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Abstract

■ In our continuously globalizing world, cross-cultural and
cross-linguistic communications are far from exceptional. A
wealth of research has indicated that the processing of
nonnative-accented speech can be challenging for native lis-
teners, both at the level of phonology. However, few online
studies have examined the underpinnings of accented speech
recognition from the perspective of the nonnative listener, even
though behavioral studies indicate that accented input may be
easier to process for such individuals (i.e., the interlanguage
speech intelligibility benefit. The current EEG study first exam-
ined the phonological and syntactic analysis of nonnative-
accented speech among nonnative listeners. As such, 30 English
learners of Spanish listened to syntactically correct and incor-
rect Spanish sentences produced in native and nonnative-
accented Spanish. The violation in the incorrect sentences
was caused by errors that are typical (i.e., gender errors; *la
color) or atypical (i.e., number errors; *los color) for English
learners of Spanish. Results indicated that nonnative listeners
elicit a phonological mismatch negativity (PMN) when attend-
ing to speech produced by a native Spanish speaker. Further-
more, the nonnative listeners showed a P600 for all grammatical

violations, indicating that they repair all errors regardless of
their typicality or the accent in which they are produced.
Follow-up analyses compared our novel data to the data of
native listeners from the methodologically identical precursor
study. These analyses showed that native and nonnative lis-
teners exhibit directionally opposite PMN effects; whereas
natives exhibited a larger PMN for English-accented Spanish,
nonnatives displayed a larger PMN in response to native
Spanish utterances (a classic interlanguage speech intelligibility
benefit). An additional difference was observed at the syntactic
level: Whereas natives repaired only atypical number errors
when they were English-accented, nonnative participants exhib-
ited a P600 in response to all English-accented syntactic errors,
regardless of their typicality (a syntactic interlanguage speech
intelligibility benefit). Altogether, these results suggest that
accented speech is not inherently difficult to process; in fact,
nonnatives may benefit from the presence of a nonnative
accent. Thus, our data provide some of the first electrophysio-
logical evidence supporting the existence of the classic interlan-
guage speech intelligibility benefit and its novel syntactic
counterpart. ■

INTRODUCTION

One of the most difficult aspects of second language (L2)
learning is that of phonology. Indeed, when it comes to
language acquisition, phonology is theorized to possess
an especially restrictive critical period, with some placing
its cessation as early as 12 months (Ruben, 1999). This
means that even highly proficient L2 learners often pos-
sess a noticeable nonnative accent when they speak. In
today’s globalized society, individuals are constantly con-
fronted with such speech input; this societal change is
reflected by an upsurge in the scientific literature examin-
ing accented speech processing.

Classic behavioral studies have indicated that native
listeners (first language [L1] listeners) are better at

understanding other native speakers than nonnative
speakers (e.g., Smith et al., 2003; van Wijngaarden,
Steeneken, & Houtgast, 2002; van Wijngaarden, 2001;
Munro & Derwing, 1999; Munro, 1998). Although little
research has focused on the phonological processing of
L2 listeners, some results suggest that the presence of a
nonnative accent is far less problematic for this group:
Listeners with a nonnative accent have little difficulty in
decoding and understanding accented speech (Hayes-
Harb, Smith, Bent, & Bradlow, 2008; Bent & Bradlow,
2003; van Wijngaarden et al., 2002).
Though this seminal finding has mostly been supported

cross-linguistically, it is not known whether these same
effects extend to higher levels of linguistic analysis, such
as syntax. Are L2 listeners able to detect syntactic violations
when these errors are produced in a nonnative accent? Are
they better than L1 listeners at doing so? Is this true for all
types of syntactic errors? To investigate these questions,
the current EEG study extends previous work conducted
on native listeners (Caffarra & Martin, 2019) to nonnative
listeners. That is, we explore L2 listeners’ processing of
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nonnative-accented speech, specifically the temporal
dynamics of their phonological and syntactic processing
for such input.

The Interlanguage Speech Intelligibility Benefit

In nonnative language acquisition, L2 speakers generally
preserve some articulatory features of their L1; as a result,
theremay be common phonological divergences from the
native “norm” in L2 speech. This idiolect is classically
known as an interlanguage (Selinker, 1972). The proper-
ties of the interlanguage are believed to depend on
learners’ specific experiences with their L2 and, poten-
tially, the timeline of the idiolect’s fossilization (Selinker,
1972). This means that interlanguages are not entirely uni-
form across all learners; nonetheless, learners who share a
common nonnative status (and especially a common
native language) are assumed to retain overlapping inter-
language properties (Dickerson, 1975).
Crucially, interlanguages have proven to be a key intel-

ligibility factor for both native (e.g., Braun, Dainora, &
Ernestus, 2011; Floccia, Butler, Goslin, & Ellis, 2009;
Clarke &Garrett, 2004; Smith et al., 2003; vanWijngaarden
et al., 2002; van Wijngaarden, 2001; Munro & Derwing,
1999; Munro, 1998) and nonnative (e.g., Xie & Fowler,
2013; Weber, Broersma, & Aoyagi, 2011; Bent & Bradlow,
2003; van Wijngaarden et al., 2002) listeners. For instance,
L1 listeners confronted with an interlanguage may experi-
enceword identification and sentence comprehension dif-
ficulties (e.g., Munro & Derwing, 1995), though exposure
to nonnative accents may abate these problems, poten-
tially because of habituation or adaptation mechanisms
(e.g., Porretta, Tucker, & Järvikivi, 2016; Witteman,Weber,
&McQueen, 2013; Clarke &Garrett, 2004; Gass & Varonis,
1984). However, in a seminal paper, Bent and Bradlow
(2003) showed that this obstacle does not necessarily hold
for other L2 individuals. This line of research indicates that
L2 listeners are not hindered by the presence of accented
speech. In fact, they may even outperform native listeners
when it comes to detecting linguistic cues that are pro-
duced in a phonologically deviated interlanguage (e.g.,
Bent & Bradlow, 2003). This phenomenon was coined
the “interlanguage speech intelligibility benefit.” It is the-
orized that the benefit arises as speaker–listener pairs who
share a nonnative status experience facilitation for devia-
tions that are interlanguage errors; it is also notable that L2
listeners generally procure more exposure to L2 speech
(particularly, their own variety) than do native listeners
(e.g., Harding, 2012). The benefit appears to hold when
the nonnatives possess the same L1 (“matched” interlan-
guage benefit: L1 Korean individuals show a benefit when
listening to Korean-accented English sentences; Bent &
Bradlow, 2003) and, often, when they do not (“mis-
matched” interlanguage benefit: for instance, L1 Korean
individuals show a benefit when listening to Chinese-
accented English; Bent & Bradlow, 2003; though seeWang
& van Heuven, 2015). Some researchers suggest that the

mismatched interlanguage benefit only holds when the
“accent is perceptually confusable with the standard pro-
nunciation for the L2 listener” (Weber et al., 2011, p. 479).

Since Bent and Bradlow’s (2003) influential paper, the
interlanguage speech intelligibility benefit has commonly
been examined by utilizing within-group and between-
group designs (see also similar themes in code-switching
research: Phillips & Pylkkänen, 2021). Within-group
designs showed that L2 listeners may find nonnative-
accented speech as intelligible or even more intelligible
than native-accented speech (Korpal & Sobkowiak, 2020;
Podlipský, Šimáčková, & Petráž, 2016; Xie & Fowler, 2013;
Harding, 2012; Weber et al., 2011; Leikin, Ibrahim, Eviatar,
& Sapir, 2009; Bent & Bradlow, 2003; Smith & Rafiqzad,
1979; though see Lee, Kang, & Nam, 2020; Smith, Hayes-
Harb, Bruss, & Harker, 2009; Hayes-Harb et al., 2008;
Stibbard & Lee, 2006). Between-group designs showed
that nonnative speech ismore intelligible for nonnative lis-
teners than for native listeners (Chu, 2013; Xie & Fowler,
2013; Lee & Xue, 2011; Hayes-Harb et al., 2008; Bent &
Bradlow, 2003; though see Podlipský et al., 2016;
Algethami, Ingram, & Nguyen, 2011; Smith et al., 2009;
Stibbard & Lee, 2006). This between-group interlanguage
benefit is also known as benefit for listeners. For ease of
comprehension, themise-en-scène in Item 1 distinguishes
the within-group and between-group interlanguage
speech intelligibility benefit (ISIB).

1. Mise-en-scène: John, Marco, and Giulia are discuss-
ing in English. While John is a native speaker of
English, Marco and Giulia are native speakers of Ital-
ian and possess a noticeable Italian accent when they
speak English.

a. Within-group ISIB (“for talkers”): Marco com-
prehends English better when it is spoken by Giulia
than by John.

b. Between-group ISIB (“for listeners”): Marco
comprehends Giulia’s English better than John
does.

Note, however, that the bulk of the research examining
the interlanguage speech benefit utilizes behavioral tasks
(e.g., transcription, phoneme recognition, accent/
comprehensibility ratings, word identification). Though
valuable, these techniques fail to give us a complete under-
standing of accented speech processing. Accent-related
behavioral differences, though informative, are unidimen-
sional (see Kaan, 2007). For instance, finding a lower
transcription accuracy for nonnative-accented speech
compared with native-accented speech may be taken as
an indication that nonnative input is more difficult to com-
prehend; however, the cause, functional interpretation, or
temporal dynamics of this effect cannot be gleaned from
the data. Furthermore, behavioral measures may be
impacted by external factors, such as participants’ strategic
processing or their attitudes toward the stimuli (Kaan,
2007). This is especially important for the current study,
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as nonnative accents are known to be subjected to covert
(but not necessarily overt) negative biases (Roessel,
Schoel, & Stahlberg, 2020). For these reasons, the utiliza-
tion of implicit processing measures, such as EEG, are
essential in understanding the interlanguage speech
intelligibility benefit and in complementing the existing
behavioral findings in the literature.

ERP Studies

ERPs exemplify a suitable technique to examine implicit
and real-time language processing. ERPs are obtained by
segmenting continuous EEG recordings and time locking
each segment to the presentation of a specific event. This
technique is particularly useful for linguistic analysis, as
ERPs are highly temporally precise and are not reliant
upon secondary behavioral tasks. Indeed, electrophysiology
is the only technique that currently allows researchers to
track the temporal course of processing for single words
in continuous speech. Furthermore, ERPs are multidi-
mensional (Kotz, 2009; Kaan, 2007). This means that pos-
sible accent-related ERP differences can be interpreted
quantitatively and qualitatively; the polarity, amplitude,
and timing of the electrophysiological peaks allow us to
disentangle the participants’ various levels of linguistic
processing. In effect, distinct ERP components have been
identified and associated to phonological processing or
syntactic processing. These components will be reviewed
below.

Phonological Processing

The P2 and the PMN are ERP components classically
related to perceptual processing. During speech process-
ing, these components may thus be modulated according
to the accent in which an utterance is produced.

First, the P2 (or P200) is a positive-going ERP compo-
nent; the peak in neural activity occurs approximately
200msec after the target stimulus onset, usually on centro-
frontal sensors. It is believed that the P2 indexes a lis-
tener’s ease of extraction of the acoustic features within
a given speech input; the P2 is reduced when feature
extraction is more challenging or laborious (Reinke, He,
Wang, & Alain, 2003). Though no known ERP studies have
directly examined the interlanguage speech benefit,
accented speech studies conducted on L1 listeners show
that nonnative-accented speech perception leads to a
decrease in the P2 as compared with native-accented
speech (Foucart & Hartsuiker, 2021; Romero-Rivas,
Martin, & Costa, 2015; Thomas, Martin, & Caffarra, under
review). This suggests that, for L1 listeners, it is more dif-
ficult to extract the acoustic information from a nonnative
interlanguage than from native speech (see Romero-Rivas
et al., 2015).

Second, the PMN is a negative-deflecting ERP component,
which typically peaks centrofrontally at approximately
300 msec poststimulus onset (see Lewendon, Mortimore,

& Egan, 2021, for a review). The PMN is a prelexical
effect; an increased negativity occurs when there is an
inconsistency between the sensory input of a given target
and its expected phonological representation (Newman
& Connolly, 2009; Connolly, D’Arcy, Kujala, & Alho,
2001; Connolly & Phillips, 1994). Past research shows
that the presence of a nonnative accent leads to an
increased PMN response among L1 listeners (Porretta,
Tremblay, & Bolger, 2017; Thomas et al., under review;
see also Schiller et al., 2020; Goslin, Duffy, & Floccia,
2012), especially for those who report little or no experi-
ence with the accent under study (Porretta et al., 2017).
This appears to suggest that, for L1 listeners, lexical rec-
ognition (based on acoustic features) is arduous for
words originating from an L2 interlanguage.
Up to this point, it has not been examined whether

these same accent-related ERP effects are observed when
it is L2 listeners who are being tested. If L2 listeners
veritably possess an interlanguage speech intelligibility
benefit, nonnative-accented speech may not be indexed
by the ERP effects associated to phonological processing
difficulties. Specifically, L2 listeners may not generate a
reduced P2 or an increased PMN for interlanguage input
compared with standard native input. The current study
thus contributes to the original—largely behavioral—
interlanguage speech benefit literature by providing elec-
trophysiological data.

Syntactic Processing

Most of the accented speech research examines prosody,
phonetics, and phonology (e.g., Korpal & Sobkowiak,
2020; Porretta et al., 2017; Wang & van Heuven, 2015;
Xie & Fowler, 2013; Braun et al., 2011; Lee & Xue, 2011;
Weber et al., 2011; Floccia et al., 2009; Leikin et al., 2009;
Smith et al., 2003, 2009; Hayes-Harb et al., 2008; Stibbard
& Lee, 2006; Clarke & Garrett, 2004; Bent & Bradlow,
2003; van Wijngaarden et al., 2002; van Wijngaarden,
2001; Munro, 1998; Munro & Derwing, 1995, 1999;
Thomas et al., under review). However, it is still unclear
whether the interlanguage benefit may extend to high-
level properties of L2 speech analysis, such as syntax and
morphosyntax.
Akin to the level of phonology, learning themorphosyn-

tax of an L2 can be challenging (e.g., Flege, Yeni-
Komshian, & Liu, 1999) and L2 learners may thus preserve
morphosyntactic parameters of their L1. This can create
common syntactic interlanguage errors. It is possible that
speaker–listener pairs who share a nonnative status may
be very effective at managing these syntactic deviations
(i.e., a syntactic interlanguage benefit).
Once again, ERPs represent a suitable technique to

examine whether the interlanguage speech intelligibility
benefit extends to the level of syntax: A classic ERP compo-
nent, the P600, is mainly associated to syntactic process-
ing. The P600 component is a positive inflection in the
electrical activity of the brain. It occurs approximately
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600 msec after a target stimulus and is generally distrib-
uted over posterior sensors. The P600 is most often asso-
ciated to repair mechanisms provoked by grammatical
errors (Kaan & Swaab, 2003; Osterhout & Holcomb,
1992). For instance, in native-accented speech, sentences
containing a syntactic violation elicit an increased positiv-
ity compared with grammatical sentences (the P600
effect); this is true of both written and spoken stimuli
(e.g., Hagoort & Brown, 2000).
A limited number of studies have examined L1 listeners’

processing of syntactic errors produced in nonnative-
accented speech (see also Gosselin, Martin, Navarra-
Barindelli, & Caffarra, 2021; Sabo, 2021; Holt, Kung, &
Demuth, 2018; Grey & van Hell, 2017; Hanulíková, Van
Alphen, Van Goch, &Weber, 2012; etc., for the processing
of nonnative-accented semantic errors). The results
yielded by this line of research are relatively consistent:
When grammatical errors are produced by nonnative
speakers of a target language, L1 listeners exhibit a
reduced (or absent) P600 effect as compared with errors
produced by native speakers (Xu, Abdel Rahman, &
Sommer, 2020; Caffarra & Martin, 2019; Hanulíková
et al., 2012; see also Grey & van Hell, 2017, for similar
results involving the Nref, an ERP component associated
to pronoun resolution). Thus, it appears as though native
listeners do not repair violations that are nonnative-
accented. This may be a result of L1 listeners’ reduced
intelligibility of nonnative input; perhaps this group is
simply not detecting (and therefore not repairing) the
critical syntactic violations.
However, recent results obtained by Caffarra andMartin

(2019) complexify the picture. These authors examined
whether the “typicality” of certain syntactic violations in
nonnative-accented speech may modulate the way in
which they are processed. Native speakers of Spanish lis-
tened to sentences produced in a native Spanish accent or
in English-accented Spanish. Some of these sentences
contained errors that were typical for English learners of
Spanish (i.e., gender errors); others contained errors that
were atypical for English learners of Spanish (i.e., number
errors; see the Materials section for further details).
Crucially, Caffarra and Martin (2019) observed that the
L1 listeners exhibited a reduced P600 for nonnative
English-accented errors, but only when the error was
typical in that accent (i.e., only for gender errors). In
other words, in the English accent, L1 listeners only
repaired atypical grammatical errors. These findings
point toward the idea that native listeners’ expectations
about accented speech modulate their underlying pro-
cessing of this input (see also Grey, Cosgrove, & van
Hell, 2020; Fairchild & Papafragou, 2018; Bosker, Quené,
Sanders, & De Jong, 2014); L1 listeners may adapt their
syntactic processing according to their expectations and
overlook typical errors. Though it is not clear whether
this capability is functionally advantageous or detrimental
(see the Discussion section), such results demonstrate
that error typicality is a dimension thatmust be considered

in research focusing on the syntactic interlanguage speech
benefit.

To our knowledge, only one study examined the pro-
cessing of nonnative-accented syntactic errors among L2
listeners: Grey, Schubel, McQueen, and Van Hell (2019)
tested native listeners of Dutch (in the Netherlands)
who were also highly proficient in English. These partici-
pants listened to grammatically correct and incorrect
English sentences that were produced in an American
English accent or in Chinese-accented English. Overall,
the participants exhibited an Nref for the American English
accent, but not the Chinese accent. The authors con-
cluded that the participants only repaired the grammatical
errors that were produced in a familiar accent (i.e., Amer-
ican English). It becomes difficult to interpret these results
within the scope of the syntactic interlanguage benefit, as
both accents in the reviewed study (including the native
American English accent) were “foreign,” and no compar-
ison with native-accented speech was available.

Nonetheless, once we pair the original interlanguage
speech benefit literature with the syntax-related findings
from L1 listeners, it becomes possible to conceptualize
the potential syntactic interlanguage benefit. A syntactic
interlanguage benefit would entail that (1) L2 listeners
are as precise (or even more precise) at detecting and
repairing syntactic violations when they are produced in
a nonnative accent compared with when they are pro-
duced in a native accent and/or (2) L2 listeners are better
than L1 listeners when it comes to detecting and repairing
nonnative-accented syntactic errors. To our knowledge,
we are the first to examine whether either of these ex-
emplifications of the syntactic interlanguage benefit take
place.

This Study

The current EEG study utilizes the methodology of
Caffarra and Martin (2019) and extends it to nonnative
listeners. First, we examined L2 listeners’ phonological
and syntactic analysis of nonnative-accented speech. Next,
the novel data from the present experiment and the data
of native listeners from the precursor study (Caffarra &
Martin, 2019) were statistically compared to determine
whether L2 listeners display a classic phonological inter-
language benefit and/or a novel syntactic interlanguage
benefit.

As such, L2 Spanish participants (whose L1 was English)
listened to Spanish sentences produced in a native Span-
ish accent or in English-accented Spanish while their EEG
was recorded. Analogously to the Caffarra and Martin
(2019) study, some of these sentences contained errors
in terms of grammatical gender agreement (*la color,
“thef colorm”) and number agreement (*los color, “thepl
colors”). Gender violations and number violations differ
in frequency of attestation in English-accented Spanish;
gender errors are quite typical for this group, whereas
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number errors are atypical (Sabourin, Stowe, & De Haan,
2006; Franceschina, 2001; Sabourin, 2001).

First, we ask the following general research question:
How do L2 listeners process nonnative-accented sen-
tences in real time? Regarding phonological processing,
we expect to find evidence of the interlanguage speech
intelligibility benefit. That is, we anticipate that L2 listeners
might exhibit a facilitation effect during the perceptual
analysis of nonnative-accented speech compared with
native-accented speech. This hypothesis would be upheld
by the following observations: (1) an increased P2
response for nonnative-accented sentences as compared
with native-accented sentences and/or (2) a decreased
PMN response for nonnative-accented sentences as
compared with native-accented sentences. Both the P2
(Reinke et al., 2003) and PMN (Lewendon et al., 2021)
typically display centrofrontal distributions; this is the
pattern we also expect to observe.

Second, we ask the following more specific research
question: Do L2 listeners repair all syntactic violations
(regardless of error typicality) when these errors are pro-
duced in a nonnative accent? Crucially, we expect that the
L2 listeners will display a syntactic interlanguage benefit.
Unlike the L1 listeners from previous studies (Caffarra &
Martin, 2019) who appeared to overlook typical errors
when they were accented, we predict that our participants
will be effective at detecting and repairing all accented
errors (indexed by a typical posterior P600 effect), regard-
less of their typicality in English-accented Spanish. This
prediction also stands for the syntactic violations pro-
duced in native-accented Spanish. If the L2 listeners’ pro-
cessing is purely impacted by their expectations (i.e., the
distributional properties of the input), we should instead
observe error typicality effects among nonnatives (i.e.,
only typical gender errors being repaired), as has been
observed for native listeners (Caffarra & Martin, 2019).

METHODS

Participants

Thirty-nine L1 speakers of English, who were proficient L2
speakers of Spanish living in the Basque Country (Mage =
28.26, SD = 9.79; 21 women, 18 men), gave written
informed consent and were paid 10 A per hour for their
participation. The project was approved by the ethics
committee from the Basque Center on Cognition, Brain

and Language (Study #051817b). The participants
completed three off-line Spanish proficiency tasks: a fill-
in-the-blank task (90 Spanish questions), a gender assign-
ment task (300 Spanish nouns), and a Spanish-to-English
translation task (80 words). Nine participants were eventu-
ally excluded: One participant scored below 50% on the
gender assignment task, and five individuals did not
actively attend to the experiment (as shown in their accu-
racy on the online comprehension questions; see the
Comprehension Questions and Offline Questionnaire
section). Three additional participants were excluded
due to noisy EEG data (i.e., more than 40% of trials
rejected during preprocessing; see the EEG Recording
and Analysis section).
The final participant sample included 30 right-handed

L2 Spanish speakers between 19 and 60 years of age
(Mage = 28.70, SD = 10.31; 16 women, 14 men). These
individuals had no history of head trauma, psychiatric dis-
orders, and language or hearing problems. Assuming a
modest effect size of 0.25, a post hoc power analysis
(G*Power 3.1; Heinrich Heine University Düsseldorf )
established a statistical power of 96.7% for the sample size
of n = 30. The participants’ age of acquisition (AoA) of
Spanish and their off-line proficiency task results are
indicated in Table 1.

Materials

The stimuli consisted of Spanish sentences taken from
Caffarra and Martin (2019). This set includes 60 experi-
mental sentence frames with three versions each (180
experimental sentences total). The three versions varied
according to a critical determiner phrase (see Table 2).
In the first condition, determiner phrases were syntacti-
cally correct (e.g., el color, “theM/S colorM/S”). In the second
condition, the sentence contained a gender violation
between the critical determiner and target noun (e.g.,
*la color, “theF colorM”). Finally, in the last condition,
the critical determiner phrase carried a number violation,
wherein the target noun lacked the plural inflection
required by its determiner (e.g., *los color, “thePL colorS”).
Note that, similar to number errors, gender errors could
not be processed as violations until the end of the critical
determiner phrase, because an opposite-gendered syno-
nymic noun was also possible (e.g., *la color del cuadro
“*theF colorM of the painting” vs. la coloración del
cuadro “theF coloringF of the painting”). In other words,

Table 1. Language Background Details for Participant Sample (n = 30)

Spanish
AoA

(years)

Spanish Fill-in-the
Blank

Accuracy (%)

Spanish Gender
Assignment
Accuracy (%)

Spanish-to-English
Translation
Accuracy (%)

Mean 15.54 83.33% 84.12% 97.08%

SD 7.46 15.08% 10.28% 5.25%
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the identification point for each sentence’s grammatical
correctness was equivalent across all conditions.
All of the experimental sentences were semantically low

constraining; that is, the critical determiner phrase could
not be predicted according to the preceding content of
the sentence. Furthermore, half of the critical determiner
phrases contained a feminine noun, and half contained a
masculine noun. None possessed transparent gender suf-
fixes or semantic gender (e.g., amigo/amiga, “friendM/
friendF”), so superficial processing strategies were not pos-
sible on the participants’ behalf. The lexical properties of
the 60 target nouns can be found in Caffarra and Martin
(2019). An additional 160 syntactically correct sentences
(e.g., La historia tuvo un final feliz. “The story had a
happy ending.”) were included as fillers. The full stimulus
set was thus composed of 340 sentences (65% correct,
17.5% gender violations, and 17.5% number violations).
As previously discussed, gender violations and number

violations differ in frequency of attestation in English-
accented Spanish. In particular, gender errors are much
more common than number errors in English-accented
Spanish1 (Sabourin et al., 2006; Franceschina, 2001;
Sabourin, 2001; White, Valenzuela, Kozlowska-Macgregor,
Leung, & Ayed, 2001); omission number errors (i.e., errors
in which the nominal plural morpheme is missing, like
those in the current study) are particularly uncommon
in nonnative Spanish speech production (Franceschina,
2001). For these reasons, in this study, gender errors are
considered the typical or expected errors, and number
errors are designated as atypical errors.

The 340 sentences were recorded by three male native
Spanish speakers and by three male native speakers of
British English, fluent in L2 Spanish, in an order coun-
terbalanced for syntactic correctness. In each accent,
individual speakers produced one third of the sentences
(approximately 115 sentences each). The English-accented
speakers recorded the stimuli first. Thus, for every individ-
ual sentence, the native Spanish speakers were instructed
to listen to the English-accented version of the given
recording and to match its prosody and speech rate in
their own production. Despite this directive, stimuli pro-
duced by native speakers were significantly shorter than
those produced by English-accented speakers (see
Table 3), as has been reported in similar past accented
speech research (Grey & van Hell, 2017; Romero-Rivas
et al., 2015; Goslin et al., 2012; Hanulíková et al., 2012).
However, there were no durational differences between
syntactically correct sentences and sentences containing
gender or number violations in the English accent or the
native accent ( ps > .17).

As detailed in Caffarra andMartin (2019), the recordings
were normed by 60 native speakers of Spanish (Mage =
24.0 years, SD = 4.5 years, 35 women, 25 men; see
Table 3). These informants were asked to assess the
strength of the accent in the recordings (from 1 = very
weak to 5 = very strong). They also provided intelligibility
transcriptions of the penultimate word in each sentence
and indicated whether they detected the gender and num-
ber violations in the incorrect sentences. In brief, the
norming procedure confirmed that the English speakers

Table 2. Example of the Experimental Conditions

Condition Sentence

Correct Me gusta mucho elM/S colorM/S del cuadro.

Gender violation (typical error) Me gusta mucho *laF/S colorM/S del cuadro.

Number violation (atypical error) Me gusta mucho *losM/PL colorM/S del cuadro.

The critical determiner phrases are bolded. The English translation of the correct sentence is “I love the color of the painting.” M = masculine; F =
feminine; S = singular; PL = plural.

Table 3. Norming Information of the Recordings from Caffarra and Martin (2019)

Native Accent English Accent p

Full sentence duration (msec) 2198.68 (533.12) 2476.81 (600.58) <.001

Target noun duration (msec) 390.03 (109.58) 422.77 (117.13) <.001

Accent strength rating (1–5) 1.27 (.11) 3.89 (.55) <.001

Transcription accuracy (%) 98.36 (2.89) 98.34 (3.25) .95

Error detection accuracy (%) 96.79 (4.88) 93.30 (7.40) <.001

Prediction accuracy (%) 47.04 (13.93) 36.33 (6.95) <.001

p Values indicate differences between accents. Standard deviations are in parentheses.
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had a strong, detectable nonnative accent, but that they
were as intelligible as the Spanish speakers. Though the
informants were highly accurate in detecting syntactic
errors overall, native-accented errors were identified at a
higher rate than English-accented errors (see Gosselin
et al., 2021; Grey & van Hell, 2017; Hanulíková et al.,
2012, for similar results).

Recall that the speakers recorded both correct and
incorrect versions of the sentences in real time. In line
with similar past ERP research (Gosselin et al., 2021; Grey
et al., 2019, 2020; Xu et al., 2020; Caffarra & Martin, 2019;
Grey & van Hell, 2017; Hanulíková et al., 2012), incorrect
critical determiner phrases were not cross-spliced onto
grammatically correct sentences to prioritize naturalistic,
co-articulated speech. To ensure that the speakers had
not unconsciously introduced prosodic “markers” of an
upcoming error in the stimulus (e.g., differences in speech
rate, pitch, pauses), each sentence was trimmed immedi-
ately before the target noun and presented to 30 addi-
tional native speakers of Spanish (Mage = 23.8 years,
SD = 4.7, 20 women, 10 men). These informants listened
to the stimulus fragments and were required to predict
whether they believed (yes or no) that a speech error
was going to occur in the remaining sentence. The infor-
mants tended to predict that an error was forthcoming in
English-accented fragments (M = 46.37%, SD = 17.59%)
much more often than in native Spanish-accented frag-
ments (M = 7.88%, SD = 8.95%), F(1, 179) = 818.45,
p < .001, regardless of the syntactic correctness of the
complete sentence (English accent: ps > .090; native
accent: ps > .53). This suggests that listeners implicitly
expect an influx of errors when speakers are nonnative
(see also Gosselin et al., 2021). However, prediction
accuracy (i.e., accurately identifying a correct sentence
as errorless or an incorrect sentence as containing an error
before encountering the critical noun phrase) was below

chance for both accents (see Table 3), indicating that the
recordings did not give reliable prosodic cues for the
eventual syntactic correctness of the sentence.
The 180 experimental sentences were divided into six

lists, such that each participant listened to only one ver-
sion of each sentence frame (i.e., target nouns only
appeared once per list), with half produced in the native
Spanish accent and half produced in the nonnative English
accent. Each participant also listened to all 160 correct
filler sentences (also split evenly according to accent).
Note that none of the stimulus-related external factors
(target duration, accent strength, intelligibility, error
detection, or error prediction) interacted with the experi-
mental variables of correctness and/or accent (all Fs <
2.50, all ps > .050). As such, analyses yielding significant
ERP effects are fully interpretable in terms of the target
experimental conditions (i.e., accent, correctness) and
are not confounded by potential differences in the stimu-
lus properties.

Procedure

After giving informed consent, the participants were fitted
with the EEG cap (see EEG Recording and Analysis sec-
tion) and then brought into a sound-attenuated chamber
equipped with a desktop computer and speakers. The
experiment was run through Version 14.4 of Presentation.
Participants started by listening to brief introductions from
the native and nonnative speakers who produced the
recordings; each speaker stated their name and their city
and country of origin. This was accomplished so that, from
the onset of the experiment, the participants would be
aware of the nonnative status of some of the speakers.
The experiment was divided into four blocks of 85 trials

(following 12 practice sentences). Each individual trial
(as depicted in Figure 1) began with a screen containing

Figure 1. Graphic depiction of the task; a single trial including a comprehension question is shown (Translation: “I love the color of the painting.”;
“Did I like the painting?”).
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symbols that resembled a blinking face (*.*). Participants
were told that they were free tomove their eyes when they
saw this screen but that they should limit their ocular
movements as much as possible during the other parts
of the experiment. The *.* display was participant-
controlled. A blank screen was subsequently presented
on the computer monitor for 300 msec, followed by a cen-
tral fixation cross. The auditory sentence played through
external speakers (Mduration = 2337.74 msec, SD =
584.40) while the fixation cross was displayed. A yes/no
comprehension question followed 20% of sentences
(equally distributed across experimental conditions; half
required a “yes” answer). At the end of the auditory stimuli
(or if the trial had a comprehension question, once a key-
board response was selected), the next trial began after an
ISI of 300msec. All participants completed the experiment
in its entirety; it lasted approximately 30 min.
Following the EEG portion of the study, participants

completed the Spanish knowledge tests (a Spanish profi-
ciency task that consisted of fill-in-the-blank exercises, a
gender assignment task for Spanish nouns, and a Spanish-
to-English translation task for the critical nouns included in
the experiment). They also filled out an off-line question-
naire in which they were asked about their familiarity and
exposure to accented speech, their impressions about the
occurrence of gender and number errors in English-
accented Spanish, as well as their feelings of trust, reliability
and perceptibility of the speakers from the recordings.2

EEG Recording and Analysis

The participants’ EEG was recorded via a 27-channel Easy-
Cap (Brain Products); the electrodes were distributed
according to the standard 10–20 configuration (see
Figure 2). External electrodes were also applied above
and below the participants’ right eye, as well as to both
their temples and mastoids. During the system setup,
experimenters ensured that the facial electrodes main-
tained impedances below 10 kΩ; electrodes on the scalp
were kept below 5 kΩ. The data were recorded at a sam-
pling rate of 500 Hz with a left-mastoid online reference
and amplified with a BrainAmp DC amplifier (Brain
Products, GmbH). During off-line data processing, the
data were re-referenced to the average of both mastoids;
a low-pass filter of 20 Hz and a high-pass filter of 0.01 Hz
were applied to the data.
Filtered EEG peaks exceeding ±70 μV were automati-

cally rejected. Components accounting for the highest
variance of vertical and horizontal eye movements were
isolated and corrected via the independent components
analysis in the Brain Vision Analyzer software (seeGosselin
et al., 2021; Caffarra & Martin, 2019, for similar methods).
Three of the participants originally tested were excluded
due to excessive data loss (over 40% of trials rejected).
Within the final participant sample, 13.80% of trials were
discarded, with no differences across conditions ( ps >
.35). ERPs were time-locked to the acoustic onset of the

target noun in the critical determiner phrase (e.g., color).
Epochs were established according to a 200-msec pre-
stimulus corrected baseline; they extended to 1500 msec
postonset of the target noun.

Using Version 0.13.1 of the JASP software (University of
Amsterdam), a 2 × 3 × 3 × 3 repeated-measures ANOVA
was conducted on condition-averaged ERPs for each
participant. The ANOVA included the experimental
factors of Accent (native Spanish, nonnative English) and
Correctness (correct, gender error, number error). The
electrodes were separated into nine ROIs with three elec-
trodes each (see Figure 2). The topographic factors of
Laterality (left, medial, right) and Longitude (frontal, cen-
tral, parietal) were also included in the ANOVA.

A conservative (cp = 16) point-by-point split-plot
ANOVA (Guthrie & Buchwald, 1991) was computed across
the entire epoch (see Figure 3) to determine the time win-
dows of interest for the accent and correctness effects (for
similar identification methods, see Molinaro, Giannelli,
Caffarra, & Martin, 2017). Two time windows were thus
identified: 500–750 msec and 900–1200 msec. Separate
ANOVAs were performed on these time windows. In the
event of the sphericity violation assumption, the
Greenhouse–Geisser correction is reported. For planned
post hoc tests, p values are Holm-adjusted to avoid
familywise errors (see Eichstaedt, Kovatch, & Maroof,
2013).

Bayesian repeated-measures ANOVAs were also per-
formed in JASP to support the validity of potential null
effects or interactions. The structure of these Bayesian
ANOVAs follows the design of the frequentist analyses,
as detailed above. We include information on the Bayesian
analysis of effects across matched models and specifically

Figure 2. Electrode distribution. The ROIs according to the
topographical factors of laterality and longitude are indicated.
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report the Bayes inclusion factor (BFincl), which is inter-
preted as “the evidence in the data for including a predic-
tor” (van den Bergh et al., 2020, p. 11).
Finally, exploratory Pearson correlation matrices were

conducted between the elicited ERPs and the participant
responses to the off-line questionnaire and their scores on
the Spanish knowledge tasks. The dependent and inde-
pendent variables entered into exploratory correlation
matrices were motivated by the findings of main ANOVAs;
we therefore discuss their design in the Results section.

RESULTS

Comprehension Questions and
Offline Questionnaire

As previously discussed, five participants were found not
to have actively attended to the auditory stimuli during
the actual experiment. Because their accuracy to the
yes/no comprehension questions was below 60%, these
individuals were excluded from subsequent analyses.
The final participant sample of 30 listeners achieved an
average accuracy of 84% (SD = 8.2%). There were no dif-
ferences in accuracy for the native-accented and English-
accented trials, F(1, 29) = 0.13, p = .72, suggesting that
the recordings were similarly understandable for both
accents (and thus confirming the off-line pretest of intel-
ligibility; see the Materials section).
Indeed, when asked to assess the perceptibility of the

speakers at the end of the study (i.e., “From 1 to 10,
how easy was it to identify word-by-word what the
English/Spanish native speakers said?”), the participants
gave similar ratings to both the native Spanish speakers
(M = 4.96, SD = 2.95) and the English-accented speakers
(M= 5.18, SD = 2.13), t(27) = 0.49, p= .63. This finding
points toward an interlanguage speech benefit for our L2
listeners; it contrasts similar past research conducted on
native participants, wherein accented speakers are typi-
cally rated as less comprehensible than native speakers
on postexperimental questionnaires ( Jiang, Gossack-
Keenan, & Pell, 2020; Caffarra & Martin, 2019; Grey
et al., 2019; Grey & vanHell, 2017). Interestingly, however,
the L2 listeners in this study rated the English-accented
speakers as significantly less reliable, t(27) = 6.65, p <
.001, and trustworthy, t(27) = 3.29, p = .003, than the
native Spanish speakers.3

To determine whether the participants had the pre-
dicted typicality expectations for gender and number vio-
lations, they were asked to rate the frequency at which
they heard both of these errors in English-accented
Spanish in general. Gender errors were indeed encoun-
tered far more often than number errors in this accent,
t(27) = 6.36, p < .001, though participants reported that
they were more likely to “let pass” speech errors (M =
5.52, SD = 2.77 out of 10, where 0 = never and 10 =
always) than to correct them (M = 2.64, SD = 2.03) in
their daily life.

Figure 3. Channel-specific point-by-point split plot ANOVA for the
experimental factors; p values are corrected with the Guthrie and
Buchwald (1991) adjustment (cp = 16). The dashed line indicates the
onset of the target noun; the red interval along the x-axis reflects the
approximate length of the target noun (M = 407 msec). The identified
time windows (500–750 and 900–1200 msec) are highlighted in blue
and yellow, respectively.

1658 Journal of Cognitive Neuroscience Volume 34, Number 9

D
ow

nloaded from
 http://direct.m

it.edu/jocn/article-pdf/34/9/1650/2037487/jocn_a_01886.pdf by U
N

IVER
SITY C

O
LLEG

E LO
N

D
O

N
 user on 17 August 2022



Finally, as exposure to accents or familiarity with
accented speech may impact its processing (Caffarra &
Martin, 2019; Holt et al., 2018; Grey & van Hell, 2017;
Porretta et al., 2017), the postexperimental questionnaire
also assessed the participants’ experience with this type
of input. All but one individual reported having regular con-
tact with English-accented Spanish (M = 13.42 hr/week,
SD= 21.02). They also indicated being friends with a large
proportion of non-Spanish individuals (M = 59.19%, SD =
29.53%). With this information in mind, it is evident that
the current participant sample possessed a high degree of
familiarity with nonnative-accented speech.

Main ERP Results (See Figure 4)

First Time Window (500–750 msec)

In the first timewindow of interest, syntactically correct and
incorrect sentences elicited similar brain responses (main
effect of Correctness: F(2, 58) = 0.14; p = .87; BFincl =
.02; with topographic factors Fs < 1.10, ps > .39). Though
Accent did not yield a main effect, F(1, 29) = 2.34; p= .14,
BFincl = 92.26, an interaction betweenAccent and Longitude
was observed, F(2, 58) = 5.53, p= .015. Simplemain effects
in each level of the longitudinal factor indicated that trials in
the native accent elicited more negative responses than tri-
als in the nonnative accent acrossparietal sensors,F(1, 29)=
5.88, p = .022 (see Figure 5), but not frontal or central
sensors ( ps > .13). There were no interactions between
Accent and Correctness, F(2, 58) = 0.19, p = .79, BFincl =
.05 (with topographic factors, Fs < 1, ps > .46).

Second Time Window (900–1200 msec)

In the second time window of interest, a main effect of Cor-
rectness was observed, F(2, 58) = 3.76, p = .026, BFincl =
1.75e+7 (for raw condition averages, see the Appendix; for
critical effects, see Figures 4 and 6). Post hoc comparisons
indicated that gender errors, t(65) = 2.46, pholm = .046,
and number errors, t(65) = 2.28, pholm = .048, elicited sig-
nificantly more positive responses than correct sentences,
but that there were no differences between the two types
of violations, t(65) = 0.18, pholm = .86. This effect was
significant across central, F(2, 58) = 3.56, p = .031, and
parietal, F(2, 58) = 6.39, p = .002, sensors (Correctness ×
Longitude: F(4, 260) = 4.68, p = .007). The ERP
responses were not modulated according to the accent
of the speaker (main effect of Accent: F(1, 65) = 0.37,
p = .55, BFincl = .10, with topographic factors Fs <
1.80, ps > .13) and there were no interactions between
Accent and Correctness, F(2, 58) = 0.63, p= .53, BFincl =
.24 (with topographic factors Fs < 1, ps > .40). Note that
the Bayesian statistics for the main effect of Accent and
the Accent × Correctness interaction are below .25, indi-
cating that the data are substantially more likely under
the null hypothesis than the respective alternative
hypotheses for these effects of interest.

Figure 4. Top: Accent conditions and accent effect (ERPs from the
three parietal ROIs are averaged across levels of correctness). The
critical time window for this effect (500–750 msec) is highlighted in
blue. Middle, bottom: Gender and number error effects within both
accents (ERP responses are averaged across the three parietal ROIs).
The critical time window for this effect (900–1200 msec) is highlighted
in yellow. The ERP waves for all three correctness conditions in each
accent are included in the Appendix.
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Summary of Main Results

From 500 to 750 msec, native-accented trials were
indexed by overall more negative responses over parie-
tal ROIs. An increased positivity was subsequently
observed (900–1200 msec) for syntactic violations, in
both native-accented and nonnative-accented sentences.
Given the polarity, timing, distribution, and type of vio-
lation examined, this increased positivity is interpreted
as a P600. The relative typicality of the violations did
not modulate the late P600: Gender and number errors
generated similar effects in both accents. Furthermore,
there were no overall differences in the magnitude of
the P600 effect between the native- and nonnative-
accented trials.

Main Correlation Results

Exploratory two-tailed Pearson r correlations were con-
ducted on the significant effects found in the main
ANOVA results.

Figure 5. 500–750 msec. Left: The topographic distribution of the
negativity for the main effect of accent (obtained by subtracting the
averageof all English-accented trials from the average of all native-accented
trials). Right: Variation in the accent effect across parietal sensors.

Figure 6. Top: The topography of the increased positivity for gender errors and number errors in both accents (obtained by subtracting the correct
condition from both incorrect conditions individually in the 900–1200 msec time window). Bottom: Individual variation in the gender and number
error effects across parietal sensors.
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500–750 msec

Recall that the main ERP results yielded a main effect of
accent from 500–750 msec, wherein native-accented trials
were indexed by more negative responses (over parietal
sensors). We thus subtracted the average parietal
response to nonnative-accented trials (collapsed across
correct sentences, gender errors, and number errors)
from the average parietal response to native-accented tri-
als (also collapsed across levels of correctness). We refer to
this difference as the overall accent effect (see Figure 4,
top); correlations with the participants’ behavioral and
demographic measures were computed.
The accent effect was not significantly correlated to the

participants’ score on the Spanish knowledge tests; their
current age or Spanish AoA; their ratings of trust, reliabil-
ity, or perceptibility to the recorded speakers from the
experiment; their exposure to accented speech; nor their
propensity to correct or let pass speech errors ( ps ≥ .09).

900–1200 msec

As the main ERP results yielded an overall increased posi-
tivity in the final time window, with no differences across
accents and error type (gender vs. number error), the
effect was collapsed across conditions and correlated to
the participants’ behavioral and demographic measures.
We refer to this collapsed P600 as the overall error effect.
The magnitude of the error effect was not correlated to

the participants’ score on the Spanish knowledge tests,
nor to their current age or Spanish AoA ( p ≥ .10). Simi-
larly, there were no relations between the error effect
and the participants’ ratings of trust, reliability, or percep-
tibility to the recorded speakers from the experiment
( ps > .18). There were no effects of accent familiarity
(rs < .10, ps > .62), perhaps because nearly all of the L2
listeners were quite experienced with English-accented
Spanish. However, the overall error effect was found to
be highly correlated (r= .51, p= .006) to the participants’
propensity to correct speech errors (i.e., How often do
you correct Spanish mistakes made by foreigners? 1 =
never, 10 = always). Individuals who reported correcting
errors more frequently exhibited larger (more positive)
error effects (Figure 7). Note that further follow-up analy-
ses indicated that this was true for both gender error
effects (r = .44, p = .018) and number error effects (r =
.49, p = .008) independently.

Post Hoc EEG Group Comparisons

Themain analyses indicated that there were no overall dif-
ferences in the magnitude of the P600 effect according to
accent. Given that the L2 listeners exhibited similar
responses to syntactic violation produced in native Span-
ish accent and nonnative English accent, these results do
not support a syntactic interlanguage benefit for talkers.
Nonetheless, the main results also show that L2 listeners

are not sensitive to nonnative error typicality: They
repaired both gender and number errors. This contrasts
previous results conducted on L1 listeners, wherein this
group overlooked (i.e., did not repair) typical grammatical
errors when they were accented (Caffarra &Martin, 2019).
As such, there is reason to believe that the L2 listeners
from the current study exhibited a syntactic interlanguage
benefit for listeners.

As thematerials and design from the current study were
identical to those used by Caffarra and Martin (2019), we
opted to compare the groups (L1 and L2 Spanish listeners)
to verify whether there was statistical (rather than purely
descriptive) evidence of a syntactic interlanguage benefit
for listeners. That is, we examined post hoc whether
the processing differences between the L2 participants
in the current sample (n = 30) and the L1 participants
(n = 36) from the precursor study (Caffarra & Martin,
2019) were statistically significant, particularly in terms of
their sensitivity to error typicality in the nonnative accent.

As such, the ERP data from Caffarra and Martin (2019)
were exported based on the significant spatial and tem-
poral clusters reported in this article. One-tailed t tests
and Pearson correlations were computed, as detailed in
the subsequent sections. These statistical tests were
one-tailed, as the expected direction of the group differ-
ences were known in advance (based on the general
findings from both the main results of this study and
the precursor study).

500–750 msec (Figure 8)

The overall accent effect in the first time window of
interest (i.e., the difference between native-accented and

Figure 7. Significant correlation between the overall P600 error effect
(obtained by averaging the correctness effect for both error types and
accents) and the participants’ self-rated propensity to correct speech
errors. Shaded areas surrounding the regression line represent the
95% confidence interval. The distribution density of each axis is
indicated above and on the right of the scatter plot.
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English-accented trials) was compared across the two
groups of listeners. Note that an accent effect near zero
indicates that both accents are processed similarly; a
more negative accent effect reveals that the native accent
produced more negative brain responses than the non-
native accent.

Independent-samples t tests yielded important group-
based differences in the accent effect, t(64) = 2.95, p =
.004. In fact, these groups showed directionally opposite
effects: Whereas the L2 listeners exhibited a significant
negative accent effect (i.e., a more negative response to
the native Spanish accent than the nonnative English
accent; M = −0.50, SD = 1.14), L1 listeners displayed a
marginal positive accent effect (i.e., a more positive
response to the native Spanish accent than the nonnative
English accent; M = .39, SD = 1.29). Note that when
gender and number error effects in each accent were
compared individually across the groups, no significant
differences were observed ( ps > .060). These findings
suggest that, in the 500–750 msec time window, L1 and
L2 listeners show a different sensitivity for indexical
(i. e., phonological) cues such as accent, but that they
are similar in the way they treat grammatical information.

The overall accent effect for L1 and L2 listeners was
correlated to the questionnaire responses available for
both groups. No relations were observed between the
accent effect and any of the participants’ responses to
the accent experience questionnaire ( ps > .18). How-
ever, the participants’ AoA of Spanish was negatively
correlated to the accent effect (r = −.36, p = .002); this
analysis essentially replicated the independent-samples
t test, as the L2 listeners have more latent Spanish AoAs
than the L1 listeners. Furthermore, a significant negative
correlation involved accent exposure (r = −.23, p =
.035): Participants who reported being friends with a

higher proportion of foreigners (i.e., fewer native
speakers of Spanish) exhibited a more negative accent
effect. This effect was not solely carried by either of the
groups independently (L1 listeners: r = −.07, p = .69;
L2 listeners: r = .11, p = .58).

900–1200 msec (Figure 9)

An error typicality effect was obtained by subtracting the
P600 for gender errors from the P600 for number errors.
An error typicality effect close to zero indicates that gender
errors and number errors are processed similarly (i.e., in
this context, that all errors are repaired). A larger (more
positive) error typicality effect indicates that there are
processing differences according to the typicality of the
syntactic error (i.e., in this context, that atypical number
errors are repaired and typical gender errors are not).
The L2 listeners’ error typicality effect did not differ

significantly from zero (native accent: t(35) = 1.20, p =
.12; nonnative: t(35) = 0.07, p = .47). In contrast, the
L1 listeners showed a significant error typicality effect for
the nonnative accent, t(35) = 1.86, p = .036, but not for
the native accent, t(35) = 0.54, p = .70. Note, however,
that the direct between-group comparisons did not yield
significant differences between the L1 listeners and L2
listeners in terms of error typicality effects, t(64) = 1.29,
p= .10. This may suggest that there is a smooth transition
in error sensitivity from one group to the other, rather
than an abrupt shift in tolerance to typical errors.
As such, the gender error and number error effects for

English-accented trials were correlated to the demo-
graphic and behavioral measures available for both groups
of listeners. A significant relation was found between the
P600 for gender errors and the participants’ proportion of

Figure 8. Left: Individual variation in the overall accent effect (native accent – nonnative accent) for both groups of listeners; L2 listeners’ accent
effect differs significantly from zero. Right: Significant correlation between the accent effect and the proportion of foreign friends (black line). The
shaded area represents the 95% confidence interval surrounding the overall regression line. The regression of each individual group is also depicted
(dotted blue and orange lines). The distribution density of each axis is indicated above and on the right of the scatter plot.
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non-Spanish friends (r = .23, p = .034); this same factor
was not significantly related to the P600 for the number
errors (r= .12, p= .19). That is, individuals who reported
being friends with more foreigners exhibited the largest
P600 effects for the typical gender errors. A visual inspec-
tion of the scatter plots (see Figure 9) and a Shapiro–Wilk
normality test (W(66) = 0.84, p < .001, skewness = 0.68,
kurtosis = −1.08) suggested that this correlation may
have been disproportionately carried by the group of L2
listeners. Follow-up analyses indeed revealed that the cor-
relation between the gender error effect and the propor-
tion of foreign friends was nearly significant for L2 listeners
(r = .32, p = .052), but not for L1 listeners (r = .11, p =
.26). This suggests that the observed between-group cor-
relation does not veritably represent a gradual shift in error
typicality across listeners, but rather, that it is the result of a
confound between listener group and the amount of
foreign friends: L2 listeners have a larger proportion of
non-Spanish friends than do L1 listeners.
No other demographic or behavioral measures yielded

significant correlations ( ps ≥ .12).
In summary, the post hoc group comparisons revealed

significant phonological and syntactic processing differ-
ences between the L2 listeners from the current study
and the L1 listeners from Caffarra and Martin (2019).
Divergences at the level of phonology support the classic
interlanguage speech benefit. Divergences at the level of
syntax (i.e., error typicality sensitivity) support the novel
syntactic interlanguage speech benefit for listeners.

DISCUSSION

The current study investigated L2 listeners’ online pro-
cessing of native and nonnative-accented speech. First,
early phonological processing was examined to assess

the original conjectures of the interlanguage speech
benefit. Second, syntactic processing was examined to
verify whether the potential interlanguage benefit extends
to high-level linguistic properties, such as syntax. L2
Spanish participants (whose L1 was English) listened to
Spanish sentences produced in a native Spanish accent
or in English-accented Spanish while their EEG was
recorded. Some of these sentences contained errors that
are typical (gender errors: *la color, “theF colorM”) or
atypical (number errors: *los color, “thePL colorS”) in
English-accented Spanish.

The main findings indicated that listeners exhibited an
increased PMN for the accent that was not part of their
interlanguage (i.e., for L2 listeners, the native accent).
The results also demonstrated that L2 listeners (unlike
L1 listeners) displayed error repair mechanisms (P600
effects) for all grammatical violations, regardless of their
typicality or the accent in which they were produced. Each
of these main findings will be discussed in turn below.

Accent-Dependent Phonological Processing

In this study, the L2 listeners displayed an increased pari-
etal negativity for native Spanish-accented trials compared
with nonnative English-accented trials. This effect did not
appear to reflect syntactic or lexical processing, as it was
consistent for grammatically correct and grammatically
incorrect sentences. As such, this effect likely suggests that
the prelexical phonological processing of the target words
changed as a function of speaker accent.

Crucially, the results of the L2 Spanish participants from
the current study diverge from the literature conducted on
native listeners: Although L1 listeners tend to show
increased PMN responses for nonnative-accented speech
(confirmed by our between-group comparisons; see also

Figure 9. Left: The error typicality effect (gender error effect – number error effect) for both groups of listeners. Error bars represent 1 SE. Center,
right: Correlation between the P600 for gender errors and the P600 for number errors, and the participants’ proportion of foreign friends (black line).
The shaded area represents the 95% confidence interval surrounding the overall regression line. The regression of each individual group is also
depicted (dotted blue and orange lines). The distribution density of each axis is indicated above and on the right of the scatter plot.
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Thomas et al., under review; Goslin et al., 2012, for
regional accents; Porretta et al., 2017, for accent-unfamiliar
L1 listeners), our L2 listeners instead displayed direction-
ally opposite effects. Keeping in mind that the PMN is gen-
erated when there is a dissemblance between sensory
input and lexical representation (Connolly & Phillips,
1994), it makes sense that the L2 listeners exhibited an
increased negativity for native Spanish-accented trials
compared with English-accented trials. In their case, it is
the native accent that is most acoustically distinctive from
their interlanguage lexical representations; for L2 lis-
teners, phonological–lexical mapping is therefore more
difficult in a native accent.

Altogether, it appears that listeners recruit greater cog-
nitive resources during phonological extraction (as
indexed by the PMN) when the accent they are perceiving
deviates from their own interlanguage. For L2 listeners,
this means that native-accented speech recognition is
more arduous than nonnative-accented speech recogni-
tion. This appears to be especially true for individuals
who have extensive exposure to nonnative accents (i.e., a
high proportion of foreign friends). Thus, our data provide
some of the first electrophysiological evidence supporting
the existence of an interlanguage speech intelligibility
benefit. Let us caution, however, that there are still wide
individual differences to be appreciated within each of L1
and L2 listener groups. Thus, even if our central tendency
analyses showed group-based differences, future studies
should continue to investigate this phenomenon.

Syntactic Interface of the Interlanguage
Speech Benefit

When confronted with Spanish gender and number
errors, the L2 listeners in the current study exhibited the
expected ERP signature for grammatical violations. Given
the polarity, timing, and type of stimuli examined, we
interpret the observed increased positivity as a slightly
delayed P600.4 Crucially, the P600 response exhibited by
the L2 listeners (but not the L1 listeners) remained homo-
geneous across accent types (native Spanish or English-
accented Spanish) and error types (typical gender or
atypical number errors).

Though L2 listeners themselves appear to adopt accent-
independent syntactic processing, between-group pro-
cessing differences were observed for nonnative-accented
utterances. In particular, it appears that L1 listeners, but
not L2 listeners, are sensitive to nonnative-accented error
typicality. Although L1 listeners show a reduced sensitivity
to errors that are more typical in nonnative-accented
speech (i.e., they may overlook or abstain from repairing
such errors; Caffarra & Martin, 2019; see also Xu et al.,
2020; Grey & van Hell, 2017; Hanulíková et al., 2012), L2
listeners (especially those who self-report receiving more
exposure to nonnative-accented speech) analogously
repair both typical and atypical accented errors. Indeed,
the post hoc group comparisons included in the current

paper show that L1 and L2 listeners apply two qualitatively
different strategies when it comes to nonnative-accented
speech processing, even when experimental stimuli and
design are matched.
In brief, L1 listeners do not invariably process

nonnative-accented grammatical errors as syntactic viola-
tions. Contrastively, L2 listeners detect and process all
grammatical errors, regardless of their typicality. This
divergence falls into line with the interlanguage speech
benefit for listeners: L2 listeners appear to outperform
natives when it comes to repairing syntactic errors in non-
native speech. The former group displays the expected
neural signature to syntactic violations (for which native
speakers sometimes do not). Indeed, unlike L1 listeners,
the L2 listeners from the current study were able to
decode, analyze, and understand nonnative-accented
speech just as well as native-accented speech (for
comparable results, see Hayes-Harb et al., 2008; Bent &
Bradlow, 2003).

Error Typicality Effects: Asset or Liability?

It may be debated whether the L2 listeners ability to detect
and repair typical gender errors is veritably a functional
advantage, as the label of “interlanguage speech benefit”
implies. That is, is it truly beneficial for L2 listeners to
detect and repair all grammatical errors, or is it more
economic to overlook violations that are frequently
encountered?
The between-group comparisons from the current

study, along with previous literature (Xu et al., 2020; Grey
& van Hell, 2017; Hanulíková et al., 2012), indicate quite
consistently that native listeners detect typical accented
errors (they display early ERP effects), but that they abstain
from repairing them (they do not display P600 effects).
Given that the P600 is linked to processes of cognitive
effort (e.g., Spotorno, Cheylus, Van Der Henst, & Noveck,
2013; Brouwer, Fitz, & Hoeks, 2012; Kaan & Swaab, 2003),
perhaps L1 listeners operate on the basis of processing
efficiency; they are able to filter out typical (expected)
errors that do not obstruct their linguistic comprehension
and thus ultimately economize their limited cognitive
resources. Under this perspective, it may be that the native
listeners’ reduced sensitivity to typical errors constitutes a
functional benefit.
However, it appears that L2 listeners adopt an al-

together different strategy: They detect and repair every
single syntactic violation, regardless of its typicality.
Assuming that the ability to overlook errors may be more
cognitively economic, the question stands as to whether
L2 listeners also possess the capacity to be tolerant to
inconsequential violations (i.e., to filter out typical
errors). If error repair mechanisms are inflexibly applied
by the nonnative listener, such processing may be a liabil-
ity rather than an asset. The data from the current study
suggest that L2 listeners do in fact retain the capability to
overlook errors. Indeed, the results demonstrate that, for
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English-accented trials, the amplitude of the error effect
(i.e., the P600 indexed by gender and number errors)
was highly correlated to the participants’ propensity
to correct speech errors; individuals who reported
correcting errors more frequently exhibited the largest
P600 effects. Thus, it does not appear to be the case that
all L2 listeners stringently and automatically repair
grammatical violations. Rather, the positivity is linked to
more controlled mechanisms; individual listeners were
even self-aware of their propensity to overlook errors.
This assumption falls into line with the common
supposition that the P600 component is indicative of
controlled—rather than automatic—processes (Hahne &
Friederici, 1999; see also Gosselin et al., 2021).
Why might some L2 listeners be more willing to cor-

rect speech errors than others? We speculate that this dif-
ference may be related to some participants’ increased
metalinguistic awareness: Certain listeners may be partic-
ularly critical of ungrammatical nonnative speech input, as
they are self-monitoring their own output for similar
errors. Countless studies indicate that metalinguistic
awareness positively impacts L2 acquisition (e.g.,
Golonka, 2006; Thomas, 1988; Tunmer & Myhill, 1984).
Interestingly, in this study, the L2 listeners who self-
reported correcting speech errors more often were also
those who scored highest on the Spanish proficiency
assessment (Pearson r = .44, p = .019). Furthermore, L2
listeners who reported being friends with more foreigners
exhibited the largest P600 effects for the typical gender
errors. Participants with more foreign friends are likely
exposed to greater speech variability in their environment
and are conceivably more familiar with nonnative-
accented speech, in general. Thus, it appears that
accent-familiar nonnative listeners are more likely to
detect and repair all syntactic violations (i.e., to display a
syntactic interlanguage benefit) as they possess the most
metalinguistic knowledge of English-accented Spanish.
The potential role of metalinguistic awareness is further
bolstered by the finding that the ERP responses of the
L1Spanish listeners from Caffarra and Martin (2019) exhib-
ited no relation between self-reported error correction
and proficiency (Pearson r = .12, p = .509). As native lis-
teners, these participants possess intuitive and implicit
judgments about Spanish (Davies, 2003) and would thus
not need to rely on external metalinguistic knowledge.
Future research should continue to examine whether
language learners are particularly critical of errors they
are at risk of producing (i.e., an English learner of Spanish
who is weary of gender errors) or whether they are simply
critical of errors in general.
To summarize, it is clear that L1 and L2 listeners exhibit

differences when it comes to the processing of nonnative-
accented syntactic errors. However, these differences
appear to be functionally advantageous for both groups,
in their own respect. That is, L1 listeners operate on the

basis of processing efficiency by overlooking errors in
nonnative-accented speech when they are expected
(typical) and thus unproblematic. Contrastively, L2
listeners (especially those with high metalinguistic
awareness) may develop a diagnostic-like attitude
toward nonnative productions in an effort to avoid mak-
ing similar errors in their own speech. The strategy of
repairing all syntactic violations (whether typical or atyp-
ical) may thus be advantageous in increasing L2 lis-
teners’ underlying proficiency.

Remarkably, both groups have adapted to their idiosyn-
cratic linguistic circumstances and appear to reap the
benefits of their processing differences. With this in mind,
it is advisable to approach the topic of the interlanguage
speech benefit in amore nuancedway, rather than viewing
it as dichotomous or mutually exclusive (i.e., if one group
is advantaged, the other is necessarily disadvantaged).
Instead of referring to the phenomenon as a benefit, it
may be constructive to refer instead to the phenomenon
as an interlanguage speech contribution or interlan-
guage speech supplement.

Conclusion

This study investigated (1) whether online data support
the original interlanguage speech intelligibility benefit
and (2) whether nonnative Spanish speakers may also dis-
play a “syntactic” interlanguage benefit when they listen to
typical and atypical grammatical violations in English-
accented Spanish.

First, the main findings indicated that listeners recruit
greater cognitive resources (as indexed by a PMN) when
the accent they are perceiving deviates from their own
accent; for L2 listeners, this means that the native accent
requires heightened processing efforts. Consequently,
our data provide some of the first electrophysiological evi-
dence supporting the existence of an interlanguage
speech intelligibility benefit.

Second, the results from the current study indicated
that L2 listeners detect and repair all syntactic errors,
regardless of their typicality or the accent in which they
were produced. This processing is distinctive from that
of the L1 listeners in a similar precursor study (Caffarra
& Martin, 2019), who did not repair typical gender errors
when they were produced in English-accented Spanish.
Although these results fall into line with a syntactic inter-
language benefit for listeners, we posit that such group-
based differences are actually beneficial for both parties:
L1 listeners operate on the basis of cognitively efficient
processing, and L2 listeners repair all violations, proba-
bly as a result of the advantageous implementation of
metalinguistic awareness. Thus, the results from this
study illustrate that language users adapt to their idiosyn-
cratic linguistic circumstances.
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Diversity in Citation Practices

Retrospective analysis of the citations in every article pub-
lished in this journal from 2010 to 2021 reveals a persistent
pattern of gender imbalance: Although the proportions of
authorship teams (categorized by estimated gender iden-
tification of first author/last author) publishing in the Jour-
nal of Cognitive Neuroscience ( JoCN) during this period
were M(an)/M = .407, W(oman)/M = .32, M/W = .115,
and W/W = .159, the comparable proportions for the arti-
cles that these authorship teams cited were M/M = .549,
W/M = .257, M/W = .109, and W/W = .085 (Postle and
Fulvio, JoCN, 34:1, pp. 1–3). Consequently, JoCN encour-
ages all authors to consider gender balance explicitly when
selecting which articles to cite and gives them the oppor-
tunity to report their article’s gender citation balance. The
authors of this article report its proportions of citations by
gender category to be as follows: M/M= .286;W/M= .143;
M/W = .179; W/W = .393.

Notes

1. This may be due to the learners’ specific language back-
ground characteristics (e.g., grammatical gender is not part of
the native English grammar; setting the parameter within a gen-
dered language is thus arduous). However, it is also possible
that grammatical gender is inherently more difficult to learn
because of its arbitrary nature (e.g., grammatical gender is an
inherent lexical feature; unlike number, it cannot be gleaned
from a concept’s external characteristics) or its lack of acoustic
salience. We remain agnostic as to the explanation underlying
the distributional difference.
2. Two participants did not complete this questionnaire.
3. This result has been observed in similar past behavioral
research (Hanzlíková & Skarnitzl, 2017; Podlipský et al.,
2016). Thus, even if L2 listeners experience a benefit in terms
of the intelligibility of nonnative speech, there is no “interlan-
guage speech credibility benefit” (Podlipský et al., 2016); simi-
lar to native listeners (e.g., Lev-Ari & Keysar, 2010), L2 listeners
tend to rate nonnative speech as less credible.
4. Note that the latency of this P600 (e.g., 900–1200 msec)
conforms to the literature; indeed, ERP components are typi-
cally slightly delayed when nonnative-accented speech is exam-
ined (see Gosselin et al., 2021; Caffarra & Martin, 2019; Grey &
van Hell, 2017).
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