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0�5��6DVHHQGUDQDWK�HW�DO�

3$7+2/2*,&$/�2%6(59$7,216�,1�6,1*/(
,175$'(50$/��6,'��-2+1,1�7(67
326,7,9(�*2$76

3DUDWXEHUFXORVLV�� D� FKURQLF� JUDQXOR
PDWRXV� LQIODPPDWLRQ� RI� LQWHVWLQHV� DQG
DVVRFLDWHG� O\PSK� QRGHV� RI� UXPLQDQWV�� LV
FDXVHG�E\�0\FREDFWHULXP�DYLXP�VXEVSHFLHV
SDUDWXEHUFXORVLV��0$3���&OLQLFDOO\�WKH�RQO\�VLJQ
RI�0\FREDFWHULXP� SDUDWXEHUFXORVLV� LQIHFWLRQ
LQ�JRDWV�DQG�VKHHS�PD\�EH�FKURQLF�ZHLJKW�ORVV
DQG� JHQHUDOL]HG� XQWKULIWLQHVV�� � .DWDULD�HW� DO�
�������UHSRUWHG�WKDW�WKH�ORQJ�LQFXEDWLRQ�SHULRG�
ODFN�RI�HIILFLHQW�GLDJQRVWLF�WHVWV�DQG�WKH�ELRORJ\
RI� WKH�GLVHDVH�PDNHV�GLDJQRVLV�FKDOOHQJLQJ�
HVSHFLDOO\� WKRVH� LQ� HDUO\� VWDJHV� RI� LQIHFWLRQ�
(DUO\� LQIHFWLRQV� DUH� PDQLIHVWHG� E\� D� FHOO
PHGLDWHG� LPPXQH� UHVSRQVH� �&KLRGLQL� HW� DO��
������ DQG� D� ZHOO� NQRZQ� &0,� WHVW� IRU
P\FREDFWHULDO�LQIHFWLRQ�LV�WKH�LQWUDGHUPDO�VNLQ
WHVW� ZKLFK� PHDVXUHV� GHOD\HG� W\SH� RI
K\SHUVHQVLWLYLW\� WR� P\FREDFWHULDO� DQWLJHQV
�.DOLV� HW� DO��� ������� 7KH� VNLQ� WHVW� XVLQJ
LQWUDGHUPDO�-RKQLQ�ZDV�VDLG�WR�EH�WKH�EHVW�WHVW
WR� LGHQWLI\� SRVLWLYH� DQLPDOV� EHIRUH� FOLQLFDO
GLVHDVH�GHYHORSV�DQG�KDG�EHHQ�ZLGHO\�XVHG
XQGHU� ILHOG� FRQGLWLRQV� �-XOLDQ�� ������� � ,Q� WKH
SUHVHQW�VWXG\� WKUHH�RI� WKH�HLJKW�6,'�SRVLWLYH
JRDWV� ZHUH� VODXJKWHUHG� WR� HYDOXDWH� WKH
SDWKRORJLFDO� OHVLRQV�

2QH� KXQGUHG� DQG� ILIW\� JRDWV� RI
8QLYHUVLW\� 6KHHS� DQG�*RDW� IDUP��0DQQXWK\
DERYH� VL[�PRQWKV� RI� DJH� RI� HLWKHU� VH[�ZHUH
VHOHFWHG� IRU� WKH�VWXG\�� �$OO� WKH�DQLPDOV�ZHUH
PDLQWDLQHG�XQGHU�VWDQGDUG�IHHGLQJ�DQG�JRRG
PDQDJHPHQW� FRQGLWLRQV�

-RKQLQ� SXULILHG� SURWHLQ� GHULYDWLYH
�33'��SURFXUHG�IURP�,95,��,]DWQDJDU�ZDV�XVHG
IRU�WKH�WHVW���2QH�VTXDUH�LQFK�DUHD�LQ�PLG�QHFN
RI� HDFK� JRDW�ZDV� VKDYHG� DQG�PRSSHG�ZLWK
PHGLVSLULW�� � 6NLQ� WKLFNQHVV� SULRU� WR� LQMHFWLRQ
ZDV�PHDVXUHG�XVLQJ�D�VOLGLQJ�YHUQLHU�FDOLSHUV
DQG�����PO�RI�-RKQLQ�33'�ZDV�LQMHFWHG�LQWUDGHU
PDOO\���$�SHD�VL]HG�EXEEOH�ZDV�IRUPHG�DW�WKH
VLWH�RI�LQMHFWLRQ���$IWHU����K�VNLQ�WKLFNQHVV�ZDV
PHDVXUHG�DQG�DQ� LQFUHDVH� LQ� VNLQ� WKLFNQHVV
RI� ��PP� RU� DERYH� IURP� LQLWLDO� UHDGLQJ�ZDV

WDNHQ� DV� SRVLWLYH� �.DOLV� HW� DO��� ������� 7KUHH
6,'�SRVLWLYH�JRDWV�ZHUH�VHOHFWHG�DW� UDQGRP�
VODXJKWHUHG� DQG� OHVLRQV�ZHUH� QRWHG� RQ� SRVW
PRUWHP�

2I� WKH� WKUHH� DQLPDOV� VODXJKWHUHG
ZKLFK� ZHUH� LGHQWLI LHG� DV� SRVLWLYH� IRU
SDUDWXEHUFXORVLV�E\�VLQJOH�LQWUDGHUPDO�-RKQLQ
WHVW��WZR�JRDWV�VKRZHG�SDWKRJQRPRQLF�OHVLRQV
RI� -RKQH¶V� GLVHDVH� OLNH� FRUUXJDWHG� LQWHVWLQH
DQG� HGHPDWRXV�PHVHQWHULF� O\PSK� QRGHV� RQ
SRVW�PRUWHP�DQG�WKH�WKLUG�DQLPDO�KDG�VKRZQ
DEXQGDQW�DFLG�IDVW�EDFLOOL�LQ�LPSUHVVLRQ�VPHDUV
RI�O\PSK�QRGH�E\�OLJKW�PLFURVFRS\�FRQILUPLQJ
WKH�VHQVLWLYLW\�RI�VLQJOH�LQWUDGHUPDO�-RKQLQ�WHVW
WR�EH�KXQGUHG�SHUFHQW�

3DOLZDO�HW�DO���������IRXQG�WKDW�RXW�RI
��� FDWWOH� UHDFWRUV� WR� -RKQLQ�� RQO\� ��� ������
SHU�FHQW��FDVHV�KDG�JURVV�OHVLRQV�RI�-RKQH¶V
GLVHDVH�� 7KH� UHDVRQ� IRU� KLJK� VHQVLWLYLW\� RI
-RKQLQ� WHVW� LQ�SUHVHQW�VWXG\�PLJKW�EH�GXH� WR
WKH�JDS�RI�����DQG�����GD\V�IURP�WKH�GDWH�RI
6,'�WR�VODXJKWHU�E\�ZKLFK�WLPH�WKH�OHVLRQV�ZHUH
ZHOO�GHYHORSHG��5R\�HW�DO���������ZHUH�DOVR�RI
WKH� RSLQLRQ� WKDW� -RKQLQ� WHVW� ZDV� KHOSIXO� LQ
LGHQWLI\LQJ�WKH�HDUO\�VWDJH�RI�WKH�GLVHDVH�

3DOLZDO�DQG�5DM\D��������DQG�6KDUPD
HW�DO���������REVHUYHG�WKDW�PRVW�RI�WKH�OHVLRQV
RI� -RKQH¶V� GLVHDVH� LQ� JRDWV�ZHUH� UHPDLQHG
FRQILQHG� WR� LQWHVWLQH� DQG� UHJLRQDO� O\PSK
QRGHV��7KH�PRVW�FRPPRQ�JURVV�OHVLRQV�ZHUH
WKLFNHQLQJ� RI� WHUPLQDO� VPDOO� LQWHVWLQH�
HQODUJHPHQW� RI�PHVHQWHULF� O\PSK� QRGH� DQG
FRUUXJDWLRQ�RI�WKH�LOHDO�PXFRVD��15&��������
7KH�PRVW�FRPPRQ�HDUOLHVW�UHFRJQLVDEOH�JURVV
FKDQJH� LQ� JRDWV� DQG� VKHHS�ZHUH� IOHVK\� RU
YHOYHW\� WKLFNHQLQJ� RI� WKH� LQWHVWLQDO�PXFRVD
�&KLRGLQL�HW� DO��� ������� ,Q� WKH� SUHVHQW� VWXG\
DOVR�� FRUUXJDWLRQ� RI� LOHXP�DQG� HQODUJHG� DQG
HGHPDWRXV�PHVHQWHULF�O\PSK�QRGH�ZHUH�YHU\
FKDUDFWHULVWLF�LQ�WZR�RI�WKH�VODXJKWHUHG�FDVHV�

,Q�RQH�DQLPDO�QR�DFLG� IDVW�RUJDQLVP
FRXOG�EH�GHWHFWHG��5HGGDFOLII��������IRXQG�WKDW
LQ� SDXFLEDFLOODU\� IRUP� RI� GLVHDVH� DFLG� IDVW

5HFHLYHG�����������
$FFHSWHG�����������
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3DWKRORJ\�RI�6,'�-RKQLQ�WHVW�SRVLWLYH�JRDW���

EDFWHULD�ZHUH�UDUHO\�GHWHFWHG�IURP�PHVHQWHULF
O\PSK� QRGH�� $QLPDOV� ZLWK� SDXFLEDFLOODU\
OHVLRQV� KDG� ZHOO� GHYHORSHG� 7K�� LPPXQH
UHVSRQVH� DQG� XQFRQWUROOHG�PXOWLSOLFDWLRQ� RI
0$3�ZDV� SUHYHQWHG�� 7ULSDWKL� HW� DO�� ������
IRXQG� WKDW�PRVW�SDXFLEDFLOODU\�JRDWV�VKRZHG
VWURQJHU�'7+�UHDFWLRQV�DV�HYLGHQFHG�E\� WKH
LQFUHDVH� LQ� VNLQ� WKLFNQHVV� DIWHU� ��� K� RI
LQWUDGHUPDO�WHVW��2QH�RI�WKH�WKUHH�DQLPDOV�KDG
DQ� LQFUHDVH� LQ� VNLQ� WKLFNQHVV�RI� ���PP��EXW
GLG�QRW�VKRZ�DQ\�DFLG� IDVW�EDFWHULD� LQ� O\PSK
QRGH�LPSUHVVLRQ�VPHDUV��,Q�WXEHUFOHV�LQ�VKHHS
DQG�JRDWV��WKH�RUJDQLVP�PD\�EH�WRR�IHZ�WR�EH
GHPRQVWUDWHG�H[FHSW�E\�FXOWXUH�

+HQFH�IURP�WKH�UHVXOWV��LW�LV�FRQFOXGHG
WKDW�SRVLWLYH�VLQJOH�LQWUDGHUPDO�-RKQLQ�WHVW���LV
D�VSHFLILF�DQG�ORZ�FRVW�ILHOG�WHVW�IRU�WKH�HDUO\
GLDJQRVLV�RI�SDUDWXEHUFXORVLV� LQ�JRDWV�ZKLFK
KHOSV�WR�HOLPLQDWH�LQIHFWHG�DQLPDOV�EHIRUH�WKH\
DFWXDOO\�VWDUW� IDHFDO�VKHGGLQJ�
6XPPDU\

2QH� KXQGUHG� DQG� ILIW\� JRDWV� ZHUH
VFUHHQHG� IRU� SDUDWXEHUFXORVLV� E\� VLQJOH
LQWUDGHUPDO�-RKQLQ�WHVW�DQG�HLJKW�ZHUH�IRXQG
SRVLWLYH�� 7KUHH� 6,'� SRVLWLYH� JRDWV� ZHUH
VODXJKWHUHG� DQG� SRVW�PRUWHP� H[DPLQDWLRQ
FRQILUPHG� WKDW� WZR� RI� WKH� WKUHH� VODXJKWHUHG
KDG� JURVV� OHVLRQV� FKDUDFWHULVWLF� RI� -RKQH¶V
GLVHDVH� DQG� IURP� WKH� WKLUG� JRDW� DFLG� IDVW
EDFWHULD�FRXOG�EH�GHWHFWHG� IURP� O\PSK�QRGH
LPSUHVVLRQ� VPHDU�
$FNQRZOHGJHPHQW

7KH�DXWKRUV� DFNQRZOHGJH� WKH�'HDQ�
&ROOHJH� RI� 9HWHULQDU\� DQG�$QLPDO� 6FLHQFHV�
0DQQXWK\�IRU�WKH�IDFLOLWLHV�SURYLGHG�IRU�WKH�ZRUN�
5HIHUHQFHV
-XOLDQ��5�-�� ������$� VKRUW� UHYLHZ� DQG� VRPH

REVHUYDWLRQV�RQ�-RKQH¶V�GLVHDVH�ZLWK
UHFRPPHQGDWLRQV� IRU� FRQWURO�� � &DQ�
9HW��-�� ���������

.DOLV��&�+�-��&ROOLQV��0�7���+HVVHOLQN��-�:��DQG
%DUNHPD��+�:��������6SHFLILFLW\�RI�WZR
WHVWV� IRU� WKH�HDUO\�GLDJQRVLV�RI�ERYLQH
SDUDWXEHUFXORVLV� EDVHG� RQ� FHOO
PHGLDWHG�LPPXQLW\��WKH�-RKQLQ�VNLQ�WHVW
,)1�m�DVVD\��9HW��0LFURELRO������������

.DWDULD�� $�.��� .DWDULD�� 1��� +DUVK�� 6�.��
'DGKLFK�� +��� /DOVLQJK� DQG�*DKORW�
$�.�� ������ $Q� RXW� EUHDN� RI
SDUDWXEHUFXORVLV� FRPSOLFDWHG� ZLWK
VFKLVWRVRPRVLV�LQ�VKHHS�� ,QGLDQ�9HW�
0HG��-�������������

1DWLRQDO�5HVHDUFK�&RXQFLO�� ������'LDJQRVLV
DQG� FRQWURO� RI� -RKQH¶V� GLVHDVH�� 7KH
1DWLRQDO� $FDGHPLHV� 3UHVV�
:DVKLQJWRQ��'�&��SS�������

3DOLZDO��2�3��DQG�5DM\D��%�6��������(YDOXDWLRQ
RI� SDUDWXEHUFXORVLV� LQ� JRDWV�
SDWKRPRUSKRORJLFDO�VWXGLHV��,QGLDQ�-�
9HW��3DWK�����������

3DOLZDO�� 2�3��� 3DUDL�� 7�3��� 6KDUPD��$�.��
9DQDPD\\D�� 3�5�� DQG� 3DULKDU�� 1�6�
������ -RKQLQ� UHDFWRUV� DQG� OHVLRQV
DPRQJ�FDWWOH��,QGLDQ�9HW��0HG��-������
������

5HGGDFOLII�� /�$�� ������ $VSHFWV� RI� WKH
SDWKRJHQHVLV� RI� RYLQH� -RKQH¶V
GLVHDVH��3K�'� WKHVLV� 8QLYHUVLW\� RI
6\GQH\��SS�������

5R\��3���(GZLQ��3�*���-D\DNXPDU��9���+HPDOHWKD�
6�� DQG�3XUXVKRWKDPDQ��9�� ������$Q
RXWEUHDN� RI� -RKQH¶V� GLVHDVH� DPRQJ
VKHHS�LQ�DQ�RUJDQL]HG�IDUP��,QGLDQ�-�
$QLP��6FL����������������

6KDUPD��$�.���3DULKDU��1�6��DQG�7ULSDWKL��%�1�
������ (QWHULWLV� LQ� JRDWV� DQG� VKHHS�
,QGLDQ�-��9HW��3DWK��������������

7ULSDWKL��%�1���6LYDNXPDU��3���3DOLZDO��2�3��DQG
1HPVLQJK�� ������ &RPSDULVRQ� RI
,6���� WLVVXH�3&5�� EDFWHULDO� FXOWXUH�
-RKQLQ� DQG� VHURORJLFDO� WHVW� IRU
GLDJQRVLV� RI� QDWXUDOO\� RFFXUULQJ
SDUDWXEHUFXORVLV� LQ� JRDWV�� 9HW�
0LFURELRO�� ������������

0�5�6DVHHQGUDQDWK���6�6XOILFDU��
*��.ULVKQDQ�1DLU���3�9�7UHVDPRO��DQG
8VKD�1DUD\DQD�3LOODL�
'HSDUWPHQW�RI�9HWHULQDU\�(SLGHPLRORJ\�DQG�3UHYHQWLYH�0HGLFLQH
&ROOHJH�RI�9HWHULQDU\�DQG�$QLPDO�6FLHQFHV�
0DQQXWK\����������7KULVVXU���.HUDOD

����3URIHVVRU�DQG�+HDG
����3K�'�6FKRODU��9&5,��1DPDNNDO��7$189$6
����3URIHVVRU��5HWG����'HSW��RI�9HW�0LFURELRORJ\
����$VVRFLDWH�3URIHVVRU
���$VVRFLDWH�3URIHVVRU��'HSW��RI�&OLQLFDO�9HWHULQDU\�0HGLFLQH


