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ABSTRACT 
We present three novel methods to facilitate one hand 
targeting at discomfort regions on a mobile touch screen 
using tilting gestures; TiltSlide, TiltReduction, and 
TiltCursor. We conducted a controlled user study to evaluate 
them in terms of their performance and user preferences by 
comparing them with other related methods, i.e. 
ThumbSpace, Edge Triggered with Extendible Cursor 
(ETEC), and Direct Touch (directly touching with a thumb). 
All three methods showed better performance than 
ThumbSpace in terms of speed and accuracy. Moreover, 
TiltReduction led users to require less thumb/grip movement 
than Direct Touch while showing comparable performance 
in speed and accuracy. 
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INTRODUCTION & RELATED WORK 
Large smartphones makes some parts of the screen 
unreachable when interacting with only one hand. It is 
difficult for a thumb to reach a far-target on a large screen 
while maintaining a safe one hand grip of the device. Since 
people prefer one hand interaction even when both hands are 
available [2], large screen sizes introduced a new set of 
challenges in one hand interaction design. 

There have been several attempts to address this issue. 
ThumbSpace [3] utilizes a miniature semitransparent space 
placed in a comfortable region that maps relative positions of 
all components in the screen. Edge Triggered with 
Extendible Cursor (ETEC) [4] is another approach which 
makes use of an offset cursor. The cursor is triggered with a 
bezel swipe and moves faster than thumb’s moving speed, 
which helps reach a target outside the thumb’s range. 

We noted that people use the strategy to tilt the devices 
towards the thumb, so that a far-target gets closer to their 
thumbs. GripSense [1] exploited such behavior to identify 

the handedness of a user. We collected the magnitude of tilt 
when users directly touch targets on an 8x14 grid (Fig. 2), 
and confirmed that users actually tilt the device towards the 
thumb more when they have to touch targets farther away.  

ONE-THUMB INTERACTION BASED ON TILTING  
We designed three novel methods for one-handed target 
acquisition in large smartphones; TiltSlide, TiltReduction, 
and TiltCursor, to be triggered by a tilting gesture. 

TiltSlide (TS) When a user tilts a device, the screen slides to 
the tilting direction (Fig. 1A). There are eight sliding 
directions; right-down, right, right-up, up, left-up, left, left-
down, and down. The screen slides until any of the edges hit 
the center of the physical screen. 

TiltReduction (TR) When a user tilts a device, the screen 
shrinks to fit in a customized comfort region (Fig. 1B). We 
determined the region as a rectangle that users draw by 
diagonally dragging their thumb (from top-left to bottom-
right) while previewing shrunk sized screen. They were 
allowed to draw a rectangle repeatedly until they could 
comfortably reach the entire rectangle whose aspect ratio is 
maintained to that of screen to avoid distortion. 

TiltCursor (TC) While a device is being tilted, a cursor 
appears on the position where the user starts a swipe gesture 
(Fig. 1C) and it moves faster than thumb to help reaching a 
far-target. 

STUDY DESIGN 
We hypothesized that our tilting methods will be faster than 
ThumbSpace, since ThumbSpace needs additional cognitive 
effort to determine the relative position of a target on the 
semitransparent space (H1). Because the initial position of 
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Figure 1. Three methods triggered with a tilting gesture 
are designed for reaching targets on discomfort regions.  

TiltSlide (A), TiltReduction (B), and TiltCursor (C). 
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the cursor is closer to the target compared to that of ETEC, 
TC will be faster than ETEC (H2). TR will be less accurate 
than DT and TS, since it reduces the target size when whole 
screen shrinks to fit to the comfort region (H3). 

We conducted a user study to evaluate the three methods 
against DT (directly touching with a thumb), ThumbSpace 
[3] and ETEC [4]. We recruited 18 participants (10 females, 
8 males, average age = 24, all right-handed). Participants 
held a large smartphone (Samsung Galaxy Note 3 with 5.7” 
screen) in their right hands and performed target acquisition 
tasks using each of six methods for 5 trials. One trial 
contained 30 target acquisition tasks with targets at randomly 
activated regions on an 8x14 grid (7 𝑚𝑚𝑚𝑚2  as target size) 
while maintaining the same total thumb-travel distance for 
each trial. We used a Latin Square design for eliminating 
ordering effects and completed the experiment with survey 
questionnaires. 

RESULTS AND DISCUSSION 
We analyzed results using a repeated-measures ANOVA and 
found significant effects for task completion time (𝐹𝐹5,85  =
 24.59, 𝑝𝑝 < .01) and error rate (𝐹𝐹5,85 = 9.65, 𝑝𝑝 < .01). We 
used Bonferroni correction for post hoc analysis. 

All three tilting methods (TC, TS, and TR) were significantly 
faster than ThumbSpace (all 𝑝𝑝 < .01), confirming H1. We 
could not confirm H2 since TC showed no significant 
difference from ETEC. Other noteworthy result was that TR 
was significantly faster than ETEC ( 𝑝𝑝 < .01). Moreover, TR 
had no significant difference from DT, while other methods 
were significantly slower than DT. In terms of accuracy, 
ThumbSpace showed significantly more errors than all other 
methods ( 𝑝𝑝 < .001 ). TR did not have any significant 
difference compared to DT, rejecting H3.  

Questionnaire results showed that TR had no significant 
difference from DT about learnability. In terms of 
thumb/grip movement, there were significant effect between 
DT and the other methods ( 𝑝𝑝 < .001 ). In summary, 
compared to DT, TR showed a promising result that it 
required less thumb/grip movement while showing 
comparable performance in speed and accuracy. 

CONCLUSION 
We proposed three methods to help reaching discomfort 
regions when using only one hand. We applied the tilting 
gesture to trigger our methods since the gesture is naturally 
used when reaching far-targets. We validated our methods 
through a user study by comparing other three related 
methods. All three methods showed better performance than 
ThumbSpace in speed and accuracy. Especially, 
TiltReduction led users to require less thumb/grip movement 
than Direct Touch without showing any significant 
differences in speed and accuracy. 
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Figure 3. Mean completion time (A) and mean error rate (B) 

of all six targeting methods. Error bars denote standard 
deviation. 

     
 

Figure 2. Gyroscope values for x-axis (left) and y-axis (right) 
when acquiring targets on screen. Negative values for x-axis 

denote tilting to the right, and positive values for y-axis denote 
tilting down. The darker the color, the more tilted the device. 

 

Figure 4. Questionnaire results (means) 

 


	Reaching Targets on Discomfort Region Using Tilting Gesture
	ABSTRACT
	Author Keywords
	ACM Classification Keywords

	INTRODUCTION & RElated work
	One-thumb interaction based on tilting
	study design
	Results and discussion
	Conclusion
	acknowledgements
	REFERENCES


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice


