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Abstract

Thelincreaselin usageofleye[frackingfechnologyfo[studyltext
translation[processes Has [fevealed fhe Meed for [éffective fools for
visualization[ofTthe [datal¢ollected. [(Wepropose almnew inethod
forCgazeCand[keystrokedatavisualization. The[visualization
utilizesthe preprocessedgaze [data, Where detected [fixations [dre
linked[toltheltorrespondingword[inltheltext. [Theblocks of
readingland[fyping[processes [dre[shown[inparallel Wwith[details
for Ceach Cword Cpresented Clin Cword [bars. CReading Cor Ctyping
sequences [providelinsightlintothe [femporal [distribution [ofTthe
subject’s Cactivity, “and Chighlighting Cpops Cupthe “unusual Cor
attention [Mequiring[dataland/évents.

CR[ Categories:[] H.5.2[] [Information[] Interfaces[] and
Presentation]:[User [Interfaces [-[Evaluation/methodology; [(Input
devicesland/strategies

Keywords:[gaze[data [analysis, 'gazeand Keystroke [data Visualization,
gaze[fo [Wword apping, €yefracking, franslationanalysis

10 Introduction

Asleyelfracking[Jtechnologies Jbecame[Tmore JaffordableCand
accurate, Jthe Jnumber[J of [ scientific[]disciplinesJusing[Jeye
movement[datafor analysishaslincreased tapidly[[Duchowski
2002].[Researchersiwho studyprocesses [infranslation fromone
language [to[Janother Carenot CleftCout: [the Canalysis Cof eye
movements [0flsubjects Whoread[text for [franslation [and the [fext
they[produce[themselves[can[teveal “many[important details
[O’Brien[2006]. [ Theanalysis ofl such[processes consistsof
analysis [ofteadingloflthe [fext[in[Source language 1.2 [(supplied
byltheltest[Supervisor), analysis[ofl teading ofltext[Wwritten[in
targetlanguage(IL1 [(produced bylthe subject),and @nalysis[oflthe
dynamics 0flthe subject’skeystrokes.

Thus [far, [fesearchershave been(able fo[perform highlyldetailed
analysis [0fkeystrokes[only[Byising[special foolslike Translog
[Jakobsen1999]Cor [ScriptLog[[Stromqvist[& [Karlsson[2000].
Thednalysis ofléye hovements ias femained(a Weryltediousjob,
with[manual [igaze [fo[Wword Cmapping[required for “eachtrial
before[thedatal for[further analysis[couldbelteady. ItCwas
possiblelfoldo[this[Via fools that[Superimpose[gaze [points over
stimuli[(like[ClearView byl Tobiil Technologies), (but[this Was
still[fook [much (longer(thanthelactual (fecording. [Evenwith the
list[] ofl] words[] given(] focus[] in[] hand, [ the[] numeric(data
representationofl the[ focusing[ statistics[is[ not[ the[ best[ for
determining[the subject’sbehavior(during translation.

TheScriptLog(tool [developed byresearchers [atithe Wniversity(of
Lund[¢an(tecord [both[eye movements andkeystrokes for(later
visualization [ ofl the[temporal [behavior[oflalsubject franslating
the(text[presented [onscreen [Andersson(et[al.[2006]. ScriptLog
shows|the(fime spent[observinglareas of interest[((AOIs), which
canlbeldefined bylanlinspector. Onlal graph[with[al common
timeline, [@éach[AOI[is [presentedlas(afiorizontal [(or Vertical) (bar.
Theltimelalsubjectlspentobservinglan AOI is[presentedasla
coloredpart[of! the ‘corresponding bar. [ Thus, [only Jone  bar
representinglanAOIl¢an[be[¢oloredat anyl given moment. In
addition to[the AOI[bars, other[barsTepresent/évents occurring
inl[Iparallel:Tkeystrokes, Imouse[clicks, [ Jetc. [ This[kind [ of
visualizationgives[altlear picture[ofl how[thelobservation[ bf
AOIsis[distributed Cover[time‘and["how[lit[icorrelates with
keystrokes. Theltypical[AOIs[are[stimulil(in[the areaWith fext
for[franslation), the [restof theScreen, @ndlakeyboard.

Despite thelclearusefulnessof this[fool, [it[does Mot answerthe
question[that[is as important[as[theltemporal [distribution of
observation [areas [and [CorrelationWith keystrokes: liow [does[the
readingloccur(during/anléxperiment? [Qur fool ‘was[developedto
answer [ this[question.'We[present[here[the functionalityloflthe
tool [and/discuss the(cases Wherelitmight be useful.

2(1Design

Theltequirements(for thegazeand keystrokes Visualization[fool
werelIcollected [duringJalldiscussionwith[Jresearchers[Jinto
translation processes[ from Copenhagen[Business School. [ The
main[¢onclusions fromthese discussions/d¢oncernedtheneed fo
a)[quicklylinspect/femporal relations between [gazingland [fyping
events, b)ChighlightCany[data(related[ tol teadingor[ typing)
differing[from[theIdatatreated JasJal1“smooth” [(*“normal”)
translationprocess, and[¢)[obtain[the (mostimportant[Statistics
for[reading/writing[events. [ Since[visualizations that[employla
timelineto[present[a[gaze dataldistributionlin[time[between
AOIsCofalstimulushavebeenused [successfully by Jother
researchers [foo([Aula, Majaranta, & [Rdihd[2005], it was(decided
tolchoose this Wisualization formatfor fhe(target fool.

TheDKiEV [Jtool [ was[] developed [ on[] the I basis[] of (] these
requirements. (It (provides [the [associated [ functionality Jand
proposesJallsolution [ for[JtheIproblems Imentioned [lin[Jthe
introduction folthe[paper.[Thefool mses the[datacollectedinTog
files[ byl the[ Translogland IGWMTI tools. /The[Translog[ tool
presents [fext for franslationandlogsall keystrokes[{and [Some
other [System/and[task [felated €vents) produced byldsubject. The
GWM ftool, integrated intoTranslog, ises @nleye [fracking(device
tolmap(gazeontoWwordsin [the fextandTogsdll [évents Telated fo
word [focusing[(e.g., [alfixation’s timestamp [and [duration,the
total Cduration[of observation[of the “word[infocus, and[the
numberloffixations(andfeading(direction). Detailed [description
of thesetoolslis [@vailablelonthelWeb [EYE [fo T [project2007].
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Figure[1:Screenshot6flthe KiEV(tool.

The[KiEV [fool[creates [d[visualization With three Horizontal bars
onlthesamelfimeline fopresent[évents of focusing[on Wwords[in
theSourcetext[andlin[the[target[(translated)[text, CasCwvellCas
progressin[fyping thefargettext((see[Figure1:[fop, iddle,and
bottom[bar, [respectively). JEach[barcontainsIblocks[Jthat
represent[alcollection6funinterrupted(évents. Each[block [Starts
when(thefirstéventoccurred within[this (block [and [éndsat[the
time Whenits [Tast[évent(énded. [Obviously, [fhe blocks[oflevents
infthe Source @nd [farget fextbars dannot[overlap. [EachBlock[0fla
source [or [farget(fextBar [consists [0f fext, wWord bars[above it, and
thereadingprogressbelowlit.

Creationloflblocks Within(alSource/or farget fext Bar is performed
in[onelofltwoWways:[a)[all[consecutive fixations thatdre tapped
onto[Wwords [6fTthe[same [fext form[a[Block, [or (b)[all[consecutive
fixations apped[ontoWwords [0fTthe [Same [fext[or mot apped[dt
alllareldBlock. [TheTatter Block creation ethod is ore useful
whenlaccuracylin[gaze[direction detectionispoor and imany
fixations [thus(dre leftinmapped foldWword[in the fext.

Theldatalillustrated[in Figure[2 [give[a[good [éxample oflSuchla
case:theTastWordhasbeen [given focusonlyfwice, Butthe(gaze
dataCfor [lastTfocus (were Cgrouped Cby[a[fixation Cdetection
algorithmlinto[threefixations, [oflwhich [only[fwo, [the[first[and
the(last, ere (mapped [onto [the [Word, (With[thesecondfixation
leftiinmapped. [Therefore, the Tast focusing(is[shown [@s[splitfinto

two(parts, and(the Iastpartfis highlighted foindicatelthe presence
offalpreceding inmapped fixation.
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Figure2:Details[ofltheVisualization.

Theword[barsmaypresent €ither the[fotal [0bservation[duration
forleachword[(as[in[Figure[2)[or[onlythe[duration[ofthe(first
fixationTanding[on [the¢orresponding[word. [The[Scaling[ofTthe



word [barsmay[bela)docal, inwhich[¢ase[the Tongest duration
within[alblock [willChave [100% CofTtheheight[possible,Cor[b)
global, whereonlythelongest(duration/inthe Whole bar fakestip
100% lofTthe [possible Height, WwithGthers(scaled@ppropriately.

Thus, Cthe Cword Cbars CseemCtobe CaCsolution “for Cgraphical
representation "ofTstatistical [values [for “each[word [iead byl a
subject. [Tolemphasize [thisTepresentation, the Value 0fthe sword
bars¢anbemapped[onto fthefransparencyofwordsin[the [fext
(asfn[Figure2).[Usersmaylselect[howfo[Visualize[the word
observation[duration: Word Bar only, wordfransparencylonly, [or
both.

Theblock[reading processis[shown(dsd[sequence 6flgazeStops
onwords. [This kindofldatarepresentation(@llowsleaving Gutthe
exact[X[and[Y [¢oordinates oflafixation[point[andshowsthe
order[ofltead wordsConly.[Moreover, [the [Subsequentfixations
mapped[ontothe sameword[appear[aslalsingleinarker. The
progressivelandregressive(saccadeslandsubsequentfixations[are
distinguishedbyIdolor.

Thewords(that[Wwere [last[in the [progressive [feadingland firstin
theregressive readingcanbehighlighted. This[information tay
beltevealed bylthelinspectionofthe feadingprocess, [as[Shown
above, butlthe highlighting[provides(alquicker@ndleasierWway(fo
popupleventslofiregressive [feading. [Thehighlighting[dolors, [as
are[allCother[colorsised byl this[tool, [are customizable. The
panel Cfor Cvisualization [parameters’ “customization (shown[in
Figure[1)Hasleight pages, [@achWwith mumerous[dontrols.

Anotherway(fohighlight Words(is foinderline[Some[0f them[fo
represent [Jother [limportant Jeventsor[dataJexceedingJalset
threshold. AWword[danbeunderlined(if(a)itreceivedfocusmore
thanConce [or) "the [ typing[and[treading[ processes proceed in
parallel; €achMhasitslown color[oflinderlining. f'both [Conditions
areltrue, [d[wordis [double underlined (but the lines [differ [in [color
andlsize.

Thelkeystrokesin [the [dorrespondingbar (can be [presented [in fwo
ways:[a)dll keystrokes, [including[éditing[keystrokes, [or [b) [only
theresulting[text. In [the latter (case, [the[fool [applies [anlalgorithm
that[detectsfinal [words[from[the keystrokes, and [users [inay
applyhighlightingofithe Wordsthat (@) Wwereedited [(theseWwill[bBe
underlined)andb)have [anlinter keystroke [pause[greater(than(a
predefinedvalue ({1000 Cms by default). [ ThisChighlighting[is
shownlin[Figure2. Further keystroke analysis[dan Be [performed
in[Translog.

Theltimeline, below[alllthe bars,[ ¢contains[block [start[and [énd
time, Land[the[moment[oflthe[text changing[ (ifl several [pieces
must[be franslated within alsingle[session). Usersmay[set[the
scaleloflthetimelinelin[pixels per[second. Thellist[oflevents
presented (on [thelfimelinelis(alsoiiser[customizable.

Whenthemouse[cursor[is [over aWword, a[pop 1ip withthe most
important(data related [fo(this (word[is[shown[(see[Figure3).[The
information[ ¢onsists of! total [ focusing[ durationand mumber [ of
gazel[stops, mumber [0f fixations [and[their [average [duration, [first
fixation[duration, and (humber[ofl regressions  from and[tolthe
word. [The popupoflalword on the keystrokes[bar[contains/ its
full(text[ (including[ deleted! characters), typing[ duration, and
editing[ marker, Cas[well[as[the[longest, [ $hortest,[ and[ average
pause betweenkeystrokes.

word : amptonui

Typing time : 39056
Full text : mrampttonui
was edited I yes
shortest pause : 534
Average pause - 6B4
Longest pause t 1122

word : language

Fix count Sl

Aavg Tix dur : 139

Entry count b

Focus duration : 139

First fix dur : 139

Regressions to : 0

Regressions from : O

Figure3:/'Word (text/andfyping) focus/statistics.

TheVisualizationlshown ih[Figure4 is [presented for[comparison
with[Figure[2[folillustratel¢changes[Wwith[different[Settings. The
blocks arel¢reatedusing the( first tule:[the[unmapped!fixation
interrupts/the (block, [dnd the [Subsequentmapped [fixation/is ised
tolcreatelan(extrablock [Wwith[only(the Wword[*flaptop.” [The[word
bars(areldreatedusing the firstfixation[duration only.[Also, the
visualizationshown(in[Figure(4 hasmo wordsidentified [on(the
keystrokes [Bar:[it'shows @llkeystrokesproduced by alsubject.
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Figure4:Thevisualizationwith(different/settings [@pplied.
3 Discussionandfurtherdevelopment

Theword bars seemapromisingmethod [for[the Visualization [0f
statistical [ datalJon[leach[Iword[]for[]visual[linspection[]and
comparison.[1Other[statisticalJvariables[could [ Tbe[Jpresented
similarly:[longest/shortest[ fixationsonly, number[ ofl reading
events, fime Before Orlafter first/second/nthfocusing, [andsoon.

Thel¥isualization 0f thefeading(6fTthefyped fext((i.e., thefarget
text)[is[supposed fo bBe thesame @sfor the [Source fext. [However,
thelcurrent Version [0f the[GWM [fool [ismot[able fomake fixation
mappings [ontothe Wwords[ofTdynamicallyl changing[text.[Tt[is
expected that(this[feature will he implementedsoon [@ndthat[the
GWM llog(fileswilllcontain/such(data.

Thelproposedtool [provides only some[basic[Visualization for
keystroke[data. Future Versions mayprovide more [Visualization
features(forsuchldata, Butthefinal [decisionwill [dependonthe
ongoingfestingland [practical [@pplication. Ifresearchers find that
improvement[Jin[Tthisarealis (required, TtheIdevelopers Ciwill
considerimplementing[analysisand [Visualization[methodsas
found (in[specialized/tools like[Translogland[ScriptLog.

Thelmain [issuefemainingthat[is mot [fullylsolved lin thefool s
finding[thelproperscalingloflthefimeline fo fitthe [fextlintola



block[whenthe blockisfoodong[=(€.g. [when[the [fext[deadinla
shortfime[is Tonger [than [¢an[befendered [in[the [Space Teserved
for[suchlalfime[span. ThelcurrentSolution provides fwolways o
addresslthisproblem:[1)decreasing/the font size fo make the fext
smalllénoughland2)Tavingsersincrease the iumber(6flpixels
used[persecond ofl the timeline solthat[allCblocks areSwide
enough [for [their fext. [Applying Both oflthese @pproaches isually
yields[alsatisfactoryresult, CbutCsometimes the text[in[some
blocksBecomes toosmall orlthe fimeline@ppears/énormous.

4[] Conclusions

Thel[KiEVtool [for[visualization of_gaze[and[keystroke[data
collected ] during [ text[] translationThas [ been designed[]and
implemented. [ItCusesChighTevel Cpreprocessed “dataproviding
links fromfixations[detectedtowords[oflthe fextBeingread.

ThelmainbenefitCofTtheltool [liesinthe[brganization Cof the
information [presentation:[the[fextHeading[process is Shownlin
detailldnd(in[parallelWith fhefext fyping process. Theword bars
and[treading[sequence show[the key aspectsCoflthe reading
statistics Cand[events.[Highlighting[is Tused [widely[to[pop Cup
unusual [or [@ttention Tequiring[dataland @vents.

Itlis[expectedthat,[after [Careful .€xamination [andfesting, the fool
willbeimproved (bylincreasingthe Mumber [of variables ised o
create(thelwordbars.
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