR� ����� PV�

2YHU�WKLV�WLPH�LQWHUYDO��WKH�DYHUDJH�IL[DWLRQ�SURSRUWLRQ� WR� WKH

WDUJHW� SLFWXUH� ZDV� ���� LQ� WKH� LGHQWLW\�VSOLFHG� FRQGLWLRQ� DQG

���� LQ� WKH� FURVV�VSOLFHG� FRQGLWLRQ� �) � �������� �������
S���������) � �������� �������S���������7KLV�GHPRQVWUDWHV�WKDW�WKH
VSOLFHG� VHTXHQFHV� �L�H��� WKH� >V@� DQG� WKH� IROORZLQJ� VWRS�

FRQWDLQHG� ILQH�JUDLQHG� GLIIHUHQFHV�� PRGXODWLQJ� OLVWHQHUV¶

OH[LFDO�LQWHUSUHWDWLRQ�

7R� H[DPLQH� WKHVH� ILQH�JUDLQHG� GLIIHUHQFHV�� DFRXVWLF

DQDO\VHV� ZHUH� FRQGXFWHG� RQ� WKH� VSOLFHG� SRUWLRQV� LQ� ERWK

YHUVLRQV�� 7KH� UHVXOWV� RI� WKH� DFRXVWLF� PHDVXUHPHQWV� DUH

GLVSOD\HG� LQ� 7DEOH� ��� 7KH� UHVXOWV� RI� RQH�ZD\� DQDO\VHV� RI

YDULDQFH��$129$V��SHUIRUPHG�RQ�WKHVH�GDWD�DUH�SUHVHQWHG�LQ

WKH�VDPH�WDEOH�

7KH� DQDO\VHV� UHYHDOHG� VLJQLILFDQW� GLIIHUHQFHV�EHWZHHQ� WKH

WZR�YHUVLRQV�RQ�WKH�IROORZLQJ�PHDVXUHV���D��WKH�GXUDWLRQ�RI�WKH

>V@�LQ�WKH�7DUJHW�FRQWH[W�ZDV�VLJQLILFDQWO\�VKRUWHU�WKDQ�WKDW�LQ

WKH�&OXVWHU�LQLWLDO�FRQWH[W���E��&ORVXUH�GXUDWLRQ�ZDV� ORQJHU� LQ

WKH�7DUJHW�FRQWH[W�WKDQ�LQ�WKH�&OXVWHU�LQLWLDO�FRQWH[W���F��506

HQHUJ\� RI� >V@� LQ� WKH� 7DUJHW� FRQWH[W� ZDV� ORZHU� WKDQ� LQ� WKH

&OXVWHU�LQLWLDO� FRQWH[W� DQG� �G�� 506� HQHUJ\� RI� WKH� >W@� LQ� WKH

WDUJHW�ZRUGV�ZDV� ORZHU� WKDQ� LQ� WKH� FOXVWHU�LQLWLDO� ZRUGV� �VHH

7DEOH����

)LJXUH����)L[DWLRQ�SURSRUWLRQV�RYHU�WLPH�IRU�LGHQWLW\�VSOLFHG�DQG�FURVV�VSOLFHG�WDUJHWV��DYHUDJHG�RYHU�SDUWLFLSDQWV�
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7DEOH����0HDQ�VHJPHQWDO�GXUDWLRQ��PV���506�HQHUJ\��G%��

VSHFWUDO�FHQWUH�RI�JUDYLW\��+]��DQG��LQ�EUDFNHWV��VWDQGDUG

GHYLDWLRQV�RI�WKH�VSOLFHG�SRUWLRQV�RI�WKH�H[SHULPHQWDO�VWLPXOL�

7DUJHW

&RQWH[W

&OXVWHU

&RQWH[W

$129$

HHQV�SRW HHQ�VSRW

'XUDWLRQ

>V@ ��

����

���

����

)������� ������

S��������

&ORVXUH ��
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)������� ������

S��������

9RLFH�2QVHW

7LPH
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Q�V�

506�(QHUJ\
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Q�V�

7KH� DFRXVWLF� GLIIHUHQFHV�EHWZHHQ� WKH�7DUJHW� DQG�&OXVWHU�

LQLWLDO� VHTXHQFHV� DUH� HIIHFWLYH� FXHV� RQO\� WR� WKH� H[WHQW� WKDW

OLVWHQHUV� FDQ� SHUFHLYH� WKHVH� GLIIHUHQFHV� DQG� XVH� WKHP� LQ

VHJPHQWDWLRQ�DQG�ZRUG�DFWLYDWLRQ��7KHUHIRUH�� IRU� WKH�DFRXVWLF

PHDVXUHPHQWV� IRU� ZKLFK� D� VLJQLILFDQW� GLIIHUHQFH� ZDV� IRXQG�

WKH� GLIIHUHQFH� LQ� WKH� PHDVXUHPHQWV� IRU� HDFK� LWHP� ZDV
FRUUHODWHG� ZLWK� WKH� SHUFHSWXDO� HIIHFW� IRU� WKDW� LWHP� �L�H��� WKH

GLIIHUHQFH� LQ� WKH� DYHUDJH� IL[DWLRQ� SURSRUWLRQV� WR� WKH� LWHP

EHWZHHQ� WKH� LGHQWLW\�VSOLFHG� DQG� WKH� FURVV�VSOLFHG� FRQGLWLRQV

LQ� WKH� WLPH� ZLQGRZ� H[WHQGLQJ� IURP� ���� WR� ������� 7KHVH

FRUUHODWLRQV�DUH�GLVSOD\HG�LQ�7DEOH���

7DEOH� ��� &RUUHODWLRQ� RI� WKH� GLIIHUHQFH� LQ� WKH� DFRXVWLF

PHDVXUHPHQWV�ZLWK�WKH�SHUFHSWXDO�HIIHFW�

0HDVXUHPHQW &RUUHODWLRQ�ZLWK

SHUFHSWXDO�HIIHFW

'XUDWLRQ�RI�>V@ U����� �����


&ORVXUH�GXUDWLRQ U����� �����

506�HQHUJ\�RI�>V@ U����� ������

506�HQHUJ\�RI�VWRS U����� ������
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7KH� FRUUHODWLRQDO� DQDO\VLV� VKRZHG� WKDW� RXW� RI� DOO� WKH

PHDVXUHPHQWV� IRU� ZKLFK� D� VLJQLILFDQW� GLIIHUHQFH� ZDV� IRXQG

EHWZHHQ� WKH� WZR� YHUVLRQV�� RQO\� WKH� GXUDWLRQ� RI� WKH� >V@

VLJQLILFDQWO\� FRUUHODWHG� ZLWK� WKH� SHUFHSWXDO� HIIHFW�� 7KXV�� WKH

GDWD�VXJJHVW�WKDW�OLVWHQHUV�ZHUH�XVLQJ�WKH�GXUDWLRQ�RI�WKH�>V@�DV

D�ZRUG�ERXQGDU\�FXH�

��� 'LVFXVVLRQ

7KH�PDLQ� ILQGLQJ�RI� WKLV� H[SHULPHQW� LV� WKDW� OLVWHQHUV� FDQ

XVH� SKRQHPH� GXUDWLRQ� DV� D� VLJQDO� WR� WKH� ORFDWLRQ� RI� ZRUG

ERXQGDULHV�� ,Q� WKH� PDWHULDOV� XVHG� LQ� WKH� H[SHULPHQW�� WKH

GXUDWLRQ�RI�WKH�>V@�ZDV�ELDVLQJ�OLVWHQHUV¶�OH[LFDO�LQWHUSUHWDWLRQ

RI� WKH� DPELJXRXV� VHTXHQFH�� 2WKHU� PHDVXUHPHQWV� WKDW

GLIIHUHQWLDWHG� WKH� DFRXVWLF�SKRQHWLF� UHDOL]DWLRQ� RI� WKH

DPELJXRXV� VHTXHQFHV� GLG� QRW� FRUUHODWH� ZLWK� WKH� SHUFHSWXDO

GDWD�� 7KLV� VXJJHVWV� WKDW� DOWKRXJK�PRUH� FXHV� ZHUH� DYDLODEOH�

OLVWHQHUV�ZHUH� DWWHQGLQJ�RQO\� WR� WKH� GXUDWLRQ� RI� WKH� >V@�� ,W� LV

KRZHYHU�DOVR�SRVVLEOH�WKDW�LW�LV�QRW�GXUDWLRQ�SHU�VH�WKDW�LV�XVHG

E\�WKH�VSHHFK�UHFRJQLWLRQ�V\VWHP��EXW�UDWKHU�VRPH�RWKHU�IDFWRU

ZKLFK� KDV� QRW� EHHQ� PHDVXUHG� DQG� LV� KLJKO\� FRUUHODWHG� ZLWK

GXUDWLRQ�

,Q�DQRWKHU�H\H�WUDFNLQJ�H[SHULPHQW�>��@�� WKH� LQIOXHQFH�RI

SKRQHPH�GXUDWLRQ�RQ�VHJPHQWDWLRQ�KDV�EHHQ�GHPRQVWUDWHG�E\

PDQLSXODWLQJ� WKH� GXUDWLRQ� RI� WKH� >V@� LQ� WKH� VDPH� DPELJXRXV

VHQWHQFHV�DV�ZHUH�XVHG�KHUH��7KH�UHVXOWV�VKRZHG�WKDW�OLVWHQHUV

ZHUH�VORZHU�WR�LGHQWLI\�WKH�VWRS�LQLWLDO�WDUJHW�REMHFW�ZKHQ�WKH

GXUDWLRQ�RI�WKH�>V@�LQ�WKH�VSRNHQ�VLJQDO�ZDV�OHQJWKHQHG�

7KHVH� ILQGLQJV� DGG� WR� D� JURZLQJ� ERG\� RI� UHVHDUFK� �H�J��

>�����@�� VKRZLQJ� WKDW� ILQH�JUDLQHG� LQIRUPDWLRQ� LQ� WKH� VSHHFK

VLJQDO�FDQ�PRGXODWH�OH[LFDO�DFWLYDWLRQ��7KLV�SRVHV�D�FKDOOHQJH

WR�FXUUHQW�PRGHOV�RI�VSRNHQ�ZRUG�UHFRJQLWLRQ��QRQH�RI�ZKLFK

WDNH�LQWR�DFFRXQW�WKH�FRQWULEXWLRQ�RI�WKLV�W\SH�RI�LQIRUPDWLRQ�

��� $FNQRZOHGJHPHQWV

,�ZRXOG� OLNH� WR� WKDQN�/RXORX�(GHOPDQ� IRU� OHQGLQJ�KHU�YRLFH

IRU�WKH�UHFRUGLQJV�

��� 5HIHUHQFHV

>�@� 0F&OHOODQG��-��/���DQG�(OPDQ��-��/��³7KH�75$&(�PRGHO

RI� VSHHFK� SHUFHSWLRQ´�� &RJQLWLYH� 3V\FKRORJ\� ���� �����

�����

>�@� 1RUULV�� '�� *�� ³6KRUWOLVW�� $� FRQQHFWLRQLVW� PRGHO� RI

FRQWLQXRXV� VSHHFK� UHFRJQLWLRQ´��&RJQLWLRQ� ���� ��������

�����

>�@� *DVNHOO��0��*���DQG�0DUVOHQ�:LOVRQ��:��'��³,QWHJUDWLQJ

IRUP� DQG� PHDQLQJ�� $� GLVWULEXWHG� PRGHO� RI� VSHHFK

SHUFHSWLRQ´��/DQJXDJH�DQG�&RJQLWLYH�3URFHVVHV���������

����������

>�@� .ODWW�� '�� +�� ³7KH� GXUDWLRQ� RI� >V@� LQ� (QJOLVK� ZRUGV´�

-RXUQDO� RI� 6SHHFK� DQG� +HDULQJ� 5HVHDUFK� ���� ������

�����

>�@� 2OOHU�� '�� .�� ³7KH� HIIHFW� RI� SRVLWLRQ� LQ� XWWHUDQFH� RQ

VSHHFK� VHJPHQW� GXUDWLRQ� LQ� (QJOLVK´�� -RXUQDO� RI� WKH

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

>�@� 8PHGD�� 1�� ³&RQVRQDQW� GXUDWLRQ� LQ� $PHULFDQ� (QJOLVK´�

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

����������

>�@� 4XHQp�� +�� ³'XUDWLRQDO� FXHV� IRU� ZRUG� VHJPHQWDWLRQ� LQ

'XWFK´��-RXUQDO�RI�3KRQHWLFV�������������������

>�@� 6SLQHOOL��(���0F4XHHQ��-��0���DQG�&XWOHU��$��³3URFHVVLQJ

UHV\OODELILHG�ZRUGV� LQ� )UHQFK´�� -RXUQDO� RI�0HPRU\� DQG

/DQJXDJH�������������������

>�@� *RZ�� '�� :��� -U��� DQG� *RUGRQ�� 3�� &�� ³/H[LFDO� DQG

SUHOH[LFDO� LQIOXHQFHV� RQ� ZRUG� VHJPHQWDWLRQ�� (YLGHQFH

IURP� SULPLQJ´�� -RXUQDO� RI� ([SHULPHQWDO� 3V\FKRORJ\�

+XPDQ�3HUFHSWLRQ�DQG�3HUIRUPDQFH�������������������

>��@�6KDW]PDQ��.��%��DQG�0F4XHHQ��-��0��³'XUDWLRQDO�FXHV�WR

ZRUG�ERXQGDULHV�LQ�VSRNHQ�ZRUG�UHFRJQLWLRQ´��VXEPLWWHG�


