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Abstract.� >3XUSRVH@�7R�LQYHVWLJDWH�WKH�H൵HFWV�RI�SUH�LQGXFHG�PXVFOH�GDPDJH�YLEUDWLRQ�VWLPXODWLRQ�RQ�WKH�SUHV�
VXUH�SDLQ� WKUHVKROG� DQG� PXVFOH�IDWLJXH�UHODWHG� PHWDEROLWHV� RI� H[HUFLVH�LQGXFHG� PXVFOH� GDPDJH�� >6XEMHFWV� DQG�
0HWKRGV@�7KLUW\�KHDOWK\��DGXOW�PDOH�VXEMHFWV�ZHUH�UDQGRPO\�DVVLJQHG�WR�WKH�SUH�LQGXFHG�PXVFOH�GDPDJH�YLEUDWLRQ�
VWLPXODWLRQ�JURXS��SRVW�LQGXFHG�PXVFOH�GDPDJH�YLEUDWLRQ�VWLPXODWLRQ�JURXS��RU�FRQWURO�JURXS��Q ���SHU�JURXS���7R�
LQYHVWLJDWH�WKH�H൵HFWV�RI�SUH�LQGXFHG�PXVFOH�GDPDJH�YLEUDWLRQ�VWLPXODWLRQ��FKDQJHV�LQ�WKH�SUHVVXUH�SDLQ�WKUHVKROG�
�OE���FUHDWLQH�NLQDVH�OHYHO��8�/���DQG�ODFWDWH�GHK\GURJHQDVH�OHYHO��8�/��ZHUH�PHDVXUHG�DQG�DQDO\]HG�DW�EDVHOLQH�DQG�
DW����KRXUV�����KRXUV��DQG����KRXUV�DIWHU�H[HUFLVH��>5HVXOWV@�7KH�SUHVVXUH�SDLQ�WKUHVKROGV�DQG�FRQFHQWUDWLRQV�RI�
FUHDWLQH�NLQDVH�DQG�ODFWDWH�GHK\GURJHQDVH�YDULHG�VLJQL¿FDQWO\�LQ�HDFK�JURXS�DQG�GXULQJ�HDFK�PHDVXUHPHQW�SHULRG��
7KHUH�ZHUH�LQWHUDFWLRQV�EHWZHHQ�WKH�PHDVXUHPHQW�SHULRGV�DQG�JURXSV��DQG�UHVXOWV�RI�WKH�SRVW�KRF�WHVW�VKRZHG�WKDW�
WKH�SUH�LQGXFHG�PXVFOH�GDPDJH�YLEUDWLRQ�VWLPXODWLRQ�JURXS�KDG�WKH�KLJKHVW�H൶FDF\�DPRQJ�WKH�JURXSV��>&RQFOX�
VLRQ@�3UH�LQGXFHG�PXVFOH�GDPDJH�YLEUDWLRQ�VWLPXODWLRQ�LV�PRUH�H൵HFWLYH�WKDQ�SRVW�LQGXFHG�PXVFOH�GDPDJH�YLEUD�
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INTRODUCTION

([HUFLVH�LQGXFHG�PXVFOH�GDPDJH��(,0'��LV�FDXVHG�E\�HFFHQWULF�FRQWUDFWLRQ�RU�H[FHVVLYH�RYHUORDG��ZKLFK�UHTXLUHV�ODUJH�
FKDQJHV�LQ�PXVFOH�OHQJWK1)��(,0'�VHFUHWHV�WKH�LQWUDFHOOXODU�SURWHLQV�RI�PXVFOH�FHOOV�VXFK�DV�FUHDWLQH�NLQDVH��&.���ODFWDWH�
GHK\GURJHQDVH��/'+���DQG�P\RJORELQ�LQWR�WKH�EORRG��,Q�DGGLWLRQ��PHWDEROLWHV�VXFK�DV�ODFWLF�DFLG�DQG�SRWDVVLXP�DUH�WHPSR�
UDULO\�SURGXFHG�LQ�WKH�FRQWUDFWHG�PXVFOH��ZKLFK�FDQ�FDXVH�IDWLJXH��SDLQ��DQG�D�GHFUHDVH�RU�ORVV�LQ�PXVFXODU�SHUIRUPDQFH�DQG�
H[HUFLVH�UHJXODWLRQ�DELOLW\�GXH�WR�LQDSSURSULDWH�EORRG�DQG�R[\JHQ�VXSSO\�WR�WKH�PXVFOHV2, 3)��'HOD\HG�RQVHW�PXVFOH�VRUHQHVV�
LV�¿UVW�IHOW����KRXUV�DIWHU�H[HUFLVH��DQG�LW�SHDNV�ZLWKLQ���±���KRXUV�DIWHU�H[HUFLVH��7KH�VRUHQHVV�JUDGXDOO\�GHFUHDVHV�DQG�
GLVDSSHDUV�DIWHU��±��GD\V3)�

3K\VLFDO�WKHUDS\�LQWHUYHQWLRQV�VXFK�DV�VWUHWFKLQJ4)��XOWUDVRXQG�WUHDWPHQW�)��DQG�PLFUR�FXUUHQW�WUHDWPHQW6)�DUH�XVHG�WR�WUHDW�
V\PSWRPV� RI�(,0'��5HFHQWO\�� YLEUDWLRQ� VWLPXODWLRQ��ZKLFK� LV� D� W\SH� RI�PHFKDQLFDO� VWLPXODWLRQ�� KDV� HPHUJHG� DV� D� QHZ�
WUHDWPHQW�PHWKRG�)��/HEHGHY�DQG�3HOLDNRY�KDYH�VXJJHVWHG�WKH�SRVVLELOLW\�WKDW�YLEUDWLRQV�PD\�HOLFLW�H[FLWDWRU\�LQÀRZ�WKURXJK�
PXVFOH�VSLQGOH�PRWRQHXURQV�FRQQHFWLRQV�LQ�WKH�RYHUDOO�PRWRQHXURQ�LQÀRZ8)��.RK�HW�DO��UHSRUWHG�WKDW�D�VLJQL¿FDQW�FKDQJH�LQ�
WKH�SUHVVXUH�SDLQ�WKUHVKROG��337��ZDV�REVHUYHG�ZKHQ����PLQXWHV�RI�D����+]�YLEUDWLRQ�VWLPXOXV�ZDV�DSSOLHG�DIWHU�WKH�RQVHW�RI�
GHOD\HG�PXVFOH�VRUHQHVV9)��6RQJ�HW�DO��UHSRUWHG�WKDW�D�VLJQL¿FDQW�GHFUHDVH�LQ�PXVFXODU�SDLQ�ZDV�REVHUYHG�ZKHQ����PLQXWHV�RI�
D����+]�YLEUDWLRQ�VWLPXOXV�ZDV�DSSOLHG�RQ�ELFHSV�ZLWK�PXVFOH�GDPDJH�IRU���GD\V��)��,Q�DGGLWLRQ��.LP�UHSRUWHG�WKDW�WKH�OHYHOV�
RI�&.�DQG�/'+�LQ�WKH�TXDGULFHSV�DQG�ELFHSV�IHPRULV�GHFUHDVHG�LQ�WKH�JURXS�WKDW�UHFHLYHG���PLQXWH�ORQJ�YLEUDWLRQ�VWLPXOD�
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WLRQ�DW����+]�DIWHU�H[HUFLVH�FRPSDUHG�WR�WKH�FRQWURO�JURXS11)��$V�VKRZQ�LQ�SUHYLRXV�VWXGLHV��WKH�SRVLWLYH�H൵HFWV�RI�YLEUDWLRQ�
VWLPXODWLRQ�KDYH�PRVWO\�EHHQ�LQYHVWLJDWHG�IRU�LPSURYLQJ�WKH�V\PSWRPV�DIWHU�(,0'��+RZHYHU��WKHUH�LV�D�ODFN�RI�VWXGLHV�RQ�
XVLQJ�SUH�LQGXFHG�PXVFOH�GDPDJH�YLEUDWLRQ�VWLPXODWLRQ�WR�SUHYHQW�(,0'��7KHUHIRUH��WKH�SUHVHQW�VWXG\�DLPHG�WR�LQYHVWLJDWH�
WKH�H൵HFWV�RI�ORFDO�SUH�LQGXFHG�PXVFOH�GDPDJH�YLEUDWLRQ�VWLPXODWLRQ�IRU�SUHYHQWLQJ�PXVFOH�GDPDJH�

SUBJECTS AND METHODS

$OO����SDUWLFLSDQWV�LQ�WKLV�VWXG\�ZHUH�KHDOWK\��PDOH�DGXOWV�LQ�WKHLU���V�ZLWK�DQ�DYHUDJH�ZHLJKW�RI������NJ�DQG�DQ�DYHUDJH�
KHLJKW�RI�������FP��3DUWLFLSDQWV�ZHUH�DOO�ULJKW�KDQG�GRPLQDQW�ZLWK�QR�UHFHQW�RU�SUHYLRXV�KLVWRU\�RI�D�QHFN�GLVRUGHU�UHTXLULQJ�
PHGLFDO� LQWHUYHQWLRQ�� DQG� DEVHQW� VLJQV� RI� SK\VLFDO� G\VIXQFWLRQ� LQ� D� FOLQLFDO� H[DPLQDWLRQ� RI� WKH� QHFN�� 3DUWLFLSDQWV�ZHUH�
H[FOXGHG�IURP�WKH�VWXG\�LI�WKH\�UHSRUWHG�DQ\�FXUUHQW�VKRXOGHU�GLVRUGHUV��7KLV�VWXG\�UHFHLYHG�DSSURYDO�IURP�WKH�&KHRQJMX�
8QLYHUVLW\¶V�5HVHDUFK�DQG�(WKLFV�&RPPLWWHH��$OO�SDUWLFLSDQWV�UHFHLYHG�YHUEDO�DQG�ZULWWHQ�LQIRUPDWLRQ�DERXW�WKH�VWXG\�DQG�
VLJQHG�D�FRQVHQW�IRUP��3DUWLFLSDQWV�ZHUH�UDQGRPO\�DVVLJQHG�WR�WKH�SUH�LQGXFHG�PXVFOH�GDPDJH�YLEUDWLRQ�VWLPXODWLRQ�JURXS�
�JURXS�,���SRVW�LQGXFHG�PXVFOH�GDPDJH�YLEUDWLRQ�VWLPXODWLRQ�JURXS��JURXS�,,���RU�QRQ�LQWHUYHQWLRQ�JURXS��FRQWURO�JURXS��
�Q ���SHU�JURXS���7KH�337�DQG�EORRG�PXVFOH�UHODWHG�IDWLJXH�PHWDEROLWH�OHYHOV�ZHUH�PHDVXUHG�EHIRUH�(,0'��7KHVH�YDULDEOHV�
ZHUH�PHDVXUHG�DJDLQ�DW����KRXUV�����KRXUV��DQG����KRXUV�DIWHU�D�YLEUDWLRQ�VWLPXOXV�ZDV�DSSOLHG�LQ�WKH�VDPH�FRQGLWLRQV�XVHG�LQ�
WKH�FRQWURO�JURXS��(,0'�ZDV�PHDVXUHG�E\�XVLQJ�ZHLJKW�HTXLYDOHQW�WR�����RI�RQH�UHSHWLWLRQ�PD[LPXP��ZKLFK�ZDV�OLIWHG�DQG�
ORZHUHG�LQ�WKH��±�����UDQJH�RI�PRWLRQ�RI�WKH�HOERZ�MRLQW�ZKLOH�SDUWLFLSDQWV¶�ERGLHV�DQG�VKRXOGHUV�ZHUH�LQ�D�¿[HG�SRVLWLRQ��
7KH�ZHLJKW�EHDULQJ�DUPV�ZHUH�VORZO\� ORZHUHG�DW� WKH�VDPH�SDFH����VHFRQGV�DFFRUGLQJ� WR�D�PHWURQRPH���DQG�DQ�DVVLVWDQW�
KHOSHG�OLIW� WKHP��)LYH�VHWV�RI����UHSHWLWLRQV�ZHUH�SHUIRUPHG�ZLWK�D����VHFRQG�EUHDN�LQ�EHWZHHQ�VHWV12)��$����+]�YLEUDWRU�
�$7�������$7�6\VWHP��6HRQJQDP�VL��.RUHD��ZDV�XVHG�WR�DSSO\�WKH�YLEUDWLRQ�VWLPXOXV�WR�WKH�PLGGOH�RI�WKH�ELFHSV�PXVFOH�IRU�
��PLQXWHV�GXULQJ�D�UHOD[HG�VWDWH�E\�WKH�VDPH�WKHUDSLVW13)��7R�GHWHUPLQH�WKH�337�EHIRUH�DQG�DIWHU�(,0'��ZH�XVHG�D�GLJLWDO�
SUHVVXUH�DOJRPHWHU��$OJRPHWHU�70�&RPPDQGHU��-�7(&+�0HGLFDO��6DOW�/DNH�&LW\��87��86$���7KH�PHDVXULQJ�HOHFWURGHV�
ZHUH�YHUWLFDOO\�SODFHG�������DQG����FP�IURP�WKH�PXVFXODU�ERG\��DQG�WKHQ�IRUFH�ZDV�DSSOLHG��7KH�DPRXQW�RI�DSSOLHG�SUHVVXUH�
LQFUHDVHG�OLQHDUO\��DQG�SDUWLFLSDQWV�ZHUH�LQVWUXFWHG�WR�QRWLI\�WKH�WKHUDSLVW�ZKHQ�WKH\�IHOW�SDLQ��7KH�DPRXQW�RI�SUHVVXUH�H[HUWHG�
ZKHQ�SDLQ�ZDV�IHOW�ZDV�PHDVXUHG��7KH�PHDVXUHPHQWV�ZHUH�UHSHDWHG�WKUHH�WLPHV��DQG�DQ�DYHUDJH�YDOXH�ZDV�FDOFXODWHG��7KH�
PHDVXUHPHQW�ORFDWLRQV�ZHUH�FOHDUO\�PDUNHG�ZLWK�DQ�RLO�EDVHG�PDUNHU��7KH�PHDVXUHPHQWV�ZHUH�DVVHVVHG�DJDLQ�DW�SUH�H[HUFLVH�
DQG�DW����KRXUV�����KRXUV��DQG����KRXUV�DIWHU�YLEUDWLRQ�VWLPXODWLRQ�ZDV�DSSOLHG��+LJK�PHDVXUHPHQW�YDOXHV�LQGLFDWHG�D�ORZ�
PPT14)�

3DUWLFLSDQWV¶�EORRG�VDPSOHV�ZHUH�FROOHFWHG�DW�SUH�H[HUFLVH�DQG�DW����KRXUV�����KRXUV��DQG����KRXUV�DIWHU�YLEUDWLRQ�VWLPXOD�
WLRQ�ZDV�DSSOLHG�WR�GHWHUPLQH�WKH�&.�DQG�/'+�OHYHOV��%ORRG�VDPSOHV�ZHUH�REWDLQHG�DIWHU�IDVWLQJ��DQG�SDUWLFLSDQWV�ZHUH�
LQVWUXFWHG�WR�KDYH�WKHLU�EORRG�GUDZQ�DW�WKHLU�GHVLJQDWHG�WLPH�ZLWK�DQ�HUURU�PDUJLQ�RI������KRXU��)�

:LQGRZV� 6366� ����� �6366�� ,QF��� &KLFDJR�� ,/��86$��ZDV� XVHG� IRU� GDWD� DQDO\VLV�� DQG� RQH�ZD\� DQDO\VLV� RI� YDULDQFH�
�$129$��ZDV�FRQGXFWHG�WR�WHVW�IRU�KRPRJHQHLW\��'L൵HUHQFHV�LQ�WKH�YDULDEOHV�DPRQJ�HDFK�JURXS�ZHUH�WHVWHG�XVLQJ�UHSHDWHG�
PHDVXUH�$129$��7KH�7XNH\�PHWKRG�ZDV�XVHG�WR�SHUIRUP�WKH�SRVW�KRF�WHVW��DQG�WKH�VWDWLVWLFDO�VLJQL¿FDQFH�ZDV�VHW�WR�S������

RESULTS

&KDQJHV�LQ�WKH�337�ZLWK�YLEUDWLRQ�VWLPXODWLRQ�EHIRUH�RU�DIWHU�(,0'�VKRZHG�VLJQL¿FDQW�GL൵HUHQFHV��S��������DQG�VLJQL¿�
FDQW�LQWHUDFWLRQV��S�������EHWZHHQ�WKH�DSSOLFDWLRQ�WLPHV�DQG�JURXSV��5HVXOWV�RI�WKH�SRVW�KRF�WHVW�VKRZHG�WKDW�WKH�SUH�LQGXFHG�
PXVFOH�GDPDJH�YLEUDWLRQ�VWLPXODWLRQ�JURXS�KDG�WKH�KLJKHVW�337��7DEOH����

&KDQJHV�LQ�WKH�&.�OHYHOV�ZLWK�YLEUDWLRQ�VWLPXODWLRQ�EHIRUH�RU�DIWHU�(,0'�VKRZHG�VLJQL¿FDQW�GL൵HUHQFHV�EHWZHHQ�WKH�
DSSOLFDWLRQ� WLPHV� DQG�JURXSV� �S�������� DQG� VLJQL¿FDQW� LQWHUDFWLRQV�EHWZHHQ� WKH� DSSOLFDWLRQ� WLPHV� DQG�JURXSV� �S���������
5HVXOWV�RI�WKH�SRVW�KRF�WHVW�VKRZHG�WKDW�WKH�SUH�LQGXFHG�PXVFOH�GDPDJH�YLEUDWLRQ�VWLPXODWLRQ�JURXS�KDG�WKH�ORZHVW�&.�OHYHO�
�7DEOH����

&KDQJHV� LQ� WKH�/'+�OHYHOV�ZLWK�YLEUDWLRQ�VWLPXODWLRQ�EHIRUH�RU�DIWHU�(,0'�VKRZHG�VLJQL¿FDQW�GL൵HUHQFHV��S��������
DQG�VLJQL¿FDQW�LQWHUDFWLRQV��S��������EHWZHHQ�WKH�DSSOLFDWLRQ�WLPHV�DQG�JURXSV��5HVXOWV�RI�WKH�SRVW�KRF�WHVW�VKRZHG�WKDW�WKH�
SUH�LQGXFHG�PXVFOH�GDPDJH�YLEUDWLRQ�VWLPXODWLRQ�JURXS�KDG�WKH�ORZHVW�/'+�OHYHO��7DEOH����

DISCUSSION

9LEUDWLRQ�VWLPXODWLRQ�LV�D�WUHDWPHQW�PHWKRG�WKDW�GLUHFWO\�VWLPXODWHV�WKH�KXPDQ�ERG\�DQG�LQGXFHV�H[HUFLVH�OLNH�H൵HFWV�RQ�
GHVLUHG�ORFDWLRQV��)��%DNKWLDU\�HW�DO�16)�UHSRUWHG�WKDW�YLEUDWLRQ�VWLPXODWLRQ�ZDV�YHU\�H൵HFWLYH�IRU�PXVFOH�GDPDJH�UHFRYHU\��DQG�
LW�FRXOG�EH�XVHG�LQ�DWKOHWHV�DQG�WKH�SXEOLF�ZKR�UHTXLUH�D�IDVW�UHFRYHU\��$PLQLDQ�)DU�UHSRUWHG�WKDW���PLQXWHV�RI�SUH�LQGXFHG�
PXVFOH�GDPDJH�YLEUDWLRQ�VWLPXODWLRQ�RI�WKH�ORZHU�OLPEV�VLJQL¿FDQWO\�UHGXFHG�WKH�GHOD\HG�PXVFOH�VRUHQHVV�SDLQ�WKUHVKROG�
LQ�KHDOWK\�DGXOWV�FRPSDUHG�WR�WKRVH�LQ�WKH�FRQWURO�JURXS��)��,Q�WKH�SUHVHQW�VWXG\��WKH�SUH�LQGXFHG�PXVFOH�GDPDJH�YLEUDWLRQ�
VWLPXODWLRQ�JURXS�VKRZHG�D�UHODWLYHO\�KLJKHU�337�WKDQ�WKH�RWKHU�JURXSV��ZKLFK�FRLQFLGHG�ZLWK� WKH�UHVXOWV�IURP�SUHYLRXV�
VWXGLHV��6DLMR�HW�DO�18)� UHSRUWHG�WKDW�YLEUDWLRQ�VWLPXODWLRQ�LQGXFHG�SDLQ�UHOLHI�DQG�WRSLFDO�DQHVWKHVLD�EDVHG�RQ�JDWH�FRQWURO�
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WKHRU\��$GGLWLRQDOO\��0F+XJK19)�UHSRUWHG�WKDW�YLEUDWLRQ�VWLPXODWLRQ�LQFUHDVHG�WKH�DFWLYLW\�DQG�WHQVLRQ�RI�WKH�PXVFOH��ZKLFK�
KHOSHG�SUHYHQW�GDPDJH�FDXVHG�E\�LQMXULHV�RU�FRQWUDFWLRQ��7KHUHIRUH��LW�FDQ�EH�LQIHUUHG�WKDW�YLEUDWLRQ�VWLPXODWLRQ�RI�WKH�PXVFOH�
GHFUHDVHV�PXVFOH�LQMXULHV��(,0'��DQG�SDLQ�

7KH�&.�DQG�/'+�OHYHOV�DUH�XVHG�DV�LQGLFDWRUV�RI�FHOO�PHPEUDQH�GDPDJH��WLVVXH�QHFURVLV��DQG�PXVFOH�FHOO�GDPDJH�FDXVHG�
E\�KLJK�LQWHQVLW\�H[HUFLVH��,Q�DGGLWLRQ��&.�DQG�/'+�DUH�HQ]\PHV�WKDW�DLG�LQ�UHJXODWLQJ�WKH�EDODQFH�EHWZHHQ�FDWDEROLVP�DQG�
DQDEROLVP�RI�FDUERK\GUDWHV��ZKLFK�PHDQV�WKH\�UHSUHVHQW�HQHUJ\�PHWDEROLVP������)��&KDQJHV�LQ�WKH�&.�DQG�/'+�OHYHOV�LQ�
WKH�FXUUHQW�VWXG\�VKRZHG�WKDW�WKH�SUH�LQGXFHG�PXVFOH�GDPDJH�YLEUDWLRQ�VWLPXODWLRQ�JURXS�GLVSOD\HG�WKH�ORZHVW�&.�OHYHO��
ZKHUHDV�/'+�OHYHOV�LQ�WKH�SUH�LQGXFHG�PXVFOH�GDPDJH�YLEUDWLRQ�VWLPXODWLRQ�JURXS�DQG�SRVW�LQGXFHG�PXVFOH�GDPDJH�YLEUD�
WLRQ�VWLPXODWLRQ�JURXS�ZHUH�ORZHU�WKDQ�WKRVH�LQ�WKH�FRQWURO�JURXS��%DNKWLDU\�HW�DO�16)�VWXGLHG����QRQ�DWKOHWHV�ZKR�UDQ�RQ�
D� WUHDGPLOO�DIWHU����+]�RI�YLEUDWLRQ�VWLPXODWLRQ�ZDV�DSSOLHG� WR� WKH� ORZHU� OLPEV��DQG� WKH\�UHSRUWHG� WKDW� WKH�&.�OHYHO�ZDV�
UHODWLYHO\�ORZHU�LQ�WKH�H[SHULPHQWDO�JURXS�WKDQ�LQ�WKH�FRQWURO�JURXS��,PWL\D]�HW�DO��)�FRQGXFWHG�D�VWXG\�LQ�ZKLFK���PLQXWHV�RI�
���+]�RI�YLEUDWLRQ�VWLPXODWLRQ�ZDV�DSSOLHG�WR�KHDOWK\�ZRPHQ�DIWHU�(,0'�ZDV�LQGXFHG��WKH\�DOVR�UHSRUWHG�WKDW�WKH�&.�DQG�
/'+�OHYHOV�ZHUH�VLJQL¿FDQWO\�UHGXFHG�DIWHU����KRXUV�RI�VWLPXODWLRQ�

%DVHG�RQ�WKHVH�UHVXOWV��ZH�LQIHU�WKDW�YLEUDWLRQ�VWLPXODWLRQ�LPSURYHG�PXVFOH�UHFRYHU\�IURP�IDWLJXH�E\�TXLFNO\�UHPRYLQJ�
ODFWLF�DFLG�LQ�WKH�EORRG22)��+D]HOO�HW�DO��UHSRUWHG�WKDW�DUWHULDO�SUHVVXUH��EORRG�ÀRZ��DQG�WKH�VXSHU¿FLDO�VNLQ�WHPSHUDWXUH�VLJQL¿�
FDQWO\�LQFUHDVH�DURXQG�WKH�ORFDWLRQ�RI�YLEUDWLRQ�VWLPXODWLRQ23)��6LPLODUO\��%XWWHU¿HOG�HW�DO��UHSRUWHG�WKDW�WKH�LQFUHDVHG�EORRG�
ÀRZ�LPSURYHG�SHUPHDELOLW\�RI�WKH�FHOO�PHPEUDQH�DQG�UHPRYHG�LQÀDPPDWRU\�DJHQWV�VXFK�DV�SURVWDJODQGLQ��EUDG\NLQLQ��DQG�
KLVWDPLQH24)��ZKLFK�LPSURYHG�H[HUFLVH�LQGXFHG�IDWLJXH�DQG�PXVFOH�GDPDJH��)��7KHVH�UHVXOWV�LQGLFDWH�WKDW�YLEUDWLRQ�VWLPXOD�
WLRQ�RQ�WKH�ELFHSV�DIWHU�(,0'�D൵HFWV�WKH�337�DQG�&.�DQG�/'+�OHYHOV��:H�GHWHUPLQHG�WKDW�SUH�LQGXFHG�PXVFOH�GDPDJH�
YLEUDWLRQ�VWLPXODWLRQ�LV�PRUH�H൵HFWLYH�WKDQ�SRVW�(,0'�YLEUDWLRQ�VWLPXODWLRQ�IRU�SUHYHQWLQJ�PXVFOH�GDPDJH�

Table 1.��&RPSDULVRQ�RI�FKDQJHV�LQ�WKH�SUHVVXUH�SDLQ�WKUHVKROG�DPRQJ�WKH�JURXSV��Q ���

0���6'��OE�
Pre 3RVW���K 3RVW���K 3RVW���K

&21 ���������� ���������� ���������� ����������
([S�,� ���������� ���������� ���������� ����������
([S�,, ���������� ���������� ���������� ����������
�S�������&RPSDULVRQ�DPRQJ�WKH�JURXSV�
([S�,��9LEUDWLRQ�VWLPXOXV�EHIRUH�(,0'�RI�ELFHSV�EUDFKLL
([S�,,��9LEUDWLRQ�VWLPXOXV�DIWHU�(,0'�RI�ELFHSV�EUDFKLL�

Table 2.��&RPSDULVRQ�RI�FKDQJHV�LQ�WKH�FUHDWLQH�NLQDVH�OHYHO�DPRQJ�WKH�JURXSV��Q ���

0���6'��8�/�
Pre 3RVW���K 3RVW���K 3RVW���K

&21 ������������ ����������� ����������� �����������
([S�,� ����������� ����������� ����������� �����������
([S�,, ����������� ����������� ����������� �����������
�S��������&RPSDULVRQ�DPRQJ�WKH�JURXSV

Table 3.��&RPSDULVRQ�RI�FKDQJHV�LQ�WKH�ODFWDWH�GHK\GURJHQDVH�OHYHO�DPRQJ�WKH�JURXSV��Q ���

0���6'��8�/�
Pre 3RVW���K 3RVW���K 3RVW���K

&21 ������������ ������������ ������������ ���������������
([S�,� ������������� ������������ ������������ ������������
([S�,, ������������ ������������ ������������ ������������
�S��������&RPSDULVRQ�DPRQJ�WKH�JURXSV
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