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)URP� D� FOLQLFDO� FRKRUW� WUHDWHG� ZLWK
U706� IRU�0''�EHWZHHQ�6HSWHPEHU
����� DQG� -DQXDU\� �����
UHVHDUFKHUV� LGHQWLILHG� ��� SDWLHQWV
WDNLQJ� NQRZQ� GRVDJHV� RI� RQH� RU
PRUH� SV\FKRVWLPXODQW� PHGLFDWLRQV
�GH[WURDPSKHWDPLQH�
OLVGH[DPIHWDPLQH��PHWK\OSKHQLGDWH�
GH[PHWK\OSKHQLGDWH�� DQG�RU
PRGDILQLO�DUPRGDILQLO��DQG�FRPSDUHG
WKHP� ZLWK� D� FRQWURO� JURXS� RI� ��
SDWLHQWV� ZKR� ZHUH� WDNLQJ� QHLWKHU
VWLPXODQWV� QRU� EHQ]RGLD]HSLQHV
�EHQ]RGLD]HSLQH� XVHUV� ZHUH
H[FOXGHG� JLYHQ� SULRU� ZRUN
VXJJHVWLQJ� WKH\� PD\� UHGXFH� U706
HIILFDF\��� (DFK� SDWLHQW� UHFHLYHG� D
FRXUVH�RI� ��� U706� WUHDWPHQWV�RYHU
VL[�ZHHNV��GHOLYHUHG�LQLWLDOO\�DV�����
SXOVHV� DW� ��� +]� DQG� DW� WKH
PD[LPDOO\�WROHUDWHG� LQWHQVLW\� XS� WR
����� 07�� $IWHU� ��� VHVVLRQV�� WKH
U706� WKHUDS\� FRXOG� EH� DXJPHQWHG
EDVHG� RQ� FOLQLFLDQ� MXGJHPHQW�
3DWLHQWV� FRPSOHWHG� WKH� ���LWHP
,QYHQWRU\� RI� 'HSUHVVLYH
6\PSWRPDWRORJ\� 6HOI� 5HSRUW� �,'6�
65����DW�WKH�VWDUW�RI�WUHDWPHQW�DQG

DIWHU���������DQG����U706�VHVVLRQV�

$Q� $129$� UHYHDOHG� D� VLJQLILFDQW
PDLQ� HIIHFW� RI� WUHDWPHQW� QXPEHU
�S�������� DV� ZHOO� DV� D� VLJQLILFDQW
WUHDWPHQW�QXPEHU�[�SV\FKRVWLPXODQW
XVHU� LQWHUDFWLRQ� �S �������� ZLWK
SDWLHQWV� ZKR� UHFHLYHG� VWLPXODQWV
GHPRQVWUDWLQJ� VLJQLILFDQWO\� JUHDWHU
UHGXFWLRQV� LQ� ,'6�65��� VFRUH
FRPSDUHG� WR� WKRVH� QRW� WDNLQJ
VWLPXODQWV��(IIHFW� VL]HV� IDYRULQJ� WKH
VWLPXODQW� JURXS� ZHUH� VPDOO� DW
G �����DIWHU�VHVVLRQ����DQG�G ����
DIWHU� VHVVLRQ� ���� � $Q� $129$
DQDO\]LQJ� WKH� WKUHH� FODVVHV� RI
VWLPXODQWV� VHSDUDWHO\� GLG� QRW� \LHOG
DQ\� VLJQLILFDQW� UHVXOWV�� H[FHSW� IRU� D
PDLQ� HIIHFW� RI� WUHDWPHQW� QXPEHU
�S���������,Q�DQDO\VHV�RI�,'6�65��
VXEVFDOHV� WKH� FRPELQHG� VWLPXODQW
JURXS� DOVR� VKRZHG� VLJQLILFDQWO\
JUHDWHU� LPSURYHPHQW� FRPSDUHG� WR
WKH� FRQWURO� JURXS� RQ� PHDVXUHV� RI
VOHHS��S �������DQG�PRRG�FRJQLWLRQ
�S �������� EXW� QRW� DQ[LHW\�DURXVDO
�S �������� :LONH� HW� DO�� DOVR
HYDOXDWHG�WKH�HIIHFW�RI�VWLPXODQW

:LONH�6$��-RKQVRQ�&/��&RUOLHU�-��HW�DO��3V\FKRVWLPXODQW�XVH�DQG�FOLQLFDO�RXWFRPH�RI�UHSHWLWLYH�WUDQVFUDQLDO�PDJQHWLF�VWLPXODWLRQ�WUHDWPHQW�RI�PDMRU�GHSUHVVLYH
GLVRUGHU�>SXEOLVKHG�RQOLQH�DKHDG�RI�SULQW�������$SU��@��'HSUHVV�$Q[LHW\���������������GD��������GRL���������GD������

,PSDFW��7KLV�UHWURVSHFWLYH�VWXG\
RI�SDWLHQWV�ZLWK�0''�VHHNLQJ
U706�LQ�D�FOLQLFDO�VHWWLQJ
UHYHDOHG�DQ�DVVRFLDWLRQ�EHWZHHQ
WDNLQJ�D�SV\FKRVWLPXODQW�DQG
JUHDWHU�LPSURYHPHQWV�RQ�D
PHDVXUH�RI�GHSUHVVLRQ�
$OWKRXJK�OLPLWHG�E\�WKH
UHWURVSHFWLYH�QDWXUH�DQG�VPDOO
VDPSOH�VL]H��WKHVH�LQWULJXLQJ
UHVXOWV�VXJJHVW�WKDW�ORZ�GRVH
VWLPXODQW�PHGLFDWLRQV�PD\
HQKDQFH�FOLQLFDO�HIILFDF\�RI
U706�WUHDWPHQW�IRU�GHSUHVVLRQ�
DQG�ZDUUDQW�IROORZ�XS�ZLWK�ZHOO�
FRQWUROOHG�SURVSHFWLYH�VWXGLHV�

2I�WKH����VWXGLHV�WKDW�PHW�LQFOXVLRQ
FULWHULD�� VL[� ZHUH� 5&7V�� IRXU� ZHUH
RSHQ�ODEHO� WULDOV�� WKUHH� ZHUH
UHWURVSHFWLYH� DQDO\VHV� RI� SULPDU\
VWXGLHV�� WZR�ZHUH� FDVH� VHULHV�� DQG
RQH� ZDV� D� VLQJOH�EOLQG� WULDO�� 7KH
5&7V� LQFOXGHG� D� VXP� RI� ���
SDWLHQWV�� ZKLOH� WKH� ²DOO� WULDOV³� JURXS
LQFOXGHG�D�VXP�RI�����SDWLHQWV�� � ,Q
WKH� VL[� 5&7V� DQDO\]HG�� WKH
FXPXODWLYH� HIIHFW� VL]H� ZDV� �����
�����&,� ��������WR���������DQG�WKH
WRWDO� FKDQJH� LQ�6,� VFRUHV� IRU� U706
WUHDWPHQW� ZDV� QRW� VLJQLILFDQWO\
JUHDWHU� WKDQ� IRU� VKDP� �S �������
)RU�WKH����VWXGLHV�LQFOXGHG�LQ�WKH�DOO
WULDOV³�DQDO\VLV��RQH�VWXG\�FRXOG�QRW

2YHU� ��� \HDUV� RI� UHVHDUFK� KDV
VKRZQ� U706� WR� EH� DQ� HIIHFWLYH
WUHDWPHQW�IRU�75'��EXW�WKHUH�DUH�QR
PHWD�DQDO\VHV� VXPPDUL]LQJ� LWV
HIILFDF\� LQ� UHGXFLQJ� 6,� LQ� WKHVH
SDWLHQWV�� &ROOHFWLYHO\�� ZKDW� GR� ��
\HDUV� RI� VWXGLHV� VKRZ� DERXW� KRZ
U706� DIIHFWV� 6,� LQ� SDWLHQWV� ZLWK
75'"

5HVHDUFKHUV� LGHQWLILHG� VWXGLHV� WKDW�
��� XVHG� U706� DV� D� WUHDWPHQW� LQ
SDWLHQWV�DJHV������\HDUV�ZLWK�HLWKHU
ELSRODU� RU� XQLSRODU� GHSUHVVLRQ�� ��
UHSRUWHG� 6,� VFRUHV� DV� DQ� RXWFRPH
PHDVXUH�� DQG� ��� ZHUH� DYDLODEOH� LQ
(QJOLVK��$EVWUDFWV��LQGLYLGXDO�FDVH��

UHSRUWV�� UHYLHZV�� DQG� HGLWRULDOV
ZHUH�H[FOXGHG��7KH�+HGJHV
�J�ZDV
FRPSXWHG�DV�D�PDUNHU�RI�HIIHFW�VL]H
IRU� HDFK� VWXG\�� DQ� DSSURDFK� WKDW
DOORZHG� WKH� DXWKRUV� WR� FRPSXWH
VWXG\� ZHLJKWV� XVLQJ� VDPSOH� VL]H
DQG�FRPSDUH�VWXG\�RXWFRPHV�RQ�D
VLQJOH� VFDOH�� 5&7V� WKDW� PHW
LQFOXVLRQ�FULWHULD�ZHUH�LQFOXGHG�LQ�D
SULPDU\�TXDQWLWDWLYH�DQDO\VLV��ZKLOH
WKH�DFWLYH�DUPV�RI�UDQGRPL]HG�WULDOV
DV� ZHOO� DV� XQFRQWUROOHG� WULDOV� �L�H��
DQ� ²DOO� WULDOV³� JURXS��ZHUH� LQFOXGHG
LQ� D� VHFRQGDU\� TXDQWLWDWLYH
DQDO\VLV�� $� WKLUG� H[SORUDWRU\
DQDO\VLV� ZDV� SHUIRUPHG� XVLQJ� WKH
XQFRQWUROOHG�WULDOV�RQO\�

U706�6KRZV�3URPLVH�IRU�7UHDWLQJ�6XLFLGDO�,GHDWLRQ�LQ�3DWLHQWV�ZLWK
7UHDWPHQW�5HVLVWDQW�'HSUHVVLRQ�
1LFROH�:RQJ�UHYLHZLQJ�0HKWD�HW�DO��-�&OLQ�3V\FKLDWU\�-DQ�����

$�PHWD�DQDO\VLV�RI����VWXGLHV��FRPSULVHG�RI�ERWK�5&7V�DQG�XQFRQWUROOHG�WULDOV��VXJJHVWV�WKDW�U706�PD\�EH
DQ�HIIHFWLYH�WUHDWPHQW�IRU�VXLFLGDO�LGHDWLRQ��6,��LQ�WUHDWPHQW�UHVLVWDQW�GHSUHVVLRQ��75'���DOWKRXJK�PRUH
LQYHVWLJDWLRQ�LV�QHHGHG�

GRVH�� ILQGLQJ� WKDW� ORZHU� GRVHV� RI
OLVGH[DPIHWDPLQH�GH[WURDPSKHWPLQH
ZHUH� DVVRFLDWHG� ZLWK� VLJQLILFDQWO\
JUHDWHU� LPSURYHPHQW� �U ������
S �������� � WKRXJK� WKLV� UHPDLQHG� DW
WUHQG� OHYHO� DIWHU� FRUUHFWLRQ� IRU� IDOVH
GLVFRYHU\� UDWH� �S �������� 6DPSOH
VL]HV� IRU� WKH� RWKHU� WZR� VWLPXODQW
FODVVHV� ZHUH� WRR� VPDOO� WR� FDOFXODWH
DFFXUDWH�FRUUHODWLRQ�FRHIILFLHQWV�
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ZHUH� DOORZHG� WR� XVH� SDLQ
PHGLFDWLRQV�� 3DUWLFLSDQWV� ZHUH� ���
UDQGRPL]HG� WR� 6FUDPEOHU� YV�� VKDP
WUHDWPHQW� IRU� ��� FRQVHFXWLYH
ZHHNGD\V�� � 6FUDPEOHU� HOHFWURGHV
ZHUH� SODFHG� LQ� GHUPDWRPHV
VXUURXQGLQJ� WKH� OHYHO� RI� VSLQDO� FRUG
LQMXU\�DQG�SDLQ��DQG�VWLPXODWLRQ�ZDV
GHOLYHUHG� DW� DQ� LQWHQVLW\� RI
PD[LPXP� WROHUDEOH� OHYHO� IRU� ��
PLQXWHV� SHU� VHVVLRQ�� ,Q� VKDP
WUHDWPHQW�� HOHFWURGHV� ZHUH
FRQQHFWHG� WR� VPDOO� PRWRUV
SURGXFLQJ� YLEUDWRU\� VHQVDWLRQ�� ZLWK
VLPLODU� SODFHPHQW�� 7KH� SULPDU\
RXWFRPHV� ZHUH� IHDVLELOLW\
�DGKHUHQFH� WR� YLVLW� VFKHGXOH�� DQG
DFFHSWDELOLW\� �ZKHWKHU� WKH� SDWLHQW
ZDQWV�WR�FRQWLQXH�WUHDWPHQW�LQ�FOLQLF
LI� DYDLODEOH��� 6HFRQGDU\� RXWFRPHV
LQFOXGHG� VDIHW\� DQG� HIIHFWLYHQHVV�
3DWLHQWVµ� SDLQ� VHYHULW\� DQG
LQWHUIHUHQFH�� DQ[LHW\�� GHSUHVVLRQ�
DQG� VOHHS� GLVWXUEDQFH� ZHUH� DOVR
PHDVXUHG� XVLQJ� VXUYH\V�� $OO
RXWFRPHV� ZHUH� DVVHVVHG� DW
EDVHOLQH�� WKH� HQG� RI� WKH� ���GD\
WUHDWPHQW� SHULRG�� DQG� ��� DQG� ��
GD\V�DIWHU�WKH�WUHDWPHQW�SHULRG���

7KH� PHGLDQ� 156� SDLQ� VFRUH
GHFUHDVHG�IURP�����WR�����DIWHU

&HQWUDO�QHXURSDWKLF�SDLQ�DVVRFLDWHG
ZLWK� QHXURP\HOLWLV� RSWLFD� VSHFWUXP
GLVRUGHU� �1026'�� LV� D� UDUH
GHELOLWDWLQJ� FRQGLWLRQ� PDUNHG� E\
LQIODPPDWLRQ� RI� WKH� RSWLF� QHUYH
�RSWLF� QHXULWLV�� DQG� LQIODPPDWLRQ� RI
WKH�VSLQDO�FRUG��P\HOLWLV���,W�FDQ�OHDG
WR�GLIIXVH�SDLQ�RI� FHQWUDO�RULJLQ�DQG
WUHDWPHQW� RSWLRQV� DUH� OLPLWHG�
6FUDPEOHU� WKHUDS\�� D� IRUP� RI
SHULSKHUDO� QHUYH� VWLPXODWLRQ
DSSURYHG� E\� WKH� )'$� IRU� WUHDWLQJ
SDLQ�� KDV� EHHQ� SURSRVHG� DV� D
SRWHQWLDO� WUHDWPHQW� IRU� SHUVLVWHQW
FHQWUDO�QHXURSDWKLF�SDLQ��7KH�DLP�RI
WKLV� VWXG\� LV� WR� GHWHUPLQH� WKH
IHDVLELOLW\�� DFFHSWDELOLW\�
HIIHFWLYHQHVV�� DQG� VDIHW\� RI
6FUDPEOHU� WKHUDS\� IRU� WUHDWLQJ
FHQWUDO�QHXURSDWKLF�SDLQ�LQ�1026'
DQG� LWV� HIIHFWV� RQ� FR�RFFXUULQJ
V\PSWRPV�

7ZHQW\�WZR�DGXOW�SDWLHQWV�ZLWK�VHOI�
UHSRUWHG� QHXURSDWKLF� SDLQ� FDXVHG
E\� 05,�FRQILUPHG� 1026'� ZHUH
HQUROOHG� LQ� WKLV� VLQJOH�EOLQG�
UDQGRPL]HG�� VKDP�FRQWUROOHG� WULDO��
�3DWLHQWV�ZHUH�UHTXLUHG�WR�KDYH�SDLQ
DW� D� OHYHO� RI� ��� RQ� DQ� ���SRLQW
QXPHULF� UDWLQJ� VFDOH� �156�� DQG
SHUVLVWHQW�IRU�!��PRQWKV��DQG�WKH\

6FUDPEOHU�7KHUDS\�3URYHV�(IIHFWLYH�LQ�7UHDWLQJ�&HQWUDO�1HXURSDWKLF
3DLQ�ZKHQ�&RPSDUHG�WR�6KDP
0HQJGRQJ�+H��0+6�UHYLHZLQJ�0RUL�1�HW�DO��1HXURPRGXODWLRQ������0D\��
�
,Q�WKLV�VLQJOH�EOLQG��UDQGRPL]HG��VKDP�FRQWUROOHG�WULDO��6FUDPEOHU�WKHUDS\�ZDV�VKRZQ�WR�EH�D�IHDVLEOH�
DFFHSWDEOH��HIIHFWLYH��DQG�VDIH�LQWHUYHQWLRQ�IRU�FHQWUDO�QHXURSDWKLF�SDLQ�LQ�SDWLHQWV�ZLWK�QHXURP\HOLWLV�RSWLFD
VSHFWUXP�GLVRUGHU��1026'��

,PSDFW��,Q�WKLV�PHWD�DQDO\VLV�RI����VWXGLHV�H[DPLQLQJ�WKH�HIIHFW�RI
U706�RQ�6,�LQ�75'��DQ�DQDO\VLV�RI�ERWK�FRQWUROOHG�DQG�XQFRQWUROOHG
WULDOV�GHPRQVWUDWHG�D�VWDWLVWLFDOO\�VLJQLILFDQW�LPSURYHPHQW�LQ�6,
VFRUHV�ZLWK�PRGHUDWH�ODUJH�HIIHFW�VL]HV��$Q�DQDO\VLV�RI�VL[�5&7V
FRPSDULQJ�U706�WR�VKDP�VKRZHG�D�VLPLODU�WUHQG�EXW�GLG�QRW�UHDFK
VWDWLVWLFDO�VLJQLILFDQFH��7KH�ZLGH�YDULDELOLW\�RI�EDVHOLQH�6,��H�J��
UDQJLQJ�IURP�LQSDWLHQWV�ZLWK�DFXWH�VXLFLGDOLW\�WR�WKRVH�ZLWK�RQO\�PLOG
6,��DQG�ODUJH�GLIIHUHQFHV�LQ�U706�SURWRFROV�DPRQJ�WKH�5&7V�PD\
SDUWLDOO\�DFFRXQW�IRU�WKH�QRQ�VLJQLILFDQW�HIIHFW�VL]H��,QFOXVLRQ�RI�6,�DV
DQ�RXWFRPH�PHDVXUH�LQ�IXWXUH�VWXGLHV�RI�U706�IRU�75'�PD\�DOORZ
IXWXUH�DQDO\VHV�WR�PRUH�FOHDUO\�HOXFLGDWH�WKH�HIIHFWV�RI�WKLV�WKHUDS\
RQ�6,�LQ�WKHVH�SDWLHQWV��

���GD\� 6FUDPEOHU� WKHUDS\� �S� �
��������ZKLOH�WKH�PHGLDQ�156�VFRUH
GLG�QRW�VLJQLILFDQWO\�GHFUHDVH� LQ� WKH
VKDP� JURXS� ����� WR� ����� S�  � �������
� (LJKW� RI� ��� ������ SDWLHQWV� LQ� WKH
6FUDPEOHU� JURXS� KDG� D� FOLQLFDOO\
PHDQLQJIXO� LPSURYHPHQW� LQ� SDLQ
������ SRLQW� GHFUHDVH� LQ� 156� SDLQ
VFRUHV� IURP� EDVHOLQH� WR� WKH� HQG� RI
WUHDWPHQW��� DQG� �� SDWLHQWV� �����
DFKLHYHG� FRPSOHWH� SDLQ� IUHH� VWDWXV
LPPHGLDWHO\�� 7KH� 156� SDLQ� VFRUHV
LQ� WKH� 6FUDPEOHU� JURXS� UHPDLQHG
VLJQLILFDQWO\�GHFUHDVHG�DW����GD\V��S
 � ��������� EXW� WKH� HIIHFW� ZDV� QRW
VXVWDLQHG� DW� ��� GD\V� �S�  � ��������
$IWHU� WUHDWPHQW� ZLWK� 6FUDPEOHU
WKHUDS\�� WKH� PHGLDQ� GHSUHVVLRQ
VFRUH�DOVR�VLJQLILFDQWO\�GHFUHDVHG��S
 � ������ DQG� WKH� FKDQJH� RI� PHGLDQ
DQ[LHW\� VFRUHV� ZDV� VLJQLILFDQW� LQ
UHVSRQGHUV�RI�6FUDPEOHU� WKHUDS\��S
 � ������� +RZHYHU�� LQ� WKH� VKDP
JURXS�� QR� VLJQLILFDQW� FKDQJH� LQ� WKH
PHGLDQ� DQ[LHW\�� GHSUHVVLRQ�� RU
VOHHS� GLVWXUEDQFH� VFRUHV� ZHUH
IRXQG���1R�VLJQLILFDQW�GLIIHUHQFH�ZDV
REVHUYHG�EHWZHHQ�WKH�WZR�JURXSV�LQ
DFFHSWDELOLW\� RU� IHDVLELOLW\�� DQG� QR
VHYHUH� DGYHUVH� HYHQWV� ZHUH
UHSRUWHG� GXULQJ� WKH� ���GD\
WUHDWPHQW�SHULRG�LQ�HLWKHU�JURXS�

EH� XVHG� EHFDXVH� LW� GLG� QRW� UHSRUW
SRVW�WUHDWPHQW� 6,� VFRUHV� IRU� WKH
DFWLYH� WUHDWPHQW� DUP� DORQH��� WKH
FXPXODWLYH� HIIHFW� VL]H� ZDV
PRGHUDWH�DW������������&,� ������
WR� �������� ZLWK� D� VLJQLILFDQW
GHFUHDVH� LQ� 6,� VFRUHV� DIWHU� U706
WUHDWPHQW� �S� �� �������� )RU� WKH� ��
VWXGLHV� LQFOXGHG� LQ� WKH�XQFRQWUROOHG
WULDOV�DQDO\VLV��WKH�FXPXODWLYH�HIIHFW
VL]H� ZDV� PRGHUDWH� DW� ������ ����
&,� �������WR��������DQG�VLJQLILFDQW
�S������������



7UDFWRJUDSK\�*XLGHG�706�'HPRQVWUDWHV�,QGLUHFW��'RVH�'HSHQGHQW
6WLPXODWLRQ�RI�D�'HHS�%UDLQ�6WUXFWXUH
'DYLG�/HH�UHYLHZLQJ�/XEHU�%�HW�DO��1HXURLPDJH������$SU��

706�RI�D�FRUWLFDO�VLWH�JXLGHG�E\�GLIIXVLRQ�WUDFWRJUDSK\�IDFLOLWDWHV�GRVH�GHSHQGHQW�PRGXODWLRQ�RI�WKH�I05,
%2/'�VLJQDO�LQ�D�GHHS�EUDLQ�VWUXFWXUH�

5HFHQW� DGYDQFHV� LQ� 706� FRLO
SODFHPHQW� XVLQJ� I05,� DQG
VWHUHRWDFWLF� URERWLFV� KDYH� DOORZHG
IRU�SUHFLVH�DQG� UHOLDEOH� WDUJHWLQJ�RI
FRUWLFDO� UHJLRQV� RI� LQWHUHVW�
&RQYHQWLRQDO�ZLVGRP�KROGV�WKDW�WKH
HIIHFWV� RI� 706� DUH� OLPLWHG� WR� WKH
VXSHUILFLDO�FRUWH[�RI�a��FP�LQ�GHSWK�
KRZHYHU�� UHFHQW� HYLGHQFH� KDV
VXJJHVWHG� WKDW� IXQFWLRQDO� DQG
VWUXFWXUDO� FRQQHFWLYLW\� DPRQJ� EUDLQ
UHJLRQV� DOORZV� 706� RI� FRUWLFDO
DUHDV� WR� PRGXODWH� GHHS� EUDLQ
VWUXFWXUHV��,Q�WKLV�VWXG\��WKH�DXWKRUV
DVN� ZKHWKHU� GLIIXVLRQ� WUDFWRJUDSK\
FDQ�EH�XVHG�WR�IDFLOLWDWH�PRGXODWLRQ
RI� D� GHHS� EUDLQ� VWUXFWXUH� E\
DSSO\LQJ� 706� WR� D� FRUWLFDO� VLWH
LGHQWLILHG�YLD�VWUXFWXUDO�FRQQHFWLYLW\��

,Q� WKLV� ZRUN� LQYROYLQJ� ��� KHDOWK\
VXEMHFWV�� WKH� UHVHDUFKHUV� VHOHFWHG
WKH�ULJKW�VXEFDOORVDO�FLQJXODWH�J\UXV
�%$���� DV� D� WDUJHW� GHHS� EUDLQ
VWUXFWXUH� IRU� HYDOXDWLRQ� RI
WUDFWRJUDSK\�JXLGHG� 706�� %$��
KDV�EHHQ�LGHQWLILHG�DV�DQ�LPSRUWDQW
VXEFRUWLFDO� VWUXFWXUH� LPSOLFDWHG� LQ
WKH� SDWKRSK\VLRORJ\� RI� 0''�� DQG
WKHUHIRUH�� D� WKHUDSHXWLF� WDUJHW� IRU
'%6��+HUH��UHVHDUFKHUV�LGHQWLILHG�D
VLWH�RQ�WKH�VFDOS�RYHUO\LQJ�D�FRUWLFDO�

UHJLRQ� VWUXFWXUDOO\� FRQQHFWHG� WR
%$��� EDVHG� RQ� D� GLIIXVLRQ
WUDFWRJUDSK\�PRGHO�RI�ZKLWH�PDWWHU
ILEHUV��7KHQ��ZKLOH�VWLPXODWLQJ�ZLWK
VLQJOH� SXOVHV� DW� WKLV� WUDFWRJUDSK\�
GHULYHG� VLWH�� WKH� UHVHDUFKHUV
REWDLQHG� LQWHUOHDYHG� 706�I05,
VFDQV�� ZKHUH� 706� SXOVHV� ZHUH
DSSOLHG� DQG� WKH� %2/'� VLJQDO� ZDV
PHDVXUHG� DV� D� PDUNHU� RI
PRGXODWHG� IXQFWLRQDO� DFWLYLW\�� 7KH
706� VHVVLRQ� FRQVLVWHG� RI� ���
SXOVHV�� ZLWK� IRXU� LQWHQVLW\� OHYHOV
������ ������ ������ DQG� ����� RI
07���7KH� I05,�GDWD�ZDV�DQDO\]HG
E\� ILWWLQJ� D� JHQHUDO� OLQHDU� PRGHO
DQG�LGHQWLI\LQJ�ZKLFK�EUDLQ�UHJLRQV
ZHUH�DFWLYDWHG�E\�WKH�706�SXOVHV�
7KHQ��WKH�GHJUHH�RI�DFWLYDWLRQ�ZDV
FRPSDUHG� IRU� ������ ������ DQG
�����ZLWK�WKH�EDVHOLQH�RI�����07
OHYHOV�

$FURVV� DOO� VXEMHFWV�� GLIIXVLRQ
WUDFWRJUDSK\� UHOLDEO\� LGHQWLILHG� WKH
PHGLDO� IURQWDO� SROH� �%$���� RQ� WKH
VXSHUILFLDO� FRUWH[� DV� VWUXFWXUDOO\
FRQQHFWHG� WR� WKH� GHHS� EUDLQ
VWUXFWXUH� %$���� 7KXV�� WKH
WUDFWRJUDSK\�GHULYHG� VWLPXODWLRQ
VLWHV� DFURVV� DOO� VXEMHFWV� ZHUH
ZLWKLQ�D���FP�GLDPHWHU�UHJLRQ�RQ�

,PSDFW��7KLV�VWXG\
GHPRQVWUDWHV�WKDW�706�DSSOLHG
WR�D�GLIIXVLRQ�WUDFWRJUDSK\�
GHULYHG�FRUWLFDO�WDUJHW�FDQ
LQGXFH�GRVH�GHSHQGHQW
IXQFWLRQDO�FKDQJHV�LQ�D
VWUXFWXUDOO\�FRQQHFWHG�GHHS
EUDLQ�VWUXFWXUH��7KLV�SRWHQWLDOO\
H[WHQGV�WKH�XWLOLW\�RI�706�E\
HQDEOLQJ�UHVHDUFKHUV�WR�WDUJHW
GHHSHU�EUDLQ�DUHDV�ZKLFK�ZHUH
SUHYLRXVO\�WKRXJKW�EH\RQG
UHDFK��5HSOLFDWLRQ�RI�WKHVH
ILQGLQJV�LQ�D�FOLQLFDO�VDPSOH
FRXOG�RSHQ�XS�QHZ�DYHQXHV�RI
WUHDWPHQW��SDUWLFXODUO\�IRU
FRQGLWLRQV�LQ�ZKLFK�QR�HIIHFWLYH
FRUWLFDO�WDUJHW�KDV�EHHQ
HVWDEOLVKHG��

WKH� IRUHKHDG�� ,Q� WKH� ZKROH�EUDLQ
DQDO\VLV�� � WKHUH� ZDV� VLJQLILFDQWO\
LQFUHDVHG� DFWLYDWLRQ� LQ� %$��� ZLWK
�����DQG������LQWHQVLW\�FRPSDUHG
WR� WKH�����EDVHOLQH��%\�HPSOR\LQJ
DQ�DQDO\VLV�WHFKQLTXH�FDOOHG�JXLGHG
SULQFLSDO� DQDO\VLV�� WKH� UHVHDUFKHUV
LGHQWLILHG�D�PRQRWRQLFDOO\�LQFUHDVLQJ
UHODWLRQVKLS� EHWZHHQ� 706� LQWHQVLW\
DQG� %2/'� VLJQDO� DFWLYDWLRQ
PDJQLWXGH��

/XEHU�%��'DYLV�6:��'HQJ�='��0XUSK\�'��0DUWHOOD�$��3HWHUFKHY�$9��/LVDQE\�6+��8VLQJ�GLIIXVLRQ�WHQVRU�LPDJLQJ�WR�HIIHFWLYHO\�WDUJHW�706�WR�GHHS�EUDLQ�VWUXFWXUHV�
1HXUR,PDJH�������$SU�������KWWSV���GRL�RUJ���������M�QHXURLPDJH������
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UDQGRPL]HG�FRQWUROOHG�WULDO��1HXURORJ\�������0D\����������H�����H������GRL����������:1/�������������������(SXE������$SU����30,'������������30&,'�
30&��������
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6LJQLILFDQWO\�JUHDWHU�SDLQ�UHGXFWLRQ�ZDV�UHSRUWHG�E\�SDWLHQWV�ZKR�UHFHLYHG�6FUDPEOHU�WKHUDS\�FRPSDUHG
WR�VKDP��DQG�WKH�HIIHFW�ZDV�VXVWDLQHG�IRU����GD\V�DIWHU�WKH�HQG�RI�WUHDWPHQW��6FUDPEOHU�WKHUDS\�DOVR
LPSURYHG�GHSUHVVLRQ�DQG�DQ[LHW\�LQ�D�VXEVHW�RI�SDWLHQWV�ZKR�UHVSRQGHG�WR�WKH�WUHDWPHQW��'HVSLWH
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7R�UHIHU�D�SDWLHQW�RU�OHDUQ�PRUH�DERXW�RXU�SURJUDP��SOHDVH�FDOO�RU�YLVLW�XV�RQOLQH��

������������� WPV�XFOD�HGX�

'%6��GHHS�EUDLQ�VWLPXODWLRQ�
G706��GHHS�WUDQVFUDQLDO�PDJQHWLF�VWLPXODWLRQ�
+)�U706��KLJK�IUHTXHQF\�UHSHWLWLYH�WUDQVFUDQLDO�PDJQHWLF�VWLPXODWLRQ�����+]�XQOHVV
RWKHUZLVH�VWDWHG�
L7%6��LQWHUPLWWHQW�WKHWD�EXUVW�VWLPXODWLRQ�
/,)83��ORZ�LQWHQVLW\�IRFXVHG�XOWUDVRXQG�SXOVDWLRQ�
7(16��WUDQVFXWDQHRXV�HOHFWULFDO�QHUYH�VWLPXODWLRQ�
U706��UHSHWLWLYH�WUDQVFUDQLDO�PDJQHWLF�VWLPXODWLRQ�
W$&6��WUDQVFUDQLDO�DOWHUQDWLQJ�FXUUHQW�VWLPXODWLRQ�
W'&6��WUDQVFUDQLDO�GLUHFW�FXUUHQW�VWLPXODWLRQ�
�
%2/'��EORRG�R[\JHQ�OHYHO�GHSHQGHQW�
'7,��GLIIXVLRQ�WHQVRU�LPDJLQJ�
((*��HOHFWURHQFHSKDORJUDSK\�
(0*��HOHFWURP\RJUDSK\�
I05,��IXQFWLRQDO�PDJQHWLF�UHVRQDQFH�LPDJLQJ�
05,��PDJQHWLF�UHVRQDQFH�LPDJLQJ�
07��PRWRU�WKUHVKROG�
�
$8'��DOFRKRO�XVH�GLVRUGHU�
0''��PDMRU�GHSUHVVLYH�GLVRUGHU�
2&'��REVHVVLYH�FRPSXOVLYH�GLVRUGHU�
68'��VXEVWDQFH�XVH�GLVRUGHU�
75'��WUHDWPHQW�UHVLVWDQW�GHSUHVVLRQ�
�
%',��%HFN�'HSUHVVLRQ�,QYHQWRU\�
+$0�'��+DPLOWRQ�'HSUHVVLRQ�5DWLQJ�6FDOH�
0$'56��0RQWJRPHU\�$VEHUJ�'HSUHVVLRQ�5DWLQJ�6FDOH�
3$166��3RVLWLYH�DQG�1HJDWLYH�6\PSWRP�6FDOH�
<%2&6��<DOH�%URZQ�2EVHVVLYH�&RPSXOVLYH�6FDOH�
�
$129$��DQDO\VLV�RI�YDULDQFH�
$8&��DUHD�XQGHU�WKH�FXUYH�
&,��FRQILGHQFH�LQWHUYDO�
)'$��8QLWHG�6WDWHV�)RRG�DQG�'UXJ�$GPLQLVWUDWLRQ�
,&$��LQGHSHQGHQW�FRPSRQHQW�DQDO\VLV�
,77��LQWHQWLRQ�WR�WUHDW�
5&7��UDQGRPL]HG�FRQWUROOHG�WULDO�
52&��UHFHLYHU�RSHUDWLQJ�FKDUDFWHULVWLF�
�
'/3)&��GRUVRODWHUDO�SUHIURQWDO�FRUWH[�
0���SULPDU\�PRWRU�FRUWH[�
2)&��RUELWRIURQWDO�FRUWH[�
60$��VXSSOHPHQWDU\�PRWRU�DUHD�
�
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