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Abstract 

�

���,QGLYLGXDO�WKHUPDO�FRQWURO�LV�LPSRUWDQW�IRU�KDQGOLQJ�SHUVRQDO�GLIIHUHQFHV�LQ�WKHUPDO�SUHIHUHQFH��6HYHUDO�VWXGLHV�

KDYH�VKRZQ�WKDW�FRPIRUW��KHDOWK�DQG�SURGXFWLYLW\�LQ�RIILFHV�FDQ�EH�LPSURYHG�E\�LQGLYLGXDO�WKHUPDO�FRQWURO��

+RZHYHU��XVDELOLW\�RI�WKH�FXUUHQW�VROXWLRQV�LV�ORZ��5RRP�WKHUPRVWDWV�DQG�WKHUPRVWDWLF�YDOYHV�DUH�QRW�RIWHQ�XVHG�

E\�RIILFH�ZRUNHUV��,Q�WKLV�ZRUN�QHZ�XVHU�LQWHUIDFHV�ZHUH�GHYHORSHG�IRU�FRQWUROOLQJ�WHPSHUDWXUH��YHQWLODWLRQ�DQG�

OLJKWLQJ�LQ�RIILFH�URRPV��7KH�IRFXV�RI�WKH�ZRUN�ZDV�RQ�LQGLYLGXDO�FRQWURO�RI�URRP�WHPSHUDWXUH��3URWRW\SHV�ZHUH�

GHYHORSHG�LWHUDWLYHO\�ZLWK�XVHU�FHQWUHG�PHWKRGV��DQG�XVDELOLW\�WHVWV�ZHUH�FRQGXFWHG�VHYHUDO�WLPHV�GXULQJ�WKH�

GHYHORSPHQW�SURFHVV��7KH�UHVXOWV�VKRZ�WKDW�QRYLFH�XVHUV�DUH�DEOH�WR�XVH�WKH�XVHU�LQWHUIDFH�SURWRW\SHV�ZLWK�

HIIHFWLYHQHVV�DQG�VDWLVIDFWLRQ��DQG�DOO�WKH����SDUWLFLSDQWV�LQ�WKH�XVDELOLW\�WHVWV�ZRXOG�OLNH�WR�KDYH�WKDW�NLQG�RI�XVHU�

LQWHUIDFH�IRU�WKHLU�RZQ�XVH��7KH�SDSHU�UHSUHVHQWV�JHQHUDO�XVHU�UHTXLUHPHQWV�IRU�FRQWURO�RI�URRP�WHPSHUDWXUH��

�
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1. Introduction 

�

�����7KH�QHHG�IRU�LQGLYLGXDO�FRQWURO�RI�WHPSHUDWXUH�

�

���$FFRUGLQJ�WR�D�ZHOO�NQRZQ�VWXG\�E\�)DQJHU�>�@��WKHUH�DUH�LQGLYLGXDO�GLIIHUHQFHV�LQ�H[SHULHQFLQJ�WKHUPDO�

HQYLURQPHQWV��DQG�QR�WKHUPDO�HQYLURQPHQW�FDQ�VDWLVI\�HYHU\ERG\��7KH�QHHG�IRU�LQGLYLGXDO�FRQWURO�RI�WKHUPDO�

HQYLURQPHQWV�LV�ZLGHO\�UHFRJQLVHG��,W�LV�DJUHHG�WKDW�LQGLYLGXDO�FRQWURO�RI�ORFDO�WKHUPDO�HQYLURQPHQWV�LV�QHHGHG�

IURP�WKH�VWDQGSRLQW�RI�FRPIRUW�DQG�VDWLVIDFWLRQ�>�@��,Q�DGGLWLRQ�WR�FRPIRUW��KHDOWK�DQG�SURGXFWLYLW\�UHDVRQV�DOVR�

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

�&RUUHVSRQGLQJ�DXWKRU��(PDLO�DGGUHVV��VDPL�NDUMDODLQHQ#YWW�IL��)D[������������������3KRQH��������������
������
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VXSSRUW�LQGLYLGXDO�WKHUPDO�FRQWURO��$FFRUGLQJ�WR�VWXGLHV�>�±�@��LW�LV�RQH�RI�WKH�FHQWUDO�LVVXHV�LQ�LPSURYLQJ�

ZRUNLQJ�FRQGLWLRQV�DQG�SURGXFWLYLW\��,W�KDV�DOVR�EHHQ�IRXQG�WKDW�LQGLYLGXDO�FRQWURO�RI�URRP�WHPSHUDWXUH�LQ�RIILFH�

EXLOGLQJV�UHGXFHV�VLFN�EXLOGLQJ�V\QGURPH��6%6��V\PSWRPV�>�@�DQG�VLFN�OHDYH�GD\V�>�@��

���+XPSKUH\V�	�1LFRO�>��@�QRWH�WKDW�H[DFWO\�WKH�VDPH�URRP�WHPSHUDWXUH�PD\�EH�DFFHSWDEOH�RU�XQDFFHSWDEOH��

GHSHQGLQJ�RQ�ZKHWKHU�LW�LV�FKRVHQ�RU�LPSRVHG��3HRSOH�DUH�PRUH�WROHUDQW�LI�WKH\�KDYH�FRQWURO�RYHU�WKHLU�WKHUPDO�

HQYLURQPHQW�>����@��$FFRUGLQJ�WR�/HDPDQ�DQG�%RUGDVV�>��@��PRVW�SHRSOH�DUH�VDWLVILHUV�QRW�RSWLPLVHUV��SHRSOH�

ZDQW�FRQGLWLRQV�WKDW�DUH��JRRG�HQRXJK���DQG�WROHUDWH�RIIVHWV�LI�WKH\�KDYH�RSSRUWXQLWLHV�WR�PDNH�LQWHUYHQWLRQV��

1LFRO�	�+XPSKUH\V�>��@�VWDWH�WKDW�GLVFRPIRUW�LQFUHDVHV�LI�FRQWURO�LV�QRW�SURYLGHG��RU�LI�WKH�FRQWUROV�DUH�

LQHIIHFWLYH��LQDSSURSULDWH�RU�XQXVDEOH��

���:\RQ�>�@�VWXGLHG�WKH�QHFHVVDU\�UDQJH�RI�LQGLYLGXDO�FRQWURO�DQG�HVWLPDWHG�WKDW������ZRXOG�EH�WKHUPDOO\�

FRPIRUWDEOH�LI�WKH�URRP�WHPSHUDWXUH�FRXOG�EH�DGMXVWHG�RYHU�D�UDQJH�RI����&������&���,QGLYLGXDO�FRQWURO�HTXLYDOHQW�

WR����&������&��VDWLVILHV�PRUH�WKDQ�������7KH�QHFHVVDU\�FRQWURO�UDQJH�VKRXOG�EH�LQFUHDVHG�LI�D�GUHVV�FRGH�PDNHV�

LW�PRUH�GLIILFXOW�WR�DGMXVW�FORWKLQJ�LQVXODWLRQ��

�

�����8VHU�SUREOHPV�ZLWK�WHPSHUDWXUH�FRQWUROV�

�

���/RFDO�WHPSHUDWXUH�FRQWUROV�DUH�RIWHQ�DYDLODEOH�LQ�PRGHUQ�RIILFHV��DGMXVWDEOH�WKHUPRVWDWLF�YDOYHV�DQG�URRP�

WKHUPRVWDWV��)LJXUH����DUH�ERWK�FRPPRQ��7KHUPDO�HQYLURQPHQWV�DUH�VWLOO�RIWHQ�XQVDWLVIDFWRU\��DQG�VHYHUDO�VWXGLHV�

>��±��@�KDYH�VKRZQ�WKDW�WKH�SHUFHLYHG�OHYHO�RI�FRQWURO�LV�ORZ��5RRP�WKHUPRVWDWV�DQG�WKHUPRVWDWLF�YDOYHV�DUH�QRW�

RIWHQ�XVHG�E\�RIILFH�ZRUNHUV��DQG�WKH�VLJQLILFDQFH�RI�LQGLYLGXDO�WHPSHUDWXUH�FRQWURO�RQ�WKHUPDO�FRPIRUW�LV�ORZ�

>��@��8VHU�SUREOHPV�ZLWK�WKHUPRVWDWV�LQFOXGH�WKH�IROORZLQJ�>��@��

• 7KH�SXUSRVH�RI�WKH�URRP�WKHUPRVWDW�UHPDLQV�XQFOHDU��,W�LV�QRW�UHFRJQLVHG�DV�EHLQJ�IRU�WHPSHUDWXUH�

FRQWURO��

• ,I�ERWK�D�URRP�WKHUPRVWDW�DQG�D�WKHUPRVWDWLF�YDOYH�H[LVW�LQ�D�URRP��WKH�URRP�WKHUPRVWDW�LV�FRQVLGHUHG�WR�

EH�WKH�RQO\�RQH�DQG�WKH�WKHUPRVWDWLF�YDOYH�LV�QRW�IRXQG��

• 7KH�WKHUPRVWDW�LV�ORFDWHG�EHKLQG�IXUQLWXUH��RU�WKH�URRP�WKHUPRVWDW�LV�ORFDWHG�WRR�KLJK�XS�RQ�WKH�ZDOO��VR�

WKDW�LW�LV�LPSRVVLEOH�RU�DZNZDUG�WR�XVH�LW��

• 8VHUV�GR�QRW�GDUH�WR�WRXFK�WKH�WKHUPRVWDW�EHFDXVH�LW�LV�WKRXJKW�WR�EH�IRU�VHUYLFH�SHUVRQQHO�RQO\��RU�

EHFDXVH�LWV�HIIHFW�LV�QRW�NQRZQ��

• 7KH�WKHUPRVWDW�GRHV�QRW�JLYH�DQ\�IHHGEDFN��RU�XVHUV�GR�QRW�XQGHUVWDQG�WKH�IHHGEDFN��OLJKWV�DQG�
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V\PEROV��IRU�H[DPSOH����

• 8VHUV�GRQ
W�NQRZ�KRZ�WR�XVH�WKH�WKHUPRVWDW�WR�JHW�WKH�GHVLUHG�HIIHFW�RQ�URRP�WHPSHUDWXUH��

���7KH�PDLQ�UHDVRQ�IRU�PDQ\�RI�WKH�SUREOHPV�LV�WKDW�V\VWHPV�DUH�SODQQHG�DQG�FRQVWUXFWHG�ZLWKRXW�D�UHDOLVWLF�YLHZ�

RI�WKHLU�XVHUV��DQG�HQG�XVHUV�DUH�SUHVXPHG�WR�KDYH�NQRZOHGJH�WKH\�GRQ
W�KDYH�>��@��

Fig. 1. Examples of typical room thermostats and thermostatic valves in Finnish offices. 

�

�����8VHU�FHQWUHG�GHVLJQ�DQG�XVDELOLW\�

�

���7KH�JRDO�RI�XVHU�FHQWUHG�GHVLJQ�LV�WR�GHYHORS�SURGXFWV�WKDW�DUH�RI�KLJK�YDOXH�WR�XVHUV�DQG�KLJKO\�XVDEOH��7KHUH�

DUH�VHYHUDO�GLIIHUHQW�SURFHVVHV�DYDLODEOH�IRU�XVHU�FHQWUHG�GHVLJQ�>��@��:KDWHYHU�WKH�GHVLJQ�SURFHVV�LV�XVHG��WKH�

LQFRUSRUDWLRQ�RI�D�XVHU�FHQWUHG�DSSURDFK�LV�FKDUDFWHUL]HG�E\�WKH�IROORZLQJ�>��@��WKH�DFWLYH�LQYROYHPHQW�RI�XVHUV�

DQG�D�FOHDU�XQGHUVWDQGLQJ�RI�XVHU�DQG�WDVN�UHTXLUHPHQWV��DQ�DSSURSULDWH�DOORFDWLRQ�RI�IXQFWLRQ�EHWZHHQ�XVHUV�DQG�

WHFKQRORJ\��WKH�LWHUDWLRQ�RI�GHVLJQ�VROXWLRQV��DQG�PXOWL�GLVFLSOLQDU\�GHVLJQ��

���8VDELOLW\�UHIHUV�WR�WKH�H[WHQW�WR�ZKLFK�D�SURGXFW�FDQ�EH�XVHG�E\�VSHFLILHG�XVHUV�WR�DFKLHYH�VSHFLILHG�JRDOV�ZLWK�

HIIHFWLYHQHVV��HIILFLHQF\�DQG�VDWLVIDFWLRQ�LQ�D�VSHFLILHG�FRQWH[W�RI�XVHU�>��@��

 

2. Methods and material 

�

���,Q�WKLV�ZRUN�XVHU�LQWHUIDFH�SURWRW\SHV�ZHUH�GHYHORSHG�IRU�RIILFH�ZRUNHUV�WR�XVH�LQ�FRQWUROOLQJ�WKH�WHPSHUDWXUH��

YHQWLODWLRQ�DQG�OLJKWLQJ�RI�DQ�RIILFH��7KH\�DUH�WDUJHWHG�DW�SHRSOH�ZRUNLQJ�LQ�D�VLQJOH�SHUVRQ�URRP��QRW�IRU�SHRSOH�

VKDULQJ�D�URRP�ZLWK�RWKHUV��7KH�IRFXV�RI�WKH�ZRUN�LV�RQ�LQGLYLGXDO�FRQWURO�RI�URRP�WHPSHUDWXUH��FRQWURO�RI�

YHQWLODWLRQ�DQG�OLJKWLQJ�DUH�QRW�GHDOW�ZLWK�VR�SURIRXQGO\���

���7KH�XVHU�LQWHUIDFH�SURWRW\SHV�ZHUH�GHYHORSHG�ZLWK�XVHU�FHQWUHG�PHWKRGV��7KH�JRDO�ZDV�QRW�WR�FUHDWH�D�
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FRPPHUFLDO�SURGXFW�EXW�WR�VWXG\�LVVXHV�FRQFHUQLQJ�LQGLYLGXDO�FRQWURO�RI�WKH�LQGRRU�HQYLURQPHQW��7KH�SURWRW\SHV�

DUH�WRROV�IRU�UHVHDUFK��EXW�VWLOO�JLYH�UHDG\�WR�XVH�VROXWLRQV�IRU�FRPPHUFLDO�SURGXFWV���

���,QLWLDOO\��WKH�ZRUN�FRQFHQWUDWHG�RQ�XVHU�QHHGV��PRWLYDWLRQ��NQRZOHGJH�DQG�EHKDYLRXU��7KH�SUREOHPV�LQ�XVLQJ�

WKH�FXUUHQW�V\VWHPV�ZHUH�VWXGLHG�DQG�D�VHSDUDWH�SDSHU�>��@�ZDV�ZULWWHQ��,Q�ODWHU�SKDVHV�WKH�ZRUN�FRQFHQWUDWHG�RQ�

XVHU�LQWHUIDFH�VROXWLRQV��7KH�WDUJHW�ZDV�WR�FUHDWH�D�XVHU�LQWHUIDFH�WKDW�FDQ�EH�XVHG�ZLWK�HIIHFWLYHQHVV�DQG�

VDWLVIDFWLRQ�E\�QRYLFH�XVHUV��

�

�����3KDVHV�RI�WKH�ZRUN�

�

���7KH�XVHU�LQWHUIDFH�GHYHORSPHQW�ZDV�LWHUDWLYH��7KH�UHVXOWV�IURP�HDFK�SUHYLRXV�SKDVH�ZHUH�DQDO\]HG�EHIRUH�WKH�

QH[W�SKDVH��DQG�D�QHZ�XVHU�LQWHUIDFH�SURWRW\SH��RU�SURWRW\SHV��ZDV�GHYHORSHG�IRU�HDFK�SKDVH��7KH�ILUVW�YHUVLRQ�RI�

WKH�XVHU�UHTXLUHPHQWV��6HFWLRQ����ZDV�ZULWWHQ�DIWHU�WKH�ILUVW�SKDVH��EXW�WKH�XVHU�UHTXLUHPHQWV�ZHUH�ODWHU�XSGDWHG��

7KH�ZRUN�ZDV�GLYLGHG�LQWR�ILYH�SKDVHV��

���3KDVH����/RQJ�LQWHUYLHZV��RQH�DQG�KDOI�KRXUV�RQ�DYHUDJH��DQG�REVHUYDWLRQ�LQ�WKH�RIILFHV�RI�WKH�SDUWLFLSDQWV��

8VDELOLW\�WHVWLQJ�RI�SDSHU�SURWRW\SHV��7KH�SDUWLFLSDQWV��WZHOYH�RFFXSDQWV�ZRUNLQJ�LQ�WHQ�EXLOGLQJV���

���3KDVH����6KRUWHU�LQWHUYLHZV��HPSKDVLV�RQ�WKH�PRVW�LPSRUWDQW�LVVXHV��KDOI�DQ�KRXU�RQ�DYHUDJH��DQG�REVHUYDWLRQ�

LQ�WKH�RIILFHV�RI�WKH�SDUWLFLSDQWV��8VDELOLW\�WHVWLQJ�RI�VL[�SURWRW\SHV�LQVWDOOHG�LQ�D�ODSWRS��7KH�SDUWLFLSDQWV��ILIWHHQ�

RFFXSDQWV�ZRUNLQJ�LQ�WKUHH�EXLOGLQJV��$GGLWLRQDOO\��WKH�XVDELOLW\�RI�WKH�SURWRW\SHV�ZDV�DQDO\]HG�E\�WKUHH�

XVDELOLW\�H[SHUWV��

���3KDVH����8VDELOLW\�WHVWLQJ�RI�D�SURWRW\SH�LQVWDOOHG�LQ�D�ODSWRS��7KH�XVDELOLW\�WHVWV�ZHUH�SHUIRUPHG�LQ�WKH�RIILFHV�

RI�WKH�SDUWLFLSDQWV��$�VKRUW�TXHVWLRQQDLUH�ZDV�FRQGXFWHG�EHIRUH�DQG�DIWHU�WKH�XVDELOLW\�WHVW��7KH�SDUWLFLSDQWV��

HOHYHQ�RFFXSDQWV�ZRUNLQJ�LQ�WZR�EXLOGLQJV��

���3KDVH����$V�LQ�SKDVH����7KH�SDUWLFLSDQWV��HLJKW�RFFXSDQWV�ZRUNLQJ�LQ�IRXU�EXLOGLQJV��

���3KDVH����8VDELOLW\�WHVWLQJ�RI�D�SURWRW\SH��7KH�SURWRW\SH�ZDV�FRQQHFWHG�WR�D�EXLOGLQJ��VR�WKH�XVHU�DFWLRQV�KDG�D�

UHDO�HIIHFW�RQ�URRP�FRQGLWLRQV��$�VKRUW�TXHVWLRQQDLUH�ZDV�FRQGXFWHG�EHIRUH�DQG�DIWHU�WKH�XVDELOLW\�WHVW��7KH�

V\VWHP�ZDV�EXLOW�LQ�RQH�URRP�WKDW�ZDV�YLVLWHG�E\�HLJKW�SDUWLFLSDQWV��

�
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�����,QWHUYLHZV�DQG�REVHUYDWLRQ�

�

���7KH�JRDO�RI�WKH�XVHU�UHVHDUFK�ZDV�WR�VWXG\�XVHU�QHHGV��PRWLYDWLRQ��NQRZOHGJH�DQG�EHKDYLRXU��DQG�WR�FUHDWH�WKH�

XVHU�UHTXLUHPHQWV��6HFWLRQ����IRU�XVHU�FRQWURO�RI�WKH�URRP�WHPSHUDWXUH��7KH�UHVHDUFK�PHWKRG�ZDV�LQWHUYLHZV�WKDW�

ZHUH�SHUIRUPHG�LQ�DFWXDO�FRQWH[W��LQ�WKH�LQWHUYLHZHHV
�RIILFHV�LQ�SKDVHV��±���7KH�TXHVWLRQV�ZHUH�RSHQ�HQGHG��$Q�

LPSRUWDQW�SDUW�RI�WKH�LQWHUYLHZV�ZDV�REVHUYDWLRQ��6KRUW�TXHVWLRQQDLUHV�ZHUH�FRQGXFWHG�LQ�SODFH�RI�WKH�LQWHUYLHZV�

LQ�SKDVHV��±���7KH�UHVXOWV�RI�WKH�LQWHUYLHZV�DQG�REVHUYDWLRQ�DUH�SUHVHQWHG�EULHIO\�LQ�6HFWLRQ����

�

�����8VDELOLW\�WHVWLQJ�

�

���7KH�PHWKRG�IRU�XVDELOLW\�WHVWLQJ�ZDV�DQ�LQIRUPDO�ZDONWKURXJK�>��@��7KHUH�DUH�QR�SUH�GHILQHG�WHVW�WDVNV�LQ�DQ�

LQIRUPDO�ZDONWKURXJK��EXW�WKH�SDUWLFLSDQW�JRHV�WKURXJK�WKH�XVHU�LQWHUIDFH�DW�KLV�KHU�RZQ�SDFH�DQG�LQ�KLV�KHU�

SUHIHUUHG�RUGHU��7KH�LGHD�LV�WR�VLPXODWH�D�UHDO�XVH�VLWXDWLRQ��7KH�SDUWLFLSDQW�LV�REVHUYHG�ZKLOH�XVLQJ�WKH�V\VWHP�LQ�

WKH�ZD\�KH�VKH�ZRXOG�GR�LW�DORQH��7KH�SDUWLFLSDQW�LV�HQFRXUDJHG�WR�WKLQN�DORXG�DQG�WR�FRPPHQW�RQ�WKH�V\VWHP�

ZKLOH�H[SORULQJ�LW��

���7KH�SXUSRVH�RI�WKH�LQIRUPDO�ZDONWKURXJK�ZDV�WR�H[DPLQH�KRZ�LQWXLWLYH�DQG�HDV\�WR�OHDUQ�WKH�XVHU�LQWHUIDFH�LV��

DQG�WR�JDWKHU�XVHU�RSLQLRQV��'XULQJ�WKH�VHVVLRQ�WKH�REVHUYHU�DVNHG�TXHVWLRQV�WR�FODULI\�ZKHWKHU�WKH�SDUWLFLSDQW�

XQGHUVWRRG�WKH�IHDWXUHV�RI�XVHU�LQWHUIDFH�FRUUHFWO\��DQG�ZKHWKHU�KH�VKH�WKRXJKW�WKH�IHDWXUHV�ZHUH�QHFHVVDU\�RU�

QRW��7KH�GLVFXVVLRQV�ZHUH�WDSHG�IRU�ODWHU�DQDO\VLV��

���,Q�SKDVHV��±��WKH�SDUWLFLSDQWV�WHVWHG�ZRUNLQJ�SURWRW\SHV�WKDW�ZHUH�QRW�FRQQHFWHG�WR�WKH�EXLOGLQJ��RQO\�WKH�

SKDVH���SURWRW\SH�ZDV�FRQQHFWHG�WR�WKH�EXLOGLQJ
V�V\VWHPV�DQG�KDG�D�UHDO�HIIHFW�RQ�URRP�FRQGLWLRQV��1R�ZRUNLQJ�

SURWRW\SH�ZDV�GHYHORSHG�LQ�SKDVH����EXW�SDSHU�SURWRW\SHV�ZHUH�VKRZQ�WR�WKH�WHVW�XVHUV��(DFK�WHVW�XVHU�RQO\�

SDUWLFLSDWHG�LQ�D�WHVW�RQFH��DQG�QHZ�SDUWLFLSDQWV�ZHUH�XVHG�IRU�HDFK�SKDVH��

���7KH�XVDELOLW\�RI�WKH�SURWRW\SHV�ZDV�DQDO\]HG�E\�WKUHH�XVDELOLW\�H[SHUWV�LQ�SKDVH����7KH�KHXULVWLF�DQDO\VLV�

UHYHDOHG�VRIWZDUH�EXJV�DQG�JDYH�LGHDV�IRU�LPSURYHPHQW��+RZHYHU��WKH�PRVW�LPSRUWDQW�LQIRUPDWLRQ�ZDV�JDWKHUHG�

GXULQJ�WKH�XVDELOLW\�WHVWV�DQG�LQWHUYLHZV�ZLWK�RIILFH�ZRUNHUV��7KH�UHVXOWV�RI�WKH�KHXULVWLF�DQDO\VLV�DUH�QRW�

SUHVHQWHG�LQ�WKLV�SDSHU��

���7KH�XVHU�LQWHUIDFHV�ZHUH�RULJLQDOO\�LQ�)LQQLVK��EXW�ZHUH�WUDQVODWHG�LQWR�(QJOLVK�IRU�WKLV�SDSHU��)RU�WKDW�UHDVRQ��

LVVXHV�RI�WHUPLQRORJ\�DUH�QRW�GHDOW�ZLWK�LQ�GHWDLO��

�
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�����3DUWLFLSDQWV�

�

���7KH����SDUWLFLSDQWV�DUH�RIILFH�ZRUNHUV�LQ�WKH�+HOVLQNL�DUHD�RI�)LQODQG��ZRUNLQJ�LQ�GLIIHUHQW�SURIHVVLRQV��VHH�

7DEOH����7KH\�DUH�EHWZHHQ����DQG����\HDUV�RI�DJH�����\HDUV�RQ�DYHUDJH���7KH�HGXFDWLRQDO�OHYHO�LV�KLJK�RQ�

DYHUDJH��ZKLFK�LV�W\SLFDO�IRU�)LQQLVK�RIILFH�ZRUNHUV��DQG�DERXW�KDOI�RI�WKH�SHRSOH�KDYH�D�XQLYHUVLW\�GHJUHH��0RVW�

RI�WKH�SDUWLFLSDQWV�GR�W\SLFDO�RIILFH�ZRUN�ZLWK�D�FRPSXWHU��0RVW�RI�WKHP�ZRUN�LQ�D�VLQJOH�SHUVRQ�URRP��

�

Table 1. The participants in each phase of the work. Code P1-2 refers to participant 2 in phase 1. 
&RGH� *HQGHU� $JH� 2FFXSDWLRQ�
3���� )HPDOH� ��� VWXG\�DGYLVRU�
3���� 0DOH� ��� UHVHDUFKHU�
3���� 0DOH� ��� UHVHDUFKHU�
3���� )HPDOH� ��� UHVHDUFKHU�
3���� )HPDOH� ��� GHQWLVW�
3���� )HPDOH� ��� MDQLWRU�FOHDQHU�
3���� 0DOH� ��� PDQDJLQJ�HGLWRU�
3���� )HPDOH� ��� SURMHFW�FR�RUGLQDWRU�
3���� )HPDOH� ��� RIILFH�VHFUHWDU\�
3����� 0DOH� ��� QHZV�HGLWRU�
3����� 0DOH� ��� GHYHORSPHQW�PDQDJHU�
3����� 0DOH� ��� FRPPXQLFDWLRQV�PDQDJHU�
3���� )HPDOH� ��� VRFLDO�ZRUNHU�
3���� )HPDOH� ��� VRFLDO�ZRUNHU�
3���� )HPDOH� ��� VRFLDO�ZRUNHU�
3���� )HPDOH� ��� VRFLDO�ZRUNHU�
3���� )HPDOH� ��� OHDGLQJ�VRFLDO�ZRUNHU�
3���� )HPDOH� ��� DFFRXQWDQW�
3���� )HPDOH� ��� DVVLVWDQW�DFFRXQWDQW�
3���� 0DOH� ��� WUDQVSRUWDWLRQ�FKLHI�
3���� 0DOH� ��� ILQDQFLDO�PDQDJHU�
3����� 0DOH� ��� FRVW�DFFRXQWDQW��
3����� 0DOH� ��� V\VWHP�VSHFLDOLVW�
3����� 0DOH� ��� JURXS�OHDGHU�
3����� 0DOH� ��� LQQRYDWLRQ�FRQVXOWDQW�
3����� )HPDOH� ��� SODQQHU�
3����� 0DOH� ��� ,7�GHYHORSHU�
3���� )HPDOH� ��� WD[DWLRQ�RIILFLDO�
3���� )HPDOH� ��� WD[DWLRQ�RIILFLDO�
3���� )HPDOH� ��� WD[DWLRQ�RIILFLDO�
3���� 0DOH� ��� WD[DWLRQ�RIILFLDO�
3���� )HPDOH� ��� FOHULFDO�ZRUNHU�
3���� 0DOH� ��� LQWHUQDO�VHUYLFH�SURYLGHU�
3���� )HPDOH� ��� SXEOLFDWLRQ�VHFUHWDU\�
3���� )HPDOH� ��� RIILFH�PDQDJHU�
3���� 0DOH� ��� RIILFH�PDQDJHU�
3����� 0DOH� ��� OLEUDULDQ�
3����� )HPDOH� ��� GHVLJQ�HQJLQHHU��
3���� 0DOH� ��� GRFHQW�
3���� )HPDOH� ���� WHDFKHU�
3���� 0DOH� ��� \RXWK�ZRUNHU�
3���� )HPDOH� ��� OLEUDU\�DVVLVWDQW�
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3. Office workers as users of temperature controls 

 

���7KH�LQWHUYLHZV�DQG�REVHUYDWLRQ�FRQGXFWHG�LQ�SKDVHV���DQG���UHYHDOHG�FKDUDFWHULVWLFV�RI�RIILFH�ZRUNHUV�DV�XVHUV�

RI�WHPSHUDWXUH�FRQWUROV��7KH�JHQHUDO�ILQGLQJV�DUH�EULHIO\�VXPPDUL]HG�DV��

• 0RVW�RI�RFFXSDQWV�KDYH�YHU\�OLWWOH�NQRZOHGJH�RI�WKH�KHDWLQJ��FRROLQJ�DQG�YHQWLODWLRQ�V\VWHPV�RI�WKH�

RIILFH�EXLOGLQJ�WKH\�ZRUN�LQ��

• 0RVW�RI�RFFXSDQWV�KDYH�OLWWOH�PRWLYDWLRQ�WR�VDYH�HQHUJ\�LQ�RIILFHV��EHFDXVH�WKH\�GRQ
W�SD\�IRU�WKH�HQHUJ\�

WKHPVHOYHV�DQG�EHFDXVH�WKH\�FRQVLGHU�WKHLU�RZQ�HQHUJ\�XVH�WR�EH�QHJOLJLEOH���

• 0RVW�RI�RFFXSDQWV�GR�QRW�XVH�WKH�WKHUPRVWDWV��HYHQ�WKH\�DUH�GLVVDWLVILHG�ZLWK�WKH�WKHUPDO�HQYLURQPHQW��

DV�WKH\�KDYH�IXQGDPHQWDO�SUREOHPV�ZLWK�XVLQJ�WKHUPRVWDWV��VHH�DOVR�>��@��

• 6RPH�RI�RFFXSDQWV�DUH�PRUH�FULWLFDO�RI�WKHUPDO�HQYLURQPHQWV�WKDQ�RWKHUV��

�

4. User requirements for control of room temperature 

 

���7KH�JRDO�LV�WR�FUHDWH�XVHU�LQWHUIDFHV�WKDW�HQDEOH�RIILFH�ZRUNHUV�WR�DGMXVW�WKH�URRP�WHPSHUDWXUH�RI�WKHLU�RZQ�

RIILFH��1RYLFH�XVHUV�VKRXOG�DOVR�EH�DEOH�WR�XVH�WKH�XVHU�LQWHUIDFH�ZLWK�HIIHFWLYHQHVV�DQG�VDWLVIDFWLRQ�ZLWKRXW�D�

OHDUQLQJ�SHULRG��8VHU�UHTXLUHPHQWV�GHVFULEH�WKH�SURSHUWLHV�WKDW�DUH�UHTXLUHG�WR�VDWLVI\�XVHUV��7KH�XVHU�

UHTXLUHPHQWV�SUHVHQWHG�KHUH�DUH�EDVHG�RQ�WKH�LQWHUYLHZV�DQG�REVHUYDWLRQ�LQ�SKDVHV���DQG����EXW�KDYH�EHHQ�

LWHUDWHG�DIWHU�WKH�H[SHULHQFHV�JDLQHG�IURP�WKH�XVHU�LQWHUIDFH�GHYHORSPHQW�DQG�XVDELOLW\�WHVWLQJ��

���7KH�XVHU�UHTXLUHPHQWV�IRU�XVHU�DGMXVWDEOH�WHPSHUDWXUH�FRQWUROV�RI�RIILFH�URRPV�DUH��

���Findability, identification and reachability.�7KH�DYDLODELOLW\�RI�WKH�WHPSHUDWXUH�FRQWUROV�VKRXOG�EH�PDGH�FOHDU��

7KH�WHPSHUDWXUH�FRQWURO�VKRXOG�EH�HDVLO\�LGHQWLILDEOH��,GHQWLILDEO\�LV�HQKDQFHG�E\�V\PEROV�WKDW�UHIHU�WR�

WHPSHUDWXUH��D�GHJUHH�VLJQ��D�WKHUPRPHWHU��DQG�UHG�DQG�EOXH�FRORXU��GHQRWLQJ�ZDUP�DQG�FRRO���WH[W�FDQ�DOVR�EH�

XVHG�WR�FODULI\�WKH�SXUSRVH�RI�WKH�WHPSHUDWXUH�FRQWURO��,I�WKH�WHPSHUDWXUH�FRQWURO�LV�D�SK\VLFDO�REMHFW��LW�VKRXOG�EH�

ORFDWHG�LQ�WKH�URRP�LW�DIIHFWV�DQG�LW�VKRXOG�EH�SODFHG�LQ�DQ�HDVLO\�UHDFKDEOH�SRVLWLRQ��QRW�KLJK�XS�RQ�WKH�ZDOO��

���Shared user interface with heating and cooling system.�7KHUH�VKRXOG�QRW�EH�VHSDUDWH�WHPSHUDWXUH�FRQWUROV�IRU�

KHDWLQJ�DQG�FRROLQJ�V\VWHPV��,I�ERWK�KHDWLQJ�DQG�FRROLQJ�V\VWHPV�H[LVW�LQ�D�EXLOGLQJ��WKH�XVHU�LQWHUIDFH�VKRXOG�EH�

VKDUHG��DQG�VLPXOWDQHRXV�KHDWLQJ�DQG�FRROLQJ�VKRXOG�EH�SUHYHQWHG���,I�WKHUH�DUH�VHSDUDWH�FRQWUROV�IRU�WKH�

V\VWHPV��XVHUV�GR�QRW�DOZD\V�NQRZ�ZKLFK�V\VWHP�LV�DFWLYH�DQG�PD\�WU\�WR�DGMXVW�D�SDVVLYH�V\VWHP��



�

��

���Acceptable default settings.�:LWK�WKH�GHIDXOW�VHWWLQJV��WKH�DYHUDJH�SHUVRQ�VKRXOG�EH�VDWLVILHG�ZLWK�WKH�URRP�

WHPSHUDWXUH��

���Simplicity.�7KH�XVHU�LQWHUIDFH�VKRXOG�EH�VLPSOH��7KH�IHDWXUHV�VKRXOG�EH�OLPLWHG�WR�WKH�PRVW�LPSRUWDQW��

6HFRQGDU\�IHDWXUHV�VKRXOG�QRW�DGG�XQQHFHVVDU\�FRPSOH[LW\��

���Clear way of using.�7KH�XVHU�LQWHUIDFH�VKRXOG�YHU\�FOHDUO\�UHSUHVHQW�KRZ�WR�LQFUHDVH�DQG�GHFUHDVH�WKH�URRP�

WHPSHUDWXUH�VHW�SRLQW��$OO�V\PEROV�VKRXOG�EH�HDV\�WR�XQGHUVWDQG��)RU�H[DPSOH��D�VXQ�DQG�D�VQRZIODNH�FDQ�EH�

XQGHUVWRRG�WR�PHDQ�WKH�VXPPHU�DQG�ZLQWHU�SHULRG��RU�DQ�LQFUHDVH�DQG�GHFUHDVH�LQ�WHPSHUDWXUH��VR�WKHVH�V\PEROV�

DUH�QRW�UHFRPPHQGHG��6LPLODUO\������DQG��±��FDQ�EH�XQGHUVWRRG�WR�PHDQ�HLWKHU�DQ�LQFUHDVH�DQG�GHFUHDVH�LQ�

WHPSHUDWXUH�RU�LQ�FRROLQJ�SRZHU��5HG�DQG�EOXH�FRORXUV�GHQRWH�ZDUP�DQG�FRRO�PRUH�FOHDUO\��,I�WHPSHUDWXUH�YDOXHV�

DUH�VKRZQ�LQ�WKH�XVHU�LQWHUIDFH��LW�UHGXFHV�WKH�SRVVLELOLW\�WR�DGMXVW�WKH�WHPSHUDWXUH�LQ�WKH�ZURQJ�GLUHFWLRQ��

���Clear and sufficient feedback��7KH�XVHU�LQWHUIDFH�VKRXOG�JLYH�FOHDU�IHHGEDFN�WR�WKH�XVHU��7KH�XVHU�VKRXOG�EH�

JLYHQ�WZR�NLQGV�RI�IHHGEDFN�EHFDXVH�WKH�UDWH�RI�WHPSHUDWXUH�FKDQJH�LV�VORZ��7KH�XVHU�VKRXOG�LQVWDQWO\�UHFHLYH�

IHHGEDFN�DIWHU�WKH�DGMXVWPHQW�WR�NQRZ�WKDW�WKH�V\VWHP�LV�ZRUNLQJ�WR�IXOILO�WKH�UHTXHVW��7KH�XVHU�VKRXOG�DOVR�

UHFHLYH�IHHGEDFN�WKDW�LQIRUPV�WKH�XVHU�WKDW�WKH�UHTXHVWHG�FKDQJH�WR�WKH�URRP�WHPSHUDWXUH�KDV�EHHQ�UHDOL]HG�LQ�

WRWDO��7KH�IHHGEDFN�FDQ�EH�QDWXUDO��IRU�H[DPSOH��QRLVH�IURP�WKH�V\VWHP��RU�DUWLILFLDO��VXFK�DV�WKH�DUURZ��WLPH��DQG�

WHPSHUDWXUH�YDOXHV�LQ�WKH�XVHU�LQWHUIDFH�SURWRW\SHV�RI�WKLV�SDSHU���,I�LW�LV�QRW�SRVVLEOH�WR�UHDFK�WKH�DGMXVWHG�URRP�

WHPSHUDWXUH��WKH�XVHU�VKRXOG�EH�LQIRUPHG��DQG�JLYHQ�DQ�H[SODQDWLRQ���,Q�DGGLWLRQ��WKH�XVHU�LQWHUIDFH�VKRXOG�

FOHDUO\�LQGLFDWH�ZKHWKHU�WKH�V\VWHP�LV�FXUUHQWO\�DFWLYH�RU�QRW��

���Fast effect.�,W�LV�GHVLUDEOH�WKDW�WKH�URRP�WHPSHUDWXUH�FKDQJHV�UDSLGO\�DIWHU�XVHU�DGMXVWPHQW��)URP�WKH�XVHU
V�

SRLQW�RI�YLHZ��WKH�V\VWHPV�VKRXOG�EH�FKRVHQ�DQG�GLPHQVLRQHG�WR�KDYH�DQ�IDVW�HIIHFW�RQ�WKH�URRP�WHPSHUDWXUH��

   Adequate effect��7KH�QHFHVVDU\�UDQJH�RI�LQGLYLGXDO�WHPSHUDWXUH�FRQWURO�LV�DW�OHDVW����&������&���+RZHYHU��XVHUV�

KDYH�QR�QHHG�WR�DGMXVW�WKH�WHPSHUDWXUH�VHW�SRLQW�ZLWK�JUHDW�DFFXUDF\��DQ�DFFXUDF\�RI����&�LV�VXIILFLHQW��
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5. User interface prototypes 

�

�����3KDVH���

�

���:RUNLQJ�SURWRW\SHV�KDG�QRW�\HW�EHHQ�GHYHORSHG�LQ�WKH�ILUVW�SKDVH��EXW�WKH�WZHOYH�SDUWLFLSDQWV�HYDOXDWHG�SDSHU�

SURWRW\SHV�RI�GLIIHUHQW�NLQGV�RI�WHPSHUDWXUH�VFDOHV��7KH�JRDOV�RI�WKLV�SKDVH�ZHUH�WR�H[DPLQH�XVHU�SUHIHUHQFH�DQG�

XQGHUVWDQGDELOLW\�RI�WKH�GLIIHUHQW�WHPSHUDWXUH�VFDOHV��

���)LJXUH���VKRZV�WKH�GLIIHUHQW�WHPSHUDWXUH�VFDOHV�IRU�DGMXVWLQJ�URRP�WHPSHUDWXUH��$�URRP�WHPSHUDWXUH�VHW�SRLQW�

LV�JLYHQ�E\�WKH�XVHU�DV�DQ�DEVROXWH�YDOXH�LQ�RQH�RI�WKHP��7KH�WHPSHUDWXUH�VFDOH�LV�UHODWLYH��QXPHULFDO�RU�YHUEDO��

LQ�WKUHH�RI�WKHP��2QH�RI�WKH�WHPSHUDWXUH�VFDOHV�KDV�QR�QXPHULFDO�RU�YHUEDO�VFDOH��RQO\�WKH�V\PEROV�����DQG��±���

Fig. 2. Temperature scales for adjusting room temperature in the paper prototypes of phase 1. 

�

���7KH�SDUWLFLSDQWV�ZHUH�DVNHG�WR�UDWH�WKH�WHPSHUDWXUH�VFDOHV�LQ�RUGHU�RI�SUHIHUHQFH��RU�FKRRVH�WKH�RQH�WKDW�ZDV�

SUHIHUUHG�WKH�PRVW��&OHDUO\��WKH�PRVW�SUHIHUUHG�WHPSHUDWXUH�VFDOH�ZDV�WKH�RQH�WKDW�VKRZV�DEVROXWH�WHPSHUDWXUH�

YDOXHV��QU���LQ�)LJXUH�����1LQH�SDUWLFLSDQWV�RXW�RI�WZHOYH�SUHIHUUHG�LW��7KH�RWKHU�WKUHH�SDUWLFLSDQWV�FKRVH�WKH�

YHUEDO�VFDOH��QU���LQ�)LJXUH���� 

���7KH�DEVROXWH�WHPSHUDWXUH�VFDOH�ZDV�VHHQ�WR�EH�HDV\�WR�XQGHUVWDQG��IDPLOLDU�DQG�FRQFUHWH��2QH�RI�WKH�

UHVSRQGHQWV�VXJJHVWHG�GHYHORSLQJ�D�YHUVLRQ�RWKHUZLVH�VLPLODU�EXW�VKRZLQJ�WKH�RSWLPXP�UDQJH�IRU�HQHUJ\�DQG�

FRPIRUW��

���7KH�YHUEDO�VFDOH��QU����ZDV�IRXQG�WR�EH�FOHDU�EXW�LQGHWHUPLQDWH��7KH�WKUHH�RWKHU�DOWHUQDWLYHV��QU��±��LQ�)LJXUH�
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���ZHUH�QRW�IDYRXUHG��1RQH�RI�WKH�SDUWLFLSDQWV�SUHIHUUHG�DQ\�RI�WKHP��7KLV�LV�UHPDUNDEOH�DV�WKHVH�NLQGV�RI�

WHPSHUDWXUH�VFDOHV�DUH�FXUUHQWO\�WKH�PRVW�FRPPRQO\�XVHG��

���7KH�SDUWLFLSDQWV�VHHPHG�WR�XQGHUVWDQG�DOO�WKH�WHPSHUDWXUH�VFDOHV��,W�LV�FOHDU��KRZHYHU��WKDW�XQGHUVWDQGDELOLW\�

ZDV�DIIHFWHG�E\�WKH�IDFW�WKDW�WKH�HYDOXDWHG�WHPSHUDWXUH�VFDOHV�ZHUH�TXLWH�VLPLODU�WR�HDFK�RWKHU�DQG�ZHUH�VKRZQ�DW�

WKH�VDPH�WLPH��

���,Q�DGGLWLRQ��WKH�SDUWLFLSDQWV�ZHUH�DVNHG�WR�GHVFULEH�ZKDW�RWKHU�IHDWXUHV�VKRXOG�EH�LQFOXGHG�LQ�D�V\VWHP�WKDW�

HQDEOHV�WKH�XVHU�WR�DGMXVW�WKH�URRP�WHPSHUDWXUH�IURP�D�SHUVRQDO�FRPSXWHU��7KH�UHVSRQGHQWV�ZHUH�JLYHQ�

DOWHUQDWLYHV�DQG�WKH\�FRPPHQWHG�RQ�WKHLU�LQWHUHVW�LQ�WKHP��$OO�WKH�WZHOYH�UHVSRQGHQWV�ZHUH�LQWHUHVWHG�LQ�JHWWLQJ�

LQIRUPDWLRQ�RQ�URRP�WHPSHUDWXUH�DQG�RXWGRRU�WHPSHUDWXUH��$Q�RSSRUWXQLW\�WR�QRWLFH�GHIHFWV�LQ�D�URRP��EXUQHG�

RXW�OLJKW�EXOE��IRU�H[DPSOH��ZDV�DOVR�IRXQG�WR�EH�LPSRUWDQW��,QIRUPDWLRQ�RQ�HQHUJ\�FRQVXPSWLRQ�RU�HQHUJ\�

FRQVXPSWLRQ�KLVWRU\��RU�WKH�WHPSHUDWXUH�KLVWRU\��ZDV�RQO\�WKRXJKW�XVHIXO�E\�D�IHZ�RI�WKH�UHVSRQGHQWV��

�

�����3KDVH���

�

���%DVHG�RQ�WKH�UHVXOWV�IURP�WKH�ILUVW�SKDVH�VL[�XVHU�LQWHUIDFH�SURWRW\SHV�ZHUH�GHYHORSHG�LQ�WKH�VHFRQG�SKDVH�

�)LJXUH�����,Q�SKDVH���ILIWHHQ�SDUWLFLSDQWV�WHVWHG�ZRUNLQJ�SURWRW\SHV��SURJUDPPHG�LQ�9LVXDO�%DVLF������ZLWK�D�

ODSWRS��RSHUDWLQJ�V\VWHP�:LQGRZV���7KH�SURWRW\SHV�ZHUH�QRW�FRQQHFWHG�WR�WKH�EXLOGLQJ�DQG�VR�KDG�QR�UHDO�HIIHFW�

RQ�URRP�WHPSHUDWXUH��

Fig. 3. Six user interface prototypes of phase 2. 

�

���7KH�IXQFWLRQV�LQ�DOO�WKH�SURWRW\SHV�DUH�FORVH�WR�HDFK�RWKHU��EXW�RWKHUZLVH�WKH�SURWRW\SHV�GLIIHU�UHPDUNDEO\�IURP�

HDFK�RWKHU��(DFK�RI�WKH�XVHU�LQWHUIDFH�SURWRW\SH�KDV�WKH�VDPH�IXQFWLRQV��RSSRUWXQLW\�WR�DGMXVW�URRP�WHPSHUDWXUH��

RSSRUWXQLW\�WR�VHH�WKH�FXUUHQW�URRP�WHPSHUDWXUH��DQG�RSSRUWXQLW\�WR�VHH�WKH�FXUUHQW�RXWGRRU�WHPSHUDWXUH��)LYH�RI�

WKH�SURWRW\SHV�LQFOXGH�DQ�DUURZ�WR�GHQRWH�WKH�GLUHFWLRQ�RI�WKH�URRP�WHPSHUDWXUH�FKDQJH��7KH�DUURZ�LV�UHG�DQG�



�

���

GLUHFWHG�XSZDUGV�ZKHQ�WKH�URRP�WHPSHUDWXUH�LV�LQFUHDVLQJ��RU�EOXH�DQG�GLUHFWHG�GRZQZDUGV�ZKHQ�WKH�URRP�

WHPSHUDWXUH�LV�GHFUHDVLQJ��7KUHH�RI�WKH�SURWRW\SHV�DOVR�JLYH�LQIRUPDWLRQ�DERXW�WKH�WLPH�LW�WDNHV�WKH�URRP�

WHPSHUDWXUH�WR�FKDQJH�WR�WKH�DGMXVWHG�OHYHO��

���7KH�URRP�WHPSHUDWXUH�VHW�SRLQW�LV�DGMXVWHG�GLIIHUHQWO\�LQ�WKH�GLIIHUHQW�SURWRW\SHV��)LYH�GLIIHUHQW�WHPSHUDWXUH�

VFDOHV�ZHUH�XVHG�LQ�WKH�SURWRW\SHV��

• 3URWRW\SH�QU����&RPELQHG�UHODWLYH������&��DQG�DEVROXWH�VFDOH��7KH�LGHD�RI�WKH�WZR�VFDOHV�LV�WKDW�WKH�

UHODWLYH�VFDOH�UHPDLQV�WKH�VDPH��EXW�WKH�YDOXHV�LQ�WKH�DEVROXWH�VFDOH�FDQ�GHSHQG�RQ�WKH�RXWGRRU�

WHPSHUDWXUH�RU�WKH�VHW�SRLQW�RI�WKH�EXLOGLQJ��6OLGHU��

• 3URWRW\SHV�QU���DQG�QU����9HUEDO�VFDOH��%XWWRQV��

• 3URWRW\SH�QU����$EVROXWH�VFDOH��6OLGHU��

• 3URWRW\SH�QU����$EVROXWH�VFDOH��1XPHULFDO�YDOXH��:ULWWHQ�LQIRUPDWLRQ�RQ�WKH�PLQLPXP�DQG�PD[LPXP�

YDOXHV��DGMXVWDEOH�UDQJH��RI�WKH�URRP�WHPSHUDWXUH�VHW�SRLQW��7KH�QXPHULFDO�YDOXH�FDQ�EH�FKDQJHG�ZLWK�

�����UHG��DQG��±���EOXH��EXWWRQV�RU�E\�W\SLQJ�LQ�D�QHZ�YDOXH��

• 3URWRW\SH�QU����9HUEDO�VFDOH��5RWDWDEOH�ZLWK�UDGLR�EXWWRQV���

���2WKHU�GLIIHUHQFHV�EHWZHHQ�WKH�XVHU�LQWHUIDFH�SURWRW\SHV�DUH�VKRZQ�LQ�7DEOH����,Q�DGGLWLRQ��VRPH�WHUPLQRORJLFDO�

GLIIHUHQFHV�H[LVWHG�EHWZHHQ�WKH�SURWRW\SHV��

�

Table 2. Comparison of feedback and temperature recommendation in the user interface prototypes of phase 2. 
�

1XPEHU�RI�
SURWRW\SH�

7KH�DUURZ�WKDW�VKRZV�WKH�
GLUHFWLRQ�RI�WKH�WHPSHUDWXUH�
FKDQJH�

,QIRUPDWLRQ�DERXW�WKH�WLPH�
LW�WDNHV�WKH�URRP�
WHPSHUDWXUH�WR�FKDQJH�WR�
WKH�DGMXVWHG�OHYHO�

5HFRPPHQGDWLRQ�IRU�WKH�
URRP�WHPSHUDWXUH�VHW�SRLQW�

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

�,Q�D�VHSDUDWH�GLDORJ�WKDW�RSHQV�ZKHQ�WKH�WHPSHUDWXUH�LV�DGMXVWHG��

�

���7KH�JRDO�RI�WKH�XVDELOLW\�WHVWV�ZDV�WR�FRPSDUH�WKH�SURWRW\SHV�DQG�ILQG�WKH�SURV�DQG�FRQV�RI�HDFK��7KH�

SURWRW\SHV�ZHUH�VKRZQ�WR�WKH�GLIIHUHQW�SDUWLFLSDQWV�LQ�D�GLIIHUHQW�RUGHU��

���7KH�UHVXOWV�VKRZHG�WKDW�XVHUV�SUHIHU�WR�DGMXVW�URRP�WHPSHUDWXUH�E\�JLYLQJ�DQ�DEVROXWH�WHPSHUDWXUH�YDOXH��7KH�

YHUEDO�VFDOH�ZDV�QRW�SUHIHUUHG��7KDW�ZDV�H[SODLQHG�E\�DQ�LGHD�WKDW�XVHUV�KDYH�DQ�LQVLJKW�RQ�ZKDW�D�URRP�

WHPSHUDWXUH�FKDQJH�RI�D�GHJUHH�RU�WZR�PHDQV�LQ�SUDFWLFH��$�YHUEDO�GHVFULSWLRQ�ZDV�IRXQG�WR�EH�LQGHWHUPLQDWH�DQG�



�
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WR�KDYH�GLIIHUHQW�PHDQLQJV�IRU�GLIIHUHQW�SHUVRQV��7KH�DEVROXWH�VFDOH�ZDV�WKH�PRVW�OLNHG�DQG�JDLQHG�OHVV�UHVLVWDQFH�

�)LJXUH�����$OO�WKH�UHVSRQGHQWV�VDLG�WKDW�WKH\�XQGHUVWRRG�WKH�LQIOXHQFH�RI�WKH�DEVROXWH�VFDOH��

Fig. 4. User attitudes to the different temperature scales in phase 2 prototypes. 
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FKDQJLQJ�DQG�GHQRWHV�WKH�GLUHFWLRQ�RI�FKDQJH��7KUHH�RI�WKH�SURWRW\SHV�JLYH�LQIRUPDWLRQ�DERXW�WKH�WLPH�LW�WDNHV�
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UHDFKHG���

���7KH�XVDELOLW\�WHVWV�VKRZHG�WKDW�WKH�DUURZ�ZDV�LQIRUPDWLYH��WKH�UHG�DUURZ�XS�ZDV�XQGHUVWRRG�WR�GHQRWH�DQ�
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7KH�XVHUV�SUHIHUUHG�WR�VHH�WKH�WLPH�QHDU�WR�WKH�DUURZ��DQG�WKH�VHSDUDWH�GLDORJ�DQG�WKH�WH[W�LQ�WKH�GLDORJ�ZHUH�

IRXQG�WR�EH�XQQHFHVVDU\�E\�PRVW�UHVSRQGHQWV��8VHU�DWWLWXGHV�WR�IHHGEDFN�LQ�WKH�SURWRW\SHV�DUH�VKRZQ�LQ�)LJXUH����

$FFRUGLQJ�WR�WKH�UHVXOWV��ERWK�WKH�DUURZ�DQG�WKH�WLPH�VKRXOG�EH�LQFOXGHG�LQ�WKH�XVHU�LQWHUIDFH��
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Fig. 5. User attitudes to the feedback in phase 2 prototypes. 
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���7KH�XVHU�LQWHUIDFH�SURWRW\SH�QU���VKRZHG�D�UHFRPPHQGDWLRQ�IRU�WKH�URRP�WHPSHUDWXUH�VHW�SRLQW��,W�ZDV�SRVVLEOH�

WR�DGMXVW�WKH�VHW�SRLQW�EHWZHHQ�����DQG������&�EXW�D�WHPSHUDWXUH�EHWZHHQ�����DQG������&�ZDV�UHFRPPHQGHG��

8VHU�IHHGEDFN�RQ�WKLV�IHDWXUH�ZDV�GLYHUVH��7KH�UHFRPPHQGDWLRQ�ZDV�VHHQ�DV�SDWHUQDOLVWLF��RU�DV�D�JRRG�ZD\�WR�

SURPRWH�HFRORJLFDO�EHKDYLRXU�DQG�KHDOWK\�WHPSHUDWXUHV��$FFRUGLQJ�WR�WKH�UHVXOWV��D�UHFRPPHQGDWLRQ�RQ�WKH�URRP�

WHPSHUDWXUH�VHW�SRLQW�LV�OLNHG�E\�PDQ\�XVHUV��EXW�LI�D�UHFRPPHQGDWLRQ�LV�JLYHQ��WKH�SXUSRVH�DQG�GHVFULSWLRQ�RI�

WKH�UHFRPPHQGDWLRQ�VKRXOG�EH�LQFOXGHG��

���$Q�DGMXVWDEOH�UDQJH�RI�URRP�WHPSHUDWXUH�ZDV�VKRZQ�LQ�SURWRW\SH�QU����7KH�PHDQLQJ�ZDV�ZHOO�XQGHUVWRRG��7HQ�

RI�WKH�WHVW�XVHUV�WKRXJKW�WKDW�WKH�XVHU�LQWHUIDFH�VKRXOG�VKRZ�WKDW�LQIRUPDWLRQ��1RQH�RI�WKH�WHVW�XVHUV�FRQVLGHUHG�

WKH�IHDWXUH�XQIDYRXUDEOH��

���7KH�RXWGRRU�WHPSHUDWXUH�ZDV�VKRZQ�LQ�DOO�RI�WKH�SURWRW\SHV��,Q�JHQHUDO��WKH�IHDWXUH�ZDV�OLNHG��VXFK�LQIRUPDWLRQ�

ZDV�QHHGHG��HVSHFLDOO\�IRU�GUHVVLQJ�ZKHQ�JRLQJ�RXW��$�IHZ�UHVSRQGHQWV�ZRQGHUHG�LI�WKH�RXWGRRU�WHPSHUDWXUH�

FRXOG�EH�DGMXVWHG��EXW�WKHQ�QRWLFHG�WKH�LPSRVVLELOLW\��2QH�RI�WKH�WHVW�XVHUV�H[DPLQHG�KRZ�WKH�URRP�WHPSHUDWXUH�
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WHPSHUDWXUH�VKRXOG�EH�SUHVHQWHG�LQ�WKH�XVHU�LQWHUIDFH��EXW�QRW�LQ�WKH�FHQWUDO�SDUW�RI�LW��

���7KH�XVHU�LQWHUIDFH�SURWRW\SH�QU����)LJXUH����UHFHLYHG�YHU\�SRVLWLYH�IHHGEDFN�IURP�WKH�WHVW�XVHUV��$OO�WKH�WHVW�

XVHUV�OLNHG�LWV�FODULW\�DQG�FRPSDFWQHVV��7KH�FXUUHQW�WHPSHUDWXUH�VHW�SRLQW�LV�SUHVHQWHG�FOHDUO\��DQG�LW�ZDV�HDV\�WR�

DGMXVW�WKH�VHW�SRLQW�ZLWK�WKH�UHG�����DQG�EOXH��±��EXWWRQV���

���$W�WKH�HQG�RI�HDFK�XVDELOLW\�WHVW�HDFK�WHVW�XVHU�ZDV�DVNHG�WR�FKRRVH�WKH�SURWRW\SH�VKH�RU�KH�SUHIHUUHG�WKH�PRVW��

,Q�DGGLWLRQ��WKH\�ZHUH�DVNHG�WR�JLYH�VXJJHVWLRQV�RQ�KRZ�WR�LPSURYH�WKH�SURWRW\SH��:LWKRXW�GRXEW��WKH�PRVW�

SRSXODU�RI�WKH�SURWRW\SHV�ZDV�QU����ZLWK����YRWHV��ZKLOH�SURWRW\SHV�������DQG���UHFHLYHG�RQH�YRWH�HDFK��QRQH�RI�
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WKH�RWKHU�SURWRW\SHV�ZHUH�FKRVHQ�E\�DQ\�WHVW�XVHU��7KH�RQO\�FULWLFLVP�RI�SURWRW\SH�QU���ZDV�WKDW�LW�ODFNHG�WKH�WLPH�

LQIRUPDWLRQ��KRZ�ORQJ�LW�WDNHV�WKH�URRP�WHPSHUDWXUH�WR�FKDQJH���$�IHZ�WHVW�XVHUV�ZLVKHG�WR�LQFOXGH�D�

UHFRPPHQGDWLRQ�IRU�WKH�WHPSHUDWXUH�VHW�SRLQW��

���3ULRU�WR�WKH�XVDELOLW\�WHVWV��VRPH�SDUWLFLSDQWV�ZHUH�FULWLFDO�RI�WKH�LGHD�WKDW�URRP�WHPSHUDWXUH�FRXOG�EH�DGMXVWHG�

ZLWK�SHUVRQDO�FRPSXWHU��EXW�DIWHU�WKH\�KDG�VHHQ�WKH�SURWRW\SHV�DQG�KDG�KDG�DQ�RSSRUWXQLW\�WR�WU\�WKHP��DOO�WKH����

WHVW�XVHUV�ZRXOG�OLNH�WR�KDYH�WKDW�NLQG�RI�XVHU�LQWHUIDFH�IRU�WKHLU�RZQ�XVH��

�

�����3KDVH���

�

���%DVHG�RQ�WKH�UHVXOWV�IURP�WKH�VHFRQG�SKDVH�RQH�XVHU�LQWHUIDFH�SURWRW\SH�ZDV�GHYHORSHG�LQ�SKDVH����)LJXUH�����

7KH�SURWRW\SH�ZDV�EDVHG�RQ�WKH�SURWRW\SH�QU���RI�WKH�SUHYLRXV�SKDVH��&RQWURO�RI�YHQWLODWLRQ�DQG�OLJKWLQJ��ZLWK�

OLPLWHG�IHDWXUHV��ZHUH�DOVR�LQFOXGHG�LQ�SKDVH����7KH�XVHU�LQWHUIDFH�DOORZV�WKH�XVHU�WR�ERRVW�YHQWLODWLRQ�IRU�D�

FKRVHQ�WLPH��DQG�WR�GLP�JHQHUDO�OLJKWLQJ��RU�WXUQ�LW�RQ�DQG�RII��7KLV�SDSHU�FRQFHQWUDWHV�RQ�WKH�WHPSHUDWXUH�

FRQWURO��DQG�WKH�UHVXOWV�FRQFHUQLQJ�YHQWLODWLRQ�DQG�OLJKWLQJ�DUH�QRW�SUHVHQWHG�LQ�DQ\�GHWDLO��

 

Fig. 6. User interface prototype in phase 3. The figure shows the user interface before and after user 

adjustments.�
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���$V�LQ�SKDVH����WKH�XVHU�FDQ�DGMXVW�WKH�URRP�WHPSHUDWXUH��DQG�VHH�WKH�DGMXVWDEOH�UDQJH�RI�WKH�URRP�WHPSHUDWXUH��

WKH�FXUUHQW�URRP�WHPSHUDWXUH��DQG�WKH�FXUUHQW�RXWGRRU�WHPSHUDWXUH��8VHU�FDQ�DOVR�VHH�WKH�FXUUHQW�URRP�DLU�

KXPLGLW\������7KH�DUURZ�DQG�WKH�WLPH�LQIRUPDWLRQ��VHH�SKDVH����DUH�VKRZQ�ZKHQ�WKH�WHPSHUDWXUH�LV�DGMXVWHG�

�)LJXUH�����

���7KH�JRDO�RI�WKH�WKLUG�SKDVH�ZDV�WR�ILQG�XVDELOLW\�SUREOHPV�ZLWK�WKH�SURWRW\SH�DQG�WR�JDWKHU�XVHU�RSLQLRQV��+RZ�

DFFXUDWHO\�XVHUV�ZDQW�WR�DGMXVW�WKH�WHPSHUDWXUH�VHW�SRLQW�ZDV�DOVR�VWXGLHG��LV�DQ�DFFXUDF\�RI����&�HQRXJK��RU�GR�

XVHUV�ZDQW�WR�DGMXVW�WKH�WHPSHUDWXUH�PRUH�DFFXUDWHO\"�

���,Q�JHQHUDO��WKH�XVHU�LQWHUIDFH�SURWRW\SH�UHFHLYHG�YHU\�SRVLWLYH�FRPPHQWV�IURP�WKH�WHVW�XVHUV��$OO�WKH�HOHYHQ�WHVW�

XVHUV�ZRXOG�OLNH�WR�KDYH�WKH�XVHU�LQWHUIDFH�IRU�WKHLU�RZQ�XVH��7DEOH�����5RRP�WHPSHUDWXUH�ZDV�IRXQG�WR�EH�HDVLHU�

WR�DGMXVW�ZLWK�WKLV�XVHU�LQWHUIDFH�WKDQ�ZLWK�WKH�V\VWHPV�FXUUHQWO\�LQ�WKHLU�RIILFHV��7KH�URRP�WHPSHUDWXUH�FRQWURO�

ZDV�IRXQG�WR�EH�D�PRUH�LPSRUWDQW�IHDWXUH�WKDQ�WKH�RWKHU�WZR�PDLQ�IHDWXUHV��ERRVWLQJ�YHQWLODWLRQ�DQG�FRQWUROOLQJ�

OLJKWLQJ��7DEOH�����

�

Table 3. Results of the questionnaire that was filled in after testing the user interface prototype of phases 3, 4 
and 5. The format: phase 3/phase 4/phase 5. Percentages are given for sums of phases 3–5. 
�

:RXOG�\RX�OLNH�WR�KDYH�
WKDW�NLQG�RI�XVHU�
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WKH�V\VWHPV�LQ�WKH�
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IXQFWLRQV���

\HV� �������
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Table 4. Interest in the three main features of the user interface in phases 3, 4, 5. The participants made the 
rating after testing the user interface. The format: phase 3/phase 4/phase 5. Percentages are given for sums of 
phases 3–5��
�

� 0RVW�LQWHUHVWHG� %HWZHHQ�WKH�PRVW�DQG�
OHDVW�LQWHUHVWHG� /HDVW�LQWHUHVWHG�

7HPSHUDWXUH�FRQWURO� ������
�����

������
�����

������
����

9HQWLODWLRQ�ERRVW� ������
�����

������
�����

������
�����

/LJKWLQJ�FRQWURO� ������
�����

������
�����

������
�����

�

���$OO�WKH�WHVW�XVHUV�VXFFHHGHG�LQ�DGMXVWLQJ�WKH�WHPSHUDWXUH��ERRVWLQJ�WKH�YHQWLODWLRQ�DQG�FRQWUROOLQJ�WKH�OLJKWLQJ��

EXW�VRPH�XVDELOLW\�SUREOHPV�ZHUH�IRXQG��7KH�PHDQLQJ�RI�WKH�DUURZ�DQG�WKH�UHODWHG�WLPH�ZDV�QRW�XQGHUVWRRG�E\�

DOO�WKH�WHVW�XVHUV��7KH�WLPH�ZDV�LQFRUUHFWO\�XQGHUVWRRG�WR�PHDQ�WKH�SHULRG�GXULQJ�ZKLFK�WKH�DGMXVWPHQW�ZDV�

HIIHFWLYH��DV�LQ�ERRVWLQJ�YHQWLODWLRQ���7ZR�RI�WKH�WHVW�XVHUV�GLG�QRW�XQGHUVWDQG�WKH�PHDQLQJ�RI�WKH�DGMXVWDEOH�

UDQJH��QRWH��WKH�WH[W�ZDV�LQ�)LQQLVK�LQ�WKH�XVHU�LQWHUIDFH���1RQH�RI�WKH�WHVW�XVHUV�ZDQWHG�WR�DGMXVW�WKH�URRP�

WHPSHUDWXUH�PRUH�DFFXUDWHO\�WKDQ����&��7KH�UHVXOWV�DUH�VKRZQ�LQ�7DEOH����

�

Table 5. Results of the usability tests in phases 3, 4 and 5. The format: phase 3/phase 4/phase 5. Percentages are 
given for sums of phases 3–5. 
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'LG�WKH�WHVW�XVHU�XQGHUVWDQG�WKH�PHDQLQJ�RI�WKH�
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�����

'LG�WKH�WHVW�XVHU�XQGHUVWDQG�WKH�PHDQLQJ�RI�WKH�
WLPH�FRUUHFWO\"��,Q�WKH�SKDVH���DQG���SURWRW\SHV�WKH�
WLPH�ZDV�ODEHOOHG�ZLWK�WKH�WH[W��WLPH�LW�VWLOO�WDNHV�WR�
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������
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'LG�WKH�WHVW�XVHU�XQGHUVWDQG�WKH�PHDQLQJ�RI�WKH�
DGMXVWDEOH�UDQJH�FRUUHFWO\"��,Q�WKH�SKDVH���DQG���
SURWRW\SHV�WKH�WH[W��DGMXVWDEOH�UDQJH��ZDV�UHSODFHG�
ZLWK�WKH�WH[W��WHPSHUDWXUH�FDQ�EH�DGMXVWHG�
EHWZHHQ����

������
�����

������
����

������
����

'LG�WKH�WHVW�XVHU�WKLQN�WKH�LQIRUPDWLRQ�RQ�WKH�
DGMXVWDEOH�UDQJH�LV�QHFHVVDU\"�
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�����

������
����

������
����

'LG�WKH�WHVW�XVHU�WKLQN�DQ�DFFXUDF\�RI����&�LV�
HQRXJK�IRU�DGMXVWLQJ�WKH�WHPSHUDWXUH��QR�QHHG�WR�
DGMXVW�WKH�WHPSHUDWXUH�PRUH�DFFXUDWHO\�"�
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�%HWZHHQ�\HV�DQG�QR����±��PHDQV�WKDW�WKH�WHVW�XVHU�XQGHUVWRRG�WKH�PHDQLQJ�RI�D�IHDWXUH�DOPRVW�FRUUHFWO\��RU�WKH�
WHVW�XVHU�WKRXJKW�WKDW�IHDWXUH�LV�TXLWH�LPSRUWDQW���
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�����3KDVH���

�

���7KH�SURWRW\SH�IRU�SKDVH����)LJXUH����ZDV�EDVHG�RQ�WKH�UHVXOWV�RI�WKH�SUHYLRXV�SKDVH��7KH�PRGLILFDWLRQV�DUH�

UDWKHU�VPDOO��

• 7KH�WLPH�ZDV�ODEHOOHG�ZLWK�WKH�WH[W��WLPH�LW�VWLOO�WDNHV�WR�UHDFK�WKH�WHPSHUDWXUH�VHWWLQJ���$�SURJUHVV�EDU�

ZDV�DGGHG�WR�YLVXDOL]H�WKH�WLPH��

• 7KH�WHUPLQRORJ\�ZDV�VOLJKWO\�PRGLILHG��)RU�H[DPSOH��WKH�WH[W��DGMXVWDEOH�UDQJH��ZDV�UHSODFHG�ZLWK�WKH�

WH[W��WHPSHUDWXUH�FDQ�EH�DGMXVWHG�EHWZHHQ���7KH�WH[W�ZDV�SODFHG�GLIIHUHQWO\�EHFDXVH�LW�ZDV�ORQJHU�WKDQ�

EHIRUH��HVSHFLDOO\�LQ�)LQQLVK����

• $�KHOS�ILOH�ZDV�ZULWWHQ��$GGLWLRQDO�FRQWH[WXDO�KHOS�PHVVDJHV��SRS�XSV��ZHUH�LQFOXGHG�DQG�RSHQHG�IURP�

WKH�TXHVWLRQ�PDUNV��VHH�)LJXUH�����

• 6HYHUDO�PRGLILFDWLRQV�FRQFHUQLQJ�YHQWLODWLRQ�DQG�OLJKWLQJ�ZHUH�PDGH��

 

Fig. 7. User interface prototype in phase 4. The figure shows the user interface before and after user 

adjustments. 
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���7KH�JRDO�ZDV�WR�VWXG\�KRZ�WKH�GLIIHUHQFHV�DIIHFW�WKH�XVDELOLW\�RI�WKH�SURWRW\SH��7KH�UHVXOWV�VKRZ�WKDW�WKH�DUURZ�

DQG�WKH�WLPH�ZHUH�ZHOO�XQGHUVWRRG�DQG�WKDW�WKH�LQIRUPDWLRQ�ZDV�IRXQG�WR�EH�LPSRUWDQW��EXW�WKHUH�ZHUH�SUREOHPV�

LQ�XQGHUVWDQGLQJ�WKH�PHDQLQJ�RI�WKH�SURJUHVV�EDU�WKDW�ZDV�DGGHG�WR�YLVXDOL]H�WKH�WLPH���

���7KH�FRQWH[WXDO�KHOS�PHVVDJHV�ZHUH�IRXQG�WR�EH�XVHIXO�DQG�VKRUW�HQRXJK��7KH�VKDUHG�KHOS�ILOH�ZDV�ORQJ�DQG�

KDUG�WR�UHDG��DQG�LW�ZDV�QRW�OLNHG�WKDW�LW�RSHQHG�LQ�D�EURZVHU�DQG�FRYHUHG�WKH�SURWRW\SH��,Q�DGGLWLRQ��WKHUH�ZHUH�

VWLOO�VRPH�WHUPLQRORJ\�SUREOHPV�FRQFHUQLQJ�YHQWLODWLRQ��

���2YHUDOO��WKH�UHVXOWV�ZHUH�VLPLODU�WR�WKH�SUHYLRXV�SKDVH��$OO�WKH�WHVW�XVHUV�ZHUH�QRYLFH�EXW�ZHUH�DEOH�WR�DGMXVW�WKH�

WHPSHUDWXUH��ERRVW�WKH�YHQWLODWLRQ�DQG�FRQWURO�WKH�OLJKWLQJ��$OO�RI�WKH�HLJKW�WHVW�XVHUV�ZRXOG�OLNH�WR�KDYH�WKH�XVHU�

LQWHUIDFH�IRU�WKHLU�RZQ�XVH��7KH�UHVXOWV�DUH�VKRZQ�LQ�7DEOHV��±��DV�LQ�SKDVH����

�

�����3KDVH���

�

���,Q�SKDVH���WKH�XVHU�LQWHUIDFH�ZDV�FRQQHFWHG�WR�D�EXLOGLQJ��VR�WKH�XVHU�DFWLRQV�KDG�D�UHDO�HIIHFW�RQ�WKH�

WHPSHUDWXUH��YHQWLODWLRQ�DQG�OLJKWLQJ�RI�D�URRP��7KH�FRQWURO�V\VWHP�ZDV�EXLOW�ZLWK�/DE9,(:��7KH�XVHU�LQWHUIDFH�

ZDV�UH�GHVLJQHG�ZLWK�/DE9,(:��EXW�ZDV�VLPLODU�WR�WKH�SUHYLRXV�SKDVH�ZLWK�VRPH�PLQRU�FKDQJHV��WKH�SURJUHVV�

EDU�YLVXDOL]LQJ�WKH�WLPH�DQG�WKH�VKDUHG�KHOS�ILOH�ZHUH�UHPRYHG��FRQWH[WXDO�KHOS�ZDV�VWLOO�LQ�XVH���7KH�V\VWHP�ZDV�

EXLOW�LQ�RQH�URRP���

���7KH�UHVXOWV�RI�WKH�XVDELOLW\�WHVWV�LQ�SKDVH���FRQILUPHG�WKH�UHVXOWV�RI�WKH�SUHYLRXV�SKDVHV��1RYLFH�XVHUV�ZHUH�

DEOH�WR�XVH�WKH�XVHU�LQWHUIDFH�ZLWK�HIIHFWLYHQHVV�DQG�VDWLVIDFWLRQ��0DQ\�RI�WKH�WHVW�XVHUV�ZHUH�GHOLJKWHG�ZKHQ�WKH\�

QRWLFHG�WKDW�WKH\�UHDOO\�FDQ�DGMXVW�URRP�FRQGLWLRQV�ZLWK�SHUVRQDO�FRPSXWHU��7KH�HIIHFW�RQ�WHPSHUDWXUH�FRXOG�QRW�

EH�SHUFHLYHG�EHFDXVH�RI�WKH�GHOD\��EXW�WKH�OLJKWLQJ�FKDQJHG�LQVWDQWO\��DQG�LQFUHDVHG�QRLVH�LQIRUPHG�ZKHQ�

YHQWLODWLRQ�ZDV�ERRVWHG��

���7KH�DUURZ�GHQRWLQJ�WKH�GLUHFWLRQ�RI�WKH�URRP�WHPSHUDWXUH�FKDQJH�ZDV�QRW�IRXQG�QHFHVVDU\�E\�HYHU\RQH��

EHFDXVH�WKH\�JRW�WKH�LQIRUPDWLRQ�ZLWKRXW�UHFRJQL]LQJ�WKH�DUURZ��+RZHYHU��WKHUH�LV�QR�UHDVRQ�WR�UHPRYH�WKH�

DUURZ�IURP�WKH�XVHU�LQWHUIDFH��7KH�RSLQLRQV�FRQFHUQLQJ�GLPPLQJ�ZHUH�GLYHUVH��UHVSRQGHQWV�ZHUH�HLWKHU�VDWLVILHG�

ZLWK�LW�RU�ZDQWHG�WR�KDYH�PRUH�RU�OHVV�VWHSV�WKDQ�ILYH��RU�VWHSOHVV�FRQWURO��

���$OO�RI�WKH�HLJKW�XVHUV�ZRXOG�OLNH�WR�KDYH�WKH�XVHU�LQWHUIDFH�IRU�WKHLU�RZQ�XVH��7KHUH�ZHUH�D�ORW�RI�LQWHUHVW�WR�XVH�

WKDW�NLQG�RI�V\VWHP�DOVR�DW�KRPH��7KH�UHVXOWV�DUH�VKRZQ�LQ�7DEOHV��±��DV�LQ�SKDVHV���DQG����
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�����$OWHUQDWLYH�XVHU�LQWHUIDFH�GHVLJQ�

 

���$OWKRXJK�WKH�XVHU�LQWHUIDFH�GHYHORSHG�LQ�WKLV�ZRUN�UHFHLYHG�YHU\�SRVLWLYH�IHHGEDFN�IURP�WKH�WHVW�XVHUV��LW�

VKRXOG�QRW�EH�VHHQ�DV�WKH�RQO\�DOWHUQDWLYH��7KH�SULPDU\�JRDO�LV�WR�ILOO�WKH�XVHU�UHTXLUHPHQWV��6HFWLRQ�����,Q�WKH�

SURWRW\SHV�RI�SKDVHV��±��WKH�XVHU�DGMXVWV�WKH�WHPSHUDWXUH�ZLWK�WKH�����DQG��±��EXWWRQV�RU�E\�W\SLQJ�LQ�D�QHZ�

YDOXH��$Q�DOWHUQDWLYH�GHVLJQ�VROXWLRQ�LV�VKRZQ�LQ�)LJXUH����WKH�PHDVXUHG�YDOXH�RI�WKH�URRP�WHPSHUDWXUH�LV�VKRZQ�

RQ�D�WKHUPRPHWHU��DQG�WKH�WHPSHUDWXUH�LV�DGMXVWHG�ZLWK�D�VOLGHU�QHDUE\��7KH�XVHU�LQWHUIDFH�LV�FRPSDFW�DV�FRQWURO�

RI�WHPSHUDWXUH��YHQWLODWLRQ��DQG�OLJKWLQJ�DUH�RQ�VHSDUDWH�WDEV��7KH�XVDELOLW\�RI�WKLV�YHUVLRQ�ZDV�QRW�WHVWHG��

Fig. 8. Alternative user interface design. 

 

6. Discussion 

�

���,Q�DGGLWLRQ�WR�WKH�XVHU�UHTXLUHPHQWV��WKHUH�DUH�RWKHU�UHTXLUHPHQWV�IRU�FRQWURO�RI�URRP�WHPSHUDWXUH��7KH�RWKHU�

PDLQ�SDUWLHV�GXULQJ�WKH�RFFXSDQF\�SHULRG�DUH�WKH�HPSOR\HU��WKH�RZQHU�RI�WKH�EXLOGLQJ��DQG�WKH�UHDO�HVWDWH�

PDQDJHPHQW��7KH\�VKDUH�WKH�WDUJHW�RI�FUHDWLQJ�VDWLVIDFWRU\�ZRUNLQJ�FRQGLWLRQV�IRU�RIILFH�ZRUNHUV��2IILFH�

ZRUNHUV�VKRXOG�EH�DEOH�WR�XVH�WKH�WHPSHUDWXUH�FRQWUROV�HIILFLHQWO\�DQG�WR�FUHDWH�DQ�LQGLYLGXDOO\�VDWLVI\LQJ�

HQYLURQPHQW��

���7KH�XVHU�UHTXLUHPHQWV�GR�QRW�FRQIOLFW�ZLWK�WKH�RWKHU�UHTXLUHPHQWV��,W�LV�FOHDU��KRZHYHU��WKDW�HQHUJ\�VDYLQJ�LV�

PRUH�LPSRUWDQW�IRU�WKH�SDUW\�WKDW�SD\V�IRU�WKH�HQHUJ\�WKDQ�IRU�WKH�RIILFH�ZRUNHUV��$OWKRXJK�RIILFH�ZRUNHUV�KDYH�

ORZ�PRWLYDWLRQ�IRU�VDYLQJ�HQHUJ\�LQ�RIILFHV��VHH�6HFWLRQ�����XVHU�LQWHUIDFHV�VKRXOG�EH�GHYHORSHG�WR�WDUJHW�HQHUJ\�

VDYLQJV��7KH�XVHU�LQWHUIDFHV��DQG�WKH�V\VWHPV��VKRXOG�EH�GHVLJQHG�VR�WKDW�WKH�QRUPDO�ZD\�RI�XVH�OHDGV�WR�HQHUJ\�

HIILFLHQF\��%RUGDVV�HW�DO��>��@�QRWH�WKDW��ZKHQ�GLVFRPIRUW�DULVHV��ZKDW�JHWV�RSHUDWHG�ILUVW�LV�ZKDW�FRPHV�HDVLHVW��

QRW�ZKDW�LV�GHVLUDEOH�WHFKQLFDOO\���)RU�D�EHKDYLRXUDO�PRGHO�RI�WHPSHUDWXUH�FRQWURO�XVH�DQG�HQHUJ\�VDYLQJ��VHH�

>��@��
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���,W�LV�QRW�UHDVRQDEOH�WR�JLYH�XVHUV�D�YHU\�ODUJH�UDQJH�RI�LQGLYLGXDO�WHPSHUDWXUH�FRQWURO��)RU�H[DPSOH��XVHUV�

VKRXOG�QRW�EH�DEOH�DGMXVW�WKH�URRP�WHPSHUDWXUH�WR������&�LQ�WKH�VXPPHU��8VHUV�VKRXOG�KDYH�WKH�SRVVLELOLW\�WR�

DGMXVW�WKH�URRP�WHPSHUDWXUH�WR�IXOILO�WKHLU�LQGLYLGXDO�QHHGV��EXW�QRW�WR�PDNH�LQDSSURSULDWH�DGMXVWPHQWV��

�

7. Conclusion 

�

���8VHU�FHQWUHG�PHWKRGV�ZHUH�DSSOLHG�LQ�GHYHORSLQJ�XVHU�LQWHUIDFHV�IRU�RIILFH�ZRUNHUV�IRU�FRQWUROOLQJ�WKH�

WHPSHUDWXUH��YHQWLODWLRQ�DQG�OLJKWLQJ�RI�DQ�RIILFH��7KH�IRFXV�RI�WKH�ZRUN�ZDV�RQ�LQGLYLGXDO�FRQWURO�RI�URRP�

WHPSHUDWXUH��7KH�XVHU�LQWHUIDFH�GHYHORSPHQW�ZDV�LWHUDWLYH��DQG�WKH�XVDELOLW\�WHVWV�ZHUH�FRQGXFWHG�VHYHUDO�WLPHV�

GXULQJ�WKH�GHYHORSPHQW�SURFHVV��7KH�UHVXOWV�VKRZ�WKDW�QRYLFH�XVHUV�DUH�DEOH�WR�XVH�WKH�XVHU�LQWHUIDFH�SURWRW\SHV�

ZLWK�HIIHFWLYHQHVV�DQG�VDWLVIDFWLRQ��7KLV�LV�D�UHPDUNDEOH�LPSURYHPHQW�DV�XVHUV�KDYH�VHULRXV�SUREOHPV�ZLWK�WKH�

WKHUPRVWDWV�FXUUHQWO\�LQ�RIILFHV��$OO�WKH����SDUWLFLSDQWV�LQ�WKH�XVDELOLW\�WHVWV�ZRXOG�OLNH�WR�KDYH�WKDW�NLQG�RI�QHZ�

XVHU�LQWHUIDFH�IRU�WKHLU�RZQ�XVH��

���8VHU�UHTXLUHPHQWV�IRU�XVHU�DGMXVWDEOH�WHPSHUDWXUH�FRQWUROV�LQ�RIILFHV�ZHUH�GHYHORSHG�DFFRUGLQJ�WR�WKH�UHVXOWV�

IURP�WKH�LQWHUYLHZV�DQG�REVHUYDWLRQ�DQG�WKH�XVHU�LQWHUIDFH�GHYHORSPHQW��%HFDXVH�WKH�FKDQJH�UDWH�RI�URRP�

WHPSHUDWXUH�LV�VORZ��LW�LV�LPSRUWDQW�WKDW�WKH�XVHU�LQWHUIDFH�JLYHV�WKH�XVHU�FOHDU�IHHGEDFN�VR�WKDW�WKH�XVHU�NQRZV�

WKDW�WKH�V\VWHP�LV�ZRUNLQJ�WR�IXOILO�WKH�UHTXHVW��

���,Q�WKLV�ZRUN�D�VRIWZDUH�XVHU�LQWHUIDFH�ZDV�GHYHORSHG�IRU�D�SHUVRQDO�FRPSXWHU��EXW�WKH�XVHU�UHTXLUHPHQWV�DQG�

WKH�XVHU�LQWHUIDFH�VROXWLRQV�FDQ�DOVR�EH�DSSOLHG�WR�RWKHU�WKDQ�VRIWZDUH�XVHU�LQWHUIDFHV��
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