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6XUJHU\� RI� WKH� ORZHU� H[WUHPLWLHV�

FDQ� OLPLW� WKH� SDWLHQW¶V� DELOLW\� WR� EHDU�
ZHLJKW� IRU� ZHHNV�� DQG� FDQ� OLPLW�
SK\VLFDO� DFWLYLW\� IRU� PRQWKV�� 7KLV�
VWXG\�ZDV�GHVLJQHG�WR�GHWHUPLQH�WKH�
UDWH� RI� PHGLFDOO\� GLDJQRVHG�
FRPRUELGLWLHV� GHYHORSLQJ� ZLWKLQ� WZR�
\HDUV�RI�DUWKURVFRSLF�KLS�VXUJHU\� 
'DWD� ZHUH� REWDLQHG� IURP� FODLPV�

PDGH� ZLWKLQ� WKH� 8QLWHG� 6WDWHV�
0LOLWDU\� +HDOWK� 6\VWHP� �0+6��� 7KH�
0+6� GDWD� UHSRVLWRU\� �0'5�� ZDV�
XVHG�WR�LGHQWLI\�DOO�FRKRUW�DQG�KHDOWK�
FDUH� XWLOL]DWLRQ� YDULDEOHV� IRU�
LQGLYLGXDOV� XQGHUJRLQJ� DUWKURVFRSLF�
KLS� VXUJHU\� RYHU� D� WHQ-� \HDU� SHULRG��
)RU� WKLV�VWXG\��DJH�ZDV� UHVWULFWHG� WR�
��� WR� ��� \HDUV�� ZLWK� GDWD� UHYLHZHG�
IRU�WZR�\HDUV�DIWHU�VXUJHU\� 
7KH� ILQDO� FRKRUW� FRPSULVHG� ������

SDUWLFLSDQWV�ZLWK�D�PHDQ�DJH�RI������
\HDUV��&RPSDUHG� WR� EDVHOLQH��ZLWKLQ�
WZR�\HDUV�RI�KLS�VXUJHU\��D�VLJQLILFDQW�
LQFUHDVH�ZDV�QRWHG�LQ�WKH�GLDJQRVHV�
RI� PHQWDO� KHDOWK� GLVRUGHUV��
SRVWWUDXPDWLF� VWUHVV� GLVRUGHU��
FKURQLF� SDLQ�� VXEVWDQFH� DEXVH�
GLVRUGHU�� FDUGLRYDVFXODU� GLVHDVH��
PHWDEROLF� V\QGURPH�� V\VWHPLF�
DUWKURSDWK\�� VOHHS� GLVRUGHU��
LQVRPQLD�� DQG� EUHDWKLQJ� UHODWHG�
VOHHS� GLVRUGHU� �DOO� S��������� 7KH�
WRWDO� QXPEHU� RI� LQGLYLGXDOV� ZLWK� D�
FKURQLF� SDLQ� GLDJQRVLV� LQFUHDVHG� E\�
������ ZLWK� 376'� LQFUHDVLQJ� E\�
�����DQG�VOHHS�GLVRUGHUV�E\������ 
&RQFOXVLRQ�� 7KLV� VWXG\� IRXQG�

WKDW�� DIWHU� DUWKURVFRSLF� KLS� VXUJHU\��
WKH� LQFLGHQFH� RI� VHYHQ� PDMRU�
FRPRUELGLWLHV�LQFUHDVHV�VLJQLILFDQWO\� 

 
5KRQ��'���HW�DO��&RPRUELGLWLHV� LQ� WKH�
)LUVW� 7ZR� <HDUV� DIWHU� $UWKURVFRSLF�
+LS�6XUJHU\��6XEVWDQWLDO�,QFUHDVHV�LQ�
0HQWDO� +HDOWK� 'LVRUGHUV�� &KURQLF�
3DLQ�� 6XEVWDQFH� $EXVH� DQG�
&DUGLRPHWDEROLF� &RQGLWLRQV�� %U� -�
6SRUWV�0HG��������6HSWHPEHU�����– 

��� GRL���������EMVSRUWV-����-
������� 
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&DOFLWRQLQ� JHQH� UHODWHG� SHSWLGH�

�&*53�� LV� ZLGHO\� H[SUHVVHG�
WKURXJKRXW� WKH� QHUYRXV� V\VWHP��
DFWLQJ�DV�D�VHQVRU\�QHXURWUDQVPLWWHU��
YDVRGLODWRU� DQG� PHGLDWRU� RI�
QHXURJHQLF LQIODPPDWLRQ��
*DOFDQH]XPDE� LV� D� KXPDQL]HG�
PRQRFORQDO� DQWLERG\� WKDW� ELQGV�
&*53�DQG�SUHYHQWV�ELRORJLF�DFWLYLW\�
ZLWKRXW� EORFNLQJ� WKH� UHFHSWRU�� 7KLV�
VWXG\�ZDV�GHVLJQHG�WR�GHWHUPLQH�WKH�
HIILFDF\� RI� *DOFDQH]XPDE� IRU� WKH�
SUHYHQWLRQ�RI�PLJUDLQH�KHDGDFKHV� 
7KLV� SKDVH� WKUHH� VWXG\� LQFOXGHG�

SDWLHQWV� ZKR� ZHUH� ��-��� \HDUV� RI�
DJH�ZLWK�D�GLDJQRVLV�RI�PLJUDLQH� IRU�
DW� OHDVW�RQH�\HDU��7KH�SDWLHQWV�ZHUH�
UDQGRPL]HG� WR� UHFHLYH� D� PRQWKO\�
LQMHFWLRQ� RI� SODFHER� RU�
*DOFDQH]XPDE�DW�D�GRVH�RI�����PJ�
RU�����PJ��0LJUDLQH�KHDGDFKHV�GD\V�
ZHUH� UHFRUGHG� IRU�RQH�PRQWK�EHIRUH�
LQMHFWLRQV� DQG� WKHQ� PRQWKO\� IRU� ���
PRQWKV� 
$PRQJ� WKH� ���� SDWLHQWV� VWXGLHG��

SDWLHQWV� ZKR� UHFHLYHG� ERWK� WKH� ����
DQG� WKH� ���� PJ� GRVHV� RI�
*DOFDQH]XPDE� KDG� VLJQLILFDQWO\�
EHWWHU� UHGXFWLRQV� LQ�PHDQ�KHDGDFKH�
GD\V� �S�������� WKDQ� GLG� WKRVH�
UHFHLYLQJ� WKH� SODFHER�� ZLWK� WKHVH�
HIIHFWV� EHJLQQLQJ� ZLWKLQ� PRQWK� RQH��
7KH� SURSRUWLRQ� RI� SDWLHQWV� WKDW�
PDLQWDLQHG�DW� OHDVW�D�����UHGXFWLRQ�
LQ�PRQWKO\�PHDQ�KHDGDFKH�GD\V� IRU�
VL[� FRQVHFXWLYH� PRQWKV� ZDV� ������
LQ� WKH� ���� PJ� JURXS� �S���������
������ LQ� WKH� ���� PJ� JURXS�
�S�������� DQG� ����� LQ� WKH� SODFHER�
JURXS� 
&RQFOXVLRQ� 7KLV VWXG\� RI�

SDWLHQWV� ZLWK� FKURQLF� HSLVRGLF�
PLJUDLQH� IRXQG� WKDW� PRQWKO\�
LQMHFWLRQV� RI� *DOFDQH]XPDE� FDQ�
UHGXFH� PRQWKO\� PLJUDLQH� KHDGDFKH�
GD\V� 

6WDXIIHU�� 9��� HW� DO�� (YDOXDWLRQ� RI�
*DOFDQH]XPDE� IRU� WKH�3UHYHQWLRQ�RI�
(SLVRGLF� 0LJUDLQH�� 7KH� (92/9(-��
5DQGRPL]HG� &OLQLFDO� 7ULDO�� -$0$�
1HXURO��������6HSWHPEHU��������� 
����-���� 
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)UDFWXUHV� RI� WKH� KLS� LQ� WKH� HOGHUO\�

DUH� DVVRFLDWHG� ZLWK� KLJKHU� UDWHV� RI�
PRUELGLW\� DQG� PRUWDOLW\�� 7KLV� VWXG\�
DVVHVVHG�WKH�UDWH�RI�PRUWDOLW\�GXULQJ�
WKH� \HDU� IROORZLQJ� KLS� IUDFWXUH�
VXUJHU\� LQ� SDWLHQWV� ZLWK� 3DUNLQVRQ¶V�
GLVHDVH��3'��RU�RWKHU�GHPHQWLDV� 
8VLQJ� GDWD� IURP� WKH� 7DLZDQ�

1DWLRQDO�+HDOWK� ,QVXUDQFH�5HVHDUFK�
'DWDEDVH� �1+,5'��� WKH� DXWKRUV�
LGHQWLILHG� LQGLYLGXDOV� ZKR� ZHUH� ���
\HDUV� RU� ROGHU� DQG� ZKR� KDG� EHHQ�
VXUJLFDOO\� WUHDWHG� IRU� D� QRQ-
WUDXPDWLF�� DFXWH� IUDFWXUH� RI� WKH� KLS�
EHWZHHQ� ����� DQG� ������ )URP� WKLV�
JURXS�� SDWLHQWV� GLDJQRVHG� ZLWK�
GHPHQWLD�DQG�RU�3'�XS�WR� WZR�\HDUV�
EHIRUH� WKH�KLS� IUDFWXUH�VXUJHU\�ZHUH�
FRPSDUHG� WR� SDWLHQWV� ZLWK� KLS�
IUDFWXUHV� EXW� ZLWKRXW� GHPHQWLD� RU�
3'��7KH��VXEMHFWV�ZHUH�IROORZHG�XQWLO�
RQH�\HDU�DIWHU�WKH�GDWH�RI�IUDFWXUH�RU�
XQWLO� WKH� HQG� RI� ������ GHDWK� RU�
ZLWKGUDZDO� IURP� WKH� LQVXUDQFH�
SURJUDP� 
2I�WKH�������SDWLHQWV�LQ�WKH�FRKRUW��

����KDG�GHPHQWLD�DQG�����KDG�3'��
ZLWK� ���� KDYLQJ� ERWK�� 3DWLHQWV� ZLWK�
GHPHQWLD��RU�ERWK�GHPHQWLD�DQG�3'��
KDG�VLJQLILFDQWO\�KLJKHU�PRUWDOLW\�WKDQ�
GLG� WKRVH� ZLWK� QHLWKHU� FRQGLWLRQ��
KD]DUG� UDWLR� �+5�� RI� ����� DQG� ������
UHVSHFWLYHO\�� 7KHUH� ZDV� QR�
VLJQLILFDQW� HIIHFW� RI�3'�DORQH�RQ� WKH�
ULVN�RI�GHDWK� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

HOGHUO\� SDWLHQWV� XQGHUJRLQJ� VXUJLFDO�
UHSDLU� RI� D� KLS� IUDFWXUH� IRXQG� WKDW�
GHPHQWLD� LV� DQ� LQGHSHQGHQW� ULVN�
IDFWRU� IRU�GHDWK� LQ� WKH�\HDU� IROORZLQJ�
VXUJHU\� 

 

9ROXPH����1XPEHU�� 1RYHPEHU�������� 
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&KLX�� +��� HW� DO�� 'HPHQWLD� 3UHGLFWHG�
2QH-<HDU� 0RUWDOLW\� IRU� 3DWLHQWV� ZLWK�
)LUVW�+LS�)UDFWXUH��%RQH�-RLQW�-��������
6HSWHPEHU�����%���������- 
����� 
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7KH�PHWDEROLF�V\QGURPH��0HW6��KDV�

EHHQ� IRXQG� WR� EH� DVVRFLDWHG� ZLWK�
FDUGLRYDVFXODU� GLVHDVH� DQG� PRUWDOLW\��
7KHUH� LV� VRPH� HYLGHQFH� RI� D�
UHODWLRQVKLS� EHWZHHQ� 0HW6� DQG�
RVWHRDUWKULWLV� �2$��� 7KLV� (J\SWLDQ�
VWXG\� IXUWKHU� H[DPLQHG� WKH�
UHODWLRQVKLS� EHWZHHQ� 0HW6� DQG�
FKDUDFWHULVWLFV�RI�2$�RI�WKH�NQHH� 
6XEMHFWV� ZHUH� ��� DGXOWV� ZLWK� D�

GLDJQRVLV� RI� 0HW6� DQG� ��� REHVH�
VXEMHFWV� ZLWKRXW� 0HW6�� $OO� VXEMHFWV�
ZHUH� DVVHVVHG� IRU� SDLQ� ZLWK� WKH�
:HVWHUQ� 2QWDULR� DQG� 0F0DVWHU�
8QLYHUVLW\� �:20$&�� LQGH[�� DQG�
XQGHUZHQW� ODERUDWRU\� DVVHVVPHQW� RI�
WULJO\FHULGHV�� +'/� FKROHVWHURO� DQG�
JOXFRVH�� $OO� XQGHUZHQW� SODLQ�
UDGLRJUDSKV� RI� WKH� NQHH� WR� GLDJQRVH�
DQG�DVVHVV�2$� 
7KH� IUHTXHQF\� RI� 2$� DQG� WKH�

VHYHULW\� RI� 2$�� K\SHUWHQVLRQ� DQG�
GLDEHWHV� ZHUH� VLJQLILFDQWO\� KLJKHU� LQ�
WKH� 0HW6� JURXS� WKDQ� LQ� WKH� FRQWURO�
JURXS� �S ������� S������� DQG�
S�������� UHVSHFWLYHO\��� ,Q� DGGLWLRQ��
DPRQJ�WKRVH�LQ�WKH�0HW6�JURXS��WKRVH�
ZLWK�2$�RI� WKH�NQHH�ZHUH�PRUH� OLNHO\�
WR� KDYH� K\SHUWHQVLRQ� �S ��������
GLDEHWHV��S �������DQG�JUHDWHU�ZHLJKW�
�S ������ 
&RQFOXVLRQ� 7KLV VWXG\ RI�

 

SDWLHQWV�ZLWK� WKH�PHWDEROLF�V\QGURPH�
IRXQG�WKDW�RVWHRDUWKULWLV�RI�WKH�NQHH�LV�
SUHYDOHQW� DPRQJ� WKHVH� SDWLHQWV�� DQG�
LV� DVVRFLDWHG� ZLWK� ZRUVH� SDLQ��
IXQFWLRQ�� DQG� DGYDQFHG� UDGLRJUDSKLF�
FKDQJHV� 

 
$ILIL�� $��� HW� DO�� 2VWHRDUWKULWLV� RI� .QHH�
-RLQW� LQ� 0HWDEROLF� 6\QGURPH�� &OLQ�
5KHXP�� ������ 2FWREHU�� ��������
����-����� 
 
 
63/,176�9(5686�67(52,'6�,1�
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:KLOH� FDUSDO� WXQQHO� V\QGURPH�

�&76�� LV� WKH� PRVW� FRPPRQ�
FRPSUHVVLRQ�QHXURSDWK\�DIIHFWLQJ�WKH�
XSSHU� OLPE�� QR� FRQVHQVXV� H[LVWV�
FRQFHUQLQJ� WKH� EHVW� SULPDU\� FDUH�
PDQDJHPHQW� IRU� PLOG� WR� PRGHUDWH�
FDVHV�� 7KLV� VWXG\�� WKH� ,QMHFWLRQ�
YHUVXV� 6SOLQWLQJ� LQ� &DUSDO� 7XQQHO�
6\QGURPH� �,167,1&76�� WULDO��
FRPSDUHG� WKH� HIILFDF\� RI� VSOLQWV� ZLWK�
VWHURLG� LQMHFWLRQV� DV� D� SULPDU\�
LQWHUYHQWLRQ� 
6XEMHFWV�ZHUH����\HDUV�RI�DJH�RU 
ROGHU�� SUHVHQWLQJ� ZLWK� D� QHZ�

HSLVRGH�RI�SULPDU\��LGLRSDWKLF��PLOG�WR�
PRGHUDWH�&76��7KH�SDUWLFLSDQWV�ZHUH�
UDQGRPO\� DVVLJQHG� WR� UHFHLYH� HLWKHU�
RQH� WUHDWPHQW� ZLWK� ��� PJ�
PHWK\OSUHGQLVRORQH� DFHWDWH�� LQMHFWHG�
LQWR�WKH�FDUSDO�WXQQHO�RU�WR�YRODU�FRFN-�
XS�VSOLQWV�� WR�EH�ZRUQ�DW�QLJKW� IRU�VL[�
ZHHNV� 
%DVHOLQH� GDWD� ZHUH� FROOHFWHG� IURP�

VHOI-FRPSOHWHG TXHVWLRQQDLUHV�
LPPHGLDWHO\� EHIRUH� UDQGRPL]DWLRQ�
DQG�DW�VL[�ZHHNV�DQG�VL[�PRQWKV�DIWHU�
VWXG\� LQLWLDWLRQ��7KH�SULPDU\�RXWFRPH�
YDULDEOH� ZDV� WKH� RYHUDOO� VFRUH� IRU�
V\PSWRP� VHYHULW\� DQG� OLPLWDWLRQV� LQ�
KDQG� IXQFWLRQ� RQ� WKH� %RVWRQ� &DUSDO�
7XQQHO� 4XHVWLRQQDLUH� �%&74�� DW� VL[�
ZHHNV� 
3DUWLFLSDQWV�ZHUH�����SDWLHQWV��ZLWK�

���� DVVLJQHG� WR� WKH� VSOLQWLQJ� JURXS�
DQG�����WR� WKH� LQMHFWLRQ�JURXS��$W�VL[�
ZHHNV�� VLJQLILFDQWO\� JUHDWHU�
LPSURYHPHQW� ZDV� IRXQG� LQ� WKH�
FRUWLFRVWHURLG� JURXS� DV� FRPSDUHG� WR�
WKH� VSOLQWLQJ� JURXS� LQ� WKH� %&74�
RYHUDOO� VFRUH� �S ��������� IXQFWLRQDO�
OLPLWDWLRQV� VFRUH� �S ��������� KDQG-�
ZULVW� SDLQ� LQWHQVLW\� VFRUH� �S � ��������
DQG� LQVRPQLD� GXH� WR� ZULVW� SUREOHPV�
�S �������� $W� VL[� PRQWKV�� QR�
VLJQLILFDQW� GLIIHUHQFH� ZDV� QRWHG�
EHWZHHQ�JURXSV� 

&RQFOXVLRQ�� 7KLV� SURVSHFWLYH�
VWXG\� RI� SDWLHQWV� ZLWK� PLOG� WR�
PRGHUDWH� FDUSDO� WXQQHO� V\QGURPH�

IRXQG� WKDW� FRUWLFRVWHURLG� LQMHFWLRQV�
LQWR� WKH� FDUSDO� WXQQHO� SURGXFH�
RXWFRPHV� DW� VL[� ZHHNV� WKDW� ZHUH�
VXSHULRU� WR� WKRVH� RI� QLJKWWLPH�
VSOLQWLQJ� 

 
&KHVWHUWRQ��/���HW�DO��7KH�&OLQLFDO�DQG�
&RVW� (IIHFWLYHQHVV� RI� &RUWLFRVWHURLG�
,QMHFWLRQ� YHUVXV� 1LJKW� 6SOLQWV� IRU�
&DUSDO� 7XQQHO� 6\QGURPH� �,QVWLQFWV�
7ULDO��$Q�2SHQ�/DEHO��3DUDOOHO�*URXS��
5DQGRPLVHG�&RQWUROOHG�7ULDO���/DQFHW��
������ 2FWREHU�� ���� ������������-
����� 
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&2*1,7,9(�)81&7,21�,1�7+(�

(/'(5/< 
 
3UHYLRXV� VWXGLHV� RI� KHDOWK\� DGXOWV�

KDYH� GHPRQVWUDWHG� WKDW� RQH� ��-�
PLQXWH� VHVVLRQ� RI� WUDQVFUDQLDO� GLUHFW�
FXUUHQW� VWLPXODWLRQ� �W'&6�� DW� WKH�
GRUVRODWHUDO� SUHIURQWDO� FRUWH[� FDQ�
HQKDQFH� SHUIRUPDQFH� RQ� WHVWV� RI�
H[HFXWLYH� IXQFWLRQ�� 7KLV� VWXG\� ZDV�
GHVLJQHG� WR�GHWHUPLQH�ZKHWKHU� W'&6�
FRXOG� LQGXFHG� ODVWLQJ� LPSURYHPHQWV�
LQ� GXDO-WDVN� SHUIRUPDQFH�� FRJQLWLRQ�
DQG�PRELOLW\� LQ� ROGHU� DGXOWV�ZLWK�PLOG�
WR�PRGHUDWH� LPSDLUPHQWV� LQ� FRJQLWLYH�
DQG�PRWRU�IXQFWLRQ� 
3DUWLFLSDQWV� � ZHUH� ��� \HDUV� RI� DJH�

RU�ROGHU�ZKR�H[KLELWHG�ERWK�VORZ�JDLW�
DQG� H[HFXWLYH� G\VIXQFWLRQ�� 7KH�
SDUWLFLSDQWV� ZHUH� UDQGRPL]HG� WR�
UHFHLYH� HLWKHU� W'&6� RU� VKDP�
LQWHUYHQWLRQ� GHOLYHUHG�ZLWK� WKH� DQRGH�
SODFHG�RYHU�WKH�GRUVRODWHUDO�SUHIURQWDO�
FRUWH[� �'/3)&��� &RJQLWLRQ�� PRELOLW\�
DQG� GXDO-WDVN� SHUIRUPDQFH� ZHUH�
DVVHVVHG� DW� EDVHOLQH�� SRVW-�
LQWHUYHQWLRQ�� DQG� DW� WZR� ZHHNV� DIWHU�
FRPSOHWLRQ�� 7KH� SULPDU\� RXWFRPH�
PHDVXUHV� LQFOXGHG� WKH� 0RQWUHDO�
&RJQLWLYH� $VVHVVPHQW� �0R&$��� DQG�
WKH� 7LPHG� XS� DQG� *R� �78*��� ZLWK�
GXDO�WDVN�SHUIRUPDQFH�GHILQHG�E\�WKH�
GHFUHPHQW��LQ��SHUIRUPDQFH�� EHWZHHQ�
VLQJOH� DQG� GXDO� WDVN� FRQGLWLRQV� RI�
ZDONLQJ�VSHHG�DQG�VZD\� 
$W� WZR-ZHHN� IROORZ-XS�� WKH� W'&6�

JURXS� KDG� VLJQLILFDQWO\� EHWWHU� VFRUHV�
WKDQ� WKH� VKDP� JURXS� LQ� WKH� WRWDO�
0R&$� VFRUHV� �S ������� $� VXEJURXS�
DQDO\VLV� UHYHDOHG� WKDW� WKH� W'&6�
LPSURYHG� SHUIRUPDQFH� ZLWKLQ� WKH�
YLVXRVSDWLDO� H[HFXWLYH� IXQFWLRQ�
VXEVFRUH� �S �������� ZLWK� RWKHU�
VXEVFRUHV� XQFKDQJHG�� 7KH� W'&6�
JURXS� DOVR� VKRZHG� EHWWHU� PLWLJDWLRQ�
RI� GXDO� WDVN� FRVWV� WR� VZD\� VSHHG�
�S ��������DQG�DUHD��S��������� 
&RQFOXVLRQ�� 7KLV� SLORW�� VKDP�



 

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

FRQWUROOHG� WULDO� IRXQG� WKDW� ��� VHVVLRQV�
RI� GLUHFW� FXUUHQW� VWLPXODWLRQ�� ZLWK� WKH�
DQRGH� RYHU� WKH� OHIW� GRUVRODWHUDO�
SUHIURQWDO� FRUWH[�� PD\� EH� KHOSIXO� LQ�
UHGXFLQJ� LPSDLUPHQWV� LQ� JDLW� DQG�
H[HFXWLYH�IXQFWLRQ� 

 
0DQRU�� %��� HW� DO�� 7UDQVFUDQLDO� 'LUHFW�
&XUUHQW� 6WLPXODWLRQ� 0D\� ,PSURYH�
&RJQLWLYH-0RWRU� )XQFWLRQ� LQ�
)XQFWLRQDOO\� /LPLWHG� 2OGHU� $GXOWV��
1HXURHKDELO� 1HXUDO� 5HSDLU�� ������
6HSWHPEHU������������-���� 

 
685*,&$/�9(5686� 
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0(1,6&$/�7($56 

 
3UHYLRXV� VWXGLHV� RI� PHQLVFDO� WHDUV�

ZKLFK� FRPSDUHG� VXUJLFDO� WR�
QRQVXUJLFDO� FDUH� KDYH� IDLOHG� WR�
GHPRQVWUDWH�WKH�VXSHULRULW\�RI�VXUJHU\��
7KLV�VWXG\�ZDV�GHVLJQHG� WR�GHWHUPLQH�
ZKHWKHU� SK\VLFDO� WKHUDS\� �37�� LV�
QRQLQIHULRU� WR� DUWKURVFRSLF� SDUWLDO�
PHQLVFHFWRP\� IRU� LPSURYLQJ� VHOI-
UHSRUWHG�NQHH�IXQFWLRQ�DIWHU�D�PHQLVFDO�
WHDU� 
7KLV PXOWLFHQWHU WULDO�

ZDVSHUIRUPHG� LQ� QLQH� KRVSLWDOV� LQ� WKH�
1HWKHUODQGV�� 3DUWLFLSDQWV� ZHUH� ��-���
\HDUV� RI� DJH� ZLWK� NQHH� SDLQ� DQG� D�
QRQREVWUXFWLYH� PHQLVFDO� WHDU�
FRQILUPHG� E\� 05,�� 6XEMHFWV� ZHUH�
UDQGRPL]HG� WR� UHFHLYH� HLWKHU� VXUJLFDO�
UHPRYDO� RI� WKH� WRUQ� SRUWLRQ� RI� WKH�
PHQLVFXV� IROORZHG� E\� WKHUDS\� RU� WR� D�
37� H[HUFLVH� SURWRFRO� FRQVLVWLQJ� RI� ���
VHVVLRQV�RI����PLQXWHV�HDFK�RYHU�HLJKW�
ZHHNV�� 7KH� SULPDU\� RXWFRPH� ZDV�
SDWLHQW� UHSRUWHG� NQHH� IXQFWLRQ� RQ� WKH�
VXEMHFWLYH� NQHH� IRUP� RI� WKH�
LQWHUQDWLRQDO� NQHH� GRFXPHQWDWLRQ�
FRPPLWWHH� �,.'&�� IURP�EDVHOLQH� WR����
PRQWKV� 
2I� WKH� ���� SDWLHQWV� � HQUROOHG�� � ����

ZHUH� UDQGRPL]HG� WR� VXUJHU\� DQG� ����
WR� 37�� $W� ��� PRQWKV�� NQHH� IXQFWLRQ�
VFRUHV� LQ� WKH� VXUJLFDO� JURXS� LPSURYHG�
����� SRLQWV� FRPSDUHG� ZLWK�
LPSURYHPHQW� RI� ����� SRLQWV� LQ� WKH� 37�
JURXS�� VXJJHVWLQJ� D� QRQLQIHULRULW\� RI�
37�� .QHH� SDLQ� GXULQJ� ZHLJKW-EHDULQJ�
LPSURYHG� PRUH� LQ� WKH� VXUJLFDO� JURXS�
�S � ������� ZLWK� QR� GLIIHUHQFH� EHWZHHQ�
JURXSV� LQ� JHQHUDO� KHDOWK� DQG� DFWLYLW\�
OHYHOV� 
&RQFOXVLRQ�� 7KLV� PXOWLFHQWHU�

UDQGRPL]HG� FRQWUROOHG� WULDO� RI� SDWLHQWV�
��� \HDUV� RI� DJH� RU� ROGHU� ZLWK� SDLQIXO�
PHQLVFDO� WHDUV� IRXQG� WKDW� SK\VLFDO�
WKHUDS\� ZDV� QRQLQIHULRU� WR� SDUWLDO�
PHQLVFHFWRP\� IRU� LPSURYLQJ� NQHH�
IXQFWLRQ� LQ� WKH� WZR� \HDUV� DIWHU� WKH�
LQMXU\� 

YDQ�GH�*UDDI��9���HW�DO��(IIHFW�RI�(DUO\�
6XUJHU\� 9HUVXV� 3K\VLFDO� 7KHUDS\� RQ�
.QHH� )XQFWLRQ� DPRQJ� 3DWLHQWV� ZLWK�
1RQREVWUXFWLYH� 0HQLVFDO� 7HDUV�� 7KH�
(6&$3(� 5DQGRPL]HG� &OLQLFDO� 7ULDO��
-$0$��������2FWREHU������������� 
����-����� 
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7KH� LQFLGHQFH� RI� URWDWRU� FXII� WHDUV�

KDV� LQFUHDVHG� GUDPDWLFDOO\� RYHU� WKH�
SDVW�VHYHUDO�\HDUV��7KH�KHDOLQJ�IDLOXUH�
UDWH� DIWHU� URWDWRU� FXII� UHSDLU� KDV� EHHQ�
HVWLPDWHG� WR� EH� EHWZHHQ� ���� DQG�
����� 7KLV� VWXG\� ZDV� GHVLJQHG� � WR�
GHWHUPLQH� ZKHWKHU� WREDFFR� DEXVH� D�
ZHOO-NQRZQ� PHWDEROLF� ULVN� IDFWRU�� LV�
DOVR�D� ULVN� IDFWRU� IRU�SRRU�KHDOLQJ�RI�D�
URWDWRU� FXII� WHDU�� 7KLV� UHWURVSHFWLYH�
FRKRUW� VWXG\� LQFOXGHG� SDWLHQWV�
XQGHUJRLQJ� DUWKURVFRSLF� UHSDLU� RI� IXOO�
WKLFNQHVV� URWDWRU� FXII� WHDUV�� 6XEMHFWV�
LGHQWLILHG�ZHUH�FXUUHQW�VPRNHUV�ZLWK�D�
JUHDWHU� WKDQ� ��-SDFN-\HDU� VPRNLQJ�
KLVWRU\��7KH�FRQWURO�JURXS� LQFOXGHG����
QRQVPRNHUV� PDWFKHG� IRU� DJH�� IDWW\�
LQILOWUDWLRQ� DQG� WHDU� VL]H�� $OO� SDWLHQWV�
KDG� IROORZ-XS� DW� D� PLQLPXP� RI� VL[�
PRQWKV� ZLWK� PDJQHWLF� UHVRQDQFH�
LPDJLQJ�RU�XOWUDVRXQG��DQG�D�IXQFWLRQDO�
DVVHVVPHQW�DW�D�PLQLPXP�RI�RQH�\HDU� 
$W� ILQDO� IROORZ-XS�� ������ RI� WKH�

VPRNLQJ� JURXS� DQG� ����� RI� WKH�
QRQVPRNHUV� KDG� IDLOHG� WR� KHDO�
�S �������� ,Q� WKH� ILQDO� UHJUHVVLRQ�
DQDO\VLV��IDLOXUH�WR�KHDO�ZDV�FRUUHODWHG�
ZLWK�URWDWRU�FXII�WHDU�VL]H��S ������DQG�
WREDFFR� DEXVH� �S �������� 7KH� ILQDO�
IXQFWLRQDO� DVVHVVPHQW� IRXQG� QR�
GLIIHUHQFH�EHWZHHQ�WKH�VPRNLQJ�JURXS�
DQG�WKH�QRQVPRNLQJ�JURXS� 
&RQFOXVLRQ�� 7KLV�VWXG\�IRXQG�WKDW�

FXUUHQW� KHDY\� VPRNLQJ� UHVXOWHG� LQ� D�
VLJQLILFDQW� LQFUHDVH� LQ� KHDOLQJ� IDLOXUH�
DV�FRPSDUHG�ZLWK�QRQVPRNHUV� 

 
3DUN�� -��� HW� DO�� (IIHFW� RI� 6PRNLQJ� RQ�
+HDOLQJ� )DLOXUH� DIWHU� 5RWDWRU� &XII�
5HSDLU�� $P� -� 6SRUWV� 0HGL�� ������
2FWREHU���������������-����� 
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6XEDFURPLDO�SDLQ�V\QGURPH��636��LV�

D� FRPPRQ� VKRXOGHU� GLVRUGHU�� YLHZHG�
DV� D� FRQGLWLRQ� ZKHUHLQ� WLJKWQHVV� DQG�
IULFWLRQ� LQ� WKH� VXEDFURPLDO� VSDFH� FDQ�
OHDG� WR� EXUVLWLV�� WHQGLQRSDWK\� DQG�
HYHQWXDO� FXII� WHDUV�� 6RPH� KDYH�
VXJJHVWHG� WKDW� WKRVH� ZLWK� URWDWRU� FXII�
WHDUV� KDYH� PRUH� DGYDQFHG� SDWKRORJ\�

DQG��WKXV��DUH�OHVV�OLNHO\�WR�UHVSRQG�WR�
LQWHUYHQWLRQ�� 7KLV� VWXG\� LQYHVWLJDWHG�
WKH� ORQJ-WHUP� UHVXOWV� RI� DQ� LVRODWHG�
VXEDFURPLDO� GHFRPSUHVVLRQ� VXUJHU\��
DV� FRPSDUHG� WR� WKRVH� RI� URWDWRU� FXII�
UHSDLU� FRPELQHG� ZLWK� VXEDFURPLDO�
GHFRPSUHVVLRQ� 
6XEMHFWV�ZHUH SDWLHQWV� ZLWK�

V\PSWRPDWLF��FKURQLF�636��RU�VPDOO� WR�
PHGLXP� VL]H� URWDWRU� FXII� WHDUV�� $OO�
XQGHUZHQW��D VXEDFURPLDO�
GHFRPSUHVVLRQ��ZLWK�WKRVH�ZLWK�URWDWRU�
FXII� WHDU� DOVR� XQGHUJRLQJ� UHSDLU�� 7KH�
SULPDU\� RXWFRPH� PHDVXUH� ZDV�
SHUIRUPDQFH�RQ�WKH�'LVDELOLWLHV�RI�$UP��
+DQG� DQG� 6KRXOGHU� �'$6+��� ZLWK� D�
YLVXDO�DQDORJ�VFDOH� �9$6��RI�SDLQ�DQG�
IXQFWLRQ� LQFOXGHG� DV� D� VHFRQGDU\�
RXWFRPH� 
'DWD�ZHUH� REWDLQHG� IRU� ���� SDWLHQWV�

XQGHUJRLQJ�FRPELQHG�VXUJHU\�DQG�����
XQGHUJRLQJ� VXEDFURPLDO�
GHFRPSUHVVLRQ�RQO\� 
6LJQLILFDQW� LPSURYHPHQW� ZDV� QRWHG�

LQ� ERWK� WUHDWPHQW� JURXSV� LQ� '$6+�
VFRUHV� �S�������� DQG� 9$6� VFRUHV� IRU�
IXQFWLRQ��S��������DQG�SDLQ��S���������
,QWHUHVWLQJO\�� SRVW-� RSHUDWLYH� IXQFWLRQ�
ZDV� VLJQLILFDQWO\� PRUH� LPSURYHG� LQ�
SDWLHQWV� !��� \HDUV� RI� DJH� �S � �������
WKDQ�LQ�\RXQJHU�SDWLHQWV� 
&RQFOXVLRQ�� 7KLV�ORQJ-WHUP��IROORZ-

XS� VWXG\� RI� SDWLHQWV� ZKR� XQGHUZHQW�
GHFRPSUHVVLYH� VXUJHU\� IRU�
VXEDFURPLDO� SDLQ� V\QGURPH� IRXQG� QR�
HYLGHQFH� RI� LQIHULRU� RXWFRPH� DV�
FRPSDUHG� WR� WKRVH� ZKR� XQGHUZHQW�
FRPELQHG� GHFRPSUHVVLYH� VXUJHU\� DQG�
URWDWRU�FXII�UHSDLU�VXUJHU\� 

 
,QGHUKDXJ�� (��� HW� DO�� /RQJ-7HUP�
5HVXOWV� DIWHU� 6XUJLFDO� 7UHDWPHQW� RI�
6XEDFURPLDO� 3DLQ� 6\QGURPH� ZLWK� RU�
ZLWKRXW� 5RWDWRU� &XII� 7HDU�� -�
2UWKRSDHG��������6HSWHPEHU������� 
���-���� 
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*OLREODVWRPD� �*%0�� LV� D� PDOLJQDQW�

GLVHDVH�ZLWK�D�PHGLDQ�VXUYLYDO�RI����WR�
��� PRQWKV�� 8S� WR� ���� RI� WKRVH�
SDWLHQWV�SUHVHQW�ZLWK�VHL]XUHV��DQG�DUH�
RIWHQ� PDQDJHG� ZLWK� DQ� DQWLHSLOHSWLF�
GUXJ� �$('��� 7KLV� PHWD-DQDO\VLV� ZDV�
GHVLJQHG� WR� EHWWHU� XQGHUVWDQG� WKH�
HIIHFW� RI� YDOSURLF� DFLG� �93$�� RQ� WKH�
FOLQLFDO�FRXUVH�RI�SDWLHQWV�ZLWK�*%0� 
'DWD� ZHUH� UHYLHZHG� IRU� DUWLFOHV�

LQYROYLQJ� SULPDU\� *%0� SDWLHQWV��
WUHDWHG� E\� HOHPHQWV� RI� FXUUHQW�
FRQYHQWLRQDO� WKHUDS\�� ZLWK� SDWLHQWV�
ZKR� UHFHLYH� 93$� FRPSDUHG� WR� WKRVH�
ZKR�GLG�QRW� 



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

 

2I�WKH�������VWXGLHV�UHYLHZHG�����
XQGHUZHQW� IXOO-WH[W� DQDO\VLV�� )URP�
WKHVH�� VHYHQ� UHWURVSHFWLYH�� FRKRUW�
VWXGLHV� ZHUH� LQFOXGHG� IRU�
TXDQWLWDWLYH� DQDO\VLV�� 3RROLQJ� DOO�
VWXGLHV� \LHOGHG� DQ� RYHUDOO� VXUYLYDO�
KD]DUG� UDWLR� RI� ����� IRU� WKRVH�ZKR�
UHFHLYHG� 93$� FRPSDUHG�ZLWK� WKRVH�
ZKR� GLG� QRW�� 7KH� SRROHG�� PHDQ�
GLIIHUHQFH� LQ� VXUYLYDO� EHWZHHQ� WKH�
WZR� JURXSV� ZDV� FDOFXODWHG� WR� EH�
�����PRQWKV��S������� 
&RQFOXVLRQ�� 7KLV� PHWD-DQDO\VLV�

RI� VWXGLHV� LQYROYLQJ� SDWLHQWV� ZLWK�
JOLREODVWRPD� IRXQG� WKDW� WUHDWPHQW�
ZLWK� YDOSURLF� DFLG� ZDV� DVVRFLDWHG�
ZLWK�D�VLJQLILFDQWO\�LQFUHDVHG�WLPH�RI�
VXUYLYDO� 
 
/X��9��� HW� DO�� 7KH�6XUYLYDO� (IIHFW� RI�
9DOSURLF� $FLG� LQ� *OLREODVWRPD� DQG�
LWV� &XUUHQW� 7UHQG�� $� 6\VWHPDWLF�
5HYLHZ� DQG� 0HWD-$QDO\VLV�� &OLQ�
1HXURO� 1HXURVXUJ�� ������
1RYHPEHU���������-���� 
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7KHUH� LV� FRQFHUQ� VXUURXQGLQJ� WKH�

SRWHQWLDO�ORQJ-WHUP�FRQVHTXHQFHV�RI�
VXEFXWDQHRXV��FRQFXVVLYH�UHSHWLWLYH�
KHDG� LPSDFWV� VXVWDLQHG� LQ� VSRUWV��
LQFOXGLQJ� ³KHDGHUV´� LQ� VRFFHU�� $V�
VHUXP� SODVPD� WDX� DQG� VHUXP�
QHXURILODPHQW� OLJKW� �1)-/�� SURWHLQ�
KDYH� EHHQ� IRXQG� WR� EH� SURPLVLQJ�
FDQGLGDWHV� IRU� ELRPDUNHUV� IRU�
FHQWUDO� QHUYRXV� V\VWHP� GDPDJH��
WKLV� VWXG\� H[DPLQHG� KRZ� WKHVH�
OHYHOV� DUH� DIIHFWHG� E\� VRFFHU�
KHDGLQJ� 
6XEMHFWV� ZHUH� ��� PDOH�� KLJKO\�

FRPSHWLWLYH� VRFFHU� SOD\HUV� ZLWK� D�
PHDQ�DJH�RI������\HDUV�DQG�ZLWK�DW�
OHDVW� ILYH� \HDUV� RI� H[SHULHQFH�� 7KH�
VXEMHFWV� ZHUH� WHVWHG� XQGHU� WKUHH�
FRQGLWLRQV�� LQFOXGLQJ�KHDGLQJ��VKDP�
DQG� FRQWURO�� )RU� WKH� KHDGLQJ�
FRQGLWLRQ�� SDUWLFLSDQWV� ZHUH�
SRVLWLRQHG� ��� P� IURP� D� -8*6�
PDFKLQH� ZKLFK� ODXQFKHG� UHJXODWLRQ�
VRFFHU� EDOOV� DW� ����� NP�K�� �WKH�
YHORFLW\� WKDW� KDG� EHHQ� SUHYLRXVO\�
HVWLPDWHG� IURP� FRUQHU� NLFNV� LQ�
FROOHJLDWH� DQG� SURIHVVLRQDO� VRFFHU�
PDWFKHV��� 'XULQJ� WKH� KHDGLQJ�
FRQGLWLRQ�� SOD\HUV� SHUIRUPHG� ���
KHDGHUV� ZLWKLQ� ���PLQXWHV�� ZLWK� ���
VHFRQGV�VHSDUDWLQJ�HDFK�WULDO��,Q�WKH�
VKDP�FRQGLWLRQ��FRQWDFW�ZLWK�WKH�EDOO�
ZDV�PDGH�ZLWK� WKH�KDQGV�� FKHVW�RU�
WKLJK��1R�EDOOV�ZHUH�ODXQFKHG�GXULQJ�
WKH� FRQWURO� FRQGLWLRQ�� 6HUXP�
VDPSOHV� ZHUH� FROOHFWHG�� ZLWK�
SODVPD� WDX� DQG� 1)-/� FDOFXODWHG�

EHIRUH� DQG� RQH� KRXU� DIWHU� HDFK�
WHVWLQJ�FRQGLWLRQ��DQG�DJDLQ�DW�WKUHH�
ZHHN� IROORZ-XS�� 6\PSWRPV� ZHUH�
DVVHVVHG� XVLQJ� WKH� 6WDQGDUGL]HG�
&RQFXVVLRQ�$VVHVVPHQW�7RRO—� �UG�
HGLWLRQ��6&$7��� 
:KLOH� VHUXP� OHYHOV� UHPDLQHG�

XQFKDQJHG� IROORZLQJ� WKH� VKDP�
FRQGLWLRQ�� DW� RQH� KRXU� IROORZLQJ� WKH�
KHDGLQJ� FRQGLWLRQ��1)-/� OHYHOV� URVH�
DQ� DYHUDJH� RI� ����� 2I� WKH� VHYHQ�
SOD\HUV� ZKR� UHWXUQHG� DW� ��� GD\V��
WKHVH� OHYHOV�ZHUH�HOHYDWHG�DW������
DERYH�EDVHOLQH��S �������7DX�OHYHOV�
UHPDLQHG� XQFKDQJHG� LQ� DOO�
FRQGLWLRQV��%RWK�WKH�WRWDO�QXPEHU�RI�
FRQFXVVLRQ�V\PSWRPV�DQG�V\PSWRP�
VHYHULW\� VFRUHV� ZHUH� LQFUHDVHG�
FRPSDUHG� ZLWK� SUH-KHDGLQJ� YDOXHV�
�S �����DQG�S ������UHVSHFWLYHO\�� 
&RQFOXVLRQ�� 7KLV� VWXG\�

GHPRQVWUDWHG WKDW VHUXP�
QHXURILODPHQW� OLJKW� SURWHLQ� ZDV�
LQFUHDVHG� DW� RQH� KRXU� DQG� DW� ���
GD\V� IROORZLQJ� DQ� HSLVRGH� RI� ���
KHDGHUV� DW� VSHHGV� PLPLFNLQJ�
SURIHVVLRQDO�SOD\� 

 
:DOODFH�� &��� HW� DO�� +HDGLQJ� LQ�
6RFFHU� ,QFUHDVHV� 6HUXP�
1HXURILODPHQW� /LJKW� 3URWHLQ� DQG�
6&$7�� 6\PSWRP� 0HWULFV�� %0-�
2SHQ�6SRUW�([HU� �0HG��������������
(������� 
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3UHYLRXV�VWXGLHV�KDYH�VKRZQ� WKDW�

ORZ� LQWHQVLW\� HFFHQWULF� FRQWUDFWLRQV�
FDQ�UHGXFH�WKH�PDJQLWXGH�RI�PXVFOH�
GDPDJH� LQGXFHG� E\� PD[LPDO�
HFFHQWULF� FRQWUDFWLRQV�� 7KLV� VWXG\�
DVVHVVHG� ZKHWKHU� WKRVH�
FRQWUDFWLRQV� FDQ� SURYLGH� D�
SURWHFWLYH�HIIHFW� WR� WKH� FRQWUDODWHUDO�
OLPE� 
6HGHQWDU\� \RXQJ� PHQ� ZLWK� QR�

PXVFXORVNHOHWDO�LQMXULHV�RI�WKH�XSSHU�
H[WUHPLWLHV� ZHUH� UDQGRPL]HG� LQWR�
RQH� RI� VL[� JURXSV�� LQFOXGLQJ� RQH�
FRQWURO� JURXS�� 7KH� H[SHULPHQWDO�
JURXSV� XQGHUZHQW� RQH� ERXW� RI� ORZ�
LQWHQVLW\� HFFHQWULF� FRQWUDFWLRQV� RI�
WKH� HOERZ� IOH[RUV� �()�� DW� ���� RI�
PD[LPDO� HFFHQWULF� FRQWUDFWLRQV�
�0D[(&��� 7KH� H[HUFLVH� ZDV�
SHUIRUPHG� ZLWK� RQH� DUP� RQ� HLWKHU�
RQH��WZR��VHYHQ�����RU����GD\V�SULRU�
WR� D� ERXW� RI�0D[(&�� DSSOLHG� WR� WKH�
FRQWUDODWHUDO� DUP�� 7KH� PD[LPDO�
HFFHQWULF� FRQWUDFWLRQ� ERXWV�
FRQVLVWHG� RI� ILYH� VHWV� RI� VL[�
0D[(&V�� 7KH� FRQWURO� JURXS� RQO\�

SHUIRUPHG� 0D[(&� RI� WKH� QRQ-
GRPLQDQW� DUP��%ORRG�VDPSOHV�ZHUH�
WDNHQ� WR� DVVHVV� PXVFOH� GDPDJH��
ZLWK� PXVFOH� VRUHQHVV� DVVHVVHG�
XVLQJ�D�YLVXDO�DQDORJ�SDLQ�VFRUH� 
,PPHGLDWHO\���DIWHU���H[HUFLVH���WKH�

PD[LPDO� YROXQWDU\� FRQFHQWULF�
FRQWUDFWLRQ� WRUTXH� �09&-&21��
GHFUHDVHG� E\� ���� IRU� DOO� JURXSV��
&RPSDUHG� WR� WKH� FRQWURO� JURXS��
UHFRYHU\�ZDV�IDVWHU�IRU�WKH�RQH��WZR-�
DQG� VHYHQ-GD\� JURXSV�� 5HFRYHU\��
ZDV�DOVR�IDVWHU� IRU�WKH�RQH-GD\�DQG�
WZR-GD\�JURXSV��DV�FRPSDUHG�WR�WKH�
WZR-� DQG� WKUHH-ZHHN� JURXSV��
UHVSHFWLYHO\�� � � � � 7KH� � � � �PDJQLWXGH����
RI� FUHDWLQLQH� NLQDVH� DFWLYLW\� DIWHU�
0D[(&� ZDV� VPDOOHU� IRU� DOO�
H[SHULPHQWDO� JURXSV� WKDQ� WKH�
FRQWURO� JURXS�ZLWK� WKH� RQH-GD\� DQG�
WZR-GD\� PXVFOH� VRUHQHVV� IRXQG� WR�
EH� ORZHU� WKDQ� LQ� WKH� WZR-ZHHN� DQG�
WKH�WKUHH-ZHHN�JURXSV� 
&RQFOXVLRQ�� 7KLV� VWXG\� IRXQG�

WKDW� SHUIRUPLQJ� ���� HFFHQWULF�
FRQWUDFWLRQV� LQ� RQH� DUP� FRQYH\V�
SURWHFWLRQ� DJDLQVW� H[HUFLVH� UHODWHG�
PXVFOH�GDPDJH�DQG�VRUHQHVV�LQ�WKH�
FRQWUDODWHUDO�DUP�XS� WR� WKUHH�ZHHNV�
ODWHU� 

 
&KHQ��7���HW�DO��/RZ�,QWHQVLW\�(OERZ�
)OH[LRQ� (FFHQWULF� &RQWUDFWLRQV-�
$WWHQXDWH� 0D[LPDO� (FFHQWULF�
([HUFLVH� ,QGXFHG� 0XVFOH� 'DPDJH�
RI�WKH�&RQWUDODWHUDO�$UP��-� 6FL� 0HG�
6SRUW��������2FWREHU��������������
-����� 
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)RRW� GLVRUGHUV� WKDW� LPSDFW� IRRW�

IXQFWLRQ�KDYH�EHHQ�WKRXJKW�WR�DIIHFW�
����RI� WKRVH�RYHU� ��� \HDUV�RI� DJH�
DQG� ���� RI� WKRVH� RYHU� WKH� DJH� RI�
���� 7KLV� VWXG\� ZDV� GHVLJQHG� WR�
GHWHUPLQH� WKH� HIIHFW� RI� ZHLJKW�
UHGXFWLRQ� DQG� LQFUHDVHG� SK\VLFDO�
DFWLYLW\� RQ� IRRW� VWUXFWXUH� DQG�
IXQFWLRQ�LQ�REHVH�LQGLYLGXDOV� 
6XEMHFWV� ZHUH� UHFUXLWHG� ZLWK� D�

ERG\�PDVV�LQGH[�RI�JUHDWHU�WKDQ����
NJ�P��HDFK�RI�ZKRP�SHUIRUPHG�OHVV�
WKDQ� ���� PLQXWHV� RI� PRGHUDWH� WR�
YLJRURXV�DFWLYLW\�ZHHNO\�DQG�KDG�QR�
FXUUHQW� RU� SUHYLRXV� IRRW� RU� DQNOH�
GLVRUGHUV�� 7KRVH� ��� SDUWLFLSDQWV�
ZHUH�GLYLGHG�LQWR�D�ZHLJKW�UHGXFWLRQ�
JURXS� �:5��DQG� LQFUHDVHG� SK\VLFDO�
DFWLYLW\�JURXS��3$�� 
)RRW� DQWKURSRPHWULF� GDWD� ZHUH�

PHDVXUHG� ZLWK� SDUWLFLSDQWV� ERWK�
VLWWLQJ� DQG� VWDQGLQJ�� XVLQJ� D� WKUHH-�
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GLPHQVLRQDO� IRRW� VFDQQHU�� 7KRVH� LQ�
WKH� ZHLJKW� UHGXFWLRQ� JURXS� KDG�
HQHUJ\� LQWDNH� UHVWULFWLRQV� RI� ������
NFDO� SHU� GD\� IRU� PDOHV� DQG� ������
NFDO� SHU� GD\� IRU� IHPDOHV�� 7KH�
DFWLYLW\� JURXS� SDUWLFLSDWHG� LQ� D� ��-
PLQXWH� VHVVLRQ�� WKUHH� WLPHV� SHU�
ZHHN�IRU����ZHHNV��WLWUDWHG�XS�WR����
WR����SHUFHQW�RI�PD[LPDO�KHDUW� UDWH�
IRU�WKH�ILQDO�IRXU�ZHHNV� 
7KH� PHDQ� ZHLJKW� FKDQJHV� ZHUH�

����� LQ� WKH�ZHLJKW� UHGXFWLRQ�JURXS�
DQG� ����� LQ� WKH� H[HUFLVH� JURXS��
6LJQLILFDQWO\� JUHDWHU� LPSURYHPHQWV�
LQ� WUXQFDWHG� IRRW� OHQJWK� DQG� RQ� D�
GHFUHDVH� LQ� WKH�DUFK�VWLIIQHVV� LQGH[�
ZHUH� IRXQG� LQ� WKH� SK\VLFDO� DFWLYLW\�
JURXS�� $� JUHDWHU� FKDQJH� ZDV� VHHQ�
IRU� WKH� 3$� JURXS� WKDQ� IRU� WKH� :5�
JURXS�LQ�WKH�LQFUHDVH�LQ�WKH�GRUVXP�
KHLJKW� �S ������� DQG� DUFK� KHLJKW�
LQGH[� �S �������� DQG� GHFUHDVH� LQ�
WKH�WUXQFDWHG�IRRW�OHQJWK��S ������ 

&RQFOXVLRQ�� 7KLV� VWXG\�
GHPRQVWUDWHG� WKDW� ERWK� ZHLJKW�
UHGXFWLRQ� DQG� LQFUHDVHG� SK\VLFDO�
DFWLYLW\� FDQ� LQIOXHQFH� IRRW� VWUXFWXUH�
DQG� IXQFWLRQ�� DOWKRXJK� D� JUHDWHU�
FKDQJH�ZDV� IRXQG� LQ� WKH� LQFUHDVHG�
SK\VLFDO� DFWLYLW\� JURXS� WKDQ� LQ� WKH�
ZHLJKW�UHGXFWLRQ�JURXS� 

 
=KDR��;��� HW� DO�� ,QFUHDVLQJ�3K\VLFDO�
$FWLYLW\� 0LJKW� %H� 0RUH� (IIHFWLYH� WR�
,PSURYH� )RRW� 6WUXFWXUH� DQG�
)XQFWLRQ� WKDQ�:HLJKW� 5HGXFWLRQ� LQ�
2EHVH� $GXOWV��-� )RRW� $QNOH� 6XUJ��
������6HSW-2FW������������-���� 

 

7+,57<�'$<�$'9(56(�(9(176�
$)7(5�9(57(%523/$67< 

 
9HUWHEUDO� FRPSUHVVLRQ� IUDFWXUHV�

�9&)V�� DUH� D� OHDGLQJ� FDXVH� RI�
PRUELGLW\� DPRQJ� WKH� HOGHUO\�� 7KLV�
VWXG\� ZDV� GHVLJQHG� WR� EHWWHU�
XQGHUVWDQG� WKH� LQFLGHQFH� DQG� ULVN�
IDFWRUV� IRU� ��-GD\� DGYHUVH�
RXWFRPHV� DPRQJ� SDWLHQWV� ZKR�
XQGHUJR� YHUWHEURSODVW\� RU�
N\SKRSODVW\� 
'DWD� ZHUH� REWDLQHG� IURP� WKH�

$PHULFDQ� &ROOHJH� RI� 6XUJHRQV¶�
1DWLRQDO 6XUJLFDO 4XDOLW\�
,PSURYHPHQW� 3URJUDP� 'DWDEDVH��
FROOHFWHG�IURP�PRUH�WKDQ�����1RUWK�
$PHULFDQ� PHGLFDO� FHQWHUV��
3RVWVXUJLFDO�GDWD�ZHUH�UHYLHZHG�IRU�
��-GD\� RXWFRPH� YDULDEOHV�� ZLWK�
SRVWRSHUDWLYH� FRPSOLFDWLRQV�
LQFOXGLQJ� ZRXQG� FRPSOLFDWLRQV��
UHVSLUDWRU\�FRPSOLFDWLRQV DQG�
FDUGLDF�FRPSOLFDWLRQV� 

2I� WKH� ������ SDWLHQWV� LQFOXGHG� LQ�
WKH� VWXG\�� ���� XQGHUZHQW�
YHUWHEURSODVW\�DQG�������XQGHUZHQW�
N\SKRSODVW\�� 7KH� RYHUDOO�� WKLUW\-GD\�
UHDGPLVVLRQ�� UHRSHUDWLRQ� DQG�
PRUWDOLW\� UDWHV� ZHUH� ������� �����
DQG� ������ UHVSHFWLYHO\�� $� JUHDWHU�
ULVN� RI� ��-GD\� UHDGPLVVLRQ� ZDV�
IRXQG�DPRQJ�WKRVH�ZKR�ZHUH����WR�
��� \HDUV� RI� DJH� �S �������� RU� ���
\HDUV� RI� DJH� RU� ROGHU� � �S ��������
&RPRUELGLWLHV� ZKLFK� LQFUHDVHG� WKH�
ULVN� RI� UHDGPLVVLRQ� ZHUH� &23'��
�25 ������� GLVVHPLQDWHG� FDQFHU��
�25 ������� FKURQLF� VWHURLG� XVH��
�25 ������ DQG� XQGHUJRLQJ�
YHUWHEURSODVW\� DV� FRPSDUHG� ZLWK�
N\SKRSODVW\���25 ������ 
&RQFOXVLRQ�� 7KLV� UHWURVSHFWLYH�

VWXG\� RI� SDWLHQWV� ZLWK� YHUWHEUDO�
FRPSUHVVLRQ�IUDFWXUHV�UHYHDOHG�WKDW�
WKH� ��-GD\� UHDGPLVVLRQ� UDWH� DIWHU�
N\SKRSODVW\� DQG�RU� YHUWHEURSODVW\�
ZDV������� 
 
&KRR�� 6��� HW� DO�� ��-GD\� $GYHUVH�
2XWFRPHV�� 5H-DGPLVVLRQV� DQG�
0RUWDOLW\� IROORZLQJ� 9HUWHEURSODVW\��
.\SKRSODVW\� &OLQ� 1HXURO�
1HXURVXUJ�������������1RYHPEHU� 
���-���� 
 

,%8352)(1�*(/�:,7+�
3+2123+25(6,6�)25�.1((�
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3KRQRSKRUHVLV FRPELQHV�

XOWUDVRXQG� ZLWK� WRSLFDO�
SKDUPDFRORJLF� DJHQWV�� 6HYHUDO�
VWXGLHV� KDYH� GHPRQVWUDWHG� WKH�
HIIHFWLYHQHVV� RI� QRQVWHURLGDO� DQWL-
LQIODPPDWRU\� GUXJV� �16$,'V��
DSSOLHG� E\� SKRQRSKRUHVLV� LQ�
SDWLHQWV� ZLWK� RVWHRSRURVLV� �2$�� RI�
WKH� NQHH�� $V� VWXGLHV� KDYH� QRW�
SURGXFHG� FRQVLVWHQW� UHVXOWV�� WKLV�
VWXG\� FRPSDUHV� WKH� FOLQLFDO�
HIIHFWLYHQHVV� RI� JHO� DQG� FUHDP�
IRUPV� RI� LEXSURIHQ� XVHG� LQ�
SKRQRSKRUHVLV�IRU�2$�RI�WKH�NQHH� 
$GXOW� SDWLHQWV� ZLWK� FOLQLFDO� 2$� RI�

WKH� NQHH� ZHUH� UDQGRPL]HG� WR�
UHFHLYH�HLWKHU�JHO�SKRQRSKRUHVLV�RU�
FUHDP�SKRQRSKRUHVLV� %RWK�
JURXSV� UHFHLYHG� ILYH� VHVVLRQV� SHU�
ZHHN� IRU� WZR� ZHHNV� WR� WKH� LQGH[�
NQHH�� *HO� DQG� FUHDP� IRUPV� RI� ILYH�
SHUFHQW� LEXSURIHQ� ZHUH� XVHG� ZLWK�
XOWUDVRXQG� VHW� DW� �� 0+]� ZLWK� DQ�
LQWHQVLW\� RI� �� :� SHU� FHQWLPHWHU�
VTXDUHG�IRU�ILYH�PLQXWHV��$OO�SDWLHQWV�
ZHUH� DVVHVVHG� DW� EDVHOLQH� DQG�
IROORZ-XS�IRU�GHPRJUDSKLF�YDULDEOHV��
ERG\� PDVV� LQGH[�� UDGLRJUDSKLF�

JUDGLQJ� RI� WKH� LQGH[� NQHH�� ZLWK�
RXWFRPH� PHDVXUHV� LQFOXGLQJ� SDLQ�
DV�JUDGHG�RQ�D�YLVXDO�DQDORJ�VFDOH�
�9$6��DQG�WKH�:HVWHUQ�2QWDULR�DQG�
0F0DVWHU�8QLYHUVLWLHV�2VWHRDUWKULWLV�
,QGH[��:20$&�� 
%RWK� JURXSV� KDG� VLJQLILFDQW�

UHGXFWLRQV� LQ� 9$6� SDLQ� PHDVXUHV�
IURP� EDVHOLQH� WR� IROORZ-XS�
�S��������� 6LJQLILFDQW� LPSURYHPHQW�
LQ� :20$&� VFRUHV� ZDV� IRXQG� IRU�
WKH� JHO� �S�������� DV� ZHOO� DV� WKH�
FUHDP� �S������� JURXSV�� 7KH� JHO�
JURXS� VKRZHG� PRUH� LPSURYHPHQW�
WKDQ� WKH� FUHDP� JURXS� LQ� WKH� 9$6�
SDLQ� �S ������� :20$&-SDLQ�
�S �������� :20$&-VWLIIQHVV�
�S �������� :20$&-SK\VLFDO�
IXQFWLRQ� �S�������� DQG� :20$&�
WRWDO�VFRUHV��S�������� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� RVWHRDUWKULWLV� RI� WKH�
NQHHIRXQG� WKDW� LEXSURIHQ�
SKRQRSKRUHVLV� LV� HIIHFWLYH�� DQG� LV�
EHVW�GHOLYHUHG�XVLQJ�JHO� UDWKHU� WKDQ�
D�FUHDP� 

 
%HQOLGD\L�� ,��� HW� DO�� &RPSDUDWLYH�
6KRUW-7HUP� (IIHFWLYHQHVV� RI�
,EXSURIHQ� *HO� DQG� &UHDP�
3KRQRSKRUHVLV� LQ� 3DWLHQWV� ZLWK�
.QHH� 2VWHRDUWKULWLV��5KHXPDWRO� ,Q��
������2FWREHU�� �����������-����� 

 

5(+$%,/,7$7,21�)2//2:,1*�
/2:(5�/,0%�086&/(�,1-85< 
 
 
$IWHU� D� PXVFOH� LQMXU\�� WKH� ULVN� RI�

UHLQMXU\� DIWHU� UHWXUQ� WR� SOD\� LV�
HOHYDWHG�� SDUWLFXODUO\� DW� WKH� VLWH� RI�
WKH� RULJLQDO� LQMXU\�� 7KLV� VWXG\� ZDV�
GHVLJQHG� WR� GHWHUPLQH� WKH�
UHODWLRQVKLS� EHWZHHQ� UHKDELOLWDWLRQ�
WUDLQLQJ� ORDGV� DQG� UHWXUQ� WR� SOD\�
WLPH�� DV� ZHOO� DV� VXEVHTXHQW� LQMXU\�
UDWH� 
7KLV� LQYHVWLJDWLRQ� LQFOXGHG�

SDUWLFLSDQWV� LQ�DQ�$XVWUDOLDQ�IRRWEDOO�
FOXE� ZKR� KDG� VXVWDLQHG� D�
QRQFRQWDFW� ORZHU� OLPE� LQMXU\�� 'DWD�
ZHUH� REWDLQHG� IRU� VXEVHTXHQW�
LQMXULHV� ZLWKLQ� WKH� VDPH� VHDVRQ��
5HKDELOLWDWLRQ� ZDV� VWDUWHG� RQ� WKH�
GD\� RI� LQMXU\� DQG� FRQFOXGHG�RQ� WKH�
GD\� RI� WKH� DWKOHWH¶V� UHWXUQ� WR� SOD\��
5HKDELOLWDWLRQ� SHULRGV� LQFOXGHG��
VWDJH�,��FKDUDFWHUL]HG�E\�DEVHQFH�RI�
UXQQLQJ� ORDGV��� VWDJH� ,,�
�FKDUDFWHUL]HG� E\� WKH� EHJLQQLQJ� RI�
UXQQLQJ� DQG� QRQ-IRRWEDOO� FRQWDFWV��
DQG� VWDJH� ,,,� �UHVXPSWLRQ� RI� JURXS�
IRRWEDOO� WUDLQLQJ��� 'DWD� FROOHFWHG�
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LQFOXGHG� FKURQLF� WUDLQLQJ� ORDG��
FDOFXODWHG� E\� WKH� DYHUDJH� ZHHNO\�
ORDG�RYHU�IRXU�ZHHNV��WRWDO�ORDG�DQG�
DYHUDJH�ZHHNO\� ORDG� DW� HDFK� VWDJH�
RI�UHKDELOLWDWLRQ� 
2I�WKH����DWKOHWHV�ZLWK�PXVFOH 
LQMXULHV�� ��� XQGHUZHQW�

UHKDELOLWDWLRQ�XQWLO� UHWXUQ� WR�SOD\��2I�
WKHVH�� ������ VXVWDLQHG� D� UHFXUUHQW�
LQMXU\�� ZLWK� ������ KDYLQJ� DQ� LQMXU\�
DW� D� QHZ� VLWH�� 7KH� ULVN� RI� UHFXUUHQW�
LQMXU\� ZDV� UHGXFHG� DPRQJ� WKRVH�
ZLWK� JUHDWHU� WLPH� VSHQW� LQ� VWDJH� ,��
DQG� JUHDWHU� WRWDO� UHKDELOLWDWLRQ�
DFFXPXODWHG� ORDG��7KRVH�ZKR�ZHUH�
DOORZHG� WR� UHWXUQ� WR�SOD\�ZLWKLQ� IRXU�
GD\V� RI� LQMXU\� KDG� D� VLJQLILFDQWO\�
KLJKHU� ULVN� RI� VXEVHTXHQW� LQMXULHV��
DV�FRPSDUHG�WR�WKRVH�ZLWK�D� ORQJHU�
GHOD\� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

$XVWUDOLDQ� IRRWEDOO� SOD\HUV� IRXQG�
WKDW�� DIWHU� D� PXVFOH� LQMXU\� WR� WKH�
ORZHU�H[WUHPLW\��KLJKHU�UHKDELOLWDWLRQ�
WUDLQLQJ� ORDGV� FDQ� GHOD\� UHWXUQ� WR�
SOD\�� EXW� FDQ� SURWHFW� DJDLQVW�
VXEVHTXHQW�LQMXU\� 

 
6WDUHV�� -��� HW� DO�� +RZ� 0XFK� ,V�
(QRXJK� LQ� 5HKDELOLWDWLRQ"� +LJK�
5XQQLQJ�:RUNORDGV�IROORZLQJ�/RZHU�
/LPE�0XVFOH� ,QMXU\�'HOD\�5HWXUQ� WR�
3OD\� EXW� 3URWHFW� DJDLQVW�
6XEVHTXHQW�,QMXU\��-�6FL�0HG�6SRUW��
������2FWREHU���������������-����� 

+,*+�,17(16,7<�,17(59$/�
75$,1,1*�)25�29(5:(,*+7�
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&XUUHQW� SXEOLF� KHDOWK� JXLGHOLQHV�

UHFRPPHQG� DW� OHDVW� ��� PLQXWHV� RI�
PRGHUDWH� H[HUFLVH� SHU� GD\��
+RZHYHU�� WLPH� LV� RIWHQ� FLWHG� DV� D�
EDUULHU�WR�FRPSOLDQFH��$Q�DOWHUQDWLYH�
DSSURDFK� LV� KLJK� LQWHQVLW\� LQWHUYDO�
WUDLQLQJ� �+,,7��� GHILQHG� DV� EULHI��
LQWHUPLWWHQW� EXUVWV� RI� YLJRURXV�
DFWLYLW\�� LQWHUVSHUVHG� E\� SHULRGV� RI�
UHVW�� 7KLV� VWXG\� LQYHVWLJDWHG� WKH�
FRPSOLDQFH� RI� RYHUZHLJKW�
LQGLYLGXDOV�LQ�D�RQH-\HDU�SURJUDP�RI�
XQVXSHUYLVHG�+,,7��DQG�WKH�RXWFRPH�
RI�WKLV�SDUWLFLSDWLRQ� 
6XEMHFWV� ZHUH� ��� \HDUV� RI� DJH�

DQG� ROGHU� ZLWK� D� ERG\� PDVV� LQGH[�
�%0,�� RI� DW� OHDVW� ��� NJ�P� ZKR� KDG�
QR�KLVWRU\�RI�FDUGLRYDVFXODU�GLVHDVH�
RU� VHULRXV� PHGLFDO� LVVXHV�� 'DWD�
FROOHFWHG� LQFOXGHG� ZHLJKW�� ERG\�
FRPSRVLWLRQ�� EORRG� SUHVVXUH��
DHURELF� ILWQHVV� LQGLFHV� DQG� VHUXP�
OLSLGV��3DUWLFLSDQWV�FKRVH�ZKHWKHU�WR�
IROORZ� FXUUHQW� H[HUFLVH�
UHFRPPHQGDWLRQV�RU�+,,7��7KH�+,,7�
SDUWLFLSDQWV�XVHG�D�F\FOH�HUJRPHWHU�

WR� SURGXFH� WKUHH� LQWHUYDOV� RI� XS� WR�
���VHFRQGV�RI�QHDU�PD[LPXP�HIIRUW�
WR�REWDLQ�SHUFHLYHG�HIIRUW�RI������RU�
JUHDWHU�� 7KH� WUDGLWLRQDO� H[HUFLVH�
JURXS� XQGHUZHQW� ��� PLQXWHV� SHU�
GD\�RI�PRGHUDWH�LQWHQVLW\�H[HUFLVHV��
&KDQJHV� LQ� EDVHOLQH� GDWD� ZHUH�
FRPSDUHG�DIWHU����PRQWKV� 
2I� WKH� LQLWLDO� JURXS�� ����

SDUWLFLSDQWV� �������� HOHFWHG� WR� WU\�
+,,7�� $W� ��� PRQWKV� WKHUH� ZHUH� QR�
GLIIHUHQFHV� EHWZHHQ� H[HUFLVH�
JURXSV�LQ�ZHLJKW�ORVV��RU�YLVFHUDO�IDW��
WKRXJK� WKH� +,,7� JURXS� UHSRUWHG�
JUHDWHU� HQMR\PHQW� RI� SK\VLFDO�
DFWLYLW\� �S ������� &RPSOLDQFH� ZLWK�
WKUHH� RU�PRUH� VHVVLRQV� RI� +,,7� SHU�
ZHHN� IHOO� IURP�����DW�ZHHN�RQH� WR�
������DW����PRQWKV� 
&RQFOXVLRQ� 7KLV� VWXG\�

FRPSDULQJ� WUDGLWLRQDO� ZLWK� KLJK�
LQWHQVLW\� LQWHUYDO� WUDLQLQJ� H[HUFLVHV�
IRXQG� WKDW� WKH� KLJK� LQWHQVLW\�
H[HUFLVH� ZDV� PRUH� DFFHSWHG� WKDQ�
VWDQGDUG� H[HUFLVH�� WKRXJK�
DGKHUHQFH�DW�RQH�\HDU�ZDV�ORZ� 

 
5R\��0���HW�DO��+LJK�,QWHQVLW\�,QWHUYDO�
7UDLQLQJ� LQ� WKH� 5HDO� :RUOG��
2XWFRPHV� )URP� D� ��-PRQWK�
,QWHUYHQWLRQ�LQ�2YHUZHLJKW $GXOWV��
0HG� 6FL� 6SRUWV� ([HUF�� ������
6HSWHPEHU������������-����� 

 

/2:-'26(�75$=2'21(�$1'�
1856,1*�+20(�)$//6 

 
5HFHQW� VWXGLHV� KDYH� VKRZQ� D�

GHFOLQH� LQ� EHQ]RGLD]HSLQH�
SUHVFULELQJ� LQ� QXUVLQJ� KRPHV��
WKRXJKW� WR� EH� GXH� WR� WKH� ULVN� RI�
FRJQLWLYH� LPSDLUPHQW�� IDOOV�� DQG�
UHODWHG� DGYHUVH� HYHQWV�� &RQFXUUHQW�
ZLWK� WKLV� GHFOLQH� KDV� EHHQ� DQ�
LQFUHDVH� LQ� WKH� RII-ODEHO� XVH� RI�
WUD]RGRQH� DV� D� VHGDWLYH� LQ� WKLV�
SRSXODWLRQ��7KLV�VWXG\�HYDOXDWHG�WKH�
FRPSDUDWLYH� ULVN� RI� IDOO-UHODWHG�
LQMXULHV� DPRQJ� QXUVLQJ� KRPH�
UHVLGHQWV� ZKR� DUH� SUHVFULEHG�
EHQ]RGLD]HSLQHV�RU�WUD]RGRQH� 
7KLV�UHWURVSHFWLYH�VWXG\�RI�QXUVLQJ�

KRPH� UHVLGHQWV� !��� \HDUV� RI� DJH�
LQFOXGHG� ������ QHZ� XVHUV� RI� ORZ�
GRVH� WUD]RGRQH� DQG� ������ QHZ�
XVHUV� RI� EHQ]RGLD]HSLQHV�� 7KH�
SULPDU\� RXWFRPH� ZDV� FXPXODWLYH�
LQFLGHQFH� RI� D� IDOO-UHODWHG� LQMXULHV�
ZKLFK� UHVXOWHG� LQ� YLVLWV� WR� WKH�
HPHUJHQF\� GHSDUWPHQW� �('�� RU�
UHVXOWHG� LQ� DFXWH� FDUH�
KRVSLWDOL]DWLRQ� 
$� PXOWLYDULDWH� DQDO\VLV� IRXQG� QR�

VLJQLILFDQW� GLIIHUHQFH� LQ� WKH�
FXPXODWLYH� LQFLGHQFH� RI� IDOO-UHODWHG�
LQMXULHV�EHWZHHQ� WKH�QHZ�WUD]RGRQH�

XVHUV� DQG� WKH� QHZ� EHQ]RGLD]HSLQH�
XVHUV��S �������/RUD]HSDP�ZDV�WKH�
PRVW� FRPPRQO\� SUHVFULEHG�
EHQ]RGLD]HSLQH� 
&RQFOXVLRQV��7KLV�UHWURVSHFWLYH�

VWXG\� RI� QXUVLQJ� KRPH� SDWLHQWV�
IRXQG� WKDW� WKH� ULVN� RI� IDOOV� GLG� QRW�
GLIIHU� EHWZHHQ� WKRVH� QHZO\�
SUHVFULEHG� WUD]RGRQH� DQG� WKRVH�
QHZO\�SUHVFULEHG�D�EHQ]RGLD]HSLQH� 

 
%URQVNLOO�� 6��� HW� DO�� /RZ-'RVH�
7UD]RGRQH�� %HQ]RGLD]HSLQHV�� DQG�
)DOO-5HODWHG� ,QMXULHV� LQ� 1XUVLQJ�
+RPHV��$�0DWFKHG-&RKRUW�6WXG\��-�
$P� *HULDWU� 6RF�� ������ 2FWREHU��
�����������-����� 

 

67$7,1�86(�$1'�.1((�
267(2$57+5,7,6 

 
6HYHUDO VWXGLHV KDYH�

GHPRQVWUDWHG�WKH�FXPXODWLYH�LPSDFW�
RI�PHWDEROLF�GLVRUGHUV�RQ� WKH�RQVHW�
RU�SURJUHVVLRQ�RI�NQHH�RVWHRDUWKULWLV�
�2$��� $PRQJ� WKHVH� ZHUH� VPDOO�
VWXGLHV� GHPRQVWUDWLQJ� WKDW� VHUXP�
FKROHVWHURO� DQG� WULJO\FHULGH� OHYHOV�
DUH� DVVRFLDWHG� ZLWK� ERQH� PDUURZ�
OHVLRQV�� 7KLV� VWXG\� LQYHVWLJDWHG� WKH�
DVVRFLDWLRQ� EHWZHHQ� WUHDWPHQW� ZLWK�
VWDWLQV�DQG�WKH�SURJUHVVLRQ�RI�2$�RI�
WKH�NQHH� 
7KLV� UDQGRPL]HG� GRXEOH-EOLQG�

SODFHER-FRQWUROOHG� WULDO� LQFOXGHG�
DGXOW� SDWLHQWV� IURP� ��� FRXQWULHV�
SUHVHQWLQJ� ZLWK� 2$� RI� WKH� NQHH��
6XEMHFWV�ZHUH 
��� \HDUV� RI� DJH� DQG� ROGHU� ZLWK�

V\PSWRPDWLF� DQG� UDGLRJUDSKLF�
HYLGHQW� NQHH�2$��'DWD� UHFRUGHG� DW�
EDVHOLQH�LQFOXGHG�VWDWLQ�XVH��DV�ZHOO�
DV� ERG\� PDVV� LQGH[� DQG�
UDGLRJUDSKLF� DVVHVVPHQW�� 3DWLHQWV�
ZHUH� IROORZHG� IRU� WKUHH� \HDUV� IRU�
UDGLRJUDSKLF�SURJUHVVLRQ� 
2I� WKH����� SDWLHQWV�DVVHVVHG�� ���

ZHUH� VWDWLQ� XVHUV�� 7KH� VWDWLQ� XVHUV�
KDG� D� KLJKHU� UDWH� RI� UDGLRJUDSKLF�
SURJUHVVLRQ�RI�2$��S ��������,Q� WKH�
DGMXVWHG� DQDO\VLV� WKH� UDGLRJUDSKLF�
SURJUHVVLRQ� UHPDLQHG� VLJQLILFDQWO\�
DVVRFLDWHG� ZLWK� WKH� XVH� RI� VWDWLQV�
�S ������ 
&RQFOXVLRQ�� 7KLV� SURVSHFWLYH�

VWXG\�VXJJHVWV� WKDW�DPRQJ�SDWLHQWV�
ZLWK�RVWHRDUWKULWLV�RI�WKH�NQHH��WKRVH�
ZKR� WDNH� VWDWLQV� DUH�PRUH� OLNHO\� WR�
KDYH�UDGLRJUDSKLF�SURJUHVVLRQ� 

 
(\PDUG�� )��� HW� DO�� 6WDWLQ� 8VH� DQG�
.QHH� 2VWHRDUWKULWLV� 3URJUHVVLRQ��
5HVXOWV�IURP�D�3RVW�+RF�$QDO\VLV�RI�
WKH�6(.2,$�7UDLO��-RLQW�%RQH�6SLQH��
������������-���� 
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$� QXPEHU� RI� VWXGLHV� KDYH�

VXJJHVWHG� WKDW� .LQHVLRWDSH�PD\� EH�
HIIHFWLYH� IRU� WKH� WUHDWPHQW� RI�
VKRXOGHU� SDWKRORJLHV�� 7KLV� VWXG\�
H[SORUHG� WKH� HIIHFWV� RI� .LQHVLRWDSH�
DIWHU�URWDWRU�FXII�VXUJHU\� 
6XEMHFWV� ZHUH� DGXOWV� ZLWK� D��

URWDWRU�FXII� WHDU��ZLWK� VXUJLFDO� UHSDLU�
OHVV� WKDQ� VL[� ZHHNV� SULRU� WR�
HQUROOPHQW�� 7KH� SDWLHQWV� ZHUH�
UDQGRPL]HG� WR� UHFHLYH� HLWKHU�
.LQHVLRWDSH��.7���VKDP�WDSH��67��RU�
QR� WDSH� �17��� 7KRVH� UDQGRPL]HG� WR�
WKH� .7� FRQGLWLRQ� XQGHUZHQW� WDSLQJ�
DFFRUGLQJ� WR� WKH� PHWKRG� RI� .HQ]R�
.DVH��7KRVH� LQ� WKH� VKDP� WDSH� �67��
FRQGLWLRQ�ZHUH� WDSHG� KRUL]RQWDOO\� DW�
WKH�GLVWDO�LQVHUWLRQ�RI�WKH�GHOWRLG� 
$W�VL[�DQG����ZHHNV�� WKH�VXEMHFWV�

DQVZHUHG� TXHVWLRQV� RI� WKH� 4XLFN�
'LVDELOLWLHV�RI� WKH�$UP�6KRXOGHU�DQG�
+DQG� �'$6+�� WR� DVVHVV� SK\VLFDO�
IXQFWLRQ�V\PSWRPV��)RU�HDFK�WHVWLQJ�
FRQGLWLRQ�� WKH� PXVFXODU� DFWLYLW\� RI�
WKH� WUDSH]LXV�� GHOWRLG� DQG�
LQIUDVSLQDWXV� ZHUH� PHDVXUHG� XVLQJ�
(0*�� FRQGXFWHG� E\� DQ� HYDOXDWRU�
KHOG� EOLQG� WR� WKH� FRQGLWLRQ� �ZLWK�
WDSLQJ�KLGGHQ�E\�D� ORQJ�VOHHYH�VKLUW�
ZRUQ�E\�WKH�SDWLHQW� 
7KHUH�ZDV�QR�VLJQLILFDQW�GLIIHUHQFH�

EHWZHHQ�WKH�JURXSV�LQ�VFRUHV�RQ�WKH�
'$6+� DQG� 9$6� SDLQ� VFRUHV� DW� VL[�
DQG����ZHHNV��$W�VL[�ZHHNV��GXULQJ�
DFWLYH� IRUZDUG� IOH[LRQ�� PXVFXODU�
DFWLYLW\� ZDV� JUHDWHU� LQ� WKH� .7� WKDQ�
WKH� 67� FRQGLWLRQ� IRU� WKH� SRVWHULRU�
GHOWRLG� �S ������� DQG� WKH�
LQIUDVSLQDWXV��S ��������$W����ZHHNV�
WKH�PXVFXODU� DFWLYLW\�ZDV� JUHDWHU� LQ�
WKH� .7� WKDQ� LQ� WKH� 67� JURXS� LQ� WKH�
PLGGOH� DV� ZHOO� DV� WKH� SRVWHULRU�
GHOWRLG� �S ������ IRU� ERWK�
FRPSDULVRQV��� $� GHFUHDVH� LQ� WKH�
XSSHU� WUDSH]LXV� UHFUXLWPHQW� ZDV�
IRXQG�LQ�WKH�.7�JURXS�ZLWK�LQFUHDVHG�
IOH[LRQ�520�DW�VL[�ZHHNV�LQ�ERWK�WKH�
.7�DQG�67�JURXSV� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� UHFHQW� URWDWRU� FXII�
VXUJLFDO� UHSDLU� IRXQG� WKDW�
.LQHVLRWDSH�GHFUHDVHV�DFWLYLW\�RI�WKH�
XSSHU� WUDSH]LXV�� DV� FRPSDUHG� WR�
VKDP� WDSLQJ�� ZLWK� QR� GLIIHUHQFH�
EHWZHHQ�WKH�JURXSV�LQ�SDLQ�DW�VL[�RU�
���ZHHNV� 

 
5H\QDUG�� )��� HW� DO�� ,PPHGLDWH� DQG�
6KRUW-7HUP� (IIHFWV� RI� .LQHVLRWDSLQJ�
RQ� 0XVFXODU� $FWLYLW\�� 0RELOLW\��
6WUHQJWK�DQG�3DLQ�DIWHU�5RWDWRU�&XII�
6XUJHU\��$�&URVVRYHU��&OLQLFDO�7ULDO��

%0&� 0XVFXORVNHO� 'LV�� ������
������� 
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6WXGLHV� KDYH� IRXQG� WKDW� PXVFOH�

IDWLJXH�PD\�ODVW�PRUH�WKDQ����KRXUV�
DIWHU� D� SURIHVVLRQDO� VRFFHU� PDWFK��
+RZHYHU�� QHDUO\� RQH� WKLUG� RI�
PDWFKHV� IRU� WRS� OHYHO� SURIHVVLRQDO�
VRFFHU�WHDPV�DUH�SOD\HG�ZLWKLQ�D���-
KRXU� LQWHUYDO�� 7KLV� VWXG\� FRPSDUHG�
WKH� LQMXU\� UDWHV� WR� WKH� GD\V� RI� UHVW�
EHWZHHQ�PDWFK�SOD\� 
7KLV� VWXG\� XVHG� D� SRVW� KRF�

DQDO\VLV� RI� GDWD� JDWKHUHG�GXULQJ����
FRQVHFXWLYH� VHDVRQV� LQ� D�
SURVSHFWLYH� FRKRUW� VWXG\� RI� ���
SURIHVVLRQDO�(XURSHDQ�VRFFHU�WHDPV�
IURP� DFURVV� ��� FRXQWULHV�� $OO� ILUVW�
WHDP� SOD\HUV� ZHUH� LQYLWHG� WR�
SDUWLFLSDWH�� ZLWK� D� WRWDO� RI� ������
SOD\HUV� LQFOXGHG�� ,QGLYLGXDO�
H[SRVXUH� GXULQJ� PDWFKHV� ZDV�
UHFRUGHG�� ZLWK� LQMXULHV� DQG�
SDUWLFLSDWLRQ� UHFRUGV� UHYLHZHG�� 7KH�
LQWHUYDOV� EHWZHHQ� PDWFKHV� DQG� WKH�
WRWDO� QXPEHU� RI� KRXUV� RI� PDWFK�
H[SRVXUH�ZHUH�FRPSDUHG�WR�WKH�UDWH�
RI�LQMXU\� 
'XULQJ� �������� PDWFK� KRXUV��

������ LQMXULHV� ZHUH� UHSRUWHG��
UHVXOWLQJ� LQ� DQ� LQMXU\� UDWH� RI�
����������� PDWFK� KRXUV�� DQG� D�
PXVFOH� LQMXU\� UDWH� RI� ����������
PDWFK� KRXUV�� &RPSDUHG� ZLWK� WKUHH�
RU� OHVV� GD\V� EHWZHHQ� PDWFKHV�� WKH�
PXVFOH� LQMXU\� UDWH� ZDV� ���� ORZHU�
ZLWK� VL[� WR� WHQ� GD\� LQWHUYDOV�� 7KHUH�
ZDV� QR� GLIIHUHQFH� LQ� LQMXU\� UDWHV�
EHWZHHQ�WKUHH�RU�OHVV�GD\V�DQG�IRXU�
GD\V� EHWZHHQ� PDWFKHV�� VXJJHVWLQJ�
WKDW� D� UHFHQW� UXOH� FKDQJH� E\� WKH�
:RUOG�)RRWEDOO�$FDGHP\�ZRXOG�KDYH�
QR�HIIHFW�RQ�WKH�UDWH�RI�LQMXU\� 
&RQFOXVLRQ�� 7KLV� DQDO\VLV� RI�

HOLWH� SURIHVVLRQDO� VRFFHU� SOD\HUV�
IRXQG� WKDW�PXVFOH� LQMXU\� UDWHV�ZHUH�
ORZHU� ZKHQ� SOD\HUV� ZHUH� JLYHQ� DW�
OHDVW� VL[� GD\V� EHWZHHQ�PDWFK� SOD\��
DV�FRPSDUHG�WR�WKUHH�RU�OHVV�GD\V� 
 
%HQJWVVRQ�� +��� HW� DO�� 0XVFOH� ,QMXU\�
5DWH� LQ� 3URIHVVLRQDO� )RRWEDOO� � LV�
KLJKHU�LQ�0DWFKHV�3OD\HG�ZLWKLQ�)LYH�
'D\V� VLQFH� WKH� 3UHYLRXV� 0DWFK�� $�
��-� <HDU�� 3URVSHFWLYH� 6WXG\� ZLWK�
0RUH� 7KDQ� �������� 0DWFK�
2EVHUYDWLRQV�� %U� -� 6SRUWV�
0HG��������������� ����-����� 
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)RU� FKLOGUHQ� DQG� DGROHVFHQWV��

JXLGHOLQHV�IRU�UHWXUQ�WR�SOD\�IROORZLQJ�
FRQFXVVLRQ� UHFRPPHQG� D� JUDGXDO�
LQFUHDVH� LQ� DFWLYLW\�� ZLWK� PRQLWRULQJ�
IRU� SRVW-FRQFXVVLYH� V\PSWRPV�� 7KH�
DXWKRUV� H[DPLQHG� WKH� HIIHFW� RI�
H[HUFLVH� RQ� 3&6� DQG� FRJQLWLRQ� LQ�
FKLOGUHQ� DQG� DGROHVFHQWV� IROORZLQJ�
WKH� UHVROXWLRQ� RI� V\PSWRPV� SRVW-�
FRQFXVVLRQ� 
7KLV� VWXG\� LQFOXGHG����PDOHV�DQG�

��� IHPDOHV�� UDQJLQJ� LQ� DJH� IURP�
HLJKW�WR����\HDUV��HDFK�RI�ZKRP�KDG�
EHHQ� GLDJQRVHG� ZLWK� D� FRQFXVVLRQ�
DW� DQ� HPHUJHQF\� URRP� YLVLW�� �&21�
JURXS��� +HDOWK\� FRQWUROV�� �+&�
JURXS��� ZHUH� DOVR� UHFUXLWHG��
FRPSULVLQJ� QRQ-LQMXUHG� DGROHVFHQWV��
PDWFKHG� IRU� DJH� DQG� FRJQLWLYH�
IXQFWLRQ� 
$W� GD\� WZR� IROORZLQJ� V\PSWRP�

UHVROXWLRQ�� WKH� VXEMHFWV� FRPSOHWHG�
DQ� H[HUFLVH� SURWRFRO� �WKH�0F0DVWHU�
$OO-� 2XW� 3URJUHVVLYH� &RQWLQXRXV�
&\FOLQJ� 7HVW�� DQG� SRVW-H[HUFLVH�
WHVWV� RI� SRVW-FRQFXVVLYH� V\PSWRPV��
XVLQJ�WKH�&RJ�6SRUW�6\PSWRP�6FDOH�
�&RJ6SRUW� 66�� DQG� D� FRPSXWHU-
EDVHG� DVVHVVPHQW� RI� FRJQLWLYH�
HIILFDF\��WKH�&RJ6SRUW�� 
5HVXOWV� RI� WKH� &RJ6SRUW� 66�

GHPRQVWUDWHG� WKDW� WKH� +&� JURXS�
UHSRUWHG� DQ� DYHUDJH� LQFUHDVH� RI�
WKUHH� V\PSWRPV� IURP� SUH-WR� SRVW-
H[HUFLVH�� ZKLOH� WKH� &21� JURXS�
UHSRUWHG� DQ� DYHUDJH� GHFUHDVH� E\�
QHDUO\� ���� V\PSWRPV�� )RU� WKH�
&RJ6SRUW� 66� FRPSRVLWH�� WKH� &21�
JURXS� GHPRQVWUDWHG� IDVWHU� UHDFWLRQ�
WLPHV� WKDQ� GLG� WKH� +&� JURXS�� ZLWK�
WKLV� HIIHFW� PRUH� SURQRXQFHG� RQ� WKH�
PRUH�GHPDQGLQJ�WDVNV� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

FKLOGUHQ�DQG�DGROHVFHQWV��UDQJLQJ�LQ�
DJH� IURP� HLJKW� WR� ��� \HDUV�� IRXQG�
WKDW� H[HUFLVH� GLG� QRW� UHVXOW� LQ� D�
FRJQLWLYH� GHFOLQH� RU� JUHDWHU�
V\PSWRP� HPHUJHQFH�� DV� FRPSDUHG�
ZLWK�KHDOWK\�FRQWUROV� 

 
$QGHUVRQ�� 9��� HW� DO�� ,PSDFW� RI�
0RGHUDWH� ([HUFLVH� RQ� 3RVW-�
&RQFXVVLYH� 6\PSWRPV� DQG�
&RJQLWLYH�)XQFWLRQ�DIWHU�&RQFXVVLRQ�
LQ� &KLOGUHQ� DQG� $GROHVFHQWV��
&RPSDUHG�WR�+HDOWK\�&RQWUROV��,QW� -�
6SRUWV�0HG������������������-���� 
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0XVFXORVNHOHWDO� LQ� 5HYLHZ� �06.��
LV� SURGXFHG� E\� SK\VLFLDQV�
VSHFLDOL]LQJ� LQ�PXVFXORVNHOHWDO� DQG�
QHXURORJLFDO� PHGLFLQH�� ZLWK� WKH�
FRRSHUDWLRQ� DQG� DVVLVWDQFH� RI�
(PRU\� 8QLYHUVLW\� 6FKRRO� RI�
0HGLFLQH���6XPPDULHV�DSSHDULQJ�LQ�
WKLV�SXEOLFDWLRQ�DUH� LQWHQGHG�DV�DQ�
DLG� LQ� UHYLHZLQJ� WKH� OLWHUDWXUH�
UHOHYDQW� WR� WKH� SUDFWLFH� RI� FOLQLFDO�
PXVFXORVNHOHWDO� PHGLFLQH�� � 7KH�
VXPPDULHV� DSSHDULQJ� LQ� WKLV�
SXEOLFDWLRQ� DUH� LQWHQGHG� DV� DQ� DLG�
LQ� UHYLHZLQJ� WKH� EURDG� EDVH� RI�
OLWHUDWXUH�UHOHYDQW�WR�WKLV�ILHOG������� 
7KHVH� VXPPDULHV� DUH� QRW�

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

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

�ǆƉĂŶĚŝŶŐ�ƚŚĞ�ĨƌŽŶƟĞƌ�ŽĨ�ŵĞĚŝĐŝŶĞ�ŝŶ�ƌĞƐĞĂƌĐŚ͕�ƚĞĂĐŚŝŶŐ͕�ĂŶĚ�ƉĂƟĞŶƚ�ĐĂƌĞ 
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3URGXFHG�E\�WKH�'HSDUWPHQW�RI� 
5HKDELOLWDWLRQ�0HGLFLQH��(PRU\�
8QLYHUVLW\�6FKRRO�RI�0HGLFLQH 

([SDQGLQJ� WKH �IURQW LHU �RI �PHGLFLQH � LQ �UHVHDUFK� � WHDFKLQJ� �DQG�SDWLHQW�FDUH  

 
6XEV\QRYLDO� FRQQHFWLYH� WLVVXH�

ILEURVLV� DQG� YDVFXODU� SUROLIHUDWLRQ�
KDYH� EHHQ� UHSRUWHG� DV� VLJQLILFDQW�
IDFWRUV�LQ�WKH�GHYHORSPHQW�RI�FDUSDO�
WXQQHO� V\QGURPH� �&76��� 7KLV�
ILEURVLV� LPSHGHV� WKH� QRUPDO�PRWLRQ�
RI� WKH�PHGLDQ�QHUYH�DQG�PD\�UHVXOW�
LQ� QHUYH� FRPSUHVVLRQ� EHWZHHQ� WKH�
IOH[RU� WHQGRQV� DQG� IOH[RU�
UHWLQDFXOXP�� 7KLV� VWXG\� H[DPLQHG�
WKH� HIIHFW� RI� VWHURLG� WUHDWPHQW� RQ�
ILEURVLV�GHYHORSPHQW� 

6XEV\QRYLDO� FRQQHFWLYH� WLVVXH�
VDPSOHV� ZHUH� REWDLQHG� IURP�
SDWLHQWV� ZLWK� &76�� DV� ZHOO� DV� IURP�
IUHVK� FDGDYHUV� ZLWK� QR� KLVWRU\� RI�
&76�� &ROODJHQ� JHOV� ZHUH� SUHSDUHG�
IURP� WKHVH� FHOOV�� ZLWK� WKHVH� JHOV�
WUHDWHG� ZLWK� HLWKHU� ��� 0� RI�
WULDPFLQRORQH� DFHWRQLGH� �7$�� RU�
YHKLFOH�� 8VLQJ� D� JHO� FRQWUDFWLRQ�
PRGHO� DV� D� PHDVXUH� RI� ILEUREODVW�
DFWLYDWLRQ�� WKH� JHOV� ZHUH�
SKRWRJUDSKHG� HYHU\� IRXU� KRXUV� IRU�
WKUHH�GD\V��LQ�RUGHU� WR�FDOFXODWH�WKH�
FRQWUDFWLRQ� UDWH�� 7KH� WLVVXH� ZDV�
WKHQ�KDUYHVWHG�IRU�DQDO\VLV� 
,Q� DOO� FDVHV�� FHOOV� WUHDWHG�ZLWK� 7$�

KDG� VLJQLILFDQWO\� KLJKHU� FRQWUDFWLRQ�
UDWHV� �S��������� WHQVLOH� VWUHQJWK�
�S�������� DQG� VWLIIQHVV� �S��������

WKDQ� GLG� WKH� XQWUHDWHG� JHOV�� �:KHQ�
WKH� FRQWURO� JURXS� ZDV� FRPSDUHG�
ZLWK� WKH� 7$-VXSSOHPHQWDWLRQ�JURXS��
QLQH� JHQHV� LQ� WKH� KXPDQ� ILEURVLV�
DUUD\� ZHUH� XS-UHJXODWHG� DQG� ���
ZHUH� GRZQ� UHJXODWHG�� ,Q� WKH� 7$�
VXSSOHPHQWHG� &76� FHOOV�� WKH�
DGGLWLRQ� RI� 7$� ZDV� IRXQG� WR�
PRGXODWH� WXPRU� JURZWK� IDFWRU� EHWD�
VLJQDOLQJ�� ZLWK� ILEURWLF� JHQHV� DQG� ��
(&0� UHJXODWRUV� GRZQ� UHJXODWHG��
7KLV� ILQGLQJ� VXJJHVWV� WKDW� 7$� PD\�
ZRUN� LQ� SDUW� E\� GHFUHDVLQJ� ILEURWLF�
JHQH�H[SUHVVLRQ� 
&RQFOXVLRQ� 7KLV VWXG\ 
GHPRQVWUDWHV� WKDW� VWHURLGV� FDQ�

DIIHFW� FHOO� UHJXODWLRQ� DQG� JHO�
VWUXFWXUDO� LQWHJULW\� DQG� UHJXODWH�
ILEURWLF� JHQH� H[SUHVVLRQ�� WKXV�
DIIHFWLQJ�FDUSDO� WXQQHO�V\QGURPH�E\�
PRGXODWLQJ�FHOOXODU�IXQFWLRQ� 

 
<DQJ�� 7��� HW� DO�� 7ULDPFLQRORQH�
$FHWRQLGH� $IIHFWV� 7*)-%HWD�
6LJQDOLQJ� 5HJXODWLRQ� RI� )LEURVLV� LQ�
,GLRSDWKLF�&DUSDO�7XQQHO�6\QGURPH��
%0&� 0XVFXORVNHO� 'LV�� ������
������� 


