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This paper describesan empirical study that considered the usability of
digital pens, Tablet PCs, and laptop PCs for handwritten text input by
young users. The study was carried out in two parts, rstly with young
childrenaged7 and 8, and then with older children aged12 and 13. The
study found that digital penswere particularly well suitedto older children
and that the both setsof childrenwereableto usethe Tablet PC without too
many errors. Digital ink technologiesare often evaluatedby the calculation
of recognitionrates and this paper exposesomeof the aws in the process
of estimating recognitionrates fr om activities involving the copying of text.
With particular referenceto the personalizationof text, possibilitiesfor the
useof digital ink for the task of writing areexploredand a newinteraction,
digital doodling, is presented.
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1 Intr oduction

In the book Human—Computeinteractionin the New Millennium, John Carroll
describesiCl as:

The study and practice of usability It is about understandingand
creatingsoftware and other technologythat peoplewill want to use,
will beableto useandwill nd effective whenused.[Carroll 2002]
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Figure1: Text entrytimeline[MacKenzie& Souloref 2002b].
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Thisalignscloselywith thethreerequirement$or productsuccesshatareproposed
by Dix etal. [2003], thesebeingfor productsto be used(attractive, engagingfun),
usable(easyto use),anduseful(accomplishwhatis required).

These permanent'de nitions of HCI effectively dictate the landscapeaupon
which HCI is painted. The detail within the HCI community changesover time
with differentaspectof interactiongaining favour andmomentumat the expense
of others. Patternlanguageswebinteraction taskanalysis,andmobile technology
areall examplesof issueghathave driftedin andout of favour overtheyears.

The study of the usability of text input methods and specically the
effectivenessof different text entry methodsis one area of researchthat has
movedin andoutof fashion.Thetimelinein Figurel shavshow changes$n interest
in thisareahave primarily resultedfrom thearrival of new technologie§MacKenzie
& Souloreff 2002Db].

The growth in salesof pen-baseadystemsand the improved functionality of
handwritingrecognitionare bothimportantdevelopmentswith respecto text entry
research.Whentext is capturedusing a styluson a TabletPC or by the useof a
digital pen,a new methodfor interactionis available. The handwrittentext canbe
manipulatedandstoredwithoutrecognitionor canbeconvertedinto ASCII text using
handwritingrecognitionsoftware.

Thepeoplethatinteractwith technologyhave alsochangedvertime. Overthe
last 20 years,the userpopulationhasexpandedo include a wide rangeof people
including children, older peopleand peoplewith sensoryand motor disabilities.
Children are an interestingusergroup, they representhe only usergroup that is
ageingin a positive way, their acquisitionof skills andknowledgeis rapid andtheir
motivationfor usingcomputerss very differentfrom thework placeadultuser
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Figure 2: Rolesof childrenin interactve productdevelopmentDruin 2002].

The investigationof children and their impact at different stagesof product
developmentasshovn in Figure2 hasresultedn theemegenceof anew discipline,
Child Computeinteraction(CCI) [Read2005]. Thisdisciplinetakesits rootsfrom a
few early pioneerdrrye & Solaovay [1987], Solomon[1978], andKafai [1990] and
owesmuchof its currentimpetusto thedesignwork by Druin [1999] andthevision
of Bekker etal. [2002]in instigatinga dedicatedconferenceseries.

1.1 Motivation for the Researb

Twentyyearsagoit washighly unusuafor achild to bedoingtext inputatamachine
but nowadayschildren spenda considerabldgime at the computey inputting short
andlengthiertext via arangeof differentapplicationgangingfrom thesearchbarin
Google, throughthe chatinterface of MSN to the familiar Microsoft Word word
processingpackage. It is commonfor childrento be expectedto word-process
schoolork, often creatingthe rst draft using penand paperand thentyping up
the nal versionfor assessmerr display

For adult users,prolongedkeyboarduseis known to causemuscleailments,
stressinjuries, and eyestrain [Thelen 1996]. Children are using the same
technologiesas adults with little regard for ary long-term effects of computer
text input by children,whetherthatis at a keyboard,on a mobile phonekeypad,or
by someothermethod. The effect of prolongedcomputeruseon the eyesightand
postureof childrenwasknown in the early ninetieswith Palmer[1993] reporting
vision problemsandWeikart[1995] detailingmuscledisorders More subtleaffects,
suchasthe impactof computertext creationon the languageandunderstandingf
childrenhave beenlesswell explored. The creationof text usingdigital penandink
technologiesnayreducesomeof theseproblems.

1.2 TheResearb Study

The work describedin this paperis an exploration of the usability of three pen
baseddigital ink text input methodgor children. It beginswith anoverview of text

entryandthengoeson to explore somealternatve text entrytechnologiesncluding
description®f handwritingwith a stylusona TabletPC, handwritingwith agraphics
tabletandpenon a standard®C,andhandwritingwith a digital penon digital paper
Thepaperthenprovidesanoverviewn of themethodghatarecommonlyusedfor the
evaluationof text inputtechnologies.
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An empirical study is then presentedhat exploresthe usability of the three
digital ink technologiesvith two distinctusergroups;onewasagroupof sevenand
eightyearold children,the othera groupof twelve andthirteenyearold children.

The paperconcludeswith a discussiorof the results,anda discussiorof some
emegingissues.

2 Computer Text Input for Children

Therearegoodreasondor encouraginghildrento engagen computertext input.
Writing text in emails for instanceas known to helpchildrenunderstandhenotionof
writing for anaudiencdGarvey 2002]andis alsoseerto beliberatingasemailscan
be “written in any style' and "allow childrento explore their inner voice' [Turrell
1999]. Written work producedat a computercan be madeto look good, thus
motivatingpoorwriters[Day 1994],andcomputersllow therepresentatioof ideas
in dynamicforms, provide improvedfeedbacko pupils,andallow informationto be
easilyaltered[Moseley etal. 1999].

Traditionally, text is input to a computerusingan alphabetidkeyboard. These
keyboardscan be arrangedn differentways with the mostcommonpresentation
beingtheQWERTY keyboardthatlaysthecharactersutin thesameway astheearly
typewriters. Theactionof usinga keyboardfor text entryis occasionallyreferredto
askeyboarding,but asthe term keyboardingalso refersto the masteryand use of
electronicorgans,in this paperthe actionof enteringtext, is describedastyping.

The processof typing can be broken into ve phasestheseare, character
recognition, storage, motor activity, keystroke and feedback [Cooper 1983].
Characterrecognitionis when the typist recognizesthe letter on the keyboard,
storageis the processby which the typist is able to be readingahead(possibly
four to eight characterat a time for experiencedadults),the motor actiity is the
movementof the ngers to the keys, the keystroke is the pressureneededo press
the key andthe feedbackis essentiafor error detectionand correction(this could
be omittedor couldbe madeto happerater, for examplewith blind userswho may
havethetext readbackto thematalatertime).

It is possibleto becomequite skilled at the alphabetickeyboard; but mary
people andparticularlychildren, nd typing dif cult [Norman& Fisher1982]. The
layoutof the keyboardmalkeshigh demandson short-termmemoryandpoor motor
controlcanalsolimit keyboardef ciency aschildrenmay miss'theappropriatekey,
hold it down for toolong, or fail to presst sufciently .

2.1 Alternativesto the Keyboard

The mostcommonlyfound alternatiesto the alphabetickeyboardare the reduced
keyboards(as seenon mobile phones)andthe recognitiontechnologiesof speech
and handwriting. Text entry at a mobile phoneis a specialistareaof researchand
is not exploredherein ary detail; readersaredirectedto the work by MacKenzie&
Souloreff [2002b]for afull treatmenbf thisarea.

The two recognition technologiesare essentially quite similar; the user
communicatedy speakingor writing and this is capturedby the hardware and
then digitized. The digitized speechor writing is then corvertedinto ASCII (or
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similar) representatioroy the applicationof recognitionalgorithms,sound,word
or charactemmatching,andin someinstancesthe applicationof languagemodels.
Theserecognitionprocessesre error proneboth at the point of captureandat the
pointof recognition[Plamondor& Srihari2000]. Speechrecognitionis problematic
for childrenastheir speechs immatureandyoungchildrenareoftenunableto read
the training text that is neededo individualize (train) the recognitionalgorithms.
Work by theauthorhasestablishedhatspeechrecognitionwithouttrainingis highly
errorpronewith children[Readetal. 2001].

Handwritingrecognitionsoftwareis reasonablyobustandcanbe usedwithout
individualization;earlierwork by the authorshasestablishedhatthereis scopefor
its usewith child users[Readet al. 2004]. To usehandwritingrecognitionfor text
input thereis a needfor technologythat cansupportthe captureof the written text
andsoftwareto carryouttherecognition.

2.2 The Usability of Digital Ink Tednologies

The effectivenessor usefulnesof handwriting recognitioninterfacesis generally
measurediy determiningthe accurag of the recognitionprocess. This is only
relevantif the handwrittentext is to be corvertedinto ASCII text beforeuse. If
no corversionis intended the accurayg of the recognitionalgorithmsis irrelevant.
Researclstudiegendto reportrecognitionerrorratesthataregenerallyderivedfrom
informationaboutwhatthe userwroteandwhattherecognizeisubsequentlputput.
Thereis very little researchthattakesa holistic view of recognition-basedystems.
Thevalueof thesystento theuser andtheeffort savedby theuseris seldonmreported
[Hartley etal. 2003;Huckvale 1994].

The accurag of the recognitionprocessfor text entry is typically measured
by apportioninga percentagecoreto text afterit hasbeenthroughthe recognition
process. Metrics that are usedfor this have beenderived from thoseusedfor the
accurag of keyboardinput, and accurag (or error rate) scoresare generatedy
comparinga string of presentedext (input) (PT) with a string of transcribedtext
(output)(TT) [Frankishetal. 1995;MacKenzie& Changl1999;Tappertetal. 1990].
Thetwo stringsarecomparedandthe “errors'in thetranscribedext areclassi edas
insertions(l), deletions(D) or substitutionS). Thesearethentotalledandusedto
calculatethe CharacteError Rate(CER):

CER= (S+ | + D)=N

whereN is thetotal numberof characterin the presentedext.

To calculatethe errors,the two phrasesarealignedby the useof a minimum
string distance(MSD) algorithmthat generates setof optimal alignments(those
which resultin the leasterror rate) betweenthe two text strings[MacKenzie &
Souloreff 2002a].An exampleis shovn here:

PT=The cat jumped over the moon
TT=Then cat jumpd over he moon

TheMSD in this cases 3 andthereis oneoptimalalignmentwhichis:

PT=The- cat jumped over the moon
TT=Then cat jump-d over -he moon
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Once the optimal alignmentsare generated,it is possibleto identify the
individual errorsby inspectingthe two text strings. In this examplethereis an
insertionafter The (shavn by a dashin the PT), a deletionafterjump (shavn by
a dashin the TT and a deletionafter over (alsoseenin the TT) resultingin an
error rate of 3/23 or 13%. As thesealignments,andthe resultingerror rates,can
be generatedutomaticallythe characteerrorrate metricis an attractve choicefor
researcherfVlacKenzie& Souloreff 2002a].

Reportederror ratesfor pen-basednput devices vary accordingto the type
of writing that is supported;a study by MacKenzie& Chang[1999] testederror
rateswith 32 subjectscopying words of discretecharacteronto a tablet, usinga
constrainedyrid and reportederror ratesof between7% and 13%. Frankishet al.
[1995] reportederror ratesfor free form text (naturaltext) that averagedl3%, and
fell to 9% whenonly lower caseetterswereused.

The ef ciency of text inputis normally measuredn charactergper secondor
wordsperminute,anduseropinionsareobtainedby askingthe userdfor their views
or by observingthemasthey usethetechnology

3 Empirical Study

Thestudythatis describecherecomparedhreemethoddor text input usingdigital
ink technologiesThethreemethodaverehandwritingwith a styluson a TabletPC,
handwritingwith a graphicstabletandpenon a standard®C, andhandwritingwith
adigital penondigital paper

The focus in the study was on the usefulnessof the technologieswith the
assumptiorthatthe writing createdon themwould be requirediaterin someASCI|
form; thereforeyrecognitionrateswereimportant.It washopedthatthe studywould
identify whetheror notthetechnologiesvereuseful,whetheror notchildrenof both
agescouldusethetechnologiesindalsoto nd outhow recognitionratesimproved
betweerthe TabletPC andthe Wacomtabletandlaptoppresentation.

The study was carried out over two sessions. The rst sessioninvolved
15 childrenagedseven andeight; the secondsessionwasfor a groupof 25 twelve
andthirteenyearold children. The organizationof both sessionsvasidentical;the
descriptionthatfollows appliesthereforeto both groupsof participants.

3.1 Apparatus

The apparatughat was usedvaried for the two sessions.In the sessionwith the
youngerchildren, the childrenusedeithera TabletPC (asshown in Figure3) or a
Digital Pen(asshavn in Figure4), hereaftereferredto astheprimarytechnologies.
In the sessiorwith the olderchildren,the childrenwerealsodirectedto oneof these
two technologiedut were subsequentlgiven the opportunityto usea Laptop PC
with graphicgtablet(referredto laterasthe secondaryechnology).This optionwas
notofferedto theyoungeragegroupastheauthorhadusecthis extensiely with that
agegroupandwasawareof the usability andthe expectedrecognitionratesfor this
product. The decisionto not offer it to theyoungerchildrenwasalsotakenwith the
intentionof improving theef ciency of theexperimentgiventhatchildrentook quite
alongtime doingthe experimentakasks.
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Figure 3: Child usingthe TabletPC.

Figure 4: Child usingthedigital pen.

The Tablet PC that was usedwas a ToshibaPortege and this was usedwith
Calligraphethandwritingrecognition.

The digital penthatwasusedwasa LogitechUSB penandthis wasusedwith
thedigital papemotebookthatwassuppliedwith the pen. Thewriting appearean
thenotebookjustasif it hadbeenwritten with a biro.

Thewriting from the digital penwasuploadedo a laptoponceit waswritten
andit wasrecognizedy the softwarethatwassuppliedwith the MyScript software
thatsupportedhe penapplication.

The standardPC wasa Hi GradeNotino laptopwith a Wacomgraphicstablet
attachedatthe USB port. The childrenwrote on the graphicgabletandtheir writing
was displayedon the laptop screen. The writing was not visible on the graphics
tablet. Therecognitionsoftwarethatwasusedwasthe Calligraphersoftware,which
wasthe sameasthatusedin thetabletapplication.

3.2 Procedure

The experimentdook placeon a singledayin alaboratorysettingat the University.
The youngerchildren carried out the work in the morning, the older childrenin
the afternoon. The childrenthattook partin the experimentscamefrom two local
schoolsandwere corveniencesamplesn asmuch asthey werefrom classeghat
the schoolshad chosento bring to the experimentfollowing a requestfrom the
researcher



8 JanetC Read

Awful Not very good Good Really good  Brilliant

Figure 5: Smileyometerusedto ratethe Applications.

Thechildrenenteredheroomin smallgroupsandwerebroughtto atablewhere
the researcheellocatedthemto one of the two primary technologies.Before the
childrenusedthe technologiesthey weregivenan explanationof how they worked
andwerealsotold whatthe purposeof the studywas.

As the childrencompletedeachapplicationthey ratedtheir experienceusinga
Smileyometer{Readet al. 2002]— seeFigure5.

3.3 Design

This was an exploratory study designedo establishhow usablethe technologies
were, whether or not the children would use them (given a choice) and what
recognitionratescouldbe expectedfor thesetechnologies.

3.3.1 Designofthe Text Phrases

The children were presentedwith a single A4 sheetof text phrasesfor copying
into thetechnology Thesephrasesadbeentakenfrom the text phrasegpublished
by MacKenzie& Souloreff [2003], and were selectedon the basisof their word
familiarity for the youngerchildrenand for easyspellings. Both groupssawv the
samephrases.The phrasesveredisplayedin a size 16 comic sansserif font with

ve phrase®n eachsideof the paper The phraseghatwere presentean the rst

sideof thepaperwere:

My watch fell in the water
Time to go shopping

You must be getting old
The world is a stage

Do not say anything

Thephraseshatwereontherearof the papemwere:

Are you talking to me
You are very smart

All work and no play

Did you have a good time
Play it again Sam

The order of the presentationof the rst ve phrasesand of the second

ve phraseswas different for eachevent; this meantthat althoughthe phrases
followed one anotherin sequencethe rst phrasethat waswritten differed across
thetechnologieandacrosghe children. For instance My watch fell in the water

appeareeitherlst,2nd,3rd,4thor 5th. Theresearcheensuredhatthepresentation
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| | YoungChildren | OlderChildren |

Number 8 11
Average 0.181 0.072
SD 0.125 0.082

Table 1: Theerrorratesfor thedigital pens.

of thesephrasesetswasarrangedo minimizethe effect of learningon therecorded
recognitionratesandto provide areliablesetof results.

3.3.2 Designofthelnterfaces

The threetechnologieswere presentedn differentways. The digital penswere
placedon a tableandthe childrenwrote with theminto the digital papermotebooks
that had been provided with the pens. Thesewere A4 size, spiral bound and
presentedh a portraitlayout.

The TabletPCwasusedwith anexperimentainterfacethatwasidenticalto the
oneon the laptop PC. This interfacegave the childrena spaceto write andwhen
they werereadyit displayedthe resultsof the recognitionprocesso them. They
thenclearedtheinterfaceandwrotetheir next phrases.

At the end of the sessionthe digital ink from the penswas uploadedto the
computerand recognizedby the Logitech notes software. The writing on the
TabletPC and the laptop was recognizedusing calligraphersoftware. Both types
of recognitionsoftwareutilized a standardlictionary

3.3.3 Designofthe EvaluationSheet

An evaluation sheet was presentedto the children after they had used the
technologiesThis requiredthe childrento give aratingfor eachof thetechnologies
thatthey used.

3.4 Analysis

Thereweretwo analysigprocessesThetext thatwasgeneratedrom therecognition
activities wasalignedto the text thatwascopiedby usingan MSD algorithm,anda
characteerrorratewasderivedasexplainedin Section2.2.

The ratings from the children with respectto the technologieswere given
numericalscoredrom 1 (awful) to 5 (brilliant).

3.5 Results

Not all the children wrote all write all ten phrasesat eachtechnology but all
completedthe rst ve phrases. Becauseof this, the numericalresultsthat are
presentedhereonly representhe errorratesfrom theserst ve phrasesOptimally,
theserepresenB8 characterssomechildrenwrote lessthan 88 charactersasthey
missedout lettersor words, and someaddedlettersor wordsto end up with more
than 88 characters. The error rateswere all measuredagainst88 charactersthe
implication of this is discussedater in the paper Table 1 shows the error rate
statisticsfor rst ve phraseswritten onthedigital pens.
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TabletPC WacomandLaptop

YoungChildren | OlderChildren OlderChildren

Number 7 12 10
Average 0.170 0.156 0.193
SD 0.118 0.113 0.139

Table 2: Errorratesfor the TabletPCandthe WacomTablet.

Digital Pen Error Rates

Frequency
O P N W H U1 O N © ©

<10% 10% - 20% >20% h
? ° ° ? B Young Children

Error Rates W Teenagers

Figure 6: Errorratedistribution for digital pens.

Theerrorratesfor the rst ve phrase®on the TabletPCs (usedby both setsof
children)andthe rst ve phrase®nthe Wacomandlaptop(usedonly by the older
children)are presentedn Table2 — Error Ratesfor the TabletPC andthe Wacom
Tablet.

Thereis a signi cant difference(t;7 = 2.41, p < 0.05,two-tailed) betweerthe
resultsfor theyoungerchildrenandtheolderchildrenin theerrorratesfor thedigital
pens. Summarydatafrom their writing is shavn in Figure 6 whereit canbe seen
thatfor mary of the olderchildren,errorrateswerevery low; in fact,threechildren
producedwvork thatresultedn norecognitionerrors.

Therewasnot a signi cant differencefor the error ratesbetweenthe two user
groupswhen the Tablet PC was being used(distribution shovn in Figure 7), but
for the older children, the resultsbetweenthe TabletPC andthe Digital Penswere
signi cantly different,t,1 =2.17,p < 0.05,two tailed).

Theaveragepreferencescoredor eachtechnologyareshavn in Table3.

The results for the digital pens are particularly interesting as there is a
signi cant difference(p < 0.05) betweerthe recognitionratesfor the youngerand
theolderchildren. As shown in Figure6, very few of theyoungerchildrenhadwell
recognizedwriting. For oneof the youngerchildren, a portion of writing wasnot
capturedeventhoughit wasclearly seenin the notebook. The reasonfor this was
not discoveredbut it may be thatthe way the child held the peninterferedwith its
operation.
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Tablet PC Error Rates

Frequency
w

<10% 10% - 20% >20% h
° ? ° ° B Young Children

Error Rates W Teenagers

Figure 7: Errorratedistribution for TabletPC.

Digital Pen | TabletPC | LaptopPC

YoungChildren 4.182 4.429 N/A
OlderChildren 3.733 4.273 3.417

Table 3: Averagepreferencescoredor eachtechnology

It is interestingto note that thereis not a signi cant differencebetweenthe
writing at the tablet for the youngerand older children, neither was there ary
signi cant differencebetweerthe tabletandthe Wacomfor the olderchildren. The
Tablet PC was generallypreferredby the children, but the digital penalsogained
a high scorefor userchoice, especiallyfrom the youngerchildren (who had had
relative successvith thattechnology).

4 Findings from the Work

The ndings from the work are consideredn threesections;the rst looks at the
usefulnes®f thetechnologiesthe secondat how usablethe technologiesvereand
thethird exploreswhetheror notthe childrenwould usethem.

4.1 How Usefulwasthe Technology? RecognitionRatesRevisited

The major determinantof usefulnessn this study was the recognitionaccurag
of the process. The accurag ratesseemedquite high in someinstances(older
childrenusingthe digital pensfor example)and even with the tablettechnologies
the recognitionratesarereasonablavhencomparedo othersimilar studies[Read
etal. 2003]. It maybethatwith realuse(i.e. composedext), theserecognitionrates
would behigher;in the studiesreportechere the childrencopiedphrasesatherthan
composedheir own wordsandin Readet al. [2004] it wasshowvn that copiedtext
resultedn moreerrorsthancomposedext.

The reasonfor there being a differencebetweencopied and composedext
is partially explainedasfollows. Figure8 shows the four text strings,IT, WT, PT
andTT, thatarepresenin arecognitionprocess.
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(m
__—"| write this down

User thinks what
to write or looks at
the text to copy

User writes using
the pen and tablet

(WT)
write this down

Evaluator
decides what
the PT is

Recognition
takes place

(Im (PT)
write this down write this down

Error rate is
derived

Figure 8: Thetext stringsin asystem.

Typeof error Numberof instances
Wrotein text speak 3
Spellingsincorrect 5
Missedwords 2
Substitutedvords 1

Table 4: Reasongor variancein intendedandwritten text.

The rst string (IT) is the “intendedtext’ andthis may have beenpresentedo
theusersfor subsequentopying or maybethoughttext thatexistsonly in theusers
head. This text is thenwritten by the userto createa secondext stringthatis the
written text (WT).

When the useris composingtext (ratherthan copying), this written text is
inspectedand interpretedfor use as the presentedext (PT). Whentext hasbeen
copiedtheintendedext is generallybut not always,usedasthe presentedext (PT).
In the exampleshawn in Figure 8, it can be seenthat the userintendedto write
write  this  down but in factdid not write the e in write andso usingthe
intendedtext asthe presentedext (aswasdonein this experimentreportedhere)
will resultin aworserecognitionrate(1 substitution,1 deletion)beingrecordedhan
perhapshouldhave been(1 substitution).

To determinethe size of the effect of usingthe intendedtext asthe presented
text, thewriting thatthechildrendid usingthedigital penswasinvestigatedor those
casesvhenthe intendedandthe written text varied. This investigationincludeda
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Figure 9: Writing displayingpersonalization.

look atthesecond ve phrasegnotincludedin thesummarydatain theresults).The
reasongor theintendedandwritten text beingdifferentaresummarizedn Figure4.

The child that wrote in text speakusedr u talking 2 me insteadof
are you talking to me (this resultedin threeinstancesof text speakand
one spelling, which it could be argued was also a text speak!). This would
resultin an almost33% error rate even beforea single charactemwas recognized.
Incorrectspellingsand substitutedwords can have varying effects on recognition
ratesdependingon the distancefrom the intendedtext. Missedwordsaregenerally
small words andtheir impactis often small; in this studywordsthat were missed
werebothunimportanwords,ana andanis .

4.2 How Usablewasthe Technology?Errors Examined

All the childrenwereableto quickly usethetechnologiepresentedo themandthe
technologiesvereall suitablefor thetask. Therewerea coupleof instanceshere
the child neededsomeassistancehreeof the youngerchildrenneededo be shovn
how to write on the TabletPC andfour of the older childrenneededhelp with the
Wacomtabletbut thisthey providedfor eachotherasanumberof thesechildrenhad
usedWacomtabletsandpensin their artwork at school.

With the digital pens,asidefrom the problemwith the pennot capturingthe
digital ink, the mostcommonerror was with children startingtoo nearthe top of
the page. This causecpoor (or absentyecognitionof the rst phraseandhappened
with threeof the children(all in the youngergroup). Oneboy wrote all his phrases
with thebookupsidedown andtheseweresubsequentlyot recognizedat all by the
software— hisresultswerenotincludedin thesummaryin Tablel.

All threetechnologiesupportedhechildren'sindividuality asthey allowedfor
differentwriting styles,but in someinstancesthis reducedrecognition. Figure 9
shavs an examplefrom one girls writing that clearly shavs how sheembellished
herwriting with irregulardescenderandcirclesin placeof dots. Remarkablythis
writing wasrecognizedjuite well, probablydueto thefactthatthe embellishments
wereaddedasshewrote; childrenthataddedembellishmentsfterthey hadwritten
creatednoreproblemsfor therecognitionprocess.

It is clearwhenlooking at the writing in this form (asshown in Figure9) that
children, (andin this small experiment,this was notably the older girls) seetheir
writing asbothindividual andasan artistic product,seven of the girls in the study
wrotewith embellishmentsThe conversionof this writing into ASCII text seemdo
bealmostanactof vandalismandsothe possibilitiesfor manipulatiorof digital ink,
especiallyfor this usergroup,areworth furtherexploration.
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Figure 10: Digital doodling.

4.3 Would the Technology be Used?Digital Doodles

The high ratingsthat the childrengave to the technologiessuggesthat were they

available to childrenin schoolsthesedigital ink tools might be used. For users
with highlevelsof discretion(andchildrenaresuchausergroup)technologyis only

adoptedf it makesthingseasieyfasteror morefun thanthepresengalternatie. One
particularaspecthatwasseenin the work of this studywasthe interplay between
artandwriting, especiallywith the olderchildren,andthis cannotbe easilyenabled
in a QWERTY writing ervironment.

Penand paperprovides a very creatve mediumthat children explore from
an early age. Whenthey are very young, they usedrawings to expressideasand
corvey meaningout asage,they draw lessandwrite more[Kress1997]. During the
teenagegyearsit is commonfor childrento addart formsto their writing andto their
writing artefacts(booksetc.)in theform of doodles.In a smallinvestigationof the
prevalenceof doodlesamongolder children,the researchefound that over 85% of
childrenof this ageaddeddoodlesto over 50% of their standardgpenoutputs.These
doodlebehaioursareenabledy digital ink; anexamplefrom thework of this study
canbe seenin Figure10 which shonvs how onechild addedherown symbolsto her
writing.

It is perhapsunsurprisingthat digital doodling might happenwith pen
technologies,as the nature of the penis very different from the nature of the
keyboard. Pensare usedfor both art andwriting whereashe keyboardis simply
a text creationtool. Microsoft have recentlyacknavledgethis by providing a pen
writing spaceto their recentMSN chatapplication.

Theolderchildrensav the potentialin thetechnology;onechild remarledthat
shecould write lettersin secretusingthe digital pen,destrging the paperversion,
but keepingthedigital versionsafein thetechnologyanothersuggestedhatthepen
could doubleas a mobile phoneand be usedto storeeverything! One challenge
for digital ink recognitiontechnologyis to be ableto discriminatebetweerdoodles
andwriting sothatonly the writing is recognized.In the studydescribechere,the
recognitionsoftwarethatwassuppliedwith the digital penscopedwell with doodles
but the softwareon the TabletPCtried to recognizehe drawings (andfailed!).

5 Further Work

Theseresultsindicatethat children can use both the novel technologief digital

pensand tablet PCs. The resultsshowv that when children copy text into these
technologiesrecognitionratesof around80% can be expectedfor mostchildren,
but thesemay be higherfor composedatherthancopiedtext. The resultsfor the
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youngerchildren using Tablet PCs (averageerror rate 17%) comparefavourably
with the resultsreportedfor childrenusing Wacomtabletsand PCs(averageerror
rate 34%) [Readet al. 2004] and suggesthat thereis a measurablémprovement
whenthe problemof separatiorbetweenwriting surfaceandscreeris removed.

The childrenusingthe technologiesn this studywereall enthusiasti@andthe
olderchildrenwerekeento offer suggestionor the possibilitiesfor thetechnology
usein the classroom. The involvementof older childrenin the ernvisioning and
testingof futuretechnologiess anareathatis worth furtherinvestigation Observing
theauthornwriting this paperusingaQWERTY keyboard,oneteenageremarledjust
think, in aboutten years time someonewill inventink and say" Hey that's a good
ideayoucanuseit with paperandstuf” .

The author intendsto carry out further work with digital text and digital
doodlingfor older children. This work will focuson personalizatiorof text, both
presentedsdigital ink andasASCII representations.

Other work will determinethe recognitionratesthat might be possiblefor
composedext anda longitudinalstudyof the usability of digital pens.
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