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This paper describesan experimentin which children agedbetween6 and
10 entered text into a word processorusing four differ ent input methods,
mouse, keyboard, speech recanition, and handwriting recogition.
Several differ ent measuresof usability were madein an attempt to assess
the suitability of the input methodsin this situation. The paper describes
and discusseghe measuresand their usewith very young childr en.

Measures of effecivenesswere affected by a number of different 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 problemaic; several
methodswere used,with the repertory grid technique appearing the most
promising.
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1 Intr oduction

This work is part of a wider prgect looking at alternatve text input method.
Yourg childrenhave relatively advarcedverbad languag skills yetthey find spelling
difficult andhave difficulties constrieting goad written language.



Several studieshave shavn that the use of a word processor can assistin
developing written languageskills (Sturm 1988 Newell etal., 199). A studyby
Kurth (1987) suggestedhatalthowh the useof a computerdid not alwaysimprove
the literal quality of childrens writing, the high visibility of text on the screen
fosteredmoreconversationabou thewriting, andthe spellingwasimproved. In his
bod ‘Mindstorms’, Papert(1980) suggststhat a computer with word processing
softwareaffordsthe child the luxury of beingableto revise andrework theirideas,
andtherefoe beconesa powerful intellectualproduct.

2 Input Methods

Childrenin schoolareencairagedo useword processorgo prodiceelectronictext

wherepossible. However, accesgo the software is traditionally via a QWERTY

keyboard which novices find difficult to master Hermann(1987) suggestedhat
handing the keyboard interfereswith the writing process,andif this is the case,
thenthe useof morenaturalinterfaces suchasspeecrandhandvriting recogition

may be desiralte. Thereis alsoa caseto considerwhetheror not childrenprefer
to usea pointing device for text entry this could be a touch screenor a mouse.
Specialkeyboardsare usedin a few primary schools,howvever they have mary of

the samefeaturesasQWERTY keyboardsandasthey arenotin widespreadiseand
are consideably more expensie thanthe naturallanguageinterfacesthey arenot

consideedin this study For similar reasonstouchscreensrenotincluded

Children are able to speakfluently at an early age, and they are taugh
handvriting aspartof the early curricdum. This suggestshatthe naturallanguag
techndogies of speechand handwiting recogiition may suit young users. Snape
etal. (1997) usetheterm‘disobalientinterface’to descrilke this sort of technolgy
whereacorrectactionby theusercanresultin anincorrectoutcomeby thesoftware.

Studiesof speechrecoqition have repoted levels of recoqition as high as
95%, but thesehave not beenwith children O’'Hare& McTear(199) usedspeech
recoqition with secondey schoolagechildrenwith accurag ratesof 82%. They
alsorepoted muchfasterinput with ratesof 50wpm comparedwith 10wpmat the
keyboard.

Handwiting recoqition is anewertechndogy; in orderto participate,theuser
needsa ‘pen’ anda graplics tablet. An earlierexpeiment by the preseb authas
(Readetal., 2000 gave anencairagirg picturein relationto handwritten input with
young children. In this study childreris handwiting wastracedontothemachineby
anadultanda CharacteRecognitionRaterecordel. The averag recogiition rates
excealed80%.

3 Designof the Experiment

The expelimentwasdesigred to comparefour input method; QWERTY keyboard

mouwse clicking using an on screen alphaletic keyboard speechinput and
handvritteninput. Thesefour methaswereseento beaffordableto implementin a

classroomandsufiiciently easyto masterby childrenof the target ages.Of interest
was the compaative strengtls and weaknessesf the methals, and particularly
issuegaisedfrom measurig usabilitywith children.



The expeliment was carriedout in a small primary schod over a two-week
period Childrenagedbetweert and10 werearrangdin ageorder andsystematic
samplingwas usedto selecttwelve childrencovering all agesandabilities. Each
child in theexperimentdid ataskusingeachof thefour inputmethals,but theorder
in which the method were presentedraried acrossthe sample. Childrendid only
onetaskaday, andat leasttwo daysseparate@achtask. Thele werethreepartsto
eachtask;initial oriertationand/ortraining copying text whichwasputin front of
thechildren, andaddirg their own text to a storywhich hadbeenintroducedto them.

The text which wasto be copiedwas constrieted using words from the Key
Stagel readirg list (for Educatim & Emgdoyment, n.d) (a list of words with
whichchildren agedbetweert and8 areexpededto befamiliar), andwassimilarin
structureto text which thechildrenwould have metin their schod' s readingscheme.
Eachtask hadits own story andthis wasusedby all the children The Microsoft
Word granmar checling tool, wasusedto ensurethat readallity andword length
wereconsistenticrossall thestories. Thewordsusedin eachtaskwerevery similar.
After copying eachstory, thechildrenwereaslkedto write abait whathappeednext.

Duringthetasks recodingsof the childrenweremadeusingavideocamera.

3.1 Training

Eachtaskrequied differenttraining The training needshad beenestablishedy
discussingheinterfaces with four childrenprior to the experimentanddetermirng
whatwasrequited. Theintentionwasto ensurethatthe child wascomfatablewith
the hardvare andthe software interface. A training activity was definedfor each
input method and children stoppeddoing this activity whenit was seenthat they
weresufficiently competeh The keyboardwasfamiliar to all the children, sothey
simply typedtheir nameandthencontinied with thetask. Themouwseinterfacehad
an alphaletic keyboardanda text displaybox. It did not have the extra symbds
and functionswhich are a featue of the QWERTY keyboard asit wasonly being
usedfor simpletext entry. Childrenwereshavn how to selectcharactes andwere
thenasledto input their name. This highlighted thosewho were unsue aboutthe
manceuvralility of themouseandthey werethenshavn how to proceed.

The speechrecogition software used was IBM (ViaVoice Millennium
version7, which had beenpreviously trainedwith a young female with a local
accent.Thechildrenuseda headsemicrophone.Thechildrentried outthe software
by readingsometext, and were told to enurtiate in a clear way, pronourcting
the beaginnings and ending of words clearly (Caulton, 2000). Handwvriting was
doneusinga Wacomtabletandpen,andwith ParagaphPenOffice software. The
softwarewas setup for online recogiition. Initially the childrenwere encarraged
to usethe pento traceover letterswhich wereon the screenandthenthey wrote a
few words. They weregivenadvice relatingto the sizeandorientatio of their script
(Readetal.,20Q).

3.2 Problemswith the Experiment

Following the selectionprocess, one child was identified by the classteacheras
having specialeducatioal needsand it was thought that shewould be unableto
manag@ thetasksset.A seconathild becamall afterhaving comgetedjustonetask;



bothof thesechildrenwerereplacedvith theadjacenchild from theageordeedlist.

4 What wasMeasured?

The measurerentsof the usability of the four methaswerebasedon the standads
suggstedin Part11of 1ISO9241(1SO, 2000).

Usability objectives includesuitability for thetask,learnability erra handing,
andappr@riatenesgDix etal., 1998). Someof thesewereinapgopriatein relation
to theinputmethalsusedandthe usergroup. Learndility andappopriateresswere
difficult to assesgiventhebrevity andsimplicity of thetaskswhichwerecarriedout.
Measurimg error handing would have mudded the input method, asan attemptto
correct erras createdby the speechrecoquiser would have beendifficult without
using the keybaoard; similarly correcting at the keyboard may have involved the
mouse. Thesuitability of the methodfor the taskwasevaluatedusingEffectiveness,
Efficiengy andSatishctionmeasures.

4.1 EffectienesdMeasures

The mouwse, keyboard and handvriting interfaces were all character based.
The discretecharactes were entered,selected,or recagnised. To measurethe
effectivenesof thesemethalsa CharacteError Rate(CER) metricwasused:

CER— s+d+i

x 100

wheres = nunberof substitutionsd = nunberof deletionsj = numberof insertions
andn = nunberof charaters.(A substitutioncourtedasoneerror, notasadeletion
plusaninsertion)

In the charater systemsa decisionhadto be maderegardingspacesFirstly, it
wasnotedthatyoungerchildrenwereunlikely to put spacesn copiedor conposed
text whenusingthe keyboard andthe mouwse. Seconty, it wasobsenedthatwhen
children put spacesn, they wereaslikely to put threespacesasone Thirdly, the
handvriting recogniserinsertedits own single spacewhenthe penwaslifted from
the tabletfor a certainduration This happenedfrequently with younger children
particdarly whenthey copiedtext. For thesereasos spacesveredisregadedin the
effectivenessneasures.

Thespeechecogition wasmeasuredising‘word errorrate’ (WER):

s+d+i

WER= x 100
wheres = numberof substitutionsd = nunberof deletionsj = nunberof insertions
andn = numberof words. (A substitutioncountedasoneerror, notasadeletionplus
aninsertion)

The CER and WER measues give a rating for the failings of the system. As
effectivenesss a positive con@pt, a newv metric, ‘perceragecorrectnessmeasure’
(PCM) wasdefined

PCM = 100- (either CERor WER)



4.2 EfficiencyMeasures

Therearetwo measues of efficiengy; theseare ‘charactes per second (CP9 and
‘words persecond’(WPS:

Charactesinput

CPS= Timetaken
Wordsinput
WPS= Timetaken

The WPS was multiplied by the average charactes per word (3.33in this
instance}o give anapprximateCPSfor the speectrecogiition.

The time taken wasrecordel from the startof the activity to the close. Two
separatéimeswererecaded,onefor thecopying exerciseandonefor thecomposing
exercise.Duringthecopying, childrenweregenerallyontaskfor thewholetime, but
onfour occasios, hardwareandsoftware problemscausedaninterrugion, andthis
time wasdeducted

During compaing, childrenwereinclined to ‘pause for thoudt’ or ask for
spellingsithis time wasincluded Therationalefor thisis discussedh Section6.2.

4.3 Satisfaction

The usersatishctionwas expectedto be probdematicwith regard to the agesof the
children Satishctionis anadut cone@ptthatcorrelateswith afeelingthatsomething
is goad enowh. It is typically measuredy obsevationsand questiomaires. For
adults'Very satisfied'is usedon Lik ert scalego referto thebestthatonecanget.

Watching children it soon becomesevidert that ‘satisfaction’ is not an
appra@riate word for what they may be experiencing, they appearto have wider
extremesof feelingsthanadults. Childrenhave a different percegtion of the world,
their cognition is lesswell developedwhich malesit difficult for themto articulate
likesanddislikes (Druin et al., 1999. Evaluation techniqesthatwork for adults
maywork badlyor maybewholly inappopriatefor childrenof this age.

The work of Beyer & Holtzblatt (1998 suggsts that children needto have
satishctionmeasuredn their own ernvironmern andso a suiteof speciallydesigned
satishctionmetricswasdevelgped(Read& MacFarlane2000.

To measureexpectations, a discretescale using a seriesof ‘smiley’ faces
(Figurel) wasused(Read& MacFarlane 2000). This wasrepeded after the task
in order to measue the effect the activity hadon the child’s prior and subsequen
percepion of it. Selection®nthis scalewerescoredrom 1 (Awful) to 5 (Brilliant).

During the task, obserations of facial expressios, utteranes and body
languagewere usedto establisha measurdor engagment. Positive and negdive
signswerecourted, andthe balarce of positive vs. negative instancesvasrecorad
(Read& MacFarlane 2000.

Whenall four taskshad beencompeted, the children were presentedvith a
repertay grid test(Fransella& Bannister,1977) thathadbeendevelopedwith the
four childrenwho hadpilotedthe experiment.This wasusedto provide compaative
scores.Thechildrenweregiveniconsrepiesentinghefour method andwereasled
to placethemin orderfrom bestto worstin respecbf thefour constructonthegrid



Awful Not very good Good Really good Brilliant

Figure 1: The‘smiley’ facesrepresentinghescale.

Mame of child Age. Sex

Best Worst

Worked
the

best
Liked
the
most
Most
fun

Easiest
to do

Figure 2: Thedatacollectiongrid.

(Figure 2). Themethodwasgivena scoreby summingthe positionsfrom 4 (best)to
1 (worst)for eachattribute.

Following the repetory grid evaluatio, childrenwere asled to asled to rate
eachinput method using a vertical ‘funometer’ (Figure 3) similar to the one
developed by Risdenet al. (1997). Eachcolum on the grid measued 10cm, so
ascoreout of tenwasobtainedfor eachmethod

5 Resultsof the Experiments

Resultsfor the four different text input methals are given in the tablesbelow.
The figuresfor Effectivenessandthe first threesatishctionmetricsare given asa
percemage of the optimum score. The obserationsare absolutefigures, and the
Efficiengy measurearein Charactes perSecond.



Name. ......oooviiiiiiiineean Age... .

e j

| Speaking

B mouse

typing

Figure 3: A preparedunometer

Effectiveness | Efficiency | Satishction
PCM CPS | Rep | Expec- Fun- | Obser
Grid | tafions | omete | vations
i 0,
Copying 90% 025 ] 5706 | 8206 | 84%| 20
Composing 97% 0.26
Table 1: Keyboardinput.
Effectiveness | Efficiency | Satishction
PCM CPS | Rep | Expec- Fun- | Obser
Grid | tations | omete | vations
i 0,
Copymg. 99% 0.14 61% 78% 779 8
Composing 99% 0.15

Table 2: Mouseinput.




Effectiveness| Efficiency | Satisfaction
PCM | 0.33xWPS | Rep | Expec- Fun- | Obser
Grid | tations | ometer| vations

Copying 36% 5.74
Composing 44% 6.26

67% 82% 85% 11

Table 3: Speechinput.

Effectiveness| Efficiency | Satisfaction
PCM CPS | Rep | Expec- Fun- | Obser
Grid | tations | ometer | vations

Copying 73% 0.24
Composing 86% 0.34

64% 88% 7% 20

Table 4: Handwritinginput.

6 Observations on the Results

From this pilot study it appeas that handwiting recoqition closely matches
keyboardentryin termsof efficiency andeffectiveness. Theremaybe corsiderable
poteriial in handwiting asatext inputmethodfor young children

It appearshatthemouseds notsuficiently differentfrom thekeyboardto make
it worthwhile pursuing as an alternatve text input device, althoudh theremay be
specialcasesvhereit is adesirablealternatie.

Therepertoy grid andthe obserationsboth suggesthatchildrenenjoyedthe
handvriting and speechmorethanthe othermethals. Furtherwork is requred to
establisithereasondor this.

7 Discussionof the Measuresusedin the Experiment

7.1 Effectiveness

Boththe CERandWER aremeasuresf erras foundin thefinishedtext. To evaluate
theefficagy of thesemeasured is necessaryo exanine how eachcharacteor word
is transfornedinto its on-screnrepresetation. This transfamationis madeup of a
sequene of processesvhich aredifferert for ‘obedient interfaces’ and‘disobedient
interfaces’. Additionally, copying text and compsingtext have unique processes
which contrilute to the transfamation.

Eachprocesswithin thesetransfamationshasa capacityfor error In thetable
below, six differen typesof erra areidentified.

The individual processesndthe erras associatedvith them can be seenin
Figures4 & 5. Figure 4 illustratesthe errois thatcanoccurwhenusinganobedier
interface, while Figure 5 shows the slightly different possibilitiesfor erra when
usingadisobedentinterface.

The standardPCM measureells us very little abou which type of error has



Example

| Obsenations

Errorl
Cognition error

Child misread aword or camot
distinguishletters.

This only happaedwhencopying.

Error2
Spellingerror

Child misspels wordsor
mispronounesaword thatthey
know.

Rarely occurra in speechasthe
childrenonly spole wordsthey
knew. Morelikely to occurin
charaterbasedentrywhere
childrenwereunabe to spellwords
thatthey wantedto use.

This only happ@edwhen
composing.

Error3
Seledion error

Child picks ‘I for ‘.

This happend, asdid ‘o’ for ‘0’.
Only relevantfor obediant
interfaces.

Error4 Child canrot form theletter or Only relevantwith disobelient
Construction word correctly. In handwiting, ‘a’ interfaces.
error maylook like‘d’. In speech
‘dragon becomes'dwagon’.
Error5 Thechild pressedor toolong, fails | This could happerwith all the
Executionerror | toclick, or hitstheadjacent methodsput waslesslikely to
charater. occurin speeb andhandwrting.
Themicrophore or penmay be out
of range.
Error6 The software misrecognsesthe Only a problemwith disobedent
Software word or chaacte. interfaces.
induced error

Table 5: Classificatiorof errors.

COPYING TEXT COMPOSING TEXT
Character / Word read and Character / Word thought of by
recognised by the child the child

Error 1 Error 2

\

Figure 4: Processeandpotentialerrorswith obedientinterfaces.

/

Character found on keyboard or
ofL SCrEen
Error 3

v

Eeypad or mouse button clicked

Error 5




CCPYING TEXT COMPOSING TEXT
Character / Word read and Character / Word thought of by
recognised by the child the child
Error 1 Error 2

\ -

Character formed by child or
word spoken by child
Error 4

Character or word inputted
correctly by the hardware
Error 5

Character or word recognised
by the software
Etror 6

Figure5: Processeandpotentialerrorswith disobedentinterfaces.

occured. In addition thereare errorsthat are avertedat the last minute, which
could give us information abou usability It wasobsenred during this expaiment
thatchildrensometimesntendedwriting somethiig, andthenchangdtheir minds.
This could be attributedto the child realisingthatthe word they hadintendedwas
too difficult to spell, andso a substituteword was used,which masled a poteriial
spellingerror (Error 2). This didn't hapgnwith the speechrecogition softwareas
the child wasthinking and compsingusingwords that he or shecould speak(but
notnecessarilgpell).

Thespeectandhandvriting recanitionprocessearebasedn subcanporents
of charatersandwords,namelystrokesandphoremes.The combination of strolkes
or phamemesenables the recogtiser to ‘predct’ the letter or word intended. If
an error is causedby the recoquiser (Errar 6), thenthe traditioral CER and WER
measurs will take no accoum of how ‘close’ recoqiserwas. The erra thatthe
speechrecogiiser makes in turning ‘playing’ into ‘played in’ is as bad as the
one which makes ‘the dragn’ into ‘murder again’ (both are examges from this
experiment). For a user theseerrass arevery similar, asthey both requite similar
correction. For a researchr, trying to measurehe succes®f aninput metha, the
WER andCER measuresausea lot of informationto belost.

In speechrecogition there have beensomeattemptsmadeto addessthe
failings of WER. A methal known asphorological scoringasdevelopedby Fisher
et al. (1995 would go someway to measurig the ‘closeness’of the recogriser.
With this scoringmethod ‘playing’ to ‘playedin’ would be creditedwith having
recoquised'play’ and‘in’ correctly

Cox et al. (1999 proposed a interesting measurerant basedon human
performane, wherethe questionHow muchbetteris it thanme?’ would beasled,



insteadof ‘How accuratds it?" The underlying issueis to seehow muchbetteror
worsetherecoqiseris at recoquisingwordsthana humanwould be. This measure
was originally designedfor speechrecogition, but may also be useful when
evaluatirg handvriting recoguisers, as a human reader may interpret charactes
written by a child incorrectly, especiallyif they areviewedout of context.

7.2 Efficiency

Theefficiency measuraisedwasto do with time takento input. On four occasios
there were prodems with the hardware or software, and in theseinstancesthe
time taken to repar the problemwas subtractedfrom the overall time on task
measurerant.

Sovik & Flem (199) describehow writing hasthreeaspectsthe motor skill,
the cognitive-lingustic (thinking) processandthe linguistic-sematic (spellingand
gramnar) process.Whenthe child wascopying text, the time takenwasa measure
of themotoractiity associateavith thetask.Duringcompgition, the otheraspects
extenced the duration of the actvity. Childrensometimespausedfor thoudt’ and
it was notedthat when childrenusedthe charater baseddevices, they sometimes
asledfor spellingsor waitedwhile they found away of writing whatthey wantecdto
sayusingwordswhichthey wereableto spell. Thislinguistic-semantigausingvas
not evident during the speechnput task. Cognitivedinguistic processingoccured
during all the composition activities but geneally it was more prolongedwith the
characterdevices. Thesetimeswereincludedin the efficiency measuress they
wereseerto be partof thetaskof compaition (Andreissen1999.

The children were sometimesdistractedby the interface when it behaed
differently thanthey had expeded. This was particdarly true of the handwiting
tablet, whenletterswere misrecogised, the child often stoppedandremarled on
what had hapgened. It waslessof a prodem with the speechrecogtiser, partly
becausehe children realisedquite quickly thatit was not shaving the wordsthey
weresaying,andpartly becasethewordsdisplayedvereoftenincompehensike to
thechildren

The distractingeffea of the hardwriting recogriser coud possiblybe masled
by using‘Lazy recoqition’ whereinthe text is recogiisedonline, but is displayed
after the writer hasfinished(Nakagwa et al., 199). This is an interestingidea,
but it would significantlychargetheinterface remoring the poterntial for interactive
corredgionsandimmediatefeedack.

7.3 Satisfaction

The satishction measuresould be divided into threetypes; child created,child
createcbut contiolled, andobsenation.

Therewereconsideable prodemswith someof the child createdsatisaction
measuresWhenchildrenwere presentd with a Likert scale,they weregenerally
‘vely kind’ to the actity, in that they typically thought things were going to be
brilliant! The averaye scoreon the funometerwas81%. They appeaedto lack the
adulttendenyg to avoid picking the extrerme valuesin a Likert scale. This wasalso
thecasewith thediscreteexpectatims scale with theaverage being82%.

It is likely thatthesemeasuresverein partinfluenedby the combired effects



of severalfactos including the desireof the child to pleasethe child’s percetion
of compuers,thepercévednovdty of theactivity andthe excitermentor irritation at
beingtakenfrom a classactiity to take partin this expaiment.

Someof thesefactos wereamelioatedin therepertoy grid scoring.However,
the younger children had a limited understandingof the differences between
construets like ‘Worked the best’ and‘Lik ed the most’ andso someof theratings
were likely to be unrelialle. One child admittedto wanting to be fair, when it
appeaedthatthe mousewasgettinga poorscore!

The obsenations were basedon negaive and positive actions, thesewere
largely beyond the child’s contol; andthe childrendid not know in advarce what
was being obsered. Assumptios had to be made abou the origin of facial
expressionandpositive instantiationsandsomechildrenweremoreexpressvethan
othes.

8 Conclusions

The early intention of this study was to evaluatethe usability of the four input
methals. Giventhe small size of the usersample,it is not easyto make geneal
statementsbou usability, but the resultsdo highlight a numker of areadfor further
study One areais the optimisationof the recogition techndogies for young
children.

The inherent differencesbetweenobedent anddisobedent interfaces seemto
male conparisonsbetweenthem difficult. Thele is clearly a trade off between
efficiency andeffectiveness However, for children,tolerarceof errorsmaybehigher
thanfor adults,andit maybethatchildrenpreferto useinterfaceswvhichare‘easier’
andneedcorrecting, than‘harder’ interfaces which aregenerdly morereliable.

The measues of satishction that were used with the children were
experimental,and it seemsthat togetherthe metrics can give a fairly consistent
picture. It may have beenilluminating to include a question/ answersheetat the
endof eachactiity. Therepertoy grid testwould have beenimprovedby allowing
thechild to look atonly onerow atatime, thiswould have helpedthechild focus on
oneconstructatatime.

Many of the consideratias of errorhandlirg, efficiency andeffectivenesscan
be appliedto applicatioys whereadultsratherthan children are the users. Often
children demorstrateexaggeratedversiors of adult mistales,andthey may helpus
to modeladultbehaiour.
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