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This paper describesan experiment in which childr en agedbetween6 and
10 entered text into a word processorusing four differ ent input methods,
mouse, keyboard, speech recognition, and handwriting recognition.
Several differ ent measuresof usability were made in an attempt to assess
the suitability of the input methodsin this situation. The paper describes
and discussesthe measuresand their usewith very youngchildr en.

Measures of effectivenesswere affected by a number of differ ent types
of error that occurred during text input. Following an analysis of
these errors, six types of error were identified. This analysis should
help in the construction of more discriminating measures. Efficiency
measureswere sometimesaffected by the distracting effect of novel input
methods. Satisfaction measures were particularly problematic; several
methodswere used,with the repertory grid techniqueappearing the most
promising.
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1 Intr oduction
This work is part of a wider project looking at alternative text input methods.
Young childrenhaverelatively advancedverbal languageskills yet they find spelling
difficult andhavedifficultiesconstructinggood written language.
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Several studieshave shown that the use of a word processor can assistin
developing written languageskills (Sturm, 1988; Newell et al., 1992). A studyby
Kurth (1987) suggestedthatalthough theuseof a computerdid not alwaysimprove
the literal quality of children’s writing, the high visibility of text on the screen
fosteredmoreconversationabout thewriting, andthespellingwasimproved. In his
book ‘Mindstorms’,Papert(1980) suggests that a computer with word processing
softwareaffords thechild the luxury of beingableto reviseandrework their ideas,
andtherefore becomesa powerful intellectualproduct.

2 Input Methods
Childrenin schoolareencouragedto usewordprocessorsto produceelectronictext
wherepossible. However, accessto the software is traditionally via a QWERTY
keyboard which novices find difficult to master. Hermann(1987) suggestedthat
handling the keyboard interfereswith the writing process,and if this is the case,
thentheuseof morenaturalinterfaces,suchasspeechandhandwriting recognition
may be desirable. Thereis alsoa caseto considerwhetheror not childrenprefer
to usea pointing device for text entry, this could be a touch screenor a mouse.
Specialkeyboardsareusedin a few primary schools,however they have many of
thesamefeaturesasQWERTY keyboardsandasthey arenot in widespreaduseand
areconsiderably moreexpensive thanthe naturallanguageinterfacesthey arenot
consideredin thisstudy. For similar reasons,touchscreensarenot included.

Children are able to speakfluently at an early age, and they are taught
handwriting aspartof theearlycurriculum. This suggeststhatthenaturallanguage
technologiesof speechandhandwriting recognition may suit young users. Snape
et al. (1997) usetheterm‘disobedient interface’to describe this sortof technology
whereacorrectactionby theusercanresultin anincorrectoutcomeby thesoftware.

Studiesof speechrecognition have reported levels of recognition as high as
95%,but thesehave not beenwith children. O’Hare& McTear(1999) usedspeech
recognition with secondary schoolagechildrenwith accuracy ratesof 82%. They
alsoreportedmuchfasterinput with ratesof 50wpm, comparedwith 10wpmat the
keyboard.

Handwriting recognition is anewer technology; in orderto participate,theuser
needsa ‘pen’ anda graphics tablet. An earlierexperiment by the present authors
(Readet al.,2000) gaveanencouraging picturein relationto handwritten input with
youngchildren. In thisstudy, children’shandwriting wastracedontothemachineby
anadultanda CharacterRecognitionRaterecorded. Theaverage recognition rates
exceeded80%.

3 Designof the Experiment
Theexperimentwasdesigned to comparefour input methods; QWERTY keyboard,
mouse clicking using an on screen alphabetic keyboard, speech input and
handwritten input. Thesefour methodswereseento beaffordableto implement in a
classroomandsufficiently easyto masterby childrenof thetarget ages.Of interest
was the comparative strengths and weaknessesof the methods, and particularly
issuesraisedfrom measuring usabilitywith children.
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The experiment was carriedout in a small primary school over a two-week
period. Childrenagedbetween6 and10 werearrangedin ageorder andsystematic
samplingwasusedto selecttwelve childrencovering all agesandabilities. Each
child in theexperimentdid ataskusingeachof thefour inputmethods,but theorder
in which the methods werepresentedvariedacrossthe sample.Childrendid only
onetaska day, andat leasttwo daysseparatedeachtask. There werethreepartsto
eachtask;initial orientationand/ortraining; copying text which wasput in front of
thechildren, andadding theirown text to astorywhichhadbeenintroducedto them.

The text which was to be copiedwasconstructedusingwords from the Key
Stage1 reading list (for Education & Employment, n.d.) (a list of words with
whichchildren agedbetween6 and8 areexpectedto befamiliar), andwassimilar in
structureto text whichthechildrenwouldhavemetin theirschool’s readingscheme.
Eachtaskhadits own story andthis wasusedby all the children. The Microsoft
Word grammar checking tool, wasusedto ensurethat readability andword length
wereconsistentacrossall thestories.Thewordsusedin eachtaskwereverysimilar.
After copying eachstory, thechildrenwereaskedto write about whathappenednext.

Duringthetasks,recordingsof thechildrenweremadeusinga videocamera.

3.1 Training
Eachtask required different training. The training needshadbeenestablishedby
discussingtheinterfaces with four childrenprior to theexperimentanddetermining
whatwasrequired. Theintentionwasto ensurethatthechild wascomfortablewith
the hardwareandthe software interface. A training activity wasdefinedfor each
input method, andchildren stoppeddoing this activity whenit wasseenthat they
weresufficiently competent. Thekeyboardwasfamiliar to all thechildren,so they
simply typedtheir nameandthencontinuedwith thetask.Themouseinterfacehad
an alphabetic keyboardanda text displaybox. It did not have the extra symbols
and functionswhich area feature of the QWERTY keyboard as it wasonly being
usedfor simpletext entry. Childrenwereshown how to selectcharacters andwere
thenasked to input their name.This highlighted thosewho wereunsure aboutthe
manoeuvrability of themouse,andthey werethenshown how to proceed.

The speech recognition software used was IBM (ViaVoice Millennium
version7, which had beenpreviously trainedwith a young femalewith a local
accent.Thechildrenusedaheadsetmicrophone.Thechildrentriedout thesoftware
by readingsometext, and were told to enunciate in a clear way, pronouncing
the beginnings and endings of words clearly (Caulton,2000). Handwriting was
doneusinga Wacomtabletandpen,andwith ParagraphPenOffice software. The
softwarewassetup for online recognition. Initially the childrenwereencouraged
to usethepento traceover letterswhich wereon thescreen,andthenthey wrotea
few words.They weregivenadvice relatingto thesizeandorientation of theirscript
(Readet al., 2000).

3.2 Problemswith theExperiment
Following the selectionprocess, one child was identified by the classteacheras
having specialeducational needsand it was thought that shewould be unableto
managethetasksset.A secondchildbecameill afterhavingcompletedjustonetask;
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both
�

of thesechildrenwerereplacedwith theadjacent child fromtheageorderedlist.

4 What wasMeasured?
Themeasurementsof theusabilityof thefour methodswerebasedon thestandards
suggestedin Part11of ISO 9241(ISO,2000).

Usabilityobjectives includesuitability for thetask,learnability, error handling,
andappropriateness(Dix et al., 1998). Someof thesewereinappropriatein relation
to theinputmethodsusedandtheusergroup. Learnability andappropriatenesswere
difficult to assessgiventhebrevity andsimplicityof thetaskswhichwerecarriedout.
Measuring errorhandling would have muddled the input methods, asanattemptto
correct errors createdby the speechrecogniserwould have beendifficult without
using the keyboard; similarly correcting at the keyboard may have involved the
mouse.Thesuitabilityof themethodfor thetaskwasevaluatedusingEffectiveness,
Efficiency andSatisfactionmeasures.

4.1 EffectivenessMeasures
The mouse, keyboard and handwriting interfaces were all character based.
The discretecharacters were entered,selected,or recognised. To measurethe
effectivenessof thesemethodsa CharacterError Rate(CER) metricwasused:

CER � s � d � i
n

� 100

wheres= numberof substitutions,d = numberof deletions,i = numberof insertions
andn = numberof characters.(A substitutioncountedasoneerror, notasa deletion
plusaninsertion.)

In thecharacter systems,a decisionhadto bemaderegardingspaces.Firstly, it
wasnotedthatyoungerchildrenwereunlikely to put spacesin copiedor composed
text whenusingthekeyboardandthemouse. Secondly, it wasobservedthatwhen
children put spacesin, they wereaslikely to put threespacesasone. Thirdly, the
handwriting recogniserinsertedits own singlespacewhenthepenwaslifted from
the tablet for a certainduration. This happenedfrequently with younger children,
particularly whenthey copiedtext. For thesereasons spacesweredisregardedin the
effectivenessmeasures.

Thespeechrecognition wasmeasuredusing‘worderrorrate’ (WER):

WER� s � d � i
n

� 100

wheres= numberof substitutions,d = numberof deletions,i = numberof insertions
andn = numberof words. (A substitutioncountedasoneerror, notasadeletionplus
aninsertion.)

The CER andWER measuresgive a rating for the failings of the system. As
effectivenessis a positive concept,a new metric, ‘percentagecorrectnessmeasure’
(PCM) wasdefined:

PCM � 100 ��� either CERor WER�
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4.2
�

EfficiencyMeasures
Therearetwo measuresof efficiency; theseare‘characters per second’ (CPS) and
‘words persecond’(WPS):

CPS� Characters input
Timetaken

WPS� Wordsinput
Timetaken

The WPS was multiplied by the average characters per word (3.33 in this
instance)to giveanapproximateCPSfor thespeechrecognition.

The time taken wasrecorded from the startof the activity to the close. Two
separatetimeswererecorded,onefor thecopyingexerciseandonefor thecomposing
exercise.Duringthecopying, childrenweregenerallyontaskfor thewholetime,but
on four occasions,hardwareandsoftwareproblemscausedaninterruption, andthis
timewasdeducted.

During composing, children were inclined to ‘pause for thought’ or ask for
spellings;this timewasincluded. Therationalefor this is discussedin Section6.2.

4.3 Satisfaction
Theusersatisfactionwasexpectedto beproblematicwith regard to theagesof the
children. Satisfactionis anadult conceptthatcorrelateswith afeelingthatsomething
is good enough. It is typically measuredby observationsandquestionnaires. For
adults‘Verysatisfied’is usedonLikertscalesto referto thebestthatonecanget.

Watching children it soon becomesevident that ‘satisfaction’ is not an
appropriate word for what they may be experiencing, they appear to have wider
extremesof feelingsthanadults.Childrenhave a different perception of theworld,
their cognition is lesswell developedwhich makesit difficult for themto articulate
likesanddislikes(Druin et al., 1999). Evaluation techniques that work for adults
maywork badlyor maybewholly inappropriatefor childrenof this age.

The work of Beyer & Holtzblatt (1998) suggests that children needto have
satisfactionmeasuredin their own environment andsoa suiteof speciallydesigned
satisfactionmetricswasdeveloped(Read& MacFarlane,2000).

To measureexpectations, a discretescale using a seriesof ‘smiley’ faces
(Figure1) wasused(Read& MacFarlane, 2000). This wasrepeated after the task
in order to measure the effect the activity hadon the child’s prior andsubsequent
perception of it. Selectionsonthisscalewerescoredfrom 1 (Awful) to 5 (Brilliant).

During the task, observations of facial expressions, utterances and body
languagewereusedto establisha measurefor engagement. Positive andnegative
signswerecounted,andthebalanceof positive vs.negative instanceswasrecorded
(Read& MacFarlane,2000).

Whenall four taskshadbeencompleted, the children werepresentedwith a
repertory grid test(Fransella& Bannister,1977) that hadbeendevelopedwith the
four childrenwhohadpilotedtheexperiment.Thiswasusedto providecomparative
scores.Thechildrenweregiveniconsrepresentingthefour methodsandwereasked
to placethemin orderfrom bestto worstin respectof thefour constructsonthegrid
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Figure1: The‘smiley’ facesrepresentingthescale.

Figure2: Thedatacollectiongrid.

(Figure2). Themethodwasgivenascoreby summingthepositionsfrom 4 (best)to
1 (worst)for eachattribute.

Following the repertory grid evaluation, childrenwereasked to asked to rate
each input method using a vertical ‘funometer’ (Figure 3) similar to the one
developedby Risdenet al. (1997). Eachcolumn on the grid measured 10cm,so
ascoreoutof tenwasobtainedfor eachmethod.

5 Resultsof the Experiments

Resultsfor the four different text input methods are given in the tablesbelow.
The figuresfor Effectivenessandthe first threesatisfactionmetricsaregiven asa
percentageof the optimum score. The observationsareabsolutefigures, and the
Efficiency measuresarein Characters perSecond.
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Figure3: A preparedfunometer.

Effectiveness Efficiency Satisfaction

PCM CPS Rep Expec- Fun- Obser-

Grid tations ometer vations

Copying 90% 0.25
57% 82% 84% 20

Composing 97% 0.26

Table 1: Keyboardinput.

Effectiveness Efficiency Satisfaction

PCM CPS Rep Expec- Fun- Obser-

Grid tations ometer vations

Copying 99% 0.14
61% 78% 77% 8

Composing 99% 0.15

Table2: Mouseinput.
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Effectiveness Efficiency Satisfaction

PCM 0.33	 WPS Rep Expec- Fun- Obser-

Grid tations ometer vations

Copying 36% 5.74
67% 82% 85% 11

Composing 44% 6.26

Table 3: Speechinput.

Effectiveness Efficiency Satisfaction

PCM CPS Rep Expec- Fun- Obser-

Grid tations ometer vations

Copying 73% 0.24
64% 88% 77% 20

Composing 86% 0.34

Table 4: Handwritinginput.

6 Observationson the Results
From this pilot study it appears that handwriting recognition closely matches
keyboardentryin termsof efficiency andeffectiveness.Theremaybeconsiderable
potential in handwriting asa text inputmethodfor youngchildren.

It appearsthatthemouseis notsufficiently differentfrom thekeyboardto make
it worthwhile pursuingas an alternative text input device, although theremay be
specialcaseswhereit is adesirablealternative.

Therepertory grid andtheobservationsbothsuggestthatchildrenenjoyedthe
handwriting andspeechmorethanthe othermethods. Furtherwork is required to
establishthereasonsfor this.

7 Discussionof the Measuresusedin the Experiment

7.1 Effectiveness
BoththeCERandWERaremeasuresof errors found in thefinishedtext. To evaluate
theefficacy of thesemeasuresit is necessaryto examinehow eachcharacteror word
is transformedinto its on-screenrepresentation.This transformationis madeupof a
sequenceof processeswhicharedifferent for ‘obedient interfaces’ and‘disobedient
interfaces’. Additionally, copying text andcomposingtext have unique processes
whichcontribute to thetransformation.

Eachprocesswithin thesetransformationshasa capacityfor error. In thetable
below, six different typesof error areidentified.

The individual processesand the errors associatedwith themcanbe seenin
Figures4 & 5. Figure 4 illustratestheerrors thatcanoccurwhenusinganobedient
interface, while Figure 5 shows the slightly different possibilitiesfor error when
usinga disobedient interface.

The standardPCM measuretells us very little about which type of error has
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Example Observations

Error1
Cognition error

Child misreadsa word or cannot
distinguishletters.

This only happenedwhencopying.

Error2
Spelling error

Child misspellswordsor
mispronouncesa word that they
know.

Rarely occurred in speech,asthe
childrenonly spoke wordsthey
knew. More likely to occurin
characterbasedentrywhere
childrenwereunable to spellwords
that they wantedto use.
This only happenedwhen
composing.

Error3
Selection error

Child picks ‘l’ for ‘i’. This happened, asdid ‘o’ for ‘0’.
Only relevant for obedient
interfaces.

Error4
Construction
error

Child cannot form theletter or
word correctly. In handwriting, ‘a’
maylook like ‘d’. In speech,
‘dragon’ becomes‘dwagon’.

Only relevantwith disobedient
interfaces.

Error5
Execution error

Thechild pressesfor too long, fails
to click, or hits theadjacent
character.
Themicrophone or penmaybeout
of range.

This couldhappenwith all the
methods,but waslesslikely to
occurin speech andhandwriting.

Error6
Software
induced error

Thesoftwaremisrecognisesthe
word or character.

Only a problemwith disobedient
interfaces.

Table 5: Classificationof errors.

Figure4: Processesandpotentialerrorswith obedientinterfaces.



10 JanetRead,StuartMacFarlane& Chris Casey

Figure5: Processesandpotentialerrorswith disobedient interfaces.

occurred. In addition, thereare errorsthat are avertedat the last minute, which
could give us information about usability. It wasobserved during this experiment
thatchildrensometimesintendedwriting something, andthenchangedtheir minds.
This couldbe attributedto the child realisingthat the word they hadintendedwas
too difficult to spell, andso a substituteword wasused,which maskeda potential
spellingerror(Error 2). This didn’ t happenwith thespeechrecognition softwareas
thechild wasthinking andcomposingusingwords that heor shecouldspeak(but
notnecessarilyspell).

Thespeechandhandwriting recognitionprocessesarebasedonsubcomponents
of charactersandwords,namelystrokesandphonemes.Thecombinationof strokes
or phonemesenables the recogniser to ‘predict’ the letter or word intended. If
an error is causedby the recogniser (Error 6), then the traditional CER andWER
measures will take no account of how ‘close’ recogniserwas. The error that the
speechrecogniser makes in turning ‘playing’ into ‘played in’ is as bad as the
one which makes ‘the dragon’ into ‘murder again’ (both are examples from this
experiment). For a user, theseerrors arevery similar, asthey both require similar
correction. For a researcher, trying to measurethesuccessof an input method, the
WER andCERmeasurescausea lot of informationto belost.

In speechrecognition there have beensomeattemptsmadeto address the
failingsof WER. A method known asphonologicalscoringasdevelopedby Fisher
et al. (1995) would go someway to measuring the ‘closeness’of the recogniser.
With this scoringmethod, ‘playing’ to ‘played in’ would be creditedwith having
recognised‘play’ and‘in’ correctly.

Cox et al. (1998) proposed a interesting measurement basedon human
performance,wherethequestion‘How muchbetteris it thanme?’ would beasked,
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instead



of ‘How accurateis it?’ Theunderlying issueis to seehow muchbetteror
worsetherecogniseris at recognisingwordsthana humanwould be. This measure
was originally designedfor speechrecognition, but may also be useful when
evaluating handwriting recognisers, as a human reader may interpret characters
writtenby achild incorrectly, especiallyif they areviewedoutof context.

7.2 Efficiency
Theefficiency measureusedwasto do with time takento input. On four occasions
there were problems with the hardware or software, and in theseinstances,the
time taken to repair the problem was subtractedfrom the overall time on task
measurement.

Sovik & Flem (1999) describehow writing hasthreeaspects,themotorskill,
thecognitive-linguistic (thinking) processandthe linguistic-semantic (spellingand
grammar) process.Whenthechild wascopying text, thetime takenwasa measure
of themotoractivity associatedwith thetask.Duringcomposition, theotheraspects
extendedtheduration of theactivity. Childrensometimes‘pausedfor thought’ and
it wasnotedthat whenchildrenusedthe character baseddevices, they sometimes
askedfor spellings,or waitedwhile they found awayof writing whatthey wantedto
sayusingwordswhichthey wereableto spell.This linguistic-semanticpausingwas
not evident during the speechinput task. Cognitive-linguistic processingoccurred
during all the composition activities but generally it wasmore prolongedwith the
characterdevices. Thesetimes were includedin the efficiency measuresas they
wereseento bepartof thetaskof composition (Andreissen,1992).

The children were sometimesdistractedby the interface when it behaved
differently than they hadexpected. This was particularly true of the handwriting
tablet,whenlettersweremisrecognised, the child often stoppedandremarked on
what had happened. It was lessof a problem with the speechrecogniser, partly
becausethe children realisedquitequickly that it wasnot showing the wordsthey
weresaying,andpartlybecausethewordsdisplayedwereoftenincomprehensible to
thechildren.

Thedistractingeffect of thehandwriting recognisercould possiblybemasked
by using‘Lazy recognition’ whereinthe text is recognisedonline,but is displayed
after the writer hasfinished(Nakagawa et al., 1993). This is an interestingidea,
but it wouldsignificantlychangetheinterface,removing thepotential for interactive
correctionsandimmediatefeedback.

7.3 Satisfaction
The satisfaction measurescould be divided into threetypes; child created,child
createdbut controlled,andobservation.

Therewereconsiderableproblemswith someof the child createdsatisfaction
measures.Whenchildrenwerepresented with a Likert scale,they weregenerally
‘very kind’ to the activity, in that they typically thought things weregoing to be
brilliant! Theaveragescoreon the funometerwas81%. They appearedto lack the
adult tendency to avoid picking theextreme valuesin a Likert scale.This wasalso
thecasewith thediscreteexpectationsscale,with theaverage being82%.

It is likely thatthesemeasureswerein part influencedby thecombinedeffects
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of se� veral factors including the desireof the child to please,the child’s perception
of computers,theperceivednovelty of theactivity andtheexcitementor irritation at
beingtakenfrom a classactivity to takepartin this experiment.

Someof thesefactors wereamelioratedin therepertory grid scoring.However,
the younger children had a limited understandingof the differences between
constructs like ‘Worked the best’ and‘Lik ed the most’ andso someof the ratings
were likely to be unreliable. One child admittedto wanting to be fair, when it
appearedthatthemousewasgettingapoorscore!

The observations were basedon negative and positive actions, thesewere
largely beyond the child’s control; andthe childrendid not know in advance what
was being observed. Assumptions had to be made about the origin of facial
expressionsandpositiveinstantiations,andsomechildrenweremoreexpressivethan
others.

8 Conclusions

The early intention of this study was to evaluatethe usability of the four input
methods. Given the small sizeof the usersample,it is not easyto make general
statementsabout usability, but theresultsdo highlight a number of areasfor further
study. One area is the optimisationof the recognition technologies for young
children.

The inherentdifferencesbetweenobedient anddisobedient interfacesseemto
make comparisonsbetweenthem difficult. There is clearly a tradeoff between
efficiency andeffectiveness.However, for children,toleranceof errorsmaybehigher
thanfor adults,andit maybethatchildrenpreferto useinterfaceswhichare‘easier’
andneedcorrecting, than‘harder’ interfaces whicharegenerally morereliable.

The measures of satisfaction that were used with the children were
experimental,and it seemsthat togetherthe metricscan give a fairly consistent
picture. It may have beenilluminating to include a question / answersheetat the
endof eachactivity. Therepertory grid testwould have beenimprovedby allowing
thechild to look atonly onerow ata time,thiswouldhavehelpedthechild focuson
oneconstructata time.

Many of theconsiderationsof errorhandling, efficiency andeffectivenesscan
be appliedto applications whereadultsratherthan children are the users. Often
childrendemonstrateexaggeratedversions of adultmistakes,andthey mayhelpus
to modeladultbehaviour.

References

Andreissen, J. E. B. (1992), Role of Representations in Reading and Writing, in
***EDIT OR*** (ed.),Proceedingsof theThird meetingof theEuropeanWriting SIG,
Hochschulverlag,p.***PAGES***.

Beyer, H. & Holtzblatt,K. (1998),Contextual Design:DefiningCustomer-centeredSystems,
Morgan-Kaufmann.



MeasuringtheUsability of Text Input Methods for Children 13

Caulton, D. (2000), Can Voice RecognitionWork for ComputerUsers? The Effects of
Training and Voice Commands,in ***EDIT ORS*** (ed.), Adjunct Proceedingsof
HCI’2000, BCS,pp.77–81.

Cox,S.,Linford, P.,Hill, W. & Johnston, R. (1998),“TowardsSpeechRecognizerAssessment
Usinga HumanReferenceStandard”,ComputerSpeech andLanguage 12(4), 375–91.

Dix, A., Finlay, J., Abowd, G. & Beale,R. (1998),Human–ComputerInteraction, second
edition,Prentice–HallEurope.

Druin, A., Bederson,B., Boltman, A., Miura, A., Knotts-Callaghan,D. & Platt, M.
(1999), Children asOur TechnologyDesignPartners,in A. Druin (ed.), The Design
of Children’s Technology, Morgan-Kaufmann,pp.51–72.

Fisher, W. M., Fiscus,J.G. & Martin, A. (1995), FurtherStudiesin Phonological Scoring,in
***EDIT OR*** (ed.),Proceedingsof theARPA SpokenLanguage Workshop, Morgan-
Kaufmann,pp.181–6.

for Education,D. & Employment (n.d.), The NationalLiteracy Strategy — Framework for
TeachingYr to Y6, http://www.standards.dfee.gov.uk/literacy (Accessed7thNovember
2000).

Fransella,F. & Bannister, D. (1977), A Manual for RepertoryGrid Technique, Academic
Press.

Hermann, A. (1987), Researchinto Writing and Computers: Viewing the Gestalt, in
***EDIT OR*** (ed.), Proceedingsof the Annual Meetingof the Modern Language
Association, ***PUBLISHER***, p.***PAGES***.

ISO(2000), “ISO 9241InternationalStandard.ErgonomicRequirementsfor OfficeWork with
Visual Display Terminals(VDTs). Part 11: Guidancefor Specifyingand Measuring
Usability”. International Organization for Standardization,Genève, Switzerland.
http://www.iso.ch(Accessed6th November2000).

Kurth, R. (1987), “Using Word Processingto EnhanceRevision StrategiesDuring Student
Writing Activities”, Educational Technology 27(1), 13–9.

Nakagawa, M., Machii, K.andKato, N. & Souya,T. (1993),Lazy Recognition asa Principle
of PenInterfaces,in S. Ashlund,K. Mullet, A. Henderson, E. Hollnagel& T. White
(eds.),Proceedingsof INTERCHI’93, ACM Press/IOSPress,pp.89–90.

Newell, A. F., Boothe, L., Arnott, J. & Beattie, W. (1992), “Increasing Literacy
Levels by the Use of Linguistic Prediction”, Child Language Teaching and Therapy
8(***NUMBER** *), 138–87.

O’Hare, E. A. & McTear, M. F. (1999), “Speech Technology in the Secondary
School Classroom, an Exploratory Study”, Computer and Education
33(*** NUMBER***), 27–45.

Papert,S.(1980),Mindstorms.Children,Computers,andPowerfulIdeas, BasicBooks.

Read,J.C.& MacFarlane,S.J.(2000),MeasuringFun,in ***EDIT OR*** (ed.),Proceedings
of Computers andFun 3, ***PUBLISHER***, p.*** PAGES***.



14 JanetRead,StuartMacFarlane& Chris Casey

Read,J. C., MacFarlane,S. J. & Casey, C. (2000), Postcardsto Grandad— a Study of
Handwriting Recognitionwith Young Children, in ***EDIT ORS*** (ed.), Adjunct
Proceedingsof HCI’2000, BCS,pp.51–2.

Risden, K., Hanna, E. & Kanerva, A. (1997), “Dimensions of Intrinsic Motivation in
Children’s Favorite ComputerActivities”, Postersessionat the meetingof the Society
for Researchin Child Development,Washington, DC, USA.

Snape,L., Casey, C., MacFarlane,S. & Robertson,I. (1997),Using Speechin Multimedia
Applications’,in Proceedingsof TCDConferenceonMultimedia, Vol. 7(7)of Teaching
CompanyDirectorateSeminarProceedings, TCD, pp.50–60. ISBN 1 901255 08 5.

Sovik, N. & Flem, A. (1999), “The Effects of Different Taskson Children’s Processand
ProductVariablesin Writing”, LearningandInstruction9(2), 167–88.

Sturm,J.(1988), “Using ComputerSoftwareToolsto FacilitateNarrativeSkills”, TheClinical
Connection11(***NUM BER***), 6–9.



Author Index

Casey, Chris,1

MacFarlane,Stuart,1

Read,Janet,1



16



Keyword Index

children,1

evaluation, 1

handwriting,1

speech,1

text, 1


