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6DPH�GLIIHUHQW� WDVN�� ZKHQ� SDUWLFLSDQWV

KDYH� WR� DQVZHU� LI� VHYHUDO�� XVXDOO\� WZR�
SUHVHQWHG�VWLPXOL�DUH�LGHQWLFDO�RU�GLIIHUHQW�
LV� ZLGHO\� XVHG� LQ� SV\FKRSK\VLFDO� H[SHUL�
PHQWV� RQ� YLVXDO� SHUFHSWLRQ�� 2QH� RI� WKH
PRVW� LPSRUWDQW� IDFWRUV� LQ� WKHVH� H[SHUL�
PHQWV� LV� WKH� VLPLODULW\�RI� VWLPXOL��6LPLODU�
LW\� HIIHFW� LV� LQYHVWLJDWHG� LQ� YDULRXV� YLVXDO
SHUFHSWLRQ� WDVNV� �� UHFRJQLWLRQ�� LGHQWLILFD�
WLRQ��GHWHFWLRQ��)XUWKHUPRUH��PDQ\�WKHRULHV
H[SODLQLQJ� YLVXDO� SHUFHSWLRQ� VWDQG� XSRQ
VLPLODULW\�IDFWRU��7��/DFKPDQQ�DQG�&��YDQ
/HHXZHQ� ������� GLVWLQJXLVK� WZR� WKHRUHWL�
FDO� DFFRXQWV� RI� SHUIRUPDQFH� RI� VDPH�
GLIIHUHQW�GLVFULPLQDWLRQ�WDVN���DQDO\WLF�DQG
FRQILJXUDWLRQDO��$FFRUGLQJ� WR� WKH� DQDO\WLF
YLHZ��D�FRPSDULVRQ�RI�VWLPXOL�SURFHHGV�RQ
D� OHYHO� RI� VWLPXOL� VHSDUDWH� IHDWXUHV� RU� SD�
UDPHWHUV��VXFK�DV�VL]H��FRORU�RU�VKDSH��6XFK

D� YLHZ� FDQ� KDUGO\� H[SODLQ� WKH� VR�FDOOHG
IDVW�VDPH� HIIHFW� PHDQLQJ� WKDW� UHVSRQVH
WLPH�LV�VKRUWHU�IRU�LGHQWLFDO�WKDQ�IRU�GLIIHU�
HQW� VWLPXOL�� 7KLV� HIIHFW� FRXOG� EH� ZHOO� H[�
SODLQHG� E\� D� FRQILJXUDWLRQDO�� RWKHUZLVH
KROLVWLF�� YLHZ� DFFRUGLQJ� WR� ZKLFK� VWLPXOL
DUH� FRPSDUHG� DV� XQGLYLGHG� XQLWV�� ZLWKRXW
VHJPHQWLQJ� WKHP� LQWR� VHSDUDWH� IHDWXUHV�
+RZHYHU�� WKH� ODWWHU�YLHZ�GRHV�QRW�H[SODLQ
WKH�UHVSRQVH�WLPH�GHSHQGHQFH�RQ�WKH�VLPL�
ODULW\� RI� GLIIHUHQW� VWLPXOL� �� WKH� PRUH� WKH
VWLPXOL� DUH� VLPLODU�� WKH� ORQJHU� UHVSRQVH
WLPH� LV�� 5HVHDUFKHV� LQWHQGLQJ� WR� H[SODLQ
ERWK�HIIHFWV�PRVWO\�SURSRVH�PRGHOV�RI�WZR
SURFHVVHV��KROLVWLF�DQG�DQDO\WLF��RU�SDUDOOHO
DQG�VHULDO��&RRSHU��������3RVQHU��0LWFKHOO�
������3RVQHU�������6WHUQEHUJ���������/�$�
&RRSHU� ������� DOVR� SRLQWHG� RXW� WKH� LQGL�
YLGXDO� GLIIHUHQFHV� LQ� WKH� VDPH�GLIIHUHQW
WDVN�SHUIRUPDQFH��+H�XVHG�LUUHJXODU�SODQDU
SRO\JRQV�� ZKLFK� GLIIHUHG� LQ� VPDOO� GHYL�
DWLRQV�RI�WKH�YHUWLFHV�RI�DQ�DQJOH��,QLWLDOO\�

678',$�36<&+2/2*,&$������������� ��

6$0(�',))(5(17�',6&5,0,1$7,21��6,08/7$1(286

9(5686�68&&(66,9(�35(6(17$7,21�2)�67,08/,

$OY\GDV�l2/,81$6��2QD�*85©,1,(1(
'HSDUWPHQW�RI�%LRFKHPLVWU\�DQG�%LRSK\VLFV��)DFXOW\�RI�1DWXUDO�6FLHQFHV��9LOQLXV�8QLYHUVLW\

0�.��©LXUOLRQLR�J���������/7�������9LOQLXV��/LWKXDQLD
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$EVWUDFW��,W�ZDV�IRXQG�WKDW�LQ�WKH�VDPH�GLIIHUHQW�WDVN�ZKHQ�D�SDUWLFLSDQW�KDV�WR�DQVZHU�ZKHWKHU
VHYHUDO�SUHVHQWHG�VWLPXOL�DUH�LGHQWLFDO�RU�GLIIHUHQW��SDUWLFLSDQWV�FDQ�DSSO\�WZR�VWLPXOL�FRPSDULVRQ
VWUDWHJLHV� �� KROLVWLF� RU� DQDO\WLF�� ,Q� WKH� SUHVHQW� LQYHVWLJDWLRQ�� LW� ZDV� DWWHPSWHG� WR� DVVHVV� LI� WKH
PDQLIHVWDWLRQ�RI�VXFK�LQGLYLGXDO�GLIIHUHQFHV�FDQ�GHSHQG�RQ�WKH�VWLPXOL�SUHVHQWDWLRQ�SURFHGXUH��
VXFFHVVLYH�RU�VLPXOWDQHRXV��3V\FKRSK\VLFDO�H[SHULPHQWV�RI�VDPH�GLIIHUHQW�WDVN�ZHUH�FDUULHG�RXW
LQ�ZKLFK� ILJXUHV�� LUUHJXODU�SRO\JRQV�RI�YDULRXV�GHJUHH�RI�VLPLODULW\��ZHUH�SUHVHQWHG� LQ�SDLUV�VL�
PXOWDQHRXVO\�RU�VXFFHVVLYHO\��,Q�WKH�FDVH�RI�VXFFHVVLYH�SUHVHQWDWLRQ�RI�ILJXUHV��SDUWLFLSDQWV�ZHUH
GLYLGHG� LQWR� WZR�JURXSV�� IRU� WKH�PDMRULW\�RI�SDUWLFLSDQWV�� VDPH�GLIIHUHQW�GLVFULPLQDWLRQ�KDG�DQ
LQYHUVH�UHODWLRQVKLS�RQ�WKH�GHJUHH�RI�VLPLODULW\���WKH�PRUH�WZR�ILJXUHV�ZHUH�VLPLODU��WKH�ORZHU�ZDV
WKH�DFFXUDF\�DQG�WKH�ORQJHU�UHVSRQVH�WLPH��IRU�WKH�RWKHU�SDUWLFLSDQWV��VDPH�GLIIHUHQW�GLVFULPLQD�
WLRQ�GLG�QRW�GHSHQG�RQ�WKH�VLPLODULW\�RI�ILJXUHV��,Q�WKH�FDVH�RI�VLPXOWDQHRXV�SUHVHQWDWLRQ��SDUWLFL�
SDQWV�FOHDUO\�GLG�QRW�GLIIHU�E\�WKH�SDWWHUQ�RI�WDVN�SHUIRUPDQFHV�
.H\�ZRUGV��VDPH�GLIIHUHQW�GLVFULPLQDWLRQ��VLPLODULW\��LQGLYLGXDO�GLIIHUHQFHV



WKH�ILUVW�VWDQGDUG�ILJXUH�ZDV�VKRZQ�IRU���V
WKHQ��DIWHU���RU�����V�RI�EODQN�LQWHUYDO��WKH
VHFRQG� WHVW� ILJXUH� ZDV� GLVSOD\HG� ZKLFK
ZDV�WKH�VDPH�DV�WKH�VWDQGDUG�RU�GLIIHUHG�LQ
D�YDULRXV�GHJUHH�RI�VLPLODULW\��/�$��&RRSHU
IRXQG�WKDW��IRU�WKH�PDMRULW\�RI�SDUWLFLSDQWV�
WKH� UHVSRQVH� WLPH� WR� �GLIIHUHQW�� ILJXUHV
GHFUHDVHG� PRQRWRQLFDOO\� ZLWK� LQFUHDVLQJ
GLVVLPLODULW\� EHWZHHQ� VWDQGDUG� DQG� WHVW
ILJXUH�� DQG� WKH� UHVSRQVH� WLPH� WR� �VDPH�
ILJXUHV� ZDV� LQWHUPHGLDWH� LQ� GXUDWLRQ� �
ORQJHU�WKDQ�IRU�KLJKO\�GLVVLPLODU�DQG�VKRUW�
HU� WKDQ� IRU� VLPLODU� ILJXUHV�� 7KH� DXWKRU
WHUPHG� WKHVH� VXEMHFWV� DQDO\WLFV�� 5HVSRQVH
WLPH�RI�RWKHU�SDUWLFLSDQWV��QDPHG�KROLVWLFV�
GLG� QRW� GHSHQG� RQ� ILJXUH
V� VLPLODULW\�� EH�
VLGHV��WKH�PHDQ�YDOXH�RI�UHVSRQVH�WLPH�ZDV
���� WLPHV� VKRUWHU� WKDQ� WKDW� RI� DQDO\WLFV�
7KLV�DXWKRU�SURSRVHV�WKDW�WZR�VWUDWHJLHV�RI
WDVN� SHUIRUPDQFH�� DQDO\WLF� DQG� KROLVWLF�
GLIIHU� LQ� WKH�ZD\� LQ�ZKLFK� WKH� YLVXDO� SDW�
WHUQV� DUH� HQFRGHG� DQG� UHSUHVHQWHG� LQ
PHPRU\�� 2WKHU� UHVHDUFKHUV� IRXQG� WKDW
GXUDWLRQ� RI� VWLPXOL� UHWHQWLRQ� LQ� VKRUW�WHUP
PHPRU\�LQIOXHQFHV�WKH�VWLPXOL�FRPSDULVRQ
SURFHVV��H�J��'�/��.LQJ�HW�DO�� �������GHP�
RQVWUDWHG� WKDW�ZLWK� ORQJHU� UHWHQWLRQ�RI� WKH
ILUVW� VWLPXOXV� LQ� VKRUW�WHUP� PHPRU\� WKH
VXEMHFWLYH�VLPLODULW\�RI�WKH�VHFRQG�VWLPXOXV
WR�WKH�ILUVW�RQH�JURZV��WKHUHIRUH��WKH�DFFX�
UDF\�RI�UHVSRQVH��GLIIHUHQW���WKH�SURSRUWLRQ
RI�UHVSRQVHV��VDPH��WR��GLIIHUHQW���DQG�WKH
UHVSRQVH� WLPH� FKDQJH�� 7KH� TXHVWLRQ� LV� �
ZKHWKHU� WKH� VDPH�GLIIHUHQW� GLVFULPLQDWLRQ
GLIIHU� ZKHQ� VWLPXOL� DUH� SUHVHQWHG� VXFFHV�
VLYHO\� RU� VLPXOWDQHRXVO\�� HVSHFLDOO\� NHHS�
LQJ� LQ� PLQG� WKDW�� LQ� WKH� ODWWHU� FDVH�� D
VKRUW�WHUP� PHPRU\� GRHV� QRW� WDNH� SDUW
GLUHFWO\� LQ� WDVN� SHUIRUPDQFH�� :H� KDYH
IRXQG�IHZ�SDSHUV�LQ�ZKLFK�VXFFHVVLYH�DQG
VLPXOWDQHRXV� VWLPXOL� SUHVHQWDWLRQ� SURFH�
GXUHV� DUH� FRPSDUHG� GLUHFWO\� LQ� WKH� VDPH�
GLIIHUHQW� GLVFULPLQDWLRQ� WDVN�� 'LIIHUHQFHV
REWDLQHG�ZLWK� ERWK� SURFHGXUHV� DUH� TXDQWL�
WDWLYH�EXW�QRW�TXDOLWDWLYH�� VKRUWHU� UHVSRQVH

WLPH� RU� KLJKHU� UHVSRQVH� DFFXUDF\� ZKHQ
VWLPXOL�DUH�SUHVHQWHG�VXFFHVVLYHO\��.LQJ�HW
DO���������.LQJ��������/DUVHQ�HW�DO���������
RU�RQ�WKH�FRQWUDU\��EHWWHU�WDVN�SHUIRUPDQFH
ZKHQ�VWLPXOL�DUH�SUHVHQWHG�VLPXOWDQHRXVO\
�'DL�� *UHHQ�� ������ +HHOH\�� %XFKDQDQ�
6PLWK��������
7KLV� UHVHDUFK� KDV� D� WZRIROG� REMHFWLYH�

ILUVW�� WR� DQDO\]H� WKH� SHFXOLDULWLHV� RI� WKH
VDPH�GLIIHUHQW�GLVFULPLQDWLRQ�ZKHQ�VWLPXOL
DUH� SUHVHQWHG� VLPXOWDQHRXVO\� DQG� VXFFHV�
VLYHO\�� VHFRQG�� WR� UHYHDO� TXDOLWDWLYH� LQGL�
YLGXDO� GLIIHUHQFHV� LQ� ERWK� FDVHV�� :H� FDQ
H[SHFW� VXFK� GLIIHUHQFHV� LQ� WKH� FDVH� RI
VXFFHVVLYH� VWLPXOL� SUHVHQWDWLRQ� RQ� WKH
JURXQG�RI�/�$��&RRSHU
V�GDWD��EXW�LW�ZRXOG
EH� LQWHUHVWLQJ� WR�NQRZ�ZKHWKHU�TXDOLWDWLYH
LQGLYLGXDO� GLIIHUHQFHV� FRXOG� EH� UHYHDOHG
ZKHQ�VWLPXOL�DUH�SUHVHQWHG�VLPXOWDQHRXVO\�
,Q� RXU� SULRU� UHVHDUFK� �*XUÉLQLHQH�� lROLX�
QDV����������RQ��LGHQWLILFDWLRQ���EXW��QRW��RQ
WKH� VDPH�GLIIHUHQW� GLVFULPLQDWLRQ�� RI� WZR
EULHIO\� DQG� VLPXOWDQHRXVO\� GLVSOD\HG� DQG
WKHQ�PDVNHG� LUUHJXODU� SRO\JRQV� RI� GLIIHU�
HQW� VLPLODULW\�� SDUWLFLSDQWV� ZHUH� GLYLGHG
LQWR�WZR�JURXSV�E\�WKH�SDWWHUQ�RI�WDVN�SHU�
IRUPDQFH�� ,GHQWLILFDWLRQ� DFFXUDF\� GLUHFWO\
GHSHQGHG� RQ� SRO\JRQV
� VLPLODULW\� IRU� WKH
RQH� JURXS� RI� SDUWLFLSDQWV� DQG� GLG� QRW� GH�
SHQG�IRU�WKH�RWKHU�JURXS�
6DPH�GLIIHUHQW� GLVFULPLQDWLRQ� RI� WZR

QRQ�YHUEDO�� LUUHJXODU�SRO\JRQV�RI�GLIIHUHQW
VLPLODULW\�ZDV� LQYHVWLJDWHG� LQ� WZR� H[SHUL�
PHQWV�� 6WLPXOL� ZHUH� SUHVHQWHG� VLPXOWD�
QHRXVO\� LQ�([SHULPHQW��� DQG� VXFFHVVLYHO\
LQ�([SHULPHQW���

(;3(5,0(17��
0(7+2'

6XEMHFWV
)RUW\�SDUWLFLSDQWV�WRRN�SDUW�LQ�WKH�H[SHUL�

PHQW�� ��� ����ZRPHQ� DQG� ���PHQ�� LQ� WKH
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ILUVW� SDUW� LQ� ZKLFK� RQH� H[SHULPHQWDO� VHV�
VLRQ� ZDV� DFFRPSOLVKHG� ZLWK� HDFK� SDUWLFL�
SDQW�DQG�VL[��WKUHH�ZRPHQ�DQG�WKUHH�PHQ�
LQ� WKH� VHFRQG� SDUW� LQ�ZKLFK� HYHU\� SDUWLFL�
SDQW� WRRN� SDUW� LQ� WKUHH� H[SHULPHQWDO� VHV�
VLRQV� WKDW� SURFHHGHG� RQ� GLIIHUHQW� GD\V�
3DUWLFLSDQWV� ZHUH� ������ \HDU�ROG� VWXGHQWV
RI� 9LOQLXV� 8QLYHUVLW\� DQG� KDG� QRUPDO� RU
FRUUHFWHG�WR�QRUPDO� YLVLRQ�� $OO� RI� WKHP
SDUWLFLSDWHG�IRU�WKH�ILUVW�WLPH�LQ�WKLV�NLQG�RI
UHVHDUFK� DV� D� SDUW� RI� FRXUVH� UHTXLUHPHQWV�
1RQH�RI�WKHP�NQHZ�WKH�VSHFLILF�SXUSRVH�RI
WKH�H[SHULPHQW�
6WLPXOL
� 6WLPXOL� ZHUH� SUHVHQWHG� RQ� WKH� ���LQFK

&57� PRQLWRU�� ZKLFK� ZDV� VHW� RQ� ����� [

���� UHVROXWLRQ�����+]�YHUWLFDO� UHIUHVK� IUH�
TXHQF\�DQG����ELW�FRORU�PRGH��7KH�H[SHUL�
PHQW�ZDV�FRQWUROOHG�E\�FRPSXWHU�SURJUDP
ZULWWHQ� LQ� 'HOSKL� �� LQ�:LQGRZV� HQYLURQ�
PHQW�
7HVW� ILJXUHV� ZHUH� SODQH� ���DQJOH� SRO\�

JRQV�FRPSRVHG�RI�FRQQHFWHG�WULDQJOHV�DQG
VTXDUHV�RQ�WKH�VXUIDFH�RI�D���[���PDWUL[����
VTXDUH�VHFWRUV���$UHD�RI�HDFK�SRO\JRQ�ZDV
HTXDO� WR� ���� VHFWRUV�� )LYH� VHWV� RI� ILJXUH
SDLUV�RI�GLIIHUHQW�GHJUHH�RI�VLPLODULW\�ZHUH
FRPSRVHG� RI� ��� WHVW� ILJXUHV� �)LJXUH� ���
SDLUV�RI�3��VHW��RYHUDOO����SDLUV��FRQVLVWHG
RI�LGHQWLFDO�ILJXUHV��SDLUV�RI�3������SDLUV��
3�� ���� SDLUV��� 3�� ���� SDLUV��� DQG� 3�� ���
SDLUV��VHWV�FRQVLVWHG�RI�ILJXUHV�WKDW�GLIIHUHG
E\����������������DQG������VHFWRUV��UHVSHF�
WLYHO\�
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)LJXUH��VL]H��RQ��WKH��PRQLWRU��VFUHHQ��ZDV
���� FP� [� ���� FP�� GLVWDQFH� EHWZHHQ� WZR
DORQJVLGH�VLWXDWHG�ILJXUHV�ZDV�����FP��WKDW
LV�ERWK�ILJXUHV�FRYHUHG�����FP�[�����FP�RU
���[����DQJXODU� VL]H�DUHD��0DVNLQJ�SDWWHUQ
ZDV� WZR� ���� FP� [� ���� FP� UHFWDQJXODUV
FRPSOHWHO\�FRYHULQJ�ERWK�WHVW�ILJXUHV��7HVW
DQG�PDVNLQJ�ILJXUHV�ZHUH�ZKLWH�RQ�D�EODFN
EDFNJURXQG�
6HWV�RI�ILJXUH�SDLUV�RI�GLIIHUHQW�VLPLODULW\

ZHUH� FRPSRVHG� LQ� VXFK� D�ZD\� WKDW� D� IUH�
TXHQF\� RI� RFFXUUHQFH� RI� GLIIHUHQW� WHVW
ILJXUHV�LQ�HDFK�VHW�ZRXOG�EH�HTXDO�DV�PXFK
DV�SRVVLEOH�� WKRXJK�� IRU�REMHFWLYH� UHDVRQV�
VRPH� ILJXUHV� RFFXUUHG�PRUH� IUHTXHQWO\� LQ
3��WKDQ�LQ�3��VHW��DQG�YLFH�YHUVD��3RVVLEOH
LQIOXHQFH�RI�WKH�LQHTXDOLW\�RI�ILJXUH�RFFXU�
UHQFH�ZDV�HYDOXDWHG�DQG�LW�ZDV�IRXQG�WKDW
LW�KDV�QR�GHWHUPLQDQW�HIIHFW�RQ�WKH�UHVXOWV�
3URFHGXUH
([SHULPHQW� ZDV� FDUULHG� RXW� LQ� D� URRP

ZLWK� D� QDWXUDO� GD\OLJKW� EDFNJURXQG�� 3DU�
WLFLSDQW� ZDV� VLWWLQJ� DERXW� ��� FP� IURP� D
PRQLWRUV� VFUHHQ��%HIRUH� H[SHULPHQWDO� VHV�
VLRQ��HDFK�SDUWLFLSDQW�SHUIRUPHG�D�SUDFWLFH
VHVVLRQ� RI� WKUHH� VHULHV� RI� ��� ILJXUH� SDLUV
VHHNLQJ� WR� GHILQH� VXFK� H[SRVXUH� WLPH� RI
WHVW� ILJXUHV� WKDW� LGHQWLILFDWLRQ� DFFXUDF\
ZRXOG�UHDFK���������,Q�D�SUDFWLFH�VHVVLRQ�
ILJXUH� SDLUV� RI� DOO� VLPLODULW\� GHJUHHV�ZHUH
SUHVHQWHG�
6WLPXOL� SUHVHQWDWLRQ� VHTXHQFH� ZDV� DV

IROORZV��D�IL[DWLRQ�SRLQW������PV���D�SDLU�RI
WHVW� ILJXUHV� ZKRVH� H[SRVXUH� GXUDWLRQ� YDU�
LHG� IURP� ��� PV� WR� ���� PV� IRU� GLIIHUHQW
SDUWLFLSDQWV�� PDVNLQJ� SDWWHUQ� ����� PV��
3DUWLFLSDQW�ZDV�DVNHG�WR�SUHVV�WKH�EXWWRQ�9
RQ�D�FRPSXWHU�NH\ERDUG�DV�VRRQ�DV�KH�VKH
GHFLGHG��WKDW��WKH��WHVW��ILJXUHV��ZHUH��LGHQ�
WLFDO��RU��WKH��EXWWRQ��1��LI��KH�VKH��GHFLGHG
WKDW� WKH� WHVW� ILJXUHV� ZHUH� GLIIHUHQW�� 7KHQ�
DQ� DQVZHU� EXWWRQ�ZDV� SUHVVHG� DQG� DIWHU� D
����PV�EODQN�LQWHUYDO��WKH�QH[W�WULDO�EHJDQ�

,Q� WKH�H[SHULPHQWDO�VHVVLRQ������SDLUV�RI
WHVW�ILJXUHV�ZHUH�SUHVHQWHG�����SDLUV�RI�3�
VHW�����SDLUV�RI�3��VHW��DQG����SDLUV�RI�3��
3���DQG�3��VHWV��LQ�D�PL[HG�UDQGRP�RUGHU�
(DFK� SDLU� LQ� WKH� 3��� 3��� 3��� DQG� 3�� VHWV
ZDV� UHSHDWHG� WZLFH�� FRXQWHUFKDQJLQJ� WKH
OHIW� DQG� ULJKW� ILJXUHV�� 7KH� H[SHULPHQW
ODVWHG�XS� WR����PLQ� LQFOXGLQJ� WKH�SUDFWLFH
VHVVLRQ�
5HVSRQVH� WLPH� �57�� DQG� SHUFHQWDJH� RI

FRUUHFW�DQVZHUV�ZHUH�VWDWLVWLFDOO\�HYDOXDWHG
DSSO\LQJ� $129$�� UHJUHVVLRQ� DQDO\VLV�
DQG�W�FULWHULRQ�IRU�FRPSDULVRQ�RI�PHDQV�

5(68/76
6DPH�GLIIHUHQW� GLVFULPLQDWLRQ� DFFXUDF\

DQG�UHVSRQVH�WLPH�DYHUDJHG�IRU�DOO�SDUWLFL�
SDQWV� VKRZ� WKH� VDPH� WHQGHQF\� �� ZKHQ
GLVVLPLODULW\� RI� GLIIHUHQW� ILJXUHV� LQFUHDVHV
WKH� WDVN� SHUIRUPDQFH� LPSURYHV�� ZKLOH
UHVSRQVH� WLPH� DQG� SHUFHQWDJH� RI� FRUUHFW
UHVSRQVHV� IRU� LGHQWLFDO� ILJXUHV� KDYH� DQ
LQWHUPHGLDWH� YDOXH��$QDO\VLV� RI� LQGLYLGXDO
GDWD�DOORZHG�WR�FODVVLI\�DOO�SDUWLFLSDQWV�LQWR
WZR� JURXSV�� 7KH�PDLQ� FULWHULRQ� DFFRUGLQJ
WR� ZKLFK� SDUWLFLSDQWV� ZHUH� DVVLJQHG� LQWR
WKH�RQH�RU�WKH�RWKHU�JURXS�ZDV�WKH�UHODWLRQ
RI�UHVSRQVH�WLPH�WR�3��SDLUV�ZLWK�UHVSRQVH
WLPH� WR� 3��� 3��� DQG� 3�� SDLUV�� LI� WKH� UH�
VSRQVH�WLPH�ZDV�ORQJHU�IRU�WKH�SDLUV�RI�3�
VHW�LQ�FRPSDULVRQ�WR�WKH�UHVSRQVH�WLPH�IRU
WKH�SDLUV�RI�WKH�RWKHU�VHWV��VXFK�SDUWLFLSDQW
ZDV�DVVLJQHG�WR�WKH�ILUVW�JURXS��LI�WKLV�WLPH
ZDV�VKRUWHU��WKH�SDUWLFLSDQW�ZDV�DVVLJQHG�WR
WKH� VHFRQG� JURXS�� ,Q� WKLV�ZD\�� ��� SDUWLFL�
SDQWV�ZHUH�DVVLJQHG� WR� WKH�ILUVW�JURXS�DQG
QLQH�WR�WKH�VHFRQG�JURXS��5HVSRQVH�WLPH�RI
WKH� ILUVW� JURXS� RI� SDUWLFLSDQWV� LQFUHDVHG
DQG�DFFXUDF\�GHFUHDVHG�DV�WKH�VLPLODULW\�RI
ILJXUHV� LQFUHDVHG� �)LJXUH� ���� 5HVSRQVH
WLPH� GLG� QRW� GHSHQG� VWUDLJKWO\� RQ� ILJXUH
VLPLODULW\� IRU� QLQH� SDUWLFLSDQWV��ZKLOH� SHU�
IRUPDQFH� DFFXUDF\� VKRZHG� WKH� VDPH� WHQ�
GHQF\�DV�IRU�SDUWLFLSDQWV�RI�WKH�ILUVW�JURXS�

�� 678',$�36<&+2/2*,&$�������������



5HVSRQVH� WLPH�GDWD�ZHUH� DQDO\]HG�XVLQJ
WKUHH�ZD\����VLPLODULW\�GHJUHHV�[���SDUWLFL�
SDQW�JHQGHU�[���SDUWLFLSDQW�JURXSV��$12�
9$�� 6LJQLILFDQW�PDLQ� HIIHFWV� RI� VLPLODULW\
�)��������  � �������� S� �� ��������� JHQGHU
�)�������� ��������S����������LQWHUDFWLRQ�RI
VLPLODULW\� DQG� JURXSV� RI� SDUWLFLSDQWV
�)�������� ���������S������������DQG�LQWHU�
DFWLRQ�RI�JHQGHU�DQG�JURXSV�RI�SDUWLFLSDQWV
�)��������  � �������� S� �� ������ ZHUH� RE�
WDLQHG��6LJQLILFDQFH�RI�JHQGHU�IDFWRU�VKRZV
WKDW� PHDQ� UHVSRQVH� WLPH� IRU� ZRPHQ� ZDV
ORQJHU� ����� PV�� WKDQ� IRU� PHQ� ����� PV��
6LJQLILFDQW� LQWHUDFWLRQ� RI� VLPLODULW\� DQG
SDUWLFLSDQW�JURXS�LPSOLHV�WKDW�WKH�VLPLODULW\
KDV� GLIIHUHQW� LQIOXHQFH� RQ� WKH� UHVSRQVH
WLPH�RI�WZR�SDUWLFLSDQW�JURXSV��5HJUHVVLRQ
DQDO\VLV�RI�57�GDWD�RI� WKH�3���3���3��DQG
3��ILJXUH�VHWV�FRQILUPV�GLIIHUHQW�LQIOXHQFH
RI�VLPLODULW\�IRU�SDUWLFLSDQWV�RI�WZR�JURXSV�
5� ���������S����������IRU�WKH�ILUVW�SDUWLFL�

SDQW�JURXS��5� ����������S� �������IRU�WKH
VHFRQG�SDUWLFLSDQW�JURXS��57�WR�3��ILJXUHV
GLIIHUHG�VLJQLILFDQWO\�IURP�57�WR�RWKHU�VHWV
RI� ILJXUH� SDLUV� IRU� WKH� VHFRQG� SDUWLFLSDQW
JURXS�� 6WDWLVWLFDO� DQDO\VLV� LPSOLHV� WKDW� WKH
57� IRU� WKH� VHFRQG� SDUWLFLSDQW� JURXS� GRHV
QRW�GHSHQG�GLUHFWO\�RQ�WKH�ILJXUHV�VLPLODU�
LW\��6LJQLILFDQW�LQWHUDFWLRQ�EHWZHHQ�JHQGHU
DQG� SDUWLFLSDQW� JURXS� VKRZV� GLIIHUHQW� LQ�
IOXHQFH��RI��JHQGHU��RQ��WKH��57��LQ�WKH�ILUVW
DQG� WKH�VHFRQG�SDUWLFLSDQW�JURXSV��57�GLG
QRW� GLIIHU� VLJQLILFDQWO\� EHWZHHQ� ZRPHQ
����� PV�� DQG� PHQ� ����� PV�� LQ� WKH� ILUVW
JURXS�EXW�ZDV� ORQJHU� IRU�ZRPHQ� WKDQ� IRU
PHQ�������PV�YV������PV���W������� ��������
S���������LQ�WKH�VHFRQG�JURXS�
7KUHH�ZD\� $129$� RI� SHUFHQWDJH� RI

FRUUHFW� DQVZHUV� VKRZV� VLJQLILFDQW� PDLQ
HIIHFWV��RI��VLPLODULW\���)��������� ���������
S������������SDUWLFLSDQW�JURXS��)�������� 
������� S� �� ������� LQWHUDFWLRQ� RI� VLPLODULW\

678',$�36<&+2/2*,&$������������� ��

)LJXUH����5HVSRQVH�WLPH�DQG�SHUFHQW�FRUUHFW�RI�WKH�VDPH�GLIIHUHQW�GLVFULPLQDWLRQ�RI�WZR
JURXSV�RI�SDUWLFLSDQWV�DV�D�IXQFWLRQ�RI�VLPLODULW\�GHJUHH�RI�ILJXUH�SDLUV�SUHVHQWHG�VLPXOWD�
QHRXVO\��7KH�HUURU�EDUV�UHSUHVHQW���6(�
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DQG��SDUWLFLSDQW��JURXS��)��������� ��������
S����������DQG�LQWHUDFWLRQ�RI�WKUHH�IDFWRUV��
JHQGHU�� VLPLODULW\� DQG� SDUWLFLSDQW� JURXS
�)��������  � ������� S� �� ������� 6LJQLILFDQW
LQWHUDFWLRQ� RI� VLPLODULW\� DQG� SDUWLFLSDQW
JURXS�GRHV�QRW�LPSO\�GLIIHUHQW�LQIOXHQFH�RI
WKH� VLPLODULW\� RI� ILJXUHV� RQ� WKH� SHUIRUP�
DQFH� DFFXUDF\� RI� WZR� JURXSV� RI� SDUWLFL�
SDQWV��$V�FDQ�EH�VHHQ�LQ�)LJXUH����WKH�PRUH
WKH� ILJXUHV� ZHUH� VLPLODU�� WKH� ORZHU� WKH
SHUFHQWDJH� RI� FRUUHFW� UHVSRQVHV� ZDV� IRU
ERWK� JURXSV� RI� SDUWLFLSDQWV�� 7ZR� JURXSV
GLIIHUHG� RQO\� E\� WKH� WRWDO� SHUFHQWDJH� RI
FRUUHFW� UHVSRQVHV�� ������� IRU� WKH� ILUVW
JURXS�DQG��������IRU�WKH�VHFRQG�JURXS�RI
SDUWLFLSDQWV�� 7KLV� GLIIHUHQFH�� KRZHYHU�
VKRXOG� QRW� EH� WUHDWHG� DV� DQ� H[SHULPHQWDO
ILQGLQJ� EHFDXVH� LW� ZDV� GHWHUPLQHG� E\� DQ
LQGLYLGXDOO\� GHILQHG� H[SRVXUH� WLPH� RI
ILJXUHV��VHH�3URFHGXUH��
5HVSRQVH� WLPH� RI� VL[� SDUWLFLSDQWV� WKDW

SHUIRUPHG� WKUHH� H[SHULPHQWDO� VHVVLRQV
�)LJXUH� ��� ZDV� DQDO\]HG� E\� WZR�ZD\� �

�VLPLODULW\�� [� �� �SUDFWLFH�� $129$�� 6LJ�
QLILFDQW� � PDLQ� �HIIHFWV� �RI� � VLPLODULW\
�)�������  � �������� S� �� �������� DQG� SUDF�
WLFH� �)�������  � ������� S�  � ������� ZHUH
IRXQG�� � 0DLQ� �HIIHFW� �RI� �SUDFWLFH� � VKRZV
WKDW� UHVSRQVH� WLPH�ZDV� ORQJHU� LQ� WKH� ILUVW
H[SHULPHQWDO� VHVVLRQ� WKDQ� LQ� WKH� VHFRQG
DQG� WKLUG� VHVVLRQV�� ���� PV�� ���� PV�� DQG
����PV��UHVSHFWLYHO\��,QVLJQLILFDQW�LQWHUDF�
WLRQ�RI�ERWK�IDFWRUV�VKRZV�WKDW�GHSHQGHQFH
RI� UHVSRQVH� WLPH� RQ� WKH� VLPLODULW\� RI� ILJ�
XUHV� GRHV� QRW� FKDQJH� FRQVLGHUDEO\� GXULQJ
WKH� SUDFWLFH�� 7ZR�ZD\� $129$� RI� SHU�
IRUPDQFH� DFFXUDF\� UHYHDOHG� WKDW� RQO\� WKH
PDLQ�HIIHFW�RI�VLPLODULW\��)������� ��������
S� �� �������� � ZDV� �VLJQLILFDQW�� �$FFRUGLQJ
WR� �WKH� �FULWHULRQ� �UHIHUUHG� �WR� �HDUOLHU�� � E\
ZKLFK� WKH� SDUWLFLSDQWV� RI� WKH� ILUVW� SDUW� RI
H[SHULPHQW� ZHUH� FODVVLILHG� LQWR� WZR
JURXSV��ILYH�SDUWLFLSDQWV�RI�WKH�VHFRQG�SDUW
RI� H[SHULPHQW� FDQ� EH� DVVLJQHG� WR� WKH� ILVW
JURXS� DQG� RQH� SDUWLFLSDQW� WR� WKH� VHFRQG
JURXS��

�� 678',$�36<&+2/2*,&$�������������

)LJXUH����5HVSRQVH� WLPH�DQG�SHUFHQW�FRUUHFW�RI� WKH�VDPH�GLIIHUHQW�GLVFULPLQDWLRQ�DV�D
IXQFWLRQ�RI�SUDFWLFH�DQG�VLPLODULW\�GHJUHH�RI�ILJXUHV�SDLUV�SUHVHQWHG�VLPXOWDQHRXVO\��$Y�
HUDJHG� UHVXOWV� RI� VL[� SDUWLFLSDQWV� DUH� SUHVHQWHG� ZLWK� �� 6(� �6(� RI� SHUFHQW� FRUUHFW� DUH
VKRZQ�RQO\�IRU�WKH�ILUVW�VHVVLRQ��
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(;3(5,0(17��
0(7+2'6

6XEMHFWV
)RUW\�WKUHH� VWXGHQWV� ���� ZRPHQ� DQG� ��

PHQ��RI�9LOQLXV�8QLYHUVLW\�SDUWLFLSDWHG� LQ
WKH�H[SHULPHQW�DV�D�SDUW�RI�FRXUVH�UHTXLUH�
PHQWV�� (DFK� SDUWLFLSDQW� SHUIRUPHG� RQH
H[SHULPHQWDO� VHVVLRQ�� $OO� RI� WKHP� SDUWLFL�
SDWHG� IRU� WKH� ILUVW� WLPH� LQ� VXFK� D� NLQG� RI
H[SHULPHQW� DQG� KDG� QRUPDO� RU� FRUUHFWHG�
WR�QRUPDO�YLVLRQ�
6WLPXOL
7KH�VDPH�WHVW�ILJXUHV�DQG�WKH�VDPH�VHWV�RI

WHVW� ILJXUH� SDLUV�ZHUH� XVHG� LQ� WKLV� H[SHUL�
PHQW��ZKLFK�ZDV�FRQGXFWHG��ZLWK�WKH�6WLP�
VFRSH� ��� 5�� =RRQWMHQV�� ����������� SUR�
JUDP� LQ�:LQGRZV�HQYLURQPHQW��/RZ�FRQ�
WUDVW� ILJXUHV� ZHUH� JUD\� �OXPLQDQFH� YDOXH
ZDV� ���� LQ� D� PRQLWRU� OXPLQDQFH� VFDOH
�������ZKHUH���FRUUHVSRQGV�WR�D�EODFN�DQG
���� WR� D� ZKLWH� FRORU� RI� ���� FG�P��� RQ� D
ZKLWH�EDFNJURXQG��%DFNZDUG�PDVNLQJ�ZDV
QRW�XVHG�
3URFHGXUH
([SHULPHQWDO�FRQGLWLRQV�DQG� WKH� WDVN� IRU

WKH� SDUWLFLSDQWV� ZHUH� WKH� VDPH� DV� LQ� WKH
ILUVW� H[SHULPHQW�� H[FHSW� IRU� VWLPXOL� SK\VL�
FDO� IHDWXUHV� �DV� PHQWLRQHG� DERYH�� DQG
VWLPXOL� SUHVHQWDWLRQ� VHTXHQFH��7KH� VWLPXOL
VHTXHQFH� ZDV� WKH� IROORZLQJ�� D� IL[DWLRQ
SRLQW������PV���D�EODQN�LQWHUYDO������PV��
WKH��ILUVW��WHVW��ILJXUH�������PV����������PV��
DQ� LQWHUVWLPXOXV� � LQWHUYDO� ��,6,�� ������ �PV�
�����PV��RU������PV���DQG�WKH�VHFRQG�WHVW
ILJXUH�����PV�������PV���([SRVXUH�GXUDWLRQ
RI� WHVW� ILJXUHV� ZDV� GHILQHG� LQGLYLGXDOO\
GXULQJ� SUDFWLFH� VHVVLRQ� DV� LQ� WKH� ILUVW� H[�

SHULPHQW��7KH�,6,�EHWZHHQ�WZR�WHVW�ILJXUHV
ZDV�����PV�IRU�DOO�SDUWLFLSDQWV�LQ�WKH�SUDF�
WLFH� VHVVLRQ�� 3DUWLFLSDQW� KDG� WR� DQVZHU
ZKHWKHU�ERWK�ILJXUHV�ZHUH�LGHQWLFDO�RU�GLI�
IHUHQW�E\�SUHVVLQJ�HLWKHU�EXWWRQ�9�RU�EXWWRQ
1��7KH�QH[W�WULDO�EHJDQ�DIWHU�WKUHH�V��,I�WKH
SDUWLFLSDQW� GLG� QRW� DQVZHU� GXULQJ� WKUHH� V�
WKH� ZURQJ� DQVZHU� ZLWK� QR� UHVSRQVH� WLPH
ZDV�VFRUHG��6XFK�FDVHV�DPRXQWHG��������
RI� DOO� WULDOV� DQG� WKH\�ZHUH� H[FOXGHG� IURP
VWDWLVWLFDO� DQDO\VLV�� ,Q� RQH� H[SHULPHQWDO
VHVVLRQ������SDLUV�RI� WHVW� ILJXUHV� ����SDLUV
RI�3��VHW�����SDLUV�RI�3��VHW��DQG����SDLUV
RI�3���3���DQG�3��VHWV��ZHUH�SUHVHQWHG�LQ�D
PL[HG� UDQGRP�RUGHU��7KH�SUDFWLFH� VHVVLRQ
DQG� WKH� H[SHULPHQWDO� VHVVLRQ� ODVWHG� DERXW
��� PLQ�� %HFDXVH� RI� OLPLWHG� WLPH�� HDFK
SDUWLFLSDQW�SHUIRUPHG�H[SHULPHQWDO�VHVVLRQ
ZLWK�RQH�RI�WKUHH�,6,�YDOXHV�

5(68/76
'DWD� RI� HDFK� SDUWLFLSDQW� ZHUH� DQDO\]HG

VHSDUDWHO\� WU\LQJ� WR� FODVVLI\� SDUWLFLSDQWV
LQWR� WZR� JURXSV�� &ODVVLILFDWLRQ� FULWHULRQ
ZDV� WKH� VDPH� DV� LQ� WKH� ILUVW� H[SHULPHQW�
7ZHQW\�HLJKW�SDUWLFLSDQWV�PDGH�XS�WKH�ILUVW
JURXS�� ZKLFK� ZDV� FKDUDFWHUL]HG� E\� WKH
GLUHFW� GHSHQGHQFH� RI� UHVSRQVH� WLPH� RQ
ILJXUHV� VLPLODULW\�� DQG� ��� SDUWLFLSDQWV�
ZKRVH� DYHUDJHG� UHVSRQVH� WLPH� GLG� QRW
GHSHQG� RQ� ILJXUHV� VLPLODULW\�� IRUPHG� WKH
VHFRQG� JURXS� �)LJXUH� ���� 7R� YDOLGDWH� GLV�
WLQFWLYH� SHUIRUPDQFH� SDWWHUQV� IRU� WKH� WZR
JURXSV� RI� SDUWLFLSDQWV�� WKUHH�ZD\� ��� VLPL�
ODULW\� GHJUHHV� [� �� SDUWLFLSDQW� JURXSV� [� �
SDUWLFLSDQW� JHQGHU�� $129$� DQG� OLQHDU
UHJUHVVLRQ� DQDO\VLV� RI� UHVSRQVH� WLPH� WR
GLIIHUHQW�ILJXUHV�ZHUH�SHUIRUPHG��$129$
UHYHDOHG�D� VLJQLILFDQW�PDLQ�HIIHFW�RI� VLPL�
ODULW\��)�������� ���������S�����������DQG
VLJQLILFDQW� LQWHUDFWLRQ� RI� VLPLODULW\� DQG
SDUWLFLSDQW� JURXS� �)��������  � ������� S� �
��������� 5HJUHVVLRQ� DQDO\VLV� FRQILUPHG
GLVWLQFWLRQ� EHWZHHQ� WZR� JURXSV�� 5�  

678',$�36<&+2/2*,&$������������� ��



��������S���������� IRU� WKH� ILUVW�JURXS�DQG
5� ���������S� �������IRU�WKH�VHFRQG�JURXS
RI�SDUWLFLSDQWV��)RU� WKH�SDUWLFLSDQWV�RI� WKH
VHFRQG� JURXS�� 57� WR� ILJXUH� SDLUV� RI� WKH
GLIIHUHQW� VHWV� GLG� QRW� GLIIHU� VLJQLILFDQWO\�
DFFRUGLQJ� WR� 1HZPDQ�.HXOV� WHVW�� 7KHVH
UHVXOWV� OHDG� WR� WKH� FRQFOXVLRQ� WKDW� WKH
VDPH�GLIIHUHQW� GLVFULPLQDWLRQ� WLPH� RI� WZR
VXFFHVVLYHO\� SUHVHQWHG� ILJXUHV� GLUHFWO\
GHSHQGV� RQ� WKHLU� VLPLODULW\� IRU� WKH� ILUVW
JURXS�DQG�GRHV�QRW�GHSHQG�IRU�WKH�VHFRQG
JURXS� RI� SDUWLFLSDQWV�� *HQGHU� IDFWRU� ZDV
QRW� VLJQLILFDQW��PHDQ�57�ZDV� ����PV� IRU
ZRPHQ�DQG�����PV�IRU�PHQ�
7KUHH�ZD\�$129$����VLPLODULW\�GHJUHHV

[���SDUWLFLSDQW�JURXSV�[���SDUWLFLSDQW�JHQ�
GHU�� RI� DFFXUDF\� GDWD� KLJKOLJKWHG� VLJQLIL�
FDQW�PDLQ�HIIHFWV�RI�VLPLODULW\��)�������� 
���������S�����������DQG�SDUWLFLSDQW�JURXS
�)��������  � �������� S� �� ��������� 0HDQ
SHUFHQWDJH� RI� FRUUHFW� UHVSRQVHV� ZDV
������� RI� WKH� ILUVW� JURXS� DQG� ������� RI
WKH� VHFRQG� JURXS� RI� SDUWLFLSDQWV�� %RWK
JURXSV� RI� SDUWLFLSDQWV� VKRZHG� WKH� VDPH

GLUHFW� GHSHQGHQFH� RI� SHUIRUPDQFH� DFFXUD�
F\�RQ�WKH�VLPLODULW\�RI�ILJXUHV�
7KH� GHSHQGHQFH� RI� UHVSRQVH� WLPH� DQG

DFFXUDF\� RQ� DQ� LQWHUVWLPXOXV� LQWHUYDO� DQG
WKH� VLPLODULW\� RI� WZR� VXFFHVVLYHO\� SUHV�
HQWHG� ILJXUHV� DUH� GHSLFWHG� LQ� )LJXUH� ��
7ZR�ZD\� $129$� ��� LQWHUVWLPXOXV� LQWHU�
YDOV�[���VLPLODULW\�GHJUHHV��RI�57�UHYHDOHG
VLJQLILFDQW� PDLQ� HIIHFWV� RI� VLPLODULW\
�)�������� ���������S�����������DQG�LQWHU�
VWLPXOXV� LQWHUYDO� �)��������  � �������� S� �
��������WKDW�LQGLFDWH�VKRUWHU�57�LQ�WKH�FDVH
RI� ���� PV� WKDQ� LQ� WKH� FDVHV� RI� ����� PV
�����PV�YV������PV��S����������DFFRUGLQJ
WR�1HZPDQ�.HXOV�WHVW��DQG������PV�LQWHU�
YDOV������PV�YV������PV��S������������57
GLG�QRW�GLIIHU�VLJQLILFDQWO\�IRU�WKH������PV
DQG������PV�LQWHUVWLPXOXV�LQWHUYDOV��,QVLJ�
QLILFDQW� LQWHUDFWLRQ� RI� LQWHUVWLPXOXV� LQWHU�
YDO� DQG� VLPLODULW\� IDFWRUV� LQGLFDWH� WKDW
GLUHFW�57�GHSHQGHQFH�RQ� WKH� VLPLODULW\�RI
ILJXUHV� GR� QRW� FKDQJH� VLJQLILFDQWO\� ZKHQ
WKH� WLPH� LQWHUYDO�EHWZHHQ� WKH� ILUVW�DQG� WKH
VHFRQG�WHVW�ILJXUHV�JHWV�ORQJHU�

�� 678',$�36<&+2/2*,&$�������������

)LJXUH����5HVSRQVH�WLPH�DQG�SHUFHQW�FRUUHFW�RI�WKH�VDPH�GLIIHUHQW�GLVFULPLQDWLRQ�RI�WZR
JURXSV�RI�SDUWLFLSDQWV�DV�D�IXQFWLRQ�RI�VLPLODULW\�GHJUHH�RI�WZR�ILJXUHV�SUHVHQWHG�VXFFHV�
VLYHO\��7KH�HUURU�EDUV�UHSUHVHQW���6(�

  
 
 

���

���

���

���

���

���

3 � 3 � 3� 3� 3�

5H
VS

RQ
VH

�WLP
H�

�P
V�

�V W�JURXS�RI�SDUWLF LSDQWV
�QG�JURXS�R I�SD UWLFLSDQ WV

��

��

��

��

���

3� 3� 3� 3� 3�
6LPL ODUL W\�GHJUHH

3H
UFH

QW�
FR

UUH
FW



7ZR�ZD\�$129$� ��� VLPLODULW\� GHJUHHV
[� �� LQWHUVWLPXOXV� LQWHUYDOV�� RI� DFFXUDF\
GDWD� UHYHDOHG� VLJQLILFDQW� PDLQ� HIIHFWV� RI
VLPLODULW\��)�������� ���������S����������
DQG� LQWHUVWLPXOXV� LQWHUYDO� �)��������  
������� S� �� �������� 3DUWLFLSDQWV� GLVFULPL�
QDWHG� ILJXUHV�PRUH� DFFXUDWHO\�ZKHQ� LQWHU�
VWLPXOXV��LQWHUYDO��ZDV�������PV��WKDQ�ZKHQ
LW���ZDV��������PV������������YV����������
S�  � ������� RU� ����� PV� �������� YV�
��������S� ���������,QWHUDFWLRQ�RI�VLPLODU�
LW\� DQG� LQWHUVWLPXOXV� LQWHUYDO�ZDV�QRW� VLJ�
QLILFDQW� �S�  � �������� DQG� WKLV� FDQ� EH
LQWHUSUHWHG�DV�LI�WKH�LQIOXHQFH�RI�VLPLODULW\
RI� ILJXUHV� RQ� WKH� VDPH�GLIIHUHQW� GLVFULPL�
QDWLRQ� DFFXUDF\� GRHV� QRW� GHSHQG� RQ� WKH
GXUDWLRQ�RI�WLPH�LQWHUYDO�EHWZHHQ�ILJXUHV�

',6&866,21
$V� PHQWLRQHG� LQ� WKH� LQWURGXFWLRQ�� /�$�

&RRSHU� ������� IRXQG� WKDW� SDUWLFLSDQWV� LQ

WKH� VDPH�GLIIHUHQW� GLVFULPLQDWLRQ� WDVN� DUH
GLYLGHG� E\� WKH� WDVN� SHUIRUPDQFH� LQWR� WZR
JURXSV�� WHUPHG� KROLVWLF� DQG� DQDO\WLF� SDU�
WLFLSDQWV�� 7KH� PHWKRG� RI� RXU� ILUVW� H[SHUL�
PHQW�GLIIHUHG�IURP�/�$��&RRSHU
V�LQ�D�IHZ
LPSRUWDQW�DVSHFWV��ERWK� ILJXUHV�ZHUH�SUHV�
HQWHG� VLPXOWDQHRXVO\� DQG� YHU\� EULHIO\
�������� PV�� XQGHU� EDFNZDUG� PDVNLQJ
FRQGLWLRQV�� ,Q� /�$�� &RRSHU
V� H[SHULPHQW�
WKH� ILUVW� ILJXUH� ZDV� SUHVHQWHG� IRU� WKUHH� V�
DQG� WKH� VHFRQG� ILJXUH�XQWLO� WKH�SDUWLFLSDQW
SUHVVHG� D� UHVSRQVH� EXWWRQ� ��������� PV��
$QDO\]LQJ� RXU� H[SHULPHQWDO� GDWD� ZH� DOVR
FODVVLILHG�RXU�SDUWLFLSDQWV�LQWR�WZR�JURXSV�
7KH�ILUVW�JURXS�VKRZHG�D�VLPLODU�SDWWHUQ�RI
SHUIRUPDQFH�DV�GLG�/�$��&RRSHU
V�DQDO\WLF
SDUWLFLSDQWV�� ,Q� FRQWUDVW� WR� WKH� KROLVWLF
JURXS� LQ�/�$��&RRSHU
V� VWXG\�� WKH� VHFRQG
JURXS� RI� SDUWLFLSDQWV� LQ� RXU� ILUVW� H[SHUL�
PHQW�QRW�RQO\�GLG�QRW�GLIIHU�IURP�WKH�ILUVW
JURXS� E\� DYHUDJHG� UHVSRQVH� WLPH� EXW� WKH
VLPLODULW\� HIIHFW� ZDV� VLJQLILFDQW� IRU� WKLV
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)LJXUH����5HVSRQVH� WLPH�DQG�SHUFHQW�FRUUHFW�RI� WKH�VDPH�GLIIHUHQW�GLVFULPLQDWLRQ�DV�D
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JURXS�DV�ZHOO��,QVSHFWLQJ�)LJXUH����ZH�FDQ
QRWLFH� DQ� HVVHQWLDO� GLIIHUHQFH� EHWZHHQ� WKH
WZR� JURXSV� RI� SDUWLFLSDQWV� �� WKH� UHVSRQVH
WLPH�WR�3��ILJXUHV�LV�VKRUWHU�WKDQ�WKDW�WR�3�
ILJXUHV�IRU�WKH�VHFRQG�JURXS��LQ�FRQWUDVW�WR
WKH� ILUVW� JURXS� RI� SDUWLFLSDQWV�� 3HUFHQWDJH
RI� FRUUHFW� UHVSRQVHV� WR� 3�� ILJXUHV� ZDV
VLJQLILFDQWO\� EHORZ� FKDQFH� SHUIRUPDQFH
�������� VWDQGDUG� HUURU� ������� S� � ������
IRU� WKH� VHFRQG�JURXS�RI�SDUWLFLSDQWV�� LQGL�
FDWLQJ� WKDW� WKH� PRVW� VLPLODU� ILJXUHV� �3��
DSSHDUHG�DV�LGHQWLFDO�IRU�WKHVH�SDUWLFLSDQWV�
,Q�VXFK�D�VLWXDWLRQ��WKH�UHVSRQVH�WLPH�WR�3�
ILJXUHV� FDQ�EH� VKRUWHU� WKDQ� WKDW� WR�3�� ILJ�
XUHV� EHFDXVH� D� SDUWLFLSDQW� GLG� QRW� GLVWLQ�
JXLVK�3�� IURP�3�� ILJXUHV�DQG�PDGH�D� IDVW
EXW� ZURQJ� GHFLVLRQ� WKDW� WKH� PRVW� VLPLODU
ILJXUHV�DUH�LGHQWLFDO��7KH�VKRUWHU�57�WR�3�
DQG� � 3�� �ILJXUHV� �IRU� �WKH� �VHFRQG� � JURXS
WKDQ� IRU� WKH� ILUVW� JURXS� RI� SDUWLFLSDQWV
ZKRVH� UHVSRQVHV� WR� 3�� ILJXUHV� ZHUH� DW
FKDQFH�SHUIRUPDQFH���������VWDQGDUG�HUURU
�������S� ��������FDQ�EH�H[SODLQHG�E\�WKH
VDPH�UHDVRQ��5HVSRQVH�WLPH�WR�3���3��DQG
3�� ILJXUH� VHWV� VKRZV� D� VLPLODU� GRZQWUHQG
IRU�ERWK�SDUWLFLSDQW�JURXSV��&RQVHTXHQWO\�
ZH� SUHVXPH� WKDW� WKH� GLIIHUHQW� SDWWHUQ� RI
SHUIRUPDQFH� RI� WZR� SDUWLFLSDQW� JURXSV� LQ
WKH� ILUVW� H[SHULPHQW� ZDV� GHWHUPLQHG� E\
GLIIHUHQW�VHQVLWLYLW\�RI�SDUWLFLSDQWV�WR�VPDOO
GHYLDWLRQV�IURP�WKH� LGHQWLW\�RI�ILJXUHV�EXW
QRW� E\� WKH� GLIIHUHQW� WDVN� SHUIRUPDQFH
VWUDWHJLHV��DQDO\WLF�RU�KROLVWLF�
,I� WKH�SDUWLFLSDQWV� LQ� WKH�ILUVW�H[SHULPHQW

FDQQRW� EH� FOHDUO\� FODVVLILHG� LQWR� WZR
JURXSV� E\� VWUDWHJLHV� RI� WDVN� SHUIRUPDQFH�
WKH� TXHVWLRQ� DULVHV� DV� WR� ZKHWKHU� LW� LV
FRQGLWLRQHG� E\� D� SURFHGXUH� RI� VLPXOWD�
QHRXV� VWLPXOL� SUHVHQWDWLRQ"� 7KH� VHFRQG
H[SHULPHQW� ZDV� FRQGXFWHG� WR� DQVZHU� WKLV
TXHVWLRQ�� 6WLPXOL� ZHUH� SUHVHQWHG� VXFFHV�
VLYHO\� ZLWKRXW� PDVNLQJ�� DV� LQ� /�$�� &RR�
SHU
V� H[SHULPHQW�� WKRXJK� VWLPXOL� LQ� KLV
VWXG\�ZHUH�PRUH�FRPSOH[�DQG� WKHLU�H[SR�
VXUH� WLPH� ZDV� FRQVLGHUDEO\� ORQJHU�� 7ZR

SDUWLFLSDQW� JURXSV� ZHUH� GLVWLQJXLVKHG� DS�
SO\LQJ� WKH� VDPH� FULWHULRQ� DV� LQ� WKH� ILUVW
H[SHULPHQW�� 3DUWLFLSDQWV� RI� WKH� ILUVW� JURXS
VKRZHG� GLUHFW� GHSHQGHQFH� RI� WKH� VDPH�
GLIIHUHQW� GLVFULPLQDWLRQ� WLPH� RQ� WKH� VLPL�
ODULW\�RI� ILJXUHV��DV�GLG�SDUWLFLSDQWV�RI� WKH
ILUVW� JURXS� LQ� WKH� ILUVW� H[SHULPHQW� DQG� DV
DQDO\WLFV� LQ� /�$�� &RRSHU
V� VWXG\�� 1R� GH�
SHQGHQFH�RI�UHVSRQVH�WLPH�RQ�VLPLODULW\�RI
ILJXUHV� ZDV� IRXQG� IRU� SDUWLFLSDQWV� RI� WKH
VHFRQG� JURXS� MXVW� DV� IRU� SDUWLFLSDQWV�ZKR
XVHG�WKH�KROLVWLF�VWUDWHJ\�LQ�/�$��&RRSHU
V
VWXG\�� DQG� WKLV� SDWWHUQ� RI� SHUIRUPDQFH
GLVWLQJXLVKHV� WKHP� IURP� WKRVH� RI� WKH� VH�
FRQG� JURXS� RI� WKH� ILUVW� H[SHULPHQW�� ,W
VKRXOG�EH�QRWHG� WKDW� WKH�DYHUDJH� UHVSRQVH
WLPH�GLG�QRW�GLIIHU�VLJQLILFDQWO\�IRU�WKH�WZR
JURXSV� RI� SDUWLFLSDQWV� LQ� RXU� UHVHDUFK
ZKLOH�LQ�&RRSHU
V�VWXG\�WKH�UHVSRQVH�WLPH
RI�KROLVWLFV�ZDV����� WLPH� VKRUWHU� WKDQ� WKDW
RI� DQDO\WLFV�� $V� WKH� VDPH� ILJXUHV� DQG� WKH
VDPH�WDVN�EXW�GLIIHUHQW�SURFHGXUH�RI�VWLPX�
OL� SUHVHQWDWLRQ� ZHUH� XVHG� LQ� WKH� ILUVW� DQG
WKH� VHFRQG� H[SHULPHQWV�� ZH� VXSSRVH� WKDW
WKH� TXDOLWDWLYH� GLIIHUHQFH� LQ� WKH� VDPH�
GLIIHUHQW� GLVFULPLQDWLRQ� WDVN� SHUIRUPDQFH
LQ�WKH�VHFRQG�H[SHULPHQW�LV�GHWHUPLQHG�E\
WKH�VXFFHVVLYH�SURFHGXUH�RI�VWLPXOL�SUHVHQ�
WDWLRQ�� ,Q�D� VXFK�VLWXDWLRQ�� WKH�SDUWLFLSDQWV
WKDW�VKRZ�QR�HIIHFW�RI�ILJXUHV�VLPLODULW\�RQ
UHVSRQVH� WLPH� FRXOG� FRPSDUH� D� VHFRQG
ILJXUH�ZLWK�D�PHPRU\�UHSUHVHQWDWLRQ�RI�WKH
ILUVW� ILJXUH� LQ� D� KROLVWLF�� SDUDOOHO� IDVKLRQ
VHHNLQJ� WR� YHULI\� WKDW� WZR� ILJXUHV� DUH� WKH
VDPH�� 6XFK� D� FRPSDULVRQ� VWUDWHJ\� ZRXOG
QRW�LQYROYH�D�VHDUFK�IRU�YLVXDO�IHDWXUHV�WKDW
GLVWLQJXLVK� ERWK� ILJXUHV�� 6XEMHFWV� ZKRVH
UHVSRQVH� WLPH� GHFUHDVHV� ZKHQ� VLPLODULW\
EHWZHHQ�WZR�ILJXUHV�GHFUHDVHV�FRXOG�FRP�
SDUH�D�VHFRQG�ILJXUH�DQG�D�PHPRU\�UHSUH�
VHQWDWLRQ�RI� WKH� ILUVW� ILJXUH� LQ�DQ�DQDO\WLF�
VHOI�WHUPLQDWLQJ�IDVKLRQ���WKH�PRUH�QXPHU�
RXV�WKH�IHDWXUHV�GLVWLQJXLVKLQJ�WZR�ILJXUHV�
WKH� HDUOLHU� D� GLIIHUHQFH�ZLOO� EH� IRXQG� DQG
WKH�VKRUWHU�ZLOO�EH�WKH�UHVSRQVH�WLPH�
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7KH� UHVXOWV� RI� ERWK� RXU� H[SHULPHQWV� FDQ
DOVR� VXSSRUW� &RRSHU
V� K\SRWKHVLV� WKDW
GLIIHUHQW� VWUDWHJLHV� RI� WDVN� SHUIRUPDQFH
FRXOG�EH�GHWHUPLQHG�E\�GLIIHUHQW�HQFRGLQJ
DQG� UHSUHVHQWLQJ� RI� VWLPXOL� LQ� PHPRU\�
6XEMHFWV�VKRXOG�QRW�GLIIHU�LQ�WDVN�SHUIRUP�
DQFH� VWUDWHJLHV� LQ� D� FDVH� RI� VLPXOWDQHRXV
SUHVHQWDWLRQ�RI�ILJXUHV�EHFDXVH�VXFK�VKRUW�
WHUP�PHPRU\�GRHV�QRW�SDUWLFLSDWH�GLUHFWO\
LQ�WKH�WDVN�SHUIRUPDQFH�
,W�ZDV�VXJJHVWHG��H�J���.LQJ�HW�DO���������

WKDW� ZKHQ� VWLPXOXV� DUH� SUHVHQWHG� VXFFHV�
VLYHO\�� WKH� WLPH� LQWHUYDO� EHWZHHQ� WKH� ILUVW
DQG�WKH�VHFRQG�VWLPXOL�LV�LPSRUWDQW�WR�VLPL�
ODULW\� HYDOXDWLRQ� �� WKH� ORQJHU� WKLV� LQWHUYDO
LV�� WKH� PRUH� VLPLODU� VWLPXOL� DSSHDU�� 2XU
UHVHDUFK� VXSSRUWV� '�/�� .LQJ� HW� DO�
V� ILQG�
LQJV�� ,Q� WKH� VHFRQG� H[SHULPHQW�� ZKHQ� WKH
WLPH� LQWHUYDO� EHWZHHQ� WZR� VXFFHVVLYHO\
SUHVHQWHG�ILJXUHV�LQFUHDVHG�IURP�����PV�WR
�����PV�RU������PV��SHUFHQWDJH�RI�HUURUV
DQG� UHVSRQVH� WLPH� LQFUHDVHG� DV� ZHOO�� 7KH
QXPEHU�RI�HUURUV�LQFUHDVHG�RQO\�IRU�GLIIHU�
HQW�ILJXUHV��DV�ZDV�WKH�FDVH�LQ�'�/��.LQJ�HW
DO�
V�H[SHULPHQW��WKRXJK�WKH�UHVSRQVH�WLPH
JRW� ORQJHU� QRW� RQO\� IRU� GLIIHUHQW�� EXW� DOVR
IRU�LGHQWLFDO�ILJXUHV��&RQWUDU\�WR�'�/��.LQJ
HW� DO�
V� GDWD�� WKH� LQWHUVWLPXOXV� LQWHUYDO� GLG
QRW�LQIOXHQFH�WKH�VWUHQJWK�RI�GHSHQGHQFH�RI
UHVSRQVH� WLPH�DQG�DFFXUDF\�RQ� WKH�GHJUHH
RI�ILJXUHV�VLPLODULW\�
$QRWKHU� ILQGLQJ� LQ� RXU� UHVHDUFK�ZDV� WKH

UHODWLYH�DGYDQWDJH�RI� WKH� UHVSRQVH� WLPH�RI
LGHQWLFDO� RYHU� GLIIHUHQW� ILJXUHV�ZKHQ� WKH\
ZHUH� SUHVHQWHG� VXFFHVVLYHO\�� ���� PV� YV�
����PV�LQ�WKH�FDVH�RI�VXFFHVVLYH�SUHVHQWD�
WLRQ�DQG�����PV�YV������PV��S� ��������LQ
WKH�FDVH�RI�VLPXOWDQHRXV�SUHVHQWDWLRQ��7KLV
UHVXOW� VXSSRUWV� 3�(�� 'RZQLQJ
V� ������
VXJJHVWLRQ�WKDW�LQIRUPDWLRQ�VWRUHG�LQ�VKRUW�
WHUP�PHPRU\� LQGXFHV� WKH� H[SHFWDWLRQ� WKDW
WKH�VHFRQG�VWLPXOXV�ZLOO�EH�WKH�VDPH�DV�WKH
ILUVW� RQH�� 7KHUHIRUH�� D� VXEMHFW� UHVSRQGV
UHODWLYHO\�IDVWHU� WR� LGHQWLFDO� WKDQ� WR�GLIIHU�
HQW�VWLPXOL�ZKHQ�WKH\�DUH�SUHVHQWHG�VXFFHV�

VLYHO\� DV� FRPSDUHG� WR� WKH� FDVH�ZKHQ� WKH\
DUH�SUHVHQWHG�VLPXOWDQHRXVO\�
'LIIHUHQW� LQIOXHQFH� RI� WKH� JHQGHU� IDFWRU

ZDV� IRXQG� LQ� WKH� ILUVW� DQG� WKH� VHFRQG� H[�
SHULPHQWV�� 7KH� UHVSRQVH� WLPH� ZDV� ORQJHU
IRU� ZRPHQ� WKDQ� IRU� PHQ� LQ� WKH� FDVH� RI
VLPXOWDQHRXV�SUHVHQWDWLRQ�RI� VWLPXOL�EXW� LW
GLG� QRW� GLIIHU� LQ� WKH� FDVH� RI� VXFFHVVLYH
SUHVHQWDWLRQ� RI� VWLPXOL�� :H� VXSSRVH� WKDW
VXFK� GLIIHUHQFH� FRXOG� EH� GHWHUPLQHG� E\
GLIIHUHQW� UHTXLUHPHQWV� RQ� VSDWLDO� LQIRUPD�
WLRQ�SURFHVVLQJ�LQ�ERWK�FDVHV��,W� LV�NQRZQ�
WKDW� PHQ� SHUIRUP� YDULRXV� VSDWLDO� SHUFHS�
WLRQ� WDVNV� IDVWHU� WKDQ�ZRPHQ�GR� �VHH� H�J��
0F*HH�� ������ +DOSHUQ�� ������� ,Q� FDVH� RI
VLPXOWDQHRXV� SUHVHQWDWLRQ�� ZKHQ� WKH� ILJ�
XUHV�ZHUH� ORFDWHG�DW�GLIIHUHQW�VSDWLDO�SRVL�
WLRQV�� WKH� VDPH�GLIIHUHQW� GLVFULPLQDWLRQ
WDVN� VKRXOG� UHTXLUH� WKHLU� VSDWLDO� FRPSDUL�
VRQ�� ,Q� FDVH� RI� VXFFHVVLYH� SUHVHQWDWLRQ�
ZKHQ� ERWK� ILJXUHV� ZHUH� SUHVHQWHG� DW� WKH
VDPH� VSDWLDO� SRVLWLRQ�� VDPH�GLIIHUHQW� GLV�
FULPLQDWLRQ� QHHG� QRW� LQYROYH� VSDWLDO� FRP�
SDULVRQ�
5HFHLYHG�-DQXDU\���������

5()(5(1&(6
&223(5�� /�$��� ������ 6WUDWHJLHV� IRU� YLVXDO� FRP�

SDULVRQ� DQG� UHSUHVHQWDWLRQ�� ,QGLYLGXDO� GLIIHUHQFHV�
,Q��5�-��6WHUQEHUJ��(G����$GYDQFHV�LQ�WKH�3V\FKRORJ\
RI� +XPDQ� ,QWHOOLJHQFH�� 9RO�� ��� +LOOVGDOH�� 1-�� (UO�
EDXP���������
'$,��+���*5((1��'�0��� ������$XGLWRU\� LQWHQVLW\

SHUFHSWLRQ�� 6XFFHVVLYH� YHUVXV� VLPXOWDQHRXV�� DFURVV�
FKDQQHO�GLVFULPLQDWLRQV��7KH�-RXUQDO�RI�WKH�$FRXVWL�
FDO�6RFLHW\�RI�$PHULFD����������������
'2:1,1*��3�(���������,QWHUDFWLRQV�EHWZHHQ�YLVX�

DO�ZRUNLQJ�PHPRU\�DQG�VHOHFWLYH�DWWHQWLRQ��3V\FKR�
ORJLFDO�6FLHQFH��������������
*85©,1,(1(��2��� l2/,81$6��$��� ������'YLHMX

YLHQX�PHWX�SDWHLNWX� ILJXUX�SDQD{XPR� LWDND� MX�VXYR�
NLPXL��3VLFKRORJLMD������������
+$/3(51��'�)��� ������ 6H[� GLIIHUHQFHV� LQ� FRJQL�

WLYH�DELOLWLHV��+LOVGDOH��1-��(UOEDXP�
+((/(<�� '�:��� %8&+$1$1�60,7+� +�0��

������2ULHQWDWLRQ�DFXLW\�HVWLPDWHG�ZLWK�VLPXOWDQHRXV
DQG�VXFFHVVLYH�SURFHGXUHV��6SDWLDO�9LVLRQ����������
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.,1*��'���������$�EULHI�GHOD\�GHFUHDVHV�SHUFHLYHG
VLPLODULW\� DQG� LPSURYHV� GLVFULPLQDWLRQ��7KH� -RXUQDO
RI�*HQHUDO�3V\FKRORJ\���������������
.,1*�� '�/��� -21(6�� )�/��� 3($5/0$1�� 5�&��

7,6+0$1�� $��� )(/,;�� &�$��� ������ 7KH� OHQJWK� RI
WKH� UHWHQWLRQ� LQWHUYDO�� IRUJHWWLQJ�� DQG� VXEMHFWLYH
VLPLODULW\��7KH�-RXUQDO�RI�([SHULPHQWDO�3V\FKRORJ\�
/HDUQLQJ��0HPRU\��DQG�&RJQLWLRQ��������������
/$&+0$11�� 7��� 9$1� /((8:(1�� &��� �����

0HPRU\�JXLGHG� ,QIHUHQFH� LQ� 6DPH�'LIIHUHQW� &RP�
SDULVRQ�7DVNV�� ,Q��&��.DHUQEDFK��(��6FKURHJHU��+�-�
0ÝOOHU� �(GV���� 3V\FKRSK\VLFV� EH\RQG� 6HQVDWLRQ�
+LOOVGDOH��1-��(UOEDXP����������
/$56(1�� $��� 0&,/+$**$�� :��� %81'(6(1�

&��� ������ 9LVXDO� SDWWHUQ� PDWFKLQJ�� (IIHFWV� RI� VL]H
UDWLR��FRPSOH[LW\��DQG�VLPLODULW\�LQ�VLPXOWDQHRXV�DQG

VXFFHVVLYH� PDWFKLQJ�� 3V\FKRORJLFDO� 5HVHDUFK�� ���
��������
0&*((�� 0�*��� ������ +XPDQ� VSDWLDO� DELOLWLHV�

3V\FKRPHWULF� VWXGLHV� DQG� HQYLURQPHQWDO�� JHQHWLF�
KRUPRQDO�� DQG� QHXURORJLFDO� LQIOXHQFHV�� 3V\FKRORJL�
FDO�%XOOHWLQ��������������
3261(5�� 0�,��� ������ &KURQRPHWULF� H[SORUDWLRQV

RI�PLQG��+LOOVGDOH��1-��(UOEDXP�
3261(5��0�,���0,7&+(//��5�)��� ������&KURQR�

PHWULF� DQDO\VLV� RI� FODVVLILFDWLRQ�� 3V\FKRORJLFDO� 5H�
YLHZ��������������
67(51%(5*��6���������+RZ�ZH�FRPSDUH�REMHFWV�

,Q�� '�� 6FDUERURXJK�� 6�� 6WHUQEHUJ� �(GV���� 0HWKRGV�
0RGHOV�DQG�&RQFHSWXDO�,VVXHV��$Q�LQYLWDWLRQ�WR�&RJ�
QLWLYH� 3V\FKRORJ\� ,9�� &DPEULGJH�� 0,7� 3UHVV�
��������
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6ÛKUQ��=LVWLOR�VD���H�Y�ÛORKH�URYQDNÞ�UR]GLHOQ\��W��M��NHÐ�WUHED�RGSRYHGD~��ÉL�QLHNR�NR�SUH]HQWR�
YDQÞFK�SRGQHWRY�MH�URYQDNÞFK�DOHER�UR]GLHOQ\FK��MHGQRWOLYFL�SRX�ÎYDMÛ�GYH�VWUDWÊJLH�SRURYQÂYD�
QLD�SRGQHWRY���KROLVWLFNÛ�DOHER�DQDO\WLFNÛ��3RNÛVLOL�VPH�VD�]LVWL~��ÉL�WDNÊWR�LQGLYLGXÂOQH�UR]GLHO\
PÕ�X�]ÂYLVLH~�RG�VSÕVREX�SUH]HQWÂFLH�SRGQHWRY��VXNFHVÎYQH�DOHER�VLPXOWÂQQH���8VNXWRÉQLOL�VPH
SV\FKRI\]LFNÊ� H[SHULPHQW\� V� ÛORKRX� URYQDNÞ�UR]GLHOQ\�� Y� NWRUÞFK� VD� VLPXOWÂQQH� DOHER� VXN�
FHVÎYQH�SUH]HQWRYDOL�Y�SÂURFK�REUD]FH��QHSUDYLGHOQÊ�PQRKRXKROQÎN\�V�UÕ]Q\P�VWXSÓRP�SRGRE�
QRVWL�� 9� SUÎSDGH� VXNFHVÎYQHM� SUH]HQWÂFLH� REUD]FRY� VD� MHGQRWOLYFL� UR]GHOLOL� GR� GYRFK� VNXSÎQ�� X
YÅÉ{LQ\�MHGQRWOLYFRY�UR]OL{RYDQLH�URYQDNÞ�UR]GLHOQ\�LQYHU]QH�VÛYLVHOR�VR�VWXSÓRP�SRGREQRVWL��
ÉÎP�EROL�REUD]FH�SRGREQHM{LH��WÞP�EROL�RGSRYHGH�QHSUHVQHM{LH�D�GOK{LH�WUYDOL��X�RVWDWQÞFK�MHGQRW�
OLYFRY� UR]OL{RYDQLH� URYQDNÞ�UR]GLHOQ\� QH]ÂYLVHOR� RG� SRGREQRVWL� REUD]FRY�� 9� SUÎSDGH� VL�
PXOWÂQQHM�SUH]HQWÂFLH�VD�YÞNRQ�MHGQRWOLYFRY�YÕEHF�QHOÎ{LO�Y�]ÂYLVORVWL�RG�W\SX�ÛORK\�


