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2VWHRSRURVLV� LV� DVVRFLDWHG� ZLWK�

VXEVWDQWLDO� HFRQRPLF� DQG� SXEOLF�
KHDOWK� FRVWV�� 2VWHRDQDEROLF� WKHUDS\�
LV�RIWHQ� UHFRPPHQGHG� IRU�ZRPHQ�DW�
ULVN� IRU� IXWXUH� IUDFWXUH�� DOWKRXJK� WKH�
HYLGHQFH�RI� UDSLG� IUDFWXUH�SURWHFWLRQ�
ZLWK� WKLV� WUHDWPHQW� LV� ODFNLQJ��
$EDORSDUDWLGH� LV� D� SHSWLGH� WKDW�
VHOHFWLYHO\� ELQGV� WR� WKH� 5*�
FRQIRUPDWLRQ� RI� WKH� SDUDWK\URLG�
KRUPRQH� W\SH� ,� UHFHSWRU�� 7KLV� VWXG\�
ZDV� GHVLJQHG� WR� GHWHUPLQH� WKH�
HIILFDF\� RI� WKLV� PHGLFDWLRQ� IRU� WKH�
SUHYHQWLRQ�RI�QHZ�YHUWHEUDO�IUDFWXUHV�
LQ�SRVWPHQRSDXVDO�ZRPHQ� 

7KLV� LQWHUQDWLRQDO�� UDQGRPL]HG��
SODFHER� DQG� DFWLYH� FRQWUROOHG� WULDO�
LQFOXGHG� SRVWPHQRSDXVDO� ZRPHQ��
��� WR� ��� \HDUV� RI� DJH� ZLWK�
RVWHRSRURVLV�� 7KH� SDUWLFLSDQWV� ZHUH�
UDQGRPL]HG� WR� UHFHLYH� GDLO\�
VXEFXWDQHRXV� LQMHFWLRQV� RI�
DEDORSDUDWLGH� ��� �J�� D� PDWFKLQJ�
SODFHER�� RU� WHULSDUDWLGH� ��� �J��
5DGLRJUDSKV� RI� WKH� OXPEDU� DQG�
WKRUDFLF� VSLQH� ZHUH� REWDLQHG� DW�
EDVHOLQH�DQG�DW�WKH�HQG�RI�WUHDWPHQW��
7KH� SULPDU\� RXWFRPH� PHDVXUH� ZDV�
WKH� SHUFHQWDJH� RI� SDUWLFLSDQWV� ZLWK�
RQH� RU� PRUH� LQFLGHQWV� RI� QHZ�
PRUSKRPHWULF�YHUWHEUDO�IUDFWXUH� 
6XEMHFWV� ZHUH� ������ ZRPHQ� ZLWK�

������� UDQGRPL]HG� WR� UHFHLYH�
DEDORSDUDWLGH�� ������ WR� UHFHLYH�
SODFHER� DQG� ������ WR� UHFHLYH� RSHQ�
ODEHO�WHULSDUDWLGH��1HZ�PRUSKRPHWULF�
YHUWHEUDO�IUDFWXUHV�RFFXUUHG�LQ�������
RI� WKRVH� LQ� WKH� DEDORSDUDWLGH� JURXS�
DQG� ������ LQ� WKH� SODFHER� JURXS�
�S��������� ,Q� WKH� WHULSDUDWLGH� JURXS��
IUDFWXUHV� RFFXU� LQ� ������ �S���������
$W����PRQWKV��FRPSDUHG�WR�SODFHER��

WKH DEDORSDUDWLGH JURXS�
GHPRQVWUDWHG� VLJQLILFDQW� FKDQJHV�
IURP� EDVHOLQH� ERQH� PLQHUDO� GHQVLW\�
�%0'��DW� WKH� WRWDO� KLS�� IHPRUDO� QHFN�
DQG� OXPEDU� VSLQH� �S������� IRU� DOO�
FRPSDULVRQV��� 7KH� %0'� LQFUHDVHV�
IURP� EDVHOLQH� WR� VL[� PRQWKV� LQ� WKH�
DEDORSDUDWLGH� JURXS� ZHUH� JUHDWHU�
WKDQ� IRU� WKRVH� LQ� WKH� WHULSDUDWLGH�
JURXS� IRU� WRWDO�KLS�DQG� IHPRUDO� QHFN�
�S������� IRU� DOO� FRPSDULVRQV��� 7KH�
LQFLGHQFH� RI� K\SHUFDOFHPLD� ZDV�
ORZHU� LQ� WKH� DEDORSDUDWLGH� JURXS�
WKDQ� LQ� WKH� WHULSDUDWLGH� JURXS�
�S ������� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SRVWPHQRSDXVDO� ZRPHQ� ZLWK�
RVWHRSRURVLV� IRXQG� WKDW� WKH� XVH� RI�
DEDORSDUDWLGH� UHGXFHG� WKH� LQFLGHQFH�
RI�IUDFWXUHV�RYHU����PRQWKV� 

 
0LOOHU�� 3��� HW� DO�� (IIHFW� RI�
$EDORSDUDWLGH� YHUVXV� 3ODFHER� RQ�
1HZ� 9HUWHEUDO� )UDFWXUHV� LQ�
3RVWPHQRSDXVDO� :RPHQ� ZLWK�
2VWHRSRURVLV�� $� 5DQGRPL]HG��
&OLQLFDO� 7ULDO�� -� $PHU� 0HG� $VVRF��
������$XJXVW����������������-���� 
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)RU� FHUYLFDO� G\VWRQLD� �&'���
ERWXOLQXP�WR[LQ�LQMHFWLRQV�LQ�VHOHFWHG�
PXVFOHV� LV� WKH� WUHDWPHQW� RI� FKRLFH��
7KLV� VWXG\� ZDV� GHVLJQHG� WR� LGHQWLI\�
FOLQLFDO� RXWFRPHV� UHODWHG� WR� SDLQ� LQ�
SDWLHQWV� ZLWK� &'� WUHDWHG� ZLWK�
ERWXOLQXP�WR[LQ��%R17�� 
'DWD� ZHUH� REWDLQHG� IURP� DQ� RSHQ�

ODEHO�� SURVSHFWLYH�� PXOWLFHQWHU�
FOLQLFDO� UHJLVWU\� RI� SDWLHQWV� ZLWK� &'�
WUHDWHG�ZLWK�%R17��$OO�VXEMHFWV�KDG�D�
GLDJQRVLV�RI�&'��ZHUH�QHZ� WR�%R17�
WUHDWPHQW� RU� KDG� QRW� UHFHLYHG� VXFK�
WUHDWPHQW� IRU� DW� OHDVW� ��� ZHHNV��

'RVLQJ� LQ� WKH� PXVFOHV� LQMHFWHG� ZDV�
DW� WKH� GLVFUHWLRQ� RI� WKH� WUHDWLQJ�
SK\VLFLDQ�� 3DWLHQWV� ZHUH� DVVHVVHG�
ZLWK� WKH�3DLQ�1XPHULF�5DWLQJ�6FDOH��
WKH� 3DLQ� VXEVFDOH� RI� WKH� 7RURQWR�
:HVWHUQ� 6SDVPRGLF� 7RUWLFROOLV�
5DWLQJ� 6FDOH�� WKH� 3DLQ� VXEVFDOH� RI�
WKH� 7RURQWR� :HVWHUQ� 6SDVPRGLF�
7RUWLFROOLV�5DWLQJ�6FDOH�DQG�WKH�3DLQ�
DQG� 'LVFRPIRUW� VXEVFDOHV� RI� WKH�
&HUYLFDO�'\VWRQLD�,PSDFW�3URILOH� 
7KH�VWXG\�HQUROOHG�������VXEMHFWV��

RI�ZKRP�����UHSRUWHG�QHFN�SDLQ�RU�
GLVFRPIRUW� SULRU� WR� WKH� LQMHFWLRQV��
3RVW-LQMHFWLRQ�SDLQ�UHOLHI�UDQJHG�IURP�
������ DIWHU� WKH� ILUVW� WUHDWPHQW� WR�
������DIWHU� WKH� WKLUG� WUHDWPHQW�� 7KH�
DYHUDJH� WLPH� WR� SDLQ� UHOLHI� UDQJHG�
IURP����� GD\V� DIWHU� WKH� ILUVW� DQG� ����
GD\V� DIWHU� WKH� WKLUG� WUHDWPHQW�� )RU�
WKRVH� UHSRUWLQJ� PRGHUDWH� WR� VHYHUH�
QHFN�SDLQ�DW�EDVHOLQH��DOO�SDLQ�VFDOHV�
GHPRQVWUDWHG� VLJQLILFDQW� UHGXFWLRQV�
LQ� SDLQ� OHYHOV�EHWZHHQ� EDVHOLQH� DQG�
ILQDO�IROORZ-XS��S��������� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI� SDWLHQWV�

ZLWK�SDLQ�UHODWHG�WR�FHUYLFDO�G\VWRQLD�
IRXQG� WKDW� WKRVH� ZLWK� PRGHUDWH� WR�
VHYHUH� QHFN� SDLQ� H[SHULHQFHG�
VLJQLILFDQW� SDLQ� UHOLHI� DIWHU� %R17�
LQMHFWLRQV� 
 
&KDUOHV�� 3��� HW� DO�� 1HFN� 3DLQ� DQG�
&HUYLFDO� '\VWRQLD�� 7UHDWPHQW�
2XWFRPHV� IURP� &'� 352%(�
�&HUYLFDO� '\VWRQLD� 3DWLHQW� 5HJLVWU\�
IRU� 2EVHUYDWLRQ� RI�
2QDERWXOLQXPWR[LQ$� (IILFDF\��� 3DLQ�
3UDFW��������1RYHPEHU�������������-
����� 
 
$&(7$%8/$5�/$%5$/�7($5�,1�

%$//(7�'$1&(56 
 
%DOOHW�GDQFHUV�DUH�EHOLHYHG�WR�EH�DW�

DQ�LQFUHDVHG�ULVN�RI�DFHWDEXODU�ODEUDO�
WHDUV� DV� D� UHVXOW� RI� WKH� UHSHWLWLYH�

9ROXPH����1XPEHU��� 0DUFK�������� 
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WRUVLRQDO� ORDGLQJ� RI� WKH� KLS� MRLQWV� LQ�
H[WUHPHV� RI� UDQJH� RI� PRWLRQ�� 7KLV�
VWXG\�� XVLQJ� LPSURYHG� PDJQHWLF�
UHVRQDQFH� LPDJLQJ� WHFKQLTXHV�� ZDV�
GHVLJQHG� WR� GHWHUPLQH� ZKHWKHU�
SURIHVVLRQDO� EDOOHW� GDQFHUV� KDYH� DQ�
LQFUHDVHG� SUHYDOHQFH� RI� ODEUDO� WHDUV��
DV� FRPSDUHG� WR� D� PDWFKHG� VSRUWLQJ�
SRSXODWLRQ� 
7KLV� FDVH-FRQWURO� VWXG\� HQJDJHG�

EDOOHW� GDQFHUV� DQG� D� VSRUWLQJ� FRQWURO�
JURXS� ZLWK� DQ� DYHUDJH� DJH� RI� ���
\HDUV�� 'DQFHUV� LQFOXGHG� ��� FXUUHQW�
DQG� ��� UHWLUHG� SURIHVVLRQDO� EDOOHW�
GDQFHUV�� 7KH� ��� FRQWUROV� ZHUH�
PDWFKHG�ZLWK�GDQFHUV�E\�JHQGHU�DQG�
DJH�� 7KH� FRQWUROV� ZKR� KDG� VSRUW�
SDUWLFLSDWLRQ� LQFOXGLQJ� WHQQLV�� QHWEDOO�
RU�EDVNHWEDOO�PRUH�WKDQ�WKUHH�WLPHV�D�
ZHHN�IURP�DW�OHDVW����\HDUV�RI�DJH��$OO�
VXEMHFWV� ZHUH� DVVHVVHG� E\�
TXHVWLRQQDLUH�IRU�\HDUV�RI�DFWLYLW\�DQG�
PHGLFDO�LQMXU\� KLVWRU\�� 4XHVWLRQQDLUHV�
ZHUH� XVHG� WR� GHWHUPLQH� HQHUJ\�
H[SHQGLWXUH� SHU�ZHHN� DQG� SHUFHSWLRQ�
RI� KLS� SDLQ� RU� G\VIXQFWLRQ�� 5DQJH� RI�
PRWLRQ�RI� WKH�KLS�DQG�05,�HYDOXDWLRQ�
RI� WKH� KLS� ZHUH� FRPSOHWHG� IRU� DOO�
VXEMHFWV� 
7KH�05,V�GHPRQVWUDWHG�WKDW�����RI�

WKH�SDUWLFLSDQWV�KDG�D�ODEUDO�WHDU�LQ�DW�
OHDVW�RQH�KLS��7KHUH�ZDV�QR�VLJQLILFDQW�
GLIIHUHQFH� LQ� WKH� IUHTXHQF\� RI� ODEUDO�
WHDUV� EHWZHHQ� EDOOHW� GDQFHUV� DQG�
FRQWUROV� �S�  � ������� 1R� VLJQLILFDQW�
UHODWLRQVKLS� ZDV� IRXQG� EHWZHHQ� SDLQ�
DQG� WKH� SUHVHQFH� RI� D� ODEUDO� WHDU��

 

$PRQJ� SDWLHQWV� ZLWK� SDLQ�� LQWHUQDO�
URWDWLRQ� RI� WKH� KLS� ZKLOH� LQ� ���� RI�
IOH[LRQ� ZDV� DVVRFLDWHG� ZLWK� D� ODEUDO�
WHDU� LQ� WKH� OHIW�KLS�EXW�QRW� LQ� WKH� ULJKW�
KLS� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SURIHVVLRQDO�EDOOHW�GDQFHUV�IRXQG�WKDW�
WKHVH� DWKOHWHV� KDYH�D� KLJK� LQFLGHQFH�
RI�ODEUDO�WHDUV��ZKLFK�LV�VLPLODU�WR�WKDW�
RI� RWKHU� DJH� DQG� JHQGHU� PDWFKHG�
VSRUWLQJ�SDUWLFLSDQWV� 
0D\HV��6���HW�DO��6LPLODU�3UHYDOHQFH�RI�
$FHWDEXODU�/DEHO�7HDU�LQ�3URIHVVLRQDO�
%DOOHW� 'DQFHUV� DQG� 6SRUWLQJ�
3DUWLFLSDQWV��&OLQ� -� 6S� 0HG�� ������
-XO\��������� ���-���� 

 
&+21'52,7,1�68/)$7(�$1'�
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5HVXOWV� IURP� WKH� JOXFRVDPLQH��

FKRQGURLWLQ� DUWKULWLV� LQWHUYHQWLRQ� WULDO�
�*$,7�� IDLOHG� WR�GHPRQVWUDWH� WKDW� WKLV�
LQWHUYHQWLRQ� FRXOG� UHGXFH� MRLQW� SDLQ�
DPRQJ� SDWLHQWV� ZLWK� RVWHRDUWKULWLV�
�2$�� RI� WKH� NQHH�� $� VXEVHTXHQW�
DQDO\VLV�� KRZHYHU�� VXJJHVWHG� WKDW�
WKLV� LQWHUYHQWLRQ�PLJKW� EH� HIIHFWLYH� LQ�
D�VXEVHW�RI�SDWLHQWV�ZLWK�PRGHUDWH�WR�
VHYHUH� NQHH� SDLQ�� 7KLV� VWXG\� ZDV�
GHVLJQHG� WR� EHWWHU� DVVHVV� WKLV�
WUHDWPHQW� DV� FRPSDUHG� ZLWK� SODFHER�
IRU�SDLQIXO�NQHH�2$� 
7KLV� SKDVH� WKUHH�� PXOWLFHQWHU��

UDQGRPL]HG�� GRXEOH-EOLQG�� SODFHER�
FRQWUROOHG��SDUDOOHO�JURXS�WULDO�LQFOXGHG�
SDWLHQWV� ZLWK� SULPDU\� V\PSWRPDWLF�
NQHH� 2$�� 3DUWLFLSDQWV� KDG�
UDGLRJUDSKLF�JUDGH���RU�JUDGH���NQHH�
2$� DFFRUGLQJ� WR� WKH� .HOOJUHQ��
/DZUHQFH�VFDOH��7KH�����SDUWLFLSDQWV�
ZHUH� UDQGRPO\�DVVLJQHG� WR� UHFHLYH�D�
SODFHER� RU� RUDO� JOXFRVDPLQH��
FKRQGURLWLQ� � � � VXOIDWH� � � � � �&6�*6��
�������������PJ�GDLO\� IRU�VL[�PRQWKV��
$OO� VXEMHFWV� ZHUH� DVVHVVHG� IRU� SDLQ�
XVLQJ� D� YLVXDO� DQDORJ� VFDOH�� ZLWK�
VHFRQGDU\� RXWFRPHV� LQFOXGLQJ�
LQYHVWLJDWRUV¶� JOREDO� DVVHVVPHQWV� RI�
GLVHDVH� DFWLYLW\� DQG�:HVWHUQ�2QWDULR�
DQG� 0F0DVWHU� 8QLYHUVLWLHV�
2VWHRDUWKULWLV� ,QGH[� �:20$&��
VFRUHV� 
$� PRGLILHG� LQWHQW� WR� WUHDW� DQDO\VLV�

UHYHDOHG�WKDW�WKH�WUHDWPHQW�JURXS�KDG�
VLJQLILFDQWO\� OHVV� UHGXFWLRQ� LQ� SDLQ�
VFRUHV� WKDQ� GLG� WKH� SODFHER� JURXS�
�S �������� %RWK� JURXSV� LPSURYHG� RQ�

WRWDO�:20$&� VFRUHV�� DV� ZHOO� DV� RQ�
WKH� 3DLQ� DQG� )XQFWLRQ� VXEVFDOHV� RI�
WKH� :20$&�� ZLWK� QR� VLJQLILFDQW�
GLIIHUHQFH�EHWZHHQ�WKH�JURXSV� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI� SDWLHQWV�

ZLWK�RVWHRDUWKULWLV�RI� WKH�NQHH�GLG�QRW�
ILQG� WKDW� WKH� RUDO� FRPELQDWLRQ� RI�
FKRQGURLWLQ� VXOIDWH� DQG� JOXFRVDPLQH�
VXOIDWH� LV� HIIHFWLYH� IRU� UHGXFLQJ� SDLQ�
DQG� LPSURYLQJ� IXQFWLRQ� RYHU� VL[�
PRQWKV� 
5RPDQ-%ODV�� -��� HW� DO�� &RPELQHG�
7UHDWPHQW� ZLWK� &KRQGURLWLQ� 6XOIDWH�
DQG� *OXFRVDPLQH� 6XOIDWH� 6KRZV� 1R�
6XSHULRULW\� RYHU� 3ODFHER� IRU�
5HGXFWLRQ� RI� -RLQW� 3DLQ� DQG�
)XQFWLRQDO�,PSDLUPHQW�LQ�3DWLHQWV�ZLWK�
.QHH� 2VWHRDUWKULWLV�� $� 6L[-� 0RQWK�
0XOWLFHQWHU�� 5DQGRPL]HG�� 'RXEOH-
%OLQG�� 3ODFHER� &RQWUROOHG� 7ULDO��
$UWKULWLV� 5KHXPDWRO�� ������ -DQXDU\��
���������-��� 
 
 
�%272;�,1�7+(�0$66(7(5�)25�

7(16,21�+($'$&+(6 
 
7HQVLRQ-W\SH�KHDGDFKHV�DUH�DPRQJ�

WKH� PRVW� FRPPRQ� VSRQWDQHRXV��
SULPDU\� KHDGDFKHV�� 7KHVH� DUH� RIWHQ�
DFFRPSDQLHG� E\� WHPSRURPDQGLEXODU�
MRLQW� �70-��G\VIXQFWLRQ�DQG�PDVVHWHU�
SDLQ�� 7KLV� VWXG\� ZDV� GHVLJQHG� WR�
DVVHVV�WKH�HIILFDF\�RI�ERWXOLQXP�WR[LQ�
W\SH� $� �%7;$�� LQMHFWLRQV� LQ� SDWLHQWV�
ZLWK�PDVVHWHU�PXVFOH�SDLQ��70-� 
G\VIXQFWLRQ� DQG� WHQVLRQ-W\SH�
KHDGDFKH� 
7KLV�SURVSHFWLYH�VWXG\�LQFOXGHG 
���DGXOWV�ZLWK�70-�G\VIXQFWLRQ�DQG�

WHQVLRQ-W\SH� � � � � KHDGDFKHV�� 7KH�
SDWLHQWV�UHFHLYHG����XQLWV�RI�%7;$�LQ�
WKH� PDVVHWHUV�� DW� WKH� DUHD� RI� WKH�
JUHDWHVW� FURVV-VHFWLRQ� VXUIDFH�� 7KH�
VXEMHFWV� ZHUH� DVVHVVHG� IRU� SDLQ� DW�
RQH� ZHHN� EHIRUH� WUHDWPHQW� DQG� ���
ZHHNV� DIWHU� WUHDWPHQW� ZLWK� D� 9$6�
�9LVXDO�$QDORJXH�6FDOH��DQG�D�9156�
�9HUEDO�1XPHULFDO�5DWLQJ�6FDOH�� 
$W����ZHHNV��KHDGDFKH�LQWHQVLW\��DV�

PHDVXUHG� E\� ERWK� SDLQ� VFDOHV�� KDG�
VLJQLILFDQWO\� GHFUHDVHG� �S ���������
$IWHU� WUHDWPHQW�� WKH�SDWLHQWV� UHSRUWHG�
D� GHFUHDVH� LQ� WKH� XVH� RI� DQDOJHVLF�
GUXJV�� DV�ZHOO� DV� D�GHFUHDVH� LQ� SDLQ�
GXUDWLRQ� ZLWK� KHDGDFKHV� �S �������
IRU�DOO�FRPSDULVRQV�� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI� SDWLHQWV�

ZLWK� WHPSRURPDQGLEXODU� MRLQW�



 

3DJH�� �����������������0DUFK�������� 9ROXPH����1XPEHU��  

G\VIXQFWLRQ� DQG� WHQVLRQ-W\SH�
KHDGDFKHV� IRXQG� WKDW� ERWXOLQXP� WR[LQ�
LQMHFWLRQV� LQWR� WKH� PDVVHWHU� PXVFOH�
FRXOG� GHFUHDVH� WKH� IUHTXHQF\� DQG�
LQWHQVLW\�RI�KHDGDFKHV� 

 
3LKXW�� 0��� HW� DO�� 7KH� (IILFLHQF\� RI�
%RWXOLQXP� 7R[LQ� 7\SH� $� IRU� WKH�
7UHDWPHQW�RI�0DVVHWHU�0XVFOH�3DLQ� LQ�
3DWLHQWV�ZLWK�7HPSRURPDQGLEXODU�-RLQW�
'\VIXQFWLRQ� DQG� 7HQVLRQ-7\SH�
+HDGDFKH�� -� +HDGDFKH� 3DLQ�� ������
������� 
 
&2*1,7,9(�$1'�3+<6,&$/�5(67�

$)7(5�&21&866,21 
 
7KH� )RXUWK� ,QWHUQDWLRQDO� &RQVHQVXV�

6WDWHPHQW� RQ� &RQFXVVLRQ� LQ� 6SRUW�
VXJJHVWHG� WKDW� FRJQLWLYH� DQG� SK\VLFDO�
UHVW�DUH� LPSRUWDQW� IRU� WUHDWPHQW�GXULQJ�
DFXWH� FRQFXVVLRQ�� :KLOH� FOLQLFDO�
H[SHUWLVH�VXSSRUWV�WKLV�UHVW�SHULRG��WKH�
H[WHUQDO�FOLQLFDO�HYLGHQFH�LV�OLPLWHG�DQG�
ODUJHO\� GHULYHG� IURP� DQLPDO� UHVHDUFK��
7KLV�VWXG\�HYDOXDWHG�WKH�HIIHFWLYHQHVV�
RI� FRJQLWLYH� DQG� SK\VLFDO� UHVW� RQ� WKH�
WUDGLWLRQDO�FRQFXVVLRQ�UHFRYHU\�PHWULFV�
DPRQJ� FROOHJH-DJH� VWXGHQW-� DWKOHWHV�
ZLWK�FRQFXVVLRQ� 
3DUWLFLSDQWV� ZHUH� GUDZQ� IURP� D�

SURVSHFWLYH� VWXG\� RQ� FRQFXVVLRQ�
PDQDJHPHQW�� $V� SDUW� RI� D� UHYLVHG�
FRQFXVVLRQ� PDQDJHPHQW� SURWRFRO�� DOO�
VWXGHQW-DWKOHWHV� GLDJQRVHG� ZLWK�
FRQFXVVLRQ� ZHUH� ZLWKKHOG� IURP� DOO�
DFWLYLWLHV� IRU� WKH� UHPDLQGHU� RI� WKH� GD\�
DQG�ZHUH� SURYLGHG�RQH�DGGLWLRQDO� GD\�
RI� FRJQLWLYH� DQG� SK\VLFDO� UHVW��
2XWFRPHV� RI� WKHVH� LQGLYLGXDOV� ZHUH�
FRPSDUHG� ZLWK� WKRVH� RI� ����
FRQVHFXWLYH�VWXGHQWV�WUHDWHG�LQ�WKH�WZR�
DFDGHPLF� \HDUV� SULRU� WR� WKLV� SROLF\�
FKDQJH�� ZKR� KDG� QRW� KDG� WKHLU�
DFWLYLWLHV�UHVWULFWHG� 

$OO� VXEMHFWV� ZHUH� DVVHVVHG� ZLWK� D�
JUDGHG� V\PSWRP� FKHFNOLVW�� ,PPHGLDWH�
3RVW-&RQFXVVLRQ $VVHVVPHQW�
&RJQLWLYH� 7HVWLQJ� �,P3$&7��� WKH�
%DODQFH�(UURU�6FRULQJ�6\VWHP��%(66��
DQG� WKH� 6WDQGDUG� $VVHVVPHQW� RI�
&RQFXVVLRQ� �6$&�� WHVW�� %RWK� JURXSV�
ZHUH� ZLWKKHOG� IURP� WHDP-UHODWHG�
SK\VLFDO�DFWLYLW\�XQWLO�WKH\ VHOI-
UHSRUWHG  EHLQJ� DV\PSWRPDWLF�
DQG� DFKLHYHG� EDVHOLQH� YDOXHV� RQ� WKH�
FOLQLFDO�EDWWHU\�RI�WHVWV� 
7KH� UHVW�JURXS�ZDV� V\PSWRPDWLF� IRU�

����GD\V�DQG�WKH�QR�UHVW�JURXS�IRU�����

GD\V� �S �������� 7KHUH� ZDV� QR�
VLJQLILFDQW� GLIIHUHQFH� EHWZHHQ� WKH� WZR�
JURXSV�LQ� WLPH�WR�UHWXUQ�WR�EDVHOLQH�DV�
DVVHVVHG� ZLWK� WKH� %(66�� WKH� 6$&��
DQG� FRPSXWHUL]HG� QHXURSV\FKRORJLFDO�
WHVWLQJ��RU�WKH�WLPH�WR�FOLQLFDO�UHFRYHU\� 
&RQFOXVLRQ�� 7KLV�VWXG\�RI�FROOHJH�

VWXGHQWV� ZLWK� FRQFXVVLRQV� IRXQG� WKDW�
WKRVH� JLYHQ� D� GD\� RI� UHVW� DIWHU�
FRQFXVVLRQ� KDG� VLJQLILFDQWO\� ORQJHU�
WLPH� WR� UHFRYHU\� IURP�V\PSWRPV�� WKDQ�
GLG�WKRVH�ZLWKRXW�VXFK�D�SHULRG�RI�UHVW��
ZLWK� QR� GLIIHUHQFH� LQ� WLPH� WR� FOLQLFDO�
UHFRYHU\� 
 
%XFNOH\��7���HW�DO��$FXWH�&RJQLWLYH�DQG�
3K\VLFDO� 5HVW� 0D\� 1RW� ,PSURYH�
&RQFXVVLRQ� 5HFRYHU\� 7LPH�� -� +HDG�
7UDXPD� 5HKDELO��������-XO\�$XJXVW��
����������-���� 

 

'(7(50,1$176�2)�3$,1�$1'�
)81&7,21�,1�267(2$57+5,7,6 
 
$PRQJ� SDWLHQWV� ZLWK� RVWHRDUWKULWLV�

�2$��� VWXGLHV� KDYH� VKRZQ� WKDW� SDLQ�
GRHV�QRW�DOZD\V�DFFRPSDQ\�UDGLRORJLF�
ILQGLQJV��7KLV�VWXG\�DVVHVVHG�ZKHWKHU�
GLVHDVH� VSHFLILF�� GHPRJUDSKLF� DQG�
SV\FKRORJLFDO� IDFWRUV� DW� EDVHOLQH� PD\�
EH�XVHG�WR�SUHGLFW�SDLQ�DQG�IXQFWLRQ�DW�
RQH-\HDU�IROORZ-XS� 
6XEMHFWV� ZHUH� ���� SDWLHQWV� ZLWK�

UDGLRORJLFDOO\� GLDJQRVHG� 2$� RI� WKH�
NQHH� DQG� DVVRFLDWHG� SDLQ� V\PSWRPV��
$OO� SDUWLFLSDWHG� LQ� D� UDQGRPL]HG��
FRQWUROOHG� WULDO� ZLWK� D� JURXS-EDVHG�
FRJQLWLYH-EHKDYLRUDO� LQWHUYHQWLRQ� WR�
WUHDW�SDLQ��(DFK�VXEMHFW�ZDV�DVVHVVHG�
DW�EDVHOLQH�DQG�DW���-�PRQWK�IROORZ-XS�
ZLWK� TXHVWLRQV� FRQFHUQLQJ� NQHH� SDLQ�
DQG� SK\VLFDO� IXQFWLRQ�� DV� ZHOO� DV�
GHPRJUDSKLF�� VRFLRHFRQRPLF� DQG�
SV\FKRORJLFDO� YDULDEOHV�� 2XWFRPH�
PHDVXUHV� LQFOXGHG� 7KH� :HVWHUQ�
2QWDULR� DQG� 0F0DVWHU� 8QLYHUVLW\�
2VWHRDUWKULWLV�,QGH[��:20$&���WKH�6)
-��� LWHP�+HDOWK�6XUYH\�DQG�5$1'-���
VXEVFDOHV�� 3V\FKRORJLFDO� YDULDEOHV�
ZHUH�DVVHVVHG�ZLWK�TXHVWLRQV�IRFXVLQJ�
RQ� SV\FKRORJLFDO� UHVRXUFHV�� IHDU� DQG�
FDWDVWURSKL]LQJ��'HSUHVVLYH�V\PSWRPV�
ZHUH� DVVHVVHG� ZLWK� WKH� %HFN�
'HSUHVVLRQ� ,QYHQWRU\� �%',��� DQG�
DQ[LHW\� V\PSWRPV� ZLWK� WKH� %HFN�
$Q[LHW\�,QYHQWRU\��%$,�� 
$� PXOWLYDULDWH�� OLQHDU�� PL[HG� � PRGHO�

DQDO\VLV� UHYHDOHG� WKDW� D� QRUPDO�PRRG�

DW� EDVHOLQH�� PHDVXUHG� ZLWK� WKH� %$,��
SUHGLFWHG� VLJQLILFDQWO\� EHWWHU� UHVXOWV� DW�
RQH-\HDU� IROORZ-XS� IRU� SDLQ� �:20$&�
S ������ DQG� IXQFWLRQ� �:20$&�
S ������� 5$1'-��� S �������� +LJK�
VFRUHV� � RQ� � WKH� 3DLQ� &DWDVWURSKL]LQJ�
6FDOH� SUHGLFWHG� VLJQLILFDQWO\� KLJKHU�
:20$&�SDLQ� OHYHOV�DW�RQH�\HDU��/RZ�
NLQHVLRSKRELD� VFRUHV� SUHGLFWHG�
VLJQLILFDQWO\� ORZHU� LPSDLUPHQW� LQ�
:20$&� PHDVXUHG� IXQFWLRQ��
&RQFOXVLRQ�� 7KLV� VWXG\� RI� SDWLHQWV�
ZLWK� RVWHRDUWKULWLV� RI� WKH� NQHH� IRXQG�
WKDW� DQ[LHW\� V\PSWRPV�� SDLQ�
FDWDVWURSKL]LQJ� DQG� NLQHVLRSKRELD� DUH�
SUHGLFWLYH� RI� SDLQ� DQG� IXQFWLRQ� DW� RQH�
\HDU� 

 
+HOPLQHQ�� (��� HW� DO�� 'HWHUPLQDQWV� RI�
3DLQ� DQG�)XQFWLRQ� LQ�2VWHRDUWKULWLV�� $�
2QH-<HDU�� 3URVSHFWLYH� 6WXG\�� &OLQ�
5HKDELO��������6HSWHPEHU�������� 
���-���� 

 

+20(�(;(5&,6(6�)25�.1((�
267(2$57+5,7,6 

 
.QHH� RVWHRDUWKULWLV� �2$�� LV� D� PDMRU�

FDXVH� RI� PXVFXORVNHOHWDO� GLVDELOLW\��
7KH� DLPV� RI� WUHDWPHQW� LQFOXGH�
GHFUHDVHG�SDLQ�DQG�LPSURYHG�IXQFWLRQ��
$� QXPEHU� RI� VWXGLHV� KDYH� VXJJHVWHG�
WKDW� KRPH� H[HUFLVH� SURJUDPV� DUH�
HIIHFWLYH� LQ� LPSURYLQJ� VWUHQJWK��
UHGXFLQJ� SDLQ� DQG� LPSURYLQJ� IXQFWLRQ�
DPRQJ� SDWLHQWV� ZLWK� 2$�� 7KLV�
V\VWHPDWLF� UHYLHZ� DQG� PHWD-� DQDO\VLV�
ZDV� GHVLJQHG� WR� FODULI\� WKH�
HIIHFWLYHQHVV� RI� KRPH� H[HUFLVH�
SURJUDPV�IRU�WKLV�GLVHDVH� 
$�OLWHUDWXUH�UHYLHZ�ZDV�FRQGXFWHG�IRU�

WULDOV� FRPSDULQJ� KRPH� H[HUFLVH�
SURJUDPV� ZLWK� LQSDWLHQW� RU� RXWSDWLHQW�
SK\VLFDO�WKHUDS\�IRU�SDWLHQWV�ZLWK�NQHH�
2$�� 2XWFRPH� PHDVXUHV� RI� LQWHUHVW�
ZHUH� SDLQ� DQG� IXQFWLRQ�� $IWHU� UHYLHZ��
���VWXGLHV�ZHUH�VHOHFWHG�IRU�LQFOXVLRQ��
,QWHUYHQWLRQV� XVHG� DV� KRPH� H[HUFLVH�
SURJUDPV� LQFOXGHG� D� FRPELQDWLRQ� RI�
RSHQ� DQG� FORVHG� NLQHWLF� FKDLQ�
H[HUFLVHV�� 7KUHH� VWXGLHV� XVHG�PXVFOH�
VWUHWFKLQJ� DQG� UDQJH� RI� PRWLRQ�
H[HUFLVHV�� ZKLOH� IRXU� VWXGLHV� XVHG�
EDODQFH� H[HUFLVHV�� 2QH� VWXG\� XVHG�
SURSULRFHSWLRQ� FROG� FRPSUHVVLRQ��
HOHFWULFDO�VWLPXODWLRQ�DQG�WDL�FKL� 
$� PHWD-DQDO\VLV� GHPRQVWUDWHG� WKDW�

PRVW� WUHDWPHQWV� UHVXOWHG� LQ� VLJQLILFDQW�



3DJH�� �����������������0DUFK�������� 9ROXPH����1XPEHU�� 

 

LPSURYHPHQW�LQ�SDLQ�FRPSDUHG�ZLWK�
QR� LQWHUYHQWLRQ�� ,Q� DGGLWLRQ�� PRVW�
VWXGLHV� GHPRQVWUDWHG� VLJQLILFDQW�
LPSURYHPHQW� LQ� IXQFWLRQ� ZLWK�
LQWHUYHQWLRQ�� DV� FRPSDUHG� ZLWK� QR�
WUHDWPHQW��S�������� 
&RQFOXVLRQ�� 7KLV� OLWHUDWXUH��

UHYLHZ�DQG�PHWD-DQDO\VLV�FRQFOXGHG�
WKDW� KRPH� H[HUFLVH� SURJUDPV� FDQ�
UHGXFH� SDLQ� DQG� LPSURYH� IXQFWLRQ�
DPRQJ� SDWLHQWV� ZLWK� NQHH�
RVWHRDUWKULWLV� 

 
$QZHU�� 6��� HW� DO�� (IIHFW� RI� +RPH� (�
[HUFLVH� 3URJUDP� LQ� 3DWLHQWV� ZLWK�
.QHH� 2VWHRDUWKULWLV�� $� 6\VWHPDWLF�
5HYLHZ�DQG�0HWD-$QDO\VLV��-�*HULDWU�
3K\V� 7KHU�� ������ -DQXDU\�0DUFK��
�� 
�������-��� 

 

,175$-$57,&8/$5�67(52,'�
,1-(&7,21�%()25(��+,3�
5(3/$&(0(17�685*(5< 

 
$PRQJ�SDWLHQWV�ZLWK�RVWHRDUWKULWLV�

�2$��� WKRVH� ZKR� IDLO� RUDO�
PHGLFDWLRQV� PD\� EHQHILW� IURP� DQ�
LQWUD-DUWLFXODU� LQMHFWLRQ�� 'DWD�
VXJJHVW� WKDW� VXUJHRQV� RIWHQ� UHIUDLQ�
IURP� WKHVH� LQMHFWLRQV� SULRU� WR� KLS�
UHSODFHPHQW� VXUJHU\� IRU� IHDU� RI�
LQFUHDVLQJ� WKH� ULVN�RI� LQIHFWLRQ��7KLV�
VWXG\� HPSOR\HG� D� OLWHUDWXUH� UHYLHZ�
DQG�PHWD-DQDO\VLV�WR�IXUWKHU�H[SORUH�
WKLV�TXHVWLRQ� 
$� OLWHUDWXUH� UHYLHZ�ZDV�FRPSOHWHG�

RI� DUWLFOHV� SXEOLVKHG� EHWZHHQ� �����
DQG� ������ 6WXGLHV� ZHUH� FKRVHQ�
LQYROYLQJ�SDWLHQWV�ZLWK�2$�RI�WKH�KLS�
ZKR� XQGHUZHQW� WRWDO� KLS�
DUWKURSODVW\�� FRPSDULQJ� WKRVH� ZKR�
GLG�ZLWK�WKRVH�ZKR�GLG�QRW�UHFHLYH�D�
VWHURLG�LQMHFWLRQ�SULRU�WR�WKH�VXUJHU\� 
$� WRWDO� RI� HLJKW� SHUWLQHQW� VWXGLHV�

ZHUH� LGHQWLILHG�� ZLWK� D� PHDQ� WLPH�
HODSVHG� EHWZHHQ� WKH� PRVW� UHFHQW�
VWHURLG�LQMHFWLRQ�DQG�VXUJHU\�UDQJLQJ�
IURP� ���� PRQWKV� WR� ��� PRQWKV�� 2I�
WKHVH�� RQH� ZDV� D� SURVSHFWLYH��
REVHUYDWLRQDO�� FRKRUW� GHVLJQ�� ZKLOH�
WKH� UHPDLQLQJ� ZHUH� UHWURVSHFWLYH�
FRKRUW� VWXGLHV�� 7KH� GHILQLWLRQ� RI�
LQIHFWLRQ� ZDV� QRW� GHVFULEHG� LQ� ILYH�
VWXGLHV��7KH� UDWH�RI� LQIHFWLRQ�YDULHG�
IURP� ��� WR� ����� ,Q� RQH� VWXG\��
LQIHFWLRQ�RFFXUUHG�LQ�����RI�WKRVH�LQ�
WKH� LQMHFWLRQ�JURXS�DQG������ LQ� WKH�

QRQ-LQMHFWLRQ� JURXS�� 2YHUDOO�� WKH�
GDWD�ZHUH�IRXQG�WR�EH�LQVXIILFLHQW�WR�
FRQFOXGH� ZKHWKHU� LQWUD-DUWLFXODU���
FRUWLFRVWHURLG� LQMHFWLRQV� LQFUHDVHG�
WKH�ULVN�RI�SRVWVXUJLFDO�LQIHFWLRQV� 
&RQFOXVLRQ�� 7KLV� V\VWHPDWLF�

OLWHUDWXUH� UHYLHZ� IDLOHG� WR�
GHPRQVWUDWH�WKDW�SUHRSHUDWLYH� LQWUD-
DUWLFXODU� LQMHFWLRQV�� SULRU� WR� WRWDO� KLS�
DUWKURSODVW\�� LQFUHDVH� WKH� ULVN� RI�
SRVWRSHUDWLYH�LQIHFWLRQ� 

 
3HUHLUD�� /��� HW� DO�� ,QWUD-$UWLFXODU�
6WHURLG� ,QMHFWLRQ� IRU� 2VWHRDUWKULWLV�
3ULRU�WR�7RWDO�+LS�$UWKURSODVW\��%RQH�
-RLQW� -�� ������ $XJXVW�� ��-%� �����
����-����� 

 
/$7,78'(�$1'�$*(�2)�216(7�
,1�08/7,3/(�6&/(526,6 

 
0XOWLSOH� VFOHURVLV� �06�� KDV� EHHQ�

IRXQG� WR� KDYH� D� KLJKHU� SUHYDOHQFH�
DV� ODWLWXGH� LQFUHDVHV�� 6RPH� KDYH�
VXJJHVWHG� WKDW� ORZHU� XOWUDYLROHW�
UDGLDWLRQ� OHYHOV� DQG� YLWDPLQ� '�
GHILFLHQF\� PD\� SUHGLVSRVH� WKRVH�
JHQHWLFDOO\� DW� ULVN�� 7KLV� VWXG\�
H[DPLQHG�ZKHWKHU�WKHUH�LV�D�ODWLWXGH�
YDULDWLRQ�RI�WKH�SODFH�RI�UHVLGHQFH�DW�
WKH�DJH�RI�RQVHW�RI�06��DQG�ZKHWKHU�
XOWUDYLROHW�UD\�OHYHOV�SOD\�D�UROH� 
'DWD� ZHUH� FROOHFWHG� IURP� WKH�

06%DVH� UHJLVWU\�� D� ZRUOGZLGH� GDWD�
VHW� IRU�SDWLHQWV�GLDJQRVHG�ZLWK�06��
)URP� WKLV� UHJLVWU\�� ������� SDWLHQWV�
ZLWK� FOLQLFDOO\� GLDJQRVHG� 06� ZHUH�
LGHQWLILHG�� RI� ZKRP� ������� ZHUH� RI�
(XURSHDQ�GHVFHQW��7KH�DJH�DW�RQVHW�
ZDV� FRPSDUHG� WR� WKH� ODWLWXGH� DW�
ZKLFK�WKH�SDWLHQW�OLYHG�DW�WKH�WLPH� 
�3DWLHQWV� OLYLQJ� LQ�D�KLJKHU� ODWLWXGH�

ZHUH�IRXQG�WR�EH�GLDJQRVHG�ZLWK�06�
DW� D� \RXQJHU� DJH�� )RU� HYHU\����� RI�
ODWLWXGH� LQFUHDVH�� WKH� DJH� RI� RQVHW�
ZDV� IRXQG� WR� EH� ���PRQWKV� HDUOLHU�
�S �������� 7KRVH� LQ� WKH� ORZHVW�
ODWLWXGH�KDG�DQ�RQVHW�DW�DOPRVW� WZR�
\HDUV�ODWHU�WKDQ�WKRVH�LQ�WKH�KLJKHVW�
ODWLWXGH�� ,Q� DGGLWLRQ�� WKH� GDWD�
UHYHDOHG� D� VLJQLILFDQW� DVVRFLDWLRQ�
EHWZHHQ� ORZHU� ZLQWHU� XOWUDYLROHW�
UDGLDWLRQ� OHYHOV�DQG�HDUOLHU� RQVHW� RI�
06��S�������� 
&RQFOXVLRQ��7KLV�VWXG\�RI�SDWLHQWV�

RI� (XURSHDQ� GHVFHQW� ZLWK� D�
GLDJQRVLV� RI� 06� IRXQG� WKDW� WKRVH�
OLYLQJ� DW� KLJKHU� ODWLWXGHV� KDYH� DQ�

HDUOLHU� DJH� RI� RQVHW� WKDQ� GR� WKRVH�
OLYLQJ�DW�ORZHU�ODWLWXGHV� 

 
7DR�� &��� HW� DO�� +LJKHU� /DWLWXGH� ,V�
6LJQLILFDQWO\� $VVRFLDWHG� ZLWK� DQ�
(DUOLHU� $JH� RI� 'LVHDVH� 2QVHW� LQ�
0XOWLSOH� 6FOHURVLV�� -� 1HXURO�
1HXURVXUJ�3V\FKLDWU\������� 
1RYHPEHU����������-����� 

 
/21*-7(50�23,2,'�86(�$1'�

5(352'8&7,9(�'<6)81&7,21 
 
&KURQLF�QRQFDQFHU�SDLQ��&1&3��LV�

GHILQHG� DV� DQ\� SDLQIXO� FRQGLWLRQ�
ODVWLQJ� IRU� WKUHH� PRQWKV� RU� ORQJHU�
WKDW� LV� QRW� DVVRFLDWHG� ZLWK�
QHRSODVWLF� GLVHDVH��$PRQJ� SDWLHQWV�
ZLWK� &1&3�� ��-����DUH� SUHVFULEHG�
RSLRLGV�� $V� FKURQLF� RSLRLG� XVH� LQ�
PHQ� KDV� EHHQ� IRXQG� WR� EH�
DVVRFLDWHG� ZLWK� K\SRJRQDGLVP� DQG�
UHSURGXFWLYH� G\VIXQFWLRQ�� WKLV�
OLWHUDWXUH� UHYLHZ� ZDV� GHVLJQHG� WR�
EHWWHU� FODULI\� &1&3-� UHODWHG�
G\VIXQFWLRQ�DPRQJ�ZRPHQ�ZLWK�ORQJ
-WHUP�SUHVFULSWLRQ�RSLRLG�XVH� 
'DWDEDVHV� ZHUH� UHYLHZHG� IRU�

VWXGLHV� LQFOXGLQJ� ZRPHQ� ��� WR� ���
\HDUV� RI� DJH�� LQYROYLQJ� RSLRLGV� DQG�
JHQHWLF� DQG� UHSURGXFWLYH� VLGH�
HIIHFWV��)URP�WKLV�UHYLHZ��VL[�VWXGLHV�
LQYROYLQJ� RUDO�� ILYH� VWXGLHV� LQYROYLQJ�
LQWUDWKHFDO� DQG� RQH� VWXG\� LQYROYLQJ�
WUDQVGHUPDO� RSLRLGV� ZHUH� LGHQWLILHG�
IRU�LQFOXVLRQ� 
2I� WKH� ��� VWXGLHV� UHYLHZLQJ�

PHQVWUXDO� F\FOH� FKDQJHV�� ���� WR�
�������RI����ZRPHQ��� WDNLQJ��� RUDO�RU�
LQWUDWKHFDO� RSLRLGV� KDG� PHQVWUXDO�
F\FOH� DEQRUPDOLWLHV�� 7KLV� ZDV� QRW�
WUXH�LQ D�VWXG\ RI� ZRPHQ� XVLQJ�
WUDQVGHUPDO� EXSUHQRUSKLQH�� 2I� WKH�
WKUHH DUWLFOHV UHYLHZLQJ� OLELGR��
UHGXFHG� OLELGR�ZDV�IRXQG�LQ����� WR�
����� RI� SDWLHQWV� WDNLQJ� RSLRLGV��
DOWKRXJK�D�UHGXFWLRQ�ZDV�DOVR� QRWHG�
DPRQJ�FRQWUROV��2QO\�WZR�RI�WKH� WHQ�
VWXGLHV� UHYLHZLQJ� KRUPRQH� OHYHOV�
IRXQG� D� VLJQLILFDQW� GHFUHDVH� LQ�
OHYHOV� 
&RQFOXVLRQ�� 7KLV� OLWHUDWXUH�

UHYLHZ� RI� SUHPHQRSDXVDO� DGXOW�
ZRPHQ� WDNLQJ� RUDO� RU� LQWUDWKHFDO�
ORQJ-� WHUP� RSLRLGV� IRXQG� WKDW� WKHVH�
ZRPHQ� ZHUH� PRUH� OLNHO\� WR� KDYH�
FOLQLFDO� V\PSWRPV� RI� K\SRJRQDGLVP�
ZLWK�UHGXFHG�OHYHOV�RI�KRUPRQHV� 
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:HUVRFNL��(��� HW�DO��&RPSUHKHQVLYH�
6\VWHPDWLF� 5HYLHZ� RI� /RQJ-7HUP�
2SLRLGV� LQ� :RPHQ� ZLWK� &KURQLF�
1RQFDQFHU� 3DLQ� DQG� $VVRFLDWHG�
5HSURGXFWLYH '\VIXQFWLRQ�
�+\SRWKDODPLF-3LWXLWDU\-*RQDGDO�
$[LV� 'LVUXSWLRQ��� 3DLQ�� ������
-DQXDU\�����������-��� 

 
0(1,6&86�

75$163/$17$7,21�6859,9$/ 
 
0HQLVFXV� WUDQVSODQWDWLRQ� KDV�

EHHQ� SHUIRUPHG� IRU� PRUH� WKDQ� ���
\HDUV�� ZLWK� WKH� JRDO� RI� GHFUHDVLQJ�
SDLQ� DQG� LPSURYLQJ� IXQFWLRQ�� 7KLV�
VWXG\� ZDV� GHVLJQHG� WR� GHWHUPLQH�
WKH� ORQJ-WHUP� IXQFWLRQDO� RXWFRPHV�
DQG� VXUYLYRUVKLS� UDWHV� LQ� D�
FRQVHFXWLYH� VHULHV� RI� SDWLHQWV�
UHFHLYLQJ�PHQLVFDO�WUDQVSODQWV� 
6XEMHFWV� ZHUH� ��� FRQVHFXWLYH�

SDWLHQWV�� ��� \HDUV� RI� DJH� RU�
\RXQJHU�� VHHQ� EHWZHHQ� ����� DQG�
������ UHFHLYLQJ� D� WRWDO� RI� ���
PHQLVFXV� WUDQVSODQWV�� 2I� WKHVH�
VXUJHULHV������ZHUH LVRODWHG�
PHQLVFXV�WUDQVSODQWDWLRQV��DQG�����
LQYROYHG� D� FRQFXUUHQW� RU� VWDJHG�
RSHUDWLYH� SURFHGXUH�� 2XWFRPHV�
GHWHUPLQHG� DW� IROORZ-XS�
H[DPLQDWLRQV� LQFOXGHG� SK\VLFDO�
H[DP� ILQGLQJV�� UDWLQJV� XVLQJ� WKH�
,QWHUQDWLRQDO� .QHH� 'RFXPHQWDWLRQ�
&RPPLWWHH� �,.'&�� DQG� WKH�
&LQFLQQDWL� .QHH� 5DWLQJ� 6\VWHP��
3RVWRSHUDWLYH� LPDJLQJ� LQFOXGHG�
UDGLRJUDSKV�DQG�05,� 
)RU� DOO� WUDQVSODQWV�� WKH� FRPELQHG�

SUREDELOLW\� RI� VXUYLYDO� ZDV� ���� DW�
WZR� \HDUV�� ���� DW� ILYH� \HDUV�� ����
DW� ��� \HDUV� DQG� ���� DW� ��� \HDUV��
5HSHDW� VXUJHULHV� UHODWHG� WR� WKH�
IDLOXUH� RI� WUDQVSODQWV� ZHUH�
SHUIRUPHG� LQ� ��� FDVHV�� UDQJLQJ� LQ�
WLPH� IURP� ���� WR� ���� \HDUV�
SRVWRSHUDWLYHO\�� 2I� WKH� ���
WUDQVSODQWV� DYDLODEOH� IRU� ORQJ-WHUP�
IXQFWLRQDO� RXWFRPH�� DW� ����� \HDUV��
���IDLOHG�DQG�UHTXLUHG�ODWHU�VXUJHU\��
)RU� DOO� ��� VXUYLYRUV�� VLJQLILFDQW�
LPSURYHPHQWV� ZHUH� IRXQG� LQ� SDLQ��
VZHOOLQJ�� SDWLHQW� SHUFHSWLRQ� RI�
RYHUDOO� NQHH� FRQGLWLRQ�� ZDONLQJ� DQG�
VWDLU�FOLPELQJ� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI� ���

SDWLHQWV� XQGHUJRLQJ� PHQLVFXV�
WUDQVSODQW�IRXQG�WKH�VXUYLYDO�UDWHV�DW�

���DQG����\HDUV�WR�EH�����WR������
UHVSHFWLYHO\� 

 
1R\HV�� )��� HW� DO�� /RQJ-7HUP�
6XUYLYRUVKLS� DQG� )XQFWLRQ� RI�
0HQLVFXV� 7UDQVSODQWDWLRQ�� $PHU� -�
6SRUWV�0HG��������6HSWHPEHU���� 
���������-����� 
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3RO\QHXURSDWK\� LV� WKRXJKW� WR�

DIIHFW� WZR� WR� VHYHQ� SHUFHQW� RI� WKH�
SRSXODWLRQ�� 7KH� PRVW� FRPPRQ�
HWLRORJ\� LV�GLDEHWHV��7KLV�VWXG\�ZDV�
GHVLJQHG� WR� EHWWHU� XQGHUVWDQG� WKH�
SUHYDOHQFH� RI� SRO\QHXURSDWK\� DV� LW�
UHODWHV� WR� JO\FHPLF� VWDWXV� LQ� REHVH�
DQG�OHDQ�SRSXODWLRQV� 
%HWZHHQ� 1RYHPEHU� RI� ����� DQG�

'HFHPEHU� RI� ������ DGXOW� SDWLHQWV�
ZLWK�D�ERG\�PDVV�LQGH[�RI����NJ�P��
RU� JUHDWHU�� HDFK� VHHQ� DW� WKH�
8QLYHUVLW\� RI� 0LFKLJDQ� :HLJKW�
0DQDJHPHQW�3URJUDP��ZHUH� LQYLWHG�
WR� SDUWLFLSDWH� LQ� WKLV� VWXG\�� $W�
EDVHOLQH� DOO� VXEMHFWV� XQGHUZHQW� D�
ZRUNXS�� LQFOXGLQJ� D� KLVWRU\� DQG�
SK\VLFDO� H[DPLQDWLRQ�� ZLWK� WHVWLQJ�
LQFOXGLQJ� JOXFRVH� WROHUDQFH� WHVWV��
OLSLG� SDQHOV� DQG� PRUSKRPHWULF�
HYDOXDWLRQ�� 'LDEHWLF� VWDWXV� DQG�
PHWDEROLF� SURILOHV� ZHUH� DOVR�
UHFRUGHG�� 3RO\QHXURSDWK\� ZDV�
LGHQWLILHG�E\�WKH�7RURQWR�FRQVHQVXV�
GHILQLWLRQ� RI� SUREDEOH�
SRO\QHXURSDWK\�� 7R� FODULI\�
SHULSKHUDO� QHUYH� IXQFWLRQ�� YDULRXV�
QHUYH� FRQGXFWLRQ� VWXGLHV� ZHUH�
FRPSOHWHG�� 7KH� SULPDU\� DQDO\VLV�
LQYROYHG� WKH� SUHVHQFH� RI�
SRO\QHXURSDWK\� FRPSDUHG� ZLWK�
FRPSRQHQWV� RI� WKH� PHWDEROLF�
V\QGURPH� 
'DWD� ZHUH� REWDLQHG� IURP� ����

REHVH�SDWLHQWV�DQG����OHDQ�FRQWUROV��
7KH� SUHYDOHQFH� RI� SRO\QHXURSDWK\�
DPRQJ� WKRVH� ZLWK� QRUPRJO\FHPLD�
ZDV������ LQ� WKH� OHDQ� FRQWURO�JURXS�
DQG�������LQ�WKH�REHVH�JURXS������
LQ� REHVH� SDUWLFLSDQWV� ZLWK�
SUHGLDEHWHV� DQG� ������ LQ� REHVH�
SDWLHQWV� ZLWK� GLDEHWHV� �S�������� ,Q�
WKH� PXOWL-� YDULDEOH� ORJLVWLF�
UHJUHVVLRQ� DQDO\VLV�� DJH� DQG� ZDLVW�
FLUFXPIHUHQFH� ZHUH� VLJQLILFDQWO\�
DVVRFLDWHG�ZLWK�SRO\QHXURSDWK\� 

&RQFOXVLRQ�� 7KLV� VWXG\� IRXQG� D�
KLJK� SUHYDOHQFH� RI� SRO\QHXURSDWK\�
DPRQJ�REHVH�SDWLHQWV��HYHQ�DPRQJ�
WKRVH�ZLWK�QRUPRJO\FHPLD� 

 
&DOODKDQ�� %��� HW� DO�� $VVRFLDWLRQ�
EHWZHHQ� 0HWDEROLF� 6\QGURPH�
&RPSRQHQWV�DQG�3RO\QHXURSDWK\�LQ�
DQ�2EHVH�3RSXODWLRQ��-$0$�1HXURO��
������ 'HFHPEHU�� �������� ����-
����� 

 
267(232526,6 

 
(YHQ� DIWHU� IUDFWXUH�� IHZHU� WKDQ�

���� RI� SDWLHQWV� UHFHLYH�
SKDUPDFRORJLF� WUHDWPHQW� IRU�
RVWHRSRURVLV�� $IWHU� WKH� GLVFRYHU\�
WKDW� VFOHURVWLQ� GHILFLHQF\� FDXVHV�
UDUH� JHQHWLF� FRQGLWLRQV� WKDW� DUH�
FKDUDFWHUL]HG� E\� KLJK� ERQH� PDVV�
DQG�UHVLVWDQFH�WR�IUDFWXUH��VFOHURVWLQ�
KDV��EHFRPH�D�WKHUDSHXWLF�WDUJHW�IRU�
WKH� WUHDWPHQW� RI� WKLV� GLVHDVH�� 7KLV�
VWXG\� DVVHVVHG� WKH� HIIHFW� RI�
URPRVR]XPDE�� D� PRQRFORQDO�
DQWLERG\� WKDW� ELQGV� DQG� LQKLELWV�
VFOHURVWLQ� ZLWK� WKH� GXDO� HIIHFW� RI�
LQFUHDVLQJ� ERQH� IRUPDWLRQ� DQG�
GHFUHDVLQJ�ERQH�UHVRUSWLRQ� 
6XEMHFWV� ZHUH� DPEXODWRU\��

SRVWPHQRSDXVDO� ZRPHQ�� ��� WR� ���
\HDUV� RI� DJH�� ZLWK� 7� VFRUHV� DW� WKH�
WRWDO� KLS� RU� IHPRUDO� QHFN� RI� -���� WR�
-����� $OO� SDWLHQWV� UHFHLYHG� GDLO\�
FDOFLXP�DW�����WR������PJ�DQG�GDLO\�
YLWDPLQ� '�� RU� '�� DW� ���� WR� ���� ,8��
7KH� SDUWLFLSDQWV� ZHUH� WKHQ�
UDQGRPO\� DVVLJQHG� WR� UHFHLYH�
VXEFXWDQHRXV� LQMHFWLRQV� RI� ���� PJ�
RI� URPRVR]XPDE� RU� SODFHER� RQFH�
SHU� PRQWK� IRU� ��� PRQWKV�� 7KH�
VXEMHFWV� WKHQ� UHFHLYHG� RSHQ� ODEHO�
GHQRVXPDE����PJ�PLOOLJUDPV��HYHU\�
VL[� PRQWKV� IRU� DQ� DGGLWLRQDO� ���
PRQWKV�� 7KH� SULPDU\� HQGSRLQWV�
ZHUH� QHZ� YHUWHEUDO� IUDFWXUH� DW� ���
PRQWKV�DQG����PRQWKV� 
2I� WKH� SDWLHQWV� ZKR� XQGHUZHQW�

UDQGRPL]DWLRQ��������FRPSOHWHG�WKH 
���PRQWK�VWXG\��$W����PRQWKV��WKH�

URPRVR]XPDE� JURXS� KDG� D� ULVN� RI�
QHZ�YHUWHEUDO�IUDFWXUH�WKDW�ZDV�����
ORZHU�WKDQ�WKDW�RI�WKH�SODFHER�JURXS�
�S���������� 7KH� WUHDWPHQW� JURXS�
DOVR�KDG�D�����ORZHU�ULVN�RI�FOLQLFDO�
IUDFWXUHV� DW� ��� PRQWKV�� DV�
FRPSDUHG� ZLWK� SODFHER� �S ��������
$W� ��� PRQWKV�� WKH� FXPXODWLYH�



3DJH�� �����������������0DUFK�������� 9ROXPH����1XPEHU�� 

 

 

LQFLGHQFH� RI� QHZ� YHUWHEUDO� IUDFWXUH�
ZDV� ORZHU� LQ� WKH� JURXS� WKDW� KDG�
RULJLQDOO\� UHFHLYHG� URPRVR]XPDE��
DV� FRPSDUHG� WR� WKRVH� ZKR� KDG�
RULJLQDOO\� UHFHLYHG� SODFHER�
�S�������� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

ZRPHQ� ZLWK� SRVWPHQRSDXVDO�
RVWHRSRURVLV� IRXQG� WKDW� WUHDWPHQW�
ZLWK� URPRVR]XPDE�� D� VFOHURVLQ�
LQKLELWRU�� UHVXOWHG� LQ� D� VLJQLILFDQWO\�
ORZHU� ULVN� RI� YHUWHEUDO� IUDFWXUH� DQG�
FOLQLFDO�IUDFWXUH�DW����PRQWKV� 

 
&RVPDQ�� )��� HW� DO�� 5RPRVR]XPDE�
7UHDWPHQW� LQ� 3RVWPHQRSDXVDO�
:RPHQ�ZLWK�2VWHRSRURVLV��1�(QJO�-�
0HG�� ������ 6HSWHPEHU�� '2,��
��������1(-0RD������� 

 

3+(1<72,1�)25�$&87(�237,&�
1(85,7,6 

 
0XOWLSOH� VFOHURVLV� �06�� LV� DQ�DQWL-�

LQIODPPDWRU\�� GHP\HOLQDWLQJ�
GLVRUGHU� RI� WKH� FHQWUDO� QHUYRXV�
V\VWHP�� $FXWH� RSWLF� QHXULWLV� LV� D�
FRPPRQ� IHDWXUH� RI� 06�� ZKLFK� FDQ�
GDPDJH� YLVLRQ� WKURXJK�
QHXURGHJHQHUDWLRQ� RI� WKH� RSWLF�
QHUYH��$V�SKHQ\WRLQ�KDV�EHHQ�IRXQG�
WR� EH� QHXURSURWHFWLYH� LQ� SUHFOLQLFDO�
PRGHOV�� WKLV�VWXG\�ZDV�GHVLJQHG� WR�
GHWHUPLQH� ZKHWKHU� WKLV� PHGLFDWLRQ�
FDQ� EH� QHXURSURWHFWLYH� IRU� SDWLHQWV�
ZLWK�DFXWH�RSWLF�QHXULWLV� 
7KLV� UDQGRPL]HG�� GRXEOH-EOLQG��

SODFHER-FRQWUROOHG� WULDO� LQFOXGHG�
SDWLHQWV���-���\HDUV�RI�DJH�ZLWK�06�
DQG� DFXWH� GHP\HOLQDWLQJ� RSWLF�
QHXULWLV� 3DUWLFLSDQWV ZHUH�
UDQGRPL]HG� WR� UHFHLYH� HLWKHU�
SKHQ\WRLQ� WR� DFKLHYH� VHUXP�
FRQFHQWUDWLRQV� DSSURSULDWH� IRU�
HSLOHSV\�� RU� SODFHER�� 7KH� SDWLHQWV�
ZHUH� DVVHVVHG� E\� WKH� WUHDWLQJ�
SK\VLFLDQ� DW� RQH� DQG� WKUHH�PRQWKV�
IURP�EDVHOLQH��7KH�SULPDU\�RXWFRPH�
PHDVXUH� ZDV� WKH� FKDQJH� LQ� UHWLQDO�
QHUYH� ILEHU� OD\HU� WKLFNQHVV� �51)/��
LQ� WKH� DIIHFWHG� H\H� DW� VL[� PRQWKV�
FRPSDUHG�WR�WKH�XQDIIHFWHG�H\H� 
2I� WKH� ��� SDWLHQWV� DYDLODEOH� IRU�

IROORZ-XS��WKH�PHDQ�51)/�WKLFNQHVV�
UHPDLQHG� VWDEOH� LQ� WKH� XQDIIHFWHG�
H\H�� ,Q� WKH� PRGLILHG� LQWHQWLRQ-WR-
WUHDW�SRSXODWLRQ�� WKH�DGMXVWHG�PHDQ�
GLIIHUHQFH� LQ�VL[-PRQWK�51)/�LQ� WKH�

DIIHFWHG� H\H� �SKHQ\WRLQ� JURXS�
PLQXV�SODFHER�JURXS��ZDV������ȝP�
�S �������� 7KLV� UHSUHVHQWV� D� ����
UHGXFWLRQ�LQ�WKH�H[WHQW�RI�51)/�ORVV�
ZLWK� SKHQ\WRLQ� DV� FRPSDUHG� ZLWK�
SODFHER� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� PXOWLSOH� VFOHURVLV� DQG�
DFXWH� GHP\HOLQDWLQJ� RSWLF� QHXULWLV��
IRXQG� WKDW� SKHQ\WRLQ� FDQ� EH�
QHXURSURWHFWLYH��UHGXFLQJ�WKH�ORVV�RI�
51)/�WKLFNQHVV� 

 
5DIWRSRXORV��5���HW�DO��3KHQ\WRLQ�IRU�
1HXURSURWHFWLRQ� LQ� 3DWLHQWV� ZLWK�
$FXWH� 2SWLF� 1HXULWLV�� $�
5DQGRPL]HG�� 3ODFHER-&RQWUROOHG��
3KDVH���7ULDO��/DQFHW� 1HXURO�� ������
0DUFK�����������-���� 
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(YHQ� DIWHU� IUDFWXUH�� IHZHU� WKDQ�

���� RI� SDWLHQWV� UHFHLYH�
SKDUPDFRORJLF� WUHDWPHQW� IRU�
RVWHRSRURVLV�� $IWHU� WKH� GLVFRYHU\�
WKDW� VFOHURVWLQ� GHILFLHQF\� FDXVHV�
UDUH� JHQHWLF� FRQGLWLRQV� WKDW� DUH�
FKDUDFWHUL]HG� E\� KLJK� ERQH� PDVV�
DQG�UHVLVWDQFH�WR�IUDFWXUH��VFOHURVWLQ�
KDV��EHFRPH�D�WKHUDSHXWLF�WDUJHW�IRU�
WKH� WUHDWPHQW� RI� WKLV� GLVHDVH�� 7KLV�
VWXG\� DVVHVVHG� WKH� HIIHFW� RI�
URPRVR]XPDE�� D� PRQRFORQDO�
DQWLERG\� WKDW� ELQGV� DQG� LQKLELWV�
VFOHURVWLQ� ZLWK� WKH� GXDO� HIIHFW� RI�
LQFUHDVLQJ� ERQH� IRUPDWLRQ� DQG�
GHFUHDVLQJ�ERQH�UHVRUSWLRQ� 
6XEMHFWV� ZHUH� DPEXODWRU\��

SRVWPHQRSDXVDO� ZRPHQ�� ��� WR� ���
\HDUV� RI� DJH�� ZLWK� 7� VFRUHV� DW� WKH�
WRWDO� KLS� RU� IHPRUDO� QHFN� RI� -���� WR�
-����� $OO� SDWLHQWV� UHFHLYHG� GDLO\�
FDOFLXP�DW�����WR������PJ�DQG�GDLO\�
YLWDPLQ� '�� RU� '�� DW� ���� WR� ���� ,8��
7KH� SDUWLFLSDQWV� ZHUH� WKHQ�
UDQGRPO\� DVVLJQHG� WR� UHFHLYH�
VXEFXWDQHRXV� LQMHFWLRQV� RI� ���� PJ�
RI� URPRVR]XPDE� RU� SODFHER� RQFH�
SHU� PRQWK� IRU� ��� PRQWKV�� 7KH�
VXEMHFWV� WKHQ� UHFHLYHG� RSHQ� ODEHO�
GHQRVXPDE����PJ�PLOOLJUDPV��HYHU\�
VL[� PRQWKV� IRU� DQ� DGGLWLRQDO� ���
PRQWKV�� 7KH� SULPDU\� HQGSRLQWV�
ZHUH� QHZ� YHUWHEUDO� IUDFWXUH� DW� ���
PRQWKV�DQG����PRQWKV� 

2I� WKH� SDWLHQWV� ZKR� XQGHUZHQW�
UDQGRPL]DWLRQ��������FRPSOHWHG�WKH�
���PRQWK� VWXG\��$W� ���PRQWKV�� WKH�
URPRVR]XPDE� JURXS� KDG� D� ULVN� RI�
QHZ�YHUWHEUDO�IUDFWXUH�WKDW�ZDV�����
ORZHU�WKDQ�WKDW�RI�WKH�SODFHER�JURXS�
�S���������� 7KH� WUHDWPHQW� JURXS�
DOVR�KDG�D�����ORZHU�ULVN�RI�FOLQLFDO�
IUDFWXUHV� DW� ��� PRQWKV�� DV�
FRPSDUHG� ZLWK� SODFHER� �S ��������
$W� ��� PRQWKV�� WKH� FXPXODWLYH�
LQFLGHQFH� RI� QHZ� YHUWHEUDO� IUDFWXUH�
ZDV� ORZHU� LQ� WKH� JURXS� WKDW� KDG�
RULJLQDOO\� UHFHLYHG� URPRVR]XPDE��
DV� FRPSDUHG� WR� WKRVH� ZKR� KDG�
RULJLQDOO\� UHFHLYHG� SODFHER�
�S�������� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

ZRPHQ� ZLWK� SRVWPHQRSDXVDO�
RVWHRSRURVLV� IRXQG� WKDW� WUHDWPHQW�
ZLWK� URPRVR]XPDE�� D� VFOHURVLQ�
LQKLELWRU�� UHVXOWHG� LQ� D� VLJQLILFDQWO\�
ORZHU� ULVN� RI� YHUWHEUDO� IUDFWXUH� DQG�
FOLQLFDO�IUDFWXUH�DW����PRQWKV� 

 
&RVPDQ�� )��� HW� DO�� 5RPRVR]XPDE�
7UHDWPHQW� LQ� 3RVWPHQRSDXVDO�
:RPHQ�ZLWK�2VWHRSRURVLV��1�(QJO�-�
0HG�� ������ 6HSWHPEHU�� '2,��
��������1(-0RD������� 

 

68%$&520,$/�67(52,'�
,1-(&7,21�$)7(5�527$725�

&8))�5(3$,5 
 
3DWLHQWV� IUHTXHQWO\� H[SHULHQFH�

VHYHUH� SRVWRSHUDWLYH� SDLQ� DIWHU�
URWDWRU� FXII� UHSDLU�� GHVSLWH�
LPSURYHPHQWV�LQ�VXUJLFDO�WHFKQLTXH��
)HZ� VWXGLHV� KDYH� LQYHVWLJDWHG� WKH�
PHWKRGV� IRU� FRQWUROOLQJ� WKH� SDLQ�
ZKLFK� SHUVLVWV� GXULQJ� WKH� SHULRG� RI�
UHKDELOLWDWLRQ�� 7KLV� VWXG\� ZDV�
GHVLJQHG� WR� GHWHUPLQH� WKH�
HIIHFWLYHQHVV� DQG� VDIHW\� RI�
VXEDFURPLDO� VWHURLG� LQMHFWLRQV� IRU�
SDLQ�FRQWURO�DIWHU�URWDWRU�FXII�UHSDLU� 
7KLV�UHWURVSHFWLYH�UHYLHZ�LQFOXGHG 
���� SDWLHQWV� ZKR� XQGHUZHQW�

DUWKURVFRSLF� URWDWRU� FXII� UHSDLU� ZLWK�
D�PLQLPXP�WZR-\HDU�IROORZ-XS��$IWHU�
VXUJHU\�� WKH� SDWLHQWV� UHFHLYHG� RUDO�
QRQVWHURLGDO� DQWL-LQIODPPDWRU\�
GUXJV� RQFH� D� GD\� IRU� WZR� ZHHNV��
DQG� HQJDJHG� LQ� D� VWDQGDUG�
UHKDELOLWDWLRQ� SURJUDP�� 6KRXOGHU�
IXQFWLRQ� ZDV� HYDOXDWHG� XVLQJ� WKH�
$PHULFDQ� 6KRXOGHU� DQG� (OERZ�
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6XUJHRQV� �$6(6�� VFRUH� DQG� WKH�
&RQVWDQW�VFRUH� 
,Q� DGGLWLRQ�� D� SRVWRSHUDWLYH� YLVXDO�

DQDORJXH�VFDOH�IRU�SDLQ��S9$6��ZDV�
DGPLQLVWHUHG�� DQG� SDWLHQW�
VDWLVIDFWLRQ� ZDV� DVVHVVHG�� 7KRVH�
SDWLHQWV� ZLWK� SDLQIXO� SRVWRSHUDWLYH�
VKRXOGHUV� UHFHLYHG� D� VXEDFURPLDO�
FRUWLFRVWHURLG� LQMHFWLRQ� RI� ��� PJ�
WULDPFLQRORQH� DQG� �P/� RI� ���
OLGRFDLQH��$Q� LQGHSHQGHQW� H[DPLQHU�
PHDVXUHG� DQG� UHFRUGHG� WKH� SDLQ�
VFRUHV� DQG� VKRXOGHU� IXQFWLRQ� DW� WKH�
ILUVW� DQG� WKLUG� PRQWKV� DIWHU� WKH�
LQMHFWLRQ�� DQG� HYHU\� WKUHH� PRQWKV�
WKHUHDIWHU�� 2XWFRPHV� ZHUH�
FRPSDUHG� � EHWZHHQ� WKRVH�ZLWK� DQG�
WKRVH�ZLWKRXW�LQMHFWLRQV� 
7KH� S9$6� VFRUHV� RI� SDWLHQWV�

DGPLQLVWHUHG�LQMHFWLRQV�DYHUDJHG�����
���WR�����DW�WKH�WLPH�RI�WKH�LQMHFWLRQ��
���� DW� WKH� HQG� RI� WKH� ILUVW� PRQWK�
�S�������DQG�����DIWHU�WKUHH�PRQWKV��
7KH� ILQDO� RXWFRPH� IXQFWLRQDO� VFRUHV�
GLG� QRW� GLIIHU� EHWZHHQ� WKRVH�
UHFHLYLQJ� DQG� WKRVH� QRW� UHFHLYLQJ�
LQMHFWLRQV��7KH�UH-WHDU�UDWH�ZDV������
DPRQJ� WKRVH� ZLWK� DQ� LQMHFWLRQ� DQG�
������ DPRQJ� WKRVH� ZLWKRXW� DQ�
LQMHFWLRQ� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� XQGHUJRLQJ� URWDWRU� FXII�
UHSDLU� IRXQG� WKDW� D� VLQJOH�
FRUWLFRVWHURLG� LQMHFWLRQ� LV�D�VDIH�DQG�
HIIHFWLYH� PHWKRG� IRU� UHGXFLQJ� SDLQ�
GXULQJ�WKH�UHFRYHU\�SHULRG� 

 
6KLQ�� 6��� HW� DO�� (IILFDF\� RI� D�
6XEDFURPLDO� &RUWLFRVWHURLG� ,QMHFWLRQ�
IRU�3HUVLVWHQW�3DLQ�DIWHU�$UWKURVFRSLF�
5RWDWRU� &XII� 5HSDLU�� $P� -� 6SRUWV�
0HGLFLQH�� ������ 6HSWHPEHU�� ��
��������-����� 
 
 

9,7$0,1�'�$1'�)5$&785(�
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5HVHDUFK� KDV� VKRZQ� WKDW� YLWDPLQ�

'�UHJXODWHV�VHYHUDO�DUHDV�RI�KXPDQ�
SK\VLRORJ\�� LQFOXGLQJ� WKH� FDUGLDF��
LPPXQH� GLJHVWLYH �DQG�
PXVFXORVNHOHWDO� V\VWHPV��
2UWKRSHGLF� VXUJHRQV� IUHTXHQWO\�
SUHVFULEH� FDOFLXP� DQG� YLWDPLQ� '�
VXSSOHPHQWDWLRQ� IRU� SDWLHQWV� ZLWK�
IUDFWXUHV� WR� SURPRWH� IUDFWXUH�
KHDOLQJ��7KLV�VWXG\�ZDV�GHVLJQHG�WR�
EHWWHU� XQGHUVWDQG� WKH� UHODWLRQVKLS�

EHWZHHQ�VHUXP����2+��'�OHYHOV�DQG�
WKH� OLNHOLKRRG� RI� SRVWRSHUDWLYH�
FRPSOLFDWLRQV� DIWHU� IUDFWXUH� UHODWHG�
VXUJHU\� 

7KLV� UHWURVSHFWLYH� UHYLHZ� ZDV�
SHUIRUPHG� IRU� DOO� DGXOW� RUWKRSHGLF�
WUDXPD� SDWLHQWV� VHHQ� DW� D� OHYHO� ,�
WUDXPD�FHQWHU�IRU�D�IUDFWXUH�EHWZHHQ�
����� DQG� ������ 7KH� SDWLHQWV� KDG�
DYDLODEOH� VHUXP� ���2+�� '� OHYHOV�
GUDZQ�ZLWKLQ�WZR�ZHHNV�RI�LQMXU\�DQG�
UHSHDW�OHYHOV�GUDZQ�DW�D�PLQLPXP�RI�
HLJKW� ZHHNV� ODWHU�� $OO� SDWLHQWV�
UHFHLYHG� ���� ,8� RI� YLWDPLQ� '�� DQG�
������ PJ� RI� FDOFLXP� GDLO\�� 7KRVH�
ZLWK�D�VHUXP����2+��'�GHILFLHQF\�RU�
LQVXIILFLHQF\� DOVR� UHFHLYHG� D�
UHJLPHQ� RI� ������� ,8� HUJRFDOFLIHURO�
ZHHNO\� XQWLO� ���2+�'� OHYHOV� ZHUH�
QRUPDOL]HG� �!��� QJ�P/��� 6WDQGDUG�
FOLQLFDO� IROORZ-� XS�ZDV� SHUIRUPHG� DW�
WZR�� VL[� DQG� ��� ZHHN� YLVLWV�� DQG�
HYHU\� WZR� WR� WKUHH� PRQWKV� XQWLO�
IUDFWXUH� KHDOLQJ�� $PRQJ� WKH� ����
SDWLHQWV� LQFOXGHG� LQ� WKLV� VWXG\�� ���
KDG� IUDFWXUH� KHDOLQJ� FRPSOLFDWLRQV��
LQFOXGLQJ� LQIHFWLRQ� ������ QRQXQLRQ�
������ RVWHRP\HOLWLV� �������� ZRXQG�
GHKLVFHQFH���������PDOXQLRQ��������
DQG� MRLQW� FRQWUDFWXUH� �������� 7KHUH�
ZDV� QR� VLJQLILFDQW� GLIIHUHQFH� LQ� WKH�
OLNHOLKRRG� RI� IUDFWXUH� KHDOLQJ�
FRPSOLFDWLRQV�EDVHG�XSRQ� WKH� LQLWLDO�
RU� UHSHDW� OHYHOV�RI����2+��'��S!����
DQG�S!�����UHVSHFWLYHO\�� 
&RQFOXVLRQ�� 7KLV� UHWURVSHFWLYH�

VWXG\� RI� SDWLHQWV� ZLWK� WUDXPDWLF�
IUDFWXUHV� IRXQG� WKDW� YLWDPLQ� '�
VXSSOHPHQWDWLRQ�GRHV�QRW�DSSHDU� WR�
KDYH� D� ODUJH� LPSDFW� RQ� IUDFWXUH�
KHDOLQJ� 

 
%RGHQGRUIHU�� %��� HW� DO�� 'R� ��-�
+\GUR[\YLWDPLQ� '� /HYHOV� &RUUHODWH�
ZLWK� )UDFWXUH� &RPSOLFDWLRQV"� -�
2UWKR� 7UDXPD�� ������ 6HSWHPEHU��
�������H����–�H���� 
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5HFHQW� VWXGLHV� KDYH� HVWLPDWHG�
WKDW�RQH�LQ�ILYH�SHRSOH�RYHU����\HDUV�
RI�DJH�H[SHULHQFH�IUHTXHQW�IRRW�SDLQ��
7KLV� VWXG\� UHYLHZHG� WKH� HIILFDF\� RI�
IOLS-IORS� VW\OH� IRRWZHDU�� ZLWK� D�
PROGHG� IRRW� EHG�� IRU� UHGXFLQJ� SDLQ�
DQG� LPSURYLQJ� IXQFWLRQ� DPRQJ�
DGXOWV�ZLWK�GLVDEOLQJ�IRRW�SDLQ� 

$GXOW� VXEMHFWV�ZHUH� UHFUXLWHG�ZKR�
UHSRUWHG�GLVDEOLQJ� IRRW�SDLQ��GHILQHG�
DV� SDLQ� ZLWK� UHVWULFWLRQ� RI� DW� OHDVW�
RQH� QRUPDO� DFWLYLW\�� ([FOXVLRQ�
FULWHULD� LQFOXGHG� SHULSKHUDO� DUWHU\�
GLVHDVH�� YHQRXV� LQVXIILFLHQF\� RU�
SHULSKHUDO� QHXURSDWK\�� 7KRVH�
UDQGRPL]HG�WR�DQ�LQWHUYHQWLRQ�JURXS�
ZHUH� ILWWHG� ZLWK� IOLS-IORSV� ZLWK� D�
PROGHG�IRRW�EHG��KHHO�FXS�DQG�ZLGH�
VWUDSV��7KH\�ZHUH�DVNHG�WR�ZHDU�WKLV�
IRRWZHDU�DV�PXFK�DV�SRVVLEOH�IRU�WKH�
QH[W� ��� ZHHNV�� 7KRVH� LQ� D� FRQWURO�
JURXS� ZHUH� DVNHG� WR� ZHDU� WKHLU�
XVXDO� IRRWZHDU�� 7KH� SULPDU\��
RXWFRPH� � PHDVXUH� � ZDV� � WKH� IRRW�
SDLQ� GRPDLQ� RI� WKH� )RRW� +HDOWK�
6WDWXV� 4XHVWLRQQDLUH� �)+64���
6HFRQGDU\� RXWFRPH� PHDVXUHV�
LQFOXGHG� FXUUHQW� IRRW� SDLQ� �9$6�� DV�
ZHOO� DV� WKH� )+64� GRPDLQV� RI� IRRW�
IXQFWLRQ�DQG�JHQHUDO�IRRW�KHDOWK� 
2I� WKH�VXEMHFWV� UHFUXLWHG�����ZHUH�

DOORFDWHG�WR� WKH� WUHDWPHQW�DQG���� WR�
WKH� FRQWURO� JURXS�� &RPSDUHG� WR� WKH�
FRQWURO� JURXS�� WKH� WUHDWPHQW� JURXS�
KDG� VLJQLILFDQW� LPSURYHPHQW� LQ� SDLQ�
DW� ��� ZHHNV�� DV� PHDVXUHG� E\� WKH�
IRRW� SDLQ� GRPDLQ� RI� WKH� )+64�
�S�������� ,Q� DGGLWLRQ�� WKH� WUHDWPHQW�
JURXS� REWDLQHG� VLJQLILFDQWO\� EHWWHU�
VFRUHV� RQ� WKH� SDLQ� 9$6� �S��������
WKH� )+64� GRPDLQ� RI� IXQFWLRQ�
�S������� DQG� WKH� )+64� GRPDLQ� RI�
JHQHUDO�IRRW�KHDOWK��S������� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI� SDWLHQWV�

ZLWK� GLVDEOLQJ� IRRW� SDLQ� IRXQG� WKDW�
WKH�XVH�RI�IOLS-IORSV��ZLWK�D�FRQWRXUHG�
EHG�� UHVXOWHG� LQ� VLJQLILFDQW�
LPSURYHPHQW�LQ�SDLQ�DQG�IXQFWLRQ� 

 
&KXWHU��9���HW�DO��)OLS-)ORS�)RRWZHDU�
ZLWK� D� 0ROGHG� )RRW� %HG� IRU� WKH�
7UHDWPHQW� RI� )RRW� 3DLQ�� $�
5DQGRPL]HG�� &RQWUROOHG� 7ULDO�� %0&�
0XVFXORVNHOHW�'LVRUG��������1RY�����
�������� 
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)XQFWLRQDO� RXWFRPHV� RI� DPSXWHHV�

DUH� RIWHQ� FRPSDUDEOH� ZLWK� WKRVH� LQ�
WKH�DJH�PDWFKHG�JHQHUDO�SRSXODWLRQ��
7KLV� VWXG\� FRPSDUHG� WKH� RXWFRPHV�
RI� SDWLHQWV� ZKR� XQGHUZHQW�
LPPHGLDWH� XQLODWHUDO� DPSXWDWLRQ� WR�



 

 

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

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

+HDOWK� 2UJDQL]DWLRQ� DQG� PXOWLSOH�
QDWLRQDO� PHGLFDO� VRFLHWLHV�
ZRUOGZLGH� 
���3ULYDWH�VXEVFULSWLRQV�DUH�DYDLODEOH�
E\�HPDLO�DW�PVNLQUHYLHZ#DRO�FRP 
RU�E\��SKRQH�DW����������-������ 
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3URGXFHG�E\�WKH�'HSDUWPHQW�RI� 
5HKDELOLWDWLRQ�0HGLFLQH��(PRU\�
8QLYHUVLW\�6FKRRO�RI�0HGLFLQH 
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3URGXFHG�E\�WKH�'HSDUWPHQW�RI� 
5HKDELOLWDWLRQ�0HGLFLQH��(PRU\�
8QLYHUVLW\�6FKRRO�RI�0HGLFLQH 
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WKRVH� RI� SDWLHQWV� ZKR� XQGHUZHQW�
GHOD\HG� XQLODWHUDO� DPSXWDWLRQ� DQG�
WKRVH� ZKR� XQGHUZHQW� ORZHU� OLPE�
VDOYDJH� 
7KLV� UHWURVSHFWLYH� DQDO\VLV�

LQYROYHG�D�FRKRUW�RI�PLOLWDU\�SDWLHQWV�
XQGHUJRLQJ�SRVWWUDXPDWLF� ORZHU� OLPE�
VDOYDJH� RU� DPSXWDWLRQ� EHWZHHQ�
-DQXDU\� ����� DQG� -DQXDU\� ������
7KH� PDMRULW\� ZHUH� VROGLHUV� LQYROYHG�
LQ� WKH� ZDUV� LQ� ,UDT� RU� $IJKDQLVWDQ��
,QMXU\�VHYHULW\�ZDV�GHWHUPLQHG�DW�WKH�
WLPH� RI� LQMXU\�� ZLWK� GHPRJUDSKLFV��
OHQJWK� RI� KRVSLWDOL]DWLRQ�� DQG�
FRPRUELGLWLHV�DOVR�UHFRUGHG��3DWLHQWV�
ZHUH� DVVHVVHG� IRU� IXQFWLRQDO�
RXWFRPH�DQG�PHQWDO�KHDOWK�RXWFRPH�
PHDVXUHV� 
2I� WKH� ���� PLOLWDU\� SHUVRQQHO�

LQFOXGHG� LQ� WKH� VWXG\�� ��� XQGHUZHQW�
LPPHGLDWH��EHORZ���NQHH�DPSXWDWLRQ��
��� � GHOD\HG� � EHORZ� � NQHH�
DPSXWDWLRQ�� ��� � � � LPPHGLDWH��������
DERYH� � � � � � NQHH� DPSXWDWLRQ�� ���
ELODWHUDO� DPSXWDWLRQ� DQG� ��� OLPE�
VDOYDJH�� 7KH� PHDQ� WLPH� EHWZHHQ�
LQMXU\�DQG�DPSXWDWLRQ�LQ�WKH�GHOD\HG�
JURXS� ZDV� ��� PRQWKV�� 7KH�
LPPHGLDWH� DERYH� NQHH� DQG� EHORZ�

NQHH� DPSXWDWLRQ� JURXS� UHTXLUHG� D�
VLJQLILFDQWO\� JUHDWHU� QXPEHU� RI�
PRQWKV�RI� UHKDELOLWDWLRQ� WKDQ�GLG� WKH�
GHOD\HG�EHORZ�NQHH�DPSXWDWLRQ�DQG�
WKH� OLPE� VDOYDJH� JURXS� �S�������� $W�
FRPSOHWLRQ� RI� UHKDELOLWDWLRQ�� WKRVH�
ZLWK�XQLODWHUDO�DPSXWDWLRQ�FRXOG�ZDON�
VLJQLILFDQWO\� IDUWKHU� LQ� WKH� �� PLQXWH�
ZDON� WHVW� WKDQ� WKRVH� ZLWK� OLPE�
VDOYDJH� DQG� WKRVH� ZLWK� ELODWHUDO�
DPSXWDWLRQ��S������� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI� %ULWLVK�

PLOLWDU\� YHWHUDQV� IRXQG� WKDW� WKRVH�
HOHFWLQJ�IRU�GHOD\HG�DPSXWDWLRQ�DIWHU�
OLPE� VDOYDJH� DWWHPSWV� DFKLHYHG�
VXSHULRU� IXQFWLRQDO� JDLQV� WKDQ� GLG�
WKRVH� ZKR� XQGHUZHQW� OLPE� VDOYDJH�
RQO\�� ZLWK� HTXLYDOHQW� RXWFRPHV� WR�
WKRVH�ZLWK�LPPHGLDWH�DPSXWDWLRQ� 

 
/DGORZ�� 3��� HW� DO�� ,QIOXHQFH� RI�
,PPHGLDWH�DQG�'HOD\HG�/RZHU�/LPE�
$PSXWDWLRQ� &RPSDUHG� ZLWK� /RZHU�
/LPE� 6DOYDJH� RQ� )XQFWLRQDO� DQG�
0HQWDO� +HDOWK� 2XWFRPHV� 3RVW-�
5HKDELOLWDWLRQ� LQ� WKH� 8.� 0LOLWDU\�� -�
%RQH� -RLQW� 6XU�� ������ 'HF� ��� ���
����������-����� 

 


