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Abstract
This study examined how six-to-nine-year-old Ergkpeaking children and adults
establish anaphoric dependencies during auditongesee comprehension. Using
eye-movement monitoring during listening and a egponding sentence-picture
judgment task, we investigated both the ultimateerpretation and the online
processing of reflexives in comparison to non-sefle pronouns, focusing on how
binding constraints interact with a competitor aetient’s relative (discourse)
prominence. Whilst our offline results show that tthildren’s ultimate interpretation
for reflexives was constrained by binding princgpla the same way as adults’, the
eye-movement data revealed that during processhilgiren were temporarily more
distracted than adults when multiple cues supporedrominent competitor
antecedent. These results indicate that in addiiobinding principles, children’s
online referential decisions are also affected Ilcalirse-level information. We
suggest that the observed child/adult differencesnsfrom children’s greater
difficulty, compared to adults, in controlling miplle sources of information during

sentence comprehension.
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Introduction

A well-established finding from previous researcim child language
acquisition concerns an asymmetry in children’sirgéf referential interpretations of
reflexives and (non-reflexive) pronouns. Severald&s on languages such as
English, French, and Dutch using offline picturetching, truth-value judgment, and
act-out tasks found that from the age of arounckethyears, children interpret
reflexives in an adult-like manner, whereas theteripretation of pronouns remains
non-adult-like until around six years of age (sasa$§di, 2002, for a review). Thus,
young children correctly interpret reflexives sumhherselfin (1a) as coreferential
with the closest (= local) antecedent (i.e., whsanin (1a)), in accordance with
Principle A of the Binding Theory (Chomsky, 198but sometimes also incorrectly
accept a similar reading for (1b), allowihgr to be coreferential witlsusanthereby

violating Principle B.

(1) a. Janesays that [Susarurt hersek,]

b. Janesays that [Susarurt heg]

This phenomenon is known as tielay of Principle B effeah the acquisition
literature (Guasti, 2002: 296). Several explanatidtrave been proposed for this
asymmetry (e.g., Thornton & Wexler, 1999; Reinh&®06; Matthews, Lieven,
Theakston & Tomasello, 2009; van Rijn, van Rijn &rdriks, 2010). What is
common to most accounts is that the interpretatibmeflexives is thought to be
uniquely determined by a structurally defined coaiat (Principle A) which forms
part of a child’'s grammar early on (but see Matthaw al., 2009, for an alternative
view). Binding Principle A requires argument refiees to be bound by a local

antecedent in English, while Principle B stated {lm@n-reflexive) pronouns must
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remain locally unbound (Chomsky, 1981). Conseqyerfrinciple B does not
determine a unique referent for a pronoun but mpemgles out local binding. The
interpretation of pronouns thus requires additiokawledge and/or computation,
and recourse to other information sources, whicly mat yet be available or adult-
like in young children. Adults also sometimes pércoreferential interpretations with
local antecedents for pronouns, but only underiapescumstances, e.g., when the
pronoun is stressed (Thornton &Wexler, 1999) or whecoreferential interpretation
is distinct in meaning from a bound variable intetption (Reinhart, 2006). Young
children, however, do not consider these specraupistances in the same way as
adults and over-accept local coreference interpoetsfor pronouns.

The time-courseof reflexive anaphor resolution during sentencecpssing
has so far mainly been studied for adults. Studs#sg time-sensitive measures such
as eye-movements or event-related potentials hlagers that adult comprehenders
adhere to Binding Principle A during processingickly linking reflexives to their
corresponding antecedents (see, among others, Mic8winney, 1989; Harris,
Wexler & Holcomb, 2000; Xiang, Dillon & Phillips,a®9). Although early studies
using the cross-modal priming technique (Nicol, 898licol & Swinney, 1989)
suggested that during anaphor resolution, the g@dw#ter only considers syntactically
appropriate (henceforth, ‘accessible’) antecedéntsnot structurally inappropriate
(henceforth, ‘inaccessible’) ones, the ‘bindingxaigal-filter’ hypothesis has more
recently been qualified, by showing that syntadiiycand pragmatically salient but
inaccessible antecedents can also affect onlinphanaresolution in monolingual
adults (Badecker & Straub, 2002; Cunnings & Felgerpress; Sturt, 2003). Sturt
(2003), for example, found in a series of eye-maosetiduring-reading experiments

that adult native speakers’ initial fixations orredlexive were not affected by the
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gender of a structurally inaccessible antecedentater (second-pass) reading time
measures, on the other hand, a mismatch in gereterebn the reflexive and a
discourse-prominent but inaccessible antecedent téecklevated reading times
compared to a gender-matching inaccessible antetedaken together, these
findings suggest that in addition to structuralgtefmined antecedents, the adult
parser may also consider highly prominent competitotecedents for argument
reflexives, specifically during later stages of g@ssing.

For children, several studies have used time-seasi#chniques to show that
children’s online comprehension of pronouns is @éd by lexical and discourse-
level information such as gender and discourse memee (e.g., Song & Fisher,
2005, 2007; Arnold, Brown-Schmidt & Trueswell, 2Q00Hyykkdnen, Matthews &
Jarvikivi, 2010). Few previous studies have disgeactbmpared the processing of
pronouns and reflexives in online experiments, hawe Using a cross-modal
(picture) priming task with four-to-six-year-old gish-speaking children, McKee,
Nicol, and McDaniel (1993) found priming effects tie local antecedent for
reflexives in sentences such™dse alligator knows that the leopard with greenseige
patting himself/him on the head with a pillothat is, priming by the accessible
referent as determined by Binding Principle A (itee leopard). For pronouns, on the
other hand, they did not find any priming for loeatecedents, which are inaccessible
according to Principle B. According to McKee et géhese results provide evidence
for children employing structural information, j.8inding Principles A and B, during
online processing. However, as McKee et al. ongtet® for priming of the local
antecedent, we cannot be sure what, if any, priraffegts might have been found for

a potential non-local competitor antecedent.
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Love, Walenski and Swinney (2009) later used théermrads from McKee et
al.’s (1993) study to test for priming effects betnon-local antecedent (i.e., the
alligator). They found that five-to-thirteen-yeddochildren showed significant
priming of the accessible antecedent for pronounghe auditory stimuli were
presented at a normal speech rate, but not if geech input was slowed. In a
complementary offline sentence/picture matching,tas the other hand, slowing the
speech rate improved the children’s performanceramouns (see also van Rijn et
al., 2010). For stimuli presented at a normal speate, children’s offline accuracy
scores for pronouns were found to be modulatedgey w&ith children above the age
of eight performing almost perfectly but youngersrperforming at chance-level.
According to Love et al.,, the observed offline/osli differences suggest that
automatic structural processing routines are dikdtby age four or five (but can be
disrupted by slowing down the speech rate), whechddren’s ability to use the kind
of metalinguistic knowledge required for pronoutempretation in offline tasks is
developmentally delayed.

In another study, Sekerina, Stromswold and Heg®@4) employed the eye-
monitoring-during-listening technique, which avoiti® need for any meta-linguistic
task and indicates changes in processing prefesemaea time; see Trueswell (2008)
for a review. Sekerina et al.’'s experimental stimoktluded a lead-in sentence
(‘preamble’) followed by a question, as shown i l§&low, and a two-picture visual
display showing alternative interpretations of eitla reflexive or a so-called ‘short-

distance’ pronoun (which are known to be exempnfRrinciple B).

(2) PREAMBLE: In these pictures, you see a bayam, and a box. The boy has

placed the box on the ground.
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QUESTION: Which picture shows that the boy hiaeed the box behind

himselthim?

Whilst four-to-seven-year-old children’s ultimatéctopre choices revealed a
strong preference for a sentence-internal ante¢édeboth reflexives and pronouns,
Sekerina et al. found a contrast between the twesyof anaphor in their eye-
movement patterns, with reflexives eliciting a clpeeference for the local referent
(i.e, the boy) and pronouns showing relatively mowks to the picture in which the
box was located behind the sentence-external raf¢re., the man). This was the
case for both children and adults, although théddm only showed effects of the
referential ambiguity of pronouns suchhashin (1) around 1000ms later than adults.
According to Sekerina et al., these results indithat apart from requiring more time
for accessing potential discourse referents aneéhgawore difficulty revising initial
interpretation preferences, children process antgigypronouns in the same way as
adults.

Note, however, that in Sekerina et al.’s materitlig, critical sentences only
contained a single potential antecedent for théexee or pronoun, whereas the
competitor antecedent was mentioned only in theamplde. Thus, although the
observed contrast in Sekerina et al.’s eye-moverdata indicates that a sentence-
external discourse referent is more likely to bastdered for an ambiguous pronoun
than for a reflexive, it is not clear from the riéswf this study whether children also
process reflexives differently from pronouns whem tcompetitor antecedents are
available in the same sentence. Further studieghentime course of anaphor
resolution in children are necessary to addressgbestion. This is specifically the

case for children’s online processing of reflexivés which there is much less
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evidence from time-sensitive measures than forquosa. The present study examines
whether and when during processing children expeeiecompetition between
structurally accessible and inaccessible antecedentreflexives and pronouns, and

how children’s processing patterns differ from #o$ adults.

The Present Study

To investigate and compare the processes involmechildren and adults’
interpretation of reflexives and pronouns, we emgtbthe eye-monitoring-during-
listening technique, in which a participant’s eyev@ments are monitored while s/he
is listening to spoken language. This techniqueiges detailed time-course sensitive
measures on moment-to-moment language processihg anitable for both children
and adults (Trueswell, 2008; Fernald, Zangl, Hort& Marchman, 2008). In
addition, we determined referential decisions fftexives and pronouns in children
(and an adult control group) using an offline seaéepicture judgment task.

Given previous findings from offline studies, wepexkt six-to-nine-year-old
children to be adult-like in their ultimate integpations of reflexives but not
necessarily of pronouns. There is, however, songenue suggesting that the ability
to dynamically control multiple sources of infornoat during sentence processing is
not yet fully developed in children at this ageg(e.Trueswell, 2008; Felser &
Clahsen, 2009). If school-age children are indeesk lefficient than adults at
accessing and integrating multiple sources of médron, then children’s online
processing may still not be fully adult-like ever feflexives. We may, for example,
find that children require more time and/or findnitore difficult than adults to
deactivate potential (but structurally inaccesgibmpetitor antecedents for

reflexives when making referential decisions dunomgcessing. Likewise, children’s
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processing of pronouns may also be different fraualta’, particularly for those
children whose ultimate interpretations still (in@xtly) permit coreference between

a local antecedent and a pronoun (‘delay of Priadg)).

Participants

Forty children were recruited from private and etptimary schools in the
Cambridge (UK) area who were either in year 2 (a81&) or year 4 (aged 8-9) at the
time of testing. All had acquired English as theative language from birth and were
identified by their teachers as having no languaigiearning difficulties, and to be
performing within normal parameters for their agarental consent was obtained
prior to their testing. The children had a mean afj8;0 (age range 6;3 to 9;9, 22
girls, 18 boys). They all took part in the eye-mment experiment and the offline
judgment task.

The eye-movement experiment was also administeredcontrol group of 40
adult native speakers of English recruited from agnthe students and staff of the
University of Essex, who were paid a small feetfair participation. Data from one
adult participant could not be analysed, due teraor in sound recording, leaving 39
participants in the adult group (mean age: 21,8, rampge: 18 to 39, 27 women, 12
men). The offline task was also performed with daltanative speaker control group
(n=8, mean age: 28;6, age range: 19 to 34, five wotheae men), all of whom were

university educated and who did not take part enrtfain eye-movement experiment.

Experiment 1: Sentence-Picture Judgments
In order to assess how the children tested in then rfonline) experiment

ultimately interpret reflexives and pronouns, thiegk part in an offline sentence-
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picture judgment task. Following the results froreypous studies (e.g., Thornton &
Wexler, 1999), we expect all children to performuldike on reflexives, in
accordance with Binding Principle A, but that sochddren might over-accept local

coreference interpretations for pronouns, in viotabf Principle B.

Methods

The procedures and materials used for this tasle wdopted from van der
Lely & Stollwerck (1997), based on Chien and WesldChien & Wexler, 1990)
experiment 4. Participants saw a picture that emetched the contents of a question
spoken by the experimenter (requiringesresponse) or did not match (requiring a
no response). The task included two parallel setasafal and auditory materials for
reflexives and for pronouns. Each set consistedivef items; an example set for
reflexives is shown in (2). For both sets of maiterithe gender of the inaccessible
antecedent was manipulated yielding two conditi@&ouble-matchcondition in
which the pictures contained characters that wahereall female or all male (2a),
and a Single-match’condition (2b), with one female (e.d{angg and one male
character Christopher Robipof which only the correct antecedent matchedemdgr

with the reflexive or pronoun.

(2) a. Double-match
This isChristopher Robinthis isPooh Bear Is Pooh Bearscratchindhimself

Picture stimuli requiring: (iyesresponse  (iipo response
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b. Single-match
This is Christopher Robin this is Kanga Is Christopher Robinscratching
himsel

Picture stimuli requiring: (iyesresponse  (iiporesponse

The introductory sentence where the experimentantgad to the two
characters was included to make it more pragmétiegbpropriate for either character
to then be referred to by a pronoun or reflexivée Texperimenter spoke the
introductory sentence, followed by a question taclWwhthe children had to reply
yesno respectively. Test questions used five action vértkle, scratch, pinch, point,
waslh), with a different set of cartoon characters use@éxemplify each verb in the
picture materials, thus leading to five action-pietsets. Each sentence was presented
twice in each of the conditions illustrated in (8hce with a picture that concurred
with the contents of the sentence (requiringearesponse) and once with a picture
that did not (requiring @o response). Eight filler items using similar pigsrand
including the quantifieeverywere included (e.gls every monkey tickling himself?
four with reflexives and four with pronouns. Theuking 48 items were presented in
a pseudo-randomised order such that no consecittwes involved the same
characters, or were from the same condition; andhace than three items requiring
the same responsgesor no) were presented consecutively. Two further filtems
were used as practice items.

Children were tested individually in a quiet roompart of the testing session
which also included the eye-movement experimentchivivas completed before the
offline task was administered. The child sat atlbla with the experimenter who

explained that they were going to look at someocertpictures and that for each
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picture the child would be asked a question andilshansweryesor no. Children
were given the option of taking a short break after first half. Administering the

judgment task took approximately ten minutes.

Results
The adults performed at 100% correct in all condsi for both reflexives and
pronouns. For the child data, mean percentagesroéat (fesandno) responses for

the two conditions are shown in Table 1, separdtelyeflexives and pronouns.

I/INSERT TABLE 1 ABOUT HERE//

For reflexives, the children achieved high accurscgres of 97% and above
in both conditions and both for trials requiringyas and for trials requiring @o
response. For pronounshe children again scored highly in the single-hatc
condition, whereas their accuracy scores were lawehe double-match condition
where both characters had the same gender. Thispaisularly the case when
children were required to giver® response, in which case accuracy was significantly
lower than in the corresponding single-match cooit(86.5% vs. 98%t1(39) =
4.16,p<.001;t; (4) = 2.23p = .090). Further analyses of this condition shotied at
an individual participant level, 20 children scor&0% correct fono responses in
the double-match condition, while the remainingldiein occasionally responded
incorrectly, thereby reducing the mean overall a@cy for pronouns, although the
children’s performance in this condition was nginsiicantly correlated with age (r =

.19,p =.25). The errors were distributed over all tkebs used.
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These results confirm previous findings from o#litasks indicating a contrast
between reflexives and pronouns in children’s perBnce. Whilst all the children
tested were able to reliably identify the corregferent for a reflexive, half of them
occasionally accepted local coreference interpogtatfor pronouns. Thus children’s
ultimate referential interpretations for reflexivegre adult-like and in accordance
with Principle A, and not affected by a gender-rhatt but inaccessible competitor
antecedent. Pronouns, however, were sometimesiiated as being coreferential
with the local antecedent (contra Principle B), csfpeally in cases without

disambiguating gender cues.

Experiment 2: Eye-Movement Experiment

The purpose of this experiment was to uncover itne-tourse of listeners’
referential decisions for reflexives, in comparigompronouns. Participants listened to
a series of short two-sentence paragraphs conganeflexives or pronouns whilst
their eye-movements to visual displays containiiegupes of potential referents were
monitored. As the children’s final interpretatiofsr reflexives were adult-like,
experiment 2 specifically examines whether thisoal®lds for their ongoing
referential decisions during sentence processfrigcKee et al.’s (1993) and Love et
al.’s (2009) results from cross-modal priming gafize to other tasks, one would
expect that the six-to-nine-year olds we testedukshprocess both reflexives and
pronouns in the same way as adults, despite thktively poorer performance on
pronouns in experiment 1. If, on the other handdoin’s ability to handle multiple
types of information during processing is not yeityf developed at this age (e.g.,
Trueswell, 2008), then an alternative outcome migghthat children are temporarily

more distracted by competitor antecedents forxefés and/or pronouns than adults.
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Materials

The materials consisted of spoken pairs of sengeand accompanying visual
displays. Each display contained four pictures: tam@mate characters and an
inanimate object mentioned in the sentences, anithanmate distracter object not
mentioned in the spoken sentences. Each experimaundgory stimulus contained
two sentences involving two characters from theo$&usan, Peter, Mr. Jonemd
Mrs. White. The first sentence introduced the first characed established a
felicitous context for the second sentence, whiatluded the second character and
the critical pronoun or reflexive. In each tridletintroduction of the second character
was separated from the pronoun or reflexive by iag#h of 10-13 syllables which
included the introduction of the inanimate objectas to direct participants’ gaze
away from either of the two characters to the pectof the inanimate object before
the onset of the reflexive or pronoun. The stonwese constructed specifically for use
with children, with characters and objects familiar school-age children. The
auditory stimulus set comprised 24 experimentam#teeach for reflexives and
pronouns, each appearing in the same two condiéiens experiment 1, as illustrated

in (3a,b). A full list of experimental auditory neaials is provided in Appendix A.

(3) a. Double-match
Peterwas waiting outside the corner shop. He watchadragonesbought a
huge box of popcorn fdrimself/himover the counter.
b. Single-match
Susanwas waiting outside the corner shop. She watckédraJonesbought

a huge box of popcorn ftimself/herover the counter.
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In addition to the experimental trials, the stinsulpresentation lists for the
adults included 48 auditory filler trials comprigia range of different grammatical
constructions. Half of the filler trials involveled same characters as the experimental
trials and the other half additional characterse@qy king, doctor, nurse). The
children’s presentation lists included a subsef®ffiller items, 12 with the same
characters as in the experimental trials, and 16 additional characters.

Finally, all experimental and filler trials werellfoved by a simple spoken
yes/nocomprehension question suchlg Mr. Jones buy some popcorh? ensure
that participants attended to the task and thatpamtycipants who did not could later
be identified. The comprehension questions did probe the interpretation of the
critical reflexive or pronoun, so as to help enstirat participants’ eye-movements
reflected natural processing patterns and no spexiention was drawn to the focus
of the experiment. Half the comprehension questiegsired ayesanswer, and half a
no answer, and these were equally split between xperemental and filler items.
Sound files of all trials were recorded by two féenaative English speakers, one
speaking the sentence pairs and one speaking mhjgrebension questions.

For each auditory trial, two visual displays weomstructed, corresponding to
the double-match and single-match conditions. Basbal display contained four
pictures, as illustrated in Appendix B for the exdentrials shown in (3). The four
pictures were positioned in the corners of theestravith a small cross in the centre.
The positioning of the pictures of the charactand #he inanimate objects in the
visual displays was counterbalanced across iterhgiétures were black-and-white
line drawings, of approximately the same size, aede not noticeably different in
terms of visual saliency. All pictures were seldcteom a set of 520 pictures for

which different norms are available from the Intgronal Picture Naming Project
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(http://crl.ucsd.edu/~aszekely/ipppWith respect to their ‘visual recognisability’,

which is expressed in the IPNP norms as the pegenof people who quickly
identified a given picture. For the selected pietatimuli, the mean percentage from
the IPNP norms was 97% (SD: 6%, range: 80-100%l)¢cating that the stimuli were
easily recognizable.

Experimental trials with reflexives were presenitedhe same testing session
as those with pronouns. Experimental trials werarged in four lists according to a
Latin Square design such that each participant et trial in only one condition
(double-match or single-match), and each partidisaw twelve trials with reflexives
(six per condition) and twelve with pronouns (sir ondition). The same set of
filler trials was used with each list. All trialsene presented in a pseudo-randomised
order such that no more than two experimentalstragicurred consecutively, and no
more than three consecutive trials required theeses or no) response. The four
lists were then reversed to create eight listsgaltwer. This was done to counteract
any effects of fatigue so that items which werensegrly on in the experiment by one

participant were seen late in the experiment byrerarticipant.

Procedure

Children were tested in a dedicated room at thehosl; adults in the visual
world laboratory at the University of Essex. A centsform was signed and a short
personal information questionnaire filled in by #ult participants or the children’s
guardians. Participants sat in a chair facing geptmn screen on which the visual
displays were projected, listened to the auditdmnudi through headphones, and
responded to comprehension questions by pressitgnisuwon a gamepad. During the

experiment participants’ eye-movements were reabiole a SONY DSR-PD170P
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digital camcorder recording 25 frames per secored, @ne frame every 40ms) which
was set up below the projection screen and traometthe participant’s face. Children
sat 1.5m from the screen, on which the display omedsapproximately 120x90cm,
while adults sat 2m away from a projected visuapldy of 170x120cm. This ensured
that when the video was played back, participagyg-movements between pictures
were distinct enough to be clearly interpreted. presentation of visual and auditory
stimuli was programmed using DMDX (Forster & Forst2003), and the sound
output from the computer was split, with one lireng to the headphones worn by
the participant, and another going directly to thgeo camera, to ensure that the
sound recorded by the video camera was exactly hsgnzed with what the
participant heard.

At the start of each trial a small cross appeanetthé centre of the screen for
2000ms followed by the visual display. After thesuwal display had been on the
screen for 1000ms, the auditory stimulus began. vi$igal display remained on the
screen during the auditory stimulus and disappeatteeh the participant responded
to the comprehension question by pressing a buttoa gamepad. The patrticipant’s
response served to initiate the next trial.

Participants were first familiarized with the exipeental equipment and their
tasks, including the introduction of each of thevaate characters used in the auditory
materials along with his/her picture. This wasduléd by five practice trials, which
served to further familiarize participants with thaimate characters. Participants
were asked to focus on the cross at the startadf g&l, but to look where they liked
on the screen once the visual display was shownerAthe practice session
participants were given the opportunity to ask tjoas before commencing the eye-

movement experiment. During the experiment the amber monitored the
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participants’ attention, gently reminding them teek looking at the screen if their

attention wandered. Participants were given a baéek every 13 to 18 trials.

Data Coding and Analysis

Footage from the video camera was analysed usiddNEAnnotation software
(Brugman & Russell, 2004). From the onset of thiéicat reflexive or pronoun,
participant’s gaze direction was recorded eversnédor 2000ms (50 frames in total).
Additional coding of the first 3000ms after thetical words for a subset of
participants confirmed that the main differencesveen conditions appeared with the
first two seconds of each trial. For each framee(gwlOms), the still image was
inspected to determine the direction of gaze. Adbwas counted as ‘fixated’ for
every frame where eyes were directed towards thairp. To ensure that coding was
not influenced by the coders’ expectations, gaeection was initially coded as being
towards the top left, top right, bottom left, bottaight, centre, or other (i.e., off-
screen, or blinking), without the coder knowingvitrich particular pictures these
directions related. Recorded gaze directions weea te-coded with reference to the
visual display to show whether the participant wasking at the accessible
antecedent, the inaccessible antecedent, the pHpectistracter, the centre, or off-
screen. Off-screen looks (which accounted for 6@%hne total dataset) were treated
as missing data. In order to assess the accuraty aoding, data from ten adult and
ten child participants selected at random were peddently checked by a second
coder. This second coder was naive as to the desidrpurpose of the research, and
completed a training session including instruciiothe coding conventions used for
unclear frames, and supervised coding of one peatit. Overall the agreement rate

between the first and second coder was 98.03% (SB%), with the lowest
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agreement rate on any individual participant be8#y83%. This was taken as

evidence that hand coding was reliable.

Results
To provide an overview of the eye-movement date, résults will first be

presented in the form of descriptive graphs folldwey more detailed statistical
analyses, separately for reflexives and pronouhs. rEsponse accuracy rates to the
comprehension questions were high (children: me@%), SD 3.69%; adults: mean
97.0%, SD 3.04%) indicating that participants wettending to the auditory stimulus
materials. For the eye-movement data, visual ingpeof the proportion of looks to
each of the five regions (the two animate charactédre inanimate object, the
distracter, or the centre) during the first two ets following the onset of the
reflexive or pronoun showed that the pattern ofkoto the inanimate object, the
distracter and the centre were similar for bothltsdand children in both conditions,
with few looks to the distracter and centre, antigh proportion of looks to the
inanimate object, e.g., to ‘popcorn’ for trial (ver the two-second time window
and across conditions, looks to the inanimate obgacounted for 48% of all
fixations. This is due to the fact that the inartenabject was the last entity
mentioned before participants heard the reflexiv@ronoun. In the following, only

looks to the two potential antecedents will betfartdescribed and analysed.

Reflexives.Figures 1 and 2 show adults’ and children’s fiasi of the two
potential antecedents in the two experimental derdi (double-match/single-match)

for the two seconds following the onset of theicait reflexive pronoun. The x-axis
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displays the time in milliseconds from the onsethd# reflexive for a 2000ms time
window. The y-axis depicts the proportions of lodgksibject means) to the two
animate characters, i.e., the number of trials mclv a participant fixated on a
particular picture for each 40ms video frame asapqrtion of the total number of

trials in which they were looking at the screen.tdNdhat because it takes
approximately 200ms to program an eye-movementri®aySlowiaczek, Clifton &

Bertera, 1983), only changes in proportions of ®aker 200ms can be attributed to

participants hearing the reflexive.

I/INSERT FIGURES 1 AND 2 ABOUT HERE//

For adults (Figure 1), the proportion of looks lte taccessible antecedent rose
in response to hearing the reflexive from aroun@n29 in the single-match and
500ms in the double-match condition, peaking arad@®@1200ms. The adults’ looks
to the inaccessible antecedent remained stableighowt the entire time window,
with only a brief rise in looks to the gender matghinaccessible antecedent in the
double match condition between 200-500ms. The @nldFigure 2) also showed an
increase in looks to the accessible antecedenésponse to hearing the reflexive,
with a sharp increase between 400-700ms in thdesmgtch condition and a more
steady rise between 400-1000ms in the double-maioldition. Children’s looks to
the inaccessible antecedent varied considerabhydaet conditions. In the single-
match condition in which the two potential antecedaliffered in gender, proportions
of looks to the inaccessible antecedent fell fraouad 400-800ms and remained low
(< 10%). In contrast, in the double-match conditemldren’s looks to the gender

matching inaccessible antecedent rose in tandem (aitd even exceeding) looks to
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the accessible antecedent during the first 700nisrdodevelling off, remaining
notably higher than in the single match conditi@an the remainder of the time
window. Interference from the gender matching caitgre antecedent on the
children’s fixation patterns was much stronger arate long-lasting than in the adult
group, where there was only a slight sign of iexhce for a short period of time
between 200-500ms. These differences suggesthildten had more difficulty than
adults in ruling out the inaccessible antecedend astential referent when gender
cues were not informative.

To analyse the eye-movement data statistically, edveffects logistic
regression models were applied using the ‘R’ safwaackage, version 2.10.1 (R
Development Core Team, 2010). Analyses were caoigdn the raw data with no
aggregation over time, conditions, participantstems (Baayen, Davidson & Bates,
2008), focusing on looks to the two potential artenantecedents between 200-
2000ms from the onset of the reflexive. Followirtgnslard procedures, predictor
variables were grand-mean centred, to avoid isstiegllinearity between predictors.
The binary dependent variable encoded whether tbtire of one of the two
antecedents was, or was not, fixated for eache#ms frames. Models were fit to
test for subject and item random intercepts andaanslopes for each factor as well
as for experimental factors. An empty model wast fiit to the data, then further
predictors were added and potential improvementiddit of model were tested. As
the graphs clearly show that the relationship betwloks and time is not linear,
first, second and third order polynomials of timeerev tested as predictors to
determine the model that best captured the pattiechanges over time. First a linear
model was fitted (first order), then a second ofderadratic) polynomial of time was

added to the model to produce a parabola (singtgetuA third order (cubic)
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polynomial of time was then added, producing ansi®ped curve (two curves), and
the models were compared to assess which gaveetitdith Only predictors that led
to a significant improvement in the fit of the mbdesre retained, such that the best
fit model was achieved. Models were first fit te thull data set (from both adults and
children), then any interaction terms were furtb&plored by analysing data from
each group separately. Models fitted to data froendhild group also tested whether

age was a significant predictor of online perforoean

//INSERT TABLE 2 HERE//

Table 2 shows the fixed effects from the bestniiittmixed-effects logistic
regression model fitted to the full data set (batlults and children). The negative
coefficient for the significant main effect of Actdent Type (= ‘Ant(Inaccessible)’)
reflects the fact that participants fixated on #ueessible antecedent more than the
inaccessible antecedent, and the three-way intenadietween Antecedent Type
(accessible vs. inaccessible), Condition (singléemas. double-match) and Group
(adults vs. children) confirms that adults and drdeih differed with regard to the
extent to which they were distracted by a gendertchmag but structurally
inaccessible competitor antecedent.

Before investigating these child/adult differenciesther, two additional
analyses were performed to explore potential catijgls among the measures.
Firstly, because the data were analysed every 4@masdata from a given sample
might be (positively) correlated with those fromnmadiately adjacent samples. To
test for the local non-independence of the 40msp&zsnan additional (more coarse-

grained) analysis was performed in which the dasewsampled every 200ms,
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instead of every 40ms. Secondly, because incre&sads to one of the two
antecedents may result in decreased looks to tier character on the screen, the
proportions of looks to the two antecedents migh(riegatively) correlated with each
other. Regarding the potential non-independencaks to the two antecedents, it
should be noted, however, that for the originallysig in Table 2, proportions of
looks were calculated out of all of the looks te th screen areas (4 pictures and
centre), which means that the relationship betweeks to the two antecedents is
indirect, and a change in looks to one antecedees dot necessarily affect the looks
to the other. Nevertheless, to examine this conomore directly, we performed an
additional analysis on looks to the inaccessible@dent only across the different
conditions, i.e. on a subset of the data set, withiging Antecedent Type as a factor.
The new analysis (for 200ms samples) yielded thmesdhree-way interaction
between Antecedent Type, Condition and Group a®tiggnal (40ms) analysigi(=
0.731, St. Error = 0.19%,= 3.779,p < .001). Furthermore, even when only looks to
the inaccessible antecedent were included, the i@amak Group interaction was still
maintained g = -0.992, St. Error = 0.424,= -2.339,p = .019). Taken together, the
results from these two additional analyses confivenrobustness of the effects.

In the following, we further examined the three-wateraction obtained in
the original analysis (see Table 2). To explors thteraction, separate models were

fitted to the data from the two participant groups.

//INSERT TABLE 3 HERE//

For the adult group, Table 3 shows a significantnnedfect of Antecedent

Type, but no interaction with Condition, reflectirtige fact that the adults looked
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significantly more at the accessible antecedenih tlé the inaccessible one,
irrespective of the inaccessible antecedent’s gend@bus, the numerical trend
observed in Figure 1 of increased proportions ok$oto the inaccessible antecedent
between 200-500ms in the double-match conditionndidturn out to be statistically
reliable.

The child group also looked significantly more le taccessible antecedent
than at the inaccessible one, but this pattern wadulated by Condition, with the
positive coefficient for the significant Antecedefype x Condition interaction
showing that the contrast between looks to theamtecedent types was less (i.e., the
negative slope was adjusted positively) in the dmuatch condition than the single
match condition, confirming the numerical patteseen in Figure 2.

Furthermore the negative coefficient for the intécn between Antecedent
Type x Condition x Age shows that for older childrihis positive adjustment was
smaller, as older children’s pattern of looks asrthe two potential antecedents was
less affected by the gender of the inaccessibkecadent than younger children’s. For
illustrative purposes, the proportions of looks ttee accessible and inaccessible
antecedents in the double-match condition areqaateparately for our six-to-seven-
year-old (Year 2) and eight-to-nine year-old (Ydaichild participants in Figures 3a

and 3b.

I/INSERT FIGURE 3 ABOUT HERE//

Figure 3 shows that whilst both the younger and théer children

experienced competition between the two antecedlemisg the first 700-800ms after

hearing the reflexive, the older children’s propmitof looks to the inaccessible
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antecedent started levelling off about 200ms earlidne younger children also
appeared to be more strongly distracted by thecassible antecedent again during
later (> 1100ms) time windows.

In summary, our results show that children’s onlieferential decisions were
influenced by an inaccessible but highly promineommpetitor antecedent (viz., the
main clause subject) if it matched in gender wihth teflexive. Furthermore, the effect
of the inaccessible competitor was found to sigaifitly decline as the children grew

older.

Pronouns. Figures 4 and 5 present the adults’ and childrel@scriptive
results for the pronouns, showing which potentraéeedent participants fixated upon
on hearing the pronoun in the two experimental @¢mws (double-match/single-
match). Note that, unlike for reflexives, the astiele antecedent here is the main
clause subiject (i.e., the pronolue/shg, which refers back to the subject of the lead-in

sentence (e.gReter/Susam (3)).

I/INSERT FIGURES 4 AND 5 ABOUT HERE//

Figures 4 and 5 show that the referent of the ndause subject (the
accessible antecedent) attracted a considerabhehigroportion of looks than the
embedded subject (the latter being structurallgeeasible, according to Principle B),
which represents the opposite of the pattern seemeflexives, where the picture
depicting the embedded subject was fixated moendftan the one showing the main
clause subject (the latter being ruled out by RpiecA). These contrasts are parallel

for children and adults. Figures 3 and 4 also sa®@imilar time course of looks to the
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accessible and the inaccessible antecedents fddreai and adults, with the
proportion of looks to the accessible antecedeaduglly increasing from 200ms, and
peaking from 600ms to 1200ms, in both participaotgs.

These observations suggest that both adults’ aidreh’'s gaze patterns were
influenced by the different binding properties eflexives and pronouns. At the same
time, the graphs for both participant groups aldows some influence of the
inaccessible antecedent, indicated by differingtepas of looks across the two
conditions (single-match/double-match). Specificalidults showed fewer looks to
the accessible antecedent, and both participanipgrehowed more looks to the
inaccessible one, in the double-match than in thglesmatch condition. Adults’
proportions of looks to the inaccessible antecedemained low and approximately
stable over the whole 2000ms time window, wherehsden’'s looks to the
inaccessible antecedembcreased from 200-800ms before levelling off. These
differences suggest that the gender of the inaildes®ferent affected both adults’
and children’s looks, and also that adults anddcérl responded differently to the two
conditions. The data on pronouns were statisticallglysed in the same way as those

on reflexives.

//INSERT TABLE 4 HERE//

Table 4 shows the fixed effects from the bestniiittmixed-effects logistic
regression model fitted to the full data set froathbadults and children. The results
revealed a significant main effect of Antecedentpdyreflecting the fact that
participants fixated on the accessible antecedent than the inaccessible antecedent

and, more importantly, a three-way interaction lestw Antecedent Type, Condition
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and Group, showing that adults and children ditf&h regard to the way in which
they were distracted by a gender matching but bmdhaccessible antecedent. To
further explore this interaction, separate modeatsewfitted to the data from the two

participant groups.

//INSERT TABLE 5 HERE//

Results for both children and adults show a sigaift main effect of
Antecedent Type and a two-way interaction betwesteéedent Type and Condition,
confirming that the pattern of looks to the twoesm@dents was modulated by the
gender of the (inaccessible) competitor referenth \greater differences between
looks to the two potential antecedents in the simghtch compared to the double-
match conditior.

Furthermore, the interaction with ‘Age’ shows tledder children were less
distracted by the gender matching but inaccessiblecedent than younger children.
Figure 6 illustrates that only the younger childstiowed an almost equally steep rise
in their proportions of looks to both antecedentsirdy the first 800ms after
encountering the pronoun, and compared to the aitiddren, the younger ones
showed a relatively smaller advantage for the atokes antecedent throughout the
initial 1400ms. The older children, in contrastowled a consistently low proportion

of looks to the inaccessible antecedent, similachalts.

! The interaction with Group reported in Table 4eetfs child/adult differences in the
proportions of looks to thaccessibleantecedent, with the adults — but not the
children — fixating the accessible antecedent nioithe single-match compared to

the double-match condition (see Figure 4 vs. Figre
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I/INSERT FIGURE 6 ABOUT HERE//

Finally, recall that some children occasionally matrors in the offline task
in that they incorrectly accepted local coreferemterpretations for pronouns. To
assess how this affected children’s eye-movemetat idathe online experiment, we
performed the same analysis as before, exceptitistdad of ‘Age’ the offline
accuracy scores (for the pronoun/double-match/response) were entered into the
regression model. This analysis yielded a three-wwtgraction between Antecedent
Type, Condition and Offline Scorgs & -1.280, St. Error = 0.32%, = -3.885,p <
.001), indicating that children who achieved lovwdfline scores were also more
distracted on-line by a gender matching competéterent.

In summary, we found that both adults’ and chiltsemline interpretation of
pronouns was significantly affected by an inacddsesibut gender-matching
competitor antecedent, with younger children exgeing comparatively more

interference than older ones.

General Discussion
The current study sought to gather new experimeaglence on children’s
referential interpretations for reflexives in compan to pronouns during real-time
sentence comprehension. Examining groups of simfte-year-old children and adult
controls, we specifically asked how and when aradaasible competitor antecedent
influences anaphor resolution. Our most interestinding was a contrast between
children’s ultimate interpretations of reflexivesdatheir online processing patterns.

Whilst children’s offline performance on reflexives experiment 1 was adult-like,
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the online data from experiment 2 showed that these temporarily more distracted
than adults by a gender-matching but structuralicessible antecedent.

Experiment 1 furthermore showed that for non-reflexpronouns, children
sometimes accepted (incorrect) coreference intefpoas with a gender-matching
local antecedent. The results from experiment 2eakd that during online
processing, both adults and children experiencgdifstant interference from a
structurally inaccessible antecedent where gendes c¢ailed to disambiguate the
pronoun.

In what follows, we will discuss these findings hitespect to three wider
issues, (i) what types of cues children (and apluiééy on for their referential
interpretations of reflexives and pronouns, (ii)emntduring processing these different
types of cues are used, and (iii) how the obsedes@dlopmental changes from child

to adult can be explained.

Binding Principles and Discourse Prominence

Our results show that both adults’ and children8line and online
performance on reflexives and pronouns was seasitoy structurally defined
constraints on coreference, notably Binding PrilesipA and B. Neither discourse-
level nor surface cues such as the relative distartween the anaphoric element and
its potential antecedents can, by themselves, exiila observed pattern of results. If,
for example, participants were simply favouring theearly closest potential
antecedent, this would have yielded correct redaitseflexives in experiment 2, but
not for pronouns. Likewise, if they preferred cerehce with the most prominent
referent in the discourse, i.e., the matrix subgcboth the lead-in and the critical

sentences, this would account for the results amqumns, but not for those on
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reflexives. Instead, the observed patterns of peafies can better be explained in
terms of binding constraints, in that structuralycessible antecedents were fixated
more than inaccessible ones, for both reflexive$ pronouns. More generally, our
results confirm that binding principles do not ordgnstrain ultimate referential
interpretations but also guide the online procegsiireflexives and pronouns in both
adults and children (e.g., Nicol & Swinney, 1989¢cH&e et al., 1993; Sturt, 2003;
Love et al., 2009; Xiang et al., 2009).

Previous experimental research with adults hasdahat online referential
interpretations for reflexives and pronouns are ooty influenced by binding
constraints but also by a number of other (morpiiold, semantic, and discourse-
level) properties of the linguistic environment, iath affect a potential antecedent’s
relative ‘accessibility’ (e.g., Badecker & Stra@f02; Sturt, 2003; Koornneef, 2008;
Cunnings & Felser, in press). Our results provigigher support for this finding. For
pronouns, both adults and children fixated the geasible antecedent more in the
double-match than in the single-match conditionggesting that they were less
confident in their referential interpretations wHasth antecedents matched in gender
with the pronoun. Similarly, for reflexives, an aw@gssible competitor referent also
caused distraction, particularly for children. e tchild data, significantly more looks
to the inaccessible antecedent were found whenaitcimed in gender with the
reflexive compared to when this was not the cashofAgh this competition was less
pronounced in the adult data, it was still visiaea numerical trend from 200-600ms
(compare Figure 1).

Inaccessible antecedents were promoted as potesfigaents for pronouns or
reflexives by a number of factors, most notably dggn(in the double-match

conditions), recency (for pronouns) and promine(foe reflexives). In the case of
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pronouns, the structurally inaccessible antecedead the embedded subject, the
linearly closest potential antecedent. Althougledubut by Principle B, interpreting a
pronoun as coreferential with the embedded subjyest thus likely to be the most
memory-friendly option. For reflexives, on the athand, the inaccessible antecedent
was favoured by virtue of being the most promineférent in the linguistic context,
in that it was the first-mentioned referent, wasemed to twice prior to the
occurrence of the reflexive, and was also locateslubject position. Note, however,
that even though recency and a potential antecsdestative discourse-prominence
affected the referential interpretation of both mmons and reflexives causing
temporary distraction, they did not override théeek of binding constraints, as
witnessed by the fact that inaccessible antecedmmisistently attracted fewer looks

than accessible ones for both types of anaphor.

Time-Course Issues
One hypothesis concerning the temporal dynamics referential

interpretations for pronouns and reflexives wag thiading principles should be
applied early during processing and act as analnfilter, ruling out potential
referents that are not structurally accessibles Typothesis was originally proposed
by Nicol and Swinney (1989) and backed up by figdifrom cross-modal priming
experiments with adults. Similar experiments weegried out with children by
McKee et al. (1993) and Love et al. (2009), leadioghe same conclusion - that
binding principles are applied early during proaegs Note, however, that these
studies only examined priming effects from onehaf two potential antecedents that

were present in the context, so could not tell mghang about the extent to which



Children’s Processing of Reflexives and Pronoun82

listeners might have experienced competition from adternative referent when
encountering the reflexive or pronoun.

The present set of findings seems to provide lgtipport for the binding-as-
initial-filter hypothesis. Both the child and thdudt data indicated competition from
the inaccessible antecedent for the interpretatfgmronouns, which was visible from
200ms onwards, i.e., the earliest point at whiok-mypvements reflect processing of
the pronoun (compare Figures 4 and 5). For refesievidence of distraction caused
by a gender-matching but inaccessible antecedesitwase obvious in the child than
the adult data. Again, this evidence was seen earny, from 200ms for adults
(Figure 1) and from 400ms for children (Figure ®)ere was no evidence that effects
of the non-local competitor antecedent were comallg delayed in the children
relative to the adult controls, as was the casether ambiguous ‘short-distance’
pronouns examined in Sekerina et al.’s (2004) stuflyus, according to our
eyemovement results, binding principles didt function as an initial filter on
potential referential interpretations.

One potential explanation for the early compatitiour participants
experienced from the inaccessible antecedent dmuttiat looks to a gender-matched
inaccessible antecedent were initiated as soonaegipants had heard the initial
syllable him or her, that is, before they realized that they were ingaa reflexive
rather than a pronoun. However, this explanatiorunkely because a phonetic
analysis of our auditory materials revealed thatfirst syllable of a reflexive is very
different from a non-reflexive pronoun in fluenteggh, with the vowel in the former
reduced to a brief ‘schwa’. A comparison of themegtshim/her (within reflexive
pronouns) to the word&im/her (non-reflexive pronouns) in the (double-match

conditions of the) spoken materials of experimemealed significant differences
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both in terms of their duration (in ms) and theitensity (in dB), with theéhim/her
(reflexive) segments being significantly reducedumation and intensity compared to
the him/her pronouns (158 vs. 275 mi$23) = 20.34p < .001, 69.6 vs. 71.1dI23)

= 3.38,p=.003). Given these differences, participantsuaéely to mistake the first
syllable of the reflexive for the full pronoumm or her.

On the other hand, it was aleot the case, either for children or for adults,
that sensitivity to binding principles was delayethtive to the point in time at which
properties of the inaccessible antecedent wereidenesl. Instead, our data provide
support for the view (e.g., Badecker & Straub, @02t from the earliest measurable
point in time referential interpretations are detered by binding constraints in

tandem with other sources of information.

Developmental Issues

Developmental changes from child to adult were sed¢he data of the present
study for both reflexives and pronouns. The moskiag finding was the contrast
between the results of the offline and the onlirpeeiments for reflexives, with the
children performing adult-like in the offline bubnin the online task. Developmental
differences were also seen in the results for prosp with children sometimes
violating Principle B in the offline task, and yaer children performing less adult-
like compared to older children in the online task.

With respect to reflexives, our finding that sixfime-year olds obeyed
Principle A and showed adult-like performance ia dffline task is not particularly
surprising, as many previous studies have alsortegocorrect performance on
reflexives even for three-year-old children (e@uasti, 2002). Clearly, children’s

ultimate referential interpretations for reflexivese determined by Principle A.
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Online reflexive anaphor resolution, in contrastesl not yet appear to be fully adult-
like in six-to-nine-year-old children. We found thehildren — but not the adult
controls - to be significantly distracted by andoassible (i.e., non-local) competitor
antecedent that matched in gender with the reféexiRecall that this antecedent was
highly prominent in the linguistic environment ihat it was the first-mentioned
character, was located in subject position, and wed#srred to twice prior to the
occurrence of the reflexive. There is evidence fiomavious studies that children’s
online referential interpretations for pronouns afiected by discourse prominence
(e.g., Song & Fisher, 2005, 2007), and our resuldécate that this is also true of
reflexives. In cases in which gender cues are ommdtive, children are more
tempted than adults to interpret the reflexive aeferential with the most highly
activated potential antecedent in the discourse. dpplication of Binding Principle
A, on the other hand, requires that the highlyvattid non-local antecedent be
deactivated in favour of the accessible (but lesmment) local antecedent. Children
seem to struggle with this deactivation processuyltmg in the kind of interference
from the inaccessible antecedent that we saw in dhine experiment. This
interpretation is consistent with previous studaggesting that children have more
difficulty than adults weighing up and integratimjormation from different sources
and revising initial parsing decisions (e.g., CRolrueswell, 2010;Trueswell et al.,
1999, Traxler, 2002). Consequently, children areentbstracted than adults in cases
in which Binding Principles and discourse promireepoovide conflicting cues.

The younger children’s relatively greater diffigultnhibiting inaccessible
antecedents during processing might be due to dewental changes in executive
function or cognitive control (Novick, Trueswell, &hompson-Schill, 2005; see

Mazuka, Jincho, & Oisho, 2009, and Novick, Truesw&l Thompson-Schill, 2010,
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for reviews). Also using eye-tracking during listegy Choi and Trueswell (2010), for
example, report that four-to-five year-old Koregeaking children, unlike adults,
had difficulty recovering from initial misinterpions of ‘garden-path’ sentences. In
the light of these and similar earlier findingsnfraenglish (e.g., Trueswell et al,
1999), the authors argue that children’s limitedrative control abilities may prevent
them from inhibiting misinterpretations even in tfece of clear disambiguating
evidence.

In short, the comparison of children’ and adulterfprmance on reflexives
revealed that although children demonstrated mdaffecudties than adults during
online anaphor resolution, they must have been &bleesolve the conflicting
information at a later stage and arrive at the saltn@ate interpretation as adults, in
accordance with Principle A. Furthermore, the immdc¢he competitor antecedent on
children’s online performance for reflexives sigraintly decreased with age, with the
older children in the 6-9 year-old age range shgvi@wer looks to a gender-matched
inaccessible antecedent than the younger childr@mally, recall that the adult
group’s eye-movement patterns also showed sigearbf temporary distraction from
the inaccessible antecedent, albeit to a muchrlieleggee than the children and not
significantly so. From these observations, we amhel that what distinguishes
children and adults in this domain is children’siligbto handle and prioritize
competing sources of information, or to inhibit misrpretations, which seems to
initially lag behind, and to develop throughout irenary school years to adult level.

As regards pronouns, our results suggest that lbildren and adults
experienced measurable interference from a gend&himg (but structurally
inaccessible) local competitor antecedent duringc@ssing. The degree to which

children were distracted by the inaccessible aditein experiment 2 decreased
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with age, but the results from our offline task gesiment 1) indicate that not all
children were able to ultimately rule out coreferemetween a pronoun and a local
competitor antecedent (i.e., apply Principle B).likin Love et al. (2009), who
examined children from a wider age range than wlewle found no evidence in our
data to suggest that six-to-nine-year-old childsesffline mastery of Principle B was
significantly correlated with age. Our eye-movemagiia suggest that even adults had
more difficulty eliminating an inaccessible compatiantecedent from the candidate
set for pronouns compared to reflexives, althougiike for the children, this
difficulty was not reflected in their offline antedent choices. This is what we might
expect given that unlike Binding Principle A, Piiple B fails to identify a unique
referent for a pronoun, whose interpretation rezgpitecourse to, and integration of,
additional information sources. Furthermore, expental evidence indicates that the
interpretation of pronouns is more strongly affdctby non-syntactic factors
compared to reflexives. Also using eye-trackingmytistening, Kaiser et al. (2009),
for example, found that adults’ on-line interpregatof reflexives and pronouns in
picture noun phrases was influenced both by syictacinstraints and thematic role
information, even if the syntactically appropriaetecedent was ultimately chosen,
and that the influence of thematic role based caims was relatively stronger for
pronouns than for reflexives. Taking into accouwthb Kaiser et al.’s and our
findings, it is conceivable that listeners gengrddve more difficulty inhibiting a
semantically or pragmatically prominent but syntadly inappropriate antecedent for
pronouns compared to reflexives (whose interpi@tais primarily determined by
syntactic constraints) during online processing.

In summary, our results demonstrate that childrad more difficulty than

adults deactivating a highly prominent, gender-miatgg competitor antecedent when
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interpreting reflexives, which is in line with pieus findings suggesting that children
have more difficulty than adults controlling mulepinformation sources. For
pronouns, both children and adults showed reliabledence of temporary
competition between two gender-matching antecedemtgheir eye-movement
patterns, with not all of the children able to mititely reject a structurally inaccessible

antecedent when interpreting pronouns offline.

Conclusion

We set out to determine how binding constrainteradt with other factors
(notably discourse prominence) during children’d adults’ processing of reflexives
in comparison to pronouns. Our eye-movement resollecate that unlike what
several studies have reported for monolingual adBiinding Principle A does not act
as an initial filter on children’s interpretationf oeflexives but interacts with
discourse-level information from early on duringgessing. Evidence of antecedent
competition was also seen for pronouns in both d¢hiédren’s and adults’ eye-
movement records, suggesting that structurally dessible antecedents are not
immediately filtered out by Principle B, either. Vitso found age effects indicating
that younger children had more difficulty than oldenes homing in on the
structurally accessible antecedent, both for réflexand pronouns, which might be
attributable to the relatively late developmentr@levant cognitive control abilities.
Our findings show that children who behave adid-lin offline tasks do not
necessarily process anaphors in an adult-like ways underscoring the need for
gathering online data to gain a more comprehensisteire of children’s mastery of
structural constraints on interpretation, and thegdility to access and integrate

different information sources during comprehension.
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Appendix A: Auditory materials for experiment 2

The experimental trials for double-match conditwith reflexives are shown below.

As explained in the text, the same materials weseduwith pronouns, and with

different characters, for the single-match conditio

(1)

(2)

@)

(4)

(5)

(6)

(7)

(8)

9)

(10)

Peter was waiting outside the corner shop. He veat@s Mr. Jones bought a
huge box of popcorn for himself over the counter

Peter was laying the dinner table. He asked whethrerdones could fetch a
large clean plate for himself from the other room

Peter was spending a day at the beach. He was drt@aee that Mr. Jones
had built a magnificent castle for himself fromtjsand and water

Peter was visiting a dairy farm. He watched as Mnes made some special
rich cheese himself from very fresh goat’s milk

Peter was very interested in water sports. He wauehether Mr. Jones had
bought the new canoe for himself that had been slfmwlV

Peter was feeling a little peckish. He saw that ddmes was cracking a huge
walnut for himself with a rusty nutcracker

Susan was sitting at the kitchen table. She watesddrs. White made a large
salami pizza for herself as a special treat

Susan was sitting by the swimming pool. She notited Mrs. White had
bought a large ice cream cone for herself at thel meception

Susan was feeling very hungry. She watched as Wiste slowly peeled a
large juicy pear for herself with a sharp kitchemfé

Susan watched the snow falling outside. She coeéd that Mrs. White was

making a log fire for herself in the master bedroom



(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)

(20)

(21)

(22)

Children’s Processing of Reflexives and Pronoung5

Susan was watching the customers in the post ofihe wondered why Mrs.
White was sending a small package to herself thda¥ afternoon

Susan was standing in the kitchen. She noticedMinsit White was boiling a
large egg for herself on the brand new hob

Mr. Jones was listening very hard. He knew thaePetas playing some
classical music to himself on the new piano

Mr. Jones was looking forward to Halloween. He krtbat Peter had carved
out a giant pumpkin for himself that would makei@rantern

Mr. Jones was very nervous before the TV interviele. suddenly realized
that Peter was attaching a microphone to himselfthat a light was flashing
Mr. Jones knew that winter wasn’t far away. He schilvhen Peter started
knitting a long woollen scarf for himself by theddireplace

Mr. Jones was very tired. He barely noticed thaeP&as noisily running a
bath for himself shortly after dinner

Mr. Jones was fascinated by technology. He was esgad when Peter
managed to build a toy robot for himself from scnagtal and cardboard

Mrs. White was looking around the toy shop. Shewfred when |Susan
bought a brightly coloured kite for herself thasta small fortune

Mrs. White used to teach geography. She was ple@ssede that Susan had
drawn a large and colourful map for herself thatilddook nice on the wall
Mrs. White is a law-abiding citizen. She was shackéhen Susan stole an
expensive bottle of wine for herself from the suparket

Mrs. White was making some lemonade. She askedhe@h&usan could go

and fetch a clean glass for herself from the kitctigpboard



(23)

(24)

(25)

(26)

(27)

(28)

(29)

(30)

(31)

(32)

(33)

(34)
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Mrs. White couldn’t stand the sight of blood. Shaswelieved when Susan
went to get a large plaster for herself that cede¢he small scratch

Mrs. White is a fashion designer. She was pleaseg¢ that Susan had made
a beautiful belt for herself from soft brown leathe

Peter was waiting outside the corner shop. He veat@s Mr. Jones bought a
huge box of popcorn for himself over the counter

Peter was laying the dinner table. He asked whethrerdones could fetch a
large clean plate for himself from the other room

Peter was spending a day at the beach. He was drt@aee that Mr. Jones
had built a magnificent castle for himself fromtjsand and water

Peter was visiting a dairy farm. He watched as Mnes made some special
rich cheese himself from very fresh goat’s milk

Peter was very interested in water sports. He waudehether Mr. Jones had
bought the new canoe for himself that had been slfmwlVv

Peter was feeling a little peckish. He saw that ddmes was cracking a huge
walnut for himself with a rusty nutcracker

Susan was sitting at the kitchen table. She watesddrs. White made a large
salami pizza for herself as a special treat

Susan was sitting by the swimming pool. She notited Mrs. White had
bought a large ice cream cone for herself at thel meception

Susan was feeling very hungry. She watched as Wiste slowly peeled a
large juicy pear for herself with a sharp kitchemfé

Susan watched the snow falling outside. She coedéd that Mrs. White was

making a log fire for herself in the master bedroom



(35)

(36)

(37)

(38)

(39)

(40)

(41)

(42)

(43)

(44)

(45)

(46)
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Susan was watching the customers in the post ofihe wondered why Mrs.
White was sending a small package to herself thda¥ afternoon

Susan was standing in the kitchen. She noticedMinsit White was boiling a
large egg for herself on the brand new hob

Mr. Jones was listening very hard. He knew thaePetas playing some
classical music to himself on the new piano

Mr. Jones was looking forward to Halloween. He krtbat Peter had carved
out a giant pumpkin for himself that would makei@rantern

Mr. Jones was very nervous before the TV interviele. suddenly realized
that Peter was attaching a microphone to himselfthat a light was flashing
Mr. Jones knew that winter wasn’t far away. He sohilvhen Peter started
knitting a long woollen scarf for himself by theddireplace

Mr. Jones was very tired. He barely noticed thaeP&as noisily running a
bath for himself shortly after dinner

Mr. Jones was fascinated by technology. He was esgad when Peter
managed to build a toy robot for himself from scnagtal and cardboard

Mrs. White was looking around the toy shop. Shewvfred when |Susan
bought a brightly coloured kite for herself thasta small fortune

Mrs. White used to teach geography. She was ple@ssede that Susan had
drawn a large and colourful map for herself thatilddook nice on the wall
Mrs. White is a law-abiding citizen. She was shackéhen Susan stole an
expensive bottle of wine for herself from the suparket

Mrs. White was making some lemonade. She askedhe@h&usan could go

and fetch a clean glass for herself from the kitctgpboard
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(47) Mrs. White couldn’t stand the sight of blood. Shaswelieved when Susan
went to get a large plaster for herself that cede¢he small scratch
(48) Mrs. White is a fashion designer. She was pleaseg¢ that Susan had made

a beautiful belt for herself from soft brown leathe
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Appendix B: Example visual displays.

Visual display for double-match condition Visuaspliay for single-match condition
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Table I Mean percentages of corregie$ and no) responses in the child data in

Experiment 1.

Yesresponse No response

Single-match  Double-match  Single-match ~ Double-matc

Reflexives 99.50 (3.16)  97.00 (7.23)  99.50 (3.16) 99.00 (4.41)

Pronouns 99.00 (4.41) 9450 (14.31)  98.00 (6.08) .5(BEL8.89)
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Table 2 Fixed-effects from best fitting mixed-effectgistic regression model fit to

data from both adults and children for reflexiiégperiment 2.

Fixed Effects Estimate St.Error z Value p Value
(Intercept) -1.215 0.170 -7.143 <0.001
Linear time -0.153 0.146  -1.053 0.292
Quadratic time -0.821 0.139 -5.890 <0.001
Cubic time 0.292 0.195 1.497 0.134
Ant(Inaccessible) -0.935 0.199 -4.705 <0.001
Condition(Double-Match) -0.063 0.140 -0.447 0.655
Group(Children) -0.380 0.220 -1.731 0.083
Ant(Inaccessible) x Condition(Double-

Match) 0.043  0.063 0.673 0.501
Ant(Inaccessible) x Group(Children) -0.158 0.220 -0.715 0.475
Condition(Double-Match) x

Group(Children) -0.044 0.193 -0.228 0.819
Ant(Inaccessible) x Condition(Double-

Match) x Group(Children) 0.758 0.091 8.346 <0.001

Formula in R: DepVar~ Linear time + Quadratic tim€ubic time + Ant *
Condition * Group + (1 + Ant + Condition + Lineame + Quadratic time + Cubic
time |Part) + (1 + Ant + Group + Linear time + @uetic time + Cubic time |ltem)
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Table 3 Fixed-effects from best-fitting models fit towdtdand child data separately

for reflexives, Experiment 2.

Fixed Effects Estimate St.Error z Value p Value
Adults

(Intercept) -1.308 0.192 -6.829 <0.001

Linear time -0.115 0.145 -0.796 0.426

Quadratic time -0.815 0.173 -4.703 <0.001

Ant(Inaccessible) -0.910 0.232 -3.917 <0.001

Condition(Double-Match) -0.081 0.147 -0.548 0.584

Formula in R: DepVar~ Linear time + Quadratic timn@nt + (1 + Ant + Linear
time + Quadratic time |Part) + (1 + Ant + Line@ané + Quadratic time |ltem)

Children

(Intercept) -1.553 0.183 -8.485 <0.001
Linear time -0.207 0.215 -0.966 0.334
Quadratic time -0.950 0.224 -4.250 <0.001
Cubic time 0.631 0.319 1.981 0.048
Ant(Inaccessible) -1.225 0.248 -4.936 <0.001
Condition(Double-Match) -0.095 0.137 -0.690 0.490
Age -0.036  0.147 -0.246 0.806
Ant(Inaccessible) x Condition(Double-

Match) 0.830 0.066 12535 <0.001
Ant(Inaccessible) x Age 0.045 0.127 0.356 0.722
Condition(Double-Match) x Age 0.022 0.124 0.179 0.858
Ant(Inaccessible) x Condition(Double-

Match) x Age -0.154  0.070 -2.205 0.027

Formula in R: DepVar~ Linear time + Quadratic tim€ubic time + Ant *
Condition * Age + (1 + Ant + Condition + Linear tem+ Quadratic time + Cubic
time |Part) + (1 + Ant + Age + Linear time + Quaiilr time + Cubic time |ltem)
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Table 4 Fixed-effects from best fitting mixed-effectgistic regression model fit to

data from both adults and children for pronoungdtiment 2.

Fixed Effects Estimate St.Error z Value p Value
(Intercept) -1.719 0.279 -6.154 <0.001
Linear time -0.053 0.144 -0.365 0.715
Quadratic time -0.595 0.160 -3.727 <0.001
Cubic time 0.327 0.206 1.588 0.112
Ant(Inaccessible) -0.822 0.246  -3.335 0.001
Condition(Double-Match) -0.253 0.216 -1.172 0.241
Group(Children) -0.308 0.325 -0.950 0.342
Ant(Inaccessible) x Condition(Double-

Match) 0.540 0.069 7.811 <0.001
Ant(Inaccessible) x Group(Children) 0.246 0.249 0.987 0.324
Condition(Double-Match) x

Group(Children) 0.220 0.302 0.727 0.467
Ant(Inaccessible) x Condition(Double-

Match) x Group(Children) -0.220 0.097 -2.273 0.023

Formula in R: DepVar~ Linear time + Quadratic tim€ubic time + Ant *
Condition * Group + (1 + Ant + Condition + Lineaame + Quadratic time + Cubic
time |Part) + (1 + Ant + Group + Linear time + @uetic time + Cubic time |ltem)
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Table 5 Fixed-effects from best-fitting models fit tdwdt and child data separately

for pronouns, Experiment 2.

Fixed Effects Estimate St.Error z Value p Value
Adults

(Intercept) -1.883 0.304 -6.188 <0.001
Linear time -0.080 0.201  -0.400 0.689
Quadratic time -0.373 0.192 -1.938 0.053
Cubic time 0.478 0.249 1.923 0.054
Ant(Inaccessible) -0.768 0.319 -2.410 0.016
Condition(Double-Match) -0.260 0.249 -1.044 0.296
Ant(Inaccessible) x Condition(Double-

Match) 0.508 0.071 7.167 <0.001

Formula in R: DepVar~ Linear time + Quadratic tim€ubic time + Ant *
Condition + (1 + Ant + Condition + Linear time + uratic time + Cubic time
|[Part) + (1 + Ant + Linear time + Quadratic tim&tibic time |ltem)

Children

(Intercept) -1.987 0.287 -6.929 <0.001
Linear time -0.111  0.263  -0.423 0.672
Quadratic time -1.039 0.268 -3.880 <0.001
Cubic time 0.351 0.384 0.915 0.360
Ant(Inaccessible) -0.583 0.235 -2.479 0.013
Condition(Double-Match) 0.043 0.202 0.212 0.832
Age -0.696  0.218 -3.200 0.001
Ant(Inaccessible) x Condition(Double-

Match) 0.238  0.069 3.458 0.001
Ant(Inaccessible) x Age 0.425 0.154 2.770 0.006
Condition(Double-Match) x Age 0.427 0.191 2.235 0.025
Ant(Inaccessible) x Condition(Double-

Match) x Age -0.359 0.076 -4.738 <0.001

Formula in R: DepVar~ Linear time + Quadratic tim€ubic time + Ant *
Condition * Age + (1 + Ant + Condition + Linear tem+ Quadratic time + Cubic
time |Part) + (1 + Ant + Age + Linear time + Quatit time + Cubic time [ltem)
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Figure T Adults’ proportions of looks to potential anteeets on hearing the

reflexive (subject means).

Reflexive: Adults

0.35 Double Match:
Accessible
0.30 Antecedent
0.25 Double Match:
Inaccessible
0.20 Antecedent
0.15
== == Single Match:
0.10 Accessible
Antecedent
0.05
= = = = Single Match:
0.00 T T T T T T T T T 1 Inaccessible

0 200 400 600 800 1000 1200 1400 1600 1800 Antecedent

Time (ms)
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Figure 2 Children’s proportions of looks to potential asg#dents on hearing the

reflexive (subject means).

Reflexive: Children

0.35 Double Match:
Accessible
0.30 Antecedent
0.25 Double Match:
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0.15
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Figure 3 Younger vs. older children’s proportions of lodkspotential antecedents

Children’s Processing of Reflexives and Pronoun§7

for reflexives in the double-match condition (subjmeans).

Figure 3a
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Figure 3b
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Figure 4 Adults’ proportions of looks to potential anteeats on hearing the
pronoun (subject means).
Pronoun: Adults
0.35 Double Match:
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0.25 Double Match:
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Figure 5 Children’s proportions of looks to potential asg#dents on hearing the

pronoun (subject means).
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Figure 8 Younger vs. older children’s proportions of lodkspotential antecedents

for pronouns in the double-match condition (submeetns).

Figure 6a Fig @b
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