
1RYHO�&ULWHULD�IRU�(VWLPDWLRQ�RI�'LDJQRVWLF�7HVW�3HUIRUPDQFH�DQG��LWV�3UDFWLFDO�8VLQJ��
/HRQLG�6��)DLQ]LOEHUJ�,QWHUQDWLRQDO�5HVHDUFK�DQG�7UDLQLQJ�&HQWHU�RI�,QIRUPDWLRQ�7HFKQRORJLHV�DQG�6\VWHPV�3URVSHFW�$FDGHPLFD�*OXVKNRYD������.LHY������8NUDLQH��������IDLQ]LOEHUJ#YROLDFDEOH�FRP��

$EVWUDFW��
� 7KH�SDSHU�LQWURGXFHV�D�QHZ�DSSURDFK�WR�HVWLPDW�LQJ�D�GLDJQRVWLF� WHVW
V�XWLOLW\� IURP� WKH�SRLQW�RI� YLHZ�RI�ULVN�UHGXFWLRQ��(TXDWLRQV�DUH�JLYHQ�IRU�WKH�XWLOLW\�RI� D� WHVW�� RU� VHSDUDWH� GLDJQRVWLF� IHDWXUH�� VXSSRUWHG�E\�SURRIV��7KH�JUHDWHVW�ORZHU�ERXQG�RQ�D�WHVW
V�VHQ�VLWLYLW\� DQG� D� WHVW
V� VSHFLILFLW\� DUH� REWDLQHG�� ,P�SURYHPHQW�WR�WKH�WUDGLWLRQDO�52&�DQDO\VLV�LV�VKRZQ��EDVHG�RQ�WKH�IRUPDO�UHVWULFWLRQ�RI�D�52&�SORW���
����,QWURGXFWLRQ�

'LDJQRVWLF� WHVW� SHUIRUPDQFH� LV� RQH� RI� WKH� EDVLF�FKDUDFWHULVWLF� RI� PRGHUQ� GHFLVLRQ� VXSSRUW� V\VWHPV�IRU�GLDJQRVWLFV�LQ�WHFKQLFDO�DQG�PHGLFDO�DSSOLFDWLRQV��$GRSWLQJ� WR� VWDWLVWLFDO� DSSURDFK� DQ\� GLDJQRVWLF� WHVW�WUDGLWLRQDOO\�LV�FRQVLGHUHG�DV�XVHIXO� LI� LW� LV�EDVHG�RQ�IHDWXUHV�KDYLQJ�GLIIHUHQW�FRQGLWLRQDO�GLVWULEXWLRQV�IRU�FODVVHV�� IRU� H[DPSOH� GLIIHUHQW� GLVWULEXWLRQV� IRU�KHDOWK\�SHUVRQV�DQG�SDWLHQWV�ZLWK� VRPH�GLVHDVH� >�@��$V�D�PDWWHU�RI�IDFW�WLOO�QRZ�VXFK�DSSURDFK�LV�ZLGHO\�XVHG� WR�HYDOXDWH� WHVWV�GLDJQRVWLF�SHUIRUPDQFH�EDVHG�RQ� DUHD� EHORZ� VR�FDOOHG� UHFHLYHU� RSHUDWLQJ�FKDUDFWHULVWLF��52&��SORW�>���@���+RZHYHU�IURP�WKH�SDSHU�>�@�LW�LV�NQRZQ�WKDW�WKH�IDFW� RI� GLVWLQFWLRQ� RI� IHDWXUH¶V� FRQGLWLRQDO� GLVWULEX�WLRQV� LV� RQO\� QHFHVVDU\� EXW� QRW� VXIILFLHQW� FRQGLWLRQ�IURP� WKH� SRLQW� RI� YLHZ� RI� GHFUHDVH� RI� WKH� DYHUDJH�HUURU�SUREDELOLW\��7KH�VXIILFLHQW�FRQGLWLRQV�HQVXULQJ�RI� UHGXFWLRQ� RI� WKH� DYHUDJH� HUURU� SUREDELOLW\� ZDV�REWDLQHG�LQ�WKH�SDSHU�>�@���%XW�LW�LV�ZHOO�NQRZQ�WKDW�WKH�DYHUDJH�SUREDELOLW\�RI� WKH�HUURU�GRHV�QRW� WDNH� LQWR�DFFRXQW� WKH�UDWHV�EH�WZHHQ�ORVVHV�RI�IDOVH�SRVLWLYH�DQG�IDOVH�QHJDWLYH�PLV�WDNHV��$W�WKH�VDPH�WLPH�IRU�VRPH�DSSOLFDWLRQ�LQFOXG�LQJ�PHGLFDO�GLDJQRVWLFV�VXFK�ORVV�DUH�QRW�HTXLYDOHQW��7KH� SUREOHP� RI� GHDOLQJ� ZLWK� KLJKO\� LPEDODQFHG�FODVVHV�LV�DQ�LPSRUWDQW�LVVXH�DOVR��

�6R�WKH�SUREOHP�WR�EXLOG�FULWHULD�HQVXULQJ�WKH�SHU�IRUPDQFH�RI�D�GLDJQRVWLF�WHVW�IURP�WKH�SRLQW�RI�YLHZ�RI� ULVN� UHGXFWLRQ� LV� YHU\� LPSRUWDQW� IRU� SUDFWLFDO� XV�LQJ��7KH� SXUSRVH� RI� WKLV� SDSHU� LV� WR� HVWDEOLVK� D� FRQ�QHFWLRQ� EHWZHHQ� D� WHVW� XWLOLW\� DQG� DQ� DYHUDJH� ULVN�UHGXFWLRQ�XQGHU�SRVVLEOH�YDOXHV�RI�VHQVLWLYLW\��VSHFL�ILFLW\�� FODVV�SUHYDOHQFH� DQG� HUURUV� ORVHV��7KLV�SDSHU�TXDQWLILHV� WKH� WUXH� SRVLWLYH� DQG� WUXH� QHJDWLYH� UDWHV�WKDW�PXVW�EH�DFKLHYHG�WR�SURGXFH�D�UHGXFWLRQ�LQ�H[�SHFWHG� FRVW� RYHU� FODVVLI\LQJ� HYHU\WKLQJ� DV� D� VLQJOH�FODVV�� ,W� HVWDEOLVKHV� ERXQGV� RQ� WKH� WKHVH� UDWHV� LQ�WHUPV�RI�PLVFODVVLILFDWLRQ�FRVWV�DQG�SULRUV���:H� SUHVHQW� QRYHO� PDWKHPDWLFDO� FRQGLWLRQV� UHQ�GHU� D� ELQDU\� FODVVLILHU� �WHVW�� KDYLQJ� H[SHFWHG� ORVVHV�OHVV�WKDQ�WKDW�RI�D�GHIDXOW�FODVVLILHU�WKDW�PHUHO\�XVHV�D SULRU� FODVV� GLVWULEXWLRQV� DQG� WKHQ� WLHV� WKLV� FRQGL�WLRQV�WR�52&�DQDO\VLV��VKRZLQJ�KRZ�WR�UHVWULFW�SRU�WLRQV� RI� WKH� WUDGLWLRQDOO\� 52&� FXUYH� WR� UHJLRQV�ZKHUH�WKH�WHVW�LV�XVHIXO������%DVLF�'HILQLWLRQ�
/HW
V� FRQVLGHU� D� WUDGLWLRQDOO\� �ELQDU\�� GLVFULPL�QDWLQJ� WDVN��GLVWLQJXLVKLQJ�EHWZHHQ� WZR�FODVVHV�� IRU�H[DPSOH��GLVWLQJXLVKLQJ�EHWZHHQ�SHUVRQV�LQ�GLIIHUHQW�GLVHDVH�VWDWHV��QRPLQDOO\��WKRVH�ZLWK��GLVHDVH���FODVV�

�9 � DQG� WKRVH��ZLWKRXW�GLVHDVH���FODVV� �9 ���7KH�UH�
VXOWV� RI� WHVWLQJ� EDVHG� RQ� VRPH� GLDJQRVWLF� WHVW� DUH�
GLFKRWRPL]HG� LQWR� WZR� GHFLVLRQ�� � G �WKH� ³SRVL�
WLYH´�GHFLVLRQ��ZKHQ�SHUVRQ�LV�DVVLJQ�WR�WKH�FODVV� �9 �
DQG� � G � WKH�³QHJDWLYH´�GHFLVLRQ�ZKHQ�SHUVRQ�LV�
DVVLJQ�WR�WKH�FODVV� �9 ����

/HW� ZH� QHHG� WR� HYDOXDWH� WKH� SHUIRUPDQFH� RI� WKH�QRYHO�GLDJQRVWLF�WHVW�GLUHFWHG�RQ�GHFLVLRQ�RI�WKLV�WDVN�XVLQJ� LW
V� UHVXOWV� REWDLQHG� RQ� SHUVRQV� ZLWK� NQRZQ�VWDWH�� 2EVHUYHG� GDWD� DUH� DUUD\HG� LQ� ��u PDWUL[� LQ�FOXGLQJ�QXPEHUV�RI�7UXH�3RVLWLYH��73���7UXH�1HJDWLYH�



�71��� )DOVH� 3RVLWLYH� �)3� DQG� )DOVH� 1HJDWLYH� �)1�FDVHV��7DEOH�����
�7DEOH����5HVXOWV�RI�WHVWLQJ��
�

3UHGLFWHG�&ODVV�$FWXDO�FODVV� �9 � � G � �9 � � G �
�9 73� )1�
�9 )3� 71�

)URP� WKLV� WDEOH�D�YDULHW\�RI�NQRZQ�GLDJQRVWLF� LQ�GH[HV�DUH�GHULYHG�LQFOXGLQJ�WKH�7UXH�3RVLWLYH�)UDFWLRQ��73)� ZKLFK�LV�FRPPRQO\�UHIHUUHG�DV�WKH�WHVW¶V�VHQVL�WLYLW\��
)173

73&( � 

DQG�WKH�)DOVH�3RVLWLYH�)UDFWLRQ��)3)� ZKLFK� LV�HTXDO�WR���PLQXV� WKH� WUXH�QHJDWLYH� IUDFWLRQ��RU���PLQXV� WKH�VR�FDOOHG�WHVW¶V�VSHFLILFLW\��

)371
71&3 � �

7KHUH�LV�D�QDWXUDO�TXHVWLRQ��ZKDW�VHQVLWLYLW\� (&
DQG�ZKDW� VSHFLILFLW\� 3& LV� DFFHSWDEOH� IRU� SUDFWLFDO�
XVLQJ�RI�WKLV�WHVW�"�7R� VWXG\� WKLV� SUREOHP� OHW¶V� VXSSRVH� WKDW�ZH� DV�VXPH�WR�XVH�WKH�WHVW�IRU�VFUHHQLQJ�SDWLHQWV�IURP�UHS�UHVHQWDWLYH� JURXS� LQ� WKH� VHQVH� WKDW� JURXS� PHPEHUV�
UHIOHFWHG� WR� D SULRU\� FODVV� SUREDELOLWLHV� �� �93 DQG�

����� �� 9393 � � ZKHUH� �� �93 � NQRZQ�SUHYDOHQFH�
RI� WKH� GLVHDVH�� ,Q� WKLV� FDVH� WKH� H[SHFWHG� ULVN� �WKH�DYHUDJH�ORVV��LV�GHILQHG�E\�WKH�IRUPXOD��
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ZKHUH ��� M93 N  G GHQRWHV� WKH�SUREDELOLW\� RI� WKH� UDQ�
GRP�HYHQW�ZKHQ�WHVWHG�SHUVRQ�UHDOO\�EHORQJ�WR�JURXS�

N9 � ��� N � EXW� WHVW¶V� UHVXOW� LV� M G � ��� M � DQG�
NM/ EH�FRUUHVSRQGLQJ�ORVV���
'HILQLWLRQ��� 7KH�GLDJQRVWLF�WHVW�ZLOO�EH�QDPHG�DV�XVHIXO�LI�WKH�DYHUDJH�ULVN� 5 DFFHSWHG�RQ�LWV�GHFLVLRQV�
��� G LV� VWURQJO\� OHVV� WKHQ�D SULRU\� ULVN� �5 � EDVHG�

RQ�D SULRU�GLVULEXWLRQ�RI�FODVVHV��L�H��
�55 � � ����

2XU�JRDO�LV�WR�GHILQH�IRUPDO�FRQGLWLRQV�JXDUDQWHH�LQJ�SHUIRUPDQFH�RI�D�VWULFW�LQHTXDOLW\�����������)RUPDO�FRQGLWLRQV�IRU�HVWLPDWLRQ�RI��GLDJQRVWLF�WHVW�XWLOLW\�

:H� KDYH� SURYHG� WKH� IROORZLQJ� WKHRUHPV� EHLQJ�EDVHG�RQ�WKHRULHV�RI�VWDWLVWLFDO�GHFLVLRQV��7KHRUHP���� $Q\�WHVW�LV�XVHIXO�LQ�WKH�VHQVH�RI������LI��DQG�RQO\�LI��
D�� ����� t�! TT ZKHQ&& 3( ����
E�� ������ ����! TTT ZKHQ&& 3( ����

ZKHUH�T LV�GHILQHG�E\�WKH�IRUPXOD�
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LQ�ZKLFK��WKH�GLPHQVLRQOHVV�YDOXH���
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GHWHUPLQJ�WKH�ORVV�UDWLR�ZKHUH �����// GHILQH�ORVVHV�RI�
FRUUHFW�GHFLVLRQV�DQG� ���� � // GHILQH�ORVVHV�FRQQHFWHG�
WR� IDOVH� QHJDWLYH� DQG� IDOVH� SRVLWLYH� PLVWDNHV�� 1DWX�
UDOO\ ���� // ! � ���� // ! DQG�VR� �!Z � ,W� LV�VXSSRVHG�
DOVR�WKDW� ��� � z93 �

$V� QXPHULFDO� H[DPSOHV� IUHTXHQWO\� DUH�PRUH� FRQ�YLQFLQJ� WKDQ� IRUPDO� UHDVRQLQJV�ZH�VKDOO� FRQVLGHU� WKH�H[SHFWHG�UHVXOWV�RI�WHVWLQJ�VKRZQ�RQ�ILJXUH����
��

7RWDO�SHUVRQV��������

5HDOO\�KHDOWK\��������

$UH�UHFRJQL]HG�
�DV��³+HDOWK\´��

�����

5HDOO\�SDWLHQW������

$UH�UHFRJQL]HG�
�DV��³+HDOWK\´��

���

$UH�UHFRJQL]HG�
�DV��³3DWLHQW´��

����

$UH�UHFRJQL]HG�
�DV��³3DWLHQW´��

����

)LJXUH����([SHFWHG�UHVXOWV�RI��WHVWLQJ��
� /HW
V�DVVXPH�WKDW�ZH�XVH�VRPH�WHVW�KDYLQJ�WKH�VHQ�
VLWLYLW\� ��� (6 DQG� WKH� VSHFLILFLW\� ��� 3& IRU�
UHYHDOLQJ� SDWLHQWV� IURP� WKH� ODUJH� JURXS� ������� SHU�
VRQV��DQG�NQRZQ�SUHYDOHQFH�RI�GLVHDVH� ���� �  93 �
:H� VKDOO� EHOLHYH� DOVR� WKDW� QRWKLQJ� FRVWV� RI� FRUUHFW�
GHFLVLRQV�� L�H�� �����   // DQG� ORVVHV� FRQQHFWHG� WR�
PLVWDNHV�DUH� ���  / DQG� ���  / �

$V�SUHYDOHQFH�LV����ZH�PD\�DVVXPH�WKDW�RQO\�����SHUVRQV�IURP�������WHVWLQJ�SHUVRQV�DUH�UHDOO\�VLFN��6R�EHIRUH�WHVWLQJ�H[SHFWHG�ORVVHV�LV�
�������������������������� ���  � � /5 �

%XW� DIWHU� WHVWLQJ� LW�PD\� KDSSHQHG� WKDW� ���� UHDOO\�KHDOWK\�SHUVRQV�ZLOO�EH�IDOVHO\�UHFRJQL]HG�DV�³3DWLHQW´�DQG����UHDOO\��VLFN�SHUVRQV�ZLOO�QRW�UHFRJQL]HG�DV�³3D�WLHQW´��6R�DIWHU�WHVWLQJ�H[SHFWHG�ORVVHV�LV�ELJJHU��WKDQ�EHIRUH�WHVWLQJ���
��������������������  ��� 5 �



+HQFH� WKH� WHVW� LV�XVHOHVV�� ,W� LV� HDVLO\� YHULILHG� WKDW�WKH�IRUPDO�FRQGLWLRQ�RI�7KHRUHP���LV�QRW�YDOLG��7KH� IROORZLQJ� WKHRUHPV� DUH� GLUHFW� FRQVHTXHQFHV�RI�WKH�7KHRUHP����
7KHRUHP��� /HW� �tT � 7KHQ�IRU�DQ\�SRVVLEOH�VHQ�

VLWLYLW\� �� dd (& WKH�WHVW� LV�REYLRXVO\�XVHOHVV�LI� WKH�
VSHFLILFLW\�RI�WKH�WHVW�VDWLVILHV�WR�WKH�FRQGLWLRQ���
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7KHRUHP� �� /HW� ��T � 7KHQ� IRU� DQ\� SRVVLEOH�
VSHFLILFLW\� �� dd 3& WKH� WHVW� LV� REYLRXVO\� XVHOHVV� LI�
WKH�VHQVLWLYLW\�RI�WKH�WHVW�VDWLVILHV�WR�WKH�FRQGLWLRQ���
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7KH�YHU\�LPSRUWDQW�UHVXOW�IROORZV�IURP�7KHRUHPV�� DQG����WKHUH�DUH�WKH�ORZ�ERXQGDU\�RI�WHVW
V�VSHFLILF�LW\� DQG� DOVR� WKH� ORZ�ERXQGDU\� D� WHVW
V� VHQVLWLYLW\� DUH�GHILQHG�DV�ULJKW�KDQG�VLGHV�RI�����DQG�������$V�VHHQ�IURP�ILJXUH����WKH�VSHFLILFLW\�RI�WKH�XVHIXO�WHVW�PXVW� EH�PRUH� WKDQ������ZKHQ� ������ � �93 DQG�� Z DQG�PRUH�WKDQ������ZKHQ� � Z �
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)LJXUH����/RZ�ERXQGDU\�RI�XVHIXO�WHVW�VSHFLILFLW\���
����&RPSDULVRQ�WR�WKH�WUDGLWLRQDO�52&�DQDO\VLV�

�,W�LV�NQRZQ�WKDW�WUDGLWLRQDO�52&�DQDO\VLV�SURYLGHV�D FRQFLVH� GHVFULSWLRQ� RI� WUDGH�RII� DYDLODEOH� EHWZHHQ�
VHQVLWLYLW\� (& DQG� VSHFLILFLW\� 3& � WKH� WZR� UHODWHG�
EXW� GLVWLQFW� DVSHFWV� RI� GLDJQRVWLF� SHUIRUPDQFH�� $Q�HPSLULFDO� 52&� SORW� FRQVLVWV� RI� WKH� VHTXHQFH� RI� GLV�
FUHWH�SRLQWV� LQ� FR�RUGLQDWHV� (& DQG� 3&�� REWDLQHG�
E\�YDU\LQJ�WKH�GLDJQRVWLF�FXW�RII�YDOXH��WKUHVKROG���,I�GLVWULEXWLRQV�RI�FODVVHV�DUH�GLIIHUHQW�WKHQ��

3( && �!� � ����

DQG� VR� WKH� 52&� SORW� LV� SODFHG� RYHU� GLDJRQDO� RI� WKH�52&�VSDFH��2I�FRXUVH�WKLV�LV�WUXH�EXW�IRU�SUDFWLFH�LW�LV�DOVR�LP�SRUWDQW� WR�NQRZ��ZKHWKHU� WKH�JLYHQ� WHVW�ZLOO�DOORZ� WR�UHGXFH�WKH�D SULRU\�ULVN�RU�QRW"��)URP� 7KHRUHP� �� IROORZV� WKDW� LQ� JHQHUDO� WKH�LQHTXDOLW\�����LVQ¶W�VXIILFLHQW�WR�JXDUDQWHH�WKDW�WKH�WHVW�LV� UHDOO\� XVHIXO��7KDW� LV�ZK\�ZH�SURSRVH� WR� UHLQIRUFH�WKH�WUDGLWLRQDO�52&�DQDO\VLV�E\�OLPLWLQJ�D�SHUPLVVLEOH�SRUWLRQ�RI�WKH�52&�FXUYH��)LJXUH� �� LOOXVWUDWH� VXJJHVWHG� QRWLRQ� WR� WKH� FDVH��tT � $FFRUGLQJ� WR� FRQGLWLRQ� ���� LQ� WKLV� FDVH� WKH�
ERXQGDU\�OLQH�EHJLQV�IURP�WKH�SRLQW�ZLWK�FRRUGLQDWHV�
������WR�WKH�SRLQW�ZLWK�FRRUGLQDWHV�� ���� T ����

/LQH�2$� �FRUUHVSRQG� WR� WKH�FDVH�ZKHQ� WKH�SUHYD�
OHQFH�RI�GLVHDVH�LV�HTXDO������DQG� � Z � :H�VHH�WKDW�
LQ�WKLV�FDVH�WKH�WHVW�LV�XVHOHVV�EHFDXVH�WKH�52&�FXUYH�LV�SODFHG�EHOORZ� OLQH�2$� %XW� LI�ZH� VXSSRVH� WKDW� WKH�FRVW� RI� IDOVH� QHJDWLYH� HUURU� LV� IRXU� WLPHV� RYHU� WKDQ�IDOVH� SRVLWLYH� RQH� DQG� QRWKLQJ� FRVWV� RI� FRUUHFW� GHFL�
VLRQV��L�H�� � Z WKHQ�FRUUHVSRQGLQJ�OLQH��2%� FURVVHV�
WKH� 52&� FXUYH�� 6R� ZH� PD\� XVH� WKH� WHVW� KDYLQJ� WKH�
VHQVLWLYLW\� ����� (& DQG�WKH�VSHFLILFLW\� 3&  ����
EHFDXVH�FRUUHVSRQGLQJ�SRLQW�& EHORQJV�WR�WKH�SHUPLV�VLEOH�SDUW�RI�WKH�52&�FXUYH����

&(

��&3

$ %

&

)LJXUH����7KH�OLPLWHG�52&�SORW���IRU�WKH�FDVH�� �tT

8VLQJ� WKH� FRQGLWLRQ� ���� ZH� PD\� OLPLW� WKH� 52&�
SORW�IRU�WKH�FDVH�� ��T DOVR��%XW�LQ�WKLV�FDVH�WKH�OLPLW�
LQJ� OLQH� EHJLQV� IURP� WKH� SRLQW� KDYLQJ� FRRUGLQDWHV�
������WR�D�SRLQW�KDYLQJ�FRRUGLQDWHV� ����� T� DQG�VR�LW�
OLPLWV�WKH�52&�FXUYH�IURP�WKH�RWKHU�VLGH��VHH�)LJXUH������)LQDOO\��ZH� FDQ� XVH� FRQGLWLRQV� ���� DQG� ���� WR� GH�FLGH� WKH� LQYHUVH� WDVN�� ZKDW� DOORZDEOH� UDQJH� RI� ORVV�UDWLR� FDQ� EH� FKRVHQ� IRU� XVHIXO� WHVW� ZKHQ� WKH� SUHYD�
OHQFH� �� �93 � WKH� VHQVLWLYLW\� (& DQG� WKH� VSHFLILFLW\�

3& DUH� NQRZQ�� 7KLV� UDQJH� PD\� EH� REWDLQHG� E\� WKH�
IRUPXOD��
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)LJXUH����7KH�OLPLWHG�52&�SORW��IRU�WKH�FDVH�� ��T

������3UDFWLFDO�DSSOLFDWLRQ��
2EWDLQHG�UHVXOWV�KDYH�KHOSHG�XV�WR�SURYH�D�GLDJ�QRVWLF�SHUIRUPDQFH�RI�QRYHO�GLDJQRVWLF� WHVW� IRU�SUH�GLFW�RUJDQLF�KHDUW
V�GLVHDVHV��ILUVW�RI�DOO��LQLWLDO�VWDJH�RI� LVFKHPLD� �&$'��� 7KH� WHVW� LV� EDVHG� RQ� PHDVXUH�PHQW� RI� VRPH�RULJLQDO� SDUDPHWHU� E GHVFULELQJ� WKH�

IRUP� RI� SHUVRQ¶V� HOHFWURFDUGLRJUDP� LQ� WKH� SKDVH�VSDFH�>�@��7R�VWXG\� WKH�GLDJQRVWLF�SHUIRUPDQFH�RI� WKLV� WHVW�ZH�XVHG�WKH�FOLQLFDO�PDWHULDO�IURP�IRXU�*HUPDQ�FOLQ�LFV��(VVHQ�8QLYHUVLW\�+RVSLWDO�� �.DWKROLFDO�+RVSLWDO��3KLOOSXVVWLIW���(VVHQ���+HDUW�DQG�'LDEHWHV�&HQWHU�RI�1RUWK�5KHLQ�:HDVIDOLD��%DG�2H\QKDXVHQ��DQG�*HU�PDQ� +HDUW� &HQWHU� �%HUOLQ��� 7KH� FOLQLFDO� PDWHULDO�LQFOXGHG�����(&*�UHFRUGV�RI�YHULILHG�&$'�SDWLHQWV�DQG�����(&*�UHFRUGV�RI�KHDOWK\�YROXQWHHUV�LQFOXGHG�LQ�WKH�FRQWURO�JURXS���,W�LV�LQWHUHVWLQJ�WKDW�DOO�UHFRUGV�LQFOXGLQJ�UHFRUGV�RI�UHDOO\�&$'�SDWLHQWV�KDG�QRW�DQ\�DEQRUPDOLWLHV�RI�WUDGLWLRQDO�IRU�FDUGLRORJ\�(&*¶V�SDUDPHWHUV���$W� WKH� VDPH� WLPH�� DYHUDJH� YDOXHV� RI� SDUDPHWHU�E ZHUH� GLIIHUHQW� IRU� KHDOWK\� SHUVRQV� DQG� &$'�
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