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Abstract

In a mobileenvironment,theamountof visualattentiona
personcandevotetoa computerisoftenlimited. In addition
to typingrapidlyandaccurately, it is importantto beableto
entertext with limitedvisualfeedback. Previouslywefound
that users can effectivelytype in such “blind” conditions
with the Twiddler one–handedkeyboard. In this paperwe
examineblind typingon mini–QWERTYkeyboardsand in-
troducea taxonomyfor blind mobiletext input. We present
a studyin which eightexpertmini–QWERTYtypistspartic-
ipatedin 5 typingsessions.Each sessionconsistsof three
twentyminutetypingconditions.In the �r st condition,the
control or “normal” condition,theparticipanthad full vi-
sual accessto both the keyboard and the display. In the
secondcondition,“single blind,” weobstructedview of the
keyboard. The�nal “double blind” conditionalsoreduced
visual feedback from the display. In contrast to our Twid-
dlerwork,wefoundthatin thevisuallyimpairedconditions,
typing rate and accuracy suffer, never reaching the non–
blind rates.Acrosstheblind mini–QWERTYconditionsour
participantsaveraged45.8wpmat 85.6%accuracy, while
blind typingon theTwiddler averaged47.3wpmat 93.9%
accuracy. Wediscusstheseresultsin thecontext of our pre-
viousblind typingworkandexaminethetrade–offsbetween
the different keyboards for mobileand wearable computer
use.

1 Intr oduction
Theprimaryconcernwhenenteringtext into acomputer

is the user's ability to type quickly and accurately. Re-
liably enteringtext into a mobile device suchas a wear-
ablecomputerposesseveraladditionalchallenges.For in-
stance,in a mobile settingthe user's attentionmay be fo-
cusedon thephysicalenvironmentinsteadof thecomputer.
Theusermaybeconcernedwith monitoringa pieceof in-

dustrialequipment,lookingat thegroundwhile walking,or
beingengagedin aface–to–faceconversation.In thesesitu-
ations,a usercannotalwayslook at hercomputerandmay
beforcedinto situationswheresheneedsto entertext with-
out beingableto seeeitherherdisplayor thekeyboardshe
is using. Silfverberg describeddataentry in thesetypesof
situationsas“blind” typing [9].

1.1 Blind Typing Scenario
The following scenarioof a wearablecomputeruseril-

lustratesthe importanceof blind typing in everydayof�ce
environmenttasks:

It is 07:30MondaymorningandDanais sitting at the
deskin her of�ce catchingup on email that hadcomein
over the weekend. Danalovesto get into the of�ce early
on Mondaysasit givesher time to attendto her work be-
fore herco-workersarrive to distracther. Sheis a wearable
computeruserandis checkingemailon herwearable.She
hasa mini-QWERTY keyboardfor input andusesa head–
up display for output. Alone, sheis able to focusall her
attentionon readingandrespondingto email. In doingso,
shealternatinglyreadsanemailandthenfocusesheratten-
tion on her handswhich enablesher to optimize the text
entryprocess.

At 09:30Danaattendsameetingusingherwearable,os-
tensibly to take notes. While sitting in the meeting,she
startsinstant messaginga co–worker openingup a back
channelto gossipaboutthemanleadingthemeetingandto
discusseventsof thepastweekend.As it would besocially
unacceptablefor Danato appearasif shewerenot paying
attentionto the meeting,all of her typing occurswith her
handsunderthe conferencetablewhereno one,including
herself,canseethatsheis busytyping. Thiswaysheis able
to chatwith herco-workerandappearto bepayingattention
to themeetingat thesametime.

The meetingendsat 10:30 and Danausesthe time it
takes to walk back to her of�ce to take noteson the im-



portantpointsfrom themeeting. In this situation,shestill
cannot seeherkeyboardand,dueto the fact thatsheis in
motion,cannot focusonherdisplayeither. Shecanperiph-
erally seewhatsheis typing but doesnot readwhatsheis
writing becausesheneedsto attendto the environmentin
orderto navigate.

This scenariorepresentsthreedifferentmobileusecon-
ditions with limited visual feedbackof both the on-screen
displayaswell as the keyboard. In the �rst situation,the
useris not in motion thoughsheis usinga mobile device.
Sincesheis aloneandstationary, shehasfull visualaccess
to boththedisplay(enablingherto seewhatsheis typing)
aswell asthe keyboard(enablingher a view of her hands
asshetypes). Oncethe usermovesinto the meeting,the
socialsituationdictatesthat sheno longerlook at thekey-
board.However, usingthehead–updisplay, sheretainsthe
ability to readthe text asit is entered.Finally, the useris
wearingher computerand is in motion. Shecan not see
herhandsandsheneedshervisualfacultiesto navigateher
environment.As a result,shereceivesreducedvisual feed-
backfrom thedisplayandcannotreadthetext asit is typed.
Instead,sheis only ableto perceivethecursorandcharacter
movementin herperipheralvision. Furthermore,shelikely
only glancesasthedisplayin shortburstswhile heratten-
tion is focusedon theenvironment[8].

In this paper, we discusspastwork on blind mobile text
entryandpresenta taxonomyof blind typing. We alsoin-
vestigatethe effects of limiting both the visibility of the
keyboardandvisibility of the on–screenfeedbackfor par-
ticipantstypingonmini-QWERTY keyboards(Figure1).

2 Mobile Keyboards
Therearenumerousmobile keyboardoptionsavailable

for enteringtext. Given the tremendousnumberof mobile
phoneusers,one of the most prevalent text entry devices
is themobilephonekeypad.Thetwo mostpopularwaysto
entertext onmobilephonesarewith multi–tapandT9. With
multi–tap,multiple lettersaremappedontoa singlekey on
thenumberpad.To typeacharacter, theusercyclesthrough
thelettersassignedto a key by pressingthebuttonmultiple
times.Multi–tapusersstarttypingat approximately8 wpm
[1, 3] with experiencedusersreachingspeedsin the16–20
wpm range[6, 5]. T9 is anothercommonmobile phone
entry methodwhich alsohasmultiple charactersassigned
to eachkey. It usesa dictionaryto disambiguateandselect
themostlikely word theuserenters.T9 ratesrangefrom 9
wpmfor novicesto 21wpmfor experts[3].

Recentlyseveralnew 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 and8.5 wpm respectively). In addition,eachof
thesemethodsoffersfasterexpert typing rates.LetterWise

Figure 1. The mini–QWER TY keyboar ds used in the stud y.

usersachieveda rateof 21.0wpm afterapproximately550
minutesof practice. TiltText usersreached13.6wpm and
ChordTap16.1wpmwith about160minutesof typingprac-
tice.

2.1 Twiddler Keyboard

Many wearablecomputeruserstypewith theHandyKey
Twiddler, a mobile one–handedchording keyboard with
a keypad similar to that of a mobile phone (Figure 2).
The Twiddler hastwelve keys arrangedin a grid of three
columnsandfour rows. Thedevice is heldwith thekeypad
facingawayfrom theuser, andeachrow of keysis operated
by oneof the user's four �ngers. Insteadof only pressing
keys in sequenceto producea characteraswith traditional
keyboards,multiple keys canbepressedsimultaneouslyto
generateachord.

Previously, we evaluatedthe learningratefor chording
on theTwiddler [5, 4]. We conducteda longitudinalstudy
with � ve participantswhohadno experiencetyping chords
ontheTwiddler. By theendof thestudy, eachof ourpartic-
ipantscompletedanaverageof 75 sessionsof twentymin-
utescorrespondingto approximately25 totalhoursof prac-
tice. On average,our participantsreacheda typing rateof
47wpmwith onesubjectachieving a rateof 67.1wpm.



Figure 2. The Twid dler one–handed chor ding keyboar d
sho wn in typing position where the keypad faces away
from the user .

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

Table 1. Exper t typing rates for diff erent keyboar ds.

2.2 Mini­QWER TY Keyboards
We have also empirically evaluated typing rates of

novice mini-QWERTY keyboardusers.A mini-QWERTY
keyboard(Figure1) is aminiatureversionof thetraditional
desktopQWERTY keyboard.Thesekeyboardsarepopular
on devicessuchasResearchin Motion's Blackberry, Dan-
ger'sSidekick,andpalmOne'sTreo600series.

We recruited14 subjectsand randomlyassignedthem
to one of two different mini-QWERTY keyboardsto use
throughoutthestudy. Thekeyboardswereselectedfor the
experimentto examine two different points in the mini–
QWERTY designspace.TheTargushaslargerkeysaswell
aslargerinter–key spacingthantheDell. Participantscom-
pleted20 twenty-minutetyping sessions.Averagedover
bothkeyboards,we foundparticipantshadamean�rst ses-
siontypingrateof 31.72wpm. At theendof sessiontwenty
(400minutesof typing) our participantshada meantyping
rateof 60.03wpm. The averageaccuracy ratefor session
onewas93.88%angraduallydecreasedto 91.68%by ses-
siontwenty.

Table1 summarizesthetyping ratesfor thesekeyboards
for expertuse.Givenourparticipantsability to typerapidly
on both the Twiddler and mini–QWERTY keyboards,we
wantedto evaluatethemonotherfactorsrelevantto mobile
text entry, in particularblind typing.

3 A Taxonomyfor Blind Mobile Text Input
To varying degrees,previous typing studieshave ex-

ploreddifferentaspectsof blind typing. Here,we present

a taxonomyof blind conditionsanddescribehow the pre-
viouswork andour currentstudy�t within this taxonomy.
Theoutputof thecomputerdisplayshowing thetext being
enteredis called“on–screenfeedback”andit is subdivided
into threecategories:present,limited, andabsent.We have
namedthe feedbackobtainedby looking at the input de-
vice “keyboardvisibility” andit sharesthesamethreecat-
egories.Table2 shows thetaxonomypopulatedwith previ-
ouswork aswell astheconditionsfor our mini–QWERTY
study.

Silfverbergexaminedtheeffectof visualandtactilefeed-
backon a user's ability to successfullynavigatea mobile
phonekeypad[9]. The 2 x 3 studyexploredthe physical
affordancesof two differentphonekeypadlayoutsin three
conditionsof varyingvisibility (direct visual feedback,in-
direct visual feedbackandno visual feedback).In the di-
rectvisualfeedbackcondition,theparticipantcouldseethe
phoneand receive feedbackfrom the display (on–screen
feedbackand keyboardvisibility is present). In Silfver-
berg'sindirectvisualfeedbackcondition,thesubjectplaced
herhandholding thephoneunderthedeskoccludingvisi-
bility of the phonekeypad. After pressinga key, shere-
ceivedvisual feedbackon thedisplayindicatingwhich key
had beenpressed(on–screenfeedbackpresent,keyboard
visibility absent). The no visual feedbackcondition mir-
roredthe indirectvisual feedbackconditionexceptthat the
feedbackfrom the displaywas removed (on–screenfeed-
back and keyboardvisibility absent). Silfverberg's study
foundthat limited visual feedbackcombinedwith low tac-
tile feedbackhindersauser'saverageerrorrate;ontheother
hand,goodtactile feedbackresultsin a smallerdecreasein
accuracy.

In our previousTwiddler work, we alsoexaminedblind
typing [4]. As the naturalhandposition for the Twiddler
is with the keys facingaway from the user(Figure2), we
only evaluatedthe effect of changingthe on–screenfeed-
backacrossconditions. The blind studywas a 3 x 5 de-
signwith 3 conditions(normalfeedback,dotsfeedback,and
blind) over5 sessionsof typingwhereeachconditionlasted
15 minutes. The normalfeedbackconditiondisplayedthe
text asit wastyped(on–screenfeedbackpresent,keyboard
visibility limited). For our dots condition, we displayed
periodsfor eachcharactertypedinsteadof the transcribed
text. Thus, participantsseetheir position in the supplied
phrasebut not speci�cally whatthey type(on–screenfeed-
back limited, keyboardvisibility limited). This condition
wasdesignedto simulatemonitoringtext typedwithoutbe-
ing able to actually readthe letterssuchas in the mobile
scenariodiscussedabove. Finally, our blind conditiondid
not show any on–screenindicationof whatwastyped(on–
screenfeedbackabsent,keyboardvisibility limited). For
boththedotsandblind conditions,participantswereshown
their transcribedtext anderrorstatisticswhenthey pressed



Blind On–screenfeedback
Typing present limited absent
Keyboardvisibility Mini-QWERTY Normal Desktophunt-and-peck
present Silfverberg Direct VisualFeedback
Keyboardvisibility TwiddlerNormal TwiddlerDots TwiddlerBlind
limited
Keyboardvisibility Mini-QWERTY Blind Mini-QWERTY DoubleBlind Silfverberg
absent Silfverberg IndirectVisualFeedback No VisualFeedback

Desktoptouch-typing

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

enterat theendof aphrase.
Theresultsof theblind Twiddler studyaresummarized

in Table3. In contrastto Silfverberg'smobilephoneresults,
we foundthatchangingthevisualfeedbackin theTwiddler
experimentdid nothindertheparticipantsin their typing. In
somecasestyping improvedwith the reducedvisual feed-
back.Wheneverthereis astatisticallysigni�cant difference
betweennormal typing and one of the reducedfeedback
conditions,the reducedfeedbackcondition shows an im-
proved typing or accuracy rate. Onepossibleexplanation
for this effect is thatsubjectsareoperatingwith open–loop
motorcontrol in theblind conditions.Whenthereis visual
feedback,theuserswitchesto a closed–loopmodeandin-
corporatesthevisualfeedbackinto hertypingprocess,thus
requiringslightly moretime.

In the currentstudyon mini-QWERTY keyboards,we
investigatethe effectsof limiting both visibility of the de-
vice and visibility of the display on a subject's ability to
quickly andaccuratelyentertext. Following on our previ-
ouslongitudinalstudyof novice mini-QWERTY keyboard
use[2], ournew studyhaseightexpertmini–QWERTY typ-
istswho type in conditionsof limited visibility bothof the
keyboardandthe display. In the �rst condition,the “nor-
mal” condition, the subjecthasfull visual accessto both
the keyboardandthe display(on-screenfeedbackpresent,
keyboardvisibility present)as shown in Figures3 and 5.
The secondcondition, “single blind,” obstructsthe view
of the keyboardbut presentsthe visual feedbacknormally
(on-screenfeedbackpresent,keyboardvisibility absent)as
shown in Figures4 and 5. The �nal condition, “double
blind,” not only obstructstheview of thekeyboardbut also
reducedvisual feedbackfrom the display(on-screenfeed-
back limited, keyboardvisibility absent)asshown in Fig-
ures4 and6.

4 Method
4.1 Designand Procedure

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

TypingRates(wpm)
Participant 1 2 3 4 5
Normal 51.8 37.6 64.2 36.2 41.8
Dots 51.7 37.5 67.2 36.0 43.1
Blind 53.7 37.5 67.7 36.6 41.7

Accuracy (%)
Participant 1 2 3 4 5
Normal 94.4 94.4 93.0 90.2 93.4
Dots 95.2 95.0 94.3 90.7 94.2
Blind 95.0 95.4 94.1 91.1 94.6

Table 3. Per par ticipant typing and accurac y rates for the
three blind Twid dler conditions [4]. Bold indicates a sta­
tisticall y signi�cant diff erence 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.Thesessions
wereseparatedby at leasttwo hoursandby no morethan
two daysandscheduledover the courseof 9 days. Each
sessionwassplit into threepartsdelineatedby typing con-
dition andseparatedby � ve minute breaks. The orderof
conditionswasrandomizedacrossparticipants.Similar to
ourpreviouswork, participantswerecompensated$0.125x
WPM x Accuracy, with a$4minimumpercondition.

We recruited 8 subjects from our previous mini–
QWERTY keyboardstudy[2]. All participantsareconsid-
eredexpert mini–QWERTY typistshaving completed600
minutesof trainingprior to beginningtheblind study. 400
minutesof trainingcamefrom participatingin ourprevious
studyand,asour blind studywasconductedafter a delay
of threemonths,200 minutesof training were conducted
just prior to the currentstudyto ensureexpertise. By the
endof eachtraining stagethe learningrateshad dropped
to minimal levels indicatingour participantswereexperts.
Our subjectsrangedin ages18-24. Four participantswere
female,four male,andall wereright–handed.

Beforethe�rst session,eachparticipantwasgivenverbal
instructionsexplainingthetaskandgoalsof theexperiment.



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

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 5. The experimental software sho wing visual feed­
back in the normal and blind conditions (on–screen feed­
back present).

Figure 6. The experimental software sho wing visual feed­
back in the doub le blind condition (on–screen feedbac k
limited).

Theresearcheralsodescribedthethreedifferenttypingcon-
ditionsbeingtested.Thesubjectswereinstructedto typeas
quickly andaccuratelyaspossibleandto useonly their two
thumbsto entertext.

Eachconditionbeganwith awarm–uproundwhichcon-
sistedof thephrases“abcdefghijkl mnop”and“qrst uvwx
yz” repeatedtwice. Thewarm-upphasewasnot countedin
the statistics.The remainderof the conditionconsistedof
a numberof trial blocks,containingten randomlyselected
phrases.Eachparticipantcompletedasmany blocksashe
or shecouldin thetwentyminuteperiod.

4.2 Equipment and Software
We continuedto usethetwo mini–QWERTY keyboards

from ourpreviouswork shown in Figure1. The�rst is man-
ufacturedby Dell (for the Dell Axim) andthe other is by

Targus(for the Palm m505). We modi�ed eachkeyboard
to connectto a standarddesktopcomputerserialport. The
Dell andTarguskeyboardstransmitat4800and9600baud,
respectively. The studyoccurredin our usability lab with
eachof thetwo keyboardsconnectedto a separatePentium
III workstation.

We employedtheTwidor softwarepackage(usedin our
seriesof studieson the Twiddler chordingkeyboard),and
adaptedit to acceptdatafrom ourmodi�ed keyboards.The
softwareis self–administeredunderresearchersupervision.
It usesthe MacKenzieand Soukoreff phraseset, a set of
500phrasesrepresentativeof theEnglishlanguage[7]. The
phrasesrangefrom 16 to 43 characterswith an average
length of 28 characters.The phraseset was modi�ed to
useonly AmericanEnglishspellingsanddisplayonly lower
caselettersandspaces(no punctuationor capitalization).



Dependingon theconditionundertest,thesoftwarehas
two differentvisualizationmodes.For thenormalandblind
conditions,the programdisplaysthe transcribedtext as it
is entered(Figure5). For the doubleblind condition, the
softwaredoesnot show this feedback.Instead,only a cur-
sor movesacrossthe screenwith no charactersdisplayed
as the user types(Figure 6). The test software also pro-
vided statisticalfeedbackto the participant. We show the
typing rate,measuredin wordsperminute(WPM) andthe
accuracy (ACC) for themostrecentsentencetypedandthe
currentsessionaverage.

5 Results
The8 participantstyped13,920sentencesacrossall ses-

sions. Sessionstatisticsare weightedby the numberof
charactersin eachsentence,anderrorrateswerecalculated
usingSoukoreff andMacKenzie's total error metricwhich
combinescorrectedanduncorrectederrors[10].

In bothvisuallyimpairedconditions,typingratesuffered
considerably(Figure7, left). In the �rst session,ananaly-
sis of variance(ANOVA) shows that there is a statistical
differencebetweenconditions(p < 0:001). A post–hoc
analysisshows thereis not a statisticaldifferencebetween
theblind andthedoubleblind conditions(p = 0:475) while
thereis a differencebetweenthenormalconditionandthe
two blind conditions(pb < 0:001andpdb < 0:001). The
normal typing rate (M n = 55:77 wpm, SD n = 6:32) is
approximatelythe samecomparedto our previous experi-
ment. In contrast,the typing ratesdroppedfor both blind
conditions. The blind typing rate startedat M b = 36:74
wpm (SDb = 10:49) for the �rst sessionand the double
blind typing ratewasM db = 40:15wpm(SDdb = 7:92).

At theendof theour �fth session,theblind typing rate
increasedto M b = 45:03wpm (SDb = 5:10) andthedou-
bleblind rateto M db = 46:66wpm(SDdb = 3:52). As ex-
pectedfor expertusage,thenormalconditiondid notshow a
correspondingincrease(M n = 57:04 wpm,SD n = 4:98).
While the blind ratesincreased,they are still statistically
different from the normal condition (pb < 0:001, pdb <
0:001). This performancedroprepresentsa decreaseof 11
wpmwhich is approximately20%of normaltypingspeed.

The trendsseenin the typing ratesarealsoapparentin
the accuracy data(Figure7, right). Typing accuracy was
drasticallyreducedwith theintroductionof theblind condi-
tionsandgraduallyimprovedwith time. An ANOVA shows
statisticaldifferencebetweenconditions(p < 0:001). A
post-hocanalysisstill portraysno statisticaldifferencebe-
tweentheaccuracy ratesfor theblind anddoubleblind con-
ditions (p = 0:543) thoughthereremainsa differencebe-
tweenthe normal condition and the two blind conditions
(pb < 0:001 and pdb < 0:001). After the initial ses-
sion,theaccuracy ratefor thenormalconditionwasM n =
93:3% (SDn = 3:88%) while blind was M b = 81:0%

(SDb = 5:76%) andthe doubleblind wasM db = 78:9%
(SDdb = 7:59%).

Examining the accuracy ratesat the end of the �nal
sessionshows that the blind typing conditionaccuracy in-
creasedto M b = 85:7% (SDb = 6:82%) and double
blind to M db = 85:5% (SDdb = 4:92%). Again, the
normal condition did not show a correspondingincrease
(M n = 93:6%, SDn = 2:61%). While theblind accuracy
ratesincreased,similar to thetyping rates,they arestill sta-
tistically differentfrom thenormalcondition(pb < 0:008,
pdb < 0:002).

It is worth noting the amountof testing that the par-
ticipantsreceive in the normalconditionwasnot equalto
the time spentin the blind conditionsfor this experiment.
Therewasnot a statisticallysigni�cant differencebetween
theblind andthedoubleblind conditions,andthereforethe
differencein the on–screenfeedbackwas not signi�cant.
As a result, the two conditionscanbe viewed asa single
keyboardabsentconditionwhenevaluatingtyping perfor-
mancefrom a learningperspective. In effect, thetwo blind
conditionsgiveparticipants40minutesof limited keyboard
visibility practicepersession.Therefore,theblind datafor
the�fth sessiondonotstrictly represent� vetypingsessions
of 20minutes,but insteadatotalof 200minutesof practice
in thekeyboardvisibility absentcondition.

6 Discussion
On thewhole, themini–QWERTY keyboarddatashow

thattheparticipantsin theblindconditionsinitially decrease
in performanceandslowly recover. Thiseffectmirror'sSil-
fverberg's resultsbut contrastswith our pastwork on the
Twiddler in which therewasno drop in performancewhen
transitioningto limited visualfeedbackconditions.

Theconsistentperformanceof theTwiddler is partly ex-
plainedby the way the Twiddler is held. The Twiddler is
heldwith thekeypadfacingaway from theuser(Figure2)
. As a result typists learn to touchtype with minimal re-
lianceonbeingableto view thekeys. In contrast,ourmini–
QWERTY participantslearnedto typewhile looking at the
keyboard.Weobservedanecdotallythatwhile typing in the
normalcondition,subjectswould reada phrasedisplayed
on themonitor, look down at thekeyboard,typethephrase,
pressenterto submitthephrase,andlook backat themon-
itor to readthe next phrase.This patternof behavior was
nolongervalid uponintroductionof theblind typingcondi-
tionsto our expertmini–QWERTY users.Typingwith lim-
itedvisibility of thekeyboardintroduceda new taskwhich,
in effect,returnedourexpertsto anovicestateasillustrated
by theinitial decreasein typing rateandaccuracy observed
in the�rst session.As they proceededthroughthesessions,
they graduallyrelearnedhow to typeandtheir performance
improved.While theperformancedid rebound,it is impor-
tant to reiteratethatnoneof our subjectswereableto 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 accuracy while typing
in a blind condition.

To explore the possibleeffect of additionalpracticeon
the recovery of performance,we conducteda pilot study
with a singleparticipant. The participanttypedfor an ad-
ditional threesessionsin theblind anddoubleblind condi-
tions. While her typing rateremainedconsistent,heraccu-
racy continuedto improve. After the�rst session,thepilot
subject's datawere 65.38wpm at 93.8%accuracy in the
normalcondition,31 wpm at 79.2%in theblind condition
and47.13wpm at 80.9%in thedoubleblind condition.At
theendof theeighthsession,this subjecttyped64.11wpm
with 94.1%accuracy in thenormalcondition,48.2wpm at
92.3%accuracy in the blind conditionand 52.69wpm at
90.6%accuracy in the doubleblind condition. While we
have to becarefulin generalizingthis data,thepilot shows
thatadditionalpracticeresultsin an increaseof bothspeed
andaccuracy. However for this participant,only theaccu-
racy measureappearsto recover to thenormalrateandthe
blind typingspeedis still slower.

We uncovered an interestingphenomenonduring our
blind typing work which we have labeledthe Skywalker
effect. The Skywalker effect is the inversecorrelationof
typing ratesandvisual feedback.In conditionswhereon–
screenfeedbackis present,participantscould seethe mis-
takes they madeas they were typing and in turn slowed
down, typedmorecautiously, andthoughtmoreaboutthe
text they wereinputting. Whenunableto seetheresultsof
key presses,in thewordsof oneof our participants:“I re-
laxed,trustedthatI knew whatto do,andjustdid aswell as
I could. I wasn't trippedup by seeingall of my mistakes.”
TheTwiddler datafrom our previouswork shows a similar
effect. Whentherewasastatisticaldifferencefrom thecon-
trol condition, participantseither increasedtyping rate or
accuracy whenwe reducedthe on–screenvisual feedback
(Table3).

Another importantissuewith our studyon blind mini–
QWERTY typing relatesto our experimentalsetup. With
our study, theparticipantstypedin sustainedsessionsgain-
ing practicewith blind typing. This scenariomay not be
representative of realworld conditionswhereit is unlikely
thatuser's would have multiple sustainedsessionsof prac-
ticewith limited visualfeedback.Instead,mostof theuser's
experiencein blind situationswould likely beshortandin-
termittentwhile trying to accomplishsomeother primary
task similar to our scenariodescribedin the introduction
wherea useris typingmessagesduringa meeting.

Givenenoughpractice,userscantypebothquickly and
accuratelyonmini–QWERTY andTwiddler keyboardsand
both devices are superiorto mobile phonekeypadswhen
it comesto text entry. However the choicebetweenthese
keyboardsis not straightforwardaseachoffer differentad-
vantagesanddisadvantagesfor mobileandwearablecom-
puting.For example,theTwiddler requireslearninghow to
type on a new device andtakespracticebeforea usercan
type quickly andaccuratelyenoughto usethe device asa
primaryform of mobiletext input. Conversely, while mini–
QWERTY keyboardsare relatively easierto learn, blind
typingandaccuracy ratessuffergreatlyin comparisonto the
Twiddler. Therelativedropin performancecouldbecritical
andmaylimit usefor many mobilesituations.Anotherfac-
tor which could limit mobileuseis the two–handednature
of themini–QWERTY keyboards.Selectingbetweenthese
two keyboardsinvolvesweighingtherelativecostsandben-
e�ts they offer.

7 Future Work
Text entry speed,accuracy, andblind typing ability are

only a few of thefactorsthatin�uence thechoiceof mobile
text entry device for a wearablecomputingsystem.There
aremany otherfactorsthatin�uencethedecisionaswell in-
cludingone–handedvs. two–handeduse,size,ergonomics,



etc. One key areaof future work is to evaluatesomeof
theseissues. In particularwe are interestedin evaluating
the costsassociatedwith one–handedvs. two–handedin-
put. In mobilesituations,andwith wearablesin particular,
theuseris ofteninteractingwith theworld usingherhands.
It would be usefulto quantify the relative costsassociated
with occasionallyrequiringtheuseof asecondhandfor text
entry. This leadsmorebroadlyto testingthesedevicesin a
mobileenvironmentwhich couldpotentiallyuncover other
unknown factorsthatcouldin�uence mobiletext entry.

It might alsobe useful to continuethe studyaswe did
with our pilot describedabove. At leastfor that onepar-
ticipant,additionalpracticeallowedher to improve herac-
curacy. It would be interestingto seeif this effect holds
in general.Sucha studycould alsobe usedasa platform
to morethoroughlyexplorethetradeoff betweenspeedand
accuracy for differentmobilesituations.

8 Conclusion
Both the Twiddler and mini–QWERTY keyboardsof-

fer rapid mobile text entry (47 and60 wpm respectively).
Mini–QWERTY keyboardsoffer the further advantageof
being very fast to learn assumingthe userknows how to
typeon a desktopQWERTY keyboard.However, our cur-
rent study shows that mini-QWERTYs may not be com-
pletelysuitablefor all mobile text entrysituations.In par-
ticular, we found thateliminatingan expert typist's ability
to seeherhandsdrasticallyreducesbothhertypingrateand
accuracy. This effect is in directcontrastto blind typingon
the Twiddler, wherethereis no decrease.With additional
practice,blind mini–QWERTY typing ratesand accuracy
slowly recover;however, they neverreachtheratesobtained
whenthekeyboardis fully visible. Acrosstheblind mini–
QWERTY conditionsour participantsaveraged45.8wpm
at 85.6%accuracy, while blind typing on theTwiddler av-
eraged47.3wpm at 93.9%accuracy. As a result,selecting
a keyboardfor mobile or wearablecomputeruserequires
carefulconsiderationof learningtime, typing ratesandac-
curacy, andtheimportanceof blind typing.
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