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a b s t r a c t

Extracting linguistic information from the speech signal is critical to successfully

communicate with others. We usually carry out this sound-to-meaning mapping easily,

but this process may be hampered under adverse listening conditions. Thus, exploring

whether foreign accents might affect the sound-to-meaning mapping is particularly rele-

vant, as interactions with these speakers are increasingly common in the globalized world.

In this study, we conducted a cross-modal priming task, in which participants (N ¼ 24)

were presented with auditory primes uttered by a native or by a French foreign-accented

speaker of Spanish, and with visual targets that had different degrees of relatedness to

the prime: repeated, semantically related, or unrelated words. Behavioral and EEG mea-

sures were analyzed, and we found a significant relatedness effect (i.e., a processing

advantage for repeated compared to related words, and for the latter compared to unre-

lated words). However, speakers' accents had no effect on the results. To further explore

the potential effect of speakers' accent on the sound-to-meaning mapping, we conducted a

second study, in which participants (N ¼ 22) were presented with the same task, although

in this case primes were uttered by the same native speaker as in the previous experiment,

and by a German foreign-accented speaker with a stronger accent. We replicated the re-

sults observed in the first study. Taken together, our results show moderate evidence that

speakers' accent does not affect the sound-to-meaning mapping, suggesting that this is a

robust and flexible process that is not compromised by auditory variables related to

speakers' characteristics.

© 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Understanding another person's speech requires mapping the

auditory input to stored lexical and semantic representations.

The human brain can perform this sound-to-meaning map-

ping very fast: acoustic information travels from the cochlea

to the primary auditory cortex in approximately 15e20 msec,

and the earliest word access and recognition processes occur

rapidly thereafter, only 50 msec after the presentation of the

acoustic information needed for word identification

(MacGregor et al., 2012). Nevertheless, there are several po-

tential challenges (not mutually exclusive) in accomplishing

this task: external factors (such as noise, which can affect the

comprehensibility and/or intelligibility of the acoustic signal),

linguistic factors (such as phonetic or lexical/semantic ambi-

guity), listener-related factors (such as hearing problems,

difficulties in accessing the mental lexicon, or unfamiliarity

with the speaker's accent or other indexical properties), and

speaker-related factors (such as difficulties in speech pro-

duction, or the use of nonstandard accents). We will focus on

the latter point, i.e., whether the speech produced by speakers

with a nonstandard accent may affect the sound-to-meaning

mapping.

This is an issue of great relevance, as interactions with

nonstandard-accented speakers are becomingmore andmore

frequent in the globalized world. For instance, on January 1,

2020, there were 23 million people with citizenship of a non-

member country (5.1% of the population), and 13.4 million

persons with the citizenship of another member state (2.97%

of the population), residing in European Union countries

(Eurostat, 2021). Importantly, most of these people were not

native speakers of the official languages of the countries they

moved to (or, if they were native speakers, they spoke a

different regional variant), which means that in many cases

they would speak with a foreign accent. As we explain below,

up to this point the literature on how foreign-accented speech

affects the sound-to-meaning mapping is highly contradic-

tory. But before addressing that issue, we need to elaborate on

the different mechanisms proposed to explain the sound-to-

meaning mapping.

1.1. Theoretical perspectives on the sound-to-meaning
mapping

Traditional models of speech recognition (e.g., TRACE,

McClelland & Elman, 1986; cohort, Marslen-Wilson, 1987; or

neighborhood activationmodels, Luce& Pisoni, 1998) typically

assume that the mapping of sound to meaning follows a

rather serial sequence: acoustic representations are the first to

be incorporated, followed by phonetic, and finally lexical, se-

mantic, or syntactic representations. Although the activation

of some of these representations may occur in parallel and

interact with each other, there would be a single computa-

tional pathway in the brain from sound processing to the

activation of the meaning of words. Under these models, a

mismatch between the speakers' utterances and listeners'
representations (due to the acoustic-phonetic variability

introduced by foreign accents, as in the case we are interested

in here), may affect the processing and incorporation of the
first acoustic and phonetic representations, and consequently

hinder and/or delay the activation of lexical and semantic

representations (although top-down mechanisms could

counteract these difficulties, at least partially; e.g., Goslin

et al., 2012).

However, more recent perspectives on the organization of

speech processing suggest that the sound-to-meaning map-

ping may not be such a sequential process. For example, the

dual-streammodel of speech processing argues that there are

two distinct and parallel pathways in the brain: a dorsal

pathway more directly related to the online sequencing of

speech sounds and the interaction between phonological and

motor representations, and a ventral pathway that would be

responsible for mapping acoustic and phonological repre-

sentations to lexical-semantic representations (Hickok &

Poeppel, 2007). Thus, while perceptual variation could be

solved by the dorsal pathway (e.g., in the inferior frontal cor-

tex; Rauschecker & Scott, 2009), relatively independent and

automatic semantic processesmay be occurring in the ventral

pathway (e.g., in the left anterior superior temporal gyrus; Lau

et al., 2013, 2016). Similarly, other studies have shown that the

speech signal activates lexical items from the earliest pro-

cessing stages, without waiting for phonological categories to

be disambiguated. More concretely, lexical hypotheses would

be activated from the earliest stages of word comprehension,

based on the limited bottom-up acoustic evidence available,

and phonological disambiguation would occur later, so it does

not act as a bottleneck in lexical activation; also, lexical fre-

quency or semantic constraints might reduce the size of the

cohort of lexical hypotheses, rendering less predictive power

to phonological details in the processing system (Gwilliams,

Poeppel, et al., 2018). Under these less sequential perspec-

tives, foreign-accented speech would not necessarily hinder

access to lexical-semantic representations, because the

acoustic variability introduced into the input by the foreign

accent would to some extent be treated independently of

lexical-semantic processing.

1.2. Processing of foreign-accented speech

Nevertheless, as mentioned above, it is still unclear whether

foreign-accented speech affects the sound-to-meaning map-

ping. On the one hand, behavioral studies have shown that

native listeners of a language adapt very quickly to foreign-

accented speech (e.g., Bradlow & Bent, 2008; Clarke, 2000). In

fact, adaptation to foreign-accented speech can occur during

the first minute of exposure. While during the first moments

of exposure listeners respond faster to whether visual probe

words were presented in auditory sentences produced by

native versus foreign-accented speakers, this difference dis-

appears within the first minute of exposure (Clarke & Garrett,

2004). These results emphasize the flexibility of listeners'
lexical recognition processes when listening to foreign-

accented speech. As for the semantic processing of foreign-

accented speech, behavioral studies are scarce, and have

often taken an indirect approach. For instance, when pre-

sented with the DRM paradigm (in which participants typi-

cally falsely remember unstudied words semantically

associated with the word lists they studied), listeners present

lower false recognition rates for word lists presented in a
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foreign versus native accent (Romero-Rivas et al., 2019). This

result might suggest that foreign-accented speech causes a

reduction in the activation of semantic information, but

alternative explanations (e.g., the distinctiveness of foreign-

accented speech may trigger a more careful processing strat-

egy, reducing false recognition rates) could account for it.

Therefore, more behavioral evidence is needed to conclude

whether foreign-accented speech affects the sound-to-

meaning mapping or not.

On the other hand, the bulk of the research on lexical-

semantic processing during foreign-accented speech

comprehension has been carried out with electroencephalo-

graphic (EEG) recordings. Most of these studies have focused

on exploring the modulation of the N400 event-related po-

tential (ERP) component when listeners hear sentences

spoken by native versus foreign-accented speakers. The N400

usually appears roughly between 300 and 500msec after word

onset, with a centro-parietal distribution, and it is sensitive to

the well-formedness and semantic expectations generated

during sentence comprehension (see Kutas & Federmeier,

2011, for a review). And research using the N400 component

as an index of lexical-semantic processing during the

comprehension of sentences produced by native and foreign-

accented speakers has found very contradictory results.

First, only a few studies have directly explored the pro-

cessing of regular sentences produced by native and foreign-

accented speakers. A study found lower N400 amplitudes for

sentences' final words when these were produced by foreign-

accented versus native speakers, suggesting that top-down

mechanisms were put into play when listening to foreign-

accented speech in order to counteract the phonetic vari-

ability that could not be normalized in earlier linguistic pro-

cesses (Goslin et al., 2012). However, another study found

more negative N400 amplitudes for words embedded in sen-

tences uttered by foreign-accented versus native speakers,

but only during the first moments of exposure, pointing out

that lexical-semantic processing of foreign-accented speech

improves after brief exposure (Romero-Rivas et al., 2015).

Furthermore, other studies that have investigated the

lexical-semantic processing of foreign-accented speech by

using semantic violations paradigms (e.g., ‘When my niece

sleeps in my apartment, I always read her a book/bread at

night’) or manipulations of lexical expectancy (e.g., ‘He never

scores goals, he is an awful soccer/handball/videogames player’),

have also found very contradictory findings. Some observed

more negative N400 effects during critical words processing

when sentences were spoken by foreign-accented

versus native speakers (Romero-Rivas et al., 2015, 2016).

Others found delayed or more time-dilated N400 effects when

listeners heard foreign-accented versus native speech (Grey &

van Hell, 2017; Grey et al., 2020; Gosselin et al., 2021). A third

group of studies has found no overall differences between the

N400 effects generated by foreign-accented and native speech

(Hanulı́kov�a et al., 2012; Holt et al., 2018; Foucart et al., 2020),

even though in some cases they reported differences in the

topographical distributions (Hanulı́kov�a et al., 2012) or time

clusters (Holt et al., 2018) of the N400 effect across accent

conditions. And, finally, another study observed larger N400

effects for semantic violations due to slips of the tongue when
they were produced by native versus foreign-accented speech

(Xu et al., 2020).

Although some explanations have emerged attempting to

solve this disparity of results (e.g., listeners' familiarity with

the foreign accents presented, Grey & van Hell, 2017; or lis-

teners' characteristics, Holt et al., 2018), what seems to be

clear is that the variability of analysis parameters used

throughout these studies could have affected the results

obtained. This last explanation proved to be right (although

this does not rule out the potential effects of listeners' fa-
miliarity with foreign accents, or of the characteristics of the

listeners, on the comprehension of foreign-accented

speech): by applying different analysis criteria to stimuli

like those presented in the previous studies, the results

change dramatically (Strauber et al., 2021). In addition, one of

the fundamental characteristics of foreign-accented speech

is that word duration is longer than when lexical items are

produced by native speakers (e.g., Romero-Rivas et al., 2015),

which in turn may result in a later appearance of the point of

auditory uniqueness (i.e., the first point in the acoustic signal

where a unique lexical candidate can be recognized) when

listening to foreign-accented versus native speakers. This

could be critical, since manipulating the point of auditory

uniqueness can cause the N400 effect to appear earlier or

later, or to have a greater or lesser amplitude (e.g., O'Rourke&

Holcomb, 2002). Thus, although using auditory stimuli pro-

duced by foreign-accented and native speakers is undoubt-

edly themost ecologically valid approach, it could be causing

uncontrolled alterations in the EEG recordings, and poten-

tially modulating the results. Due to all of the above, in the

present study we will use several approaches for analyzing

the EEG data, and explore lexical-semantic processing of

foreign-accented speech by using visual stimuli.

1.3. The present study

To summarize, in this study we aim to clarify whether

foreign-accented speech hinders the sound-to-meaning

mapping or not. To explore this, we presented participants

with a cross-modal priming task, in which primes were

presented aurally and produced either by a native or by a

French foreign-accented speaker of Spanish. Targets were

presented visually on the computer screen (the sameword as

the prime repeated cross-modally, a semantically related

word, an unrelated word, or a non-word). Participants' task
was to respond as fast and accurately as possible whether

the visual targets were real words or not (lexical decision

task), while we recorded their EEG activity. This single-word

cross-modal priming task has been used extensively in

studies utilizing ERPs to explore lexical-semantic processes

(e.g., Holcomb & Anderson, 1993), but so far it has not been

used in the scientific literature exploring lexical-semantic

processing of foreign-accented speech by means of neural

measures. Critically, it will allow us to overcome some of the

limitations present in previous studies, as discussed above

(i.e., potential differences in the points of auditory unique-

ness between words produced by native and foreign-

accented speakers).

We had two opposing hypotheses:

https://doi.org/10.1016/j.cortex.2022.01.009
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- On the one hand, if the acoustic-phonetic variability

introduced by foreign-accented speech hinders the lexical-

semantic processing of auditory primes, this should

negatively affect the lexical-semantic processing of

repeated and related targets. This result would support the

literature that has found significant differences in lexical-

semantic processing between native and foreign-

accented speech comprehension (e.g., Gosselin et al.,

2021; Grey et al., 2020; Grey & van Hell, 2017; Romero-

Rivas et al., 2016, 2015). Also, it would support the more

traditional speech recognition models (e.g., TRACE,

McClelland & Elman, 1986).

- On the other hand, if variability in the acoustic signal is

treated relatively independently of access to lexical-

semantic representations (e.g., Hickok & Poeppel, 2007;

Gwilliams, Poeppel, et al., 2018), foreign-accented primes

might not hinder targets processing. This result would

support previous investigations that have found no overall

differences in lexical-semantic processing between native

and foreign-accented speech comprehension (Hanulı́kov�a

et al., 2012; Holt et al., 2018; Foucart et al., 2020).
2. Method

2.1. Participants

Based on the sample size of previous studies that explored

lexical-semantic processing during the comprehension of

foreign-accented speech (e.g., Goslin et al., 2012; Hanulı́kov�a

et al., 2012; Romero-Rivas et al., 2015, 2016), 24 participants

(15 women, mean age ¼ 23.48; range ¼ 18e32 years) were

recruited from the Center for Brain and Cognition (University

Pompeu Fabra) database. They partook in the experiment in

return for monetary compensation (10 V/h). All were native

speakers of Spanish, right handed, and had normal or cor-

rected to normal visual and hearing acuity. EEG data from one

participant were removed, since data were corrupted.

Research was approved by the Academic Board of the

Universitat Pompeu Fabra, and the experimentwas conducted

according to the principles expressed in the Declaration of

Helsinki. In addition, written informed consent was obtained

from all participants.

2.2. Materials

Auditory primes were 270 Spanish words (all containing the

phoneme/r/, which is particularly difficult to produce for some

foreign speakers of Spanish; McBride, 2015), recorded by the

Spanish native speaker and the French foreign-accented

speaker of Spanish. We used a sound card running at

44.1 Hz sampling rate for the recordings, with 32 bits resolu-

tion. The foreign-accented speaker was presented with sam-

ples uttered by the native speaker before recording the words,

to minimize differences in speech rate and prosody. Audio

tracks were normalized in terms of intensity using the soft-

ware Audacity®.

Visually presented targets were the same words as the

primes repeated cross-modally, semantically related words (we

used the first associates from the free association norms in
Spanish; Fern�andez et al., 2003; the full list is available in the

Supplementary materials), unrelated words (taken from the

same pool of words as the cross-modally repeated words,

counterbalancing their presentation between participants;

see Design), or non-words.

Accent strength of the native and foreign-accented

speakers was rated by a sample of participants (N ¼ 22) who

did not take part in the main experiment. These participants

were also native speakers of Spanish, selected from the same

participant pool. Each participant listened to 20 words spoken

by the native Spanish speaker, and 20 words spoken by the

French foreign-accented speaker (in such a way that each

auditory primewas at least listened by two participants). They

had to rate the accent of each word from 1 (native speech) to 5

(very strong foreign accent). Listeners rated the Spanish native

speaker as native (1.05 out of 5), and the French foreign-

accented speaker as having a mild accent (2.87 out of 5;

t(1,21) ¼ 14.23; p < .001).

Intelligibility of the speakers was rated by another set of

participants (N ¼ 9), who did not take part in the main

experiment. Participants recognized (i.e., correctly tran-

scribed) 100% of the words spoken by the native speaker, and

98% of the French-accented words (the words that were not

recognized varied between participants). This was overall a

very good performance, and the intelligibility ratings of the

native and French foreign-accented speakers were not

significantly different (t(1,8) ¼ 1.54; p ¼ .08).

2.3. Design

Participants had to complete a lexical decision task. They

listened to 270 primes, of which 180 primed the experimental

written targets (60 primed cross-modally repeated words, 60

primed semantically related words, and 60 primed unrelated

words). For each prime-target experimental condition, 30

primes were spoken by the native speaker, and 30 primes

were spoken by the foreign-accented speaker. The remaining

90 auditory primes (45 spoken by the native speaker, and 45 by

the foreign-accented speaker) were followed by non-words

phonologically plausible in Spanish. We counterbalanced the

speaker (native, foreign-accented) and the relationship be-

tween primes and targets (repeated, related, unrelated) across

participants, creating a total of 6 experimental lists.

Hence, we used a within-subjects design, with primes' ac-
cent (native, foreign-accented) and primes-targets relatedness

(repeated, related, unrelated) as independent variables. For

behavioral results, we had accuracy and response times to

written targets as the dependent variables; importantly, for

the analysis of response times we excluded incorrect re-

sponses and response times above or below 2.5 SD of the

mean for each target condition and participant. For electro-

physiological measures, we used the amplitude of the N400

component as dependent variable (see “EEG recordings, pre-

processing and analyses” for more details).

2.4. Procedure

Participants were tested individually in a sound-attenuated

room. They were instructed in the task but no information

about the accentmanipulation was provided. Experiment was

https://doi.org/10.1016/j.cortex.2022.01.009
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run on E-Prime 2.0. Auditory primes were presented binau-

rally at a constant sound level via headphones. Visual stimuli

were presented in white letters over a black background in the

computer screen. Each trial started with a fixation cross in the

center of the screen. After 100 msec, the onset of the auditory

prime took place. The fixation cross remained until 100 msec

after the offset of the auditory prime. Then, the visual target

appeared immediately after on the center of the screen during

2000 msec. Participants had to decide (as fast and accurately

as they could) whether the stream of letters formed a real

word or a nonword, by pressing either “f” or “j” in the

keyboard. After that, the program presented a black screen for

2000 msec. Eight practice trials were presented before the

experimental block, in which participants received feedback

about their accuracy and response times. Trials were

randomly presented to participants, who were explicitly

asked to try to avoid blinking their eyes throughout the pre-

sentation of each trial.

2.5. EEG recordings, preprocessing and analyses

The EEG signal was recorded from 60 active electrodes

mounted in an elastic cap at standard 10e20 locations. Eye

movements were monitored with three additional electrodes

located around the right eye, providing vertical and horizontal

EOG. Also, the on-line reference electrode was attached to the

left mastoid, and another electrode was attached to the right

mastoid. Inter-electrode impedance was kept below 10 kU.

Data was acquired at a sampling rate of 500 Hz while filtered

on-line between .1 and 100 Hz. EEGmarks were time-locked to

presentation of the visual targets.

EEG recordings were preprocessed following Makoto's
preprocessing pipeline (2021). More concretely, first we used

EEGLAB (Delorme & Makeig, 2004) to downsample the data to

250 Hz. Next, we high-pass filtered the data at 1 Hz. Then, we

removed bad channels using the function clean_rawdata, and

interpolated all the removed channels. After that, we re-

referenced the data to average, removed line noise using the

function cleanline, and run ICA analyses to reject eye-blink

components in the recordings. Finally, we epoched the data

from �100 to 1200 msec relative to the presentation of the

visual target, applying baseline correction on the epochs from

�100 msec to target onset.

As previous studies on lexical-semantic processing during

foreign-accented speech comprehension have shown that

using different analysis parameters (e.g., different electrode

regions) can lead to different results (Strauber et al., 2021), we

used two different strategies to analyze the EEG recordings.

First, we used EEGLAB's STUDY statistics to run a 2-way

ANOVA on the N400 component (300e500 msec after targets'
onset; Kutas & Federmeier, 2011) scalp topographies, applying

permutation statistics with FDR correction for multiple com-

parisons, which results in scalp topographies for the different

experimental conditions and the associated p-value maps for

main effects and interactions. Secondly, and following Luck

and Gaspelin (2017) guidelines for avoiding spurious results

in EEG experiments, we established an a priori time window

(300e500 msec) and electrode sites (averaging over 23 centro-

parietal electrodes: C5, C3, C1, Cz, C2, C4, C6, CP5, CP3, CP1,

CPz, CP2, CP4, CP6, P7, P5, P3, P1, Pz, P2, P4, P5, P8) to analyze
the modulations of the N400 component (based on Kutas &

Federmeier, 2011).

To complement this latter approach (and the repeated

measures (RM) ANOVAs used to analyze response times in the

behavioral task), we conducted Bayesian analyses of effects

across matched models in JASP. The Bayes inclusion factor

(BFincl, which indicates the evidence in favor of the alternative

hypothesis) was calculated for those effects that were signif-

icant when following the frequentist approach. Alternatively,

the Bayes exclusion factor (BFexcl, indexing the evidence in

favor of the null hypothesis) was obtained for those effects

that were not significant when following the frequentist

approach.
3. Results

3.1. Behavioral results

Since accuracy responses are binomial (hit, miss), the accu-

racy data were submitted to a logit mixed models analysis.

There was a significant main effect of relatedness

(Estimate ¼ �1.62, SE ¼ .55, z ¼ �2.91, p ¼ .004). Post-hoc

comparisons showed that participants were more accurate

when responding to repeated and related (M for both

conditions ¼ 99.65%) than unrelated targets (M ¼ 97.85%;

Estimate ¼ �.60, SE ¼ .12, z ¼ �4.87, p < .001). Neither the main

effect of accent (Estimate ¼ �.10, SE ¼ .31, z ¼ �.34, p ¼ .73), nor

the interaction between the two factors (Estimate ¼ �.29,

SE ¼ .31, z ¼ �.97, p ¼ .33), was significant.

As for reaction times, we conducted a RM ANOVA. Again,

we found a significant main effect of relatedness,

F(1.60,36.87) ¼ 80.38, MSE ¼ 3230.85, p < .001, hp
2 ¼ .78 (BFincl-

¼ 2.03E þ 25, data substantially more likely under the alter-

native vs null hypothesis). Holm corrected post-hoc tests

showed that participants reacted more rapidly to repeated

than related (p < .001, d¼ 1.41) and unrelated (p< .001, d¼ 2.58)

targets, and more rapidly to related than unrelated targets

(p < .001, d ¼ 1.17). Additionally, we observed a significant

interaction between accent and relatedness, F(1.56,35.96) ¼ 3.77,

MSE ¼ 1268.74, p ¼ .042, hp
2 ¼ .14 (BFincl ¼ .60, unrealiable data).

However, Holm corrected post-hoc tests showed that there

were no differences in any of the relatedness levels when

compared according to the accent in which primes were

https://doi.org/10.1016/j.cortex.2022.01.009
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presented (all p values > .11; Fig. 1). Finally, the main effect of

accentwas not significant, F(1,23) ¼ .14, MSE ¼ 2156.69, p ¼ .71,

hp
2 ¼ .006 (BFexcl ¼ 5.28, data more likely under the null

vs alternative hypothesis).

3.2. EEG results

The ERPs averaged on electrode CP4 (where the effects were

more noticeable) can be seen in Fig. 2.

The analysis carried out in EEGLAB's STUDY statistics

showed a significantmain effect of relatedness distributed over

centro-parietal and frontal/lateral electrodes (p values < .001;

Fig. 3). The main effect of accent was marginally non-

significant (p values � .05) over some midline and lateral

electrodes, with slightly more negative N400 amplitudes for

targets preceded by primes uttered by foreign-accented than

native speakers. Finally, the interaction between the two

factors was not significant on any region of the scalp (p

values ¼ 1).

To further explore the main effect of relatedness, 1-way

ANOVAs on the N400 scalp distributions of each possible

comparison were performed. Repeated targets elicited less

negative N400 amplitudes than related and unrelated targets

(p values < .001; Fig. 4) over centro-parietal electrodes, and

more negative N400 amplitudes at frontal/lateral electrodes.

However, the difference between related and unrelated tar-

gets was only marginally non-significant (p values > .05) over

central and left-posterior electrodes.

On the other hand, the RM ANOVA on the N400 amplitudes

averaged over the a priori selected centro-parietal electrodes

showed a significant main effect of relatedness,

F(1.37,30.04) ¼ 16.96, MSE ¼ .47, p < .001, hp
2 ¼ .43 (BFincl-

¼ 1.24E þ 7, data substantially more likely under the alterna-

tive vsnull hypothesis). Holm corrected post-hoc tests showed

that the N400 amplitudes were less negative for repeated than

related (p < .001, d ¼ .88) and unrelated (p < .001, d ¼ 1.16)

targets, but that there were no significant differences between
Fig. 2 e ERPs averaged on electrode CP4. The waveforms of all 23

selected centro-parietal region are presented in the Supplemen
related than unrelated targets (p¼ .19, d¼ .28). Themain effect

of accent (F(1,22) ¼ 2.64, MSE ¼ .20, p ¼ .118, hp
2 ¼ .11; BFexcl-

¼ 2.08, data more likely under the null vs alternative hypoth-

esis) and the interaction between the two factors

(F(2,44) ¼ 1.09, MSE ¼ .20, p ¼ .344, hp
2 ¼ .05; BFexcl ¼ 4.44, data

more likely under the null vs alternative hypothesis) were not

significant (Fig. 5).
4. Discussion

In this study, we aimed to explore whether foreign-accented

speech could hinder the sound-to-meaning mapping. Behav-

ioral and EEG results suggest that this is not the case: partic-

ipants processed cross-modally repeated words more easily

than targets semantically related (or unrelated) to the primes,

and they processed targets semantically related to the primes

more easily than unrelated targets. This was the case

regardless of whether primes were produced by a native

Spanish speaker or by a French foreign-accented speaker of

Spanish.

These results are consistent with those earlier studies

showing that there are no overall differences between the

lexical-semantic processing (as indexed by the N400) that

takes place while listeners hear sentences produced by native

or foreign-accented speakers (Hanulı́kov�a et al., 2012; Holt

et al., 2018; Foucart et al., 2020). In addition, the results are

congruent with the scientific literature on adaptation to

foreign-accented speech, which has repeatedly shown that

listeners adapt easily and quickly to this auditory signal,

supporting the flexibility of lexical recognition processes (e.g.,

Bradlow & Bent, 2008; Clarke, 2000; Clarke & Garrett, 2004).

Thus, although we used a different experimental paradigm

(i.e., cross-modal priming) and type of stimuli (i.e., visual

instead of auditory) than those used in these previous studies,

we managed to achieve comparable results. Moreover, we

obtained analogous results to those of previous experiments
electrodes that were included in the analysis of the a priori

tary materials.
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Fig. 3 e Scalp topographies and associated p-value maps for the main effects of relatedness (top-right map), accent (bottom-

left map), and the interaction between the two factors (bottom-right map).

Fig. 4 e p-value maps for the comparisons between the three levels of the relatedness factor.

Fig. 5 e Mean N400 amplitudes to visual targets averaged

over centro-parietal electrodes.
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with very similar tasks that usedwhite noise (vs a clear speech

signal) instead of foreign-accented (vs native) speech: almost

identical semantic priming effects for directly related pairs
(e.g., boateship) irrespective of whether the acoustic signal

was more or less difficult to process (e.g., Angwin et al., 2018).

Therefore, our results suggest that foreign-accented speech

does not hinder the sound-to-meaning mapping.

Importantly, our findings seem to support the more recent

perspectives on speech processing arguing that the sound-to-

meaning mapping would not be hindered by the acoustic

variability and perceptual invariance caused by speech signals

that are unusual for us (e.g., Hickok & Poeppel, 2007;

Rauschecker & Scott, 2009). Although listening to someone

and understanding what they are telling us seems like an

effortless task, in our daily lives we are confronted with

different speakers who have very different ways of producing

speech sounds, depending on biological, geographic, or inci-

dental factors (Stevens & Blumstein, 1981). Perhaps it is pre-

cisely for this reason that our brains can deal with this

variability in the acoustic signal, working simultaneously on

accessing lexical and phonological representations while the

properties of the acoustic signal remain available to the

https://doi.org/10.1016/j.cortex.2022.01.009
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processing system (e.g., Gwilliams, Poeppel, et al., 2018;

Gwilliams, Linzen, et al., 2018b). More concretely, acoustic

representations would remain preserved in the auditory cor-

texwhile, in parallel, commitments to phonological categories

or lexical representations are established and can be revised

later (Gwilliams, Linzen, et al., 2018). This may explain our

results, as listeners could activate the lexical-semantic rep-

resentations of foreign-accented words in a similar way as

when listening to native speech, even though the acoustic

representations were still active in case it was necessary to

revise the former.

However, our results contradict those of previous literature

showing differences in lexical-semantic processing when lis-

teners hear native versus foreign-accented speech. It should

be noted that these previous studies obtained very dissimilar

observations: larger N400 effects when processing foreign-

accented versus native speech (Romero-Rivas et al., 2015,

2016); the opposite pattern (Xu et al., 2020); or delayed/time-

dilated N400 effects when listening to foreign-accented

versus native speech (Grey & van Hell, 2017; Grey et al., 2020;

Gosselin et al., 2021). As pointed out above, these discrep-

ancies could be explained, at least partially, by the variability

of analysis parameters (Strauber et al., 2021); and/or by the

acoustic differences (e.g., word duration) between the stimuli

presented in the native and foreign-accented conditions used

in these earlier studies, which in turn could have affected the

point of auditory uniqueness between conditions and altered

the latency and amplitude of the N400 in uncontrolled ways

(O'Rourke & Holcomb, 2002). In contrast, we obtained similar

results when using different analysis parameters (i.e., ana-

lyses focused on the entire scalp vs region of interest), and we

matched the stimuli in the native and foreign-accented con-

ditions by using visual targets. That highlights the robustness

of our methodology, and stresses the relevance of using visual

stimuli, or more controlled auditory stimuli (e.g., by setting

the ERP triggers at the points of auditory uniqueness, rather

than at word onset; O'Rourke & Holcomb, 2002), for future

research in this field of study.

In addition to the main results, we would like to discuss

two other minor results. First, we observed differences in se-

mantic priming between behavioral and EEG findings (i.e., we

obtained significant differences between related and unre-

lated targets only in the behavioral measures, not in the N400

analyses). This is congruent with previous studies showing

that semantic priming effects are observed for response times

but not for the N400whenmasking (Brown&Hagoort, 1993) or

degrading the prime (Holcomb, 1993), suggesting that

spreading activation (i.e., a fast acting mechanism that does

not require attention or awareness, through which semanti-

cally related nodes are almost automatically activated when

encoding a word; Posner & Snyder, 1975; Shiffrin & Schneider,

1977) influences RTs, but not the N400. Although in our study

we did not mask the primes, nor did they appear degraded, as

they were produced half of the time by a foreign-accented

speaker, a situation similar to that of these previous studies

could have occurred (but see section 5). Secondly, we observed

a frontal/lateral negativity in response to repeated

versus related/unrelated targets in the N400 time window

(300e500 msec after target presentation). This effect, with

reversed polarity in comparison to the centro-parietally
distributed N400, could be explained by the average refer-

ence method used in the processing of the EEG recordings,

which usually leads to positive effects along with negative

effects (Li et al., 2018; Luck, 2014). Therefore, future studies

using the average reference approach should be cautious in

interpreting reverse polarity effects in the N400 time window.

Finally, we must acknowledge some potential limitations

of the study. On the one hand, the stimuli of the foreign-

accented condition were recorded by a single speaker, who

had a specific accent (a French accent when speaking Span-

ish), and therefore it would be daring to try to generalize our

results to any situation involving a foreign-accented speaker.

Although we cannot be sure of this because we did not mea-

sure it in our study, it could be that, for instance, our partici-

pants were more familiar with the French accent than with

other foreign accents, and that could have affected the results

(Holt et al., 2018). Similarly, the French foreign-accented

speaker of Spanish received a moderate score on the accent

rating (2.87, with 5 being the maximum, and 1 being native

speech). Even though the accent of the foreign speaker was

perceived as significantly more foreign than that of the native

speaker in our study, it is well established that mild foreign

accents are less difficult to understand than strong foreign

accents, and that listeners requiremore time to process words

produced with a strong versus mild foreign accent (Witteman

et al., 2013, 2015; Porretta et al., 2016). Hence, it could be that

we did not find an effect of speakers' accent on the sound-to-

meaning mapping because the foreign-accented speaker in

our study had a mild accent.

To further explore these potential limitations, we con-

ducted a second experiment. We used the same experimental

paradigm and materials, except that, in this case, the stimuli

for the foreign-accented condition were produced by a

speaker with a different (German), stronger accent.
5. Study 2

5.1. Method

5.1.1. Participants
We recruited 22 participants from the Center for Brain and

Cognition database (12 women, mean age ¼ 23.52;

range ¼ 18e34 years). As in the previous study, all were native

Spanish speakers, right-handed, had normal or corrected to

normal visual and hearing acuity, and took part in the

experiment in return for monetary compensation (10V/h).

The study was approved by the Academic Board of the

Universitat Pompeu Fabra, the experiment was conducted

according to the principles expressed in the Declaration of

Helsinki, and we obtained written informed consent from all

participants.

5.1.2. Materials
Materials were the same used in the previous study, but this

time the foreign-accented primes were uttered by a German

foreign-accented speaker of Spanish. Accent strength and

intelligibility were rated by the same participants as before

(these participants did not take part in the main studies, and

measurements were obtained between studies 1 and 2).

https://doi.org/10.1016/j.cortex.2022.01.009
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Regarding accent strength, the German foreign-accented

speaker was rated with a strong accent (4.23 out of 5), and

her accent was perceived as stronger than the French accent

used in the previous study (t(1,21) ¼ 9.69; p < .001). As for

intelligibility, participants recognized 94% of the words

uttered by the German speaker (the words that were not

recognized varied between participants). Although this was a

very good performance, intelligibility of the German-accented

speaker was poorer compared to the other two speakers

(vs French speaker, t(1,8) ¼ 3.83; p < .01; vs native speaker,

t(1,8) ¼ 8.98; p < .001).

The design, procedure, and EEG recordings, preprocessing

and analyses were similar to the ones used in the previous

study.

5.2. Results

5.2.1. Behavioral results
We carried out a logit mixed models analysis to explore ac-

curacy. We obtained a significant main effect of relatedness

(Estimate ¼ �.78, SE ¼ .30, z ¼ �2.60, p ¼ .009). Post-hoc com-

parisons showed that participants were similarly accurate

when responding to repeated (M ¼ 99.24%) and related targets

(M ¼ 98.79%; Estimate ¼ �.27, SE ¼ .31, z ¼ �.88, p ¼ .38). Also,

that they were less accurate when responding to unrelated

(M¼ 96.74%) than repeated (Estimate¼�.74, SE¼ .19, z¼�3.82,

p < .001) or related targets (Estimate ¼ �.49, SE ¼ .21, z ¼ �2.31,

p ¼ .021). The main effect of accent (Estimate ¼ �.05, SE ¼ .19,

z ¼ �.27, p ¼ .79) and the interaction between the two factors

(Estimate¼�.06, SE¼ .21, z¼�.27, p¼ .79) were not significant.

The RM ANOVA for reaction times showed a significant

main effect of relatedness, F(2,42) ¼ 98.89, MSE ¼ 1326.27,

p < .001, hp
2 ¼ .82 (BFincl ¼ 1.88E þ 15, data substantially more

likely under the alternative vs null hypothesis; Fig. 6). Holm

corrected post-hoc tests showed that participants reacted

more rapidly to repeated than related (p < .001, d ¼ 1.74) and

unrelated (p < .001, d ¼ 2.98) targets, and more rapidly to

related than unrelated targets (p < .001, d ¼ 1.25). The main

effect of accent was marginally non-significant, F(1,21) ¼ 4.12,

MSE ¼ 813.12, p ¼ .06, hp
2 ¼ .16 (BFexcl ¼ 1.08, data slightly more

likely under the null vs alternative hypothesis), with partici-

pants responding slightly slower after foreign-accented

primes (M ¼ 711.79, SE ¼ 23.71) compared to native primes
Fig. 6 e Mean response times (RTs) to visual targets in

Study 2.
(M ¼ 701.72, SE ¼ 23.71). Finally, the interaction between the

two factors was also not significant, F(2,42) ¼ 1.93,

MSE ¼ 576.39, p ¼ .16, hp
2 ¼ .08 (BFexcl ¼ 3.41, data more likely

under the null vs alternative hypothesis).

5.2.2. EEG results
The ERPs averaged on electrode CP4 (where the effects were

more noticeable) can be seen in Fig. 7.

EEGLAB's STUDY statistics showed a significantmain effect

of relatedness distributed over centro-parietal, frontal and

frontal/lateral electrodes (p values < .001; Fig. 8). The main

effect of accent and the interaction between the two factors

were not significant (p values ¼ 1).

As in the previous study, we carried out 1-way ANOVAs on

the N400 scalp distributions of each possible comparison to

further explore themain effect of relatedness. Repeated targets

elicited less negative N400 amplitudes than related and un-

related targets (p values < .001; Fig. 9) over centro-parietal

electrodes, and more negative N400 amplitudes at frontal/

lateral electrodes. However, the difference between related

and unrelated targets was not significant (p values > .01).

The repeated measures ANOVA on the N400 amplitudes

averaged over the centro-parietal electrodes showed a sig-

nificant main effect of relatedness, F(1.47,30.82) ¼ 33.82,

MSE ¼ .66, p < .001, hp
2 ¼ .62 (BFincl ¼ 1.13E þ 12, data sub-

stantially more likely under the alternative vs null hypothe-

sis). Holm corrected post-hoc tests showed that the N400

amplitudes were less negative for repeated than related

(p < .001, d¼ 1.28) and unrelated (p < .001, d ¼ 1.68) targets, but

that the differences between related and unrelated targets

was marginally non-significant (p ¼ .07, d ¼ .39). The main

effect of accent (F(1,21) ¼ .20, MSE ¼ .33, p ¼ .65, hp
2 ¼ .01;

BFexcl ¼ 5.02, data more likely under the null vs alternative

hypothesis) and the interaction between the two factors

(F(2,42) ¼ .79, MSE ¼ .34, p ¼ .46, hp
2 ¼ .04; BFexcl ¼ 4.88, data

more likely under the null vs alternative hypothesis) were not

significant (Fig. 10).

5.2.3. Cross-studies analyses
In order to properly compare the results of the two studies, we

carried out complementary analyses taking into account the

data from both studies, and adding the between-subjects

factor study (1 vs 2).

Regarding behavioral results, the logit mixed models

analysis of accuracy yielded a significant main effect of study

(Estimate ¼ �.44, SE ¼ .15, z ¼ �2.92, p ¼ .003): participants in

study 1 (M ¼ 99.05%) were slightly more accurate than par-

ticipants in study 2 (M ¼ 98.26%). We also obtained a main

effect of relatedness (Estimate ¼ �.98, SE ¼ .21, z ¼ �4.64,

p< .001). Post-hoc comparisons showed that participantswere

less accurate when responding to unrelated (M ¼ 97.32)

versus repeated (M ¼ 99.46%; Estimate ¼ �.89, SE ¼ .26,

z ¼ �3.42, p < .001) or related targets (M ¼ 99.24%;

Estimate¼�.74, SE¼ .20, z¼�3.61, p < .001); however, they did

not show significant differences when responding to repeated

and related targets (Estimate ¼ �.31, SE ¼ .62, z ¼ �.49, p ¼ .62).

All other main effects and interactions were not significant

(ps > .34).

The RM ANOVA for reaction times showed a significant

main effect of relatedness, F(1.67,76.71) ¼ 167.57, MSE ¼ 910.44,
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Fig. 7 e ERPs averaged on electrode CP4, Study 2. The waveforms of all 23 electrodes that were included in the analysis of the

a priori selected centro-parietal region are presented in the Supplementary materials.

Fig. 8 e Study 2 e Scalp topographies and associated p-valuemaps for themain effects of relatedness (top-right map), accent

(bottom-left map), and the interaction between the two factors (bottom-right map).
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p < .001, hp
2 ¼ .79 (BFincl ¼ 7.32E þ 52, data substantially more

likely under the alternative vs null hypothesis). Holm cor-

rected post-hoc tests showed that unrelated targets were

processed more slowly than related (p < .001, d ¼ 1.18) and

repeated targets (p < .001, d ¼ 2.69), and that related targets

were processed more slowly than repeated targets (p < .001,

d ¼ 1.52). All other main effects and interactions were not

significant (Fs < 1.92, ps > .17, BFexcl > 2.10).

As for the EEG results, we only carried out the repeated

measures ANOVA on the N400 amplitudes averaged over the a

priori selected centro-parietal electrodes, since EEGLAB's
STUDY statistics do not allow for global analyses with more

than two factors. This analysis showed a main effect of relat-

edness, F(1.43,84.80) ¼ 51.07, MSE ¼ .11, p < .001, hp
2 ¼ .54

(BFincl ¼ 2.91E þ 26, data substantially more likely under the

alternative vs null hypothesis). Holm corrected post-hoc tests
showed that the N400 amplitudes were more negative for

unrelated versus related (p ¼ .02, d ¼ .34) or repeated targets

(p < .001, d ¼ 1.44), and for related compared to repeated tar-

gets (p< .001, d¼ 1.10).We also obtained amain effect of study,

F(1,43) ¼ 5.32, MSE ¼ 3.98, p ¼ .03, hp
2 ¼ .11 (BFincl ¼ 2.46, data

slightly more likely under the alternative vs null hypothesis),

and a significant interaction between relatedness and study,

F(1.43,84.80) ¼ 3.93, MSE ¼ .11, p ¼ .04, hp
2 ¼ .08 (BFincl ¼ 27.11,

data substantially more likely under the alternative vs null

hypothesis). Holm corrected post-hoc tests for the interaction

showed that the N400 amplitude for repeated targets was

more negative in study 1 versus 2 (p ¼ .02), but that the am-

plitudes for related and unrelated targets did not differ

significantly between studies (ps ¼ .50 and .94, respectively).

All other effects and interactions involving the factor accent

were not significant (Fs < 3.33, ps > .08, BFexcl > 2.64).
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Fig. 9 e Study 2 e p-value maps for the comparisons between the three levels of the relatedness factor.

Fig. 10 e Mean N400 amplitudes to visual targets averaged

over centro-parietal electrodes in Study 2.
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6. Discussion

In this second study, we explored whether a different and

stronger foreign accent than the one used in the first study

could modulate the sound-to-meaning mapping. Neverthe-

less, we replicated the results of study 1: regardless ofwhether

primes were produced by the native or the foreign-accented

speaker, participants processed repeated targets more easily

than related or unrelated targets, and relatedmore easily than

unrelated targets. Although this latter pattern was only sig-

nificant in the behavioral analyses (but not in the N400 ana-

lyses, as in study 1), it also became significant for the neural

data when the results of both studies were considered

together. This is possibly due to the increased statistical

power in the cross-studies analyses, as the number of par-

ticipants taken into account doubled.

The only difference we observed between the two studies

(beyond a small difference in participants' percentage of hits

on the behavioral task) was that the amplitude of the N400 for

repeated targets was more negative in study 1 versus 2, irre-

spective of the accent in which the primes were uttered. This

could simply be due to individual differences in neural activity

between the subjects who participated in the two studies.
Alternatively, participants in study 2 could have adopted a

processing strategy more dependent on lexical information

than participants in study 1 when dealing with the auditory

primes, which in turn would reduce lexical activation when

presented with the same words cross-modally repeated (see

Goslin et al., 2012). However, it is important to note that this

pattern was not observed for related or unrelated targets, nor

did it interact with the accent in which the auditory primes

were produced, suggesting that sound-to-meaning mapping

processes were not modulated by accent or across studies.

We believe these results are doubly important. On the one

hand,we show that although listeners usually needmore time

to adapt to foreign-accented speech when speakers have a

strong accent (e.g., Witteman et al., 2013, 2015), accent

strength does not seem to affect the online sound-to-meaning

mapping. Again, this result supports theoretical perspectives

suggesting that acoustic variability in the speech signal need

not affect the sound-to-meaning mapping (e.g., Hickok &

Poeppel, 2007; Rauschecker & Scott, 2009), as well as those

empirical studies showing that we can commit to phonolog-

ical categories or lexical representations even though acoustic

representations are still active in case the former needs to be

revised (Gwilliams, Poeppel, et al., 2018; Gwilliams, Linzen,

et al., 2018b). On the other hand, by obtaining an almost per-

fect replication of the results of the first study, we could be

bringing more stability to a field of study where results have

been very contradictory up to now (Strauber et al., 2021). Thus,

we again stress the importance of using materials in which

the native and foreign-accented conditions are as equal as

possible, either using visual materials or, alternatively, audi-

tory materials in which the point of auditory uniqueness is

controlled (see O'Rourke & Holcomb, 2002).
7. General discussion

Across two studies, we found moderate evidence that

speakers' accent does not affect the sound-to-meaning map-

ping. More specifically, in a cross-modal priming paradigm,

we showed that listeners were able to access lexical-semantic
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representations of (visually presented) targets with the same

ease/difficulty regardless of whether the primes were uttered

by native or foreign-accented speakers. Our results suggest

that this process is flexible and, as discussed above, support

theoretical perspectives and empirical evidence arguing that

the brain simultaneously processes information from the

acoustic signal while accessing lexical or phonological repre-

sentations (Hickok& Poeppel, 2007; Rauschecker& Scott, 2009;

Gwilliams, Poeppel, et al., 2018; Gwilliams, Linzen, et al.,

2018b). That is, ambiguity in the speech signal can be

neutralized to some extent, without the need to discard it,

while the brain simultaneously transforms the acoustic input

into discrete categories and keeps the acoustic properties of

the speech signal available in case the former need to be

reanalyzed (e.g., Gwilliams, Linzen, et al., 2018). Similar results

have been found in the visual modality: the brain can main-

tain low-level representations (e.g., the orientation or bright-

ness of the lines forming a digit or a letter) while generating

high-level representations of the input signal (Gwilliams &

King, 2020). Taken together, the evidence would suggest that

this computational strategy could be generalizable to various

domains, modalities, or tasks.

Although we strongly believe this to be the case, we cannot

entirely discount other theoretical perspectives that suggest

that the sound-to-meaning mapping is a more sequential

process, but that it can be subsequently corrected by top-

down mechanisms. For instance, ambiguous speech sounds

could be disambiguated thanks to complementary lexical in-

formation that feeds back activation to the phoneme repre-

sentation (e.g., Ganong, 1980). In fact, some studies focusing

on the lexical-semantic processing of foreign-accented speech

have suggested that this might be precisely the mechanism

that may be at work during sentence comprehension: as pre-

lexical normalization would not be possible when listening to

foreign-accented speech, that would increase listeners' reli-
ance on lexical cues (Goslin et al., 2012). Critically, however,

this increased reliance on lexical information should generate

a pattern of reduced lexical-semantic activation (i.e., reduced

N400 amplitude) during foreign-accented versus native

speech comprehension (Goslin et al., 2012), and we did not

observe such a pattern. Therefore, once again, we believe that

this alternative explanation does not fit our data very well, but

we acknowledge that future studies in this field should further

explore this issue. For example, by manipulating the phono-

logical neighborhood density of the stimuli, we could test

whether itemswith higher values in this parameter generate a

pattern of greater reduction in lexical-semantic activation

when listening to foreign-accented versus native speech,

which would support theoretical perspectives such as the

TRACE model (McClelland & Elman, 1986).

Of course, our results would not necessarily generalize to

any type of task/process in which the comparison between

native and foreign-accented speech is involved. For instance,

there could be double dissociations between speech percep-

tion tasks/processes (more dependent on the dorsal stream,

responsible for transforming the speech signal into articulable

phonological representations), and speech recognition/

comprehension tasks/processes (more dependent on the

ventral stream, responsible for mapping the speech signal

onto conceptual and semantic representations; Hickok &
Poeppel, 2007). In fact, this seems to be the case. The Phono-

logical Mapping Negativity (an ERP that appears approxi-

mately 200e400 msec after the onset of auditory stimuli, and

that indexes the mapping of acoustic information onto

phonological representations; Connolly & Phillips, 1994) is

sensitive to the continuum of foreign accentedness, present-

ing more negative amplitudes the more foreign-accented

speakers productions move away from the native-like

speech signal (Porretta et al., 2017). Likewise, tasks in which

participants have to focus more on processing the similarity/

difference between an acoustic prime and a visual target

would result in behavioral differences when being presented

with stronger versus milder foreign accents (Porretta et al.,

2016; Witteman et al., 2013, 2015). That suggests that

foreign-accented speech does indeed modulate speech

perception processes. Additionally, future studies could

explore whether the sound-to-meaning mapping mecha-

nisms are modulated during the first moments of exposure to

foreign-accented speech, when listeners have not yet been

able to adapt to the variability of the acoustic signal (e.g.,

during the first minute of exposure; Clarke & Garrett, 2004).

We must acknowledge and discuss some potential limita-

tions in our studies. First, since we used a cross-modal se-

mantic priming paradigm in which auditory primes were

produced by native or foreign-accented speakers, but targets

were presented visually, it could be the case that the lexical-

semantic processing of foreign-accented words was already

solved by the time the visual targets were presented. How-

ever, we doubt that this is the case: the interstimulus interval

(time elapsed from the offset of the prime to onset of the

target) was set at 100 msec, and studies on foreign-accented

(and native) speech comprehension show that lexical-

semantic processing continues well beyond auditory words'
offset (e.g., Grey & van Hell, 2017; Romero-Rivas et al., 2015).

Secondly, most previous EEG studies on lexical-semantic

processing during foreign-accented speech comprehension

have focused on the N400 effect elicited by words related/

unrelated to the sentences in which they were embedded.

Although the predictive/integration processes involved in

sentence comprehension and semantic priming paradigms

may be somewhat similar, the predictability of natural lan-

guage is likely to be less extreme (Lau et al., 2016; Smith &

Levy, 2013). Hence, future studies in this field should

continue to explore lexical-semantic processing of foreign-

accented speech in the context of sentence comprehension,

but using more controlled materials (e.g., visual targets

embedded in auditory sentences, or auditory targets time-

locked at the point of auditory uniqueness). Finally, when

analyzing the effects/interactions involving the factor accent

following the Bayesian approach, we obtained mostly mod-

erate (i.e., BFexcl > 3 and <10), and sometimes weak (BFexcl > 1

and <3), evidence supporting the null hypothesis (i.e., no ef-

fect/interaction involving the factor accent). Thus, althoughwe

obtained similar results in the two studies (using both fre-

quentist and Bayesian statistics), suggesting that speakers'
accents do not affect the sound-to-meaning mapping, this

latter observation leaves a small window open to the possi-

bility of finding an effect of speakers' accent on lexical-

semantic processing in future studies employing a method-

ology similar to ours (but, importantly, we should not confuse

https://doi.org/10.1016/j.cortex.2022.01.009
https://doi.org/10.1016/j.cortex.2022.01.009


c o r t e x 1 4 9 ( 2 0 2 2 ) 1e1 5 13
moderate/weak support for the null hypothesis with moder-

ate/strong support for the alternative hypothesis, as BFexcl > 2

translates into BFincl < .50; e.g., van Doorn et al., 2021).

Before concluding, we believe it is necessary to re-

emphasize the importance of the results of these studies.

For the first time, we were able to replicate (almost perfectly)

the observations of an electrophysiological study on the pro-

cessing of foreign-accented speech. As we have repeatedly

pointed out throughout themanuscript, this field of study has

so far yielded very contradictory findings (e.g., Strauber et al.,

2021). Although we believe that it is still important to explore

the role that listeners' familiarity with the accents they pro-

cess (Grey & van Hell, 2017), or listeners' own idiosyncratic

characteristics (Holt et al., 2018), may play in understanding

foreign-accented speech (and the role of these factors in

experimental designs that rely on sentences vs single words

as stimuli), our results suggest that the speaker's accent does

not, in general, affect the sound-to-meaning mapping. In

addition, we show the same pattern of results not only across

two different studies, but also across different types of mea-

surements (behavioral and EEG), analyses (frequentist and

Bayesian), and EEG data analysis parameters (permutation

statistics for scalp topographies, and analyses of the region of

interest). This indicates the importance of using materials

that are as evenlymatched as possible between the native and

foreign-accented speech conditions, as well as using different

analysis parameters within the same study, at least until this

field of research begins to offer more reliable patterns of

results.
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