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ABSTRACT

Videobased human (computer [interaction has receivedlincreasing
interest_over[the[lyears.[[However, [earlier research [ has[been
mainlyfocusing[on(technical [characteristics[ofdifferent methods
ratherthan[Jon[Juser performanceJandexperiences[lin[Jusing
computerlvision[technology. ['ThisIstudyJaims[to[linvestigate
performance characteristics [of novice isers [and [their[Subjective
experienceslin(typing(text[with(several [video[based [pointingland
selection[ techniques. In[Experiment[1,[ eyetracking[and head
tracking[werelapplied [for[the task[ofl pointing[at[the keysLofla
virtual Ckeyboard. [ The [ results{ showed [ that[ gaze[ pointing[was
significantly[faster/but[also[Imore[]erroneoustechnique(as
compared withhead[pointing. Selflteported subjectivel tatings
revealed(that(it[was[generallybetter, faster, more[pleasantand
efficient[ tol type[using[igaze [ pointing[ thanhead[pointing. In
Experiment[2, mouthlLopenland browslip[facial gestures were
utilized for[confirming[the selection ofl al given[c¢haracter. The
resultsshowed(thatfextléntryspeed Was[approximatelythe[same
for[both[selectionl techniques, while [inouthlinteraction[caused
significantly[Ifewer[Jerrors [Ithan[ brow[Jinteraction.[]Subjective
ratings[ did hot[teveal Cany[significant[ differences between[the
techniques. [Possibilities for[design improvements are(discussed.
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1. INTRODUCTION

Inlvideolbased Thuman/computerlinteraction, computer[Vision[is
applied [fo remotelyldetect Visual [cues[from alliser[via camera,
interpretLand[use[them[to[¢ontrol [Various applications [or[Smart
environments[[15,19].[Hands freetext[entry[has beenland[still
remainsJone[lof[Ithe[Jimportant[Japplication[Jareaslofl Ivisual
interfaces. [Generally,hands (free text[éntrylinvolves[pointinglat
and(selectionof the[graphical[¢lements[oflanon(screen(spelling
application[or [virtual (keyboard. (For(a[long(time[gye[frackinghas
been[the primarylimethod [iised[for[this[purpose. Eyeltracking
technologylutilizes [ camerasandlinfrared illumination[to[track
eye/gazelandlinterpretslit [@sla[computer pointer.

Dwellltimeprotocolhasbeen intensivelyusedlin/éye fyping[asd
selectionmethod [which(is[based[onplacinglal¢omputer[pointer
overlalgraphical [élement [for(about[0.41[s[in/order fo Tactivatelit.
Inltypingwith(a[Virtual (keyboard, [a[theoretical [fext entrylimit[of
22[words [ per[minute (wpm, ]l word =[5 characters_including
spaces[and[punctuation marks) [(was[suggested[in[[9],[assuming
500CmsCdwell[time[and[ 40 ms[average[ saccade duration. In
practice,[ dwell based[eye[ typing speed[for[hovice isersis not
higher(than[810 wpm((withsomewhat[longer[dwell[fimes), but
experienced [users[may[ set[ shorter dwell[ times and[ieach[the
typing(speed (6f 20 wpm([9].

Recently, [head/facelor[facial [feature[tracking[hasbeenlapplied
for[pointing[at[ thel[objectslinlal graphical [userlinterface (aka
cameralimouse)[]1,4,13,14].[Suchsystems[utilize off'the(shelve
hardware [ components [ and, [ therefore, [do[hot[ require external
equipment(otherthan(aPCland(d[Wwebcam. [Theylalsoloffer non(]
contact, [ Jun(calibrated ] and[Iselflinitialized[ ] interaction. [ ]Non[]
intrusiveness(is(a highly(desirablefeature especially for(disabled
users [ (potentially[ ] the]largest[ ] target[luser[] groupl! for[]this
technology) [[1,11]. [ Many( cameral mouse[ applicationsfor[ text
entryutilize[dwell [fime [protocolas[aSelectionmethod. Betkelét
al.[J1]lapplied normalized correlation template tracking[ofleye,
noselLor[liplinlalspelling_boardlapplication. Thelfeported text
entrylspeedWwas[#6 Wwpmwith adwell fime(ofl0.5 5. Hansen etlal.
[6]Feported[SimilarBesults[(~5,5 wpm) for [typingwith [a[dwell[]
based[spellinglapplicationWwith[letter/word[ prediction using[a
marker [based iead[pointing.

Despite [ the [popularityl of usingl dwell[time[ protocol in[Vvisual
interfaces, [ithas[been[shown[]16] that[dwell [fimesless[than(a
halfloflasecond imay[belperceived by theuisers as[toolshort to
interact ¢omfortably. [For[éxample,[short dwell fimes [mayresult
indn linintentional [Selection oflinteractivelélements when[auser,
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for[éxample, [is[investigatinglan[interface. Textentryspeed [fends
tolincrease[Wwith[practice.[Toladjustfor[personal [preferences [in
typing[speedadaptivedwell [fimes [have been tecentlyproposed
[16,10].

However, Cdwell[time[protocol Thas[another[limitationaslit ¢an
only substitute [forCone tommand. [Several [alternativeinethods
suchlas(directionalgestures [21]land [Somelindirect methodsTike
graphicaltoolbars havebeenapplied tollexecute [and [switch
between [ differentinterface[Joptions. I Recent[Jeye/gaze based
dwell [fime (free [systems [ 8how [ potential [{withadvanced[users)
reachinglabout[11wpm([20].[However, despiteloflalong[search
forlaccurate, fast[and [ convenient[$election/activation (methods,
dwell [ time[protocol [temains[the most[used onelin text[entry
applications[[9].

Therelaremore[than[40muscleslin[theface[whichlalonel[or[in
combinations Jproduce [lvisually[ldetectable [ichangesJin[Ifacial
appearance. [ These [l facial [] expressions[] or[] gestures[]can[Ibe
automatically[] detected by[] computer(! vision[] methods[] and
potentially[JreplaceJorJadd[Jto[the Dfunctionality lof standard
computerldevices [and[Supportthe developmentof'hative'[Visual
interfaces. [Grauman (ét(al.[[5] wutilized Voluntaryblinks [and brow
raises,[] both I detected ['by[Imotion[analysis[]and [Inormalized
correlation ‘femplate [inatching, [as [Selection[gestures in order fo
eliminate[the[useCofl dwell (timeandtolemulatealsinglel¢lick
functionalityofla [computer mouse. [The linterface was[festedlin(a
letter[Scanning[ $pellingapplication[that tequired [fwo(Selections
tolénter(alsingle[character. [ Theteportedfypingspeed (selection ]
only)[was [1 wpm. De(Silvalet(al.,[[2]@pplied femplate matching
for[head[(nose)frackinglandlalhybridapproach foldetect mouth
openlgesture.[Although(the interface [Supportsboth pointingland
selectionfunctionalityitCwas[ testedin[alpointlonlyspelling
applicationCandthe reported typing[speed[for[twolparticipants
was[7.6 Wpm.

Theiterature[analysisfevealed thatthe focus offesearchlin this
arealhas[beenmainlyon[al[technological (side, dealing[with
performance[¢haracteristics [of[Various[computer [Visionmethods
likeltheirspeed, Hobustness (dndldccuracy. (Computer Visionbased
interfaces (for liands (free fext(eéntry(are(stillrare[@nd insufficiently
studied, [therefore[their[applicabilitylandlimitations [for [thisfask
are[notlyetwell inderstood.[The [proposed [point [Tand[selectlonly
solutionsChavehot[yet[utilized (computer[Vision[capabilities[to
their[full(potential. (Especially(little[attentionhas‘been[given(fo
thelinvestigation[oflefficiencyland user(satisfactionlin using/such
systems([11].

Webelievelthatlapartfrom(selection[ofreliable [computer [Vision

methods Cfor Civisual Cprocessing, [aliproper [selection Cofl ifacial

gestures [fo[dontrol a[spellinglapplication is important. However,

thistesearch[questionhas(teceivedlonlyallittlelattentionlin the

past. Cntuitively, CaCgesture[setIshould [satisfyaCnumber Cof
requirements(andbe((1) Matural @ndémotionallymeutral;[(2)mon[]
fatiguinglinlintensiveand Gontinuous use, [(3) [Gomfortablesothat

itCdoes not[lentail “muscle[strain Corpain,[(4) Cdetectable “by

computer(Visionthethods [and[(5) kinlikelyfoloccur [@ccidentallylor

unintentionally.

Thelpresent[studylisCanongoing[Wwork [that[aims[at[developing
visual linterface [for (hands free[fext [entry. [The [paper[presentsan
empirical Cevaluationofl the[text entry[ performance of hovice
users(and[theirsubjective ratings Whileisingseveral wideo hased

pointingland(selectiontechniques.[Thelgeneral[aim[was[fo[find
thelprosand [consof the whole [System[and[suggestfuture design
improvements.

2. EXPERIMENT1

Theffirst[éxperimentlaimed fo ¢ompare [fwo pointing[fechniques,
namely, [gaze[pointing[and headpointingLandlinvestigate how
they(affect(the [performance and [Subjectiveléxperiencesof novice
users [in [fextlentry(fask.

2.1 Methods

2.1.1 Participants
FifteenJunpaidnative[[Finnishspeaking[istudentslof"a[local
university[(11males, 4 females)between20[and 35 years[oflage
(M=25.1,1 SD=4.8) ] participated " in[J the[] experiment.[] The
participants Chad [hormalCor[corrected [to[ normal [vision; three
participants (had eye[glasses. [The [participants Wwere[novice [users
regarding[the(tested fechniques as(theyhad molprior[éxperience
in[typing[with[alvirtual keyboard, gaze[tracking[or[ computer
vision[based[interfaces. ‘All[participants werehighlyléxperienced
computer[users/and regularly ised iphysical QWERTY keyboard.

2.1.2 Design

Thelparticipants[typed textusing[eye or head ‘movement for
pointinglat[the keysloflalVirtual (keyboard, [and [alspacebar[ofla
physicalkeyboardfor[key[selection. (It (was[expected [that the
chosenmanual (methodCofTkey[selectionlis[the[most fobust[and
will thelpfoleliminate [érrorsandfimerequired byotherselection
techniques: Cimethodswhich “are[unknown[to[participants[{e.g.
dwell Ctime Cprotocol) Ccould Cpotentially Caffect [the CresultsCin
unpredictableway. [Thishelped(in‘measuringafpure’ [impact of
pointing[techniques(on(the tsers’ fextleéntryperformance.

Thelexperimentwas!(a [Within[subject[2 [(pointing technique:(gaze
pointingland(face pointing) x [3[(keyboard(size:[Small,[medium
and[large) repeated [measures[factorial _design. [The experiment
consisted [of(fwolSessions((i.e. gaze pointinglandhead [pointing)
three (blocks [éach[(with[small, imedium(and bigkeyboard).[Each
participanttyped [5 [random phrases[(~150[¢haracters) [in[hative
languagel] within[] each(] block.[] Thel] experimentl] was
counterbalanced[regarding[apointinginethod CandCalkeyboard
size.[TThetotal lnumberofl phrases typedwas 15 participants
x 2[pointing(fechniques x 3keyboardisizes x [5lfrials’=450.

Figured:Top: Thelayoutiofia¥irtual keyboard.(A black
bounding box(indicatesthe point(sensitivelarealof(aKkey.
Bottomeft: [Positioningof the wserin front of thecamera.
Bottom(right: Visual outputofthefacelprocessingSoftware.



2.1.3 Apparatus

Thel] experiment[] was[] performed[] in[] controlled(] laboratory
conditions. [ Theldistance from[alparticipant’s face[fola monitor
was[about50Ccm. Hardware[§pecifications[included [computer
(Intel Core2[quad, 2.66CGHz,[BLGBIRAM), Tobii[T60kye
tracker[(60[Hz[sampling[tate), ‘monitor[({17”,[1280x1024 pixel
resolution) JandJweb[Jcamerall(Logitech Webcam Pro 9000,
320x240pixel [resolution, 25 framesper sSecond [dapture rate).

ThekeysLof[3 x 11 keyboard[layout Wwere Visuallypresented[as

circles[separated [by[algap of 20 [pixels; however, the[point]
sensitiveareas [ 0fl the keys[were[squares withoutany gaplin

between.[Ablackboundingbox [in Figure [l [indicates [the point[]
sensitivelarealoflalkey.[The boundingbox [was Mot visible folthe

participants[during[the[experiment. [Smalllkeyboard (825 x 225

pixels)[was[¢haracterized (by(thekeys[ofl 75 x 75[pixels, medium

keyboard (1045 x 285[pixels) [had[the keys[of 95 x 95 [pixelsland

finally[Ibigkeyboard (1265 x 345 pixels) Thad (thekeys Cof
115 x 115[pixelsize. [Thesmallest keylsize was [Suggested by the

carlier(studies([12]/and the biggest keylsize[Wwaslimited Byalsize

oflthe monitor. [(Finnish(farget [phrases Wwere [faken[from[a ¢orpus

offapproximately500phrases [18]. The [ QWERTY Mayoutofikeys

(290ettersCofl Finnish [alphabetplus comma, period, question

mark[Jand [Ispace)Jwas[Jusedto[Jminimize[]learning[leffects

associated With themorizingpositions[ofithe keysinldmew layout.

Alcomputerpointer Wwas(displayed(as [d/darkBlueldircle[6f 10 x 10

pixels.Activation[(or[$election) Lofl alkeyltesulted [in[afclick’

sound, [providinglaudiolfeedbacktolthelparticipants[during[the

experiment.

InCgazepointing[tasks, the[{x,y) toordinates 0fl the computer
pointer “were[calculated[as[averages[ofl the[leftCand[tightleye
coordinates(teturned (bylthe [eye [fracker. The[accuracyofltheleye
tracker[was[about[0.5°1°[(~1633 [pixelson[a[1280x1024 [or[96
dpilionitor[viewed[at[aldistance ofl 50[tm), assuminglhearly
perfect(]calibration. JOurl]camera imouse]was[Jsupported by
continuous [head(face)[detection fromlalvideolstream([3].[The
cameramouse [ had[pointingaccuracyofl_approximately[ 510
pixels, assuming[ favorable[illumination[ conditions. C"Al[inoving
average [Waslapplied[tolthe[five[most[tecent headlocations[to
remove(afitter from(the(detection output. Inhead [pointing fasks,
theimagewith[detected "headoutline[andlits center oflinass
(greenmarkings(in/the bottomTeftimagelof[Figure1) helped [the
participantstoladjust[their[position[in front ofl the ‘¢cameraland,
therefore, facilitatehead detection.

Userlexperiences (werecaptured [bylseven[bipolar(tating[scales:
general(l evaluation, pleasantness, dominance, quickness,
accuracy, efficiencyland difficulty. Theltating[scaleshad[hine
points varying(from —4 fo +4 [(the[biggerthe mumber the more
positivelistherating,[6.g. 4 [in[d[difficulty(scale theans €asy). The
rating[scalesusedin(this[experiment Were[inspired[by[[17].CA
scale[of dominance, notloriginallylincludedinthelearlier(study,
wasladded [as[it[was[Tecognizedas[anlimportant metric for(this
particularéxperiment

2.1.4 Procedure

Thelgaze[pointing[Sessionlalwaysstarted [(by[¢alibratingthel¢ye
tracker Cuntil Clan[acceptablelevel Coflcalibration“qualitywas
recognized. [ ThelparticipantsWerelinstructed hotto move [their
heads muchduring(theSession(Sincelarge iead hovements have

alnegativeleffectClon "accuracyofl theeye  tracker. The head
pointing[sessionlalwaysstarted [(with[adjusting[the[¢amera’s filt[]
and[zoom[settings[tolachieve approximately[same[position and
sizeloflalfacelin/the image[for €achparticipant.

Each[Jsession[then[Jcontinued [Jwith[Jpracticing[Jin [using[the
technologyl by typing[the word hello”andexplanationoflthe
task. [The[participants[werelinstructedfo[memorize(an[appearing
phrase(beforetheylstart fyping(text, [Sothat[theylwouldmot[spend
time [later Tooking(at[it[again. [However, [Verification[of'the farget
phraselaswell[aslown[fyped [fextwas [allowed. [The participants
werelinstructed[to[ type[as[fastCand[as[accuratelas theyl can.
Corrections [were [not[allowed(there [Was [olbackspace key).[To
continueltolthenext[farget[phrase, the participants had [fo[press
thelkey“right” [on[the [physical (keyboard. [The [participantshada
chanceltoltest[between[blocks ofl alsession. Thelparticipants
providedifeedback tegarding theirléxperiences dtthe [endloflcach
session. [ Thelexperiment, [including[selflfeporting, [lasted [about
4060 [minutes. [A [historyloflactions [producedby(the participants
during[the Jexperiment[Jwas [recorded[linto[asystem log[file
including(thefarget[phrase, fimestamp, [action[fype [(hover, Teave
orselect)@ndlits[parameters|(letter Orlaction(assigned folakey).

2.2 Results

AltwolwaylANOVATvas [ised [for[datalanalysis[Wwith pointing
techniqueland (keyboard [size[ds [independentvariables. [The(frials
were[treated[as[fepetitions. [ The[following[dependentVariables
werelanalyzed:[(1) textlentryspeedlisalfime tequiredfoltypela
target[phraselinwords per minute[(wpm),(2) relativelérrortate
calculated ising[Levenshtein[string distancealgorithm([7] as a
ratioCoflerroneousor (missed[ characters tolaltotal chumber of
characters(inlaphrase,@and((3) selflzeported(subjectiveratingsof
theluserlexperiences. Theldatalwas first(inspected for[outliers(and
Grubb’s(test tevealed (5 [(blocksas extremeloutliers((i.e. theyhad
average [érror tate[larger (than threestandard[deviationsfrom[the
mean[Valuelacross frials (oflall(participants for(a[givenkeyboard
sizeland[a[givenpointing[technique)Which[Werelexcludedfrom
thelanalysis.

2.2.1 Textlentrylspeed

Theleéffect (0fTthe (keyboard [Size [onthe [fext éntrylspeedlis[shown
in[Figure 2[forCeach[pointing technique. Inthis[figureand the
following[ graphs[the error bars[showplusminus[one[$tandard
deviation from the (mean[values.[The[ground ‘mean[of the text
entry[speed [(averagedover[allkeyboard[sizes) was M=10.98
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Figure2: Meantexténtryspeed(in Wwords [per minute.



wpm[{(SD=0.39)[in[tase of gaze[pointingland M=4.42wpm
(SD=0.06)incase ofiead[pointing. [Afwo[wWay[ANOVAlshowed
all significantl] main[] effectl] ofl] thel] pointing[] technique
(F1.70=152.255, p<0.001)[indicating[that[gaze [pointing[tesulted
inlsignificantlyfasterfextléntry(speedthanlhead pointing. [There
were mo[other(significant main(orlinteraction €ffects, [althoughlin
caselofgaze[pointing[the'meantext[lentryspeed _gradually
increased (withlincrease [dflthe (keyboard [size.

2.2.2 Errorlrate

Thelerror [lanalysisrevealed [Jthat[Jin[Javerage[lgaze[Ipointing
producedmore [érrors [thanhead[pointing.[ The groundmean [of
theltelativelerrorrate[(averaged overlall keyboard[sizes)[was
M=8%(SD=1.77)Uin[caseJoflIgaze pointingland M=3.8%
(SD=0.3)(in[case [ofhead [pointing. [A[fwo way[ANOVAltevealed
that(there[Wwere[significant [differenceslin(the mean values[oflthe
relativel] error[] rate[] between[] thel] pointing[] techniques
(F1,79=16.512, p<0.001).ThereWwere mocther(significant thain[or
interaction[éffects, [although(the ‘mean(valueof the(telative [érror
rate[graduallyldecreased [(with fhelincrease[of thekeyboard[size
when[ gaze[ pointing wasused. Figure 3 [shows[alsummarized
effectlof’thekeyboard(size on the rfelativeérror rate for[gazeland
head(pointingfechniques.

Error rate Errors vs. Size (Experiment 1)
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Figure[3: Meanrelative eérror rate.

2.2.3 Selflveportedisubjectivelratings

Figure(4demonstrates [thetesults[oflsubjective[évaluation of the
pointingtechniques [Bythe [participants.[A[Wilcoxon signed ranks
testwas[applied for[a[pairwise comparison[ofl the[$ubjective
ratings[fordifferent[Jcategories. JThe[testCindicated [ithat[the
participants[perceived[gaze [pointing[fechnique [as more[pleasant,

Self-reported subjective ratings (Experiment 1) BGaze typing
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Figure4: [Subjectivelevaluations.

fast, Cefficient Cand[ generally[better for[the[given[task[(refer(to
Table(1).[Alllother [differences(in(the ratings Were ot statistically
significant.

Table[1.'Wilcoxon[signed tanks ‘testresultswith(mean M,
standard(deviation SD, minimum Minand maximum Max
scores, Zland pvValues.

Rating P"i;‘ﬁ“ M| SDI| Min| Max|  Test
gazell| 1.87 | 2.070] 3] 4 | Z=02.180,

General head(1| 020 1.970] 3] 2 | p=0.029
gazell| 233 | 1400] 2] 4 |Z=03.085,

Pleasantness| - dr1| 087 2201 @] 4 | p=0.002
bominanee | &7 | 10| 1791 3] 4 [Z=0537,
head| 1.14 | 2.187] @3] 4 | PE0.592
. gazell| 3.00 | 0.960] 1 | 4 | Z=13.306,
Quickness |} adt| 64| 1910 @] 3 | p=0.001
Accuracy gazell| 1.00 | 2.420] @] 4 |Z=00.670,
head| 1.67 | 1.800] 27 4 | pE0.503
. gazell| 133 | 1950 2] 3 | Z=12.409,
Efficiency | adi1| 087 1927 3] 2 | p=0.016
Difficary | &% | 10| Losi| 2] 4 72507,
head7| 0.79 | 2.087] 3] 4 | PE0.439

3. EXPERIMENT 2

Thelsecondlexperimentaimed folstudyfwo Selectionfechniques
executed by mouthopenJand brows up[facial [gesturesand
investigate howthey[Jaffect [the [performance and [lsubjective
experiences [0f movice isers(in fext(eéntryfask.

3.1 Methods

3.1.1 Participants

Thirteenunpaid [students “ofla[local Cuniversity[(10Cmales, 3
females)between 19 and [ B35 years ofl age[(M=25.6,[8D=4.5)
participated(inthelexperiment. ([Eight[participantsthad Finnish(as
native[languageand[five were hon(Finnish[$peaking[students.
Twolparticipantshadalprior (knowledgeldabout the (head [pointing
techniquelas they participated[in[Experiment(1. However, (they
did[mothavelanylexperiencelin[interactingWwith[tomputers by
visuallgestures(and (were[¢onsidered(as movices for[algiven[fask.
Allparticipants‘had ‘hormalor[corrected ‘fo normal [Vision:[two
participants ChadCeye [iglasses. CAll Cparticipants[regularlyused
physical QWERTY [keyboard.

3.1.2 Design

Infthis [éxperiment, the [participantsWwere [fyping [fext[by[pointing
at[thekeys/ofld virtual keyboard byhead thovement and Selecting
thelkeysusing mouthlopenland browsiptacial[gestures. Head
pointing[was[used [in[thisCexperimentbecauselit[allowed for
testing[Visual [gesture[detector[in[alpresence of hoticeablehead
movementsand[rotations [produced Cby[the[participants while
pointing[at[different keys [ofl the[keyboard. Thus, (it supported
ecologicallylvalid Cevaluation Cof both [selection[ techniquesas



compared!(fo, [for[éxample, [gaze [or mouse [(hand) pointing[which
assumes [or [fequires [that[the liead Stays relativelylstill.

Theexperimentiwasalwithin[Subjects[singlefactor[repeated
measures[Idesign. [[TheJexperiment[Iconsisted Jofl twolsessions
(mouth(interaction[and[browlinteraction) with[5 [frials[in[each.
TheJexperiment [Jwas[Icounterbalanced “IregardingJaJselection
technique. I TheJtotal (numberloftargetphrases typed 'was
13participants x 2(selectionlfechniques x [5lfrials(=[130.

3.1.3 Apparatus

Thelexperimentwas [performed!(in(the [Ssamelaboratorylconditions
and with[the[same[équipment [@s [éxplained in[Experiment1, with
exceptions that[JaCivirtual Ckeyboardofl the middle[size [was
utilized, Theadtracking[[3][wasusedfor[pointingandfacial
gesturedetection[[3,23]Owas(tilized as[alselection[technique.
Thelfarget [phrasesWwere faken [from (Finnish (8] (and [English 18]
corpuses. Thelsystem[producedaFclick’ [soundoncelal facial
gesture[was(detected. Theloutputlofithe face processing[software
was|visibletolthe[participants.

AslitlisCiwell Cknown, [there [is[altradeoff between[ the event
detection tate[of the[$ystemlandthe [amount[oflfalsealarms[it
produces. [Morel$ensitivel systems[detect[hearlylalllevents[but
possiblyproducelallarge mumber of falselalarms. [Less[Sensitive
systems[give[afewer number ofl falsealarmsat thelexpenseof
having(some [missed €vents. [Different [errors[ofithefacial [gesture
detector (will have [different [effect[on [the[fext[éntry[performance.
Thus, Jfalse[Jalarms [lwould ClresultClin[Junintentional Clentry Cof
characters, [increasing[text[entrylerror tate. [Almiss oflagesture
would [Gause[d iser folrepeatthe[gesture, fesulting[in[slow [fyping
speedland, [possibly, frustrationof the iser. [Based[on thelearlier
findings [[3]Teported forthis[fechnologylin[detecting mouthopen
and browsluplgestures, the[expectedmisdetections dueltolthe
system arelas follows:[falselalarm(tate[0f[7% and (missed [event
rate(o0fl11.5%.

3.1.4 Procedure

Theprocedure was[similar[tolthe[one[in[Experiment[1. Each
session[started with[training[oflalclassifier for categorization
between [facial [gesture [and mon(gesturelévents. [(Fortore detailed
descriptionof[the Citraining[JprocedureJas [iwell Cas Ctechnical
characteristics ofthe[classifierteferfo [3].[Oncealclassifier has
been(trained, [the [participantshad[alshort[practicelinusing the
techniquelby(typingtheirfhames. In[the following[éxperiment,
Finnishparticipants[typed CFinnish [iphrases Cand Cnon (Finnish
participants(typed (English[phrases. [ Thel[systemloutputted[alog
filethat[contained [aChistoryof[ the[participants’ [actions, [ as
explained[lin CExperiment(1. TheJexperiment[lasted “about 60
minutes.

3.2 Results

Alone[wayl ANOVA[Wwas used[for datalanalysis[with[$election
techniquelas(thelonlylindependent(variablewhichhadfwo levels
(mouthlinteractionand [Browl(interaction). [The[frials werefreated
as(tepetitions. Thesameldependent Variables Wereanalyzed(as[in
Experiment(1:text Centry[speed,[relative Cerror[rate and[selfl]
reported(subjectivetatingsof (the useréxperiences. [Theldatafor
one [participantWas [completelytemoved [fromthe [@nalysis due(fo
technicallreasons. [For[threeparticipants[the[brow[interaction

session 'was[Inot[Iperformed [ldueto[itheIfact[ithat [itheyThad
difficulties[inCproducing browsup[gesture long enough[{12
minutes)to[complete[thel training oflalfacial classifier.[One
participantCdid[hothave[time to[perform[the brow interaction
session(ofltheléxperiment.

3.2.1 Textlentrylspeed

Thelgroundmean[ofl the textlentry[speed[was M=3.07 wpm
(SD=0.30)CinClcaseJof mouthUopenselection[techniqueand
M=2.850wpm[](SD=0.43)JinJcaseJof brows[luplselection
technique. [Theleffect (of the(Selection(fechniquelon thelfextléntry
speedlis[shown in[Figure5. AlonewaylANOVAILdidnotteveal
anylstatistically(significant[differences [for theseresults.

WPM  Speed vs. Selection technique (Experiment 2)
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Figure[5:[Mean/text éntryspeed/in words[per Iinute.

3.2.2 Errorltate

Thelerror(analysisfevealed the [ground mean(oflthe Felativelérror
rateClof M=6%[1(SD=3)for Cmouth[linteractionJand M=21%
(SD=15)OforCbrow Uinteraction. [JFigure (6 [shows [ithe Javerage
relative Cerror[rate[forboth[selection[techniques. A one way
ANOVATshowed[that[there[Was[alsignificant[differencelin the
mean[valuesoftherelative[lerror Crate[Jamong[ the[selection
techniques((F;,7=9.538, p<0.05).

Error rate Errors vs. Selectiontechnique (Experiment 2)
40% -
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Figure[6: Mean relativeleérror Bate.

3.2.3 Selflveportedisubjectivevatings
Figure[7indicates[that[ithere[lwas[InolJagreement[lamong[ the
participants Cabouttheir [subjective Cexperiences[ regardingthe
selectionlfechniques. [A[Wilcoxon[Signed tanks[fest was applied
for[a[pairwise [comparisonofithelsubjectivefatings[for [different
categories(Table2).ThereWweremolsignificant(differences(in the
evaluation results.
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Table 2. Wilcoxon(signed ranksfest Kesultswith mean M,
standard(deviation SD, minimum Minand maximum Max
scores, Zland p(values.

Rating Selection| M| SDL| Min| Max Test
G | mouth0l| 1.25 | 2.02 | 20 4 |Z=m.763,
enera brows1| 0.38| 1.06] 20 1 | p=0.078
Pleasantness mouthl| 0.75 | 1.830] 20 3 |ZE=0.938,
brows(1| 0.38| 1.85(] 20] 3 | p=0.348
Dominance mouth0l| 1.50] 2.330] 20 4 |ZE=10.954,
brows[1| 0.25 | 1.670] 20] 3 | pE0.340
. mouth(l| 0.13| 1.96C] 30 3 |Z=[0.791,
Quickness | wsti| 0.50] 141 20 1 | p=0.429
Accuracy mouthl| 1.25 | 2.550] 30 4 | ZE=m.706,
brows[1| 1.25| 1.830] @] 2 | p=0.088
Efficiency mouth| 0.13 | 2.230] 30 3 | ZE=10.987,
brows[1| 0.75| 1.670] 30 2 | pE0.323
Difficulty mouthl| 1.38 | 1.850] 20 3 |Z=m.411,
brows[1| 0.25| 2.250 B30 4 | pE0.158

4. DISCUSSION

4.1 Headlvs. GazePointing
Thelgaze[pointing[technique resultedinsignificantly [faster(fext
entryspeed[than[the head[pointing[technique. This[was[an
expected(tesultldue folthe fact[thatleye ovements are[fypically
muchfasterthanhead “movement. However, being[faster[in
pointing,gazelinput[causedalgreat[Variationlin[typing[speed
between [the [participants:[thefastest [fypists Were[almost 3 [fimes
faster(than the[slowest,[(while head[pointing[caused more(stable
typing[speed Jlamong[theparticipants. Further, Jgaze pointing
resultedin@about [doubled error (tate[¢omparing[fohead[pointing.
Thisfactlconfirmed thelearlierHesults[6]Wwhichfoundlgazelas(a
very[ fastbut[erroneous [imeans ofl pointing[thanheador hand
(mouse) [ihputlinfextlentryldpplications.

Theldependencylofithe fexténtryspeedand telative [érror rate On
thekeyboard[sizelin caselofl gaze[pointing[Seems[to[be higher
thanlin(case[ofThead [pointing. [Although(it[Was [fiot[fecognized [@s
statistically[significant [tesult[inour[experiment,[this tendency
mayBbecome [stronger [iflsize (0flthe keys will be further(decreased.
Forexample, Iprevious Cstudies ([ 12]CJdemonstrated (that [lifT Ja

dimension Cofthe “object becomessmaller than[ 50 pixelsCin
diameter, Uinteraction[Jby[Igaze [lbecomes[IvirtuallyJimpossible.
Imperfect[calibrationloflanleyelfracker or ¢alibration drift Cmay
significantlylincrease(thisTimit.

Inlgaze [pointingsessions[with[smallkeyboard[ofl Experiment (1,
in[someltrialsthe[typed [ phrases were[almost_impossible[to
understand, “forClexample, “oneparticipanttyped [‘mi,di [ kysyg
hsdsjjs kysymy,di@” [instead [of Smiksi kysytlhassujakysymyksid?”
and(@nother fyped ! junstIbst(sinsmydhdsdd?” linsteadof “junat
ovatlainamydéhdssd.”.[This[Wwas ot the [case for [fypingwithHead
pointing. [Welassume [that [(with [furtherdecreaselinthekeyboard
size,[igazepointing[will Cbecome [difficultCor[evenimpossible
while[Thead [pointing Jwill[Inot[Jundergolsignificant[Ichanges.
However, this[is fobe [donfirmed[in(the futureléxperiments.

Thelobtained resultsallowed lus fol¢oncludelthat head [pointing,
causingnoticeablylslower fext[typing, Thas[advantages over[gaze
pointing[inlaccuracy, [stability’and Tesser dependencylon(the(size
oflthelkeys.[Thellatter[is especially beneficial [for developing
small[sizedfypinglapplicationsWhich[occupylonlylasmall [part[of
thelscreen(teal estate[and[allow(the mser[abetterpossibilitylin
observing[theltyped textland [interacting[with[interface widgets
andlotherapplications. [This[opposesthe[¢urrent fequirementin
designinggazebased  typinglinterfaces, [in[which[key[layouts
usuallytakelalarge[part ofithescreen [feal [estate[folcompensate
for[inaccuracylin [éye/gazelinput. [Still, [the[participants tated [fext
entry with[gaze[ pointing[higher[thanheadpointing[in[inany
respects, Llemphasizing[Jallfast [linteractionspeed[that [icanbe
achievedwith(gaze input.

4.2 Mouthlopenvs. Browsup Selection
Thelresults Cobtained Cfrom Experiment[ 2 [revealed [ that[both
selection[ techniqueswere [approximatelylequally fastwith[ho
significantdifferencesJobserved. 1TheJerror[lanalysisfurther
allows[makinglal¢lear[¢onclusion: mouthlopen(selection[gesture
caused (much(less errorsfin fext typing[than browslipselection
gesture. [In"addition, Cmouthinteraction[ caused imore[¢onsistent
resultswith[smallldeviation[from fhe hean(thanbrow/(interaction.
Subjectiveratings [did (not[reveal Cany[ significantdifferences
betweenl(thefechniques.

Alcomparisonofl the resultsfromhead pointing[ sessions of
Experiments[]1 Cand 2 Cshowed[Jal'decreasellin[the [textentry
performance [when(facial (gestures [Substituted hand linput[(button
press)forkey(selection. [Takingdnlassumption[that button [press
takes[only[0.005 s on average(]1]and[is mot[alSource of fyping
errors, [itfis[possible [foldirectlylcompare(the results.[Thus, mouth
openlgesturelitselfldecreased fyping(speedbylabout[1 wpmland
increased [thelerror[tate bylabout2%. [ Thislis consideredlasla
quite Towdecrease [in the[fext[entry[performance. Otherwise, the
achieved(fext(éntryspeed(is[comparablelor(superior folthe results
reported[for[similarCcomputer[Vision'based[8ystems[Which use
dwellltime[6,1]Corfacialgestures[2,5]Cas[alkeylactivation
command.

Anatomically, [facial Cexpressions[result[from[ contractions [and
relaxations[of different [facial Cimuscles. Dueto differences in
facialmuscle ¢ontrol, @ angeloflVisual [@ppearances for [different
facial [ gestures[varies[Jsignificantly[lamong[the Iparticipants.
Figure8shows[examplesof browsup[gestures(the pictures



Figure(8: Examplesof meutral stateand brow(upgesture
in(the upper facefor male((left) (and female (right)
individuals.

comelfromCour[pilot’study[3]).[Note that[theleyeltegion was
analyzed bylthe (classifiers(although [Gut fromthe[picturesindrder
tothidelidentities [of(the participants.It(is [Visible from thefigure
thatlin[$omel¢ases browslupl[gestures maytesultlin(slightlskin
displacementswithhowrinklesVisible[in[theforehead tegion.
This[mightlaffect [theldetection performance of facial [classifiers
for brows(up [gesturein Experiment(2 [and [éxplain(alarge @amount
offérrors for [thistechnique. (Whereas mouthldpen(gestureresulted
inla[strong(visual [pattern [that Waslin/average reliably/detected by
theCsystem[for all Cparticipants. Additionally, [the “participants
reported(that mouthCopengesture[ffelt “more [hatural Cand was
casier [folcontrol than brows upgesture.

4.3 General Discussion

The(results[fromExperiment 1 allowed for [aldirect[¢omparison
between [effectsof gaze [and Theadpointing on[the[text[entry
performance [ofl the [hovice Cusers. [Themaximum[average[text
entryspeed[was[achieved[in[gazel[typing[session:[the nhovices
werel[able[foltype[Wwith[thelaveragelspeed of[11.78 wpm[Wwhen
gaze[pointingWas[combined with(the biggest keyboardlandhand
input[(button[press) for key(selection. [The maximum average fext
entrylspeed 6f14.48 wpmwas[achievedbythe iovices[wWhenhead
pointingwas [ combinedwith[the [smallest keyboardand "hand
inputforkey(selection. InExperiment[2 Wwhenhead [pointing[Wwas
combined[Withfacial [gesture[$election imethod,[alspeedof the
textléntryldecreased. The maximum/ averageSpeed[0fl3.07 wpm
wasachieved (bylthe movices in[the linterfacethat[¢ombined head
pointing[with mouthlopenkeylselection[(4[6 Wwpm/are(attainable
byladvancedusers).

InCJaverage, [1gazebased[Jinterface[] caused ['morelerrors [Ithen
computer[visionbased [interfaces. In the current[$tudy nolerror
correctionwas[allowed;however, CitCwould“be Cinteresting[ to
consider(fechniques [for[d¢orrectinglérrors(and [their[impact[on [the
totalfextlentry[speedfor[gazebased [and[¢computer Visionbased
interfaces. [Welconsider thatlinVideobasedfext[éntrylinterfaces,
itCisCalldesirable feature to switch [between [input techniques
dependinglon(availablehardwarelorfask/application(at’hand. [As
argued(in([6],thereare[many applications which [donot[tequire

high[precision [of fexténtrylduefo natural Tanguagefedundancy.
Therefore, “gaze pointing[ can[beusedfor[fast[text[entry, for
example, [in[chatting[@pplications; Whereashead[pointing[(as Tess
erroneousand [moreaccurate technique)canbeluised[inltasks
which(tequirehigh[¢orrectness[in[the [fyped text. In the future,
bothfechniquesicould bemerged fogether [inla[similar thanner(ds
handl@ndlgaze [pointingWwere merged [in[[22]:[gaze[could besed
for Oquick [and Crrough Cpointer Crelocationfollowed Cby[further
adjustmentbylead.

Inloverall, the[participants [feportedthat(it was [asyfotinderstand
andloperate ‘with[Videobased[pointingfand selectionlinterfaces.
Thelnovices[werelabletoladjusttolthe[system byl developing
different(strategies [of key[pointingland[3electing. [For[éxample,
some[participants preferredtolpointat[the keys bylusinghead
movementand[rotation, 'whilelothers kept their facesfrontal to
theJcameraJandimovedthe torsolinstead. 'Thelater “usually
resultedlinlalbetter [performanceof the gesture [detectors. Head
pointing[Wwas[generallytecognizedas more firing fechniquethan
gaze[Jpointing[Jas[lit Crequired “morephysical Ceffort[from[the
participants [fomovelaléomputerpointerfolaldesired [position. [A
choiceloflintensityand[durationlof facial[gestures used [forkey
selectionwas(alsoldeveloped [duringtheléxperiment. [Participants
quickly(figuredlout [that[short but[pronounced facial[gesturesare
recognized Better by fhe [System.

InCvideobased[Jinterfaces [it[lis Climportantto Cgive CUsufficient
feedbacktothe user about[functioning[ofl the[computer[Vision
methods.[JAs[lobserved [/during[Jour[Jexperiments, [there [ lwere
situations When(theface[detector [continuously failed foldetect[a
face[{dueltolstrong[faceltotationsor Whenlalparticipantvent
outside[oflthe ¢camera’s(field [ofl view) [and [still (the participants
were[trying[topoint[at thekeys oflthe[keyboard. It would[be
beneficial [for[the participantsto[teceive, for[example,aSound
alarm[When theface [detector loses @ face.

5. CONCLUSIONS/AND FUTURE WORK
Becausevisual Cinteraction[lis [Inatural Cifor Thumans[and Cmany
movementsand gestures[canbemadelon avoluntarybasis[]17],
videobasedlinteractionlis [one[promising[technologytolsupport
hands(freeChumanlcomputerCinteraction. "Welpresented[the[first
results from[dur [ongoing[éxperimental [Verification [that[dimed(fo
compareldifferentvideobasedpointingland(selection fechniques
tolfindthe bestones [for the Purposelofthandsfree fext Entry.

Encouraged (by(the [obtained Tesults, weplanfoléxtendthiswork
inlseveral (ways. [Firstly, [the tobustness and[speed [ofl computer
vision[imethods[will[be[improved. Secondly, [the tesultsCoflthe
experiments [suggested(thatindividualdifferencesland abilitiesin
visuallinteraction mayvarywidelybetween[people. Therefore, a
rangel] of ] visual[] gestures[] that I may( satisfy[] different [ user
preferences [willCbe exploredand[testedinalseries of[ future
studies. JThirdly, lwewill Cicontinue Csearching[for [the [Cimost
appropriate[designloflaltypinglapplicationfo be mutilized Wwith[a
videobased[Jinterface. JFinally, Jalllongitudinal Cstudylof Jthe
performance(oflavideobased linterfacein fext[entry(is @n[eévident
continuation[6flthis work.
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