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3XEOLVKHG�E\�3K\VLFLDQV�6SHFLDOL]LQJ�,Q 
0XVFXORVNHOHWDO�0HGLFLQH� 

%,20$5.(56�$1'�&21&866,21�
6(9(5,7< 

  
3UHYLRXV VWXGLHV KDYH�

GHPRQVWUDWHG�WKDW�HOHYDWHG� OHYHOV�RI�
FHUHEUDO� VSLQDO� IOXLG� ELRPDUNHUV� RI�
D[RQDO� LQMXU\� FDQ� EH� GHWHFWHG� DIWHU�
LQMXULHV� WR� WKH� EUDLQ�� ZLWK� VRPH�
GHPRQVWUDWLQJ� LQFUHDVHG� TXDQWLWLHV�
ZLWK� LQFUHDVLQJ� VHYHULW\� RI� LQMXU\��
7KLV� VWXG\� ZDV� GHVLJQHG� WR�
GHWHUPLQH� ZKHWKHU� VSRUWV� UHODWHG�
FRQFXVVLRQ� LV� FRUUHODWHG� ZLWK�
HOHYDWHG� ELRPDUNHUV� ZKHQ� WHVWHG�
ZLWK�SHULSKHUDO�EORRG�VDPSOLQJ� 
6XEMHFWV�ZHUH�����SOD\HUV�IURP����

6ZHGLVK� KRFNH\� WHDPV� ZKR�
XQGHUZHQW� FOLQLFDO� H[DPLQDWLRQ� DQG�
FRQFXVVLRQ�VFUHHQLQJ�EHIRUH�VHDVRQ�
RQVHW�� 2I� WKHVH�� ��� KDG� ELRPDUNHUV�
GUDZQ�EHIRUH�WKH�VWDUW�RI�WKH�VHDVRQ��
'XULQJ� WKH� VHDVRQ�� DPRQJ� SOD\HUV�
ZKR� VXVWDLQHG� FRQFXVVLRQ� RU� RWKHU�
KHDG� LQMXU\�� EORRG� VDPSOHV� ZHUH�
GUDZQ� DW� RQH�� ���� ���� ��� DQG� ����
KRXUV� SRVW-LQMXU\�� )URP� WKHVH�
VDPSOHV��OHYHOV�RI�7-WDX��6-���%�DQG�
16(�ZHUH�GHWHUPLQHG� 
2I�WKH�����SOD\HUV�����VXVWDLQHG�D�

VSRUWV�UHODWHG�FRQFXVVLRQ�GXULQJ� WKH�
VWXG\�� 2I� WKRVH�� ��� DJUHHG� WR�
SDUWLFLSDWH��$PRQJ�WKHVH�����SOD\HUV�
KDG� V\PSWRPV� ODVWLQJ� ORQJHU� WKDQ�
VL[�GD\V� 7KH 7-WDX OHYHOV�
ZHUH� VLJQLILFDQWO\� KLJKHU� LQ� SRVW-
FRQFXVVLRQ� VDPSOHV� FRPSDUHG� ZLWK�
SUHVHDVRQ� VDPSOHV� DW� DOO� WLPHV�
WHVWHG� �S �������� /HYHOV� RI� ERWK� 7-
WDX� �S��������DQG�6-���%��S��������
ZHUH� KLJKHU� LPPHGLDWHO\� DIWHU�
FRQFXVVLRQ�� DV� FRPSDUHG�ZLWK� SUH-
VHDVRQ� VDPSOHV�� +RZHYHU�� WKH�
OHYHOV�RI�6-���%� DQG� �16(��EXW�QRW�
7-WDX�� LQFUHDVHG� DIWHU� D� IULHQGO\�
JDPH� ZLWKRXW� FRQFXVVLRQ� FRPSDUHG�
ZLWK�EDVHOLQH��7KH�FRQFHQWUDWLRQ�RI�7
-WDX�RQH�KRXU�DIWHU�FRQFXVVLRQ��ZDV�
VLJQLILFDQWO\�UHODWHG�WR�WKH�QXPEHU�RI�
GD\V� IRU� FRQFXVVLRQ� V\PSWRPV� WR�
UHVROYH��S ������� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SURIHVVLRQDO� LFH� KRFNH\� SOD\HUV�
IRXQG� WKDW�� DIWHU� FRQFXVVLRQ�� WKH�
FRQFHQWUDWLRQ�RI�WKH�ELRPDUNHU�7-WDX�
LV� HOHYDWHG�� DQG� PD\� EH� XVHIXO� LQ�
GHWHUPLQLQJ� WKH� VHYHULW\� RI� WKH�
FRQFXVVLRQ� 

  
6KDKLP��3��� HW� DO��%ORRG�%LRPDUNHUV�
IRU� %UDLQ� ,QMXU\� LQ� &RQFXVVHG�
3URIHVVLRQDO� ,FH� +RFNH\� 3OD\HUV��
-$0$� 1HXURO�� ������ -XQH�� ��
�������-���� 

  
%5$&,1*�)25�5(&855(17�

$1./(�635$,16 
  

$V� DQNOH� VSUDLQV� UHPDLQ� WKH�PRVW�
FRPPRQ� VSRUWV� DQG� RWKHU� DFWLYLW\�
UHODWHG� LQMXU\�� SUHYHQWLRQ� RI�
UHFXUUHQFH� LV� RI� VLJQLILFDQW� LPSRUW��
7KLV� VWXG\� ZDV� GHVLJQHG� WR�
GHWHUPLQH� WKH� FRVW-HIIHFWLYHQHVV� RI�
EUDFLQJ�� DV� FRPSDUHG� ZLWK�
QHXURPXVFXODU� WUDLQLQJ�� IRU� WKH�
SUHYHQWLRQ� RI� UHFXUUHQW� DQNOH�
VSUDLQV� 
7KLV� SURVSHFWLYH�� UDQGRPL]HG��

FRQWUROOHG� WULDO� LQFOXGHG�����DWKOHWHV�
ZLWK�UHFHQW�ODWHUDO�DQNOH�VSUDLQV��7KH�
DWKOHWHV�ZHUH� UDQGRPL]HG� LQWR� WKUHH�
JURXSV��*URXS���XQGHUZHQW�D�KRPH-�
EDVHG� QHXURPXVFXODU� WUDLQLQJ�
SURJUDP� LQYROYLQJ �WKUHH��
XQVXSHUYLVHG� WUDLQLQJ� VHVVLRQV� SHU�
ZHHN� DW� ��� PLQXWHV� SHU� VHVVLRQ��
7KRVH� LQ� WKH�EUDFLQJ�JURXS�UHFHLYHG�
D�VHPL-ULJLG�DQNOH�EUDFH�� WR�EH�ZRUQ�
GXULQJ� DOO� VSRUWV� HYHQWV� IRU� ���
PRQWKV�� 7KRVH� LQ� WKH� FRPELQDWLRQ�
JURXS�UHFHLYHG�ERWK�WUDLQLQJ�DQG�WKH�
EUDFH��)RU� WKH�FRVW�DQDO\VLV��FRVW�RI�
PDWHULDOV�� SDWLHQW� WLPH� DQG� KHDOWK�
FDUH�XWLOL]DWLRQ�ZHUH�UHFRUGHG�DW�RQH-�
\HDU�IROORZ-XS� 

'XULQJ� IROORZ-XS�� ��� DWKOHWHV�
UHSRUWHG� D� UHFXUUHQW� DQNOH� VSUDLQ��
LQFOXGLQJ� ���� LQ� WKH� FRPELQDWLRQ�
JURXS�� ���� LQ� WKH� EUDFH� JURXS� DQG�
���� LQ� WKH� QHXURPXVFXODU� WUDLQLQJ�
JURXS��%\� UHYLHZLQJ� WKH� WRWDO�FRVW�RI�
WKH� LQMXULHV� �LQFOXGLQJ� SDWLHQW� WLPH���

WKH� LQFUHPHQWDO� FRVW-HIIHFWLYHQHVV�
UDWLR�ZDV�GHWHUPLQHG��%UDFLQJ�DORQH�
UHVXOWHG� LQ� D� VLJQLILFDQW� GHFUHDVH� LQ�
FRVWV��KD]DUG�UDWLR �������DV�ZHOO�DV�
UHGXFHG� DQNOH� VSUDLQ� LQFLGHQFH��
1HXURPXVFXODU� WUDLQLQJ� UHVXOWHG� LQ�D�
ORZHU� FRVW� FRPSDUHG� WR� WKH�
FRPELQDWLRQ� JURXS� EXW� ZDV�
DVVRFLDWHG�ZLWK�DQ� LQFUHDVHG� ULVN�RI�
UHSHDW� DQNOH� VSUDLQ� �KD]DUG�
UDWLR ������ DV� FRPSDUHG� ZLWK� WKH�
FRPELQDWLRQ�JURXS� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

DWKOHWHV� ZLWK� DFXWH� DQNOH� VSUDLQV�
IRXQG� WKDW� EUDFLQJ� LV� WKH� PRVW� FRVW�
HIIHFWLYH� LQWHUYHQWLRQ� IRU� SUHYHQWLQJ�
UHFXUUHQW� DQNOH� VSUDLQV�� DV�
FRPSDUHG� ZLWK� QHXURPXVFXODU�
WUDLQLQJ�DQG�FRPELQDWLRQ�WKHUDS\� 

  
-DQVVHQ�� .��� HW� DO�� 7KH� &RVW�
(IIHFWLYHQHVV� RI� 0HDVXUHV� WR�
3UHYHQW� 5HFXUUHQW� $QNOH� 6SUDLQV��
5HVXOWV� RI� D� 7KUHH-$UP��
5DQGRPL]HG��&RQWUROOHG�7ULDO��$P� -�
6SRUWV� 0HG�� ������ -XO\�� �������
����-����� 

  
&20%,1('�%5$,1�$1'�

3(5,3+(5$/�67,08/$7,21� 
)25�%$&.�3$,1 

  
7KH�OLIHWLPH�SUHYDOHQFH�RI�ORZ�EDFN�

SDLQ� �/%3�� LV� WKRXJKW� WR� EH� DV� KLJK�
DV� ���� LQ� DGXOWV� DQG� ���� LQ�
DGROHVFHQWV�� $V� WUDQVFUDQLDO� GLUHFW�
FXUUHQW� VWLPXODWLRQ� �W'&6�� DQG�
SHULSKHUDO� HOHFWULFDO� VWLPXODWLRQ�
�3(6�� FDQ� HDFK� GHVHQVLWL]H� WKH�
QHUYRXV� V\VWHP� DQG� UHJXODWH� EUDLQ�
RUJDQL]DWLRQ�� WKLV� VWXG\� LQYHVWLJDWHG�
WKH� HIIHFWV� RI� FRPELQLQJ� W'&6� DQG�
3(6� LQ� SDWLHQWV� ZLWK� UHFXUUHQW�
HSLVRGHV�RI�/%3� 
6L[WHHQ� SDWLHQWV� ZLWK� UHFXUUHQW��

QRQVSHFLILF� /%3� ZHUH� UHFUXLWHG� IRU�
SDUWLFLSDWLRQ�� 7KH� SDUWLFLSDQWV� ZHUH�
UDQGRPL]HG� WR� UHFHLYH� DQRGDO� W'&6�
FRPELQHG� ZLWK� 3(6� �DSSOLHG� WR� WKH�
DUHD� RI� ZRUVW� SDLQ��� DQRGDO� W'&6�
FRPELQHG� ZLWK� VKDP� 3(6�� VKDP�

9ROXPH����1XPEHU�� -XO\�������� 
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(3,'85$/�67(52,'�,1-(&7,216�

)25�63,1$/�67(126,6 
  
$Q� HVWLPDWHG� ���� RI� HSLGXUDO�

JOXFRFRUWLFRLG� LQMHFWLRQV� DGPLQLVWHUHG�
LQ� WKH� 0HGLFDUH� SRSXODWLRQ� DUH�
SURYLGHG�IRU�VSLQDO�VWHQRVLV��7KLV�VWXG\�
FRPSDUHG�WKH�HIIHFWLYHQHVV�RI�HSLGXUDO�
LQMHFWLRQV� RI� JOXFRFRUWLFRLGV� SOXV�
DQHVWKHWLF�ZLWK�LQMHFWLRQV�RI�DQHVWKHWLF�
DORQH� IRU� SDWLHQWV� ZLWK� OXPEDU� VSLQDO�
VWHQRVLV� 
7KH� VXEMHFWV�ZHUH� ��� \HDUV�RI� � DJH�

RU�ROGHU��DOO�ZLWK�UDGLRJUDSKLF�HYLGHQFH�
RI� FHQWUDO� OXPEDU� VSLQDO� VWHQRVLV�� 7KH�
SDWLHQWV� ZHUH� UDQGRPL]HG� WR� UHFHLYH�
HLWKHU� D� JOXFRFRUWLFRLG� LQMHFWLRQ� SOXV�
������ WR� ��� OLGRFDLQH�� RU� DQ�
HTXLYDOHQW� YROXPH� RI� ������ WR� ��� RI�
OLGRFDLQH� DORQH�� 7KH� SULPDU\� RXWFRPH�
PHDVXUHV� ZHUH� WKH� 5ROODQG-0RUULV�
'LVDELOLW\�4XHVWLRQQDLUH��50'4��VFRUH�
DQG� WKH�SDWLHQW
V� UDWLQJ�RI�EXWWRFN��KLS�
RU� OHJ� SDLQ�� PHDVXUHG� DW� VL[� ZHHNV��
6HFRQGDU\� RXWFRPHV� LQFOXGHG� WKH�
SURSRUWLRQ� RI� SDUWLFLSDQWV� ZLWK� DW� OHDVW�
PLQLPDOO\� FOLQLFDOO\�PHDQLQJIXO� �!�����
RU� VXEVWDQWLDOO\� FOLQLFDOO\� PHDQLQJIXO�
�!�����LPSURYHPHQW� 
$�WRWDO�RI�����SDWLHQWV�ZHUH�DOORFDWHG�

WR� HDFK� JURXS�� $W� WKUHH� ZHHNV��
VLJQLILFDQW� EHWZHHQ� JURXS� GLIIHUHQFHV�
ZHUH�VHHQ� LQ�50'4�VFRUHV� �S��������
DQG� LQWHQVLW\� RI� OHJ� SDLQ� �S �������
+RZHYHU�� DW� VL[� ZHHNV�� ERWK� JURXSV�
KDG�LPSURYHG�LQ�WKH�50'4�VFRUHV�DQG�
OHJ� SDLQ�� DV� FRPSDUHG� ZLWK� EDVHOLQH��
ZLWK� QR� VLJQLILFDQW� GLIIHUHQFH� EHWZHHQ�
WKH� JURXSV� �S������� DQG� S ������
UHVSHFWLYHO\��� $PRQJ� WKRVH� ZKR�
UHFHLYHG� LQWHUODPLQDU� LQMHFWLRQV�� WKRVH�
LQ� WKH� FRPELQDWLRQ� JURXS� UHSRUWHG�
EHWWHU� SK\VLFDO� IXQFWLRQ� RQ� WKH�50'4�
�S��������DQG�JUHDWHU��LPSURYHPHQW�LQ�
OHIW� OHJ�SDLQ��S �������DW� WKUHH�ZHHNV��
1R� VLJQLILFDQW� GLIIHUHQFH� ZDV� IRXQG�
EHWZHHQ� WKH� JURXSV� DW� VL[� ZHHNV�� 1R�
VLJQLILFDQW�GLIIHUHQFH�RFFXUUHG�EHWZHHQ�
JURXSV� LQ� FOLQLFDOO\� PHDQLQJIXO�
LPSURYHPHQW� 
&RQFOXVLRQ��7KLV�VWXG\�RI�SDWLHQWV�

ZLWK� VSLQDO� VWHQRVLV� IRXQG� QR�
VLJQLILFDQW� GLIIHUHQFH� LQ� RXWFRPHV� DW�
VL[� ZHHNV� EHWZHHQ� WKRVH� WUHDWHG�ZLWK�
HSLGXUDO� LQMHFWLRQV� RI� OLGRFDLQH� DORQH�
DQG� WKRVH� LQMHFWHG� ZLWK� OLGRFDLQH� SOXV�
JOXFRFRUWLFRLG� 

  
)ULHGO\�� -��� $� 5DQGRPL]HG� 7ULDO� RI�
(SLGXUDO� *OXFRFRUWLFRLG� ,QMHFWLRQV� IRU�
6SLQDO�6WHQRVLV��1� (QJ� -� 0HG�� ������
-XO\��������������-��� 

  

 
(;(5&,6(�$1'�6(9(5(�

267(2$57+5,7,6 
  
3UHYLRXV �VWXGLHV KDYH�

GHPRQVWUDWHG� WKDW� H[HUFLVH� FDQ�
LPSURYH� IXQFWLRQ� DQG� UHOLHYH� SDLQ� IRU�
SDWLHQWV� ZLWK� PLOG� WR� PRGHUDWH�
RVWHRDUWKULWLV� �2$��� 7KLV� UDQGRPL]HG��
FRQWUROOHG�� VLQJOH-EOLQG� WULDO� HYDOXDWHG�
WKH�HIILFDF\�RI�DQ�H[HUFLVH�SURJUDP�IRU�
SDWLHQWV�ZLWK�VHYHUH�NQHH�RU�KLS�2$� 
6XEMHFWV� ZHUH� ���� SDWLHQWV�

VFKHGXOHG� IRU� SULPDU\� NQHH� RU� KLS�
UHSODFHPHQW�� 7KRVH� SDWLHQWV� ZHUH�
UDQGRPL]HG� LQWR�RQH�RI� WZR�JURXSV��$�
FRQWURO� JURXS� UHFHLYHG� DQ� HGXFDWLRQ�
SDFNDJH� RQO\�� $Q� LQWHUYHQWLRQ� JURXS�
UHFHLYHG�WKH�VDPH�HGXFDWLRQ�SDFNDJH��
DQG� DOVR� SDUWLFLSDWHG� LQ� DQ�
LQGLYLGXDOL]HG� HLJKW-ZHHN��
QHXURPXVFXODU� H[HUFLVH� LQWHUYHQWLRQ�
���� VHVVLRQV��� DGGUHVVLQJ� IXQFWLRQDO�
LQVWDELOLW\� DQG� LPSDLUHG� PXVFOH�
IXQFWLRQ�� 7KH� SULPDU\� RXWFRPH�
PHDVXUHV� ZHUH� $FWLYLWLHV� RI� 'DLO\�
/LYLQJ� �$'/��� VXEVFRUHV� RI� WKH� +LS�
'LVDELOLW\� DQG� 2VWHRDUWKULWLV� 2XWFRPH�
6FRUH� �+226��� DQG� WKH� .QHH� ,QMXU\�
DQG� 2VWHRDUWKULWLV� 2XWFRPH� 6FRUH�
�.226��� 7KH� RWKHU� +226�.226�
VXEVFDOHV� VHUYHG� DV� VHFRQGDU\�
VXEVFDOHV VHUYHG DV�
VHFRQGDU\�RXWFRPH�YDULDEOHV� 
7KH�����VXEMHFWV�ZHUH�DQ�DYHUDJH�RI�

��� \HDUV� RI� DJH�� )RU� WKH� SULPDU\�
RXWFRPH�� WKH� GLIIHUHQFH� LQ� PHDQ�
FKDQJH� EHWZHHQ� JURXSV� ZDV� JURXS�
�S ��������� )RU� WKH� VHFRQGDU\�
RXWFRPHV� RI� SDLQ�� V\PSWRPV�� VSRUW�
DQG� UHFUHDWLRQ� IXQFWLRQ� DQG� MRLQW�
UHODWHG� TXDOLW\-RI-OLIH� DOO� ZHUH�
VLJQLILFDQWO\� EHWWHU� LQ� WKH� WUHDWPHQW�
JURXS� WKDQ� LQ� WKH� FRQWURO� JURXS�
�S �������� S �������� S ������� DQG�
S �������� UHVSHFWLYHO\��� 7KRVH� ZLWK�
KLS� 2$� UHSRUWHG� JUHDWHU� LPSURYHPHQW�
LQ� SDLQ� DQG� SK\VLFDO� IXQFWLRQ� WKDQ�
WKRVH�ZLWK�NQHH�2$� 
&RQFOXVLRQ��7KLV�VWXG\�RI�SDWLHQWV�

VFKHGXOHG�IRU�NQHH�RU�KLS�VXUJHU\�GXH�
WR� RVWHRDUWKULWLV� IRXQG� WKDW� D�
QHXURPXVFXODU� H[HUFLVH� LQWHUYHQWLRQ�
EHIRUH� VXUJHU\� FRXOG� SURGXFH�
VLJQLILFDQW� LPSURYHPHQWV� LQ� VHOI-
UHSRUWHG� SK\VLFDO� IXQFWLRQ� DQG�
IXQFWLRQDO�RXWFRPHV� 

  
9LOODGVHQ��$���HW�DO��,PPHGLDWH�(IILFDF\�
RI�1HXURPXVFXODU�([HUFLVH� LQ�3DWLHQWV�
ZLWK� 6HYHUH� 2VWHRDUWKULWLV� RI� 7KH� +LS�
RU�.QHH��$�6HFRQGDU\�$QDO\VLV�IURP�D�
5DQGRPL]HG�� &RQWUROOHG� 7ULDO�� -�
5KHXP��������-XO\�������������-����� 

W'&6� FRPELQHG� ZLWK� 3(6�� RU� VKDP�
W'&6�FRPELQHG�ZLWK�VKDP�3(6��7KH�
VXEMHFWV� ZHUH� DVVHVVHG� IRU� SDLQ�
LPPHGLDWHO\� DIWHU� LQWHUYHQWLRQ�� XVLQJ�
DQ� ��-SRLQW� QXPHULF� UDWLQJ� VFDOH�
�156��� PRWRU� FRUWLFDO� RUJDQL]DWLRQ�
�PHDVXUHG�ZLWK�WUDQVFUDQLDO�PDJQHWLF�
VWLPXODWLRQ��� VHQVLWL]DWLRQ� �XVLQJ�
SUHVVXUH� SDLQ� WKUHVKROGV��� SDLQ� IUHH�
UDQJH� RI� PRWLRQ� �PHDVXUHG� ZLWK� WKH�
6KREHU� WHVW�� DQG� KLJKHU� VHQVRU\�
IXQFWLRQV� �PHDVXUHG� ZLWK� WZR-SRLQW�
GLVFULPLQDWLRQ�� 
3DLQ� VHYHULW\� ZDV� VLJQLILFDQWO\�

UHGXFHG� IROORZLQJ� HDFK� RI� WKH� WKUHH�
DFWLYH� LQWHUYHQWLRQV�� DQG� PDLQWDLQHG�
DW� GD\� WKUHH�� 1R� SDLQ� UHGXFWLRQ�
UHVXOWHG� IURP� WKH� VKDP� LQWHUYHQWLRQ��
7KH�FRPELQHG�LQWHUYHQWLRQ�UHVXOWHG�LQ�
LPSURYHPHQW� RQ� WKH� VHQVLWL]DWLRQ�
WHVWV�� QRUPDOL]HG� PRWRU� FRUWLFDO�
RUJDQL]DWLRQ� DQG� LPSURYHG� VHQVRU\�
IXQFWLRQ� 
&RQFOXVLRQ�� 7KLV�VWXG\�VXJJHVWV�

WKDW�D�FRPELQDWLRQ�RI� W'&6�DQG�3(6�
FDQ� SURYLGH� FOLQLFDO� EHQHILWV� JUHDWHU�
WKDQ� WKRVH� REWDLQHG� ZLWK� HDFK�
LQWHUYHQWLRQ�DSSOLHG�DORQH� 

  
6FKDEUXQ�� 6��� HW� DO�� 7DUJHWLQJ�
&KURQLF�� 5HFXUUHQW� /RZ� %DFN� 3DLQ�
IURP�WKH�7RS-'RZQ�DQG�%RWWRP-8S��$�
&RPELQHG�� 7UDQVFUDQLDO� 'LUHFW�
&XUUHQW� 6WLPXODWLRQ� DQG� 3HULSKHUDO�
(OHFWULFDO� 6WLPXODWLRQ� ,QWHUYHQWLRQ��
%UDLQ�6WLP��������0D\--XQH������� 
���-���� 

 
 



 

3DJH���     -XO\��������     9ROXPH����1XPEHU��  

 +,3�)5$&785(�685*(5<� 
$1'�&/23,'2*5(/ 

  
&ORSLGRJUHO� LV� DQ� DGHQRVLQH�

GLSKRVSKDWH� UHFHSWRU�3�<��� LQKLELWRU�
XVHG� WR� GLVUXSW� SODWHOHW� IXQFWLRQ��
+LVWRULFDOO\�� LW� KDV� EHHQ� DVVXPHG� WKDW�
DQWLSODWHOHW� WKHUDS\� JUHDWO\� LQFUHDVHV�
WKH� ULVN� RI� SHULRSHUDWLYH� EOHHGLQJ��
DOWKRXJK� OLWWOH� HYLGHQFH� VXSSRUWV� WKLV�
FRQFOXVLRQ�� 7KLV� VWXG\� FRPSDUHG�
SDWLHQWV� XQGHUJRLQJ� KHPLDUWKURSODVW\�
ZKLOH� RQ� FORSLGRJUHO� WKHUDS\� WR� WKH�
JHQHUDO� SRSXODWLRQ�RI� LQWUDFDSVXODU� KLS�
IUDFWXUH�SDWLHQWV� 
$OO� SDWLHQWV� ZLWK� IHPRUDO� QHFN�

IUDFWXUHV� EHWZHHQ� ����� DQG� ������
WUHDWHG� DW� RQH� LQVWLWXWLRQ�� ZHUH�
LGHQWLILHG�� &KDUWV� ZHUH� UHYLHZHG� IRU�
SUHRSHUDWLYH� GHPRJUDSKLFV�� LQFOXGLQJ�
DJH�� JHQGHU�� WLPH� WR� VXUJHU\�� XVH� RI�
FORSLGRJUHO�� XVH� RI� DVSLULQ�� XVH� RI�
ZDUIDULQ� RU� RWKHU� DQWL-FRDJXODWLRQ�
DJHQWV�� FRPRUELGLWLHV�� $PHULFDQ�
6RFLHW\� RI� $QHVWKHVLD� VFRUH� DQG�
SUHRSHUDWLYH� KHPRJORELQ� DQG�
SRVWRSHUDWLYH� KHPRJORELQ�� 0DMRU�
FRPSOLFDWLRQV� ZHUH� GHILQHG� DV�
KHPDWRPD� IRUPDWLRQ�� SXOPRQDU\�
HPEROLVP�� P\RFDUGLDO� LQIDUFWLRQ��
FHUHEURYDVFXODU� DFFLGHQW�� WUDQVLHQW�
LVFKHPLF� DWWDFN�� EORRG� WUDQVIXVLRQ�
UHDFWLRQ�� UHWXUQ� WR� WKH� RSHUDWLQJ� URRP��
LQIHFWLRQ��DFXWH�UHQDO�IDLOXUH��UHVSLUDWRU\�
IDLOXUH��JDVWURLQWHVWLQDO�EOHHG�RU�GHDWK� 
2I� WKH� ���� SDWLHQWV� PHHWLQJ� WKH�

LQFOXVLRQ�H[FOXVLRQ� FULWHULD�� ��� ZHUH�
UHFHLYLQJ� FORSLGRJUHO� DW� WKH� WLPH� RI�
LQMXU\�� 1R� VLJQLILFDQW� GLIIHUHQFHV� ZHUH�
VHHQ�EHWZHHQ� WKRVH� WDNLQJ�FORSLGRJUHO�
DQG� WKRVH�ZKR�ZHUH�QRW�DW� WKH� WLPH�RI�
VXUJHU\� LQ� LQWUDRSHUDWLYH� EORRG� ORVV��
ZRXQG� FRPSOLFDWLRQV�� KHPRJORELQ� DW�
IROORZ-XS� GD\V� RQH� WR� WKUHH�� ��-GD\�
PRUWDOLW\� RU� QXPEHU� RI� WUDQVIXVLRQV��
7LPH� WR� VXUJHU\� ZDV� ���� GD\V� LQ� WKH�
FORSLGRJUHO� JURXS� DQG� ���� GD\V� LQ� WKH�
QRQ-FORSLGRJUHO�JURXS��S ������ 
&RQFOXVLRQ�� 7KLV� UHWURVSHFWLYH�

VWXG\� RI� SDWLHQWV� ZLWK� IHPRUDO� QHFN�
IUDFWXUHV�XQGHUJRLQJ�KHPL-�DUWKURSODVW\�
IRXQG� QR� VLJQLILFDQW� GLIIHUHQFHV� LQ�
EOHHGLQJ� RU� ZRXQG� UHODWHG�
FRPSOLFDWLRQV� EHWZHHQ� WKRVH� WDNLQJ�
FORSLGRJUHO� DQG� WKRVH� QRW� WDNLQJ�
FORSLGRJUHO�DW�WKH�WLPH�RI�LQMXU\� 
� 

0DQDTLEZDOD�� 0��� HW� DO�� &RPSOLFDWLRQV�
RI� +LS� )UDFWXUH� 6XUJHU\� RQ� 3DWLHQWV�
5HFHLYLQJ� &ORSLGRJUHO� 7KHUDS\��
$UFKLYHV� 2UWKRSDHG� 7UDXPD�
6XUJHU\��������-XQH�������������-���� 

 

 .,1(6,27$3(�)25� 
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3UHYLRXV� VWXGLHV� KDYH� UHSRUWHG� WKDW�

��-���� RI� LQGLYLGXDOV� ZKR� VXVWDLQ� D�
ODWHUDO� DQNOH� VSUDLQ� KDYH� UHVLGXDO�
V\PSWRPV� IRU� ZHHNV� RU� \HDUV�� DQG�RU�
GHYHORS� IXQFWLRQDO� DQNOH� LQVWDELOLW\�
�)$,��� 2QH� RI� WKH� SULPDU\� IDFWRUV�
FRQWULEXWLQJ� WR� )$,� LV� WKRXJKW� WR� EH�
SURSULRFHSWLYH� GHIHFWV�� $V� WKH�
DSSOLFDWLRQ� RI� WDSH� RU� EUDFHV� FDQ�
LPSURYH� FRQVFLRXV� SURSULRFHSWLYH�
VHQVH�� VRPH� KDYH� VXJJHVWHG� XVLQJ�
WKHVH� WHFKQLTXHV� DV� WKHUDSHXWLF�
LQWHUYHQWLRQV�� 7KLV� VWXG\� DVVHVVHG� WKH�
HIIHFW� RI� NLQHVLRWDSH� RQ� WKH�
SURSULRFHSWLYH� FDSDELOLW\� RI� SDWLHQWV�
ZLWK�DQNOH�VSUDLQV� 
)RXUWHHQ� XQLYHUVLW\� VWXGHQWV� ZHUH�

LGHQWLILHG�ZLWK�FKURQLF�DQNOH� VSUDLQV��DOO�
RI� ZKRP� IHOW� XQVWDEOH�GXULQJ�VSRUWV� RU�
UHFUHDWLRQDO� DFWLYLW\�� $� FRQWURO� JURXS�
FRPSULVHG� ��� VXEMHFWV� ZLWK� KHDOWK\�
DQNOHV�DQG�QR�KLVWRU\�RI�DQNOH�LQMXU\� 
$IWHU�EDVHOLQH�DQNOH�DVVHVVPHQW� WKH�

VXEMHFWV� ZHUH� UDQGRPL]HG� WR� HLWKHU� D�
JURXS� WR� UHFHLYH� NLQHVLRWDSH� RU� D�
FRQWURO� FRQGLWLRQ� ZLWKRXW� WDSLQJ�� 7KH�
DQNOHV� ZHUH� WKHQ� WHVWHG� RQFH� DJDLQ�
IRU�VWUHQJWK E\� PD[LPXP�
YROXQWDU\� LVRPHWULF�FRQWUDFWLRQ��DQG� IRU�
SURSULRFHSWLRQ� E\� IRUFH� VHQVH� WHVWLQJ��
7KH� PHDQ� IRUFH� VHQVH� HUURU� IRU� WKH�
WUHDWPHQW� JURXS� LPSURYHG� IURP� D�
EDVHOLQH�RI�����WR�����DW����KRXUV�DIWHU�
WDSH�DSSOLFDWLRQ��,PPHGLDWHO\�DIWHU�WDSH�
DSSOLFDWLRQ�� WKH� LQMXUHG� JURXS� KDG�
VLJQLILFDQWO\� PRUH� HUURUV� WKDQ� WKH�
FRQWURO�JURXS��$IWHU� WKH\�KDG�ZRUQ� WKH�
WDSH� IRU� ��� KRXUV�� QR� VLJQLILFDQW�
GLIIHUHQFHV� ZHUH� QRWHG� EHWZHHQ� WKH�
WZR�JURXSV� 
&RQFOXVLRQ�� 7KLV�VWXG\�RI�SDWLHQWV�

ZLWK� IXQFWLRQDO� DQNOH� LQVWDELOLW\� IRXQG�
WKDW�� DIWHU� ZHDULQJ� WDSH� IRU� ��� KRXUV��
SURSULRFHSWLYH� GHILFLWV� DUH� LPSURYHG��
DSSURDFKLQJ� WKRVH� RI� VXEMHFWV� ZLWKRXW�
LQMXU\� 

  
6LPRQ�� -��� HW� DO�� 7KH� (IIHFW� RI�
.LQHVLRWDSH�RQ�)RUFH�6HQVH� LQ�3HRSOH�
ZLWK�)XQFWLRQDO�$QNOH�,QVWDELOLW\��&OLQ� -�
6SRUWV� 0HG�� ������ -XO\�� ������� ���-
���� 

 
 /,*+7�,17(16,7<�3+<6,&$/�
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 &RPSDUHG� ZLWK� LQGLYLGXDOV� ZLWKRXW�

FDQFHU�� FDQFHU� VXUYLYRUV� KDYH� D�
WZRIROG� LQFUHDVH� ULVN� RI� KDYLQJ� RQH� RU�

PRUH� IXQFWLRQDO� OLPLWDWLRQ�� 7KLV� VWXG\�
ZDV� GHVLJQHG� WR� HYDOXDWH� WKH� HIIHFWV�
IRU� FDQFHU� VXUYLYRUV� RI� ORZ� –� OLJKW�
SK\VLFDO� DFWLYLW\�� KLJK� –� OLJKW� SK\VLFDO�
DFWLYLW\� DQG� PRGHUDWH� –� YLJRURXV�
SK\VLFDO�DFWLYLW\� 
7KLV� UDQGRPL]HG� FRQWUROOHG� WULDO� ZDV�

GHVLJQHG� WR� HYDOXDWH� ZKHWKHU� D� \HDU-
ORQJ� GLHW� DQG� H[HUFLVH� LQWHUYHQWLRQ�
ZRXOG� LPSURYH� SK\VLFDO� IXQFWLRQ� LQ�
ROGHU� ORQJ-WHUP� FDQFHU� VXUYLYRUV��
6XEMHFWV�ZHUH�DW�OHDVW����\HDUV�RI�DJH��
ZHUH�DW� OHDVW�ILYH�\HDUV�IURP�GLDJQRVLV�
RI�EUHDVW��SURVWDWH�RU�FRORUHFWDO�FDQFHU��
ZHUH� RYHUZHLJKW� RU� REHVH� DQG�
HQJDJHG� LQ� OHVV� WKDQ�����PLQXWHV�SHU�
ZHHN�RI�PRGHUDWH� LQWHQVLW\�VWUHQJWK�RU�
HQGXUDQFH� H[HUFLVH�� 3K\VLFDO� DFWLYLW\�
GXULQJ� LQWHUYHQWLRQ� ZDV� TXDQWLILHG�
XVLQJ�0(7V�ZLWK�ORZ-OLJKW�OHYHO�SK\VLFDO�
DFWLYLW\�GHILQHG�DV�����WR���0(7V��KLJK�
–OLJKW� SK\VLFDO� DFWLYLW\� DV� ���� WR� ����
0(7V� DQG� PRGHUDWH� WR� YLJRURXV�
SK\VLFDO� DFWLYLW\� DV� JUHDWHU� WKDQ� ��
0(7V�� 7KH� SULPDU\� RXWFRPH� ZDV�
PHDVXUHV� RI� SK\VLFDO� IXQFWLRQ�� DV�
DVVHVVHG� DW� EDVHOLQH� DQG� DW� RQH�� DQG�
WZR�\HDU�IROORZ-XS� 
$W�IROORZ�XS� LQFUHDVLQJ�WHUWLOHV�RI� ORZ�

SK\VLFDO� DFWLYLW\� ZHUH� DVVRFLDWHG� ZLWK�
KLJKHU� VFRUHV� RQ� DOO� PHDVXUHV� RI�
SK\VLFDO� DFWLYLW\� �S��������� ZLWK�
DVVRFLDWLRQV� VWURQJHU� IRU� WKRVH� ZLWK�
LQFUHDVLQJ�KLJK-ORZ�WKDQ�WKRVH�ZLWK�ORZ�
SK\VLFDO�DFWLYLW\� 
&RQFOXVLRQ�� 7KLV� SURVSHFWLYH�

VWXG\�IRXQG�WKDW�DPRQJ�FKURQLF�FDQFHU�
VXUYLYRUV�� LQFUHDVLQJ� OLJKW� SK\VLFDO�
DFWLYLW\� E\� ���� PLQXWHV� RU� JUHDWHU� SHU�
GD\� FDQ� UHVXOW� LQ� VLJQLILFDQW� KHDOWK�
EHQHILWV� 

  
%ODLU�� &� HW� DO�� /LJKW� ,QWHQVLW\� $FWLYLW\�
$WWHQXDWHV�)XQFWLRQDO�'HFOLQH�,Q�2OGHU�
&DQFHU�6XUYLYRUV��0HG� 6FLHQFH� 6SRUWV�
DQG�([HUFLVH��������-XO\��������������
–����� 

  
3+2123+25(6,6�)25�&+521,&�

1(&.�3$,1 
  
$SSUR[LPDWHO\� ���� RI� DGXOWV�

H[SHULHQFH� QHFN� SDLQ� GXULQJ� WKH�
OLIHWLPH�� ([HUFLVH� LV� RIWHQ� D� FHQWUDO�
FRPSRQHQW� RI� WUHDWPHQW� RI� FKURQLF�
SDLQ��ZLWK�SKRQRSKRUHVLV�RIWHQ�XVHG�DV�
DQ� DGMXQFW� WKHUDS\�� 7KLV� VWXG\�
FRPSDUHG�WKH�HIIHFWV�RI�SKRQRSKRUHVLV�
ZLWK� WKRVH� RI� H[HUFLVH� WKHUDS\� IRU�
SDWLHQWV�ZLWK�FKURQLF�QHFN�SDLQ� 
7KLV� UDQGRPL]HG�� VLQJOH-EOLQG� VWXG\�

LQFOXGHG� ��� IHPDOH� SDWLHQWV� ZLWK�
FRPSODLQWV� RI� QHFN� SDLQ� RI� DW� OHDVW�



3DJH��       -XO\��������    9ROXPH����1XPEHU�� 

 

WKUHH�PRQWKV¶�GXUDWLRQ��7KH�VXEMHFWV�
ZHUH� UDQGRPO\� DVVLJQHG� WR� RQH� RI�
WKUHH� JURXSV�� *URXS� �� UHFHLYHG�
SKRQRSKRUHVLV� ZLWK� FDSVDLFLQ� DQG�
H[HUFLVH��*URXS� �� UHFHLYHG� SODFHER�
SKRQRSKRUHVLV� ZLWK� FDSVDLFLQ� DQG�
H[HUFLVH��*URXS��� UHFHLYHG�H[HUFLVH�
RQO\�� $OO� XQGHUZHQW� WUHDWPHQW� WKUHH�
GD\V�D�ZHHN� IRU�VL[�ZHHNV��ZLWK� WKH�
SKRQRSKRUHVLV� JURXSV� UHFHLYLQJ� ��-
PLQXWH� WUHDWPHQWV� ZLWK� FDSVDLFLQ��
ZKLOH� WKH� H[HUFLVH� JURXSV� UHFHLYHG�
��-PLQXWH� WUHDWPHQWV�� 7KH�
SDUWLFLSDQWV� ZHUH� DVVHVVHG� EHIRUH�
DQG� DIWHU� WUHDWPHQW� XVLQJ�
PHDVXUHPHQWV� RI� SDLQ�� GLVDELOLW\��
VOHHS�TXDOLW\�DQG�GHSUHVVLRQ� 
$OO� JURXSV� GHPRQVWUDWHG�

VLJQLILFDQW� LPSURYHPHQW� LQ� SDLQ��
GLVDELOLW\�� VOHHS� TXDOLW\� DQG�
GHSUHVVLRQ� VFRUHV� DV� FRPSDUHG� WR�
WKHLU� LQLWLDO� VWDWXV�� 7KH� YLVXDO�
DQDORJXH�VFDOH�VFRUHV� IRU� UHVW�SDLQ��
DV�ZHOO�DV�WKDW�IRU�DFWLYLW\�SDLQ��ZHUH�
ORZHVW� LQ� JURXS� �� DQG� KLJKHVW� LQ�
JURXS� �� �S������� IRU� DOO�
FRPSDULVRQV���,Q�DGGLWLRQ��1HFN�3DLQ�
'LVDELOLW\� 6FDOH� VFRUHV� ZHUH�
VLJQLILFDQWO\�EHWWHU�LQ�JURXS���WKDQ�LQ�
JURXS� ��� DQG� VLJQLILFDQWO\� EHWWHU� LQ�
JURXS���WKDQ�LQ�JURXS����S�������IRU�
DOO�FRPSDULVRQV�� 
&RQFOXVLRQ�� 7KLV� UDQGRPL]HG��

EOLQGHG�VWXG\�RI�SDWLHQWV�ZLWK�FKURQLF�
QHFN� SDLQ� IRXQG� WKDW� FDSVDLFLQ��
DSSOLHG� YLD� SKRQRSKRUHVLV�� FDQ�
LPSURYH� RXWFRPHV� RI� SDWLHQWV��
HVSHFLDOO\� ZKHQ� FRPELQHG� ZLWK�
H[HUFLVH�WKHUDS\� 

  
'XUPXV�� '��� HW� DO�� $� 5DQGRPL]HG��
3ODFHER-&RQWUROOHG�� &OLQLFDO� 7ULDO� RI�
3KRQRSKRUHVLV� IRU� WKH� 7UHDWPHQW� RI�
&KURQLF� 1HFN� 3DLQ�� 5KHXP�
,QWHUQDWLRQDO�� ������ 0D\�� �������
���-���� 

 
5$',2)5(48(1&<�$%/$7,21�
)25�75,*(0,1$/�1(85$/*,$ 
  
3UHYLRXV VWXGLHV KDYH�

GHPRQVWUDWHG� WKDW� &7� JXLGHG�
SHUFXWDQHRXV� DGLRIUHTXHQF\�
WKHUPRFRDJXODWLRQ� �357�� FDQ�
GHFUHDVH� SDLQ� FDXVHG� E\� WULJHPLQDO�
QHXUDOJLD�� 7KLV� VWXG\� HYDOXDWHG� WKH�
ORQJ-WHUP� RXWFRPHV� RI� SDWLHQWV�
UHFHLYLQJ�UHSHDWHG�357�IRU�UHFXUUHQW�
WULJHPLQDO�QHXUDOJLD� 
)URP� -DQXDU\� ����� WR� 'HFHPEHU�

������ ���� SDWLHQWV� XQGHUZHQW� LQLWLDO�
357� SURFHGXUHV� IRU� WULJHPLQDO�
QHXUDOJLD�� $IWHU� WKH� LQLWLDO� 357��

UHFXUUHQW� SDLQ� RFFXUUHG� LQ� ����
SDWLHQWV�� 2I� WKHVH� SDWLHQWV� ���
XQGHUZHQW� D� FRPELQHG� ��� UHSHDWHG�
357� SURFHGXUHV� RYHU� WKH� FRXUVH�
RI��� \HDUV�� 7KH� SDWLHQWV¶� SDLQ� ZDV�
PHDVXUHG� XVLQJ� D� %DUURZ�
1HXURORJLFDO� ,QVWLWXWH� UDWLQJ� VFDOH�
SULRU�WR�SURFHGXUH��LPPHGLDWHO\�DIWHU�
SURFHGXUH�DQG�DW�WZR�\HDUV�DQG�ILYH�
\HDUV�� 7KH� SULPDU\� RXWFRPH�
PHDVXUHV� ZHUH� SDLQ� DQG� QHHG� IRU�
IXUWKHU�LQWHUYHQWLRQ� 
7KH�GDWD�UHYHDOHG�WKDW�����RI�WKH�

SDWLHQWV� KDG� LPPHGLDWH� UHOLHI�
IROORZLQJ� UHSHDW� 357�� ZLWK� ���� RI�
WKHP�UHPDLQLQJ� LQ�H[FHOOHQW�RU�JRRG�
SDLQ�FRQWURO�DW�RQH�\HDU�� ,Q�DGGLWLRQ�
���� KDG� H[FHOOHQW� RU� JRRG� SDLQ�
FRQWURO�DW�WZR�\HDUV�DQG�����DW�ILYH�
\HDUV�� 2I� WKRVH� ZKR� DJDLQ� KDG�
UHFXUUHQW� SDLQ�� ��� SDWLHQWV�
XQGHUZHQW� D� WKLUG� 357� WUHDWPHQW�
ZLWK� RQO\� WKUHH� DFKLHYLQJ� JRRG�
UHVXOWV�RU�EHWWHU� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� UHFXUUHQW� WULJHPLQDO�
QHXUDOJLD� IRXQG� WKDW� UHSHDWHG� 357�
PD\�SURYLGH�ORQJ-WHUP�SDLQ�UHOLHI� 

  
7DQJ��<�HW�DO��5HSHDWHG�&7�*XLGHG�
3HUFXWDQHRXV� 5DGLRIUHTXHQF\�
7KHUPRFRDJXODWLRQ� )RU� 5HFXUUHQW�
7ULJHPLQDO� 1HXUDOJLD�� (XURSHDQ�
1HXURORJ\��������-XO\��������–��� 

 
3+<6,&$/�$&7,9,7<�$1'�

,1&,'(17�',6$%,/,7<�$021*�
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'LVDELOLW\� DFFRXQWV� IRU� PRUH� WKDQ�

RQH� LQ� IRXU� GROODUV� VSHQW� RQ� KHDOWK�
FDUH�� 7KLV� VWXG\� H[DPLQHG� ZKHWKHU�
PRGHUDWH� SK\VLFDO� DFWLYLW\� LV� UHODWHG�
WR� D� GHFUHDVHG� ULVN� RI� GHYHORSLQJ�
GLVDELOLW\�DPRQJ�FRPPXQLW\�GZHOOLQJ�
DGXOWV�ZLWK�NQHH�RVWHRDUWKULWLV��2$�� 
7KLV� SURVSHFWLYH�� PXOWL-VLWH� FRKRUW�

VWXG\� LQFOXGHG� FRPPXQLW\� GZHOOLQJ�
DGXOWV� SDUWLFLSDWLQJ� LQ� WKH�
2VWHRDUWKULWLV� ,QLWLDWLYH� �2$,���
6XEMHFWV�ZHUH����WR����\HDUV�RI�DJH��
DQG�ZHUH�HOLJLEOH� IRU�VWXG\� LQFOXVLRQ�
LI� WKH\�KDG�2$��ZLWK�V\PSWRPV�LQ�DW�
OHDVW� RQH� NQHH�� RU� DW� OHDVW� RQH�
HVWDEOLVKHG� ULVN� IDFWRU� IRU� NQHH�2$��
3K\VLFDO� DFWLYLW\� ZDV� GHWHUPLQHG�
XVLQJ� DQ� DFFHOHURPHWHU�� 'LVDELOLW\�
ZDV� DVVHVVHG�� EDVHG� XSRQ�
OLPLWDWLRQV� LQ� LQVWUXPHQWDO� DQG� EDVLF�
DFWLYLWLHV� RI� GDLO\� OLYLQJ� DW� EDVHOLQH�
DQG� DW� WZR� \HDUV�� 7KH� VHFRQGDU\�

RXWFRPH� ZDV� SURJUHVVLRQ� RI�
GLVDELOLW\� 
2I� WKH� ������ DGXOWV� VWXGLHG�� ����

FDVHV� RI� QHZ� GLVDELOLW\� ZHUH�
LGHQWLILHG�� 6LJQLILFDQWO\� ORZHU�
IUHTXHQFLHV� RI� LQFLGHQW� GLVDELOLW\�
ZHUH� UHODWHG� WR� JUHDWHU� OLJKW� DFWLYLW\�
WLPH� DPRQJ� PHQ� �S ������� DQG�
ZRPHQ� �S��������� DGXOWV� ZLWK� NQHH�
2$� �S�������� DQG� WKRVH� ZLWKRXW�
NQHH� 2$� �S �������� $� PXOWLYDULDWH�
DQDO\VLV� UHYHDOHG� WKDW� JUHDWHU�
DFWLYLW\� ZDV� VLJQLILFDQWO\� UHODWHG� WR�
ORZHU�ULVN�RI�GHYHORSLQJ�GLVDELOLW\��,Q�
DGGLWLRQ� D� � VWURQJ� DVVRFLDWLRQ� ZDV�
IRXQG� EHWZHHQ� LQFUHDVLQJ� TXDUWLOH�
FDWHJRULHV� RI� PRGHUDWH� WR� YLJRURXV�
DFWLYLW\� WLPH� DQG� UHGXFHG� LQFLGHQW�
GLVDELOLW\� �S �������� 7KH� KD]DUG�
UDWLRV� IRU� GLVDELOLW\� SURJUHVVLRQ�
GHFUHDVHG�DFURVV�LQFUHDVLQJ�TXDUWLOH�
FDWHJRULHV�RI�OLJKW�DFWLYLW\��DV�ZHOO�DV�
PRGHUDWH� WR� YLJRURXV� DFWLYLW\�
�S ������DQG�S ������UHVSHFWLYHO\�� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

FRPPXQLW\�GZHOOLQJ�DGXOWV�ZLWK�RU�DW�
KLJK�ULVN�RI�RVWHRDUWKULWLV�RI�WKH�NQHH�
IRXQG� DQ� LQYHUVH� UHODWLRQVKLS�
EHWZHHQ� SK\VLFDO� DFWLYLW\� DQG� WKH�
ULVN�RI�GHYHORSLQJ�GLVDELOLW\� 

  
'XQORS�� '��� HW� DO�� 5HODWLRQ� RI�
3K\VLFDO� $FWLYLW\� 7LPH� WR� ,QFLGHQW�
'LVDELOLW\� LQ� &RPPXQLW\� 'ZHOOLQJ�
$GXOWV� ZLWK� RU� DW� 5LVN� RI� .QHH�
$UWKULWLV�� 3URVSHFWLYH� &RKRUW� 6WXG\��
%0-��������0D\�������J����� 

  

 *5($7(5�2&&,3,7$/�1(59(�
%/2&.6�)25�&+521,&�
&/867(5�+($'$&+( 

  
&OXVWHU� KHDGDFKH� LV� D� UDUH�� EXW�

KLJKO\� GLVDEOLQJ�� SULPDU\� KHDGDFKH�
GLVRUGHU�� 7UHDWPHQW� RI� HSLVRGLF�
FOXVWHU� KHDGDFKHV� ZLWK� D� EORFNDGH�
RI� WKH� JUHDWHU� RFFLSLWDO� QHUYH�
�*21%�� KDV� EHHQ� IRXQG� WR� EH�
HIIHFWLYH�� +RZHYHU�� GDWD� LV� ODFNLQJ�
FRQFHUQLQJ� WKH� HIILFDF\� RI� WKLV�
WUHDWPHQW� IRU� FKURQLF� FOXVWHU�
KHDGDFKHV� 
&RQVHFXWLYH� SDWLHQWV� SUHVHQWLQJ�

ZLWK�D�FKURQLF�FOXVWHU�KHDGDFKH�DQG�
WUHDWHG�ZLWK�D�*21%�ZHUH�LGHQWLILHG��
$OO� VXEMHFWV� KDG� SUHYLRXVO\� UHSRUWHG�
DQ� XQVDWLVIDFWRU\� EHQHILW� IURP�
SUHYHQWDWLYH� WUHDWPHQWV�� $OO� SDWLHQWV�
XQGHUZHQW LQMHFWLRQV� ZLWK�
PHWK\OSUHGQLVRORQH�DQG�OLGRFDLQH��$W�
OHDVW� IRXU� ZHHNV� EHIRUH� DQG� DIWHU�
HDFK� LQMHFWLRQ�� WKH� SDUWLFLSDQWV�
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UHFRUGHG�WKH�IUHTXHQF\��GXUDWLRQ�DQG�
VHYHULW\�RI�WKHLU�DWWDFNV� 
(LJKW\-WKUHH� SDWLHQWV� ZLWK� FKURQLF�

FOXVWHU�KHDGDFKH�XQGHUZHQW�*21%��
$IWHU�WKH�ILUVW�LQMHFWLRQ������UHSRUWHG�
D� SRVLWLYH� UHVSRQVH�� ZLWK� ����
EHFRPLQJ� SDLQ-IUHH�� 7KH� PHGLDQ�
WLPH�WR�D�SRVLWLYH�HIIHFW�ZDV�RQH�GD\��
7KH�PHGLDQ� GXUDWLRQ� RI� D� IDYRUDEOH�
UHVSRQVH�ZDV����GD\V��2I�WKRVH�ZKR�
EHFDPH� SDLQ-IUHH�� ���� ZHUH� SDLQ�
IUHH� DW� GD\� ���� ���� DW� GD\� ��� DQG�
���DW� GD\� ���� 7KLUW\-VHYHQ�SDWLHQWV�
UHVSRQGLQJ� WR� WKH� ILUVW� LQMHFWLRQ�
UHFHLYHG� D� VHFRQG� LQMHFWLRQ�� 2I�
WKRVH�� ���� KDG� D� IXUWKHU� SRVLWLYH�
UHVSRQVH��ZLWK�����EHFRPLQJ� SDLQ-
IUHH�� 7KH� PHGLDQ� GXUDWLRQ� RI� WKH�
HIIHFW�RI�WKH�VHFRQG�LQMHFWLRQ�ZDV����
GD\V� 
&RQFOXVLRQ�� 7KLV� SURVSHFWLYH�

VWXG\�RI�SDWLHQWV�ZLWK�FKURQLF�FOXVWHU�
KHDGDFKH� IRXQG� WKDW� JUHDWHU�
RFFLSLWDO�QHUYH�EORFNV�PD\�EH�XVHIXO�
LQ�WKH�PDQDJHPHQW�RI�WKLV�GLVRUGHU� 

  
/DPEUX�� -��� HW� DO�� *UHDWHU� 2FFLSLWDO�
1HUYH� /RVV� DQG� &KURQLF� &OXVWHU�
+HDGDFKH�� $� 3URVSHFWLYH�� 2SHQ�
/DEHO� 6WXG\��(XUR� -� 1HXURO�� ������
)HEUXDU\������������-���� 

 

3+<6,27+(5$3<�9(5686�
$'9,&(�)25�&+521,&�

:+,3/$6+ 
  
:KLSODVK� DVVRFLDWHG� GLVRUGHUV�

�:$'V�� DUH� DVVRFLDWHG� ZLWK�
VXEVWDQWLDO� VRFLDO� DQG� HFRQRPLF�
FRVWV�� 7KLV� VWXG\� LQYHVWLJDWHG� WKH�
HIIHFWLYHQHVV� RI� D� FRPSUHKHQVLYH�
H[HUFLVH� SURJUDP�� FRPSDUHG� WR�
DGYLFH� DORQH�� IRU� SDWLHQWV� ZLWK�
FKURQLF�:$'� 
$OO� VXEMHFWV� KDG� D� JUDGH� �� RU� ��

:$'� RI� WKUHH� WR� ��� PRQWKV¶�
GXUDWLRQ�� 7KH� SDUWLFLSDQWV� UHFHLYHG�
SDWLHQW� HGXFDWLRQ� DQG� ZHUH� WKHQ�
UDQGRPL]HG� WR� UHFHLYH� HLWKHU� DGYLFH�
RU� D� FRPSUHKHQVLYH� H[HUFLVH�
SURJUDP�� ,Q� WKH� FRPSUHKHQVLYH�
H[HUFLVH� JURXS�� ���� WDLORUHG��
VXSHUYLVHG� H[HUFLVH� VHVVLRQV�
RFFXUUHG� RYHU� ��� ZHHNV�� 7KH�
SURJUDP� EHJDQ� ZLWK� IRXU� ZHHNV� RI�
FHUYLFDO� VSLQH� H[HUFLVHV�� LQFOXGLQJ�
IOH[LRQ� DQG� H[WHQVLRQ� WUDLQLQJ��
VFDSXODU� WUDLQLQJ�� SRVWXUH�
UHHGXFDWLRQ� DQG� VHQVRU\�PRWRU�
H[HUFLVHV� 
0DQXDO� WKHUDS\� WHFKQLTXHV� ZHUH�

DOORZHG� LQ� WKH� ILUVW� ZHHN� RQO\��
%HWZHHQ� ZHHNV� IRXU� DQG� VL[�� WKH�

IRFXV�VKLIWHG�WR�ZKROH�ERG\�H[HUFLVH��
2XWFRPH�PHDVXUHV�ZHUH�REWDLQHG�DW�
EDVHOLQH�����ZHHNV��VL[�PRQWKV�DQG 
��� PRQWKV� DIWHU� UDQGRPL]DWLRQ��

7KH� SULPDU\� RXWFRPH� YDULDEOH� ZDV�
WKH�DYHUDJH�SDLQ�LQWHQVLW\�GXULQJ�WKH�
SUHFHGLQJ� ZHHN�� ZLWK� VHFRQGDU\�
RXWFRPHV� LQFOXGLQJ� DYHUDJH� SDLQ�
LQWHQVLW\�RYHU�WKH�SULRU����KRXUV��VHOI
-UDWHG� UHFRYHU\�� DQG� GLVDELOLW\� DV�
PHDVXUHG� ZLWK� WKH� 1HFN� 'LVDELOLW\�
,QGH[� DQG� WKH� :KLSODVK� 'LVDELOLW\�
4XHVWLRQQDLUH� 
7KH�SULPDU\�DQDO\VLV��UHYHDOHG�WKDW�

WKH� FRPSUHKHQVLYH� H[HUFLVH�
SURJUDP�GLG�QRW�SURYLGH�EHQHILW�RYHU�
DGYLFH� DORQH�� ,Q� DGGLWLRQ�� UHVXOWV� RI�
PRVW� RI� WKH� VHFRQGDU\� DQDO\VHV�
ZHUH�QRW�VLJQLILFDQW��7KH�H[FHSWLRQV�
ZHUH� WKH� UHVXOWV� IRU� VHOI-UDWHG�
UHFRYHU\� DW� DOO� WLPH� SRLQWV� DQG�
IXQFWLRQDO� DELOLW\� DW� ��� ZHHNV�� ERWK�
VWDWLVWLFDOO\� VLJQLILFDQW� EXW� QRW�
UHDFKLQJ� WKH� OHYHO� RI� SUHGHWHUPLQHG�
FOLQLFDOO\�LPSRUWDQW�JDLQV� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� FKURQLF� ZKLSODVK�
DVVRFLDWHG� GLVRUGHU� IRXQG� WKDW�
VLPSOH� DGYLFH� LV� HTXDO� LQ�
HIIHFWLYHQHVV� WR� D� PRUH� LQWHQVH�
FRPSUHKHQVLYH� SK\VLFDO� H[HUFLVH�
SURJUDP�IRU�V\PSWRP�WUHDWPHQW� 

  
0LFKDOHII�� =��� HW� DO�� &RPSUHKHQVLYH�
3K\VLRWKHUDS\� ([HUFLVH� 3URJUDP� RU�
'HYLFH� IRU� &KURQLF� :KLSODVK�
�3520,6(��� $� 3UDJPDWLF��
5DQGRPL]HG�� &RQWUROOHG� 7ULDO��
/DQFHW��������-XO\��������������� 
���-���� 

  

5(+$%,/,7$7,21�$)7(5�$1./(�
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&KURQLF� DQNOH� LQVWDELOLW\� RFFXUV� LQ�

DSSUR[LPDWHO\� ���� RI� SDWLHQWV� ZLWK�
DQNOH� LQYHUVLRQ� VSUDLQ�� ,Q� WKHVH�
FDVHV�� VXUJLFDO� UHFRQVWUXFWLRQ� LV� DQ�
RSWLRQ� ZLWK SRVW-VXUJLFDO�
LPPRELOL]DWLRQ� DQG� QRQ-ZHLJKW�
EHDULQJ�� 7KLV� VWXG\� FRPSDUHG� SRVW-�
UHFRQVWUXFWLYH� VXUJHU\� FOLQLFDO�
RXWFRPHV� EHWZHHQ� WKRVH� ZLWK� D�
WUDGLWLRQDO��GHOD\HG�UHKDELOLWDWLRQ�DQG�
SDWLHQWV� VXEMHFWHG� WR� HDUO\�
DFFHOHUDWHG�UHKDELOLWDWLRQ� 
%HWZHHQ� -DQXDU\� RI� ����� DQG�

0DUFK� RI� ������ ��� DWKOHWHV� ZLWK�
LQYHUVLRQ� DQNOH� VSUDLQ�� IROORZHG� E\�
FKURQLF� DQNOH� LQVWDELOLW\� DQG� SDLQ��
XQGHUZHQW� UHFRQVWUXFWLRQ� RI� WKH�
DQWHULRU� WDORILEXODU� OLJDPHQW�� 7KRVH�

UDQGRPL]HG� WR� UHFHLYH� WUDGLWLRQDO�
UHKDELOLWDWLRQ� ZHUH� LPPRELOL]HG� LQ� D�
VKRUW� OHJ� FDVW� IRU� IRXU� ZHHNV��
IROORZHG�E\�D� VRIW�DQNOH�RUWKRVLV� IRU�
IRXU� ZHHNV�� 7ZR� ZHHNV� DIWHU�
VXUJHU\��ZHLJKW�EHDULQJ�ZDV�DOORZHG�
ZLWK� WKH� FDVW� RQ�� DQG�DW� IRXU�ZHHNV�
DIWHU�VXUJHU\��IXOO�ZHLJKW�EHDULQJ�ZDV�
DOORZHG� ZKLOH� ZHDULQJ� D� VRIW� DQNOH�
RUWKRVLV� 
,Q� WKH� VWXG\� JURXS�� D� VRIW� DQNOH�

RUWKRVLV� ZDV� DSSOLHG� LPPHGLDWHO\�
DIWHU� VXUJHU\� IRU� HLJKW� ZHHNV�� ZLWK�
ZHLJKW-EHDULQJ� DOORZHG� ZLWKRXW�
UHVWULFWLRQ�� ,Q� ERWK� JURXSV�� DOO�
SDWLHQWV� UHPRYHG� WKH� VRIW� DQNOH�
RUWKRVLV� HLJKW� ZHHNV� DIWHU� VXUJHU\��
(QGXUDQFH� WUDLQLQJ�� VSRUWV� VSHFLILF�
GULOOV��DQG�EDODQFH�WUDLQLQJ�EHJDQ�VL[�
WR� VHYHQ�ZHHNV� DIWHU� VXUJHU\� LQ� WKH�
WUDGLWLRQDO�JURXS��DQG�DW�WZR�WR�WKUHH�
ZHHNV� DIWHU� VXUJHU\� LQ� WKH� VWXG\�
JURXS�� &OLQLFDO� DQG� UDGLRJUDSKLF�
RXWFRPHV� ZHUH� PHDVXUHG� EHIRUH�
DQG�WZR�\HDUV�DIWHU�WKH�VXUJHU\��%RWK�
JURXSV� GHPRQVWUDWHG� VLJQLILFDQW�
LPSURYHPHQW� LQ� FOLQLFDO� RXWFRPH� DW�
WZR� \HDUV� SRVW-VXUJHU\�� 1R�
VLJQLILFDQW� GLIIHUHQFH� ZDV� VHHQ�
EHWZHHQ� WKH� JURXSV� DW� WZR� \HDUV�
SRVW-VXUJHU\�� $OO� SDWLHQWV� ZHUH� DEOH�
WR� UHWXUQ� WR� WKHLU� SUHYLRXV� DWKOHWLF�
DFWLYLWLHV�� ZLWK�PHDQ� WLPHV� WR� UHWXUQ�
RI� ����� ZHHNV� LQ� JURXS� �� DQG� �����
ZHHNV�LQ�JURXS����S�������� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV�ZLWK�FKURQLF�DQNOH�LQVWDELOLW\�
GXH� WR� LQYHUVLRQ� LQMXU\� IRXQG� WKDW�
DFFHOHUDWHG� UHKDELOLWDWLRQ� ZLWK� HDUO\�
ZHLJKW-EHDULQJ UHVXOWHG LQ�
VLJQLILFDQWO\� IDVWHU� UHWXUQ� WR� VSRUWV�
SDUWLFLSDWLRQ� 
  
0L\DPRWR�� :��� HW� DO�� $FFHOHUDWHG�
YHUVXV� 7UDGLWLRQDO� 5HKDELOLWDWLRQ�
DIWHU� $QWHULRU� 7DORILEXODU� /LJDPHQW�
5HFRQVWUXFWLRQ� IRU� &KURQLF� /DWHUDO�
,QVWDELOLW\� RI� WKH� $QNOH� LQ� $WKOHWHV��
$P� -� 6SRUW� 0HG�� ������-XQH����
���������-����� 

  

5,6.-3521(�3,7&+,1*�,1� 
<287+�%$6(%$// 

  
'HVSLWH� LPSURYHPHQWV� LQ� WKH�

LQFLGHQFH� RI� VHULRXV� DUP� LQMXULHV� LQ�
\RXQJ�EDVHEDOO�SLWFKHUV��URXJKO\�KDOI�
RI� SLWFKHUV� QLQH� WR� ��� \HDUV� RI� DJH�
UHSRUW� HLWKHU� VKRXOGHU� RU�HOERZ�SDLQ�
ZKLOH� SLWFKLQJ�� 7KLV� VWXG\� ZDV�
GHVLJQHG� WR� XQGHUVWDQG� WKH�
FRQVHTXHQFHV� RI� FHUWDLQ� SLWFKLQJ�
EHKDYLRUV� DQG� WKH� RGGV� RI� SLWFKLQJ�
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UHODWHG� LQMXULHV� UHVXOWLQJ� IURP� WKHVH�
EHKDYLRUV� 
6XEMHFWV� LQFOXGHG� FKLOGUHQ�� DJHV�

QLQH� WR� ���� DOO� RI� ZKRP� SLWFKHG� LQ�
DW� OHDVW� RQH� RUJDQL]HG� EDVHEDOO�
JDPH� GXULQJ� WKH� ���PRQWKV� RI� WKH�
VWXG\�� 3DUHQWV� ZKR� DJUHHG� WR� WKHLU�
FKLOG
V� SDUWLFLSDWLRQ� ZHUH� JLYHQ� D�
VXUYH\� IRU� WKH� FKLOG� WR� FRPSOHWH��
ZLWK� WKH�DVVLVWDQFH�RI �WKH�
SDUHQW��7KH�TXHVWLRQQDLUH LQFOXGHG �
��� LWHPV� UHJDUGLQJ� SLWFKLQJ�
DFWLYLWLHV�� DV� ZHOO� DV� SUHYHQWLYH�
SURWHFWLYH� DFWLYLWLHV�� SLWFKLQJ� UHODWHG�
VKRXOGHU� DQG� HOERZ� SUREOHPV� DQG�
WUHDWPHQWV� UHFHLYHG�� ,QMXULHV� ZHUH�
LGHQWLILHG� DV� SLWFKLQJ�UHODWHG�WUDXPD�
ZKLFK�FDXVHG�WKH�DWKOHWH�WR�IRUJR�DW�
OHDVW�RQH�SUDFWLFH�RU�JDPH� 
3LWFKLQJ UHODWHG� DUP�

WLUHGQHVV�DQG �DUP� SDLQ� ZHUH�
PHDVXUHG� E\� WZR� VHSDUDWH�
TXHVWLRQV�� 6XEMHFWV� ZHUH� �����
\RXQJ�� PDOH� SLWFKHUV� ZLWK� DQ�
DYHUDJH� DJH� RI� ����� \HDUV�� 2I�
WKRVH�� ������ UHSRUWHG� KDYLQJ�
VXVWDLQHG� D� SLWFKLQJ� UHODWHG� HOERZ�
RU�VKRXOGHU� LQMXU\� LQ� WKH� ���PRQWKV�
SULRU� WR� WKH� VXUYH\�� 'HVSLWH� WKH�
UHFRPPHQGDWLRQV� RI� WKH� $PHULFDQ�
6SRUWV� 0HGLFLQH� ,QVWLWXWH�� ������
UHSRUWHG� KDYLQJ�SLWFKHG� PRUH� WKDQ�
HLJKW� PRQWKV� GXULQJ� WKH� SULRU� ���
PRQWKV��ZLWK������� KDYLQJ� SLWFKHG�
\HDU-DURXQG�� ,Q� DGGLWLRQ�� ����
SLWFKHG� LQ� D� OHDJXH� ZLWKRXW� SLWFK�
FRXQWV� RU�OLPLWV��DQG�������SLWFKHG�
DW� OHDVW� RQFH� RQ� FRQVHFXWLYH� GD\V��
ZLWK� ���� SLWFKLQJ� PRUH� WKDQ� RQH�
JDPH�RQ� WKH�VDPH�GD\��7KRVH�ZKR�
HQJDJHG� LQ� WKHVH� DFWLYLWLHV� ZHUH�
PRUH� OLNHO\� WR� H[SHULHQFH� SLWFKLQJ�
UHODWHG� VKRXOGHU� DQG�RU� HOERZ�
LQMXULHV� 
&RQFOXVLRQ��7KLV�VWXG\�RI�\RXWK�

EDVHEDOO� SLWFKHUV� IRXQG� WKDW� WKRVH�
ZKR�YLRODWH�UHFRPPHQGDWLRQV�RI�WKH�
$PHULFDQ� 6SRUWV� 0HGLFLQH� ,QVWLWXWH�
DUH� DW� LQFUHDVHG� ULVN� IRU� SLWFKLQJ�
UHODWHG� LQMXULHV� WR� WKH� VKRXOGHU� RU�
HOERZ� 

  
<DQJ��-���HW�DO��5LVN�3URQH�3LWFKLQJ�
$FWLYLWLHV� DQG� ,QMXULHV� LQ� <RXWK�
%DVHEDOO��$P� -� 6SRUWV� 0HG�� ������
-XQH�������������-����� 
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([WUDFRUSRUHDO VKRFN-ZDYH�

WKHUDS\� �(6:7�� KDV� EHHQ�

VXJJHVWHG� DV� DQ� DOWHUQDWLYH�
WUHDWPHQW� IRU� UHIUDFWRU\� VKRXOGHU�
SDLQ� GXH� WR� FDOFLILF� RU� QRQ-FDOFLILF�
WHQGLQLWLV��$OWKRXJK�(6:7� LV�ZLGHO\�
XVHG�� WKH� DSSURSULDWH� GRVDJH� DQG�
HIILFDF\� UHPDLQ� XQFHUWDLQ�� 7KLV�
V\VWHPDWLF� UHYLHZ� VXPPDUL]HG� WKH�
HYLGHQFH� FRQFHUQLQJ� WKLV� WUHDWPHQW�
IRU� FKURQLF� FDOFLILF� VKRXOGHU�
WHQGLQLWLV� 
'DWDEDVHV� ZHUH� UHYLHZHG� IRU�

UDQGRPL]HG�� FRQWUROOHG� WULDOV�
FRPSDULQJ� H[WUDFRUSRUHDO�
VKRFNZDYH�WKHUDS\�ZLWK�SODFHER�IRU�
WKH� WUHDWPHQW� RI� FDOFLILF� RU�
QRQFDOFLILF�WHQGLQLWLV�RI�WKH�VKRXOGHU��
7KH� WKHUDS\�ZDV�FODVVLILHG�DV�KLJK��
PHGLXP� RU� ORZ� HQHUJ\�� )URP� D�
OLWHUDWXUH� VHDUFK�� ��� UDQGRPL]HG��
FRQWUROOHG�WULDOV�ZHUH� LGHQWLILHG��ZLWK�
��� FRPSDULQJ� (6:7� ZLWK� SODFHER�
DQG� HLJKW� FRPSDULQJ� (6:7� ZLWK�
RWKHU� WUHDWPHQW� PRGDOLWLHV��
2XWFRPH� PHDVXUHV� LQFOXGHG� SDLQ��
IXQFWLRQDO� DVVHVVPHQW� UHVXOWV� DQG�
UHVROXWLRQ�RI�FDOFLILFDWLRQV� 
6WXGLHV� LQYROYLQJ� KLJK� HQHUJ\�

(6:7� GHPRQVWUDWHG� WKH� WUHDWPHQW�
WR� EH� HIIHFWLYH� IRU� FDOFLILF� WHQGLQLWLV�
RI� WKH� VKRXOGHU�� ZLWK� UHGXFWLRQV� LQ�
SDLQ�� LPSURYHPHQW� LQ� IXQFWLRQ� DQG�
UHVRUSWLRQ� RI� FDOFLILFDWLRQ�� 6WXGLHV�
FRQFHUQLQJ�ORZ�HQHUJ\�(6:7�IRXQG�
WKLV� WUHDWPHQW� WR� EH� OHVV� HIIHFWLYH�
WKDQ� KLJK-HQHUJ\� (6:7�� EXW� VWLOO�
HIIHFWLYH� LQ� LPSURYLQJ� VKRXOGHU�
IXQFWLRQ�� 1RQFDOFLILF� WHQGLQLWLV� ZDV�
QRW� LPSURYHG� E\� (6:7�� UHJDUGOHVV�
RI�HQHUJ\�OHYHO� 
&RQFOXVLRQ�� 7KLV� OLWHUDWXUH��

UHYLHZ� RI� VWXGLHV� IRFXVLQJ� RQ�
SDWLHQWV� ZLWK� FKURQLF� FDOFLILF�
WHQGLQLWLV�RI�WKH�VKRXOGHU�IRXQG�KLJK-
HQHUJ\� H[WUDFRUSRUHDO� VKRFN-ZDYH�
WKHUDS\� WR�EH�HIIHFWLYH� LQ� LPSURYLQJ�
SDLQ�DQG�IXQFWLRQ� 

  
%DQQXUX�� 5��� HW� DO�� +LJK-(QHUJ\�
([WUDFRUSRUHDO� 6KRFN-:DYH�
7KHUDS\� IRU� 7UHDWLQJ� &KURQLF�
&DOFLILF� 7HQGLQLWLV� RI� WKH� 6KRXOGHU��
$QQ� ,QWHUQ� 0HG��������$SULO�����
��������-���� 
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 /LIH� H[SHFWDQF\� RI� ROGHU�

$PHULFDQV� FRQWLQXHV� WR� LQFUHDVH��
ZLWK� SHUVRQV� ��� \HDUV� RI� DJH� RU�
ROGHU� UHSUHVHQWLQJ� WKH� IDVWHVW�

JURZLQJ� VHJPHQW� RI� WKH� SRSXODWLRQ��
2I�VLJQLILFDQFH�LV�WKH�SUHVHUYDWLRQ�RI�
WKH�FDSDFLW\�WR�OLYH�LQGHSHQGHQWO\�DV�
WKH�SRSXODWLRQ�DJHV��7KLV�VWXG\�ZDV�
GHVLJQHG� WR� GHWHUPLQH� ZKHWKHU�
SK\VLFDO� DFWLYLW\� FDQ� SUHYHQW� RU�
GHOD\�WKH�RQVHW�RI�PRELOLW\�GLVDELOLW\� 
7KH� VXEMHFWV� LQFOXGHG� PHQ� DQG�

ZRPHQ�����WR����\HDUV�RI�DJH��ZKR�
ZHUH� VHGHQWDU\� DQG� DW� LQFUHDVHG�
ULVN� IRU� PRELOLW\� GLVDELOLW\�� 7KH�
SDUWLFLSDQWV� ZHUH� UDQGRPL]HG� WR� D�
SK\VLFDO�DFWLYLW\�JURXS�RU�WR�D�KHDOWK�
HGXFDWLRQ� SURJUDP� JURXS�� 7KH�
SK\VLFDO� DFWLYLW\� LQWHUYHQWLRQ�
LQYROYHG� ZDONLQJ� ���� PLQXWHV� SHU�
ZHHN�� DORQJ�ZLWK� VWUHQJWK�� IOH[LELOLW\�
DQG� EDODQFH� WUDLQLQJ�� 7KH� KHDOWK�
HGXFDWLRQ� SURJUDP� IRFXVHG� RQ�
VXFFHVVIXO� DJLQJ�� 3DUWLFLSDQWV� ZHUH�
DVVHVVHG�HYHU\�VL[�PRQWKV�DW�FOLQLF�
YLVLWV��7KH�SULPDU\�RXWFRPH�YDULDEOH�
ZDV� PDMRU� PRELOLW\� GLVDELOLW\��
GHILQHG� DV� WKH� LQDELOLW\� WR� FRPSOHWH�
D� ���-PHWHU� ZDON� WHVW� ZLWKLQ� ���
PLQXWHV� ZLWKRXW� VLWWLQJ� DQG� ZLWKRXW�
WKH�KHOS�RI�DQRWKHU�SHUVRQ� 
'XULQJ� WKH� VWXG\�� ���� VXEMHFWV�

ZHUH� UDQGRPL]HG� WR� WKH� SK\VLFDO�
DFWLYLW\� JURXS� DQG� ���� WR� WKH�
HGXFDWLRQ� JURXS�� 0DMRU� PRELOLW\�
GLVDELOLW\�ZDV�H[SHULHQFHG�E\�������
RI� WKH� SK\VLFDO� DFWLYLW\� JURXS� DQG�
������RI�WKH�KHDOWK�HGXFDWLRQ�JURXS�
�S ������� 3HUVLVWHQW� PRELOLW\�
GLVDELOLW\�ZDV�H[SHULHQFHG�E\�������
RI� WKH� SK\VLFDO� DFWLYLW\� JURXS� DQG�
������ RI� WKH� HGXFDWLRQ� JURXS�
�S �������� 0DMRU� PRELOLW\� GLVDELOLW\�
RU�GHDWK�ZDV�H[SHULHQFHG�E\�������
LQ� WKH� SK\VLFDO� DFWLYLW\� JURXS� DQG�
������ LQ� WKH� HGXFDWLRQ� JURXS�
�S ������� )LQDOO\�� VHULRXV� DGYHUVH�
HYHQWV� ZHUH� UHSRUWHG� E\� ������ RI�
WKH� SK\VLFDO� DFWLYLW\� JURXS� DQG�
������ RI� WKH� KHDOWK� HGXFDWLRQ�
JURXS� 
&RQFOXVLRQ�� 7KLV�VWXG\�RI�ROGHU�

DGXOWV�DW�ULVN�RI�GLVDELOLW\� IRXQG�WKDW�
D� VWUXFWXUHG�� PRGHUDWH� LQWHQVLW\�
SK\VLFDO� DFWLYLW\� SURJUDP� FDQ�
UHGXFH� PDMRU� PRELOLW\� GLVDELOLW\�
DPRQJ�WKHVH�LQGLYLGXDOV� 

  
3DKRU��0���HW�DO��(IIHFW�RI�6WUXFWXUHG�
3K\VLFDO� $FWLYLW\� RQ� 3UHYHQWLRQ� RI�
0DMRU� 0RELOLW\� 'LVDELOLW\� LQ� 2OGHU�
$GXOWV��7KH�/LIH�6WXG\�5DQGRPL]HG��
&OLQLFDO�7ULDO��-$0$��������-XQH���� 
�������������-����� 
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3UHYLRXV� VWXGLHV� KDYH� VXJJHVWHG�

WKDW� VWDWLQ� XVH� LV� OLQNHG� WR� OHVV�
SK\VLFDO� DFWLYLW\� LQ� ROGHU� DGXOWV��
DOWKRXJK� ORQJ-WHUP� VWXGLHV� DUH�
ODFNLQJ�� 7KLV� ODUJH�� REVHUYDWLRQDO�
VWXG\� RI� ROGHU� PHQ� HYDOXDWHG� WKH�
UHODWLRQVKLS�EHWZHHQ�SK\VLFDO�DFWLYLW\�
DQG�VWDWLQ�XVH� IRU�XS� WR�VHYHQ�\HDUV�
DIWHU�EDVHOLQH� 
7KLV� PXOWL-FHQWHUHG� VWXG\� LQFOXGHG�

FRPPXQLW\�GZHOOLQJ�PHQ�����\HDUV�RI�
DJH� RU� ROGHU�� DOO� ZLWK� D� EDVHOLQH�
H[DPLQDWLRQ� FRPSOHWHG� EHWZHHQ�
0DUFK�RI������DQG�$SULO�RI�������$W�
HDFK�FOLQLF�YLVLW��WKH�PHQ�ZHUH�DVNHG�
WR�UHSRUW�WKHLU�PHGLFDWLRQ�XVH��DQG�WR�
FRPSOHWH� D� VHOI-DGPLQLVWHUHG�
TXHVWLRQQDLUH�WR�GHWHUPLQH�DJH��UDFH��
HGXFDWLRQ�� PDULWDO� VWDWXV�� VPRNLQJ�
VWDWXV�� VHOI-SHUFHLYHG� KHDOWK��
GL]]LQHVV�DQG�VHOHFWHG�VHOI-UHSRUWHG��
SK\VLFLDQ� GLDJQRVHG� FRQGLWLRQV�� $W�
HDFK� YLVLW�� D� 3K\VLFDO� $FWLYLW\� 6FDOH�
IRU�7KH�(OGHUO\��3$6(��TXHVWLRQQDLUH�
ZDV� FRPSOHWHG�� $W� YLVLW� WKUHH�� WKH�
VXEMHFWV� ZHUH� DVNHG� WR� ZHDU� DQ�
DFFHOHURPHWHU� RYHU� D� VHYHQ-GD\�
SHULRG��&DWHJRULHV�RI�VWDWLQ�XVH�ZHUH�
FRPSDUHG�WR�OHYHOV�RI�DFWLYLW\� 

2I� WKRVH� VWXGLHG�� ���� ZHUH� VWDWLQ�
XVHUV� DQG� ������ ZHUH� QRQXVHUV� DW�
EDVHOLQH��2Q� DYHUDJH� D� GHFUHDVH� LQ�
SK\VLFDO� DFWLYLW\� ZDV� REVHUYHG� LQ� DOO�
JURXSV� GXULQJ� IROORZ-XS�� 7KH� 3$6(�
VFRUHV� RI� WKH� SUHYDOHQW� VWDWLQ� XVHUV�
GHFOLQHG� E\� URXJKO\� WKH� VDPH�
QXPEHU� RI� SRLQWV� DQQXDOO\� DV� WKRVH�
RI� QRQXVHUV�� ,Q� QHZ� XVHUV�� WKH�
VFRUHV�GHFOLQHG�DW�D� IDVWHU� UDWH� WKDQ�
LQ� QRQXVHUV�� 2I� WKH� ������PHQ� ZKR�
KDG� DGHTXDWH� DFFHOHURPHWHU� GDWD��
VWDWLQ� XVHUV� H[SHQGHG� OHVV� HQHUJ\�
DQG� HQJDJHG� LQ� OHVV� PRGHUDWH�
SK\VLFDO� DFWLYLW\�� OHVV� YLJRURXV�
DFWLYLW\�DQG�PRUH�VHGHQWDU\�EHKDYLRU�
WKDQ�GLG�QRQXVHUV� 
&RQFOXVLRQ�� 7KLV� SURVSHFWLYH�

VWXG\� RI� FRPPXQLW\� GZHOOLQJ� HOGHUO\�
PHQ� IRXQG� VWDWLQ� XVH� WR� EH�
DVVRFLDWHG� ZLWK� PRGHVWO\� ORZHU�
SK\VLFDO� DFWLYLW\�� HYHQ� DIWHU�
DFFRXQWLQJ� IRU� PHGLFDO� KLVWRU\� DQG�
RWKHU�FRQIRXQGLQJ�IDFWRUV� 

 
/HH�� '��� HW� DO�� 6WDWLQV� DQG� 3K\VLFDO�
$FWLYLW\� LQ� 2OGHU� 0HQ�� 7KH�
2VWHRSRURWLF�)UDFWXUHV�LQ�0HQ�6WXG\��
-$0$� ,QWHUQ� 0HG�� �����������-XQ�

��� GRL�� ��������MDPDLQWHUQPHG�������
����� 

6/((3�48$/,7<�$1'� 
/2:�%$&.�3$,1 

  
6OHHS� SUREOHPV� KDYH� EHHQ�

UHSRUWHG�LQ����WR�����RI�SDWLHQWV�ZLWK�
FKURQLF�RU�DFXWH�ORZ�EDFN�SDLQ��/%3���
7KLV� VWXG\� ZDV� GHVLJQHG� WR�
GHWHUPLQH�ZKHWKHU�SRRU�VOHHS�TXDOLW\�
LV� DVVRFLDWHG� ZLWK� VXEVHTXHQW�
LQFUHDVHV�LQ�SDLQ�LQWHQVLW\�LQ�SDWLHQWV�
ZLWK�DFXWH�/%3� 
'DWD� ZHUH� REWDLQHG� IURP� D�

UDQGRPL]HG�� SODFHER-FRQWUROOHG� WULDO�
HYDOXDWLQJ�WKH�XVH�RI�SDUDFHWDPRO�IRU�
WKH� WUHDWPHQW� RI� DFXWH� /%3�� 7KH�
SDWLHQWV� ZHUH� UDQGRPO\� DVVLJQHG� WR�
UHFHLYH� HLWKHU� SDUDFHWDPRO� RU� D�
SODFHER� XQWLO� UHFRYHU\� IURP� EDFN�
SDLQ��7KH�VOHHS�TXDOLW\� LWHP� �LWHP����
RI�WKH�3LWWVEXUJK�6OHHS�4XDOLW\�,QGH[�
ZDV� XVHG� WR� HYDOXDWH� VOHHS� TXDOLW\�
RYHU� WKH� SULRU� VHYHQ� GD\V��
3DUWLFLSDQWV� ZHUH� DVNHG� WR� UDWH�
DYHUDJH� SDLQ� RYHU� WKH� ODVW� ��� KRXUV�
RQ�D�]HUR�WR���-SRLQW�QXPHULFDO�UDWLQJ�
VFDOH� �156��� 7KH� UHODWLRQVKLS�
EHWZHHQ� SDLQ� LQWHQVLW\� DQG� VOHHS�
TXDOLW\�ZDV�HYDOXDWHG�XVLQJ�UHSHDWHG�
PHDVXUHPHQWV� RI� SDLQ� LQWHQVLW\� DQG�
VOHHS�TXDOLW\�RYHU����ZHHNV� 
'DWD�RI�������LQGLYLGXDOV�ZLWK�DFXWH�

ORZ� EDFN� SDLQ� ZHUH� LQFOXGHG� LQ� WKH�
DQDO\VLV�� $W� EDVHOLQH�� ����
SDUWLFLSDQWV� UHSRUWHG� WKHLU� VOHHS�
TXDOLW\� WR� EH� YHU\� EDG� RU� IDLUO\� EDG��
7KH� DQDO\VLV� IRXQG� D� VLJQLILFDQW�
DVVRFLDWLRQ� EHWZHHQ� VOHHS� TXDOLW\�
DQG� VXEVHTXHQW� SDLQ� LQWHQVLW\�
�S��������� 7KH� VWUHQJWK� RI� WKH�
DVVRFLDWLRQ� EHWZHHQ� VOHHS� TXDOLW\�
DQG� VXEVHTXHQW� /%3� UHPDLQHG� DIWHU�
DGMXVWLQJ� IRU� LPSRUWDQW� /%3�
SURJQRVWLF�IDFWRUV� 
&RQFOXVLRQ�� 7KLV� VWXG\�

GHPRQVWUDWHV� D� VWURQJ� UHODWLRQVKLS�
EHWZHHQ� VOHHS� TXDOLW\� DQG�
VXEVHTXHQW�SDLQ� LQWHQVLW\� LQ�SDWLHQWV�
ZLWK�DFXWH�ORZ�EDFN�SDLQ� 

 
$OVDDGL��6���HW�DO��3RRU�6OHHS�4XDOLW\�
,V� 6WURQJO\� $VVRFLDWHG� ZLWK�
6XEVHTXHQW�3DLQ�,QWHQVLW\�LQ�3DWLHQWV�
ZLWK� $FXWH� /RZ� %DFN� 3DLQ�� $UWKULWLV�
DQG�5KHXP��������0D\�������������
-����� 
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$XWRORJRXV FKRQGURF\WH�

LPSODQWDWLRQ� KDV� UHFHQWO\� EHHQ�

LQWURGXFHG� DV� D� UHSDLU� RSWLRQ� IRU�
SDWLHQWV�ZLWK� IXOO� WKLFNQHVV� FKURQGUDO�
GHIHFWV�RI� WKH� NQHH��0RGLILFDWLRQV�RI�
WKLV� SURFHGXUH� LQFOXGH� PDWUL[�
DVVLVWHG� DXWRORJRXV
 FKRQGURF\WH� WUDQVSODQWDWLRQ�
�0$&7��� 7KLV� VWXG\� DVVHVVHG� WKH�
ORQJ-WHUP� HIIHFW� RI� 0$&7�� XVLQJ�
+\DORJUDIW� &� DXWRJUDIW�� IRU� WKH�
WUHDWPHQW�RI�WKH�NQHH� 
7KLV� SURVSHFWLYH� VWXG\� LQFOXGHG�

FRQVHFXWLYH� SDWLHQWV� WUHDWHG� ZLWK�
+\DORJUDIW� &� RYHU� D� VL[-\HDU� SHULRG��
7KH� FDVH� VHULHV� LQFOXGHG� ��� IHPDOH�
DQG� ��� PDOH� SDWLHQWV� ZLWK� D� PHDQ�
DJH� RI� ��� \HDUV� DQG� D�PHDQ� GHIHFW�
VL]H�RI�����FPð��6XUJHU\�FRPSULVHG�D�
WZR-VWHS�SURFHGXUH��)RXU�ZHHNV�DIWHU�
FHOOV� ZHUH� KDUYHVWHG� IURP� KHDOWK\�
WLVVXH�� WKH� FHOO� VHDWHG� PDWUL[� ZDV�
LPSODQWHG�WKURXJK�D�PLQL-DUWKURWRP\��
&UXWFK� DVVLVWHG�� QRQ-ZHLJKW-EHDULQJ�
DPEXODWLRQ� ZDV� RUGHUHG� IRU� VL[�
ZHHNV�� ZLWK� WRXFKGRZQ� ZHLJKW-�
EHDULQJ� SURJUHVVLQJ� WR� IXOO� ZHLJKW-�
EHDULQJ� IURP� VHYHQ� WR� ��� ZHHNV��
2XWFRPH� PHDVXUHV� LQFOXGHG� WKH�
VXEMHFWLYH� ,QWHUQDWLRQDO� .QHH�
'RFXPHQWDWLRQ� &RPPLWWHH� �,.'&��
NQHH� IRUP�� DQ� REMHFWLYH� ,.'&� NQHH�
VFRUH�� D� /\VKROP� VFRUH� DQG� D�
PRGLILHG� &LQFLQQDWL� .QHH� 5DWLQJ�
6\VWHP�VFRUH� 
7KH� PHDQ� IROORZ-XS� SHULRG� ZDV�

QLQH�\HDUV��ZLWK�D�PLQLPXP�IROORZ-XS�
RI� VHYHQ� \HDUV�� 7UHDWPHQW� IDLOXUH�
RFFXUUHG� LQ� ��� RI� ��� SDWLHQWV� DW� D�
PHDQ� RI� WKUHH� \HDUV¶� SRVW-VXUJHU\��
6LJQLILFDQW� LPSURYHPHQW� ZDV�
REVHUYHG� LQ� DOO� VFRUHV� DW� DOO� WLPH�
SRLQWV� FRPSDUHG� ZLWK� SUH-VXUJHU\�
OHYHOV� �S�������� $QDO\VLV�
GHPRQVWUDWHG� D� VLJQLILFDQWO\� ORZHU�
FKDQFH� RI� JUDIW� VXUYLYDO� LQ� FRPSOH[�
DQG�VDOYDJH�FDVHV��S�������� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

FRQVHFXWLYH� SDWLHQWV� ZLWK� IXOO�
WKLFNQHVV�FKRQGUDO�GHIHFWV�IRXQG�WKDW�
WUHDWPHQW�ZLWK�+\DORJUDIW�&�DXWRJUDIW�
FDQ�SURGXFH�JRRG��FOLQLFDO��ORQJ-WHUP�
RXWFRPHV� 

  
%UL[�� 0��� HW� DO�� 7UHDWPHQW� RI� )XOO�
7KLFNQHVV� &KRQGUDO� 'HIHFWV� ZLWK�
+\ORJUDIW� &� LQ� WKH� .QHH�� /RQJ-7HUP�
5HVXOWV�� $P� -� 6SRUW� 0HG�� ������
-XQH����������-����� 

9$5(1,&/,1(�3/86�1,&27,1(�
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7REDFFR� LV� WKH� IRUHPRVW�

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

�ǆƉĂŶĚŝŶŐ�ƚŚĞ�ĨƌŽŶƟĞƌ�ŽĨ�ŵĞĚŝĐŝŶĞ�ŝŶ�ƌĞƐĞĂƌĐŚ͕�ƚĞĂĐŚŝŶŐ͕�ĂŶĚ�ƉĂƟĞŶƚ�ĐĂƌĞ 

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� ������ ���-

������ 

PRUWDOLW\� GXH� WR� UHVSLUDWRU\� DQG�
FDUGLRYDVFXODU� GLVHDVHV�� 3UHYLRXV�
VWXGLHV� KDYH� HYDOXDWHG� WKH�
FRPELQDWLRQ� RI� YDUHQLFOLQH� DQG�
QLFRWLQH� UHSODFHPHQW� WKHUDS\� �157��
DV�D�PHDQV�IRU�LQFUHDVLQJ�DEVWLQHQFH�
UDWHV�� 7KLV� VWXG\� FRPSDUHG�
YDUHQLFOLQH�SOXV�157�ZLWK�157�DORQH�
DV� D� PHDQV� WR� LQFUHDVH� DEVWLQHQFH�
UDWHV� 
7KLV�UDQGRPL]HG���GRXEOH-EOLQG�WULDO�

LQFOXGHG� ���� KHDOWK\� VPRNHUV��
UDQGRPO\�DVVLJQHG�WR�UHFHLYH�HLWKHU�D�
QLFRWLQH� ��� PJ� SDWFK� RU� D� SODFHER�
SDWFK� SOXV� YDUHQLFOLQH�� WLWUDWHG� WR� ��
PJ�WZLFH�GDLO\�WKURXJK�ZHHN�����7KH�
SULPDU\� HQGSRLQW� ZDV� WKH� IRXU-ZHHN�
FRQWLQXRXV�DEVWLQHQFH�UDWH��DW�ZHHNV�
QLQH� WKURXJK� ���� 6HFRQGDU\�
HQGSRLQWV� LQFOXGHG� WKH� SRLQW�
SUHYDOHQFH�DEVWLQHQFH�DW�VL[�PRQWKV��
WKH� FRQWLQXRXV� DEVWLQHQFH� UDWH� IURP�
ZHHNV� QLQH� WR� ��� DQG� WKH� LQFLGHQFH�
RI�DGYHUVH�HYHQWV� 
2I� WKH� SDWLHQWV� LQFOXGHG�� ����ZHUH�

UDQGRPL]HG� WR� UHFHLYH� WKH�
FRPELQDWLRQ� WKHUDS\� DQG� ���� WR�
UHFHLYH� YDUHQLFOLQH� DORQH�� 7KH�
LQWHQWLRQ� WR� WUHDW� DQDO\VLV� LQGLFDWHG�
WKDW� FRQWLQXRXV� DEVWLQHQFH� DW� ���

ZHHNV� RFFXUUHG� LQ� ������ RI� WKH�
FRPELQDWLRQ�JURXS�DQG�������RI� WKH�
YDUHQLFOLQH� JURXS� �S ��������
&RQWLQXRXV� DEVWLQHQFH� DW� ��� ZHHNV�
ZDV� UHDOL]HG� E\� ������ RI� WKH�
FRPELQDWLRQ�JURXS�DQG�������RI� WKH�
YDUHQLFOLQH� JURXS�� 7KH� PHDQ� ZHLJKW�
JDLQV� DIWHU� VL[� PRQWKV� ZHUH� �� NJ� LQ�
WKH� FRPELQDWLRQ�JURXS�DQG����� NJ� LQ�
WKH�YDUHQLFOLQH�JURXS� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� WREDFFR� DEXVH� IRXQG�
WKDW� FRPELQLQJ� YDUHQLFOLQH� ZLWK�
QLFRWLQH�UHSODFHPHQW�WKHUDS\�LV�PRUH�
HIIHFWLYH� WKDQ� YDUHQLFOLQH� DORQH� LQ�
DFKLHYLQJ� WREDFFR� DEVWLQHQFH� DW� ���
ZHHNV�DQG�VL[�PRQWKV� 

  
.RHJHOHQEHUJ�� &��� HW� DO�� (IILFDF\� RI�
9DUHQLFOLQH� &RPELQHG� ZLWK� 1LFRWLQH�
5HSODFHPHQW� 7KHUDS\� YHUVXV�
9DUHQLFOLQH� $ORQH� IRU� 6PRNLQJ�
&HVVDWLRQ�� $� 5DQGRPL]HG� &OLQLFDO�
7ULDO��-$0$�� ������-XO\��������������
-���� 

  
  
 
  
  


