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³(IIHFW�RI�3ULRU�)DWLJXLQJ�6SRUW�6SHFLILF�([HUFLVH�RQ�)LHOG�+RFNH\�3DVVLQJ�$ELOLW\´�E\�+ROOYLOOH�(�HW�DO��
,QWHUQDWLRQDO�-RXUQDO�RI�6SRUWV�3K\VLRORJ\�DQG�3HUIRUPDQFH
������ +XPDQ�.LQHWLFV��,QF�

1RWH� 7KLV� DUWLFOH� ZLOO� EH� SXEOLVKHG� LQ� D� IRUWKFRPLQJ� LVVXH� RI� WKH�
,QWHUQDWLRQDO�-RXUQDO�RI�6SRUWV�3K\VLRORJ\�DQG�3HUIRUPDQFH��7KH�DUWLFOH�
DSSHDUV�KHUH�LQ�LWV�DFFHSWHG��SHHU�UHYLHZHG�IRUP��DV�LW�ZDV�SURYLGHG�E\�
WKH�VXEPLWWLQJ�DXWKRU� ,W�KDV�QRW�EHHQ�FRS\HGLWHG��SURRIUHDG��RU�IRUPDWWHG�
E\�WKH�SXEOLVKHU�

6HFWLRQ��2ULJLQDO�,QYHVWLJDWLRQ�

$UWLFOH�7LWOH��(IIHFW�RI�3ULRU�)DWLJXLQJ�6SRUW�6SHFLILF�([HUFLVH�RQ�)LHOG�+RFNH\�3DVVLQJ�$ELOLW\

$XWKRUV� (Q]R�+ROOYLOOH���9LQFHQW�/H�&UROOHU�� <RVKLKLUR�+LUDVDZD�� 5pPL�+XVVRQ���*LXVHSSH�
5DELWD���DQG�)UDQFN�%URFKHULH�

$IILOLDWLRQV����/DERUDWRU\�6SRUW��([SHUWLVH�DQG�3HUIRUPDQFH��($��������5HVHDUFK�8QLW��)UHQFK�
,QVWLWXWH�RI�6SRUW��,16(3���3DULV��)UDQFH� � 3{OH�)UDQFH�+RFNH\�VXU�*D]RQ��)UHQFK�,QVWLWXWH�RI�
6SRUW��,16(3���3DULV��)UDQFH�

-RXUQDO� ,QWHUQDWLRQDO�-RXUQDO�RI�6SRUWV�3K\VLRORJ\�DQG�3HUIRUPDQFH

$FFHSWDQFH�'DWH��$SULO����������

ΞϮϬϭϴ ,ƵŵĂŶ�<ŝŶĞƚŝĐƐ͕�/ŶĐ͘

'2,��KWWSV���GRL�RUJ���������LMVSS����������
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7LWOH� (IIHFW�RI�SULRU�IDWLJXLQJ�VSRUW�VSHFLILF H[HUFLVH�RQ�ILHOG�KRFNH\�SDVVLQJ�DELOLW\

6XEPLVVLRQ�W\SH� 2ULJLQDO�LQYHVWLJDWLRQ

$XWKRUV�

(Q]R� +ROOYLOOH��� 9LQFHQW� /H� &UROOHU�� <RVKLKLUR� +LUDVDZD�� 5pPL� +XVVRQ��� *LXVHSSH� 5DELWD���

)UDQFN�%URFKHULH�

$IILOLDWLRQV�

��/DERUDWRU\�6SRUW��([SHUWLVH�DQG�3HUIRUPDQFH��($��������5HVHDUFK�8QLW��)UHQFK�,QVWLWXWH�RI�6SRUW�
�,16(3���3DULV��)UDQFH�

� 3{OH�)UDQFH�+RFNH\�VXU�*D]RQ��)UHQFK�,QVWLWXWH�RI�6SRUW��,16(3���3DULV��)UDQFH�

&RQWDFW�GHWDLOV�IRU�WKH�FRUUHVSRQGLQJ DXWKRU��

)UDQFN�%URFKHULH
/DERUDWRU\�6SRUW��([SHUWLVH�DQG�3HUIRUPDQFH��($��������5HVHDUFK�8QLW��)UHQFK�,QVWLWXWH�RI�6SRUW�
�,16(3���3DULV��)UDQFH�
3K���������� �����������
(PDLO�IUDQFN�EURFKHULH#LQVHS�IU

5XQQLQJ�WLWOH� )DWLJXH�DQG�ILHOG�KRFNH\�WHFKQLFDO�VNLOO

$EVWUDFW ZRUG�FRXQW� ��� ZRUGV

7H[W�RQO\�FRXQW� ���� ZRUGV

1XPEHU�RI�WDEOHV� �

1XPEHU�RI�ILJXUHV� �
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$%675$&7

3XUSRVH��7KLV�VWXG\�DLPHG�WR�HYDOXDWH�WKH�HIIHFW�RI�PXOWLSOH VHWV RI�UHSHDWHG�VSULQW�DELOLW\��56$��

LQGXFHG�IDWLJXH�RQ�VXEVHTXHQW�SDVVLQJ�VNLOO�SHUIRUPDQFH DPRQJ�ILHOG�KRFNH\�0HWKRGV��7HQ�HOLWH�

8����PDOH�ILHOG�KRFNH\�SOD\HUV�SHUIRUPHG ILYH�VHWV�RI�D�FRPELQDWLRQ�RI�56$�WHVW����î ���P�± ���

V�RI�SDVVLYH�UHFRYHU\��IROORZHG�E\�D���PLQ�SDVVLQJ VNLOO�WHVW��SDVVLQJ�UHFHSWLRQ ZLWK�VXEVHTXHQW�

SDVVHV DW�D�SUH�GHVLJQHG�WDUJHW���)DVWHVW�VSULQW�WLPH�DQG�FXPXODWHG�VSULQW�WLPH�IRU�56$ WHVW��WRWDO�

QXPEHU�RI�EDOOV�SOD\HG��WDUJHWHG�DQG�SDVVLQJ�DFFXUDF\��QXPEHU�RI�EDOOV�WDUJHWHG���WRWDO�QXPEHU�RI�

EDOOV�SOD\HG��IRU�SDVVLQJ�VNLOO WHVW��KHDUW�UDWH��+5���EORRG�ODFWDWH�FRQFHQWUDWLRQ��>/D�@��DQG�UDWLQJ�

RI�SHUFHLYHG�H[HUWLRQ��53(��ZHUH�FROOHFWHG�WKURXJKRXW�WKH�SURWRFRO� 5HVXOWV��56$�SHUIRUPDQFH�

ZDV� VLJQLILFDQWO\� LPSDLUHG IURP�VHW��� WR� VHW�� �IDVWHVW� VSULQW� WLPH���������3��������FXPXODWHG�

VSULQW�WLPH���������3��������)RU�D�VLPLODU�DYHUDJHG�QXPEHU�RI�EDOOV�SOD\HG������ � �����GXULQJ

HDFK�VHW��QXPEHU�RI�EDOOV WDUJHWHG ��������3������ DQG�SDVVLQJ�DFFXUDF\ ��������3�������GHFUHDVHG�

XS�WR�WKH�WKLUG�VHW�EHIRUH�UH�LPSURYLQJ�RYHU�WKH�ODVW�WZR�VHWV��3V\FKRSK\VLRORJLFDO�UHVSRQVHV��+5��

>/D�@� DQG�53(� SURJUHVVLYHO\� LQFUHDVHG �3������ WRZDUGV� SURWRFRO� FHVVDWLRQ� 7KH� GHFUHDVH� LQ�

SDVVLQJ�DFFXUDF\ ZLWK�LQFUHDVLQJ�56$�FXPXODWHG�VSULQW�WLPH�ZDV�ILWWHG WR�D��QG RUGHU�SRO\QRPLDO�

IXQFWLRQ��Uð ������3������� &RQFOXVLRQ��0XOWLSOH�VHW�56$�LQGXFHG�IDWLJXH�ZDV�DFFRPSDQLHG�E\�

SDVVLQJ VNLOO DGMXVWPHQW� YDULDWLRQ VXJJHVWLQJ D� FRPSOH[� LQWHUDFWLRQ�EHWZHHQ�SK\VLRORJLFDO� DQG�

SV\FKRORJLFDO�FRJQLWLYH�IXQFWLRQ�WR�SUHVHUYH�SDVVLQJ VNLOO�XQGHU�IDWLJXHG�FRQGLWLRQ�

.H\�ZRUGV� 7HDP�VSRUWV��IDWLJXH��UHSHDWHG�VSULQW�DELOLW\��WHFKQLFDO�VNLOO��HFRORJLFDO�YDOLGLW\�
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,1752'8&7,21

)LHOG� KRFNH\� LV� DQ� LQYDVLYH� WHUULWRULDO� JDPH WKDW LQYROYHV VHPL�VWRFKDVWLF� LQWHUPLWWHQW�

DFWLYLWLHV �L�H���PD[LPDO�RU�QHDU�PD[LPDO�DQDHURELF�HIIRUWV� LQWHUVSHUVHG�ZLWK� ORZ� WR�PRGHUDWH�

LQWHQVLW\�DHURELF�SKDVHV��ZLWK�DQG�ZLWKRXW�WKH�EDOO�RYHU DQ�H[WHQGHG�SHULRG�RI�WLPH����î ���PLQ

VLQFH�WKH�)pGpUDWLRQ�,QWHUQDWLRQDOH�GH�+RFNH\¶V UXOH FKDQJHV��� 7KH�SK\VLFDO�GHPDQGV WKHUHIRUH�

UHTXLUH DHURELF�DQG�DQDHURELF�DELOLWLHV FRPELQHG�ZLWK�WKH�DSWLWXGH WR�UHSHDWHGO\�H[HFXWH WHFKQLFDO�

VNLOOV �H�J���SDVVLQJ��VKRRWLQJ� XQGHU�SUHVVXUH�DQG�ZKLOH�IDWLJXHG� 3UHYLRXV�WLPH�PRWLRQ�DQDO\VLV�

VWXGLHV� KDYH� UHSRUWHG D� GHFOLQH� LQ� ORFRPRWRU� DFWLYLWLHV� �H�J��� VSULQWLQJ�� DFFHOHUDWLRQ� DQG�

GHFHOHUDWLRQ��EHWZHHQ�KDOYHV� RU�TXDUWHUV�� $OWKRXJK�WKH�SURSRUWLRQ�RI�PDWFK�SOD\�DW�KLJK�LQWHQVLW\�

LV�VPDOO���� WKH�DELOLW\�WR�UHSHDW PD[LPDO�VKRUW�GXUDWLRQ�VSULQWV��WKH�VR�FDOOHG�UHSHDWHG�VSULQW�DELOLW\��

56$�� LV�DQ�LQWHJUDO�ILWQHVV�FRPSRQHQW�RI�ILHOG�KRFNH\��� DQG�LV W\SLFDOO\�DVVRFLDWHG�ZLWK�WKH�NH\�

PRPHQWV�RI�D PDWFK��H�J���JDLQLQJ�DGYDQWDJH�RYHU�DQ�RSSRQHQW�RU�FUHDWLQJ�VFRULQJ�RSSRUWXQLWLHV��

7UDQVLHQW DQG�VXVWDLQHG�IDWLJXH�UHODWHG�GHFOLQH�LQ�SK\VLFDO�SHUIRUPDQFH �L�H���KLJK�LQWHQVLW\�

UXQQLQJ� DQG� VSULQWLQJ� KDYH EHHQ� UHSRUWHG� LQ� VHYHUDO VWXGLHV���� ZLWK FRQIOLFWLQJ� ILQGLQJV LQ

DFFRPSDQ\LQJ� WHFKQLFDO� VNLOO� SHUIRUPDQFHV����� 0RVW���� EXW� QRW� DOO����� RI� WKHVH� VWXGLHV� KDYH�

GHPRQVWUDWHG�LPSDLUHG�WKURZLQJ�VKRRWLQJ�DFFXUDF\�RU�VSHHG�RI�WKH�EDOO DIWHU�VSRUW�VSHFLILF�IDWLJXH�

GHYHORSPHQW��7KHVH�FRQWUDVWLQJ�ILQGLQJV�PLJKW�EH�DWWULEXWHG�WR�PHWKRGRORJLFDO�GLIIHUHQFHV�VXFK�

DV� WKH� IDWLJXLQJ� H[HUFLVH�PRGH�� LQWHQVLW\� DQG�GXUDWLRQ�� WKH� HODSVHG� WLPH� EHWZHHQ� WKH� IDWLJXLQJ�

H[HUFLVH� DQG� VXEVHTXHQW� WHVWLQJ�� DQG�RU� WKH� ILWQHVV� OHYHO� RI� SDUWLFLSDQWV� 6SHFLILFDOO\� WR� ILHOG�

KRFNH\�� QR� UHVHDUFK� KDV� \HW� DVVHVVHG� WKH HIIHFWV� RI� IDWLJXH�LQGXFHG� H[HUFLVH RQ� ILHOG� KRFNH\�

VSHFLILF�WHFKQLFDO�VNLOOV� 7U\LQJ�WR�XQUDYHO�WKH�PHFKDQLVPV XQGHUSLQQLQJ�WKH�IDWLJXH�SHUIRUPDQFH�

LQWHUDFWLRQ�ZRXOG�EH�RI�SUDFWLFDO�UHOHYDQFH�IRU�SHUIRUPDQFH�RSWLPL]DWLRQ�DQG�RU�LQMXU\�SUHYHQWLRQ�
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$VVHVVLQJ�WKH�LPSDFW�RI�IDWLJXLQJ�H[HUFLVH�RQ�WHFKQLFDO�VNLOO�SHUIRUPDQFH�UHTXLUHV�WKH�XVH�

RI�WKH�PRVW�VSRUW�VSHFLILF�SURWRFROV������ ,Q�WKLV�YLHZ��56$�WHVW�DSSHDUV�UHOHYDQW WR�UHSOLFDWH�WKH�

KLJK�LQWHQVLW\�LQWHUPLWWHQW�QDWXUH�RI�ILHOG�KRFNH\�SHUIRUPDQFH���������� )XUWKHU��WR�EHWWHU�UHIOHFW�WKH�

SK\VLFDO GHPDQGV�RI�D� ILHOG�KRFNH\�PDWFK�� WKH�XVH�RI�PXOWLSOH�56$�VHWV�ZRXOG�DOORZ�D�PRUH�

SUHFLVH LQYHVWLJDWLRQ�RI�ILHOG�KRFNH\ IDWLJXH�LQGXFHG�SK\VLFDO�DQG�WHFKQLFDO�VNLOOV�SHUIRUPDQFH�

7KH� SXUSRVH� RI� WKLV� VWXG\�ZDV� WR� DVVHVV� WKH� HIIHFW� RI�PXOWLSOH�56$� VHWV RQ� LPPHGLDWH�

VXEVHTXHQW�SDVVLQJ VNLOO SHUIRUPDQFH��L�H���EDOO UHFHSWLRQ�FRQWURO�DQG�SDVVLQJ DELOLW\��LQ�8����PDOH

ILHOG�KRFNH\�SOD\HUV� :H�K\SRWKHVL]HG�WKDW�WKH�SDVVLQJ�VNLOO SHUIRUPDQFH ZRXOG�GHFOLQH�ZLWK�WKH�

RQVHW�RI�IDWLJXH�GXULQJ�WKH�ILUVW�56$�VHW��DQG�ZRXOG�PLPLF WKH�SK\VLFDO�SHUIRUPDQFH�DOWHUDWLRQ�

WRZDUGV�PXOWLSOH�56$�VHWV�

0(7+2'6

6XEMHFWV

7HQ 8����HOLWH PDOH�ILHOG�KRFNH\�SOD\HUV��PHDQ���6'��DJH������������\U��VWDWXUH ��������

����FP��ERG\�PDVV������������NJ� IURP�WKH�)UHQFK ,QVWLWXWH�RI�6SRUW��,16(3��FRPSHWLQJ�LQ WKH

)UHQFK�RU %HOJLXP�ILUVW�GLYLVLRQ SDUWLFLSDWHG�LQ�WKH�VWXG\��$OO�SDUWLFLSDQWV�KDG�DW�OHDVW��� \HDUV�RI�

FRPSHWLWLYH�ILHOG�KRFNH\�H[SHULHQFH��WUDLQHG�UHJXODUO\����ILHOG�KRFNH\ VHVVLRQV DQG���VWUHQJWK�DQG�

FRQGLWLRQLQJ�VHVVLRQV�SHU�ZHHN��DQG�ZHUH�IDPLOLDU WR�WKH�VSHFLILF�GULOOV��L�H�� ERWK�56$ DQG�SDVVLQJ�

VNLOO�WHVW� XVHG�LQ�WKH�SUHVHQW�VWXG\��%HIRUH�SURYLGLQJ�ZULWWHQ�LQIRUPHG�FRQVHQW��DOO�SDUWLFLSDQWV�

ZHUH�LQIRUPHG�RI�WKH�QDWXUH�RI�WKH�VWXG\��RI�DOO�DVVRFLDWHG�ULVNV��DQG�RI�WKHLU�ULJKW�WR�ZLWKGUDZ�DW�

DQ\ WLPH�� 7KH� VWXG\� SURWRFRO� FRPSOLHG� ZLWK� WKH� 'HFODUDWLRQ� RI� +HOVLQNL� JXLGHOLQHV� DQG� ZDV�

DSSURYHG�E\�WKH�ORFDO�UHVHDUFK�HWKLFV�FRPPLWWHH�
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([SHULPHQWDO�GHVLJQ

$IWHU�D����PLQ�VWDQGDUGL]HG�ZDUP�XS��L�H�����PLQ�RI� MRJJLQJ�DW����NP�K�� DQG�G\QDPLF�

VWUHWFKLQJ�����PLQ�RI�VSULQW�VSHFLILF�GULOOV�LQFOXGLQJ�DWKOHWLF�PRYHPHQWV�XVLQJ�FRQHV�DQG�ODGGHUV��

VKRUW�EXUVW�RI�DFFHOHUDWLRQ�DQG�GHFHOHUDWLRQ�DQG�SURJUHVVLYH�VSULQWV��DQG���PLQ�RI�WHFKQLFDO�GULOOV�

LQFOXGLQJ� GULEEOLQJ� DQG� SDVVLQJ� DQG� FKDQJH� RI� GLUHFWLRQ��� WKH� H[SHULPHQWDO� SURWRFRO WRRN�

DSSUR[LPDWHO\����PLQ��,W UHTXLUHG�SDUWLFLSDQWV�WR�FRPSOHWH���VHWV�RI�D�FRPELQDWLRQ�RI�56$�WHVW

IROORZHG�E\����V�RI�SDVVLYH�UHFRYHU\�DQG�WKHQ D���PLQ�WHFKQLFDO VNLOO� WHVW�ZLWK ���V�RI�SDVVLYH�

UHFRYHU\� EHIRUH� UHLQLWLDWLQJ� WKH� VXEVHTXHQW�56$� VHW� 3DUWLFLSDQWV�ZHUH� LQVWUXFWHG� DQG� YHUEDOO\�

HQFRXUDJHG�WR�SURYLGH�PD[LPDO�HIIRUW�LQ�HDFK�UHSHWLWLRQ�WKURXJKRXW�WKH�ILYH�56$ VHWV��$�VFKHPDWLF�

UHSUHVHQWDWLRQ�RI�WKH�H[SHULPHQWDO�SURWRFRO LV�SUHVHQWHG�LQ�)LJXUH��� $OO�GDWD�ZHUH�FROOHFWHG�LQ�

VHDVRQ�RQ�D�ZHW�DUWLILFLDO�KRFNH\�SLWFK��$VWUR7XUI��'DOWRQ��*HRUJLD��86$��

5HSHDWHG�VSULQW�DELOLW\ WHVW

7KH�56$�WHVW�FRQVLVWHG�RI���î����P�VWUDLJKW�OLQH�PD[LPDO�VSULQWV�GHSDUWLQJ�HYHU\����V��7KH�

VSULQWV�ZHUH�SHUIRUPHG�LQ�D�EDFN�DQG�IRUWK�IRUPDW�WR�DOORZ�IRU�SDVVLYH�UHFRYHU\�GXULQJ�WKH�VKRUW�

UHVW�SHULRG��6WDQGLQJ�VWDUW�SRVLWLRQ�ZDV�VHW�WR����FP�EHIRUH�WKH�ILUVW�VHW�RI�SKRWRFHOOV��L�H�� ���FP�

IURP�WKH�IURQW�RI�WKH�SOD\HU¶V�OHIW�IRRW�WR�WKH�ILUVW�VHW�RI�SKRWRFHOOV�� 3DUWLFLSDQWV ZHUH�UHTXHVWHG�WR�

GHFHOHUDWH�DV�IDVW�DV�SRVVLEOH��ZLWK�D�GHFHOHUDWLRQ�DUHD�IL[HG�EHWZHHQ����DQG����P���WR�ZDON EDFN�

WR�WKH�VWDUWLQJ�OLQH�DQG�WR�DVVXPH D�VWDQGLQJ�UHDG\�SRVLWLRQ�IRU���V�EHIRUH�WKH�QH[W�VSULQW�DQQRXQFHG�

E\�D�FRXQWGRZQ� 7LPLQJ�ZDV�PHDVXUHG�WR�WKH�QHDUHVW������V�XVLQJ�ZLUHOHVV�VLQJOH�EHDP�SKRWRFHOOV�

FRQQHFWHG� WR� DQ� HOHFWURQLF� WLPHU� �:LWW\� V\VWHP��0LFURJDWH��%RO]DQR�� ,WDO\���ZKRVH� KHLJKW�ZDV�

DGMXVWHG�DFFRUGLQJ�WR�WKH�KHLJKW�RI�WKH�SDUWLFLSDQW¶V�KLS�DQG�SODFHG�DW�������DQG����P��'XULQJ�WKH�

ILUVW�VSULQW��SDUWLFLSDQWV�ZHUH�UHTXLUHG�WR�DFKLHYH�DW�OHDVW�����RI�WKHLU�FULWHULRQ�VFRUH��L�H���GHILQHG�

DV�WKH�EHVW�RI�WKUHH�VLQJOH����P�VSULQWV�LQWHUVSHUVHG�ZLWK���PLQ�RI�UHFRYHU\ SHUIRUPHG�DIWHU�WKH�
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³(IIHFW�RI�3ULRU�)DWLJXLQJ�6SRUW�6SHFLILF�([HUFLVH�RQ�)LHOG�+RFNH\�3DVVLQJ�$ELOLW\´�E\�+ROOYLOOH�(�HW�DO��
,QWHUQDWLRQDO�-RXUQDO�RI�6SRUWV�3K\VLRORJ\�DQG�3HUIRUPDQFH
������ +XPDQ�.LQHWLFV��,QF�

ZDUP�XS��GDWD�QRW�SUHVHQWHG��DV�D�FKHFN�RQ�SDFLQJ� $OO�RI�WKH�VXEMHFWV�VDWLVILHG�WKLV�FULWHULRQ�VFRUH

������������� GXULQJ�WKH�ILUVW�56$�VHW�

7KUHH�VFRUHV�ZHUH�GHWHUPLQHG�GXULQJ�WKH�56$�WHVW��WKH�IDVWHVW��L�H�� LQLWLDO�LQ�DOO�FDVHV��VSULQW�

WLPH��WKH�FXPXODWHG�VSULQW�WLPH��L�H�� VXP�RI�WKH�VL[�VSULQWV��DQG�WKH�VSULQW�GHFUHPHQW�VFRUH�>6GHF

���� ���FXPXODWHG�VSULQW�WLPH�����IDVWHVW�VSULQW�WLPH�î����± �� î����@��

$OWKRXJK�XVLQJ�VOLJKWO\�GLIIHUHQW�WHVWLQJ�PRGH��L�H���JUDVV�VXUIDFH�YV��QRQ�VOLS�ZRRGHQ�IORRU�

YV��$VWUR7XUI�JURXQG���WKH�UHOLDELOLW\ �W\SLFDO�HUURU�DQG�FRHIILFLHQW�RI�YDULDWLRQ��IRU�RQH�56$�VHW�

������ V� DQG� ������ UHVSHFWLYHO\��� IRU� WKH� IDVWHVW� VSULQW� WLPH� ����������� V� DQG� ���������� DQG� IRU�

FXPXODWHG�WLPH�������V�DQG�������ZDV�SUHYLRXVO\�UHSRUWHG�XVLQJ�D�UHVHPEOLQJ�PXOWLSOH�56$�VHW�

�L�H���� DQG�� VHWV�RI�� î����P ± �� V�UHFRYHU\�EHWZHHQ�VSULQWV�DQG���PLQ�EHWZHHQ�VHWV�������

3DVVLQJ�VNLOO�WHVW

7KH�SDVVLQJ VNLOO�WHVW�UHTXLUHG�SDUWLFLSDQWV�WR�SHUIRUP�D VSHFLILF�ILHOG�KRFNH\�WDVN�GXULQJ�D

��PLQ�SHULRG��,W�FRQVLVWHG�WR�SOD\�WKH�PD[LPDO�QXPEHU�RI�EDOOV�UHFHLYHG�LQ�PRYHPHQW��FRQWUROOHG�

GXULQJ� WXUQLQJ�DQG�VXEVHTXHQWO\� SDVVHG DV� IDVW� DQG�DV�DFFXUDWHO\�DV�SRVVLEOH�DW� D�SUH�GHVLJQHG�

WDUJHW� ����� î� �����P�� ORFDWHG� DW� JURXQG� OHYHO� LQ� WKH�PLGGOH� RI� D� VWDQGDUG� ILHOG� KRFNH\� JRDO��

3DUWLFLSDQWV�ZHUH�LQVWUXFWHG�WR�SHUIRUP�WKH�WHVW�LQ�DQ�LQYHUVH�FORFNZLVH�GLUHFWLRQ��WR�SOD\�RQ�WKH�

ULJKW�VLGH�RI�WKHLU�VWLFN��)RU�HDFK�EDOO�SOD\HG��SDUWLFLSDQWV�ZHUH�SRVLWLRQHG�DW��� P�IURP�WKH�WDUJHW��

UDQ�IURP�WKH�VWDUWLQJ�SRVLWLRQ�WR�WKH�DFWLRQ�]RQH��UHFHLYHG�D�EDOO��FRQWUROOHG�LW��WXUQ�DQG�SDVVHG�LW

WRXJKO\ WRZDUG�WKH�WDUJHW��7KH�WRWDO�QXPEHU�RI�EDOOV�SOD\HG�DQG�WDUJHWHG�ZHUH�UHFRUGHG�WKURXJK�

WKH�SDVVLQJ�VNLOO�WHVW� 3DVVLQJ VFRUH�ZDV�JUDGHG�DV�RQH�SRLQW�IRU�D�EDOO�FRUUHFWO\�UHFHLYHG��FRQWUROOHG�

ZLWK�FOHDQ�SDVV RQ�WKH�WDUJHW��L�H�� EDOO�WDUJHWHG��DQG�]HUR�SRLQW�LI�WKH�EDOO�WRXFKHG�WKH�IHHW��ILHOG�

KRFNH\�UHJXODWLRQ��RU�IDLOHG�WR�JR�WKURXJK�WKH�WDUJHW��$�SDVVLQJ�DFFXUDF\ ZDV�FDOFXODWHG�DV� WKH�

QXPEHU�RI�EDOOV WDUJHWHG���WRWDO�QXPEHU�RI�EDOOV SOD\HG �H[SUHVVHG�LQ���� 7KH�LQWUDFODVV�FRUUHODWLRQ�
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³(IIHFW�RI�3ULRU�)DWLJXLQJ�6SRUW�6SHFLILF�([HUFLVH�RQ�)LHOG�+RFNH\�3DVVLQJ�$ELOLW\´�E\�+ROOYLOOH�(�HW�DO��
,QWHUQDWLRQDO�-RXUQDO�RI�6SRUWV�3K\VLRORJ\�DQG�3HUIRUPDQFH
������ +XPDQ�.LQHWLFV��,QF�

FRHIILFLHQW��,&&� ������������DQG������IRU�QXPEHU�RI�EDOOV�SOD\HG��WDUJHWHG DQG�SDVVLQJ�DFFXUDF\��

UHVSHFWLYHO\��IURP�WZR�VHSDUDWH�SDVVLQJ�VNLOO�WHVWV��LQWHUVSHUVHG�E\����PLQ�RI�SDVVLYH�UHVW��RI�VHYHQ�

HOLWH�8���PDOH�ILHOG�KRFNH\�SOD\HUV�LQGLFDWH�DFFHSWDEOH�UHOLDELOLW\�

3K\VLRORJLFDO�PHDVXUHV�DQG�UDWLQJ�RI�SHUFHLYHG�H[HUWLRQ

+HDUW�UDWH��+5��ZDV�FRQWLQXRXVO\�PRQLWRUHG XVLQJ�D�KHDUW�UDWH�PRQLWRU��56���VG��3RODU�

(OHFWUR� 2\�� .HPSHOH�� )LQODQG�� DQG� ZDV� FROOHFWHG� SULRU� WR�� LPPHGLDWHO\� DIWHU� ERWK� 56$� DQG�

WHFKQLFDO� VNLOO� HIIRUWV� LQ� HDFK� VHW�� DV ZHOO� DV ��PLQ� DIWHU� FRPSOHWLRQ� RI� WKH� SURWRFRO� +5�ZDV�

H[SUHVVHG�DV SHUFHQWDJH�RI�PD[LPDO�+5 �������ESP� GHWHUPLQHG�EHIRUHKDQG�XVLQJ�D�PXOWLVWDJH�

���P�VKXWWOH�UXQ�WHVW��5DWLQJV�RI�SHUFHLYHG�H[HUWLRQ�ZDV�UHFRUGHG�DW�WKH�VDPH�WLPH�SRLQWV�XVLQJ�D�

�±���SRLQW�VFDOH��� 3DUWLFLSDQWV�ZHUH�JLYHQ�GHWDLOHG�LQVWUXFWLRQV�RQ�KRZ�WR�XVH�WKH�VFDOH��L�H���WKH\�

ZHUH�UHTXHVWHG�WR UDWH�³KRZ�KHDY\ DQG�VWUHQXRXV WKH�H[HUFLVH�ZDV�RYHUDOO�IHOW"´��

)LQJHU�WLS� FDSLOODU\� EORRG� VDPSOHV� ZHUH� FROOHFWHG� DW� UHVW� LQ� D� VWDQGLQJ� SRVLWLRQ��

LPPHGLDWHO\�DIWHU�HDFK�WHFKQLFDO�VNLOO�HIIRUW�LQ�HDFK�VHW��DQG���PLQ�DIWHU�SURWRFRO�FHVVDWLRQ��DQG�

ZHUH�DQDO\VHG�IRU EORRG ODFWDWH�FRQFHQWUDWLRQ��>/D�@���/DFWDWH�3UR�$QDO\VHU��$UNUD\�,QF��.\RWR��

-DSDQ���

6WDWLVWLFDO�DQDO\VHV

6WDWLVWLFV�ZHUH�FDUULHG�RXW�XVLQJ�6LJPDSORW �����VRIWZDUH��6\VWDW�6RIWZDUH��,QF���6DQ�-RVH��

&$��86$���$OO�GDWD�ZHUH�H[SUHVVHG�DV�PHDQ���VWDQGDUG�GHYLDWLRQ��6'��DQG�VWDWLVWLFDO�VLJQLILFDQFH�

ZDV� VHW� DW� 3� �� ������ %HIRUH� XVLQJ� SDUDPHWULF� VWDWLVWLFDO� WHVW� SURFHGXUHV�� WKH� DVVXPSWLRQV� RI�

QRUPDOLW\� DQG� VSKHULFLW\� ZHUH� YHULILHG XVLQJ� WKH 6KDSLUR�:LON� WHVW�� $� RQH�ZD\� $129$� IRU�

UHSHDWHG�PHDVXUHV��VHW�QXPEHU��ZDV�XVHG�WR�FRPSDUH�FKDQJHV�LQ�56$�SHUIRUPDQFH��SDVVLQJ�VNLOO��

SK\VLRORJLFDO�DQG�53(�SDUDPHWHUV�ZLWK�WLPH��0XOWLSOH�FRPSDULVRQV�ZHUH�PDGH�ZLWK�WKH�+ROP�

6LGDN +6'�SRVW�KRF�WHVW��3DUWLDO�HWD�VTXDUHG��Șð��ZDV�FDOFXODWHG�DV�PHDVXUHV�RI�HIIHFW�VL]H��9DOXHV�
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³(IIHFW�RI�3ULRU�)DWLJXLQJ�6SRUW�6SHFLILF�([HUFLVH�RQ�)LHOG�+RFNH\�3DVVLQJ�$ELOLW\´�E\�+ROOYLOOH�(�HW�DO��
,QWHUQDWLRQDO�-RXUQDO�RI�6SRUWV�3K\VLRORJ\�DQG�3HUIRUPDQFH
������ +XPDQ�.LQHWLFV��,QF�

RI�������������DQG�DERYH������ZHUH�FRQVLGHUHG�DV�VPDOO��PHGLXP��DQG�ODUJH��UHVSHFWLYHO\��'XH�WR�

WKH� QRQ�OLQHDU� EHKDYLRXU� RI� WKH� SDVVLQJ� VNLOO� SHUIRUPDQFH RXWFRPH�� D� �QG RUGHU� SRO\QRPLDO�

�TXDGUDWLF�� UHJUHVVLRQ DQDO\VLV� ZDV� SHUIRUPHG� WR� GHWHUPLQH WKH� UHODWLRQVKLS� EHWZHHQ SDVVLQJ�

DFFXUDF\ DQG�56$�IDWLJXH�LQGXFHG��L�H�� FXPXODWHG�VSULQW�WLPH� YDOXHV�IURP�HDFK�VHW�

5(68/76

5HSHDWHG�VSULQW�DELOLW\

7DEOH���DQG�)LJXUH�� GLVSOD\HG�WKH�56$�SHUIRUPDQFH�FKDQJHV�IRU�HDFK�GLVWDQFH�LQWHUYDO�

IURP�VHW���WR�VHW����6SULQW�WLPH�VLJQLILFDQWO\�LQFUHDVHG�RYHU�WKH�VL[�VSULQWV�LQ�VHW�� ������P�GLVWDQFH�

LQWHUYDO��IURP�������������V�IRU�WKH�ILUVW�VSULQW�WR�������������V�IRU�WKH�ODVW�VSULQW����������3����������

������P�GLVWDQFH�LQWHUYDO��IURP�������������V�WR�������������V����������3���������������P�GLVWDQFH�

LQWHUYDO�� IURP������������� V� WR������������� V���������3���������� DQG� IXUWKHU� LQFUHDVHG DV� VHWV�

SURJUHVVHG��)LJ������&RPSDUHG�WR�VHW����IDVWHVW�VSULQW�WLPH�LQFUHDVHG�LQ�VXEVHTXHQW�VHWV�IRU������P�

�SRROHG�YDOXHV���������3� �������Șð� ��������������P���������3����������Șð� ������DQG������P�

��������3����������Șð  ������ GLVWDQFH�LQWHUYDOV �7DEOH���� &XPXODWHG�VSULQW�WLPH�LQFUHDVHG�LQ�VHWV�

��������DQG���FRPSDUHG WR�VHW�� IRU ������P��SRROHG�YDOXHV���������3����������Șð  �������DQG������

P���������3� ��������Șð  ������ GLVWDQFH�LQWHUYDOV��EXW�QRW�IRU������P���������3� ��������Șð� �

����� GLVWDQFH�LQWHUYDO �7DEOH�����&RUUHVSRQGLQJ�6GHF ZDV������������IRU�VHW���DQG�VLJQLILFDQWO\��3�

 ��������LQFUHDVHG������� �����IRU�VHW����XQWLO�SURWRFRO�FHVVDWLRQ��

3DVVLQJ VNLOO�WHVW

5HVXOWV RI�WKH�SDVVLQJ�VNLOO�WHVW�DUH�SUHVHQWHG�LQ�7DEOH����)RU�D�VLPLODU�DYHUDJHG�QXPEHU�RI�

EDOOV�SOD\HG������ � �����3� ��������Șð  �������GXULQJ HDFK�VHW��QXPEHU�RI�EDOOV WDUJHWHG��������

IURP�VHW���WR����3  ��������Șð� �������DQG DFFXUDF\ �������IURP�VHW���WR����3� �������Șð� �������

ZHUH�VLJQLILFDQWO\�DOWHUHG XS�WR�WKH�WKLUG�VHW��2YHU�WKH�ODVW�WZR�VHWV� D�VXEVHTXHQW�UH�LPSURYHPHQW�
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³(IIHFW�RI�3ULRU�)DWLJXLQJ�6SRUW�6SHFLILF�([HUFLVH�RQ�)LHOG�+RFNH\�3DVVLQJ�$ELOLW\´�E\�+ROOYLOOH�(�HW�DO��
,QWHUQDWLRQDO�-RXUQDO�RI�6SRUWV�3K\VLRORJ\�DQG�3HUIRUPDQFH
������ +XPDQ�.LQHWLFV��,QF�

��������DQG���������UHVSHFWLYHO\ IRU�QXPEHU�RI�EDOOV�WDUJHWHG�DQG�DFFXUDF\��ZDV�REVHUYHG��7DEOH�

����

3K\VLRORJLFDO�PHDVXUHV�DQG�UDWLQJ�RI�SHUFHLYHG�H[HUWLRQ

+5�UHDFKHG�������DQG�������RI�PD[LPDO�+5�DIWHU�WKH�ILUVW�56$�DQG�WHFKQLFDO�SKDVHV��VHW�

��� DQG� VLJQLILFDQWO\� �3� �� ������� Șð�  � ������ LQFUHDVHG� ������� DQG� ������ RI� PD[LPDO� +5��

UHVSHFWLYHO\��XQWLO�SURWRFRO�FHVVDWLRQ �)LJ������6LPLODUO\��53(�SURJUHVVLYHO\�LQFUHDVHG IURP�VHW���

WR�VHW���IRU�ERWK�56$�DQG�WHFKQLFDO�VNLOO�SKDVHV�DQG�UHDFKHG�QHDU�H[KDXVWLRQ�OHYHO������ � �����3���

�������Șð� ��������>/D�@�UDSLGO\�LQFUHDVHG��3 � �������Șð� �������IURP�ZDUP�XS�WR�VHW�� ���� � ����

PPRO͑ /����� UHDFKHG�PD[LPDO�YDOXH�DIWHU� WKLUG� VHW� ����� � ����PPRO͑ /����DQG�UHPDLQHG�VWDEOH

WKHUHDIWHU ������������PPRO͑ /�� DQG������������PPRO͑ /���DW VHW���DQG����UHVSHFWLYHO\� �)LJ������

3RO\QRPLDO�UHJUHVVLRQ�DQDO\VLV

7KH�GHFUHDVH�LQ�SDVVLQJ�DFFXUDF\ ZLWK�LQFUHDVLQJ�56$�FXPXODWHG�VSULQW�WLPH�ZDV�ILW�WR�D�

�QG RUGHU�SRO\QRPLDO�IXQFWLRQ��Uð  �������3��������� �)LJXUH�����7R�IXUWKHU�LQYHVWLJDWH�WKLV�ILQGLQJ��

DQ�LQGLYLGXDO�TXDGUDWLF�UHJUHVVLRQ�PRGHO ZDV�SHUIRUPHG�IRU�HDFK�VXEMHFW�DQG UHYHDOHG�WKDW�������

RI WKHP ILW� WKH�TXDGUDWLF�PRGHO� �GHPRQVWUDWHG�D�GHFUHDVH� LQ�SDVVLQJ DELOLW\ ZLWK�56$�IDWLJXH�

LQGXFHG�XS�WR� WKH�WKLUG�VHW��IROORZHG�E\�D UH�LPSURYHPHQW�LQ�SDVVLQJ VNLOO SHUIRUPDQFH�GHVSLWH�

FRQWLQXLQJ�IDWLJXH�GHYHORSPHQW��

',6&866,21

7R�WKH�EHVW�RI�RXU�NQRZOHGJH�� WKLV� LV� WKH�ILUVW�VWXG\�WR�LQYHVWLJDWH�WKH�HIIHFW�RI�PXOWLSOH�

56$�VHWV�RQ VXEVHTXHQW�SDVVLQJ�VNLOO�SHUIRUPDQFH LQ�WHDP�VSRUW�DWKOHWHV� &RQWUDULO\�WR�RXU�SULPDU\�

K\SRWKHVLV�� WKH�PDLQ� UHVXOWV� LQGLFDWH� WKDW�� GHVSLWH� DQ� H[SHFWHG� SURJUHVVLYH� LQFUHDVH LQ� IDWLJXH�

GHYHORSPHQW� �L�H��� 56$� SHUIRUPDQFH� GHFUHPHQW� DQG� FRQFRPLWDQW� LQFUHDVH� LQ� SK\VLRORJLFDO�
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³(IIHFW�RI�3ULRU�)DWLJXLQJ�6SRUW�6SHFLILF�([HUFLVH�RQ�)LHOG�+RFNH\�3DVVLQJ�$ELOLW\´�E\�+ROOYLOOH�(�HW�DO��
,QWHUQDWLRQDO�-RXUQDO�RI�6SRUWV�3K\VLRORJ\�DQG�3HUIRUPDQFH
������ +XPDQ�.LQHWLFV��,QF�

UHVSRQVHV���SDVVLQJ�VNLOO�SHUIRUPDQFH�YDULHG WKURXJKRXW�WKH�SURWRFRO��L�H�� UHGXFWLRQ�XS�WR�WKH�WKLUG�

VHW�IROORZHG�E\�UH�LPSURYHPHQW�WRZDUGV�WKH�ODVW�VHW��

56$� SHUIRUPDQFH YDULDEOHV� �L�H��� IDVWHVW� VSULQW� WLPH�� FXPXODWHG� VSULQW� WLPH�� 6GHF�� ZHUH�

DOWHUHG �HVSHFLDOO\�LQ�WKH�������P�VSULQW�LQWHUYDO� RYHU UHSHWLWLRQV DQG�VHWV WKURXJKRXW�WKH�SURWRFRO�

7KLV�ZDV�IXUWKHU�DFFRPSDQLHG�E\�DQ�LQFUHDVH�LQ SV\FKRSK\VLRORJLFDO�UHVSRQVHV��L�H���+5�DQG�53(��

7KXV�� WKH�PXOWLSOH�56$�LQGXFHG� IDWLJXH� REVHUYHG KHUH DSSHDUV FRQVLVWHQW�ZLWK� SUHYLRXV�ZRUN

H[DPLQLQJ�VLQJOH����� DQG�PXOWLSOH�56$�WHVW��������� $OWKRXJK�WKH�DHWLRORJ\ RI�56$�LQGXFHG�IDWLJXH�

LV�IDU�IURP�FOHDU� VXFK�H[HUFLVH�LPSO\�D�FRPSOH[�LQWHUDFWLRQ�EHWZHHQ�SHULSKHUDO��L�H���OLPLWDWLRQ�LQ�

HQHUJ\� VXSSO\� DQG�PHWDEROLF� E\�SURGXFWV� LQWUDPXVFXODU� DFFXPXODWLRQ� DQG� FHQWUDO� �L�H��� QHXUDO�

GULYH�DQG�PXVFOH�UHFUXLWPHQW�VWUDWHJLHV� PHFKDQLVPV����� 5HFHQW�HYLGHQFHV�XVLQJ�PDQLSXODWLRQV�RI�

SUH�H[LVWLQJ�IDWLJXH�OHYHOV�� DQG�K\SR[LD�VHYHULW\�� VXSSRUW�WKH�YLHZ�WKDW�PHFKDQLFDO�SHUIRUPDQFH�

DQG�PXVFXODU�HOHFWURP\RJUDSK\�VLJQDOV�DUH�FKDUDFWHUL]HG�E\�D�ELSKDVLF�SURILOH�GXULQJ�56$�WHVW�LQ�

RUGHU�WR�OLPLW�WKH�DWWDLQPHQW�RI�D�FULWLFDO�SHULSKHUDO�IDWLJXH�WKUHVKROG��)XUWKHU��WKH�FRPSDULVRQ�RI�

IDWLJXH�UHVSRQVHV�LQ�D�56$�VSULQW�PDWFKLQJ�SDUDGLJP�>L�H���PDWFKHG�IRU�LQLWLDO�RXWSXW�LQ�D�³QRQ�

IDWLJXHG´��ILUVW�56$�VHW��YV��³IDWLJXHG´�VWDWH��VHFRQG�56$�VHW�@�� LQGLFDWHG�WKDW�PXVFOH�DFWLYDWLRQ�

ZDV�ORZHU��׽������LQ�WKH�LQLWLDO�VSULQW�RI�WKH�VHFRQG�YV��ILUVW�VHW�GHVSLWH�VLPLODU�RXWSXW��7KLV�ZDV�

DFFRPSDQLHG�E\�D�JUHDWHU IDWLJDELOLW\� LQ� WKH�VHFRQG�YV�� ILUVW� VHW��� ,Q� WKH�SUHVHQW� VWXG\��GHVSLWH�

SURJUHVVLYH�IDWLJXH�GHYHORSPHQW�WKURXJKRXW�WKH�SURWRFRO��LQLWLDO�VSULQW�RI�HDFK�VHW�UHPDLQHG�ZLWKLQ

WKH�����WDUJHW�RI�EHVW�VLQJOH�VSULQW��$OWKRXJK�PXVFXODU�DFWLYLW\�KDV�QRW�EHHQ�UHFRUGHG�KHUH��WKLV�

PD\�LQGLFDWH�WKDW�WKH�VKRUW�WHUP�PXVFXODU�DFWLYDWLRQ�KLVWRU\�DOWHUV�PXVFXODU�UHFUXLWPHQW�SDWWHUQ�

DQG� IDWLJDELOLW\� GXULQJ� VXEVHTXHQW�56$� VHWV��� )XUWKHU� UHVHDUFKHV� LQYHVWLJDWLQJ� QHXURPXVFXODU�

IXQFWLRQV� GXULQJ� PXOWLSOH 56$� VHWV� PD\� FRQWULEXWH� WR� WKH� XQGHUVWDQGLQJ� RI� IDWLJXH�FDXVLQJ�

PHFKDQLVPV�GXULQJ�UHSHDWHG�VSULQWLQJ�
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³(IIHFW�RI�3ULRU�)DWLJXLQJ�6SRUW�6SHFLILF�([HUFLVH�RQ�)LHOG�+RFNH\�3DVVLQJ�$ELOLW\´�E\�+ROOYLOOH�(�HW�DO��
,QWHUQDWLRQDO�-RXUQDO�RI�6SRUWV�3K\VLRORJ\�DQG�3HUIRUPDQFH
������ +XPDQ�.LQHWLFV��,QF�

%HFDXVH�56$ FLUFXPYHQWV�SDFLQJ�UHJXODWLRQ��LQ�FRPSDULVRQ�WR�HQGXUDQFH�EDVHG�WHVWV�VXFK�

DV�WLPH�WULDOV�RU�WLPH�WR�H[KDXVWLRQ���D�IDVWHU�EXLOG�XS�RI�IDWLJXH PD\�DIIHFW�VXEVHTXHQW�H[HUFLVH�

$FFRUGLQJO\��XVLQJ�D�VKRUW SRVW�56$�GHOD\ �L�H������V��WR�OLPLW�DQ\�IDWLJXH�UHFRYHU\� WKH�HQVXLQJ�

SDVVLQJ VNLOO�H[HUFLVH OHG�WR�IXUWKHU�LQFUHDVH�LQ�+5�DQG�53(��>/D�@�DOVR�UDSLGO\�LQFUHDVHG�XS�WR�WKH�

WKLUG�VHW�DQG�UHPDLQHG�VWDEOH�XSRQ�SURWRFRO�FHVVDWLRQ� 7KHVH��SV\FKR�SK\VLRORJLFDO�UHVSRQVHV�DOLJQ�

ZLWK�PXOWLSOH�56$�VHWV�VWXGLHV������ :KLOH�6HUSLHOOR�HW�DO��� UHSRUWHG�DQ�LQFUHDVH�LQ�>/D�@�XS�WR�WKH�

WKLUG�VHW��&DUU�HW�DO��� REVHUYHG�WKDW�>/D�@�UHPDLQHG�VWDEOH�IURP�VHW���WR��� 7KHVH�ILQGLQJV VXSSRUW�

WKH�DFWLYDWLRQ�RI� IHHGEDFN�SDWKZD\V� IURP� WKH�PHWDER� DQG�PHFKDQR�VHQVLWLYH�PXVFOH�DIIHUHQWV�

�L�H���WKLQO\�P\HOLQDWHG�JURXS�,,,�DQG�XQP\HOLQDWHG�JURXS�,9�QHUYH�ILEUHV��WR�OLPLW�WKH�GHYHORSPHQW�

RI� SHULSKHUDO� PXVFOH� IDWLJXH�� WKHUHE\� DYRLGLQJ� VHYHUH� GLVWXUEDQFH� RI� ORFRPRWRU� PXVFOH�

KRPHRVWDVLV��� %HVLGHV��LW�LV�DOVR�FRQFHLYDEOH�WKDW >/D�@ VWDELOL]DWLRQ�REVHUYHG�DIWHU�WKH�WKLUG�VHW�

UHVXOWHG�IURP�FRQVFLRXV �L�H���EDVHG�RQ�WKH�³DQWLFLSDWRU\�53(´ PRGHO��� RU�VXEFRQVFLRXV�� PLFUR�

SDFLQJ�DGMXVWPHQWV�GXULQJ�WKH�SDVVLQJ�VNLOO�WHVW��+RZHYHU��ZLWK�D�VLPLODU�QXPEHU�RI�EDOOV�SOD\HG��

WKLV�VHHPV�XQOLNHO\��6LPLODUO\��WKH�OLQN�EHWZHHQ�R[\JHQ�XSWDNH�NLQHWLFV�DQG�56$�SHUIRUPDQFH��

FRXOG�KDYH�FRQWULEXWHG�WR�VPDOOHU�>/D�@�DFFXPXODWLRQ��L�H���ORZHU�SURGXFWLRQ�DQG�KLJKHU�UHPRYDO���

$QRWKHU�SRWHQWLDO�H[SODQDWLRQ�PD\�UHODWH�ZLWK�WKH�FHOO�WR�FHOO�ODFWDWH�VKXWWOH�K\SRWKHVLV�� ZKHUH�

>/D�@� LV� H[FKDQJHG� WKURXJKRXW� WKH�ERG\�± LQFOXGLQJ� WKH�EUDLQ�± WR�EH� HPSKDVL]H� DV� DQ� HQHUJ\�

LQWHUPHGLDWH�VXEVWUDWH�IRU�R[LGDWLRQ��JOXFRQHRJHQHVLV�RU�JO\FRJHQHVLV���

&RQWUDU\ WR�RXU�K\SRWKHVLV� SDVVLQJ VNLOO SHUIRUPDQFH�GLG�QRW�PLUURU�56$�SHUIRUPDQFH�

GHFUHPHQW��:KLOH�WKH�DYHUDJH�QXPEHU�RI�EDOOV SOD\HG�ZDV�QRW�DIIHFWHG��RXU�SDUWLFLSDQWV¶�UHVSRQVHV�

LQ�SDVVLQJ�DELOLW\�UHIOHFW D�SDUDEROLF HIIHFW��7KH�ILUVW�SKDVH�RI�WKLV�HIIHFW�FRXOG�EH�H[SODLQHG�E\ WKH�

DERYH�PHQWLRQHG LPSDLUHG�FRQWUDFWLOH�SURFHVV� LQGXFHG�E\�>/D�@�DFFXPXODWLRQ�DQG�DFLGRVLV�� DV�

SUHYLRXVO\� REVHUYHG� GXULQJ� IDWLJXH�LQGXFHG� WHQQLV� VNLOO� SHUIRUPDQFH��� 7KHUHIRUH�� WKLV PD\
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³(IIHFW�RI�3ULRU�)DWLJXLQJ�6SRUW�6SHFLILF�([HUFLVH�RQ�)LHOG�+RFNH\�3DVVLQJ�$ELOLW\´�E\�+ROOYLOOH�(�HW�DO��
,QWHUQDWLRQDO�-RXUQDO�RI�6SRUWV�3K\VLRORJ\�DQG�3HUIRUPDQFH
������ +XPDQ�.LQHWLFV��,QF�

VXSSRUW�SUHYLRXV�UHVHDUFK�ILQGLQJV���� WKDW�KDYH�VKRZQ�DQ�LQIOXHQFH�RI�VSRUW�VSHFLILF�IDWLJXH�RQ�

WHFKQLFDO�VNLOOV�SHUIRUPDQFH��+RZHYHU��WKH�VHFRQG�SKDVH�RI�WKH�SDUDEROLF HIIHFW REVHUYHG�KHUH�PD\�

VXSSRUW�RWKHU�UHVHDUFK�ILQGLQJV�WKDW�KDYH�UHSRUWHG�QR�LQIOXHQFH�RI�IDWLJXLQJ�H[HUFLVH�RQ�VXEVHTXHQW�

WHFKQLFDO� VNLOO� SHUIRUPDQFH������ 3RVVLEOH� MXVWLILFDWLRQ� FRXOG� EH� UHODWHG� WR V\QHUJLVWLF PXVFOHV

UHFUXLWPHQW�FRPSHQVDWLRQ�� RI�WKH�DIIHUHQWV¶ LQKLELWLRQ IHHGEDFN�IURP�WKH�ZRUNLQJ�PXVFOHV�DQG�LWV�

FRUROODU\�GLVFKDUJHV��L�H���QHXUDO�VLJQDOV�IURP�SUHPRWRU�PRWRU�DUHDV�WR�VHQVRU\�DUHDV�RI�WKH�EUDLQ����

)XUWKHU��RXU�SDUWLFLSDQWV ± FRQVLGHUHG�DV�KLJKO\�VNLOOHG�DWKOHWHV�±PD\�KDYH�EHHQ DEOH�WR�FRSH�ZLWK�

56$�LQGXFHG� SK\VLRORJLFDO� VWUHVV� DQG� RYHUFRPH� LWV� QHJDWLYH� HIIHFWV� FRQFRPLWDQWO\� ZLWK� DQ�

LPSURYHG�FRJQLWLYH�EHKDYLRXU��� $FFRUGLQJO\��LW�KDV�EHHQ�SURSRVHG�WKDW�WKH�QHJDWLYH�SK\VLRORJLFDO�

HIIHFWV�LQGXFHG�E\�KLJK�LQWHQVLW\�H[HUFLVH�PD\�EH�RIIVHW�E\�SRVLWLYH�FRJQLWLYH�DURXVDO��UHVXOWLQJ�LQ�

QHDU�EDVHOLQH�SHUIRUPDQFH�UDWKHU�WKDQ�ZRUVHQLQJ�RXWFRPH��� $OWRJHWKHU��WKLV�VXJJHVWV�D�FRPSOH[�

LQWHUDFWLRQ�EHWZHHQ�SK\VLRORJLFDO�DQG�SV\FKRORJLFDO�FRJQLWLYH�IXQFWLRQ�WR�SUHVHUYH�WHFKQLFDO�VNLOOV

VXFK�DV�SDVVLQJ�RU�VKRRWLQJ XQGHU�IDWLJXHG�FRQGLWLRQ� 0RUH�VWXGLHV�PHDVXULQJ FHUHEUDO�EORRG�IORZ�

HOHFWURHQFHSKDORJUDSK\�DQG�SV\FKRORJLFDO�FRJQLWLYH� WDVNV� LQ� UHVSRQVH� WR� IDWLJXH�LQGXFHG�VSRUW�

VSHFLILF� VNLOOV� DUH� UHTXLUHG� WR� EULQJ� LQVLJKW� LQ� LWV� XQGHUO\LQJ�PHFKDQLVPV DQG� WR� DVFHUWDLQ DQ\�

GHILQLWLYH� VWDWHPHQW� UHJDUGLQJ� WKH� LPSDFW� RI� IDWLJXH�LQGXFHG� H[HUFLVH� RQ� WHFKQLFDO� VNLOO�

SHUIRUPDQFH�

$�SRWHQWLDO� OLPLWDWLRQ RI� WKLV� VWXG\�PD\� UHODWH� WR� WKH� SDVVLQJ VNLOO� WHVW� XVHG��:KLOH�ZH�

IRFXVHG� RQ� DQ� HFRORJLFDOO\� VRXQGHG� SDVVLQJ� VNLOO� SHUIRUPDQFH WR� EHWWHU� UHIOHFW� LQ�PDWFK� ILHOG�

KRFNH\� WHFKQLFDO� DFWLYLW\�� WKH�PXOWLSOH�PRWRU� SKDVHV� �L�H��� EDOO� UHFHSWLRQ� LQ�PRYHPHQW�� FRQWURO�

GXULQJ�WXUQLQJ�DQG�SDVVLQJ��PD\�KDYH�DOWHUHG RXU�SDUWLFLSDQWV¶�SDVVLQJ�DFFXUDF\� 7KXV��UDWKHU�WKDQ�

D�WDUJHW�IRFXV��VRPH�DOWHUDWLRQV�FRXOG�KDYH�EHHQ�REVHUYHG�GXULQJ�WKH�PRWRU�SKDVH�SUHFHGLQJ�WKH�

SDVV� $QRWKHU�SRLQW�WR�PHQWLRQ�LV�UHODWHG�WR�WKH�VPDOO�VDPSOH�VL]H�RI�WKLV�VWXG\��7KH�LQFOXVLRQ�RI�
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³(IIHFW�RI�3ULRU�)DWLJXLQJ�6SRUW�6SHFLILF�([HUFLVH�RQ�)LHOG�+RFNH\�3DVVLQJ�$ELOLW\´�E\�+ROOYLOOH�(�HW�DO��
,QWHUQDWLRQDO�-RXUQDO�RI�6SRUWV�3K\VLRORJ\�DQG�3HUIRUPDQFH
������ +XPDQ�.LQHWLFV��,QF�

DGGLWLRQDO� SDUWLFLSDQWV� PD\� KDYH� FRQWULEXWHG� WR� D� FOHDUHU� LQWHUSUHWDWLRQ� RI� WKH� UHVXOWV� DQG� LWV�

SRWHQWLDO�XQGHUO\LQJ�PHFKDQLVPV� 7KH�DGGLWLRQ�RI�D�FRQWURO�FRQGLWLRQ��L�H�����VHWV�RI�SDVVLQJ�VNLOO�

WHVW�LQWHUVSHUVHG�E\�a� PLQ�RI�UHVW��PD\�DOVR�SHUPLW�WR�EHWWHU GHOLQHDWH�WKH�FRQWULEXWLRQ�RI�WKH�56$�

LQGXFHG�IDWLJXH�RQ�WHFKQLFDO�VNLOO�SHUIRUPDQFH�

35$&7,&$/�$33/,&$7,216

%DVHG�RQ� WKH�SUHVHQW� ILQGLQJV��SUDFWLWLRQHUV�VKRXOG�EH�DZDUH� WKDW� HYHQ� LI�VSRUW�VSHFLILF

SHUIRUPDQFH LV�VXVFHSWLEOH�WR�IDWLJXH��PDLQWHQDQFH RI�WHFKQLFDO�VNLOOV �H�J���SDVVLQJ�RU�VKRRWLQJ�

FRXOG� EH� H[SHFWHG� WKURXJK� SRWHQWLDO� UHJXODWRU\� PHFKDQLVPV�VWUDWHJLHV� WKDW� UHPDLQ� WR� EH�

GHWHUPLQHG�� )URP� D� SUDFWLFDO� SHUVSHFWLYH� SURSRVLQJ� WHFKQLFDO� VNLOOV� DW� WKH� HQG� RI� D� IDWLJXLQJ

H[HUFLVH ZRXOG�EH�EHQHILFLDO�WR�GHYHORS�VSRUW�VSHFLILF�IDWLJXH�UHVLVWDQFH�VWUDWHJLHV LQ�HOLWH�DWKOHWHV�

&21&/86,21

,Q�VXPPDU\��WKH�IDWLJXH�LQGXFHG�E\�WKH�SHUIRUPDQFH�RI�PXOWLSOH�VHW�RI�56$ H[HUFLVH�ZDV�

QRW� PLUURUHG� LQ� WKH� VXEVHTXHQW� SDVVLQJ VNLOO SHUIRUPDQFH� LQ� HOLWH� 8���� ILHOG� KRFNH\� SOD\HUV�

0RUHRYHU��SDVVLQJ�VNLOO LPSURYHPHQW�REVHUYHG DW�SURWRFRO FHVVDWLRQ�LQGLFDWHV WKDW�SOD\HUV�VHHP�WR�

FRSH� ZLWK� WKH� LQFUHDVLQJ SV\FKRSK\VLRORJLFDO� UHVSRQVHV�� 7KLV� VXJJHVWV� D� FRPSOH[� LQWHUDFWLRQ�

EHWZHHQ� SK\VLRORJLFDO� DQG� SV\FKRORJLFDO�FRJQLWLYH� IXQFWLRQ� WR� SUHVHUYH� WHFKQLFDO� VNLOOV� XQGHU�

IDWLJXHG�FRQGLWLRQ� )XUWKHU PXOWLGLVFLSOLQDU\ �H�J���H[HUFLVH�SK\VLRORJ\��QHXURVFLHQFH���FRJQLWLYH��

SV\FKRORJ\��DSSURDFKHV� VKRXOG�VKHG� OLJKW�RQ� WKH�SRWHQWLDO�PHFKDQLVPV�XQGHUSLQQLQJ� WHFKQLFDO�

VNLOO�SHUIRUPDQFH�UHJXODWLRQ�

$&.12:/('*(0(176

7KH�DXWKRUV�ZDUPO\�WKDQN� WKHLU�FROOHDJXHV��1��.UDQW]�DQG�6��&DULVWDQ��IRU� WKHLU�FRQWULEXWLRQ� LQ�

WHVWLQJ�SURWRFRO�GHYHORSPHQW��DV�ZHOO�DV�WKH�SOD\HUV IRU�WKHLU�HQWKXVLDVWLF�SDUWLFLSDWLRQ�
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³(IIHFW�RI�3ULRU�)DWLJXLQJ�6SRUW�6SHFLILF�([HUFLVH�RQ�)LHOG�+RFNH\�3DVVLQJ�$ELOLW\´�E\�+ROOYLOOH�(�HW�DO��
,QWHUQDWLRQDO�-RXUQDO�RI�6SRUWV�3K\VLRORJ\�DQG�3HUIRUPDQFH
������ +XPDQ�.LQHWLFV��,QF�

5()(5(1&(6

�� 5HLOO\�7��%RUULH�$��3K\VLRORJ\�DSSOLHG�WR�ILHOG�KRFNH\��6SRUWV�0HG�������������������

�� 6SHQFHU�0��%LVKRS�'��'DZVRQ�%��*RRGPDQ�&��3K\VLRORJLFDO�DQG�PHWDEROLF�UHVSRQVHV�RI�
UHSHDWHG�VSULQW� DFWLYLWLHV�� VSHFLILF� WR� ILHOG�EDVHG� WHDP� VSRUWV�� 6SRUWV� 0HG��
����������������������

�� 0RUHQFRV�(��5RPHUR�0RUDOHGD�%��&DVWDJQD�&��&DVDPLFKDQD�'��3RVLWLRQDO�&RPSDULVRQV�
LQ�WKH�,PSDFW�RI�)DWLJXH�RQ�0RYHPHQW�3DWWHUQV�LQ�+RFNH\��,QW�-�6SRUWV�3K\VLRO�3HUIRUP��
����������

�� 6SHQFHU�0��/DZUHQFH�6��5HFKLFKL�&��%LVKRS�'��'DZVRQ�%��*RRGPDQ�&��7LPH�PRWLRQ�
DQDO\VLV�RI�HOLWH�ILHOG�KRFNH\��ZLWK�VSHFLDO�UHIHUHQFH�WR�UHSHDWHG�VSULQW�DFWLYLW\��-�6SRUWV�
6FL���������������������

�� -HQQLQJV�'��&RUPDFN�6-��&RXWWV�$-��$XJKH\�5-��*36�DQDO\VLV�RI�DQ� LQWHUQDWLRQDO� ILHOG�
KRFNH\�WRXUQDPHQW��,QW�-�6SRUWV�3K\VLRO�3HUIRUP��������������������

�� *LUDUG� 2�� 0HQGH]�9LOODQXHYD� $�� %LVKRS� '�� 5HSHDWHG�VSULQW� DELOLW\� � SDUW� ,�� IDFWRUV�
FRQWULEXWLQJ�WR�IDWLJXH��6SRUWV�0HG���������������������

�� 0RKU�0��.UXVWUXS�3��%DQJVER�-��0DWFK�SHUIRUPDQFH�RI�KLJK�VWDQGDUG�VRFFHU�SOD\HUV�ZLWK�
VSHFLDO�UHIHUHQFH�WR�GHYHORSPHQW�RI�IDWLJXH��-�6SRUWV�6FL���������������������

�� &DUOLQJ�&��'XSRQW�*��$UH�GHFOLQHV�LQ�SK\VLFDO�SHUIRUPDQFH�DVVRFLDWHG�ZLWK�D�UHGXFWLRQ�LQ�
VNLOO�UHODWHG� SHUIRUPDQFH� GXULQJ� SURIHVVLRQDO� VRFFHU� PDWFK�SOD\"� -� 6SRUWV� 6FL��
�����������������

�� 5DPSLQLQL�(��,PSHOOL]]HUL�)0��&DVWDJQD�&��$]]DOLQ�$��)HUUDUL�%UDYR�'��:LVORII�8��(IIHFW�
RI�PDWFK�UHODWHG�IDWLJXH�RQ�VKRUW�SDVVLQJ�DELOLW\�LQ�\RXQJ�VRFFHU�SOD\HUV��0HG�6FL�6SRUWV�
([HUF���������������������

��� 6XQGHUODQG� &�� 1HYLOO� 0(�� +LJK�LQWHQVLW\� LQWHUPLWWHQW� UXQQLQJ� DQG� ILHOG� KRFNH\� VNLOO�
SHUIRUPDQFH�LQ�WKH�KHDW��-�6SRUWV�6FL���������������������

��� /\RQV�0��$O�1DNHHE�<��1HYLOO�$��3HUIRUPDQFH�RI�VRFFHU�SDVVLQJ�VNLOOV�XQGHU�PRGHUDWH�
DQG�KLJK�LQWHQVLW\�ORFDOL]HG�PXVFOH�IDWLJXH��-�6WUHQJWK�&RQG�5HV���������������������

��� 0F0RUULV� 7��5D\PHQW� 7�� 6KRUW�GXUDWLRQ�� KLJK�LQWHQVLW\� H[HUFLVH� DQG� SHUIRUPDQFH� RI� D�
VSRUWV�VSHFLILF�VNLOO��D�SUHOLPLQDU\�VWXG\��3HUFHSW�0RW�6NLOOV����������������������

��� 5R\DO�.$��)DUURZ�'��0XMLND�,��+DOVRQ�6/��3\QH�'��$EHUQHWK\�%��7KH�HIIHFWV�RI�IDWLJXH�
RQ�GHFLVLRQ�PDNLQJ�DQG�VKRRWLQJ�VNLOO�SHUIRUPDQFH� LQ�ZDWHU�SROR�SOD\HUV��-�6SRUWV�6FL��
�������������������

��� 'DYH\�35��7KRUSH�5'��:LOOLDPV�&��)DWLJXH�GHFUHDVHV�VNLOOHG�WHQQLV�SHUIRUPDQFH��-�6SRUWV�
6FL���������������������
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³(IIHFW�RI�3ULRU�)DWLJXLQJ�6SRUW�6SHFLILF�([HUFLVH�RQ�)LHOG�+RFNH\�3DVVLQJ�$ELOLW\´�E\�+ROOYLOOH�(�HW�DO��
,QWHUQDWLRQDO�-RXUQDO�RI�6SRUWV�3K\VLRORJ\�DQG�3HUIRUPDQFH
������ +XPDQ�.LQHWLFV��,QF�

��� 6SHQFHU�0��)LW]VLPRQV�0��'DZVRQ�%��%LVKRS�'��*RRGPDQ�&��5HOLDELOLW\�RI�D�UHSHDWHG�
VSULQW�WHVW�IRU�ILHOG�KRFNH\��-�6FL�0HG�6SRUW����������������������

��� 3ROJOD]H�7��'DZVRQ�%��%XWWILHOG�$��3HHOLQJ�3��0HWDEROLF�SRZHU�DQG�HQHUJ\�H[SHQGLWXUH�LQ�
DQ�LQWHUQDWLRQDO�PHQ
V�KRFNH\�WRXUQDPHQW��-�6SRUWV�6FL���������������������

��� &DUU�$��'DZVRQ�%��6FKQHLNHU�.��*RRGPDQ�&��/D\�%��(IIHFW�RI�FDIIHLQH�VXSSOHPHQWDWLRQ�
RQ�UHSHDWHG�VSULQW�UXQQLQJ�SHUIRUPDQFH��-�6SRUWV�0HG�3K\V�)LWQHVV���������������������

��� %HFNHWW� -5�� 6FKQHLNHU� .7�� :DOOPDQ� .(�� 'DZVRQ� %7�� *XHOIL� .-�� (IIHFWV� RI� VWDWLF�
VWUHWFKLQJ�RQ�UHSHDWHG�VSULQW�DQG�FKDQJH�RI�GLUHFWLRQ�SHUIRUPDQFH��0HG�6FL�6SRUWV�([HUF��
�������������������

��� %RUJ� *$�� 3V\FKRSK\VLFDO� EDVHV� RI� SHUFHLYHG� H[HUWLRQ�� 0HG� 6FL� 6SRUWV� ([HUF��
�������������������

��� *LUDUG�2��5DFLQDLV�6��.HOO\�/��0LOOHW�*3��%URFKHULH�)��5HSHDWHG�VSULQWLQJ�RQ�QDWXUDO�JUDVV�
LPSDLUV�YHUWLFDO�VWLIIQHVV�EXW�GRHV�QRW�DOWHU�SODQWDU�ORDGLQJ�LQ�VRFFHU�SOD\HUV��(XU�-�$SSO�
3K\VLRO�������������������������

��� 6HUSLHOOR� )5�� 0F.HQQD� 0-�� 6WHSWR� 1.�� %LVKRS� '-�� $XJKH\� 5-�� 3HUIRUPDQFH� DQG�
SK\VLRORJLFDO�UHVSRQVHV�WR�UHSHDWHG�VSULQW�H[HUFLVH��D�QRYHO�PXOWLSOH�VHW�DSSURDFK��(XU�-�
$SSO�3K\VLRO����������������������

��� *LUDUG� 2�� %URFKHULH� )�� 0LOOHW� *3�� &DQ� DQDO\VLV� RI� SHUIRUPDQFH� DQG� QHXURPXVFXODU�
UHFRYHULHV�IURP�UHSHDWHG�VSULQWV�VKHG�PRUH�OLJKW�RQ�LWV�IDWLJXH�FDXVLQJ�PHFKDQLVPV"�)URQW�
3K\VLRO�����������

��� +XUHDX�7-��2OLYLHU�1��0LOOHW�*<��0HVWH�2��%ODLQ�*0��([HUFLVH�SHUIRUPDQFH�LV�UHJXODWHG�
GXULQJ� UHSHDWHG� VSULQWV� WR� OLPLW� WKH�GHYHORSPHQW�RI�SHULSKHUDO� IDWLJXH�EH\RQG� D� FULWLFDO�
WKUHVKROG��([S�3K\VLRO���������������������

��� %URFKHULH�)��0LOOHW�*3��0RULQ�-%��*LUDUG�2��0HFKDQLFDO�$OWHUDWLRQV�WR�5HSHDWHG�7UHDGPLOO�
6SULQWV�LQ�1RUPREDULF�+\SR[LD��0HG�6FL�6SRUWV�([HUF�����������������������

��� 0HQGH]�9LOODQXHYD� $�� +DPHU� 3�� %LVKRS� '�� )DWLJXH� UHVSRQVHV� GXULQJ� UHSHDWHG� VSULQWV�
PDWFKHG�IRU�LQLWLDO�PHFKDQLFDO�RXWSXW��0HG�6FL�6SRUWV�([HUF������������������������

��� $PDQQ�0��'HPSVH\�-$��/RFRPRWRU�PXVFOH�IDWLJXH�PRGLILHV�FHQWUDO�PRWRU�GULYH�LQ�KHDOWK\�
KXPDQV�DQG�LPSRVHV�D�OLPLWDWLRQ�WR�H[HUFLVH�SHUIRUPDQFH��-�3K\VLRO����������������������

��� 7XFNHU�5��7KH�DQWLFLSDWRU\�UHJXODWLRQ�RI�SHUIRUPDQFH��WKH�SK\VLRORJLFDO�EDVLV�IRU�SDFLQJ�
VWUDWHJLHV�DQG�WKH�GHYHORSPHQW�RI�D�SHUFHSWLRQ�EDVHG�PRGHO�IRU�H[HUFLVH�SHUIRUPDQFH��%U�
-�6SRUWV�0HG���������������������

��� 8OPHU�+9��&RQFHSW�RI�DQ�H[WUDFHOOXODU�UHJXODWLRQ�RI�PXVFXODU�PHWDEROLF�UDWH�GXULQJ�KHDY\�
H[HUFLVH�LQ�KXPDQV�E\�SV\FKRSK\VLRORJLFDO�IHHGEDFN��([SHULHQWLD���������������������
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³(IIHFW�RI�3ULRU�)DWLJXLQJ�6SRUW�6SHFLILF�([HUFLVH�RQ�)LHOG�+RFNH\�3DVVLQJ�$ELOLW\´�E\�+ROOYLOOH�(�HW�DO��
,QWHUQDWLRQDO�-RXUQDO�RI�6SRUWV�3K\VLRORJ\�DQG�3HUIRUPDQFH
������ +XPDQ�.LQHWLFV��,QF�

��� 'XSRQW�*��0LOOHW�*3��*XLQKRX\D�&�� %HUWKRLQ� 6�� 5HODWLRQVKLS� EHWZHHQ� R[\JHQ� XSWDNH�
NLQHWLFV�DQG�SHUIRUPDQFH�LQ�UHSHDWHG�UXQQLQJ�VSULQWV��(XU�-�$SSO�3K\VLRO����������������
���

��� %URRNV�*$��&HOO�FHOO�DQG�LQWUDFHOOXODU�ODFWDWH�VKXWWOHV��-�3K\VLRO�����������3W����������
�����

��� )HUJXVRQ�%6��5RJDW]NL�0-��*RRGZLQ�0/��.DQH�'$��5LJKWPLUH�=��*ODGGHQ�/%��/DFWDWH�
PHWDEROLVP��KLVWRULFDO�FRQWH[W��SULRU�PLVLQWHUSUHWDWLRQV��DQG�FXUUHQW�XQGHUVWDQGLQJ��(XU�-�
$SSO�3K\VLRO�������

��� *DQGHYLD� 6&�� 6SLQDO� DQG� VXSUDVSLQDO� IDFWRUV� LQ� KXPDQ� PXVFOH� IDWLJXH�� 3K\VLRO� 5HY��
���������������������

��� $NLPD�+�� )ROH\� -0��3ULRU�%0��'XGOH\�*$��0H\HU�5$��9DVWXV� ODWHUDOLV� IDWLJXH� DOWHUV�
UHFUXLWPHQW� RI� PXVFXOXV� TXDGULFHSV� IHPRULV� LQ� KXPDQV�� -� $SSO� 3K\VLRO� ��������
�������������������

��� $PDQQ�0��%ODLQ�*0��3URFWRU�/7��6HEUDQHN�--��3HJHORZ�')��'HPSVH\�-$��*URXS�,,,�DQG�
,9� PXVFOH� DIIHUHQWV� FRQWULEXWH� WR� YHQWLODWRU\� DQG� FDUGLRYDVFXODU� UHVSRQVH� WR� UK\WKPLF�
H[HUFLVH�LQ�KXPDQV��-�$SSO�3K\VLRO�����������������������������

��� .LWVDQWDV�$��=LPPHUPDQ�%-��&RPSDULQJ�6HOI�5HJXODWRU\�3URFHVVHV�$PRQJ�1RYLFH��1RQ�
([SHUW�� DQG� ([SHUW� 9ROOH\EDOO� 3OD\HUV�� $�0LFURDQDO\WLF� 6WXG\�� -� $SSO� 6SRUW� 3V\FKRO��
������������������

��� 7RPSRURZVNL�3'��(IIHFWV�RI�DFXWH�ERXWV�RI�H[HUFLVH�RQ FRJQLWLRQ��$FWD�3V\FKRO��$PVW���
��������������������
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³(IIHFW�RI�3ULRU�)DWLJXLQJ�6SRUW�6SHFLILF�([HUFLVH�RQ�)LHOG�+RFNH\�3DVVLQJ�$ELOLW\´�E\�+ROOYLOOH�(�HW�DO��
,QWHUQDWLRQDO�-RXUQDO�RI�6SRUWV�3K\VLRORJ\�DQG�3HUIRUPDQFH
������ +XPDQ�.LQHWLFV��,QF�

)LJXUH��� 6FKHPDWLF�LOOXVWUDWLRQ�RI�WKH�H[SHULPHQWDO�SURWRFRO��56$��UHSHDWHG�VSULQW�DELOLW\ WHVW��
7HFK���SDVVLQJ�VNLOO WHVW��+5��KHDUW�UDWH��>/D�@��EORRG�ODFWDWH�FRQFHQWUDWLRQ��53(� UDWLQJ�RI�SHUFHLYHG�
H[HUWLRQ�
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³(IIHFW�RI�3ULRU�)DWLJXLQJ�6SRUW�6SHFLILF�([HUFLVH�RQ�)LHOG�+RFNH\�3DVVLQJ�$ELOLW\´�E\�+ROOYLOOH�(�HW�DO��
,QWHUQDWLRQDO�-RXUQDO�RI�6SRUWV�3K\VLRORJ\�DQG�3HUIRUPDQFH
������ +XPDQ�.LQHWLFV��,QF�

)LJXUH��� 6SULQW�SHUIRUPDQFH�UHFRUGHG�IRU�HDFK�GLVWDQFH�LQWHUYDOV�������P��������P�DQG������P��
GXULQJ�HDFK�UHSHDWHG�VSULQW�DELOLW\��56$��VHW��*UH\�DUHDV�UHSUHVHQW�LQWHUVSHUVHG�SHULRGV�GHGLFDWHG�
WR�WKH���PLQ�SDVVLQJ�VNLOO�WHVW �LQFOXGLQJ���î����V�UHFRYHU\�WUDQVLWLRQ�SHULRG�DOORZHG�EHIRUH�DQG�
DIWHU���
�6LJQLILFDQWO\�GLIIHUHQW�IURP�WKH�UHODWLYH�VSULQW�SHUIRUPDQFH�RI�VHW����3���������

�3���������



�3��������� 9DOXHV�DUH�PHDQ���6'�
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³(IIHFW�RI�3ULRU�)DWLJXLQJ�6SRUW�6SHFLILF�([HUFLVH�RQ�)LHOG�+RFNH\�3DVVLQJ�$ELOLW\´�E\�+ROOYLOOH�(�HW�DO��
,QWHUQDWLRQDO�-RXUQDO�RI�6SRUWV�3K\VLRORJ\�DQG�3HUIRUPDQFH
������ +XPDQ�.LQHWLFV��,QF�

)LJXUH��� +HDUW� UDWH� �H[SUHVVHG� LQ�� RI�PD[LPDO�+5��� UDWLQJ�RI�SHUFHLYHG�H[HUWLRQ��53(��DQG�
EORRG ODFWDWH�FRQFHQWUDWLRQ��>/D�@��FROOHFWHG�DIWHU�HDFK�UHSHDWHG�VSULQW�DELOLW\��56$��DQG�SDVVLQJ�
VNLOO�VHW��

�6LJQLILFDQWO\�GLIIHUHQW�IURP�VHW����3���������


�3������������6LJQLILFDQWO\�GLIIHUHQW�
IURP�VHW����3�������������3������������6LJQLILFDQWO\�GLIIHUHQW�IURP�VHW����3���������͞ ͞͞�6LJQLILFDQWO\�
GLIIHUHQW� IURP� 3UH�� 3� �� ������� 9DOXHV� DUH� PHDQ� �� 6'� %ODFN� DQG� JUH\� V\PEROV� UHSUHVHQWV�
VLJQLILFDQFH�IRU�56$�DQG�SDVVLQJ�VNLOO��UHVSHFWLYHO\��0D[LPDO�+5�ZDV�GHWHUPLQHG�RQ�D�PXOWLVWDJH�
���P�VKXWWOH�UXQ�WHVW��GDWD�QRW�SUHVHQWHG��
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³(IIHFW�RI�3ULRU�)DWLJXLQJ�6SRUW�6SHFLILF�([HUFLVH�RQ�)LHOG�+RFNH\�3DVVLQJ�$ELOLW\´�E\�+ROOYLOOH�(�HW�DO��
,QWHUQDWLRQDO�-RXUQDO�RI�6SRUWV�3K\VLRORJ\�DQG�3HUIRUPDQFH
������ +XPDQ�.LQHWLFV��,QF�

)LJXUH��� 3RO\QRPLDO�UHJUHVVLRQ�IRU�SDVVLQJ�DFFXUDF\�DQG�56$�IDWLJXH�LQGXFHG��L�H���FXPXODWHG�
VSULQW�WLPH��IURP�HDFK�VHW��7KH�����FRQILGHQFH�LQWHUYDO�LV�UHSUHVHQWHG�EHWZHHQ�WKH�GDVKHG OLQHV�
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³(IIHFW�RI�3ULRU�)DWLJXLQJ�6SRUW�6SHFLILF�([HUFLVH�RQ�)LHOG�+RFNH\�3DVVLQJ�$ELOLW\´�E\�+ROOYLOOH�(�HW�DO��
,QWHUQDWLRQDO�-RXUQDO�RI�6SRUWV�3K\VLRORJ\�DQG�3HUIRUPDQFH
������ +XPDQ�.LQHWLFV��,QF�

7DEOH��� 56$�SHUIRUPDQFH�IURP�VHW���WR�VHW���

6HW�� 6HW�� 6HW�� 6HW�� 6HW��
)DVWHVW�VSULQW�WLPH��V�
�����P ����������� ����������� ����������� ����������� �����������
������P ����������� �����������


 �����������


 �����������


 �����������



�����P ����������� �����������


 �����������


 �����������


 �����������



&XPXODWHG�VSULQW�WLPH��V�
�����P ������������ ������������ ������������ ������������ ������������
������P ����������� �����������


 �����������


 �����������


 �����������



�����P ������������ ������������

 ������������
 ������������


 ������������



6GHF ���
�����P ��� � ��� ��� � ���
 ��� � ���
 ��� � ���

 ����� ���

9DOXHV�DUH�PHDQ���6'�


�6LJQLILFDQWO\�GLIIHUHQW�IURP�VHW��� 3���������

�3���������


�3��������� Șð��SDUWLDO�HWD�VTXDUH�

7DEOH��� 3DVVLQJ�VNLOO�SHUIRUPDQFH�IURP�VHW���WR�VHW���

6HW�� 6HW�� 6HW�� 6HW�� 6HW��
1XPEHU�RI�EDOO�SOD\HG��Q� ���������� ���������� ���������� ���������� �������
1XPEHU�RI�EDOO�WDUJHWHG �Q� ��������� ��������� ���������� ������������� ���������
$FFXUDF\ ��� ����������� ����������� ����������� ��������������� �����������

9DOXHV�DUH�PHDQ���6'�

� 6LJQLILFDQWO\�GLIIHUHQW�IURP�VHW��� 3�����������6LJQLILFDQWO\�GLIIHUHQW�IURP�VHW����3�������� Șð��SDUWLDO�HWD�VTXDUH�
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9LHZ�SXEOLFDWLRQ�VWDWV9LHZ�SXEOLFDWLRQ�VWDWV


