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Eye MovementsandProcessingStagesin Reading:

Relative Contributionof Visual, Lexical, andContextualFactors

Manuel G. Calvo audEnriqueMeseguer
Univershyof La Laguna

Thc independentandIhe combinedinfluenceof word length, word frequency, aod
contextualpredictability on eyemovemenísin readingwas examinedacrossprocessing
síagesi¡nder two priming-context cooditions. Length, frequency,andprcdictability were
usedas predictorsin multiple regrcssionanalyses,with parafoveal,early, late, and spillover
oye movemenímeasuresas thedependenívariables.Therewere spccific effectsof: (a)
length,both on wherefo look (how likely aword was fixated andjo which location)and
how long to fixato. acrossah proccssingstages;(b) frequcncy,on how long to fixate a
word. bur nor on whereto look, al an early processingstage;and(e) predictability, boíl,
on how likely aword was fixated andfor how long, lo late processingstages.Ihe sourcc
of influencefor predictabilitywasrelatedfo global rarberIban to local contextualpriming.
Re coníributionof word lengrh was independeníof contextualsource.Theseresultsare
reievantlo determineboÚ~ thetime conrseof theinfluerice of visual,lexical, nod contextual
facrorson eye movemenísin reading.andwhich main componeníof oye movementí,Ihar
is, locarion or duration, is affected.
Ko-y words: lengUi, frequencypredicrability COfltCXt, ¿‘ye ,flci’CfligfltS, PnV? COerSC, r<x#Jing

El estudioinvestigala influenciaespecíficay la coniuntaque a longitud delas palabras,
su frecuencia léxica y su predecibilidadcontextualtienensobre los movimientos oculares
durantela lectura,a lo largo de variosestadiosde procesamientoy en doscondiciones
contextuales.Longitud, frecuenciay predecibilidadfueron predictoresen un análisisde
regresiónmúltiple, mientrasquemedidasparafoveales,tempranas,tardiasy de arrastre
en los movimientosocularesfuerenlasvariablesdependientes.Se encontraronefectos
específicosde: (a> la longitud, sobredóndesefija la miraday durantecuántotiempo,
en todaslas fasesde procesamiento;(b) la frecuencialéxica, sobrecuántotiempo dura
la fijación, pero no dóndese produceésta,en unafasetempranade procesamiento:y
(c) la predecibilidad,sobrela probabilidady duraciónde la fijación, en una fasetardía
de procesamiento.La fuentede influenciade la predecibilidadfue global másquelocal.
La contribuciónde la longitud fue independientedelcontexto. Estosresultadosson
relevantesparadeterminarel curso temporalde la influencia defactoresvisuales,léxicos
y contextualessobreslos movimientosocularesen la lectura,y quécomponente—
ubicación y/o duración—esafectado.
Palabras clave: longitud, frecuencia léxica, predecibilidad, contexto, ,novimienfos oculares,
curso temporal, lectura
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Thc aim of this study is (a) to quantify the specific
influenteof word length, word frequeucy,and contextual
predittability on eyeiixation location and duration during
reading. after the tontribution of eath of the olber two factors
is partialled out; (b) to examine their temporal lotus of
influente, thai is, whether ihe contribution of ihese factors
vanes across processingstages during reading; and (c) to
determineIhe source of contextual influente and whether
11w effects of Iength nad lexical frequency vary asa funetion

of changes in Ihe source of context constraints.This will
indicate the relativo involvementof these factors in Ihe where

(je., whetherand in which locationa word is fixated) aud
the when (Le., how long a word is fixated) methanisms
goveruing oye movemenis la reading (seo Hyón~ &
Pollatsek,2000; Raynor, 1998).

Regardingour first aim, xvc will quantify the relative

contiibution of length, frequency,andpredittabilityby means
of simultanoouslyincluding them as prodictorsin a multiple
rogressionanalysis,with oye movemenímeasuresas t1w

dependontvariables.The Sr
2 statistic wil! determinethe

uniquo variantein eye movementsexplainedby eachfactor,
whereasffie R2 .statistic will revea! the combinedvariante
deeto aH threo(Tabachnick& Fidel!, 1989). Secondly,we

will examinetbe time courseof influenteof the factorsat
issueby using oye movementineasuresrelatedto parafoveal,

early, late, andspillover processingwhen roading a target
word and dio regions precodingandfollowing it within a
sentence.Lastly, we wilJ explore tho nature of contextual
influente and its possible interaction with Iength and
frequencyby meansof presentingthesametarget wordsin
two different contexis: One assurnedlo induce both
associativeword-basedpriming and high-Jevelintegrative
inferentesandIhe othcr inducing only associativepriming
on the targol word.

Word length (in numberof characters)hasbeonshown
Lo affoet sevoraloyemovemenímeasuresrolatedlo fixation
location and also lo fixation duration. Thus, regarding
loca/ion, increasesin word length arerelatedto increments
la dio probability of fixating a word (e.g., Rayner &
McConkie. 1976; Rayner,Sereno, & Raney, 1996), Ihe

!andingposition (i.e., further mío tho word; ea McConkie,•0~’

Kerr, Reddix, & Zola, 1988; Rayner, 1979), Ihe numberof

fixations beforefirst leaving te word (e.g., HybnU & Olson,
1995), tEto length of saetados to aud/orfrom tEte targol word

(e.g., Kennedy,2000), andthe probability of regressionsto
a skippod but not to a non-skippedword (e.g., Vitu,
McConkie, & Zola, 1998). Concerning the durarion
componeníof oyemovemenis,ibero are mixed findings.
Thus, in sorne studios, increasesin word length are

associaredwilh incrornentsin both firsí-fixation time aud
gazeduration1(Rayneretal., 1996), whereasin others,only
gazeduration is related lo word length, both in first-pass

andsecond-passreading(Hyóná& Olson, 1995). In general,
whereasother factors may be importaní, word longth
acconnis for mosí of the variability ja the forward

movemenísof theoyes,particularly wherethey moveon to
and, to a lessorexteut,how long 11w eyesstay on a word.

Lexical frequoncyis dio frequoncyof a word in written

language.Thereis only limited evidentethat word frequency
affectstho location of oye moveínents.Thus. comparedwith
low-frequoncywords, tose high in frequentyaresomotimes
more likely to be skipped(less likely to be fixated) and
recoivefewoí flxations or refixalloasla ffie firsí pass(Raynor
eta!., 1996). However,theseeffects havenot beenoblained
in other studies investigating probability of fixation
(Henderson& Ferreira, 1993) 01 number of fixations
(Kennison & Cliflon, ¡995). Furthennore,other location
measuressuchas [aunch site (Keunison& Clifton, 1995)
or landingposition (Rayneret al., 1996)arenot affectedby
word froquoncy. In contrast,mostmoasuresaro gonerally
sensitivo Lo 4w effects of froquency on íhe durarion of
frxations. Thus,either first-fixation durationor gazeduration

(norrnally both) areshorterfor high- tan for low-froquency
words (e.g., Inhoff & Rayner, 1986; Schilling, Rayner, &
Chumbloy, 1998; Raynor & Duffy, 1986). In addition,

second-passtime (Hydn~ & Olson, 1995)andreinspection
timo (Hondorson& Ferreira,1993)arealso shorterfor high-

than for low-frequencywords.
Contoxtualconstraintshayotypically beenconceptualised

as iheprediciability of a word in a sentence.WIUI rogard
to the loca/ioncomponontof oye movernonts,a predictable
word is moro likely lo be skippedIban a non-predictable
one (Binder, Pollatsek,& Rayner, 1999; Ehrlich & Raynor,
1981; O’Regan, 1979; Rayner& Well, 1996). Likowise,

unpredictablewordssometimosreceivemore regressive
fixations than predictablowords(cg., Rayner& WeB, 1996),
but not olbeis (Nlorris, 1994). With rospecíto thedurarion

of fixations, wordsthaI are constrainodby dio contenaro
fixated for lesstimo in first fixation andgaze duration(e.g.,
Monis, 1994; Binder ot al., 1999). It should,however, be
notod that findings hayo sometimos roflected only
nonsignificanítrends(Altarriba, Kroll, Shofl, & Rayner,
1996)01 lack of offectsoc firsí-fixalion duration(Rayací
& Woll, 1996).

Accordingly, the two main componentsin readers’
behavior, that is, whore to fixate andfor how long, are
influencedby visual,lexical, andconíextualfacíors.l-lowever,
each of these factors affects tEte two oye movement

Firsí-fixationtimo is the durationof ilie firsr fixation on a word orregion, independentof te nuraberof fixations on ir.. (3azeduration
is he sum of alí fixation durationson a word or region prior to moving to anotherregion, either to tho right or lo Ihe left.
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dimensionsdifferentlyor independently.Thtis, word length
is consistenrlyrelated te theprobabiliíy andlocation of
ñxations (j.c., whetber, where. ami hew olten a word 1;
fixated), but its relationshipwith the duration of fixations

1; weaker. Lexical frequenty is clearly associatedwith
reduttionsiii fixation duration. huí its role jo dic probabili ty
and, especially,ihe location of fixations is weakeror lirnited

to particularconditions.Finally, empiricalevidenteregarding
11w effeetsof contextua]predittability is mixed. wirh bolh
ihe lotation auddurationof fixaijoas beingaffeetedto sorne

extení. This is probably due to the complex nature of
contextnal soureesof influente, Por whieh predietability
particulaily needsfurther investigation.

This study atíempís to make a tontribution to prior
researchin anumberof ways. Hrst, whereaslo mostprior
studies,normally two of te aforementionedfactors(Iength.
frequency, and predittabiliíy) have been examined
simultaneously, lo the present study, alí three will be
combined,andIheir .specitic influente will be estimated.
Second,ratherthan using dichoíomousleveis for eachfactor,
we will usecontinuousindependenívariables,in order to
capturetheir relaíionshipwith the eyc movementvariables
within a wide rangeof variation.Third, insteadof snapshots
of singleproces.singstages,we will explorethe influente

of dic factors at issueby meaosof paralbveal.carly, late.
and spillover measuresacross severalstages.Lastly, Ihe
influenteof eachfactor will be investigatedacrosstwo kinds
of contextualsourcetouditions, that is, global aud local
prirning.

Wc monitoredparticipants’eyemoverneniswliile they
silentIy readsentenceson a computersereen.On-line reading
measuresPor targel wordsembeddedin dic sentenceswere
collected,aloogwith readers’visual behaviorin thercgions
precedinga’id following te targetword. Thetargetwords

varied in lengdi, lexital frequency,and predittahility fi-orn
te contextsentence,accordingto a prior norniing study
(seeMaterlais).Two different contextconditions wereused

<seeart exaníplein Table 1). In dic global + local prirniog
contexícondition, te senlenteprecedingthc target word

both inducedan inferenceof ¿sri eventoottorne(represented
by [he targel word) with more or less predictability ond
includedseveralindividual wordsthat could prime [he [argel
word by associaíivclinks. In tite lacal-onlv (hcntefurth,
local) prinuing condition, [he precedingsentencedid not
predicíanypanicularevení.buí inciudeddic sumepotential
associativeprime wordsas in íhe global condition. It should
benoted thatour speeificpurposewasnot [o compareglobal
(message-integration)primiog versuslocal (word-to-word)
prirning effects. Raiher, we aimedto determinethe effects

of global predictability, aloog with [bose of length and
frequeocy.Howevcr, becauseILe contextsenteocesused[o
inducepredictability included wordsthai could be lexical
oF sernanticallyrelated i.o the targel words, it wasnecessarx
to separateihe efíecísof global coníextualpredicíabilitv
from lliose of potential local lexical or semantieassociation.

Method

i½¿m.ipa;a.r

Sixty-four native Spaoish-speaking psytliology

un(lergraduatesaí La LagunaUrtiver.sity participatcdbr
cour.secredit. Thev had normal uneonectedvision.

Materials

Eighty targcí ‘vords ni-ni 80 tontexí sententeswereused,
wíth each taígctword ernbeddedin two versionsof cadí

contexí sentente:a global + local priming condition anda
local rioiing condítion (seeTable 1, and furtlier examples
in Calvo, Meseguer,& Carreira~.,2001). Iii the former
condilion, the[argel wordsrepresentedeventoutcornesthai
could resull from situationsdescribediii Ilie prior sentente.
in addition lo being sernanticallyassociatcdwith sorne
conteotwords in [he prior sentenceeootext.In [he laiter

condition, thc sarnetargel wordscould be semantically
assoctatedwiíh ihe sanie coníexí wordsas io the former

condition but did nol represeníeveníouttornesthai could
be predictedby ihe contexí. Eachpartitipaníwaspresented
witb 40 cxperimeoí.ai tflals lo randomorder, intcrspcrsed
with unrelatedfiller trials. l-lalf of the experimentaltrials

for eachsubject belongedto [he global + local prirning
condulion; Ihe ollíer half. to ILe local priníing condition.
Trials períai¡íing1.0 eachcondition werepreseniedrandornly.
Qn cathtrial, a short passageappearedon a computersereen.
This passagewas composedof a contexí senteisceand a
conlinuation senleucetlíat containeda pretargetregion, a

íarget word. a posttargetregion, aud a final regiotí. The
cootiouation sentence(inclíLding thc target word) was
idenijeal Por both dic global + local priming totidiflo» nod
dic local prirning condition. Each targel word (and the

correspoodingcontexíand continuation sc¡ítence)in both
prioíing cooditions ~vasreadby 16 paríltipants.

Predictability iii both contexí conditinns, length, and
frequeneyseoresfor target words had been previously
determined,Predictability scoreswere obíainedfi-orn a
norrning study (cloze task) in which 104 uodergraduates
werepresentedwitli <he cotitexí sentencesup tu <he targel

word (oot included)andweíeaskedto write down ihe nexí
word iii dic seotejíce,using llie firsí word that carnelo mmd
atíd thai. wasrelatedto iLe prior coiííexi (seeCalvo,Castillo,
& Estévez,l999).lo ILe global + local pritííing coniexí
tondutuon.prediciabilitv Por <argel words ¡aííged from .00
(no particilianí produced ILe word) to.96 (96% of
partitipaiits producedit, M = .43; 51) = .37). lo the local
prinil ¡íg contexícotiditiotí, predictabi1 uy seoresratigedfi-orn
.00 tu .19 (41 = .04,5V .05). Thc differcííce beiweeo

en Ucaní,predictahi1 itv scoresbr cadícondítíun ‘vas si /(79)
9 22, p < .0(101. Tiíe contexísetwencesiii boíL tEte global

+ local conditiotí and in ILe local cotíditiotí xvere of
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Table 1
Exanipleof MateriaL iii «0</! of rut uva ContexíCo,uliiions

GLOBAL + LOCAL PRIMtNC CONDITION:
When the*party ‘vas over, tliere wcre

4bagsatíd ~papcrsah over the 5fluor. su Susanapicked up ILe *broooi ¡ Susana1 swept¡ the[loor

1 thoroitglily,/
(Original SpanisLversion:Al terminar la <fiesta Labia <bolsasy *papclcs por todo el *suelo. asíqueSusanacogióla *cscuba ¡ Susana

¡ barre, ¡ cl sucIo 1 complctamentc.I

LOCAL (ONLY) PRtMING CONDITION:
In ordertu decoratethc <party. Susanahung up ILe colored <paperawitb ILe *brooni thai was oH the *lloor. ¡ Susana¡ swept¡ ILe floor

1 tliorouglily.¡

(Original Spaoishversion:Paraadortiar la <Itesía.Sttsaoacolgó ‘papeles de colorescon la *escobaque estaLaen cl <suelo. / Susana¡

barril 1 el saeto¡ cotiipletarnetile./

Note. Targetwords o italics. Asterisk,, síashes.and Lracketsdid not appcarin tLe stiníuli. Astcrisks indicate ILe contetít wurds shared
by LotL prirning cotitexí condilioos, lo control Por wurd-basedpriniing. Síashes(/) in tlíe conlinuation setitenteseparateeachof tlíe foitr

regluos(Le., pretargel, target,posriargel.and final).

equivalení length (M = 20.6 number of words for boíL
contexts;SD = 4.St) vs. 4.69). Forty-two pereeníof the satne
content words were incíttded in ILe global and [Le local
prirning versionof eachsenience,[o control for word-based
priming. Targel word length rangedfi-orn 4 to 11 letiers (M

6.98; SD= 2.02).The frequencyof the targetwords, based
on Sebastián-Gallés.Martí, Cuetos,and Carreiras’ (1996)
norms, rangedfrorn 1 to 202 ottttrrente.sper rnillion (M =

20; SD = 25Ji).
Eye rnovetiietits were recorded by a Fourward

TechnologiesDual Purkinje 5.5 Fyetracker, which has a
resolutiort of less [han lO mili of art TLe eyetrackerwas
inierfacedwiíh an IBM compatible FC thai controlled

stimttlus display and datasiorage. ILe position of thc eye
was sanípledeveryrnillisetond. and [Le computersiored
dataun [Le duration and locationof each fixation for later
analysis.The toniputer wasalso interfated wiih a super-
VGA visual display unit on which iLe stimtílus passages
were presented.The display was 60 cm from the partitipatita

eyc. Participants viewed iLe sercen wiih iheir Leads
positionedoti a deepchin resíaodforeheadresí. wiih astrap
around[he head,to minirnize movernenis.EacLpassage~vas

presentedin three lines up tu 80 charactcrsper line. TLe
regionaof interest (prelarget, [argel, atid posííargeí)were
locatedin [Le thrrd line, which beganwith iLe tasi toniexí
word andendedwiíh iLe (toal region of iLe continuation
sentetice.

Procedure

Before tlíe experimetítstaried,pariitipatits were infornied
ihat iLe siudy ~vasaboutreadingcotííprehctísiutí.TLcy were
[oíd lo readsi Icnlly al thcir normal rate andthai íhey would
periodically be requiredtu answerquestionaaboui ILe
passages.TLe participant sai in froííi of iLe eyetrackerand
caíibrati00 was performed. Six practice passageswete

presentedbefore the experimentalirjals. When readers
finishedtaeL passage,[Ley presaedakey andiLe computer
cithcr displayeda(ycs/noresponse)recognitionquestionon
half of iLe lrials, or proceededlo iLe next passagc.Readers
respondedby pressingoneof two buttons.This protedure
xvas usedto ensurethai ihe participaníswere cornprehenditíg
the sententes.

Measures

Fivegroupsof eye movemetílmeasureswere exarnined
for ILe [argel (global, earíy, andlate), pretargel(parafoveal),

and postargel(spilíover) regions.
First, global measures:(a) total fixation lime, [bat is,

total time spentflxatiííg ihe targetword; and(b) lota! number
of fíxaíions receivedby ibis word.

Second,parafovealrneasuresobtainedfi-orn [Le pretarget
region (to examinewhetherpropertiesof [he larget word,

while presenledin [he parafovea,influenced[he processing
of iLe preíarget word uodergoing coocurrent foveal
inspection):(c) durationof the last ftxaíion on [Le pretargei

region (n — 1 duration)beforefirst enteringILe targelregion;
(d) launehsite or [Le lasí location of [Le eyesbeforefirsí
landing OH [Le targetword (u — 1 Iaunchsite,in numberof

charactcrsfi-orn [Le beginning of ILe target word).
Third. early (foveal) rtíeasurcsin [he target region (e)

probabiliiy of fixaiion on iLe targetword (a) wheo initialíy
encounlered;(f) landing posilion of fi-sí fixation (in
numberof charactersfi-orn [Le beginning of a); (g) ftrst-
fixation duration on u, independeníof [Le number uf

fixaiions; (b) firsl-passreadingtime or gazeduratiun.
which is iLe sum of alí fixation duraiioíís 00 a prior [o
movírig lo anoiherregion; (i) numberof fixatiotis reecived
during first-passreading; and (j) launehsite on ILe <argel
word when ii-st leaving [Lis region furward to anoiher
regtoti (it launeh site).
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FourtL, late (foveal) processingmeasures:(k) probability

of regressioosfi-orn llie target word [o prior regions,lhat is,
baekwardeye movernentsthaI beginon n in [Le fi-st pass,
andleave[Le culTen[Iy fixated regionlo [líe left (u —. u — 1,
o — 2, etc. regressions):(1) fixation [míe in rereadiogregions
prior <o ihe [argel word beforeleaving [Lis regionforward
(u u — 1. u — 2. ett. rereadingtime); (m) probabiíily of

inward regressions[o the targetword alter baving left this
regionforward; (n) second-passfixation time on [he targel
word, whicb is the tirne spentfixating u after the readerlías
fixatedat Ieastonceawayfrom it forward; (o) probability
of regressionsfrom the posítargelregion(u + 1 regressions);
and(p) nuníberof fixations on [Le targetword in second-
passreading.

Fifth, spilíover measures:(q) Iengthof forwai-d saccade
frorn the targetword lo the posttargetregion in the lirst pass;
and(r) duralionof ILe first fixation on [be postargetregion
when firsí Ieaving[he [argetword mí [Le right (u + 1 fixalion
dt¡rarion>. Kennedy(2000)has madea relevaotdistioction
betweenparafoveal—on-fovealeffecls(which wouíd be detected
wilh our parafovealmeasures)andfoveal-on-parafovealeflecís
(which would be detectedwith our spillover measures).

Results

DescriptiveStatistics

Preíiminary anaíysesinvolved overall characteristics
of the data set. Tabíe 2 presenísthe meansfor eye
movemenímeasuresirs cadícontextcondition. In general,
global priming facilitated reading, in comparisonwitb
local priming, as revealedby areductionin total reading

time per target word in the global + local priming

condition?This reduclionprobably comesfrom facilitation
of Ia<e processesinvolving text inlegration, ralher (han
froní facililation of early lexical accessprocesses.TLus,
tlíe four measuresin which global primiog xvas facilitatory
involved late (andspillover) pi-ocesses.This wasrevealed
by Iess sccond-passtixation time for ILe targetword, fewer
second-passf,xalions, fewei- regressionsfrom the posttarget
reglon, and slíorter first-f,xauion duration afterLaviog left
ILe target woi-d in a forward direction, in Ihe global +

local priming condition in comparisonwith [he local
priming condition.

RelativeContributionsof Length,FrequencyauzdPredicrabilitv
fi, dic Global + Local Priming Condition

TLe most inlerestinganalyscsinvolvedmultiple linear
regression,with word lenglh, frequency,andpredictabiíity
of [tic <argel wordsas simulrancouspredictors.¿md cadí
eye movernentníeasureas a dependentvariable.3líe

natural logari[Lm of word frequencywas used,insteadof
[he absolutemean frequeneyseores(seejusliftcations in
Reichle, Pollaísek,Fisher,& Rayner, 1998, p. 136). The
followiog statistics areparticularly useful to interpret the
multiple regressionanalyses(seeTabachnick& Fidelí,
1989): (a) thesquarcdmultiple correlation,or R2, which

is [he proportionof thc variantein [he dependentvariable
[bat is accountedPor by Ihe besí linear combination of alí
predictors,tLat is, combinedcontribution (ILe sum of joiní
andunique conlribulions); (b) llie betatoefficient, or 3,
cxpressingthe standardizedslopeor eslimaleof the change
in Ihe dcpendentvariablewith each unu of changein tie
predictor;aod (e) [he squaredsemipartialcorrelation, or

2 It sbould be notedthat we did nol aim to compareboIL conditions.Art appruprialeapproacbfor [batpurposewould líave required

seíectinglLose items in whicbdiere wastíigh predictability fi-orn [Le global + local priming conlexí (j.c., with a predictabilicy Icore
aboye.50),as weII astbeir matcLiogcuunlerparlsin [Le local priíning condition. Qur main point rcgardiog tLe possiblecomparisonof
[Leseconditioní is [Lar global predicíab¡Iiryaffects lateralber Iban early processes.TLis is deniunstratedby ILe fact tLat reducliunsin
predictability (local priming condilion) affectedlate pi-ocessingnícasures.but oot ILe olLer measures.Neverlííeless, 1 could be argued
[Lar thc facilitatury effect uf ILe global primiog condition migLr be due nur only lo [Le bel thaI ‘atan prcdictabiíityscoreswere bigber
iii Ibis condirion [bao in Ilie local condition,but alsobecause[líe 1-augeof rariabi/ity was Ligher in [Leformer Ilían in ILe latíer condition,
[bus increasingtLe statisticalpuwer uf predictabilityas apredicror variable iii [líe i-egressionanalysis.

Wc computedregressiooanalysesun [cm(j.c., words)variabiliry, ILus averagingrneansacrosssuhjects.lo cunírastto Ibis approacb.
Lord andMyers(1990) Lave proposedaH ~itcrnativeregrcs;ionanaiysisthai takcs subjectvariabilityi Il[t’CLLOUILV, ~Licbis-normalIy
consideredanopeinialprocedure.LoreL aodMyers poiot out Ihat, o [Le analysisbusedoo hero medos,[Le estimulesof [hepercentage
of varianceaccountedfor by ILe predictorvariables areinflated(aItLougL estirnatesof [líepopulationrcgressioncoefficieotsare unbiased).
However, WC Lave nol followedILis alternativeapproacbfor two rcasons,TLc fu-sí is cuncernedwitlí [Le fact thaI boíL iLe predictorand
ILe dependeolvariableswere cbaracíeristiesof ILe itenís,wilL ILe prediclor seoresbcing ILe sa/ncfor alí subjects(i.e., ILe lengíL,
frequency,andpredictabiliíyof a given word were identical fur oíl subjectsreadingit). Accordingly, lLougL iherewassubjcctvariahilily
fui- [Ledcpendenrvariables (he.. eye-fixationsin reading). lLere wasno variability Por ILe prediclors.Tlíe secondreasonis coneeroed
witL ILe fact thaI [LeslandardregressionanalysisLasedon subjectvariabiliry “does 001 provide valuesuf R2 or semipartial(~~2) currelatio,i
coefticients” (Loreb & Mycrs. 1990, p. 153).TLeseregressionsralisricsare esseníiallools Por ILe airn of ílíe presenísíudy. e.. lo quantify
ILe relarive contribution of caehpredicionTbis is wlíy we Lavecliosen ILe more traditional 1cm analysisapproacb.



EYE MOVEMENT CONTROL IN READING 71

Table 2

MeansaudStandardDevia/joasjúr Bach Eye n¡ove,nen¡MeasurePi ¡he Global + Local Priíning Condirion a¡íd ¡u ihe
Local (ouly) Priníing Condhion,aud Signífican¡ Di//trencesBetweenCouditions

Priming contexí

Global + Local Local (only)
Eye movemeníMeasures M 5V M 5V ¡(79)

GLOBAL MEASURES
Total Fixalion Time u
Total NumberFixationsu

PARAFOVEAL MEASURES
ji—! Fixation Duration
u—t Launch Site

EARLY PROCESSINGMESAURES

1’robabilily of Fixation u
LaodingPosilion u
t<1-Fixat¡onDurationu
GazeDurationu
No. of ls<-PassFixaíionsu
Lauoch Site u

LATE PROCESSINGMEASURES

u —. u—l, 2... Probability Regressions

u —. u—l. 2.... Re-readingTime

lnward Rcgressiooslo o

u 2)d~PassFixation Time
PrubabilityRegressionsfroííí n-i-1

No. of 2lId~PassFixationsu

SPILLOVER MEÁSURES

u —~ n±lSaccadeLengílí
u±l 1”-Fixation Duration

Sr2, whicb indicates [Le unique contribution of each
predictor[o R2afíer ILe contribution of theotherprediclors
is taken ou[. Pairwise correlalions between the thíee
predictorswere statislically non-significant(predic[ability
and lengíL: r —.04; prediclability and freqt’ency: r —.02;
lengíL and frequency: r = .12), whicb avoids cullinearity
problerns.

TLe combinedpredictorsaccountedfor a statisticaíly
sigriificant portion of variante(i.e., R2: seeTable3): (a) in
botb global measuresof eye rnovernents,such as total
readingtime, 55% of varianteexplained,E(1. 76) = 31.97,

p < .0001, andnumberof fixations on llie [argelword, 64%,
F(1, 76) 45.85,p < .0001; (b) in alt early processing
measures,sucb as probability of first-passfixation oH [Le

target word, 32%, F(1, 76) = 11.39, p < .0001, landing
posilion, 49%, gí, 76) = 23.93, p = .000!, first—fixatioo
duration, 23%; E(I, 76) = 7.60.p < .001, gazeduration,

61%, F(1, 76) 39.52,p < .0001, nurnberof first-pass
fixations, 72%, E(1, 76) = 65.48,p< .0001, andlaunehsite

fi-orn the <argel word, 38%, E(1, 76) = 15.55,p < .0001;(e)
in most lateprocessingmeasures,ineluding probability of
regressionsto [he [argel word, 32%, F(1, 76) = 12.03.p <

.0001, second-passreadinglime on llie targetword, 40%,
F(1, 76) = íE-i.41,p<.0001, probability of regressionsfi-orn
ILe target word, 31%, EQI, 76) = 11.20, p < .0001, aod
numberof second-passfixalions on [he targetword. 40%,
F(1,76) = 16.85,p < .0001,cxceptfor regressioosfi-orn [be
target word lo prior regions,and rereadingtime of <bese
regions;and(d) in botlí spillovermeasures,suchas forward
saccadelengíL from [Le larget word, 28%, F( 1, 76) = 9.84,
p < .0001,andfirsí-fixatiun durationafíer leaving [he target
word, 18%, 17(1. 76) = 5.52, p <.01. In contrasí.neitberof
Ilie parafoveal(-on-foveal)measuresseemedlo be affecled
by the predictors.

163 1.95*

.62
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6.56

.91
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.66
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1.61 0.0!

.09
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.14
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.11

.38

7.69
239

1.27
0.06
0.37
2.14*
2.70**

2.07*

1.12

25
1.11

22
1.29

2.18<



CALVO AND MESEGUER

Table 3

Amouut qf Total Variance (R2) iii each¡ DepeudeutVaria/ile Acconnuedfrr by ube BesuLinear Coníhination of alí Predictors
(Joiutaud Unique Courribu¡ion.s), a¡íd Uuique Variajíce (sr2) Expíaluedby cadí Predicror (WordLeugth, Lxicaí Frequency,
aud Conuextual Predictability), in dic Global + Local Priíning Condition

DependeníVariables

Predictors

Word Lengtb

sP

Lexical Frequcncy Contextualpredíctabílity

sP
GLOBAL MEASURES

Total Fixation Time u

Total NumberFixalioos u

.55

.64

.31

.46”<

.05

.02

.11

.09

PARAFOVEAL MEASURES
n—1 Fixation Duratioo
u—! Launeb Site

.03

.05
.01
.02

.01.
.02

.01
.00

EARLY PROCESSINGMESAURES
Probabilityof Fixalion u
Landiog Positionu
1”-Fixaliun Durationu

Gaze Duralionu
No. of 1sí.passFixationsu
LaunehSite u

.32

.49”’

.23

.61

.72

.38

.28”’

.45”’

.03

.41”’

.61”’

.3V”

.00

.00
19”’

.10”

.03

.01

.01

.01

.03

.01

.01
.00

LATE PROCESSINGMEASIJRES
u — u—l, 2... Probability Regressions

u —. u—1, 2.... Re-rcadingTime
tnwardRegressions<o u
u 2nd.PassFixation Time
Probability Regressionsfrum n+1
No. of 2~~d~PassFixationsu

.05

.05

.32

.40”’

.31”’

.40

.02

.04

.01

.11”

.01

.14”

.00

.00

.01

.02

.02

.00

.00

.00

.29”’

.23”’

.22”’

SPILLOVER MEAS<JRES
u —. u-sí SaccadeLeogíL
;z-i-1 1”-Fixation Duralion

.28’~

.18”
.28”’
.04

.00

.05*
.00
.119”

RegardingILe specific or unique conlributionsof caeh
predictor(i.e., sP),Table 3 showsthat word length was [he
only significant predictorof probabilityof fixation, 28%of
variante,~ = .54, p < .001, Iandiogposition, 45%, ~ = .68,
p < .001, nurnberof fixations in tbe fi-st passon target
words, 61%, 3 = .80, p < .001, Iaunchsite from targctwords,

38%, 3 = .63, p < .001, aodlength of saccade[o posttarget
regions,28%, p = .52, p < .001. LengtL was also [be besí
prediclorof total readingtirne, 31%, Q = .57,p < .001, total
numberof fixations, 46%, ~ = .69, p < .001, andgaze
duration on target words, 41%, 3 = .65, p < .001. In ah
cases,mercasesin lengíL were followedby mci-casesin caeh
eye rnovernentmeasure.In contrast, lengtL did not makc
any contribution to parafoveal(-on-foveal) measures,first-
fixalion durationon ILe [argel word or on u + 1, or <o vaoous
lateprocessingmeasures.

Lexicalfrequencywas[he only significantpredictorwitli
a unique con<ributioo <o firsí-fixation durationOH target

word, 19%, 3 = —.43, p < .001. Tbough[o a lesserextení

[hantbe o[Ler predictors,frequencyalso affected several
rneasuresrelatedlo fixation duraliun, suehas total time on
[argeL word, 5%, ~ = —.24, p < .01, gazeduration, 10%,

= .13O,p<.001. andu + 1 fixalion duration,5%, 3 =—.24,
p < .05. In ah cases, ocreasesin frequcncy resulled in
redtíctionsin [be eye rnovernentrneasures.In contrast,word
frequencydid not accountPor anysignificartt variations in
fixatioo location measuresof any kind or in fixatioo
durationsin lateprocessing.

Contexttíalpredictabilitywastbeonly significantpredictor
of probability of regressbonslo [argel words,29%. 13 = —.53,
pi < .001. andfrom posttargetregions, 29%, 13 = —.54, p <

.001, and[be besí predictorof second-passreadirtgtime,
23%. 13 = —.48.p <.001, numberof fixalions in ILe second-
pass,20%, 13 = —.47, pi < .001, andduration of <Le firsí
fixation 00 u + 1, 9% 13 ——30, pi < .01. Predictability also
accountedfor a significaníportion of variantein buth global
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measuresof eye rnovements,suebas total tirne, 11%, 13 =

—.33, p <.001. audnumberof fxations, 9%, 13 = —.30, p <

.001. In alí cases,[he more predictablea target word was,
[Le lessIikely it was[o be fixated anddic sborterILe fixation
time. In eontras[, predic[abiliíy wasnot signifíeantly related
to any parafoveal(-on-foveal)or to early processingmeasures.

Eftéctsof Length, Erequency,audPredictabiliíy in dic Local
(only) Priming Cojídilion

Table 4 sbows[Le conlributionsof [Le predictors[o Ihe
dependentvariables when ILe [argel word could be
sernan[ically primedby individual wordsin [he prior con[ext
but not by global inferenlial predictability. The combined
predictorsaccountedfor a significantportion of variantein
both global eye movementrneasures(47 to 56%, aH ps <

.0001), alí earlyprocessingrneasures(18 [o 67%, ah ,ns <

.t)0l), most lateprocessingmeasures(from 14 [o 23%.ah
ps < .001), andspillover rneasures(8 to 27%,p < .05); in
contrasí,no parafoveal(-oo-foveal) measurewas affected.

Regarding[he speeificcontnbuuons,fi-sí, predictability
lost mostof its power, relative[o Ihe global + local priming
condition. TLus, predictabili[y no longer accountedfor
variationsin global measures,.spillover measures,andrnost

lateprocessingrneasures.It maintainedsomeinfluenteon
two lateneasures.sueh as probability, 5%, 13 = —.24, pi <

.05, andduration, 4%, 13 = —.20, p = .056, of fixalions in
[he sccondpassof [he larget word. However, [be amountof
[Lis influentewas Iowerin [he local priming condition [han

in tbe global + local condition. TLis was revealed by
síatistical contrasísbetweenmeaopercentagesof explained
variante(j.c., 5% vs. 29%, aid 4%vs. 23%;boU,p c .001).

Table 4
An,ouutof Total Varia,we (R2) in «aHí DependentVariable Accountedfor by tIc Best Linear Coníbination of alí Predictors
(Jo¡nr aid Uuique c’ontribuuions), atíd Unique Variajíce(sR)Explainedby cadí Predictor (Word Lengilí, Lexical Frequency
aud ContextualPrcdic¡abiliíy), iii ihe Local (on¡y) Prinuiug Condition. TI¡c Comparisonwith the Global + Local Prirning
Condí/ion (Table3) Ls Indicatedby O a¡íd NG (seeNotebclow).

DependeolVariables

Predieturs

Word Lengíb Lexical Frequcocy

w.2

Contextualpredictability

GLOBAL MEASURES
Total Fixation Timen

Total NunherFixationsa

.47”’ G

.56”’ 6

•37*** G

.46”’ 6

.046

.02

.01 6

.00 6

PARAFOVEAL MEASURES
n—1 Fixation Duration
u—l LaunebSite

.05

.03
.03
.00

.02

.00
.00
.02

EARLY PROCESSINGMESAURES
Probabiliíyof Fixation o
LandingPosilion u
1” Fixatiun Durationu
GazeDuratiunu

No. of l”-PassFixaíionsu
LaunchSite u

.27”’ G
.48 6
.18”’ 6
.59”’ 6

.67”’ 6

.44”’ 6

.24”’ 6

.43”’ 6

.01

.40”’ 6

.50”’ 6

.38”’ 6

.00

.00

.17 6

.06’ 6

.03

.00

.00

.00

.00

.01

.01

.01

LATE PROCFSSINGMEÁSURES

u —. u—l. 2... Probability Regressioís
u —. n—I, 2.... Re-readingTinie
Ioward RegressionsIon
u 2”&Pass Fixatiun Time
Frobabiliry Rcgressionsfruro n±1
No.of 2nd~PassFixotions u

.04

.03
.14” 6
.22”’ 6
.14” 6
.23”’ 6

.00

.00

.01
.10” 6
.00
.19”’ 6

.00

.02

.06’ NG

.05’ NG

.12” NG

.00

.03
.00
.05’ 6
.04# 6
.006
.03 G

SPILLOVER MEASURES
u —. ~í±1SaccadeLengíL
n±lt’t-Fixaíion Duration

.27 6

.08’ G
.23”’ 6
.01

.00

.06’ 6
.00
.006

= .06. ‘pi < .05. ~~¡i <.01. <“pi e .001.
Note:6 = Significaníeffectsin ILe Global + Local priming conditiun. NG Nonsignificanícffects in ILe Global + Local prirning condition.
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Sccond. word lengíh mainíained almosí tlie sanie
influente in both contextconditions,and[líerefore was not
affectedby [Le absenceof global predicíability. Tbird, in
contrast. [he significant reduction of influente for

prcdictabiiity Lad sornercnarkable repercussiooson [líe
contribution of word frequency.TLis occulTedspecifically
wbeneverpredictability losí its predoníinantrole, thaI is, in
[Le late proccssiogrneasures.Thus, iii [be local prirning
condition, frequencysignificaiítly accouotcdfor variations
in [Le probability, 6%, 13 = —.24,¡, < .05, andduratioo.5%,
13 = —.22,1) < .05, of reinspeclionsin second—passreading
of [Le targetword andin ILe probability of regressionsfrorn

ILe posttargetregion, 12%, 13 —.36. pi < .01, an effect thaI
frequency did not have in tbe global + local prirning
condilion. Ji ah olber cases,iLe pallan of infiucoce Por
frequencyrernainedessentiallytiHeliangediii boilí conditions.

Diseussioo

We shall discuss[he relevanteof [he reportedfindings

[o [Le [bree rnain íssuesaddressedby [Le presentstudy: (a)
the relativeconiribution of word lengtb, frequency,and
predictability [o eye movementsin reading; (b) [be time
courseof [Lis influenteacrossprocessingstages,par<icularly
in relation [o Ihe wheuatíd wherernecbanismsassumed[o
govera eye rnovements;and(c) [Le sourcesof [he cortíextual
predictabilityeffects.

T¡e Contributiono] WordI..eugtlí, Frcquencyant! Predictabilij’y

AcrossProce.ísiugStagcsandMechau¡s,ns

Taking the effects of each independent variable
separately,mostof our findings are consslentwitL [Lose
reportedin prior researelí,exceptfor predictability (see
review ti tic introduction; below we address [Le
inconsistenciesregardingpredictabiliíy). Nevertlieless,mr
results make a coníribution in lhat they reveal the relalive
influenteof word length,frequency,andpredictability, afíer
íheotier facíors arepartialledout. Tlíe fact that dierewas
no collinearity between [Le predicíors facilitales [he
estirnationof [be uniqueinfluenteof cae! prediclor.Word
length had a grealerindependentinfluente [han [Le other
predic[ors. The varianteexplainedby lengtlí was 25% on
average,across [he eye rnovernentmeasures[bat were
significantly predictedby any combinatiouíof ILe fac[urs.

The averagevariations explained by frequency and by
predictabilitywere4% and 10%, respeclively.Nevertbeless.
[Lis overalí varianteaccotintedfor by caehfactor lías low
informative value iii qualitative terrns.

More important is [be relative influente across
processingstagesand mechanisms,[bat is. ILe momen[ at
which cadí factor beconesactive in infiuencing eye
movements(artd [o wbat extení),aod[Le qtIestioH of which
main conípooeotof fixaíions. [bat is, duration andlocation,

is affecled (aod Low mueti). Regnrdiogword lengib, it

becomesactiveearly in proeessinga word. Probablybecause
word-lenglb inforuiation is acquircd parafoveally (set
Rayner. 1998), lengí.b affecísilie probability of firs[ fixalio,í
oo a word and [Le laoding positioo. Likewise, otir results
are colisistení witb [bose indicating thai lengtb contiHues
lo be a useful predictor of gazeduration eveowbcn (be

effecísof frequencyand predictability are partialled otil
(Rayner& Fiscber, 1996). íhougb [bese effec(s are not
detectediii lirst—fxaíioi duratiojí (see also l-1yón~i & Olson,

1995). Accordingly. [be earlyeffectsof word length seern
niore srongly relatedlo where (¿sod Luw likely) lo fixate
[han lo 1v/Len lo move [he eyes(or how long [o fixate).

Apart fi-orn Iheseearly effects. word lengíh continues[o
liave latcr eflecíson boilí coniponenisof «ye nioveníenl
bebavior.TLis ‘vas revealedby art ijifluenceOH Ilie duration
ant! nrirnberof lixations in ILe secondpass(see also Hyóoii
& OIsoH. 1995). It rnust, Lowevei-. be noted tlíat, in our
resolts, [Le important contribu rion of word length i n [he
earlyprocessingrneasuresdecreasedin [Le late rneasures,
with predictability aking [Le lcading role.

Word frequeHcybegins [o irtfltience processingal ají
early stage.mainly involving lexical accesslo ILe form and

níeaningof words (see Reicble el al., 1998). This is
demonstraledby an effectOH lirst-f,xation durationaid gaze
duration. Moreover.[líe fact [bat thceffectsori second-pass
readiHgtime are more difficult lo oblain suggests[bat [líe
influenteof frequencyis mostly confuiedlo earlyprocessing

staeesanddoesnot extendto latersíages(setalso Hyónii
& Olson, 1995). Only one funding in mii- data,duuation of
u + 1 fixation, suggeslsthai frequcncymighí Lave a late
effect (seealso Kennison& Cliflon, 1995). Buí eveo [Lis
resultcould be reinterpiretedasearly facilitalion in processing

[líe next word. TLus. high frequencyfor líe u largel word
would savelime in lexical (foveal) processingof [Lis word,
wbicb could be used for parafovealprocessingof [be nexí

woi-d, ,, + 1, lberefureproducing a previewbeneflí wbile
still fixating word u (setReichleel al., 1998, Pp. 131-138).
Accordingly, frcquencyhas mainly (if nol exelusively)a
specific contributioo ¿it 30 tarly proccssiiíg siage.
Furibermore,frequencyaffccts[he duratiuncomponení(it.,
Low long [o fixate) of eye movements,Lot nol ILe location
componentat [Lis síage.

Word predicrability intervenesonly in late processing

stages.TLe laek of effecí of predictability on ILe early
measuresin otir study deservesspecialatíention,as it is
not consistentwitb findings fi-orn a considerablenumber
of prior studies (Altai-riba ct al., 1996: Lavigne, Vitu, &
D’Ydewallc. 2000; Morris, 1994; Rayner& Well. 1996).

An explanationfor ibis discrepancy,invoLving [Le contrast
betweenlocal andglobal contextualpriming sources.will
be addressedbe!ow. Por [líe momení,we can Lighligbt <Le
ale effecls found in [be prescntsludx. TbaÉ predicíabilily

can affcct late processing síages has already Leen
dernonstratedby prior researeh,as refleetediii regrcssive
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fixatiotís [o unprcdictabletarget words (cg., Rayner&

WelI, 1996). Whaí is new in [his study is thaI, firstly,
prcdictability is clearly [he Lest predictorof vanatonsin
late processingrneasures;and, sccondly,prcdictability
affectsboíl whcrcandh¡.ow long lo fixale during [he secood
pass.Furtberrnore~according lo [Le distinetion made by
Hyóná atíd Pollatsek (2000), our data revealed that
predictabilily affected(líe h,ow likely dimension of ILe
whcre componení, hin uot tlíe within-word iccation
dimension(e.g., saccadelcngth frorn n [o u + 1).

7’lw Source of ContextucilPrcdictabilúy Effec¡s

luí contrastlo dic relatively consisleníeffccts of word
lengtb andfrequency,[he findings regardingcontextual

predictabilitysbowsornediscrepanciesbelwecn[be present
study atíd prior research.Sornesludieshavesbown lhat
contextualpredictability facilitatesearly processes,wbereas

in our study,only late rneasureswere affected.Early effccts
havebeenreporledfor cither of Ihe following measures:
probabilily of skipping (cg.,Altai-riba eta!., 1996), landing

position (Lavigne et al., 2000; tbough Rayner,Hinder,Ashby,
& Pollalsek,2001, found no effectsof predictability o
whcreILe eyeslandedwben [be predictableword was nol
skipped),f¿rst-fixatio¿duration(cg., Monis, 1994), 01 gaze
duration(cg., Balota, Pollatsck,& Rayner. 1985).

fis diserepancymaybe explainedby a coneeptualization
Pial assumes[he existenteof different contextsoureesthai
can att al differenl processinglevels(see Hess,Foss,&
Carroll, 1995; Morris, 1994). One rnecbanisrninvolves
semantieor lexical word-basedpriming, by meansof whieh,
for example, readingIhe word weciding in a pretedingcontexí
may activateILe lexical enlry correspondinglo Ihe target
word cdx (l3alotaeL al., 1985). This would resultin a more
eff,cient lexicalaccessto eakewhenILe correspondingword
is read,Ihus affectingearlyproccssingstages.This rneehanism
wasprobablyresponsiblefor [he early effeetsfoundin rnost
of [he aforemenhionedstudies.Tires, Morris (1994) used
context sentencessuclí as Tite barber/rirnn¿cd Ihe nius/ache
dis ‘norning, wbercníus¡achewas[he targel word, of which
barber anó /runníed areclose lexital associates.In Lavigne
et al. (2000), targetwords sueb as /rouserswere ernbedded
in a sentencecontexí sueb as Fije bel¡ heid up the trouscrs
of/he oid man,where beil probablyhas a strongpriming
effect OH /rouscrs.This also appliesto ILe matcrialsusedLy
Allarriba ct al. (1996), witL contextsentencessueh as He
¿cededto pta a stamnpon ¡he letrer bcforehe inailed it, where

sua;np is Liglíly relaledlo [he íargetword le/lcr.
Tbt other mcclíanism involves [líe forrnation of an

inlegrated representationof iLe tontent of [he eoutext
sentence, or an elaborative inference based on [be
combinalionof contextualinformation.SucEt arepresentation
would probably be active at a lacr postaceesssíage(after
Ihe access[o tael of [he individual torítext wordsand(heir
correspondinglexical priming lías occurred)andwould serve

lo integratethe contextwitb [be upcoming (arget)words.
This integralionwould takc time to devclop oc lo refine ané

complete.Sucb arnecbaoismwasprobablyinvolvedin [Le
processingof our seolencesand would explain [he late,
insteadof eady,cffectsthai we found.Tbis explanationcan
also Le applicd to onestudy (Hyóná, 1993)thaI foundlate,
buí not carl>’, cffcctsoo eyc movcmentmeasures:TLe contexí

seníenceswereprobably tbernatieally,ratherthan lcxically,
related lo ILe [argel words, as dey ‘conid be casil>’
incorporatedin asummarizingstalemcntof [he tcxt passagc’
(Hyóna, 1993, p. 195). Garrod and Terras (2000) lave
providedfurthcr supportfor our conceptualization,as they
fouod delayedconlextualeffects (it., in second-passtime
on [he targct word, and in rcgrcssionsfrorn a postíarget
region), while lexical effectsappcaredcarlier (i.e., in fi-st-

passrcadingof tic largel word andof [be posl[arget region).
Furthcrrnore, [he comparison of our two prirning

conditions providesrelevantinformation mí tbis issue.Firsí,
and mosí irnportant, the contribution of contextual

predic[ability alrnost íotally derivesfi-orn a global source,
ratlícr [lían from local sernantieassocialion:ILe strong
influente of prcdictability in [líe global + local priming
condilion OH global, late, aidspillovermeasuressignifcantly
decreasedor disappearedin tbe local priming condilion.

This allows us io concludethai mosíof ourcontexinaleffeets
weredue [o inferential ratherthan [o associativcpriniing.
The sourceof influentewaspresurnablytbe generationof
a high-orderelaboraliveinfereneeflore iLe contextas a
wbole (see Calvo et al., 2001). Ihis inference would
represenía likely eventoutcomefollowing the situalion

deseribedin [he conten.fis lype of infereneehasLeen
sbown[o taketirne [o getactivated(cg., Calvo, 2000; Calvo
et al., 1999). Presumably,it involves postaccessmcssage-
level processeswhosemain funetion is to facilitale [he
integrationof ILe lexical entry (cg., ILe target word) that
Las becoaccessedinto [he higlíer-orderrepresentationof
[Le contextsentence.Ihis is wlíy Ihe major coníribulion of
contextualpredicíabiliiy wasdelectedin late eye rnoverncnt
measures.

In summary,word length, frcquency, andpredictability
accoun[ for a signifcant variante in eye rnovementsin
reading(about60% in ILe global measures,wi[b noticeable
variatioosacrossproeessingstagcs).Afíer [he influente of
ILe oflíer factois is partialled ouí, Pie influente of word
length extendslo most (if not al!) proecssingstages,and
involves measuresof both how long to fixale (cxccpt on
firsí-fixation durations)andwherc [o fixate (boíL regarding
líow likely¡often a word is fixated and[Le within word
location). Word frcquencyaffectshow long a word is fixated
(hin noc where[o fixate) ‘u an cari>’ processingsiage.Thc
contribution of contexlualprcdittabiliíy is restritíed[o late
processingstages,with influente on 1mw long [o tixate a
word and OH one aspectof dic where [o !ook cumponent
(i.e., how likely and oftc,í a word is fixated), but íiot thc
olber(it., tbe witbin-word lotation of fixation). ILe sourcc
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of influente of predictabilil>’ is attributable [o global

contextutíl primiog (it., generationof art inlegratedinference)
ralber [han [o associaíive word-based priming. TLe

eootribulion of word lengílí Ls indepeudentof lhie presente
or absenceof contextualpiedictability, whcreasfrequene>’
seems[o adopta compensator>’role wben predicíabilil>’
loses its influente. In general, [bese findings support
cognitive models of eye movementcontrol assumiog[Le
existenteof two different meehanisuis.a whcnanda where
mechanisrn,[bat arerelatively independeníl>’influencedby

cognitive variablessuch asword frequene>’aíídprcdittability,
whereasword lcngtL Las a generalizedinfluente (set

Brysbaert& Vitu. 1998; Rayncr, 1998).
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