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2ULJLQDO�$UWLFOH� 
7KH�DFFXUDF\�RI�ZLGDO�WHVW�IRU�W\SKRLG�IHYHU�GLDJQRVLV�LQ�(WKLRSLD��6\VWHPDWLF�UHYLHZ�DQG�
PHWD-DQDO\VLV 

2XPHU�$EGX�0XKLH��
��6HLG�*HWDKXQ�$EGHOD����.RNX�6LVD\�7DPLUDW��� 

�����������'HSDUWPHQW�RI�,QWHUQDO�0HGLFLQH��*$0%<�7HDFKLQJ�*HQHUDO�+RVSLWDO��%DKLU�'DU��(WKLRSLD 
����������� 'HSDUWPHQW� RI� ,QWHUQDO�0HGLFLQH�� &ROOHJH� RI�0HGLFLQH� DQG�+HDOWK� 6FLHQFHV��:ROOR� 8QLYHUVLW\�� 'HVVLH��
 (WKLRSLD 
�����������'HSDUWPHQW�RI�(SLGHPLRORJ\�DQG�%LRVWDWLVWLFV��,QVWLWXWH�RI�3XEOLF�+HDOWK��&ROOHJH�RI�0HGLFLQH�DQG�+HDOWK�
 6FLHQFH��8QLYHUVLW\�RI�*RQGDU��*RQGDU��(WKLRSLD 

&RUUHVSRQGLQJ�DXWKRUV
��XPHUDEGX��#JPDLO�FRP� 

$EVWUDFW� 
,QWURGXFWLRQ��:LGDO�DJJOXWLQDWLRQ�WHVW�LV�D�VHURORJLF�LQYHVWLJDWLRQ�WKDW�LV�XVHG�WR�GLDJQRVH�W\SKRLG�IHYHU��7KLV�LV�DQ�
HDV\��IDLUO\�LQH[SHQVLYH��DQG�UHDGLO\�DYDLODEOH�WHVW�ZLWK�TXHVWLRQDEOH�UHOLDELOLW\��7KH�WHVW�SHUIRUPDQFH�GLIIHUV�IURP�
VHWWLQJ�WR�VHWWLQJ�GHSHQGLQJ�RQ�WKH�WHFKQLTXH�XVHG�DQG�RWKHU�IDFWRUV��7KH�DFFXUDF\�RI�WKLV�WHVW�LQ�(WKLRSLD�LV�SRRUO\�
XQGHUVWRRG��6R�� WKH�DLP�RI�WKLV�VFLHQWLILF�ZRUN�ZDV�WR�DQDO\]H�WKH�DFFXUDF\�RI�:LGDO�DJJOXWLQDWLRQ�LQ�GLDJQRVLQJ�
W\SKRLG�IHYHU�LQ�(WKLRSLD�� 
0HWKRGV��:H�SHUIRUPHG�D�V\VWHPDWLF�UHYLHZ�DQG�PHWD-DQDO\VLV��7ZR�HOHFWURQLF�GDWDEDVHV��3XE0HG�0HGOLQH�DQG�
*RRJOH�VFKRODU��ZHUH�VHDUFKHG�XVLQJ�SUHVHW�VHDUFK�VWUDWHJ\�WR�ILQG�UHOHYDQW�VWXGLHV��7KH�PHWKRGRORJLFDO�TXDOLW\�RI�
WKH�VWXGLHV�LQFOXGHG�ZDV�HYDOXDWHG�ZLWK�D�48$'$6-���:H�H[WUDFWHG�LPSRUWDQW�YDULDEOHV�IURP�WKH�HOLJLEOH�DUWLFOHV��
6WDWLVWLFDO� DQDO\VLV� ZDV� FRQGXFWHG� XVLQJ� 67$7$� YHUVLRQ� ��� 7KH� SURWRFRO� RI� RXU� V\VWHPDWLF� UHYLHZ� DQG� PHWD-
DQDO\VLV�LV�UHJLVWHUHG�LQ�WKH�,QWHUQDWLRQDO�3URVSHFWLYH�5HJLVWHU�RI�6\VWHPDWLF�5HYLHZV��35263(52��ZLWK�WKH�UHF�
RUG�QXPEHU�&5'������������� 
5HVXOWV��7KH�HOHFWURQLF�TXHVWV�\LHOGHG����SDSHUV�RI�ZKLFK���ZHUH�HOLJLEOH�IRU�DQDO\VLV��7KH�TXDOLW\�RI�WKHVH�VWXG�
LHV�ZDV�UDWHG�WR�EH�PRGHUDWH�EDVHG�RQ�WKH�48$'$6-�� �7KH�SRROHG�VHQVLWLYLW\��VSHFLILFLW\��DQG�QHJDWLYH��DQG�SRVL�
WLYH�SUHGLFWLYH�YDOXHV�RI�WKH�:LGDO�WHVW�ZHUH����������������������DQG������UHVSHFWLYHO\�� 
&RQFOXVLRQ��7KH�ZLGDO�DJJOXWLQDWLRQ� WHVW�KDV�DYHUDJH�VSHFLILFLW\�� YHU\�JRRG�QHJDWLYH�SUHGLFWLYH�YDOXH��DQG�YHU\�
SRRU�SRVLWLYH�SUHGLFWLYH�YDOXH� IRU� WKH�GLDJQRVLV�RI� W\SKRLG� IHYHU��'HSHQGLQJ�RQ�:LGDO� WR�GLDJQRVH� W\SKRLG� IHYHU�
PD\�OHDG�WR�RYHU-GLDJQRVLV�RI�W\SKRLG�IHYHU�DQG�UHODWHG�FRPSOLFDWLRQV�LQFOXGLQJ�LQDSSURSULDWH�XVH�RI�DQWLELRWLFV��
7KHUH�LV�DQ�XUJHQW�QHHG�IRU�TXLFN�DQG�GHSHQGDEOH�WHVWV� IRU�GLDJQRVLQJ�W\SKRLG�IHYHU��SDUWLFXODUO\�LQ�VHWWLQJV�OLNH�
(WKLRSLD�ZKHUH�GRLQJ�WLPHO\�FXOWXUH�LV�QRW�IHDVLEOH�� 
 
.H\ZRUGV��:LGDO�WHVW��$FFXUDF\��7\SKRLG�IHYHU��6\VWHPDWLF�UHYLHZ��0HWD-DQDO\VLV��(WKLRSLD 
&LWDWLRQ���0XKLH�2$��$EGHOD�6*��7DPLUDW�.6��7KH�DFFXUDF\�RI�ZLGDO�WHVW�IRU�7\SKRLG�)HYHU�GLDJQRVLV�LQ�(WKLR�
SLD�� 6\VWHPDWLF�UHYLHZ�DQG�PHWD-DQDO\VLV���(WKLRS�0HG��-������������-��� 
6XEPLVVLRQ�GDWH�������6HSWHPEHU��������$FFHSWHG������0DUFK������3XEOLVKHG�����$SULO������ 

(WKLRSLDQ�0HGLFDO�-RXUQDO������������� ��
2SHQ�DFFHVV�DUWLFOHV�GLVWULEXWHG�LQ�WHUPV�RI� 
&UHDWLYH�&RPPRQV�$WWULEXWLRQ�/LFHQFH�>&&�E\����@ 

,661�����-������������H,661�����-�����  0XKLH�HW�DO�� 

,QWURGXFWLRQ 
7\SKRLG� IHYHU� LV� DQ� LPSRUWDQW� FRPPXQLW\� KHDOWK�
SUREOHP� WKDW� DIIHFWV� QHDUO\� �����PLOOLRQ� SHRSOH� DQG�
NLOOV� DURXQG� �������� SHRSOH� HDFK� \HDU� JOREDOO\�
����7KH� LOOQHVV� LV� PDLQO\� DFTXLUHG� E\� LQJHVWLQJ� RI�
IRRG�RU�ZDWHU�FRQWDPLQDWHG�E\� WKH� VWRRO�DQG�VHOGRP�
E\�XULQH�RU�YRPLWXV�RI�SDWLHQWV�DQG�FDUULHUV������$IUL�
FD�KDV�DQ�LQWHUPHGLDWH�WR�KLJK�EXUGHQ�RI�WKH�GLVHDVH��
��-����FDVHV�SHU���������SRSXODWLRQ�SHU�\HDU������� 
,W� LV� FRPPRQ� LQ� ORZ-UHVRXUFH� FRXQWULHV� LQFOXGLQJ�
(WKLRSLD� ������� ,W� LV� FRPPRQO\� FRQVLGHUHG� DV� RQH� RI�
WKH�GLIIHUHQWLDO�GLDJQRVHV�LQ�D�SDWLHQW�SUHVHQWLQJ�ZLWK�
VKRUW�RQVHW�IHYHU��+RZHYHU��DV�WKH�V\PSWRPV�DUH�QRQ-
VSHFLILF�DQG�VLPLODU�ZLWK�RWKHU�DFXWH�IHEULOH�LOOQHVVHV��
FOLQLFDO�GLDJQRVLV�LV�QRW�VWUDLJKW�IRUZDUG������0LFUREL�

RORJLF�FXOWXUH��ERQH�PDUURZ�DVSLUDWH��EORRG��VWRRO��
DQG�XULQH�� WKDW�ZLOO� HQDEOH�RQH� WR� LVRODWH� WKH�HWLR�
ORJLF� DJHQWV� �6�� 7\SKL� DQG�RU� 6�� 3DUDW\SKL�� LV� WKH�
JROG� VWDQGDUG� LQ� WKH� GLDJQRVLV� RI� W\SKRLG� IHYHU��
1HYHUWKHOHVV�� PLFURELRORJLF� FXOWXUH� LV� QRW� UHDGLO\�
DYDLODEOH��WDNHV��-��GD\V�IRU�WKH�UHVXOW�WR�EH�UHDG\��
DQG� LV� PRUH� H[SHQVLYH�� *HWWLQJ� D� UDSLG�� DFFXUDWH��
DQG�DIIRUGDEOH�WHVW�V��LV�RI�SDUDPRXQW�LPSRUWDQFH�� 
'LIIHUHQW�UDSLG�GLDJQRVWLF�PHWKRGV�DUH�DYDLODEOH�WR�
GLDJQRVH� W\SKRLG� IHYHU� ������� $PRQJ� WKH� 5DSLG�
GLDJQRVWLF�PHWKRGV��:LGDO��78%(;��7\SKLGRW��DQG�
737HVW�DUH�WR�EH�PHQWLRQHG��7KH�FRPPRQO\�DYDLOD�
EOH�DQG�XWLOL]HG� UDSLG�GLDJQRVWLF�PHWKRG� LQ�(WKLR�
SLD�LV�:LGDO�DJJOXWLQDWLRQ��7KRXJK��:LGDO�DJJOXWL�
QDWLRQ�WHVW�LV�FRPPRQO\�DYDLODEOH�DQG�XVHG�WR�GLDJ�
QRVH�W\SKRLG�IHYHU��LW�KDV�TXHVWLRQDEOH�UHOLDELOLW\�� 
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:LGDO�DJJOXWLQDWLRQ�LV�D�VHURORJLF�GLDJQRVWLF�WHVW�WKDW�
LV�XVHG�WR�GLDJQRVH�W\SKRLG�IHYHU��,W�GHWHFWV�WKH�SUHV�
HQFH� RI� DJJOXWLQLQ� �DQWLERG\�� LQ� WKH� VHUXP�RI� DQ� LQ�
IHFWHG� SHUVRQ� ZLWK� VDOPRQHOOD� W\SKL�� 7KH� UHDFWLRQ�
EHWZHHQ� WKH� DJJOXWLQLQ� LQ� WKH� VHUXP� RI� WKH� LQIHFWHG�
SDWLHQW� DQG� WKH� VDOPRQHOOD� W\SKL� �6�� 7\SKL�� DQWLJHQV�
ZLOO� UHVXOW� LQ� DJJOXWLQDWLRQ�� 7KH� DQWLJHQV� XVHG� WR�
GHPRQVWUDWH� DJJOXWLQDWLRQ� DUH� +� �IODJHOODU�� DQG� 2�
�VRPDWLF��DQWLJHQV�RI�6�W\SKL������7KH�,PPXQRJOREX�
OLQ�0� �,J0�� VRPDWLF� 2� DQWLERG\� RI� 6�W\SKL� DSSHDUV�
LQLWLDOO\�DQG�UHSUHVHQWV�WKH�ILUVW�VHURORJLF�UHVSRQVH�LQ�
DFXWH� W\SKRLG� IHYHU�� ZKLOH� LPPXQRJOREXOLQ�*� �,J*��
IODJHOODU� +� DQWLERG\� XVXDOO\� GHYHORSV� PRUH� VORZO\�
DQG�SHUVLVWV�IRU�ORQJHU���������� 
$IWHU�����\HDUV�RI�LWV�LQWURGXFWLRQ�DV�D�VHURORJLF�ZD\�
RI� W\SKRLG� IHYHU� GLDJQRVLV�� WKH� :LGDO� WHVW� VWLOO� UH�
PDLQV� WR� EH� DVVRFLDWHG� ZLWK� FRQWURYHUVLHV� UHODWHG� WR�
WKH�TXDOLW\�RI� WKH�DQWLJHQV�XVHG�DQG� LQWHUSUHWDWLRQ�RI�
WKH� UHVXOW�� HVSHFLDOO\� LQ� HQGHPLF� UHJLRQV� ����� :LGDO�
WHVW� LV� D� VLPSOH�� QRQ-H[SHQVLYH� DQG� IDLUO\� QRQ-
LQYDVLYH�WHVW�ZLWK�GHEDWDEOH�UHOLDELOLW\�������:LGDO�WHVW�
KDV�D�UHSRUWHGO\�KLJK�VHQVLWLYLW\�DQG�EHWWHU�VSHFLILFLW\�
WKRXJK� YDULDEOH�� 6LPLODUO\� LW� KDV� YHU\� JRRG� QHJDWLYH�
SUHGLFWLYH�YDOXH�EXW�KDV�SRRU�SRVLWLYH�SUHGLFWLYH�YDO�
XH� ���-����� � 1HYHUWKHOHVV�� :LGDO� DJJOXWLQDWLRQ� WHVW�
FRXOG� UHPDLQ� UHDFWLYH� GXULQJ� FRQYDOHVFHQW� WLPH� DQG�
KDV�FURVV-UHDFWLYLW\�ZLWK�RWKHU�PLFURRUJDQLVPV�UHVXOW�
LQJ�LQ�IDOVH�SRVLWLYLW\��7KHVH�FRQGLWLRQV�ZLOO�UHVXOW�LQ�
RYHU-GLDJQRVLV� RI� W\SKRLG� IHYHU� ������ $GGLWLRQDOO\��
RYHUUHOLDQFH�RQ� WKLV� WHVW�FRPELQHG�ZLWK�SRRU�FOLQLFDO�
MXGJPHQW�PD\�UHVXOW� LQ�RYHU�SUHVFULSWLRQ�RI�DQWLELRW�
LFV�DQG�DVVRFLDWHG�DQWLELRWLFV�UHVLVWDQFH�� 
7KH� WHVW� SHUIRUPDQFH� GLIIHUV� IURP� VHWWLQJ� WR� VHWWLQJ�
GHSHQGLQJ� RQ� WKH� WHFKQLTXH� XVHG� DQG� RWKHU� IDFWRUV��
6LQJOH� VOLGH� DJJOXWLQDWLRQ� WHVW� LV� ZLGHO\� SUDFWLFHG�
SRLQW�RI�FDUH�WHVW�LQ�(WKLRSLD��7KH�VHULDO�WXEH�WLWUDWLRQ�
PHWKRG� LV� UDUHO\� XVHG� LQ� FOLQLFDO� VHWWLQJV�� 7KHUH� DUH�
PXOWLSOH� FURVV� VHFWLRQDO� VWXGLHV� GRQH� LQ� (WKLRSLD� WR�
DGGUHVV� WKH� XVH� RI� ZLGDO� WHVW� LQ� WKH� GLDJQRVLV� RI� W\�
SKRLG� IHYHU��0RVW� RI� WKH� VWXGLHV� FRQGXFWHG� UHYHDOHG�
FRQIOLFWLQJ�UHVXOWV�RQ�WKH�DFFXUDF\�RI�ZLGDO�WHVW�LQ�WKH�
GLDJQRVLV� RI� W\SKRLG� IHYHU� LQ� (WKLRSLD�� 7KHUH� DUH�
VWXGLHV� LQ� RWKHU� VHWWLQJV� WKDW� VWDWHG�ZLGDO� WHVW� LV� OHVV�
DFFXUDWH�DQG�QR�PRUH�UHFRPPHQGHG�IRU�WKH�GLDJQRVLV�
RI�W\SKRLG�IHYHU���,Q�VSLWH�RI�WKLV��ZLGDO�WHVW�LV�ZLGHO\�
XVHG�DFURVV�(WKLRSLD��6R��VXPPDUL]LQJ�VWXGLHV�RQ�WKH�
GLDJQRVWLF�DFFXUDF\�RI�:LGDO�WHVW�ZLOO�KHOS�WR�LQIRUP�
GHFLVLRQ�PDNHUV� WR� SUHSDUH� GLDJQRVWLF� DOJRULWKPV� RQ�
WKH�XVH�RI�:LGDO�WHVWV��RWKHU�UDSLG�GLDJQRVWLF�WHVWV�DQG�
FXOWXUH��7KHUHIRUH��ZH�VHW�RXW�WR�GR�V\VWHPDWLF�UHYLHZ�
DQG� PHWD-DQDO\VLV� RI� WKH� DFFXUDF\� RI� :LGDO� WHVW� LQ�
(WKLRSLD�� 
0HWKRGV�RI�WKH�5HYLHZ 
:H� FRQGXFWHG� WKH� VWXG\� LQ� DFFRUGDQFH� ZLWK� WKH�
JXLGHOLQH�RI�WKH�35,60$�JURXS��3UHIHUUHG�5HSRUWLQJ�
,WHPV� IRU� 6\VWHPDWLF� 5HYLHZV� DQG� 0HWD-$QDO\VHV��
������:H� XVHG� WKH� 35,60$� FKHFN� OLVW� ����� WR� VDIH�
JXDUG�WKH�LQFOXVLRQ�RI�DOO�SHUWLQHQW�LQIRUPDWLRQ�� 

 

6HDUFK� VWUDWHJ\��7KH� UHYLHZ� IRFXVHG� RQ� UHVRXUFHV�
WKDW� GHVFULEHG� DQG� H[SOLFDWH� LVVXHV� WKDW� DUH� UHODWHG� WR�
:LGDO�WHVW�DQG�LWV�SHUIRUPDQFH�DV�FRPSDUHG�WR�FXOWXUH��
'DWDEDVHV� WKDW� ZHUH� VHDUFKHG� IRU� UHVRXUFHV� LQFOXGHG�
0('/,1(��3XE�0HG��DQG�*RRJOH�VFKRODU��DQG�UHIHU�
HQFH�OLVWV�RI�UHOHYDQW�SDSHUV��7KH�VHDUFK�WHUPV�LQFOXG�
HG�³:LGDO´��³:LGDO�WHVWV´���³W\SKRLG´�´�W\SKRLG�IHYHU´��
³(WKLRSLD´� LQ� DOO� ILHOGV� RI� WKH� GDWDEDVHV� WR� HVWDEOLVK�
SUHYLRXV� OLWHUDWXUH� RQ� :LGDO� WHVWV� IRU� GLDJQRVLQJ� W\�
SKRLG�IHYHU��$OO�UHOHYDQW�DUWLFOHV�ZLWK�QR�UHVWULFWLRQ�RQ�
WKH�WLPH�RI�SXEOLFDWLRQ�ZHUH�LQFOXGHG�LQ�WKLV�VWXG\��7KH�
VHDUFK� WHUPV�XVHG� LQFOXGHG�EXW�QRW� OLPLWHG� WR�µ:LGDO¶�
$1'�25� µ7\SKRLG¶� $1'� µ(WKLRSLD¶�� µ:LGDO� WHVWV¶�
$1'�25�µW\SKRLG�IHYHU¶�$1'�µ(WKLRSLD¶��DQG�µ:LGDO�
WHVWV¶�$1'�25�µW\SKRLG¶�$1'�µ(WKLRSLD¶� 
8VLQJ� WKH�DERYH�PHQWLRQHG�VHDUFK� WHUPV�ZH�VHDUFKHG�
IRU�HOLJLEOH�DUWLFOHV��5HIHUHQFHV�IRU�WKH�DSSOLFDEOH�FLWD�
WLRQV�DQG�UHYLHZV�ZHUH�PDQXDOO\�VHDUFKHG�IRU�DSSOLFD�
EOH� FLWDWLRQV� DQG� SURIHVVLRQDOV� LQ� WKH� ILHOG� ZHUH� FRQ�
VXOWHG� WR�HQULFK� WKH� VHDUFK��7KH� WLWOHV�DQG�DEVWUDFWV�RI�
DOO� UHFRYHUHG�VWXGLHV�ZHUH� LQGHSHQGHQWO\�HYDOXDWHG�E\�
WZR�DXWKRUV��2$�DQG�6*���7KH�VDPH�UHYLHZHUV�MXGJHG�
WKH�IXOO�WH[WV�RI�WKH�UHWDLQHG�VWXGLHV��$W�HDFK�VWHS�GLVD�
JUHHPHQWV�ZHUH� UHVROYHG�E\� GLVFXVVLRQ�ZLWK� WKH�SUHV�
HQFH�RI�D�WKLUG�UHYLHZHU��.6���7KH�ODVW�VHDUFK�ZDV�FRQ�
GXFWHG�RQ�6HSWHPEHU����������� 
,QFOXVLRQ�DQG�H[FOXVLRQ�FULWHULD 
,QFOXVLRQ�FULWHULD��$OO�KXPDQ�VWXGLHV� WKDW� KDYH�FRP�
SDUHG�:LGDO�DJJOXWLQDWLRQ�WHVW�ZLWK�FXOWXUH�LQ�(WKLRSLD� 
([FOXVLRQ� FULWHULD͖�6WXGLHV� ZLWK� VDPSOH� VL]H� OHVV� ����
VWXGLHV�WKDW�GLG�QRW�SXEOLVK�IXOO�DUWLFOHV�RU�WKH�IXOO�DUWL�
FOH� QRW� DYDLODEOH�� DQG� VWXGLHV� GRQH� RQ� DV\PSWRPDWLF�
SDUWLFLSDQWV�ZHUH�H[FOXGHG� 

5LVN�RI�ELDV�LQ�LQGLYLGXDO�VWXGLHV 
7ZR�UHYLHZHUV� �2$��6*�� LQGHSHQGHQWO\�HYDOXDWHG� WKH�
ULVN�RI�ELDV�LQ�WKH�VWXGLHV�XVLQJ�WKH�4XDOLW\�$VVHVVPHQW�
RI� 'LDJQRVWLF� $FFXUDF\� 6WXGLHV� �48$'$6-��� WRRO��
'LVDJUHHPHQWV�ZHUH�UHVROYHG�E\�D�WKLUG�UHYLHZHU��.6���
7KH� UHVXOWV� RI� WKH� ULVN� RI� ELDV� DVVHVVPHQW� ZHUH� GH�
VFULEHG�DV�SDUW�RI�WKH�QDUUDWLYH�V\QWKHVLV� 
'DWD�([WUDFWLRQ� 
(DFK� VWXG\� ZDV� VXEMHFWHG� WR� WKH� IROORZLQJ� VHDUFK��
VWXG\�DXWKRU��\HDU�RI�SXEOLFDWLRQ��SODFH�RI�VWXG\��LQGH[�
WHVW��:LGDO���VWXG\�GHVLJQ��VDPSOH�VL]H��DQG�WKH�FKDUDF�
WHULVWLFV�RI�WKH�VDPSOH�SRSXODWLRQ��&RPSUHKHQVLYH�GDWD�
DERXW�WKH�:LGDO�WHVW�ZDV�H[WUDFWHG�IURP�WKH�VWXGLHV�WKDW�
ZHUH�LQFOXGHG��WKH�WHVW�EUDQG��FRXQWU\�DQG�QDPH�RI�WKH�
PDQXIDFWXUHU��WKH�SURFHGXUH�RI�WKH�:LGDO�WHVW��6LPLODU�
O\��ZH� WRRN� WKH� WUXH�SRVLWLYH� �73��� IDOVH�SRVLWLYH��)3���
IDOVH� QHJDWLYH� �)1��� DQG� WUXH� QHJDWLYH� �71�� RI� WKH�
:LGDO�DJJOXWLQDWLRQ�DV�FRPSDUHG�WR�FXOWXUH��2WKHU�LP�
SRUWDQW�YDULDEOHV�ZHUH�DOVR�H[WUDFWHG� 
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'DWD�V\QWKHVLV�SURFHVV 
:H� KDYH� XVHG� WKH� WZR� E\� WZR� WDEOH� YDULDEOHV�� WUXH�
SRVLWLYHV�� IDOVH� QHJDWLYHV�� IDOVH� QHJDWLYHV� DQG� WUXH�
QHJDWLYHV� IRU� SURGXFLQJ�SRROHG� VHQVLWLYLW\�� VSHFLILFL�
W\�� QHJDWLYH� SUHGLFWLYH� YDOXH� DQG� SRVLWLYH� SUHGLFWLYH�
YDOXH��:H�H[WUDFWHG�WKHVH�LPSRUWDQW�YDULDEOHV�LQ�0L�
FURVRIW� H[FHO�� 7KH� TXDQWLWDWLYH� V\QWKHVLV� ZDV� SHU�
IRUPHG�XVLQJ�67$7$�YHUVLRQ������)RU�HVWLPDWLQJ�WKH�
DFFXUDF\�ZH�XVHG�ELYDULDWH�PRGHO� WR�FDOFXODWH�VHQVL�
WLYLW\� 	� VSHFLILFLW\�� SRVLWLYH� 	� QHJDWLYH� SUHGLFWLYH�
YDOHV� DORQJ� ZLWK� ��� SHUFHQW� FRQILGHQFH� LQWHUYDOV�
�&,V���7KHVH�PHDVXUHV�ZHUH�SRROHG�XVLQJ�WKH�UDQGRP�
HIIHFWV� PRGHO�� 6HQVLWLYLW\� �WUXH� SRVLWLYH� UDWH�� ZDV�
GHILQHG� DV� WKH� SUREDELOLW\� WKDW� D� WHVW� UHVXOW� ZLOO� EH�
SRVLWLYH�ZKHQ� WKH� GLVHDVH� H[LVWV� DQG� FDOFXODWHG� DV�  �
73�� �73�)1��� 6LPLODUO\�� VSHFLILFLW\� �WUXH� QHJDWLYH�
UDWH��ZDV�GHILQHG� DV� WKH�SUREDELOLW\� WKDW� D� WHVW� UHVXOW�
ZLOO�EH�QHJDWLYH�ZKHQ� WKH�GLVHDVH� LV�QRW�SUHVHQW�DQG�
FDOFXODWHG� DV�  � 71�� �71�)3��� +HWHURJHQHLW\�
�GLIIHUHQFHV�LQ�UHSRUWHG�HVWLPDWHV�DPRQJ�VWXGLHV��ZDV�
HYDOXDWHG�E\�D�4�WHVW�VWDWLVWLF��&KL�VTXDUH�YDOXH�ZLWK�
S�YDOXHV��DQG�,��YDOXHV�� 
4XDOLW\�$VVHVVPHQW� 
7KH� VWXGLHV� TXDOLW\� DVVHVVPHQW�ZDV� FRQGXFWHG� XVLQJ�
4XDOLW\�$VVHVVPHQW�RI�'LDJQRVWLF�$FFXUDF\�6WXGLHV��
WRRO� �48$'$6-�������� 7KH� 48$'$6-�� WRRO� ZDV�
FRPSOHWHG�E\�IROORZLQJ�VWHSZLVH�JXLGHOLQHV� WR� MXGJH�
ULVN� RI� ELDV� �IRXU� GRPDLQV�� DQG� FRQFHUQV� DERXW� DS�

 

SOLFDELOLW\��WKUHH�GRPDLQV��IRU�HDFK�VWXG\�� 
5HVXOWV� 
6HDUFK�UHVXOWV 
7KH� HOHFWURQLF� VHDUFKHV� \LHOGHG� ��� DUWLFOHV�� 7KLUW\-
IRXU�RI� WKHVH�SDSHUV�ZHUH�H[FOXGHG�IURP�WKLV� UHYLHZ�
DQG�PHWD-DQDO\VLV��HOHYHQ�RI�WKH�VWXGLHV�ZHUH�H[FOXG�
HG� EHFDXVH� RI� GXSOLFDWLRQ�� ���ZHUH� H[FOXGHG� GXH� WR�
QRQ-UHOHYDQFH� DIWHU� UHYLHZLQJ� WKHLU� WLWOHV�� �� DUWLFOHV�
H[FOXGHG� EHFDXVH� WKH\� ZHUH� GRQH� RQ� DV\PSWRPDWLF�
SDUWLFLSDQWV�� WZR� RI� WKH� DUWLFOHV� ZHUH� QRW� DFFHVVHG�
�WKHVH�DUWLFOHV�UHTXLUHG�IHH�DQG�WKH�DXWKRUV�FRXOG�QRW�
DIIRUG���DQG�RQH�DUWLFOH�ZDV�GRQH�RQ�QRQ-KXPDQ�SDU�
WLFLSDQWV��� 7KH� GHWDLOV� RI� WKH� DUWLFOH� LQFOXVLRQ� DQG�
H[FOXVLRQ�DUH�VKRZQ�LQ�ILJXUH���EHORZ� 
:H�LQFOXGHG���FURVV-VHFWLRQDO�VWXGLHV�LQ�WKLV�V\VWHP�
DWLF� UHYLHZ� DQG� PHWD-DQDO\VLV� ���-����� $OO� HLJKW� RI�
WKH�LQFOXGHG�VWXGLHV�ZHUH�XVHG�LQ�WKH�TXDOLWDWLYH�V\Q�
WKHVLV�ZKLOH���RI�WKHP�ZHUH�XWLOL]HG�IRU�WKH�TXDQWLWD�
WLYH�V\QWKHVLV����-�����7KH�VWXGLHV�XVHG�IRU�TXDQWLWD�
WLYH�V\QWKHVLV�KDG�D�WRWDO�VDPSOH�VL]H�RI������SDUWLFL�
SDQWV�� 7KH� VWXGLHV�ZHUH� FRQGXFWHG� LQ� VL[� UHJLRQV� RI�
WKH� FRXQWU\�� $GGLV� $EDED� ��������� 2URPLD� ���������
6RXWK� QDWLRQV� DQG� QDWLRQDOLWLHV� ������ 7LJUD\� ������
$PKDUD� ������ DQG� 6RPDOL������ 1R� VWXG\� ZDV� UH�
WULHYHG�UHJDUGLQJ�WKH�:LGDO�VWXG\�IURP�WKH�UHPDLQLQJ�
UHJLRQV� RI� WKH� FRXQWU\� �+DUDU�� %HQLVKDQJO-*XPX]��
*DPEHOOD��$IDU��DQG�'LUH�'DZD��7DEOH���� 

7DEOH�����&KDUDFWHU LVWLFV�WKH�LQFOXGHG�VWXGLHV� 

A�1�$-�QRW�DYDLODEOH��AA�61135-�6RXWKHUQ�1DWLRQV��1DWLRQDOLWLHV�DQG�3HRSOHV�5HJLRQ 

7KH�QXPEHUV�SUHVHQWHG�KHUH�UHJDUGLQJ�:LGDO�WHVW�DUH�IRU�WKH�6OLGLQJ�DJJOXWLQDWLRQ�WHFKQLTXH� 

$XWKRU��\HDU 5HJLRQ�RI�
WKH�FRXQWU\ 

6DPSOH��
SDUWLFL�
SDQWV 

:LGDO�WHVW
�
SRVLWLYLW\�Q�
��� 

&XOWXUH�SRVLWLY�
LW\�Q���� 

5HPDUN 

$�*��:DVLKXQ�HW�DO��
���� 

7LJUD\ ��� ���������� �������   

$QGXDOHP�HW�DO��
���� 

$GGLV�$EDED ��� ��������� ��������   

/HJHVVH�*DUHGHZ�HW�
DO������ 

$GGLV�$EDED ��� ����������� �������� ����RI�WKH�
:LGDO�UHDFWLYH�
SDWLHQWV�ZHUH�
SUHVFULEHG�
DQWLELRWLFV 

0HVHUHW�%LUKDQLH�HW�
DO������ 

$PKDUD ��� ������� �������   

'HNVLVVD�DQG�*H�
EUHPHGKLQ������� 

2URPLD ��� ���������� ��������   

$PH\D�HW�DO������ 61135AA �� ��������� �������   

'DZLW�HW�DO������ 6RPDOL ��� 1�$A �������   

+DEWH�HW�DO������ 2URPLD ��� 1�$A ������   



���� 
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)LJXUH���$�IORZ�GLDJUDP�RI�WKH�VHOHFWLRQ�RI�HOLJLEOH�VWXGLHV 



���� 

 

 
 
 

 

 

§�/RZ�ULVN��F+LJK�ULVN���
�8QFOHDU�ULVN 
 
4XDOLWDWLYH�V\QWKHVLV 
$OO�WKH�VWXGLHV�LQFOXGHG�LQ�WKLV�UHYLHZ�KDYH�DQDO\]HG�
IHEULOH�LQGLYLGXDOV�ZLWK�D�FOLQLFDO�VXVSLFLRQ�RI�W\SKRLG�
IHYHU�� $PRQJ� WKH� �� VWXGLHV� FRQWDLQHG�ZLWKLQ� LQ� WKLV�
UHYLHZ�� �� RI� WKHP� KDYH� FRPSDUHG� WKH� LQGH[� :LGDO�
DJJOXWLQDWLRQ� WHVW� WR� D� UHIHUHQFH� EORRG� ���-���� RU�
VWRRO� �������� FXOWXUH��2Q� WKH� RWKHU� KDQG�� WZR� RI� WKH�
VWXGLHV���������MXVW�GLG�EORRG�FXOWXUH�DORQH��7KH�VHQ�
VLWLYLW\�� VSHFLILFLW\�� QHJDWLYH� SUHGLFWLYH� YDOXH�� DQG�
SRVLWLYH� SUHGLFWLYH� YDOHV� RI� WKH� :LGDO� WHVW� UDQJHG�
IURP� ����-������ ����-������� ��-������ DQG� ���-
������� UHVSHFWLYHO\�� 7KH� FXOWXUH� SRVLWLYLW\� UDWH�
UDQJHG�IURP������-������ 
4XDQWLWDWLYH�V\QWKHVLV 
7KH�PDLQ� RXWFRPHV� RI� FRQFHUQ�ZHUH� WKH� VHQVLWLYLW\��
VSHFLILFLW\�� QHJDWLYH� SUHGLFWLYH� DQG� SRVLWLYH� YDOXHV�
SUHGLFWLYH�YDOXHV�RI�:LGDO�DJJOXWLQDWLRQ�DV�FRPSDUHG�
WR�WKH�UHIHUHQFH�WHVW��FXOWXUH�LQ�WKLV�FDVH�� 
7KH�SRROHG� VHQVLWLYLW\�RI�:LGDO� DJJOXWLQDWLRQ� WHVW� LQ�
WKH�GLDJQRVLV������������&,������-��������6LPLODU�
O\�� WKH� SRROHG� VSHFLILFLW\� RI� :LGDO� WHVW� ZDV� GHWHU�
PLQHG� WR� EH� ������ ����� &,�� ����-�������� 7KH�
SRROHG�QHJDWLYH�DQG�SRVLWLYH�SUHGLFWLYH�YDOXHV�RI�WKH�
:LGDO� WHVW� ZHUH� ������ ����� &,�� ����-������� DQG�
����� ����� &,�� ���-������ UHVSHFWLYHO\�� 7KH� SRROHG�
:LGDO�DQG�FXOWXUH�SRVLWLYLW\� LQ�RXU� VWXG\�ZDV�������
�����&,������-�������DQG�����������&,�����-�������
7KH� IRUHVW� SORWV� RI� WKH� SRROHG� QHJDWLYH� DQG� SRVLWLYH�
SUHGLFWLYH�YDOXHV�DUH�GHSLFWHG�EHORZ��)LJXUH���DQG����� 

 

6WXG\ 5LVN�RI�ELDV $SSOLFDELOLW\�FRQFHUQV 
3DWLHQW�
VHOHFWLRQ 

,QGH[�
WHVW 

5HIHUHQFH�
VWDQGDUG 

)ORZ� DQG�
WLPLQJ 

3DWLHQW�
VHOHFWLRQ 

  

,QGH[�WHVW 5HIHUHQFH�
VWDQGDUG 

$�*�� :DVL�
KXQ�HW�DO 
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DO 
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$PH\D�HW�DO �
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7DEOH���6XPPDU\�RI�WKH�TXDOLW\�DVVHVVPHQW�RI�WKH�LQFOXGHG�VWXGLHV� 
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)LJXUH���)RUHVW�SORW�IRU �WKH�SRROHG�HVWLPDWH�RI�WKH�QHJDWLYH�SUHGLFWLYH�YDOXH�RI�:LGDO�WHVW 

)LJXUH���)RUHVW�SORW�IRU �WKH�SRROHG�HVWLPDWH�RI�SRVLWLYH�SUHGLFWLYH�YDOXH�RI�WKH�:LGDO�WHVW 
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'LVFXVVLRQ 
,Q�RXU� UHYLHZ��ZH�KDYH�SRROHG� WKH�VHQVLWLYLW\��VSHFL�
ILFLW\��QHJDWLYH�DQG�SRVLWLYH�SUHGLFWLYH�YDOXH�RI� VOLG�
LQJ�:LGDO�DJJOXWLQDWLRQ� WHVW� XVLQJ�FXOWXUH�DV�D� UHIHU�
HQFH� WHVW�� 7KH� SRROHG� HVWLPDWH� IURP� WKLV� UHYLHZ� KDV�
UHYHDOHG� WKDW� WKH�VOLGLQJ�:LGDO�DJJOXWLQDWLRQ� WHVW�KDV�
JRRG� VHQVLWLYLW\� DQG� H[FHOOHQW� QHJDWLYH� SUHGLFWLYH�
YDOXH��+RZHYHU�� LW�KDV�D�ORZ�VSHFLILFLW\���������DQG�
SRVLWLYH�SUHGLFWLYH�YDOXH�������� 
7KH�SRROHG�VHQVLWLYLW\�RI�6OLGLQJ�:LGDO�DJJOXWLQDWLRQ�
WHVW� LQ� WKLV� VWXG\� ZDV� ������ ����&,�� ����-�������
DQG� WKH� QHJDWLYH� SUHGLFWLYH� YDOXH�ZDV� �������� ���
&,������-��������7KH�VHQVLWLYLW\�ZDV�FRPSDUDEOH�WR�D�
UHYLHZ� FRQGXFWHG� E\� 0HQJLVW� DQG� 7LODKXQ�
�61 ������� ����� DQG� 5�� %XQGDOLDQ� HW� DO� �61 ��-
����������ZKLOH�WKH�QHJDWLYH�SUHGLFWLYH�YDOXH�RI�RXU�
VWXG\� ��������ZDV�PXFK�KLJKHU�DV�FRPSDUHG� WR� WKDW�
UHSRUWHG� E\� 0HQJLVW� DQG� 7LODKXQ� �139 ����� �����
DQG�%HJXP�HW�DO��139 �������������7KH�139�RI�RXU�
VWXG\�ZDV�FRPSDUDEOH�WR�WKDW�UHSRUWHG�E\�7DLZR�HW�DO�
�������������DQG�/H\�HW�DO������������ 

 
7KH� SRROHG� VSHFLILFLW\� DQG� SRVLWLYH� SUHGLFWLYH� YDOXH�
RI�:LGDO� WHVW� LQ� WKLV�VWXG\�ZHUH�������DQG������UH�
VSHFWLYHO\��7KLV�SRVLWLYH�SUHGLFWLYH�YDOXH�LV�H[WUHPHO\�
ORZ�DV�FRPSDUHG�WR�GLIIHUHQW�RWKHU�VWXGLHV����������-
�����2QH� RI� WKH� UHDVRQV�PD\� EH� WKH� ORZHU� FXWV� –RII�
IRU�WKH�2��������DQG�+��������DQWLERGLHV�XVHG�LQ�RXU�
VWXG\�LQ�FRQWUDU\�WR�WKDW�E\�:LOONH�HW�DO���������������
7KH�RWKHU�UHDVRQ�PLJKW�EH�WKH�ORZHU�FXOWXUH�SRVLWLYLW\�
UDWH�RI�RXU�VWXG\� 
7KH�VHURORJLF��VOLGLQJ�DJJOXWLQDWLRQ�:LGDO��GLDJQRVLV�
RI�W\SKRLG�IHYHU�RFFXUUHG�LQ�XS�WR�D�WKLUG�RI�WKH�VWXG\�
SDUWLFLSDQWV���������LQ�WKLV�VWXG\��2Q�WKH�RWKHU�KDQG��
WKH�FXOWXUH�FRQILUPHG� W\SKRLG� IHYHU�ZDV�REVHUYHG� LQ�
�����RI�WKH�SDUWLFLSDQWV�LQ�RXU�VWXG\��7KHUH�LV�VLPLODU�
UHSRUW�RI�VHURORJLF�GLDJQRVLV�UDWH�LQ�1LJHULD������DQG�
D� KLJKHU� UDWH� ������ LQ� 7DQ]DQLD� ������ 7KH� FXOWXUH�
SURYHQ�GLDJQRVLV�UDWH�RI�W\SKRLG�IHYHU�ZDV�FRPSDUD�
EOH� WR� WKDW� RI�&RQJR� ������� �����EXW� ORZHU� DV� FRP�
SDUHG�WR�WKDW�LQ�1LJHULD���������DQG�7DQ]DQLD�������
�������� 

 
$V�PHQWLRQHG�HDUOLHU�WKLV�VWXG\�KDV�VKRZQ�D�YHU\�ORZ�
339���������3RVLWLYH�SUHGLFWLYH�YDOXH LV�WKH�SUREDELO�
LW\� WKDW� VXEMHFWV� ZLWK� D� SRVLWLYH� VFUHHQLQJ� WHVW� WUXO\�
KDYH� WKH� GLVHDVH�� 7KXV�� VOLGLQJ� :LGDO� DJJOXWLQDWLRQ�
WHVW� LV� SRRUO\� UHOLDEOH� LQ� LGHQWLI\LQJ� WKRVH� WUXO\� GLV�
HDVHG� E\� W\SKRLG� IHYHU�� 1HYHUWKHOHVV�� WKLV� WHVW� KDV�
KLJK�139���������WKDW�PHDQV�D�VXEMHFW�ZLWK�D�QHJD�
WLYH� 6OLGLQJ�:LGDO� DJJOXWLQDWLRQ� WHVW� LV� KLJKO\� OLNHO\�
QRW�WR�KDYH�7\SKRLG�IHYHU� 
 
7KH�VWUHQJWKV�RI�RXU�VWXG\�LQFOXGH�WKH�UHODWLYHO\�ODUJ�
HU� WRWDO� VDPSOH� VL]H� DV� FRPSDUHG� WR�SUHYLRXV� VWXGLHV�
GRQH� LQ�(WKLRSLD�DQG� WKH�DVVHVVPHQW�RI�DQ� LPSRUWDQW�
UHVHDUFK� TXHVWLRQ�� $PRQJ� WKH� OLPLWDWLRQV� RI� WKLV�
VWXG\�DUH�RXU�XVH�RI�D�UHIHUHQFH�WHVW��EORRG�DQG�VWRRO��
WKDW� KDV� ORZHU� VHQVLWLYLW\� DQG� WKH� VWXGLHV� UHWULHYHG�
FRYHUHG�RQO\�VRPH�SRUWLRQ�RI�(WKLRSLD� 

 

 
&RQFOXVLRQ�DQG�UHFRPPHQGDWLRQV�� 
2XU� VWXG\� LV� WKH� ILUVW� V\VWHPDWLF� UHYLHZ� DQG� PHWD-
DQDO\VLV� WR� HYDOXDWH� WKH� DFFXUDF\� RI� :LGDO� WHVW� LQ�
(WKLRSLD��:LGDO�DJJOXWLQDWLRQ�WHVW�KDV�DYHUDJH�VSHFL�
ILFLW\�� YHU\� JRRG� QHJDWLYH� SUHGLFWLYH� YDOXH� DQG� YHU\�
SRRU� SRVLWLYH� SUHGLFWLYH� YDOXH� IRU� WKH� GLDJQRVLV� RI�
W\SKRLG�IHYHU��5HO\LQJ�RQ�:LGDO�IRU�WKH�GLDJQRVLV�RI�
W\SKRLG� IHYHU�PD\� OHDG� WR�RYHU-GLDJQRVLV�RI� W\SKRLG�
IHYHU�DQG�UHODWHG�FRPSOLFDWLRQV�LQFOXGLQJ�LQDSSURSUL�
DWH�XVH�RI�DQWLELRWLFV��7KHUH�LV�DQ�XUJHQW�QHHG�RI�UDSLG�
DQG� UHOLDEOH� WHVWV� IRU� WKH� GLDJQRVLV� RI� W\SKRLG� IHYHU�
SDUWLFXODUO\� LQ� VHWWLQJV� OLNH� (WKLRSLD� ZKHUH� GRLQJ�
WLPHO\�FXOWXUH�LV�QRW�IHDVLEOH� 
 
'HFODUDWLRQV 
(WKLFV�FRQVLGHUDWLRQ 
7KLV� VWXG\� LV� D� V\VWHPDWLF� UHYLHZ�DQG�PHWD-DQDO\VLV�
DQG�REWDLQLQJ�DQ�HWKLFDO�DSSURYDO�ZDV�QRW�QHFHVVDU\�� 
$YDLODELOLW\�RI�GDWD�DQG�PDWHULDOV 
$OO�GDWD�JHQHUDWHG�RU�DQDO\]HG�GXULQJ� WKLV� VWXG\�DUH�
LQFOXGHG� LQ� WKH� PDQXVFULSW�� +RZHYHU�� WKH� UDZ� GDWD�
DUH� DYDLODEOH� IURP� WKH� FRUUHVSRQGLQJ� DXWKRU� RQ� UHD�
VRQDEOH�UHTXHVW� 
&RPSHWLQJ�LQWHUHVWV 
7KH�DXWKRUV�GHFODUH� WKDW� WKH\�KDYH�QR�FRPSHWLQJ� LQ�
WHUHVWV� 
)XQGLQJ 
7KLV�VWXG\�UHFHLYHG�QR�IXQGLQJ�IURP�DQ\�VRXUFH� 
$XWKRUV
�FRQWULEXWLRQV 
2$0�DQG�6*�FDUULHG�RXW�WKLV�VWXG\��GUDIWHG�WKH�PDQ�
XVFULSW�DQG�FRRUGLQDWHG�WKH�VWXG\��.6�SDUWLFLSDWHG�LQ�
WKH�GHVLJQ�RI� WKH� VWXG\�DQG�SHUIRUPHG� WKH� VWDWLVWLFDO�
DQDO\VLV� DQG� HGLWHG� FULWLFDOO\� WKH� PDQXVFULSW�� 2$0�
DQG� 6*� VXJJHVWHG� WKH� WLWOH� RI� WKH� UHVHDUFK�� $OO� WKH�
DXWKRUV� UHDG� DQG� DSSURYHG� WKH� ILQDO� PDQXVFULSW� IRU�
VXEPLVVLRQ�WR�(0-�� 



���� 

 

 
 
 

 

 

5HIHUHQFHV 
��� &UXPS�-$��/XE\�63��0LQW]�('��7KH�JOREDO�EXUGHQ�RI�W\SKRLG�IHYHU��%XOO�:RUOG�+HDOWK�2UJDQ������ 
��� 6DSRULWR� /�� &RORPED� &�� 7LWRQH� /�� 7\SKRLG� )HYHU�� ,Q�� ,QWHUQDWLRQDO� (QF\FORSHGLD� RI� 3XEOLF� +HDOWK��

���� 
��� %XFNOH�*&��:DONHU�&/)��%ODFN�5(��7\SKRLG�IHYHU�DQG�SDUDW\SKRLG�IHYHU��6\VWHPDWLF�UHYLHZ�WR�HVWL�

PDWH�JOREDO�PRUELGLW\�DQG�PRUWDOLW\�IRU�������-�*ORE�+HDOWK������� 
��� %H\HQH�*��$VUDW�'��0HQJLVWX�<��$VHIID�$��:DLQ�-��7\SKRLG�IHYHU�LQ�(WKLRSLD��-RXUQDO�RI�LQIHFWLRQ�LQ�

GHYHORSLQJ�FRXQWULHV�������� 
��� 9RQ�.DOFNUHXWK�9��.RQLQJV�)��$DE\�3��$GX-6DUNRGLH�<��$OL�0��$VHIID�$��HW�DO��7KH�7\SKRLG�)HYHU�

6XUYHLOODQFH� LQ� $IULFD� 3URJUDP� �76$3��� &OLQLFDO�� 'LDJQRVWLF�� DQG� (SLGHPLRORJLFDO� 0HWKRGRORJLHV��
&OLQ�,QIHFW�'LV������� 

��� %KXWWD�=$��&XUUHQW�FRQFHSWV�LQ�WKH�GLDJQRVLV�DQG�WUHDWPHQW�RI�W\SKRLG�IHYHU��%ULWLVK�0HGLFDO�-RXUQDO��
����� 

��� 7KULHPHU�.��/H\�%��0HQWHQ�-��-DFREV�-��9DQ�'HQ�(QGH�-��$�V\VWHPDWLF�UHYLHZ�DQG�PHWD-DQDO\VLV�RI�WKH�
SHUIRUPDQFH� RI� WZR� SRLQW� RI� FDUH� W\SKRLG� IHYHU� WHVWV�� WXEH[� 7)� DQG� W\SKLGRW�� LQ� HQGHPLF� FRXQWULHV��
3/R6�21(������ 

��� ,VODP�.��6D\HHG�0$��+RVVHQ�(��.KDQDP�)��&KDUOHV�5&��$QGUHZV�-��HW�DO��&RPSDULVRQ�RI�WKH�3HUIRU�
PDQFH�RI� WKH�737HVW��7XEH[��7\SKLGRW� DQG�:LGDO� ,PPXQRGLDJQRVWLF�$VVD\V� DQG�%ORRG�&XOWXUHV� LQ�
'HWHFWLQJ�3DWLHQWV�ZLWK�7\SKRLG�)HYHU�LQ�%DQJODGHVK��,QFOXGLQJ�8VLQJ�D�%D\HVLDQ�/DWHQW�&ODVV�0RG�
HOLQJ�$SSURDFK��3/R6�1HJO�7URS�'LV������ 

��� 2ORSRHQLD�/$��.LQJ�$/��:LGDO�DJJOXWLQDWLRQ�WHVW�-�����\HDUV�ODWHU��6WLOO�SODJXHG�E\�FRQWURYHUV\��3RVW�
JUDGXDWH�0HGLFDO�-RXUQDO������� 

��� ������5DKPDQ�$)06��&RZDQ�0(��7\SKRLG�DQG�LWV�VHURORJ\��%ULWLVK�0HGLFDO�-RXUQDO������� 
���� +RIIPDQ�6/��)ODQLJDQ�73��.ODXFNH�'��/HNVDQD�%��5RFNKLOO�5&��3XQMDEL�1+��HW� DO��7KH�ZLGDO� VOLGH�

DJJOXWLQDWLRQ� WHVW�� D�YDOXDEOH� UDSLG�GLDJQRVWLF� WHVW� LQ� W\SKRLG� IHYHU�SDWLHQWV�DW� WKH� LQIHFWLRXV�GLVHDVHV�
KRVSLWDO�RI�MDNDUWD��$P�-�(SLGHPLRO������� 

��� ����/DOUHPUXDWD�5��&KDGKD�6��%KDOOD�3��5HWURVSHFWLYH�DXGLW�RI�WKH�ZLGDO�WHVW�IRU�GLDJQRVLV��RI�W\SKRLG�IHYHU�
LQ�SHGLDWULF�SDWLHQWV�LQ�DQ�HQGHPLF�UHJLRQ��-�&OLQ�'LDJQRVWLF�5HV������� 

���� /H\�%��0WRYH�*��7KULHPHU�.��$PRV�%��YRQ�6HLGOHLQ�/��+HQGULNVHQ�,��HW�DO��(YDOXDWLRQ�RI�WKH�:LGDO�
WXEH�DJJOXWLQDWLRQ�WHVW�IRU�WKH�GLDJQRVLV�RI�W\SKRLG�IHYHU�DPRQJ�FKLOGUHQ�DGPLWWHG�WR�D�UXUDO�KGRVSLWDO�
LQ�7DQ]DQLD�DQG�D�FRPSDULVRQ�ZLWK�SUHYLRXV�VWXGLHV��%0&�,QIHFW�'LV������ 

���� 2OVHQ�6-��3UXFNOHU�-��%LEE�:��7KDQK�170��7ULQK�70��0LQK�17��HW�DO��(YDOXDWLRQ�RI�5DSLG�'LDJQRVWLF�
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