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%DFNJURXQG��3LU LIRUPLV�6\QGURPH� LV�D�FRQGLWLRQ� LQ�ZKLFK�GDPDJH� WR� WKH�SLU LIRUPLV�PXVFOH�FDXVHV�
SDLQ�LQ�EXWWRFN�DQG�OHJ��5RELQVRQ�GHVFULEHG�WKH�V\QGURPH�DV�KDYLQJ�VL[�NH\�FKDUDFWHULVWLFV��%HIRUH�������LW�
ZDV� FRQVLGHUHG� WKDW� WKH� VFLDWLFD� FDQ� EH� FDXVHG� E\� LPSLQJHPHQW� RI� VFLDWLF� QHUYH� LQ� SHOYLF�� EXW� QHZ�
GLDJQRVWLF� WHFKQRORJ\� VXJJHVWV� WKDW� LW� FDQ� DOVR� EH� FDXVHG� E\� GLVWDO� IRUDPLQDO� HQWUDSPHQW� DQG�3LULIRUPLV�
6\QGURPH��3LULIRUPLV�V\QGURPH�LV�XQGHUUDWHG�DQG�PRVWO\�QHJOHFWHG�E\�FOLQLFLDQ�WKRXJK�LW�FDQ�EH�D�FDXVH�RI�
ORZ�EDFN�SDLQ�� 
2EMHFWLYHV��7R�HYDOXDWH�WKH�SLU LIRUPLV�V\QGURPH�LQ�SDWLHQWV�FRPSODLQLQJ�RI�ORZ�EDFN�SDLQ�� 
0HWKRGV��7KLV�VWXG\�ZDV�FDU U LHG�RXW�DW�WKUHH�GLIIHUHQW�3XEOLF�0HGLFDO�7HDFKLQJ�,QVWLWXWHV��'XUDWLRQ�
RI�VWXG\�ZDV���PRQWKV�L�H���IURP�0DUFK������WR�$XJXVW�������6DPSOH�VL]H�RI�WKH�VWXG\�ZDV�����DQG�IRXU�
GLIIHUHQW�SK\VLFDO�WHVWV�ZHUH�SHUIRUPHG�RQ�SDWLHQWV�IRU�GLDJQRVLV�RI�3LULIRUPLV�V\QGURPH�� 
5HVXOWV��3LU LIRUPLV�6\QGURPH�ZDV�GLDJQRVHG�DPRQJ���������� ��VWXG\�SDU WLFLSDQWV�DPRQJ�ZKLFK����
ZHUH�PDOH�DQG����ZHUH�IHPDOHV�� 
&RQFOXVLRQ��(YHU\�WKLUG�SDWLHQW�RI�ORZ�EDFN�SDLQ�ZDV�GLDJQRVHG�ZLWK�3LU LIRUPLV�6\QGURPH��0DOH�WR�
IHPDOH�UDWLR�RI�3LULIRUPLV�6\QGURPH�ZDV������� 
.H\�ZRUGV��*OXWHDO�5HJLRQ��/RZ�EDFN�SDLQ��3LU LIRUPLV�0XVFOH�6\QGURPH��6FLDWLF�1HUYH� 

'2,��KWWSV���GRL�RUJ����������IXMUV�Y�L����� 

,QWURGXFWLRQ 

������3LULIRUPLV�6\QGURPH� LV�D�FRQGLWLRQ� WKDW�RFFXUV�
GXH� WR� LUULWDWLRQ� RI� VFLDWLF� QHUYH� E\� SLULIRUPLV�
PXVFOH�ZKLFK� FDXVHV� EXWWRFN� DQG� KLS� SDLQ�� ,Q� WKH�
ORZHU� OLPE�� WKHUH� LV� QXPEQHVV� LQ� WKH� SRVWHULRU�
PHGLDO� DVSHFW�� 7KLV� FRQGLWLRQ� LV� VLPLODU� LQ�
SUHVHQWDWLRQ�WR�D�WUXH�UDGLFXORSDWK\�RI�/��RU�6������
,W�LV�VDLG�WR�EH�WKH�VHFRQGDU\�FDXVH�IRU�WKH�VFLDWLFD��
ORZ� EDFN�� DQG� EXWWRFN� SDLQ�� 7KLV� 6\QGURPH� LV�
XVXDOO\�GHVFULEHG�DV�D�GHHS��DFKLQJ� W\SH�SDLQ�ZLWK�
RU� ZLWKRXW� VLJQV� DQG� V\PSWRPV� RI� VFLDWLFD� DORQJ�
ZLWK� QXPEQHVV�� SDLQ�� DQG� ORFDOL]HG� WHQGHUQHVV� LQ�
WKH�DUHD�RI�SLULIRUPLV�PXVFOH��3LULIRUPLV�V\QGURPH�
FDQ� KDYH� FRPSDUDWLYH� SUHVHQWDWLRQV� DV� RWKHU�
VRPDWLF�SDLQ�LVVXH��IRU�H[DPSOH��LQWHUYHUWHEUDO�GLVN�
SDWKRORJ\�� OXPERVDFUDO� UDGLFXORSDWK\� �VFLDWLFD���
VDFURLOLDF� GLVDUUDQJHV�� DQG� WURFKDQWHULF� SDWKRORJ\��
��� 
������7KH� SLULIRUPLV� PXVFOH� LV� D� OHYHO�� WULDQJXODU�
PROGHG�� DQG� SURIRXQG� VLWXDWHG� JOXWHDO� PXVFOH�����
7KH� SLULIRUPLV� PXVFOH� JRHV� DERXW� DV� DQ� RXWHU�
URWDWRU��SRZHUOHVV�DEGXFWRU��DQG�ZHDN�IOH[RU�RI�WKH�
KLS�� JLYLQJ� SRVWXUDO� VWDELOLW\� DPLG� DPEXODWLRQ� DQG�

VWDQGLQJ�� 7KH� SLULIRUPLV� PXVFOH� LV� LQQHUYDWHG� E\�
VSLQDO�QHUYHV�6��DQG�6��DQG�RFFDVLRQDOO\� OLNHZLVH�
E\�/���������,Q�PRVW�SDWLHQWV��WKH�VFLDWLF�QHUYH�OLHV�
EHORZ�WKH�SLULIRUPLV�PXVFOH��VFLDWLF�QHUYH�ELIXUFDWH�
SLULIRUPLV�LQ�����RI�SRSXODWLRQ���� 
������3LULIRUPLV� 6\QGURPH� ZDV� ILUVW� SRUWUD\HG� E\�
<HRPHQ� LQ� ��������� 7KH� WHUP� 

3LULIRUPLV�
6\QGURPH

�ZDV� ILUVW�XWLOL]HG�E\�5RELQVRQ� LQ������
ZKHQ�KH�GHVFULEHG�WKH�V\QGURPH�DV�KDYLQJ�VL[�NH\�
DWWULEXWHV��D�EDFNJURXQG�PDUNHG�E\�LQMXU\�RU�GLUHFW�
WXPEOH� WR� WKH� EXWWRFN�� JOXWHDO� RU� VDFURLOLDF� SDLQ�
WUDQVPLWWLQJ�GRZQ�WKH� OHJ� WKDW� UHJXODUO\�FRQVWUDLQV�
DPEXODWLRQ�� JOXWHDO� GHFD\�� D� VXEVWDQWLDO� VDXVDJH�
IRUPHG� PDVV�� SRVLWLYH� /DVqJXH� VLJQ�� DQG�
FRPSRXQGLQJ�ZLWK�ERZLQJ�RU� OLIWLQJ�����7HQ�\HDUV�
DIWHU�5RELQVRQ��D�VSHFLDOLVW�E\�WKH�QDPH�RI�)UHLEHUJ�
EXLOW�XS�D�PRUH�FRPSDFW�DUUDQJHPHQW�RI�FULWHULD�IRU�
FKDUDFWHUL]LQJ� 3LULIRUPLV� LQLWLDWHG� VFLDWLFD��
)UHLEHUJ
V� WKUHH� VLJQV� IRU� SLULIRUPLV-LQVWLJDWHG�
VFLDWLFD� LQFOXGHG� WKH� VFLDWLF� QRWFK� WHQGHUQHVV��
SRVLWLYH� /DVqJXH� �VWUDLJKW� OHJ� UDLVH�� VLJQ�� DQG�
FKDQJH�ZLWK�QRQVXUJLFDO�WUHDWPHQW�����%HIRUH�������
LW�ZDV�FRQVLGHUHG�WKDW�WKH�VFLDWLFD�FDQ�EH�FDXVHG�E\�
LPSLQJHPHQW�RI�VFLDWLF�QHUYH�LQ�WKH�SHOYLV�EXW�QHZ�
GLDJQRVWLF� WHFKQRORJ\� VXJJHVWV� WKDW� LW� FDQ� DOVR� EH�
FDXVHG� E\� GLVWDO� IRUDPLQDO� HQWUDSPHQW� DQG�
SLULIRUPLV�V\QGURPH���� 
�����&OLQLFDO� VLJQV� UHODWH�� HLWKHU� VSHFLILFDOO\� RU� E\�
LPSOLFDWLRQ�� WR�PXVFOH� VSDVP��FRPLQJ�DERXW�QHUYH�

$IILOLDWLRQV�� ��� 5DLOZD\� *HQHUDO� +RVSLWDO�
5DZDOSLQGL�����.K\EHU�0HGLFDO�8QLYHUVLW\ 
&RUUHVSRQGHQFH��'U ��)L]DK�0DKQRRU �.KDQ�37 
(PDLO��GU IL]DKSW#JPDLO�FRP 
5HFHLYHG�� 2FWREHU � �WK� ������5HYLVLRQ�� 'HFHPEHU � �UG��
������$FFHSWDQFH��'HFHPEHU ���QG������ 
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SUHVVXUH�� RU� ERWK�� WHQGHUQHVV� DW� SDOSDWLRQ� RYHU� WKH�
JUHDWHU� WURFKDQWHU��$� IHZ�SDWLHQWV�KDYH�D��VDXVDJH�
IRUPHG�� PDVV� LQ� WKH� EXWWRFN� FDXVHG� E\�
FRPSUHVVLRQ�RI�WKH�3LULIRUPLV�PXVFOH���� 
������7KH� PRVW� FRPPRQ� V\PSWRPV� RI� 3LULIRUPLV�
6\QGURPH�LQFOXGH�SDLQ�LQFUHDVLQJ�DIWHU�VLWWLQJ�IRU�D�
SURORQJ� WLPH�XVXDOO\�PRUH� WKDQ���� WR� ���PLQXWHV��
0RVWO\� SDWLHQWV� KDYH� EXWWRFN� SDLQ�� GLIILFXOW\� LQ�
DPEXODWLRQ� DQG� SDLQ� LQ� LQWHUQDO� URWDWLRQ�� KLS�
IOH[LRQ�� DGGXFWLRQ�RI� WKH� VDPH� VLGH� OHJ�� SLULIRUPLV�
PXVFOH� VSDVP� DQG� G\VIXQFWLRQ� RI� VDFUDO� UHJLRQ��
&RPSUHVVLRQ� RI� WKH� ILEXODU� EUDQFK� RI� WKH� VFLDWLF�
QHUYH� IUHTXHQWO\� FDXVHV� SDLQ� RU� SDUHVWKHVLD� LQ� WKH�
EDFN�RI�WKLJK������� 
������&OLQLFDO� VLJQV� UHODWH�� HLWKHU� VSHFLILFDOO\� RU� E\�
LPSOLFDWLRQ�� WR�PXVFOH� VSDVP��FRPLQJ�DERXW�QHUYH�
SUHVVXUH�� RU� ERWK�� WHQGHUQHVV� DW� SDOSDWLRQ� RYHU� WKH�
JUHDWHU� WURFKDQWHU��$� IHZ�SDWLHQWV�KDYH�D��VDXVDJH�
IRUPHG�� PDVV� LQ� WKH� EXWWRFN� FDXVHG� E\�
FRPSUHVVLRQ�RI�WKH�SLULIRUPLV�PXVFOH���� 
������,Q� 3DNLVWDQ�� WKHUH� LV� D� OLPLWHG� OLWHUDWXUH� RQ�
SUHYDOHQFH� RI� SLULIRUPLV� V\QGURPH� LQ� /%3�� 7KH�
SXUSRVH� RI� WKLV� VWXG\� LV� WR� UDLVH� DZDUHQHVV� WKDW�
SLULIRUPLV� V\QGURPH� FDQ� EH� D� FDXVH� RI� WKH� ORZHU�
EDFN�SDLQ��VR�LW�FDQ�EH�FRQVLGHUHG�LQ�GLDJQRVLV�DQG�
SUHYHQWLYH�PHDVXUHV�FRXOG�EH�WDNHQ�RQ�WLPH� 
0HWKRGV� 

������7KLV� GHVFULSWLYH� VWXG\�ZDV� FDUULHG� RXW� DW� WKUHH�
0HGLFDO� 7HDFKLQJ�+RVSLWDOV� L�H�� .K\EHU� 7HDFKLQJ�
+RVSLWDO�� /HDG\� 5HDGLQJ� +RVSLWDO� DQG� +D\DWDEDG�
0HGLFDO� &RPSOH[�� 7RWDO� GXUDWLRQ� RI� VWXG\� ZDV� ��
PRQWKV� �IURP�0DUFK� WR�$XJXVW� ������ DQG� VDPSOH�
VL]H� FDOFXODWHG� IRU� WKH� VWXG\�ZDV������7KH� VDPSOH�
VL]H�ZDV� FDOFXODWHG� E\� VDPSOH� FDOFXODWRU� LQ�ZKLFK�
WKH�SUHYDOHQFH�RI�SLULIRUPLV� V\QGURPH� L�H���������
ZDV� WDNHQ� IURP� D� OLWHUDWXUH� ZLWK� D� FRQILGHQFH�
LQWHUYDO�RI�����DQG����PDUJLQDO�HUURU��%RWK�PDOH�
DQG� IHPDOH� SDWLHQWV� ZLWK� ORZ� EDFN�EXWWRFN� SDLQ�
DJHG� EHWZHHQ� ��-��� \HDUV�� ZLOOLQJ� WR� SDUWLFLSDWH��
ZHUH� LQFOXGHG� LQ� WKH� FXUUHQW� VWXG\��ZKLOH� SDWLHQWV�
ZLWK� UHFHQW� GLVFHFWRP\�� ZLWK� KLS�NQHH� SDWKRORJ\��
ZLWK� IUDFWXUHG� KLS�NQHH��ZLWK�PDOLJQDQF\�� SDWLHQWV�
GR� QRW� PHHW� WKH� DERYH� PHQWLRQHG� FULWHULD� ZHUH�
H[FOXGHG� IURP� WKH� VWXG\�� &RQYHQLHQFH� VDPSOLQJ�
PHWKRG�ZDV�XVHG�ZKLFK�PHDQV�HYHU\�SHUVRQ��ERWK�
PDOH� DQG� IHPDOH�� PHHWLQJ� WKH� LQFOXVLRQ� FULWHULD��
ZDV�LQFOXGHG��7RWDO�IRXU�VSHFLDO�WHVWV�VXFK�DV�)$,5�
WHVW��3DFH�6LJQ��%HDWW\�6LJQ�DQG�)UHLEHUJ�WHVW�ZHUH�
XVHG�IRU�WKH�GLDJQRVLV�RI�SLULIRUPLV�V\QGURPH��$Q\�
��SRVLWLYH�WHVWV�DPRQJ�WKHVH���FRQILUPHG�GLDJQRVLV�
RI�SLULIRUPLV�V\QGURPH��(WKLFDO�DSSURYDO�ZDV�WDNHQ�
IURP�,QVWLWXWLRQDO�5HVHDUFK�DQG�(WKLFDO�&RPPLWWHH�
RI� 1&6� 8QLYHUVLW\� 6\VWHP�� 3HVKDZDU� �1&6�
37	5��������� ��3HUPLVVLRQ�RI�GDWD�FROOHFWLRQ�ZDV�
DOVR� WDNHQ� IURP� WKH� UHVSRQVLEOH� DXWKRULWLHV� RI� WKH�
VDLG� KRVSLWDOV�� )RU� GDWD� FROOHFWLRQ� SURFHGXUH��

UHVHDUFKHUV¶� WHDP� ZHQW� WR� WKH� FRQFHUQHG�
GHSDUWPHQW� RI� WKH� DERYH-PHQWLRQHG� 3XEOLF�
7HDFKLQJ� +RVSLWDOV� DQG� H[DPLQHG� DOO� WKH� SDWLHQWV�
PDWFKLQJ�WKH�LQFOXVLRQ�FULWHULD��9HUEDO�FRQVHQW�ZDV�
DOVR� WDNHQ� IURP�SDUWLFLSDQWV� DQG� WKHLU� SULYDF\� DQG�
FRQILGHQWLDOLW\� ZDV� FRPSOHWHO\� HQVXUHG�� 'DWD� ZDV�
DQDO\VLV�E\�6366�����'HVFULSWLYH�DQDO\VLV�ZDV�GRQH�
DQG�IRU�DVVRFLDWLRQ�FKL�VTXDUH�ZDV�DSSOLHG��3�YDOXH�
RI�������ZDV�FRQVLGHUHG�VLJQLILFDQW�� 
5HVXOWV� 

������7KLV� VWXG\� FRQFOXGHV� WKDW� WKH� IUHTXHQF\� RI�
SLULIRUPLV�V\QGURPH�LQ�SDWLHQWV�ZLWK�ORZ�EDFN�SDLQ�
ZDV������������ZKHUH� DV������������ZHUH� WHVWHG�
QHJDWLYH�IRU�SLULIRUPLV�V\QGURPH��7RWDO�QXPEHUV�RI�
PDOH�SDUWLFLSDQWV�LQ�WKH�FXUUHQW�VWXG\�ZHUH�����DQG�
IHPDOHV� ZHUH� ����� )HPDOHV� ZHUH� PRUH� DIIHFWHG�
WKDQ�PDOH� DV� VKRZQ� LQ�7DEOH� �� DQG�PRVW� DIIHFWHG�
DJH� JURXS� ZDV� ��-��� \HDUV�� $PRQJ� VSHFLDO� WHVWV��
WKH� )$,5� DQG� )UHLEHUJ� WHVW� ZDV� UHODWLYHO\� PRUH�
VSHFLILF� WKDQ� %HDWW\� DQG� 3DFH� 6LJQ� DV� VKRZQ� LQ�
7DEOH��� 

'LVFXVVLRQ� 

������3LULIRUPLV�6\QGURPH�LV�D�FRQGLWLRQ�RFFXUUHG�E\�
LUULWDWLRQ� RI� VFLDWLF� QHUYH� E\� SLULIRUPLV� PXVFOH�
ZKLFK� FDXVHV� EXWWRFN� DQG� KLS� SDLQ�� ,Q� WKH� ORZHU�
OLPE�� WKHUH� LV� QXPEQHVV� LQ� WKH� SRVWHURPHGLDO�
DVSHFW��7KLV�FRQGLWLRQ�LV�VLPLODU�LQ�SUHVHQWDWLRQ�WR�D�
WUXH�UDGLFXORSDWK\�RI�/��RU�6��� ����7KH�3LULIRUPLV�
PXVFOH� LV� D� OHYHO� DQG� WULDQJXODU�PROGHG�� SURIRXQG�
VLWXDWHG� JOXWHDO�PXVFOH�� ,W� VWDUWV� IURP� WKH� IURQW� RI�
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WKH� VDFUXP�� VDFURLOLDF� MRLQW� FRQWDLQHU�� VDFUR�
WXEHURXV� WHQGRQ�� SUHGRPLQDQW� HGJH� RI� PRUH�
SURPLQHQW� VFLDWLF� VFRUH�� DQG� HPEHGV� DW� WKH� XSSHU�
SDUW� RI� JUHDWHU� WURFKDQWHU����� 3LULIRUPLV� 6\QGURPH�
LV� D� FRQGLWLRQ� ZKLFK� GDPDJHV� WR� WKH� 3LULIRUPLV�
PXVFOH��FDXVHV�SDLQ�LQ�EXWWRFN�DQG�OHJ��,W�ZDV�ILUVW�
SRUWUD\HG� E\� <HRPHQ����� %HIRUH� ������ LW� ZDV�
FRQVLGHUHG� WKDW� WKH� VFLDWLFD� FDQ� EH� FDXVHG� E\�
LPSLQJHPHQW�RI�VFLDWLF�QHUYH�LQ�WKH�SHOYLV��EXW�QHZ�
GLDJQRVWLF� WHFKQRORJ\� VXJJHVWV� WKDW� LW� FDQ� DOVR� EH�
FDXVHG� E\� GLVWDO� IRUDPLQDO� HQWUDSPHQW� DQG�
3LULIRUPLV�6\QGURPH�����$PRQJ�WKH�ORZ�EDFN�SDLQ�
SDWLHQWV�� SUHYDOHQFH� RI� 3LULIRUPLV� 6\QGURPH� ZDV�
���������� $FFRUGLQJ� WR� %HUQDUG� HW� DO��� WKH�
SUHYDOHQFH� RI� 3LULIRUPLV� 6\QGURPH� LQ� ORZ� EDFN�
SDLQ� SDWLHQWV� ZDV� ������� 3DFH� DQG� 1DJOH� DV� ���
DQG�3DU]LDOH�DV��������� 
������5HVHDUFK� RQ� 3LULIRUPLV� 6\QGURPH� LV� OLYHO\� DOO�
RYHU� WKH� ZRUOG�� EXW� WKH� NQRZOHGJH� KDV� VWLOO� QRW�
GHYHORSHG�WKDW�PXFK�LQ�3DNLVWDQ��7KHUH�LV�D�OLPLWHG�
OLWHUDWXUH� DERXW� WKH� SUHYDOHQFH� RI� 3LULIRUPLV�
6\QGURPH�LQ�3DWLHQWV�ZLWK�ORZ�EDFN�SDLQ�LQ�.K\EHU�
3DNKWRRQ� .KZD�� 2XU� VWXG\� ZDV� GHVLJQHG� WR�
LGHQWLI\� WKH� SUHYDOHQFH� RI� SLULIRUPLV� V\QGURPH� LQ�
SDWLHQWV� ZLWK� ORZ� EDFN� SDLQ�� UHSRUWLQJ� WR�
*RYHUQPHQW� 0HGLFDO� 7HDFKLQJ� ,QVWLWXWH� �07,��
3HVKDZDU�� .K\EHU� 3DNKWRRQ�.KZD�� 3DNLVWDQ�� 7KH�
VLPSOH� VL]H� ZDV� FDOFXODWHG� DV� ���� LQ� ZKLFK� ����
ZHUH�PDOH� DQG� ����ZHUH� IHPDOH� SDUWLFLSDQWV�� 7KH�
UHVXOWV� RI� RXU� GDWD� UHYHDO� WKDW� DPRQJ� DOO� ����
SDUWLFLSDQWV� ������������ UHSRUWHG� SRVLWLYH�
UHVSRQVH� WRZDUG� SLULIRUPLV� V\QGURPH� ZKLOH� WKH�
UHPDLQLQJ� SDUWLFLSDQWV� ������������ RXW� RI� ����
SDUWLFLSDQWV� ZHUH� QRW� DIIHFWHG� E\� SLULIRUPLV�
V\QGURPH�� *HQHUDOO\�� ZH� WRRN� D� UDQJH� RI� ���-
�����D�SUHYLRXV�VWXG\�IDOOLQJ� LQ� WKLV� UDQJH�ZLOO�EH�
LQ�IDYRU�RI�WKH�FXUUHQW�VWXG\��ZKLOH�EHORZ�����ZLOO�
QRW� VXSSRUW� WKH� FXUUHQW� VWXG\�� $� VWXG\� ZDV�
FRQGXFWHG� E\� 0RQGDO� 0� HW� DO�� DW� 'HSDUWPHQW� RI�
3K\VLRWKHUDS\�� 1DWLRQDO� ,QVWLWXWH� IRU� /RFRPRWRU�
'LVDELOLWLHV��7KH�VWXG\�SHULRG�ZDV�IURP�$SULO������
WR� 'HFHPEHU� ������ $FFRUGLQJ� WR� WKLV� VWXG\�� WKH�
SUHYDOHQFH� RI� 3LULIRUPLV� 6\QGURPH� ZDV� ������
ZKLFK� VWURQJO\� VXSSRUWV� WKH� UHVXOWV� RI� WKH� FXUUHQW�
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6FLHQFH� LQ� 0DOD\VLD�� .HODQWDQ�� 7KH� SUHYDOHQFH�
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VXSSRUW� WKH� UHVXOWV� RI� WKH� FXUUHQW� VWXG\������ 7KLV�
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