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Abstract: In this study, we investigate the multifaceted realizations of the /R/ consonant in Québec
French (QF) by combining sociolinguistic and phonological approaches. First, from a sociophonetic
point of view, we utilize a mixed-effects multinomial logistic regression model to analyze the impact
of various variables on the distribution of /R/ variants. Our analysis of location, birth year and
gender reveals that each variable and its interactions significantly influence the distribution of /R/
variants. We identify three distinct speaker groups based on their preferences for these variants: those
favoring apical variants, those using uvular trills, and those employing neither apical nor uvular
trills (mostly using fricatives and their approximantized or vocalized variants). From a phonological
point of view, we show that the use of the /R/ variants among the three groups correlates with
syllabic position, with weaker variants displayed in so-called “weakening” contexts, such as coda
and intervocalic onset. Our results thus show that the apparent diversity of /R/ realizations in QF
actually follows a pattern from both a sociolinguistic and a formal phonological point of view.

Keywords: rhotics; Québec French; language change and variation; laboratory phonology;
sociophonetics; dialectology

1. Introduction

The rhotic phoneme /R/1 is famous for displaying a large variety of phonetic re-
alizations both across (Ladefoged and Maddieson 1996; Lindau 1980; Magnuson 2007,
among others) and within languages (see, e.g., Sebregts (2015) on Dutch, Wiese (2003) on
German, Delattre and Freeman (1968) on American English, etc.). Romance languages are
not exempt from such variation. A study on Catalan (Recasens and Espinosa 2007) shows
that the apical tap and trill are phonemically distinct intervocalically but in complemen-
tary distribution elsewhere, and differ from one another not only in number of taps (and,
subsequently, in duration), but also in degree of dorsopalatal contact and F2 values and
ranges. Moreover, although this distinction holds across three Catalan dialects, there are
also dialect-dependent articulatory differences for each rhotic class, and the nature and
extent of the differences also depend on syllabic position. Several studies on Brazilian
Portuguese (Cristófaro Silva 1998; Howson and Kochetov 2018; Rennicke 2015; Silva 2003;
Silva and Albano 1999) also show that the phonemes /R, K/ display a variety of realizations:
[R] and [K], but also [õ], [ô], [X], and even [x], [G], [H] and [h]. In Metropolitan French, /R/
is realized as a voiceless fricative [X] or as its voiced counterpart [K], sometimes also as
a less constricted, voiced approximant (Gendrot et al. 2015), and it is frequently deleted,
especially in consonant-rhotic (or CR) clusters (Wu 2018).

All these studies show the versatility of /R/, and yet, the rhotics have also been
shown to form a natural class (Walsh Dickey 1997)—although the definition of that class
is extensively debated (see Chabot (2019) for a review)—and to behave phonotactically
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in a unified manner (Chabot 2019), thus advocating for the phonological unity of rhotics.
Rhotics, therefore, appear to be challenging for phoneticians and phonologists alike, as
their large phonetic diversity often correlates, counter-intuitively, with phonological unity:
Languages with several /R/ allophones are common, while languages with two rhotic
phonemes opposing each other in all positions in the word are extremely rare (Wiese 2011).

One language perfectly demonstrating this double behavior of /R/ is Québec French
(henceforth QF). As will be shown in the next section (Section 2), 20th century QF has
indeed been shown to display no less than nine pronunciation variants. However, past
literature, both in sociophonetics (developed in Section 2.2) and diachronic accounts of
Romance phonology (developed in Section 2.3), have led us to posit that this large ar-
ray of variation is not in free distribution but rather driven by both sociolinguistic and
phonological parameters.

The present paper has two goals. First, we aim to describe the distribution of /R/
variants in a Romance language that shows great variation in this regard and yet seems to
have been less studied than others. Second, we aim to show that this apparent complexity
in phonetic realizations is actually doubly coherent—both from a sociolinguistic and from a
formal diachronic point of view. To that extent, we observe the data from the PFC corpus, as
described in Section 4. We then present a detailed picture of the sociophonetic distribution
of /R/ across the location of the speakers, age, and gender in Sections 5.1 and 5.2, and of
the phonological patterns that can be established from taking syllabic constituency into
account in Section 5.3. We finally conclude and discuss the results in Section 6.

2. Background
2.1. Québec French

QF is the main variety of French spoken in North America. In Canada, most of the
native speakers of French are indeed found in the province of Québec (eastern part of
Canada on the map in Figure 1), which represents 23.2% of Canada’s population. Among
them, 79%, i.e., 6,377,085 out of 8,066,560 inhabitants, are identified as native speakers of
French in the last survey published by the “Institut de la statistique du Québec” about
Francophonie (Presnukhiva 2016).2

Figure 1. Simplified map of North America (from the Canada Maps website3 showing Canada and
its political provinces, with Québec in light orange in the eastern part of the country.
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According to a demographic study conducted by Laval University (ULaval n.d.), in the
last decade, 97% of the population of Québec was concentrated in 20% of the territory, out
of which 80% are in the cities of Sept-Îles and Montréal (in the West zone of the map from
Figure 2). However, historically, the population was mainly distributed along the shores
of the Saint-Laurent river, which has led to the terminology Eastern vs. Western Québec
French or Eastern vs. Western Laurentian French in sociolinguistic studies (see Verreault
and Lavoie (1999), for instance). The third main group of French speakers is that of Acadian
speakers, who live in the far east of Québec (at the border with New Brunswick) and are
considered belonging to a different regiolect (see Balcom et al. (2008), among others). The
distribution of these dialects can be seen on the map in Figure 2.

Figure 2. Simplified map of Québec dividing the province into the Laurentian vs. Acadian regions
and the East vs. the West of Laurentia.

As stated above, QF perfectly demonstrates how /R/ can display an unstable behavior
even within one and the same language. Previous works on French spoken all over
Québec describe the realization of QF /R/ as either apical or dorsal, both co-occurring
as allophones (Clermont and Cedergren 1979; Sankoff and Blondeau 2007; Santerre 1979,
1982). The articulation mode is also reported to vary (fricatives, trills, approximants, etc.)
resulting in up to nine variants of /R/ in QF (including deletion) (Lancien 2021b), ranging
from an apical tap [R] or trill [r] and a uvular trill [ö] to a voiceless fricative [X] and its
voiced counterpart [K], to an approximant-like [ô] and a vocalized variant [Ä], and even an
occasional retroflex [õ]. Our claim is that these variants are not randomly distributed, but
that their distribution can be motivated by extralinguistic (or social) factors (see Section 2.2)
as well as phonological factors (see Section 2.3).

2.2. Extralinguistic Factors of Phonetic Variation

By extralinguistic factors, we refer to the social characteristics of the speakers that
may influence their pronunciation. Since Labov’s early work in Martha’s Vineyard (Labov
1966), it has been widely acknowledged that factors such as place of residence (Avanzi et al.
2012; Fox and Jacewicz 2009; Jacewicz and Fox 2013; Jacewicz et al. 2007 2009; Schwab and
Avanzi 2015), date of birth or age (Fletcher et al. 2015; Jacewicz et al. 2009; Smith et al. 1987),
gender (Arnold 2015; Byrd 1994; Jacewicz et al. 2009; Labov 1990; Whiteside 1996) or social
class (Kirkham 2015; Labov 1990) have a significant impact on phonetic variation.4

/R/ is not exempt from such extralinguistically driven variation. Recent sociophonetic
studies on the articulation of Glasgow English rhotics show that post-vocalic /R/ tends
to be realized more weakly in working class speech, and even more so in male working
class speech, thereby demonstrating an effect of both gender and social class (Lawson
and Stuart-Smith 2021; Lawson et al. 2011). Lawson et al. (2008) also demonstrate the
importance of /R/ pronunciation in the perceptual identification of Scottish English. These
studies highlight the interaction between gender, social class, and regional/dialectal origin
on the realization of /R/.
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Most analyses on French rhotics, however, are either accounts of the historical changes
from the 17th century onwards, or work on regional variations in the place of articulation
of /R/. In France, the apico-alveolar /R/ was indeed dropped in the mid-17th century and
replaced by the dorso-velar rhotic adopted by high society in Paris (Goelzer 2005; Straka
1979; Tranel 1987). This pronunciation shift began with the aristocracy and, within a century,
the uvular fricative /R/ gained popularity among speakers from Paris and was adopted
as the norm in standard Parisian French. The historical evolution of French rhotics is thus
also embedded in sociophonetic variation. Additionally, works by Tranel (1987) and Webb
(2009) investigate the dialectal variation of French rhotics, with insights on Southern France,
French-speaking African countries, and Québec (Canada). Their findings mostly rely on the
observation of the different regions: French speakers from Southwestern France typically
use voiceless fricatives, speakers from French-speaking Africa an apical tap (Duponchel
1979; Manessy and Wald 1984) and Montréal QF speakers, known for their apical and
uvular trills, heading towards frication or even vocalization in coda position (Sankoff and
Blondeau 2007; Straka 1979; Tousignant et al. 1989; Walker 1984). More recently, studies
on France (Gendrot et al. 2015) and Belgium French (Demolin 2001) confirm the results of
past impressionistic studies by showing differences in the aerodynamic properties of /R/
variants.

Regarding French spoken in Québec specifically, studies point to a social stratification
in the use of apical /R/ (Tousignant et al. 1989) and indicate changes in progress led by the
working class. As summarized by Sankoff and Blondeau (2007), the use of these variants
varies across speakers depending on their region (the apical variants [R, r] being a marker
of Western QF, and uvular fricatives [K, X] of Eastern QF), and also their age (younger
speakers displaying close to no apical variants), thus making /R/ a sociolinguistic marker
evolving over time (tending towards the disappearance of the apical variant).

2.3. Phonological Factors of Phonetic Variation

Nowadays, in Montréal, speakers are heading in the direction of frication, thus pro-
gressively losing their apical and uvular trills and demonstrating rhotic vocalization in
coda position (Sankoff and Blondeau 2007; Straka 1979; Tousignant et al. 1989; Walker 1984).
Studies have also shed light on the importance of the phonological context (Lawson and
Stuart-Smith 2021; Lawson et al. 2011, 2008), as the sociophonetic changes in the realization
of /R/ mentioned in Section 2.2 only emerge in the post-vocalic position. This also echoes
the fact that, in Metropolitan French as well, /R/ can be realized as an approximantized
rhotic in coda position (Gendrot et al. 2015).

This is not a surprising observation as post-vocalic—i.e., coda—positions have been
shown to be leniting positions, particularly in Romance languages (Ségéral and Scheer
2008). Typically, in the evolution from Latin into French, for instance, consonants at the
beginning of a syllable, i.e., pre-vocalic (or onset) consonants, have been maintained, as in
(1), while consonants at the end of a syllable, i.e., post-vocalic (or coda) consonants, have
undergone weakening, sometimes to the point of utter deletion, as in (2). This weakening
phenomenon is what is commonly referred to as “lenition”, and a “lenited” variant refers
to a pronunciation variant that can be found on the historical path from the preceding
pronunciation variant to deletion.

Lat. /p/ → Fr. /p/:
#_V = Lat. porta → Fr. porte “door”

(1)

Lat. /p/ → Fr. /0//:
V_C = Lat. rupta → Fr. route “road”

(2)

In sum, diachronically, change will be visible first in coda positions, and sometimes
extend to onset positions only later. This brings us to hypothesize that, at a given time, the
distribution of pronunciation variants such as that of /R/ in QF will not be equal among
onsets and codas.
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3. Hypotheses and Predictions

Given the literature exposed in Sections 2.2 and 2.3, we posit several hypotheses.
First, regarding extralinguistic factors, we posit that geographical location, age and

gender 5 influence the choice of the pronunciation variant.
Regarding the influence of the location of residence, given that Western QF displays a

preference for apical pronunciations and Eastern QF for uvular ones (Sankoff and Blondeau
2007), we hypothesize that the region where speakers have resided most of their lives will
impact their realizations of the rhotic.

Regarding age, since we suggest that weaker variants such as fricativized, approximan-
tized, or vocalized /R/, follow the patterns found in the diachronic evolution of Romance
languages, it naturally ensues that older speakers would favor conservative pronunciations
of French /R/ such as taps or trills, while younger speakers would be more likely to use
lenited variants such as fricatives, approximantized or vocalized rhotics.

Regarding the effect of gender, two competing hypotheses are possible: According to
the gender paradox (Labov 2001), either the change is still in its early stages and variation
still largely unconscious, and women would be prone to display more innovative (in our
case, lenited) variants, or the change is already ongoing, and women would be more
conservative. Given that the birth dates observed in this paper range from the 1920s to the
1990s, it is hypothesized that older women, who acquired French when /R/ had not yet
shifted in pronunciation, would realize more lenited variants than their male counterparts,
while younger women, who learned French at a time when speakers may have been more
aware of the variation in /R/ realizations, would be inclined to produce less lenited variants
than their male counterparts.

Then, regarding the linguistic factors, we follow Ségéral and Scheer (2008) and predict
that the phonological context of /R/, i.e., its position with regard to syllabic constituency,
will affect the rates of each /R/ variant. In particular, we hypothesize that so-called weak
positions, i.e., in word-internal or word-final coda positions, would display more lenited
variants of /R/, such as approximantized, vocalized or deleted variants, while strong
positions, such as word-initial and word-internal onsets, would display less lenited variants.

4. Materials and Methods
4.1. Corpus

Our data stem from the PFC corpus as it was in 2019. PFC stands for Phonologie
du Français Contemporain (Durand et al. 2002)—in English: “phonology of contemporary
French”—, a research program consisting of a data collection protocol specifically designed
to bring out commonly discussed variation patterns in French phonology. This protocol has
been used by professionals to gather uniform and comparable data from numerous varieties
of French around the globe (see, for instance, Gess et al. (2012)). For each speaker, the city
of residence, age and gender are annotated. The protocol comprises, for each speaker, a free
discussion, a guided interview, the reading of a text and the reading of two word lists6.

For the present study, we use a subset of the PFC-Québec corpus (Côté 2014), i.e., the
data gathered in Québec between 2000 and 2015. The original corpus covered 32 locations.
However, we rule out the data from incomplete list readings or from illiterate speakers to
ensure that phonetic variation is not due to hesitation. Thus, only 29 locations are taken
into account for this paper. Among them, 13 are Western Laurentian, 13 Eastern Laurentian,
and 3 Acadian, as can be seen on the map in Figure 3.

We also rule out the data from a few so-called “categorical” speakers, who displayed
100% or close to 100%7 of one of the /R/ variants in order to observe intra- as well as
inter-speaker variation. The total number of speakers is thus 396, among which 206 are
women and 190 are men8, born between 1921 and 1999, with a mean birth year of 1966
(sd = 20). The protocol states that for each location, two young speakers (between 15 and
30 years old), two middle-aged speakers (between 30 and 60 years old) and two elderly
speakers (more than 60 and up to 85–90 years old) should be recorded, so the ages were
fairly distributed in all locations.
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Figure 3. Map of Québec indicating the 29 locations included in the corpus. In orange are the
26 Laurentian locations and in green are the 3 Acadian locations.

Table 1 displays a thorough presentation of our speakers.

Table 1. Summary of the distribution of speakers as a function of gender, birth year and geographical
location (Zone).

Nb Speakers Total Nb Speakers

Gender Female 206 396Male 190

BirthYear 1920s 10

396

1930s 39
1940s 50
1950s 68
1960s 40
1970s 45
1980s 73
1990s 71

Zone Acadia 53
396East 161

West 182

For this analysis, we focused on the list readings, with both lists amounting to a total
of 304 items per speaker. The total count of test items thus amounted to 120,384 words.
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4.2. Coding

Among the 120,384 tokens from the word lists in PFC-Québec, 58,083 occurrences of
/R/ could be found. They were manually coded by a trained phonetician9 with the intended
purpose to differentiate the 9 variants of /R/ displayed by QF speakers. The segmentation
and coding of each /R/ token was decided based on the auditory identification of the
recordings and the visual observation of the spectrograms and oscillograms generated by
Praat (Boersma 2015). Our method is thus the same as the one used by Little (2012), which
proved to be relevant and efficient for French.

The choice of the variant10 was made according to both the perception of the annotator
and a set of acoustic and visual features:

• Apical tap [R] or trill [r]11: Perceived as apical + 1 to 3 flappings in the spectrogram.
• Uvular trill [ö]: Perceived as uvular + 2 to 3 flappings in the spectrogram.
• Voiceless fricative [X]: Friction noise and no F0 or voicing bar in the spectrogram.
• Voiced fricative [K]: Friction noise in the spectrogram and F0 detected + voicing bar.
• Retroflex [õ]: Perceived as a retroflex + formants in the spectrogram.
• Approximant variant [ô]: Perceived as glide-like, formants in the spectrogram.
• Vocalized variant [Ä]: Perceived as schwa-like, very stable formants in the spectrogram.
• Deleted: No visible trace of a phone in the spectrogram.

Figure 4 summarizes the resulting count of tokens per /R/ types.

Figure 4. Counts and rates of all /R/ tokens per type of variant registered in the corpus. The vertical
axis gives the count in absolute units, the % above each bar gives its proportion in the whole corpus.

For the purpose of our analysis, the phonological contexts in which each phone
appears is also automatically coded. One of the 6 contexts listed below (by order of
positional strength (Ségéral and Scheer 2008)) is attributed to each token depending on its
position in the word:

• Word-initial onset: #_V (e.g., rouge /RuZ/, “red”);
• Part of an onset CR-cluster: C_V (e.g., bras /bR6/, “arm”);
• Intervocalic onset12: V_V (e.g., bureau /byRo/, “office”);
• Word-internal coda: V_C (e.g., verdit /vERdi/, “turns green”);
• Word-final coda: V_# (e.g., dur /dyR/, “hard”);
• Part of a coda CR-cluster: C_# (e.g., quatre /katR/, “four”).
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Table 2 provides an overview of lexical items corresponding to each syllabic position.
The list of words containing /R/ in our data can be found in the Appendix A.

Table 2. Words containing /R/ in the PFC lists ordered as a function of syllabic position of /R/ and
number of syllables in the word.

Position Word Examples

1 syllable 2 syllables
#_V ras, rouge, roux... râteau, région, rôti...
C_V brin, creux, crainte... autruche, bronzée...
V_V / bureau, arrête, curry, curé...
V_C courte, ferme... bourgogne, pourtant, turban, verdit...
V_# court, dire, tiers... boulevard, démarre, baignoire, fêtard...
C_# feutre, poudre, ombre... cadavre, vinaigre, ministre...

3 syllables 4 syllables or more

#_V reculer rhinocéros
C_V encadrer, étrier, quatrième... /
V_V écoeurer, démarrer... rhinocéros, pâtisserie
V_C bouleverser, tabernacle bouleverser
V_# boulevard, millionnaire extraordinaire
C_# / /

4.3. Data

Since the retroflex variant appears in only 21 tokens in a reduced number of word-
forms13, we exclude it from the analyses. Moreover, since word-final clusters are almost
exclusively /tR/ clusters, and since /TR/14 clusters famously give rise to /R/ deletion in
French (Nikièma 1999, for instance), thus biasing the results towards simplified clusters15,
they are not included in the final data set either. Finally, the subset used in this study
consists of 55,672 /R/ tokens.

The remaining variants are grouped into 4 categories according to strength of /R/
(Magnuson 2007; Sebregts 2015; Webb 2002), i.e., from the furthest away to that closest
to deletion in terms of diachronic evolution: Apical (apical trills [r] and taps [R]), Uvular
(uvular trills [ö]), Fricatives ([K] and [X]), and Lenited ([ô], [Ä] and non-realized). Counts
are given in Table 3.

Table 3. Distribution of variants for QF /R/ according to syllabic position. The rates in blue are
the rates of each variant in the given position, the rates in green are the rates of each variant across
positions. The numbers in black are the counts of each variant in each position.

Apical Uvular Fricatives Lenited Total

#_V
9.9% 6% 49.1% 35% 100%
16.6% 33.1% 16.5% 10.8% 14.13%

786 475 3917 2793 7971

C_V
10.6% 3.4% 50.7% 35.3% 100%
44.8% 47.8% 42.8% 27.4% 36%
2116 686 10,159 7065 20,026

V_V
10.7% 1.7% 28.2% 59.4% 100%
25.5% 13.1% 13.3% 25.9% 20.2%
1207 188 3169 6681 11,245

V_C
6.8% 0.5% 46.9% 45.7% 100%
5.9% 1.5% 8.1% 7.3% 7.4%
281 21 1926 1876 4104

V_#
2.7% 0.5 % 37.1% 59.7% 100%
7.1% 4.5 % 19.2 % 28.5% 22.1%
338 65 4569 7354 12,326

Total
8.5% 2.6% 42.6% 46.3% 100%
100% 100 % 100 % 100% 100%
4728 1435 23,740 25,769 55,672



Languages 2024, 9, 338 9 of 27

4.4. Speaker Grouping

To investigate the realization of /R/ in more depth, we combine the (so to speak)
“agnostic” sociolinguistic analyses from Section 5.1—which provide results regarding the
realizations of the various /R/ variants as a function of socio-demographic variables
(geographical location, age and gender)—with a so-called “linguistically informed”, post
hoc analysis of the speaker’s socio-demographic characteristics as a function of their
realizations of /R/—the results of which are developed in Section 5.2.

The observations made on the speakers’ linguistic profiles as a function of their
“pronunciation preferences” indeed allow us to divide them into three types of speakers.
The ones we call “Apical speakers”, using more than 5% apical variants (who happen to
use no uvular trills whatsoever, n = 60), can be opposed to the speakers with a back variant
of /R/. These “back” speakers can in turn be divided into the so-called “Uvular speakers”,
using more than 5% uvular trills (who use very small amounts of apicals, n = 49), and the
“Fricative speakers”, using less than 5% (both apical and uvular) trills and display mostly
dorsal fricatives and lenified variants (n = 287).

Figure 5 summarizes the counts of each type of /R/ displayed by Apical, Uvular and
Fricative speakers.

Figure 5. Distribution of /R/ types displayed by Apical, Uvular, and Fricative speakers.

We thus build on Sankoff and Blondeau (2007)’s two-way division between “front”
and “back” speakers, but we take it further and propose a three-way division that can be
summed up by the tree displayed in Figure 6.16

/R/

Front

Apical

Back

Uvular Fricative

Figure 6. Three-way division of pronunciation profiles.
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We further use this three-way distinction for the phonological analysis of the dis-
tribution of /R/ variants according to syllable position in Section 5.3. Merging Uvular
and Fricative speakers into one Back macro-category would have yielded similar results:
This methodological choice was merely made to provide more fine-grained and clear-cut
observations.

4.5. Statistical Analysis

Mixed-effects multinomial logistic regression models (multinom function from the nnet
R package (R Core Team 2018; Ripley et al. 2016)) allow us to assess the significance of the
effects of all the tested variables and their interactions. The formulas are as follows:

For the analysis of the seven different variants of /R/ commented below in
Sections 5.1.1–5.1.3 on all data, as well as in Section 5.3.1 on the subset of Fricative speakers,
in Section 5.3.2 on the subset of Uvular speakers and in Section 5.3.3 on the subset of
Apical speakers:

R_type ∼ Zone * BirthYear * Gender * PhonologicalContext + (1|Speaker)

For the analysis of the three different Speaker groups commented below in Section 5.2:

SpeakerGroup ∼ Zone * BirthYear * Gender + (1|Speaker)

With Zone, BirthYear, Gender, and PhonologicalContext as fixed effects and the Speaker as
a random effect, the Speaker|Word random intercepts and slopes could not be computed
as some speakers made reading mistakes (e.g., read peindrai, Eng. “(I) will paint” instead
of prendrai, Eng. “(I) will take”). In this model, Zone is a three-level (West, East, Acadia)
categorical variable, BirthYear is a continuous variable (ranging from 1921 to 1999), Gender
is a two-level (female, male) categorical variable, and PhonologicalContext is a five-level
(#_V, C_V, V_V, V_C, V_#) categorical variable.

We built the models shown above and compared them with similar models (+/− each
variable and interaction). These comparisons were carried out using two methods: Com-
paring AIC 17 values and likelihood ratio test (LRT) (see, for example, Zuur et al. (2009)).
For each of our models, we compared different model structures (changing the fixed ef-
fects but not the random effects), ranging from the most complex to the simplest (see the
recommendations (Zuur et al. 2009, pp. 121–22)).

The reported effect sizes (McFadden’s R2) are calculated using the pR2 command from
the pscl package (Jackman et al. 2015). We will only mention in the text the marginal values
(linked to the variation explained by the fixed effects).

Eventually, we computed post hoc tests (Tukey’s HSD) to be able to report two-by-two
comparisons of each level of our independent variable (IV) of interest.

5. Results

In this paper, we show the numerous realizations of /R/ in QF pattern in a coherent
way on two levels—sociolinguistically and phonologically.

Each independent variable (Zone, BirthYear, Gender, and PhonologicalContext) as well as
all their interactions have a significant effect on the speaker’s choice of /R/ type (p < 0.01).
For the sake of transparency, the model presented above is the most parsimonious one.
Thus, the reader is informed that the results presented below are much more complex than
they appear and that all variables deeply interact. However, to preserve the readability and
clarity of our remarks, we focus on the simple effect of each independent variable.

The effect size measures show a marginal R2 of 0.28, so the fixed effects in our model
explain about 28% of the variation in the choice of the variant. Most of this variation is due
to the phonological context (R2 = 0.15), since the three social factors (Zone, BirthYear, Gender)
represent 14% (R2 = 0.138) of the variation in the choice of the /R/ variant. We expect
that a large proportion of the variation that is not explained by our model is to be found in
speaker-dependent variation and other sociolinguistic variables (such as level of education,
social class, etc.) and linguistic variables (such as word frequency or part-of-speech).
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In each of the following subsections, we will provide statistical results first, and then
observe these results on the raw data (with the exception of Figure 7 that was computed on
the model’s results).

5.1. Sociolinguistic Patterns of R

The distribution of the variants is multifactorial, yet clear patterns emerge from
the observation of location, age and gender. In this subsection, we review the effect of
geographical location (Section 5.1.1), birth year (Section 5.1.2), and gender (Section 5.1.3)
on the display rate of each variant of /R/ identified in the corpus.

Again, the model shows that Zone, BirthYear, and Gender all have a significant effect
on the type of /R/. Table 4 summarizes the results of a multinomial mixed model where
the response is the R_type (type of R), and the independent variables are Zone, BirthYear,
Gender, and PhonologicalContext. The model includes both each simple effect and every
interaction between the independent variables.

Table 4. Results of the multinomial mixed-effects model for the effect of Zone (West, East, Acadia),
BirthYear, Gender and PhonologicalContext on the realized type of R.

Response: R_type Chisq Df Pr (>Chisq)

Zone 17,773 14 <0.0001

BirthYear 23,679 7 <0.0001

Gender 17,773 7 <0.0001

PhonologicalContext 17,773 35 <0.0001

Zone:BirthYear 28,156 14 <0.0001

Zone:Gender 17,773 14 <0.0001

BirthYear:Gender 19,548 7 <0.0001

Zone:PhonologicalContext 17,773 70 <0.0001

BirthYear:PhonologicalContext 26,829 35 <0.0001

Gender:PhonologicalContext 17,773 35 <0.0001

Zone:BirthYear:Gender 25,416 14 <0.0001

Zone:BirthYear:PhonologicalContext 19,197 70 <0.0001

Zone:Gender:PhonologicalContext 17,773 70 <0.0001

BirthYear:Gender:PhonologicalContext 29,273 35 <0.0001

Zone:BirthYear:Gender:PhonologicalContext 19,674 70 <0.0001

Figure 7 allows us to visualize the three-way interaction of the social variables detailed
in Table 4.

For instance, if we consider the age*gender interaction on the use of apicals in each
zone of Québec, Figure 7 shows that both older males and older females from Western
Québec display more apical variants of /R/ (up to 80%) than both older and younger males
and females from the eastern part of the province (max. 10%) and/or Acadia (max. 45%)
It also shows that in both Western Québec and Acadia, males display more apicals than
females, but in Eastern Québec, the older female speakers are the ones displaying more
apicals than all males (and also than younger females).
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Figure 7. Illustration of the model’s calculated probabilities for the three-way interaction between Zone,
BirthYear and Gender (note that the West is not displayed on the same scale as the East and Acadia).

5.1.1. The Effect of the Speakers’ Place of Residence

First, we investigate the effect of the speakers’ place of living on their use of the
different variants of /R/. Since our statistical models show that the broad Zone (East vs.
West) has a significant effect only on the apical /R/ variants (p < 0.001 vs. p > 0.1 for other
two-way comparisons—R2 = 0.052), we focus here on this variant.

The model shows that the rate of apical /R/ is indeed significantly higher in the
western part of Québec (p < 0.001). Our results thus align with the previous literature
(Sankoff and Blondeau 2007). The eastern part has slightly more approximant variants, but
this difference is not significant.

Figure 8 shows a map of the entire province of Québec. On this map are indicated the
living places of the recorded speakers and the percentages of apical /R/ registered in these
places. It can be clearly seen that apical /R/ is used in the West, while close to no apicals
are found in the East (with the exception of one point in Acadia).

Figure 8. Map of Québec pointing to locations included in the corpus and showing the percentage of
apical realizations of /R/ displayed by speakers belonging to each location.
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5.1.2. The Effect of Speakers’ Birth Year

Our statistical model shows that BirthYear also has a significant effect on the preferred
type of /R/ (p < 0.001, R2 = 0.068).

Figure 9, computed on raw data, gives an overview of the proportion of each type of
/R/ found for each birth decade. It shows that speakers using apical /R/ (in dark blue)
were mostly born before the end of the 1960s. Although dorsals are used simultaneously by
speakers born from 1920 to 1950, they seem to be widely favored over apicals by speakers
born after 1960.

Figure 9. Distribution of /R/ variants among the different generations (decade by decade as a
function of speakers’ birth year).

When confronting apical taps/trills to dorsal fricatives, it can be seen that apicals are
used exclusively by people born before the 1970s, while the uvular fricatives were less
produced in the 1930s18 and progressively gained ground in the speech of people born
around the 1950s.

5.1.3. The Effect of the Speakers’ Gender

Finally, regarding gender, our statistical models show that it has a significant effect
on the preferred type of /R/ (p < 0.001, R2 = 0.018). Post hoc tests show that, although
no significant difference between genders is available to report for apical /R/, men have a
significantly higher rate of approximantized, vocalized and unrealized /R/ variants than
women (p < 0.001 for all pairwise comparisons), while women display significantly more
fricatives (p < 0.001), as can be seen in Figure 10. This could indicate that women are less
prone to lenite /R/ completely, which is in line with previous research regarding the effect
of gender on segmental reduction (Adda-Decker and Lamel 2005) and on possible ongoing
sound changes (Hutin et al. 2020c, 2022).
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Figure 10. Distribution of /R/ variants among female (left) and male (right) speakers.

As hypothesized in Section 3, the interaction between Gender and BirthYear is also
significant (p < 0.001, see Table 4). As can be seen in Figure 11, women seem to have
mostly used fricatives earlier than men—which would partially support our original
hypothesis that women tend to display more lenited19 variants than men in earlier stages
of the language, but less in later stages. However, this observation does not extend to
approximantized, vocalized and non-realized variants: This may be explained by the fact
that the fricatives are the dominant realization for /R/ in Parisian French, which may have
been seen as a prestigious variant which women would aspire to imitate earlier than men
for sociological reasons. While the overall pattern visible in Figure 10 supports the idea that
women hypo-articulate less than men20, our explanation for the prevalence of fricatives in
female speech would go against our initial hypothesis that innovative variants are more
used by women than by men when they are not yet “socially charged”.

Figure 11. Distribution of /R/ variants among female (left) and male (right) speakers as a function of
BirthYear.
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5.2. Social Characteristics Among “Pronunciation Profiles”

As explained in Section 4.4, we now wish to assess not only how social variables
correlate with the pronunciation of /R/ in an “agnostic” manner, but also present how the
“pronunciation profile” of speakers patterns with social variables. This will be particularly
useful in investigating the role of the syllabic context in the following Section 5.3. To that
extent, we divide speakers into three groups: To the traditional front–back opposition, we
add a second trill vs. non-trill opposition, thus resulting in a three-way partition between
speakers using apical trills (n = 60), speakers using uvular trills (n = 49), and speakers using
no trills (n = 287). Figure 12 recalls Figure 5 by summarizing the counts of each type of /R/
displayed by Apical, Uvular and Fricative speakers.

Figure 12. Distribution of /R/ variants displayed by Apical, Uvular and Fricative speakers.

Table 5 summarizes the results of a multinomial mixed model where the response is
the group of speakers, and the independent variables are Zone, BirthYear and Gender. The
model includes both each simple effect and every interaction between the three IVs, as well
as the Speaker as a random effect. As stated above, a McFadden’s R2 is computed. The R2

is 0.59, indicating that the model explains about 60% of the variation observed between
the three speaker groups. When PhonologicalContext is added to the mutinomial model,
this IV as well as all its interactions with the three social IVs are significant (p > 0.001), and
McFadden’s R2 goes up to 0.62.

Table 5. Results of the multinomial mixed-effects model for the effect of Zone, BirthYear and Gender
on the three speaker groups (Apical, Uvular, Fricative).

Response: SpeakerGroup Chisq Df Pr (>Chisq)
Zone 31.5604 4 <0.0001

BirthYear 653.84 16 <0.0001

Gender 3.5838 2 0.0483

Zone:BirthYear 730.34 32 <0.0001

Zone:Gender 12.7778 4 0.0004

BirthYear:Gender 33.56 16 0.0062

Zone:BirthYear:Gender 277.38 32 <0.0001
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Results indicate that all the social characteristics of our speakers have an effect on the
group to which they belong, which allows us to validate the proposed three-way partition
of speakers.

Although we cannot present here every result for the pairwise post hoc tests (Tukey’s
HSD) on each IV and its interactions, we can summarize these results as follows:

• Apical speakers belong significantly more to the western part of Québec, whereas
Fricative speakers belong more to the east and far east, i.e., Acadia (p < 0.001), and
more to the east than to the far east/Acadia (p < 0.001).

• Uvular speakers belong slightly more to the Acadian part of Québec (p < 0.05).
• Apical and Uvular (i.e., Trill) speakers are significantly older (born earlier) than

Fricative (or “non-Trill”) speakers (p < 0.001).
• More men than women belong to the Fricative group and more women belong to the

Apical group (p < 0.001).
• In the Apical group, women are older than (i.e., born before) men. The same goes for

the Fricative group (p < 0.001 for both).

As shown in Figure 13, computed on raw data, the broad location (mostly East vs.
West) patterns with place of articulation (Apical vs. Dorsal where dorsal means both uvular
and fricative variants, i.e., Front vs. Back). Apical speakers indeed statistically originate
more from the western part of Québec (p < 0.001, R2 = 0.2).

Figure 13. Proportion of Eastern (redish shades) and Western (green) speakers in each speaker group.

Figure 14 shows that Front (Apical) speakers are mostly born between the 1920s and
the 1960s (with 37.6% born in the 1930s) and are thus generally older than Back speakers.
Among Back speakers, Uvular speakers are also older than Fricative speakers, with the
former group comprising 17.2% of speakers born after the 1970s, and the latter group
comprising 64.6% in the same age range.
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Figure 14. Proportion of speakers born in each decade (from the 1920s in white to the 1990s in dark
purple) in each speaker group.

Finally, as can be seen in Figure 15, computed on raw data, gender alone is not such a
relevant feature for the speakers’ grouping, since the percentages of women and men are
about the same in each speaker group (R2 = 0.007).

Figure 15. Proportions of women (coral) and men (blue) in each speaker group.

However, grouping speakers into “pronunciation profiles” allows us to highlight
some interesting tendencies. For instance, in the group using one of the most conservative
variants, i.e., the apical trill/tap, it can be seen in Figure 16 that women born around the
end of the 1920s use proportionally more lenited (approximantized, vocalized and deleted)
variants than women born later, and most women born during the 1940s use proportionally
more lenited variants than women born in the 1950s or—to a lesser degree—in the 1960s.
This particular focus allows us to support the Gender Paradox proposed by Labov (2001),
at least to some extent.
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Figure 16. Proportions of lenited (approximantized, vocalized and non-realized) variants produced
by women from the Apical speaker group depending on their birth year (colors allow to roughly
distinguish decades).

5.3. Phonological Patterns of R

As shown in previous studies (Lancien et al. 2023; Lawson and Stuart-Smith 2021;
Lawson et al. 2011, 2008; Recasens and Espinosa 2007; Sankoff and Blondeau 2007; Straka
1979; Tousignant et al. 1989; Walker 1984), the realization of /R/ variants may depend,
language-internally, on the position of /R/ in the syllable. In the following, we display
the rate of each variant in word-initial onset position (#_V as in Fr. rouge /RuZ/, Eng.
“red”), in intervocalic onset position (V_V as in Fr. bureau /byRo/, Eng. “office”) and in
coda position, either word-internal (V_C as in Fr. verdit /vERdi/, Eng. “turns green”) or
word-final (V_# as in Fr. dur /dyR/, Eng. “hard”), and show how /R/ in QF indeed not
only patterns with socio-demographic variables, but also with internal parameters such as
syllabic constituency.

Following past research on lenition (Ségéral and Scheer 2008), a well-known diachron-
ical process whereby a segment weakens over time until deletion, we suggest that the
phoneme’s position in the syllable may play a role in the distribution of the variants of /R/
in Québec French. Since lenition is a positional phenomenon, it is expected that so-called
“strong” positions, such as the onset position, will favor the use of “strong” /R/ variants,
such as the apical or uvular trills, while the so-called “weak” positions will favor the use of
weaker variants of /R/ as listed in Section 4.2 and repeated in (3) for convenience:

R, r, ö > X, K > ô > Ä > ∅ (3)

In the present data, no occurrences of word-internal non-intervocalic onset /R/ (C_V
as in Malraux /malRo/) are to be found: All Rs following a consonant are second members
of a CR-cluster. However, since CR-clusters have a particular phonological behavior (Dell
1995; Ségéral and Scheer 2008), we will not take them into account for the present study on
syllabic constituency, which thus focuses on 35,646 tokens of /R/.

As shown in Section 5.1, the combination of sociolinguistic factors allows us to identify
three groups of speakers: Apical speakers (n = 60), Uvular speakers (n = 49), and Fricative
speakers (n = 287). In the following, we present the results regarding /R/ realization as a
function of syllabic constituency separately for each group of speakers. To ease the reader
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into our logic, we will first present the results for the speakers with the least variants, i.e.,
Fricative speakers (who produce no trills, either apical or uvular), then for the Uvular
speakers, and finally, for the Apical speakers.

5.3.1. Fricative Speakers

In this subsection, we present the results for the speakers with the least /R/ variants
(which is also the largest group, n = 287), i.e., speakers with the voiced and voiceless
fricatives [K] and [X] respectively, as well as the approximant and vocalic variants [ô] and
[Ä] respectively, and finally, the deleted variant. The model shows a significant effect of the
PhonologicalContext (p < 0.001), with a McFadden’s R2 of 0.032. The p-values that we report
below are values obtained through Tukey’s HSD post hoc tests.

As can be seen in Figure 17, the intervocalic context is the one favoring lenition the
most, with 67.6% lenited variants (p < 0.001 for all two-way comparisons computed by
Tukey’s HSD post hoc tests). The second context favoring lenited variants is the coda posi-
tion, both word-finally (57.0%) and word-internally (47.2%). These ratios are significantly
different from the “strong” context, i.e., the word-initial onset, which displays only 40.0%
lenited variants (p < 0.01 for V_# vs. #_V and V_C vs. #_V; same post hoc tests as above).

Since the coda position and, to some extent, the intervocalic one, are the positions
expected to favor lenition, the speakers of this variety of QF seem to exhibit the expected
pattern, i.e., strong variants of /R/ in strong syllabic positions, and weak variants in
weak positions.

Figure 17. Proportions of each /R/ variant in each syllabic position for Fricative speakers.

5.3.2. Uvular Speakers

In this subsection, we present the results for the speakers using the uvular trill [ö]
(n = 49). These speakers rarely use the apical tap or trill, but do use the voiced and
voiceless fricatives [K] and [X] respectively, as well as the approximant and vocalic variants
[ô] and [Ä], and finally the deleted variant. The model shows a significant effect of the
PhonologicalContext (p < 0.001), with a McFadden’s R2 of 0.022. The reported p-values below
are obtained through Tukey’s HSD post hoc tests.

As we can see in Figure 18, for the so-called Uvular speakers, lenited variants are
mostly used in word-final coda position (68.3%), then intervocalic (56.9%; p < 0.01) and
internal coda positions (51.7%; p < 0.05), which again differ significantly from the ratio
of lenited variants in the strong word-initial onset position (26.8%; p < 0.01). Thus, again,
lenited variants of /R/ are found mostly in positions expected to favor lenition.
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Figure 18. Proportions of each /R/ type in each syllabic position for Uvular speakers.

Additionally, it can be seen that the variant which is decreasingly produced as the
context becomes weaker is the uvular trill, not the fricative. This could mean that the
“strongest” /R/ variant in this variety is the uvular trill, and then the uvular fricative,
thus echoing the scales of /R/ strength proposed for other languages in past research
(Magnuson 2007; Sebregts 2015).

5.3.3. Apical Speakers

In this last subsection, we present the results for the speakers using the apical variants,
either tapped [R] or trilled [r]. These speakers (n = 60) display no uvular trill variant [ö] at
all, and use rather small amounts of voiced and voiceless fricatives [K] and [X] but more
approximantized [ô], vocalic [Ä] and deleted variants. The model shows a significant effect
of the PhonologicalContext (p < 0.001), with a McFadden’s R2 of 0.027. The p-values reported
below are values obtained through Tukey’s HSD post hoc tests.

As can be seen in Figure 19, for the so-called “Apical speakers”, the two coda contexts, both
word-final and word-internal, display more lenited variants than the strong word-initial onset
position (∆ = 58.1% and 21.8%, respectively; p < 0.01 for both V_# vs. #_V and V_C vs. #_V).

Figure 19. Proportion of each /R/ type in each syllabic position for Apical speakers.
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Thus, for this last group as well, lenited variants are mostly used in leniting contexts.
Moreover, the strongest variant for these speakers is the apical one, which again confirms
past proposals of /R/ strength (Magnuson 2007; Sebregts 2015).

6. Discussion

In this paper, we tackle the variety of possible realizations of /R/ in Québec French
(QF), that has no less than nine variants. We examine the complex patterns of /R/ realiza-
tions in QF using a combination of sociolinguistic and phonological analyses. We employ a
mixed-effects multinomial logistic regression model to assess the significance of several
variables and their interactions in influencing the distribution of /R/ variants.

Our findings reveal that while the distribution of these variants is multifactorial, we
can discern clear patterns by considering location, age and gender on the one hand, and
syllabic constituency on the other.

Sociolinguistically, when investigating the impact of location, birth year and gender
on the rates of the different /R/ variants, our statistical analysis shows that all variables
and their interactions significantly influence the ratio of tokens per type. Regarding the
role of speakers’ place of residence in shaping their use of various /R/ variants, our
analysis reveals distinct patterns within the province of Québec, confirming a split between
Western and Eastern Québec in terms of the presence or absence, respectively, of apical
variants of /R/. Ultimately, our study allows us to categorize QF speakers into three
distinct groups based on their “pronunciation preferences”. These groups consist of Apical
speakers, Uvular speakers, and Fricative speakers, with varying preferences for different
/R/ variants. While, contrary to our expectations, gender does not significantly impact
speakers’ grouping, the influence of birth year and broad location (west–east) is visible,
with birth year being a crucial factor in the evolution of /R/ realization.

Regarding internal, phonological factors, we highlight a clear pattern of /R/ lenition in
all three speaker groups: In each group, the “strongest” variants, as evidenced by previous
studies both in acoustic (Lindau 1980) and diachronic terms (Sebregts 2015), are mostly
displayed in “strong” syllabic positions (Ségéral and Scheer 2008), i.e., in the word-initial
position, while the weakest variants are mostly displayed in weakening syllabic contexts,
i.e., in the coda or intervocalic position. The fact that the pattern in synchrony mirrors the
effect of age on the use of the strong variants, which tend to disappear, allows us to suggest
that QF /R/ is currently undergoing lenition.

In conclusion, our research demonstrates that the realization of /R/ in QF is influenced
by a combination of sociolinguistic and phonological factors. With only four variables
(location, gender and age of the speakers and syllabic position of /R/), ∼30% of the
distribution can be predicted. However, these results should be considered with caution,
given that the present study also exhibits two main shortcomings. The first limitation that
should be taken into account is that the data used in this study stem from list readings
exclusively. The effects identified here cannot be extended to other speech styles such as
text reading or even conversation. However, the fact that effects of location, birth year,
gender and syllabic position can be found even in a speaking style known to be more
formal and uniform across speakers (REF) is a promising indicator that our variables also
play a role, maybe even a greater one, in other speech styles. The second limitation is
that the identification of the R variants was performed by only one annotator. Although
this methodological choice was made consciously to reproduce past studies and avoid too
much inter-annotator mismatches that would have made the data even more difficult to
analyze, it would nonetheless be interesting to test whether the effects of our variables hold
across other annotations.

Future investigations will therefore extend the annotation of R variants to the other
recordings of the PFC-Québec corpus, i.e., the text readings, the guided interviews and
the free discussions. This annotation will ideally be conducted by two or more annotators,
to allow for a measure of the inter-annotator agreement. Finally, we plan on improving
the present model by including other social variables (such as social class or level of
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education of the speakers, or the urban vs. rural nature of their residence), as well as
other phonological variables (such as the neighboring phonemes or the prosodic weight of
the syllable containing /R/), or more general linguistic variables (such as part-of-speech
or word frequency). Our hypothesis is that including these variables in the model could
improve its explainability, which may then exceed 30%.

The apparent diversity of /R/ variants thus seems submitted to clear, although com-
plex, language-external and language-internal patterns. Our results also highlight that this
variability reflects ongoing changes in the language. These findings thus provide valuable
insights into the complex interplay of variables affecting linguistic variation and change.
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The following abbreviations are used in this manuscript:

QF Québec French
IV Independent Variable
#_V Word-initial onset
C_V Second member of a word-initial onset cluster
V_V Intervocalic onset
V_C Word-internal coda
V_# Word-final coda
CR Consonant-rhotic cluster
TR Obstruant-rhotic cluster
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Figure A1. Three-way division of pronunciation profiles primarily based on manner of articulation
rather than the traditional distinction based primarily on place of articulation.
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Table A1. Full list of the words containing /R/ read by the speakers and analyzed in this paper.

février creuse homard pêcheur ratio sur tabernacle
arbre creux ferme jure pendriez ration tiers
arrête crois fêtard lézard pendrions rauque tiré
autruche cuillère fêterez libéré père reculer tirer
avoir curé fêteriez libérer piastres refuse toundra
baignoire feutre libre poires région touriste trente
beurre déchiré filtrer lierres port reine trente-trois
boire déchirer forer lierre poudre Réjean trop
boulevard décorer français maître pourri relier trouer
bouleverser dehors frise mettre pourrie reliure turban
bourgogne démarre friser meurtre pourtant reluire Ukraine
bourru démarrer froid millionnaire prendriez rendu verdit
brin démarres fructose ministre prendrions renne vert
brins départ furet mystères prépare rhinocéros verte
bronzé dévores gare mystère préparer riche victoire
bronzée dévore garer néron presse roc Victor
brouette dévorer géré neutre prêtre rôti vinaigre
brun dire gérer noir printemps rouge vire
brunie doré Gilbert nourri professeur roux voir
bulgare dur girafe ombre protégé sauteriez
bureau écoeurer girafes omer protéger série
cadavre emprunte grand orchestre pur séries
chercher encadrer grave paire quatrième serre
convaincre encastrer gravé parfaite raisin serré
court étirer graver part raison serrer
courte étriller gris pâtisserie ras sirop
crainte ex-mari grisâtre pâtissière rat soirée
crayon extraordinaire guitare pécheur râteau souris

Notes
1 Throughout the paper, we use a capital R to note the rhotic of French without posing an underlying representation. This notation

is not the same as the one for the uvular trill ö, and is merely a way to refer to some sort of rhotic archiphoneme.
2 See their online report: https://www.oqlf.gouv.qc.ca/ressources/sociolinguistique/etudes2016/portrait-demolinguistique-1996

2011.pdf (accessed on 1 July 2024).
3 https://www.canadamaps.com/wp-content/uploads/2023/03/canada-political-map.jpg, accessed on 28 July 2024.
4 Interactional factors such as spontaneity (Lancien 2021a) or formality of the conversation (Hutin et al. 2020a, 2020b, 2020c,

2021, 2020), identity of the interlocutor (Kalashnikova et al. 2023a, 2023b; Lancien 2021a), or their way of speaking (Giles et al.
1991), the state of mind or cognitive load that the speaker is experiencing while speaking (Khawaja et al. 2014), etc., also impact
pronunciation. However, the present study focuses on read, isolated words in a monologual setting: These interactional factors
are thus not taken into account in this literature review.

5 Given the structure of the data, it is unfortunately impossible to analyze the effect of social class on the realization of /R/ in QF.
6 The exact protocol can be found on the project’s webpage: https://public.projet-pfc.net (accessed on 28 July 2024).
7 The acceptability threshold to identify non-categorical speakers is arbitrarily set at a maximum of 95% of a given /R/ variant.

So-called categorical speakers are not taken into account because 95% to 100% realizations of one and the same /R/ variant
would have distorted the statistical analyses, in particular for the observation of syllabic position.

8 It should be noted that gender, in this corpus, was inferred by the investigators who recorded the data. Therefore, this
categorization is mainly based on the gender performed by speakers and assessed by the investigators.

9 Since single transcribers have been shown to be internally consistent in the segmentation and identification of /R/ (Stuart-Smith
2007) while multiple annotators may display at best 49% agreement (Lawson et al. 2011), we contend that it is neither necessary
to provide a second segmentation nor an inter-annotator agreement for this study. This methodological choice is in line with
several other studies on /R/ in Scottish English (Lawson and Stuart-Smith 2021; Lawson et al. 2008) or in several varieties of
French (Duponchel 1979; Goelzer 2005; Manessy and Wald 1984; Sankoff and Blondeau 2007; Straka 1979; Tousignant et al. 1989;
Tranel 1987; Walker 1984; Webb 2009).

10 Note that the variants listed here are ordered from the acoustically (Lindau 1980), articulatorily (Solé 2002) and diachronically
(Magnuson 2007; Sebregts 2015) strongest variant to the weakest. The resulting scale can be considered to be the following: R, r, ö
> X, K > ô > Ä > ∅.

11 Apical taps and trills are usually confused and merged as a single “apical” macro-category in classical studies on Québec French;
Thus, we confuse them in this paper but will address the possibility of the tap being a lenited variant of the trill in further
analyses.

https://www.oqlf.gouv.qc.ca/ressources/sociolinguistique/etudes2016/portrait-demolinguistique-19962011.pdf
https://www.oqlf.gouv.qc.ca/ressources/sociolinguistique/etudes2016/portrait-demolinguistique-19962011.pdf
https://www.canadamaps.com/wp-content/uploads/2023/03/canada-political-map.jpg
https://public.projet-pfc.net
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12 In French, /R/ is almost never an internal non-intervocalic onset since sequences of an obstruent followed by /R/ usually result
in a so-called muta cum liquida, or CR-cluster.

13 Eighteen out of the twenty-one tokens with a retroflex are to be found in the word “curry” that was imported from Tamil via
English.

14 Here, T refers to any kind of obstruent and is to be differentiated from t, which refers either to the alveolar stop phoneme /t/ or
the alveolar stop phone [t].

15 In France French, /TR/ clusters in word-final position can be realized in full in connected speech, especially if the following
sound is a vowel, either a lexical one at the beginning of the following vowel-initial word, or an epenthetic one inserted before
the following consonant-initial word. However, the liquid in word-final obstruent-liquid clusters in Parisian French connected
speech has been reported to be deleted in 42.9% of cases (Brand and Ernestus 2021), and up to ∼60% when the liquid is an R (Wu
and Adda-Decker 2021). In Québec French from Trois-Rivières, R in word-final CR-clusters is deleted in ∼25% of cases in read
speech to ∼75% in conversation, even formal (Deshaies-Lafontaine 1974).

16 Note that another possible way to conceptualize this three-way distinction could be to distinguish Trill from Non-Trill speakers,
and then divide Trill speakers into Front and Back, as in Figure A1. The exact shape of the tree (i.e., the logic behind the three-way
division) is trivial for the subject at hand.

17 The Akaike Information Criterion, abbreviated AIC, is an index of model quality. A low AIC value indicates a more parsimonious
model.

18 Speakers born in the 1920s produce a surprising 34.7% of uvular fricatives. This result may be due to unbalanced data (only 10
speakers were born in the 1920s, which is hardly representative), or to sociological reasons (older speakers may be more sensitive
to the prestige of some variants, and since so-called Standard French was massively used in the official media (Bigot and Papen
2013; Rochette et al. 1984) until very recently, they would sometimes produce them as well).

19 The uvular fricatives are lenited/innovative variants compared to the apical and uvular trills.
20 As will be presented in Section 5.2, in the Apical group, older women do tend to produce more lenited variants than their younger

counterparts, which is counter-intuitive from a diachronic point of view and can be better accounted for by the Gender Paradox
(Labov 2001).
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