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�������������0XVFXORVNHOHWDOLQUHYLHZ�FRP� 

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

$(52%,&�(;(5&,6(�)25�
,167,787,21$/,=('�3$7,(176�

:,7+�'(0(17,$ 
  
3UHYLRXV������UHVHDUFK KDV�

GHPRQVWUDWHG� D� FRUUHODWLRQ� EHWZHHQ�
DHURELF� H[HUFLVH� DQG� FRJQLWLYH�
KHDOWK�� +RZHYHU�� UHVHDUFK� RQ� WKH�
HIIHFWV�RI�ORQJ-WHUP�SK\VLFDO�H[HUFLVH�
SURJUDPV� RQ� WKH� FRJQLWLYH� VWDWXV� RI�
SDWLHQWV� LQVWLWXWLRQDOL]HG� ZLWK�
GHPHQWLD� DUH� VFDUFH�� 7KLV� VWXG\�
SUHVHQWV�ORQJLWXGLQDO GDWD
 LQYROYLQJ� LQVWLWXWLRQDOL]HG�
SDWLHQWV�ZLWK�GHPHQWLD�WR�KHOS�FODULI\�
WKH� HIIHFWV� RI� DQ� H[HUFLVH� SURJUDP�
RQ�FRJQLWLYH�GHFOLQH�DQG�LPSDLUPHQW� 
6XEMHFWV� ZHUH� UHVLGHQWV� RI� DQ�

HOGHUO\� KRPH�FDUH� IDFLOLW\��ZKR�ZHUH�
DEOH� WR� HQJDJH� LQ� DHURELF� H[HUFLVH��
0HGLFDO� LQIRUPDWLRQ� ZDV� REWDLQHG�
IURP� PHGLFDO� UHFRUGV�� &RJQLWLYH�
LPSDLUPHQW� ZDV� GHWHUPLQHG� EHIRUH�
DQG� DIWHU� LQWHUYHQWLRQ� E\� WKH� 0LQL�
0HQWDO� 6WDWH� ([DPLQDWLRQ�� 2WKHU�
WHVWV� ZHUH� XVHG� WR� HYDOXDWH�
IXQFWLRQDO� PRELOLW\�� SV\FKLDWULF�
GLVWXUEDQFHV��DFWLYLWLHV�RI�GDLO\�OLYLQJ��
GHSUHVVLRQ�� DQG� PHPRU\�� 7KH�
SDWLHQWV� ZHUH� UDQGRPL]HG� WR� DQ�
H[HUFLVH� JURXS� �(*�� RU� WR� D� FRQWURO�
JURXS� �&*��� 7KH� (*� HQJDJHG� LQ�
F\FOLQJ�XVLQJ�D�UHFXPEHQW�ELF\FOH�IRU�
���PLQXWHV�HDFK�GD\��IRU�D�WRWDO�RI����
PRQWKV��$�SK\VLRWKHUDSLVW�PRQLWRUHG�
HDFK�VHVVLRQ� 
7KRVH�LQ�WKH�(*�H[HUFLVHG�D�PHDQ�

RI� ������� PLQXWHV� SHU� ZHHN�� :LWK�
WKH� H[FHSWLRQ� RI� GHSUHVVLRQ�� DOO�
YDULDEOHV� LPSURYHG� LQ� WKH� (*� DQG�
ZRUVHQHG� LQ� WKH� &*�� $� GHFOLQH� LQ�
FRJQLWLYH� IXQFWLRQ� ZDV� REVHUYHG� LQ�
WKRVH� LQ� WKH� &*� �S �������� ZKLOH� D�
VOLJKW� LPSURYHPHQW�ZDV� REVHUYHG� LQ�
WKRVH� LQFOXGHG�LQ�WKH�(*��6LJQLILFDQW�
LPSURYHPHQW� ZDV� REVHUYHG� LQ� WKH�
QHXURSV\FKLDWULF V\PSWRPV� �S�  �
��������PHPRU\�IXQFWLRQ� S� ��������
DQG��IXQFWLRQDO��PRELOLW\���S� ��������
DPRQJ�WKRVH�LQ�WKH�(*� 
&RQFOXVLRQ�� 7KLV� SURVSHFWLYH�

VWXG\�RI�SDWLHQWV�LQVWLWXWLRQDOL]HG�ZLWK�

GHPHQWLD� IRXQG� WKDW� DHURELF�
H[HUFLVH�� ���PLQXWHV� SHU� GD\�� FRXOG�
UHVXOW� LQ� LPSURYHPHQW� LQ� FRJQLWLRQ��
IXQFWLRQDO� PRELOLW\�� QHXURSV\FKLDWULF�
V\PSWRPV�DQG�PHPRU\� 

  
&DQFHOD�� -� HW� DO�� (IIHFWV� RI� D� /RQJ-�
7HUP� $HURELF� ([HUFLVH� ,QWHUYHQWLRQ�
RQ� ,QVWLWXWLRQDOL]HG� 3DWLHQWV� ZLWK�
'HPHQWLD��-� 6FL� 0HG� 6SRUW�� ������
$SULO�����������–���� 

  
$*(�())(&7�21�<287+�
632576�,1-85,(6 

  
7KH� UHODWLYH� DJH� HIIHFW� �5$(�� LV� D�

SKHQRPHQRQ� VXJJHVWLQJ� WKDW�
FKLOGUHQ� ERUQ� LQ�� RU� ULJKW� DIWHU�� D�
FULWLFDO� DJH� FXWRII� PRQWK� PD\� KDYH�
DQ� DGYDQWDJH� ERWK� LQ� VFKRRO� DQG�
VSRUWV� EHFDXVH� RI� WKH� SK\VLFDO� DQG�
HPRWLRQDO�PDWXULW\� UHODWLYH� WR� SHHUV��
7KLV� VWXG\� H[SORUHG� WKH� LPSRUWDQFH�
RI� 5$(� DV� D� SUHGLFWRU� RI� VSRUWV�
LQMXULHV� 
7KH� VWXG\� SRSXODWLRQ� FRQVLVWHG� RI�

FKLOGUHQ�� �-��� \HDUV� RI� DJH��
SUHVHQWLQJ� WR� D� &KLOGUHQ¶V� +RVSLWDO�
EHWZHHQ� ����� DQG� ������ )URP� WKH�
�������� SDWLHQW� YLVLWV� D� SUREDELOLW\�
VDPSOH� ZDV� UDQGRPO\� GUDZQ�� )RU�
HDFK� SDWLHQW�� WKH� UHODWLYH� DJH� IRU�
HDFK�VSRUW�ZDV�LGHQWLILHG��GHILQHG�DV�
D� FKLOG¶V� ELUWK� PRQWK� UHODWLYH� WR� WKH�
PRQWK� KLV�KHU� DFWLYLW\� XVHG� DV� DQ�
DUELWUDU\� DJH� FXWRII�� 'DWD� ZHUH�
UHYLHZHG�IRU�WKH�DVVRFLDWLRQ�EHWZHHQ�
LQMXULHV� DQG� WKH� UHODWLYH� DJH� DW� WKH�
WLPH�RI�LQMXU\� 
7KH� ILQDO� VWXG\� JURXS� LQFOXGHG�

����� FKLOGUHQ�� $PRQJ� WKH� SUH-�
SXEHVFHQW� FKLOGUHQ�� WKH� UHODWLYHO\�
\RXQJHU� GLVSOD\HG� D� KLJKHU� UDWH� RI�
LQMXU\� UHODWLYH� WR� WKHLU�ROGHU�SHHUV�� ,Q�
WKH� SXEHVFHQW� JURXS�� PRUH� LQMXUHG�
SDWLHQWV�ZHUH�ERUQ�LQ�WKH�PRQWK�RI�RU�
DIWHU�WKH�FXWRII� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

DWKOHWLF� LQMXULHV� DPRQJ� FKLOGUHQ�
IRXQG� WKDW� DPRQJ� SUH-SXEHVFHQW�
DWKOHWHV�� WKH� UHODWLYHO\� \RXQJHU�
FKLOGUHQ� GLVSOD\HG� D� KLJKHU� ULVN� RI�
LQMXU\� FRPSDUHG� WR� WKHLU� UHODWLYHO\�

ROGHU� SHHUV�� 7KH� DQDO\VLV� RI� WKH�
SXEHVFHQW� DJH� JURXS� IRXQG� WKDW� WKH�
UHYHUVH�PD\�EH�WUXH� 

  
6WUDFLROLQL�� $��� HW� DO�� 7KH� 5HODWLYH�
$JH�(IIHFW� RQ�<RXWK�6SRUWV� ,QMXULHV��
0HG� 6FL� 6SRUW� ([HU�� ������ -XQH��
����������-����� 

$1.</26,1*�6321'</,7,6�
75($7('�:,7+�(7$1(5&(37�

$1'�68/)$6$/$=,1( 

 $QN\ORVLQJ� VSRQG\OLWLV� �$6�� LV� D�
SDLQIXO� LQIODPPDWRU\� UKHXPDWLF�
GLVHDVH� DIIHFWLQJ� WKH� D[LDO� VNHOHWRQ��
'HVSLWH� LWV� JOREDO� SUHYDOHQFH��
FRQWUROOHG� WULDOV� HYDOXDWLQJ� WKH�
HIILFDF\�DQG�VDIHW\�RI�ELRORJLF�DJHQWV�
WR� WUHDW� WKLV�FRQGLWLRQ�KDYH�RFFXUUHG�
PRVWO\� LQ� 1RUWK� $PHULFD� DQG�
:HVWHUQ� (XURSH�� 7KLV� VWXG\� ZDV�
GHVLJQHG� WR� DVVHVV� WKH� HIILFDF\� RI�
HWDQHUFHSW� FRPSDUHG� ZLWK�
VXOIDVDOD]LQH� IRU� WKH� WUHDWPHQW� RI�
SDWLHQWV�ZLWK�$6� IURP�$VLD��(DVWHUQ�
&HQWUDO�(XURSH�DQG�/DWLQ�$PHULFD� 
7KH� $6&(1'� VWXG\� ZDV� D�

UDQGRPL]HG� GRXEOH-EOLQG� PXOWLFHQWHU�
VWXG\� FRPSDULQJ� WKH� VDIHW\� DQG�
HIILFDF\� RI� HWDQHUFHSW� ZLWK�
VXOIDVDOD]LQH� LQ� DGXOW� SDWLHQWV� ZLWK�
DFWLYH� $6� ZKR� KDG� IDLOHG�
QRQVWHURLGDO� DQWL-LQIODPPDWRU\� GUXJ�
WUHDWPHQW��7KH�SULPDU\�HQGSRLQW�ZDV�
WKH� SURSRUWLRQ� RI� VXEMHFWV� ZKR�
DFKLHYHG� D� ���� LPSURYHPHQW� IURP�
EDVHOLQH� DFFRUGLQJ� WR� $6$6�
�$6$6���� FULWHULD�� $GYHUVH� HYHQWV�
ZHUH� UHFRUGHG� DQG� SK\VLFDO�
H[DPLQDWLRQV� DV� ZHOO� DV� ODERUDWRU\�
WHVWV� ZHUH� FRQGXFWHG� WR� DVVHVV�
VDIHW\�� $� WRWDO� RI� ���� SDWLHQWV� PHW�
WKH� VWXG\� FULWHULD� RI� ZKRP� ����
UHFHLYHG�HWDQHUFHSW�DQG����UHFHLYHG�
VXOIDVDOD]LQH�� 6LJQLILFDQWO\� PRUH�
SDWLHQWV� LQ� WKH� HWDQHUFHSW� JURXS�
DFKLHYHG� $6$6��� DV� FRPSDUHG� WR�
WKRVH� UHFHLYLQJ� VXOIDVDOD]LQH� DW�
HYHU\� WLPH� SRLQW� PHDVXUHG�
�S��������� ,Q�DGGLWLRQ��D�VLJQLILFDQWO\�
JUHDWHU� SURSRUWLRQ� RI� SDWLHQWV� LQ� WKH�
HWDQHUFHSW� JURXS� DFKLHYHG� $6$6���
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FRPSDUHG� ZLWK� WKH� VXOIDVDOD]LQH�
JURXS� �S��������� $W� ZHHN� ���� WKH�
SURSRUWLRQ�RI�SDWLHQWV�DFKLHYLQJ�SDUWLDO�
UHPLVVLRQ�� D� ���� UHVSRQVH� LQ� WKH�
%DWK� $QN\ORVLQJ� 6SRQG\OLWLV� 'LVHDVH�
$FWLYLW\� ,QGH[�� DQG� DOO� KHDOWK-UHODWHG�
TXDOLW\� RI� OLIH� SDUDPHWHUV�� ZHUH�
VLJQLILFDQWO\� JUHDWHU� LQ� WKH� HWDQHUFHSW�
JURXS� DV� FRPSDUHG� WR� WKRVH� LQ� WKH�
VXOIDVDOD]LQH�JURXS��S ������� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� IURP�(DVWHUQ�&HQWUDO�(XURSH��
/DWLQ� $PHULFD� DQG� $VLD� ZLWK�
DQN\ORVLQJ� VSRQG\OLWLV� IRXQG� WKDW�
WUHDWPHQW� ZLWK� HWDQHUFHSW� LV�
VLJQLILFDQWO\� PRUH� HIIHFWLYH� WKDQ�
VXOIDVDOD]LQH� 

  
'DPMDQRY�� 1� HW� DO�� $VVHVVPHQW� RI�
&OLQLFDO� (IILFDF\� DQG� 6DIHW\� LQ� D�
5DQGRPL]HG� 'RXEOH-%OLQG� 6WXG\� RI�
(WDQHUFHSW� DQG� 6XOIDVDOD]LQH� LQ�
3DWLHQWV� :LWK� $QN\ORVLQJ� 6SRQG\OLWLV�
)URP� (DVWHUQ�&HQWUDO� (XURSH�� /DWLQ�
$PHULFD�� $QG� $VLD�� 5KHXPDWRO� ,QW��
������0D\�������������–����� 

  
%$/$1&(�75$,1,1*�:,7+�

086&/(�675(1*7+(1,1*�,1�
2/'(5�$'8/76 

)DOOV� DUH� WKH� QXPEHU� RQH� FDXVH� RI�
LQMXU\�� IUDFWXUHV�DQG�GHDWK�DPRQJ�WKH�
ROGHU� SRSXODWLRQ�� $OWKRXJK� WKH� FDXVH�
RI� IDOOV� LV� RIWHQ� PXOWLIDFWRULDO�� ORZHU�
H[WUHPLW\� ZHDNQHVV� DQG� GHFUHDVHG�
EDODQFH� DUH� WZR� VLJQLILFDQW� IDFWRUV��
7KLV� VWXG\� HYDOXDWHG� WKH� HIIHFW� RI� D�
EDODQFH� WUDLQLQJ� SURJUDP�� LQFOXGLQJ�
FDOI�PXVFOH�VWUHQJWKHQLQJ��RQ�EDODQFH�
DQG� WKH� IHDU� RI� IDOOLQJ�� DQG� H[SORUHG�
KRZ� ZHOO� FDOI� PXVFOH� VWUHQJWK�

 

FRUUHODWHV�ZLWK�RWKHU�IDOO�ULVN�IDFWRUV� 
6XEMHFWV�ZHUH� VL[W\� \HDUV� RI� DJH� RU�

ROGHU��UHFUXLWHG�IURP�D�VHQLRU�FHQWHU�LQ�
3KLODGHOSKLD�� $OO� ZHUH� LQGHSHQGHQW�
ZLWK� FRPPXQLW\� PRELOLW\�� ZLWK� RU�
ZLWKRXW� DQ� DVVLVWLYH� GHYLFH�� $W�
EDVHOLQH�� DOO� SDUWLFLSDQWV� ZHUH�
DVVHVVHG�ZLWK�PHDVXUHV�RI�VWDWLF�DQG�
G\QDPLF� EDODQFH�� FDOI� PXVFOH�
VWUHQJWK�� IXQFWLRQDO� ORZHU� H[WUHPLW\�
VWUHQJWK� DQG� HQGXUDQFH�� IXQFWLRQDO�
PRELOLW\�� DQG� IHDU� RI� IDOOLQJ�� (DFK�
VXEMHFW� XQGHUZHQW� D� ILYH-ZHHN�� ��-�
VHVVLRQ� SURJUDP� RI� ��� PLQXWHV� SHU�
VHVVLRQ�� XVLQJ� H[HUFLVHV� WKDW�
FKDOOHQJHG� VWDWLF� EDODQFH�� G\QDPLF�
EDODQFH��DQG� VWUHQJWKHQLQJ�H[HUFLVHV��
&RPSOH[LW\� DQG� VSHHG� RI� EDODQFH�
H[HUFLVHV�ZHUH�VWHDGLO\�LQFUHDVHG�RYHU�
WKH� FRXUVH� RI� ��� VHVVLRQV��
6WUHQJWKHQLQJ� LQFOXGHG� WKUHH� VHWV� RI�
KHHO�UDLVHV��ZLWK����UHSV�SHU�VHW� 
6XEMHFWV� ZHUH� ��� DGXOWV� ZLWK� DQ�

DYHUDJH�DJH�RI����\HDUV��$W�IROORZ-�XS��
VWDWLF� EDODQFH� ZLWK� H\HV� FORVHG�� KHHO�
ULVH�DQG� UHVXOWV�RQ� WKH�7LPHG�8S�DQG�
*R� 7HVW� �78*�� DQG� WKH� ��-� 6HFRQG�
&KDLU� 6WDQG� 7HVW� LPSURYHG�
VLJQLILFDQWO\�� +HHO� ULVH� DELOLW\� ZDV�
VLJQLILFDQWO\� UHODWHG� WR� WKH� UHVXOWV� RI�
WKH� 78*� DQG� WKH� ��-6HFRQG� &KDLU�
6WDQG� 7HVW�� 1RQH� RI� WKH� SDUWLFLSDQWV�
ZKR� ZHUH� DEOH� WR� SHUIRUP� ��� UHSV� RU�
PRUH�RI�KHHO� ULVHV�ZHUH�DW�D�KLJK� ULVN�
RI�IDOOV�EDVHG�RQ�WKHLU�78*�UHVXOWV� 
&RQFOXVLRQ�� 7KLV�VWXG\�RI�HOGHUO\�

LQGLYLGXDOV� IRXQG� WKDW�EDODQFH� WUDLQLQJ�
LQFOXGLQJ� FDOI� PXVFOH� VWUHQJWKHQLQJ�
SHUIRUPHG� IRU� ��� PLQXWHV�� WZLFH� D�
ZHHN� IRU� ILYH� ZHHNV�� UHVXOWHG� LQ�
VLJQLILFDQW� LPSURYHPHQW� LQ�FDOI�PXVFOH�
VWUHQJWK�� IXQFWLRQDO� SHUIRUPDQFH� DQG�
EDODQFH�� DV� ZHOO� DV� LPSURYHPHQW� LQ�
EDODQFH�FRQILGHQFH� 

  
0DULW]��&���HW�DO��$�3URVSHFWLYH��&RKRUW�
6WXG\� RQ� WKH� (IIHFW� RI� D� %DODQFH�
7UDLQLQJ� 3URJUDP�� ,QFOXGLQJ� &DOI�
0XVFOH� 6WUHQJWK�� ,Q� &RPPXQLW\-�
'ZHOOLQJ�2OGHU�$GXOWV��-� *HULDWU� 3K\V�
7KHU�� ������ -XO\�6HSWHPEHU�� ��� ����
���-���� 

  
%/22'�)/2:�5(675,&7('�

(;(5&,6( 
  
,Q� RUGHU� WR� HQKDQFH� PXVFOH� PDVV�

DQG� VWUHQJWK�� UHVLVWDQFH� H[HUFLVHV��
ZLWK� ORDGV� RI� ��-���� RI� D� RQH�
UHSHWLWLRQ�PD[LPXP��RQH�UHS�PD[��DUH�
W\SLFDOO\� UHFRPPHQGHG�� 6XFK�
UHVLVWDQFH� H[HUFLVHV� DUH� RIWHQ�
FKDOOHQJLQJ� DQG� PD\� EH� FRQWUDGLFWHG�
LQ� FHUWDLQ� SDWLHQWV�� LQFOXGLQJ� WKH�
HOGHUO\� DQG� UHFRYHULQJ� DWKOHWHV��
6HYHUDO� VWXGLHV� LQ� UHFHQW� \HDUV� KDYH�

VXJJHVWHG� WKDW� ORZHU�ZHLJKWV�PD\� EH�
HIIHFWLYH� ZKHQ� FRPELQHG� ZLWK�
UHVWULFWHG� EORRG� IORZ�� DOVR� NQRZQ� DV�
.DDWVX� WUDLQLQJ�� 7KLV� OLWHUDWXUH� UHYLHZ�
DQG� PHWD-DQDO\VLV� UHYLHZHG� VWXGLHV�
FRPELQLQJ� EORRG� IORZ� UHVWULFWLRQ�
H[HUFLVH�� LQ� DQ� HIIRUW� WR� FODULI\� WKH�
HIIHFWLYHQHVV� RI� WKLV� WHFKQLTXH� DQG� WR�
XQGHUVWDQG� ZKLFK� WUDLQLQJ� PHWKRG�
UHVXOWV�LQ�WKH�JUHDWHVW�PXVFOH�VWUHQJWK�
DQG�K\SHUWURSK\� 
0HGLFDO� GDWDEDVHV� ZHUH� VHDUFKHG�

IRU� DUWLFOHV� LQYHVWLJDWLQJ� WKH� HIIHFWV� RI�
H[HUFLVH� FRPELQHG� ZLWK� UHVWULFWHG�
EORRG� IORZ� WR� VNHOHWDO� PXVFOH� RQ�
PXVFOH� K\SHUWURSK\� DQG� PXVFOH�
VWUHQJWK�� $PRQJ� WKRVH� UHYLHZHG�� ���
ZHUH� LQFOXGHG� LQ� WKH�PHWD-DQDO\VLV��$�
WRWDO� RI� ���� VXEMHFWV� IURP� ��� VWXGLHV�
IRFXVHG�RQ�PXVFOH�VWUHQJWKHQLQJ� 
7KRVH� VWXGLHV� WKDW� UHYLHZHG� WKH�

HIIHFWV� RI� DHURELF� H[HUFLVH� FRPELQHG�
ZLWK� EORRG� IORZ� UHVWULFWLRQ� UHSRUWHG� D�
PHDQ� VWUHQJWK� LPSURYHPHQW� RI� ���� 1�
P� JUHDWHU� WKDQ� WKH� FRQWURO� �S �������
7KRVH� VWXGLHV� IRFXVLQJ� RQ� UHVLVWDQFH�
H[HUFLVH� IRU� VWUHQJWKHQLQJ� IRXQG� D�
PHDQ� LPSURYHPHQW� RI� ���� NJ� JUHDWHU�
WKDQ� WKH� FRQWUROV� �S�������� 2I� WKH� ���
VWXGLHV� IRFXVLQJ� RQ� PXVFOH�
K\SHUWURSK\�� WKRVH� LQ� WKH� EORRG� IORZ�
UHVWULFWLRQ� JURXS� KDG� DQ� LQFUHDVH� LQ�
K\SHUWURSK\� ���� FP� JUHDWHU� WKDQ� WKDW�
RI� WKH� FRQWURO� JURXS� �S���������
7UDLQLQJ� SURJUDPV� DW� !���� RQH� UHS�
PD[� SHUIRUPHG� EHWWHU� WKDQ� WKRVH� DW�
OHVV� WKDQ� ����� ZKLOH� FXII� V\VWROLF�
EORRG� SUHVVXUH� DW� !���� PP+J�
UHVXOWHG�LQ�JUHDWHU�VWUHQJWK�JDLQV�WKDQ�
SUHVVXUHV�EHORZ�����PP�+J� 
&RQFOXVLRQ�� 7KLV�VWXG\�IRXQG�WKDW�

WKH�DGGLWLRQ�RI�EORRG�IORZ�UHVWULFWLRQ�WR�
G\QDPLF� H[HUFLVH� WUDLQLQJ� FDQ� EH�
HIIHFWLYH� IRU� LQFUHDVLQJ� WKH� HIIHFWV� RQ�
VWUHQJWK�DQG�K\SHUWURSK\� 

  
6O\V]��-���HW�DO��(IILFDF\�RI�%ORRG�)ORZ�
5HVWULFWHG� ([HUFLVH�� 6\VWHPDWLF�
5HYLHZ�DQG�0HWD-$QDO\VLV��-� 6FL� 0HG�
6SRUW��������$XJXVW������������-���� 

  

&/,0%,1*�)25�/2:�%$&.�3$,1 
  
$PRQJ� WKH� ZRUNLQJ� DJH� SRSXODWLRQ��

ORZ� EDFN� SDLQ� �/%3�� LV� WKH� PRVW�
FRPPRQ� FDXVH� RI� SK\VLFDO� GLVDELOLW\��
6XEVWDQWLDO�HYLGHQFH�H[LVWV�VXSSRUWLQJ�
WKH� XVH� RI� H[HUFLVH� DV� D� WKHUDSHXWLF�
WRRO� WR� LPSURYH� V\PSWRPV�RI�/%3��$V�
FOLPELQJ� RIIHUV� FORVHG� FKDLQ� PXVFOH�
WUDLQLQJ�� WKLV� VWXG\� UHYLHZHG� WKH�
HIIHFWV� RI� WKLV� H[HUFLVH� WHFKQLTXH�
DPRQJ�SDWLHQWV�ZLWK�/%3� 
7KLV� SURVSHFWLYH�� UDQGRPL]HG��

FRQWUROOHG� WULDO� LQFOXGHG� ��� LQGLYLGXDOV�
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ZLWK� FKURQLF�/%3��EHWZHHQ����DQG����
\HDUV�RI�DJH��ZLWK�D�ERG\�PDVV� LQGH[�
RI� ��� NJ�P�� RU� ORZHU�� 1RQH� KDG�
FOLPELQJ� H[SHULHQFH�� $OO� SDWLHQWV�
XQGHUZHQW� EDVHOLQH� [-UD\� DQG� 05,�
HYDOXDWLRQ�� 7HQ� VHVVLRQV� RI� RQH-KRXU�
FOLPELQJ�DFWLYLW\�RFFXUUHG�DW�OHDVW�RQFH�
D�ZHHN�RYHU� HLJKW�ZHHNV��7KH� FRQWURO�
JURXS� VXEMHFWV� ZHUH� LQVWUXFWHG� WR� QRW�
FKDQJH� WKHLU� OLIHVW\OH�� DQG� ZHUH�
DOORZHG� WR� WDNH� SDUDFHWDPRO� ���� PJ��
IRXU� WLPHV� D� GD\� DV� QHHGHG�� $OO�
SDWLHQWV� ZHUH� DVVHVVHG� DW� EDVHOLQH��
DIWHU�HLJKW�ZHHNV�RI�WUHDWPHQW��7���DQG�
VL[�ZHHNV�DIWHU�WUHDWPHQW�HQGHG��7���� 
7KH� FOLPELQJ� JURXS� KDG� EHWWHU�

LPSURYHPHQW�LQ�9$6� VFRUHV�RYHU�WLPH��
LQ�D�UHVWLQJ� SRVLWLRQ� �S���������DQG�LQ�
WKH�ILQJHU�WR� IORRU�FRQGLWLRQ��S ��������
ZLWK QR VLJQLILFDQW� GLIIHUHQFH�
EHWZHHQ�JURXSV� IRU� 9$6� LQ�PRWLRQ��$�
VLJQLILFDQW� LPSURYHPHQW� LQ� WKH�
2VZHVWU\� 'LVDELOLW\� LQGH[� ZDV� IRXQG�
RYHU� WLPH�� IDYRULQJ� WKH�FOLPELQJ�JURXS���
�S �������� 1R� VLJQLILFDQW� GLIIHUHQFH�
ZDV� IRXQG� LQ�WKH� DQDO\VLV� IRU� JHQGHU��
DJH��KHLJKW��ZHLJKW� RU�GXUDWLRQ�RI�SDLQ��
&OLPELQJ� ZDV� IRXQG�WR�EH�VDIH�ZLWKRXW�
VHYHUH�VLGH�HIIHFWV�� 
&RQFOXVLRQ��7KLV�VWXG\ RI� SDWLHQWV�

ZLWK�FKURQLF�ORZ� EDFN� SDLQ�IRXQG�WKDW�
URFN� FOLPELQJ� PD\� EH� D� XVHIXO�
LQWHUYHQWLRQ� IRU� LPSURYLQJ� SDLQ� DQG�
GLVDELOLW\� 

  
6FKLQDQ�� 0��� HW� DO�� &OLPELQJ� +DV� D�
3RVLWLYH� ,PSDFW� RQ� /RZ� %DFN� 3DLQ�� $�
3URVSHFWLYH�� 5DQGRPL]HG�� &RQWUROOHG�
7ULDO��&OLQ�-�6SRUWV�0HG��������0D\����
��������-���� 

  

'(&,6,21�58/(6�$)7(5�$&/�
5(&216758&7,21 

  
,W� LV� HVWLPDWHG� WKDW� �������� DQWHULRU�

FUXFLDWH� OLJDPHQW� �$&/�� LQMXULHV� RFFXU�
DQQXDOO\� LQ� WKH� 8QLWHG� 6WDWHV�� :KLOH�
WKH� LQWHQWLRQ� WR� UHWXUQ� WR� VSRUW� LV� D�
FRPPRQ� UHDVRQ� IRU� XQGHUJRLQJ�
VXUJHU\�� WKHUH� LV� QR� FOHDU� HYLGHQFH� WR�
JXLGH� ZKHWKHU� UHWXUQ� WR� VSRUW� VKRXOG�
EH� GHOD\HG�� DQG� ZKDW� OHYHO� IXQFWLRQ�
VKRXOG�EH�DFKLHYHG�EHIRUH�WKLV�UHWXUQ� 
6XEMHFWV� ZHUH� EHWZHHQ� ��� DQG� ���

\HDUV�RI�DJH�ZKR�KDG�SDUWLFLSDWHG�LQ�D�
OHYHO� ,� RU� OHYHO� ,,� VSRUW� DW� OHDVW� WZLFH�
ZHHNO\� EHIRUH� $&/� LQMXU\�� $OO�
SDUWLFLSDQWV� XQGHUZHQW� D� SUHRSHUDWLYH�
UHKDELOLWDWLRQ� SURJUDP�� ZLWK� DOO�
XQGHUJRLQJ� ERQH-SDWHOOD� WHQGRQ-ERQH�
RU� KDPVWULQJ� DXWRJUDIW�� 7KH�
SDUWLFLSDQWV� ZHUH� DGYLVHG� DJDLQVW� IXOO�
SDUWLFLSDWLRQ� LQ� OHYHO� ,� VSRUWV� LI�� GXULQJ�
UHKDELOLWDWLRQ��WKH\�KDG�QRW�UHJDLQHG�DW�
OHDVW� ���� TXDGULFHSV� DQG� KDPVWULQJ�

VWUHQJWK� DQG� KRSSLQJ� SHUIRUPDQFH� LQ�
WKH� LQMXUHG� OHJ�� FRPSDUHG� ZLWK� WKH�
XQLQMXUHG� OHJ�� .QHH� IXQFWLRQ�� VSRUWV�
SDUWLFLSDWLRQ� DQG� DQ\� UHLQMXU\� ZHUH�
UHFRUGHG�PRQWKO\� 
7KH� ILUVW� WZR� \HDUV� DIWHU�

UHFRQVWUXFWLRQ������RI� WKRVH�UHWXUQLQJ�
WR� OHYHO� ,� VSRUWV� VXVWDLQHG� D� UHLQMXU\��
FRPSDUHG� ZLWK� HLJKW� SHUFHQW� ZKR�
SDUWLFLSDWHG� LQ� ORZHU-OHYHO� VSRUWV�� 7KH�
UHLQMXU\� UDWH� ZDV� UHGXFHG� E\� ���� IRU�
HDFK� PRQWK� WKDW� WKH� UHWXUQ� WR� VSRUW�
ZDV� GHOD\HG� XQWLO� QLQH� PRQWKV� DIWHU�
VXUJHU\�� $IWHU� WKLV� WLPH�� QR� IXUWKHU�
UHGXFWLRQ� ZDV� QRWHG�� 2I� WKRVH� ZKR�
IDLOHG� WKH� UHWXUQ� WR� VSRUW� FULWHULD�� ����
VXIIHUHG�LQMXULHV��DV�FRPSDUHG�WR������
DPRQJ� WKRVH� ZKR� DFKLHYHG� WKH�
FULWHULD�� 6\PPHWU\� RI� TXDGULFHSV� ZDV�
IRXQG� WR�EH�FRUUHODWHG�ZLWK�D� UHGXFHG�
ULVN�RI�UHLQMXU\� 
&RQFOXVLRQ�� 7KLV� SURVSHFWLYH�

VWXG\� RI� SDWLHQWV� XQGHUJRLQJ� $&/�
UHFRQVWUXFWLRQ� IRXQG� WKDW� UHWXUQ� WR�
VSRUW�� GHOD\HG� XQWLO� DW� OHDVW� QLQH�
PRQWKV�� DQG� V\PPHWULF� TXDGULFHSV�
VWUHQJWK�SULRU�WR�UHWXUQ�ZHUH�FRUUHODWHG�
ZLWK� D� � VLJQLILFDQWO\� UHGXFHG� ULVN� RI�
UHLQMXU\� 

  
*ULQGHP�� +��� HW� DO�� 6LPSOH� 'HFLVLRQ�
5XOHV� &DQ� 5HGXFH� 5HLQMXU\� 5LVN� E\�
���� DIWHU� $&/� 5HFRQVWUXFWLRQ�� 7KH�
'HODZDUH-2VOR�$&/�&RKRUW�6WXG\��%U� -�
6SRUWV�0HG��������-XO\��������� 
���-���� 

(;(5&,6(�%()25(�35(*1$1&<�
$1'�3(/9,&�*,5'/(�3$,1 

  
$SSUR[LPDWHO\� WZR� WR� WKUHH� SHUFHQW�

RI� DOO� ZRPHQ� UHSRUW� FKURQLF� SHOYLF�
JLUGOH�SDLQ�RQH�\HDU�DIWHU�GHOLYHU\��7KLV�
VWXG\� H[DPLQHG� WKH� DVVRFLDWLRQ�
EHWZHHQ� SUH-SUHJQDQF\� OHLVXUH� WLPH�
H[HUFLVH�DQG�SHOYLF�JLUGOH�SDLQ�DPRQJ�
SUHJQDQW�ZRPHQ� 
7KLV� SURVSHFWLYH�� SRSXODWLRQ� EDVHG�

FRKRUW� VWXG\�� 7KH� 1RUZHJLDQ� 0RWKHU�
DQG� &KLOG� &RKRUW� 6WXG\�� ZDV�
FRQGXFWHG� E\� WKH� 1RUZHJLDQ� ,QVWLWXWH�
RI�3XEOLF�+HDOWK��UHFUXLWLQJ�SDUWLFLSDQWV�
EHWZHHQ� ����� DQG� ������
4XHVWLRQQDLUHV� TXHULHG� WKH� IUHTXHQF\�
DQG� W\SHV� RI� H[HUFLVH� SHUIRUPHG�
EHIRUH� SUHJQDQF\�� DV� ZHOO� DV�
LQIRUPDWLRQ� DERXW� PDWHUQDO� KHDOWK��
GHPRJUDSKLFV�� OLIHVW\OH� EHKDYLRUV� DQG�
PHGLFDO� KLVWRU\�� 3DUWLFLSDQWV� UHSRUWHG�
KRZ� RIWHQ� WKH\� SHUIRUPHG� RQH� RI� ���
H[HUFLVHV�� UDWLQJ� WKH� IUHTXHQF\� RI�
HDFK��)URP�WKHVH��VHYHQ�JURXSV��ZHUH�
GHWHUPLQHG� LQFOXGLQJ�� QRQ-� H[HUFLVHU��
EULVN� ZDONLQJ�� QRQ-ZHLJKW� EHDULQJ�
H[HUFLVH�� ORZ� LPSDFW� H[HUFLVH�� KLJK�
LPSDFW�H[HUFLVH��DQG�KRUVHEDFN�ULGLQJ��

7KH� SULPDU\� RXWFRPH� PHDVXUH� ZDV�
SHOYLF� JLUGOH� SDLQ� LQ� SUHJQDQF\� ZHHN�
��� 
2I� WKH��������VLQJOHWRQ�SUHJQDQFLHV�

LQFOXGHG� LQ� WKH� VWXG\�� ������ UHSRUWHG�
SHOYLF� JLUGOH� SDLQ� LQ� SUHJQDQF\��
&RPSDUHG� WR� �ZRPHQ�ZKR� GHYHORSHG�
SHOYLF� JLUGOH� SDLQ�� WKRVH� ZKR� GLG� QRW�
PRUH� RIWHQ� UHSRUWHG� DQ� H[HUFLVH�
IUHTXHQF\� RI� �-�� WLPHV� SHU� ZHHN�
�S��������� � ,Q�DGGLWLRQ��SDUWLFLSDWLRQ� LQ�
KLJK�LPSDFW�H[HUFLVHV�DQG�KLJK-LPSDFW�
DHURELFV� ZHUH� PRUH� FRPPRQO\�
UHSRUWHG� DPRQJ� WKRVH� ZLWKRXW� SHOYLF�
JLUGOH� SDLQ� �S��������� ,Q� DGMXVWHG�
PRGHOV��WKRVH�ZKR�H[HUFLVHG��-��WLPHV�
ZHHNO\� EHIRUH� SUHJQDQF\� KDG� D� ����
UHGXFHG� ULVN� RI� SHOYLF� JLUGOH� SDLQ�
GXULQJ� SUHJQDQF\� DV� FRPSDUHG� WR�
WKRVH� ZKR� GLG� QRW� H[HUFLVH��
3DUWLFLSDWLRQ� LQ� KLJK-LPSDFW� H[HUFLVH�
ZDV�DOVR�DVVRFLDWHG�ZLWK�D�VLPLODU�ULVN�
UHGXFWLRQ� 
&RQFOXVLRQ�� 7KLV� VWXG\� VKRZHG�

WKDW� ZRPHQ� ZKR� H[HUFLVH� UHJXODUO\�
EHIRUH�WKHLU�ILUVW�SUHJQDQF\��SDUWLFXODUO\�
WKRVH� SDUWLFLSDWLQJ� LQ� KLJK-� LPSDFW�
H[HUFLVH�� KDG�D� UHGXFHG� ULVN�RI� SHOYLF�
JLUGOH�SDLQ�GXULQJ�SUHJQDQF\� 

  
2ZH�� .� HW� DO�� ([HUFLVH� /HYHO� %HIRUH�
3UHJQDQF\� DQG� (QJDJLQJ� LQ� +LJK-�
,PSDFW� 6SRUWV� 5HGXFH� WKH� 5LVN� RI�
3HOYLF� *LUGOH� 3DLQ�� 7KH� 3RSXODWLRQ–�
%DVHG� &RKRUW� 6WXG\� RI� �������
:RPHQ��%U� -� 6SRUWV� 0HG��������-XO\��
�����������-���� 

  
  

*$%$3(17,1�)25�&+521,&�
/2:�%$&.�3$,1 

  
&KURQLF� ORZ� EDFN� SDLQ� �/%3�� LV� D�

SUHYDOHQW�DQG�RIWHQ�GLVDEOLQJ�FRQGLWLRQ�
IRU� ZKLFK� WKHUH� DUH� IHZ� HIIHFWLYH�
LQWHUYHQWLRQV�� $V� WUHDWPHQW� ZLWK�
JDEDSHQWLQ�KDV�VKRZQ�VRPH�HYLGHQFH�
RI� HIILFDF\� LQ� SDWLHQWV� ZLWK�
ILEURP\DOJLD�� WKLV� VWXG\� HYDOXDWHG� WKH�
HIILFDF\�RI�JDEDSHQWLQ�IRU�SDWLHQWV�ZLWK�
FKURQLF�/%3��ZLWK�RU�ZLWKRXW�OHJ�SDLQ� 
7KLV� SURVSHFWLYH�� UDQGRPL]HG��

GRXEOH-EOLQG�� SODFHER� FRQWUROOHG� WULDO�
LQFOXGHG�SDWLHQWV����WR����\HDUV�RI�DJH�
ZLWK�QRQVSHFLILF�/%3��SUHVHQW�GDLO\�IRU�
VL[�PRQWKV�RU� ORQJHU��7KH�SDUWLFLSDQWV�
DJUHHG� WR� GLVFRQWLQXH� PXVFOH�
UHOD[DQWV��DQWLGHSUHVVDQWV�DQG�RSLRLGV�
DW�OHDVW�WZR�ZHHNV�EHIRUH�WKH�WULDO��7KH�
SDWLHQWV� ZHUH� UDQGRPL]HG� WR� UHFHLYH�
HLWKHU�JDEDSHQWLQ��WLWUDWHG�WR�������PJ��
WKUHH�WLPHV�SHU�GD\�E\�ZHHN�IRXU��RU�D�
SODFHER�� 7KH� SULPDU\� RXWFRPH�
PHDVXUH� ZDV� SDLQ� LQWHQVLW\�� DV�
GHWHUPLQHG� E\� WKH� 'HVFULSWRU�
'LIIHUHQWLDO� 6FDOH� �''6��� 7KH� PDLQ�
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VHFRQGDU\� RXWFRPH� PHDVXUH� RI�
HYHU\GD\� IXQFWLRQLQJ� ZDV� WKH�
2VZHVWU\�'LVDELOLW\�,QGH[��2',�� 
2I� WKH� ���� LQGLYLGXDOV� ZKR� ZHUH�

UDQGRPL]HG�� ��� ZHUH� DVVLJQHG� WR�
WKH�JDEDSHQWLQ�JURXS�DQG����WR� WKH�
SODFHER�JURXS��2I�WKHVH�������������
FRPSOHWHG�DOO����ZHHNV�RI�WKH�VWXG\��
3DLQ� LQWHQVLW\� GHFUHDVHG�
VLJQLILFDQWO\� RYHU� WLPH� IRU� DOO�
SDUWLFLSDQWV�� ZLWK� VXEMHFWV� UHSRUWLQJ�
SDLQ� UHGXFWLRQ� RI� ���� IURP�
EDVHOLQH��7KHUH�ZHUH�QR�GLIIHUHQFHV�
EHWZHHQ� JURXSV� LQ� ''6� DVVHVVHG�
SDLQ� LQWHQVLW\� �S ������� RU� FKDQJH�
LQ� SDLQ� XQSOHDVDQWQHVV� �S ��������
6LPLODU�� QRQVLJQLILFDQW� GLIIHUHQFHV�
ZHUH� QRWHG� IRU� PHDVXUHV� RI�
GLVDELOLW\� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� FKURQLF� ORZ� EDFN� SDLQ�
GLG�QRW� ILQG�WKDW�JDEDSHQWLQ� LV�PRUH�
HIIHFWLYH� WKDQ� SODFHER� IRU� UHGXFLQJ�
SDLQ�DQG�LQFUHDVLQJ�IXQFWLRQ� 

  
$WNLQVRQ�� -��� HW� DO�� 5DQGRPL]HG��
&RQWUROOHG� 7ULDO� RI� *DEDSHQWLQ� IRU�
&KURQLF� /RZ� %DFN� 3DLQ� ZLWK� DQG�
ZLWKRXW� D� 5DGLDWLQJ� &RPSRQHQW��
3DLQ�� ������ -XO\�� �������� ����-
����� 

 +,*+�)$7�0(',7(55$1($1�
',(7�$1'�%2'<�:(,*+7 

  
7KH� 35(YHQFLRQ� FRQ� ',HWD�

0('LWHUUDQHD� �35(',0('�� WULDO�
SURYLGHG� ILUVW-OHYHO� HYLGHQFH� RI�
FDUGLRYDVFXODU� SURWHFWLRQ� E\� WKH�
0HGLWHUUDQHDQ� GLHW�� 7KLV� VWXG\�
DQDO\]HG�GDWD�IURP�WKLV�WULDO�LQ�RUGHU�
WR�DVVHVV� WKH� ORQJ-WHUP�FKDQJHV� LQ�
ERG\� ZHLJKW� DQG� ZDLVW�
FLUFXPIHUHQFH� DVVRFLDWHG� ZLWK� WKH�
0HGLWHUUDQHDQ�GLHW� 
7KLV� ILYH-\HDU�� SDUDOOHO� JURXS��

UDQGRPL]HG�� FOLQLFDO� WULDO� LQFOXGHG�
SDUWLFLSDQWV� DW� KLJK� FDUGLRYDVFXODU�
ULVN�� FRPSDULQJ� XQUHVWULFWHG� FDORULH�
0HGLWHUUDQHDQ� GLHWV� HQULFKHG� ZLWK�
H[WUD� YLUJLQ� ROLYH� RLO�� RU� ZLWK� PL[HG�
QXWV�� ZLWK� D� FRQWURO� GLHW� �DGYLFH� WR�
DYRLG� DOO� GLHWDU\� IDW��� 7KH� VXEMHFWV�
ZHUH�FRPPXQLW\�GZHOOLQJ�PHQ��DJHV�
���WR����\HDUV��DQG�ZRPHQ��DJHV����
WR� ��� \HDUV�� ZLWK� PXOWLSOH�
FDUGLRYDVFXODU� ULVN� IDFWRUV�� 7KH�
VWXG\� DQDO\]HG� WKH� HIIHFWV� RI� WKHVH�
LQWHUYHQWLRQV� RQ� ERG\� ZHLJKW� DQG�
ZDLVW� FLUFXPIHUHQFH� UHFRUGHG� RYHU�
ILYH�\HDUV� 
6XEMHFWV� ZHUH� ������ PHQ� DQG�

ZRPHQ� ZLWK� DQ� DYHUDJH� DJH� RI� ���
\HDUV�� IROORZHG� IRU� D�PHGLDQ�RI� ����
\HDUV��2YHU�����ZHUH�RYHUZHLJKW�RU�

REHVH�DW�WKH�EHJLQQLQJ�RI�WKH�VWXG\��
3DUWLFLSDQWV� LQ� WKH� H[WUD-YLUJLQ� ROLYH�
RLO�JURXS�KDG�D�VLJQLILFDQW�GHFUHDVH�
LQ� ERG\� ZHLJKW�� 7KH� DYHUDJH��
EHWZHHQ-� JURXS� FKDQJHV� ZHUH�
VLJQLILFDQW� DW� WKUHH� \HDUV� �S �������
DQG� ILYH� \HDUV� �S �������� 7KRVH� LQ�
WKH� QXW� JURXS� � KDG� VLJQLILFDQW�
GHFUHDVHV� LQ�ERG\�ZHLJKW��DOWKRXJK�
WKLV� GLG� QRW� GLIIHU� IURP� WKDW� RI� WKH�
FRQWURO� JURXS�� $� PXOWLYDULDEOH�
DGMXVWHG� DQDO\VLV� VKRZHG�
VLJQLILFDQWO\� ORZHU� ZDLVW�
FLUFXPIHUHQFH� DW� WKUHH� DQG� ILYH�
\HDUV�IRU�WKRVH�LQ�WKH�ROLYH�RLO�JURXS�
DQG�DW�ILYH�\HDUV�IRU�WKRVH�LQ�WKH�QXW�
JURXS� 
&RQFOXVLRQ�� 7KLV� VWXG\�

GHVFULELQJ� D� ORQJ-WHUP� LQWHUYHQWLRQ�
ZLWK� DQ� XQUHVWULFWHG� FDORULH�� KLJK�
YHJHWDEOH� IDW� 0HGLWHUUDQHDQ� GLHW�
GHPRQVWUDWHV� WKDW� WKLV� GLHW� LV�
DVVRFLDWHG� ZLWK� GHFUHDVHV� LQ� ERG\�
ZHLJKW� DQG� OHVV� JDLQ� LQ� FHQWUDO�
DGLSRVLW\� DV� FRPSDUHG� WR� D� GLHW�
DGYLVLQJ� LQGLYLGXDOV� WR� UHVWULFW� WKHLU�
LQWDNH�RI�GLHWDU\�IDW� 

  
(VWUXFK��5��� HW� DO�� (IIHFW� RI� D�+LJK-
)DW� 0HGLWHUUDQHDQ� 'LHW� RQ� %RG\�
:HLJKW�DQG�:DLVW�&LUFXPIHUHQFH��$�
3UHVSHFLILHG�� 6HFRQGDU\� 2XWFRPHV�
$QDO\VLV� RI� WKH� 35(',0('�
5DQGRPL]HG�� &RQWUROOHG� 7ULDO��
/DQFHW� 'LDEHWHV� (QGRFULQ�� �����
KWWS����
G[�GRL�RUJ�SUR[\�OLEUDU\�HPRU\�HGX��
��������6����-�������������-� 

  
  

,',23$7+,&�)52=(1�
6+28/'(5 

  
3UHYLRXV� VWXGLHV� RI� IUR]HQ�

VKRXOGHUV� KDYH� GHPRQVWUDWHG� D�
UDGLRJUDSKLF� HQKDQFHPHQW� DQG�
LQFUHDVHG� WKLFNQHVV� RI� WKH� MRLQW�
FDSVXOH�� DV� ZHOO� DV� K\SHUPHWDEROLF�
OHVLRQV� LQ� WKH� URWDWRU� LQWHUYDO��
DQWHULRU� MRLQW� FDSVXOH� DQG� D[LOODU\��
UHFHVV�� 7KLV� VWXG\� FRPSDUHG� WKH�
VKRUW-WHUP� HIIHFWV� RI� FRUWLFRVWHURLG�
LQMHFWLRQV� LQWR� GLIIHUHQW� VLWHV�
LQFOXGLQJ� WKH� JOHQRKXPHUDO� MRLQW�
VSDFH�� WKH� VXEDFURPLDO� VSDFH� RU�
ERWK� 
6XEMHFWV� LQFOXGHG� ���� DGXOW�

SDWLHQWV� ZLWK� LGLRSDWKLF� IUR]HQ�
VKRXOGHU�� 7KH� VXEMHFWV� ZHUH�
UDQGRPL]HG� WR� UHFHLYH� XOWUDVRXQG-�
JXLGHG�LQMHFWLRQV�XVLQJ�D�VROXWLRQ�RI�
���PJ�RI�WULDPFLQRORQH�DQG���P/�RI�
��� OLGRFDLQH�� GHOLYHUHG� DW� WKH�
JOHQRKXPHUDO� MRLQW� �,$� JURXS��� WKH�
VXEDFURPLDO� VSDFH� �6$� JURXS��� RU�
ERWK� VLWHV� �,$� �� 6$� JURXS��� 7KH�

SULPDU\�RXWFRPH�PHDVXUHV�LQFOXGHG�
WKH� $6(6� VKRXOGHU� VFRUH�� D� YLVXDO�
DQDORJ� VFDOH� �9$6�� IRU� VKRXOGHU�
SDLQ� ZLWK� PRWLRQ�� VXEMHFWLYH�
VKRXOGHU� YDOXH� �669�� DQG� SDVVLYH�
UDQJH�RI�PRWLRQ� $VVHVVPHQWV�
ZHUH� SHUIRUPHG� EHIRUH� WUHDWPHQW�
DQG�DW�WKUHH��VL[�DQG����ZHHNV�DIWHU�
WKH�LQMHFWLRQ� 
$OO� RXWFRPH� PHDVXUHV� LQ� DOO�

JURXSV� ZHUH� VLJQLILFDQWO\� LPSURYHG�
DW� WKUHH��VL[�DQG����ZHHNV�DIWHU� WKH�
LQMHFWLRQ�DV�FRPSDUHG�ZLWK�EDVHOLQH�
�S��������� 7KH� LPSURYHPHQW� RI� WKH�
,$� DQG� ,$� �� 6$� JURXSV� ZHUH�
VLJQLILFDQWO\�JUHDWHU� WKDQ� WKDW�RI� WKH�
6$� JURXS� IRU� $6(6� VFRUHV�� 9$6�
SDLQ� VFRUHV�� 669� VFRUHV�� DQG�
LQWHUQDO�URWDWLRQ� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� LGLRSDWKLF� IUR]HQ�
VKRXOGHU� IRXQG� WKDW� LQWUD-DUWLFXODU�
LQMHFWLRQV� DORQH� RU� FRPELQHG� ZLWK�
VXEDFURPLDO� LQMHFWLRQV� UHVXOWHG� LQ�
EHWWHU� RXWFRPHV� WKDQ� GLG�
VXEDFURPLDO�LQMHFWLRQV�DORQH� 

  
&KR�� &� HW� DO�� 3URSHU� 6LWH� RI�
&RUWLFRVWHURLG� ,QMHFWLRQ� IRU� WKH�
7UHDWPHQW� RI� ,GLRSDWKLF� )UR]HQ�
6KRXOGHU�� 5HVXOWV� IURP� D�
5DQGRPL]HG� 7ULDO�� -RLQW� %RQH�
6SLQH��������0D\�����������-���� 

  

/80%$5�)$&(7�6<1'520(�
75($7('�:,7+�25$/�

',&/2)(1$&�25�67(52,' 
,1-(&7,21 

  
/XPEDU� IDFHW� MRLQW� V\QGURPH� LV�

WKRXJKW�WR�EH�DQ�LPSRUWDQW�FDXVH�RI�
ORZ�EDFN�SDLQ��/%3���7KH�HIILFDF\�RI�
IDFHW� LQMHFWLRQV�ZLWK�VWHURLGV�RU�RUDO�
QRQVWHURLGDO�DQWL-LQIODPPDWRU\�GUXJV�
�16$,'V��� ZKLOH� FRPPRQO\�
SHUIRUPHG�� KDYH� \HW� WR� EH� IXOO\�
YHWWHG�� 7KLV� VWXG\� FRPSDUHG� WKH�
HIIHFWLYHQHVV� RI� RUDO� 16$,'V� ZLWK�
VWHURLG�IDFHW�LQMHFWLRQV�E\�PHDVXUHV�
RI�IXQFWLRQ�DQG�SDLQ� 
&RQVHFXWLYH� SDWLHQWV� SUHVHQWLQJ�

ZLWK�/%3��ZLWK�RU�ZLWKRXW�WKLJK�SDLQ��
ZHUH�HYDOXDWHG� IRU� LQFOXVLRQ��7KRVH�
GLDJQRVHG� ZLWK� OXPEDU� IDFHW�
V\QGURPH� ZHUH� LQYLWHG� WR�
SDUWLFLSDWH�� 6XEMHFWV� ZHUH�
UDQGRPL]HG� WR� RQH� RI� WKUHH�
WUHDWPHQW�JURXSV��DQ�RUDO�GLFORIHQDF�
JURXS�� WR� UHFHLYH� WZR� ZHHNV� RI� ���
PJ� WDEOHWV� WDNHQ� WZLFH� GDLO\�� D�
PHWK\OSUHGQLVRORQH� IDFHW� LQMHFWLRQ�
JURXS��WR�UHFHLYH����PJ�LQMHFWLRQV�RI�
PHWK\OSUHGQLVRORQH� DFHWDWH��
FRPELQHG� ZLWK� RQH� 0/� �����
EXSLYDFDLQH��RU�D�FRPELQDWLRQ�JURXS�
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WR� UHFHLYH� ERWK�� 7KH� SULPDU\�
HQGSRLQWV� ZHUH� VFRUHV� RQ� WKH�
2VZHVWU\�'LVDELOLW\�,QGH[��2',��DQG�
D� YLVXDO� DQDORJXH� VFDOH� �9$6�� RI�
SDLQ�� ERWK� DGPLQLVWHUHG� EHIRUH�
WUHDWPHQW�DQG�DW�IRXU�DQG����ZHHNV�
SRVW-�WUHDWPHQW� 
&RPSDULQJ� WUHDWPHQW� JURXSV� DW�

HDFK� WLPH� SRLQW�� WKH� FRPELQHG�
JURXS� UHDOL]HG� VLJQLILFDQWO\� EHWWHU�
2',� VFRUHV� WKDQ� WKH� RUDO� JURXS� DW�
IRXU-� DQG� ��-ZHHN� IROORZ-XSV�
�S������� IRU� ERWK� FRPSDULVRQV���
7KH� LQMHFWLRQ� JURXS� KDG� EHWWHU�2',�
VFRUHV� WKDQ� GLG� WKH� RUDO� JURXS� DW�
IRXU-� DQG� ��-ZHHN� IROORZ-XSV�
�S������� DQG� S �������
UHVSHFWLYHO\��� 7KH� FRPELQHG� JURXS�
GHPRQVWUDWHG� VLJQLILFDQWO\� EHWWHU�
2',� VFRUHV� WKDQ� GLG� WKH� LQMHFWLRQ�
JURXS� DW� IRXU-ZHHN� IROORZ-XS�
�S ������� &RPSDULQJ� 9$6� VFRUHV��
WKH� FRPELQHG� JURXS� DQG� WKH�
LQMHFWLRQ� JURXS� ERWK� UHDOL]HG�
VLJQLILFDQW�UHGXFWLRQV�LQ�9$6�VFRUHV�
DV� FRPSDUHG� WR� WKH� RUDO� GLFORIHQDF�
JURXS� DW� WKH� IRXU-ZHHN� IROORZ-XS�
�S�������IRU�ERWK�FRPSDULVRQV�� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV�ZLWK�OXPEDU�IDFHW�V\QGURPH�
IRXQG� WKDW� WKH� FRPELQDWLRQ� RI� RUDO�
GLFORIHQDF DQG LQMHFWHG�
PHWK\OSUHGQLVRORQH� LV� PRUH�
HIIHFWLYH� WKDQ�HLWKHU� DORQH��ZLWK� WKH�
EHQHILW� VWURQJHVW� ZLWKLQ� IRXU� ZHHNV�
RI�WUHDWPHQW� 

  
6DH--XQJ�� 6��� HW� DO�� 2XWFRPHV� RI�
/XPEDU� )DFHW� 6\QGURPH� 7UHDWHG�
ZLWK�2UDO 'LFORIHQDF RU�
0HWK\OSUHGQLVRORQH� )DFHW� ,QMHFWLRQ��
$� 5DQGRPL]HG� 7ULDO�� ,QW� 2UWKRS��
������-XQH�������������-����� 

  

.(7252/$&�$)7(5�685*(5<�
$1'�)5$&785(�+($/,1* 

  
$� QXPEHU� RI� VWXGLHV� KDYH�

VXJJHVWHG� WKDW� QRQVWHURLGDO� DQWL-�
LQIODPPDWRU\� GUXJV� �16$,'V�� PD\�
KDYH�GHWULPHQWDO�HIIHFWV�RQ� IUDFWXUH�
KHDOLQJ�� 7KLV� VWXG\� HYDOXDWHG� WKH�
HIIHFW� RI� NHWRURODF�� XVHG� GXULQJ� WKH�
ILUVW� ��� KRXUV� DIWHU� VXUJHU\�� RQ� WKH�
KHDOLQJ�RI�IUDFWXUHV� 
7KLV� UHWURVSHFWLYH�� FRPSDUDWLYH�

VWXG\�LQFOXGHG�SDWLHQWV�ZLWK�IHPRUDO�
RU� WLELDO� VKDIW� IUDFWXUHV�� ZKR� ZHUH�
WUHDWHG�VXUJLFDOO\��7KH�SDWLHQWV�ZHUH�
GLYLGHG� LQWR� WZR� JURXSV�� WKRVH�ZKR�
UHFHLYHG� NHWRURODF� ZLWKLQ� ��� KRXUV�
DIWHU�VXUJHU\�DQG�WKRVH�ZKR�GLG�QRW��
7KH� NHWRURODF� ZDV� DGPLQLVWHUHG� DW�
��� WR� ��� PJ� HYHU\� VL[� KRXUV�� 7KH�
SULPDU\� HQGSRLQWV� LQFOXGHG� UHSHDW�

VXUJHU\�IRU�UHSDLU�RI�D�QRQXQLRQ�DQG�
WLPH�WR�XQLRQ� 
7KH�VXEMHFWV�ZHUH����SDWLHQWV�ZLWK�

��� IUDFWXUHV� LQ� WKH� NHWRURODF� JURXS�
�*URXS����DQG�����SDWLHQWV�ZLWK�����
IUDFWXUHV�LQ�WKH�FRQWURO�JURXS��*URXS�
����7KH�DYHUDJH�WLPH�WR�XQLRQ�RI�WKH�
IHPXU� ZDV� ���� GD\V� IRU� *URXS� ��
DQG�����GD\V�IRU�*URXS����S �������
+HDOLQJ� WLPH� IRU� WKH� WLELD� ZDV� ����
GD\V� IRU� HDFK� JURXS�� $OO� SDWLHQWV�
ZLWK� D� QRQXQLRQ� LQ� WKH� VWXG\� JURXS�
ZHUH�FXUUHQW�VPRNHUV� 
&RQFOXVLRQ�� 7KLV� VWXG\� IRXQG�

WKDW� NHWRURODF�XVHG�ZLWKLQ� ��� KRXUV�
RI� ORZHU� H[WUHPLW\� IUDFWXUH� VXUJHU\�
KDG�QR�LOO�HIIHFW�RQ�IUDFWXUH�KHDOLQJ� 

  
'RQDKXH��'���HW DO�� .HWRURODF�
$GPLQLVWUDWLRQ� LQ� WKH� 5HFRYHU\�
5RRP� IRU� $FXWH� 3DLQ� 0DQDJHPHQW�
'RHV� 1RW� $IIHFW� +HDOLQJ� 5DWHV� RI�
)HPRUDO� DQG� 7LELDO� )UDFWXUHV�� -�
2UWKRSDHGLF�7UDXPD�'2,����������
%27����������������� 

  
  

0($685(0(17�(5525�:,7+�
,03$&7�7(67,1* 

  
$IWHU� D�PLOG� WUDXPDWLF� EUDLQ� LQMXU\�

�7%,��� FRPSXWHUL]HG� QHXURFRJQLWLYH�
WHVWV� UHPDLQ� D� FRUQHUVWRQH� RI�
FRQFXVVLYH� DVVHVVPHQW�� 7KH�
,PPHGLDWH� 3RVW� &RQFXVVLRQ�
$VVHVVPHQW� DQG� &RJQLWLYH� 7HVWLQJ�
�,P3$&7��LV�WKH�PRVW�ZLGHO\�XVHG�RI�
WKH�QHXURFRJQLWLYH�WHVWLQJ�SURJUDPV�
LQ� FRQFXVVLRQ� PDQDJHPHQW�� 7KLV�
OLWHUDWXUH� UHYLHZ� ZDV� GHVLJQHG� WR�
EHWWHU� DVVHVV� WKH� UHOLDELOLW\� RI� WKH�
,P3$&7�WHVW� 
$�OLWHUDWXUH�UHYLHZ� ZDV�FRPSOHWHG�

XVLQJ� VWXGLHV� SXEOLVKHG� EHWZHHQ�
-DQXDU\� RI� ����� DQG� 1RYHPEHU� RI�
������ 7KH� VHDUFK� ZDV� FRPSOHWHG�
IRU�VWXGLHV�DVVHVVLQJ�WKH ,P3$&7�
FRPSDUHG� ZLWK� RWKHU� PHWKRGV� RI�
QHXURSV\FKRORJLFDO� WHVWLQJ� LQ�
SDWLHQWV� ZLWK� EUDLQ� LQMXU\�� 6WXGLHV�
VHOHFWHG� ZHUH� LQFOXGHG� LI�
SDUWLFLSDQWV� FRPSOHWHG� WKH� ,P3$&7�
DW�OHDVW� WZLFH�� 2I� WKH� ������ DUWLFOHV�
UHYLHZHG�� WHQ� ZHUH� FKRVHQ� IRU� IXOO�
UHYLHZ� DQG� PHWD-� DQDO\VLV�� 6HYHQ�
RI� WKH� QLQH� VWXGLHV� UHSRUWHG� D�
3HDUVRQ� U� DV� D� PHDVXUH� RI� WHVW-
UHWHVW�UHOLDELOLW\�� :LWKLQ� HDFK�VWXG\��
WKH� YLVXDO�PRWRU� SURFHVVLQJ� VSHHG�
ZDV� FRQVLVWHQWO\� WKH� PRVW� UHOLDEOH�
FRPSRVLWH� VFRUH�� ZLWK� YHUEDO�
PHPRU\�DQG YLVXDO� PHPRU\�
GHPRQVWUDWLQJ� WKH� OHDVW� UHOLDELOLW\��
:LWK� WKH� H[FHSWLRQ� RI� SURFHVVLQJ�
VSHHG�� DOO� FRPSRVLWH� VFRUHV�

H[KLELWHG� SRRU� WR� PRGHUDWH�
UHOLDELOLW\� 
&RQFOXVLRQ�� 7KLV� OLWHUDWXUH��

UHYLHZ� DQG� PHWD-DQDO\VLV� RI�
,P3$&7� WHVWLQJ� IRXQG� WKDW� WKH�
PDMRULW\� RI� ,P3$&7� FRPSRVLWH�
VFRUHV� IDLOHG� WR� UHDFK� JRRG�
UHOLDELOLW\� 

  
$OVDODKHHQ��%��� HW� DO��0HDVXUHPHQW�
(UURU� LQ� WKH� ,PPHGLDWH�
3RVWFRQFXVVLRQ� $VVHVVPHQW� DQG�
&RJQLWLYH� 7HVWLQJ� �,P3$&7���
6\VWHPDWLF�5HYLHZ��-�+HDG� 7UDXPD�
5HKDE�� ������ -XO\�$XJXVW�� �������
���-���� 

  

0(025<�5(7(17,21�
(1+$1&('�%<�3+<6,&$/�

(;(5&,6( 
  
3UHYLRXV� VWXGLHV� VXJJHVW� WKDW�

SHUVLVWHQW� ORQJ-WHUP� PHPRU\�
GHSHQGV� XSRQ� VXFFHVVIXO�
VWDELOL]DWLRQ� DQG� LQWHJUDWLRQ� RI� QHZ�
PHPRULHV� DIWHU� WKH� LQLWLDO� FRGLQJ��
7KLV� FRQVROLGDWLRQ� KDV� EHHQ� IRXQG�
WR� UHTXLUH� QHXURPRGXODWLRQ� IDFWRUV��
LQFOXGLQJ� GRSDPLQH�� QRUDGUHQDOLQH�
DQG� EUDLQ� GHULYHG� QHXURWURSKLF�
IDFWRU�� $V� H[HUFLVHV� KDYH� EHHQ�
IRXQG� WR� VWLPXODWH� WKH� UHOHDVH� RI�
VHYHUDO� RI� WKHVH� IDFWRUV�� WKLV� VWXG\�
LQYHVWLJDWHG�ZKHWKHU�H[HUFLVH�PLJKW�
LQIOXHQFH� WKH� FRQVROLGDWLRQ� RI� QHZ�
PHPRULHV�DQG�UHWULHYDO� 
3DUWLFLSDQWV� ZHUH� UDQGRPO\�

DVVLJQHG� WR� RQH� RI� WKUHH� JURXSV�
DIWHU� ILUVW� HQFRGLQJ� D� VHW� RI� ���
SLFWXUH-�ORFDWLRQ�DVVRFLDWLRQV�RYHU�D�
SHULRG�RI�DSSUR[LPDWHO\����PLQXWHV��
7KH� JURXSV� SHUIRUPHG� H[HUFLVHV�
LPPHGLDWHO\� RU� IRXU� KRXUV� DIWHU� WKH�
HQFRGLQJ� VHVVLRQ�� ZKLOH� D� WKLUG�
UHIUDLQHG� IURP� H[HUFLVH�� $W� ���
KRXUV�� SDUWLFLSDQWV� UHWXUQHG� IRU� D�
FXHG� UHFDOO� WHVW�� XQGHUJRLQJ�
PDJQHWLF�UHVRQDQFH�LPDJLQJ� 
5HWHQWLRQ� LQ� WKH� GHOD\HG�H[HUFLVH�

JURXS�ZDV� IRXQG� WR� EH� KLJKHU� WKDQ�
WKDW� LQ� WKH� LPPHGLDWH� H[HUFLVH� DQG�
WKH� QR� H[HUFLVH� JURXSV�� ZLWK� QR�
GLIIHUHQFH� QRWHG� EHWZHHQ� WKH� ODWWHU�
WZR�� 0HPRU\� UHWHQWLRQ� ZDV� QRW�
FRUUHODWHG� ZLWK� WKH� SDUWLFLSDQWV¶�
UHSRUWHG� URXWLQH� ZHHNO\� H[HUFLVH�
VFKHGXOH�� 7KH� 05,� ILQGLQJV�
VXJJHVWHG� DQ� LQFUHDVHG�
KLSSRFDPSDO� SDWWHUQ� VLPLODULW\� IRU�
FRUUHFW� UHVSRQVHV� GXULQJ� GHOD\HG�
UHWULHYDO� 
&RQFOXVLRQ�� 7KLV� VWXG\� IRXQG�

WKDW� SURSHUO\� WLPHG� SK\VLFDO�
H[HUFLVH� FDQ� LPSURYH� PHPRU\�
UHWHQWLRQ� 
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9DQ'RQJHQ�� (��� HW� DO�� 3K\VLFDO�
([HUFLVH� 3HUIRUPHG� )RXU� +RXUV�
DIWHU� /HDUQLQJ� ,PSURYHV� 0HPRU\�
5HWHQWLRQ� DQG� ,QFUHDVHV�
+LSSRFDPSDO� 3DWWHUQ� 6LPLODULW\�
GXULQJ� 5HWULHYDO�� &XUUHQW� %LRORJ\��
�����GRL����������
M�FXE������������� 

  

086&8/26.(/(7$/�,1-85,(6�
$1'�&$53$/�7811(/�

6<1'520( 
  
5LVN� IDFWRUV� IRU� FDUSDO� WXQQHO�

V\QGURPH� �&76�� LQFOXGH� IHPDOH�
JHQGHU�� SUHJQDQF\�� REHVLW\� DQG�
PDQXDO� ODERU�� $V� PXVFXORVNHOHWDO�
LQMXULHV� PD\� IRUFH� DIIHFWHG�
LQGLYLGXDOV� WR� DGRSW� DGYHUVH�
SRVWXUHV�� WKLV� VWXG\� DVVHVVHG� WKH�
DVVRFLDWLRQ� EHWZHHQ� WKRVH� LQMXULHV�
DQG� &76� LQ� D� JURXS� RI� /DWLQR�
PDQXDO�ODERUHUV� 
6XEMHFWV� ZHUH� /DWLQR� SRXOWU\� DQG�

QRQ-SRXOWU\�PDQXDO�ODERU�ZRUNHUV�LQ�
IRXU� UXUDO� FRXQWLHV� LQ�ZHVWHUQ�1RUWK�
&DUROLQD�� 7KH� SDUWLFLSDQWV�
XQGHUZHQW� D� RQH-KRXU� LQWHUYLHZ��
DQVZHULQJ�TXHVWLRQV� UHJDUGLQJ� WKHLU�
ZRUN� DQG� KHDOWK�� 'DWD� ZHUH�
UHFRUGHG� RI� VHOI-� UHSRUWHG� FKDQJHV�
LQ� KHDOWK� DQG� SDLQ� LQ� VKRXOGHUV��
HOERZV� RU� ORZ� EDFN� WKDW� KDG�
RFFXUUHG�RQ�DW�OHDVW�WZR�GD\V�GXULQJ�
WKH� SUHFHGLQJ� PRQWK�� 6SRUWV�
PHGLFLQH� SK\VLFLDQV� FRQGXFWHG�
PXVFXORVNHOHWDO� H[DPLQDWLRQV�� ZLWK�
D�SDUWLFXODU� IRFXV�RQ� WKH�VLWH�RI� WKH�
SDLQ�� 3DUWLFLSDQWV� DOVR� XQGHUZHQW�
QHUYH�FRQGXFWLRQ�VWXGLHV��1&6V��RQ�
ELODWHUDO�ZULVWV��ZLWK� ILQGLQJV�VFRUHG�
DV�QR�&76��SRVVLEOH�&76��DQG�&76��
7KH�ILQGLQJV�ZHUH�GLFKRWRPL]HG�LQWR�
&76� �FRPELQHG� &76� DQG� SRVVLEOH�
&76�� DQG� QR�&76��0XVFXORVNHOHWDO�
LQMXULHV� ZHUH� FRPSDUHG� ZLWK� 1&6�
ILQGLQJV� 
$� WRWDO� RI� ���� SDUWLFLSDQWV�� ZLWK� D�

PHDQ�DJH�RI������\HDUV�DQG�D�PHDQ�
ERG\� PDVV� LQGH[� RI� ����� NJ�P���
FRPSOHWHG� WKH� VWXG\�� 2I� WKHVH��
������ KDG� URWDWRU� FXII� V\QGURPH��
����� HSLFRQG\OLWLV� DQG� ������ &76�
LQ� DW� OHDVW� RQH� H[WUHPLW\�� 7KH�
DVVRFLDWLRQ� EHWZHHQ� URWDWRU� FXII�
V\QGURPH� DQG� &76� ZDV� VLJQLILFDQW�
IRU� DOO� LQGLYLGXDOV� �S ������� ZLWK� D�
JUHDWHU� RGGV� UDWLR� LQ� WKH� ULJKW� DUP��
7KH� DVVRFLDWLRQ� EHWZHHQ�
HSLFRQG\OLWLV� DQG� &76� IDLOHG� WR�
UHDFK�VWDWLVWLFDO�VLJQLILFDQFH� 
&RQFOXVLRQ�� 7KLV� VWXG\� IRXQG�

WKDW� LQGLYLGXDOV� ZLWK� URWDWRU� FXII�
V\QGURPH�KDYH�D�KLJKHU�SUHYDOHQFH�
RI�FDUSDO�WXQQHO�V\QGURPH� 

  
&DUWZULJKW��0��� HW� DO��([DPLQLQJ� WKH�
$VVRFLDWLRQ� EHWZHHQ�
0XVFXORVNHOHWDO� ,QMXULHV� DQG�&DUSDO�
7XQQHO� 6\QGURPH� LQ� 0DQXDO�
/DERUHUV��0XVFOH�1HUYH��������-XO\��
����������-��� 

  
29(5:(,*+7�+,3�)5$&785(�

3$7,(17�6859,9$/ 
  
3UHYLRXV� VWXGLHV� KDYH� VXJJHVWHG�

WKDW� XS� WR� KDOI� RI� SDWLHQWV� VXIIHULQJ�
IURP�D�KLS�IUDFWXUH�DUH�PDOQRXULVKHG�
XSRQ� KRVSLWDO� DGPLVVLRQ�� 6RPH�
KDYH� IRXQG�DQ�DVVRFLDWLRQ�EHWZHHQ�
LQFUHDVHG� LQ-KRVSLWDO� PRUWDOLW\� UDWH�
DQG� ORZ� ERG\� PDVV� LQGH[� �%0,���
7KLV�VWXG\�HYDOXDWHG�WKH�DVVRFLDWLRQ�
EHWZHHQ�%0,�DQG�RQH-\HDU� VXUYLYDO�
LQ� UHODWLYHO\� KHDOWK\�� HOGHUO\� KLS�
IUDFWXUH�SDWLHQWV� 
&RQVHFXWLYH� SDWLHQWV� ZLWK� D� KLS�

IUDFWXUH� DGPLWWHG� WR� RQH� RI� IRXU�
XQLYHUVLW\� KRVSLWDOV� LQ� 6WRFNKROP�
ZHUH�DVVHVVHG�IRU�LQFOXVLRQ��(OLJLEOH�
SDWLHQWV� ZHUH� !��� \HDUV� RI� DJH��
OLYLQJ� LQGHSHQGHQWO\�� ZLWK� QR�
GLDJQRVLV� RI� GHPHQWLD� RU� VHYHUH�
FRJQLWLYH�LPSDLUPHQW��(DFK�SDWLHQW¶V�
SK\VLFDO� VWDWXV� ZDV� DVVHVVHG�
EHIRUH� VXUJHU\�� ZLWK� FRJQLWLYH�
IXQFWLRQ� HYDOXDWHG� XVLQJ� WKH�
63064�� /LYLQJ� FRQGLWLRQV� ERWK�
EHIRUH�WKH�KLS�IUDFWXUH�DQG�RQH�\HDU�
SRVWRSHUDWLYHO\� ZHUH� UHFRUGHG�� $�
%0,�ZDV�FDOFXODWHG�IRU�HDFK�SDWLHQW�
DQG� FRPSDUHG� ZLWK� RQH-\HDU�
RXWFRPH��$�%0,�RI� OHVV� WKDQ����NJ�
P�� ZDV� XVHG� DV� WKH� FXWRII� IRU�
XQGHUZHLJKW�DQG�ULVN�RI�PDOQXWULWLRQ� 
2I�WKH�����SDWLHQWV�LQFOXGHG�LQ�WKH�

VWXG\�� WKH� RQH-\HDU� PRUWDOLW\� UDWH�
ZDV� ���� LQ� SDWLHQWV� ZLWK� D� %0,� RI�
OHVV� WKDQ� ��� NJ�P��� ���� DPRQJ��
WKRVH� ZLWK� D� %0,� RI� ��-��� NJ�P��
DQG����DPRQJ� WKRVH�D�%0,�RI�!���
NJ�P��� 7KH� XQDGMXVWHG� RGGV� UDWLR�
IRU� RQH-� \HDU� VXUYLYDO� LQ� SDWLHQWV�
ZLWK� D� %0,രRI� !ര��� NJ�P�� ZDV� �����
FRPSDUHG�WR�WKH�JURXS�ZLWK�D�%0,�RI
ര�ര��� NJ�P��� DQG� ���� FRPSDUHG� WR�
WKH� JURXS� ZLWK� D� %0,� RI� ��–��� NJ�
P�� 
&RQFOXVLRQ�� 7KLV� SURVSHFWLYH�

VWXG\� RI� SDWLHQWV� ZLWK� DFXWH� KLS�
IUDFWXUH� IRXQG� WKDW� VXUYLYDO� ZDV�
VXSHULRU�DPRQJ�SDWLHQWV�ZLWK�D�ERG\�
PDVV� LQGH[� DERYH� ��� NJ�P��� DV�
FRPSDUHG� ZLWK� WKRVH� ZLWK� D� OHVVHU�
ERG\�PDVV�LQGH[� 

  
)ORGLQ��/���HW�DO��,QFUHDVHG�2QH-<HDU�
6XUYLYDO� DQG� 'LVFKDUJH� WR�
,QGHSHQGHQW� /LYLQJ� LQ� 2YHUZHLJKW�
+LS�)UDFWXUH�3DWLHQWV��$FWD� 2UWKRS��

������$SULO������������-���� 
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5RWDWRU� FXII� WHDUV� DUH� SUHYDOHQW��

DIIHFWLQJ� DQ� HVWLPDWHG� ���� RI�
SHUVRQV�RYHU�WKH�DJH�RI����\HDUV�LQ�
WKH� 8QLWHG� 6WDWHV�� 1RQRSHUDWLYH�
WUHDWPHQW� LV� HIIHFWLYH� IRU� PDQ\�
SDWLHQWV�� ZLWK� VXUJLFDO� UHSDLU� IDLOXUH�
UDWHV� HVWLPDWHG� DW� ��� WR� ����� 7KLV�
VWXG\� ZDV� GHVLJQHG� WR� LGHQWLI\�
SUHGLFWRUV� RI� VXUJHU\� DPRQJ�
SDWLHQWV�ZLWK�WKHVH�LQMXULHV� 
7KLV� SURVSHFWLYH�� PXOWLFHQWHU��

FRKRUW� VWXG\� LQFOXGHG� SDWLHQWV� ZLWK�
IXOO-WKLFNQHVV� URWDWRU� FXII� WHDUV�� 7KH�
SDUWLFLSDQWV� HQJDJHG� LQ� D� SK\VLFDO�
WKHUDS\� SURJUDP� GHYHORSHG� IURP� D�
V\VWHPDWLF� UHYLHZ� RI� WKH� OLWHUDWXUH��
DQG� UHWXUQHG� IRU� HYDOXDWLRQV� DW� VL[�
DQG� ��� ZHHNV�� 7KRVH� ZKR� ZHUH�
FXUHG� RU� LPSURYHG� ZHUH� VFKHGXOHG�
IRU� UHDVVHVVPHQW� LQ� VL[� ZHHNV��
7KRVH�ZKR�ZHUH�QR�EHW�WZR�\HDUV�WR�
GHWHUPLQH� ZKHWKHU� WKH\� KDG�
XQGHUJRQH� VXUJHU\� VLQFH� WKHLU� ODVW�
YLVLW� 
2I� WKH� ���� SDWLHQWV� VHHQ�� ����

HOHFWHG�WR�XQGHUJR�VXUJHU\��8VLQJ�D�
PXOWLYDULDWH� DGMXVWHG� PRGHO��
SDWLHQWV¶� H[SHFWDWLRQV� UHJDUGLQJ� WKH�
HIIHFWLYHQHVV� RI� UHKDELOLWDWLRQ�
�S��������� ZDV� IRXQG� WR� EH� WKH�
PRVW� VLJQLILFDQW� SUHGLFWRU� RI� IDLOXUH�
RI� UHKDELOLWDWLRQ� DQG� XOWLPDWH�
VXUJLFDO� LQWHUYHQWLRQ�� 7KRVH� ZLWK�
KLJKHU� DFWLYLW\� OHYHOV� DQG�
QRQVPRNLQJ� SDWLHQWV� ZHUH� DOVR�
PRUH� OLNHO\� WR� XQGHUJR� VXUJHU\��
6WUXFWXUDO� IDFWRUV�� LQFOXGLQJ� VL]H� RI�
WHDU�� SDLQ� VFDOH� VFRUHV�� DQG�
ZHDNQHVV� ZHUH� QRW� SUHGLFWRUV� RI�
FKRRVLQJ�VXUJHU\� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� IXOO-WKLFNQHVV� URWDWRU�
FXII� WHDUV� IRXQG� WKDW� WKH� SDWLHQW¶V�
GHFLVLRQ� WR� XQGHUJR� VXUJHU\� ZDV�
LQIOXHQFHG� PRUH� E\� ORZ� SDWLHQW�
H[SHFWDWLRQV� UHJDUGLQJ� WKH�
HIIHFWLYHQHVV� RI� SK\VLFDO�
RFFXSDWLRQDO� WKHUDS\� WKDQ� E\� WKH�
SDWLHQW¶V� V\PSWRPV� RU� DQDWRPLF�
IHDWXUHV�RI�WKH�URWDWRU�FXII�LQMXU\� 

  
'XQQ��:���HW�DO��3UHGLFWRUV�RI�)DLOXUH�
RI� 1RQRSHUDWLYH� 7UHDWPHQW� RI�
&KURQLF�� 6\PSWRPDWLF�� )XOO-
7KLFNQHVV� 5RWDWRU� &XII� 7HDUV�� -�
6KRXOGHU�(OE�6XUJ��������$XJXVW��
�����������-����� 
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,W�LV�HVWLPDWHG�WKDW�����RI�EDVHEDOO�

SOD\HUV� EHWZHHQ� WKH� DJHV� RI� HLJKW�
DQG����\HDUV�RI�DJH�ZLOO�H[SHULHQFH�
DUP� SDLQ� GXULQJ� D� VLQJOH� \RXWK�
EDVHEDOO� VHDVRQ�� 7KLV� VWXG\�
H[DPLQHG� HOERZ� DEQRUPDOLWLHV� LQ�
DV\PSWRPDWLF� OLWWOH� OHDJXH� EDVHEDOO�
SOD\HUV� WR� UHYLHZ� WKH� DVVRFLDWLRQ�
EHWZHHQ� WKHVH� ILQGLQJV� DQG� WKH�
SOD\HUV¶� WKURZLQJ� KLVWRU\� DQG�
SK\VLFDO�H[DPLQDWLRQ� 
7KLV�SURVSHFWLYH�VWXG\�LQFOXGHG����

/LWWOH� /HDJXH� EDVHEDOO� SOD\HUV�
UHFUXLWHG� IURP� WKH� KLJKHVW� OHDJXH�
OHYHO� ZLWKLQ� WKH� GLVWULFW�� $OO� SDWLHQWV�
XQGHUZHQW� D� GHWDLOHG� KLVWRU\��
SK\VLFDO� H[DPLQDWLRQ� RI� ERWK� XSSHU�
H[WUHPLWLHV�DQG�DQ�05,�RI�WKH�HOERZ��
7KRVH�ZKR�UHSRUWHG�D�KLVWRU\�RI�SDLQ�
RU� LQMXU\� WR� WKH� DUP� IURP� EDVHEDOO�
ZHUH� FRPSDUHG� WR� WKRVH� ZLWK� D�
QHJDWLYH�KLVWRU\� 
7KH�VXEMHFWV�ZHUH�D�PHDQ�DJH�RI�

�����\HDUV�ZLWK�D�PHDQ�SOD\LQJ�WLPH�
RI� ���� \HDUV�� 2I� WKHVH� ����
UHVSRQGHG�³\HV´�WR�KDYLQJ�VXVWDLQHG�
DQ��DUP�� LQMXU\� � IURP��WKURZLQJ�� �� RU��
WR�KDYLQJ�KDG�H[SHULHQFHG�DUP�SDLQ�
IURP� WKURZLQJ�� $V\PPHWULF� 05,�
DEQRUPDOLWLHV� ZHUH� REVHUYHG� LQ� WKH�
GRPLQDQW� HOERZV� RI� ���� RI� WKH�
FRKRUW�ZLWK�RQH�WKLUG�RI�WKHVH�KDYLQJ�
WZR� DEQRUPDOLWLHV�� 7KRVH� ZLWK�
SRVLWLYH� 05,� ILQGLQJV� GHPRQVWUDWHG�
D� JUHDWHU� UHGXFWLRQ� LQ� VKRXOGHU�
LQWHUQDO� URWDWLRQ� FRPSDUHG� WR� WKH�
QRQGRPLQDQW� DUP�� )DFWRUV�
DVVRFLDWHG�ZLWK�SRVLWLYH�05,�ILQGLQJV�
ZHUH� \HDU-URXQG� SOD\� DQG� ZRUNLQJ�
ZLWK�D�SULYDWH�FRDFK� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

DV\PSWRPDWLF� \RXWK� EDVHEDOO�
SOD\HUV�IRXQG�WKDW�05,�DEQRUPDOLWLHV�
LQYROYLQJ� WKH� PHGLDO� DVSHFW� RI� WKH�
HOERZ� ZHUH� FRPPRQ� LQ� \HDU-URXQG�
EDVHEDOO� SOD\HUV�� HVSHFLDOO\� DPRQJ�
WKRVH� ZLWK� JOHQRKXPHUDO� LQWHUQDO�
URWDWLRQ� GHILFLWV� DQG� DPRQJ� WKRVH�
XVLQJ�SULYDWH�FRDFKHV� 

  
3HQQRFN�� $��� HW� DO�� 3UHVHDVRQ�
$VVHVVPHQW� RI� 5DGLRJUDSKLF�
$EQRUPDOLWLHV� LQ� WKH�(OERZV�RI�/LWWOH�
/HDJXH� %DVHEDOO� 3OD\HUV�� -� %RQH�
-RLQW� 6XUJ��������0D\������������–
���� 

 5(7851�72�63257�$)7(5�
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2QH� RI� WKH� PDLQ� H[SHFWDWLRQV� RI�

DWKOHWHV� XQGHUJRLQJ� URWDWRU� FXII�

UHSDLU� VXUJHU\� LV� WR� UHWXUQ� WR� VSRUW�
DIWHU� WUHDWPHQW�� 7KLV� V\VWHPDWLF��
UHYLHZ� DQG� PHWD-DQDO\VLV� RI� WKH�
OLWHUDWXUH� ZDV� GHVLJQHG� WR� EHWWHU�
XQGHUVWDQG�WKH�UDWH�RI�UHWXUQ�WR�VSRUW�
DIWHU�WUHDWPHQW�RI�URWDWRU�FXII�WHDUV� 
$� OLWHUDWXUH� VHDUFK�ZDV�SHUIRUPHG�

XVLQJ�PXOWLSOH�GDWDEDVHV� IRU�VWXGLHV�
ZKLFK� IRFXVHG� RQ� URWDWRU� FXII� WHDU��
UHSDLU�UHWXUQ� WR� SOD\�UHWXUQ� WR� VSRUW��
7KH� ILQDO� VHDUFK� ZDV� SHUIRUPHG� LQ�
2FWREHU� RI� ������ 'DWD� � ZHUH�
H[WUDFWHG�DQG�DQDO\]HG�WR�GHWHUPLQH�
WKH� PHDQ� UDWH� RI� UHWXUQ� WR� VSRUW��
6HFRQGDU\� RXWFRPH� YDULDEOHV�
LQFOXGHG� IXQFWLRQDO� UHVXOWV� DQG�
SDWLHQW�VDWLVIDFWLRQ� 
7KH�DQDO\VLV�LQFOXGHG�GDWD�IURP����

VWXGLHV�� DPRQJ� ZKLFK� ��� ZHUH�
UHWURVSHFWLYH� DQG� ILYH� ZHUH�
FRPSDUDWLYH�� )URP� WKHVH�� GDWD�
FRQFHUQLQJ�����SDWLHQWV�ZLWK�D�PHDQ�
DJH� RI� ����� \HDUV� ZHUH� H[WUDFWHG��
7KH�PHDQ�GHOD\�EHWZHHQ�WKH�URWDWRU�
FXII� LQMXU\� RU� WKH� EHJLQQLQJ� RI�
V\PSWRPV� DQG� VXUJHU\� ZDV� �����
PRQWKV�� 7KH� FRPELQHG� UHWXUQ� WR��
VSRUW� ZDV� ������� ZLWK� WKH� WLPH� WR�
UHWXUQ� UDQJLQJ� IURP� ���� WR� ���
PRQWKV��2I� WKRVH� UHWXUQLQJ� WR�VSRUW��
������ UHSRUWHG� UHWXUQLQJ� DW� WKH�
VDPH�OHYHO�DV�SUH-LQMXU\��7KH�UDWH�RI�
UHWXUQ�WR��WKH�VDPH�OHYHO�RI�SOD\�ZDV�
������ LQ� WKH� SURIHVVLRQDO� DWKOHWHV��
������ LQ� WKH� FRPSHWLWLYH� DWKOHWHV�
DQG� ������ LQ� WKH� UHFUHDWLRQDO�
DWKOHWHV��3DWLHQW�VDWLVIDFWLRQ�ZLWK�WKH�
UHSDLU�UDQJHG�IURP�������WR������ 
&RQFOXVLRQ�� 7KLV� PHWD-DQDO\VLV�

RI� SDWLHQWV� XQGHUJRLQJ� URWDWRU� FXII�
UHSDLU� IRXQG� WKDW� ������ UHWXUQHG� WR�
VSRUW��ZLWK�������RI� WKRVH� UHWXUQLQJ�
DW� WKH� VDPH� OHYHO� RI� SOD\� DV� SUH-�
LQMXU\� 

  
.ORXFKH�� 6��� HW� DO�� 5HWXUQ� WR� 6SRUW�
DIWHU� 5RWDWRU� &XII� 7HDU� 5HSDLU�� $�
6\VWHPDWLF� 5HYLHZ� DQG� 0HWD-�
$QDO\VLV��$P� -� 6SRUW� 0HG�� ������
-XO\�������������-����� 
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&OLQLFDO� PDQDJHPHQW� RI�

RVWHRSRURVLV� KDV� SURJUHVVHG� ZLWK�
WKH� LQWURGXFWLRQ� RI� DQWLUHVRUSWLYH�
GUXJV� WKDW� UHGXFH� WKH� ULVN� RI�
IUDFWXUHV� LQ� DGXOWV�� +RZHYHU�� VRPH�
KDYH� H[SUHVVHG� FRQFHUQ� WKDW� WKHVH�
GUXJV� PD\� OHDG� WR� DW\SLFDO� IHPXU�
IUDFWXUHV�� ZKLFK� FRXOG� RIIVHW� WKH�
EHQHILWV�RI�ORQJ-WHUP�XVH��7KLV�VWXG\�
UHYLHZHG� WKH� DVVRFLDWLRQ� EHWZHHQ�
ORQJ-WHUP� XVH� RI� DOHQGURQDWH� DQG�

WKH� ULVN� RI� VXEWURFKDQWHULF� DQG�
IHPRUDO�VKDIW�IUDFWXUHV� 
'DWD� ZHUH� GHULYHG� IURP� D�

QDWLRQZLGH� SRSXODWLRQ-EDVHG� RSHQ�
UHJLVWU\� FRKRUW� VWXG\� FRQWDLQLQJ� WZR�
QHVWHG� FDVH-FRQWUROOHG� VWXGLHV�� 7KH�
VDPSOH� LQFOXGHG� WUHDWPHQW� QDLYH�
LQFLGHQW� XVHUV� RI� DOHQGURQDWH� IURP�
�����WR������ LQ�'HQPDUN�ZKR�ZHUH�
DJHV� ��� WR� ��� \HDUV� DW� RQVHW� RI�
WUHDWPHQW�� 7KRVH� ZKR� VXVWDLQHG� D�
KLS� IUDFWXUH� GXULQJ� WKH� VWXG\� SHULRG�
ZHUH� PDWFKHG� WR� FRQWUROV�� ,Q�
DGGLWLRQ�� WKRVH� ZKR� H[SHULHQFHG� D�
VXEWURFKDQWHULF�VKDIW� IUDFWXUH� ZHUH�
LGHQWLILHG� DV� FDVHV� LQ� D� VHFRQG�
GDWDEDVH�� DOVR�PDWFKHG� WR�FRQWUROV��
([SRVXUH� WR� DOHQGURQDWH� ZDV�
GHWHUPLQHG E\� SKDUPDF\�
GLVSHQVDWLRQV� DQG� XVHG� WR�
GHWHUPLQH� WKH� DVVRFLDWLRQ� EHWZHHQ�
ORQJ-WHUP� XVH� RI� DOHQGURQDWH� DQG�
WKH� ULVN� RI� VXEWURFKDQWHULF� DQG�
IHPRUDO� VKDIW� IUDFWXUHV�� 6XEMHFWV�
ZHUH� ������� DOHQGURQDWH� XVHUV�
IROORZHG� IRU� D�PHGLDQ� RI� ���� \HDUV��
'XULQJ� WKDW� WLPH�� ������ VXVWDLQHG� D�
VXEWURFKDQWHULF� RU� IHPRUDO� VKDIW�
IUDFWXUH�ZKLOH�������VXVWDLQHG�D�KLS�
IUDFWXUH�� &RQGLWLRQDO� ORJLVWLF�
UHJUHVVLRQ� DQDO\VLV� GHPRQVWUDWHG� D�
UHGXFHG� ULVN� RI� VXEWURFKDQWHULF� DQG�
IHPRUDO�VKDIW�IUDFWXUHV�DPRQJ�WKRVH�
ZKR� ZHUH� KLJKO\� DGKHUHQW� WR�
DOHQGURQDWH� XVH�� DV� FRPSDUHG� WR�
WKRVH� ZKR� ZHUH� SRRUO\� DGKHUHQW�
�S ������� DOWKRXJK� WKLV� ILQGLQJ�
FKDQJHG� ZKHQ� DGMXVWHG� IRU�
FRPRUELG� FRQGLWLRQV� �S �������
+LJKHU� DGKHUHQFH� ZDV� DVVRFLDWHG�
ZLWK�D�GHFUHDVHG�ULVN�RI�KLS� IUDFWXUH�
DV� ZDV� D� FXPXODWLYH� XVH� RI� ILYH� WR�
��� GRVH-\HDUV� �S�������� DQG� ��� RU�
PRUH�GRVH-\HDUV� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV�WUHDWHG�ZLWK�DOHQGURQDWH�IRU�
XS� WR� ��� \HDUV� IRXQG� D� ���� ORZHU�
ULVN� RI� KLS� IUDFWXUH� DQG� QR� LQFUHDVH�
LQ� WKH� ULVN� RI� IUDFWXUHV� RI� WKH�
VXEWURFKDQWHULF� IHPXU� DQG� IHPRUDO�
VKDIW�ZLWK�WKH�XVH�RI�WKLV�GUXJ� 

  
$EUDKDPVHQ�� %��� HW� DO�� 5LVN� RI� +LS��
6XEWURFKDQWHULF� DQG� )HPRUDO� 6KDIW�
)UDFWXUHV� DPRQJ� 0LG-� DQG� /RQJ-�
7HUP� 8VHUV� RI� $OHQGURQDWH��
1DWLRQZLGH� &RKRUW� 1HVWHG� &DVH-�
&RQWURO� 6WXG\�� %0-��
���������L����� 
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$QN\ORVLQJ� VSRQG\OLWLV� �$6�� LV� D�

FKURQLF� LQIODPPDWRU\� GLVHDVH� WKDW�



 

 

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 

� ǆƉĂŶĚ ŝŶŐ � ƚ ŚĞ � Ĩ ƌ ŽŶ ƚ ŝ Ğ ƌ � Ž Ĩ �ŵĞĚ ŝ Đ ŝ Ŷ Ğ � ŝ Ŷ � ƌ Ğ Ɛ ĞĂ ƌ ĐŚ ͕ � ƚ Ğ ĂĐŚ ŝŶ Ő ͕ � ĂŶĚ �Ɖ Ă ƚ ŝ ĞŶ ƚ � Đ Ă ƌ Ğ  

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

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

�WKH� $6'$6-(65�� DQG� $6'$6-
&53�� 
:KLOH�LPSURYHPHQWV�ZHUH�QRWHG�LQ�

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

SDWLHQWV� ZLWK� DQN\ORVLQJ� VSRQG\OLWLV�
IRXQG� WKDW� FRQWLQXRXV� XOWUDVRXQG�
WUHDWPHQW� ZLWK� H[HUFLVH� WKHUDS\� FDQ�
UHGXFH� SDLQ�� VWLIIQHVV� DQG� GLVHDVH�
DFWLYLW\�� DV� ZHOO� DV� LPSURYH� OXPEDU�
PRELOLW\� DQG� TXDOLW\� RI� OLIH�� EHWWHU�
WKDQ�H[HUFLVH�DORQH� 
  
.DUDDPDQOLRJOX�� '��� HW� DO��
(IIHFWLYHQHVV� RI� 8OWUDVRXQG�
7UHDWPHQW� $SSOLHG� ZLWK� ([HUFLVH�
7KHUDS\� LQ� 3DWLHQWV� ZLWK� $QN\ORVLQJ�
6SRQG\OLWLV�� $� 'RXEOH-%OLQG��
5DQGRPL]HG�� 3ODFHER-&RQWUROOHG�
7ULDO��5KHXP�,QWHUQ��������0D\���� 
��������-���� 
  

  


