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ABSTRACT

An experienceduserof the Twiddler, a one—handeahord-
ing keyboard,averagespeedf 60 words per minutewith
letter-by—lettertyping of standardestphrasesThisfasttyp-
ing ratecoupledwith the Twiddler's 3x4 buttondesign sim-
ilar to thatof a standardnobiletelephonemakesit a poten-
tial alternatvve to multi—tapfor text entry on mobile phones.
Despitethis similarity, thereis very little dataon the Twid-
dler's performanceand learnability We presenta longitu-
dinal study of novice users'learningrateson the Twiddler.
Ten participantstyped for 20 sessionausing two different
methods.Eachsessioris composedf 20 minutesof typing
with multi—tap and 20 minutesof one—handeahordingon
theTwiddler. We foundthatuserdnitially have afasteraver-
agetyping ratewith multi—tap; however, after four sessions
thedifferencebecomesgyligible, andby the eighthsession
participantstype fasterwith chordingon the Twiddler. Fur
thermore after 20 sessiongyping ratesfor the Twiddler are
still increasing.

Categories & Subject Descriptor s
H.5.2UserInterfaces:Input devicesandstratgies
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INTRODUCTION

With 1.32billion users,mobile phoneshave becomeubiqg-
uitousin mary partsof theworld [4]. Similarly, the useof
wirelesstext messaginds becomingwidespreadwith pre-
dictionsof a rateof over 1 trillion messageperyearbeing
reachedshortly[6, 12]. Thesestatisticsareremarkablecon-
sideringtheinef ciencies andpoordesignof currenttext en-
try methodgor mobiledevices.

With wirelessmessagingevenuesat stale in the tensof bil-
lions of US dollars,mobile phonemanuficturerscandiffer-
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entiatetheir productswith text entrymethodshatarefaster
easietto learn,lessphysiologicallystressful or morecorve-

nient than competitors'products. For example,in a recent
suney, 92% of 15-40 year old mobile phoneusersstated
that speedwasimportantwhensendingandreceving mes-
sageq3]. Increasedext entry speedmay also opennew

marketsfor wirelessemail,which is desiredby 81% of con-
sumerssuneyed[3]. Wirelessemailis predictedo drivethe
next stageof the industry's Europeardatarevenued4]. In-

creasedext entryspeedsnayalsohelpunexpectedsggments
of theuserpopulation.For example the Deafpopulationhas
adoptedwvirelesstexting asa cornvenientmeansof communi-
cationwithin the community

In this paperwe demonstrata chordingmethodof text entry
on a 3x4 button keypadwhereexpertratesaverage60 wpm

on letter-by—letterentry. We shav thatchordingnovicesav-

erageover 26 wpm after 400 minutesof practiceand have
ratescomparableo their multi—taprateswithin 80 minutes
of practice. Finally, we discusshow this chordingmethod
may beincorporatednto a mobile phonedesign.

Multi—tap

Onecommonmobilephonetext entry methodis multi-tap,a
systemin which multiple lettersare mappedo the samekey

andtheuserpresseshatkey to cycle throughthelettersuntil

the desiredone appearon the screen. Usershold the key-

padtowardsthemandcanentertext with oneor two hands
usingoneor two ngers/thumbs.Oncethe desiredetterap-
pearsuserscanpressthe next key to startthe processagain
for thenext letter, wait for thetimeout,or useakill key func-

tion. Thisis a featurethat deactvatesthe currentkey after
a speci ed amountof time. Previousresearcthaspredicted
maximumexpertwords-perminute(wpm) typing ratesof 20

to 27 wpm [14]. Usability studieshave found ratesof 15.5
wpm [9] and5.3-10.5wpm [5] which are far belov mary

otherkeyboardinput devices.

Chording

Many wearableeomputeuserd7, 17] typewith theHandykey
Twiddler (Figure1). Thisis a mobile one—hande@hording
keyboardwith a keypad similar to a mobile phone. It has
twelvekeysarrangedn agrid of threecolumnsandfour rows



Figurel: On theleft, typing usingmulti—tap onthe Twid-
dler keypad. On the right, chording with the Twiddler
one—handedkeyboardtyping the letter “s' (MOLO).

on the front of the device. Eachrow of keys is operatechy
oneof theusersfour ngers. Additionally, the Twiddler has
severalmodi er buttonssuchas“Alt” onthetop operatedy
theusersthumh Usershold the device in the palm of their
handlik e a cupwith the keys facingaway from their bodies.
All  ve ngers onahandcanbeusedto type. Unlike multi—
tap,theTwiddleris a chordingkeyboard.Insteadof pressing
keys in sequencéo producea charactermultiple keys are
pressedsimultaneously Eachletter of the alphabetcanbe
typedon the Twiddler by pressingone or two keys concur
rently. The Twiddler alsohasthe featureof multi—character
chords(MCCs). For instance the keyboardhaschordsfor
somefrequentwordsandletter setssuchas and’, “the', and
‘ing'. Userscanalsode ne theirown MCCs. This haspos-
itive implicationsfor the numberof keystrokespercharacter
(KSPC)neededo type|[8].
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Table 1: Keymapfor chording on the Twiddler.

Table 1 shows the default chordinglayoutfor the Twiddler.
The four characteistring underthe Fingerscolumndenotes
what keys to pressfor a chord, one characteifor eachrow
on the Twiddler. "L' is for the left columnof buttons,”M'
the middleand 'R’ theright. A "0' denoteghe correspond-
ing buttonis not pressed.The designatiorfor "a' is "LO00'
which indicatesthe usershouldpressthe left button on the

toprow. To generatém' ("ROMOQ"), theuserwould presshe
right key onthetop row andthe middlekey onthethird row
at the sametime. Note that the designatiorof left to right
is from the users perspectie of holding the keypadfacing
away. This createsa left—to—rightmirror betweenthe table
andFigure 1 (right). Figure?2 (right) shows the representa-
tion of the chordinglayoutfrom the users perspectie.

We collecteddataof an expert Twiddler usertyping at an
averagerateof 60 wpm on aletter-by—letterbasis(no multi—
characterchords);this is far fasterthan reportedmulti—tap
values.This higherachievabletext entry maximumcoupled
with the affordancesof the samebutton layout as mobile
phonessuggestghat the Twiddler hasgreat potentialas a
replacementext entry mechanisnfor mobile phones.

We presenta longitudinal study comparingthe usability of

multi—tapandchordingonthe Twiddlerwith tenparticipants.
We gathereddataand evaluatedthe two methodsfor learn-
ability, crosswer valuesof performanceand typing rates.
We discusghedesignimplicationsfrom thedataanddiscuss
theviability of the Twiddlerasahigh—speedext inputdevice

for mobile phones.
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Figure 2: Layouts: multi-tap (left), chording (right)

RELATED WORK

Several studiescomparetext entry techniquego multi—tap
[9, 18, 1, 5]. Table2 providesa summaryincludingthe re-

sultsof this study Whereit couldbe derived,the experience
columnshavstheapproximatenumberof minuteshenovice

userspentypingwith thegivenmethodbeforethemaximum
wordsperminutewerecalculated Studiesghatwerenotlon-

gitudinalin naturebut characterizedubjectsas“novice” or

“expert” aremarkedaccordingly

The study presentecherehasa very similar methodto the
LetterWise[9] andOpti keyboardlayoutstudieg11]. These
works were designedo determinethe learningratesof dif-
ferenttyping methodsusinglongitudinal studies. The Opti
studywasdesignedo testdifferentsoftkeyboardiayoutsand
useda within subject2x20factorialdesignof keyboardlay-
out (2) and session(20). The LetterWise study testedtwo
differentinput techniqueghat both rely on the 3x4 grid of



a mobile phonekeypad. This study did not use an actual
mobile phonekeypad,optingfor a differentkeypadwith the
samelayout. The studyis alsoa 2x20 factorialdesignem-
ploying a within subjectssessiorfactoranda betweensub-
jectstyping method.

| Method |  Keyboard [ Experience] WPM |

Chording,MCCs Twiddler expert 65.3

Chording Twiddler expert 59.7

Chording Twiddler 400min 26.2

LetterWise[9] desktopkeypad | 550min 21.0

T9[5] Nokia3210 expert 20.36
phone

Multi-tap Twiddler 400min 19.8

Multi-tap [9] desktopkeypad | 550min 155

TiltText [18] Motorola 165min 13.57

i95cl phone
Multi—tap [18] Motorola 165min 11.04
i95cl phone

T9[5] Nokia3210 novice 9.09
phone

Multi—tap [5] Nokia3210 novice 7.98
phone

Multi-tap [5] Nokia3210 expert 7.93
phone

Multi-tap [1] desktopkeypad n/a 7.2

Two key [1] desktopkeypad n/a 55

Table 2: Comparison of text entry ratesfor mobile phone
keypads.

METHOD

Participants

Twelve participantswere recruitedfrom the Institute's stu-
dentbody All of the subjectswere informed of the sig-
ni cant time commitmentrequiredfor the study and were
compensatefbr their participationcalculatedat the rate of
$1 x WPM x Accurag over the entiresessionwith a mini-
mum of $8 persessionTwo participant-droppedout within
8 sessionglueto time constraints.Of the ten subjectsthat
completedhe study eightaremaleandnineright—handed.

Eight of the participantsreportedthatthey ownedor useda

mobile phoneon a regular basis,and noneof the subjects
haduseda Twiddler beforethis study We choseonly native

English spealers as our test phraseswere in English. We

alsorecruitedparticipantsvithoutlong ngernailsthatmight

have impededyping speed.

Equipment and Software

Theexperimentwasconductedn the College's usabilitylab-
oratory Thiswasa stationarjtestwhereparticipantssatata
computerrunningour testsoftware developedin Java. The
computerstationsverePentiumlll basedCs.The Twiddler
wasattachedo the computervia a serialcableandcontinu-
ally sentthe stateof all of its buttonsto thecomputerat 2400

Figure 3: Experimental software shawing the chording
layout, phraseand statistics.

baud,resultingin a key samplerate of approximately45Hz.
The softwareparsedhe serialstreamastext input.

Thefaceplatesf thethreeTwiddlersusedfor this studywere
modi ed to have labelsfor multi—-tap.Labelsareappropriate
sincemulti—tap is designedo be usedwhile the keypadis
facingthe user;however, whenchording,the Twiddler key-
padfacesaway from the user To preventsubjectsrom turn-
ing the chordingkeypadto look atthe keys, the chordingla-
belsonthe Twiddlerwerecovered.Thelabelsalsoposedan-
otherpotentialproblemdueto left andright mappings.The
testsoftwaredisplayskey pressego the userasif the Twid-
dlerwereheldasintended.If they turnedthe keypadaround
for the chording condition, the participantswould have to
mirror theimagein their heads.

Design

The experimentis a 2 x 20 within—subjectgactorialdesign.
We presentedhe participantswith two conditions: multi—

tapandchordingduring 20 session®ver the courseof three
weeks. Sessionswere scheduledMonday through Friday

whereeachsessionwasseparatedby at leasttwo hoursand

no morethantwo days. Eachsessiorlastedapproximately
45 minutesand consistedof two partsdelineateddy typing

condition. Participantswererandomlyassignedo a condi-

tion (balancedacrossparticipants¥or the rst session.This

conditionwastestedrst followed by the secondcondition.

Theorderof presentatiomlternatedrom sessiorto session.

Dependingon the conditionundertest, the testingsoftware
presentshe participantswith thekey layoutfor eithermulti—
tap or chording(Figure 2) and statisticsof performance A
phraseis presentedn the screenandbeneaththatthe tran-
scriptionthatresultedfrom the subjects key pressegFigure
3).

Eachhalf sessiorbeganwith awarm—upround. Thewarm—
up consistof typingthetwo phrases,abcdefghijkl” “mnop
grstuvwx yz” twice. During the warm—upphasethe pro-
gramalsohighlightsthe correctbuttonsto pressto typethe
next letter in the phrase. The warm—-updatawas not used
in measuringperformanceOncethe warm—upphaseended,



the highlightingwasturnedoff but the key layoutremained.
The subjectswere instructedto begin typing for the trials,
anddatarecordingbegan.

Eachhalf sessiorconsistedf severalblocksof trials. Each
block containedten text phrasesf approximately28 char
acterseachandwereselectedandomlyfrom the setof 500
phraseslevelopedby MacKenzieandSouloreff [10]. These
are phrasesspeci cally designedas representatie samples
of the English language. The phrasescontainonly letters
andspacesandwe alteredthe phraseso useonly lower case
andAmericanEnglishspellings.

The experimentalsoftware presentedlocks of phraseaun-
til twenty minuteshadexpired. As participants'typing rates
increasedhroughoutthe study the numberof blockscom-
pletedalsoincreasedln the rst sessionparticipantsyped
5to 8 blockstotalandcompletedl2to 21 blocksby the nal
session.

During the rst andlastsessionsye alsoasled eachpartic-
ipant to type using a standarddesktopQWERTY keyboard
for two blocksfor a total of 40 phrases.We collectedthis
dataasa baselingyping ratefor eachparticipant.

The softwarecollectsdataat thelevel of buttonpressesEv-

ery key pressand releaseis recordedto a log le. When

a button is pressedor releasedthe systemlogs the time—

stamp(obtainedwith Java's System.cugntiimeMillis() sys-

tem call), the charactegeneratedif ary), andthe stateof

all of the Twiddler's buttons. The currenttext entry method
is loggedaswell asthe phrasegpresentedo the participant.
With this datawe candeterminevheneachkey waspressed
andreleasedthe durationeachbuttonwasheld,thetime be-

tweenreleasingone button and pressingthe next, and the

resultingtranscribedext.

Procedure

Each participantwas given written, verbal, and visual in-
structionsexplaining the task and goal of the experiment.
The researcheexplainedhow to type for both methodson
the Twiddler and demonstratediow to hold the device for
eachcondition. He alsoexplainedits key layout mimics a
mobile phone,mappingnumberkeys to Twiddler keys. Fi-
nally, he shavedthe participantshow to presseachletter of
the alphabetfor both methods.For multi—tap, he explained
thatthe keypadis held facingthe participants. The partici-
pantswereinformedthey could wait for the timeoutor uti-
lize thekill button,andthey could useoneor two index n-
gers/thumbso type. For chording theresearcheshavedthe
participantshow to strapthe Twiddler onto their hand. He
alsoshavedhow to presseachkey with thetip of the nger
and how to pressmultiple keys simultaneouslyto generate
chords.

Thesoftwareis self-administereunderresearchesupervi-
sion), and participantshave uniqueanorymouslog in IDs.
The subjectsare asled to copy a presentechraseby typ-

ing onthe Twiddler keyboard.They areinstructedto typeas
quickly as possiblewhile minimizing errors. The program
provides statisticaldataas feedbackso the participantscan
monitortheir progress.n additionto the phraseto betyped
andthestatisticstheprogramalsodisplaysthekeyboardlay-
outfor thecurrentmethodfor reference.

Oncestarted,the programinitiates the warm—upphasefor

theappropriatanethod.Oncethe four warm—upphrasesre
typed, the programinstructsthe participantsthat the timed
trials will startnext. After eachblock of ten phraseshe
programpausesto showv the participants statisticsof rate
andaccurag for thatblock. After 20 minutes,the program
shaws the statisticsfor that half of the sessiorandinstructs
the participantto take a ve-minutebreak. After the break,
the programswitchesto the secondnput method. The par

ticipantchangegrip on the Twiddler to be compatiblewith

the methodandthe secondhalf of the sessiorproceedsike

the rst.

RESULTS

Data Summary

For eachof our tenparticipantswe collectedapproximately
2100transcribedohrases.In total for both conditionsover
all 20sessionand10userswe collected600,00Qtranscribed
characters.

Text Entry Speeds and Learning Curves
Themearentryratesfor sessioronewere8.2wpmfor multi—
tap and 4.3 wpm for chording. As sessiongontinued,the
meansimproved and reached19.8 wpm for multi—tap and
26.2wpm for chordingby sessior20. While both shoved
improvement.the performancescoresfor the chordingcon-
dition rapidly surpassethoseof multi—-tap(Figure4).

An analysisof variance(ANOVA) of text entry speedshavs
amain effect for typing method(F1.9 = 45:2;p < 0:000J)
andfor session(Fi9.171 = 36:8;p < 0:000). Thereis
alsoa signi cant method—-by-sessidnteraction(F1g.171 =
3:62;p < 0:000).

Themaineffectof sessiorwasexpectedaswasthe method—
by—sessioimteraction.Theparticipantdearnedo typefaster
over the courseof the 20 sessions.nitially the participants
on averagetypedfasterwith multi-tap,but after a few ses-
sionsthe differenceerodedandby the eighthsessiorchord-
ing wasfaster(Tg = 3:1; p < 0:05). Thesigni canceof the
differenceslsoincreasedsthe sessiongontinued.

For eachtyping method,we derived exponentialregression
curvesto modelthepowerlaw of practice(Figure4) [2]. The
equationgor thecurvesarebelov. Thex valuesarethenum-
berof 20 minutesessionandthey valuesarethe predicted
ratein wordsperminutefor thatsessionThecurveshave R?
valuesof greatetthan98%indicatingthatthecurvesarewell
tted to the data,accountingfor over 98% of the variance.
As can be seen,multi—tap ratesbegin to plateauwhile the
chordingmethodshaws steadilyincreasingyping speeds.



Learning rates of Chording and Multi-tap
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Figure4: Learning rates and exponentialregressioncurvesfor multi—tap and chording.

Twiddler: y = 4:8987%°:5781: R2 = 0:9849
Multi—tap: y = 8:2235%29%0: R? = 0:9961

Thecrosseer pointin the curvesindicatesvhereonecondi-

tion'styping ratesurpassetheothet In our study thechord-
ing methodbeganwith slower speedsut quickly overcame
multi—tap. The cross@er occurredafterthe fth sessioror

after1 hour40 minutesof practice.

Per Participant Text Entry Rates
Becausdearningratesare exponential,we graphedhe text
entry ratesper participantasa log-log plot. Both graphsin
Figure5 shaw datafor all tensubjectonapersessiorbasis.
The left side of Figure 5 shaws the chordingdataandthe
right is for multi—tap. The steepslopeof chordingindicates
rapidlearning.Theslopesof themulti—tapsessionaremuch
moreshallav. Thecurvesalsoshaw thelargevariancesn the
multi-tapentryrates.

Figure6 illustratesper userregressionlines that model per
phraseypingratesfor the chordingcondition.In our 20 ses-
sions,eachparticipantypedapproximatelyl 050phrasegor

eachcondition.We have extendedheregressiorinesto pre-
dict what expertratesmight be achieved. The chordingre-

gressiongare particularlyinterestingbecausef the clusters
that appear It suggestghat the fastertypists would reach
60 wpm, the rate of our expert, after 10,000 phraseqap-
proximately80 session®r 27 hours)while theslowertypists
couldachieve 45 wpm.

Error Rates
We usedSouloreff'sandMackenzies total errorratemetric
[16] which combinescorrectedanduncorrectederrors. Our

Chording WPM by Session (log-log) Multi-tap WPM by Session (log-log)

WPM (log)

Session (log)

Session (log)

Figure 5: Log-log plots of learning rates for chording
(left) and multi-tap (right) for eachparticipant.

participantstendednot to correcttheir mistales, so mostof
theerrorsin this studywereleft uncorrected.

Figure 7 shaws the averagetotal error ratesper sessiorfor
bothconditions.Ourerrorratesarecomparabléo otherstud-
ies[9], andall of the errorratesare lessthan 5% after the
secondsession. The chordingmethoderror ratesstartedat
10.4%but quickly decreasedWe believe the highinitial rate
is dueto thefactthattheparticipantshadno experiencewith
chordingon the Twiddler.

Expert Chording Rates and Errors

To comparepur navice participants' nal entryrateswith an
expert we testedthe secondauthor an expert of 10 years
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Figure 6: Per participant regressiondor chording
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Figure 7: Total error rates for chording and multi—tap.

in chordingtext entry. He utilizes his non-dominanthand
in contrastto our study and normally usesmulti-character
chordingshortcutdfor increasedspeed(i.e. 1 chordto type
“the"). We testechim withoutthis featureforcinghim to type
onecharacteatatime. We conductedhreepracticesessions
to allow him to adjustto the letter-by—lettertyping. By ses-
sionfour his averagetyping ratefor chordingstabilizedand
wasfoundto be59.72wpm. His total errorrateswere4.44%.
We alsotestedthe expertwith MCCsenabledyesultingin a
rateof 65.25wpmandatotal errorrateof 6.3%.Someerrors
wereintentionalasit wasoftenmoreef cient to typeachord
andcorrectthelastcharactethanto typeeachletterone—by—
one. For example,to type theword “their” the chord“the “
may be followed by backspaceo remove the trailing space
characterresultingin two chordsto typethreecharacters.

DISCUSSION

Multi-tap Typing Rates

Our studydatafor multi-taprevealsa wide rangeof values
for typing ratesacrossusers(Figure 5). One explanation
for this is prior knowledge and experiencewith multi-tap.

All subjectseportedowning mobile phonesexceptfor two.

Multi-tap is a commontechnology and it is hypothesized
that participantsarefamiliar with how it works evenif they

do not useit often. At the very least,the mappingof let-

tersto numberson a phoneis familiar. This might alsobe
a reasonfor multi—tap ratesstarting higher than chording.
Anotherfactorin multi—tap's initial advantagds the partici-
pants'lack of experiencewith chording. All reportednever
usingchordingor the Twiddler before.

Anotherissuewith our multi-tap study dataare the values
themseles. Our study shavs higher typing ratesfor our
participantsthan previous studies. The Jamesand Reischel
studyfoundmulti—taptyping ratesof 8 wpm; our participants
startedcloseto this rate (8.2 wpm) but quickly surpassed
it. Onepossibleexplanationfor this increaseis that while
Jamesand Reischels subjectsmay have beenexperienced
with sendingtext messagegthey may not have hadasmuch
practiceasours. Anotherpossibleexplanationis the keypad
itself. They useda phonekeypadwhile we useda Twiddler
which haslarger buttons spacedfartherapart. Mackenzie
et. al alsodid not usea mobile phonekeypad. Their start-
ing rateswere comparabldao ours, but our participants' -
nal rateswerehigher Perhapsnexplanationfor thisis that
we allowed 2 nger/thumb entry. Anotherfactor could be
thatour participantshada rapidbasetyping rateon standard
QWERTY keyboardgTable3).

It wasalsoobsenedthatall of our participantsouchtyped
for bothmethods)ooking only atthe screemot the keypad.
Silfverbeg examinedtheability to type on keypadswith dif-
ferenthapticsandfound signi cant effectswith varyingvi-
sual attention[13]. Perhapghe Twiddler hasbettertactile
feedbackhanthe phoneusedin othermulti—tapstudies.

Chording versus Multi-tap

As we have shavn, novicesinitially have fastertyping rates
usingmulti-tapcomparedo chording.However, afterprac-
tice, chordingbecomeghe fastertyping methodandgreatly
exceedghemulti—taprates.Furthermorepurregressiorines
suggesthatthe chordingmethodhasa greaterpotentialtyp-

ing rate. With only a little more practice,our participants
couldachieve typing ratescomparableo our expert.

Keystrokes per characteilKSPC)is a metric of how mary
keys needto be pressedor a particulartyping methodto
generatea charactef8]. The KSPCfor multi-tapis 2.0432
[9]. For chording,only oneor two simultaneou&ey presses
are neededto generatea character Given Souloreff's di-
grams[15], this equateso a KSPCvalueof 1.4764. Fewer
key pressearerequiredin chordingto generatéhe sametext
ascomparedo multi—tap,thusallowing for fasteratesusing
thechordingtyping method.

Chordingon the Twiddler offers evenfasterpotentialtyping
ratesdueto MCCs. Onechord(1 or moresimultaneouskey
pressesgangeneratanultiple charactersFor example,the
word “and' canbetypedletterby letterwith 4 key pressegl
for "a', 2for 'n’, 1 for *d") or 1 chordof 2 simultaneoukey
presseswith the default multi-characterchord ("a' and “h'
keys). Key strokespercharactechangesrom 4/3to 2/3 for



this example. Extensve useof the default MCCs available
with the Twiddler could offer even fastertyping ratesthan
thoseobsenedin our study

As we have shawvn, the same3X4 keypadcanproducevastly
differenttyping rates. This might be dueto a tradeof in the
useof spaceversustime. In the standardQWERTY design,
all lowercasecharacteraredevotedto a separatékey (ded-
icated space). The oppositeextremewould be to useone
key to cycle throughall character@neatatime. The Twid-
dler chordingmethodand multi—tap are two distinct points
in this designdomain.Multi—tap spreads or 4 |lettersacross
thekeys. Theuserselectsaletterby pressinga particularkey
severaltimes.Chordingdoesnotutilize atemporalapproach.
The userpressesnultiple keys at approximatelythe same
time to generatecharactersSo evenif chordingand multi—
tap hadthe samekeystrokes per charactewalues,chording
would befastersinceit is notdependenbntime.

QWERTY as a Baseline Predictor

We utilized thedatacollectedfrom a full sizeddesktopQW-

ERTY keyboardto normalizeeachparticipants entry rate.
Table 3 shavs eachparticipants QWERTY averagewpm,

theratio of hisor herchordingandmulti—tapratesduringthe
last sessionto his or her QWERTY rate. This table shavs

remarkableconsisteng acrossparticipantsdespitethe large
rangein QWERTY speeds After twenty sessionsthe aver

ageratio for chordingis 32.5%(s.d. 3.9), while the average
ratio for multi—tapis 24.7%(s.d.4.5).

QWERTY wpm | Chording(%) | Multi—tap (%)
113.9 32.3 23.0
111.1 28.0 21.0
94.8 31.9 23.3
86.8 30.0 22.4
83.5 33.8 25.8
82.3 29.3 23.8
74.5 29.9 17.6
61.5 36.6 29.9
58.5 314 27.2
54.1 41.3 33.3

Table 3: Typing ratesasa functionof QWERTY speed.

Theconsisteng betweerparticipantsuggestthatQWERTY
ratesmight predictchordingand multi-taprates. Using our
table,if someondypes90 WPM on a standardQWERTY
keyboard,our datasuggestshatafter 20 20-minutesessions
shewould type approximately29 wpm chording,while only
22 wpm with multi—tap. More dataneedsto be collectedto
con rm this hypothesis.

Chording as Alternative for Text Entry on Mobile Phones
Both multi-tap andthe Twiddler chordingmethodutilize a
12button3X4 keypadin asizeappropriatéor mobilephones.
As we have demonstratedhroughthe datacollectedin this
study evennovice chordingusersquickly outperformmulti—

taptyping speedsFurthermoredatasuggestshatthe Twid-
dler hasgreaterpotentialexpert typing rates. Anecdotally
thesetyping ratesaresufcient for composingemail.

Onecanimaginea mobilephonedesignbasednthecurrent
Twiddler keyboard. A spealer can be placedin the posi-

tion of the “Twiddler” logo in Figure 1, anda microphone
atthe baseof the keyboardunderthe“h” key. Furthermore,
a high resolutiontouch screencanbe placedon the reverse
side of the Twiddler wherethe thumbbuttonscurrently re-

side. The thumb buttons(Control, Shift, NUM, ALT, etc.)

canbe emulatedwith the touch screenandcould be repro-
grammedasneeded.For messagingr learningto type, the

high resolutionscreencould be usedto displaya graphical
interface similar to that in Figure 3, which would encour

agegoodtouchtyping andgoodposture.This screencould

alsosene for moreadvancedfeatures.For example,a cam-

eracouldbe mountedn the at baseof the Twiddler (where
thevelcrostrapattaches)andthe screercouldactasa cam-

corderview nder.

Besidesncreasedext entryspeedthis designrmayhave other
bene ts. For example, the usercould type noteswithout
needingto look at his phone. In our experience this abil-

ity is key while engagedn corversation[7]. In a presen-
tation at Mobile HCI 2003, Silfverbeg [13] obsenred that
such“blind” typing might be a market differentiaterfor the
teenagepopulationfor exchangingnotesin class. Finally,

theability for the userto type with his handat the sidewith

thewrist straightandrelaxedmay help alleviate the stressof

somerepetitive straininjuries.

FUTURE WORK

One potentialareaof future work is to continuethe study
to nd the sessiomnumberin which participants'chording
typing ratesbegin to level off. Givenour regressioncurves,
we expectto reachtherateof our expertafterapproximately
10,000phrasesMore datawould be neededo con rm this.

Anotherpossiblepoint to exploreis to include more partic-
ipants. This study with only ten participantsshoved large
variancesdetweerparticipantsn the multi-taptyping rates.
Perhapsa larger subjectpool might reducethe varianceob-

sened. It would also be interestingto look at left versus
right-handedssueswith chordingasthe layoutis not sym-
metrical. Furthermorewe could explore the effectsof gen-
der anddifferenthandsizes. More participantswould also
allow usto exploreif the typing ratesnormalizedby QW-

ERTY speedsareavalid predictorof performance.

We would alsolike to explore morerealistic usagesettings
of mobile phones. Thesedevicesare utilized while people
are moving aroundin their ervironment; however, partici-
pantsremainedstationaryduringthetrials. By theendof this
study almostall of our participantsweretouchtyping with
bothmethodsand only monitoredtheir progressy looking
atthescreenA studyexploring blind typing, wheresubjects



have limited or no visual feedbackmight morerealistically
simulatemobile usedueto limited visualattention[13]. An-
other study might be to evaluateparticipants'performance
while in motion. Examining performanceof the Twiddler
chordingconditionwhile subjectsare moving throughtheir
ervironmentwould provide morepracticaltyping rates.

Thesimplehighlightingusedduringourwarm—-upphasecould
be extendedto createa tutorial for typing. For this study
we allowed only letter-by—letterchords. The Twiddler also
providesseveral default multi-charactechords. Examining
how to teachnovicesto usetheseMCCs andstudyingtheir
effectontyping performancevould beinteresting Lik ewise,
creatinga tutorial designedio improve an expert's ratesis
anotherinterestingproject. This would require examining
potentialinef cienciesin theexpert's currenttypingandcre-
ating softwareto optimizetheusers performance.

Finally, we areinterestedn creatinga predictve model of
typing ratesfor the Twiddler chordingmethodand compar
ing the predictionto actualdata. This couldbe usefulfor key
layoutoptimizationandchordcreation.

CONCLUSION

In this paper we presentedh longitudinal study comparing
multi—tap and chordingmethodson a HandyKey Twiddler,

amobile one—hande#teyboardwith a keypadlayoutsimilar

to a mobile phone. Chordingout—performsmulti—tap typ-

ing speedsis learnedquickly, andappeardo have a higher
attainablemaximumrate. In addition,the chordingratesre-

portedherearefastetthanthosereportedn studiesonT9 and

LetterWisefor similarlevelsof expertise. With thenumerous
wirelessmessagesentcurrentlyandthe predictedincrease
in wirelessemailusagethe Twiddler'sone—handedhording
text entry methodshouldbe seriouslyconsideredor future

mobile phonedesigns.
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