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+HXULVWLF�HYDOXDWLRQ��1LHOVHQ�DQG�0ROLFK��������1LHOVHQ�������LV�D�XVDELOLW\�HQJLQHHULQJ�
PHWKRG�IRU�ILQGLQJ�WKH�XVDELOLW\�SUREOHPV�LQ�D�XVHU�LQWHUIDFH�GHVLJQ�VR�WKDW�WKH\�FDQ�EH�
DWWHQGHG�WR�DV�SDUW�RI�DQ�LWHUDWLYH�GHVLJQ�SURFHVV��+HXULVWLF�HYDOXDWLRQ�LQYROYHV�KDYLQJ�D�
VPDOO�VHW�RI�HYDOXDWRUV�H[DPLQH�WKH�LQWHUIDFH�DQG�MXGJH�LWV�FRPSOLDQFH�ZLWK�UHFRJQL]HG�
XVDELOLW\�SULQFLSOHV��WKH��KHXULVWLFV�����
,Q�JHQHUDO��KHXULVWLF�HYDOXDWLRQ�LV�GLIILFXOW�IRU�D�VLQJOH�LQGLYLGXDO�WR�GR�EHFDXVH�RQH�
SHUVRQ�ZLOO�QHYHU�EH�DEOH�WR�ILQG�DOO�WKH�XVDELOLW\�SUREOHPV�LQ�DQ�LQWHUIDFH��/XFNLO\��
H[SHULHQFH�IURP�PDQ\�GLIIHUHQW�SURMHFWV�KDV�VKRZQ�WKDW�GLIIHUHQW�SHRSOH�ILQG�GLIIHUHQW�
XVDELOLW\�SUREOHPV��7KHUHIRUH��LW�LV�SRVVLEOH�WR�LPSURYH�WKH�HIIHFWLYHQHVV�RI�WKH�PHWKRG�
VLJQLILFDQWO\�E\�LQYROYLQJ�PXOWLSOH�HYDOXDWRUV��)LJXUH���VKRZV�DQ�H[DPSOH�IURP�D�FDVH�
VWXG\�RI�KHXULVWLF�HYDOXDWLRQ�ZKHUH����HYDOXDWRUV�ZHUH�XVHG�WR�ILQG����XVDELOLW\�
SUREOHPV�LQ�D�YRLFH�UHVSRQVH�V\VWHP�DOORZLQJ�FXVWRPHUV�DFFHVV�WR�WKHLU�EDQN�DFFRXQWV�
�1LHOVHQ��������(DFK�RI�WKH�EODFN�VTXDUHV�LQ�)LJXUH���LQGLFDWHV�WKH�ILQGLQJ�RI�RQH�RI�WKH�
XVDELOLW\�SUREOHPV�E\�RQH�RI�WKH�HYDOXDWRUV��7KH�ILJXUH�FOHDUO\�VKRZV�WKDW�WKHUH�LV�D�
VXEVWDQWLDO�DPRXQW�RI�QRQRYHUODS�EHWZHHQ�WKH�VHWV�RI�XVDELOLW\�SUREOHPV�IRXQG�E\�
GLIIHUHQW�HYDOXDWRUV��,W�LV�FHUWDLQO\�WUXH�WKDW�VRPH�XVDELOLW\�SUREOHPV�DUH�VR�HDV\�WR�ILQG�
WKDW�WKH\�DUH�IRXQG�E\�DOPRVW�HYHU\ERG\��EXW�WKHUH�DUH�DOVR�VRPH�SUREOHPV�WKDW�DUH�
IRXQG�E\�YHU\�IHZ�HYDOXDWRUV��)XUWKHUPRUH��RQH�FDQQRW�MXVW�LGHQWLI\�WKH�EHVW�HYDOXDWRU�
DQG�UHO\�VROHO\�RQ�WKDW�SHUVRQ
V�ILQGLQJV��)LUVW��LW�LV�QRW�QHFHVVDULO\�WUXH�WKDW�WKH�VDPH�
SHUVRQ�ZLOO�EH�WKH�EHVW�HYDOXDWRU�HYHU\�WLPH��6HFRQG��VRPH�RI�WKH�KDUGHVW�WR�ILQG�
XVDELOLW\�SUREOHPV��UHSUHVHQWHG�E\�WKH�OHIWPRVW�FROXPQV�LQ�)LJXUH����DUH�IRXQG�E\�
HYDOXDWRUV�ZKR�GR�QRW�RWKHUZLVH�ILQG�PDQ\�XVDELOLW\�SUREOHPV��7KHUHIRUH��LW�LV�QHFHVVDU\�
WR�LQYROYH�PXOWLSOH�HYDOXDWRUV�LQ�DQ\�KHXULVWLF�HYDOXDWLRQ��VHH�EHORZ�IRU�D�GLVFXVVLRQ�RI�
WKH�EHVW�QXPEHU�RI�HYDOXDWRUV���0\�UHFRPPHQGDWLRQ�LV�QRUPDOO\�WR�XVH�WKUHH�WR�ILYH�
HYDOXDWRUV�VLQFH�RQH�GRHV�QRW�JDLQ�WKDW�PXFK�DGGLWLRQDO�LQIRUPDWLRQ�E\�XVLQJ�ODUJHU�
QXPEHUV���
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+HXULVWLF�HYDOXDWLRQ�LV�SHUIRUPHG�E\�KDYLQJ�HDFK�LQGLYLGXDO�HYDOXDWRU�LQVSHFW�WKH�
LQWHUIDFH�DORQH��2QO\�DIWHU�DOO�HYDOXDWLRQV�KDYH�EHHQ�FRPSOHWHG�DUH�WKH�HYDOXDWRUV�
DOORZHG�WR�FRPPXQLFDWH�DQG�KDYH�WKHLU�ILQGLQJV�DJJUHJDWHG��7KLV�SURFHGXUH�LV�LPSRUWDQW�
LQ�RUGHU�WR�HQVXUH�LQGHSHQGHQW�DQG�XQELDVHG�HYDOXDWLRQV�IURP�HDFK�HYDOXDWRU��7KH�
UHVXOWV�RI�WKH�HYDOXDWLRQ�FDQ�EH�UHFRUGHG�HLWKHU�DV�ZULWWHQ�UHSRUWV�IURP�HDFK�HYDOXDWRU�
RU�E\�KDYLQJ�WKH�HYDOXDWRUV�YHUEDOL]H�WKHLU�FRPPHQWV�WR�DQ�REVHUYHU�DV�WKH\�JR�WKURXJK�
WKH�LQWHUIDFH��:ULWWHQ�UHSRUWV�KDYH�WKH�DGYDQWDJH�RI�SUHVHQWLQJ�D�IRUPDO�UHFRUG�RI�WKH�
HYDOXDWLRQ��EXW�UHTXLUH�DQ�DGGLWLRQDO�HIIRUW�E\�WKH�HYDOXDWRUV�DQG�WKH�QHHG�WR�EH�UHDG�
DQG�DJJUHJDWHG�E\�DQ�HYDOXDWLRQ�PDQDJHU��8VLQJ�DQ�REVHUYHU�DGGV�WR�WKH�RYHUKHDG�RI�
HDFK�HYDOXDWLRQ�VHVVLRQ��EXW�UHGXFHV�WKH�ZRUNORDG�RQ�WKH�HYDOXDWRUV��$OVR��WKH�UHVXOWV�RI�
WKH�HYDOXDWLRQ�DUH�DYDLODEOH�IDLUO\�VRRQ�DIWHU�WKH�ODVW�HYDOXDWLRQ�VHVVLRQ�VLQFH�WKH�
REVHUYHU�RQO\�QHHGV�WR�XQGHUVWDQG�DQG�RUJDQL]H�RQH�VHW�RI�SHUVRQDO�QRWHV��QRW�D�VHW�RI�
UHSRUWV�ZULWWHQ�E\�RWKHUV��)XUWKHUPRUH��WKH�REVHUYHU�FDQ�DVVLVW�WKH�HYDOXDWRUV�LQ�
RSHUDWLQJ�WKH�LQWHUIDFH�LQ�FDVH�RI�SUREOHPV��VXFK�DV�DQ�XQVWDEOH�SURWRW\SH��DQG�KHOS�LI�
WKH�HYDOXDWRUV�KDYH�OLPLWHG�GRPDLQ�H[SHUWLVH�DQG�QHHG�WR�KDYH�FHUWDLQ�DVSHFWV�RI�WKH�
LQWHUIDFH�H[SODLQHG���
,Q�D�XVHU�WHVW�VLWXDWLRQ��WKH�REVHUYHU��QRUPDOO\�FDOOHG�WKH��H[SHULPHQWHU���KDV�WKH�
UHVSRQVLELOLW\�RI�LQWHUSUHWLQJ�WKH�XVHU
V�DFWLRQV�LQ�RUGHU�WR�LQIHU�KRZ�WKHVH�DFWLRQV�DUH�
UHODWHG�WR�WKH�XVDELOLW\�LVVXHV�LQ�WKH�GHVLJQ�RI�WKH�LQWHUIDFH��7KLV�PDNHV�LW�SRVVLEOH�WR�
FRQGXFW�XVHU�WHVWLQJ�HYHQ�LI�WKH�XVHUV�GR�QRW�NQRZ�DQ\WKLQJ�DERXW�XVHU�LQWHUIDFH�GHVLJQ��
,Q�FRQWUDVW��WKH�UHVSRQVLELOLW\�IRU�DQDO\]LQJ�WKH�XVHU�LQWHUIDFH�LV�SODFHG�ZLWK�WKH�
HYDOXDWRU�LQ�D�KHXULVWLF�HYDOXDWLRQ�VHVVLRQ��VR�D�SRVVLEOH�REVHUYHU�RQO\�QHHGV�WR�UHFRUG�
WKH�HYDOXDWRU
V�FRPPHQWV�DERXW�WKH�LQWHUIDFH��EXW�GRHV�QRW�QHHG�WR�LQWHUSUHW�WKH�
HYDOXDWRU
V�DFWLRQV���
7ZR�IXUWKHU�GLIIHUHQFHV�EHWZHHQ�KHXULVWLF�HYDOXDWLRQ�VHVVLRQV�DQG�WUDGLWLRQDO�XVHU�
WHVWLQJ�DUH�WKH�ZLOOLQJQHVV�RI�WKH�REVHUYHU�WR�DQVZHU�TXHVWLRQV�IURP�WKH�HYDOXDWRUV�
GXULQJ�WKH�VHVVLRQ�DQG�WKH�H[WHQW�WR�ZKLFK�WKH�HYDOXDWRUV�FDQ�EH�SURYLGHG�ZLWK�KLQWV�RQ�
XVLQJ�WKH�LQWHUIDFH��)RU�WUDGLWLRQDO�XVHU�WHVWLQJ��RQH�QRUPDOO\�ZDQWV�WR�GLVFRYHU�WKH�
PLVWDNHV�XVHUV�PDNH�ZKHQ�XVLQJ�WKH�LQWHUIDFH��WKH�H[SHULPHQWHUV�DUH�WKHUHIRUH�
UHOXFWDQW�WR�SURYLGH�PRUH�KHOS�WKDQ�DEVROXWHO\�QHFHVVDU\��$OVR��XVHUV�DUH�UHTXHVWHG�WR�
GLVFRYHU�WKH�DQVZHUV�WR�WKHLU�TXHVWLRQV�E\�XVLQJ�WKH�V\VWHP�UDWKHU�WKDQ�E\�KDYLQJ�WKHP�
DQVZHUHG�E\�WKH�H[SHULPHQWHU��)RU�WKH�KHXULVWLF�HYDOXDWLRQ�RI�D�GRPDLQ�VSHFLILF�
DSSOLFDWLRQ��LW�ZRXOG�EH�XQUHDVRQDEOH�WR�UHIXVH�WR�DQVZHU�WKH�HYDOXDWRUV
�TXHVWLRQV�
DERXW�WKH�GRPDLQ��HVSHFLDOO\�LI�QRQGRPDLQ�H[SHUWV�DUH�VHUYLQJ�DV�WKH�HYDOXDWRUV��2Q�WKH�
FRQWUDU\��DQVZHULQJ�WKH�HYDOXDWRUV
�TXHVWLRQV�ZLOO�HQDEOH�WKHP�WR�EHWWHU�DVVHVV�WKH�
XVDELOLW\�RI�WKH�XVHU�LQWHUIDFH�ZLWK�UHVSHFW�WR�WKH�FKDUDFWHULVWLFV�RI�WKH�GRPDLQ��6LPLODUO\��

)LJXUH����
,OOXVWUDWLRQ�VKRZLQJ�ZKLFK�HYDOXDWRUV�IRXQG�ZKLFK�XVDELOLW\�SUREOHPV�LQ�D�KHXULVWLF�

HYDOXDWLRQ�RI�D�EDQNLQJ�V\VWHP��(DFK�URZ�UHSUHVHQWV�RQH�RI�WKH����HYDOXDWRUV�DQG�HDFK�
FROXPQ�UHSUHVHQWV�RQH�RI�WKH����XVDELOLW\�SUREOHPV��(DFK�VTXDUH�VKRZV�ZKHWKHU�WKH�
HYDOXDWRU�UHSUHVHQWHG�E\�WKH�URZ�IRXQG�WKH�XVDELOLW\�SUREOHP�UHSUHVHQWHG�E\�WKH�

FROXPQ��7KH�VTXDUH�LV�EODFN�LI�WKLV�LV�WKH�FDVH�DQG�ZKLWH�LI�WKH�HYDOXDWRU�GLG�QRW�ILQG�WKH�
SUREOHP��7KH�URZV�KDYH�EHHQ�VRUWHG�LQ�VXFK�D�ZD\�WKDW�WKH�PRVW�VXFFHVVIXO�HYDOXDWRUV�

DUH�DW�WKH�ERWWRP�DQG�WKH�OHDVW�VXFFHVVIXO�DUH�DW�WKH�WRS��7KH�FROXPQV�KDYH�EHHQ�
VRUWHG�LQ�VXFK�D�ZD\�WKDW�WKH�XVDELOLW\�SUREOHPV�WKDW�DUH�WKH�HDVLHVW�WR�ILQG�DUH�WR�WKH�

ULJKW�DQG�WKH�XVDELOLW\�SUREOHPV�WKDW�DUH�WKH�PRVW�GLIILFXOW�WR�ILQG�DUH�WR�WKH�OHIW��



ZKHQ�HYDOXDWRUV�KDYH�SUREOHPV�XVLQJ�WKH�LQWHUIDFH��WKH\�FDQ�EH�JLYHQ�KLQWV�RQ�KRZ�WR�
SURFHHG�LQ�RUGHU�QRW�WR�ZDVWH�SUHFLRXV�HYDOXDWLRQ�WLPH�VWUXJJOLQJ�ZLWK�WKH�PHFKDQLFV�RI�
WKH�LQWHUIDFH��,W�LV�LPSRUWDQW�WR�QRWH��KRZHYHU��WKDW�WKH�HYDOXDWRUV�VKRXOG�QRW�EH�JLYHQ�
KHOS�XQWLO�WKH\�DUH�FOHDUO\�LQ�WURXEOH�DQG�KDYH�FRPPHQWHG�RQ�WKH�XVDELOLW\�SUREOHP�LQ�
TXHVWLRQ���
7\SLFDOO\��D�KHXULVWLF�HYDOXDWLRQ�VHVVLRQ�IRU�DQ�LQGLYLGXDO�HYDOXDWRU�ODVWV�RQH�RU�WZR�
KRXUV��/RQJHU�HYDOXDWLRQ�VHVVLRQV�PLJKW�EH�QHFHVVDU\�IRU�ODUJHU�RU�YHU\�FRPSOLFDWHG�
LQWHUIDFHV�ZLWK�D�VXEVWDQWLDO�QXPEHU�RI�GLDORJXH�HOHPHQWV��EXW�LW�ZRXOG�EH�EHWWHU�WR�VSOLW�
XS�WKH�HYDOXDWLRQ�LQWR�VHYHUDO�VPDOOHU�VHVVLRQV��HDFK�FRQFHQWUDWLQJ�RQ�D�SDUW�RI�WKH�
LQWHUIDFH���
'XULQJ�WKH�HYDOXDWLRQ�VHVVLRQ��WKH�HYDOXDWRU�JRHV�WKURXJK�WKH�LQWHUIDFH�VHYHUDO�WLPHV�
DQG�LQVSHFWV�WKH�YDULRXV�GLDORJXH�HOHPHQWV�DQG�FRPSDUHV�WKHP�ZLWK�D�OLVW�RI�UHFRJQL]HG�
XVDELOLW\�SULQFLSOHV��WKH�KHXULVWLFV���7KHVH�KHXULVWLFV�DUH�JHQHUDO�UXOHV�WKDW�VHHP�WR�
GHVFULEH�FRPPRQ�SURSHUWLHV�RI�XVDEOH�LQWHUIDFHV��,Q�DGGLWLRQ�WR�WKH�FKHFNOLVW�RI�JHQHUDO�
KHXULVWLFV�WR�EH�FRQVLGHUHG�IRU�DOO�GLDORJXH�HOHPHQWV��WKH�HYDOXDWRU�REYLRXVO\�LV�DOVR�
DOORZHG�WR�FRQVLGHU�DQ\�DGGLWLRQDO�XVDELOLW\�SULQFLSOHV�RU�UHVXOWV�WKDW�FRPH�WR�PLQG�WKDW�
PD\�EH�UHOHYDQW�IRU�DQ\�VSHFLILF�GLDORJXH�HOHPHQW��)XUWKHUPRUH��LW�LV�SRVVLEOH�WR�GHYHORS�
FDWHJRU\�VSHFLILF�KHXULVWLFV�WKDW�DSSO\�WR�D�VSHFLILF�FODVV�RI�SURGXFWV�DV�D�VXSSOHPHQW�WR�
WKH�JHQHUDO�KHXULVWLFV��2QH�ZD\�RI�EXLOGLQJ�D�VXSSOHPHQWDU\�OLVW�RI�FDWHJRU\�VSHFLILF�
KHXULVWLFV�LV�WR�SHUIRUP�FRPSHWLWLYH�DQDO\VLV�DQG�XVHU�WHVWLQJ�RI�H[LVWLQJ�SURGXFWV�LQ�WKH�
JLYHQ�FDWHJRU\�DQG�WU\�WR�DEVWUDFW�SULQFLSOHV�WR�H[SODLQ�WKH�XVDELOLW\�SUREOHPV�WKDW�DUH�
IRXQG��'\NVWUD���������
,Q�SULQFLSOH��WKH�HYDOXDWRUV�GHFLGH�RQ�WKHLU�RZQ�KRZ�WKH\�ZDQW�WR�SURFHHG�ZLWK�
HYDOXDWLQJ�WKH�LQWHUIDFH��$�JHQHUDO�UHFRPPHQGDWLRQ�ZRXOG�EH�WKDW�WKH\�JR�WKURXJK�WKH�
LQWHUIDFH�DW�OHDVW�WZLFH��KRZHYHU��7KH�ILUVW�SDVV�ZRXOG�EH�LQWHQGHG�WR�JHW�D�IHHO�IRU�WKH�
IORZ�RI�WKH�LQWHUDFWLRQ�DQG�WKH�JHQHUDO�VFRSH�RI�WKH�V\VWHP��7KH�VHFRQG�SDVV�WKHQ�DOORZV�
WKH�HYDOXDWRU�WR�IRFXV�RQ�VSHFLILF�LQWHUIDFH�HOHPHQWV�ZKLOH�NQRZLQJ�KRZ�WKH\�ILW�LQWR�WKH�
ODUJHU�ZKROH���
6LQFH�WKH�HYDOXDWRUV�DUH�QRW�XVLQJ�WKH�V\VWHP�DV�VXFK��WR�SHUIRUP�D�UHDO�WDVN���LW�LV�
SRVVLEOH�WR�SHUIRUP�KHXULVWLF�HYDOXDWLRQ�RI�XVHU�LQWHUIDFHV�WKDW�H[LVW�RQ�SDSHU�RQO\�DQG�
KDYH�QRW�\HW�EHHQ�LPSOHPHQWHG��1LHOVHQ��������7KLV�PDNHV�KHXULVWLF�HYDOXDWLRQ�VXLWHG�
IRU�XVH�HDUO\�LQ�WKH�XVDELOLW\�HQJLQHHULQJ�OLIHF\FOH���
,I�WKH�V\VWHP�LV�LQWHQGHG�DV�D�ZDON�XS�DQG�XVH�LQWHUIDFH�IRU�WKH�JHQHUDO�SRSXODWLRQ�RU�LI�
WKH�HYDOXDWRUV�DUH�GRPDLQ�H[SHUWV��LW�ZLOO�EH�SRVVLEOH�WR�OHW�WKH�HYDOXDWRUV�XVH�WKH�
V\VWHP�ZLWKRXW�IXUWKHU�DVVLVWDQFH��,I�WKH�V\VWHP�LV�GRPDLQ�GHSHQGHQW�DQG�WKH�
HYDOXDWRUV�DUH�IDLUO\�QDLYH�ZLWK�UHVSHFW�WR�WKH�GRPDLQ�RI�WKH�V\VWHP��LW�ZLOO�EH�QHFHVVDU\�
WR�DVVLVW�WKH�HYDOXDWRUV�WR�HQDEOH�WKHP�WR�XVH�WKH�LQWHUIDFH��2QH�DSSURDFK�WKDW�KDV�EHHQ�
DSSOLHG�VXFFHVVIXOO\�LV�WR�VXSSO\�WKH�HYDOXDWRUV�ZLWK�D�W\SLFDO�XVDJH�VFHQDULR��OLVWLQJ�WKH�
YDULRXV�VWHSV�D�XVHU�ZRXOG�WDNH�WR�SHUIRUP�D�VDPSOH�VHW�RI�UHDOLVWLF�WDVNV��6XFK�D�
VFHQDULR�VKRXOG�EH�FRQVWUXFWHG�RQ�WKH�EDVLV�RI�D�WDVN�DQDO\VLV�RI�WKH�DFWXDO�XVHUV�DQG�
WKHLU�ZRUN�LQ�RUGHU�WR�EH�DV�UHSUHVHQWDWLYH�DV�SRVVLEOH�RI�WKH�HYHQWXDO�XVH�RI�WKH�V\VWHP��
7KH�RXWSXW�IURP�XVLQJ�WKH�KHXULVWLF�HYDOXDWLRQ�PHWKRG�LV�D�OLVW�RI�XVDELOLW\�SUREOHPV�LQ�
WKH�LQWHUIDFH�ZLWK�UHIHUHQFHV�WR�WKRVH�XVDELOLW\�SULQFLSOHV�WKDW�ZHUH�YLRODWHG�E\�WKH�



GHVLJQ�LQ�HDFK�FDVH�LQ�WKH�RSLQLRQ�RI�WKH�HYDOXDWRU��,W�LV�QRW�VXIILFLHQW�IRU�HYDOXDWRUV�WR�
VLPSO\�VD\�WKDW�WKH\�GR�QRW�OLNH�VRPHWKLQJ��WKH\�VKRXOG�H[SODLQ�ZK\�WKH\�GR�QRW�OLNH�LW�
ZLWK�UHIHUHQFH�WR�WKH�KHXULVWLFV�RU�WR�RWKHU�XVDELOLW\�UHVXOWV��7KH�HYDOXDWRUV�VKRXOG�WU\�WR�
EH�DV�VSHFLILF�DV�SRVVLEOH�DQG�VKRXOG�OLVW�HDFK�XVDELOLW\�SUREOHP�VHSDUDWHO\��)RU�H[DPSOH��
LI�WKHUH�DUH�WKUHH�WKLQJV�ZURQJ�ZLWK�D�FHUWDLQ�GLDORJXH�HOHPHQW��DOO�WKUHH�VKRXOG�EH�OLVWHG�
ZLWK�UHIHUHQFH�WR�WKH�YDULRXV�XVDELOLW\�SULQFLSOHV�WKDW�H[SODLQ�ZK\�HDFK�SDUWLFXODU�DVSHFW�
RI�WKH�LQWHUIDFH�HOHPHQW�LV�D�XVDELOLW\�SUREOHP��7KHUH�DUH�WZR�PDLQ�UHDVRQV�WR�QRWH�HDFK�
SUREOHP�VHSDUDWHO\��)LUVW��WKHUH�LV�D�ULVN�RI�UHSHDWLQJ�VRPH�SUREOHPDWLF�DVSHFW�RI�D�
GLDORJXH�HOHPHQW��HYHQ�LI�LW�ZHUH�WR�EH�FRPSOHWHO\�UHSODFHG�ZLWK�D�QHZ�GHVLJQ��XQOHVV�
RQH�LV�DZDUH�RI�DOO�LWV�SUREOHPV��6HFRQG��LW�PD\�QRW�EH�SRVVLEOH�WR�IL[�DOO�XVDELOLW\�
SUREOHPV�LQ�DQ�LQWHUIDFH�HOHPHQW�RU�WR�UHSODFH�LW�ZLWK�D�QHZ�GHVLJQ��EXW�LW�FRXOG�VWLOO�EH�
SRVVLEOH�WR�IL[�VRPH�RI�WKH�SUREOHPV�LI�WKH\�DUH�DOO�NQRZQ���
+HXULVWLF�HYDOXDWLRQ�GRHV�QRW�SURYLGH�D�V\VWHPDWLF�ZD\�WR�JHQHUDWH�IL[HV�WR�WKH�XVDELOLW\�
SUREOHPV�RU�D�ZD\�WR�DVVHVV�WKH�SUREDEOH�TXDOLW\�RI�DQ\�UHGHVLJQV��+RZHYHU��EHFDXVH�
KHXULVWLF�HYDOXDWLRQ�DLPV�DW�H[SODLQLQJ�HDFK�REVHUYHG�XVDELOLW\�SUREOHP�ZLWK�UHIHUHQFH�WR�
HVWDEOLVKHG�XVDELOLW\�SULQFLSOHV��LW�ZLOO�RIWHQ�EH�IDLUO\�HDV\�WR�JHQHUDWH�D�UHYLVHG�GHVLJQ�
DFFRUGLQJ�WR�WKH�JXLGHOLQHV�SURYLGHG�E\�WKH�YLRODWHG�SULQFLSOH�IRU�JRRG�LQWHUDFWLYH�
V\VWHPV��$OVR��PDQ\�XVDELOLW\�SUREOHPV�KDYH�IDLUO\�REYLRXV�IL[HV�DV�VRRQ�DV�WKH\�KDYH�
EHHQ�LGHQWLILHG���
)RU�H[DPSOH��LI�WKH�SUREOHP�LV�WKDW�WKH�XVHU�FDQQRW�FRS\�LQIRUPDWLRQ�IURP�RQH�ZLQGRZ�WR�
DQRWKHU��WKHQ�WKH�VROXWLRQ�LV�REYLRXVO\�WR�LQFOXGH�VXFK�D�FRS\�IHDWXUH��6LPLODUO\��LI�WKH�
SUREOHP�LV�WKH�XVH�RI�LQFRQVLVWHQW�W\SRJUDSK\�LQ�WKH�IRUP�RI�XSSHU�ORZHU�FDVH�IRUPDWV�
DQG�IRQWV��WKH�VROXWLRQ�LV�REYLRXVO\�WR�SLFN�D�VLQJOH�W\SRJUDSKLFDO�IRUPDW�IRU�WKH�HQWLUH�
LQWHUIDFH��(YHQ�IRU�WKHVH�VLPSOH�H[DPSOHV��KRZHYHU��WKH�GHVLJQHU�KDV�QR�LQIRUPDWLRQ�WR�
KHOS�GHVLJQ�WKH�H[DFW�FKDQJHV�WR�WKH�LQWHUIDFH��H�J���KRZ�WR�HQDEOH�WKH�XVHU�WR�PDNH�WKH�
FRSLHV�RU�RQ�ZKLFK�RI�WKH�WZR�IRQW�IRUPDWV�WR�VWDQGDUGL]H����
2QH�SRVVLELOLW\�IRU�H[WHQGLQJ�WKH�KHXULVWLF�HYDOXDWLRQ�PHWKRG�WR�SURYLGH�VRPH�GHVLJQ�
DGYLFH�LV�WR�FRQGXFW�D�GHEULHILQJ�VHVVLRQ�DIWHU�WKH�ODVW�HYDOXDWLRQ�VHVVLRQ��7KH�
SDUWLFLSDQWV�LQ�WKH�GHEULHILQJ�VKRXOG�LQFOXGH�WKH�HYDOXDWRUV��DQ\�REVHUYHU�XVHG�GXULQJ�
WKH�HYDOXDWLRQ�VHVVLRQV��DQG�UHSUHVHQWDWLYHV�RI�WKH�GHVLJQ�WHDP��7KH�GHEULHILQJ�VHVVLRQ�
ZRXOG�EH�FRQGXFWHG�SULPDULO\�LQ�D�EUDLQVWRUPLQJ�PRGH�DQG�ZRXOG�IRFXV�RQ�GLVFXVVLRQV�RI�
SRVVLEOH�UHGHVLJQV�WR�DGGUHVV�WKH�PDMRU�XVDELOLW\�SUREOHPV�DQG�JHQHUDO�SUREOHPDWLF�
DVSHFWV�RI�WKH�GHVLJQ��$�GHEULHILQJ�LV�DOVR�D�JRRG�RSSRUWXQLW\�IRU�GLVFXVVLQJ�WKH�SRVLWLYH�
DVSHFWV�RI�WKH�GHVLJQ��VLQFH�KHXULVWLF�HYDOXDWLRQ�GRHV�QRW�RWKHUZLVH�DGGUHVV�WKLV�
LPSRUWDQW�LVVXH���
+HXULVWLF�HYDOXDWLRQ�LV�H[SOLFLWO\�LQWHQGHG�DV�D��GLVFRXQW�XVDELOLW\�HQJLQHHULQJ��PHWKRG��
,QGHSHQGHQW�UHVHDUFK��-HIIULHV�HW�DO��������KDV�LQGHHG�FRQILUPHG�WKDW�KHXULVWLF�
HYDOXDWLRQ�LV�D�YHU\�HIILFLHQW�XVDELOLW\�HQJLQHHULQJ�PHWKRG��2QH�RI�P\�FDVH�VWXGLHV�IRXQG�
D�EHQHILW�FRVW�UDWLR�IRU�D�KHXULVWLF�HYDOXDWLRQ�SURMHFW�RI�����7KH�FRVW�RI�XVLQJ�WKH�PHWKRG�
ZDV�DERXW���������DQG�WKH�H[SHFWHG�EHQHILWV�ZHUH�DERXW�����������1LHOVHQ��������$V�D�
GLVFRXQW�XVDELOLW\�HQJLQHHULQJ�PHWKRG��KHXULVWLF�HYDOXDWLRQ�LV�QRW�JXDUDQWHHG�WR�SURYLGH�
�SHUIHFW��UHVXOWV�RU�WR�ILQG�HYHU\�ODVW�XVDELOLW\�SUREOHP�LQ�DQ�LQWHUIDFH���

'HWHUPLQLQJ�WKH�1XPEHU�RI�(YDOXDWRUV�



,Q�SULQFLSOH��LQGLYLGXDO�HYDOXDWRUV�FDQ�SHUIRUP�D�KHXULVWLF�HYDOXDWLRQ�RI�D�XVHU�LQWHUIDFH�
RQ�WKHLU�RZQ��EXW�WKH�H[SHULHQFH�IURP�VHYHUDO�SURMHFWV�LQGLFDWHV�WKDW�IDLUO\�SRRU�UHVXOWV�
DUH�DFKLHYHG�ZKHQ�UHO\LQJ�RQ�VLQJOH�HYDOXDWRUV��$YHUDJHG�RYHU�VL[�RI�P\�SURMHFWV��VLQJOH�
HYDOXDWRUV�IRXQG�RQO\����SHUFHQW�RI�WKH�XVDELOLW\�SUREOHPV�LQ�WKH�LQWHUIDFHV��+RZHYHU��
VLQFH�GLIIHUHQW�HYDOXDWRUV�WHQG�WR�ILQG�GLIIHUHQW�SUREOHPV��LW�LV�SRVVLEOH�WR�DFKLHYH�
VXEVWDQWLDOO\�EHWWHU�SHUIRUPDQFH�E\�DJJUHJDWLQJ�WKH�HYDOXDWLRQV�IURP�VHYHUDO�
HYDOXDWRUV��)LJXUH���VKRZV�WKH�SURSRUWLRQ�RI�XVDELOLW\�SUREOHPV�IRXQG�DV�PRUH�DQG�PRUH�
HYDOXDWRUV�DUH�DGGHG��7KH�ILJXUH�FOHDUO\�VKRZV�WKDW�WKHUH�LV�D�QLFH�SD\RII�IURP�XVLQJ�
PRUH�WKDQ�RQH�HYDOXDWRU��,W�ZRXOG�VHHP�UHDVRQDEOH�WR�UHFRPPHQG�WKH�XVH�RI�DERXW�ILYH�
HYDOXDWRUV��EXW�FHUWDLQO\�DW�OHDVW�WKUHH��7KH�H[DFW�QXPEHU�RI�HYDOXDWRUV�WR�XVH�ZRXOG�
GHSHQG�RQ�D�FRVW�EHQHILW�DQDO\VLV��0RUH�HYDOXDWRUV�VKRXOG�REYLRXVO\�EH�XVHG�LQ�FDVHV�
ZKHUH�XVDELOLW\�LV�FULWLFDO�RU�ZKHQ�ODUJH�SD\RIIV�FDQ�EH�H[SHFWHG�GXH�WR�H[WHQVLYH�RU�
PLVVLRQ�FULWLFDO�XVH�RI�D�V\VWHP��

1LHOVHQ�DQG�/DQGDXHU��������SUHVHQW�VXFK�D�PRGHO�EDVHG�RQ�WKH�IROORZLQJ�SUHGLFWLRQ�
IRUPXOD�IRU�WKH�QXPEHU�RI�XVDELOLW\�SUREOHPV�IRXQG�LQ�D�KHXULVWLF�HYDOXDWLRQ���

ProblemsFound(i) = N(1 - (1-l)i )�
�

ZKHUH�ProblemsFound(i)�LQGLFDWHV�WKH�QXPEHU�RI�GLIIHUHQW�XVDELOLW\�SUREOHPV�IRXQG�E\�
DJJUHJDWLQJ�UHSRUWV�IURP�i�LQGHSHQGHQW�HYDOXDWRUV��N�LQGLFDWHV�WKH�WRWDO�QXPEHU�RI�
XVDELOLW\�SUREOHPV�LQ�WKH�LQWHUIDFH��DQG�O�LQGLFDWHV�WKH�SURSRUWLRQ�RI�DOO�XVDELOLW\�
SUREOHPV�IRXQG�E\�D�VLQJOH�HYDOXDWRU��,Q�VL[�FDVH�VWXGLHV��1LHOVHQ�DQG�/DQGDXHU��������
WKH�YDOXHV�RI�l�UDQJHG�IURP����SHUFHQW�WR����SHUFHQW�ZLWK�D�PHDQ�RI����SHUFHQW��7KH�
YDOXHV�RI�N�UDQJHG�IURP����WR����ZLWK�D�PHDQ�RI�����8VLQJ�WKLV�IRUPXOD�UHVXOWV�LQ�FXUYHV�

�
)LJXUH����

&XUYH�VKRZLQJ�WKH�SURSRUWLRQ�RI�XVDELOLW\�SUREOHPV�LQ�DQ�LQWHUIDFH�IRXQG�E\�KHXULVWLF�
HYDOXDWLRQ�XVLQJ�YDULRXV�QXPEHUV�RI�HYDOXDWRUV��7KH�FXUYH�UHSUHVHQWV�WKH�DYHUDJH�RI�

VL[�FDVH�VWXGLHV�RI�KHXULVWLF�HYDOXDWLRQ��



YHU\�PXFK�OLNH�WKDW�VKRZQ�LQ�)LJXUH����WKRXJK�WKH�H[DFW�VKDSH�RI�WKH�FXUYH�ZLOO�YDU\�
ZLWK�WKH�YDOXHV�RI�WKH�SDUDPHWHUV�N�DQG�l��ZKLFK�DJDLQ�ZLOO�YDU\�ZLWK�WKH�FKDUDFWHULVWLFV�
RI�WKH�SURMHFW���
,Q�RUGHU�WR�GHWHUPLQH�WKH�RSWLPDO�QXPEHU�RI�HYDOXDWRUV��RQH�QHHGV�D�FRVW�EHQHILW�PRGHO�
RI�KHXULVWLF�HYDOXDWLRQ��7KH�ILUVW�HOHPHQW�LQ�VXFK�D�PRGHO�LV�DQ�DFFRXQWLQJ�IRU�WKH�FRVW�RI�
XVLQJ�WKH�PHWKRG��FRQVLGHULQJ�ERWK�IL[HG�DQG�YDULDEOH�FRVWV��)L[HG�FRVWV�DUH�WKRVH�WKDW�
QHHG�WR�EH�SDLG�QR�PDWWHU�KRZ�PDQ\�HYDOXDWRUV�DUH�XVHG��WKHVH�LQFOXGH�WLPH�WR�SODQ�WKH�
HYDOXDWLRQ��JHW�WKH�PDWHULDOV�UHDG\��DQG�ZULWH�XS�WKH�UHSRUW�RU�RWKHUZLVH�FRPPXQLFDWH�
WKH�UHVXOWV��9DULDEOH�FRVWV�DUH�WKRVH�DGGLWLRQDO�FRVWV�WKDW�DFFUXH�HDFK�WLPH�RQH�
DGGLWLRQDO�HYDOXDWRU�LV�XVHG��WKH\�LQFOXGH�WKH�ORDGHG�VDODU\�RI�WKDW�HYDOXDWRU�DV�ZHOO�DV�
WKH�FRVW�RI�DQDO\]LQJ�WKH�HYDOXDWRU
V�UHSRUW�DQG�WKH�FRVW�RI�DQ\�FRPSXWHU�RU�RWKHU�
UHVRXUFHV�XVHG�GXULQJ�WKH�HYDOXDWLRQ�VHVVLRQ��%DVHG�RQ�SXEOLVKHG�YDOXHV�IURP�VHYHUDO�
SURMHFWV�WKH�IL[HG�FRVW�RI�D�KHXULVWLF�HYDOXDWLRQ�LV�HVWLPDWHG�WR�EH�EHWZHHQ��������DQG�
�������DQG�WKH�YDULDEOH�FRVW�RI�HDFK�HYDOXDWRU�LV�HVWLPDWHG�WR�EH�EHWZHHQ������DQG�
�������
7KH�DFWXDO�IL[HG�DQG�YDULDEOH�FRVWV�ZLOO�REYLRXVO\�YDU\�IURP�SURMHFW�WR�SURMHFW�DQG�ZLOO�
GHSHQG�RQ�HDFK�FRPSDQ\
V�FRVW�VWUXFWXUH�DQG�RQ�WKH�FRPSOH[LW\�RI�WKH�LQWHUIDFH�EHLQJ�
HYDOXDWHG��)RU�LOOXVWUDWLRQ��FRQVLGHU�D�VDPSOH�SURMHFW�ZLWK�IL[HG�FRVWV�IRU�KHXULVWLF�
HYDOXDWLRQ�RI��������DQG�YDULDEOH�FRVWV�RI������SHU�HYDOXDWRU��,Q�WKLV�SURMHFW��WKH�FRVW�RI�
XVLQJ�KHXULVWLF�HYDOXDWLRQ�ZLWK�i�HYDOXDWRUV�LV�WKXV�$(4,000 + 600i����
7KH�EHQHILWV�IURP�KHXULVWLF�HYDOXDWLRQ�DUH�PDLQO\�GXH�WR�WKH�ILQGLQJ�RI�XVDELOLW\�
SUREOHPV��WKRXJK�VRPH�FRQWLQXLQJ�HGXFDWLRQ�EHQHILWV�PD\�EH�UHDOL]HG�WR�WKH�H[WHQW�WKDW�
WKH�HYDOXDWRUV�LQFUHDVH�WKHLU�XQGHUVWDQGLQJ�RI�XVDELOLW\�E\�FRPSDULQJ�WKHLU�RZQ�
HYDOXDWLRQ�UHSRUWV�ZLWK�WKRVH�RI�RWKHU�HYDOXDWRUV��)RU�WKLV�VDPSOH�SURMHFW��DVVXPH�WKDW�LW�
LV�ZRUWK���������WR�ILQG�HDFK�XVDELOLW\�SUREOHP��XVLQJ�D�YDOXH�GHULYHG�E\�1LHOVHQ�DQG�
/DQGDXHU��������IURP�VHYHUDO�SXEOLVKHG�VWXGLHV��)RU�UHDO�SURMHFWV��RQH�ZRXOG�REYLRXVO\�
QHHG�WR�HVWLPDWH�WKH�YDOXH�RI�ILQGLQJ�XVDELOLW\�SUREOHPV�EDVHG�RQ�WKH�H[SHFWHG�XVHU�
SRSXODWLRQ��)RU�VRIWZDUH�WR�EH�XVHG�LQ�KRXVH��WKLV�YDOXH�FDQ�EH�HVWLPDWHG�EDVHG�RQ�WKH�
H[SHFWHG�LQFUHDVH�LQ�XVHU�SURGXFWLYLW\��IRU�VRIWZDUH�WR�EH�VROG�RQ�WKH�RSHQ�PDUNHW��LW�
FDQ�EH�HVWLPDWHG�EDVHG�RQ�WKH�H[SHFWHG�LQFUHDVH�LQ�VDOHV�GXH�WR�KLJKHU�XVHU�VDWLVIDFWLRQ�
RU�EHWWHU�UHYLHZ�UDWLQJV��1RWH�WKDW�UHDO�YDOXH�RQO\�GHULYHV�IURP�WKRVH�XVDELOLW\�SUREOHPV�
WKDW�DUH�LQ�IDFW�IL[HG�EHIRUH�WKH�VRIWZDUH�VKLSV��6LQFH�LW�LV�LPSRVVLEOH�WR�IL[�DOO�XVDELOLW\�
SUREOHPV��WKH�YDOXH�RI�HDFK�SUREOHP�IRXQG�LV�RQO\�VRPH�SURSRUWLRQ�RI�WKH�YDOXH�RI�D�
IL[HG�SUREOHP���



)LJXUH���VKRZV�WKH�YDU\LQJ�UDWLR�RI�WKH�EHQHILWV�WR�WKH�FRVWV�IRU�YDULRXV�QXPEHUV�RI�
HYDOXDWRUV�LQ�WKH�VDPSOH�SURMHFW��7KH�FXUYH�VKRZV�WKDW�WKH�RSWLPDO�QXPEHU�RI�
HYDOXDWRUV�LQ�WKLV�H[DPSOH�LV�IRXU��FRQILUPLQJ�WKH�JHQHUDO�REVHUYDWLRQ�WKDW�KHXULVWLF�
HYDOXDWLRQ�VHHPV�WR�ZRUN�EHVW�ZLWK�WKUHH�WR�ILYH�HYDOXDWRUV��,Q�WKH�H[DPSOH��D�KHXULVWLF�
HYDOXDWLRQ�ZLWK�IRXU�HYDOXDWRUV�ZRXOG�FRVW��������DQG�ZRXOG�ILQG�XVDELOLW\�SUREOHPV�
ZRUWK������������

5HIHUHQFHV�
'\NVWUD��'��-��������$�&RPSDULVRQ�RI�+HXULVWLF�(YDOXDWLRQ�DQG�8VDELOLW\�7HVWLQJ��7KH�(IILFDF\�RI�D�'RPDLQ�

6SHFLILF�+HXULVWLF�&KHFNOLVW��3K�'��GLVV���'HSDUWPHQW�RI�,QGXVWULDO�(QJLQHHULQJ��7H[DV�$	0�
8QLYHUVLW\��&ROOHJH�6WDWLRQ��7;���

-HIIULHV��5���0LOOHU��-��5���:KDUWRQ��&���DQG�8\HGD��.��0��������8VHU�LQWHUIDFH�HYDOXDWLRQ�LQ�WKH�UHDO�ZRUOG��$�
FRPSDULVRQ�RI�IRXU�WHFKQLTXHV��3URFHHGLQJV�$&0�&+,
���&RQIHUHQFH��1HZ�2UOHDQV��/$��$SULO����
0D\���������������

0ROLFK��5���DQG�1LHOVHQ��-����������,PSURYLQJ�D�KXPDQ�FRPSXWHU�GLDORJXH��&RPPXQLFDWLRQV�RI�WKH�$&0�
�������0DUFK�������������

1LHOVHQ��-��������3DSHU�YHUVXV�FRPSXWHU�LPSOHPHQWDWLRQV�DV�PRFNXS�VFHQDULRV�IRU�KHXULVWLF�HYDOXDWLRQ��
3URF��,),3�,17(5$&7���7KLUG�,QWO��&RQI��+XPDQ�&RPSXWHU�,QWHUDFWLRQ��&DPEULGJH��8�.���$XJXVW�
������������������

1LHOVHQ��-���DQG�/DQGDXHU��7��.��������$�PDWKHPDWLFDO�PRGHO�RI�WKH�ILQGLQJ�RI�XVDELOLW\�SUREOHPV��
3URFHHGLQJV�$&0�,),3�,17(5&+,
���&RQIHUHQFH��$PVWHUGDP��7KH�1HWKHUODQGV��$SULO�������������
������

1LHOVHQ��-���DQG�0ROLFK��5����������+HXULVWLF�HYDOXDWLRQ�RI�XVHU�LQWHUIDFHV��3URF��$&0�&+,
���&RQI���6HDWWOH��
:$������$SULO�������������

�
)LJXUH����

&XUYH�VKRZLQJ�KRZ�PDQ\�WLPHV�WKH�EHQHILWV�DUH�JUHDWHU�WKDQ�WKH�FRVWV�IRU�KHXULVWLF�
HYDOXDWLRQ�RI�D�VDPSOH�SURMHFW�XVLQJ�WKH�DVVXPSWLRQV�GLVFXVVHG�LQ�WKH�WH[W��7KH�RSWLPDO�
QXPEHU�RI�HYDOXDWRUV�LQ�WKLV�H[DPSOH�LV�IRXU��ZLWK�EHQHILWV�WKDW�DUH����WLPHV�JUHDWHU�

WKDQ�WKH�FRVWV��



1LHOVHQ��-��������)LQGLQJ�XVDELOLW\�SUREOHPV�WKURXJK�KHXULVWLF�HYDOXDWLRQ��3URFHHGLQJV�$&0�&+,
���
&RQIHUHQFH��0RQWHUH\��&$��0D\�����������������

1LHOVHQ��-����������+HXULVWLF�HYDOXDWLRQ��,Q�1LHOVHQ��-���DQG�0DFN��5�/���(GV����8VDELOLW\�,QVSHFWLRQ�0HWKRGV��
-RKQ�:LOH\�	�6RQV��1HZ�<RUN��1<���


