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Abstract. Intelligent text entry methods use techniques from artificial intelli-
gence to improve entry rates. While these text entry methods are useful in situa-
tions when a full-sized keyboard is impractical or unavailable, they also require
substantial training investment from users. We hypothesize that intelligent text
entry tutors may reduce this time and effort. However, before we set out to de-
sign these tutors we need to consider their design space. This paper contributes
to this understanding by proposing and analyzing five design dimensions: au-
tomaticity, error correction, coverage, feedback and engagement.
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1 Introduction

Intelligent text entry methods use techniques from artificial intelligence (AI) to im-
prove entry rates. Examples of such methods are handwriting and speech recognition,
the touch-screen gesture keyboard SHARK® [3] (commercialized as ShapeWri-
ter/Swype/T9 Trace/Flext9), and the gaze writing method Dasher [10].

What these and other such methods have in common is that design restrictions,
such as the form factor of the device or the capabilities of the user, reduce the input
rate compared to ten-finger touch-typing on a full-sized keyboard. To compensate for
a lower input rate intelligent text entry methods infer or predict what the user intends
to write [2]. A challenge for some of these methods is that users need to relearn how
to write using them, either completely (e.g. [10]) or partially (e.g. [3]). While com-
mercial typing tutors are available for full-sized keyboards (e.g. Sega’s Typing of the
Dead), intelligent text entry methods pose unique challenges for learners. We here
propose and analyze five design dimensions when building text entry tutors for them.

2 Design Dimensions

The first dimension is automaticity. For users to write fast they need saturate motor
learning. This may require users to push themselves beyond an initial performance
boundary or comfort zone. It has been suggested [4] that one effective way of achiev-
ing this is to use the expanding rehearsal interval algorithm [5] (also known as spaced
repetition). This algorithm asks the user to write a word according to a certain rehear-
sal interval. If the user writes the word correctly within a set threshold the rehearsal
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interval is extended according to a multiplier. Otherwise, it is assumed the user has
not reached automaticity for this word and the interval is left unchanged. Thus the
algorithm regulates the tradeoff between rehearsing a word so often it is a waste of the
user’s time and rehearsing a word so seldom that the user never progresses. If users
still fail to progress past their comfort zone, we also suggest investigating whether a
series of immediate repetitions can trigger a transition.

The second dimension is error correction. Error correction is an unavoidable as-
pect of text entry and users need to know how to most effectively use the error correc-
tion techniques that are provided. For some interfaces, such as multimodal mobile
speech recognition, there may be more than five different ways of correcting errors
[9], each with its own pros and cons. The performance benefits in understanding when
to use a certain error correction strategy can be substantial. For example, words that
are out-of-vocabulary may never be correctly identified by the recognizer. In such
cases expert users immediately fall back to another modality.

The third dimension is coverage. There are hundreds of thousands of words in a
language. Fortunately two phenomena dramatically reduce this space. First, words
tend to follow a highly skewed power law distribution known as Zipf’s law'. It tells
us that the most frequent words in a language comprise a large fraction of the text
mass. For instance, it has been observed that around 46% of the British National Cor-
pus consists of the 100 most frequent words [4]. Hence, substantial gains can be ob-
tained by letting users practice only the top 100-200 most frequent words initially.
Second, users have both an active and passive vocabulary. Passive words are the
words we understand while active words are the words we as individuals use when we
write and speak. While the former is in the order of tens of thousands of words the
latter is usually only in the order of thousands. Hence, once a user is well practiced on
the most frequent words in the language we suggest identifying the individual user’s
active words (e.g. by mining sent emails) and thereafter using these for further prac-
tice. It has been argued that the distinction between active and passive words is sharp
rather than gradual [6] so dividing up the words users practice into these two sets is
not as arbitrary as it may initially appear.

The fourth dimension is feedback. Here at least three factors need to be considered.
First, users need to be informed on how they are progressing and they need to be
rewarded for their progress (see also the fifth dimension engagement below). Second,
the complexities in the underlying AI algorithms can result in behavior that puzzles
users [2]. Ideally, text entry tutors can explain why AT algorithms fail to recognize or
predict an intended word. For instance, Kristensson [2] describes various techniques
such as confidence visualization and morphing the user’s input into the recognized
output to help users understand how systems process their data. Third, users who are
using suboptimal strategies may benefit from immediate guidance. If empirical data
on common misunderstandings among users is collected into an error library [7] then
systems may be able to diagnose users’ errors and provide remedial instructions [7].

The fifth dimension is engagement. Text entry tutors have to some extent explored
this before, such as in a balloon game that explicitly stated “fun” as a design goal [4]
and in a writing tutor for Japanese characters which was inspired by an existing game

! Zipf’s law estimates the probability P. of occurrence of a word in a corpus to be P, « 1/r%,
where 7 is the statistical rank of the word in decreasing order and a is close to one.
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[8]. However, these tutors were relatively simple and repetitive. Users are generally
impatient and need to be quickly convinced that learning a new text entry method is
worthwhile. Therefore it is important to not only hook users initially but to also keep
them hooked until they are able to use the new text entry method effectively. Clanton
[1] discusses how user interface design can be aided by game design in this regard.

3 Conclusions

Teaching intelligent text entry methods poses unique challenges due to several fac-
tors, such as the complexities of the underlying Al algorithms, the need for users to
quickly reach automaticity for frequently used words, and the need to hook users until
they are able to use the new text entry methods effectively. To guide the design of
intelligent text entry tutors we here proposed and analyzed five dimensions. These
reflect design issues when teaching a wide array of text entry methods. We currently
use these to guide our own development and hope they will stimulate further research.

Acknowledgments. This work was supported by the Engineering and Physical
Sciences Research Council (grant number EP/H027408/1).

References

1. Clanton, C.: An Interpreted Demonstration of Computer Game Design. In: 16th ACM
Conference on Human Factors in Computing Systems, Conference Summary, pp. 1-2.
ACM Press, New York (1998)

2. Kiristensson, P.O.: Five Challenges for Intelligent Text Entry Methods. AI Mag. 30(4), 85—
94 (2009)

3. Kristensson, P.O., Zhai, S.: SHARK? A Large Vocabulary Shorthand Writing System for
Pen-Based Computers. In: 17th Annual ACM Symposium on User Interface Software and
Technology, pp. 43-52. ACM Press, New York (2004)

4. Kiristensson, P.O., Zhai, S.: Learning Shape Writing by Game Playing. In: 25th ACM Con-
ference on Human Factors in Computing Systems, Extended Abstracts, pp. 1971-1976.
ACM Press, New York (2007)

5. Landauer, T.K., Bjork, R.A.: Optimum Rehearsal Patterns and Name Learning. In: Grune-
berg, M., Morris, P.E., Sykes, R.N. (eds.) Practical Aspects of Memory, pp. 625-632.
Academic Press, London (1978)

6. Meara, P.: A Note on Passive Vocabulary. Second Lang. Res. 6(2), 150-154 (1990)

7. Ohlsson, S.: Some Principles of Intelligent Tutoring. Instr. Sci. 14, 293-326 (1986)

8. Stubbs, K.: Kana No Senshi (Kana Warrior): A New Interface for Learning Japanese Cha-
racters. In: 21st ACM Conference on Human Factors in Computing Systems, Extended
Abstracts, pp. 894-895. ACM Press, New York (2003)

9. Vertanen, K., Kristensson, P.O.: Intelligently Aiding Human-Guided Correction of Speech
Recognition. In: 24th AAAI Conference on Artificial Intelligence, pp. 1698-1701. AAAI
Press, Menlo Park (2010)

10. Ward, D.J., MacKay, D.J.C.: Fast Hands-Free Writing by Gaze Direction. Nat. 418(6900),
838 (2002)



	Design Dimensions of Intelligent Text Entry Tutors
	Introduction
	Design Dimensions
	Conclusions
	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




