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Abstract

In a mobileervironmenttheamountofvisualattentiona
personcandevoteto a computeiis oftenlimited. In addition
totypingrapidlyandaccunately; it isimportantto beableto
entertext with limited visualfeedbak. Previouslywefound
that uses can effectivelytypein sud “blind” conditions
with the Twiddler one—handedkeyboad. In this paperwe
examineblind typing on mini-QWERT Yeyboadsand in-
troducea taxonomyfor blind mobiletext input. We present
a studyin which eightexpertmini-QWERT Yypistspartic-
ipatedin 5 typing sessions Each sessiorconsistsof three
twentyminutetyping conditions. In the r st condition, the
control or “normal” condition,the participanthad full vi-
sual accessto both the keyboard and the display In the
seconccondition,“single blind; we obstructedview of the
keyboar. The nal “double blind” conditionalsoreduced
visual feedbak from the display In contrastto our Twid-
dlerwork,wefoundthatin thevisuallyimpairedconditions,
typing rate and accuracy sufer, never reacding the non—
blind rates.Acrossthe blind mini-QWERT tonditionsour
participantsaveraged 45.8 wpmat 85.6%accuracy, while
blind typing on the Twiddler averaged 47.3wpmat 93.9%
accuracy We discusgheseresultsin the context of our pre-
viousblind typingwork andexaminethetrade—ofsbetween
the different keyboards for mobile and weamable computer
use

1 Intr oduction

Theprimaryconcernwhenenteringtext into acomputer
is the users ability to type quickly and accurately Re-
liably enteringtext into a mobile device suchas a wear
ablecomputemosesseveral additionalchallenges For in-
stancejin a mobile settingthe users attentionmay be fo-
cusedonthe physicalernvironmentinsteadof the computer
The usermay be concernedvith monitoringa pieceof in-

dustrialequipment]ooking atthe groundwhile walking, or
beingengagedn aface—to-AcecorversationIn thesesitu-
ations,a usercannot alwayslook athercomputerandmay
beforcedinto situationsvheresheneeddo entertext with-
outbeingableto seeeitherherdisplayor the keyboardshe
is using. Silfverbeg describeddataentryin thesetypesof
situationsas“blind” typing [9].

1.1 Blind Typing Scenario

The following scenarioof a wearablecomputeruseril-
lustratesthe importanceof blind typing in everydayof ce
ervironmenttasks:

It is 07:30 Monday morning and Danais sitting at the
deskin her of ce catchingup on email that had comein
over the weelend. Danalovesto getinto the of ce early
on Mondaysasit giveshertime to attendto her work be-
fore herco-workersarrive to distracther. Sheis awearable
computeruserandis checkingemailon herwearable.She
hasa mini-QWERTY keyboardfor input andusesa head—
up display for output. Alone, sheis ableto focusall her
attentionon readingandrespondingo email. In doing so,
shealternatinglyreadsan emailandthenfocusesheratten-
tion on her handswhich enablesher to optimize the text
entryprocess.

At 09:30Danaattendsa meetingusingherwearableps-
tensibly to take notes. While sitting in the meeting, she
startsinstant messaginga co—worker openingup a back
channeto gossipaboutthe manleadingthe meetingandto
discussaventsof the pastweelend. As it would besocially
unacceptabléor Danato appearasif shewerenot paying
attentionto the meeting,all of her typing occurswith her
handsunderthe conferenceablewhereno one,including
herself,canseethatsheis busytyping. Thisway sheis able
to chatwith herco-workerandappeato be payingattention
to themeetingatthe sametime.

The meetingendsat 10:30 and Danausesthe time it
takesto walk backto her of ce to take noteson the im-



portantpointsfrom the meeting. In this situation,shestill
cannot seeherkeyboardand,dueto thefactthatsheis in
motion,cannotfocuson herdisplayeither Shecanperiph-
erally seewhat sheis typing but doesnot readwhat sheis
writing becausesheneedsto attendto the ervironmentin
orderto navigate.

This scenariarepresentshreedifferentmobile usecon-
ditions with limited visual feedbackof both the on-screen
displayaswell asthe keyboard. In the rst situation,the
useris notin motion thoughsheis usinga mobile device.
Sincesheis aloneandstationaryshehasfull visualaccess
to boththe display(enablingherto seewhatsheis typing)
aswell asthe keyboard(enablingher a view of herhands
asshetypes). Oncethe usermovesinto the meeting,the
socialsituationdictatesthat sheno longerlook at the key-
board.However, usingthe head—updisplay sheretainsthe
ability to readthe text asit is entered.Finally, the useris
wearingher computerandis in motion. Shecannot see
herhandsandsheneedshervisualfacultiesto navigateher
ervironment.As aresult,shereceivesreducedvisual feed-
backfrom thedisplayandcannotreadthetext asit is typed.
Insteadsheis only ableto percevethecursorandcharacter
movementin herperipheralision. Furthermoreshelikely
only glancesasthe displayin shortburstswhile her atten-
tion is focusedon the environment[8].

In this paper we discusgpastwork on blind mobile text
entry andpresenta taxonomyof blind typing. We alsoin-
vestigatethe effects of limiting both the visibility of the
keyboardandVvisibility of the on—screerfeedbackfor par
ticipantstyping on mini-QWERTY keyboardgFigurel).

2 Mobile Keyboards

Thereare numerousmobile keyboardoptionsavailable
for enteringtext. Giventhetremendousumberof mobile
phoneusers,one of the most prevalenttext entry devices
is the mobile phonekeypad. Thetwo mostpopularwaysto
entertext onmobilephonesarewith multi-tapandT9. With
multi—tap,multiple lettersaremappedontoa singlekey on
thenumberpad. To typeacharactertheusercyclesthrough
thelettersassignedo a key by pressinghe button multiple
times. Multi—tap usersstarttyping at approximately8 wpm
[1, 3] with experiencedusersreachingspeedsn the 16—20
wpm range[6, 5. T9 is anothercommonmobile phone
entry methodwhich also hasmultiple charactersassigned
to eachkey. It usesa dictionaryto disambiguateandselect
themostlikely word the userenters.T9 ratesrangefrom 9
wpmfor novicesto 21 wpm for experts[3].

Recentlyseveral new methodshave beendevelopedfor
enteringtext on mobile phonekeypadsincluding Letter
Wise[6], TiltText [11], andChordTap[12]. Thesemethods
offer novice performancesimilar to multi—tap (7.3 wpm,
7.4 wpm and 8.5 wpm respectiely). In addition, eachof
thesemethodsoffersfasterexperttyping rates.LetterWise

Figure 1. The mini-QWER TY keyboar ds used in the study.

usersachiezeda rateof 21.0wpm afterapproximately550
minutesof practice. TiltText usersreachedl3.6 wpm and
ChordTap16.1wpmwith aboutl60minutesof typing prac-
tice.

2.1 Twiddler Keyboard

Many wearablecomputeruserstype with the HandyKey
Twiddler, a mobile one—handedthording keyboard with
a keypad similar to that of a mobile phone (Figure 2).
The Twiddler hastwelve keys arrangedn a grid of three
columnsandfour rows. Thedevice is heldwith the keypad
facingaway from the user andeachrow of keysis operated
by oneof the users four ngers. Insteadof only pressing
keysin sequencéo producea characteaswith traditional
keyboardsmultiple keys canbe pressedsimultaneouslyo
generate chord.

Previously, we evaluatedthe learningratefor chording
on the Twiddler [5, 4]. We conducteda longitudinal study
with ve participantavho hadno experiencetyping chords
onthe Twiddler. By theendof the study eachof our partic-
ipantscompletedan averageof 75 session®f twenty min-
utescorrespondindgo approximately25 total hoursof prac-
tice. On average,our participantsreacheda typing rate of
47 wpmwith onesubjectachiesing arateof 67.1wpm.



Figure 2. The Twiddler one—handed chording keyboar d
shown in typing position where the keypad faces away
from the user.

Keyboard Expert
Mini-QWERTY 60wpm
Chording(Twiddler) 47 wpm
Multi—-tap & T9 16-21wpm

Table 1. Expert typing rates for diff erent keyboar ds.

2.2 Mini-QWERTY Keyboards

We have also empirically evaluated typing rates of
novice mini-QWERTY keyboardusers.A mini-QWERTY
keyboard(Figurel) is aminiatureversionof thetraditional
desktopQWERTY keyboard.Thesekeyboardsarepopular
on devicessuchasResearchin Motion's Blackberry Dan-
ger's Sidekick,andpalmOnes Treo 600series.

We recruited14 subjectsand randomly assignedhem
to one of two differentmini-QWERTY keyboardsto use
throughoutthe study The keyboardswereselectedor the
experimentto examinetwo different points in the mini—
QWERTY designspace The Targushaslargerkeys aswell
aslargerinter—key spacinghanthe Dell. Participantscom-
pleted 20 twenty-minutetyping sessions. Averagedover
bothkeyboardswe found participantshadameanrst ses-
siontyping rateof 31.72wpm. At theendof sessiontwenty
(400 minutesof typing) our participantshada meantyping
rateof 60.03wpm. The averageaccurag ratefor session
onewas93.88%an graduallydecreasedtb 91.68%by ses-
siontwenty;.

Tablel summarizeshetyping ratesfor thesekeyboards
for expertuse.Givenour participantsability to typerapidly
on both the Twiddler and mini-QWERTY keyboards,we
wantedto evaluatethemon otherfactorsrelevantto mobile
text entry, in particularblind typing.

3 A Taxonomyfor Blind Mobile Text Input

To varying degrees, previous typing studieshave ex-
ploreddifferentaspectsf blind typing. Here,we present

a taxonomyof blind conditionsanddescribehow the pre-
viouswork andour currentstudy t within this taxonomy
The outputof the computerdisplayshawving the text being
entereds called“on-screerfeedback’andit is subdiided
into threecateyories:presentjimited, andabsentWe have
namedthe feedbackobtainedby looking at the input de-
vice “keyboardvisibility” andit sharegshe samethreecat-
egories.Table2 shows the taxonomypopulatedwith previ-
ouswork aswell asthe conditionsfor our mini-QWERTY
study

Silfverbeg examinedtheeffectof visualandtactilefeed-
backon a users ability to successfullynavigate a mobile
phonekeypad[9]. The 2 x 3 study exploredthe physical
affordancesf two differentphonekeypadlayoutsin three
conditionsof varyingvisibility (directvisual feedbackjn-
direct visual feedbackand no visual feedback). In the di-
rectvisualfeedbackcondition,the participantcould seethe
phoneand receve feedbackfrom the display (on—screen
feedbackand keyboard visibility is present). In Silfver-
bemy'sindirectvisualfeedbackcondition,thesubjectplaced
her handholding the phoneunderthe deskoccludingvisi-
bility of the phonekeypad. After pressinga key, shere-
ceivedvisualfeedbackon the displayindicatingwhich key
had beenpressedon-screerfeedbackpresent,keyboard
visibility absent). The no visual feedbackcondition mir-
roredtheindirectvisual feedbackconditionexceptthatthe
feedbackfrom the display was removed (on—screerfeed-
back and keyboardVvisibility absent). Silfverbeg's study
foundthatlimited visualfeedbackcombinedwith low tac-
tile feedbackindersausersaverageerrorrate;ontheother
hand,goodtactile feedbackresultsin a smallerdecreasén
accurag.

In our previous Twiddler work, we alsoexaminedblind
typing [4]. As the naturalhandpositionfor the Twiddler
is with the keys facingaway from the user(Figure 2), we
only evaluatedthe effect of changingthe on—screerfeed-
backacrossconditions. The blind studywasa 3 x 5 de-
signwith 3 conditiong(normalfeedbackdotsfeedbackand
blind) over5 sessionsf typing whereeachconditionlasted
15 minutes. The normalfeedbackconditiondisplayedthe
text asit wastyped(on-screerieedbaclkpresentkeyboard
visibility limited). For our dots condition, we displayed
periodsfor eachcharactettypedinsteadof the transcribed
text. Thus, participantsseetheir positionin the supplied
phrasebut not speci cally whatthey type (on—screerieed-
back limited, keyboardvisibility limited). This condition
wasdesignedo simulatemonitoringtext typedwithout be-
ing ableto actually readthe letterssuchasin the mobile
scenariodiscussedibove. Finally, our blind conditiondid
not shawv ary on—screerindicationof whatwastyped(on—
screenfeedbackabsent keyboardvisibility limited). For
boththedotsandblind conditions participantsvereshovn
their transcribedext anderror statisticswhenthey pressed



Blind On-screeffieedback

Typing present limited absent

Keyboardvisibility || Mini-QWERTY Normal Desktophunt-and-peck

present Silfverbeg Direct Visual Feedback

Keyboardvisibility || Twiddler Normal Twiddler Dots Twiddler Blind

limited

Keyboardvisibility || Mini-QWERTY Blind Mini-QWERTY DoubleBlind | Silfverbeg

absent Silfverbeg IndirectVisual Feedback| No Visual Feedback|
Desktoptouch-typing

Table 2. Taxonom y of diff erent blind typing conditions.

enterattheendof aphrase.

Theresultsof the blind Twiddler studyare summarized
in Table3. In contrasto Silfverbeg'smobilephoneresults,
we foundthatchanginghevisualfeedbackn the Twiddler
experimentdid nothindertheparticipantsn theirtyping. In
somecasedyping improved with the reducedvisual feed-
back.Wheneerthereis astatisticallysigni cant difference
betweennormal typing and one of the reducedfeedback
conditions, the reducedfeedbackcondition shovs an im-
proved typing or accurag rate. One possibleexplanation
for this effectis thatsubjectsareoperatingwith open—loop
motorcontrolin the blind conditions.Whenthereis visual
feedbackthe userswitchesto a closed—loopnodeandin-
corporateshevisualfeedbackinto hertyping processthus
requiringslightly moretime.

In the currentstudy on mini-QWERTY keyboards,we
investigatethe effectsof limiting both visibility of the de-
vice and visibility of the display on a subjects ability to
quickly andaccuratelyentertext. Following on our previ-
ouslongitudinalstudyof novice mini-QWERTY keyboard
use[2], ournew studyhaseightexpertmini-QWERTY typ-
istswho typein conditionsof limited visibility both of the
keyboardandthe display In the rst condition,the “nor-
mal” condition, the subjecthasfull visual accesgo both
the keyboardandthe display (on-screerfeedbackpresent,
keyboardvisibility present)asshavn in Figures3 and5.
The secondcondition, “single blind,” obstructsthe view
of the keyboardbut presentghe visual feedbacknormally
(on-screerfeedbackpresentkeyboardvisibility absentias
shawvn in Figures4 and5. The nal condition, “double
blind,” not only obstructghe view of the keyboardbut also
reducedvisual feedbackirom the display (on-screerfeed-
backlimited, keyboardvisibility absent)asshavn in Fig-
ures4 and6.

4 Method
4.1 Designand Procedure

Our methodis similar to our pastwork on text entry
[2, 5, 4]. Thestudyis structuredasa 3 x 5 within subjects
factorialdesign.We presentedhe participantshreecondi-

Typing Rateg(wpm)
Participant 1 2 3 4 5
Normal 51.8| 37.6| 64.2| 36.2| 41.8
Dots 51.7| 375| 67.2| 36.0| 43.1
Blind 53.7| 37.5| 67.7| 36.6 | 41.7
Accurag (%)
Participant 1 2 3 4 5
Normal 944|944 93.0| 90.2 | 934
Dots 95.2] 95.0| 94.3| 90.7 | 94.2
Blind 95.0] 954 94.1| 91.1| 94.6

Table 3. Per participant typing and accuracy rates for the
three blind Twiddler conditions [4]. Bold indicates a sta-
tisticall y signi cant difference at the 0.05 level between
that condition and the normal condition for that user.

tions (normal,blind anddoubleblind) during ve sessions
which lastedapproximately75 minuteseach.The sessions
were separatedby at leasttwo hoursandby no morethan
two daysand scheduledover the courseof 9 days. Each
sessionwassplit into threepartsdelineateddy typing con-
dition and separatedy ve minute breaks. The order of
conditionswasrandomizedacrossparticipants. Similar to
our previouswork, participantsverecompensatei0.125x
WPM x Accurag, with a$4 minimumpercondition.

We recruited 8 subjects from our previous mini—
QWERTY keyboardstudy[2]. All participantsareconsid-
eredexpertmini-QWERTY typistshaving completed600
minutesof training prior to beginningthe blind study 400
minutesof trainingcamefrom participatingin our previous
studyand, asour blind studywas conductedafter a delay
of threemonths,200 minutesof training were conducted
just prior to the currentstudyto ensureexpertise. By the
end of eachtraining stagethe learningrateshad dropped
to minimal levelsindicating our participantswere experts.
Our subjectsrangedin agesl18-24. Four participantswere
female four male,andall wereright—-handed.

Beforethe rst sessioneachparticipantvasgivenverbal
instructionsexplainingthetaskandgoalsof theexperiment.



Figure 3. Experimental con guration for normal condition
where the user can see the keyboar d while typing (keyboard
visibility present).

Figure 5. The experimental software showing visual feed-
back in the normal and blind conditions (on-screen feed-
back present).

Theresearchealsodescribedhethreedifferenttyping con-
ditionsbeingtested.Thesubjectsvereinstructedo typeas
quickly andaccuratelyaspossibleandto useonly theirtwo
thumbsto entertext.

Eachconditionbeganwith awarm—uproundwhich con-
sistedof the phrasesabcdefghijkl mnop”and“qrst uvwx
yz" repeatedwice. Thewarm-upphasewvasnot countedn
the statistics. The remainderof the condition consistedof
a numberof trial blocks, containingten randomlyselected
phrases Eachparticipantcompletedasmary blocksashe
or shecouldin thetwentyminuteperiod.

4.2 Equipment and Software

We continuedto usethetwo mini-QWERTY keyboards
from our previouswork shovnin Figurel. The rst is man-
ufacturedby Dell (for the Dell Axim) andthe otheris by

Figure 4. Experimental con guration for blind and doub le
blind condition where the user's hands are held under the
desk while typing (keyboar d visibility absent).

Figure 6. The experimental software showing visual feed-
back in the double blind condition (on—screen feedback
limited).

Targus (for the Palm m505). We modi ed eachkeyboard
to connectto a standarddesktopcomputerserialport. The
Dell andTamguskeyboardgransmitat 4800and9600baud,
respectiely. The studyoccurredin our usability lab with
eachof thetwo keyboardsconnectedo a separatdentium
[l workstation.

We employedthe Twidor software packaggusedin our
seriesof studieson the Twiddler chordingkeyboard),and
adaptedt to accepidatafrom our modi ed keyboards.The
softwareis self-administerednderresearchesupervision.
It usesthe MacKenzieand Souloreff phraseset, a set of
500phrasesepresentatie of the Englishlanguagd7]. The
phrasesrangefrom 16 to 43 characterswith an average
length of 28 characters. The phraseset was modi ed to
useonly AmericanEnglishspellingsanddisplayonly lower
casdettersandspacegno punctuatioror capitalization).



Dependingon the conditionundertest,the softwarehas
two differentvisualizationmodes.For thenormalandblind
conditions,the programdisplaysthe transcribedtext asit
is entered(Figure5). For the doubleblind condition, the
softwaredoesnot shaw this feedback.Instead,only a cur-
sor moves acrossthe screenwith no characterslisplayed
asthe usertypes(Figure 6). The test software also pro-
vided statisticalfeedbackto the participant. We shawv the
typing rate,measuredn wordsper minute (WPM) andthe
accurag (ACC) for themostrecentsentenceéypedandthe
currentsessioraverage.

5 Results

The8 participantsyped13,920sentenceacrossall ses-
sions. Sessionstatisticsare weightedby the number of
charactersn eachsentenceanderrorrateswerecalculated
using Souloreff and MacKenzies total error metric which
combinesorrectecanduncorrectecerrors[10].

In bothvisuallyimpairedconditions typing ratesuffered
considerablyFigure7, left). In the rst sessionananaly-
sis of variance(ANOVA) shaows that thereis a statistical
differencebetweenconditions(p < 0:001). A post—hoc
analysisshaws thereis not a statisticaldifferencebetween
theblind andthe doubleblind conditions(p = 0:475) while
thereis a differencebetweenthe normalconditionandthe
two blind conditions(p, < 0:001andpg, < 0:001). The
normaltyping rate (M, = 5577 wpm, SD, = 6:32) is
approximatelythe samecomparedo our previous experi-
ment. In contrast,the typing ratesdroppedfor both blind
conditions. The blind typing rate startedat M, = 36:74
wpm (SDyp = 10:49) for the rst sessionandthe double
blind typing ratewasM g, = 40:15wpm (SD gy = 7:92).

At the endof theour fth sessionthe blind typing rate
increasedo My = 45:03wpm (SDy, = 5:10) andthedou-
ble blind rateto M g» = 46:66 wpm (SD g, = 3:52). As ex-
pectedor expertusagethenormalconditiondid notshav a
correspondingncreasgM,, = 57:.04wpm,SD,, = 4:98).
While the blind ratesincreasedthey are still statistically
differentfrom the normal condition (p, < 0:001, pgp <
0:001). This performancalroprepresenta decreasef 11
wpmwhich is approximately20% of normaltyping speed.

The trendsseenin the typing ratesare alsoapparenin
the accurag data(Figure 7, right). Typing accurag was
drasticallyreducedwith theintroductionof theblind condi-
tionsandgraduallyimprovedwith time. An ANOVA shaws
statisticaldifferencebetweenconditions(p < 0:001). A
post-hocanalysisstill portraysno statisticaldifferencebe-
tweentheaccurag ratesfor theblind anddoubleblind con-
ditions (p = 0:543) thoughthereremainsa differencebe-
tweenthe normal condition and the two blind conditions
(pp < 0:001 andpg, < 0:001). After the initial ses-
sion,theaccurag ratefor thenormalconditionwasM , =
93:3% (SD, = 3:88%) while blind wasM, = 81:0%

(SDy, = 5:76%) andthe doubleblind wasM g, = 78:9%
(SDdb = 7:59%)).

Examining the accurag ratesat the end of the nal
sessiorshaws thatthe blind typing conditionaccurag in-
creasedto M, = 857% (SD, = 6:82%) and double
blind to Mg, = 855% (SDgp, = 4:92%). Again, the
normal condition did not shav a correspondingncrease
(M, = 936%, SD,, = 2:61%). While the blind accuray
ratesincreasedsimilar to thetyping rates they arestill sta-
tistically differentfrom the normalcondition(p, < 0:008,
Pdp < 0:002).

It is worth noting the amountof testing that the par
ticipantsreceve in the normal conditionwas not equalto
the time spentin the blind conditionsfor this experiment.
Therewasnot a statisticallysigni cant differencebetween
the blind andthe doubleblind conditions,andthereforethe
differencein the on—screerfeedbackwas not signi cant.
As a result,the two conditionscan be viewed as a single
keyboardabsentcondition when evaluatingtyping perfor
mancefrom alearningperspectie. In effect, the two blind
conditionsgive participants40 minutesof limited keyboard
visibility practicepersession.Thereforethe blind datafor
the fth sessiordonotstrictly represent vetyping sessions
of 20 minutes but insteadatotal of 200 minutesof practice
in thekeyboardvisibility absentondition.

6 Discussion

On thewhole, the mini-QWERTY keyboarddatashov
thattheparticipantsn theblind conditionsinitially decrease
in performanceandslowly recover. This effectmirror's Sil-
fverbep's resultsbut contrastswith our pastwork on the
Twiddler in whichtherewasno dropin performanceavhen
transitioningto limited visualfeedbackconditions.

The consistenperformancef the Twiddleris partly ex-
plainedby the way the Twiddler is held. The Twiddler is
held with the keypadfacingaway from the user(Figure2)

. As aresulttypistslearnto touchtype with minimal re-
lianceonbeingableto view thekeys. In contrastour mini—
QWERTY participantdearnedto type while looking at the
keyboard.We obsenedanecdotallythatwhile typingin the
normal condition, subjectswould reada phrasedisplayed
onthemonitor, look down atthe keyboard typethephrase,
pressenterto submitthe phraseandlook backat the mon-
itor to readthe next phrase. This patternof behaior was
nolongervalid uponintroductionof theblind typing condi-
tionsto our expertmini-QWERTY users.Typing with lim-
ited visibility of thekeyboardintroduceda new taskwhich,
in effect, returnedour expertsto a novice stateasillustrated
by theinitial decreasén typing rateandaccurag obsened
in the rst sessionAs they proceededhroughthe sessions,
they graduallyrelearnechow to type andtheir performance
improved. While the performancalid reboundjt is impor-
tantto reiteratethatnoneof our subjectswvereableto meet
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Figure 7. Mean typing rates (left) and accurac y (right) with +/- one standar d deviation for the three conditions averaged across

keyboar ds.

or exceedtheir normaltyping rateor accurag while typing
in ablind condition.

To explore the possibleeffect of additionalpracticeon
the recovery of performancewe conducteda pilot study
with a single participant. The participanttypedfor an ad-
ditional threesessionsn the blind anddoubleblind condi-
tions. While hertyping rateremainedconsistentheraccu-
ragy continuedto improve. After the rst sessionthe pilot
subjects datawere 65.38 wpm at 93.8% accuray in the
normalcondition,31 wpm at 79.2%in the blind condition
and47.13wpm at 80.9%in the doubleblind condition. At
theendof the eighthsessionthis subjecttyped64.11wpm
with 94.1%accuray in the normalcondition,48.2wpm at
92.3%accuray in the blind conditionand52.69wpm at
90.6%accurag in the doubleblind condition. While we
have to be carefulin generalizinghis data,the pilot shovs
thatadditionalpracticeresultsin anincreaseof both speed
andaccuray. However for this participant,only the accu-
racy measureappeargo recoverto the normalrateandthe
blind typing speeds still slower.

We uncovered an interestingphenomenorduring our
blind typing work which we have labeledthe Skywaller
effect The Skywaller effect is the inversecorrelationof
typing ratesandvisual feedback.In conditionswhereon—
screerfeedbackis presentparticipantscould seethe mis-
takes they madeas they were typing andin turn slowed
down, typed more cautiously andthoughtmore aboutthe
text they wereinputting. Whenunableto seethe resultsof
key pressesin thewordsof oneof our participants:“| re-
laxed,trustedthat| knew whatto do, andjustdid aswell as
| could. | wasnt trippedup by seeingall of my mistales’
The Twiddler datafrom our previouswork shavs a similar
effect. Whentherewasa statisticaldifferencefrom the con-
trol condition, participantseither increasedyping rate or
accurag whenwe reducedthe on—screervisual feedback
(Table3).

Anotherimportantissuewith our studyon blind mini—
QWERTY typing relatesto our experimentalsetup. With
our study the participantgypedin sustainegessiongain-
ing practicewith blind typing. This scenariomay not be
representatie of realworld conditionswhereit is unlikely
thatusers would have multiple sustainedsession®f prac-
ticewith limited visualfeedbackInstead mostof theusers
experiencen blind situationswould likely be shortandin-
termittentwhile trying to accomplishsomeother primary
task similar to our scenariodescribedin the introduction
wherea useris typing messageduringa meeting.

Given enoughpractice,userscantype both quickly and
accuratelyon mini-QWERTY andTwiddler keyboardsand
both devices are superiorto mobile phonekeypadswhen
it comesto text entry. However the choicebetweenthese
keyboardss not straightforward aseachoffer differentad-
vantagesainddisadwantagegor mobile andwearablecom-
puting. For example the Twiddler requiredearninghow to
type on a new device andtakespracticebeforea usercan
type quickly and accuratelyenoughto usethe device asa
primaryform of mobiletext input. Corversely while mini—
QWERTY keyboardsare relatively easierto learn, blind
typingandaccurag ratessuffer greatlyin comparisorio the
Twiddler. Therelativedropin performanceouldbecritical
andmaylimit usefor mary mobile situations.Anotherfac-
tor which couldlimit mobile useis the two—handechature
of themini-QWERTY keyboards.Selectingbetweerthese
two keyboarddnvolvesweighingtherelative costsandben-
e ts they offer.

7 Future Work

Text entry speedaccurag, andblind typing ability are
only afew of thefactorsthatin uence thechoiceof mobile
text entry device for a wearablecomputingsystem. There
aremary otherfactorsthatin uence thedecisionaswell in-
cludingone—handeds. two—handedise,size,ergonomics,



etc. Onekey areaof future work is to evaluatesomeof
theseissues. In particularwe are interestedn evaluating
the costsassociatedvith one—handeds. two—handedn-
put. In mobile situations,andwith wearablesn particulay
theuseris ofteninteractingwith theworld usingherhands.
It would be usefulto quantify the relative costsassociated
with occasionallyequiringtheuseof aseconchandfor text
entry Thisleadsmorebroadlyto testingthesedevicesin a
mobile ervironmentwhich could potentiallyuncover other
unknawn factorsthatcouldin uence mobiletext entry.

It might alsobe usefulto continuethe study aswe did
with our pilot describedabove. At leastfor that one par
ticipant, additionalpracticeallowed herto improve her ac-
curag. It would be interestingto seeif this effect holds
in general. Sucha study could alsobe usedasa platform
to morethoroughlyexplorethetradeof betweerspeedand
accurag for differentmobile situations.

8 Conclusion

Both the Twiddler and mini-QWERTY keyboardsof-
fer rapid mobile text entry (47 and 60 wpm respectiely).
Mini-QWERTY keyboardsoffer the further advantageof
being very fastto learn assumingthe userknows how to
type on a desktopQWERTY keyboard. However, our cur
rent study shows that mini-QWERTYs may not be com-
pletely suitablefor all mobile text entry situations.In par
ticular, we found that eliminatingan experttypist's ability
to seeherhanddrasticallyreducesothhertyping rateand
accuray. This effectis in directcontrasto blind typing on
the Twiddler, wherethereis no decrease With additional
practice,blind mini-QWERTY typing ratesand accuray
slowly recover; however, they neverreachtheratesobtained
whenthekeyboardis fully visible. Acrossthe blind mini—
QWERTY conditionsour participantsaveraged45.8wpm
at 85.6%accuray, while blind typing on the Twiddler av-
eraged47.3wpm at 93.9%accurag. As aresult,selecting
a keyboardfor mobile or wearablecomputeruserequires
carefulconsideratiorof learningtime, typing ratesandac-
curag, andtheimportanceof blind typing.
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