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3ULQW� 3ULQW3DUWQHUV ,SVNDPS

&RYHU� 7KH FRYHU LV PDGH XS RI HDUSOXJV WKDW ZHUH XVHG WR VWXG\ WKH

(XVWDFKLDQ WXEH IXQFWLRQ�

,6%1 ������������

 ���� E\ YDQ +HHUEHHN� 1LHOV

$OO ULJKWV UHVHUYHG� 1R SDUW RI WKLV SXEOLFDWLRQ PD\ EH UHSURGXFHG LQ DQ\ IRUP RU

E\ DQ\ PHDQV� HOHFWURQLFDOO\� PHFKDQLFDOO\� E\ SULQW RU RWKHUZLVH ZLWKRXW ZULWWHQ

SHUPLVVLRQ RI WKH FRS\ULJKW RZQHU�
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(HQ ZHWHQVFKDSSHOLMNH SURHYH

RS KHW JHELHG YDQ

GH 0HGLVFKH :HWHQVFKDSSHQ

352()6&+5,)7

WHU YHUNULMJLQJ YDQ GH JUDDG YDQ GRFWRU

DDQ GH .DWKROLHNH 8QLYHUVLWHLW 1LMPHJHQ�

RS JH]DJ YDQ GH 5HFWRU 0DJQLILFXV SURI� GU� &�:�3�0� %ORP�

YROJHQV EHVOXLW YDQ KHW &ROOHJH YDQ 'HFDQHQ

LQ KHW RSHQEDDU WH YHUGHGLJHQ RS YULMGDJ � GHFHPEHU ����

GHV QDPLGGDJV RP ���� XXU SUHFLHV

GRRU

1LHOV YDQ +HHUEHHN

JHERUHQ RS �� VHSWHPEHU ����

WH 7LOEXUJ
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3URPRWRUHV� 3URI� GU� &�:�5�-� &UHPHUV

3URI� GU� *�$� =LHOKXLV

&RSURPRWRU� 'U� .�-�$�2� ,QJHOV

0DQXVFULSWFRPPLVVLH� 3URI� GU� &�/�$� YDQ +HUZDDUGHQ

3URI� GU� 5�&�$� 6HQJHUV

3URI� GU� 3� YDQ &DXZHQEHUJH �8QLYHUVLWHLW *HQW�

7KLV VWXG\ ZDV VXSSRUWHG E\ JUDQWV IURP WKH +HLQVLXV +RXEROW )RXQGDWLRQ DQG

WKH 1HWKHUODQGV 2UJDQLVDWLRQ IRU 6FLHQWLILF 5HVHDUFK �=RQ0Z��
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WX UHPDQHELV DPLFXV PD[LPXV SHUSHWXR
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&KDSWHU �� ,QWURGXFWLRQ �

&KDSWHU �� 5HOLDELOLW\ RI PDQRPHWULF (XVWDFKLDQ WXEH IXQFWLRQ WHVWV LQ ��

FKLOGUHQ

1 YDQ +HHUEHHN� .-$2 ,QJHOV� $)0 6QLN� *$ =LHOKXLV

2WRORJ\ 	 1HXURWRORJ\ ���������������

&KDSWHU �� /HIW�ULJKW GLIIHUHQFHV LQ (XVWDFKLDQ WXEH IXQFWLRQ LQ FKLOGUHQ ��

ZLWK YHQWLODWLRQ WXEHV

1 YDQ +HHUEHHN� $( $NNHUPDQ� .-$2 ,QJHOV� *$ =LHOKXLV

&KDSWHU �� 7KHUDSHXWLF LPSURYHPHQW RI WKH (XVWDFKLDQ WXEH IXQFWLRQ� ��

D UHYLHZ

1 YDQ +HHUEHHN� .-$2 ,QJHOV� *7 5LMNHUV� *$ =LHOKXLV

&OLQLFDO 2WRODU\QJRORJ\ �������������

&KDSWHU �� (XVWDFKLDQ WXEH IXQFWLRQ DIWHU WKH LQVHUWLRQ RI YHQWLODWLRQ ��

WXEHV LQ FKLOGUHQ

1 YDQ +HHUEHHN� .-$2 ,QJHOV� $)0 6QLN� *$ =LHOKXLV

$QQDOV RI 2WRORORJ\� 5KLQRORJ\ 	 /DU\QJRORJ\ �����������������

&KDSWHU �� 1R HIIHFW RI D QDVDO GHFRQJHVWDQW RQ (XVWDFKLDQ WXEH ��

IXQFWLRQ LQ FKLOGUHQ ZLWK YHQWLODWLRQ WXEHV

1 YDQ +HHUEHHN� .-$2 ,QJHOV� *$ =LHOKXLV

/DU\QJRVFRSH ������������������

&KDSWHU �� (IIHFW RI H[RJHQRXV VXUIDFWDQW RQ YHQWLODWRU\ DQG FOHDUDQFH ��

IXQFWLRQ RI WKH UDW·V (XVWDFKLDQ WXEH

1 YDQ +HHUEHHN� (/*0 7RQQDHU� .-$2 ,QJHOV� -+$- &XUIV� &:5- &UHPHUV

2WRORJ\ 	 1HXURWRORJ\� LQ SUHVV

&KDSWHU �� *HQHUDO GLVFXVVLRQ ���

6XPPDU\ ���

6DPHQYDWWLQJ ���

'DQNZRRUG ���

&XUULFXOXP 9LWDH ���
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0RUH WKDQ ���� \HDUV DJR $OFPDHRQ RI 6SDUWD DOUHDG\ DVVXPHG WKDW WKH PLGGOH

HDU DQG WKH UHVSLUDWRU\ WUDFW ZHUH FRQQHFWHG E\ DQ RSHQ SDWKZD\�� ,Q ���� WKLV

FRQQHFWLRQ EHWZHHQ WKH PLGGOH HDU DQG WKH QDVRSKDU\Q[ ZDV QDPHG DIWHU

%DUWKRORPHXV (XVWDFKLXV� DQ ,WDOLDQ DQDWRPLVW ZKR JDYH D GHWDLOHG GHVFULSWLRQ RI

WKH (XVWDFKLDQ WXEH LQ KLV WKHVLV� ´(SLVWROD GH $XGLWXV 2UJDQLVµ�� ,Q WKH IROORZLQJ

FHQWXULHV 9DOVDOYD� 7R\QEHH� 3ROLW]HU DQG PDQ\ RWKHU SK\VLFLDQV VWXGLHG WKH

(XVWDFKLDQ WXEH� 7KH\ DOO FRQWULEXWHG WR WKH FXUUHQW FRQFHSW RI WKH (XVWDFKLDQ

WXEH DQG LWV IXQFWLRQ ZLWK UHVSHFW WR WKH PLGGOH HDU� +RZHYHU� WKH (XVWDFKLDQ

WXEH SDUWO\ UHPDLQV D P\VWHU\ DV ZLOO WXUQ RXW ODWHU�

)LJXUH �� $QDWRP\ RI WKH (XVWDFKLDQ WXEH �(7��

�����	
�����������


7KH (XVWDFKLDQ WXEH FRQQHFWV WKH PLGGOH HDU ZLWK WKH QDVRSKDU\Q[� DV VKRZQ LQ

)LJXUH �� )URP WKH PLGGOH HDU WKH DGXOW (XVWDFKLDQ WXEH H[WHQGV DQWHULRUO\�

PHGLDOO\ DQG LQIHULRUO\ WR WKH QDVRSKDU\Q[ DW DQ DQJOH RI �� WR �� GHJUHHV ZLWK

WKH KRUL]RQWDO SODQH�� ,Q DGXOWV� WKH WRWDO OHQJWK RI WKH (XVWDFKLDQ WXEH YDULHV

IURP ����� PP�� 7KH SRVWHURODWHUDO RQH WKLUG RI WKH (XVWDFKLDQ WXEH LV IL[HG DQG

KDV DQ RVVHRXV ZDOO� ZKHUHDV WKH DQWHURPHGLDO WZR WKLUGV DUH PRELOH DQG LV
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VXUURXQGHG E\ D ILEURFDUWLODJLQRXV ZDOO� 7KH VXSHULRU DQG PHGLDO SDUW RI WKH

ILEURFDUWLODJLQRXV ZDOO FRQVLVWV RI FDUWLODJH� ZKLOH WKH ODWHUDO SDUW LV FRPSRVHG RI

D ILUP ILEURXV VKHHW� %RWK WKH RVVHRXV DQG WKH FDUWLODJLQRXV SDUWV DUH VKDSHG

OLNH D FRQH� ZLWK WKHLU DSLFHV SRLQWLQJ WRZDUGV HDFK RWKHU� $W UHVW� WKH

ILEURFDUWLODJLQRXV SDUW RI WKH (XVWDFKLDQ WXEH LV FROODSVHG DQG IRUPV D VOLW�OLNH

IXQQHO� 7KH RVVHRXV DQG ILEURFDUWLODJLQRXV SDUWV DUH FRQQHFWHG DW WKH LVWKPXV�

7KH LVWKPXV LV WKH QDUURZHVW SRLQW RI WKH (XVWDFKLDQ WXEH ZLWK DQ DYHUDJH

GLDPHWHU RI ��� WR ��� PP LQ DGXOWV��

6HYHUDO PXVFOHV DUH FORVHO\ UHODWHG WR WKH (XVWDFKLDQ WXEH� DQDWRPLFDOO\ DV ZHOO

DV IXQFWLRQDOO\� WKH WHQVRU YHOL SDODWLQL PXVFOH� WKH OHYDWRU YHOL SDODWLQL PXVFOH�

WKH VDOSLQJRSKDU\QJHXV PXVFOH DQG WKH WHQVRU W\PSDQL PXVFOH� 7KH WHQVRU YHOL

SDODWLQL PXVFOH RULJLQDWHV IURP WKH VXSHULRU FDUWLODJH DQG WKH ODWHUDO ILEURXV ZDOO

RI WKH (XVWDFKLDQ WXEH� EHQGV URXQG WKH SWHU\JRLG SURFHVV DQG FRQWLQXHV DV WKH

SDODWDO DSRQHXURVLV� 7KH WHQVRU YHOL SDODWLQL PXVFOH LV FRQVLGHUHG WR EH WKH PDLQ

GLODWRU RI WKH (XVWDFKLDQ WXEH� 7KH OHYDWRU YHOL SDODWLQL PXVFOH WKDW SDUWLDOO\

RULJLQDWHV IURP WKH PHGLDO SRUWLRQ RI WKH (XVWDFKLDQ WXEH FDUWLODJH DQG LQVHUWV

LQWR WKH VRIW SDODWH LV VXSSRVHG WR VXSSRUW WKH (XVWDFKLDQ WXEH RSHQLQJ� 7KH

VDOSLQJRSKDU\QJHXV PXVFOH� UXQQLQJ IURP WKH PHGLDO FDUWLODJLQRXV ZDOO WR WKH

SKDU\QJHDO ZDOO� DQG WKH WHQVRU W\PSDQL PXVFOH WKDW LV FRQWLQXRXV ZLWK WKH

WHQVRU YHOL SDODWLQL PXVFOH DUH UHODWLYHO\ VPDOO DQG RQO\ VHHP WR SOD\ D PDUJLQDO

UROH LQ (XVWDFKLDQ WXEH RSHQLQJ����

7KH DQDWRP\ RI WKH LQIDQW (XVWDFKLDQ WXEH LV UHPDUNDEO\ GLIIHUHQW IURP WKH

DQDWRP\ RI WKH DGXOW (XVWDFKLDQ WXEH� ,Q FKLOGUHQ� WKH DQJOH RI WKH (XVWDFKLDQ

WXEH ZLWK WKH KRUL]RQWDO SODQH LV �� LQVWHDG RI �� WR �� GHJUHHV�� ,Q FKLOGUHQ WKH

(XVWDFKLDQ WXEH LV DOVR VKRUWHU� ZLWK D UHODWLYHO\ ORQJHU RVVHRXV SDUW�� DQG KDV D

VPDOOHU OXPHQ��� ,Q DGGLWLRQ� WKH PHDQ GHQVLW\ RI HODVWLQ LQ WKH (XVWDFKLDQ WXEH

FDUWLODJH LV VLJQLILFDQWO\ VPDOOHU LQ FKLOGUHQ WKDQ LQ DGXOWV���

7KH (XVWDFKLDQ WXEH LV OLQHG ZLWK HSLWKHOLXP RI YDULDEOH WKLFNQHVV� 7KH RVVHRXV

SDUW LV OLQHG ZLWK WKLQ FROXPQDU FLOLDWHG HSLWKHOLXP WKDW LV FRQWLQXRXV ZLWK

VWUDQGV RI FLOLDWHG HSLWKHOLXP LQ WKH PLGGOH HDU FDYLW\� 7KH HSLWKHOLXP LQ WKH

ILEURFDUWLODJLQRXV SDUW WKDW LV FRQWLQXRXV ZLWK WKH UHVSLUDWRU\ HSLWKHOLXP RI WKH

XSSHU UHVSLUDWRU\ WUDFW LV WKLFNHU DQG SVHXGRVWUDWLILHG� ,W LV FRPSRVHG RI

FROXPQDU FHOOV� PDQ\ RI ZKLFK DUH FLOLDWHG� &LOLD DUH FRQWUDFWLOH RUJDQHOOHV�

&RQWUDFWLRQ RI WKHVH RUJDQHOOHV UHVXOWV LQ D EHDWLQJ RU VZHHSLQJ PRYHPHQW� 1HDU

WKH QDVRSKDU\QJHDO RULILFH� PDQ\ JREOHW FHOOV DQG VPDOO JODQGV FDQ EH IRXQG���

7KHVH JREOHW FHOOV DQG VPDOO JODQGV SURGXFH PXFXV WKDW IRUPV D ´PLFURQµ�WKLFN

PXFXV EODQNHW� 7KLV PXFXV EODQNHW FRYHUV WKH HSLWKHOLXP RI WKH (XVWDFKLDQ WXEH

DQG LV YHU\ LPSRUWDQW IRU WKH PXFRFLOLDU\ WUDQVSRUW��� 7KH VXEHSLWKHOLDO
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FRQQHFWLYH WLVVXH RI WKH (XVWDFKLDQ WXEH FRQWDLQV QXPHURXV EORRG FDSLOODULHV�

O\PSK FDSLOODULHV� QHUYH ILEUHV DQG PXFRVD�DVVRFLDWHG O\PSKRLG WLVVXH������

��
������


7KH (XVWDFKLDQ WXEH KDV WKUHH LPSRUWDQW IXQFWLRQV ZLWK UHVSHFW WR WKH PLGGOH

HDU� YHQWLODWLRQ� SURWHFWLRQ DQG FOHDUDQFH�

9HQWLODWRU\ IXQFWLRQ

,Q WKH PLGGOH HDU� JDVHV DUH FRQWLQXRXVO\ H[FKDQJHG EHWZHHQ WKH PLGGOH HDU

FDYLW\ DQG WKH VXUURXQGLQJ WLVVXHV� 7KLV JDV H[FKDQJH LV D EL�GLUHFWLRQDO

SURFHVV������ 8QGHU QRUPDO FRQGLWLRQV� WKH UHVXOWDQW FKDQJHV LQ PLGGOH HDU

SUHVVXUH DUH UHODWLYHO\ VPDOO� )UHTXHQW DFWLYH RSHQLQJ RI WKH (XVWDFKLDQ WXEH

DOORZV YHQWLODWLRQ RI WKH PLGGOH HDU FDYLW\ DQG HTXLOLEUDWLRQ RI WKHVH VPDOO

SUHVVXUH GLIIHUHQFHV� $FWLYH RSHQLQJ RI WKH (XVWDFKLDQ WXEH LV DFFRPSOLVKHG E\

FRQWUDFWLRQ RI WKH SDUDWXEDO PXVFOHV GXULQJ VZDOORZLQJ� \DZQLQJ RU PRYHPHQW

RI WKH PDQGLEOH� (XVWDFKLDQ WXEH RSHQLQJ LV DVVXPHG WR EH IDFLOLWDWHG E\ D

PL[WXUH RI VXUIDFWDQW SURWHLQV����� DQG VXUIDFH WHQVLRQ ORZHULQJ SKRVSKROLSLGV�

HVSHFLDOO\ SKRVSKDWLG\OFKROLQHV DQG VSKLQJRP\HOLQV������ WKDW DUH VHFUHWHG LQWR

WKH PXFXV E\ WKH (XVWDFKLDQ WXEH HSLWKHOLXP� 7RJHWKHU WKH\ DUH UHIHUUHG WR DV

(XVWDFKLDQ WXEH VXUIDFWDQW� (XVWDFKLDQ WXEH VXUIDFWDQW LV VXSSRVHG WR DFW DV D

UHOHDVH DJHQW E\ SUHYHQWLQJ VROLG�WR�VROLG DGKHVLRQ���

3URWHFWLYH IXQFWLRQ

$W UHVW� WKH (XVWDFKLDQ WXEH OXPHQ LV FORVHG� 7KH FORVHG (XVWDFKLDQ WXEH RIIHUV

SURWHFWLRQ DJDLQVW QDVRSKDU\QJHDO SUHVVXUH YDULDWLRQV DQG DVFHQGLQJ VHFUHWLRQV

DQG PLFUR�RUJDQLVPV� :KHQ WKH (XVWDFKLDQ WXEH RSHQV� VHFUHWLRQV FDQ HQWHU WKH

QDVRSKDU\QJHDO HQG RI WKH (XVWDFKLDQ WXEH� EXW WKH\ FDQ QRW JDLQ DFFHVV LQWR

WKH PLGGOH HDU� GXH WR WKH QDUURZ PLGSRUWLRQ RI WKH (XVWDFKLDQ WXEH� WKH

LVWKPXV��� 7KH (XVWDFKLDQ WXEH PXFXV WKDW LV FRQVWDQWO\ SURGXFHG E\ WKH

(XVWDFKLDQ WXEH HSLWKHOLXP DOVR DFWV DV D SK\VLFDO EDUULHU�

,Q DGGLWLRQ WR WKLV ´PHFKDQLFDOµ SURWHFWLRQ� WKH (XVWDFKLDQ WXEH DOVR SURWHFWV WKH

PLGGOH HDU DJDLQVW LQYDGLQJ SDWKRJHQV E\ VHYHUDO ORFDO LPPXQRORJLFDO GHIHQFH

PHFKDQLVPV������ 7KLV DVSHFW RI (XVWDFKLDQ WXEH IXQFWLRQ LV QRW OLPLWHG WR WKH

(XVWDFKLDQ WXEH DORQH EXW LV SDUW RI WKH ORFDO LPPXQH V\VWHP RI WKH XSSHU

UHVSLUDWRU\ WUDFW� (VSHFLDOO\ WKH DGHQRLG LV LPSRUWDQW LQ SURWHFWLQJ WKH KRVW

DJDLQVW LQYDVLRQ RI SDWKRJHQV LQWR WKH (XVWDFKLDQ WXEH DQG PLGGOH HDU��� 7KH

SUHVHQFH RI YLUXVHV� EDFWHULD RU EDFWHULDO SURGXFWV LQ WKH (XVWDFKLDQ WXEH RU

PLGGOH HDU VWLPXODWHV WKH SURGXFWLRQ RI HIIHFWRU DQG PHPRU\ O\PSKRF\WHV LQ WKH
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PXFRVD�DVVRFLDWHG O\PSKRLG WLVVXH RI WKH (XVWDFKLDQ WXEH������ 'LIIHUHQW W\SHV RI

HIIHFWRU O\PSKRF\WHV DUH LQYROYHG LQ LQLWLDWLRQ DQG DXJPHQWDWLRQ RI WKH

LQIODPPDWRU\ UHVSRQVH� O\VLV RI DQWLJHQLF WDUJHW FHOOV �H�J� PDFURSKDJHV�� DQG

SURGXFWLRQ RI DQWLERGLHV� 2QH VXEFODVV RI WKHVH DQWLERGLHV LV VHFUHWHG LQWR WKH

(XVWDFKLDQ WXEH PXFXV �VHFUHWRU\ ,J$�� 6HFUHWRU\ ,J$ LQKLELWV EDFWHULDO DGKHUHQFH

DQG UHGXFHV EDFWHULDO FRORQLVDWLRQ��� 6XUIDFWDQW SURWHLQV DUH DOVR SDUW RI WKH ORFDO

GHIHQFH DJDLQVW SDWKRJHQV� LQ DGGLWLRQ WR WKHLU DELOLW\ WR IDFLOLWDWH (XVWDFKLDQ

WXEH YHQWLODWRU\ IXQFWLRQ� 7KH\ SOD\ D UROH DV RSVRQLQV IRU IDFLOLWDWLQJ

SKDJRF\WRVLV��� %HVLGHV VHFUHWRU\ ,J$ DQG VXUIDFWDQW SURWHLQV� WKH (XVWDFKLDQ

WXEH PXFXV FRQWDLQV RWKHU DQWL�PLFURELDO PROHFXOHV OLNH FRPSOHPHQW IDFWRUV�

O\VR]\PH� ODFWRIHUULQ DQG EHWD�GHIHQVLQV��������� 7KH V\QWKHVLV RI PHPRU\

O\PSKRF\WHV HQDEOHV DQ LQFUHDVHG LPPXQRORJLFDO UHVSRQVH ZKHQ H[SRVXUH WR

WKH VDPH DQWLJHQ RFFXUV DJDLQ� 7KH SUHVHQFH RI SDWKRJHQV LQ WKH (XVWDFKLDQ

WXEH DOVR VWLPXODWHV WKH V\QWKHVLV RI F\WRNLQHV� &\WRNLQHV DUH VHFUHWHG E\

PDFURSKDJHV� PRQRF\WHV RU O\PSKRF\WHV DQG RUFKHVWUDWH WKH LPPXQH

UHVSRQVH��� )RU H[DPSOH� WKH\ LQGXFH FKHPRWD[LV RI SRO\PRUSKRQXFOHDU

OHXNRF\WHV� 7KH SULPDU\ IXQFWLRQ RI WKH SRO\PRUSKRQXFOHDU OHXNRF\WHV LV

SKDJRF\WRVLV DQG LQWUDFHOOXODU NLOOLQJ RI LQYDGLQJ PLFUR�RUJDQLVPV�

&OHDUDQFH IXQFWLRQ

7KH (XVWDFKLDQ WXEH KDV WZR PHWKRGV RI FOHDUDQFH� PXFRFLOLDU\ FOHDUDQFH DQG

PXVFXODU FOHDUDQFH� 7KH PXFRFLOLDU\ HSLWKHOLXP RI WKH (XVWDFKLDQ WXEH LV

UHVSRQVLEOH IRU PXFRFLOLDU\ FOHDUDQFH RI WKH PLGGOH HDU� 7RJHWKHU ZLWK WKH

PXFXV EODQNHW WKDW FRYHUV WKH HSLWKHOLXP RI WKH (XVWDFKLDQ WXEH VHFUHWLRQV DQG

GHEULV IURP WKH PLGGOH HDU DUH WUDQVSRUWHG WRZDUGV WKH QDVRSKDU\QJHDO HQG RI

WKH (XVWDFKLDQ WXEH E\ WKH V\QFKURQLVHG PRYHPHQW RI WKH FLOLD��� %RWK FLOLD DQG

PXFXV DUH HVVHQWLDO IRU QRUPDO PXFRFLOLDU\ WUDQVSRUW� $Q\ GLVWXUEDQFH RI HLWKHU

WKH FLOLD RU WKH PXFXV PD\ LPPHGLDWHO\ DIIHFW QRUPDO PXFRFLOLDU\ FOHDUDQFH������

7KH SXPSLQJ DFWLRQ RI WKH (XVWDFKLDQ WXEH �PXVFXODU FOHDUDQFH� DOVR H[SHOV

VHFUHWLRQV IURP WKH PLGGOH HDU������ 'XULQJ DFWLYH RSHQLQJ RI WKH (XVWDFKLDQ WXEH

E\ FRQWUDFWLRQ RI WKH SDUDWXEDO PXVFOHV� WKH WXEDO OXPHQ HQODUJHV DQG H[FHVV

VHFUHWLRQV DUH VXFNHG LQWR WKH (XVWDFKLDQ WXEH� 5HOD[DWLRQ RI WKH SDUDWXEDO

PXVFOHV DQG VXEVHTXHQW FORVXUH RI WKH (XVWDFKLDQ WXEH FDXVH WKH DVVHPEOHG

IOXLG WR EH SXPSHG WRZDUGV WKH QDVRSKDU\QJHDO HQG RI WKH (XVWDFKLDQ WXEH�

5HSHDWHG RSHQLQJ DQG FORVXUH RI WKH (XVWDFKLDQ WXEH ILQDOO\ FOHDUV WKH VHFUHWLRQV

LQWR WKH QDVRSKDU\Q[� 6HFUHWLRQV DUH SDUWLFXODUO\ FOHDUHG IURP WKH PLGGOH HDU E\

WKLV PXVFXODU FOHDUDQFH ZKHQ WKHLU YROXPH LV ODUJH���
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(YHU VLQFH WKH LPSRUWDQFH RI WKH (XVWDFKLDQ WXEH ZLWK UHVSHFW WR WKH PLGGOH HDU

LV UHFRJQLVHG� FOLQLFLDQV DQG LQYHVWLJDWRUV KDYH EHHQ LQWHUHVWHG LQ PHDVXULQJ WKH

(XVWDFKLDQ WXEH IXQFWLRQ� 6HYHUDO WHVW PHWKRGV KDYH EHHQ DQG VWLOO DUH EHLQJ

XVHG WR VWXG\ WKH YHQWLODWRU\� SURWHFWLYH DQG FOHDUDQFH IXQFWLRQ RI WKH (XVWDFKLDQ

WXEH�

0HDVXUHPHQW RI YHQWLODWRU\ IXQFWLRQ

7KH YDULRXV WHVWV WKDW FDQ EH XVHG WR VWXG\ WKH YHQWLODWRU\ IXQFWLRQ FDQ EH

URXJKO\ GLYLGHG LQWR WZR FDWHJRULHV� TXDOLWDWLYH DQG TXDQWLWDWLYH WHVW PHWKRGV�

7KH TXDOLWDWLYH WHVW PHWKRGV �H�J� 9DOVDOYD·V PDQRHXYUH������ 7R\QEHH·V

PDQRHXYUH������ VRQRWXERPHWU\��� DQG HQGRVFRS\��� RQO\ GHWHUPLQH ZKHWKHU WKH

(XVWDFKLDQ WXEH LV SDWHQW RU QRW� 7KH TXDQWLWDWLYH WHVW PHWKRGV� VXFK DV WKH

IRUFHG UHVSRQVH WHVW����� DQG WKH SUHVVXUH HTXLOLEUDWLRQ WHVW������ KDYH EHHQ XVHG

WR DFWXDOO\ PHDVXUH (XVWDFKLDQ WXEH IXQFWLRQ� =|OOQHU�� ZDV WKH ILUVW WR GHVFULEH D

PHWKRG WR TXDQWLI\ (XVWDFKLDQ WXEH SDWHQF\ E\ PHDVXULQJ WKH QDVRSKDU\QJHDO

SUHVVXUH QHHGHG WR RSHQ WKH (XVWDFKLDQ WXEH GXULQJ VZDOORZLQJ� +H QDPHG KLV

PHWKRG WKH ´7XEHQZLGHUVWDQGVPHVVXQJµ� 7KLV WHVW ZDV ODWHU PRGLILHG WR

EHFRPH WKH IRUFHG UHVSRQVH WHVW��� 7KH IRUFHG UHVSRQVH WHVW LV XVHG WR DVVHVV

WKH IRUFHV WKDW NHHS WKH (XVWDFKLDQ WXEH FORVHG DW UHVW �L�H� FORVLQJ IRUFHV��

7KHVH FORVLQJ IRUFHV FDQ EH GLYLGHG LQWR WKH H[WUDOXPLQDO IRUFHV� L�H� WKH

SUHVVXUH H[HUWHG E\ WKH FDUWLODJH DQG RWKHU VXUURXQGLQJ WLVVXHV� DQG WKH OXPLQDO

IRUFHV� L�H� PXFRVDO IRUFHV VXFK DV WKH VROLG�WR�VROLG DGKHVLRQ RI WKH (XVWDFKLDQ

WXEH ZDOOV��������� 7KH SUHVVXUH HTXLOLEUDWLRQ WHVW� DOVR FDOOHG WKH LQIODWLRQ�GHIODWLRQ

WHVW� ZDV LQWURGXFHG E\ )OLVEHUJ HW DO��� LQ ����� 6LQFH WKHQ� WKH WHVW KDV EHHQ

XVHG DQG PRGLILHG E\ PDQ\ LQYHVWLJDWRUV������ :LWK WKH SUHVVXUH HTXLOLEUDWLRQ WHVW

WKH DELOLW\ WR HTXLOLEUDWH SRVLWLYH DQG QHJDWLYH SUHVVXUHV LV GHWHUPLQHG� ,Q

FRQWUDVW ZLWK WKH IRUFHG UHVSRQVH WHVW� WKH SUHVVXUH HTXLOLEUDWLRQ WHVW PXFK

PRUH LPLWDWHV WKH QRUPDO SK\VLRORJLFDO FRQGLWLRQV RI WKH (XVWDFKLDQ WXEH DQG

WKH PLGGOH HDU�

0HDVXUHPHQW RI SURWHFWLYH IXQFWLRQ

7KH SURWHFWLRQ RI WKH PLGGOH HDU FDYLW\ E\ WKH (XVWDFKLDQ WXEH DJDLQVW H[WUHPH

QDVRSKDU\QJHDO SUHVVXUH YDULDWLRQV FDQ EH PHDVXUHG ZLWK WKH VQLII WHVW������

'XULQJ VQLIILQJ D QHJDWLYH SUHVVXUH LV JHQHUDWHG LQ WKH QDVRSKDU\Q[� 7KH

(XVWDFKLDQ WXEH VKRXOG UHPDLQ FORVHG WR SURWHFW WKH PLGGOH HDU DJDLQVW WKLV

SUHVVXUH� 3DVVLYH RSHQLQJ RI WKH (XVWDFKLDQ WXEH GXULQJ VQLIILQJ LPSOLHV SRRU

(XVWDFKLDQ WXEH SURWHFWLYH IXQFWLRQ�
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0HDVXUHPHQW RI FOHDUDQFH IXQFWLRQ

7KH FOHDUDQFH IXQFWLRQ FDQ EH PHDVXUHG LQ YLYR E\ LQMHFWLQJ G\H RU FRQWUDVW IOXLG

LQWR WKH PLGGOH HDU DQG PRQLWRULQJ LWV VXEVHTXHQW FOHDUDQFH E\ WKH (XVWDFKLDQ

WXEH������ 7KH WLPH EHWZHHQ LQMHFWLRQ RI WKH G\H DQG WKH ILUVW DSSHDUDQFH RI WKH

G\H DW WKH QDVRSKDU\QJHDO RULILFH RI WKH (XVWDFKLDQ WXEH LV UHFRUGHG DV WKH

FOHDUDQFH WLPH� ,Q YLWUR� WKH FLOLDU\ EHDW IUHTXHQF\ DQG WKH FLOLDU\ EHDW SDWWHUQ FDQ

EH PHDVXUHG XVLQJ KLJK VSHHG YLGHR LPDJLQJ RU D SKRWRHOHFWULF PHWKRG������ ,Q

DQLPDOV� WKH PXVFXODU FOHDUDQFH IXQFWLRQ FDQ EH DVVHVVHG E\ HOHFWULFDOO\

VWLPXODWLQJ WKH WHQVRU YHOL SDODWLQL PXVFOH WR VLPXODWH VZDOORZLQJ������

�	����	�������������������������������Α

$ GLVWXUEDQFH RI WKH (XVWDFKLDQ WXEH PD\ DIIHFW LWV YHQWLODWRU\� SURWHFWLYH DQG�RU

FOHDUDQFH IXQFWLRQ� ,PSDLUPHQW RI WKH GLIIHUHQW (XVWDFKLDQ WXEH IXQFWLRQV FDQ

UHVXOW IURP GLIIHUHQW IDFWRUV� HLWKHU HQGRJHQRXV RU H[RJHQRXV�

,PSDLUPHQW RI YHQWLODWRU\ IXQFWLRQ

'LIIHUHQW VWXGLHV VKRZHG WKDW WKH (XVWDFKLDQ WXEH YHQWLODWRU\ IXQFWLRQ LV

LPSDLUHG LQ FKLOGUHQ ZLWK RWLWLV PHGLD ZLWK HIIXVLRQ �20(� RU RWLWLV�SURQH

FKLOGUHQ FRPSDUHG WR KHDOWK\ FKLOGUHQ������ ,PSDLUPHQW RI YHQWLODWLRQ PD\ UHVXOW

IURP D GHIHFWLYH RSHQLQJ PHFKDQLVP �L�H� IXQFWLRQDO REVWUXFWLRQ� RU IURP

DQDWRPLFDO REVWUXFWLRQ RI WKH (XVWDFKLDQ WXEH �L�H� PHFKDQLFDO REVWUXFWLRQ�������

,Q FKLOGUHQ� RSHQLQJ IDLOXUH RI WKH (XVWDFKLDQ WXEH LV YHU\ FRPPRQ������ $

GHIHFWLYH RSHQLQJ PHFKDQLVP PD\ EH GXH WR LQFUHDVHG FRPSOLDQFH RI WKH

(XVWDFKLDQ WXEH �L�H� D ODFN RI VWLIIQHVV RU EHLQJ WRR ´IORSS\µ�� LQDGHTXDWH

PXVFXODU IXQFWLRQ RU D GHILFLHQF\ RI (XVWDFKLDQ WXEH VXUIDFWDQW� ,I WKH (XVWDFKLDQ

WXEH FDUWLODJH ODFNV VWLIIQHVV� WKH OXPHQ PD\ QRW RSHQ LQ UHVSRQVH WR FRQWUDFWLRQ

RI WKH WHQVRU YHOL SDODWLQL PXVFOH� 7KLV PD\ EH GXH WR WKH VPDOOHU GHQVLW\ RI

HODVWLQ LQ WKH (XVWDFKLDQ WXEH FDUWLODJH LQ FKLOGUHQ��� )DLOXUH RI WKH RSHQLQJ

PHFKDQLVP PD\ DOVR EH WKH UHVXOW RI DQ LQHIILFLHQW WHQVRU YHOL SDODWLQL PXVFOH

FRQWUDFWLRQ� 7KLV LQHIILFLHQW FRQWUDFWLRQ PD\ EH UHODWHG WR WKH LPPDWXULW\ RI WKH

QHXURPXVFXODU V\VWHP RU WKH GLIIHUHQW DQDWRP\ RI WKH (XVWDFKLDQ WXEH LQ

FKLOGUHQ���� 7KH LPSRUWDQFH RI WKH QRUPDO DQDWRP\ RI WKH (XVWDFKLDQ WXEH DQG LWV

VXUURXQGLQJ VWUXFWXUHV IRU HIILFLHQW (XVWDFKLDQ WXEH RSHQLQJ LV RQFH PRUH

LOOXVWUDWHG E\ WKH KLJK LQFLGHQFH RI (XVWDFKLDQ WXEH RSHQLQJ IDLOXUH LQ SDWLHQWV

ZLWK FOHIW SDODWH������ 7KH RSHQLQJ IDLOXUH LV PRVW OLNHO\ WKH UHVXOW RI VHYHUDO

                                               
Α $GDSWHG IURP ´$ FRPSUHKHQVLYH PRGHO IRU WKH DHWLRORJ\ RI RWLWLV PHGLD ZLWK HIIXVLRQµ 0 6WUDHWHPDQV�

1 YDQ +HHUEHHN� (/*0 7RQQDHU� HW DO� 0HGLFDO +\SRWKHVHV ���������������
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DQDWRPLFDO GHIHFWV RI WKH (XVWDFKLDQ WXEH DQG WKH SDUDWXEDO PXVFOHV LQ WKHVH

SDWLHQWV�������� )LQDOO\� D UHODWLYH GHILFLHQF\� D UHGXFHG SURGXFWLRQ RU DQ DOWHUHG

SKRVSKROLSLG FRPSRVLWLRQ RI VXUIDFH WHQVLRQ ORZHULQJ VXEVWDQFHV LQ WKH

(XVWDFKLDQ WXEH �H�J� GXH WR LQIODPPDWLRQ RI WKH PXFRVDO OLQLQJ RU JHQHWLF

SUHGLVSRVLWLRQ� PD\ LPSDLU (XVWDFKLDQ WXEH RSHQLQJ������

0HFKDQLFDO REVWUXFWLRQ RI WKH (XVWDFKLDQ WXEH PD\ UHVXOW IURP LQIODPPDWLRQ RI

WKH PXFRVDO OLQLQJ VHFRQGDU\ WR LQIHFWLRQ RU DOOHUJ\ RU IURP DQ HQODUJHG

DGHQRLG������ ,Q UDUH FDVHV� WKH (XVWDFKLDQ WXEH PD\ EH REVWUXFWHG E\ D WXPRXU

�H�J� FKROHVWHDWRPD� QDVRSKDU\QJHDO FDUFLQRPD�� $Q LPSDLUHG YHQWLODWRU\

IXQFWLRQ PD\ FRQWULEXWH WR WKH GHYHORSPHQW RI D QHJDWLYH PLGGOH HDU SUHVVXUH���

,PSDLUPHQW RI SURWHFWLYH IXQFWLRQ

$ ORVV RI SURWHFWLYH IXQFWLRQ RI WKH (XVWDFKLDQ WXEH FDQ EH WKH FRQVHTXHQFH RI

DQ DEQRUPDOO\ RSHQ (XVWDFKLDQ WXEH RU D UHODWLYHO\ VKRUW (XVWDFKLDQ WXEH��� ,Q

VRPH FDVHV� WKH (XVWDFKLDQ WXEH PD\ EH SHUPDQHQWO\ RU LQWHUPLWWHQWO\ RSHQ�

ZKLOH LQ RWKHUV WKH (XVWDFKLDQ WXEH LV FORVHG EXW KDV YHU\ ORZ UHVLVWDQFH� 7KH

(XVWDFKLDQ WXEH FDQ DOVR EH UHODWLYHO\ VKRUW� OLNH LQ \RXQJ FKLOGUHQ RU HYHQ PRUH

LQ FKLOGUHQ ZLWK FOHIW SDODWH RU 'RZQ·V V\QGURPH�� ,Q DOO WKHVH FDVHV�

QDVRSKDU\QJHDO VHFUHWLRQV DQG PLFUR�RUJDQLVPV PD\ HDVLO\ UHIOX[ LQWR WKH

PLGGOH HDU� ,Q DGGLWLRQ� WKH PLGGOH HDU LV LQVXIILFLHQWO\ SURWHFWHG DJDLQVW

H[WUHPH QDVRSKDU\QJHDO SUHVVXUH YDULDWLRQV� ,Q FRPELQDWLRQ ZLWK KDELWXDO

VQLIILQJ� WKLV PD\ EH LQYROYHG LQ WKH GHYHORSPHQW RI D SHUVLVWHQW QHJDWLYH PLGGOH

HDU SUHVVXUH���

7KH ORFDO LPPXQRORJLFDO GHIHQFH PHFKDQLVPV RI WKH (XVWDFKLDQ WXEH FDQ DOVR EH

RU EHFRPH LPSDLUHG� 7KH VHFUHWLRQ RI VHFUHWRU\ ,J$ PD\ EH LPSDLUHG LQ VRPH

FKLOGUHQ� WKXV DIIHFWLQJ WKH ORFDO LPPXQRORJLFDO SURWHFWLYH IXQFWLRQ��� $Q

LPSDLUHG FKHPRWD[LV RI SRO\PRUSKRQXFOHDU OHXNRF\WHV PD\ DOVR DIIHFW WKH

SURWHFWLRQ DJDLQVW LQYDGLQJ SDWKRJHQV��� ,Q DGGLWLRQ� WKH IUHTXHQF\ RI VSHFLILF

VXUIDFWDQW SURWHLQ $ KDSORW\SHV DQG JHQRW\SHV ZHUH IRXQG WR EH GLIIHUHQW

EHWZHHQ FKLOGUHQ ZLWK UHFXUUHQW RWLWLV PHGLD FRPSDUHG ZLWK FRQWUROV��� 6XFK

GLIIHUHQFHV PD\ DIIHFW WKH ORFDO GHIHQFH E\ VXUIDFWDQW SURWHLQ $�

,PSDLUPHQW RI FOHDUDQFH IXQFWLRQ

,PSDLUPHQW RI WKH PXFRFLOLDU\ FOHDUDQFH IXQFWLRQ FDQ EH LQGXFHG E\ YLUXVHV RU

EDFWHULD DQG WKHLU HQGRWR[LQV������ 7KH LQIODPPDWLRQ WKDW LV LQGXFHG E\ WKHVH

PLFUR�RUJDQLVPV FDXVHV PDMRU FKDQJHV LQ WKH (XVWDFKLDQ WXEH PXFRVD LQFOXGLQJ

GHJHQHUDWLRQ RI FLOLDWHG FHOOV� 7KLV UHVXOWV LQ LPSDLUPHQW RI WKH PXFRFLOLDU\

FOHDUDQFH� 2WKHU FDXVHV RI PXFRFLOLDU\ G\VIXQFWLRQ DUH SULPDU\ FLOLDU\
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G\VNLQHVLD� F\VWLF ILEURVLV� DOOHUJ\� HQYLURQPHQWDO SROOXWDQWV DQG LUUDGLDWLRQ���������

$Q LPSDLUHG PXFRFLOLDU\ FOHDUDQFH PD\ IDFLOLWDWH EDFWHULDO SHQHWUDWLRQ IURP WKH

QDVRSKDU\Q[ LQWR WKH PLGGOH HDU������ 7KH PXVFXODU FOHDUDQFH IXQFWLRQ LV PRVW

OLNHO\ WR EH LPSDLUHG ZKHQ WKH PXVFXODU RSHQLQJ IXQFWLRQ RI WKH (XVWDFKLDQ WXEH

LV LQDGHTXDWH��� ,Q DGGLWLRQ� FOHDUDQFH RI IOXLG E\ PXVFOH DFWLYLW\ DSSHDUHG WR EH

LPSDLUHG DV D UHVXOW RI D KLJK QHJDWLYH PLGGOH HDU SUHVVXUH���

6XPPDULVLQJ� LPSDLUPHQW RI WKH (XVWDFKLDQ WXEH IXQFWLRQV PD\ FRQWULEXWH WR WKH

GHYHORSPHQW RI SHUVLVWHQW QHJDWLYH PLGGOH HDU SUHVVXUH DQG�RU IDFLOLWDWH WKH

LQYDVLRQ RI WKH PLGGOH HDU E\ SDWKRJHQV� %RWK� SHUVLVWHQW QHJDWLYH PLGGOH HDU

SUHVVXUH DV ZHOO DV WKH DFFXPXODWLRQ RI SDWKRJHQV LQ WKH PLGGOH HDU DUH

DVVXPHG WR FRQWULEXWH WR WKH GHYHORSPHQW RI PLGGOH HDU GLVHDVHV� HVSHFLDOO\

20(� 7KLV UROH RI (XVWDFKLDQ WXEH G\VIXQFWLRQ LQ WKH GHYHORSPHQW RI 20( LV

VFKHPDWLFDOO\ SUHVHQWHG LQ )LJXUH ����

)LJXUH �� 6FKHPDWLF GLDJUDP RI WKH UROH RI (XVWDFKLDQ WXEH G\VIXQFWLRQ LQ WKH GHYHORSPHQW RI 20(�

7KH SUHVHQFH RI EDFWHULD RU YLUXVHV LQ WKH QDVRSKDU\Q[ LV FRQVLGHUHG WR EH WKH

ILUVW HVVHQWLDO VWHS LQ WKH DHWLRORJ\ RI 20(� 7KHVH EDFWHULD RU YLUXVHV PD\ EH

WUDQVORFDWHG LQWR WKH (XVWDFKLDQ WXEH� ZKHUH WKH\ FDQ GLVWXUE WKH (XVWDFKLDQ

WXEH IXQFWLRQ� RU PLJUDWH WKURXJK WKH (XVWDFKLDQ WXEH LQWR WKH PLGGOH HDU� $Q

LPSDLUHG (XVWDFKLDQ WXEH IXQFWLRQ PD\ DIIHFW PLGGOH HDU VWDWXV E\ FDXVLQJ D

QHJDWLYH PLGGOH HDU SUHVVXUH� (XVWDFKLDQ WXEH G\VIXQFWLRQ PD\ DOVR IDFLOLWDWH WKH

PLJUDWLRQ RI SDWKRJHQV WKURXJK WKH (XVWDFKLDQ WXEH LQWR WKH PLGGOH HDU� 2QFH LQ

WKH PLGGOH HDU� SDWKRJHQV FDQ DIIHFW WKH PLGGOH HDU VWDWXV E\ FDXVLQJ PXFRVDO

FKDQJHV� ,Q UHWXUQ� WKHVH GLVWXUEDQFHV RI WKH PLGGOH HDU VWDWXV �L�H� QHJDWLYH

YLUXVHV�EDFWHULD
LQ QDVRSKDU\Q[

WUDQVORFDWLRQ
LQWR WKH (7

(7 G\VIXQFWLRQ

SDVVDJH WKURXJK WKH (7
LQWR WKH PLGGOH HDU

GLVWXUEDQFH RI WKH
PLGGOH HDU VWDWXV

220(0(

�
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PLGGOH HDU SUHVVXUH� DFFXPXODWLRQ RI SDWKRJHQV� PXFRVDO FKDQJHV� PD\ IXUWKHU

LPSDLU WKH (XVWDFKLDQ WXEH IXQFWLRQ DQG�RU IDFLOLWDWH WKH SDVVDJH RI SDWKRJHQV

WKURXJK WKH (XVWDFKLDQ WXEH� WKXV FUHDWLQJ DQ DXWR�DPSOLI\LQJ ORRS���������

3HUVLVWHQW QHJDWLYH PLGGOH HDU SUHVVXUH PD\ FDXVH WUDQVXGDWLRQ RI IOXLG RU

LQGXFH PXFRVDO FKDQJHV WKDW OHDG WR PRUH PXFXV�SURGXFLQJ FHOOV LQ WKH PLGGOH

HDU������ 0LFUR�RUJDQLVPV WKDW KDYH HQWHUHG WKH PLGGOH HDU PD\ DOVR LQGXFH

PXFRVDO FHOO GLIIHUHQWLDWLRQ OHDGLQJ WR LQFUHDVHG QXPEHUV RI PXFXV�SURGXFLQJ

FHOOV��� 7KHVH FKDQJHV EULQJ DERXW DQ LQFUHDVH LQ PXFXV VHFUHWLRQ� ,I WKH LPPXQH

V\VWHP IDLOV WR HOLPLQDWH WKH EDFWHULD RU YLUXVHV DQG WKH PXFXV LV QRW DGHTXDWHO\

FOHDUHG E\ WKH (XVWDFKLDQ WXEH GXH WR (XVWDFKLDQ WXEH G\VIXQFWLRQ� PXFXV ZLOO

DFFXPXODWH DQG 20( ZLOO GHYHORS�

����������

$V GHVFULEHG EHIRUH� VHYHUDO WHVWV KDYH EHHQ GHYHORSHG DQG DSSOLHG WR VWXG\ WKH

(XVWDFKLDQ WXEH IXQFWLRQ LQ UHVHDUFK DQG FOLQLFDO VHWWLQJV� +RZHYHU� RQO\ OLWWOH

LQIRUPDWLRQ LV DYDLODEOH FRQFHUQLQJ WKH YDOLGLW\ DQG UHOLDELOLW\ RI WKHVH WHVWV� 7KH

TXHVWLRQ� WKHUHIRUH� UHPDLQV ZKHWKHU LW LV SRVVLEOH WR PHDVXUH (XVWDFKLDQ WXEH

IXQFWLRQ LQ FKLOGUHQ� 7R EH DEOH WR PHDVXUH (XVWDFKLDQ WXEH IXQFWLRQ LQ FKLOGUHQ�

IRU LQVWDQFH WR LQYHVWLJDWH WKH HIIHFW RI PHGLFDO LQWHUYHQWLRQ� D WHVW LV QHHGHG

WKDW PHHWV WKH IROORZLQJ FULWHULD� 6XFK D WHVW VKRXOG EH�

�YDOLG� L�H� WKH WHVW VKRXOG PHDVXUH ZKDW LW SXUSRUWV WR PHDVXUH

�UHOLDEOH� L�H� WKH WHVW VKRXOG SURYLGH UHSURGXFLEOH UHVXOWV

�VDIH

�XVHU DQG SDWLHQW�IULHQGO\

7KH IRUFHG UHVSRQVH WHVW DQG SUHVVXUH HTXLOLEUDWLRQ WHVW DUH ZLGHO\ XVHG� %RWK

WHVWV DUH VDIH DQG XVHU DV ZHOO DV SDWLHQW�IULHQGO\� 8QIRUWXQDWHO\� YDOLGLW\ RI WKHVH

WHVWV FDQQRW EH HVWDEOLVKHG GXH WR WKH ODFN RI D ´JROG VWDQGDUGµ� $Q LPSRUWDQW

SUHUHTXLVLWH IRU YDOLGLW\ LV� KRZHYHU� UHOLDELOLW\� 5HOLDELOLW\ FDQ EH GHWHUPLQHG E\

UHSHDWHGO\ PHDVXULQJ WKH (XVWDFKLDQ WXEH IXQFWLRQ LQ WKH VDPH FKLOG�

5HJDUGLQJ WKH DSSOLFDELOLW\ RI WKHVH WHVWV LQ HSLGHPLRORJLFDO VWXGLHV DQG FOLQLFDO

WULDOV� LW LV LPSRUWDQW WR NQRZ ZKHWKHU RQH RU ERWK HDUV RI RQH FKLOG VKRXOG EH

PHDVXUHG WR FKDUDFWHULVH WKH (XVWDFKLDQ WXEH IXQFWLRQ RI WKDW FKLOG�

7KH GHVLUH WR PHDVXUH WKH (XVWDFKLDQ WXEH IXQFWLRQ LQ FKLOGUHQ OHG WR WKH ILUVW

REMHFWLYH RI WKLV WKHVLV�

�WR VWXG\ WKH PHDVXUHPHQW FRQGLWLRQV �L�H� W\SH DQG QXPEHU RI WHVWV� XQLODWHUDO

RU ELODWHUDO PHDVXUHPHQW� WKDW DUH QHFHVVDU\ WR REWDLQ D UHOLDEOH PHDVXUH RI WKH

(XVWDFKLDQ WXEH IXQFWLRQ�
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$V VKRZQ LQ )LJXUH �� (XVWDFKLDQ WXEH G\VIXQFWLRQ LV DVVXPHG WR FRQWULEXWH WR

WKH GHYHORSPHQW RI 20(� ,W LV� WKHUHIRUH� LQWHUHVWLQJ WR NQRZ ZKHWKHU WKH

(XVWDFKLDQ WXEH IXQFWLRQV FDQ EH DIIHFWHG LQ D SRVLWLYH ZD\� ,I FHUWDLQ GUXJV RU

VXUJLFDO LQWHUYHQWLRQV LPSURYH WKH (XVWDFKLDQ WXEH IXQFWLRQ� WKH\ PD\ EH

HIIHFWLYH WR SUHYHQW RU WUHDW 20( DV ZHOO� +RZHYHU� WKH TXHVWLRQ UHPDLQV ZKLFK

LQWHUYHQWLRQV DUH HIIHFWLYH WR LPSURYH WKH (XVWDFKLDQ WXEH IXQFWLRQ�

$W SUHVHQW� WKH LQVHUWLRQ RI YHQWLODWLRQ WXEHV LV WKH PRVW FRPPRQO\ SHUIRUPHG

LQWHUYHQWLRQ LQ FKLOGUHQ ZLWK SHUVLVWHQW 20(� 9HQWLODWLRQ WXEHV WHPSRUDULO\

UHSODFH WKH IXQFWLRQ RI WKH (XVWDFKLDQ WXEH� 7KH\ UHVROYH WKH HIIXVLRQ DQG

SURYLGH DHUDWLRQ RI WKH PLGGOH HDU� WKXV UHVWRULQJ QRUPDO KHDULQJ� +RZHYHU�

EHVLGHV EHLQJ D VXEVWLWXWH IRU (XVWDFKLDQ WXEH IXQFWLRQ� WKH LQVHUWLRQ RI

YHQWLODWLRQ WXEHV PD\ DIIHFW (XVWDFKLDQ WXEH IXQFWLRQ DV ZHOO�

1DVDO GHFRQJHVWDQWV DUH DOVR FRPPRQO\ XVHG LQ FKLOGUHQ ZLWK SHUVLVWHQW 20(�

EDVHG RQ WKH DVVXPSWLRQ WKDW WKH\ LPSURYH WKH (XVWDFKLDQ WXEH IXQFWLRQ�

+RZHYHU� WKH NQRZOHGJH DERXW WKH HIIHFW RI WRSLFDO GHFRQJHVWDQWV RQ WKH

(XVWDFKLDQ WXEH IXQFWLRQ LV OLPLWHG�

6LQFH VXUIDFWDQW LV DVVXPHG WR EH DQ LPSRUWDQW IDFWRU IRU QRUPDO IXQFWLRQLQJ RI

WKH (XVWDFKLDQ WXEH� WKH DGPLQLVWUDWLRQ RI H[RJHQRXV VXUIDFWDQW LV VXJJHVWHG WR

LPSURYH (XVWDFKLDQ WXEH IXQFWLRQ� $V GHVFULEHG EHIRUH� D UHODWLYH GHILFLHQF\ RU D

UHGXFHG SURGXFWLRQ PD\ LPSDLU WKH (XVWDFKLDQ WXEH IXQFWLRQV�

7KH GHVLUH WR GHWHUPLQH ZKLFK LQWHUYHQWLRQV DUH HIIHFWLYH WR LPSURYH WKH

(XVWDFKLDQ WXEH IXQFWLRQ OHG WR WKH VHFRQG REMHFWLYH RI WKLV WKHVLV�

�WR VWXG\ WKH HIIHFW RI FRPPRQ �H�J� YHQWLODWLRQ WXEHV� QDVDO GHFRQJHVWDQWV� DQG

SURPLVLQJ �H�J� VXUIDFWDQW� LQWHUYHQWLRQV RQ WKH (XVWDFKLDQ WXEH IXQFWLRQ�

����������������������

,Q &KDSWHU �� WKH UHOLDELOLW\ RI WKH IRUFHG UHVSRQVH WHVW DQG SUHVVXUH

HTXLOLEUDWLRQ WHVW� WKH WHVWV WKDW DUH PRVW ZLGHO\ XVHG� LV RXWOLQHG� ,Q DGGLWLRQ�

WKH GLIIHUHQFHV LQ IXQFWLRQ EHWZHHQ WKH OHIW DQG ULJKW (XVWDFKLDQ WXEH LQ FKLOGUHQ

ZLWK ELODWHUDO 20( DUH GHVFULEHG LQ &KDSWHU ��

$ FRPSUHKHQVLYH VXPPDU\ RI WKH UHVXOWV RI DOO VWXGLHV WKDW LQYHVWLJDWH WKH

WKHUDSHXWLF LPSURYHPHQW RI WKH (XVWDFKLDQ WXEH IXQFWLRQ LV JLYHQ LQ &KDSWHU ��

,Q &KDSWHU �� WKH HIIHFW RI YHQWLODWLRQ WXEHV RQ (XVWDFKLDQ WXEH YHQWLODWRU\

IXQFWLRQ LQ FKLOGUHQ LV GHVFULEHG� 7KH HIIHFW RI D WRSLFDO GHFRQJHVWDQW RQ

(XVWDFKLDQ WXEH YHQWLODWRU\ DQG SURWHFWLYH IXQFWLRQ LQ FKLOGUHQ ZLWK YHQWLODWLRQ

WXEHV LV SUHVHQWHG DQG GLVFXVVHG LQ &KDSWHU �� ,Q &KDSWHU �� WKH HIIHFW RI
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VXUIDFWDQW RQ WKH (XVWDFKLDQ WXEH YHQWLODWRU\ DQG FOHDUDQFH IXQFWLRQ LQ UDWV LV

GHVFULEHG�

)LQDOO\� WKH RYHUDOO FRQFOXVLRQV RI WKLV WKHVLV DUH GLVFXVVHG LQ WKH OLJKW RI WKH

SUHVHQW NQRZOHGJH RI (XVWDFKLDQ WXEH �G\V�IXQFWLRQ LQ &KDSWHU �� 6RPH SUDFWLFDO

LPSOLFDWLRQV DQG SURSRVDOV IRU IXWXUH UHVHDUFK DUH VXJJHVWHG�

55HHIIHHUHUHQQFFHVHV

�� )HOGPDQQ +� 'LH (XVWDFKLVFKH 5RKUH XQG LKUH 5ROOH LQ GHU *HVFKLFKWH GHU 2KUHQKHLONXQGH� %LOGHU

DXV GHU *HVFKLFKWH GHU +DOV�1DVHQ�2KUHQ�+HLONXQGH� GDUJHVWHOOW DQ LQVWUXPHQWHQ DXV GHU

6DPPOXQJ LP 'HXWVFKHQ 0HGL]LQKLVWRULVFKHQ 0XVHXP LQ ,QJROVWDGW� /DU\QJRUKLQRRWRORJLH

����������������

�� %DUEDL[ 0� &ORWXFKH -� 'H -RQFNHUH 3� HW DO� 1DLVVDQFH HW GHYHORSSHPHQW GH O
RWR�UKLQR�ODU\QJRORJLH

GDQV O
KLVWRLUH GH OD PHGHFLQH� $FWD 2WRUKLQRODU\QJRO %HOJ ��������VXSSO �������������

�� 3URFWRU %� (PEU\RORJ\ DQG DQDWRP\ RI WKH (XVWDFKLDQ WXEH� $UFK 2WRODU\QJRO ����������������

�� *UDYHV *2� (GZDUGV /)� 7KH (XVWDFKLDQ WXEH� $ UHYLHZ RI GHVFULSWLYH� PLFURVFRSLF� WRSRJUDSKLF

DQG FOLQLFDO DQDWRP\� $UFK 2WRODU\QJRO ����������������

�� 'MHULF '� 6DYLF '� $QDWRPLFDO YDULDWLRQV DQG UHODWLRQV RI WKH ERQ\ SRUWLRQ RI WKH (XVWDFKLDQ WXEH�

$FWD 2WRODU\QJRO ����������������

�� 3UDGHV -0� 'XPROODUG -0� &DOORF
K )� HW DO� 'HVFULSWLYH DQDWRP\ RI WKH KXPDQ DXGLWRU\ WXEH� 6XUJ

5DGLRO $QDW ����������������

�� +XDQJ 0+� /HH 67� 5DMHQGUDQ .� $ IUHVK FDGDYHULF VWXG\ RI WKH SDUDWXEDO PXVFOHV� LPSOLFDWLRQV IRU

(XVWDFKLDQ WXEH IXQFWLRQ LQ FOHIW SDODWH� 3ODVW 5HFRQVWU 6XUJ �����������������

�� 6ZDUWV -'� 5RRG 65� 7KH PRUSKRPHWU\ DQG WKUHH�GLPHQVLRQDO VWUXFWXUH RI WKH DGXOW (XVWDFKLDQ

WXEH� LPSOLFDWLRQV IRU IXQFWLRQ� &OHIW 3DODWH - ����������������

�� 6DGOHU .'� 6LHJHO 0,� 7RGKXQWHU -6� $JH�UHODWHG PRUSKRORJLF GLIIHUHQFHV LQ WKH FRPSRQHQWV RI WKH

(XVWDFKLDQ WXEH�PLGGOH HDU V\VWHP� $QQ 2WRO 5KLQRO /DU\QJRO ����������������

��� /XQW] 0� 6DGp -� *URZWK RI WKH (XVWDFKLDQ WXEH OXPHQ ZLWK DJH� $P - 2WRODU\QJRO ���������������

��� 0DWVXQH 6� 6DQGR ,� 7DNDKDVKL +� (ODVWLQ DW WKH KLQJH SRUWLRQ RI WKH (XVWDFKLDQ WXEH FDUWLODJH LQ

VSHFLPHQV IURP QRUPDO VXEMHFWV DQG WKRVH ZLWK FOHIW SDODWH� $QQ 2WRO 5KLQRO /DU\QJRO

�����������������

��� %ORRP :� )DZFHWW ':� 7KH HDU� ,Q� %ORRP :� )DZFHWW ':� HGLWRUV� $ WH[WERRN RI KLVWRORJ\�

3KLODGHOSKLD� 6DXQGHUV� �������������

��� 6DGp -� &LOLDU\ DFWLYLW\ DQG PLGGOH HDU FOHDUDQFH� $UFK 2WRODU\QJRO ����������������

��� /LP '-� )XQFWLRQDO PRUSKRORJ\ RI WKH OLQLQJ PHPEUDQH RI WKH PLGGOH HDU DQG (XVWDFKLDQ WXEH� DQ

RYHUYLHZ� $QQ 2WRO 5KLQRO /DU\QJRO ��������VXSSO ����

��� .DPLPXUD 0� 6DQGR ,� %DODEDQ &'� +DJLQRPRUL 6� 0XFRVD�DVVRFLDWHG O\PSKRLG WLVVXH LQ PLGGOH

HDU DQG (XVWDFKLDQ WXEH� $QQ 2WRO 5KLQRO /DU\QJRO �����������������

��� 0XOGHU� --6� 0RUSKRORJLFDO DQG IXQFWLRQDO DVSHFWV RI WKH (XVWDFKLDQ WXEH RI WKH UDW >GLVVHUWDWLRQ@�

1LMPHJHQ� &DWKROLF 8QLYHUVLW\ 1LMPHJHQ� �����

��� 'R\OH :-� 6HURN\ -7� 0LGGOH HDU JDV H[FKDQJH LQ UKHVXV PRQNH\V� $QQ 2WRO 5KLQRO /DU\QJRO

�����������������

��� 3DDQDQHQ 5� 6RUPXQHQ 5� *OXPRII 9� HW DO� 6XUIDFWDQW SURWHLQV $ DQG ' LQ (XVWDFKLDQ WXEH

HSLWKHOLXP� $P - 3K\VLRO /XQJ &HOO 0RO 3K\VLRO ���������/����/����

��� 3DDQDQHQ 5� *OXPRII 9� 6RUPXQHQ 5� HW DO� ([SUHVVLRQ DQG ORFDOL]DWLRQ RI OXQJ VXUIDFWDQW SURWHLQ %

LQ (XVWDFKLDQ WXEH HSLWKHOLXP� $P - 3K\VLRO /XQJ &HOO 0RO 3K\VLRO ���������/����/����



&KDSWHU �

��

��� 0LUD (� %HQD]]R 0� 7DFFRQL 07� HW DO� 'LVDWXUDWHG SKRVSKDWLG\OFKROLQH LQ UDEELW (XVWDFKLDQ WXEH

VXUIDFWDQW� 25/ - 2WRUKLQRODU\QJRO 5HODW 6SHF ����������������

��� 6YDQH�.QXGVHQ 9� /DUVHQ +)� %UDVN 7� 6HFUHWRU\ RWLWLV PHGLD� D TXHVWLRQ RI VXUIDFH DFWLYLW\ LQ WKH

(XVWDFKLDQ WXEH" $FWD 2WRODU\QJRO �����������������

��� +LOOV %$� $QDO\VLV RI (XVWDFKLDQ VXUIDFWDQW DQG LWV IXQFWLRQ DV D UHOHDVH DJHQW� $UFK 2WRODU\QJRO

�������������

��� %OXHVWRQH &'� 3DWKRJHQHVLV RI RWLWLV PHGLD� UROH RI (XVWDFKLDQ WXEH� 3HGLDWU ,QIHFW 'LV -

����������������

��� &KDSHO +� +DHQH\ 0� 0LVKDE 6� 6QRZGHQ 1� IRXUWK HG� 2[IRUG� %ODFNZHOO 6FLHQFH� �����

��� /LP '-� 'H0DULD 7)� ,PPXQREDUULHUV RI WKH WXERW\PSDQXP� $FWD 2WRODU\QJRO �����������������

��� %HUQVWHLQ -0� :DOGH\HU
V ULQJ DQG RWLWLV PHGLD� WKH QDVRSKDU\QJHDO WRQVLO DQG RWLWLV PHGLD� ,QW -

3HGLDWU 2WRUKLQRODU\QJRO ������� �VXSSO ���6����6����

��� /LP '-� &KXQ <0� /HH +<� HW DO� &HOO ELRORJ\ RI WXERW\PSDQXP LQ UHODWLRQ WR SDWKRJHQHVLV RI RWLWLV

PH� 9DFFLQH ������� �VXSSO ���6���6���

��� .DPLPXUD 0� %DODEDQ &'� 6DQGR ,� HW DO� &HOOXODU GLVWULEXWLRQ RI PXFRVD�DVVRFLDWHG O\PSKRLG

WLVVXH ZLWK RWLWLV PHGLD LQ FKLOGUHQ� $QQ 2WRO 5KLQRO /DU\QJRO �����������������

��� +DDJVPDQ +3� 'LHPHO 59� 6XUIDFWDQW�DVVRFLDWHG SURWHLQV� IXQFWLRQV DQG VWUXFWXUDO YDULDWLRQ� &RPS

%LRFKHP 3K\VLRO $ 0RO ,QWHJU 3K\VLRO ����������������

��� 6WHQIRUV /(� 1RQ�VSHFLILF DQG VSHFLILF LPPXQLW\ WR EDFWHULDO LQYDVLRQ RI WKH PLGGOH HDU FDYLW\� ,QW -

3HGLDWU 2WRUKLQRODU\QJRO ������� �VXSSO ���6����6����

��� &XUIV -+$-� 0HLV -)*0� +RRJNDPS�.RUVWDQMH -$$� $ SULPHU RQ F\WRNLQHV� VRXUFHV� UHFHSWRUV�

HIIHFWV� DQG LQGXFHUV� &OLQ 0LFURELRO 5HY ����������������

��� %OXHVWRQH &'� 3DUDGLVH -/� %HHU\ 4&� 3K\VLRORJ\ RI WKH (XVWDFKLDQ WXEH LQ WKH SDWKRJHQHVLV DQG

PDQDJHPHQW RI PLGGOH HDU HIIXVLRQV� /DU\QJRVFRSH ������������������

��� 2KDVKL <� 1DNDL <� &XUUHQW FRQFHSWV RI PXFRFLOLDU\ G\VIXQFWLRQ LQ RWLWLV PHGLD ZLWK HIIXVLRQ� $FWD

2WRODU\QJRO ���������VXSSO����������

��� +RXWPH\HUV (� *RVVHOLQN 5� *D\DQ 5*� 'HFUDPHU 0� (IIHFWV RI GUXJV RQ PXFXV FOHDUDQFH� (XU

5HVSLU - ����������������

��� +RQMR ,� 8VKLUR .� 2ND]DNL 1� .XPD]DZD 7� (YDOXDWLRQ RI (XVWDFKLDQ WXEH IXQFWLRQ E\ FRQWUDVW

URHQWJHQRJUDSK\� $UFK 2WRODU\QJRO �����������������

��� +RQMR ,� +D\DVKL 0� ,WR 6� 7DNDKDVKL +� 3XPSLQJ DQG FOHDUDQFH IXQFWLRQ RI WKH (XVWDFKLDQ WXEH�

$P - 2WRODU\QJRO ���������������

��� 9DOVDOYD $0� 7UDFWDWXV GH DXUH KXPDQD� %RORJQD� �����

��� (OQHU $� ,QJHOVWHGW 6� ,YDUVVRQ $� 7KH QRUPDO IXQFWLRQ RI WKH (XVWDFKLDQ WXEH� $ VWXG\ RI ���

FDVHV� $FWD 2WRODU\QJRO ����������������

��� 7R\QEHH -� 7KH GLVHDVHV RI WKH HDU� /RQGHQ� &KXUFKLOO� �����

��� %\ODQGHU $� 7MHUQVWU|P 2� ,YDUVVRQ $� 3UHVVXUH RSHQLQJ DQG FORVLQJ IXQFWLRQV RI WKH (XVWDFKLDQ

WXEH E\ LQIODWLRQ DQG GHIODWLRQ LQ FKLOGUHQ DQG DGXOWV ZLWK QRUPDO HDUV� $FWD 2WRODU\QJRO

����������������

��� +ROPTXLVW -� %M|UNPDQ *� 2OpQ /� 0HDVXUHPHQW RI (XVWDFKLDQ WXEH IXQFWLRQ XVLQJ VRQRWXERPHWU\�

6FDQG $XGLRO ��������������

��� HO *XLQG\ $� $ FRUUHODWLYH PDQRPHWULF DQG HQGRVFRSLF VWXG\ RI WXEDO IXQFWLRQ LQ FKURQLF RWLWLV

PHGLD ZLWK HIIXVLRQ� $FWD 2WRODU\QJRO �����������������

��� &DQWHNLQ (,� 6DH] &$� %OXHVWRQH &'� %HUQ 6$� $LUIORZ WKURXJK WKH (XVWDFKLDQ WXEH� $QQ 2WRO 5KLQRO

/DU\QJRO ����������������

��� %\ODQGHU $� 7MHUQVWU|P 2� ,YDUVVRQ $� 3UHVVXUH RSHQLQJ DQG FORVLQJ IXQFWLRQV RI WKH (XVWDFKLDQ

WXEH LQ FKLOGUHQ DQG DGXOWV ZLWK QRUPDO HDUV� $FWD 2WRODU\QJRO ��������������

��� )OLVEHUJ .� &OLQLFDO DVVHVVPHQW RI WXEDO IXQFWLRQ� $FWD 2WRODU\QJRO ���������VXSSO��������

��� &DQWHNLQ (,� %OXHVWRQH &'� 3DUNLQ /3� (XVWDFKLDQ WXEH YHQWLODWRU\ IXQFWLRQ LQ FKLOGUHQ� $QQ 2WRO

5KLQRO /DU\QJRO ����������������



,QWURGXFWLRQ

��

��� 6LHGHQWRS .+� 7DUG\ 0(� +DPLOWRQ /5� (XVWDFKLDQ WXEH IXQFWLRQ� $UFK 2WRODU\QJRO ������������

����

��� +ROPTXLVW -� 5HQZDOO 8� (XVWDFKLDQ WXEH IXQFWLRQ LQ VHFUHWRU\ RWLWLV PHGLD� $UFK 2WRODU\QJRO

��������������

��� =|OOQHU )� $QDWRPLH� 3K\VLRORJLH XQG .OLQLN GHU 2KUWURPSHWH� %HUOLQ� 6SULQJHU�9HUODJ� �����

��� YDQ +HHUEHHN 1� ,QJHOV .-$2� 6QLN $)0� =LHOKXLV *$� 5HOLDELOLW\ RI PDQRPHWULF (XVWDFKLDQ WXEH

IXQFWLRQ WHVWV LQ FKLOGUHQ� 2WRO 1HXURWRO ����������������

��� )DON %� 6QLII�LQGXFHG QHJDWLYH PLGGOH HDU SUHVVXUH� VWXG\ RI D FRQVHFXWLYH VHULHV RI FKLOGUHQ ZLWK

RWLWLV PHGLD ZLWK HIIXVLRQ� $P - 2WRODU\QJRO ���������������

��� )DON %� 1HJDWLYH PLGGOH HDU SUHVVXUH LQGXFHG E\ VQLIILQJ� $ W\PSDQRPHWULF VWXG\ LQ SHUVRQV ZLWK

KHDOWK\ HDUV� - 2WRODU\QJRO ����������������

��� 7DNDKDVKL +� +D\DVKL 0� 6DWR +� +RQMR ,� 3ULPDU\ GHILFLWV LQ (XVWDFKLDQ WXEH IXQFWLRQ LQ SDWLHQWV

ZLWK RWLWLV PHGLD ZLWK HIIXVLRQ� $UFK 2WRODU\QJRO +HDG 1HFN 6XUJ �����������������

��� 6XJLXUD <� 2KDVKL <� 1DNDL <� 5R[\WKURP\FLQ VWLPXODWHV WKH PXFRFLOLDU\ DFWLYLW\ RI WKH (XVWDFKLDQ

WXEH DQG PRGXODWHV QHXWURSKLO DFWLYLW\ LQ WKH KHDOWK\ JXLQHD SLJ� $FWD 2WRODU\QJRO

���������VXSSO��������

��� &KLOYHUV 0$� 2
&DOODJKDQ &� $QDO\VLV RI FLOLDU\ EHDW SDWWHUQ DQG EHDW IUHTXHQF\ XVLQJ GLJLWDO KLJK

VSHHG LPDJLQJ� FRPSDULVRQ ZLWK WKH SKRWRPXOWLSOLHU DQG SKRWRGLRGH PHWKRGV� 7KRUD[

����������������

��� +D\DVKL 0� 7DNDKDVKL +� 6DWR +� +RQMR ,� &OHDUDQFH RI WKH (XVWDFKLDQ WXEH XQGHU QHJDWLYH PLGGOH

HDU SUHVVXUH� $P - 2WRODU\QJRO ���������������

��� 6WHQVWU|P &� %\ODQGHU�*URWK $� ,QJYDUVVRQ /� (XVWDFKLDQ WXEH IXQFWLRQ LQ RWLWLV�SURQH DQG KHDOWK\

FKLOGUHQ� ,QW - 3HGLDWU 2WRUKLQRODU\QJRO ����������������

��� %\ODQGHU�*URWK $� 6WHQVWU|P &� (XVWDFKLDQ WXEH IXQFWLRQ DQG RWLWLV PHGLD LQ FKLOGUHQ� (DU 1RVH

7KURDW - ����������������

��� %OXHVWRQH &'� :LWWHO 5$� 3DUDGLVH -/� 5RHQWJHQRJUDSKLF HYDOXDWLRQ RI (XVWDFKLDQ WXEH IXQFWLRQ LQ

LQIDQWV ZLWK FOHIW DQG QRUPDO SDODWHV� &OHIW 3DODWH - ��������������

��� 'R\OH :-� &DQWHNLQ (,� %OXHVWRQH &'� (XVWDFKLDQ WXEH IXQFWLRQ LQ FOHIW SDODWH FKLOGUHQ� $QQ 2WRO

5KLQRO /DU\QJRO ��������VXSSO��������

��� 0DWVXQH 6� 6DQGR ,� 7DNDKDVKL +� ,QVHUWLRQ RI WKH WHQVRU YHOL SDODWLQL PXVFOH LQWR WKH (XVWDFKLDQ

WXEH FDUWLODJH LQ FOHIW SDODWH FDVHV� $QQ 2WRO 5KLQRO /DU\QJRO �����������������

��� 5DSSRUW 31� /LP '-� :HLVV +6� 6XUIDFH�DFWLYH DJHQW LQ (XVWDFKLDQ WXEH IXQFWLRQ� $UFK 2WRODU\QJRO

�����������������

��� 5DPHW 0� /RIJUHQ -� $OKR 23� +DOOPDQ 0� 6XUIDFWDQW SURWHLQ�$ JHQH ORFXV DVVRFLDWHG ZLWK UHFXUUHQW

RWLWLV PHGLD� - 3HGLDWU �����������������

��� )ULHGPDQ 5$� 'R\OH :-� &DVVHOEUDQW 0/� HW DO� ,PPXQRORJLF�PHGLDWHG (XVWDFKLDQ WXEH REVWUXFWLRQ�

D GRXEOH�EOLQG FURVVRYHU VWXG\� - $OOHUJ\ &OLQ ,PPXQRO ����������������

��� %OXHVWRQH &'� &DQWHNLQ (,� %HHU\ 4&� &HUWDLQ HIIHFWV RI DGHQRLGHFWRP\ RI (XVWDFKLDQ WXEH

YHQWLODWRU\ IXQFWLRQ� /DU\QJRVFRSH ����������������

��� $OSHU &0� 7DEDUL 5� 6HURN\ -7� 'R\OH :-� 0DJQHWLF UHVRQDQFH LPDJLQJ RI WKH GHYHORSPHQW RI RWLWLV

PHGLD ZLWK HIIXVLRQ FDXVHG E\ IXQFWLRQDO REVWUXFWLRQ RI WKH (XVWDFKLDQ WXEH� $QQ 2WRO 5KLQRO

/DU\QJRO �����������������

��� )DON %� 0DJQXVRQ %� (YDFXDWLRQ RI WKH PLGGOH HDU E\ VQLIILQJ� D FDXVH RI KLJK QHJDWLYH SUHVVXUH

DQG GHYHORSPHQW RI PLGGOH HDU GLVHDVH� 2WRODU\QJRO +HDG 1HFN 6XUJ ����������������

��� )XMLKDUD .� )XMLKDUD 7� <DPDQDND 1� 6HFUHWRU\ ,J$ DQG VTXDPRXV HSLWKHOL]DWLRQ LQ DGHQRLGV RI

FKLOGUHQ ZLWK RWLWLV PHGLD ZLWK HIIXVLRQ� $FWD 2WRODU\QJRO ���������VXSSO����������

��� +LOO +5� %RRN /6� +HPPLQJ 9*� +HUEVW --� 'HIHFWLYH QHXWURSKLO FKHPRWDFWLF UHVSRQVHV LQ SDWLHQWV

ZLWK UHFXUUHQW HSLVRGHV RI RWLWLV PHGLD DQG FKURQLF GLDUUKHD� $P - 'LV &KLOG �����������������

��� *LHELQN *6� 5LSOH\ 0/� :ULJKW 3)� (XVWDFKLDQ WXEH KLVWRSDWKRORJ\ GXULQJ H[SHULPHQWDO LQIOXHQ]D $

YLUXV LQIHFWLRQ LQ WKH FKLQFKLOOD� $QQ 2WRO 5KLQRO /DU\QJRO ����������������
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��

��� 2KDVKL <� 1DNDL <� (VDNL <� HW DO� ,QIOXHQ]D $ YLUXV�LQGXFHG RWLWLV PHGLD DQG PXFRFLOLDU\

G\VIXQFWLRQ LQ WKH JXLQHD SLJ� $FWD 2WRODU\QJRO ���������VXSSO����������

��� 3DUN .� %DNDOHW] /2� &RWLFFKLD -0� /LP '-� (IIHFW RI LQIOXHQ]D $ YLUXV RQ FLOLDU\ DFWLYLW\ DQG G\H

WUDQVSRUW IXQFWLRQ LQ WKH FKLQFKLOOD (XVWDFKLDQ WXEH� $QQ 2WRO 5KLQRO /DU\QJRO �����������������

��� 8PHNL 6� 3ULPDU\ PXFRFLOLDU\ WUDQVSRUW IDLOXUH� 5HVSLUDWLRQ ����������������

��� 'RZQV %:� %XWHKRUQ +)� 3UD]PD -� HW DO� $FWLRQ RI KLVWDPLQH RQ (XVWDFKLDQ WXEH IXQFWLRQ�

2WRODU\QJRO +HDG 1HFN 6XUJ �����������������

��� (VDNL <� 2KDVKL <� )XUX\D +� HW DO� +LVWDPLQH�LQGXFHG PXFRFLOLDU\ G\VIXQFWLRQ DQG RWLWLV PHGLD

ZLWK HIIXVLRQ� $FWD 2WRODU\QJRO ���������VXSSO����������

��� .DUMD -� 1XXWLQHQ -� .DUMDODLQHQ 3� 0XFRFLOLDU\ IXQFWLRQ LQ FKLOGUHQ ZLWK VHFUHWRU\ RWLWLV PHGLD� $FWD

2WRODU\QJRO ����������������

��� 7DNDKDVKL +� +RQMR ,� +D\DVKL 0� )XMLWD $� &OHDUDQFH IXQFWLRQ RI (XVWDFKLDQ WXEH DQG QHJDWLYH

PLGGOH HDU SUHVVXUH� $QQ 2WRO 5KLQRO /DU\QJRO �����������������

��� 6WUDHWHPDQV 0� YDQ +HHUEHHN 1� 7RQQDHU (/*0� HW DO� $ FRPSUHKHQVLYH PRGHO IRU WKH DHWLRORJ\ RI

RWLWLV PHGLD ZLWK HIIXVLRQ� 0HG +\SRWKHVHV ����������������

��� %OXHVWRQH &'� %HHU\ 4&� &RQFHSWV RQ WKH SDWKRJHQHVLV RI PLGGOH HDU HIIXVLRQV� $QQ 2WRO 5KLQRO

/DU\QJRO ����������������

��� 1HOO 0-� *URWH --� 6WUXFWXUDO FKDQJHV LQ WKH UDW PLGGOH HDU PXFRVD GXH WR HQGRWR[LQ DQG (XVWDFKLDQ

WXEH REVWUXFWLRQ� (XU $UFK 2WRUKLQRODU\QJRO �����������������

��� .XLMSHUV :� YDQ GHU %HHN -0+� -DS 3+.� ([SHULPHQWDO PRGHO IRU WKH VWXG\ RI RWLWLV PHGLD ZLWK

HIIXVLRQ� $FWD 2WRUKLQRODU\QJRO %HOJ ����������������

��� &DVVHOEUDQW 0/� &DQWHNLQ (,� 'LUNPDDW '&� HW DO� ([SHULPHQWDO SDUDO\VLV RI WHQVRU YHOL SDODWLQL

PXVFOH� $FWD 2WRODU\QJRO �����������������

��� 6DGp -� $U $� 0LGGOH HDU DQG DXGLWRU\ WXEH� PLGGOH HDU FOHDUDQFH� JDV H[FKDQJH� DQG SUHVVXUH

UHJXODWLRQ� 2WRODU\QJRO +HDG 1HFN 6XUJ �����������������
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5HOLDELOLW\ RI PDQRPHWULF IXQFWLRQ WHVWV

��

��������

2EMHFWLYH� 7R DVVHVV WKH UHOLDELOLW\ RI PDQRPHWULF (XVWDFKLDQ WXEH �(7� IXQFWLRQ

WHVWV LQ FKLOGUHQ ZLWK YHQWLODWLRQ WXEHV LQ VLWX�

6WXG\ GHVLJQ� 5HSHDWHG PDQRPHWULF (7 IXQFWLRQ WHVWV GXULQJ RQH VHVVLRQ�

6HWWLQJ� 7KH VWXG\ WRRN SODFH DW D VHFRQGDU\ UHIHUUDO KRVSLWDO DQG DW D WHUWLDU\

UHIHUUDO KRVSLWDO�

3DWLHQWV� 1LQHW\�QLQH FKLOGUHQ ZLWK YHQWLODWLRQ WXEHV LQ VLWX EHFDXVH RI SHUVLVWHQW

RWLWLV PHGLD ZLWK HIIXVLRQ�

0DLQ RXWFRPH PHDVXUHV� 2SHQLQJ SUHVVXUH �3R�� FORVLQJ SUHVVXUH �3F�� DQG WXEDO

IXQFWLRQ JURXS�

5HVXOWV� $QDO\VLV RI 3R DQG 3F VKRZHG D GHFUHDVH ZLWK UHSHDWHG PHDVXUHPHQW

�S ������ DQG S ������ UHVSHFWLYHO\�� 7KH HIIHFW RI UHSHDWHG PHDVXUHPHQW RQ

3R ZDV PRUH SURQRXQFHG WKDQ WKH HIIHFW RQ 3F� 7KH UHVXOWV RI WKH ILUVW DQG

VHFRQG SUHVVXUH HTXLOLEUDWLRQ WHVWV VKRZHG ��� DJUHHPHQW�

&RQFOXVLRQV� 7KLV VWXG\ VKRZHG JRRG UHSURGXFLELOLW\ RI WKH FDWHJRULVHG UHVXOWV

RI WKH SUHVVXUH HTXLOLEUDWLRQ WHVW� ZKHUHDV WKH UHVXOWV RI WKH IRUFHG UHVSRQVH

WHVW VHHPHG WR EH OHVV UHSURGXFLEOH DQG VKRZHG D GRZQZDUG VKLIW ZLWK UHSHDWHG

PHDVXUHPHQW� $ VLQJOH PHDVXUHPHQW XVLQJ ZHW VZDOORZLQJ DQG VWDUWLQJ

SUHVVXUHV RI ��� DQG ���� GD3D DQG WKH PHDQ RI WKH ILUVW WKUHH PHDVXUHPHQWV

RI WKH 3R DQG 3F DUH VXIILFLHQW WR GHWHUPLQH (7 IXQFWLRQ� )XUWKHU VWXGLHV DUH

QHHGHG WR GHWHUPLQH WKH GLVFULPLQDWLYH SRZHU RI WKHVH WHVWV LQ FKLOGUHQ ZLWK

GLIIHUHQW GHJUHHV RI PLGGOH HDU GLVHDVH�
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2WLWLV PHGLD ZLWK HIIXVLRQ �20(� LV YHU\ IUHTXHQW GXULQJ FKLOGKRRG�� ,Q PRVW

FDVHV 20( LV D VHOI�OLPLWLQJ GLVHDVH� LQ VRPH� KRZHYHU� WKH HIIXVLRQ SHUVLVWV�

%HFDXVH SHUVLVWHQW 20( FDQ FDXVH ORQJ�VWDQGLQJ KHDULQJ ORVV ZLWK SRVVLEOH

DGYHUVH HIIHFWV RQ VSHHFK DQG ODQJXDJH GHYHORSPHQW�� WUHDWPHQW RI 20( LV

LQGLFDWHG LQ SDWLHQWV ZLWK SHUVLVWHQW 20(� 6HYHUDO WUHDWPHQW VWUDWHJLHV �H�J�

DQWLELRWLF WUHDWPHQW� P\ULQJRWRP\ ZLWK DQG ZLWKRXW LQVHUWLRQ RI YHQWLODWLRQ

WXEHV� DQG DGHQRLGHFWRP\� KDYH EHHQ DGYRFDWHG�� 2I DOO WKH VXUJLFDO WUHDWPHQWV

IRU 20(� WKH LQVHUWLRQ RI YHQWLODWLRQ WXEHV LV SHUIRUPHG PRVW RIWHQ� DQG LW KDV

EHFRPH RQH RI WKH PRVW FRPPRQ RSHUDWLRQV LQ \RXQJ FKLOGUHQ���� 9HQWLODWLRQ

WXEHV XVXDOO\ HOLPLQDWH WKH HIIXVLRQ DQG UHVWRUH KHDULQJ� +RZHYHU� YHQWLODWLRQ

WXEHV GR QRW FXUH 20(� WKH\ WUHDW WKH V\PSWRPV LQVWHDG RI WKH FDXVH� 6HYHUDO

IDFWRUV KDYH EHHQ DQG VWLOO DUH UHSRUWHG DV FDXVDO IRU 20(���� (XVWDFKLDQ WXEH �(7�

G\VIXQFWLRQ LV DVVXPHG WR EH RQH RI WKHVH FDXVDO IDFWRUV� HVSHFLDOO\ LQ FKLOGUHQ�

(7 IXQFWLRQ LQ FKLOGUHQ KDV EHHQ VWXGLHG E\ VHYHUDO DXWKRUV�������� 'LIIHUHQW (7

IXQFWLRQ WHVWV ZHUH XVHG LQ WKHVH VWXGLHV� LQFOXGLQJ 9DOVDOYD·V PDQRHXYUH�

W\PSDQRPHWU\ DQG PDQRPHWULF WHVWV �L�H� IRUFHG UHVSRQVH WHVW DQG SUHVVXUH

HTXLOLEUDWLRQ WHVW�� 2WKHU WHFKQLTXHV GHVFULEHG WR HYDOXDWH (7 IXQFWLRQ DUH

UDGLRJUDSKLF WHVWV��� SKRWRWXERPHWU\��� DQG HQGRVFRS\��� 7KH IRUFHG UHVSRQVH

WHVW DQG WKH SUHVVXUH HTXLOLEUDWLRQ WHVW DUH PRVW ZLGHO\ XVHG� %RWK WHVWV DUH

JHQHUDOO\ DFFHSWHG DQG HDV\ WR SHUIRUP� +RZHYHU� OLWWOH LV NQRZQ DERXW WKH

UHOLDELOLW\ RI WKHVH WHVWV������ 7KH DLP RI WKLV VWXG\ ZDV WR DVVHVV WKH UHOLDELOLW\ RI

PDQRPHWULF (7 IXQFWLRQ WHVWV LQ FKLOGUHQ ZLWK YHQWLODWLRQ WXEHV LQ VLWX�

�������������������

7KH VWXG\ SRSXODWLRQ FRQVLVWHG RI �� FKLOGUHQ ��� ER\V DQG �� JLUOV� ZLWK D

PHDQ DJH RI ��� \HDUV �UDQJH� �������� \HDUV�� ZKR KDG UHFHLYHG YHQWLODWLRQ

WXEHV EHFDXVH RI SHUVLVWHQW 20(� $ WRWDO RI ��� HDUV ZHUH H[DPLQHG ��� ULJKW

HDUV DQG �� OHIW HDUV�� ,Q �� RXW RI WKH �� FKLOGUHQ� WKH WHVWV ZHUH SHUIRUPHG RQ

ERWK HDUV� 0DQRPHWULF (7 IXQFWLRQ WHVWV ZHUH SHUIRUPHG UHSHDWHGO\ DV GHVFULEHG

ODWHU E\ WKH VDPH H[DPLQHU� &KLOGUHQ ZLWK V\QGURPHV WKDW PD\ DIIHFW WKH PLGGOH

HDU �H�J� 'RZQ·V V\QGURPH� FOHIW SDODWH� ZHUH H[FOXGHG� 3DUHQWDO FRQVHQW ZDV

REWDLQHG LQ DOO FDVHV�

(TXLSPHQW

$ UHFHQWO\ FDOLEUDWHG 7<03�� PLGGOH HDU DQDO\VHU �5H[WRQ 'DQSOH[ $�6�

&RSHQKDJHQ� 'HQPDUN� ZDV XVHG IRU WKH PHDVXUHPHQWV� 3UHVVXUH DSSOLHG E\ WKH

SXPS UDQJHG IURP ��� GD3D WR ���� GD3D� DW D SXPS UDWH RI �� GD3D�V�
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7KH SDWLHQW ZDV VHDWHG FRPIRUWDEO\ DQG JLYHQ LQVWUXFWLRQV� 7KH SUHVHQFH DQG

SHUPHDELOLW\ RI WKH YHQWLODWLRQ WXEH ZHUH FRQILUPHG RWRVFRSLFDOO\� 7KH H[WHUQDO

HDU FDQDO ZDV WKHQ VHDOHG DLUWLJKW ZLWK WKH SUREH RI WKH PLGGOH HDU DQDO\VHU�

%HIRUH WKH PHDVXUHPHQWV� D WHVW ZDV SHUIRUPHG WR FKHFN ZKHWKHU WKHUH ZDV DQ\

OHDNDJH� 6XEVHTXHQWO\� SDVVLYH (7 IXQFWLRQ ZDV DVVHVVHG UHSHDWHGO\ E\

PHDVXULQJ WKH RSHQLQJ SUHVVXUH �3R� DQG WKH FORVLQJ SUHVVXUH �3F� IRUFHG

UHVSRQVH WHVW�� ,Q DGGLWLRQ� WKH DELOLW\ WR HTXLOLEUDWH SRVLWLYH DQG QHJDWLYH

SUHVVXUHV �SUHVVXUH HTXLOLEUDWLRQ WHVW� ZDV DVVHVVHG� 7KH DELOLW\ WR HTXLOLEUDWH

SUHVVXUH ZDV XVHG WR H[SUHVV WKH PXVFXODU RSHQLQJ IXQFWLRQ RI WKH (7 �L�H�

DFWLYH (7 IXQFWLRQ�� 7KH SUHVVXUH LQ WKH HDU FDQDO DQG PLGGOH HDU ZDV UHFRUGHG

FRQWLQXRXVO\ GXULQJ ERWK WHVWV� %HFDXVH RSHQLQJ RI WKH (7 EHIRUH WKH IRUFHG

UHVSRQVH WHVW PD\ KDYH DQ HIIHFW RQ WKH UHVXOWV RI WKH WHVW������ ZH SHUIRUPHG WKH

IRUFHG UHVSRQVH WHVW ILUVW� IROORZHG E\ WKH SUHVVXUH HTXLOLEUDWLRQ WHVW LQ DOO

SDWLHQWV�

)RUFHG UHVSRQVH WHVW

7KH 3R DQG 3F ZHUH DVVHVVHG E\ LQFUHDVLQJ WKH SUHVVXUH LQ WKH PLGGOH HDU XQWLO

WKH (7 RSHQHG VSRQWDQHRXVO\� 7KLV SDVVLYH RSHQLQJ RI WKH (7 ZDV LQGLFDWHG E\ D

VXGGHQ GHFUHDVH LQ WKH SUHVVXUH� DV VKRZQ LQ )LJXUH �� 7KH PD[LPXP SUHVVXUH

ZDV UHFRUGHG DV WKH 3R� ,PPHGLDWHO\ DIWHU RSHQLQJ RI WKH (7� WKH SXPS ZDV

WXUQHG RII DQG WKH (7 FORVHG VSRQWDQHRXVO\� 7KH 3F ZDV WKH UHVLGXDO SUHVVXUH

DIWHU SDVVLYH RSHQLQJ RI WKH (7� 3DWLHQWV ZHUH DVNHG WR DYRLG VZDOORZLQJ GXULQJ

WKH IRUFHG UHVSRQVH WHVW� 7KH IRUFHG UHVSRQVH WHVW ZDV SHUIRUPHG ILYH WLPHV LQ D

URZ ZLWKLQ � PLQXWHV WR DVVHVV WKH UHSURGXFLELOLW\ RI WKH WHVW�

)LJXUH �� ([DPSOHV RI D UHFRUGLQJ RI WKH IRUFHG UHVSRQVH WHVW >OHIW@ ZLWK RSHQLQJ �3R� DQG FORVLQJ

SUHVVXUH �3F�� DQG WKH SUHVVXUH HTXLOLEUDWLRQ WHVW >ULJKW@ ZLWK VWDUWLQJ �3VW� DQG UHVLGXDO SUHVVXUH �3U��

3R

3F

WLPH

SUHVVXUH

GHJOXWLWLRQ

GHJOXWLWLRQ

3U

3VW
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3UHVVXUH HTXLOLEUDWLRQ WHVW

7R DVVHVV WKH SDWLHQWV· DELOLW\ WR HTXLOLEUDWH SUHVVXUH� SRVLWLYH DQG QHJDWLYH

SUHVVXUHV �VWDUWLQJ SUHVVXUHV� ZHUH DSSOLHG WR WKH PLGGOH HDU� 7KH SDWLHQW ZDV

WKHQ DVNHG WR VZDOORZ VRPH OHPRQDGH HYHU\ � WR �� VHFRQGV� 2SHQLQJ RI WKH (7

ZDV UHFRUGHG DV D VXGGHQ FKDQJH LQ WKH SUHVVXUH� DV VKRZQ LQ )LJXUH �� 7KH WHVW

ZDV FRQWLQXHG XQWLO HTXLOLEUDWLRQ ZDV FRPSOHWH RU XQWLO WKH UHVLGXDO SUHVVXUH �3U�

KDG UHPDLQHG VWDEOH GXULQJ ILYH FRQVHFXWLYH GHJOXWLWLRQV� 7KH 3U DQG WKH WRWDO

QXPEHU RI GHJOXWLWLRQV ZHUH UHFRUGHG� 7KH SUHVVXUH HTXLOLEUDWLRQ WHVW ZDV

SHUIRUPHG WZLFH ZLWKLQ � PLQXWHV WR DVVHVV WKH UHSURGXFLELOLW\ RI WKH WHVW� %RWK

PHDVXUHPHQWV ZHUH SHUIRUPHG ZLWK VWDUWLQJ SUHVVXUHV RI ��� DQG ���� GD3D� ,Q

VRPH SDWLHQWV� D VWDUWLQJ SUHVVXUH RI ��� GD3D FRXOG QRW EH DSSOLHG EHFDXVH WKH

(7 RSHQHG VSRQWDQHRXVO\ EHIRUH ��� GD3D KDG EHHQ UHDFKHG� ,Q WKHVH SDWLHQWV

ERWK WHVWV ZHUH SHUIRUPHG ZLWK VWDUWLQJ SUHVVXUHV RI ��� DQG ���� GD3D LQVWHDG

RI ��� DQG ���� GD3D�

,Q PRVW HDUV� LQ ZKLFK VWDUWLQJ SUHVVXUHV RI ��� DQG ���� GD3D FRXOG EH XVHG� D

WKLUG PHDVXUHPHQW ZDV SHUIRUPHG ZLWK VWDUWLQJ SUHVVXUHV RI ��� DQG ���� GD3D

WR DVVHVV WKH HIIHFW RI D GLIIHUHQW VWDUWLQJ SUHVVXUH RQ DFWLYH (7 IXQFWLRQ�

7KH UHVXOWV RI WKH SUHVVXUH HTXLOLEUDWLRQ WHVWV RI HDFK SDWLHQW ZHUH FODVVLILHG LQWR

IRXU WXEDO IXQFWLRQ JURXSV DFFRUGLQJ WR (OQHU HW DO��� 7KH SDWLHQWV LQ JURXS , ZHUH

DEOH WR HTXLOLEUDWH WKH SRVLWLYH DQG QHJDWLYH SUHVVXUHV FRPSOHWHO\ �3U��� GD3D

DQG !��� GD3D� UHVSHFWLYHO\�� *URXS ,, SDWLHQWV ZHUH DEOH WR HTXLOLEUDWH WKH

SRVLWLYH DQG QHJDWLYH SUHVVXUHV SDUWLDOO\ �3U!�� GD3D RU ���� GD3D� UHVSHFWLYHO\��

*URXS ,,, SDWLHQWV ZHUH DEOH WR HTXLOLEUDWH WKH SRVLWLYH SUHVVXUH FRPSOHWHO\ RU

SDUWLDOO\� EXW ZHUH XQDEOH WR HTXLOLEUDWH WKH QHJDWLYH SUHVVXUH� 7KH SDWLHQWV LQ

JURXS ,9 ZHUH XQDEOH WR HTXLOLEUDWH WKH SRVLWLYH DQG QHJDWLYH SUHVVXUHV�

6WDWLVWLFDO DQDO\VLV

'DWD ZHUH DQDO\VHG E\ XQLYDULDWH DQG PXOWLYDULDWH DQDO\VLV XVLQJ WKH 6$6

VWDWLVWLFDO SDFNDJH �6$6 ,QVWLWXWH� &DU\� 1&� 86$�� 'LIIHUHQFHV LQ PHDQ 3R� 3F DQG

3U ZHUH WHVWHG XVLQJ WKH 6WXGHQW·V W�WHVW� 3R DQG 3F ZHUH DQDO\VHG ZLWK RUGHU RI

PHDVXUHPHQW� VH[� WXEDO IXQFWLRQ JURXS� DQG DJH DV FRYDULDEOHV� XVLQJ PXOWLSOH

OLQHDU UHJUHVVLRQ DQDO\VLV� 3U ZDV QRW DQDO\VHG E\ PXOWLYDULDWH DQDO\VLV EHFDXVH

QR GLIIHUHQFHV ZHUH H[SHFWHG EDVHG RQ WKH UHVXOWV RI WKH XQLYDULDWH DQDO\VLV� 7KH

HDUV LQ WXEDO IXQFWLRQ JURXSV , DQG ,, ZHUH QRW DQDO\VHG� VLQFH WKHVH JURXSV

FRQVLVWHG RI � DQG � HDUV� UHVSHFWLYHO\�
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)RUFHG UHVSRQVH WHVW

)LJXUH � VKRZV WKH PHDQ 3R DQG 3F �� VWDQGDUG GHYLDWLRQ >6'@� RI DOO ILYH

FRQVHFXWLYH PHDVXUHPHQWV� %RWK 3R DQG 3F VKRZHG ZLGH YDULDQFH� 7KH 3R DW WKH

ILUVW PHDVXUHPHQW UDQJHG IURP ��� WR ��� GD3D DQG WKH 3F UDQJHG IURP �� WR

��� GD3D� 7KH VHFRQG WR ILIWK PHDVXUHPHQW VKRZHG FRPSDUDEOH DQG� LQ VRPH

FDVHV� HYHQ PRUH SURIRXQG YDULDQFH LQ 3R DQG 3F� 8QLYDULDWH DQDO\VLV UHYHDOHG

WKDW 3R GHFUHDVHG VLJQLILFDQWO\ E\ �� GD3D �S ������ IURP ������� GD3D DW WKH

ILUVW PHDVXUHPHQW WR ������� GD3D DW WKH VHFRQG PHDVXUHPHQW� 7KH FKDQJHV LQ

3R GXULQJ ODWHU PHDVXUHPHQWV ZHUH QRW VWDWLVWLFDOO\ VLJQLILFDQW� QRU ZHUH WKH

FKDQJHV LQ 3F� 'HVSLWH WKH JUDGXDO GHFUHDVH LQ PHDQ 3R DQG 3F LQ WKH ZKROH

JURXS VKRZQ LQ )LJXUH �� WKH FRXUVH RI UHSHDWHG 3R DQG 3F PHDVXUHPHQWV

VKRZHG FRQVLGHUDEOH LQWUDLQGLYLGXDO YDULDWLRQ� :KHQ WKH GLIIHUHQFHV EHWZHHQ WKH

WKLUG DQG IRXUWK 3R DQG 3F ZHUH VWXGLHG LQ DOO SDWLHQWV� PHDQ GLIIHUHQFHV ��

LQWUDLQGLYLGXDO 6'� RI ���� GD3D DQG ���� GD3D ZHUH IRXQG IRU 3R DQG 3F�

UHVSHFWLYHO\� 0HDQ GLIIHUHQFHV DQG LQWUDLQGLYLGXDO 6'V EHWZHHQ RWKHU SDLUV RI

PHDVXUHPHQWV ZHUH ZLWKLQ WKH VDPH UDQJH�

3R DQG 3F ZHUH KLJKO\ FRUUHODWHG �DOO FRUUHODWLRQ FRHIILFLHQWV ≥������ 8QLYDULDWH
DQDO\VLV GLG QRW UHYHDO DQ\ VLJQLILFDQW GLIIHUHQFHV LQ 3R DQG 3F EHWZHHQ OHIW DQG

ULJKW HDUV� ER\V DQG JLUOV� RU GLIIHUHQW DJH JURXSV�

)LJXUH �� 0HDQ IRUFHG RSHQLQJ SUHVVXUH �VROLG VTXDUH� DQG FORVLQJ SUHVVXUH �VROLG WULDQJOH� >� 6'@ RI DOO

ILYH FRQVHFXWLYH PHDVXUHPHQWV LQ ��� HDUV�

�

��

���

���

���
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���
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3UHVVXUH HTXLOLEUDWLRQ WHVW

7DEOH � VKRZV WKH UHVXOWV RI WKH ILUVW DQG VHFRQG SUHVVXUH HTXLOLEUDWLRQ WHVWV

IURP DOO ��� HDUV� ,Q �� HDUV� ��� DQG ���� GD3D ZHUH DSSOLHG DV VWDUWLQJ

SUHVVXUHV� DQG LQ �� HDUV ��� DQG ���� GD3D ZHUH DSSOLHG DV VWDUWLQJ SUHVVXUHV�

1RQH RI WKH FKLOGUHQ ZHUH DEOH WR HTXLOLEUDWH WKH SRVLWLYH DQG QHJDWLYH SUHVVXUHV

FRPSOHWHO\ �DV UHTXLUHG IRU FODVVLILFDWLRQ LQWR JURXS ,�� &RPSDULVRQ RI WKH UHVXOWV

IURP WKH ILUVW DQG VHFRQG WHVWV LQ WKH ZKROH JURXS VKRZHG ��� DJUHHPHQW� WZR

HDUV FKDQJHG IURP JURXS ,9 WR JURXS ,,,� ,Q DGGLWLRQ� WKH 3U IURP WKH ILUVW DQG

VHFRQG WHVWV LQ JURXS ,,, HDUV ZHUH KLJKO\ FRUUHODWHG �FRUUHODWLRQ FRHIILFLHQW �����

DQG WKHUH ZDV QR VLJQLILFDQW GLIIHUHQFH EHWZHHQ WKH ILUVW DQG VHFRQG WHVWV

�S ������ 7KH 3U IURP WKH OHIW DQG ULJKW HDUV ZHUH DOVR FRUUHODWHG �FRUUHODWLRQ

FRHIILFLHQW ������

7DEOH �� 5HVXOWV RI WKH ILUVW DQG VHFRQG SUHVVXUH HTXLOLEUDWLRQ WHVWV RI DOO ��� HDUV�

ILUVW WHVW

JURXS ,, JURXS ,,, JURXS ,9

VHFRQG WHVW JURXS ,, �

JURXS ,,, ��� �

JURXS ,9 ��

8QLYDULDWH DQDO\VLV GLG QRW UHYHDO DQ\ VLJQLILFDQW GLIIHUHQFHV LQ 3U RU WXEDO

IXQFWLRQ JURXS EHWZHHQ OHIW DQG ULJKW HDUV� ER\V DQG JLUOV� RU GLIIHUHQW DJH

JURXSV�

$ WKLUG SUHVVXUH HTXLOLEUDWLRQ WHVW ZDV SHUIRUPHG RQ �� RI WKH �� HDUV� LQ ZKLFK

��� DQG ���� GD3D ZHUH DSSOLHG DV VWDUWLQJ SUHVVXUHV GXULQJ WKH ILUVW DQG

VHFRQG PHDVXUHPHQWV� $ FKDQJH LQ VWDUWLQJ SUHVVXUH IURP ��� GD3D WR ��� GD3D

KDG FRQVLGHUDEOH LQIOXHQFH RQ WKH RXWFRPH RI WKH WHVW� 0RUH WKDQ KDOI RI WKH

JURXS ,,, HDUV GHWHULRUDWHG WR JURXS ,9 ZKHQ VWDUWLQJ SUHVVXUHV RI ��� DQG ����

GD3D ZHUH DSSOLHG LQVWHDG RI ��� DQG ���� GD3D� 7KH JURXS ,9 HDUV DQG WKH RQO\

JURXS ,, HDU LQ WKH VHFRQG WHVW UHPDLQHG LQ WKH VDPH WXEDO IXQFWLRQ JURXSV�

:KHQ WKH UHVXOWV RI WKH IRUFHG UHVSRQVH WHVW ZHUH FRPSDUHG ZLWK WKH UHVXOWV RI

WKH ILUVW SUHVVXUH HTXLOLEUDWLRQ WHVW� 3R SURYHG WR EH VLJQLILFDQWO\ KLJKHU LQ JURXS

,9 HDUV WKDQ LQ JURXS ,,, HDUV� 0HDQ 3R �±6'� IURP DOO ILYH PHDVXUHPHQWV ZDV

������ GD3D LQ JURXS ,,, HDUV DQG ������� GD3D LQ JURXS ,9 HDUV �S ������� 7KH

PHDQ 3F DOVR WHQGHG WR EH KLJKHU LQ JURXS ,9 HDUV� EXW PXOWLYDULDWH DQDO\VLV GLG

QRW VKRZ DQ\ VLJQLILFDQW GLIIHUHQFH�
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0XOWLYDULDWH DQDO\VLV

0XOWLSOH OLQHDU UHJUHVVLRQ DQDO\VLV VKRZHG D VWDWLVWLFDOO\ VLJQLILFDQW DVVRFLDWLRQ

RI 3R ZLWK RUGHU RI PHDVXUHPHQW �S ������� DQG DFWLYH WXEDO IXQFWLRQ JURXS

�S �������� ZKHUHDV 3F ZDV DVVRFLDWHG RQO\ ZLWK RUGHU RI PHDVXUHPHQW

�S ������� 3R DQG 3F ERWK GHFUHDVHG DW HDFK IROORZLQJ PHDVXUHPHQW� +RZHYHU�

WKH HIIHFW RI UHSHDWHG PHDVXUHPHQW RQ 3R ZDV PRUH SURQRXQFHG WKDQ WKH HIIHFW

RQ 3F� DV GHSLFWHG LQ )LJXUH �� 3R ZDV IRXQG WR EH KLJKHU LQ JURXS ,9 HDUV WKDQ

LQ JURXS ,,, HDUV� 1R GLIIHUHQFH LQ 3F ZDV IRXQG EHWZHHQ JURXS ,,, DQG JURXS ,9

HDUV� 3R DQG 3F ZHUH QRW IRXQG WR EH DVVRFLDWHG ZLWK DJH RU VH[�

 ���������

7KLV VWXG\ VKRZHG JRRG UHSURGXFLELOLW\ RI WKH UHVXOWV RI WKH SUHVVXUH

HTXLOLEUDWLRQ WHVW LQ FKLOGUHQ ZLWK 20(� 7KH UHVXOWV RI WKH IRUFHG UHVSRQVH WHVW�

KRZHYHU� VHHPHG WR EH OHVV UHSURGXFLEOH DQG VKRZHG D GRZQZDUG VKLIW ZLWK

UHSHDWHG PHDVXUHPHQW� %HFDXVH RI WKH ODFN RI D JROG VWDQGDUG IRU PHDVXULQJ (7

IXQFWLRQ� ZH VWLOO GR QRW NQRZ ZKHWKHU WKH UHVXOWV RI WKH WHVWV UHIOHFW UHDO (7

IXQFWLRQ� +RZHYHU� WKH FORVH DVVRFLDWLRQV EHWZHHQ WKH GLIIHUHQW WHVWV VXJJHVW

WKDW WKH\ GR UHIOHFW UHOHYDQW DVSHFWV RI (7 IXQFWLRQ�

5HSHDWHG PHDVXUHPHQWV RI 3R DQG 3F UHVXOWHG LQ GHFUHDVLQJ YDOXHV RI 3R DQG 3F�

7KLV REVHUYDWLRQ LV LQ DJUHHPHQW ZLWK WKRVH IRXQG LQ RWKHU VWXGLHV��������� 3R LV

DVVXPHG WR UHIOHFW WKH WRWDO FORVLQJ IRUFHV �L�H� OXPLQDO DQG H[WUDOXPLQDO IRUFHV�

RI WKH (7� 3F LV DVVXPHG WR UHSUHVHQW WKH H[WUDOXPLQDO IRUFHV �H�J� SUHVVXUH RI

WKH FDUWLODJH DQG RWKHU VXUURXQGLQJ WLVVXHV� DQG WKH GLIIHUHQFH EHWZHHQ 3R DQG

3F LV DVVXPHG WR UHSUHVHQW WKH OXPLQDO IRUFHV �H�J� PXFRVDO IDFWRUV� VXUIDFH

WHQVLRQ� YLVFRVLW\ RI VHFUHWLRQ������������� $SSDUHQWO\� UHSHDWHG IRUFHG UHVSRQVH

PHDVXUHPHQW GLPLQLVKHV WKH OXPLQDO DQG H[WUDOXPLQDO IDFWRUV� )LJXUH � VKRZV

WKDW WKH HIIHFW RQ WKH OXPLQDO IRUFHV �3R PLQXV 3F� ZDV PRUH SURQRXQFHG WKDQ

WKH HIIHFW RQ WKH H[WUDOXPLQDO IRUFHV �3F�� 3RVVLEO\ WKH SUHVHQFH RI VXUIDFWDQW

DQG VHFUHWLRQV FKDQJHG DV D UHVXOW RI WKH SDVVDJH RI DLU WKURXJK WKH (7�

UHVXOWLQJ LQ VPDOOHU OXPLQDO IRUFHV� 7KH SUHVVXUH RI WKH FDUWLODJH DQG RWKHU

VXUURXQGLQJ WLVVXHV PD\ KDYH EHHQ FKDQJHG DV D UHVXOW RI UHSHWLWLYH RSHQLQJ RI

WKH (7� UHVXOWLQJ LQ VPDOOHU H[WUDOXPLQDO IRUFHV� 7KLV GHFUHDVH LQ WRWDO FORVLQJ

IRUFHV VXJJHVWV WKDW WKH FORVLQJ IRUFHV RI WKH (7 DW UHVW DUH SUREDEO\ EHVW

UHIOHFWHG E\ WKH ILUVW PHDVXUHPHQW� 'HVSLWH WKH GRZQZDUG VKLIW LQ PHDQ 3R DQG

3F LQ WKH ZKROH JURXS� FRQVLGHUDEOH LQWUDLQGLYLGXDO YDULDELOLW\ ZDV REVHUYHG� 7KLV

ILQGLQJ ZDV SUREDEO\ FDXVHG E\ IOXFWXDWLRQ LQ PXVFXODU DFWLYLW\ GXULQJ WKH

PHDVXUHPHQWV� VLPLODU WR WKH IOXFWXDWLRQ IRXQG LQ UDWV E\ 0XOGHU��� 7KLV



&KDSWHU �

��

LQWUDLQGLYLGXDO YDULDELOLW\ LQGLFDWHV WKDW VLQJOH PHDVXUHPHQWV RI 3R DQG 3F DUH

LQVXIILFLHQWO\ UHOLDEOH�

7KH GHVLUH WR UHWDLQ WKH UHVXOWV RI WKH ILUVW PHDVXUHPHQW YHUVXV WKH QHFHVVLW\ WR

XVH WKH UHVXOWV RI PRUH WKDQ RQH PHDVXUHPHQW FRQVWLWXWHV D WUDGH�RII EHWZHHQ

YDOLGLW\ DQG SUHFLVLRQ� :H VXJJHVW D SUDJPDWLFDO VROXWLRQ� WDNH WKH PHDQ RI WKH

ILUVW WKUHH PHDVXUHPHQWV WR FKDUDFWHULVH HDFK LQGLYLGXDO�

$QRWKHU TXHVWLRQ UHJDUGLQJ WKH IRUFHG UHVSRQVH WHVW LV ZKHWKHU WKH WHVW LV

UHVSRQVLYH WR PLGGOH HDU FRQGLWLRQV DQG GLVFULPLQDWLYH LQ FKLOGUHQ ZLWK YDULRXV

GHJUHHV RI PLGGOH HDU HIIXVLRQ� %\ODQGHU HW DO��� VWXGLHG 3R DQG 3F LQ RWRORJLFDOO\

KHDOWK\ FKLOGUHQ RI GLIIHUHQW DJHV� 7KH\ IRXQG PHDQV DQG 6'V RI 3R DQG 3F

FRPSDUDEOH ZLWK WKRVH IRXQG LQ WKLV VWXG\� 6WHQVWU|P HW DO�� FRPSDUHG 3R DQG 3F

LQ RWLWLV�SURQH FKLOGUHQ �Q ��� DQG RWRORJLFDOO\ KHDOWK\ FKLOGUHQ �Q ��� DQG GLG

QRW ILQG DQ\ RYHUDOO GLIIHUHQFHV LQ PHDQ 3R DQG 3F� &DQWHNLQ HW DO��� FRPSDUHG

FKLOGUHQ ZLWK 20( �Q ���� ZLWK FKLOGUHQ ZLWK WUDXPDWLF SHUIRUDWLRQV �Q ��� DQG

GLG QRW REVHUYH DQ\ GLIIHUHQFHV� 7KH UHVHPEODQFH RI WKH GLVWULEXWLRQV RI 3R DQG

3F LQ FKLOGUHQ ZLWK 20( DQG RWRORJLFDOO\ KHDOWK\ FKLOGUHQ LV XQH[SHFWHG EHFDXVH

(7 IXQFWLRQ LV DVVXPHG WR SOD\ D UROH LQ WKH SDWKRJHQHVLV RI 20(� 7KLV DOVR

UDLVHV GRXEW DERXW WKH GLVFULPLQDWLYH SRZHU RI WKH IRUFHG UHVSRQVH WHVW�

2XU UHVXOWV IURP WKH SUHVVXUH HTXLOLEUDWLRQ WHVW� FODVVLILHG LQWR IRXU WXEDO

IXQFWLRQ JURXSV� VKRZHG JRRG UHSURGXFLELOLW\� DV GLG WKH UHVXOWV UHSRUWHG E\

*URWK HW DO��� 2WKHUV IRXQG FRQVLGHUDEOH WHVW�UHWHVW YDULDELOLW\ LQ FKLOGUHQ ZLWK

20(� EXW LQ WKHVH VWXGLHV WKH WLPH LQWHUYDO EHWZHHQ WKH WHVWV ZDV FRQVLGHUDEO\

ORQJHU������ :H VXJJHVW WKDW DFWLYH (7 IXQFWLRQ LV D G\QDPLF TXDOLW\ WKDW IOXFWXDWHV

DURXQG DQ LQGLYLGXDO DYHUDJH�

'XULQJ DFWLYH RSHQLQJ RI WKH (7� WKH SDWLHQW KDV WR RYHUFRPH WKH FORVLQJ IRUFHV�

3UREDEO\ WKH SRVLWLYH VWDUWLQJ SUHVVXUH KHOSV DW RSHQLQJ WKH (7 E\ SDUWLDOO\

FRPSHQVDWLQJ IRU WKH FORVLQJ IRUFHV� 7KHUHIRUH� WKH XVH RI D ORZHU SRVLWLYH

VWDUWLQJ SUHVVXUH ���� LQVWHDG RI ��� GD3D� PD\ UHVXOW LQ SRRUHU RSHQLQJ RI WKH

(7� +RZHYHU� DV ORQJ DV WKH VDPH VWDUWLQJ SUHVVXUHV DUH XVHG ZLWKLQ DQ

LQGLYLGXDO� WKH UHSURGXFLELOLW\ RI WKH UHVXOWV LV JRRG� DV GHVFULEHG SUHYLRXVO\�

6HYHUDO DXWKRUV IRXQG WKDW WKH PHWKRG RI HTXLOLEUDWLRQ �H�J� ZHW RU GU\

VZDOORZLQJ� \DZQLQJ� LQIOXHQFHG WKH UHVXOWV RI WKH SUHVVXUH HTXLOLEUDWLRQ WHVW������

+RZHYHU� WKHUH LV QR UHDVRQ WR DVVXPH WKDW WKH PHWKRG RI HTXLOLEUDWLRQ KDV DQ

HIIHFW RQ WKH UHOLDELOLW\ RI WKH WHVW� ,Q RXU RSLQLRQ� LW LV GLIILFXOW WR DFKLHYH D

VLWXDWLRQ LQ ZKLFK FKLOGUHQ� HVSHFLDOO\ \RXQJ FKLOGUHQ� XVH GU\ VZDOORZLQJ RU WKH

PHWKRG RI IUHH FKRLFH �L�H� RSHQ WKH PRXWK� \DZQ� PRYH WKH PDQGLEOH DQG

VZDOORZ UHSHDWHGO\�� 7KHUHIRUH� ZH GLG QRW XVH PHWKRGV RI HTXLOLEUDWLRQ RWKHU

WKDQ ZHW VZDOORZLQJ �L�H� VZDOORZLQJ ZDWHU� OHPRQDGH� RU RUDQJH MXLFH��



5HOLDELOLW\ RI PDQRPHWULF IXQFWLRQ WHVWV

��

%DVHG RQ WKH UHVXOWV RI WKH FXUUHQW VWXG\� D VLQJOH PHDVXUHPHQW IURP WKH

SUHVVXUH HTXLOLEUDWLRQ WHVW XVLQJ ZHW VZDOORZLQJ LV VXIILFLHQW WR FKDUDFWHULVH

LQGLYLGXDOV� :H UHFRPPHQG XVLQJ VWDUWLQJ SUHVVXUHV RI ��� DQG ���� GD3D

EHFDXVH D VXEVWDQWLDO SURSRUWLRQ RI HDUV WHQG WR RSHQ SDVVLYHO\ LI D KLJKHU

SRVLWLYH VWDUWLQJ SUHVVXUH LV DSSOLHG�

,Q WKLV VWXG\� DOPRVW DOO WKH FKLOGUHQ KDG WXEDO IXQFWLRQ JURXS ,,, RU ,9� 7KLV

ILQGLQJ TXHVWLRQV WKH GLVFULPLQDWLYH SRZHU RI WKH VXEGLYLVLRQ RI WKH UHVXOWV LQWR

IRXU FDWHJRULHV LQ FKLOGUHQ ZLWK 20(� +RZHYHU� RWKHUV IRXQG WKDW VXEGLYLVLRQ

LQWR FDWHJRULHV ZDV XVHIXO WR GLVFULPLQDWH EHWZHHQ FKLOGUHQ ZLWK 20( DQG

RWRORJLFDOO\ KHDOWK\ FKLOGUHQ�����

�����������

7KH SUHVVXUH HTXLOLEUDWLRQ WHVW VHHPV PRUH XVHIXO WKDQ WKH IRUFHG UHVSRQVH WHVW�

+RZHYHU� IXUWKHU VWXGLHV DUH QHHGHG WR HOXFLGDWH WKH GLVFULPLQDWLYH SRZHU RI WKH

IRUFHG UHVSRQVH WHVW DQG WR GHWHUPLQH ZKHWKHU WKH SUHVVXUH HTXLOLEUDWLRQ WHVW

DQG WKH VXEGLYLVLRQ RI WKH UHVXOWV LQWR IRXU FDWHJRULHV LV XVHIXO WR FRPSDUH

FKLOGUHQ ZLWK GLIIHUHQW GHJUHHV RI PLGGOH HDU GLVHDVH� 7KHVH VWXGLHV KDYH DOUHDG\

EHHQ VWDUWHG DW RXU LQVWLWXWH� :H UHFRPPHQG WDNLQJ WKH PHDQ RI WKH ILUVW WKUHH

PHDVXUHPHQWV RI 3R DQG 3F WR GHWHUPLQH SDVVLYH (7 IXQFWLRQ� :KHQ DFWLYH (7

IXQFWLRQ LV GHWHUPLQHG� D VLQJOH PHDVXUHPHQW XVLQJ ZHW VZDOORZLQJ DQG VWDUWLQJ

SUHVVXUHV RI ��� DQG ²��� GD3D LV VXIILFLHQW�

55HHIIHHUHUHQQFFHVHV

�� =LHOKXLV *$� 5DFK *+� YDQ GHQ %URHN 3� 7KH RFFXUUHQFH RI RWLWLV PHGLD ZLWK HIIXVLRQ LQ 'XWFK SUH�

VFKRRO FKLOGUHQ� &OLQ 2WRODU\QJRO ����������������

�� 3DUDGLVH -/� 2WLWLV PHGLD DQG FKLOG GHYHORSPHQW� VKRXOG ZH ZRUU\" 3HGLDWU ,QIHFW 'LV -

������������������

�� 3DDS &0� 0DQDJHPHQW RI RWLWLV PHGLD ZLWK HIIXVLRQ LQ \RXQJ FKLOGUHQ� $QQ 3KDUPDFRWKHU

������������������

�� %ODFN 1� 6XUJHU\ IRU JOXH HDU� $ PRGHUQ HSLGHPLF� /DQFHW ���������������

�� (QJHO -$0� $QWHXQLV /-&� ,QFLGHQWLH YDQ EHKDQGHOLQJ PHW WURPPHOYOLHVEXLVMHV ELM NLQGHUHQ YDQ ��

�� MDDU LQ 1HGHUODQG LQ ���������� 1HG 7LMGVFKU *HQHHVNG �����������������

�� 6WHQVWU|P &� %\ODQGHU�*URWK $� ,QJYDUVVRQ /� (XVWDFKLDQ WXEH IXQFWLRQ LQ RWLWLV�SURQH DQG KHDOWK\

FKLOGUHQ� ,QW - 3HGLDWU 2WRUKLQRODU\QJRO ����������������

�� <DJLQXPD <� .RED\DVKL 7� 7DNDVDND 7� 7KH KDELW RI VQLIILQJ LQ QDVDO GLVHDVHV DV D FDXVH RI

VHFUHWRU\ RWLWLV PHGLD� $P - 2WRO ����������������

�� 6DGp -� $U $� 0LGGOH HDU DQG DXGLWRU\ WXEH� PLGGOH HDU FOHDUDQFH� JDV H[FKDQJH� DQG SUHVVXUH

UHJXODWLRQ� 2WRODU\QJRO +HDG 1HFN 6XUJ �����������������

�� .RGDPD +� )DGHQ +� +DUDEXFKL <� HW DO� &HOOXODU LPPXQH UHVSRQVH RI DGHQRLGDO DQG WRQVLOODU

O\PSKRF\WHV WR WKH 3� RXWHU PHPEUDQH SURWHLQ RI QRQ�W\SHDEOH +DHPRSKLOXV LQIOXHQ]DH DQG LWV

UHODWLRQ WR RWLWLV PHGLD� $FWD 2WRODU\QJRO �����������������
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��� %\ODQGHU $� ,YDUVVRQ $� 7MHUQVWU|P 2� (XVWDFKLDQ WXEH IXQFWLRQ LQ QRUPDO FKLOGUHQ DQG DGXOWV� $FWD

2WRODU\QJRO ����������������

��� %\ODQGHU $� 7MHUQVWU|P 2� &KDQJHV LQ (XVWDFKLDQ WXEH IXQFWLRQ ZLWK DJH LQ FKLOGUHQ ZLWK QRUPDO

HDUV� D ORQJLWXGLQDO VWXG\� $FWD 2WRODU\QJRO ����������������

��� %\ODQGHU $� 7MHUQVWU|P 2� ,YDUVVRQ $� 3UHVVXUH RSHQLQJ DQG FORVLQJ IXQFWLRQV RI WKH (XVWDFKLDQ

WXEH LQ FKLOGUHQ DQG DGXOWV ZLWK QRUPDO HDUV� $FWD 2WRODU\QJRO ��������������

��� %\ODQGHU $� 8SSHU UHVSLUDWRU\ WUDFW LQIHFWLRQ DQG (XVWDFKLDQ WXEH IXQFWLRQ LQ FKLOGUHQ� $FWD

2WRODU\QJRO ����������������

��� 7DNDKDVKL +� )XMLWD $� +RQMR ,� (IIHFW RI DGHQRLGHFWRP\ RQ RWLWLV PHGLD ZLWK HIIXVLRQ� WXEDO

IXQFWLRQ� DQG VLQXVLWLV� $P - 2WRODU\QJRO ����������������

��� )XMLWD $� +RQMR ,� .XUDWD .� HW DO� 5HIUDFWRU\ RWLWLV PHGLD ZLWK HIIXVLRQ IURP YLHZSRLQWV RI

(XVWDFKLDQ WXEH G\VIXQFWLRQ DQG QDVDO VLQXVLWLV� $P - 2WRODU\QJRO ����������������

��� %OXHVWRQH &'� 3DUDGLVH -/� %HHU\ 4&� 3K\VLRORJ\ RI WKH (XVWDFKLDQ WXEH LQ WKH SDWKRJHQHVLV DQG

PDQDJHPHQW RI PLGGOH HDU HIIXVLRQV� /DU\QJRVFRSH ������������������

��� <DJL 1� +DML 7� +RQMR ,� (XVWDFKLDQ WXEH SDWHQF\ GHWHFWHG E\ D SKRWRHOHFWULF PHWKRG�

/DU\QJRVFRSH ����������������

��� HO *XLQG\ $� $ FRUUHODWLYH PDQRPHWULF DQG HQGRVFRSLF VWXG\ RI WXEDO IXQFWLRQ LQ FKURQLF RWLWLV

PHGLD ZLWK HIIXVLRQ� $FWD 2WRODU\QJRO �����������������

��� )DON %� 0DJQXVRQ %� 7HVW�UHWHVW YDULDELOLW\ RI (XVWDFKLDQ WXEH UHVSRQVHV LQ FKLOGUHQ ZLWK SHUVLVWHQW

PLGGOH HDU HIIXVLRQ� $UFK 2WRUKLQRODU\QJRO �����������������

��� *URWK 3� ,YDUVVRQ $� 7MHUQVWU|P 2� 5HOLDELOLW\ LQ WHVWV RI WKH (XVWDFKLDQ WXEH IXQFWLRQ� $FWD

2WRODU\QJRO ����������������

��� &DQWHNLQ (,� %OXHVWRQH &'� 3DUNLQ /3� (XVWDFKLDQ WXEH YHQWLODWRU\ IXQFWLRQ LQ FKLOGUHQ� $QQ 2WRO

5KLQRO /DU\QJRO ����������������

��� (OQHU $� ,QJHOVWHGW 6� ,YDUVVRQ $� 7KH QRUPDO IXQFWLRQ RI WKH (XVWDFKLDQ WXEH� $ VWXG\ RI ���

FDVHV� $FWD 2WRODU\QJRO ����������������

��� %XQQH 0� )DON %� +HOOVWU|P 6� 0DJQXVRQ %� 9DULDELOLW\ RI (XVWDFKLDQ WXEH IXQFWLRQ LQ FKLOGUHQ ZLWK

VHFUHWRU\ RWLWLV PHGLD� (YDOXDWLRQV DW WXEH LQVHUWLRQ DQG DW IROORZ�XS� ,QW - 3HGLDWU 2WRUKLQRODU\QJRO

����������������

��� &DQWHNLQ (,� 6DH] &$� %OXHVWRQH &'� %HUQ 6$� $LUIORZ WKURXJK WKH (XVWDFKLDQ WXEH� $QQ 2WRO 5KLQRO

/DU\QJRO ����������������

��� ,QJHOVWHGW 6� 3K\VLRORJ\ DQG SDWKRSK\VLRORJ\ RI WKH PLGGOH HDU�(XVWDFKLDQ WXEH V\VWHP� ,Q�

%HDJOH\ +$� HGLWRU� $XGLRORJ\ DQG $XGLRORJLFDO 0HGLFLQH� 2[IRUG� 2[IRUG 8QLYHUVLW\ 3UHVV 2[IRUG�

�������������

��� 0XOGHU� --6� 0RUSKRORJLFDO DQG IXQFWLRQDO DVSHFWV RI WKH (XVWDFKLDQ WXEH RI WKH UDW >GLVVHUWDWLRQ@�

1LMPHJHQ� &DWKROLF 8QLYHUVLW\ 1LMPHJHQ� �����
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2EMHFWLYHV� 7R VWXG\ WKH LQWUDLQGLYLGXDO YDULDWLRQ LQ (XVWDFKLDQ WXEH �(7� IXQFWLRQ

LQ FKLOGUHQ ZLWK YHQWLODWLRQ WXEHV�

6WXG\ 'HVLJQ� 3URVSHFWLYH FRPSDUDWLYH VWXG\�

0HWKRGV� 7KH IRUFHG UHVSRQVH WHVW� WKH SUHVVXUH HTXLOLEUDWLRQ WHVW DQG WKH VQLII

WHVW ZHUH SHUIRUPHG RQ ERWK HDUV RI ��� FKLOGUHQ� 7KH UHVXOWV RI ERWK HDUV ZHUH

FRPSDUHG�

5HVXOWV� 1R V\VWHPDWLF GLIIHUHQFHV ZHUH IRXQG EHWZHHQ WKH OHIW DQG WKH ULJKW

HDUV� +RZHYHU� WKH LQWUDLQGLYLGXDO YDULDWLRQ ZDV YHU\ SURQRXQFHG� 7KH YDULDWLRQ

LQ RSHQLQJ DQG FORVLQJ SUHVVXUH �IRUFHG UHVSRQVH WHVW� ZLWKLQ FKLOGUHQ ZDV RI

VLPLODU PDJQLWXGH DV WKH YDULDWLRQ LQ RSHQLQJ DQG FORVLQJ SUHVVXUH EHWZHHQ

FKLOGUHQ� 7ZHQW\�HLJKW SHUFHQW RI WKH FKLOGUHQ KDG GLIIHUHQW DFWLYH YHQWLODWRU\

IXQFWLRQ �SUHVVXUH HTXLOLEUDWLRQ WHVW� LQ ERWK HDUV DQG ��� KDG DQ RSSRVLWH

UHVXOW LQ HDFK HDU ZLWK UHVSHFW WR WKH VQLII WHVW�

&RQFOXVLRQV� 7KLV VWXG\ VKRZV WKDW (7 IXQFWLRQ LV PXFK PRUH D FKDUDFWHULVWLF RI

WKH LQGLYLGXDO HDU WKDQ RI WKH LQGLYLGXDO FKLOG� 7KHVH ILQGLQJV DOVR TXHVWLRQ WKH

YDOLGLW\ RI WULDOV RQ (7 IXQFWLRQ RU PLGGOH HDU GLVHDVH WKDW XVH WKH RSSRVLWH HDU

DV D FRQWURO �VSOLW OHYHO GHVLJQ��
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2WLWLV PHGLD ZLWK HIIXVLRQ �20(� LV FKDUDFWHULVHG E\ WKH DFFXPXODWLRQ RI YLVFRXV

IOXLG LQ WKH PLGGOH HDU FDYLW\ EHKLQG DQ LQWDFW W\PSDQLF PHPEUDQH� ZLWKRXW WKH

VLJQV DQG V\PSWRPV RI DQ DFXWH LQIHFWLRQ �VXFK DV RWDOJLD� IHYHU� DQG D UHG

W\PSDQLF PHPEUDQH WKDW LV IXOO RU EXOJLQJ��� 20( LV KLJKO\ SUHYDOHQW DPRQJ

\RXQJ FKLOGUHQ� ZLWK SHDN SUHYDOHQFHV DW DURXQG RQH DQG ILYH \HDUV RI DJH���� 7KH

DHWLRORJ\ RI 20( LV VWLOO RQO\ SDUWO\ XQGHUVWRRG� ,W LV FRQVLGHUHG WR EH D PXOWL�

IDFWRULDO GLVHDVH SURFHVV ZLWK D YDULHW\ RI HWLRORJLFDO IDFWRUV�� (XVWDFKLDQ WXEH

�(7� G\VIXQFWLRQ DV ZHOO DV DQ DEHUUDQW LPPXQH UHVSRQVH DUH ERWK DVVXPHG WR

SOD\ DQ LPSRUWDQW UROH LQ WKH GHYHORSPHQW� SHUVLVWHQFH DQG UHFXUUHQFH RI 20(

DQG RWKHU PLGGOH HDU GLVHDVHV�����

8QWLO QRZ� LW UHPDLQV XQNQRZQ ZKHWKHU 20( GHYHORSV LQGHSHQGHQWO\ LQ HDFK HDU

RU PXVW EH UHJDUGHG DV RQH GLVHDVH ZLWK PDQLIHVWDWLRQV LQ ERWK HDUV DW WKH VDPH

WLPH� -RKQVRQ HW DO��� FROOHFWHG HIIXVLRQV IURP �� FKLOGUHQ ZLWK ELODWHUDO 20(�

7KH FRQFHQWUDWLRQV RI WKUHH F\WRNLQHV� WKH UKHRORJLFDO SURSHUWLHV DQG WKH

ELRFKHPLFDO FRPSRVLWLRQ RI WKH SDLUV RI HIIXVLRQV ZHUH PHDVXUHG� 7KH\ IRXQG

VLJQLILFDQW GLIIHUHQFHV IRU VHYHUDO SDUDPHWHUV� VXJJHVWLQJ WKDW HDFK HDU

XQGHUJRHV SDWKRORJLFDO FKDQJHV LQGHSHQGHQWO\� ,Q OLQH ZLWK WKHVH ILQGLQJV� WKH

OHIW DQG ULJKW (7 PD\ DOVR VKRZ GLIIHUHQFHV LQ IXQFWLRQ� 3UHYLRXVO\� ZH UHSRUWHG

WKDW XQLYDULDWH DQDO\VLV GLG QRW UHYHDO DQ\ VLJQLILFDQW GLIIHUHQFHV LQ RSHQLQJ

SUHVVXUH� FORVLQJ SUHVVXUH RU WXEDO IXQFWLRQ JURXS EHWZHHQ WKH OHIW DQG ULJKW

(7��� +RZHYHU� DV ORRNLQJ IRU DV\PPHWU\ ZDV QRW WKH SULPDU\ DLP LQ WKLV VWXG\

DQG WKH ULJKW HDU ZDV V\VWHPDWLFDOO\ PHDVXUHG ILUVW� ELDV PD\ KDYH RFFXUUHG�

7KH DLP RI WKLV VWXG\ LV WR GHVFULEH WKH GLIIHUHQFHV LQ (7 IXQFWLRQ EHWZHHQ OHIW

DQG ULJKW LQ FKLOGUHQ ZLWK 20( E\ FRPSDULQJ WKH UHVXOWV RI WKH IRUFHG UHVSRQVH

WHVW �SDVVLYH YHQWLODWRU\ IXQFWLRQ�� WKH SUHVVXUH HTXLOLEUDWLRQ WHVW �DFWLYH

YHQWLODWRU\ IXQFWLRQ� DQG WKH VQLII WHVW �SURWHFWLYH IXQFWLRQ�� $ SRWHQWLDO

GLIIHUHQFH EHWZHHQ OHIW DQG ULJKW LV UHOHYDQW IRU IXUWKHU XQGHUVWDQGLQJ RI WKH

DHWLRORJ\ RI 20( DQG IRU WKH DQDO\VLV DQG LQWHUSUHWDWLRQ RI FOLQLFDO WULDOV WKDW XVH

WKH RSSRVLWH HDU DV D FRQWURO�

�������������������

7KH VWXG\ HQFORVHG WZR SRSXODWLRQV RI FKLOGUHQ� ZKR ZHUH UHFUXLWHG IURP VL[

SULPDU\ VFKRROV �SRSXODWLRQ �� DQG VL[ KRVSLWDOV �SRSXODWLRQ ��� $OO WKH FKLOGUHQ

KDG EHHQ WUHDWHG ZLWK YHQWLODWLRQ WXEHV GXH WR SHUVLVWHQW� ELODWHUDO 20(� &KLOGUHQ

ZLWK V\QGURPHV WKDW PD\ DIIHFW WKH PLGGOH HDU �H�J� 'RZQ·V V\QGURPH� FOHIW

SDODWH� ZHUH H[FOXGHG� 7KH FKLOGUHQ LQ SRSXODWLRQ � YLVLWHG WKH RXWSDWLHQW

GHSDUWPHQW RI RQH RI WKH KRVSLWDOV RQO\ EHFDXVH WKH\ SDUWLFLSDWHG LQ D ODUJHU
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VWXG\ LQYHVWLJDWLQJ WKH HWLRORJLFDO IDFWRUV RI UHFXUUHQW 20(� %RWK HDUV RI HDFK

FKLOG ZHUH H[DPLQHG� ,Q SRSXODWLRQ �� UDQGRP QXPEHUV ZHUH XVHG WR GHWHUPLQH

WKH VHTXHQFH LQ ZKLFK ERWK HDUV ZHUH PHDVXUHG� L�H� WKH PHDVXUHPHQW

VHTXHQFH� ,Q SRSXODWLRQ �� WKH ULJKW HDUV ZHUH V\VWHPDWLFDOO\ PHDVXUHG ILUVW� 7KH

IRUFHG UHVSRQVH WHVW� WKH SUHVVXUH HTXLOLEUDWLRQ WHVW DQG WKH VQLII WHVW ZHUH

SHUIRUPHG DV GHVFULEHG ODWHU� 7KH PHDVXUHPHQWV ZHUH SHUIRUPHG E\ WZR

LQYHVWLJDWRUV DQG WRRN SODFH LQ D WUDQTXLO URRP� 3DUHQWDO FRQVHQW ZDV REWDLQHG LQ

DOO FDVHV�

(TXLSPHQW

7KH VDPH 7<03�� PLGGOH HDU DQDO\VHU �5H[WRQ 'DQSOH[ $�6� &RSHQKDJHQ�

'HQPDUN� ZDV XVHG IRU DOO PHDVXUHPHQWV� 7KH SUHVVXUH LQ WKH PLGGOH HDU ZDV

PHDVXUHG FRQWLQXRXVO\ GXULQJ DOO WKH WHVWV� 3UHVVXUH DSSOLHG E\ WKH SXPS

UDQJHG IURP ��� WR ²��� GD3D� DW D SXPS UDWH RI �� GD3D�V�

3URFHGXUH

7KH FKLOG ZDV VHDWHG FRPIRUWDEO\ DQG LQVWUXFWLRQV ZHUH JLYHQ� 7KH SHUPHDELOLW\

RI WKH YHQWLODWLRQ WXEHV ZDV DVVXUHG E\ W\PSDQRPHWU\ DQG RWRVFRS\ DQG WKH

H[WHUQDO HDU FDQDO ZDV VHDOHG DLUWLJKW ZLWK WKH SUREH RI WKH PLGGOH HDU DQDO\VHU�

)LUVW� WKH IRUFHG UHVSRQVH WHVW ZDV SHUIRUPHG WR PHDVXUH WKH SDVVLYH RSHQLQJ

DQG FORVLQJ SUHVVXUH �3R DQG 3F� UHVSHFWLYHO\� RI WKH (7� 7KH 3R ZDV DVVHVVHG E\

LQFUHDVLQJ WKH SUHVVXUH LQ WKH PLGGOH HDU XQWLO WKH (XVWDFKLDQ WXEH RSHQHG

VSRQWDQHRXVO\� 7KLV SDVVLYH RSHQLQJ RI WKH (7 ZDV LQGLFDWHG E\ D VXGGHQ

GHFUHDVH LQ WKH SUHVVXUH� 7KH PD[LPXP SUHVVXUH ZDV UHFRUGHG DV WKH 3R�

,PPHGLDWHO\ DIWHU RSHQLQJ RI WKH (7� WKH SXPS ZDV WXUQHG RII DQG WKH (7 FORVHG

VSRQWDQHRXVO\� 7KH 3F ZDV WKH UHVLGXDO SUHVVXUH DIWHU SDVVLYH FORVXUH RI WKH (7�

&KLOGUHQ ZHUH DVNHG QRW WR VZDOORZ GXULQJ WKH IRUFHG UHVSRQVH WHVW� 6LQFH WKH

UHVXOWV RI WKH IRUFHG UHVSRQVH WHVW VKRZ D GRZQZDUG VKLIW ZLWK UHSHDWHG

PHDVXUHPHQWV� WKH 3R DQG 3F ZHUH UHFRUGHG WKUHH WLPHV DQG WKH PHDQV RI WKH

WKUHH 3R DQG 3F ZHUH XVHG IRU DQDO\VLV���

6XEVHTXHQWO\� WKH SUHVVXUH HTXLOLEUDWLRQ WHVW ZDV SHUIRUPHG� 7KLV WHVW PHDVXUHG

WKH FKLOGUHQ·V DELOLW\ WR HTXLOLEUDWH SRVLWLYH DQG QHJDWLYH SUHVVXUHV� 3RVLWLYH DQG

QHJDWLYH SUHVVXUHV RI ��� DQG ²��� GD3D UHVSHFWLYHO\ ZHUH DSSOLHG WR WKH PLGGOH

HDU DQG WKH HIIHFW RI UHSHWLWLYH GHJOXWLWLRQV �WKH FKLOG ZDV DVNHG WR VZDOORZ VRPH

ZDWHU� RQ WKHVH SUHVVXUHV ZDV UHFRUGHG� 2SHQLQJ RI WKH (7 ZDV UHFRUGHG DV D

VXGGHQ FKDQJH LQ WKH SUHVVXUH� 7KH WHVW ZDV FRQWLQXHG XQWLO HTXLOLEUDWLRQ ZDV

FRPSOHWH RU XQWLO WKH UHVLGXDO SUHVVXUH �3U� KDG UHPDLQHG VWDEOH GXULQJ ILYH

FRQVHFXWLYH GHJOXWLWLRQV� 7KH 3U DIWHU WKHVH GHJOXWLWLRQV ZDV UHFRUGHG� %DVHG RQ
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WKH 3U HDFK VXEMHFW ZDV FODVVLILHG LQWR RQH RI IRXU WXEDO IXQFWLRQ JURXSV

DFFRUGLQJ WR (OQHU HW DO��� 7KH SDWLHQWV LQ JURXS , ZHUH DEOH WR HTXLOLEUDWH WKH

SRVLWLYH DQG QHJDWLYH SUHVVXUHV FRPSOHWHO\ �3U��� GD3D DQG !��� GD3D�

UHVSHFWLYHO\�� *URXS ,, SDWLHQWV FRXOG HTXLOLEUDWH WKH SRVLWLYH DQG QHJDWLYH

SUHVVXUHV SDUWLDOO\ �3U!�� GD3D DQG ���� GD3D� UHVSHFWLYHO\�� *URXS ,,, SDWLHQWV

FRXOG HTXLOLEUDWH WKH SRVLWLYH SUHVVXUH FRPSOHWHO\ RU SDUWLDOO\� EXW ZHUH XQDEOH

WR HTXLOLEUDWH WKH QHJDWLYH SUHVVXUH� 7KH SDWLHQWV LQ JURXS ,9 ZHUH XQDEOH WR

HTXLOLEUDWH WKH SRVLWLYH DQG QHJDWLYH SUHVVXUHV�

)LQDOO\� WKH VQLII WHVW ZDV SHUIRUPHG WR DVVHVV WKH FKLOGUHQ·V DELOLW\ WR SURGXFH D

QHJDWLYH SUHVVXUH LQ WKH PLGGOH HDU E\ VQLIILQJ IRUFHIXOO\� (DFK FKLOG ZDV DVNHG

WR VQLII ILYH WLPHV� ,I WKH FKLOG FRXOG FUHDWH D QHJDWLYH SUHVVXUH LQ WKH PLGGOH HDU�

WKH VQLII WHVW ZDV FRQVLGHUHG DV SRVLWLYH� LI QRW� WKH VQLII WHVW RXWFRPH ZDV

QHJDWLYH�

6WDWLVWLFDO DQDO\VLV

'DWD ZHUH DQDO\VHG ZLWK WKH VWDWLVWLFDO SDFNDJH 6366� 7KH PHDQ GLIIHUHQFH

EHWZHHQ 3R
OHIW
DQG 3R

ULJKW
DQG EHWZHHQ 3F

OHIW
DQG 3F

ULJKW
ZHUH WHVWHG XVLQJ WKH SDLUHG

W�WHVW� ZLWK VWDQGDUG GHYLDWLRQV DQG ��� FRQILGHQFH LQWHUYDOV� /HIW�ULJKW

GLIIHUHQFHV LQ WXEDO IXQFWLRQ JURXS DQG VQLII WHVW ZHUH VKRZQ LQ FURVVWDEOHV�

GHVFULEHG DQG WHVWHG XVLQJ WKH 0F1HPDU WHVW IRU SDLUHG REVHUYDWLRQV�

�������

,Q SRSXODWLRQ �� LQ ZKLFK D UDQGRP PHDVXUHPHQW VHTXHQFH ZDV XVHG� QR

GLIIHUHQFHV ZHUH IRXQG LQ 3R� 3F� WXEDO IXQFWLRQ JURXS RU VQLII WHVW UHVXOWV

EHWZHHQ WKH HDUV WKDW ZHUH PHDVXUHG ILUVW DQG WKH HDUV WKDW ZHUH PHDVXUHG QH[W

�DOO S�YDOXHV!����� 7KLV FRQILUPHG WKH UHVXOWV RI D SUHYLRXV VWXG\� WKDW IRXQG QR

HIIHFW RI WKH PHDVXUHPHQW VHTXHQFH RQ 3R DQG 3F�� $SSDUHQWO\� WKH

PHDVXUHPHQW VHTXHQFH GRHV QRW DIIHFW WKH RXWFRPH RI WKH WHVW� )RU WKDW UHDVRQ�

DQG EHFDXVH ERWK SRSXODWLRQV ZHUH VLPLODU ZLWK UHJDUG WR DJH DQG VH[

GLVWULEXWLRQ� WKH UHVXOWV RI ERWK SRSXODWLRQV ZHUH SRROHG WR VWXG\ WKH

LQWUDLQGLYLGXDO GLIIHUHQFHV LQ (7 IXQFWLRQ� 7KH WRWDO SRSXODWLRQ FRQVLVWHG RI ���

FKLOGUHQ� �� ER\V DQG �� JLUOV� ZLWK D PHDQ DJH RI ��� \HDUV �UDQJH� ��� \HDUV��

)RUFHG UHVSRQVH WHVW

,Q 7DEOH �� WKH UHVXOWV RI WKH IRUFHG UHVSRQVH WHVW DUH SUHVHQWHG� 1R V\VWHPDWLF

GLIIHUHQFHV EHWZHHQ 3R
OHIW
DQG 3R

ULJKW
DQG EHWZHHQ 3F

OHIW
DQG 3F

ULJKW
ZHUH IRXQG �PHDQ

GLIIHUHQFH � GD3D� ���� &,� �� ² �� GD3D�� DQG � GD3D� ���� &,� �� ² � GD3D��

UHVSHFWLYHO\�� $V WKH REVHUYDWLRQV RI WKH 3F ZHUH QRW QRUPDOO\ GLVWULEXWHG� D
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:LOFR[RQ VLJQHG UDQN WHVW DQG D SDLUHG W�WHVW DIWHU OQ�WUDQVIRUPDWLRQ RI WKH PHDQ

3F
OHIW

DQG 3F
ULJKW

ZHUH SHUIRUPHG DV ZHOO� OHDGLQJ WR VLPLODU UHVXOWV �ERWK S�

YDOXHV ����� +RZHYHU� WKH GLVWULEXWLRQ RI WKH LQGLYLGXDO GLIIHUHQFHV EHWZHHQ 3R
OHIW

DQG 3R
ULJKW

DQG EHWZHHQ 3F
OHIW
DQG 3F

ULJKW
VKRZHG D YHU\ ZLGH UDQJH DQG FRQVLGHUDEOH

LUUHJXODULW\� DV VKRZQ LQ )LJXUHV � DQG �� 7KH GLIIHUHQFHV EHWZHHQ 3R
OHIW
DQG 3R

ULJKW

UDQJHG IURP ���� WR ��� GD3D ZLWK D 6' RI �� GD3D DQG WKH GLIIHUHQFHV EHWZHHQ

3F
OHIW
DQG 3F

ULJKW
UDQJHG IURP ���� WR ��� GD3D ZLWK D 6' RI �� GD3D� 7KH VWDQGDUG

GHYLDWLRQV RI WKH PHDQ 3R DQG PHDQ 3F RI DOO WKH HDUV� LQGLFDWLQJ WKH

LQWHULQGLYLGXDO GLIIHUHQFHV LQ 3R DQG 3F� ZHUH RI WKH VDPH PDJQLWXGH

�DSSUR[LPDWHO\ �� GD3D IRU 3R DQG DURXQG �� GD3D IRU 3F� 7DEOH ��� $SSDUHQWO\�

WKH YDULDWLRQ LQ 3R DQG 3F ZLWKLQ RQH FKLOG ZDV DOPRVW HTXDO WR WKH YDULDWLRQ LQ

3R DQG 3F EHWZHHQ GLIIHUHQW FKLOGUHQ� 7KH OHIW DQG ULJKW HDUV ZHUH QRW FRPSOHWHO\

LQGHSHQGHQW� EHFDXVH WKH FRUUHODWLRQ FRHIILFLHQW EHWZHHQ OHIW DQG ULJKW HDU ZDV

���� IRU 3R DQG ���� IRU 3F�

7DEOH �� 0HDQ RSHQLQJ DQG FORVLQJ SUHVVXUHV RI WKH OHIW DQG ULJKW HDUV DQG PHDQ GLIIHUHQFHV EHWZHHQ

OHIW DQG ULJKW� ZLWK FRUUHVSRQGLQJ VWDQGDUG GHYLDWLRQV� �Q ����

3R
OHIW

3R
ULJKW

3F
OHIW

3F
ULJKW

PHDQ �GD3D� ��� ��� �� ��

6' �GD3D� �� �� �� ��

PHDQ GLIIHUHQFH �GD3D� ���� &,� � ��� ² ��� � ��� ² ��

6' RI WKH GLIIHUHQFH �GD3D� �� ��

3R� RSHQLQJ SUHVVXUH� 3F� FORVLQJ SUHVVXUH� 6'� VWDQGDUG GHYLDWLRQ�

)LJXUH �� 'LVWULEXWLRQ RI WKH LQGLYLGXDO GLIIHUHQFHV EHWZHHQ OHIW DQG ULJKW RSHQLQJ SUHVVXUH� �Q ����

GLIIHUHQFH LQ GD3D
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)LJXUH �� 'LVWULEXWLRQ RI WKH LQGLYLGXDO GLIIHUHQFHV EHWZHHQ OHIW DQG ULJKW FORVLQJ SUHVVXUH� �Q ����

3UHVVXUH HTXLOLEUDWLRQ WHVW

,Q 7DEOH �� WKH WXEDO IXQFWLRQ JURXSV RI WKH OHIW DQG WKH ULJKW HDUV DUH FRPSDUHG�

,Q VHYHQ FKLOGUHQ WKH SUHVVXUH HTXLOLEUDWLRQ WHVW FRXOG QRW EH SHUIRUPHG GXH WR

SRRU FR�RSHUDWLRQ RI WKH FKLOG� 3RRU DFWLYH YHQWLODWRU\ IXQFWLRQ� L�H� WXEDO

IXQFWLRQ JURXS ,,, RU ,9� ZDV IRXQG LQ ��� RI DOO HDUV� 0RVW FKLOGUHQ KDG WKH VDPH

WXEDO IXQFWLRQ JURXS LQ ERWK HDUV DQG QR V\VWHPDWLF GLIIHUHQFH ZDV IRXQG

EHWZHHQ OHIW DQG ULJKW �S!����� 1HYHUWKHOHVV� D VXEVWDQWLDO SURSRUWLRQ RI FKLOGUHQ

����� KDG D GLIIHUHQW WXEDO IXQFWLRQ JURXS LQ WKH OHIW DQG ULJKW HDU� VKRZLQJ

FRQVLGHUDEOH LQWUDLQGLYLGXDO YDULDWLRQ LQ DFWLYH YHQWLODWRU\ IXQFWLRQ LQ WKHVH

FKLOGUHQ�

7DEOH �� 7XEDO IXQFWLRQ JURXS RI WKH OHIW DQG WKH ULJKW HDU RI HDFK FKLOG� �Q ����

/HIW HDU

JURXS , JURXS ,, JURXS ,,, JURXS ,9

5LJKW HDU JURXS , � � � �

JURXS ,, � � � �

JURXS ,,, � � �� ��

JURXS ,9 � � �� ��

6QLII WHVW

7DEOH � VKRZV WKH UHVXOWV RI WKH VQLII WHVW� 7KLUW\�ILYH FKLOGUHQ ZHUH QRW DEOH WR

SHUIRUP WKH VQLII WHVW� 7KH PDMRULW\ RI WKH UHPDLQLQJ ��� FKLOGUHQ KDG WKH VDPH

UHVXOW LQ ERWK HDUV� VR QR V\VWHPDWLF GLIIHUHQFH ZDV IRXQG EHWZHHQ OHIW DQG ULJKW

GLIIHUHQFH LQ GD3D
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�S ����� +RZHYHU� �� FKLOGUHQ ����� ZHUH IRXQG WR KDYH D GLIIHUHQW RXWFRPH LQ

ERWK HDUV� LOOXVWUDWLQJ LQWUDLQGLYLGXDO YDULDWLRQ LQ SURWHFWLYH (7 IXQFWLRQ DV ZHOO�

7DEOH �� 5HVXOWV RI WKH VQLII WHVW RI WKH OHIW DQG ULJKW HDU RI HDFK FKLOG� �Q ����

/HIW HDU

SRVLWLYH QHJDWLYH

5LJKW HDU SRVLWLYH �� ��

QHJDWLYH � ��

 ���������

1R V\VWHPDWLF GLIIHUHQFHV LQ YHQWLODWRU\ DQG SURWHFWLYH (7 IXQFWLRQ ZHUH IRXQG

EHWZHHQ WKH OHIW DQG WKH ULJKW HDU LQ FKLOGUHQ ZLWK 20(� +RZHYHU� WKH

LQWUDLQGLYLGXDO YDULDWLRQ ZDV ODUJH� 7KH YDULDWLRQ LQ 3R DQG 3F ZLWKLQ FKLOGUHQ ZDV

RI VLPLODU PDJQLWXGH DV WKH YDULDWLRQ LQ 3R DQG 3F EHWZHHQ FKLOGUHQ� 7ZHQW\�

HLJKW SHUFHQW RI WKH FKLOGUHQ KDG GLIIHUHQW DFWLYH YHQWLODWRU\ IXQFWLRQ �L�H�

GLIIHUHQW WXEDO IXQFWLRQ JURXSV� LQ ERWK HDUV DQG ��� KDG DQ RSSRVLWH UHVXOW LQ

HDFK HDU ZLWK UHVSHFW WR WKH VQLII WHVW� 7KHVH UHVXOWV VXJJHVW� WKDW WKH OHIW DQG

ULJKW (7 RI RQH FKLOG FDQ KDYH D YHU\ GLIIHUHQW IXQFWLRQ DQG WKDW WKH (7 IXQFWLRQ

RI RQH HDU GRHV QRW SUHGLFW WKH (7 IXQFWLRQ RI WKH RSSRVLWH HDU�

7KHVH LQWUDLQGLYLGXDO GLIIHUHQFHV FDQ QRW VLPSO\ EH H[SODLQHG E\ LQDFFXUDF\ RI

WKH WHVW PHWKRGV� EHFDXVH WKH PHDQ RI WKH ILUVW WKUHH PHDVXUHPHQWV RI HDFK HDU

ZHUH XVHG WR REWDLQ UHSURGXFLEOH YDOXHV RI 3R DQG 3F� DQG EHFDXVH WKH

UHSURGXFLELOLW\ RI WKH UHVXOWV RI WKH SUHVVXUH HTXLOLEUDWLRQ WHVW LV DOPRVW �������

$OWKRXJK D FRQVLGHUDEOH WHVW�UHWHVW YDULDELOLW\ LQ WKH UHVXOWV RI WKH VQLII WHVW ZDV

IRXQG E\ RWKHUV������ WKHLU UHVXOWV GR QRW LQGLVSXWDEO\ LQGLFDWH LQDFFXUDF\ RI WKH

VQLII WHVW� EHFDXVH ORQJ WLPH LQWHUYDOV EHWZHHQ WKH WHVWV ZHUH XVHG LQ WKHVH

VWXGLHV� :KLOH PHDVXUHPHQW HUURU WKXV LV DQ XQOLNHO\ H[SODQDWLRQ� WKH FDXVH IRU

WKH LQWUDLQGLYLGXDO YDULDWLRQ UHPDLQV XQFOHDU� 7KH YDULDWLRQ LQ (7 IXQFWLRQ PD\ EH

H[SODLQHG E\ DQDWRPLFDO RU PRUSKRORJLFDO GLIIHUHQFHV� HLWKHU FRQJHQLWDO RU

DFTXLUHG� $QRWKHU H[SODQDWLRQ PD\ EH WKH H[LVWHQFH RI DOWHUQDWLQJ PXFRVDO

FRQJHVWLRQ RI WKH OHIW DQG ULJKW (7� FRPSDUDEOH WR WKH QDVDO F\FOH���

7KH RYHUDOO SUHYDOHQFH RI 20( LV DSSUR[LPDWHO\ ���� ,Q ��� RI WKHVH FDVHV WKH

HIIXVLRQ LV ELODWHUDO� EXW LQ WKH RWKHU ��� WKH HIIXVLRQ LV XQLODWHUDO���� 2WKHU

PLGGOH HDU GLVHDVHV WKDW DUH EHOLHYHG WR EH DVVRFLDWHG ZLWK (7 G\VIXQFWLRQ� VXFK

DV DFXWH RWLWLV PHGLD DQG UHWUDFWLRQ RI WKH W\PSDQLF PHPEUDQH� IUHTXHQWO\ RFFXU

XQLODWHUDO DV ZHOO�������� $SSDUHQWO\� ORFDO IDFWRUV� VXFK DV (7 G\VIXQFWLRQ� SOD\ DQ

LPSRUWDQW UROH LQ WKH GHYHORSPHQW RI 20( DQG RWKHU PLGGOH HDU GLVHDVHV�

EHFDXVH RWKHUZLVH WKHVH GLVHDVHV ZRXOG RQO\ PDQLIHVW ELODWHUDOO\� 2XU
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SRSXODWLRQ FRQVLVWHG RI FKLOGUHQ ZLWK ELODWHUDO 20(� EXW D VXEVWDQWLDO SURSRUWLRQ

ZDV IRXQG WR KDYH GLIIHUHQW (7 IXQFWLRQ RQ HDFK VLGH� 7KLV VXJJHVWV� WKDW (7

IXQFWLRQ LV PXFK PRUH D FKDUDFWHULVWLF RI WKH LQGLYLGXDO HDU WKDQ RI WKH LQGLYLGXDO

FKLOG DQG WKXV FRQWULEXWHV LQGHSHQGHQWO\ WR WKH GHYHORSPHQW RI WKH 20( LQ WKH

FRUUHVSRQGLQJ HDU� $FFRUGLQJ WR WKLV� D YHU\ SURQRXQFHG GLIIHUHQFH LQ (7

IXQFWLRQ EHWZHHQ OHIW DQG ULJKW� PD\ UHVXOW LQ WKH XQLODWHUDO RFFXUUHQFH RI PLGGOH

HDU GLVHDVH�

7KH ILQGLQJV RI WKLV VWXG\ DOVR KDYH LPSRUWDQW LPSOLFDWLRQV IRU FOLQLFDO WULDOV RQ

(7 IXQFWLRQ WKDW XVH WKH RSSRVLWH HDU DV D FRQWURO �VSOLW OHYHO GHVLJQ�� 7KH

DVVXPSWLRQ WKDW WKH XQWUHDWHG HDU VHUYHV DV D JRRG UHIHUHQFH IRU WKH RSSRVLWH

HDU LQ VXFK VWXGLHV LV QRW VXEVWDQWLDWHG E\ WKH GDWD RI RXU VWXG\� 2Q WKH

FRQWUDU\� WKHUH FDQ EH D ZLGH GLIIHUHQFH EHWZHHQ WKH OHIW DQG ULJKW HDU RI RQH

FKLOG�

�����������

7KH (7 IXQFWLRQ RI WKH OHIW DQG ULJKW HDU ZHUH IRXQG WR EH GLIIHUHQW LQ PDQ\

FKLOGUHQ ZLWK ELODWHUDO 20(� LQGLFDWLQJ WKDW (7 IXQFWLRQ LV PXFK PRUH D

FKDUDFWHULVWLF RI WKH LQGLYLGXDO HDU WKDQ RI WKH LQGLYLGXDO FKLOG� (7 G\VIXQFWLRQ

VHHPV WR EH D ORFDO SURFHVV WR D ODUJH H[WHQW DQG SUREDEO\ FRQWULEXWHV

LQGHSHQGHQWO\ WR WKH GHYHORSPHQW RI 20( LQ WKH FRUUHVSRQGLQJ HDU� 7KH VSHFLILF

UHODWLRQ DQG EDODQFH EHWZHHQ ORFDO DQG V\VWHPLF IDFWRUV LQ WKH DHWLRORJ\ RI 20(

\HW UHPDLQ WR EH LQYHVWLJDWHG� 7KH UHVXOWV RI WKLV VWXG\ DOVR TXHVWLRQ WKH YDOLGLW\

RI WULDOV RQ (7 IXQFWLRQ RU PLGGOH HDU GLVHDVH WKDW XVH WKH RSSRVLWH HDU DV D

FRQWURO �VSOLW OHYHO GHVLJQ��

55HHIIHHUHUHQQFFHVHV

�� %OXHVWRQH &'� 'HILQLWLRQV� 7HUPLQRORJ\� DQG &ODVVLILFDWLRQ� ,Q� 5RVHQIHOG 50� %OXHVWRQH &'� HGV�

(YLGHQFH�%DVHG 2WLWLV 0HGLD� 2QWDULR� %�&� 'HFNHU ,QF�� ����� �������

�� =LHOKXLV *$� 5DFK *+� YDQ GHQ %URHN 3� 7KH RFFXUUHQFH RI RWLWLV PHGLD ZLWK HIIXVLRQ LQ 'XWFK SUH�

VFKRRO FKLOGUHQ� &OLQ 2WRODU\QJRO ����������������

�� (QJHO -$0� $QWHXQLV /-&� 9RORYLFV $� HW DO� 3UHYDOHQFH UDWHV RI RWLWLV PHGLD ZLWK HIIXVLRQ IURP � WR

� \HDUV RI DJH� KHDOWK\�ERUQ YHUVXV KLJK�ULVN�ERUQ LQIDQWV� ,QW - 3HGLDWU 2WRUKLQRODU\QJRO

����������������

�� 6WUDHWHPDQV 0� YDQ +HHUEHHN 1� 7RQQDHU (/*0� HW DO� $ FRPSUHKHQVLYH PRGHO IRU WKH DHWLRORJ\ RI

RWLWLV PHGLD ZLWK HIIXVLRQ� 0HG +\SRWKHVHV ����� �����������

�� YDQ +HHUEHHN 1� ,QJHOV .-$2� 6QLN $)0� =LHOKXLV *$� (XVWDFKLDQ WXEH IXQFWLRQ DIWHU WKH LQVHUWLRQ

RI YHQWLODWLRQ WXEHV� $QQ 2WRO 5KLQRO /DU\QJRO �����

�� 7DNDKDVKL +� +D\DVKL 0� 6DWR +� +RQMR ,� 3ULPDU\ GHILFLWV LQ (XVWDFKLDQ WXEH IXQFWLRQ LQ SDWLHQWV

ZLWK RWLWLV PHGLD ZLWK HIIXVLRQ� $UFK 2WRODU\QJRO +HDG 1HFN 6XUJ �����������������
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�� 6WHQVWU|P &� %\ODQGHU�*URWK $� ,QJYDUVVRQ /� (XVWDFKLDQ WXEH IXQFWLRQ LQ RWLWLV�SURQH DQG KHDOWK\

FKLOGUHQ� ,QW - 3HGLDWU 2WRUKLQRODU\QJRO ����������������

�� )XMLKDUD .� )XMLKDUD 7� <DPDQDND 1� 6HFUHWRU\ ,J$ DQG VTXDPRXV HSLWKHOL]DWLRQ LQ DGHQRLGV RI

FKLOGUHQ ZLWK RWLWLV PHGLD ZLWK HIIXVLRQ� $FWD 2WRODU\QJRO ���������VXSSO����������

�� .DOP 2� -RKQVRQ 8� 3UHOOQHU .� +/$ IUHTXHQF\ LQ SDWLHQWV ZLWK FKURQLF VHFUHWRU\ RWLWLV PHGLD� ,QW -

3HGLDWU 2WRUKLQRODU\QJRO ����������������

��� 3UHOOQHU .� .DOP 2� +DUVWHQ *� HW DO� 3QHXPRFRFFDO VHUXP DQWLERG\ FRQFHQWUDWLRQV GXULQJ WKH ILUVW

WKUHH \HDUV RI OLIH� D VWXG\ RI RWLWLV�SURQH DQG QRQ�RWLWLV�SURQH FKLOGUHQ� ,QW - 3HGLDWU

2WRUKLQRODU\QJRO ����������������

��� -RKQVRQ ,-� %URRNV 7� +XWWRQ '$� HW DO� &RPSRVLWLRQDO GLIIHUHQFHV EHWZHHQ ELODWHUDO PLGGOH HDU

HIIXVLRQV LQ RWLWLV PHGLD ZLWK HIIXVLRQ� HYLGHQFH IRU D GLIIHUHQW HWLRORJ\" /DU\QJRVFRSH

�����������������

��� YDQ +HHUEHHN 1� ,QJHOV .-$2� 6QLN $)0� =LHOKXLV *$� 5HOLDELOLW\ RI PDQRPHWULF (XVWDFKLDQ WXEH

IXQFWLRQ WHVWV LQ FKLOGUHQ� 2WRO 1HXURWRO ����������������

��� (OQHU $� ,QJHOVWHGW 6� ,YDUVVRQ $� 7KH QRUPDO IXQFWLRQ RI WKH (XVWDFKLDQ WXEH� $ VWXG\ RI ���

FDVHV� $FWD 2WRODU\QJRO ����������������

��� %XQQH 0� )DON %� +HOOVWU|P 6� 0DJQXVRQ %� 9DULDELOLW\ RI (XVWDFKLDQ WXEH IXQFWLRQ LQ FKLOGUHQ ZLWK

VHFUHWRU\ RWLWLV PHGLD� (YDOXDWLRQV DW WXEH LQVHUWLRQ DQG DW IROORZ�XS� ,QW - 3HGLDWU 2WRUKLQRODU\QJRO

����������������

��� )DON %� 0DJQXVRQ %� 7HVW�UHWHVW YDULDELOLW\ RI (XVWDFKLDQ WXEH UHVSRQVHV LQ FKLOGUHQ ZLWK SHUVLVWHQW

PLGGOH HDU HIIXVLRQ� $UFK 2WRUKLQRODU\QJRO �����������������

��� /HFOHUF -(� 'R\OH :-� .DUQDYDV :� 3K\VLRORJLFDO PRGXODWLRQ RI (XVWDFKLDQ WXEH IXQFWLRQ� $FWD

2WRODU\QJRO �����������������

��� 6WDQJHUXS 6(� 7RV 0� (SLGHPLRORJ\ RI DFXWH VXSSXUDWLYH RWLWLV PHGLD� $P - 2WRODU\QJRO ����������

���

��� %XQQH 0� )DON %� 0DJQXVRQ %� +HOOVWU|P 6� 9DULDELOLW\ RI (XVWDFKLDQ WXEH IXQFWLRQ� FRPSDULVRQ RI

HDUV ZLWK UHWUDFWLRQ GLVHDVH DQG QRUPDO PLGGOH HDUV� /DU\QJRVFRSH �������������������
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$Q LPSDLUHG (XVWDFKLDQ WXEH �(7� IXQFWLRQ LV DVVXPHG WR EH DQ LPSRUWDQW IDFWRU

LQ WKH SDWKRJHQHVLV RI GLIIHUHQW PLGGOH HDU GLVHDVHV� 7KHUHIRUH� VHYHUDO

LQYHVWLJDWRUV KDYH VWXGLHG GLIIHUHQW WUHDWPHQW VWUDWHJLHV WR LPSURYH (7 IXQFWLRQ�

7KH DLP RI WKLV UHYLHZ LV WR SURYLGH D FRPSUHKHQVLYH VXPPDU\ RI WKH UHVXOWV RI

WKHVH VWXGLHV RQ WKHUDSHXWLF LPSURYHPHQW RI (7 IXQFWLRQ� 7KH (QJOLVK ODQJXDJH

OLWHUDWXUH ZDV VHDUFKHG V\VWHPDWLFDOO\ WR LGHQWLI\ DOO DUWLFOHV WKDW GHVFULEHG WKH

HIIHFW RI GLIIHUHQW LQWHUYHQWLRQV RQ (7 IXQFWLRQ� $OWKRXJK WKH UHVXOWV ZHUH QRW

XQLIRUP WKURXJKRXW WKH GLIIHUHQW VWXGLHV DQG GHVSLWH VHYHUDO UHVWULFWLRQV RI WKH

UHYLHZHG VWXGLHV� WKH UHVXOWV RI WKLV UHYLHZ LQGLFDWH WKDW WKH (7 IXQFWLRQ PD\ EH

LPSURYHG E\ PHGLFDO LQWHUYHQWLRQ� +RZHYHU� LW VHHPV SUHPDWXUH WR UHFRPPHQG

DQ\ RI WKH LQWHUYHQWLRQV UHYLHZHG LQ WKLV SDSHU WR LPSURYH (7 IXQFWLRQ LQ

KXPDQV� 0RUH VWXGLHV� SUHIHUDEO\ UDQGRPLVHG� SODFHER�FRQWUROOHG WULDOV� VKRXOG

EH FRQGXFWHG WR DVVHVV WKH HIILFDF\ RI GLIIHUHQW LQWHUYHQWLRQV RQ (7 IXQFWLRQ�
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7KH (XVWDFKLDQ WXEH �(7� ZDV QDPHG DIWHU %DUWKRORPHXV (XVWDFKLXV ZKR JDYH D

GHWDLOHG GHVFULSWLRQ RI WKH (7 LQ KLV ´(SLVWROD GH DXGLWXV RUJDQLVµ LQ WKH VL[WHHQWK

FHQWXU\�� ,Q WKH WZHQWLHWK FHQWXU\ WKH LPSRUWDQFH RI WKH (7 ZLWK UHVSHFW WR

YHQWLODWLRQ� SURWHFWLRQ DQG FOHDUDQFH RI WKH PLGGOH HDU ZDV UHFRJQLVHG� )UHTXHQW

DFWLYH RSHQLQJ RI WKH (7 DOORZV YHQWLODWLRQ RI WKH PLGGOH HDU FDYLW\� WKXV

SUHYHQWLQJ WKH GHYHORSPHQW RI D QHJDWLYH PLGGOH HDU SUHVVXUH� 7KH QRUPDOO\

FORVHG (7 SURWHFWV WKH PLGGOH HDU IURP DVFHQGLQJ VHFUHWLRQV DQG PLFUR�

RUJDQLVPV DV ZHOO DV IURP QDVRSKDU\QJHDO SUHVVXUH YDULDWLRQV� 7KH PXFRVDO

OLQLQJ RI WKH (7� ZLWK LWV PXFRFLOLDU\ HSLWKHOLXP� LV LQYROYHG LQ ORFDO GHIHQFH

DJDLQVW SDWKRJHQV DQG LV FRQFHUQHG ZLWK FOHDUDQFH RI VHFUHWLRQV DQG GHEULV

IURP WKH PLGGOH HDU WRZDUGV WKH QDVRSKDU\Q[�� 7KH FOHDUDQFH IXQFWLRQ RI WKH (7

LV D FRPSOH[ PHFKDQLVP WKDW GHSHQGV RQ PDQ\ IDFWRUV OLNH FLOLDU\ DFWLYLW\� IOXLG

FKDUDFWHULVWLFV DQG JUDYLW\�

7KH YHQWLODWRU\� WKH SURWHFWLYH DQG WKH FOHDUDQFH IXQFWLRQ RI WKH (7 FDQ EH

GLVWXUEHG E\ HQGRJHQRXV RU H[RJHQRXV FRQGLWLRQV� IRU H[DPSOH� FOHIW SDODWH��

DOOHUJ\� RU XSSHU UHVSLUDWRU\ WUDFW LQIHFWLRQ�� $Q LPSDLUHG PLGGOH HDU YHQWLODWLRQ

FDQ FDXVH D SHUVLVWHQW QHJDWLYH PLGGOH HDU SUHVVXUH�� ,Q FDVH RI DQ LPSDLUHG

SURWHFWLYH IXQFWLRQ� KDELWXDO VQLIILQJ PD\ FDXVH D SHUVLVWHQW QHJDWLYH PLGGOH HDU

SUHVVXUH DV ZHOO�� 3RRU SURWHFWLYH IXQFWLRQ RI WKH (7 FDQ DOVR IDFLOLWDWH WKH

HQWUDQFH RI EDFWHULD LQWR WKH PLGGOH HDU� 'LVWXUEDQFHV RI WKH PXFRFLOLDU\ GHIHQFH

PHFKDQLVP PD\ UHVXOW LQ WKH DFFXPXODWLRQ RI VHFUHWLRQV DQG FDQ IDFLOLWDWH

EDFWHULDO LQYDVLRQ DQG VXEVHTXHQW LQIHFWLRQ� %RWK SHUVLVWHQW QHJDWLYH PLGGOH HDU

SUHVVXUH DQG DFFXPXODWLRQ RI SDWKRJHQV DQG VHFUHWLRQV LQ WKH PLGGOH HDU DUH

DVVXPHG WR FRQWULEXWH WR WKH GHYHORSPHQW RI DFXWH RWLWLV PHGLD� FKURQLF RWLWLV

PHGLD DQG HVSHFLDOO\ RWLWLV PHGLD ZLWK HIIXVLRQ �20(��

7KH DVVXPSWLRQ WKDW DQ LPSDLUHG (7 IXQFWLRQ PD\ EH DQ LPSRUWDQW IDFWRU LQ WKH

SDWKRJHQHVLV RI GLIIHUHQW PLGGOH HDU GLVHDVHV KDV LQFLWHG VHYHUDO LQYHVWLJDWRUV WR

VWXG\ GLIIHUHQW WUHDWPHQW VWUDWHJLHV WR LPSURYH (7 IXQFWLRQ� 7KHUDSHXWLF

LPSURYHPHQW RI WKH (7 IXQFWLRQ PD\ SUHYHQW WKH GHYHORSPHQW RI D QHJDWLYH

PLGGOH HDU SUHVVXUH RU WKH DFFXPXODWLRQ RI SDWKRJHQV LQ WKH PLGGOH HDU� 7KHVH

WUHDWPHQW VWUDWHJLHV PD\ DOVR EH HIIHFWLYH WR SUHYHQW� RU UHVROYH� WKH VXEVHTXHQW

PLGGOH HDU GLVHDVHV� 7KH DLP RI WKLV UHYLHZ LV WR SURYLGH D FRPSUHKHQVLYH

VXPPDU\ RI WKH UHVXOWV RI WKH VWXGLHV RQ WKHUDSHXWLF LPSURYHPHQW RI (7

IXQFWLRQ�
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$ VXUYH\ ZDV PDGH RI WKH (QJOLVK ODQJXDJH OLWHUDWXUH VLQFH ����� 7KH 0HGOLQH

DQG 3XEPHG GDWDEDVHV ZHUH VHDUFKHG V\VWHPDWLFDOO\ WR LGHQWLI\ DOO DUWLFOHV WKDW

GHVFULEHG WKH HIIHFW RI GUXJV� VXUJHU\ RU RWKHU LQWHUYHQWLRQV RQ (7 IXQFWLRQ�

6XEVHTXHQWO\� DUWLFOHV ZHUH VHOHFWHG EDVHG RQ VWXG\ SRSXODWLRQ� LQWHUYHQWLRQ DQG

WHVW PHWKRGV� )LQDOO\� DOO VHOHFWHG DUWLFOHV ZHUH WKRURXJKO\ HYDOXDWHG�

$UWLFOHV WKDW VWXGLHG WKH HIIHFW RQ WKH (7 IXQFWLRQ LQ SDWLHQWV ZLWK FOHIW SDODWH RU

SDWXORXV (7 ZHUH H[FOXGHG IURP IXUWKHU UHYLHZ� ,QWHUYHQWLRQV WKDW FDXVHG DQ

LPSDLUPHQW RI WKH (7 IXQFWLRQ� VXFK DV FHUWDLQ LQIODPPDWRU\ PHGLDWRUV DQG

VXUJLFDO OHVLRQ RI WKH WHQVRU YHOL SDODWLQH PXVFOH� ZHUH DOVR H[FOXGHG�

7HVW PHWKRGV

(7 YHQWLODWRU\ IXQFWLRQ FDQ EH DVVHVVHG LQ VHYHUDO ZD\V� PDQRPHWULF WHVWV �L�H�

IRUFHG UHVSRQVH WHVW DQG SUHVVXUH HTXLOLEUDWLRQ WHVW��� SHUIXVLRQ SUHVVXUH WHVW��

9DOVDOYD·V PDQRHXYUH�� DQG VRQRWXERPHWU\��� 7KH IRUFHG UHVSRQVH WHVW LV XVHG WR

DVVHVV SDVVLYH (7 IXQFWLRQ E\ PHDVXULQJ WKH RSHQLQJ SUHVVXUH �3R� DQG WKH

FORVLQJ SUHVVXUH �3F�� $ GHFUHDVH RI WKH 3R RU WKH 3F LV JHQHUDOO\ FRQVLGHUHG WR

UHIOHFW DQ LPSURYHPHQW RI WKH (7� $FWLYH (7 IXQFWLRQ LV DVVHVVHG E\ PHDVXULQJ

WKH DELOLW\ WR HTXLOLEUDWH DSSOLHG SRVLWLYH DQG QHJDWLYH SUHVVXUHV E\ VZDOORZLQJ

UHSHWLWLYHO\ �SUHVVXUH HTXLOLEUDWLRQ WHVW�� %RWK WHVWV DUH XVXDOO\ SHUIRUPHG RQ

HDUV ZLWK D QRQ�LQWDFW W\PSDQLF PHPEUDQH �H�J� ZLWK D SHUIRUDWLRQ RU D

YHQWLODWLRQ WXEH LQ VLWX�� 3UHVVXUH FDQ EH GLUHFWO\ DSSOLHG WR WKH PLGGOH HDU

WKURXJK WKLV RSHQLQJ LQ WKH W\PSDQLF PHPEUDQH�� 7KH WHVWV FDQ DOVR EH

SHUIRUPHG� ZKHQ WKH W\PSDQLF PHPEUDQH LV LQWDFW� ,Q WKRVH FDVHV� D SUHVVXUH

FKDPEHU LV XVHG WR DSSO\ SUHVVXUH WR WKH PLGGOH HDU��� $QRWKHU PHWKRG� WKDW LV

VLPLODU WR WKH IRUFHG UHVSRQVH WHVW� LV WKH SHUIXVLRQ SUHVVXUH WHVW� 7KLV WHVW

PHDVXUHV WKH SUHVVXUH QHFHVVDU\ WR NHHS D FRQVWDQW IORZ RI DLU RU IOXLG SDVVLQJ

WKURXJK WKH (7 �L�H� SHUIXVLRQ SUHVVXUH�� 0HDVXUHPHQW RI WKH PLGGOH HDU

SUHVVXUH E\ W\PSDQRPHWU\� GXULQJ SHUIRUPDQFH RI 9DOVDOYD·V PDQRHXYUH� FDQ

DOVR EH XVHG WR DVVHVV RSHQLQJ RI WKH (7� $Q LQFUHDVH RI WKH PLGGOH HDU SUHVVXUH

GXULQJ WKH PDQRHXYUH LQGLFDWHV RSHQLQJ RI WKH (7��� 6RQRWXERPHWU\ LV EDVHG RQ

WKH SDVVDJH RI VRXQG WKURXJK WKH (7� :KHQ WKH (7 RSHQV �H�J� GXULQJ

VZDOORZLQJ� WKH VRXQG SUHVVXUH OHYHO LQFUHDVHV���

7KH SURWHFWLRQ RI WKH (7 DJDLQVW H[WUHPH QDVRSKDU\QJHDO SUHVVXUH YDULDWLRQV

FDQ EH PHDVXUHG ZLWK WKH VQLII WHVW� %\ VQLIILQJ IRUFHIXOO\� D QHJDWLYH

QDVRSKDU\QJHDO SUHVVXUH LV JHQHUDWHG� 1RUPDOO\� WKH (7 UHPDLQV FORVHG GXULQJ

PLQRU SUHVVXUH YDULDWLRQV LQ WKH QDVRSKDU\Q[� +RZHYHU� LQ VRPH VXEMHFWV� WKH (7

RSHQV SDVVLYHO\ GXULQJ VQLIILQJ� UHVXOWLQJ LQ D QHJDWLYH PLGGOH HDU SUHVVXUH� 7KLV
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QHJDWLYH PLGGOH HDU SUHVVXUH FDQ EH PHDVXUHG W\PSDQRPHWULFDOO\�� 7KLV

LQGLFDWHV SRRU SURWHFWLRQ RI WKH PLGGOH HDU E\ WKH (7�

&OHDUDQFH IXQFWLRQ FDQ EH PHDVXUHG E\ LQMHFWLQJ G\H RU FRQWUDVW IOXLG LQWR WKH

PLGGOH HDU DQG VXEVHTXHQW PRQLWRULQJ RI WKH FOHDUDQFH WKURXJK WKH (7������ 7KH

WLPH EHWZHHQ LQMHFWLRQ RI WKH G\H DQG WKH ILUVW DSSHDUDQFH RI WKH G\H DW WKH

QDVRSKDU\QJHDO RULILFH RI WKH (7 LV UHFRUGHG �FOHDUDQFH WLPH��

$OO WKHVH WHVW PHWKRGV DUH LQ XVH IRU DVVHVVPHQW RI WKH (7 IXQFWLRQ DQG ZHUH

LQFOXGHG LQ WKH UHYLHZ� 7KH PLGGOH HDU SUHVVXUH� WKDW LV PHDVXUHG

W\PSDQRPHWULFDOO\� LV DOVR IUHTXHQWO\ XVHG DV D PHDVXUH RI WKH (7 IXQFWLRQ�

$OWKRXJK WKH (7 LV LPSRUWDQW LQ PDLQWDLQLQJ DQ DPELHQW SUHVVXUH LQ WKH PLGGOH

HDU� LW LV QRW WKH RQO\ IDFWRU LQYROYHG� &KDQJHV LQ RXWFRPH RI W\PSDQRPHWU\ DUH

QRW QHFHVVDULO\ UHODWHG WR FKDQJHV RI WKH (7 IXQFWLRQ� 6WXGLHV WKDW XVHG

W\PSDQRPHWU\ DV WKH RQO\ PHDVXUH IRU (7 IXQFWLRQ ZHUH� WKHUHIRUH� H[FOXGHG�

�������

0RVW VWXGLHV HYDOXDWHG WKH HIIHFW RI GUXJV RU VXUJLFDO LQWHUYHQWLRQ RQ WKH

YHQWLODWRU\ IXQFWLRQ RI WKH (7� 2QO\ D IHZ VWXGLHV UHSRUWHG WKH EHQHILFLDO HIIHFW RI

GUXJV RQ SURWHFWLYH RU FOHDUDQFH IXQFWLRQ� 7KHUH ZHUH QR DUWLFOHV UHWULHYHG WKDW

VWXGLHG WKH HIIHFW RI DOWHUQDWLYH LQWHUYHQWLRQ VWUDWHJLHV RQ (7 IXQFWLRQ� 7DEOH �

VXPPDULVHV DOO WKH VWXGLHV WKDW ZHUH LQFOXGHG LQ WKH UHYLHZ� 7KHVH VWXGLHV DUH

GLVFXVVHG LQ PRUH GHWDLO EHORZ� UDQNHG DFFRUGLQJ WR WKH NLQG RI LQWHUYHQWLRQ�

3KDUPDFRORJLFDO LQWHUYHQWLRQV

6XUIDFWDQWV6XUIDFWDQWV

3XOPRQDU\ VXUIDFWDQW� D VXUIDFH WHQVLRQ ORZHULQJ VXEVWDQFH� LQVWLOOHG LQWR WKH

PLGGOH HDU RI RWRORJLFDOO\ KHDOWK\ UDWV DQG UDWV ZLWK DFXWH RWLWLV PHGLD GHFUHDVHG

WKH PHDQ 3R������ 7KH PHDQ 3R RI DQDHVWKHWLVHG JHUELOV ZLWK 20( ZDV IRXQG WR EH

VLJQLILFDQWO\ KLJKHU WKDQ WKH PHDQ 3R RI KHDOWK\ JHUELOV� 5LQVLQJ WKH PLGGOH HDU

ZLWK VXUIDFWDQW VXEVWDQWLDOO\ UHGXFHG WKH PHDQ 3R LQ ERWK WKH KHDOWK\ DQG WKH

GLVHDVHG DQLPDOV� ZKHUHDV ULQVLQJ ZLWK QRUPDO VDOLQH KDG QR HIIHFW��� ,Q DQRWKHU

VWXG\� WKH PHDQ 3R RI JHUELOV ZLWK 20( ZKR KDG EHHQ WUHDWHG ZLWK QHEXOLVHG

VXUIDFWDQW� GLG QRW GLIIHU IURP WKH 3R RI RWRORJLFDOO\ KHDOWK\ JHUELOV� $V WKH 3R LV

NQRZQ WR EH LQFUHDVHG GXULQJ 20(� WKH DXWKRUV FRQFOXGHG WKDW QHEXOLVHG

VXUIDFWDQW GHFUHDVHG WKH 3R��� ,QMHFWLRQ RI D VXUIDFH WHQVLRQ ORZHULQJ VXEVWDQFH

LQWR WKH PLGGOH HDUV RI UDWV DOVR UHGXFHG WKH 3R��� 7KH HIIHFW RQ RWKHU (7

SDUDPHWHUV ZDV QRW HYDOXDWHG LQ DQ\ RI WKHVH VWXGLHV DQG QRQH RI WKH VWXGLHV

KDG D SODFHER�FRQWUROOHG GHVLJQ�
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%%HHWD DGUHQRFHSWRU DJRQLVWVWD DGUHQRFHSWRU DJRQLVWV

,Q RQO\ RQH VWXG\� SHUIRUPHG RQ �� KHDOWK\ GRJV� D EHWD DGUHQRFHSWRU DJRQLVW

�LQWUDYHQRXV LVRSURWHUHQRO� FDXVHG DQ LQFUHDVH RI WKH SHUIXVLRQ SUHVVXUH�

LQGLFDWLQJ D GHWHULRUDWLRQ RI WKH SDVVLYH RSHQLQJ RI WKH (7�� 2Q WKH RWKHU KDQG�

LQWUDYHQRXV LQMHFWLRQ RI LVRSUHQDOLQH� DQRWKHU EHWD DGUHQRFHSWRU DJRQLVW�

UHGXFHG WKH 3R LQ KHDOWK\ DQDHVWKHWLVHG UDWV� UHIOHFWLQJ DQ LPSURYHPHQW RI

SDVVLYH (7 IXQFWLRQ� ,Q UDWV ZLWK DFXWH RWLWLV PHGLD� QR HIIHFW ZDV IRXQG� 7KH

HIIHFW RQ 3F ZDV QRW PHDVXUHG LQ WKHVH VWXGLHV������ 7KH LQYHVWLJDWRUV VXJJHVWHG

WKDW LVRSUHQDOLQH DFWHG RQ WKH (7 E\ FDXVLQJ VHFUHWLRQ RI VXUIDFH WHQVLRQ

ORZHULQJ VXEVWDQFHV LQ WKH (7� 'XULQJ DFXWH RWLWLV PHGLD� WKH (7 PXFRVD RI WKHVH

UDWV ZDV SUREDEO\ XQDEOH WR UHVSRQG WR LVRSUHQDOLQH DV D UHVXOW RI LQIODPPDWRU\

FKDQJHV� $ UDQGRPLVHG FURVV�RYHU VWXG\ LQ KHDOWK\ DGXOWV VKRZHG WKDW

VXEFXWDQHRXVO\ LQMHFWHG WHUEXWDOLQH� DQRWKHU EHWD DGUHQRFHSWRU DJRQLVW� UHGXFHG

WKH 3R DQG 3F� ZKHUHDV LQMHFWLRQ RI VDOLQH VROXWLRQ GLG QRW DIIHFW SDVVLYH

RSHQLQJ� 7KH HIIHFW RI WHUEXWDOLQH RQ DFWLYH (7 IXQFWLRQ ZDV DOVR VWXGLHG� EXW QR

HIIHFW ZDV IRXQG��� 1RQH RI WKH VWXGLHV ZDV SHUIRUPHG LQ D SODFHER�FRQWUROOHG

IDVKLRQ�

'HFRQJH'HFRQJHVVWDWDQQWV DQG�RU DQWLKLVWWV DQG�RU DQWLKLVWDDPLQHVPLQHV

,Q VHYHUDO VWXGLHV� WKH HIIHFW RI GHFRQJHVWDQWV �DOSKD DGUHQRFHSWRU DJRQLVWV��

DQWLKLVWDPLQHV �+� UHFHSWRU DQWDJRQLVWV� RU FRPELQDWLRQ SUHSDUDWLRQV RQ (7

IXQFWLRQ ZDV VWXGLHG� %RWK GUXJV DUH DVVXPHG WR GHFRQJHVW WKH PXFRVD RI WKH

(7 E\ FDXVLQJ YDVRFRQVWULFWLRQ LQ WKH (7� 6RPH VWXGLHV IRXQG D SRVLWLYH HIIHFW RQ

(7 IXQFWLRQ�������� ZKLOH RWKHUV GLG QRW��������� $Q LPSURYHG SDVVLYH RSHQLQJ RI WKH

GRJ·V (7 ZDV IRXQG DIWHU LQWUD�DUWHULDO DGPLQLVWUDWLRQ RI QRUHSLQHSKULQH� DQG

DIWHU WRSLFDO DQG LQWUD�DUWHULDO DGPLQLVWUDWLRQ RI SVHXGRHSKHGULQH��� 7KHVH WZR

VWXGLHV ODFNHG WKH XVH RI D SODFHER JURXS� ,Q D FURVV�RYHU VWXG\ RI �� FKLOGUHQ

ZLWK YHQWLODWLRQ WXEHV RZLQJ WR 20(� WKH XVH RI DQ RUDO GHFRQJHVWDQW LPSURYHG

DFWLYH (7 IXQFWLRQ LQ DSSUR[LPDWHO\ ��� RI WKH FKLOGUHQ� 7KH HIIHFW RQ SDVVLYH (7

IXQFWLRQ ZDV QRW DVVHVVHG��� ,Q DQRWKHU VWXG\ RI �� FKLOGUHQ ZLWK YHQWLODWLRQ

WXEHV� DOO RI WKH FKLOGUHQ ZKR GHYHORSHG DQ XSSHU UHVSLUDWRU\ WUDFW LQIHFWLRQ�

UHFHLYHG HLWKHU DQ RUDO GHFRQJHVWDQW �SVHXGRHSKHGULQH� RU D SODFHER� 2UDO

DGPLQLVWUDWLRQ RI WKH GHFRQJHVWDQW KDG QR HIIHFW RQ 3R� 3F RU DFWLYH (7 IXQFWLRQ�

7KH FKLOGUHQ ZLWKRXW DQ XSSHU UHVSLUDWRU\ WUDFW LQIHFWLRQ ZHUH WUHDWHG ZLWK RUDO

SVHXGRHSKHGULQH�DQWLKLVWDPLQH RU D SODFHER IROORZLQJ D GRXEOH�EOLQG� FURVV�RYHU

VWXG\ GHVLJQ� 7KH GHFRQJHVWDQW�DQWLKLVWDPLQH WUHDWPHQW VKRZHG WR EH HIIHFWLYH

LQ ORZHULQJ WKH 3F� EXW WKH 3R DQG WKH DFWLYH (7 IXQFWLRQ GLG QRW FKDQJH��� $ WRWDO

RI �� SDWLHQWV ZLWK D GU\ SHUIRUDWLRQ DQG (7 G\VIXQFWLRQ ZHUH LQFOXGHG LQ D
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UDQGRPLVHG� SODFHER�FRQWUROOHG VWXG\ RQ WKH HIIHFW RI D GHFRQJHVWDQW

�[\ORPHWD]ROLQH FKORULGH ������ DSSOLHG GLUHFWO\ WR WKH SKDU\QJHDO RSHQLQJ RI WKH

(7� 7KH 9DOVDOYD
V PDQRHXYUH VKRZHG D VLJQLILFDQW LPSURYHPHQW IROORZLQJ

DSSOLFDWLRQ RI WKH GHFRQJHVWDQW� EXW WKH SUHVVXUH HTXLOLEUDWLRQ WHVW GLG QRW VKRZ

D GLIIHUHQFH EHWZHHQ WKH WZR JURXSV��� 1DVDO DSSOLFDWLRQ RI D GHFRQJHVWDQW KDG D

SRVLWLYH HIIHFW RQ DFWLYH (7 IXQFWLRQ PHDVXUHG ZLWK VRQRWXERPHWU\ LQ D

UDQGRPLVHG� GRXEOH�EOLQG VWXG\ RI �� DGXOWV��� EXW QR HIIHFW RQ DFWLYH RU SDVVLYH

(7 IXQFWLRQ ZDV IRXQG LQ DQRWKHU UDQGRPLVHG� SODFHER�FRQWUROOHG VWXG\ RI ��

FKLOGUHQ ZLWK YHQWLODWLRQ WXEHV��� ,Q WZR UDQGRPLVHG� SODFHER�FRQWUROOHG VWXGLHV

RI RWRORJLFDOO\ KHDOWK\ DGXOWV ZLWK DQ LQGXFHG FRPPRQ FROG� QHLWKHU DQ RUDO

DQWLKLVWDPLQH QRU DQ RUDO DQWLKLVWDPLQH�GHFRQJHVWDQW SUHSDUDWLRQ KDG DQ\ HIIHFW

RQ WKH (7 IXQFWLRQ PHDVXUHG ZLWK D PRGLILHG SUHVVXUH HTXLOLEUDWLRQ WHVW DQG

VRQRWXERPHWU\ RU VRQRWXERPHWU\ DORQH������ )LQDOO\� DQ RUDO GHFRQJHVWDQW

�SVHXGRHSKHGULQH�� FRPELQHG ZLWK DWURSLQH� KDG QR HIIHFW RQ DFWLYH (7 IXQFWLRQ

LQ DGXOWV ZKR KDG DQ LQGXFHG UKLQRYLUXV FROG� LQ D UDQGRPLVHG� SODFHER�

FRQWUROOHG VWXG\� 3DVVLYH (7 IXQFWLRQ ZDV QRW DVVHVVHG���

22WKHU GUXJVWKHU GUXJV

5R[\WKURP\FLQ� D PDFUROLGH DQWLELRWLF� FDXVHG D GLUHFW LQFUHDVH LQ FLOLDU\ DFWLYLW\

LQ JXLQHD SLJV DQG D FRQFXUUHQW GHFUHDVH LQ WKH PXFRFLOLDU\ FOHDUDQFH WLPH� ,Q

DGGLWLRQ� UR[\WKURP\FLQ LQFUHDVHG WKH VXSHUR[LGH SURGXFWLRQ RI QHXWURSKLOV LQ

WKH JXLQHD SLJ·V (7� $SSDUHQWO\ UR[\WKURP\FLQ LPSURYHV WKH FOHDUDQFH IXQFWLRQ

RI WKH (7��� +LJK GRVDJH RI VDLUHL�WR� D KHUEDO PHGLFLQH� DOVR HQKDQFHG FLOLDU\

DFWLYLW\ LQ JXLQHD SLJV� EXW IDLOHG WR LPSURYH FOHDUDQFH WLPH��� 7KH HIIHFW RI D

SODFHER ZDV QRW PHDVXUHG LQ WKHVH VWXGLHV�

6XUJLFDO LQWHUYHQWLRQV

$GHQRLGHFW$GHQRLGHFWRPRP\\

,Q �� FKLOGUHQ ZKR KDG EHHQ WUHDWHG IRU 20( ZLWK YHQWLODWLRQ WXEHV� DFWLYH DQG

SDVVLYH (7 IXQFWLRQV ZHUH PHDVXUHG EHIRUH DQG DIWHU DGHQRLGHFWRP\� 3DVVLYH (7

IXQFWLRQ GLG QRW FKDQJH� ,Q PRVW SDWLHQWV� DFWLYH (7 IXQFWLRQ GLG QRW FKDQJH DV

ZHOO EXW� LQ VRPH� WKH DELOLW\ WR HTXLOLEUDWH SRVLWLYH SUHVVXUH LPSURYHG DIWHU

DGHQRLGHFWRP\� 7KHVH SDWLHQWV KDG KLJK 3R DQG 3F SULRU WR DGHQRLGHFWRP\�

VXJJHVWLQJ REVWUXFWLRQ RI WKH (7 E\ WKH DGHQRLG� 7KH DXWKRUV VXJJHVWHG WKDW

DGHQRLGHFWRP\ PD\ RQO\ LPSURYH (7 IXQFWLRQ LI REVWUXFWLRQ RI WKH (7 LV

SUHVHQW��� ,Q DQRWKHU VWXG\� WKH (7 IXQFWLRQ ZDV PHDVXUHG LQ ��� FKLOGUHQ ZLWK

20(� 9HQWLODWLRQ WXEHV ZHUH LQVHUWHG LQ DOO WKH FKLOGUHQ DQG �� UDQGRPO\
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VHOHFWHG FKLOGUHQ DOVR XQGHUZHQW DGHQRLGHFWRP\� 1R GLIIHUHQFH ZDV IRXQG

EHWZHHQ WKH PHDQ 3R RI ERWK JURXSV� EXW WKH DFWLYH (7 IXQFWLRQ ZDV VLJQLILFDQWO\

EHWWHU LQ WKH DGHQRLGHFWRPLVHG JURXS��� 2WKHU LQYHVWLJDWRUV GLG QRW GHPRQVWUDWH

DQ HIIHFW RI DGHQRLGHFWRP\ RQ SDVVLYH RU DFWLYH (7 IXQFWLRQ LQ FKLOGUHQ������

9HQWLODWLRQ WXEHV9HQWLODWLRQ WXEHV

7KH HIIHFW RI YHQWLODWLRQ WXEHV RQ YHQWLODWRU\ IXQFWLRQ RI WKH (7 ZDV DOVR VWXGLHG�

0RVW VWXGLHV GLG QRW ILQG VLJQLILFDQW FKDQJHV LQ DFWLYH RU SDVVLYH (7 IXQFWLRQ

RYHU WLPH DIWHU LQVHUWLRQ RI YHQWLODWLRQ WXEHV������ ,Q WZR RWKHU VWXGLHV� ZLWK ODUJH

VWXG\ SRSXODWLRQV� WKH LQVHUWLRQ RI YHQWLODWLRQ WXEHV KDG QR HIIHFW RYHU WLPH RQ

DFWLYH (7 IXQFWLRQ RU 3F� EXW GLG UHVXOW LQ D VLJQLILFDQW LQFUHDVH LQ WKH 3R������ 7KLV

LQFUHDVH LQ 3R PD\ EH FDXVHG E\ D FKDQJH LQ WKH JDV FRPSRVLWLRQ LQ WKH PLGGOH

HDU DQG WKH VXEVHTXHQW FKDQJHV RI WKH PLGGOH HDU HSLWKHOLXP�

 ���������

6RPH FULWLFDO UHPDUNV FDQ EH PDGH DERXW WKH UHYLHZHG DUWLFOHV� )LUVW� PRVW

VWXGLHV XQIRUWXQDWHO\ FRQFHUQHG WKH HIIHFW RI LQWHUYHQWLRQV RQ YHQWLODWRU\

IXQFWLRQ� ZKHUHDV RQO\ D IHZ VWXGLHV UHSRUWHG WKH HIIHFW RQ SURWHFWLYH RU

FOHDUDQFH IXQFWLRQ� 7KHVH WKUHH (7 IXQFWLRQV DUH� KRZHYHU� FORVHO\ UHODWHG� $V DOO

WKHVH IXQFWLRQV DUH LQWHJUDWHG LQWR RQH VPDOO FRPSOH[ VWUXFWXUH� HDFK FKDQJH RI

DQ\ RI WKHVH IXQFWLRQV PD\ GLUHFWO\ DIIHFW WKH RWKHU IXQFWLRQV� ,Q DGGLWLRQ� HDFK

LQWHUYHQWLRQ PD\ KDYH D SRVLWLYH HIIHFW RQ RQH RI WKHVH IXQFWLRQV DQG� DW WKH

VDPH WLPH� KDYH D QHJDWLYH HIIHFW RQ DQRWKHU IXQFWLRQ� )RU H[DPSOH� D GHFUHDVH

LQ WKH 3R RU WKH 3F LV JHQHUDOO\ FRQVLGHUHG WR UHIOHFW DQ LPSURYHPHQW RI WKH

YHQWLODWRU\ IXQFWLRQ EXW WKLV GHFUHDVH PD\� LQ VRPH FDVHV� UHVXOW LQ D

GHWHULRUDWLRQ RI WKH SURWHFWLYH IXQFWLRQ DV ZHOO� 7KH 3R DQG 3F DUH DVVXPHG WR

UHIOHFW WKH FORVLQJ IRUFHV RI WKH (7� 'XULQJ DFWLYH HTXLOLEUDWLRQ� WKHVH FORVLQJ

IRUFHV KDYH WR EH RYHUFRPH E\ FRQWUDFWLRQ RI WKH SDUDWXEDO PXVFOHV EXW� GXULQJ

QDVRSKDU\QJHDO SUHVVXUH YDULDWLRQV� WKHVH IRUFHV PXVW EH VXIILFLHQW WR NHHS WKH

(7 FORVHG DQG SURWHFW WKH PLGGOH HDU� 7KHUHIRUH� ZH VXJJHVW WKDW D GHFUHDVH RI

WKH FORVLQJ IRUFHV FDQ EH UHJDUGHG DV DQ LPSURYHPHQW RI WKH (7 IXQFWLRQ DV ORQJ

DV WKH SURWHFWLRQ RI WKH PLGGOH HDU LV QRW DIIHFWHG� 7KHVH FRQVLGHUDWLRQV DUH

LPSRUWDQW ZKHQ WKH HIIHFW RQ (7 IXQFWLRQ LV VWXGLHG�

6HFRQG� WKH KHWHURJHQHLW\ DPRQJ WKH UHYLHZHG VWXGLHV ZDV YHU\ SURQRXQFHG�

7KH LQWHUYHQWLRQV WKDW ZHUH VWXGLHG YDULHG ZLGHO\ DQG WKH GLIIHUHQW VWXG\

SRSXODWLRQV ZHUH XVXDOO\ VPDOO DQG QRW VLPLODU �H�J� GLIIHUHQW DQLPDO PRGHOV�

FKLOGUHQ ZLWK 20(� KHDOWK\ DGXOWV RU DGXOWV ZLWK LQGXFHG FRPPRQ FROG�� ,Q

DGGLWLRQ� WKH WHVW PHWKRGV WKDW ZHUH XVHG WR DVVHVV (7 IXQFWLRQ GLIIHUHG
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EHWZHHQ WKH VWXGLHV� 0RVW LQYHVWLJDWRUV VWXGLHG RQO\ RQH RU D IHZ DVSHFWV RI (7

IXQFWLRQ� (YHQ LI WKH VDPH WHVW PHWKRGV ZHUH XVHG� WKH\ ZHUH IUHTXHQWO\

SHUIRUPHG GLIIHUHQWO\� 7KLV PD\ DIIHFW WKH RXWFRPH RI WKH WHVW�� $V D UHVXOW RI

WKLV KHWHURJHQHLW\� LW ZDV YHU\ GLIILFXOW WR FRPSDUH WKH UHVXOWV RI WKH GLIIHUHQW

VWXGLHV� 7KHUHIRUH� ZH GLG QRW SUHVHQW WKH TXDQWLWDWLYH WHVW UHVXOWV EXW RQO\

GLVFXVVHG WKH HIIHFWV TXDOLWDWLYHO\ �L�H� ZKHWKHU DQ HIIHFW ZDV IRXQG RU QRW��

7KLUG� PRVW VWXGLHV GLG QRW XVH D FRQWURO JURXS� DOWKRXJK UDQGRPLVHG� SODFHER�

FRQWUROOHG WULDOV DUH WKH ´JROGHQ VWDQGDUGµ WR DVVHVV WKH HIILFDF\ RI DQ

LQWHUYHQWLRQ� 2QO\ WKH VWXGLHV LQYHVWLJDWLQJ WKH HIIHFW RI D GHFRQJHVWDQW DQG�RU

DQ DQWLKLVWDPLQH KDG D UDQGRPLVHG� GRXEOH�EOLQG� SODFHER�FRQWUROOHG GHVLJQ�

H[FHSW IRU WKH WZR VWXGLHV RQ GRJV� 2I WKH VWXGLHV RI WKH HIIHFW RI

DGHQRLGHFWRP\� RQO\ RQH ZDV D UDQGRPLVHG� FRQWUROOHG VWXG\�

$OWKRXJK WKH UHVXOWV ZHUH QRW XQLIRUP WKURXJKRXW WKH GLIIHUHQW VWXGLHV DQG

GHVSLWH WKH UHVWULFWLRQV PHQWLRQHG DERYH� VRPH FRQFOXVLRQV FDQ EH GUDZQ IURP

WKLV OLWHUDWXUH UHYLHZ� 7KH UHVXOWV RI WKLV UHYLHZ LQGLFDWH WKDW WKH (7 IXQFWLRQ PD\

EH LPSURYHG E\ PHGLFDO LQWHUYHQWLRQ� 6HYHUDO GUXJV �VXUIDFWDQWV� EHWD

DGUHQRFHSWRU DJRQLVWV DQG GHFRQJHVWDQWV� ZHUH VKRZQ WR KDYH DQ HIIHFW RQ

SDVVLYH (7 IXQFWLRQ �3R DQG�RU 3F�� 8QIRUWXQDWHO\� LQ PRVW RI WKHVH VWXGLHV�

DFWLYH (7 IXQFWLRQ ZDV QRW LQYHVWLJDWHG� 1HDUO\ DOO VWXGLHV WKDW GLG LQYHVWLJDWH

DFWLYH (7 IXQFWLRQ DV ZHOO GLG QRW ILQG DQ HIIHFW� $FWLYH DQG SDVVLYH RSHQLQJ RI

WKH (7 PD\ EH LPSURYHG E\ LQFUHDVLQJ WKH FRQFHQWUDWLRQV RI VXUIDFWDQW RU E\

GHFRQJHVWLQJ WKH PXFRVD RI WKH (7� EXW LW VHHPV SUHPDWXUH WR UHFRPPHQG DQ\

RI WKH LQWHUYHQWLRQV UHYLHZHG LQ WKLV SDSHU WR LPSURYH (7 IXQFWLRQ LQ KXPDQV�

5R[\WKURP\FLQ HQKDQFHG WKH FOHDUDQFH FDSDFLW\ RI WKH JXLQHD SLJV· QRUPDO (7�

7KHVH HIIHFWV VHHP SURPLVLQJ� EXW ZKHWKHU GUXJV DUH DOVR HIIHFWLYH WR LPSURYH

PXFRFLOLDU\ FOHDUDQFH LQ KXPDQV RU ZKHQ WKH PXFRFLOLDU\ FOHDUDQFH LV LPSDLUHG

�H�J� GXULQJ 20(� KDV QRW \HW EHHQ VWXGLHG�

7KH DGHQRLG LV DVVXPHG WR SOD\ D UROH LQ WKH SDWKRJHQHVLV RI 20(� 2QH RI WKH

VXJJHVWHG PHFKDQLVPV LV WKDW WKH DGHQRLG REVWUXFWV WKH (7� FDXVLQJ LPSDLUPHQW

RI WKH (7 YHQWLODWRU\ IXQFWLRQ� $V DGHQRLGHFWRP\ FDXVHG LPSURYHPHQW RI WKH

DFWLYH (7 IXQFWLRQ LQ RQO\ D IHZ VWXGLHV DQG WKH FORVLQJ IRUFHV �3R DQG 3F� GLG QRW

FKDQJH DW DOO� WKLV K\SRWKHVLV VHHPV OHVV OLNHO\� ,PSURYHPHQW RI WKH (7 IXQFWLRQ

PD\ EH OLPLWHG WR D VPDOO SURSRUWLRQ RI FKLOGUHQ ZLWK REVWUXFWLQJ DGHQRLGV� 7KH

DGHQRLG PD\ DOVR EH LQYROYHG LQ WKH DHWLRORJ\ RI 20( LQ DQRWKHU ZD\�

9HQWLODWLRQ WXEHV UHVWRUH KHDULQJ LQ FKLOGUHQ ZLWK 20( EXW PD\ KDYH DQ DGYHUVH

HIIHFW RQ (7 IXQFWLRQ� 7KH DHUDWLRQ RI WKH PLGGOH HDU PD\ FDXVH FKDQJHV LQ WKH

PLGGOH HDU HSLWKHOLXP DQG WKH VHFUHWLRQ RI PXFXV� ZKLFK UHVXOW LQ DQ LQFUHDVH RI



7KHUDSHXWLF LPSURYHPHQW

��

WKH FORVLQJ IRUFHV��� :KHWKHU WKLV LPSDLUPHQW RI WKH (7 IXQFWLRQ SHUVLVWV DIWHU

WKH H[WUXVLRQ RI WKH WXEHV� DQG PD\ HYHQ DIIHFW WKH PLGGOH HDU� LV XQNQRZQ�

�����������

(7 IXQFWLRQ FDQ EH LPSURYHG WKHUDSHXWLFDOO\� +RZHYHU� EDVHG RQ WKH UHVXOWV RI

WKLV UHYLHZ� LW VHHPV SUHPDWXUH WR UHFRPPHQG DQ\ RI WKH LQWHUYHQWLRQV UHYLHZHG

LQ WKLV SDSHU WR LPSURYH (7 IXQFWLRQ LQ KXPDQV� :KHQ WKH HIIHFW RI D FHUWDLQ

LQWHUYHQWLRQ LV VWXGLHG� RQH VKRXOG FRQVLGHU WKDW HDFK LQWHUYHQWLRQ WKDW KDV D

SRVLWLYH HIIHFW RQ D SDUWLFXODU DVSHFW RI WKH (7 IXQFWLRQ PD\ KDYH QHJDWLYH

HIIHFWV RQ WKH PLGGOH HDU V\VWHP DV ZHOO� 6XUIDFWDQWV� IRU H[DPSOH� PD\ ORZHU

WKH FORVLQJ IRUFHV WR VXFK DQ H[WHQW WKDW WKH SURWHFWLYH IXQFWLRQ LV QR ORQJHU

JXDUDQWHHG� 0RUH VWXGLHV� SUHIHUDEO\ UDQGRPLVHG� SODFHER�FRQWUROOHG WULDOV�

VKRXOG EH FRQGXFWHG WR DVVHVV WKH HIILFDF\ RI GLIIHUHQW LQWHUYHQWLRQV RQ (7

IXQFWLRQ DQG WR UHYHDO WKH FDVHV LQ ZKLFK WKH\ DUH HIIHFWLYH� 7KRVH VWXGLHV ZLOO

H[WHQG RXU NQRZOHGJH RI WKH (7 IXQFWLRQ DQG WKH UROH RI (7 G\VIXQFWLRQ LQ WKH

SDWKRJHQHVLV RI 20( DQG RWKHU PLGGOH HDU GLVHDVHV� %HVLGHV� LI (7 IXQFWLRQ FDQ

EH LPSURYHG� WKH FOLQLFDO UHOHYDQFH RI WKLV LPSURYHPHQW UHJDUGLQJ 20( DQG

RWKHU PLGGOH HDU GLVHDVHV VWLOO KDV WR EH UHYHDOHG� ,PSURYHPHQW RI WKH (7

IXQFWLRQ ZLOO QRW QHFHVVDULO\ UHVXOW LQ SUHYHQWLRQ RU UHVROXWLRQ RI 20(� $OWKRXJK

(7 G\VIXQFWLRQ LV DVVXPHG WR SOD\ D UROH LQ WKH SDWKRJHQHVLV RI 20( DQG RWKHU

PLGGOH HDU GLVHDVHV� PDQ\ RWKHU IDFWRUV DIIHFW WKH GHYHORSPHQW RI WKHVH

GLVHDVHV DV ZHOO�

55HHIIHHUHUHQQFFHVHV

�� %DUEDL[ 0� &ORWXFKH -� 'H -RQFNHUH 3� HW DO� 1DLVVDQFH HW GHYHORSSHPHQW GH O
RWR�UKLQR�ODU\QJRORJLH

GDQV O
KLVWRLUH GH OD PHGHFLQH� $FWD 2WRUKLQRODU\QJRO %HOJ ������������������

�� %OXHVWRQH &'� 3DUDGLVH -/� %HHU\ 4&� 3K\VLRORJ\ RI WKH (XVWDFKLDQ WXEH LQ WKH SDWKRJHQHVLV DQG

PDQDJHPHQW RI PLGGOH HDU HIIXVLRQV� /DU\QJRVFRSH ������������������

�� 'R\OH :-� &DQWHNLQ (,� %OXHVWRQH &'� (XVWDFKLDQ WXEH IXQFWLRQ LQ FOHIW SDODWH FKLOGUHQ� $QQ 2WRO

5KLQRO /DU\QJRO ��������������

�� 6NRQHU '3� /HH /� 'R\OH :-� HW DO� 1DVDO SK\VLRORJ\ DQG LQIODPPDWRU\ PHGLDWRUV GXULQJ QDWXUDO

SROOHQ H[SRVXUH� $QQ $OOHUJ\ ����������������

�� %\ODQGHU $� 8SSHU UHVSLUDWRU\ WUDFW LQIHFWLRQ DQG (XVWDFKLDQ WXEH IXQFWLRQ LQ FKLOGUHQ� $FWD

2WRODU\QJRO ����������������

�� 6DGp -� $U $� 0LGGOH HDU DQG DXGLWRU\ WXEH� PLGGOH HDU FOHDUDQFH� JDV H[FKDQJH� DQG SUHVVXUH

UHJXODWLRQ� 2WRODU\QJRO +HDG 1HFN 6XUJ �����������������

�� )DON %� 6QLII�LQGXFHG QHJDWLYH PLGGOH HDU SUHVVXUH� VWXG\ RI D FRQVHFXWLYH VHULHV RI FKLOGUHQ ZLWK

RWLWLV PHGLD ZLWK HIIXVLRQ� $P - 2WRODU\QJRO ���������������

�� YDQ +HHUEHHN 1� ,QJHOV .-$2� 6QLN $)0� =LHOKXLV *$� 5HOLDELOLW\ RI PDQRPHWULF (XVWDFKLDQ WXEH

IXQFWLRQ WHVWV LQ FKLOGUHQ� 2WRO 1HXURWRO ����������������
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��

�� 6KHIILHOG 3$� -DFNVRQ 57� 'DYLV /-� 3DWHQF\ FKDQJHV LQ GRJ
V (XVWDFKLDQ WXEH LQ UHVSRQVH WR DOSKD

DQG EHWD DGUHQHUJLF GUXJV� $QQ 2WRO 5KLQRO /DU\QJRO ����������������

��� %\ODQGHU $� 7MHUQVWU|P 2� ,YDUVVRQ $� 3UHVVXUH RSHQLQJ DQG FORVLQJ IXQFWLRQV RI WKH (XVWDFKLDQ

WXEH E\ LQIODWLRQ DQG GHIODWLRQ LQ FKLOGUHQ DQG DGXOWV ZLWK QRUPDO HDUV� $FWD 2WRODU\QJRO

����������������

��� +ROPTXLVW -� %M|UNPDQ *� 2OpQ /� 0HDVXUHPHQW RI (XVWDFKLDQ WXEH IXQFWLRQ XVLQJ VRQRWXERPHWU\�

6FDQG $XGLRO ��������������

��� %\ODQGHU $� 7MHUQVWU|P 2� ,YDUVVRQ $� 3UHVVXUH RSHQLQJ DQG FORVLQJ IXQFWLRQV RI WKH (XVWDFKLDQ

WXEH LQ FKLOGUHQ DQG DGXOWV ZLWK QRUPDO HDUV� $FWD 2WRODU\QJRO ��������������

��� 7DNDKDVKL +� +D\DVKL 0� 6DWR +� HW DO� 3ULPDU\ GHILFLWV LQ (XVWDFKLDQ WXEH IXQFWLRQ LQ SDWLHQWV ZLWK

RWLWLV PHGLD ZLWK HIIXVLRQ� $UFK 2WRODU\QJRO +HDG 1HFN 6XUJ �����������������

��� 1LZD +� 7DNDKDVKL 0� <DQDJLWD 1� HW DO� (YDOXDWLRQ RI FOHDUDQFH IXQFWLRQ RI WKH (XVWDFKLDQ WXEH E\

VHTXHQWLDO FRQWUDVW &7� $FWD 2WRODU\QJRO ���������������

��� :KLWH 3� (IIHFW RI H[RJHQRXV VXUIDFWDQW RQ (XVWDFKLDQ WXEH IXQFWLRQ LQ WKH UDW� $P - 2WRODU\QJRO

����������������

��� :KLWH 3� +HUPDQVVRQ $� 6YLQKXIYXG 0� 6XUIDFWDQW DQG LVRSUHQDOLQH HIIHFW RQ (XVWDFKLDQ WXEH

RSHQLQJ LQ UDWV ZLWK DFXWH RWLWLV PHGLD� $P - 2WRODU\QJRO ����������������

��� )RUQDGOH\ -$� %XUQV -.� 7KH HIIHFW RI VXUIDFWDQW RQ (XVWDFKLDQ WXEH IXQFWLRQ LQ D JHUELO PRGHO RI

RWLWLV PHGLD ZLWK HIIXVLRQ� 2WRODU\QJRO +HDG 1HFN 6XUJ �����������������

��� 1HPHFKHN $-� 3DKODYDQ 1� &RWH '1� 1HEXOL]HG VXUIDFWDQW IRU H[SHULPHQWDOO\ LQGXFHG RWLWLV PHGLD

ZLWK HIIXVLRQ� 2WRODU\QJRO +HDG 1HFN 6XUJ �����������������

��� 0DOP /� :KLWH 3� ,VRSUHQDOLQH�LQGXFHG IDFLOLWDWLRQ RI WKH (XVWDFKLDQ WXEH RSHQLQJ� $FWD

2WRODU\QJRO ����������������

��� :KLWH 3� 0DOP /� 7MHUQVWU|P 2� (IIHFW RI WHUEXWDOLQH RQ KXPDQ (XVWDFKLDQ WXEH IXQFWLRQ� 25/ -

2WRUKLQRODU\QJRO 5HODW 6SHF ����������������

��� 0LOOHU *)� ,QIOXHQFH RI DQ RUDO GHFRQJHVWDQW RQ (XVWDFKLDQ WXEH IXQFWLRQ LQ FKLOGUHQ� - $OOHUJ\

����������������

��� 'HPSVH\ -(� -DFNVRQ 57� 3VHXGRHSKHGULQH DQG WKH GRJ
V (XVWDFKLDQ WXEH� $UFK 2WRODU\QJRO

����������������

��� &DQWHNLQ (,� %OXHVWRQH &'� 5RFNHWWH +(� HW DO� (IIHFW RI GHFRQJHVWDQW ZLWK RU ZLWKRXW DQWLKLVWDPLQH

RQ (XVWDFKLDQ WXEH IXQFWLRQ� $QQ 2WRO 5KLQRO /DU\QJRO ��������VXSSO����������

��� -HQVHQ -+� /HWK 1� %RQGLQJ 3� 7RSLFDO DSSOLFDWLRQ RI GHFRQJHVWDQW LQ G\VIXQFWLRQ RI WKH (XVWDFKLDQ

WXEH� D UDQGRPL]HG� GRXEOH�EOLQG� SODFHER�FRQWUROOHG WULDO� &OLQ 2WRODU\QJRO ����������������

��� 2OpQ /� +ROPTXLVW -� ,QIOXHQFH RI QDVDO GHFRQJHVWDQWV RQ (XVWDFKLDQ WXEH IXQFWLRQ� ,Q� /LP '-�

%OXHVWRQH &'� .OHLQ -2� HW DO� HGLWRUV� 5HFHQW $GYDQFHV LQ 2WLWLV 0HGLD� 3URFHHGLQJV RI WKH )LIWK

,QWHUQDWLRQDO 6\PSRVLXP RQ 5HFHQW $GYDQFHV LQ 2WLWLV 0HGLD� ���� 0D\ ������ )W� /DXGHUGDOH �)/��

'HFNHU 3HULRGLFDOV� �����������

��� /LOGKROGW 7� &DQWHNLQ (,� %OXHVWRQH &'� HW DO� (IIHFW RI D WRSLFDO QDVDO GHFRQJHVWDQW RQ (XVWDFKLDQ

WXEH IXQFWLRQ LQ FKLOGUHQ ZLWK W\PSDQRVWRP\ WXEHV� $FWD 2WRODU\QJRO ��������������

��� 9LUWDQHQ +� 7KH HIIHFW RI DQ RUDO FRPELQHG SUHSDUDWLRQ �DQWLKLVWDPLQH DQG GHFRQJHVWDQW� RQ

(XVWDFKLDQ WXEH IXQFWLRQ LQ WKH FRPPRQ FROG� 25/ - 2WRUKLQRODU\QJRO 5HODW 6SHF ������������

����

��� 'R\OH :-� 0F%ULGH 73� 6NRQHU '3� HW DO� $ GRXEOH�EOLQG� SODFHER�FRQWUROOHG FOLQLFDO WULDO RI WKH HIIHFW

RI FKORUSKHQLUDPLQH RQ WKH UHVSRQVH RI WKH QDVDO DLUZD\� PLGGOH HDU DQG (XVWDFKLDQ WXEH WR

SURYRFDWLYH UKLQRYLUXV FKDOOHQJH� 3HGLDWU ,QIHFW 'LV - ���������������

��� 'R\OH :-� 5LNHU '.� 0F%ULGH 73� HW DO� 7KHUDSHXWLF HIIHFWV RI DQ DQWLFKROLQHUJLF�V\PSDWKRPLPHWLF

FRPELQDWLRQ LQ LQGXFHG UKLQRYLUXV FROGV� $QQ 2WRO 5KLQRO /DU\QJRO �����������������

��� 6XJLXUD <� 2KDVKL <� 1DNDL <� 5R[\WKURP\FLQ VWLPXODWHV WKH PXFRFLOLDU\ DFWLYLW\ RI WKH (XVWDFKLDQ

WXEH DQG PRGXODWHV QHXWURSKLO DFWLYLW\ LQ WKH KHDOWK\ JXLQHD SLJ� $FWD 2WRODU\QJRO

���������VXSSO��������
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��� 6XJLXUD <� 2KDVKL <� 1DNDL <� 7KH KHUEDO PHGLFLQH� VDLUHL�WR� HQKDQFHV WKH PXFRFLOLDU\ DFWLYLW\ RI

WKH WXERW\PSDQXP LQ WKH KHDOWK\ JXLQHD SLJ� $FWD 2WRODU\QJRO ���������VXSSO��������

��� %OXHVWRQH &'� &DQWHNLQ (,� %HHU\ 4&� &HUWDLQ HIIHFWV RI DGHQRLGHFWRP\ RI (XVWDFKLDQ WXEH

YHQWLODWRU\ IXQFWLRQ� /DU\QJRVFRSH ����������������

��� 7DNDKDVKL +� )XMLWD $� +RQMR ,� (IIHFW RI DGHQRLGHFWRP\ RQ RWLWLV PHGLD ZLWK HIIXVLRQ� WXEDO

IXQFWLRQ� DQG VLQXVLWLV� $P - 2WRODU\QJRO ����������������

��� +RQMR ,� 7DVKLPD .� 0LWRPD 7� HW DO� (IIHFW RI DGHQRLGHFWRP\ RQ (XVWDFKLDQ WXEH IXQFWLRQ� $XULV

1DVXV /DU\Q[ ��������VXSSO����������

��� 'HPSVWHU -+� %URZQLQJ **� (XVWDFKLDQ WXEH IXQFWLRQ IROORZLQJ DGHQRLGHFWRP\� DQ HYDOXDWLRQ E\

VQLIILQJ� &OLQ 2WRODU\QJRO ����������������

��� 0DQGHO (0� %OXHVWRQH &'� 7DNDKDVKL +� HW DO� (IIHFW RI DGHQRLGHFWRP\ RQ (XVWDFKLDQ WXEH

IXQFWLRQ� 3UHOLPLQDU\ UHVXOWV RI D UDQGRPL]HG FOLQLFDO WULDO� $GY 2WRUKLQRODU\QJRO ������������

����

��� +ROPTXLVW -� 5HQZDOO 8� (XVWDFKLDQ WXEH IXQFWLRQ LQ VHFUHWRU\ RWLWLV PHGLD� $UFK 2WRODU\QJRO

��������������

��� 1HHO +%� .HDWLQJ /:� 0F'RQDOG 7-� 9HQWLODWLRQ LQ VHFUHWRU\ RWLWLV PHGLD� HIIHFWV RQ PLGGOH HDU

YROXPH DQG (XVWDFKLDQ WXEH IXQFWLRQ� $UFK 2WRODU\QJRO �����������������

��� %HHU\ 4&� 'R\OH :-� &DQWHNLQ (,� HW DO� /RQJLWXGLQDO DVVHVVPHQW RI (XVWDFKLDQ WXEH IXQFWLRQ LQ

FKLOGUHQ� /DU\QJRVFRSH ������������������

��� .QLJKW /&� +LOJHU $� 7KH HIIHFWV RI JURPPHW LQVHUWLRQ RQ (XVWDFKLDQ WXEH IXQFWLRQ� &OLQ

2WRODU\QJRO ����������������

��� %XQQH 0� )DON %� +HOOVWU|P 6� HW DO� 9DULDELOLW\ RI (XVWDFKLDQ WXEH IXQFWLRQ LQ FKLOGUHQ ZLWK

VHFUHWRU\ RWLWLV PHGLD� (YDOXDWLRQV DW WXEH LQVHUWLRQ DQG DW IROORZ�XS� ,QW - 3HGLDWU 2WRUKLQRODU\QJRO

����������������

��� YDQ +HHUEHHN 1� ,QJHOV .-$2� 6QLN $)0� =LHOKXLV *$� (XVWDFKLDQ WXEH IXQFWLRQ DIWHU WKH LQVHUWLRQ

RI YHQWLODWLRQ WXEHV� $QQ 2WRO 5KLQRO /DU\QJRO ������������������
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(IIHFW RI YHQWLODWLRQ WXEHV

��

��������

7KLV VWXG\ ZDV SHUIRUPHG WR DVVHVV WKH HIIHFW RI WKH LQVHUWLRQ RI YHQWLODWLRQ

WXEHV DQG WKH VXEVHTXHQW DHUDWLRQ RI WKH PLGGOH HDU RQ (XVWDFKLDQ WXEH �(7�

IXQFWLRQ LQ FKLOGUHQ� 0DQRPHWULF (7 IXQFWLRQ WHVWV ZHUH SHUIRUPHG UHSHDWHGO\

GXULQJ � PRQWKV� DIWHU WKH SODFHPHQW RI YHQWLODWLRQ WXEHV LQ �� FKLOGUHQ ZLWK

RWLWLV PHGLD ZLWK HIIXVLRQ �20(�� 2SHQLQJ DQG FORVLQJ SUHVVXUHV �SDVVLYH (7

IXQFWLRQ� DQG WXEDO IXQFWLRQ JURXS �DFWLYH (7 IXQFWLRQ� ZHUH PHDVXUHG� $QDO\VLV

RI WKH UHVXOWV VKRZHG D VLJQLILFDQW LQFUHDVH LQ RSHQLQJ SUHVVXUH RYHU WLPH� ZKLOH

WKH FORVLQJ SUHVVXUH GLG QRW FKDQJH� 7XEDO IXQFWLRQ JURXS GLG QRW FKDQJH DQG

UHPDLQHG DW WKH VDPH SRRU OHYHO� 7KHUHIRUH� WKH UHODWLYHO\ KLJK RSHQLQJ DQG

FORVLQJ SUHVVXUHV DQG HVSHFLDOO\ WKH SRRU DFWLYH (7 IXQFWLRQ LQ WKHVH FKLOGUHQ

ZHUH PRUH OLNHO\ WR EH D FDXVDO IDFWRU RI 20( WKDQ D UHVXOW� &HUWDLQ FKLOGUHQ PD\

KDYH SRRU LQWULQVLF (7 IXQFWLRQ� ZKLFK PDNHV WKHP PRUH VXVFHSWLEOH WR 20(�
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��

������������

2WLWLV PHGLD ZLWK HIIXVLRQ �20(� LV D FRPPRQ GLVHDVH GXULQJ FKLOGKRRG� 1HDUO\

HYHU\ FKLOG ZLOO VXIIHU IURP DW OHDVW RQH HSLVRGH RI 20( EHIRUH WKH DJH RI IRXU

\HDUV�� $V D UHVXOW RI WKH KLJK LQFLGHQFH� 20( KDV EHFRPH WKH PRVW IUHTXHQW

UHDVRQ IRU VXUJHU\ LQ \RXQJ FKLOGUHQ�� 'LIIHUHQW VXUJLFDO SURFHGXUHV� LQFOXGLQJ

P\ULQJRWRP\� LQVHUWLRQ RI YHQWLODWLRQ WXEHV� DGHQRLGHFWRP\ RU FRPELQDWLRQV DUH

XVHG IRU 20( WUHDWPHQW����

7KH SDWKRJHQHVLV RI 20( LV PXOWLIDFWRULDO� EXW D QHJDWLYH PLGGOH HDU SUHVVXUH����

LPPXQRORJLFDO DEQRUPDOLWLHV���� RU D FRPELQDWLRQ RI WKHVH IDFWRUV LV DVVXPHG WR

SOD\ D FHQWUDO UROH LQ WKH SDWKRJHQHVLV RI 20(�

7KH H[DFW PHFKDQLVP UHVSRQVLEOH IRU SHUVLVWHQW QHJDWLYH PLGGOH HDU SUHVVXUH

VWLOO UHPDLQV XQFOHDU� 0LGGOH HDU SUHVVXUH LV LQIOXHQFHG E\ WKH GLIIXVLRQ RI JDVHV

EHWZHHQ WKH PLGGOH HDU FDYLW\ DQG WKH VXUURXQGLQJ WLVVXHV DQG E\ YHQWLODWLRQ RI

WKH PLGGOH HDU WKURXJK WKH (XVWDFKLDQ WXEH �(7�� ,PSDLUHG JDV GLIIXVLRQ LV

VSHFXODWHG WR EH DQ LPSRUWDQW IDFWRU LQ WKH GHYHORSPHQW RI SHUVLVWHQW QHJDWLYH

PLGGOH HDU SUHVVXUH����� 1RUPDOO\� HTXLOLEUDWLRQ RI QHJDWLYH PLGGOH HDU SUHVVXUH LV

DFKLHYHG E\ SHULRGLFDO DFWLYH RSHQLQJ RI WKH (7� ,PSDLUHG YHQWLODWLRQ RI WKH

PLGGOH HDU FDXVHG E\ IXQFWLRQDO REVWUXFWLRQ RI WKH (7��� RU FORVLQJ IDLOXUH

FRPELQHG ZLWK KDELWXDO VQLIILQJ� LV DVVXPHG WR FDXVH SHUVLVWHQW QHJDWLYH PLGGOH

HDU SUHVVXUH� +RZHYHU� LW LV QRW FOHDU ZKHWKHU WKLV (7 G\VIXQFWLRQ LV D FDXVH RU D

UHVXOW RI WKH HIIXVLRQ LQ 20(� (7 IXQFWLRQ PD\ HLWKHU GHWHULRUDWH DV D UHVXOW RI

WKH SUHVHQFH RI HIIXVLRQ LQ WKH PLGGOH HDU FDYLW\ RU (7 IXQFWLRQ PD\ EH

LQWULQVLFDOO\ SRRU LQ VRPH FKLOGUHQ ZKR� DV D UHVXOW� GHYHORS SHUVLVWHQW 20(�

ZKLOH RWKHU FKLOGUHQ ZLWK JRRG (7 IXQFWLRQ GR QRW GHYHORS 20( RU RQO\ VKRUW�

WHUP 20(�

0DQ\ RWKHU IDFWRUV WKDW KDYH EHHQ GHVFULEHG DV SURJQRVWLF RU SDWKRJHQLF IRU

20(����� SUREDEO\ LQIOXHQFH WKH RFFXUUHQFH RI 20( WKURXJK WKHLU HIIHFW RQ (7

IXQFWLRQ� WKH GLIIXVLRQ RI JDVHV RU WKH LPPXQRORJLFDO UHVSRQVH�

7KH LQVHUWLRQ RI YHQWLODWLRQ WXEHV LV DVVXPHG WR EH D V\PSWRPDWLF WUHDWPHQW�

9HQWLODWLRQ WXEHV WDNH RYHU WKH IXQFWLRQ RI WKH (7 E\ UHVROYLQJ WKH HIIXVLRQ DQG

YHQWLODWLQJ WKH PLGGOH HDU� +RZHYHU� EHVLGHV EHLQJ D VXEVWLWXWH IRU (7 IXQFWLRQ�

WKH LQVHUWLRQ RI YHQWLODWLRQ WXEHV PD\ DIIHFW (7 IXQFWLRQ DV ZHOO� 7KH DLP RI WKLV

VWXG\ ZDV WR DVVHVV WKH HIIHFW RI WKH LQVHUWLRQ RI YHQWLODWLRQ WXEHV DQG WKH

VXEVHTXHQW DHUDWLRQ RI WKH PLGGOH HDU RQ (7 IXQFWLRQ LQ FKLOGUHQ ZLWK 20(�

�������������	������

7KH VWXG\ SRSXODWLRQ FRPSULVHG �� FKLOGUHQ� �� ER\V DQG �� JLUOV� ZLWK D PHDQ

DJH RI ��� \HDUV �UDQJH �������� \HDUV�� $OO WKH FKLOGUHQ ZHUH WUHDWHG ZLWK
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YHQWLODWLRQ WXEHV DW WKH 'HSDUWPHQW RI 2WRUKLQRODU\QJRORJ\ RI WKH 8QLYHUVLW\

0HGLFDO &HQWUH RU WKH &DQLVLXV :LOKHOPLQD +RVSLWDO LQ 1LMPHJHQ� EHFDXVH RI

SHUVLVWHQW 20(� ,Q WRWDO� ��� HDUV ZHUH H[DPLQHG ��� OHIW HDUV DQG �� ULJKW HDUV��

2Q DYHUDJH� PDQRPHWULF (7 IXQFWLRQ WHVWV �IRUFHG UHVSRQVH WHVW DQG SUHVVXUH

HTXLOLEUDWLRQ WHVW� ZHUH SHUIRUPHG � KRXUV� ��� ZHHNV DQG �� ZHHNV

SRVWRSHUDWLYHO\� &KLOGUHQ ZLWK V\QGURPHV WKDW PD\ DIIHFW PLGGOH HDU IXQFWLRQ

�H�J� 'RZQ·V V\QGURPH DQG FOHIW SDODWH� ZHUH H[FOXGHG� 3DUHQWDO FRQVHQW ZDV

REWDLQHG LQ DOO FDVHV�

(TXLSPHQW

$ UHFHQWO\ FDOLEUDWHG 7<03�� PLGGOH HDU DQDO\VHU �5H[WRQ 'DQSOH[ $�6�

&RSHQKDJHQ� 'HQPDUN� ZDV XVHG IRU WKH PHDVXUHPHQWV� 3UHVVXUH DSSOLHG E\ WKH

SXPS UDQJHG IURP ��� GD3D WR ���� GD3D� ZLWK D SXPS UDWH RI �� GD3D�V�

3URFHGXUH

%HIRUH VXUJHU\� DOO WKH SDUHQWV ILOOHG LQ D TXHVWLRQQDLUH DERXW WKHLU FKLOG·V

RWRUKLQRODU\QJRORJLFDO KLVWRU\� 8QGHU JHQHUDO DQDHVWKHVLD� DOO WKH FKLOGUHQ

XQGHUZHQW XQLODWHUDO RU ELODWHUDO P\ULQJRWRP\ ZLWK DVSLUDWLRQ RI WKH HIIXVLRQ

ZKHQ SUHVHQW� 6XEVHTXHQWO\� YHQWLODWLRQ WXEHV ZHUH LQVHUWHG�

)LJXUH �� ([DPSOHV RI D UHFRUGLQJ RI WKH IRUFHG UHVSRQVH WHVW >OHIW@ ZLWK RSHQLQJ �3R� DQG FORVLQJ

SUHVVXUH �3F�� DQG WKH SUHVVXUH HTXLOLEUDWLRQ WHVW >ULJKW@ ZLWK VWDUWLQJ �3VW� DQG UHVLGXDO SUHVVXUH �3U��

7KH (7 IXQFWLRQ ZDV DVVHVVHG WZR KRXUV DIWHU RSHUDWLRQ� $Q H[DPSOH RI DQ (7

IXQFWLRQ PHDVXUHPHQW LV VKRZQ LQ )LJXUH �� 3DVVLYH (7 IXQFWLRQ ZDV DVVHVVHG E\

PHDVXULQJ WKH RSHQLQJ SUHVVXUH �3R� DQG WKH FORVLQJ SUHVVXUH �3F� �IRUFHG

UHVSRQVH WHVW�� 7KH 3R ZDV WKH SUHVVXUH DW ZKLFK WKH (7 RSHQHG VSRQWDQHRXVO\�

ZKLOH WKH 3F ZDV WKH UHVLGXDO SUHVVXUH DIWHU SDVVLYH RSHQLQJ� ,Q D SUHYLRXV VWXG\�

WKH UHVXOWV RI WKH IRUFHG UHVSRQVH WHVW VKRZHG D GRZQZDUG VKLIW ZLWK UHSHDWHG

3R

3F

WLPH

SUHVVXUH

GHJOXWLWLRQ

GHJOXWLWLRQ

3U

3VW
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PHDVXUHPHQW� 7KHUHIRUH 3R DQG 3F ZHUH UHFRUGHG WKUHH WLPHV GXULQJ HDFK

SRVWRSHUDWLYH PHDVXUHPHQW� KHUHDIWHU UHIHUUHG WR DV VHVVLRQ� 7KH PHDQV RI WKH

WKUHH 3R DQG 3F ZHUH XVHG IRU DQDO\VLV���

$FWLYH (7 IXQFWLRQ ZDV DVVHVVHG E\ PHDVXULQJ WKH FKLOGUHQ·V DELOLW\ WR

HTXLOLEUDWH SRVLWLYH DQG QHJDWLYH SUHVVXUHV �SUHVVXUH HTXLOLEUDWLRQ WHVW�� $

SRVLWLYH RU QHJDWLYH SUHVVXUH ZDV DSSOLHG WR WKH PLGGOH HDU DQG WKH HIIHFW RI

UHSHWLWLYH GHJOXWLWLRQV �WKH FKLOGUHQ ZHUH DVNHG WR VZDOORZ VRPH OHPRQDGH� RQ

WKLV SUHVVXUH ZDV UHFRUGHG� 7KH SUHVVXUH HTXLOLEUDWLRQ WHVW ZDV SHUIRUPHG RQO\

RQFH GXULQJ HDFK VHVVLRQ� VLQFH WKH FDWHJRULVHG UHVXOWV RI WKH WHVW VKRZHG JRRG

UHSURGXFLELOLW\��� 7KH UHVLGXDO SUHVVXUH �3U� DIWHU VHYHUDO GHJOXWLWLRQV ZDV

UHFRUGHG� %DVHG RQ WKH 3U� HDFK VXEMHFW ZDV FODVVLILHG LQWR RQH RI IRXU WXEDO

IXQFWLRQ JURXSV DFFRUGLQJ WR (OQHU HW DO��� 7KH VXEMHFWV LQ JURXS , ZHUH DEOH WR

HTXLOLEUDWH SRVLWLYH DQG QHJDWLYH SUHVVXUHV FRPSOHWHO\ �3U��� GD3D DQG !���

GD3D� UHVSHFWLYHO\�� *URXS ,, VXEMHFWV FRXOG HTXLOLEUDWH SRVLWLYH DQG QHJDWLYH

SUHVVXUHV SDUWLDOO\ �3U!�� GD3D RU ���� GD3D� UHVSHFWLYHO\�� *URXS ,,, VXEMHFWV

FRXOG HTXLOLEUDWH SRVLWLYH SUHVVXUH FRPSOHWHO\ RU SDUWLDOO\� EXW ZHUH QRW DEOH WR

HTXLOLEUDWH QHJDWLYH SUHVVXUH� 7KH VXEMHFWV LQ JURXS ,9 FRXOG QRW HTXLOLEUDWH

SRVLWLYH RU QHJDWLYH SUHVVXUHV� 7KH PHDVXUHPHQWV ZHUH SHUIRUPHG ZLWK VWDUWLQJ

SUHVVXUHV RI ��� DQG ���� GD3D� UHVSHFWLYHO\� ,Q VRPH VXEMHFWV D VWDUWLQJ

SUHVVXUH RI ��� GD3D FRXOG QRW EH DSSOLHG� EHFDXVH WKH (7 RSHQHG

VSRQWDQHRXVO\ EHIRUH ��� GD3D ZDV UHDFKHG� ,Q WKHVH VXEMHFWV WKH WHVW ZDV

SHUIRUPHG ZLWK VWDUWLQJ SUHVVXUHV RI ��� DQG ���� GD3D LQ DOO WKUHH VHVVLRQV�

7KH (7 IXQFWLRQ WHVWV DUH GHVFULEHG LQ PRUH GHWDLO HOVHZKHUH���

6WDWLVWLFDO DQDO\VLV

$OO GDWD ZHUH DQDO\VHG XVLQJ WKH 6$6 VWDWLVWLFDO SDFNDJH �6$6 ,QVWLWXWH� &DU\� 1&�

86$�� 8QLYDULDWH DQDO\VHV ZHUH SHUIRUPHG RQ WKH GDWD IURP WKH HDUV WKDW ZHUH

PHDVXUHG ILUVW� 2QO\ RQH HDU RI HDFK FKLOG ZDV XVHG IRU XQLYDULDWH DQDO\VHV�

EHFDXVH WKH UHVXOWV RI OHIW DQG ULJKW HDUV ZHUH KLJKO\ FRUUHODWHG� 'LIIHUHQFHV LQ

PHDQ 3R DQG 3F RYHU WLPH ZHUH WHVWHG XVLQJ WKH SDLUHG W�WHVW DQG GLIIHUHQFHV LQ

WXEDO IXQFWLRQ JURXS RYHU WLPH ZHUH WHVWHG XVLQJ WKH 0F1HPDU WHVW�

7KH FKL�VTXDUH WHVW DQG WKH 6WXGHQW·V W�WHVW ZHUH XVHG WR VWXG\ WKH GLIIHUHQFHV LQ

DFWLYH DQG SDVVLYH (7 IXQFWLRQ EHWZHHQ GLIIHUHQW VXEJURXSV� )RU HDFK

FRPSDULVRQ WKH FKLOGUHQ ZHUH GLYLGHG LQWR WZR VXEJURXSV EDVHG RQ RQH RI WKH

IROORZLQJ FULWHULD� SUHYLRXV DGHQRLGHFWRP\� SUHYLRXV WUHDWPHQW ZLWK YHQWLODWLRQ

WXEHV� IRXU RU PRUH DQQXDO HSLVRGHV RI XSSHU UHVSLUDWRU\ WUDFW LQIHFWLRQ DQG WKH

SUHVHQFH RI HIIXVLRQ LQ WKH PLGGOH HDU DW WKH WLPH RI VXUJHU\�
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,Q RUGHU WR DGMXVW IRU FRPSDULVRQ RI PXOWLSOH WHVW VHVVLRQV� 3R DQG 3F IURP DOO

HDUV ZHUH DOVR DQDO\VHG DIWHU ORJDULWKPLF WUDQVIRUPDWLRQ XVLQJ D OLQHDU PL[HG

PRGHO �6$6 SURFHGXUH 0,;('�� 7KH HIIHFW RI RUGHU RI PHDVXUHPHQW� L�H� ZKHWKHU

WKH OHIW HDU RU WKH ULJKW HDU ZDV PHDVXUHG ILUVW� ZDV DOVR VWXGLHG LQ WKLV PRGHO�

:H XVHG WLPH �� OHYHOV� DQG RUGHU RI PHDVXUHPHQW �� OHYHOV� DV DGGLWLYH IL[HG

HIIHFWV� $Q XQVWUXFWXUHG FRYDULDQFH PDWUL[ ZDV XVHG� 6RPH FKLOGUHQ·V (7 GLG QRW

RSHQ HYHQ ZKHQ WKH PD[LPXP SUHVVXUH �L�H� ��� GD3D� ZDV DSSOLHG� 7R EH DEOH

WR LQFOXGH WKHVH HDUV LQ WKH OLQHDU PL[HG PRGHO� WKH 3R RI WKHVH HDUV ZDV

HVWLPDWHG WR EH ��� GD3D� EDVHG RQ WKH YDULDQFH RI DOO 3R� 7KH FRUUHVSRQGLQJ 3F

UHPDLQHG PLVVLQJ� EHFDXVH QR UHOLDEOH HVWLPDWLRQ RI 3F FRXOG EH PDGH�

7KH HDUV LQ WXEDO IXQFWLRQ JURXSV , DQG ,, ZHUH RPLWWHG IURP DOO WKH DQDO\VHV�

EHFDXVH WKHVH JURXSV FRQWDLQHG QR RU RQO\ D IHZ HDUV� 'DWD IURP WKH FKLOGUHQ

ZLWK PLVVLQJ YDOXHV DW RQH RI WKH VHVVLRQV GXH WR REVWUXFWLRQ RU HDUO\ H[WUXVLRQ

RI WKH YHQWLODWLRQ WXEH� RWRUUKHD RU SRRU FR�RSHUDWLRQ RI WKH FKLOG� ZHUH LQFOXGHG

LQ WKH DQDO\VHV� EHFDXVH WKH RFFXUUHQFH RI WKHVH PLVVLQJ YDOXHV ZDV DVVXPHG WR

EH UDQGRP DQG EHFDXVH WKH UHVXOWV RI WKHVH FKLOGUHQ FRUUHVSRQGHG ZLWK WKH

UHVXOWV RI WKH FKLOGUHQ ZLWKRXW PLVVLQJ YDOXHV�

�������

)RUFHG UHVSRQVH WHVW

)LJXUH � VKRZV WKH PHDQ 3R DQG 3F � � [ VWDQGDUG HUURU RI WKH PHDQ �6(0� RI DOO

WKH HDUV DW � KRXUV� ��� ZHHNV� DQG �� ZHHNV EDVHG RQ WKH UHVXOWV RI WKH OLQHDU

PL[HG PRGHO� %RWK XQLYDULDWH DQDO\VLV DQG WKH OLQHDU PL[HG PRGHO VKRZHG D

VLJQLILFDQW LQFUHDVH LQ 3R RYHU WLPH �S ������ OLQHDU PL[HG PRGHO�� 7KH LQFUHDVH

LQ 3R EHWZHHQ WKH ILUVW DQG WKH VHFRQG VHVVLRQV ZDV PRUH SURQRXQFHG ��� GD3D

LQ ��� ZHHNV� S ����� WKDQ WKH LQFUHDVH EHWZHHQ WKH VHFRQG DQG WKLUG VHVVLRQV

��� GD3D LQ ���� ZHHNV� S ������ 2UGHU RI PHDVXUHPHQW� L�H� ZKHWKHU WKH OHIW RU

WKH ULJKW HDU ZDV PHDVXUHG ILUVW� GLG QRW DIIHFW �S ����� WKH 3R� 1R HIIHFW RI WLPH

DQG RUGHU RI PHDVXUHPHQW RQ 3F ZDV IRXQG �S ���� DQG S ����� UHVSHFWLYHO\��

3UHVVXUH HTXLOLEUDWLRQ WHVW

)LJXUH � VKRZV WKH GLVWULEXWLRQ RYHU WKH WXEDO IXQFWLRQ JURXSV DW � KRXUV� ���

ZHHNV DQG �� ZHHNV� 2QO\ D IHZ FKLOGUHQ ZHUH DEOH WR HTXLOLEUDWH QHJDWLYH

SUHVVXUH ���� �� DQG �� DW WKH WKUHH VHVVLRQV� UHVSHFWLYHO\� DQG QRQH RI WKHVH

FKLOGUHQ ZHUH DEOH WR HTXLOLEUDWH QHJDWLYH SUHVVXUH DW DOO WKUHH VHVVLRQV� 0RVW RI

WKH FKLOGUHQ KDG SRRU (7 IXQFWLRQ� L�H� WXEDO IXQFWLRQ JURXS ,,, RU ,9� 1R
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)LJXUH �� 0HDQ RSHQLQJ �VROLG VTXDUH� DQG FORVLQJ SUHVVXUH �VROLG GLDPRQG� >± � 6(0@ DW � KRXUV� ���

ZHHNV DQG �� ZHHNV� EDVHG RQ WKH UHVXOWV RI WKH OLQHDU PL[HG PRGHO�

VLJQLILFDQW FKDQJH LQ WXEDO IXQFWLRQ JURXS ZDV IRXQG GXULQJ WKH � PRQWKV

IROORZ�XS SHULRG XVLQJ 0F1HPDU WHVW �S≥����� EXW WKHUH ZDV FRQVLGHUDEOH

LQWUDLQGLYLGXDO YDULDELOLW\ RYHU WLPH� (7 IXQFWLRQ JURXS ZDV IRXQG WR IOXFWXDWH

RYHU WLPH ZLWKLQ LQGLYLGXDOV�

)LJXUH �� $FWLYH (XVWDFKLDQ WXEH IXQFWLRQ DW � KRXUV� ��� ZHHNV DQG �� ZHHNV�

��

���

���
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$VVRFLDWLRQV

3R DQG 3F ZHUH IRXQG WR EH VLJQLILFDQWO\ KLJKHU LQ WXEDO IXQFWLRQ JURXS ,9 WKDQ LQ

JURXS ,,, DW DOO WKUHH VHVVLRQV �DOO S≤������� 7ZR KRXUV SRVWRSHUDWLYHO\� 3R ZDV

�� GD3D ���� FRQILGHQFH LQWHUYDO >&,@� ������ GD3D� KLJKHU LQ JURXS ,9� ZKLOH 3F

ZDV �� GD3D ���� &,� ����� GD3D� KLJKHU� $W ��� DQG �� ZHHNV� WKHVH GLIIHUHQFHV

ZHUH HYHQ PRUH SURQRXQFHG�

7DEOH �� $FWLYH DQG SDVVLYH (XVWDFKLDQ WXEH IXQFWLRQ RI HDFK VXEJURXS DW WKH ILUVW VHVVLRQ�

VXEJURXSV Q 3R

�GD3D�

6'

�GD3D�

3F

�GD3D�

6'

�GD3D�

group III

���

JURXS ,9

���

SUHYLRXV DGHQRLGHFWRP\

\HV �� ��� ��� ��� �� �� ��

QR �� ��� ��� ��� �� �� ��

SUHYLRXV 97

\HV �� ��� ��� ��� �� �� ��

QR �� ��� ��� ��� �� �� ��

857,

≥� �� ��� ��� ��� �� �� ��

�� �� ��� ��� ��� �� �� ��

HIIXVLRQ

SUHVHQW �� ��� ��� ��� �� �� ��

QRW SUHVHQW �� ��� �� �� �� �� ��

97� YHQWLODWLRQ WXEHV� 857,� XSSHU UHVSLUDWRU\ WUDFW LQIHFWLRQ

 GLIIHUHQFH VWDWLVWLFDOO\ VLJQLILFDQW

7DEOH � VKRZV WKH UHVXOWV RI WKH DFWLYH DQG SDVVLYH (7 IXQFWLRQ RI WKH GLIIHUHQW

VXEJURXSV DW � KRXUV SRVWRSHUDWLYHO\� 8QLYDULDWH DQDO\VLV GLG QRW VKRZ DQ\

VLJQLILFDQW GLIIHUHQFHV LQ DFWLYH DQG SDVVLYH (7 IXQFWLRQ EHWZHHQ FKLOGUHQ ZLWK RU

ZLWKRXW SUHYLRXV DGHQRLGHFWRP\� YHQWLODWLRQ WXEHV RU XSSHU UHVSLUDWRU\ WUDFW

LQIHFWLRQV DW DQ\ RI WKH WKUHH VHVVLRQV� +RZHYHU� WKH SUHVHQFH RI HIIXVLRQ DW WKH

WLPH RI VXUJHU\ ZDV IRXQG WR DIIHFW DFWLYH DQG SDVVLYH (7 IXQFWLRQ� ,Q �� RXW RI

WKH �� FKLOGUHQ� WKH HIIXVLRQ LQ WKH HDU WKDW ZDV XVHG IRU XQLYDULDWH DQDO\VLV KDG

UHVROYHG SULRU WR WKH LQVHUWLRQ RI YHQWLODWLRQ WXEHV� ,Q WKHVH HDUV� QR HIIXVLRQ ZDV

VHHQ GXULQJ VXUJHU\� ,Q �� HDUV� HIIXVLRQ ZDV SUHVHQW DQG LQ � HDUV WKLV

LQIRUPDWLRQ ZDV PLVVLQJ� 7KH HDUV ZLWK DQG ZLWKRXW HIIXVLRQ ZHUH FRPSDUHG� $W

� KRXUV SRVWRSHUDWLYHO\� WKH PHDQ 3R ZDV IRXQG WR EH �� GD3D ���� &,� ������

GD3D� KLJKHU LQ WKH HDUV ZLWK HIIXVLRQ� ZKLOH WKH 3F ZDV �� GD3D ���� &,� �����

GD3D� KLJKHU� $FWLYH (7 IXQFWLRQ ZDV IRXQG WR EH SRRUHU LQ WKH HDUV ZLWK
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HIIXVLRQ� ��� RI WKH HDUV ZLWK HIIXVLRQ KDG WXEDO IXQFWLRQ JURXS ,9 FRPSDUHG WR

��� RI WKH HDUV ZLWKRXW HIIXVLRQ �S ������� $W ��� DQG �� ZHHNV� WKHVH

GLIIHUHQFHV LQ 3R� 3F DQG WXEDO IXQFWLRQ JURXS EHWZHHQ WKH HDUV ZLWK DQG ZLWKRXW

HIIXVLRQ DW WKH WLPH RI VXUJHU\ VWLOO H[LVWHG� EXW WKH\ ZHUH VPDOOHU DQG QR ORQJHU

VWDWLVWLFDOO\ VLJQLILFDQW�

 ���������

7KH LQVHUWLRQ RI YHQWLODWLRQ WXEHV KDG QR HIIHFW RYHU WLPH RQ WXEDO IXQFWLRQ

JURXS RU 3F� EXW GLG UHVXOW LQ D VLJQLILFDQW LQFUHDVH LQ 3R� ,I LW LV K\SRWKHVLVHG

WKDW 3R DQG 3F LQFUHDVH DQG DFWLYH (7 IXQFWLRQ GHWHULRUDWHV DV D UHVXOW RI HIIXVLRQ

LQ WKH PLGGOH HDU �L�H� (7 G\VIXQFWLRQ LV D UHVXOW RI WKH HIIXVLRQ�� WKHQ ZH ZRXOG

KDYH IRXQG D GHFUHDVH LQ WKH 3R DQG 3F DQG DQ LPSURYHPHQW LQ DFWLYH (7

IXQFWLRQ ZKHQ WKH HIIXVLRQ LV UHVROYHG E\ LQVHUWLQJ YHQWLODWLRQ WXEHV� +RZHYHU�

3R DQG 3F GLG QRW GHFUHDVH �3R HYHQ LQFUHDVHG� DQG DFWLYH (7 IXQFWLRQ UHPDLQHG

DW WKH VDPH SRRU OHYHO� 7KHUHIRUH� WKH UHODWLYHO\ KLJK 3R DQG 3F DQG HVSHFLDOO\

WKH SRRU DFWLYH (7 IXQFWLRQ LQ WKHVH FKLOGUHQ ZHUH PRUH OLNHO\ WR EH D FDXVH WKDQ

D UHVXOW RI WKH HIIXVLRQ� DOWKRXJK LW FDQQRW EH UXOHG RXW WKDW HIIXVLRQ LQ WKH

PLGGOH HDU PD\ DOVR DIIHFW (7 IXQFWLRQ� $SSDUHQWO\� VRPH FKLOGUHQ KDYH SRRU

LQWULQVLF (7 IXQFWLRQ� ZKLFK PDNHV WKHP PRUH VXVFHSWLEOH WR 20( DQG PD\EH WR

RWKHU PLGGOH HDU GLVHDVHV DV ZHOO�

3R LV DVVXPHG WR UHIOHFW WKH WRWDO FORVLQJ IRUFHV� L�H� WKH OXPLQDO DQG

H[WUDOXPLQDO IRUFHV� RI WKH (7� 3F LV DVVXPHG WR UHSUHVHQW WKH H[WUDOXPLQDO

IRUFHV �SUHVVXUH RI WKH FDUWLODJH DQG RWKHU VXUURXQGLQJ WLVVXHV� HWF�� 7KH

GLIIHUHQFH EHWZHHQ 3R DQG 3F LV DVVXPHG WR UHSUHVHQW WKH OXPLQDO IRUFHV

�PXFRVDO IDFWRUV� VXUIDFH WHQVLRQ� YLVFRVLW\ RI VHFUHWLRQV� HWF�������� $V 3R

LQFUHDVHG DQG 3F UHPDLQHG FRQVWDQW� LW PD\ EH LQIHUUHG WKDW WKH LQVHUWLRQ RI

YHQWLODWLRQ WXEHV FDXVHG DQ LQFUHDVH LQ WKH OXPLQDO IRUFHV� ,W KDV EHHQ VKRZQ

WKDW WKH LQVHUWLRQ RI YHQWLODWLRQ WXEHV FDXVHG D FKDQJH LQ WKH PLGGOH HDU JDV

FRPSRVLWLRQ��� 6HYHUDO DXWKRUV IRXQG WKDW WKLV FKDQJH LQ PLGGOH HDU JDV

FRPSRVLWLRQ LQ YLYR RU LQ YLWUR FDXVHG FKDQJHV LQ WKH PLGGOH HDU HSLWKHOLXP������

&KDQJHV LQ WKH PLGGOH HDU HSLWKHOLXP DQG�RU SRVVLEO\ VXEVHTXHQW FKDQJHV LQ

WKH VHFUHWLRQ RI PXFXV DQG PXFR�DGKHVLYH VXEVWDQFHV PD\ UHVXOW LQ KLJKHU

OXPLQDO IRUFHV DQG WKXV KLJKHU 3R� 7KLV VXJJHVWV WKDW WKH LQVHUWLRQ RI YHQWLODWLRQ

WXEHV PD\ HYHQ KDYH DQ DGYHUVH HIIHFW RQ (7 IXQFWLRQ� EHFDXVH KLJKHU 3R DQG 3F

ZHUH DVVRFLDWHG ZLWK SRRUHU DFWLYH (7 IXQFWLRQ�

3R DQG 3F ZHUH VLJQLILFDQWO\ KLJKHU DQG DFWLYH (7 IXQFWLRQ ZDV VLJQLILFDQWO\

SRRUHU LQ WKH HDUV ZLWK HIIXVLRQ RQ WKH GD\ RI VXUJHU\� ,Q ERWK VXEJURXSV� WXEDO

IXQFWLRQ JURXS DQG 3F GLG QRW FKDQJH� ZKLOH 3R LQFUHDVHG WKURXJKRXW WKH IROORZ�
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XS SHULRG� %DVHG RQ WKH GLVFXVVLRQ DERYH� WKH HDUV LQ ZKLFK QR HIIXVLRQ ZDV

IRXQG DW WKH WLPH RI WXEH LQVHUWLRQ PD\ KDYH KDG EHWWHU LQWULQVLF (7 IXQFWLRQ

WKDQ WKH HDUV LQ ZKLFK HIIXVLRQ ZDV SUHVHQW DW WKH WLPH RI VXUJHU\� ,W PD\ HYHQ

EH K\SRWKHVLVHG WKDW (7 IXQFWLRQ DOVR DIIHFWV WKH GHJUHH RI SHUVLVWHQFH RI WKH

HIIXVLRQ� EHVLGHV LQIOXHQFLQJ WKH RFFXUUHQFH RI HIIXVLRQ�

7KH OLWHUDWXUH RQ WKH HIIHFW RI WKH LQVHUWLRQ RI YHQWLODWLRQ WXEHV DQG WKH

VXEVHTXHQW DHUDWLRQ RI WKH PLGGOH HDU RQ (7 IXQFWLRQ LV OLPLWHG� 0RVW VWXGLHV GLG

QRW ILQG VLJQLILFDQW FKDQJHV LQ DFWLYH RU SDVVLYH (7 IXQFWLRQ RYHU WLPH������

+RZHYHU� PRVW RI WKHVH VWXGLHV FRPSULVHG VPDOO VWXG\ SRSXODWLRQV� XVHG

GLIIHUHQW WLPH LQWHUYDOV DQG VWXGLHG RQO\ DFWLYH RU SDVVLYH (7 IXQFWLRQ� 5HFHQWO\�

%XQQH HW DO��� KDYH UHSRUWHG WKDW 3R LQFUHDVHG VLJQLILFDQWO\ RYHU WLPH� ZKLOH

DFWLYH (7 IXQFWLRQ GLG QRW FKDQJH� $OWKRXJK WKH\ DOVR UHSRUWHG D VLJQLILFDQW

LQFUHDVH LQ WKH PHDQ 3F� WKH PHGLDQ 3F UHPDLQHG IDLUO\ VWDEOH� $SSDUHQWO\ WKHLU

UHVXOWV ZHUH SRVLWLYHO\ VNHZHG� 7KXV RXU UHVXOWV FRUUHVSRQG ZLWK WKHLUV�

�����������

3RRU (7 IXQFWLRQ LV PRUH OLNHO\ WR EH D FDXVDO IDFWRU RI 20( WKDQ D UHVXOW�

EHFDXVH 3R DQG 3F GLG QRW GHFUHDVH �3R HYHQ LQFUHDVHG� DQG DFWLYH (7 IXQFWLRQ

UHPDLQHG DW WKH VDPH SRRU OHYHO DIWHU WKH LQVHUWLRQ RI YHQWLODWLRQ WXEHV DQG

VXEVHTXHQW GUDLQDJH RI WKH HIIXVLRQ� &HUWDLQ FKLOGUHQ PD\ KDYH SRRU LQWULQVLF (7

IXQFWLRQ� ZKLFK PDNHV WKHP PRUH VXVFHSWLEOH WR 20( DQG PD\EH WR RWKHU

PLGGOH HDU GLVHDVHV DV ZHOO� 7KH LQFUHDVH LQ OXPLQDO IRUFHV DIWHU WKH LQVHUWLRQ RI

YHQWLODWLRQ WXEHV� EHOLHYHG WR EH FDXVHG E\ PXFRVDO FKDQJHV GXH WR DOWHUHG

PLGGOH HDU JDV FRPSRVLWLRQ� PD\ HYHQ KDYH DQ DGYHUVH HIIHFW RQ SDVVLYH (7

IXQFWLRQ� 7KHVH ILQGLQJV LQGLFDWH WKDW (7 IXQFWLRQ WHVWV PD\ EH D XVHIXO

GLDJQRVWLF WRRO IRU GLVFULPLQDWLQJ EHWZHHQ GLIIHUHQW GHJUHHV RI PLGGOH HDU

GLVHDVH� ,Q DGGLWLRQ� WUHDWPHQW VWUDWHJLHV WKDW SRWHQWLDOO\ DIIHFW (7 IXQFWLRQ� VXFK

DV DGHQRLGHFWRP\� PD\ EH PRUH HIIHFWLYH LQ FKLOGUHQ ZLWK SRRU (7 IXQFWLRQ�

7KHVH SURVSHFWV IRU WKH DSSOLFDWLRQ RI (7 IXQFWLRQ WHVWV LQ WKH GLDJQRVLV DQG

PDQDJHPHQW RI 20( VKRXOG EH LQYHVWLJDWHG LQ IXUWKHU VWXGLHV�

55HHIIHHUHUHQQFFHVHV

�� =LHOKXLV *$� 5DFK *+� YDQ GHQ %URHN 3� 7KH RFFXUUHQFH RI RWLWLV PHGLD ZLWK HIIXVLRQ LQ 'XWFK SUH�

VFKRRO FKLOGUHQ� &OLQ 2WRODU\QJRO ����������������

�� %ODFN 1� 6XUJHU\ IRU JOXH HDU� $ PRGHUQ HSLGHPLF� /DQFHW ���������������

�� *DWHV *$� $YHU\ &$� 3ULKRGD 7-� &RRSHU -&� (IIHFWLYHQHVV RI DGHQRLGHFWRP\ DQG W\PSDQRVWRP\

WXEHV LQ WKH WUHDWPHQW RI FKURQLF RWLWLV PHGLD ZLWK HIIXVLRQ� 1 (QJO - 0HG �������������������



&KDSWHU �

��

�� 3DDS &0� 0DQDJHPHQW RI RWLWLV PHGLD ZLWK HIIXVLRQ LQ \RXQJ FKLOGUHQ� $QQ 3KDUPDFRWKHU

������������������

�� %OXHVWRQH &'� 3DUDGLVH -/� %HHU\ 4&� 3K\VLRORJ\ RI WKH (XVWDFKLDQ WXEH LQ WKH SDWKRJHQHVLV DQG

PDQDJHPHQW RI PLGGOH HDU HIIXVLRQV� /DU\QJRVFRSH ������������������

�� 6WHQVWU|P &� %\ODQGHU�*URWK $� ,QJYDUVVRQ /� (XVWDFKLDQ WXEH IXQFWLRQ LQ RWLWLV�SURQH DQG KHDOWK\

FKLOGUHQ� ,QW - 3HGLDWU 2WRUKLQRODU\QJRO ����������������

�� 6DGp -� $U $� 0LGGOH HDU DQG DXGLWRU\ WXEH� PLGGOH HDU FOHDUDQFH� JDV H[FKDQJH� DQG SUHVVXUH

UHJXODWLRQ� 2WRODU\QJRO +HDG 1HFN 6XUJ �����������������

�� )DON %� 0DJQXVRQ %� (YDFXDWLRQ RI WKH PLGGOH HDU E\ VQLIILQJ� D FDXVH RI KLJK QHJDWLYH SUHVVXUH

DQG GHYHORSPHQW RI PLGGOH HDU GLVHDVH� 2WRODU\QJRO +HDG 1HFN 6XUJ ����������������

�� 7DNDGD 5� +DUDEXFKL <� +LPL 7� .DWDXUD $� $QWLERGLHV VSHFLILF WR RXWHU PHPEUDQH DQWLJHQV RI

0RUD[HOOD FDWDUUKDOLV LQ VHUD DQG PLGGOH HDU HIIXVLRQV IURP FKLOGUHQ ZLWK RWLWLV PHGLD ZLWK

HIIXVLRQ� ,QW - 3HGLDWU 2WRUKLQRODU\QJRO ����������������

��� .RGDPD +� )DGHQ +� +DUDEXFKL <� HW DO� &HOOXODU LPPXQH UHVSRQVH RI DGHQRLGDO DQG WRQVLOODU

O\PSKRF\WHV WR WKH 3� RXWHU PHPEUDQH SURWHLQ RI QRQ�W\SHDEOH +DHPRSKLOXV LQIOXHQ]DH DQG LWV

UHODWLRQ WR RWLWLV PHGLD� $FWD 2WRODU\QJRO �����������������

��� <DPDPRWR <� *DV H[FKDQJH IXQFWLRQ WKURXJK WKH PLGGOH HDU PXFRVD LQ SLJOHWV� FRPSDUDWLYH VWXG\

RI QRUPDO DQG LQIODPHG HDUV� $FWD 2WRODU\QJRO ���������������

��� 5RYHUV 00� +RIVWDG ($+� )UDQNHQ�YDQ GHQ %UDQG .,0� HW DO� 3URJQRVWLF IDFWRUV IRU RWLWLV PHGLD

ZLWK HIIXVLRQ LQ LQIDQWV� &OLQ 2WRODU\QJRO ����������������

��� &DVVHOEUDQW 0/� %URVWRII /0� &DQWHNLQ (,� HW DO� 2WLWLV PHGLD ZLWK HIIXVLRQ LQ SUHVFKRRO FKLOGUHQ�

/DU\QJRVFRSH ����������������

��� (QJHO -$0� $QWHXQLV /-&� 9RORYLFV $� HW DO� 5LVN IDFWRUV RI RWLWLV PHGLD ZLWK HIIXVLRQ GXULQJ LQIDQF\�

,QW - 3HGLDWU 2WRUKLQRODU\QJRO ����������������

��� 6DGp -� )XFKV &� 6HFUHWRU\ RWLWLV PHGLD LQ DGXOWV� 7KH UROH RI PDVWRLG SQHXPDWL]DWLRQ DV D

SURJQRVWLF IDFWRU� $QQ 2WRO 5KLQRO /DU\QJRO ���������������

��� YDQ +HHUEHHN 1� ,QJHOV .-$2� 6QLN $)0� =LHOKXLV *$� 5HOLDELOLW\ RI PDQRPHWULF (XVWDFKLDQ WXEH

IXQFWLRQ WHVWV LQ FKLOGUHQ� 2WRO 1HXURWRO ����������������

��� (OQHU $� ,QJHOVWHGW 6� ,YDUVVRQ $� 7KH QRUPDO IXQFWLRQ RI WKH (XVWDFKLDQ WXEH� $ VWXG\ RI ���

FDVHV� $FWD 2WRODU\QJRO ����������������

��� %\ODQGHU $� 7MHUQVWU|P 2� ,YDUVVRQ $� 3UHVVXUH RSHQLQJ DQG FORVLQJ IXQFWLRQV RI WKH (XVWDFKLDQ

WXEH LQ FKLOGUHQ DQG DGXOWV ZLWK QRUPDO HDUV� $FWD 2WRODU\QJRO ��������������

��� &DQWHNLQ (,� %OXHVWRQH &'� 3DUNLQ /3� (XVWDFKLDQ WXEH YHQWLODWRU\ IXQFWLRQ LQ FKLOGUHQ� $QQ 2WRO

5KLQRO /DU\QJRO ����������������

��� ,QJHOVWHGW 6� 3K\VLRORJ\ DQG SDWKRSK\VLRORJ\ RI WKH PLGGOH HDU�(XVWDFKLDQ WXEH V\VWHP� ,Q�

%HDJOH\ +$� HGLWRU� $XGLRORJ\ DQG $XGLRORJLFDO 0HGLFLQH� 2[IRUG� 2[IRUG 8QLYHUVLW\ 3UHVV 2[IRUG�

�������������

��� )HOGLQJ -8� 5DVPXVVHQ -%� /LOGKROGW 7� *DV FRPSRVLWLRQ RI WKH QRUPDO DQG WKH YHQWLODWHG PLGGOH

HDU FDYLW\� 6FDQG - &OLQ /DE ,QYHVW ���������VXSSO��������

��� 0DWWVVRQ &� 0DJQXVRQ .� +HOOVWU|P 6� 0\ULQJRVFOHURVLV FDXVHG E\ LQFUHDVHG R[\JHQ FRQFHQWUDWLRQ

LQ WUDXPDWL]HG W\PSDQLF PHPEUDQHV� ([SHULPHQWDO VWXG\� $QQ 2WRO 5KLQRO /DU\QJRO

�����������������

��� 6FKRXVERH /3� 2YHVHQ 7� /HGHW 7� ,QIOXHQFH RI K\SHUR[LD RQ LQ YLWUR JURZWK RI UDEELW PLGGOH HDU

HSLWKHOLXP DQG DXGLWRU\ PHDWDO HSLWKHOLXP� ,QW - 3HGLDWU 2WRUKLQRODU\QJRO ����������������

��� 2YHVHQ 7� 3DDVNH 3� /HGHW 7� (OEURQG 2� ,PPXQRKLVWRFKHPLFDO TXDQWLWDWLRQ RI FROODJHQ W\SHV ,� ,,�

,9 DQG 9 LQ WKH YHQWLODWHG DQG QRQ�YHQWLODWHG UDEELW PLGGOH HDU ZLWK RWLWLV PHGLD ZLWK HIIXVLRQ� (XU

$UFK 2WRUKLQRODU\QJRO �����������������

��� 2YHVHQ 7� *DLKHGH 0� 6FRXVERH 3� /HGHW 7� $WPRVSKHULF DLU YV� QRUPDO PLGGOH HDU JDV� HIIHFWV RQ

LQ YLWUR JURZWK DQG FROODJHQ V\QWKHVLV LQ QRUPDO PLGGOH HDU ILEUREODVWV� ,Q 9LWUR &HOO 'HY %LRO $QLP

�������$���������



(IIHFW RI YHQWLODWLRQ WXEHV

��

��� )DON %� 0DJQXVRQ %� 7HVW�UHWHVW YDULDELOLW\ RI (XVWDFKLDQ WXEH UHVSRQVHV LQ FKLOGUHQ ZLWK SHUVLVWHQW

PLGGOH HDU HIIXVLRQ� $UFK 2WRUKLQRODU\QJRO �����������������

��� %HHU\ 4&� 'R\OH :-� &DQWHNLQ (,� %OXHVWRQH &'� /RQJLWXGLQDO DVVHVVPHQW RI (XVWDFKLDQ WXEH

IXQFWLRQ LQ FKLOGUHQ� /DU\QJRVFRSH ������������������

��� .QLJKW /&� +LOJHU $� 7KH HIIHFWV RI JURPPHW LQVHUWLRQ RQ (XVWDFKLDQ WXEH IXQFWLRQ� &OLQ

2WRODU\QJRO ����������������

��� +ROPTXLVW -� 5HQZDOO 8� (XVWDFKLDQ WXEH IXQFWLRQ LQ VHFUHWRU\ RWLWLV PHGLD� $UFK 2WRODU\QJRO

��������������

��� %XQQH 0� )DON %� +HOOVWU|P 6� 0DJQXVRQ %� 9DULDELOLW\ RI (XVWDFKLDQ WXEH IXQFWLRQ LQ FKLOGUHQ ZLWK

VHFUHWRU\ RWLWLV PHGLD� (YDOXDWLRQV DW WXEH LQVHUWLRQ DQG DW IROORZ�XS� ,QW - 3HGLDWU 2WRUKLQRODU\QJRO

����������������
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(IIHFW RI QDVDO GHFRQJHVWDQW

��

��������

2EMHFWLYHV�+\SRWKHVLV� 7KH DLP RI WKLV VWXG\ ZDV WR DVVHVV WKH HIIHFW RI D WRSLFDO

GHFRQJHVWDQW RQ (XVWDFKLDQ WXEH �(7� IXQFWLRQ LQ FKLOGUHQ ZLWK YHQWLODWLRQ WXEHV

GXH WR SHUVLVWHQW RWLWLV PHGLD ZLWK HIIXVLRQ �20(��

'HVLJQ� $ UDQGRPLVHG� GRXEOH�EOLQG� SODFHER�FRQWUROOHG VWXG\�

6HWWLQJ� 7KH RXWSDWLHQW GHSDUWPHQWV RI D VHFRQGDU\ UHIHUUDO KRVSLWDO DQG D

WHUWLDU\ UHIHUUDO KRVSLWDO�

3DWLHQWV DQG 0HWKRGV� (7 IXQFWLRQ ZDV PHDVXUHG EHIRUH DQG DIWHU LQWUDQDVDO

DGPLQLVWUDWLRQ RI ILYH GURSV RI ����� [\ORPHWD]ROLQH K\GURFKORULGH RU SODFHER LQ

HLJKW\ UDQGRPO\ VHOHFWHG FKLOGUHQ ZLWK YHQWLODWLRQ WXEHV GXH WR 20(�

5HVXOWV� ;\ORPHWD]ROLQH QRVH GURSV KDG QR HIIHFW RQ WKH YHQWLODWRU\ RU WKH

SURWHFWLYH IXQFWLRQ RI WKH (7�

&RQFOXVLRQV� 7RSLFDO GHFRQJHVWDQWV GR QRW KDYH D SRVLWLYH HIIHFW RQ WKH (7

IXQFWLRQ LQ FKLOGUHQ� 7KH XVH RI WRSLFDO GHFRQJHVWDQWV WR SUHYHQW RU WUHDW 20( LQ

FKLOGUHQ LV WKHUHIRUH QRW MXVWLILHG DQG VKRXOG EH GLVFRXUDJHG�



&KDSWHU �

��

������������

7KH (XVWDFKLDQ WXEH �(7� LV FUXFLDO IRU QRUPDO PLGGOH HDU IXQFWLRQ� 7KUHH

IXQFWLRQV RI WKH (7 DUH UHFRJQLVHG� YHQWLODWLRQ� SURWHFWLRQ DQG FOHDUDQFH RI WKH

PLGGOH HDU� )UHTXHQW DFWLYH RSHQLQJ RI WKH (7 DOORZV YHQWLODWLRQ RI WKH PLGGOH

HDU FDYLW\ DQG SUHYHQWV WKH GHYHORSPHQW RI D SHUVLVWHQW QHJDWLYH PLGGOH HDU

SUHVVXUH� FDXVHG E\ JDV H[FKDQJH EHWZHHQ WKH PLGGOH HDU FDYLW\ DQG WKH

VXUURXQGLQJ PXFRVD�� 7KH (7� ZKLFK LV FROODSVHG DW UHVW� DOVR SURWHFWV WKH

PLGGOH HDU DJDLQVW DVFHQGLQJ VHFUHWLRQV DQG PLFUR�RUJDQLVPV IURP WKH

QDVRSKDU\Q[ DQG DJDLQVW QDVRSKDU\QJHDO SUHVVXUH YDULDWLRQV� ,Q DGGLWLRQ� WKH (7

ZLWK LWV PXFRFLOLDU\ HSLWKHOLXP LV LQYROYHG LQ ORFDO GHIHQFH DJDLQVW SDWKRJHQV

DQG LV FRQFHUQHG ZLWK FOHDUDQFH RI VHFUHWLRQV DQG GHEULV IURP WKH PLGGOH HDU

WRZDUGV WKH QDVRSKDU\Q[�

&KLOGUHQ VXIIHULQJ IURP SHUVLVWHQW RWLWLV PHGLD ZLWK HIIXVLRQ �20(� ZHUH IRXQG

WR KDYH SRRU (7 IXQFWLRQ���� 7KLV (7 G\VIXQFWLRQ GLG QRW LPSURYH DIWHU WKH

LQVHUWLRQ RI YHQWLODWLRQ WXEHV DQG WKH VXEVHTXHQW UHVROXWLRQ RI WKH HIIXVLRQ��

7KHVH ILQGLQJV VKRZ WKDW WKH SRRU (7 IXQFWLRQ LQ WKHVH FKLOGUHQ LV PRUH OLNHO\ WR

EH D FDXVH RI WKH HIIXVLRQ WKDQ D UHVXOW� $SSDUHQWO\� VRPH FKLOGUHQ KDYH SRRU

LQWULQVLF (7 IXQFWLRQ� ZKLFK PDNHV WKHP PRUH VXVFHSWLEOH WR 20( DQG RWKHU

PLGGOH HDU GLVHDVHV� ,I WKH (7 IXQFWLRQ FDQ EH LPSURYHG WKHUDSHXWLFDOO\ LQ WKHVH

FKLOGUHQ� WKHLU VXVFHSWLELOLW\ WR 20( PD\ EH UHGXFHG� 6XFK WUHDWPHQW VWUDWHJLHV

PD\ EH HIIHFWLYH WR SUHYHQW WKH GHYHORSPHQW RI SHUVLVWHQW 20(� 7RSLFDO

GHFRQJHVWDQWV DUH WKRXJKW WR EH RQH RI WKHVH WUHDWPHQW VWUDWHJLHV�

7KH HIIHFW RI WRSLFDO GHFRQJHVWDQWV RQ (7 IXQFWLRQ KDV EHHQ VWXGLHG EHIRUH����

+RZHYHU� RQO\ RQH RI WKHVH VWXGLHV ZDV SHUIRUPHG RQ FKLOGUHQ�� 1R HIIHFW RI D

QDVDO GHFRQJHVWDQW VSUD\ ZDV IRXQG� EXW WKH VL]H RI WKH VWXG\ SRSXODWLRQ ZDV VR

VPDOO WKDW RQO\ YHU\ ODUJH GLIIHUHQFHV EHWZHHQ WKH GHFRQJHVWDQW DQG WKH SODFHER

FRXOG EH GHWHFWHG� 7KH DLP RI WKLV VWXG\ ZDV WR DVVHVV WKH HIIHFW RI D WRSLFDO

GHFRQJHVWDQW RQ WKH YHQWLODWRU\ DQG SURWHFWLYH IXQFWLRQ RI WKH (7 LQ HLJKW\

FKLOGUHQ ZLWK YHQWLODWLRQ WXEHV GXH WR SHUVLVWHQW 20(�

�������������������

(LJKW\ FKLOGUHQ� ZKR KDG EHHQ WUHDWHG ZLWK YHQWLODWLRQ WXEHV GXH WR SHUVLVWHQW

20( DQG ZKR VWLOO KDG WKH WXEHV LQ VLWX� ZHUH LQYLWHG WR SDUWLFLSDWH LQ WKH VWXG\�

&KLOGUHQ ZLWK V\QGURPHV WKDW PD\ DIIHFW PLGGOH HDU IXQFWLRQ �H�J� 'RZQ·V

V\QGURPH� FOHIW SDODWH�� FKLOGUHQ ZLWK D KLVWRU\ RI FKURQLF QDVDO LQIODPPDWLRQ

DQG FKLOGUHQ ZKR XVHG DQ\ NLQG RI QDVDO PHGLFDWLRQ ZHUH H[FOXGHG� 3DUHQWDO

FRQVHQW ZDV REWDLQHG LQ DOO FDVHV�



(IIHFW RI QDVDO GHFRQJHVWDQW

��

'LIIHUHQW (7 IXQFWLRQ WHVWV �IRUFHG UHVSRQVH WHVW� SUHVVXUH HTXLOLEUDWLRQ WHVW DQG

VQLII WHVW� ZHUH SHUIRUPHG EHIRUH DQG DIWHU WKH DGPLQLVWUDWLRQ RI D QDVDO

GHFRQJHVWDQW RU SODFHER DFFRUGLQJ WR D UDQGRPLVHG� GRXEOH�EOLQG� SODFHER�

FRQWUROOHG VWXG\ GHVLJQ� 7KH DFWLYH GUXJ ZDV ����� [\ORPHWD]ROLQH

K\GURFKORULGH QRVH GURSV DQG QRUPDO VDOLQH ZDV XVHG DV D SODFHER� ,PPHGLDWHO\

DIWHU WKH ILUVW PHDVXUHPHQW RI WKH (7 IXQFWLRQ� ILYH GURSV ZHUH LQVWLOOHG LQWR HDFK

QRVWULO� 7R REWDLQ PD[LPXP H[SRVXUH RI WKH (7 WR WKH QRVH GURSV� WKH GURSV

ZHUH DSSOLHG LQ VXSLQH SRVLWLRQ ZLWK WKH KHDG WXUQHG �� GHJUHHV WRZDUG WKH

LSVLODWHUDO HDU� 7KH FKLOG ZDV NHSW LQ VXSLQH SRVLWLRQ IRU � PLQXWH� 7KH VHFRQG

PHDVXUHPHQW ZDV SHUIRUPHG ����� PLQXWHV DIWHU WKH DGPLQLVWUDWLRQ RI WKH QRVH

GURSV�

(XVWDFKLDQ WXEH IXQFWLRQ WHVWV

)LUVW� WKH SUHVHQFH DQG SHUPHDELOLW\ RI WKH YHQWLODWLRQ WXEHV ZHUH FRQILUPHG

RWRVFRSLFDOO\� ,I ERWK YHQWLODWLRQ WXEHV ZHUH IXQFWLRQLQJ� WKH ULJKW HDU ZDV

PHDVXUHG ILUVW� 6XFFHVVLYHO\� WKH IRUFHG UHVSRQVH WHVW� WKH SUHVVXUH HTXLOLEUDWLRQ

WHVW DQG WKH VQLII WHVW ZHUH SHUIRUPHG XVLQJ D 7<03�� PLGGOH HDU DQDO\VHU

�5H[WRQ 'DQSOH[ $�6� &RSHQKDJHQ� 'HQPDUN�� 7KH WHVWV SURYLGH LQIRUPDWLRQ

DERXW WKH SDVVLYH DQG DFWLYH YHQWLODWRU\ IXQFWLRQ �IRUFHG UHVSRQVH WHVW DQG

SUHVVXUH HTXLOLEUDWLRQ WHVW� UHVSHFWLYHO\� DQG WKH SURWHFWLYH IXQFWLRQ �VQLII WHVW�

RI WKH (7�

7KH IRUFHG UHVSRQVH WHVW PHDVXUHV WKH RSHQLQJ SUHVVXUH �3R� DQG WKH FORVLQJ

SUHVVXUH �3F�� 7KH 3R LV WKH SUHVVXUH DW ZKLFK WKH (7 RSHQV VSRQWDQHRXVO\ ZKHQ

WKH SUHVVXUH LQ WKH PLGGOH HDU LV JUDGXDOO\ LQFUHDVHG� $IWHU RSHQLQJ RI WKH (7�

WKH SUHVVXUH SXPS LV WXUQHG RII DQG WKH (7 FORVHG VSRQWDQHRXVO\� 7KH 3F LV WKH

UHVLGXDO SUHVVXUH DIWHU SDVVLYH FORVXUH� 7KH 3R LV DVVXPHG WR UHIOHFW WKH WRWDO

FORVLQJ IRUFHV� L�H� WKH OXPLQDO DQG H[WUDOXPLQDO IRUFHV� RI WKH (7 DQG WKH 3F LV

DVVXPHG WR UHSUHVHQW WKH H[WUDOXPLQDO IRUFHV �SUHVVXUH RI WKH FDUWLODJH DQG

RWKHU VXUURXQGLQJ WLVVXHV�� 7KH GLIIHUHQFH EHWZHHQ 3R DQG 3F LV DVVXPHG WR

UHSUHVHQW WKH OXPLQDO IRUFHV �PXFRVDO IDFWRUV� VXUIDFH WHQVLRQ� YLVFRVLW\ RI

VHFUHWLRQV� HWF��� 3R DQG 3F ZHUH UHFRUGHG WKUHH WLPHV DQG WKH PHDQV RI WKH

WKUHH 3R DQG 3F ZHUH XVHG IRU IXUWKHU DQDO\VLV DV GHVFULEHG HOVHZKHUH��

$FWLYH YHQWLODWRU\ IXQFWLRQ RI WKH (7 ZDV DVVHVVHG E\ PHDVXULQJ WKH FKLOGUHQ·V

DELOLW\ WR HTXLOLEUDWH SRVLWLYH DQG QHJDWLYH SUHVVXUHV �SUHVVXUH HTXLOLEUDWLRQ

WHVW�� $ SRVLWLYH RU QHJDWLYH SUHVVXUH ����� DQG ���� GD3D UHVSHFWLYHO\� ZDV

DSSOLHG WR WKH PLGGOH HDU DQG WKH UHVLGXDO SUHVVXUH �3U� DIWHU VHYHUDO GHJOXWLWLRQV

�WKH FKLOGUHQ ZHUH DVNHG WR VZDOORZ VRPH ZDWHU� ZDV UHFRUGHG� %DVHG RQ WKH 3U�

HDFK VXEMHFW ZDV FODVVLILHG LQWR RQH RI IRXU WXEDO IXQFWLRQ JURXSV DFFRUGLQJ WR
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(OQHU HW DO�� 7KH VXEMHFWV LQ JURXS , ZHUH DEOH WR HTXLOLEUDWH SRVLWLYH DQG QHJDWLYH

SUHVVXUHV FRPSOHWHO\ �3U��� GD3D DQG !��� GD3D� UHVSHFWLYHO\�� *URXS ,, VXEMHFWV

FRXOG HTXLOLEUDWH SRVLWLYH DQG QHJDWLYH SUHVVXUHV SDUWLDOO\ �3U!�� GD3D DQG ����

GD3D� UHVSHFWLYHO\�� *URXS ,,, VXEMHFWV FRXOG HTXLOLEUDWH SRVLWLYH SUHVVXUH

FRPSOHWHO\ RU SDUWLDOO\� EXW ZHUH QRW DEOH WR HTXLOLEUDWH QHJDWLYH SUHVVXUH� 7KH

VXEMHFWV LQ JURXS ,9 FRXOG QRW HTXLOLEUDWH SRVLWLYH RU QHJDWLYH SUHVVXUHV� 7KH

IRUFHG UHVSRQVH WHVW DQG WKH SUHVVXUH HTXLOLEUDWLRQ WHVW DUH GHVFULEHG LQ PRUH

GHWDLO HOVHZKHUH��

7R HYDOXDWH WKH SURWHFWLRQ RI WKH (7 DJDLQVW H[WUHPH QHJDWLYH QDVRSKDU\QJHDO

SUHVVXUH� WKH VXEMHFW ZDV DVNHG WR VQLII IRUFHIXOO\ ILYH WLPHV �VQLII WHVW�� ,I WKH

PLGGOH HDU SUHVVXUH GHFUHDVHG DW OHDVW RQFH� WKH WHVW ZDV FRQVLGHUHG DV SRVLWLYH�

$ SRVLWLYH VQLII WHVW LV DVVXPHG WR LQGLFDWH SRRU SURWHFWLYH IXQFWLRQ RI WKH (7������

6WDWLVWLFDO DQDO\VLV

,Q IRUW\ SHUFHQW RI WKH FKLOGUHQ� ERWK HDUV ZHUH PHDVXUHG� $V WKH ULJKW HDU ZDV

DOZD\V PHDVXUHG ILUVW LQ WKHVH FKLOGUHQ DQG WKH UHVXOWV RI WKH OHIW DQG ULJKW (7

DUH KLJKO\ FRUUHODWHG� WKH OHIW HDUV RI WKHVH FKLOGUHQ ZHUH DQDO\VHG VHSDUDWHO\�

7KH 3R DQG 3F ZHUH FRQVLGHUHG WR EH QRUPDOO\ GLVWULEXWHG DQG GHVFULEHG ZLWK

PHDQV DQG VWDQGDUG HUURUV RI WKH PHDQ �6(0�� 0HDQV ZHUH DQDO\VHG ZLWK WKH

6WXGHQW·V W�WHVW ZKHQ ERWK WUHDWPHQW JURXSV ZHUH FRPSDUHG DQG ZLWK WKH SDLUHG

W�WHVW ZKHQ YDOXHV EHIRUH DQG DIWHU DSSOLFDWLRQ RI WKH QRVH GURSV ZHUH

FRPSDUHG� 7KH UHVXOWV RI WKH SUHVVXUH HTXLOLEUDWLRQ WHVW ZHUH DQDO\VHG IRU

QXPEHU RI HDUV LQ HDFK WXEDO IXQFWLRQ JURXS DQG WKH UHVXOWV RI WKH VQLII WHVW

ZHUH DQDO\VHG IRU QXPEHU RI VQLII�SRVLWLYH DQG VQLII�QHJDWLYH HDUV� 'LIIHUHQFHV

EHWZHHQ WKH WZR JURXSV ZHUH DQDO\VHG ZLWK WKH FKL�VTXDUH WHVW DQG ZLWKLQ RQH

JURXS ZLWK WKH 0F1HPDU WHVW� $OO GDWD ZHUH DQDO\VHG XVLQJ WKH VWDWLVWLFDO

SDFNDJH 6366�

3RZHU DQDO\VLV SUHGLFWHG WKDW LW ZRXOG EH QHFHVVDU\ WR KDYH �� HDUV LQ HDFK

JURXS WR VKRZ D GHFUHDVH RI �� GD3D LQ 3R DQG �� GD3D LQ 3F DQG DQ

LPSURYHPHQW RI ��� LQ WKH UHVXOWV RI WKH SUHVVXUH HTXLOLEUDWLRQ WHVW DQG WKH VQLII

WHVW ZLWK D SRZHU RI ��� DW WKH ���� VLJQLILFDQFH OHYHO� 7KHVH FKDQJHV ZHUH

FRQVLGHUHG FOLQLFDOO\ VLJQLILFDQW�

�������

$ WRWDO RI �� FKLOGUHQ ZHUH LQFOXGHG LQ WKH VWXG\� �� LQ HDFK JURXS� 7KH PHDQ

DJH RI WKH FKLOGUHQ DW UDQGRPLVDWLRQ ZDV ��� \HDUV �6(0 ���� LQ WKH

[\ORPHWD]ROLQH JURXS DQG ��� \HDUV �6(0 ���� LQ WKH SODFHER JURXS� 7KH

[\ORPHWD]ROLQH JURXS FRQVLVWHG RI �� ER\V DQG �� JLUOV DQG WKH SODFHER JURXS
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��

FRQVLVWHG RI �� ER\V DQG �� JLUOV� 1R VLGH HIIHFWV RI WKH PHGLFDWLRQ ZHUH

HQFRXQWHUHG� $W EDVHOLQH� QR VXEVWDQWLDO GLIIHUHQFHV LQ PHDQ 3R DQG 3F� QXPEHU

RI HDUV LQ HDFK WXEDO IXQFWLRQ JURXS DQG UHVXOWV RI WKH VQLII WHVW ZHUH IRXQG

EHWZHHQ WKH [\ORPHWD]ROLQH DQG WKH SODFHER JURXS�

)RUFHG UHVSRQVH WHVW

,Q )LJXUH � WKH PHDQ 3R DQG 3F �� � 6(0� EHIRUH DQG DIWHU WKH DGPLQLVWUDWLRQ RI

WKH [\ORPHWD]ROLQH RU SODFHER QRVH GURSV DUH SUHVHQWHG� 1R VLJQLILFDQW FKDQJHV

LQ PHDQ 3R DQG 3F ZHUH IRXQG DV D UHVXOW RI WKH DGPLQLVWUDWLRQ RI HLWKHU

[\ORPHWD]ROLQH RU SODFHER QRVH GURSV� ,Q WKH [\ORPHWD]ROLQH JURXS� WKH 3R

GHFUHDVHG ZLWK � GD3D �6(0 � GD3D� DQG WKH 3F LQFUHDVHG ZLWK � GD3D �6(0 �

GD3D��

)LJXUH �� 0HDQ RSHQLQJ �3R� DQG FORVLQJ �3F� SUHVVXUHV �� � 6(0� EHIRUH �VROLG VTXDUH� DQG DIWHU �VROLG

GLDPRQG� WKH DGPLQLVWUDWLRQ RI [\ORPHWD]ROLQH DQG SODFHER QRVH GURSV� �Q ���

���

���

���

���

���

���

���

��

�
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3UHVVXUH HTXLOLEUDWLRQ WHVW

7DEOH � VKRZV WKH UHVXOWV RI WKH SUHVVXUH HTXLOLEUDWLRQ WHVW� 3UDFWLFDOO\ DOO WKH

FKLOGUHQ KDG SRRU DFWLYH (7 IXQFWLRQ� L�H� WXEDO IXQFWLRQ JURXS ,,, RU ,9� 2QO\ RQH

FKLOG �LQ WKH [\ORPHWD]ROLQH JURXS� ZDV DEOH WR HTXLOLEUDWH QHJDWLYH SUHVVXUH� L�H�

WXEDO IXQFWLRQ JURXS ,,� EHIRUH DQG DIWHU WKH DSSOLFDWLRQ RI WKH QRVH GURSV� 1R

VLJQLILFDQW FKDQJHV LQ DFWLYH (7 IXQFWLRQ ZHUH REVHUYHG IROORZLQJ WKH DSSOLFDWLRQ

RI WKH QRVH GURSV LQ WKH [\ORPHWD]ROLQH RU WKH SODFHER JURXS �S ��� IRU ERWK

JURXSV��

7DEOH �� 1XPEHU RI HDUV LQ HDFK WXEDO IXQFWLRQ JURXS EHIRUH DQG DIWHU WKH DGPLQLVWUDWLRQ RI

[\ORPHWD]ROLQH RU SODFHER QRVH GURSV� �Q ���

EHIRUH QRVH GURSV DIWHU QRVH GURSV

JURXS ,,, JURXS ,9 JURXS ,,, JURXS ,9

[\ORPHWD]ROLQH �� ����� �� ����� �� ����� �� �����

SODFHER �� ����� �� ����� �� ����� �� �����

6QLII WHVW

6HYHQ FKLOGUHQ �� LQ WKH [\ORPHWD]ROLQH JURXS� � LQ WKH SODFHER JURXS� ZHUH QRW

DEOH WR SHUIRUP WKH VQLII WHVW� 7DEOH � VKRZV WKH UHVXOWV RI WKH UHPDLQLQJ ��

FKLOGUHQ� $SSUR[LPDWHO\ ������ RI WKH FKLOGUHQ LQ ERWK JURXSV ZDV DEOH WR

FUHDWH D QHJDWLYH PLGGOH HDU SUHVVXUH E\ VQLIILQJ IRUFHIXOO\ �L�H� D SRVLWLYH VQLII

WHVW�� 7KH UHVXOWV RI WKH VQLII WHVW GLG QRW FKDQJH DIWHU WKH DSSOLFDWLRQ RI WKH

[\ORPHWD]ROLQH QRVH GURSV �S ���� QRU GLG WKH\ FKDQJH DIWHU WKH DSSOLFDWLRQ RI

WKH SODFHER QRVH GURSV �S �����

7DEOH �� 5HVXOWV RI WKH VQLII WHVW EHIRUH DQG DIWHU WKH DGPLQLVWUDWLRQ RI [\ORPHWD]ROLQH RU SODFHER QRVH

GURSV� �Q ���

EHIRUH QRVH GURSV DIWHU QRVH GURSV

QHJDWLYH SRVLWLYH QHJDWLYH SRVLWLYH

[\ORPHWD]ROLQH �� ����� � ����� �� ����� � �����

SODFHER �� ����� � ����� �� ����� � �����

,Q WKH JURXS RI OHIW HDUV WKDW ZHUH DQDO\VHG VHSDUDWHO\ QR FKDQJHV LQ WKH UHVXOWV

RI WKH IRUFHG UHVSRQVH WHVW� WKH SUHVVXUH HTXLOLEUDWLRQ WHVW DQG WKH VQLII WHVW

ZHUH IRXQG DIWHU WKH DGPLQLVWUDWLRQ RI [\ORPHWD]ROLQH RU SODFHER QRVH GURSV� ,Q

DGGLWLRQ� QR GLIIHUHQFHV ZHUH IRXQG EHWZHHQ WKH OHIW DQG ULJKW HDU LQ WKHVH

FKLOGUHQ�



(IIHFW RI QDVDO GHFRQJHVWDQW

��

 ���������

;\ORPHWD]ROLQH LV D V\PSDWLFRPLPHWLF DJHQW WKDW FDXVHV YDVRFRQVWULFWLRQ ZKHQ

DSSOLHG ORFDOO\� UHVXOWLQJ LQ GHFRQJHVWLRQ RI WKH PXFRVD� 7KH HIIHFW RFFXUV

ZLWKLQ D IHZ PLQXWHV DQG ODVWV IRU ��� KRXUV� ;\ORPHWD]ROLQH DQG RWKHU WRSLFDO

GHFRQJHVWDQWV KDYH EHHQ DQG VWLOO DUH ZLGHO\ XVHG WR SUHYHQW RU WUHDW 20( DQG

DFXWH RWLWLV PHGLD� 7KH UDWLRQDOH EHKLQG WKLV WUHDWPHQW LV WKDW WKHVH

GHFRQJHVWDQWV DUH VXSSRVHG WR KDYH D SRVLWLYH HIIHFW RQ WKH (7 IXQFWLRQ� 7KH\

DUH DVVXPHG WR LPSURYH WKH SDVVLYH DQG DFWLYH RSHQLQJ RI WKH (7� WKXV

SUHYHQWLQJ WKH GHYHORSPHQW RI D SHUVLVWHQW QHJDWLYH PLGGOH HDU SUHVVXUH DQG WKH

DFFXPXODWLRQ RI HIIXVLRQ�

,Q WKLV VWXG\� ILYH GURSV ZHUH LQVWLOOHG LQWR HDFK QRVWULO ZLWK WKH FKLOG LQ VXSLQH

SRVLWLRQ� 6XEVHTXHQWO\ WKH FKLOG ZDV NHSW LQ VXSLQH SRVLWLRQ IRU � PLQXWH� ,Q WKLV

ZD\ PD[LPXP H[SRVXUH RI WKH QDVRSKDU\QJHDO RULILFH RI WKH (7 WR WKH QRVH

GURSV ZDV REWDLQHG������ $OWKRXJK WKH GHJUHH RI H[SRVXUH UHPDLQV XQFHUWDLQ� WKH

H[SRVXUH LV DW OHDVW HTXDO WR WKH H[SRVXUH WKDW LV DFKLHYHG ZKHQ GHFRQJHVWDQW

QRVH GURSV RU VSUD\ DUH DSSOLHG E\ WKH SDWLHQWV WKHPVHOYHV RU WKHLU SDUHQWV�

0RUH OLNHO\� WKH H[SRVXUH RI WKH (7 WR WKH GHFRQJHVWDQW LQ SUDFWLFH LV OHVV WKDQ LW

LV LQ WKLV VWXG\�

8VLQJ GLIIHUHQW WHVWV� QR HIIHFW RI [\ORPHWD]ROLQH RQ (7 IXQFWLRQ ZDV IRXQG�

QHLWKHU RQ WKH DFWLYH DQG SDVVLYH YHQWLODWRU\ IXQFWLRQ QRU RQ WKH SURWHFWLYH

IXQFWLRQ� 6LQFH SRRU (7 IXQFWLRQ LV NQRZQ WR EH RQH RI WKH FDXVDWLYH IDFWRUV RI

20(� PRVW FKLOGUHQ ZHUH IRXQG WR KDYH SRRU YHQWLODWRU\ IXQFWLRQ DQG

DSSUR[LPDWHO\ ������ RI WKH FKLOGUHQ KDG SRRU SURWHFWLYH IXQFWLRQ �L�H� D

SRVLWLYH VQLII WHVW� LQ WKLV VWXG\� 7KHVH ILQGLQJV DUH LQ DJUHHPHQW ZLWK RWKHU

VWXGLHV RQ FKLOGUHQ ZLWK YHQWLODWLRQ WXEHV�������

2QO\ D IHZ RWKHUV VWXGLHG WKH HIIHFW RI WRSLFDO GHFRQJHVWDQWV RQ (7 IXQFWLRQ� ,Q

RQH VWXG\� D UDQGRPLVHG� SODFHER�FRQWUROOHG VWXG\� WKH HIIHFW RI D GHFRQJHVWDQW

����� [\ORPHWD]ROLQH FKORULGH� VSUD\HG GLUHFWO\ WRZDUGV WKH SKDU\QJHDO RSHQLQJ

RI WKH (7 ZDV PHDVXUHG LQ �� SDWLHQWV� PDLQO\ DGXOWV� ZLWK D GU\ SHUIRUDWLRQ DQG

(7 G\VIXQFWLRQ� 7KH 9DOVDOYD
V PDQRHXYUH VKRZHG D VLJQLILFDQW LPSURYHPHQW

IROORZLQJ DSSOLFDWLRQ RI WKH GHFRQJHVWDQW� EXW WKH SUHVVXUH HTXLOLEUDWLRQ WHVW GLG

QRW VKRZ D GLIIHUHQFH EHWZHHQ WKH WZR JURXSV�� ,Q DQRWKHU UDQGRPLVHG� GRXEOH�

EOLQG VWXG\ RI �� DGXOWV ZLWK QRUPDO (7 IXQFWLRQ� QDVDO DSSOLFDWLRQ RI D

GHFRQJHVWDQW KDG D SRVLWLYH HIIHFW RQ DFWLYH (7 IXQFWLRQ PHDVXUHG ZLWK

VRQRWXERPHWU\�� 1R HIIHFW RQ DFWLYH RU SDVVLYH (7 IXQFWLRQ ZDV IRXQG LQ D WKLUG

UDQGRPLVHG� SODFHER�FRQWUROOHG EXW VPDOO �Q ��� VWXG\ RI FKLOGUHQ ZLWK

YHQWLODWLRQ WXEHV�� 7KH GLIIHUHQW UHVXOWV RI WKHVH VWXGLHV VXJJHVW WKDW WRSLFDO

GHFRQJHVWDQWV PD\ RQO\ EH HIIHFWLYH LI WKH (7 IXQFWLRQ LV DOUHDG\ TXLWH QRUPDO�
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H�J� LQ RWRORJLFDOO\ KHDOWK\ DGXOWV� +RZHYHU� PRUH HYLGHQFH LV QHHGHG WR VXSSRUW

WKDW K\SRWKHVLV�

�����������

7KH UHVXOWV RI WKLV VWXG\ GHPRQVWUDWH WKDW WRSLFDO GHFRQJHVWDQWV DUH QRW

HIIHFWLYH LQ LPSURYLQJ (7 IXQFWLRQ LQ FKLOGUHQ ZLWK SRRU (7 IXQFWLRQ� L�H� PRVW

FKLOGUHQ ZLWK 20(� 7KH ZLGHVSUHDG XVH RI WRSLFDO GHFRQJHVWDQWV WR SUHYHQW RU

WUHDW 20( LQ FKLOGUHQ LV WKHUHIRUH QRW MXVWLILHG DQG VKRXOG EH GLVFRXUDJHG�

55HHIIHHUHUHQQFFHVHV

�� 6DGp -� $U $� 0LGGOH HDU DQG DXGLWRU\ WXEH� PLGGOH HDU FOHDUDQFH� JDV H[FKDQJH� DQG SUHVVXUH

UHJXODWLRQ� 2WRODU\QJRO +HDG 1HFN 6XUJ �����������������

�� YDQ +HHUEHHN 1� ,QJHOV .-$2� 6QLN $)0� =LHOKXLV *$� (XVWDFKLDQ WXEH IXQFWLRQ DIWHU WKH LQVHUWLRQ

RI YHQWLODWLRQ WXEHV� $QQ 2WRO 5KLQRO /DU\QJRO ������������������

�� 7DNDKDVKL +� +D\DVKL 0� 6DWR +� +RQMR ,� 3ULPDU\ GHILFLWV LQ (XVWDFKLDQ WXEH IXQFWLRQ LQ SDWLHQWV

ZLWK RWLWLV PHGLD ZLWK HIIXVLRQ� $UFK 2WRODU\QJRO +HDG 1HFN 6XUJ �����������������

�� %\ODQGHU�*URWK $� 6WHQVWU|P &� (XVWDFKLDQ WXEH IXQFWLRQ DQG RWLWLV PHGLD LQ FKLOGUHQ� (DU 1RVH

7KURDW - ����������������

�� -HQVHQ -+� /HWK 1� %RQGLQJ 3� 7RSLFDO DSSOLFDWLRQ RI GHFRQJHVWDQW LQ G\VIXQFWLRQ RI WKH (XVWDFKLDQ

WXEH� D UDQGRPL]HG� GRXEOH�EOLQG� SODFHER�FRQWUROOHG WULDO� &OLQ 2WRODU\QJRO ����������������

�� 2OpQ /� +ROPTXLVW -� ,QIOXHQFH RI QDVDO GHFRQJHVWDQWV RQ (XVWDFKLDQ WXEH IXQFWLRQ� ,Q� /LP '-�

%OXHVWRQH &'� .OHLQ -2� HW DO� HGLWRUV� 5HFHQW $GYDQFHV LQ 2WLWLV 0HGLD� 3URFHHGLQJV RI WKH )LIWK

,QWHUQDWLRQDO 6\PSRVLXP RQ 5HFHQW $GYDQFHV LQ 2WLWLV 0HGLD� ���� 0D\ ������ )W� /DXGHUGDOH �)/��

'HFNHU 3HULRGLFDOV� �����������

�� /LOGKROGW 7� &DQWHNLQ (,� %OXHVWRQH &'� 5RFNHWWH +(� (IIHFW RI D WRSLFDO QDVDO GHFRQJHVWDQW RQ

(XVWDFKLDQ WXEH IXQFWLRQ LQ FKLOGUHQ ZLWK W\PSDQRVWRP\ WXEHV� $FWD 2WRODU\QJRO ��������������

�� YDQ +HHUEHHN 1� ,QJHOV .-$2� 6QLN $)0� =LHOKXLV *$� 5HOLDELOLW\ RI PDQRPHWULF (XVWDFKLDQ WXEH

IXQFWLRQ WHVWV LQ FKLOGUHQ� 2WRO 1HXURWRO ����������������

�� (OQHU $� ,QJHOVWHGW 6� ,YDUVVRQ $� 7KH QRUPDO IXQFWLRQ RI WKH (XVWDFKLDQ WXEH� $ VWXG\ RI ���

FDVHV� $FWD 2WRODU\QJRO ����������������

��� <DJLQXPD <� .RED\DVKL 7� 7DNDVDND 7� 7KH KDELW RI VQLIILQJ LQ QDVDO GLVHDVHV DV D FDXVH RI

VHFUHWRU\ RWLWLV PHGLD� $P - 2WRO ����������������

��� )DON %� 0DJQXVRQ %� (YDFXDWLRQ RI WKH PLGGOH HDU E\ VQLIILQJ� D FDXVH RI KLJK QHJDWLYH SUHVVXUH

DQG GHYHORSPHQW RI PLGGOH HDU GLVHDVH� 2WRODU\QJRO +HDG 1HFN 6XUJ ����������������

��� .XEED +� 6SLQRX (� 5REHUWVRQ $� 7KH HIIHFW RI KHDG SRVLWLRQ RQ WKH GLVWULEXWLRQ RI GURSV ZLWKLQ

WKH QRVH� $P - 5KLQRO ��������������

��� +DUG\ -*� /HH 6:� :LOVRQ &*� ,QWUDQDVDO GUXJ GHOLYHU\ E\ VSUD\ DQG GURSV� - 3KDUP 3KDUPDFRO

����������������

��� %XQQH 0� )DON %� +HOOVWU|P 6� 0DJQXVRQ %� 9DULDELOLW\ RI (XVWDFKLDQ WXEH IXQFWLRQ LQ FKLOGUHQ ZLWK

VHFUHWRU\ RWLWLV PHGLD� (YDOXDWLRQV DW WXEH LQVHUWLRQ DQG DW IROORZ�XS� ,QW - 3HGLDWU 2WRUKLQRODU\QJRO

����������������
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+\SRWKHVLV DQG %DFNJURXQG� 7KH (XVWDFKLDQ WXEH �(7� KDV WKUHH LPSRUWDQW

IXQFWLRQV ZLWK UHVSHFW WR WKH PLGGOH HDU� YHQWLODWLRQ� FOHDUDQFH DQG SURWHFWLRQ�

6XUIDFWDQWV DUH DVVXPHG WR EH LPSRUWDQW WR PDLQWDLQ WKHVH IXQFWLRQV�

$GPLQLVWUDWLRQ RI H[RJHQRXV VXUIDFWDQW PD\ WKHUHIRUH EH HIIHFWLYH WR LPSURYH

WKH (7 IXQFWLRQ� 7KLV UDQGRPLVHG� GRXEOH�EOLQG� SODFHER�FRQWUROOHG VWXG\ ZDV

GHVLJQHG WR LQYHVWLJDWH WKH HIIHFW RI H[RJHQRXV VXUIDFWDQW RQ WKH (7 IXQFWLRQ LQ

UDWV�

0DWHULDO DQG 0HWKRGV� ([RJHQRXV VXUIDFWDQW ZDV DGPLQLVWHUHG LQWR WKH PLGGOH

HDU RI �� RWRORJLFDOO\ KHDOWK\ UDWV� ZKLOH �� RWKHU UDWV UHFHLYHG SODFHER� 7KH

HIIHFW RQ WKH RSHQLQJ DQG FORVLQJ SUHVVXUH �SDVVLYH YHQWLODWRU\ IXQFWLRQ� DQG WKH

G\H FOHDUDQFH WLPH �FOHDUDQFH IXQFWLRQ� RI WKH UDW·V (7 ZDV PHDVXUHG�

5HVXOWV� $ VLJQLILFDQW GHFUHDVH LQ WKH RSHQLQJ SUHVVXUH ZDV IRXQG DIWHU WKH

DGPLQLVWUDWLRQ RI VXUIDFWDQW� %RWK VXUIDFWDQW DQG SODFHER FDXVHG DQ LQFUHDVH LQ

WKH FORVLQJ SUHVVXUH� $ VHULRXV GLVWXUEDQFH RI WKH G\H FOHDUDQFH WLPH ZDV

LQGXFHG LQ �� UDWV DQG WKH WHVW IDLOHG LQ RQH UDW� ,Q WKH UHPDLQLQJ � UDWV QR

VLJQLILFDQW GLIIHUHQFH LQ WKH G\H FOHDUDQFH WLPH FRXOG EH IRXQG EHWZHHQ WKH WZR

JURXSV�

&RQFOXVLRQV� ([RJHQRXV VXUIDFWDQW GHFUHDVHV WKH FORVLQJ IRUFHV RI WKH (7 HYHQ

LQ RWRORJLFDOO\ KHDOWK\ UDWV� 1R VLJQLILFDQW HIIHFW RQ WKH PXFRFLOLDU\ FOHDUDQFH

ZDV IRXQG� EXW WKLV PD\ EH GXH WR WKH VPDOO QXPEHU RI UDWV� $GGLWLRQDO

UDQGRPLVHG� GRXEOH�EOLQG� SODFHER�FRQWUROOHG WULDOV� VKRXOG EH FRQGXFWHG WR

GHWHUPLQH WKH FOLQLFDO UHOHYDQFH RI WKHVH FKDQJHV DQG WR IXUWKHU DVVHVV WKH HIIHFW

RI VXUIDFWDQW RQ WKH (7 IXQFWLRQ�
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7KH UDW LV D YHU\ VXLWDEOH PRGHO IRU GHWDLOHG DQDWRPLFDO DQG SDWKRSK\VLRORJLFDO

VWXGLHV RI WKH PLGGOH HDU DQG WKH (XVWDFKLDQ WXEH �(7����� 7KH PRUSKRORJ\�

DQDWRP\ DQG SK\VLRORJ\ RI WKH UDW·V PLGGOH HDU DQG (7 GR QRW GLIIHU

IXQGDPHQWDOO\ IURP WKDW RI KXPDQV� $V LQ PDQ� WKH UDW·V (7 LV LPSRUWDQW IRU

YHQWLODWLRQ� SURWHFWLRQ DQG FOHDUDQFH RI WKH PLGGOH HDU� 7KHVH IXQFWLRQV DUH

FORVHO\ UHODWHG DQG WXUQ WKH (7 LQWR D FRPSOH[ VWUXFWXUH WKDW SOD\V DQ LPSRUWDQW

UROH LQ WKH SK\VLRORJ\ DQG SDWKRSK\VLRORJ\ RI WKH PLGGOH HDU�

5HJXODWLRQ RI WKH PLGGOH HDU SUHVVXUH GHSHQGV RQ VHYHUDO IDFWRUV� 7KH

YHQWLODWRU\ IXQFWLRQ RI WKH (7 DQG WKH GLIIXVLRQ RI JDVVHV LQWR DQG RXW RI WKH

PLGGOH HDU DUH DVVXPHG WR EH WKH PRVW LPSRUWDQW� EXW PLGGOH HDU SUHVVXUH LV

DOVR DIIHFWHG E\ WKH SURGXFWLRQ DQG HOLPLQDWLRQ RI VHFUHWLRQV LQ WKH PLGGOH HDU�

,QWHUPLWWHQW YHQWLODWLRQ RI WKH PLGGOH HDU LV HVWDEOLVKHG E\ FRQWUDFWLRQ RI WKH

WXEDO PXVFOHV� FDXVLQJ DFWLYH RSHQLQJ RI WKH (7 DQG DOORZLQJ YHQWLODWLRQ RI WKH

PLGGOH HDU FDYLW\�� )UHTXHQW RSHQLQJ RI WKH (7 LV QHFHVVDU\� VLQFH JDVVHV DUH

FRQVWDQWO\ DEVRUEHG IURP WKH PLGGOH HDU FDYLW\�� :LWKRXW RSHQLQJ RI WKH (7� D

QHJDWLYH PLGGOH HDU SUHVVXUH ZLOO GHYHORS��

&OHDUDQFH RI VHFUHWLRQV IURP WKH PLGGOH HDU LQWR WKH QDVRSKDU\Q[ LV HVWDEOLVKHG

E\ WKH PXFRFLOLDU\ HSLWKHOLXP DQG WKH SXPSLQJ DFWLYLW\ RI WKH (7� 7KH

PXFRFLOLDU\ HSLWKHOLXP OLQHV WKH YHQWUDO SDUW RI WKH (7 DQG LV FRQWLQXRXV ZLWK

WUDFWV RI FLOLDWHG HSLWKHOLXP LQ WKH PLGGOH HDU�� ,W LV FRPSRVHG RI VHFUHWRU\ FHOOV�

FLOLDWHG FHOOV DQG EDVDO FHOOV� 0XFXV� UHOHDVHG IURP WKH VHFUHWRU\ FHOOV� IRUPV D

´PLFURQµ�WKLFN PXFXV EODQNHW WKDW FRYHUV WKH HSLWKHOLXP� &DUU\LQJ GHDG FHOOV�

FHOO�GHEULV DQG IRUHLJQ SDUWLFOHV VXFK DV GXVW DQG EDFWHULD WKLV PXFXV EODQNHW LV

WUDQVSRUWHG E\ WKH V\QFKURQLVHG FLOLDU\ PRYHPHQWV WRZDUGV WKH QDVRSKDU\QJHDO

HQG RI WKH (7���� %RWK FLOLD DQG PXFXV DUH HVVHQWLDO IRU QRUPDO PXFRFLOLDU\

WUDQVSRUW� $Q\ GLVWXUEDQFH RI HLWKHU WKH FLOLD RU WKH PXFXV PD\ LPPHGLDWHO\

DIIHFW QRUPDO PXFRFLOLDU\ FOHDUDQFH���� ,Q DGGLWLRQ� VHFUHWLRQV DUH DOVR H[SHOOHG

IURP WKH PLGGOH HDU E\ WKH SXPSLQJ DFWLRQ RI WKH (7������ 'XULQJ DFWLYH RSHQLQJ

RI WKH (7 E\ FRQWUDFWLRQ RI WKH WXEDO PXVFOHV� H[FHVV VHFUHWLRQV DUH VXFNHG LQWR

WKH SRVWHURODWHUDO SDUW RI WKH (7� 5HOD[DWLRQ RI WKH WXEDO PXVFOHV DQG

VXEVHTXHQW FORVXUH RI WKH (7 UHVXOW LQ SURSXOVLRQ RI DVVHPEOHG IOXLG WRZDUGV WKH

QDVRSKDU\QJHDO HQG RI WKH (7� 5HSHDWHG RSHQLQJ DQG FORVXUH RI WKH (7 ILQDOO\

FOHDU WKH VHFUHWLRQV LQWR WKH QDVRSKDU\Q[� 7KLV PXVFXODU FOHDUDQFH LV RI

SDUWLFXODU LPSRUWDQFH ZKHQ WKH VHFUHWLRQ·V YROXPH LV ODUJH���

6XUIDFWDQWV� SURGXFHG E\ WKH (7 HSLWKHOLXP� DUH DVVXPHG WR EH LPSRUWDQW WR

PDLQWDLQ QRUPDO (7 IXQFWLRQ� $ UHODWLYH GHILFLHQF\ RU DQ DOWHUHG SURGXFWLRQ RI (7

VXUIDFWDQW PD\ FDXVH D GLVWXUEDQFH RI WKH (7 IXQFWLRQV��� ([RJHQRXV VXUIDFWDQW
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ZDV IRXQG WR UHGXFH WKH SUHVVXUH UHTXLUHG WR RSHQ WKH (7 LQ WZR SUHYLRXV

VWXGLHV������ +RZHYHU� ERWK VWXGLHV ZHUH QRW GHVLJQHG GRXEOH�EOLQG� SODFHER�

FRQWUROOHG QRU GLG WKH\ VWXG\ WKH HIIHFW RQ WKH FORVLQJ SUHVVXUH RI WKH (7�

0RUHRYHU� LW LV FRQFHLYDEOH WKDW DGPLQLVWUDWLRQ RI H[RJHQRXV VXUIDFWDQW

LPSURYHV WKH FOHDUDQFH IXQFWLRQ RI WKH (7 DV ZHOO� EHFDXVH D VLJQLILFDQW LQFUHDVH

LQ PXFRFLOLDU\ WUDQVSRUW ZDV IRXQG DIWHU WKH DSSOLFDWLRQ RI VXUIDFWDQW� ERWK LQ

YLWUR DQG LQ YLYR������ 7KH DLP RI WKLV VWXG\ ZDV WR LQYHVWLJDWH WKH HIIHFW RI

H[RJHQRXV VXUIDFWDQW RQ WKH RSHQLQJ DQG FORVLQJ SUHVVXUH �3R DQG 3F�

UHVSHFWLYHO\� DV ZHOO DV WKH PXFRFLOLDU\ FOHDUDQFH IXQFWLRQ RI WKH UDW·V (7 LQ D

GRXEOH�EOLQG� SODFHER�FRQWUROOHG IDVKLRQ�

������������������

7ZHQW\ :LVWDU UDWV� ZHLJKLQJ ��� WR ��� JUDPV� ZHUH XVHG LQ WKLV VWXG\� $OO UDWV

ZHUH DQDHVWKHWLVHG E\ LQWUDSHULWRQHDO DGPLQLVWUDWLRQ RI ��� PO 'RUPLFXP � ���

J �-DQVVHQ 3KDUPDFHXWLFD� %HHUVH� %HOJLXP� DQG DQ LQWUDPXVFXODU LQMHFWLRQ RI

���� PO +\SQRUP � ��� J �5RFKH� 0LMGUHFKW� WKH 1HWKHUODQGV�� 7KH\ ZHUH

SODFHG LQ WKH OHIW ODWHUDO UHFXPEHQW SRVLWLRQ� 7ZR LQFLVLRQV ZHUH PDGH LQ WKH

ULJKW W\PSDQLF PHPEUDQH� 2QH LQFLVLRQ ZDV XVHG WR LQMHFW WKH VXUIDFWDQW RU

SODFHER DQG WKH G\H WKDW ZDV XVHG IRU WKH FOHDUDQFH WHVW� 7KH RWKHU LQFLVLRQ

VHUYHG DV D YHQW� 3UHFHGLQJ WKH LQMHFWLRQ� WKH EDVHOLQH 3R DQG 3F ZHUH PHDVXUHG

DQG WKH GLIIHUHQFH EHWZHHQ WKH 3R DQG 3F ZDV FDOFXODWHG� 6XEVHTXHQWO\� ��

PLFUROLWHUV VXUIDFWDQW RU SODFHER ZHUH LQMHFWHG LQWR WKH PLGGOH HDU� 7KH

VXUIDFWDQW ZDV GHULYHG IURP ERYLQH OXQJV �VXUIDFWDQW�7$�� VXSSOHPHQWHG ZLWK

WKUHH V\QWKHWLF SKRVSKROLSLGV� DQG FRQWDLQHG SKRVSKROLSLGV DW D WRWDO

FRQFHQWUDWLRQ RI �� PJ�PO� 7KLV FRQFHQWUDWLRQ LV FOLQLFDOO\ XVHG WR ORZHU DOYHRODU

VXUIDFH WHQVLRQ LQ QHRQDWHV� 1RUPDO VDOLQH ZDV XVHG DV SODFHER� $W UDQGRP� WHQ

UDWV UHFHLYHG VXUIDFWDQW DQG WHQ UDWV UHFHLYHG SODFHER� 7KH 3R DQG 3F ZHUH

PHDVXUHG DJDLQ � DV ZHOO DV �� PLQXWHV DIWHU DGPLQLVWUDWLRQ� $IWHU WKH ILQDO

3R�3F PHDVXUHPHQW� WKH UDWV ZHUH NLOOHG E\ H[VDQJXLQDWLRQ DQG WKH G\H

FOHDUDQFH WLPH �'&7� ZDV PHDVXUHG�

)RUFHG UHVSRQVH WHVW� 3R DQG 3F PHDVXUHPHQW

7KH H[WHUQDO HDU FDQDO ZDV VHDOHG DLUWLJKW ZLWK WKH SUREH RI D 7<03�� PLGGOH

HDU DQDO\VHU �5H[WRQ 'DQSOH[ $�6� &RSHQKDJHQ� 'HQPDUN�� %HIRUH WDNLQJ WKH

PHDVXUHPHQWV� D WHVW ZDV SHUIRUPHG WR YHULI\ WKDW WKHUH ZDV QR OHDNDJH�

6XEVHTXHQWO\� WKH 3R DQG 3F ZHUH PHDVXUHG VL[ FRQVHFXWLYH WLPHV� 7KH 3R ZDV

DVVHVVHG E\ LQFUHDVLQJ WKH SUHVVXUH LQ WKH PLGGOH HDU XQWLO WKH (7 RSHQHG

VSRQWDQHRXVO\� 7KLV SDVVLYH RSHQLQJ RI WKH (7 ZDV LQGLFDWHG E\ D VXGGHQ
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GHFUHDVH LQ WKH SUHVVXUH� 7KH PD[LPXP SUHVVXUH ZDV UHFRUGHG DV WKH 3R�

,PPHGLDWHO\ DIWHU RSHQLQJ RI WKH (7� WKH SXPS ZDV WXUQHG RII DQG WKH (7 FORVHG

VSRQWDQHRXVO\� 7KH 3F ZDV WKH UHVLGXDO SUHVVXUH DIWHU SDVVLYH FORVXUH RI WKH (7�

&OHDUDQFH WHVW� '&7 PHDVXUHPHQW

,PPHGLDWHO\ DIWHU WKH ODVW PHDVXUHPHQW RI WKH 3R DQG 3F� WKH UDWV ZHUH

VDFULILFHG� 7KHLU ORZHU MDZ ZDV UHPRYHG FDUHIXOO\ DQG WKH VRIW SDODWH ZDV LQFLVHG

RQ WKH OHIW ODWHUDO VLGH WR YLVXDOLVH WKH QDVRSKDU\QJHDO RULILFH RI WKH (7�

6XEVHTXHQWO\� �� PLFUROLWHUV (YDQV EOXH VROXWLRQ� DW D FRQFHQWUDWLRQ RI ��

PJ�PO� ZHUH LQMHFWHG LQWR WKH PLGGOH HDU� 7KH UDW ZDV UHWXUQHG WR WKH VXSLQH

SRVLWLRQ DQG WKH QDVRSKDU\QJHDO RULILFH RI WKH (7 ZDV YLVXDOLVHG XQGHU WKH

PLFURVFRSH� 7KH WLPH EHWZHHQ LQMHFWLRQ RI WKH G\H DQG WKH ILUVW DSSHDUDQFH RI

WKH G\H DW WKH QDVRSKDU\QJHDO RULILFH RI WKH (7 ZDV UHFRUGHG DV WKH '&7�

6WDWLVWLFDO DQDO\VLV

,Q D SLORW VWXG\� WKH 3R ZDV LQFUHDVHG LPPHGLDWHO\ DIWHU WKH DGPLQLVWUDWLRQ RI

QRUPDO VDOLQH LQWR WKH PLGGOH HDU �XQSXEOLVKHG GDWD�� $IWHU WKUHH �RU OHVV�

SDVVLYH RSHQLQJV� WKH IOXLG FRXOG QR ORQJHU EH YLVXDOLVHG RWRVFRSLFDOO\ LQ WKH

W\PSDQLF FDYLW\ DQG WKH 3R UHWXUQHG WR QRUPDO LQ DOO DQLPDOV� $SSDUHQWO\� WKH (7

PXVW EH RSHQHG D IHZ WLPHV WR SHUIXVH WKH VROXWLRQ WKURXJK WKH (7� 7KHUHIRUH

WKH UHVXOWV RI WKH ILUVW WKUHH PHDVXUHPHQWV RI 3R DQG 3F ZHUH RPLWWHG� 7KH

PHDQV RI WKH IRXUWK� ILIWK DQG VL[WK 3R DQG 3F ZHUH FRPSXWHG DQG XVHG IRU WKH

DQDO\VHV LQ WKLV VWXG\�

7KH 3R� 3F DQG '&7 ZHUH DVVXPHG WR EH QRUPDOO\ GLVWULEXWHG YDULDEOHV DQG

DQDO\VHG IRU PHDQV DQG VWDQGDUG HUURUV RI WKH PHDQ �6(0�� :KHQ ERWK WUHDWPHQW

JURXSV ZHUH FRPSDUHG� PHDQV ZHUH DQDO\VHG ZLWK WKH 6WXGHQW·V W�WHVW� :KHQ

YDOXHV EHIRUH DQG DIWHU DSSOLFDWLRQ RI WKH VXUIDFWDQW RU SODFHER ZHUH FRPSDUHG�

WKH SDLUHG W�WHVW ZDV XVHG� $OO GDWD ZHUH DQDO\VHG XVLQJ WKH VWDWLVWLFDO SDFNDJH

6366�

�������

7KH IRUFHG UHVSRQVH WHVW ZDV SHUIRUPHG VXFFHVVIXOO\ LQ DOO UDWV� ZKLOH WKH G\H

FOHDUDQFH WHVW IDLOHG LQ RQH UDW GXH WR WHFKQLFDO SUREOHPV� $W EDVHOLQH� QR

GLIIHUHQFHV LQ ZHLJKW DQG VH[ ZHUH IRXQG EHWZHHQ WKH WZR JURXSV�

)RUFHG UHVSRQVH WHVW

%HIRUH WKH DGPLQLVWUDWLRQ RI VXUIDFWDQW RU SODFHER� WKH 3R DV ZHOO DV WKH 3F

VKRZHG D ZLGH YDULDWLRQ EHWZHHQ WKH UDWV� 6RPH UDWV GLVSOD\HG ORZ 3R DQG 3F
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�PLQLPXP ��� GD3D DQG �� GD3D� UHVSHFWLYHO\�� ZKLOH RWKHUV ZHUH IRXQG WR KDYH

KLJK 3R DQG 3F �PD[LPXP ��� GD3D DQG ��� GD3D� UHVSHFWLYHO\�� 7KLV

LQWHULQGLYLGXDO YDULDWLRQ ZDV QRW UHODWHG WR ZHLJKW RU VH[�

)LJXUH � VKRZV WKH PHDQ 3R DQG 3F ��� 6(0� EHIRUH DQG DIWHU WKH DGPLQLVWUDWLRQ

RI VXUIDFWDQW DQG SODFHER� $W EDVHOLQH� QR VXEVWDQWLDO GLIIHUHQFHV LQ 3R DQG 3F

ZHUH IRXQG EHWZHHQ WKH WZR JURXSV� ,PPHGLDWHO\ DIWHU DGPLQLVWUDWLRQ RI WKH

VXUIDFWDQW� WKH 3R GHFUHDVHG VLJQLILFDQWO\ ZLWK �� GD3D ���� &,� ���� GD3D�� IURP

��� GD3D WR ��� GD3D� 7KLV HIIHFW ZDV VWLOO PHDVXUHG DIWHU �� PLQXWHV� 7KH

HIIHFW RI WKH VXUIDFWDQW RQ WKH 3R ZDV IRXQG WR FRUUHODWH ZLWK WKH EDVHOLQH

GLIIHUHQFH EHWZHHQ WKH 3R DQG 3F �6SHDUPDQQ·V FRUUHODWLRQ FRHIILFLHQW ������

S ������ ,Q RWKHU ZRUGV� WKH ELJJHU WKH GLIIHUHQFH EHWZHHQ WKH 3R DQG 3F ZDV

EHIRUH DGPLQLVWUDWLRQ RI WKH VXUIDFWDQW� WKH ODUJHU ZDV WKH GHFUHDVH RI WKH 3R�

3ODFHER KDG QR HIIHFW RQ WKH 3R�

)LJXUH �� 0HDQ RSHQLQJ �3R� DQG FORVLQJ �3F� SUHVVXUHV �� � 6(0� EHIRUH �VROLG VTXDUH�� LPPHGLDWHO\

DIWHU �VROLG FLUFOH� DQG WHQ PLQXWHV DIWHU �VROLG GLDPRQG� DGPLQLVWUDWLRQ RI VXUIDFWDQW DQG SODFHER LQWR

WKH PLGGOH HDU� �Q ���

���

���

���

���
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,Q ERWK JURXSV D VLJQLILFDQW LQFUHDVH LQ 3F ZDV IRXQG LPPHGLDWHO\ DIWHU

DGPLQLVWUDWLRQ DV VKRZQ LQ )LJXUH �� ,Q WKH VXUIDFWDQW JURXS� WKH 3F LQFUHDVHG

IURP �� GD3D WR ��� GD3D �GLIIHUHQFH �� GD3D� ZLWK ��� &,� ����� GD3D�� DQG LQ

WKH SODFHER JURXS� WKH 3F LQFUHDVHG IURP �� GD3D WR ��� GD3D �GLIIHUHQFH ��

GD3D� ZLWK ��� &,� ����� GD3D�� $IWHU WHQ PLQXWHV� WKH 3F ZDV VWLOO VLJQLILFDQWO\

KLJKHU WKDQ WKH 3F EHIRUH DGPLQLVWUDWLRQ� EXW VLJQLILFDQWO\ ORZHU WKDQ

LPPHGLDWHO\ DIWHU DGPLQLVWUDWLRQ� 1R GLIIHUHQFHV ZHUH IRXQG EHWZHHQ WKH WZR

JURXSV�

&OHDUDQFH WHVW

,Q � RI WKH �� UDWV� WKH G\H DSSHDUHG DW WKH QDVRSKDU\QJHDO RULILFH ZLWKLQ ��

VHFRQGV� 7KUHH RI WKHVH � UDWV UHFHLYHG VXUIDFWDQW DQG KDG D PHDQ '&7 RI ��

VHFRQGV �6(0 � VHFRQGV�� 7KH RWKHU WKUHH UHFHLYHG SODFHER DQG KDG D PHDQ '&7

RI �� VHFRQGV �6(0 � VHFRQGV�� 7KLV GLIIHUHQFH ZDV QRW VWDWLVWLFDOO\ VLJQLILFDQW

�S �����

,Q WKH UHPDLQLQJ �� UDWV� LW WRRN DW OHDVW �� PLQXWHV EHIRUH WKH G\H EHFDPH

YLVLEOH� ,Q WKHVH UDWV WKH '&7 UDQJHG IURP ����� PLQXWHV� 7KH GLIIHUHQFH LQ

PHDQ '&7 EHWZHHQ WKH VL[ UDWV WKDW UHFHLYHG VXUIDFWDQW �PHDQ '&7 ���� PLQ��

6(0 ��� PLQ�� DQG WKH VHYHQ UDWV WKDW UHFHLYHG SODFHER �PHDQ '&7 ���� PLQ��

6(0 ��� PLQ�� ZDV QRW VWDWLVWLFDOO\ VLJQLILFDQW �S ����� %DVHG RQ WKH REVHUYHG�

YDVW GLIIHUHQFH LQ '&7� WKH UDWV ZHUH FRQVLGHUHG WR UHSUHVHQW WZR VXEJURXSV�

7KH UDWV ZLWK D '&7 ≤�� VHFRQGV ZHUH UHIHUUHG WR DV VXEJURXS �� ZKLOH WKH UDWV

ZLWK D '&7 ≥�� PLQXWHV FRQVWLWXWHG VXEJURXS ��

7KH UDWV LQ VXEJURXS � ZHUH FRPSDUDEOH WR WKH UDWV LQ VXEJURXS � ZLWK UHJDUG WR

ZHLJKW DQG VH[� +RZHYHU� WKH EDVHOLQH 3R DQG 3F ZHUH VLJQLILFDQWO\ KLJKHU LQ

VXEJURXS � WKDQ LQ VXEJURXS �� 7KH GLIIHUHQFH LQ PHDQ 3R ZDV �� GD3D ���� &,�

������ GD3D� DQG WKH GLIIHUHQFH LQ PHDQ 3F ZDV �� GD3D ���� &,� ����� GD3D��

 ���������

(7 VXUIDFWDQW LV FRPSRVHG RI D PL[WXUH RI SUHGRPLQDQWO\ SKRVSKROLSLGV�

HVSHFLDOO\ SKRVSKDWLG\OFKROLQHV DQG VSKLQJRP\HOLQV������ 3KRVSKROLSLGV DUH

NQRZQ WR UHGXFH WKH VXUIDFH WHQVLRQ DW DQ DLU�DTXHRXV LQWHUIDFH� +RZHYHU� VLQFH

WKH (7 LV QRUPDOO\ FORVHG� WKH (7 VXUIDFWDQW WKDW FRYHUV WKH HSLWKHOLXP LV

VXSSRVHG WR DFW DV D UHOHDVH DJHQW E\ SUHYHQWLQJ VROLG�WR�VROLG DGKHVLRQ���

$OWKRXJK WKH IRUFHG UHVSRQVH WHVW GRHV QRW GLUHFWO\ PHDVXUH WKH SK\VLRORJLFDO

DELOLW\ WR DFWLYHO\ RSHQ WKH (7� WKH WHVW GRHV SURYLGH XVHIXO LQIRUPDWLRQ DERXW

WKH (7 PHFKDQLFV������ 7KH 3R LV DVVXPHG WR UHIOHFW WKH SUHVVXUH ZKLFK LV QHHGHG

WR RYHUFRPH DOO FORVLQJ IRUFHV� LQFOXGLQJ WKH VROLG�WR�VROLG DGKHVLRQ RI WKH (7
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ZDOOV �OXPLQDO IRUFHV� DQG WKH SUHVVXUH RI WKH FDUWLODJH DQG RWKHU VXUURXQGLQJ

WLVVXHV �H[WUDOXPLQDO IRUFHV�� 7KH 3F LV EHOLHYHG WR UHIOHFW WKH H[WUDOXPLQDO

IRUFHV� ZKLOH WKH GLIIHUHQFH EHWZHHQ WKH 3R DQG 3F LV WKRXJKW WR UHIOHFW WKH

OXPLQDO IRUFHV� ,Q WKLV VWXG\� DGPLQLVWUDWLRQ RI H[RJHQRXV VXUIDFWDQW ZDV IRXQG

WR UHGXFH WKH 3R� 7KLV HIIHFW ZDV FRUUHODWHG ZLWK WKH EDVHOLQH GLIIHUHQFH EHWZHHQ

WKH 3R DQG WKH 3F� 5DWV ZLWK KLJKHU OXPLQDO IRUFHV DW EDVHOLQH VKRZHG D ODUJHU

GHFUHDVH LQ 3R DIWHU WKH DGPLQLVWUDWLRQ RI VXUIDFWDQW� ZKLOH DOO UDWV UHFHLYHG WKH

VDPH DPRXQW DQG FRQFHQWUDWLRQ RI VXUIDFWDQW� 3RVVLEO\� WKH FRQFHQWUDWLRQ

DQG�RU FRPSRVLWLRQ RI HQGRJHQRXV VXUIDFWDQW LQ WKH (7 GLIIHUV EHWZHHQ UDWV

UHVXOWLQJ LQ YDULDWLRQ LQ OXPLQDO IRUFHV� 7KLV YDULDWLRQ PD\ PRGHUDWH WKH HIIHFW RI

H[RJHQRXV VXUIDFWDQW� +RZHYHU� EHIRUH DQ\ FRQFOXVLRQV FDQ EH GUDZQ� WKH

SURSHUWLHV RI HQGRJHQRXV VXUIDFWDQW VKRXOG EH IXUWKHU UHYHDOHG�

7KH 3F LQFUHDVHG DIWHU DGPLQLVWUDWLRQ RI ERWK VXUIDFWDQW DQG SODFHER� 7KLV

LQFUHDVH LQ 3F PD\ EH FDXVHG E\ UHVLGXDO IOXLG LQ WKH (7� ,PPHGLDWHO\ DIWHU

SDVVLYH RSHQLQJ RI WKH (7� WKH SUHVVXUH SXPS ZDV WXUQHG RII� 6XEVHTXHQWO\� WKH

(7 FORVHG SDVVLYHO\� +RZHYHU� UHVLGXDO IOXLG LQ WKH (7� PD\ KDYH REVWUXFWHG WKH

(7 OXPHQ MXVW EHIRUH DFWXDO FORVXUH RI WKH (7� UHVXOWLQJ LQ D KLJKHU 3F� 7KLV HIIHFW

ZDV GLPLQLVKHG WHQ PLQXWHV ODWHU� SUREDEO\ EHFDXVH WKH UHVLGXDO IOXLG KDG EHHQ

JUDGXDOO\ FOHDUHG IURP WKH (7�

&OHDUDQFH RI WKH PLGGOH HDU LV HVWDEOLVKHG E\ WKH PXFRFLOLDU\ WUDQVSRUW DQG WKH

SXPSLQJ DFWLYLW\ RI WKH (7� %\ NLOOLQJ WKH DQLPDOV� WKH SXPSLQJ DFWLYLW\ VWRSV�

+RZHYHU� WKH FLOLDU\ DFWLYLW\ JHQHUDOO\ FRQWLQXHV QRUPDOO\ IRU VHYHUDO KRXUV RU

HYHQ GD\V DIWHU GHDWK������ 7KHUHIRUH� PXFRFLOLDU\ WUDQVSRUW FDQ EH PHDVXUHG

LPPHGLDWHO\ DIWHU H[VDQJXLQDWLRQ RI WKH UDWV� ,Q WKH VWXGLHG SRSXODWLRQ�

FRQWUDVWLQJ UHVXOWV ZHUH IRXQG IRU WKH FOHDUDQFH WHVW� ,Q VXEJURXS �� WKH G\H ZDV

YLVXDOLVHG DW WKH QDVRSKDU\QJHDO RULILFH ZLWKLQ �� VHFRQGV DIWHU LQMHFWLRQ LQWR

WKH W\PSDQLF FDYLW\� ZKLOH LW WRRN DW OHDVW �� PLQXWHV EHIRUH WKH G\H KDG SDVVHG

WKH (7 LQ VXEJURXS �� ,Q RWKHU VWXGLHV� PHDQ '&7V RI DSSUR[LPDWHO\ �� VHFRQGV

ZHUH IRXQG LQ KHDOWK\ UDWV DQG JXLQHD SLJV������ 7KHUHIRUH� ZH DVVXPH WKDW IRU

VRPH UHDVRQ D VHULRXV GLVWXUEDQFH RI WKH '&7 ZDV LQGXFHG LQ VXEJURXS ��

,Q VXEJURXS �� QR GLIIHUHQFH LQ '&7 ZDV IRXQG EHWZHHQ VXUIDFWDQW DQG SODFHER�

2WKHUV IRXQG WKDW H[RJHQRXV VXUIDFWDQW KDG D SRVLWLYH HIIHFW RQ PXFRFLOLDU\

WUDQVSRUW UDWH DQG FLOLDU\ EHDW IUHTXHQF\ RI IURJ SDODWH DQG GRJ WUDFKHD������

$OOHJUD HW DO��� VWXGLHG IURJ SDODWHV �LQ YLWUR� VSUD\HG ZLWK VXUIDFWDQW DQG IRXQG

DQ LQFUHDVH LQ PXFRFLOLDU\ WUDQVSRUW UDWH RI ���� 'H 6DQFWLV HW DO��� UHSRUWHG D

ILYHIROG LQFUHDVH LQ WUDFKHDO PXFXV YHORFLW\ DQG D WZRIROG LQFUHDVH LQ FLOLDU\ EHDW

IUHTXHQF\ LQ GRJV WUHDWHG ZLWK VXUIDFWDQW� 7KHVH HIIHFWV ZHUH DVFULEHG WR WKH

DQWL�DGKHVLYH HIIHFWV RI VXUIDFWDQW� $ UHGXFWLRQ RI WKH DGKHVLRQ EHWZHHQ WKH FLOLD



&KDSWHU �

��

DQG WKH PXFXV EODQNHW� PD\ LPSURYH WKH HIIHFWLYHQHVV RI WKLV ELRORJLFDO

FRQYH\RU EHOW� 7KH VPDOO QXPEHU RI UDWV LQ VXEJURXS � PD\ KDYH EHHQ FDXVDWLYH

IRU WKH ODFN RI D FRPSDUDEOH HIIHFW LQ WKLV VWXG\�

$ERXW WKH FDXVH RI WKH GHOD\ RI WKH '&7 LQ VXEJURXS � FDQ RQO\ EH VSHFXODWHG�

7KH EDVHOLQH 3R DQG 3F ZHUH VLJQLILFDQWO\ KLJKHU LQ VXEJURXS � WKDQ LQ VXEJURXS

�� 7KLV LQGLFDWHV WKDW KLJKHU SUHVVXUHV ZHUH QHHGHG WR RSHQ WKH (7 DQG SHUIXVH

WKH VROXWLRQ� HLWKHU VXUIDFWDQW RU SODFHER� WKURXJK WKH (7 LQ WKHVH DQLPDOV� 7KH

PXFXV EODQNHW FRYHULQJ WKH (7 HSLWKHOLXP LV NQRZQ WR EH D NH\IDFWRU LQ HIIHFWLYH

FOHDUDQFH DQG HYHQ VPDOO FKDQJHV RI WKLV EODQNHW PD\ FDXVH D GLVWXUEDQFH RI WKH

PXFRFLOLDU\ WUDQVSRUW������ )RUFLQJ D VROXWLRQ WKURXJK WKH (7 PD\ KDYH FDXVHG

VXFK FKDQJHV WR WKH PXFXV EODQNHW� UHVXOWLQJ LQ D GHOD\ RI WKH '&7� 3RVVLEO\�

UDWV ZLWK D KLJK LQLWLDO 3R DQG 3F� L�H� ZLWK SRRU SDWHQF\� DUH PRUH VXVFHSWLEOH WR

WKLV NLQG RI GDPDJH WR WKH PXFRFLOLDU\ V\VWHP�

,Q FRQFOXVLRQ� VXUIDFWDQW ZDV IRXQG WR GHFUHDVH WKH FORVLQJ IRUFHV RI WKH (7 LQ

WKLV DV ZHOO DV LQ RWKHU VWXGLHV� 1R VLJQLILFDQW HIIHFW RQ WKH PXFRFLOLDU\ FOHDUDQFH

ZDV IRXQG� $GGLWLRQDO UDQGRPLVHG� GRXEOH�EOLQG� SODFHER�FRQWUROOHG WULDOV�

VKRXOG EH FRQGXFWHG WR GHWHUPLQH WKH FOLQLFDO UHOHYDQFH RI WKHVH FKDQJHV DQG WR

IXUWKHU DVVHVV WKH HIIHFW RI VXUIDFWDQW RQ WKH (7 IXQFWLRQ�

55HHIIHHUHUHQQFFHVHV

�� 0XOGHU� --6� 0RUSKRORJLFDO DQG IXQFWLRQDO DVSHFWV RI WKH (XVWDFKLDQ WXEH RI WKH UDW >GLVVHUWDWLRQ@�

1LMPHJHQ� &DWKROLF 8QLYHUVLW\ 1LMPHJHQ� �����

�� $OELLQ 1� +HOOVWU|P 6� 6WHQIRUV /(� &HUQH $� 0LGGOH HDU PXFRVD LQ UDWV DQG KXPDQV� $QQ 2WRO

5KLQRO /DU\QJRO ���������VXSSO�������

�� $OELLQ 1� +HOOVWU|P 6� 6WHQIRUV /(� &OHDUDQFH RI HIIXVLRQ PDWHULDO IURP WKH DWWLF VSDFH��DQ

H[SHULPHQWDO VWXG\ LQ WKH UDW� ,QW - 3HGLDWU 2WRUKLQRODU\QJRO ������������

�� 0XOGHU --6� .XLMSHUV :� 5DW (XVWDFKLDQ WXEH DQG LWV PXVFXODWXUH� $QQ 2WRO 5KLQRO /DU\QJRO

�����������������

�� 6DGp -� $U $� 0LGGOH HDU DQG DXGLWRU\ WXEH� PLGGOH HDU FOHDUDQFH� JDV H[FKDQJH� DQG SUHVVXUH

UHJXODWLRQ� 2WRODU\QJRO +HDG 1HFN 6XUJ �����������������

�� &DVVHOEUDQW 0/� &DQWHNLQ (,� 'LUNPDDW '&� HW DO� ([SHULPHQWDO SDUDO\VLV RI WHQVRU YHOL SDODWLQL

PXVFOH� $FWD 2WRODU\QJRO �����������������

�� 0XOGHU --6� .XLMSHUV :� 7KH PXFRVDO OLQLQJ RI WKH (XVWDFKLDQ WXEH RI WKH UDW� $FWD 2WRODU\QJRO

�����������������

�� 2KDVKL <� 1DNDL <� &XUUHQW FRQFHSWV RI PXFRFLOLDU\ G\VIXQFWLRQ LQ RWLWLV PHGLD ZLWK HIIXVLRQ� $FWD

2WRODU\QJRO ���������VXSSO����������

�� +RXWPH\HUV (� *RVVHOLQN 5� *D\DQ 5*� 'HFUDPHU 0� (IIHFWV RI GUXJV RQ PXFXV FOHDUDQFH� (XU

5HVSLU - ����������������

��� +RQMR ,� 8VKLUR .� 2ND]DNL 1� .XPD]DZD 7� (YDOXDWLRQ RI (XVWDFKLDQ WXEH IXQFWLRQ E\ FRQWUDVW

URHQWJHQRJUDSK\� $UFK 2WRODU\QJRO �����������������

��� +RQMR ,� 2ND]DNL 1� .XPD]DZD 7� ([SHULPHQWDO VWXG\ RI WKH (XVWDFKLDQ WXEH IXQFWLRQ ZLWK UHJDUG

WR LWV UHODWHG PXVFOHV� $FWD 2WRODU\QJRO ��������������
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��

��� +RQMR ,� +D\DVKL 0� ,WR 6� 7DNDKDVKL +� 3XPSLQJ DQG FOHDUDQFH IXQFWLRQ RI WKH (XVWDFKLDQ WXEH�

$P - 2WRODU\QJRO ���������������

��� 0LXUD 0� 7DNDKDVKL +� 6XJLPDUX 7� +RQMR ,� ,QIOXHQFH RI VXUIDFH FRQGLWLRQ RI PXFRVD RI

(XVWDFKLDQ WXEH RQ WXEDO FRPSOLDQFH� $FWD 2WRODU\QJRO �����������������

��� :KLWH 3� +HUPDQVVRQ $� 6YLQKXIYXG 0� 6XUIDFWDQW DQG LVRSUHQDOLQH HIIHFW RQ (XVWDFKLDQ WXEH

RSHQLQJ LQ UDWV ZLWK DFXWH RWLWLV PHGLD� $P - 2WRODU\QJRO ����������������

��� :KLWH 3� (IIHFW RI H[RJHQRXV VXUIDFWDQW RQ (XVWDFKLDQ WXEH IXQFWLRQ LQ WKH UDW� $P - 2WRODU\QJRO

����������������

��� $OOHJUD /� %RVVL 5� %UDJD 3� ,QIOXHQFH RI VXUIDFWDQW RQ PXFRFLOLDU\ WUDQVSRUW� (XU - 5HVSLU 'LV

���������VXSSO��������

��� 'H 6DQFWLV *7� 7RPNLHZLF] 53� 5XELQ %.� HW DO� ([RJHQRXV VXUIDFWDQW HQKDQFHV PXFRFLOLDU\

FOHDUDQFH LQ WKH DQDHVWKHWL]HG GRJ� (XU 5HVSLU - �����������������

��� +LOOV %$� $QDO\VLV RI (XVWDFKLDQ VXUIDFWDQW DQG LWV IXQFWLRQ DV D UHOHDVH DJHQW� $UFK 2WRODU\QJRO

�������������

��� 0LUD (� %HQD]]R 0� 7DFFRQL 07� HW DO� 'LVDWXUDWHG SKRVSKDWLG\OFKROLQH LQ UDEELW (XVWDFKLDQ WXEH

VXUIDFWDQW� 25/ - 2WRUKLQRODU\QJRO 5HODW 6SHF ����������������

��� &DQWHNLQ (,� 6DH] &$� %OXHVWRQH &'� %HUQ 6$� $LUIORZ WKURXJK WKH (XVWDFKLDQ WXEH� $QQ 2WRO 5KLQRO

/DU\QJRO ����������������

��� %\ODQGHU $� 7MHUQVWU|P 2� ,YDUVVRQ $� 3UHVVXUH RSHQLQJ DQG FORVLQJ IXQFWLRQV RI WKH (XVWDFKLDQ

WXEH LQ FKLOGUHQ DQG DGXOWV ZLWK QRUPDO HDUV� $FWD 2WRODU\QJRO ��������������

��� YDQ +HHUEHHN 1� ,QJHOV .-$2� 6QLN $)0� =LHOKXLV *$� 5HOLDELOLW\ RI PDQRPHWULF (XVWDFKLDQ WXEH

IXQFWLRQ WHVWV LQ FKLOGUHQ� 2WRO 1HXURWRO ����������������

��� ,QJHOV .-$2� .RUWPDQQ 0-� 1LM]LHO 05� HW DO� )DFWRUV LQIOXHQFLQJ FLOLDU\ EHDW PHDVXUHPHQWV�

5KLQRORJ\ ��������������

��� /HH 50� 5RVVPDQ &0� 2
%URGRYLFK +� $VVHVVPHQW RI SRVWPRUWHP UHVSLUDWRU\ FLOLDU\ PRWLOLW\ DQG

XOWUDVWUXFWXUH� $P 5HY 5HVSLU 'LV �����������������

��� 6DGp -� &LOLDU\ DFWLYLW\ DQG PLGGOH HDU FOHDUDQFH� $UFK 2WRODU\QJRO ����������������

��� 'RZQV %:� %XWHKRUQ +)� 3UD]PD -� HW DO� $FWLRQ RI KLVWDPLQH RQ (XVWDFKLDQ WXEH IXQFWLRQ�

2WRODU\QJRO +HDG 1HFN 6XUJ �����������������

��� 6XJLXUD <� 2KDVKL <� 1DNDL <� 5R[\WKURP\FLQ VWLPXODWHV WKH PXFRFLOLDU\ DFWLYLW\ RI WKH (XVWDFKLDQ

WXEH DQG PRGXODWHV QHXWURSKLO DFWLYLW\ LQ WKH KHDOWK\ JXLQHD SLJ� $FWD 2WRODU\QJRO

���������VXSSO��������

��� 5KHH &.� -HRQJ 36� .LP <+� HW DO� (IIHFW RI SODWHOHW DFWLYDWLQJ IDFWRU DQG LWV DQWDJRQLVW RQ WKH

PXFRFLOLDU\ FOHDUDQFH RI WKH (XVWDFKLDQ WXEH LQ JXLQHD SLJV� $QQ 2WRO 5KLQRO /DU\QJRO

�����������������

��� .LQJ 0� *LOERD $� 0H\HU )$� 6LOEHUEHUJ $� 2Q WKH WUDQVSRUW RI PXFXV DQG LWV UKHRORJLF VLPXODQWV LQ

FLOLDWHG V\VWHPV� $P 5HY 5HVSLU 'LV �����������������

��� (OLH]HU 1� 6DGp -� 6LOEHUEHUJ $� 1HYR $&� 7KH UROH RI PXFXV LQ WUDQVSRUW E\ FLOLD� $P 5HY 5HVSLU 'LV

���������������
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7KH (XVWDFKLDQ WXEH DQG LWV IXQFWLRQV KDYH JDLQHG PXFK VFLHQWLILF LQWHUHVW LQ WKH

ODVW GHFDGHV� EXW VWLOO PDQ\ TXHVWLRQV DUH XQDQVZHUHG� 5HDVRQ IRU WKLV PD\ EH

WKH ODFN RI VXLWDEOH WHVWV WR PHDVXUH (XVWDFKLDQ WXEH IXQFWLRQ DQG�RU WKH ODFN RI

SHUVSHFWLYHV IRU PHGLFDO WUHDWPHQWV WR LPSURYH WKH (XVWDFKLDQ WXEH IXQFWLRQV�

7KLV WKHVLV GHVFULEHV D VHULHV RI VWXGLHV SHUIRUPHG ZLWK WKH LQWHQWLRQ WR SURYLGH

JUHDWHU LQVLJKW LQWR WKH (XVWDFKLDQ WXEH� HVSHFLDOO\ UHODWHG WR PHDVXUHPHQW DQG

LPSURYHPHQW RI LWV IXQFWLRQV�

0HDVXUHPHQW RI WKH (XVWDFKLDQ WXEH IXQFWLRQ

7KLV WKHVLV �&KDSWHU �� VKRZHG WKDW D UHOLDEOH PHDVXUH RI WKH SDVVLYH (XVWDFKLDQ

WXEH YHQWLODWRU\ IXQFWLRQ LQ FKLOGUHQ LV REWDLQHG E\ FDOFXODWLQJ WKH PHDQV RI WKH

ILUVW WKUHH PHDVXUHPHQWV RI WKH RSHQLQJ DQG FORVLQJ SUHVVXUHV �IRUFHG UHVSRQVH

WHVW�� $ VLQJOH PHDVXUHPHQW RI WKH SUHVVXUH HTXLOLEUDWLRQ WHVW� XVLQJ ZHW

VZDOORZLQJ DQG VWDUWLQJ SUHVVXUHV RI ��� DQG ���� GD3D� LV VXIILFLHQW WR

GHWHUPLQH DFWLYH (XVWDFKLDQ WXEH YHQWLODWRU\ IXQFWLRQ� 8QIRUWXQDWHO\� WKH

TXHVWLRQ UHPDLQV ZKLFK WHVW SURYLGHV WKH PRVW XVHIXO DQG UHOHYDQW LQIRUPDWLRQ�

,W LV \HW XQNQRZQ ZKLFK WHVW FDQ EH XVHG EHVW WR GLVFULPLQDWH EHWZHHQ SDWLHQWV

ZLWK YDULRXV GHJUHHV RI PLGGOH HDU GLVHDVH� 7KH SUHVVXUH HTXLOLEUDWLRQ WHVW

EHWWHU LPLWDWHV WKH QRUPDO SK\VLRORJLFDO VLWXDWLRQ WKDQ WKH IRUFHG UHVSRQVH WHVW

DQG WKHUHIRUH DSSHDUV WR EH PRUH UHOHYDQW� 2Q WKH RWKHU KDQG� WKH UHVXOWV RI WKH

IRUFHG UHVSRQVH WHVW DUH PXFK PRUH VHQVLWLYH WR YDULDWLRQ WKDQ WKH FDWHJRULVHG

UHVXOWV RI WKH SUHVVXUH HTXLOLEUDWLRQ WHVW�

1R V\VWHPDWLF GLIIHUHQFHV ZHUH IRXQG EHWZHHQ WKH OHIW DQG WKH ULJKW HDUV

�&KDSWHU ��� +RZHYHU� WKH LQWUDLQGLYLGXDO YDULDWLRQ ZDV YHU\ SURQRXQFHG

LQGLFDWLQJ WKDW (XVWDFKLDQ WXEH YHQWLODWRU\ DQG SURWHFWLYH IXQFWLRQ DUH PRUH D

FKDUDFWHULVWLF RI WKH LQGLYLGXDO HDU WKDQ RI WKH LQGLYLGXDO FKLOG HYHQ LQ FDVH RI

ELODWHUDO RWLWLV PHGLD ZLWK HIIXVLRQ �20(�� (XVWDFKLDQ WXEH G\VIXQFWLRQ VHHPV WR

EH D ORFDO SURFHVV WR D ODUJH H[WHQW DQG WKH FRQWULEXWLRQ RI HDFK (XVWDFKLDQ WXEH

WR WKH GHYHORSPHQW RI 20( LQ WKH FRUUHVSRQGLQJ HDU LV SUREDEO\ LQGHSHQGHQW RI

WKH FRQWUDODWHUDO VLGH� 7KLV ILQGLQJ TXHVWLRQV WKH YDOLGLW\ RI WULDOV RQ (XVWDFKLDQ

WXEH IXQFWLRQ RU PLGGOH HDU GLVHDVH WKDW XVH WKH RSSRVLWH HDU DV D FRQWURO �VSOLW

OHYHO GHVLJQ�� 7KH WHVW UHVXOWV RI RQH (XVWDFKLDQ WXEH VKRXOG QRW EH H[WUDSRODWHG

WR WKH RWKHU (XVWDFKLDQ WXEH DQG WKH XVH RI WKH RSSRVLWH HDU DV D SDLUHG FRQWURO

LV GLVFRXUDJHG�

$ OLPLWDWLRQ RI WKH VWXGLHV RQ KXPDQV GHVFULEHG LQ WKLV WKHVLV LV WKDW WKH\ RQO\

LQFOXGHG FKLOGUHQ ZLWK YHQWLODWLRQ WXEHV� ,W ZRXOG EH YHU\ LQWHUHVWLQJ WR VWXG\ WKH

(XVWDFKLDQ WXEH IXQFWLRQ LQ RWRORJLFDOO\ KHDOWK\ FKLOGUHQ LQ RUGHU WR GHWHUPLQH
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WKH QDWXUDO FRXUVH RI WKH (XVWDFKLDQ WXEH IXQFWLRQ �LI SRVVLEOH LQ UHODWLRQ ZLWK

WKH GHYHORSPHQW RI 20(� DQG WR JDLQ NQRZOHGJH DERXW WKH GLIIHUHQFHV LQ

(XVWDFKLDQ WXEH IXQFWLRQ EHWZHHQ KHDOWK\ DQG GLVHDVHG HDUV� +RZHYHU� D

SUHUHTXLVLWH IRU WKH WHVWV DV WKH\ DUH SHUIRUPHG LQ WKLV WKHVLV LV DQ RSHQ

W\PSDQLF PHPEUDQH �L�H� ZLWK D YHQWLODWLRQ WXEH RU D SHUIRUDWLRQ�� 2WKHU

LQYHVWLJDWRUV SHUIRUPHG WKH IRUFHG UHVSRQVH WHVW DQG WKH SUHVVXUH HTXLOLEUDWLRQ

WHVW ZLWK DQ LQWDFW W\PSDQLF PHPEUDQH DV ZHOO� EXW LQ WKRVH FDVHV D SUHVVXUH

FKDPEHU ZDV QHHGHG WR LQGLUHFWO\ FKDQJH WKH SUHVVXUH LQ WKH PLGGOH HDU FDYLW\��

7KH XVH RI D SUHVVXUH FKDPEHU KDV� KRZHYHU� HYLGHQW SUDFWLFDO OLPLWDWLRQV�

HVSHFLDOO\ IRU FKLOGUHQ� $Q DOWHUQDWLYH WHVW PHWKRG LQ FDVHV ZLWK DQ LQWDFW

W\PSDQLF PHPEUDQH PD\ EH VRQRWXERPHWU\� 6RQRWXERPHWU\ LV EDVHG RQ WKH

FRQGXFWLRQ RI VRXQG ZDYHV WKURXJK WKH (XVWDFKLDQ WXEH LI WKH WXEH RSHQV

GXULQJ� IRU H[DPSOH� VZDOORZLQJ� 6RXQG ZDYHV DUH DSSOLHG WR WKH QDVRSKDU\Q[

WKURXJK RQH RI WKH QRVWULOV� $ PLFURSKRQH LV FRQQHFWHG WR WKH H[WHUQDO HDU FDQDO�

$Q LQFUHDVH LQ WKH VRXQG SUHVVXUH OHYHO LQ WKH HDU FDQDO GXULQJ VZDOORZLQJ LV

DVVXPHG WR LQGLFDWH DFWLYH RSHQLQJ RI WKH (XVWDFKLDQ WXEH�� $OWKRXJK WKLV

PHWKRG LV VDIH DQG SDWLHQW�IULHQGO\� LWV XVHIXOQHVV DQG UHOLDELOLW\ UHPDLQ

GHEDWDEOH���� ,Q DGGLWLRQ� WKH WHVW PHWKRG RQO\ SURYLGHV LQIRUPDWLRQ DERXW WKH

DFWLYH (XVWDFKLDQ WXEH IXQFWLRQ� OLNH WKH SUHVVXUH HTXLOLEUDWLRQ WHVW� EXW GRHV QRW

PHDVXUH SDVVLYH (XVWDFKLDQ WXEH RSHQLQJ� <HW ZH UHFRPPHQG WR VWXG\ WKH

PHULWV RI VRQRWXERPHWU\ IRU WKH HYDOXDWLRQ RI (XVWDFKLDQ WXEH IXQFWLRQ�

7KH (XVWDFKLDQ WXEH KDV WKUHH IXQFWLRQV ZLWK UHVSHFW WR WKH PLGGOH HDU�

YHQWLODWLRQ� SURWHFWLRQ DQG FOHDUDQFH� 0RVW VWXGLHV LQYHVWLJDWH RQO\ RQH RI WKHVH

WKUHH IXQFWLRQV� :H LQYHVWLJDWHG ERWK WKH YHQWLODWRU\ DQG WKH SURWHFWLYH IXQFWLRQ

LQ FKLOGUHQ� 8QIRUWXQDWHO\ ZH ZHUH QRW DEOH WR VWXG\ WKH FOHDUDQFH IXQFWLRQ LQ

WKHVH FKLOGUHQ� ,Q YLYR PHDVXUHPHQW RI WKH FOHDUDQFH IXQFWLRQ LQ FKLOGUHQ LV

GLIILFXOW� LI QRW LPSRVVLEOH� GXH WR WKH SUDFWLFDO DQG HWKLFDO REMHFWLRQV RI LQMHFWLQJ

FRQWUDVW PHGLXP LQWR WKH PLGGOH HDU� $V D UHVXOW� PHDVXUHPHQW RI WKH FOHDUDQFH

IXQFWLRQ UHPDLQV FRQILQHG WR DQLPDO VWXGLHV� <HW LW LV LPSRUWDQW WR OHDUQ KRZ

PXFK WKH WKUHH (XVWDFKLDQ WXEH IXQFWLRQV DUH LQWHUUHODWHG DQG LQWHUGHSHQGHQW�

DQG WR ZKDW H[WHQW WKH\ YDU\ EHWZHHQ GLIIHUHQW FKLOGUHQ�

,PSURYHPHQW RI WKH (XVWDFKLDQ WXEH IXQFWLRQ

$ FRPSUHKHQVLYH VXPPDU\ RI WKH (QJOLVK ODQJXDJH OLWHUDWXUH RQ WKHUDSHXWLF

LPSURYHPHQW RI (XVWDFKLDQ WXEH IXQFWLRQ �&KDSWHU �� VKRZHG WKDW PRVW VWXGLHV

FRQFHUQHG WKH HIIHFW RI LQWHUYHQWLRQV RQ WKH (XVWDFKLDQ WXEH YHQWLODWRU\ IXQFWLRQ�

,Q DGGLWLRQ� WKHUH ZDV ZLGH YDULDWLRQ LQ WKH W\SH RI LQWHUYHQWLRQV� WHVW PHWKRGV

DQG VWXG\ SRSXODWLRQV DQG PRVW VWXGLHV ZHUH XQGHUSRZHUHG DQG QRW SODFHER�
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FRQWUROOHG� 'HVSLWH WKHVH UHVWULFWLRQV� WKH UHVXOWV LQGLFDWHG WKDW WKHUH PD\ EH

VHYHUDO SRWHQWLDO LQWHUYHQWLRQV WR LPSURYH (XVWDFKLDQ WXEH IXQFWLRQ� 6XUIDFWDQWV�

EHWD DGUHQRFHSWRU DJRQLVWV DQG GHFRQJHVWDQWV DUH VXJJHVWLYH WR KDYH D SRVLWLYH

HIIHFW RQ SDVVLYH (XVWDFKLDQ WXEH IXQFWLRQ DQG UR[\WKURP\FLQ PD\ HQKDQFH WKH

FOHDUDQFH FDSDFLW\�

7KH LQVHUWLRQ RI YHQWLODWLRQ WXEHV� ZKLFK DUH ZLGHO\ DSSOLHG WR DHUDWH WKH PLGGOH

HDU LQ FKLOGUHQ ZLWK 20(� GLG QRW UHVXOW LQ DQ LPSURYHPHQW RI WKH (XVWDFKLDQ

WXEH YHQWLODWRU\ IXQFWLRQ LQ FKLOGUHQ ZLWK 20( GXULQJ WKH ILUVW WKUHH PRQWKV DIWHU

VXUJHU\ �&KDSWHU ���7KLV OHDG WR WKH FRQFOXVLRQ WKDW WKH SRRU (XVWDFKLDQ WXEH

IXQFWLRQ LQ WKHVH FKLOGUHQ LV PRUH OLNHO\ WR EH D FDXVDO IDFWRU RI 20( WKDQ D

UHVXOW RI WKH GLVHDVH� &HUWDLQ FKLOGUHQ PD\ KDYH SRRU (XVWDFKLDQ WXEH YHQWLODWRU\

IXQFWLRQ� ZKLFK PDNHV WKHP PRUH VXVFHSWLEOH WR 20(�

1DVDO GHFRQJHVWDQWV DUH IUHTXHQWO\ UHFRPPHQGHG IRU WKH WUHDWPHQW RI 20(� 7KH

UDWLRQDOH EHKLQG WKLV WUHDWPHQW VWUDWHJ\ LV WKDW WKHVH GUXJV GHFRQJHVW WKH

PXFRVD RI WKH (XVWDFKLDQ WXEH� WKXV LPSURYLQJ WKH (XVWDFKLDQ WXEH IXQFWLRQ�

+RZHYHU� D UDQGRPLVHG� GRXEOH�EOLQG� SODFHER�FRQWUROOHG VWXG\ WKDW LV GHVFULEHG

LQ WKLV WKHVLV �&KDSWHU �� VKRZHG WKDW D UHODWLYHO\ ODUJH GRVH �����

[\ORPHWD]ROLQH K\GURFKORULGH QRVH GURSV GLG QRW LPSURYH WKH (XVWDFKLDQ WXEH

YHQWLODWRU\ RU SURWHFWLYH IXQFWLRQ LQ FKLOGUHQ ZLWK YHQWLODWLRQ WXEHV GXH WR

SHUVLVWHQW 20(� 6HYHUDO H[SODQDWLRQV HPHUJH� WKH GHFRQJHVWDQW GLG QRW

VXIILFLHQWO\ UHDFK WKH (XVWDFKLDQ WXEH PXFRVD RU WKH GHFRQJHVWLYH HIIHFW ZDV WRR

VPDOO WR UHVXOW LQ DQ LPSURYHPHQW RI WKH (XVWDFKLDQ WXEH IXQFWLRQ LQ WKHVH

FKLOGUHQ�

6LQFH VXUIDFWDQW LV VHFUHWHG E\ WKH (XVWDFKLDQ WXEH HSLWKHOLXP DQG LV DVVXPHG WR

HQDEOH QRUPDO IXQFWLRQLQJ RI WKH (XVWDFKLDQ WXEH���� ZH GHVFULEHG WKH HIIHFW RI

H[RJHQRXV VXUIDFWDQW RQ WKH (XVWDFKLDQ WXEH IXQFWLRQ LQ D VPDOO JURXS RI

RWRORJLFDOO\ KHDOWK\ UDWV �&KDSWHU ��� ([RJHQRXV VXUIDFWDQW ZDV IRXQG WR

GHFUHDVH WKH FORVLQJ IRUFHV RI WKH (XVWDFKLDQ WXEH LQ RWRORJLFDOO\ KHDOWK\ UDWV�

6XUSULVLQJO\� QR VLJQLILFDQW HIIHFW RQ WKH PXFRFLOLDU\ FOHDUDQFH ZDV IRXQG� EXW

UHSOLFDWH VWXGLHV DUH QHHGHG� 1HYHUWKHOHVV� WKH DGPLQLVWUDWLRQ RI H[RJHQRXV

VXUIDFWDQW FRXOG EH D SURPLVLQJ LQWHUYHQWLRQ WR LPSURYH (XVWDFKLDQ WXEH

IXQFWLRQ� ,W LV� KRZHYHU� SUHPDWXUH WR UHFRPPHQG WKH XVH RI VXUIDFWDQW LQ

KXPDQV� EHFDXVH WKH �UHOHYDQFH RI WKH� HIIHFWV RI H[RJHQRXV VXUIDFWDQW VKRXOG

EH VWXGLHG LQ PRUH GHWDLO ILUVW�

:KHQHYHU LQWHUYHQWLRQV WR LPSURYH WKH (XVWDFKLDQ WXEH IXQFWLRQ DUH GHYHORSHG

DQG VWXGLHG� RQH VKRXOG FRQVLGHU WKDW VXFK DQ LQWHUYHQWLRQ SUHIHUDEO\ LPSURYHV

DOO WKUHH (XVWDFKLDQ WXEH IXQFWLRQV� EXW DW OHDVW QRW SRVLWLYHO\ DIIHFWV RQH



&KDSWHU �

���

IXQFWLRQ DQG� DW WKH VDPH WLPH� QHJDWLYHO\ DIIHFWV DQRWKHU� 0RUHRYHU� LW VKRXOG

EH UHFNRQHG ZLWK WKDW FHUWDLQ LQWHUYHQWLRQV PD\ EH HIIHFWLYH LQ VRPH FKLOGUHQ�

ZKLOH RWKHU FKLOGUHQ GR QRW EHQHILW IURP WKHP DW DOO� 2QFH DQ LQWHUYHQWLRQ LV

SURYHQ WR EH HIIHFWLYH WR LPSURYH WKH (XVWDFKLDQ WXEH IXQFWLRQ� WKH TXHVWLRQ

UHPDLQV DV WR ZKHWKHU WKLV LPSURYHPHQW LV RI FOLQLFDO VLJQLILFDQFH IRU WKH

LQGLYLGXDO SDWLHQW� 7KH PRVW FULWLFDO LVVXH LQ WKLV FRQWH[W LV WKH TXHVWLRQ ZKHWKHU

DQ LPSURYHPHQW RI WKH (XVWDFKLDQ WXEH IXQFWLRQ ZLOO UHVXOW LQ SUHYHQWLRQ RU

UHVROXWLRQ RI 20(� $OWKRXJK WKHUH LV QR GLVSXWH DERXW WKH (XVWDFKLDQ WXEH EHLQJ

LPSRUWDQW� LW UHPDLQV XQFOHDU WR ZKDW H[WHQW LPSDLUPHQW RI WKH GLIIHUHQW

(XVWDFKLDQ WXEH IXQFWLRQV FRQWULEXWHV WR WKH GHYHORSPHQW RI 20(� ,Q SDUWLFXODU�

WKH GHJUHH DQG LPSRUWDQFH RI LPSDLUPHQW RI WKH SURWHFWLYH DQG FOHDUDQFH

IXQFWLRQ UHPDLQ XQUDYHOOHG�

(XVWDFKLDQ WXEH G\VIXQFWLRQ LV QRW WKH RQO\ IDFWRU LQYROYHG LQ WKH GHYHORSPHQW

RI 20(� ,PSDLUPHQW RI WKH V\VWHPLF LPPXQRORJLFDO UHVSRQVHV WR SDWKRJHQV LV

DOVR DVVXPHG WR EH LPSRUWDQW LQ WKH DHWLRORJ\ RI 20(����� 7RJHWKHU� (XVWDFKLDQ

WXEH G\VIXQFWLRQ DQG DQ LPSDLUHG LPPXQH UHVSRQVH DUH DVVXPHG WR FR�RSHUDWH

DQG LQWHUDFW LQ WKH GHYHORSPHQW RI 20(��� 1RQHWKHOHVV� GLVWLQFW GLIIHUHQFHV PD\

H[LVW LQ WKH H[WHQW WR ZKLFK WKRVH IDFWRUV FRQWULEXWH WR WKH DHWLRORJ\ RI 20(

ZLWKLQ GLIIHUHQW FKLOGUHQ� ,Q RQH FKLOG WKH (XVWDFKLDQ WXEH G\VIXQFWLRQ PD\ EH

SURPLQHQW� ZKLOH LQ DQRWKHU FKLOG DQ LPSDLUHG LPPXQH UHVSRQVH PD\ EH PRUH

SURQRXQFHG�

5HFRPPHQGDWLRQV IRU IXWXUH UHVHDUFK

$OWKRXJK WKH VWXGLHV GHVFULEHG LQ WKLV WKHVLV VXEVWDQWLDOO\ DGG WR WKH NQRZOHGJH

DERXW WKH (XVWDFKLDQ WXEH DQG LWV IXQFWLRQV� PDQ\ TXHVWLRQV DUH VWLOO WR EH

XQUDYHOOHG�

7KH GLIIHUHQFHV LQ (XVWDFKLDQ WXEH G\VIXQFWLRQ VKRXOG EH VWXGLHG LQ FKLOGUHQ

ZLWK GLIIHUHQW GHJUHHV RI 20( WR GHVFULEH WKH QDWXUDO FRXUVH RI WKH (XVWDFKLDQ

WXEH G\VIXQFWLRQ LQ WKHVH FKLOGUHQ� 7KLV PD\ UHYHDO ZK\ VRPH VXIIHU IURP

UHFXUUHQW RU SHUVLVWHQW 20(� ZKLOH RWKHUV KDYH RQO\ WUDQVLHQW 20(� ,Q DGGLWLRQ�

VXFK VWXGLHV PD\ VKRZ ZKHWKHU WKH (XVWDFKLDQ WXEH IXQFWLRQ WHVWV FDQ EH XVHG

WR GLVFULPLQDWH EHWZHHQ WKHVH JURXSV RI FKLOGUHQ DQG WR GHWHUPLQH ZKLFK

FKLOGUHQ VKRXOG UHFHLYH PHGLFDO WUHDWPHQW�

7KH XVHIXOQHVV RI WKH IRUFHG UHVSRQVH WHVW DQG WKH SUHVVXUH HTXLOLEUDWLRQ WHVW LQ

FOLQLFDO SUDFWLFH DOVR QHHGV WR EH VWXGLHG� 3DWLHQWV ZLWK FKURQLF (XVWDFKLDQ WXEH

G\VIXQFWLRQ DUH RIWHQ WUHDWHG ZLWK ORQJ�WHUP YHQWLODWLRQ WXEHV� 7KHVH YHQWLODWLRQ

WXEHV VKRXOG UHSODFH WKH (XVWDFKLDQ WXEH YHQWLODWRU\ IXQFWLRQ XQWLO WKH
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(XVWDFKLDQ WXEH IXQFWLRQ LV QRUPDOLVHG� 7KH IRUFHG UHVSRQVH WHVW DQG WKH

SUHVVXUH HTXLOLEUDWLRQ WHVW PD\ EH XVHG WR UHOLDEO\ PHDVXUH ZKHWKHU WKH

(XVWDFKLDQ WXEH IXQFWLRQ LV QRUPDOLVHG� ,Q RWKHU ZRUGV� WKH\ PD\ EH XVHG WR

HVWDEOLVK ZKHWKHU DHUDWLRQ RI WKH PLGGOH HDU E\ WKH (XVWDFKLDQ WXEH LV H[SHFWHG

WR EH QRUPDO WR MXVWLI\ WKH GHFLVLRQ WR UHPRYH WKH YHQWLODWLRQ WXEHV�

7KH UHOLDELOLW\ DQG DSSOLFDELOLW\ RI VRQRWXERPHWU\ VKRXOG EH WHVWHG� ,I

VRQRWXERPHWU\ SURYHV WR EH XVHIXO� WKLV PHWKRG PD\ EH XVHG WR VWXG\ WKH

(XVWDFKLDQ WXEH YHQWLODWRU\ IXQFWLRQ LQ FDVHV ZLWK LQWDFW W\PSDQLF PHPEUDQHV LQ

D UHVHDUFK VHWWLQJ�

7KH LPSRUWDQFH RI LPSDLUPHQW RI WKH (XVWDFKLDQ WXEH IXQFWLRQV� HVSHFLDOO\ WKH

SURWHFWLYH DQG FOHDUDQFH IXQFWLRQ� LQ WKH GHYHORSPHQW RI 20( VKRXOG EH VWXGLHG

LQ PRUH GHWDLO� 3UHIHUDEO\� VXFK VWXGLHV VKRXOG FRPELQH WKH UROH RI (XVWDFKLDQ

WXEH G\VIXQFWLRQ ZLWK WKH UROH RI LPSDLUPHQW RI WKH LPPXQH UHVSRQVH� VLQFH

ERWK IDFWRUV DUH DVVXPHG WR EH FRUH HOHPHQWV LQ WKH GHYHORSPHQW RI 20(�

%DVHG RQ WKH SRVLWLYH HIIHFW RQ WKH (XVWDFKLDQ WXEH YHQWLODWRU\ IXQFWLRQ LQ UDWV LQ

RXU DQG RWKHU VWXGLHV������ WKH LPSURYHPHQW RI WKH PXFRFLOLDU\ WUDQVSRUW����� DQG

WKH SRVLWLYH HIIHFW RI H[RJHQRXV VXUIDFWDQW RQ H[SHULPHQWDOO\ LQGXFHG 20( LQ

JHUELOV��� WKH DGPLQLVWUDWLRQ RI H[RJHQRXV VXUIDFWDQW FRXOG EH D SURPLVLQJ

LQWHUYHQWLRQ WR LPSURYH (XVWDFKLDQ WXEH IXQFWLRQ� 7KH UROH RI VXUIDFWDQW LQ

QRUPDO (XVWDFKLDQ WXEH IXQFWLRQ� WKHUHIRUH� UHTXLUHV PRUH UHVHDUFK� 6WXGLHV RQ

WKH WKHUDSHXWLF YDOXH RI VXUIDFWDQW IRU WUHDWPHQW RI 20( VKRXOG EH SHUIRUPHG

ERWK LQ DQLPDO PRGHOV DV ZHOO DV LQ KXPDQV�

,PSOLFDWLRQV IRU FOLQLFDO SUDFWLFH

$OWKRXJK WKH IRUFHG UHVSRQVH WHVW DQG WKH SUHVVXUH HTXLOLEUDWLRQ WHVW ZHUH

IRXQG WR SURYLGH UHOLDEOH UHVXOWV� WKHLU XVH LQ FOLQLFDO SUDFWLFH ZLOO UHPDLQ

SRVWSRQHG XQWLO WKH\ DUH SURYHQ WR EH XVHIXO WR GLVFULPLQDWH EHWZHHQ GLIIHUHQW

GHJUHHV RI 20( DQG (XVWDFKLDQ WXEH G\VIXQFWLRQ�

1R LQWHUYHQWLRQ LV DYDLODEOH \HW RI ZKLFK WKH DSSOLFDWLRQ LQ FOLQLFDO SUDFWLFH LV

MXVWLILHG EDVHG RQ WKH SUHVHQW VFLHQWLILF NQRZOHGJH�

55HHIIHHUHUHQQFFHVHV

�� 0XQNHU *� 3HGHUVHQ 3� *UXQGPDQQ 6� 7XEHQIXQNWLRQVSU�IXQJ LQ GHU 'UXFNNDPPHU� 5HJLVWULHUXQJ

PLWWHOV HLQHV 'LIIHUHQWLDOPDQRPHWHUV� $UFK .OLQ ([S 2KUHQ 1DVHQ .HKONRSIKHLONG �������������

����

�� 9LUWDQHQ +� 6RQRWXERPHWU\� $Q DFRXVWLFDO PHWKRG IRU REMHFWLYH PHDVXUHPHQW RI DXGLWRU\ WXEDO

RSHQLQJ� $FWD 2WRODU\QJRO ���������������
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�� 0XQUR .-� %HQWRQ &/� 0DUFKEDQNV 5-� 6RQRWXERPHWU\ ILQGLQJV LQ FKLOGUHQ DW KLJK ULVN IURP PLGGOH

HDU HIIXVLRQ� &OLQ 2WRODU\QJRO ����������������

�� ,ZDQR 7� 8VKLUR .� <XNDZD 1� HW DO� $FWLYH RSHQLQJ IXQFWLRQ RI WKH KXPDQ (XVWDFKLDQ WXEH�

FRPSDULVRQ EHWZHHQ VRQRWXERPHWU\ DQG SUHVVXUH HTXLOLEUDWLRQ WHVW� $FWD 2WRODU\QJRO

���������VXSSO��������

�� +LOOV %$� $QDO\VLV RI (XVWDFKLDQ VXUIDFWDQW DQG LWV IXQFWLRQ DV D UHOHDVH DJHQW� $UFK 2WRODU\QJRO

�������������

�� 0LXUD 0� 7DNDKDVKL +� 6XJLPDUX 7� +RQMR ,� ,QIOXHQFH RI VXUIDFH FRQGLWLRQ RI PXFRVD RI

(XVWDFKLDQ WXEH RQ WXEDO FRPSOLDQFH� $FWD 2WRODU\QJRO �����������������

�� 3UHOOQHU .� .DOP 2� +DUVWHQ *� HW DO� 3QHXPRFRFFDO VHUXP DQWLERG\ FRQFHQWUDWLRQV GXULQJ WKH ILUVW

WKUHH \HDUV RI OLIH� D VWXG\ RI RWLWLV�SURQH DQG QRQ�RWLWLV�SURQH FKLOGUHQ� ,QW - 3HGLDWU

2WRUKLQRODU\QJRO ����������������

�� )UHLMG $� +DPPDUVWURP /� 3HUVVRQ 0$� 6PLWK &,� 3ODVPD DQWL�SQHXPRFRFFDO DQWLERG\ DFWLYLW\ RI

WKH ,J* FODVV DQG VXEFODVVHV LQ RWLWLV SURQH FKLOGUHQ� &OLQ ([S ,PPXQRO ����������������

�� 3UHOOQHU .� .DOP 2� 3HGHUVHQ ).� 3QHXPRFRFFDO DQWLERGLHV DQG FRPSOHPHQW GXULQJ DQG DIWHU

SHULRGV RI UHFXUUHQW RWLWLV� ,QW - 3HGLDWU 2WRUKLQRODU\QJRO �������������

��� YDQ GHU 3RO :� YDQ GH :LQNHO -*� ,J* UHFHSWRU SRO\PRUSKLVPV� ULVN IDFWRUV IRU GLVHDVH�

,PPXQRJHQHWLFV ����������������

��� 6WUDHWHPDQV 0� YDQ +HHUEHHN 1� 7RQQDHU (/*0� HW DO� $ FRPSUHKHQVLYH PRGHO IRU WKH DHWLRORJ\ RI

RWLWLV PHGLD ZLWK HIIXVLRQ� 0HG +\SRWKHVHV ����������������

��� :KLWH 3� +HUPDQVVRQ $� 6YLQKXIYXG 0� 6XUIDFWDQW DQG LVRSUHQDOLQH HIIHFW RQ (XVWDFKLDQ WXEH

RSHQLQJ LQ UDWV ZLWK DFXWH RWLWLV PHGLD� $P - 2WRODU\QJRO ����������������

��� :KLWH 3� (IIHFW RI H[RJHQRXV VXUIDFWDQW RQ (XVWDFKLDQ WXEH IXQFWLRQ LQ WKH UDW� $P - 2WRODU\QJRO

����������������

��� 'H 6DQFWLV *7� 7RPNLHZLF] 53� 5XELQ %.� HW DO� ([RJHQRXV VXUIDFWDQW HQKDQFHV PXFRFLOLDU\

FOHDUDQFH LQ WKH DQDHVWKHWL]HG GRJ� (XU 5HVSLU - �����������������

��� $OOHJUD /� %RVVL 5� %UDJD 3� ,QIOXHQFH RI VXUIDFWDQW RQ PXFRFLOLDU\ WUDQVSRUW� (XU - 5HVSLU 'LV

���������VXSSO��������

��� 9HQNDWD\DQ 1� 7URXEOHILHOG </� &RQQHOO\ 3(� 0DXWRQH $-� &KDQGUDVHNKDU 66� ,QWUDQDVDO VXUIDFWDQW

DHURVRO WKHUDS\ IRU RWLWLV PHGLD ZLWK HIIXVLRQ� /DU\QJRVFRSH �������������������
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,Q &KDSWHU �� WKH FXUUHQW FRQFHSW RI WKH (XVWDFKLDQ WXEH �(7� DQG LWV IXQFWLRQV

ZLWK UHVSHFW WR WKH PLGGOH HDU LV GHVFULEHG� 7KH (7 FRQQHFWV WKH PLGGOH HDU ZLWK

WKH QDVRSKDU\Q[ DQG LV YHU\ LPSRUWDQW ZLWK UHVSHFW WR WKH PLGGOH HDU� )UHTXHQW

DFWLYH RSHQLQJ RI WKH (7 DOORZV SUHVVXUH HTXLOLEUDWLRQ EHWZHHQ WKH PLGGOH HDU

DQG DPELHQW DLU �YHQWLODWRU\ IXQFWLRQ�� 7KH QRUPDOO\ FORVHG (7 SURWHFWV WKH

PLGGOH HDU IURP DVFHQGLQJ VHFUHWLRQV DQG PLFUR�RUJDQLVPV� DV ZHOO DV IURP

QDVRSKDU\QJHDO SUHVVXUH YDULDWLRQV �SURWHFWLYH IXQFWLRQ�� 7KH PXFRFLOLDU\

HSLWKHOLXP RI WKH (7 LV LQYROYHG LQ ORFDO GHIHQFH DJDLQVW SDWKRJHQV DQG LV

FRQFHUQHG ZLWK FOHDUDQFH RI VHFUHWLRQV DQG GHEULV IURP WKH PLGGOH HDU WRZDUGV

WKH QDVRSKDU\Q[ �FOHDUDQFH IXQFWLRQ�� 7KH REMHFWLYH RI WKLV WKHVLV ZDV WR DGG WR

WKH VFLHQWLILF NQRZOHGJH RI WKH (7� PRUH VSHFLILF�

�WR VWXG\ WKH PHDVXUHPHQW FRQGLWLRQV �L�H� W\SH DQG QXPEHU RI WHVWV� XQLODWHUDO

RU ELODWHUDO PHDVXUHPHQW� IRU REWDLQLQJ D UHOLDEOH PHDVXUH RI WKH (XVWDFKLDQ

WXEH IXQFWLRQ�

�WR VWXG\ WKH HIIHFW RI FRPPRQ �H�J� YHQWLODWLRQ WXEHV� QDVDO GHFRQJHVWDQWV� DQG

SURPLVLQJ �H�J� VXUIDFWDQW� LQWHUYHQWLRQV RQ WKH (XVWDFKLDQ WXEH IXQFWLRQ�

,Q &KDSWHU �� WKH UHOLDELOLW\ RI WKH IRUFHG UHVSRQVH WHVW DQG WKH SUHVVXUH

HTXLOLEUDWLRQ WHVW LV GHVFULEHG� :H VKRZHG WKDW D UHOLDEOH PHDVXUH RI WKH (7

YHQWLODWRU\ IXQFWLRQ LV REWDLQHG E\ WDNLQJ WKH PHDQ RI WKH ILUVW WKUHH

PHDVXUHPHQWV RI WKH RSHQLQJ DQG FORVLQJ SUHVVXUHV WR FKDUDFWHULVH SDVVLYH (7

YHQWLODWRU\ IXQFWLRQ �IRUFHG UHVSRQVH WHVW�� $ VLQJOH PHDVXUHPHQW XVLQJ ZHW

VZDOORZLQJ DQG VWDUWLQJ SUHVVXUHV RI ��� DQG ���� GD3D LV VXIILFLHQW WR

GHWHUPLQH DFWLYH (7 YHQWLODWRU\ IXQFWLRQ �SUHVVXUH HTXLOLEUDWLRQ WHVW��

,Q &KDSWHU �� WKH GLIIHUHQFHV LQ IXQFWLRQ EHWZHHQ WKH OHIW DQG ULJKW (7 LQ FKLOGUHQ

ZLWK ELODWHUDO RWLWLV PHGLD ZLWK HIIXVLRQ �20(� DUH GHVFULEHG� $OWKRXJK QR

V\VWHPDWLF GLIIHUHQFHV ZHUH IRXQG EHWZHHQ WKH OHIW DQG WKH ULJKW HDUV� WKH

LQWUDLQGLYLGXDO YDULDWLRQ ZDV YHU\ SURQRXQFHG� 7KLV LQGLFDWHV WKDW (7 IXQFWLRQ LV

PXFK PRUH D FKDUDFWHULVWLF RI WKH LQGLYLGXDO HDU WKDQ RI WKH LQGLYLGXDO FKLOG�

7KHVH ILQGLQJV TXHVWLRQ WKH YDOLGLW\ RI WULDOV RQ (7 IXQFWLRQ RU PLGGOH HDU

GLVHDVH WKDW XVH WKH RSSRVLWH HDU DV D FRQWURO �VSOLW OHYHO GHVLJQ��

,Q &KDSWHU �� D FRPSUHKHQVLYH VXPPDU\ RI WKH GLIIHUHQW VWXGLHV WKDW GHVFULEHG

LQWHUYHQWLRQV WR LPSURYH (7 IXQFWLRQ LV JLYHQ� 'HVSLWH VHYHUDO UHVWULFWLRQV RI WKH

UHYLHZHG VWXGLHV �H�J� GLIIHUHQW WHVW PHWKRGV ZHUH XVHG� VWXGLHV ZHUH QRW

SODFHER�FRQWUROOHG�� WKH UHVXOWV RI WKLV UHYLHZ LQGLFDWH WKDW WKH (7 IXQFWLRQ PD\
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EH LPSURYHG E\ PHGLFDO LQWHUYHQWLRQ� 6HYHUDO GUXJV �VXUIDFWDQWV� EHWD

DGUHQRFHSWRU DJRQLVWV DQG GHFRQJHVWDQWV� ZHUH VKRZQ WR KDYH DQ HIIHFW RQ

SDVVLYH (7 IXQFWLRQ� ZKLOH UR[\WKURP\FLQ HQKDQFHG WKH FOHDUDQFH IXQFWLRQ�

1RQHWKHOHVV� LW LV VWLOO SUHPDWXUH WR UHFRPPHQG DQ\ RI WKHVH LQWHUYHQWLRQV WR

LPSURYH (7 IXQFWLRQ LQ KXPDQV�

,Q &KDSWHU �� WKH HIIHFW RI YHQWLODWLRQ WXEHV RQ WKH (7 IXQFWLRQ LQ FKLOGUHQ ZLWK

20( LV UHSRUWHG� 7KH LQVHUWLRQ RI YHQWLODWLRQ WXEHV GLG QRW LPSURYH WKH (7

YHQWLODWRU\ IXQFWLRQ� 7KHUHIRUH� WKH SRRU (7 YHQWLODWRU\ IXQFWLRQ LQ WKHVH FKLOGUHQ

LV PRUH OLNHO\ WR EH D FDXVDO IDFWRU RI 20( LQVWHDG RI EHLQJ D UHVXOW RI WKH

LQIODPPDWLRQ RI WKH PLGGOH HDU DQG WKH DFFXPXODWLRQ RI IOXLG� &HUWDLQ FKLOGUHQ

PD\ KDYH SRRU LQWULQVLF (7 IXQFWLRQ� ZKLFK PDNHV WKHP PRUH VXVFHSWLEOH WR

20(�

,Q &KDSWHU �� WKH UHVXOWV RI D UDQGRPLVHG� GRXEOH�EOLQG� SODFHER�FRQWUROOHG VWXG\

RQ WKH HIIHFW RI D QDVDO GHFRQJHVWDQW RQ WKH (7 YHQWLODWRU\ DQG SURWHFWLYH

IXQFWLRQ LQ FKLOGUHQ ZLWK YHQWLODWLRQ WXEHV LV RXWOLQHG� 7KHVH UHVXOWV VKRZHG WKDW

D UHODWLYHO\ KLJK GRVH RI [\ORPHWD]ROLQH QRVH GURSV� DGPLQLVWHUHG ZLWK WKH FKLOG

LQ VXSLQH SRVLWLRQ� KDG QR HIIHFW RQ WKH YHQWLODWRU\ RU WKH SURWHFWLYH IXQFWLRQ RI

WKH (7 LQ WKLV JURXS RI FKLOGUHQ� 6R WKH ZLGHVSUHDG XVH RI GHFRQJHVWDQW QRVH

GURSV WR LPSURYH WKH (7 IXQFWLRQ LQ WKLV JURXS RI FKLOGUHQ VHHPV QRW MXVWLILHG�

,Q &KDSWHU �� WKH HIIHFW RI H[RJHQRXV VXUIDFWDQW RQ WKH YHQWLODWRU\ DQG FOHDUDQFH

IXQFWLRQ RI WKH (7 RI RWRORJLFDOO\ KHDOWK\ UDWV LV GHVFULEHG� $GPLQLVWUDWLRQ RI

H[RJHQRXV VXUIDFWDQW LQWR WKH PLGGOH HDU FDXVHG D VLJQLILFDQW GHFUHDVH LQ WKH

FORVLQJ IRUFHV RI WKH (7 �L�H� RSHQLQJ SUHVVXUH� HYHQ LQ WKHVH RWRORJLFDOO\ KHDOWK\

UDWV� 1R VLJQLILFDQW HIIHFW RQ WKH PXFRFLOLDU\ FOHDUDQFH ZDV IRXQG� $GGLWLRQDO

VWXGLHV VKRXOG EH FRQGXFWHG WR IXUWKHU DVVHVV WKH HIIHFW RI VXUIDFWDQW RQ WKH (7

IXQFWLRQ�

,Q &KDSWHU �� WKH RYHUDOO FRQFOXVLRQV RI WKLV WKHVLV DUH GLVFXVVHG LQ WKH OLJKW RI

WKH SUHVHQW NQRZOHGJH RI (7 �G\V�IXQFWLRQ� ,W LV QRWHG WKDW WKH VWXGLHV RQ

KXPDQV GHVFULEHG LQ WKLV WKHVLV RQO\ LQFOXGHG FKLOGUHQ ZLWK YHQWLODWLRQ WXEHV� ,W

ZRXOG EH LQWHUHVWLQJ WR VWXG\ WKH (7 IXQFWLRQ LQ RWRORJLFDOO\ KHDOWK\ FKLOGUHQ DV

ZHOO LQ RUGHU WR GHWHUPLQH WKH QDWXUDO FRXUVH RI WKH (7 IXQFWLRQ DQG WR JDLQ

NQRZOHGJH DERXW WKH GLIIHUHQFHV LQ (7 IXQFWLRQ EHWZHHQ KHDOWK\ DQG GLVHDVHG

HDUV� ,Q VXFK VWXGLHV� WKH FOHDUDQFH IXQFWLRQ VKRXOG EH VWXGLHG DV ZHOO� ,W LV DOVR

QRWHG WKDW QR LQWHUYHQWLRQ KDV VXIILFLHQWO\ EHHQ SURYHQ HIIHFWLYH LQ LPSURYLQJ (7
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IXQFWLRQ WR EH DSSOLHG LQ FOLQLFDO SUDFWLFH� ([RJHQRXV VXUIDFWDQW VHHPV WR EH WKH

PRVW SURPLVLQJ LQWHUYHQWLRQ WR LPSURYH (7 IXQFWLRQ� EXW WKLV VKRXOG EH VWXGLHG

LQ PRUH GHWDLO ILUVW� )LQDOO\� LW LV FRQVLGHUHG WR EH LPSRUWDQW WR OHDUQ KRZ PXFK

WKH WKUHH (7 IXQFWLRQV �L�H� YHQWLODWLRQ� SURWHFWLRQ DQG FOHDUDQFH� DUH LQWHUUHODWHG

DQG LQWHUGHSHQGHQW� DQG WR ZKDW H[WHQW WKH\ FRQWULEXWH WR WKH GHYHORSPHQW RI

20(� 3UHIHUDEO\� VXFK VWXGLHV VKRXOG FRPELQH WKH UROH RI (7 G\VIXQFWLRQ ZLWK

WKH UROH RI LPSDLUPHQW RI WKH LPPXQH UHVSRQVH�
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0HHU GDQ ���� MDDU JHOHGHQ ZHUG GRRU $OFPDHRQ YDQ 6SDUWD UHHGV DDQJHQRPHQ

GDW KHW RRU HQ GH ERYHQVWH OXFKWZHJHQ PHW HONDDU YHUERQGHQ ]LMQ� ,Q ���� ZHUG

GH]H RSHQ YHUELQGLQJ WXVVHQ KHW PLGGHQRRU HQ GH NHHOKROWH YHUQRHPG QDDU GH

,WDOLDDQVH DQDWRRP %DUWKRORPHXV (XVWDFKLXV� GLH GH EXLV YDQ (XVWDFKLXV LQ GHWDLO

EHVFKUHHI LQ ]LMQ ´(SLVWROD GH $XGLWXV 2UJDQLVµ� 2QGHU]RHN LQ GH GDDURS YROJHQ�

GH HHXZHQ KHHIW GXLGHOLMN JHPDDNW GDW GH EXLV YDQ (XVWDFKLXV HHQ DDQWDO EHODQJ�

ULMNH IXQFWLHV KHHIW� WH ZHWHQ YHQWLODWLH� EHVFKHUPLQJ HQ NODULQJ YDQ KHW PLGGHQ�

RRU�

,Q UXVW LV GH EXLV YDQ (XVWDFKLXV JHVORWHQ� PDDU WLMGHQV VOLNNHQ� JDSHQ RI EHZH�

JHQ YDQ GH RQGHUNDDN JDDW KLM RSHQ� 'H]H DFWLHYH RSHQLQJ YDQ GH EXLV YDQ

(XVWDFKLXV ]RUJW YRRU EHOXFKWLQJ YDQ KHW PLGGHQRRU� ]RGDW GH OXFKWGUXN LQ KHW

PLGGHQRRU JHOLMN LV DDQ GH EXLWHQGUXN �YHQWLODWLHIXQFWLH�� 0HW XLW]RQGHULQJ YDQ

GH]H NRUWGXUHQGH DFWLHYH RSHQLQJ LV GH EXLV YDQ (XVWDFKLXV HFKWHU JHVORWHQ RP

KHW PLGGHQRRU WH EHVFKHUPHQ WHJHQ VHFUHWLHV HQ PLFUR�RUJDQLVPHQ XLW GH NHHO�

KROWH� 7HYHQV EHVFKHUPW GH JHVORWHQ EXLV YDQ (XVWDFKLXV KHW PLGGHQRRU WHJHQ

GUXNVFKRPPHOLQJ LQ GH NHHOKROWH �EHVFKHUPLQJVIXQFWLH�� +HW PXFRFLOLDLUH HSL�

WKHHO YDQ GH EXLV YDQ (XVWDFKLXV ]RUJW YRRU KHW DIYRHUHQ YDQ VHFUHWLHV HQ GHEULV

XLW KHW PLGGHQRRU QDDU GH NHHOKROWH HQ VSHHOW HHQ EHODQJULMNH URO ELM GH ORNDOH

DIZHHU WHJHQ SDWKRJHQHQ �NODULQJVIXQFWLH��

+HW GRHO YDQ GH VWXGLHV EHVFKUHYHQ LQ GLW SURHIVFKULIW LV RP PHHU LQ]LFKW WH

YHUNULMJHQ LQ GH EXLV YDQ (XVWDFKLXV HQ ]LMQ IXQFWLHV� PHW QDPH LQ KHW PHWHQ HQ

YHUEHWHUHQ HUYDQ�

'H EHWURXZEDDUKHLG YDQ GH IRUFHG UHVSRQVH WHVW HQ GH SUHVVXUH HTXLOLEUDWLRQ

WHVW ZRUGW EHVFKUHYHQ LQ +RRIGVWXN �� %HLGH WHVWHQ ZRUGHQ JHEUXLNW RP GH

YHQWLODWLHIXQFWLH YDQ GH EXLV YDQ (XVWDFKLXV WH PHWHQ� 'H IRUFHG UHVSRQVH WHVW

PHHW GH PLQLPDOH GUXN GLH QRGLJ LV RP GH EXLV YDQ (XVWDFKLXV RSHQ WH EOD]HQ

�RSHQLQJVGUXN� HQ GH GUXN ZDDUELM GH EXLV YDQ (XVWDFKLXV VSRQWDDQ ZHHU VOXLW QD

GH]H SDVVLHYH RSHQLQJ �VOXLWLQJVGUXN�� %HLGH GUXNNHQ NDUDNWHULVHUHQ GH SDVVLHYH

YHQWLODWLHIXQFWLH� 0HW GH SUHVVXUH HTXLOLEUDWLRQ WHVW ZRUGW GH DFWLHYH YHQWLODWLH�

IXQFWLH JHPHWHQ� P�D�Z� KHW YHUPRJHQ RP HHQ YHUVFKLO WXVVHQ GH GUXN LQ KHW

PLGGHQRRU HQ GH EXLWHQGUXN WH HTXLOLEUHUHQ PLGGHOV DFWLHYH RSHQLQJ YDQ GH EXLV

YDQ (XVWDFKLXV �EY� GRRU WH VOLNNHQ��

2P HHQ EHWURXZEDDU UHVXOWDDW YDQ GH IRUFHG UHVSRQVH WHVW WH YHUNULMJHQ� EOHHN

KHW QRGLJ KHW JHPLGGHOGH YDQ GH HHUVWH GULH PHWLQJHQ YDQ GH RSHQLQJV� HQ

VOXLWLQJVGUXN WH QHPHQ� +HW UHVXOWDDW YDQ GH SUHVVXUH HTXLOLEUDWLRQ WHVW EOHHN

EHWURXZEDDU LQGLHQ GH PHWLQJ HHQPDOLJ ZHUG YHUULFKW PHW KHW JHEUXLN YDQ ´ZHW



6DPHQYDWWLQJ

���

VZDOORZLQJµ �G�Z�]� KHW GULQNHQ YDQ ZDW ZDWHU� HQ VWDUWGUXNNHQ YDQ ��� HQ ²���

GHFDSDVFDO�

,Q +RRIGVWXN � ZRUGHQ GH IRUFHG UHVSRQVH WHVW HQ GH SUHVVXUH HTXLOLEUDWLRQ WHVW

JHEUXLNW RP GH YHUVFKLOOHQ LQ YHQWLODWLHIXQFWLH WH EHVFKULMYHQ WXVVHQ GH OLQNHU HQ

UHFKWHU EXLV YDQ (XVWDFKLXV YDQ NLQGHUHQ PHW ELODWHUDOH RWLWLV PHGLD PHW HIIXVLH�

7HYHQV ZRUGW PHW EHKXOS YDQ GH VQLII WHVW KHW YHUVFKLO LQ EHVFKHUPLQJVIXQFWLH

EHVWXGHHUG� 0HW GH VQLII WHVW ZRUGW JHPHWHQ RI KHW NUDFKWLJ RSKDOHQ YDQ GH

QHXV OHLGW WRW KHW RQWVWDDQ YDQ HHQ QHJDWLHYH GUXN LQ KHW PLGGHQRRU� ,QGLHQ GDW

KHW JHYDO LV� LV HU VSUDNH YDQ HHQ PDWLJ WRW VOHFKWH EHVFKHUPLQJVIXQFWLH� +RHZHO

HU JHHQ V\VWHPDWLVFKH YHUVFKLOOHQ JHYRQGHQ ZHUGHQ WXVVHQ OLQNV HQ UHFKWV�

ZDUHQ ELM YHHO NLQGHUHQ GH RSHQLQJV� HQ VOXLWLQJVGUXN YDQ GH OLQNHU HQ UHFKWHU

EXLV YDQ (XVWDFKLXV QLHW DDQ HONDDU JHOLMN� 6WHUNHU QRJ� GH YHUVFKLOOHQ LQ

RSHQLQJV� HQ VOXLWLQJVGUXN WXVVHQ OLQNV HQ UHFKWV �GH LQWUD�LQGLYLGXHOH YDULDWLH�

ZDUHQ YULMZHO QHW ]R JURRW DOV GH YHUVFKLOOHQ LQ GH]H GUXNNHQ WXVVHQ

YHUVFKLOOHQGH NLQGHUHQ �GH LQWHU�LQGLYLGXHOH YDULDWLH�� 2RN KHW UHVXOWDDW YDQ GH

SUHVVXUH HTXLOLEUDWLRQ WHVW HQ GH VQLII WHVW ZDV ELM RQJHYHHU ppQGHUGH YDQ GH

NLQGHUHQ YHUVFKLOOHQG YRRU GH OLQNHU HQ UHFKWHU EXLV YDQ (XVWDFKLXV� +HW

IXQFWLRQHUHQ YDQ GH EXLV YDQ (XVWDFKLXV OLMNW PHHU HHQ VSHFLILHNH HLJHQVFKDS

YDQ GH EHWUHIIHQGH EXLV WH ]LMQ GDQ YDQ KHW NLQG� 'H EXLV YDQ (XVWDFKLXV IXQFWLH

DDQ GH HQH NDQW LV QLHW UHSUHVHQWDWLHI YRRU GH IXQFWLH DDQ GH DQGHUH NDQW� 'H]H

EHYLQGLQJHQ SODDWVHQ YUDDJWHNHQV ELM GH YDOLGLWHLW YDQ VWXGLHV QDDU GH EXLV YDQ

(XVWDFKLXV IXQFWLH RI PLGGHQRRU]LHNWHQ� GLH KHW FRQWUDODWHUDOH RRU DOV FRQWUROH

RRU JHEUXLNHQ �VSOLW OHYHO GHVLJQ��

'H YHURQGHUVWHOOLQJ GDW HHQ YHUPLQGHUGH EXLV YDQ (XVWDFKLXV IXQFWLH HHQ URO

VSHHOW ELM KHW RQWVWDDQ YDQ YRFKW DFKWHU KHW WURPPHOYOLHV KHHIW YHUVFKHLGHQH

RQGHU]RHNHUV HUWRH DDQJH]HW WH EHVWXGHUHQ RS ZHONH ZLM]H GH EXLV YDQ

(XVWDFKLXV IXQFWLH SRVLWLHI EHwQYORHG NDQ ZRUGHQ� ,Q +RRIGVWXN � ZRUGW HHQ

VDPHQYDWWLQJ JHJHYHQ YDQ GH]H VWXGLHV� ,Q HHQ DDQWDO RS]LFKWHQ EOHNHQ GH

VWXGLHV YHUVFKLOOHQG� (U ZHUGHQ YHUVFKLOOHQGH WHVWPHWKRGHQ JHEUXLNW RP GH EXLV

YDQ (XVWDFKLXV IXQFWLH WH PHWHQ� 'H RQGHU]RHNVSRSXODWLHV YDULHHUGHQ HQ ZDUHQ

YHHODO ]R NOHLQ GDW DOOHHQ HHQ JURRW HIIHFW DDQJHWRRQG NRQ ZRUGHQ� %RYHQGLHQ

ZHUG ELM GH PHHVWH VWXGLHV QLHW JHFRQWUROHHUG RS SODFHER�HIIHFWHQ� 7HYHQV ZHUG

LQ VOHFKWV HHQ SDDU VWXGLHV KHW HIIHFW RS GH EHVFKHUPLQJV� HQ NODULQJVIXQFWLH

EHVFKUHYHQ� 2QGDQNV GH]H EHSHUNLQJHQ NRQ XLW GLW OLWHUDWXXURYHU]LFKW WRFK

JHFRQFOXGHHUG ZRUGHQ GDW YHUVFKLOOHQGH IDUPDFD SRWHQWLHHO HIIHFWLHI ]LMQ RP GH

EXLV YDQ (XVWDFKLXV IXQFWLH WH YHUEHWHUHQ� 6XUIDFWDQW� EHWD DGUHQRFHSWRU
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DJRQLVWHQ HQ GHFRQJHVWLYD EOHNHQ HHQ SRVLWLHI HIIHFW RS GH SDVVLHYH

YHQWLODWLHIXQFWLH WH KHEEHQ� 5R[\WKURP\FLQH YHUEHWHUGH GH NODULQJVIXQFWLH� (U LV

HFKWHU QRJ RQYROGRHQGH ZHWHQVFKDSSHOLMN EHZLMV RP HHQ YDQ GH]H LQWHUYHQWLHV

LQ GH NOLQLVFKH SUDNWLMN WRH WH SDVVHQ�

9ULMZHO DOOH NLQGHUHQ PDNHQ YRRU KHW YLMIGH OHYHQVMDDU PLQVWHQV ppQ SHULRGH YDQ

RWLWLV PHGLD PHW HIIXVLH GRRU� ,QGLHQ GH HIIXVLH ODQJHU GDQ GULH PDDQGHQ EOLMIW

EHVWDDQ� ZRUGHQ LQ YHHO JHYDOOHQ WURPPHOYOLHVEXLVMHV JHSODDWVW� 7URPPHOYOLHV�

EXLVMHV QHPHQ GH IXQFWLH YDQ GH EXLV YDQ (XVWDFKLXV RYHU GRRUGDW ]H ]RUJHQ

YRRU KHW DIYRHUHQ YDQ GH HIIXVLH HQ KHW EHOXFKWHQ YDQ KHW PLGGHQRRU� 2I KHW

SODDWVHQ YDQ WURPPHOYOLHVEXLVMHV RRN GLUHFW HIIHFW KHHIW RS GH EXLV YDQ

(XVWDFKLXV IXQFWLH LV QRJ DOWLMG FRQWURYHUVLHHO� +HW HIIHFW YDQ WURPPHOYOLHVEXLVMHV

RS GH EXLV YDQ (XVWDFKLXV IXQFWLH ELM NLQGHUHQ PHW RWLWLV PHGLD PHW HIIXVLH ZHUG

GDDURP EHVWXGHHUG HQ EHVFKUHYHQ LQ +RRIGVWXN ��

+HW SODDWVHQ YDQ WURPPHOYOLHVEXLVMHV HQ GH GDDURS YROJHQGH EHOXFKWLQJ YDQ KHW

PLGGHQRRU OHLGGH QLHW WRW HHQ YHUEHWHULQJ YDQ GH YHQWLODWLHIXQFWLH YDQ GH EXLV

YDQ (XVWDFKLXV� 'H PDWLJH EXLV YDQ (XVWDFKLXV IXQFWLH ELM GH]H NLQGHUHQ LV GDQ

RRN ZDDUVFKLMQOLMN QLHW HHQ JHYROJ YDQ GH RWLWLV PHGLD PHW HIIXVLH� PDDU MXLVW ppQ

YDQ GH RRU]DNHQ� 6RPPLJH NLQGHUHQ ]LMQ PRJHOLMN JHYRHOLJHU YRRU KHW NULMJHQ

YDQ RWLWLV PHGLD PHW HIIXVLH� RPGDW ELM KHQ GH EXLV YDQ (XVWDFKLXV PDWLJ WRW

VOHFKW IXQFWLRQHHUW�

,Q +RRIGVWXN � ZRUGW KHW HIIHFW EHVFKUHYHQ YDQ [\ORPHWD]ROLQH QHXVGUXSSHOV�

HHQ ORNDDO GHFRQJHVWLYXP� RS GH YHQWLODWLH� HQ EHVFKHUPLQJVIXQFWLH YDQ GH EXLV

YDQ (XVWDFKLXV ELM NLQGHUHQ PHW WURPPHOYOLHVEXLVMHV� /RNDOH GHFRQJHVWLYD ZRU�

GHQ RS JURWH VFKDDO WRHJHSDVW WHU YRRUNRPLQJ HQ EHKDQGHOLQJ YDQ RWLWLV PHGLD

PHW HIIXVLH� 'H UDWLR DFKWHU GH]H EHKDQGHOLQJ LV GDW GH]H JHQHHVPLGGHOHQ YLD

GHFRQJHVWLH YDQ KHW VOLMPYOLHV HHQ YHUEHWHULQJ YDQ GH EXLV YDQ (XVWDFKLXV

IXQFWLH WRW JHYROJ ]RXGHQ KHEEHQ� 9RRU GH]H K\SRWKHVH LV HFKWHU RQYROGRHQGH

EHZLMV EHVFKLNEDDU�

'H EXLV YDQ (XVWDFKLXV IXQFWLH ZHUG JHPHWHQ YRRU HQ QD WRHGLHQLQJ YDQ YLMI

GUXSSHOV [\ORPHWD]ROLQH RI SODFHER�RSORVVLQJ� 'H GUXSSHOV ZHUGHQ WRHJHGLHQG

WHUZLMO KHW NLQG RS GH UXJ ODJ PHW KHW KRRIG LHWV QDDU GH LSVLODWHUDOH ]LMGH JH�

GUDDLG RP GH H[SRVLWLH YDQ GH EXLV YDQ (XVWDFKLXV DDQ GH GUXSSHOV WH RSWLPDOL�

VHUHQ� 'H UHVXOWDWHQ WRRQGHQ DDQ GDW [\ORPHWD]ROLQH QHXVGUXSSHOV JHHQ HIIHFW

KHEEHQ RS GH JHQRHPGH IXQFWLHV YDQ GH EXLV YDQ (XVWDFKLXV� %LM GH]H JURHS

NLQGHUHQ GLHQHQ ORNDOH GHFRQJHVWLYD GDQ RRN QLHW JHEUXLNW WH ZRUGHQ WHU YHUEH�

WHULQJ YDQ GH EXLV YDQ (XVWDFKLXV IXQFWLH�
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+HW HIIHFW YDQ H[RJHHQ VXUIDFWDQW RS GH YHQWLODWLH� HQ NODULQJVIXQFWLH YDQ GH EXLV

YDQ (XVWDFKLXV YDQ RWRORJLVFK JH]RQGH UDWWHQ ZRUGW EHVFKUHYHQ LQ +RRIGVWXN ��

(QGRJHHQ VXUIDFWDQW ZRUGW JHSURGXFHHUG HQ XLWJHVFKHLGHQ GRRU KHW HSLWKHHO YDQ

GH EXLV YDQ (XVWDFKLXV� 6XUIDFWDQW KHHIW HHQ RSSHUYODNWHVSDQQLQJ YHUODJHQGH

ZHUNLQJ HQ VSHHOW PRJHOLMN RRN HHQ URO ELM GH DIZHHU WHJHQ SDWKRJHQHQ� $DQJH�

QRPHQ ZRUGW GDW VXUIDFWDQW QRGLJ LV YRRU KHW QRUPDDO IXQFWLRQHUHQ YDQ GH EXLV

YDQ (XVWDFKLXV�

%LM JH]RQGH UDWWHQ YHURRU]DDNWH WRHGLHQLQJ YDQ VXUIDFWDQW LQ KHW PLGGHQRRU HHQ

VLJQLILFDQWH DIQDPH YDQ GH GUXN GLH QRGLJ LV RP GH EXLV YDQ (XVWDFKLXV RSHQ WH

EOD]HQ� (U ZHUG JHHQ HIIHFW RS GH NODULQJVIXQFWLH DDQJHWRRQG� 1RJ WH YHUULFKWHQ

JHUDQGRPLVHHUGH� GXEEHOEOLQGH� SODFHERJHFRQWUROHHUGH WULDOV ]LMQ QRGLJ RP XLW

WH ZLM]HQ ZDW GH NOLQLVFKH UHOHYDQWLH LV YDQ GH]H YHUDQGHULQJHQ HQ RP KHW HIIHFW

YDQ H[RJHHQ VXUIDFWDQW YHUGHU LQ NDDUW WH EUHQJHQ�

,Q +RRIGVWXN � ZRUGHQ GH FRQFOXVLHV YDQ GLW SURHIVFKULIW EHVSURNHQ LQ KHW OLFKW

YDQ GH KXLGLJH ZHWHQVFKDSSHOLMNH NHQQLV YDQ GH EXLV YDQ (XVWDFKLXV HQ ]LMQ

IXQFWLHV� $OOHUHHUVW OLMNW KHW HHQ EHSHUNLQJ YDQ GH VWXGLHV LQ GLW SURHIVFKULIW GDW

GH EXLV YDQ (XVWDFKLXV IXQFWLH DOOHHQ JHPHWHQ ZHUG ELM NLQGHUHQ PHW WURPPHO�

YOLHVEXLVMHV� +HW ]RX LQWHUHVVDQW ]LMQ RP RRN ELM RWRORJLVFK JH]RQGH NLQGHUHQ GH

YHUVFKLOOHQGH EXLV YDQ (XVWDFKLXV IXQFWLHV� GXV LQFOXVLHI GH YRRUDOVQRJ ZHLQLJ

RQGHU]RFKWH NODULQJVIXQFWLH� WH PHWHQ RP ]RGRHQGH KHW QDWXXUOLMN EHORRS YDQ

GH]H IXQFWLHV WH EHSDOHQ HQ LQ]LFKW WH YHUNULMJHQ LQ GH YHUVFKLOOHQ WXVVHQ

JH]RQGH HQ ]LHNH RUHQ� 7HQ WZHHGH ZRUGW RSJHPHUNW GDW JHHQ HQNHOH LQWHU�

YHQWLH UHHGV YROGRHQGH HIIHFWLHI LV JHEOHNHQ LQ KHW YHUEHWHUHQ YDQ GH EXLV YDQ

(XVWDFKLXV IXQFWLH RP WRHJHSDVW WH ZRUGHQ LQ GH NOLQLVFKH SUDNWLMN� ([RJHHQ

VXUIDFWDQW OLMNW GH PHHVWEHORYHQGH LQWHUYHQWLH� PDDU GDW GLHQW HHUVW YHUGHU

RQGHU]RFKW WH ZRUGHQ� 7HQVORWWH ZRUGW YDVWJHVWHOG GDW KHW EHODQJULMN LV RP WH

ZHWHQ LQ KRHYHUUH GH GULH DI]RQGHUOLMNH EXLV YDQ (XVWDFKLXV IXQFWLHV RQGHUOLQJ

VDPHQKDQJHQ HQ DIKDQNHOLMN ]LMQ YDQ HONDDU� 7HYHQV GLHQW YHUGHU RQGHU]RFKW WH

ZRUGHQ LQ ZHONH PDWH GH]H YHUVFKLOOHQGH IXQFWLHV ELMGUDJHQ DDQ GH SDWKRJHQHVH

YDQ RWLWLV PHGLD PHW HIIXVLH� %LM YRRUNHXU ZRUGW LQ GHUJHOLMNH VWXGLHV QDDVW GH URO

YDQ EXLV YDQ (XVWDFKLXV G\VIXQFWLH WHJHOLMNHUWLMG GH URO YDQ HHQ YHUPLQGHUGH

DIZHHU RQGHU]RFKW RPGDW HHQ YHUPLQGHUGH DIZHHU YHUPRHGHOLMN RRN HHQ

EHODQJULMNH URO VSHHOW ELM KHW RQWVWDDQ YDQ RWLWLV PHGLD PHW HIIXVLH�
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/LHYH -DQHW� ´ILUVW WKLQJV ILUVWµ HQ GXV NDQ HU PDDU ppQ RS GH]H SOHN VWDDQ� MLM� 'H

DIJHORSHQ MDUHQ KHEEHQ PH HHQ DDQWDO GLQJHQ JHOHHUG� 7HQ HHUVWH LV GH EXLV YDQ

(XVWDFKLXV ]HHU EHODQJULMN YRRU KHW PLGGHQRRU� PDDU QRJ ODQJ QLHW ]R EHODQJULMN

DOV GDW MLM YRRU PLM EHQW� 7HQ WZHHGH EHQ LN HU QRJ DOWLMG QLHW DFKWHU KRH GH EXLV

YDQ (XVWDFKLXV IXQFWLH YHUEHWHUG NDQ ZRUGHQ� PDDU DO ZHO GDW HU ZDW PLM EHWUHIW

DDQ MRX QLHWV WH YHUEHWHUHQ YDOW� %HGDQNW GDW MH PLMQ OHYHQ ]R GH PRHLWH ZDDUG

PDDNW�

3URIHVVRU &UHPHUV� X UDDNWH SDV ODWHU DOV SURPRWRU EHWURNNHQ ELM PLMQ SURHI�

VFKULIW� PDDU XZ EHJHOHLGLQJ ZDV HU QLHW PLQGHU RP� ,QWHJHQGHHO� DOV JHHQ DQGHU

ZHHW X GH MXLVWH QXDQFHV DDQ WH EUHQJHQ LQ HHQ SURHIVFKULIW� =R RRN LQ GDW YDQ

PLM�

3URIHVVRU =LHOKXLV� EHVWH *HUKDUG� DOV SURMHFWOHLGHU YDQ KHW .1223�RQGHU]RHN

EHQ MH YRRUWGXUHQG QDXZ EHWURNNHQ JHZHHVW ELM PLMQ EXLV YDQ (XVWDFKLXV

VWXGLHV� -H NULWLVFKH FRPPHQWDUHQ KHEEHQ HHQ EHODQJULMNH ELMGUDJH JHOHYHUG DDQ

GH LQKRXG YDQ GLW SURHIVFKULIW� *HOXNNLJ HLQGLJW RQ]H VDPHQZHUNLQJ QLHW PHW GH

DIURQGLQJ YDQ GLW SURHIVFKULIW� (U YDOW LPPHUV QRJ KHHO ZDW WH RQW.1223HQ�

%HVW .RHQ� PHGH GDQN]LM MRXZ EHJHOHLGLQJ HQ GH YULMKHLG GLH MH PH KHEW JHJHYHQ

RP HLJHQ LGHHsQ XLW WH ZHUNHQ KHE LN PHW YHHO SOH]LHU DDQ GH EXLV YDQ (XVWDFKLXV

VWXGLHV JHZHUNW� -RXZ GHXU VWRQG RSHQ DOV LN JRHG QLHXZV KDG� PDDU LN NRQ

JHOXNNLJ RRN PHW PLMQ JHPRSSHU HQ JHNODDJ ELM MH WHUHFKW� ,N KRRS GDW GDW GH

NRPHQGH MDUHQ ]R EOLMIW�

'H VWDI YDQ GH DIGHOLQJ NHHO�� QHXV� HQ RRUKHHONXQGH YDQ KHW 80& 6W� 5DGERXG

ZLO LN EHGDQNHQ YRRU GH PRJHOLMNKHLG GLH ]LM PLM ELHGW RP RQGHU]RHN WH FRPEL�

QHUHQ PHW GH RSOHLGLQJ WRW NHHO�� QHXV� HQ RRUDUWV�

(GLWK 7RQQDHU� YDQ PLMQ FROOHJD�RQGHU]RHNHUV ]DW MLM KHW GLFKWVW ELM HQ GDW KHE MH

JHZHWHQ� 1LHW ]HOGHQ OLHS LN ELM MH ELQQHQ� PDDU MLM ZDV DOWLMG EHUHLG PHW PH PHH

WH GHQNHQ HQ NULWLVFK FRPPHQWDDU WH OHYHUHQ RS GH YHUVFKLOOHQGH DUWLNHOHQ� 'DW

KHHIW XLWHLQGHOLMN JHUHVXOWHHUG LQ RQ]H VXFFHVYROOH HQ JH]HOOLJH VDPHQZHUNLQJ LQ

KHW GLHUHQODE� ,N KHE YHHO EHZRQGHULQJ YRRU MH GRRU]HWWLQJVYHUPRJHQ HQ KRRS

GDW LN� DOV GH WLMG GDDUYRRU JHNRPHQ LV� MRXZ GDQNZRRUG ]DO NXQQHQ OH]HQ�
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0DVMD 6WUDHWHPDQV HQ 6RQMD YDQ 2RVWHUKRXW� PHW YDOOHQ HQ RSVWDDQ KHEEHQ ZH

GH DIJHORSHQ MDUHQ VDPHQ JHZHUNW� PDDU QX VWDDQ ZH GHQN LN VWHYLJ JHQRHJ RP

VDPHQ KHW .1223�RQGHU]RHN WRW HHQ JRHG HLQGH WH EUHQJHQ� 0HGH GDQN]LM MXOOLH

LQVSDQQLQJHQ LV GLW SURHIVFKULIW UHHGV HHQ HHUVWH VWDS LQ GLH ULFKWLQJ�

6HOPD :LHUWVHPD� RQ]H VDPHQZHUNLQJ LV QRJ PDDU YDQ NRUWH GXXU� PDDU LN KHE

HU ]RZHO ZHWHQVFKDSSHOLMN DOV SHUVRRQOLMN DO YHHO SOH]LHU DDQ EHOHHIG�

%HUQDUG )LNNHUV� PLMQ LQWHUHVVH YRRU ´GH ZHWHQVFKDSµ LV ]HNHU YRRU HHQ GHHO

JHZHNW GRRU RQ]H YUXFKWEDUH HQ SOH]LHULJH VDPHQZHUNLQJ� ,N KRRS GDW RQ]H

NOLQLVFKH GDQ ZHO ZHWHQVFKDSSHOLMNH SDGHQ ]LFK LQ GH WRHNRPVW ]XOOHQ EOLMYHQ

NUXLVHQ�

$OOH DQGHUHQ GLH GLUHFW RI LQGLUHFW EHWURNNHQ ]LMQ JHZHHVW ELM KHW RQWUDIHOHQ YDQ

KHW EXLV YDQ (XVWDFKLXV P\VWHULH ZLO LN EHGDQNHQ YRRU KXQ ELMGUDJH� $G 6QLN HQ

$QQHPLHN $NNHUPDQ �FR�DXWHXUV�� $QQH 6FKLOGHU� %HUW YDQ GHU %DDQ� *HU 5LMNHUV�

-RRVW (QJHO HQ /LHNH 6DQGHUV �OHGHQ .1223�SURMHFWJURHS�� 'DYLG %XUJHU �DSRWKH�

NHU�� +XXE 6WUDDWPDQ HQ 5XXUG GH *UDDI �VWDWLVWLFL�� 0DURHVND 5RYHUV �.1223�

H[SHUW�� ,HGHU YDQ MXOOLH KHHIW RS ]LMQ�KDDU HLJHQ PDQLHU HHQ ELMGUDJH JHOHYHUG

DDQ GLW SURHIVFKULIW�

$OOH ]LHNHQKXL]HQ GLH GHHO QDPHQ HQ QRJ GHHO QHPHQ DDQ KHW .1223�RQGHU]RHN

ZLO LN EHGDQNHQ YRRU KXQ JDVWYULMH RQWYDQJVW HQ LQ]HW YRRU KHW RQGHU]RHN� ,Q KHW

ELM]RQGHU ZLO LN GDDUELM GH YHOH SROL�PHGHZHUN�VW�HUV YHUPHOGHQ GLH HU LHGHU NHHU

ZHHU YRRU ]RUJGHQ GDW DOOHV JHVWURRPOLMQG YHUOLHS�

,N ZLO DOOH NLQGHUHQ HQ KXQ RXGHUV GLH EHUHLG ]LMQ JHZHHVW KXQ PHGHZHUNLQJ WH

YHUOHQHQ DDQ ppQ YDQ GH VWXGLHV LQ GLW SURHIVFKULIW EHGDQNHQ� 9RRU HHQ RQGHU�

]RHNHU OLMNW GLH PHGHZHUNLQJ VRPV ]R JHZRRQ HQ YDQ]HOIVSUHNHQG� PDDU LN UHDOL�

VHHU PH PDDU DO WH JRHG GDW KHW WLMG HQ PRHLWH KHHIW JHNRVW� ,N KRRS GDW GLW

SURHIVFKULIW GLH WLMG HQ PRHLWH ZDDUG LV JHZHHVW�

0LMQ FROOHJD�DVVLVWHQWHQ YDQ KHW 5DGERXG ]LHNHQKXLV ZLO LN EHGDQNHQ YRRU KHW

NXQQHQ GHOHQ YDQ RQGHU]RHNVIUXVWUDWLHV HQ ²SOH]LHU� ,N KRRS GH NRPHQGH MDUHQ

QRJ YDDN HHQ EHURHS RS MXOOLH WH NXQQHQ GRHQ QX KHW ´HFKWH ZHUNµ EHJRQQHQ LV�



���

7HQVORWWH ZLO LN GLHJHQHQ EHGDQNHQ GLH PH ]HHU GLHUEDDU ]LMQ�

/LHYH .LHN� OLHYH -DQ� RPGDW LN LQ HHQ SDDU ]LQQHQ WRFK QLHW NDQ YHUZRRUGHQ ZDW

MXOOLH YRRU PH EHWHNHQHQ� KRXG LN KHW NRUW� ´*RHG YRRUEHHOG GRHW YROJHQµ� ]HJW

PHQ DOWLMG� :HOLVZDDU EHQ LN MXOOLH QLHW LQ DOOHV JHYROJG� PDDU GHVRQGDQNV ]LMQ

MXOOLH DEVROXXW PLMQ EHVWH YRRUEHHOG� %HGDQNW GDW MXOOLH HUYRRU JH]RUJG KHEEHQ

GDW LN EHQ ZLH LN EHQ�

/LHYH )HPNH� YHHO RQGHU]RHNHUV YLQGHQ KHW VFKULMYHQ YDQ HHQ SURHIVFKULIW HHQ

KHOH EHYDOOLQJ� PDDU GDW GRHW LQ PLMQ RJHQ WHNRUW DDQ MRXZ SUHVWDWLH� %RYHQGLHQ

YLQG LN KHW UHVXOWDDW YDQ MRXZ EHYDOOLQJ YHOH PDOHQ PRRLHU HQ EHWHU� ,N EHQ GDQ

RRN HHQ YUHVHOLMN WURWVH EURHU HQ RRP�

0LMQ YULHQGHQ ZLO LN EHGDQNHQ YRRU DOOHV ZDW ]H YRRU PH EHWHNHQHQ� 2PGDW LN

QLHPDQG WH NRUW ZLO GRHQ� PDDU YRRUDO RPGDW HFKWH YULHQGVFKDS QLHW XLWJHVSUR�

NHQ KRHIW WH ZRUGHQ� QRHP LN JHHQ QDPHQ� ,N KRRS GDW LN PHW MXOOLH QRJ YHHO YDQ

KHW OHYHQ ]DO JHQLHWHQ�

+HW QDGHHO YDQ ZHWHQVFKDSSHOLMN RQGHU]RHN LV YDDN GDW MH MH KHOHPDDO IRFXVW RS

VOHFKWV HHQ NOHLQ UDGHUWMH LQ HHQ JURRW JHKHHO� 2RN LQ PLMQ JHYDO GUHLJGH KHW

EHODQJ YDQ GH EXLV YDQ (XVWDFKLXV GDDUGRRU VRPV GH HFKW EHODQJULMNH ]DNHQ WH

RYHUVWLMJHQ� 2PGDW LN ZHHW GDW QLHW LHGHUHHQ WRH ]DO NRPHQ DDQ KHW OH]HQ YDQ GH

LQKRXG YDQ GLW SURHIVFKULIW� ZLO LN GLW GDQNZRRUG JHEUXLNHQ RP WH EHQDGUXNNHQ

GDW GH EXLV YDQ (XVWDFKLXV ZHOLVZDDU HHQ EHODQJULMN UDGHUWMH LV� PDDU GDW KHW HU

]HNHU LQ GH JH]RQGKHLGV]RUJ XLWHLQGHOLMN WRFK RP JDDW RP KHW JURWH JHKHHO ]R

JRHG PRJHOLMN GUDDLHQGH WH KRXGHQ� GHVQRRGV PHW KLHU HQ GDDU HHQ ZDW URHVWLJ

UDGHUWMH�



���
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1LHOV YDQ +HHUEHHN ZHUG RS �� VHSWHPEHU ���� JHERUHQ LQ 7LOEXUJ� 1D KHW

GRRUORSHQ YDQ GH ODJHUH HQ PLGGHOEDUH VFKRRO� EHKDDOGH KLM LQ ���� KHW GLSORPD

*\PQDVLXP = DDQ KHW 6W� 2GXOSKXV O\FHXP LQ 7LOEXUJ� ,Q GDW]HOIGH MDDU EHJRQ KLM

]LMQ VWXGLH JHQHHVNXQGH DDQ GH 5LMNV 8QLYHUVLWHLW /HLGHQ� 1D KHW EHKDOHQ YDQ ]LMQ

SURSDHGHXVH YHUYROJGH KLM ]LMQ VWXGLH DDQ GH .DWKROLHNH 8QLYHUVLWHLW 1LMPHJHQ�

$OV DIVOXLWLQJ YDQ ]LMQ FR�VFKDSSHQ ZHUNWH KLM LQ HHQ GLVWULFWV ]LHNHQKXLV LQ

7DQ]DQLD HQ NRUW GDDUQD EHKDDOGH KLM ]LMQ DUWVH[DPHQ� 1D ]LMQ DUWVH[DPHQ LQ

���� ZHUG KLM DDQ GH DIGHOLQJ NHHO�� QHXV� HQ RRUKHHONXQGH YDQ KHW �WRHQ QRJ�

$FDGHPLVFK =LHNHQKXLV 1LMPHJHQ 6W� 5DGERXG DDQJHVWHOG DOV DUWV�RQGHU]RHNHU

RP GH PHHWEDDUKHLG YDQ GH EXLV YDQ (XVWDFKLXV IXQFWLH WH RQGHU]RHNHQ ELM

NLQGHUHQ� (HQ DDQWDO PDDQGHQ ODWHU NUHHJ GLW RQGHU]RHN HHQ YHUYROJ HQ ZHUG KLM

DDQJHVWHOG DOV DVVLVWHQW�JHQHHVNXQGLJH LQ RSOHLGLQJ WRW NOLQLVFK RQGHU]RHNHU

�$*,.2�� 6DPHQ PHW HHQ DDQWDO DQGHUH RQGHU]RHNHUV ZHUG KLM YHUDQWZRRUGHOLMN

YRRU GH .1223 � VWXGLH� HHQ VWXGLH QDDU UHFLGLYHUHQGH RWLWLV PHGLD PHW HIIXVLH

ELM NLQGHUHQ� 'H]H VWXGLH ]DO QDDU YHUZDFKWLQJ LQ ���� DIJHURQG ZRUGHQ�

,QPLGGHOV LV KLM EHJRQQHQ DDQ GH RSOHLGLQJ WRW NHHO�� QHXV� HQ RRUDUWV� GLH KLM

YHUPRHGHOLMN ]DO DIURQGHQ LQ �����

6LQGV GHFHPEHU ���� LV 1LHOV DFWLHI EHWURNNHQ ELM 6WLFKWLQJ (DUGURS� 6WLFKWLQJ

(DUGURS ]HQGW MDDUOLMNV WHDPV YDQ VSHFLDOLVWHQ QDDU .HQLD RP DOGDDU GRYH HQ

VOHFKWKRUHQGH NLQGHUHQ WH RSHUHUHQ� ORNDOH DUWVHQ RS WH OHLGHQ LQ GH RRUFKLUXUJLH

HQ PHGHZHUNHUV YDQ GRYHQVFKROHQ WH WUDLQHQ HQ EHJHOHLGHQ LQ KXQ ]RUJ YRRU

GRYH HQ VOHFKWKRUHQGH NLQGHUHQ�

�����������

7KH *XLGH :LUH 'LODWLQJ )RUFHSV WHFKQLTXH RI SHUFXWDQHRXV WUDFKHRVWRP\

1 YDQ +HHUEHHN� %* )LNNHUV� )-$ YDQ GHQ +RRJHQ� 50+* 0ROOHQ� +$0 0DUUHV

$P - 6XUJ �����������������

5HOLDELOLW\ RI PDQRPHWULF (XVWDFKLDQ WXEH IXQFWLRQ WHVWV LQ FKLOGUHQ

1 YDQ +HHUEHHN� .-$2 ,QJHOV� $)0 6QLN� *$ =LHOKXLV

2WRO 1HXURWRO ���������������

(XVWDFKLDQ WXEH IXQFWLRQ DIWHU WKH LQVHUWLRQ RI YHQWLODWLRQ WXEHV LQ FKLOGUHQ

1 YDQ +HHUEHHN� .-$2 ,QJHOV� $)0 6QLN� *$ =LHOKXLV

$QQ 2WRO 5KLQRO /DU\QJRO �����������������



���

$ FRPSUHKHQVLYH PRGHO IRU WKH DHWLRORJ\ RI RWLWLV PHGLD ZLWK HIIXVLRQ

0 6WUDHWHPDQV� 1 YDQ +HHUEHHN� (/*0 7RQQDHU� .-$2 ,QJHOV� *7 5LMNHUV� *$ =LHOKXLV

0HG +\SRWKHVHV ���������������

)DOVH SDVVDJH GXULQJ SHUFXWDQHRXV WUDFKHRVWRP\ XVLQJ WKH *XLGH :LUH 'LODWLQJ )RUFHSV

1 YDQ +HHUEHHN� %* )LNNHUV� )-$ YDQ GHQ +RRJHQ

,QW - 6XUJ ,QYHVW ���������������

7KHUDSHXWLF LPSURYHPHQW RI WKH (XVWDFKLDQ WXEH IXQFWLRQ� D UHYLHZ

1 YDQ +HHUEHHN� .-$2 ,QJHOV� *7 5LMNHUV� *$ =LHOKXLV

&OLQ 2WRODU\QJRO �������������

$ODUP %HOO

1 YDQ +HHUEHHN� )-$ YDQ GHQ +RRJHQ� +$0 0DUUHV

+XLVDUWV :HW ���������������

1R HIIHFW RI D QDVDO GHFRQJHVWDQW RQ (XVWDFKLDQ WXEH IXQFWLRQ LQ FKLOGUHQ ZLWK YHQWLODWLRQ WXEHV

1 YDQ +HHUEHHN� .-$2 ,QJHOV� *$ =LHOKXLV

/DU\QJRVFRSH ������������������

(IIHFW RI VXUIDFWDQW RQ YHQWLODWRU\ DQG FOHDUDQFH IXQFWLRQ RI WKH UDW·V (XVWDFKLDQ WXEH

1 YDQ +HHUEHHN� (/*0 7RQQDHU� .-$2 ,QJHOV� -+$- &XUIV� &:5- &UHPHUV

2WRO 1HXURWRO� LQ SUHVV

3HUFXWDQHRXV WUDFKHRVWRP\ ZLWK WKH *XLGH :LUH 'LODWLQJ )RUFHSV�WHFKQLTXH� SUHVHQWDWLRQ RI ���

FRQVHFXWLYH SDWLHQWV�

%* )LNNHUV� 1 YDQ +HHUEHHN� 3)0 .UDEEH� +$0 0DUUHV� )-$ YDQ GHQ +RRJHQ

+HDG 1HFN ���������������

/RQJ�WHUP YHQWLODWLRQ WXEHV� UHVXOWV RI ��� LQVHUWLRQV

1 YDQ +HHUEHHN� *0$& GH 6DDU� --6 0XOGHU

&OLQ 2WRODU\QJRO� LQ SUHVV
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3XEOLFDWLRQ RI WKLV WKHVLV ZDV ILQDQFLDOO\ VXSSRUWHG E\�

$FRXGLUH� $OPLUDOO 3URGHVIDUPD� $UWX %LRORJLFDOV� %� %UDXQ 0HGLFDO� %HOWRQH

1HGHUODQG� %HWHU +RUHQ� &DUO =HLVV� (OHFWUR 0HGLFDO ,QVWUXPHQWV� (QWHUPHG�

*OD[R 6PLWK .OHLQ� *1 2WRPHWULFV� *1 5H6RXQG� .D9R 1HGHUODQG� 0HGLSURI�

0HGWURQLF� 1996� 2SWLFKDLQV� 6FKHULQJ 3ORXJK� 6FKRRQHQEHUJ +RRUWRHVWHOOHQ�

6WLFKWLQJ $W]H 6SRRU )RQGV� 6WU\NHU 0HGLFDO� 8&% 3KDUPD� 9DQ %R[WHO

+RRUZLQNHOV� 9HHQKXLV 0HGLFDO $XGLR� :\HWK /HGHUOH� =RQ0:


