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Abstract

The multilingual landscape of Canada creates opportunities for many heterogeneous bilingual
communities to experience systematic phonetic variation within and across languages and dia-
lects, and exposes listeners to different pronunciation variants. This paper examines phonetic
variation through the lens of an ongoing sound change in Cantonese involving word-initial [n]
and [l] across two primed lexical decision tasks (Experiment 1: Immediate repetition priming
task, Experiment 2: Long-distance repetition priming task). Our main question is: How are
sound change pronunciation variants recognized and represented in a Cantonese-English bilin-
gual lexicon? The results of both experiments suggest that [n]- and [l]-initial variants facilitate
processing in both short and long-term spoken word recognition. Thus, regular exposure to
Cantonese endows bilingual listeners with the perceptual flexibility to dually and gradiently
map pronunciation variants to a single lexical representation.
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Résumé

Le paysage multilingue du Canada permet à de nombreuses communautés bilingues
hétérogènes de faire l’expérience d’une variation phonétique systématique au sein de et
entre les langues et les dialectes, et expose les auditeurs à différentes variantes de prononcia-
tion. Cet article examine la variation phonétique sous l’angle d’un changement de son en cours
en cantonais impliquant les initiales du mot [n] et [l] dans deux tâches de décision lexicale avec
amorçage (expérience 1 : tâche d’amorçage par répétition immédiate, expérience 2 : tâche
d’amorçage par répétition à longue distance). Notre principale question est la suivante :
comment les variantes de prononciation par changement de son sont-elles reconnues et
représentées dans un lexique bilingue cantonais-anglais ? Les résultats des deux expériences
suggèrent que les variantes initiales [n] et [l] facilitent le traitement dans la reconnaissance
des mots parlés à court et à long terme. Ainsi, l’exposition régulière au cantonais confère
aux auditeurs bilingues la flexibilité perceptive nécessaire à la mise en correspondance duale
et progressive des variantes de prononciation avec une représentation lexicale unique.

Mots-clés: fusion, cantonais, multilinguisme, reconnaissance des mots

1. INTRODUCTION

Phonetic variation abounds in spoken words. Variation may be irregular, as in the case
of the occasional mispronunciation, or systematic, as in the case of variation that is con-
ditioned by social and linguistic structures (e.g., Labov 1963, Clopper and Turnbull
2018). In the current study, we examine systematic variation and its effects on word
recognition for Cantonese-English bilinguals in Canada by targeting a described dia-
chronic change-in-progress involving the onset consonants /n/ and /l/ in Cantonese.

Listeners do not treat all experienced phonetic or phonological variation equiva-
lently (e.g., Johnson 1997, Sumner and Kataoka 2013). For instance, mispronuncia-
tions may be recognizable, but they need not be encoded in long-term linguistic
representations. At the same time, an adaptive linguistic system may need recourse
for encoding more regular phonetic/phonological variation. It is important to separate
the recognition of an item from its encoding in the lexicon. While the nature of
linguistic representations and the process of encoding differ across models (see
Pierrehumbert 2016 for a review and Todd et al. 2019 for a recent instantiation of
the distinction between recognition and encoding), behaviour in different experimen-
tal manipulations has traditionally been used to delineate recognition from encoding.
For instance, multiple conditioned pronunciation variants may facilitate short-term
processing and recognition (McLennan et al. 2003, Sumner and Samuel 2009), as
evidenced by immediate priming paradigms that probe listener recognition across a
short interval of time (e.g., 500 ms). There is also evidence that typical pronuncia-
tions are encoded more robustly in lexical representations than atypical pronuncia-
tions (Nygaard et al. 2000) and that canonical pronunciations receive preferential
encoding (Sumner and Samuel 2005) in tasks where primed listener recognition
occurs even across a more extended interval of time (e.g., across experimental
blocks). The notion of preferential encoding points to the fact that the forms that
are encoded, or, perhaps, encoded most robustly, may be socially prestigious or
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valuable, as opposed to encoding strength being simply related to frequency of occur-
rence (Sumner and Kataoka 2013, Sumner et al. 2014, Babel et al. 2019, Jones and
Clopper 2019). More broadly, the idea that multiple forms may be encoded, but at
gradient strengths that activate a lexical representation to varying degrees, is sup-
ported by work showing that monolingual and bilingual listeners are sensitive to
social-dialectal information in word recognition (Drager 2010, McGowan 2015,
Szakay et al. 2016, Jones and Clopper 2019).

Importantly, regular contextual exposure can also lead to more lenient or flexible
speech processing strategies (Sumner and Samuel 2009). For example, Samuel and
Larraza (2015) posit that Basque listeners are regularly exposed to Spanish-accented
Basque, which allows for the dual-mapping of pronunciation variants – in this case,
laminar [t͡s̻] and palato-alveolar [t͡ʃ ] – to lexical items for the benefit of efficient word
recognition. In this respect, regular exposure to Spanish-accented Basque can blur
this affricate place-of-articulation contrast for word recognition, as both pronunci-
ation variants map to a single lexical item. This dual-mapping can also be realized
in within-dialect changes-in-progress. In New Zealand English, younger speakers
are merging the EAR/AIR vowels, producing AIR words in a similar phonetic
space to EAR words. However, given their regular exposure to older speakers,
who maintain a more clear contrast in these lexical sets, listeners show a kind of
dual-mapping where recognition of, for example, ‘chair’ is achieved by both
pronunciation variants [t͡ʃiә] and [t͡ʃeә] (Rae, Warren, et al. 2002).

1.1 Current study: Cantonese /n/ and /l/ variation

These findings for New Zealand English demonstrate that pronunciation variation
can be rooted in diachronic change, where, from a synchronic perspective, a demo-
graphic group may be more or less advanced in a sound change-in-progress. This may
be the case with a sound change in Cantonese, where word-initial /n/ is often pro-
duced as [l] (Wong 1941, Matthews and Yip 2013, To et al. 2015), a pattern that
was initially observed in the first half of the twentieth century (Ball 1907). In this
sound change, words such as nou51 腦 ‘brain’, historically pronounced with an
initial /n/ (hereafter, historical variant) are pronounced with [l] (hereafter, innovative
variant), making them homophonous with pre-existing /l/-initial words, such as lou5
老 ‘old’. Participation in this sound change may be higher in younger speakers
(Yeung 1980, Bourgerie 1990, To et al. 2015, Zee 1999) though more recent work
finds similarly high rates of [l] for /n/ between younger and older speakers in
Hong Kong (Cheng et al. 2022). Additionally, early work by Pan (1981) provides
some evidence that the sound change may be conditioned by stylistic context. In
their study, young and old Cantonese speakers heard two passages (one bearing
[n]-initial forms and another bearing [l]-initial forms) produced by the same
speaker. While listeners were asked to pay attention to the similarity between speak-
ers, they were ultimately also asked to decide which speaker had a higher socio-
economic status. Overall, the speakers indicated that the speaker who produced the

1Cantonese items are romanized in Jyutping (Tang et al. 2002), which transparently indi-
cates whether the intended forms are [n]- or [l]-initial.
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passage with [n]-initial forms had a higher socioeconomic status, suggesting that
historical forms denote prestige. The direction of this sound change combined with
the social context may ultimately position [l]-initial pronunciations to be more
frequently encountered in everyday, more casual speech processing and [n]-initial
pronunciations to be more frequently encountered in more formal contexts.

While the historical progression of the sound change has been investigated from
a sociolinguistic perspective, there are few phonetic studies that examine the conse-
quences for perception or recognition. Cheng (2017) and later Cheng et al. (2022)
represent the first attempts at carefully examining Cantonese [n] and [l] in perception.
In Cheng (2017), older and younger groups of early Cantonese-English bilinguals
recruited from Hong Kong and Vancouver took part in a two-alternative forced
choice word identification task where listeners heard tokens from a synthesized
[n]-to-[l] continuum. The results showed that younger speakers were more categor-
ical in their perception of [n] and [l] than older speakers, suggesting a relative unmer-
ging of [n] and [l]. Cheng (2017) notes that this unmerging is not surprising given the
bilingual participants’ contact with languages like English and Mandarin (where
these consonants remain contrastive), as well as pressure from metalinguistic aware-
ness about the ‘correct’ (i.e., historical) pronunciation variants.

More broadly, while Cantonese is spoken as the majority language in Hong
Kong, Macau, and Guangzhou (Bauer and Benedict 1997), there are large diaspora
communities in different parts of the world, including metropolitan cities across
Canada. While Canada is traditionally recognized for its rich history of French-
English bilingualism, the multilingual landscape of Canada has created relatively
stable bilingual speech communities with other languages as well, such as
Cantonese. By adulthood, early Cantonese-English bilinguals raised in Canada are
typically more dominant in English or French, the dominant societal languages,
but Cantonese speech communities across Canada are robust and part of the multicul-
tural fabric of many Canadian communities (Yee 2006). In various population
centres, Cantonese is a predominant language spoken and heard by talkers (e.g.,
Richmond, British Columbia, see Statistics Canada 2017).

The cultural mosaic of Canada is a rich resource for engaging in research ques-
tions about multilingualism in ways that acknowledge the long-standing history of
languages, like Cantonese, in Canada (see also Wong and Babel 2017). We empha-
size that English and Cantonese are both immigrant languages in British Columbia
and that this linguistic landscape is an opportunity to consider the dynamics of
Cantonese-English bilingualism in Canada (see discussions in Muysken 2020,
Polinsky and Scontras 2020). As such, we consider this a proof-of-concept study
that these psycholinguistic questions can be explored in a heterogeneous bilingual
community in Canada.

As mentioned, dialectal variation provides evidence suggesting that listeners
encode multiple phonetic forms in the lexicon (Sumner and Samuel 2009, Samuel
and Larraza 2015), since experience with pronunciation variants may support their
representation in the lexicon. Thus, the pronunciation variation experienced by
Cantonese-English bilingual listeners may facilitate the recognition and representa-
tion of sound change variants.
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In this study, we examine how these sound change variants are recognized and
encoded in early Cantonese-English bilinguals across two experiments. Experiment 1
was an immediate repetition priming task designed to examine how [n] and [l] pro-
nunciations affect short-term word recognition. In critical trials, [l]-initial target
words (e.g., lou5) were preceded by primes that were identical (i.e., lou5) but phys-
ically distinct tokens, or by the historical [n]-initial pronunciation variant (e.g., nou5).
Immediate priming tasks probe short-term word recognition as primes and targets are
presented in a single trial and separated by an inter-stimulus interval (ISI). We use a
500 ms ISI that taps into “phonetic perception”, following terms devised by Werker
and Logan (1985). If the sound change in question plays a role in word recognition,
we predict that both [n]- and [l]-initial pronunciation variants should facilitate the rec-
ognition of [l]-initial targets equivalently or at least that both would provide stronger
priming than other phonologically similar forms. Thus, primes with a shared rime but
with a different onset consonant not undergoing a sound change were also included as
control trials. We extend the findings of Experiment 1 through Experiment 2, a long-
distance repetition priming task designed to examine the long-term encoding of these
sound change variants in lexical representations. In this task, primes and targets were
separated into distinct blocks. Long-distance priming tasks tap into longer-term repre-
sentations as primes and targets are separated across blocks (cf. immediate priming
tasks, where primes and targets are presented within a trial). If the sound change has
affected the longer-term representation of these items, we hypothesized that [n]- and
[l]-initial primes would again prime [l]-initial targets equivalently. On the other hand,
if lexical items are unaffected by the sound change in the longer-term, and underlying
/n/-initial forms (like nou5 腦 ‘brain’) are stored with an initial [n], we hypothesized
that only [l]-initial primes would facilitate recognition of [l]-initial targets.

2. EXPERIMENTAL PROCEDURES

The general procedure for Experiments 1 and 2 was the same, with different partici-
pants for each task. First, participants completed the Bilingual Language Profile
(BLP) questionnaire (Gertken et al. 2014) through a Qualtrics (2022) survey
(Qualtrics, Provo, UT). The BLP questionnaire computes a quantified measure of
dominance between the two languages of a bilingual (in this case, Cantonese and
English) through a series of questions about language history (e.g., “At what age
did you start learning Cantonese/English?”), use (e.g., “In an average week, what per-
centage of the time do you use Cantonese/English with family?”), proficiency (e.g.,
“On a scale of 0–6, how well do you read Cantonese/English?”), and attitudes (e.g.,
“To what degree do you feel like yourself when speaking each language?”). Positive
“dominance scores” indicate greater English dominance and negative dominance
scores indicate greater Cantonese dominance (the valence is arbitrary on this
scale). The dominance scores for the participants in Experiment 1 and 2 are provided
in Figures 1 and 3 respectively. The dominance scores span a wide range; this hetero-
geneity is typical of the Cantonese-English speech community in our subject
population.
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The rest of the experiment was carried out online through jsPsych (de Leeuw and
Motz 2016). After providing informed consent, listeners took part in an auditory
headphone check (Woods et al. 2017). Next, participants listened to a Cantonese
version of “The North Wind and The Sun”, recorded by the same talker who
produced the stimuli, to become familiarized with the talker’s voice and prepare
for a more Cantonese-centric language mode. Finally, participants proceeded to the
main task: the immediate repetition priming task in Experiment 1 (see section 3),
or the long-distance repetition priming task in Experiment 2 (see section 4). Each
experiment took approximately 30–40 minutes to complete.

3. EXPERIMENT 1: IMMEDIATE REPETITION PRIMING

Experiment 1 was an immediate repetition priming task designed to examine whether
historically /n/-initial words pronounced as [n], the conservative and less common
variant, or [l], the innovative and more common pronunciation variant, prime equiva-
lently well. The design of Experiment 1 follows the methods described in a similar
study by Sumner and Samuel (2009), who examined the representation of dialect variants
in the lexicon. In each trial, participants were presented with an auditory prime, followed
by the corresponding auditory target after a 500 ms ISI. Participants were instructed to
indicate whether the second item (i.e., the target) was a real word of Cantonese or a
nonword by pressing “1” or “0” on their keyboard (key order counterbalanced across lis-
teners). The next trial proceeded after an inter-trial interval (ITI) of 1000 ms.

3.1 Stimuli and participants

Following Sumner and Samuel (2009), 40 [l]-initial target words were selected.
As minimal pairs for /n/ and /l/ are already limited in Cantonese, variables like
lexical category were not considered during stimulus selection. More broadly, a
representative bilingual Cantonese-English corpus from which frequency counts
could be extracted was not available at the time of the study and corpus statistics

Figure 1: Distribution of dominance scores for participants in Experiment 1:
Immediate Repetition Priming. Each dot represents one participant. The number of
dots do not add up to the number of participants across experiments, as not all

participants filled out the Bilingual Language Profile in full. Positive scores indicate
greater English dominance and negative dominance scores indicate greater Cantonese

dominance (the valence is arbitrary on this scale, which ranges from ±218).
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derived from monolingual speaker sources are often unreliable measures for popu-
lations that diverge from traditional monolingual speaker norms.2 Each [l]-initial
target word (e.g., lou5 老 ‘old’) was preceded by one of four different prime types,
each representing different pair types (see Table 1). In identity pairs, the prime
and target were identical words (though physically distinct tokens from the
same speaker; e.g., a different token of lou5 老 ‘old’). In historical pairs, the
prime was the historical and less frequent [n]-initial variant of the target (e.g.,
nou5 腦 ‘brain’). These critical pairs were matched with two control pairs. In
rime pairs, the prime and target shared rimes and differed in their initial conso-
nants (e.g., pou5 抱 ‘embrace’). Crucially, unlike the historical pairs the prime
did not bear an initial consonant that is reported to be merging with [l]. In unre-
lated pairs, the prime and the target did not share any features (e.g., caa4 茶 ‘tea’).

An additional 80 non-[l]-initial filler target words were selected (e.g., daan2 蛋

‘egg’). As with the real-word targets, the real-word fillers were preceded by different
primes, each representing different pair types: identity (e.g., a different token of
daan2 蛋 ‘egg’), rime (e.g., caan2 鏟 ‘shovel’), unrelated (e.g., fei1 飛 ‘to fly’),
and nonword primes (e.g., *gwem3). This produced a 1:2 ratio of critical to filler
items in the experiment, and a total of 120 real-word targets.

To balance the number of real-word and nonword targets in the experiment, 120
nonword targets were created from systematic and accidental gaps in the language
(Kirby and Yu 2007). Here again, the nonword targets (e.g., *su1) were preceded
by different primes, each representing different pair types: identity (e.g., a different
token of *su1), rime (e.g., *zu1), unrelated (e.g., *gwei2), and real-word primes

Experiment 1 pair types Pair Prime Target

Critical Identity lou5 老 ‘old’ lou5 老 ‘old’
Historical nou5 腦 ‘brain’

Control Rime pou5 抱 ‘embrace’
Unrelated caa4 茶 ‘tea’

Filler Identity daan2 蛋 ‘eggs’ daan2 蛋 ‘eggs’
Rime caan2 剷 ‘shovel’
Unrelated fei1 飛 ‘to fly’
Nonword *gwem3

Nonword Identity *su1 *su1
Rime *zu1
Unrelated *gwei2
Real word coeng3 唱 ‘sing’

Table 1: Example stimuli sets in Experiment 1. See the Supplementary Materials for
the full list of stimuli in each experiment.

2To at least partially account for the potential effect of item frequency, the Bayesian mixed
effects models for Experiment 1 and 2 both included by-item random intercepts.
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(e.g., coeng3 唱 ‘sing’). Forty of these 120 nonword targets were [l]-initial and bore
[n]-initial nonword rime primes. These were included so that [n] and [l] were not
exclusively represented in real-words.

Each of these prime-target pairs was counterbalanced across 4 lists. Thus, each
list contained a total of 240 trials, in which there were 120 real-word targets (40 crit-
ical pairs and 80 filler pairs) and 120 nonword targets. All stimuli were produced by a
linguistically-trained female early Cantonese-English bilingual (27 years old) who
produced clear [n]- and [l]-initial items without the sound change. Items were
recorded in a sound-attenuated cabin in Audacity through a Samson C03U USB
microphone at a sampling rate of 44.1 kHz and 24-bit depth and pre-tested to
ensure that the initial [n] and [l] segments were clearly produced.3

Sixty-three early Cantonese-English bilinguals who acquired Cantonese before
the age of five completed the task. As in Sumner and Samuel (2009), participants
with high error rates on filler trials were removed. Twenty-three participants with
error rates greater than 15% on filler trials were removed (4.6% of the data),
leaving the data from 40 early Cantonese-English bilinguals (mean age = 21 years)
for further analysis. These 40 early Cantonese-English bilinguals all spent the major-
ity of their lives in a Cantonese-speaking family (mean = 19 years). Additionally, on a
scale of 0 to 6 (where 0 represents “not well at all” and 6 represents “very well”) they
reported high understanding of Cantonese (median = 5) and English (median = 6) and
high speaking ability in Cantonese (median = 4) and English (median = 6).

3.2 Analysis and results

Following Balota et al. (2007), reaction times greater than 3000 ms or less than
200 ms were removed, as well as reaction times less than or greater than 2.5 standard
deviations from each subject’s mean (approximately 4.8% of the responses). The
reaction times for correct responses of the data post-outlier removal are summarized
in Table 2.

Pair type Mean reaction time (ms)

Identity 1063.23 (412.53)
Historical 1106.52 (410.21)
Rime 1182.27 (419.34)
Unrelated 1256.43 (409.09)

Table 2:Mean reaction times in milliseconds (ms) to critical (identity and historical)
and control (rime and unrelated) pair types in Experiment 1. Standard deviations are

provided in parentheses.

3The critical [n]- and [l]- initial auditory tokens were blinded and submitted to three
research assistants who did not speak Cantonese or any other language where /n/ and /l/ are
merging. The initial consonants of all real-word items were labeled as intended by all research
assistants.
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The reaction time data were analyzed using a Bayesian mixed-effects model
fitted in Stan using the {brms} package (Bürkner 2017) in R (R Core Team 2021).
Bayesian models shed light on the continuous probability distributions of parameter
values, and, crucially, afford meaningful interpretation of a null result. More broadly,
a Bayesian framework was most appropriate for the current set of experiments as the
study aimed to see how well data would fit with theoretical predictions and to incorp-
orate nuance to interpretations that are, in all likelihood, not black or white. In
Bayesian models, one way to quantify and evaluate the strength of an effect is
through a credible interval (CrI) and the probability of direction (PD). However,
just as the 0.05 alpha level in Frequentist frameworks is an arbitrary selection, the
use of a selected credible interval percentage is also arbitrary (Kruschke 2014,
McElreath 2020). We follow the standards in Nicenboim and Vasishth (2016),
wherein strong evidence for a non-null effect is represented by a 95% CrI that
does not include 0, and weak evidence for an effect is represented by a 95% CrI
that includes 0, with probabilities of at least 95%.

Themodel included Pair (Historical, Identity, Rime, Unrelated) as a dummy-coded
fixed effect with Historical pairs as the reference level. Crucially, this allows us to
compare whether Historical pronunciations prime equivalently well as Identity and
Rime primes. The model also included by-item random intercepts and by-subject
random slopes for the effect of Pair. The inclusion of subject in the random effects struc-
ture is also fundamental, given the heterogeneity that is expected within bilingual popu-
lations. We assumed a lognormal response distribution for reaction times with a mean
of 6 and standard deviation of 1 for the intercept, following Ciaccio and Veríssimo
(2020), who also analyzed lexical decision reaction times in a Bayesian framework.
Regularizing, weakly informative priors were selected for the all population-level
effects, and for the random intercepts and slopes, centered at 0 with a standard deviation
of 0.25 (see the SupplementaryMaterials for a full list of prior distributions). Following
Casillas (2020), the correlation parameter was an LKJ correlation prior with regulariza-
tion set at 2. We used Hamiltonian Monte-Carlo sampling with four chains (each with
2000 iterations, 1000 warm-up) to draw samples from the posterior distribution. Table 3
provides the output of the model. The mean of the posterior distribution and the 95%

Experiment 1 β̂ Estimate 95% CrI PD R̂ Bulk ESS

Intercept (Historical) 6.95 [6.88, 7.02] 100% 1.00 2733
Pair (Identity vs. Historical) −0.05 [−0.10, 0.01] 95.26% 1.00 12706
Pair (Rime vs. Historical) 0.07 [0.02, 0.11] 99.94% 1.00 18671
Pair (Unrelated vs. Historical) 0.14 [0.09, 0.18] 100% 1.00 17875

Table 3: Population-level or fixed-effect predictors summary of the Bayesian mixed-
effects model carried out on log reaction times from Experiment 1. The β̂ estimate,
lower and upper bounds of the 95% Credible Interval (CrI), and Probability of
Direction (PD) are reported. The R̂ and bulk effective sample size (ESS) are also

provided.
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credible interval (CrI) are given for each estimate. We also report the probability of dir-
ection (PD) for the levels in Table 3, which provides a measure of how probable the
specific direction of the effect is, in addition to the bulk effective sample size (ESS)
and R̂ values to show that the model was well mixed.

Participants tended to respond faster to identity pairs compared to historical pairs
(the reference level). The upper limit of the 95% CrI for this comparison encompasses
0 and the PD is approximately 95% (Identity pairs: β = −0.05, CrI = [−0.10, 0.01],
PD = 95.26%), making this relatively weak evidence for identity pairs having a pro-
cessing advantage over historical pairs. While these current data might, therefore,
suggest a lack of a strong difference between historical and identity pairs, we note
that the CrI is almost entirely negative. This is visualized in the posterior distributions
for each population level coefficient in Figure 2. Thus, while the CrI encompasses 0,
given the data the distribution of values do suggest that identity primes may be
slightly more effective than historical primes.

In contrast, participants were significantly slower to respond to both rime and
unrelated pairs compared to historical pairs. This is indicated by the positive beta esti-
mates, the 95% credible intervals that do not encompass 0, and the strong probabil-
ities of positive directions (Rime pairs: β = 0.07, CrI = [0.02, 0.11], PD = 99.94%,
Unrelated pairs: β = 0.14, CrI = [0.09, 0.18], PD = 100%).

3.3 Interim discussion

Overall, these results suggest that listeners map the historical [n]-initial pronuncia-
tions and the innovative [l]-initial pronunciations to historically /n/-initial words.
The lack of strong response time difference between historical and identity pairs sug-
gests that the sound change may have rendered [n]-initial primes (in historical pairs)

Figure 2: Half box-and-whisker plots of the raw reaction time (ms) for critical
(identity and historical) and control (rime and unrelated) pair types in Experiment
1. The 95% range of the posterior predictive distributions for each population level

coefficient is indicated by the coloured error bars.
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and [l]-initial primes (in identity pairs) as recognition equivalents, though the data
may ultimately suggest that identity pairs indeed have a processing advantage.
Certainly, the priming observed for historical pairs is unlikely to be a product of
shared rimes between the prime and target, as there was strong evidence for a differ-
ence between the historical and rime trials. If the priming effect of the historical
primes was due to the shared rime, we would not expect to see such a difference
between the historical and rime pairs.

Taken together, these data provide evidence that both historical [n]-initial primes and
innovative [l]-initial primes facilitate recognition of /l/-initial targets compared to control
trial types, and that the innovative identity prime may have a processing advantage.

These data may be accounted for by (at least) two explanations. First, listeners
may simply be poor at distinguishing [n] from [l] at a phonetic level. That is, the dif-
ference between the initial [n] and [l] in the historical and identity primes, respect-
ively, may simply not have been robustly perceptible. Work by Cheng (2017),
however, suggests that this is unlikely to be the case, as the same population of
early Cantonese-English bilinguals recruited from Vancouver in her study showed
sensitivity to [n] and [l] pronunciation variants. In fact, as mentioned in section 1,
the participants in Cheng (2017) demonstrated an apparent perceptual unmerging
of [n] and [l], as for younger participants the category boundary between the two
sounds was rather crisp in comparison to older bilinguals.

A second explanation is found at the lexical level. Listeners are able to perceive
the difference between [n] and [l] and map the two phonetic codes to a single lexical
representation (e.g., lou5 and nou5 both map to lou5 老 ‘old’). This dual-mapping
explanation was proposed in Samuel and Larraza (2015) to account for the finding
that very early, highly fluent Basque-Spanish bilinguals accept “erroneous” pronun-
ciations of Basque /tʃ/ as [ts̻] at high rates in a lexical decision task. The Basque-
Spanish bilinguals showed clear discrimination of these sounds at a phonetic level
(in an AXB task). In a subsequent picture matching task, however, where listeners
had to tap into their lexical knowledge to map the auditory utterance to the correct
image, listeners showed tolerance for erroneous pronunciations (at even higher

Figure 3: Distribution of dominance scores for participants in Experiment 2: Long-
Distance Repetition Priming. Each dot represents one participant. The number of dots
do not add up to the number of participants across experiments, as not all participants
filled out the Bilingual Language Profile in full. Positive scores indicate greater
English dominance and negative dominance scores indicate greater Cantonese
dominance (the valence is arbitrary on this scale, which ranges from ±218).
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rates than in the lexical decision task). The authors conclude that the acceptance of
these mispronunciations reflects the mapping of two phonetic variants (a “correct”
and “incorrect” pronunciation, following Samuel and Larraza’s terms) to a single
lexical representation. In the case of the Basque listeners, this variability in phonetic
forms stems from regularly hearing Spanish-accented Basque, which often does not
maintain the historical Basque pronunciation.

We further test the dual-mapping hypothesis in Experiment 2 with a long-dis-
tance repetition priming task where the prime and target are separated across experi-
mental blocks. In this paradigm, minimal pairs are not expected to show priming
across long-distances. As such, if [n]- and [l]-initial forms are indeed separately
encoded variants, priming across a more extended time interval in a long-distance
repetition priming task is not expected. On the other hand, if both pronunciations
are fully encoded as acceptable variants of a single lexical item, long-distance
priming is anticipated.

4. EXPERIMENT 2: LONG-DISTANCE REPETITION PRIMING

Experiment 2 was a long-distance repetition priming task modeled after the long-dis-
tance priming task described in Sumner and Samuel (2009). Unlike Experiment 1,
where participants were presented with prime-target pairs separated by a 500 ms
ISI on each trial, listeners were instead presented with individual auditory tokens
on each trial and instructed to indicate whether the item was a real word of
Cantonese or a nonword by pressing “1” or “0” on their keyboard (key order counter-
balanced across listeners). The next trial proceeded after an ITI of 1000 ms. There
were two blocks in Experiment 2 separated by a short, self-paced break and trials
were randomized within each block.

4.1 Stimuli and participants

Experiment 2 utilized a subset of the stimuli from Experiment 1 (see Table 4).
Specifically, the first block contained the primes from 10 critical identity pairs
(e.g., lou5 老 ‘old’), the primes from 10 critical historical pairs (e.g., naam4 男

Experiment 2 pair types Pair Block 1 Block 2

Critical Identity lou5 老 ‘old’ lou5 老 ‘old’
Historical naam4 男 ‘male’ laam4 藍 ‘blue’

Control Unmatched – laai1 拉 ‘pull’
Filler Repeated tin1 天 ‘sky’ tin1 天 ‘sky’

Unrepeated haang4 行 ‘walk’ so2 ‘lock’
Nonword Repeated *wen2 *wen2

Unrepeated *son3 *tu2

Table 4: Example stimuli sets in Experiment 2. See the Supplementary Materials for
the full list of stimuli in each experiment.
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‘male’), 160 real-word filler items (e.g., tin 天 ‘sky’), and 240 nonword items (e.g.,
*wen2). This produced a total of 420 trials in the first block, consisting of 180 words
and 240 nonwords. The second block contained the 10 corresponding targets of the
critical identity pairs (e.g., a different token of lou5 老 ‘old’) and the 10 correspond-
ing targets of the critical historical pairs (e.g., laam4藍 ‘blue’). Twenty additional [l]-
initial words that bore no corresponding prime in the preceding block were also
included and represented unmatched controls (e.g., laai1 拉 ‘pull’). One hundred
and sixty real-word filler items were again presented; 80 of these were words repeated
from the preceding block (e.g., tin1天 ‘sky’), while the other 80 were new filler items
(e.g., so2 鎖 ‘lock’). Two hundred and forty nonwords were also included in the
second block, with 120 words repeated from the first block (e.g., *wen2), and 120
new nonwords (e.g., *tu2). This produced a total of 420 trials in the second block,
consisting of 200 words and 240 nonwords.

Fifty-two early Cantonese-English bilinguals who acquired Cantonese before the
age of five completed the task. As in Sumner and Samuel (2009), participants with
high error rates on filler trials were removed. Twenty-two participants with error
rates greater than 15% on filler trials were removed (4.4% of the data), leaving the
data from 30 early Cantonese-English (mean age = 21 years) for further analysis.
These 30 early Cantonese-English bilinguals all spent the majority of their lives in
a Cantonese-speaking family (mean = 19 years). Additionally, on a scale of 0 to 6
(where 0 represents “not well at all” and 6 represents “very well”) they reported
high understanding of Cantonese (median = 6) and English (median = 6) and high
speaking ability in Cantonese (median = 5.5) and English (median = 6).

4.2 Analysis and results

In Experiment 2, we analyzed the reaction times for the critical pair types from Block
2 only. Reaction times greater than 3000 ms or less than 200 ms were removed, as
well as reaction times less than or greater than 2.5 standard deviations from each
subject’s mean (approximately 4.4% of the responses). These remaining data are
summarized in Table 5. We analyzed the reaction times from Block 2 using the
same Bayesian model structure and priors as in Experiment 1 (see section 3.2). For
the sake of brevity, we do not go over the details here again. Table 6 provides the
output of the model, where the mean of the posterior distribution and the 95% CrI

Pair type Mean reaction time (ms)

Identity 1104.26 (302.56)
Historical 1050.75 (302.06)
Unpaired 1158.58 (321.97)

Table 5: Mean reaction times (ms) to to critical (identity and historical) and control
(unmatched) pair types in Block 2 of Experiment 2. Standard deviations are provided

in parentheses.

111SOO AND BABEL

https://doi.org/10.1017/cnj.2024.3 Published online by Cambridge University Press

https://doi.org/10.1017/cnj.2024.3


are given for each estimate as well as the PD, ESS, and R̂ values. The empirical data
and the posterior distributions for each pair type are visualized in Figure 4.

Participants were slower to respond to identity pairs compared to historical pairs
(the reference level), as indicated by the positive beta estimate. However, the 95% CrI
encompasses 0 and the probability of direction is approximately 85%, which,
together, suggests there is little to no evidence that this difference is meaningful
(Identity pairs: β = 0.04, CrI = [−0.04, 0.13], PD = 85.16%). Participants were also
slower to respond to unpaired items compared to historical pairs, and the evidence
for this difference was strong (Unpaired pairs: β = 0.08, CrI = [0.01, 0.16], PD =
98.30%). These results are generally in line with those of Experiment 1, and indicate
that historical [n]-initial primes and innovative [l]-initial primes are at an advantage

Experiment 2 β̂ Estimate 95% CrI PD R̂ Bulk ESS

Intercept (Historical) 6.94 [6.86, 7.01] 100% 1.00 4982
Pair (Identity vs. Historical) 0.04 [−0.04, 0.13] 85.16% 1.00 6472
Pair (Unpaired vs. Historical) 0.08 [0.01, 0.16] 98.30% 1.00 6599

Table 6: Population-level or fixed-effect predictors summary of the Bayesian mixed-
effects model carried out on log reaction times from Experiment 2. The β̂ estimate,
lower and upper bounds of the 95% Credible Interval (CrI), and Probability of
Direction (PD) are reported. The R̂ and bulk effective sample size (ESS) are also

provided.

Figure 4: Half box-and-whisker plots of the raw reaction time (ms) for critical
(identity and historical) and control (unpaired) pair types in Block 2 of Experiment
2. The 95% range of the posterior predictive distributions for each population level

coefficient is indicated by the coloured error bars.
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over unpaired or control items at both short and long time lags when processing [l]-
initial targets.

5. GENERAL DISCUSSION

In Experiment 1, [l]-initial targets were primed by both [n]- and [l]-initial primes in an
immediate repetition priming paradigm. There was strong evidence that [n]- and [l]-
initial targets prime better than control pairs, and weak evidence that the innovative
identity prime [l]- had a priming advantage over the historical [n]- pronunciation for
immediate word recognition. These data suggest that both variants of the sound
change may be dually-mapped to the same lexical representation in short-term pro-
cessing, but may potentially vary in activation strength. To investigate the dual-
mapping hypothesis with these pronunciation variants more fully , we carried out a
long-distance repetition priming task in Experiment 2 to assess lexical encoding.
Similarly to Experiment 1, the data from this task revealed no major difference
between the historical and identity pairs, with more convincing evidence that the
[n]-initial and [l]-initial forms primed the [l]-initial targets equivalently well. Our
Bayesian analysis allows for subtlety in interpretation: numerically speaking, the
innovative [l]-initial variants prime to a slightly greater degree than [n]-initial variants
in short-term processing, suggesting that the more frequently encountered innovative
form may afford a processing advantage. However, overall, these findings suggest
that pronunciation variants may be dually-mapped in immediate word recognition
as well as in longer-term lexical encoding. These results complement the findings
in Sumner and Samuel (2005) and Jones and Clopper (2019), which support gradient
encoding in the lexicon. Additionally, these results suggest that in Cantonese, par-
ticular phonetic forms may be encoded to varying strengths, with, in this case, the
more frequently encountered innovative form receiving some degree of preferential
status in immediate recognition, though not in long-term encoding.

How do listeners develop the perceptual flexibility to include a separate pronun-
ciation variant for a given lexical item? Similarly to the Basque-Spanish bilinguals in
Samuel and Larraza (2015), the Cantonese-English bilingual listener population in
Canada is exposed to variation in pronunciation. These populations reside in commu-
nities where they are regularly exposed to alternative phonetic variants – in some
cases participating in this variation themselves – making it potentially beneficial
for listeners to expand the set of acceptable pronunciations for a particular lexical
item. Regular exposure to sound change variants in the community may simultan-
eously allow listeners to map two phonetic variants to a single lexical representation,
and maintain a distinction between [n] and [l] at the phonetic level, regardless of the
source of variation (Sumner and Samuel 2009, Samuel and Larraza 2015).

While the [n] and [l] merger has been traditionally described as a change-in-pro-
gress, it may also be the case that the variation has become enregistered (Agha 2005).
As mentioned in section 1.1, work by Pan (1981) suggests that the historical form
indexes prestige. In this regard, the variation between [n] and [l] may represent
more stable stylistic variation. In such a case, most speakers would exhibit some
amount of structured variation in their usage, adopting more [n]-like pronunciations
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in more formal contexts and more [l]-like pronunciations in more casual contexts.
This would mean that a dual-mapping of [n] and [l] pronunciation variants would
nearly be required for effective speech processing, as all speakers would exhibit
some amount of pronunciation variation based on social context. It may be that the
[n] and [l] merger, which has been described as complete in previous work
(To et al. 2015), may indeed be stabilizing as context-conditioned variation. This
is also considered in the discussion in Cheng et al. (2022).

6. CONCLUSION

An ongoing sound change in Cantonese sees word-initial /n/ produced as [l], render-
ing [n]-initial words and [l]-initial words homophononous. In the current study, we
examined the effects of this sound change on word recognition in early Cantonese-
English bilinguals across two experiments. Experiment 1 was an immediate repetition
priming task designed to examine how [n] versus [l] pronunciations affect immediate
word recognition while Experiment 2 was a long-distance repetition priming task
designed to examine how these pronunciation variants are encoded in the longer
term. The results of both experiments indicate that [n]- and [l]-initial pronunciations
facilitate processing. The evidence in support of recognition equivalence (Sumner
et al. 2014) of these pronunciation variants in long-term lexical encoding was
clear, though there was some indication that the identity primes ([l]-initial pronuncia-
tions) may have had a slight advantage over the historical [n]-initial pronunciations in
immediate word recognition. Collectively, these results are generally consistent with
a dual-mapping explanation whereby regular exposure to pronunciation variants
endows Cantonese-English bilinguals with the perceptual flexibility to map multiple
phonetic forms to a single lexical representation.

SUPPLEMENTARY MATERIALS

To view supplementary material for this article, please visit https://doi.org/10.1017/cnj.2024.3.
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