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ABSTRACT
An experienceduserof the Twiddler, a one–handedchord-
ing keyboard,averagesspeedsof 60 wordsper minutewith
letter–by–lettertypingof standardtestphrases.This fasttyp-
ing ratecoupledwith theTwiddler's3x4buttondesign,sim-
ilar to thatof a standardmobiletelephone,makesit a poten-
tial alternative to multi–tapfor text entryon mobilephones.
Despitethis similarity, thereis very little dataon the Twid-
dler's performanceand learnability. We presenta longitu-
dinal studyof novice users' learningrateson the Twiddler.
Ten participantstyped for 20 sessionsusing two different
methods.Eachsessionis composedof 20 minutesof typing
with multi–tapand20 minutesof one–handedchordingon
theTwiddler. Wefoundthatusersinitially haveafasteraver-
agetyping ratewith multi–tap;however, after four sessions
thedifferencebecomesnegligible, andby theeighthsession
participantstype fasterwith chordingon theTwiddler. Fur-
thermore,after20 sessionstyping ratesfor theTwiddler are
still increasing.
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INTRODUCTION
With 1.32 billion users,mobile phoneshave becomeubiq-
uitousin many partsof the world [4]. Similarly, the useof
wirelesstext messagingis becomingwidespread,with pre-
dictionsof a rateof over 1 trillion messagesper yearbeing
reachedshortly[6, 12]. Thesestatisticsareremarkablecon-
sideringtheinef�cienciesandpoordesignof currenttext en-
try methodsfor mobiledevices.

With wirelessmessagingrevenuesat stake in thetensof bil-
lions of US dollars,mobilephonemanufacturerscandiffer-
entiatetheir productswith text entrymethodsthatarefaster,
easierto learn,lessphysiologicallystressful,or moreconve-
nient thancompetitors'products. For example,in a recent
survey, 92% of 15-40 year old mobile phoneusersstated
that speedwasimportantwhensendingandreceiving mes-
sages[3]. Increasedtext entry speedmay also opennew

marketsfor wirelessemail,which is desiredby 81%of con-
sumerssurveyed[3]. Wirelessemailis predictedto drivethe
next stageof the industry's Europeandatarevenues[4]. In-
creasedtext entryspeedsmayalsohelpunexpectedsegments
of theuserpopulation.For example,theDeafpopulationhas
adoptedwirelesstexting asaconvenientmeansof communi-
cationwithin thecommunity.

In thispaper, wedemonstrateachordingmethodof text entry
on a 3x4 buttonkeypadwhereexpert ratesaverage60 wpm
on letter–by–letterentry. We show thatchordingnovicesav-
erageover 26 wpm after 400 minutesof practiceandhave
ratescomparableto their multi–taprateswithin 80 minutes
of practice. Finally, we discusshow this chordingmethod
maybeincorporatedinto a mobilephonedesign.

Multi–tap
Onecommonmobilephonetext entrymethodis multi–tap,a
systemin whichmultiple lettersaremappedto thesamekey
andtheuserpressesthatkey to cycle throughthelettersuntil
the desiredoneappearson the screen.Usershold the key-
padtowardsthemandcanentertext with oneor two hands
usingoneor two �ngers/thumbs.Oncethedesiredletterap-
pears,userscanpressthenext key to starttheprocessagain
for thenext letter, wait for thetimeout,or useakill key func-
tion. This is a featurethat deactivatesthe currentkey after
a speci�ed amountof time. Previousresearchhaspredicted
maximumexpertwords-per-minute(wpm)typingratesof 20
to 27 wpm [14]. Usability studieshave found ratesof 15.5
wpm [9] and5.3-10.5wpm [5] which are far below many
otherkeyboardinputdevices.

Chor ding
Many wearablecomputerusers[7, 17] typewith theHandyKey
Twiddler (Figure1). This is a mobileone–handedchording
keyboardwith a keypadsimilar to a mobile phone. It has
twelvekeysarrangedin agridof threecolumnsandfour rows
on the front of thedevice. Eachrow of keys is operatedby
oneof theuser's four �ngers. Additionally, theTwiddler has
severalmodi�er buttonssuchas“Alt” on thetopoperatedby
theuser's thumb. Usershold thedevice in thepalmof their
handlike a cupwith thekeys facingaway from their bodies.
All � ve �ngers ona handcanbeusedto type.Unlikemulti–



Figure1: On the left, typing usingmulti–tap on the Twid-
dler keypad. On the right, chording with the Twiddler
one–handedkeyboard typing the letter `s' (M0L0).

tap,theTwiddler is achordingkeyboard.Insteadof pressing
keys in sequenceto producea character, multiple keys are
pressedsimultaneously. Eachletter of the alphabetcanbe
typedon the Twiddler by pressingoneor two keys concur-
rently. TheTwiddler alsohasthe featureof multi–character
chords(MCCs). For instance,the keyboardhaschordsfor
somefrequentwordsandlettersetssuchas`and', `the', and
`ing'. Userscanalsode�ne their own MCCs. This haspos-
itive implicationsfor thenumberof keystrokespercharacter
(KSPC)neededto type[8].

Fingers Char Fingers Char Fingers Char
L000 a
0L00 b RL00 i ML00 r
00L0 c R0L0 j M0L0 s
000L d R00L k M00L t
M000 e
0M00 f RM00 l MM00 u
00M0 g R0M0 m M0M0 v
000M h R00M n M00M w
R000 Space
0R00 Delete RR00 o MR00 x
00R0 Backspace R0R0 p M0R0 y
000R Enter R00R q M00R z

Table 1: Keymapfor chording on the Twiddler.

Table1 shows thedefault chordinglayout for theTwiddler.
The four characterstring undertheFingerscolumndenotes
what keys to pressfor a chord,onecharacterfor eachrow
on the Twiddler. `L' is for the left columnof buttons,`M'
themiddleand`R' the right. A `0' denotesthecorrespond-
ing button is not pressed.The designationfor `a' is `L000'
which indicatesthe usershouldpressthe left button on the
top row. To generate'm' (`R0M0'), theuserwouldpressthe
right key on thetop row andthemiddlekey on thethird row
at the sametime. Note that the designationof left to right
is from the user's perspective of holding the keypadfacing
away. This createsa left–to–rightmirror betweenthe table
andFigure1 (right). Figure2 (right) shows the representa-

tion of thechordinglayoutfrom theuser'sperspective.

We collecteddataof an expert Twiddler usertyping at an
averagerateof 60wpmonaletter–by–letterbasis(nomulti–
characterchords);this is far fasterthan reportedmulti–tap
values.This higherachievabletext entrymaximumcoupled
with the affordancesof the samebutton layout as mobile
phonessuggeststhat the Twiddler hasgreatpotentialas a
replacementtext entrymechanismfor mobilephones.

We presenta longitudinalstudycomparingthe usability of
multi–tapandchordingontheTwiddlerwith tenparticipants.
We gathereddataandevaluatedthe two methodsfor learn-
ability, crossover valuesof performance,and typing rates.
Wediscussthedesignimplicationsfrom thedataanddiscuss
theviability of theTwiddlerasahigh–speedtext inputdevice
for mobilephones.

Figure2: Layouts: multi–tap (left), chording (right)

RELATED WORK

Several studiescomparetext entry techniquesto multi–tap
[9, 18, 1, 5]. Table2 providesa summaryincluding the re-
sultsof this study. Whereit couldbederived,theexperience
columnshowstheapproximatenumberof minutesthenovice
userspenttypingwith thegivenmethodbeforethemaximum
wordsperminutewerecalculated.Studiesthatwerenot lon-
gitudinal in naturebut characterizedsubjectsas“novice” or
“expert” aremarkedaccordingly.

The studypresentedherehasa very similar methodto the
LetterWise[9] andOpti keyboardlayoutstudies[11]. These
works weredesignedto determinethe learningratesof dif-
ferent typing methodsusinglongitudinalstudies.The Opti
studywasdesignedto testdifferentsoftkeyboardlayoutsand
useda within subject2x20factorialdesignof keyboardlay-
out (2) andsession(20). The LetterWise study testedtwo
different input techniquesthat both rely on the 3x4 grid of
a mobile phonekeypad. This study did not usean actual
mobilephonekeypad,optingfor a differentkeypadwith the
samelayout. The studyis alsoa 2x20 factorialdesignem-
ploying a within subjectssessionfactoranda betweensub-
jectstypingmethod.



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 15.5
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 5.5

Table2: Comparisonof text entry ratesfor mobile phone
keypads.

METHOD

Participants

Twelve participantswere recruitedfrom the Institute's stu-
dent body. All of the subjectswere informed of the sig-
ni�cant time commitmentrequiredfor the study and were
compensatedfor their participationcalculatedat the rateof
$1 x WPM x Accuracy over theentiresession,with a mini-
mumof $8persession.Two participantsdroppedout within
8 sessionsdueto time constraints.Of the ten subjectsthat
completedthestudy, eightaremaleandnineright–handed.

Eight of theparticipantsreportedthat they ownedor useda
mobile phoneon a regular basis,and noneof the subjects
haduseda Twiddler beforethis study. We choseonly native
English speakers as our test phraseswere in English. We
alsorecruitedparticipantswithoutlong�ngernails thatmight
have impededtypingspeed.

Equipment and Software

Theexperimentwasconductedin theCollege'susabilitylab-
oratory. This wasa stationarytestwhereparticipantssatat a
computerrunningour testsoftwaredevelopedin Java. The
computerstationswerePentiumIII basedPCs.TheTwiddler
wasattachedto thecomputervia a serialcableandcontinu-
ally sentthestateof all of its buttonsto thecomputerat2400
baud,resultingin a key samplerateof approximately45Hz.
Thesoftwareparsedtheserialstreamastext input.

Thefaceplatesof thethreeTwiddlersusedfor thisstudywere
modi�ed to have labelsfor multi–tap.Labelsareappropriate
sincemulti–tap is designedto be usedwhile the keypad is

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

facingtheuser;however, whenchording,theTwiddler key-
padfacesawayfrom theuser. To preventsubjectsfrom turn-
ing thechordingkeypadto look at thekeys, thechordingla-
belsontheTwiddlerwerecovered.Thelabelsalsoposedan-
otherpotentialproblemdueto left andright mappings.The
testsoftwaredisplayskey pressesto theuserasif theTwid-
dlerwereheldasintended.If they turnedthekeypadaround
for the chordingcondition, the participantswould have to
mirror theimagein their heads.

Design
Theexperimentis a 2 x 20 within–subjectsfactorialdesign.
We presentedthe participantswith two conditions: multi–
tapandchordingduring20 sessionsover thecourseof three
weeks. Sessionswere scheduledMonday through Friday
whereeachsessionwasseparatedby at leasttwo hoursand
no morethantwo days. Eachsessionlastedapproximately
45 minutesandconsistedof two partsdelineatedby typing
condition. Participantswererandomlyassignedto a condi-
tion (balancedacrossparticipants)for the �rst session.This
conditionwastested�rst followedby thesecondcondition.
Theorderof presentationalternatedfrom sessionto session.

Dependingon the conditionundertest,the testingsoftware
presentstheparticipantswith thekey layoutfor eithermulti–
tap or chording(Figure2) andstatisticsof performance.A
phraseis presentedon the screenandbeneaththat the tran-
scriptionthatresultedfrom thesubject's key presses(Figure
3).

Eachhalf sessionbeganwith a warm–upround.Thewarm–
upconsistsof typingthetwo phrases,“abcdefghijkl” “mnop
qrst uvwx yz” twice. During the warm–upphasethe pro-
gramalsohighlightsthecorrectbuttonsto pressto type the
next letter in the phrase. The warm–updatawasnot used
in measuringperformance.Oncethewarm–upphaseended,
thehighlightingwasturnedoff but thekey layoutremained.
The subjectswere instructedto begin typing for the trials,
anddatarecordingbegan.

Eachhalf sessionconsistedof severalblocksof trials. Each
block containedten text phrasesof approximately28 char-



acterseachandwereselectedrandomlyfrom thesetof 500
phrasesdevelopedby MacKenzieandSoukoreff [10]. These
are phrasesspeci�cally designedas representative samples
of the English language. The phrasescontainonly letters
andspaces,andwealteredthephrasesto useonly lowercase
andAmericanEnglishspellings.

The experimentalsoftwarepresentedblocksof phrasesun-
til twentyminuteshadexpired. As participants'typing rates
increasedthroughoutthe study, the numberof blockscom-
pletedalsoincreased.In the �rst session,participantstyped
5 to 8 blockstotalandcompleted12to 21blocksby the�nal
session.

During the�rst andlastsessions,we alsoaskedeachpartic-
ipant to type usinga standarddesktopQWERTY keyboard
for two blocks for a total of 40 phrases.We collectedthis
dataasa baselinetyping ratefor eachparticipant.

Thesoftwarecollectsdataat thelevel of buttonpresses.Ev-
ery key pressand releaseis recordedto a log �le. When
a button is pressedor released,the systemlogs the time–
stamp(obtainedwith Java's System.currentTimeMillis() sys-
tem call), the charactergenerated(if any), and the stateof
all of theTwiddler's buttons.Thecurrenttext entrymethod
is loggedaswell asthephrasespresentedto theparticipant.
With this datawe candeterminewheneachkey waspressed
andreleased,thedurationeachbuttonwasheld,thetimebe-
tweenreleasingone button and pressingthe next, and the
resultingtranscribedtext.

Procedure

Each participantwas given written, verbal, and visual in-
structionsexplaining the task and goal of the experiment.
The researcherexplainedhow to type for both methodson
the Twiddler and demonstratedhow to hold the device for
eachcondition. He alsoexplainedits key layout mimics a
mobile phone,mappingnumberkeys to Twiddler keys. Fi-
nally, heshowedtheparticipantshow to presseachletterof
the alphabetfor bothmethods.For multi–tap,he explained
that the keypadis held facingthe participants.The partici-
pantswereinformedthey couldwait for the timeoutor uti-
lize thekill button,andthey coulduseoneor two index �n-
gers/thumbsto type.For chording,theresearchershowedthe
participantshow to strapthe Twiddler onto their hand. He
alsoshowedhow to presseachkey with thetip of the�nger
andhow to pressmultiple keys simultaneouslyto generate
chords.

Thesoftwareis self–administered(underresearchersupervi-
sion), andparticipantshave uniqueanonymouslog in IDs.
The subjectsare asked to copy a presentedphraseby typ-
ing on theTwiddler keyboard.They areinstructedto typeas
quickly aspossiblewhile minimizing errors. The program
providesstatisticaldataasfeedbackso the participantscan
monitor their progress.In additionto thephraseto betyped
andthestatistics,theprogramalsodisplaysthekeyboardlay-

out for thecurrentmethodfor reference.

Oncestarted,the programinitiates the warm–upphasefor
theappropriatemethod.Oncethefour warm–upphrasesare
typed, the programinstructsthe participantsthat the timed
trials will start next. After eachblock of ten phrasesthe
programpausesto show the participant's statisticsof rate
andaccuracy for thatblock. After 20 minutes,theprogram
shows thestatisticsfor thathalf of thesessionandinstructs
theparticipantto take a � ve-minutebreak. After the break,
theprogramswitchesto thesecondinput method.The par-
ticipantchangesgrip on theTwiddler to becompatiblewith
themethodandthesecondhalf of thesessionproceedslike
the�rst.

RESULTS

Data Summar y

For eachof our tenparticipants,we collectedapproximately
2100transcribedphrases.In total for both conditionsover
all 20sessionsand10userswecollected600,000transcribed
characters.

Text Entr y Speeds and Learning Curves

Themeanentryratesfor sessiononewere8.2wpmfor multi–
tap and4.3 wpm for chording. As sessionscontinued,the
meansimproved and reached19.8 wpm for multi–tap and
26.2 wpm for chordingby session20. While both showed
improvement,theperformancescoresfor thechordingcon-
dition rapidlysurpassedthoseof multi–tap(Figure4).

An analysisof variance(ANOVA) of text entryspeedshows
a maineffect for typing method(F1;9 = 45:2; p < 0:0001)
and for session(F19;171 = 36:8; p < 0:0001). There is
alsoa signi�cant method–by–sessioninteraction(F19;171 =
3:62; p < 0:0001).

Themaineffectof sessionwasexpectedaswasthemethod–
by–sessioninteraction.Theparticipantslearnedto typefaster
over thecourseof the20 sessions.Initially theparticipants
on averagetypedfasterwith multi–tap,but after a few ses-
sionsthedifferenceerodedandby theeighthsessionchord-
ing wasfaster(T9 = 3:1; p < 0:05). Thesigni�canceof the
differencesalsoincreasedasthesessionscontinued.

For eachtyping method,we derived exponentialregression
curvesto modelthepowerlaw of practice(Figure4) [2]. The
equationsfor thecurvesarebelow. Thex valuesarethenum-
berof 20 minutesessionsandthey valuesarethepredicted
ratein wordsperminutefor thatsession.ThecurveshaveR2

valuesof greaterthan98%indicatingthatthecurvesarewell
�tted to the data,accountingfor over 98% of the variance.
As can be seen,multi–tap ratesbegin to plateauwhile the
chordingmethodshowssteadilyincreasingtypingspeeds.

Twiddler: y = 4:8987x0:5781; R2 = 0:9849
Multi–tap: y = 8:2235x0:2950; R2 = 0:9961
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Figure4: Learning ratesand exponentialregressioncurvesfor multi–tap and chording.

Thecrossoverpoint in thecurvesindicateswhereonecondi-
tion'stypingratesurpassestheother. In ourstudy, thechord-
ing methodbeganwith slower speedsbut quickly overcame
multi–tap. The crossover occurredafter the �fth sessionor
after1 hour40minutesof practice.

Per Participant Text Entr y Rates
Becauselearningratesareexponential,we graphedthe text
entry ratesper participantasa log-log plot. Both graphsin
Figure5 show datafor all tensubjectsonapersessionbasis.
The left side of Figure 5 shows the chordingdataand the
right is for multi–tap. Thesteepslopeof chordingindicates
rapidlearning.Theslopesof themulti–tapsessionsaremuch
moreshallow. Thecurvesalsoshow thelargevariancesin the
multi–tapentryrates.
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Figure 5: Log-log plots of learning rates for chording
(left) and multi–tap (right) for eachparticipant.

Figure6 illustratesper userregressionlines that modelper

phrasetypingratesfor thechordingcondition.In our20ses-
sions,eachparticipanttypedapproximately1050phrasesfor
eachcondition.Wehaveextendedtheregressionlinesto pre-
dict what expert ratesmight be achieved. The chordingre-
gressionsareparticularlyinterestingbecauseof theclusters
that appear. It suggeststhat the fastertypists would reach
60 wpm, the rate of our expert, after 10,000phrases(ap-
proximately80sessionsor 27hours)while theslower typists
couldachieve45wpm.
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Figure6: Per participant regressionsfor chording

Error Rates
We usedSoukoreff 'sandMackenzie's total errorratemetric
[16] which combinescorrectedanduncorrectederrors. Our
participantstendednot to correcttheir mistakes,so mostof
theerrorsin thisstudywereleft uncorrected.

Figure7 shows the averagetotal error ratesper sessionfor
bothconditions.Ourerrorratesarecomparableto otherstud-
ies [9], andall of the error ratesare lessthan5% after the



secondsession.The chordingmethoderror ratesstartedat
10.4%but quickly decreased.Webelievethehigh initial rate
is dueto thefactthattheparticipantshadnoexperiencewith
chordingon theTwiddler.
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Figure7: Total error rates for chording and multi–tap.

Exper t Chor ding Rates and Errors
To compareournoviceparticipants'�nal entryrateswith an
expert we testedthe secondauthor, an expert of 10 years
in chordingtext entry. He utilizes his non-dominanthand
in contrastto our study and normally usesmulti-character
chordingshortcutsfor increasedspeed(i.e. 1 chordto type
`the'). Wetestedhim without this featureforcinghim to type
onecharacteratatime. Weconductedthreepracticesessions
to allow him to adjustto theletter–by–lettertyping. By ses-
sionfour his averagetyping ratefor chordingstabilizedand
wasfoundto be59.72wpm. His totalerrorrateswere4.44%.
We alsotestedtheexpertwith MCCsenabled,resultingin a
rateof 65.25wpmandatotalerrorrateof 6.3%.Someerrors
wereintentionalasit wasoftenmoreef�cient to typeachord
andcorrectthelastcharacterthanto typeeachletterone–by–
one. For example,to typetheword “their” thechord“the “
may be followedby backspaceto remove the trailing space
character, resultingin 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 knowledgeand experiencewith multi–tap.
All subjectsreportedowning mobilephonesexceptfor two.
Multi–tap is a commontechnology, and it is hypothesized
thatparticipantsarefamiliar with how it workseven if they
do not useit often. At the very least,the mappingof let-
ters to numberson a phoneis familiar. This might alsobe
a reasonfor multi–tap ratesstartinghigher than chording.
Anotherfactorin multi–tap's initial advantageis thepartici-
pants' lack of experiencewith chording.All reportednever
usingchordingor theTwiddlerbefore.

Another issuewith our multi–tapstudydataare the values
themselves. Our study shows higher typing ratesfor our

participantsthanpreviousstudies.The JamesandReischel
studyfoundmulti–taptypingratesof 8 wpm;ourparticipants
startedclose to this rate (8.2 wpm) but quickly surpassed
it. Onepossibleexplanationfor this increaseis that while
Jamesand Reischel's subjectsmay have beenexperienced
with sendingtext messages,they maynot have hadasmuch
practiceasours.Anotherpossibleexplanationis thekeypad
itself. They useda phonekeypadwhile we useda Twiddler
which haslarger buttonsspacedfartherapart. MacKenzie
et. al alsodid not usea mobile phonekeypad. Their start-
ing rateswerecomparableto ours,but our participants'�-
nal rateswerehigher. Perhapsanexplanationfor this is that
we allowed 2 �nger/thumb entry. Another factor could be
thatour participantshada rapidbasetyping rateonstandard
QWERTY keyboards(Table3).

It wasalsoobservedthatall of our participantstouchtyped
for both methods,looking only at the screennot the key-
pad.Silfverberg examinedtheability to typeonkeypadwith
differenthapticsand found signi�cant effectswith varying
visualattention[13]. PerhapstheTwiddler hasbettertactile
feedbackthanthemobilephoneusedin theJamesandReis-
chelstudy.

Chor ding versus Multi–tap

Aswehaveshown,novicesinitially havefastertypingspeeds
usingmulti–tapcomparedto chording.However, afterprac-
tice, chordingbecomesthefastertyping methodandgreatly
exceedsthemulti–taprates.Furthermore,ourregressionlines
suggestthatthechordingmethodhasa greaterpotentialtyp-
ing rate. With only a little more practice,our participants
havetheability to achievetypingratescomparableto ourex-
pert.

Keystrokesper character(KSPC) is a metric of how many
keys needto be pressedfor a particular typing methodto
generatea character[8]. TheKSPCfor multi–tapis 2.0432
[9]. For chording,only oneor two simultaneouskey presses
are neededto generatea character. Given Soukoreff 's di-
grams[15], this equatesto a KSPCvalueof 1.4764.Fewer
key pressesarerequiredin chordingto generatethesametext
ascomparedto multi–tap,thusallowing for fasterratesusing
thechordingtypingmethod.

Chordingon theTwiddler offersevenfasterpotentialtyping
ratesdueto MCCs. Onechord(1 or moresimultaneouskey
presses)cangeneratemultiple characters.For example,the
word `and' canbetypedletter-by letterwith 4 key presses(1
for `a', 2 for `n', 1 for `d') or 1 chordof 2 simultaneouskey
presseswith the default multi-characterchord (`a' and `h'
keys). Key strokespercharacterchangesfrom 4/3 to 2/3 for
this example. Extensive useof the default MCCs available
with the Twiddler could offer even fastertyping ratesthan
thoseobservedin our study.

As wehaveshown, thesame3X4 keypadcanproducevastly
differenttyping rates.This might bedueto a tradeoff in the



useof spaceversustime. In thestandardQWERTY design,
all lowercasecharactersaredevotedto a separatekey (ded-
icatedspace). The oppositeextremewould be to useone
key to cycle throughall charactersoneat a time. TheTwid-
dler chordingmethodandmulti–tapare two distinct points
in thisdesigndomain.Multi–tapspreads3 or 4 lettersacross
thekeys. Theuserselectsaletterby pressingaparticularkey
severaltimes.Chordingdoesnotutilize atemporalapproach.
The userpressesmultiple keys at approximatelythe same
time to generatecharacters.Soevenif chordingandmulti–
tap hadthe samekeystrokesper charactervalues,chording
wouldbefastersinceit is notdependenton time.

QWERTY as a Baseline Predictor
We utilized thedatacollectedfrom a full sizeddesktopQW-
ERTY keyboardto normalizeeachparticipant's entry rate.
Table 3 shows eachparticipant's QWERTY averagewpm,
theratioof hisor herchordingandmulti–tapratesduringthe
last sessionto his or her QWERTY rate. This tableshows
remarkableconsistency acrossparticipantsdespitethe large
rangein QWERTY speeds.After twentysessions,theaver-
ageratio for chordingis 32.5%(s.d. 3.9),while theaverage
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 31.4 27.2
54.1 41.3 33.3

Table 3: Typing ratesasa functionof QWERTY speed.

Theconsistency betweenparticipantssuggeststhatQWERTY
ratesmight predictchordingandmulti–taprates.Usingour
table, if someonetypes90 WPM on a standardQWERTY
keyboard,our datasuggeststhatafter20 20-minutesessions
shewould typeapproximately29 wpmchording,while only
22 wpm with multi–tap. More dataneedsto becollectedto
con�rm this hypothesis.

Chor ding as Alternative for Text Entr y on Mobile Phones
Both multi–tapandthe Twiddler chordingmethodutilize a
12button3X4keypadin asizeappropriatefor mobilephones.
As we have demonstratedthroughthe datacollectedin this
study, evennovicechordingusersquickly outperformmulti–
taptypingspeeds.Furthermore,datasuggeststhattheTwid-
dler hasgreaterpotentialexpert typing rates. Anecdotally,
thesetyping ratesaresuf�cient for composingemail.

Onecanimagineamobilephonedesignbasedonthecurrent
Twiddler keyboard. A speaker can be placedin the posi-
tion of the “Twiddler” logo in Figure1, anda microphone

at thebaseof thekeyboardunderthe“h” key. Furthermore,
a high resolutiontouchscreencanbe placedon the reverse
sideof the Twiddler wherethe thumbbuttonscurrently re-
side. The thumbbuttons(Control, Shift, NUM, ALT, etc.)
canbe emulatedwith the touchscreenandcould be repro-
grammedasneeded.For messagingor learningto type, the
high resolutionscreencould be usedto displaya graphical
interfacesimilar to that in Figure 3, which would encour-
agegoodtouchtyping andgoodposture.This screencould
alsoserve for moreadvancedfeatures.For example,a cam-
eracouldbemountedin the�at baseof theTwiddler (where
thevelcrostrapattaches),andthescreencouldactasa cam-
corderview�nder.

Besidesincreasedtext entryspeed,thisdesignmayhaveother
bene�ts. For example, the usercould type noteswithout
needingto look at his phone. In our experience,this abil-
ity is key while engagedin conversation[7]. In a presen-
tation at Mobile HCI 2003, Silfverberg [13] observed that
such“blind” typing might be a market differentiaterfor the
teenagepopulationfor exchangingnotesin class. Finally,
theability for theuserto typewith his handat thesidewith
thewrist straightandrelaxedmayhelpalleviatethestressof
somerepetitivestraininjuries.

FUTURE WORK

One potentialareaof future work is to continuethe study
to �nd the sessionnumberin which participants'chording
typing ratesbegin to level off. Givenour regressioncurves,
weexpectto reachtherateof ourexpertafterapproximately
10,000phrases.More datawould beneededto con�rm this.

Anotherpossiblepoint to explore is to includemorepartic-
ipants. This study, with only tenparticipants,showed large
variancesbetweenparticipantsin themulti–taptyping rates.
Perhapsa largersubjectpool might reducethevarianceob-
served. It would also be interestingto look at left versus
right-handedissueswith chordingasthe layout is not sym-
metrical. Furthermore,we couldexplore theeffectsof gen-
der anddifferenthandsizes. More participantswould also
allow us to explore if the typing ratesnormalizedby QW-
ERTY speedsareavalid predictorof performance.

We would alsolike to explore morerealisticusagesettings
of mobile phones.Thesedevicesareutilized while people
are moving aroundin their environment; however, partici-
pantsremainedstationaryduringthetrials. By theendof this
study, almostall of our participantsweretouchtyping with
bothmethodsandonly monitoredtheir progressby looking
at thescreen.A studyexploringblind typing,wheresubjects
have limited or no visual feedback,might morerealistically
simulatemobileusedueto limited visualattention[13]. An-
other studymight be to evaluateparticipants'performance
while in motion. Examiningperformanceof the Twiddler
chordingconditionwhile subjectsaremoving throughtheir
environmentwouldprovidemorepracticaltypingrates.



Thesimplehighlightingusedduringourwarm–upphasecould
be extendedto createa tutorial for typing. For this study,
we allowed only letter–by–letterchords.The Twiddler also
providesseveraldefault multi–characterchords.Examining
how to teachnovicesto usetheseMCCsandstudyingtheir
effectontypingperformancewouldbeinteresting.Likewise,
creatinga tutorial designedto improve an expert's ratesis
anotherinterestingproject. This would requireexamining
potentialinef�ciencies in theexpert'scurrenttypingandcre-
atingsoftwareto optimizetheuser'sperformance.

Finally, we are interestedin creatinga predictive modelof
typing ratesfor theTwiddler chordingmethodandcompar-
ing thepredictionto actualdata.Thiscouldbeusefulfor key
layoutoptimizationandchordcreation.

CONCLUSION
In this paper, we presenteda longitudinalstudycomparing
multi–tapandchordingmethodson a HandyKey Twiddler,
a mobileone–handedkeyboardwith a keypadlayoutsimilar
to a mobile phone. Chordingout–performsmulti–tap typ-
ing speeds,is learnedquickly, andappearsto have a higher
attainablemaximumrate. In addition,thechordingratesre-
portedherearefasterthanthosereportedin studiesonT9 and
LetterWisefor similarlevelsof expertise.With thenumerous
wirelessmessagessentcurrentlyandthe predictedincrease
in wirelessemailusage,theTwiddler'sone–handedchording
text entry methodshouldbe seriouslyconsideredfor future
mobilephonedesigns.
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