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Abstract. Recent technology developments in the field of tabletop display 
systems have provided new types of user experiences that were unavailable in 
traditional vertical displays. While substantial amount of work has been done 
on new technologies and usability tests for a tabletop display system, not much 
attention was focused on aesthetic design aspect. In this paper, we studied the 
effect of aesthetic design elements on tabletop display interactions, especially 
focusing on users’ emotional satisfaction and usability. For this purpose, two 
different tabletop display systems, one aesthetically well designed with 5 
selected design elements (color, typography, form, graphic, and sound) and the 
other not, were tested in an intelligent collaborative environment. The user 
study showed that an aesthetically well-designed tabletop system not only 
influenced users’ emotional satisfaction but also usability by enhancing the 
abilities in human perception, and eventually affected overall user experience 
with the system.  
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1   Introduction 

In recent years, tabletop displays, often called as interactive tabletops and surfaces, 
have been getting a great deal of attention. Display technologies, such as projectors, 
flat panel displays (LCD, LED, and so on), coupled with sensing technologies, enable 
direct and natural human-computer interaction with hands as an input device. While 
much of the research attention has focused on developing new technologies capable 
of new types of interaction, for example, multi-touch interaction [1], new interfaces 
integrated with existing interfaces [2–4], little work has been done on the aesthetic 
aspects of tabletop display design [5], which may significantly influence user 
experiences. On the other hand, researches on other types of system have supported 
the importance of aesthetic design elements in human-computer interaction [6–8]. 
Experiments with different types of ATM layout revealed that the apparent usability 
is strongly affected by the aesthetic aspects rather than the inherent usability [6, 7]. 
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Another research on Web design showed that simplicity and beauty affect the user 
experience and interpretation of the design [8]. 

In this work, we studied the effect of aesthetic design elements on tabletop display 
interaction, especially focusing on users’ emotional satisfaction and usability. At this 
stage of research we only investigate the overall effect of aesthetically oriented design 
resulted from the combination of several aesthetic design elements, not the effect of 
individual element on user experiences.  

2   Tabletop Display Environment 

A collaborative working environment called “Intelligent and Responsive Space (IRS) 
[9, 10], which consists of a tabletop display, three surrounding wall screens and 
mobile devices, was used as a test environment in this study. This space is utilized 
mainly for a group meeting or presentation. The tabletop display system, which plays 
a key role in this environment, was built horizontally by using a large display (55 inch 
LCD unit) and an infrared LED touch panel. Users can operate this system with bare 
fingers by manipulating a virtual keyboard/mouse and handling interactive menus and 
icons. 

Two versions of interactive tabletop display systems were used in this study 
(Fig.1). The first version was designed mainly focusing on technology development 
[9]. The second version incorporates aesthetic design elements [10]. The 2nd version 
uses the same technology and has the same functional aspect, and the only difference 
is the design aspect. 

 

Fig. 1. Two versions of tabletop display systems (top: 1st version, bottom: 2nd version with 
consideration of aesthetic design elements) 

3   Aesthetic Design Elements 

To make aesthetically well-designed system, aesthetic design elements for the 
tabletop display interaction environment were extracted based on a research about 
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human cognitive response to an artifact [11]. According to his research, aesthetic 
responses in human cognitive process are adaptation for detecting physical features 
such as color, tone, shape, pattern, etc. These aesthetic responses through sensory 
interface are immediate and involuntary, apparently distinguished from analytical 
responses which usually take longer. These responses may affect the further 
determination of preferences, thus a positive aesthetic response is more likely to lead 
to a positive ultimate preference than negative. We selected target design elements 
that may affect aesthetic response in tabletop display interaction. Five elements were 
selected: Color, typography, form, graphic, and sound. 

Color plays one of the most important roles in recognizing an artifact. Proper 
selection of color scheme and well designed combination of them attract users’ 
attention [12], improve readability [13] and increase participant [14]. In an interface 
design, however, color should not be overused which usually causes heavy cognition 
load. We chose a minimal number of color sets (4 for background and 4 for 
foreground such as icons and commands) to emphasize the distinction between 
foreground and background and keep the unity of design (Fig.2).  

 

Fig. 2. Two different color sets used in the 1st version (left) and the 2nd version (right). In the 
2nd version, background colors were chosen to have similar color tone to prevent distraction. 

Since a tabletop display is a large horizontal display unlike traditional vertical 
displays, some displayed objects or texts proximal to one person may be distal to 
others or even reversed. Thus, readability and especially legibility can be significantly 
influenced by the selection of typography. According to the guideline suggested in 
[15], we selected regular type san serif fonts (Fig.3).  

We designed the form of tabletop exterior according to the Gestalt laws that 
humans tend to order our experience in a manner that is regular, orderly, and simple. 
Compared to the 1st version, all of the peripheral components were enclosed in the 
exterior box. This design draws user attention toward the main display and eliminates 
distractions by surrounding structures or peripheral devices (Fig.1 bottom left).  
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Fig. 3. Two different typography sets for the 1st version (left: Serif font) and the 2nd version 
(right: Sans-serif font) 

Considering that the tabletop display is usually used by multiple users, and both 
input and output occur on the same display, proper graphic representation for 
information visualization and manipulation are required. We used interactive 
animations and special effects helping natural interactions, in the limit not to cause 
confusion in recognition and evoke cognitive fatigue. As a final design element, 
proper sound feedback and sound effects accompanied by animations were integrated 
to improve user responsiveness and give emotional satisfaction. 

4   User Study and Results 

We performed user studies using these two versions of tabletop to examine the effect 
of aesthetic design elements on using tabletop display systems. As mentioned above, 
there is no difference between the two versions in the functional aspect, but only in 
the design aspect.  

We recruited 24 subjects (13 male and 11 female; age 24 to 38) having no 
experience of using tabletop display systems for the user study. First, users were 
asked to evaluate the aesthetic satisfaction on two systems after watching the 
experimenter’s demos of the two versions about 30 minutes. In all evaluations, the 7-
point Likert scale (1=strongly dislike, 4=undecided, 7=strongly like) was used. In the 
experiment, each subject was asked to perform 8 simple tasks. We designed the first 
half of the tasks to assess user cognitive load in performing tasks, and the second half 
to evaluate manipulability. Completion time for each task was checked throughout 
experiments. Before running the experiment, each user was trained for about an hour 
how to use two systems. After completing the tasks, the subject answered the 
evaluation questions asking about emotional satisfaction and overall satisfaction on 
each version.  

In data analysis, we performed paired t-Tests on each evaluation item to compare 
two versions (Table.1). Both in aesthetic and emotional satisfaction evaluations, users 
rated the second version higher than the first version (p<<0.05). In addition, we found 
that there exists high correlation between aesthetic evaluation and emotional 
satisfaction (Pearson correlation coefficient R2=0.61 and 0.71 for version 1 and 2, 
respectively). In overall satisfaction on the system, users also gave higher points to 
the second version over the first version (p<<0.05).  
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Table 1. Evaluation results: Mean of 24 subjects (Within parentheses: Standard deviation) 

 Evaluation 
Item 

Version 1 Version 2 

Aesthetic 
Satisfaction 

4.79 (0.44) 5.82(0.52) 

Emotional 
Satisfaction 

4.48 (0.87) 5.61(0.40) 

Overall 
Satisfaction 

4.42 (0.49) 6.03 (0.45) 

 
In particular, for the second version, evaluation for overall satisfaction was higher 

(p<0.05) than the evaluation for emotional satisfaction, while there was no statistical 
difference (p>0.05) for the first version. This implies that aesthetic design elements 
may affect not only emotional satisfaction but also usability. The result on task 
completion time comparison (Fig.4) strongly supports this argument. In all 8 tasks, 
task completion time in the second version was lower than that of the first one. In 
addition, time reduction in the first 4 tasks was higher than the last 4, which means 
aesthetic design elements greatly affect cognitive load reduction rather than 
improvements of manipulability. 

 

Fig. 4. Task completion time comparison for each task 

5   Discussion 

In this paper, we identified that aesthetic design elements play a very important role in 
human-computer interaction in a tabletop display environment. The user study 
showed that an aesthetically well-designed tabletop system not only influences users’ 
emotional satisfaction but also usability, and eventually affects overall user 
experience with the system. Before running experiments, we expected that the 
emotional evaluation for the aesthetically well designed system (2nd system) would be 
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higher than the original one (1st system). However, contrary to our expectation, the 
result showed that there is no statistical difference between aesthetic and emotional 
evaluation after experiencing the system. We thought this was due to the fact that 
even the 1st system scored high value (4.79) in aesthetic evaluation. We may evaluate 
the effect of aesthetic elements on the emotional satisfaction more clearly by testing 
two different systems with more distinction in aesthetic aspect. As future directions, 
we need to design and perform extensive user studies to identify the impact of each 
aesthetic design element on optimal user experience. 

References 

1 Han, J.: Low cost multi-touch sensing through frustrated total internal reflection. In: Proc. 
18th Annual ACM Symposium on User Interface Software and Technology (UIST 2005), 
Seattle, pp. 115–118 (2005) 

2 Lee, H., Jeong, H., Lee, J., Yeom, K., Shin, H., Park, J.: Select-and-Point: a novel interface 
for multi-device connection and control based on simple hand gestures. In: Proc. CHI 
2008, Florence, pp. 3357–3362 (2008) 

3 Everitt., K., Shen., C., Ryall, K., Forlines, C.: MultiSpace: Enabling Electronic Document 
Micro-mobility in Table-Centric, Multi-Device Environments. In: 1st Annual IEEE 
International Workshop on Horizontal Interactive Human-Computer System (Tabletop 
2006), Adelaide, pp. 27–34 (2006) 

4 Pattern., J., Ishii, H., Hines, J., Pangaro, G.: Sensetable: a wireless object tracking platform 
for tangible user interfaces. In: Proc. CHI 2001, Seattle, pp. 253–260 (2001) 

5 Schiphorst, T., Motamedi, N., Jaffe, N.: Applying an Aesthetic Framework of Touch for 
Table-top Interactions. In: 2nd Annual IEEE International Workshop on Horizontal 
Interactive Human-Computer System (Tabletop 2007), Rhode Island, pp. 71–74 (2007) 

6 Kurosu, M., Kashimura, K.: Apparent usability vs. Inherent usability. In: Proc. CHI 1995, 
Colorado, pp. 292–293 (1995) 

7 Tractinsky, N.: Aesthetics and Apparent Usability: Empirically Assessing Cultural and 
Methodological Issues. In: Proc. CHI 1997, Atlanta, pp. 115–122 (1997) 

8 Karvonen, K.: The Beauty of Simplicity. In: Proc. Conference on Universal Usability 
(CUU 2000), Arlington, pp. 85–90 (2000) 

9 Park., J., Yeom., K., Ha., S., Park., M., Kim., L.: An Overview of Intelligent Responsive 
Space Technology in Tangible Space Initiative. In: Proc. Pervasive 2006, Dublin, pp. 523–
232 (2006) 

10 Lee, H., Jeong, H., Lee, J., Yeom, K.-W., Park, J.-H.: Gesture-based interface for 
connection and control of multi-device in a tabletop display environment. In: Jacko, J.A. 
(ed.) HCI International 2009. LNCS, vol. 5611, pp. 216–225. Springer, Heidelberg (2009) 

11 Ulrich, K.T.: Design: Creation of Artifacts in Society, ch. 5 (2010)  
12 Turatto, M., Galfano, G.: Attention capture by color without any relevant attentional set. 

Perception and Psychophysics 63(2), 286–297 (2001) 
13 Garcia, M.L., Caldera, C.I.: The effect of color and typeface on the readability of on-line 

text. Computers and Industrial Engineering 31(1), 519–524 (1996) 
14 White, J.V.: Color for Impact. Strathmoor Press (1997) 
15 Michael, B., Liao, C.H., Melissa, M.: The effects of Font type and Size on the legibility 

and reading time of online text by older adults. In: CHI 2001, Seattle, pp. 175–176 (2001) 


	Effect of Aesthetic Design Elements on Tabletop Display Interaction
	Introduction
	Tabletop Display Environment
	Aesthetic Design Elements
	User Study and Results
	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




