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,Q� D� SUHYLRXV� VWXG\�� ZRPHQ� ZLWK�

SRVWPHQRSDXVDO� RVWHRSRURVLV��
WUHDWHG� IRU� WKUHH� \HDUV� ZLWK� JURZWK�
KRUPRQH� �*+��� ZHUH� IRXQG� WR� KDYH�
LQFUHDVHG� ERQH� PLQHUDO� GHQVLW\�
�%0'�� DW� RQH� \HDU� DIWHU� WUHDWPHQW�
WHUPLQDWLRQ�� 7KLV� VWXG\� UHYLHZHG� WKH�
%0'� GDWD� DQG� IUDFWXUHV�� DIWHU� ���
\HDUV�� RI� ZRPHQ� ZKR� KDG� UHFHLYHG�
JURZWK� KRUPRQH� IRU� DW� OHDVW� WKUHH�
\HDUV� 
7KLV� UDQGRPL]HG�� GRXEOH-EOLQG��

SODFHER-FRQWUROOHG� WULDO� LQYROYHG� ���
SRVWPHQRSDXVDO� ZRPHQ� ZLWK�
RVWHRSRURVLV�� $OO� ZRPHQ� UHFHLYHG�
����PJ� RI� FDOFLXP� DQG� ���� XQLWV� RI�
YLWDPLQ� '� DQG� ZHUH� UDQGRPL]HG� WR�
UHFHLYH� HLWKHU� UHFRPELQDQW� KXPDQ�
*+�DW�RQH�XQLW�SHU�GD\��WZR�SRLQW�ILYH�
XQLWV�SHU�GD\��RU�D�SODFHER��7KH�*+�
LQMHFWLRQV� FRQWLQXHG� IRU� WKUHH� \HDUV��
$OO� ZRPHQ� ZHUH� IROORZHG� IRU� ���
\HDUV�� 7KH� VXEMHFWV� ZHUH� LQYLWHG� IRU�
UHHYDOXDWLRQ� DIWHU� D� PHDQ� RI� ���
\HDUV¶� IROORZ-XS� DW� WKH� DJH� RI� ��� WR�
��� \HDUV�� $W� IROORZ-XS��
PHDVXUHPHQWV� LQFOXGHG� ERG\�
FRPSRVLWLRQ� ERQH�
PHDVXUHPHQWV�� TXDQWLWDWLYH�
XOWUDVRXQG� PHDVXUHPHQWV�� OLIHVW\OH�
IDFWRUV� DQG� TXDOLW\-RI-OLIH� PHDVXUHV��
$� UDQGRP� SRSXODWLRQ� VDPSOH� RI�
������ PHQ� DQG� ZRPHQ� VHUYHG� DV�
SRSXODWLRQ�FRQWUROV� 
%HIRUH� WUHDWPHQW�� ���� RI� WKH�

ZRPHQ� LQ� WKH� WUHDWPHQW� JURXS� KDG�
VXVWDLQHG� D� IUDFWXUH�� ZKLOH� ����
VXVWDLQHG�IUDFWXUHV�LQ�WKH����\HDUV�RI�
WKH� VWXG\� �S ��������� ,Q� WKH� FRQWURO�
JURXS��WKUHH�SHUFHQW�KDG�VXVWDLQHG�D�
IUDFWXUH� EHIRUH� WKH� VWXG\� DQG� ����
VXVWDLQHG� D� IUDFWXUH� LQ� WKH� ��� \HDUV�
RI�WKH�VWXG\��S ���������$W����\HDUV��
%0'�KDG�GHFUHDVHG�WR�VLPLODU�OHYHOV�
DV� EHIRUH� WUHDWPHQW�� EXW� ZDV� VWLOO�
KLJKHU�LQ�WKH�����8�*+�JURXS�WKDQ�LQ�
WKH�RWKHU�WZR�JURXSV� 
&RQFOXVLRQ��7KLV�ORQJ-WHUP�IROORZ

-XS�VWXG\�RI�SRVWPHQRSDXVDO�ZRPHQ�

ZLWK� RVWHRSRURVLV� IRXQG� WKDW� JURZWK�
KRUPRQH� WUHDWPHQW� FDQ� UHGXFH� WKH�
LQFLGHQFH� RI� IUDFWXUH� VHYHQ� \HDUV�
DIWHU�WUHDWPHQW�FHVVDWLRQ� 

  
.UDQW]�� (��� HW� DO�� (IIHFW� RI� *URZWK�
+RUPRQH� 7UHDWPHQW� RQ� )UDFWXUHV�
DQG� 4XDOLW\-2I-/LIH� LQ�
3RVWPHQRSDXVDO�2VWHRSRURVLV��$���-
<HDU� )ROORZ-8S� 6WXG\�� 7KH� -� &OLQ�
(QGRFULQ�0HWDE��������6HSWHPEHU��
������������-����� 

  

%$/$1&(�352*5$0�)25�)$//�
35(9(17,21�)25�2/'(5�

:20(1 
  
:KLOH� SUHYLRXV� VWXGLHV� KDYH�

GHPRQVWUDWHG� WKDW� EDODQFH� WUDLQLQJ�
PD\� EH� HIIHFWLYH� LQ� UHGXFLQJ� IDOOV� LQ�
ROGHU�� FRPPXQLW\� GZHOOLQJ�
LQGLYLGXDOV�� PRVW� WULDOV� KDYH� ODFNHG�
WKH� SRZHU� WR� VKRZ� WKH� HIIHFW� RI� WKLV�
WUDLQLQJ� RQ� LQMXULRXV� IDOOV�� 7KLV� VWXG\�
ZDV� GHVLJQHG� WR� EHWWHU� XQGHUVWDQG�
WKH� HIIHFW� RI� EDODQFH� WUDLQLQJ� RQ� WKH�
UDWH� RI� LQMXULHV� UHVXOWLQJ� IURP� IDOOV� LQ�
WKH�HOGHUO\� 
7KLV� PXOWLFHQWHU�� UDQGRPL]HG��

FRQWUROOHG� WULDO� LQFOXGHG� ��� VLWHV�
DFURVV� )UDQFH�� IURP� 'HFHPEHU� RI�
�����WR�-XQH�RI�������:RPHQ�DJHV 
��� WR����\HDUV�RI�DJH�� OLYLQJ� LQ� WKH�

FRPPXQLW\� ZHUH� H[DPLQHG�� 7KRVH�
GHHPHG� WR� EH� DW� KLJK� ULVN� RI� IDOOLQJ�
ZHUH� LQFOXGHG�� 2I� WKRVH� LQFOXGHG��
���� SDWLHQWV� LQ� WKH� WUHDWPHQW� JURXS�
XQGHUZHQW�RQH-KRXU�ZHHNO\�VHVVLRQV�
IRU� WZR� \HDUV�� IRFXVLQJ� XSRQ�
LPSURYLQJ� SRVWXUDO� VWDELOLW\�� EDODQFH�
DQG� FRRUGLQDWLRQ�� 6XEMHFWV� LQ� WKH�
FRQWURO� JURXS� ZHUH� JLYHQ� EURFKXUHV�
FRQFHUQLQJ� IDOO� SUHYHQWLRQ�� 7KH�
SULPDU\� RXWFRPH� PHDVXUH� ZDV� WKH�
QXPEHU� RI� VHULRXV� LQMXULHV� �UHVXOWLQJ�
LQ� IUDFWXUHV�� DQG� PRGHUDWH� LQMXULHV�
�EUXLVLQJ� UHVXOWLQJ� LQ� D� IXQFWLRQDO�
GHFOLQH� RI� DW� OHDVW� WKUHH� GD\V¶�
GXUDWLRQ� RU� UHTXLULQJ� PHGLFDO�
DWWHQWLRQ��UHVXOWLQJ�IURP�IDOOV� 
'XULQJ� WKH� VWXG\� SHULRG�� ���� IDOOV�

ZLWK� LQMXU\� RFFXUUHG� DPRQJ� WKH� ����
ZRPHQ�LQ�WKH�FRQWURO�JURXS��DQG�����

DPRQJ� WKH� ���� ZRPHQ� LQ� WKH�
LQWHUYHQWLRQ�JURXS��2YHU�WKH�WZR-\HDU�
LQWHUYHQWLRQ�SHULRG��WKH�IDOO�LQMXU\�UDWH�
ZDV� ���� ORZHU� LQ� WKH� LQWHUYHQWLRQ�
JURXS� WKDQ� LQ� WKH� FRQWURO� JURXS�
�S �������� 7KH� UDWHV� RI� PRGHUDWHO\�
VHULRXV� IDOOV� GHFUHDVHG� E\� VLPLODU�
PDJQLWXGHV� 
&RQFOXVLRQ��7KLV�VWXG\�RI�HOGHUO\�

ZRPHQ� DW� ULVN� IRU� IDOOV� IRXQG� WKDW�
RQFH� SHU� ZHHN� SURJUHVVLYH� EDODQFH�
WUDLQLQJ� FDQ� UHGXFH� WKH� ULVN� RI�
LQMXULRXV�IDOOV�E\����� 

  
(O-.KRXU\��)��� HW� DO��(IIHFWLYHQHVV�RI�
7ZR-<HDU�%DODQFH�7UDLQLQJ�3URJUDP�
RQ�3UHYHQWLRQ�RI�)DOO�,QGXFHG�,QMXULHV�
LQ� DW� 5LVN� :RPHQ� $JHG� ��� WR� ���
/LYLQJ� LQ� &RPPXQLW\�� 2VVHER�
5DQGRPL]HG�� &RQWUROOHG� 7ULDO�� %U�
0HG�-�������������+����� 
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7HVWRVWHURQH�VDOHV�KDYH� LQFUHDVHG�

VLJQLILFDQWO\� RYHU� WKH� SDVW� GHFDGH��
HVSHFLDOO\� WR� ROGHU� PHQ�� 6RPH�
VWXGLHV� KDYH� UDLVHG� FRQFHUQ� WKDW�
WHVWRVWHURQH� VXSSOHPHQWDWLRQ� PLJKW�
LQFUHDVH� WKH� ULVN� RI� FDUGLRYDVFXODU�
GLVHDVH� HYHQWV�� 7KLV� VWXG\� ZDV�
GHVLJQHG� WR� GHWHUPLQH� WKH� HIIHFW� RI�
LQFUHDVLQJ� FLUFXODWLQJ� WHVWRVWHURQH�
FRQFHQWUDWLRQV� WR� D� PLG-� QRUPDO�
UDQJH�IRU�\RXQJ�PHQ�ZLWK�ORZ�RU�ORZ-
QRUPDO� WHVWRVWHURQH� OHYHOV� RQ�
VXEFOLQLFDO�DWKHURVFOHURVLV� 
7KH� 7HVWRVWHURQH¶V� (IIHFWV� RQ�

$WKHURVFOHURVLV�3URJUHVVLRQ�LQ�$JLQJ�
0HQ� �7($$0�� WULDO� ZDV� D�
UDQGRPL]HG�� GRXEOH-EOLQG�� SODFHER-�
FRQWUROOHG�� WULDO� LQYROYLQJ� FRPPXQLW\�
GZHOOLQJ�PHQ�����\HDUV�RU�ROGHU�ZLWK�
ORZ� RU� ORZ-QRUPDO� WHVWRVWHURQH�
OHYHOV�� (OLJLEOH� SDUWLFLSDQWV� ZHUH�
UDQGRPL]HG� WR� GDLO\� UHFHLYH� HLWKHU� D�
SODFHER�JHO�RU� WHVWRVWHURQH�JHO��ZLWK�
WKH�ODWWHU�DGMXVWHG�VXFK�WKDW�WKH�WRWDO�
WHVWRVWHURQH� FRQFHQWUDWLRQV� ZHUH�

9ROXPH�����1XPEHU�� 6HSWHPEHU�������� 
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EHWZHHQ� ���� QJ�G/� DQG� ���� QJ�G/��
'LVWDO� FRPPRQ� FDURWLG� LQWLPD� PHGLD�
WKLFNQHVV� ZDV� PHDVXUHG� DW� EDVHOLQH�
DQG� HYHU\� VL[� PRQWKV� GXULQJ� WKH�
LQWHUYHQWLRQ�SHULRG��7KH�WRWDO�FRURQDU\�
DUWHU\� FDOFLXP� VFRUH� ZDV� GHWHUPLQHG�
XVLQJ� PXOWLGHWHFWRU-URZ� FRPSXWHG�
WRPRJUDSK\� �0'&7�� DW� EDVHOLQH� DQG�
DW����DQG����PRQWKV��7KH�SDUWLFLSDQWV�
ZHUH� DOVR� DVVHVVHG� IRU� VH[XDO�
IXQFWLRQ� DQG� KHDOWK-UHODWHG� TXDOLW\-RI-
OLIH� 
6XEMHFWV�ZHUH�����PHQ�ZLWK�D�PHDQ�

DJH� RI� ����� \HDUV� DQG� D� ERG\� PDVV�
LQGH[� RI� ������ 7KH� SHU� \HDU� UDWH� RI�
FKDQJH�LQ�LQWLPD-PHGLD�WKLFNQHVV�DQG�
WKH�FKDQJH�LQ�FRURQDU\�DUWHU\�FDOFLXP�
GLG� QRW� GLIIHU� VLJQLILFDQWO\� EHWZHHQ�
JURXSV� �S ����� DQG� S ������
UHVSHFWLYHO\��� ,QWHUFRXUVH� VDWLVIDFWLRQ�
VFRUHV� LPSURYHG� VLJQLILFDQWO\�PRUH� LQ�
WKH� WUHDWPHQW� JURXS�� DOWKRXJK� WKH�
GLIIHUHQFHV�ZHUH�WKRXJKW�WR�EH�PRGHVW�
�S ������� 6HOI-UHSRUWHG� SK\VLFDO�
IXQFWLRQ�� FRPSRVLWH� KHDOWK-� UHODWHG�
TXDOLW\-RI-OLIH� DQG� DGYHUVH� HYHQWV� GLG�
QRW�GLIIHU�VLJQLILFDQWO\�EHWZHHQ�WKH�WZR�
JURXSV� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI� ROGHU�

PHQ� ZLWK� ORZ� RU� ORZ� QRUPDO�
WHVWRVWHURQH� OHYHOV� IRXQG� WKDW� WKUHH�
\HDUV RI WHVWRVWHURQH�
VXSSOHPHQWDWLRQ� GLG� QRW� DIIHFW� WKH�
FKDQJH� LQ� FRPPRQ� FDURWLG� DUWHU\�
LQWLPD� PHGLD� WKLFNQHVV� RU� FRURQDU\�
DUWHU\� FDOFLXP�� QRU� GLG� LW� LPSURYH�
RYHUDOO� VH[XDO� IXQFWLRQ� RU� KHDOWK-�
UHODWHG�TXDOLW\-RI-OLIH� 

  
%DVDULD�� 6��� HW� DO�� (IIHFWV� RI�
7HVWRVWHURQH�$GPLQLVWUDWLRQ�IRU�7KUHH�
<HDUV� RQ� 6XEFOLQLFDO� $WKHURVFOHURVLV�

  

3URJUHVVLRQ�LQ�2OGHU�0HQ�ZLWK�/RZ�RU�
/RZ� 1RUPDO� 7HVWRVWHURQH� /HYHOV��
-$0$��������$XJXVW����������������- 
���� 
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.QHH� RVWHRDUWKULWLV� �2$�� LV�

FKDUDFWHUL]HG� E\� D� ORVV� RI�� DQG�
GHJHQHUDWLRQ�RI��K\DOLQH�FDUWLODJH��7KLV�
VWXG\� LQYHVWLJDWHG� WKH� HIIHFWV� RI� ���
PRQWKV� RI� VXSHUYLVHG� DHURELF�VWHS�
DHURELF� H[HUFLVH� SURJUDP� RQ� SDWHOODU�
FDUWLODJH� 
7KLV� ��-PRQWK�� UDQGRPL]HG��

FRQWUROOHG WULDO LQFOXGHG�
SRVWPHQRSDXVDO� ZRPHQ� ZLWK� NQHH�
SDLQ�RQ�PRVW� GD\V�� DQG�JUDGH�RQH� WR�
WZR� .HOOJUHQ-/DZUHQFH� UDGLRJUDSKLF�
WLELRIHPRUDO� MRLQW� 2$�� 7KH� VXEMHFWV�
ZHUH� UDQGRPL]HG� WR� RQH� RI� WZR�
H[SHULPHQWDO� DUPV�� DQ� DHURELF�VWHS�
DHURELF� WUDLQLQJ� JURXS� RU� D� QRQ-�
WUDLQLQJ�FRQWURO�JURXS� 
7KH� H[HUFLVH� JURXS� SHUIRUPHG� ��-�

PLQXWH� VHVVLRQV� RI� DQ� DHURELF� DQG�
VWHS� DHURELF� MXPSLQJ� H[HUFLVH�
SURJUDP� WKUHH� WLPHV� SHU� ZHHN��
SURJUHVVLQJ�LQ�LQWHQVLW\�IRU����PRQWKV��
7KH� FRQWURO� JURXS� ZDV� DVNHG� WR�
PDLQWDLQ� WKHLU� XVXDO� DFWLYLWLHV�� 'DLO\�
DFWLYLW\� RI� DOO� SDUWLFLSDQWV� ZDV�
PHDVXUHG� ZLWK� DQ� DFFHOHURPHWHU��
&DUWLODJH� PHDVXUHPHQWV� ZHUH� PDGH�
WKURXJK� 05,�� ZLWK� WKH� VHFRQGDU\�
RXWFRPHV� LQFOXGLQJ� PXVFOH� IRUFH��
PXVFOH� SRZHU� DQG� FDUGLRUHVSLUDWRU\�
ILWQHVV� 
$W� ��-PRQWK� IROORZ-XS�� WKH� IXOO�

SDWHOODU� FDUWLODJH� 7�� UHOD[DWLRQ� WLPH�
YDOXHV� KDG� LPSURYHG� LQ� WKH� H[HUFLVH�
JURXS�� VXJJHVWLQJ� LPSURYHG� FDUWLODJH�
TXDOLW\��S ��������3RVLWLYH�HIIHFWV�ZHUH�
QRWHG� LQ� WKH� ODWHUDO� DQG� PHGLDO�
VHJPHQWV�RI�WKH�MRLQW��DV�ZHOO�DV�LQ�WKH�
WRWDO� GHHS� ]RQH� �S �������� :KLOH� WKH�
H[HUFLVH� JURXS� VKRZHG� EHWWHU�
LPSURYHPHQW� LQ� SDLQ�� 2$� V\PSWRPV��
DQG� TXDOLW\-RI-OLIH� VFRUHV�� WKH�
GLIIHUHQFH� EHWZHHQ� WKH� H[HUFLVH� DQG�
FRQWURO�JURXSV�GLG�QRW�UHDFK�VWDWLVWLFDO�
VLJQLILFDQFH� 
&RQFOXVLRQ�� 7KLV� UDQGRPL]HG��

FRQWUROOHG�� KLJK-LPSDFW� H[HUFLVH� WULDO�
LQYROYLQJ�SRVWPHQRSDXVDO�ZRPHQ�ZLWK�
PLOG� RVWHRDUWKULWLV� RI� WKH� NQHH� IRXQG�
WKDW� 7�� UHOD[DWLRQ� WLPH� GHFUHDVHG��
LQGLFDWLQJ� LPSURYHG� SDWHOODU� FDUWLODJH�
TXDOLW\��DIWHU����PRQWKV�RI�H[HUFLVH� 

  
.ROL�� -��� HW� DO�� (IIHFWV� RI� ([HUFLVH� RQ�
3DWHOODU�&DUWLODJH� LQ�:RPHQ�ZLWK�0LOG�
.QHH� 2VWHRDUWKULWLV�� 0HG� 6FLHQFH� LQ�

6SRUWV� ([HU��������6HSW�������������
-����� 
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7KH� SRWDVVLXP� FKDQQHO� EORFNHU� �-�

DPLQRS\ULGLQH� �)DPSULGLQH�� KDV� EHHQ�
IRXQG� WR� LPSURYH� QHUYH� FRQGXFWLRQ� LQ�
GHP\HOLQDWLQJ�QHXURQV�� DQG�KDV�EHHQ�
DSSURYHG� E\� WKH� (XURSHDQ�0HGLFLQHV�
$JHQF\� IRU� WKH� WUHDWPHQW� RI� SDWLHQWV�
ZLWK� 0XOWLSOH� 6FOHURVLV� �06�� ZLWK�
ZDONLQJ� GLVDELOLW\�� 7KLV� VWXG\�
LQYHVWLJDWHG�WKH�EHQHILWV�RI�)DPSULGLQH�
65�RQ�SDUDPHWHUV�RI�JDLW�� IDWLJXH�DQG�
TXDOLW\-RI-OLIH�DPRQJ�SDWLHQWV�ZLWK�06� 
7KLV� SURVSHFWLYH�� RSHQ� ODEHO�� FRKRUW�

VWXG\�HQUROOHG�����DGXOWV�ZLWK�06��$OO�
ZHUH� DVVHVVHG� IRU� ZDONLQJ� ZLWK� WKH�
7LPHG� ��� )RRW� :DON� 7HVW� �7��):���
WKH� 7ZR-0LQXWH� :DON� 7HVW� ��0:7��
DQG� WKH� 6HOI� 3HUFHLYHG� 0XOWLSOH�
6FOHURVLV� :DONLQJ� 6FDOH� �06:6-����
DW� EDVHOLQH� DQG� DW� ��� GD\V�� 7KRVH� LQ�
WKH� WUHDWPHQW� JURXS� UHFHLYHG�
)DPSULGLQH�65�����PJ� WZLFH�SHU�GD\��
IRU� ��� GD\V�� FRQWLQXLQJ� IRU� WKUHH�
PRQWKV� RQO\� DPRQJ� UHVSRQGHUV� �DW�
OHDVW����� LPSURYHPHQW�E\�GD\����RQ�
RQH� RI� WKHVH� WHVWV��� $GGLWLRQDO�
DVVHVVPHQWV� LQFOXGHG� WKH� 1LQH� +ROH�
3HJ� 7HVW�� D� VHOI-DVVHVVHG� IDWLJXH�
YLVXDO� DQDORJXH� VFDOH� �)-9$6��� WKH�
)DWLJXH� 6HYHULW\� 6FDOH� �)66��� WKH�
*$,75LWH� :DONZD\� 6\VWHP� IRU� JDLW�
SDUDPHWHUV� DQG� WKH� ��-,WHP� 6KRUW�
)RUP� +HDOWK� 6XUYH\� �6)-�����
2XWFRPHV� ZHUH� FRPSDUHG� EHWZHHQ�
UHVSRQGHUV� DQG� QRQ-UHVSRQGHUV� DW�
GD\���� 
2I� WKH� LQLWLDO� FRKRUW�� ���� FRPSOHWHG�

GUXJ� WUHDWPHQW� DQG� PHDVXUHV� DW� GD\�
���� 2I� WKRVH�� ���� ZHUH� UHVSRQGHUV��
ZLWK� VLJQLILFDQW� LPSURYHPHQWV� RQ� WKH�
7��):� �S���-� ���� WKH� �0:7� �S���-���
DQG� WKH� 06:6–��� �S���-����
5HVSRQGHUV� DOVR� GHPRQVWUDWHG�
LPSURYHPHQW� RQ� WKH� VHFRQGDU\�
RXWFRPHV�IRU�KDQG�IXQFWLRQ��S���������
IDWLJXH� �S������ DQG� TXDOLW\-RI-OLIH�
�S���������)LQGLQJV�ZHUH�VXVWDLQHG�DW�
WKUHH-PRQWK�IROORZ-�XS� 
&RQFOXVLRQ��7KLV�VWXG\�RI�SDWLHQWV�

ZLWK� PXOWLSOH� VFOHURVLV� IRXQG� WKDW�
WUHDWPHQW� ZLWK� )DPSULGLQH� 65� FDQ�
LPSURYH�VHYHUDO�SDUDPHWHUV�RI�JDLW��DV�
ZHOO�DV�KDQG�IXQFWLRQ�DQG�IDWLJXH� 

  
$OODUW�� (��� HW� DO�� 6XVWDLQHG� 5HOHDVH�
)DPSULGLQH� ,Q� 0XOWLSOH� 6FOHURVLV��
(IIHFWV� RQ� *DLW� 3DUDPHWHUV�� $UP�
)XQFWLRQ�� )DWLJXH� DQG�4XDOLW\-2I-/LIH��
-� 1HXURO�� ������$XJXVW�����������-
����� 
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+DQG� RVWHRDUWKULWLV� �+2$�� LV� KLJKO\�

SUHYDOHQW�� DQG� SRVHV� IXQFWLRQDO�
EXUGHQV� RQ� WKRVH� DIIHFWHG�� (YLGHQFH�
RI� WKH� HIIHFWLYHQHVV� RI� QRQ-�
SKDUPDFRORJLF� WKHUDSLHV� VXFK� DV�
UDQJH� RI� PRWLRQ� DQG� VWUHQJWKHQLQJ�
H[HUFLVHV� LV� FRQWURYHUVLDO�� DQG� ODFN�
UDQGRPL]HG�� FRQWUROOHG� VWXGLHV�� 7KLV�
VWXG\� IXUWKHU� H[DPLQHG� WKH� HIIHFW� RI�
KDQG�H[HUFLVHV�RQ�ZRPHQ�ZLWK�+2$� 
7KLV�SURVSHFWLYH�VWXG\�LQFOXGHG 
��� ZRPHQ� ZLWK� +2$� EHWZHHQ� WKH�

DJHV� RI� ��� DQG� ��� \HDUV� RI� DJH�� 7KH�
SDWLHQWV� ZHUH� UDQGRPL]HG� WR� UHFHLYH�
HLWKHU� LQIRUPDWLRQ� UHJDUGLQJ�+2$� DQG�
DQ� H[HUFLVH� SURJUDP� RU� LQIRUPDWLRQ�
DORQH�� 7KH� H[HUFLVH� SURJUDP� LQYROYHG�
D� UXEEHU� EDOO� WR� SURYLGH� UHVLVWDQFH� LQ�
WKH�JULS�ZKLOH�UXEEHU�EDQGV�ZHUH�XVHG�
WR� SURYLGH� UHVLVWDQFH� WR� WKH� WKXPE�
DEGXFWLRQ�H[WHQVLRQ�� 7KH� SDWLHQWV�
ZHUH� DVVHVVHG� DW� EDVHOLQH� DQG� DW�
WKUHH�PRQWKV�ZLWK�DFWLYLW\�PHDVXUHG�E\�
WKH� 3DWLHQW-6SHFLILF� )XQFWLRQDO� 6FDOH�
�36)6��� 'DWD� UHJDUGLQJ� JULS� VWUHQJWK�
DQG� ZHEVSDFH� ZHUH� DOVR� FROOHFWHG� DW�
EDVHOLQH�DQG�DW�VWXG\�FRPSOHWLRQ� 
$� VLJQLILFDQW� GLIIHUHQFH� ZDV� IRXQG�

EHWZHHQ� JURXSV� LQ� WKH� 36)6� VFRUHV��
IDYRULQJ�WKH�H[HUFLVH�JURXS��S���������
%HWWHU� LPSURYHPHQWV� ZHUH� DOVR� QRWHG�
LQ�WKH�WUHDWPHQW�JURXS�DV�FRPSDUHG�WR�
WKH�FRQWURO�JURXS�LQ�MRLQW�SDLQ��S �������
JULS� VWUHQJWK� �S��������� WKXPE�
ZHEVSDFH� �S ������ �ULJKW�� DQG�
S ������ �OHIW��� DQG� KDQG� IDWLJXH�
�S ������ 
&RQFOXVLRQ�� 7KLV� UDQGRPL]HG��

FRQWUROOHG� WULDO� GHPRQVWUDWHG� WKDW�
KRPH-EDVHG� KDQG� H[HUFLVHV� DUH�
HIIHFWLYH� LQ� LPSURYLQJ� DFWLYLW\�
SHUIRUPDQFH� DQG� SDLQ� LQ� SDWLHQWV�ZLWK�
KDQG�RVWHRDUWKULWLV� 

  
+HQQLJ�� 7��� HW� DO�� (IIHFW� RI� +RPH-�
%DVHG�+DQG�([HUFLVHV�LQ�:RPHQ�ZLWK�
+DQG� 2VWHRDUWKULWLV�� $� 5DQGRPL]HG��
&RQWUROOHG� 6WXG\�� $QQ� 5KHXP� 'LV��
������$XJ�������������-����� 
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3UHOLPLQDU\� VWXGLHV� RI� SDWLHQWV� ZLWK�

UHFDOFLWUDQW�WHQGLQRSDWK\�DQG�HYLGHQFH�
RI� QHRYDVFXODUL]DWLRQ� KDYH� VXJJHVWHG�
WKDW� KLJK-YROXPH�� LPDJH-� JXLGHG�
LQMHFWLRQ� �+9,*,�� PD\� GHFUHDVH� SDLQ�
DQG� LPSURYH� IXQFWLRQDO� DFWLYLWLHV�� 7KLV�
VWXG\� ZDV� GHVLJQHG� WR� GHWHUPLQH� WKH�
VKRUW-WHUP� HIIHFW� RI�+9,*,� RQ� SDWLHQWV�

ZLWK� UHFDOFLWUDQW� WHQGLQRSDWK\� RI� WKH�
SDWHOODU�WHQGRQ� 
3DWLHQWV�ZHUH� LQFOXGHG� LI� WKH\�KDG�D�

FOLQLFDO� DQG� LPDJLQJ� GLDJQRVLV� RI�
SDWHOODU� WHQGLQRSDWK\�� XQUHVSRQVLYH� WR�
WKUHH�PRQWKV�RI�HFFHQWULF�H[HUFLVH�DQG�
RWKHU� FRPPRQ� WUHDWPHQWV�� $OO� WKLUW\-
WZR� SDUWLFLSDQWV� XQGHUZHQW� DQ�
XOWUDVRXQG� JXLGHG� EROXV� RI� ��� PO� RI�
QRUPDO� VDOLQH�� PL[HG� ZLWK� ��� PO� RI�
����� EXSLYDFDLQH� DQG� ������� ,8� RI�
DSRSURWLQLQ�� SODFHG� SRVWHULRU� WR� WKH�
SDWHOODU� WHQGRQ�� LPPHGLDWHO\� DGMDFHQW�
WR� WKH� DUHD� RI� QHRYDVFXODUL]DWLRQ�� $W�
���PRQWKV¶� IROORZ-XS�� DQ� LQGHSHQGHQW�
REVHUYHU�DVVHVVHG�WKH�SDWLHQWV�RQ�WKH�
9$6� VFDOH� RI� SDLQ� DQG� WKH� 9LFWRULDQ�
,QVWLWXWH� RI� 6SRUW� $VVHVVPHQW-3DWHOODU�
7HQGRQ� �9,6$-3�� TXHVWLRQQDLUH�� 7KH�
VXEMHFWV�ZHUH�DVNHG�WR�UDWH�WKH�UHVXOWV�
RI� WKH� SURFHGXUH� DFFRUGLQJ� WR� WKH�
SUHVHQFH�RI�SDLQ�DQG�WR�UHWXUQ�WR� WKHLU�
VSRUWLQJ�DFWLYLW\� 
,Q� DOO� SDWLHQWV�� QHRYDVFXODUL]DWLRQ�

GLVDSSHDUHG� LPPHGLDWHO\� DIWHU� WKH�
LQMHFWLRQ�� $W� ODVW� IROORZ-XS�� WKH� PHDQ�
9,6$-3�� SDLQ� 9$6� DQG� IXQFWLRQ� 9$6�
VFRUHV� KDG� VLJQLILFDQWO\� LPSURYHG� DV�
FRPSDUHG� ZLWK� EDVHOLQH�� 2I� WKH� ���
DFWLYH�SDWLHQWV�� ���� UHWXUQ� WR� VSRUW� DW�
WKH� VDPH� OHYHO� DV�EHIRUH� WKH�RQVHW� RI�
V\PSWRPV�� ,Q� WZHQW\-ILYH� FDVHV� D�
IXUWKHU� LQMHFWLRQ� ZDV� SHUIRUPHG� DW� DQ�
DYHUDJH� RI� ���� ZHHNV�� $W� ILQDO� IROORZ-�
XS�� ��� RI� ��� ������ DWKOHWHV� ZHUH�
FODVVLILHG� DV� JRRG� WR� H[FHOOHQW�� DQG�
QLQH�DV�SRRU� 
&RQFOXVLRQ��7KLV�VWXG\�RI�SDWLHQWV�

ZLWK� UHFDOFLWUDQW� SDWHOODU� WHQGLQRSDWK\�
IRXQG� WKDW� KLJK-YROXPH� LPDJH� JXLGHG�
LQMHFWLRQV� FDQ� LPSURYH� SDLQ� DQG�
IXQFWLRQ� VFRUHV�� ZLWK� LPSURYHG� UHWXUQ�
WR�VSRUW� 

  
0DIIXOOL��1���HW�DO��+LJK-9ROXPH��,PDJH-
*XLGHG� ,QMHFWLRQ� IRU� 5HFDOFLWUDQW�
3DWHOODU�7HQGLQRSDWK\� LQ�$WKOHWHV��&OLQ�
-� 6S� 0HG�� ����� '2,�� ��������
-60����������������� 
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)RU� SDWLHQWV� ZLWK� SDWHOODU�

WHQGLQRSDWK\� �37��� HFFHQWULF� H[HUFLVH�
LV�FRPPRQO\�SUHVFULEHG��+RZHYHU��WKLV�
H[HUFLVH� LV� RIWHQ� SDLQIXO� WR� FRPSOHWH��
7KLV�VWXG\�ZDV�GHVLJQHG� WR�GHWHUPLQH�
ZKHWKHU� LVRWRQLF� RU� LVRPHWULF� H[HUFLVH�
FDQ� LQGXFH� SDLQ� UHOLHI� LQ� SDWLHQWV� ZLWK�
37� 
7KLV� VLQJOH� EOLQG�� UDQGRPL]HG��

FURVVRYHU� WULDO� LQFOXGHG� VL[�� PDOH�
YROOH\EDOO�DWKOHWHV�ZLWK�37��$W�EDVHOLQH��
WHQGRQ� SDLQ� DQG� TXDGULFHSV� VWUHQJWK�
ZHUH� WHVWHG�� 7KH� VLQJOH� OHJ� GHFOLQH�

VTXDW� �6/'6�� ZDV� XVHG� DV� D� SULPDU\�
RXWFRPH�PHDVXUH�� 7KH� DWKOHWHV� ZHUH�
DVNHG�WR�FRPSOHWH�D�9LFWRULDQ�,QVWLWXWH�
RI� 6SRUW� $VVHVVPHQW-3DWHOODU� 7HQGRQ�
�9,6$-3�� TXHVWLRQQDLUH� RI� SDWHOODU�
WHQGRQ�SDLQ�DQG�IXQFWLRQ� 
'XULQJ� D� PD[LPXP� YROXQWDU\�

LVRPHWULF� FRQWUDFWLRQ� �09,&��� WKH�
DWKOHWHV� FRPSOHWHG� ILYH� HIIRUWV� RI� ���
VHFRQGV� HDFK�� ZLWK� D� WZR-PLQXWH�
UHFRYHU\� EHWZHHQ� VHWV�� 'XULQJ� DQ�
LVRWRQLF� FRQGLWLRQ�� WKH� VXEMHFWV�
H[HUFLVHG� DW� ���� RI� WKHLU� RQH�
UHSHWLWLRQ�PD[LPXP��ZLWK�ILYH�VHWV�RI 
��� VHFRQGV� GXUDWLRQ�� %DVHOLQH�

PHDVXUHV� RI� FRUWLFRVSLQDO� H[FLWDELOLW\�
DQG�VKRUW�LQWHUYDO�LQWUDFRUWLFDO�LQKLELWLRQ�
ZHUH� REWDLQHG� E\� WUDQVFUDQLDO�
PDJQHWLF�VWLPXODWLRQ� 
$W� EDVHOLQH�� WKH� SDUWLFLSDQWV� KDG� D�

PHDQ� 9,6$-3� RI� ������ ZLWK� LVRPHWULF�
H[HUFLVH� UHGXFLQJ� SDLQ� RQ� WKH� 6/'6�
IURP� D�PHDQ� RI� ����� WR� ��������� ZLWK�
WKH� UHGXFWLRQ� VXVWDLQHG� DW� ���PLQXWHV�
�S��������� 'XULQJ� WKH� LVRWRQLF�
FRQGLWLRQ�� SDLQ� RQ� WKH� 6/'6� ZDV�
UHGXFHG� IURP� ������� WR� ��������
�S ������� DOWKRXJK� WKLV� UHGXFWLRQ� ZDV�
QRW� VXVWDLQHG� DW� ��� PLQXWHV�� $�
VLJQLILFDQW� LQFUHDVH� LQ� 09,&� WRUTXH�
ZDV� REVHUYHG� LPPHGLDWHO\� DIWHU�
LVRPHWULF� LQWHUYHQWLRQ� �S��������� DQG�
ZDV� VXVWDLQHG� DW� ��� PLQXWHV� DIWHU�
LQWHUYHQWLRQ��WKDW�ZDV�QRW�VLJQLILFDQW�LQ�
WKH�LVRWRQLF�JURXS� 
&RQFOXVLRQ�� 7KLV� VPDOO� VWXG\� RI�

YROOH\EDOO� DWKOHWHV� ZLWK� SDWHOOD�
WHQGLQRSDWK\� IRXQG� WKDW� D� VLQJOH� ERXW�
RI� LVRPHWULF� FRQWUDFWLRQV� FDQ� UHVXOW� LQ�
LPPHGLDWH� SDLQ� UHOLHI� ODVWLQJ� IRU� DW�
OHDVW� ��� PLQXWHV�� ZLWK� D� FRQFXUUHQW�
LQFUHDVH� LQ� PD[LPDO� YROXQWDU\�
LVRPHWULF�FRQWUDFWLRQ� 

  
5LR�� (��� HW� DO�� ,VRPHWULF� ([HUFLVH�
,QGXFHV� $QDOJHVLD� DQG� 5HGXFHV�
,QKLELWLRQ�LQ�3DWHOODU�7HQGLQRSDWK\�%U� -�
6S� 0HG��������2FWREHU�������������-
����� 

  

0(1,6&$/�75$163/$17$7,21 
  
0HQLVFDO� WUDQVSODQWDWLRQ� KDV� EHHQ�

SHUIRUPHG� IRU� PDQ\� \HDUV�� ZLWK� IHZ�
ORQJ-WHUP� VWXGLHV� SXEOLVKHG� WR� GDWH��
7KLV� VWXG\� ZDV� GHVLJQHG� WR� EHWWHU�
XQGHUVWDQG� WKH� VXUYLYRUVKLS� UDWHV�DQG�
ORQJ-WHUP� IXQFWLRQDO� RXWFRPHV� RI�
SDWLHQWV� XQGHUJRLQJ� PHQLVFDO�
WUDQVSODQWDWLRQ� 
7KLUW\-HLJKW� SDWLHQWV� ZLWK� DUWLFXODU�

FDUWLODJH� GHWHULRUDWLRQ� XQGHUZHQW�
PHQLVFDO�WUDQVSODQWV�RI��� 
FU\RSUHVHUYHG�PHQLVFL��,Q�D�SUHYLRXV�

HYDOXDWLRQ�DW�D�PHDQ�RI�����\HDUV��WKH�
FKDUDFWHULVWLFV� RI� WKH� WUDQVSODQWV� KDG�
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EHHQ�DVVHVVHG�E\�05,��$W�WKDW�WLPH��
WKH� WUDQVSODQWV� KDG� EHHQ� UDWHG� DV�
QRUPDO� LQ� ����� DV� DOWHUHG� LQ� ����
DQG�DV�IDLOHG�LQ������7KRVH�ZKR�GLG�
QRW� XQGHUJR� D� IROORZ-XS� VXUJHU\�
ZHUH� IROORZHG� IRU� D� PHDQ� RI� ���
\HDUV� 
7KH�PHDQ�DJH�DW� VXUJHU\�ZDV����

\HDUV�� 2I� WKH� RULJLQDO� ��� SDWLHQWV��
HOHYHQ�UHTXLUHG�IROORZ-XS�VXUJHU\�LQ�
WKH� LQLWLDO� VWXG\� DW� ���� WR����� \HDUV��
DQG� ��� RWKHU� WUDQVSODQWV� UHTXLUHG�
VXUJHU\� DW� ���� WR� ����� \HDUV��
7KHUHIRUH�� RI� WKH� LQLWLDO� ���
WUDQVSODQWV���� FRPSOHWHG� WKH� ORQJ-
WHUP� HYDOXDWLRQ� DW� D� PHDQ� RI� �����
\HDUV�� $W� IROORZ-XS�� WKH� SDWLHQWV�
ZHUH�HYDOXDWHG FOLQLFDOO\ DQG�
UDGLRJUDSKLFDOO\� 
$W� EDVHOLQH�� ���� RI� WKH� SDWLHQWV�

KDG� PRGHUDWH� RU� VHYHUH� SDLQ� ZLWK�
GDLO\� DFWLYLWLHV�� ZKLOH�� DW� IROORZ-XS��
���� KDG� VXFK� SDLQ� �S���������� $W�
EDVHOLQH�RQO\�RQH�RI�WKH����SDWLHQWV�
SDUWLFLSDWHG�LQ�VSRUWV��ZKLOH�DW�IROORZ
-� XS�� ���RI� ���ZHUH�SDUWLFLSDWLQJ��$�
VXUYLYRUVKLS� DQDO\VLV� UHYHDOHG� WKDW�
WKH�SUREDELOLW\� RI� WUDQVSODQW�VXUYLYDO�
ZDV� ���� DW� ILYH� \HDUV�� ����DW� WHQ�
\HDUV��DQG�����DW�ILIWHHQ�\HDUV��7KH�
PHDQ� WLPH� DW� IDLOXUH�ZDV� ���� \HDUV�
IRU�PHGLDO�WUDQVSODQWV�DQG�����\HDUV�
IRU�ODWHUDO�WUDQVSODQWV� 
&RQFOXVLRQ�� 7KLV� ORQJ-WHUP�

IROORZ-XS� RI� ���� FRQVHFXWLYH�PHGLDO�
DQG� ODWHUDO� PHQLVFDO� WUDQVSODQWV�
IRXQG� WKDW� ��� UHTXLUHG� UHSHDW�
VXUJHU\�DQG�WKDW��DPRQJ�WKH�RWKHUV��
V\PSWRPV� LPSURYHG�� DQG� UHWXUQ� WR�
VSRUW� DFWLYLWLHV� RFFXUUHG� LQ� WKH�
PDMRULW\�RI�SDWLHQWV� 

  
1R\HV�� )��� HW� DO�� 0HQLVFDO�
7UDQVSODQWDWLRQ� LQ� 6\PSWRPDWLF�
3DWLHQWV�XQGHU�)LIW\�<HDUV�RI�$JH��-�
%RQH� -RLQW� 6XUJ��������$XJXVW����
������������-����� 
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7KH� HIIHFWV� RI� H[HUFLVH� RQ� WKH�

FHQWUDO� QHUYRXV� V\VWHP� LQ� KHDOWK�
DQG�LQ QHXURGHJHQHUDWLYH
 DQG� FHUHEURYDVFXODU�
GLVRUGHUV�KDYH�EHHQ�D� UHFHQW� IRFXV�
RI�UHVHDUFK��7KLV�VWXG\�UHYLHZHG�WKH�
HIIHFWV�RI�GLIIHUHQW� W\SHV�RI�H[HUFLVH�
RQ� H[SHULPHQWDO� PRGHOV� RI�
QHXURGHJHQHUDWLYH� GLVRUGHUV��
SDUWLFXODUO\�3DUNLQVRQ¶V�GLVHDVH�DQG�
$O]KHLPHU¶V�GLVHDVH� 

7KLV�OLWHUDWXUH�UHYLHZ�XVHG�DUWLFOHV�
LQ� 3XE0HG� IURP� ����� WKURXJK�
$XJXVW�RI�������7KH�VHDUFK�IRFXVHG�
RQ� SK\VLFDO� H[HUFLVH�� WUDLQLQJ��
QHXURLQIODPPDWLRQ� QHXUR-�
GHJHQHUDWLRQ�� LQWHQVLW\�� KLJK-
LQWHQVLW\� LQWHUYDO� WUDLQLQJ�� F\WRNLQHV��
EHKDYLRU�� FRJQLWLRQ�� LQ� URGHQWV� DQG�
LQ� KXPDQV�� ([HUFLVH� ZDV� IRXQG� WR�
OHDG� WR� LQFUHDVHG� OHYHOV� RI�
QHXURWURSKLF� IDFWRUV�� DV� ZHOO� DV�
FKDQJHV� LQ� OHYHOV� RI� GLIIHUHQW�
F\WRNLQHV� DQG� DOWHUHG� PLFURJOLDO�
IXQFWLRQV� LQ� GLIIHUHQW� SDUWV� RI� WKH�
EUDLQ� WKDW� FRXOG� EH� EHQHILFLDO� IRU�
SDWLHQWV� ZLWK� QHXURGHJHQHUDWLYH�
GLVHDVHV� 
([HUFLVH�ZDV�DOVR�VKRZQ�WR�DIIHFW�

FHOO� VXUIDFH� UHFHSWRUV�� VXFK� DV� WKH�
7/5� DQG� DGUHQHUJLF� UHFHSWRUV�� DV�
ZHOO� DV� LQWUDFHOOXODU� VLJQDOLQJ�
PROHFXOHV� LQYROYHG� LQ� LQIODPPDWRU\�
SDWKZD\V��([HUFLVH�LQWHQVLW\�VWXGLHV�
KDYH� GHPRQVWUDWHG� WKDW� KLJK�
LQWHQVLW\� WUDLQLQJ� FDQ� LQFUHDVH� DQWL-�
LQIODPPDWRU\� F\WRNLQHV� DQG�
GHFUHDVH� SUR-LQIODPPDWRU\�
F\WRNLQHV�� 0RGHUDWH� LQWHQVLW\�
H[HUFLVH�ORZHUV�OHYHOV�RI� SUR 

-LQIODPPDWRU\�F\WRNLQHV�PRUH�WKDQ�
GRHV� PLOG� LQWHQVLW\� WUDLQLQJ� LQ�
GLDEHWHV� SDWLHQWV�� 1R� VWXGLHV� KDYH�
LQYHVWLJDWHG� WKH� HIIHFW� RI� WUDLQLQJ�
LQWHQVLW\� RQ� QHXURLQIODPPDWLRQ� DQG�
QHXURGHJHQHUDWLRQ� 
&RQFOXVLRQ�� 7KLV� OLWHUDWXUH��

UHYLHZ�GHPRQVWUDWHV�WKDW�H[HUFLVH�LV�
UHODWHG� WR� LQFUHDVHG� OHYHOV� RI�
QHXURWURSKLF� IDFWRUV�� HOHYDWHG�
H[SUHVVLRQ� RI� DQWL-LQIODPPDWRU\�
F\WRNLQHV�DQG�UHGXFHG�OHYHOV�RI�SUR-�
LQIODPPDWRU\� F\WRNLQHV� DQG�
DFWLYDWHG�PLFURJOLD� 

  
6YHQVVRQ�� 0��� HW� DO�� (IIHFWV� RI�
3K\VLFDO ([HUFLVH RQ�
1HXURLQIODPPDWLRQ�� 1HXURSODVWLFLW\��
1HXURGHJHQHUDWLRQ�� DQG� %HKDYLRU��
:KDW� :H� &DQ� /HDUQ� IURP� $QLPDO�
0RGHOV� LQ� &OLQLFDO� 6HWWLQJV��
1HXURUHKDE� 1HXUDO� 5HSDLU�� ������
-XO\������������-���� 
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7KXPE�VSLFD�VSOLQWV�DUH�IUHTXHQWO\�

SUHVFULEHG� IRU� WKH� QRQRSHUDWLYH�
PDQDJHPHQW� RI� GH� 4XHUYDLQ
V�
WHQGLQRSDWK\�� +RZHYHU�� QR�
FRQVHQVXV� KDV� EHHQ� UHDFKHG�
FRQFHUQLQJ� WKH� EHVW� VSOLQW-ZHDU�
SURWRFRO�� 7KLV� VWXG\� UHYLHZHG� WKH�
RXWFRPHV� RI� IXOO-WLPH� YHUVXV� DV�
GHVLUHG�VSOLQW�ZHDU� 

7KLV� SURVSHFWLYH�� UDQGRPL]HG� WULDO�
LQFOXGHG����SDWLHQWV�GLDJQRVHG�ZLWK�
GH� 4XHUYDLQ¶V� WHQGLQRSDWK\�� 7KH�
SDUWLFLSDQWV�ZHUH�DVVLJQHG� WR�HLWKHU�
D�FRKRUW�WKDW�ZDV�DVNHG�WR�ZHDU�WKH�
VSOLQWV� DW� DOO� WLPHV� RU� WR� D� JURXS�
ZHDULQJ� VSOLQWV� DV� GHVLUHG�� $W�
EDVHOLQH� WKH�SDWLHQWV�FRPSOHWHG� WKH�
'LVDELOLWLHV�RI�WKH�$UP��6KRXOGHU�DQG�
+DQG� �'$6+�� TXHVWLRQQDLUH� DV� WKH�
SULPDU\� RXWFRPH� PHDVXUH�� DV� ZHOO�
DV� WKH� 3DLQ� $Q[LHW\� 6\PSWRPV�
6FDOH� �3$66�� WR� DVVHVV� DQ[LHW\�
UHJDUGLQJ� SDLQ�� WKH� &HQWHU� )RU�
(SLGHPLRORJLF� 6WXGLHV� 'HSUHVVLRQ�
�&(6-'�� VFDOH� WR� PHDVXUH�
GHSUHVVLYH� V\PSWRPV�� WKH� 3DLQ�
&DWDVWURSKL]LQJ� 6FDOH� �3&6�� WR�
PHDVXUH� D� VHW� RI� PDODGDSWLYH�
FRJQLWLYH� FRQGLWLRQV� DQG� WKH� SDLQ�
1XPHULF� 5DWLQJ� 6FDOH� �156�� WR�
DVVHVV�SDLQ�LQWHQVLW\� 
$W� DQ� DYHUDJH� IROORZ-XS� RI� ����

ZHHNV�� QR� VLJQLILFDQW� GLIIHUHQFHV�
ZHUH� QRWHG� EHWZHHQ� WKH� VSOLQWLQJ�
JURXSV� LQ� GLVDELOLW\� �S ������� JULS�
VWUHQJWK� �S ������� SDLQ� LQWHQVLW\�
�S ������ RU� WUHDWPHQW� VDWLVIDFWLRQ�
�S ������� %LYDULDWH� DQDO\VLV�
UHYHDOHG� WKDW� XSSHU� H[WUHPLW\�
GHELOLW\� ZDV� VLJQLILFDQWO\� UHODWHG� WR�
&(6-'� �S �������� 3&6� �S �������
DQG�3$66��S �������WHVW�VFRUHV� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� GH� 4XHUYDLQ¶V�
WHQRV\QRYLWLV� IRXQG� WKDW� IXOO-WLPH�
VSOLQWLQJ� LV� QRW� VXSHULRU� WR� VSOLQWLQJ�
DV� QHHGHG�� DQG� WKDW� GHSUHVVLYH�
V\PSWRPV� DUH� VWURQJO\� DVVRFLDWHG�
ZLWK�JUHDWHU�GLVDELOLW\� 

  
0HQHQGH]��0���HW�DO��$�3URVSHFWLYH��
5DQGRPL]HG�� &OLQLFDO� 7ULDO� RI�
3UHVFULSWLRQ� RI� )XOO-7LPH� YHUVXV� DV�
'HVLUHG� 6SOLQW� :HDU� IRU� 'H�
4XHUYDLQ¶V� 7HQGLQRSDWK\�� ,QWHUQ�
2UWKR��������$XJXVW�������������- 
����� 

  

67$<�$&7,9(�$'9,&(�)25�
6(9(5(�/2:�%$&.�3$,1 

  
$V� VXEVWDQWLDO� HYLGHQFH� VXJJHVWV�

WKDW�SK\VLFDO�DFWLYLW\�LV�EHQHILFLDO�IRU�
PRVW� PXVFXORVNHOHWDO� FRQGLWLRQV��
LQFOXGLQJ� ORZ� EDFN� SDLQ� �/%3���
DGYLFH� IRU� WKH�SDWLHQW� WR�VWD\�DFWLYH�
LV�FRPPRQ��7KLV�VWXG\�UHYLHZHG�WKH�
HIIHFW� RI� DGYLFH� FRQFHUQLQJ� DFWLYLW\�
DPRQJ�SDWLHQWV�ZLWK�/%3� 
6XEMHFWV� ZHUH� ���� SDWLHQWV� ZLWK�

DFXWH�� VHYHUH� /%3� RI� OHVV� WKDQ� ���
KRXUV¶� GXUDWLRQ�� $W� EDVHOLQH�� WKH�
SDWLHQWV� XQGHUZHQW� DQ� H[WHQVLYH�
SK\VLFDO� H[DPLQDWLRQ� LQFOXGLQJ�
UDGLRJUDSKLF� LPDJLQJ�� DQG�
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FRPSOHWHG� D� EDWWHU\� RI�
TXHVWLRQQDLUHV�� LQFOXGLQJ� TXHVWLRQV�
FRQFHUQLQJ�DFXWH�/%3��DQG�D�VHYHQ-
GD\� GLDU\� UHFRUGLQJ� DFWLYLW\� DQG�
SDLQ�� $OO� ZHUH� SURYLGHG� D� GLJLWDO�
SHGRPHWHU� 
7KH� VXEMHFWV� UDQGRPL]HG� WR� WKH�

VWD\�DFWLYH��6$��JURXS�ZHUH�DGYLVHG�
WR� UHPDLQ� DV� SK\VLFDOO\� DFWLYH� DV�
SRVVLEOH�� GHVSLWH� /%3�� 7KRVH� LQ� DQ�
DGMXVWHG� DFWLYLW\� �$$�� JURXS� ZHUH�
DGYLVHG� WR� DGMXVW� DFWLYLW\� DFFRUGLQJ�
WR�SDLQ��)RU�WKH����VXEMHFWV�LQFOXGHG�
LQ� WKH� ILQDO� DQDO\VLV�� WKH� VWHS� FRXQW�
LQFUHDVHG�RQO\�LQ�WKH�6$�JURXS��ZLWK�
VWHS� FRXQWV� RI� ������ VWHSV� RQ� WKH�
ODVW�GD\�RI�IROORZ-XS�LQ�WKH�6$�JURXS�
DQG� ������ LQ� WKH� $$� JURXS�
�S �������� :KLOH� WKH� 6$� JURXS�
VKRZHG� KLJKHU� SDLQ� LQWHQVLW\� DQG� D�
VORZHU� GHFUHDVH� LQ� SDLQ� LQWHQVLW\�
FRPSDUHG� WR� WKH� $$� JURXS�� QR�
VLJQLILFDQW� GLIIHUHQFH� ZDV� IRXQG�
EHWZHHQ�WKH�JURXSV�LQ�SDLQ�LQWHQVLW\�
FKDQJH�WUDMHFWRU\� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV�ZLWK�DFXWH��VHYHUH�ORZ�EDFN�
SDLQ��/%3��IRXQG�WKDW�WKRVH�DGYLVHG�
WR�VWD\�DFWLYH�GHVSLWH�/%3�LQFUHDVHG�
WKHLU� DFWLYLW\� PRUH� WKDQ� WKRVH�
DGYLVHG� WR� DGMXVW� DFWLYLW\� E\� SDLQ�
OHYHO�� ZLWK� VOLJKWO\� KLJKHU�� DOWKRXJK�
LQVLJQLILFDQW�GLIIHUHQFHV�LQ�SDLQ� 

  
2OD\-&RQWUHUDV��3���HW�DO��7KH�(IIHFW�
RI� WKH� 6WD\� $FWLYH� $GYLFH� RQ�
3K\VLFDO�$FWLYLW\�DQG�RQ�WKH�&RXUVH�
RI� $FXWH�� 6HYHUH� /RZ� %DFN� 3DLQ��
%0&�6S�6FL�0HG�5HKDE�����������
���GRL����������V�����-���-����-[ 

  

675(66�,17(16,7<�$1'�
0,*5$,1(�)5(48(1&< 

  
3DWLHQWV�ZLWK�KHDGDFKH� IUHTXHQWO\�

UHSRUW�VWUHVV�WR�EH�RQH�RI�WKHLU�PDLQ�
DFWLYDWRUV�� +RZHYHU�� HYLGHQFH� LV�
ODFNLQJ� FRQFHUQLQJ� WKH� DVVRFLDWLRQ�
EHWZHHQ� VWUHVV� DQG� KHDGDFKH�
IUHTXHQF\�� 7KLV� VWXG\� LQYHVWLJDWHG�
WKH� DVVRFLDWLRQ� EHWZHHQ� VWUHVV�
LQWHQVLW\�DQG�KHDGDFKH�IUHTXHQF\� 
7KH� /RQJLWXGLQDO� 3RSXODWLRQ-�

%DVHG� *HUPDQ� +HDGDFKH�
&RQVRUWLXP� �*+&�� LQYROYHG� �������
PHQ� DQG� ZRPHQ�� DJHV� ��� WR� ���
\HDUV� RI� DJH�� ZKR� ZHUH� UDQGRPO\�
VHOHFWHG� IURP� WKUHH� *HUPDQ� FLWLHV��
4XHVWLRQQDLUHV� ZHUH� VHQW� WR� WKH�
VXEMHFWV� WR� DVVHVV� VWUHVV� XVLQJ� D�
YLVXDO� DQDORJXH� VFDOH� �9$6���
4XHVWLRQV� ZHUH� SRVHG� FRQFHUQLQJ�
WKH�QXPEHU�RI�GD\V�DVVRFLDWHG�ZLWK�
KHDGDFKH� DQG� WKH� IUHTXHQF\� RI�
LQWDNH�RI�DFXWH�SDLQ�PHGLFDWLRQ��7KH�

SDUWLFLSDQWV� ZHUH� DOVR� TXHULHG�
UHJDUGLQJ�VWUHVV� OHYHO��XVLQJ�D����-�
SRLQW�9$6��7KH�VXEMHFWV¶�KHDGDFKHV�
ZHUH FODVVLILHG WKURXJK�
TXHVWLRQQDLUHV� DV� WHQVLRQ� W\SH�
KHDGDFKHV�� PLJUDLQHV�� PLJUDLQHV�
ZLWK� FRH[LVWLQJ� WHQVLRQ� W\SH�
KHDGDFKHV�� XQFODVVLILHG� KHDGDFKH�
RU�QR�KHDGDFKH� 
2I� WKH� ������ SDUWLFLSDQWV�� WHQVLRQ�

W\SH� KHDGDFKHV� ZHUH� UHSRUWHG� E\�
�����PLJUDLQH�E\�����DQG�PLJUDLQH�
DVVRFLDWHG� ZLWK� WHQVLRQ� W\SH�
KHDGDFKH�E\��������$Q�LQFUHDVH� LQ�
KHDGDFKH� IUHTXHQF\� ZDV� SRVLWLYHO\�
FRUUHODWHG� ZLWK� LQFUHDVLQJ� VWUHVV�
LQWHQVLW\�� LQGHSHQGHQW� RI� KHDGDFKH�
VXEW\SH�� 7KH� KLJKHVW� HIIHFWV� ZHUH�
REVHUYHG�LQ�SDUWLFLSDQWV�ZLWK�WHQVLRQ�
W\SH�KHDGDFKHV��ZLWK�HDFK���-SRLQW�
LQFUHDVH� LQ� VWUHVV� LQWHQVLW\�
DVVRFLDWHG�ZLWK� D� ����� LQFUHDVH� LQ�
KHDGDFKH�GD\V�SHU�PRQWK� 
&RQFOXVLRQ�� 7KLV� ORQJLWXGLQDO�

SRSXODWLRQ-EDVHG� FRKRUW� VWXG\�
GHPRQVWUDWHV� WKDW� LQFUHDVLQJ�VWUHVV�
LV� DVVRFLDWHG� ZLWK� LQFUHDVLQJ�
KHDGDFKH� GD\V� IRU� DOO� SDWLHQWV� ZLWK�
KHDGDFKH� VXEW\SHV�� 7KLV� ZDV�
SDUWLFXODUO\� SURQRXQFHG� LQ�
SDUWLFLSDQWV� ZLWK� WHQVLRQ� W\SH�
KHDGDFKHV� 

  
6FKUDPP��6���HW�DO��7KH�$VVRFLDWLRQ�
EHWZHHQ� 6WUHVV� DQG� +HDGDFKH�� $�
/RQJLWXGLQDO� 3RSXODWLRQ-%DVHG�
6WXG\��&HSKDODOJLD�� ����� 
6HSWHPEHU�������������-���� 

  

9,578$/�5($/,7<�75$,1,1*�
)25�3$7,(176�:,7+�

3$5.,1621
6�',6($6( 
  
3DUNLQVRQ
V� GLVHDVH� �3'�� LV� D�

SURJUHVVLYH
 QHXURGHJHQHUDWLYH�GLVHDVH�
WKDW�PD\�DIIHFW�SRVWXUDO�VWDELOLW\�DQG�
JDLW�� 2YHU� WZR� WKLUGV� RI� FRPPXQLW\�
GZHOOLQJ� SDWLHQWV� ZLWK� 3'�
H[SHULHQFH� IDOOV� HYHU\� \HDU�� ZLWK�
WULSSLQJ� RYHU� REVWDFOHV� WKH� PDMRU�
FDXVH� RI� WKHVH� IDOOV�� 7KLV� VWXG\�
H[DPLQHG� WKH� HIIHFWV� RI� YLUWXDO�
UHDOLW\-� EDVHG� H[HUFLVH� RQ� REVWDFOH�
FURVVLQJ� SHUIRUPDQFH� DQG� G\QDPLF�
EDODQFH�LQ�SDWLHQWV�ZLWK�3'� 
7KLUW\-VL[� SDWLHQWV� ZLWK� 3'� ZHUH�

UDQGRPO\� DVVLJQHG� WR� RQH� RI� WKUHH�
JURXSV�� ,QWHUYHQWLRQV� LQFOXGHG�
WUDGLWLRQDO� H[HUFLVH� �7(��� YLUWXDO�
UHDOLW\-EDVHG� :LL� ILW� H[HUFLVH�
�95:LL��� ZLWK� WUHDGPLOO� WUDLQLQJ�
LQFOXGHG� LQ� ERWK�� $OO� VXEMHFWV�
XQGHUZHQW� ��� VHVVLRQV� RYHU� VL[�
ZHHNV�� 3DUWLFLSDQWV� LQ� WKH� FRQWURO�
JURXS� UHFHLYHG� RQO\� IDOO-SUHYHQWLRQ�

HGXFDWLRQ�� 7KH� SULPDU\� RXWFRPH�
YDULDEOHV� ZHUH� REVWDFOH� FURVVLQJ�
SHUIRUPDQFH� DQG� G\QDPLF� EDODQFH��
DVVHVVHG� E\� WKH� %DODQFH� 0DVWHU�
V\VWHP�� 6HFRQGDU\� RXWFRPHV�
LQFOXGHG� WKH� VHQVRU\� RUJDQL]DWLRQ�
WHVW� �627��� � � WKH� � � ��-TXHVWLRQ�
3DUNLQVRQ¶V� 'LVHDVH� 4XHVWLRQQDLUH�
�3'4����DQG�WKH�7LPHG�8S�DQG�*R�
7HVW�� $OO� RXWFRPHV� ZHUH� DVVHVVHG�
DW�EDVHOLQH�DQG�DIWHU�WUDLQLQJ��DW�RQH
-PRQWK�IROORZ-XS� 
$W� RQH-PRQWK� IROORZ-XS�� WKH��

95:LL� JURXS� GHPRQVWUDWHG� JUHDWHU�
LPSURYHPHQW� LQ� REVWDFOH� FURVVLQJ�
YHORFLW\� �S ������� DQG� FURVVLQJ�
VWULGH� OHQJWK� �S ������� WKDQ�GLG� WKH�
FRQWURO� JURXS�� ZLWK� QR� GLIIHUHQFHV�
EHWZHHQ� WKH� 95:LL� DQG� WKH� 7(�
JURXS�� %RWK� WKH� 95:LL� DQG� 7(�
JURXSV� VKRZHG� VLJQLILFDQWO\� JUHDWHU�
LPSURYHPHQWV� WKDQ� WKH� FRQWUROV� RQ�
WKH�78*��3'4���DQG�)(6-,��ZLWK�QR�
VLJQLILFDQW� GLIIHUHQFHV� EHWZHHQ� WKH�
95:LL�DQG�7(�JURXSV� 
&RQFOXVLRQ�� 7KLV� VWXG\�

GHPRQVWUDWHG� WKDW� YLUWXDO� UHDOLW\�
WUDLQLQJ� WKURXJK� WKH� XVH� RI� :LL� ILW�
FDQ� LPSURYH� REVWDFOH� FURVVLQJ�
SHUIRUPDQFH� LQ� SDWLHQWV� ZLWK�
3DUNLQVRQ
V�GLVHDVH� 

  
/LR�� <��� HW� DO�� 9LUWXDO� 5HDOLW\-%DVHG�
7UDLQLQJ� WR� ,PSURYH� 2EVWDFOH�
&URVVLQJ�3HUIRUPDQFH�DQG�'\QDPLF�
%DODQFH�LQ�3DWLHQWV�ZLWK�3DUNLQVRQ
V�
'LVHDVH�� 1HXURUHKDE� 1HXUDO�
5HSDLU�� ������ $XJXVW�� ������� ���-
���� 

7/62�%5$&(6�$1'�
7+25$&2/80%$5�%8567�

)5$&785(6 
  
7UHDWPHQWV� IRU� WKRUDFROXPEDU�

EXUVW� IUDFWXUHV� RIWHQ� LQYROYH� HDUO\�
EUDFLQJ�DQG�UHWXUQ� WR�DFWLYLW\��:KLOH�
WKRUDFROXPERVDFUDO� RUWKRVHV�
�7/62��DUH�FRPPRQO\�XVHG� IRU� WKLV�
LQMXU\�� HYLGHQFH� FRQFHUQLQJ� WKHLU�
HIILFDF\� LV� OLPLWHG�� 7KLV� VWXG\�
FRPSDUHG� WKH�RXWFRPHV�RI� SDWLHQWV�
WUHDWHG� ZLWK� 7/62� ZLWK� WKRVH� RI�
SDWLHQWV� ZLWKRXW� VXFK�
LPPRELOL]DWLRQ� 
7KLV� UDQGRPL]HG�� EOLQGHG��

FRQWUROOHG� WULDO� LQFOXGHG� ��� SDWLHQWV�
ZLWK� LVRODWHG� EXUVW� IUDFWXUHV�
EHWZHHQ�7���DQG�/���3DWLHQWV�LQ�WKH�
7/62� JURXS� ZHUH� SODFHG� RQ� VWULFW�
EHG� UHVW� XQWLO� WKH\�ZHUH� ILW�ZLWK� WKH�
7/62��ZKLFK�ZDV�ZRUQ� DW� DOO� WLPHV�
IRU� ��� ZHHNV�� H[FHSW� ZKHQ� LQ� EHG��
3DWLHQWV� LQ� ERWK� JURXSV� ZHUH�
FDXWLRQHG� WR� QRW� H[FHHG� ���� RI� KLS�
IOH[LRQ�RU�WR�OLIW�PRUH�WKDQ���NJ��7KH�
SULPDU\� RXWFRPH� PHDVXUH� ZDV�
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SHUIRUPDQFH� RQ� WKH� 5RODQG
 0RUULV 'LVDELOLW\�
4XHVWLRQQDLUH� �50'4�� DW� WKUHH�
PRQWKV�� 6HFRQGDU\� RXWFRPH�
PHDVXUHV� LQFOXGHG� WKH� PHQWDO� DQG�
SK\VLFDO� FRPSRQHQW� VFRUHV� RI� WKH�
6KRUW� )RUP-��� �6)-����� SDLQ��
VDWLVIDFWLRQ�DQG�N\SKRVLV� 
7KH� DYHUDJH� 50'4� VFRUHV� DW�

WKUHH�PRQWKV�ZHUH�����SRLQWV� LQ� WKH�
7/62� JURXS� DQG� ���� SRLQWV� LQ� WKH�
QRQ-EUDFLQJ� JURXS�� $W� WZR-\HDU�
IROORZ-XS��WKH�JURXSV�GLG�QRW�GLIIHU�LQ�
50'4� VFRUHV� RU� RQ� DQ\� RI� WKH�
VHFRQGDU\�RXWFRPH�PHDVXUHV� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� QHXURORJLFDOO\� LQWDFW�
WKRUDFROXPEDU�EXUVW� IUDFWXUHV� IRXQG�
QR�GLIIHUHQFH�EHWZHHQ�WKRVH�WUHDWHG�
ZLWK� D� 7/62� EUDFH� DQG� WKRVH�
WUHDWHG�ZLWKRXW�EUDFLQJ� 

  
%DLOH\�� &��� HW� DO�� 7UHDWPHQW� ZLWK� RU�
ZLWKRXW�DQ�2UWKRVLV�,V�(TXLYDOHQW�IRU�
7KRUDFROXPEDU� %XUVW� )UDFWXUHV�� -�
%RQH� -RLQW� 6XUJ� �$P��� ������
$XJXVW������������������ 

  
723,&$/�',&/2)(1$&�)25�

1(8523$7+,&�3$,1 
  
1HXURSDWKLF� SDLQ� UHVXOWV� IURP�

LQMXU\� WR� WKH� SHULSKHUDO� DQG�RU�
FHQWUDO�QHUYRXV�V\VWHP��DQG�LV�RIWHQ�
GLIILFXOW� WR� WUHDW�� 7KLV� VWXG\� ZDV�
GHVLJQHG� WR� GHWHUPLQH� WKH� HIIHFW� RI�
WKH� WRSLFDO� QRQVWHURLGDO� DQWL-
LQIODPPDWRU\� GUXJ�� GLFORIHQDF�� DV� D�
WUHDWPHQW� IRU� SDWLHQWV� ZLWK�
QHXURSDWKLF�SDLQ� 
7KLV� GRXEOH-EOLQG�� SODFHER-�

FRQWUROOHG�� FURVVRYHU� WULDO� LQFOXGHG�
SDWLHQWV� ZLWK� D� GLDJQRVLV� RI� SRVW-�
KHUSHWLF� QHXUDOJLD� RU� FKURQLF�
UHJLRQDO� SDLQ� V\QGURPH�� 7KH�
SDUWLFLSDQWV� ZHUH� DVVHVVHG� DW�
EDVHOLQH�ZLWK�D�TXDQWLWDWLYH�VHQVRU\�
WHVW��DQG�ZHUH�WKHQ�UDQGRPL]HG�WR�D�
SODFHER� RU� D� WUHDWPHQW� JURXS��
6XEMHFWV� WRSLFDOO\� DSSOLHG� �����
WRSLFDO� GLFORIHQDF� RU� D� SODFHER�
VROXWLRQ� WKUHH� WLPHV� SHU� GD\� WR� WKH�
SDLQIXO� DUHD� IRU� WZR� ZHHNV�� $IWHU� D�
RQH-ZHHN� ZDVKRXW� SHULRG�� WKH�
SDUWLFLSDQWV� UHFHLYHG� WKH� DOWHUQDWLYH�
FUHDP�� $W� EDVHOLQH� DQG� IROORZ-XS��
WKH�VXEMHFWV�ZHUH�DVNHG�WR�FRPSOHWH�
WKH� 3DLQ� 4XHVWLRQQDLUH� DQG� 6KRUW�
)RUP�+HDOWK�6XUYH\� �6)-����DQG� WR�
XQGHUJR� TXDQWLWDWLYH� VHQVRU\�
WHVWLQJ� 
$IWHU� WZR� ZHHNV� RI� WRSLFDO�

DSSOLFDWLRQ�� WKH� VXEMHFWV� LQ� WKH�
WUHDWPHQW�JURXS�REWDLQHG�ORZHU�9$6�
SDLQ� VFRUHV� WKDQ� GLG� WKH� SODFHER�
JURXS� ����� YHUVXV� ����� UHVSHFWLYHO\��

S ������� ,Q� DGGLWLRQ�� DW� WZR� ZHHNV��
WKH� 9$6� VFRUHV� IRU� EXUQLQJ� SDLQ�
ZHUH� ORZHU� LQ� WKH� WUHDWPHQW� JURXS�
WKDQ�LQ�WKH�FRQWURO�JURXS������YHUVXV�
����� UHVSHFWLYHO\�� S ������� 1R�
VLJQLILFDQW� GLIIHUHQFHV� RFFXUUHG�
EHWZHHQ� JURXSV� LQ� FRQVWDQW� SDLQ��
K\SHUVHQVLWLYLW\�RU�VKRRWLQJ�SDLQ� 
&RQFOXVLRQ�� 7KLV� SURVSHFWLYH��

GRXEOH-EOLQG� VWXG\� RI� SDWLHQWV�
GLDJQRVHG� ZLWK� SRVWKHUSHWLF�
QHXUDOJLD� RU� FRPSOH[� UHJLRQDO� SDLQ�
V\QGURPH� IRXQG� WKDW� WRSLFDO�
GLFORIHQDF� PD\� EH� DQ� HIIHFWLYH�
WUHDWPHQW�RSWLRQ� 

  
$KPHG�� 6��� HW� DO�� (IIHFW� RI� �����
7RSLFDO� 'LFORIHQDF� RQ� &OLQLFDO�
1HXURSDWKLF� 3DLQ�� $QHVWKHVLRORJ\��
������-XO\�������������-���� 

())(&7�2)�602.,1*�
&(66$7,21�21�08/7,3/(�
6&/(526,6�352*126,6 

  
&LJDUHWWH� VPRNLQJ� LV� D� ULVN� IDFWRU�

IRU� PXOWLSOH� VFOHURVLV� �06���
+RZHYHU�� LW� UHPDLQV� XQFOHDU�
ZKHWKHU� VPRNLQJ� FHVVDWLRQ� DOWHUV�
WKH� FRXUVH� RI� WKH� GLVHDVH�� 7KLV�
VWXG\� HYDOXDWHG� WKH� HIIHFWV� RI�
FRQWLQXHG� VPRNLQJ�� IROORZLQJ� WKH�
GLDJQRVLV�RI�06�RQ� WKH�SURJUHVVLRQ�
WR� VHFRQGDU\� SURJUHVVLYH� 06�
�6306�� 
7KLV�FDVH�FRQWUROOHG��UHWURVSHFWLYH�

VWXG\� XWLOL]HG� GDWD� IURP� WKH� *HQHV�
DQG� (QYLURQPHQW� LQ� 0XOWLSOH�
6FOHURVLV��*(06��VWXG\�GDWDEDVH�LQ�
6ZHGHQ�� ZKHUHLQ� DOO� VXEMHFWV�
FRPSOHWHG� GHWDLOHG�� \HDUO\�
TXHVWLRQQDLUHV��$OO�VHOHFWHG�VXEMHFWV�
KDG� UHODSVLQJ� UHPLWWLQJ� 06� DQG�
GRFXPHQWHG� VPRNLQJ� VWDWXV�
LQIRUPDWLRQ�� $� VPRNHU� ZDV� GHILQHG�
DV� VRPHRQH� VPRNLQJ� DW� OHDVW� RQH�
FLJDUHWWH� SHU� GD\�� 6PRNHUV� ZHUH�
IXUWKHU� FODVVLILHG� DV� FRQWLQXRXV�
VPRNHUV�� ZKR� UHPDLQHG� VPRNLQJ�
DIWHU� WKH� GLDJQRVLV�� TXLWWHUV�� ZKR�
VWRSSHG�VPRNLQJ�DIWHU�GLDJQRVLV��RU�
LQWHUPLWWHQW� VPRNHUV�� ZLWK� DW� OHDVW�
RQH� \HDU� ZLWKRXW� VPRNLQJ� DIWHU� WKH�
GLDJQRVLV�� EXW� ZLWKRXW� VXVWDLQHG�
FHVVDWLRQ��6PRNHUV�ZHUH�FRPSDUHG�
WR�QHYHU�VPRNHUV� 
2I�WKH�����VPRNHUV�DW� WKH�WLPH�RI�

GLDJQRVLV�� ���� FRQWLQXHG� VPRNLQJ��
���� TXLW� DQG� ����ZHUH� LQWHUPLWWHQW��
2I� WKH� VPRNHUV�� ���� FRQYHUWHG� WR�
6306�� $FFHOHUDWHG� WLPH� WR�
SURJUHVVLRQ�ZDV�QRWHG�DV������SHU�
\HDU�VPRNLQJ�DIWHU�WKH�06�GLDJQRVLV�
�S�� �������� 7KH� PHGLDQ� DJH� RI�
FRQYHUVLRQ� WR� 6306� ZDV� ��� \HDUV�
LQ�WKRVH�ZKR�FRQWLQXHG�VPRNLQJ�DQG�

���\HDUV� LQ� WKRVH�ZKR�TXLW�VPRNLQJ�
DIWHU�WKHLU�GLDJQRVLV�S ������� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� UHODSVLQJ� PXOWLSOH�
VFOHURVLV� IRXQG� WKDW� FRQWLQXHG�
WREDFFR�DEXVH�DIWHU�WKH�GLDJQRVLV�RI�
PXOWLSOH�VFOHURVLV� LV�DVVRFLDWHG�ZLWK�
DFFHOHUDWHG� SURJUHVVLRQ� WR�
VHFRQGDU\�06�� 

  
5DPDQXMDP�� 5��� HW� DO�� (IIHFW� RI�
6PRNLQJ� &HVVDWLRQ� RQ� 0XOWLSOH�
6FOHURVLV� 3URJUHVVLRQ�� -$0$�
1HXURO�� ������2FWREHU� ���� ��������
����-����� 

  

,03/$17$7,21�2)�67(0�
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2VWHRDUWKULWLV� �2$�� UHVXOWV� IURP�

WKH� IDLOXUH�RI�FKRQGURF\WHV� WR� UHSDLU�
GDPDJHG� DUWLFXODU� FDUWLODJH� LQ�
V\QRYLDO� MRLQWV�� $V� PHVHQFK\PDO�
VWHP� FHOOV� �06&�� KDYH� EHHQ�
VXJJHVWHG�DV�D�SRWHQWLDO�WKHUDS\�IRU�
WKH� WUHDWPHQW� RI� 2$�� WKLV� VWXG\�
FRPSDUHG� WKH� RXWFRPHV� RI� SDWLHQWV�
WUHDWHG� ZLWK� DUWKURVFRSLF� 06&�
LQMHFWLRQ� WR� WKRVH� ZLWK� 06&�
LPSODQWDWLRQ� 
6XEMHFWV� ZHUH� SDWLHQWV� ZLWK� IXOO�

WKLFNQHVV� DUWLFXODU� FDUWLODJH� OHVLRQV�
ZLWK� V\PSWRPV� RI� NQHH� MRLQW� SDLQ�
DQG��RU�IXQFWLRQDO�OLPLWDWLRQV�GHVSLWH�
WKUHH� PRQWKV� RI� QRQVXUJLFDO�
WUHDWPHQW�� 2I� WKH� SDUWLFLSDQWV�� WKH�
ILUVW����ZHUH�WUHDWHG�ZLWK�DXWRORJRXV�
06&� LQMHFWLRQ�� DQG� WKH� QH[W� ���
XQGHUZHQWDXWRORJRXV� 06&�
LPSODQWDWLRQ� ZLWK� D� ILEULQ� JOXH�
VFDIIROG�� $PRQJ� WKHVH�� ��� SDWLHQWV�
LQ� WKH� LQMHFWLRQ�JURXS�DQG���� LQ� WKH�
LPSODQWDWLRQ�JURXS�DJUHHG�WR�IROORZ-
XS� DUWKURVFRSLF� HYDOXDWLRQ�� )RU� DOO�
SDWLHQWV�� VWHP� FHOOV�ZHUH� KDUYHVWHG�
IURP�DGLSRVH�WLVVXH��ZLWK�D�PHDQ�RI�
����� î� ���� VWHP� FHOOV� SUHSDUHG��
2XWFRPH� HYDOXDWLRQV� LQFOXGHG�
,QWHUQDWLRQDO� .QHH� 'RFXPHQWDWLRQ�
&RPPLWWHH� 6FRUHV� �,.'&�� DQG� WKH�
7HJQHU� DFWLYLW\� VFDOHV� WR� DVVHVV�
MRLQW�IXQFWLRQ�DQG�VSRUWV�DFWLYLW\� 
$W� WKH� WLPH� RI� VHFRQG� ORRN�

DUWKURVFRS\�� DW� D� PLQLPXP� RI� �����
PRQWKV�SRVWRSHUDWLYHO\��VLJQLILFDQWO\�
EHWWHU�LPSURYHPHQW�ZDV�QRWHG�LQ�WKH�
LPSODQWDWLRQ� JURXS� IRU� ERWK� WKH�
,.'&�DQG�WKH�7HJQHU�DFWLYLW\�VFRUHV�
�S�������IRU�DOO�FRPSDULVRQV���$W�WKH�
ILQDO� IROORZ-XS�� DW� ����� PRQWKV�
SRVWRSHUDWLYHO\�� IXUWKHU�
LPSURYHPHQW� ZDV� QRWHG� LQ� WKH�
LPSODQWHG� JURXS�� ZLWK� QR� VXFK�
LPSURYHPHQW� VHHQ� LQ� WKH� LQMHFWLRQ�
JURXS� 



 

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

 

 

&RQFOXVLRQ�� 7KLV� VWXG\� RI�
SDWLHQWV� ZLWK� RVWHRDUWKULWLV� RI� WKH�
NQHH� IRXQG� WKDW�PHVHQFK\PDO� VWHP�
FHOOV� FDQ� SURGXFH� VLJQLILFDQW�
LPSURYHPHQW�� HVSHFLDOO\� ZKHQ�
LPSODQWHG� GXULQJ� DUWKURVFRSLF�
VXUJHU\� 

  
.LP��<���HW�DO��&RPSDUDWLYH�0DWFKHG
-� $QDO\VLV� RI� WKH� ,QMHFWLRQ� YHUVXV�
,PSODQWDWLRQ� RI� 0HVHQFK\PDO� 6WHP�
&HOOV� IRU� .QHH�2VWHRDUWKULWLV��$P� -�
6SRUW�0HG��������6HSWHPEHU���� 
����������-����� 

  
(3,'85$/�,1-(&7,21�2)�
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&HUYLFDO� UDGLFXORSDWK\� LV� D�

FRPPRQ� FRPSODLQW� RI� PLGGOH� WR�
ROGHU� SDWLHQWV� DW� RUWKRSHGLF�
RXWSDWLHQW� FOLQLFV�� $V� UHVHDUFK� KDV�
VXJJHVWHG� WKDW� ELRFKHPLFDO�
VHQVLWL]HUV� PDNH� QHUYH� URRWV�
VXVFHSWLEOH� WR�PHFKDQLFDO� HIIHFWV�RI�
D� KHUQLDWHG� PDVV�� LQWHUOHXNLQ� RQH�
DQG� SURVWDJODQGLQV� DUH� FRPPRQO\�
VHHQ� DV� LQYROYHG� LQ� SURGXFLQJ�
UDGLFXORSDWK\�� $XWRORJRXV�
FRQGLWLRQHG� VHUXP� �$&6�� LV� GHULYHG�
E\�SURFHVVLQJ� WKH�SDWLHQW¶V� EORRG� WR�
SURGXFH� KLJK� FRQFHQWUDWLRQV� RI�
LQWHUOHXNLQ� ,� UHFHSWRU� DQWDJRQLVWV��
7KLV� VWXG\� HYDOXDWHG� WKH�HIILFDF\� RI�
$&6� LQ� SDWLHQWV� ZLWK� FHUYLFDO�
UDGLFXORSDWK\� ZKR� KDG� IDLOHG�
FRQVHUYDWLYH�WUHDWPHQWV� 
)RUW\� SDWLHQWV� ZLWK� QHFN� SDLQ�

UDGLDWLQJ� LQWR� RQH� XSSHU� OLPE� IRU� DW�
OHDVW�VL[�ZHHNV�ZHUH� UDQGRPL]HG� WR�
UHFHLYH� HLWKHU� $&6� RU�
PHWK\OSUHGQLVRORQH� �036��� 7KH�
VXEMHFWV� ZHUH� DVVHVVHG� ZLWK� D�
YLVXDO� DQDORJXH� VFDOH� �9$6�� IRU�
SDLQ�� WKH�1HFN�3DLQ�'LVDELOLW\�6FDOH�
�13'6�� DQG� WKH� 1HFN� 'LVDELOLW\�
,QGH[� �1',��� 0HDVXUHPHQWV� ZHUH�
PDGH�DW�EDVHOLQH��DQG�WKHQ�DW� WKUHH�
ZHHNV��WKUHH�PRQWKV�DQG�VL[�PRQWKV�
DIWHU�LQMHFWLRQ� 
7KH PHDQ� VL[-PRQWK�

LPSURYHPHQW� LQ� 9$6� VFRUHV� IRU�
SDWLHQWV� UHFHLYLQJ� $&6� ZDV� �������
ZKLOH� WKDW� IRU� WKRVH� UHFHLYLQJ� 036�
ZDV� ������� 2YHU� WKH� VDPH�
WLPHIUDPH�� WKH� PHDQ� 13'6� VFRUH�
GHFUHDVHG� LQ� WKH� $&6� JURXS� E\�
������� DQG� LQ� WKH� 036� JURXS� E\�
������� 7KH� PHDQ� 1',� VFRUHV�
GHFUHDVHG� E\� ������� LQ� WKH� $&6�
JURXS� DQG� E\� ������ LQ� WKH� 036�
JURXS� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� FHUYLFDO� UDGLFXORSDWK\�
IRXQG� WKDW� HSLGXUDO� LQMHFWLRQV� RI�
DXWRORJRXV� FRQGLWLRQ� VHUXP� DUH� DW�

OHDVW� DV� HIIHFWLYH� DV� VWHURLG�
LQMHFWLRQV� IRU� UHGXFWLRQ� RI� SDLQ� DQG�
GLVDELOLW\� 

  
*RQL�� -��� HW� DO�� (IILFDF\� RI� (SLGXUDO�
3HULQHXUDO� ,QMHFWLRQ� RI� $XWRORJRXV�
&RQGLWLRQ� 6HUXP� LQ� WKH� 8QLODWHUDO�
&HUYLFDO� 5DGLFXORSDWK\�� 6SLQH��
������$XJXVW����������(���-(���� 

  
35(9(17,21�2)�.1((�
267(2$57+5,7,6�,1��

29(5:(,*+7�)(0$/(6 
  
3UHYLRXV� VWXGLHV� KDYH� VXJJHVWHG�

WKDW�� DPRQJ� RYHUZHLJKW� LQGLYLGXDOV��
ZHLJKW� ORVV� FDQ� SUHYHQW� WKH�
RFFXUUHQFH� RI� NQHH� RVWHRDUWKULWLV�
�2$���2WKHU�VWXGLHV�KDYH�VXJJHVWHG�
WKH� XVH� RI� JOXFRVDPLQH� DV� D�
WUHDWPHQW� IRU� 2$�� 7KLV� VWXG\�
HYDOXDWHG� WKH� HIIHFWV� RI� RUDO�
JOXFRVDPLQH� VXOIDWH� DQG� D� WDLORUHG�
GLHW� DQG� H[HUFLVH� ZHLJKW� UHGXFWLRQ�
SURJUDP� RQ� WKH� LQFLGHQFH� RI� NQHH�
2$� LQ� D� KLJK-ULVN� JURXS� RI�
RYHUZHLJKW�ZRPHQ� 
6XEMHFWV� ZHUH� ZRPHQ�� ��� WR� ���

\HDUV� RI� DJH��ZLWK� QR� KLVWRU\�RI�2$�
DQG� ZLWK� D� ERG\� PDVV� LQGH[� RI� ���
NJ�� Pð� RU� JUHDWHU�� 7KH� SDUWLFLSDQWV�
ZHUH� UDQGRPL]HG� WR� D� WUHDWPHQW�
JURXS�� WR� UHFHLYH�D� WDLORUHG�GLHW�DQG�
H[HUFLVH� SURJUDP� �'(3��� ZLWK� RU�
ZLWKRXW�������PJ�JOXFRVDPLQH��RU�WR�
D�FRQWURO�JURXS�ZKR�ZHUH�QRW�RIIHUHG�
DQ� LQWHUYHQWLRQ�� 7KH� SUHGHILQHG��
SULPDU\� RXWFRPH� PHDVXUH� ZDV� WKH�
GLIIHUHQFH� EHWZHHQ� JURXSV� LQ� WKH�
LQFLGHQFH�RI�NQHH�2$�RU� MRLQW�VSDFH�
QDUURZLQJ�� 7KH� VXEMHFWV� ZHUH�
IROORZHG�IRU�D�PHDQ�RI�����\HDUV� 
$� WRWDO� RI� ���� ZRPHQ� ZHUH�

VWXGLHG�� ZLWK� D� PHDQ� DJH� RI� �����
\HDUV�DQG�D�PHDQ�ERG\�PDVV� LQGH[�
RI� ����� NJ�Pð�� 2I� WKHVH�� ����
VKRZHG� LQFLGHQW�NQHH�2$�� LQFOXGLQJ�
���� LQ� WKH� '(3� FRQWURO�SODFHER�
JURXS�� ���� LQ� WKH� '(3� FRQWURO��
JOXFRVDPLQH�JURXS�����LQ�WKH�'(3��
SODFHER�JURXS�DQG�����LQ�WKH�'(3��
JOXFRVDPLQH� JURXS�� 1R� VLJQLILFDQW�
GLIIHUHQFHV� ZHUH� VHHQ� EHWZHHQ� WKH�
JURXSV� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

RYHUZHLJKW� ZRPHQ� IDLOHG� WR�
GHPRQVWUDWH� D� SURWHFWLYH� HIIHFW� RI�
ZHLJKW�UHGXFWLRQ�RU�RUDO�JOXFRVDPLQH�
IRU� WKH� SUHYHQWLRQ� RI� NQHH�
RVWHRDUWKULWLV� 

  
5XQKDDU�� -��� HW� DO�� 3UHYHQWLRQ� RI�
.QHH� 2VWHRDUWKULWLV� LQ� 2YHUZHLJKW�
)HPDOHV�� 7KH� )LUVW� 3UHYHQWDWLYH��
5DQGRPL]HG�� &RQWUROOHG� 7ULDO� LQ�
2VWHRDUWKULWLV�� $P� -� 0HG�� ������
$XJXVW�������������-���� 
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&KURQLF� SDLQ� KDV� EHHQ� VKRZQ� WR�

VLJQLILFDQWO\� DIIHFW� D� SDWLHQW
V� DELOLW\�
WR� SHUIRUP� DFWLYLWLHV� RI� GDLO\� OLYLQJ��
LQFOXGLQJ� VH[XDO� IXQFWLRQ�� $V�
IHPRURDFHWDEXODU�LPSLQJHPHQW��)$,��
LV� D� FRPPRQ� FDXVH� RI� V\PSWRPV�
WKDW� PD\� OHDG� WR� FKURQLF� KLS� SDLQ��
WKLV� VWXG\� ZDV� GHVLJQHG� WR�
GHWHUPLQH� WKH� SUHVHQFH� DQG�
VLJQLILFDQFH� RI� VH[XDO� GLIILFXOWLHV� LQ�
SDWLHQWV�ZLWK�FKURQLF�KLS�SDLQ�GXH�WR�
V\PSWRPDWLF� )$,�� EHIRUH� DQG� DIWHU�
KLS�VXUJHU\� 
7KLV�UHWURVSHFWLYH�UHYLHZ�LQFOXGHG 
���� SDWLHQWV� ZKR� XQGHUZHQW� KLS�

DUWKURVFRSLF� VXUJHU\� IRU� )$,�
EHWZHHQ������DQG�������$OO�SDWLHQWV�
XQGHUZHQW� XQLODWHUDO� KLS�
DUWKURVFRSLF� VXUJHU\� ZLWK� ODEUDO�
UHSDLU� RU� GHEULGHPHQW� DQG� FDSVXODU�
UHSDLU�� $Q� DQRQ\PRXV�� ��-LWHP��
/LNHUW-VW\OH� TXHVWLRQQDLUH� DVVHVVHG�
SUHRSHUDWLYH� DQG� SRVWRSHUDWLYH�
VH[XDO� IXQFWLRQ�� $� FRPSDUDWLYH�
DQDO\VLV� ZDV� SHUIRUPHG� EHWZHHQ�
JHQGHU�DQG�DJH�JURXSV� 
$�WRWDO�RI�����SDWLHQWV�UHWXUQHG�WKH�

TXHVWLRQQDLUH�� UHVXOWLQJ� LQ� D�
UHVSRQVH� UDWH� RI� ����� 2I� WKHVH��
����VWURQJO\�DJUHHG�RU�DJUHHG� WKDW�
WKH\� H[SHULHQFHG� SUHRSHUDWLYH�
VH[XDO� GLIILFXOWLHV�� 7KH� PRVW�
FRPPRQO\� UHSRUWHG� FRQWULEXWRUV� WR�
DOWHUHG�VH[XDO�IXQFWLRQ�ZHUH�KLS�SDLQ�
LQ��������VWLIIQHVV�LQ�������DQG�ORVV�
RI� LQWHUHVW� LQ� �������5HVXPSWLRQ� RI�
VH[XDO�DFWLYLW\�RFFXUUHG�DW�D�PHDQ�RI�
�����GD\V�SRVW-VXUJHU\��ZKLOH�VH[XDO�
DFWLYLW\�ZLWK�PLQLPXP�SDLQ�RFFXUUHG�
DW� D� PHDQ� RI� ����� GD\V�� )HPDOH�
SDWLHQWV� UHVXPHG� VH[XDO� DFWLYLW\�
ODWHU� WKDQ� GLG� PDOHV��
3RVWRSHUDWLYHO\��RQO\�������VWURQJO\�
DJUHHG� RU� DJUHHG� WKDW� WKH\�
H[SHULHQFHG� FXUUHQW� VH[XDO�
GLIILFXOWLHV�� 7KH� IUHTXHQF\� RI� VH[XDO�
DFWLYLW\� � � LQFUHDVHG� � � LQ� � � ���� � � RI���
WKH� SDWLHQWV� DQG� ZDV� XQFKDQJHG� LQ�
������ 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV�XQGHUJRLQJ�KLS�DUWKURVFRSLF�
VXUJHU\ IRU� V\PSWRPDWLF�
IHPRURDFHWDEXODU� LPSLQJHPHQW�
IRXQG� WKDW� KLS� DUWKURVFRSLF� VXUJHU\�
PD\� LPSURYH� VH[XDO� IXQFWLRQ�
SRVWRSHUDWLYHO\� 

  
/HH�� 6��� HW� DO�� (YDOXDWLRQ� RI� 6H[XDO�
)XQFWLRQ� %HIRUH� DQG� $IWHU� +LS�
$UWKURVFRSLF 6XUJHU\ IRU�
6\PSWRPDWLF� )HPRURDFHWDEXODU�



 

 

0XVFXORVNHOHWDO� LQ� 5HYLHZ� LV�

SURGXFHG� E\� SK\VLFLDQV�

VSHFLDOL]LQJ� LQ� PXVFXORVNHOHWDO�

PHGLFLQH��ZLWK�WKH�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� DUH�

QRW�LQWHQGHG�IRU�XVH�DV�WKH�VROH�

EDVLV� IRU� FOLQLFDO� WUHDWPHQW�� QRU�

DV�D�VXEVWLWXWH�IRU�WKH�UHDGLQJ�RI�

WKH� RULJLQDO� UHVHDUFK�� � 3ULYDWH�

VXEVFULSWLRQV� DUH� DYDLODEOH� E\�

HPDLO�DW�UHKDELQUHYLHZ#DRO�FRP�

RU�E\� ID[�RU�SKRQH�DW� ���������-

������ 
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3URGXFHG�E\�WKH�'HSDUWPHQW�RI� 
5HKDELOLWDWLRQ�0HGLFLQH��(PRU\�
8QLYHUVLW\�6FKRRO�RI�0HGLFLQH 

�ǆƉĂŶĚŝŶŐ�ƚŚĞ�ĨƌŽŶƚŝĞƌ�ŽĨ�ŵĞĚŝĐŝŶĞ�ŝŶ�ƌĞƐĞĂƌĐŚ͕�ƚĞĂĐŚŝŶŐ͕�ĂŶĚ�ƉĂƚŝĞŶƚ�ĐĂƌĞ 

,PSLQJHPHQW�� $P� -� 6SRUWV� 0HG��
������$XJXVW�������������-����� 
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3DLQ�LV�D� IXQGDPHQWDO�V\PSWRP�RI�

3DUNLQVRQ
V� GLVHDVH� �3'�� WKDW� LV�
RIWHQ� XQUHFRJQL]HG� DQG�
XQGHUWUHDWHG�� 7KLV� VWXG\� ZDV�
GHVLJQHG� WR�HYDOXDWH� WKH�VDIHW\�DQG�
HIILFDF\� RI� XVLQJ� RSLRLGV� LQ� SDWLHQWV�
ZLWK�3'� 
7KLV� HLJKW� ZHHN�� VLQJOH� FHQWHU��

SURVSHFWLYH�� REVHUYDWLRQDO� WULDO�
LQFOXGHG� ��� SDWLHQWV� ZLWK� 3'� DQG�
FKURQLF� SDLQ� V\QGURPHV�� 7KH�
SDUWLFLSDQWV� ZHUH� SUHVFULEHG�
R[\FRGRQH� K\GURFKORULGH�� FRPELQHG�
ZLWK� QDOR[RQH� K\GURFKORULGH�
GHK\GUDWH� �2;1� 35� ��������
EHJLQQLQJ�DW�RQFH�D�GD\�DQG�WLWUDWHG�
WR� WZLFH� SHU� GD\� DIWHU� RQH� ZHHN��
3DLQ� LQWHQVLW\� ZDV� DVVHVVHG� E\� WKH�
��-� SRLQW� 1XPHULF� 5DWLQJ� 6FDOH�
�156�� DQG� WKH� %ULHI� 3DLQ� ,QYHQWRU\�
�%3,��� PRWRU� VWDWXV� E\� WKH� 8QLILHG�
3DUNLQVRQ
V� 'LVHDVH� 5DWLQJ� 6FDOH�
6HFWLRQ-,,,��83'56-,,,��DQG�FRJQLWLYH�
VWDWXV� E\� WKH� 0LQL� 0HQWDO� 6WDWH�

([DPLQDWLRQ� �006(��� ,Q� DGGLWLRQ��
WKH�SDWLHQWV�ZHUH�DVVHVVHG�ZLWK�WKH�
*OREDO� ,PSUHVVLRQ� RI� &KDQJH� �&*,-�
&��� $OO� ZHUH� IROORZHG� ZLWK� ZHHNO\�
H[DPLQDWLRQV�IRU�HLJKW�ZHHNV� 
$�VLJQLILFDQW�UHGXFWLRQ�ZDV�VHHQ�LQ�

WKH� 156� VFRUHV� GXULQJ� WKH� HQWLUH�
REVHUYDWLRQ� �$129$� S�������� $�
���� RU� JUHDWHU� UHGXFWLRQ� LQ� WKH�
PHDQ� 156� VFRUHV� ZDV� QRWHG� IURP�
EDVHOLQH� WR� HLJKW� ZHHNV� LQ� ���� RI�
WKH�SDWLHQWV��7KH�UDWLQJV�ZHUH�PXFK�
LPSURYHG�IRU��������RI�WKH�SDWLHQWV��
%RZHO�IXQFWLRQ�ZDV�QRW�ZRUVHQHG�E\�
WKH� DQDOJHVLF� WUHDWPHQW�� DV�
GHPRQVWUDWHG� E\� FKDQJHV� LQ� %),�
VFRUHV� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� 3DUNLQVRQ
V� GLVHDVH�
IRXQG� WKDW� D� FRPELQDWLRQ� RI�
R[\FRGRQH� ;5� DQG� QDOR[RQH� PD\�
EH�D�VDIH�DQG�HIIHFWLYH�WUHDWPHQW�IRU�
FKURQLF�SDLQ� 

  
0DGHR��*���HW�DO��(IILFDF\�DQG�6DIHW\�
3URILOH� RI� 3URORQJHG� 5HOHDVH�
2[\FRGRQH� LQ� &RPELQDWLRQ� ZLWK�
1DOR[RQH� �2;1� 35�� LQ� 3DUNLQVRQ
V�
'LVHDVH�3DWLHQWV�ZLWK�&KURQLF�3DLQ��
-� 1HXU�� ������ 6HSWHPEHU�� ��������
����-����� 


