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Abstract. Simultaneously pressing two keys on a keyboard (Zero Time key-
strokes) is a unique typing occurrence. To understand the cause of Zero Time
keystrokes, typing data were collected from young children and undergraduate
computing students. The results show that, in both students and children, the
most frequent cause of Zero Time keystrokes were errors in aiming for the
intended key, resulting in the intended and an adjacent key being pressed
together. The second most frequent errors were Transposition Errors, which
were errors in the ordering of the intended two letters.
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1 Introduction

In text input evaluation experiments, key loggers with timestamps are often used to
record which keys were pressed and when they were pressed [1]. The logger records
the time of each key pressed and allows researchers to see how long a participant took
to complete a typing task and the time taken between each keystroke. Timing of key-
strokes has been widely used in text input analysis for various purposes.

Using timestamps, Grudin [2] analysed behavioural differences between experts
and novices (8 novices and 6 experts) and found that potentially, more than half of
Insertion Errors examined (e.g. ‘fox’ for ‘foix’) involved two keys struck by the same
finger. This led him to conclude that the error was in the execution, because it is as-
sumed to be the result of faulty implementation of the keystroke. Salthouse [3] found
that 54% of his Intrusion Errors were adjacent letters to the intended key. He used
timestamps to investigate pauses in typing around Intrusion Errors and found that
when an adjacent key is struck with the intended key, the timing between the two
keystrokes was much shorter (less than 0.1 second) than average. He thus concluded
that adjacent insertions occurred by a finger being incorrectly positioned between two
keys, resulting in the two keys being pressed together.

Kano & Read [1] defined the Zero Time keystroke as a keystroke where the time
between it and the keystroke before it is recorded as 0.000 seconds by a key logger
recording to the nearest 0.001 seconds. The NT/CT rules states that if the two keys
had Zero Time interval, and they were Next-To or Close-To to each other, it can be
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assumed that the two keys were pressed with one finger and at the same time. They
used this rule to decide whether the letter insertion occurred simultaneously with
intended letters, or on its own, and were able to resolve ambiguities between insertion
errors.

So far, an analysis of what error types could result in Zero Time keystrokes is yet
to be found in literature. This paper focuses on Zero Time keystrokes to understand
the causes of this unique typing anomaly.

2 Experimental Design

Two large studies using phrase copy typing were conducted to gather Zero Time
keystrokes from undergraduate students and young children. Phrase copying was
preferred to free text creation as it enables researchers to know what the participant
intended to type [4].

A four day study was carried out with undergraduate first year students from the
computer science department at the authors’ university. Out of the 92 participants,
there were 80 male and 12 female students, the majority (86) of whom were between
the ages of 18-30, with 6 students in their 30s and 40s. All experiments were carried
out in quiet computing labs, equipped with the same model of keyboard (HP KB-
0316). The investigator went into 7 practical classes of the same computing module
and asked for volunteers to take part. There were less than 20 students per lab, and
each had access to a PC. The procedure was explained to them fully before they
started the task.

A second, five day study was also carried out in three schools in the local area,
with children aged 6 to 10 years old. Of the 94 participants from 3 different schools,
58 were boys and 36 were girls. The children were from year 2 (6 to 7 year olds), year
3 (7 to 8 year olds) and year 5 (9 to 10 year olds) with the majority of the participants
(79 children) from year 5. The children had half an hour to carry out the typing in
their schools’ ICT suites, which could hold 10 to 15 children. The procedure was
explained to them fully beforehand and they worked on individual computers. As the
child study was carried out in three schools, the equipment varied a little, with differ-
ent makes and models of keyboards (Labtec Y-SAMG64, Dell SK-8115 and HP KB-
0136) However, they were all full sized, white letters on black keyboards with British
keyboard layout.

In both studies a data-collecting tool GetltAll [1] was used to collect personal in-
formation about the participants, present the phrases and collect the typing data. Al-
though adjustments were made between the students and the children in gathering
personal information, the copy typing task itself was kept the same so the data re-
mained comparable. Each participant ran an individual copy of GetltAll on his or her
PC, and had 10 randomly selected phrases from the CPSet [5] to copy. The phrases
were shown one at a time in font style Verdana at size point 14, with a space for the
participant to copy the phrase underneath. The data collector logged what phrases
were shown, each key that was pressed, recorded its timestamp and the time between
the keystrokes.
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The key logs were analysed for any keystrokes that were Zero Time. If the Zero
Time key press did not cause an error, e.g. the two keys pressed simultaneously were
the correct letters in the correct order, then it was classified as No Error.

For those Zero Time keystrokes that caused an error, these were divided according
to what letters were involved. If the two letters pressed simultaneously were adjacent
to each other, then they were categorised as NT-Mu or CT-Mu. Next To Error Multi-
ple Key Presses (NT-Mu) refers to when a key directly next to the intended key is
pressed along with the intended key (e.g. ‘ourt’ for ‘out’). Close To error Multiple key
presses (CT-Mu) refers to when one or more keys ‘close to’ but not next to the in-
tended key are pressed together with the intended key (e.g. ‘onl7y6’ for ‘only’).

For the remaining Zero Time keystrokes, which caused an error but did not involve
letters that were Next-To or Close-To each other, they were further divided into
Transposition Errors (TE) or not. Transposition Errors (TE) refers to when consecu-
tive letters are switched, such as ‘tiem’ for ‘time’.

3 Experimental Results

23668 keystrokes were collected from the student study, of which 72 were Zero Time
keystrokes. 22224 keystrokes were collected from the child study, of which 54 were
Zero Time keystrokes. Figure 1 shows the number of Zero Time keystrokes found in
each category for both students (shown in bold) and children (shown in italics) in
percentages of the total Zero Time keystrokes found.

There were 6 Zero Time keystrokes in the student study and 12 in the child study
that resulted in No Error. These No Errors occurred when the two letters pressed

(100%) Zero Time key press (100%)

91.7%) | (77.8%) (8.3%) | (22.2%)
Is error Is not error
| |
(792%) | (55.6%) (125%) | (22.2%) No Error
Are NT or CT letters Are not NT or CT letters

| |
(73.6%) | (20.4%) (5.6%) | (35.2%) (125%) | (13.0%)  (0%) | (9.3%)
Is xy -> yx Is not xy->yx
| |
NT-Mu CT-Mu TE Other

Keys:  (91.7%) — Percentage of errors found in the student study
(77.8%) — Percentage of errors found in the child study

Fig. 1. Percentage of Zero Time Keystrokes Found in Each Category of Typing Errors for
Students and Children
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together were the correct letters, and despite the Zero Time, were recorded by the
keyboard to have been pressed in the right order.

Interestingly, the students had made considerably more NT-Mu errors (73.6%) than
CT-Mu errors (5.6%), while children made higher number of CT-Mu (35.2%) than
NT-Mu (20.4%). One possible explanation is that some children resting their hands
below the keyboard between keystrokes, and to reach any key, their hands must move
vertically first, whereas adults tend to hover their hands over the keyboard and move
more sideways. It is hard to conclude a cause for this observation, without a detailed
study on the starting position of hands in between keystrokes in both children and
adults.

Of all Zero Time keystrokes found, 91.7% in student study and 77.8% were either
NT-Mu or CT-Mu. This suggests that the majority of Zero Time keystrokes are caused
by pressing two adjacent keys when only one was intended. The next major group of
errors were the Transposition Error at 12.5% for students and 13.0% children.

4 Conclusion

Zero Time keystrokes were collected from young children and undergraduate comput-
ing students and analysed. The results show that the in both children and students, the
vast majority (average of 84%) of Zero Time keystrokes were due to misaim of the
finger, resulting in the one finger pressing two keys together.

With respect to ratio of the different error types found, there were some interesting
variations between the student and children study, such as the children’s NT-Mu and
CT-Mu ratio that were reversed in the student study. These variations require further
investigation as to the causes.

References

1. Kano, A., Read, J.C.: Text Input Error Categorisation: Solving Character Level Insertion
Ambiguities Using Zero Time Analysis. In: HCI 2009. ACM, Cambridge (2009)

2. Grudin, J.T.: Error Patterns in Novice and Skilled Transcription Typing. In: Cooper, W.E.
(ed.) Cognitive Aspects of Skilled Typing, pp. 121-139. Springer, New York (1983)

3. Salthouse, T.A.: Perceptual, Cognitive, and Motoric Aspects of Transcription Typing. Psy-
chological Bulletin 99(3), 303-319 (1986)

4. MacKenzie, 1.S., Soukoreff, R.-W.: Phrase Sets for Evaluating Text Entry Techniques. In:
Extended Abstracts of the ACM Conference on Human Factors in Computing Systems -
CHI 2003. ACM Press, New York (2003)

5. Kano, A., Read, J.C., Dix, A.: Children’s Phrase Set for Text Input Method Evaluations. In:
Proceedings of the Fourth Nordic Conference on Human-Computer Interaction - NordiCHI.
ACM Press, Oslo (2006)



	Causes of Simultaneous Keystrokes in Children and Adults
	Introduction
	Experimental Design
	Experimental Results
	Conclusion
	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
  /CreateJDFFile false
  /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 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




