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6LFLOLDQR�� &��� :LOOLDPV�� *��� %HVNRZ�� -�� DQG� )DXONQHU�� $�� �VXEPLWWHG���� (YDOXDWLRQ� RI� D�
0XOWLOLQJXDO�6\QWKHWLF�7DONLQJ�)DFH�DV�D�&RPPXQLFDWLRQ�$LG�IRU�WKH�+HDULQJ�,PSDLUHG��WR�
DSSHDU� LQ�3URFHHGLQJV� RI� WKH��� � � � ,QWHUQDWLRQDO�&RQJUHVV� RI�3KRQHWLF� 6FLHQFHV� �,&3K6
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6<17+(7,&�7$/.,1*�)$&(�$6�$�
&20081,&$7,21�$,'�)25�7+(�+($5,1*�
,03$,5('�
�
&DWKHULQH�6LFLOLDQR � ��*HRII�:LOOLDPV � ��-RQDV�%HVNRZ � �DQG�$QGUHZ�)DXONQHU �

�
��'HSDUWPHQW�RI�3KRQHWLFV�DQG�/LQJXLVWLFV��8QLYHUVLW\�&ROOHJH�/RQGRQ��8QLWHG�.LQJGRP�
Â�&HQWUH�IRU�6SHHFK�7HFKQRORJ\��.7+��6WRFNKROP��6ZHGHQ�
�
$%675$&7�
7KH� 6\QIDFH� SURMHFW� LV� GHYHORSLQJ� D� V\QWKHWLF� WDONLQJ� IDFH� WR� DLG� WKH� KHDULQJ� LPSDLUHG� LQ�
WHOHSKRQH�FRQYHUVDWLRQ���7KLV�UHSRUW�LQYHVWLJDWHV�WKH�JDLQ�LQ�LQWHOOLJLELOLW\�IURP�WKH�V\QWKHWLF�
WDONLQJ�KHDG�ZKHQ�FRQWUROOHG�E\�KDQG�DQQRWDWHG�VSHHFK���$XGLR�IURP�6ZHGLVK��(QJOLVK�DQG�
'XWFK� VHQWHQFHV�ZDV� GHJUDGHG� WR� VLPXODWH� WKH� LQIRUPDWLRQ� ORVVHV� WKDW� DULVH� LQ� VHYHUH�WR�
SURIRXQG�KHDULQJ� LPSDLUPHQW�� ����QRUPDO�KHDULQJ�QDWLYH� VSHDNHUV� IRU�HDFK� ODQJXDJH� WRRN�
SDUW��$XGLWRU\�VLJQDOV�ZHUH�SUHVHQWHG�DORQH��ZLWK�WKH�V\QWKHWLF�IDFH��DQG�ZLWK�D�YLGHR�RI�WKH�
RULJLQDO� WDONHU�� � 3XUHO\� DXGLWRU\� LQWHOOLJLELOLW\� ZDV� ORZ��:LWK� WKH� DGGLWLRQ� RI� WKH� V\QWKHWLF�
IDFH�� DYHUDJH� LQWHOOLJLELOLW\� LQFUHDVHG� E\� ����� 6FRUHV� ZLWK� WKH� V\QWKHWLF� IDFH� ZHUH�
VLJQLILFDQWO\�ORZHU�WKDQ�IRU�WKH�QDWXUDO�IDFH�IRU�(QJOLVK�DQG�'XWFK��EXW�QRW�6ZHGLVK���9LVXDO�
LGHQWLILFDWLRQ�RI�(QJOLVK�FRQVRQDQWV� VKRZHG� WKDW� WKH� V\QWKHWLF� IDFH� IHOO� VKRUW�RI� D�QDWXUDO�
IDFH�RQ�ERWK�SODFH�DQG�PDQQHU�RI�DUWLFXODWLRQ�� �7KLV� LQIRUPDWLRQ�ZLOO�EH�XVHG� WR� LPSURYH�
WKH�V\QWKHVLV��

�����,1752'8&7,21�
)RU� WKH� KHDULQJ� LPSDLUHG� FRPPXQLW\�� DXGLWRU\� LQIRUPDWLRQ� LV� RIWHQ� LQVXIILFLHQW� IRU�
VXFFHVVIXO�FRPPXQLFDWLRQ� LQ� WKH�DEVHQFH�RI� WKH�YLVXDO� VLJQDO�� �7KLV� LV�SDUWLFXODUO\� UHOHYDQW�
IRU�WHOHSKRQH�FRPPXQLFDWLRQ��ZKHUH�WKH�KHDULQJ�LPSDLUHG�XVHU�LV�DW�D�GLVWLQFW�GLVDGYDQWDJH���
5HFHQW�WHFKQRORJLFDO�GHYHORSPHQWV�KDYH�VKRZQ�WKDW�WKH�YLGHRSKRQH�FDQ�EH�D�YDOXDEOH�IRUP�
RI� FRPPXQLFDWLRQ� IRU� KHDULQJ� LPSDLUHG� SHRSOH�� SURYLGLQJ� HVVHQWLDO� YLVXDO� VSHHFK�
LQIRUPDWLRQ�� �+RZHYHU�� YLGHRSKRQHV� UHTXLUH� H[SHQVLYH� HTXLSPHQW� DW� ERWK� HQGV� DQG�KLJK�
EDQGZLGWK��LPSUDFWLFDOLWLHV�WKDW�KDYH�OHG�WR�YHU\�OLPLWHG�XSWDNH�RI�WKH�WHFKQRORJ\���5HVHDUFK�
KDV�DOUHDG\�GHPRQVWUDWHG� WKDW� V\QWKHVL]HG�YLVXDO� IDFH�PRYHPHQWV��GULYHQ�E\�DQ�DXWRPDWLF�
VSHHFK�UHFRJQL]HU��FDQ�EH�XVHG�WR�GHOLYHU�SKRQHWLF�LQIRUPDWLRQ�WKDW�LV�XQDYDLODEOH�WKURXJK�
WKH�DXGLWRU\�FKDQQHO�WR�KHDULQJ�LPSDLUHG�LQGLYLGXDOV�>����@���7KH�JRDO�RI�WKH�6\QIDFH�SURMHFW�
LV� WR� GHYHORS� D� PXOWLOLQJXDO� V\QWKHWLF� WDONLQJ� IDFH� WKDW� LV� GULYHQ� E\� WHOHSKRQH� VSHHFK� WR�
SURYLGH� YLVXDO� VSHHFK� LQIRUPDWLRQ� IRU� WKH� KHDULQJ� LPSDLUHG� LQ� WHOHSKRQH� FRPPXQLFDWLRQ��
7KLV� WHFKQRORJ\�KDV� WKH�GLVWLQFW� DGYDQWDJH� WKDW� RQO\� WKH�XVHU�RQ� WKH� UHFHLYLQJ� HQG�QHHGV�
VSHFLDO�HTXLSPHQW��

7KLV� SDSHU� SUHVHQWV� UHVXOWV� IURP� PXOWLOLQJXDO� SHUFHSWXDO� VWXGLHV� DVVHVVLQJ� WKH�
LQWHOOLJLELOLW\�RI�D�V\QWKHWLF�WDONLQJ�IDFH�GULYHQ�E\�KDQG�DQQRWDWHG�VSHHFK��LQ�RUGHU�WR�GHILQH�
WKH�SRWHQWLDO�XVHIXOQHVV�RI�WKH�WDONLQJ�IDFH��DQG�WR�GHWHUPLQH�DUHDV�IRU�LPSURYHPHQW�LQ�WKH�
V\QWKHVLV�� � 7KH� ILUVW� H[SHULPHQW� FRQVLVWHG� RI� D� VHULHV� RI� LQWHOOLJLELOLW\� WHVWV� ZLWK� QDWLYH�
OLVWHQHUV� RI� 6ZHGLVK�� (QJOLVK� DQG� 'XWFK� XVLQJ� GHJUDGHG� VSHHFK�� � 7KH� XVH� RI� GHJUDGHG�
VSHHFK�VLJQDOV�ZLWK�ORZ�LQKHUHQW�LQWHOOLJLELOLW\�IRUFHV�WKH�OLVWHQHU�WR�UHO\�PRUH�KHDYLO\�RQ�WKH�
YLVXDO�VSHHFK�LQIRUPDWLRQ�VR�WKDW�D�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�XWLOLW\�RI�WKH�V\QWKHWLF�IDFH�LV�
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JDLQHG���7KH�GHJUDGDWLRQ�VLPXODWHV�LQ�QRUPDO�KHDULQJ�OLVWHQHUV�WKH�UHGXFHG�LQWHOOLJLELOLW\�VHHQ�
LQ� VHYHUH�WR�SURIRXQG� KHDULQJ� LPSDLUPHQW� E\� WKH� UHGXFWLRQ� RI� VSHFWUDO� GHWDLO�� � $� VHFRQG�
H[SHULPHQW� FRPSDUHG� WKH� LQWHOOLJLELOLW\� RI� (QJOLVK� 9&9� VHJPHQWV� EHWZHHQ� D� QDWXUDO� IDFH�
DQG� WKH� V\QWKHWLF� IDFH�� ZLWK� QR� DXGLR� VLJQDO�� LQ� RUGHU� WR� SLQSRLQW� WKH� VWUHQJWKV� DQG�
ZHDNQHVVHV�RI�WKH�YLVXDO�IDFH�V\QWKHVLV��

�����9,68$/�63((&+�6<17+(6,6�
7KH� WDONLQJ� KHDG� XVHG� LQ� WKLV� VWXG\� FRPHV� IURP�.7+�� 6WRFNKROP�� � 7KH� IDFLDO� PRGHO� LV�
LPSOHPHQWHG�DV�D�ZLUH�IUDPH�SRO\JRQ�VXUIDFH�WKDW�LV�GHIRUPHG�WR�VLPXODWH�VSHHFK�WKURXJK�D�
VHW� RI� SDUDPHWHUV�� � 3DUDPHWHUV� IRU� VSHHFK� DUWLFXODWLRQV� LQFOXGH� MDZ� URWDWLRQ�� ODELRGHQWDO�
RFFOXVLRQ�� OLS�URXQGLQJ��ELODELDO�RFFOXVLRQ��WRQJXH� WLS�� WRQJXH�OHQJWK��PRXWK�ZLGWK�DQG�OLS�
SURWUXVLRQ���&RQWURO�VRIWZDUH�IRU�WKH�IDFH�XVHV�DUWLFXODWRU\�UXOHV�WR�GHULYH�RUDO�SDUDPHWHUV���
)RU�HDFK�ODQJXDJH��WKH�WDUJHW�YDOXHV�DQG�WLPH�RIIVHWV�RI�HDFK�RI�WKH�RUDO�SDUDPHWHUV�IRU�HDFK�
SKRQH�DUH�GHILQHG�E\�KDQG���7R�V\QWKHVL]H�YLVXDO�VSHHFK��WKH�VRIWZDUH�PDSV�D�WLPH�ODEHOHG�
SKRQH�VHTXHQFH�WR�WKHVH�WDUJHWV�WR�FRQWURO�WKH�IDFH��XVLQJ�D�VLPSOH�QRQ�OLQHDU�LQWHUSRODWLRQ�
VFKHPH�WR�PRGHO�FRDUWLFXODWRU\�HIIHFWV�LQ�D�VPRRWK�DQG�UHDOLVWLF�PDQQHU���)RU�IXUWKHU�GHWDLOV�
RI�WKH�LPSOHPHQWDWLRQ�RI�WKH�V\QWKHWLF�IDFH��VHH�>�������@��

�����6(17(1&(�,17(//,*,%,/,7<�

�����0HWKRG�
������6XEMHFWV�
���IHPDOH�DQG����PDOH�QRUPDO�KHDULQJ�VXEMHFWV�ZHUH�WHVWHG�����IURP�HDFK�RI�WKH� ODQJXDJH�
JURXSV�� 6XEMHFWV� ZHUH� DOO� XQLYHUVLW\� RU� LQVWLWXWLRQ� VWDII� DQG� VWXGHQWV�� � $OO� ZHUH� QDWLYH�
VSHDNHUV�RI�WKH�UHOHYDQW�ODQJXDJH���1R�VXEMHFWV�ZHUH�IDPLOLDU�ZLWK�WKH�VSHHFK�PDWHULDO�SULRU�
WR�WKHLU�SDUWLFLSDWLRQ��
�������6SHHFK�PDWHULDO�
5HFRUGLQJV� RI� QDWLYH� VSHDNHUV� RI� D� VWDQGDUG� GLDOHFW� RI� WKH� UHVSHFWLYH� ODQJXDJH� ZHUH�
REWDLQHG�� �6SHDNHUV�ZHUH� WZR� IHPDOHV� �(QJOLVK�DQG�'XWFK��DQG�RQH�PDOH� �6ZHGLVK��� �7KH�
VSHHFK� PDWHULDO� FRQVLVWHG� RI� OLVWV� RI� HYHU\GD\� VHQWHQFHV� LQ� 6ZHGLVK�� (QJOLVK� DQG� 'XWFK�
GHVLJQHG� WR� WHVW� VSHHFK�SHUFHSWXDO� DELOLW\�� �$OO�ZHUH� VLPLODU� LQ�FRPSOH[LW\� DQG�YRFDEXODU\���
(DFK�VHQWHQFH�FRQWDLQHG�D�VHW�QXPEHU�RI�NH\�ZRUGV�WR�EH�XVHG�LQ�VFRULQJ���$�PRUH�GHWDLOHG�
GHVFULSWLRQ�RI�WKH�PDWHULDO�LV�JLYHQ�LQ�>�����DQG��@� � ��
�������6WLPXOL�
7KUHH� VHSDUDWH� YLVXDO� FRQGLWLRQV� ZHUH� XVHG�� � DXGLR�RQO\�� V\QWKHWLF� IDFH� DQG� QDWXUDO� IDFH��
(DFK� RI� WKHVH� ZDV� FRPELQHG� ZLWK� GHJUDGHG� DXGLR�� 7KH� DXGLR�RQO\� FRQGLWLRQ� SURYLGHV� D�
EDVHOLQH� LQWHOOLJLELOLW\� OHYHO� IRU� WKH� GHJUDGHG� VSHHFK�� ZKLOH� WKH� QDWXUDO� IDFH� UHSUHVHQWV� WKH�
RSWLPXP� SHUIRUPDQFH� DFKLHYDEOH� LQ� SUDFWLFH�� �:H� XVHG� WZR� OHYHOV� RI� DXGLR� GHJUDGDWLRQ��
ZKLFK� DOORZHG� XV� WR� VWXG\� WKH� XVHIXOQHVV� RI� WKH� V\QWKHWLF� IDFH� RYHU� D� UDQJH� RI� VLPXODWHG�
KHDULQJ�ORVV����
�
$� QRLVH�H[FLWHG� FKDQQHO� YRFRGHU� ZDV� XVHG� WR� UHFRQVWUXFW� WKH� VSHHFK� VLJQDO� DV� D� VXP� RI�
PXOWLSOH� FRQWLJXRXV� FKDQQHOV� RI� ZKLWH� QRLVH� RYHU� D� VSHFLILHG� IUHTXHQF\� UDQJH� >�@�� 7KLV�
SURFHVVLQJ� UHGXFHV� WKH� VSHFWUDO� GHWDLO� RI� VSHHFK� WR� WKDW� UHSUHVHQWHG� E\� WKH� UHODWLYH�
DPSOLWXGHV� LQ� DGMDFHQW� IUHTXHQF\� EDQGV� FRYHULQJ� HTXDO� EDVLODU�PHPEUDQH� GLVWDQFHV� DQG�
�����������������������������������������������������������

� �0DWHULDO�LQ�>�@�ZDV�WUDQVODWHG�LQWR�6ZHGLVK�IURP�(QJOLVK��



� 3DSHU��� ��
�

�

��

VSDQQLQJ� WKH� IUHTXHQF\� UDQJH� ��������� +]�� ZKLOVW� SUHVHUYLQJ� WHPSRUDO� HQYHORSH�
LQIRUPDWLRQ�ZLWKLQ�HDFK�EDQG�XS�WR�PRGXODWLRQ�UDWHV�RI����+]��$PSOLWXGH�HQYHORSHV�IURP�
HDFK� DQDO\VLV� EDQG�ZHUH� H[WUDFWHG� E\� KDOI�ZDYH� UHFWLILFDWLRQ� DQG� VPRRWKLQJ�� DQG� XVHG� WR�
PRGXODWH�WKH�DPSOLWXGH�RI�ZKLWH�QRLVH�WKDW�ZDV�VXEVHTXHQWO\�EDQG�SDVV�ILOWHUHG�ZLWK�D�ILOWHU�
PDWFKLQJ�WKH�DQDO\VLV�ILOWHU�IRU�WKDW�EDQG��7KH�ILQDO�VLJQDO�ZDV�WKH�VXP�RI�WKH�PRGXODWHG�DQG�
EDQG�SDVV� ILOWHUHG� QRLVHV�� $� SLORW� VWXG\� LQGLFDWHG� WKDW� D� ��EDQG� YRFRGHU� \LHOGHG� DXGLWRU\�
LQWHOOLJLELOLW\� DSSURDFKLQJ� WKDW� ZLWK� XQSURFHVVHG� VSHHFK�� DQG� ZDV� WKXV� XQOLNHO\� WR� VKRZ�
UHOLDEOH�LPSURYHPHQWV�LQ�LQWHOOLJLELOLW\�EHWZHHQ�YLVXDO�FRQGLWLRQV���7KHUHIRUH��ZH�XVHG���DQG�
��IUHTXHQF\�EDQG�YRFRGHUV�LQ�WKH�PDLQ�H[SHULPHQW��

7KH� QDWXUDO� IDFH� UHFRUGLQJV� ZHUH� GLJLWL]HG� DQG� WKHQ� UHFRPELQHG� ZLWK� WKH� GHJUDGHG�
DXGLR���6HPL�DXWRPDWLF�ODEHOLQJ�RI�WKH�DXGLR�ZDV�SHUIRUPHG�E\�PHDQV�RI�D�IRUFHG�DOLJQPHQW�
SURFHGXUH�� ZKLFK� ZDV� ODWHU� KDQG�FRUUHFWHG�� � 7KH� ODEHOV� ZHUH� XVHG� WR� GULYH� WKH� IDFLDO�
V\QWKHVLV���)RU�WKH�DXGLR�RQO\�FRQGLWLRQ��D�VLQJOH�LPDJH�ZDV�FRPELQHG�ZLWK�WKH�DXGLR���$OO�
IUDPH�UDWHV�ZHUH����+]��
�����3URFHGXUH�
6XEMHFWV�ZHUH�VHDWHG�LQ�IURQW�RI�D�FRPSXWHU�VFUHHQ�DQG�D�ORXGVSHDNHU�RU�KHDGSKRQHV��ZHUH�
SUHVHQWHG�ZLWK�VHQWHQFHV�LQ�WKHLU�QDWLYH�ODQJXDJH��DQG�ZHUH�WKHQ�DVNHG�WR�UHSHDW�ZKDW�WKH\�
SHUFHLYHG���7KH�WHVW�OHDGHU�QRWHG�WKH�VXEMHFWV·�UHVSRQVH�� �6XEMHFWV�ZHUH�JLYHQ�SUDFWLFH�OLVWV�
IRU� HDFK� YLVXDO� FRQGLWLRQ� WR� DFFXVWRP� WKHP� WR� WKH� PRGLILHG� VSHHFK� VLJQDOV�� � )ROORZLQJ�
SUDFWLFH�� HDFK� VXEMHFW� KHDUG� HLWKHU� WZR� RU� WKUHH� OLVWV� LQ� HDFK� FRQGLWLRQ�� � 3UHVHQWDWLRQ� RI�
FRQGLWLRQV� ZDV� UDQGRPL]HG�� ZLWK� HDFK� OLVW� FRPSULVLQJ� D� VLQJOH� FRQGLWLRQ�� � 'XH� WR� WKH�
DPRXQW�RI�(QJOLVK�DQG�6ZHGLVK�PDWHULDO��WKH�WHVW�ZDV�UXQ�RYHU�WZR�VHVVLRQV��
����5HVXOWV�
7KH�QXPEHU�RI�NH\ZRUGV�LGHQWLILHG�FRUUHFWO\�ZDV�FRXQWHG��LJQRULQJ�HUURUV�RI�PRUSKRORJ\��
6FRUHV�DUH�H[SUHVVHG�DV�SHUFHQW�RI�NH\ZRUGV�FRUUHFW��%R[�DQG�ZKLVNHU�SORWV�RI�WKH�RYHUDOO�
UHVXOWV�DQG�IRU�HDFK�RI�WKH�WKUHH�ODQJXDJHV�DUH�VKRZQ�LQ�)LJXUH��������

7KH�PHDQ�QXPEHU�RI�NH\�ZRUGV�LGHQWLILHG�E\�HDFK�VXEMHFW�LQ�HDFK�FRQGLWLRQ�ZDV�HQWHUHG�
LQWR�D�UHSHDWHG�PHDVXUHV�$129$��ZLWK�ZLWKLQ�VXEMHFW�IDFWRUV�RI�DXGLWRU\�VLJQDO�DQG�YLVXDO�
LQSXW��DQG�WKH�EHWZHHQ�VXEMHFW�IDFWRU�RI�ODQJXDJH��:LWKLQ�HDFK�ODQJXDJH�JURXS��WKH�HIIHFWV�
RI� DXGLWRU\� DQG� YLVXDO� VLJQDOV� UHPDLQHG� KLJKO\� VLJQLILFDQW� �S��������� DQG� VKRZHG� QR�
VLJQLILFDQW�LQWHUDFWLRQ��3ODQQHG�SDLUZLVH�FRPSDULVRQV�VKRZHG�WKDW�IRU�HDFK�ODQJXDJH�JURXS��
WKH�SUHVHQFH�RI�D�V\QWKHWLF�IDFH�OHG�WR�D�VLJQLILFDQW�LQFUHDVH�LQ�LQWHOOLJLELOLW\�FRPSDUHG�WR�WKH�
DEVHQFH�RI�D�IDFH��DOZD\V�ZLWK�S���������)RU�WKH�'XWFK�DQG�(QJOLVK�JURXSV��WKH�QDWXUDO�IDFH�
SURYLGHG� VLJQLILFDQWO\� KLJKHU� LQWHOOLJLELOLW\� WKDQ� WKH� V\QWKHWLF� IDFH� �S� � �������� � )RU� WKH�
6ZHGLVK�JURXS��KRZHYHU��WKLV�GLIIHUHQFH�ZDV�QRW�VLJQLILFDQW��

7KH�GDWD�VKRZ�D�VLJQLILFDQW�EHQHILW�IURP�WKH�V\QWKHWLF�IDFH�XQGHU�WKH�GHJUDGHG�DXGLWRU\�
FRQGLWLRQV���,QWHOOLJLELOLW\�RQ�WKH�SXUHO\�DXGLWRU\�FRQGLWLRQV�ZDV�ORZ��DYHUDJH�RI����IRU�WKH�
��EDQG�YRFRGHU�DQG�����IRU�WKH���EDQG�YRFRGHU��DQG�UHSUHVHQWDWLYH�RI�LQWHOOLJLELOLW\�LQ�WKLV�
WDUJHW�JURXS�IRU�WKH�VDPH�RU�VLPLODU�VHQWHQFHV���:LWK�DQ�DYHUDJH�LPSURYHPHQW�RI����ZRUGV�
RXW�RI������UDQJH������WR��������WKH�PDJQLWXGH�RI�WKH�LQWHOOLJLELOLW\�LQFUHDVH�IRU�WKH�V\QWKHWLF�
IDFH�FRPSDUHG�WR�QR�IDFH�ZDV�EURDGO\�FRQVLVWHQW��VWDWLVWLFDOO\� UHOLDEOH��DQG�ODUJH�HQRXJK�WR�
EH�LPSRUWDQW�LQ�HYHU\GD\�FRPPXQLFDWLRQ��
�
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7KH�GHJUHH�WR�ZKLFK�WKH�V\QWKHWLF�IDFH�IHOO�VKRUW�RI�WKH�DGYDQWDJH�IURP�WKH�QDWXUDO�IDFH�ZDV�
PRUH� YDULDEOH�� ZLWK� DQ� DYHUDJH� RI� ��� ZRUGV�� EXW� D� UDQJH� RI� ����� WR� ����� ZRUGV�� � 7KLV�
YDULDELOLW\� LV� SULPDULO\� GXH� WR� WKH� YHU\� VPDOO� GLIIHUHQFHV� �RI� DURXQG���ZRUGV�� EHWZHHQ� WKH�
V\QWKHWLF�DQG�QDWXUDO�IDFHV�IRU�WKH�6ZHGLVK�JURXS�� �7KLV�FRXOG�EH�D�UHVXOW�RI�WKH�V\QWKHWLF�
IDFH�IXQFWLRQLQJ�EHWWHU�LQ�WKH�ODQJXDJH�IRU�ZKLFK�LW�ZDV�SULPDULO\�GHYHORSHG��RU�DOWHUQDWLYHO\�
EHFDXVH� WKH�6ZHGLVK�VSHDNHU�ZDV�UHODWLYHO\�GLIILFXOW� WR� VSHHFK�UHDG�� �7KH�VSUHDG�RI�VFRUHV�
IRU�WKH�6ZHGLVK�IDFH�LQ�WKH���EDQG�YRFRGHU�FRQGLWLRQ�LV�YHU\�ODUJH�FRPSDUHG�WR�WKDW�IRU�WKH�
QDWXUDO� (QJOLVK� IDFH�� ZKLFK� GRHV� VXJJHVW� WKDW� WKH� 6ZHGLVK� WDONHU� LV� UHODWLYHO\� GLIILFXOW� WR�
VSHHFK�UHDG�� DW� OHDVW� IRU� VRPH� RI� WKH� WHVW� VXEMHFWV�� � 7KLV� FRXOG� EH� GXH� WR� ODQJXDJH�
GLIIHUHQFHV��JHQGHU�GLIIHUHQFHV��RU�JHQHUDO�YDULDELOLW\�LQ�WDONHU�LQWHOOLJLELOLW\���

����9&9�,17(//,*,%,/,7<�
6LQFH�WKH�LQIRUPDWLRQ�WUDQVPLVVLRQ�IURP�WKH�V\QWKHWLF�IDFH�GRHV�QRW�DSSURDFK�WKDW�IURP�WKH�
QDWXUDO�IDFH� LQ�WKH�(QJOLVK�RU�'XWFK�VXEMHFW�JURXSV�� LW� LV� OLNHO\�WKDW�IXUWKHU�UHILQHPHQWV�RI�
WKH� IDFH� V\QWKHVLV� LQ� WKHVH� ODQJXDJHV� ZRXOG� EH� DGYDQWDJHRXV�� � :H� WKHUHIRUH� FRQGXFWHG�
H[SHULPHQWV�FRPSDULQJ�WKH�LQWHOOLJLELOLW\�RI�PRUH�DQDO\WLF�9&9�VHJPHQWV�EHWZHHQ�D�QDWXUDO�
IDFH�DQG�WKH�V\QWKHWLF�IDFH��
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)LJXUH������6HQWHQFH�LQWHOOLJLELOLW\�IRU�GHJUDGHG�VSHHFK�ZLWK�V\QWKHWLF�DQG�QDWXUDO�YLVXDO�VSHHFK����D���$OO�
WKUHH�ODQJXDJH�JURXSV���E��6ZHGLVK��F��(QJOLVK�DQG��G��'XWFK��
�
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������6XEMHFWV�
6XEMHFWV� ZHUH� �� PDOH� DQG� �� IHPDOH� QDWLYH� VSHDNHUV� RI� %ULWLVK� (QJOLVK�� DOO� ZLWK� QRUPDO�
KHDULQJ���$OO�ZHUH�XQLYHUVLW\�VWDII�RU�VWXGHQWV��
�������6WLPXOL�
���(QJOLVK� FRQVRQDQWV� LQ� OHIW� DQG� ULJKW� �L��� �D�� DQG� �X�� FRQWH[WV� ZHUH� XVHG� DV� VWLPXOL���
7KH�FRQVRQDQWV�ZHUH��S�E�P�W�G�Q�V�]�O�U�Z�M� � �W �G �I�Y�N�J� �K� �ç���5HFRUGLQJV�RI�
WZR�IHPDOH�QDWLYH�%ULWLVK�(QJOLVK�VSHDNHUV�ZHUH�XVHG���/DEHO�ILOHV�WR�GULYH�WKH�IDFH�V\QWKHVLV�
ZHUH�JHQHUDWHG�IURP�WKH�RULJLQDO�DXGLR�LQ�WKH�VDPH�PDQQHU�DV�LQ�������DERYH���7KHUH�ZHUH���
WRNHQV�RI�HDFK�9&9�IRU�HDFK�VSHDNHU��DQG�FRUUHVSRQGLQJ�WRNHQV�IRU�HDFK�RI�WKHVH�ZLWK�WKH�
V\QWKHWLF� IDFH�� � ,Q� RUGHU� WR� GHULYH�PD[LPDO� LQIRUPDWLRQ� DERXW� WKH� YLVXDO� VLJQDO�� QR� DXGLR�
VLJQDO�ZDV�SUHVHQWHG��
�����3URFHGXUH�
6XEMHFWV� ZHUH� VKRZQ� D� PRYLH� RI� D� 9&9� WRNHQ�� DQG� WKHQ� DVNHG� WR� LQGLFDWH� WKH� FRUUHFW�
FRQVRQDQW� LQ� D� IRUFHG�FKRLFH� WDVN�� �$� VXEVHW� RI�9&9� VHJPHQWV�� RQH� IRU� HDFK� FRQVRQDQW��
ZDV�JLYHQ�LQLWLDOO\�DV�SUDFWLFH����
�����5HVXOWV�
$FFXUDF\�ZDV� ORZ�RYHUDOO��ZLWK�������FRUUHFW� UHVSRQVHV� IRU� WKH� V\QWKHWLF� IDFH�DQG�������
IRU�WKH�QDWXUDO�IDFHV���7KH�GLIIHUHQFH�LQ�LQWHOOLJLELOLW\�EHWZHHQ�WKH�V\QWKHWLF�DQG�QDWXUDO�IDFHV�
ZDV�KLJKO\�VLJQLILFDQW� �S� ��������� �)HDWXUH�DQDO\VLV�XVLQJ� LQIRUPDWLRQ� WUDQVIHU�PHDVXUHV� LV�
VXPPDUL]HG� LQ� 7DEOH� ��� � 7KH� DQDO\VLV� LQGLFDWHV� WKDW� WKH� V\QWKHWLF� IDFH� IDOOV� VKRUW� RI� WKH�
QDWXUDO�IDFHV�IRU�ERWK�SODFH�DQG�PDQQHU�RI�DUWLFXODWLRQ���+RZHYHU��LQIRUPDWLRQ�WUDQVIHU�IRU�
PDQQHU� RI� DUWLFXODWLRQ� LV� PXFK� ORZHU� WKDQ� SODFH� LQIRUPDWLRQ� WUDQVIHU� LQ� JHQHUDO�� � 7KH�
YRLFLQJ� IHDWXUH� FRQWULEXWHV� QHJOLJLEO\�� � 7KHUHIRUH�� LQIRUPDWLRQ� DERXW� DQ\� V\VWHPDWLF�
FRQIXVLRQV�LQ�WKH�GDWD�LV�PRUH�OLNHO\�WR�EH�REWDLQHG�IURP�DQDO\]LQJ�WKH�SODFH�IHDWXUH����

)LJXUH� �� VKRZV� EXEEOH� SORWV� RI� WKH� SODFH� IHDWXUH�� � 7KH� SORWV� GHPRQVWUDWH� WKDW�
LQWHOOLJLELOLW\�RI� WKH�V\QWKHWLF� IDFH�DSSURDFKHV� WKDW�RI� WKH�QDWXUDO� IDFH�IRU� IURQWDO�SODFHV�RI�
DUWLFXODWLRQ��VXFK�DV�ELODELDOV�DQG�ODELRGHQWDOV���+RZHYHU��WKH�V\QWKHWLF�IDFH�IDOOV�VKRUW�RI�WKH�
QDWXUDO� IDFH� IRU� EDFN� DUWLFXODWLRQV�� � 7KH� SORWV� LQGLFDWH� D� ODUJH� SURSRUWLRQ� RI� DOYHRODU�
UHVSRQVHV�IRU�WKH�V\QWKHWLF�IDFH�FRPSDUHG�WR�WKH�QDWXUDO�IDFH���7KH�UDZ�FRQIXVLRQ�PDWULFHV�
LQ�IDFW�UHYHDO�D�ODUJH�QXPEHU�RI��O��UHVSRQVHV�IRU�WKH�V\QWKHWLF�IDFH�FRPSDUHG�WR�WKH�QDWXUDO�
IDFH�� � 7KLV�ZDV� DOVR� UHSRUWHG� DQHFGRWDOO\� E\� D� IHZ� VXEMHFWV�� � 6HYHUDO� DOYHRODU� FRQVRQDQWV�
ZHUH�GHILQHG� LQ� WKH� V\QWKHVLV� VRIWZDUH� WR�KDYH� LGHQWLFDO� DUWLFXODWLRQV��ZKLFK� UHVHPEOH��O���
DFFRXQWLQJ�IRU�D�SRUWLRQ�RI�WKH�DOYHRODU�UHVSRQVHV���)RU�SDODWDOV�DQG�GHQWDOV��DOVR�FRQIXVHG�
DV� DOYHRODUV�� WKH� V\QWKHWLF� IDFH� PXVW� ODFN� GLVWLQFWLYH� YLVXDO� LQIRUPDWLRQ� QHFHVVDU\� WR�
UHFRJQL]H� WKHVH� FRQVRQDQWV�� � ,Q� LPSURYLQJ� WKH� V\QWKHWLF� IDFH�� WKHQ�� ZH� ZLOO� QHHG� WR�
LQFRUSRUDWH�PRUH�GHWDLO�DERXW�SODFH�DQG�PDQQHU�RI�DUWLFXODWLRQ����
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7KH� WZR� H[SHULPHQWV� VXJJHVW� WKDW� WKH� V\QWKHWLF� IDFH� LQ� LWV� FXUUHQW� IRUP� FDQ� EH� XVHG� WR�
WUDQVPLW� LPSRUWDQW� YLVXDO� SKRQHWLF� LQIRUPDWLRQ�� � +RZHYHU�� DV� LQWHOOLJLELOLW\� ZLWK� WKH�
V\QWKHWLF� IDFH� IDOOV� VKRUW� RI� WKH� QDWXUDO� IDFHV�� WKHUH� LV� URRP� IRU� LPSURYHPHQW� LQ� WKH� IDFH�
V\QWKHVLV���:H�HYHQWXDOO\�LQWHQG�WR�HPSOR\�D�GDWD�GULYHQ��PHWKRG�RI�YLVXDO�VSHHFK�V\QWKHVLV���
,Q� WKH�PHDQ� WLPH�� UHVXOWV� IURP� LQWHOOLJLELOLW\� WHVWV� ZLWK� DQDO\WLF�9&9� H[SHULPHQWV�ZLOO� EH�
XVHG� WR�IXUWKHU� LPSURYH� WKH�IDFH�V\QWKHVLV�� �7KLV�ZLOO�EH�DFFRPSOLVKHG� WKURXJK�IUDPH�E\�
IUDPH�FRPSDULVRQV�RI�WKH�V\QWKHWLF�IDFH�ZLWK�WKH�QDWXUDO�IDFHV���:RUN�LV�DOVR�LQ�SURJUHVV�WR�
UHSOLFDWH�WKHVH�ILQGLQJV�ZLWK�KHDULQJ�LPSDLUHG�XVHUV��DQG�WR�GHWHUPLQH�WKH�HIIHFWV�RI�HUURUV�
LQ�DXWRPDWLF�VSHHFK�UHFRJQLWLRQ�RQ�V\QWKHWLF�IDFH�LQWHOOLJLELOLW\��

$&.12:/('*0(176�
7KH�6\QIDFH�SURMHFW�LV�IXQGHG�E\�WKH�(XURSHDQ�&RPPLVVLRQ�JUDQW�,67�������������:H�DUH�
JUDWHIXO�WR�(OLQH�5LNNHQ�DQG�1LF�YDQ�6RQ�RI�9LDWDDO��WKH�1HWKHUODQGV��DQG�(YD�$JHOIRUV�DQG�
,QJHU�.DUOVVRQ�RI�.7+��6ZHGHQ��IRU�WKHLU�KHOS�LQ�FDUU\LQJ�RXW�WKHVH�H[SHULPHQWV��
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)LJXUH�����3ODFH�FRQIXVLRQV�IRU�WKH��D��V\QWKHWLF�IDFH�DQG��E��QDWXUDO�IDFHV���$UHD�RI�FLUFOH�UHSUHVHQWV�
VFDOHG�SURSRUWLRQ�RI�UHVSRQVHV���/DUJHVW�EXEEOH� �������

�
�

)($785(��� �75$16� �&255(&7�
� 6\QWK� 5HDO� 6\QWK� 5HDO�
SODFH����� �������� ����� ������� ������
PDQQHU���� �������� ����� ������ ������
YRLFLQJ� ������� ������� ������ ������

�
7DEOH�����,QIRUPDWLRQ�WUDQVIHU�DQG�SHUFHQW�FRUUHFW�RI�IHDWXUHV�IRU�UHDO�YV��V\QWKHWLF�IDFH�
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�>�@� -�� %HVNRZ�� 0�� 'DKOTXLVW�� %�� *UDQVWU|P�� 0�� /XQGHEHUJ�� .�(�� 6SHQV�� 7�� gKPDQ�� � ´7KH�

7HOHIDFH�SURMHFW�� �0XOWLPRGDO�VSHHFK�FRPPXQLFDWLRQ�IRU�WKH�KHDULQJ�LPSDLUHGµ��3URFHHGLQJV�
RI�(XURVSHHFK��5KRGHV��*UHHFH�������������

>�@� (�� $JHOIRUV�� -�� %HVNRZ�� 0�� 'DKOTXLVW�� %�� *UDQVWU|P�� 0�� /XQGHEHUJ�� .�(�� 6SHQV�� 7��
gKPDQ�� � ´6\QWKHWLF� � WDONLQJ� IDFHV� DV� D� OLSUHDGLQJ� VXSSRUWµ�� 3URFHHGLQJV� RI� WKH� ,QWHUQDWLRQDO�
&RQIHUHQFH�RQ�6SRNHQ�/DQJXDJH�3URFHVVLQJ��6\GQH\��$XVWUDOLD��������

>�@� &��6LFLOLDQR��*��:LOOLDPV��-��%HVNRZ��$��)DXONQHU���´(YDOXDWLRQ�RI�D�V\QWKHWLF�WDONLQJ�IDFH�DV�
D� FRPPXQLFDWLRQ� DLG� IRU� WKH� KHDULQJ� LPSDLUHGµ�� 6SHHFK�� +HDULQJ� DQG� /DQJXDJH�� � :RUN� LQ�
3URJUHVV������������SS����������http://www.phon.ucl.ac.uk/home/shl14/pdffiles/sicilianoWBF.pdf 

>�@� -��%HQFK�DQG�-��%DPIRUG��(GV����6SHHFK�KHDULQJ�7HVWV�DQG�WKH�6SRNHQ�/DQJXDJH�RI�+HDULQJ�,PSDLUHG�
&KLOGUHQ���/RQGRQ���$FDGHPLF��������

>�@� $��0DF/HRG�DQG�4��6XPPHUILHOG�� �´$�SURFHGXUH�IRU�PHDVXULQJ�DXGLWRU\�DQG�DXGLR�YLVXDO�
VSHHFK�UHFHSWLRQ� WKUHVKROGV� IRU� VHQWHQFHV� LQ� QRLVH�� � UDWLRQDOH�� HYDOXDWLRQ�� DQG�
UHFRPPHQGDWLRQV�IRU�XVHµ��%ULWLVK�-RXUQDO�RI�$XGLRORJ\������SS����������������

>�@� 5�� 3ORPS� DQG� $�� 0LPSHQ�� � ´,PSURYLQJ� WKH� UHOLDELOLW\� RI� WHVWLQJ� WKH� VSHHFK�UHFHSWLRQ�
WKUHVKROG�IRU�VHQWHQFHVµ��$XGLRORJ\������SS���������������

>�@� 5��9��6KDQQRQ��)�*��=HQJ��9��.DPDWK�� -��:\JRQVNL�DQG�0��(NHOLG�� �´6SHHFK�UHFRJQLWLRQ�
ZLWK�SULPDULO\�WHPSRUDO�FXHVµ���6FLHQFH�������SS�����������������

�


