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ABSTRACT 
:H� GHVFULEH� WDS� WLSV�� D� WHFKQLTXH� IRU� SURYLGLQJ� WRXFK�
VFUHHQ�WDUJHW�ORFDWLRQ�KLQWV���7DS�WLSV�DUH�OLJKWZHLJKW�LQ�WKDW�
WKH\� DUH� QRQ�PRGDO�� DSSHDU� RQO\� ZKHQ� QHHGHG�� UHTXLUH� D�
PLQLPDO� QXPEHU� RI� XVHU� JHVWXUHV�� DQG� GR� QRW� DGG� WR� WKH�
VWDQGDUG� WRXFKVFUHHQ� JHVWXUH� YRFDEXODU\�� �:H�GLVFXVV� RXU�
LPSOHPHQWDWLRQ� RI� WDS� WLSV� LQ� DQ� HOHFWURQLF� JXLGHERRN�
V\VWHP�DQG�VRPH�XVDELOLW\�WHVW�UHVXOWV��
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INTRODUCTION 
3URYLGLQJ� XVDJH� WLSV� LV� QRW� DOZD\V� VWUDLJKWIRUZDUG� IRU�
GHYLFHV��VXFK�DV�SHUVRQDO�GLJLWDO�DVVLVWDQWV��3'$V���WKDW�DUH�
EDVHG�RQ�D�SHQ�XVHU� LQWHUIDFH� �38,��� � �8VDJH� WLSV�KHOS� WKH�
XVHU� XQGHUVWDQG� WKH� ORFDWLRQ� DQG� SXUSRVH� RI� LQWHUIDFH�
FRPSRQHQWV�DQG�FDQ�WDNH�WKH�IRUP�RI�FXUVRU�FKDQJHV��VWDWXV�
EDU� PHVVDJHV�� RU� WUDQVLHQW� SRS�XS� ZLQGRZV� �³WRROWLSV´����
7\SLFDO� *8,�EDVHG� V\VWHPV� SURYLGH� XVDJH� WLSV� ZKHQ� WKH�
XVHU�SHUIRUPV�D�³PRXVH�RYHU´�JHVWXUH�� �6LQFH�38,V�GR�QRW�
KDYH� D� QDWXUDO� DQDORJXH� RI� PRXVH�RYHU��� GHVLJQHUV� PXVW�
ILQG�QHZ�DSSURDFKHV�IRU�WULJJHULQJ�WLSV��

7KH� 38,� XVDJH� WLS� SUREOHP� EHFRPHV� SDUWLFXODUO\� DFXWH� LQ�
WKH� FRQWH[W� RI� LPDJHPDSV� ±� LPDJHV�ZLWK� WDUJHWV�� RU� ³KRW´�
UHJLRQV�� WKDW� FDXVH� VRPH� DFWLRQ� WR�EH�SHUIRUPHG�ZKHQ� WKH�
XVHU� VHOHFWV� WKHP�� � ,PDJHPDSV� DUH� FRPPRQ� LQ�:HE�SDJHV�
DQG� RWKHU� JUDSKLFDO� K\SHUWH[W� DSSOLFDWLRQV�� � /RFDWLRQ�
UHYHDOLQJ� XVDJH� WLSV� DUH� LPSRUWDQW� IRU� LPDJHPDSV� EHFDXVH�
WKH�ORFDWLRQV�RI�WDUJHWV�PD\�QRW�EH�REYLRXV�WR�XVHUV���

,Q� WKLV�SDSHU��ZH�GHVFULEH� WDS� WLSV��D�QRYHO�PHFKDQLVP�IRU�
SURYLGLQJ� LPDJHPDS� XVDJH� WLSV� IRU� WRXFKVFUHHQ� LQWHUIDFHV���
7DS� WLSV� DUH� OLJKWZHLJKW� IRU� WKH� HQG�XVHU� ±� WKH\� DUH� QRQ�
PRGDO��DSSHDU�RQO\�ZKHQ�QHHGHG��UHTXLUH�D�PLQLPDO�QXPEHU�
�����������������������������������������������������������
��*8,�PRXVH�RYHU�LQYROYHV�PRYLQJ�WKH�FXUVRU�RYHU�D�UHJLRQ�RI�WKH�
VFUHHQ� DQG� WKHQ� PRPHQWDULO\� KROGLQJ� LW� VWLOO�� � 6WDQGDUG� 3'$�
KDUGZDUH�VXSSRUWV�RQO\�D�ELQDU\�QRWLRQ�RI�FRQWDFW�ZLWK�WKH�VFUHHQ�
�WKH�VW\OXV�LV�HLWKHU�LQ�FRQWDFW�ZLWK�D�SUHVVXUH�VHQVLWLYH�VXUIDFH�RU�
LW� LV� QRW��� DQG� WKHUHIRUH� VWDQGDUG� 38,V� GR� QRW� KDYH� D� ³KRYHU´�
JHVWXUH�HTXLYDOHQW�WR�*8,�PRXVH�RYHU��

� �

RI� XVHU� JHVWXUHV�� DQG� GR� QRW� H[SDQG� WKH� VWDQGDUG� 38,�
JHVWXUH�YRFDEXODU\�±�DQG�UHTXLUH�RQO\�VWDQGDUG�WRXFKVFUHHQ�
KDUGZDUH�� �:H�KDYH� LPSOHPHQWHG� WDS� WLSV� LQ�D�3'$�EDVHG�
HOHFWURQLF� JXLGHERRN� V\VWHP� DQG� KDYH� UHFHLYHG� SURPLVLQJ�
IHHGEDFN�IURP�PXOWLSOH�URXQGV�RI�XVDELOLW\�WHVWV��

KNOWN APPROACHES ARE UNSATISFACTORY 
&XUUHQW� VROXWLRQV�� DV� ZHOO� DV� VROXWLRQV� EDVHG� RQ� REYLRXV�
H[WHQVLRQV� WR� H[LVWLQJ� DSSURDFKHV�� DOO� KDYH� VLJQLILFDQW�
GLVDGYDQWDJHV�� �:H�QRZ�GLVFXVV� WKH�QRQ�PRGDO�DQG�PRGDO�
DOWHUQDWLYHV� LQ� WXUQ��H[FOXGLQJ� WKRVH� WKDW� UHTXLUH�DGGLWLRQDO�
KDUGZDUH��H�J���PDJQHWLF�SUR[LPLW\�VHQVRUV���

7KH�REYLRXV�QRQ�PRGDO�DOWHUQDWLYHV�DUH�WR�����QRW�VKRZ�WLSV�
DW�DOO��RU�����VKRZ�WLSV�DW�DOO�WLPHV���$�FRPSOHWH�ODFN�RI�WLSV�
UHGXFHV�WKH�XVHU�WR�D�IUXVWUDWLQJ��WULDO�DQG�HUURU�H[SHULHQFH���
&RQWLQXRXVO\�SUHVHQW�WLSV�HIIHFWLYHO\�FKDQJH�WKH�LPDJHPDS�
FRQWHQW���)RU�H[DPSOH��VRPH�DSSOLFDWLRQV�LGHQWLI\�WDUJHWV�E\�
PDNLQJ� WKHP� ORRN� OLNH� �'� EXWWRQ� FRQWUROV�� RWKHUV� XVH�
RXWOLQHV�� � 6XFK� DSSURDFKHV� DUH� YLVXDOO\� GLVWUDFWLQJ��
DHVWKHWLFDOO\� XQDSSHDOLQJ�� DQG� LQFXU� D� SL[HO� RYHUKHDG� WKDW�
FDQ� EH� SURKLELWLYH� IRU� PRELOH� GHYLFHV�� � 7KH\� PD\� DOVR�
VXJJHVW� D� ³FKHFNOLVW´� DSSURDFK� WR� LPDJHPDS� XVDJH� WKDW�
GUDZV�DWWHQWLRQ�DZD\�IURP�WKH�DFWXDO�WDVN��

7KH�PDLQ�PRGDO� DOWHUQDWLYHV� DUH� ���� D� VWUDLJKWIRUZDUG�³WLS�
PRGH´� XVLQJ� VWDQGDUG� XVHU� JHVWXUHV�� RU� ���� WUDQVLHQW� WLSV�
LQYRNHG� �DQG� GLVPLVVHG�� E\� VSHFLDO� XVHU� JHVWXUHV�� � %RWK�
KDYH�VLJQLILFDQW�RYHUKHDGV���$FWLYDWLQJ�D�WLS�PRGH�UHTXLUHV�
WKH� XVHU� WR� UHPHPEHU� DQG� WKHQ� H[HFXWH� WZR� DGGLWLRQDO�
JHVWXUHV� �PRGH� HQWU\� DQG�PRGH� H[LW��� �7KH�PRVW� FRPPRQ�
WUDQVLHQW� WLS�PHWKRGV�DUH�YDULDWLRQV�RQ�³VOLGH� WR�VHH�� OLIW� WR�
GR´� >�����@�� � ,Q� WKLV� DSSURDFK�� WLSV� DSSHDU� ZKHQ� WKH� XVHU�
SUHVVHV� WKH� VW\OXV� RYHU� D� JLYHQ� VFUHHQ� UHJLRQ� IRU� D� FHUWDLQ�
DPRXQW� RI� WLPH�� WKH� WDUJHW� LV� VHOHFWHG� ZKHQ� WKH� VW\OXV� LV�
OLIWHG����7KH�XVHU�PXVW�OHDUQ�D�QRYHO��WDVN�VSHFLILF�JHVWXUH�±�
RQH�WKDW�LV�UHODWLYHO\�XQLQWXLWLYH�EHFDXVH�LW�YLRODWHV�WKH�SHQ�
PHWDSKRU��

TAP TIPS 
7KH� SUHYLRXV� GLVFXVVLRQ� LOOXVWUDWHV� WKDW� DQ� HIIHFWLYH�
ORFDWLRQDO� WLS� PHFKDQLVP�PXVW� SURYLGH� LQIRUPDWLRQ� WR� WKH�
XVHU� ZKLOH� VLPXOWDQHRXVO\� PLQLPL]LQJ� WKH� QXPEHU� RI�
JHVWXUHV�WKDW�PXVW�EH�SHUIRUPHG��WKH�QXPEHU�RI�JHVWXUHV�WKH�
XVHU� LV� UHTXLUHG� WR� OHDUQ�DQG�UHPHPEHU��DQG�WKH�DPRXQW�RI�
WLPH�WKDW�WLSV�DUH�SUHVHQW��

$� QRQ�PRGDO� PHWKRG� ZLWK� WKH� IROORZLQJ� FKDUDFWHULVWLFV�
DYRLGV� PDQ\� SUREOHPV� GHVFULEHG� DERYH�� � :KHQ� WKH� XVHU�
SHUIRUPV�D�WULJJHULQJ�JHVWXUH��WKH�V\VWHP�SURYLGHV�IHHGEDFN�



WKDW� LQGLFDWHV� WKH� ORFDWLRQ� RI� WKH� WDUJHWV�� � 7KH� LQGLFDWLRQ�
KDV� ILQLWH� GXUDWLRQ�� FHDVLQJ� ZLWKRXW� DQ� H[SOLFLW�� VHSDUDWH�
JHVWXUH�E\� WKH� XVHU�� � �2I� FRXUVH�� WKH� V\VWHP�PD\� LQWHUUXSW�
WKH�IHHGEDFN�LQ�UHVSRQVH�WR�VXEVHTXHQW�XVHU�DFWLRQV����

:H� GHILQH� WDS� WLSV� DV� WUDQVLHQW� ORFDWLRQDO� KLQWV� WKDW� DUH�
WULJJHUHG�E\�IDLOXUH�WR�VHOHFW�D�WDUJHW�±�D�WDUJHW�³PLVV�´��7KLV�
DSSURDFK�KDV� VHYHUDO�EHQHILWV�� �)LUVW�� WKH� ORFDWLRQ�KLQWV�DUH�
JHQHUDOO\� SURYLGHG� LQ� WKH� H[DFW� VLWXDWLRQ� ZKHUH� WKH\� DUH�
QHHGHG� �L�H��� IDLOXUH� GHPRQVWUDWHV� WKDW� WKH� XVHU� GRHV� QRW�
NQRZ�WKH�SUHFLVH�ORFDWLRQ�RI�WKH�WDUJHWV����6HFRQG��QR�QRYHO�
JHVWXUHV� PXVW� EH� OHDUQHG� DQG� QR� DGGLWLRQDO� JHVWXUHV� DUH�
UHTXLUHG�±�WKH�ORFDWLRQ�KLQWV�DUH�SURYLGHG�DV�D�VLGH�HIIHFW�RI�
D�JHVWXUH�WKDW�ZDV�DOUHDG\�PDGH��L�H���WKH�WDS�WKDW�PLVVHG���

An Example 
$V� D� FRQFUHWH� H[DPSOH��ZH�GHVFULEH� DQ� LPSOHPHQWDWLRQ�RI�
WKHVH� FRQFHSWV� LQ� DQ� HOHFWURQLF� JXLGHERRN� IRU� KLVWRULF�
KRXVHV�UXQQLQJ�RQ�D�&DVLR�&DVVLRSHLD�(�����FRORU�3'$���$�
ORFDWLRQ�EDVHG� FRQWH[W�DZDUH� LQWHUIDFH� LV� LQIHDVLEOH� LQ� WKLV�
GRPDLQ�IRU�UHDVRQV�GHVFULEHG�HOVHZKHUH�>�@���7KHUHIRUH��WKH�
V\VWHP� SUHVHQWV� WKH� YLVLWRU� ZLWK� RQH� RI� D� FROOHFWLRQ� RI�
LPDJHPDSV���(DFK�LPDJHPDS�LV�D�SKRWRJUDSK�RI�RQH�ZDOO�LQ�
D�URRP���7KH�YLVLWRU�PDQXDOO\�QDYLJDWHV�WR�WKH�GHVLUHG�ZDOO���
:KHQ�WKH�YLVLWRU�WDSV�RQ�D�WDUJHW��WKH�JXLGHERRN�GLVSOD\V�D�
WH[W�GHVFULSWLRQ�RU�SOD\V�DQ�DXGLR�FOLS���

0DQ\� RI� WKH� REMHFWV� YLVLEOH� LQ� D� JLYHQ� LPDJHPDS� KDYH�
GHVFULSWLRQV�� � +RZHYHU�� QRW� DOO� GR�� DQG� QRW� DOO� RI� WKH�
GHVFULEHG� REMHFWV� DUH� DV� ³REYLRXV´� DV� WKH\� ZRXOG� EH� LQ�
�H�J���D�PXVHXP��)LJXUH���VKRZV�RQH�LPDJHPDS�LQ�ZKLFK�D�
ZRRG� SDQHO� DQG� D� GRRUZD\� KDYH� DVVRFLDWHG� GHVFULSWLRQV��
3URYLGLQJ�IHHGEDFN�DERXW�WKH�LPDJHPDS�WDUJHWV�LV�WKHUHIRUH�
FULWLFDO�LQ�SUHYHQWLQJ�YLVLWRU�IUXVWUDWLRQ��

7KH� JXLGHERRN� GLVSOD\V� RXWOLQHV� DURXQG� HDFK� LPDJHPDS�
WDUJHW�� WULJJHUHG� ZKHQ� WKH� XVHU� WDSV� RQ� WKH� LPDJHPDS� EXW�
GRHV�QRW�³KLW´�D�WDUJHW���7KH�RXWOLQHV�DSSHDU��JUDGXDOO\�IDGH�
DQG� ILQDOO\� GLVDSSHDU�� � 7KH� RXWOLQHV� DUH� GUDZQ� LQ� FRORUV�
FKRVHQ� IRU� WKHLU� YLVXDO� ³SRSRXW´� HIIHFWLYHQHVV� >�@� DQG� DUH�
YLVLEOH�IRU�XQGHU���VHFRQGV���:H�YLVXDOO\�GLVWLQJXLVK�WDUJHWV�
WKDW�KDYH�EHHQ�SUHYLRXVO\�VHOHFWHG�IURP�WKRVH�WKDW�KDYH�QRW��

USABILITY RESULTS AND DISCUSSION 
:H� FRQGXFWHG� WKUHH� URXQGV� RI� XVDELOLW\� WHVWLQJ�� � (DFK�
SDUWLFLSDQW� SHUIRUPHG� D� VHOI�JXLGHG� WRXU� RI� RQH� RU� WZR�

URRPV�XVLQJ�RXU�SURWRW\SH�� �7KH�ILUVW� WZR�URXQGV� LQYROYHG�
VHPL�VWUXFWXUHG�SRVW�WRXU�LQWHUYLHZV�ZLWK�D�WRWDO�RI�WKLUWHHQ�
VXEMHFWV���7KH�WKLUG�URXQG�LQYROYHG�IRXUWHHQ�VXEMHFWV��PRVW�
RI� ZKRP� KDG� D� QRQ�WHFKQLFDO� EDFNJURXQG� DQG� ZHUH� QRW�
DFWLYH�3'$�XVHUV��UDQJLQJ�LQ�DJH�IURP���WR�³RYHU����´��:H�
UHFRUGHG� WKH�SDUWLFLSDQWV�RQ� DXGLR� DQG�YLGHR�� ORJJHG� WKHLU�
XVHU� LQWHUIDFH� JHVWXUHV� RQ� WKH� 3'$�� DQG� FRQGXFWHG� VHPL�
VWUXFWXUHG�SRVW�WRXU�LQWHUYLHZV��

7KH� LQWHUYLHZV� SURYLGHG� VRPH� HQFRXUDJLQJ� KLJK�OHYHO�
IHHGEDFN�� �$OO� RI� WKH� SDUWLFLSDQWV� LQ� DOO� WKUHH� URXQGV�ZHUH�
DEOH� WR� XVH� WKH� SURWRW\SH� WR� REWDLQ� GHVFULSWLRQV� RI� WKH�
REMHFWV�DURXQG�WKHP�� �1RQH�H[SUHVVHG�FRQIXVLRQ�DERXW�WKH�
WDUJHW� GLVFRYHU\� LQWHUIDFH�� WKRXJK� RQH� SDUWLFLSDQW� LQLWLDOO\�
KDG�GLIILFXOW\�XQGHUVWDQGLQJ�WKH�LPDJHPDS�FRQFHSW��

$QDO\VLV� RI� WKH� GHYLFH� ORJV� SURYLGHG� DGGLWLRQDO� SRVLWLYH�
XVDELOLW\� HYLGHQFH�� � $V�PHQWLRQHG��PDQ\� WDUJHWV� ZHUH� QRW�
QHFHVVDULO\� YLVXDOO\� REYLRXV�� � +RZHYHU�� DOO� SDUWLFLSDQWV�
ZHUH� DEOH� WR� XVH� WKH� LQWHUIDFH� WR� GLVFRYHU�PXOWLSOH� WDUJHWV�
DQG�VHOHFW�WKHP�ZLWKRXW�UHTXLULQJ�DGGLWLRQDO�WLSV�WR�UHIUHVK�
WKHLU�PHPRU\���6HYHUDO�VHOHFWHG�VL[�WDUJHWV�LQ�D�URZ��

2EVHUYDWLRQV� VXJJHVW� WKDW� WDS� WLSV� DUH� HIIHFWLYH� ZKHQ� WKH�
XQGHUO\LQJ� LPDJHPDS� DSSURDFK� ZRUNV� �UHDVRQDEO\�� ZHOO���
)RU�H[DPSOH��WKLV�WHFKQLTXH�ZRUNV�ZHOO�ZKHQ�HQRXJK�RI�WKH�
WDUJHWV� DUH� VXIILFLHQWO\� ³REYLRXV´� WKDW� WLSV� DUH� QHHGHG�
RFFDVLRQDOO\� UDWKHU� WKDQ� FRQWLQXRXVO\�� � 2EYLRXV� REMHFWV�
LQFOXGH� ODUJH� RU� ³LPSRUWDQW�ORRNLQJ´� REMHFWV� �H�J���
SDLQWLQJV�� WKDW� KDYH� YLVXDO� DQG�RU� VHPDQWLF� SRSRXW�� � 7DS�
WLSV�ZHUH�VXFFHVVIXO�LQ�JXLGLQJ�XVHUV�WR�OHVV�REYLRXV�WDUJHWV�
DV� ZHOO� DV� SURYLGLQJ� IHHGEDFN� ZKHQ� SODXVLEOH� WDUJHWV� GLG�
QRW�KDYH�GHVFULSWLRQV���$Q�H[DPSOH�ZKHUH�LPDJHPDSV�ZHUH�
OHVV�HIIHFWLYH�ZDV�ZKHQ�WDUJHWV�ZHUH�QXPHURXV��HQFRXUDJLQJ�
D� FKHFNOLVW�OLNH� EHKDYLRU�� � ,Q� WKLV� VLWXDWLRQ�� VRPH� WDS� WLS�
XVHUV� DOWHUQDWHG� EHWZHHQ� YLHZLQJ� WKH� WLSV� DQG� VHOHFWLQJ� D�
WDUJHW� �HYHQ� ZKHQ� RQO\� RQH� REMHFW� UHPDLQHG� XQVHOHFWHG�����
$� VPDOO� QXPEHU� RI� XVHUV� ZKR� H[KLELWHG� WKLV� EHKDYLRU�
UHTXHVWHG�D�WLS�PRGH��

,Q�VKRUW��RXU�UHVXOWV�LQGLFDWH�WKDW�WDS�WLSV�ZRUN�ZHOO�IRU�WKHLU�
GHVLJQHG�SXUSRVH�DV�DQ�DVVLVWLYH�PHFKDQLVP��
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