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7+(�),)$�����62&&(5�,1-85<�
35(9(17,21�352*5$0 

  
6RFFHU��IRRWEDOO��LV�WKH�PRVW�ZLGHO\�

SOD\HG� VSRUW� ZRUOGZLGH�� ZLWK�
DSSUR[LPDWHO\� ������������
UHJLVWHUHG� SOD\HUV� JOREDOO\�� 7KH�
)HGHUDWLRQ�,QWHUQDWLRQDOH�GH�)RRWEDOO�
$VVRFLDWLRQ� �),)$�� DQG� LWV� PHGLFDO�
DVVHVVPHQW� DQG� UHVHDUFK� FHQWHU�
KDYH�GHYHORSHG�DQ� LQMXU\�SUHYHQWLRQ�
SURJUDP�� WKH� ),)$� ���� SURJUDP�� LQ�
DQ� HIIRUW� WR� UHGXFH� WKH� LQFLGHQFH� RI�
DOO� LQMXULHV� VXVWDLQHG� GXULQJ�
SDUWLFLSDWLRQ�� 7KLV� VWXG\� HYDOXDWHG�
WKH� HIILFDF\� RI� WKH� ),)$� ���� LQ�
SUHYHQWLQJ� LQMXULHV� LQ�FROOHJLDWH�PDOH�
VRFFHU�SOD\HUV� 
$OO� 1&$$� 'LYLVLRQ� ,� DQG� ,,� PHQ
V�

FROOHJLDWH� VRFFHU� SURJUDPV� ZHUH�
FRQWDFWHG� WR� SDUWLFLSDWH� LQ� WKLV�
SURVSHFWLYH�� FOXVWHU� UDQGRPL]HG��
FRQWUROOHG� WULDO�� 6L[W\-RQH� WHDPV�
FRPSOHWHG� WKH�VWXG\��ZLWK����FRQWURO�
�&�� DQG� ��� LQWHUYHQWLRQ� JURXSV� �,���
7KH� ),)$� ���� SURJUDP� ZDV�
GHOLYHUHG� WR�HDFK�DWKOHWLF� WUDLQHU� LQ� ,�
JURXS�� 'DWD� FRQFHUQLQJ� DWKOHWLF�
H[SRVXUH�� LQMXU\�� XWLOL]DWLRQ� RI� WKH�
SURJUDP� DQG� FRPSOLDQFH� ZHUH�
FRPSLOHG� LQWR� DQ� LQMXU\� VXUYHLOODQFH�
V\VWHP�� ,QMXULHV� ZHUH� FDOFXODWHG� DV�
WKH� QXPEHU� RI� LQMXULHV� SHU� ������
DWKOHWLF�H[SRVXUHV��$(V�� 
7KH�DWKOHWHV�LQ�&�JURXS�ZHUH�IRXQG�

WR�KDYH�������LQMXULHV�SHU�������$(V��
DV� FRPSDUHG� ZLWK� ����� LQMXULHV� SHU�
������ $(� LQ� JURXS� ,� �S��������� 7KH�
LQWHUYHQWLRQ� JURXS� DOVR� KDG� IHZHU�
PLVVHG�GD\V�GXH�WR�LQMXU\�DQG�IHZHU�
JDPH� LQMXULHV� WKDQ� GLG� WKH� FRQWURO�
JURXS�� 7KUHH� DQWHULRU� FUXFLDWH�
OLJDPHQW� LQMXULHV� ZHUH� QRWHG� LQ� WKH�
LQWHUYHQWLRQ� JURXS� DQG� ��� LQ� WKH�
FRQWURO�JURXS��S�������� 
&RQFOXVLRQ�� 7KLV� UDQGRPL]HG��

FRQWUROOHG�WULDO��UHYLHZLQJ�WKH�HIILFDF\�
RI� ),)$� ���� LQ� UHGXFLQJ� LQMXULHV� LQ�
PHQ¶V� FROOHJLDWH� VRFFHU� SOD\HUV��
IRXQG� D� ������ UHGXFWLRQ� LQ� LQMXULHV�
DV�FRPSDUHG�WR�D�FRQWURO�JURXS� 
  

6LOYHUV-*UDQHOOL��+���HW�DO��(IILFDF\�RI�
WKH� ),)$� ���� ,QMXU\� 3UHYHQWLRQ�
3URJUDP� LQ� WKH� &ROOHJLDWH� 0DOH�
6RFFHU� 3OD\HU�� $P� -� 6SRUWV� 0HG��
������1RY�������������-����� 

  

&2035(66,21�*$50(176�
$)7(5�(1'85$1&(�(;(5&,6( 

  
$V� SLORW� GDWD� KDYH� VXJJHVWHG� WKDW�

ZHDULQJ� FRPSUHVVLRQ� JDUPHQWV�
GXULQJ� H[HUFLVH� PD\� DFFHOHUDWH�
UHFRYHU\��WKLV�VWXG\�ZDV�GHVLJQHG�WR�
GHWHUPLQH� WKH� HIIHFWV� RQ�
SHUIRUPDQFH� UHFRYHU\� RI� ZHDULQJ� D�
ORZHU� ERG\�FRPSUHVVLRQ�JDUPHQW�IRU�
���KRXUV�IROORZLQJ�UXQQLQJ�H[HUFLVH� 
7KLV� VWXG\� LQFOXGHG����DFWLYH�PHQ�

ZLWK� DQ� DYHUDJH� DJH� RI� ��� \HDUV��
7KH� VXEMHFWV� ZHUH� UDQGRPL]HG� WR� D�
GRZQKLOO� UXQQLQJ� JURXS� �'+5�� RU� D�
OHYHO� VXUIDFH� UXQQLQJ� JURXS� �/5���
(DFK� EHJDQ� UXQQLQJ� DW� D� VSHHG�
HTXLYDOHQW�WR�����RI�WKHLU�92��PD[��
)ROORZLQJ� WZR�VWDJHV�RI�VXEPD[LPDO�
UXQQLQJ�� WKH� UXQQLQJ� VSHHG� ZDV�
LQFUHDVHG� HDFK� PLQXWH� XQWLO�
H[KDXVWLRQ�� 5HVSLUDWRU\� JDVHV� ZHUH�
FROOHFWHG� DQG� DQDO\]HG�� ZLWK� KHDUW�
UDWH� PRQLWRUHG� FRQWLQXRXVO\�� )RU�
ERWK� JURXSV�� DOO� VXEMHFWV� FRPSOHWHG�
WZR� GLIIHUHQW� WULDOV�� HLWKHU� ZHDULQJ�
�&*�� RU� QRW� ZHDULQJ� �&21�� D� ORZHU�
ERG\� FRPSUHVVLRQ� JDUPHQW� IRU� ���
KRXUV� DIWHU� H[HUFLVH�� &KDQJHV� LQ�
MXPS� SHUIRUPDQFH�� FLUFXPIHUHQFH� RI�
WKH�WKLJK�DQG�FDOI��VXEMHFWLYH�PXVFOH�
VRUHQHVV�DQG�IDWLJXH�DQG�EORRG�ZRUN�
YDULDEOHV�ZHUH�PHDVXUHG�EHIRUH�DQG�
LPPHGLDWHO\� DIWHU� H[HUFLVH�� DQG� DW�
RQH�� WKUHH� DQG� ��ௗKRXUV� DIWHU�
H[HUFLVH�� ,Q� DGGLWLRQ�� UXQQLQJ�
HFRQRP\� ZDV� DVVHVVHG� ��� KRXUV�
DIWHU�H[HUFLVH� 
$W����KRXUV�DIWHU�'+5��WKH�FRXQWHU�

PRYHPHQW�MXPS�KHLJKW�DQG�5HERXQG�
-XPS�,QGH[�ZHUH�VLJQLILFDQWO\�KLJKHU�
LQ� WKH�&*� WULDO� WKDQ� LQ� WKH�&21� WULDO�
�S ������ DQG� S������ UHVSHFWLYHO\���
EXW� QRW� IROORZLQJ� WKH� /5� WULDO��
:HDULQJ� WKH� &*� GLG� QRW� DIIHFW� WKH�
WLPH� FRXUVH� RI� FKDQJHV� LQ� EORRG�

YDULDEOHV�LQ�HLWKHU�JURXS� 
&RQFOXVLRQ�� 7KLV� VWXG\� IRXQG�

WKDW� ZHDULQJ� ORZHU� H[WUHPLW\�
FRPSUHVVLRQ� JDUPHQWV� DIWHU� LQWHQVH�
H[HUFLVH� IDFLOLWDWHG� UHFRYHU\� RI� MXPS�
SHUIRUPDQFH� XQGHU� VLWXDWLRQV� ZLWK�
VHYHUH�H[HUFLVH-LQGXFHG�GDPDJH� 

  
0L]XQD�� 6��� HW� DO�� :HDULQJ�
&RPSUHVVLRQ� *DUPHQW� DIWHU�
(QGXUDQFH� ([HUFLVH� 3URPRWHV�
5HFRYHU\� RI� ([HUFLVH� 3HUIRUPDQFH��
,QW� -� 6SRUWV� 0HG�� ������2FWREHU��
������������-���� 

  

&$%%$*(�/($)�:5$36�)25�
267(2$57+5,7,6�2)�7+(�.1(( 

2VWHRDUWKULWLV��2$��RI�WKH�NQHH�LV�D�
FRPPRQ�� FKURQLF� GLVHDVH� DIIHFWLQJ�
WKH� HOGHUO\�� $� FDEEDJH� OHDI� ZUDS�
�&/:��� XVLQJ� ZKLWH� RU� VDYR\�
FDEEDJH� DSSOLHG� WR� WKH� SDLQIXO� MRLQW��
LV� D� FRQVHUYDWLYH� WUHDWPHQW� WKDW� KDV�
EHHQ� XVHG� IRU� FHQWXULHV�� 7KLV� VWXG\�
LQYHVWLJDWHG� WKH� HIIHFWV� RI�&/:V� IRU�
WKH�WUHDWPHQW�RI�2$�RI�WKH�NQHH� 
7KLV�UDQGRPL]HG��FRQWUROOHG��WKUHH 
-DUPHG�SDUDOOHO�JURXS�WULDO�LQFOXGHG�

SDWLHQWV� ZLWK� 2$� RI� WKH� NQHHV� ZLWK�
UDGLRJUDSKLF� HYLGHQFH� RI� .HOOJUHQ-�
/DZUHQFH�VWDJH�,,�WR�,,,��7KH�VXEMHFWV�
ZHUH� � DVVLJQHG� � RQH� � RI� � WKUHH�
JURXSV��LQFOXGLQJ�IRXU�ZHHNV�RI�GDLO\�
&/:V� DW� WZR� KRXUV� SHU� GD\�� ���PJ�
WRSLFDO�GLFORIHQDF�RQFH�GDLO\�RU�XVXDO�
FDUH� �8&��� 7KH� SULPDU\� RXWFRPH�
PHDVXUH� ZDV� SDLQ� LQWHQVLW\��
DVVHVVHG� ZLWK� D� YLVXDO� DQDORJXH�
VFDOH� �9$6�� DIWHU� IRXU� ZHHNV��
6HFRQGDU\� RXWFRPHV� LQFOXGHG� WKH�
:HVWHUQ� 2QWDULR� DQG� 0F0DVWHU�
8QLYHUVLWLHV� $UWKULWLV� LQGH[�
�:20$&��� TXDOLW\� RI� OLIH�� VHOI-
HIILFDF\�� SK\VLFDO� IXQFWLRQ�� SUHVVXUH�
SDLQ� VHQVLWLYLW\�� VDWLVIDFWLRQ� DQG�
VDIHW\�DIWHU�IRXU�DQG����ZHHNV� 
7KH� VXEMHFWV� LQFOXGHG� ��� ZRPHQ�

DQG������PHQ��ZLWK��DQ�DYHUDJH�DJH�
RI������\HDUV��$IWHU�IRXU�ZHHNV��SDLQ�
VFRUHV� ZHUH� VLJQLILFDQWO\� PRUH�
LPSURYHG� LQ� WKH� &/:� JURXS� WKDQ� LQ�

9ROXPH����1XPEHU�� 1RYHPEHU�������� 



3DJH�� 1RYHPEHU�������� 9ROXPH����1XPEHU�� 

������-��-������ 

�������������ǡ��Ǥ�Ǥ 

���������������Ƭ�����������������ǡ�
�������������ǡ�
� 

�������������� 

�������Ǥ�������ǡ�Ǥ�Ǥǡ��Ǥ�Ǥ 
����������������ǡ��������ǡ�
� 

���������������� 

������ǡ��Ǥ�Ǥ 
����������������ǡ��������ǡ�
� 

����������� 

��������Ǥ��������ǡ����� 
�����������������������������������ǡ�
���������ǡ��� 

�������������������� 

���������Ǥ������ǡ��Ǥ�Ǥ 

 

WKH� 8&� JURXS�� ZLWK� D� GLIIHUHQFH� RI�
����� SRLQWV� �S ������� 1R� VLJQLILFDQW�
GLIIHUHQFH� ZDV� IRXQG� EHWZHHQ� WKH�
&/:�JURXS�DQG�WKH�WRSLFDO�GLFORIHQDF�
JURXS� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV�ZLWK�RVWHRDUWKULWLV�RI�WKH�NQHH�
IRXQG� WKDW� FDEEDJH� OHDI� ZUDSV� FDQ�
VLJQLILFDQWO\� UHGXFH� SDLQ� DQG� LPSURYH�
IXQFWLRQ� DQG� TXDOLW\� RI� OLIH� DV�
FRPSDUHG� WR� XVXDO� FDUH�� ZLWK� UHVXOWV�
VLPLODU�WR�WKRVH�RI�WRSLFDO�GLFORIHQDF� 

  
/DXFKH��5���HW�DO��(IILFDF\�RI�&DEEDJH�
/HDI� :UDSV� LQ� WKH� 7UHDWPHQW� RI�
6\PSWRPDWLF� 2VWHRDUWKULWLV� RI� WKH�
.QHH�� 5DQGRPL]HG�� &RQWUROOHG� 7ULDO��
&OLQ�-�3DLQ��������1RYHPEHU���� 
���������-���� 

  

*$,7�&+$1*(6�$)7(5�$1./(�
$57+52'(6,6 

  
7KH�VXUJLFDO�RSWLRQV�IRU�SDWLHQWV�ZLWK�

VHYHUH�WLELRWDODU�DUWKULWLV�LQYROYH�HLWKHU�
D�WRWDO�DQNOH�DUWKURSODVW\�RU�D�WLELRWDODU�
DUWKURGHVLV�� 7KH� GLIIHUHQFH� LQ�
RXWFRPHV� EHWZHHQ� WKHVH� WZR�
SURFHGXUHV�� DQG� WKH� UHVXOWLQJ� JDWH�
FKDQJHV�� UHPDLQ� XQFOHDU�� 7KLV� VWXG\�
DVVHVVHG� WKH� SRVWRSHUDWLYH� JDLW�
IXQFWLRQ� RI� SDWLHQWV� XQGHUJRLQJ� DQNOH�
DUWKURGHVLV� 
7KLV� SURVSHFWLYH� VWXG\� HYDOXDWHG�

SDWLHQWV�ZLWK� LVRODWHG�HQG-VWDJH�DQNOH�
DUWKULWLV� ZKR� ZHUH� WUHDWHG� ZLWK�
WLELRWDODU� DUWKURGHVLV�� $QDO\VLV� ZDV�
FRPSOHWHG� WZR�ZHHNV�EHIRUH�VXUJHU\��
DQG� WKHQ� DJDLQ� DIWHU� VXUJHU\�� *DLW�
SDUDPHWHUV� ZHUH� FROOHFWHG� IRU� ERWK�

 

WKH�DIIHFWHG�DQG�WKH�XQDIIHFWHG� OLPEV��
3DUDPHWHUV� IROORZHG� ZHUH� FDGHQFH��
VWHS�OHQJWK��ZDONLQJ�YHORFLW\��DQG�WRWDO�
VXSSRUW� WLPH��.LQHPDWLF� GDWD� LQFOXGHG�
UDQJH� RI� PRWLRQ�� PD[LPDO�
SODQWDUIOH[LRQ� DQG� GRUVLIOH[LRQ� RI� WKH�
DQNOH� 
$IWHU� VXUJHU\�� � VLJQLILFDQW� LQFUHDVHV�

ZHUH� QRWHG� LQ� VWHS� OHQJWK� �S��������
DQG�JDLW�YHORFLW\��S���������7KH�PHDQ�
WRWDO� UDQJH� RI� PRWLRQ� LQ� WKH� VDJLWWDO�
SODQH�GLG�QRW�FKDQJH�VLJQLILFDQWO\�DIWHU�
VXUJHU\�� $Q� LQFUHDVH� LQ� PD[LPXP�
GRUVLIOH[LRQ�� DV�ZHOO� DV� D� GHFUHDVH� LQ�
PD[LPDO� SODQWDUIOH[LRQ�� ZHUH� QRWHG� LQ�
WKH�DIIHFWHG�OLPE��6LJQLILFDQW�LQFUHDVHV�
LQ� WKH�PHDQ� UDQJHV� RI�PRWLRQ� IRU� WKH�
DIIHFWHG� KLS� MRLQW� DQG� NQHH� MRLQW� ZHUH�
DOVR� QRWHG�� .LQHPDWLF� GDWD� UHYHDOHG�
VLJQLILFDQW� LPSURYHPHQW� LQ� WKH� DQNOH�
PRPHQW�DQG�KLS�SRZHU�DIWHU�VXUJHU\� 
&RQFOXVLRQ��7KLV�VWXG\�RI�SDWLHQWV�

ZLWK� VHYHUH� RVWHRDUWKULWLV� XQGHUJRLQJ�
DQNOH� DUWKURGHVLV� IRXQG� VLJQLILFDQW�
LPSURYHPHQWV� LQ� QXPHURXV� WHPSRUDO-
VSDWLDO�� NLQHPDWLF� DQG� NLQHWLF�
PHDVXUHV� 

  
%URGVN\�� -��� HW� DO�� $EQRUPDOLWLHV� RI�
*DLW� &DXVHG� E\� $QNOH� $UWKULWLV� $UH�
,PSURYHG� E\� $QNOH� $UWKURGHVLV��%RQH�
-RLQW�-����������-%������-����� 

  

,19$6,9(�2&&,3,7$/�1(59(�
67,08/$7,21�)25�&/867(5�

+($'$&+( 

  
&OXVWHU�KHDGDFKH�LV�DPRQJ�WKH�PRVW�

GLVDEOLQJ� RI� WKH� SULPDU\� KHDGDFKHV��
$PRQJ� WKH�VPDOO� SHUFHQWDJH�ZKR�DUH�
FRQVLGHUHG� WR� EH� GUXJ-UHVLVWDQW��
RFFLSLWDO� QHUYH� VWLPXODWLRQ� KDV� EHHQ�
SURSRVHG� WR� EH� D� JRRG� DOWHUQDWLYH� WR�
PRUH� LQYDVLYH� DQG� ULVN\� K\SRWKDODPLF�
GHHS� EUDLQ� VWLPXODWLRQ�� 7KLV� VWXG\�
DVVHVVHG� WKH� ORQJ-WHUP� FOLQLFDO� XWLOLW\�
RI� LQYDVLYH� RFFLSLWDO� QHUYH� VWLPXODWLRQ�
�L216�� 
6XEMHFWV�ZHUH����SDWLHQWV�ZLWK�GUXJ-

UHVLVWDQW�� FKURQLF� FOXVWHU� KHDGDFKHV�
ZKR�XQGHUZHQW� L216� LPSODQWDWLRQ��2I�
WKRVH�� ILYH� KDG� WKHLU� VWLPXODWRUV�
UHPRYHG�� ZLWK� WKH� UHPDLQLQJ� ���
XQGHUJRLQJ� D� PHDQ� IROORZ-XS� RI� ���
PRQWKV� 
$W� PLGWHUP�� ���� RI� WKH� SDWLHQWV�

UHSRUWHG�LPSURYHPHQW�LQ�WKH�IUHTXHQF\�
RI� FOXVWHU� KHDGDFKHV�� DQG� ���� ZHUH�
SDLQ-IUHH��$W� ORQJ-WHUP�IROORZ-XS������
HYROYHG� WR�DQ�HSLVRGLF� IRUP�RI�FOXVWHU�
KHDGDFKH��ZKLOH�VL[�UHSRUWHG�WKDW�WKHLU�
DWWDFN� IUHTXHQF\� GHFUHDVHG� E\� ����
DV�FRPSDUHG�WR�EDVHOLQH� 
&RQFOXVLRQ��7KLV�VWXG\�RI�SDWLHQWV�

ZLWK� UHIUDFWRU\�� FKURQLF� FOXVWHU�

KHDGDFKHV� IRXQG� WKDW�� DPRQJ� WKRVH�
ZKR� ZHUH� LQLWLDOO\� WROHUDQW� RI� WKH�
SURFHGXUH�� ,QYDVLYH� 2FFLSLWDO� 1HUYH�
6WLPXODWLRQ� UHVXOWHG� LQ�VLJQLILFDQW�SDLQ�
UHOLHI�EHQHILWV�DW�QLQH-\HDU�IROORZ-XS� 

  
0DJLV�� '��� HW� DO�� ,QYDVLYH� 2FFLSLWDO�
1HUYH� 6WLPXODWLRQ� IRU� 5HIUDFWRU\�
&KURQLF� &OXVWHU� +HDGDFKH�� :KDW�
(YROXWLRQ� DW� /RQJ-7HUP"� 6WUHQJWKV�
DQG� :HDNQHVVHV� RI� WKH� 0HWKRG�� -�
+HDGDFKH� 3DLQ�� ������ ������ '2,�
��������V�����-���-����-� 

  

675(1*7+�75$,1,1*�$1'�
0257$/,7< 

  
:KLOH� LQFUHDVHG� DFWLYLW\� KDV� EHHQ�

IRXQG� WR�EH�DVVRFLDWHG�ZLWK� LPSURYHG�
TXDOLW\� RI� OLIH� DQG�D�GHFUHDVHG� ULVN�RI�
PRUWDOLW\�� WKH� GDWD� FRQFHUQLQJ� WKH�
HIIHFWV�RI�VWUHQJWK�WUDLQLQJ�RQ�PRUWDOLW\�
DUH� QRW� DV� FOHDU�� 7KLV� VWXG\� ZDV�
GHVLJQHG� WR� EHWWHU� XQGHUVWDQG� WKH�
DVVRFLDWLRQ� EHWZHHQ� VWUHQJWK� WUDLQLQJ�
DQG�WKH�ULVN�RI�PRUWDOLW\�LQ�ROGHU�DGXOWV��
7KLV� FRKRUW� VWXG\� LQFOXGHG� GDWD� IURP�
WKH� ����-����� 1DWLRQDO� +HDOWK�
,QWHUYLHZ�6XUYH\�DQG�GHDWK� FHUWLILFDWH�
GDWD� IURP� WKH� 1DWLRQDO� &HQWHU� IRU�
+HDOWK�6WDWLVWLFV�1DWLRQDO�'HDWK�,QGH[��
7KH� VXUYH\� HPSOR\HG� D� PXOWLVWDJH�
VWUDWLILHG� VDPSOLQJ� WR� FROOHFW� KHDOWK��
GLVHDVH�DQG�GLVDELOLW\�GDWD�FRQFHUQLQJ�
WKH�8QLWHG� 6WDWHV� SRSXODWLRQ�� /LPLWLQJ�
GDWD� WR� WKRVH� ��� \HDUV� RI� DJH� DQG�
ROGHU�� VWUHQJWK� WUDLQLQJ� SUDFWLFHV�
DPRQJ� SDUWLFLSDQWV� ZHUH� FRPSDUHG�
ZLWK�DOO-FDXVH�PRUWDOLW\��&RYDULDWHV�IRU�
WKH� DQDO\VLV� LQFOXGHG� GHPRJUDSKLFV��
SDVW�PHGLFDO� KLVWRU\� DQG� RWKHU� KHDOWK�
EHKDYLRUV� 
2I� WKH��������DGXOWV�DJHG���� \HDUV�

RI�DJH�DQG�ROGHU�������UHSRUWHG�EHLQJ�
HQJDJHG� LQ� VWUHQJWK� WUDLQLQJ� DW� OHDVW�
WZLFH� SHU� ZHHN�� FRQVLVWHQW� ZLWK�
JXLGHOLQHV� IURP� WKH�$PHULFDQ�&ROOHJH�
RI� 6SRUWV�0HGLFLQH� DQG� WKH�$PHULFDQ�
+HDUW� $VVRFLDWLRQ�� 2I� WKH� FRKRUW��
������GLHG�GXULQJ� WKH���-\HDU� IROORZ-�
XS�� 7KRVH� ZKR� UHSRUWHG� SHUIRUPLQJ�
VWUHQJWK�WUDLQLQJ�DW� OHDVW� WZLFH�D�ZHHN�
KDG�D�����ORZHU�DOO-FDXVH�PRUWDOLW\��D�
����ORZHU�RGGV�RI�GHDWK�IURP�FDQFHU��
DQG� D� ���� ORZHU� RGGV� RI� FDUGLDF�
GHDWK��$IWHU�DGMXVWLQJ�IRU�GHPRJUDSKLF�
FRYDULDWHV� WKRVH� ZKR� UHSRUWHG�
JXLGHOLQH-�FRQFRUGDQW�VWUHQJWK�WUDLQLQJ�
KDG� D� ���� ORZHU� DOO-� FDXVH�PRUWDOLW\�
WKDQ�WKRVH�ZKR�GLG�QRW��S�������� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI� ROGHU�

SDWLHQWV�HQJDJHG� LQ�ELZHHNO\�VWUHQJWK�
WUDLQLQJ�IRXQG�D�VLJQLILFDQW�DVVRFLDWLRQ�
EHWZHHQ� WKLV� WUDLQLQJ� DQG� D� GHFUHDVH�
LQ�RYHUDOO�PRUWDOLW\� 



 

3DJH�� �����������������1RYHPEHU�������� 9ROXPH����1XPEHU��  

.UDVFKQHZVNL�� -� HW� DO�� ,V� 6WUHQJWK�
7UDLQLQJ� $VVRFLDWHG� ZLWK� 0RUWDOLW\�
%HQHILWV"� $� ��� <HDU� &RKRUW� 6WXG\� RI�
86� 2OGHU� $GXOWV�� 3UHY� 0HG�� ������
-XQH��������-���� 
 

75$16&5$1,$/�0$*1(7,&�
67,08/$7,21�21�02725�
5(&29(5<�$)7(5�6752.( 

 

,Q� UHFHQW� \HDUV�� QRQLQYDVLYH� EUDLQ�
VWLPXODWLRQ� WHFKQLTXHV�� VXFK� DV�
UHSHWLWLYH� WUDQVFUDQLDO� PDJQHWLF�
VWLPXODWLRQ��U706���KDYH�EHHQ�XVHG�WR�
SURPRWH� IXQFWLRQDO� UHFRYHU\� DPRQJ�
SDWLHQWV� VWURNH� �3RVLWLYH
HIIHFWV� KDYH� SULPDULO\� EHHQ� IRXQG
DPRQJ� WKRVH� WUHDWHG�ZLWK� U706�DW DQ�
HDUO\� VWDJH� RI� VWURNH�� 7KLV VWXG\�ZDV�
GHVLJQHG� WR� LQYHVWLJDWH WKH� HIIHFWV� RI�
U706� RQ� PRWRU UHFRYHU\� DW� WKUHH�
PRQWK� IROORZ-XS� 6XEMHFWV� ZHUH� ���
FRQVHFXWLYH SDWLHQWV� ZLWK� PLGGOH�
FHUHEUDO� DUWHU\� VWURNH� DQG� PRWRU�
GHILFLWV� UHFUXLWHG� DW� WKUHH� WR� ��� GD\V�
DIWHU VWURNH�� 7KRVH� VXEMHFWV� ZHUH
UDQGRPL]HG�WR�UHFHLYH�KLJK- IUHTXHQF\��
�� +]�� ORZ-IUHTXHQF\�� � +]� RU� VKDP�
U706��GDLO\�IRU� ILYH FRQVHFXWLYH�GD\V��
6WURNH� VHYHULW\ ZDV�PHDVXUHG� E\� WKH�
1DWLRQDO ,QVWLWXWHV� RI� +HDOWK� 6WURNH�
6FDOH �1,+66��� 7KH� SULPDU\� RXWFRPH
PHDVXUH� ZDV� WKH� VFRUH� RQ� WKH )XJO-
0H\HU��)0���ZLWK� VHFRQGDU\ RXWFRPHV�
LQFOXGLQJ�WKH� %DUWKHO ,QGH[�%,��DQG�WKH�
0RGLILHG� 5DQNLQ� 6FDOH� �05&���
DVVHVVHG�DW EDVHOLQH��DIWHU� WUHDWPHQW��
DQG WKHQ� DW� RQH�� WZR� DQG� WKUHH�
PRQWKV� 
$V� FRPSDUHG� WR� VKDP� U706�� ERWK�

U706�JURXSV� GHPRQVWUDWHG� VLJQLILFDQW�
LPSURYHPHQWV� LQ�1,+66��%,� DQG�05&�
VFRUHV�� ,Q� WKH� PRWRU� SHUIRUPDQFH�
DQDO\VLV�� WKH� XSSHU� OLPE� VFRUHV�RI� WKH�
)0�DQG� WKH�05&� LPSURYHG�ZLWK���+]�
VWLPXODWLRQ�� ZLWK� QR� VXEVWDQWLDO�
GLIIHUHQFH�QRWHG�ZLWK�WKH�RWKHU�JURXSV��
)RU� WKH� ORZHU� OLPE� VFRUHV� RI� WKH� )0�
DQG� 05&�� VLJQLILFDQW� LPSURYHPHQWV�
ZHUH� QRWHG� ZLWK� ERWK� VWLPXODWLRQ�
JURXSV�FRPSDUHG�ZLWK�WKH�VKDP�JURXS��
7KH� WKHUDSHXWLF� HIIHFWV� SHUVLVWHG�
EH\RQG� WKH� LQWHUYHQWLRQ� E\� DW� OHDVW�
WKUHH�PRQWKV� 
&RQFOXVLRQ�� 7KLV� UDQGRPL]HG��

FRQWUROOHG� WULDO� IRXQG� VLJQLILFDQW� PRWRU�
LPSURYHPHQWV� WKURXJK� WKH� XVH� RI�
UHSHWLWLYH� WUDQVFUDQLDO� PDJQHWLF�
VWLPXODWLRQ�DW�DQ�HDUO\�VWDJH�RI�VWURNH� 

 
'X�� -��� HW� DO�� (IIHFWV� RI� 5HSHWLWLYH�
7UDQVFUDQLDO� 0DJQHWLF� 6WLPXODWLRQ� RQ�
0RWRU� 5HFRYHU\� DQG� 0RWRU� &RUWH[�
([FLWDELOLW\� LQ� 3DWLHQWV� ZLWK� 6WURNH�� $�
5DQGRPL]HG�� &RQWUROOHG� 7ULDO�� (XU� -�

1HXURO�� ������ 1RYHPEHU�� ��� ������
����-����� 
 

 &2175$/$7(5$/�)81&7,21$/�
(/(&75,&$/�67,08/$7,21�,1�

&+521,&�+(0,3$5(6,6 

  
'DWD� VXJJHVW� WKDW� F\FOLF�

QHXURPXVFXODU� HOHFWULFDO� VWLPXODWLRQ�
�F10(6��RI�WKH�SDUHWLF�ZULVW�DQG�ILQJHU�
H[WHQVRUV�FDQ�LPSURYH�XSSHU�H[WUHPLW\�
IXQFWLRQ� LQ�SDWLHQWV�ZLWK� VXEDFXWH�DQG�
FKURQLF�VWURNH��&RQWUDODWHUDO�FRQWUROOHG�
IXQFWLRQDO� HOHFWULFDO� VWLPXODWLRQ�
�&&)(6�� LV� D� QHZ� PRGDOLW\� WKDW�
HQDEOHV�WKH�SDWLHQW�WR�DFWLYHO\�RSHQ�WKH�
SDUHWLF�KDQG�� �7KH�SDWLHQW�FRQWUROV� WKH�
VWLPXOXV� LQ� UHDO-WLPH� E\� RSHQLQJ� DQG�
FORVLQJ�WKH�XQDIIHFWHG�KDQG��7KLV�VWXG\�
FRPSDUHG� WKH� HIILFDF\� RI� &&)(6� WR�
WKDW�RI�F10(6� 
7KLV� SDUDOOHO� JURXS� VWXG\� LQFOXGHG�

SDWLHQWV�DW�OHDVW�VL[�PRQWKV�RXW�IURP�D�
KHPRUUKDJLF� RU� LVFKHPLF� VWURNH�� HDFK�
RI�ZKRP�KDG�XQLODWHUDO�ILQJHU�H[WHQVRU�
SDUHVLV�� )RU� HDFK� SDUWLFLSDQW� LQ� WKH�
&&)(6� JURXS�� VXUIDFH� HOHFWURGHV�
ZHUH� SRVLWLRQHG� RYHU� WKH� IRUHDUP�
ILQJHU�DQG�WKXPE�H[WHQVRUV�WR�SURGXFH�
KDQG� RSHQLQJ�� 8VLQJ� HOHFWURGHV��
SXOVHV� RI� HOHFWULF� FXUUHQW� ZLWK� D�
IUHTXHQF\� RI� ��� +]� DQG� DPSOLWXGH� RI�
���P$�ZHUH�DSSOLHG��7KH�VWLPXOXV�ZDV�
SURJUDPPHG� WR� LQFUHDVH� WKH� SXOVH�
GXUDWLRQ� IRU� HDFK� HOHFWURGH� LQ�
SURSRUWLRQ�WR�WKH�DPRXQW�RI�RSHQLQJ�RI�
DQ� LQVWUXPHQWHG� JORYH� ZRUQ� RQ� WKH�
FRQWUDODWHUDO� QRQSDUHWLF� KDQG�� 7KH�
F10(6� JURXS� ZDV� WUHDWHG� ZLWK� WKH�
VWLPXODWRU� DXWRPDWLFDOO\� DQG�
UHSHWLWLYHO\�DSSO\LQJ�VWLPXOXV��$�WRWDO�RI�
��� VHVVLRQV� RI� WKHUDSLVW-JXLGHG�� DQG�
��� VHVVLRQV� RI� VHOI-DGPLQLVWHUHG�
WKHUDS\� ZHUH� DGPLQLVWHUHG� DW� ���
PLQXWHV� SHU� VHVVLRQ� RYHU� ��� ZHHNV��
7KH� SULPDU\� RXWFRPH� PHDVXUH� ZDV�
WKH�%R[�DQG�%ORFN�7HVW��D�PHDVXUH�RI�
PDQXDO�GH[WHULW\� 
'XULQJ� WKH� VWXG\�� ��� SDWLHQWV�

FRPSOHWHG� WKH� WUHDWPHQW�� %\� VL[�
PRQWKV�� ERWK� JURXSV� KDG� UHDOL]HG�
VLJQLILFDQW�LPSURYHPHQW�LQ�%%7�VFRUHV��
ZLWK�WKH�JDLQ�VLJQLILFDQWO\�JUHDWHU�LQ�WKH�
&&)(6� JURXS� WKDQ� LQ� WKH� F10(6�
JURXS� �S �������� %RWK� JURXSV�
LPSURYHG�RQ�WKH�XSSHU�H[WUHPLW\�)XJO-
0H\HU�� ZLWK� QR� VLJQLILFDQW� GLIIHUHQFH�
EHWZHHQ� JURXSV�� 7KRVH� ZLWK� WKH�
JUHDWHVW� JDLQV� ZHUH� OHVV� WKDQ� WZR�
\HDUV�SRVW-VWURNH� 
&RQFOXVLRQ��7KLV�VWXG\�RI�SDWLHQWV�

ZLWK�FKURQLF��PRGHUDWH�WR�VHYHUH�KDQG�
LPSDLUPHQW� DIWHU� VWURNH� IRXQG� WKDW� ���
ZHHNV� RI� &&)(6� WKHUDS\� LPSURYHV�
PDQXDO� GH[WHULW\� PRUH� WKDQ� GRHV� DQ�

HTXLYDOHQW�GRVH�RI�F10(6� 
  

.QXWVRQ�� -��� HW� DO�� &RQWUDODWHUDOO\�
&RQWUROOHG� )XQFWLRQDO� (OHFWULFDO�
6WLPXODWLRQ�,PSURYHV�+DQG�'H[WHULW\�LQ�
&KURQLF� +HPLSDUHVLV�� $� 5DQGRPL]HG�
7ULDO��6WURNH�������������-��� 

 

 
%21(�0$552:�$63,5$7(�)25�

.1((�267(2$57+5,7,6 

  
2VWHRDUWKULWLV� �2$�� RI� WKH� NQHH� LV� D�

SDLQIXO�� GHJHQHUDWLYH� FRQGLWLRQ� WKDW�
DIIHFWV� PLOOLRQV� RI� SDWLHQWV�� 7KH�
$PHULFDQ� $FDGHP\� RI� 2UWKRSHGLF�
6XUJHRQV�UHFHQWO\�SXEOLVKHG�D�SRVLWLRQ�
SDSHU� ZKLFK� UHFRPPHQGHG� DJDLQVW�
PRVW� FRQVHUYDWLYH� WKHUDSLHV�� 7KLV�
VWXG\� UHYLHZHG� WKH� HIIHFWV� RI� ERQH�
PDUURZ� DVSLUDWH� FRQFHQWUDWH� �%0$&���
ZLWKRXW� DGGLWLYHV�� DV� D� WUHDWPHQW� IRU�
2$�RI�WKH�NQHH� 
6XEMHFWV� LQFOXGHG� ��� SDWLHQWV� VHHQ�

IRU� ELODWHUDO� NQHH� 2$� EHWZHHQ� �����
DQG� ������ $OO� KDG� EHHQ� XQUHVSRQVLYH�
WR� FRQYHQWLRQDO� WUHDWPHQWV�� (DFK�
SDWLHQW� UHFHLYHG� D� UDQGRPO\�
GHWHUPLQHG� LQWUD-DUWLFXODU� LQMHFWLRQ� RI�
%0$&�� �KDUYHVWHG� IURP� WKH� SDWLHQW¶V�
VXSHULRU�LOLDF�FUHVW�� LQWR�RQH�NQHH��DQG�
D� VLPLODU� YROXPH� RI� QRUPDO� VDOLQH�
SODFHER� LQWR� WKH�FRQWUDODWHUDO�NQHH��$W�
EDVHOLQH� DQG� IROORZ-XS�� WKH� SDWLHQWV�
ZHUH�DVVHVVHG�XVLQJ�WKH�2VWHRDUWKULWLV�
5HVHDUFK� 6RFLHW\� ,QWHUQDWLRQDO�
�2$56,�� PHDVXUHV�� WKH� ,QWHUPLWWHQW�
DQG� &RQVWDQW� 2VWHRDUWKULWLV� 3DLQ�
�,&2$3�� TXHVWLRQQDLUH� DQG� YLVXDO�
DQDORJ�VFDOH��9$6��SDLQ�VFRUHV� 
6LJQLILFDQW� LPSURYHPHQW� ZDV� QRWHG�

LQ� ERWK� JURXSV� LQ� ,&2$3� VFRUHV� DQG�
9$6� SDLQ� VFRUHV�� ZLWK� QR� VLJQLILFDQW�
GLIIHUHQFH� IRXQG� EHWZHHQ� WKH�
WUHDWPHQW� JURXSV�� ,Q� DGGLWLRQ�� ZKLOH�
WKHUH� ZDV� VLJQLILFDQW� LPSURYHPHQW� LQ�
WKH� DFWLYLW\� OHYHOV� RI� ERWK� JURXSV�
FRPSDUHG� WR� EDVHOLQH�� WKHUH� ZDV� QR�
VLJQLILFDQW� GLIIHUHQFH� LQ� WKH� GHJUHH� RI�
LPSURYHPHQW� EHWZHHQ� WKH� WZR�
WUHDWPHQW� JURXSV� DW� DQ\� RI� WKH� IROORZ-
XS�SHULRGV� 
&RQFOXVLRQ��7KLV�VWXG\�RI�SDWLHQWV�

ZLWK� FKURQLF� RVWHRDUWKULWLV� RI� WKH� NQHH�
IRXQG� WKDW� LQMHFWLRQV� ZLWK� VDOLQH�
SURGXFHG� VLPLODU� UHVXOWV� LQ� SDLQ�
UHGXFWLRQ�DQG�IXQFWLRQDO�DELOLWLHV�DV�GLG�
LQMHFWLRQV� ZLWK� ERQH� PDUURZ� DVSLUDWH�
FRQFHQWUDWH� 

  
6KDSLUR�� 6��� HW� DO�� $� 3URVSHFWLYH��
6LQJOH-%OLQG�� 3ODFHER-&RQWUROOHG� 7ULDO�
RI� %RQH�0DUURZ�$VSLUDWH�&RQFHQWUDWH�
IRU�.QHH�2VWHRDUWKULWLV��$PHU� -� 6SRUWV�
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0HG� '2,��
������������������������� 

  

$/&2+2/�,1-(&7,216�)25�
0(5$/*,$�3$5(67+(7,&$ 

  
0HUDOJLD� SDUHVWKHWLFD� �03�� LV� D�

UDUH� VHQVRU\� PRQRQHXURSDWK\�
FDXVHG� E\� FRPSUHVVLRQ� RU�
HQWUDSPHQW� RI� WKH� ODWHUDO� IHPRUDO�
FXWDQHRXV� QHUYH� �/)&1�� DV� LW�
SDVVHV�XQGHU� WKH� LQJXLQDO� OLJDPHQW��
:KLOH�WKLV�QHXURSDWK\�XVXDOO\�UXQV�D�
EHQLJQ� FRXUVH�� VRPH� SDWLHQWV�
SUHVHQW� ZLWK� LQWUDFWDEOH� SDLQ�
UHTXLULQJ�VXUJLFDO�GHFRPSUHVVLRQ�RU�
QHXURO\VLV�� 7KLV� FDVH� VHULHV�
GHVFULEHV� WKH� FOLQLFDO� FRXUVH� RI�
SDWLHQWV� XQGHUJRLQJ� DOFRKRO�
QHXURO\VLV� RI� WKH� /)&1� IRU�
LQWUDFWDEOH�03� 
7KLV� UHWURVSHFWLYH� FDVH� VHULHV�

LQFOXGHG�SDWLHQWV�ZLWK�D�GLDJQRVLV�RI�
03�� LGHQWLILHG� E\� FOLQLFDO� H[DP� DQG�
YHULILHG� E\� HOHFWURGLDJQRVWLF� VWXG\��
$OO� ZHUH� UHVLVWDQW� WR� FRQVHUYDWLYH�
WUHDWPHQW� DQG� YHULILHG� E\�
EXSLYLFDLQH� EORFN�� 7KHUDSHXWLF�
QHXURO\VLV� ZDV� FRPSOHWHG� XVLQJ�
WKUHH�PP� RI� ����DOFRKRO� LQ� ������
EXSLYLFDLQH�� 7KH� SDUWLFLSDQWV� ZHUH�
DVVHVVHG� IRU� SDLQ� LQWHQVLW\��
PHGLFDWLRQ�XVH�DQG�TXDOLW\�RI� OLIH�DW�
WKUHH�PRQWKV� 
7KH� VL[� SDWLHQWV� DYHUDJHG� �����

\HDUV� RI� DJH�� ZLWK� DQ� DYHUDJH�
GXUDWLRQ� RI� SDLQ� RI� ��� GD\V�� 3DLQ�
LQWHQVLW\� LPSURYHG� IURP������EHIRUH�
WKH� LQMHFWLRQ� WR� ����� DW� WZR� ZHHNV�
DQG������DW����ZHHNV��4XDOLW\�RI�OLIH��
DV� PHDVXUHG� E\� WKH� 6)-����
LPSURYHG�� LQ� WKH� SK\VLFDO� KHDOWK�
GRPDLQ�� DW� WZR� DQG� ��� ZHHNV�
�S�������� ZLWK� RQO\� PLOG�
LPSURYHPHQW� QRWHG� LQ� WKH� PHQWDO�
KHDOWK� GRPDLQ�� 7KHUH� ZDV� D� !����
LPSURYHPHQW� LQ� SDLQ� LQWHQVLW\�� DV�
PHDVXUHG� E\� WKH� 1XPHULF� 5DWLQJ�
6FDOH�� DQG� TXDOLW\� RI� OLIH�� DV�
PHDVXUHG� E\� WKH� 6)-���� LQ� DOO�
SDWLHQWV� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI� VL[�

SDWLHQWV� ZLWK� LQWUDFWDEOH� PHUDOJLD�
SDUHVWKHWLFD� IRXQG� WKDW� D� JXLGHG�
QHXURO\VLV� RI� WKH� ODWHUDO� IHPRUDO�
FXWDQHRXV� QHUYH� ZLWK� DOFRKRO� ZDV�
VDIH�DQG�HIIHFWLYH�IRU�SDLQ�UHOLHI� 

  
$KPHG�� $��� HW� DO�� 8OWUDVRXQG-�
*XLGHG�$OFRKRO�1HXURO\VLV�RI�/DWHUDO�
)HPRUDO� &XWDQHRXV� 1HUYH� IRU�
,QWUDFWDEOH�0HUDOJLD�3DUHVWKHWLFD��$�
&DVH� 6HULHV�� %U� -� 3DLQ�� ������
1RYHPEHU�����������-���� 

  

$57+52.,1(;�)25�.1((�
267(2$57+5,7,6 

  
7KH� $PHULFDQ� &ROOHJH� RI�

5KHXPDWRORJ\�UHFRPPHQGV�VHYHUDO�
QRQSKDUPDFRORJLF� DQG�
SKDUPDFRORJLF�RSWLRQV�WR�WUHDW�NQHH�
RVWHRDUWKULWLV��.2$���ZLWK�WKH�JRDO�WR�
SURYLGH� DQDOJHVLF� UHOLHI� DQG�
GHFUHDVH� LQIODPPDWLRQ�� 7KLV� VWXG\�
UHYLHZHG�WKH�HIILFDF\�RI�$UWKURNLQH[�
DXWRORJRXV� FRQGLWLRQHG� VHUXP� IRU�
UHGXFLQJ� SDLQ� DQG� LPSURYLQJ�
IXQFWLRQ� LQ� SDWLHQWV� ZLWK� .2$�� 7KLV�
PHWKRG�KDV�EHHQ�VKRZQ�WR�LQKLELW�,/
-��EHWD�WKURXJK�WKH�LQGXFWLRQ�RI�,/-��
-5D� 
7KLV� UHWURVSHFWLYH� FKDUW� UHYLHZ�

LQFOXGHG� ���� SDWLHQWV� ZLWK�
V\PSWRPDWLF� .2$�� )RU� HDFK�
SDUWLFLSDQW�� ���P/� RI� YHQRXV� EORRG�
ZDV�GUDZQ�DQG�FRQGLWLRQHG�WKURXJK�
WKH� $UWKURNLQH[� SURFHVV�� (DFK�
SDWLHQW� UHFHLYHG�D���P/� LQMHFWLRQ�RI�
DXWRORJRXV� FRQGLWLRQHG� VHUXP� RQ�
GD\V� ]HUR�� VHYHQ�� ���� ���� ���� DQG�
����� 2XWFRPH� PHDVXUHV� LQFOXGHG�
WKH�9LVXDO�$QDORJXH�3DLQ�6FDOH�DQG�
WKH� ([WUD� 6KRUW� 0XVFXORVNHOHWDO�
)XQFWLRQDO� $VVHVVPHQW� 6XUYH\�
�;60)$-'��� FRPSOHWHG� RQ� HDFK�
LQMHFWLRQ�GD\�DQG�DW�RQH�\HDU� 
7KH�VXEMHFWV�DYHUDJHG������\HDUV�

RI� DJH� ZLWK� ERG\� PDVV� LQGH[�
DYHUDJLQJ� ��� NJ�P��� 6LJQLILFDQW�
UHGXFWLRQV� LQ� WKH� 9$6� VFRUHV� ZHUH�
QRWHG� DW� HDFK� WLPH� SRLQW�� DQG�ZHUH�
VXVWDLQHG� IRU� DW� OHDVW� RQH� \HDU�
�S���������� 7KH� SDUWLFLSDQWV�
UHSRUWHG� SDLQ� UHOLHI� DIWHU� WKH� ILUVW�
LQMHFWLRQ�� 6XEMHFWV� UHSRUWHG� D� ����
UHGXFWLRQ� RI� SDLQ� DW� WKUHH� PRQWKV��
����DW�VL[�PRQWKV�DQG�����DW�RQH�
\HDU�� $W� RQH� \HDU� SDWLHQWV� UHSRUWHG�
D� ���� LQFUHDVH� LQ� NQHH� IXQFWLRQ��
���� LQFUHDVH� LQ� NQHH� DFWLYLW\�� ����
LQFUHDVH�LQ�NQHH�PRELOLW\�DQG�D�����
LPSURYHPHQW� LQ� WKH� DPRXQW� RI� WLPH�
ERWKHUHG�E\�.2$��S��������IRU�DOO���
8VLQJ�D�SDWLHQW�JOREDO�LPSUHVVLRQ�RI�
FKDQJH� VXUYH\�� DW� RQH� \HDU�� ����
UHSRUWHG�EHLQJ�YHU\�PXFK�LPSURYHG��
���� PXFK� LPSURYHG� DQG� ����
PLQLPDOO\�LPSURYHG� 
&RQFOXVLRQ� 7KLV� UHWURVSHFWLYH�

UHYLHZ� RI� ���� SDWLHQWV� UHFHLYLQJ� D�
VHULHV� RI� NQHH� LQMHFWLRQV� ZLWK�
DXWRORJRXV� FRQGLWLRQHG� VHUXP�
�$UWKURNLQH[��� UHSRUWHG� D� VLJQLILFDQW�
DQG�VXVWDLQHG�UHGXFWLRQ�LQ�SDLQ��DQG�
DQ�LPSURYHPHQW�LQ�IXQFWLRQ� 

  
%DUHWWR��$���HW�DO��$�1HZ�7UHDWPHQW�
IRU� .QHH� 2VWHRDUWKULWLV�� &OLQLFDO�
(YLGHQFH� IRU� WKH� (IILFDF\� RI�
$UWKURNLQH[�$XWRORJRXV�&RQGLWLRQHG�

6HUXP��-�2UWKR��������0DUFK���������
�-�� 

3(5&87$1(286�
5$',2)5(48(1&<�75($70(17�
)25�6$&52,/,$&�-2,17�3$,1 

  
)RU� SDWLHQWV� ZLWK� VDFURLOLDF� �6,��

MRLQW� SDLQ�� DPRQJ� WKH� WUHDWPHQWV�
GHVFULEHG� LQ� OLWHUDWXUH� LV�
UDGLRIUHTXHQF\� GHQHUYDWLRQ�� 7KLV�
VWXG\�H[SORUHG�WKH�XWLOLW\�RI�D�GHYLFH�
WDUJHWLQJ� WKH� ODWHUDO�EUDQFKHV�6�� WR�
6��IRU�WKH�WUHDWPHQW�RI�6,�MRLQW�SDLQ� 
7KLV� UDQGRPL]HG�� VKDP� FRQWURO��

GRXEOH-EOLQG�� PXOWLFHQWHU�� FOLQLFDO�
WULDO� LQFOXGHG� SDWLHQWV� ZLWK� 6,� MRLQW�
SDLQ� RI� DW� OHDVW� WKUHH� PRQWKV¶�
GXUDWLRQ�� $OO� SDWLHQWV� XQGHUZHQW� D�
WHVW� 6,� MRLQW� LQMHFWLRQ�ZLWK� OLGRFDLQH��
WZR�SHUFHQW��7KRVH�ZLWK�D�UHGXFWLRQ�
LQ�SDLQ�RI�WZR�RU�PRUH�RQ�D�QXPHULF�
UDWLQJ� VFDOH� ZHUH� UDQGRPL]HG� LQWR�
WKH� VWXG\�� 7KRVH� LQ� WKH� WUHDWPHQW�
JURXS�XQGHUZHQW SHUFXWDQHRXV�
UDGLRIUHTXHQF\� OHVLRQV�DW� WKH� ODWHUDO�
EUDQFKHV� RI� 6�� WR� 6�� QHUYH� URRWV�
DQG�WKH�SRVWHULRU�UDPL�GRUVDOLV�RI�/-
��� 7KRVH� LQ� WKH� VKDP� JURXS�
XQGHUZHQW� WKH� VDPH� SURFHGXUH�
ZLWKRXW� UDGLRIUHTXHQF\� OHVLRQV�� 7KH�
JURXSV�ZHUH�FRPSDUHG� IRU�FKDQJHV�
LQ� VFRUHV� RQ� WKH� 1XPHULF� 5DWLQJ�
6FDOH�RI�SDLQ� 
$W� WKUHH� PRQWKV�� QR� VLJQLILFDQW�

GLIIHUHQFH� LQ� SDLQ� OHYHO� ZDV� IRXQG�
EHWZHHQ� WKH� WUHDWPHQW� DQG� VKDP�
WUHDWPHQW� JURXSV�� )XUWKHU�� QR�
VLJQLILFDQW� GLIIHUHQFH� ZDV� IRXQG�
EHWZHHQ� WKH� JURXSV� LQ� WKH� OHYHO� RI�
VDWLVIDFWLRQ�RYHU�WLPH� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV�ZLWK�VDFURLOLDF�MRLQW�SDLQ�GLG�
QRW� ILQG� WKDW� SHUFXWDQHRXV�
UDGLRIUHTXHQF\� KHDW� OHVLRQV� DUH�
PRUH� HIIHFWLYH� WKDQ� SODFHER� IRU�
LPSURYLQJ�V\PSWRPV� 

  
9DQ�7LOEXUJ��&���HW�DO��5DQGRPL]HG��
6KDP-&RQWUROOHG� 'RXEOH-%OLQG��
0XOWLFHQWHU�� &OLQLFDO� 7ULDO� WR�
$VFHUWDLQ� WKH� (IIHFW� RI�
3HUFXWDQHRXV� 5DGLRIUHTXHQF\�
7UHDWPHQW� IRU� 6DFURLOLDF� -RLQW� 3DLQ��
7KUHH-0RQWK� 5HVXOWV��&OLQ� -� 3DLQ��
������ 1RYHPEHU�� �������� ���-
���� '2,� ���������
6752.($+$������������ 

  

%/22'�)/2:�5(675,&7,21�
75$,1,1*�$)7(5�.1((�

$57+523/$67< 

  
&OLQLFDO� SUDFWLFH� JXLGHOLQHV�

UHFRPPHQG� WKH� XVH� RI� DJJUHVVLYH�
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VWUHQJWKHQLQJ� WR� UHWXUQ� SDWLHQWV¶�
VWUHQJWK� DQG� IXQFWLRQ� DIWHU� NQHH�
VXUJHU\�� :KLOH� WKRVH� JXLGHOLQHV�
VXJJHVW� D� PLQLPXP� RI� ���� RI� D�
VLQJOH� UHSHWLWLRQ� PD[LPXP� IRU�
VWUHQJWKHQLQJ�� PDQ\� SDWLHQWV� DUH�
OLPLWHG�E\�SRVW-RSHUDWLYH�GLVFRPIRUW��
$V� EORRG� IORZ� UHVWULFWLRQ� WUDLQLQJ�
�%)5�� XVHV� SDUWLDO� YHQRXV� EORRG�
IORZ� UHVWULFWLRQ�� FRPELQHG� ZLWK�
H[HUFLVH� DW� ���� WR� ���� RI� WKH�
SDWLHQW¶V� RQH� UHS� PD[LPXP�� WKLV�
VWXG\� DVVHVVHG� ZKHWKHU� WKLV�
WHFKQLTXH�FRXOG�EH�EHQHILFLDO� LQ� WKH�
UHKDELOLWDWLRQ� RI� SDWLHQWV� ZLWK� QRQ-
UHFRQVWUXFWLYH NQHH�DUWKURVFRS\� 
3DWLHQWV� VFKHGXOHG� IRU� QRQ-�

UHFRQVWUXFWLYH� VXUJHU\� ZHUH�
UDQGRPL]HG� WR� UHFHLYH� HLWKHU� %)5�
SOXV� VWDQGDUG� WKHUDS\� RU� VWDQGDUG�
SK\VLFDO�WKHUDS\�DORQH��%RWK�JURXSV�
IROORZHG� WKH� VDPH� DFFHOHUDWHG�
SK\VLFDO� WKHUDS\�SURWRFRO�FRQVLVWLQJ�
RI� LPPHGLDWH� ZHLJKW-EHDULQJ� DQG�
XQUHVWULFWHG� UDQJH� RI� PRWLRQ�� 7KH�
%)5�JURXS�SHUIRUPHG�OHJ�H[HUFLVHV�
DW� ���� RI� WKH� RQH� UHS� PD[�� ZLWK�
EORRG� IORZ� UHVWULFWHG� ZLWK� D�
WRXUQLTXHW� VHW� DW� ���� RI� WKH� WRWDO�
OLPE� RFFOXVLRQ� SUHVVXUH� �WKH�
SUHVVXUH� UHTXLUHG� WR� HOLPLQDWH� D�
GHWHFWDEOH� SXOVH� XVLQJ� XOWUDVRXQG���
$OO�SDWLHQWV�XQGHUZHQW����VHVVLRQV��
ZLWK� RXWFRPH� PHDVXUHV� LQFOXGLQJ��
VWUHQJWK� WHVWLQJ� DQG� WKLJK� JLUWK�� DV�
ZHOO� DV� IRXU� SK\VLFDO� SHUIRUPDQFH�
DQG� WZR� SDWLHQW-UHSRUWHG� RXWFRPH�
PHDVXUHV� 
6HYHQWHHQ�VXEMHFWV�FRPSOHWHG�WKH�

VWXG\�� LQFOXGLQJ� ��� LQ� WKH� %)5�
JURXS�� :KLOH� ERWK� JURXSV�
GHPRQVWUDWHG� LPSURYHPHQW� LQ�
RXWFRPH�PHDVXUHV�DW�IROORZ-XS��WKH�
%)5� JURXS� GHPRQVWUDWHG� D� ����
FKDQJH� LQ� TXDGULFHSV� H[WHQVLRQ�
VWUHQJWK� DV� FRPSDUHG� ZLWK� ���� LQ�
WKH� FRQWURO� JURXS� �S �������� 2Q�
SK\VLFDO� SHUIRUPDQFH� PHDVXUHV��
LQFOXGLQJ� WKH�6HOI�6HOHFWHG�:DONLQJ�
9HORFLW\�� WKH� 6LW-7R-6WDQG� �7LPHV��
DQG� WKH� �� 6TXDUH� 6WHS� 7HVW��
JHQHUDOO\� JUHDWHU�� WKRXJK� QRW�
VLJQLILFDQW�LPSURYHPHQWV�ZHUH�VHHQ�
LQ�WKH�%)5�JURXS��ZLWK�RXWFRPHV�RQ�
WKH�7LPHG�6WDLU� $VFHQW� VLJQLILFDQWO\�
EHWWHU��S ��������WKDQ�LQ�WKH�FRQWURO�
JURXS� 
&RQFOXVLRQ�� 7KLV�SLORW� VWXG\�RI�

SDWLHQWV� XQGHUJRLQJ� QRQ-�
UHFRQVWUXFWLYH� NQHH� VXUJHU\� IRXQG�
WKDW� EORRG� IORZ� UHVWULFWLRQ� H[HUFLVH��
DGGHG�WR�FRQYHQWLRQDO�WKHUDS\��PD\�
DFFHOHUDWH� JDLQV� LQ� VWUHQJWK� DQG�
SK\VLFDO�IXQFWLRQ� 

  

7HQQDQW�� '��� HW� DO�� %ORRG� )ORZ�
5HVWULFWLRQ� 7UDLQLQJ� DIWHU� .QHH�
$UWKURVFRS\�� $� 5DQGRPL]HG��
&RQWUROOHG��3LORW�6WXG\��&OLQ� -� 6SRUW�
0HG������� '2,����������
-60������������������ 

  

%272;�)25�0(',&$7,21�
29(586(�+($'$&+(6 

  
3DWLHQWV� ZLWK� FKURQLF� PLJUDLQH�

KHDGDFKHV� �&0+V�� KDYH� JUHDWHU�
KHDOWKFDUH� UHVRXUFH� XWLOL]DWLRQ� WKDQ�
GR� WKRVH�ZLWK�HSLVRGLF�PLJUDLQHV�� ,W�
LV� HVWLPDWHG� WKDW� DSSUR[LPDWHO\� ���
WR� ���� RI� SDWLHQWV� ZLWK� &0+��
UHIHUUHG� WR�D�KHDGDFKH�FOLQLF�� VKRZ�
DQDOJHVLF�RYHUXVH� WKDW�PD\� OHDG� WR�
WKH� GHYHORSPHQW� RI� PHGLFDWLRQ�
RYHUXVH� KHDGDFKHV� �02+V��� 7KLV�
VWXG\� RI� SDWLHQWV� ZLWK� &0+� DQG�
02+� H[SORUHG� WKH� HIILFDF\� RI�
WUHDWPHQW� ZLWK� 2QDERWXOLQXPWR[LQ$�
DW�WZR�GLIIHUHQW�GRVLQJ�UHJLPHQV� 
6XEMHFWV� ZHUH� ���� SDWLHQWV� ZLWK�

&0+� ZLWK� 02+�� UHIHUUHG� WR� D�
KHDGDFKH�FOLQLF�EHWZHHQ�-DQXDU\�RI�
����� DQG� -DQXDU\� RI� ������ 7KH�
SDUWLFLSDQWV� ZHUH� WUHDWHG� ZLWK�
2QDERWXOLQXPWR[LQ$� ���� 8�
UHSHDWHG�HYHU\�WKUHH�PRQWKV�GXULQJ�
WKH� WZR-� \HDU� VWXG\�� +HDGDFKH�
GD\V�� PLJUDLQH� GD\V�� DFXWH� SDLQ�
PHGLFDWLRQ� LQWDNH�� DV� ZHOO� DV� WKH�
+HDGDFKH� ,PSDFW� 7HVW� �+,7-���
VFRUHV� ZHUH� XVHG� DV� HIILFDF\�
PHDVXUHV�� 7KH� RXWFRPHV� RI� WKLV�
VWXG\�ZHUH� FRPSDUHG�ZLWK� WKRVH�RI�
D� VDPSOH� RI� SDWLHQWV� WUHDWHG� ZLWK�
2QDERWXOLQXPWR[LQ$� ���� 8�� DQG�
IROORZHG�IRU�WZR�\HDUV� 
,Q� WKH�2QDERWXOLQXPWR[LQ$� ����8�

JURXS�� KHDGDFKH� GD\V� SHU� PRQWK��
DV� ZHOO� DV� WKH� PLJUDLQH� GD\V� SHU�
PRQWK�� GHFUHDVHG� IURP� WKH� ILUVW� WR�
WKH� HLJKWK� VHVVLRQ� RI� WKHUDS\�
�S�������IRU�ERWK�FRPSDULVRQV�� 
,Q�DGGLWLRQ��PHGLFDWLRQ�LQWDNH�GD\V�

GHFUHDVHG� VLJQLILFDQWO\�� DV� GLG� WKH�
PHDQ� +,7-�� VFRUHV� �S���������
&RPSDUHG�WR�WKH�JURXS�WUHDWHG�ZLWK�
���� 8�� WKH� PHDQ� KHDGDFKH� GD\V�
DQG� PLJUDLQH� KHDGDFKH� GD\V� ZHUH�
VLJQLILFDQWO\� IHZHU� LQ� WKH� ���� 8�
GRVHG�JURXS��S�������� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV�ZLWK� FKURQLF�PLJUDLQHV�DQG�
PHGLFDWLRQ� RYHUXVH� KHDGDFKHV�
VXJJHVWV�WKDW�LQMHFWLRQV�RI�����XQLWV�
RI� 2QDERWXOLQXPWR[LQ$� PD\� EH�
VXSHULRU�WR�LQMHFWLRQV�RI�WKH�VWDQGDUG�
����XQLWV� 

  
1HJUR��$���HW�DO��$�7ZR-<HDUV��2SHQ�
/DEHO�� 3URVSHFWLYH� 6WXG\� RI�

2QDERWXOLQXPWR[LQ$� ���� 8� LQ�
0HGLFDWLRQ� 2YHUXVH� +HDGDFKH�� $�
5HDO-:RUOG� ([SHULHQFH�� -�
+HDGDFKH� 3DLQ�� ������ ����� '2,�
���������V�����-���-����-�� 

  

&$36$,&,1�3$7&+�)25�
/80%26$&5$/�3$,1 

  
7RSLFDO�FDSVDLFLQ�IRUPXODWLRQV�DUH�

ZLGHO\� XVHG� WR� PDQDJH� SDLQ�� 7KLV�
VWXG\� DVVHVVHG� WKH� HIILFDF\� RI� D�
FDSVDLFLQ� HLJKW� SHUFHQW� SDWFK� LQ�
SDWLHQWV�ZLWK�OXPERVDFUDO�SDLQ� 
6XEMHFWV� ZHUH� DGXOWV� GLDJQRVHG�

ZLWK� OXPERVDFUDO� SDLQ� RI� DW� OHDVW�
WKUHH�PRQWKV¶�GXUDWLRQ��ZLWK�D�YLVXDO�
DQDORJXH� VFDOH� �9$6�� VFRUH� RI�
JUHDWHU� WKDQ� ILYH� RQ� D� ��� SRLQW�
VFDOH��7KH�SDUWLFLSDQWV�ZHUH� LQLWLDOO\�
DQHVWKHWL]HG�ZLWK�(0/$�FUHDP�ZLWK�
WKH� FDSVDLFLQ� HLJKW� SHUFHQW� SDWFK�
WKHQ� DSSOLHG� RYHU� WKH� PRVW� SDLQIXO�
DUHD�RI�WKH�EDFN��UHPDLQLQJ�LQ�SODFH�
IRU� RQH� KRXU�� 7KH� SDWLHQWV� ZHUH�
DVVHVVHG� IRU�SDLQ�DW� WZR��HLJKW�DQG�
���ZHHNV�DIWHU� WUHDWPHQW��$W�ZHHNV�
WZR�DQG����� WKH�SDWLHQWV�FRPSOHWHG�
WKH� (4-�'� +HDOWK-5HODWHG� 4XDOLW\�
RI�/LIH�LQVWUXPHQW� 
1LQHW\� SDWLHQWV� FRPSOHWHG� WKH�

VWXG\�� $W� EDVHOLQH�� WKH� PHDQ� 9$6�
VFRUH�ZDV������IDOOLQJ�WR�����DW�ZHHN�
WZR� �S��������� ���� DW� ZHHN� HLJKW�
�S�������� DQG� ���� DW� ZHHN� ��
�S��������� 7KH� FKDQJH� LQ� 9$6�
VFRUHV�DW�ZHHN�����DV�FRPSDUHG� WR�
EDVHOLQH�� ZDV� QHJDWLYHO\� FRUUHODWHG�
ZLWK� ERG\� PDVV� LQGH[� DQG� DJH��
%HWZHHQ� EDVHOLQH� DQG� ZHHNV� WZR��
HLJKW�� DQG� ��� VLJQLILFDQW�
LPSURYHPHQWV�ZHUH�QRWHG� LQ�DOO� ILYH�
GLPHQVLRQV� RI� WKH� (4-�'�
TXHVWLRQQDLUH��S�������� 
&RQFOXVLRQ�� 7KLV� XQFRQWUROOHG�

VWXG\� RI� SDWLHQWV� ZLWK� OXPERVDFUDO�
SDLQ� IRXQG� WKDW� WKH� XVH� RI� D�
FDSVDLFLQ� HLJKW� SHUFHQW� SDWFK� FDQ�
VLJQLILFDQWO\� UHGXFH� SDLQ� DQG�
LPSURYH�TXDOLW\�RI�OLIH� 

  
=LV�� 3��� HW� DO�� (IIHFWLYHQHVV� DQG�
,PSDFW� RI� &DSVDLFLQ� ��� 3DWFK� RQ�
4XDOLW\� RI� /LIH� LQ� 3DWLHQWV� ZLWK�
/XPERVDFUDO� 3DLQ�� $Q� 2SHQ-ODEHO�
6WXG\�� 3DLQ� 3K\VLFLDQ��
��������(����-(����� 

  

($5/<�3+<6,&$/�7+(5$3<�
)25�$&87(�$1./(�635$,1 

  
$QNOH�VSUDLQV�DUH�DPRQJ�WKH�PRVW�

FRPPRQ� PXVFXORVNHOHWDO� LQMXULHV��
7KLV� VWXG\� ZDV� GHVLJQHG� WR�
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GHWHUPLQH� WKH� UROH� RI� VXSHUYLVHG�
SK\VLRWKHUDS\� LQ� WKH� PDQDJHPHQW�
RI�DFXWH�DQNOH�VSUDLQ� 
7KLV� SURVSHFWLYH� VWXG\� LQFOXGHG�

SDWLHQWV� SUHVHQWLQJ� IRU� DFXWH�
PHGLFDO�WUHDWPHQW�RI�DQ�DQNOH�VSUDLQ�
�JUDGHV��� WR����DW�RQH�RI� WZR�DFXWH�
FDUH�VHWWLQJV��7KH�SDUWLFLSDQWV�ZHUH�
UDQGRPL]HG�WR�D�XVXDO�FDUH�DUP�RU�D�
SK\VLRWKHUDS\� DUP�� 7KRVH� LQ� WKH�
XVXDO� FDUH� DUP� UHFHLYHG� VWDQGDUG�
HPHUJHQF\� GHSDUWPHQW� FDUH�
FRQVLVWLQJ�RI�D�PHGLFDO�DVVHVVPHQW�
DQG�D�RQH-SDJH�ZULWWHQ�VXPPDU\�RI�
LQVWUXFWLRQV� IRU� EDVLF� PDQDJHPHQW�
RI� WKH� LQMXU\� DW� KRPH�� 7KH�
SK\VLRWKHUDS\� JURXS� ZHUH� SURYLGHG�
ZLWK� XVXDO� FDUH� SOXV� D� UHJLPHQ� RI�
WKHUDS\� LQFOXGLQJ� D� SURJUHVVLRQ� RI�
IXQFWLRQDO� H[HUFLVHV�� 7UHDWPHQW�
VHVVLRQV�ZHUH����PLQXWHV�LQ�OHQJWK��
ZLWK� DXJPHQWDWLRQ� E\� VWDQGDUGL]HG�
KRPH� H[HUFLVH� LQVWUXFWLRQV�� 7KH�
SULPDU\� RXWFRPH� PHDVXUH� ZDV� WKH�
)RRW� DQG� $QNOH� 2XWFRPH� 6FRUH�
�)$26��� 7KH� SULPDU\� RXWFRPH� RI�
HIILFDF\� ZDV� H[FHOOHQW� UHFRYHU\��
GHILQHG�DV�D�WRWDO�)$26�VFRUH�RI�DW�
OHDVW���������DW�WKUHH�PRQWKV� 
%HWZHHQ� 2FWREHU� RI� ����� DQG�

$SULO� RI� ������ ���� SDWLHQWV� ZHUH�
UDQGRPL]HG� LQWR� WKLV� VWXG\�� ,Q� WKH�
LQWHQWLRQ� WR� WUHDW� DQDO\VLV�� DW� WKUHH�
PRQWKV�� H[FHOOHQW� UHFRYHU\� ZDV�
DFKLHYHG� LQ� ���� RI� WKH�
SK\VLRWKHUDS\�DQG�����RI�WKH�XVXDO�
FDUH� JURXS� �S ������� 'LIIHUHQFHV�
EHWZHHQ� JURXSV� LQ� WKH� PHDQ�
FKDQJH� RI� WKH� )$26� VFRUHV� ZHUH�
QRW� VLJQLILFDQW� DW� DQ\� WLPH� SRLQW�
GXULQJ�IROORZ-XS� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV�SUHVHQWLQJ�ZLWK�DFXWH�DQNOH�
VSUDLQ� IDLOHG� WR� GHPRQVWUDWH� WKDW�
HDUO\�� SK\VLRWKHUDS\�
OHDGV� WR� LPSURYHG� FOLQLFDO� IXQFWLRQ�
XS� WR� VL[� PRQWKV� DIWHU� LQMXU\�� DV�
FRPSDUHG�WR�XVXDO�FDUH�DORQH� 

  
%ULVRQ�� 5��� HW� DO�� (IIHFW� RI� (DUO\�
6XSHUYLVH� 3K\VLRWKHUDS\� RQ�
5HFRYHULQJ� IURP� $FXWH� $QNOH�
6SUDLQ�� 5DQGRPL]HG�� &RQWUROOHG�
7ULDO��%U�0HG�-�������������L����� 

  

'8/2;(7,1(�,1�3$,1)8/�
',$%(7,&�1(8523$7+< 

  
:LWK� D� ZRUVHQLQJ� RI� WKH� JOREDO�

HSLGHPLF�RI�GLDEHWHV�� LW� LV�H[SHFWHG�
WKDW� SDLQIXO� GLDEHWLF� QHXURSDWK\�
�3'1�� ZLOO� DOVR� LQFUHDVH�� 7KUHH�
FDWHJRULHV� RI� GUXJV� DUH� FRPPRQO\�
XVHG� WR� WUHDW� 3'1�� 7KHVH� LQFOXGH�
DQWLHSLOHSWLFV� WULF\FOLF�
DQWLGHSUHVVDQWV� DQG� QRQVSHFLILF�

DQDOJHVLFV�� 7KH� JXLGHOLQHV�
UHFRPPHQG� SUHJDEDOLQ� DV� D� IURQW-
OLQH� WUHDWPHQW�� 7KLV� PHWD-DQDO\VLV�
UHYLHZHG� WKH� HIIHFWLYHQHVV� RI�
GXOR[HWLQH� IRU� WKH� PDQDJHPHQW� RI�
GLDEHWLF�SHULSKHUDO�QHXURSDWKLF�SDLQ� 
$�OLWHUDWXUH�VHDUFK�ZDV�FRPSOHWHG�

IRU� DUWLFOHV� DVVHVVLQJ� WKH� HIIHFWV� RI�
GXOR[HWLQH� IRU� SDWLHQWV� ZLWK� 3'1��
SXEOLVKHG�EHWZHHQ������ DQG�������
2I� WKH� VWXGLHV� LGHQWLILHG�� QLQH� PHW�
WKH�LQFOXVLRQ�FULWHULD��$�UHYLHZ�RI�WKH�
VWXGLHV� IRXQG� WKDW� WKH� GRVLQJ� XVH�
DQG� SDLQ� DVVHVVPHQW� PHWKRGV�
GLIIHUHG�� SUHFOXGLQJ� VWDWLVWLFDO�
SRROLQJ� RI� WKH� GDWD�� 7KHUHIRUH�� D�
EHVW� HYLGHQFH� V\QWKHVLV� ZDV�
FUHDWHG�� EDVHG� XSRQ� HLJKW�� KLJK-
TXDOLW\�VWXGLHV� 
7KH� GDWD� IURP� WKH� KLJK-TXDOLW\�

VWXGLHV��LQFOXGLQJ�������SDUWLFLSDQWV��
VXJJHVWHG� WKDW� GXOR[HWLQH� LV�
EHQHILFLDO� IRU� UHGXFLQJ� SDLQ�� DV�
FRPSDUHG� ZLWK� SODFHER�� 7KH� GDWD�
IXUWKHU� VXJJHVWHG� WKDW� GXOR[HWLQH�
PD\� EH� DGYDQWDJHRXV� RYHU�
SUHJDEDOLQ�� ZLWK� SRRU� HYLGHQFH� RI�
VXSHULRULW\�RYHU�DPLWULSW\OLQH� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� SDLQIXO� GLDEHWLF�
QHXURSDWK\� IRXQG� WKDW� GXOR[HWLQH�
KDV� EHQHILFLDO� HIIHFWV� RYHU� SODFHER�
DQG�SUHJDEDOLQ��DOWKRXJK�WKH�HIIHFWV�
FRPSDUHG� WR� DPLWULSW\OLQH� QHHG�
IXUWKHU�UHYLHZ� 

  
+RVVDLQ�� 6��� HW� DO�� 'XOR[HWLQH� LQ�
3DLQIXO� 'LDEHWLF� 1HXURSDWK\�� $�
6\VWHPDWLF� 5HYLHZ�� &OLQ� -� 3DLQ��
������ 1RYHPEHU�� �������� ����-
����� 

  

+((/�72�72(�'523�2)�
5811,1*�6+2(6�9(5686�5,6.�

2)�,1-85< 

 'HVSLWH� DGYDQFHV� LQ� UXQQLQJ�
VKRH� WHFKQRORJ\�� WKH� HIIHFW� RI�
VSHFLILF� IRRWZHDU� IHDWXUHV� RQ� WKH�
ULVN� RI� UXQQLQJ� UHODWHG� LQMXU\� KDYH�
KDG�OLWWOH�DWWHQWLRQ�IURP�WKH�VFLHQWLILF�
FRPPXQLW\�� 7KLV� UDQGRPL]HG��
FRQWUROOHG� WULDO� LQYHVWLJDWHG� WKH�
UHODWLRQVKLS�EHWZHHQ�VKRH�GURS��WKH�
KHLJKW� GLIIHUHQFH� EHWZHHQ� WKH�
IRUZDUG�DQG�UHDU�RI�WKH�LQVLGH�RI�WKH�
VKRH��DQG�WKH�ULVN�RI�LQMXU\� 
7KLV� UDQGRPL]HG�� FRQWUROOHG� WULDO�

LQFOXGHG� OHLVXUH-WLPH� DGXOW� UXQQHUV�
��� WR����\HDUV�RI�DJH��7KH� UXQQHUV�
ZHUH� UDQGRPL]HG� WR� UHFHLYH� RQH� RI�
WKUHH� YHUVLRQV� RI� D� UXQQLQJ� VKRH��
LGHQWLFDO�H[FHSW�IRU�WKH�KHLJKW�RI�WKH�
VROH�DW� WKH�KHHO�DQG�WKH�IRUHIRRW�� WR�
JHQHUDWH� SUHGHILQHG� IRRW� GURSV� RI�
���PP��'�������PP��'���DQG���PP�
�'��� 

'DWD� FROOHFWHG� LQFOXGHG� W\SH� RI�
DFWLYLW\�� GXUDWLRQ� RI� VHVVLRQ��
VXEMHFWLYH� SHUFHLYHG� LQWHQVLW\��
GLVWDQFH� FRYHUHG�� UXQQLQJ� VXUIDFH��
VKRH� SDLU� XVHG� DQG� ZKHWKHU� WKH�
SDUWLFLSDQW� H[SHULHQFHG� DQ\� SDLQ�
GXULQJ�WKH�VHVVLRQ� 
2I� WKH� ���� SDUWLFLSDQWV�� ����

VXVWDLQHG�DQ�LQMXU\�GXULQJ�WKH�IROORZ
-� XS� SHULRG�� 1HLWKHU� RI� WKH� VKRH�
PRGHOV� ZLWK� UHGXFHG� GURS� ZHUH�
DVVRFLDWHG� ZLWK� WKH� LQMXU\� ULVN� DV�
FRPSDUHG� ZLWK� '���� $Q� DGMXVWHG�
UHJUHVVLRQ� PRGHO� UHYHDOHG� WKDW�
SUHYLRXV� LQMXU\� �S ������� DQG�
ZHHNO\�UXQQLQJ�IUHTXHQF\��S��������
ZHUH� ULVN� IDFWRUV� IRU� LQMXU\�� ZKLOH�
UXQQLQJ�GXUDWLRQ�ZDV� IRXQG� WR�EH�D�
SURWHFWLYH� IDFWRU�� ,Q� D� VHFRQGDU\�
DQDO\VLV�� DPRQJ� RFFDVLRQDO�
UXQQHUV��WKH�UDWH�RI�LQMXU\�ZDV�IRXQG�
WR� EH� ORZHU� ZKLOH� XVLQJ� ORZ� GURS�
VKRHV��ZKLOH��LQ�WKH�UHJXODU�UXQQHUV��
WKDW�LQMXU\�UDWH�ZDV�KLJKHU� 
&RQFOXVLRQ�� 7KLV� UDQGRPL]HG�

WULDO� LQYROYLQJ� UHFUHDWLRQDO� UXQQHUV�
IRXQG�WKDW��RYHUDOO��VKRH�GURS�LV�QRW�
DVVRFLDWHG�ZLWK�LQMXU\�ULVN�� 

  
0DOLVRX[�� /��� HW� DO�� ,QIOXHQFH� RI� WKH�
+HHO-WR-7RH� 'URS� RI� 6WDQGDUG��
&XVKLRQHG�5XQQLQJ�6KRHV�RQ�,QMXU\�
5LVN� LQ� /HLVXUH� 7LPH� 5XQQHUV�� $�
5DQGRPL]HG�� &RQWUROOHG� 7ULDO� ZLWK�
6L[-0RQWK�)ROORZ-8S��$P� -� 6SRUWV�
0HG�� ������ 1RYHPEHU�� ��������
����-����� 
   

75$169(56(�0(',$1�1(59(�
029(0(17�,1�7+(�&$53$/�

7811(/ 

 6RPH�KDYH� UHSRUWHG� WKDW�� GXULQJ�
FDUSDO� WXQQHO� UHOHDVH�� WKH� PHGLDQ�
QHUYH� LV� DGKHUHQW� WR� WKH� IOH[RU�
UHWLQDFXOXP��7KLV�VWXG\�LQYHVWLJDWHG�
WKH�HIIHFWV�RI� ILQJHU�PRWLRQV�RQ� WKH�
PRYHPHQW� RI� WKH� PHGLDQ� QHUYH� LQ�
SDWLHQWV� ZLWK� FDUSDO� WXQQHO�
V\QGURPH��&76�� 
6XEMHFWV�ZHUH����KHDOWK\�FRQWUROV�

DQG� ��� SDWLHQWV� ZLWK� &76�� &RQWURO�
VXEMHFWV� ZHUH� KHDOWK\� YROXQWHHUV�
ZLWK�QR�KLVWRU\�RI�QXPEQHVV��SDLQ�RU�
ILQJHU� ZHDNQHVV�� )RU� SDWLHQWV� ZLWK�
&76�� WKH� PRUH� DIIHFWHG� VLGH� ZDV�
VWXGLHG�� ZKLOH� ERWK� VLGHV� ZHUH�
VWXGLHG� LQ� WKH� FRQWUROV�� 7KH�
GLDJQRVLV� RI� &76� ZDV� YHULILHG� E\�
HOHFWURGLDJQRVWLF� VWXGLHV�� ZLWK� &76�
UDWHG� DV� PLOG�� PRGHUDWH� RU� VHYHUH��
$OO� VXEMHFWV� XQGHUZHQW� XOWUDVRXQG�
H[DPLQDWLRQ�� GXULQJ� ZKLFK� WKH\�
ZHUH� DVNHG� WR� IOH[� DQG� H[WHQG� WKH�
ILUVW��DQG� WKHQ� WKH�VHFRQG�DQG� WKLUG�
ILQJHUV�� ZKLOH� NHHSLQJ� WKH� RWKHUV�
H[WHQGHG�� 8OWUDVRXQG� LPDJHV� ZHUH�



 

3DJH�� �����������������1RYHPEHU�������� 9ROXPH����1XPEHU�� 

 

 

FDSWXUHG� EHIRUH� DQG� DIWHU� HDFK�
PRWLRQ��ZLWK�PRYHPHQW�RI� WKH�QHUYH�
FDOFXODWHG�� 0RYHPHQW� ZDV�
FRPSDUHG� EHWZHHQ� WKH� FRQWURO� DQG�
&76�VXEMHFWV� 
7KH� PHGLDQ� QHUYH� PRWLRQV� ZKLOH�

PRYLQJ� WKH� ILUVW� DQG� VHFRQG� ILQJHUV�
DQG�JULS�PRWLRQ�GLIIHUHG�VLJQLILFDQWO\�
EHWZHHQ� WKRVH� ZLWK� DQG� WKRVH�
ZLWKRXW� &76� LQ� WKH� UDGLRXOQDU� D[LV��
7KH� WKLUG� ILQJHU� PRWLRQV� DQG� JULS�
PRWLRQV� GLIIHUHG� VLJQLILFDQWO\� ZLWK�
UHVSHFW� WR�PHGLDQ� QHUYH�PRYHPHQW�
EHWZHHQ� JURXSV� LQ� WKH� GRUVRSDOPDU�
D[LV�� 7KH� PRYHPHQW� RI� WKH� QHUYH�
FRUUHODWHG� QHJDWLYHO\� ZLWK� &76�
VHYHULW\� 
&RQFOXVLRQ�� 7KLV� VWXG\� IRXQG� D�

VLJQLILFDQW�GHFUHDVH� LQ�PRYHPHQW�RI�
WKH� PHGLDQ� QHUYH� DPRQJ� SDWLHQWV�
ZLWK� FDUSDO� WXQQHO� V\QGURPH�� ZLWK�
WKLV� GHFUHDVH� LQ� PRYHPHQW�
FRUUHODWHG�ZLWK�WKH�VHYHULW\�RI�FDUSDO�
WXQQHO�V\QGURPH� 

  
.DQJ�� +��� HW� DO�� (IIHFW� RI� )LQJHU�
0RWLRQ�RQ�7UDQVYHUVH�0HGLDQ�1HUYH�
0RYHPHQW� LQ� WKH� &DUSDO� 7XQQHO��
0XVFOH� 1HUYH�� ������2FWREHU�� ���
�������-���� 
 

1(8523$7+,&�3$,1�$1'�
2%(6,7< 

 6RPH�KDYH�FRQVLGHUHG�REHVLW\�WR�
EH� D� ULVN� IDFWRU� IRU� PXVFXORVNHOHWDO�
V\VWHP� GLVRUGHUV�� DOWKRXJK� WKLV�
UHODWLRQVKLS� UHPDLQV� FRQWURYHUVLDO��
7KLV� VWXG\� ZDV� GHVLJQHG� WR� EHWWHU�
FODULI\� WKH� UHODWLRQVKLS� EHWZHHQ�
REHVLW\�DQG�QHXURSDWKLF�SDLQ� 
6XEMHFWV� ZHUH� DGXOWV� GLDJQRVHG�

ZLWK� QHXURSDWKLF� SDLQ�� ZLWK� D�
QHXURDQDWRPLFDOO\ SODXVLEOH�
GLVWULEXWLRQ�� 6XEMHFWV�ZHUH� DVNHG� WR�
TXDQWLI\� WKH� DYHUDJH� LQWHQVLW\� RI�
WKHLU�SDLQ�LQ�WKH�SULRU�ZHHN�RQ�DQ���-
SRLQW� QXPHULFDO� UDWLQJ� VFDOH� �156���
1HXURSDWKLF� SDLQ� V\PSWRPV� ZHUH�
DVVHVVHG�ZLWK� WKH�1HXURSDWKLF�3DLQ�
6\PSWRP� ,QYHQWRU\� �136,��� 7KH�
VXEMHFWV� ZHUH� DVVHVVHG� IRU� ERG\�
PDVV�LQGH[��%0,���ZLWK�D�FXWRII�RI����
NJ�Pð�IRU�RYHUZHLJKW� 
)RUW\-IRXU� SDWLHQWV� SDUWLFLSDWHG� LQ�

WKH�VWXG\��7KH�WRWDO�136,�VFRUH�ZDV�
VLJQLILFDQW� KLJKHU� LQ� WKH� RYHUZHLJKW�
JURXS� WKDQ� LQ� WKH� QRUPDO� ZHLJKW�
JURXS� �S�������� DV� ZHUH� WKH�
SDUR[\VPDO� VFRUHV� �S �������� SDLQ�
LQWHQVLW\� UDWLQJV� �S ������ DQG� WKH�
0F*LOO� 3DLQ� 4XHVWLRQQDLUH� VFRUHV�
�S ������� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV�ZLWK�QHXURSDWKLF�SDLQ�IRXQG�
WKDW� WKRVH� ZKRVH� ERG\� PDVV� LQGH[�

ZDV�DERYH����NJ�Pð�KDG�KLJKHU�SDLQ�
VFRUHV� WKDQ�GLG� WKRVH�ZLWK�D�QRUPDO�
ERG\�PDVV�LQGH[� 

  
+R]XPL�� -�� HW� DO�� 5HODWLRQVKLS�
EHWZHHQ� 1HXURSDWKLF� 3DLQ� DQG�
2EHVLW\� 3DLQ 5HVHDUFK�
0DQDJHPHQW�� ������
GRL�RUJ���������������������� 

  
   5$',2)5(48(1&<�

'(1(59$7,21�2)�7+(�0(',$/�
&$/&$1($/�1(59( 

  
+HHO� SDLQ� LV� D� IUHTXHQW� FRPSODLQW�

RI� DWKOHWHV� ZLWK� SODQWDU� IDVFLRVLV��
HVWLPDWHG� WR� LQYROYH� VHYHQ� SHUFHQW�
RI�UXQQLQJ�UHODWHG�LQMXULHV��$�QXPEHU�
RI� FRQVHUYDWLYH� PHDVXUHV� KDYH�
EHHQ�VXJJHVWHG��ZLWK�PRUH� LQYDVLYH�
LQWHUYHQWLRQV�LQFOXGLQJ 
H[WUDFRUSRUHDO WKHUDS\�
RU�VXUJHU\��7KLV�VWXG\�ZDV�GHVLJQHG�
WR�HVWDEOLVK�ZKHWKHU�XOWUDVRXQG��86��
JXLGHG� UDGLRIUHTXHQF\� GHQHUYDWLRQ�
RI�WKH�PHGLDO�FDOFDQHDO�QHUYH��0&1��
FDQ� SURYLGH� V\PSWRPDWLF�
LPSURYHPHQW� IRU� SDWLHQWV� ZLWK�
UHIUDFWRU\�KHHO�SDLQ� 
6XEMHFWV� ZHUH� SDWLHQWV� UHIHUUHG�

ZLWK� UHIUDFWRU\� KHHO� SDLQ� IRU� 0&1�
UDGLRIUHTXHQF\� GHQHUYDWLRQ�� 7KH�
GHQHUYDWLRQ� ZDV� SHUIRUPHG� XQGHU�
86� JXLGDQFH�� ZLWK� HLWKHU� WKUHH�
SHULRGV� RI� WKUHH� PLQXWHV� RU� VL[�
SHULRGV� RI� WZR� PLQXWHV�� WDUJHWLQJ�
WHPSHUDWXUHV� DERYH� ���&�� $IWHU�
GHQHUYDWLRQ�� �� P/� EXSLYLFDLQH� ZDV�
DGPLQLVWHUHG� DV� SURFHGXUDO�
DQDOJHVLD�� ZLWK� �� P/� RI�
GH[DPHWKDVRQH��SURYLGHG�WR�UHGXFH�
UHODWHG�LQIODPPDWLRQ��7KH�HIILFDF\�RI�
WKH� SURFHGXUH�� DV� FRPSDUHG� WR�
SUHYLRXV� WUHDWPHQWV�� ZDV� DVVHVVHG�
E\� WHOHSKRQH� TXHVWLRQQDLUH��
6XEMHFWV� ZHUH� GLYLGHG� LQWR� JURXS� ���
LQFOXGLQJ�WKRVH�DVVHVVHG�PRUH�WKDQ�
VL[�PRQWKV�DIWHU� WKH�SURFHGXUH��DQG�
JURXS� ��� DVVHVVHG� DW� �� PRQWKV� RU�
OHVV�IURP�WKH�SURFHGXUH� 
3DLQ� VFRUHV� GHFUHDVHG�

VLJQLILFDQWO\� LQ� ERWK� JURXSV�� ZLWK�
VLJQLILFDQW�FKDQJHV� IURP�EDVHOLQH� LQ�
EHVW� SDLQ� VFRUHV� �S������ IRU� ERWK�
JURXSV��� DV� ZHOO� DV� UHVLGXDO�
LPSURYHPHQW� �S������ IRU� ERWK�
JURXSV��� 6DWLVIDFWLRQ� �³YHU\´� RU�
³VRPHZKDW´� VDWLVILHG�� ZLWK� WKH�
UHVXOWV� ZDV� UHSRUWHG� E\� ���� RI�
JURXS���DQG�����RI�JURXS��� 
&RQFOXVLRQ� 7KLV� UHWURVSHFWLYH�

VWXG\� RI� SDWLHQWV� ZLWK� UHFDOFLWUDQW�
KHHO� SDLQ� IRXQG� WKDW� UDGLRIUHTXHQF\�
GHQHUYDWLRQ� RI� WKH�PHGLDO� FDOFDQHDO�
QHUYH�PD\� SURYLGH� SDLQ� UHOLHI� IRU� DW�
OHDVW�VL[�PRQWKV�DIWHU�WKH�SURFHGXUH� 

&RXQVHO�� 3��� HW� DO�� 8OWUDVRXQG-�
*XLGHG 'HQHUYDWLRQ�
RI� WKH�0HGLDO�&DOFDQHDO�1HUYH��&OLQ�
-�6SRUWV�0HG��������1RYHPEHU����
��������-���� 

  
  0(/$721,1�$1'� 

)5$&785(�5,6. 

3UHYLRXV� VWXGLHV� KDYH�
GHPRQVWUDWHG� DQ� DVVRFLDWLRQ�
EHWZHHQ� DQ[LRO\WLF� RU� K\SQRWLF� GUXJ�
XVH�DQG�WKH�ULVN�RI�KLS�IUDFWXUH�LQ�WKH�
HOGHUO\��$V�DQ�DOWHUQDWLYH��PHODWRQLQ�
KDV�EHHQ�LQFUHDVLQJO\�XVHG��ULVLQJ�LQ�
WKH� 8QLWHG� .LQJGRP� �8�.��� E\� ����
RYHU� WKH� SDVW� ��� \HDUV�� 7KLV� VWXG\�
FRPSDUHG� WKH� IUDFWXUH� ULVN�
DVVRFLDWHG� ZLWK� PHODWRQLQ� DQG�
K\SQRWLF�GUXJV�DPRQJ�ROGHU�DGXOWV� 
7KH� GDWD� IRU� WKLV� VWXG\� ZHUH�

REWDLQHG� IURP� 7KH� +HDOWK�
,PSURYHPHQW� 1HWZRUN� �7+,1��� D�
GDWDEDVH� RI� HOHFWURQLF� PHGLFDO�
UHFRUGV� IURP� RYHU� ������ JHQHUDO�
SUDFWLWLRQHUV� LQ� ���� 8�.�� PHGLFDO�
SUDFWLFHV�� 'DWD� ZHUH� UHYLHZHG� WR�
LGHQWLI\� SDWLHQWV�ZKR�ZHUH� ��� \HDUV�
RI�DJH�RU�ROGHU�ZKR�ZHUH�SUHVFULEHG�
PHODWRQLQ� �FRKRUW� ���� DW� OHDVW� WZR�
SUHVFULSWLRQV� RI� K\SQRWLF�
EHQ]RGLD]HSLQHV� �FRKRUW� ��� DW� OHDVW�
WZR� SUHVFULSWLRQV� RI� =� GUXJV�
LQFOXGLQJ� ]ROSLGHP� DQG� ]RSLFORQH�
�FRKRUW��%���RU�ZKR�KDG�QHYHU�EHHQ�
SUHVFULEHG� DQ\� RI� WKHVH� GUXJV�
�FRQWURO��� 7KH� RXWFRPH� ZDV� DQ\�
IUDFWXUH� IROORZLQJ� VWXG\� HQWU\��
3RWHQWLDO� FRQIRXQGHUV� LGHQWLILHG�
ZHUH� JHQGHU�� DJH�� PHGLFDO�
PRUELGLW\�� SUHVFULSWLRQV� IRU� QRQ-
VWXG\� GUXJV�� ERG\� PDVV� LQGH[��
VRFLRHFRQRPLF� VWDWXV�� VPRNLQJ� DQG�
DOFRKRO�XVH�VWDWXV� 
&RPSDUHG� WR� WKH� FRQWURO� FRKRUW��

WKH� XQDGMXVWHG� ULVNV� RI� IUDFWXUH� DW�
IROORZ-XS� ZHUH� ����� IRU� PHODWRQLQ�
�S��������� ����� IRU� K\SQRWLF�

�S�������� DQG� �����
IRU� =� GUXJV� �S��������� ,Q� WKH�
DGMXVWHG� PRGHO�� VLJQLILFDQW� KD]DUG�
UDWLRV� ZHUH� DJDLQ� IRXQG� IRU�
PHODWRQLQ� �S ������ DQG� =� GUXJV�
�S ������ 
&RQFOXVLRQ�� 7KLV� %ULWLVK� VWXG\�

RI� DGXOWV� ��� \HDUV� RI� DJH� RU� ROGHU��
IRXQG� WKDW� PHODWRQLQ� DQG� =� GUXJV�
DUH� ERWK� LQGHSHQGHQWO\� DVVRFLDWHG�
ZLWK�DQ�LQFUHDVHG�ULVN�RI�IUDFWXUH� 
)ULVKHU�� 0��� HW� DO�� 0HODWRQLQ��
+\SQRWLFV� DQG� 7KHLU� $VVRFLDWLRQ�
ZLWK� )UDFWXUH�� $� 0DWFKHG�� &RKRUW�
6WXG\�� $JH� DQG� $JHLQJ�� ������
1RYHPEHU������������-���� 

  
 



 

 

0XVFXORVNHOHWDO� LQ� 5HYLHZ� �06.��
LV� SURGXFHG� E\� SK\VLFLDQV�
VSHFLDOL]LQJ� LQ�PXVFXORVNHOHWDO� DQG�
QHXURORJLFDO� PHGLFLQH�� ZLWK� WKH�
FRRSHUDWLRQ� DQG� DVVLVWDQFH� RI�
(PRU\� 8QLYHUVLW\� 6FKRRO� RI�
0HGLFLQH���6XPPDULHV�DSSHDULQJ�LQ�
WKLV�SXEOLFDWLRQ�DUH� LQWHQGHG�DV�DQ�
DLG� LQ� UHYLHZLQJ� WKH� OLWHUDWXUH�
UHOHYDQW� WR� WKH� SUDFWLFH� RI� FOLQLFDO�
PXVFXORVNHOHWDO� PHGLFLQH�� � 7KH�
VXPPDULHV� DSSHDULQJ� LQ� WKLV�
SXEOLFDWLRQ� DUH� LQWHQGHG� DV� DQ� DLG�
LQ� UHYLHZLQJ� WKH� EURDG� EDVH� RI�
OLWHUDWXUH�UHOHYDQW�WR�WKLV�ILHOG������� 
7KHVH� VXPPDULHV� DUH� QRW�

LQWHQGHG� IRU� XVH� DV� WKH� VROH� EDVLV�
IRU� FOLQLFDO� WUHDWPHQW�� RU� DV� D�
VXEVWLWXWH� IRU� WKH� UHDGLQJ� RI� WKH�
RULJLQDO�UHVHDUFK��� 
06.� LV� DIILOLDWHG� ZLWK� WKH� :RUOG�

+HDOWK� 2UJDQL]DWLRQ� DQG� PXOWLSOH�
QDWLRQDO� PHGLFDO� VRFLHWLHV�
ZRUOGZLGH� 
���3ULYDWH�VXEVFULSWLRQV�DUH�DYDLODEOH�
E\�HPDLO�DW�PVNLQUHYLHZ#DRO�FRP 
RU�E\��SKRQH�DW����������-������ 
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3URGXFHG�E\�WKH�'HSDUWPHQW�RI� 
5HKDELOLWDWLRQ�0HGLFLQH��(PRU\�
8QLYHUVLW\�6FKRRO�RI�0HGLFLQH 

�ǆƉĂŶĚŝŶŐ�ƚŚĞ�ĨƌŽŶƟĞƌ�ŽĨ�ŵĞĚŝĐŝŶĞ�ŝŶ�ƌĞƐĞĂƌĐŚ͕�ƚĞĂĐŚŝŶŐ͕�ĂŶĚ�ƉĂƟĞŶƚ�ĐĂƌĞ 
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3URGXFHG�E\�WKH�'HSDUWPHQW�RI� 
5HKDELOLWDWLRQ�0HGLFLQH��(PRU\�
8QLYHUVLW\�6FKRRO�RI�0HGLFLQH 
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 /XPEDU�VSLQH�VWHQRVLV��/66�� LV�D�
FKURQLF�DQG�SUHYDOHQW�GLVRUGHU�ZKLFK�
DIIHFWV� D� ODUJH� SRUWLRQ� RI� WKH� ROGHU�
SRSXODWLRQ�� &DOFLWRQLQ� LV� D�
SRO\SHSWLGH� KRUPRQH� ZKLFK� DIIHFWV�
VNHOHWDO�PLQHUDOL]DWLRQ��UHOHDVHV�EHWD�
HQGRUSKLQV� DQG� FDQ� EH� XVHG� DV� DQ�
DQDOJHVLF� DJHQW�� 7KLV� VWXG\�
FRPSDUHG�FDOFLWRQLQ�ZLWK�JDEDSHQWLQ�
IRU� WKH� WUHDWPHQW� RI� SDWLHQWV� ZLWK�
V\PSWRPDWLF�/66� 
)URP� ����� WR� ������ QLQH� SDWLHQWV�

ZLWK� V\PSWRPV� RI� QHXURJHQLF�
FODXGLFDWLRQ� DQG� 05,� GHPRQVWUDWHG�
/66�ZHUH� UHFUXLWHG�� 7KHVH� VXEMHFWV�
ZHUH� UDQGRPL]HG� WR� UHFHLYH� VDOPRQ�
FDOFLWRQLQ�� ���� LQWHUQDWLRQDO� XQLWV�
GDLO\�IRU�HLJKW�ZHHNV��JDEDSHQWLQ�����
PJ� WKUHH� WLPHV� SHU� GD\� IRU� HLJKW�
ZHHNV� RU� D� SODFHER� GDLO\� IRU� HLJKW�
ZHHNV�� 7KLV� UHJLPHQ� ZDV� IROORZHG�
E\�D�ZDVKRXW�SHULRG�RI�IRXU�ZHHNV�� 
$OO� VXEMHFWV� ZHUH� DVVHVVHG� E\�

SK\VLFDO�H[DP�DQG�ZLWK�WKH�2VZHVWU\�
'LVDELOLW\�,QGH[��2',��DQG�WKH�3DWLHQW�
6DWLVIDFWLRQ� ,QGH[�� $W� HLJKW� ZHHNV��
WKH� 2',� VFRUHV� LQ� WKH� FDOFLWRQLQ��
JDEDSHQWLQ��DQG�FRQWURO�JURXSV�ZHUH�

���� ������ DQG� ��� UHVSHFWLYHO\�
�S ������� 7KUHH� PRQWKV� DIWHU�
WUHDWPHQW�� LPSURYHPHQW� LQ� WKH� 2',�
VFRUHV� IRU� WKH� FDOFLWRQLQ� JURXS� ZDV�
VLJQLILFDQWO\� EHWWHU� WKDQ� WKH�
JDEDSHQWLQ� JURXS� �S������� RU� WKH�
SODFHER� JURXS� �S�������� $W� WKUHH-�
PRQWK� IROORZ-XS�� WKH� PHDQ� SDWLHQW�
VDWLVIDFWLRQ� LQGH[� VFRUH�ZDV����� LQ�
WKH� FDOFLWRQLQ� JURXS�� ������ LQ� WKH�
JDEDSHQWLQ� JURXS� DQG� ������ LQ� WKH�
FRQWURO�JURXS��S������� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� V\PSWRPDWLF� OXPEDU�
VSLQH� VWHQRVLV� VXJJHVWV� WKDW� ����
LQWHUQDWLRQDO�XQLWV�RI�QDVDO�FDOFLWRQLQ�
VSUD\� LV�PRUH�HIIHFWLYH� WKDQ�����PJ�
RI� JDEDSHQWLQ� WKUHH� WLPHV� GDLO\� IRU�
WKH�UHOLHI�RI�SDLQ�DQG�V\PSWRPV� 

  
+DGGDGL�� .��� HW� DO�� (IIHFWV� RI� 1DVDO�
&DOFLWRQLQ� YHUVXV� 2UDO� *DEDSHQWLQ�
RQ� 3DLQ� DQG� 6\PSWRPV� RI� /XPEDU�
6SLQDO� 6WHQRVLV�� $� &OLQLFDO� 7ULDO�
6WXG\�� &OLQ� 0HG� ,QVLJKWV� $UWKULW�
0XVFXORVNHOHW�'LVRUG�� ����� 
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