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Abstract

We examined potential sources of morphological variability in aduEhglish

L2-Spanish learners, with a focus on-L2 similarity, morphological markedness, and
knowledge type (receptive vs. expressive). Experiment 1 usesreletied potetials to
examine nowadjective number (present in L1) and gender agreement (absent in L1) in
online sentence comprehension (receptive knowledge). For each feature, markedness
was manipulated, such that half of the critical nadfective combinations were

feminine (marked) and the other half, masculine; half were used in the plural (marked)
and the other half in the singular. With thiseep , we exami ned | earners
overreliance on unmarked forms or fAdefaults
examines similar dependencies in spoken sentence production (expressive knowledge).
Results showed that learnens22) performed better with number than gender overall,

but their brain responses to both features were qualitatively fikievg.e., P600)even

though gender was probed with nouns that do not provide strong distributional cues to
gender. In addition, variability with gender agreement was better accounted for by
lexical (as opposed to syntactic) aspects. Learners showed no advantage for
comprédiension over production. They also showed no systematic evidence of reliance
on morphological defaults, although their online processing was sensitive to markedness
in a nativelike manner. Overall, these results suggest that there is facilitation for
properties of the L2 that exist in the L1 and that markedness impacts L2 processing, but
in a nativelike manner. These results also speak against proposals arguing that adult

L2ers have deficits at the level of the morphology or the syntax.
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Adult second language (L2) learners often exhibit variability in their use of
inflectional morphology, even at high levels of proficiency (e.g., Franceschina, 2005;
Gillon-Dowens, Vergara, Barber, and Carreiras, 2@@ter, LewWilliams, and
Fernald, 2012Keating, 2009; Lardiere, 1998, McCarthy, 2008; Rossi, Kroll, and
Dussias, 2014; Sabourin and Stowe, 2008; see White, 2007 for theoretical
considerations). Mor phol ogical wvariability
obligatory inflectional morpholog as exemplified in (1), which presents elicited

production data from an advanced-Efglish L2Spanish learner (McCarthy, 2008, p.

478):
(1) a.estd poniendo las tijeras en la mochila
sheds putting -rewbackpabkem sci ssor s i n t he
b.la mochila es negro

therem backpackewm is blackmasc

In (1ab), the learner correctly establishes gender agreement between the feminine
nounmochilail b a ¢ kegw@ c&nd t h elafdtehtve,r mb ntert hen shows i
inflection on the adjectiveegrofi b | &k, whi ch is used in the n
thus, fails to agree with its controller noun). A wealth of research has examined
inflectional variability in L2 learners (e.g=ranceschina, 2005; Griter et al., 2012;

Lemhofer, Schriefers, and Indefrey, 2014; Lopez Prego and Gabriele, 2014; McCarthy,
2008; Montrul, Foote, and Perpifian, 2008; Morort, Sanz, Steinhauer, and

Ullman, 2010; Prévost and White, 2000; Renaud, 2@dl3dte, Valenzuela,
KozlowskaMacGregor, and Leug, 2004), and some interesting generalizations have
emerged from this literature. For example, inflectional errors tend to exhibit
systematicity, with some error types occurring more frequently than othgrs (e.

Dewaele and Véronique, 2001; Franceschina, 2001; McCarthy, 2008; Montrul et al.,
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2008; Sabourin, 2003; White et al., 2004). To account for this asymmetry, some authors
have argued that L2ers resort to the use of
undespecified forms that learners use in tafiget contexts and overextend to incorrect
ones (e.g., McCarthy, 2008; Montrul et al., 2008; Prévost and White, 2000; White et al.,
2004). With respect to number and gender agreement in Spanish, the properties of
interest herein, this would mean that learners incorrectly use singular and masculine
forms in plural and feminine contexts, but the reverse pattern rarely occurs. The error in
(1b), where the learner incorrectly uses masculine inflection in a feminitexton
constitutes a good example of potential reliance on default morphology.

In addition, some morphosyntactic properties exhibit greater variability than others,
even at the highest proficiency levels. For example, Franceschina (2005);Rrépez
and Gabriele (2014), McCarthy (2008), Rossi et al. (2014), and White et al. (2004) all
compared syntactic number and gender agreement8phaRish by Englisispeaking
learners at different proficiency levels, and found that number was relatively
unproblenatic across the proficiency spectrum (see also Gabriele, Fiorentino, and
Aleméan Bafién, 2013). In contrast, gender agreement showed more variability, among
both advanced L2ers (e.g., LOpez Prego and Gabriele, 2014; McCarthy, 2008; Rossi et
al., 2014; but s=White et al., 2004) and even neative speakers (e.g., Franceschina,
2005). Since grammati cal gender is not inst
have claimed that inflectional variability is due to brain maturation effects specifically
affecting novel L2 syntactic properties (e.g., Franceschina, 2005; Hawkins and Chan,
1997; Long, 2005; Sabourin, 2003; Tsimpli and Dimitrakopoulou, 2007). Recent
proposals for the domain of grammatical gender (Griter et al., 2012; Hopp, 2013),
however, arguehat variability with grammatical gender is more tied to aspects of

lexical gender assignment (i.e., linking nouns to their appropriate gender classes at the
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level of mental representation). Along these lines, recent studies have shown that even
L2ers whosé 1 realizes gender exhibit variability with gender inflection due to weak
knowledge of lexical gender (e.g., Lemhofer et al., 2014), even at high levels of
proficiency (e.g., Sabourin, 2003; Sabourin and Stowe, 2008; White et al., 2004).
Finally, varability appears to emerge in some tasks more than others. Several studies
have shown that learners usually perform better in tasks measuring comprehension (e.g.,
sentenceicture matching, written recognition task), relative to those examining oral
produdion (e.g., Alarcén, 2011; Gruter et al., 2012; Montrul et al., 2008), and some
authors have proposed that inflectional variability might be a produstieaific
phenomenon (Prévost and White, 2000; Rothman, 2007; White, 2011). However, as
pointed out byGrter et al. (2012), the difference between comprehension and
production shows a confound with processing burden in many studies. Indeed,
comprehension has often been examined via offline tasks (e.g., McCarthy, 2008;
Montrul et al., 2008; White et al., 28), while the very nature of spoken language
production calls for online tasks, where the processing burden is higher, as learners
must retrieve and articulate the words in ftgake. Therefore, the observed performance
differences between comprehensiowl @roduction may well be related to task type,
rather than differences between the receptive and expressive knowledge of morphology.
The present paper is devoted to the study of morphological variability in adult L2
learners, with a focus on the celtissues highlighted above. The properties of interest
are number and gender agreement irSpanish, with a novel emphasis on markedness
relations, since it has been argued that underspecified features (i.e., defaults) correspond
to unmarked ones (e.ddarley and Ritter, 2002). We examine the extent to which L2

inflectional variability can be accounted for by (i) reliance on default morphology; (ii)
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the properties of the | earnersdé L1; and

vs. expressiverelated to methodological design (comprehension vs. production).

Number and Gender Agreement in Spanish

Spanish nouns belong to one of two genders, masculine or feminine. Although
neither gender value is associated with a unique marker (Harris), E98lear regularity
can be observed: 99.8% of nouns endinigoiare masculine and 96.3% of nouns
ending ini a are feminine (Teschner and Russell, 1984). These transparent nouns make
up approximately two thirds of the Spanish lexicon (Harris, 1991yesiigg that thé
o andi a markers provide strong distributional cues to gender. However, the Spanish
lexicon includes many nouns ending in vouvebr a consonant, for which gender can
be less reliably determined. These less transparent nouns are thefftoel present
study.

Several observations suggest that, in Spanish, feminine is marked for gender and
masculine is underspecifieB4ttistella, 1990Bonet, 1995Harris, 1991). For example,
when agenderless word (e.g., prepositiperafi f o r ndodlified by an
agreemenbearing element (e.g., the indefinite adjectieenasiaddit -many 6 ) , t he
latter must show masculine inflectioefnasiads paras en ese parrafo
A t -m@nymvasc forsno.cenoeri Nt hat paragrapho) (Harri s,
maguline and feminine nouns are conjoined, all agreement targets must also show
masculine inflection. This suggests that masculine inflection is underspecified for
gender, since it can appear with genderless elements and even feminine ones, but
feminine forns are marked since they can only appear with feminine nouns.

The Spanish number system distinguishes between singular and plural. Singular

shows zero inflection, while plural is formed by suffixiigor T esto the singular form

(i

1
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(the root) (e.g.cocte/cochesi c a r /achal/arkofesit r ee/ t reeso) (Saport
This asymmetry with respect to the presence of overt inflection has been taken as

evidence that plural forms are marked, relative to singular Bagistella, 199Q)

Additional evidenceHat singular and plural are asymmetrically represented is that

singular has a broader syntactic distribution than plural. For example, the singular

dative cliticle can be coindexed with a plural phradelia le teme [alasratasli J u |l 1 a
CLscfearsrabl0) , but it s lgsdannot bd coirdexedmwitheasipgalar t

phrase. This suggests that singular forms are underspecified for number, since they can

agree both with singular and plural phrases, but plural forms are marked, since they are

resticted to plural elements.

Theories on L2 Morphological Variability

Different L2 theoretical models make competing claims regarding the locus and
nature of L2 morphological wvariability. The
morphological varihility stems from a representational deficit at the level of the syntax
(e.g., Franceschina, 2005; Hawkins, 2001; Tsimpli and Dimitrakopoulou, 2007). Under
these models, only syntactic properties of
acquired tanativelike levels, due to maturation. For novel properties, it is argued that
L2ers use compensatory strategies. With respect to the acquisition of grammatical
gender by speakers of gendiere languages, one potential strategy would be
phonological rhymmg between noun endings and inflectional forms (Hawkins, 2001;
White et al., 2004). This position is well represented by the Interpretability Hypothesis
(Tsimpli and Dimitrakopoulou, 2007), for which it is novel syntactic features (i.e., those

which make o semantic contribution to the interpretation of a lexical item) that become
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inaccessible in adult L2 acquisition. For syntactic agreement, this would be the case
with number and gender information on determiners and adjectives.

I n contrasgstatitbealcampount so argue that tF
do not constrain L2 acquisition, but rather that morphological variability is a corollary
of performance limitations (e.g., Haznedar and Schwartz, 1997; Hopp, 2010; Prévost
and White, 2000)This is the position adopted by the Missing Surface Inflection
Hypot hesis fAMSIHO (Pr®vost and White, 2000)
from the difficulty associated with the retrieval of the appropriate inflectional forms and
their mapping oto lexical items, particularly in oral production (White, 2011).

The proponents of tH&SIH offer the following analysis for the observation that
L2ers often adopt defaults. They assume that features are fully specified in the syntax,
but not in the mrphology (Halle and Marantz, 1993; Harley and Noyer, 1999). In the
morphology, singular and masculine are underspecified, whereas plural and feminine
are marked (i.e., fully specified) (Bonet, 1995; Cowper, 2005; Harley, 1994; Harley and
Ritter, 2002; Haiis, 1991). For agreement to be successful, the features on lexical items
must be compatible with those of the syntax. A perfect match is not required, but there
can be no feature clash. For cases where the syntax (e.g., the Determiner Phrase) is
specifiedas plural or feminine, the parser will select a plural or feminine form (i.e.,
fully specified in the morphology), as they provide a perfect match ligzgoja
Al i-rguebremM0) . However, masculine or singular f
dueto their lack of specification (e.duz rojo i | i-rguitettunpersPEciFE® ) . FOTr cas e«
where the syntax is specified as singular or masculine, only underspecified forms can be
inserted, since inflectional forms that are fully specified as masculsiagular are not
available (e.g.coche rop i c-pakc red-unperspeciFe® ) , and t he i nsertion

feminine forms would cause a feature clash (eagche rop i c-@atc redrem0 ) . The
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proponents of the MSIH argue that, although L2ers can adipaifelll specification of
features, they have trouble retrieving them in production, due to processing burden. In
such cases, L2ers select a Agood enough for
even if a better candidate is available. This yi¢gh#swellattested asymmetric pattern
of errors in production, where learners are more likely to underspecify a feature, as in
luz rojo (light-rem red-unperspeciFier, than to produce a feature clash. This was the
pattern observed by Prévost and White (30@G€h respect to the acquisition of finite
forms in adult L2 learners of French and German.

Gruter et al. (2012) agree that inflectional variability with grammatical gender is tied
to difficulty with lexical retrieval, but point to gender assignm@et, linking nouns to
their gender classes) as the source of variability. The authors examined gender
agreement in advanced {English L2Spanish learners, and found that they were
nativelike in offline comprehension, but made errors of gender assignme
production and could not utilize gender predictively in online comprehension. Griter et
al. propose that the links between nouns and their abstract gender classes are weaker in
L2ers. Consequently, L2ers have difficulty with the retrieval and ugerader
information online. A subsequent study by Hopp (2013) looking g&Enhdlish
L2-German learners provides support for this proposal. Hopp found that only those
L2ers who showed stable knowledge of lexical gender (i.e., those who assigned almost
all nauns to their appropriate gender values) behaved like German native speakers in
their ability to utilize gender information predictively. Taken together, these studies
suggest that the quality of the | earnerso6 |
variability with gender agreement. Following Hopp (2013), we will refer to this

proposal as the Lexical Gender Learning Hypothesis.
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Finally, an alternative account of inflectional variability is provided by McCarthy
(2008), who builds on the idea thariability is systematic and consists of the overuse
of default morphology. McCarthy distinguishes between two types of errors,
default/underspecification erroendfeature clash errorsDefault errors are cases
where the syntax is fully specified asifal or feminine, but the learner uses an
underspecified form on lexical items (i.e., singular, masculine). This is the case in (2a)
and (2b) for number and gender, respectively:

(2) a.lasmochilas son *negra
the backpackem-rL are blackewsc

b.la mochila es *negro
the backpackem-sc is  blackvasc-sc

Feature clash errors show the opposite pattern; the syntax is fully specified as
singular or masculine, but the lexical items are fully specified as plural or feminine.
Examples are shown in (3a) and (3b) for number and gender, respectively:

(3) a.el bolso es *negros
the pursenascsc is  blackwasc-pL

b.el bolso es *negra
the pursewasc-sg is  blackrem-sc

The main tenet of McCarthydéds proposal (20C¢
default errors. Unlike the MSIH, however, McCarthy argues that variability is
representational, and that overreliance on default morphology is not specific to
producton, but also emerges in comprehension. Her proposal also differs from other
representational accounts in two ways. First, the deficit is located at the level of the
morphology. That is, L2ers are assumed to be able to acquire all syntactic projections of

the L2, but not the full specification of features in the morphology. Second, variability
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is not restricted to novel properties, but can also emerge for properties instantiated in the

L1.

The Present Study
The present study investigates the nature of L2 morphological variability and
evaluates the above theoretical proposals in a group of ad@hgtish L2Spanish
learners of uppeintermediate to advanced proficiency. We examine hathber

(presentm L1) and gender (absent in L1) agreemanbrder to examine the role of the

| earnerso6 L1. For e amafkeddessapacts agegeementeln e x ami ne

addition, we examine bottomprehension and productiddomprehension in our study

was examinedigeventr el at ed potentials AERPsO, which
time-locked to specific events of interest. ERPs provide high temporal resolution,
all owing us to examine the | earnersodo sensit
is computedThis is important, in light of models which assume that inflectional
variability is Ilinked to the |l earnerso inab
reaktime (e.g., Griter et al., 2012; Hopp, 2013; Prévost and White, 2000). In addition,
different processing mechanisms are associated with qualitatively different ERPs. Thus,
if learners and native speakers show qualitatively different brain responses to the same
property, this might indicate that differences at the level of linguistic représanta
cause L2ers to recruit different processing mechanisms (e.g., Tsimpli and
Dimitrakopoulou, 2007).

For example, in native speakers, agreement violations elicit a P600, a positive
deflection between ~56800ms in centraposterior electrodes (e.@sterhout and
Holcomb, 1992Hagoort, Brown, and Groothusen, 199Bhe P600 has been argued to

reflect syntactic integration (e.d<aan, Harris, Gibson, and Holcon)00), reanalysis
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(e.g., Osterhout and Holcomb, 1992) and repair (e.g., Barber areir&@ar2005; see
Molinaro, Barber, and Carreiras, 2011 for a review). Importantly, although the P600 is
not exclusively linked to morphosyntactic processing (i.e., it has been reported for
certain types of semantic violations; see BornkeSsbtlesewsky &chlesewsky, 2008;
Kim & Osterhout, 2005), it is consistently found for morphosyntactic errors in native
speakers. In contrast, lexical semantic processes are typically reflected in the N400
component, a negativity between ~Z500ms that is sensitive tbe strength of lexical
associations (e.g., Kutas and Hillyard, 1980;lsame Phillips, and Poepp&008 and
Kutas and Federmeier, 2011 for reviews). Interestingly, a number of studies have found
that lowproficiency learners elicit an N40O for morphosgtic errors for which native
speakers show a P600, which has been interpreted as evidence for qualitative
differences between L1 and L2 processing at lower levels of proficiency (e.g.,
Osterhout, McLaughlin, Pitkénen, Frenilestre, and Molinaro, 2006; NMlaughlin,
Tanner, Pitkanen, Frendlestre, Inoue, and Valentine, 20I&Gnner, McLaughlin,
Herschensohn, and Osterhout, 201@portantly, in the case of gender agreement, this
has even been the case among advanced L2ers (e.g., Foucart andviasine2012;
MorganShort et al., 2010), suggesting that qualitative differences between L1 and L2
processing are not confined to the lower levels of proficiency.

The P600 is sometimes preceded by a Left Anterior Negativity (LAN), a negative
deflection betveen ~306600ms typically captured by left anterior electrodes (Friederici
et al., 1996). Some have proposed that it reflects automatic morphosyntactic processing
(see Molinaro et al., 2011), although a problem with such interpretation is that the LAN
is alsent in many L1 studies on agreement (e.g., Aleman Bafion, Fiorentino, and
Gabriele, 2012; Hagoort, 2003; Wicha et al., 2004). Others have argued that the LAN is

reminiscent of the N400 and reflects either the semantic integration difficulty caused by
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the @reement error (e.g., Guajardo and Wicha, 2014) or individual differences with
respect to processing mechanisms (e.g., Tanner and Van Hell, 2014). Importantly, many
studies on agreement have reported P600 effects not preceded by a negativity, but not
the reverse. This suggests that the P600 is the more reliable index of agreement
processing in L1 speakers. This is important, since some studies on L2 processing have
interpreted the absence of the LAN for morphosyntactic errors as evidence for
processing defits in adult L2ersGlahsen and Felser, 2006; Uliman, 2001). However,
the observed variability with respect to LAN elicitation in native speakers indicates that
the LAN might not be a reliable metric to examine the nature of L2 processing (see
Aleman Bafi@, Fiorentino, and Gabriele, 2014; McLaughlin et al., 2010; Tanner et al.,
2013).

To our knowledge, this is the first ERP study that examines the unique contribution

of markedness to agreement processing in L2ers.

ERP Studies on Number/Gender Agrement and Markedness

Natives.

ERP studies comparing number and gender agreement in native speakers have
reported largely similar results for both featutds\(ins, Dillon, Malhotra, and Phillips,
2007 Gillon-Dowens et al., 201A\leméan Bafion edl., 2012; cf. Barber and Carreiras,
2005), suggesting that similar processes underlie the two agreement types. With respect
to morphological markedness, Deutsch and Bentin (2001) found that gender violations
in Hebrew yielded a larger P600 when they wewdized on plural (i.e., marked) as
opposed to singular verbs, which they relate to plural being more salient. Kaan (2002)
reports a larger P600 for subjearb violations in Dutch when the offending verb was

plural (although this effect only emergedeavha singular noun intervened between the
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agreeing words). Along similar lines, Mehravari, Tanner, Wampler, Valentine, and

Osterhout (2015) report a larger P600 for English sulwexd violations that involve

overt incorrect inflection relative to violats caused by missing inflection. Finally,

Tanner and Bulkes (2015) provide evidence that violations of sulgedatagreement in

English yield a larger P600 when the subject NP provides additional plural cues.
Aleman Bafon and Rothman (2016) is oféirst studies to have examined the

unique contribution of morphological markedness to the native processing of

agreement. The study focused on nadective number and gender agreement in

S p a n i catedra(gée parecianmens& i c a t-Faves¢thatdobked hugerem-sg).

Markedness was examined by manipulating the number and gender specification of the

controller nouns, such that half of them were feminine and the other half, masculine;

half of the nouns were used in the plural and the other halfeisingular. This design

yielded two types of gender errors, which c

(feminine noun + masculine adjective) and feature clash errors (masculine noun +

feminine adjective), and two types of number errors, default gphnsal noun +

singular adjective) and feature clash errors (singular noun + plural adjective). Results

from 27 Spanish native speakers revealed that, in thdB00ms time window, all four

violation types yielded robust P600 effects. InterestinglyP#h@0 emerged earlier for

both types of feature clash errors (i.e., it became significant betweetbRbtxs). In

addition, P600 amplitude was larger for feature clash than default errors, although this

effect only emerged for number. In this same time win{@00-1000ms), all violation

types also yielded a late negativity with an anterior distribution. In studies that involve a

grammaticality judgment task this negativity has been argued to reflect the cost of

maintaining the violations in working memoryde.Aleman Bafion et al., 2012;
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Gillon-Dowens et al., 2010; Sabourin and Stowe, 2004; Zawiszewski, Santesteban, and
Laka, 2014).

Al em8n Baf-n and Rothmandés results did
finding that is consistent with manyuslies on the native processing of agreement.
Although feature clash errors were more negative than their grammatical counterparts
between 25@150ms, this effect did not exhibit the canonical morphology of the LAN.

In the case of gender, the negativity wastained. In the case of number, it was

marginal and did not show a left anterior distribution. It is, therefore, unclear the extent
to which markedness impacts the processes reflected by the LAN (see Molinaro et al.,
2011 and Tanner and Van Hell, 2014 ditsscussions on some of the factors which

might impact the elicitation of the LAN).

Aleméan Bafdn and Rothman interpreted these findings as evidence that native
speakers are sensitive to markedness asymmetries, such that violations where the
mismatching feature is marked (i.e., feminine for gender; plural for number) are
detected earlier (as indicated by the earlier onset of the P600) and, at least in the case of

number, are more salient or disruptive (as indicated by a larger P600).

L2 Learners.

L2 ERP studies comparing number and gender have shown a quantitative advantage
for number, but only in cases where number is present in the L1 and gender is unique to
the L2. For example, GilleDowens et al. (2010) and Aleman Bafion et al. (2014)
found that advanced LEnglish learners of Spanish elicited a larger P600 for number
than gender violations in most contexts examined (see also Rossi et al., 2014). This
advantage, however, was absent in the study by G@wnens Guo, Guo, Barber, and

Carraras(2011), who compared Spanish number and gender agreement in native

no-t
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speakers of Chinese, a language that does not instantiate number or gender agreement.
Crucially, neither GillorRDowens et al. (2010) nor Aleman Bafion et al. (2014)
controlled for markdness in the way number and gender were compared. While gender
violations included both default and feature clash errors, number violations only
involved feature clash errors, which are presumably more disruptive in comprehension
(e.g., McCarthy, 2008). Is, therefore, possible that the larger P600 for number over
gender in these studies was due to differences in markedness, in line with the results by
Aleméan Bafién and Rothman (2016) and other studies (e.g., Deutsch and Bentin, 2001).

In addition, nativdike processing for gender appears to depend on whether the
target nouns provide strong distributional cues to gender. When this is the case, learners
tend to show nativike processing in terms of ERP responses, even when thésr L
gendesfree (e.g., GilloADowens et al., 2010, 2011; Aleméan Bafion et al., 2014; Rossi
et al., 2014). This has been the case for studies looking at gender agreement in Spanish,
all of which have exclusively tested masculine nouns ending &nd femimne nouns
ending ini a. For example, the studies by Gill@owens et al. (2010, 2011) and
Aleméan Bafién et al. (2014) report robust P600 effects for gender violations in Spanish
across different syntactic domai hesverlp wi t hi n
Phrase AVPO). This was al skEnglishi2Spaniahs e f or t h
learners in the study by Rossi et al. (2014), who examined gender agreement on clitic
pronouns. A similar pattern of results has emerged in L2 learners of Spaoisierat
proficiency levels (Gabriele et al., 2013; Bond et al., 2011; Tokowicz and MacWhinney,
2005), which is surprising, given that mastery of this property often appears restricted to
highly proficient L2ers. Moskrnowledfeot hese st ud
lexical gender offline and reported@iling accuracy rates (e.g., Aleman Bafon et al.,

2014: 99%; Bond, 2012: 98%:; Gabriele et al., 2013: 99%; Glllowens et al., 2010:
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98%; GillonDowens et al., 2011: 96%). This suggests that, when rpor&le strong
distributional cues to gender, learners across the proficiency spectrum can correctly
assign it, and resolve agreement online in a nditteemanner.

A different picture arises from studies that have examined French (e.g., Foucart and
FrenckMestre, 2012) and Dutch (e.g., Meulman, Stowe, Sprenger, Bresser, and
Schmid, 2014; Sabourin, 2003; Sabourin and Stowe, 2008). Although French nouns
provide some morphophonological cues to gender (e.g., ~80%; Lyster, 2006), the
masculine and femine values of the French system are associated with a wider range
of word endings than their Spanish counterparts (e.g., Séguin, 1969; Lyster, 2006),
making rules for gender assignment more complex. Foucart and Aviastie (2012)
found that advanced EEnglish L2-French learners did not consistently show
nativelike sensitivity to gender violations, despite a low error rate with offline gender
assignment. The L2ers elicited a P600 for nadjective violations within the DP, but
an N400 for adjectiv@ounviolations (a word order that is dispreferred in French), and
no effects for violations across a VP. Notice that these results contrast with those by
Gillon-Dowens et al. (2010, 2011), Aleméan Bafién et al. (2014), and Rossi et al. (2014),
where the P600 fagender errors remained robust across a range of different syntactic
domains (including clitics, a syntactic category that is absent in English). One
possibility is that the lack of strong distributional cues to gender made it difficult for the
L2ers in tle Foucart and FrendWlestre study to retrieve gender information online, at
least in contexts that can be considered more taxing (in line with Griter et al., 2012 and
Hopp, 2013).

Sabourin (2003) and Sabourin and Stowe (2008) examined the proadsgemgler
agreement in L:Dutch by advanced learners whose L1 did (German or Romance) or

did not instantiate gender (English). Although the Dutch and German gender systems
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comprise different gender values (Dutch: common, neuter; German: masculine,
feminine, neuter), they show extensive overlap. That is, most masculine and feminine
nouns in German correspond to common nouns in Dutch, and most German neuter
nouns are also neuter in Dutch. This is likely to facilitate gender assignment for
L1-German learnersf Dutch. No such overlap exists between Dutch and Romance.
Their results revealed that only the-German group showed robust offline knowledge
of lexical gender (mean accuracy rate: 93%) and nékeegrocessing for gender
violations (i.e., P600). Inantrast, both the LRomance and L-English groups scored
below 80% accuracy with offline gender assignment, and neither group showed
nativelike processing for gender violations. This suggests that, when nouns do not
provide strong distributional cuesgender, even advanced L2ers show difficulty with
both gender assignment and agreement, even if their L1 instantiates gender (see also
Meulman et al., 2014, who replicated these findings with a group of advanced
L1-Romance LZ2Dutch learners).

Lemhoter et al. (2014) provide further evidence for lexicddfsed variability with
gender agreement in a group ofGErman L2Dutch learners. The authors examined
gender agreement with cognates which exhibit opposite gender values in German and
Dutch, and fond that the L2ers showed no sensitivity to gender violations when only
objective gender assignment was taken into account, that is, when only the native
speakersodé rules for gender assignment were
idiosyncratic gader assignment was taken into account, they showed a-hkdive
P600.

To summarize, previous L2 studies have shown that, with increased proficiency,
learners tend to show natii&e processing for both number and gender agreement,

although the evignce for gender mainly comes from studies that have examined nouns
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with strong distributional cues to gender (e.g., Spainistindi a). In addition, the

unique contribution of markedness to agreement processing remains to be investigated,

and some previoustudies arguing for L1 facilitation effects (Gilldowens et al.,

2010; Aleman Bafion et al., 2014) have confounded markedness wlith sifnilarity.

In the present study, we address both issues. First, we systematically manipulate
markedness relationsrfboth number and gender agreement. In addition, we examine
gender via Spanish nouns that do not provide strong distributional cues to gender. Our
design shies away from masculine and feminine nouns showiiig tredi a markers

and, instead, focuses ongsh nouns ending in vowid or in a consonant. Crucially,
while distributional gender cues in some of these nouns are not entirely absent (e.g.,

nouns that end in suffixidn tend to be feminine, although there are exceptions, such as

avionii p | a mcamddnfotrr uck 0) , such cues are

andi a, due to their reduced frequency in the input. In addition, unlike previous L2 ERP
studies on Spanish gender agreement, our design involves a wide range of endings for
both the masdine and feminine values (e.g., masculittejei s uielojd wat ¢ h 0,
pastelii ¢ a Klbunii a | b avidrth,p | aondenadorfi ¢ 0 mp pdzfefr ios h 0 ;

feminine:paredil w a lcdlledi,s t rcéreetfig ,areuniénfi me e tfiormidd ,ower 0,

leyAi | amuézi wal nut 0), which 1is

gender retrieval in the L2ets.

Research Questions and Predictions

Our study addresses the following questions:

1 A complete list of the experimental nouns is provided in the Appendix.

expected
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(i) To what extent is variability accounted for by therleaer s r el i ance on
morphology? We address this question by systematically manipulating markedness
relations for both number and gender agreement across tasks.

(i) To what extent is morphological variability determined by the properties of the
|l earnersdo L1? We examine this question by <c
gender agreement (unique to L2). We also ex
knowledge of lexical gender and their ability to establish gender agreement online, to
shedlight on the qualitative nature of variability with gender (syntactic vs. lexical).

(iii) Is morphological variability a productiespecific phenomenon or does it also
emerge in comprehension? We address this question by examining both compnehensio
and production of agreement morphology (receptive vs. expressive knowledge). By
focusing on online comprehension and produc
productive vs. receptive knowledge while controlling for the online nature of the task

(e.g, Gruter et al., 2012).

Predictions according to each model.

Representational accoumeedict an advantage for number over gender across

measures. This is because number is realize
the L2. Importarly, qualitatively nativelike processing in the EEG task (i.e., P600) is

predicted for number, but not gender, especially for nouns that lack strong distributional

cues to gender and do not allow for the use of compensatory strategies (i.e.,

phonological hyming between noun and adjective endings). In addition, sensitivity to

gender violations is not predicted to differ as a function of error type. This is because

variability with gender is assumed to be nonsystematic for L2ers as a group (e.g.,

Hawkins, 2@1), meaning that some learners might use masculine as the default gender
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and others, feminine. Such behavior might then yield a null effect of markedness in a
group analysis.

Under thecomputational accountan overall advantage for comprehensioarov

production is predicted, due to the difficulty associated with lexical retrieval in spoken
production. As for the number vs. gender comparison, it is possible that there will be no
di fferences given the L2er s o0 tphowdanomcalency,
gender marking (e.g., White et al., 2004). In the ERP data, learners are predicted to be
able to show nativéke brain responses for the two features, although a quantitative
advantage for number is still possible due to L1 bootstragpingg Aleman Bafion et

al., 2014; GillonDowens et al., 2010; Rossi et al., 2014). As for markedness, it is
possible that L2ers will make more default than feature clash errors in production.
However, they are not necessarily predicted to show greatétiagnt feature clash

than default errors in comprehension, as reliance on default morphology is assumed to
be caused by the difficulty associated with lexical retrieval in production.

Under theLexical Gender Learning Hypothesis t he L 2dge oflexickin o wl e

gender should positively correlate with their sensitivity to gender across measures (e.g.,
mean accuracy detecting gender errors in comprehension, P600 amplitude to gender
errors, and mean accuracy with gender in production). In addit@m2#grs mean

accuracy with gender in production and comprehension should correlate, since robust
knowledge of lexical gender should result in tailget performance across tasks (e.g.,
Hopp, 2013).

Finallyy Mc Car t hy 6 s ppredigtsoar efftt of marke@8s}y across features

and tasks, consistent with the notion that L2ers have a general deficit at the level of the
morphology which causes them to overuse default forms. In comprehension, L2ers are

predicted to be more accurate with the deteabibfeature clash than default errors, for

€



Examining Morplological Variability in L2 Learners 22

both number and gender (although McCarthyos
unproblematic). In production, L2ers are predicted to make more default than feature
clash errors, for both number and gender.

In the ERP data, there are different ways in which markedness could impact
processing. One possibility is that only feature clash errors will yield a P600. Default
errors in comprehension might not be sufficiently disruptive to yield a P600. This is
beause, under McCarthyodéds account, underspec:
is fully specified (i.e., default errors) a
pattern of results would be nonnatiiMes. It is also possible that both error typadl w
yield a P600, but that P600 amplitude will be larger for more disruptive errors (i.e.,
feature clash). Such a pattern would suggest that agreement processing in the L2 is
sensitive to morphol ogical mar kedness, but
proposal, since the native speakers in Aleman Bafién and Rothman (2016) showed a
similar pattern of results (for number). Finally, it is also possible that the P600 will
emerge earlier for feature clash than default errors. Such a pattern, which algedemer
in Aleman Bafion and Rothman (2016), would also be consistent with the idea that
feature clash errors are more disruptive, but would not be indicative of a

representational deficit.

Experiment 1: Comprehension

Participants.

Twentytwo Englishspeaking learners of Spanish (12 females; mean age: 25; SD:
7.5) participated in the study. None of them were significantly exposed to Spanish
before age eight (mean age of acquisition: 14; rang8) &nd, therefore, they can be

considered latearners. Proficiency in L2 Spanish was measured withiteBOtest
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that includes the cloze section from the Diploma de Espafiol como Lengua Extranjera
ADELEO and the reading section from the
(e.g., White et al., 2004cCarthy, 2008; Gruter et al., 2012). Sixteen learners scored
within the advanced range &®), and six of them, within the intermediate range

(33-38). The mean score for the group was 43 (SD: 5).

All of the learners were native speakers of Engdisti none were significantly
exposed to languages with grammatical gender before they started learning Spanish.
They were all university students or pgsaduates, and most of them had Spanish as
one of their academic concentrations. On average, theyteejthaving received 7.3
years of instruction in Spanish (SD: 2.7) and having lived in a Spapesiking country
for 15 months (range:-88 months, with only four learners having lived in a
Spanishspeaking environment for less than eight months).

The control group included 27 native speakers of Castilian Spanish, reported in
Aleméan Bafiébn and Rothman (2016). Since our L2 group can be best characterized as
being of intermediate to advanced proficiency, their data will be analyzed independently
and thé results will be compared to those of native speakers to identify potential
qualitative differences. All 49 participants had normal or corretewrmal vision and
indicated no history of neurological disabilities. They were all figinided, as assess
by the Edinburgh Handedness Questionnaire (Oldfield, 1971). All of the participants

were tested in the UK and compensated for their time.

Stimuli.

2 One of the learners was minimally exposed to Irish during childhood. Another learner indicated being a

heritage speaker of Japanese, a language which has word classes, but not gender agreement.

ML A
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The agreement dependency of interest is that between the head noun of a relative
clause and predicative adjective, which was located across a Complementizer Phrase
(CP). An example is provided in (1a). The rationale for examining nonlocal agreement
I's that L2ersd sensitivity to morphosyntact
nonlocalcontexts, due to increased complexity (e.g., Keating, 2009; diltomens et
al., 2010; Foucart and Frentke st r e, 2012). Thus, we assumec
on default morphology would be more likely to emerge when the dependency involved
elementsrom different phrases.

Markedness was examined by manipulating the number and gender specification of
the controller nouns, such that half of them were masculine (1a, 1b) and the other half,
feminine (1ed). In addition, half of the trigger nouns werged in the singular (1a, 1c)

and the other half, in the plural (1b, 1d).

(1)
Masculine Singular Noun
a. Andrés alquil6 ugoche que parecidarato durante la excursion.
Andrés rented a caksc-sccHthatlooked cheapasc-sg during his trip

Masculine Plural Noun

b. Andrés alquilé unogoches que pareciabaratos durante la excursion.
Andrés rented -gew carvasc-pL that looked cheafpascpLduring histrip
Feminine Singular Noun

c. Andrés alquilé unhabitacion que pareciaspaciosa la semana pasada.
Andrés rented a rooraw-sc that looked spaciousem-sc the week past
Feminine Plural Noun

d. Andrés ljuil6 unashabitacionesjue pareciagspaciosas la semana pasada.
Andrés rented-few roomrem-pL that looked spaciousem-rL the week past

The agreement by markedness by feature manipulation yielded a total of 12
experimental conditions, which are shown in Table 1. We designed 20 items for each of

these conditions (240 sentences total). To achieve the 40 items per condition

recommendedypMolinaro et al. (2011), we collapsed across gender when examining
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number and vice versa (e.g., Morg@hort et al., 2010). That is, items examining the
singular vs. plural asymmetry encompassed both masculine and feminine nouns
(equally distributed acrgghe singular and plural conditions). Likewise, items
examining the masculine vs. feminine asymmetry included both singular and plural

nouns (equally distributed across the masculine and feminine conditions).

<Insert Table 1 here>

These materialgere interspersed with 160 sentences (80 ungrammatical) from a
separate study that does not manipulate number and gender and does not include any
adjectives, plus 80 grammatical fillers which involve predicative adjectives modifying
personal pronouns (e,dNosotros somos muy simpaticos y ellos tambiédle ar e very
friendly and so are theyo). There was an eq
ungrammatical sentences in the overall design, to prevent an excessive number of
ungrammatical sentences from attenuativggP600 Coulson, King, and Kutas, 1998
Hahne and Friederici, 1999). These materials were counterbalanced across 6
experimental lists, such that a given learner waelel 20 items per each of the 12
conditions, but no participant saw the same sentence.tdach list also included one

version of each sentence from a separate study, and all of the grammatical fillers.

Item controls.

None of the critical nouns exhibited the/i a markers strongly associated with
masculine and feminine gender. Instead, we selected masculine and feminine nouns that
show a wide range of endings. The log count for all nouns and adjectives was obtained

from the EsPal database (EsPal Written Corpus?;2Ddchon, Perea, Sebastian Gallés,
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Marti, and Carreirg®2013). The masculine and feminine nouns were matched with
respect to both frequenay118) =-1.471, p> .1, and lengtht(118) =-1.512, p > .1.
The masculine and feminine forms of the adjexgiwere also matched for frequency,
t(238) = 1.6,p > .1, and their length was the same. With respect to the sinqgutait
comparison, it was not possible to control the nouns or the adjectives for either
frequency or length. Plural items were longed &ss frequent than their singular
counterparts.
The critical adjectives were never sentefinal, to avoid semantic wrapp effects.
In addition, their position within the sentence was held constant across conditions (e.g.,
Van Petten and Kutas920). Each critical adjective was used twice, once with a
masculine noun (e.ch,0 s q u e éiofscrug ot édar ko) and once wit
(egcat edr alic@mas heda al édar ko). Each critical
Since the testing involved two sewss (sed’rocedurd, the experimental lists were
designed such that learners would only see one version of each critical adjective per

session, to minimize repetition effects.

Procedure.

The testing involved two sessions (Al em8n
Van Petten, 2011), separated by a minimum of three days and a maximum of two
weeks. Each session lasted for approximately 3 hours (EEG recording: 1 hour). During
the fird session, participants gave informed consent, filled out a background
guestionnaire and the handedness inventory. Then, they completed the first EEG
recording and took the proficiency test. The second session started with the second EEG
recording. Then, @rticipants took the elicited production task (Experiment 2) and a

Gender Assignment Task. Before the testing begarsttity was approved by the
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Uni versity of Readi ng?%4031-d4A8eSemteande et hi cs con
processing by Englisepeaking lemers of Spanish
For the EEG recordings, participants were instructed to silently read a series of
Spanish sentences and decide if they were good or bad (e.g., Aleman Bafioén et al., 2012,
2014; GillonDowens et al., 2010; Kaan, 2002; Nevins et &Q7). Each session began
with a practice set that included eight sentences, half of which were ungrammatical.
None of the ungrammatical practice trials involved agreement errors. To ensure that
participants understood the task, they received feedbadkedirst three trials.
Immediately after the practice, the experiment began. Each experimental session was
divided into six blocks of 40 sentences, separated by five short breaks. Within each
block, sentences from all experimental conditions (plus distigjcivere randomly
intermixed. No feedback was provided for the experimental items. The presentation of
the sentences was carried out ushagadigmby Perception Research Systems Inc.
(Tagliaferri, 2005).
The trial structure was as follows: firstfigation cross appeared in the center of the
monitor for 500ms. Then, the sentence was presented one word at a time using the
RSVP (Rapid Serial Visual Presentation) method. Each word was presented for 450ms
and followed by 300ms pauses (e.g., Aleman Bafi@l., 2012, 2014). At the end of
each sentence, there was a 1000ms pause, followed by the prompts for the
grammaticality judgment: the wordenigood o f or gr ammMat i cal sen
Abado for ungrammatical ones. Participants
(middle and index fingers, respectively) and to favor accuracy over speed. The prompts
remained on the screen until the participant pressed one of the two buttons on the
computer mouse. Following the behavioral response, there was atriaiterterval

ranging between 500000ms, pseudandomly varied at 50ms increments.
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The purpose of the Gender Assignment Task
knowledge of lexicbgender. Participants were presented with all 120 critical nouns
from the comprehension task and instructed to select the appropriate-genkied

determiner from among two optiorsl fi t ae0 Vadi t fv®d ) .

EEG recording and analysis.

The continuous EEG was recorded from 64 sintered Ag/AgCl electrodes attached to
an elastic cap (Easycap, BrainProducts, GmbH, Germany) and placed according to the
10% System (midline: FPz, Fz, FCz, Cz, CPz, Pz, POz, Oz; hemispheres: FP1/2, AF3/4,
AF7/8, FL/2, F3/4, F5/6, F7/8, FC1/2, FC3/4, FC5/6, FT7/8, FT9/10, C1/2, C3/4, C5/6,
T7/8, CP1/2, CP3/4, CP5/6, TP7/8, TP9/10, P1/2, P3/4, P5/6, P7/8, PO3/4, PO7/8,
01/2). The recording was referenced online to FCz amefeeenced offline to average
mastoids. Aradditional external electrode (10) was placed on the outer canthus of the
right eye to monitor eye movements. Electrodes FP1 and FP2 (above each eyebrow)
were used to monitor blinks. |I mpedances wer
recordings weramplified by a BrainAmp MR Plus amplifier (BrainProducts, GmbH,
Germany) with a bandpass filter of .016 to 200Hz, and digitized at a sampling rate of
1kHz.

The raw EEG was segmented into epochs relative to the critical vé®@hgs to
1200ms). Trialsvith artifacts (blinks, horizontal eye movements, excessive muscle
artifact, and excessive alpha waves) were manually rejected from analysis, as were trials
that were incorrectly judged in the behavioral task. This resulted in the exclusion of

approximatty 15% of the datd.Data were filtered offline with a 30Hz lepass filter,

3 After this exclusion, the number of trials per condition did not reliably differ across the gender

conditions (allp values > .05) (conditions 1 and 4 grammatical: 34/40; conditions 7 and 10 grammatical:
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baselinecorrected relative to the 300ms fatamulus baseline, and averaged per
condition and per participant.

Upon visual inspection of the waveforms and previous redoRBs were quantified
via mean amplitudes in two time windows of interest: the £50ms time window,
which includes the LAN/N400, and the 4800ms time window, which includes the
P600. Nine regions of interest (ROI) were computed for statistical anddysis,
averaging together the mean amplitudes of the relevant electrodes (Left Anterior: F1,
F3, F5, FC1, FC3, FC5; Right Anterior: F2, F4, F6, FC2, FC4, FC6; Left Medial: C1,
C3, C5, CP1, CP3, CP5; Right Medial: C2, C4, C6, CP2, CP4, CP6; Left Posterior: P1,
P3, P5, P7, PO3, PO7; Right Posterior: P2, P4, P6, P8, PO4, PO8; Midline Anterior: FZ,
FCz; Midline Medial: Cz, CPz; Midline Posterior: Pz, POz). To ensure that the signal to
noise ratio was similar in the ROIs being compared, analyses were carried out
separately for the hemispheres and the midline, which comprise different numbers of
electrodes. Mean amplitudes were submitted to a repeagadures ANOVA with
Markedness (marked, underspecified), Agreement (grammatical, ungrammatical),
Hemisphere (left, ght) and AnteriofPosterior (anterior, central, posterior) as repeated
factors. For the analyses conducted on the midline, the only topographical factor in the
ANOVA was AnteriorPosterior. These analyses were carried out separately for number
and genderAdditional analyses were conducted on ERP effect size to directly compare

the two features (sédumber versus Gendey, 36).We considep values below .05 as

35/40; conditions 3 and 6 gender default error4@3¢onditions 9 and 12 gender feature clash: 32/40).

The number of trials per condition was numerically similar across the number conditions (conditions 1

and 7 grammatical: 35/40; conditions 4 and 10 grammatical: 33/40; conditions 5 and 11 number default
error: 35/40; conditions 2 and 8 number feature clash: 36/40), although in this case there were more items

with a singular than a plural noun, due to the

L2er
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significant and those between .05 and .1 as mard\talse discovery rate correction
was appkd for posthoc tests (Benjamini and Hochberg, 1999)e Geisser and
Greenhouse correction was applied for violations of sphericity. Degrees of freedom and

p-values are reported after correction (Field, 2005).

Results.

Results for the native speaker controls are reported in Aleman Bafion and Rothman
(2016) and a detailed summary is provided on pagegbl1Recall that, in native
speakers, all violation types yielded a P600 {2000ms), which emerged earlier for
bothtypes of feature clash errors (between-250ms). In addition, in the case of
number, P600 amplitude was larger for feature clash than default errors. Here we report

results for the L2 learners.

Behavioral results: Grammaticality Judgment Task.

Table 2 summarizes the L2 | earnersd accur e
Grammaticality Judgment Task. In terms of mean accuracy rates, learners performed at
85% or above in all conditions (range=-8%), suggesting that they understobd task
well and were able to tease apart grammatical and ungrammatical sentences. To
examine whether learners were more accurate with some error types than others,
d-prime scoresg measure of sensitivity to signals that reflect standardized differences
in acceptance rates for ungrammatical versus grammatical senteaceghtered into
a twoway repeategneasures ANOVA with Markedness (marked, underspecified) and
Feature (number, gender) as repeated factors. Results revealed a main effect of Feature,
F(1, 21) = 44.026MSE= .125,p < .001, driven by the fact that learners were more

accurate detecting number than gender errors overall, and a Markedness by Feature
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interactionF(1, 21) = 12.009MSE= 0.58,p < .01. This interaction was driven by the
factthat, for number, learners were more accurate with feature clash than default errors;
however, the opposite was true for gender. Pairwise comparisons revealed that this
asymmetry was not significant for gender and was only marginal for nuR(ieg1) =

4.987,MSE=.112,p = .074%

<Insert Table 2>

Behavioral results: Gender Assignment Task.
Learners showed a mean accuracy score of 93% in the Gender Assignment Task
(range: 78100). This suggests that, as a group, the L2ers knew the lexicargdrthe
critical nouns, although there was some variability. A paired samyass tevealed no
accuracy differences between masculine and feminine nig@h¥y~= +1.105p > 1,
suggesting that the | earnersd aarosstheacy wi t h

two gender values (mean accuracy with masculine nouns: 94%; feminine: 92%).

ERP results.

Visual inspection of the grand average ERPs reveals that both number and gender
agreement violations yielded more positive waveforms thammedical sentences
between approximately 48800ms, in centrgbosterior electrodes. This pattern is
consistent with the P600 and is similar to that of theSpanish controls in Aleman

Bafion and Rothman (2016). Figure $how the ERP waveforms for thember

4 A similar pattern of results emerged when analyses wanéucted on the mean accuracy rates for the
ungrammatical condition@.g., L6pez Prego and Gabriele, 201¥8similar pattern also emerged when

analyses were restricted to the 16 L2ers who scored within the advanced range in the proficiency test.
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conditions (Figure 1: feature clash errors; Figure 2: default errors), and Figdifes 3

the gender conditions (Figure 3: feature clash errors; Figure 4: default errors). Figures
5-6 show topographic plots of the violation effects for number andegerespectively.
Overall, effects appear more robust for number than gender errors (compare F@ures 1
to Figures 34, and Figure 5 to Figure 6), a difference that did not emerge in the
L1-Spanish controls. With respect to the markedness manipuldteppsitivity seems
equally robust for both types of gender errors (see Figures 3 and 4). In contrast, for
number, it appears slightly larger for feature clash than default errors (see Figures 1 and
2), similar to the native controls in Aleman Bafién adhifan (2016). In the same

time window associated with the P600, all violation types also show a late anterior
negativity with a lethemisphere bias (see Figures 5 and 6), similar to tHepahish
controls in Aleméan Bafion and Rothman (2016).

Precedng the P600, between approximately 2E8Dms, number feature clash errors
also appear more negative than grammatical sentences (see Figures 1 and 5). This effect
shows an anterior distribution, with a Keémisphere bias. A similar negativity
emerged intlte L1-Spanish controls, although in the learners it appears sustained, not
restricted to the 25850ms window. No negativities are apparent for all other violation

types in this time window. The following statistical analyses were conducted.

<Insert Figue 1>

<Insert Figure 2>
<Insert Figure 3>
<Insert Figure 4>
<Insert Figure 5>

<Insert Figure 6>
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Gender: 450900ms (P600 time window), hemispheres.

The omnibus ANOVArevealed a marginal main effect of Agreeméitt,, 21) =
3.121,MSE= 3.28,p = .092, driven by the fact that gender violations yielded more
positive waveforms than grammatical sentences. The main effect of Agreement was
qualified by an interaction with Anterig?osteriorF(1.46, 30.67) = 4.643ISE=
1.652,p < .05, and by an ietaction with Hemispher&(1, 21) = 14.524MSE= .963,

p =.001. In addition, the thregay interaction between Agreement, AnteriRwsterior,

and Hemisphere was significaR(1.36, 28.61) = 5.56 MSE= .371,p < .05. Due to

the presence of this threeay interaction, followups were conducted in the different

ROlIs, to better understand the scalp distribution of the Agreement effects. These tests
showed that gender violations were more positive than grammatical sentences in Right
PosteriorF(1, 21) = 9636,MSE= 1.353,p < .01, Left Posterioif:(1, 21) = 5.557MSE
=.868,p < .05, and Right Mediak(1, 21) = 5.351MSE= 1.616,p < .05 (see Figures

3-4 and 6). In addition, violations were more negative than grammatical sentences in

Left Anterior,F(1, 21) = 6.469MSE= 1.227 p < .05.

Gender: 45000ms (P600 time window), midline.

Analyses revealed a marginal main effect of Markedrigds,21) = 3.567MSE=
2.018,p = .073, driven by the fact that sentences with a feminine noun were more
positive than sentences with a masculine noun overall, possibly due to baselines
differences between the masculine and feminine noun conditionsufe@pche que
pareciaADJECTIVEVS. una habitacion que pareciEDJECTIVE). Analyses also revealed
an Agreement by AnteridPosterior interactiorf;(1.28 , 26.98) = 8.36VISE= 1.5,p<

.01, and a marginal Markedness by Agreement by Ant@asterior interaction,
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F(1.24, 26.01) = 3.38MSE= 1.03,p = .069. Since an interaction that involves
Markedness and Agreement is theoretically relevant, we examined the Markedness by
Agreement interaction at each level of the AnteRossterior dimension, but it was not
significant in any of the regns. The followup tests did reveal a marginal main effect

of Agreement in Midline PosterioF(1, 21) = 6.688MSE= 2.705,p = .051, driven by

the fact that gender violations were more positive than their grammatical counterparts

(see Figures-& and 6)

Gender: 250450 (N400 time window)

The omnibus ANOVA revealed no significant effects in the hemispheres. In the
midline, however, it showed a significant Markedness by Agreement interdetign,
21) = 5.408MSE=1.361p < .05. Seemingly he interaction was driven by the fact
that default errors yielded more negative waveforms than grammatical sentences, but
feature clash errors were more positive than their grammatical counterparts, although
none of these differences were significant. Meagkedness by Agreement interaction
was qualified by a marginal interaction with AnterosteriorF(1.17, 24.52) = 3.836,
MSE= .834,p = .056. We, therefore, conducted follay tests to examine the nature of
the Markedness by Agreement interactiothi& different ROIs. Only in Midline
Posterior was the interaction significaR(l, 21) = 9.657MSE= .916,p < .05, driven
by the fact that feature clash errors elicited more positive waveforms than their
grammatical counterparts(1, 21) = 6.732MSE= 1.468,p < .05 (signaling the
beginning of the P600; see Figure 6), but default errors did not differ from grammatical

sentences.

Number: 456900ms (P600 time window), hemispheres.
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The omnibus ANOVAevealed a main effect of Agreemelr(l, 21) = 9.054MSE
=2.413,p < .01, driven by the fact that number violations yielded more positive
waveforms than grammatical sentences overall. The main effect of Agreement was
qualified by an interaction with Anterig?osteriorF(1.34, 28.21) = 6.71IMSE=
2.327,p< .01, and an interaction with Hemisphdfél, 21) = 7.187MSE= .803,p <
.05. In addition, the Agreement by Anteri®osterior by Hemisphere interaction was
significant,F(1.51, 31.73) = 13.18B4SE=.282,p < .001. Followup tests condtied
within each ROI revealed that the main effect of Agreement was significant in Right
PosteriorF(1, 21) = 9.177MSE= 1.054,p < .01, Left Posterioif:(1, 21) = 7.106MSE
= 1.506,p < .05, Right MedialF(1, 21) = 13.204MSE= 1.232p < .01, and kft
Medial, F(1, 21) = 10.847MSE= .579,p < .01, driven by the fact that number
violations overall were more positive than grammatical sentences (see Figuees 1
5). In addition, violations were more negative than grammatical sentences in Left
Anterior, F(1, 21) = 7.082MSE= 1.267,p < .05.

The omnibus ANOVA also showed a marginal Markedness by Agreement by
Anterior-Posterior interactiorf (2, 42) = 3.042MSE= .789,p = .058. Followup tests
revealed that the Markedness by Agreement interaction was marginal in Right Posterior,
F(1, 21) = 3.09MSE= .52,p = .093, driven by the fact that feature clash errors yielded
a larger P600 than default errors (similar to the Spanish contiodsewhe effect was

significant) (see Figures4 and 5).

Number: 450900ms (P600 time window), midline.
Analyses revealed a main effect of Agreemeiit, 21) = 23.844MSE= 3.181p <
.001, driven by the fact that number errors yielded rposgtive waveforms than

grammatical sentences. This effect was modified by an interaction with
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Anterior-PosteriorF(1.39 , 29.37) = 8.36VISE= 1.88,p = .01, driven by the fact that
the main effect of Agreement was restricted to Midline Postd{(dr,21) = 17.977,
MSE= 2.387,p < .001, and Midline Mediak(1, 21) = 28.566MSE= 1.65,p < .001

(see Figures-2 and 5).

Number: 250450ms (N400 time window), hemispheres.

The omnibus ANOVA revealed a main effect\dérkednesst-(1, 21) = 5.473MSE
=1.276,p < .05, driven by the fact that sentences with a plural noun were more negative
than sentences with a singular noun overall, possibly due to baselines differences
between the singular and plural noun conditions (ergcoche que pareciEDJECTIVE
VS.unos coches que parecianJECTIVE). The ANOVA also revealed an Agreement by
Anterior-Posterior by Hemisphere interactid(1.48, 31.11) = 5.73MSE= .184,p <
.05. Followup tests were conducted within each ROI to better understandtime of
the threeway interaction. These tests revealed that the main effect of Agreement was
not significant in any of the regions after correcting for Type | error. Before applying
the correction, the main effect of Agreement was significant in Lerfor, F(1, 21) =
6.758,MSE= .912,p < .05, driven by the fact that violations were more negative than
grammatical sentences. As can be seen in Figures 1 and 5, this effect, which is mainly
driven by feature clash errors, is not restricted to the4dZBins time window, but
overlaps with the late anterior negativity shown by all violation types.

The omnibus ANOVA also revealed a Markedness by Agreement by
Anterior-Posterior interactior;(1.54, 32.39) = 5.58MSE= .956,p < .05. Followup
tests akach level of AnteriePosterior showed that number violations were
numerically more positive than grammatical sentences in posterior regions, the effect

being larger for feature clash errors, relative to default errors. However, these
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differences did nateach significance. In addition, violations were numerically more
negative than grammatical sentences in anterior regions, mainly for feature clash errors,

but these differences also failed to reach significance.

Number: 250450ms (N400 time windgwmidline.

The analyses conducted on the midline revealed a marginal main effect of
Markednessi-(1, 21) = 4.125MSE= 1.927 p = .055, driven by the fact that sentences
with a plural noun were more negative than sentences with a singular one overall, and a
marginal Markedness by Agreement by Antefasterior interactiorf;(1.37, 28.84) =
3.503,MSE= .514,p = .059. This interetion seems driven by the fact that feature clash
errors were more negative than grammatical sentences in Midline Anterior and Midline
Medial, but default errors barely differed from grammatical sentences. Fofidests

showed that this interaction wastrsignificant in any of the regions.

Number versus gender.

Further analyses were carried out to directly compare the magnitude of the
Agreement effects for number and gender. This comparison was carried out in a region
including ten centrapaosterior electrodes (CP3/4, CP1/2, CPz, P3/4, P1/2, Pz),
corresponding to the area where P600 effects emerged for both number and gender
violations. The analysis was limited to the 4BI0ms time window, corresponding to
the latency of the P600 effects the two feature2600 magnitude was calculated by
subtracting the grammatical condition from the ungrammatical condition, separately for
each feature and for each markedness condition. Effect sizes were then entered into a
repeateemeasures ANOVA with Feéare (number, gender) and Markedness (marked

noun, underspecified) as withgubjects factors.
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The only significant result shown by the omnibus ANOVA was a main effect of
FeatureF(1, 22) = 8.142MSE= .977,p = .01, driven by the fact that number

violations were more positive than gender violations oveérall.

Correlational analyses.

Further analyses were carried out to exami
knowledge of lexical gender and their overall sensitivity to gender errors, in terms of
both behavioral accuracy and P600 magnitude. Behavioral accuracy was operationalized
as mean eprime scores for the gender conditions (collapsing across the two types of
gender errors, which did not significantly differ). P600 magnitude was calculated
(following the procedure describedMumber vs. Gendep. 36) for a 14lectrode
regioncomprising all electrodes in Right Posterior, Midline Posterior, and Left
Posterior, which are the regions where the P600 emerged for gender.

A hierarchical regression model was used to examine the extent to which the
| ear ner so k nowtlee(Gander Asdignnhert XaskcSadre) preelicted their
behavioral sensitivity to gender agreemenipfidne Score), over and above the effects
of L2 proficiency (Proficiency Test Score), a variable that has been shown to correlate

with knowledge of lexical gater (e.g., Hopp, 2013)In the first step, Proficiency Test

5 A similar pattern emerged when analyses were restricted to the 16 advanced L2ers.

6 An analysis of standardized residuals showed that the data contained no outliers (Standardized Residual
Minimum =-1.07, Maximum = 1.01). In addition, the data met the assompfi no perfect

multicollinearity (Tolerance = .62/IF = 1.6) and the assumption of independent errors (Duifatson

value = 1.3). The histogram of standardized residuals suggested that the data contained approximately
normally distributed errors. Thisas also the case for theFPplot of standardized residuals, which

showed points very close to the regression line. The scatterplot of standardized predicted values showed

that the assumptions of homogeneity of variance and linearity were also methRkeaspne reviewer
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Score accounted for a significant amount of the variancepnie Scorep = .51,F(1,

20) = 7.229p < .05,R?2=.265. When Gender Assignment Task Score was included in
the second step, the ol also explained a significant proportion of the variance in
D-prime ScoreF(2, 19) = 7.449p < .01,R?= .439,R?adjusted .38, and th&? change
was significant§ < .05). However, only Gender Assignment Task Score remained a
significant predictorGender Assignment Task Scobes .53,t(21) = 2.43p < .05;

Proficiency Test Scordi= 1.9,t(21) = .882p > .1) (see Figure 7, plot X).

<Insert Figure 7>

Anot her hierarchical regression model was
knowledge of lexical gender (Gender Assignment Task Score) predicted their brain
sensitivity to each type of gender error (P600 Size), over and above the effects of L2
Profidency, but no significant results emerged at any steps of the regression (see Figure

7, plots B and C).

Interim discussion of Experiment 1.
Here, we briefly discuss the most relevant findings of Experiment 1. We will
interpret these findings ifd those from Experiment 2) in light of current L2 theoretical

models in th&Seneral Discussio(pp. 4962). Learners were very accurate with both

pointed out that the distribution of Gender Assignment Task Scores seemed negatively skewed. We thus
applied a reverse score transformation to this variable, which corrected the skewness. Crucially, the
correlation between {prime Scoe and Gender Assignment Task Score remained signifisantQl).

7 Similar results emerged when analyses were conducted on mean accuracy rates for the gender violation

conditions.
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number and gender in the Grammaticality Judgment Task, although they performed
better with number (e.g., Gili-Dowens et al., 2010). Importantly, however, their brain
responses were qualitatively nativlee for both number and gender (i.e., a P600), even
though we probed gender with nouns that do not provide strong distributional cues to
gender (unlike previouSRP studies examining gender in L2 Spanish). Here again,
however, the L2ers showed a quantitative advantage for number over gender (i.e., a
| arger P600) . I n addition, the L2ersd offli
sensitivity to gender agement in online comprehension (as measuredgynke
scores), even after controlling for proficiency. Surprisingly, however, knowledge of
lexical gender did not predict the magnitude of the P600 to gender violations (e.g.,
Meulman et al., 2016), which gt be due to individual differences with respect to
processing strategy (e.g., Tanner et al., 2014; see also Tanner and Van Hell, 2014). We
come back to this point in ti@eneral Discussian

Interestingly, the L2ers showed no evidence of relianadedeult morphology for
either number or gender agreement in the judgment task. The ERP data, however,
suggest that markedness modulates online processing. Similar to the Spanish native
speakers in Aleméan Bafion and Rothman (2016), the P600 for genddor®lat
emerged earlier for feature clash than default errors (although in the native speaker
group this effect also emerged for number). Likewise, the P600 for number violations
was found to be marginally larger for feature clash than default errors. Bdihgs are
consistent with the possibility that feature clash errors are more disruptive than default
errors in online comprehension. |l mportantly
responses, though more complex (i.e., the P600 emerged earlier for ttahre

number errors too), went in the same direction (e.g., Lopez Prego and Gabriele, 2014).
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Two findings from the EEG task merit some discussion. First, similar to the native
controls in Aleman Bafion and Rothman (2016), both number and gendéoumla
yielded a late anterior negativity (with a left hemisphere bias) relative to grammatical
sentences in the P600 time window. In line with previous studies (bitavens et al.,

2010; Sabourin and Stowe, 2004), this late negativity might refleco#tetkeeping

the ungrammaticalities in working memory for the purposes of providing the
grammaticality judgment, especially since t
ungrammatical conditions was high (suggesting that they successfully maintained their
judgments in working memory).

In addition, similar to the native controls in Aleman Bafion and Rothman (2016),
number violations showed a trend towards a left anterior negativity in the time window
associated with the LAN (250850ms). In the learners,isheffect did not remain
significant after correcting for Type | error. As discussed above, it is possible that
number errors that are realized on plural (i.e., marked) elements modulate the processes
reflected by this component. This would still suggkat adult L2 learners are sensitive
to markedness asymmetries in a natike manner. However, the variability with
respect to LAN elicitation in the native speaker literature and the fact that this effect
remained numerical preclude us from drawing gfroonclusions.

In sum, the results from Experiment 1 indicate that, at the upper levels of

proficiency, adult L2 1| earner s élikepenedni ne comp

8 An alternative interpretation discussed in Aleman Bafién and Rothrda6)(i that the late negativity
reflects a polarity inversion of the P600. Since the P600 showed #édgtisphere bias in both

populations, it is possible that the dipole generating the P600 was oriented in such a way that its positive
and negative endsere detected by right posterior and left anterior electrodes, respectively (e.g., Barber

and Carreiras, 2005).
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for properties that are unique to the L2, although these appeah&wder. Along these
lines, our results also suggest that difficulty with the online processing of gender
agreement (property that is unique to the L2) is more tied to lexical (i.e., assignment),
than syntactic (i.e., agreement) aspects. Our findings a¢ggest that adult L2ers do

not systematically resort to the use of morphological defaults, at least in online
comprehension. One possibility is that, as suggested by the lexbeakyl accounts of
variability (e.g., Gruter et al., 2012; Hopp, 2013; Préemsl White, 2000),

morphological variability is more tied to the difficulty associated with the retrieval of

lexical information in spoken production. We examine this question in Experiment 2.

Experiment 2: Elicited Production

The L2ers completeBxperiment 2after the second EEG recording. The experiment
involveda spotthe-difference task aimed at eliciting determimaun-adjective
agreement. For each trial, the learners saw two characters holding items that differed
with respect to some visiblegperty, and their task was to describe what was different
between the items. For example, one trial depicted a character holding one clean suit
and another character holding two dirty suits (Figure 8 shows an example). After the
instructions, participantsompleted two practice trials, for which they received no
feedback. The task involved 10 instances of agreement with a masculine noun and 10
with a feminine one; 10 instances of agreement with a singular noun and 10 with a
plural one. All of the nouns we selected from the comprehension task and, therefore,
they do not provide strong distributional cues to gender. To ensure that learners used
these target nouns, they were spelled out in bare form (i.e., without a-gesuded
determiner). This preventdelarners from substituting masculine for feminine nouns (or

the reverse). An additional twenty trials were added to the task as distractors, which
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depicted the characters engaged in different actions (running in the morning vs. at
night). With these matels, we created two separate lists, which differed with respect
to the order of presentation of the trials. Participants were randomly assigned to one of

the two lists.

<Insert Figure 8>

For the purposes of anal ywsbeddbyanativee L2er so
speaker of Spanish and coded twice, once for accuracy with number and once for
accuracy with gender. Responses were coded for accuracy according to syntactic
context (determinenoun, nouradjective) and feature specification (humbemgsiar
vs. plural noun; gender: masculine vs. feminine noun). Responses without a noun (e.g.,
lo que tiene Andwhat Ana is holdingod) were excluded
responses without an adjective (epaquete que pesamuchgpac ket t hat wei gh
lot 6). Cases where |l earners usegormgn i nvariahb
Ahugeo) were excluded from the gender analy

Since the task was quite constraining, all of these cases were rare.

Results.

Table 3 shows the |l earnersodéd accuracy with
agreement, according to syntactic context and feature specification. We point out that,
for items depicting plural nouns, the L2ers generally used numerals instead of
determiners, or used the noun in the singular and provided correct singular inflection on
determiners and adjectives. We therefore exclude this cell (number: DET + marked N)

from analysis. While this prevents us from comparing the incidence of default vs.



Examining Morplological Variability in L2 Learners 44

feature clash number errors in this syntactic context, examination of the rest of the
number conditions reveals an otherwise clear picture; the L2ers were highly accurate
with number and, at least for ncadjective agreement, there was no evidence for

reliance on defaults. These results are similar to previous studies that have examined the
production of number agreement in-Ehglish L2Spanish learners at similar levels of

proficiency (e.g., Franceschina, 2005; White et al., 2004).

<Insert Table 3 here

Table 3 also shows that the L2ers were quite accurate with the production of gender
agreement, although they showed some variability. A paaaaples-test confirmed
that the L2ersd6 overall accur atf@dy =5wB5 h numbe
p < .001). With respect to error type, the learners made more default than feature clash
gender errors in both syntactic contexts (see Table 3). In order to compare the likelihood
of both types of gender errors, we ran logistic migéfécts regresion with Accuracy
as the dependent variable, and Noun Gender (Feminine Noun vs. Masculine Noun) and
Proficiency Test Score as fixed effects. The random effect structure included random
intercepts for participants and items. For both syntactic contegtseshlts of the
model showed that the likelihood of the two error types did not reliably differ
(determinemoun, number of observations: 218; estimate = 8.01, SE: 50Y.58,p >
.1; nounadjective, number of observations: 429; estimate = 4.05, 8E;z= 1.19,p>

1). In addition, the L2ers6 accuracy incre
(determinemoun, estimate = .016, SE: .Q6; 2.81,p < .01; nouradjective, estimate =
.016, SE: .051z= 3.08,p < .01), but the interaction between Erfigype and

Proficiency Test Score was not significant (determmauin, estimate =0.14, SE: .012,
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z=-1.19,p > .1; nounadjective, number of observations: 429; estimat@.66, SE:
0.08,z=-0.76,p > .1). These results suggest that variability with gender agreement in
spoken production is accounted for by proficiency, but not by reliance on default
morphology.
It must be pointed out that the above analysis on gender error type is blind to
whetter the learners knew the lexical gender of the target nouns (e.g., see also Montrul
et al ., 2008). This is because there is no

choice of lexical gender. In previous studies, the gender of the determiner has been

taken as an indication of a | earnerds gender
mean that utterances likm flor feafi @asc flowerremuglyrem0, wher e t he f e mi
nounflori f | geswe rs hows i ncorrect masculine inflec

deerminerunfi aMascO but correct feminifaad uighuyl ect i on
should be analyzed as a feature clash error
of determiner, we would assume that she assigned masculine gender to the noun and

then incorrectly provided feminine inflection on the adjective. However, it is equally

possible that the agreement failure happened between the determiner and the noun. That

is, the difficulty associated with lexical retrieval might have caused the a2efdct

the wrong determiner before accessing the target noun and the relevant gender

information. Then, once this information is retrieved, the learner correctly establishes
agreement on the adjective. Such an error would better qualify as a defaulfleusy

our logistic regression analysis tells us whether, upon encountering a given noun, the

learners were more likely to supply masculine (i.e., default) inflection on determiners

and adjectives, due to either a problem of agreement or assighment.

An alternative approach woul d be GenderAssignmanthe L2er sd

Task. However, we found a few cases wheeeliPers indicated that a given noun @der examplé
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We then conducted an analysis on error type, to examine whether variability with
gender is better accounted for by difficulty with assignment or agreement. Bearing in
mind the caveats highlighted above, we follow previous studies (e.g., Gruter et al.,
2012; Montrul et al., 2008) in classifying as errors of assignment cases where a
determiner and an adjective show consistent inflection, but both mismatch the gender of
the controller noun (e.gun flor feofi @asc flower.rem ugly.mascO una paquete pesada
i @em packetvasc heavyremo ) . I n contrast, gender mismatc
and adjectives (e.gun flor feafi aasc flower.cem ugly.rem0 las peces de Ana son
muertosh t eefishmasc of Ana are deagasc0) can somewhat safely |
erras of agreement (e.g., Gruter et al., 2012; Montrul et al., 2008), since no matter what
lexical gender was assigned to the noun, the lack of consistency between the two
agreement targets reflects a problem at the level of syntactic agreement. An examinatio
ofalloftheL2er s6 errors involving both a deter mi
responses) revealed that both error types were infrequent, but there were more than
twice as many errors of assignment (a total of 35) than errors of agreemeat ¢& to
15). This low incidence of agreement errors was also observed in the study by Gruter et
al. (2012), although they also found a higher incidence of assignment errors than we

did.

Correlational analyses.

masculine in the Gender Assignment Task, but then treated the same noun as if it were feminine in the
production task (by providing feminine inflection on determiners and adjectives). While this is
compaible with a productiorbased agreement error, it is also compatible with the possibility that the

L2erd6s gender assignment was inconsistent across ta:
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We further explored the relation between t
their accuracy with gender agreement in spoken production via correlational analyses.
Accuracy was calculated by collapsing across the gender specification of tlse noun
since we found no evidence for asymmetries between the two genders. A hierarchical
regression model was used to examine the ex
lexical gender (Gender Assignment Task Score) predicted their ability to produce
gende agreement (Mean Accuracy in Production Task), over and above the effects of
L2 proficiency (Proficiency Test Scor#)In the first step, Proficiency Test Score
accounted for a significant amount of the variance in Mean Accuracy in Production
Task,b=.61,F(1, 20) = 11.878p < .01,R?=.373. When Gender Assignment Task
Score was included in the second step, the model also explained a significant proportion
of the variance in Mean Accuracy in Production T&gR, 19) = 8.281p < .01,R?=
.466,R? adjsted=.409 (see Figure 9, Plot A), and fRéchangavas marginalf =
.085). Examination of the standardized coefficients shows that both Gender Assignment
Task Score and Proficiency Test Score mar gi
establishing gender agreement in production (Gender Assignment Task5co386,

t(21) = 1.82p = .085; Proficiency Test Score= 3.74,1(21) = 1.76p = .094).

<Insert Figure 9>

10 An analysis of standardized residuals showed that the data contained no outliers (Standardizald Resid
Minimum =-2.34, Maximum = 1.9). The data met the assumption of no perfect multicollinearity and the
assumption of independent errors. The histogram of standardized residuals suggested that the data
contained approximately normally distributed errdiisis was also the case for thé*Pplot of

standardized residuals, which showed points very close to the regression line. The scatterplot of
standardized predicted values showed that the assumptions of homogeneity of variance and linearity were

also met.
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Relation between comprehension and production.
Finally, we compared the L2ersd mean accur
order to exanmie whether there was an overall advantage for comprehension (i.e.,
receptive knowledge) over production (i.e., expressive knowledge). For this
comparison, accuracy was operationalized as mean accuracy rates (comprehension:
mean accuracy rates in the viadat conditions in the Grammaticality Judgment Task;
production: mean accuracy rates). Since the L2ers were at ceiling with number in
production, this analysis was limited to gender. In addition, since we found no
difference between the two types of geneleors, accuracy was calculated by
collapsing across them. A pairedmples-test revealed no accuracy differences
between the two taskg21) = 1.007,p> .1
Lastly, we calculated the zero order Pear s
accurag with gender in comprehension and production, to examine whether robust
lexical representations for gender translated into tdilgeperformance with gender
across tasks (Hopp, 2013). This correlation was positive, strong, and highly significant,

r=.6,p<.001 (see Figure 9, plot B).

Interim Discussion of Experiment 2.
Learners were very accurate with both number and gender agreement, although they
performed better with number (i.e., at ceiling). As for gender, two findings are
particularly relevant. First, assignment errors were more frequent than agreement errors.
That is, learners showed greater difficulty with lexical (as opposed to syntactic) aspects
of gender. I n addition, correlational analy

gender in production increased as a function of their knowledge of lexicalrgardtle
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their proficiency, although the individual contribution of each predictor was marginal.
Both findings suggest difficulty at the | ev
better performance with number over gender, which we also observed innieqet,
provides further support that there is faci
L1 (e.g., Schwartz and Sprouse, 1996).

As was the case in Experiment 1, the L2ers showed no evidence of reliance on
default morphology for eitherumber or gender agreement. In the case of number, the
learners performed at ceiling (e.g., White et al., 2004). In the case of gender, the
learners made more default than feature clash errors, but analyses revealed no reliable

tendency to overuse the deftagender, either at the level of assignment or agreement.

General Discussion

We investigated the nature of morphological variability in adulEnglish
L2-Spanish learners of intermediate to advanced proficiency. The main aim of the study
was to emmine specific factors which, according to contrasting L2 theories, account for
inflectional variability in adult L2ers, notably (i) morphological markedness, (ii) the
properties of the L1, and (iii) the type of knowledge at use (receptive, as in
comprehesnion vs. expressive, as in spoken production).

To this aim, we conducted two experiments with the same group of adihdlish
L2-Spanish learnergxperiment Imade use of ERP to examine the online
comprehension/processing of neadjective numbeand gender agreement. Unlike
previous ERP studies on L2 morphosyntactic processing, our design examined the
unique contribution of markedness to agreement resolution. We did so by systematically
manipulating the markedness of the trigger nouns, suchdkaiftihem were marked

(number: plural; gender: feminine), and the other half, underspecified. In addition,
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unlike all previous ERP studies that have examined gender in L2 Spanish (Aleman
Bafiodn et al., 2014; Gillebowens et al., 2010; Rossi et al., 20Idkowicz and
MacWhinney, 2005), all of which show qualitatively natlikee processing for gender,

we focused on Spanish nouns that do not provide strong distributional cues to gender.
We expected gender agreement with these nouns to be more challemgidglf L2ers,
based on previous studies (e.g., Foucart and F#ledtre, 2012; Franceschina, 2005;
Grater et al., 2012; Meulman et al., 2016; Montrul et al., 2008; Sabourin, 2003;
Sabourin and Stowe, 2008xperiment Aised a spethe-difference taskd examine

similar dependencies (determirregunadjective number and gender agreement) in
elicited spoken production. Here again, we systematically manipulated the markedness
of the trigger nounslhe specific research questions that inform the studyepesated
below, alongside the predictions by the most relevant L2 theories:

(i) To what extent i s variability account e

morphologyWe addressed this question by comparing instances of agreement where
the trigger noun carried marked vs. underspecified feature values. Recall that
computational accounts like the MSIH (e.g., Haznedar and Schwartz, 1997; Prévost and
White, 2000) predict that adult L2ers might show evidence of reliance on default
morphology in spokeproduction (Experiment 2), as a result of the computational
pressure associated with the online retrieval of inflectional forms and other lexical
information, such as lexical gender (Gruter et al., 2012; Hopp, 2013). In contrast,
McCarthy (2008) predictsveruse of default morphology across tasks (Experiment 1
and 2), given that learners are hypothesized not to be able to acquire the full
specification of features at the level of the morphology, due to a representational deficit.
Our results revealedbo reliable evidence that L2ers resorted to the use of

morphological defaults for either number or gender agreement, either in online
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comprehension (Experiment 1) or in spoken production (Experiment 2). We begin with
the results of the oral production kasvhere both the MSIH and McCarthy (2008)
predicted a certain reliance on default morphology (i.e., a higher number of default than
feature clash errors). In the case of number, the learners performed at ceiling, replicating
the results by White et al. @4), who found ceiling performance with neadjective
number agreement in spoken production irRBriglish L2Spanish learners of similar
proficiency (i.e., intermediatadvanced). However, our results contrast with those by
McCarthy (2008), who found thaoth intermediate and advanced learners used
singular agreement (i.e., zero inflection) on adjectives in the context of a plural noun.
Overall, these findings suggest that, at the upper levels of proficiency, number
agreement in spoken production is teky unproblematic, even when it is realized in
a syntactic context where the |l earnerso6 L1
The results of the gender conditions are more complex, given that learners may
overuse the default gender both at the level of lexical gender assignment (i.e., assigning
masculine gender to nouns whose gender they felt uncertain about; see Gtijter et a
2012 and Montrul et al., 2008) and at the level of agreement, even when lexical gender
has been properly assigned. The results of our logistic regression analysis revealed that
learners had no tendency to overuse the default gender at either legel r@hdts are
at odds with previous L2 studies on gender. For example, Montrul et al., (2008)
examined gender agreement in spoken production in a group of aekitdlish
L2-Spanish learners, and found a higher error rate with feminine than masculse nou
(i.e., more default errors) both at the level of syntactic gender agreement and lexical
gender assignment (see also Gruter et al., 2012). One important difference between our
study and Montrul et al.o6s concerpame L2 prof

instrument that we used in the present study. While the proficiency range in Montrul et
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al . 6s study was (q uprdfi@encyleatners @60,dneann36)Jthed e d | ow
learners in our study were of uppatermediate to advanced proficienggnge: 3350;
mean: 43). It is, therefore, possible that reliance on default morphology in spoken
production is more characteristic of an interlanguage stage that L2ers eventually
overcome with increased proficiency, which is not consistent with theofdeea
representational deficit at the level of the morphology. Our results are also not
consistent with those by McCarthy (2008) and White et al. (2004). In both studies, L2
learners showed higher error rates with feminine than masculine nouns (i.e., more
default errors), although this asymmetry was especially characteristic of learners at the
intermediate level of proficiency, not so much of advanced learners. In our study, we
did find that proficiency signifircantl y i mp
agreement, but we found no reliable interaction between proficiency and error type,
suggesting that agreement was largely unaffected by markedness across the proficiency
range examined.

Moving on to the comprehension data, the results of the Graoadity Judgment
Task revealed that markedness impacted each feature type differently, as indicated by a
significant feature by markedness interaction. For number, learners were more accurate
rejecting feature clash than default errors (e.g., in line M@@arthy, 2008), but they
showed the reverse pattern for gender (contra McCarthy, 2008 and White et al., 2004).
Follow-up tests, however, failed to confirm these feauake asymmetries for gender,
and the effect was only marginal for number, suggesiiagagreement resolution for
each feature in isolation was somewhat unaffected by markedness. It is noteworthy,
however, that a similar interaction emerged in a related study by {Fnego and
Gabriele (2014). The authors used a speeded grammatiadigyent task to

investigate how markedness impacted the processing of number and gender agreement
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in L1-English L2Spanish learners. Similar to the present study, agreement was
examined between nouns and adjectives located across a restrictive relatee cla
boundary (e.guna tela que era find aev fabricrem that was fingem0 ) . Thei r r esu
parallel those in the present study. That is, for number violations, intermediate and
advanced learners were more accurate rejecting feature clash than dedeilFer
gender, however, the learners showed the opposite pattern. To account for these effects,
LépezPrego and Gabriele (2014) highlight the marked status of the trigger nouns in the
case of gender default errors. Since default errors in their desgred a feminine
(i.e., marked) DP followed by a masculine (i.e., unmarked) adjective raytela que
era *fino i aem fabricrem that was fingiasc0 ) , t hey propose that DPs
for gender might have greater predictive value than DRsatbainderspecified for
gender (e.g., Nevins et al., 2007; Wagers and McElree, 2011). Under this account, when
the parser encounters the marked features of the trigger DP, it can more reliably predict
the gender of the upcoming adjective. Such facilitatesults in a more accurate
detection of default errors (in a judgment task, at least). The significant feature by
markedness interaction that we found in the present study is consistent with this
proposal, although it remains an open question why DRstéanarked for number
(i.e., plural) do not have the same predictive value as those that are marked for gender.
Given that number and gender differ with respect to their status in the L1 feature
i nventory, one possi bi ltegieyareinwre likélygabel ear ner s
recruited for novel properties, given their greater computational demands.
With respect to the ERP data, our results revealed that markedness did impact online
processing, but in a natilike manner. That is, similar tthe Spanish native speakers
reported in Aleméan Bafion and Rothman (2016), the P600 for gender violations

emerged earlier for feature clash than default errors, consistent with the possibility that
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errors that involve incompatible features at the level @itlorphology are more

disruptive and easily detectable (although in the native speakers, an earlier P600 also
emerged for feature clash number errors). Likewise, the P600 for number violations was
found to be marginally larger for feature clash than detaubrs in the region where

the P600 reached its maximum (i.e., Right Posterior), consistent with the possibility that
feature clash errors are more salient and disruptive. Importantly, however, the fact that
the native speaker s gamkdréction suggpestsithatehe L2\watan t
cannot be taken as support for a representational deficit at the level of the morphology
(contra McCarthy, 2008), but rather as evidence that L2ers are sensitive to markedness
asymmetries. Notice also that a simiattern has been reported in other studies that
have examined the role of markedness on agreement in native speakers (e.g., Deutsch
and Bentin, 2001; Kaan, 2002). Similar findings are also reported in Lopez Prego and
Gabriel ebds st udyat, Un@bOhigh processing lmurdénpnativedspebkers
were more accurate rejecting feature clash than default errors for both number and
gender, suggesting that sensitivity to markedness is not restricted to adult L2ers, but can

also characterize native prosasy under computational burd&h.

11 An alternative interpretation is that default errors were less disruptive because the English equivalent
corresponds to a correct structure (ecgrs that looked cheapgiven that English does nalize

number on adjectives. While this interpretation cannot be completely ruled out, the fact that number
default errors yielded a P600 relative to grammateatencesuggests that the L2engere not

exclusively relying on the properties of English. Noticat the English equivalent of the grammatical
sentences, where both the noun and the adjective show plural morpf@tpgyoches que parecian
baratosfi c-g_that looked cheap 0 forresponds to an impossible string in English. Yet, it was number
default errors that were more positive than grammatical sentencethe other way arountlVe interpret

this as evidence th#te L2ers treated singular adjectives in plural contexts as deviant, and plural

adjectives in plural contexts (i,ehe configuratn that is disallowed in English) as licit.
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One reviewer wondered whether the lack of evidence for the adoption of a default
gender in the L2 group might be due to individual differences, with some learners
adopting masculine as a default (in line with morphological theory) and others adopting
feminine. To evaluate this possibility, we carried out an exploratory analysis on
D-prime scores (Grammaticality Judgment Task) and P600 effect size, which revealed
that most learners and native speakers were equally accurate with and yielded equally
robug P600 effects to the two types of gender errors. Importantly, although some
learners showed greater sensitivity to default errors, and others to feature clashes, the
same pattern emerged in the L1 group, suggesting that individual differences with
respecto the(potential) adoption of a default are not restricted to L2&kes think that
this is also not in line with representational accounts of variability, although we
highlight that a larger sample would be necessary to identify a bimodal population.

(ii) To what extent is morphological variability determined by the properties of the

| ear neWes 6adidlr?essed this question by compar.i
number agreement (present in the L1 feature inventory) and gender agreenugre (u

to their L2). Representational accounts like the Interpretability Hypothesis (e.g., Tsimpli

and Dimitrakopoulou, 2007) predict an overall advantage for number over gender.

Crucially, nativelike processing in terms of brain responses to agreemdatioits

(i.e., P600) is predicted to be possible for number, but not gender, especially since the

nouns we used did not provide strong distributional cues to gender. Under

computational accounts like the MSIH (e.g., Prévost and White, 2000), L2ers are

predcted to be able to show natiike processing for both features, at least in

comprehension. It is also possible that, at this level of proficiency, there will be no

difference between number and gender.
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An additional question that we examinedconcer t he r el ati on bet wee
knowledge of lexical gender and their ability to compute gender agreement in online
comprehension and production, in order to better adjudicate between proposals which
argue for a deficit at the level of syntactic agreetfe.g., Tsimpli and
Dimitrakopoulou, 2007) and proposals which argue for problems at the level of lexical
assignment and retrieval (Gruter et al., 2012; Hopp, 2013; Prévost and White, 2000).

In both comprehension (Experiment 1) and production (Ex@at 2), learners
showed high accuracy rates with both number and gender agreement, although they
performed better with number than gender (e.g., Franceschina, 2005:[@kaens et
al., 2010). Importantly, however, their brain responses as reveatad BRP data
showed qualitatively nativike processing for the two features (i.e., a P600) (e.g.,

Aleméan Bafidn et al., 2014; Gillddowens et al., 2010), although here again they

showed a quantitative advantage for number (i.e., a larger P600), antiéf¢inat did

not arise in the Spanish native speakers reported in Aleman Bafion and Rothman (2016).
Although the P600 is not exclusively linked to morphosyntactic processing, it is the
component that is most consistently associated with agreement pro¢esstige

speakers. Thus, the fact that learners were qualitatively Aate/eiith the processing

of gender agreement, the property that is unique to their L2, seems at odds with
theoretical accounts which argue that novel syntactic properties carmajuoeed to

nativelike levels due to a representational deficit at the level of the syntax (e.g., Tsimpli
and Dimitrakopoulou, 2007), especially if we bear in mind that the nouns we used did

not allow for the use of phonological rhyming strategies between endings and

inflectional forms (unlike previous ERP studies which have examined gender agreement
in L2 Spanish). Along similar |lines, the L2

measured by the Gender Assignment Task) was found to be dereliabictor of their



Examining Morplological Variability in L2 Learners 57

accuracy with gender agreement in online comprehension (as measurguibmeD

Scores for the gender conditions in Experiment 1), even after controlling for
proficiency. Further correlati omnhethe anal yses
production of gender agreement (Experiment 2) increased as a function of their

knowledge of lexical gender (as measured by the Gender Assignment Task) and their
proficiency (e.g., Montrul et al., 2008), although the individual contribution of each

predictor remained marginal. In addition, our results revealed a strong positive relation

bet ween the | earnersod accuracy with gender
consistent with the idea that knowledge of
perffomnce with gender across tasks (Hopp, 20!

with gender agreement across tasks is better accounted for by their overall knowledge of

lexical gender is more in line with proposals which attribute inflectional variability to

the quality of the L2erso6 | exical represent
2013), but not with representational accounts of variability, which predict that L2ers can

reach targelike knowledge of lexical gender, but still not be able talgsth

agreement in a nativi&ke manner.

The reader might wonder whether processing data, such as ERP, constitute a
valuable metric to test the predictions of representational accounts, which are mainly
concerned with representation. Our take onithiat processing data are precisely the
type of evidence that is needed. To give one exartimgyroponents of the
Interpretability Hypothesis have shown thatEfglish L2Spanish learners can
achieve very high accuracy rates with gender agreem@&manish in offline tasks (e.qg.,
Franceschina, 2005). But, crucially, they claim that learners achieve these high accuracy
rates by using alternative mechanisms. Therefore, the representational accounts clearly

posit that what is different is the underlyipgpcess through which learners arrive at
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such performance outcomes. The use of ERPs can shed light on the qualitative nature of
those processes (see also Aleman Bafion et al., 2014).

It could be argued that the presence of a gendeked determingsreceding the
critical noun in the comprehension task (which could not be avoided, given that Spanish
generally disallows bare nominals) might have facilitated gender resolution in the L2
group. This is because the L2ers could have used the determineu@s$o assign
l exi cal gender. While this possibility cann
accuracy in the Gender Assignment Task suggests that the they could successfully
assign lexical gender in the absence of a gendgked determiner.ikewise, the fact
that the L2ers6 scores in the Gender Assign
available) predicted their accuracy with gender agreement in the comprehension task
also indicates that gender agreement was mediated by knowledge of lema=l. ge
Moreover, as illustrated in example (1) of the introduction, L2 learners often correctly
establish gender agreement between the article and the noun, yet continue to make
agreement errors down the line (especially when the agreeing words beloffigrémti
syntactic phrases, as is the case in the present study). Therefore, the availability of the
determiner does not necessarily provide a reliable cue for the learner, unless the
underlying representation is established for the property.

Onesurprsi ng finding from Experiment 1 is theé
gender (as measured by their score in the Gender Assignment Task) predicted their
sensitivity to gender agreement in the Grammaticality Judgment Task, but not the size
of the P600 to gnder violations (e.g., Meulman et al., 2016). One potential explanation
for the lack of a relationship between these two measures concerns individual
differences with respect to processing strategy. Indeed, cases have been reported where

L2ers show an N4Dfor the same types of agreement errors for which other learners
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show a P600 (e.g., Tanner et al., 2014; see also Tanner and Van Hell, 2014 for similar
findings in native speakers), which has been interpreted as evidence for individual
differences with regpect to processing strategy (lexicaligsed vs. rukdased). In our
study, most of the L2ers showed a positivity for both types of gender violations, which
explains why this effect was the only one to emerge in the group analysis. However, a
subset of th learners elicited negative effects for the same gender errors. One
possibility is that these negative responders knew the lexical gender of the target nouns
and detected the violations, which would explain why their brain was sensitive to the
violations(in the form of a negativity) and why they showed high accuracy in the
Grammaticality Judgment Task, but relied on a different (i.e., lexicalbed) strategy
to establish gender agreement. In turn, this would explain the lack of a significant
correlationb et ween the L2ersod6 score in the Gender
P600 for gender errors. We checked this possibility by comparing the scores in the
Gender Assignment Task of the four L2ers with the largest positivity to the four L2ers
with the krgest negativity for each gender violation condition, and we found roughly
similar scores. I n Iight of this, we calcul
the Gender Assignment Task and the absolute magnitude of their brain responses to the
gender violations (i.e., regardless of polarity), but these correlations were not
significant?? It is thus possible that factors other than individual differences account for
the lack of a relationship between P600 size and knowledge of lexical gender.

Although our data suggest that natlikee processing in the L2 is not constrained by
the properties of the L1, the learners still showed a quantitative advantage for number
(instantiated in the L1) over gender in the brain data (i.e., P600 magnandellso in

the more explicit tasks (the Grammaticality Judgment Task and the production task).

12We thank Darren Tanner for this suggestion.



Examining Morplological Variability in L2 Learners 60

These findings are consistent with previous ERP studies which have compared the two

features in LiEnglish L2Spanish learners, such as GilDowens et al. (@10) and

Rossi et al. (2014). They are also consistent with the results by Aleméan Bafién et al.

(2014), although in their study the quantitative advantage for number only emerged in

the L2ersd brain responses, nditatonfor t he accu
number cannot be attributed to markedness differences in the way number and gender

were compared, since we systematically manipulated this factor (unlike AlBafem

et al., 2014 and Gilloidowens et al., 2010). Overall, our findings aresisi@nt with
theoretical models which assume facilitatio
native language (e.g., Schwartz and Sprouse, 1996), but not with representational

accounts of variability.

(i) Is morphological variability a prodtion-specific phenomenon or does it also

emerge in comprehensiol?Pe addr essed this question by co

performance in online comprehension and production (receptive vs. expressive
knowledge). Computational accounts like the MSIH (e.gvdattand White, 2000)
predict a general advantage for comprehension (Experiment 1) over spoken production
(Experiment 2). Under this account, it is in spoken production where L2ers might show
reliance on default morphology and where variability with geadezement is more
likely to emerge, due to the burden associated with lexical retrieval (Griter et al., 2012;
Hopp, 2013). In contrast, representational accounts, such as the Interpretability
Hypothesis (e.g., Tsimpli and Dimitrakopoulou, 2007) and Md®a{2008), predict
variability across the board (albeit for different reasons).

The learners in the present study performed similarly in online comprehension and
spoken production, meaning that they showed no advantage in receptive vs. expressive

knowledge of inflectional morphology. For number, the learners even displayed a small
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advantage for production, where they showed virtually no variability, although their
scores in the comprehension task (Grammaticality Judgment Task) were also very high.
In the case of gender, the learners were approximately equally accurate across
experiments. These results are at odds with previous studies which have reported an
advantage for comprehension over production in adult L2ers (e.g., Montrul et al., 2008).
In thesestudies, however, the difference between comprehension and production was
confounded with the online nature of the task. That is, comprehension was tested
offline, whereas spoken production was examined online. In the present study, both
comprehension angroduction were probed online. One potential explanation for the

lack of a comprehension advantage in our study is that, as suggested by Gruter et al.
(2012), learners tend to perform better in offline tasks, regardless of the type of
knowledge that theask taps into (i.e., receptive vs. expressive). There are, however,
certain differences between the comprehension and production tasks in the present study
that might account for the lack of an advantage for comprehension. For example, while
the nouns anddjectives in the comprehension task were located across a CP (i.e., a
nonlocal domain), learners tended to establish agreement locally (i.e., within a DP) in
the production task. It is, therefore, possible that the more taxing syntactic configuration
in the comprehension task reduced a potential overall advantage for comprehension
over production. In addition, our design does not compare auditory comprehension vs.
oral production, but rather compares reading vs. speaking. Thus, these methodological
differences complicate to some extent a direct comparison between comprehension and
production. That said, we note that previous studies which have also compared reading
vs. oral production have reported an advantage for comprehension (e.g., Griter et al.,

2012;Montrul et al., 2008), an effect which we did not find.
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Conclusion

The present study finds that, at the upper levels of proficiency, adult L2 learners can
process both number and gender agreement in a +iagvwemanner, even when their L1
(i.e.,English) is gendefree, and most importantly, even for nouns that do not provide
strong distributional cues for gender. Our
syntactic gender agreement dependsunsipon t he
to their appropriate gender classes, in line with lexidadlgyed accounts of inflectional
variability. Our study also shows that, at least at the upper levels of proficiency, adult
L2 learners can acquire the full specification of all features déetet of the
morphology and do not need to resort to morphological defaults, either in online
comprehension or spoken production. Most importantly, our results show that learners

are sensitive to markedness distinctions in a nditteemanner.
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Table 1

Sample stimuli for the experimental conditions

FEMININE SINGULAR NO UN

Grammatical
1. Andrés alquilé un&abitacién que pareciaspaciosa la semana pasada

Andrés rented a rooram-sc that looked spaciousm-sc the week past

Number Violation(feature clash error)
2. Andrés alquilé undabitacién que pareciaéspaciosas la semana pasada

Andrés rented aroomrem-sc that looked spaciousm-pL the week past

Gender Violation (default error)
3. Andrés alquilé unaabitacion que pareciagspacioso la semana pasada

Andrés rented a rooram-sc that looked spacioussc-sc theweek past

FEMININE PLURAL NOUN

Grammatical
4. Andrés alquil6 unashabitacionesque pareciapspaciosas la semana pasad

Andrés rented -few roomsrem-pL that looked spaciougwm-pL the week past

Number Violation (defaulterror)
5. Andrés alquil6 unashabitacionesque pareciangspaciosa la semana pasads

Andrés rented -few roomsrem-pL that looked  spaciouwswm-sc the week past

Gender Violation (default error)
6. Andrés alquilé unashabitacionesque pareciangspaciosos la semana pasadd

Andrés rented -few roomsrem-pL that looked  spacioussc-pL the week past
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MASCULINE SINGULAR N OUN

Grammatical
7. Andrés alquilo urcoche gue parecidarato durante la excursion

Andrés rented a caksc-scthat looked cheapasc-sc during his trip

Number Violation (feature clash error)
8. Andrés alquil6é urcoche gue pareciabjaratos durante la excursion

Andrés rented acarwasc-sc that looked cheapasc-pL during his trip

Gender Violation (feature clash error)
9. Andrés alquil6é urcoche gue pareciabjarata durante la excursion

Andrés rented a caksc-scthat looked cheagpem-sc during his trip

MASCULINE PLURAL NOU N

Grammatical
10. Andrés alquilé unosoches gue pareciabaratos durante la excursion

Andrés rented -few carsvasc-pL that looked cheapasc-pL during his trip

Number Violation(default error)
11. Andrés alquil6 unosoches gue parecianbarato  durante la excursion

Andrés rented -few carsvasc-pL that looked  cheaynsc-sc during his trip

Gender Violation (feature clash error)

12. Andrés alquilé unosoches gue parecianbaratas  durante la excursion

Andrés rented -few carsvasc-pL that looked  cheagm-pL during his trip
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Table 2

Mean accuracy rates in the Grammaticality Judgment Task for the conditions

examining agreement with marked (FEM: feminine, PL: plural) versus unmarked

(MASC: masculine, SG: singular) nouns.

Feature Noun Markedness Grammatical Ungrammatical d-prime
FEM Noun 90 (SD: 8) 88 (SD: 16) 2.15(SD: 0.9)
Gender
MASC Noun 91 (SD:9) 85 (SD:16) 2.01 (SD:0.8)
PL Noun 90 (SD: 9) 95 (SD: 7) 2.47 (SD: 0.9)
Number
SG Noun 92 (SD: 7) 97 (SD:4) 2.69 (SD:0.8)

Note.For each feature, results are reported bothmasan proportions of accurate

responses and aspime scores
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Table 3
Accuracy with number (NUM) and gender (GEN) agreement according to syntactic

context (Adj: Adjective; Det: Determiner; N: Noun)

Feature Det+ Marked N Marked N + Adj Det+Unmarked N Unmarked N +Ad]

NUM 1/198 (.5%) 0/216 (0%) 0/216 (0%)

GEN  24/220 (11%)  34/218 (16%) 6/218 (3%) 9/210 (4%)

Note.Total number of errors over the total number of instances, mean percentage of

errors
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Figure 1. Grand average ERRwveforms for the conditions examining number
agreement with singular nouns: singular nsurgular adjective (grammatical), singular
nounplural adjective (feature clash number error). ERPs are plotted for equidistant
representative electrodes within eaegion of interest.
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Figure 2. Grand average ERP waveforms for the conditions examining number
agreement with plural nouns: plural neplural adjective (grammatical), plural
nounsingular adjective (default number error). ERPs are plottedjfodistant

representative electrodes within each region of interest.
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Figure 3. Grand average ERP waveforms for the conditions examining gender
agreement with masculine nouns: masculine roasculine adjective (grammatical),
masculine nowfeminine adjective (feature clash gender error). ERPs are plotted for

equidistant representative electrodes within each region of interest.
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Figure 4. Grand average ERP waveforms for the conditions examining gender
agreement with feminine nourfeminine nourfeminine adjective (grammatical),
feminine nouAmasculine adjective (default gender error). ERPs are plotted for

equidistant representative electrodes within each region of interest.
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Figure 5. Topographic plots for feature clasimber errors (singular noyplural
adjective) and default number errors (plural ngurgular adjective) in the 25460ms
and 456900ms time windows. Plots were computed by subtracting the grammatical

sentence from the violation condition.
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Figure6. Topographic plots for feature clash gender errors (masculinefasumne
adjective) and default gender errors (feminine Aamasculine adjective) in the
250-450ms and 450800ms time windows. Plots were computed by subtracting the

grammatical sentendeom the violation condition.
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Figure 7. Scatterplots showing the relation
gender (Gender Assignment Task Score) and their sensitivity to gender agreement both

in terms of behavioral accuracy (Plot &)d in terms of P600 magnitude (Plot B:

default errors; Plot C: feature clash errors). Behavioral accuracy was operationalized as

mean Dprime Score for gender in the Grammaticality Judgment Task. P600 effect size

was calculated by subtracting the grameatirom the ungrammatical condition.

Effects were averaged across aeldctrode region where P600 effects emerged for

gender errors. Each dot represents a data point from a single learner. The dashed line

represents the best regression line.
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Figure 8. Sample item from the elicited production task.
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Figure 9. Scatterplots showing the relation
in the production task (Mean Score in Production Task) and their knowledge of lexical
gender (Plot A), and the correlation betwee
production (Mean Score in Production Task) and comprehension (M@amB Score

in GJT) (Plot B). Each dot represents a data point from a single learner. The dashed line

represents the best regression line.



