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Abstract

Language comprehension is largely supported by predictive mechanisms that account
for the ease and speed with which communication unfolds. Both native and proficient
non-native speakers can efficiently handle contextual cues to generate reliable
linguistic expectations. However, the link between the variability of the linguistic
background of the speaker and the hierarchical format of the representations predicted
is still not clear. We here investigate whether native language exposure to
typologically highly diverse languages (Spanish and Basque) affects the way early
balanced bilingual speakers carry out language predictions. During Spanish sentence
comprehension, participants developed predictions of words the form of which (noun
ending) could be either diagnostic of grammatical gender values (transparent) or
totally ambiguous (opaque). We measured electrophysiological prediction effects
time-locked both to the target word and to its determiner, with the former being
expected or unexpected. Event-related (N200-N400) and oscillatory activity in the
low beta-band (15-17 Hz) frequency channel showed that both Spanish and Basque
natives optimally carry out lexical predictions independently of word transparency.
Crucially, in contrast to Spanish natives, Basque natives displayed visual word form
predictions for transparent words, in consistency with the relevance that noun endings
(post-nominal suffixes) play in their native language. We conclude that early
language exposure largely shapes prediction mechanisms, so that bilinguals reading in
their second language rely on the distributional regularities that are highly relevant in
their first language. More importantly, we show that individual linguistic experience

hierarchically modulates the format of the predicted representation.



1. Introduction

The neural system strongly relies on feedback-recurrent neural projections to interact
with evidence from the environment (Arnal et al., 2015; Bastos et al., 2015;
Michalareas et al., 2016). This supports the idea that much of our brain activity
focuses on the prediction of upcoming sensory information rather than its passive
integration, and that the system mainly encodes only the unpredicted portion of the
sensory signal (Bar, 2007; Clark, 2013; Friston, 2005). Predictive processes thus are a
valuable resource contributing to the ease and speed with which language
comprehension incrementally builds upon contextual information and internal
knowledge (Federmeier, 2007; Levy, 2008; Pickering & Garrod, 2013). Some authors
consider prediction so fundamental that it has been suggested that learning to speak in
infants arises directly from learning to predict (Mani & Huettig, 2012). Even so, the
role of internal linguistic knowledge and more specifically of early language exposure
in modulating prediction across different speakers has not been adequately studied. In
the present study we focus on this topic, evaluating how multilingual experience (and
more specifically native language knowledge) affects language prediction (e.g.,
Chang et al., 2006).

Research on language prediction in bilinguals has provided clear evidence that
low proficiency second language (L2) speakers who cannot rely on life-long
experience consequently have not developed robust prediction processes, as native
(L1) speakers do (for a review, Kaan, 2014). Factors such as reduced proficiency and
reduced experience make language prediction in L2 “weaker” than in L1.
Nonetheless, if proficiency levels are balanced, prediction in L2 should be similar to
prediction in L1 (e.g., Hopp, 2013). In the present study we test this hypothesis,
focusing on the prediction abilities of balanced Basque-Spanish speakers who have
been primarily exposed (before age of 3) to one of the two languages, but are fluently
proficient in both. Focusing on these populations, we study how the language
background provided by the early language exposure affects language prediction. We
show that when L2 proficiency is high, prediction in L2 is not necessarily equivalent
to prediction in L1, since it is sensitive to the typological characteristics of the native
language of each speaker. This can trigger anticipations of even more specific

linguistic representations for non-native compared to native speakers.

1.1. Bilingual prediction



There are multiple factors which affect prediction in a second language (Kaan,
2014). The role of proficiency has been highlighted in a series of studies employing
the visual word eye-tracking paradigm (see Altman & Kamide, 1999, for evidence of
prediction in natives). Mitsugi and MacWhinney (2015) reported that non-native
Japanese learners did not show predictive saccades during speech listening, as native
speakers do. On the other hand, Hopp (2013) reported that English learners of
German show such predictive looks if they are proficient enough in German.
Complementary evidence comes from the ERP (Event-Related Potentials) sentence
comprehension literature. In a recent study, Martin et al. (2013) studied language
prediction in L2 similarly to DeLong et al. (2005) who provided evidence of
prediction in natives. In the former study, while reading sentences such as The day
was breezy so the boy went outside to fly... L2 late English speakers did not show a
lexical prediction effect (i.e., a modulation of the N400 ERP component, assumed to
reflect lexical/semantic processing) for determiners (a) that match a following highly
expected noun (kite) compared to determiners introducing a low expected noun (an
introducing airplane).

While proficiency appears to be a critical factor modulating prediction,
interaction of the predicted representations with the ones available in the native
language has also been shown to be relevant. Foucart et al. (2014) observed that both
early Spanish-Catalan and late French-Spanish bilinguals showed prediction effects
during sentence reading, as did Spanish monolinguals (see Wicha et al., 2004, for
evidence of prediction in natives). The authors recorded ERPs time-locked to a
gender-marked determiner preceding a highly expected noun in sentences such as E/
pirata tenia el mapa pero no encontro... (“The pirate had a map but did not find...”).
The following determiner could either gender-match with the predicted Spanish noun
(such as the grammatically masculine determiner e/ preceding tesoro — “the
treasure”), or it could gender-mismatch with the predicted noun (the feminine /a,
introducing a non-anomalous noun such as gruta — “cave”). This study thus highlights
that L1-L2 similarity (both French and Catalan have grammatical gender, as does
Spanish) boost language prediction, independently of language proficiency (early or
late L2 speaker).

Individual differences (Dussias & Pinar, 2010; Kaan, 2014) and task-related
processing strategies (Ferreira et al., 2013; see also Clahsen & Felser, 2006) are

additional elements shown to modulate language prediction. An important point



raised by Kaan (2014) is that differences in prediction between native and second
language speakers are mainly due to the same factors that account for individual
differences in natives. We here provide a step further in the research on bilingual
prediction. Until now, most studies have focused on the presence/absence of
prediction effects in late/low proficiency bilinguals. We here accept Kaan’s position,
that prediction is possible in L2 providing proficiency levels are high enough. One
unsolved issue in such a scenario, however, is what kind of prediction bilinguals
develop: Is prediction fully tuned to the properties of the L2 or can we find traces of
influence from the native language? In other words, is prediction mainly a question of
proficiency, or is there any influence of the language background even in highly
proficient early L2 readers?

Studies on highly proficient bilinguals so far have not answered this question.
In Foucart et al. (2014) there was no reason for Catalan-Spanish bilinguals to show
differences from the native Spanish speakers, since Catalan and Spanish are
typologically highly similar and share an overlapping gender system. Hopp (2013) did
report similar prediction effects for English-German bilinguals and German natives,
but that experimental paradigm was not designed to highlight differences of
prediction in the two groups. Here, we focus on balanced Basque-Spanish bilinguals
who are Basque natives (compared to Spanish-Basque bilinguals), since the large
typological difference between the two languages could affect the way prediction
processes are at work in the two groups while they process Spanish sentences.

This study on prediction in bilinguals can inform research on language
prediction, since it focuses on the link between the language background of a speaker
and the way prediction abilities develop during comprehension. In addition, based on
the observation that prediction has considerable advantages for learning (Rescorla &
Wagner, 1972; Schultz et al., 1997; see also Kuperberg & Jaeger, 2016), it is relevant
for language learning research to evaluate how multilingual experience modulates

language prediction.

1.2. The present study

In the present study, Basque (L1)-Spanish (L2) and Spanish (L1)-Basque (L2)
very early bilinguals read Spanish sentences word by word for comprehension. We
tested participants who were highly proficient in Spanish but were primarily exposed

either to Spanish or to Basque before the age of 3. We avoided the comparison



between monolinguals and bilinguals since this latter group has a huge amount of
competing linguistic information (another language) that can alter the prediction
processing dynamics as compared to monolinguals. The present design, comparison
between two groups of early balanced bilinguals, resolves this confound.

The interaction between Spanish and Basque was considered as highly
informative to address our research question. Spanish and Basque are two rich-
morphology languages that are, however, typologically very different on a large
number of dimensions (mainly lexical and syntactic). A relevant difference is the way
in which these two languages instantiate the relation between content and function
words. As an example, determiners (articles, quantifiers and prepositions) precede
their nouns in Spanish (la mesa, “the table”), while in Basque these function words
are consistently implemented as post-nominal bound suffixes (mahai-a, “the table”;
de Rijk & de Coene, 2008; for corpus evidence, Gervain et al., 2013). These
functional elements are relevant, since they are prominent cues for speech
segmentation and signal syntactic boundaries within a sentence. This difference
makes Basque speakers focus more on the morphological structure of nouns, given
their syntactic diagnosticity, and more specifically on noun endings (both infants,
Molnar et al., 2014, and adults, Gervain et al., 2013).

Based on this typological distinction, the present study capitalized on bilingual
sensitivity to the “unsystematic” distributional properties of grammatical gender, a
feature that is present in Spanish but not in Basque. In Spanish inanimate nouns,
grammatical gender is an arbitrary feature (either masculine or feminine) that is
uniquely assigned to individual lexical items. This feature is informative of structural
relations such as the one between a determiner and its head noun (see Foucart et al.,
2014, study described above) and it has been used to study lexical prediction during
sentence processing (Wicha et al., 2004). Intriguingly, noun ending information in
Spanish is diagnostic of grammatical gender in only two thirds of cases (—a for
feminine and —o for masculine nouns: cue availability, Harris, 1991). However, since
there are plenty of irregularities (~1/3 of the nouns are gender opaque —i.e., flor,
“flower”, is feminine - or gender irregular - i.e., mano, “hand”, is feminine), it has
been suggested that proficient Spanish speakers do not rely on formal cues (i.e., the —
a/-o noun ending alternation) to compute agreement dependencies involving

grammatical gender, but rely on lexical cues (i.e., the gender value that is lexically



associated to each individual noun; Caffarra et al., 2014, 2015; Molinaro et al., 2013a;
see Gollan & Frost, 2001, for a dual route proposal).

The present study tested the prediction of gender-transparent (e.g., mes-a,
“table”, feminine noun) and gender-opaque nouns (e.g., flor, “flower”, feminine) by
focusing on the processing of the preceding article in Spanish. The preceding article
did not differ in the two cases (e.g., /a, “the”, feminine) so that possible differences
between the two conditions would mainly be due to the prediction of the following
noun.

Based on previous studies, balanced Basque (L.1)-Spanish (L2) and Spanish
(L1)-Basque (L2) bilinguals should show prediction effects, independently of their
initial language exposure, since both groups tested are highly proficient in Spanish
and, more specifically, in grammatical gender processing in Spanish (see Methods
section). This hypothesis is supported by available studies that report similar
prediction effects for highly proficient bilinguals and native speakers (Foucart et al.,
2014; Hopp, 2013) and proposals stating that prediction in L2 for highly proficient
speakers should be similar to L1 (Kaan, 2014).

Crucially, the Basque language does not have grammatical gender and its
morphological regularities (specifically, post-nominal suffixes) are highly diagnostic
of the underlying linguistic structure (Laka, 1996; Rijk & de Coene, 2008). Spanish
grammatical gender (with its large amount of irregularities, ~1/3) provides an
interesting test case to evaluate whether the native knowledge of Basque differentially
affects the specificity of the predicted representation for transparent and opaque
words. It is possible that Basque natives show more sensitivity to transparent gender
cues (noun endings) compared to Spanish natives, since the distribution of nominal
terminations is statistically relevant in their native language.

In the present experiment we did not expect prediction differences between
transparent and opaque words for Spanish natives. Since they extract grammatical
gender information from lexical representations independently of the transparency of
the noun, they were expected to develop similar lexical predictions in the two cases.
For Basque natives it could be hypothesized that prediction effects would also be
similar for transparent and opaque words. Overall, the effects could be weaker as
compared to Spanish natives, since their first language does not have grammatical
gender (differently from the study by Foucart et al., 2014, in which prediction effects
emerged independently of L2 proficiency, but where L1 and L2 were typologically



very similar). Since the level of proficiency in Spanish was controlled across groups,
this evidence would support the hypothesis that Basque natives predict in the same
way as Spanish natives: they mainly rely on the lexical gender of the target nouns (for
morphosyntactic integration effects see Caffarra et al., 2014, 2015). This scenario
would support the claim that prediction is independently tuned to the distributional
properties of each known language. On the contrary, however, Basque natives could
show differences in the prediction of transparent and opaque words. It is possible that
Basque natives rely more on word form properties (noun endings) in predicting
gender-transparent words. They would thus predict to a larger extent in the case of
transparent words compared to opaque words (but still show prediction effects for
both gender categories). This would support the hypothesis that the native language
properties interact with prediction in L2 even for highly proficient bilingual speakers.

We measured prediction taking advantage of electrophysiology (EEG), since
this provides the necessary high-temporal resolution to detect pre-target noun effects
time-locked to the preceding determiner. Similar to previous studies (discussed
above) we recorded the ERPs time-locked to the target expected determiner as
compared to an unexpected determiner (with opposite gender) that introduced a non-
anomalous unexpected noun (En el mapa que tenian los piratas la cruz indicaba
donde estaba el tesoro secreto/la perla magica, “In the map that the pirates had, the
cross indicated where the secret treasure/the magic pearl was.”). In line with previous
studies, we expected a larger N400 effect for determiners whose gender does not
agree with the value of the expected target noun (but see Molinaro et al., 2008, for an
alternative functional interpretation of this effect). Also, we explored ERPs on the
critical noun (expected vs. unexpected) to explore the consequences of prediction (or
absence of prediction, or deceived prediction) on word integration (Molinaro et al.,
2010; in L2 literature see Martin et al., 2013).

In addition to previous studies, we also estimated the oscillatory activity time-
locked to the target determiner. Differently from ERPs, time-frequency estimation
provides complementary evidence about neural activity that is not phase-locked to a
target event but presents a relative amount of jittering (variability in its time-course
across trials). Even more important, from a theoretical point of view, there is
mounting evidence that oscillatory activity in the beta band (13—30 Hz) plays a
relevant role in predictive processing. Wang (2010) initially proposed that

feedforward visual processing is mediated by feedback-recurrent connection sending



top-down information through a beta-band channel. Bastos et al. (2015; Michalareas
et al., 2016, for MEG evidence from humans) analyzed the oscillatory dynamics of
the primate visual system employing electrocorticography recordings from grids
implanted throughout the whole visual system of monkeys. They reported that the
beta band activity was associated with feedback influences from higher processing
regions to primary visual regions during pre-stimulus visual processing. Similar
proposals have been advanced even in the sentence comprehension domain (Lewis &
Bastiaansen, 2015; Molinaro et al., 2016). Consequently, we considered it relevant to
estimate the beta band components time-locked to the target (unexpected vs.
expected) determiner to quantify the strength of the prediction in our experimental
design across groups. Evidence of beta-band modulations in our reading design would
indicate that more detailed predictions are at work for a specific group/condition
(possibly at the visual word form level, based on the timing of the effects).

To sum up, in the present sentence-reading study we estimated prediction of
gender marked nouns whose ending was gender informative (transparent nouns) or
not (opaque nouns). Prediction effects were recorded time-locked to the previous
gender-marker determiner that could be either gender-consistent or not with the
expected noun. Balanced Basque-Spanish bilinguals who were either Basque or
Spanish natives took part in the study, our aim being to evaluate how the native
language background affects prediction. Similar prediction effects across differently
transparent items and groups of balanced bilinguals would provide evidence for the
hypothesis that prediction in a second language is just a matter of proficiency;
differential prediction effects, depending on transparency, for the two groups of
bilinguals would support the hypothesis that prediction is tuned to the distributional
regularities of the native language even in fluently proficient second language

speakers.

2. Materials and methods

2.1. Participants

Forty-eight early bilingual speakers took part in the experiment. They were divided in
two groups. Twenty-four native speakers of Basque (14 females; age range 18—35,
mean: 25, SD: 5.10; Age of acquisition of Spanish: 3.75 y, SD: 1.36) formed the first
group. They were first exposed to Spanish after the age of 3 and interacted in Basque

with both parents. Twenty-four native speakers of Spanish (19 females) formed the



second group (age range: 19—41, mean: 24, SD: 4.54; Age of acquisition of Basque:

4.04 y, SD: 1.57); they started to learn Basque after the age of 3 and interacted in

Spanish with both parents. Participants received a payment of 10€ per hour for their

collaboration. All subjects were right handed and their vision was normal or corrected

to normal. All participants signed an informed consent form before taking part in the

study that was approved by the BCBL ethics committee.

Measure Spanish natives (N=24) | Basque natives (N=24)
Self-evaluation Span 9.79 (0.41) 9.50 (0.97) n.s.
(0-10) Basq 8.67 (0.96) 9.67 (0.56) p<0.01
LexTALE Span. (0-60) | 55.08 (3.21) 54.47 (3.95) n.s.
Basq. (0-50) | 38.03 (4.54) 45.00 (3.40) p<0.05
Picture naming  Span. 64.67 (0.70) 64.17 (1.09) n.s.
(0-65) Basq. 54.92 (3.27) 64.54 (0.78) p<0.05
Interview Span. 4.73 (0.38) 4.70 (0.46) n.s.
(0-5) Basq. 4.64 (0.60) 4.85 (0.28) n.s.

Table 1: General proficiency assessment of the participants in the two groups.

2.1.1. General proficiency assessment. In order to participate in the
experiment, all participants went through a proficiency evaluation in Spanish and
Basque (results in Table 1). On a self-rating of their comprehension levels (10-points
scale: 0, unintelligible; 10, native-like) they rated themselves very high in both.
Importantly, an analyses of variance considering the factors Language (Basque vs.
Spanish language) and Group (Basque vs. Spanish natives) revealed a robust
interaction [F(1,46) = 14.10, p < 0.001, 1’ = 0.23]: For Spanish comprehension there
was no difference between groups, while there was a difference for Basque
comprehension. We then tested the vocabulary size of our participants in a lexical
decision task (no time constraint) in Spanish and Basque (for details of the Spanish
version: LexTALE, Izura et al., 2014; Lemhofer & Broersma, 2012). Both groups
showed native-range scores for Spanish, and high proficiency scores for Basque. The

interaction between Language and Group [F(1,46) = 14.34, p <0.001, nZG =0.29]
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was due to the fact that we observed no difference in Spanish level but difference in
Basque level (see Table 1). Finally, participants had to name a set of pictures of
increasing difficulty in Spanish and Basque. Also for this task an interaction between
Language and Group emerged [F(1,46) =20.92, p < 0.001, 1°c = 0.31]: Participants
had native-like scores in Spanish; in Basque they also had very high scores that
differed between groups. After the proficiency test, all participants were rated (based
on an interview on a 0-to-5 point scale) as fluently proficient in both languages by the
experimenters (who were balanced bilinguals). No participant had a score below 4 in
either Basque or Spanish, and there was no group difference. Overall, there was no
group difference in the general proficiency assessment of Spanish. It should be noted
that all the participants also knew English as a third language. This additional
language is not relevant in the present design, since participants were largely more
proficient in the other two languages. Their proficiency in English did not differ
between groups; proficiency was overall rated as good (LexTALE, score 0—40: 23.53,
SD: 5.05; picture naming: 46.06, SD: 8.03; final interview: 3.29, SD: 1.31), but still

lower than Spanish and Basque.

2.1.2. Grammatical gender proficiency assessment. After the EEG
experimental session, we further tested individual proficiency in processing the
grammatical gender of the target Spanish nouns employed in the sentence
comprehension task. In two complementary tasks we recorded accuracy and response
times (reported in Figure 1). In a gender decision task the participants had to identify
the gender of the target items as soon and as correctly as possible. Participants were
visually presented with isolated words (120 transparent and 120 opaque; same words
used in the EEG experiment). Response hand was counterbalanced across
participants. They had to press left (or right) for feminine words and right (or left) for
masculine words. We analysed the data with a two-way ANOVA considering the
within factor Transparency (transparent, opaque) and the between factor Group
(Spanish and Basque natives). Both accuracy [F(1,46) = 12.83, p < 0.001, n°c = 0.08]
and response times [F(1,46) = 13.46, p < 0.001, °c = 0.08] showed a main effect of
transparency. In both groups opaque words were more difficult than transparent

words, but there was no interaction involving Group (Figure 1).
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Since we studied language prediction focusing on a determiner-noun gender
agreement relation, we also evaluated gender agreement in a grammaticality
judgement task. Participants were presented with 240 determiner-noun phrases (60
opaque-congruent; 60 opaque-incongruent; 60 transparent-congruent; 60 transparent-
incongruent; same words used in the EEG experiment). They had to decide if the
determiner-noun phrase was grammatically correct or not by pressing the left or right
key of the keyboard (counterbalanced across participants). A two-way ANOVA
(Transparency and Group) showed no significant effects in the accuracy. Response
times were slower for the opaque items as showed by the main Transparency effect
[F(1,46)=5.9, p <0.05, n°c = 0.01]. In addition, a Group effect emerged [F(1,46) =
4.41, p<0.05, n°c = 0.09], indicating that Basque natives were slower in their

judgements (Figure 1). The two factors did not interact.

Gender decision Grammaticality judgement
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Figure 1: Behavioural results of the grammatical gender proficiency assessment. We here report both the accuracy
(proportion of correct responses) and the response times (in ms) for the Gender Decision and the Grammaticality

Judgement task in the two experimental groups. Asterisks and horizontal lines indicate the statistically significant
differences.

Overall, these two tasks indicate that both groups handle grammatical gender
similarly, being sensitive to the transparency factor. A main effect of group was
observed in the grammaticality task (but not in the accuracy) indicating that Spanish
grammar was more complex for Basque natives. However, the lack of interaction with
Transparency (that showed reliable effects in all tasks) does not suggest differential

processing of the two types of gender at the syntactic level between the two groups.
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2.2. Materials

Two lists of NPs were created. In the first one, 120 transparent nouns were selected,
where 60 were masculine and 60 were feminine, with the masculine nouns ending in
“~0”, and the feminine nouns ending in “—a”. The second list had 120 opaque nouns
that could have different endings. Here also, half of the nouns were masculine and
half were feminine, but the word ending was not informative of the gender value. All
nouns referred to inanimate entities. It can be noticed that the equal proportion of
gender transparent/opaque items in the present design does not mirror the real
distribution of these items in Spanish (majority of transparent items). However,
Gollan & Frost (2001; Experiment 1A, 1B) showed that transparency effects emerge
independently of the proportion of gender transparent/opaque items in the
experimental materials.

An article (“el”, “la”, the; “un”, “una”, a) preceded the nouns in both lists.
These NPs were employed to construct the sentence stimuli. A hundred and twenty
sentence contexts were highly constraining towards a NP (expected condition). The
unexpected condition was created substituting the target noun phrase with a different
one of opposite gender (but same transparency), resulting in a total of 240
experimental sentences. All the sentences were semantically correct and the target
nouns were never in sentence final position. Across sentences the target word
(determiner) was on average in position 13.22.

The mean cloze probability of expected and unexpected words was assessed
by Basque-Spanish bilinguals (N= 20) who did not take part in the experiment. They
had to read sentence contexts and continued them with the very first continuation that
came up to their mind. The sentences stopped before the article that should have
preceded the word, so that participants were free to use or not the article before the
noun. The mean cloze probability for expected nouns and for expected whole NPs
was respectively 0.87 (SD: 0.08), and 0.84 (SD: 0.10); the mean cloze probability for
unexpected words and unexpected NPs was 0.02 (SD: 0.03), and 0. No cloze-
probability differences were observed between sentences preceding opaque and
transparent items (all p > 0.4).

The 240 sentences were divided in two lists. Each list had 120 sentence
contexts followed by 30 transparent expected NPs, 30 transparent unexpected NPs, 30
opaque expected NPs, and 30 opaque unexpected NPs. Each sentence context, as well

as each NP, could appear only once in each list in order to avoid repeated
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presentations, but each sentence context appeared in both lists. We balanced the target
words across conditions and lists employing independent ANOV As (two-way:
Expectedness by Transparency). Within each list the target words were balanced (all p
> (.2; based on EsPal, Duchon et al., 2013) for grammatical gender, word frequency
(log-values: Listl: 1.52, SD: 0.56; List 2: 1.52, SD: 0.59), number of letters (List1:
6.09, SD: 1.91; List 2: 5.93, SD: 1.89) and number of neighbors (Listl: 6.71, SD:
7.27; List 2: 7.17, SD: 7.55), average position of the determiner (13.22 in both Lists).
No differences emerged between lists. Examples of sentences used as experimental

material, with the expected vs. the unexpected NP, are reported below:

Transparent item example:

Expec. Acabo de salir de casa y no recuerdo si | he | cerrado | lajpem, | puert-aggwm | cuando | me | he | ido.
Unexp. Acabo de salir de casa y no recuerdo si | he | cerrado | elpmas) | armari-omas; | cuando | me | he | ido.
[1 just left home and I don’t remember if I closed thepe\ doorirem (Expec.) / thepas) closetpvas) (Unexp.)
when I left]

Opaque item example:

Expec. Prefiero que el te esté muy dulce, | puedes | pasarme | eljmas | azicarmas | por | favor?
Unexp. Prefiero que el te esté muy dulce, | puedes | pasarme | layey | miel e, | por | favor?

[1 prefer the tea very sweet, could you please pass me thepuas) sugarvas) (Expec.) / thepem; honeyirpm;
(Unexp.)?]

2.3. Procedure

The EEG experiment was run in a soundproof electrically shielded chamber.
Participants were seated in a chair about sixty centimeters in front of a computer
screen. Stimuli were delivered with the Presentation software
(https://www.neurobs.com/). Participants read sentences displayed in white letters on
a grey background. We divided the sentences in two parts, so that the second part was
equally long across conditions (6 to 8 words). The target determiner was in variable
sentence positions in the second part of the sentence. After a fixation cross (500 ms),
the first part of the sentence was presented as a whole on the screen (average length:
8.2 words, no difference between conditions) for participants to read. After button
press, the second part of the sentence was presented word by word (200 ms + 500 ms
inter-stimulus blank interval) until the end. In order to make sure that participants
were paying attention to the sentence content, a yes-no comprehension question

followed one fourth of the trials: they could answer using the corresponding yes-no
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buttons on the computer keyboard; response hand was counterbalanced across
participants and lists. A brief practice session included three sentences and the relative
yes-no questions. Participants were asked to stay still and to try to reduce blinking and
eyes movement to a minimum, especially during the word-by-word presentations.
Stimuli were presented in three blocks of 40 sentences, with a small break between

the blocks. Overall, the experiment lasted one hour and 40 minutes on average.

2.4. EEG recording

Electrophysiological activity was recorded from 27 tin electrodes (Fp1/2, F7/8, F3/4,
FC5/6, FC1/2, T7/8, C3/4, CP1/2, CP5/6, P3/4, P7/8, O1/2, F/C/Pz) arranged in an
elastic cap (Easycap) according to the extended 10—20 international system.
Additional electrodes were placed over the left (on-line reference) and right mastoids.
A forehead electrode served as the ground. In addition, four electrodes were placed
around the eyes (VEOL, VEOR, HEOL, HEOR) in order to detect blinks and eye
movements. Data were amplified (Brain Amp DC) with a bandwidth of 0.01-100 Hz,
at a sampling rate of 250 Hz. The impedance of the scalp electrodes was kept below 5
kQ, while the eye electrodes impedance was below 10 kQ.

Further data analyses were pursued using Matlab toolboxes (Fieldtrip, Oostenveld et
al., 2011; http://www fieldtriptoolbox.org/) and R (R Core Team, 2015;
https://www.r-project.org/). Collected recordings were off-line re-referenced to the
average activity of the two mastoids. Raw data were visually inspected and artifacts
such as muscular activity and ocular artifacts marked for subsequent rejection. Epochs
of interest were computed from —0.3 sec to 2 sec with respect to the determiner onset.
Two participants were excluded (and replaced) because more than 20% of the epochs
were rejected. On average 5.50 % of epochs were considered artifacts. No difference

between conditions and groups emerged in terms of artifact rejection.

2.5. ERP data analysis

After baseline correction (—0.3 to 0 sec) epochs were averaged independently for each
condition and subject. We initially focused on a reduced time interval (—0.3 to 1 sec)
to select time windows of interest for the analysis of the prediction effects time-
locked to the determiner. To this aim we ran for each electrode a point-by-point
ANOVA in R considering three factors: Prediction (expected, unexpected),

Transparency (transparent, opaque) and Group (Spanish natives, Basque natives).

15



Type-1 error was controlled applying the Guthrie & Buchwald (1991) correction: p-
values were plotted if they extended consecutively over a period of at least 48 ms (see
Janssen et al., 2015). We specifically focused on the main effect and interactions
involving the Prediction factor.

Significant interactions were resolved focusing on the average ERP activity
across nine groups of electrodes (Left Anterior: F3, F7, FC1; Medial Anterior: Fpl,
Fp2, Fz; Right Anterior: F4, F8, FC2; Left Central: T7, FC5, CP5; Medial Central:
C3, Cz, C4; Right Central: T8, FC6, CP6; Left Posterior: CP1, P7, O1; Medial
Posterior: P3, Pz, P4; Right Posterior: CP2, P8, O2) in the time interval of interest.
We ran an ANOVA (Greenhouse-Geisser corrected) with the experimental factors of
interest and two additional factors reflecting the electrodes’ topographical
distribution: Longitude (Anterior, Central, Posterior) and Laterality (Left, Medial,
Right). The factors Prediction, Transparency and the topographic factors were nested
under Group. Post-hoc analysis mainly focused on the Prediction effects employing
FDR corrected t-tests.

Further analyses were pursued on the longer time-window (—0.3 to 2 sec) to
evaluate possible integration effects time-locked to the target noun presentation. Less
relevance is given to this latter analysis, since the ERP effects could be affected by
earlier modulations time-locked to the determiner. In this latter analysis, we focused
on the N400 and the late positivity time-intervals (five-way ANOVA: Prediction,
Transparency, Group, Longitude, Laterality) as indexes of successful integration of
the target noun in the sentence context (see Martin et al., 2013; Foucart et al., 2014).

Proficient readers should definitively show such effects.

2.6. Time-frequency data analysis

The data related to the prediction effects elicited by the determiner were further
analyzed focusing on the beta band oscillatory activity (13—30 Hz). Artifact-free EEG
data in the time-interval between the determiner and the noun onset (0—0.7 sec) were
selected. The time-varying power spectrum of single trials was obtained using a
Hanning window approach (400 ms window, 0.5 Hz frequency steps, 5 ms time steps)
for the overall frequency range between 2 and 40 Hz (as implemented in Fieldtrip).
Power values were expressed as relative change from a baseline interval calculated

from —0.3 to —0.05 ms after power estimation single trials were averaged
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independently for each condition for further statistical analyses and grand-averaged
for display purposes.

Statistical significance of the effects was evaluated by means of the cluster-
based permutation approach as implemented in Fieldtrip (Maris & Oostenveld, 2007).
This approach takes care of the multiple comparison problem by selecting clusters of
electrodes, time points and frequency bands that are statistically different between
conditions. The initial t-test was set at a probability threshold of 0.05 and the sum of
the individual t-statistic in each cluster was employed to determine the cluster
statistic. After the randomization procedure (1000 times), clusters exceeding the
highest or lowest 2.5th percentile were considered significant. Pairwise comparisons

were focused on the Prediction effect for each transparency level in each experimental

group.
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Figure 2: Point-by-point split-plot analysis of variance (Guthrie and Buchwald, 1991, corrected) for each electrode
considering the three experimental factors (within: Prediction and Transparency,; between: Group). We report the
main effect and the interactions involving the Prediction factor. Vertical grey lines at 0 and 700 ms indicate
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Figure 3: ERPs for the expected and unexpected condition (Prediction effect) time-locked to the presentation of the
determiner preceding the predicted noun (plotted in —200 to 500 ms for better displaying the ERP effects). We
plotted separately the conditions based on the Transparency of the predicted noun and the Group of native speakers.
For each plot we report in the upper panels the waveforms in two representative parietal electrodes (P3, P4,
negative values plotted up) where we highlight the time intervals of interest (N200: 170—250 ms; N400 250—400
ms). Shadowed differences are the statistically significant ones. In the lower panels we present the topographical
distribution of the difference effect (unexpected minus expected) in the two time intervals of interest.

3. Results
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3.1. Comprehension questions

Participants’ responses to the comprehension questions during the EEG session were
not significantly different in the two groups (p > 0.1). Spanish natives had an average
accuracy of 86.98 % (SD: 5.87), while Basque natives’ accuracy was 88.28 % (SD:
5.23).

3.2. ERP data

In Figure 2 we report the point-by-point analyses considering the three experimental
factors of interest. To better highlight possible prediction effects time-locked to the
determiner presentation we report the data in the time window until 1 sec. A strong
effect of Prediction emerges in the time interval from around 250 ms until 400 ms.
The effect is evident in most electrodes with a bilateral central-posterior distribution.
Interestingly, the effect of Prediction re-emerges similarly across the whole scalp
starting around 900 ms. The earlier (250—400 ms) Prediction effect reflects an early
N400 effect that is evident across the two Transparency conditions in both levels of
the factor Group (Figure 3). The later Prediction effect (> 900 ms) reflects the N400
effect time-locked to the noun following the determiner (Figure 4). In fact, the onset
of the following N400 effect is 200 ms after the presentation of the noun. Visual
inspection of Figure 4 also reveals a late positive component effect evident after the
N400, supporting the claim that the effects observed reflect semantic integration (as in
Molinaro et al., 2012).

To further validate such analyses and make sure that the Prediction effect is
statistically robust for the two groups, we ran the statistics (four-way ANOVA:
Prediction, Transparency, Longitude, Laterality) independently for the two
experimental groups. Both in the 250—400 ms post-determiner-onset time window
[Spanish natives: F (1,23)=11.81, p <0.001, °¢ = 0.05; Basque natives: F (1,23) =
15.31, p <0.001, 7°6 = 0.03] and in the 200—500 ms post-noun-onset time window
[Spanish natives: F (1,23) =32.60, p < 0.001, °¢ = 0.13; Basque natives: F (1,23) =
9.24, p < 0.001, i’ = 0.04] reliable effects of Prediction emerged. In the late
positivity time window (600—900 ms post-noun-onset) we also observed a strong
Prediction effect [Spanish natives: F (1,23) =24.17, p < 0.001, n°c = 0.16; Basque
natives: F (1,23) =40.33, p < 0.001, r° = 0.19] that was slightly more pronounced in

frontal regions given the significant interaction between Prediction and Longitude
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[Spanish natives: F (1,23) =4.78, p < 0.05, n°¢ = 0.01; Basque natives: F (1,23) =
13.88, p <0.01, 7’ = 0.02]. When the Group factor is also included in these analyses,

no interaction of the experimental factor with Group emerged.

In Figure 1 a triple interaction is also visible in the time interval between 170
and 250 ms in central and parietal electrodes. We further explored this effect
statistically (five-way ANOVA: Group, Prediction, Transparency, Longitude,
Laterality) in this time interval reporting the triple interaction between Group,
Prediction and Transparency [F (1,46) = 6.42, p < 0.01, n°¢ = 0.01]. To evaluate this
interaction, we ran separate analyses in the two groups. Spanish natives did not show
any main effect or interaction with the Prediction factor in this time interval (all ps >

0.1). Basque natives, on the other hand, showed an interaction between Prediction and
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Figure 4: ERPs for the expected and unexpected conditions considering the longer time interval (—300, 2000 ms)
including both the determiner and the predicted noun in two representative parietal electrodes (P3, P4; negative
values plotted up). Shadowed differences reflect the N400 effect post-noun onset, showing successful integration of
the prediction. This effect is significant in all conditions.
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Transparency [F (1,23) = 12.89, p < 0.001, i’ = 0.02]. When considering the
Prediction factor independently from the two levels of the Transparency factor, the
effects were seen to be highly robust for transparent items [F (1,23) =8.14, p <0.01,
1’6 = 0.02] but not for opaque items [F (1,23) = 2.38, p > 0.1]. This effect is evident
in Figure 3 as a negative effect around 200 ms (N200) for unexpected vs. expected

transparent items read by Basque natives.

3.3. Time-frequency data

The oscillatory power analyses pursued in the determiner time-window (0—700 ms)
were aimed at evaluating possible beta-band (13—30 Hz) effects as an index of word-
form level prediction (Bastos et al., 2015; Michalareas et al., 2016). Across the four
unexpected vs. expected comparisons reported in Figure 5 only the one involving the
Basque group for transparent items revealed significant results. More specifically, two
clusters emerged in this comparison. An earlier one (Cluster 1) mainly involved
central electrodes and was significant in the 196—256 ms time interval and between 15
and 17 Hz (lower beta band). The later one (Cluster 2) emerged in the same lower

beta frequency band and involved slightly more right-lateralized electrodes between

438 and 496 ms. Both clusters show more power in the low beta band for the

unexpected condition as compared to the expected. We further explored other

frequency bands (from 2 to 40 Hz and from 20 to 100 Hz by means of a multi-taper
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Figure 5: Oscillatory power beta-band activity (13—30 Hz, relative change with respect to the baseline —300, —50
ms) time locked to the determiner preceding the predicted noun (at 700 ms). We report both the beta power decrease
for all the conditions and the difference between unexpected minus expected determiner in a representative electrode
(C4). Statistically significant time-frequency clusters are not shadowed, showing two significant effects in the 15—17
Hz frequency band for the transparent contrast in Basque natives. The topographical distribution of these two
significant clusters is reported on the right, in which the electrodes contributing to the cluster are marked.
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approach) but no reliable effects were observed.

It is interesting to note that Cluster 1 highly overlapped in time (ms) and space
(scalp topography) with the early negative effect (N200) for this same comparison in
the ERP analyses. We further explored the nature of the early oscillatory effect
(Cluster 1) by means of Pearson correlation (R software) between the beta band effect
and the tasks involving grammatical gender for the Basque natives group. We thus
computed for each Basque native participant the transparency advantage, i.e., the
difference in response time for opaque minus transparent items in the gender decision
task. Then we extracted the difference between the beta power for the unexpected
minus the expected condition for transparent items in the most representative
electrode (C4 reported in Figure 5). The two measures positively correlated (r (23) =
0.53, p <0.001) showing that the participants who had a stronger sensitivity to
transparency in the gender decision task were the ones showing a larger effect in the
lower beta range (no correlation for Spanish natives). No relevant correlation was

observed involving response times for the grammaticality judgement task.

4. Discussion

In the present experiment, participants read sentences that were highly constraining
towards a specific lexical item. Grammatical gender features are encoded in the
lexical representation of nouns (Harris, 1991), since each inanimate noun has its own
grammatical gender (mes-a, table, is only feminine; see also Levelt et al., 1999). This
makes such a feature a relevant constraint for lexical prediction.

In the present design, when bottom-up information provided by the determiner
interacts with top-down information provided by the predicted noun the two sources
of information can either match or not. The timing of the ERP Prediction effect
(unexpected vs. expected determiner) reveals the processing stage at which the two
representations interact. The unexpected determiner provides a grammatical gender
value that contrasts with the information encoded in the predicted lexical item. This
“representational contrast” triggers a conflict effect that takes place at the lexical level
of processing for Spanish natives, independently of the transparency of the predicted
lexical element. The 250—400 ms effect (Figure 3) likely represents a lexical-related
negativity (earlier N400) already reported for function words (King & Kutas, 1998;
Molinaro et al., 2008; Osterhout et al., 1997). This effect replicates what Foucart et al.
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(2014) reported for Spanish monolinguals and Spanish-Catalan early bilinguals,

employing a similar design.

4.1. Early prediction effect for Basque natives

The same lexical effect was also observed for Basque natives for both
transparent and opaque items but it was preceded by an even earlier effect for
transparent words. The timing (170—250 ms) of this earlier effect is indicative that the
gender value of the determiner mismatches with the gender value of the predicted
transparent items at a pre-lexical level. The topographical distribution of this effect is
consistent with an increased N200, considered as reflecting orthographic processing
in the visual domain (Holcomb & Grainger, 2006) and classically interpreted as a
mismatch detector (see discussion about lexical prediction effects in Brother et al.,
2015; see also Federmeier et al., 2005; Kim & Lai, 2012). The oscillatory evidence
(involving the low beta-band channel, as in Bastos et al., 2015; Michalareas et al.,
2016; see also Molinaro et al., 2016) for this transparent condition further supports
our observation of a a prediction effect involving visual word form representations. In
our view, the increased beta power for the unexpected determiner likely reflects an
on-line update of the predicted representation: since the determiner is not gender-
consistent with the predicted noun, the system inhibits such initial prediction and
activates other possible (less predicted) lexical candidates.

The present data thus reveal that Basque natives activate word form level
representations when predicting items whose ending is gender informative. The more
sensitive these speakers were to the gender transparency of the target items (in the
gender decision task, Figure 1) the stronger the word form prediction (as evidenced
by the beta effect). In our opinion, this word-form prediction is not due to a reduced
proficiency for Basque natives in Spanish, since in the general proficiency assessment
the two groups of bilinguals were perfectly balanced for Spanish. In the grammatical
gender proficiency assessment, we also did not find reliable differences between
groups. The slower response times for Basque natives in the grammaticality judgment
task would have predicted a later (and not earlier) electrophysiological reaction for
this group compared to Spanish natives; importantly, the lack of interaction between
transparency and group in the grammaticality judgment task (Figure 1) does not
parallel the strong interaction effect we observed in the EEG experiment involving

transparency and group (Figure 2). Furthermore, we cannot interpret the similar
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lexical effect for transparent and opaque items (the one emerging at 250—400 ms) as
an index of lower proficiency for Spanish native bilinguals, since this overlaps (in
time and scalp topography) with what has been reported for Spanish monolinguals
with transparent items (Foucart et al., 2014). Previous studies have already suggested
that Spanish speakers do not handle transparent and opaque items differently during
sentence processing, given the large amount of irregularities (~1/3) in noun-endings
within the Spanish lexicon (Caffarra et al., 2014, 2015; Molinaro et al., 2013a).

We therefore attribute the early effect for Basque natives to their early
language exposure. Basque natives in their L1 strongly rely on post-nominal suffixes
as highly frequent cues that are employed to bootstrap syntactic representations of
Basque during language acquisition (Molnar et al., 2014) and for speech segmentation
(as suggested by Gervain et al., 2013, see Gervain & Mehler, 2010). We have pointed
out in the introduction that this morphological information stimulates more attention
to the word-form properties (and more specifically to the noun endings) in the native
language. It is likely that in our experiment Basque natives activate word-form
representation also in Spanish: when the gender value is available at the word form
level (for transparent items), an early word form electrophysiological effect emerges;
when the gender value could be extracted only at the lexical level of processing (for

opaque items), a lexical effect emerges.

4.2. The role of native exposure

The present findings thus speak for the idea that language prediction is mainly
tuned to the native language characteristics (native exposure). Such properties largely
vary across languages and speakers adapt their predictions mainly to the regularities
of their native language. Recent proposals (Chang et al., 2006; Mani & Huettig, 2012)
suggest that prediction is a relevant mechanism through which infants bootstrap the
statistical regularities of the language to which they are initially exposed. Based on
efficient prediction mechanisms, children can start to develop appropriate language
production skills (“Prediction is Production” in the P-chain by Dell & Chang, 2014;
see also Pickering & Garrod, 2013; Molinaro et al., 2013b, 2016). Along the same
lines, associative learning theories state that prediction stimulates learning (Rescorla
& Wagner, 1972; Schultz et al., 1997) and this is possibly true also for language
(Kuperberg & Jaeger, 2016).

24



This prediction mechanism applies even to an L2 (and for a feature not present
in L1) when speakers can properly master it. Here we show that even when our
Basque natives are daily exposed to the statistical regularities (and irregularities as in
the case of grammatical gender) of Spanish, they still show signs of the influence of
their native language during prediction. It is plausible that the different prediction
effects we observed in our two groups (Spanish and Basque natives) are mainly due to
the fact that those speakers were exclusively exposed to their native language until the
age of three. Consequently, they learned to efficiently predict based mainly on the
regularities of their native language, adjusting their prediction mechanisms either to
Spanish or to Basque. Predictors initially tuned to Spanish handle transparent and
opaque items similarly during prediction, given the reliability of lexical-level
grammatical gender processing (Caffarra et al., 2014, 2015), while predictors initially
tuned to Basque show more word-form effects even in an L2 when word-form (noun
endings) cues are available.

As an alternative explanation for the findings of the present study, it could be
argued that while our two groups were proficiency-balanced in Spanish, they were not
so in Basque. Even if they both show high proficiency in this language, the Spanish
natives were statistically less proficient in Basque than the Basque natives. This could
have determined the stronger influence of Basque (L1) on Spanish (L2) for Basque
natives, compared to the reduced influence of a weaker Basque (L2) on Spanish (L1)
for Spanish natives (L2 attrition). We cannot completely exclude this hypothesis in
the present study. Nonetheless, to examine this more closely, we selected the five
Spanish native speakers that were most proficient in Basque (LexTALE mean score:
44.60; picture naming: 60.20; similar to Basque natives, see Table 1). We averaged
their ERPs for the transparent conditions and we did not find quantitative differences
in the 170—250 ms interval (amplitude across all electrodes: expected condition: 0.86
microV; unexpected: 0.88 microV; midline electrodes: expected: 1.77 microV;
unexpected: 1.73 microV; electrodes showing the triple interaction in Figure 2:
expected: 1.51 microV; unexpected: 1.83 microV). This last exploratory analysis
suggests that even for the Spanish natives who have higher proficiency scores in
Basque there is no N200 expectation effect for transparent words. This does not

support the idea that in the present experiment we observed an L2 attrition effect.

4.3. Developing prediction processes
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In terms of proposals about L2 prediction, this study does not support
hypotheses indicating that prediction in L2 is only a matter of proficiency (i.e., the
more you know a language the more native-like your predictions will be; see review
by Kaan, 2014). On the contrary, the present study shows that the native prediction
mechanisms adapt to the properties of a second language, identifying regularities
similar to those available in the native language. This view thus supports the idea that
there are no separate domains of prediction, but that it is a unified mechanism looking
for useful cues independently of the language processed. This can possibly provide
clues and new directions for language learning research. Similar distributional
regularities between a native and a new-learned language could serve to boost
prediction in a second language and, consequently, facilitate its learning (Kuperberg
& Jaeger, 2016; Molinaro et al., 2016).

We would like to emphasize that we do not think that prediction can only
develop until the age of 3 and that it cannot further change through experience.
Importantly, predictions can flexibly and rapidly adapt to the conditions of a new
context (Bar, 2007; Sohoglu & Davis, 2016) by picking up all the available cues to
construct an internal representation of the new environment (and develop predictions).
However, early language exposure biases the way in which different cues are

weighted to pursue optimal prediction mechanisms in the new experience settings.

4.4. Conclusion

The present study provides new insights into the mechanisms of prediction in
sentence comprehension. Taking advantage of the typological distance between
Spanish and Basque in early balanced bilinguals, we add an important piece of
evidence to the puzzle on how multilingual experience shapes language prediction.
Both evoked (N200-N400 prediction effects) and oscillatory electrophysiological
evidence (15—17 Hz beta band activity) indicate that prediction can top-down reach
the word-form hierarchical level of representation even in a second language. Based
on this, we advance the hypothesis that prediction mechanisms are strongly

influenced by the properties of early language exposure.
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