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(OHFWURP\RJUDSKLF�UHFRUGLQJ�RI�WKH�IURQWDOLV�PXVFOH�LQGLFDWHG�PXVFOH�WHQVLRQ��/HDI�DQG�*DDUGQHU��������GHQRWH� VXUIDFH�HOHFWURP\RJUDSK\� �(0*��DV� WKH�EHVW� LQGLFDWRU�RI�JHQHUDO�PXVFOH� WHQVLRQ�� ,Q�D�VHULHV�RI�H[SHULPHQWV�� %XG]LQVNL� DQG� 6WR\YD� ������� IRXQG�WKDW� WKH� IURQWDOLV PXVFOH� ZDV� D� UHOLDEOH�PHDQV� RI�PHDVXULQJ�JHQHUDO�PXVFOH� WHQVLRQ��DQG�UHGXFWLRQV� LQ� IURQWDOLV�PXVFOH� WHQVLRQ�DUH�DVVRFLDWHG�ZLWK�RWKHU�UHVSRQVHV�VXFK�DV�GHFUHDVHG�KHDUW�UDWH�DQG�VXEMHFWLYH�UHSRUWV�RI�SOHDVXUH�>6WR\YD�	�%XG]\QVNL�����@�
3URFHGXUH�
7KH� VWXG\� ZDV� FRQGXFWHG� LQ� D� ODUJH� ODERUDWRU\� DW� 6ZLQEXUQH� 8QLYHUVLW\� GHSDUWPHQW� RI� ELRSK\VLFV��$WWHPSWV�ZHUH�PDGH�WR�PRGHUDWH�HQYLURQPHQWDO�VWLPXOL�E\�GHFUHDVLQJ�QRLVH�DQG�LQWHUUXSWLRQV�GXULQJ�WKH�PHDVXULQJ�SHULRGV��7KH�VWXG\�ZDV�FRQGXFWHG�DW�WKH�FRQYHQLHQFH�RI�WKH�VXEMHFWV�EHWZHHQ�PLGPRUQLQJ�DQG�PLGDIWHUQRRQ��'DWD�FROOHFWLRQ�ZDV�FRPSOHWHG�GXULQJ�WKH�PRQWK�RI�2FWREHU������
,QGLYLGXDOV ZKR�PHW�HOLJLELOLW\� UHTXLUHPHQWV�ZHUH�JLYHQ�D����PLQXWH�DSSRLQWPHQW��(DFK�VXEMHFW�ZDV�LQVWUXFWHG�WR�DOORZ�SOHQW\�RI�WLPH�WR�DUULYH�WR�WKH�DSSRLQWPHQW�ZLWKRXW�KXUU\LQJ�
3ULRU� WR� HDFK� VHVVLRQ�� WKH� VXEMHFW� ZDV� IDPLOLDULVHG� ZLWK� WKH� SURFHGXUH��PHDVXULQJ� HTXLSPHQW� VXFK� DV�HOHFWURGHV��DQG�EULHIO\�RQ�WKH�%RZHQ�WHFKQLTXH��$OO�VXEMHFWV�ZHUH�JLYHQ�WKH�RSSRUWXQLW\�WR�DVN�TXHVWLRQV��7KH�VXEMHFW�ZDV� WROG� WKDW� WKH�SXUSRVH�RI� WKH�VWXG\�ZDV�WR�H[DPLQH� WKH�HIIHFWV�RI�WKH�%RZHQ�WHFKQLTXH�WKHUDS\��7KH�ZRUG�UHOD[DWLRQ�ZDV�QRW�XVHG�LQ�WKH�H[SODQDWLRQ�WR�DYRLG�ELDVLQJ�WKH�VXEMHFWV�SHUFHSWLRQV�
$IWHU�VXEMHFWV�ZHUH�FRQWHQW�ZLWK�WKH�SURFHGXUH��WKH�VXEMHFW�ZDV�DGPLQLVWHUHG�WKH�TXHVWLRQQDLUH�FRQVLVWLQJ�RI� WKH� 6SLHOEHUJHU� 6WDWH�7UDLW� $Q[LHW\� ,QYHQWRU\� �67$,� IRUP� ;���� DQG� WKH� 3URILOH� RI� 0RRG� 6WDWHV��0F1DLU��/RUU�	�'URSSOHPDQ���������)ROORZLQJ�VNLQ�SUHSDUDWLRQ��201,�3UHS���DOO�VLOYHU�VLOYHU�FKORULGHG�HOHFWURGHV�ZHUH�DSSOLHG�XVLQJ�KLJK�FRQGXFWDQFH�HOHFWURGH�JHO���0��DQG�K\SRDOHUJLF�WDSH��7KH�HOHFWURGHV�ZHUH�SODFHG�RYHU� WKH�EHOO\�RI� WKH� IURQWDOLV�PXVFOH�RQH� LQFK�DERYH� WKH�H\HEURZV�ZLWK�D�JURXQG�RQ� WKH�HDUOREH��7KH�VXEMHFW�ZDV�WKHQ�DVVLVWHG�LQWR�D�FRPIRUWDEOH�SURQH�SRVLWLRQ�
7KH�VXEMHFW�ZDV�WROG�WKDW�DIWHU�D���PLQXWH�UHVW�SHULRG�WKH�PDVVHXU�ZRXOG�OLJKWO\�UHVW�KLV�KDQGV�RQ�WKH�ORZHU�EDFN��7KH�VXEMHFW�ZDV�WKHQ�LQVWUXFWHG�WKDW�KH�VKH�ZDV�WR�OLH�TXLHWO\�ZLWK�KLV�KHU�H\HV�FORVHG�IRU�WKH�HQWLUH�VHVVLRQ��ODVWLQJ�DSSUR[LPDWHO\����PLQXWHV��EXW�WR�DYRLG�JRLQJ�WR�VOHHS��6LOHQFH�ZRXOG�EH�PDLQWDLQHG�XQWLO�WKH�VHVVLRQ�ZDV�FRPSOHWHG�
�������������������������������������� �������������������������������������������
%���������0�������0���������0����������0������������������%�%RZHQ�7HFKQLTXH�$GPLQLVWHUHG�'XULQJ�7KLV�3HULRGH�

'DWD�&ROOHFWLRQ�'XULQJ�7KLV�3HULRG�



$Q�LQLWLDO�UHDGLQJ��%����RI�KHDUW�UDWH�DQG�IURQWDOLV�(0*�ZDV�WDNHQ���PLQXWHV�DIWHU�WKH�RQVHW�RI�WKH����PLQXWH� H[SHULPHQWDO� SHULRG�� WR� HVWDEOLVK� SUH�WKHUDS\� EDVHOLQH� YDOXHV� ZLWK� ZKLFK� FKDQJHV� FRXOG EH�FRPSDUHG��)RXU�H[SHULPHQWDO�UHFRUGLQJV��0O�0���ZHUH�WDNHQ�GXULQJ�WKH�VHFRQG�PLQXWH�RI�WKH���PLQXWH�UHVW�SHULRG�IROORZLQJ�HDFK�%RZHQ�WUHDWPHQW�VHVVLRQ� $�ILQDO�UHFRUGLQJ��%���ZDV�WDNHQ���PLQXWHV�SRVW�WKHUDS\�WR�H[DPLQH�WKH�SURORQJHG�HIIHFWV�RI�WKH�%RZHQWHFKQLTXH�
7KH�VDPH�TXDOLILHG�WKHUDSLVW�DGPLQLVWHUHG�DOO�%RZHQ�WKHUDSLHV�LQ�DWWHPSW�WR�HQVXUH�FRQVLVWHQF\�RI�WKH�WHFKQLTXH��$W�FRQFOXVLRQ�RI�WKH�VHVVLRQ��WKH�HOHFWURGHV�ZHUH�GLVFRQQHFWHG�DQG�WKH�VXEMHFW�ZDV�LQVWUXFWHG�WR� VLW� XS� VORZO\� EXW� QRW� GLVPRXQW� WKH� EHG� LPPHGLDWHO\�� $Q\� VSRQWDQHRXV� FRPPHQWV� PDGH� E\� WKH�VXEMHFWV�UHJDUGLQJ�WKH�HIIHFWV�RI�WKH�WUHDWPHQW�ZHUH�UHFRUGHG��7KH�VXEMHFW�ZDV�LQVWUXFWHG�E\�WKH�WKHUDSLVW�WKH�SURSHU�ZD\�WR�GLVPRXQW�WKH�PDVVDJH�WDEOH�SURYLGLQJ�FRQVLVWHQF\�ZLWK�WKH�RULJLQDO�%RZHQ�WHFKQLTXH�
)LQDOO\�� WKH� VHVVLRQ� FRQFOXGHG� DIWHU� WKH� VXEMHFW� FRPSOHWHG� WKH� 67$,� DQG� 3206� SRVW�PHDVXUHPHQW�IRUPV�� 6XEMHFWV� ZHUH� DOVR� DGPLQLVWHUHG� ZLWK� D� �UG� UHQGLWLRQ� RI� WKH� TXHVWLRQQDLUH� WR� EH� FRPSOHWHG�DSSUR[LPDWHO\� RQH�ZHHN� ODWHU� WR� H[DPLQH� WKH� SURORQJHG� HIIHFWV� RI� WKH�%RZHQ� WHFKQLTXH� WKHUDS\� RQ�PRRG�VWDWH�
'DWD�$QDO\VLV�
'DWD�ZHUH�HQWHUHG�LQWR�WKH�6366�3&��VWDWLVWLFDO�SURJUDP�>6366�����@�LQ�RUGHU�WR�FDUU\�RXW�VWDWLVWLFDO�DQDO\VLV��$QDO\VLV�RI�GDWD�ZDV�DFFRPSOLVKHG�XVLQJ�D�FRUUHODWHG�W�WHVW�IRU�SDLUHG�VDPSOHV�IRU�WKH�GHSHQGHQW�YDULDEOHV��67$7��KHDUW�UDWH��(0*��DQG�WKH���3206�VFDOHV��WHQVLRQ�GHSUHVVLRQ��DQJHU��YLJRU��IDWLJXH�DQG�FRQIXVLRQ��DW�DOO�PHDVXUHPHQW�SHULRGV��%���0���0��0��0��%���WR�H[DPLQH�IRU�VLJQLILFDQW��S������FKDQJHV�LQ�HDFK�YDULDEOH�RYHU�WLPH�7HFKQLFDO�SUREOHPV�ZLWK�UHFRUGLQJ�FDXVHG�GHOHWLRQ�RI�VRPH�GDWD��FRQVHTXHQWO\�RQH�VXEMHFWV�GDWD�ZDV�HOLPLQDWHG�IURP�WKH�GDWD�DQDO\VLV�

5HVXOWV
7�WHVWV�UHYHDOHG�QR�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�PHQ�DQG�ZRPHQ�VXEMHFWV�RQ�DQ\�RI�WKH�GHSHQGDQW�YDULDEOHV��67$,��KHDUW�UDWH��(0*��WHQVLRQ�GHSUHVVLRQ��DQJHU��YLJRU��IDWLJXH�DQG�FRQIXVLRQ��VR�GDWD�IRU�DOO�VXEMHFWV�ZDV�VXSSUHVVHG�IRU�DQDO\VLV�
*HQHUDO�2EVHUYDWLRQV�7ZR�VXEMHFWV�UHSRUWHG�D�ZDUP�IHHOLQJ�LQ�WKH�DEGRPLQDO�UHJLRQ�GXULQJ�WKH�DSSOLFDWLRQ�RI�WKH�WKLUG�%RZHQ�WHFKQLTXH� LQWHUYDO�� 2QH� VXEMHFW� DOVR� UHSRUWHG� D� ZDUP� VHFXUH� IHHOLQJ� LQ� WKH� OLYHU� UHJLRQ� GXULQJ� WKH�DSSOLFDWLRQ�RI� WKH�%RZHQ� WHFKQLTXH��7KUHH�VXEMHFWV� UHSRUWHG�IHHOLQJV�RI� OLJKW�KHDGHGQHVV�ZKHQ�ULVLQJ�XSRQ�FHVVDWLRQ�RI�WKH�H[SHULPHQW�VHVVLRQ�
0RRG�6WDWHV�7R�H[DPLQH�WKH�HIIHFW�RI�WKH�%RZHQ�WHFKQLTXH�WKHUDS\�RQ�LQGLYLGXDOV�PRRG�VWDWHV��PHDQV�DQG�VWDQGDUG�GHYLDWLRQV�ZHUH�FRPSXWHG�IURP�SUH�WKHUDS\��SRVW�WKHUDS\�DQG���ZHHN�DIWHU�WKHUDS\��0HDQV�DQG�VWDQGDUG�GHYLDWLRQV�IRU�VWDWH�DQ[LHW\�DUH�SUHVHQWHG�LQ�WDEOH���
7KH�GDWD�UHYHDOHG�WKDW�6WDWH�DQ[LHW\�VFRUHV�VLJQLILFDQWO\�GHFUHDVHG�DIWHU�WKH�DGPLQLVWUDWLRQ�RI�WKH�%RZHQ�WHFKQLTXH� W� ��� � ������ S������ ,Q� H[DPLQLQJ� WKH� SURORQJHG� HIIHFWV� RI� %RZHQ� WKHUDS\� RQ� LQGLYLGXDOV�DQ[LHW\�� DQDO\VLV� UHYHDOHG� WKDW� LQGLYLGXDOV� DQ[LHW\� RQH� ZHHN� DIWHU� WKH� DGPLQLVWUDWLRQ� RI� WKH� %RZHQ�WHFKQLTXH�WKHUDS\�ZDV�VLJQLILFDQWO\�JUHDWHU�WKDQ�SUH�WKHUDS\�W��� ��������S�����DQG�SRVW�WKHUDS\�W��� �������S������



$�FRPSDULVRQ�RI�LQGLYLGXDOV�DQ[LHW\�OHYHO�LQ�WKH�FXUUHQW�VWXG\�ZLWK�6SLHOEHUJHU�DQG�FROOHDJXHV��������QRUPDWLYH� GDWD�� UHYHDOV� WKDW� LQGLYLGXDOV� LQ� WKH� FXUUHQW� VWXG\� ZHUH� OHVV� DQ[LRXV� SULRU� WR� WKH� %RZHQ�WHFKQLTXH�WKDQ�WKH�VWDQGDUGL]HG�QRUPV�RI�FROOHJH�LQGLYLGXDOV��&RPSDULVRQ�DOVR�UHYHDOV�WKDW�LQGLYLGXDOV�IROORZLQJ�WKH�%RZHQ�WHFKQLTXH�WKHUDS\�H[KLELW�DQ[LHW\�PRUH�FORVHO\�UHVHPEOLQJ�6SLHOEHUJHU�HW�DO��������QRUPDWLYH�GDWD�IRU�D�UHOD[HG�VWDWH�
7DEOH���
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�2YHUDOO�QRUPV�DYHUDJHG�IURP�PDOH�DQG�IHPDOH��QRUPDWLYH�GDWD�
7DEOH���FRQVLVWV�RI�LQGLYLGXDOV�PHDQV�DQG�VWDQGDUG�GHYLDWLRQ�PRRG�VWDWHV��3206��EHIRUH��DIWHU�DQG�RQH�ZHHN�VXEVHTXHQW�WR�WKH�DGPLQLVWUDWLRQ�RI�WKH�%RZHQ�WHFKQLTXH�WKHUDS\��5HVXOWV�IRU�LQGLYLGXDOV�WHQVLRQ�UHYHDOHG�WKDW�WKH�%RZHQ�WHFKQLTXH�WKHUDS\�EURXJKW�DERXW�D�VLJQLILFDQW�GHFUHDVH�IURP�SUH�WR�SRVW�WKHUDS\�WHQVLRQ� W��� � ����� S������ )RU� GHSUHVVLRQ�� %RZHQ� WKHUDS\� SURGXFHG� D� VLJQLILFDQW� GHFUHDVH� W��� �����S������DQG�WKH�DQJHU�VXEVFDOH�DJDLQ�VKRZHG�D�VLJQLILFDQW�GHFUHDVH�IURP�SUH�WKHUDS\�WR�SRVW�WKHUDS\�W��� ������S����'HVSLWH�D� WUHQG�IRU�YLJRU� WR� LQFUHDVH� IROORZLQJ�%RZHQ� WHFKQLTXH�WKHUDS\��UHVXOWV�KRZHYHU��UHYHDOHG�QR�VLJQLILFDQW�GLIIHUHQFH�LQ�LQGLYLGXDOV�YLJRU�IURP�SUH�WR�SRVW�WKHUDS\�W��� ������S������)RU�WKH�YDULDEOH�RI�IDWLJXH��WKH�%RZHQ�WHFKQLTXH�WKHUDS\�JDYH�ULVH�WR�D�VLJQLILFDQW�GHFUHDVH�LQ�LQGLYLGXDOV�IDWLJXH�IURP�SUH�WR�SRVW�WKHUDS\��)LQDOO\��WKH�FRQIXVLRQ�VXEVFDOH�VKRZHG�D�VLJQLILFDQW�GHFUHDVH�IURP�SUH�WR�SRVW�%RZHQ�WKHUDS\��W��� ������S�����
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7DEOH��
0HDQ�DQG�6WDQGDUG�'HYLDWLRQV�IRU�WKH�3206�6XEVFDOHV�%HIRUH��$IWHU�DQG���:HHN�6XEVHTXHQW�WR�WKH�%RZHQ�7HFKQLTXH�7KHUDS\������

&RQIXVLRQ����������������������������������������������������������� ����������
&DOFXODWLRQV� IDLOHG� WR� VKRZ� WKDW� WKH� HIIHFWV� RI� WKH� %RZHQ� WHFKQLTXH� ZHUH� SURORQJHG� RYHU� D� ZHHN�SUHFHGLQJ� WKH� DGPLQLVWUDWLRQ� RI� WKHUDS\�� 2QH�ZHHN�SRVW�WKHUDS\� PHDVXUHPHQWV� RI� WKH� VL[� 3206�VXEVFDOHV��WHQVLRQ��GHSUHVVLRQ��DQJHU��YLJRU��IDWLJXH�DQG�FRQIXVLRQ��ZHUH�UHYHDOHG�D�VLJQLILFDQW�LQFUHDVH�LQ�KHDUW�UDWH�IROORZLQJ�WKH�ILUVW�%RZHQ�WHFKQLTXH�PDQLSXODWLRQ��W��� ������S������6LJQLILFDQW�GHFUHDVHV�LQ�LQGLYLGXDOV�KHDUW�UDWH RFFXUUHG�LQ�EHWZHHQ�H[SHULPHQWDO�PHDVXUHPHQWV��0���DQG��0���W��� ������S������VXJJHVWLQJ� D�QRWDEOH�GHFUHDVH� LQ�KHDUW� UDWH� IROORZLQJ� WKH� WKLUG�%RZHQ� WHFKQLTXH�PDQLSXODWLRQ��DQG�D�GHFUHDVH� LQ� KHDUW� UDWH� EHWZHHQ�PHDVXUHPHQW� �0��� DQG� �%��� W��� ������ S������� VXJJHVWLQJ� D� QRWDEOH�GHFUHDVH�LQ�KHDUW�UDWH�ILYH�PLQXWHV�DIWHU�WKH�ILQDO�%RZHQ�WHFKQLTXH�PDQLSXODWLRQ��'DWD�DOVR�UHYHDOHG�D�VLJQLILFDQW� GLIIHUHQFH� EHWZHHQ� SUH�WKHUDS\� KHDUW� UDWH� �%� ��� DQG� SRVW�WKHUDS\� KHDUW� UDWH�PHDVXUHPHQWV��%��� W��� � ����� S������ VXJJHVWLQJ� WKDW� WKHUH� ZDV� DQ� RYHUDOO� GHFUHDVH� LQ� KHDUW� UDWH� IURP� SUH�%RZHQ�WKHUDS\�WR�SRVW�%RZHQ�WKHUDS\�
'LVFXVVLRQ�7KH�SXUSRVH�RI�WKH�SUHVHQW�LQYHVWLJDWLRQ�ZDV�WR�H[DPLQH�WKH�SV\FKRORJLFDO�DQG�SK\VLRORJLFDO�HIIHFWV�RI�WKH�%RZHQ� WKHUDSHXWLF� WHFKQLTXH� LQ�D�VDPSOH�RI�KHDOWK\�XQGHUJUDGXDWHV��7KHUH� LV� OLWWOH�GRXEW� WKDW� WKH�%RZHQ� WHFKQLTXH� LV� DQ� H[WUHPHO\� HIIHFWLYH� KHDOWK� FDUH� WUHDWPHQW�� KRZHYHU�� OLWWOH� LV� NQRZQ� DERXW� WKH�H[DFW�EDVLV�IRU�WKH�WUHDWPHQWV�UHPDUNDEOH�HIIHFWV��8VLQJ�%HQVRQ
V��������UHOD[DWLRQ�UHVSRQVH�WKHRU\�DV�WKH�EDVLV�IRU�IXUWKHU�XQGHUVWDQGLQJ�WKH�HIIHFWLYHQHVV�RI� WKH�%RZHQ�WHFKQLTXH�� LW�ZDV�UHDVRQHG�WKDW�WKH�DSSOLFDWLRQ� RI� WKH� %RZHQ� WHFKQLTXH� WKHUDS\� FRXOG� SURGXFH� D� GHFUHDVH� LQ� PXVFOH� WHQVLRQ�� DQG�FRQVHTXHQWO\� LQGXFH� D� UHOD[DWLRQ� UHVSRQVH� FKDUDFWHULVHG E\� D� GHFUHDVH� LQ� V\PSDWKHWLF� DFWLYLW\� �DV�LQGLFDWHG�E\�KHDUW�UDWH���DQG�DQ�HQKDQFHPHQW�RI�LQGLYLGXDOV�SRVLWLYH�IHHOLQJV�
&RQVLVWHQW�ZLWK� WKLV� SUHGLFWLRQ��PXVFOH� WHQVLRQ� �(0*��� DOWKRXJK� QRW� VLJQLILFDQW�� GLG� VKRZ� D� JHQHUDO�GHFUHDVH�IURP�WKH�DSSOLFDWLRQ�RIWKH�%RZHQ�WHFKQLTXH�WKHUDS\��+RZHYHU��VLQFH�WKHUH�ZHUH�QR�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�HDFK�RI�WKH�(0*�PHDVXUHPHQW�SHULRGV��LW�FDQ�EH�LQIHUUHG�WKDW�WKH�%RZHQ�WHFKQLTXH�ZDV�LQHIIHFWLYH�LQ�VLJQLILFDQWO\�GHFUHDVLQJ�PXVFOH�WHQVLRQ�
5HVXOWV� GLG�� KRZHYHU��H[KLELW� D� WUHQG� IRU� D� UHGXFWLRQ� LQ� LQGLYLGXDOV� KHDUW� UDWH�� LQGLFDWLQJ� D� JHQHUDO�GHFUHDVH� LQ� V\PSDWKHWLF� QHUYRXV� DFWLYLW\� IROORZLQJ� WKH� DGPLQLVWUDWLRQ� RI� WKH�%RZHQ� WHFKQLTXH�� 7KLV�UHVXOW� LV� FRQVLVWHQW� ZLWK� WKH� ILQGLQJV� RI� %HQVRQ� ������� ZKR� IRXQG� D� FRUUHVSRQGLQJ� GHFUHDVH� LQ�V\PSDWKHWLF� QHUYRXV� V\VWHP� DFWLYLW\� ZKHQ� WKH� UHOD[DWLRQ� UHVSRQVH� RFFXUV�� 7KHVH� ILQGLQJV� DUH� DOVR�FRQVLVWHQW� ZLWK� WKH� FKDQJHV� LQ� KHDUW� UDWH� IROORZLQJ� PDVVDJH� QRWHG� E\� )UDNRXUL� DQG� -RQHV� ��������
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KRZHYHU� LQ� FRQWUDVW�� WKH� LQFUHDVH� LQ� KHDUW� UDWH� GLIIHUHG� IURP� WKRVH� RI� RWKHU�PDVVDJH� VWXGLHV� >%DUU�	�7DVOLW�� ������ %DXHU� 	� 'UDFXS�� ������ .DXIPDQ�� ������ /RQJZRUWK�� ������ 5HHG� 	� +HOG�� ����@��&RPSDULVRQV�ZLWK�SUHYLRXV�PDVVDJH�VWXGLHV�PD\��KRZHYHU��EH�LQFRQVHTXHQWLDO�DV�WKH�LQFRQVLVWHQFLHV�LQ�UHVXOWV�DUH�OLNHO\�WR�EH�GXH�WR�GLIIHUHQFHV�LQ�WKH�PHWKRGRORJ\�DQG�PDVVDJH�WHFKQLTXHV�XWLOLVHG�
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