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$&87(�())(&76�2)�9,7$0,1�
'��6833/(0(17$7,21�21�

086&/(�675(1*7+ 
  
9LWDPLQ� '� LV� D� FRPSOH[� KRUPRQH�

LQYROYHG�LQ�D�ZLGH�UDQJH�RI�IXQFWLRQV��
ZLWK� UHVHDUFK� FRQILUPLQJ� WKH� OLQN�
EHWZHHQ� PXVFOH� IXQFWLRQ� DQG� ��
�2+�� '��� 7KLV� VWXG\� H[DPLQHG�
ZKHWKHU� YLWDPLQ� '� VXSSOHPHQWDWLRQ�
VLJQLILFDQWO\�LQFUHDVHV�VHUXP����2+��
'� DV� ZHOO� DV� PXVFOH� IXQFWLRQ� LQ�
LQGRRU�DWKOHWHV� 
7KLV� SURVSHFWLYH� VWXG\� LQFOXGHG�

PDOH�� ZKLWH�� QDWLRQDO� OHYHO�� MXGRND�
DWKOHWHV��LQYROYHG�LQ�IXOO-WLPH�WUDLQLQJ��
7KH� JURXS� ZDV� UDQGRPL]HG� WR�
UHFHLYH� HLWKHU� YLWDPLQ� '�� ���������
,8�� RU� D� SODFHER�� $OO� SDUWLFLSDQWV�
ZHUH� DVVHVVHG� WZLFH�� HLJKW� GD\V�
DSDUW��EHIRUH�WKH�VWDUW�RI�WUDLQLQJ�DQG�
DIWHU� WZR� GD\V� RI� UHVW�� 7KH� VXEMHFWV�
XQGHUZHQW DQWKURPRUSKLF�
PHDVXUHPHQWV�� EORRG� WHVWV�� DQG�
PXVFOH� IXQFWLRQ� WHVWV�� &RQFHQWULF�
TXDGULFHSV� DQG� KDPVWULQJ� PXVFOH�
IXQFWLRQ� ZHUH� PHDVXUHG� XVLQJ� DQ�
LVRNLQHWLF�G\QDPRPHWHU� 
$W� EDVHOLQH� WKH� -XGR� DWKOHWHV�

GHPRQVWUDWHG�LQVXIILFLHQW�OHYHOV�RI����
�2+�� '�� 7KH� WUHDWPHQW� JURXS�
GHPRQVWUDWHG� D� ���� LQFUHDVH� LQ�
VHUXP� ��� �2+�� '� OHYHOV� EHWZHHQ�
GD\V� RQH� DQG� HLJKW�� ZKLOH� WKH�
SODFHER� JURXS� UHPDLQHG� FRQVWDQW��
0XVFOH� VWUHQJWK� LQFUHDVHG� E\� D�
PHDQ�RI�����EHWZHHQ�GD\V�RQH�DQG�
HLJKW� LQ� WKH� WUHDWPHQW� JURXS� DQG� E\�
WKUHH�SHUFHQW�LQ�WKH�SODFHER�JURXS� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI� KLJK-�

OHYHO�LQGRRU��MXGR��DWKOHWHV�IRXQG�WKDW�
OHYHOV� RI� YLWDPLQ� '� ZHUH� JHQHUDOO\�
ORZ� DW� EDVHOLQH�� DQG� WKDW� YLWDPLQ� '�
VXSSOHPHQWDWLRQ� UHVXOWHG� LQ�
VLJQLILFDQW� LQFUHDVHV� LQ� PXVFOH�
VWUHQJWK�ZLWKLQ�HLJKW�GD\V� 

  
:\RQ�� $��� HW� DO�� $FXWH� (IIHFWV� RI�
9LWDPLQ� '�� 6XSSOHPHQWDWLRQ� RQ�
0XVFOH�6WUHQJWK� LQ� -XGRND�$WKOHWHV��
$� 5DQGRPL]HG�� 3ODFHER� &RQWUROOHG��
'RXEOH-%OLQG�7ULDO��&OLQ�-��6SRUW�0HG��
������-XO\������������-���� 

 
5(6725,1*�&257,&$/� 

&21752/�2)�029(0(17�,1� 
48$'5,3/(*,$ 

  
3UHYLRXV� VWXGLHV� KDYH� VKRZQ� WKDW�

LQWUDFRUWLFDOO\� UHFRUGHG� VLJQDOV� FDQ�
EH� GHFRGHG� � � � � WR� � � � � SURYLGH���
LQIRUPDWLRQ� UHODWHG� WR� PRWLRQ��
DOORZLQJ� QRQKXPDQ� SULPDWHV� DQG�
SDUDO\]HG� KXPDQV� WR� FRQWURO�
FRPSXWHUV� DQG� URERWLF� DUPV�� 7KLV�
VWXG\� GHPRQVWUDWHV� D� UHDO-WLPH�
DSSOLFDWLRQ� RI� WKH� XVH� RI� VXFK�
GHYLFHV� LQ� D� KXPDQ� ZLWK�
TXDGUDSOHJLD� 
7KLV� VXEMHFW� ZDV� D� ��-\HDU-ROG�

PDOH� ZLWK� VWDEOH�� QRQ-VSDVWLF�� &�-��
TXDGULSOHJLD�� VXVWDLQHG� IRXU� \HDUV�
SULRU� WR� WKH� VWXG\�� 7KH� SDWLHQW�
XQGHUZHQW� WKH� LPSODQWDWLRQ� RI� D�
PLFURHOHFWURGH� DUUD\� DW� KLV� OHIW�
SULPDU\� PRWRU� FRUWH[�� +H� ZDV� WKHQ�
WUDLQHG�WR�XVH�KLV�QHXURQDO�DFWLYLW\�WR�
FRQWURO� D� QHXURPXVFXODU� HOHFWULFDO�
VWLPXODWRU��SRVLWLRQHG�WR�DOORZ�IRU�VL[�
GLIIHUHQW�ZULVW�DQG�KDQG�PRWLRQV��7R�
WHVW� WKH� V\VWHP�� ILYH� WULDOV� RI� WKH� VL[�
PRYHPHQWV�ZHUH�SHUIRUPHG� 
'XULQJ� WKH� WULDOV�� WKH� VXEMHFW�

DFKLHYHG� RYHUDOO� DFFXUDF\� RI� �����
UDQJLQJ� XS� WR� ���� IRU� ZULVW� IOH[LRQ�
DQG� ������ IRU� WKXPE� IOH[LRQ��
$VVHVVLQJ� WKH� XSSHU� OLPE� IXQFWLRQ��
XVLQJ� WKH� *UDGLHQW� DQG� 5HGHILQHG�
$VVHVVPHQW� RI� 6WUHQJWK�� 6HQVLELOLW\�
DQG� 3UHKHQVLRQ� �*5$663��� LW� ZDV�
GHWHUPLQHG� WKDW� WKH� &�-&��
SDUWLFLSDQW� JDLQHG� ZULVW� DQG� KDQG�
IXQFWLRQ� FRQVLVWHQW� ZLWK� D� &�–7��
OHYHO�RI�LQMXU\� 
&RQFOXVLRQ�� 7KLV� FDVH�

GHPRQVWUDWHG�� IRU� WKH� ILUVW� WLPH�� WKDW�
D� KXPDQ� ZLWK� TXDGULSOHJLD� FRXOG�
UHJDLQ� YROLWLRQDO� PRYHPHQW� WKURXJK�
WKH� XVH� RI� LQWUDFRUWLFDOO\� UHFRUGHG�
VLJQDOV� OLQNHG� WR� QHXURPXVFXODU�
VLJQDOV�LQ�UHDO�WLPH� 

  
%RXWRQ�� &��� HW� DO�� 5HVWRULQJ�&RUWLFDO�
&RQWURO�RI�)XQFWLRQDO�0RYHPHQW� LQ�D�
+XPDQ� ZLWK� 4XDGULSOHJLD�� 1DWXUH��
������0D\�������������������-���� 

 

 
/21*-7(50�5(1$/�)81&7,21�
$)7(5�63,1$/�&25'�,1-85< 
  
3DWLHQWV� ZLWK� VSLQDO� FRUG� LQMXU\�

�6&,�� DUH� DW� LQFUHDVHG� ULVN� RI� UHQDO�
GHWHULRUDWLRQ� DQG� XULQDU\� WUDFW�
FRPSOLFDWLRQV�� 7KLV� VWXG\� GHVFULEHG�
WKH� H[WHQW� RI� UHQDO� GHWHULRUDWLRQ� LQ�
SDWLHQWV� ZLWK� 6&,� RYHU� D� ��-\HDU�
IROORZ-XS�SHULRG� 
0HGLFDO� UHFRUGV� ZHUH� UHYLHZHG� RI�

DOO� SDWLHQWV� DGPLWWHG� WR� WKH� 6SLQDO�
&RUG� &OLQLF� RI� WKH� 5LJVKRVSLWDOHW��
+RUQE N��'HQPDUN��ZLWK�D�WUDXPDWLF�
6&,� VXVWDLQHG� GXULQJ� ����� WR� ������
0RVW� SDWLHQWV� DWWHQGHG� IROORZ-XS�
H[DPLQDWLRQV� ZLWK� DVVHVVPHQW� RI�
UHQDO� IXQFWLRQ�HYHU\�RWKHU�\HDU��8QWLO�
WKH� ����V�� H[DPV� LQFOXGHG� SODVPD�
FUHDWLQLQH�DQG�[-UD\�RI�WKH�DEGRPHQ��
)URP� WKH� ����V�� &7� VFDQ� DQG�
UHQRJUDSK\� ZHUH� URXWLQH�� � 7KH�
SULPDU\� RXWFRPH� YDULDEOH� RI� WKH�
VWXG\�ZDV�UHQDO�GHWHULRUDWLRQ��EDVHG�
XSRQ� UHVXOWV� RI� UHQRJUDSK\� DQG�
JHQGHU�DGMXVWHG�UHODWLYH�*)5� 
$W� \HDU� ���� WKH� FXPXODWLYH� ULVN� RI�

PRGHUDWH� UHQDO� GHWHULRUDWLRQ� ZDV�
����� ZKLOH� WKDW� RI� VHYHUH� UHQDO�
GHWHULRUDWLRQ� ZDV� ����� 7KH�
SUREDELOLWLHV� RI� PRGHUDWH�
GHWHULRUDWLRQ�DIWHU��������������DQG��������
\HDUV��ZHUH������������DQG��������
UHVSHFWLYHO\�� 7KH� SUREDELOLWLHV� RI�
VHYHUH� UHQDO� GHWHULRUDWLRQ� DW� ���� ���
DQG����\HDUV�ZHUH�������������DQG�
������� UHVSHFWLYHO\�� $� KLVWRU\� RI�
UHQDO�XUHWHU�VWRQHV�UHTXLULQJ�UHPRYDO�
ZDV� VLJQLILFDQWO\� DVVRFLDWHG� ZLWK� D�
GHFUHDVHG�*)5� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI� ����

SDWLHQWV�ZLWK�VSLQDO�FRUG�LQMXU\�IRXQG�
WKDW� WKH� FXPXODWLYH� ULVN� RI� VHYHUH�
UHQDO�GHWHULRUDWLRQ�ZDV�����DIWHU����
\HDUV� 

  
(OPUOXQG�� 0��� HW� DO�� )RUW\-)LYH� <HDU�
)ROORZ-8S� RQ� WKH� 5HQDO� )XQFWLRQ�
DIWHU� 6SLQDO� &RUG� ,QMXU\�� 6SLQDO��
&RUG��������-XQH������������-���� 

 
 

9ROXPH����1XPEHU�� 6HSWHPEHU�������� 
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������-��-������ 

�������������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 

 

81/2$',1*�6+2(6�)25�.1((�
267(2$57+5,7,6 

  
3UHYLRXV� VWXGLHV� KDYH� VXJJHVWHG�

WKDW����-����RI�ZRPHQ�DQG���-����RI�
PHQ�� ��� \HDUV� RI� DJH� RU� ROGHU�� KDYH�
NQHH� � RVWHRDUWKULWLV� � �2$��� 5HFHQW�
UHVHDUFK� KDV� IRFXVHG� RQ� WKH�
GHYHORSPHQW� RI� XQORDGLQJ� VKRHV�
ZKLFK� UHGXFH� PHGLDO� NQHH� ORDGV�
WKURXJK� FKDQJHV� LQ� IRRW� DQG� DQNOH�
ELRPHFKDQLFV�� 7KLV� VWXG\� ZDV�
GHVLJQHG� WR� GHWHUPLQH�ZKHWKHU� VXFK�
VKRHV� FDQ� UHGXFH� SDLQ� DQG� SK\VLFDO�
G\VIXQFWLRQ�DVVRFLDWHG�ZLWK�NQHH�2$��
7KLV� UDQGRPL]HG�� FRQWUROOHG� WULDO�
LQFOXGHG� DGXOWV�� ��� \HDUV� RI� DJH� RU�
ROGHU��ZLWK�NQHH�SDLQ�RQ�PRVW� GD\V�RI�
WKH�SUHYLRXV�PRQWKV��DQG �ZLWK�
UDGLRJUDSKLF�HYLGHQFH RI� PHGLDO�
WLELRIHPRUDO� 2$�� 7KH� VXEMHFWV� ZHUH�
UDQGRPO\� DVVLJQHG� WR� ZHDU� HLWKHU�
XQORDGLQJ� ZDONLQJ� VKRHV�� ZKLFK�
VLJQLILFDQWO\� UHGXFHG� PHDVXUHV� RI�
ORDG� DFURVV� WKH� PHGLDO� NQHH�� RU�
FRPPHUFLDOO\� DYDLODEOH�� QHXWUDO�
ZDONLQJ� VKRHV�� 7KH� SDUWLFLSDQWV� ZHUH�
DVNHG� WR�ZHDU� WKH�VKRHV�DV�PXFK�DV�
SRVVLEOH�GXULQJ�WKH�GD\�IRU�VL[�PRQWKV�
DQG� WR� DYRLG� FKDQJLQJ� VKRHV�� 7KH�
SULPDU\�RXWFRPH�PHDVXUHV�ZHUH�VHOI-�
UHSRUWHG� SDLQ� DQG� SK\VLFDO� IXQFWLRQ��
DV� PHDVXUHG� ZLWK� WKH� � QXPHULFDO�
UDWLQJ� VFDOH� �156�� DQG� WKH� :HVWHUQ�
2QWDULR� DQG� 0F0DVWHU� 8QLYHUVLW\�
2VWHRDUWKULWLV� LQGH[� �:20$&��� DW� VL[�
PRQWKV� 
$W� VL[� PRQWKV�� ���� KDG� FRPSOHWHG�

WKH� TXHVWLRQQDLUHV�� :KLOH� � ERWK�
JURXSV� UHSRUWHG� LPSURYHPHQW� LQ�
IXQFWLRQ��QR�VLJQLILFDQW�GLIIHUHQFH�ZDV�
IRXQG� EHWZHHQ� JURXSV� LQ� VFRUHV� RQ�

 

WKH�156�RU�WKH�:20$&� 
&RQFOXVLRQ��7KLV�VWXG\�RI�SDWLHQWV�

ZLWK� RVWHRDUWKULWLV� GLG� QRW� ILQG� WKDW�
VKRHV� GHVLJQHG� WR� XQORDG� WKH� PHGLDO�
FRPSDUWPHQW�RI�WKH�NQHH�UHGXFHG�SDLQ�
RU�LPSURYHG�IXQFWLRQ�DV�FRPSDUHG�ZLWK�
FRQYHQWLRQDO�VKRHV� 

  
+LQPDQ��5���HW�DO��8QORDGLQJ�6KRHV�IRU�
6HOI-0DQDJHPHQW� RI� .QHH�
2VWHRDUWKULWLV�� $� 5DQGRPL]HG� 7ULDO��
$QQ� ,QWHUQ� 0HG� ������GRL�����������
0��-����� 

  

%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�
0HG�'2,������������������������� 

&$368/$5�5(/($6(�)25�
$'+(6,9(�&$368/,7,6 

  
$GKHVLYH�FDSVXOLWLV�RI�WKH�VKRXOGHU�LV�

PDUNHG� E\� WKH� VSRQWDQHRXV� RQVHW� RI�
ZRUVHQLQJ� VKRXOGHU� SDLQ� DQG� OLPLWHG�
DFWLYH� DQG� SDVVLYH� UDQJH� RI� PRWLRQ��
6XUJLFDO� RSWLRQV� IRU� UHFDOFLWUDQW� FDVHV�
LQFOXGH� RSHQ� UHOHDVH�� PDQLSXODWLRQ�
XQGHU� DQHVWKHVLD� RU� DUWKURVFRSLF�
UHOHDVH�� 7KLV� VWXG\� HYDOXDWHG� VKRUW-
WHUP� UHFRYHU\� IROORZLQJ� DUWKURVFRSLF�
FDSVXODU� UHOHDVH� RI� LGLRSDWKLF�
DGKHVLYH�FDSVXOLWLV� 
7KLV� UHWURVSHFWLYH� VWXG\� LQFOXGHG�

DGXOWV�� FOLQLFDOO\� GLDJQRVHG� ZLWK�
LGLRSDWKLF� DGKHVLYH� FDSVXOLWLV�� DOO� ZLWK�
VKRXOGHU� V\PSWRPV� RI� DW� OHDVW� IRXU�
ZHHNV¶� GXUDWLRQ�� $OO� SDWLHQWV�
XQGHUZHQW� DUWKURVFRSLF� FDSVXODU�
UHOHDVH�� %HIRUH� VXUJHU\�� WKH� VXEMHFWV�
FRPSOHWHG�����D VWDQGDUGL]HG�
TXHVWLRQQDLUH�HYDOXDWLQJ�VKRXOGHU�SDLQ�
DQG� IXQFWLRQ�� EDVHG� RQ� WKH� 6KRXOGHU�
5DWLQJ�4XHVWLRQQDLUH��$Q�LQGHSHQGHQW�
H[DPLQHU� DVVHVVHG� VKRXOGHU� VWUHQJWK�
DQG�UDQJH�RI�PRWLRQ�DW�EDVHOLQH�DQG�DW�
ZHHNV�RQH��VL[�����DQG���� 
3DUWLFLSDQWV�LQFOXGHG����ZRPHQ�DQG�

���PHQ��ZLWK�D�PHDQ�DJH�RI����\HDUV��
$IWHU�UHOHDVH��WKH�SDWLHQWV�H[SHULHQFHG�
LPPHGLDWH� LPSURYHPHQW� LQ� DOO� UDQJHV�
RI� VKRXOGHU� PRWLRQ� �S����������
([WHUQDO� UDQJH�RI�PRWLRQ�KDG�D�PHDQ�
SUHRSHUDWLYH� UDQJH� RI� ����� LQFUHDVLQJ�
WR�����DIWHU�VXUJHU\��DQG�UHJUHVVLQJ�WR�
���� DW� ��� ZHHNV�� ZKHUH� LW� UHPDLQHG�
VWHDG\� IRU� WKH� GXUDWLRQ� RI� WKH� VWXG\��
7KLV� SDWWHUQ� ZDV� VLPLODU� IRU� DOO� RWKHU�
UDQJHV�RI�PRWLRQ�PHDVXUHG��$W�VL[�����
DQG� ��� ZHHNV� DOO� UDQJHV� RI� PRWLRQ�
ZHUH� VLJQLILFDQWO\� EHWWHU� WKDQ� EHIRUH�
VXUJHU\��$FWLYLW\�SDLQ�ZDV� UHSRUWHG�DV�
³DOZD\V´�LQ�����EHIRUH�VXUJHU\�DQG�LQ�
���� DW� ��� ZHHNV�� )UHTXHQF\� RI� SDLQ�
GXULQJ� VOHHS� ZDV� ³DOZD\V´� LQ� ����
EHIRUH� VXUJHU\� DQG� LQ� ���� DW� ���
ZHHNV��([WUHPH�SDLQ�ZDV�UHSRUWHG�E\�
���� SUHRSHUDWLYHO\� DQG� E\� ��� DW� ���
ZHHNV�� 2YHUDOO� VKRXOGHU� IXQFWLRQ� ZDV�
UDWHG� DV� JRRG� E\� ��� SUHRSHUDWLYHO\�
DQG�E\�����DW����ZHHNV� 
&RQFOXVLRQ�� 7KLV� VWXG\�

GHPRQVWUDWHV� WKDW� DUWKURVFRSLF�
FDSVXODU� UHOHDVH� IRU� SDWLHQWV� ZLWK�
LGLRSDWKLF� DGKHVLYH� FDSVXOLWLV� UHVXOWHG�
LQ� VLJQLILFDQW� LPSURYHPHQWV� LQ�
VKRXOGHU� SDLQ�� IXQFWLRQ� DQG� UDQJH� RI�
PRWLRQ� ZLWKLQ� RQH� ZHHN�� ZLWK�
VLJQLILFDQW� LPSURYHPHQW� SHUVLVWLQJ� DW�
���ZHHNV� 



 

3DJH�� �����������������6HSWHPEHU�������� 9ROXPH����1XPEHU��  

  
%DUQHV�� &��� HW� DO�� 6KRUW-7HUP�
2XWFRPHV�DIWHU�$UWKURVFRSLF�&DSVXODU�
5HOHDVH� IRU� $GKHVLYH� &DSVXOLWLV�� -�
6KRXOGHU� (OERZ� 6XUJ�� ������
6HSWHPEHU���������H���-H���� 

  
 

 &217,18286�9(5686�21-
'(0$1'�',&/2)(1$&�)25�
$1.</26,1*�6321'</,7,6 

 
$QN\ORVLQJ� VSRQG\OLWLV� �$6�� LV�

GHILQHG� E\� WKH� SUHVHQFH� RI� VWUXFWXUDO�
ERQH�GDPDJH��YLVLEOH�RQ�[-UD\V�RI� WKH�
VDFURLOLDF� MRLQWV� DQG�RU� VSLQH�� 7KLV�
VWXG\� ZDV� GHVLJQHG� WR� GHWHUPLQH�
ZKHWKHU QRQVWHURLGDO DQWL-�
LQIODPPDWRU\� GUXJV� �16$,'V��� JLYHQ�
FRQWLQXRXVO\�� FDQ� UHGXFH� WKH�
SURJUHVVLRQ� RI� UDGLRJUDSKLF� HYLGHQFH�
RI� $6�� DV� FRPSDUHG� ZLWK� 16$,'� RQ-�
GHPDQG�WKHUDS\� 
7KH� (IIHFWV� RI� 1RQVWHURLGDO� $QWL-�

,QIODPPDWRU\� 'UXJV� RQ� 5DGLRJUDSKLF�
'DPDJH�LQ�$6��(15$'$6��VWXG\�ZDV�
D� SURVSHFWLYH�� UDQGRPL]HG�� FRQWUROOHG�
WULDO� FRQGXFWHG� LQ����*HUPDQ�FHQWHUV��
8VLQJ� D� EORFN� UDQGRPL]DWLRQ� PHWKRG��
SDWLHQWV� ZHUH� DVVLJQHG� WR� WUHDWPHQW�
ZLWK�GLFORIHQDF�FRQWLQXRXVO\��DW�D�GRVH�
RI� DW� OHDVW� ���� RI� WKH� PD[LPDOO\�
UHFRPPHQGHG� GDLO\� GRVH� ����PJ��� RU�
RQ�GHPDQG�� IRU�D�SHULRG�RI� WZR�\HDUV��
7KH� SULPDU\� RXWFRPH� YDULDEOH� ZDV�
VSLQDO� UDGLRJUDSKLF� SURJUHVVLRQ��
DVVHVVHG� E\� WKH� FKDQJH� LQ� WKH�
PRGLILHG� 6WRNH� $QN\ORVLQJ� 6SRQG\OLWLV�
6SLQH� 6FRUH� �P6$666��� 'DWD�
FRQFHUQLQJ� 16$,'� LQWDNH� ZHUH�
FROOHFWHG� DW� EDVHOLQH� DQG� HYHU\� ���
ZHHNV� WKHUHDIWHU� GXULQJ� WKH� WZR�\HDUV�
RI�IROORZ-XS� 
$IWHU� FRUUHFWLQJ� IRU� EDVHOLQH�� WKH�

PHDQ� %DWK� $QN\ORVLQJ� 6SRQG\OLWLV�
'LVHDVH� $FWLYLW\� ,QGH[� YDOXHV�
GHFUHDVHG� GXULQJ� WKH� WZR� \HDUV� RI�
WUHDWPHQW� WR� ���� LQ� WKH� FRQWLQXRXV�
JURXS� DQG� ���� LQ� WKH� RQ-GHPDQG�
JURXS�� 7KH� P6$666� SURJUHVVLRQ��
ZKLOH� QXPHULFDOO\� KLJKHU� LQ� WKH�
FRQWLQXRXV�JURXS��ZDV�QRW�VLJQLILFDQWO\�
GLIIHUHQW� WKDQ� WKDW� IRU� WKH� RQ-GHPDQG�
JURXS�� ,Q� DGGLWLRQ�� ORRNLQJ� RQO\� WKRVH�
ZKR�ZHUH�&-UHDFWLYH�SURWHLQ�SRVLWLYH�RU�
KDG� V\QGHVPRSK\WHV� DW� EDVHOLQH��
KLJKHU� UDGLRJUDSKLF� SURJUHVVLRQ� ZDV�
QRWHG� LQ� WKH�FRQWLQXRXV�� DV�FRPSDUHG�
WR�WKH�RQ-GHPDQG��JURXS� 
&RQFOXVLRQ��7KLV�VWXG\�RI�SDWLHQWV�

ZLWK�DQN\ORVLQJ�VSRQG\OLWLV�GLG�QRW�ILQG�
WKDW�WKH�XVH�RI�FRQWLQXRXV�QRQVWHURLGDO�
DQWL-LQIODPPDWRU\� GUXJ� WUHDWPHQW�
ZRXOG� UHGXFH� WKH� SURJUHVVLRQ� RI� WKH�
GLVHDVH� PRUH� WKDQ� RQ-GHPDQG�
PHGLFDWLRQ� 

  
6LHSHU�� -��� HW� DO�� (IIHFW� RI� &RQWLQXRXV�
YHUVXV� RQ-'HPDQG� 7UHDWPHQW� RI�
$QN\ORVLQJ�6SRQG\OLWLV�ZLWK�'LFORIHQDF�
RI� 7ZR� <HDUV� RQ� 5DGLRJUDSKLF�
3URJUHVVLRQ�RI�WKH�6SLQH��5HVXOWV�IURP�
D� 5DQGRPL]HG�� 0XOWLFHQWHU� 7ULDO�
�(15$'$6���$QQ� 5KHXP� 'LV�� ������
$XJXVW�� ����������-����� 

  
  

,1-(&7,216�9(5686�
+<'52',/$7,21�)25�)52=(1�

6+28/'(5 
  
)UR]HQ� VKRXOGHU�� DOVR� NQRZQ� DV�

DGKHVLYH� FDSVXOLWLV�� LV� D� FRPPRQ�
GLVHDVH� WKDW� UHVXOWV� LQ� UHVWULFWHG�
SDVVLYH�DQG�DFWLYH� UDQJH�RI�PRWLRQ� LQ�
WKH� JOHQRKXPHUDO� �*+�� MRLQW�� ,I�
FRQVHUYDWLYH� PHDVXUHV� IDLO�� WUHDWPHQW�
IRU� WKLV� GLVRUGHU� PD\� LQFOXGH� LQWUD-�
DUWLFXODU� �,$�� LQMHFWLRQV�� VXEDFURPLDO�
�6$�� LQMHFWLRQV� RU� ,$� K\GURGLODWLRQ�
�+'���7KLV�VWXG\�FRPSDUHG�WKHVH�WKUHH�
LQMHFWLRQ� WHFKQLTXHV� IRU� WKHLU� DELOLW\� WR�
LPSURYH�UDQJH�RI�PRWLRQ�� IXQFWLRQ�DQG�
SDLQ� 
6XEMHFWV� ZHUH� ���� FRQVHFXWLYH�

SDWLHQWV� ZLWK� SULPDU\� IUR]HQ� VKRXOGHU��
DOO� RI� ZKRP� ZHUH� XQUHVSRQVLYH� WR�
FRQVHUYDWLYH� WUHDWPHQW�� $OO� SDWLHQWV�
ZHUH� DVVHVVHG� XVLQJ� D� 9$6� IRU� SDLQ��
WKH�6LPSOH�6KRXOGHU� 7HVW�� D�&RQVWDQW�
6FRUH�DQG�SDVVLYH� UDQJH�RI�PRWLRQ�DW�
EDVHOLQH� DQG� XS� WR� VL[� PRQWKV� DIWHU�
WUHDWPHQW��7KH�LQWUDDUWLFXODU�JURXS��,$��
UHFHLYHG� �ௗP/� RI� WULDPFLQRORQH� ���ௗ
PJ����ௗP/�RI������OLGRFDLQH��DQG��ௗP/�
RI� QRUPDO� VDOLQH�� LQMHFWHG� LQWR� WKH�*+�
MRLQW��7KH�+'�JURXS�ZHUH�LQMHFWHG�ZLWK�
�ௗP/� RI� FRQWUDVW� PHGLXP� IRU� MRLQW�
VSDFH� FRQILUPDWLRQ�� DQG� WKHQ� �ௗP/� RI�
WULDPFLQRORQH� ���ௗPJ��� �ௗP/� RI� ���
OLGRFDLQH�� DQG� ��ௗP/� RI� QRUPDO� VDOLQH�
LQWR� WKH� *+� MRLQW�� 7KH� 6$� JURXS�
UHFHLYHG� �ௗP/� RI� WULDPFLQRORQH� ���ௗ
PJ����ௗP/�RI����OLGRFDLQH�DQG��ௗP/�RI�
QRUPDO� VDOLQH� DW� WKH� VXEDFURPLDO�
VSDFH� 
,PSURYHPHQWV� IURP� EDVHOLQH� WR� VL[�

PRQWKV�ZHUH�QRWHG�IRU�DOO�PHDVXUHV�LQ�
DOO� JURXSV� �DOO� S��������� (YHU\� SDWLHQW�
LQ�HDFK�JURXS�ZDV�VDWLVILHG�ZLWK�KLV�RU�
KHU� UHVXOWV� DW� VL[� PRQWKV�� $W� RQH�
PRQWK�� 9$6� VFRUHV� ZHUH� VLJQLILFDQWO\�
PRUH�LPSURYHG�LQ�WKH�+'�JURXS�WKDQ�LQ�
WKH�LQWUD-DUWLFXODU�JURXS��S ��������ZLWK�
QR� VLJQLILFDQW� GLIIHUHQFHV� EHWZHHQ�
JURXSV�QRWHG�DW� WKUHH�DQG�VL[�PRQWKV��
7KH� +'� JURXS� GHPRQVWUDWHG� EHWWHU�
520�DQG�IXQFWLRQDO�VFRUHV�LQ�WKH�HDUO\�
IROORZ-�XS��ZLWK�QR�GLIIHUHQFH�EHWZHHQ�
JURXSV�DW�VL[�PRQWKV� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI� SDWLHQWV�

ZLWK� DGKHVLYH� FDSVXOLWLV� IRXQG� WKDW��
DPRQJ�WKUHH� LQMHFWLRQ�PHWKRGV�WHVWHG��

K\GURGLODWLRQ� UHVXOWHG� LQ� EHWWHU� SDLQ�
VFRUHV� DQG� UDQJH� RI� PRWLRQ� DW� RQH�
PRQWK��ZLWK�EHWWHU�IXQFWLRQDO�VFRUHV�XS�
WR�WKUHH�PRQWKV�DIWHU�LQMHFWLRQ��ZLWK�QR�
GLIIHUHQFH� EHWZHHQ� WKH� LQMHFWLRQ�
PHWKRGV�DW�VL[�PRQWKV� 

  
<RRQ��-���HW�DO��,QWUD-$UWLFXODU�,QMHFWLRQ��
6XEDFURPLDO� ,QMHFWLRQ�� DQG�
+\GURGLODWLRQ� IRU� 3ULPDU\� )UR]HQ�
6KRXOGHU�� $� 5DQGRPL]HG�� &OLQLFDO�
7ULDO�� -� 6KRXOGHU� (OERZ� 6XUJ�� ������
0DUFK������������-���� 

  

 &20081,7<�$&48,5('�056$�
,1�+,*+�6&+22/�$1'�

&2//(*,$7(�$7+/(7(6 
  
&RPPXQLW\� DFTXLUHG� PHWKLFLOOLQ-�

UHVLVWDQW� 6WDSK\ORFRFFXV� DXUHXV� �&$-�
056$�� DFFRXQWV� IRU� DSSUR[LPDWHO\�
���� RI� DOO� 056$� UHODWHG�
KRVSLWDOL]DWLRQV��$V�DWKOHWHV�DUH�D�KLJK�
ULVN� SRSXODWLRQ� IRU� WKLV� LQIHFWLRQ�� WKLV�
VWXG\� DVVHVVHG� WKH� VWDQGDUG� RI� FDUH�
DQG� \HDUO\� LQFLGHQFH� RI� &$-� 056$�
LQIHFWLRQV� LQ� KLJK� VFKRRO� DQG�
LQWHUFROOHJLDWH�DWKOHWLFV�VHWWLQJV� 
'DWD�ZHUH�FROOHFWHG�IURP�����DWKOHWLF�

WUDLQHUV� IRU� WKH� VHDVRQ� ����-� ������
DQG� ��� DWKOHWLF� WUDLQHUV� IRU� WKH� ����-�
����� VHDVRQ�� 4XHVWLRQQDLUHV� ZHUH�
GLVWULEXWHG� WR� GHWHUPLQH� GHPRJUDSKLF�
LQIRUPDWLRQ�� FDVHV� RI� SK\VLFLDQ�
FRQILUPHG�&$-056$�LQIHFWLRQ��DQG�WKH�
WUHDWPHQW�SURYLGHG�WR�WKRVH�LQIHFWHG� 
'XULQJ� WKH� ILUVW� VHDVRQ�� ���� RI� WKH�

UHVSRQGHQWV� UHSRUWHG� D� PLQLPXP� RI�
RQH� &$-056$� LQIHFWLRQ� GXULQJ� WKH�
DWKOHWLF� \HDU�� 2YHUDOO�� WKH� UDWHV�ZHUH�
����� DQG� ����� SHU� ������� DWKOHWHV� LQ�
WKH� ����-����� DQG� ����-� �����
VHDVRQV�� UHVSHFWLYHO\�� 7KH�PDMRULW\� RI�
LQIHFWLRQV� RFFXUUHG� DPRQJ� IRRWEDOO�
SOD\HUV� ������� IROORZHG� E\� ZUHVWOHUV�
������� 7KH� UDWHV� IRU� ZUHVWOLQJ� DQG�
IRRWEDOO� ZHUH� ����� DQG� �����
UHVSHFWLYHO\��SHU��������DWKOHWHV�LQ�WKH��
����-������VHDVRQ��DQG������DQG������
UHVSHFWLYHO\� SHU� �������� LQ� WKH� ����-
����� VHDVRQ�� ,VRODWLRQ� DQG�
GHFRQWDPLQDWLRQ�ZHUH�FRPPRQ�VFKRRO�
UHVSRQVHV� WR� WKHVH� LQIHFWLRQV�� ZLWK�
���� RI� WKH� DWKOHWHV� UHIHUUHG� WR� WKHLU�
3&3�IRU�WUHDWPHQW� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

FRPPXQLW\� DFTXLUHG� 056$� LQIHFWLRQV�
LQ� KLJK� VFKRRO� DQG� FROOHJH� DWKOHWHV�
IRXQG� WKH� KLJKHVW� ULVN� DPRQJ� WKRVH�
SDUWLFLSDWLQJ�LQ�ZUHVWOLQJ�DQG�IRRWEDOO� 

  
%UDXQ�� 7��� HW� DO�� &$-056$� ,QIHFWLRQ�
,QFLGHQFH� DQG� &DUH� LQ� +LJK� 6FKRRO�
DQG� ,QWHUFROOHJLDWH� $WKOHWLFV��0HG� 6FL�
6SRUWV� ([HU�� ������ $XJXVW�� ��
��������-����� 



3DJH�� �����������������6HSWHPEHU�������� 9ROXPH����1XPEHU�� 

 

,620(75,&�$1'�,62721,&�
(;(5&,6(�5('8&(6��

6<03720$7,&�3$7(//$5�
7(1',123$7+< 

  
3DWHOODU� WHQGLQRSDWK\�� DOVR� NQRZQ�

DV� MXPSHU¶V� NQHH�� LV� FRPPRQ� LQ�
VSRUWV�WKDW�LQYROYH�MXPSLQJ�PRWLRQV��
$V�LVRPHWULF�H[HUFLVH�EHHQ�IRXQG�WR�
GHFUHDVH� WHQGRQ� SDLQ� LQ� WKH� VKRUW�
WHUP�� WKLV� VWXG\� FRPSDUHG� WKH�
HIIHFWV� RI� LVRPHWULF� DQG� LVRWRQLF�
H[HUFLVHV�GXULQJ�DQ�DWKOHWLF�VHDVRQ� 
3DUWLFLSDQWV� ZHUH� YROOH\EDOO� DQG�

EDVNHWEDOO�SOD\HUV�����WR����\HDUV�RI�
DJH�� SUHVHQWLQJ� ZLWK� SDWHOODU�
WHQGLQRSDWK\�� $IWHU� EDVHOLQH�
PHDVXUHV� ZHUH� REWDLQHG�� WKH�
VXEMHFWV� ZHUH� UDQGRPL]HG� WR�
SDUWLFLSDWH� LQ� DQ� H[HUFLVH� SURJUDP�
LQYROYLQJ� HLWKHU� LVRPHWULF� H[HUFLVHV��
SHUIRUPHG� DW� ���� RI� PD[LPXP�
YROXQWDU\� FRQWUDFWLRQ� ZLWK� D� NQHH�
MRLQW� DQJOH� RI� ����� RU� LVRWRQLF�
H[HUFLVHV�� DW� ���� RI� DQ� HLJKW�
UHSHWLWLRQ� PD[�� 7KH� SULPDU\�
RXWFRPH�YDULDEOH�ZDV�SDLQ�GXULQJ�D�
VLQJOH� OHJ� GHFOLQH� VTXDW� �6/'6���
VFRUHG�RQ�D�QXPHULF�UDWLQJ�VFDOH��DV�
ZHOO�DV� WKH�9,6$-3��D�TXHVWLRQQDLUH�
DVVHVVLQJ� WKH� SDLQ� DQG� IXQFWLRQ� RI�
WKH�NQHH��7KH�SDUWLFLSDQWV�ZHUH�DOVR�
DVNHG� WR� UDWH� WKH� JOREDO� UDWH� RI�
FKDQJH� RI� WKHLU� SDWHOOD� SDLQ� IURP�
PXFK� ZRUVH� �-��� WR� PXFK� EHWWHU�
����� 
7KLUWHHQ SDWLHQWV ZHUH�

UDQGRPL]HG� WR� WKH� LVRPHWULF� JURXS�
DQG� ��� WR� WKH� LVRWRQLF� JURXS�� 7KH�
PHGLDQ� SDLQ� VFRUHV� LPSURYHG�
VLJQLILFDQWO\� RYHU� WKH� IRXU� ZHHNV� RI�
LQWHUYHQWLRQ� LQ� WKH� LVRPHWULF�
�S �������DQG�WKH�LVRWRQLF��S �������
JURXS�� 7KHUH� ZDV� QR� VLJQLILFDQW�
GLIIHUHQFH� EHWZHHQ� JURXSV�� ,Q�
DGGLWLRQ�� WKH�PHGLDQ�9,6$-3�VFRUHV�
LPSURYHG� LQ� ERWK� JURXSV� RYHU� WKH�
IRXU� ZHHNV� RI� LQWHUYHQWLRQ�� ZLWK� QR�
GLIIHUHQFH�EHWZHHQ�JURXSV� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

EDVNHWEDOO� DQG� YROOH\EDOO� SOD\HUV�
ZLWK�SDWHOOD�WHQGLQRSDWK\��IRXQG�WKDW�
WUHDWPHQW� GXULQJ� WKH� VHDVRQ� ZLWK�
ERWK�LVRPHWULF�DQG�LVRWRQLF�H[HUFLVH�
FRXOG� UHGXFH�SDLQ�RYHU�D� IRXU-ZHHN�
WULDO� 

  
YDQ�$UN��0���HW�DO��'R�,VRPHWULF�DQG�
,VRWRQLF� 3URJUDPV� 5HGXFH� 3DLQ� LQ�
$WKOHWHV� ZLWK� 3DWHOODU� 7HQGLQRSDWK\�
LQ-6HDVRQ"� $� 5DQGRPL]HG� &OLQLFDO�
7ULDO�� -� 6FL� 0HG� 6SRUW�� ������
6HSWHPEHU������������-���� 

  
 

 /,0$35267�9(5686�
35(*$%$/,1�)25�/80%$5�

63,1$/�67(126,6 
  

/XPEDU�VSLQDO�VWHQRVLV� �/66��FDQ�
SURGXFH� QHXURJHQLF� FODXGLFDWLRQ��
6RPH�KDYH� UHFHQWO\� VXJJHVWHG� WKDW�
QHXURSDWKLF� SDLQ� PHFKDQLVPV� DUH�
LPSRUWDQW� LQ� WKH�JHQHVLV�RI� OHJ�SDLQ�
DPRQJ�SDWLHQWV�ZLWK�/66��/LPDSURVW�
LV�D�SURVWDJODQGLQ�(��GHULYDWLYH�ZLWK�
HIIHFWV� WKDW� LQFOXGH� WKH� LQKLELWLRQ� RI�
SODWHOHW� DJJUHJDWLRQ�� LPSURYHPHQW�
RI� HU\WKURF\WH� GHIRUPDELOLW\� DQG�
LQKLELWLRQ� RI� UHDFWLYH� R[\JHQ�
SURGXFWLRQ�� LQ� DGGLWLRQ� WR� SRWHQW�
YDVRGLODWLRQ��$V�WKLV�PHGLFDWLRQ�FDQ�
LPSURYH� SHULSKHUDO� DUWHULDO�
FLUFXODWLRQ� DQG� LQFUHDVH� EORRG� IORZ�
LQ� FRPSUHVVHG� QHUYH� LVVXH�� SDLQ�
FDQ� EH� LPSURYHG� LQ� SDWLHQWV� ZLWK�
/66��7KLV�VWXG\�FRPSDUHG�WKH�HIIHFW�
RI� WKLV� PHGLFDWLRQ� ZLWK� WKDW� RI�
JDEDSHQWLQ� 
7KLV� SURVSHFWLYH�� GRXEOH-EOLQG��

UDQGRPL]HG� WULDO� LQFOXGHG� SDWLHQWV�
ZLWK� /66�ZKR�ZHUH� ��� WR� ��� \HDUV�
RI� DJH�� 7KH� SDWLHQWV� ZHUH� GLYLGHG�
LQWR� WUHDWPHQW� JURXSV� WR� UHFHLYH�
OLPDSURVW�� DW� ILYH� PLFURJUDPV� WKUHH�
WLPHV� GDLO\�� SUHJDEDOLQ�� DW� ��� PJ�
WKUHH�WLPHV�GDLO\��RU�WKH�FRPELQDWLRQ�
RI� WKH� WZR� WKUHH� WLPHV� GDLO\�� 7KH�
SULPDU\� RXWFRPH� PHDVXUH� ZDV� WKH�
2VZHVWU\� 'LVDELOLW\� ,QGH[� �2',��
VFRUH�DW���ZHHNV�DIWHU�WUHDWPHQW� 
$W� HLJKW� ZHHNV�� GDWD� ZHUH�

DYDLODEOH� IRU� ���� SDUWLFLSDQWV��
&KDQJHV� RI� WKH� EDVHOLQH-DGMXVWHG�
2',� VFRUHV�� 9$6� VFRUHV� IRU� OHJ�
SDLQ�� (4-�'� VFRUHV� DQG� LQLWLDO�
FODXGLFDWLRQ� GLVWDQFH� GXULQJ� WKH�
IROORZ-XS�DVVHVVPHQWV�GLG�QRW�GLIIHU�
DPRQJ�WKH�WKUHH�JURXSV��&RPSDUHG�
ZLWK� WKH� OLPDSURVW� JURXS�� WKH� RWKHU�
WZR� JURXSV� VKRZHG� D� VLJQLILFDQWO\�
KLJKHU� LQFLGHQFH� RI� GUXJ-UHODWHG��
DGYHUVH� HYHQWV� �S ������ DQG�
S ������� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� OXPEDU� VSLQH� VWHQRVLV�
DQG� QHXURJHQLF� FODXGLFDWLRQ� IRXQG�
WKDW� OLPDSURVW� LV� QRW� LQIHULRU� WR�
SUHJDEDOLQ� IRU� WKH� WUHDWPHQW� RI�
OXPEDU� VSLQH� VWHQRVLV�� 1R�
DGYDQWDJH�ZDV� IRXQG�E\�FRPELQLQJ�
WKH�WZR�PHGLFDWLRQV� 

  
.LP��+���HW�DO��&RPSDUDWLYH�6WXG\�RI�
WKH� (IILFDF\� RI� /LPDSURVW� DQG�
3UHJDEDOLQ�DV�6LQJOH�$JHQWV�DQG� LQ�
&RPELQDWLRQ� IRU� WKH� 7UHDWPHQW� RI�
/XPEDU� 6SLQDO� 6WHQRVLV�� $�
3URVSHFWLYH� 'RXEOH-%OLQG��
5DQGRPL]HG�� &RQWUROOHG�� 1RQ-�
,QIHULRULW\�7ULDO��6SLQH� -��������-XQH��
����������-���� 

2))/2$',1*�)227:($5�)25�
1(8523$7+,&�',$%(7,&�)227�

8/&(56 
  
8OFHUDWLRQ� LV� WKRXJKW� WR� EH�

UHVSRQVLEOH�IRU�XS�WR�����RI�GLDEHWLF�
IRRW� DPSXWDWLRQV�� 'HVSLWH� WKH�
HIILFDF\�RI�WUHDWPHQW�ZLWK�RIIORDGLQJ��
XVLQJ� WRWDO� FRQWDFW� FDVWV� �7&&V���
GDWD� VXJJHVW� WKDW� WKLV� WUHDWPHQW� LV�
PDUNHGO\� XQGHUXVHG�� 6XJJHVWLQJ�
WKDW� WKH� XQGHUXVH� RI� 7&&� PD\� EH�
UHODWHG�WR�WHFKQLFDO�OLPLWDWLRQV��FRVWV�
DQG� DFFHSWDQFH� E\� SDWLHQWV�� WKH�
DXWKRUV� RI� WKLV� VWXG\� FRPSDUHG� WKH�
FOLQLFDO� HIILFDF\� RI� 7&&� ZLWK� ERWK�
UHPRYDEOH� DQG� QRQ-UHPRYDEOH��
FRPPHUFLDOO\� DYDLODEOH�� ZDONLQJ�
ERRWV� 
6XEMHFWV� ZHUH� SDWLHQWV� ZLWK�

GLDEHWLF� IRRW� XOFHUV� RI� DW� OHDVW� RQH�
FPð�� VWDJH� ,$� RU� ,,$�� 7KH� SDWLHQWV�
ZHUH� UDQGRPL]HG� WR� UHFHLYH� D� WRWDO�
FRQWDFW� ILEHUJODVV�FDVW� �JURXS�$��RU�
WKH� 2SWLPD� 'LDE� :DONHU�� HLWKHU�
UHQGHUHG� LUUHPRYDEOH� E\� WKH�
DSSOLFDWLRQ�RI�D�ORFNLQJ�VWUDS� �JURXS�
%�� RU� PDLQWDLQHG� DV� UHPRYDEOH�
�JURXS� &��� 7KH� UHPRYDEOH� JURXS�
ZDV�LQVWUXFWHG�WR�ZHDU�WKH�GHYLFH�RQ�
DOO� RFFDVLRQV�� DYRLGLQJ� WKH� XVH� RI�
RWKHU� VKRHV� � � � � RU� � � � � ZDONLQJ��
EDUHIRRW�� � � � $OO� SDUWLFLSDQWV� ZHUH�
IROORZHG��ZHHNO\�IRU�XS�WR����GD\V�RU�
XQWLO�WKH��OHVLRQV�KDG ��30	5������
ZLWK����WKH����FRRSHUDWLRQ�DQG�KHDOHG� 
$W��IROORZ-XS��������KDG��DFKLHYHG�

FRPSOHWH�KHDOLQJ�LQ�JURXS�$��DV�KDG�
0HGLFLQH��7KH VXPPDULHV� ����
LQ�JURXS�%�DQG�����LQ�JURXS�&��7KH�
PHDQ� KHDOLQJ� WLPHV� RI� WKH� WKUHH�
GXUDWLRQ� RI� � WKH� VWXG\�3DWLHQW��
VDWLVIDFWLRQ��ZDV��VLJQLILFDQWO\�KLJKHU��
LQ� � JURXS� � &� � WKDQ� � LQ� WKH� RWKHU�
JURXSV� � � �S�������� � :KHQ��
QRUPDOL]HG� IRU� GD\V� WUHDWHG��
WUHDWPHQW� FRVWV� ZHUH� VLJQLILFDQWO\�
KLJKHU�LQ�JURXS�$�� WKDQ� LQ� WKH�RWKHU�
WZR�JURXSV�� 
�&RQFOXVLRQ��7KLV VWXG\� RI�

SDWLHQWV���ZLWK����GLDEHWLF�IRRW���XOFHUV�
GHPRQVWUDWHG� � � WKDW� � � DQ� � � RII-WKH-
VKHOI� ZDONLQJ� � ERRW� � ZDV� � � DV��
HIIHFWLYH� � DQG� VDIH� � DV� � D� � WRWDO��
FRQWDFW��FDVW�IRU�WKH�KHDOLQJ����RI��WKH���
XOFHUV� 3DWLHQWV SUHIHUUHG� WKH�
UHPRYDEOH�GHYLFH� 

  
3LDJJHVL�� �$��� �HW� �DO�� � �&RPSDULVRQ��
RI 5HPRYDEOH� � DQG�
,UUHPRYDEOH� :DONLQJ� 7RWDO� &RQWDFW�
&DVWLQJ� LQ� 2IIORDGLQJ� WKH�
1HXURSDWKLF� 'LDEHWLF� )RRW�
8OFHUDWLRQ��)RRW� $QNOH� ,QWHUQ��������
$XJXVW������������-����� 
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)RU� SDWLHQWV� ZLWK� DQN\ORVLQJ�

VSRQG\OLWLV� �$6��� QRQVWHURLGDO� DQWL-�
LQIODPPDWRU\� GUXJV� �16$,'V��� DQG�
WXPRU� QHFURVLV� IDFWRU-$OSKD�
WDUJHWHG� WKHUDSLHV� KDYH� SURYHQ�
HIILFDF\�� 7KLV� VWXG\� DVVHVVHG� WKH�
HIILFDF\� RI� WUHDWLQJ� SDWLHQWV� ZLWK�
ERWK� PHGLFDWLRQV�� DV� FRPSDUHG� WR�
16$,'V�DORQH� 
,Q� WKH� ,QIOL[LPDE� DV� )LUVW-/LQH�

7KHUDS\� LQ� 3DWLHQWV� ZLWK� (DUO\�
$FWLYH� $[LDO� 6SRQG\ORDUWKURSDWKLHV�
7ULDO� �,1)$67��� SDWLHQWV� ZLWK� HDUO\�
DFWLYH� GLVHDVH� ZKR� KDG� EHHQ�
WUHDWHG� ZLWK� VXERSWLPDO� GRVHV� RI�
16$,'V�ZHUH�VHOHFWHG��7KH�SDWLHQWV�
ZHUH�WUHDWHG�ZLWK�QDSUR[HQ�����PJ�
�LI�WROHUDWHG��SOXV�HLWKHU�LQIOL[LPDE�RU�
SODFHER� IRU� ��� ZHHNV�� $� SRVW-KRF�
DQDO\VLV� RI� WKHVH� GDWD� HYDOXDWHG�
RXWFRPHV� WR� GHWHUPLQH� ZKR� GLG� RU�
GLG� QRW� PHHW� PRGLILHG� 1HZ� <RUN�
UDGLRJUDSKLF� FULWHULD� IRU� $6�� 7KH�
PDLQ� HIILFDF\� PHDVXUH� ZDV� WKH�
SHUFHQWDJH�RI�SDWLHQWV�ZKR�PHW� WKH�
$VVHVVPHQW� RI� 6SRQG\OR$UWKULWLV�
,QWHUQDWLRQDO� 6RFLHW\� �$6$6�� SDUWLDO�
UHPLVVLRQ�FULWHULD�DW����ZHHNV� 
7KH�VXEMHFWV� LQFOXGHG����SDWLHQWV�

ZKR�PHW�$6�FULWHULD�DQG����ZLWK�QRQ
-�UDGLRJUDSKLF�D[LDO�6S$��QU-D[6S$���
)RU� ERWK� WKH� $6� DQG� WKH� QU-D[6S$�
JURXSV�� SDUWLDO� UHPLVVLRQ� UDWHV� DW�
ZHHN� ��� ZHUH� JUHDWHU� LQ� WKH�
FRPELQDWLRQ� WKDQ� LQ� WKH� QDSUR[HQ�
JURXS�� 7KH� WUHDWPHQW� HIIHFW� ZDV�
JUHDWHU� LQ� WKH�$6�JURXS� WKDQ� LQ� WKH�
QU-� D[6S$� JURXS� �S ������� YV�
S ������� ,Q� DGGLWLRQ�� IRU� ERWK�
VXEJURXSV��WKH�FRPELQDWLRQ�WKHUDS\�
JURXS�VFRUHG�EHWWHU�RQ�WKH�%$6'$,��
$6'$6�� %$6),� DQG� (XUR4R/� ILYH-
GLPHQVLRQ�TXHVWLRQQDLUHV��(4-�'�� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV�ZLWK�HDUO\��DFWLYH�D[LDO�6S$�
IRXQG� WKDW� JUHDWHU� SDUWLDO� UHPLVVLRQ�
RFFXUV� ZKHQ� WUHDWPHQW� LQYROYHV� D�
FRPELQDWLRQ� RI� QRQVWHURLGDO� DQWL-�
LQIODPPDWRU\� WKHUDS\�DQG� LQIOL[LPDE�
WKDQ� ZLWK� QRQ-VWHURLGDO� DQWL-�
LQIODPPDWRU\�WKHUDS\�DORQH� 

  
6LHSHU��-���HW�DO��3DUWLDO�5HPLVVLRQ�LQ�
$QN\ORVLQJ� 6SRQG\OLWLV� DQG� 1RQ-�
5DGLRJUDSKLF $[LDO�
6SRQG\ORDUWKURSDWKLHV� 7UHDWPHQW�
ZLWK� ,QIOL[LPDE� SOXV� 1DSUR[HQ� RU�
1DSUR[HQ� $ORQH�� $VVRFLDWLRQV�
EHWZHHQ� 3DUWLDO� 5HPLVVLRQ� DQG�
%DVHOLQH� 'LVHDVH� &KDUDFWHULVWLFV��
5KHXP�������������GRL��������� 
UKHXPDWRORJ\�NHZ��� 

 
 

7$,�&+,�9(5686�3+<6,&$/�
7+(5$3<�)25�.1((�
267(2$57+5,7,6 

  
.QHH� RVWHRDUWKULWLV� �2$�� LV� D�

PDMRU�� DJH-UHODWHG� SXEOLF� KHDOWK�
SUREOHP��ZLWK� IHZ� HIIHFWLYH�PHGLFDO�
WUHDWPHQWV�� :KLOH� SK\VLFDO� WKHUDS\�
LV� UHFRPPHQGHG� DV� DQ� HOHPHQW� RI�
FDUH� IRU� SDWLHQWV� ZLWK� NQHH� 2$��
WKHUH�UHPDLQV�D�QHHG�WR�LGHQWLI\�QHZ�
DQG�HIIHFWLYH�WUHDWPHQWV��7KLV�VWXG\�
FRPSDUHG� WKH� HIIHFWLYHQHVV� RI� WDL�
FKL�ZLWK� WKDW� RI�SK\VLFDO� WKHUDS\� IRU�
SDWLHQWV�ZLWK�2$�RI�WKH�NQHH� 
7KLV� VLQJOH-EOLQG�� UDQGRPL]HG��

FRPSDUDWLYH� VWXG\� LQFOXGHG�
V\PSWRPDWLF�DGXOW� SDWLHQWV�� DW� OHDVW�
��� \HDUV� RI� DJH�� ZLWK� UDGLRJUDSKLF�
NQHH�2$��7KH� VXEMHFWV� UDQGRPL]HG�
WR� WKH� WDL� FKL� JURXS� UHFHLYHG� ��-
PLQXWH�VHVVLRQV�RFFXUULQJ�WZLFH�SHU�
ZHHN�IRU����ZHHNV��$IWHU�FRPSOHWLQJ�
WKHVH� ��� VHVVLRQV�� WKH� SDUWLFLSDQWV�
ZHUH� LQVWUXFWHG� WR� FRQWLQXH� WDL� FKL�
IRU����ZHHNV��7KRVH�LQ� WKH�SK\VLFDO�
WKHUDS\� JURXS� XQGHUZHQW� WZR�� ��-
PLQXWH� VHVVLRQV� SHU� ZHHN� IRU� VL[�
ZHHNV�� DIWHU� ZKLFK� WKH\� ZHUH�
LQVWUXFWHG�WR�FRQWLQXH�H[HUFLVH�LQ���
-PLQXWH� VHVVLRQV� IRXU� WLPHV� SHU�
ZHHN� IRU� VL[� ZHHNV�� 7KH� SULPDU\�
RXWFRPH� PHDVXUH� ZDV� WKH� FKDQJH�
LQ� WKH� SDLQ� VXEVFDOH� VFRUH� RI� WKH�
:HVWHUQ� 2QWDULR� DQG� 0F0DVWHU�
8QLYHUVLWLHV� 2VWHRDUWKULWLV� ,QGH[�
�:20$&�� EHWZHHQ� EDVHOLQH� DQG�
ZHHN���� 
6XEMHFWV�LQFOXGHG�����DGXOWV��ZLWK�

D�PHDQ�DJH�RI����\HDUV�DQG�D�PHDQ�
ERG\�PDVV�LQGH[�RI����NJ�Pð��$W����
ZHHNV�� ERWK� JURXSV� VKRZHG�
VLJQLILFDQW� LPSURYHPHQW� LQ�:20$&�
SDLQ� VFRUHV�� ZLWK� QR� VLJQLILFDQW�
GLIIHUHQFH� EHWZHHQ� WKH� JURXSV�� ,Q�
DGGLWLRQ�� ERWK� JURXSV� VKRZHG�
VLPLODU�LPSURYHPHQWV�LQ�PRVW�RI�WKH�
VHFRQGDU\� RXWFRPHV� DW� ��� ZHHNV��
DQG�LQ�DOO�RXWFRPHV�DV�PHDVXUHG����
DQG����ZHHNV� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� RVWHRDUWKULWLV� RI� WKH�
NQHH� IRXQG� WKDW� ERWK� WDL� FKL� DQG�
SK\VLFDO�WKHUDS\�UHVXOWHG�LQ�FOLQLFDOO\�
VLJQLILFDQW� LPSURYHPHQWV� LQ� SDLQ�
DQG� UHODWHG� KHDOWK� RXWFRPHV� E\� ���
ZHHNV��ZLWK� WKH�EHQHILWV�PDLQWDLQHG�
DW����ZHHNV� 

 
:DQJ�� &��� HW� DO�� &RPSDUDWLYH�
(IIHFWLYHQHVV� RI� 7DL� &KL� YHUVXV�
3K\VLFDO� 7KHUDS\� IRU� .QHH�
2VWHRDUWKULWLV�� $� 5DQGRPL]HG� 7ULDO��
$QQ� ,QW� 0HG�� '2,�� �����0� ��-
����� 

 
 

8/75$6281'�*8,'$1&(�)25�
68%$&520,$/�,1-(&7,216 

  
6XEDFURPLDO� LPSLQJHPHQW� LV� D�

FRPPRQ� FDXVH� RI� VKRXOGHU� SDLQ� LQ�
DGXOWV�� ZLWK� FRUWLFRVWHURLG� LQMHFWLRQV�
D�IUHTXHQW�PDQDJHPHQW�WRRO�IRU�WKLV�
FRQGLWLRQ��8OWUDVRXQG��86��JXLGDQFH�
KDV� EHHQ� UHFRPPHQGHG� IRU� WKHVH�
LQMHFWLRQV� GXH� WR� WKH� LQFUHDVHG�
DFFXUDF\�SURYLGHG�E\�86�XVH��7KLV�
VWXG\� FRPSDUHG� WKH� FOLQLFDO�
HIIHFWLYHQHVV� RI� 86-JXLGHG�
VXEDFURPLDO� LQMHFWLRQV� WR� WKDW� RI�
EOLQG� VXEDFURPLDO� LQMHFWLRQV�� 7KLV�
SURVSHFWLYH�� GRXEOH-EOLQG��
UDQGRPL]HG��FRQWUROOHG�WULDO�LQFOXGHG�
��� SDWLHQWV� GLDJQRVHG� ZLWK�
VXEDFURPLDO� LPSLQJHPHQW�� ZLWK� ���
VKRXOGHUV� � � � � XQGHUJRLQJ� � � � 86-
JXLGHG� ODQGPDUN-JXLGHG� LQMHFWLRQ��
7KH� PDLQ� RXWFRPH� PHDVXUH� ZDV�
SDLQ� ZLWK� RYHUKHDG� DFWLYLW\� DV�
PHDVXUHG� E\� D� ���� SRLQW� YLVXDO�
DQDORJXH�VFDOH��9$6�� 
%RWK� JURXSV� UHDOL]HG� VLJQLILFDQW�

LPSURYHPHQWV� LQ� 9$6� VFRUHV� IRU�
SDLQ��GHFUHDVLQJ�IURP����EHIRUH�WKH�
LQMHFWLRQ�WR����DW�ZHHN�VL[�LQ�WKH�86�
JURXS��DQG�IURP����WR����LQ�WKH�EOLQG�
LQMHFWLRQ� JURXS�� ZLWK� QR� VLJQLILFDQW�
GLIIHUHQFH�EHWZHHQ�WKH�JURXSV��%RWK�
JURXSV VKRZHG VLJQLILFDQW�
LPSURYHPHQW� LQ� WKH� $PHULFDQ�
6KRXOGHU� DQG� (OERZ� 6XUJHRQV�
�$6(6�� VFRUH� ZLWK� QR� VLJQLILFDQW�
GLIIHUHQFH�EHWZHHQ�WKH�JURXSV� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV�ZLWK VXEDFURPLDO�
LPSLQJHPHQW� V\QGURPH� IRXQG� QR�
VLJQLILFDQW� GLIIHUHQFH� LQ� FOLQLFDO�
RXWFRPHV� EHWZHHQ� WKRVH� LQMHFWHG�
XVLQJ� XOWUDVRXQG� JXLGDQFH� DQG�
WKRVH� LQMHFWHG� XVLQJ� ODQGPDUN�
JXLGDQFH� 

  
&ROH�� %��� HW� DO�� 8OWUDVRXQG-*XLGHG�
YHUVXV� %OLQG� 6XEDFURPLDO�
&RUWLFRVWHURLG� ,QMHFWLRQV� IRU�
6XEDFURPLDO� ,PSLQJHPHQW�
6\QGURPH�� 5DQGRPL]HG�� 'RXEOH-
%OLQG�� &OLQLFDO� 7ULDO�� $P� -� 6SRUWV�
0HG��������0DUFK������������-���� 

 
5(6,67$1&(�75$,1,1*��

086&/(�0$66�$1'�675(1*7+�
,1�7+(�(/'(5/< 

  
5HVLVWDQFH� WUDLQLQJ� �57�� LV�

LPSRUWDQW� IURP� WKH� ILIWK� WR� VL[WK�
GHFDGHV� RI� OLIH�� WR� FRQWURO�
VDUFRSHQLD�� DV� ZHOO� DV� WR� HQKDQFH�
PRELOLW\� DQG� TXDOLW\� RI� OLIH�� 'HVSLWH�
WKH� HIILFDF\� RI� 57� SHUIRUPHG� ZLWK�
KHDY\� ORDGV��VRPH�KDYH�VXJJHVWHG�
WKDW� VWUHQJWK� DQG� PXVFOH� PDVV�
JDLQV� DUH� DOVR� DFKLHYDEOH� ZLWK�
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OLJKWHU� ORDGV�� 7KLV� OLWHUDWXUH� UHYLHZ�
DQG� PHWD-DQDO\VLV� FRPSDUHG� WKH�
HIILFDF\� RI� KHDY\� DQG� OLJKW� ORDG�57�
LQ�HOGHUO\�FRKRUWV� 
2QOLQH� GDWDEDVHV� ZHUH� UHYLHZHG�

WR� UHWULHYH� VWXGLHV� FRPSDULQJ� WKH�
HIIHFWV� RI� OLJKW� WR� PRGHUDWH� 57� WR�
FRQYHQWLRQDO�� LQWHQVH�57� SURJUDPV��
,QWHQVH�57�ZDV�GHILQHG�DV� WKH�XVH�
RI� ORDGV� RI� ���� RI� D� RQH� UHS�
PD[LPXP� RU� KLJKHU�� ZKLOH� ORZ� WR�
PRGHUDWH�57�ZDV� GHILQHG� DV� XVLQJ�
ORDGV�RI�����RI�D�RQH�UHS�PD[LPXP�
RU�ORZHU� 
)LIWHHQ� VWXGLHV� ZHUH� LQFOXGHG� LQ�

WKH� DQDO\VLV�� LQFOXGLQJ� GDWD� IURP�
���� VXEMHFWV�� 7UDLQLQJ� ZDV�
SHUIRUPHG� WKUHH� WLPHV� SHU� ZHHN� LQ�
DOO� VWXGLHV�� 7KH� WRWDO� SRSXODWLRQ�
HIIHFW� IDYRUHG� KLJK� LQWHQVLW\� 57��
DOWKRXJK� WKLV� ILQGLQJ� IDLOHG� WR� UHDFK�
VWDWLVWLFDO� VLJQLILFDQFH� �S �������
&RPSDUHG� WR� QR-WUDLQLQJ� FRQWURO�
JURXSV�� ERWK� WUDLQLQJ� LQWHUYHQWLRQV�
ZHUH� IRXQG� WR� SURYRNH� VWURQJ�
VLJQLILFDQW� JDLQV� LQ�PXVFOH� VWUHQJWK�
�S������� IRU� ERWK� FRPSDULVRQV���
:KHQ� PDWFKLQJ� IRU� WKH� DPRXQW� RI�
ZRUN��DYHUDJH� LQFUHDVHV� LQ�VWUHQJWK�
ZHUH� ���� LQ� WKH� KLJK� DQG� ���� LQ�
WKH� PRGHUDWH� ORDG� 57� JURXSV�� $OO�
VWXGLHV� IRXQG� WUDLQLQJ� ZLWK� KLJKHU�
LQWHQVLWLHV� RI� ORDG� WR� EH� PRUH�
HIIHFWLYH� LQ� SURYRNLQJ� PXVFOH�
K\SHUWURSK\� 
&RQFOXVLRQ�� 7KLV� PHWD-DQDO\VLV�

IRXQG�WKDW�ERWK�LQWHQVLYH�DQG�OLJKW�WR�
PRGHUDWH� ORDG� UHVLVWDQFH� WUDLQLQJ�
SURJUDPV� FDQ� LQFUHDVH� VNHOHWDO�
PXVFOH�PDVV�DQG�VWUHQJWK�LQ�HOGHUO\�
FRKRUWV� 

  
&VDSR�� 5��� HW� DO�� (IIHFWV� RI�
5HVLVWDQFH� 7UDLQLQJ� ZLWK� 0RGHUDWH�
YHUVXV� +HDY\� /RDGV� RQ� 0XVFOH�
0DVV�DQG�6WUHQJWK� LQ� WKH�(OGHUO\��$�
0HWD-� $QDO\VLV�� 6FDQG� -� 0HG� 6FL�
6SRUWV�� ������ 6HSW�� ������� ���-
����� 
 

  6,1*/(�,1-(&7,21�2)�
+<$/8521,&�$&,'�9(5686�
&257,&267(52,'�)25�.1((�

267(2$57+5,7,6 
  
7UHDWPHQW�RSWLRQV�IRU�SDWLHQWV�ZLWK�

RVWHRDUWKULWLV� �2$�� RI� WKH� NQHH�
LQFOXGH� LQMHFWLRQV�ZLWK� LQWUD-DUWLFXODU�
K\DOXURQLF� DFLG� RU� FRUWLFRVWHURLGV��
$V� ERWK� KDYH� EHHQ� IRXQG� WR� EH�
HIIHFWLYH� WUHDWPHQW� RSWLRQV�� WKLV�
VWXG\� ZDV� GHVLJQHG� WR� FODULI\� WKH�
GLIIHUHQFH� EHWZHHQ� WKHVH� WZR� IRU�
UHOLHYLQJ� SDLQ� DQG� LPSURYLQJ�
IXQFWLRQ� 
7KLV� GRXEOH-EOLQG�� UDQGRPL]HG��

FRQWUROOHG� VWXG\� LQFOXGHG� ����
SDWLHQWV�ZLWK�V\PSWRPDWLF�NQHH�2$��

7KH� VXEMHFWV� ZHUH� UDQGRPL]HG� WR�
UHFHLYH� DQ� LQMHFWLRQ� ZLWK� HLWKHU�
+\ODQ� *-)��� RU� WULDPFLQRORQH�
DFHWRQLGH�� 7KH� SULPDU\� RXWFRPH�
YDULDEOHV�ZHUH�NQHH�SDLQ��IXQFWLRQDO�
LPSURYHPHQW� DQG� NQHH� UDQJH� RI�
PRWLRQ�DW�VL[-PRQWK�IROORZ-XS� 
$W� VL[� PRQWKV�� ERWK� JURXSV�

GHPRQVWUDWHG VLJQLILFDQW�
LPSURYHPHQW� LQ� YLVXDO� DQDORJXH�
VFDOH� SDLQ� VFRUHV� �S���������
PRGLILHG�:20$&�VFRUHV� �S��������
DQG� NQHH� IOH[LRQ� �S��������� 3DLQ�
ZDV� VLJQLILFDQWO\� PRUH� LPSURYHG� DW�
�������DQG����KRXUV��DV�ZHOO�DV�RQH�
ZHHN� DIWHU� WKH� LQMHFWLRQV�� LQ� WKH�
WULDPFLQRORQH� JURXS� DV� FRPSDUHG�
ZLWK� WKH� +\ODQ� *-)��� JURXS��
:20$&� VFRUHV� ZHUH� VLPLODU�
EHWZHHQ�JURXSV�DW�DOO�SRLQWV�H[FHSW�
DW� WZR� ZHHNV�� ZKHQ� WKH�
WULDPFLQRORQH� JURXS� REWDLQHG� EHWWHU�
VFRUHV� 
&RQFOXVLRQ�� 7KLV� UDQGRPL]HG��

FRQWUROOHG� WULDO�RI�SDWLHQWV�ZLWK�NQHH�
RVWHRDUWKULWLV� IRXQG� WKDW� D� VLQJOH�
WULDPFLQRORQH� DFHWRQLGH� LQMHFWLRQ�
SURYLGHV� VLPLODU� LPSURYHPHQW� LQ�
NQHH� SDLQ�� IXQFWLRQ� DQG� UDQJH� RI�
PRWLRQ�DW�VL[�PRQWKV�DV�GRHV�+\ODQ�
*-)���� ZLWK� VOLJKW� VXSHULRULW\� RI�
WULDPFLQRORQH� DFHWRQLGH� LQ� WKH� ILUVW�
WZR�ZHHNV� 
 
7DPPDFKRWH�� 1��� HW� DO�� ,QWUD-
$UWLFXODU�� 6LQJOH� 6KRW� +\ODQ� *-)���
+\DOXURQLF�$FLG� ,QMHFWLRQ�&RPSDUHG�
ZLWK� &RUWLFRVWHURLG� LQ� .QHH�
2VWHRDUWKULWLV�� $� 'RXEOH-%OLQG��
5DQGRPL]HG�� &RQWUROOHG� 7ULDO�� -�
%RQH� -RLQW� 6XUJ�� ������-XQH�����
���������-���� 

 
 
6859,9$/�$)7(5�',$%(7,&�

/2:(5�(;75(0,7<�
$0387$7,21 

  
7\SH� ,,� GLDEHWHV� DIIHFWV�

DSSUR[LPDWHO\� ������������ SHRSOH�
ZRUOGZLGH�� ZLWK� FRPSOLFDWLRQV�
LQFOXGLQJ� WKRVH� LQYROYLQJ� WKH� ORZHU�
H[WUHPLWLHV�� :KLOH� WKH� PDMRULW\� RI�
GLDEHWLF�IRRW�XOFHUV�KHDO��ILYH�WR�����
UHTXLUH� OLPE� DPSXWDWLRQ� ZLWKLQ� D�
SHULRG� RI� VL[� WR� ��� PRQWKV�� 7KLV�
VWXG\� DVVHVVHG� WKH� PRUWDOLW\� UDWHV�
IROORZLQJ� PDMRU� DPSXWDWLRQV� RI�
WKRVH�ZLWK�GLDEHWLF�ZRXQGV� 
7KLV� UHWURVSHFWLYH� VWXG\� LQFOXGHG�

UHFRUGV� RI� SDWLHQWV� DGPLWWHG� WR� D�
KRVSLWDO� ZLWK� D� GLDEHWLF� IRRW�
DPSXWDWLRQ� EHWZHHQ� -DQXDU\� ���
������DQG�-DQXDU\����������&OLQLFDO�
IROORZ-� XS� DQG� UHVXOWV� RI� SDWLHQWV�
ZLWK� PDMRU� ORZHU� OLPE� DPSXWDWLRQV�
ZHUH� DVVHVVHG�� 7KH� LQGLFDWLRQV� IRU�
PDMRU� ORZHU� OLPE� DPSXWDWLRQ� ZHUH�

IDLOXUH� RI� ZRXQG� KHDOLQJ�� DQ�
RYHUZKHOPLQJ� LQIHFWLRQ� RU�
DVVRFLDWHG� VHYHUH� V\VWHPLF�
FRPRUELGLWLHV� WKDW� LPSHGHG�
WUHDWPHQWV� 
$� WRWDO� RI� ���� SDWLHQWV� ZHUH�

LGHQWLILHG�� DOO� RI� ZKRP� KDG� GLDEHWLF�
ORZHU� OLPE� DPSXWDWLRQV�� 2I� WKHVH��
������ KDG� PDMRU� DPSXWDWLRQV�� RI�
ZKRP� ������ KDG� XQGHUJRQH� D�
SUHYLRXV� PLQRU� DPSXWDWLRQ� RI� WKH�
VDPH� H[WUHPLW\�� 3RVWRSHUDWLYH�
ZRXQG�FRPSOLFDWLRQV�ZHUH�REVHUYHG�
LQ� ������� 7KH� PRUWDOLW\� UDWH� RI� WKH�
JURXS� ZDV� ������ DW� RQH� \HDU� DQG�
���� DW� ILYH� \HDUV�� $� VXEJURXS�
DQDO\VLV�UHYHDOHG�WKDW��IRU�WKRVH�ZLWK�
EHORZ� WKH� NQHH� DPSXWDWLRQV�� RQH-
\HDU�PRUWDOLW\�ZDV��������DQG� ILYH-
\HDU� PRUWDOLW\� ZDV� ������� $PRQJ�
WKRVH� ZLWK� DERYH� WKH� NQHH�
DPSXWDWLRQV��RQH�\HDU�PRUWDOLW\�ZDV�
������� DQG� ILYH-\HDU� PRUWDOLW\�
������� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� GLDEHWHV� UHODWHG�
DPSXWDWLRQV� RI� WKH� ORZHU� H[WUHPLW\�
IRXQG� WKDW� PRUWDOLW\� ZDV� ������ DW�
RQH� \HDU� DQG� ������ DW� ILYH� \HDUV��
ZLWK� KLJKHU� PRUWDOLW\� LQ� WKRVH� ZLWK�
DERYH� WKH� NQHH�� DV� FRPSDUHG� ZLWK�
EHORZ�WKH�NQHH��DPSXWDWLRQV� 

  
*RN��8���HW�DO��6XUYLYDO�(YDOXDWLRQ�RI�
WKH� 3DWLHQWV� ZLWK� 'LDEHWLF� 0DMRU�
/RZHU� ([WUHPLW\� $PSXWDWLRQV��
0XVFXORVNHO� 6XUJ�� ����� '2,�� ����
�����6�����-���-����-\� 

  

9,7$0,1�'�'(),&,(1&<�
$021*�352)(66,21$/�
%$6.(7%$//�3/$<(56 

  
3UHYLRXV� VWXGLHV� KDYH� VKRZQ� DQ�

HIIHFW� RI� YLWDPLQ� '� RQ� PXVFOH�
IXQFWLRQ�DQG�UHFRYHU\��$V�YLWDPLQ�'�
KDV� EHHQ� OLQNHG� WR� D� GHILFLHQF\� LQ�
VXQOLJKW� H[SRVXUH�� LQGRRU� DWKOHWHV�
PD\�EH�DW�SDUWLFXODU�ULVN��7KLV�VWXG\�
LQYHVWLJDWHG� WKH� SUHYDOHQFH� RI�
YLWDPLQ�'�GHILFLHQF\�DPRQJ�SOD\HUV�
LQ� WKH� 1DWLRQDO� %DVNHWEDOO�
$VVRFLDWLRQ��1%$�� 
7KLV� UHWURVSHFWLYH� VWXG\� LQFOXGHG�

SDUWLFLSDQWV� LQ� WKH� 1%$� &RPELQHV�
����� WR� ������ 'DWD� REWDLQHG�
LQFOXGHG� DJH�� KHLJKW�� ZHLJKW�� ERG\�
PDVV� LQGH[� DQG� YLWDPLQ� '� OHYHO��
9LWDPLQ�'�GHILFLHQF\�ZDV�GHILQHG�DV�
EHORZ� ��� QJ�P/�� LQVXIILFLHQF\�
EHWZHHQ� ��� DQG� ��� QJ�P/� DQG�
VXIILFLHQF\�DV�DERYH����QJ�P/��'DWD�
ZHUH� UHYLHZHG� WR� DVVHVV� WKH�
UHODWLRQVKLS� EHWZHHQ� DQ\� SOD\HU�
SDUDPHWHU�DQG�YLWDPLQ�'�VWDWXV� 
$PRQJ�WKH�����SOD\HUV�HYDOXDWHG��

������ ZHUH� YLWDPLQ� '� GHILFLHQW�� ,Q�



 

3DJH�� �����������������6HSWHPEHU�������� 9ROXPH����1XPEHU�� 

 

 

DGGLWLRQ�� ���� ZHUH� YLWDPLQ� '�
LQVXIILFLHQW�� 2QO\� ������ ZHUH�
YLWDPLQ�'�VXIILFLHQW�� 9LWDPLQ�'� OHYHO�
ZDV�SRVLWLYHO\�EXW�ZHDNO\�FRUUHODWHG�
ZLWK� ERWK� KHLJKW� �S ������� DQG�
ZHLJKW��S ������� 
&RQFOXVLRQ�� 7KLV�VWXG\� IRXQG�D�

KLJK� SUHYDOHQFH� RI� YLWDPLQ� '�
GHILFLHQF\� DQG� LQVXIILFLHQF\� DPRQJ�
SOD\HUV�DWWHQGLQJ�WKH�1%$�&RPELQH� 

  
)LVKPDQ�� 0��� HW� DO�� 9LWDPLQ� '�
'HILFLHQF\� DPRQJ� 3URIHVVLRQDO�
%DVNHWEDOO�3OD\HUV��2UWKRS� -� 6SRUWV�
0HG�� -XO\�� ������
����������������� 
 

 68335(66,21�2)�$57+5,7,6�
%<�$�&$/&,80�&+$11(/�

$17$*21,67 
  
5KHXPDWRLG� DUWKULWLV� �5$�� KDV� D�

FKURQLF� UHODSVLQJ� FRXUVH�� RIWHQ�
OHDGLQJ�WR�WKH�GHVWUXFWLRQ�RI�PXOWLSOH�
MRLQWV�� $V� RVWHRFODVWRJHQHVLV� LV�
GHSHQGHQW� RQ� FDOFLXP-UHOHDVH�
DFWLYDWHG� FDOFLXP� FXUUHQW� �&5$&��
FKDQQHOV�� VXSSUHVVLRQ� RI� WKHVH�
FKDQQHOV� KDV� EHHQ� IRXQG� WR� LPSDLU�
ERQH� GHJUDGLQJ� RVWHRFODVWV�� 7KLV�
VWXG\� WHVWHG� WKH� HIIHFW� RI� D� &5$&�
DQWDJRQLVW�� ���-
GLFKORURSURSLRQDQLOLQH� �'&3$�� LQ� DQ�
DQLPDO� PRGHO� RI� FROODJHQ-LQGXFHG�
DUWKULWLV� 
&ROODJHQ-LQGXFHG� DUWKULWLV� ZDV�

FUHDWHG�XVLQJ�ERYLQH-��FROODJHQ�SOXV�
��� PJ� RI� 0\FREDFWHULXP�
WXEHUFXORVLV�+��5$��$W�GD\�����PLFH�
ZHUH� SURYLGHG� ZLWK� VXEFXWDQHRXV�
LQMHFWLRQV�RI�HLWKHU�'&3$�DW�����PJ��
NJ�GD\�� ���PJ�NJ�GD\� RU� D� SODFHER��
7KH� DQLPDOV� ZHUH� PRQLWRUHG� IRU�
DUWKULWLV� DQG� VFRUHG� RQ� DQ� DUWKULWLF�
LQGH[��ZLWK�DOO�HXWKDQL]HG�RQ�GD\�����
6HUXP� ZDV� DQDO\]HG� IRU� DQWLERGLHV�
DQG� F\WRNLQHV�� ZLWK� KLVWRORJLF�
HYDOXDWLRQ� RI� WKH� RVWHRFODVW� ERQH�
LQWHUIDFH�DQG�7-FHOO�GHQVLW\� 
:KLOH�WKH�ORZHU�GRVH�RI�WKH�'&3$�

KDG�QR�VLJQLILFDQW�HIIHFW�RQ�WKH�PLFH��
WKH�KLJKHU�GRVH�UHGXFHG�WKH�DUWKULWLF�
LQGH[�VWURQJO\�EHIRUH�GD\����DQG�E\�
��-����DW�GD\V����WR�����%RQH�DQG�
FDUWLODJH� GDPDJH� LQ� VHFWLRQV� RI�
DQLPDO� IHHW� ZDV� UHGXFHG� E\� ����
DPRQJ�WKRVH�WUHDWHG�ZLWK�WKH�KLJKHU�
GRVH� RI� '&3$�� (IIHFWV� RQ� ERQH�
GHQVLW\� ZHUH� UHGXFHG� PRUH� DPRQJ�
WKH� '&3$� WUHDWHG� DQLPDOV� WKDQ� LQ�
WKRVH�ZLWKRXW�WUHDWPHQW� 
&RQFOXVLRQ�� 7KLV� DQLPDO� VWXG\�

RI� LQGXFHG� DUWKULWLV� IRXQG� WKDW� D�
FDOFLXP-� UHOHDVH� DFWLYDWHG� FDOFLXP�
FKDQQHO�DQWDJRQLVW�FDQ�VXSSUHVV�WKH�
GHYHORSPHQW� RI� DUWKULWLV� E\�
DSSUR[LPDWHO\����� 

  

%ODLU�� +��� HW� DO�� 6XSSUHVVLRQ� RI�
$UWKULWLV-,QGXFHG�%RQH�(URVLRQ� E\� D�
&5$&� &KDQQHO� $QWDJRQLVW�� 50'�
2SHQ�������'2,���������UPGRSHQ-�
����-������� 

  
 8/75$6281'�75($70(17�

$33/,('�:,7+�(;(5&,6(�)25�
$1.</26,1*�6321'</,7,6 

  
$QN\ORVLQJ� VSRQG\OLWLV� �$6�� LV� D�

FKURQLF� LQIODPPDWRU\� GLVHDVH� WKDW�
RIWHQ� OHDGV� WR�EDFN�SDLQ��7UHDWPHQW�
JRDOV� LQFOXGH� SDLQ� UHGXFWLRQ� DQG�
SRVWXUDO� FRUUHFWLRQ�� $V� XOWUDVRXQG�
�86�� LV� D� SK\VLFDO� PRGDOLW\�
FRPPRQO\� XVHG� WR� WUHDW�
PXVFXORVNHOHWDO�GLVRUGHUV��WKLV�VWXG\�
DVVHVVHG� WKH� HIILFDF\� RI� 86�
FRPELQHG� ZLWK� H[HUFLVH� LQ�
DPHOLRUDWLQJ�SDLQ� 
7KLV� UDQGRPL]HG�� SURVSHFWLYH��

GRXEOH-EOLQG�� SODFHER-FRQWUROOHG� WULDO�
LQFOXGHG����SDWLHQWV�GLDJQRVHG�ZLWK�
$6�� 7KH� VXEMHFWV� ZHUH� UDQGRPL]HG�
WR�SHUIRUP�H[HUFLVH�DQG� UHFHLYH�86�
����PLQXWHV�SHU�VHVVLRQ��RU�SODFHER�
86� LQ� ��� VHVVLRQV� RYHU� WZR�ZHHNV��
%RWK�JURXSV�ZHUH�JLYHQ� LQVWUXFWLRQV�
IRU� DQ� H[HUFLVH� SURJUDP� FRPSULVLQJ�
SRVWXUDO� VWUHWFKLQJ� DQG� EUHDWKLQJ�
H[HUFLVHV�� %RWK� JURXSV� ZHUH�
HYDOXDWHG�IRU�SDLQ�DQG�VWLIIQHVV��DQG�
ZLWK� SDWLHQW� JOREDO� DVVHVVPHQWV�
�3*$V��� GRFWRU� JOREDO� DVVHVVPHQWV�
�'*$V�� �� WKH� %DWK� $QN\ORVLQJ�
6SRQG\OLWLV� 'LVHDVH� $FWLYLW\� ,QGH[�
�%$6'$,��� WKH� %DWK� $QN\ORVLQJ�
6SRQG\OLWLV� 0HWURORJ\� ,QGH[�
�%$60,��� WKH�$QN\ORVLQJ�6SRQG\OLWLV�
4XDOLW\-2I-/LIH� 4XHVWLRQQDLUH�
�$64RO��� DQG� WKH� $QN\ORVLQJ�
6SRQG\OLWLV� 'LVHDVH� $FWLYLW\� 6FRUH�
�WKH� $6'$6-(65�� DQG� $6'$6-
&53�� 
:KLOH�LPSURYHPHQWV�ZHUH�QRWHG�LQ�

ERWK� JURXSV�� VLJQLILFDQWO\� VXSHULRU�
UHVXOWV�ZHUH�VHHQ�LQ�WKH�86�JURXS�DW�
ZHHN� WZR� IRU�SDUDPHWHUV�RI�%$60,��
WUDJXV� WR� ZDOO� GLVWDQFH�� 3*$� DQG�
'*$� �� DQG� DW� VL[� ZHHNV� IRU� GDLO\�
SDLQ� DQG� WKH� 3*$�� 9*$�� %$6� 3$,��
$6'$6-&53�� $6'$6-(65�� DQG�
OXPEDU� VLGH� IOH[LRQ�� WKH� PRGLILHG�
6KREHU�WHVW�DQG�WKH�$64RO�� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� DQN\ORVLQJ� VSRQG\OLWLV�
IRXQG� WKDW� FRQWLQXRXV� XOWUDVRXQG�
WUHDWPHQW�ZLWK�H[HUFLVH� WKHUDS\� FDQ�
UHGXFH� SDLQ�� VWLIIQHVV� DQG� GLVHDVH�
DFWLYLW\�� DV� ZHOO� DV� LPSURYH� OXPEDU�
PRELOLW\� DQG� TXDOLW\� RI� OLIH�� EHWWHU�
WKDQ�H[HUFLVH�DORQH� 

  
.DUDDPDQOLRJOX�� '��� HW� DO��
(IIHFWLYHQHVV� RI� 8OWUDVRXQG�

7UHDWPHQW� $SSOLHG� ZLWK� ([HUFLVH�
7KHUDS\� LQ�3DWLHQWV�ZLWK�$QN\ORVLQJ�
6SRQG\OLWLV�� $� 'RXEOH-%OLQG��
5DQGRPL]HG�� 3ODFHER-&RQWUROOHG�
7ULDO��5KHXP�,QWHUQ��������0D\���� 
��������-���� 

 )5$&785(�5,6.�:,7+�
3$5$7+<52,'(&720<�$1'�

%,3+263+21$7(6�,1�
+<3(53$5$7+<52,',60 

  
3ULPDU\� K\SHUSDUDWK\URLGLVP�

�3+37�� LV� D� FRPPRQ� HQGRFULQH�
GLVRUGHU�� ZKLFK�� LI� OHIW� XQWUHDWHG��
OHDGV� WR� D� ORVV� RI� ERQH� PLQHUDO�
GHQVLW\��%0'��RYHU�WLPH��$V�VXUJHU\�
LV� WKH� RQO\� GHILQLWLYH� WUHDWPHQW� IRU�
3+37��WKLV�VWXG\�H[DPLQHG�FKDQJHV�
LQ� %0'� DQG� IUDFWXUH� UDWHV� DPRQJ�
SDWLHQWV� ZLWK� 3+37�� WUHDWHG� ZLWK�
SDUDWK\URLGHFWRP\�� ELSKRVSKRQDWHV�
RU�REVHUYDWLRQ� 
7KH� .DLVHU� 3HUPDQHQWH� 6RXWKHUQ�

&DOLIRUQLD� /DERUDWRU\� 0DQDJHPHQW�
6\VWHP� ZDV� TXHULHG� WR� LGHQWLI\�
SDWLHQWV� ZLWK� D� ELRFKHPLFDO�
GLDJQRVLV� RI� 3+37� IURP� �����
WKURXJK� ������ 7KRVH� ZKR� LQLWLDWHG�
SKRVSKRQDWH� WUHDWPHQW� EHIRUH� WKH�
GDWH� RI� VWXG\� LQFOXVLRQ� DQG� WKRVH�
WUHDWHG� ZLWK� OHVV� WKDQ� RQH� \HDU� RI�
ELSKRVSKRQDWHV�ZHUH�H[FOXGHG��7KH�
GDWDEDVH� ZDV� UHYLHZHG� WR� LGHQWLI\�
SDWLHQWV� ZKR� XQGHUZHQW� D�
SDUDWK\URLGHFWRP\��%0'�UHVXOWV�DQG�
IRU� IUDFWXUH� RXWFRPHV�� 7KH� FKDQJH�
LQ� %0'� ZDV� VWXGLHG� RYHU� IRXU�
GLVFUHWH� SHULRGV�� ]HUR� WR� WZR� \HDUV��
WZR�WR�ILYH�\HDUV��ILYH�WR�HLJKW�\HDUV��
DQG� EH\RQG� HLJKW� \HDUV�� 7KH� VWXG\�
LQFOXGHG� ������ SDWLHQWV� ZLWK� 3+37��
$W� EDVHOLQH�� ���� KDG� QRUPDO� %0'��
���� KDG� RVWHRSHQLD� DQG� ���� KDG�
RVWHRSRURVLV�� %0'� LQFUHDVHG� LQ�
ZRPHQ� DIWHU� SDUDWK\URLGHFWRP\� E\�
����� ZLWKLQ� WZR� \HDUV� DQG� ZLWK�
ELVSKRVSKRQDWHV�E\������ZLWKLQ�WZR�
\HDUV�� GHFOLQLQJ� WKHUHDIWHU�� ,Q� PHQ��
ELVSKRVSKRQDWH� WUHDWPHQW� UHVXOWHG�
LQ�D�VXVWDLQHG�LQFUHDVH�LQ�%0'�%0'�
GHFOLQHG� ZLWK� REVHUYDWLRQ� RQO\�� LQ�
ERWK� PHQ� DQG� ZRPHQ�� ORVLQJ� �����
DQG� ������ UHVSHFWLYHO\�� DW� JUHDWHU�
WKDQ� HLJKW� \HDUV� IROORZ-XS�� ,Q�
RVWHRSHQLF� DQG� RVWHRSRURWLF�
SDWLHQWV�� SDUDWK\URLGHFWRP\� ZDV�
DVVRFLDWHG�ZLWK� UHGXFHG�ULVNV�RI�KLS�
IUDFWXUH� DQG� DQ\� IUDFWXUH�� DV�
FRPSDUHG�ZLWK�REVHUYDWLRQ RQO\��
ZKLOH� ELSKRVSKRQDWHV� ZHUH�
DVVRFLDWHG�ZLWK�DQ�LQFUHDVHG�ULVN� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV ZLWK SULPDU\�
K\SHUSDUDWK\URLGLVP� IRXQG� WKDW� WKH�
ULVN� RI� IUDFWXUH� LV� UHGXFHG� LQ� WKRVH�
XQGHUJRLQJ� SDUDWK\URLGHFWRP\�� ZLWK�
QR�UHGXFWLRQ�UHDOL]HG�ZLWK�WKH�XVH�RI�



 

 

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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,1�5(9,(: 

�� 
 

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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ELSKRVSKRQDWHV� 
  

<HK�� 0��� HW� DO�� 7KH� 5HODWLRQVKLS� RI�
3DUDWK\URLGHFWRP\ DQG�
%LSKRVSKRQDWH� ZLWK� )UDFWXUH� 5LVN�
DQG� 3ULPDU\� +\SHUSDUDWK\URLGLVP��
$Q�2EVHUYDWLRQDO� 6WXG\��$QQ� ,QWHUQ�
0HG�� ������ -XQH� ��� ��������� ���-
���� 

75$16&5$1,$/�',5(&7�
&855(17�67,08/$7,21�

)2//2:,1*�/80%$5�685*(5< 
  
:KLOH� V\VWHPLF� RSLRLG�PHGLFDWLRQV�

KDYH� EHHQ� HIIHFWLYH� IRU� SDLQ� UHOLHI��
SRVWRSHUDWLYH� FRPSOLFDWLRQV� LQFOXGH�
PHQWDO� FORXGLQJ�� FRQIXVLRQ�� DQG�
DGGLFWLRQ�� 7KLV� VWXG\� ZDV� GHVLJQHG�
WR� HYDOXDWH� WKH�HIIHFW� RI� WUDQVFUDQLDO�
GLUHFW� FXUUHQW� VWLPXODWLRQ� �W'&6�� RQ�
SDLQ� UHGXFWLRQ� DPRQJ� SDWLHQWV�
UHFHLYLQJ�VSLQDO�VXUJHU\� 
6XEMHFWV� ZHUH� ��� SDWLHQWV�

XQGHUJRLQJ�OXPEDU�VSLQH�SURFHGXUHV�
UHTXLULQJ� RYHUQLJKW� KRVSLWDOL]DWLRQ��
7KH� SDWLHQWV� ZHUH� UDQGRPO\�
DVVLJQHG� WR� UHFHLYH� IRXU� ���PLQXWHV�
VHVVLRQV� RI� W'&6� RU� D� VKDP�
SURFHGXUH� GXULQJ� KRVSLWDOL]DWLRQ��
3RVWRSHUDWLYH� RUGHUV� LQFOXGHG� D�
VWDQGDUGL]HG� SURWRFRO� IRU� VHOI-
DGPLQLVWHUHG� 3&$� K\GURPRUSKRQH�

ZLWK�SDWLHQW�SDLQ�UDWLQJV�FROOHFWHG�E\�
D� %ULHI� 3DLQ� ,QYHQWRU\� DGPLQLVWHUHG�
DW� DGPLVVLRQ� DQG� DW� GLVFKDUJH� IURP�
WKH� KRVSLWDO�� 7KH� JURXSV� ZHUH�
FRPSDUHG� IRU� XVH� RI� 3&$� DQG� SDLQ�
UDWLQJV� 
$W� WKH� WLPH� RI� GLVFKDUJH��

SDUWLFLSDQWV� LQ� WKH� W'&6�JURXS�XVHG�
DQ� DYHUDJH� RI� ����� PJ� RI�
K\GURPRUSKRQH� ZKLOH� WKRVH� LQ� WKH�
VKDP�JURXS�XVHG�DQ�DYHUDJH�RI������
PJ�� D� ���� UHGXFWLRQ� LQ� 3&� XVDJH��
'HVSLWH� WKLV�GLIIHUHQFH� LQ�PHGLFDWLRQ�
XVH�� WKH� JURXSV� GLG� QRW� GLIIHU� LQ�
VXEMHFWLYH�UHSRUWV�RI�SDLQ� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� XQGHUJRLQJ� OXPEDU� VSLQH�
VXUJHU\�VXJJHVWV�WKDW� WUHDWPHQW�ZLWK�
WUDQVFUDQLDO�GLUHFW�FXUUHQW�VWLPXODWLRQ�
PD\� UHVXOW� LQ� D� UHGXFHG� QHHG� IRU�
RSLRLG� SDLQ� PHGLFDWLRQV� GXULQJ�
KRVSLWDOL]DWLRQ� 

  
*ODVHU�� -� HW� DO�� 0RWRU�3UHIURQWDO�
7UDQVFUDQLDO� 'LUHFW� &XUUHQW�
6WLPXODWLRQ��W'&6��)ROORZLQJ�/XPEDU�
6XUJHU\� 5HGXFHV� 3RVWRSHUDWLYH�
$QDOJHVLD�8VH��6SLQH��������0D\����
���������–����� 

  
  
 


