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3��6KDUDQ\D���.��'��-RKQ�0DUWLQ���
3�9�7UHVDPRO���6\DP�.�9HQXJRSDO��DQG�
&�%��'HYDQDQG�
'HSDUWPHQW�RI�9HWHULQDU\�6XUJHU\�DQG�5DGLRORJ\
&ROOHJH�RI�9HWHULQDU\�DQG�$QLPDO�6FLHQFHV
0DQQXWK\���������7KULVVXU��.HUDOD5HFHLYHG�����������

$FFHSWHG�����������

$EVWUDFW
7KH�HDU�GLVFKDUJHV�IURP����GRJV�ZLWK�

FKURQLF�RWLWLV�H[WHUQD�ZDV�HYDOXDWHG��7KH�FRORXU�
UDQJHG� IURP�\HOORZ� WR� EODFN�DQG� FRQVLVWHQF\�
IURP� ZDWHU\� WR� ZD[\�� 7KH� PRVW� FRPPRQ�
EDFWHULDO�LVRODWH�REWDLQHG�ZDV�6WDSK\ORFRFFXV�
VSS��0RVW�RI� WKH�EDFWHULD�ZHUH�VXVFHSWLEOH� WR�
ÀXRURTXLQRORQHV��7KH�QDWXUH�RI�GLVFKDUJH�DQG�
EDFWHULDO�LVRODWH�ZHUH�FRUUHODWHG�
.H\ZRUGV��FDQLQH�FKURQLF�RWLWLV�H[WHUQD��RWLF�
GLVFKDUJH��UHVLVWDQFH��VHQVLWLYLW\

&KURQLF�RWLWLV�H[WHUQD�LV�D�SHUVLVWHQW�DQG�
IUXVWUDWLQJ� SUREOHP� IDFHG� LQ� FDQLQH� SUDFWLFH��
7KH�YHU\�FRPPRQ�SHUSHWXDWLQJ�IDFWRU�IRU�RWLWLV�
LV�EDFWHULD�DQG�LW�KDV�EHHQ�IUXLWOHVVO\�DGGUHVVHG�
GXULQJ� WKH� FRXUVH� RI� WUHDWPHQW� GXH� WR� WKH�
LQDSSURSULDWH� XVH� RI� DQWLPLFURELDOV� DQG� WKH�
GHYHORSPHQW�RI�UHVLVWDQFH�DPRQJ�WKH�EDFWHULD�
,Q�VXFK�VLWXDWLRQV��FXOWXUH�DQG�VHQVLWLYLW\�RI�RWLF�
GLVFKDUJH�ZLOO�DLG�LQ�VHOHFWLRQ�RI�WKH�DQWLELRWLFV�
WR�EH�JLYHQ�V\VWHPLFDOO\�DQG�ZLOO�KHOS�WR�DYRLG�
WKH�XVH�RI�LQHIIHFWLYH�DQWLEDFWHULDOV�
0DWHULDOV�DQG�0HWKRGV

'RJV� RI� GLIIHUHQW� DJH�� EUHHG� DQG� VH[�
VXIIHULQJ�IURP�FKURQLF�RWLWLV�H[WHUQD�SUHVHQWHG�
WR�WKH�8QLYHUVLW\�9HWHULQDU\�+RVSLWDO��.RNNDODL�
DQG�0DQQXWK\�� .HUDOD�9HWHULQDU\� DQG�$QLPDO�

6FLHQFHV� 8QLYHUVLW\� ZHUH� VHOHFWHG� IRU� WKH�
VWXG\�� � 7KH� RWLF� GLVFKDUJH� IURP� WKHVH� GRJV�
ZHUH�FROOHFWHG�XVLQJ�VWHULOH�VZDE�DIWHU�FOLSSLQJ�
WKH�KDLU�DURXQG� WKH�H[WHUQDO�DFRXVWLF�PHDWXV�
DQG� FOHDQLQJ� WKH� HDU� SLQQD� ZLWK� VSLULW�� 7KH�
FRORXU� DQG� FRQVLVWHQF\� RI� WKH� GLVFKDUJH�ZDV�
QRWHG��7KH� VDPSOHV�ZHUH� VXEMHFWHG� WR� GLUHFW�
PLFURVFRSLF� H[DPLQDWLRQ� DIWHU� VWDLQLQJ� ZLWK�
/HLVKPDQ¶V� VWDLQ� DQG� VDPSOHV� IURP�HLJKWHHQ�
GRJV�ZLWK�D�\HDVW�FRXQW�RI�OHVV�WKDQ�¿YH�\HDVW�
FHOOV�SHU�¿HOG�DQG�PRUH� WKDQ����EDFWHULD�SHU�
¿HOG�ZHUH�VHOHFWHG�IRU�PLFURELRORJLFDO�VWXG\�

7KH�VZDEV�ZHUH� LQFXEDWHG� LQ�SHSWRQH�
ZDWHU�DW���R&�IRU�IRXU�KRXUV�DQG�WKHQ�FXOWXUHG�
E\� VWUHDN� PHWKRG� LQ� HLWKHU� QXWULHQW� DJDU� RU�
%UDLQ�+HDUW�LQIXVLRQ�DJDU�SODWHV�DQG�LQFXEDWHG�
DW� ��R�&� RYHU� QLJKW�� ,QGLYLGXDO� FRORQLHV�ZHUH�
VHOHFWHG� DV� D� UHSUHVHQWDWLYH� VDPSOH� DQG�
VWUHDNHG�RQ�QXWULHQW�DJDU� WR�JHW�SXUH�FXOWXUH��
%\� REVHUYLQJ� WKH� FRORQ\� FKDUDFWHULVWLFV��
PRUSKRORJ\�DQG�UHVSRQVHV�RI�LVRODWHG�EDFWHULD�
WR�*UDP¶V�VWDLQLQJ�DQG�ELRFKHPLFDO� WHVWV� OLNH�
R[LGDVH�WHVW��FRDJXODVH�WHVW��FDWDODVH�WHVW�DQG��
XUHDVH� WHVW�� WKH�EDFWHULD�ZHUH� LGHQWL¿HG�XSWR�
WKH�JHQHULF� OHYHO�DV�SHU�%DUURZ�DQG�)HOWKDP�
�������

7KH� LVRODWHG� SXUH� FRORQLHV� ZHUH�
VXEMHFWHG� WR� DQWLELRWLF� VHQVLWLYLW\� WHVW� XVLQJ�
WKH�'LVF�'LIIXVLRQ�7HFKQLTXH�DV�SHU�%DXHU�HW�

���0�9�6F�6FKRODU�
3DUW�RI�0�9�6F�WKHVLV�VXEPLWWHG�E\�¿UVW�DXWKRU�WR�.9$68��3RRNRGH
���$VVRFLDWH�3URIHVVRU�DQG�+HDG��8QLYHUVLW\�9HWHULQDU\�+RVSLWDO��.RNNDODL��7KULVVXU�±��������
����&RUUHVSRQGLQJ�$XWKRU��(PDLO��PDUWLQ#NYDVX�DF�LQ
���3URIHVVRU��'HSW��RI�9HWHULQDU\�(SLGHPLRORJ\�DQG�3UHYHQWLYH�0HGLFLQH
�	����3URIHVVRUV
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DO�� ��������7KH�DQWLELRWLF�GLVFV�XVHG� LQFOXGHG�
FHSKDOH[LQ�� HQURIOR[DFLQ�� FLSURIOR[DFLQ��
OHYRÀR[DFLQ��JHQWDPLFLQ��DPR[LFLOOLQ�FODYXODQLF�
DFLG��SHQLFLOOLQ�*��WHWUDF\FOLQH�DQG�VWUHSWRP\FLQ��
7KH� WHVW� UHVXOWV�ZHUH� UHFRUGHG�EDVHG�RQ� WKH�
]RQH�RI�LQKLELWLRQ�FUHDWHG�
5HVXOWV�DQG�'LVFXVVLRQ

7KH� FRORXU� RI� RWLF� GLVFKDUJH� ZDV�
\HOORZLVK�EURZQ�LQ�WZR�GRJV������������\HOORZ�
LQ� VHYHQ� ����������� EURZQ� LQ� ¿YH� �����������
\HOORZLVK�JUHHQ�LQ�WZR�����������DQG�EODFN�LQ�
WZR�GRJV������������,Q�DGGLWLRQ�WR�WKLV��EORRG�
WLQJH�ZDV� VHHQ� LQ� IRXU� GRJV� ����������7DEOH�
���7KLV�ZDV� IRXQG� VLPLODU� WR� WKH� ¿QGLQJV� RI�
5\FURIW�DQG�6DEHQ��������ZKR�DOVR�REWDLQHG�D�
KLJKHU�RFFXUUHQFH�RI�\HOORZLVK�H[XGDWHV��������
IROORZHG�E\�EODFN�EURZQ�H[XGDWHV����������

7KH�FRQVLVWHQF\�RI� WKH�GLVFKDUJH�ZDV�
FUHDP\� LQ� QLQH� GRJV� ���� ���� ZDWHU\� LQ� ¿YH�
GRJV�����������DQG�ZD[\�LQ�IRXU�GRJV��������
����7DEOH����

'LUHFW� PLFURVFRSLF� H[DPLQDWLRQ� RI�
FHUXPHQ� RI� DOO� WKH� VHOHFWHG� VDPSOHV� XQGHU�
WKH�VWXG\�UHYHDOHG�WKH�SUHVHQFH�RI�PRUH�WKDQ�
���EDFWHULD�SHU�¿HOG�DQG�DOVR�SUHVHQFH�RI�UHG�
EORRG�FRUSXVFOHV��$QJXV��������VWDWHG�WKDW�RWLF�
F\WRORJ\�LQ�GRJV�FRXOG�GLIIHUHQWLDWH�RYHUJURZWK�
RI� 0DODVVH]LD� RU� EDFWHULD� IURP� QRUPDO�
FRORQL]DWLRQ�RU�LQIHFWLRQ�LQ�FDQLQH�RWLWLV�H[WHUQD��
,W�ZDV�DOVR�UHFRPPHQGHG�WKDW��PRUH�WKDQ����
EDFWHULD�SHU�¿HOG�DQG�PRUH�WKDQ�¿YH�\HDVWV�SHU�
¿HOG�ZDUUDQWHG�WKHUDSHXWLF�LQWHUYHQWLRQ�

2I� WKH� ��� PLFURRUJDQLVPV� FXOWXUHG�
IURP� WKH�RWLF� GLVFKDUJH�RI� ���GRJV�� ��������
ZHUH�*UDP�QHJDWLYH�DQG���������ZHUH�*UDP�
SRVLWLYH��+DUYH\�HW�DO���������VWDWHG�WKDW�*UDP�
QHJDWLYH� EDFWHULD� ZRXOG� EH� SUHGRPLQDQWLQ�
FKURQLF�RWLWLV�H[WHUQD�LQ�GRJV��

7 KH � E D F W H U L D � R E V H U Y HG � ZH U H�
6WDSK\ORFRFFXV�VSS����������3URWHXV�VSS����������
(VFKHULFKLD�FROL��������DQG�3VHXGRPRQDV�VSS��
�������� ,Q� RQH� VDPSOH� WZR�PLFURRUJDQLVPV�
FRXOG� EH� LVRODWHG� YL]��� 6WDSK\ORFRFFXV� VSS��
DQG�(VFKHULFKLD� FROL�� � � � �7DEOH� ���� &ROH� HW�
DO�� ������� VWDWHG� WKDW� RUJDQLVPV� LVRODWHG�
IURP� FDQLQH� FKURQLF� RWLWLV� H[WHUQD� PDLQO\�
LQFOXGHG�3VHXGRPRQDV�VSS���6WDSK\ORFRFFXV�
VSS��� 3URWHXV� VSS��� 6WUHSWRFRFFXV� VSS���
&RU\QHEDFWHULXP� VSS���(VFKHULFKLD� FROL�DQG�
(QWHURFRFFXV�VSS�

7KH� FRORXU� DQG� FRQVLVWHQF\� RI� RWLF�
GLVFKDUJH� ZHUH� FRUUHODWHG� ZLWK� WKH� LQIHFWLQJ�
RUJDQLVPV�� 7KH� \HOORZ� FRORXUHG� WR� \HOORZLVK�
EURZQ� RU� EORRG� WLQJHG� GLVFKDUJH� ZDV� IRXQG�
DVVRFLDWHG� ZLWK� 6WDSK\ORFRFFXV� VSS�� ������
DQG� (VFKHULFKLD� FROL� ������� WKH� FRORXU� EURZQ�
WR� EODFN� ZDV� IRXQG� DVVRFLDWHG� ZLWK� 3URWHXV
VSS��������DQG�WKH�FRORXU�\HOORZLVK�JUHHQ�ZDV�
IRXQG� DVVRFLDWHG� ZLWK� 3VHXGRPRQDV� VSS��
�������5\FURIW�DQG�6DEHQ��������REWDLQHG� WKH�
UHVXOWV� LQ� D� VLPLODU� VWXG\� DV� \HOORZ� RU� OLJKW�
EURZQ� ZDV� UHODWHG� WR� 6WDSK\ORFRFFXV� VSS���
SDOH�RU� OLJKW�\HOORZ�GLVFKDUJH�ZDV�DVVRFLDWHG�
ZLWK� 3VHXGRPRQDV� VSS�� DQG� 3URWHXV� VSS��
&KLFNHULQJ��������DOVR�VWDWHG�WKDW�GDUN�\HOORZ�
WR�OLJKW�EURZQ�RWLF�GLVFKDUJH�ZDV�VHHQ�LQ�*UDP�
SRVLWLYH� FRFFL�� SDOH� \HOORZ� ZDV� DVVRFLDWHG�
ZLWK� 3VHXGRPRQDV� VSS��� 3URWHXV� VSS�� DQG��
3DVWXUHOOD�VSS��DQG�GDUN�EURZQ�ZLWK�0DODVVH]LD�
VSS��7KLV�VWXG\�ZDV� LQ�DFFRUGDQFH�ZLWK�'HJL�
HW� DO�� �������� ZKR� VWDWHG� WKDW�3VHXGRPRQDV
VSS��ZDV�DVVRFLDWHG�ZLWK�JUHHQLVK�\HOORZ�RWLF�
GLVFKDUJH�LQ�GRJV��&UHDP\�H[XGDWH�ZDV�IRXQG�
DVVRFLDWHG� ZLWK� 6WDSK\ORFRFFXV� VSS�� �������
(VFKHULFKLD�FROL�������DQG�3VHXGRPRQDV�VSS��
������ DQG� ZD[\� ZDV� IRXQG� WR� EH� DVVRFLDWHG�
ZLWK� 3URWHXV� VSS�� ������� &KLFNHULQJ� �������
DOVR� VWDWHG� WKDW� FUHDP\� GLVFKDUJH� LQ� GRJV�
ZDV�DVVRFLDWHG�ZLWK�*UDP�SRVLWLYH�FRFFL�DQG�
WKLFN� GLVFKDUJH� ZLWK�3VHXGRPRQDV� VSS�� DQG�
3URWHXV�VSS�

2XW�RI� WKH�VHYHQ�6WDSK\ORFRFFXV�VSS��
LVRODWHV� REWDLQHG�� DOO�ZHUH� IRXQG� VHQVLWLYH� WR�
HQURIOR[DFLQ� DQG� OHYRIOR[DFLQ�� ILYH� LVRODWHV�
WR� FLSURIOR[DFLQ� DQG� FHSKDOH[LQ� DQG� RQH� WR�
JHQWDPLFLQ���$OO�WKH�WKUHH�LVRODWHV�RI�(VFKHULFKLD�
FROL�ZHUH� VHQVLWLYH� WR� OHYRÀR[DFLQ�� WZR�ZHUH�
VHQVLWLYH� WR� HQURIOR[DFLQ� DQG� RQH� HDFK� WR�
FLSURÀR[DFLQ�DQG�JHQWDPLFLQ��2XW�RI�VL[�LVRODWHV�
RI�3URWHXV�VSS��DOO�ZHUH�VHQVLWLYH�WR�OHYRÀR[DFLQ��
IRXU� HDFK� WR� FLSURIOR[DFLQ� DQG� JHQWDPLFLQ�
DQG� WZR� WR� HQURIOR[DFLQ�� 7KUHH� LVRODWHV� RI�
3VHXGRPRQDV� VSS��ZHUH� IRXQG� VHQVLWLYH� WR�
HQURÀR[DFLQ�DQG�OHYRÀR[DFLQ�DQG�RI�ZKLFK�WZR�
ZHUH�IRXQG�VHQVLWLYH�WR�FLSURÀR[DFLQ�

,Q� JHQHUDO�� RXW� RI� WKH� ��� LVRODWHV�
REWDLQHG�� DOO�ZHUH� VXVFHSWLEOH� WR� OHYRÀR[DFLQ�
��������� ��� WR� HQURÀR[DFLQ� ���������� ��� WR�
FLSURÀR[DFLQ� ����������� VHYHQ� WR� FHSKDOH[LQ�
���������� DQG� VL[� WR� JHQWDPLFLQ� ����������
�7DEOH�����3HGHUVRQ�HW�DO���������ZKR�FXOWXUHG�
WKH� RWLF� GLVFKDUJH� IURP� GRJV� REVHUYHG� WKDW
6WDSK\ORFRFFXV�VSS��ZHUH�JHQHUDOO\�VXVFHSWLEOH�
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WR� DQWLELRWLFV� OLNH� HQURÀR[DFLQ�� FHSKDORWKLQ���
3URWHXV� VSS�� LVRODWHV� ZHUH� VXVFHSWLEOH� WR�
JHQWDPLFLQ�DQG�FLSURÀR[DFLQ�DQG�(VFKHULFKLD�
FROL�ZHUH�VXVFHSWLEOH� WR�ÀXRURTXLQRORQHV�DQG�
JHQWDPLFLQ��'HJL�HW� DO�� ������� REVHUYHG� WKDW�
DPRQJ�3VHXGRPRQDV� VSS�� VWUDLQV� LVRODWHG�
IURP�WKH�GRJV�ZLWK�FKURQLF�RWLWLV�H[WHUQD�������
��ZDV�PRVW�VHQVLWLYH�WR�FLSURÀR[DFLQ��������
WR� HQURIOR[DFLQ� DQG� ������� WR� JHQWDPLFLQ��
OLQFRP\FLQ� DQG� VSHFWLQRP\FLQ�� %DUUDVD� HW�
DO�� ������� KRZHYHU�PHQWLRQHG� WKDW� WKH�PRVW�
HIIHFWLYH� DQWLELRWLFV� DJDLQVW�3VHXGRPRQDV
VSS�� LVRODWHG� IURP� VXFK� GRJV� DIIHFWHG�ZLWK�
FKURQLF�RWLWLV�H[WHUQD�ZHUH�WREUDP\FLQ���������
PDUERÀR[DFLQ� ��������� FHIWD]LGLPH� ���������
WLFDUFLOOLQ� ������DQG�JHQWDPLFLQ� ��������ZLWK�
OHVV� VXVFHSWLELOLW\� WR� HQURIOR[DFLQ� ���������
SUREDEO\�GXH�WR�LWV�LQGLVFULPLQDWH�XVH�

$OO� WKH� EDFWHULD� LVRODWHG� VKRZHG�
UHVLVWDQFH� WRZDUGV�SHQLFLOOLQ�*��VWUHSWRP\FLQ��

DPR[LFLOOLQ�FODYXODQLF� DFLG� DQG� WHWUDF\FOLQH��
2XW� RI� WKH� VHYHQ� LVRODWHV� RI�6WDSK\ORFRFFXV
VSS���WZR�ZHUH�UHVLVWDQW�WR�FLSURÀR[DFLQ��WZR�WR�
FHSKDOH[LQ�DQG�VL[� WR�JHQWDPLFLQ��$PRQJ� WKH�
WKUHH�LVRODWHV�RI�(VFKHULFKLD�FROL��DOO�ZHUH�IRXQG�
UHVLVWDQW�WR�FHSKDOH[LQ��WZR�HDFK�WR�JHQWDPLFLQ�
DQG�FLSURÀR[DFLQ�DQG�RQH� WR�HQURÀR[DFLQ��2I�
WKH� 3URWHXV� VSS�� LVRODWHG�� DOO� ZHUH� UHVLVWDQW�
WR� FHSKDOH[LQ�� WZR� HDFK� WR� FLSURÀR[DFLQ� DQG�
JHQWDPLFLQ�� IRXU� WR�HQURÀR[DFLQ��$OO� WKH� WKUHH�
LVRODWHV�RI�3VHXGRPRQDV�VSS��REWDLQHG�ZHUH�
UHVLVWDQW� WR�JHQWDPLFLQ�DQG�FHSKDOH[LQ��7DEOH�
����7KLV�¿QGLQJ�ZDV�VLPLODU�WR�WKH�REVHUYDWLRQV�
PDGH�E\�3HQGHUVRQ�HW�DO���������ZKR�REVHUYHG�
WKDW�(VFKHULFKLD�FROL�LVRODWHV�ZHUH�UHVLVWDQW�WR�
VWUHSWRP\FLQ��SHQLFLOOLQ�DQG�WHWUDF\FOLQH��3URWHXV�
VSS��LVRODWHV�WR�WHWUDF\FOLQH�DQG�6WDSK\ORFRFFXV
VSS�� LVRODWHV� WR� SHQLFLOOLQV��PDFUROLGHV� DQG�
OLQFRVDPLQHV�LQ�GRJV��'HJL�HW�DO���������REVHUYHG�
WKDW�LQ�GRJV�RXW�RI����3VHXGRPRQDV�VSS��VWUDLQV�
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�������ZHUH�UHVLVWDQW�WR�DPR[LFLOOLQ�FODYXODQLF�
DFLG� DQG� FHSKDOH[LQ�� �����ZHUH� UHVLVWDQW� WR�
JHQWDPLFLQ��������ZHUH�UHVLVWDQW�WR�WHWUDF\FOLQH��
�������ZHUH�UHVLVWDQW�WR�HQURÀR[DFLQ�DQG������
ZHUH�UHVLVWDQW�WR�FLSURÀR[DFLQ�

,Q�JHQHUDO�DOO� WKH���� LVRODWHV�REWDLQHG�
ZHUH� UHVLVWDQW� WR� SHQLFLOOLQ�*�� VWUHSWRP\FLQ��
DPR[LFLOOLQ� �� FODYXODQLF� DFLG� DQG� WHWUDF\FOLQH��
6L[�LVRODWHV�ZHUH�UHVLVWDQW�WR�FLSURÀR[DFLQ��HLJKW�
WR�FHSKDOH[LQ��HOHYHQ�WR�JHQWDPLFLQ�DQG�¿YH�WR�
HQURÀR[DFLQ�

7KH� FRUUHFW� DQWLEDFWHULDO� KDV� WR� EH�
FKRVHQ�E\�FXOWXUH�DQG�VHQVLWLYLW\� WHVWV�RI�RWLF�
GLVFKDUJH�IRU�DQ�HIIHFWLYH�WUHDWPHQW�RI�FKURQLF�
FDQLQH�RWLWLV�H[WHUQD��$�FRUUHODWLRQ�EHWZHHQ�WKH�
QDWXUH�RI� RWLF� GLVFKDUJH�DQG� WKH�SUHVHQFH�RI�
EDFWHULDO�LVRODWHV�SURYLGHV�WKH�SUDFWLWLRQHU�D�FOXH�
IRU�VHOHFWLRQ�RI�DQWLEDFWHULDO�GUXJV�
$FNQRZOHGJHPHQW

7KH� DXWKRUV�ZLVK� WR� WKDQN� WKH�'HDQ��
&ROOHJH�RI�9HWHULQDU\� DQG�$QLPDOV�6FLHQFHV��
0DQQXWK\� IRU�SURYLGLQJ�QHFHVVDU\� IDFLOLWLHV� WR�
FDUU\�RXW�WKH�UHVHDUFK�ZRUN���
5HIHUHQFHV
$QJXV��-�&���������2WLF�F\WRORJ\�LQ�KHDOWK�DQG�

GLVHDVH��9HW��&OLQ��1��$P��6PDOO�$QLP��
3UDF��������������

%DUUDVD��0�-���*RPH]�� /�3��� /DPD��*�=� DQG�
-XQFR�� 7�0�7�� ������$QWLEDFWHULDO�
VXVFHSWLELOLW\�SDWWHUQV�RI�3VHXGRPRQDV
VWUDLQV� LVRODWHG� IURP� FKURQLF� FDQLQH�
RWLWLV� H[WHUQD�� -��9HW��0HG��%�� ,QIHFW��
'LV��9HW��3XEOLF�+HDOWK�������������

%DUURZ�� *�,�� DQG� )HOWKDP�� 5�.�$�� ������
&RZDQ� DQG� 6WHHO¶V�PDQXDO� IRU� WKH�
LGHQWLILFDWLRQ� RI� EDFWHULD�� �UG� HG��
&DPEULGJH�8QLYHUVLW\�3UHVV��8QLWHG�
.LQJGRP�����S�

%DXHU��$�:���.LUE\��0�0���6HUULV��-�6��DQG�7XUFN��
0��������$QWLELRWLF�VXVFHSWLELOLW\�WHVWLQJ�
E\�D�VWDQGDUGL]HG�VLQJOH�GLVF�PHWKRG��
$P��-��&OLQ��3DWK��������������

&KLFNHULQJ��:�5��������&\WRORJLF�HYDOXDWLRQ�RI�
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