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GHWDLO�YLHZ"
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,PSOLFLW�PHDVXUHPHQWV�YLD�H\H�WUDFNLQJ�RQ�D�VHOI�KRVWHG�VWDQGDUGL]HG�ZLQH�VHOOLQJ�ZHEVKRS��$�0$129$�ZDV
SHUIRUPHG�IRU�WKH�DQDO\VLV�

5HVXOWV
7KLV�HYDOXDWLRQ�HPSKDVL]HV�D�VLJQLjFDQW�LPSDFW�RI�DHVWKHWLFV�RQ�WKH�DWWHQWLRQ�DQG�EHKDYLRU�RI�ZHEVLWH�XVHUV�RQ
ZLQH�VHOOLQJ�ZHEVLWHV��7KH�DQDO\]HG�$2,V�QHHGHG�VLJQLjFDQWO\�OHVV�WLPH�WR�EH�VHHQ�

$EVWUDFW
3XUSRVH

0DQ\�WUHQGV�ZKHUH�IRUHFDVWHG�LQ�WKH�ODVW�GHFDGHV�DQG�IRU�VXUH�RQH�RI�WKHP�EHFDPH�WUXH��WKH�LQFUHDVH�RI�H�
FRPPHUFH�LQ�WKH�ZLQH�VHOOLQJ�LQGXVWU\��&XVWRPHUV�EHFRPH�PRUH�GLJLWDO�VLQFH�WKH�VSUHDG�RI�QHZ�WHFKQRORJLHV�
7KHVH�DUH�JRRG�QHZV�IRU�DOO�PDUNHW�SDUWLFLSDQWV�DQG�RQOLQH�VKRS�RZQHUV��(�FRPPHUFH�FRPHV�DORQJ�ZLWK�GLiHUHQW
LVVXHV�FRPSDUHG�WR�RWKHU�GLVWULEXWLRQ�FKDQQHOV��EHFDXVH�RQH�RI�WKH�ELJJHVW�GRZQIDOOV�LV�WKH�KLJKO\�OLPLWHG�VHQVRU\
SHUFHSWLRQ��DOO�LPSUHVVLRQV�DQG�LQIRUPDWLRQ�DUH�VROHO\�JDWKHUHG�WKURXJK�WKH�KXPDQ�H\H��ZKLFK�LV�TXLWH�LPSRUWDQW
IRU�KHGRQLF�JRRGV�OLNH�ZLQH��7KXV��DHVWKHWLFV�LV�LPSRUWDQW�IRU�H�FRPPHUFH��7KH�FKDOOHQJH�RI�PHDVXULQJ�DHVWKHWLFV
LV�WKH�XQOLPLWHG�YDULHW\�RI�HOHPHQWV�D�ZHEVLWH�FDQ�EH�PDGH�RI��(YHU\�VLQJOH�YLVXDO�FRPSRQHQW�LV�D�SDUW�RI�D
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ZHEVLWHfV�JHQHUDO�YLVXDO�SHUFHSWLRQ�
$V�RXU�SUH�VWXGLHV�VKRZHG��PHDVXULQJ�DHVWKHWLFV�LQ�D�VFLHQWLjF�ZD\�E\�PDQLSXODWLQJ�D�VLQJOH�HOHPHQW��DV�DQ
LQGHSHQGHQW�YDULDEOH��ZLOO�IDLO��LI�WKH�FKDQFH�RI�WKH�VWLPXOL�KDV�QRW�HQRXJK�LPSDFW�RQ�WKH�XVHUVf�SHUFHSWLRQ�
7KURXJK�WKH�XQOLPLWHG�FUHDWLYLW\�RI�ZHE�GHVLJQHUV��LW�LV�GLlFXOW�WR�MXGJH�DQG�FDWHJRUL]H�VSHFLjF�ZHE�GHVLJQV�VROHO\
E\�VLQJOH�FRPSRQHQWV��7KLV�LV�ZK\�ZH�XVHG�D�PRUH�JHQHUDO�DSSURDFK�IRU�RXU�VWXG\��OLJKW�DQG�GDUN�GHVLJQV�
)RU�ZHE�VKRS�RZQHUV�LW�LV�HVVHQWLDO�WR�jQG�RXW�ZKDW�NLQG�RI�XVHU�H[SHULHQFH�WKH�ZHEVLWH�RiHUV�DQG�KRZ�LW�FDQ�EH
RSWLPL]HG��,W�FDQ�EH�TXHVWLRQHG��ZKLFK�FRQWHQW�WKH�XVHU�ZLOO�EH�FRQIURQWHG�ZLWK�DW�ZKLFK�WLPH�DQG�KRZ�DHVWKHWLFV
LQkXHQFH�XVHUVf�DWWHQWLRQ��([SOLFLW�PHDVXUHPHQWV�YLD�TXHVWLRQQDLUHV�GHOLYHU�RQO\�OLPLWHG�DQVZHUV��EHFDXVH�WKH\
MXVW�DVN�IRU�FRQVFLRXV�LPSUHVVLRQV��7KH�PDMRULW\�RI�KXPDQfV�YLVXDO�SHUFHSWLRQV�KDSSHQ�LQ�WKHLU�XQFRQVFLRXV�PLQGV
DQG�LQkXHQFH�RXU�EHKDYLRU�LQ�WKH�VDPH�ZD\��,Q�WKLV�FRQWH[W��PHDVXUHPHQWV�EDVHG�RQ�H\H�WUDFNLQJ�FDQ�EULQJ�QHZ
LQVLJKWV�WKURXJK�WKH�LPSOLFLW�DQG�DFFXUDWH�PHDVXUHPHQW�WHFKQLTXH��(\H�WUDFNLQJ�RiHUV�LQIRUPDWLRQ��ZKLFK�PLJKW
QRW�HYHQ�EH�NQRZQ�E\�WKH�SDUWLFLSDQW�KLPVHOI�
,Q�WKLV�VWXG\��ZH�REVHUYHG�1 ����SDUWLFLSDQWV�LQ�DQ�H[SHULPHQW�ZKLOH�VKRSSLQJ�LQ�D�YLUWXDO�ZHE�VKRS�IRU�ZLQH��:H
LQYHVWLJDWHG�DOO�HOHPHQWV��DUHDV�RI�LQWHUHVW��LQ�WKH�VKRS�JHQHUDWLQJ�XVHUV�DWWHQWLRQ�GXULQJ�WKH�VKRSSLQJ�SURFHVV�

6WXG\�GHVLJQ

7KH�VWXG\�WRRN�SODFH�LQ�D�ODERUDWRU\�DW�WKH�8QLYHUVLW\�RI�$SSOLHG�6FLHQFHV�/XGZLJVKDIHQ�LQ�5KLQHODQG�3DODWLQDWH�
*HUPDQ\��7KH�ODERUDWRU\�KDG�QR�ZLQGRZV�DQG�RQO\�DUWLjFLDO�LOOXPLQDWLRQ��ZKLFK�ZDV�EHLQJ�RSWLPL]HG�IRU�H\H�
WUDFNLQJ�PHDVXUHPHQWV��7KH�SDUWLFLSDQWV�ZHUH�VWURQJO\�LVRODWHG�IURP�HDFK�RWKHU�GXULQJ�WKH�H[SHULPHQW��7KH\�JRW
DOO�LQIRUPDWLRQ�YLD�WH[W�VFUHHQ�PHVVDJHV�RQ�D�FRPSXWHU��'XULQJ�WKH�H[SHULPHQW��SDUWLFLSDQWV�KDG�WKH�RSSRUWXQLW\
WR�DVN�TXHVWLRQV��$�ZDOO�WR�UHGXFH�GLVUXSWLYH�IDFWRUV�VHSDUDWHG�WKH�SDUWLFLSDQW�DQG�WKH�UHVHDUFKHU��(YHU\�VWHS�
LQFOXGLQJ�WKH�FRUUHFW�SHUIRUPLQJ�RI�WKH�FDOLEUDWLRQ�RI�WKH�H\H�WUDFNLQJ�GHYLFH�ZLWK�D�QLQH�GRW�JULG��ZDV�REVHUYHG�YLD
WZR�FDPHUDV��'XULQJ�WKH�H[SHULPHQW��SDUWLFLSDQWV�ORRNHG�DW�D�VFUHHQ��ZKLFK�ZDV�PLUURUHG�WR�WKH�LQYHVWLJDWRU�WR
VHH�WKH�VXEMHFWV�gOLYH�YLHZh�GXULQJ�WKH�H\H�WUDFNLQJ�UHFRUGLQJ�ZLWK�WKH�VRIWZDUH�7RELL�6WXGLR��������7KH�UHFRUGLQJ
ZDV�FRQGXFWHG�ZLWK�WKH�H\H�WUDFNHU�7RELL�;����DQG�ZLWK�DQ�RSWLPDO�GLVWDQFH�RI����FP��������LQFKHV��WR�WKH�VFUHHQ�
7KH�SDUWLFLSDQWV�VDW�RQ�D�WDEOH�DQG�XVHG�D�NH\ERDUG�DQG�D�PRXVH��7KH�H\H�WUDFNLQJ�GHYLFH�ZDV�EHORZ�WKH�VFUHHQ
ZLWK�D�UHVROXWLRQ�RI�����[�����SL[HO��$���ff�PRQLWRU�ZDV�j[HG�RQ�D�VHFRQG�WDEOH�WR�UHPRYH�PLFUR�YLEUDWLRQV
FDXVHG�E\�WKH�XVHUfV�KDUGZDUH�SHULSKHULHV�
6XEMHFWV�ZHUH�GLYLGHG�LQWR�WZR�WHVW�JURXSV��$V�D�FULWHULRQ�IRU�H[FOXVLRQ��WKH\�KDG�WR�EH�ZLQH�FRQVXPHUV�DQG
FRPSDWLEOH�ZLWK�WKH�H\H�WUDFNLQJ�GHYLFH��PRUH�WKDQ�jYH�IDLOHG�FDOLEUDWLRQ�WULDOV���7KH�JHQGHU�GLVWULEXWLRQ�ZDV
DOPRVW�HTXDO�EHWZHHQ�WKH�WZR�JURXSV�
7KH�WZR�JURXSV�JRW�QR�LQIRUPDWLRQ�DERXW�WKH�H[SHULPHQW��7KH�SULPDU\�WDVN�IRU�HDFK�VXEMHFW�ZDV�WR�EX\�PXOWLSOH
ERWWOHV�RQ�D�ZHE�VKRS��ZKLFK�ZDV�GHVLJQHG�E\�WKH�H[SHULPHQW�WHDP��7KH�UHSUHVHQWHG�ZHE�VKRS�DQG�DOO�ZLQHV�ZHUH
YLUWXDO�DQG�GHVLJQHG�MXVW�IRU�WKLV�VWXG\�LQ�RUGHU�WR�H[FOXGH�DQ\�IRUPHU�H[SHULHQFHV�ZLWK�D�ZHE�VKRS�RU�EUDQG
SUHIHUHQFH��7KHUHIRUH��WKH�LPSUHVVLRQ�RI�WKH�ZHEVLWH�DQG�ZLQHV�ZDV�IRU�DOO�SDUWLFLSDQWV�QHZ�DQG�XQLTXH��7KH�YLUWXDO
VKRS�DQG�DOO�SURGXFWV�KDG�EHHQ�WHVWHG�DQG�RSWLPL]HG�IRU�LWV�SODXVLELOLW\�LQ�D�SUHWHVW�ZLWK�ZLQH�H[SHUWV�DQG�QRQ�
H[SHUWV�LQ�RUGHU�WR�FUHDWH�D�KLJK�TXDOLW\�LOOXVLRQ�RI�D�eUHDOf�ZHE�VKRS��7KH�SDUWLFLSDQWV�JRW�QR�WLPH�RU�PRQH\
OLPLWDWLRQV�WR�FUHDWH�DQ�DOPRVW�QDWXUDO�VKRSSLQJ�H[SHULHQFH��ZKLFK�IHOW�QRW�WRR�DUWLjFLDO��7KH�ODQJXDJH�RI�WKH�VKRS
ZDV�*HUPDQ��5HGV�DQG�ZKLWHV�ZHUH�HTXDOO\�VHSDUDWHG�EHWZHHQ�WKH����ZLQHV�ZLWK�D�ZLGH�YDULHW\�RI�JUDSHV��%\
KRVWLQJ�D�UHDOLVWLF�ZHE�VKRS�RQ�RXU�RZQ�VHUYHUV��LW�QHHGHG�RQO\�OLWWOH�HiRUW�WR�FRQWURO�WKH�ORRN�DQG�IHHO�RI�HYHU\
VLQJOH�HOHPHQW�DQG�WKH�JHQHUDO�DHVWKHWLFV�
)URP�1 ����VXEMHFWV�LQ�WRWDO��WKUHH�VXEMHFWV�KDG�WR�EH�H[FOXGHG�GXH�WR�EDG�H\H�WUDFNLQJ�GDWD��$FFRUGLQJO\��Q ���
SDUWLFLSDQWV�WRRN�SDUW�ZLWKLQ�WKH�WZR�WHVW�JURXSV��eOLJKW�ZHEVLWH�GHVLJQf�YHUVXV�eGDUN�ZHEVLWH�GHVLJQf�
)RU�WKLV�VWXG\��WKH�SDUWLFLSDQWV�ZHUH�IUHH�WR�FKRRVH�ZKDW�NLQG�RI�ZLQHV�WKH\�ZHUH�ORRNLQJ�DW��7KLV�NLQG�RI�IUHHGRP
HQVXUHG�WR�UHFRUG�UHDOLVWLF�GDWD��6XEMHFWV�ZHUH�RQO\�ORRNLQJ�DW�ZLQH�ERWWOHV��ZKLFK�HYRNHG�WKHLU�LQWHUHVWV��:KHQ
WKH\�FOLFNHG�RQ�D�ERWWOH�LQ�WKH�SURGXFW�JULG��WKH\�VDZ�D�PRUH�GHWDLOHG�YLHZ��LQ�WKLV�VWXG\�FDOOHG�eGHWDLOHG�YLHZf��ZLWK
IXUWKHU�LQIRUPDWLRQ�DERXW�WKH�VHOHFWHG�ZLQH�DQG�D�ODUJHU�SLFWXUH�RI�WKH�ERWWOH��7KH�eGHWDLOHG�YLHZf�RQ�D�ZLQH�ERWWOH
LV�WKH�EDVHPHQW�IRU�WKH�H\H�WUDFNLQJ�DQDO\VLV�DQG�VKRZQ�LQ�LOOXVWUDWLRQ����,Q�WKLV�YLHZ��WKH�XVHUV�VDZ�D�ELJ�SLFWXUH�RI
WKH�ERWWOH�DQG�PRUH�LQIRUPDWLRQ�OLNH�D�kDYRU�WH[W�RU�SURGXFW�LQIRUPDWLRQ�DQG�WKH�eSXW�LQWR�FDUWf�EXWWRQ��7KH
VWUXFWXUH�RI�WKH�eGHWDLO�YLHZf�IROORZHG�DOZD\V�WKH�VDPH�SDWWHUQ�DQG�DOO�HOHPHQWV�KDG�WKH�VDPH�RUGHU��7KDW�DOORZHG
XV�WR�DJJUHJDWH�DOO�YLHZV�RI�WKH�SDUWLFLSDQWV�ZLWK�DOO�VHHQ�ZLQH�ERWWOHV��DQG�WR�FUHDWH�PHDQV�IRU�$2,V��ZKLFK�ZHUH
LQGHSHQGHQW�IURP�PLVVLQJ�RU�GRXEOHG�GDWD
7KLV�VWXG\�VHW�LWV�IRFXV�RQ�WKH�IROORZLQJ�K\SRWKHVHV�
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+���7KH�PHDQ�7))��7LPH�WR�)LUVW�)L[DWLRQ��IRU�GLiHUHQW�$2,V�>ERWWOH��SURGXFWBWH[W��DZDUG��SULFH��LQIRBWH[W�
SURGXFWBUHFRPPHQGDWLRQ��KXPDQBSLF��QDYLJDWLRQBEDU��QDYLJDWLRQBPDLQ@�LQ�WKH�DJJUHJDWHG�eGHWDLO�SURGXFW�YLHZf
ZLOO�EH�VLJQLjFDQWO\�GLiHUHQW�EHWZHHQ�eOLJKW�GHVLJQf�DQG�eGDUN�GHVLJQf�

)LQGLQJV

7DEOH����'HVFULSWLYHV�IRU�7LPH�WR�)LUVW�)L[DWLRQ��LQ�6HFRQGV��IRU�$OO�$2,V
7KH�$2,V�ZLWK�WKH�WDJ�e7))f�PHDVXUHG�WKH�WLPH�RI�jUVW�j[DWLRQ�RQ�D�VSHFLjF�DUHD�RI�LQWHUHVW�LQ�VHFRQGV��DQG�ZLWK
WKDW�WKH�VSHHG�RI�DWWUDFWHG�DWWHQWLRQ��7KH�ODUJHU�WKH�7))�PHDQV�ZHUH��WKH�PRUH�WLPH�WKH�SDUWLFLSDQWV�QHHGHG�WR
ORRN�DW�WKH�$2,V�IRU�WKH�jUVW�WLPH��7DEOH���UHSUHVHQWV�WKH�GHVFULSWLYH�VWDWLVWLFV�IRU�DOO�JURXSV�LQ�DVFHQGLQJ�RUGHU
�PHDVXUHG�LQ�VHFRQGV���7KH�$2,V�eKXPDQBSLFf��eSURGXFWBWH[Wf�DQG�eERWWOHf�ZHUH�LQ�DYHUDJH�WKH�jUVW�$2,V�VHHQ�E\
WKH�SDUWLFLSDQWV��ZKLFK�KDV�EHHQ�H[SHFWHG��eSURGXFWBUHFRPPHQGDWLRQf��eQDYLJDWLRQBEDUf�DQG�eQDYLJDWLRQBPDLQf
FDWFK�WKH�SDUWLFLSDQWVf�DWWHQWLRQ�TXLWH�ODWH�
7KH�IROORZLQJ�0$129$�UHYHDOV�KRZ�WKH�LQGLYLGXDO�DUHDV�RI�LQWHUHVW�GLiHU�EHWZHHQ�WKH�WZR�WHVW�JURXSV�eOLJKW�GHVLJQf
DQG�eGDUN�GHVLJQf��7KH�0$129$�DOUHDG\�H[FOXGHG�QR�VLJQLjFDQW�$2,V��S!�����DQG�VKRZV�WKH�FRPSDULVRQ�EHWZHHQ

LQIRBWH[Wf��eSURGXFWBUHFRPPHQGDWLRQf�DQG�eQDYLJDWLRQBEDUf��WDEOH����
3LFWRULDO�HOHPHQWV�VXFK�DV�KXPDQ�SLFWXUHV�RU�WKH�ERWWOH�ZHUH�QRW�DiHFWHG�E\�WKH�PDQLSXODWLRQ�RI�WKH�LQGHSHQGHQW
YDULDEOH�eYLVXDO�GHVLJQf�DQG�LWV�DHVWKHWLF�LPSDFW��%RWK�DUHDV�ZHUH�UHODWLYHO\�TXLFN�VHHQ�LQ�ERWK�JURXSV��+RZHYHU�
WKH�OHVV�LPSRUWDQW�$2,V��ZKLFK�ZHUH�UDWKHU�ODWH�RU�UDUHO\�YLHZHG�DV�eLQIRBWH[Wf��eSURGXFWBUHFRPPHQGDWLRQf�
eQDYLJDWLRQBEDUf�VKRZHG�VRPH�VLJQLjFDQW�GLiHUHQFHV�EHWZHHQ�WKH�WHVW�JURXSV��ZKLFK�FRQjUPV�WKH�K\SRWKHVHV�+��
+��DQG�+���$OO�RWKHU�K\SRWKHVHV�FRXOG�QRW�EH�DSSURYHG��7KH�GDUN�GHVLJQ�KHOSV�WKH�XVHUV�WR�IRFXV�RQ�WKH�FRQWHQW
WKDW�FRXOG�EH�XQVHHQ�E\�WKH�OLJKW�GHVLJQ��EXW�KDV�QR�LPSDFW�IRU�HOHPHQWV�OLNH�ERWWOH�RU�SURGXFW�WH[W��WKDW�DUH�VHHQ
DQ\ZD\��7KH�HiHFW�VL]HV�DUH�dbLQIRBWH[W� �������dbQDYLJDWLRQBEDU� �������dbSURGXFWBUHFRPPHQGDWLRQ� ������DQG
UDQJHG�WKHUHIRUH�IURP�XQGHU�WR�XSSHU�PHGLXP�HiHFWV�

&RQFOXVLRQ

7KLV�HYDOXDWLRQ�HPSKDVL]HV�D�VLJQLjFDQW�LPSDFW�RI�DHVWKHWLFV�RQ�WKH�DWWHQWLRQ�DQG�EHKDYLRU�RI�ZHEVLWH�XVHUV�RQ
ZLQH�VHOOLQJ�ZHEVLWHV��7KH�DQDO\]HG�$2,V�eLQIRBWH[Wf��eSURGXFWBUHFRPPHQGDWLRQf�DQG�eQDYLJDWLRQBEDUf�QHHGHG
VLJQLjFDQWO\�OHVV�WLPH�WR�EH�VHHQ�E\�XVHUV�
$Q�H[SODQDWLRQ�FRXOG�EH�WKH�HiHFW�RI�GDUN�GHVLJQ�RQ�HOHPHQWV�WKDW�ZHUH�OHVV�LPSRUWDQW��)RU�H[DPSOH��WKH�$2,
eSURGXFWBUHFRPPHQGDWLRQf�ZDV�RQ�WKH�EXWWRQ�RI�WKH�VFUHHQ�DQG�ZDV�OLNHO\�WR�EH�RYHUVHHQ�E\�PDQ\�VXEMHFWV
�P ������VG ������OLNH�WKH�eQDYLJDWLRQBEDUf�RQ�WKH�ULJKW�HGJH��P �������VG �������)RU�D�UHDVRQ��KXPDQV�FRXOG�EH
OHVV�GLVWUDFWHG�E\�WKH�GDUN�IUDPH��VR�WKH\�ZHUH�PRUH�ZLOOLQJ�WR�HQJDJH�LQ�WH[W�ZDOOV�DQG�VSUHDG�WKHLU�DWWHQWLRQ��7KH
WRWDO�VKRSSLQJ�GXUDWLRQ�IRU�DOO�SDUWLFLSDQWV�KDV�QRW�EHHQ�DiHFWHG�E\�DQ\�DHVWKHWLF�GHVLJQ�
7KLV�FRQjUPV�RXU�DVVXPSWLRQ��WKDW�GDUN�GHVLJQV�JHQHUDWH�D�IUDPH��7KLV�HYRNHV�KLJKHU�DWWHQWLRQ�DQG�UHFRJQLWLRQ�IRU
WKH�ZHEVLWHV�FRQWHQW��KHQFH�HYHQ�WH[W�HOHPHQWV�ZHUH�PRUH�OLNHO\�WR�EH�VHHQ��0RUHRYHU��WKH�SDUWLFLSDQWV�DUH�PRUH
OLNHO\�WR�WDNH�WKH�HiRUW�DQG�VFUROO�GRZQ�WR�WKH�ERWWRP�RI�WKH�ZHEVLWH�WR�VHH�SURGXFW�UHFRPPHQGDWLRQV��(\H
WUDFNLQJ�HTXLSPHQW�UHFRUGV�WKH�H\H�j[DWLRQ��IRYHDO�YLVLRQ��EXW�WKH�KXPDQ�H\H�VWLOO�UHFRJQL]HV�VKDSHV��FRORUV�DQG
DERYH�DOO��FRQWUDVW�LQ�WKH�SHULSKHU\��7KLV�FRXOG�EH�WKH�UHDVRQ�ZK\�WKH�SDUWLFLSDQWV�VDZ�IUDPHV�LQ�WKH�SHULSKHU\�DQG
WHQGHG�XQFRQVFLRXVO\�WR�VHH�RQO\�WKH�LWHPV��ZKLFK�ZHUH�LQ�WKH�EULJKWHU�DUHDV��)XUWKHU��WKH\�WHQGHG�WR�VFUROO�GRZQ
LQ�DQ�DUHD��ZHUH�WKH�IUDPH�ZDV�XQVHHQ��EHFDXVH�WKH�IUDPH�ZDV�DOZD\V�YLVLEOH�RQ�WKH�OHIW�DQG�ULJKW�HGJH�
$QRWKHU�UHDVRQ�FRXOG�EH�WKDW�XVHUV�OHDUQHG�WR�LJQRUH�HOHPHQWV�RQ�WKH�HGJHV�DQG�DUHDV�EH\RQG�WKH�ZKLWH�VSDFH�
EHFDXVH�WKH\�XVXDOO\�jQG�DGYHUWLVHPHQWV�DQG�RWKHU�LUUHOHYDQW�LQIRUPDWLRQ�WKHUH��7KLV�XQFRQVFLRXV�EOLQGQHVV�ZRUNV
EHWWHU�RQ�ZKLWH�VSDFH��EHFDXVH�WKH�PDMRULW\�RI�ZHEVLWHV�DUH�GHVLJQHG�LQ�WKDW�ZD\��'DUN�GHVLJQ�FRXOG�FRXQWHUDFW
WKDW�HiHFW�
1HYHUWKHOHVV��GDUN�GHVLJQ�VKRXOG�QRW�EHHQ�VHHQ�DV�D�JHQHUDO�SDQDFHD��:H�GLG�QRW�XVH�D�FRPSOHWHO\�GDUN�GHVLJQ
EXW�VWLOO�KDG�ZKLWH�HOHPHQWV�LQ�LW��WKH�ERG\�FRORU�ZDV�ZKLWH�DQG�WKH�WH[W�ZDV�EODFN��:KHWKHU�DQ�RYHUDOO�EODFN�WKHPH
ZLWK�ZKLWH�OHWWHUV�RQ�EODFN�EDFNJURXQG�ZLOO�KDYH�WKH�VDPH�LPSDFW��KDV�WR�EH�WHVWHG�
7KLV�VWXG\�SURYHV�WKDW�D�FKDQJH�EHWZHHQ�GDUN�DQG�OLJKW�YLVXDO�FRQFHSWV�KDV�D�VLJQLjFDQW�LPSDFW�RQ�KRZ�XVHUV
LQWHUDFW�ZLWK�WKH�FRQWHQW��7KH�DQDO\VLV�RI�WKH�eSURGXFW�GHWDLO�YLHZf�VKRZV��WKDW�D�GDUNHU�IUDPH�FDQ�KHOS�WR�LQFUHDVH
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Purpose 
Many trends where forecasted in the last decades and for sure one of them became true: the 
increase of e-commerce in the wine selling industry. Customers become more digital since the 
spread of new technologies. These are good news for all market participants and online shop 
owners. E-commerce comes along with different issues compared to other distribution channels, 
because one of the biggest downfalls is the highly limited sensory perception: all impressions and 
information are solely gathered through the human eye, which is quite important for hedonic 
goods like wine. Thus, aesthetics is important for e-commerce. The challenge of measuring 
aesthetics is the unlimited variety of elements a website can be made of. Every single visual 
component is a part of a website’s general visual perception. 

As our pre-studies showed, measuring aesthetics in a scientific way by manipulating a single 
element (as an independent variable) will fail, if the chance of the stimuli has not enough impact 
on the users’ perception. Through the unlimited creativity of web designers, it is difficult to judge 
and categorize specific web designs solely by single components. This is why we used a more 
general approach for our study: light and dark designs.  

For web shop owners it is essential to find out what kind of user experience the website offers 
and how it can be optimized. It can be questioned, which content the user will be confronted with 
at which time and how aesthetics influence users’ attention. Explicit measurements via 
questionnaires deliver only limited answers, because they just ask for conscious impressions. The 
majority of human’s visual perceptions happen in their unconscious minds and influence our 
behavior in the same way. In this context, measurements based on eye tracking can bring new 
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insights through the implicit and accurate measurement technique. Eye tracking offers 
information, which might not even be known by the participant himself. 

In this study, we observed N=120 participants in an experiment while shopping in a virtual web 
shop for wine. We investigated all elements (areas of interest) in the shop generating users 
attention during the shopping process.   

Study design  
The study took place in a laboratory at the University of Applied Sciences Ludwigshafen in 
Rhineland-Palatinate, Germany. The laboratory had no windows and only artificial illumination, 
which was being optimized for eye-tracking measurements. The participants were strongly 
isolated from each other during the experiment. They got all information via text screen messages 
on a computer. During the experiment, participants had the opportunity to ask questions. A wall to 
reduce disruptive factors separated the participant and the researcher. Every step, including the 
correct performing of the calibration of the eye-tracking device with a nine dot grid, was observed 
via two cameras. During the experiment, participants looked at a screen, which was mirrored to 
the investigator to see the subjects “live view” during the eye-tracking recording with the software 
Tobii Studio 3.3.2. The recording was conducted with the eye tracker Tobii X120 and with an 
optimal distance of 60 cm (23.62 inches) to the screen. The participants sat on a table and used 
a keyboard and a mouse. The eye-tracking device was below the screen with a resolution of 
1280x1024 pixel. A 17’’ monitor was fixed on a second table to remove micro vibrations caused 
by the user’s hardware peripheries.  

Subjects were divided into two test groups. As a 
criterion for exclusion, they had to be wine 
consumers and compatible with the eye tracking 
device (more than five failed calibration trials). The 
gender distribution was almost equal between the 
two groups.  

The two groups got no information about the 
experiment. The primary task for each subject was 
to buy multiple bottles on a web shop, which was 
designed by the experiment team. The 
represented web shop and all wines were virtual 
and designed just for this study in order to exclude 
any former experiences with a web shop or brand 
preference. Therefore, the impression of the 
website and wines was for all participants new 
and unique. The virtual shop and all products had 
been tested and optimized for its plausibility in a 
pretest with wine experts and non-experts in order 
to create a high quality illusion of a ‘real’ web 
shop. The participants got no time or money 
limitations to create an almost natural shopping 
experience, which felt not too artificial. The 
language of the shop was German. Reds and 
whites were equally separated between the 50 
wines with a wide variety of grapes. By hosting a 

Illustration 1: AOIs Overview at the Detail View in the 
‘dark template’. Areas Were Colored Afterwards For this 
Picture) 
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realistic web shop on our own servers, it needed only little effort to control the look and feel of 
every single element and the general aesthetics.  

From N=120 subjects in total, three subjects had to be excluded due to bad eye tracking data. 
Accordingly, n=117 participants took part within the two test groups: ‘light website design’ versus 
‘dark website design’.  

For this study, the participants were free to choose what kind of wines they were looking at. This 
kind of freedom ensured to record realistic data. Subjects were only looking at wine bottles, which 
evoked their interests. When they clicked on a bottle in the product grid, they saw a more detailed 
view (in this study called ‘detailed view’) with further information about the selected wine and a 
larger picture of the bottle. The ‘detailed view’ on a wine bottle is the basement for the eye 
tracking analysis and shown in illustration 1. In this view, the users saw a big picture of the bottle 
and more information like a flavor text or product information and the ‘put into cart’ button. The 
structure of the ‘detail view’ followed always the same pattern and all elements had the same 
order. That allowed us to aggregate all views of the participants with all seen wine bottles, and to 
create means for AOIs, which were independent from missing or doubled data  

This study set its focus on the following hypotheses: 

H1: The mean TFF (Time to First Fixation) for different AOIs [bottle, product_text, 
award, price, info_text, product_recommendation, human_pic, navigation_bar, 
navigation_main] in the aggregated ‘detail product view’ will be significantly 
different between ‘light design’ and ‘dark design’. 

Findings 

 

Table 1: Descriptives for Time to First Fixation (in Seconds) for All AOIs  

The AOIs with the tag ‘TFF’ measured the time of first fixation on a specific area of interest in 
seconds, and with that the speed of attracted attention. The larger the TFF means were, the more 
time the participants needed to look at the AOIs for the first time. Table 1 represents the 
descriptive statistics for all groups in ascending order (measured in seconds). The AOIs 
‘human_pic’, ‘product_text’ and ‘bottle’ were in average the first AOIs seen by the participants, 
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which has been expected. ‘product_recommendation’, ‘navigation_bar’ and ‘navigation_main’ 
catch the participants’ attention quite late.  

The following MANOVA reveals how the individual areas of interest differ between the two test 
groups ‘light design’ and ‘dark design’. The MANOVA already excluded no significant AOIs (p>.05) 
and shows the comparison between 'info_text’, ‘product_recommendation’ and ‘navigation_bar’ 
(table 2).  

 

Table 2: Descriptives for Significant AOIs for Both Test Groups 

 

Table 3: Descriptives for Significant AOIs  

 

Table 4: Multivariate Tests 
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Table 5: Levene´s Test of Equality 

 

Table 6: Test of Between-Subjects Effects  

Pictorial elements such as human pictures or the bottle were not affected by the manipulation of 
the independent variable ‘visual design’ and its aesthetic impact. Both areas were relatively quick 
seen in both groups. However, the less important AOIs, which were rather late or rarely viewed as 
‘info_text’, ‘product_recommendation’, ‘navigation_bar’ showed some significant differences 
between the test groups, which confirms the hypotheses H3, H4 and H6. All other hypotheses 
could not be approved. The dark design helps the users to focus on the content that could be 
unseen by the light design, but has no impact for elements like bottle or product text, that are 
seen anyway. The effect sizes are η²info_text = .084, η²navigation_bar = .105, η²product_recommendation = .153 
and ranged therefore from under to upper medium effects. 

Conclusion  
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This evaluation emphasizes a significant impact of aesthetics on the attention and 
behavior of website users on wine selling websites. The analyzed AOIs ‘info_text’, 
‘product_recommendation’ and ‘navigation_bar’ needed significantly less time to be  
seen by users. 

 

Illustration 2: The Differences of Time to First Fixation Between Test Groups for Significant AOIs 

An explanation could be the effect of dark design on elements that were less important. For 
example, the AOI ‘product_recommendation’ was on the button of the screen and was likely to be 
overseen by many subjects (m=16.9, sd=6.21) like the ‘navigation_bar’ on the right edge 
(m=17.56, sd=6.99). For a reason, humans could be less distracted by the dark frame, so they 
were more willing to engage in text walls and spread their attention. The total shopping duration 
for all participants has not been affected by any aesthetic design.  

This confirms our assumption, that dark designs generate a frame. This evokes higher attention 
and recognition for the websites content, hence even text elements were more likely to be seen. 
Moreover, the participants are more likely to take the effort and scroll down to the bottom of the 
website to see product recommendations. Eye tracking equipment records the eye fixation (foveal 
vision) but the human eye still recognizes shapes, colors and above all, contrast in the periphery. 
This could be the reason why the participants saw frames in the periphery and tended 
unconsciously to see only the items, which were in the brighter areas. Further, they tended to 
scroll down in an area, were the frame was unseen, because the frame was always visible on the 
left and right edge. 

Another reason could be that users learned to ignore elements on the edges and areas beyond 
the white space, because they usually find advertisements and other irrelevant information there. 
This unconscious blindness works better on white space, because the majority of websites are 
designed in that way. Dark design could counteract that effect. 

Nevertheless, dark design should not been seen as a general panacea. We did not use a 
completely dark design but still had white elements in it: the body color was white and the text 
was black. Whether an overall black theme with white letters on black background will have the 
same impact, has to be tested.  

This study proves that a change between dark and light visual concepts has a significant impact 
on how users interact with the content. The analysis of the ‘product detail view’ shows, that a 
darker frame can help to increase the attention and therefore rise the visibility of elements who 
need more seconds on light design templates.  
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Practical implications.  
Dark and white colors have an impact on users’ perception and their willingness to pay attention 
to specific AOIs. Web side owners in the wine industry should consider how important the AOIs 
like ‘product_recommendation’, ‘info_text’ or ‘navigation_bar’ are. A higher involvement to 
sidebars may help to increase the interaction with other websites due to their faster recognition. 
Light aesthetics is more common and could increase the readability and set a focus on AOIs that 
are more important. 


