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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
childr en aged7 and 8, and then with older childr en aged12 and 13. The
study found that digital penswereparticularly well suitedto older childr en
and that the both setsof childr enwereableto usethe Tablet PC without too
many errors. Digital ink technologiesareoftenevaluatedby thecalculation
of recognitionratesand this paper exposessomeof the �aws in the process
of estimatingrecognitionratesfr om activities involving the copyingof text.
With particular referenceto the personalizationof text, possibilitiesfor the
useof digital ink for the task of writing areexploredand a newinteraction,
digital doodling, is presented.

Keywords: teenagers,children,usability, empiricalstudy, digital pens,Tablet
PC,handwritingrecognition,digital doodles,evaluation.

1 Intr oduction
In the book Human–ComputerInteractionin the New Millennium, JohnCarroll
describesHCI as:

The study and practiceof usability. It is about understandingand
creatingsoftware and other technologythat peoplewill want to use,
will beableto useandwill �nd effectivewhenused.[Carroll 2002]
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Text Entry Research - Timeline

Figure1: Text entrytimeline[MacKenzie& Soukoreff 2002b].

Thisalignscloselywith thethreerequirementsfor productsuccessthatareproposed
by Dix et al. [2003], thesebeingfor productsto beused(attractive,engaging,fun),
usable(easyto use),anduseful(accomplishwhatis required).

These`permanent'de�nitions of HCI effectively dictate the landscapeupon
which HCI is painted. The detail within the HCI communitychangesover time
with differentaspectsof interactiongainingfavour andmomentumat the expense
of others.Patternlanguages,webinteraction,taskanalysis,andmobile technology
areall examplesof issuesthathavedrifted in andoutof favour over theyears.

The study of the usability of text input methods and speci�cally the
effectivenessof different text entry methodsis one area of researchthat has
movedin andoutof fashion.Thetimelinein Figure1 showshow changesin interest
in thisareahaveprimarily resultedfrom thearrival of new technologies[MacKenzie
& Soukoreff 2002b].

The growth in salesof pen-basedsystemsand the improved functionality of
handwritingrecognitionareboth importantdevelopmentswith respectto text entry
research.When text is capturedusinga stylus on a Tablet PC or by the useof a
digital pen,a new methodfor interactionis available. Thehandwrittentext canbe
manipulatedandstoredwithoutrecognitionor canbeconvertedinto ASCII text using
handwritingrecognitionsoftware.

Thepeoplethatinteractwith technologyhavealsochangedovertime. Over the
last 20 years,the userpopulationhasexpandedto includea wide rangeof people
including children, older peopleand peoplewith sensoryand motor disabilities.
Children are an interestingusergroup, they representthe only usergroup that is
ageingin a positive way, their acquisitionof skills andknowledgeis rapidandtheir
motivationfor usingcomputersis verydifferentfrom thework placeadultuser.
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Figure2: Rolesof childrenin interactive productdevelopment[Druin 2002].

The investigationof children and their impact at different stagesof product
developmentasshown in Figure2 hasresultedin theemergenceof anew discipline,
Child ComputerInteraction(CCI) [Read2005].Thisdisciplinetakesits rootsfrom a
few earlypioneersFrye& Soloway [1987], Solomon[1978], andKafai [1990] and
owesmuchof its currentimpetusto thedesignwork by Druin [1999]andthevision
of Bekkeretal. [2002] in instigatinga dedicatedconferenceseries.

1.1 Motivation for theResearch
Twentyyearsagoit washighly unusualfor achild to bedoingtext inputatamachine
but nowadayschildrenspenda considerabletime at the computer, inputting short
andlengthiertext via arangeof differentapplicationsrangingfrom thesearchbarin
Google, throughthe chat interfaceof MSN to the familiar Microsoft Word word
processingpackage. It is commonfor children to be expectedto word-process
schoolwork, often creatingthe �rst draft usingpenandpaperand then typing up
the�nal versionfor assessmentor display.

For adult users,prolongedkeyboarduseis known to causemuscleailments,
stress injuries, and eyestrain [Thelen 1996]. Children are using the same
technologiesas adults with little regard for any long-term effects of computer
text input by children,whetherthat is at a keyboard,on a mobilephonekeypad,or
by someothermethod. The effect of prolongedcomputeruseon the eyesightand
postureof childrenwasknown in the early ninetieswith Palmer [1993] reporting
visionproblemsandWeikart[1995]detailingmuscledisorders.Moresubtleaffects,
suchasthe impactof computertext creationon the languageandunderstandingof
childrenhavebeenlesswell explored.Thecreationof text usingdigital penandink
technologiesmayreducesomeof theseproblems.

1.2 The Research Study
The work describedin this paperis an exploration of the usability of three pen
baseddigital ink text input methodsfor children. It beginswith anoverview of text
entryandthengoeson to exploresomealternative text entrytechnologiesincluding
descriptionsof handwritingwith astylusonaTabletPC, handwritingwith agraphics
tabletandpenonastandardPC,andhandwritingwith adigital penondigital paper.
Thepaperthenprovidesanoverview of themethodsthatarecommonlyusedfor the
evaluationof text input technologies.



4 JanetC Read

An empirical study is then presentedthat exploresthe usability of the three
digital ink technologieswith two distinctusergroups;onewasa groupof sevenand
eightyearold children,theothera groupof twelveandthirteenyearold children.

Thepaperconcludeswith a discussionof theresults,anda discussionof some
emerging issues.

2 Computer Text Input for Childr en

Therearegoodreasonsfor encouragingchildrento engagein computertext input.
Writing text in emails,for instanceis knownto helpchildrenunderstandthenotionof
writing for anaudience[Garvey 2002]andis alsoseento beliberatingasemailscan
be `written in any style' and`allow children to explore their inner voice' [Turrell
1999]. Written work producedat a computercan be madeto look good, thus
motivatingpoorwriters[Day 1994],andcomputersallow therepresentationof ideas
in dynamicforms,provideimprovedfeedbackto pupils,andallow informationto be
easilyaltered[Moseley et al. 1999].

Traditionally, text is input to a computerusinganalphabetickeyboard.These
keyboardscan be arrangedin differentways with the most commonpresentation
beingtheQWERTY keyboardthatlaysthecharactersout in thesamewayastheearly
typewriters.Theactionof usinga keyboardfor text entryis occasionallyreferredto
askeyboarding,but asthe term keyboardingalsorefersto the masteryanduseof
electronicorgans,in this paper, theactionof enteringtext, is describedastyping.

The processof typing can be broken into � ve phases,theseare, character
recognition, storage, motor activity, keystroke and feedback [Cooper 1983].
Characterrecognition is when the typist recognizesthe letter on the keyboard,
storageis the processby which the typist is able to be readingahead(possibly
four to eight charactersat a time for experiencedadults),the motor activity is the
movementof the �ngers to the keys, the keystroke is the pressureneededto press
the key andthe feedbackis essentialfor error detectionandcorrection(this could
beomittedor couldbemadeto happenlater, for examplewith blind userswhomay
havethetext readbackto themat a latertime).

It is possibleto becomequite skilled at the alphabetickeyboard; but many
people,andparticularlychildren,�nd typingdif�cult [Norman& Fisher1982].The
layoutof thekeyboardmakeshigh demandson short-termmemoryandpoormotor
controlcanalsolimit keyboardef�ciency aschildrenmay`miss' theappropriatekey,
hold it down for too long,or fail to pressit suf�ciently .

2.1 Alternativesto the Keyboard
The mostcommonlyfound alternativesto thealphabetickeyboardarethe reduced
keyboards(asseenon mobile phones)andthe recognitiontechnologiesof speech
andhandwriting. Text entry at a mobile phoneis a specialistareaof researchand
is not exploredherein any detail; readersaredirectedto thework by MacKenzie&
Soukoreff [2002b]for a full treatmentof thisarea.

The two recognition technologiesare essentially quite similar; the user
communicatesby speakingor writing and this is capturedby the hardware and
then digitized. The digitized speechor writing is then convertedinto ASCII (or
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similar) representationby the applicationof recognitionalgorithms,sound,word
or charactermatching,andin someinstances,the applicationof languagemodels.
Theserecognitionprocessesareerror proneboth at the point of captureandat the
pointof recognition[Plamondon& Srihari2000].Speechrecognitionis problematic
for childrenastheir speechis immatureandyoungchildrenareoftenunableto read
the training text that is neededto individualize(train) the recognitionalgorithms.
Work by theauthorhasestablishedthatspeechrecognitionwithout trainingis highly
errorpronewith children[Readet al. 2001].

Handwritingrecognitionsoftwareis reasonablyrobustandcanbeusedwithout
individualization;earlierwork by theauthorshasestablishedthat thereis scopefor
its usewith child users[Readet al. 2004]. To usehandwritingrecognitionfor text
input thereis a needfor technologythatcansupportthecaptureof thewritten text
andsoftwareto carryout therecognition.

2.2 The Usabilityof Digital Ink Technologies
The effectivenessor usefulnessof handwritingrecognitioninterfacesis generally
measuredby determiningthe accuracy of the recognitionprocess. This is only
relevant if the handwrittentext is to be convertedinto ASCII text beforeuse. If
no conversionis intended,the accuracy of the recognitionalgorithmsis irrelevant.
Researchstudiestendto reportrecognitionerrorratesthataregenerallyderivedfrom
informationaboutwhattheuserwroteandwhattherecognizersubsequentlyoutput.
Thereis very little researchthat takesa holistic view of recognition-basedsystems.
Thevalueof thesystemto theuser, andtheeffort savedby theuserisseldomreported
[Hartley et al. 2003;Huckvale1994].

The accuracy of the recognitionprocessfor text entry is typically measured
by apportioninga percentagescoreto text after it hasbeenthroughtherecognition
process.Metrics that areusedfor this have beenderived from thoseusedfor the
accuracy of keyboardinput, and accuracy (or error rate) scoresare generatedby
comparinga string of presentedtext (input) (PT) with a string of transcribedtext
(output)(TT) [Frankishet al. 1995;MacKenzie& Chang1999;Tappertet al. 1990].
Thetwo stringsarecomparedandthe`errors' in thetranscribedtext areclassi�edas
insertions(I ), deletions(D) or substitutions(S). Thesearethentotalledandusedto
calculatetheCharacterErrorRate(CER):

CER= (S+ I + D)=N

whereN is thetotalnumberof charactersin thepresentedtext.
To calculatethe errors,the two phrasesarealignedby the useof a minimum

string distance(MSD) algorithmthat generatesa set of optimal alignments(those
which result in the leasterror rate) betweenthe two text strings [MacKenzie&
Soukoreff 2002a].An exampleis shown here:

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

TheMSD in this caseis 3 andthereis oneoptimalalignmentwhich is:

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 possible to identify the
individual errorsby inspectingthe two text strings. In this example there is an
insertionafter The (shown by a dashin the PT), a deletionafter jump (shown by
a dashin the TT and a deletionafter over (also seenin the TT) resulting in an
error rateof 3/23 or 13%. As thesealignments,and the resultingerror rates,can
begeneratedautomaticallythecharactererror ratemetric is anattractive choicefor
researchers[MacKenzie& Soukoreff 2002a].

Reportederror ratesfor pen-basedinput devices vary accordingto the type
of writing that is supported;a study by MacKenzie& Chang[1999] testederror
rateswith 32 subjectscopying wordsof discretecharactersonto a tablet,usinga
constrainedgrid andreportederror ratesof between7% and13%. Frankishet al.
[1995] reportederror ratesfor free form text (naturaltext) that averaged13%,and
fell to 9%whenonly lowercaseletterswereused.

The ef�ciency of text input is normally measuredin charactersper secondor
wordsperminute,anduseropinionsareobtainedby askingtheusersfor their views
or by observingthemasthey usethetechnology.

3 Empirical Study

Thestudythatis describedherecomparedthreemethodsfor text input usingdigital
ink technologies.Thethreemethodswerehandwritingwith a styluson a TabletPC,
handwritingwith a graphicstabletandpenon a standardPC,andhandwritingwith
adigital penondigital paper.

The focus in the study was on the usefulnessof the technologieswith the
assumptionthatthewriting createdon themwould berequiredlater in someASCII
form; therefore,recognitionrateswereimportant.It washopedthatthestudywould
identify whetheror not thetechnologieswereuseful,whetheror notchildrenof both
agescouldusethetechnologiesandalsoto �nd outhow recognitionratesimproved
betweentheTabletPCandtheWacomtabletandlaptoppresentation.

The study was carried out over two sessions. The �rst sessioninvolved
15 childrenagedsevenandeight; thesecondsessionwasfor a groupof 25 twelve
andthirteenyearold children. Theorganizationof bothsessionswasidentical;the
descriptionthatfollowsappliesthereforeto bothgroupsof participants.

3.1 Apparatus
The apparatusthat was usedvaried for the two sessions.In the sessionwith the
youngerchildren,the childrenusedeithera TabletPC (asshown in Figure3) or a
Digital Pen(asshown in Figure4), hereafterreferredto astheprimarytechnologies.
In thesessionwith theolderchildren,thechildrenwerealsodirectedto oneof these
two technologiesbut weresubsequentlygiven the opportunityto usea LaptopPC
with graphicstablet(referredto laterasthesecondarytechnology).This optionwas
notofferedto theyoungeragegroupastheauthorhadusedthisextensively with that
agegroupandwasawareof theusabilityandtheexpectedrecognitionratesfor this
product.Thedecisionto notoffer it to theyoungerchildrenwasalsotakenwith the
intentionof improving theef�ciency of theexperimentgiventhatchildrentookquite
a long timedoingtheexperimentaltasks.
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Figure 3: Child usingtheTabletPC.

Figure 4: Child usingthedigital pen.

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

Thedigital penthatwasusedwasa LogitechUSB penandthis wasusedwith
thedigital papernotebookthatwassuppliedwith thepen.Thewriting appearedon
thenotebook,justasif it hadbeenwrittenwith a biro.

Thewriting from thedigital penwasuploadedto a laptoponceit waswritten
andit wasrecognizedby thesoftwarethatwassuppliedwith theMyScript software
thatsupportedthepenapplication.

ThestandardPCwasa Hi GradeNotino laptopwith a Wacomgraphicstablet
attachedat theUSB port. Thechildrenwroteon thegraphicstabletandtheirwriting
was displayedon the laptop screen. The writing was not visible on the graphics
tablet.TherecognitionsoftwarethatwasusedwastheCalligraphersoftware,which
wasthesameasthatusedin thetabletapplication.

3.2 Procedure
Theexperimentstook placeona singledayin a laboratorysettingat theUniversity.
The youngerchildren carriedout the work in the morning, the older children in
theafternoon.The childrenthat took part in theexperimentscamefrom two local
schoolsandwereconveniencesamplesin asmuchasthey were from classesthat
the schoolshad chosento bring to the experimentfollowing a requestfrom the
researcher.
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Figure 5: Smileyometerusedto ratetheApplications.

Thechildrenenteredtheroomin smallgroupsandwerebroughttoatablewhere
the researcherallocatedthemto oneof the two primary technologies.Before the
childrenusedthetechnologies,they weregivenanexplanationof how they worked
andwerealsotold whatthepurposeof thestudywas.

As thechildrencompletedeachapplication,they ratedtheir experienceusinga
Smileyometer[Readet al. 2002]— seeFigure5.

3.3 Design
This was an exploratorystudy, designedto establishhow usablethe technologies
were, whether or not the children would use them (given a choice) and what
recognitionratescouldbeexpectedfor thesetechnologies.

3.3.1 Designof theText Phrases
The children were presentedwith a single A4 sheetof text phrasesfor copying
into the technology. Thesephraseshadbeentaken from the text phrasespublished
by MacKenzie& Soukoreff [2003], andwere selectedon the basisof their word
familiarity for the youngerchildren and for easyspellings. Both groupssaw the
samephrases.The phrasesweredisplayedin a size16 comic sansserif font with
� ve phraseson eachsideof thepaper. Thephrasesthatwerepresentedon 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

Thephrasesthatwereon therearof thepaperwere:

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 meant that althoughthe phrases
followed oneanotherin sequence,the �rst phrasethat waswritten differedacross
thetechnologiesandacrossthechildren. For instance,My watch fell in the water
appearedeither1st,2nd,3rd,4thor 5th. Theresearcherensuredthatthepresentation
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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 thesephrasesetswasarrangedto minimizetheeffect of learningon therecorded
recognitionratesandto providea reliablesetof results.

3.3.2 Designof theInterfaces
The threetechnologieswere presentedin different ways. The digital penswere
placedon a tableandthechildrenwrotewith theminto thedigital papernotebooks
that had beenprovided with the pens. Thesewere A4 size, spiral bound and
presentedin a portraitlayout.

TheTabletPCwasusedwith anexperimentalinterfacethatwasidenticalto the
oneon the laptopPC. This interfacegave the childrena spaceto write andwhen
they werereadyit displayedthe resultsof the recognitionprocessto them. They
thenclearedtheinterfaceandwrotetheir next phrases.

At the endof the session,the digital ink from the penswasuploadedto the
computerand recognizedby the Logitech notessoftware. The writing on the
TabletPC and the laptop was recognizedusingcalligraphersoftware. Both types
of recognitionsoftwareutilizeda standarddictionary.

3.3.3 Designof theEvaluationSheet
An evaluation sheet was presentedto the children after they had used the
technologies.This requiredthechildrento givea ratingfor eachof thetechnologies
thatthey used.

3.4 Analysis
Thereweretwo analysisprocesses.Thetext thatwasgeneratedfrom therecognition
activities wasalignedto thetext thatwascopiedby usinganMSD algorithm,anda
charactererrorratewasderivedasexplainedin Section2.2.

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

3.5 Results
Not all the children wrote all write all ten phrasesat each technology, but all
completedthe �rst � ve phrases. Becauseof this, the numericalresultsthat are
presentedhereonly representtheerrorratesfrom these�rst � vephrases.Optimally,
theserepresent88 characters;somechildrenwrote lessthan88 charactersasthey
missedout lettersor words,andsomeaddedlettersor wordsto endup with more
than 88 characters.The error rateswere all measuredagainst88 characters;the
implication of this is discussedlater in the paper. Table 1 shows the error rate
statisticsfor �rst � vephraseswrittenon thedigital 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: Error ratesfor theTabletPCandtheWacomTablet.
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Figure 6: Error ratedistribution for digital pens.

Theerrorratesfor the�rst � ve phraseson theTabletPCs (usedby bothsetsof
children)andthe�rst � vephraseson theWacomandlaptop(usedonly by theolder
children)arepresentedin Table2 — Error Ratesfor theTabletPC andtheWacom
Tablet.

Thereis a signi�cant difference(t17 = 2.41, p < 0.05,two-tailed)betweenthe
resultsfor theyoungerchildrenandtheolderchildrenin theerrorratesfor thedigital
pens. Summarydatafrom their writing is shown in Figure6 whereit canbe seen
thatfor many of theolderchildren,errorrateswerevery low; in fact,threechildren
producedwork thatresultedin no recognitionerrors.

Therewasnot a signi�cant differencefor theerror ratesbetweenthe two user
groupswhen the Tablet PC was being used(distribution shown in Figure 7), but
for the olderchildren,the resultsbetweentheTabletPC andtheDigital Penswere
signi�cantly different,t21 = 2.17,p < 0.05,two tailed).

Theaveragepreferencescoresfor eachtechnologyareshown in Table3.
The results for the digital pens are particularly interesting as there is a

signi�cant difference(p < 0.05)betweenthe recognitionratesfor theyoungerand
theolderchildren.As shown in Figure6, very few of theyoungerchildrenhadwell
recognizedwriting. For oneof the youngerchildren,a portion of writing wasnot
capturedeven thoughit wasclearly seenin the notebook.The reasonfor this was
not discoveredbut it maybe that theway thechild held thepeninterferedwith its
operation.
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Tablet PC Error Rates
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Figure 7: Error ratedistribution for TabletPC.

Digital Pen TabletPC LaptopPC

YoungChildren 4.182 4.429 N/A

OlderChildren 3.733 4.273 3.417

Table 3: Averagepreferencescoresfor eachtechnology.

It is interestingto note that thereis not a signi�cant differencebetweenthe
writing at the tablet for the youngerand older children, neither was there any
signi�cant differencebetweenthetabletandtheWacomfor theolderchildren.The
TabletPC wasgenerallypreferredby the children,but the digital penalsogained
a high scorefor userchoice,especiallyfrom the youngerchildren (who had had
relativesuccesswith thattechnology).

4 Findings fr om the Work
The �ndings from the work areconsideredin threesections;the �rst looks at the
usefulnessof thetechnologies,thesecondat how usablethetechnologieswereand
thethird exploreswhetheror not thechildrenwouldusethem.

4.1 How Usefulwasthe Technology?RecognitionRatesRevisited
The major determinantof usefulnessin this study was the recognitionaccuracy
of the process. The accuracy ratesseemedquite high in someinstances(older
childrenusingthe digital pensfor example)andeven with the tablet technologies
the recognitionratesarereasonablewhencomparedto othersimilar studies[Read
etal. 2003]. It maybethatwith realuse(i.e.composedtext), theserecognitionrates
wouldbehigher;in thestudiesreportedhere,thechildrencopiedphrasesratherthan
composedtheir own wordsandin Readet al. [2004] it wasshown thatcopiedtext
resultedin moreerrorsthancomposedtext.

The reasonfor therebeing a differencebetweencopiedand composedtext
is partially explainedas follows. Figure8 shows the four text strings,IT, WT, PT
andTT, thatarepresentin a recognitionprocess.
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User thinks what
to write or looks at
the text to copy

(IT)
write this down

User writes using
the pen and tablet

write this down
(WT)

Recognition
takes place

Evaluator
decides what
the PT is

write this down
(IT) (PT)

write this down

Error rate is
derived

Figure8: Thetext stringsin asystem.

Typeof error Numberof instances

Wrotein text speak 3

Spellingsincorrect 5

Missedwords 2

Substitutedwords 1

Table 4: Reasonsfor variancein intendedandwritten text.

The �rst string (IT) is the `intendedtext' andthis mayhave beenpresentedto
theusersfor subsequentcopying or maybethoughttext thatexistsonly in theusers
head.This text is thenwritten by theuserto createa secondtext string that is the
written text (WT).

When the user is composingtext (rather than copying), this written text is
inspectedand interpretedfor useas the presentedtext (PT). When text hasbeen
copied,theintendedtext is generally, but notalways,usedasthepresentedtext (PT).
In the exampleshown in Figure 8, it can be seenthat the user intendedto write
write this down but in fact did not write the e in write andso using the
intendedtext as the presentedtext (aswasdonein this experimentreportedhere)
will resultin aworserecognitionrate(1 substitution,1 deletion)beingrecordedthan
perhapsshouldhavebeen(1 substitution).

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

look at thesecond� vephrases(not includedin thesummarydatain theresults).The
reasonsfor theintendedandwritten text beingdifferentaresummarizedin Figure4.

The child that wrote in text speakusedr u talking 2 me insteadof
are you talking to me (this resultedin three instancesof text speakand
one spelling, which it could be argued was also a text speak!). This would
result in an almost33% error rateeven beforea singlecharacterwasrecognized.
Incorrectspellingsand substitutedwords can have varying effectson recognition
ratesdependingon thedistancefrom theintendedtext. Missedwordsaregenerally
small wordsandtheir impact is often small; in this studywordsthat weremissed
werebothunimportantwords,ana andanis .

4.2 How Usablewasthe Technology?Errors Examined
All thechildrenwereableto quickly usethetechnologiespresentedto themandthe
technologieswereall suitablefor thetask. Therewerea coupleof instanceswhere
thechild neededsomeassistance,threeof theyoungerchildrenneededto beshown
how to write on the TabletPC andfour of the older childrenneededhelp with the
Wacomtabletbut this they providedfor eachotherasanumberof thesechildrenhad
usedWacomtabletsandpensin their artwork atschool.

With the digital pens,asidefrom the problemwith the pennot capturingthe
digital ink, the mostcommonerror waswith childrenstartingtoo nearthe top of
thepage.This causedpoor(or absent)recognitionof the �rst phraseandhappened
with threeof thechildren(all in theyoungergroup). Oneboy wroteall his phrases
with thebookupsidedown andtheseweresubsequentlynot recognizedatall by the
software— his resultswerenot includedin thesummaryin Table1.

All threetechnologiessupportedthechildren'sindividuality asthey allowedfor
differentwriting styles,but in someinstances,this reducedrecognition. Figure9
shows an examplefrom onegirls writing that clearly shows how sheembellished
herwriting with irregulardescendersandcirclesin placeof dots. Remarkably, this
writing wasrecognizedquitewell, probablydueto thefact that theembellishments
wereaddedasshewrote;childrenthataddedembellishmentsafter they hadwritten
createdmoreproblemsfor therecognitionprocess.

It is clearwhenlooking at thewriting in this form (asshown in Figure9) that
children, (and in this small experiment,this wasnotably the older girls) seetheir
writing asboth individual andasan artisticproduct,sevenof thegirls in thestudy
wrotewith embellishments.Theconversionof this writing into ASCII text seemsto
bealmostanactof vandalismandsothepossibilitiesfor manipulationof digital ink,
especiallyfor this usergroup,areworth furtherexploration.
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Figure 10: Digital doodling.

4.3 Would theTechnologybeUsed?Digital Doodles
The high ratingsthat the childrengave to the technologiessuggestthat werethey
available to children in schoolsthesedigital ink tools might be used. For users
with high levelsof discretion(andchildrenaresuchausergroup)technologyis only
adoptedif it makesthingseasier, faster, or morefun thanthepresentalternative. One
particularaspectthatwasseenin thework of this studywasthe interplaybetween
art andwriting, especiallywith theolderchildren,andthis cannotbeeasilyenabled
in a QWERTY writing environment.

Pen and paperprovides a very creative medium that children explore from
an early age. Whenthey arevery young, they usedrawings to expressideasand
convey meaningbut asage,they draw lessandwrite more[Kress1997].During the
teenageyearsit is commonfor childrento addart formsto theirwriting andto their
writing artefacts(booksetc.)in theform of doodles.In a small investigationof the
prevalenceof doodlesamongolderchildren,the researcherfoundthatover 85%of
childrenof this ageaddeddoodlesto over50%of their standardpenoutputs.These
doodlebehavioursareenabledby digital ink; anexamplefrom thework of thisstudy
canbeseenin Figure10 which shows how onechild addedherown symbolsto her
writing.

It is perhapsunsurprising that digital doodling might happen with pen
technologies,as the natureof the pen is very different from the natureof the
keyboard. Pensareusedfor both art andwriting whereasthe keyboardis simply
a text creationtool. Microsoft have recentlyacknowledgethis by providing a pen
writing spaceto their recentMSN chatapplication.

Theolderchildrensaw thepotentialin thetechnology;onechild remarkedthat
shecouldwrite lettersin secretusingthedigital pen,destroying thepaperversion,
but keepingthedigital versionsafein thetechnology, anothersuggestedthatthepen
could doubleas a mobile phoneand be usedto storeeverything! One challenge
for digital ink recognitiontechnologyis to beableto discriminatebetweendoodles
andwriting so thatonly thewriting is recognized.In thestudydescribedhere,the
recognitionsoftwarethatwassuppliedwith thedigital penscopedwell with doodles
but thesoftwareon theTabletPC tried to recognizethedrawings(andfailed!).

5 Further Work
Theseresultsindicatethat childrencanuseboth the novel technologiesof digital
pensand tablet PCs. The resultsshow that when children copy text into these
technologies,recognitionratesof around80% canbe expectedfor mostchildren,
but thesemay be higherfor composedratherthancopiedtext. The resultsfor the
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youngerchildren using Tablet PCs (averageerror rate 17%) comparefavourably
with the resultsreportedfor childrenusingWacomtabletsandPCs(averageerror
rate34%) [Readet al. 2004] andsuggestthat thereis a measurableimprovement
whentheproblemof separationbetweenwriting surfaceandscreenis removed.

Thechildrenusingthe technologiesin this studywereall enthusiasticandthe
olderchildrenwerekeento offer suggestionsfor thepossibilitiesfor thetechnology
use in the classroom. The involvementof older children in the envisioning and
testingof futuretechnologiesis anareathatis worthfurtherinvestigation.Observing
theauthorwriting thispaperusingaQWERTY keyboard,oneteenagerremarked`just
think, in aboutten years time someonewill inventink and say` Hey that's a good
ideayoucanuseit with paperandstuff” .

The author intends to carry out further work with digital text and digital
doodlingfor older children. This work will focuson personalizationof text, both
presentedasdigital ink andasASCII representations.

Other work will determinethe recognitionratesthat might be possiblefor
composedtext anda longitudinalstudyof theusabilityof digital pens.
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