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Abstract

It is well established in language acquisition research that monolingual children and adult second
language learners misinterpret sentences with the universal quantifier every and make quantifier-
spreading errors that are attributed to a preference for a match in number between two sets of
objects. The present Visual World eye-tracking study tested bilingual heritage Russian—English
adults and investigated how they interpret of sentences like Every dlligator lies in a bathtub in
both languages. Participants performed a sentence—picture verification task while their eye
movements were recorded. Pictures showed three pairs of alligators in bathtubs and two
extra objects: elephants (Control condition), bathtubs (Overexhaustive condition), or alligators
(Underexhaustive condition). Monolingual adults performed at ceiling in all conditions. Heritage
language (HL) adults made 20% g-spreading errors, but only in the Overexhaustive condition, and
when they made an error they spent more time looking at the two extra bathtubs during the Verb
region. We attribute g-spreading in HL speakers to cognitive overload caused by the necessity to
integrate conflicting sources of information, i.e. the spoken sentences in their weaker, heritage,
language and attention-demanding visual context, that differed with respect to referential salience.
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I Introduction

Since the seminal work by Inhelder and Piaget (1964), it is well established that 5-to-
12-year-old monolingual children misinterpret sentences with the universal quantifier
every (Brooks and Braine, 1996; Brooks and Sekerina, 2005/2006; Crain et al., 1996;
Drozd, 2001; Freeman and Schreiner, 1988; Geurts, 2003; Minai et al., 2012; O’Grady et
al., 2010; Philip, 1995). The errors children make in sentences with the universal quanti-
fier every come in three flavors — overexhaustive, underexhaustive, and the so-called
‘bunny’ errors — collectively referred to as ‘quantifier spreading’ (¢g-spreading) because
the domain of the quantifier seems to have spread beyond the noun it modifies. In a typi-
cal experiment of this type, children see a single picture with two sets of objects, for
example, alligators and bathtubs (Figure 1), in which one of the objects is extra.

What is manipulated in such experiments is the mismatch in the number of the objects,
i.e. four bathtubs but only three alligators (Figure 1A) or four alligators but only three
bathtubs (Figure 1B). Simultaneously with the picture, children are asked a Yes/No ques-
tion presented in isolation that contains the universal quantifier every:

(1) Isevery alligator in a bathtub?

Logically, a universally-quantified sentence in (1) is true when the picture contains
one or more extra bathtubs that are empty (Figure 1A). However, many children reject
the pairing of (1) with Figure 1A and say No. This error is referred to in the literature as
an overexhaustive error, also known as exhaustive pairing (Drozd, 2001), Type-A
(Geurts, 2003), and classic spreading (Roeper et al., 2004). The same sentence (1) is false
when the picture contains extra alligators (Figure 1B). Thus, when children erroneously
accept the pairing of (1) with Figure 1B and say Yes, they make a complementary, under-
exhaustive error; this is also known as underexhaustive pairing (Drozd, 2001) and
Type-B (Geurts, 2003). The third type, ‘bunny’ spreading, occurs when the picture con-
tains an additional pair of objects depicting an event (e.g. a dog with a bone) different
from the main one (e.g. three bunnies with one carrot each). An overwhelming majority
of children make overexhaustive errors well into middle school years (Roeper et al.,
2004), and a few make underexhaustive errors. ‘Bunny’-spreading is typically found
with very young children and will not be discussed any further in this article.

Children’s error-prone performance on sentences with the universal quantifier every
is typically contrasted with that of control monolingual adults who are believed to be
error free. They correctly accept the pairing of (1) with the picture in Figure 1A and
reject it with Figure 1B because they rely on real world knowledge to establish the
domain of quantification. Recently, however, the target-like comprehension by adults
has been empirically challenged. First, Brooks and Sekerina (2005/2006) found that in
a timed picture-selection task with the two pictures similar to the ones in Figure 1 and
two foils, college students were only 75% correct. Then Street and Dabrowska (2010)
demonstrated that less educated monolingual adults who are employed as shelf-stackers,
packers, assemblers, and clerical workers also were only 78% correct in the picture
selection task identical to the one usually administered to children. Finally, Japanese
adults tested by Minai and colleagues (2012) in the eye-tracking study with the pictures
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OVEREXHAUSTIVE UNDEREXHAUSTIVE

Is every alligator in a bathtub?

Correct answer: YES Correct answer: NO
‘NO’ is an overexhaustive ‘YES’ is an underexhaustive
g-spreading error g-spreading error

Figure I. An example of a typical experimental trial in first language acquisition studies.

of Figure 1A type achieved an accuracy of 59%. The explanations proposed to account
for g-spreading errors in adults include shallow processing (Brooks and Sekerina,
2005/2006), qualitatively poorer linguistic experience with less education (Street and
Dabrowska, 2010), and impact of salience of the single extra object in the picture selec-
tion task (Minai et al., 2012).

Adult second language (L2) learners also make g-spreading errors. DelliCarpini
(2003) tested 60 adult L2 learners of English of various proficiency levels on the pairing
similar to (1) — Figure 1A — and found 70% g-spreading errors in the lower proficiency
group, but this error rate went down to 35% in the higher proficiency group. Berent et al.
(2009) also employed two different proficiency groups, but their participants had to view
multiple pictures (including Figures 1A and 1B) instead of the single one and answer a
Yes/No question for each of them. Contrary to the findings by DelliCarpini, there was no
difference in the g-spreading error rates between the two groups: 28% for the lower pro-
ficiency and 26.5% for the higher proficiency learners. They suggested that a deficiency
in discourse pragmatic knowledge of referential restrictions on universal quantifiers was
responsible for such errors. Sorace (2011) argues that interpreting such sentences
involves an interface between linguistic and other cognitive domains that are less likely
to be acquired completely in L2 acquisition and, therefore, are more subject to individual
variation. This variation then can diverge from the differences based on group profi-
ciency canceling the effect of proficiency.

What are the underlying mechanisms that cause non-target-like comprehension of the
universal quantifiers in most monolingual children, some monolingual adults, and many
adult L2 learners? Is a unified explanation across ages and diverse learner groups possi-
ble? The accounts for g-spreading errors proposed for adults are not the same as for
children; after all, the former have appropriate linguistic knowledge of universal quanti-
fiers of their native language and have fully developed executive control. For monolin-
gual adults, Brooks and Sekerina (2005/2006) extended the Shallow Processing
hypothesis of Ferreira et al. (2002) to processing of the quantified sentences while Minai
and colleagues (2012) suggested that their participants were distracted by single extra
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objects (Figure 1A). Street and Dabrowska (2010) argued that the g-spreading errors are
attributed to qualitatively poor linguistic experience of the less educated monolingual
adults in their study. Berent and colleagues (2009) hypothesized that development of
pragmatic knowledge in both children and adult L2 learners may be affected by ‘other
aspects of maturation including attention and memory’ (p. 279). Thus, all of them appeal
to the individual differences approach popular in cognitive psychology (Bayliss et al.,
2003) and psycholinguistics (Sekerina, 2012; Swets et al., 2007) and propose various
cognitive and socioeconomic factors as the source of g-spreading errors in monolingual
and adult L2 learners.

The goal of the current study is to evaluate comprehension of the universal quantifier
every in another adult group, i.e. that of bilingual heritage speakers of Russian, whose
knowledge of heritage language (HL) often shares characteristics with monolingual first-
language (L1) and adult L2 acquisition, and explore whether they make g-spreading
errors in Russian sentences with the universal quantifier kazhdyj ‘every’ similar to mono-
lingual children and adult L2 learners. Bilingual HL adults can provide an important
contribution to the theories of bilingualism and language acquisition: Does the knowl-
edge of universal quantification in HL speakers look more like the one in monolingual
adults? Or, are they like some sort of ‘fossilized’ monolingual children or adult L2 learn-
ers? Like monolingual children, HL speakers were exposed to their heritage language at
home and in a naturalistic setting, and they often exhibit the same developmental errors
observed in children (Benmamoun et al., 2014). On the other hand, HL input and use are
severely reduced in heritage speakers after the onset of schooling, and their proficiency
in the heritage language varies greatly, just like in L2 learners.

Participants in our study were bilingual heritage Russian—English adults who per-
formed a classical sentence—picture verification task in both their weaker heritage lan-
guage (Russian) and their dominant language (English). Spoken quantified sentences
with the universal quantifier every were paired with pictures that included interfering
visual information creating conditions conducive to overexhaustive and underexhaustive
g-spreading. Their spoken comprehension was assessed online and compared to that of
monolingual Russian-speaking control adults as their eye movements were recorded. We
chose the sentence—picture verification task so that we could compare our results with
the well-established pattern of g-spreading errors in cross-linguistic L1 acquisition
(Philip, 1995), but adapted it from its offline version to be performed in conjunction with
eye-tracking in the visual world paradigm (VWP; Trueswell and Tanenhaus, 2004). It
allowed us to capture moment-by-moment time course of how HL Russian speakers
interpreted the quantified sentences and to catch g-spreading errors ‘on the fly’, as they
were being committed. Finally, we also compared performance of the same HL speakers
in interpreting the quantified sentences in Russian to their performance on the identical
sentences in English.

I Quantifier-spreading in monolingual children: The role of visual attention

O-spreading errors are pervasive and universal. They have been reported for a wide
range of ages, i.e. from 5 to 9—12 years of age (Roeper et al., 2004), and in a wide variety
of typologically diverse languages, such as Romance (Pouscoulous et al., 2007),
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Germanic (Hollebrandse, 2004), Asian (Kang, 2001; O’Grady et al., 2010), Kannada
(Lidz and Musolino, 2005), and Russian (Kuznetsova et al., 2007). Different explana-
tions have been entertained from cognitive and linguistic perspectives (see Rakhlin,
2007, for an overview), but there is no consensus for which one provides the best account
for multiple factors that seem to affect children’s g-spreading errors.

Two recent studies of g-spreading errors in Japanese-speaking children — O’Grady
et al. (2010) and Minai et al. (2012) — explicitly appeal to the role of visual attention in
the sentence—picture verification task. Following Rakhlin (2007), they argue that relative
salience of extra objects in the pictures imposes perceptual restrictions on the domain of
application of quantifiers that is too strong for children to ignore; thus, it drives
g-spreading errors. When the task is changed in such a way as to encourage children to
disengage from the additional extra object, either by switching to an act-out task
(O’Grady et al., 2010) or by increasing the number of extra objects from one to three
(Minai et al., 2012), children’s g-spreading errors decrease significantly. Moreover,
while O’Grady and colleagues could only speculate on the critical role of visual atten-
tion, Minai et al. directly observed its effects by recording the eye movements of 4-to-
5-year-old Japanese children (and control adults) who first viewed a block of multiple
extra object pictures (three turtles each holding an umbrella and three extra umbrellas),
followed by a block of single extra object pictures (three turtles each holding an umbrella
and one extra umbrella). Children’s tendency to commit g-spreading errors was signifi-
cantly lower (48%) in the latter block in comparison to the control group of children
(86%) for whom the order of the two blocks was reversed.

The eye movements of the children (Minai et al., 2012) revealed that they fixated on
the extra objects (one or three umbrellas) more than the adults, and these fixations peaked
at 1.5 s before the sentence began, i.e. during the silent picture preview phase. Critically,
though, the latency, magnitude, and duration of these fixations were modulated by two
factors: first, whether the child was susceptible to g-spreading errors or not, and, second,
his or her score on the dimensional change card sort (DCCS) task. The child’s score on
the DCCS task was operationalized to approximate attentional abilities in switching per-
spective. There was a correlation between the amount of g-spreading errors, the DCCS
score, and eye movements in that the children who scored low on switching abilities,
made more g-spreading errors and demonstrated increased fixations to the extra objects.
Minai and colleagues concluded that not quite developed ability to control attention, i.e.
difficulties with switching from the visually salient extra objects, especially when there
is only one, is one of the critical factors responsible for g-spreading errors in young
monolingual children.

2 Quantifier-spreading in adult L2 learners and bilingual HL speakers

There are no a priori reasons to think that when adult L2 learners make g-spreading
errors (Berent et al., 2009; DelliCarpini, 2003) they do so because of deficiencies in
controlling visual attention hypothesized for monolingual children by Minai et al. (2012).
After all, it is assumed that adults possess fully developed cognitive control, including
attentional ability to switch perspectives. An alternative explanation proposed by Berent
and colleagues focuses on non-target-like knowledge of pragmatic restrictions on
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universal quantification in adult L2 learners of English when they perform the sentence—
picture verification task.

Do bilingual HL adults exhibit g-spreading errors and who do they resemble the most:
monolingual children or adult L2 learners? On the one hand, if bilingual HL adults could
be thought of as ‘fossilized’ monolingual children whose HL knowledge was arrested at
the time they switched to the dominant language, as Polinsky (2011) reasons, they should
be prone to g-spreading errors in their heritage Russian, just like monolingual Russian
children (Kuznetsova et al., 2007). However, the types of g-spreading errors and error
rates are an open question. On the other hand, the hallmark of HL speakers is significant
variation in proficiency (Montrul, 2008), i.e. when they are closer to monolingual adults
in some characteristics but to adult L2 learners in others. HL speakers are usually closer
to monolingual controls in phonology, spoken language and naturalistic tasks, but resem-
ble adult L2 learners in morphology and pragmatics, written language, and metalinguis-
tic tasks (Laleko and Polinsky, 2013). If target-like comprehension of quantified
sentences by bilingual HL adults depends on their proficiency in HL as suggested by
DelliCarpini (2003) for L2 adults, we would expect the rate of g-spreading errors to vary
as a function of age of arrival. Alternatively, it is possible that the interface hypothesis
(Sorace, 2011) that ascribes difficulty with quantified sentences to the fact that their
interpretation requires coordination of information from different domains such as syn-
tax, semantics, and discourse may provide a better explanation.

To the best of our knowledge, there are no published studies of comprehension of
quantified sentences in HL speakers, and the purpose of this study is to fill this gap. We
chose to work with bilingual Russian—English young adults whose heritage language is
Russian because they constitute a large HL community in the USA, and there are two
recent L1 acquisition studies (Kuznetsova et al., 2007; Katsos, 2010) that have estab-
lished that monolingual Russian children exhibit the usual pattern of g-spreading errors.

To provide direct comparison of our results to those from existing L1 studies with
children and adult L2 learners, we measured the participants’ accuracy in the sentence—
picture verification task, but in order to contribute to the discussion of the unified cause
of g-spreading errors across ages and diverse populations, we also collected reaction
time and recorded eye-movement data using the VWP similar to the Minai et al.’s (2012)
study. Recording eye movement was critical to establish how participants’ visual atten-
tion was allocated in the visual context with extra objects. If bilingual HL speakers were
to engage in g-spreading while processing sentences in their heritage language, eye
movements would allow us to capture it as it happens, that is, at the moment when real-
time processing of the quantified sentence starts to deviate from that of control group of
monolingual adults. Crucially, we also conducted an identical experiment with the same
participants in English, their dominant language, in which we did not expect them to
make g-spreading errors.

Il Russian experiment
I Method

a Monolingual Russian participants. Traditional college-age undergraduate students (N =
40, 10 men; mean age 21.5) from the Department of Psychology of St. Petersburg State
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University, Russia, volunteered to participate in the experiment in exchange for $3
(equivalent in rubles). All were native speakers of Russian, with beginner’s knowledge
of one foreign language that they were learning at the university as a part of their under-
graduate curriculum.

b Bilingual HL Russian—English participants. A similar group of traditional college-age
undergraduate students (N = 28, 9 men; mean age 19.4, range 18-26) from the College
of Staten Island (CSI), USA, served as the experimental group. They self-identified as
HL Russian—English bilinguals when signing up for the experiment. Prior to participat-
ing, each participant filled out a bilingual background questionnaire in English adapted
from Fernandez (2003).

All of the participants were born to Russian-speaking parents so their exposure to
Russian was from birth and has continued throughout their lives. Four were born in the
USA,; the mean age of arrival for the others was 5.9 years (range 0—12), which was taken
as the equivalent of the first contact with English (see Table 1). In addition, Table 1 dis-
plays the participants’ self-reported language dominance. When asked to rate their profi-
ciency in both languages on a five-point scale ranging from 1 = ‘very good’ to 5 = ‘very
poor’, the participants’ self-reported ratings as a group indicated higher proficiency for
English (minus indicates higher ratings for English) in all four areas: oral comprehension
(M =-0.89), speaking (M =—1.14), reading (M = —2.25), and writing (M = —2.64). Thus,
the participants were typical HL Russian speakers, with English being their dominant
language especially in literacy skills. Comprehension and speaking in Russian, neverthe-
less, were strong so that this allowed us to classify our participants as highly proficient
in spoken HL Russian. This is important for our experiment as it tested processing of the
quantified sentences during spoken language comprehension.

¢ Design and materials. The experiment had 12 experimental, 58 fillers, and three prac-
tice items (see Appendix 1 for the complete set of materials). Each item consisted of a
picture (see Figure 2) paired with the spoken sentence (2) that contained the quantifier
kazhdyj ‘every’ in the subject position (MASC = masculine, FEM = feminine, NOM =
Nominative case, PREP = Prepositional case, SG = singular, PRES = present tense).

(2) Kazhdyj alligator lezhit Vv vanne.

Everyyascnomsg  @lligatoryasenomss  li€Spres.sg  in bathtubegy prep.sg

‘Every alligator lies in a/the bathtub.’

All of the pictures were color drawings of entities, animals (e.g. alligators, dogs,
birds, etc.) or inanimate objects (e.g. bananas, candles, spoons, etc.), and containers (e.g.
bathtubs, baskets, nests, etc.). There were three types of pictures representing the Type of
Picture (visual context) factor, a control and two experimental ones, the overexhaustive
and underexhaustive g-spreading environment. In all three picture types, an animal (or
inanimate object) was drawn in a container (e.g. an alligator lying in the bathtub; a
banana in the basket), and this pairing was repeated three times in the front of the picture.
(For the ease of exposition, we will collectively refer to animals and inanimate objects as
‘objects’.) The experimental pictures differed from the control one by what was depicted
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Table 1. Difference scores in self-rated proficiency for 30 heritage language (HL) speakers in
four areas, spoken comprehension, speaking, reading, and writing.

Participant ~ Arrival to the  Self-reported difference in scores (English—Russian)
number USA (years)

Comprehension Speaking  Reading  Writing Average
10 5 -3 -3 —4 —-4 -3.50
38 birth -2 -3 —4 -4 -3.25
8 birth -2 -2 -3 —4 -2.75
18 6 -2 - —4 —-4 -2.75
14 5 -1 -2 -4 —-4 -2.75
28 6 -1 - -4 —-4 -2.50
35 4 = - —4 —-4 -2.50
16 birth = -2 -3 -3 -2.25
| 6 = -2 -3 -3 -2.25
6 8 = -1 -3 —-4 -2.25
9 4 -1 -1 -3 -2 -1.75
19 5 -1 - -2 -3 -1.75
3 8 = =l -2 -3 -1.75
25 8 -1 -1 -3 -2 -1.75
17 7 -1 0 -3 -3 -1.75
13 6 0 0 -3 —4 -1.75
4 9 -1 —I -2 -2 -1.50
36 4 -1 -2 = -2 -1.50
26 12 -1 -2 0 -2 —-1.25
39 birth =l -2 = -1 —-1.25
20 4 0 -1 -2 -2 —-1.25
27 7 0 -1 -2 -2 —-1.25
33 10 0 -1 - -3 —-1.25
5 9 0 0 -2 -3 —-1.25
23 12 -1 -1 | 0 -0.25
30 6 0 0 0 = -0.25
2 10 0 0 0 = -0.25
24 4 0 0 0 0 0

Notes. | = very good, 5 = very poor; minus indicates higher proficiency in English, and plus indicates higher
proficiency in Russian.

in the back. In the Overexhaustive experimental condition, there were two extra empty
containers (e.g. two bathtubs in Figure 2B) by themselves, and in the Underexhaustive
experimental condition, there were two extra animals or objects (e.g. two alligators in
Figure 2C). In the Control condition, the two extra objects in the back were distractors,
i.e. they were different from the ones in the front (e.g. two elephants in Figure 2A).
Sentence (2) was of the type that has been used in all of the previous studies of
g-spreading errors in children, with the quantifier every appearing early, i.e. within the
subject NP in the sentence-initial position. The verbs used were the present tense forms
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CONTROL OVEREXHAUSTIVE UNDEREXHAUSTIVE

©

Kazhdyj alligator lezhit v vanne. ‘Every alligator lies in a/the bathtub.’
Correct answer:
YES YES NO

Figure 2. Three pictures corresponding to the three conditions in the present experiment.
(A) Control, (B) Overexhaustive, (C) Underexhaustive.

of' unaccusative verbs sidit ‘sits’, lezhit ‘lies’, stoit ‘stands’, visit ‘hangs’, and spit ‘sleeps’
repeated in several items. The spoken sentences were recorded individually by a female
native speaker of Russian (the first author), using mono-mode sampling at 22,050 Hz
and were pronounced with normal speed.

The pairing of each of the three pictures (Figure 2) with the same sentence in (2)
resulted in a design with one independent variable, Type of Picture, with three condi-
tions, i.e. Control, Overexhaustive, and Underexhaustive. The correct answer in the
Control (Figure 2A) and Overexhaustive (Figure 2B) conditions was ‘yes’, but in the
Underexhaustive one (Figure 2C), it was ‘no’. Answering ‘no’ for (Figure 2B) would
constitute an overexhaustive g-spreading error whereas answering ‘yes’ in (Figure 2C)
would yield an underexhaustive g-spreading error.

The 58 filler items were of two types. One type was 32 reversible pictures depicting
a transitive action with two animals that were paired with either canonical SVO or
scrambled OVS sentences, 16 each (e.g. SVO Belka vygulivaet utku ‘The squirrel is
walking the duck’, OVS Utku vygulivaet belka ‘The duck is being walked by the squir-
rel’). They were experimental items for a different experiment, and will not be dis-
cussed any further. The other type was 26 pictures very similar to the experimental ones,
depicting either the same animals but in different containers (e.g. five alligators sleep-
ing in beds) or different animals in the same containers (e.g. five ducks in bathtubs). The
spoken sentences referred to either the number of the pairings, their color, or included a
comparison (e.g. ‘Six alligators are sleeping in beds’, ‘There are more pink flowers than
blue ones’). Two-thirds of the filler items and one third of the experimental items
required a ‘no’ answer; thus, the number of ‘yes’ and ‘no’ responses was balanced across
the entire experiment.

Three versions of the experiment were created for the between-participants design,
with experimental items rotated through the three conditions, four items per condition, in
a Latin square design that allowed us to include random effects for items in our linear
mixed effects statistical analysis. Participants were randomly assigned to one of the three
versions. There were two main reasons for keeping the number of the experimental items
low, i.e. 12 in total. First and foremost, we wanted to prevent participants from guessing
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the goal of the experiment and paying special attention to the quantified sentences
(demand characteristics). Second, we also ran an identical experiment with 5-to-7-year-
old Russian-speaking children in which it was important not to make the experiment too
long. Thus, we followed the first language acquisition standards for keeping the number
of items per condition small to avoid fatigue in children. For example, Roeper and col-
leagues (2004) had total of seven items in their experiment (two ‘Bunny’-spreading, two
underexhaustive, and three overexhaustive items), and O’Grady et al. (2010) used four
items per condition.

d Procedure. Participants were seated in front of the 17-inch HP laptop on which the
pictures were presented, with auditory sentences being simultaneously played through
speakers. The task was the classical sentence—picture verification in which the partici-
pants pushed the ‘yes’ button if the sentence correctly described the picture, and ‘no’ if it
did not. The presentation of the pictures and sentences, recording of button pushes on a
game pad, and collection of accuracy and reaction times were controlled by the DMDX
software (Forster and Forster, 2003).

The stimuli laptop was connected to a remote free-viewing eye-tracking system
(ETL-500) from ISCAN, Inc. that recorded the participants’ eye movements (for techni-
cal details, see Sekerina and Trueswell, 2011: 11). Eye movements were sampled at a rate
of 30 times per second and were recorded on a digital SONY DSR-30 video tape-recorder.
Prior to the experiment that lasted 20 minutes each participant underwent a short calibra-
tion procedure.

e Data treatment and analysis. We conducted two types of analyses, accuracy and reac-
tion times, and fine-grained analysis of the eye movements. Trials that were not
recorded due to the equipment malfunctioning constituted the missing data for the eye-
movement analyses, 2.7% (13 trials) for the monolingual controls and 1.4% (5 trials)
for the HL speakers. In addition, track losses which contained 2.54% and 4.69% of the
eye-movements data for the monolingual and HL groups, respectively, were also
excluded from these analyses.

Eye movements were extracted from videotape using a SONY DSR-30 video tape-
recorder with frame-by-frame control and synchronized video and audio. For each trial,
seven categories were coded: looks to the first, second, and third of the entities in the
front of the picture (identical in all three conditions; see Figure 2); looks to the first or
second of the distractors in the back (elephants in the Control condition, extra bathtubs
in the Overexhaustive and extra alligators in the Underexhaustive conditions); looks
elsewhere in the picture, and track loss. Descriptive statistical analysis revealed that the
middle pair in the front and the leftmost extra object/distractor in the back attracted the
overwhelming majority of looks; thus, we collapsed the looks to the three pairs in the
front into one category and the looks to the two extras/distractors in the back into another.
Track loss (see above) and looks elsewhere constituted a very small proportion of total
looks and were removed from the eye-movement analyses; therefore, fixations to the
pairs in the front were in complimentary distribution with fixations to the extras/distrac-
tors in the back. Recall that the presence of extra objects (e.g. two alligators that are not
in the bathtubs) or extra containers (e.g. two empty bathtubs) in the picture has been
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hypothesized in the L1 language acquisition studies (Minai et al., 2012) as responsible
for children’s g-spreading errors. Therefore, we chose to analyse the looks to the two
extras/distractors in the back of the pictures.

In the fine-grained analysis, the proportions of looks were analysed in separate time
windows, or regions of interest (ROIs). Each trial was segmented into four ROIs that
were defined relative to the onset of the three phrases that comprised the spoken sentence

3):

(3) ROIl ROI 2 ROI 3 ROI 4
Subject ‘Every N’ Verb Locative PP Silence

Kazhdyj alligator  lezhit Vv vanne. After the offset of the last word
‘every alligator’ ‘lies’ ‘in a bathtub’  until the response via button push

For each ROI on each trial, we computed the proportions of looks to the distractors
(elephants) or extra objects (empty bathtubs/alligators), and all eye-tracking graphs will
use the proportion of time the participants spent looking at them as the dependent
variable.

Linear mixed-effects models (LME models) were used to conduct inferential statisti-
cal analyses of the accuracy, reaction time, and eye-movements data using the /mer func-
tion of the /me4 package (Bates et al., 2009) in the R environment (R Development Core
Team, 2009). They correspond to multiple regression analyses that take into account
correlations due to participants and items. LME models were particularly appropriate for
our experimental data because they do not require a balanced design.

Linear mixed effects models were calculated for both the accuracy and eye-move-
ment data. Treatment contrasts were set for the fixed factor Type of Picture represented
by two (sub-)predictor comparisons, Control vs. Overexhaustive and Control vs.
Underexhaustive, and for the fixed factors Accuracy (correct vs. incorrect) and Group
(monolinguals vs. HL speakers).

2 Results and discussion

To simplify the description of the statistics for the three types of behavioral measures —
accuracy, reaction times, and fine-grained eye-movement data — as well as to provide the
most straightforward comparison between monolingual Russian and HL Russian partici-
pants, we report the statistics of the fixed effects of the mixed effects models in tables.
Each table consists of three panels: the left one shows the results for monolinguals, the
middle one shows results for heritage speakers, and the right one shows the direct com-
parison of monolinguals and heritage speakers. The statistical components included are
estimates (b), standard errors (SE), z- or t-scores, and p-values. Significant effects and
interactions are shown in bold (4cc stands for accuracy and Pic for Type of Picture).
Model fitting was performed in a step-wise fashion, starting with the most complex
model that included the full factorial set of random effects (random slope-adjustment
for the Type of Picture with random effects for participants and items in the models for
accuracy and reaction times; slope-adjustment for Type of Picture, Accuracy and the
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Type of Picture x Accuracy interaction for participants and items in the models for eye
movements). During model fitting, the complex models were trimmed down in a step-
wise fashion using log-likelihood tests for model comparisons (Baayen, 2008; Baayen
et al., 2008). Slope-adjustments were kept in the models if the models fitted the data
better than the less complex models. Model reduction started with the random effects
for items and excluded first the random slope-adjustment for the interactions and then
the adjustment for Accuracy and Type of Picture. Model reduction was then applied to
the random effects for participants. For all of our statistical models, model reduction
ended up with models with random intercept adjustment. Accordingly, we used the
pvals.fnc function of the language R package (Baayen, 2008) to generate p-values for
the models predicting reaction times and eye-movement patterns.

a Accuracy and reaction times

Fillers: The monolinguals performed near ceiling on the 58 fillers, at 98.1%. The HL
speakers’ accuracy was also solid, 93.4%. We take these data to mean that the sentence—
picture verification task was easy for both groups of participants.

Experimental items: The mean accuracy and confidence intervals as well as the reaction
times for both groups of participants are presented in Figure 3. Table 2 lists the statistics
of the LME models for accuracy and reactions times. It shows that, as expected, mono-
linguals were equally at ceiling for accuracy in all three conditions, 95.33%. In contrast,
HL speakers were significantly less correct in the Overexhaustive condition (Figure 2A)
than in the Control one, 80% versus 95%, but there was no difference in accuracy
between the Underexhaustive and the Control conditions, 94% versus 95%. For the cor-
rectly answered trials, reaction time data revealed no differences in mean response times
(RTs) among the three conditions for either the monolinguals or the HL speakers.

When comparing the accuracy between the groups (Table 2, right panel), we found a
significant interaction (b = —1.36, z = —.97, p < .05) between the Type of Picture factor
(Control vs. Overexhaustive) and Group (Monolinguals vs. HL) that was driven by the
HL speakers who demonstrated 15% lower accuracy in the Overexhaustive condition
compared to the Control one.

Next, we addressed the issue of whether g-spreading errors in the Overexhaustive
condition characterize the HL group as a whole or whether there are distinct subtypes
of HL speakers, with those who (a) made no errors, like monolingual controls, (b) who
made an occasional error, and (¢) who consistently made g-spreading errors. Descriptive
statistics for accuracy in the Overexhaustive condition revealed that less than half of
HL speakers (12) made no errors, 14 made one error (75% accuracy), and two partici-
pants made the most errors (Participants #13, 0% and #24, 25% accuracy, respec-
tively). These data indicate that g-spreading in HL processing is not an exception, but
rather is a relatively robust phenomenon that characterized 57% of the HL participants
in the current study.

However, in contrast to monolingual children, HL speakers made g-spreading errors
only in the Overexhaustive condition, and not in the Underexhaustive condition. The two
extra empty containers in the former, but not the two extra objects in the latter, led to
g-spreading in bilingual HL speakers. To address a possible source of these g-spreading
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Figure 3. Mean accuracy (%) and reaction time data (ms) for the monolinguals (dark bars) and
bilingual heritage Russian speakers (gray bars). Error bars represent 95% confidence intervals.

errors, correlational analyses were conducted to establish a relationship between accu-
racy and extralinguistic variables, i.e. age of arrival and the difference in self-assessed
proficiency scores between Russian and English (see Table 1). None of these analyses
yielded any significant correlations.

b Fine-grained eye-movement data. The fine-grained eye-movement data constitute
the critical piece in establishing how overexhaustive ¢g-spreading errors in HL process-
ing described above happen. They allow us to uncover a relationship between visual
attention and online language comprehension as spoken quantified sentences unfold



Second Language Research 31(1)

88

1'0> 0 > §0°0 38 PUSA , ‘| 000 = © 38 3uedIuBIS AIYSIY 4y 1070 = © 3 IUBDYIUBIS 4, ‘GO'0 = W I' IUBDYIUSIS , "9D'} P|Oq Ul DJB $II9)
-J3 uedIUBIS "suddeads adeausy pue [enduljouow jo uositedwod :jpued Y3l tsusxeads () s3endue| s8earisy :joued s|ppiw susxeads [enduljouow :jaued 3o "sal0N

€8'1— 0ll 10— L9°1— (43 €S- SAIISNBYX3J43pUN

¥l €ll 091 LT0— /8 - SAIISNBYXSISAO

£7'ST 921 vITE €1°C¢E 001 343 (adadu2uy)

240ds-) s q alods—) 3Is q sawip) uondeay

L€06 1210 9.0 600 aAnsneyxalapun x dnouoy
*98¥0° L6’ 1~ 69°0 9€°1— aAnsneyxalanQ x dnouny
Ly STr0— 19°0 90— dnoun
SLLT 980°1— wo 90— 8950~ €90 SE0— 6¥¥'0— 990 S0 SAlsneyxa.Jspun
£09€ ¥160— wo 6€0—  #xC91°€~ yso oL'l1- £180 990 €90 SARSNBYX3I9AQ
100> L1€0l1 ¥€0 S9°€ #e:019°9 6v'0 I1TE sl b9'L 9?0 0S¢ (3dedu3uy)
anea-d  240ds-z EN q 2403s-2 EN q  2403s-z 35 q Aoeandoy

suayeads adelluay “sA [enSul|ouol,]

suadeads aellusH

suayeads [enduijouol,

‘(sisA[eue [eo1ISIIEIS S|9POW 1D3Y)2-PaxIW) SINSD SIWII UONIEAU pue AdeInddy *T d|qe|



Sekerina and Sauermann 89

against the backdrop of a conflicting visual context. It is well established that eye
movements reflect the tight coupling of visual context and referential processing; thus,
upon hearing the words alligator (ROI 1) and bathtub (ROI 3) in (3), we would expect
participants to focus their attention on the three object-container pairs in the front of
the picture. All participants regardless of the group should be doing it in all three con-
ditions. Predictably, there will be fewer looks to the extras/distractors in the back of the
picture in all three conditions, but the extra containers (empty bathtubs) in the experi-
mental Overexhaustive condition are expected to attract more looks than the distrac-
tors (elephants) in the Control condition because the latter are not mentioned in the
sentence. In addition, increase in the looks to the extras compared to the distractors
should happen as early as during the Verb region (ROI 2). This effect, however, may
be delayed because HL speakers tend to be slower in their processing speed in com-
parison to monolingual controls.

Capitalizing on the important methodological point from previous eye-tracking stud-
ies (Dickey et al., 2007; Hanne et al., 2011), we considered the correctly and incorrectly
interpreted trials in the Overexhaustive experimental condition for the HL group sepa-
rately. This separation did not make sense for the monolingual control group due to a
very small number of incorrect trials (4.7%). For HL speakers, a relatively large number
of incorrectly interpreted trials (20% in the Overexhaustive condition) was critical in
identifying an attentional ‘signature’ pattern of g-spreading in eye movements. The pre-
diction is that more looks to the extra containers (two empty bathtubs in Figure 2B) in
the Overexhaustive condition will indicate that HL bilingual speakers are distracted by
interfering nonverbal information. When they dedicate disproportionally more attention
to the irrelevant extra containers in the picture they make g-spreading errors similar to
monolingual children.

We compared the time course of looks to the extra containers (the Overexhaustive
condition) with the looks to the distractors (the Control condition) by focusing on each
of the four consecutive ROIs in (3). The proportions of looks to the extras/distractors
averaged for each ROIs are graphically represented in Figure 4 for both groups.

Monolingual participants’ proportions of looks are plotted in black, while HL partici-
pants’ proportions of looks are plotted in gray (dashed gray line represents incorrectly
interpreted trials in the Overexhaustive condition). Statistical analyses that directly com-
pared trials eliciting incorrect responses to the trials eliciting correct responses are
unlikely to be reliable for the monolingual speakers in all three conditions, and for the
HL speakers in the Control and Underexhaustive conditions, where they made very few
errors (5% and 6%, respectively); thus, these are not discussed any further. Only the
Overexhaustive condition yielded a sufficient amount of incorrect trials for HL speakers
(20%). The results presented below focus on (1) comparisons of looks to the extras (con-
tainers/objects) vs. distractors in the correct trials for the three conditions for both groups,
and (2) an additional comparison of correct vs. incorrect trials in the Overexhaustive
condition for the HL speakers.

ROI 1, ‘Every alligator’. The fixations that took place in this region are not informa-
tive because they happened too early in the sentence so they will not be discussed any
further. In the remaining three regions (ROI 2, the Verb, through ROI 4, silence), both
groups of participants looked equally often at the extras/distractors, with one striking
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Figure 4. Fine-grained eye movements: Proportions of looks to the Extras/Distractors for
monolinguals (black line — correct trials) and bilingual heritage speakers (solid gray line —
correct trials, dashed gray line — incorrect trials) in four Regions of Interest.

exception of increased looks to the extra containers at ROI 2 in the incorrectly answered
trials by HL speakers.

ROI 2, the Verb. In this region, there was a significant effect of accuracy for the HL
speakers in the Underexhaustive condition: There were more looks to the extra contain-
ers (two empty bathtubs, Figure 4B) in the incorrectly answered trials (44%, dashed line)
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compared to correctly answered trials (16%; solid gray line) (b = 0.28, SE = 0.08, ¢ =
3.344, p < .05). Note that in this model, the Underexhaustive condition was the baseline
because of a small amount of incorrect trials in the Control condition. Nevertheless,
comparing the impact of accuracy between the Overexhaustive and Control conditions
revealed that it had a similar effect on the proportions of looks in the Control condition
(51% vs. 20%; b =0.02, SE=0.18, = 0.125). Accuracy did not influence the eye move-
ments in the Underexhaustive condition (29% vs. 45%).

The eye-movement patterns also indicate a difference between monolingual and HL
speakers with respect to the Overexhaustive condition, although the Group effect was
not significant in the combined model. However, the separate models for each group
indicate that monolingual speakers made fewer looks to the extras in the Overexhaustive
condition compared to the distractors in the Control condition (14% vs. 22%, b =
—0.08, SE = 0.04, t = —2.084, p < .05), whereas the HL speakers looked equally often
(16% vs. 20%, b =—0.04, SE = 0.45, t = —0.755). A much larger difference was found
in the incorrectly answered trials, where the increase in fixations to the extras by the
HL speakers represents, in our opinion, a ‘signature pattern’ of g-spreading in eye
movements. It indicates that HL speakers experienced interference from the irrelevant
referents in the visual scene while the monolingual controls did not. However, this
interference was transient: ROI 2 was the only region where accuracy was correlated
with the eye-movement patterns; there was no effect of accuracy anywhere else later
in the sentence.

In the Underexhaustive condition, the eye-movement patterns were similar for the
monolingual controls and HL: There were significantly more looks to the extra objects
(Figure 4C) compared to the looks to the distractors (Figure 4A) in the Control condition
(monolinguals: 44% vs. 22%, b =0.22, SE = 0.04, t = 5.417, p < .01; HL speakers: 45%
vs. 20%, b =0.25, SE = 0.05, = 5.379, p < .01). This makes sense as the extras here are
two additional alligators, and the sentence is about alligators. This word is the subject of
the sentence paired with the quantifier every, and looking at all of the alligators is neces-
sary to assess the truth of the proposition.

ROI 3, Locative PP, and ROI 4, Silence. This increase in the looks to the extras in the
Underexhaustive condition continued to be present in the subsequent ROI 3 (locative PP)
and ROI 4 (silence) (ROI 3: monolinguals: 41% vs. 15%, b = 0.26, SE = 0.03, t = 7.649,
p < .001; HL speakers: 42% vs. 20%, b = 0.22, SE = 0.04, ¢t = 5.680, p < .001; ROI 4:
monolinguals: 44% vs. 30%, b = 0.13, SE = 0.04, t = 3.284, p < .01; HL speakers: 46%
vs. 30%, b=0.16, SE=0.05, = 3.220, p < .01).

In ROI 4, in the Overexhaustive condition, the eye-movement pattern was reversed
for both groups, i.e. significantly fewer looks to the extra containers compared to the
looks to the distractors (monolinguals: 18% vs. 30%, b =—0.13, SE =0.04, t=—-3.375,p
<.001; HL speakers: 17% vs. 30%, b=-0.13, SE=0.05, t=-2.656, p < .05). Again, this
pattern makes sense if we take into the account the mismatch in the referents between the
visual scene and the spoken sentence: the sentence is about the animals, namely, alliga-
tors, but there are no animals in the back of the picture for the Overexhaustive condition;
in the Control conditions, the animals in the back are elephants (not mentioned in the
sentence); and only in the Underexhaustive condition, additional looks are warranted by
the presence of the two extra alligators.
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In sum, when considering the correctly answered trials, the fixation patterns were
very similar for the two groups throughout the entire sentence. Only in the incorrectly
answered trials (the Overexhaustive condition for the HL speakers) did the clear differ-
ence emerged between the two groups: a significant increase in the looks to the extra
containers led to g-spreading errors in HL speakers providing empirical evidence of fail-
ure of half of the participants in our sample to inhibit irrelevant interfering visual infor-
mation in the case of the Overexhaustive condition.

Next we turn to the results for an identical experiment that was conducted in English
with the HL speakers only, using the same design. In contrast to the Russian experiment,
we expected that HL speakers should not experience difficulty in interpreting the quanti-
fied sentences in their dominant language (here, English), i.e. they should not make
g-spreading errors in English.

Il  English Experiment
I Method

a Participants. The same 28 HL speakers that participated in the Russian experiment
took part in the English experiment. All of them rated their knowledge of English as
being superior to their knowledge of Russian, although comprehension and speaking
scores were more similar in both languages than reading and writing.

b Design and materials. The experiment had the same 12 experimental, 58 fillers, and 3
practice items as the Russian experiment presented in English. The same three types of
pictures were paired with the spoken sentence (4) creating the Control, Overexhaustive,
and Underexhaustive experimental conditions:

(4) Every alligator is in a bathtub.

The sentence (4) was of the type that has been used in all of the previous studies of
g-spreading errors in monolingual English-speaking children, with the quantifier every
appearing as the subject in the sentence-initial position.

Three versions of the experiment were created for the between-participants design,
with experimental items rotated through the three conditions, four items per condition,
in a Latin square design. Participants were randomly assigned to one of the three
versions.

¢ Procedure. Participants were required to take part in both Russian and English experi-
ments that were separated by two weeks. The order of the experiment was counterbal-
anced: Each participant was randomly assigned to start with either the Russian or the
English experiment. Thus, 14 participants were run on the Russian version followed by
the English one, and for another 14 participants, the order of the experiments was
reversed.

The remaining details of the procedure were exactly the same as in the Russian exper-
iment, with the only difference being the language of the experiment (i.e. English).
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d Data treatment and analysis. As the description of the results below will show, the
participants’ performance on the English experiment was superior to their performance
in the Russian experiment. Thus, we only report the accuracy and RT results here and do
not present the eye-movement data. There were very few incorrectly answered trials to
warrant fine-grained eye-movement analysis.

2 Results and discussion

The accuracy of HL speakers in the English experiment was at ceiling in all three condi-
tions, as shown in Figure 5. It presents the accuracy and RT data side-by-side for the
Russian and English experiments for the HL speakers (error bars represent 95% confi-
dence intervals). There were no differences in the accuracy among the three conditions
in the English version of the experiment.

There were very few incorrect trials, and the RTs shown in the lower panel of Figure
5 are for the correctly answered trials only. Linear mixed effect models revealed that the
reaction times for the HL speakers in the English version of the experiment were slower
in the Control condition and the Overexhaustive experimental condition than in the
Underexhaustive experimental condition (b = —232, SE=62.72, t =-3.712, p < .01). In
general, the performance of the HL speakers on the English version of the quantified
sentences in terms of accuracy and RTs was much better than their performance on the
Russian version although RTs may additionally reflect the fact that English sentences
were shorter in duration than the Russian ones. What is important though is the fact that
the Overexhaustive condition revealed no evidence of g-spreading errors in English.

IV General discussion

In two experiments, monolingual Russian and bilingual HL Russian—English adults per-
formed the standard sentence—picture verification task in which a spoken sentence con-
taining the universal quantifier kazhdyj ‘every’ was paired with a picture depicting
objects and containers that did not match in number. The task was conceptually identical
to the one that has been used with monolingual children and adult L2 learners revealing
that both groups of learners often make g-spreading errors in interpreting such quantified
sentences. In our study, we tested a new adult group, i.e. bilingual HL speakers, and
adapted the task to be performed in conjunction with eye-tracking that allowed us to
investigate the moment-by-moment time course of processing of quantified sentences
and estimate how the HL participants allocated visual attention to the picture in their
heritage and dominant languages.

In the Russian experiment, in the Control and the Underexhaustive experimental con-
ditions, both groups exhibited equally high accuracy rates and fast reaction times in
interpreting the quantified sentences and showed identical eye-movement patterns of
allocating visual attention to the two extra objects in the picture. Surprisingly, in the
Overexhaustive condition, HL speakers’ accuracy was significantly lower (80%) than in
the Control condition and that of the monolingual controls (95%). Analyses of fine-
grained eye-movement patterns performed separately for the correctly and incorrectly
interpreted trials for the HL group revealed that the fixations diverged depending on how
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Figure 5. Mean accuracy (%) and reaction time data (ms) for the bilingual heritage Russian
speakers in the English (dark bars) and Russian (gray bars) versions of the experiment. Error
bars represent 95% confidence intervals.

the HL speakers assessed the logical truth of the quantified sentence. Those of them who
misinterpreted the sentence, looked significantly more at the extra empty containers than
the participants who correctly verified the sentence. These fixations took place immedi-
ately after the participants heard the quantified NP every alligator in the sentence, i.e.
during ROI2, the Verb region, but disappeared soon thereafter. This suggests that the
presence of the extra containers in the Overexhaustive condition worked as a trigger for
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g-spreading errors in HL speakers making their processing in heritage language similar
to that of monolingual Russian children (Kuznetsova et al., 2007) and adult L2 learners
of English (Berent et al., 2009; DelliCarpini, 2003). Slightly more than a half of the HL
participants in our sample (57%) engaged in g-spreading indicating that bilingual HL
speakers can be distracted by interfering nonverbal information when it is paired with
spoken stimuli in the weaker, heritage, language. In contrast, the same HL speakers who
made g-spreading errors in the Overexhaustive condition in their heritage Russian lan-
guage were at ceiling for accuracy for exactly the same quantified sentences in their
dominant language, English.

The results contribute to two issues at the intersection of bilingualism in general and
HL bilingualism in particular, cognition, and language processing. The first is novel
empirical evidence that in addition to adult L2 learners, another group of adults, namely,
bilingual HL speakers, can be susceptible to g-spreading errors of a particular type. The
second is implications of the bilingual HL speakers’ errors in interpreting quantified
sentences in real-time for the theories of HL learning and maintenance.

In this study, we have extended the findings from L1 and L2 acquisition research
that has shown that monolingual children and adult L2 learners go through a stage in
their language learning when they make g-spreading errors, to a special group of bilin-
gual HL adults. The accuracy results confirmed that many HL speakers misinterpret
quantified sentences in their heritage language, with the error rate that is significantly
higher than in monolingual adults but lower than what is typically found with children
and adult L2 learners. HL bilinguals also differ from monolingual children (no data
available for adult L2 learners) in that their g-spreading errors were restricted to the
overexhaustive sentences, and they made no errors in the underexhaustive items; chil-
dren, on the other hand, make both types of g-spreading errors. This asymmetry is
intriguing: from the logical point of view, the presence of the extra bathtubs in the
Overexhaustive condition does not play any role in determining the truth value of the
sentence whereas the presence of the extra alligators in the Underexhaustive condition
does. Specifically, although the extra bathtubs are irrelevant for logical evaluation of
the quantified sentence, they serve as a reliable trigger for g-spreading in HL process-
ing whereas the extra alligators that are critical for the same purpose do not seem to
work in the same way. We speculate that this asymmetry has to do with the mismatch
in the salience of the referents between the spoken sentence and the visual context. In
the Overexhaustive condition, the linguistic salience of the alligators that is promi-
nently coded as the sentential subject is in conflict with the visual salience of the extra
bathtubs in the scene. In the Underexhaustive condition, the linguistic and visual sali-
ence match; the alligators are the salient referents in both cases, and HL adults take
advantage of this information.

The hypothesis that it is this mismatch in salience of referents between the spoken
sentence and the visual context is confirmed by fine-grained eye-movement patterns of
the HL participants in the incorrectly interpreted overexhaustive sentences. When HL
speakers were confused by the mismatch of the salient referents, they dedicated dispro-
portionally more attention to the irrelevant but visually salient referents (i.e. extra con-
tainers), and that ultimately led them to g-spreading errors in the sentence—picture
verification task. We argue that these fixations to visually salient but irrelevant referents
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represent an online ‘signature’ pattern of g-spreading similar to what was found by Minai
and colleagues (2012) for Japanese children.

What is the most plausible explanation of g-spreading errors that bilingual HL young
adults made in our study while interpreting the sentences with the universal quantifier
kazhdyj ‘every’ in Russian? One possibility that we entertained was the maturational
account of g-spreading errors by adult L2 learners of DelliCarpini (2003) in that the
lower proficiency participants made twice as many g-spreading errors, at the rate com-
parable to monolingual children, than the higher proficiency participants. The matura-
tional account would predict that age of arrival and self-assessed proficiency scores in
heritage Russian might correlate with the accuracy rate of the HL speakers. Our sample
contained four participants who were born in the USA, 16 who arrived at or before age
6, and 8 who arrived after the age of 6 but before age 12 (mean 5.9 years). Self-assessed
proficiency scores ranged from strong English-dominant (-3.5) to balanced (-0.25)
between English and Russian (see Table 1). The correlations between these two sociolin-
guistic variables and accuracy were not significant, replicating the lack of proficiency
effect in reducing the g-spreading error rate reported for the two adult L2 learner samples
in the Berent et al.’s (2009) study. However, this lack of correlation should be interpreted
with caution as the sample size and sample characteristics matter, and we leave the
important question of the effect of proficiency for future work.

Returning to the issue of the underlying mechanisms that are responsible for
g-spreading errors in comprehension of universal quantifiers in most monolingual
children and adult L2 learners, some monolingual adults, and now bilingual HL speak-
ers, we suggest that a unified explanation across ages and diverse learner groups is
possible. The cause of g-spreading errors is of cognitive nature and has to do with
cognitive (over)load. It quickly arises during online processing of the quantified sen-
tences whose successful comprehension requires knowledge of how linguistic domains
interact and real-time integration of multiple sources of information of diverse nature,
i.e. the interface of syntax, semantics, pragmatics, and visual context. This cognitive
feat is especially challenging for children (Grinstead, 2010; Trueswell et al., 1999),
adult L2 learners (Berent et al., 2009), and even less educated monolingual adults
(Street and Dabrowska, 2010).

Bilingual HL speakers are not immune to this cognitive pressure, either. O’Grady et
al. (2011) argue that processing difficulties arise when HL adults have to deal with phe-
nomena that place a heavy demand on the HL processor, such as contrastiveness (Sekerina
and Trueswell, 2012). These difficulties disproportionally affect the heritage language,
and not the dominant one; recall that our HL participants did not experience cognitive
overload in processing the same quantified sentences in English. If HL processing, in
general, is more laborious, less efficient, and less automatic than processing in the domi-
nant language, then integration of conflicting linguistic information in the weaker, herit-
age, language with attention-demanding visual context, as is the case with the
overexhaustive quantified sentences, is likely to result in cognitive overload for many
HL speakers. However, the fact that some of our HL participants were able to overcome
this processing bottleneck strongly suggests that individual differences in cognition must
be taken into consideration in the context of the participants and task demands when
studying HL processing (Sekerina, 2012).
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Finally, the present results have implications for the theories of HL learning and main-
tenance. The absence of a correlation between the age of arrival and the rate of g-spreading
errors speaks against the incomplete acquisition account according to which HL adults
are like ‘fossilized’ monolingual children. The HL participants who arrived between the
ages of 6 and 12 were not immune to g-spreading errors in their heritage language; nor
did the ones who arrived before the age of 6 make as many errors as monolingual chil-
dren of that age. The attrition account that puts bilingual HL speakers closer to adult L2
learners on the continuum of language acquisition (Polinsky, 2011) fairs much better, but
we need a more comprehensive theory of HL attrition. Issues of which linguistic and
interface phenomena are susceptible to attrition in heritage language and which are
resistant, as well as how they interact with cognitive and individual differences factors,
clearly warrant further investigation.
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Appendix |. Experimental and Filler Items.

Fillers (Type I)

100:(No) [ | 101 (No) 102 (No) ﬁ
2484 &
103 (No) & 107 (No) |4=%% 45%| 108 (No)

109(No) ] [10(No) T =] !12(No) [m&

114 (No) I'15 (No)

119 (No)

2| 124 (No)

121 (No) @ @ 122 (No)
126 (No) W 127 (No) 7@1@;_ 128 (No) [
& & 3

0Ny Ty 132 () ‘7 : 133 (No) [——
/ é‘fﬂ@;’w Ag
434 3 0%

<
134 (No)  [sef®. B | 136(Yes) | B ST | 137(No) | (@) (D)
-2 L) © @

1l
S W] 2(No) [

Note. *No’ and ‘Yes’ designate the correct answer in the sentence—picture verification task.

138 (No
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Number  Fillers in Russian English translation

100. Ha 3ToW kapTuHKe NATb YenoBek In this picture 5 people are bathing
KynatoT Tpex mMejBefei. 3 bears.

101. Ha 3Toit kapTVHKe KOPOBbI XVBYT B In this picture the cows live in
nanatkax. tents.

102. Ha 370l kapTuHKe 60/bLUE CUHNX In this picture there are more blue
ANBAHOB, YeM 3eJIeHbIX. sofas than green ones.

103. Bobpbl cnaTannce nog 6peBHamu. The beavers are hiding under the

logs.

107. Ha pozoBbix cTonax ctosT 6enble On pink desks there are white
KHVXKKM. books.

108. XKeHLyHa HeceT OAUH OFPOMHBINA TOPT. A woman is carrying a giant cake.

109. YeTbipe AepuLbl CUAAT B PO30BbIX Four lizards are sitting in pink
Kopobkax. boxes.

110. Y ueTbipex 3meli 3eneHas rososa. Four snakes have green heads.

112, Ha 3Tol KapTUHKe Yy 3aiiumnka B LLeHTpe In this picture the bunny in the
3eNeHbl BaHTKK. center has a green bow.

114. MonoTeHua, Ha KOTOPbIX NEXUT X0, The towels on which there is bread
yepHo-6enoro ugeTa. are black and white.

I15. Y ABYX MVHIBMHOB LWaPbl XENTOro Two penguins have yellow balls.
LBeTa.

119. Candetkun nog rambyprepamu kpacHoro  The napkins under the hamburgers
uBerTa. are red.

121. Y yeTbipex MOPCKMX CBUHOK PO30Bble Four guinea pigs have pink bows.
B6aHTUKW.

122. Xentas cobauka CMAWUT Ha KPacHOM The yellow dog is sitting on a red
cTyne. chair.

124. B 6aHkax nexart LWecTb OrypLoB. There are 6 pickles in the jars.

126. Ha 3ToW kapTuHKe fBa 30HTVKA CUHero In this picture 2 umbrellas are blue.
uBerta.

127. B BaHHax kynaroTcsa yepenaxu. The turtles are bathing in bath tubs.

128. Ha aToli KapTUHKe nroamn KynaroT In this picture the people are
ManeHbKOro MeaBejs. bathing a small bear.

130. Ha kpoBaTsax CnuT LWecTb KPOKOANIOB. Six crocodiles are sleeping in beds.

132. Ha 3Toi kapTuHKe 6oAbLue ronybbix In this picture there are more blue
Bas, YeM PO30BblX. vases than red ones.

133. B kpoBaTKax cnat NTUUKM. The birds are sleeping in beds.

134. Cobauku nexar Ha pPo30BbIX KOBPMKaX. The dogs are sitting on pink mats.

136. Ha 3Toit kapTvHKe BymaxkHble Tapeskm In this picture the paper plates are
KpacHOro Lerta. red.

137. [JepeBaHHbIE NOXKM nexaT B Wooden spoons are in glass bowls.
CTEKNAHHbBIX MUCKaX.

138. Kopobku, B koTopbIx fexat aBTobychl, kK The boxes in which there are buses
OPWYHEBOrO LiBeTa. are brown.

142. Ha 3Toi kapTuHKe 60blLe CUHKX Namn, In this picture there are more blue

4YeM KpacCHbIX.

lamps than red ones.
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Fillers (Type 2)

2012 (No)

209 (No)

217 (Yes)

225 (No)

203 (No)

211 (No)

219 (Yes)

227 (Yes)

205 (Yes)

207 (No)

213 (Yes)

215 (Yes)

221 (Yes)

223 (No)

229 (Yes)

231 (No)
¥
i\ N

Note. 2 ‘No’ and ‘Yes’ designate the correct answer in the sentence—picture verification task.

Number Fillers in Russian English translation

201. 3aiumnK fepXXUT MeaBeas. The bunny is holding the bear.

203. Jlowagka Be3eT KOpoBY. The horse is pushing the cow.

205. O6e3bsiHKa NpUYechIBaeT NbBa. The monkey is brushing the lion.
207. Cobauky MOET XproLuKa. The dog, the pig is washing.

209. Yepenaxa KpacuT C/1oHa. The turtle is painting the elephant.
211. MbilKa LwekoyeT Kpokoamna. The mouse is tickling the crocodile.
213. [leBouka kaTaeT Masbyumka. The girl is pushing the boy.

215. OBeyKy KOPMUT MUHTBYH. The sheep, the penguin is feeding.
217. Jlarywky npecnegyeT Kypuvua. The frog, the chicken is chasing.
219. KoTa aep>xut gnHo3asp. The cat, the dinosaur is holding.
221. YTKa BbIryavBaet 6enky. The duck is walking the squirrel.
223. Turpa obamnsaet auca. The tiger, the fox is spraying.

225. Ha 6abyLuky cMOTpUT pebeHok. The Grandma, the baby is watching.
227. Kupada naraet ocaunk. The giraffe, the donkey is kicking.
229. LLleHOK puncyeT KOTeHKa. The puppy is drawing the kitten.
231. MTuuy npecneayet 3mes. The bird, the snake is chasing.
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Experimental Items: Animate

Control Overexhaustive Underexhaustive Sentence
Kaxxablin anauratop
Z// //{, /ﬁ
NIEXXUT B BaHHE.

1&@

i

& &
& A oA

ve
VU

Er

‘Every alligator is
lying in a bathtub.’

Kaxgas Kowwka
CUAWT Ha CTyne.
‘Every cat is sitting
on a chair.

Kaxablin pebeHok
CNUT B KpOBaTKe.
‘Every baby is
sleeping in a crib.’

Kaxpaasa cobaka
CUANT B KOP3UMHKeE.
‘Every dog is sitting in
a basket.’

Kaxxgas ntnuka
CWAVWT B THe3ge.
‘Every bird is sitting
on a nest.

Kaxkabl 3aiumnk
CMAnT B KOpobke.
‘Every bunny is sitting
in a box.’
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Experimental Items: Inanimate

Control Overexhaustive Underexhaustive Sentence
7. b4 Kaxablli LBETOK CTONT
U V0| [ | o
gj d% ’% g (% -3 gj{ 9% bg ‘Every flower is standing
in a vase.’
8. _— p— . Kaxpoe s610ko
r - - C® NeXuT B Tapenke.

@9%

@Yo

e

[ ew
Ve

)
A ~A")

—
§E @

10. P

>~

= P
-

S o
7

i%‘:%i%

e re

i’%i%ﬁﬁﬁ

L
ﬁ%‘#ﬁﬁ%

12. @‘% 52‘0

s

&
@

=R s

e

‘Every apple is lying in a
plate.’

Kaxabii baHaH 1exuT
B KOP3MHKe.

‘Every banana is in a
basket.’

Kaxxgaa mawnHa ctount
B rapaxe.
‘Every car is in a garage.

Kaxkaas KHuxKa
NeXuT Ha cTone.
‘Every book is lying on
a desk’

Kaxgasa noxapHas
MaLlWHa NeX1T B
Kopobke.

‘Every fire truck is in a
box.
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