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'LPLWULRV�7]RYDUDV��*HRUJLRV�1LNRODNLV��*HRUJLRV�)HUJDGLV��

6WUDWRV�0DODVVLRWLV�DQG�0RGHVWRV�6WDYUDNLV�

,QIRUPDWLFV�DQG�7HOHPDWLFV�,QVWLWXWH�
&HQWHU�IRU�5HVHDUFK�DQG�7HFKQRORJ\�+HOODV�

�VW�.P�7KHUPL�3DQRUDPD�5RDG�
�������7KHUPL�±�7KHVVDORQLNL��*UHHFH�

7HO������������������LQWHUQDO��������)D[�����������������
(�PDLO���'LPLWULRV�7]RYDUDV#LWL�JU��JQLNR#LWL�JU��
IHUJDGLV#LWL�JU��VWUDWRV#LWL�JU��PRGHVWRV#LWL�JU��

$EVWUDFW�� 7KH� SUHVHQW� SDSHU� SUHVHQWV� D� FXVWRP� KXPDQ�FRPSXWHU� LQWHUDFWLRQ�
DSSOLFDWLRQ� IRU� WKH�EOLQG��GHYHORSHG� IRU� WKH� IHDVLELOLW\� VWXG\� WHVW� SHUIRUPHG� LQ�
WKH� ,QIRUPDWLFV� DQG� 7HOHPDWLFV� ,QVWLWXWH� IRU� WKH� (8� ,67� SURMHFW� (125$6,��
(125$6,�DLPV�DW�GHYHORSLQJ�D�KLJKO\�LQWHUDFWLYH�DQG�H[WHQVLEOH�KDSWLF�YLUWXDO�
UHDOLW\��95��V\VWHP�WKDW�DOORZV�YLVXDOO\�LPSDLUHG�SHRSOH��HVSHFLDOO\�WKRVH�EOLQG�
IURP�ELUWK�� WR� VWXG\�DQG� LQWHUDFW�ZLWK�YDULRXV�YLUWXDO�REMHFWV��)RU� WKLV�SXUSRVH�
ZH� KDYH� GHYHORSHG� D� QXPEHU� RI� FXVWRP� DSSOLFDWLRQV� WR� VXSSRUW� WKH�
FRPPXQLFDWLRQ�ZLWK� WKH�&\EHU*UDVS�KDSWLF�GHYLFH��(LJKW� WHVW�FDWHJRULHV�ZHUH�
LGHQWLILHG�DQG�FRUUHVSRQGLQJ�WHVWV�ZHUH�GHYHORSHG�IRU�HDFK�FDWHJRU\�����SHUVRQV�
FRQGXFWHG� WKH� WHVWV� DQG� WKH� UHVXOWV�ZHUH� HYDOXDWHG��$Q�DSSURSULDWH� HYDOXDWLRQ�
PHWKRGRORJ\�ZDV�VHW�XS�IRU�DQDO\]LQJ�WHVW��UHVXOWV��

���,QWURGXFWLRQ��

,Q�UHFHQW�\HDUV�UHVHDUFKHUV�KDYH�VWDUWHG�GHYHORSLQJ�IRUFH� IHHGEDFN�LQWHUIDFHV��ZKLFK�
SHUPLW�EOLQG�SHRSOH�QRW�RQO\� WR�DFFHVV�EL�GLPHQVLRQDO�JUDSKLF�LQWHUIDFHV��DV�ZDV�WKH�
FDVH�XQWLO�QRZ���EXW� LQ�DGGLWLRQ� WR�DFFHVV� LQIRUPDWLRQ�SUHVHQW�RQ��'�9LUWXDO�5HDOLW\�
LQWHUIDFHV� DQWLFLSDWLQJ� WKDW� WKH� ODWWHU� ZLOO� EH� WKH� QDWXUDO� IRUP� RI� LQIRUPDWLRQ�
LQWHUFKDQJH�LQ�WKH�YHU\�QHDU�IXWXUH�>�@��

7KH� JUHDWHVW� SRWHQWLDO� EHQHILWV� IURP� YLUWXDO� HQYLURQPHQWV� �9(�� EXLOW� LQWR� FXUUHQW�
95� V\VWHPV�� DUH� LQ� VXFK� DSSOLFDWLRQV� DV� HGXFDWLRQ�� WUDLQLQJ�� DQG� FRPPXQLFDWLRQ� RI�
JHQHUDO� LGHDV�DQG�FRQFHSWV��7KH� WHFKQLFDO� WUDGH�RIIV�DQG� OLPLWDWLRQV�RI� WKH�FXUUHQWO\�
GHYHORSHG�95�V\VWHPV�DUH�UHODWHG�WR�WKH�YLVXDO�FRPSOH[LW\�RI�D�9(�DQG�LWV�GHJUHH�RI�
LQWHUDFWLYLW\�>���@��
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�� 7KLV�ZRUN�ZDV� VXSSRUWHG� E\� WKH�(8� ,67�SURMHFW�(125$6,��9LUWXDO�(QYLURQPHQWV� IRU� WKH�
7UDLQLQJ�RI�9LVXDOO\�,PSDLUHG��



7KH� PDLQ� REMHFWLYH� RI� WKH� (125$6,� SURMHFW� LV� WR� GHYHORS� D� FRPSOHWH� WUDLQLQJ�
V\VWHP� IRU� WKH� EOLQG� DQG� YLVXDOO\� LPSDLUHG� EDVHG� RQ� KDSWLF� YLUWXDO� UHDOLW\� �95��
WHFKQLTXHV� >���@� WKH� FKDOOHQJLQJ� DVSHFW� RI� WKH� SURSRVHG� 95� V\VWHP� LV� WKDW� RI�
DGGUHVVLQJ� UHDOLVWLF� YLUWXDO� UHSUHVHQWDWLRQ� ZLWKRXW� DQ\� YLVXDO� LQIRUPDWLRQ�� ,Q�
(125$6,�RXU�LQWHQWLRQ�LV�WR�FRPELQH�KDSWLF�DQG�VRXQG�LQIRUPDWLRQ�LQ�VXFK�D�ZD\�DV�
WR� LPSURYH� WKH� SRVVLELOLWLHV� IRU� D� EOLQG� SHUVRQ� WR� REWDLQ� RYHUYLHZ�� � %\� XVLQJ� WKH�
FRPSXWHU� �DQG� D� �'� FRPSXWHU� JHQHUDWHG� ZRUOG�� ZH� PD\� G\QDPLFDOO\� OLQN� WKH�
VHQVDWLRQ� RI� IHHOLQJ� ZLWK� VRXQG� LQ� ZD\V�� ZKLFK� DUH� GLIILFXOW�LPSRVVLEOH� ZLWK� UHDO�
ZRUOG�PRGHOV�>���@���

7KH� SXUSRVH� RI� WKLV� SDSHU� LV� WR� SUHVHQW�PHDVXUDEOH� UHVXOWV� DQG� GHULYH� TXDOLWDWLYH�
DQG� TXDQWLWDWLYH� FRQFOXVLRQV� RQ� WKH� DGGHG� YDOXH� RI� DQ� LQWHJUDWHG� KXPDQ�FRPSXWHU�
LQWHUDFWLRQ� V\VWHP�DLPLQJ� WR� WUDLQ� WKH�EOLQG�ZLWK� WKH�XVH�RI�YLUWXDO� UHDOLW\��EDVHG�RQ�
KDSWLF�GHYLFHV�DQG�WHFKQRORJLHV��0RUH�VSHFLILFDOO\�WKH�REMHFWLYHV�RI�WKLV�SDSHU�DUH�WR�
GHPRQVWUDWH��WKDW�WKH�H[LVWLQJ�WHFKQRORJLFDO�EDVLV�LQ�WKH�DUHD�RI�KDUGZDUH�GHYLFHV�IRU�
WDFWLOH� DQG� IRUFH�IHHGEDFN� �&\EHU*UDVS� KDSWLF� GHYLFH� >�@�� SURYLGHV� WKH� QHHGHG�
SURSHUWLHV� WR� DFKLHYH� WKH� REMHFWLYHV� RI� WKH� (125$6,� SURMHFW� DQG� WKDW� WKH� VRIWZDUH�
WHFKQRORJLHV� FKRVHQ�� HVSHFLDOO\� LQ� WHUPV� RI� KDSWLF� DQG� YLVXDO� UHQGHULQJ�� DUH� D� VROLG�
EDVLV�WR�DFKLHYH�WKH�WDUJHW�IXQFWLRQDOLW\�RI�WKH�VRIWZDUH�V\VWHP�WR�EH�GHYHORSHG��

7KH�&\EHU*UDVS�KDSWLF�GHYLFH�ZDV�VHOHFWHG��EDVHG�RQ� LWV�FRPPHUFLDO�DYDLODELOLW\�
DQG� PDWXULW\� RI� WHFKQRORJ\�� ,Q� WKLV� SDSHU� ZH� KDYH� GHYHORSHG� D� QXPEHU� RI� FXVWRP�
DSSOLFDWLRQV� �WKH� )HDVLELOLW\� 6WXG\� WHVWV�� DQG� VSHFLILF� VRIWZDUH� WR� VXSSRUW� WKH�
FRPPXQLFDWLRQ�RI� WKH�DSSOLFDWLRQV�ZLWK� WKH�SHULSKHUDO�GHYLFHV�DQG�DOVR� LQWHJUDWHG�D�
QHZ� FROOLVLRQ� GHWHFWLRQ� DOJRULWKP� �EDVHG� RQ� 5$3,'� >�@� DQG� 343� >�@�� LQ� WKH�9+6�
VRIWZDUH� OLEUDU\� >��@� IRU� WKH� &\EHU*UDVS� KDSWLF� GHYLFH�� LQ� RUGHU� WR� LPSURYH� WKH�
SHUIRUPDQFH�RI�WKH�ZKROH�V\VWHP��

�

�

)LJ�����&\EHU*UDVS�KDSWLF�GHYLFH��
�

7KH� DERYH� VWHSV�ZHUH�GHHPHG� WR�EH� VXIILFLHQW� LQ�RUGHU� WR�GHYHORS�DQG�SURYLGH� D�
SLORW� HQYLURQPHQW� ZKLFK� RIIHUV� DGHTXDWH� IXQFWLRQDOLW\� IRU� HQG� XVHUV� WR� IDPLOLDUL]H�
WKHPVHOYHV�ZLWK�WKH�WHFKQRORJ\�DQG�EHLQJ�DEOH�WR�MXGJH�LWV�SRWHQWLDO�DQG�XVHIXOQHVV��
(LJKW� WHVW� FDWHJRULHV� ZHUH� LGHQWLILHG� DQG� FRUUHVSRQGLQJ� WHVWV� GHYHORSHG� IRU� WKH�
&\EHU*UDVS�DQG�DQ�DSSURSULDWH�HYDOXDWLRQ�PHWKRGRORJ\�ZDV�VHW�XS�IRU�DQDO\]LQJ�WHVW�
UHVXOWV�FRQGXFWHG�E\����SHUVRQV��



���)HDVLELOLW\�6WXG\�7HVWV�

7KH� &\EHU*UDVS� IHDVLELOLW\� VWXG\� LQFOXGHG� ��� XVHUV� IURP� *UHHFH�� (DFK� WHVW� WRRN�
DSSUR[LPDWHO\���KRXUV��LQFOXGLQJ�SDXVHV���7KH�WHVW�ZDV�SUHFHGHG�E\�D�RQH�KRXU�SUH�
WHVW� WKDW� ZDV� KHOG� WKH� GD\� EHIRUH� WKH� WHVW�� LQ� ZKLFK� WKH� XVHUV� ZHUH� DOORZHG� WR� JHW�
DFTXDLQWHG� ZLWK� WKH� KDSWLF� V\VWHP�� 7KH� PRWLYDWLRQ� IRU� WKLV� SUH�WHVW� ZDV� WKDW� WKH�
(125$6,�V\VWHP�LV�H[SHFWHG�WR�EH�D�V\VWHP�XVHG�PRUH�WKDQ�RQFH�E\�WKH�XVHUV��7KH�
SXUSRVH�RI�WKH�IHDVLELOLW\�VWXG\�ZDV�QRW�WR�WHVW�WKH�LQLWLDO�UHDFWLRQ�RI�D�XVHU�WR�D�KDSWLF�
V\VWHP�� 5DWKHU�� WKH� LGHD� ZDV� WR� WU\� WR� REWDLQ� LQIRUPDWLRQ� DERXW� WKH� XVH� RI� VXFK� D�
V\VWHP� E\� D� XVHU� ZKR� LV� VRPHZKDW� IDPLOLDU� ZLWK� WKH� XVH� RI� KDSWLFV�� 7KH� SUH�WHVW�
FRQVLVWHG� RI� VLPSOH� VKDSH� UHFRJQLWLRQ� WDVNV�� PDQLSXODWLRQ� RI� VLPSOH� REMHFWV� DQG�
QDYLJDWLRQ�LQ�WKH�KDSWLF�YLUWXDO�HQYLURQPHQW�XVLQJ�FDQH�VLPXODWLRQ��

7KH�WHVWV�ZHUH�LPSOHPHQWHG�E\�GHYHORSLQJ�FXVWRP�VRIWZDUH�DSSOLFDWLRQV�DQG�WKHLU�
SDUDPHWHUV�ZHUH� WXQHG� LQ� WZR�SLORW� WHVWV�SHUIRUPHG�ZLWK� XVHUV��7KH�PDMRULW\�RI� WKH�
WHVWV� LQ� WKH� IHDVLELOLW\� VWXG\�ZHUH�GLYLGHG� LQWR�SDUWV��7KRVH� VXEWHVWV�ZHUH� FKRVHQ� WR�
LQFOXGH� WHVWV� RQ� VLPLODU� WDVNV� EXW� ZLWK� YDU\LQJ� H[SHFWHG� OHYHO� RI� GLIILFXOW\� LQWR� WKH�
VWXG\��7KH� UHDVRQ� IRU� WKLV�GHVLJQ�DSSURDFK�ZDV� WKDW�ZH�ZDQWHG� WR�XVH� WKH�ZRUN�SXW�
LQWR�WKH�IHDVLELOLW\�VWXG\�QRW�RQO\�WR�VKRZ�WKDW�WKH�(125$6,�V\VWHP�LV�IHDVLEOH��EXW�
DOVR� WR�JDWKHU� LQIRUPDWLRQ�XVHIXO� LQ� WKH�GHVLJQ�RI� WKH� ILQDO� V\VWHP��(�J��D� WHVW�FRXOG�
FRQVLVW�RI�DQ�HDV\�WDVN��D�PLGGOH�OHYHO�WDVN�DQG�D�FRPSOLFDWHG�WDVN��,Q�WKH�EHJLQQLQJ�
WKH�WHVW�VHWV��EHORZ��ZHUH�GHVLJQHG�RQ�WKLV�OLQH��EXW�GXH�WR�WLPH�FRQVWUDLQWV�VRPH�WHVW�
WDVNV�ZHUH�UHPRYHG�DIWHU�WKH�SLORW�WHVWV��

7HVW�VHWXS�

7KHVH�DUH�WKH�OD\RXWV�RI�WKH�WHVW�HTXLSPHQW�XVHG�IRU�WKH�&\EHU*UDVS�WHVWV��

�
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)LJ�����D��'HVN�VHWXS��E��&DQH�VLPXODWLRQ�VHWXS��

$VLGH�IURP�WKH�PDWHULDO�VKRZQ�LQ�)LJXUHV����WHVWV���DQG���XVHG�SK\VLFDO�PRGHOV�DV�ZLOO�
EH�VHHQ� LQ� WKH� WHVW�GHVFULSWLRQV��7KH�EDFNSDFN�IRU� WKH�&\EHU*UDVS�KDSWLF�GHYLFH�KDV�
DOVR�EHHQ�XVHG�IRU�WHVWV���DQG����



7HVW�����6LPSOH�REMHFWV�WHVW�

7KH� XVHU� LV� QDYLJDWLQJ� LQ� D� FRQVWUDLQHG� YLUWXDO� HQYLURQPHQW� �9(�� FRQWDLQLQJ�
JHRPHWULFDO�REMHFWV��7KH�JRDO�IRU�WKH�XVHU�LV�WR�UHFRJQLVH�WKH�REMHFWV�DQG�UHFRQVWUXFW�
WKH�9(�XVLQJ�UHDO�JHRPHWULFDO�REMHFWV��)6�JRDOV�LQFOXGH�UHFRJQLWLRQ�RI�VKDSH��WUDQVIHU�
RI�NQRZOHGJH�IURP�WKH�YLUWXDO�WR�WKH�UHDO�ZRUOG�DQG�XQGHUVWDQGLQJ�VFDOH��

7HVW������$�VLQJOH�JHRPHWULFDO�REMHFW�
7KH� 9(� FRQVLVWV� RI� D� WDEOH� ZLWK� D� VLQJOH� JHRPHWULFDO� REMHFW� �)LJXUH� ���� 2Q� WKH�
DGMDFHQW�GHVN��WKHUH�LV�D�ER[��,Q�WKLV�ER[��WKHUH�LV�D�QXPEHU�RI�SK\VLFDO�UHSUHVHQWDWLRQV�
RI�GLIIHUHQW�JHRPHWULFDO�REMHFWV��OLNH�FKLOGUHQ¶V�WR\V��7KH�XVHU�VKRXOG�IHHO�WKH�YLUWXDO�
PRGHO�ZLWK�KLV�KHU�ULJKW�KDQG��ZHDULQJ�WKH�&\EHU*UDVS���UHFRJQLVH�LWV�FKDUDFWHULVWLFV��
DQG�IURP�WKH�SK\VLFDO�PRGHOV�SLFN�RXW�ZLWK�KLV�KHU�OHIW�KDQG�WKH�RQH�WKDW�IHHOV�OLNH�WKH�
REMHFW�WKDW�KH�VKH�KDV�H[SORUHG�LQ�WKH�YLUWXDO�ZRUOG��7KH�XVHU�LV�DOVR�DVNHG�WR�SODFH�WKH�
FKRVHQ�REMHFW�RQ�WKH�GHVN�DW�WKH�VDPH�SRVLWLRQ�ZLWK�WKH�YLUWXDO�REMHFW��

7HVW�����±�*HRPHWULFDO�REMHFWV�LQ�D�SDWWHUQ�
7KH�9(�FRQVLVWV�RI�D�WDEOH�ZLWK�D�QXPEHU�RI�JHRPHWULFDO�REMHFWV�RI�GLIIHUHQW�VKDSHV�
SODFHG� LQ�D�SDWWHUQ�RQ�D�YLUWXDO� WDEOH��)LJXUH��D���2Q�WKH�DGMDFHQW�GHVN�� WKHUH� LV�RQH�
ER[�ZLWK�D�QXPEHU�RI�SK\VLFDO�UHSUHVHQWDWLRQV�RI�GLIIHUHQW�JHRPHWULFDO�REMHFWV��)LJXUH�
�E���7KH�XVHU� VKRXOG� IHHO� WKH�YLUWXDO�HQYLURQPHQW�DQG� WU\� WR� UHFRQVWUXFW� LW� XVLQJ� WKH�
SK\VLFDO� PRGHOV�� $IWHU� FRPSOHWLRQ�� WKH� WHVW� OHDGHU� WDNHV� D� SLFWXUH� RI� WKH� UHVXOW�� IRU�
ODWHU�DQDO\VLV���)LJXUH��F���7KHQ��WKH�XVHU�LV�LQIRUPHG�RI�WKH�FRUUHFW�SODFHPHQW�RI�WKH�
REMHFWV��

�
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)LJ������D�*HRPHWULFDO�REMHFWV�LQ�D�SDWWHUQ���E��3K\VLFDO�PRGHOV�IRU�WHVW�������F��$�XVHU�EXLOGLQJ�
D�SK\VLFDO�FRS\�RI�WKH�PRGHOV��

7HVW�����2EMHFW�JUDVSLQJ�DQG�PDQLSXODWLRQ�WHVW�

7KH�XVHU�VKRXOG�H[SORUH�WKH�9(��ILQG�WKH�QXPEHU�RI�REMHFWV�LQ�LW��UHFRJQLVH�WKHP�DQG�
WKHQ�JUDVS�D�SUH�VHOHFWHG�REMHFW�DQG�PRYH� LW� WR�D� VSHFLILF�SRVLWLRQ��)HDVLELOLW\�VWXG\�
JRDOV� LQFOXGH� UHFRJQLWLRQ� RI� VKDSH�� REMHFW� PDQLSXODWLRQ� LQWR� YLUWXDO� HQYLURQPHQWV��
XQGHUVWDQGLQJ�VFDOH�DQG�WUDQVIHU�RI�NQRZOHGJH�IURP�WKH�YLUWXDO�WR�WKH�UHDO�ZRUOG��



7KH�9(� FRQVLVWV� RI� D� WDEOH� ZLWK� WKUHH� REMHFWV� �D� EDOO� DQG� WZR� HPSW\� EDVNHWV� RI�
GLIIHUHQW�VL]H���2QH�RI�WKH�EDVNHWV�LV�WZR�WLPHV�ELJJHU�WKDQ�WKH�RWKHU��)LJXUH��D���7KH�
JRDO�RI�WKH�XVHU�LV�WR�ILQG�WKH�EDOO��JUDVS�LW�DQG�SXW�LW�LQWR�WKH�ELJJHU�EDVNHW�RQ�WKH�WDEOH�
�)LJXUH��E���

�
�D���������������������������������������������������������������E��

)LJ������D��$�XVHU�H[SORULQJ�WKH�9(�RI�7HVW����E��2EMHFW�JUDVSLQJ�DQG�PDQLSXODWLRQ��

'XULQJ�WKH�WHVW��WKH�XVHU�LV�DVNHG�WR�IHHO�WKH�YLUWXDO�PRGHOV�DQG�UHFRJQL]H�WKH�EDOO�
DQG�WKH�WZR�EDVNHWV��+H�VKH�VKRXOG�XQGHUVWDQG�WKH�VL]H�RI�WKH�REMHFWV�DQG�DOVR�EH�DEOH�
WR�WHOO�KRZ�PDQ\�WLPHV�RQH�RI�WKH�EDVNHWV�LV�ELJJHU�WKDQ�WKH�RWKHU��7KLV�LV�LPSRUWDQW��
LQ�RUGHU�WR�VKRZ�WKDW�VFDOH�HVWLPDWLRQ�LV�SRVVLEOH�LQ�YLUWXDO�HQYLURQPHQWV�DQG�DOVR�WKDW�
XVHUV�FDQ�HVWLPDWH�VL]H�DQG�VFDOH�XVLQJ�RQO\�RQH�KDQG��)LQDOO\��KH�VKH�VKRXOG�JUDVS�WKH�
YLUWXDO�EDOO�DQG�SXW�LW�LQ�WKH�ELJJHU�RI�WKH�YLUWXDO�EDVNHWV��

7HVW�����0DS�WHVW�

7KH�PDSV�DUH�UHSUHVHQWDWLRQV�RI�KRXVH�IORRU�SODQV��7KH�XVHU�KDV�WR�H[SORUH�WKHP�DQG�
ILQG� FHUWDLQ� URRPV�� 6RXQG� IHHGEDFN� LV� SURYLGHG�ZKHQ� WKH� XVHU� SUHVVHV� WKH� IORRU� RI�
HDFK� URRP�� )HDVLELOLW\� VWXG\� JRDOV� LQFOXGH� QDYLJDWLQJ� LQ� FRPSOH[� HQYLURQPHQWV��
WUDQVIHU� RI� NQRZOHGJH� IURP� WKH� YLUWXDO� WR� WKH� UHDO� ZRUOG�� XQGHUVWDQGLQJ� VFDOH� DQG�
LQWHUDFWLQJ�ZLWK�KDSWLF�XVHU�LQWHUIDFH�FRPSRQHQWV���

�
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)LJ������D��0DS�WHVW���E��$�XVHU�SHUIRUPLQJ�WKH�PDS�WHVW��



7HVW������)ODW�ZLWK���URRPV��NLWFKHQ�DQG�KDOO�
7KH�YLUWXDO�HQYLURQPHQW�FRQVLVWV�RI�D�PDS�SODFHG�RQ�WKH�IORRU��7KH�ZDOOV�DUH�WKLFN�DQG�
KLJK� HQRXJK� VR� WKDW� WKH� XVHU� FDQ� LGHQWLI\� WKH� GLIIHUHQFH� EHWZHHQ� WKH� ZDOO� DQG� WKH�
IORRU�� ,Q� WKH�GRRU�RSHQLQJV�� WKHUH� LV� D�YHU\� WKLQ� ULGJH� D� ORW� ORZHU� WKDQ� WKH�ZDOOV�� WR�
HQDEOH�WKH�XVHU�WR�IHHO�WKH�GLIIHUHQFH�EHWZHHQ�ZDOOV�DQG�GRRUV���)LJXUH��D���:KHQ�WKH�
XVHU�SUHVVHV�WKH�IORRU�RI�D�URRP��KH�VKH�KHDUV�DQ�DXGLEOH�PHVVDJH�LQIRUPLQJ�KLP�KHU�
LQ�ZKLFK�URRP�KH�VKH�LV�DW�WKH�PRPHQW��:KHQ�WKH�XVHU�SUHVVHV�WKH�IORRU�DJDLQ�KH�VKH�
ZLOO�QRW�KHDU�DQ\WKLQJ�XQWLO�KH�VKH�HQWHUV�DQRWKHU�URRP��

:KHQ� WKH� XVHU� IHHOV� WR� KDYH� DQ� ³RYHUYLHZ´� RI� WKH� IODW�� KH�VKH� VKRXOG� VWDWH� WKH�
QXPEHU�RI�URRPV�WKDW�KH�VKH� WKLQNV�WKHUH�DUH�LQ�WKH�IODW��)LJXUH��E���)ROORZLQJ�WKDW��
WKH�XVHU�VKRXOG�VKRZ�WR�WKH� WHVW�OHDGHUV�WKH�UHODWLYH�SRVLWLRQ�RI�WKH�URRPV�LQ�WKH�IODW�
DQG�DGGLWLRQDOO\�ILQG�DQG�DFFXUDWHO\�IROORZ�WKH�ZDOOV�DQG�WKH�GRRUV��

7HVW�����±�)ODW�ZLWK���URRPV��ILQG�D�VSHFLILHG�URRP�
,I�WKH�XVHU�QHHGV�WR�ZDON�WKURXJK�WKH�IODW�DJDLQ��KH�VKH�PD\�H[SORUH�WKH�IODW� IRU�OHVV�
WKDQ� �� PLQXWHV��:KHQ� ILQLVKHG�� WKH� XVHU� VKRXOG� EH� DEOH� WR� ILQG� D� VSHFLILHG� URRP��
ZDONLQJ�IURP�WKH�KDOO�WR�WKH�URRP�GLUHFWO\��+H�VKH�VKRXOG�VKRZ�WKLV�E\�SUHVVLQJ�WKH�
IORRU�LQ�WKH�KDOO��DQG�WKHQ�JR�WR�WKH�VSHFLILHG�URRP�DQG�SUHVV�WKH�IORRU�WKHUH��+H�VKH�
VKRXOG�QRW�SUHVV�WKH�IORRUV�RQ�WKH�ZD\�WR�WKH�URRP��

7HVW�����0DWKHPDWLFV�WHVW�

7KH�XVHU�ZRUNV�ZLWK�DQ� LOOXVWUDWLYH�PDWKHPDWLFV�H[DPSOH�GHVLJQHG�WR� WHDFK�VWXGHQWV�
PDWKHPDWLFDO�JUDSKV� LQ���GLPHQVLRQV��)HDVLELOLW\� VWXG\�JRDOV� LQFOXGH�HGXWDLQPHQW�±�
XVH�D�PDWKHPDWLFDO�HGXFDWLRQDO�V\VWHP�DQG�WUDQVIHU�RI�NQRZOHGJH�IURP�WKH�YLUWXDO�WR�
WKH�UHDO�ZRUOG�>��@��
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)LJ������D��0DWKHPDWLFV�WHVW���E��$�XVHU�SORWWLQJ�WKH�FXUYH���

7HVW������$�VLQXVRLG�
7KH�XVHU�UHVWV�KLV�KHU�KDQG�RQ�D�ER[�ORFDWHG�LQ�IURQW�RI�KLP�KHU�RQ�WKH�WHVW�WDEOH�DQG�
WKH�JHRPHWULFDO�VKDSH�RI�D�VSHFLILF�ZDYHIRUP�LV�SDVVLQJ�XQGHU�KLV�KHU�ILQJHUV��YHUWLFDO�
IRUFHV� DUH� DSSOLHG� WR� HDFK� ILQJHU�EDVHG�RQ� WKH� VKDSH�RI� WKH�ZDYHIRUP���$� VLQH�RI� D�



VSHFLILF� IUHTXHQF\� LV� ILUVW�VLPXODWHG�E\� WKH�V\VWHP��)LJXUH��D���7KH�XVHU� LV�DVNHG�WR�
OHDYH� KLV�KHU� ILQJHUV� UHOD[HG� DQG� OHW� WKH� GHYLFH� FRQWURO� KLV�KHU� ILQJHUV� ZLWKRXW�
DSSO\LQJ�DQ\�UHVLVWDQFH�WR�LW��%DVHG�RQ�WKH�PRYHPHQW�RI�WKH�ILQJHUV�WKH�XVHU�LV�DVNHG�
WR�JXHVV� WKH�VKDSH�RI�WKH�ZDYHIRUP��:KHQ�WKH�XVHU� IHHOV�WKDW�KH�VKH�KDV�XQGHUVWRRG�
WKH�VKDSH�RI� WKH�FXUYH��KH�VKH�VKRXOG�GHVFULEH� LW� DQG� WU\� WR�SORW� LW�RQ�D�ZKLWH�SDSHU�
�)LJXUH��E���

7HVW�����±�$�VLQXVRLG�ZLWK�ORZHU�IUHTXHQF\�
7KH� IUHTXHQF\� E\� ZKLFK� WKH� VLQXVRLG� ZDYHIRUP� SDVVHV� XQGHU� WKH� XVHU¶V� ILQJHUWLSV�
GHFUHDVHV�DQG�WKH�XVHU�LV�DVNHG�LI�KH�VKH�IHOW�DQ\�FKDQJH�DQG�ZKDW�FRXOG�WKLV�FKDQJH�
EH��7KH�XVHU�LV�DJDLQ�DVNHG�WR�SORW�WKH�FXUYH��

7HVW�����2EMHFW�6TXHH]LQJ�7HVW�

7KH� XVHU� VKRXOG� H[DPLQH� D� EDOO� LQ� WKH� YLUWXDO� VSDFH�� XQGHUVWDQG� LWV� SK\VLFDO�
FKDUDFWHULVWLFV�±�VSHFLILFDOO\�� LWV�HODVWLFLW\�DQG�VWLIIQHVV���DQG�FRUUHVSRQG�HDFK�RI�WKH�
VWDWHV�RI� WKH�EDOO�ZLWK� D� UHDO� REMHFW��)HDVLELOLW\� VWXG\� JRDOV� LQFOXGH� LQWHUDFWLQJ�ZLWK�
YLUWXDO�REMHFWV�DQG�XQGHUVWDQGLQJ�WKHLU�SK\VLFDO�SURSHUWLHV�DQG�WUDQVIHU�RI�NQRZOHGJH�
IURP�WKH�YLUWXDO�WR�WKH�UHDO�ZRUOG��

�
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)LJ������D��2EMHFW�VTXHH]LQJ�WHVW���E��3K\VLFDO�PRGHOV�IRU�WHVW��F��$�XVHU�SHUIRUPLQJ�WKH�REMHFW�
VTXHH]LQJ�WHVW��

7KH� XVHU� JUDVSV� D� YLUWXDO� EDOO� DQG� VTXHH]HV� LW� �)LJXUH� �D��� 7KH� SK\VLFDO�
FKDUDFWHULVWLFV� RI� WKH� YLUWXDO� EDOO� FDQ� EH� PRGLILHG�� E\� FKDQJLQJ� LWV� VWLIIQHVV� DQG�
GXPSLQJ�SDUDPHWHUV��7KLV�LV�FRQWUROOHG�E\�WKH�WHVW�OHDGHU��ZLWK�WKH�SUHVV�RI�D�EXWWRQ��
,QLWLDOO\�WKH�EDOO�LV�YHU\�VRIW��VWDWH����DQG�WKH�XVHU�FDQ�VTXHH]H�LW�XQWLO�D�VSHFLILF�SRLQW��
WKHQ�LW�EHFRPHV�KDUGHU�WR�VTXHH]H��VWDWH����DQG�ILQDOO\�LW�EHFRPHV�DOPRVW�LPSRVVLEOH�
WR�VTXHH]H��VWDWH������7KH�IRXU�UHDO�EDOOV�DUH�LQ�D�ER[�RQ�WKH�GHVN��)LJXUH��E���%DOO���LV�
D� ZHOO�LQIODWHG� VPDOO� EDVNHW�EDOO�� EDOO� �� LV� D� OHVV� LQIODWHG� SODVWLF� EDOO�� EDOO� �� LV� D�
GHIODWHG�VPDOO�VRFFHU�EDOO��DQG�EDOO���LV�D�EDOO�PDGH�RI�VSRQJH��

7KH� XVHU� VKRXOG� XVH� D�PD[LPXP� RI� ��PLQXWHV� WR� H[DPLQH� WKH� YLUWXDO� EDOO� LQ� DOO�
GLIIHUHQW�VWDWHV��7KH�WHVW�OHDGHU�WKHQ�FKDQJHV�WKH�FKDUDFWHULVWLFV�RI�WKH�EDOO�DQG�WKH�XVHU�
LV� DVNHG� WR� GHVFULEH� LQ� GHWDLO� ZKDW� GRHV� KH�VKH� WKLQN� WKH� EDOO� LV� PDGH� RI�� )LQDOO\��
KH�VKH�LV�DVNHG�WR�PDWFK�HDFK�YLUWXDO�EDOO�ZLWK�LWV�FRUUHVSRQGLQJ�UHDO�EDOO�O\LQJ�RQ�WKH�
GHVN��)LJXUH��F���



7HVW�����$WKOHWLF�(YHQW�6LPXODWLRQ�±�7DUJHW�6KRRWLQJ��

$�JDPH�OLNH� SURJUDP�KDV� EHHQ� GHYHORSHG� IRU� VLPXODWLQJ� WKH� SDUWLFLSDWLRQ� RI� D� XVHU�
LQWR�DQ�DWKOHWLF�HYHQW��7ZR�YHUVLRQV�RI� WDUJHW� VKRRWLQJ� IRU� WKH�EOLQG�ZHUH� VLPXODWHG�
DQG� HYDOXDWHG� E\� WKH� XVHUV�� )HDVLELOLW\� VWXG\� JRDOV� LQFOXGH�� HGXWDLQPHQW� ±�
SDUWLFLSDWLRQ� LQWR� D� YLUWXDO� DWKOHWLF� HYHQW�� LQWHUDFWLQJ� ZLWK� KDSWLF� XVHU� LQWHUIDFH�
FRPSRQHQWV�DQG�WUDQVIHU�RI�NQRZOHGJH�IURP�WKH�YLUWXDO�WR�WKH�UHDO�ZRUOG��

7HVW������7DUJHW�VKRRWLQJ�XVLQJ��'�VRXQG�
7KH�XVHU�JUDVSV�D�YLUWXDO�JXQ��ZKLFK�ILUHV�ZKHQ�\RX�SXOO�LWV�YLUWXDO�WULJJHU��7KH�YLUWXDO�
JXQ� LV� VXSSRVHG� WR� EH� JURXQGHG�� L�H�� FKDQJHV� LQ� WKH� SRVLWLRQ� DQG� RULHQWDWLRQ� RI� WKH�
KDQG�RI�WKH�XVHU�GR�QRW�DIIHFW�WKH�SRVLWLRQ�DQG�RULHQWDWLRQ�RI�WKH�YLUWXDO�JXQ��)LJXUH��
�D���7KH�XVHU�FDQ�PRYH�KLV�KHU�DUP�IUHHO\��EXW�RQO\�JUDVSLQJ�DQG�ILQJHU�PRYHPHQWV�
DUH�DIIHFWLQJ�WKH�RSHUDWLRQ�RI�WKH�V\VWHP��7KH�JRDO�IRU�WKH�XVHU�LV�WR�VKRRW�WKH�WDUJHW��
ZKLFK�FRPHV�IURP�OHIW�WR�ULJKW��$��'�VRXQG�LV�DWWDFKHG�WR�WKH�WDUJHW��ZKLFK�LQGLFDWHV�
WKH�FRUUHFW�WLPLQJ�IRU�VKRRWLQJ�WKH�WDUJHW��L�H��WKH�VRXQG�FRPHV�IURP�OHIW�WR�ULJKW�DQG�
WKH�XVHU�VKRXOG�ILUH�ZKHQ�WKH�VRXQG�DSSURDFKHV�WKH�FHQWHU����

�
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)LJ������D�7DUJHW�6KRRWLQJ�7HVW������E��7DUJHW�6KRRWLQJ�7HVW������

$� VKRW� LV� FRQVLGHUHG� VXFFHVVIXO� E\� WKH� V\VWHP� LI� WKH� XVHU� SXOOV� WKH� WULJJHU� DW� DQ�
LQVWDQFH�GLIIHULQJ�E\� OHVV� WKDQ�r��� IURP� WKH�RSWLPDO�SRVLWLRQ��7KH�XVHU� LV�DVNHG� WR�
VKRRW����WDUJHWV�DQG�WKH�VFRUH�LV�UHFRUGHG��7KH�REMHFWLYH�RI�WKLV�WHVW�LV�WR�VKRZ�WKDW��'�
VRXQG�FDQ�EH�XVHG�DV�DQ�DFFXUDWH�SRVLWLRQLQJ�DQG�RULHQWDWLRQ�FXH�IRU�YLVXDOO\�LPSDLUHG�
SHRSOH� ZKLOH� IRUFH� IHHGEDFN� FDQ� HIIHFWLYHO\� DVVLVW� XVHU� LPPHUVLRQ� LQWR� WKH� YLUWXDO�
HQYLURQPHQW��7KH�VFRUH�RI�WKH�WDVN�LV�UHFRUGHG�E\�WKH�V\VWHP���

7HVW� ����� 7DUJHW� 6KRRWLQJ� IRU� WKH� %OLQG� �6LPXODWLRQ� RI� ³6SHFLDO� 2O\PSLFV´�
7DUJHW�6KRRWLQJ�(YHQW��
7KH� XVHU� JUDVSV� D� JXQ�� ZKLFK� ILUHV� ZKHQ� KH�VKH� SXOOV� LWV� YLUWXDO� WULJJHU�� 7KH� XVHU�
FDQQRW�PRYH�WKH�YLUWXDO�JXQ�EXW�KH�VKH�FDQ�URWDWH�LW�DURXQG�DQ�D[LV�SHUSHQGLFXODU�WR�
WKH� IORRU�� SDVVLQJ� IURP� KLV�KHU� ZULVW�� ,Q� WKLV� WHVW�� FKDQJHV� LQ� � � WKH� SRVLWLRQ� DQG�
RULHQWDWLRQ�RI�WKH�KDQG�RI�WKH�XVHU�DIIHFW�RQO\�WKH�RULHQWDWLRQ�RI�WKH�YLUWXDO�JXQ��)LJXUH�
�E��� 7KH� RULHQWDWLRQ� RI� WKH� YLUWXDO� JXQ� LV� FRQYHUWHG� WR� D� VRXQG� IUHTXHQF\�� ZKLFK�



LQFUHDVHV�DV�WKH�JXQ�DSSURDFKHV�WKH�GLUHFWLRQ�RI�WKH�WDUJHW��$JDLQ�WKH�VRXQG�LQGLFDWHV�
WKH�FRUUHFW�URWDWLRQ�DQJOH�IRU�VKRRWLQJ�WKH�WDUJHW���

$� VKRW� LV� FRQVLGHUHG� VXFFHVVIXO� E\� WKH� V\VWHP� LI� WKH� XVHU� SXOOV� WKH� WULJJHU� DW� DQ�
LQVWDQFH�GLIIHULQJ�E\� OHVV� WKDQ�r��� IURP� WKH�RSWLPDO�SRVLWLRQ��7KH�XVHU� LV�DVNHG� WR�
VKRRW���� WDUJHWV�DQG� WKH�VFRUH� LV� UHFRUGHG��7KH�REMHFWLYH�RI� WKLV� WHVW� LV� WR� VKRZ� WKDW�
VRXQG� IUHTXHQF\� FDQ� EH� XVHG� DV� DQ� DFFXUDWH� SRVLWLRQLQJ� DQG� RULHQWDWLRQ� FXH� IRU�
YLVXDOO\�LPSDLUHG�SHRSOH��ZKLOH�IRUFH�IHHGEDFN�FDQ�HIIHFWLYHO\�DVVLVW�XVHU�LPPHUVLRQ�
LQWR�WKH�YLUWXDO�HQYLURQPHQW���

7HVW�����&DQH�VLPXODWLRQ�WHVW�±�2XWGRRU�HQYLURQPHQW��

7KH� XVHU� LV� DVNHG� WR� FURVV� D� WUDIILF� OLJKW� FURVVLQJ� XVLQJ� D� YLUWXDO� FDQH�� 6RXQG� DQG�
KDSWLF�IHHGEDFN�DUH�SURYLGHG�E\�WKH�V\VWHP�XSRQ�FROOLVLRQ�RI�WKH�FDQH�ZLWK�WKH�YLUWXDO�
REMHFWV�� )HDVLELOLW\� VWXG\� JRDOV� LQFOXGH� QDYLJDWLQJ� LQ� FRPSOH[� HQYLURQPHQWV�� FDQH�
VLPXODWLRQ��HGXWDLQPHQW��WUDQVIHU�RI�NQRZOHGJH�IURP�WKH�YLUWXDO�WR�WKH�UHDO�ZRUOG�DQG�
LQWHUDFWLQJ�ZLWK�KDSWLF�XVHU�LQWHUIDFH�FRPSRQHQWV��

7HVW������&DQH�VLPXODWLRQ�IRU�WUDIILF�OLJKW�FURVVLQJ�XVLQJ�KDSWLFV�DQG�VRXQG�
7KH�XVHU�LV�VWDQGLQJ�DW�WKH�EHJLQQLQJ�RI�WKH�WHVW�URRP�ZHDULQJ�WKH�&\EHU*UDVS�DQG�D�
ZDLVWFRDW�IRU�FDUU\LQJ�WKH�)RUFH�&RQWURO�8QLW��)&8��IRU�WKH�&\EHU*UDVS��)LJXUH�����

7KH� SDUDPHWHUV� RI� WKH� YLUWXDO� FDQH� �VL]H�� JUDVSLQJ� IRUFHV�� FROOLVLRQ� IRUFHV�� DUH�
DGMXVWHG�VR�WKDW�WKH�XVHU�IHHOV�WKDW�LW�LV�VLPLODU�WR�WKH�UHDO�RQH��$IWHU�JUDVSLQJ�WKH�FDQH�
WKH�XVHU�LV�LQIRUPHG�WKDW�KH�LV�VWDQGLQJ�LQ�WKH�FRUQHU�RI�D�SDYHPHQW��)LJXUH�����7KHUH�
DUH� WZR�SHUSHQGLFXODU� VWUHHWV��RQH�RQ�KLV�KHU� OHIW� VLGH�DQG� WKH�RWKHU� LQ�KLV�KHU� IURQW��
7KHQ�KH�VKH�LV�DVNHG�WR�FURVV�WKH�VWUHHW�LQ�IURQW�RI�KLP�KHU���

�

)LJ�����&DQH�VLPXODWLRQ���2XWGRRUV��XVHU�ZHDULQJ�WKH�&\EHU*UDVS�EDFN�SDFN���

7KH�XVHU�VKRXOG�ZDON�DKHDG�DQG�ILQG�WKH�WUDIILF�OLJKW�ORFDWHG�DW�DERXW�RQH�PHWHU�RQ�
KLV� OHIW� VLGH��$� UHDOLVWLF��'� VRXQG� LV� DWWDFKHG� WR� WKH� WUDIILF� OLJKW� LQIRUPLQJ� WKH�XVHU�
DERXW�WKH�FRQGLWLRQ�RI�WKH�OLJKW��7KH�XVHU�VKRXOG�WKHQ�ZDLW�FORVH�WR�LW�XQWLO�WKH�VRXQG�
LQIRUPV�KLP�KHU�WR�FURVV�WKH�VWUHHW�SDVVDJH��JUHHQ�WUDIILF�OLJKW�IRU�SHGHVWULDQV���:KHQ�
WKH�WUDIILF�OLJKWV�WXUQ�WR�JUHHQ�WKH�XVHU�PXVW�FURVV�WKH�WZR�PHWHUV�ZLGH�SDVVDJH�XQWLO�



KH�VKH� ILQGV� WKH�SDYHPHQW�DW� WKH�RWKHU�VLGH�RI� WKH�VWUHHW�� ,W� LV�DOVR�GHVLUDEOH� WKDW� WKH�
XVHU�ILQGV�WKH�WUDIILF�OLJKW�DW�WKH�RWKHU�VLGH�RI�WKH�VWUHHW��

7HVW�����&DQH�VLPXODWLRQ�WHVW�±�,QGRRUV�HQYLURQPHQW��

7KH�XVHU�LV�DVNHG�WR�QDYLJDWH�LQWR�DQ�LQGRRU�HQYLURQPHQW�XVLQJ�D�YLUWXDO�FDQH��6RXQG�
DQG�KDSWLF� IHHGEDFN�DUH�SURYLGHG�E\� WKH�V\VWHP�XSRQ�FROOLVLRQ�RI� WKH�FDQH�ZLWK� WKH�
YLUWXDO�REMHFWV��)HDVLELOLW\� VWXG\� JRDOV� LQFOXGH�QDYLJDWLQJ� LQ� FRPSOH[� HQYLURQPHQWV��
FDQH�VLPXODWLRQ��HGXWDLQPHQW��WUDQVIHU�RI�NQRZOHGJH�IURP�WKH�YLUWXDO�WR�WKH�UHDO�ZRUOG�
DQG�LQWHUDFWLQJ�ZLWK�KDSWLF�XVHU�LQWHUIDFH�FRPSRQHQWV���

7HVW������&DQH�VLPXODWLRQ�IRU�LQGRRUV�QDYLJDWLRQ�XVLQJ�KDSWLFV�DQG�VRXQG�

7KH�XVHU�LV�VWDQGLQJ�DW�WKH�EHJLQQLQJ�RI�WKH�WHVW�URRP�ZHDULQJ�WKH�&\EHU*UDVS�DQG�
D�ZDLVWFRDW�IRU�FDUU\LQJ�WKH�)RUFH�&RQWURO�8QLW��)&8��IRU�WKH�&\EHU*UDVS��

�

�

)LJ������&DQH�VLPXODWLRQ�±�,QGRRUV��

7KH� SDUDPHWHUV� RI� WKH� YLUWXDO� FDQH� �VL]H�� JUDVSLQJ� IRUFHV�� FROOLVLRQ� IRUFHV�� DUH�
DGMXVWHG� DFFRUGLQJ� WR� WKH� FKDUDFWHULVWLFV�RI� KLV�KHU� FDQH��7KH�JRDO� IRU� WKH�XVHU� LV� WR�
ILQG�WKH�VHFRQG�GRRU�RQ�KLV�KHU�OHIW�VLGH�DQG�HQWHU�WKH�URRP��)LJXUH������7KHUH�KH�VKH�
VKRXOG�ILQG�D�FKDLU��)LJXUH������'XULQJ�KLV�KHU�ZDON�WKH�XVHU�VKRXOG�ILQG�VXFFHVVLYHO\�
WKH�ZDOO�RQ�KLV�OHIW�VLGH��WKH�ILUVW�GRRU�ZKHUH�KH�VKH�LV�QRW�VXSSRVHG�WR�HQWHU��WKH�ZDOO�
RI�WKH�VHFRQG�URRP�DQG�WKH�GRRU�ZKHUH�KH�VKH�LV�VXSSRVHG�WR�HQWHU��$IWHU�HQWHULQJ�WKH�
URRP�KH�VKH�VKRXOG�ILQG� WKH�FKDLU� ORFDWHG� LQ�KLV�ULJKW�VLGH��:H�KDYH�DOVR�SHUIRUPHG�
WKH�VDPH�WHVW�ZLWKRXW�VRXQG�IHHGEDFN��



���7HVW�5HVXOWV�DQG�)HDVLELOLW\�6WXG\�&RQFOXVLRQV�

7ZHQW\�VL[�SHUVRQV�SDUWLFLSDWHG�LQ�WKH�WHVWV�IURP�WKH�/RFDO�8QLRQ�RI�WKH�3DQKHOOHQLF�
$FFRVLDWLRQ� IRU� WKH�%OLQG� LQ�*UHHFH��7KH�XVHUV�ZHUH� VHOHFWHG� VR� DV� WR� UHSUHVHQW� WKH�
IROORZLQJ�JURXSV��EOLQG�IURP�ELUWK��EOLQG�DW�D�ODWHU�DJH��DGXOWV��DQG�FKLOGUHQ���

�
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XVHUV�QHHGLQJ�

JXLGDQFH�����
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� YHU\�GLI��

���� ���� ���� ����� ����� �� ���� ����� �� ���� ���� ����� �����

7DEOH����)HDVLELOLW\�VWXG\�WHVW�HYDOXDWLRQ�UHVXOWV��

$FFRUGLQJ� WR� WKH� WHVW�HYDOXDWLRQ�UHVXOWV� VKRZQ�LQ�7DEOH��� WKH� IROORZLQJ�FRQFOXVLRQV�
ZHUH�GUDZQ��

x� (QG�XVHUV�SDUWLFLSDWLQJ�LQ�WKH�WHVWV�IDFHG�QR�JHQHUDO�XVDELOLW\�GLIILFXOW\�WR�WKH�SLORW�
V\VWHP�� SDUWLFXODUO\�� ZKHQ� WKH\� ZHUH� LQWURGXFHG� ZLWK� DQ� H[SODQDWLRQ� RI� WKH�
WHFKQRORJ\�DQG�DIWHU�UXQQLQJ�VRPH�H[HUFLVHV�WR�SUDFWLFH�WKH�QHZ�VRIWZDUH��/LWWOH�RU�
QR�JXLGDQFH�DW�DOO�ZDV�QHHGHG�E\�WKH�SDUWLFLSDQWV��L�H��WKH�XVHUV�KDG�QR�GLIILFXOWLHV�
WR�KDQGOH�WKH�VRIWZDUH�DQG�WKH�GHYLFHV��2Q�WKH�FRQWUDU\��WKH\�HQMR\HG�FRPSOHWLQJ�
WKHLU� WDVNV�� VKRZHG� D� ORW� RI� FRPPLWPHQW� DQG�ZHUH� YHU\� HQWKXVLDVWLF� DERXW� EHLQJ�
DEOH�WR�IHHO�FRPSOH[�REMHFWV��ZKLFK�KDG�QRW�EHHQ�SRVVLEOH�LQ�UHDO�OLIH��

x� 7KH� RYHUDOO� UHVXOW� KDV� XQDQLPRXVO\� EHHQ� WKDW� WKH� SURWRW\SH� LQWURGXFHG� ZDV�
FRQVLGHUHG�YHU\�SURPLVLQJ�DQG�XVHIXO��ZKHUHDV�WKDW�VWLOO�OHDYHV�D�ORW�RI�SRWHQWLDO�IRU�
LPSURYHPHQW�DQG�VXSSOHPHQW���

x� 3URYLGHG� WKDW� IXUWKHU�GHYHORSPHQW� LV�FDUULHG�RXW�� WKH� V\VWHP�KDV� WKH� IXQGDPHQWDO�
FKDUDFWHULVWLFV�DQG�FDSDELOLWLHV�WR�LQFRUSRUDWH�PDQ\�UHTXHVWV�RI�WKH�XVHUV�IRU�D�YHU\�
ODUJH� SRRO� RI� DSSOLFDWLRQV�� 7KH� DSSURDFK� FKRVHQ� IRU� WKH� (125$6,� SURMHFW� IXOO\�
GHVFULEHV�WKH�EHOLHI�RI�EOLQG�SHRSOH�WR�IDFLOLWDWH�DQG�LPSURYH�WUDLQLQJ�SUDFWLFHV��DQG�
WR�RIIHU�DFFHVV�WR�QHZ�HPSOR\PHQW�RSSRUWXQLWLHV��

x� 7KH�PRVW� LPSRUWDQW� DUHDV�� DFFRUGLQJ� WR� WKH� SDUWLFLSDQWV��ZKLFK� FDQ� EH� DGGUHVVHG�
WKURXJK� WKH� DSSURDFK� RI� WKH� (125$6,� SURMHFW� DUH�� D�� PRELOLW\� DQG� RULHQWDWLRQ�
WUDLQLQJ�� E�� VKDSH� UHFRJQLWLRQ�� F�� WHDFKLQJ� PDWKHPDWLFV�� G�� VLPXODWLQJ� DWKOHWLF�
HYHQWV�DQG�H��PDS�DQG�FDQH�VLPXODWLRQ��
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