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Abstract

The present ERP study was aimed at testing whether form-function mappings can differently
affect sentence comprehension in early bilinguals with a range of linguistic profiles. Basque-
Spanish and Spanish-Basque early bilinguals were presented with Spanish sentences with article-
noun gender agreement violations. The gender of the target noun could be retrieved based on the
word-form (i.e., transparent nouns) or only on a lexical representation (i.e. opaque nouns). While
Basque-dominant bilinguals showed an impact of gender-to-ending consistency on agreement
computation, Spanish-dominant bilinguals’ agreement processing was not affected by form-
function mappings. A multiple regression analysis on early ERP responses from all participants
showed that the more Spanish was produced on a daily basis, the easier the detection of gender
violation for opaque nouns. The present results suggest that the strength of the lexical
representation of gender is not fixed and can change depending on the linguistic habits of early

bilinguals.
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Introduction

Learning and effectively computing the grammatical gender system of a new language
frequently represents a challenge for bilinguals (Franceschina, 2005; Dewaele & Véronique,
2001; Holmes & Dejean de la Batie, 1999; Montrul & Potowski, 2007; Unsworth, 2008). One of
the factors that can facilitate gender learning and processing is the availability of distributional
regularities (Caselli, Leonard, Volterra, & Campagnoli, 1993; Henzl, 1975; Holmes & Dejean de
la Bétie, 1999; Mills, 1986; Matthews, 2010; Pérez-Pereira, 1991). Some authors have also
highlighted the potential influence of already-known languages on the way new gender
assignment rules are acquired (Dechert & Raupach, 1989; Franceschina, 2005; Gass, 1984; Gass
& Selinker, 1992; MacWhinney, 2005, 2012; Odlin, 1989; White, 2003). However, it is still
unclear whether knowledge and usage of other languages can influence the way in which people
treat the distributional features of a given grammatical gender system. The present ERP study
investigates whether bilinguals differently compute distributional regularities during gender

agreement computation, depending on their linguistic knowledge and habits.

Probabilistic patterns in language use have been considered particularly useful for
language acquisition and comprehension (MacWhinney, 1987; Romberg & Saffran, 2011).
Extracting a systematic mapping between the formal level and the functional level in language
use facilitates grammar learning (Clair, Monaghan, & Christiansen, 2010; Gerken, Wilson, &
Lewis, 2005; Pérez-Pereira, 1991) and helps detection of role assignment, co-reference and
argument attachment (MacWhinney, 1987; MacWhinney, Bates, & Kliegl, 1984). The stronger
the probabilistic form-function mapping, the more easily can people detect and rely on this

(Mills, 1986). According to this view, the strength of a form-function mapping would depend on
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its availability (i.e., number of linguistic items providing a consistent form-function
correspondence in a given language) and on its reliability (i.e., how consistent is the relation
between the formal and the functional level in a given language). When a probabilistic pattern
covers a high number of items (i.e., high availability) and has few or no exceptions (i.e., high
reliability), it provides a strong distributional cue, which is considered to be influential in
language acquisition and comprehension (MacWhinney, 1987, 2004).

However, the strength of a distributional cue does not seem to be fixed and strictly
determined on the basis of probabilistic patterns within a specific language. Some evidence
would suggest that the validity of the same cue can change across languages (MacWhinney et al.,
1984) and can be influenced by the characteristics of other known languages (Scheutz &
Eberhard, 2004). Within the second language processing literature, some authors have already
emphasized the effects of potential interactions between different known languages (Gass, 1984;
MacWhinney, 2005, 2012; White, 2003). Although a few studies have confirmed the potential
influence of previously-learned languages on grammar acquisition and computation, it is still
unclear whether people treat the distributional regularities of a given language differently
depending on their language profile. We will address this question by examining gender-to-
ending consistency in Spanish and its impact on agreement computation. Specifically, we will
test whether early bilinguals change their sensitivity to Spanish distributional gender cues
depending on their linguistic habits.

Grammatical gender cues in monolinguals and bilinguals

The grammatical gender of a noun is considered as a morphosyntactic feature, abstractly

stored in the lexicon (Levelt, Roelofs, & Meyer, 1999). Across different languages, gender can

entail consistent relations with the meaning and/or with the word-form of a noun (Corbett, 1991).
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In Romance languages, it is possible to observe a consistent correspondence between a specific
noun ending and a gender class. In the case of Spanish, for example, (where there are two gender
classes: masculine and feminine) the noun endings “—a” and “—0” represent a highly available
and reliable distributional cue to gender (66% of Spanish singular nouns show these endings;
almost 100% of singular Spanish nouns ending in “-0” are masculine and 96% of singular nouns
ending in “-a” are feminine, Harris, 1991). Transparent nouns have an ending that represents a
valid gender cue (e.g., casa, houser), while opaque nouns have an ending that is not informative
of grammatical gender (e.g., verniz, paintg; Bates, Devescovi, Pizzamiglio, D’ Amico &
Hernandez, 1995).

The impact of gender cues has been widely investigated in behavioural studies presenting
words or word pairs outside a sentence context (Italian: Bates et al., 1995; Bates, Devescovi,
Hernandez, & Pizzamiglio, 1996; De Martino, Bracco, & Laudanna, 2010; French: Spalek,
Franck, Schriefers, & Frauenfelder, 2008; Taft & Meunier, 1998; Hebrew: Gollan & Frost, 2001,
Spanish: Afonso, Dominguez, Alvarez, & Morales, 2014; Hernandez, Kotz, Hofmann, Valentin,
Dapretto, & Bookheimer, 2004; German: Schiller, Miinte, Horemans, & Jansma, 2003). Results
from languages with a strong gender-to-ending consistency have shown that formal gender cues
can influence gender access. For instance, when monolinguals have to perform an explicit task
on gender (i.e., gender decision task, determiner retrieval, grammatically judgment on word
pairs) they are usually faster and/or more accurate with isolated transparent nouns compared to
opaque nouns (auditory modality: Bates et al., 1995; Bates et al., 1996; Spalek et al., 2008; visual
modality: Afonso et al., 2014; Gollan & Frost, 2001; Hernandez et al. 2004; Schiller et al. 2003;

Taft & Meunier, 1998).
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However, the weight of these formal gender cues can change depending on the type of
task employed and on the type of processes investigated. When the target nouns are presented in
isolation and the task is not focused on gender, the effect of gender-to-ending consistency is less
consistently reported (studies on monolinguals: Bates et al., 1995, 1996; Padovani & Cacciari,
2003, but see De Martino et al., 2010). In addition, when both gender-to-ending consistency and
gender agreement are manipulated, behavioural studies have shown that available formal gender
cues do not influence the processing of agreement dependencies in isolated word pairs (Bates et
al., 1996). The authors interpreted these data as suggesting that although the distributional
information conveyed by noun endings can facilitate gender retrieval, it represents redundant
(and sometime ambiguous or misleading) information, which might not be essential for gender
access and agreement computation (Delfitto & Zamparelli, 2009; Vigliocco & Franck, 1999).
According to this view, adult monolinguals mainly use an abstract representation of the gender
feature stored in the lexicon, since it is more reliable than the information conveyed by the word
form level (Delfitto & Zamparelli, 2009).

If we look at the case of monolingual children and bilinguals, the weight of formal cues
to gender seems to be much more relevant as compared to the case of monolingual adults. In
languages where there is a strong gender-to-ending consistency, developmental studies have
shown that children are highly sensitive to formal gender cues and they usually know the
grammatical gender of transparent nouns better than those of opaque nouns (Caselli et al., 1993;
Chini, 1995; Mills, 1986; Matthews, 2010; Pérez-Pereira, 1991). In addition, behavioural studies
comparing highly proficient English-German bilinguals and German monolinguals on the same
tasks (i.e., picture naming, grammaticality judgment) have shown that formal gender cues

usually have a stronger impact on bilingual performance as compare to that of monolinguals
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(Bordag, Opitz, & Pechmann, 2006; here German monolinguals did not show a clear effect of
gender-to-ending consistency, in contrast to Schiller et al., 2003). The authors interpreted these
results as suggesting that bilinguals (whose dominant language lacks a grammatical gender
system) might not have stored gender as a fixed feature of the noun but rather compute gender
each time it is needed on the basis of any available cues (Bordag et al., 2006; see also Bordag &
Pechmann, 2007, 2008). In contrast to monolinguals, bilinguals’ lexical representation of
grammatical gender can be weak and unstable, with concomitant delays in gender access (for
similar conclusions see also Hopp, 2013; Lemhofer, Schriefers, & Hanique, 2010) and an over-
reliance on formal gender cues (Bordag et al., 2006).

We conducted an ERP study on Spanish gender agreement processing in order to test
whether the strength of gender lexical representation and the weight of formal gender cues would
change depending on the linguistic habits of highly proficient bilinguals.

The time course of gender agreement processing

The ERP (Event-Related Potentials) technique enables collection of fine-grained
temporal information about linguistic mechanisms. This technique has been widely employed in
order to investigate the time course of gender agreement processing both in monolinguals and
bilinguals. However, less is known about the processing of distributional regularities of
grammatical gender. ERP studies focussing on agreement processing in sentence comprehension
have typically shown that gender violations elicit a greater posterior positivity around 500 ms
after stimulus onset (i.e., P600, monolinguals: Barber & Carreiras, 2005; Barber, Salillas, &
Carreiras, 2004; Deutsch & Bentin, 2001; Gunter, Friederici, & Schriefers, 2000; Hagoort, 2003;
Hagoort & Brown, 1999; Molinaro, Vespignani, & Job, 2008; Wicha, Moreno & Kutas, 2004;

highly proficient bilinguals: Bafion, Fiorentino, & Gabriele, 2014; Dowens, Guo, Guo, Barber, &
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Carreiras, 2011; Dowens, Vergara, Barber, & Carreiras, 2010; Rossi, Kroll & Dussias, 2014), as
compared to the corresponding correct sentence. This positive effect has been interpreted as
reflecting processes of syntactic re-analysis and repair (Friederici, 2002; Molinaro, Kim,
Vespignani, & Job, 2008; Molinaro, Vespignani, Zamparelli, & Job, 2011), monitoring (Van de
Meeredonk, Kolk, Chwilla, & Vissers, 2009), or higher-level integration (Brouwer, Fitz, &
Hoeks, 2012). With local agreement violations that do not involve deeper lexical-semantic
processes, the P600 can frequently be preceded by a greater left anterior negativity
(monolinguals: Barber & Carreiras, 2005; Barber et al., 2004; Gunter et al., 2000; Molinaro et
al., 2008; highly proficient bilinguals: Dowens et al., 2010). The LAN effect has been
interpreted as reflecting processes of initial detection of morphosyntactic violations (Friederici,
2002), initial difficulties in integrating mismatching information (Gunter et al., 2000), or
increased working memory demands (Coulson, King & Kutas, 1998). When languages with a
strong gender-to-ending consistency have been studied (e.g., Romance languages), most of the
ERP studies focussing on gender agreement tested transparent nouns (Barber & Carreiras, 2005;
Barber et al., 2004; Dowens et al., 2010, 2011; but see Molinaro et al., 2008). Few ERP studies
have manipulated both gender agreement and gender-to-ending consistency of the target nouns
(Caffarra & Barber, 2015; Caffarra, Siyanova-Chanturia, Pesciarelli, Vespignani, & Cacciari,
2015). Some data from Spanish and Italian monolinguals showed that article-noun gender
violations elicited a LAN-P600 response which was not modulated by the transparency of the
target noun (for similar behavioural results see Bates et al., 1996). There was a main effect of
noun transparency, with a greater sustained negativity (around 200 ms after the stimulus
presentation) for transparent nouns as compared to opaque and irregular nouns. This effect

suggests that during sentence reading monolinguals can detect distributional properties of the
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noun ending, but this information does not influence agreement computation. The authors
interpreted this lack of interaction as suggesting that native speakers of Romance languages
compute gender agreement dependencies mainly relying on the lexical representation of gender,
regardless of available cues at the word-form level.

The present study

The present ERP study will investigate the impact of formal gender cues on the time
course of agreement computation during bilingual sentence reading. Spanish article-noun pairs,
embedded in sentences, could agree or not in gender. Also, the target noun could provide a
reliable cue to gender (i.e., transparent noun) or not (i.e., opaque noun). Basque-Spanish highly
proficient bilinguals had to judge the grammaticality of the sentences. As in Bordag et al. (2006),
the bilinguals’ dominant language lacked a grammatical gender system (in Basque, as in the case
of English, nouns are not categorized based on grammatical gender classes). Following previous
studies (Bordag et al., 2006; Hopp, 2013; Lemhofer et al., 2010), we hypothesized that highly
proficient Basque-Spanish bilinguals might have an unstable lexical representation of Spanish
gender and should be sensitive to gender-to-ending consistency during agreement processing. In
contrast to what has been observed in Spanish monolinguals (Caffarra & Barber, 2005), we
predicted that noun transparency would influence bilingual agreement processing, with different
ERP responses for gender violations of transparent and opaque nouns.

In the case of transparent nouns, gender should be easily retrieved on the basis of
probabilistic form-function mappings, and gender violations should elicit LAN-P600 responses,
similar to those already reported for article-noun gender mismatches in monolinguals (Barber &
Carreiras, 2005; Gunter et al., 2000; Molinaro et al., 2008) and in highly proficient English-

Spanish bilinguals (Dowens et al., 2010). In the case of opaque nouns, detecting and computing
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agreement violation should be more difficult, since it requires an entrenched abstract
representation of gender stored in the lexicon. If Basque-Spanish bilinguals have a weak lexical
representation of grammatical gender, the ERP responses to gender violations of opagque nouns
should be reduced or at least delayed as compared to transparent nouns (Bordag et al., 2006;

Hopp, 2013; Lemhofer et al., 2010).

Experiment 1: material and methods

Participants

Twenty-four Basque-Spanish bilinguals took part in the experiment (15 women) and were paid
for their participation (20 €). Ages ranged from 18 to 40 years with a mean of 24.71 years (SD:
6.33). All participants were born and lived in the Basque Country, an area which provides
multiple social settings where Basque and Spanish are highly available and used. The
participants reported having been exposed to both Spanish and Basque since birth and that they
started to learn both languages early in life (before 12 years old). Language assessment was
performed before the experimental session and consisted of a semi-structured interview with a
Basque native speaker, a semi-structured interview with a Spanish native speaker, a Basque
picture naming test and a Spanish picture naming test. During the interview, participants had to
answer questions about three main topics: introduce yourself (i.e., who, where are they from,
what did they study, why), hobbies (i.e., sports, music, art, dance, etc.), spatial localization (i.e.,
how did you get here?). Based on their responses, a score from one to five was assigned: one for
a total lack of knowledge (i.e., the participant knows some words, but he/she is unable to create a
sentence); two for a basic level (i.e., the participant can produce simple sentences but with a lot

of difficulties and mistakes); three for an intermediate level (i.e., the participant is able to have

10
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simple conversations but with some mistakes; he/she shows difficulties and low fluency with
long sentences); four for an advanced level (i.e., the participant is able to have conversations on a
wide range of topics; he/she can produce long sentences with high fluency but there are still
some mistakes); five for an extremely high proficiency level (i.e., the participant can talk easily
about everything without errors). During the naming test, participants were asked to name 77
colored pictures (including animals, body parts and man-made objects selected from Snodgrass
& Vanderwart, 1980) in Basque and Spanish. The number of correctly-named pictures was the
final naming score. This language assessment showed that participants were highly proficient in
both languages (Spanish mean scores at the interview: 5/5 and at the naming test: 76/77; Basque
mean scores at the interview: 5/5 and at the naming test: 75/77, see Table 1). All participants
reported being dominant in Basque, since it was the language they started to speak with their
parents (AoA of Basque: 0; see Table 1) and the most frequently used language on a daily basis
(self-reported amounts of Basque produced and heard on a daily basis: 63% and 55%). In
addition, they reported using Basque with most of their relatives and friends. They started to use
Spanish only after being enrolled in kindergarten or school (mean AoA of Spanish: 5) and they
reported using it in their adult life, especially during formal occasions and with non-Basque
speaking people. All participants were right-handed (based on the Edinburgh Handedness
Inventory; Oldfield, 1971) and reported normal or corrected-to-normal vision. None of the
participants had a history of neurological disorder.
(Table 1 about here)

Materials

Two hundred and forty Spanish nouns were used (length range: 4-8 letters; see Caffarra

& Barber, 2015). Half of them were transparent (60 masculine nouns; e.g. lago, “laken”, and 60

11
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feminine nouns; e.g., playa, “beachy”) and half were opaque (60 masculine nouns; e.g., reloj,
“watchy,”, and 60 feminine nouns; e.g., flor, “flowers”). The ending of transparent nouns was
highly predictive of a specific gender class (i.e., “-0” for masculine and “-a” for feminine), while
the ending of opaque nouns was uninformative of grammatical gender (i.e., “-¢”, “-n”, “-17, “-s”,
“o37, “r”, “-d”, “-z”; final groups of letters strongly associated with a specific gender class were
excluded, e.g., “-sis”, “-tis”, “-1”, “-briz”, “-triz”, “-driz”, “-ie”, “-umbre”’; according to Bull,
1965; Clegg, 2010). The cue availability (i.e., how often a specific cue is available in the lexicon,
MacWhinney et al., 1984) and the cue reliability (i.e., how strong the gender-to-ending
correspondence is, MacWhinney et al., 1984) of each opaque ending were always lower than
those of transparent endings (cue availability: 70% of feminine Spanish nouns end in —a; 62% of
masculine Spanish nouns end in -0; cue reliability: 96% of the Spanish nouns ending in —a are
feminine; and 99% of the Spanish nouns ending in —o are masculine; Harris, 1991). Irregular
nouns (where the endings “-a” and “-0” represent misleading cues to grammatical gender; e.g.,
mano, “hands”, problema, “problemy,”) were not used. In addition, nouns with biological gender
(i.e., referring to human beings or animals where the sex of the referent is clear; e.g., abuela,
“grandmother¢”) were not used in order to avoid any interaction between the grammatical gender
and the conceptual information of the sex of the referent (Vigliocco & Frank, 1999). Transparent
and opaque nouns were matched for number of letters, AoA, frequency, familiarity, imageability,
concreteness and number of Basque-Spanish cognates (all ps>.05, see Table 2).
(Table 2 about here)

These 240 nouns were paired with a definite article that could either agree or not in

grammatical gender. Each word pair was embedded in a sentence context (7 words on average,

SD:1, range: 4-11). The target noun position varied across trials but it always appeared at least
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two words before the end of the sentence and at least one word after the beginning of the
sentence (50% of the time it appeared in the second position, 36% in the fourth and 14% in the
fifth). Sixteen Spanish-Basque early bilinguals who did not participate in the EEG experiment
rated the cloze probability of the target nouns (12 women; mean age: 23.63 years; SD: 6.22).
Overall, participants were not able to guess the selected target noun, since it frequently appeared
in initial positions of the sentence (86% of the time it appeared between the second and the
fourth position). As a result, transparent and opaque nouns showed equally low cloze probability
ratings (transparent nouns: CP: 0 %, SD: 0; opaque nouns CP=.01%, SD: .04; p>.05).

Each experimental sentence could belong to one of the following four conditions:
Transparent Agreement, Transparent Disagreement, Opaque Agreement, Opaque Disagreement
(60 trials per condition, see Table 3). Each sentence was assigned to one of the four conditions in
a counterbalanced order, so that no participant saw the same version of the sentence in different
experimental conditions.

One hundred and twenty filler sentences were also presented (7 words on average, SD: 2,
range: 4-12), half of them were grammatically correct and the other half included different types
of grammatical errors (i.e., number disagreement, substitution or omission of function words,
word category violations) in order not to make participants exclusively focus on article-noun
gender agreement violations. The target word presented in the fillers frequently appeared
between the second and the fourth position of the sentence (74% of the times) and it was never at
the end. Overall, participants were presented with 360 sentences during the EEG session.

(Table 3 about here)

13
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Procedure

Participants were facing the computer screen in a darkened, silent room. The
experimental session was divided into two phases: an online sentence comprehension study and
an offline gender decision task.

During the first phase, the EEG was recorded and participants were required to perform a
grammatically judgment task on a series of sentences. The sentences were visually presented and
the presentation order was random. At the beginning of each trial, a fixation cross was displayed
in the centre of the screen for 2000 ms and this was followed by a blank screen for 300 ms. The
sentences were presented word by word. Each word was in white letters on a black background
and appeared for 300 ms, followed by a blank screen for 300 ms. The final word was displayed
with a full stop and after the sentence offset a question appeared on the screen asking whether
the sentence was correct. Participants had 2000 ms to give their response by pressing one of the
two response buttons. The button position was counterbalanced across subjects. The next trial
was presented after an interval that could vary randomly between 300 ms and 700 ms. At the
beginning of the recording session, subjects were advised to blink during the presentation of the
fixation cross in order to reduce the probability of eye movements during the critical epochs. A
practice session preceded the real experiment in order to familiarize participants with the task.
The EEG session lasted almost an hour and it was divided in four blocks of 90 trials each.

The second phase always followed the EEG recording and was aimed at testing the
participants’ knowledge of Spanish grammatical gender. All target nouns previously embedded
in sentences (n: 240) were now presented in isolation. The participants had to perform an offline
gender decision task on single nouns. At the beginning of each trial a fixation cross appeared in

the center of the screen for 800 ms, followed by a blank of 300 ms. Then a single noun appeared
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on the screen until participants’ response or for a maximum of 3000 ms. The participants were
asked to decide as quickly as possible whether the word was feminine or masculine by pressing
one of the two response buttons. Accuracy rates and reactions times (RTs, measured from the
onset of the target noun) were calculated.
Electrophysiological Recordings and Analyses

The electroencephalogram (EEG) was recorded from 27 electrodes placed in an elastic
cap: Fpl, Fp2, F7, F8, F3, F4, FC5, FC6, FC1, FC2, T7, T8, C3, C4, CP5, CP6, CP1, CP2, P3,
P4, P7, P8, O1, O2, Fz, Cz, Pz. Two external electrodes were placed on mastoids and four were
placed around the eyes (two on the ocular canthi, one above and one below the right eye). All
sites were referenced online to the left mastoid. Data were recorded and amplified at a sampling
rate of 500 Hz. Impedance was kept below 5 KQ for the electrodes on the scalp, and below 10
KQ for the external channels. EEG recordings were re-referenced offline to the average activity
of the two mastoids. Then, the data were filtered offline with a bandpass of 0.01-30 Hz (24
dB/oct). Artefacts exceeding £100 pV in amplitude were rejected. For each target word, an
epoch of 1200 ms was obtained including a 200-ms prestimulus baseline. For each condition,
average ERP waveforms, time locked to the onset of the target noun, were computed only on the
trials followed by a correct response. On average, 13.9 % of trials were excluded (due to
artefacts or incorrect responses) and the number of rejections did not differ across conditions
(F(3,69)=1.38, p = 0.26).

Statistical analyses were carried out on different time windows, which were selected in
order to check for the presence of LAN and P600 effects (LAN: 350-500; P600: 500-700; 700~
900 according to Barber & Carreiras, 2005; Caffarra & Barber, 2015; Schacht et al., 2010). Nine

cluster electrodes were taken into account, representing the mean amplitude of three sites in
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adjacent positions: left anterior (F3, F7, FC5), left central (C3, T7, CP5), left posterior (P3, P7,
01), medial anterior (Fpl, Fp2, Fz), medial central (FC1, FC2, Cz), medial posterior (CP1, CP2,
Pz), right anterior (F4, F8, FC6), right central (C4, T8, CP6), right posterior (P4, P8, O2). These
clusters represented nine levels of a topographic factor named “Cluster”. A repeated measures
analysis of variance (ANOVA) was performed for each time window, including the two
experimental factors (Transparency and Agreement) and the additional topographic factor
(Cluster) as within-subject factors. The Greenhouse-Geisser procedure was applied where the
sphericity assumption was violated. The p values derived from multiple post-hoc tests were
adjusted by using Hochberg’s procedure (1988). Effects of topographic factors are reported when

they interact with the experimental factors.

Results
Behavioural results: offline gender decision task

Participants knew the grammatical gender of most of the target nouns (average accuracy:
96% , SD: 3%, range: 93%-99%) and they showed mean RTs of 790 ms (SD: 140 ms).
Accuracies and RTs from accurate trials were analysed using a one-way ANOVA, including
Transparency as a two-level factor (Transparent, Opaque). These analyses revealed that
transparent nouns showed higher accuracy and faster responses than opaque nouns (Accuracy:
F(1,23)=23.99, p<.001; RTs: F(1,23)=40.22, p<.001, see Table 4).

(Table 4 about here)

Behavioural results: online grammaticality judgment

Participants performed the grammaticality judgment task with a mean accuracy of 96%

(SD: 4). This high score suggested that participants could easily detect grammatical errors in
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almost all the sentences (the four experimental conditions showed average accuracy above 94%).
A two-way ANOVA including Transparency and Agreement as two within-subject factors
showed a main effect of Transparency (F(1,23)=6.13, p<.05), suggesting that the judgment of
transparent sentences was more accurate as compared to the judgment of opaque sentences (96%
for transparent nouns vs. 95% for opaque nouns).

EEG results

Figure 1 shows ERPs in response to the agreement manipulation for transparent and
opaque nouns. The topographic distribution of average potentials is shown in Figure 2. Visual
inspection of ERPs for transparent nouns revealed a greater negativity peaking around 400 ms
for the disagreement condition, followed by a greater posterior positivity 500 ms after the
stimulus onset. In the case of opaque nouns, the disagreement condition seems to elicit only a
greater positivity 500 ms after the stimulus onset.

350-500 ms'

Statistical analyses revealed a main effect of Transparency (F(1,23)=4.93, p<.05).
Specifically, transparent nouns elicited more negative responses compared to those elicited by
opaque nouns. In addition, the interaction between Agreement and Cluster was significant
(F(8,184)=7.40, p<.001). Post-hoc tests showed that the disagreement condition elicited a greater
negativity compared to the agreement condition and this effect was localized in the left anterior
(t(23)=3.21, p<.05) and left central clusters (t(23)=3.28, p<.05). Finally, the three-way
interaction Transparency x Agreement x Cluster was significant (F(8,184)=3.27, p<.05). Post-
hoc comparisons showed that, for transparent nouns, the disagreement condition was more

negative than the agreement condition in the left anterior cluster (t(23)=3.11, p<.05; in all the

17



Caffarra et al.

other clusters: ps >.05). Opaque nouns did not show any significant agreement effect (all
ps>.05).
(Figure 1 about here)

500-700 ms

A main effect of Agreement was found (F(1,23)=45.23, p<.001) with more positive
amplitudes for the disagreement condition than the agreement condition. In addition, the
Agreement factor significantly interacted with the Cluster factor (F(8,184)=9.00, p<.001). Post-
hoc tests revealed a significant agreement effect in all the clusters, but was greater at the central-
posterior sites (left anterior: t(23)=2.89, p<.01; medial anterior: t(23)=4.37, p<.001; right
anterior: t(23)=5.15, p<.001; left central: t(23)=4.42, p<.001; medial central: t(23)=6.44,
p<.0001; right central: t(23)=6.43, p<.0001; left posterior: t(23)=5.49, p<.0001; medial posterior:
t(23)=7.18, p<.0001; right posterior: t(23)=5.46, p<.0001).
700-900 ms

There was a main effect of Agreement (F(1,23)=64.93, p<.001) with a greater positivity
for the disagreement condition compare to the agreement one. The two-way interaction
Agreement x Cluster was also significant (F(8,184)=52.64, p<.001) and post-hoc comparisons
suggested that the agreement effect was distributed over central-posterior sites (left central:
t(23)=5.31, p<.0001; medial central: t(23)=6.44, p<.0001; right central: t(23)=7.21, p<.0001; left
posterior: t(23)=11.61, p<.0001; medial posterior: t(23)=10.55, p<.0001; right posterior:
t(23)=10.52, p<.0001).

(Figure 2 about here)
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Discussion

When Basque-Spanish early bilinguals were reading Spanish sentences, the ERP
responses were modulated by Agreement and Transparency. Between 350 and 500 ms,
transparent nouns elicited a greater negativity than opaque nouns. In line with previous ERP
studies, agreement violations elicited a LAN-P600 pattern. Interestingly, this biphasic response
was modulated by noun transparency. In contrast to Spanish monolinguals (Caffarra & Barber,
2015), Basque-dominant bilinguals show an impact of noun transparency on agreement
processing, with delayed ERP responses for gender violations of the opaque nouns compared to
the transparent ones. We think that these persistent difficulties in computing agreement
dependencies with opaque nouns reflect an unstable representation of grammatical gender
(Bordag et al., 2006) and provide evidence that the strength of gender lexical representation can
change depending on an individual’s linguistic background.

However, the impact of gender-to-ending consistency on agreement computation can be
related to two different characteristics of the present participant sample: 1) the simple knowledge
of another language that lacks a grammatical gender system; 2) the dominance of this gender-
free language. In order to tease apart these two possible explanations, we ran the same
experiment with Spanish-Basque early bilinguals who were dominant for Spanish (i.e., they
learned Spanish from birth and were used to speaking Spanish on daily basis). If there were
again an interaction between Transparency and Agreement, we should conclude that the presence
of Basque as a second language is enough to explain the present pattern of results. In the case of
a lack of interaction, we should conclude that participants’ dominance for Basque accounts for

our findings.
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Experiment 2: material and methods
Participants

Twenty-four Spanish-Basque bilinguals participated in the experiment (14 women; mean
age: 23.88, SD: 4.62; range: 19-40; they did not differ in age from the Basque-dominant group:
t(23)=1.43, p>.05) in exchange for a small sum (20 €). They were born and lived in the Basque
Country. They reported having been in contact with both Spanish and Basque since birth and that
they started to learn both languages early in life (before 7 years old). At the language assessment
performed before the experimental session, participants were highly proficient in both languages,
although higher performances were reached in Spanish (Spanish mean scores at the interview:
5/5 and in the naming test: 76/77; Basque mean scores at the interview: 4.5/5 and at the naming
test: 67/77, see Table 5). All participants reported being dominant in Spanish, since it was the
language initially used with their parents (AoA of Spanish: 0; see Table 5) and the most
frequently-used language on a daily basis (self-reported amounts of Spanish produced and heard
in daily life: 65% and 60%, respectively). In addition, they reported using Spanish with their
family and most of their friends. They started to use Basque only after being enrolled in
kindergarten or school (mean AoA of Basque: 4) and they reported using it with non-Spanish-
speaking people. All participants were right-handed (based on the Edinburgh Handedness
Inventory; Oldfield, 1971) and reported normal or corrected-to-normal vision. No participant had
a history of neurological disorder.

(Table 5 about here)

Materials

The experimental materials were the same as those used in Experiment 1.
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Procedure
Procedure and EEG analyses were the same as those employed in Experiment 1. On
average, 14.6 % of trials were excluded due to incorrect responses or artefacts. The number of

rejections did not differ across conditions [F(3,69)=0.58, p = 0.63].

Results
Behavioural results: offline gender decision task

Participants provided the correct response for the majority of the target nouns (average
accuracy: 97%, SD: 3%, range: 90%-100%) and they showed mean RTs of 714 ms (SD: 107
ms). Accuracies and RTs from accurate trials were analysed using a one-way ANOVA, including
Transparency as a two-level factor (Transparent, Opaque). The results showed that responses to
transparent nouns were more accurate and faster than those to opaque nouns (Accuracy:
F(1,23)=28.42, p<.001; RTs: F(1,23)=65.25, p<.001, see Table 6). In addition, the overall
ANOVA including the factor Group showed a main effect of Group for RTs, suggesting that
Basque-dominant group was slightly slower than Spanish-dominant (F(1,46)=4.41, p<.05;
Basque-dominant: 790 ms, SD: 140 ms; Spanish-dominant: 714 ms, SD: 107 ms).

(Table 6 about here)

Behavioural results: online grammaticality judgment

Participants performed the grammaticality judgment task with a mean accuracy of 96%
(SD: 4), suggesting that they could easily detect grammatical errors in most of the sentences. A
two-way ANOVA including Transparency and Agreement as two within-subject factors did not

show any significant effects or interaction (all ps >.05), suggesting that the four experimental
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conditions did not significantly differ in accuracy rate (all averages were above 95%). The
overall ANOVA did not show any significant effects involving the factor Group (all ps>.05).
EEG results

Figure 3 shows the average waveforms in response to the agreement manipulation for
transparent and opaque nouns. Figure 4 shows the topographic distribution of average potentials.
Visual inspection of ERPs for both types of nouns revealed that the disagreement condition
elicited a greater left negativity at around 400 ms, followed by a greater posterior positivity. A
repeated measures ANOVA was performed including Transparency, Agreement and Cluster as
within-subjects factors. Additional analyses including data from both groups are reported at the
end of this section.

350-500 ms’

A main effect of Transparency was reported (F(1,23)=5.71, p<.05) with more negative
responses for transparent nouns, compared to opaque nouns. A significant interaction between
Agreement and Cluster was also found (F(8,184)=7.05, p<.001). Post-hoc comparisons showed
that there was a greater negativity for the disagreement condition, compared to the agreement
one in the left anterior (t(23)=3.76, p<.01) and the left central clusters (t(23)=4.71, p<.0001). No
interaction between Transparency and Agreement was significant (Transparency x Agreement:
F(1,23)<1, p=.75; Transparency x Agreement x Cluster: F(8,184)=1.14, p=.33).

(Figure 3 about here)
500-700 ms

The statistical analyses revealed a main effect of Agreement (F(1,23)=22.76, p<.001),

with an increased positivity for the disagreement condition compared to the agreement one.

There was also a significant interaction Agreement x Cluster (F(8,184)=22.98, p<.001),
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suggesting that the agreement effect was central-posteriorly distributed (left central: t(23)=4.16,
p<.01; medial central: t(23)=4.27, p<.01; right central: t(23)=4.38, p<.01; left posterior:
t(23)=5.77, p<.0001; medial posterior: t(23)=6.43, p<.0001; right posterior: t(23)=6.61,
p<.0001).
700-900 ms

There was a main effect of Agreement (F(1,23)=22.13, p<.001), with the disagreement
condition eliciting a greater positivity compared to the agreement condition. The Agreement
factor significantly interacted with the Cluster factor (F(8,184)=63.98, p<.001) and post-hoc tests
revealed that the agreement effect was distributed over central-posterior sites (left central:
t(23)=4.96, p<.001; medial central: t(23)=4.10, p<.01; right central: t(1,23)=5.13, p<.001; left
posterior: t(23)=7.79, p<.0001; medial posterior: t(23)=8.09, p<.0001; right posterior:
t(23)=8.74, p<.0001)°.

(Figure 4 about here)

Discussion

Spanish-dominant bilinguals showed a pattern of ERP responses similar to Spanish
monolinguals (Caffarra & Barber, 2015). Transparent nouns elicited more negative waveforms
than opaque nouns around 400 ms after the target noun onset. Agreement violations elicited a
LAN effect followed by a P600 effect. No interaction was observed between these two
experimental factors. Thus, it seems that the bilinguals’ language dominance can account for the
different patterns of results reported in Experiment 1.
Overall analysis on the LAN effect size for opaque nouns

A general ANOVA including the factor Group did not lead to significant interactions

between Group, Agreement and Transparency (all ps >.05) in the three time windows taken into
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account. The absence of interaction with Group in the LAN time window suggests that the
averaged brain responses of the two bilingual groups did not significantly differ. However,
language dominance can still have a progressive impact on the LAN effect size observed for
each participant. In order to better understand which factors might gradually influence the LAN
effect with opaque nouns, further analyses were performed on this subset of data.

A linear multiple regression analysis was performed on the data collected from all the
participants (48) in order to see what factors would account for LAN effect modulations in
response to agreement violations with opaque nouns. The analysis included the LAN effect size
in the 350-500 ms time window as a dependent variable (i.e., amplitude difference between the
average brain responses to the disagreement and the agreement conditions recorded in a group of
left central-anterior electrodes: F3, F7, FC5, C3, T7, CP5). The following participant
characteristics were treated as independent demeaned variables: AoA of Spanish, Spanish
proficiency level measured at the interview, Spanish proficiency level measured at the naming
test, self-reported amount of Spanish production, self-reported amount of Spanish
comprehension. The intercept value was equal to -0.96 pV (SE=0.26). The amount of Spanish
production had the strongest effect and reached significance (t(46)=2.20, p<.05, see Figure 5).
Specifically, the estimated increase of LAN effect size was 0.06 pV (SE=0.03) per each unit
change in the self-reported amount of Spanish production. No other variable had a strong effect
(all ps>.05)".

(Figure 5 about here)

Finally, to make sure that the large age range did not influence our pattern of results additional
analyses were performed after excluding those participants who were above 35 years of age

(three from the Basque-dominant group and one from the Spanish-dominant group). Similar
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patterns of results were obtained for both groups and for the overall linear regression analysis.
The only difference regarded the main effect of Transparency between 350 and 500 ms, which
did not reach significance in the Basque-dominant group (F(1,20)= 2.50, p =.13). This was

possibly due to the smaller sample size and the reduced statistical power.

General Discussion

The present ERP studies were aimed at investigating whether the strength of gender
lexical representation and the weight of formal gender cues could change depending on the
presence of (or the dominance for) a second language. Basque-Spanish and Spanish-Basque
bilinguals were presented with Spanish sentences that could contain gender agreement errors
between a determiner and a noun. Spanish target nouns could provide a reliable or an ambiguous
cue to gender. Previous ERP data on Spanish monolinguals has shown an effect of Transparency
and Agreement, without any interaction between the two factors (Caffarra & Barber, 2015;
Caffarra, Siyanova-Chanturia, et al., 2015). Specifically, transparent nouns elicited a greater
negativity than opaque nouns around 400 ms after the target noun, suggesting that monolinguals
can detect distributional information conveyed by the noun ending during sentence reading. A
LAN-P600 pattern was similarly reported for gender violations of both transparent and opaque
nouns, suggesting that gender-to-ending consistency does not have a strong impact on
monolingual agreement computation.

On the basis of previous studies on gender processing in highly proficient bilinguals
(Bordag et al., 2006; Bordag & Pechmann, 2007, 2008; Hopp, 2013) and gender acquisition
(Lemhofer et al., 2010), we hypothesized that bilingual lexical representation of gender could be

more unstable. In this case, formal gender cues could be less redundant and more helpful in

25



Caffarra et al.

recovering gender and computing agreement dependencies. Thus, in contrast to what has been
seen in Spanish monolinguals, we predicted that noun transparency should influence agreement
processing in the case of bilinguals.

The present ERP results from Basque-dominant bilinguals confirmed these predictions. A
significant interaction between Transparency and Agreement was reported between 350 ms and
500 ms. While gender errors in transparent nouns elicited a greater LAN-P600 pattern (similar to
Barber & Carreiras, 2005; Barber et al., 2004; Dowens et al., 2010), gender violations of opaque
nouns only showed a P600 effect. However, results from Spanish-dominant bilinguals were
similar to those of Spanish monolinguals (Caffarra & Barber, 2015), showing LAN-P600
responses for gender disagreement with both transparent and opaque nouns. Both bilingual
groups also showed a main effect of transparency between 350 and 500 ms, indicating that they
were sensitive to the presence of available gender cues. Moreover, both groups showed high
accuracy rates (above 95% of correct responses) on the grammaticality judgment task performed
during the EEG recording and on the gender decision task performed after the EEG session.
Basque-dominant bilinguals were slower at deciding the gender of target nouns than Spanish-

dominant bilinguals.

The ERP results from the Basque-dominant group suggest that while agreement
violations of transparent nouns can be detected as early as 350 ms, in the case of opaque nouns
the processing of agreement violations is delayed, although successfully carried out (i.e.,
participants showed high accuracy rates at both grammaticality judgments and gender decision
tasks). The fact that ERP responses to opaque and transparent nouns differ in the LAN time

window suggests that Basque-dominant bilinguals encounter problems with opaque nouns at an
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early stage of agreement processing. During this first stage, the parser should be able to detect a
mismatch between the different grammatical features extracted from distinct sentential
constituents (Mancini, Molinaro, & Carreiras, 2013; Molinaro, Barber, & Carreiras, 2011). If the
lexical representation of gender is not fully entrenched, however, feature extraction could be
particularly difficult in the case of opaque nouns, whose grammatical gender can only be
recovered through a lexical route (Delfitto, & Zamparelli, 2009; Gollan & Frost, 2001). Thus, the
lack of a strong LAN effect for gender violations in opaque nouns can be interpreted as the result
of problematic feature extraction from a noun that does not provide any reliable formal cues to
gender.

Nonetheless, this difficulty in gender retrieval does not prevent Basque-dominant
bilingual from correctly identifying agreement violations of opaque nouns and successfully
performing the gender decision task. In the absence of transparent endings, other potential cues,
such as determiners, could allow successful performances at explicit tasks on gender (Afonso et
al., 2014; Taft & Meunier, 1998). Spanish definite articles are never ambiguous or misleading,
and, thus, they represent a strong valid cue that can almost always predict the gender of the
following noun (Franck, Vigliocco, Anton-Mendez, & Collina, 2008; Wicha et al., 2004). It
could therefore be that most of Basque-dominant bilinguals were relying on the entire
determiner-noun combination in order to successfully perform the task, instead of extracting the
relevant feature directly from the opaque noun (which implies relying on an abstract
representation of gender stored in the lexicon). Basque-dominant bilinguals would have been
able to compute agreement violations of opaque nouns mainly by monitoring the correctness of
the entire determiner-noun chunk at a later stage of agreement processing. In line with this

potential explanation, some of the Basque-dominant bilinguals (8 out of 24) explicitly reported
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silently generating the corresponding definite article for each noun (i.e., el for masculine and la
for feminine) presented during the gender decision task®.

We are not claiming that difficult feature extraction automatically results in a lack of
LAN effect, but rather a less consistent early response across trials and across participants.
Figure 5 shows that, although the ERP grand average does not exactly reflect what happens at
the individual level (Tanner, Inoue, & Osterhout, 2014; Tanner, Mclaughlin, Herschensohn, &
Osterhout, 2013), part of the individual variability is explained by linguistic habits. Based on
this, we can conclude that the more the participants used Spanish on a daily basis, the more
likely it was to observe a LAN effect in response to the opaque nouns®. We interpret this trend as
reflecting the fact that lexical representation of gender is more likely to be unstable in the
Basque-dominant group compared to the Spanish-dominant one.

In addition, it should be noted that the higher variability in the LAN results could also be
related to a stronger cross-linguistic transfer in the case of Basque-dominant bilinguals. In
contrast to Spanish, Basque is an agglutinative language, where words are formed by joining
affixes to the stem. Each affix is a morpheme, which has one function (e.g., expressing the
grammatical feature of number, Hualde & de Urbina, 2003) and cannot be changed or influenced
by other affixes. This results in a one-to-one correspondence between a specific formal cue and a
function (with few exceptions, Jacobsen, 1972). In the case of Basque, the parser can easily
extract each grammatical feature based on sub-lexical cues at the word-form level (Hualde & de
Urbina, 2003). Basque-dominant bilinguals frequently have to rely on form-function
correspondences in order to retrieve grammatical features. These bilinguals could have
transferred their Basque syntactic routines to Spanish (MacWhinney, 2005, 2012),

overestimating any available formal cues that can potentially lead to a grammatical feature (e.g.,
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gender). The transfer of those syntactic preferences that were widely employed in the dominant
language could contribute to explaining why Basque-dominant bilinguals showed a different
pattern of results for transparent (where they can retrieve gender based on formal cues) and
opaque Spanish nouns (where it is not possible to take advantage of any form-function mapping,

Caffarra, Zimnukhova, & Mancini, 2016).

The ERP results from the Basque and Spanish-dominant groups suggest that language
dominance plays a role in determining the weight of the lexical and the form-based route in
agreement computation: early learners of Spanish who are used to speaking Spanish on a daily
basis might rely on a fully-entrenched lexical representation of Spanish gender, with no need to
compute gender based on formal cues (similarly to the case of Spanish monolinguals). Early
learners of Basque who used Basque on a daily basis, however, would have a less stable
representation of Spanish gender and would rely on any available formal cues during agreement
computation (e.g., noun ending, determiner).

This interpretation is in line with previous behavioural results showing asymmetric
performances between transparent and opaque nouns in highly proficient bilinguals (Bordag et
al., 2006; Caffarra et al. 2016). The present pattern of results further suggests that this different
sensitivity is not due to the simple presence of a second gender-free language, but mainly
depends on language dominance, and more specifically on language use.

Results from a multiple regression analysis performed on the LAN effect size showed
that the stronger predictor of reduction of the LAN effect with opaque nouns was the self-
reported amount of Spanish speech produced on a daily basis. This result seems to be at odds

with previous studies suggesting that left negativities modulation is mainly related to factors of
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A0A (Weber-Fox & Neville, 1996) and proficiency level (Rossi, Gugler, Friederici, & Hahne,
2006; Steinhauer, White, & Drury 2009). However, it should be noted that most previous
research investigating the role of influential factors on second language processing have
examined the case of late learners (for an overview see Caffarra, Molinaro, Davidson, &
Carreiras, 2015). Here, we considered the case of early bilinguals who were born in the Basque
country and were exposed to Spanish and Basque since birth. All the ERP studies so far
conducted on early bilingual syntactic processing have focused on a direct comparison between
monolingual and early bilingual parsing (see Grosjean, 1989 for a critical analysis of this
approach). To our knowledge, this is the first ERP study that considers different groups of early
bilinguals, trying to shed new light on what factors can influence the time course of their
syntactic analysis. On the basis of the present results, linguistic dominance, and more specifically
language use, seems to be an influential factor in the way people treat distributional information
in sentence reading. Additional studies on early bilinguals are needed in order to better define the
role of other factors (e.g., AoA, proficiency) and to generalize the present result to other

language pairs.

Conclusions

The present ERP study investigated whether the role of formal gender cues during
agreement computation can change, depending on the presence or the dominance of a second
language. Spanish-dominant bilinguals (similarly to Spanish monolinguals) have a stable lexical
representation of gender, and distributional cues to gender do not play a differential role in

agreement computation. However, when bilinguals are used to speaking a gender-free
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agglutinative language (i.e., Basque) the lexical representation of gender is less stable and formal

cues are more influential in agreement processing.
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Notes

1. No significant ERP effects involving the experimental factors were found before 350 ms (all
ps >.05).

2. No significant ERP effects involving the experimental factors were found before 350 ms (all
ps >.05).

3. Additional analyses using two topographic factors (Longitude, anterior: F3, F7, FC5, F4, F8, C6,
Fpl, Fp2, Fz, central: C3, T7, CP5, FC1, FC2, Cz, C4, T8, CP6, posterior: P3, P7, O1, CP1, CP2, Pz,
P4, P8, O2; and Latitude, right: F4, F8, FC6, C4, T8, CP6, P4, P8, 02, medial: Fp1, Fp2, Fz, FC1,
FC2, Cz, CP1, CP2, Pz, left: F3, F7, FC5, C3, T7, CP5, P3, P7, O1) also showed a similar pattern
of results.

4. The same multiple regression performed on the LAN effect size for agreement violations
with transparent nouns did not lead to any large effects (all ps>.05; intercept: -1.10, SE: .24).
Also, no significant effects were found in the P600 time windows (500-700: all ps>.05;
intercept: 2.23, SE: .26; 700-900: all ps>.05; intercept: 3.24, SE: .30).

5. This strategy could explain why Basque-dominant bilinguals were slightly slower than
Spanish-dominant bilinguals at the gender decision task.

6. The lack of a clear-cut distinction between the two bilingual groups can probably account for
the lack of significant interactions between Group, Agreement and Transparency in the

overall ANOVA.
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Table 1. Summary of the characteristics of Basque-dominant participants (mean values and SD
are reported for each language and measure). AoE (age of exposure): age at which a specific
language was available in the surrounding environment (Basque country). AoA (age of
acquisition): age at which people started to speak the language. Proficiency was rated by a
trained native speaker, by means of a semi-structured interview and a picture naming test.
Participants were required to estimate how much they were used to speaking and listening to a

specific language on a daily basis.

Spanish Basque
Starting point | AoE (years) Birth Birth
AO0A (years) 4.79 (2.60) Birth
Proficiency Interview (tot: 5) 4.88 (0.34) 5(0)
Naming test (tot: 77) 75.92 (1.61) 75.33 (2.32)
Daily use Language production (%) | 31.04 (15.11) 62.50 (16.35)
Language exposure (%) 35.83 (16.40) 55.42 (18.41)
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Table 2. Lexical features of the target nouns and statistical comparisons.

Opaque Transparent Comparisons
Mean (SD) Range Mean (SD) Range t p
N© letters 5.4 (1.0) 4.0-8.0 5.4 (1.0) 4.0-8.0 0 1
AOA (years) 2.1(0.5) 1.0-3.0 2.4 (0.6) 2.0-4.0 14 89
Log Frequency 1.4 (0.6) 0.1-2.6 1.4 (0.5) 0.3-2.9 .04 97
Familiarity 5.7 (0.9) 2.6-6.9 5.7 (0.8) 3.1-6.9 63 53
Imageability 5.0 (1.3) 1.9-6.7 5.2 (1.1) 2.0-6.6 1.08 .28
Concreteness 51(1.1) 2.5-6.8 5.0 (1.0) 2.4-6.7 24 81
n n b p
N° cognates 50 40 1.78 18
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Table 3. Examples of experimental sentences for each condition.

Transparent nouns

Agreement El zapato le quedaba estrecho. Theym shoey was tight for him/her.

Disagreement La zapato le quedaba estrecho. Ther shoeyn was tight for him/her.

Opague nouns

Agreement El bosque esté lleno de gente. They foresty is full of people.

Disagreement La bosque esta lleno de gente. Ther foresty is full of people.
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Table 4. Behavioural results of the gender decision task for Basque-dominant bilinguals. Mean
RTs and percentage of correct responses are provided for transparent and opaque nouns.

Standard deviations are given in parentheses.

Accuracy (%) RTs (ms)
Transparent nouns 98 (2) 776 (147)
Opagque nouns 93 (3) 817 (134)
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Table 5. Summary of the characteristics of Spanish-dominant participants (mean values and SD

are reported for each language and measure). AoE (age of exposure): age at which a specific

language was available in the surrounding environment (Basque country). AoA (age of

acquisition): age at which people started to acquire the language. Proficiency was rated by a

trained native speaker, by means of a semi-structured interview and a picture naming test.

Participants were required to estimate how much they were used to speaking and listening to a

specific language.

Spanish Basque
Starting point | AoE (years) Birth Birth
AO0A (years) Birth 3.75 (1.40)
Proficiency Interview (tot: 5) 5(0) 4.54 (0.51)
Naming test (tot: 77) 76.42 (1.25) 66.92 (4.65)
Daily use Language production (%) | 65.21 (8.91) 25.00 (9.67)
Language exposure (%) 59.58 (11.22) 30.00 (11.80)
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Table 6. Behavioural results of the gender decision task for Spanish-dominant bilinguals. Mean
RTs and percentage of correct responses are provided for transparent and opaque nouns.

Standard deviations are given in parentheses.

Accuracy (%) RTs (ms)
Transparent nouns 98 (2) 696 (110)
Opague nouns 95 (3) 732 (105)
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Figure 1. ERP grand average waveforms for Basque-dominant bilinguals. Negativity is plotted

upwards.
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Figure 2. Topographic maps of the agreement effect for Basque-dominant bilinguals. These were

computed from the subtraction between the disagreement and the agreement conditions.
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Figure 3. ERP grand average waveforms for Spanish-dominant bilinguals. Negativity is plotted

upwards.
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Figure 4. Topographic maps of the agreement effect for Spanish-dominant bilinguals. These

were computed from the subtraction between the disagreement and the agreement conditions.
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Figure 5. The impact of Spanish usage on the LAN effect size. The x-axis shows the self-
reported measures of Spanish production while the y-axis shows the magnitude of the LAN

effect in response to agreement violations with opaque nouns.
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