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$EVWUDFW²7KLV�SDSHU�SUHVHQWV� WKH� UHVXOWV�RI�SUHOLPLQDU\� WHVWV�RI�
WKH� 4R(�95� �4XDOLW\� RI� ([SHULHQFH� IRU� 9LUWXDO� 5HDOLW\�
$SSOLFDWLRQV�� SURMHFW�� IXQGHG� E\� WKH� 8QLYHUVLW\� RI� =DJUHE�� 7KH�
SURMHFW� LV� DLPHG� DW� DFKLHYLQJ� WKH� EHWWHU� XQGHUVWDQGLQJ� RI� WKH�
UHODWLRQVKLS� EHWZHHQ� GLIIHUHQW� REMHFWLYH� DQG� VXEMHFWLYH�
SDUDPHWHUV�WKDW�PD\�DIIHFW�XVHU�4XDOLW\�RI�([SHULHQFH�ZKHQ�XVLQJ�
GLIIHUHQW� 95� DSSOLFDWLRQV� :H� FRQGXFWHG� WKH� LQLWLDO� H[SHULPHQW�
ZLWK����WHVW�VXEMHFWV�ZKR�SOD\HG�UDFLQJ�JDPH�3URMHFW�&DUV�LQ�95�
HQYLURQPHQW�� 7KH� SDSHU� GLVFXVVHV� WKH� LPSDFW� RI� VXEMHFWLYH�
SDUDPHWHUV�� VXFK�DV� IHDU�DQG�GLVFRPIRUW�RI�RXU� WHVW� VXEMHFWV��RQ�
WKH�DFKLHYHG�OHYHO�RI 4R( LQ�WKH�JDPH��7KH�UHVXOWV�VKRZ�KRZ�HYHQ�
KLJK�OHYHOV�RI�GLVFRPIRUW�ZHUH�QRW�QHJDWLYHO\�UHIOHFWHG�RQ�D�XVHU�
H[SHULHQFH� $GGLWLRQDOO\��WKH�SDSHU�UHSRUWV�RQ�XVHU�PLVSHUFHSWLRQ�
RI�WLPH DIWHU�EHLQJ�LPPHUVHG�LQWR�95�

.H\ZRUGV�9LUWXDO UHDOLW\�� 4XDOLW\� RI� ([SHULHQFH�� 6XEMHFWLYH�
SDUDPHWHUV��2EMHFWLYH�SDUDPHWHUV��*DPHV

,� ,1752'8&7,21

2YHU�WKH�SDVW����\HDUV� WKH�VFLHQWLILF�FRPPXQLW\�KDV�LQYHVWHG�
FRQVLGHUDEOH�HIIRUWV�LQ GLVFORVLQJ�WKH�GHSHQGHQFLHV�EHWZHHQ�WKH�
REMHFWLYH�DQG�WKH�VXEMHFWLYH�SDUDPHWHUV�WKDW�FDQ�KDYH�DQ�LPSDFW�
RQ� XVHU�SHUFHSWLRQ�RI� WHOHFRPPXQLFDWLRQ� VHUYLFH�TXDOLW\�� 7KH�
QHZ� FRQFHSW� HPHUJHG� ± 4R( �4XDOLW\� RI� ([SHULHQFH� ±
KLJKOLJKWLQJ�WKH�LPSRUWDQFH�RI�D�XVHU�DQG�LWV¶ RSLQLRQ�DV�ZHOO�DV�
WKH� LPSRUWDQFH�RI� WKH�HQYLURQPHQW�ZKHUH� WKH�4R(�HYDOXDWLRQ�
WDNHV� SODFH�� :LWK� WKLV� QHZ� 4R(� FRQFHSW�� WKH� UHVHDUFK�
FRPPXQLW\� WRRN� D� VWHS� IRUZDUG�� OHDYLQJ� EHKLQG�PRUH� W\SLFDO
DSSURDFKHV�WR�VHUYLFH�TXDOLW\�HYDOXDWLRQ�ZKHQ�WKH�IRFXV ZDV�RQ�
WKH� QHWZRUN� SDUDPHWHUV� �L�H��� PRQLWRULQJ� LI� D� VHUYLFH�
SHUIRUPDQFH�WDUJHWV DUH�PHW��

%URDGHQLQJ�WKH�VFRSH�RI�WKH�VHUYLFH�TXDOLW\�HYDOXDWLRQ�DQG�
SXWWLQJ� WKH� IRFXV� RQ� WKH� XVHU PHDQV� WKDW� GLIIHUHQW� VXEMHFWLYH�
SDUDPHWHUV�PXVW�EH�LQFOXGHG�LQ�WKH�HYDOXDWLRQ�SURFHVV��+HQFH��
GLIIHUHQW� DXWKRUV� LQ� WKHLU� DQDO\VLV� LQYHVWLJDWH� WKH� LPSDFW� RI D�
ZLGH� SDOOHW� RI� SDUDPHWHUV�� IRU� LQVWDQFH�� OHYHO� RI� XVHU�
HQWHUWDLQPHQW�� VWUHVV� DQG� IDWLJXH�� SDVW� H[SHULHQFH� RI� VHUYLFH�
XVDJH� WKH�VRFLDO FRQWH[W�LQ�ZKLFK�D�VHUYLFH�LV�XVHG DQG�RWKHUV��
7KH� DXWKRUV� LQ� >�@ JURXSHG� WKHVH� SDUDPHWHUV� LQWR� WKUHH� PDLQ�
FDWHJRULHV�� L�H�� LPSDFW� IDFWRUV� �,)��� KXPDQ� ,)�� V\VWHP� ,)�� DQG�
FRQWH[W�,)�

,Q� WKH� ���� 8QLYHUVLW\� RI� =DJUHE� JUDQWHG� IXQGV IRU� WKH�
LPSOHPHQWDWLRQ�RI�WKH�4XDOLW\�RI�([SHULHQFH�IRU�9LUWXDO�5HDOLW\�
$SSOLFDWLRQV �4R(�95��SURMHFW >�@��2QH�RI�WKH�PDLQ�REMHFWLYHV�
RI� WKH� SURMHFW� LV� WR� GLVFRYHU� WKH� UHODWLRQVKLS� EHWZHHQ� D� XVHU�

SHUFHSWLRQ� RI� TXDOLW\� RI� 9LUWXDO� 5HDOLW\� �95� DSSOLFDWLRQV� LQ�
GLIIHUHQW�QHWZRUN�FRQGLWLRQV� 6LQFH� WKH�YLUWXDO�DQG�DXJPHQWHG�
UHDOLW\ KDUGZDUH� DQG� VRIWZDUH RQO\� UHFHQWO\ VWDUWHG� WR� WUXO\�
SHQHWUDWH� WKH�PDUNHWV� >�@�� WKH� SUREOHP�RI�4R(� HYDOXDWLRQ� IRU�
WKHVH�W\SHV�RI�VHUYLFHV�FRPHV�WR�WKH�IRUH� $W�WKH�SLQQDFOH�RI�WKLV�
QHZ�ILHOG�RI�UHVHDUFK� LV WKH�LQYHVWLJDWLRQ�RI XVHU�4R(�IRU�95�
DSSOLFDWLRQV�ZKLFK�UXQ�RQOLQH��VXFK�DV�YLGHR�VWUHDPLQJ��RQOLQH
PXOWLSOD\HU JDPLQJ DQG� GLIIHUHQW� IRUPV� RI� UHDO�WLPH� VRFLDO�
LQWHUDFWLRQV�LQ�95�HQYLURQPHQWV��

)RU� WKLV� SXUSRVH� ZH� DUH� EXLOGLQJ� RQ� RXU SDVW� UHVHDUFK
SUHVHQWHG�LQ >���@�DQG FRQWLQXH LQYHVWLQJ�DQ�HIIRUW WR�ILQG�RXW�WKH�
FRUUHODWLRQ�EHWZHHQ�WKH�OHYHO�RI�XVHU�4R( IRU�95�DSSOLFDWLRQV
DQG�YDOXHV�RI�PHDVXUDEOH�V\VWHP�,)� VXFK DV�ODWHQF\��SDFNHW�ORVV�
DQG YLGHR�IUDPH�UDWH� 7KHVH�FRUUHODWLRQV�FDQ�WKHQ�EH�PRGHOHG
DQG�XVHG�IRU�UHPRWH�4R(�HYDOXDWLRQ�RU�SUHGLFWLRQ��VLPLODUO\�DV�LW�
LV� GRQH� LQ� >�@� $GGLWLRQDOO\�� WKH� VHW RI� V\VWHP� ,)� ZKLFK�PD\
SURGXFH DQ�LPSDFW�RQ�XVHU�H[SHULHQFH�FDQ�EH�H[WHQGHG�E\�RWKHU�
SDUDPHWHUV VXFK� DV� ILHOG� RI� YLHZ �)29�� RU� YHUWLFDO�
V\QFKURQL]DWLRQ �9�V\QF� DV�DUJXHG�LQ�>�@�

$IWHU�DFTXLULQJ�WKH�QHFHVVDU\�HTXLSPHQW��DW�WKLV�VWDJH�RI�WKH�
SURMHFW� ZH� DUH� EHJLQQLQJ� WR� DQDO\]H� WKH� XVHU� 4R(� ZLWKRXW�
LQWURGXFLQJ�QHWZRUN�RU�YLVXDO�LPSDLUPHQWV��7KH�REMHFWLYH�RI�WKLV�
VWDJH�LV�WR�UHDFK�D�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�LPSDFW�RI�KXPDQ
DQG� FRQWH[W� ,)� RQ� WKH� XVHU� SHUFHSWLRQ� DQG� 4R(�� 7KLV� SDSHU�
SUHVHQWV�WKH�ILUVW�UHVXOWV�RI�WKLV�VWDJH�

7KH�SDSHU�LV�RUJDQL]HG�DV�IROORZV��,Q�6HFWLRQ���ZH�SUHVHQW�
RXU�WHVW�HQYLURQPHQW�DQG�WHVW�PHWKRGRORJ\��6HFWLRQ���EULQJV�DQG�
GLVFXVVHV�WKH�UHVXOWV�RI�RXU�ILUVW� WHVWV��&RQFOXGLQJ�UHPDUNV�DUH�
JLYHQ�LQ�6HFWLRQ���

,,� 7+(�(;3(5,0(176

$� 7HVW�(QYLURQPHQW

7KH�FRPSXWHU�XVHG�IRU�WHVWLQJ ZDV�HTXLSSHG�ZLWK ,QWHO�&RUH�
L������.�SURFHVVRU�����*%�RI�''5��5$0�DQG�(9*$�*H)RUFH�
*7;������7L�)7:��JDPLQJ�JUDSKLFV FDUG��)RU�WKH�95�KHDGVHW��
ZH� DFTXLUHG +7&� 9LYH�� $OWKRXJK� LW� ZDV PRUH� H[SHQVLYH��
FRPSDUHG�ZLWK�RWKHU�SURGXFWV�OLNH�2FXOXV�5LIW��WKH�+7&�9LYH�
FDPH�ZLWK� WZR�95 FRQWUROOHUV� ULJKW� IURP�WKH�ER[ DQG� LW�KDV�D�
6WHDP95�VXSSRUW��1RWH� WKDW +7&�9LYH�VXSSRUWV� WZR�SRVVLEOH�
95� VHWWLQJV�� QDPHO\� 5RRP� 6FDOH� SOD\LQJ� DUHD� RU� 6WDQGLQJ�
SOD\LQJ�DUHD� ,Q�WKLV�H[SHULPHQW� ZH�XVHG�WKH�IRUPHU�

7KH�WHVW�ZDV�GRQH�XVLQJ�WKH�UDFLQJ�JDPH�3URMHFW�&DUV�ZKLFK�
KDV�IXOO�95�VXSSRUW�DQG�LWV�3DJDQL�(GLWLRQ YHUVLRQ�LV�IUHH�WR�SOD\
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RQ�6WHDP��,Q�WKH�JDPH� WKH�SOD\HU�HQWHUV�WKH�YLUWXDO�FRFNSLW�RI�D�
FDU�DQG�UDFHV�LQ�D�VLQJOH SOD\HU�PRGH ZLWK�RU�ZLWKRXW�FRPSXWHU�
RSSRQHQWV�RQ�D WUDFN��$V�PHQWLRQHG�LQ�WKH�,QWURGXFWLRQ��DW�WKLV�
VWDJH� RI� WKH� SURMHFW� ZH� DUH� QRW� \HW� IRFXVHG� RQ� PXOWLSOD\HU�
JDPLQJ��L�H��WKH�LPSDFW�RI�V\VWHP�,)�VXFK�DV� ODWHQF\ RU SDFNHW�
ORVV RQ�XVHU�4R(� 7KH�FRPSXWHU�XVHG�IRU�WKH�WHVW�FDQ�PDLQWDLQ
WKH� VWDEOH� IUDPH� UDWH� �!��� ISV LQ +'� UHVROXWLRQ�� LQ� DOO� JDPH�
VFHQHV��WKH�JUDSKLFV VHWWLQJV�RI�WKH�JDPH�ZHUH�VHW�WR�PD[LPXP�
TXDOLW\��

1RWH� WKDW� WKH� UDFLQJ� JDPH� LV� FKRVHQ� EHFDXVH� LW� UHTXLUHV�
FRQWLQXRXV�FRQFHQWUDWLRQ IURP�D SOD\HU�DQG DOO RXU�WHVW�VXEMHFWV�
GULYH�D�FDU�LQ�UHDO�OLIH� VR�WKH\�ZHUH�DEOH�WR�FRPSDUH��WR�VRPH�
H[WHQW� WKDW�UHDO�DQG�95�GULYLQJ�H[SHULHQFH�

)LJXUH����7HVW�HQYLURQPHQW

6LQFH�ZH�ZDQWHG�WR�LQFUHDVH�WKH�OHYHO�RI�LPPHUVLRQ�RI�RXU�
WHVW�VXEMHFWV�LQWR�WKH�95�UDFLQJ�HQYLURQPHQW��WKH�VXEMHFWV�UDFHG�
RQ�D�95�WUDFN�XVLQJ�/RJLWHFK�*���UDFLQJ�ZKHHO WKDW�SURYLGHV�
IRUFH�IHHGEDFN�HIIHFWV��)LJ����� $V�VWDWHG�LQ�>�@� KDSWLF�IHHGEDFN�
FDQ HQKDQFH�UHDOLVP�DQG�4R( LQ�WKH�95 HQYLURQPHQW�

%� 7HVW�6XEMHFWV

7KH�WHVWV�ZHUH�GRQH�ZLWK����WHVW�VXEMHFWV EHWZHHQ����DQG����
\HDUV� RI� DJH�� 1DPHO\�� ZH� KDG� WZR IHPDOH� DQG� HLJKW PDOH�
SDUWLFLSDQWV�� 2Q� D� VFDOH� IURP� �� WR� ��� ZKHUH� �� PHDQV 1R�
H[SHULHQFH DQG���PHDQV ([WHQVLYH�H[SHULHQFH��ILYH�WHVW�VXEMHFWV�
UDWHG�WKHLU�SUHYLRXV�UDFLQJ�H[SHULHQFH�LQ�FRPSXWHU�JDPHV�ZLWK�
���WZR�WHVW�VXEMHFWV�UDWHG�LW�ZLWK���DQG�DQRWKHU�WZR�UDWHG�LW�ZLWK�
���ZKLOH�RQH�WHVW�VXEMHFW�UDWHG�LW�ZLWK����2Q�DYHUDJH��WKH�SUHYLRXV�
UDFLQJ�H[SHULHQFH��LQ�RU�RXW�RI�95��RI�WKH�WHVW�JURXS�HTXDOHG�WR�
�����ZKLOH�WKH�DYHUDJH�UDFLQJ�H[SHULHQFH�LQ�WKH JDPH�XVHG�LQ�WKH�
WHVW�HTXDOHG�WR����� 7KH�VXEMHFWV¶�SDVW�H[SHULHQFH�LV�DOVR�GHSLFWHG�
LQ�)LJ����

$OO� WHVW� VXEMHFWV� UHFHLYHG� D� VKRUW� GHVFULSWLRQ� RI� WKH� WHVW�
SURFHGXUH��7KH�VXEMHFWV ZHUH�LQWURGXFHG�ZLWK�WKH�KDUGZDUH DQG�

LWV�IXQFWLRQDOLW\��95�KHDGVHW�DQG�UDFLQJ�ZKHHO�FRQWUROV��DQG�WKH\�
ZHUH� DOO� JLYHQ� HQRXJK� WLPH� WR� DGDSW� WR WKH�95� HQYLURQPHQW��
1RWH�WKDW�EHIRUH�WKH�DFWXDO�UDFLQJ LQ�WKH�JDPH� WKH�VXEMHFWV�VSHQW�
VRPH� WLPH� LQ� WKH� 95� OLYLQJ� URRP� DUHD ZKHUH� WKH\� FRXOG�
IDPLOLDUL]H� WKHPVHOYHV� ZLWK� WKH� 95� PHFKDQLFV� �IRU� LQVWDQFH�
KRZ�WR�PRYH�LQ�95�UHDOLW\�RU KRZ�WR�LQWHUDFW ZLWK�95�REMHFWV LQ�
WKH�VFHQH��

$IWHU� WKLV� LQWURGXFWLRQ�� WHVW� VXEMHFWV� HQWHUHG� WKH� YLUWXDO�
FRFNSLW� DQG� GURYH� DURXQG� WKH� WUDFN ZLWKRXW WKH FRPSXWHU�
RSSRQHQWV��$OO� WHVW� VXEMHFWV� GURYH� WKH� VDPH� FDU�� RQ� WKH� VDPH�
WUDFN��LQ�WKH�VDPH�FRQGLWLRQV��ZHDWKHU�DQG�WLPH�RI�GD\���:H�GLG�
QRW�ZDQW�WR�IRUFH�WKH�VXEMHFWV�WR�FRPSOHWH D�SUHGHILQHG QXPEHU�
RI�ODSV RQ�WKH�WUDFN��WKXV��HDFK�WHVW�VXEMHFW�GURYH�WKH�FDU�DV�PXFK�
DV�KH�RU�VKH ZDQWHG��7KLV�ZDV�VLQFH VRPH�SHRSOH�FDQ�H[SHULHQFH�
QDXVHD��L�H��F\EHUVLFNQHVV� LQ�D�95 HQYLURQPHQW >�@��VR�RXU�WHVW�
VXEMHFWV�ZHUH�DEOH�WR�HQG�WKH�WHVWLQJ VHVVLRQ�ZKHQ�WKH\ SOHDVHG��

)LJXUH����7KH�SUHYLRXV�JDPLQJ�H[SHULHQFH��95�DQG�RWKHU�

,,,� 7+(�5(68/76�2)�7+(�,1,7,$/�(;3(5,0(176

'XULQJ�HDFK�WHVW�VHVVLRQ� WKH�JDPH�UHFRUGHG�WKH�EHVW�ODS�WLPH�
RI�WKDW VHVVLRQ��,Q�7DE����WKH�EHVW�ODS�WLPHV RI�WKH�VHVVLRQV DUH
SUHVHQWHG�IRU�HDFK�WHVW�VXEMHFW��)RU�VRPH�WHVW�VXEMHFWV��76���76���
76�� DQG 76���WKH�JDPH�GLG�QRW�UHFRUG�WKH�WLPH��7KH�JDPH�VWRSV�
UHFRUGLQJ�WKH�ODS�WLPH�LI�D�SOD\HU�FXWV�WKH�WUDFN�FRUQHUV�RU�LI�D�
SOD\HU ZHQW�RII�WKH�WUDFN�

7$%/(�,�� 7(67�68%-(&76¶ 5$&,1*�5(68/76

7HVW�
VXEMHFW

,Q�JDPH�SHUIRUPDQFH
1R��RI�ODSV�

GULYHQ�DURXQG�
WKH�WUDFN

%HVW�ODS�WLPH
�PP�VV�

76� � 1R�UHFRUG
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76� � 1R�UHFRUG
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76� � ��������

76� � ��������

76� � 1R�UHFRUG
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2QH�FDQ�LPPHGLDWHO\�VHH�WKDW�WKRVH�IRXU�WHVW�VXEMHFWV��76���
76���76�� DQG 76���GURYH�RQO\�RQH�ODS�DURXQG�WKH�WUDFN��7KLV�
ZDV�GXH� WR�IHHOLQJ�GLVFRPIRUW RU� IHDU�ZKLOH�GULYLQJ��1RWH� WKDW�
76��GLG�QRW�IHOW�GLVFRPIRUW��H�J�� QDXVHD��GLVRULHQWDWLRQ�HWF�� OLNH�
RWKHU�WKUHH�WHVW�VXEMHFWV�IURP�WKLV�VXE�JURXS��76��IHOW�IHDU�DIWHU�
ORVLQJ�WKH�FRQWURO�RYHU�WKH�FDU�ZKHQ�WKH�FUDVK�ZDV�XQDYRLGDEOH�
DQG�GLVFRQWLQXHG�WKH�VHVVLRQ�EHFDXVH�RI�WKDW�

2Q�D�VFDOH�IURP���WR��� ZKHUH���PHDQV�1R�GLVFRPIRUW�DW�DOO
DQG���PHDQV�([WUHPHO\�GLVFRPIRUW�H[SHULHQFH� WKH�VXEMHFWV�UDWHG�
WKHLU�OHYHO�RI�GLVFRPIRUW� 7KH�UHVXOWV�DUH�SUHVHQWHG�LQ�)LJ���� $V�
PHQWLRQHG�HDUOLHU��76���76�� DQG 76��H[SHULHQFHG�KLJKHU�OHYHOV�
RI�GLVFRPIRUW�ZKLFK�IRUFHG� WKHP�WR�HQG� WKH�VHVVLRQ�DIWHU�RQO\�
RQH�ODS��:H�EHOLHYH�WKDW�WKLV�LV�EHFDXVH�WKHVH�WKUHH�WHVW�VXEMHFWV�
ZHDU�JODVVHV�DQG�WKH\�KDG�WR�WDNH�WKHP�RII�LQ�RUGHU�WR�SXW�95�
KHDGVHW�RQ�� WKDW LPSDFWHG� WKHLU�GLVFRPIRUW� OHYHO� ,QWHUHVWLQJO\��
76��GLG�QRW�UHSRUW�DQ\�GLVFRPIRUW� HYHQ�WKRXJK�WKLV�VXEMHFW�IHOW�
WKH�IHDU RI�FUDVKLQJ�WKH�FDU�

1RWH�WKDW�LQ�WKHVH�LQLWLDO�H[SHULPHQWV�ZH�GLG�QRW�LQYHVWLJDWH�
WKH� VXEMHFWV¶ OHYHO� RI� F\EHUVLFNQHVV XVLQJ�� IRU� LQVWDQFH�� WKH�
TXHVWLRQQDLUHV�GHYHORSHG�E\�.HQQHG\�HW�DO�� LQ�>��@��+RZHYHU��
WKDW� LV RQH� RI� WKH� WDVNV� RI� WKH� 4R(�95� SURMHFW� VLQFH� ZH� DUH�
LQWHUHVWHG� WR GLVFORVH� LQ� GHWDLO WKH� LPSDFW� RI� XVHU� GLVFRPIRUW�
LQFOXGLQJ F\EHUVLFNQHVV��RQ�WKH�OHYHO�RI�4R(�

)LJXUH����7KH�VXEMHFWV¶�OHYHO�RI�GLVFRPIRUW�LQ�UHODWLRQ�WR�WKH�QXPEHU�RI�GULYHQ�
ODSV�DURXQG�WKH�WUDFN

:KHQ�FRPSDULQJ WKH�UHVXOWV�SUHVHQWHG�LQ�)LJ�����)LJ��� DQG�
7DE�����ZH�FDQ�VHH�WKDW�WKH�EHVW�ODS�WLPHV�ZHUH�DFKLHYHG�E\�WKH�
VXEMHFWV�ZKR�DUH H[SHULHQFHG�SOD\HUV�LQ�FRPSXWHU JDPLQJ �76��
DQG�76����ZKLFK�LV�DQ�H[SHFWHG�UHVXOW�

$YHUDJH�XVHU�4XDOLW\�RI�([SHULHQFH�HTXDOHG� WR�������RQ�D�
VFDOH�IURP���WR����ZKHUH���PHDQV :RUVW�H[SHULHQFH DQG���PHDQV
([FHOOHQW H[SHULHQFH�� 1RWZLWKVWDQGLQJ� HYHQ WKH�VXEMHFWV�ZKR�
UHSRUWHG� WKH�KLJKHU� OHYHOV RI�GLVFRPIRUW� UDWHG� WKHLU 95�UDFLQJ�
H[SHULHQFH�ZLWK�D�KLJK UDWLQJ��)LJ�����

$W�WKLV�VWDJH�RI�WKH�SURMHFW��ZKHQ�RQO\�D�IHZ�WHVWV�ZHUH�PDGH�
ZLWK� D� UHODWLYHO\ VPDOO� JURXS� RI� WHVW� VXEMHFWV�� ZH� FDQ� RQO\�
VSHFXODWH�ZK\�WKH�KLJKHU�OHYHOV�RI�GLVFRPIRUW�ZHUH�QRW�UHIOHFWHG�
HQWLUHO\�RQ�D�XVHU�4R(�OHYHO� 2QH�H[SODQDWLRQ�FDQ�EH�WKH�³ZRZ�
HIIHFW´� ZKLFK 95� WHFKQRORJ\ FDQ� VWLOO� LQYRNH� LQ� PDQ\�
LQH[SHULHQFHG WHVW�VXEMHFWV��1LQH�RXW�RI����WHVW�VXEMHFWV�KDG�RQO\�
D� OLWWOH RU�QR�H[SHULHQFH� LQ�95�JDPLQJ��ZKLOH�QHLWKHU�RI�WKHP�
KDG� WKH�RSSRUWXQLW\� WR�UDFH�LQ�95�HQYLURQPHQW�XVLQJ�D�KDSWLF

GHYLFH�VXFK�DV�D�UDFLQJ�ZKHHO��7KXV��WKH�RYHUDOO�XVHU�H[SHULHQFH�
ZDV�SUREDEO\�XQGHU�D�ODUJH LQIOXHQFH�RI�WKH�QHZ�95�WHFKQRORJ\�
ZKLFK�FRPSOHWHO\�LPSULVRQHG�WKH�WHVW�VXEMHFWV¶�VHQVHV�LQVLGH�WKH�
YLUWXDO�UDFLQJ�WUDFN�

&RQVHTXHQWO\��LQ�RXU�IXWXUH�WHVWV� ZH�ZRXOG�QHHG�WR�XVH�PRUH�
H[SHULHQFHG�WHVWHUV��WR�DYRLG�WKH�DIRUHPHQWLRQHG�³ZRZ�HIIHFW´�
DQG�WR�EH�DEOH�WR�GLIIHUHQWLDWH�EHWZHHQ�4R(�UDWLQJV LQ�UHODWLRQ�WR�
G\QDPLF� 95� FRQGLWLRQV �H�J�� FKDQJHV� LQ� WKH� IUDPH� UDWHV� RU
UHVROXWLRQ��� ,W� FDQ� EH� H[SHFWHG� WKDW� PRUH� H[SHULHQFHG� WHVW�
VXEMHFWV� ZRXOG� EH� DEOH� WR� GHYRWH� PRUH� DWWHQWLRQ� WR� WKH� 95�
DSSOLFDWLRQ�SHUIRUPDQFH�DQG�UDWH�WKHLU�4R(�ZLWK�PRUH�DFFXUDF\
DQG�REMHFWLYLW\��

)LJXUH����7KH�VXEMHFWV¶�4XDOLW\�RI�([SHULHQFH�LQ�UHODWLRQ�WR�WKHLU�/HYHO�RI�
GLVFRPIRUW

:H�ZDQW�WR�UHSRUW�RQ DQRWKHU�LQWHUHVWLQJ�ILQGLQJ FRQVLGHULQJ�
WKH� WHVW� VXEMHFWV¶�SHUFHSWLRQ�RI� WLPH� �7DE������+DOI�RI RXU� WHVW�
VXEMHFWV�IHOW�WKDW�WKHLU�95�UDFLQJ�VHVVLRQ�ODVWHG�VKRUWHU�FRPSDUHG�
WR�WKH�DFWXDO�WLPH �QHJDWLYH YDOXHV�LQ�WKH�'LIIHUHQFH DQG�5HODWLYH�
HUURU FROXPQ� LQ� 7DE�� ���� 7KH� PRVW� GLVWLQFWLYH� GLIIHUHQFH� LV�
UHFRUGHG�IRU�76��ZKR�WKRXJKW�WKDW�WKH�VHVVLRQ�ODVWHG����PLQXWHV�
VKRUWHU�WKDQ�LW�ZDV �WKH�UHODWLYH�HUURU�HTXDOV�����������1RWH�WKDW�
WKLV�WHVW�VXEMHFW�ZDV�WKH�PRVW�H[SHULHQFHG�RQH�DQG�SUREDEO\�KDG�
WKH�PRVW�IXQ GXULQJ�WKH�WHVW� +H�VHW�WKH�EHVW�ODS�WLPH�DQG�DFKLHYHG�
D�KLJK�OHYHO�RI�4R(�ZLWK�QR�GLVFRPIRUW�

7$%/(�,,�� 7(67�68%-(&76¶ 3(5&(37,21�2)�7,0(
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:KHQ ZH�REVHUYH�WKH�SUHYLRXV JDPLQJ�H[SHULHQFH�RI�RWKHU�
WHVW�VXEMHFWV �)LJ����� LW�LV�LQWHUHVWLQJ�WR�QRWH�WKDW�DOO�WHVW�VXEMHFWV�
ZLWK WKH�H[SHULHQFH�����L�H��76���76���76���DQG�76�� �H[FHSW�
76����UHSRUWHG�VKRUWHU�VHVVLRQ�GXUDWLRQ��,I�ZH�DVVXPH WKDW�WKHVH�
WHVW VXEMHFWV� HQMR\HG WKLV� QHZ� IRUPDW� RI� JDPLQJ� �95
HQYLURQPHQW SDLUHG ZLWK�WKH�KDSWLF GHYLFH���WKHQ�LW�LV�UHDVRQDEOH�
WR�DUJXH�WKDW�WKHUH�LV�D�FRUUHODWLRQ�EHWZHHQ�D�XVHU�SHUFHSWLRQ�RI�
WLPH�� KLV� RU� KHU OHYHO� RI HQMR\PHQW DQG� SUHYLRXV� H[SHULHQFH��
+RZHYHU��ZH�ZLOO�SXUVXH WKH� WHVWLQJ RI� WKLV� K\SRWKHVLV LQ�RXU�
IXWXUH�UHVHDUFK�

,QWHUHVWLQJO\��WKH UHVXOWV SUHVHQWHG�LQ�7DE��� GLIIHU�IURP�WKRVH�
UHSRUWHG LQ� >��@�ZKHUH� WKH� DXWKRUV� VKRZHG� KRZ� WKH� VXEMHFWV¶
SHUFHSWLRQ�RI�WLPH�LQ�WKH�95 HQYLURQPHQW�ZDV������LQFUHDVHG�
FRPSDUHG� WR� WKH� DFWXDO WLPH�� <HW�� WKH� DXWKRUV¶� H[SHULPHQW�
LQFOXGHG� RQO\� ZDONLQJ� LQ� D� 95 HQYLURQPHQW� ZLWKRXW� WKH�
LQWHUDFWLRQV� RU� FRPSHWLWLYHQHVV� ZKLFK� ZHUH� D� SDUW� RI� RXU�
H[SHULPHQW� $QRWKHU� LPSRUWDQW� GLVWLQFWLYHQHVV� EHWZHHQ� WKHVH�
WZR� H[SHULPHQWV� LV� WKH� WHVW� GXUDWLRQ�� 7KH� WHVWV� LQ� >��@� ODVWHG�
EHWZHHQ� �� DQG� �� VHFRQGV� ZKLFK� LV� FRQVLGHUDEO\� VKRUWHU�
FRPSDUHG�WR�RXU�H[SHULPHQW��0RUHRYHU� WKH�WHVW�VXEMHFWV�LQ�>��@
ZHUH�DVNHG�'LG�\RX�PRYH�ORQJHU�RU�VKRUWHU�WKDQ���VHFRQGV"ZLWK�
WKH���UHSODFHG�E\�WKH�FRUUHVSRQGLQJ�UHIHUHQFH�WLPH VSHQG LQ�WKH�
95�HQYLURQPHQW� +HQFH��GXH�WR�VKRUWHU�WHVWV�DQG DQ�LPSOLFDWLRQ
RI�LWV�DFWXDO�GXUDWLRQ�LQ�WKH�VWDWHG�TXHVWLRQ��LW�ZDV�HDVLHU�IRU�WKH�
WHVW�VXEMHFWV WR�DFFXUDWHO\ TXDQWLI\�WKH�WLPH��OHDGLQJ�WR�VPDOOHU
UHODWLYH�HUURUV�

1RWH� WKDW� LW� LV� DOVR� VKRZQ LQ� >��@� KRZ� WKH� UHODWLYH� HUURU�
GHFUHDVHV�ZLWK�WKH�LQFUHDVH�RI�WKH�WHVW�GXUDWLRQ��EXW�WKH�DEVROXWH�
HUURU�LQFUHDVHV��7KLV�H[SODLQV�WKH PLVSHUFHSWLRQ�RI�WLPH RI RXU�
WHVW�VXEMHFWV�

)LQDOO\��ZH�FDQ�UHSRUW�WKDW�DOO�WHVW�VXEMHFWV�VWDWHG�WKDW�KDSWLF�
GHYLFH�XVHG�IRU�WHVWLQJ��L�H��WKH�IRUFH�IHHGEDFN�ZKHHO��HQKDQFHG�
WKHLU� OHYHO� RI� LPPHUVLRQ� LQWR� WKH� 95�� PDNLQJ� WKH� ZKROH�
H[SHULHQFH�IHHO�PRUH�UHDOLVWLF��WKXV��FRQILUPLQJ�WKH�ILQGLQJV�RI�
5\JH HW DO��SUHVHQWHG�LQ�>�@�

,9� &21&/86,21

,Q�WKLV�SDSHU� WKH�UHVXOWV�RI�WKH�ILUVW�LQLWLDO�H[SHULPHQWV�RI�WKH�
4R(�95�SURMHFW�ZHUH�SUHVHQWHG��$W� WKLV� VWDJH�RI� WKH�SURMHFW��
ZKHQ RQO\�D� IHZ� WHVWV�ZHUH�FRQGXFWHG�ZLWK� D� UHODWLYHO\ VPDOO�
JURXS�RI�WHVW�VXEMHFWV��ZH�DUH�QRW�\HW�DEOH�WR�GUDZ�FRPSUHKHQVLYH�
FRQFOXVLRQV� UHJDUGLQJ� WKH� LPSDFW� RI� GLIIHUHQW� KXPDQ�� V\VWHP��
DQG�FRQWH[W�,)�RQ�XVHU�4R(�IRU�95�DSSOLFDWLRQV��+RZHYHU��WKH�
H[SHULHQFH� JDLQHG� ZLWK� FRQGXFWLQJ� WKHVH� LQLWLDO� WHVWV� DQG�
LQWHUSUHWLQJ�WKH�REWDLQHG�UHVXOWV�ZLOO�KHOS�XV�LQ�GHFLGLQJ�ZKHUH�
WR�VWHHU�RXU�IXWXUH�UHVHDUFK�HQGHDYRUV�LQ�WKLV�SURMHFW�DQG�EH\RQG�

7KH�SDSHU�VKRZHG�KRZ�WKH�WHVW�VXEMHFWV�UHSRUWHG�KLJK�OHYHOV�
RI� WKHLU� 4R(�� GHVSLWH� WKH� GLVFRPIRUW� ZKLFK� WKH\� PLJKW� KDYH�
H[SHULHQFHG��:H�DUH�SDUWLFXODUO\�LQWHUHVWHG�LQ�GLVFORVLQJ�IXUWKHU�
ZKDW�LV�WKH�QDWXUH�RI�WKH�UHODWLRQVKLS�EHWZHHQ�KXPDQ�HPRWLRQV��
VXFK�DV�IHDU��DQG�XVHU�4R(��VLQFH�RQH�RI�RXU�WHVW�VXEMHFWV�KDG�WR�
HQG� WHVWLQJ� VHVVLRQ� GXH� WR� IHDU LQGXFHG� E\� WKH� JDPH�� \HW WKH
VXEMHFW�UDWHG WKH ZKROH�H[SHULHQFH�ZLWK�WKH�KLJK�UDWLQJ�

$QRWKHU FRJQLWLRQ WKDW�ZDV�UHDFKHG LV�WKH�QHHG�WR�H[SHULPHQW�
ZLWK� WHVW� VXEMHFWV� ZKR� DOUHDG\� KDYH� DW� OHDVW� VRPH� SUHYLRXV�
H[SHULHQFH� LQ� XVLQJ� 95� WHFKQRORJ\� IRU GLIIHUHQW� SXUSRVHV�
�JDPLQJ�� YLGHR� VWUHDPLQJ� HWF���� 7KLV� LV� EHFDXVH�� IRU� LQVWDQFH��
RQO\�DQ�H[SHULHQFHG�95�JDPHU�FRXOG�GHYRWH�PRUH�DWWHQWLRQ�WR�

KRZ�D�JDPH�SHUIRUPV�DQG�KRZ�WKDW�UHIOHFWV�RQ�WKH�OHYHO�RI�4R(��
FRPSDUHG�WR�WKH�LQH[SHULHQFHG WHVW�VXEMHFW�ZKR�LV�PRUH�OLNHO\�WR�
EH�IDVFLQDWHG�ZLWK�95�HQYLURQPHQW�DQG�VRPHZKDW�REOLYLRXV�WR�
WKH�SURYLGHG�VHUYLFH�TXDOLW\�

2XU�SUHYLRXV�UHVHDUFK�H[SHULHQFH�WHDFKHV�XV�WKDW�WKH�FRQWHQW�
XVHG� IRU� WKH� WHVWLQJ� JUHDWO\� DIIHFWV� WKH� UHVXOWV��7KLV� ILQGLQJ� LV�
FRQILUPHG�DOVR�LQ�WKHVH�WHVWV��+HQFH��ZH�ZRXOG�OLNH�WR�FRQWLQXH�
H[SHULPHQWLQJ�ZLWK�95�DSSOLFDWLRQV��VXFK�DV�PXOWLSOD\HU�JDPHV��
�����YLGHR�VWUHDPLQJ� DQG RWKHUV��ZKLFK�DUH�PRUH�OLNHO\�WR�EH�
XVHG�E\�VWDQGDUG�XVHUV�LQ�HYHU\GD\�VLWXDWLRQV�

(YHQ�WKRXJK�WKH�+7&�9LYH�KHDGVHW FDQ�DFFRPPRGDWH�XVHU¶�
JODVVHV�� LQ�RXU�H[SHULHQFH�ZH�ZLWQHVVHG�WKDW�WHVW�VXEMHFWV�ZLWK�
JODVVHV�RIWHQ�IHOW QDXVHD�DQG�GLVFRPIRUW�ZKLOH�EHLQJ�LPPHUVHG�
LQWR� 95�� 7KHLU� WHVWLQJ� VHVVLRQV� HQGHG� SUHPDWXUHO\�� KHQFH� LQ�
IXWXUH�ZH�ZRXOG�KDYH�WR�HPSOR\�WHVW�VXEMHFWV�ZLWK�XQLPSDLUHG�
YLVLRQ�

7KH� DGGLWLRQDO SDWK� IRU� WKH� IXWXUH� UHVHDUFK� ZKLFK� ZDV�
RSHQHG� ZLWK� WKHVH� LQLWLDO� H[SHULPHQWV� LV� ILQGLQJ D EHWWHU�
XQGHUVWDQGLQJ�RI�WKH�UHODWLRQVKLS�EHWZHHQ�D�XVHU�SHUFHSWLRQ�RI�
WLPH�ZKLOH�LPPHUVHG�LQWR�WKH�95�HQYLURQPHQW DQG�WKH�OHYHO�RI�
XVHU�SDVW�H[SHULHQFH DQG�HQMR\PHQW��$V�LQGLFDWHG�LQ�WKH SDSHU��
PRUH� H[SHULHQFHG� WHVW� VXEMHFWV� ZKR� HQMR\HG� RXU� WHVWLQJ�
VHVVLRQV� KDG GLIILFXOW\ LQ�SHUFHLYLQJ�WKH�WLPH�DFFXUDWHO\�

)LQDOO\�� ZH� SURYHG� WKDW� RXU WHVW� HQYLURQPHQW�� LQFOXGLQJ�
KDUGZDUH�DQG�VRIWZDUH�FRPSRQHQWV��FDQ�EH�XVHG�IRU�VXFK�WHVWLQJ��

$&.12:/('*0(17

7KH�UHVXOWV�SUHVHQWHG�LQ�WKLV�SDSHU�RULJLQDWH�IURP�WKH�4XDOLW\�
RI� ([SHULHQFH� IRU� 9LUWXDO� 5HDOLW\� $SSOLFDWLRQV �4R(�95��
SURMHFW� DFWLYLWLHV�� 7KH� SURMHFW� LV� IXQGHG� E\� WKH� 8QLYHUVLW\� RI�
=DJUHE� XQGHU� 6KRUW�WHUP ILQDQFLDO� VXSSRUW� IRU� UHVHDUFKHUV
SURJUDP LQ������

7KH�DXWKRUV�ZLVK�WR�WKDQN�WKHLU�FROOHDJXHV�ZKR�SDUWLFLSDWHG�
LQ�WKH�H[SHULPHQWV�

'(&/$5$7,21�2)�,17(5(67

7KH�DXWKRUV�KDYH�QR�FRQIOLFWV�RI�LQWHUHVW�WR�GHFODUH QRU�WKH\�
SURPRWH� DQ\� KDUGZDUH� FRPSRQHQWV� RU� VRIWZDUH DSSOLFDWLRQV
PHQWLRQHG�LQ�WKLV�SDSHU�

5()(5(1&(6

>�@ 3��/H�&DOOHW��6��0|OOHU��$��3HUNLV��������)HE���� 4XDOLQHW�ZKLWH�SDSHU�RQ�
GHILQLWLRQV RI� TXDOLW\� RI� H[SHULHQFH�� $YDLODEOH� DW�
KWWS���ZZZ�TXDOLQHW�HX�LPDJHV�VWRULHV�4R(BZKLWH�SDSHUBY����SGI

>�@ 4XDOLW\�RI�([SHULHQFH�IRU�9LUWXDO�5HDOLW\�$SSOLFDWLRQV SURMHFW��������6HS�
��� $YDLODEOH�DW��KWWS���ZZZ�IS]�XQL]J�KU�TRH�YU�

>�@ -��'XUELQ �������6HS����� 6XSHU�GDWD�UHSRUW������PLOOLRQ�YLUWXDO�UHDOLW\�
KHDGVHWV�VKLSSHG�LQ�������$YDLODEOH DW��KWWSV���XSORDGYU�FRP�UHSRUW�����
PLOOLRQ�YLUWXDO�UHDOLW\�KHDGVHWV�VKLSSHG�����

>�@ 0��0DWXOLQ��â� 0UYHOM� ³6XEMHFWLYH�(YDOXDWLRQ�RI�4XDOLW\�RI�([SHULHQFH�
IRU� 9LGHR� 6WUHDPLQJ� 6HUYLFH�´ 3URFHHGLQJV� RI� WKH� �QG� 5HVHDUFK�
&RQIHUHQFH�LQ�7HFKQLFDO�'LVFLSOLQHV��5&,7'�� ������SS�������

>�@ â��0UYHOM��0� 0DWXOLQ��³,PSDFW�RI�SDFNHW�ORVV�RQ�WKH�SHUFHLYHG�TXDOLW\�RI�
8'3�EDVHG�PXOWLPHGLD�VWUHDPLQJ��D�VWXG\�RI�XVHU�TXDOLW\�RI�H[SHULHQFH�
LQ�UHDO�OLIH�HQYLURQPHQWV�´ 0XOWLPHGLD�6\VWHPV��YRO������QR�����������SS��
����� �GRL����������V�����������������

>�@ 0�� 0DWXOLQ�� â�� 0UYHOM�� ³0RGHOOLQJ� XVHU� TXDOLW\� RI� H[SHULHQFH� IURP�
REMHFWLYH� DQG� VXEMHFWLYH� GDWD� VHWV� XVLQJ� IX]]\� ORJLF�´ 0XOWLPHGLD�
6\VWHPV��2QOLQH�ILUVW��������SS������ �GRL����������V�����������������
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>�@ 6��+��%HQGLNVHQ��/��-¡UJHQVHQ��³%DODQFLQJ�WKH�YLUWXDO�UHDOLW\�H[SHULHQFH��
$�VWXG\�RI�KXPDQ�UHDFWLRQV�ZLWK�WKH�2FXOXV�5LIW�'.�´��1RUG�7U¡QGHODJ�
8QLYHUVLW\�&ROOHJH��1RUZD\�������

>�@ $� 5\JH� /� 7KRPVHQ� 7� %HUWKHOVHQ� -�6��+YDVV� /� .RUHVND� &� 9ROOPHUV�
1�&��1LOVVRQ� 5� 1RUGDKO� 6� 6HUDILQ��³(IIHFW�RQ�+LJK�YHUVXV�/RZ�)LGHOLW\�
+DSWLF�)HHGEDFN�LQ�D�9LUWXDO�5HDOLW\�%DVHEDOO�6LPXODWLRQ�´�3URFHHGLQJV�
RI WKH� ,(((� 9LUWXDO� 5HDOLW\� �95��� ������ SS�� �������� �GRL��
��������95��������������

>�@ 6��0DUWLURVRY��3��.RSHFHN��³&\EHU�6LFNQHVV LQ�9LUWXDO�5HDOLW\�� /LWHUDWXUH�
5HYLHZ�´�3URFHHGLQJV�RI WKH���WK�'$$$0�,QWHUQDWLRQDO�6\PSRVLXP�RQ�

,QWHOOLJHQW� 0DQXIDFWXULQJ� DQG� $XWRPDWLRQ� ������ SS�� �������� �GRL��
����������WK�GDDDP�SURFHHGLQJV�����

>��@ 5��6��.HQQHG\��1��(��/DQH��.��6��%HUEDXP��0��*��/LOLHQWKDO��³6LPXODWRU�
6LFNQHVV�4XHVWLRQQDLUH��$Q�(QKDQFHG�0HWKRG�IRU�4XDQWLI\LQJ�6LPXODWRU�
6LFNQHVV´� ,QWHUQDWLRQDO� -RXUQDO� RI�$YLDWLRQ� 3V\FKRORJ\�� YRO�� ��� QR�� ���
������SS��������� �GRL����������V��������LMDS����B��

>��@ *�� %UXGHU�� )�� 6WHLQLFNH�� ³7LPH� 3HUFHSWLRQ� GXULQJ� :DONLQJ� LQ� 9LUWXDO�
(QYLURQPHQWV�´�3URFHHGLQJV�RI WKH ,(((�9LUWXDO�5HDOLW\��95���������SS�
����� �GRL����������95��������������
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