
-2851$/�2)�257+23(',&6

���������������� Print
&RS\ULJKW���E\�%,2/,)(��V�D�V�

7KLV�SXEOLFDWLRQ�DQG�RU�DUWLFOH�LV�IRU�LQGLYLGXDO�XVH�RQO\�DQG�PD\�QRW�EH�IXUWKHU
UHSURGXFHG�ZLWKRXW�ZULWWHQ�SHUPLVVLRQ�IURP�WKH�FRS\ULJKW�KROGHU�

8QDXWKRUL]HG�UHSURGXFWLRQ�PD\�UHVXOW�LQ�¿QDQFLDO�DQG�RWKHU�SHQDOWLHV
',6&/2685(��$//�$87+256�5(3257�12�&21)/,&76�2)�

,17(5(67�5(/(9$17�72�7+,6�$57,&/(�
�

9RO�����QR���������������

.H\�ZRUGV��(YLGHQFH�%DVHG�0HGLFLQH��(YLGHQFH�6\QWKHVLV��(%0�DSSURDFK

0DLOLQJ�DGGUHVV�
3URI��*��&HUXOOL�
9LD�*LRYDQ�%DWWLVWD�3RQWDQL���
������3HUXJLD��,WDO\
7HO������������������
)D[������������������
H�PDLO��JBFHUXOOL#WLQ�LW

(9,'(1&(�%$6('�0(',&,1(�,1�257+23(',&6

*��327$/,92�������*��3/$&(//$����(��6(%$67,$1,��DQG�*��&(58//,�������

���1LFROD¶V�)RXQGDWLRQ�2QOXV��$UH]]R���/HW�3HRSOH�0RYH�5HVHDUFK�,QVWLWXWH��3HUXJLD�$UH]]R���
,QWHUQDWLRQDO�2UWKRSHGLFV�DQG�7UDXPDWRORJ\�,QVWLWXWH��$UH]]R���2UWKRSHGLFV�DQG�7UDXPDWRORJ\�

5HVLGHQF\�3URJUDP��8QLYHUVLW\�RI�3HUXJLD��3HUXJLD��,WDO\
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,Q� ������ WKH� %ULWLVK� 0HGLFDO� -RXUQDO� �%0-��
UHSRUWHG� WKH� ¿IWHHQ� PRVW� LPSRUWDQW� PHGLFDO�
PLOHVWRQHV� VLQFH� LWV� EHJLQQLQJ� LQ� ������ ,QFOXGHG�
ZHUH� WKH� GLVFRYHU\� RI� '1$�� WKH� GHYHORSPHQW� RI�
YDFFLQDWLRQV�DQG�RI�DQWLELRWLFV��WKH�XVH�RI�DQDHVWKHWLFV�
IRU�VXUJHU\��DQG�(YLGHQFH�%DVHG�0HGLFLQH������

$OWKRXJK� GH¿QLWLRQV� YDU\�� DV� VXJJHVWHG� E\�
6DFNHWW� HW� DO��� (YLGHQFH� %DVHG� 0HGLFLQH� LV� WKH�
³FRQVFLHQWLRXV��H[SOLFLW��DQG�MXGLFLRXV�XVH�RI�FXUUHQW�
EHVW� HYLGHQFH� LQ� PDNLQJ� GHFLVLRQV� DERXW� WKH� FDUH�
RI� LQGLYLGXDO� SDWLHQWV´�� 7KH� SUDFWLFH� RI� HYLGHQFH�
EDVHG�PHGLFLQH�PHDQV�LQWHJUDWLQJ�LQGLYLGXDO�FOLQLFDO�
H[SHUWLVH�� SDWLHQW¶V� YDOXHV� DQG� SUHIHUHQFH� ZLWK�
WKH� EHVW� DYDLODEOH� H[WHUQDO� FOLQLFDO� HYLGHQFH� IURP�
PHGLFDO�OLWHUDWXUH������

(YLGHQFH� EDVHG� PHGLFLQH� LV� QRW� ³FRRNERRN´�
PHGLFLQH��$Q\�H[WHUQDO�JXLGHOLQH�PXVW�EH�LQWHJUDWHG�
ZLWK�LQGLYLGXDO�FOLQLFDO�H[SHUWLVH�LQ�GHFLGLQJ�ZKHWKHU�
DQG� KRZ� LW� PDWFKHV� WKH� SDWLHQW¶V� FOLQLFDO� VWDWH��
SUHGLFDPHQW�� DQG� SUHIHUHQFHV�� DQG� WKXV� ZKHWKHU� LW�
VKRXOG�EH�DSSOLHG�����

7KH� WUHQG� WKDW� LQFOXGHV� WKHVH� SULQFLSOHV� ZDV�
¿UVW� VWDUWHG� E\� *RUGRQ� *X\DWW� DQG� WKH� JURXS� WKDW�
KH� IRXQGHG� DW� 0F0DVWHU� 8QLYHUVLW\� LQ� ������ ,Q�
IDFW�� WKDW� LV� WKH� \HDU� RI� WKH� DSSHDUDQFH� RI� D� VHULHV�
RI� DUWLFOHV� LQ� WKH� -RXUQDO� RI� WKH�$PHULFDQ�0HGLFDO�
$VVRFLDWLRQ��-$0$���IURP�ZKLFK�RULJLQDWHG�D�ORQJ�
VHULHV�RI�DUWLFOHV� ODWHU�FROOHFWHG� LQ�ERRNV�EHFRPLQJ�
EHVWVHOOHUV�����

'LIIHUHQW� IDFWRUV� KDYH� FRQWULEXWHG� WR� WKH�
LQFUHDVLQJ�LPSRUWDQFH�RI�(YLGHQFH�%DVHG�0HGLFLQH�

�� 7KH�QHHG�IRU�FRQVWDQW�GDLO\�UHDGLQJ�WR�DFTXLUH�
UHOHYDQW�LQIRUPDWLRQ�DERXW�GLDJQRVLV��WUHDWPHQW�DQG�
SURJQRVLV�RI�WKH�GLVHDVH�E\�SK\VLFLDQV�

�� /DFN� RI� XSGDWH� RI� WKH� WUDGLWLRQDO� VRXUFHV�
RI� PHGLFDO� LQIRUPDWLRQ�� ZKLFK� DUH� RIWHQ� RXWGDWHG��
RI� SRRU� TXDOLW\� DQG� DERYH� DOO� LQ� DQ� RYHUZKHOPLQJ�
YROXPH�

�� 'LVFUHSDQF\� EHWZHHQ� LQFUHDVLQJ� FOLQLFDO�
H[SHULHQFH��DQG�GHFUHDVHG�DZDUHQHVV�RI�WKH�VFLHQWL¿F�
VWXGLHV��

�� /LWWOH�WLPH�IRU�FOLQLFLDQV��PLQXWHV�SHU�ZHHN��
WR�UHDG�DQG�UHYLHZ�ZRUN�

(%0� UHTXLUHV� WKDW� FKRLFHV� DQG� GHFLVLRQV� DUH�
PDGH� E\� FULWLFDOO\� UHDGLQJ� DQG� UHYLHZLQJ� WKH�
OLWHUDWXUH�� E\� DVVLJQLQJ� YDOXH� DQG� ZHLJKW� WR� WKH�
VSHFL¿F� UHVHDUFK� PHWKRGRORJLHV� UHSRUWHG� LQ� WKH�
VWXGLHV�� E\� WKH� VFLHQWL¿F� YDOLGLW\� RI� WKH� ZRUN� DQG�
WKH� WHFKQLTXHV� XVHG� E\� WKH� UHVHDUFKHU�� $� PRUH�
FULWLFDO� DSSURDFK�FRQFHUQLQJ� WKH�FKDQJHV� WKDW�PXVW�
EH�PDGH�LQ�PHGLFDO�SUDFWLFH�LV�DOVR�QHFHVVDU\��7KLV�
GLVFLSOLQH� LQYROYHV� WKH�XVH�RI� WKH�EHVW� HYLGHQFH�E\�
DVVLJQLQJ�D�KLJKHU�YDOXH�WR� WKH�ZHOO�FRQGXFWHG�DQG�
ZHOO�H[HFXWHG�FOLQLFDO�VWXGLHV��DQG�D�ORZHU�YDOXH�WR�
WKH� H[SHUW� RSLQLRQV� DQG� XQFRQWUROOHG� REVHUYDWLRQDO�
VWXGLHV�� VXFK� DV� ³FDVH� UHSRUWV´� DQG� ³FDVHV� VHULHV´��
,W�LV�LPSRUWDQW�WR�UHPHPEHU�WKDW�WKH�(%0�DSSURDFK�
KDV� ¿YH� EDVLF� VWHSV�ZKLFK�� DV� WKH\� DUH� FRPSOHWHG��
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LQ�EOLQGLQJ�DQG�WKH�HWKLFDO�FRQVLGHUDWLRQV������+RZ�
PDQ\�VXUJHRQV�DUH�WKHUH�ZKR�DUH�ZLOOLQJ�WR�DEDQGRQ�
D� WHFKQLTXH� WKH\� NQRZ� ZHOO� DQG� ZLWK� ZKLFK� WKH\�
KDYH�REWDLQHG�JRRG�UHVXOWV� IRU�DQRWKHU� WKH\�GR�QRW�
NQRZ��HYHQ�LI�LW�KDV�EHHQ�GHPRQVWUDWHG�WKDW�LW�RIIHUV�
H[FHOOHQW�UHVXOWV"�:H�PD\�EH�DPRQJ�WKRVH�

8QOXFNLO\�� WKH� SUHVHQFH� RU� DEVHQFH� RI� HYLGHQFH�
LV� QHYHU� FOHDUO\� GH¿QHG� EHFDXVH� IRU�PDQ\� FOLQLFDO�
SUDFWLFHV�RQO\�¿OWHUHG�LQIRUPDWLRQ�LV�DYDLODEOH�DV�WKH�
UHVXOWV� IURP�GLIIHUHQW� VWXGLHV� GR�QRW� DOZD\V� DJUHH��
LQ� RWKHU� FDVHV� WKH� LQIRUPDWLRQ� WKDW�ZH� QHHG� LV� QRW�
DYDLODEOH� EHFDXVH� WKH� QHFHVVDU\� VWXGLHV� KDYH� QRW�
EHHQ� SHUIRUPHG� RU� WKH� TXDOLW\� RI� WKH� WULDOV� FDUULHG�
RXW�PDNHV�WKHP�QRW�HDVLO\�LQWHUSUHWDEOH�����

0DQ\�IDFWRUV��QRW�DOZD\V�SRVLWLYH��KDYH�FRQWULEXWHG�
LQ� UHFHQW� \HDUV� WR� WKH� JURZLQJ� LQWHUHVW�� QRW� DOZD\V�
LPSDUWLDO��LQ�(%0��WKHUH�ZHUH�WKRVH�ZKR�VDZ�LW�DV�D�

KDYH�WKH�XOWLPDWH�JRDO�RI�H[WUDFWLQJ��HYLGHQFH�����
��� )RUPXODWLRQ�RI�XQDQVZHUHG�TXHVWLRQV��
��� &ROOHFWLQJ�HYLGHQFH�
��� (YDOXDWLRQ�RI�HYLGHQFH�
��� ,PSOHPHQWDWLRQ�RI�HYLGHQFH�
��� $QDO\VLV�RI�WKH�SURFHVV�
7KH�EHQH¿WV�RI�(%0�DUH�GHVLJQHG�WR�KHOS�GRFWRUV�

IDFHG� ZLWK� DQ� H[FHVVLYH� DPRXQW� � RI� LQIRUPDWLRQ��
UHGXFH� LQHTXDOLW\� LQ� FDUH�� UHGXFH� KHDOWKFDUH� FRVWV�
DQG�MXVWLI\�WKH�FKRLFHV�RI�WUHDWPHQW�IRU�DQ�DXGLHQFH�
�������

+RZHYHU�� WKH� GH¿QLWLRQ� RI� ZKDW� ZH� DFFHSW� DV�
³HYLGHQFH´�LV�FRPSOH[�IRU�D�QXPEHU�RI�UHDVRQV��ERWK�
LQ�FOLQLFDO�UHVHDUFK�DQG�RUWKRSHGLF�SUDFWLFH�

7KHVH� LQFOXGH� D� JHQHUDO� ODFN� RI� NQRZOHGJH�� D�
WHQGHQF\� WR� YLJRURXVO\� GHIHQG� ORQJ�HVWDEOLVKHG��
SURFHGXUHV�� WKH� OHDUQLQJ� FXUYH� LVVXH�� WKH� GLI¿FXOW\�
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SUDFWLFH�RI�PHGLFLQH��-$0$����������������������
��� 6SOLQGHU� .3�� .XKQ� -(�� 'XQQ� :�� 0DWWKHXV� &(��

+DUUHOO� )(�� 'LWWXV� 56�� 5HDGLQJ� DQG� UHYLHZLQJ� WKH�
RUWKRSDHGLF�OLWHUDWXUH��D�V\VWHPDWLF��HYLGHQFH�EDVHG�
PHGLFLQH�DSSURDFK�� -�$P�$FDG�2UWKRS�6XUJ�������
���������

��� &UDZIRUG� -0�� 2ULJLQDO� UHVHDUFK� LQ� SDWKRORJ\��
MXGJPHQW�� RU� HYLGHQFH�EDVHG�PHGLFLQH"�/DE� ,QYHVW�
����������������

��� 3DF\�-��(YLGHQFH�EDVHG�PHGLFLQH�DQG�WKH�VHDUFK�IRU�
D� VFLHQFH� RI� FOLQLFDO� FDUH�� 6RFLRO�+HDOWK� ,OOQ� ������
���������

��� )UHHGPDQ�.%��%DFN�6��%HUQVWHLQ�-��6DPSOH�VL]H�DQG�
VWDWLVWLFDO�SRZHU�RI� UDQGRPLVHG��FRQWUROOHG� WULDOV� LQ�
RUWKRSDHGLFV��-�%RQH�-RLQW�6XUJ�%U�����������������
����

��� 0F&XOORFK�3��7D\ORU�,��6DVDNR�0��/RYHWW�%��*ULI¿Q�
'�� 5DQGRPLVHG� WULDOV� LQ� VXUJHU\�� SUREOHP� DQG�
SRVVLEOH�VROXWLRQV��%0-�������������������������

��� )UHGGL� *�� 5RPDQ�3XPDU� -/�� (YLGHQFH�EDVHG�
PHGLFLQH��ZKDW�LW�FDQ�DQG�FDQQRW�GR��$QQ�,VW�6XSHU�
6DQLWD������������������

���� 6DFNHWW� '/�� 5LFKDUGVRQ� :6�� 5RVHPEHUJ� :0��
+\QHV�5%��+RZ�WR�SUDFWLFH�DQG�WHDFK�HYLGHQFH�EDVHG�
PHGLFLQH��1HZ�<RUN��&KLUFKLOO�/LYLQJVWRQ������

XVHIXO�PHDQV� IRU�FXWWLQJ�KHDOWK�FDUH�FRVWV� ����� WKRVH�
ZKR�VDZ�LW�DV�D�WRRO�WR�RSSRVH�WKH�WRR�GRJPDWLF�DQG�
DXWKRULWDULDQ�PHGLFLQH��DQG�¿QDOO\�WKRVH�ZKR�ZDQWHG�
WR�WXUQ�WKH�WUHQG�LQ�DQ�RYHUVLPSOL¿HG�HSLVWHPRORJLFDO�
VFHQDULR�ZLWKRXW�DQ\�FRPSOH[�DQDO\VLV��

7KH� SULQFLSOHV� RI� (YLGHQFH�%DVHG� 0HGLFLQH�
VKRXOG�EH�XVHG�LQ�D�V\VWHPDWLF�ZD\�WR�UHYLHZ�PHGLFDO�
LQIRUPDWLRQ�� WKH� SURGXFWLRQ� RI� VSHFL¿F� DUWLFOHV� DQG�
SUHVHQWDWLRQV�DW�PHHWLQJV��2UWKRSHGLF�VXUJHRQV�PXVW�
¿UVW�LGHQWLI\�FOHDUO\�DQG�XQDPELJXRXVO\�WKH�YDOLGLW\�
RI�WKH�LQIRUPDWLRQ�DQG�RQO\�WKHQ�GHFLGH�ZKHWKHU�WKH\�
FKDQJH�WKHLU�VXUJLFDO�SUDFWLFH��)LJ����

7KH�UHFRJQLWLRQ�RI�WKH�YDOXH�RI�(%0�UHSUHVHQWV�DQ�
LPSRUWDQW�VWHS�LQ�GHYHORSLQJ�D�FRPSOHWH�DQG�FRKHUHQW�
PHWKRG�IRU�WR�SUDFWLFH�WKDW�LV�FOLQLFDO�PHGLFLQH������

5()(5(1&(6

��� )HUULPDQ� $�� � %0-� UHDGHUV� FKRRVH� WKH� ³VDQLWDU\�
UHYROXWLRQ´�DV�JUHDWHVW�PHGLFDO�DGYDQFH�VLQFH�������
%0-����������������������

��� 6DFNHWW�'/��5RVHQEHUJ�:0��*UD\�-$��+D\QHV�5%��
5LFKDUGVRQ�:6��(YLGHQFH�EDVHG�PHGLFLQH��ZKDW�LW�LV�
DQG�ZKDW�LW�LVQ¶W��%0-����������������������

��� (YLGHQFH�%DVHG�0HGLFLQH�:RUNLQJ�*URXS��(YLGHQFH�
EDVHG� PHGLFLQH�� $� QHZ� DSSURDFK� WR� WHDFKLQJ� WKH�
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³7KH� 'HVLJQ� RI� ([SHULPHQWV´� ������� E\�
5RQDOG� $�� )LVKHU� LV� WKH� ¿UVW� ERRN� ZULWWHQ� DERXW�
WKH� V\VWHPDWLF� GHVLJQ� RI� H[SHULPHQWV�� 6LQFH� �����
HSLGHPLRORJ\� KDV� VWULGHG� DKHDG�� ,Q� WKH� SDVW� IHZ�
\HDUV�� HVSHFLDOO\� IURP� WKH� ����¶V� RQZDUGV�� WKH�
DSSOLFDWLRQ�RI�HSLGHPLRORJLFDO�SULQFLSOHV�KDV�OHDG�WR�
WKH� FKDUDFWHUL]DWLRQ� RI� HYLGHQFH�PHWKRGRORJ\��7KH�
GLIIHUHQW�FOLQLFDO�VWXGLHV�FDQ�EH�FODVVL¿HG�RQ�WKH�EDVLV�
RI�WKH�SXUSRVH�DQG�WKH�PHWKRGRORJ\�RI�UHVHDUFK��7KH�
TXDOLW\�RI� WKH�VWXGLHV�PXVW�DOZD\V�EH�HYDOXDWHG�RQ�
WKH�EDVLV�RI�WKH�UHSURGXFLELOLW\�RI�WKH�UHVXOWV�DQG�RI�
WKH�FRQFOXVLRQV�WKDW�FDQ�EH�GUDZQ�

'LYLVLRQ� LQWR� ODUJH� UHVHDUFK� VWXG\� JURXSV�
DFFRUGLQJ�WR�W\SH�

���7UDGLWLRQDO�6RXUFHV��
���3ULPDU\�5HVHDUFK�
���6HFRQGDU\�5HVHDUFK��)LJ�����

7UDGLWLRQDO�6RXUFHV
7UDGLWLRQDO�VRXUFHV�DUH�ERRNV��QDUUDWLYH�UHYLHZV��

HGLWRULDOV�� L�H�� D� TXDQWLW\� RI� LQIRUPDWLRQ� FRQWDLQLQJ�
D�PL[WXUH�RI��HYLGHQFH�DQG�RSLQLRQV�DQG�QR�FULWLFDO�
RU� V\VWHPDWLF� PHWKRGRORJ\�� :KHQ� ZH� GR� VHHN�
NQRZOHGJH� IURP� WUDGLWLRQDO� VRXUFHV� RI� LQIRUPDWLRQ�
VXFK�DV�MRXUQDOV�DQG�WH[W�ERRNV��WKH\�DUH�RIWHQ�HLWKHU�
WRR�GLVRUJDQL]HG�RU�RXW�RI�GDWH������:LWKRXW�D�GRXEW��
KRZHYHU��WKH\�FDQ�EH�TXLWH�SOHDVDQW�WR�UHDG��DQG�PD\�
RIWHQ��JLYH�XV�D�JHQHUDO�LGHD�RI�WRSLFV�WKDW�ZH�GR�QRW�
NQRZ��7KH\�DUH�QRW�FRQVLGHUHG�PRGHOV�RI�HYLGHQFH�

EDVHG�PHGLFLQH�

3ULPDU\�5HVHDUFK
7KLV�JURXS�LV�GLYLGHG�LQWR�WZR�FDWHJRULHV�

DFFRUGLQJ�WR�WKH�PHWKRGRORJ\�XVHG�
���2EVHUYDWLRQDO�6WXGLHV�
���([SHULPHQWDO�6WXGLHV�

���2EVHUYDWLRQDO�6WXGLHV
6WXGLHV� LQ� ZKLFK� GLIIHUHQW� DFWLRQV� RU� QDWXUDO�

H[SRVXUH� DUH� DQDO\]HG� WR� JDLQ� DQ�XQGHUVWDQGLQJ�RI��
WKH�HIIHFWV�RQ�KHDOWK�RXWFRPHV��7KHVH�LQ�WXUQ�DUH�VSOLW�
LQ�WR�

D�� 'HVFULSWLYH� 6WXGLHV�� 7KHVH� VWXGLHV� KDYH� DQ�
³$QHFGRWDO� (YLGHQFH´� EHFDXVH� WKH\� GR� QRW� KDYH�
D� FRQWURO� JURXS�� 6XFK� HYLGHQFH� LV� QRW� VHHQ� DV�
FRQFOXVLYH��LW�LV�DV�DQ�LQYLWDWLRQ�WR�D�PRUH�ULJRURXV�
VFLHQWL¿F�VWXG\�RI�WKH�SKHQRPHQRQ�LQ�TXHVWLRQ������
7KH\�DUH��GLYLGHG�LQ�WR�

�� &DVH�5HSRUWV�� D� GHWDLOHG�GHVFULSWLRQ�RI� WKH�
V\PSWRPV�� VLJQV�� GLDJQRVLV�� WUHDWPHQW� DQG� IROORZ�
XS�RI�DQ�LQGLYLGXDO�SDWLHQW��7KH\�XVXDOO\�FRYHU�RQH�
RI� WKH� IROORZLQJ�� DQ� XQH[SHFWHG� HYHQW� IROORZLQJ�
D� VSHFL¿F� WUHDWPHQW�� D� UDUH� RU� XQLTXH� GLVHDVH�� QHZ�
WKHUDSHXWLF� DSSURDFKHV�� DQDWRPLFDO� YDULDWLRQV��
XQXVXDO� V\PSWRPV� RI� D� JLYHQ� GLVHDVH� HWF�� &DVH�
UHSRUWV�VKRXOG�EH�VKRUW�DQG�IRFXVHG��ZLWK�D�OLPLWHG�
QXPEHU�RI�¿JXUHV�DQG�UHIHUHQFHV������

�� &DVH� 6HULHV�� WKHVH� UHJDUG� SDWLHQWV� ZLWK�
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D� NQRZQ� H[SRVXUH�� JLYHQ� VLPLODU� WUHDWPHQW�� RU�
H[DPLQHV�WKHP�IRU�H[SRVXUH�DQG�RXWFRPH��,W�FDQ�EH�
UHWURVSHFWLYH�RU�SURVSHFWLYH�DQG� LQYROYHV�D�VPDOOHU�
QXPEHU�RI�SDWLHQWV��&DVH�VHULHV�PD\�EH�FRQVHFXWLYH�
RU�QRQ�FRQVHFXWLYH���GHSHQGLQJ�RQ�ZKHWKHU�DOO�FDVHV�
SUHVHQWHG� RYHU� D� SHULRG� ZHUH� LQFOXGHG�� RU� RQO\� D�
VHOHFWLRQ�RI�WKHVH�

E���$QDO\WLFDO�6WXGLHV�RU�&RPSDUDWLYH�6WXGLHV�DUH�
VWXGLHV�WKDW�GUDZ�LQIHUHQFHV�DERXW�WKH�SRVVLEOH�HIIHFW�
RI�D�WUHDWPHQW�RQ�VXEMHFWV��ZKHUH�WKH�DVVLJQPHQW�RI�
VXEMHFWV�LQWR�D�WUHDWHG�JURXS�YHUVXV�D�FRQWURO�JURXS�
LV� EH\RQG� WKH� FRQWURO� RI� WKH� LQYHVWLJDWRU�� L�H�� WKHUH�
LV�QR�LQWHUYHQWLRQ�E\�WKH�LQYHVWLJDWRU������7KHVH�DUH�
GLYLGHG�LQ�WR�

�� &DVH�&RQWURO� 6WXG\�� D� VWXG\� RI� SDWLHQWV�
ZLWK�DQ�RXWFRPH�YDULDEOH�RI� LQWHUHVW�DQG�D�VXLWDEOH�
FRQWURO� JURXS� RI� SHUVRQV� ZLWKRXW� LW�� 7KH� SRWHQWLDO�
UHODWLRQVKLS�RI�D�VXVSHFWHG�ULVN�IDFWRU�LV�VWXGLHG�E\�
FRPSDULQJ�WKH�FRQWURO�JURXS�DQG�WKH�FDVH�JURXS�ZLWK�
UHJDUG� WR�KRZ�IUHTXHQWO\� WKH� IDFWRU� LV�SUHVHQW��7KH�
FDVH�FRQWURO�VWXG\�XVHG�WR�EH�FDOOHG�³UHWURVSHFWLYH´�
EHFDXVH�� FRQFHSWXDOO\�� LW� JRHV� IURP� GLVHDVH� RQVHW�
EDFN�WR�WKH�SRVWXODWHG�FDXVDO�IDFWRUV��7KH�DVVRFLDWLRQ�
EHWZHHQ�WKH�ULVN�IDFWRU�DQG�WKH�GLVHDVH�LV�H[SUHVVHG�
E\�PHDVXULQJ�WKH�2GGV�5DWLR��L�H��WKH�UDWLR�EHWZHHQ�
WKH�QXPEHU�RI�WLPHV�LQ�ZKLFK�WKH�HYHQW�RFFXUV�DQG�
WKH� QXPEHU� RI� WLPHV� LQ� ZKLFK� WKH� HYHQW� GRHV� QRW�
RFFXU�

�� &RKRUW�6WXG\�� �D�VWXG\�LQ�ZKLFK�VXEVHWV�RI�
D�GH¿QHG�SRSXODWLRQ�FDQ�EH�LGHQWL¿HG�ZKR�DUH��KDYH�
EHHQ��RU�LQ�WKH�IXWXUH�PD\�EH�H[SRVHG�RU�QRW�H[SRVHG�
LQ�GLIIHUHQW�GHJUHHV�WR�IDFWRUV�EHOLHYHG�WR�LQÀXHQFH�
WKH�RFFXUUHQFH�RI�DQ�RXWFRPH��7KH�PDLQ�IHDWXUH�RI�WKH�
FRKRUW�VWXG\�LV�WKH�REVHUYDWLRQ�RI�ODUJH�QXPEHUV�RI�
VXEMHFWV�RYHU�D�ORQJ�SHULRG��FRPSDULQJ�WKH�LQFLGHQFH�
UDWHV�LQ�JURXSV�WKDW�GLIIHU�LQ�H[SRVXUH�OHYHOV��IRU�WKLV�
UHDVRQ� WKH\� XVHG� EH� FDOOHG� ³SURVSHFWLYH´� VWXGLHV��
����7KH�DVVRFLDWLRQ�EHWZHHQ�WKH�GLVHDVH�DQG�WKH�ULVN�
IDFWRU�LV�H[SUHVVHG��LQ�WKLV�FDVH��E\�WKH�ULVN�UDWLR��L�H��
WKH�UDWLR�EHWZHHQ�WKH�ULVN�LQ�WKH�H[SRVHG�JURXS�DQG�
WKH�ULVN�LQ�WKH�XQH[SRVHG�JURXS��

�� &URVV�6HFWLRQDO� 6WXG\�� D� VWXG\� WKDW�
LQYHVWLJDWHV� WKH� UHODWLRQVKLS� EHWZHHQ� GLVHDVHV�
�RU� RWKHU� KHDOWK�UHODWHG� FKDUDFWHULVWLFV�� DQG� RWKHU�
YDULDEOHV� RI� LQWHUHVW� DV� WKH\� H[LVW� LQ� D� GH¿QHG�
SRSXODWLRQ� DW� D� JLYHQ� WLPH�� OLNH� D� VQDSVKRW�� 6R�
WKH� WHPSRUDO� VHTXHQFH� RI� FDXVH� DQG� HIIHFW� FDQQRW�
QHFHVVDULO\�EH�GHWHUPLQHG�LQ�D�FURVV�VHFWLRQDO�VWXG\��

8VXDOO\��WKH�YDOXH�RI�SUHYDOHQFH�LV�HVWLPDWHG��
�� (FRORJLFDO� 6WXGLHV�� VWXGLHV� LQ� ZKLFK� WKH�

XQLWV�RI�DQDO\VLV�DUH�D�SRSXODWLRQV�RU�JURXS�RI�SHRSOH�
UDWKHU� WKDQ� LQGLYLGXDOV�� &RQFOXVLRQV� RI� HFRORJLFDO�
VWXGLHV�PD\�QRW�QHFHVVDULO\�DSSO\�WR� WKH�LQGLYLGXDO�
KHQFH�WKH\�DUH�XQSRSXODU��LQ�FOLQLFDO�SUDFWLFH�����

:KHWKHU� FRQGXFWLQJ� D� FURVV�VHFWLRQDO�� FRKRUW��
UHWURVSHFWLYH� RU� FDVH� FRQWURO� VWXG\�� WKH� GLIIHUHQFH�
EHWZHHQ�WKH�SUHYDOHQFH�DQG�LQFLGHQFH�RI�FDVHV�FDQ�
EH�VRXJKW�

7KH�SUHYDOHQFH� RI� FDVHV� UHÀHFWV� WKH� SRSXODWLRQ�
WKDW� LV� GLVHDVHG� DW� D� VSHFL¿F� WLPH� DQG� LQFOXGHV� DOO�
WKRVH�FDVHV�WKDW�H[LVW�LQ�WKH�SRSXODWLRQ�DV�ZHOO�DV�DOO�
WKRVH�QHZ�FDVHV� WKDW� DULVH�GXULQJ� WKH� WLPH� LQWHUYDO�
PHDVXUHG�� 6LQFH� WKH� SUHYDOHQFH� RI� FDVHV� LQFOXGHV�
SHRSOH�ZKR�KDYH�KDG�WKH�GLVHDVH�IRU�VRPH�WLPH�DQG�
WKRVH� ZKR� KDYH� FRQWUDFWHG� LW� UHFHQWO\�� WKH� IDFWRUV�
DVVRFLDWHG�ZLWK� H[SRVXUH� LQFOXGH� ERWK� ULVN� IDFWRUV�
DVVRFLDWHG�ZLWK�WKH�DFWXDO�GHYHORSPHQW�RI�WKH�GLVHDVH�
DV�ZHOO�DV�SURWHFWLYH�IDFWRUV�

,QVWHDG��WKH�LQFLGHQFH�UHÀHFWV�WKH�QHZ�FDVHV�WKDW�
GHYHORS�LQ�D�SRSXODWLRQ�GXULQJ�D�VSHFL¿F�SHULRG�RI�
WLPH�� )DFWRUV� DVVRFLDWHG� ZLWK� WKH� LQFLGHQFH� UHÀHFW�
RQO\� WKH� ULVN� RI� GHYHORSLQJ� RI� WKH� GLVHDVH� RU� WKH�
RXWFRPH�RI�LQWHUHVW��

3URVSHFWLYH� FRKRUW� VWXGLHV� JHQHUDOO\� SURYLGH�
VWURQJ� HYLGHQFH� EXW� WKH\� DUH� RIWHQ� QRW� IHDVLEOH�
EHFDXVH� RI� WKHLU� FRVW�� WKH� GLI¿FXOW\� LQ� ¿QGLQJ� WKH�
VDPH� VWXG\� VDPSOH� DQG� WKH� QHHG� WR� KDYH� D� ORQJ�
IROORZ�XS�� 7KH\� DOVR� RIWHQ� LQYROYH� FRQVLGHUDEOH�
HWKLFDO�LPSOLFDWLRQV��VXFK�DV�PRQLWRULQJ�RU�IROORZLQJ�
SHRSOH�ZKR�DUH�VXIIHULQJ�IURP�DQ�XQNQRZQ�GLVHDVH��
7KHUHIRUH��KLVWRULFDO�RU�UHWURVSHFWLYH�FRKRUW�VWXGLHV�
DQG� FDVH�FRQWURO� VWXGLHV� DUH� WKH� PRVW� FRPPRQO\�
XVHG� LQ� WKH� UHVHDUFK� RI� ULVN� IDFWRUV�� HVSHFLDOO\� LQ�
RUWKRSHGLFV�

([SHULPHQWDO�6WXGLHV
7KLV� LV� D� VWXG\� LQ� ZKLFK� WKH� LQYHVWLJDWRU�

LQWHQWLRQDOO\� DOWHUV� RQH� RU� PRUH� IDFWRUV� ZKLOH�
NHHSLQJ�FRQVWDQW�RWKHU�VWXG\�FRQGLWLRQV�LQ�RUGHU�WR�
DQDO\]H�WKH�HIIHFWV��

7KHVH� FDQ� EH� VSOLW� LQ� WR� XQFRQWUROOHG� WULDOV� RU�
FRQWUROOHG�WULDOV�GHSHQGLQJ�RQ�ZKHWKHU�RU�QRW�WKHUH�
LV��D�FRQWURO�JURXS��

D��8QFRQWUROOHG�7ULDOV�DUH�DOVR�FDOOHG�SLORW�VWXGLHV��
DQG�DUH�XVXDOO\�FRQGXFWHG�ZKHQ�D�FRQWUROOHG�VWXG\�
LV� QRW� IHDVLEOH�� ERWK� IRU� HFRQRPLF� DQG�RU� HWKLFDO�
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VWXG\´� LQ�ZKLFK�REVHUYDWLRQV� DUH�PDGH�EHIRUH� DQG�
DIWHU� WKH� LPSOHPHQWDWLRQ� RI� DQ� LQWHUYHQWLRQ�� ERWK�
LQ� D� JURXS� WKDW� UHFHLYHV� WKH� LQWHUYHQWLRQ� DQG� LQ� D�
FRQWURO� JURXS� WKDW� GRHV� QRW�� WKH� ³,QWHUUXSWHG� WLPH�
VHULHV� VWXG\´� � LV� D� VWXG\� WKDW� XVHV� REVHUYDWLRQV� DW�
PXOWLSOH�WLPH�SRLQWV�EHIRUH�DQG�DIWHU�DQ�LQWHUYHQWLRQ�
�WKH� VR�FDOOHG� µLQWHUUXSWLRQ¶��� 7KH� GHVLJQ� DWWHPSWV�
WR�GHWHFW�ZKHWKHU�WKH�LQWHUYHQWLRQ�KDV�KDG�DQ�HIIHFW�
VLJQL¿FDQWO\�JUHDWHU�WKDQ�DQ\�XQGHUO\LQJ�WUHQG�RYHU�
WLPH��DQG� WKH�³+LVWRULFDOO\�FRQWUROOHG�VWXG\´� L�H�� D�
VWXG\�WKDW�FRPSDUHV�D�JURXS�RI�SDUWLFLSDQWV�UHFHLYLQJ�
DQ� LQWHUYHQWLRQ�ZLWK� D� VLPLODU� JURXS� IURP� WKH� SDVW�
ZKR�GLG�QRW�

�� 5DQGRPL]HG� &RQWUROOHG� 7ULDO� �5&7��� LV� D�
WULDO�LQ�ZKLFK�VXEMHFWV�LQ�D�SRSXODWLRQ�DUH�UDQGRPO\�
DOORFDWHG� LQWR� JURXSV�� XVXDOO\� FDOOHG� VWXG\� DQG�

UHDVRQV��
E�� &RQWUROOHG� WULDOV� LQVWHDG� FDQ� EH� HLWKHU�

UDQGRPL]HG�RU�QRQ�UDQGRPL]HG�
�� 1RQ�5DQGRPL]HG� &RQWUROOHG� 6WXG\�

�156��� LV� DQ� H[SHULPHQWDO� VWXG\� LQ� ZKLFK� SHRSOH�
DUH� DOORFDWHG� WR� GLIIHUHQW� LQWHUYHQWLRQV� XVLQJ�
PHWKRGV� WKDW� DUH� QRW� UDQGRP�� 7KH� LPSRUWDQFH� RI�
UDQGRPL]DWLRQ�ZDV�HPSKDVL]HG�E\�&KDUOHV�3HLUFH�LQ�
³,OOXVWUDWLRQV�RI�WKH�/RJLF�RI�6FLHQFH´������±�������
5DQGRPL]DWLRQ�EDVHG� LQIHUHQFH� LV� LPSRUWDQW� LQ�
H[SHULPHQWDO�GHVLJQ�DQG� LQ� VXUYH\� VDPSOLQJ��6LQFH�
WKH� GD\V� RI� $XVWLQ� %UDGIRUG� +LOO� DQG� KLV� IDPRXV�
ERRN�� 3ULQFLSOHV� RI�0HGLFDO� 6WDWLVWLFV� �������� QRQ�
UDQGRPL]HG�FOLQLFDO� WULDOV�H[SUHVV�SRRU�HYLGHQFH�VR�
WKHVH�VWXGLHV�DUH�XVXDOO\�XVHG�DV��SLORW�VWXGLHV��7KLV�
JURXS� LQFOXGHV� DOVR� ³&RQWUROOHG� EHIRUH�DQG�DIWHU�

)LJ�����&ODVVL¿FDWLRQ�RI�VWXGLHV�LQ�FOLQLFDO�UHVHDUFK�
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DUH�QRW� DOO� HTXDO�� DQG�TXDOLW\� LVVXHV� DUH� LPSRUWDQW��
PHWKRGRORJ\�RI�UHVHDUFK�DQG�DQDO\VLV�PXVW�EH�ULJLG�
DQG� FOHDU�� 7KH� 6�5�� PD\� EH� D�0HWD�$QDO\VLV� LI� LW�
LQFOXGHV�D�TXDQWLWDWLYH�VXPPDU\�RI�WKH�UHVXOWV�������

��� (YLGHQFH� %DVHG� *XLGHOLQHV�� LV� D� VWDWHPHQW�
DERXW�D�GH¿QHG�WDVN�RU�IXQFWLRQ��7KH\�LQFOXGH�FOLQLFDO�
SUDFWLFH�JXLGHOLQHV��JXLGHOLQHV�IRU�WKH�DSSOLFDWLRQ�RI�
SUHYHQWLYH�VFUHHQLQJ�SURFHGXUHV��DQG�JXLGHOLQHV�IRU�
WKH�HWKLFDO�FRQGXFW�RI�HSLGHPLRORJLFDO�SUDFWLFH�DQG�
UHVHDUFK��7KH�(%�*XLGHOLQHV�LV�D�VHW�RI�VWXGLHV�ZLWK�
D�KLJK�OHYHO�RI�HYLGHQFH�RQ�D�VSHFL¿F�WRSLF�

���(FRQRPLF�$QDO\VLV�� LV�D�V\VWHPDWLF�DSSURDFK�
WR�GHWHUPLQLQJ�WKH�RSWLPXP�XVH�RI�VFDUFH�UHVRXUFHV��
LQYROYLQJ�WKH�FRPSDULVRQ�RI�WZR�RU�PRUH�DOWHUQDWLYHV�
LQ� DFKLHYLQJ� D� VSHFL¿F� REMHFWLYH� XQGHU� JLYHQ�
DVVXPSWLRQV� DQG� FRQVWUDLQWV�� ,W� WDNHV� LQWR� DFFRXQW�
WKH� RSSRUWXQLW\� FRVWV� RI� UHVRXUFHV� HPSOR\HG� DQG�
DWWHPSWV� WR�PHDVXUH� LQ�PRQHWDU\� WHUPV� WKH�SULYDWH�
DQG� VRFLDO� FRVWV� DQG� EHQH¿WV� RI� D� SURMHFW� IRU� WKH�
FRPPXQLW\�RU�HFRQRP\�����

��� 'HFLVLRQDO� DQDO\VLV�� LV� WKH� DSSOLFDWLRQ�
RI� H[SOLFLW�� TXDQWLWDWLYH� PHWKRGV� WKDW� TXDQWLI\�

FRQWURO� JURXSV�� WR� UHFHLYH� RU� QRW� DQ� LQWHUYHQWLRQ��
7KH�UHVXOWV�DUH�DVVHVVHG�E\�ULJRURXV�FRPSDULVRQ�RI�
UDWHV� RI� RXWFRPH� LQ� WKH� VWXG\� DQG� FRQWURO� JURXSV��
5&7�DUH�JHQHUDOO\�UHJDUGHG�DV�WKH�PRVW�VFLHQWL¿FDOO\�
ULJRURXV�PHWKRG� RI� K\SRWKHVLV� WHVWLQJ� DYDLODEOH� LQ�
HSLGHPLRORJ\�DQG�PHGLFLQH�

6HFRQGDU\�5HVHDUFK
7KLV�LQYROYHV�WKH�VXPPDU\��FROODWLRQ�DQG�V\QWKHVLV�

RI� H[LVWLQJ� UHVHDUFKHV��ZKHUH� GDWD� LV� FROOHFWHG� DQG�
FULWLFDOO\�DSSUDLVHG�EDVHG�RQ�D�V\VWHPDWLF�DSSURDFK�
RI�DVVHVVPHQW�

���6\VWHPDWLF�UHYLHZV�DQG�0HWD�$QDO\VLV�
���(%�*XLGHOLQHV�
���(FRQRPLF�DQDO\VLV�
���'HFLVLRQDO�DQDO\VLV�
���6\VWHPDWLF�5HYLHZV��6�5���� LV� WKH�DSSOLFDWLRQ�

RI� VWUDWHJLHV� WR� JDWKHU�� FULWLFDOO\� DSSUDLVH� DQG�
V\QWKHVL]H� DOO� UHOHYDQW� VWXGLHV� RQ� D� VSHFL¿F� WRSLF��
IRFXV�RQ�SHHU�UHYLHZHG�SXEOLFDWLRQV�DERXW�D�VSHFL¿F�
SUREOHP� XVLQJ� D� ULJRURXV� VWDQGDUGL]HG�PHWKRG� IRU�
VHOHFWLQJ�DQG�DVVHVVLQJ�DUWLFOHV��6\VWHPDWLF�UHYLHZV�

)LJ�����7KH�5HVHDUFK�3URFHVV�

*��327$/,92�(7�$/�
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&RQVHTXHQWO\�� OHVV� PHWKRGRORJLFDOO\� YDOLG�
VWXGLHV� DUH� XVHG� WR� JHQHUDWH� K\SRWKHVHV�� DQG�
EHWWHU� VWUXFWXUHG� VWXGLHV� DUH� XVHG� WR� WHVW� WKHP��
7KH�JHQHUDWLRQ�RI�DQ�K\SRWKHVLV�DQG�LWV�VXEVHTXHQW�
GHYHORSPHQW� DQG� YDOLGDWLRQ� DUH� WKH� UHDO�� FULWLFDO�
SURJUHVVLRQ�LQ�FOLQLFDO�PHGLFLQH��)LJ�����

7KH� ³(WLRORJLFDO� 6WXG\´� LV� SHUIRUPHG� WR�
GHWHUPLQH� LI� D� SRWHQWLDO� H[SRVXUH� WR� D� SDUWLFXODU�
DJHQW�PD\�SUHGLVSRVH�D�SHUVRQ� WR� WKH�GHYHORSPHQW�
RI�D�FHUWDLQ�FRQGLWLRQ�RU�GLVHDVH��$Q�H[DPSOH�FRXOG�
EH�D�WULDO�WKDW�HYDOXDWHV�ZKHWKHU�DQWRPLFR�GHSHQGHQW�
PRUSKRORJLFDO� FKDQJHV� WR� WKH� DFURPLRQ� FDQ� FDXVH�
GLVRUGHUV�RI�WKH�URWDWRU�FXII�

³3URJQRVLV� 5HVHDUFK´� LV� FRQGXFWHG� WR� GHVFULEH�
WKH�QDWXUDO�KLVWRU\�RI�D�GLVHDVH�RU�D�VSHFL¿F�PHGLFDO�
FRQGLWLRQ�RU�WKH�UHVXOWV��FOLQLFDO�RXWFRPHV��WKDW�RFFXU�
IROORZLQJ�VSHFL¿F�WUHDWPHQW��$Q�H[DPSOH�FRXOG�EH��D�
VWXG\�WKDW�DLPV�WR�GHWHUPLQH�ZKHWKHU�VPDOO� OHVLRQV�
RI� WKH� URWDWRU� FXII� FDQ� SURJUHVV� WR� ODUJHU� OHVLRQV��
VXFK� DV�PDVVLYH� RQHV�� )RU� WKLV� W\SH� RI� UHVHDUFK�� D�

SURJQRVHV�� WUHDWPHQW� HIIHFWV�� DQG� SDWLHQW� YDOXHV�
LQ� RUGHU� WR� DQDO\]H� D� GHFLVLRQ� XQGHU� FRQGLWLRQV� RI�
XQFHUWDLQW\�����

$OO� UHVHDUFK� EHJLQV� ZLWK� D� TXHVWLRQ� GHULYHG�
IURP�D�JHQHUDO�WRSLF�WKDW�SLTXHV�\RXU�LQWHUHVW��RIWHQ�
IROORZLQJ� UHDGLQJ�� GLVFXVVLRQV�� OHFWXUHV�� FOLQLFDO�
H[SHULHQFHV��HWF�

7KHUH� DUH� IRXU� PDLQ� ³4XHVWLRQV� RI� &OLQLFDO�
5HVHDUFK´��

D�� (WLRORJ\�� WR� HYDOXDWH� � WKH� ULVN� IDFWRUV� RI� D�
GLVHDVH�

E��3URJQRVLV��WR�HYDOXDWH�WKH�QDWXUDO�KLVWRU\�RI�WKH�
GLVHDVH�DQG�LWV�SURJQRVWLF�IDFWRUV�

F��'LDJQRVLV��WR�HYDOXDWH�WKH�DFFXUDF\�RI�WKH�WHVWV�
G�� 7KHUDS\�� WR� HYDOXDWH� WKH� HIIHFWLYHQHVV� RI�

KHDOWK� LQWHUYHQWLRQV�� SUHYHQWLRQ�� WUHDWPHQW�� FDUH��
UHKDELOLWDWLRQ�HWF��

(DFK� W\SH� RI� VWXG\�� DFFRUGLQJ� WR� LWV�
SXUSRVH� DQG� REMHFWLYHV�� GHWHUPLQHV� WKH�
DSSURSULDWHQHVV� RI� WKH� PHWKRGRORJ\� DSSOLHG��

5HVHDUFK 4XHVWLRQ 3XUSRVH %HVW�0HWKRGRORJ\

(WLRORJLFDO 5HVHDUFK
7R GHWHUPLQH ZKHWKHU D�SDUWLFXODU ULVN
IDFWRU LV FRUUHODWHG ZLWK WKH�
GHYHORSPHQW RI�GLVHDVH

� 3URVSHFWLYH &RKRUW 6WXGLHV
� &DVH�&RQWURO�6WXGLHV

3URJQRVLV 5HVHDUFK 7R GHWHUPLQH WKH�RXWFRPHV RI�WKH�
GLVHDVH LQ�WKH�SRSXODWLRQ � 3URVSHFWLYH &RKRUW 6WXGLHV

'LDJQRVLV 5HVHDUFK

7R DVVHVV WKH�DFFXUDQF\��UHOLDELOLW\ DQG�
YDOLGLW\ RI�QHZ��GLDJQRVWLF DQG�
VFUHHQLQJ�WHVWV��FRPSDUHG WR D�JROG�
VWDQGDUG�LQ�DQ DSSURSULDWH�SRSXODWLRQ

� &URVV�6HFWLRQDO 6WXGLHV

7KHUDS\ 5HVHDUFK 7R WHVW�HIIHFWLYHQHVV DQG�HIILFLHQF\ RI��
QHZ�WUHDWPHQWV � 5DQGRPL]HG &RQWUROOHG 7ULDO

7DEOH ,��&ODVVLILFDWLRQ�RI�EHVW�PHWKRGRORJ\�IRU�UHVHDUFK�TXHVWLRQ7DEOH�,��&ODVVL¿FDWLRQ�RI�EHVW�PHWKRGRORJ\�IRU�UHVHDUFK�TXHVWLRQ
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)RU� WHVWLQJ� WKH� HIIHFWLYHQHVV� DQG� HI¿FLHQF\� RI� D�
QHZ�WUHDWPHQW��WKH�EHVW�DQG�RQO\�UHDOO\�VXLWDEOH�VWXG\��
LV�WKH�UDQGRPL]HG�FRQWUROOHG�WULDO���������7DE��,��

5()(5(1&(6

��� 5RVHQEHUJ�:0��6DFNHWW�'/��2Q�WKH�QHHG�IRU�HYLGHQFH�
EDVHG�PHGLFLQH��7KHUDSLH�������������������

��� 9DQGHQEURXFNH�-3��,Q�'HIHQVH�RI�&DVH�5HSRUWV�DQG�
&DVH�6HULHV��$QQ�,QWHUQ�0HG����������������������

��� 3HK�:&*��1J�.+��:ULWLQJ�D�FDVH�UHSRUW��6LQJDSRUH�
0HG�-���������������

��� 3RUWD�0��$�GLFWLRQDU\�RI�HSLGHPLRORJ\���WK�(GLWLRQ�
������1HZ�<RUN��2[IRUG�8QLYHUVLW\�3UHVV�

��� 6DPHW�-0��0XxR]�$��(YROXWLRQ�RI�WKH�FRKRUW�VWXG\��
(SLGHPLRO�5HY���������������

��� *UHHQODQG� 6�� 5RELQV� -�� (FRORJLF� VWXGLHV±%LDVHV��
PLVFRQFHSWLRQV�DQG�FRXQWHU�H[DPSOHV��$P�-�(SLGHPLRO�
�������������±���

��� 6WURXS�')��%HUOLQ�-$��0RUWRQ�6&��2ONLQ�,��:LOOLDPVRQ�
*'�� 5HQQLH� '�� 0RKHU� '�� %HFNHU� %-�� 6LSH� 7$��
7KDFNHU�6%��0HWD�DQDO\VLV�RI�REVHUYDWLRQDO�VWXGLHV�
LQ�HSLGHPLRORJ\��0226(��JURXS��0HWD�DQDO\VLV�RI�
REVHUYDWLRQDO�VWXGLHV�LQ�HSLGHPLRORJ\��D�SURSRVDO�IRU�
UHSRUWLQJ��-$0$���������������±���

��� *UHHQKDOJK� 7�� +RZ� WR� UHDG� D� SDSHU�� SDSHUV� WKDW�
VXPPDUL]H� RWKHU� SDSHUV� �V\VWHPDWLF� UHYLHZV� DQG�
PHWD�DQDO\VHV��%0-�����������������

��� 6SOLQGHU� .3�� .XKQ� -(�� 'XQQ� :�� 0DWWKHXV� &(��
+DUUHOO� )(��'LWWXV� 56�� 5HDGLQJ� DQG� UHYLHZLQJ� WKH�
RUWKRSDHGLF�OLWHUDWXUH��D�V\VWHPDWLF��HYLGHQFH�EDVHG�
PHGLFLQH�DSSURDFK�� -�$P�$FDG�2UWKRS�6XUJ�������
���������

���� :LOVRQ�6��'HODQH\�%&��5RDOIH�$��5REHUWV�/��5HGPDQ�
9��:HDUQ�$0��+REEV�)'�� �5DQGRPL]HG�FRQWUROOHG�
WULDOV� LQ� SULPDU\� FDUH�� FDVH� VWXG\��%0-������� �����
��±��

SURVSHFWLYH� FRKRUW� VWXG\� LV� SUHIHUUHG��+RZHYHU�� LQ�
VRPH�FDVHV�WKH�SURJQRVLV�RI�D�GLVHDVH�FDQ�EH�VWXGLHG�
XVLQJ�UHWURVSHFWLYH�PHWKRGV�

³'LDJQRVLV�5HVHDUFK´�LV�DLPHG�DW�GHPRQVWUDWLQJ�
WKH�YDOLGLW\�DQG�UHSURGXFLELOLW\�RI�D�QHZ�GLDJQRVWLF�
WHVW�� $Q� H[DPSOH� PLJKW� EH� WKH� LQWURGXFWLRQ� RI� D�
VHPLRORJLFDO�WHVW�WR�LGHQWLI\�OHVLRQV�RI�WKH�XSSHU�OLS�
RI�WKH�JOHQRLG�ODEUXP�RI�WKH�VKRXOGHU��)RU�WKLV�NLQG�
RI�UHVHDUFK��SURVSHFWLYH�FRKRUW�VWXGLHV�DUH�JHQHUDOO\�
XVHG�

³7KHUDS\� 5HVHDUFK´� LV� JHQHUDOO\� DSSOLHG� WR�
WKRVH�VWXGLHV�ZKLFK� WHVW� � WKH�HIIHFWLYHQHVV� �KRZ�DQ�
LQWHUYHQWLRQ�ZRUNV�SURSHUO\�XQGHU�LGHDO�FRQGLWLRQV��
DQG�HI¿FLHQF\���KRZ�DQ�LQWHUYHQWLRQ�ZRUNV�FRUUHFWO\�
LQ� FOLQLFDO� SUDFWLFH�� RI� GUXJ�� VXUJLFDO� RU� RWKHU�
WUHDWPHQW�

$Q� H[DPSOH� FRXOG� EH� WKH� XVH� RI� RQH� DFFHVV�
SDWKZD\� LQ� PLQLPDOO\� LQYDVLYH� KLS� VXUJHU\�� 7KH�
VWXG\� FKRVHQ� IRU� WKLV� W\SH� RI� UHVHDUFK�ZRXOG� EH� D�
UDQGRPL]HG� FRQWUROOHG� WULDO�� ZKLFK� DOORZV� \RX� WR�
H[DPLQH�WKH�HIIHFWLYHQHVV�DQG�HI¿FLHQF\�RI�D�JLYHQ�
WKHUDS\�

7KH�W\SHV�RI�VWXGLHV�VHW�RXW�DERYH��WRJHWKHU�ZLWK�
WKHLU�REMHFWLYHV��DUH�DVVRFLDWHG�ZLWK�D�VSHFL¿F���ZHOO�
GH¿QHG�VWXG\�GHVLJQV��ZKLFK�DUH�EH�DEOH�WR�SURYLGH�
WKH� VWURQJHVW� HYLGHQFH� DQG� DERYH� DOO� DUH� � WKH�PRVW�
SUDFWLFDO�DQG�DSSURSULDWH�WR�DFKLHYH�WKDW�HYLGHQFH�

3URVSHFWLYH�FRKRUW�VWXGLHV�RU�FDVH�FRQWURO�VWXGLHV�
DUH� XVHG� LQ� HWLRORJLFDO� UHVHDUFK� WR� GHWHUPLQH� WKH�
FRUUHODWLRQ�EHWZHHQ�D�SDUWLFXODU� ULVN� IDFWRU�DQG� WKH�
GHYHORSPHQW�RI�D�SDUWLFXODU�GLVHDVH��

3URVSHFWLYH� FRKRUW� VWXGLHV� DUH� DSSURSULDWH� LQ�
SURJQRVLV�UHVHDUFK�ZKHUH�ZH�ZDQW�WR�GHWHUPLQH�WKH�
RXWFRPHV�RI�WKH�GLVHDVH�LQ�WKH�SRSXODWLRQ��

7KH�&URVV�6HFWLRQDO�6WXG\�LV�WKH�PRVW�VXLWDEOH�IRU�
GLDJQRVWLF�SURFHGXUH�UHVHDUFK�DV�WKH\�DUH�GHVLJQHG�WR�
DVVHVV�WKH�UHSURGXFLELOLW\��UHOLDELOLW\�DQG�YDOLGLW\�RI�
QHZ�DQG�VFUHHQLQJ�WHVWV�FRPSDUHG�WR�D�JROG�VWDQGDUG�
LQ�DQ�DSSURSULDWH�SRSXODWLRQ�

*��327$/,92�(7�$/�
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���1LFROD¶V�)RXQGDWLRQ�2QOXV��$UH]]R����/HW�3HRSOH�0RYH�5HVHDUFK�,QVWLWXWH��3HUXJLD�$UH]]R���
,QWHUQDWLRQDO�2UWKRSHGLFV�DQG�7UDXPDWRORJ\�,QVWLWXWH��$UH]]R���2UWKRSHGLFV�DQG�7UDXPDWRORJ\�

5HVLGHQF\�3URJUDP��8QLYHUVLW\�RI�3HUXJLD��3HUXJLD��,WDO\

5HFHLYHG�-XQH���������±$FFHSWHG�$XJXVW���������

2QH�RI�WKH�SLOODUV�RI�(%0�LV�WKDW�QRW�DOO�VWXGLHV�
KDYH�WKH�VDPH�ZHLJKW��VWXGLHV�PHWKRGRORJLFDOO\�ZHOO�
GRQH� FDQQRW� EH� WKH� VLEOLQJ� RI� DQ� RSLQLRQ�� RU� RI� D�
VLQJOH�RU�VSRUDGLF�FDVH�UHSRUW��+HQFH�WKH�¿UVW�DXWKRUV�
EHJDQ� WR� GUDIW� VWXG\� JUDGLQJ� V\VWHPV�� SXEOLVKLQJ�
WKHP�LQ�MRXUQDOV�WKDW�DGRSWHG�WKHVH�V\VWHPV�DV�WKHLU�
RZQ��

7KH�/HYHOV�DUH�HVVHQWLDOO\�D�KHXULVWLF��RU�VKRUW�FXW�
WR�¿QGLQJ�WKH�OLNHO\�EHVW�HYLGHQFH��:KLOH�LGHDOO\�ZH�
VKRXOG�ORRN�DW�³DOO�WKH�HYLGHQFH´�WKDW�PLJKW�KHOS�WR�
DQVZHU�D�TXHVWLRQ��GRLQJ�VR� LV�RIWHQ� LPSUDFWLFDO�RU�
XQIHDVLEOH�����

6DFNHWW� ZDV� WKH� ¿UVW� WR� VXJJHVW� D� FODVVL¿FDWLRQ�
V\VWHP� LQ� ����� ���� DQG� VLQFH� WKHQ�PDQ\� RI� RWKHUV�
KDYH�IROORZHG��

2YHU� WKH� \HDUV� RUWKRSHGLF� VXUJHRQV� WRR� KDYH�
LQFUHDVLQJO\�EDVHG�WKHLU�FOLQLFDO�SUDFWLFH�RQ�HYLGHQFH�
����

7RGD\��WKH�JUDGLQJ�V\VWHP�LV�XVHG�LQ�PRVW�SDSHUV�
WR�HYDOXDWH�WKH�VFLHQWL¿F�YDOLGLW\�RI�D�FOLQLFDO�VWXG\��

7KH�KLHUDUFKLFDO�GLVWULEXWLRQ�RI�WKH�ZRUN�FRQVLVWV�
RI�/HYHOV�RI�(YLGHQFH�ZKLFK�UHSUHVHQW� WKH�SULPDU\�
VRXUFH� RI� HYLGHQFH�� 'LIIHUHQW� OHYHOV� RI� HYLGHQFH�
VKRXOG�EH�LGHQWL¿HG�IRU�HDFK�FOLQLFDO�TXHU\��DFFRUGLQJ�
WR�WKH�PHWKRGRORJLFDO�PRGHO�DGRSWHG��WKLV�GLVWLQFWLRQ�
DOORZV�XV�WR�PDNH��DQ�DFFXUDWH�TXDOLWDWLYH�GHVFULSWLRQ�
RI�WKH�PHWKRGRORJLFDO�GLIIHUHQFHV�RI�HDFK�VWXG\�������
�7DE��,���

5DQGRPL]HG� &RQWUROOHG� 7ULDOV� �5&7�� DUH�

GH¿QHG� DV� KLJK� TXDOLW\� DOWKRXJK� VRPHWLPHV�
QRW� VWDWLVWLFDOO\� VLJQL¿FDQW� DV� ORQJ� DV�
WKH\� H[KLELW� D� QDUURZ� FRQ¿GHQFH� LQWHUYDO��
3RRU�TXDOLW\�UDQGRPL]HG�FRQWUROOHG�WULDOV�DUH�LQVWHDG�
FKDUDFWHUL]HG�E\�D�IROORZ�XS�RI�OHVV�WKDQ������RU�E\�
DQ�LPSURSHU�UDQGRPL]DWLRQ�SURFHVV�

7KH� 6\VWHPDWLF� 5HYLHZV� LQVWHDG� UHSUHVHQW�
WKH� FRPELQDWLRQ� RI� UHVXOWV� RI� WZR� RU� PRUH� PDLQ�
VWXGLHV�� WKH� VDPH� UHVXOWV� FDQ� WKHQ� EH�PRUH� RU� OHVV�
KRPRJHQHRXV�

+LJK�TXDOLW\�SURVSHFWLYH�VWXGLHV�DUH�FKDUDFWHUL]HG�
E\�WKH�IDFW�WKDW�WKH�UHFUXLWPHQW�RI�WKH�SDWLHQWV�VWDUWV�
DW� WKH� VDPH� WLPH�� WKH\� EHJLQ� EHIRUH� ¿UVW� GLDJQRVLV�
RI�WKH�GLVHDVH��DQG�KDYH�D�IROORZ�XS�JUHDWHU�WKDQ�RU�
HTXDO� WR������3DWLHQWV�ZLWK� VSHFL¿F�FKDUDFWHULVWLFV��
DUH� FRPSDUHG�ZLWK� RWKHUV�ZLWK� GLIIHUHQW� RQHV�� DW� D�
JLYHQ��WLPH�

/RZ�TXDOLW\�SURVSHFWLYH�VWXGLHV�DUH�FKDUDFWHUL]HG�
E\� WKH� IDFW� WKDW� SDWLHQWV� DUH� UHFUXLWHG� DW� GLIIHUHQW�
VWDJHV�RI�WKH�GLVHDVH�DQG�WKHLU�IROORZ�XS�LV�OHVV�WKDQ�
�����

&DVH�FRQWURO� VWXGLHV� H[DPLQH� WZR� JURXSV�� 2QH�
JURXS�LQFOXGHV�SDWLHQWV��WKH�³FDVHV´��ZKR�KDYH�EHHQ�
UHFUXLWHG� WR� HYDOXDWH� D� VSHFL¿F� IDFWRU�� WUHDWPHQW� RU�
H[SRVLWLRQ� WR� ULVN� RU� SURWHFWLYH� IDFWRUV�� WKH\� DUH�
FRPSDUHG�ZLWK� DQRWKHU� JURXS� FDOOHG� FRQWUROV��ZKR�
GR� QRW� SUHVHQW� WKHVH� FKDUDFWHULVWLFV� �IRU� H[DPSOH�
SDWLHQWV�ZLWK� IDLOHG�SURVWKHWLF�VXUJHU\�FRXOG�EH� WKH�
³FDVHV´� ZKLOH� SDWLHQWV� ZLWK� VXFFHVVIXO� SURVWKHWLF�

&+$37(5��
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VXUJHU\�FRXOG�EH�WKH�FRQWUROV���7KLV�LV�D�UHWURVSHFWLYH�
VWXG\�WR�¿QG�SRVVLEOH�LQWHUDFWLRQV�EHWZHHQ�ULVN�DQG�
SUHYHQWLRQ�IDFWRUV�H[LVWLQJ�EHIRUH�WKH�VWXG\�

6WXGLHV� VXFK� DV� FDVH� VHULHV� LQFOXGH� SDWLHQWV�
ZKR� UHFHLYH� D� VSHFL¿F� WUHDWPHQW� DQG� WKHUH� LV� QR�
FRPSDUDWLYH�JURXS�

)RU�GLDJQRVWLF� VWXGLHV��¿UVW� OHYHO�RI� HYLGHQFH� LV�
UHSUHVHQWHG�E\� VWXGLHV� WKDW� WHVW�GLDJQRVWLF�PHWKRGV�
RQ� FRQVHFXWLYH� SDWLHQWV�� FRPSDULQJ� WKHP� ZLWK� D�
XQLYHUVDOO\� DFFHSWHG� JROG� VWDQGDUG� RI� UHIHUHQFH��
6HFRQG�� WKLUG� DQG� IRXUWK� OHYHO� RI� HYLGHQFH� GLIIHU�
IURP�¿UVW�GXH� WR� � WKH� ODFN�RI�D�FRQVLVWHQW�DQG�ZHOO�
DSSOLHG�JROG�VWDQGDUG�RI�UHIHUHQFH�

7KHUHIRUH��D�ZHOO�FRQGXFWHG��UDQGRPL]HG��GRXEOH�
EOLQG�� SURVSHFWLYH� IROORZ�XS� VWXG\�� ZLWK� H[FHOOHQW�
UHVXOWV��RIIHUV�VWURQJ�HYLGHQFH�IRU�WKH�DFTXLVLWLRQ�RI�
NQRZOHGJH� LQ� WHUPV� RI� GLDJQRVWLF� DQG� WKHUDSHXWLF�
LQWHUYHQWLRQV�

$OO� WKRVH� PHWKRGRORJLFDO� VWXGLHV� ZLWK� DQ�

DSSURSULDWH�FRQWURO�JURXS�DQG�ZKLFK�SD\�SDUWLFXODU�
DWWHQWLRQ� WR� WKH� VRXUFHV� RI� HUURU�� VKRXOG� DOZD\V� EH�
WDNHQ�LQWR�DFFRXQW��HVSHFLDOO\�ZKHQ�PDNLQJ�FKDQJHV�
WR� PHGLFDO� SUDFWLFH� GXH� WR� WKHLU� DELOLW\� WR� SURYLGH�
HYLGHQFH��

6R�PXFK�VR��DV�GHVFULEHG�LQ�D�UHFHQW�V\VWHPDWLF�
UHYLHZ�� � WKDW� WKH� PRVW� UHDG� MRXUQDOV� ZLWK� D� � KLJK�
LPSDFW� IDFWRU� ZHUH� FKDUDFWHUL]HG� E\� SXEOLFDWLRQV�
ZLWK�,�RU�,,�/HYHO�RI�(YLGHQFH�����

&OLQLFDO� UHVHDUFK� HQFRPSDVVHV� D� ZLGH� UDQJH� RI�
VFLHQWL¿F� LQYHVWLJDWLRQ� LQFOXGLQJ� FDVH� UHSRUWV� RQ�
D� VLQJOH� SDWLHQW�� FDVH� VHULHV�� UHWURVSHFWLYH� VWXGLHV��
SURVSHFWLYH� VWXGLHV� DQG� PXOWLFHQWHU� UDQGRPL]HG�
FOLQLFDO� WULDOV�� 8QGHUVWDQGLQJ� WKH� LPSRUWDQFH� RI�
OHYHOV�RI�HYLGHQFH�LV�LPSRUWDQW�WR�DYRLG��PDNLQJ�WKH�
PLVWDNH�RI� IROORZLQJ� ORZ�OHYHO�VWXGLHV��DV�VR�RIWHQ�
KDSSHQV�� ,QGHHG� PRVW� VXUJLFDO� SUDFWLFH� WRGD\� LV�
EDVHG�RQ�ORZHU�OHYHOV�RI�HYLGHQFH�����ZLWK�OHVV�WKDQ�
��� RI� RUWKRSHGLF� OLWHUDWXUH� UHSRUWLQJ� UDQGRPL]HG�

7DEOH�,��*UDGLQJ�RI�(YLGHQFH
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��-RXUQDO�RI�2UWKRSHGLFV

UHFRPPHQGDWLRQV� RQ� WKH� XVH� RI� DQWLWKURPERWLF�
DJHQWV��&KHVW���������������6��6�

��� &HUXOOL�*��3RWDOLYR�*��,QWURGXFLQJ�/HYHOV�RI�(YLGHQFH�
WR�WKH�-RXUQDO��-RXUQDO�RI�2UWKRSHGLFV�����������������

��� 2EUHPVNH\� :7�� 3DSSDV� 1�� $WWDOODK�:DVLI� (��
7RUQHWWD� 3� ,,,�� %KDQGDUL� 0�� /HYHO� RI� (YLGHQFH� LQ�
2UWKRSDHGLF�-RXUQDOV��-�%RQH�-RLQW�6XUJ�$P�������
�����������

��� 3HWULH� $�� 6WDWLVWLFV� LQ� RUWKRSDHGLF� SDSHUV�� -� %RQH�
-RLQW�6XUJ�%U���������������������

��� 6XQJ� -�� 6LHJHO� -�� 7RUQHWWD� 3�� %KDQGDUL� 0�� 7KH�
RUWKRSDHGLF� WUDXPD� OLWHUDWXUH�� DQ� HYDOXDWLRQ� RI�
VWDWLVWLFDOO\� VLJQL¿FDQW� ¿QGLQJV� LQ� RUWKRSDHGLF�
WUDXPD� UDQGRPL]HG� WULDOV�� %0&� 0XVFXORVNHOHW�
'LVRUG������������

��� )UHHGPDQ�.%��%DFN�6��%HUQVWHLQ�-��6DPSOH�VL]H�DQG�
VWDWLVWLFDO�SRZHU�RI� UDQGRPLVHG��FRQWUROOHG� WULDOV� LQ�
RUWKRSDHGLFV��-�%RQH�-RLQW�6XUJ�%U�����������������
����

��� %HGHUPDQ� 66�� &KXQGDPDOD� -�� :ULJKW� -*��
5DQGRPL]HG� FOLQLFDO� WULDOV� LQ� RUWKRSDHGLF� VXUJHU\��
VWUDWHJLHV� WR� LPSURYH� TXDQWLW\� DQG� TXDOLW\�� -� $P�
$FDG�2UWKRS�6XUJ��������������������

��� 5RWKZHOO� 30�� ([WHUQDO� YDOLGLW\� RI� UDQGRPL]HG�
FRQWUROOHG�WULDOV��³7R�ZKRP�GR�WKH�UHVXOWV�RI�WKLV�WULDO�
DSSO\"´��/DQFHW���������������

���� %HGHUPDQ�66��&KXQGDPDOD�-��:ULJKW�-��5DQGRPL]HG�
&OLQLFDO� 7ULDOV� LQ� 2UWKRSDHGLF� 6XUJHU\�� VWUDWHJLHV�
WR�LPSURYH�TXDQWLW\�DQG�TXDOLW\��-�$P�$FDG�2UWKRS�
6XUJ����������������

WULDOV�����
1RW� DOZD\V�� DW� OHDVW� LQ� WKH� SDVW�� KDYH� SDSHUV�

REWDLQHG� WKH� EHVW� IURP� DXWKRUV�� LQ� IDFW� FRPSOHWH�
UHSRUWV� RI� DOORFDWLRQ� FRQFHDOPHQW�� EOLQGLQJ� LQ�
IROORZ�XS� DQG� VXUJLFDO� H[SHUWLVH� ZHUH� XQFRPPRQ��
6HYHUDO�SUREOHPV�LQ�FRQGXFWLQJ�5&7�LQ�VXUJHU\�ZHUH�
UHSRUWHG�

7KHVH� SUREOHPV� LQFOXGH� D� JHQHUDO� ODFN� RI�
NQRZOHGJH�� WKH� WHQGHQF\� WR� ULJRURXVO\� GHIHQG�
WUDGLWLRQDO� SURFHGXUHV�� WKH� OHDUQLQJ� FXUYH� LVVXH�
�VHQLRULW\� XVXDOO\� UHVXOWV� LQ� EHWWHU� RXWFRPH��� WKH�
GLI¿FXOW\�LQ�EOLQGLQJ�DQG�HWKLFDO�FRQVLGHUDWLRQV��2QH�
VROXWLRQ�WR�RYHUFRPH�NQRZQ�ELDVHV�LQ�VXUJLFDO�WULDO�LV�
H[SHUWLVH�EDVHG�5&7�

%DUULHUV� WKDW� UHVWUDLQ� WKH� LQFUHDVH� LQ� WKH�QXPEHU�
RI�WULDOV�DUH�WKH�RUWKRSHGLF�VXUJHRQ¶V�DWWLWXGH��SDWLHQW�
SUHIHUHQFHV�DQG�WKH�DYDLODELOLW\�RI�WUHDWPHQW�RXWVLGH�
WULDOV��&KDOOHQJHV� WR�FRQGXFWLQJ�EHWWHU�TXDOLW\� WULDOV�
LQFOXGH�VDPSOH�VL]H��UDQGRP�DOORFDWLRQ�DQG�EOLQGLQJ��
3HUIRUPLQJ�PRUH� KLJK�TXDOLW\� WULDOV� FRXOG� LPSURYH�
WKH� HYLGHQFH� DYDLODEOH� IRU� GHWHUPLQLQJ� WUHDWPHQW�
HIIHFWLYHQHVV��WKXV�UHVXOWLQJ�LQ�EHWWHU�SDWLHQW�FDUH����
����

5()(5(1&(6

��� +RZLFN� -�� &KDOPHUV� ,�� *ODV]LRX� 3�� *UHHQKDOJK� 7��
/LEHUDWL� $�� 0RVFKHWWL� ,�� 7KH� ����� 2[IRUG� &(%0�
/HYHOV�RI�(YLGHQFH��,QWURGXFWRU\�'RFXPHQW���2[IRUG�
&HQWUH� IRU� (YLGHQFH�%DVHG� 0HGLFLQH�� KWWS���ZZZ�
FHEP�QHW�LQGH[�DVS["R ������

��� 6DFNHWW� '/�� 5XOHV� RI� HYLGHQFH� DQG� FOLQLFDO�
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���������������� Print
&RS\ULJKW���E\�%,2/,)(��V�D�V�

7KLV�SXEOLFDWLRQ�DQG�RU�DUWLFOH�LV�IRU�LQGLYLGXDO�XVH�RQO\�DQG�PD\�QRW�EH�IXUWKHU
UHSURGXFHG�ZLWKRXW�ZULWWHQ�SHUPLVVLRQ�IURP�WKH�FRS\ULJKW�KROGHU�

8QDXWKRUL]HG�UHSURGXFWLRQ�PD\�UHVXOW�LQ�¿QDQFLDO�DQG�RWKHU�SHQDOWLHV
',6&/2685(��$//�$87+256�5(3257�12�&21)/,&76�2)�

,17(5(67�5(/(9$17�72�7+,6�$57,&/(�
��

9RO�����QR�����������������

.H\�ZRUGV��(YLGHQFH�%DVHG�3UDFWLFH��LQWHUSUHWDWLRQ��FOLQLFDO�SUDFWLFH����

0DLOLQJ�DGGUHVV�
3URI��*��&HUXOOL�
9LD�*LRYDQ�%DWWLVWD�3RQWDQL���
������3HUXJLD��,WDO\
7HO������������������
)D[������������������
H�PDLO��JBFHUXOOL#WLQ�LW

(9,'(1&(�%$6('�35$&7,&(

*��327$/,92�������(��6(%$67,$1,���*��3/$&(//$��DQG�*��&(58//,�������

���1LFROD¶V�)RXQGDWLRQ�2QOXV��$UH]]R���/HW�3HRSOH�0RYH�5HVHDUFK�,QVWLWXWH��3HUXJLD�$UH]]R��
�,QWHUQDWLRQDO�2UWKRSHGLFV�DQG�7UDXPDWRORJ\�,QVWLWXWH��$UH]]R���2UWKRSHGLFV�DQG�7UDXPDWRORJ\�

5HVLGHQF\�3URJUDP�8QLYHUVLW\�RI�3HUXJLD��3HUXJLD��,WDO\

5HFHLYHG�-XQH����������±$FFHSWHG�$XJXVW���������

(YLGHQFH� %DVHG� 3UDFWLFH� �(%3�� VWXGLHV� WKH�
DSSOLFDWLRQ� RI� HYLGHQFH� GHULYHG� IURP� VWXGLHV� LQ�
OLWHUDWXUH� WR� GDLO\� FOLQLFDO� SUDFWLFH�� VWDUWLQJ� IURP�
VRPH� NH\� TXHVWLRQV� VXFK� DV�� ZKLFK� ZRXOG� EH� WKH�
PRVW� HIIHFWLYH� WUHDWPHQW� IRU� WKLV� SDWLHQW"� :KLFK�
WHVWV�ZRXOG�EH�EHVW�IRU�WKLV�GLVHDVH"�:KDW�ZLOO�EH�WKH�
FRXUVH�RI�WKLV�LOOQHVV"

7KHUHIRUH� LW� LV� QHFHVVDU\� WR� FODULI\� DW� OHDVW� WKH�
FRUUHFW�XVH�RI� LQIRUPDWLRQ��ZKDW� LV� WKH�DUFKLWHFWXUH�
RI� WKH� HYLGHQFH� DQG� KRZ� WR� UHDG� FULWLFDOO\� DQG�
FRQVFLHQWLRXVO\� VXFK� LQIRUPDWLRQ�� 7RGD\� DW� OHDVW�
��������RI�SDWLHQWV�GR�QRW�UHFHLYH�FDUH�DFFRUGLQJ�
WR� FXUUHQW� VFLHQWL¿F� HYLGHQFH�� ZKLOH� ���� RU� PRUH�
RI� WKH� FDUH� SURYLGHG� LV� QRW� QHHGHG� RU� SRWHQWLDOO\�
KDUPIXO�WR�SDWLHQWV������

7KH�FULWLFDO�VWXG\�RI�GDWD�LQ�OLWHUDWXUH�DOORZV�WKH�
EHVW�GHFLVLRQ� WR�EH�PDGH�FRQFHUQLQJ�GLDJQRVLV�DQG�
WUHDWPHQW� DQG� DOVR� DOORZV� WKH� FOLQLFLDQ� WR� JLYH� WKH�
SDWLHQW� WKH� FRUUHFW� LQIRUPDWLRQ� DERXW� WKH� SURJUHVV�
RI� WKH� GLVHDVH� SURJQRVLV��$� SURSHU� GLDJQRVWLF� DQG�
WUHDWPHQW� SODQ� VKRXOG� EH� DFFRPSDQLHG� WKH� FRUUHFW�
LQIRUPDWLRQ� WR� DYRLG� XQQHFHVVDU\� DQ[LHW\� RU� IDOVH�
KRSHV��

7KH�FRPSOHWH�(YLGHQFH�%DVH�0HGLFLQH�SUDFWLFH�
LQFOXGHV���VWHSV��

6WHS����FRQYHUW�WKH�QHHG�IRU�LQIRUPDWLRQ��HWLRORJ\��
GLDJQRVLV��SURJQRVLV��WKHUDS\��LQ�DSSOLFDWLRQV�ZKHUH�
LW�LV�SRVVLEOH�WR�JLYH�DQ�DQVZHU�

6WHS� ��� LGHQWLI\� WKH� HYLGHQFH� ZLWK� ZKLFK� WR�

DQVZHU�WKHVH�TXHVWLRQV��
6WHS����FULWLFDOO\�HYDOXDWH�WKH�HYLGHQFH�DFFRUGLQJ�

WR�WKHLU�YDOLGLW\��
6WHS���� LQWHJUDWH� WKH�FULWLFDO�HYDOXDWLRQ�ZLWK� WKH�

VXUJHRQ¶V�H[SHULHQFH�DQG�WKH�SDWLHQW¶V�FKDUDFWHULVWLFV��
6WHS����HYDOXDWH�WKH�HI¿FLHQF\�DQG�HIIHFWLYHQHVV�

RI�WKH�¿UVW�IRXU�VWHSV��
(YLGHQFH�%DVHG�3UDFWLFH�LV�QRW�ZLWKRXW�GLI¿FXOWLHV�

GXH� WR� LWV� LPSOHPHQWDWLRQ��PXOWLSOH� IDFWRUV� FRQFXU�
DQG�PD\� LQFOXGH� GRFWRUV�� WHDP� SUDFWLFHV�� KRVSLWDOV�
DQG�WKH�ZLGHU�HQYLURQPHQW��

&DEDQD� HW� DO�� ���� LQ� D� UHYLHZ� RI� ��� VWXGLHV�
VKRZHG�QRW�RQO\�WKH�PDLQ�SUREOHPV�HQFRXQWHUHG�E\�
FOLQLFLDQV� EXW� DOVR� ZK\� (%0� JXLGHOLQHV� ZHUH� QRW�
XVHG��ODFN�RI�DZDUHQHVV��ODFN�RI�IDPLOLDULW\��ODFN�RI�
DJUHHPHQW�� ODFN�RI�VHOI�HI¿FDF\�� ODFN�RI�PRWLYDWLRQ�
DQG� SHUFHSWLRQ� RI� H[WHUQDO� EDUULHUV� EH\RQG� WKH�
FRQWURO�RI�WKH�LQGLYLGXDO�

7KHUHIRUH�� LW� LV� QHFHVVDU\� WR� FODULI\� DW� OHDVW� WKH�
FRUUHFW�XVH�RI�WKH�LQIRUPDWLRQ��WKH�DUFKLWHFWXUH�RI�WKH�
HYLGHQFH�DQG�KRZ�WR�UHDG�WKH�LQIRUPDWLRQ�FULWLFDOO\�
DQG�FRQVFLHQWLRXVO\��

���:KHUH�WR�ORRN"
7KH� UDSLG� GHYHORSPHQW� RI� SUDFWLFDO� UHVRXUFHV�

QHFHVVDU\�IRU�REWDLQLQJ�HYLGHQFH�EDVHG�HIIHFWLYHQHVV�
KDV�RYHU�WKH�\HDUV�OHG�WR�D�UHDO�KLHUDUFK\�RI�DFFHVV�WR�
VXFK�LQIRUPDWLRQ��:H�WKHUHIRUH�WDON�DERXW�D�V\VWHP�
FDOOHG�WKH�³�V´�����

&+$37(5��



��

,Q� WKLV� V\VWHP�³RULJLQDO� UHVHDUFK´� LV�DW� WKH�EDVH�
DQG�WKH�³V\QWKHVLV´��V\VWHPDWLF�UHYLHZ�OLNH�&RFKUDQH�
5HYLHZV�� IROORZHG� E\� ³V\QRSVHV´� RI� VWXGLHV� DQG�
V\QWKHVLV� �YHU\� EULHI� GHVFULSWLRQ� RI� RULJLQDO� DQG�
DUWLFOHV� UHYLHZV�� DUH� SODFHG� DERYH�� )LQDOO\�� WKH�
PD[LPXP� OHYHO� RI� HYROXWLRQ� LV� DFKLHYHG� ZLWK� WKH�
³LQIRUPDWLRQ� V\VWHPV´� �VXFK� DV� FRPSXWHUL]HG�
GHFLVLRQ� VXSSRUW� V\VWHPV� WKDW� OLQN� WKH� LQGLYLGXDO�
SDWLHQW¶V� SHUWLQHQW� FKDUDFWHULVWLFV� WR� WKH� HYLGHQFH���
7R�WKLV�³�6´�V\VWHP��+D\QHV�����KLPVHOI�KDV�DGGHG�
D� ¿IWK� ³6´�� ³VXPPDULHV´�� WKLV� HQFRPSDVVHV� DOO� WKH�
SHUWLQHQW�PDQDJHPHQW�RSWLRQV�IRU�D�SDUWLFXODU�KHDOWK�
FRQGLWLRQ���)LJ�����

6HH�&KDSWHU� �� IRU� DQ� RYHUYLHZ�RI� WKH� OLWHUDWXUH�
RQ�(%0�

���:KDW�WR�/RRN�)RU"
&OLQLFDO� WULDOV� DQG� OLWHUDWXUH� LQ� DOO� V\VWHPDWLF�

UHVHDUFKHV�EHJLQ�ZLWK�D�TXHVWLRQ��WKH�DQVZHU�WR�WKDW�
TXHVWLRQ� VKRXOG� EH� EDVHG� RQ� WKH� GDWD� DYDLODEOH� LQ�
OLWHUDWXUH��)RU�H[DPSOH�

�� $SSOLFDWLRQ� RI� 5HVHDUFK� �5HVHDUFK�
4XHVWLRQ���³:KDW�LV�WKH�PRUWDOLW\�UDWH�DW�GD\����DIWHU�
VXUJHU\�IRU�NQHH�UHSODFHPHQW"´

�� 4XHVWLRQ� WR� EH� DQVZHUHG� �+\SRWKHVLV�
7HVWLQJ���³:H�K\SRWKHVL]H�WKDW�ROGHU�DJH�LV�DVVRFLDWHG�
ZLWK� D� KLJKHU� PRUWDOLW\� UDWH� DW� GD\� ��� LQ� SDWLHQWV�
ZKR�XQGHUJR�NQHH�UHSODFHPHQW�VXUJHU\��WDNLQJ�LQWR�
DFFRXQW�DOVR�WKHLU�FRPRUELGLWLHV��´

)RUPXODWLQJ� DQ� K\SRWKHVLV� LV� HVVHQWLDO� DV� DOO�
VWXGLHV� DUH� EDVHG� RQ� DQ� H[SHULPHQWDO� WHVW� RI� DQ�
K\SRWKHVLV�

$Q� K\SRWKHVLV� LV� VWUXFWXUHG� SURSHUO\� LI� LW� LV� D�
VXPPDU\�RI�WKH�UHVHDUFK�WR�EH�FRQGXFWHG��VSHFLI\LQJ�
WKH�SRSXODWLRQ�WR�EH�VWXGLHG��WKH�QDWXUH�RI�WKH�FRQWURO�
JURXS�� WKH� VWDWLVWLFDO� DQDO\VLV� WR� EH� SHUIRUPHG� � WR�
HYDOXDWH�WKH�UHVXOWV��DQG�WKH�VWUHQJWK�DQG�GLUHFWLRQ�RI�
DQWLFLSDWHG�FKDQJHV�EHWZHHQ�WKH�VWXG\�JURXS�DQG�WKH�
FRQWURO�JURXS�

,Q� IDFW�� WKH� UHVHDUFK�TXHVWLRQ�RU�K\SRWKHVLV�ZLOO�
GHWHUPLQH� WKH� DSSURSULDWHQHVV� RI� WKH� PHWKRGRORJ\�
RI�WKH�VWXG\�DQG�WKH�DQDO\VLV�WKDW�ZLOO�EH�FRQGXFWHG�
ODWHU�

���+RZ�WR�DVVHVV�WKH�LQIRUPDWLRQ"
7KH�$PHULFDQ�$FDGHP\�RI�2UWKRSDHGLF�6XUJHRQV�

�$$26�� KDV� GHYHORSHG� D� PRGHO� WR� HYDOXDWH� WKH�
HYLGHQFH� RI� PHGLFDO� LQIRUPDWLRQ� DFFRUGLQJ� WR� WKH�

SULQFLSOHV�RI�(%0�RI�D�VLQJOH�VFLHQWL¿F�SDSHU�����
�� 5HFRUGLQJ� WKH� TXRWH�� WLWOH�� DXWKRU� DQG�

MRXUQDO�
�� )RUPXODWLRQ� RI� WKH� UHVHDUFK� TXHVWLRQ� RU�

K\SRWKHVLV��DLP�RI�WKH�SDSHU��DQDO\VLV�RI�WKH�PDWHULDOV�
DQG�PHWKRGV��LGHQWL¿FDWLRQ�RI�WKH�W\SHV�RI�VWXGLHV�

�� ,GHQWL¿FDWLRQ� DQG� HQXQFLDWLRQ� RI� SRWHQWLDO�
VRXUFHV�RI�HUURUV�

�� 'HVFULSWLRQ�RI�WKH�SRSXODWLRQ�WR�EH�LQFOXGHG�
LQ�WKH�VWXG\�

�� 6WDWLVWLFDO� QXPEHUV�� DSSURSULDWHQHVV� RI� WKH�
WHVWV�DQG�VWDWLVWLFDO�HUURUV�

�� 5HVXOWV�� HVWLPDWHG� SRLQW� RI� GLIIHUHQFH�
EHWZHHQ� WKH� WZR� JURXSV�� 3� YDOXH�� VWDWLVWLFDO�
VLJQL¿FDQFH��SRZHU�RI�VHDUFK��VL]H�RI�WKH�FRQ¿GHQFH�
OLPLW��FOLQLFDO�VLJQL¿FDQFH�RI�WKH�GLIIHUHQFH�

$VVRFLDWH� ZLWK� HDFK� RI� WKHVH� VWDJHV� D� IXOO� DQG�
FRPSOHWH� IRUPXODWLRQ�RI� WKH�TXHVWLRQV� WKDW�XQGHUO\�
WKH�PHWKRGRORJ\�DQG�WKH�TXDOLW\�RI�WKH�VWXGLHV�LV�D�
JRRG�(YLGHQFH�%DVHG�3UDFWLFH�SUD[LV��7DE��,����

�� ,V�WKHUH�D�FRQWURO�JURXS�LQ�WKH�VWXG\"
�� $UH� WKHUH� IDFWRUV� WKDW� WKH� DXWKRUV� GLG� QRW�

DGGUHVV�ZKHQ�FRPSDULQJ�WKH�WZR�JURXSV"
�� +DYH�WKH�DXWKRUV�VHW�D�JROG�VWDQGDUG�IRU�WKH�

GLDJQRVWLF�VWXG\"
�� ,V�WKLV�D�SURVSHFWLYH�RU�D�UDQGRPL]HG�VWXG\"
�� $UH�WKH�SRSXODWLRQV�H[DPLQHG�VLPLODU�"
�� +RZ�ORQJ�LV�WKH�IROORZ�XS�SHULRG"
�� $UH� WKHUH� GLIIHUHQFHV� LQ� RXWFRPH� DIWHU�

WUHDWPHQW"
:LWK�WKH�DFTXLVLWLRQ�RI�WKLV�NQRZOHGJH��PHGLFDO�

LQIRUPDWLRQ� FDQ� EH� DVVLJQHG� WR� D� VSHFL¿F� OHYHO� RI�
HYLGHQFH�WKDW�WDNHV�LQWR�DFFRXQW�WKH�PHWKRGRORJLFDO�

)LJ�� ���³�� 6´�� KLHUDUFK\� RI� VHUYLFHV� IRU� ¿QGLQJ� FXUUHQW�
EHVW�HYLGHQFH�
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��-RXUQDO�RI�2UWKRSHGLFV

H[DPLQH� LWV� � LQWULQVLF�PHWKRGRORJ\��KRZ� WKH� LQLWLDO�
UHVHDUFK� TXHVWLRQV� KDYH� EHHQ� � SRVHG� DQG� ¿QDOO\�
ZKHWKHU� LW� KDV� EHHQ� SHUIRUPHG� LQ� DFFRUGDQFH�ZLWK�
WKH�HWKLFDO�SULQFLSOHV�RI�FOLQLFDO�UHVHDUFK��7DE���,,��

���+RZ�WR�XVH�HYLGHQFH
,W� LV� LPSHUDWLYH� WR� UHPHPEHU� WKDW� FOLQLFDO�

GHFLVLRQV�VKRXOG�QRW�EH�EDVHG�RQO\�RQ�WKH�H[WUDFWHG�
HYLGHQFH�� WKH� UROH� RI� WKH� FOLQLFLDQ� VKRXOG� QRW� DQG�
FDQQRW�VKULQN� WR�D�PHUHO\�FODVVLI\LQJ�DQG�DSSO\LQJ�
SURWRFROV�� ,W� LV� JHQHUDOO\� DJUHHG� WKDW�� DV� VWDWHG� LQ�
DQ� DUWLFOH� E\� +D\QHV�� ³(YLGHQFH� GRHV� QRW� PDNH�
'HFLVLRQV�� SHRSOH� GR´� ����� 7KH� SDWLHQW¶V� FOLQLFDO�
DQG� SK\VLFDO� VLWXDWLRQ�� GLVHDVH� HYDOXDWLRQ� DQG� WKH�
WUHDWPHQW�RSWLRQV�DYDLODEOH�DOO�HTXDOO\�FRQWULEXWH��WR�
PDNLQJ��WKH�¿QDO�GHFLVLRQ�

7KH� QH[W� VWHS� LV� WR� HYDOXDWH� WKH� HI¿FDF\��
HIIHFWLYHQHVV�DQG�HI¿FLHQF\�RI�WKHUDSHXWLF�GLDJQRVWLF�

TXDOLW\�RI�WKH�VWXG\��7KH�YDOLGLW\�RI�WKH��UHVHDUFK�PXVW�
WKHQ�EH�DVVHVVHG�WR�GHFLGH�ZKHWKHU�LW�LV�VXI¿FLHQW�WR�
EH�JHQHUDOL]HG�LQ�RUGHU�WR�FKDQJH�D�VSHFL¿F�SURFHGXUH��
LQ�RUWKRSHGLF�SUDFWLFH�

,Q� RUGHU� WR� XQGHUVWDQG� ZKHWKHU� WKH� HYLGHQFH�
UHODWLQJ� WR� D� FHUWDLQ� WKHUDS\� LV� YDOLG� LQ� WKH� FDVH� RI�
UDQGRPL]HG� WULDOV�� LW� LV� QHFHVVDU\� WR� DQDO\]H� VRPH�
IXQGDPHQWDO�DVSHFWV�

���:DV� WKH� DVVLJQPHQW� RI� SDWLHQWV� WR� WUHDWPHQW�
UDQGRPL]HG"

���:DV�UDQGRPL]DWLRQ�FRQFHDOHG�WR�REVHUYHUV"
���:HUH�WKH�JURXSV�VLPLODU�DW�EDVHOLQH"
���:DV�WKH�IROORZ�XS�RI�SDWLHQWV�VXI¿FLHQWO\�ORQJ�

DQG�FRPSOHWH"
���:HUH�DOO� WKH�SDWLHQWV�VWXGLHG� LQ� WKH�JURXSV� WR�

ZKLFK�WKH\�KDG�EHHQ�UDQGRPL]HG"
5DQGRPL]DWLRQ� LV� QRW� WKH� RQO\� SULQFLSOH� XSRQ�

ZKLFK� WR� MXGJH� D� FOLQLFDO� WULDO�� LW� LV� QHFHVVDU\� WR�

)LJ�����0RGHO�IRU�HYLGHQFH�EDVHG�FOLQLFDO�GHFLVLRQ��������



��

LPSOHPHQWDWLRQ� RI� (%3� LV� QRW� XVHG� HQRXJK�� WKH�
EDUULHUV� WKDW� KLQGHU� WKH� DSSOLFDWLRQ� RI� HYLGHQFH�
EDVHG� PHGLFLQH� PXVW� EH� VRXJKW� QRW� RQO\� LQ� WKH�
EHKDYLRU�RI�KHDOWK�SURIHVVLRQDOV�EXW�DW�RWKHU� OHYHOV�
DOVR��$FFRUGLQJ�WR�*URO�DQG�:HLQVLQJ�����WKHUH�DUH�
��OHYHOV�RQ�ZKLFK�EDUULHUV�PD\�OLH�DQG�DERXW�ZKLFK�
ZH�PXVW�DFW�LQ�RUGHU�WR�FRUUHFWO\�DSSO\�WKH�³WKHRU\´�
WR�³SUDFWLFH´��

��� VHOI�LQQRYDWLRQ��

RSWLRQV�ZLWK� UHVSHFW� WR� WKHVH� SULQFLSOHV�� 6R� GR� QRW�
IRUJHW� WKH� SDWLHQW¶V� SUHIHUHQFHV�� H[SHFWDWLRQV�� DQG�
FRPSOLDQFH��)LJ����������

(YLGHQFH�EDVHG�PHGLFLQH�LV�WKHUHIRUH�QRW�D�ODZ�WR�
EH�IROORZHG�EOLQGO\��EXW�LV�WKH�SURSHU�DQG�IXQGDPHQWDO�
VWDUWLQJ� SRLQW� LQ� RUGHU� WR� PDNH� D� FOLQLFDO� GHFLVLRQ�
WKDW�PXVW� VWLOO� EH� FRQWH[WXDOL]HG� WR� WKH� SDWLHQW�� WKH�
FOLQLFLDQ¶V�H[SHULHQFH�DQG�FLUFXPVWDQFHV�

7KH� ULJKW� ZD\� RI� DSSO\LQJ� WKH� FOLQLFDO�

7DE��,�±�&OLQLFDO�6WXG\�$SSUDLVDO��

5DQGRPL]DWLRQ�� :HUH�SDWLHQWV�UDQGRPO\�DVVLJQHG�WR�WUHDWPHQW"�

$UH�WKH�GHWDLOV�JLYHQ�FRQFHUQLQJ�WKH�PHWKRG�RI�UDQGRPL]DWLRQ�VXIILFLHQW�

WR�HVWDEOLVK�ZLWK�UHOLDELOLW\�WKDW�UDQGRPL]DWLRQ�ZDV�FRQGXFWHG�IDLUO\�IRU�

DOO�SDWLHQWV"�

:DV�WKH�DOORFDWLRQ�PHWKRG�VXFK�WKDW�LW�FRXOG�EH�NQRZQ���E\�WKH�SDWLHQW�

DQG�RU�WKH�LQYHVWLJDWRU��WKH�FOLQLFLDQ��EHIRUH�WKH�FRPSOHWLRQ�RI�

UDQGRPL]DWLRQ"�

:DV�UDQGRPL]DWLRQ�GHILQHG�DFFRUGLQJ�WR�WKH�FRPSDUDELOLW\�RI�WUHDWPHQW�

JURXSV"�

%OLQGLQJ� :DV�WKH�UDQGRPL]HG�WUHDWPHQW�UHFHLYHG�E\�HDFK�SDWLHQW�DGHTXDWHO\�

PDVNHG"�

:DV�WKH�VWXG\�FRQGXFWHG�LQ�GRXEOH�EOLQG"�

:DV�WKH�FOLQLFDO�VWDII�DZDUH�RI�ZKLFK��WUHDWPHQW�JURXS�WKH�SDWLHQW�ZDV�

DVVLJQHG�WR"�

:HUH�SDWLHQWV�XQDZDUH�RI�ZKLFK�WUHDWPHQW�WKH\�ZHUH�UHFHLYLQJ"�

)ROORZ�XS :HUH�WKHUH�UDQGRPL]HG�SDWLHQWV�ZKR�GLG�QRW�UHFHLYH�WUHDWPHQW"�

,V�LW�FOHDUO\�VSHFLILHG�KRZ�PDQ\�SDWLHQWV�KDYH�DWWHQGHG�IROORZ�XS"�

+RZ�PDQ\�SDWLHQWV�ZHUH�DGKHUHQW�WR�WUHDWPHQW"�

+DYH�WKH�UHDVRQV�IRU�QRQ�DGKHUHQFH�WR�WUHDWPHQW�EHHQ�LQGLFDWHG"�

6WDWLVWLFV� :DV�WKH�SULPDU\�REMHFWLYH�FOHDUO\�SUH�VSHFLILHG�DQG�DQDO\]HG"�

:DV�WKH�H[SHFWHG�VL]H�RI�WKH�VWXG\�JURXS�GLVFXVVHG"�

:DV�WKH�VWXG\�FRQFOXGHG�HDUO\�RU�ODWH�FRPSDUHG�WR�WKH�VSHFLILFDWLRQV"�

:DV�DQ�LQGHSHQGHQW�FRPPLWWHH�DSSRLQWHG�WR�PRQLWRU�GDWD"�

5HVXOWV�DQG�

&RQFOXVLRQV�

:DV�DQ�DSSURSULDWH�WHFKQLTXH�RI�DQDO\VLV�XVHG�"�

:HUH�WRWDO�XQDGMXVWHG�GDWD�UHSRUWHG�UHJDUGLQJ�WKH�SULQFLSOH�RXWFRPHV"�

+DV�D�SURSHU�LQWHUSUHWDWLRQ�EHHQ�JLYHQ�RI�WKH�GLIIHUHQFHV�WKDW�ZHUH�QRW�

VWDWLVWLFDOO\�VLJQLILFDQW"�

)RUPDWWDWR

(OLPLQDWR��

(OLPLQDWR��

7DEOH��,��&OLQLFDO�6WXG\�$SSUDLVDO
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WR�SURJQRVWLF��GLDJQRVWLF�RU�WKHUDSHXWLF�LPSRUWDQFH��
8VLQJ� D� VWDWLVWLFDO� DQDO\VLV� &'5� VKRZV� WKH� PRVW�
SRZHUIXO�SUHGLFWRUV�DQG�HOLPLQDWHV�WKRVH�WKDW�FDQ�EH�
RPLWWHG�ZLWKRXW�ORVLQJ�SUHGLFWLYH�SRZHU��,W�KHOSV�WR�
FRQWURO�WKH�IDFWRUV�WKDW�PRVW�DIIHFW�WKH�UHVXOW�RI�WKH�
FOLQLFDO�FKRLFH�DQG��WKURXJK�DVVHVVPHQWV�RI�HI¿FDF\��
OHDGV� WR�D�PRUH�DSSURSULDWH�GHFLVLRQ�� ,W� LV� D�XVHIXO�
LQVWUXPHQW�IRU�FOLQLFDO�GHFLVLRQ�PDNLQJ�ZKHQ�D�FDVH�
LV�FRPSOH[�RU�ZKHQ�ZH�ZDQW�WR�UHGXFH�FRVWV�ZLWKRXW�
FRPSURPLVLQJ�SDWLHQW�FDUH�����

7KH�&'5�VKRXOG�QRW�EH�FRQIXVHG�ZLWK�&OLQLFDO�

��� WKH�LQGLYLGXDO�SURIHVVLRQDO��
��� WKH�SDWLHQW�
��� WKH�VRFLDO�FRQWH[W��
��� WKH�RUJDQL]DWLRQDO�FRQWH[W
��� WKH�HFRQRPLF�FRQWH[W
��� WKH�SROLWLFDO�FRQWH[W�

&OLQLFDO�'HFLVLRQ�5XOH��&'5�
,W�LV�D�SUDFWLFDO�DLG�WR�GHFLVLRQ�PDNLQJ��LW�DVVLJQV�

D� GLIIHUHQW� ZHLJKW� WR� WKH� FOLQLFDO� LQIRUPDWLRQ�� WKH�
PHGLFDO�KLVWRU\�DQG�WKH�ODERUDWRU\�UHVXOWV�DFFRUGLQJ�

7DE��,,��&OLQFDO�7ULDO�$SSUDLVDO��

5HVHDUFK�4XHVWLRQ� +RZ�PDQ\�SDWLHQWV�DUH�QHHGHG�IRU�WKH�VWXG\"�

:KDW�WUHDWPHQWV�VKRXOG�EH�FRPSDUHG"�

:KDW�LV�WKH�FRPSDUDEOH�JROG�VWDQGDUG"�

+RZ�VKRXOG�WKH�UHVXOWV�EH�PHDVXUHG"�

:KR�ZRXOG�EHQHILW�IURP�WKH�UHVXOWV"

)HDVLEOH�$QVZHU� $�VXIILFLHQW�QXPEHU�RI�SDWLHQWV�PXVW�EH�HQUROOHG�

&DQ�VWDWLVWLFDO�VLJQLILFDQFH���EH�DFKLHYHG"�

'R�WKH�VXUJHRQV�KDYH�WKH�DSSURSULDWH�VNLOOV"�

&RXOG�WKH�UDQGRPL]DWLRQ�PHWKRG�EH�DIIHFWHG�E\�HUURUV�PDGH�E\�WKH��

H[DPLQHUV"

(WKLFV� $UH�SDWLHQWV�IUHH�WR�UHIXVH�ZLWKRXW�DQ\�FRHUFLRQ"�

$UH�WKH�FRQWUROV�HWKLFDOO\�VHOHFWHG"�

,V�DQ\�QRQ�FRQWURO�WUHDWPHQW�HWKLFDO"�

:LOO�WKH�VWXG\�JLYH�D�UHVXOW�ZKLFK�ZLOO�EH�RI��EHQHILW�WR�WKH��SDWLHQWV"�

:HUH�UHIXQGV�RU�RWKHU��LQFHQWLYHV�RIIHUHG�WR�SDWLHQWV�DW��UHFUXLWPHQW"�

:HUH�WKH�VXUJHRQV�LQ�DQ\�ZD\�SUHMXGLFHG�DERXW�WKH�HIIHFWLYHQHVV�RI�

WUHDWPHQW"

)RUPDWWDWR

)RUPDWWDWR��$OOLQHDWR�D
VLQLVWUD

)RUPDWWDWR��7LSR�GL
FDUDWWHUH�1RQ�*UDVVHWWR

)RUPDWWDWR��$OOLQHDWR�D
VLQLVWUD��6SD]LR�GRSR����SW�
,QWHUOLQHD�PXOWLSOD������UL

)RUPDWWDWR��$OOLQHDWR�D
VLQLVWUD

)RUPDWWDWR��$OOLQHDWR�D
VLQLVWUD

(OLPLQDWR��PHWKRG��

(OLPLQDWR��EH�

7DEOH�,,��&OLQFDO�7ULDO�$SSUDLVDO

7DEOH�,,,��

/HYHO�RI�(YLGHQFH� ,PSOLFDWLRQV�IRU�&OLQLFLDQV� 6WXGLHV�QHHGHG�
/HYHO��� &DQ�EH�XVHG�LQ�D�ZLGH�YDULHW\�RI�VHWWLQJV�

FRQILGHQW�WKDW�LW�FDQ�LPSURYH�SDWLHQW�FDUH�
$W�OHDVW���SURVSHFWLYH�YDOLGDWLRQ�
DQG���LPSDFW�DQDO\VLV�

/HYHO��� &DQ�EH�XVHG�LQ�YDULRXV�VHWWLQJV��PD\�XVH�
SUHGLFWLRQV�FRQILGHQW�LQ�WKHLU�DFFXUDF\�

$W�OHDVW���ODUJH�SURVSHFWLYH�VWXG\�
GHPRQVWUDWHV�DFFXUDF\�SOXV�
YDULRXV�VPDOOHU�YDOLGDWHG�VHWWLQJV�

/HYHO��� &DQ�EH�XVHG�FDXWLRXVO\�RQO\�LQ�SDWLHQWV�
VLPLODU�WR�SDWLHQWV�LQ�WKH�VWXG\�

$W�OHDVW���QDUURZ�SURVSHFWLYH�
VWXG\�

/HYHO��� 1HHGV�IXUWKHU�HYDOXDWLRQ�EHIRUH�LW�FDQ�EH�
DSSOLHG�FOLQLFDOO\�

1RW�YDOLGDWHG�RU�YDOLGDWHG�RQO\�
LQ�VSOLW�VDPSOHV�ZLWK�ODUJH�
UHWURVSHFWLYH�GDWDEDVH�RU�E\�
VWDWLVWLFDO�WHFKQLTXHV�

)RUPDWWDWR��6XSHULRUH������
FP

7DEOH�,,,



��

3UHGLFWLRQ�5XOHV��&35���&35�LV�DQ�DLG�IRU�FOLQLFLDQV�
WR� LQWHUSUHW� FOLQLFDO� LQIRUPDWLRQ�� KHOSLQJ� WKHP�
WR� REWDLQ� WKH� QHFHVVDU\� GDWD� DQG� VXJJHVWLQJ� WKH�
DSSURSULDWH� GLDJQRVWLF� DQG� WKHUDSHXWLF� UHJLPHQ��
:KHUHDV�&'5�LQGLFDWHV�WKH�EHVW�SRVVLEOH�WUHDWPHQW�
E\�SURYLGLQJ�GLDJQRVWLF�RU� SURJQRVWLF� VFRUHV�XVLQJ�
SUREDELOLWLHV�RU�D�ULVN�VWUDWL¿FDWLRQ�DOJRULWKP������

6RPH�NQRZQ� H[DPSOHV� RI�&'5�DUH� WKH�2WWDZD�
$QNOH�5XOHV���D�VHW�RI�VLJQV�DQG�V\PSWRPV�LQGLFDWLQJ�
D� VXVSHFWHG� IUDFWXUH� RI� WKH� DQNOH� IROORZLQJ� DFXWH�
LQMXU\�PHDQLQJ�WKDW�WKH�SDWLHQW�PD\�QHHG�DQ�;�UD\��
WKH�3LWWVEXUJK�.QHH�5XOHV���IRU�VXVSHFWHG�IUDFWXUHV�
DIWHU�NQHH�WUDXPD��WKH�$3$&+(�,,���D�FODVVL¿FDWLRQ�
V\VWHP�IRU�VWDJLQJ�WKH�FOLQLFDO�FRQGLWLRQ�RI�D�SDWLHQW�
LQ�WKH�LQWHQVLYH�FDUH�XQLW�� WKH�&+$'6�����XVHG�IRU�
HVWLPDWLQJ�WKH�ULVN�RI�VWURNH��WKH�5DQVRQ�FULWHULD���IRU�
SUHGLFWLQJ�WKH�VHYHULW\�RI�DFXWH�SDQFUHDWLWLV��

7KH�GUDIWLQJ�RI�D�&'5�PXVW�IROORZ�D�ULJLG�VHTXHQFH�
RI� VWHSV�� ¿UVWO\� WKH� IDFWRUV� ZLWK� SUHGLFWLYH� SRZHU�
PXVW�EH� LGHQWL¿HG�� WKHVH�PXVW� WKHQ�EH�YDOLGDWHG� WR�
GHWHUPLQH�ZKHWKHU�WKHUH�LV�HYLGHQFH�RI�UHSURGXFLEOH�
DFFXUDF\��DQG�¿QDOO\�WKH�HIIHFWLYHQHVV�RI�WKH�&'5�LQ�
UHODWLRQ�WR�FRVW�EHQH¿W�PXVW�EH�YHUL¿HG��'HSHQGLQJ�
RQ�WKH�GHJUHH�RI�HI¿FLHQF\�DQG�UHOLDELOLW\��&'5V�FDQ�
EH�GLYLGHG��LQWR���VWDJHV��WKH�¿UVW�LQFOXGHV�WKH�UXOHV�
WKDW� FDQ� EH� XVHG� LQ� D�ZLGH� YDULHW\� RI� VHWWLQJV�� WKH�
IRXUWK�LQFOXGHV�WKH�UXOHV�WKDW�QHHG�IXUWKHU�HYDOXDWLRQ�
EHIRUH�WKH\�FDQ�EH�DSSOLHG�FOLQLFDOO\���������7DE��,,,��

7KH� PDLQ� SUREOHP� RI� D� &'5� LV� LWV� SUDFWLFDO�
DSSOLFDWLRQ��LW�LV�QRW�HDV\�WR�RYHUFRPH�WKH�EDUULHUV�RI���
OHYHOV��GHVFULEHG�E\�*URO�DQG�:HLQVLQJ������7KHUH�DUH�
GLIIHUHQW�DSSURDFKHV�XVHG�WR�RYHUFRPH�WKH�EDUULHUV��
E\�PRGHOV�UHODWLQJ�WR�LQGLYLGXDO�SURIHVVLRQDOV�RU�WR�
LQWHUSHUVRQDO�IDFWRUV��V\VWHP�FKDUDFWHULVWLF�RU�PRGHOV�
UHODWLQJ�WR�WDLORULQJ�VWUDWHJLHV��'HVSLWH�WKLV�WKH\�RIWHQ�
IDLO�WR�DFKLHYH�VDWLVIDFWRU\�DQG�HYLGHQW�UHVXOWV������

(YLGHQFH� %DVHG� 0HGLFLQH� LV� QRW� MXVW� D�
SKLORVRSKLFDO� H[HUFLVH�� LW� LV� WKH� DWWHPSW� WR� H[WUDFW�
HYLGHQFH�IURP�FOLQLFDO�UHVHDUFK��7KH�XOWLPDWH�JRDO�RI�
(%0�LV�WR�EH�DEOH�WR�JXLGH�FOLQLFDO�SUDFWLFH�WRZDUGV�
WKH�EHVW�PRGXV�RSHUDQGL�LQ�RUGHU�WR�REWDLQ�WKH�EHVW�
SRVVLEOH�UHVXOWV��(%3��

,Q� RUGHU� WR� DSSO\� (%3� WR� WKH� SUDFWLFDO� UHDOLW\�
RI� RQH¶V� RZQ� SUDFWLFH�IDFLOLW\�� WKH� RUWKRSHGLF�
VXUJHRQ�PXVW�NQRZ��XQGHUVWDQG�DQG�MXGJH�HYLGHQFH�
FRQVFLHQWLRXVO\��KH�VKRXOG�QRW�MXVW�SDVVLYHO\�IROORZ�
WKH� UXOHV� EXW� XQGHUVWDQG� WKH� UHOLDELOLW\� RI� ZKDW� KH�
UHDGV�� XQGHUVWDQG� LI� DQG� KRZ� LW� GHYLDWHV� IURP� WKH�

SDWLHQW�KH�LV�H[DPLQLQJ�DQG�ZKDW�EHQH¿WV�WR�H[SHFW��
(%0�KDV�EHHQ�SURSRVHG�DV�DQ�DOWHUQDWLYH�WR�ZKDW�

KDV� EHHQ� WKH� UXOH� LQ� FOLQLFDO� SUDFWLFH� WR� GDWH�� L�H��
IROORZ� WKH� OHVVRQV�KDQGHG�GRZQ�E\� WHDFKHUV�EDVHG�
RQ�WKH�REVHUYDWLRQ�RI�D�OLPLWHG��DOEHLW�ODUJH��SHUVRQDO�
VHULHV��$SSO\LQJ� (%0� WR� FOLQLFDO� SUDFWLFH� ZLWKRXW�
XQGHUVWDQGLQJ�LW�DQG�ZLWKRXW�WKH�PHDQV�WR�DVVHVV�LW�
LV�HTXLYDOHQW�WR�OLVWHQLQJ�WR�RQO\�RQH�VLQJOH�WHDFKHU��
(%0�LV�QRW�D�UHOLJLRQ�ZLWK�XQDYRLGDEOH�GRJPDV��LW�LV�
D�VHW�RI�LQVWUXPHQWV�IRU�WUDQVIRUPLQJ�OLWHUDWXUH�LQWR�
FOLQLFDO� SUDFWLFH� DQG� FDQQRW� EH� VHSDUDWHG� IURP� WKH�
FDUHJLYHU¶V�IUHH�ZLOO�RU�SHUVRQDO�LQWHUSUHWDWLRQ�

5()(5(1&(6

��� *URO� 5�� *ULPVKDZ� -�� )URP� EHVW� HYLGHQFH� WR� EHVW�
SUDFWLFH��HIIHFWLYH�LPSOHPHQWDWLRQ�RI�FKDQJH��/DQFHW�
������������������

��� &DEDQD� 0�� 5DQG� &�� 3RZH� 1�� :X� $�� :LOVRQ� 0��
$EERXG� 3�� 5XELQ�+��:K\� GRQ¶W� SK\VLFLDQV� IROORZ�
FOLQLFDO�SUDFWLFH�JXLGHOLQHV"�-$0$����������������
���

��� +D\QHV� 5%�� 2I� VWXGLHV�� V\QWKHVHV�� V\QRSVHV�� DQG�
V\VWHPV�� WKH�³�6´�HYROXWLRQ�RI� VHUYLFHV� IRU�¿QGLQJ�
FXUUHQW�EHVW�HYLGHQFH��(YLG�%DVHG�0HG��������������

��� +D\QHV� 5%�� 2I� VWXGLHV�� V\QWKHVHV�� V\QRSVHV��
VXPPDULHV�� DQG� V\VWHPV�� WKH� ³�6´� HYROXWLRQ� RI�
LQIRUPDWLRQ� VHUYLFHV� IRU� HYLGHQFH�EDVHG� KHDOWKFDUH�
GHFLVLRQV��(YLG�%DVHG�0HG����������������

��� 6SLQGOHU�.��.XKXQ�-��'XQQ�:��0DWWKHZV�&��+DUUHO�
)��'LWWXV�5��5HDGLQJ�DQG�UHYLHZLQJ�WKH�RUWKRSDHGLF�
OLWHUDWXUH�� $� V\VWHPDWLF�� (YLGHQFH�EDVHG� 0HGLFLQH�
DSSURDFK��-�$P�$FDG�2UWKRS�6XUJ�����������������
��

��� +D\QHV�5%��'HYHUHDX[�3��*X\DWW�*��3K\VLFLDQ¶V�DQG�
SDWLHQW¶V� FKRLFHV� LQ� HYLGHQFH� EDVHG� SUDFWLFH�� %0-�
����������������������

��� GD� &UX]� '��<RX� KDYH� D� FKRLFH�� GHDU� SDWLHQW�� %0-�
��������������

��� *URO�5��:HLQVLQJ�0��:KDW�GULYHV�FKDQJH"�%DUULHUV�
WR� DQG� LQFHQWLYHV� IRU� DFKLHYLQJ� HYLGHQFH�EDVHG�
SUDFWLFH��0-$������������������

��� 0F*LQQ� 7�� *X\DWW� *�� :\HU� 3�� 1D\ORU� &�� 6WLHO� ,��
5LFKDUGVRQ� 6� IRU� WKH� (YLGHQFH�%DVHG� 0HGLFLQH�
:RUNLQJ� *URXS�� 8VHU¶V� JXLGH� WR� WKH� PHGLFDO�
OLWHUDWXUH��+RZ�WR�XVH�DUWLFOHV�DERXW�FOLQLFDO�GHFLVLRQ�

*��327$/,92�(7�$/�
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FOLQLFDO�SUDFWLFH��,PSDFW�RI�XVLQJ�SUHGLFWLRQ�UXOHV�WR�
PDNH�GHFLVLRQV��$QQ�,QWHUQ�0HG�����������������

UXOHV��-$0$��������������������
���� 5HLOO\�%��(YDQV�$��7UDQVODWLQJ�FOLQLFDO�UHVHDUFK�LQWR�
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��1LFROD¶V�)RXQGDWLRQ�2QOXV��$UH]]R���/HW�3HRSOH�0RYH�5HVHDUFK�,QVWLWXWH��3HUXJLD�$UH]]R�
�,QWHUQDWLRQDO�2UWKRSHGLFV�DQG�7UDXPDWRORJ\�,QVWLWXWH��$UH]]R���2UWKRSHGLFV�DQG�7UDXPDWRORJ\�

5HVLGHQF\�3URJUDP��8QLYHUVLW\�RI�3HUXJLD��3HUXJLD��,WDO\

5HFHLYHG�-XQH����������±�$FFHSWHG�$XJXVW���������

%HORZ�LV�D�OLVW�RI��VRXUFHV�IRU��REWDLQLQJ�VSHFL¿F�
PHGLFDO�LQIRUPDWLRQ�RQ�(YLGHQFH�%DVHG�0HGLFLQH�

$JHQF\� IRU� +HDOWKFDUH� 5HVHDUFK� DQG� 4XDOLW\�
�$+54�

KWWS���ZZZ�DKUT�JRY�FOLQLF
,W�LV�NQRZQ�DV�WKH�$JHQF\�IRU�+HDOWK�&DUH�3ROLF\�

DQG�5HVHDUFK��$+&35�
&OLQLFDO�*XLGHOLQHV�DQG�(YLGHQFH�5HSRUWV
,W� LQFOXGHV� OLQNV� RI� 1DWLRQDO� *XLGHOLQH�

&OHDULQJKRXVH�� SOXV� (YLGHQFH�5HSRUWV� E\�$+54¶V�
(YLGHQFH�EDVHG� 3UDFWLFH� &HQWHU� �(3&�� DQG�
3UHYHQWLYH�6HUYLFH��

%DQGROLHU
KWWS���ZZZ�MU��R[�DF�XN�EDQGROLHU
$� V\QWKHVLV� RI� WKH� FRQVLGHUDWLRQV�GLVVHUWDWLRQV�

RQ�VSHFL¿F�SDSHUV�UHJDUGLQJ�WKH�FOLQLFDO�SUDFWLFH�RI�
(%0��

&HQWUH�IRU�(YLGHQFH�%DVHG�0HGLFLQH��&(%0��
KWWS���FHEP�MU��R[�DF�XN�
7KH�2[IRUG�8QLYHUVLW\��2[IRUG�5DGGFOLIIH�+RVSLWDO�

&OLQLFDO�6FKRRO�:HE�6LWH�LQFOXGHV�OLQNV�WR�WKH�PHGLFDO�
IDFXOW\¶V� &(%0� RI�� WR� WKH� &$7� GDWDEDVH� �&ULWLFDOO\�
$SSUDLVHG� 7RSLFV��� DQG� OLQNV� WR� HYLGHQFH� EDVHG�
PHGLFLQH�MRXUQDOV�DQG�PDWHULDO�IRU�(%0�WHDFKLQJ�

&HQWHU�IRU�5HVHDUFK�6XSSRUW��75,3�'DWDEDVH
KW WS � � �ZZZ�FHUHV �XZFP�DF �XN� I UDPHVHW �

FIP"VHFWLRQ WULS
7KH� 75,3� GDWDEDVH� LQFOXGHV� OLQNV� WR� D� ZLGH�

FROOHFWLRQ� RI� (%0� PDWHULDOV� LQFOXGLQJ� 1&*�� WKH�
&RFKUDQH�/LEUDU\��WKH�&$7�EDQN�DQG�VLQJOH�SDSHUV�

&OLQLFDO�(YLGHQFH��%0-�3XEOLVKLQJ�*URXS�
KWWS�ZZZ�FOLQLFDOHYLGHQFH�RUJ
7KH�%ULWLVK�0HGLFDO�-RXUQDO¶V�VRXUFHV�RI�&OLQLFDO�

(YLGHQFH�UHSUHVHQWV�D�VRXUFH�IRU�D�FRQWLQXRXV�XSGDWH�
RQ�HYLGHQFH�DQG�HI¿FDF\�RI�FDUH��,W�LQFOXGHV�D�OLVW�RI�
XSGDWH�VXSSRUWV�DQG�GHVFULEHV�WKH�GDWD�REWDLQHG�IURP�
HYLGHQFH�

&RFKUDQH�'DWDEDVH�RI�6\VWHPDWLF�5HYLHZV
KWWS���ZZZ�FRFKUDQH�RUJ�
7KLV� LV� WKH� V\VWHPDWLF� UHYLHZV� RI� HYLGHQFH�

SHULRGLFDOO\� SURGXFHG� E\� WKH� &RFKUDQH� *URXS��
5HYLHZHUV� GLVFXVV� ZKHWKHU� WKH� GDWD� REWDLQHG� DUH�
DGHTXDWH�WR�GHYHORS�(%0�EDVHG�*XLGHOLQHV�

'DWDEDVH� RI� $EVWUDFWV� RI� 5HYLHZV� RI� (IIHFWLYHQHVV�
�'$5(�

KWWS���DJDWKD�\RUN�DF�XN�GDUHKS�KWP
,W�FRQWDLQV�DEVWUDFWV�ZULWWHQ�E\�UHYLHZHUV�IURP�WKH�

8QLYHUVLW\�RI�<RUN��7KH\�VXPPDUL]H�ERWK�GLDJQRVWLF�
DQG�WKHUDSHXWLF�UHYLVLRQ�SDSHUV�DQG�WKH\�GLVFXVV�WKH�
FOLQLFDO�LPSOLFDWLRQV�

(IIHFWLYH�+HDOWK�&DUH
KWWS���ZZZ�\RUN�DF�XN�LQVW�FUG�HKFE�KWP
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3HHU�UHYLHZHG� QHZVOHWWHUV� DERXW� PHGLFDO�
GHFLVLRQV�� 7KH\� DUH� EDVHG� RQ� V\VWHPDWLF� UHYLHZV�
DQG�D�V\QWKHVLV�DERXW�WKH�FOLQLFDO�HIIHFWLYHQHVV�DQG�
DFFHSWDELOLW\�RI�VLQJOH�WKHUDSLHV��

(YLGHQFH�%DVHG�0HGLFLQH
KWWS���ZZZ�HYLGHQFH�EDVHGPHGLFLQH�FRP
$� ELPRQWKO\� SXEOLFDWLRQ� ZKLFK� VWDUWHG� XS� LQ�

����� E\� WKH� %0-� *URXS�� 7KH� DUWLFOHV� VXPPDUL]H�
FRPPHQWV�E\�FOLQLFDO�H[SHUWV��

(YLGHQFH�%DVHG�3UDFWLFH�1HZVOHWWHU��LQFOXGLQJ�-)3�
3DWLHQW�2ULHQWHG�(YLGHQFH�WKDW�0DWWHUV�

KWWS���ZZZ�HESRQOLQH�QHW
,QIR32(0V�

KWWS���ZZZ�LQIRSRHPV�FRP
,QVWLWXWH�IRU�&OLQLFDO�6\VWHPV�,PSURYHPHQW��,&6,�

KWWS���ZZZ�,&6,�RUJ
$� QRQ�SUR¿W� LQGHSHQGHQW� FROODERUDWLRQ� WKDW�

GHYHORSV�*XLGH�/LQHV��

1DWLRQDO�*XLGHOLQH�&OHDULQJKRXVH��1*&�
KWWS���ZZZ�JXLGHOLQHV�JRY�LQGH[�DVS
$�JXLGHOLQH�GDWDEDVH�RI�FOLQLFDO�SUDFWLFH�WKDW�DLPV�

DW�FRPSDULQJ�GLIIHUHQW�JXLGH�OLQHV�UHJDUGLQJ�PHWKRGV��
SXUSRVHV��RXWFRPHV�DQG�SULPDU\�UHFRPPHQGDWLRQV�

1DWLRQDO� +HDOWK� 6HUYLFH� �1+6�� &HQWUH� IRU�
5HYLHZV�DQG�'LVVHPLQDWLRQ��&5'��KWWS���ZZZ�\RUN�
DF�XN�LQVW�FUG��

*��327$/,92�(7�$/�
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���1LFROD¶V�)RXQGDWLRQ�2QOXV��$UH]]R���/HW�3HRSOH�0RYH�5HVHDUFK�,QVWLWXWH��3HUXJLD�$UH]]R���
,QWHUQDWLRQDO�2UWKRSHGLFV�DQG�7UDXPDWRORJ\�,QVWLWXWH��$UH]]R����2UWKRSHGLFV�DQG�7UDXPDWRORJ\�

5HVLGHQF\�3URJUDP��8QLYHUVLW\�RI�3HUXJLD��3HUXJLD��,WDO\

5HFHLYHG�-XQH����������±�$FFHSWHG�$XJXVW���������

6LQFH� LWV� LQFHSWLRQ� (YLGHQFH� %DVHG� 0HGLFLQH�
KDV� EHHQ� IUHTXHQWO\� FULWLFL]HG� DQG� LWV� OLPLWDWLRQV�
XQGHUOLQHG�

0DQ\�RI�WKH�FULWLFLVPV�PDGH�DUH�EDVHG�RQ�D�ODFN�
RI�NQRZOHGJH�DERXW�PHWKRGRORJ\�DQG�WKH�SUHMXGLFHV�
IRUPHG�RYHU�WLPH��

6KDURQ�����KDV�H[DPLQHG�WKH�PDMRU�PLVSHUFHSWLRQ�
VXUURXQGLQJ� (%0�� LW� GHQLJUDWHV� FOLQLFDO� H[SHUWLVH��
LJQRUHV� SDWLHQW¶V� YDOXHV� DQG� SUHIHUHQFHV�� SURPRWHV�
D� FRRNERRN� DSSURDFK� WR� PHGLFLQH�� LW� LV� VLPSO\� D�
FRVW�FXWWLQJ� WRRO�� LW� LV� DQ� ³LYRU\� WRZHU´� FRQFHSW�� LW�
LV�OLPLWHG�WR�FOLQLFDO�UHVHDUFK��LW�OHDGV�WR�WKHUDSHXWLF�
QLKLOLVP�LQ�WKH�DEVHQFH�RI�HYLGHQFH�IURP�UDQGRPL]HG�
WULDOV�

$OO� WKHVH� GRXEWV� HDVLO\� IDOO� E\� DQDO\]LQJ�
WKH� GH¿QLWLRQ� RI� (YLGHQFH� %DVHG� 0HGLFLQH��
³FRQVFLHQWLRXV��H[SOLFLW��DQG�MXGLFLRXV�XVH�RI�FXUUHQW�
EHVW� HYLGHQFH� LQ� PDNLQJ� GHFLVLRQV� DERXW� WKH� FDUH�
RI� LQGLYLGXDO� SDWLHQWV´� ����� 7KH� LPSOHPHQWDWLRQ�
RI� (%0� RFFXUV� DW� GLIIHUHQW� WLPHV�� ¿UVW� LW� FRQYHUWV�
WKH� LQIRUPDWLRQ� DULVLQJ� LQ� FOLQLFDO�SUDFWLFH� LQ� WR�
TXHVWLRQV�ZKLFK� DSSHDU� WR� KDYH� DQ� DQVZHU�� ,W� WKHQ�
JDWKHUV� WKH� EHVW� DYDLODEOH� HYLGHQFH� WR� DQVZHU� WKH�
TXHVWLRQV�DQG�FULWLFDOO\�HYDOXDWHV� WKH�TXDOLW\�RI� WKH�
µTXDOLI\LQJ¶� HYLGHQFH� IRU� YDOLGLW\�� 7KLV� IROORZHG�
E\�WKH�LPSRUWDQW�VWHS�ZKLFK�FRPELQHV�SUDFWLFH�DQG�
WKHRU\���WKH�LQWHJUDWLRQ�RI�HYLGHQFH�ZLWK�WKH�PHGLFDO�
SHUVRQQHO¶V� FOLQLFDO� H[SHULHQFH� DQG� WKH� SDWLHQW¶V�
ZLVKHV��)LQDOO\�HDFK�RXWFRPH�PXVW� WR�EH�HYDOXDWHG�

WR�XQGHUVWDQG�LWV�HIIHFWLYHQHVV�DQG�HYHQWXDOO\�FRUUHFW�
HUURUV��

,W� LV� WKHUHIRUH� LQFRUUHFW� WR� VWDWH� WKDW� (%0�
GRHV� QRW� WDNH� LQWR� DFFRXQW� WKH� H[SHULHQFH� RI� WKH�
FOLQLFLDQ� QRU� WKH� RSLQLRQ� RI� WKH� SDWLHQW�� RU� WKDW� LW�
RIIHUV�³FRRNERRN�PHGLFLQH´��������(%0�RIIHUV�DQG�
FRQVFLHQWLRXVO\� DQDO\VHV� WKH� LQIRUPDWLRQ� DYDLODEOH�
LQ�OLWHUDWXUH��ZHLJKLQJ�LW�XS�DQG�PDNLQJ�LW�DYDLODEOH�
WR� ERWK� FOLQLFLDQ� DQG�SDWLHQW� VR� WKH\� FDQ�PDNH� WKH�
EHVW�FKRLFH��(YHQ�WKH�LQVLQXDWLRQ�WKDW�(%0�LV�RQO\�
D�ZD\� WR� FXW� FRVWV� DQG� VWDQGDUGL]H� � WUHDWPHQW� LV� D�
FULWLFLVP�WKDW�GRHV�QRW�WDNH�LQWR�DFFRXQW�WKH�IDFW�WKDW�
DOO�(%0�UHVHDUFK�LV�LQGLIIHUHQW�WR�FRVWV�DQG�WKDW�LWV�
DLP�LV�WR�LPSURYH�WKH�SDWLHQW¶V�TXDOLW\�RI�OLIH��ZKLFK�
PD\�DFWXDOO\�OHDG�WR�D�ULVH�LQ�RI�KHDOWKFDUH�FRVWV��,I�
D�SDUWLFXODU� WUHDWPHQW� UHJLPHQ�RU� � VFUHHQLQJ� WHVW� LV�
HIIHFWLYH��LW�ZLOO�UHPDLQ�VR�GHVSLWH�LWV�FRVW��

2QH� RXWVWDQGLQJ� H[DPSOH� LV� WKH� WUHDWPHQW� LQ�
RUWKRSHGLF� VXUJHU\� ZLWK� /RZ� 0ROHFXODU� :HLJKW�
+HSDULQ�FRPSDUHG�WR�WUHDWPHQW�ZLWK�KHSDULQ�DORQH�RU�
KHSDULQ���'LK\GURHJRWDPLQH�RU�'H[WUDQ��,W�LV�PXFK�
PRUH� H[SHQVLYH� EXW� YHU\� HIIHFWLYH� DQG� HDV\� WR� XVH�
DW�KRPH�WRR��VR�LW�LV�SUHVFULEHG�RQ�D�EURDG�VFDOH�����

7KH� FRQFHSW� RI� WKH� ³LYRU\� WRZHU´� LV� EDVHG� RQ�
WKH� GLVWDQFH� EHWZHHQ� WKH� SKLORVRSKLFDO� WKLQNLQJ� RI�
LQWHOOHFWXDOV�DQG�WKH�UHDO�ZRUOG�ZLWK�LWV�SUREOHPV��,W�
LV�D�VXSHU¿FLDO�FRQFHSW�ZKHUH�(%0�LV�FRQFHUQHG��EXW�
LI�LWV�SULQFLSOHV�DUH�H[DPLQHG�LQ�GHSWK�LW�ZLOO�EHFRPH�
REYLRXV� WKDW� (%0� LV� H[DFWO\� WKH� RSSRVLWH�� ,Q� IDFW�
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LW� IRFXVHV� RQ� SUDFWLFDO� SUREOHPV� DQG� WKHLU� DQDO\VLV�
ZKLFK� � OHDGV� KHDOWKFDUH� JLYHUV� � WR� TXHVWLRQLQJ� DQG�
DVNLQJ� WKHPVHOYHV� KRZ� WKH\� FDQ� � LPSURYH� FOLQLFDO�
SUDFWLFH�� ,Q� IDFW�� WKH�PDLQ� JRDO� RI� (%0� LV� MXVW� WR�
XSGDWH�FOLQLFLDQV�RQ��WKH�EHVW�HYLGHQFH�DYDLODEOH�IRU�
WKHLU� GDLO\� DFWLYLWLHV�� LQ� D� FRPSUHKHQVLYH� DQG� IDVW�
PDQQHU�����

0DQ\� EHOLHYH� WKDW� RQO\� 5&7V�� 56� DQG� PHWD�
DQDO\VHV� FDQ� SURYLGH� HYLGHQFH� DQG�� WKHUHIRUH�� LQ�
WKRVH�¿HOGV�ZKHUH�WKHVH�VRUW�RI�VWXGLHV�KDYH�QRW�EHHQ�
SHUIRUPHG��QR�HYLGHQFH� LV�DYDLODEOH� �DQG�FOLQLFLDQV�
EHHQ� OHIW� LQ� WKH� VR�FDOOHG�JUD\� DUHD� UHJDUGLQJ� WKHLU�
GHFLVLRQ�PDNLQJ��7KLV�LV�YHU\�PXFK�VR��LQ�2UWKRSHGLFV�
ZKHUH�WKH�5&7V�LQ�OLWHUDWXUH�DUH�IHZ�GXH�WR�WKH�IDFW�
WKDW� WUHDWPHQW� LQ� RUWKRSHGLFV� LV� PDLQO\� VXUJLFDO�
PDNLQJ�UDQGRPL]DWLRQ��GLI¿FXOW��:KHUH�5&7V�KDYH�
EHHQ�SHUIRUPHG��WKH�VWXG\��SRSXODWLRQ�LV�VPDOO��

,QGHHG� WKH� SXUSRVH� RI� (%0� LV� WR� ¿QG� WKH� EHVW�
DYDLODEOH� HYLGHQFH� H[LVWLQJ� WR� DQVZHU� D� VSHFL¿F�
TXHVWLRQ��DQG�LW�LV�VDLG�WKDW�QRW�RQO\�5&7V�DQG�PHWD�
DQDO\VHV� DUH� � WKH� VRXUFHV� RI� HYLGHQFH�� DOWKRXJK�
WKH\� DUH� DW� WKH� WRS� RI� WKH� S\UDPLG� RI� HYLGHQFH� IRU�
WUHDWPHQW�GHFLVLRQV�

$OVR� DV� SUHYLRXVO\� PHQWLRQHG�� WKH� 5&7� LV� WKH�
EHVW� W\SH� RI� VWXG\� WR� DQVZHU� TXHVWLRQV� FRQFHUQLQJ�
WUHDWPHQW�� EXW� WKH\� FHUWDLQO\� DUH� QRW� IRU� PDWWHUV�
UHODWHG�WR�GLDJQRVLV��SURJQRVLV�RU�HWLRORJ\�IRU�ZKLFK�
WKH�EHVW� DYDLODEOH� HYLGHQFH� LQFOXGHV�QRW� RQO\� OHYHO�
,� VWXGLHV�EXW� DQ\� VWXG\� WKDW� FXUUHQWO\� H[LVWV� RQ� WKH�
VSHFL¿F�WRSLF�

6RPH�DXWKRUV�LQVWHDG�KDYH�HPSKDVL]HG�OLPLWDWLRQV�
WKDW� JR� IDU� EH\RQG� WKH�PLVSHUFHSWLRQ� RI�(%0� �����
7KH�PDLQ� OLPLWDWLRQ� WKDW�PDQ\� VHH� LQ� (%0� LV� WKH�
SRRU� SKLORVRSK\� RI� WKDW� GLVFLSOLQH� EDVHG� RQO\� RQ�
WKH�HPSLULFLVP��7KLV�LV�DQ�HSLVWHPRORJLFDO�FULWLFLVP�
WKDW�QRW�VR�PXFK�LQYROYHV�WKH�SUDFWLFDO�TXHVWLRQ��EXW�
UDWKHU�WKH�YHU\�SKLORVRSK\�EHKLQG�(%0�

7KH� PDLQ� FULWLFLVP� DULVHV� IURP� WKH� LGHD� WKDW�
WKLV� LV� DQ� DSSURDFK� EDVHG� RQ� HPSLULFDO� HYLGHQFH�
IURP� H[SHULPHQWDO� VWXGLHV� GHVLJQHG� RQO\� WR�
PLQLPL]H�%,$6� UDWKHU� WKDQ�EHLQJ�EDVHG�RQ�D� VROLG�
SK\VLRORJLFDO� WKHRU\�� ZLWK� WKH� SUHVXPSWLRQ� WKDW�
VFLHQWL¿F� REVHUYDWLRQ� LV� LQGHSHQGHQW� IURP� WKH�
H[SHULPHQW�� ZLWKRXW� DVVXPLQJ� WKDW� REVHUYHUV� DUH�
³ELDVHG´�WKHPVHOYHV��DQG�WKDW�SUHMXGLFH�LV�LPSRVVLEOH�
WR�HOLPLQDWH�REVHUYHU�����

)XUWKHUPRUH��WKH�SRVVLEOH�DSSOLFDWLRQV�DUH�OLPLWHG�
WR� REVHUYDWLRQV�� DQG� REVHUYDWLRQV� LQ� WXUQ� OLPLW� WKH�

WKHRULHV�� WKH� FOHDUHU� WKH� REVHUYDWLRQV�� WKH� PRUH�
WKHRULHV� DUH� FKDOOHQJHG� DQG� SRVVLEO\� UHSODFHG� E\�
RWKHUV��PRUH�VSHFL¿F�DUH�WKH�TXHVWLRQV��PRUH�FDUHIXO�
DUH� WKH� REVHUYDWLRQV� DQG� XOWLPDWHO\� PRUH� XVHIXO��
6R� WKH� REVHUYHU� DIIHFWV� WKH� WKHRU\� DQG� WKH� WKHRU\�
LQÀXHQFHV�WKH�REVHUYHU��(%0�GXH�WR�LWV�TXDQWLWDWLYH�
QDWXUH� LJQRUHV� WKLV� LQWHUDFWLRQ� DVVXPLQJ� WKDW� WKH�
REVHUYHU�LV�REMHFWLYH�DQG�UHIXVHV�WKLV�ELDV��7KLV�W\SH�
RI�SDUDGLJP��EDVHG�HQWLUHO\�RQ�HPSLULFDO�GDWD��LV�VHHQ�
DV�µ¶D�FRQFHSWXDO�ER[�ZKLFK�VFLHQWLVWV�WU\�WR�¿W�LQWR�
QDWXUH¶¶�����VWDWHG�LQFRUUHFWO\�WKDW�(%0�PHGLFLQH�LV�
WRWDOO\�VXEPLVVLYH�WR�HPSLULFLVP��

$V�PDWWHU�RI�IDFW�(%0�GRHV�QRW�ORRN�RQO\�DW�WKH�
HPSLULFDO�SURFHVV��$Q�5&7�WKDW�SURYHV�D�WKHRU\�ZLWK�
QR�VFLHQWL¿F�EDVLV�LV�RI�YHU\�OLWWOH�YDOXH��7KH�LPSDFW��
DQ�5&7�FDQ�KDYH�RQ�FOLQLFDO�SUDFWLFH�LV�JUHDWHU��WKH�
JUHDWHU�LWV�SK\VLRORJLFDO�RU�SDWKRSK\VLRORJLFDO�EDVLV�
������(%0�LV�RQO\�D�WRRO�IRU�WKH�FOLQLFLDQ�WR�LPSURYH�
KLV� SUDFWLFH�� LW� LV� QRW� D� VXEVWLWXWH� IRU� SK\VLRORJLFDO�
RU�SDWKRSK\VLRORJLFDO�FRQFHSWV��ZKLFK�UHPDLQ�DW�WKH�
EDVH�RI�NQRZOHGJH�RI�HYHU\�PHGLFDO�SUDFWLFH�

$� FULWLFLVP�ZKLFK� LV� GLI¿FXOW� LI� QRW� LPSRVVLEOH�
WR� DUJXH� LV� WKDW� WKHUH� LV� QR� HYLGHQFH�� DFFRUGLQJ� WR�
WKH�FULWHULD�RI�(%0�WKHPVHOYHV��RI�KRZ�WKLV�KDV�DQ�
HIIHFW�RQ�GHFLVLRQV�PDGH�LQ�FOLQLFDO�SUDFWLFH��7KHUH�
LV�QR�HYLGHQFH�WKDW�SDWLHQW�FDUH�EDVHG�RQ�VWDWLVWLFDOO\�
VLJQL¿FDQW�FOLQLFDO�VWXGLHV�DUH�EHWWHU�WKDQ�WUHDWPHQW�
EDVHG� RQ� TXDOLWDWLYH� GDWD� RU� H[FOXVLYHO\� RQ� WKH�
FOLQLFLDQ¶V�H[SHULHQFH�

2EYLRXVO\��JLYHQ�WKH�UHVRXUFHV��LQ�WHUPV�RI�FRVWV�
DQG�WLPH��VSHQW�E\�FOLQLFLDQV�VWXG\LQJ��(%0�DQG�RQ�
WULDOV��WKH�SUDFWLFH�RI�(%0�VKRXOG�EH�FRQVLGHUHG�DV�
DQ�LQWHUYHQWLRQ�LQ�FOLQLFDO�SUDFWLFH�DQG�WKHUHIRUH�LWV�
HIIHFWLYHQHVV�VKRXOG�EH�DQDO\WLFDOO\�WHVWHG���

+RZHYHU�LW� LV�XQGHQLDEOH�WKDW�(%0�LV�EDVHG�RQ�
VFLHQWL¿F� PHWKRG�� DQG� WKDW� � LW� SURPRWH� � QHZ� DQG�
EHWWHU�PHWKRGV�IRU�SUHYHQWLQJ��GHWHFWLQJ�DQG�WUHDWLQJ�
GLVHDVHV� PRUH� WKDQ� ZDV� WKRXJKW� SRVVLEOH� RYHU� WKH�
ODVW�FHQWXU\��

5()(5(1&(6

��� 6WUDXV�6(���0F$OLVWHU�)$���(YLGHQFH�EDVHG�PHGLFLQH��
D� FRPPHQWDU\�RQ� FRPPRQ�FULWLFLVPV�&0$-�������
�������

��� 6DFNHWW�'/��5RVHQEHUJ�:0��*UD\�-$��+D\QHV�5%��
5LFKDUGVRQ�:6��(YLGHQFH�EDVHG�PHGLFLQH��ZKDW�LW�LV�
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��-RXUQDO�RI�2UWKRSHGLFV

��� &RKHQ�$0��6WDYUL�3=��+HUVK�:5��$�FDWHJRUL]DWLRQ�
DQG� DQDO\VLV� RI� WKH� FULWLFLVPV� RI� (YLGHQFH�%DVHG�
0HGLFLQH��,QWO�-�0HG�,QIRUP����������������

��� +DUDUL� (�� :KRVH� HYLGHQFH"� /HVVRQV� IURP� WKH�
SKLORVRSK\� RI� VFLHQFH� DQG� WKH� HSLVWHPRORJ\� RI�
PHGLFLQH��$XVW�1�=�-�3V\FKLDWU\������������������
���

��� .XKQ� 76�� 7KH� 6WUXFWXUH� RI� 6FLHQWL¿F� 5HYROXWLRQV��
VHFRQG� HG��� 8QLYHUVLW\� RI� &KLFDJR� 3UHVV�� &KLFDJR��
�����

���� .LUZDQ� -5�� &KDSXW� GH� 6DLQWRQJH� '0�� -R\FH� &5��
&OLQLFDO� MXGJPHQW� DQDO\VLV�� 4� -� 0HG� ������ ���
�������������

DQG�ZKDW�LW�LVQ¶W��%0-�����������������������
��� +RUZLW]� 5,�� 7KH� GDUN� VLGH� � RI� (YLGHQFH�%DVHG�

0HGLFLQH��&OHYH�&OLQ�-�0HG����������������
��� &RKQ� -1�� (YLGHQFH� EDVHG�PHGLFLQH�� :KDW� LV� WKH�

HYLGHQFH"�-�&DUGLDF�)DLOXUH�������������������
��� 'DKO� 2(�� %HUJTYLVW� '�� &XUUHQW� FRQWURYHUVLHV� LQ�

GHHS�YHLQ� WKURPERVLV�SURSK\OD[LV� DIWHU�RUWKRSDHGLF�
VXUJHU\��&XUU�2SLQ�3XOP�0HG������������������

��� 6SLQGOHU� .3�� .XKQ� -(�� 'XQQ� :�� 0DWWKHZV� &(��
+DUUHO� )(�� 'LWWXV� 56�� 5HDGLQJ� DQG� 5HYLHZLQJ� WKH�
2UWKRSDHGLF� /LWHUDWXUH�� $� 6\VWHPDWLF�� (YLGHQFH�
%DVHG�0HGLFLQH�$SSURDFK��-�$P�$FDG�2UWKRS�6XUJ�
���������������


