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This study investigates how second language (L2) listeners match an unexpected accented form to their stored form of a
word. The phonetic-to-lexical mapping for L2 as compared to L1 regional varieties was examined with early and late
Italian-L2 speakers who were all L1-Australian English speakers. AXB discrimination and lexical decision tasks were
conducted in both languages, using unfamiliar regional accents that minimize (near-merge) consonant contrasts maintained
in their own L1-L2 accents. Results reveal that in the L2, early bilinguals’ recognition of accented variants depended on their
discrimination capacity. Late bilinguals, for whom the accented variants were not represented in their L2 lexicon, instead
mapped standard and accented exemplars to the same lexical representations (i.e., dual mapping: Samuel & Larraza, 2015).
By comparison, both groups showed the same broad accommodation to L1 accented variants. Results suggest qualitatively
different yet similarly effective phonetic-to-lexical mapping strategies both for L2 versus L1 regional accents.
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Introduction

A native speaker of English from Australia might hear
variants of the word authentic that sound to them
like [oːˈfentik] when they encounter speakers from
Manchester UK; or fish may sound to them like [fəʃ] when
uttered by South African English speakers. If, in addition,
this listener also knows a second language, for example
Italian, they may hear variants of intelligenza, which has
a geminated or “doubled” medial /l:/ in ‘standard’ Italian,
produced with a singleton /l/ as [intɛli’dʒentsa] by speakers
from Italy’s Friuli region (northeast corner), where the
singleton-geminate distinction is minimized. In standard
Italian, geminate consonants contrast phonologically with
singleton consonants, as in palla ‘ball’ versus pala
‘shovel’ (Loporcaro, 1996). Regional accents are among
the most common forms of systematic phonetic variation
within a language, so recognizing such accented words
becomes of crucial importance in interchanges with
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people from around the country or the world, not just
around the listener’s own town or neighborhood. And this
ability is important for both the first (L1) and second
languages (L2) of bilinguals.

However, most studies looking at the effects of
regional accents on speech processing have concentrated
on native monolingual listeners (e.g., Evans & Iverson,
2004; Floccia, Butler, Goslin & Ellis, 2009; Floccia,
Goslin, Girard & Konopczynski, 2006; Goslin, Duffy &
Floccia, 2012; Sumner & Samuel, 2005, 2009), while the
investigation of bilinguals has instead focused primarily
on cross-language perceptual adjustment1 (e.g., Flege,
1992; Flege & Eefting, 1987; Hazan & Boulakia, 1993).
Native listeners have been shown to adjust better than
non-native (L2) listeners to noisy or accented speech in
a given language (Garcia Lecumberri, Cooke & Cutler,
2010; Tuinman, Mitterer & Cutler, 2012). These and other
findings of L1-L2 differences in speech perception are
posited to arise from the phonological interpretation of
the signal rather than from low-level insensitivity to its
phonetic details (Best, McRoberts & Sithole, 1988; Diaz,

1 In agreement with the episodic view of spoken word recognition
models, we use ‘perceptual adjustment’ to indicate that the underlying
target representation is expanded to include the previously-unfamiliar
variant forms. In this sense, phonetic variation would not be filtered
out from the signal, as is assumed to happen under conditions of
perceptual normalization.
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Mitterer, Broersma & Sebastián-Gallés, 2012; Larraza,
Samuel & Oñederra, 2016; Samuel & Larraza, 2015).
However, no studies have compared how the very same
bilinguals accommodate regional accent variation in both
their L1 and L2. The aim of the present study is to
understand how bilinguals with different L2 acquisition
profiles perceptually adjust to accent variation in L1 and
L2 prelexical and lexical processing, i.e., in discriminating
phonemic contrasts and recognizing spoken words that
contain those phonemes.

L2 age of acquisition (AoA) has been a key
concept in second language processing research,
showing that many language abilities such as phonetic-
phonological processing, phonetic-to-lexical mapping,
or the performance on different morphosyntactic rules,
depend on the age listeners started learning the L2
(e.g., Johnson & Newport, 1989; Samuel & Larraza,
2015; Sebastián-Gallés & Soto-Faraco, 1999). We already
know that L2 phonetic processing differs from native-like
performance if L2 acquisition begins at 7 years (e.g.,
Caramazza, Yeni-Komshian, Zurif & Carbone, 1973;
Silverberg & Samuel, 2004) or even as early as 4 years
(e.g., Pallier, Colomé & Sebastián-Gallés, 2001; Samuel
& Larraza, 2015; Sebastián-Gallés, Rodríguez-Fornells,
de Diego-Balaguer & Diaz, 2006). In a recent study
that examined L2 AoA effects on speech perception
and lexical processing across accent variation, bilinguals
with different L2 profiles systematically recognized L2
accented words regardless of how well or poorly they
discriminated the critical contrast (Larraza et al., 2016).
Spanish–Basque and French–Basque early bilinguals who
learned Basque (L2) before the age of 3 and also Spanish–
Basque late bilinguals (Basque AoA = 7 years) were
prompt to accept L2 accented variants as valid words.
The accented variants presented in a lexical decision task
referred to nonwords that contained some Basque dialectal
characteristics differing from the standard pronunciation.
Specifically, nonwords exchanged one of the consonants
of the L2 critical contrast to the opposing consonant, in
order to turn the original Basque word into a nonword. The
broad acceptance of accented variants shown by both early
and late bilinguals was therefore interpreted as perceptual
adjustment to L2 dialectal variation, a mechanism that
allows efficient speech processing. However, when bilin-
guals were presented nonwords that involved ‘unlicensed’
variation in terms of Basque accentual characteristics,
there was an AoA cost, in the form of spurious activation
of nonwords that had no dialectal basis. The later
the L2 was learned, the more the bilinguals accepted
those true mispronunciations as correct words, despite
having a very good command of the second language.
Thus, lexical access was poorer for late than early
bilinguals.

The current investigation extends the study of early and
late bilinguals’ perceptual and lexical processing both to

L1 and L2 regional accents, addressing predictions from
the Perceptual Assimilation Model, PAM (Best, 1995).
PAM holds that native phonological categories strongly
affect non-native speech perception, and a gradient of
performance across diverse types of non-native contrasts
is foreseen. In the case of our focus on perception
of accent variation WITHIN the L1 and the L2, if our
listeners take both non-native-accented segments of a
contrast as phonetically equivalent in goodness of fit to
a single native-accent consonant, this will result in Single
Category (SC) assimilation, and discrimination will be
poor. In contrast, if they perceive a phonetic distinction
between good versus poor exemplars of a single native-
accent consonant, discrimination will be much better,
consistent with the Category Goodness (CG) assimilation
type. More specifically, based on hypotheses of the
extension of PAM to L2 learning, PAM-L2 (Best & Tyler,
2007), CG assimilation types should be likely to show
perceptual improvement with increasing L2 learning, in
which case late bilinguals should perform differently from
early bilinguals on the L2-accented materials in our study.
Indeed, both PAM and Flege’s Speech Learning Model,
SLM (Flege, 1995) propose that L2 AoA will play a role
in bilinguals’ prelexical and/or lexical level of processing
for the second language. For lexical representations
containing accent-varied pronunciation, we predict that
late bilinguals will show larger processing costs, as they
would suffer from less efficient L2 lexical processing. By
comparison, early and late bilinguals should be identical
in their processing of L1. Given that they all have
a common L1 linguistic background, listeners should
assimilate variation coming from L1 regional accents
to the phonetic-phonological properties of their native
accent. Perceivers would accomplish this by detecting
PHONOLOGICAL CONSTANCY across the natural variation
of speech, i.e., the abstract phonological form of a
spoken word that remains stable across different phonetic
instantiations (Best, 2015).

Related to the central point of this paper regarding
how bilinguals deal with phonetic variation, Samuel and
Larraza (2015) investigated why proficient bilinguals
regularly accept certain mispronunciations of L2 words.
In a word learning paradigm with Spanish–Basque
very early and proficient bilinguals, they tested two
possibilities. The first one examined whether listeners
store dual representations of the items they heard
either as accurate or mispronounced versions of the
words (as a result of having heard non-native speakers
produce them). The other possibility was that the two
different phonetic utterances, the accurate one and
the mispronounced one, would map onto one lexical
representation, i.e., a dual-mapping procedure that allows
listeners to map either phonetic version to the same
single abstract lexical representation. After being taught
new L2 words under conditions that only allowed for a
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single lexical representation (eliminating any possibility
of two phonetically different representations, as the
dual representation approach requires), listeners showed
the same tolerance for mispronunciations. That is, the
results unambiguously support dual-route mapping to
a single lexical representation, rather than dual lexical
representations. This would result from the exposure
pattern received by these bilinguals, for whom it is very
common to hear Basque words mispronounced, i.e., with
one of the critical affricates of the target contrast replaced
by the other affricate. Thus, for purposes of lexical access,
such listeners learn to treat the two pronunciation variants
as allophonic representations of a single lexical entry.

The results summarized above are well in line with
perceptual adaptation/learning experiments in which
listeners are familiarized to talkers with ‘unusual’
pronunciation of a given consonant in their L1 (e.g.,
Bradlow & Bent, 2008; Kraljic & Samuel, 2005; Norris,
McQueen & Cutler, 2003), as well as with studies that
show effective perceptual remapping of phonemes that are
pronounced differently in a regional accent other than that
of the listeners (e.g., Dufour, Brunellière & Nguyen, 2013;
Evans & Iverson, 2004; Larraza, Samuel & Oñederra,
2017; Sumner & Samuel, 2009). The existence of such
abstract and flexible prelexical representations (McQueen,
Cutler & Norris, 2006) is believed to be essential to
listeners’ mapping of varied word forms in incoming
speech to their existing phonemic categories and lexical
representations.

Spoken word recognition is generally accepted
to reflect multiple levels of representations (e.g.,
features, phonemes, syllables, semantic features, etc.)
that comprise the internal structure of words, and
that interact with each other in lexical processing.
Research on L2 listeners reveals that non-native
processing difficulties become more accentuated with
tasks involving lexical processes than acoustic-phonetic
perception tasks (e.g., Broersma, 2002; Broersma &
Cutler, 2008; Diaz et al., 2012; Hayes-Harb, 2007).
Thus, the present study examines both basic speech
perception and lexical recognition. Measuring listeners’
discrimination of regionally-varying phonetic distinctions
allows comparison of prelexical perception of phonemic
contrasts with performance at the lexical level. Speech
discrimination tasks have been used heavily in cross-
language perception research to gauge perception of both
native and non-native phonemic contrasts (see summary
in Weber & Cutler, 2004).

The Basque bilinguals tested previously were in a
strongly bilingual environment, who encounter both their
L1 and L2 across a range of Spanish and/or French
regional accent variation on a daily basis. But the majority
of the world’s bilinguals are in a quite different situation, in
which there is one mainstream language and they hear/use
their other language less often and in more restricted

situations. Examining the effects of this language-context
difference will provide critical insights into fundamental
theoretical debates over the involvement of episodic
learning versus abstraction in phonemic processing and
lexical recognition, especially as these issues relate
to understanding how those processes are recruited in
bilinguals’ L1 versus L2. Moreover, those previous studies
looked at perceptual effects of accent variation either in
the L1 or L2, not both, and it is crucial to the theoretical
issues above to be able to compare the effects of L2 accent
variation to analogous effects in the L1.

In order to analyze whether perceptual adjustment
operates in the same way in L2 listening as in L1
listening, particularly for bilinguals raised and living in
a highly L1-dominant environment rather than a bilingual
environment, we use a cross-linguistic approach that
exploits the substantial multilingual variation present
in Sydney (Australia). We tested native speakers of
Australian English who also spoke Italian, either as early
or late bilinguals. Our participants grew up and reside
in a highly dominant Australian English (L1) context,
where the L2 is much less commonly encountered and
reflects much less accent variation when it is encountered:
L2 exposure is primarily restricted to standard Italian as
spoken in central and southern Italy. Our early bilinguals
started learning the L2 by age 4 and were fluent in Italian;
our late bilinguals started after puberty and were less
fluent, with an intermediate Italian level.

One of our main goals was to measure how effectively
bilinguals with different L2 AoAs are able to map
prelexical phonetic information to lexical representations
in the case of L1 and L2 accented variants. For that, we
tested discrimination of critical consonant contrasts, and
auditory lexical decisions involving those contrasts, both
in Italian (L2) and English (L1). To measure perceptual
adaptation to L1 regional accents, the Manchester accent
from the northwest region of England was selected
as the unfamiliar accent. It phonologically minimizes
the critical L1 voiceless and voiced interdental versus
labio-dental fricative contrasts in intervocalic position
as: /θ/�>/f/ and /ð/�>/v/. The unfamiliar L2-Italian
regional accent for our Sydney listeners was that spoken
in Friuli, in the extreme northeast of Italy, which
minimizes the critical singleton-geminate consonant
length distinctions of standard Italian; e.g., /r:/�>/r/
and /l:/�>/l/2. Comparing how the target contrasts of

2 We did not include control groups of Manchester English and Friuli
Italian monolinguals, because such control groups would have to be
mono-dialectal in their listening experience. Nowadays both Friuli
listeners and Manchester English listeners not only have listening
experience with their own accent, they are all also exposed daily to the
other dialects that are critical to our tasks: Friulians are widely exposed
to Standard Italian, and Macunians to Received Pronunciation
British English. This makes it impossible to find, anywhere, control
groups of either language whose listening experience meets the
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Manchester English (/f/-/θ/, /ð/-/v/) and Friuli Italian (/r:/-
/r/, /l:/-/l/) are processed both at the prelexical and lexical
level will shed light on the phonetic-to-lexical mapping of
L1 and L2 regional accents. In principle, there should be
a greater cost for bilinguals’ performance on the contrasts
of interest in the L2 regional accent – especially for those
listeners who started learning Italian later – than on those
in another L1 accent.

The four tasks of the current study were run within-
subjects. All participants first completed the Italian (L2)
part of the study followed by the English (L1) one. Within
each of the languages, the AXB discrimination task always
came first and the auditory lexical decision task second.
This order of tasks was used to minimize lexical effects in
the discrimination task, which is critical to our interest in
examining the prelexical and lexical levels of processing
separately. As our main focus is on the mapping from
phonetic to lexical representations in second language
listening, we ran the Italian tests first so as to minimize
immediate influences of the L1 tests on L2 performance.
The results for the L2 (Italian) will be presented first,
and then compared to the L1 (English), to see whether
differences between the home and the unfamiliar accent
also appear for the native language.

Experiment 1: L2-Italian phonetic-to-lexical mapping

To study how listeners accommodate to an unfamiliar
L2 accent, we must first assess how accurately they
discriminate non-native contrasts in the target accent. We
used an AXB discrimination task to measure bilinguals’
perception of the /r:/-/r/ and /l:/-/l/ gemination contrasts
of standard Italian that Friuli Italian has minimized to
/r:/�>/r/ and /l:/�>/l/. The degemination process in the
Friuli Italian accent results from contact between Italian
and the regional base dialect of Friuli, a separate Romance
language (Loporcaro, 1996) that lacks gemination.
Following PAM’s hypotheses, our late bilinguals would
be expected to assimilate the L2-Italian critical contrasts
as Category Goodness differences from English (Italian
/r:/-/r/ to English /r/, Italian /l:/-/l/ to English /l/), which
should thus yield higher performance by the early than the
late bilinguals.

Given that our aim is to see whether listeners’ capacity
to recognize L2 accented words depends on L2 phonetic
discriminability, participants also completed a lexical
decision task on target items containing the critical accent-
differing consonant, as compared to control items. Hence,

necessary condition of being restricted to their own accent only.
More importantly, our approach does not require comparisons to
monolinguals, as we instead compare different levels of processing
separately across the L1 and L2, in such a way that listeners act as their
own control phonetic-to-lexical mappings regarding the contrasts of
interest versus control contrasts.

bilinguals’ L2-Italian lexical processing abilities will
be compared with their discrimination capacity in that
language.

Method

Participants

36 native speakers of Australian English (age range =
18–50 years, mean: 34.03, SD: 10.2) completed these
tasks. All were recruited from the greater Sydney area
and received standard payment for participation. None
reported hearing or speech disorders. They all spoke
Italian as an L2 and were classified in two groups based
on their age of acquisition. 18 participants (13 female)
were EARLY BILINGUALS who learned both English and
Italian at home by 4 years of age. The mean age of
acquisition (AoA) of English was 1.2 years (range =
0–3 years, SD = 2.07) and of Italian was 3.1 years
(range = 0–4 years, SD = 5.24). English was the dominant
language for the vast majority (83.2%) and Italian for
the rest (16.7%). The 18 LATE BILINGUALS (13 female)
had a mean AoA of 17.7 years (range = 14–31 years,
SD = 10.99); English was their dominant language
(100%). All participants completed a questionnaire on
their language backgrounds, L1 and L2 regional accent
exposure, proficiency and age of acquisition for Italian.
Standard Italian was the familiar accent for all of them, and
none spoke or had been exposed to Friuli Italian or dialect.
As for the Experiment 2 criteria, although they reported
minor exposure to some varieties of British English
through media, movies, music, etc., none had lived in
England; none had experience with Manchester speakers,
nor regular extended exposure to other British accents.

Stimuli

An adult male bidialectal speaker of Friuli regional Italian
and Friuli dialect, originating from Codroipo (Udine
province, Friuli region of Italy), was recorded producing
multiple tokens of all items selected for the experiment
into a Sennheiser ME65 microphone connected to a
Marantz PMD-671 digital recorder (44.1 kHz sampling).

Italian AXB discrimination task
Disyllabic nonword stimuli were used, in which the two
phonemic contrasts of interest (i.e., /l:/-/l/, /r:/-/r/) were
embedded in intervocalic position. Vowels shared by Friuli
Italian and standard Italian were employed (e.g., /ul:u/,
/ola/, /ele/, /ir:in/, /ajra/). Participants listened to 40 critical
trials (the 4 target consonants [/l:/, /l/, /r:/, /r/] x 5 vowel
contexts each x 2 positions [AAB, ABB]). 160 control
trials were made in the same way, but using phonemic
contrasts shared by Friuli Italian and standard Italian (/f/-
/s/, /s/-/ʃ/, /n/-/m/) (see Appendix A).
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TABLE 1. Acoustic characteristics of the Friuli Italian /r:/-/r/ and /l:/-/l/ contrasts extracted from disyllables used in
the Italian AXB discrimination task.

/r:/ Geminate /r/ Singleton /l:/ Geminate /l/ Singleton

Acoustic rhotic rhotic t-value lateral lateral t-value

parameter M(sd) M(sd) p value M(sd) M(sd) p value

Number of flaps 5.35 1.2 t(19) = 18.08 − − −
(1.18) (0.41) p<.001

Duration (s) 0.18 0.03 t(19) = 20.32 0.27 0.06 t(19) = 16.39

(0.04) (0.01) p<.001 (0.06) (0.01) p<.001

Preceding Vowel Duration (s) 0.28 0.46 t(19) = 4.85 0.24 0.4 t(19) = 7.25

(0.08) (0.15) p<.001 (0.07) (0.1) p<.001

Italian Auditory Lexical Decision task
The stimuli included 40 critical items: 10 /r:/-words, 10
/l:/-words, 10 /r:/-nonwords and 10 /l:/-nonwords. The
nonwords were created by replacing a critical geminated
consonant of a real Italian word with its corresponding
singleton, to mimic the degemination found in the Friuli
accent: e.g., /kitar:a/ ‘guitar’ > /kitara/, /kaval:o/ ‘horse’
> /kavalo/. Each list also contained 80 control words that
contained none of the critical /r:/, /r/, /l:/, /l/ consonants.
120 control nonwords were also included (however,
two of these had to be excluded from analyses due to
incompatibilities with the Italian lexicon). They were
generated by making single phonetic changes to real
words, using contrasts that are legal in both standard and
Friuli Italian (/f/-/s/, /s/-/ʃ/, /n/-/m/): e.g., cena ‘dinner’
/tʃena/ > /tʃema/ (see Appendix B for stimuli).

Acoustic analyses
To determine whether the critical Friuli contrasts
nonetheless displayed reliable acoustic differences, the
extracted critical consonants were measured using Praat
(Boersma, 2002). In the AXB stimuli, /r:/ was significantly
longer than /r/ (t(19) = 20.32, p < .001), contained a
larger number of taps (t(19) = 18.08, p < .001), and the
preceding vowel was shorter for /r:/ than /r/ (t(19) = 4.85,
p < .001). Likewise, /l:/ was longer than /l/ (t(19) = 16.39,
p < .001), and the preceding vowel was shorter for /l:/ than
/l/ (t(19) = 7.25, p < .001) (see Table 1).

Regarding the stimuli used in the lexical decision task,
critical /r:/- and /l:/-words were comparable in terms of
frequency and syllable length, based on the Colfis database
(Laudanna, Thornton, Brown, Burani & Marconi, 1995).
Out of the 3.8 million entries included in the database,
mean frequency for /r:/-words was 176.5 and for /l:/-
words was 77.6 (t(19) = 1.69, p > .05). /r:/-words had 2.8
syllables and /l:/-words 3.2 syllables, on average (t(19) =
1.76, p > .05). In perfect agreement with the AXB stimuli,
/r:/ was significantly longer than /r/ (t(19) = 15.94, p <

.001), had a larger number of taps (t(19) = 13.65, p <

.001), and had a shorter preceding vowel (N = 6, t(5) =

3.56, p < .03). Similarly, /l:/ was significantly longer than
/l/ (t(19) = 17.6, p < .001) and had a shorter preceding
vowel (N = 12, t(11) = 8.84, p < .001) (see Table 2).
Degrees of freedom differ for preceding vowel duration
because we only included items in which the primary
accent fell on the vowel preceding the critical consonant.

These reliable acoustic differences indicate that in
Friuli Italian, the gemination distinction is minimized but
not fully merged, i.e., it is a near-merger. In near-mergers,
speakers maintain small but reliable differences in produc-
tion, but no longer reliably distinguish them in perception,
thus treating minimal-pair items like carro ‘wagon’ -caro
‘expensive’ as homophonous. Such near-merger effects
have been reported for many phonologically-neutralized
contrasts across languages (e.g., Russian palatalization:
Diehm & Johnson, 1997; Utah English pre-lateral vowels:
Faber & Di Paolo, 1995; German final stop devoicing:
Fourakis & Iverson, 1984; numerous languages: Labov,
Karen & Miller, 1991; Dutch final stop devoicing: Warner,
Jongman, Sereno & Kemps, 2004).

Procedure

To assure understanding of both tasks, participants first
performed a practice set with standard Italian stimuli,
the familiar accent for them. These were recorded by
an adult female native speaker from the Province of
Venice, in the Veneto region of northern Italy, which
maintains consonant gemination contrasts. Friuli Italian
was used for the real task. All stimuli were presented
binaurally over Sennheiser HD 440 Studio headphones at
a comfortable listening level. Trial order was randomized
for each listener; participants were asked to respond as
quickly and accurately as possible.

Italian AXB discrimination task
Each AXB trial presented three tokens, and the
participant’s task was to decide whether the phonemic
category of the middle item matched the category of first
token (AAB) or the last token (ABB). The middle “X”
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TABLE 2. Acoustic characteristics of the Friuli Italian /r:/, /r/, /l:/ and /l/ consonants extracted from words and
nonwords used in the Italian Lexical Decision task.

Acoustic /r:/-words /r:/-nonwords t-value /l:/-words /l:/-nonwords t-value

parameter M(sd) (i.e. /r/) M(sd) p value M(sd) (i.e. /l/) M(sd) p value

Number of flaps 4.8 1.3 t(19) = 13.65 − − −
(1.11) (0.47) p<.001

Duration (s) 0.196 0.044 t(19) = 15.94 0.254 0.078 t(19) = 17.6

(0.04) (0.01) p<.001 (0.05) (0.02) p<.001

Preceding Vowel Duration (s) 0.24 0.308 t(5) = 3.56 0.142 0.250 t(11) = 8.84

(0.06) (0.04) p<.03 (0.02) (0.4) p<.001

Note that tests in the case of the preceding vowel duration, the degrees of freedom do not match the rest of the values because only those items where the accent
fell on the vowel that preceded the singleton/geminate consonant were included.

item was always a different utterance of both the “A” and
“B” items. Subjects were instructed to press one button
on a computer keyboard with the left index finger when
the middle item matched the first item, and a different
button with the right index finger when it matched the last
item. The labels “1” and “3” (first token matched X; third
token matched X) were shown on the left and right sides,
respectively, of a computer monitor. The Inter Stimulus
Interval (ISI) among these items was 300 ms. The Inter
Trial Interval (ITI) was 1000 ms after the subject made a
response. If no response was made within 2500 ms, the
next trial began. All subsequent tasks used this ITI and
no-response interval.

There were two counterbalanced lists of 200
randomized trials (40 critical, 160 control), which only
differed in whether for each trial the item matching X
appeared in first or third position (i.e., ABB vs. AAB
were switched between lists). Each list was used for half
of the participants.

Italian Auditory Lexical Decision task
There were two counterbalanced lists of 240 trials (40
critical, 200 control), such that the word and nonword
version of the same item never appeared in the same
list. Half of the participants were tested with one of the
lists and the other half with the other list. The Inter Trial
Interval (ITI) was 750 ms. Participants were informed
in advance that nonwords would only present subtle
differences in relation to real words, to encourage attention
to pronunciation details. Since not all participants had the
same knowledge of Italian, we asked them to classify the
words used in the task in a post-test questionnaire. Early
bilinguals knew 79.4% of the Italian words, had never
heard of 14.7%, and were unsure about the remaining
5.9%. As expected, late bilinguals’ Italian lexicon was
smaller: they knew 69.2% of the words, had never
heard of 16.2%, and were unsure about 14.6%. One
subject from the late bilingual group was excluded
because she did not fill in the post-test questionnaire,

preventing us from assessing her knowledge of the Italian
words used in the experiment. Another extra subject
was added instead. Only the Italian words that the
subjects reported to know were included in the posterior
analyses.

Results and discussion

Italian AXB discrimination task
The main goal of this task was to assess whether less
familiar regional accents of the L2 pose any difficulties
for listeners at the prelexical phonetic level. To address
this question, data were analyzed using the lme4 package
(Bates, Maechler, Bolker & Walker, 2013) for linear
mixed-effect models in R (R Development Core Team,
2012). For this and for the following experiments, we
built a series of models following a forward model
selection procedure in order to determine the best fitting
model. Starting with a null model that only included the
random intercepts, we incrementally added predictors and
random-effects structure until the fit no longer improved.
We used likelihood ratio tests (Baayen, Davidson & Bates,
2008; Dixon, 2008) to determine whether each additional
fixed and random factor significantly improved the fit
of the model. The base model included by-subjects and
by-items random intercepts and random slopes. Group,
Contrast and Position were the fixed factors, together
with an interaction of Group by Contrast by Position.
Early vs. late bilinguals were the levels for Group; rhotic
vs. lateral vs. control were the levels for Contrast; and
AAB vs. ABB were the levels for Position. Accuracy
and reaction times (RT) were analyzed separately as
dependent variables, with RTs measured from the onset
of the item. The reference level for the intercept was
set to the early bilingual group, control contrast and
AAB position, to evaluate the effect of contrast and
position in late bilinguals’ accuracy. The intercept, the
estimated regression coefficients (Estimate), standard
error (SE) and t/Wald’s z values resulting from the
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Figure 1. Accuracy and reaction time results for the Italian AXB task by English–Italian early and late bilinguals. The error
bars in this Figure and in all other Figures represent 95% confidence intervals. Results for AAB and ABB positions were
merged in this Figure.

linear mixed-effect model analysis are reported for each
comparison of interest. The significance of fixed-effect
factors and interactions was evaluated based on Z-scores
and associated p-values for non-Gaussian models. For
Gaussian models, we used an absolute t-value exceeding
2 as a robust indicator of significance for an alpha level
of .05 (Baayen, 2012; Baayen et al., 2008). Missing
responses (0.5%), trials with responses faster than 200 ms
(1%), and time-outs (1.3%) were excluded from the
analysis. Due to a software problem, the data file of one
subject was corrupted, leaving 17 participants in the group
of late bilinguals.

Late bilinguals had only slightly greater discrimination
difficulties with the Friuli accent contrasts (95.7% correct)
than did the early bilinguals (96.9%), as the marginal
effect of Group demonstrates (Intercept: 4.66, SE: 0.34,
β: −0.8, SE: 0.43, Wald’s z: −1.86, p = .06); it did not
interact with Position or Contrast (−1.1 � z � 0.1, .2
� p � .9). The significant Contrast effect resulted from
poorer performance of both groups on the /l:/-/l/ contrast
(88.7% correct) than the /r:/-/r/ (92.1% correct, Intercept:
5.24, SE: 1.02, β: −2.13, SE: 0.97, Wald’s z: −2.19, p <

.05) and control contrasts (97.7% correct, Intercept: 4.66,
SE: 0.34, 97.7% correct, β: −1.53, SE: 0.55, Wald’s z:
−2.78, p < .01). The discrimination of /r:/-/r/ was less
accurate in ABB than AAB position, as indicated by a
significant interaction of Contrast by Position (β: −2.2,
SE: 1.1, Wald’s z: −2, p < .05).

Incorrect trials (3.7%) were excluded from the RT
analysis. Late bilinguals showed not only significantly
greater costs to accuracy, but also slower performance
(1127 ms) relative to the early bilinguals (953 ms),

as the main effect of Group demonstrates (Intercept:
960.6, SE: 34.51, β: 174.21, SE: 47.41, t: 3.67). This
did not interact with Contrast or Position (0.8 � t �
1.4, all nonsignificant). Overall, listeners took longer to
distinguish /l:/-/l/ (1109 ms, β: 137.63, SE: 53.87, t: 2.56)
and /r:/-/r/ (1122 ms, β: 124.28, SE: 48.49, t: 2.56) than
the control contrasts (1022 ms). The significant effect of
Position (β: −49.74, SE: 14.24, t: −3.49) indicates overall
faster responses for the ABB position (1017 ms) than the
AAB position (1062 ms).

Italian Auditory Lexical Decision task
Model fit was obtained using the same procedure as in
the AXB task, which determined that a base model with
the fixed factors of Group (English–Italian early and late
bilinguals), Lexicality (word, nonword) and Consonant
(/r:/, /l:/, control), and a 3-way interaction among these
predictors was the best fit. The best fitting model also
included random intercepts and random slopes for both
subjects and items. Reference level for the intercept was
set to the bilingual group, the word condition and control
contrast. Missing responses (1%) and time-outs (12.3%)
were not included in the analysis.

The central question addressed by this task is
whether the two groups of L2 listeners recognize Italian
critical nonwords as real words, reflecting perceptual
accommodation to regional accents where geminate and
singleton consonants tend to be pronounced similarly,
such as in the Friuli accent. For pragmatic purposes, the
acceptance of either a critical or a control nonword as a
real word was counted as an error in the accuracy analysis.
However, at the theoretical level, critical nonwords that
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Figure 2. Accuracy and reaction time results for words and nonwords in the Italian Lexical Decision task by English–Italian
early and late bilinguals. The left panel below shows the percentage of nonwords that were taken as valid Italian utterances,
showing that participants, especially late bilinguals, systematically accepted /l:/- and /r:/-nonwords.

listeners accepted as valid words should instead be
interpreted as indicators that listeners showed some degree
of perceptual remapping of the Friuli accented consonants
to the corresponding Italian consonants for those words.

Lexicality was marginal (Intercept: 2.18, SE: 0.3,
β: 0.74, SE: 0.4, Wald’s z: 1.88, p = .06), indicating
that correct performance was somewhat better on words
(85.5%) than on nonwords (74.2%). Consistent with
hypotheses, nonword accuracy was especially affected
in the case of critical nonwords, as the significant
interaction of Lexicality by Consonant indicates both for
/l:/-nonwords (β: −2.72, SE: 0.66, Wald’s z: −4.13, p <

.001) and /r:/-nonwords (β: −4.72, SE: 0.67, Wald’s z:
−7.06, p < .001). The interaction of Group by Lexicality
(β: −1.11, SE: 0.49, Wald’s z: −2.28, p < .03)
demonstrates that English–Italian late bilinguals had more
difficulties with nonwords; this did not interact with
Consonant (−1.6 � z � 1.2, .09 � p � .19).

Incorrect trials (21.9%) were not included in the
RT analysis. Even though nonwords (846 ms) were
rejected a bit more slowly than words were recognized
(831 ms), this difference was not significant (Intercept:
686.89, SE: 93.54, β: 26.62, SE: 43.51, t: 0.61, n.s.).
A significant interaction of Lexicality by Consonant (β:
180.86, SE: 65.32, t: 2.77), however, revealed that /r:/-
nonwords provoked significantly slower responses than
control nonwords. Late bilinguals (945 ms) performed
significantly more slowly than early bilinguals (750 ms)
(β: 307.59, SE: 133.13, t: 2.31). For the comparison of
greater interest, late bilinguals were significantly slower
than early bilinguals in rejecting /l:/-nonwords, as the
3-way interaction of Group by Lexicality by Consonant
reflects (β: 251.17, SE: 126.36, t: 1.99).

It remains crucial to determine whether the two types
of listeners accepted L2 nonwords as valid utterances due
to perceptual difficulties discriminating the L2 critical
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Figure 3. Correlation between the accuracy on the discrimination of Italian critical contrasts (AXB task) and the acceptance
of critical nonwords (Lexical Decision task), by English–Italian early and late bilinguals. Results above correspond to the
/l:/-/l/ contrast and /l:/-nonwords, and results below to the /r:/-/r/ contrast and /r:/-nonwords.

contrasts, or whether, instead, other forces were driving
critical nonword recognition. Remember that /l:/- and
/r:/-nonwords are plausible variants of real words in
the Friuli accent. Thus, accepting them as words would
reflect some kind of perceptual accommodation to the
target accent, a tendency that is clearly not applicable
to control nonwords. Correlation analyses between the
results of the Italian AXB and lexical tasks show a
divergent pattern between the two groups. Early bilinguals
show a negative correlation between AXB discrimination
accuracy on /l:/-/l/ and acceptance of /l:/-nonwords
(r = −0.52, t(17) = 2.44, p < .05), and also between /r:/-
/r/ discrimination accuracy and /r:/-nonword acceptance
(r = −0.46, t(17) = 2.07, p = .05). The more accurate
their discrimination in the AXB task, the less they
accepted /l:/- and /r:/-nonwords as real words. Thus,
early bilinguals recognized Italian critical nonwords
as plausible correct pronunciations based on their
discrimination capacity. In contrast, for late bilinguals,
neither the acceptance of /l:/-nonwords (r = −0.14,
t(16) = 0.53, p > .05), nor of /r:/-nonwords (r =
−0.17, t(16) = 0.51, p > .05) were correlated with
discrimination performance.

Given that discrimination difficulties at the phonetic
level are not the cause of late bilinguals’ acceptance of
critical nonwords, some kind of perceptual mechanism
may be operating to allow them match the surface phonetic
variants with the stored lexical representations3. We
consider specifically what these mechanisms might be
in the General Discussion. First, however, we turn to the
comparison context: perceptual effects of accent variation
in the L1.

Experiment 2: L1-English phonetic-to-lexical
mapping

To provide the critical L1 baseline comparison, we
tested perception of accented realizations of L1-English
contrasts in AXB discrimination and lexical decision
tasks like those of Experiment 1, in which the same
two groups of listeners were tested on the two selected
fricative contrasts in the target Manchester English

3 The correlation between the AXB accuracy for L2 control contrasts
and acceptance of control nonwords was not significant for any of the
groups (0.3 � t � 0.6, .5 � p �.7).
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accent: /f/-/θ/, /v/-/ð/. These phonemic contrasts exist
in the listeners’ native accent (Australian English), but
differ in acoustic-phonetic properties between the two
English accents. Specifically, the Manchester accent
(unlike Australian English) has been described as having
an /f/-like realization for intervocalic /θ/, and a /v/-like
realization for intervocalic /ð/.

We predicted Category-Goodness discrimination of the
Manchester accent critical contrasts, because they are
phonetically less distinct than in Australian English. If
the contrasts are shown to be near-mergers rather than
full neutralizations, they should not yield Single Category
assimilations to the L1 accent, but instead they should be
discriminated as a Category Goodness difference relative
to the L1 native accent. Still, the Manchester-accented
critical contrasts might produce poorer performance,
though above chance, than control contrasts, which should
be equally discriminable across both English accents. As
these are native contrasts both for early and late bilinguals,
we do not expect the two groups to differ in either task in
this experiment.

Method

Participants

The participants were the same as those in Experiment 1:
18 early and 18 late bilinguals.

Stimuli

Items were recorded by an adult male native speaker
of Manchester, UK, English, following the procedures
described for the Italian recordings.

English AXB discrimination task
Disyllabic nonword stimuli were used in which the
target fricative place contrasts, interdental voiceless /θ/
versus labio-dental voiceless /f/ and interdental voiced /ð/
versus labio-dental voiced /v/, occurred in intervocalic
position. Manchester speakers tend to minimize each of
these contrasts in intervocalic position, resulting in near-
substitution of /θ/�>/f/ and /ð/�>/v/ (see Appendix C).
Participants listened to 40 critical trials (4 consonants
[/θ/, /f/, /ð/, /v/] x 5 vowel contexts each x 2 positions
[AAB, ABB]). 120 control trials were also included, using
contrasts that are legal and fully realized in both Australian
and Manchester English (/s/-/�/, /n/-/m/, /n/-/l/).

English Auditory Lexical Decision task
The test stimuli included 40 critical items: 10 /θ/-words,
10 /ð/-words, 10 /θ/-nonwords and 10 /ð/-nonwords.
Critical nonwords were made by exchanging the original
/θ/ and /ð/ phonemes with the other member of the
contrast, always in intervocalic contexts: e.g., cathedral

/kəθiːdrəl/ �> /kəfiːdrəl/, mother /mʌðə/ �> /mʌvə/. 210
control items were also included: there were 90 English
words that did not contain any of the critical consonants
(/θ/, /f/, /ð/, /v/), together with 120 control nonwords
made of single-phonetic-feature-changes, similar to the
critical exchanges. Control nonwords involved phonemic
contrasts shared by Manchester British and Australian
English (/d/-/t/, /b/-/p/, /g/-/k/, /n/-/m/). Out of the
17.9 million word lemmas included in the Celex database
(Baayen, Piepenbrock & van Rijn, 1995), the mean
occurrence of /θ/-words was 6169 and that for /ð/-words
was 9839 (t(19) = 0.67, p > .05) (see stimuli in Appendix
D). If participants accept more of the critical nonwords
than control nonwords as real words, this would indicate
some perceptual accommodation to the pronunciations of
/θ/ and /ð/ in the Manchester accent.

Acoustic analyses
For the English AXB stimuli the “fronted” interdental
/θ/ fricative was louder (t(19) = 2.36, p < .05) and had
a higher spectral centroid (t(19) = 2.25, p < .05) than
the true labio-dental /f/, but their durations did not differ
significantly. The true labio-dental /v/ and the “fronted”
interdental /ð/ differed significantly only in duration
(t(19) = 2.18, p < .05), not in amplitude or spectral
centroid (see Table 3).

For the English lexical decision task stimuli, /θ/-words
(M = 3.05 syllables) were on average significantly longer
than /ð/-words (M = 2.2 syllables) (t(19) = 3.89, p <

.001). Table 4 summarizes the results of the acoustic
analyses. Consistent with the English AXB stimuli, the
fricative portion of /θ/-words and /θ/-nonwords (i.e., with
/f/ substituted for /θ/) were significantly different in peak
amplitude, with the /θ/-nonword fricatives being louder
(t(19) = 2.75, p < .05). The fricative in /ð/-nonwords
(i.e., with /v/ substituted for /ð/) was significantly longer
than that in /ð/-words (t(19) = 2.22, p < .05).

The reliable acoustic differences between /f/-/θ/ and
/v/-/ð/ suggest these contrasts are near-mergers rather than
completely phonetically merged, as with the Friuli near-
mergers for the geminate contrasts.

Procedure

Participants first completed a practice set for each task in
their familiar Australian English accent, recorded by an
adult female native speaker from Sydney, Australia. The
Manchester accent was only used for the real task.

English AXB discrimination task
There were two counterbalanced lists of 160 trials
(40 critical, 120 control). The Inter Stimulus Interval
(ISI), Inter Trial Interval (ITI) and treatment of missing
responses were the same as in the Italian AXB
Discrimination task.
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TABLE 3. Acoustic characteristics of the Manchester English /f/-/θ/ and /v/-/ð/ contrasts extracted from
disyllables used in the English AXB discrimination task.

Acoustic /θ/ interdental /f/ labiodental t-value /ð/ interdental /v/ labiodental t-value

parameter M(sd) M(sd) p value M(sd) M(sd) p value

Peak amplitude (dB) 55.3 53.9 t(19) = 2.36 57.9 57.4 t(19) = 0.58

(2.1) (1.7) p<.05 (3) (2.6) p>.05

Spectral centroid (Hz) 4727 3972 t(19) = 2.25 602 413 t(19) = 1.82

(1297.3) (851.4) p<.05 (426.5) (200.4) p>.05

Duration (s) 0.18 0.17 t(19) = 0.76 0.11 0.12 t(19) = 2.18

(0.014) (0.011) p>.05 (0.02) (0.01) p<.05

TABLE 4. Acoustic characteristics of the Manchester English /θ/, /f/, /ð/ and /v/ fricatives extracted from words and
nonwords used in the English Lexical Decision task.

Acoustic /θ/-words /θ/-nonwords (i.e. /f/) t-value /ð/-words /ð/-nonwords (i.e. /v/) t-value

parameter M(sd) M(sd) p value M(sd) M(sd) p value

Peak amplitude (dB) 53.9 55.8 t(19) = 2.75 49.7 49.9 t(19) = 0.17

(2.6) (2.1) p<.05 (6.1) (3.9) p>.05

Spectral centroid (Hz) 5533 4724 t(19) = 1.9 1104 611 t(19) = 1.43

(1837.2) (1535.5) p = .072 (1334.4) (590.6) p>.05

Duration (s) 0.13 0.14 t(19) = 1.38 0.08 0.1 t(19) = 2.22

(0.02) (0.02) p>.05 (0.02) (0.02) p<.05

English Auditory Lexical Decision task
There were two counterbalanced lists of 250 trials (40
critical, 210 control), such that the word and nonword
version of the same item never appeared in the same
list. We followed exactly the same procedure as in the
Italian lexical decision task. The post-test revealed that the
participants knew 98.3% of the English words included in
the task, had never heard of 1.5%, and were unsure about
the remaining 0.2%.

Results and discussion

Accuracy and RT were modeled in the same manner as in
Experiment 1.

English AXB discrimination task
The base model included by-subjects and by-items
random intercepts and random slopes. Contrast and
Position were the fixed factors, together with an interaction
of Contrast by Position. Voiceless fricative, voiced
fricative and control contrasts were the levels for Contrast,
and AAB and ABB were the levels for Position. In
an initial analysis, Group was also included as a fixed
factor. But, consistent with our expectations and their
very similar L1 profiles, neither the main effect nor any
interactions with it were significant. Therefore, all the
analyses presented here combined them into a single
group of native speakers. The reference level for the

intercept was set to the control contrast and AAB position.
Missing responses (0.5%) and trials with responses faster
than 200 ms (1%) were not included in the analysis.

Figure 4 shows that, as expected, performance was
significantly better on control contrasts (97.2%) than on
the critical voiceless (83% correct, Intercept: 3.96, SE:
0.29, β: −2.02, SE: 0.41, Wald’s z: −4.94, p < .001)
and voiced fricative contrasts (92.4% correct, β: −1.17,
SE: 0.4, Wald’s z: −2.92, p < .005). The difference
between the voiceless and voiced fricative contrasts was
also significant (Intercept: 1.93, SE: 0.32, β: 0.87, SE:
0.39, Wald’s z: 2.21, p < .03). The effect of Position was
non-significant (β: −0.05, SE: 0.42, Wald’s z: −0.13, p >

.05), as was the interaction of Contrast by Position (−0.1
� z � 0.6, 0.8 � p � 0.5).

In the analysis of reaction times, incorrect trials
(5.2%) were excluded. The RT results agreed with the
accuracy results: responses were faster for contrasts with
higher accuracy, and the voiced fricative contrast was
discriminated more slowly (875 ms) than control contrasts
(790 ms), but faster than the voiceless fricative contrast
(1011 ms). The Contrast effect revealed significantly
slower RTs for the voiceless fricative contrast (Intercept:
847.37, SE: 29.46, β: 181.91, SE: 46.3, t: 3.93) and
marginally slower RTs for the voiced fricative contrast (β:
63.39, SE: 35.19, t: 1.8), relative to the control contrasts.
Overall, the Position effect was significant, indicating that
contrasts were discriminated faster in ABB than AAB
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Figure 4. Accuracy and reaction time results for the three contrast types in the English AXB task by native speakers of
Australian English. Results for AAB and ABB positions were merged in this Figure.

position (β: −75.52, SE: 16.6, t: −4.55). The Contrast by
Position interaction was non-significant (0.3 � t � 1.1),
indicating that this Position tendency held for both critical
and control contrasts.

Consistent with our predictions, the discrimination
results indicate that not all phonemic contrasts are equally
easy to discriminate, even within the native inventory
(Bundgaard-Nielsen, Baker, Harvey, Kroos & Best, 2015;
Miller & Nicely, 1955). Actually, our listeners show
poorer performance on the voiceless than the voiced
fricative contrast, consistent with prior evidence that the
salience of acoustic-phonetic parameters influences even
L1 phonetic discrimination (e.g., Miller & Nicely, 1955).
More importantly, our results are consistent with the
acoustic measurements indicating that the Manchester
accent has not merged the critical contrasts completely,
but rather they both reflect a near-merger situation. That
is, there remains sufficient acoustic differentiation that
even listeners of another accent can discriminate them as
well as 83–92%, which is well above chance (50% on
AXB tasks) for both the voiceless (t(35) = 15.45, p <

.001) and the voiced fricative contrasts (t(35) = 42.67,
p < .001).

English Auditory Lexical Decision task
The best fitting model included Lexicality (word,
nonword) and Consonant (/θ/, /ð/, control) as fixed
factors, with by-subject and by-item random intercepts
and by-subject random slope. To account for possible
confounding interactions among these predictors, the
model included an interaction between the fixed factors.
The reference level was set to the word condition and

control consonants. Missing responses (0.2%) and time-
outs (13.5%) were treated as in Experiment 1. Figure 5
presents the accuracy and reaction time data for the word
and nonword stimuli.

As expected, accuracy was better on words (95.3%)
than nonwords (80.8%), creating a significant effect of
Lexicality (Intercept: 4.44, SE: 0.25, β: −1.73, SE: 0.27,
Wald’s z: −6.47, p < .001). There was also a significant
effect of Consonant driven by the lower accuracy for
critical consonants than for control consonants (91.1%
correct): voiceless /θ/ (59.3% correct, β: −1.66, SE: 0.5,
Wald’s z: −3.35, p < .001) and voiced /ð/ (67.7% correct,
β: −1.47, SE: 0.48, Wald’s z: −3.09, p < .005). The
interactions of Lexicality by Consonant demonstrate that
accuracy was most severely affected for critical nonwords:
both /θ/-nonwords (β: −1.84, SE: 0.62, Wald’s z: −2.97,
p < .005) and /ð/-nonwords (β: −1.49, SE: 0.61, Wald’s z:
−2.43, p < .03) showed significantly poorer results than
control nonwords.

Incorrect trials (13.1%) – i.e., those accepted either as
valid English words when they actually were nonwords,
or taken as nonwords when they were real English
words – were not included in the RT analysis. In
general, participants performed more slowly in rejecting
nonwords (694 ms) than in recognizing words (594 ms),
which yielded a significant effect of Lexicality (Intercept:
547.16, SE: 47.92, β: 134.94, SE: 15.96, t: 8.46). There
was also a main effect of Consonant, due to the processing
difficulties that /ð/ (688 ms, β: 98.73, SE: 34.46, t:
2.87) and especially /θ/ (806 ms, β: 165.71, SE: 48.68,
t: 3.4) seemed to impose, relative to listeners’ more rapid
decisions for correct rejections of the control consonants
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Figure 5. Accuracy and reaction time results for words and nonwords in the English Lexical Decision task by native speakers
of Australian English.

(637 ms). It might be that stimulus length differences have
had a partial effect here, given that /θ/-words were longer
on average. /θ/ slowed down performance particularly in
nonwords, as the significant interaction of Lexicality by
Consonant indicates (β: 111.54, SE: 51.97, t: 2.15).

Note that the left panel in Figure 5 shows the
percentage of nonwords that were taken as valid English
utterances, showing that participants accepted /θ/- and /ð/-
nonwords as real words over 50% of the time.

Correlation analyses found no significant correlation
between discrimination accuracy on the /θ/-/f/ contrast
and acceptance of /θ/-nonwords in the lexical decision task
(r = −0.24, t(35) = 1.43, p = .16). The same is true for
/ð/-nonwords (r = 0.07, t(35) = 0.41, p = .68). That is, the
extent to which listeners accept /θ/- and /ð/-nonwords as
valid English items was not determined by how accurately
they discriminated the /θ/-/f/ and /ð/-/v/ contrasts. In
contrast, there was a significant negative correlation for

control nonwords (r = −0.49, t(35) = 3.24, p < .005); the
more poorly listeners discriminated the control contrasts,
the more they accepted control nonwords as correct
pronunciations. This divergent pattern of correlations
indicates that accommodation to regional accent variation
does not depend on the phonetic information detected at
the prelexical level. Instead, some phonetic-to-phonemic
mapping mechanisms may operate, enabling matching
between the “deviant” phonetic input and stored word
forms. This clearly contrasts with the relevant phonemic
level contribution to rejection of the control nonwords.

General discussion

The goal of this study was to investigate differences in
the phonetic-to-lexical mapping of L1 and L2 regional
accents by subjects who speak two languages. Having
compared listeners’ L1 versus L2 discrimination accuracy,
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we first conclude that accent familiarity plays a role on
phonemic perception across bilinguals’ two languages.
That is, listeners showed less phonetic difficulties with
contrasts maintained in their familiar regional accents,
i.e., the control contrasts, independently of the L1 and
L2. More importantly, our examination of the source
of dialectal effects on speech processing represents an
important step forward in the understanding of human
speech perception. We tested whether L1 and L2 accented
variants were recognized as valid items due to phonetic
discrimination difficulties. That option was ruled out
for the recognition of critical nonwords in the native
language, English. The correlation analyses we ran
(cf. English AXB and lexical decision tasks) clearly
showed that perceptual adjustment to the target L1
accent led to the acceptance of /θ/- and /ð/-nonwords,
a mechanism that was not applicable to control nonwords.
Thus, even though Australian English listeners were not
familiar with the Manchester UK accent, they were still
able to perceptually adjust to its phonetic properties in
such a way that lexical access was not impeded. /θ/- and
/ð/-nonwords were regularly recognized as valid English
words, although less often and more slowly than correct
pronunciations were correctly recognized.

Given previous findings (e.g., Clarke & Garrett, 2004)
that listeners can very rapidly adjust to accented speech,
our results raise the question of whether adaptation to
the unfamiliar accent developed over the course of each
of the experiments. In order to test that possibility, we
statistically compared the data of the first and second
halves of our tasks (both for the AXB and lexical decision
tasks in the L1 and L2) separately, adding ‘experiment-
part’ as a within subjects factor. But in all cases, no
differences were found between the results of the first
and second halves of the tasks, suggesting that invented
nonword disyllables and isolated word/nonword stimuli
were insufficient to induce perceptual learning in the
current study.

Our results indicate that phonetic variation is handled
differently in the L2 (Italian) than in the native language,
and that the age of L2 learning affects this process.
Concerning phonetic processing abilities, English–Italian
late bilinguals show a discrimination cost (both in
accuracy and RT) for accented variants of consonant
contrasts that are not part of their native repertoire.
Overall, accuracy on Italian critical contrasts was above
85% correct, consistent with the Category Goodness
(CG) assimilation type proposed by the Perceptual
Assimilation Model, PAM (Best, 1995), in which non-
native contrasts are perceived as good versus deviant
exemplars of a single native consonant. More specifically,
the better performance shown by early bilinguals than late
bilinguals is consistent with the PAM-L2 hypothesis: CG
assimilation types should show perceptual improvement
with increasing L2 learning (Best & Tyler, 2007).

Results of the Italian lexical decision experiment
showed that phonetic variation may be more easily
accommodated in the L2 than in the native language,
where listeners were stricter in rejecting small
mispronunciations in L1-English words that did not reflect
regional accent differences (i.e., control nonwords). The
difference in control nonword acceptance in Italian versus
English is evident; our participants accepted 3.1% of
L1 control nonwords, while this percentage increased
considerably when they performed in their L2 (Italian).
English–Italian early bilinguals took L2 control nonwords
as (known) real words 10.9% of the time, i.e., more
than 3 times as often. Thus, when small L2 phonetic
differences are presented in a lexical context, participants
are generally more likely to ignore them – and thus to
perceive a nonword as a word – than in the L1.

The most intriguing finding comes from late bilinguals’
L2 performance at the lexical level. In spite of the
accurate (97.2% correct) phonetic discrimination found
with Italian control contrasts, late bilinguals erroneously
accepted L2 control nonwords as real Italian items more
than twice as often as early bilinguals did (23.8%),
and more than 7 times as often as in L1-English. This
suggests that L2 lexical representations were either less
established in late bilinguals or they had a smaller lexicon
than early bilinguals, due to their shorter and more
indirect experience with Italian, considerably increasing
spurious word activation. The very same phonemes that
were clearly discriminated in the nonsense stimulus
discrimination task were misidentified in words. This
finding is in line with studies showing that tasks involving
lexical processes provoke lower accuracy than perceptual
tasks in second language listeners (e.g., Broersma, 2002;
Broersma & Cutler, 2008; Diaz et al., 2012; Hayes-Harb,
2007).

In relation to the acceptance of L2-Italian critical
nonwords, there is a clear division between what early
and late bilinguals seem to be doing. The negative
correlations shown by early bilinguals between the AXB
accuracy results and critical nonword acceptance indicate
that lexical performance is based on their L2 phonetic
discrimination capacity, rather than on perceptual
accommodation. This result is surprising, as one might
have expected early bilinguals to show larger capacity
to accommodate to L2 regional accents, as we found
for Spanish–Basque and French–Basque early bilinguals
who systematically recognized L2 accented variants as
valid items (Larraza et al., 2016). The divergent patterns
of exposure to L2 regional accents can explain the
differences in the performance of the current English–
Italian and the Spanish/French–Basque early bilinguals.
For bilinguals living in a highly L1-dominant environment
rather than a bilingual environment, the accommodation
to L2 regional accents is less automatic, even when the
second language was acquired at an early age.
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The lexical processing abilities of the late bilinguals
deserve separate consideration. Recall that no correlations
were found between late bilinguals’ discrimination results
and their acceptance of /l:/- and /r:/-nonwords. This
lack of correlation could be interpreted as perceptual
accommodation to the less familiar accent (cf. interpre-
tation of the L1 English results). However, we believe
this is not a plausible explanation for late bilinguals’
L2 processing. Contrary to what early bilinguals
reported in the linguistic questionnaire, late bilinguals
admitted not knowing any Italian regional accent that
(near-)merges the consonants we presented in the Italian
lexical decision task. The Samuel and Larraza (2015)
study sheds light on the mechanism behind this behavior:
our late bilinguals’ performance is consistent with the
dual-route mapping rather than dual lexical representa-
tions that their participants showed. That is, it appears
that English–Italian late bilinguals only have one word
form represented, and in their mapping from the phonetic
to the lexical level a dual route operates, making them
systematically match the critical L2 consonants to any
lexical item that presents one or the other accent variant.

Another plausible interpretation would have been to
propose that our late bilinguals have dual representations
for /l:/ and /r:/-words: a representation for the
“standard” pronunciation (their home accent version in
standard Italian) and a representation for non-standard
pronunciations (other less familiar accents). If so, listeners
would have developed different representations of the
same word, as a consequence of listening to speakers
with different regional accents pronounce those words
differently. But given that our late bilinguals were not
exposed to or even aware of any degeminating Italian
accent, this account is not sustainable for the current
findings. No listener develops a representation of a
pronunciation she has not heard nor even knows could
exist. In fact, these subjects started learning Italian as
adults, with standard Italian being the variety they were
exposed to – the most usual practice in second language
teaching. Therefore, our late bilingual findings are best
explained by the dual mapping account.

We showed that listeners recognize both L1 and L2
accented words even when they are not very familiar with
the target regional variety. Regarding the main question
of this study, our findings indicate that the mechanisms
that operate in phonetic-to-lexical mapping are different
in the native versus the second language. Abstract and
flexible L1 prelexical representations allow bilinguals to
efficiently overcome any mismatch present in regular
variants of regional accents, in agreement with what
Goslin et al. (2012) and Sumner (2011) found for the
processing of regional variation in the native language.
All participants accommodated to the Manchester accent
and substantially recognized /θ/- and /ð/-nonwords as
real English items. In contrast, we demonstrated that

L2 accented variants are not adjusted by the same
means. Even early bilinguals, who had longer exposure
to the L2, recognized accented variants based on their
phonetic discrimination abilities, leaving scarce space for
perceptual accommodation. In the case of late bilinguals,
for whom the accented variants were not represented in
their L2 lexicon, they mapped standard and accented
exemplars to the same lexical representations. That is, they
heard L2 items with similar consonants as homophones
in the course of lexical access.

Thus, the differences in phonetic-to-lexical mapping
of L1 and L2 regional accents lie in how abstract
and flexible bilinguals’ phonemic categories are, which
results in qualitatively distinct yet similarly effective
phonetic-to-lexical mapping strategies both for L1 and
L2 regional accents. For cases where L2 accented
variants are not represented in the bilingual’s mental
lexicon, dual mapping to one representation (Samuel
& Larraza, 2015) is an efficient mechanism for dealing
with regional accents. Overall, this study offers evidence
that regional accent variation does not impede lexical
access in bilinguals with different ages of acquisition and
corresponding levels of command of the second language.
By extending the analysis of perceptual adaptation to both
L2 and L1 regional accents and L1-dominant environment
rather than the more studied bilingual environment, this
study has increased our understanding of how bilingual
listeners adjust to systematic phonetic variation in speech.

Appendix A

A representative sample of the stimuli and trials used in
the Italian AXB discrimination task. IPA symbols are used
for clarity. Correct answer is in boldface. Both critical
and control contrasts were always combined with vowels
pronounced similarly in Friuli and Standard Italian.

A X B

/a.r:al/ /a.r:al/ /a.ral/

/eɪ.re/ /eɪ.re/ /eɪ.r:e/

/o.rok/ /o.r:ok/ /o.r:ok/

/u.r:u/ /u.ru/ /u.ru/

/a.l:u/ /a.l:u/ /a.lu/

/naʊ.la/ /naʊ.la/ /naʊ.l:a/

/o.lo/ /o.l:o/ /o.l:o/

/u.l:i/ /u.li/ /u.li/

/da.mu/ /da.mu/ /da.nu/

/u.nu/ /u.nu/ /u.mu/

/si.fa/ /si.sa/ /si.sa/

/i.so/ /i.fo/ /i.fo/

/sa.si/ /sa.si/ /sa.ʃi/

/o.ʃa/ /o.ʃa/ /o.sa/
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Appendix B

Stimuli used in the Italian Lexical Decision Task.

/r:/-words /r:/-nonwords /l:/-words /l:/-nonwords Control words Control nonwords

arrabbiato arabbiato vallone valone alterazione germe aiudo doddore

arredo aredo balletto baletto area identità aliemi domma

arresto aresto ballo balo autogestioni incasso ampiente dopumento

azzurro azzuro barella barela bacetto inchini anare fada

barriere bariere birillo birilo bozzetti indagine andada fafe

birra bira bollore bolore camerata intime appastanza fafoloso

burro buro capello capelo camicia isolamenti attino fafore

burrone burone caramella caramela capacità lividi audo faio

chitarra chitara cavallo cavalo capito lunari barla falive

corrente corente corolla corola cappio magazzino barola fenso

errore erore damigella damigela cattolici magiari barole fento

ferro fero dollaro dolaro chiama mago bensiero fimiamo

guerra guera folletto foletto chiede maniache bezzo fista

marrone marone gallina galina confusioni manici biacere fortuma

narrazione narazione gemello gemelo contesti manona biccolo giofane

sorriso soriso illusione ilusione custode materia bietro giopo

terra tera intelligenza inteligenza deposti moneta boco giunpa

terrazzo terazzo modello modelo diaspore necessario bolizia golore

terreno tereno pelle pele difensive notizia bomani grubbi

torre tore sorella sorela dilemmi notiziola bortare guita

disinvolto pacca bunto imbortante

dismisura parentesi bure insiene

dispendi patibolo cabire insonna

disperati piede capidare itea

evento pila cema laforare

evidenza pipa chianato lasciado

faccenda pitoni cippà leddera

fattori polizza cobba leddo

fiamma pompelmi conco maco

filetto pulita conunque mamo

fiume sabato deligata mato

fulgore salvataggi denere meanche

gatte solido dicomo mende

gelata sonore difefa menoria

generatori sponda divemme meppure

geologia stoffa diventado marido

triennio suolo serada montiale

ventilatori tabellino settia motifo

verbosità tesserina sinile musiga

verità trapassi situro nangiare

spanza narino

spiecato nenneno

spuola nondo

spusa norire

stammo onorado
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Appendix B

Continued

/r:/-words /r:/-nonwords /l:/-words /l:/-nonwords Control words Control nonwords

steffa oporino

succete pandiera

succevo paule

supito pemero

teffere piamo

televisiome pieti

tiena possipile

tolpa possomo

tuso potudo

ultina preffo

vesca puppane

vieme salfa

vifere salfe

vittina selata

Appendix C

Representative sample of stimuli and trials in the English AXB discrimination task.

A X B

/aɪ.fa/ /aɪ.fa/ /aɪ.θa/

/i.θɪ/ /i.θɪ/ /i.fɪ/
/i.θɪn/ /i.fɪn/ /i.fɪn/

/ɔ.fɔk/ /ɔ.θɔk/ /ɔ.θɔk/

/naʊ.va/ /naʊ.va/ /naʊ.ða/

/i.ða/ /i.ða/ /i.va/

/u.ðɪ/ /u.vɪ/ /u.vɪ/
/a.və/ /a.ðə/ /a.ðə/

/a.sel/ /a.sel/ /a.fel/

/tu.ʃi/ /tu.ʃi/ /tu.si/

/o.nul/ /o.mul/ /o.mul/

/ke.mi/ /ke.ni/ /ke.ni/

/u.nu/ /u.nu/ /u.lu/

/da.la/ /da.la/ /da.na/

https://doi.org/10.1017/S1366728917000323 Published online by Cambridge University Press

https://doi.org/10.1017/S1366728917000323


822 Phonetic-to-lexical mapping in L1 and L2 regional accents

Appendix D

Stimuli used in the English Lexical Decision Task.

/θ/-words /θ/-nonwords /ð/-words /ð/-nonwords Control words Control nonwords

euthanasia eufanasia other over queen surname afailable exteption

catharsis cafarsis mother mover fence eye alea exterience

lethal lefal rather raver glove country ampulance falue

plaything playfing together togever monkey second amyone farious

cathedral cafedral neither neiver lamb time amyway fashility

pathetic pafetic weather weaver shelves power aninal ferious

hypothesis hypofesis otherwise overwise maze half anount fervice

antithesis antifesis bother bover salvation hour aption eugaliptus

authentic aufentic leathery leavery management door atteared fillage

atheist afeist brother brover snake table audumm fimally

anything anyfing further furver essence group bame fingle

smoothing smoofing southern souvern jewel body baper flane

mythical myfical tether tever chess hear bastet forry

sympathies sympafies leather leaver cherry week beriod fouth

wealthy wealfy father faver altitude month birl fymbol

author aufor heather heaver coast order blass gabbage

mythology myfology gathering gavering milk food bround gack

methodology mefodology smother smover window age browth shalty

pathology pafology wither wiver potato parents cempral gandidate

nothing nofing unscathed unscaved apple street cenpury gank

desk office childhoon gare

leave national clease gastle

weight example colden gaution

mouse show tain gegin

people education derms gelow

back reason ditle gevice

good interest dreen glood

year alone dunch gommunity

world summer duy gompany

away pause earnier gontext

children payment eferyone gotton

woman personal efidence goubt

hand signal emergy gouncil

day place eponomic gow

school policy eshactly guickly

money position exquensive ibea

press fine imbustrial nale

process foot imbustry narket

provide found imprease narriage

union future incipent naterial

university west indivigual nerely

unless whatever insibe nile

understand suitcase kmee nillion

fatigue vampire kmife nission

figure yourself kmow nodern
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Appendix D

Continued

/θ/-words /θ/-nonwords /ð/-words /ð/-nonwords Control words Control nonwords

lanbuage nusic

lefel obosition

lenonade obviousny

limen pacation

mapkin palking

meap pasement

mearly peautiful

meed pench

mone peyond

morth plothe

mosion plue

movenent pold

muclear pommon

nain subbort

najor subbose
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