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The present study uses event-related potentials to investigate how crosslinguistic (dis)similarities modulate
anticipatory processing in the second language (L2). Participants read predictive stories in English that made a
! genitive construction consisting of a third-person singular possessive pronoun and a kinship noun (e.g., his
Possessive pronouns mother) likely in an upcoming continuation. The possessive pronoun’s form depended on the antecedent’s natural
ERP . . . . . . . . .
N400 gender, which had been previously established in the stories. The continuation included either the expected
P600 genitive construction or an unexpected one with a possessive pronoun of the opposite gender. We manipulated
crosslinguistic (dis)similarity by comparing advanced English learners with either Swedish or Spanish as their L1.
While Swedish has equivalent possessive pronouns that mark the antecedent’s natural gender (i.e., hans/hennes
“his/her”), Spanish does not. In fact, Spanish possessive pronouns mark the syntactic features (number, gender)
of the possessed noun (e.g., nosotros queremos a nuestra madre “we-yasc love our-ggy mother-ggy). Twenty-four
native speakers of English elicited an N400 effect for prenominal possessives that were unexpected based on the
possessor noun’s natural gender, consistent with the possibility that they activated the pronoun’s form or its
semantic features (natural gender). Thirty-two Swedish-speaking learners yielded a qualitatively and quantita-
tively native-like N400 for unexpected prenominal possessives. In contrast, twenty-five Spanish-speaking
learners showed a P600 effect for unexpected possessives, consistent with the possibility that they experienced
difficulty integrating a pronoun that mismatched the expected gender. Results suggest that differences with
respect to the features encoded in the activated representation result in different predictive mechanisms among
adult L2 learners.

1. Introduction

Research on language comprehension has amassed extensive evi-
dence that native speakers of a language do not just passively integrate
words after they become available in the bottom-up input. Instead, they
use a variety of linguistic and nonlinguistic cues to anticipate likely
continuations at all levels of linguistic representation (e.g., Altmann and
Mirkovi¢, 2009; Federmeier, 2007; Huettig, 2015; Kuperberg and
Jaeger, 2016; Kutas et al., 2011; Pickering and Gambi, 2018; Pickering
and Garrod, 2013). In light of this evidence, most theoretical models of
language comprehension agree that language processing is, at least to
some extent, predictive, although there remains disagreement on
fundamental issues, including the ubiquity of predictive processing in
language comprehension (e.g., Clark, 2013; Huettig and Mani, 2016;
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Kuperberg and Jaeger, 2016; Nieuwland and Kazanina, 2020; Pickering
and Gambi, 2018).

In contrast, the involvement of anticipatory mechanisms in second
language “L2” processing is less clear-cut. This is, in part, because
research on this topic is less abundant, although both Kaan (2014) and
Phillips and Ehrenhofer (2015) already noted a surge in interest. A
number of studies have claimed that adult L2 learners do not generate
predictions to the same extent as native speakers (e.g., Covey et al.,
Unpublished results; Dijkgraaf et al., 2019; Griiter et al., 2012, 2014; Ito
et al., 2017a; 2017b; Lew-Williams and Fernald, 2010; Martin et al.,
2013; Mitsugi and MacWhinney, 2016). Common explanations for this
divergence include general differences between L1 and L2 acquisition (e.
g., Griiter et al., 2012), weaker lexicosemantic representations in the L2
(e.g., Dijkgraaf et al., 2019; Griiter et al., 2012; Hopp, 2013), reduced
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experience with the L2 (e.g., van Bergen and Flecken, 2017), and a lack
of the necessary processing/executive resources to generate predictions
(e.g., Ito et al., 2017a; 2017b; Kaan et al., 2010; Martin et al., 2013;
Mitsugi and MacWhinney, 2016; but see Ryskin et al., 2020).

This position aligns well with Griiter et al.’s RAGE hypothesis (2014,
2017), according to which adult L2 learners generally have Reduced
Ability to Generate Expectations across all domains of grammar. The
proponents of the RAGE hypothesis argue that, even in cases where
predictive processing does not require extensive experience with words
or morphosyntactic computations; or when the target linguistic property
is similar in the L1 and the L2; or even when there are no time con-
straints for prediction generation (as in Griiter et al., 2014, 2017),
advanced learners are less likely to rely on anticipatory mechanisms to
the same degree as native speakers (Griiter et al., 2017, p. 26). Although
factors such as proficiency and crosslinguistic differences did not play a
significant role in their studies (e.g., Griiter et al., 2014, 2017), the
proponents of the RAGE hypothesis contemplate that such factors might
modulate learners’ predictive abilities.

Other investigations have shown that predictive processing in the L2
is possible but contingent upon factors that are known to impact L2
processing in general. This includes factors inherent to the L2 learner,
such as global proficiency (e.g., Dussias et al., 2013; Hopp, 2013; Hopp
and Lemmerth, 2018), robust and stable lexical representations in the L2
(e.g., Hopp, 2013), or individual differences in processing speed and
working memory (e.g., Hopp, 2013; Ito et al., 2018), as well as factors
related to the L2 grammar itself. For example, Hopp (2015) found that
learners across the proficiency spectrum were more likely to use lex-
icosemantic rather than morphosyntactic cues predictively (see also
Mitsugi and MacWhninney, 2016), and work by Kaan et al. (2016) and
Covey et al. (Unpublished results) suggests that L2 learners are less
likely to predict abstract syntax. Learners also seem better able to
generate predictions for L2 properties that exist or are realized similarly
in the L1, although very few studies have addressed this question
directly (e.g., Dussias et al., 2013; Hopp and Lemmerth, 2018; van
Bergen and Flecken, 2017).

The latter evidence resonates more with a proposal by Kaan (2014)
that L2 learners rely on the same predictive mechanisms as native
speakers, although this ability can be hindered by a variety of factors.
Under Kaan’s proposal, conflicts between how the L1 and the L2 encode
linguistic information can obscure an otherwise native-like ability to
predict in the L2. Likewise, individual differences in cognitive factors
that are known to modulate prediction in native speakers, such as
working memory and processing speed (Huettig, 2005; Huettig and
Janse, 2016; McDonald, 2006), can also impact anticipatory processing
in the L2 (Hopp, 2013; Ito et al., 2018; see Kaan, 2014 for a more
extensive list of factors).

In sum, both the RAGE hypothesis and Kaan’s proposal assume that
adult L2 learners are generally less likely to predict than native speakers,
although for different reasons. While the proponents of the RAGE hy-
pothesis argue for general limitations on the ability to generate pre-
dictions, Kaan (2014, p. 257, abstract) explicitly posits that predictive
mechanisms are qualitatively (and potentially quantitatively) the same
in the L1 and the L2. Crucially, both proposals contemplate the possi-
bility that crosslinguistic differences impact predictive processing in the
L2, which is the question we address here. Both proposals also highlight
that the role of prediction in the L2 has important implications for L2
acquisition research. For example, Chang et al. (2006) established a
clear link between the ability to generate predictions and language
development (see also Jaeger and Snider, 2013; Phillips and Ehrenhofer,
2015; cf. Kaan, 2015). Importantly, this question also has implications
outside the L2 literature. For example, some researchers have used the
evidence that adult L2 learners have intact comprehension but do not
predict (e.g., Martin et al., 2013) as an argument to advance proposals
undermining the ubiquity of prediction in language comprehension (e.
8., Huettig and Mani, 2016; Pickering and Gambi, 2018; Pickering and
Garrod, 2013).
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Here, we investigate how L1-L2 (dis)similarity affects learners’ pre-
dictions. We examine a case in which the activated representation (i.e.,
what is predicted) encodes feature information that is either similar or
different in the L1s of two groups of L2 learners. In the L2 acquisition/
processing literature, some prominent theories conceptualize negative
transfer effects in a similar manner (e.g., Lardiere, 2009; Tokowicz and
MacWhinney, 2005; see also Aleman Banon et al., 2014; 2017; 2018;
Foucart and Frenck-Mestre, 2011; 2012; Jackson and Dussias, 2009;
Sabourin and Haverkort, 2003; Shimanskaya and Slabakova, 2017). For
example, within the generative framework, the Feature Reassembly
Hypothesis (e.g., Lardiere, 2009) posits that differences between how
the L1 and the L2 assemble features in lexical items may present ob-
stacles for L2 development. Likewise, the Competition Model (e.g.,
Tokowicz and MacWhinney, 2005) argues that L2 learners are less likely
to show native-like processing for properties that are shared between the
L1 and the L2, but realized differently. We will examine whether L1-L2
(dis)similarities also impact learners’ predictions.

Our study uses event-related potentials “ERPs”, which are brain re-
sponses that are time-locked to relevant stimuli and are differentially
impacted by different linguistic manipulations. We focus on two recur-
ring ERP components in the prediction literature, the N400 (e.g., DeLong
et al., 2005; Federmeier et al., 2007; Kutas and Federmeier, 2011; Kutas
and Hillyard, 1984; Lau et al., 2008; Mantegna et al., 2019) and a
post-N400 positivity referred to as the Late Anterior Positivity or the Late
Frontal Positivity (e.g., Brothers et al., 2020; DeLong et al., 2011; 2014;
Federmeier et al., 2007; Ito et al., 2020; Martin et al., 2013; Van Petten
and Luka, 2012). The N400 is a negative-going wave that tends to occur
between ~300 and 500 ms in central-posterior electrodes, and that is
sensitive to both semantic integration and different aspects of lexical
access/retrieval, including predictability (Kutas and Hillyard, 1984; see
Kutas and Federmeier, 2011 and Lau et al., 2008 for reviews). For
example, DeLong et al. (2005) presented English native speakers with
high-constraint sentences such as The day was breezy so the boy went
outside to fly... and compared continuations that were expected, such as a
kite, to those that were unexpected but plausible, such as an airplane
(based on independent offline cloze probability ratings). Their results
showed a larger N400 for unexpected relative to expected nouns, in line
with accounts of the N400 as an index of lexical retrieval difficulty. This
effect, however, cannot unambiguously be attributed to lexical pre-
dictability independently from integration, since less predictable words
are also harder to integrate (e.g., Bornkessel-Schlesewsky and Schle-
sewsky, 2019; Van Petten and Luka, 2012; but see Mantegna et al.,
2019). Crucially, DeLong et al. (2005) also manipulated the phonolog-
ical onsets of the expected and unexpected nouns (i.e., vowel vs. con-
sonant) such that they would be preceded by the different allomorphs of
the English indefinite article a/an, which have approximately the same
meaning and should not differ with respect to integration. The authors
found a larger N400 effect for articles that were unexpected based on the
phonological properties of the predicted yet unencountered nouns,
providing some of the strongest evidence linking the N400 to lexical
predictability. Other studies manipulating prenominal material as a
function of other rules, such as gender agreement, have made similar
claims (e.g., Foucart et al., 2014; 2016; Van Berkum et al., 2005; Wicha
et al.,, 2004), although the nature of these prediction effects differs
across studies (see Fleur et al., 2020)."

The Late Anterior Positivity is a positive deflection captured by
frontal electrodes between ~500 and 900 ms (i.e., after the N400) that is

1 Recent failures to replicate these findings have lead researchers to question
whether predictive processing is as detailed or ubiquitous as traditionally
assumed (e.g., Ito et al., 2017b; Kochari and Flecken, 2018; Nieuwland et al.,
2018; see DeLong et al., 2017 for counterarguments to Ito et al., 2017 and Ito
et al.’s rebuttal, 2017c; see Yan et al., 2017 for a commentary on Nieuwland
et al.’s methodology; and see Urbach et al., 2020 for evidence in support of
DeLong et al.’s original claims).
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argued to signal the cost of an unmet lexical prediction (e.g., Brothers
et al., 2015; 2020; DeLong et al., 2011; 2014; Federmeier et al., 2007;
Van Petten and Luka, 2012). For example, in DelLong et al.’s study
(2005, 2011), the N400 effect for unexpected (relative to expected)
nouns was followed by a Late Anterior Positivity (see also Federmeier
et al., 2007; Fleur et al., 2020; Foucart et al., 2014; Ito et al., 2020;
Martin et al., 2013; cf. Lau et al., 2013). Recent reports have shown that
the Late Anterior Positivity is more likely to emerge when the preceding
context is rich and globally constraining (e.g., Brothers et al., 2020;
Kuperberg et al., 2020), suggesting that this component indexes the
reevaluation of the discourse situation built by comprehenders.

Here, we will examine these two components in a study using a
“prenominal material” paradigm to probe anticipatory processing in
short discourse contexts in English. In this paragraph, we only provide a
succinct description of the study’s rationale, which we will elaborate on
in Sections 3 and 4. The contexts made a genitive construction consisting
of a third-person singular possessive pronoun and a kinship noun of the
opposite semantic gender (e.g., his mother) highly expected in an up-
coming sentence. The continuation included either the expected genitive
construction or an unexpected one with a possessive pronoun of the
opposite gender (e.g., his mother vs. her aunt). This gender alternation in
the possessive pronoun depended on whether the pronoun’s antecedent
was a male or a female (e.g., Tom’s mother = his mother; Ruth’s mother =
her mother), which had been previously established in the contexts.
Similar to previous studies manipulating prenominal articles/adjectives
(e.g., DeLong et al., 2005; 2011; Fleur et al., 2020; Foucart et al., 2014;
Ito et al., 2017a; 2020; Martin et al., 2013; Otten and van Berkum, 2009;
van Berkum et al., 2005; Wicha et al., 2004), we examined the N400 for
unexpected prenominal possessives, and both the N400 and the Late
Anterior Positivity for unexpected nouns.

The role of L1-L2 similarity was examined by testing advanced L2
learners of English with either Swedish or Spanish as their L1. Crucially,
while Swedish has third-person singular possessive pronouns that,
similar to English, mark the possessor noun’s natural gender (i.e., hans/
hennes “his/her”), Spanish does not. In Spanish, the possessor noun’s
natural gender has no impact on the form of third-person possessive
pronouns. Thus, a genitive construction such as su madre “pposs mother”
can refer either to Tom’s mother (his mother) or to Ruth’s (her mother).
In fact, the Spanish possessive pronoun system provides evidence for
syntactic agreement with the possessed noun, in contrast to English (e.g.,
nosotros queremos a nuestra madre “we-yasc love our-ggy mother-ggy™).
Given that, in the current study, the expected “possessive + noun”
combination mismatched in natural gender (e.g., his mother, her brother),
we were able to examine whether crosslinguistic differences with
respect to the realization of possessive pronouns between English/
Swedish and Spanish would impact the learners’ predictions (e.g., Lar-
diere, 2009; Tokowicz and MacWhinney, 2005). We will start by
reviewing the extant literature on L2 predictive processing, with a focus
on studies that have directly or indirectly examined the contribution of
L1-L2 (dis)similarity.

2. Literature review

An early study by Martin et al. (2013) provides indirect evidence that
adult L2 learners might not preactivate rules that are unique to the L2. In
their conceptual replication of DeLong et al.’s study (2005), both native
speakers of English and advanced L1-Spanish L2-English learners
showed an N400 effect for nouns that were unexpected based on sen-
tence constraint. However, only the L1-English speakers showed an
N400 effect for indefinite articles that were unexpected based on
whether the expected nouns began with a consonant or a vowel (i.e.,
a/an) (see also Ito et al., 2017a), a rule that Spanish lacks. This was the
case, even though Martin et al. showed that a comparable group of
learners were sensitive to online violations of the a/an rule. Foucart
et al. (2014) followed up on this question in a study where the activated
representation, gender agreement, was shared by the learners’ L1 and
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L2. The authors found that, upon reading high-constraint sentences,
both Spanish native speakers and L1-French L2-Spanish learners antic-
ipated specific nouns and their gender, as marked on prenominal articles
(e.g., Wicha et al., 2004). In particular, they found an N400 effect for
unexpected prenominal articles, and both an N400 effect and a Late
Anterior Positivity for unexpected nouns.

Only a few studies have directly examined the role of crosslinguistic
differences in L2 anticipatory processing (e.g., Dussias et al., 2013; Hopp
and Lemmerth, 2018; van Bergen and Flecken, 2017), and all of them
used the visual world paradigm “VWP”. In these studies, participants are
instructed to locate one of several items on a visual display, and the
carrier sentence either does or does not include an informative cue
regarding the upcoming item. For example, in languages like Italian and
Spanish, all nouns are classified as masculine or feminine, and this is
marked on the preceding article (e.g., la casa “the-ggy house-ggy™). Thus,
when Italian and Spanish speakers look at a visual display including only
one item with feminine gender, they make anticipatory looks to it upon
hearing a feminine article, before they hear the noun. Dussias et al.
(2013) found that both English- and Italian-speaking learners of L2
Spanish used gender information on articles predictively (cf. Griiter
et al., 2012), although this ability was modulated by proficiency (e.g.,
Hopp, 2013) and, in the case of Italian-speaking learners, differences in
how definite articles are realized in Italian and Spanish. In particular,
the L1-Italian learners made anticipatory looks after hearing the femi-
nine article la, which is similar in Italian and Spanish, but not after the
masculine article el, for which Italian and Spanish show a number of
differences. Also in the domain of gender agreement, Hopp and Lem-
merth (2018) found that differences in terms of how the L1 and the L2
assign nouns to gender classes and in terms of how gender is marked
across syntactic contexts impacts predictive processing among inter-
mediate but not proficient learners.

Finally, van Bergen & Flecken (2017) found that both native
speakers of Dutch and L1-German L2-Dutch learners used object place-
ment information encoded in Dutch verbs (e.g., zetten “put-stanp” VS.
leggen “put-;;g”) to anticipate the position of an upcoming object. In
contrast, L1-English and L1-French learners of Dutch did not. Since only
German has similar object placement verbs, these results provide direct
evidence that L1-L2 similarity facilitates anticipatory processing in the
L2.

As discussed by Hopp and Lemmerth (2018), studies investigating
the role of transfer in L2 anticipatory processing have typically focused
on whether the learners’ L1 does or does not realize the target L2
property (e.g., Dussias et al., 2013; Foucart et al., 2014; Griiter et al.,
2012; Hopp, 2013; Lew-Williams and Fernald, 2010; van Bergen and
Flecken, 2017). Their own study is the only one to have systematically
manipulated L1-L2 (dis)similarity with respect to how a shared property
is realized in the L1 and L2, informed by transfer theories such as the
Feature Reassembly Hypothesis (e.g., Lardiere, 2009) or the Competi-
tion Model (e.g., Tokowicz and MacWhinney, 2005). Hopp and Lem-
merth (2018) addressed this question with a within-subjects design, but
they point out that studies investigating this issue by probing different
L1-L2 combinations are lacking, and they explicitly advocate for them.
Our study fills this gap.

2.1. Previous ERP studies on L2 anticipatory processing

The study we report here is part of a larger project investigating
anticipatory processing at the level of the discourse in both native and
nonnative speakers of English (see also Griiter et al., 2018; Rohde et al.,
2011; Rohde and Horton, 2014). To our knowledge, only Griiter et al.
(2017) have investigated L2 anticipatory mechanisms at the level of the
discourse (see also Contemori and Dussias, 2019). Their study examined
the predictive value of aspect in transfer-of-possession events. Using a
story continuation task, the authors found that, after reading preambles
such as Emily brought/was bringing a drink to Melissa. (She) ..., L1-English
speakers provided more continuations about the source (Emily) when
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the verb showed imperfective relative to perfective aspect. In contrast,
intermediate to advanced L1-Japanese and L1-Korean learners of En-
glish showed no co-reference preferences as a function of aspect,
regardless of proficiency, even though they showed target knowledge of
the relevant aspectual distinction in an independent task. This is inter-
esting, given that the L1 and L2 speakers’ continuations were quite
similar with respect to other subtle properties investigated in the study.
Thus, Griiter et al.’s results (2017) suggest that certain cues that L1
speakers use predictively in discourse comprehension (as confirmed by
Griiter et al., 2018) are not exploited to the same extent by adult L2ers.

In previous studies, we examined information structure, a discourse
property that deals with how information is packaged in a sentence to
build a felicitous discourse. We built on the distinction between two
information structure categories, Topic and Focus. Topic corresponds to
what a sentence is about (e.g., Lambrecht, 1994; Reinhart, 1981). In
turn, Focus corresponds to new or discourse-relevant information and
can be operationalized as the answer to a wh-question (e.g., Halliday,
1967; Lambrecht, 1994; Lopez, 2009; Reinhart, 1981). Here, we provide
a detailed description of this study because it involves the same partic-
ipants as the current study (with a few exceptions) and because it is the
only ERP study that has investigated L2 anticipatory processing at the
level of the discourse.

In Aleman Banon and Martin (2019), English native speakers read
question-answer pairs like (1). In (1), the wh-question establishes that
banker is the Topic and adviser and agent, the candidates for Focus
assignment. In the response, we manipulated the presence of an it-cleft
construction (la-b vs. 1c-d), which acts as a cue for Focus assignment,
and the information structure category of the target noun: Focus (1a, 1c)
vs. Topic (1b, 1d).

(1) Either an adviser or an agent can be helpful to a banker. In your

opinion, which of the two should a banker hire?

a. It-cleft + Focus NP: In my opinion, it is an agent that a banker
should hire.

b. It-cleft + Topic NP: In my opinion, it is a banker that should
hire an agent.

c. No cleft + Focus NP: In my opinion, an agent should be hired.

d. No cleft + Topic NP: In my opinion, a banker should hire an
agent.

Importantly, since the Focus and Topic nouns were always preceded
by different allomorphs of the English indefinite article (i.e., an agent, an
adviser vs. a banker), we were able to measure effects of prediction on the
article, before the target noun was integrated in the sentence (e.g.,
DeLong et al., 2005).

Our results revealed an N400 effect for articles that were unexpected
after the it-cleft (i.e., 1b vs. 1a), which we interpreted as evidence that,
upon encountering the it-cleft, English native speakers could better
predict the location of the Focus NP in the response. In addition, nouns
that were unexpected following the it-cleft (i.e., clefted Topics) showed a
central-posterior P600 (600-900 ms) relative to felicitously clefted
nouns (1b vs. 1a), providing additional evidence that the it-cleft con-
strained how information was expected to be organized in the response.

In Aleman Banon & Martin (Unpublished results) we extended this
study to 32 Swedish-speaking and 25 Spanish-speaking learners of En-
glish, and we found that, overall, their processing was qualitatively
different.” Both learner groups showed a larger N400 for incorrectly
clefted nouns relative to felicitously clefted ones (1b vs. 1a), suggesting
that they processed the information structure violations in (1b) as
lexical-semantic inadequacies. Most importantly, although the learners
showed sensitivity to the prenominal article manipulation (i.e., a/an) in
the conditions with the it-cleft, this sensitivity was nonnative-like and
differed as a function of their L1. The Swedish-speaking learners showed

2 A full report of this study is currently in preparation.
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a centrally-distributed Late Negativity (600-850 ms) for unexpected
relative to expected articles (1b vs. 1a), which might be indicative of a
delayed N400 effect (e.g., Dijkgraaf et al., 2019; Frenck-Mestre and
Pynte, 1997; Martin et al., 2013; Mitsugi and MacWhinney, 2016; van
Bergen and Flecken, 2017). In contrast, the Spanish-speaking learners
showed a Late Anterior Positivity (500-800 ms), which we tentatively
interpreted as evidence that they disconfirmed their predictions imme-
diately after encountering an unexpected article. This is because, in the
learners’ L1 Spanish, articles provide reliable cues to nouns (e.g., nouns’
grammatical gender), and most adjectives are postnominal (unlike En-
glish and Swedish, where adjectives are prenominal) (e.g., DeLong et al.,
2011; Ito et al., 2017a; Ito et al., 2017b; Rabovsky, 2020). Importantly,
the fact that neither Spanish nor Swedish realizes the specific a/an
alternation could explain why both groups were quantitatively or
qualitatively different from the L1 controls, as in Martin et al.’s study
(2013). We follow up on this possibility in the present study.

3. The present study

Here, we use a design comparable to the one in Aleman Banon and
Martin (2019) including question-answer pairs and the it-cleft, in order
to more directly investigate how L1-L2 similarity modulates L2 learners’
predictions. Participants read short contexts like (2), which are about
two characters (e.g., Julia, Albert) who have recently taken up some
activity. For each character, one relative is mentioned (e.g., Julia’s niece,
Albert’s sister) and the context motivates why only one of them is likely
to join the event. A wh-question then asks participants which of those
two relatives is most likely to be invited to the event. The response to the
wh-question includes an it-cleft construction, which cues comprehenders
that the upcoming phrase must be focusable. The candidates for Focus
assignment are the possessed Noun Phrases “NPs” (i.e., Julia’s niece,
Albert’s sister), since only they can value the wh-word and answer the
question.

(2) Julia and Albert have joined a meditation group. Julia’s niece
dislikes being quiet and hates meditation. However, Albert’s
sister really enjoys silence and loves meditation. In your opinion,
which of the two will they invite to meditation, Julia’s niece or
Albert’s sister?

2a: In my opinion, it is his sister that they will invite.
2b: In my opinion, it is her niece that they will invite.

We recorded participants’ EEG while they read one of two responses
to the question (counterbalanced). In (2a), his sister is expected relative
to her niece in (2b), since the context biases comprehenders towards
expecting that Albert’s sister, and not Julia’s niece, will join them in
meditation. As is the case in English, the form of the possessive pronoun
in the response depended on the possessor noun’s natural gender (e.g.,
Cardinaletti, 1998), not the gender of the possessed noun. An example of
this gender alternation is shown in (3) and (4).

(3) Juliajggy invited herj.ggy sister and her;j gy brother.
(4) Albertyasc invited hisj yasc sister and his;.yasc brother.

By using possessor nouns of different gender within each context (e.
g., Julia, Albert), we were able to measure effects of prediction on the
possessive pronoun, before the target kinship noun became available in
the input. In turn, the use of different nouns in the expected vs. unex-
pected conditions (e.g., sister, niece) allowed us to use participants’ brain
responses to the nouns as a check that they had generated predictions
regarding which relative would participate in the event. We point out
that, since his and her carry semantic features (i.e., natural gender), our
study does not address the question of whether comprehenders activate
the possessive pronoun’s form or its semantic features.

Unlike the study we reported in Aleman Banon and Martin (2019),
we did not manipulate the information structure category of the target
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NPs (sister, niece). Both of them could be clefted and resolve the
wh-word. Thus, unexpected NPs violated an expectation based on
contextual bias, not one based on information structure constraints. We
also did not manipulate the availability of the it-cleft, which was always
provided in the responses. Importantly, the results from our previous
studies suggest that both L1 (Aleman Banon and Martin, 2019) and L2
speakers (Aleman Banén & Martin, Unpublished results) only activate
properties of the Focus phrases upon encountering the it-cleft.

As we mentioned above, our learners had either Spanish or Swedish
as their L1. Although both languages use cleft constructions to assign
Focus, they differ with respect to the features that they encode in third-
person possessive pronouns. Swedish has both anaphoric (i.e., reflexive)
and nonanaphoric third-person possessive pronouns. Those that are
nonanaphoric with the sentential subject mark the possessor noun’s
human status and natural gender, similar to English (hans “his”, hennes
“her”, dess “its”) (e.g., Cardinaletti, 1998; Tingsell, 2007). This can be
seen in (5). Crucially, these are the only pronouns that would be licensed
in Swedish equivalent translations of the responses in (2a/2b), where
there is no anaphoric relation between the subject (i.e., they) and the
possessive pronoun (i.e., his/her).’

(5) De bjod in ...
they invited ...

a. Hennes; syster (Julias; syster).
Her sister (julia’s sister)

b. Hennes; bror (Julias; bror).
Her brother (julia’s brother)

c. Hans; syster (Alberts; syster)
his sister (albert’s sister)

d. Hans; bror (Alberts; bror)
his brother (albert’s brother)

In contrast to English, Spanish possessive pronouns show syntactic
agreement with the possessed noun. Although this dependency does not
surface morphologically for gender in third-person singular possessive
pronouns (e.g., compare 7 to 8) (e.g., Cardinaletti, 1998; Picallo, 1994),
it does for number in all pronouns (e.g., compare 7 to 9). Furthermore,
first- and second-person plural possessive pronouns also show syntactic
gender agreement with the possessed noun. The example in (10) illus-
trates how Spanish possessive pronouns agree in syntactic gender with
the possessed noun, not with the possessor noun. Thus, the Spanish pos-
sessive system as a whole provides evidence for syntactic agreement
between possessive pronouns and possessed nouns, in contrast to En-
glish. As we mentioned earlier, an important feature of our design is that
the expected “possessive + noun” combination always showed a
mismatch in natural gender (e.g., his sister). This design allowed us to
examine whether L1-Spanish learners of English would experience
interference when processing the responses in (2), especially because
syntactic and natural gender overlap for all kinship nouns in Spanish. If
Spanish speakers incorrectly establish agreement between the posses-
sive pronoun and the possessed noun, then the masculine possessive
pronoun his in (2a) is unexpected relative to the feminine possessive
pronoun her in (2b), since it is incompatible with the gender of the ex-
pected noun sister. In turn, the feminine possessive pronoun her in (2b)

3 Swedish also has reflexive possessive pronouns that agree in number and
syntactic gender (common vs. neuter) with the possessed noun, as shown in (6).
These reflexive pronouns are unlicensed in the responses’ Swedish equivalent
translations, since they are not bound in their binding domain (Chomsky, 1981,
1982, 1995). Importantly, it has been reported that Swedish speakers overuse
nonanaphoric third-person possessive pronouns in contexts where the reflexive
pronouns belong, but they do not do the reverse (see Tingsell, 2007, 2011). (6)
a. Klara sag sin mamma, sitt barn och sina
vanner. klarai saw herj-coy mum _coy, herjngy child-ygy and her;py,
friend -py.
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becomes expected, since it matches the gender of the noun sister.

(7) Julia quiere a su hermana/hermano.

julia loves CASE POSS-3RD-SG sister-FEM/brother-MAsc
(8) Alberto quiere a su hermana/hermano.

alberto loves cask poss-3rD-sG Sister-ggm/brother-yasc
(9) Julia quiere a sus hermanas/hermanos.

julia loves cask poss-3rp-pL Sister-pem.pr/brother-pasc.pL

(10) Nosotros vimos a nuestra hermana.
We-MASC SaW CASE OUT-FEM-SG SiSter-rEM.sG

A study by Anton-Méndez (2011) provides evidence that the prop-
erties of Spanish interfere with the production of English third-person
singular possessive pronouns. Antén-Méndez examined this question
by comparing advanced L2 learners of English whose L1 was Dutch,
Italian, or Spanish. While Dutch is similar to English/Swedish in that
third-person singular possessives mark the possessor noun’s natural
gender, Italian third-person singular possessive pronouns show overt
syntactic gender agreement with the possessed noun. In an analysis of
error rates, Anton-Méndez found that L1-Spanish learners were indis-
tinguishable from L1-Italian learners, but both patterned differently (i.
e., made more gender errors) from the L1-Dutch learners, which she
takes as evidence that both the Italian and Spanish agreement rules
cause interference in the production of English his/her, despite the lack
of overt gender morphology in Spanish su (see also Lago et al., 2019;
Pozzan and Anton-Méndez, 2017).

Thus, our experimental set-up allows us to examine whether L2
learners’ predictions are impacted by crosslinguistic differences, by
comparing learners whose L1 might play a facilitatory role (Swedish),
with learners whose L1 might cause interference (Spanish) (e.g., Hopp
and Lemmerth, 2018).

3.1. Research question

Our research question “RQ” is formulated below, followed by our
predictions:

RQ. To what extent do the properties of the learners’ L1 impact the
predictions they generate in the L2?

We address this question by comparing native speakers of English to
advanced L2 learners of English with either Spanish or Swedish as their
L1. Although no previous study manipulating prenominal words has
examined the his/her rule, we hypothesize that native speakers of En-
glish will show a larger N400 for unexpected relative to expected pos-
sessive pronouns (2b vs. 2a), since this is the most common response in
studies manipulating prenominal articles marked for syntactic gender
(e.g., DeLong et al., 2005; Foucart et al., 2014; Martin et al., 2013). If
Spanish-speaking learners overextend the syntactic agreement rule from
their L1 to English, or if the rule interferes, it is possible that the learners
will elicit a “reverse N400 effect”, with more negative waveforms for
(2a) relative to (2b). In other words, their N400 would look like a pos-
itivity. It is also possible that the Spanish-speaking group will show no
sensitivity to the possessive pronoun manipulation. This would be
consistent both with proposals which argue that learners have reduced
ability to predict in general, such as the RAGE hypothesis (Griiter et al.,
2017; Martin et al., 2013), and with proposals which explicitly claim
that predictive routines are the same in the L1 and L2, but can be
obscured by L1-L2 differences, such as Kaan (2014).

In Swedish, equivalent third-person singular possessive pronouns
mark the possessor noun’s natural gender, just as in English (hans “his”,
hennes “her™). Thus, if L1-L2 similarity facilitates predictive processing,
it is possible that the Swedish-speaking learners will show a qualitatively
(i.e., N400) and quantitatively native-like effect of prediction for un-
expected possessive pronouns. This would be more consistent with
Kaan’s proposal, which assumes that predictive mechanisms are
fundamentally the same in the L1 and L2.

All three groups are predicted to elicit an N400 effect for unexpected
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relative to expected nouns (e.g., DeLong et al., 2005; Foucart et al.,
2014; Ito et al., 2017a; Martin et al., 2013). It is possible that unexpected
nouns will also yield a Late Anterior Positivity, although this component
is more likely to emerge in the L1-English group (e.g., Ito et al., 2017a;
Martin et al., 2013).

4. Methods and materials

All experimental procedures were vetted and approved by the
regional ethics committee in Stockholm (project number: 2018/611-31)
and by the ethics committee at the Basque Center on Cognition, Brain
and Language (no project number was assigned).

4.1. Participants

The participants for the study included 24 native speakers of English
(15 females), 25 Spanish-speaking learners of English (15 females), and
32 Swedish-speaking learners of English (20 females). They all provided
their informed written consent to participate in the study. Data from two
additional participants (one L1-English speaker and one L1-Swedish
learner) were excluded from analysis, in both cases due to a drifty
reference in the EEG recording.

English proficiency was assessed via two standardized 60-item tests,
the LexTALE (Lemhofer and Broersma, 2012) and the Quick Oxford
Placement Test “QOPT” (2001). The former assesses vocabulary skills
and the latter assesses grammar, vocabulary, and reading skills. Table 1
summarizes the three groups’ performance in both tests, alongside other
relevant demographic characteristics. As Table 1 shows, both learner
groups performed in the advanced range in both proficiency measures
(over 80% accuracy), but the L1-Swedish group outperformed the
L1-Spanish group in both tests (LexTALE: #(55) = 2.013, p < .05; QOPT: t
(30.54) = 3.855, p = .001, equal variances not assumed).

All 82 participants had normal or corrected-to-normal vision and no
record of learning disabilities or neurological impairments. All but two
participants (two Spanish-speaking learners) were right-handed, as
assessed by the Edinburgh Handedness Inventory (Oldfield, 1971). The
majority of the learners spoke other foreign languages than English, to
varying degrees of proficiency. Most L1-English controls had knowledge
of at least one foreign language, also to varying levels of proficiency. The
L1-English and L1-Swedish participants were tested in Sweden and the
L1-Spanish learners in Spain. All participants received compensation for
their time.

4.2. Materials

The materials for the study comprise 64 short stories following the
structure in (2). An additional example is provided in (11). To facilitate

Table 1
Participants’ age at testing, age of L2 acquisition, and English proficiency.
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the description of the sample story, we present it segmented into
sentences:

an

Sentence #1: Tom and Ruth want to throw a party.

Sentence #2: Tom’s mother is very social and loves parties.

Sentence #3: However, Ruth’s aunt is very shy and hates parties.

Wh-question: In your opinion, which of the two will they invite to the
party, Tom’s mother or Ruth’s aunt?

Response 11a: In my opinion, it is his mother that they will invite.

Response 11b: In my opinion, it is her aunt that they will invite.

Structure of the contexts. Each context begins with a short sentence
(sentence #1) introducing two characters who are planning an event (e.
g., throwing a party). Importantly, the two characters are of the opposite
sex (Tom, Ruth). Sentences #2 and #3 introduce two genitive con-
structions indicating a family relation between the possessor nouns and
the possessed ones (Tom’s mother, Ruth’s aunt). Sentences #2 and #3
also clearly establish which of the two relatives should most reasonably
participate in the event being organized. For example, in (11), it makes
more sense that Tom’s mother be invited to the party, since she loves
parties, while Ruth’s aunt hates them.

The wh-question. Next comes a wh-question asking participants which
of the two relatives was likely to participate in the event. The two
genitive constructions provided as possible answers to the question
(Tom’s mother, Ruth’s aunt) are the candidates for Focus assignment
(hereinafter, the Focus NPs), since only they can fill the slot opened by
the wh-question and value the wh-word. In turn, the characters whom
the story is about (Tom, Ruth) are the Topic NPs, and the wh-question
requests additional information about them (e.g., Reiner, 1981).

The wh-question begins with the phrase in your opinion, to ensure that
participants would engage with the contexts. In addition, we used the
wh-expression which of the two to present the two possible alternatives as
mutually exclusive. This contrast was reinforced by presenting the two
Focus NPs in contrastive focus at the end of the question (Tom’s mother
or Ruth’s aunt?) (e.g., Cowles et al., 2007). In half of the contexts, the
wh-question was negated, to ensure that participants did not ignore the
question and respond exclusively based on the bias created by sentences
#1-3. An example of a set-up context with a negated question is pro-
vided in (12).

(12) Fred and Cathy want to go rowing. Fred’s uncle is very sporty and
loves rowing. However, Cathy’s father is out of shape and hates
rowing. In your opinion, which of the two will they not invite to
go rowing, Fred’s uncle or Cathy’s father?

Response 12a: In my opinion, it is her father that they will not invite.
Response 12b: In my opinion, it is his uncle that they will not invite.
The response. The response to the wh-question involves an it-cleft

L1-English (N = 24)

L1-Spanish (N = 25)

L1-Swedish (N = 32)

Mean SD Range Mean SD Range Mean SD Range
Age at testing 30 7 19-44 28 5 19-40 30 5 22-39
AoA of English - 9 2 6-14 8 1 6-11
LexTALE score 95 78-100 82 66-100 87 10 65-100
QOPT score 98 1 95-100 83 13 50-100 94 77-100

AoA: Age of acquisition.
QOPT: Quick Oxford Placement Test.
LexTALE and QOPT scores are provided as percentages.
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construction, which acts as a cue for Focus assignment (e.g., Aleman
Banon and Martin, 2019; Cowles et al., 2007). That is, the cleft indicates
that the upcoming phrase is the Focus NP. We then systematically
manipulated the expectedness of the clefted NP (i.e., the possessed
noun). For example, the response in (11a) is expected relative to (11b),
since the previous context biases comprehenders towards expecting that
Tom’s mother, and not Ruth’s aunt, will be invited to the party.

Crucially, the clefted NPs were presented as genitive constructions
with prenominal possessives (e.g., his mother vs. her aunt in 11). Since
the two possessor nouns (Tom, Ruth) were always of the opposite sex, the
prenominal possessives in the response showed different gender
depending on whether the clefted noun was expected (Tom'’s mother =
his mother) or unexpected (Ruth’s aunt = her aunt). This allowed us to
measure effects of prediction at the prenominal possessive, at a point
when the target noun was yet to appear (e.g., DeLong et al., 2005;
Foucart et al., 2014; Martin et al., 2013; Wicha et al., 2004). Notice that
no possessive pronouns were used in the preceding set-up context, to
avoid cueing participants.

Another crucial feature of the response is that the expected “pos-
sessive + noun” sequence showed a natural gender mismatch (context in
11: his mother). In contrast, the unexpected possessive pronoun (context
in 11: her) was of the same gender as the expected noun (context in 11:
mother). This allowed us to examine the extent to which Spanish-
speaking participants experienced interference from the agreement
rule that is instantiated in their L1.

Item controls. For the possessor nouns, we selected 32 unambiguously
masculine (e.g., Tom, Peter, Arthur) and 32 unambiguously feminine (e.
g., Ruth, Ann, Silvia) proper names. Each proper name was used twice,
once with a male relative and once with a female one (e.g., Tom’s
brother, Tom’s mother). No pair of names was repeated across contexts (e.
g., Tom and Ruth vs. Silvia and Tom). The male character was the first to
be mentioned in half of the contexts, and this was counterbalanced
across the two uses of a given name.

The selection of the Focus NPs (i.e., the possessed nouns) was more
constraining, since the number of English noun pairs showing a sex
distinction that can be used as heads of genitive constructions (e.g., his
mother) is limited. We therefore selected four feminine kinship terms
(aunt, mother, niece, sister) and their four masculine counterparts (uncle,
father, nephew, brother), using each kinship term 16 times. The Focus
nouns were fully counterbalanced across the expected and unexpected
conditions. Thus, we could compare brain responses to the nouns
mother, father, sister, brother, etc. when they were expected, relative to
when they were unexpected. The target Focus nouns corresponded to
the first or the second noun in the context and in the wh-question an
equal number of times, and this was also counterbalanced across the
expected and unexpected conditions. The use of negated questions was
fully counterbalanced across the expected and unexpected conditions. In
addition, each kinship term was used an equal number of times with
negated and non-negated questions.

These materials were assigned to two experimental lists following a
Latin Square design. The set-up contexts were identical across the two
lists, while the responses were fully counterbalanced. Across the two
lists, every context was followed by both response types in (11) or (12),
but no participant saw more than one response for a given context. Each
of the two lists was used an equal number of times within the Swedish-
speaking group (16 times each). Across the English-speaking partici-
pants, one list was used 11 times and the other one, 13 times (due to the
loss of one recording). Across the Spanish-speaking participants, one list
was used 12 times and the other one, 13 times. All materials are pro-
vided in Appendix 1.

Control Tasks. Our design encompasses two control tasks aimed at
assessing the learners’ knowledge of the his/her rule. Both tasks were
administered after the EEG recording to avoid cueing the participants.
The first task was a modified version of the Truth Value Judgment Task
(TVJT). The materials for this task consisted of 16 statements including
genitive constructions such as Harold’s niece or Gloria’s nephew, where
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the possessor and possessed nouns had different natural gender. Each
statement was paired with a sentence including a genitive construction
with a possessive pronoun whose correctness participants were to
evaluate (against the statement). With this set-up, we manipulated the
congruency between the two genitive constructions (Harold’s niece vs.
his/her niece). Examples are shown in (13-14) below:

(13) I think that Linda’s father is a gardener.
a. True: I think that her father is a gardener.
b. False: I think that his father is a gardener.
(14) We went swimming with Harold’s niece.
a. True: We went swimming with his niece.
b. False: We went swimming with her niece.

The second task was a Production Task. The materials for this task
consisted of 16 statements similar to the ones in the TVJT. Each state-
ment was followed by an identical counterpart where the possessor noun
had been replaced by a series of underscores. Examples are provided in
(15) and (16) below:

(15) Mike’s mother has blue eyes.
____mother has blue eyes
(16) A shark attacked Claire’s nephew.

A shark attacked _____ nephew.

To create these tasks, we selected the same eight kinship terms that
we used in the EEG experiment, in addition to 16 proper names (eight
masculine), also from the EEG experiment. In both tasks, the target
genitive constructions were located in initial, middle, or final position
approximately an equal number of times. Both tasks included six filler
items not targeting possessive pronouns. In the production task, all
participants saw all items. For the TVJT, we created two experimental
lists following a Latin Square design. The first statement was held con-
stant across lists, and the second one was counterbalanced across the
two lists. Across lists/participants, all target sentences from the TVJT
were used in their congruent and incongruent versions, but no partici-
pant saw the same item twice. All participants saw all fillers.

4.3. Procedure

The testing for the present study involved one 3-h session. We used
the software PsychoPy (Peirce, 2007, 2008; Peirce and MacAskill, 2018)
for stimuli presentation. Participants sat comfortably in front of a
computer monitor and received instructions that they would read a se-
ries of stories, each with a question. Their task was to read each story
attentively, including the question. They learned that, upon a button
press, they would read one potential response to the question. They were
asked to avoid blinks and body movements while reading the responses,
and to rest their eyes while reading the contexts. Participants also
learned that, occasionally, a yes/no question would appear after the
response. Thirty-two trials (16 per condition) were followed by a
comprehension question (50% in total). The questions targeted either
one of the Focus NPs 16 times (the target NP was targeted 8 times) and
the event in the story 16 times.

In preparation for the experiment, participants completed a 13-trial
practice set. Feedback was provided for the first three trials, to ensure
that participants understood the task. The feedback also clarified how
some responses were more reasonable than others, based on the bias
provided by the context. The practice items (see an example in 17) had a
similar structure to the experimental items, although they were not
identical. For example, approximately half of the questions did not
include a wh-word and approximately half of the responses did not
involve the it-cleft. Recall that, in the experimental items, no possessive
pronouns were used before the response (... which of the two will they
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invite to the party, Tom’s mother or Ruth’s aunt?). Thus, one of the pur-
poses of the practice was to increase the predictability of possessive
pronouns in the responses (see the response in 17). Since the purpose of
our study was not to test how pervasive predictive processing is in L2
comprehension, but whether L1-L2 (dis)similarities modulate the
learners’ predictions, this allowed us to better address our research
question. To avoid cueing participants, in all practice items where the
response included a third-person singular possessive pronoun, the
possessor and possessed nouns were of the same sex (e.g., Sharon’s mum,
Zach’s dad). Thus, no matter which agreement rule participants applied
(English/Swedish or Spanish), the output would be the same.

(17) Zach and Sharon need a babysitter. Zach’s dad can’t stand babies.
However, Sharon’s mum adores babies. In your opinion, will they
ask Zach’s dad or Sharon’s mum for help?

a. In my opinion, they will ask her mum for help.

All practice trials involved kinship terms that did not appear in the
experimental stimuli, such as mum-dad, grandpa-grandma, daughter(s)-
son(s). Five of the practice trials included a comprehension question.
The experiment began immediately after the practice. The experiment
encompassed four blocks of 16 items, separated by three short breaks.
Within each block, items from both experimental conditions were
intermixed and randomized. Words were displayed in black text
(Courier New font) against a grey background. The last word of each
response was marked with a period.

Trial structure. On each trial, participants first read the set-up context,
which remained visible until they were ready to read the response. Upon
a button press, the response began. First, participants saw a central
fixation cross, displayed for 500 ms. Then, words were presented one at
a time for 450 ms, followed by a 300 ms pause. We added an interval
ranging from 500 to 1000 ms between the set-up context and the
beginning of the response, pseudorandomly varied at 50 ms increments.
After the response, participants either answered a yes/no comprehension
question or moved on to the next context. The prompts for the
comprehension question remained on the screen until the participants
provided a response, which they did with their left hand: middle finger
for yes and index finger for no.

Additional tasks. After the EEG recording, participants completed the
two control tasks described in the Materials section, both of which were
computerized. In the TVJT, participants saw one statement in black print
and another one below in red print. They were asked to evaluate
whether the latter was a correct way of expressing the information in the
former, which they did by pressing one of two keys. In the Production
Task, participants saw one statement in red print. Right below, they saw
the same statement, but this time one word had been replaced with a
series of underscores. Their task was to type in one word that would
preserve the meaning of the original statement. A blinking cursor was
placed right above the underscores.

4.4. EEG recording and analysis

L1-English and L1-Swedish data. The continuous EEG was recorded
from 32 sintered Ag/AgCl active electrodes snapped into an elastic cap
(Biosemi, Amsterdam, NL). The electrodes were positioned according to
the International 10-20 System (midline: Fz, Cz, Pz, Oz; lateral: FP1/2,
AF3/4,F3/4,F7/8,FC1/2,FC5/6,C3/4,T7/8,CP1/2,CP5/6,P3/4,P7/
8, PO3/4, 01/2). To detect ocular artifacts, four flat electrodes were
placed above and below the left eye, and on the left and right outer
canthi. Two additional flat electrodes were placed on the mastoids.
Electrodes CMS (Common Mode Sense, between C3 and Cz) and DRL
(Driven Right Leg, between Cz and C4) were used as reference and
ground, which is standard in Biosemi systems. Only active electrodes
were used, which kept impedances very low. The recordings were
amplified with an ActiveTwo amplifier (Biosemi, Amsterdam, NL) and
digitized continuously with a sampling rate of 2048 Hz. Offline, the

Neuropsychologia 155 (2021) 107797

recordings were decimated (with an anti-aliasing filter) to 1024 Hz.

L1-Spanish data. We used Brain Vision Recorder (Brain Products,
GmbH, Germany) to record the continuous EEG from 27 electrodes
mounted on an elastic cap. The electrodes were placed according to the
International 10-20 System (midline: Fz, Cz, Pz; lateral: FP1/2, F3/4,
F7/8, FC1/2, FC5/6, C3/4, T7/8, CP1/2, CP5/6, P3/4, P7/8, 01/2). To
monitor blinks and horizontal eye movements, we placed four electrodes
above and below the right eye and on the left and right outer canthi. Two
additional electrodes were placed on the mastoids. The recordings were
referenced online to the left mastoid. Electrode impedances were kept
below 5 K for scalp electrodes and below 8 KQ for eye electrodes. The
recordings were amplified with an online bandpass filter of 0.016-250
Hz (with a 12dB/octave roll-off) by a BrainAmp DC amplifier, and
digitized continuously at a sampling rate of 1 kHz.

EEG data analysis. The EEG data from both labs were analyzed with
the Brain Vision Analyzer 2.1 software (Brain Products, GmbH, Ger-
many). We first applied a 0.1 Hz high-pass filter to remove drift. We then
re-referenced the recordings to the average of the mastoids. We then
corrected ocular artifacts via Independent Component Analysis. This
procedure decomposes each participant’s EEG into independent com-
ponents. We then removed components that are characteristic of blinks
and horizontal eye movements upon visual inspection of their topo-
graphic distribution. On average, three components were removed per
participant. The mean number of removed components per participant
did not differ across groups, F(2, 79) = 0.366, p = .694. When necessary,
bad electrodes were interpolated by using spherical spline interpolation.
Interpolation of one critical electrode (i.e., an electrode that would be
used for analysis) was needed for three L1-English participants and five
L1-Swedish participants. Interpolation of two critical electrodes was
needed for one L1-English participant. In all cases, interpolation was
conducted for all trials.”

After ocular correction, we segmented the EEG into epochs in two
intervals: between —300 and + 1000 ms relative to the onset of the
possessive; between —100 and + 1000 ms relative to the onset of the
noun. Remaining artifacts exceeding +75 pV were automatically rejec-
ted. The remaining trials were included in the analysis, regardless of
accuracy in the comprehension question. For the analyses on the pos-
sessive, the mean number of trials per condition was similar across
conditions and groups (L1-English, expected possessive, M = 31, range
= 18/32; unexpected, M = 30, range = 19/32; L1-Spanish, expected
possessive, M = 32, range = 30/32; unexpected, M = 31, range = 27/32;
L1-Swedish, expected possessive, M = 31, range = 22/32; unexpected,
M = 31, range = 20/32). The same was true of the analyses on the noun
(L1-English, expected noun, M = 31, range = 23/32 unexpected, M =
30, range = 20/32; L1-Spanish, expected noun, M = 32, range = 31/32;
unexpected, M = 32, range = 28/32; L1-Swedish, expected noun, M =
31, range = 20/32; unexpected, M = 30, range = 20/32).

After artifact rejection, the epochs for the possessive were baseline-
corrected relative to the 300 ms pre-stimulus interval. A shorter base-
line was chosen for the noun (100 ms pre-stimulus interval) to ensure
that any effects on the prenominal possessive would not contaminate the
noun’s baseline. Epochs were then averaged per condition and per
subject. Finally, we filtered the averaged waveforms with a phase-shift
free Infinite Impulse Response Butterworth filter, with a high cutoff of
30 Hz and a 12dB/octave roll-off.

Similar to Aleman Banon and Martin (2019), we opted for a spatio-
temporal approach to analyze the EEG data. Previous ERP studies
manipulating prenominal material have examined
article/adjective-noun syntactic gender agreement (e.g., Fleur et al.,
2020; Foucart et al., 2014; Ito et al., 2020; van Berkum et al., 2005;

4 Additional interpolation was conducted for a different set of seven partic-
ipants (two L1-English speakers, five L1-Swedish learners). In these cases, one
to two electrodes were interpolated, but those electrodes were not used for
analysis.
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Wicha et al., 2004), but no previous study on prediction has examined
English possessive pronouns, which mark their antecedent’s natural
gender, not the syntactic gender of the head noun. In addition, there is
substantial variability across previous studies with respect to the la-
tency, topography, and polarity of prediction effects. Thus, we decided
to quantify ERPs for the possessive via mean amplitudes between 250
and 400 ms, corresponding to the time window where unexpected in-
definite articles yielded an N400 effect in Martin et al.’s study (2013).
This is also the time window where the same L1-English group yielded
more negative waveforms for unexpected indefinite articles relative to
expected ones in our previous study manipulating information structure
(Aleman Banon and Martin, 2019). For the analysis on the noun, ERPs
were quantified via mean amplitudes between 200-500 ms and 500-800
ms. These two intervals encompass the time window where incorrectly
focused nouns yielded more negative waveforms in a previous study by
Cowles et al. (2007), an effect that was most robust between 200 and
500 ms (i.e., the canonical N400 time window). In addition, the
500-800 ms approximates the time window where a Late Anterior
Positivity emerged for unexpected relative to expected nouns in Martin
et al.’s study (2013).

Since the data were collected with two different EEG systems, with
different electrode arrays, we created regions of interest (ROI) including
electrodes common to both systems. These ROIs are comparable to the
ones in Aleman Banon and Martin (2019): Frontal (F3, FC1, Fz, F4, FC2),
Central (C3, CP1, Cz, C4, CP2), and Posterior (P3, O1, Pz, P4, 02). Based
on Aleman Banon and Martin (2019) and Martin et al. (2013), the an-
alyses on the possessive were carried out in the Frontal and
Central-Posterior regions, where previous studies have reported effects
of prediction on prenominal material (e.g., Aleman Banon and Martin,
2019; DeLong et al., 2005; Foucart et al., 2014; Martin et al., 2013). The
analyses on the noun were carried out in the Central-Posterior region,
where N400 effects have been reported for both unexpected or incor-
rectly focused nouns (e.g., Cowles et al., 2007; DeLong et al., 2005;
Foucart et al., 2014). We also analyzed brain responses to the noun in
the Frontal region, where previous studies have reported a Late Anterior
Positivity for unexpected nouns (Delong et al., 2011; Martin et al.,
2013).

For each analysis, mean amplitudes were entered into a mixed-
factors ANOVA with Expectedness (Expected, Unexpected) as the
repeated measure and Group (L1-English, L1-Spanish, L1-Swedish) as
the between-subjects factor. Since the L1-Spanish data were collected
with a different EEG system from the English/L1-Swedish data, we did
not interpret main effects of Group. Notice, however, that the main ef-
fect of Group does not directly address our RQ. In total, we planned two
analyses on the possessive (250-400 ms: Frontal, Central-Posterior).
Then, upon visual inspection of the data, we ran an additional analysis
in the 500-800 ms time window. On the noun, we planned a total of
three analyses (200-500 ms: Central-Posterior; 500-800 ms: Frontal,
Central-Posterior). We used a false discovery rate correction (Benjamini
and Hochberg, 1995) in all follow-up tests. We report all effects
regardless of significance.

5. Results

Mean accuracy in the comprehension questions approached ceiling
performance in all three groups (L1-English, M = 98%, SD = 2%; L1-
Spanish, M = 96%, SD = 4%; L1-Swedish, M = 96%, SD = 4%), with
every participant scoring above 75% accuracy. This suggests that, across
groups, participants were attentive to the stories and engaged in the
task. A one-way ANOVA with Group (L1-English, L1-Spanish, L1-
Swedish) as the independent variable revealed no differences in accu-
racy across groups, F(2, 78) = 0.017, p = .838; 1112, = 0.005.

To assess participants’ knowledge of the his/her rule, we created a
composite score by averaging across the scores for the two controls
tasks. Mean accuracy across these tasks also approached ceiling per-
formance within each group (L1-English, M = 99%, SD = 2%; L1-
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Spanish, M = 96%, SD = 6%; L1-Swedish, M = 99%, SD = 2%), with
every participant scoring above 75% accuracy. This suggests that, when
presented with genitive constructions such as Harold’s niece or Gloria’s
nephew, both learner groups selected/produced a possessive pronoun
agreeing with the possessor noun’s natural gender (Tom, Gloria), not
with the gender of the possessed noun (niece, nephew). Here, the effect of
Group on accuracy was significant, F(2, 78) = 6.545, p = .002; 11[2, =
0.144, driven by the fact that the L1-Spanish group was slightly less
accurate than both the L1-English group, F(1, 47) = 5.151, p = .028; ¢*
= 0.033; nﬁ = 0.099, and the L1-Swedish group, F(1, 55) = 8.975,p =
.004; ¢* = 0.017; 115 = 0.140. Despite this difference, which is expected
under accounts of transfer that capitalize on differences in feature
realization (e.g., Lardiere, 2009; Tokowicz and MacWhinney, 2005),
what is important is that the L1-Spanish group had robust knowledge of
the his/her rule, as indicated by their mean accuracy score of 96%.

Figs. 1-3 show the waveforms for expected and unexpected posses-
sive pronouns separately for the L1-English, L1-Swedish, and L1-Spanish
groups. Visual inspection of the waveforms suggests that, in the L1-
English and L1-Swedish groups, unexpected possessive pronouns yiel-
ded more negative waveforms than expected ones between ~250 and
400 ms in central-posterior electrodes, the effect emerging slightly later
in the L1-English group (Figs. 1 and 2). In this time window, no nega-
tivity is visible for unexpected relative to expected possessive pronouns
in the L1-Spanish group (Fig. 3). Unexpected possessive pronouns also
yielded more positive waveforms than expected ones between 500 and
800 ms in central posterior electrodes, mainly in the L1-Spanish group
(Fig. 3). A less robust positivity in this time window is also apparent in
the L1-Swedish group (Fig. 2) and, to a lesser extent, in the L1-English
group (Fig. 1). These differences can be seen in Fig. 4, which provides
topographic maps of the relevant effects. Fig. 5 illustrates the effect size
in the 250-400 ms time window for each group, together with a measure
of uncertainty (i.e., within-subject standard error of the mean).

Figs. 6-8 provide the waveforms for expected and unexpected nouns
for the L1-English, L1-Swedish, and L1-Spanish groups separately.
Visual examination of the ERPs reveals more negative waveforms for
unexpected relative to expected nouns between ~200 and 500 ms in all
three groups. This effect shows a central-posterior distribution and is
consistent with the N400. Although the negativity appears to approach
baseline around ~500 ms, it remains sustained until ~800 ms in all
three groups, mainly in the L1-English group (Fig. 6). These effects can
be seen in Fig. 4, which also provides topographic maps of the relevant
effects on the noun. No evidence of a Late Anterior Positivity is apparent
for unexpected relative to expected nouns in any of the groups, although
an earlier frontal positivity is apparent between 400 and 600 ms in the
L1-Swedish and L1-Spanish groups (see Figs. 7 and 8).

5.1. Effects on the possessive

5.1.1. Time window between 250 and 400 ms

In the Central-Posterior region, the omnibus ANOVA revealed a main
effect of Expectedness, F(1, 78) = 5.488, p = .022; 115 = 0.066, driven by
the fact that, across groups, unexpected possessives (M = 2.079; SD =
2.33) yielded more negative waveforms than expected ones (M = 2.652;
SD = 2.99). Crucially, the main effect of Expectedness was modified by
an interaction with Group, F(2, 78) = 3.666, p = .030; 1112, = 0.086.
Follow-up tests to this interaction revealed that the main effect of
Expectedness was marginal in the L1-English group, F(1, 23) = 3.643, p
=.069, ¢* = 0.033; 71}2, = 0.137, and significant in the L1-Swedish group,
F(1, 31) = 7.410, p = .011, g* = 0.017; r]f, = 0.193. In the L1-Spanish
group, the main effect of Expectedness was not significant, F(1, 24) =
0.868, p =.361, g* = 0.05; 1112, = 0.035. As we pointed out above, visual
inspection of the L1-English data suggested that the waveforms for ex-
pected and unexpected possessives started to diverge slightly later than
our predetermined time window (i.e., 250-400 ms). As an exploratory
analysis, we ran an additional follow-up in the 275-425 ms time window
in the L1-English group, which showed that the main effect of
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Fig. 4. Topographic plots for the effects at the possessive pronoun in the 250-400 ms and 500-800 ms time windows, and at the noun in the 200-500 ms and
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Fig. 5. Effect size for unexpected possessives in the 250-400 ms time window
for all three groups (left bar: L1-English; middle bar: L1-Swedish; right bar: L1-
Spanish). Effect size was computed by subtracting the expected from the un-
expected condition in the Central-Posterior region. Error bars provide the
within-subject standard error of the mean.

Expectedness was significant (at « = .05), F(1, 23) = 4.751, p = .040; nﬁ
=0.171.°

Finally, the omnibus ANOVA also revealed a significant main effect
of Group, F(2,78) = 3.814, p =.026; 115 =0.089. As indicated above, this
effect is difficult to interpret, given that we used two different EEG
systems to collect the data. Moreover, it is not directly relevant to our
discussion. Thus, no further comparisons were run.

In the Frontal region, the omnibus ANOVA only revealed a significant
main effect of Group, F(2, 78) = 4.442, p = .015; 115 =0.102. Neither the
main effect of Expectedness, F(1, 78) = 1.888,p = .173; nﬁ = 0.024, nor

5 Since our study is mainly concerned with between-group differences as a
function of L1 similarity to English, we also compared the magnitude of the
N400 effect across groups. N400 effect magnitude was calculated by subtracting
the expected from the unexpected condition, separately for each group. These
analyses showed that the N400 effect was significantly larger in the L1-English
group (M = —0.801; SD = 2.06) compared to the L1-Spanish group (M = 0.319;
SD = 1.71), but only before correcting for Type I error, F(1, 47) = 4.310, p =
.043, ¢*=0.033; nf, = 0.084. It was significantly larger in the L1-Swedish group
(M = —1.238; SD = 2.57) relative to the L1-Spanish group, F(1, 55) = 6.793, p
=.012, ¢* = 0.017; r/ﬁ = 0.110. In contrast, the magnitude of the N400 effect
did not differ across the L1-English and L1-Swedish groups, F(2, 54) = 0.468, p
= .497, ¢* = 0.05; 77 = 0.009.
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the Group by Expectedness interaction reached significance, F(2, 78) =
1.844, p = .165; 2 = 0.045).

5.1.2. Follow-up with a Bayesian approach

Since the absence of a central-posterior negativity for unexpected
(relative to expected) possessive pronouns between 250 and 400 ms in
the L1-Spanish group is theoretically relevant, we complemented this
analysis with a Bayesian approach to determine the probability of the
null hypothesis, relative to the alternative hypothesis. We used the
statistical package JASP to conduct this analysis (JASP Team, 2017;
Version 0.12.2). We selected a Cauchy prior centered on zero with a
scale of 0.707 (i.e., the default) for the directional alternative hypothesis
(Unexpected < Expected). A Bayesian paired samples t-test revealed
moderate evidence in favor of the null hypothesis (BFy; = 8.401),
relative to the alternative hypothesis. This suggests that the null hy-
pothesis (i.e., that the waveforms for expected and unexpected posses-
sive pronouns would not differ) was ~8.4 times more likely than the
alternative hypothesis.

5.1.3. Time window between 500 and 800 ms (central-posterior region)

In this time window, the omnibus ANOVA revealed a main effect of
Expectedness, F(1, 78) = 8.375, p = .005; nﬁ = 0.097, driven by the fact
that, across groups, unexpected possessives (M = 1.181; SD = 2.20)
yielded more positive waveforms than expected ones (M = 0.535; SD =
2.16). No other effects reached significance (Group: F(2, 78) = 0.771, p
= .466; 1112, = 0.019; Group by Expectedness interaction: F(2, 78) =
0.524, p = .594; 72 = 0.013).

Despite the lack of an Expectedness by Group interaction, the posi-
tivity seems more robust in the L1-Spanish group (compare Fig. 3 to
Figs. 1 and 2). Thus, we conducted pairwise comparisons, which showed
that the positivity was only significant in the L1-Spanish group, F(1, 24)
=6.279,p=.019,q*=0.017 7112, =0.207 (L1-Swedish: F(1, 31) = 2.763,
p=.107,q*=0.033 nﬁ = 0.082; L1-English: F(1, 23) = 0.939, p = .343,
q* = 0.05 ;15 = 0.039). Although the effect in the L1-Spanish group
became marginal after adjusting the original p value to .017, we calcu-
lated Cohen’s D by dividing the mean difference (mean amplitude for
unexpected possessive pronouns, M = 1.665, minus mean amplitude for
expected ones, M = 0.734) by the standard deviation difference (SD =
1.86), which revealed that the effect was of medium size (0.5).

To sum up, these analyses revealed an N400-like effect between 250
and 400 ms for unexpected relative to expected possessive pronouns in



J. Aleman Banén and C. Martin

F3

Neuropsychologia 155 (2021) 107797

FZ F4

NW

Cz C4

&

600

o
1<)

300 900

Amplitude (V)

o

Time (ms)

Expected Noun
Unexpected Noun

Fig. 6. Grand average ERP waveforms for expected and unexpected nouns in the L1-English group. ERPs are plotted for nine equidistant representative electrodes

within each region of interest.

F3
RUNSV=NN

C3

WW

FZ F4

WWWM

Cz C4

&

600

o
1<)

300 900

Amplitude (V)

o

Time (ms)

LA LA oA LA
A AVl A
A W, LA PINAD N A
A W7 \ NT \

Expected Noun
Unexpected Noun

Fig. 7. Grand average ERP waveforms for expected and unexpected nouns in the L1-Swedish group. ERPs are plotted for nine equidistant representative electrodes

within each region of interest.

the L1-English group (where it was marginal) and in the L1-Swedish
group.® Analyses also revealed a positivity between 500 and 800 ms
for unexpected relative to expected possessives across all three groups.

5.2. Effects on the noun

5.2.1. Time window between 200 and 500 ms (central-posterior)

The omnibus ANOVA revealed a main effect of Expectedness, F(1,
78) = 18.379, p < .0001; qﬁ = 0.191, driven by the fact that, across
groups, unexpected nouns (M = 0.157; SD = 2.49) yielded more nega-
tive waveforms than expected ones (M = 1.181; SD = 2.51). The main

6 A reviewer wondered whether the same pattern of results would emerge in
a longer time window. Therefore, we analyzed the 250-500 ms time window,
which revealed a marginal Group by Expectedness interaction, F(2, 78) =
3.093,p =.051; 1112, = 0.073. Follow-ups to this interaction revealed a pattern of
results that was qualitatively similar to those from our predetermined time
window, although the effects of Expectedness did not reach significance. This
analysis in provided in full in Appendix 2.
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effect of Group was also significant, F(2, 78) = 3.844, p = .026; 1112, =
0.090, but the Group by Expectedness interaction was not, F(2, 78) =
1.238, p = .296; /jZ = 0.045.

5.2.2. Time window between 500 and 800 ms (central-posterior region)

The omnibus ANOVA revealed a main effect of Expectedness, F(1,
78) = 5.856, p = .018; 72 = 0.070, driven by the fact that unexpected
nouns (M = —1.015; SD = 1.98) yielded more negative waves than ex-
pected ones (M = —0.432; SD = 2.10) across groups. The main effect of
Group was also significant, F(2, 78) = 7.984, p = .001; r]IZ, =0.170. As in
the previous time window, the Group by Expectedness interaction did
not reach significance, F(2, 78) = 1.024, p = .364; 175 = 0.026).

5.2.3. Time window between 500 and 800 ms (frontal region)

The omnibus ANOVA only revealed a main effect of Group, F(2, 78)
=4.066,p =.021; ;112, = 0.094. Neither the main effect of Expectedness, F
(1, 78) = 2.464, p = .121; nﬁ = 0.031, nor the Group by Expectedness
interaction was significant, F(2, 78) = 2.047, p = .136; 115 = 0.050).

To sum up, the analyses on the noun revealed an N400 effect be-
tween 200 and 500 ms for unexpected relative to expected nouns across
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all three groups. The negativity remained sustained until 800 ms, also
across groups. Unexpected nouns did not yield a Late Anterior
Positivity.7

5.3. Additional analyses on the possessive: multiple regression analysis

The analyses on the possessive pronouns revealed an N400 effect for
unexpected relative to expected possessives in the L1-Swedish group,
but not in the L1-Spanish group, even though some L1-Spanish learners
showed negativities in this time window. Recall, however, that,
although both groups were of advanced proficiency, the Swedish-
speaking group scored higher than the Spanish-speaking group in the
two standardized English proficiency tests that were administered in the
study (i.e., the LEXtale and the QOPT). Thus, we used multiple regres-
sion to tease apart the individual contribution of both L1 background
and English proficiency towards explaining variability in N400 effect
magnitude for unexpected possessives (i.e., the prediction effect). The
outcome variable was N400_Size, corresponding to the mean amplitude
between 250 and 400 ms in the unexpected minus expected possessive
condition, calculated for the Central-Posterior region. The predictor
variables were Group, which was dummy-coded as zeros (L1-Spanish)
and ones (L1-Swedish), and Proficiency, corresponding to the percent-
age score in the LEXtale. We selected the LEXtale as a measure of pro-
ficiency because, even if the L1-Swedish group outperformed the L1-
Spanish group, both groups showed comparable variance in this mea-
sure (Levene statistic: F(1, 55) = 0.208, p = .650). This was not the case
with the QOPT, where the L1-Swedish group showed very little vari-
ability (Levene statistic: F(1, 55) = 18.500, p = .00007), which is un-
surprising given that our study does not manipulate proficiency.

The assumptions of multiple regression were met, as revealed by an
analysis of residuals. First, no residual was smaller than —3.29 or larger
than 3.29 (standardized residual minimum: —2.32; maximum: 2.38),
suggesting that there were no outliers in the solution. In addition, the
standardized residuals looked approximately normally distributed when
plotted in a histogram (skewness = —0.29). The P-P plot of standardized

7 Figs. 7 and 8 show that unexpected nouns yielded more positive waveforms
than expected ones in anterior electrodes between ~400 and 600 ms, in the L1-
Swedish group and, to a lesser extent, in the L1-Spanish group. We submitted
mean amplitudes in this time window to an additional ANOVA, which showed
that neither the main effect of Expectedness, F(1, 78) = 0.060, p = .808; r]f, =
0.001, nor the Group by Expectedness interaction reached significance, F(1,
78) = 2.475, p = .091; 57 = 0.060.
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residuals also showed a normal distribution (i.e., the points were close to
the regression line). The data also met the assumptions of homogeneity
of variance and linearity, as indicated by the scatterplot of standardized
predicted values. In addition, there was no perfect multicollinearity
between the predictors (both VIF values = 1.074). Finally, the data met
the assumption of no zero variance (N400_Size, Variance = 94.641;
Group, Variance = .251; Lextale_Score, Variance = 5.527).

The model including both Group and Proficiency as predictors
accounted for a significant amount of the variance in N400_Size, F(2,
54) = 3.382, p = .041, R? = 0.111, R%sgjuseed = 0.078. Crucially, the
individual contribution of Group towards explaining variability in
N400_Size was significant after controlling for Proficiency, B = —1.509, t
(54) = —2.418, p = .019, g* = 0.025. The unstandardized regression
coefficient suggests that, on average, the size of the N400 effect for
unexpected possessive pronouns was 1.509 pV larger in the L1-Swedish
group, relative to the L1-Spanish group. In contrast, LEXtale_Score did
not significantly predict N400_Size, B = —0.009, t(54) = —0.290, p =
.773, q* = 0.05. Thus, these results suggest that the qualitatively
different ERP patterns shown by the L1-Swedish and L1-Spanish groups
are more likely to stem from their having different L1s, as opposed to
differences in proficiency.

6. Discussion

In the present study, native and nonnative speakers of English read
short discourse contexts about a male and a female character planning
some event. The contexts were followed by a wh-question asking which
of two relatives were or were not likely to participate in the event. This
set-up context made a genitive construction consisting of a third-person
singular possessive pronoun and a kinship term of the opposite gender
(e.g., his mother) likely in the upcoming response to the question. The
response included an it-cleft, a syntactic device that cues comprehenders
that the upcoming phrase is the response to the wh-question (e.g.,
Aleman Banon and Martin, 2019; Cowles et al., 2007). After the cleft
came either the expected genitive construction or an unexpected one
with a possessive pronoun of the opposite gender (e.g., his mother vs. her
aunt). This gender alternation in the possessive pronoun depended on
whether the pronoun’s antecedent was the male or the female character
in the story. Importantly, the responses were always semantically
plausible and syntactically correct (i.e., no gender agreement rule was
violated). The participants’ brain responses to the expected and unex-
pected possessive pronouns and kinship nouns were recorded with EEG.

The main purpose of the study was to investigate whether similarities
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and differences with respect to the features that English and the L1s of
two learner groups (Spanish, Swedish) encode in third-person singular
possessive pronouns would impact the learners’ predictions (e.g., Dus-
sias et al., 2013; Hopp and Lemmerth, 2018; Kaan, 2014; Lardiere, 2009;
Tokowicz and MacWhinney, 2005; van Bergen and Flecken, 2017).
Notably, English third-person singular possessive pronouns mark the
possessor noun’s human status (his/her vs. its) and natural gender (his vs.
her), which is the feature that we manipulated. In Spanish, in contrast,
third-person singular possessive pronouns encode the syntactic features
of the possessed noun (i.e., number and syntactic gender). Although this
dependency is not morphologically obvious for syntactic gender, the
Spanish possessive pronoun system as a whole provides evidence for it
(see also experimental evidence from Anton-Méndez, 2011 and Lago
etal., 2019). In addition, none of the Spanish possessive pronouns marks
the possessor noun’s natural gender. Finally, Swedish third-person sin-
gular possessive pronouns encode the same features as English, i.e., the
possessor’s human status (hans/hennes vs. dess “his/her vs. its”) and
natural gender (hans “his”; hennes “her”) (e.g., Cardinaletti, 1998;
Tingsell, 2007; see footnote #4).

We start by discussing the N400 effects on the kinship nouns, which
we use as a confirmation check that participants generated predictions
in the expected direction. Across all three groups, we found a central-
posterior N400 effect for kinship nouns that were unexpected based
on contextual bias, relative to expected nouns between 200 and 500 ms,
a time window that was predetermined based on the study by Cowles
et al. (2007). This effect indeed has similar latency and topography to
the N400 effect reported by Cowles et al. (2007) for nouns that were
unexpected following an it-cleft construction (although unexpected
nouns in their study also violated information structure constraints).
These findings are consistent with previous studies that have compared
plausible nouns that differed with respect to predictability based on
offline cloze probability (e.g., DeLong et al., 2005; Fleur et al., 2020;
Foucart et al., 2014; Ito et al., 2017b; 2020; Kutas and Hillyard, 1984;
Martin et al., 2013; Nieuwland et al., 2018). Our design, however, is
quite different, since the contextual bias depended on which relative
participants thought was or was not likely to participate in the event
described in the story. These results suggest (1) that the stories suc-
cessfully biased comprehenders towards one of the two possible genitive
constructions; and (2) that this bias did not differ across the three
groups. Thus, we are in a good position to compare how the three groups
processed the prenominal possessive pronouns.

Crucially, all three groups showed some type of brain sensitivity to
prenominal possessives that were unexpected based on their anteced-
ent’s natural gender, compared to expected possessives. This is not
surprising, since (a) participants had enough time for prediction gen-
eration between the wh-question and the response; (b) the task
encouraged participants to predict by asking their opinion in a question
(e.g., Kuperberg and Jaeger, 2016); and (c) the contextual bias did not
depend on a subtle linguistic property (e.g., [to et al., 2018), as was the
case in Griiter et al.’s study (2017), where the predictive cue was a
morphologically encoded aspectual distinction. In addition, in all three
languages, Focus can be assigned syntactically via cleft constructions (e.
g., Lambrecht, 1994, 2001). Remember, however, that the purpose of
our study was not to examine the ubiquity of predictive processing in L2
comprehension, but the impact of L1-L2 (dis)similarity on learners’
predictions. Thus, although we erred on the side of encouraging pre-
dictive processing (e.g., Huettig and Mani, 2016), this allowed us to
better address our research question (e.g., Ito et al., 2018). Crucially,
participants’ brain responses to unexpected possessive pronouns
differed qualitatively as a function of their L1. As expected, the
L1-English controls elicited a central-posterior N400 effect between
~250 and 400 ms (i.e., a time window that was predetermined based on
the study by Martin et al., 2013; see also Aleman Banon and Martin,
2019 and Ito et al., 2020), which might reflect activation of the pro-
noun’s form or its semantic features (i.e., natural gender). The
morphology of this effect is consistent with previously reported N400
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effects for unexpected prenominal function words (e.g., Delong et al.,
2005; Foucart et al., 2014). A qualitatively and quantitatively similar
N400 effect emerged in the L1-Swedish group, but not in the L1-Spanish
group. The latter showed a posteriorly-distributed positivity between
500 and 800 ms, which could be reminiscent of previously reported
P600-like effects for function words showing unexpected gender (e.g.,
van Berkum et al., 2005; Wicha et al., 2004). Thus, the use of a design
that facilitated predictive processing did not translate into a native-like
pattern for the L1-Spanish learners, despite their advanced proficiency
in English and despite their robust offline knowledge of the his/her rule,
which suggests that they knew that English possessive pronouns mark
the possessor noun’s gender, not the gender of the possessed noun. Only
the L1-Swedish group, whose L1 encodes the same linguistic features as
English in third-person singular possessive pronouns (i.e., the activated
representation), showed a native-like pattern, as confirmed by a Group
by Expectedness interaction in the N400 time window. This is in line
with theories of transfer which argue that L1-L2 differences with respect
to the realization of shared features impact L2 processing (e.g., Toko-
wicz and MacWhinney, 2005).

These results suggest that L2 learners’ predictions can be qualita-
tively and quantitatively native-like, at least when the form of the
activated representation depends on a rule that is similar in the learners’
L1, as was the case for the L1-Swedish learners (e.g., Dussias et al., 2013;
Hopp and Lemmerth, 2018). They also suggest that L1-L2 dissimilarities
modulate learners’ predictions. As for the L1-Spanish group, we
contemplated the possibility that the lack of an N400 might be due to
their lower proficiency in English, rather than crosslinguistic differ-
ences. Recall that, although both groups had a mean score of “advanced”
in the two standardized tests that we used, the L1-Swedish group out-
performed the L1-Spanish group. Our multiple regression analysis,
however, revealed that only L1 background made a significant contri-
bution towards explaining variability in N400 magnitude for unex-
pected possessives after controlling for proficiency. The contribution of
proficiency towards accounting for N400 size after controlling for L1
background was not significant.® The lack of an N400 effect in the
250-400 ms time window among Spanish-speaking learners minimally
suggests that they were slower in detecting the gender mismatches than
the L1-English and L1-Swedish learners (e.g., Lago et al., 2019).
Although the L1-Spanish learners demonstrated robust knowledge of the
his/her rule in two offline control tasks, it is possible that accessing this
knowledge online was costlier for them. Future studies should include
an additional control task testing the learners’ online sensitivity to the
his/her alternation (cf. Martin et al., 2013).

Thus, the response to our research question To what extent do the
properties of the learners’ L1 impact the predictions they generate in the L2?
is that similarities and differences between how the L1 and the L2 realize
the activated representation modulate the nature of the learners’ pre-
dictions. These findings seem in line with Kaan’s proposal (2014), since
they suggest that learners can generate qualitatively and quantitatively
similar predictions to L1 speakers. We point out, however, that it is
difficult to adjudicate between the RAGE hypothesis and Kaan’s pro-
posal (2014), since the RAGE hypothesis was purposefully formulated in
broad terms at a time when L2 reports on predictive processing were
scarce, and thus it overlaps with Kaan’s proposal on several aspects.
Both contemplate the possibility that factors such as proficiency and L1-
L2 differences might diminish or obscure L2 learners’ ability to generate
expectations. Importantly, only Kaan (2014, p. 257, abstract) explicitly

8 Since the L1-Spanish group was outperformed by the L1-English and L1-
Swedish groups in the control tasks testing knowledge of the his/her rule, we
also correlated N400 size with the Spanish-speaking learners’ composite score
for these tasks, but the correlation was not significant, r(23) = —0.18, p = .389.
The correlation was not computed for the L1-Swedish learners, since they
scored at ceiling in these tasks. This is also the reason why we did not include
this variable in the multiple regression.
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claims that predictive mechanisms are qualitatively (and potentially
quantitatively) the same in the L1 and L2, which is the pattern that we
found in the L1-Swedish group.

With respect to the L1-Spanish group, we initially hypothesized that,
if learners predicted a possessive pronoun and incorrectly inflected it for
the gender of the possessed kinship noun (as opposed to the possessor
noun’s) (e.g., Tom’s mother = *her mother), then the N400 effect for
unexpected possessives would look like a positivity. In other words,
possessive pronouns that were unexpected based on the English rule
would be expected based on the Spanish rule (since syntactic and natural
gender overlap for kinship nouns), and vice-versa. Our results are not
consistent with this possibility. Although unexpected possessive pro-
nouns did yield a positivity relative to expected ones, this effect did not
emerge in the 250-400 ms time window. Furthermore, the effect was
longer-lasting than the N400 effect that we found for unexpected pos-
sessive pronouns in the L1-English and L1-Swedish groups. Thus, we are
more inclined towards interpreting this positivity as a qualitatively
different effect, a P600 (e.g., van Berkum et al., 2005; Wicha et al.,
2004). Recall, however, that we did not find a Group by Expectedness
interaction in the P600 time window. Thus, the only reliable qualitative
difference between the L1-Spanish group and the L1-English and
L1-Swedish groups concerns the lack of an N400 effect for unexpected
possessive pronouns in the former. Crucially, the fact that the
L1-Spanish group showed a P600 effect for pronouns that were inflected
for the unexpected gender shows that they were sensitive to the
manipulation, just not in the same way as the L1-English and L1-Swedish
groups.

We are unaware of previous ERP studies on prediction manipulating
the his/her alternation, which complicates an attempt to integrate into
the previous literature the qualitative variability that we found in the
L1-Spanish group (P600), relative to the L1-English and L1-Swedish
groups (N400 and perhaps a P600). Interestingly, we found similar
qualitative variability in our previous study with the same participants.
In that study, both the L1-English (Aleman Banon and Martin, 2019) and
L1-Swedish groups (Aleman Bandén & Martin, Unpublished results)
showed a negativity for indefinite articles that were unexpected based
on whether the expected Focus nouns began with a consonant or a vowel
(i.e., a/an), although the effect was delayed in the L1-Swedish group. In
contrast, the L1-Spanish group showed a Late Anterior Positivity
(500-800 ms), which might indicate that they disconfirmed their pre-
dictions as soon as they encountered an incompatible article (Aleman
Bandn & Martin, Unpublished results). It is also interesting that similar
qualitative variability has been found across L1 studies on prediction
manipulating prenominal material marked for syntactic gender (e.g.,
Fleur et al., 2020; Foucart et al., 2014; Ito et al., 2020; Kochari and
Flecken, 2018; Martin et al., 2018; Otten and van Berkum, 2009; van
Berkum et al., 2005; Wicha et al., 2004). For example, Wicha et al.
(2004) found that native speakers of Spanish yielded a positivity be-
tween 500 and 700 ms for articles that mismatched the syntactic gender
of predictable but unencountered nouns. In contrast, the studies by
Foucart et al. (2014) and Martin et al. (2018), which conceptually
replicated Wicha et al.’s design, found an N400 effect for unexpected
gender-marked articles in another group of Spanish native speakers. Ito
et al. (2020) and Fleur et al. (2020) discuss this variability in detail and
suggest that, to some extent, it might be due to crosslinguistic or
methodological differences (see also Ito et al., 2017c). Here, we found
variability with similar methods and the same materials. One tentative
interpretation is that the N400 effect for unexpected possessive pro-
nouns in the L1-English and L1-Swedish groups reflects difficulty with
the retrieval of a form or semantic feature (i.e., semantic gender) that
was unexpected based on contextual constraint. In contrast, the P600 in
the L1-Spanish group might reflect the difficulty with the integration of
a possessive pronoun that mismatched the gender of the expected
possessor. Although this would still suggest that the L1-Spanish learners
predicted, the mechanism itself might have been different. Alterna-
tively, it is possible that the L1-Spanish learners used similar
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mechanisms to generate their predictions, but were sensitive to different
cues when evaluating whether or not their predictions had been borne
out.

Unexpected nouns in the present study did not yield a Late Anterior
Positivity. This is at odds with proposals which assume that this
component reflects the cost of an unmet lexical prediction (e.g., DelL.ong
et al., 2011; 2014; Van Petten and Luka, 2012). All three groups in our
study showed brain sensitivity to unexpected prenominal possessives,
suggesting that they had committed themselves to one of the kinship
nouns. When this expectation was violated, however, no Late Anterior
Positivity emerged at the noun. Brothers et al. (2020) and Kuperberg
et al. (2020) suggest that the Late Anterior Positivity is more likely to
emerge when the context is rich and globally constraining and allows
comprehenders to build a situation model. Under this account, the Late
Anterior Positivity reflects the reevaluation of the situation model,
rather than prediction disconfirmation. For example, Brothers et al.
(2020) found a Late Anterior Positivity for foil relative to dough in cases
where the sentence he flattened the foil/dough followed a story about a
character baking apple pie and mixing ingredients to make pie crust. In
contrast, in cases where the carrier sentence followed an uninformative
context, no Late Anterior Positivity emerged for unexpected nouns.
Although our design is very different from these studies, it seems to us
that our contexts were sufficiently rich and globally constraining to have
allowed comprehenders to build a situation model. A crucial difference
between these studies and our own, however, is that both the expected
and unexpected nouns in our study had already been activated in the
preceding context, and participants had to adjudicate between them.
Thus, despite the contextual bias against them, unexpected nouns still
represented an alternative in the upcoming continuation, which could
have impacted the disconfirmation processes associated with the Late
Anterior Positivity.9

7. Conclusion

In the present study, we used ERPs to investigate how native
speakers of English and advanced L2 learners with either Spanish or
Swedish as their L1 processed continuations to highly predictive
discourse contexts. The contexts made a genitive construction consisting
of a third-person singular possessive pronoun and a kinship noun with
semantic gender (e.g., his mother) highly likely in the response. We then
examined participants’ brain responses to both expected and unex-
pected possessive pronouns and nouns. Crucially, the learners’ L1s were
either similar (Swedish) or different (Spanish) from English with respect
to the linguistic features encoded in third-person singular possessive
pronouns, i.e., the activated representation. Our results revealed a
qualitatively and quantitatively similar N400 effect between 250 and
400 ms for unexpected prenominal possessives in the L1-English and L1-
Swedish groups. Although the Spanish-speaking learners were sensitive
to the pronoun manipulation, they elicited a qualitatively different
component for unexpected possessives, a P600. These results provide
evidence that dissimilarities with respect to how the L1 and the L2
realize a given rule can result in qualitatively different predictions

9 A reviewer noted that a Late Anterior Positivity might have emerged on the
possessive pronoun, as opposed to the noun, since it is the possessive pronoun
that signals a prediction violation. In fact, Figs. 1 and 2 show more positive
waveforms for unexpected compared to expected possessive pronouns following
the N400 effect in the L1-English and L1-Swedish groups. Thus, we submitted
mean amplitudes for the possessive pronouns in the 500-650 ms time window
to an additional ANOVA. This is the time window where the positivity is most
apparent in the L1-English group. This analysis was done in the Frontal region
and only included the L1-English and L1-Swedish, which are the two groups
that also showed an N400 effect for unexpected possessives. The ANOVA
revealed no main effect of Expectedness, F(1, 54) = 1.445, p = .235; nﬁ =0.026,
and no Group by Expectedness interaction, F(1, 54) = 0.334, p = .566; nf, =
0.006.
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among L2 learners, even at an advanced level of proficiency.

With respect to future directions, here we have examined a scenario
in which the target linguistic feature encoded in the activated repre-
sentation (i.e., the possessor noun’s natural gender) is not encoded in the
learners’ L1 Spanish. In turn, the features encoded by Spanish possessive
pronouns (i.e., the possessed noun’s number and syntactic gender) are
not encoded in their L2 English. A more challenging scenario would
involve Spanish-speaking learners of Swedish, a language where third-
person possessive pronouns either encode the possessor noun’s natural
gender (hans/hennes “his/her”) or the possessed noun’s grammatical
gender (sin “poss-com” VS. Sitt “poss-Neu”), depending on whether or not
they are bound by the sentential subject. Another challenge in this
learning scenario is that natural and syntactic gender do not align in
Swedish the way they do in Spanish. We hypothesize that such a learning
scenario, where both the L1 rule and a novel rule apply in comple-
mentary distribution, would be more prone to L1 interference.
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