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Despite the significant impact of prosody on L2 speakers’ intelligibility, few studies have examined
the production of prosodic cues associated with word segmentation in non-native or non-dominant
languages. Here, 62 French-English bilingual adults, who varied in L1 (French or English) and
language dominance, produced sentences built around syllable strings that can be produced either
as one bisyllabic word or two monosyllabic words. Each participant produced both English and
French utterances, providing both native productions (used as reference) and L2 productions.
Acoustic analyses of the mean fundamental frequency (F0) and duration of both syllables of the
ambiguous string revealed that speakers’ relative language dominance affected the speakers’ pro-
sodic cue production over and above L1. Speakers also produced different prosodic patterns in
English and French, suggesting that the production of prosodic cues associated with word-
segmentation is both adaptive (modified by language experience) and selective (specific to each

language). © 2019 Acoustical Society of America. https://doi.org/10.1121/1.5134781

[MS]

I. INTRODUCTION

In contrast to written words that are separated by spaces,
spoken words are embedded in a continuous speech stream
without systematic pauses or other explicit word boundary
markers. Thus, word segmentation in the acoustic domain is
rife with ambiguity. For instance, when hearing a sentence
like “She was looking for toucans in the jungle,” listeners
may initially parse the beginning of the sentence as “She was
looking for two cans...,” but then, upon hearing “in the
jungle,” realize that their initial parse is not likely, and that
what they initially parsed as two different words (two cans) is
in fact only one word (foucans). Fortunately, native listeners
can rely on a wide range of cues to localize word boundaries.
Depending on the language, these cues can involve supraseg-
mental features (Lehiste, 1972; Quené, 1993), the phonotac-
tics of the heard language (McQueen, 1998; Mehler et al.,
1981; Skoruppa et al., 2015; Suomi et al., 1997), or even top-
down information pertaining to speaker familiarity and lexical
knowledge (Davis and Johnsrude, 2007). Nonetheless, ques-
tions remain as to how speakers cope with segmenting a non-
native language, and how this would affect their production
of word boundaries in their non-native language.
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An extensive body of research on perceptual word seg-
mentation has demonstrated that native speakers of different
languages rely on different cues and strategies to isolate
meaningful units from the speech stream. For instance,
numerous studies have shown that speakers of stress-timed
languages (like English or Dutch; see Pike, 1945) are sensi-
tive to lexical stress and use it to locate word onsets in the
speech stream (Cutler er al., 1997; Cutler and Otake, 2002;
Jusczyk, 1999; Jusczyk et al., 1999; Mattys et al., 1999). On
the other hand, native speakers of syllable-timed languages,
like French, have been shown to be sensitive to syllable
structure and duration in general (Cutler et al., 1986; Mehler
et al., 1981), relying on syllable structure to locate syllable
boundaries within words (Cutler et al., 1986, 1992) and on
the lengthening of phrase-final syllables to locate word off-
sets (Christophe et al., 2003; Christophe et al., 2001;
Christophe et al., 2008; Christophe et al., 2004; Cutler et al.,
1997; Rietveld, 1980). Given the variety of language-
specific segmentation strategies, one wonders how second
language speakers (L2; or learners) can manage to success-
fully extract words in their L2, especially if that L2 does not
rely on the same segmentation strategy as their L1.

Earlier studies investigating word segmentation in a for-
eign or second language have suggested that listeners
acquire a word segmentation strategy during the early phases
of language development and continue to apply it when lis-
tening to foreign languages, regardless of its effectiveness in

© 2019 Acoustical Society of America 4255


https://doi.org/10.1121/1.5134781
http://crossmark.crossref.org/dialog/?doi=10.1121/1.5134781&domain=pdf&date_stamp=2019-12-10
mailto:annie.c.gilbert@mail.mcgill.ca

that language (Cutler et al., 1986; Cutler and Otake, 1994;
Cutler et al., 2006; Otake et al., 1993; Weber and Cutler,
2006). For example, monolingual French listeners continue
to rely on syllable structure to locate syllable boundaries in
English words, whereas monolingual English listeners would
not (Cutler et al., 1986). Interestingly, subsequent work has
shown that, even though highly proficient simultaneous
French-English bilinguals did not show signs of being able
to use the appropriate segmentation strategy in their non-
dominant language (e.g., French-dominant speakers did not
use lexical stress when processing English words and
English-dominant speakers did not use syllable structure
when processing French), they were at least able to refrain
from applying the word segmentation strategy of their domi-
nant language to their non-dominant language (Cutler et al.,
1992). Such results led the investigators to suggest that lis-
teners use two types of segmentation procedures: “restricted”
procedures that are language specific, learned during infancy
and that exploit the rthythmic characteristics of the L1, and
“non-restricted” procedures that are available to all lan-
guages and rely on “universal rather than language-specific
phonological characteristics” (Cutler et al., 1992, p. 408).

The bilingual studies cited above relied on a word or
syllable “spotting” paradigm, in which listeners are asked to
locate words or syllables within longer words (e.g., locating
bal- in balcony). Although these tasks can be informative
concerning what listeners pay close attention to in the signal,
they might not reflect how listeners extract words from spon-
taneous speech per se. For example, even though native
English listeners are known to pay close attention to lexical
stress and associate it with word onsets, Tyler and Cutler
(2009) showed that English listeners also use phrase-final
lengthening to locate word offsets in artificial language
learning paradigms, like French listeners do (see also White
et al., 2015 for a study detailing the independent effects of
consonant and rime lengthening in English). These results
further demonstrate that listeners rely on both “restricted”
and “non-restricted” segmentation strategies when process-
ing speech, even in their L1 (Cutler et al., 1992).

This ability to rely on different segmentation strategies
can facilitate the transition between L1 and L2. For example,
Tremblay et al. (2012) found that as the French-L2 profi-
ciency of English-L1 learners increased, so did their reliance
on phrase-final lengthening to locate word boundaries in
French. Furthermore, Tremblay et al. (2017) showed that
English native speakers who have reached a high proficiency
level in L2-French used FO as a word offset cue in an artifi-
cial language learning paradigm, while monolingual English
speakers did not. In turn, French native speakers who have
reached a high proficiency level in L2-English relied less on
FO0 as a word offset cue than did monolingual French speak-
ers (Tremblay et al., 2017). These results prompted the
authors to suggest that “listeners’ use of prosodic cues to
word boundaries is, at least to some degree, adaptive (i.e., it
is modulated by both L1 and L2 experience), and it is not
selective (i.e., segmentation strategies cannot be selected as
a function of how useful they are for segmenting the unfa-
miliar language)” (Tremblay et al., 2017, p. 14). These
results therefore suggest that listeners have only one speech
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segmentation strategy at their disposal at any given time, but
that the specifics of said strategy are modulated by language
experience. Taken together, these studies show that even
though listeners’ L1 has been found to orient their attention
to different aspects of the speech stream (e.g., syllables vs
stress patterns), it does not prevent them from using the other
acoustic cues present in the signal. These studies also show
that L2 learners are able to assign new L2-specific roles to
acoustic cues, once they have enough experience with the
language. However, the question remains as to L2 learners’
ability to adapt their production of language-specific acous-
tic cues to signal word boundaries in their L2.

Adapting one’s production of prosodic cues to a second
or non-dominant language can be difficult since speakers
must manage competition between their first and second lan-
guages (De Groot, 2011; Jacobs et al., 2016; Kroll and
Bialystok, 2013; Kroll and Gollan, 2014). This may lead to a
perceived foreign accent (Magen, 1998; Maretil and Vieru-
Dimulescu, 2006; Piske et al., 2001; Trofimovich and Baker,
2006) or even render speech hard to understand (Anderson-
Hsieh and Koehler, 1988; Munro and Derwing, 1995;
Trofimovich and Baker, 2006). Despite the importance of
prosody in L2 intelligibility, few studies have investigated
L2 prosody production. Among those few studies, many
have demonstrated that speakers are able to adapt their pros-
ody to the L2 or non-dominant language, at least to a certain
degree, both at the sentential level (Kainada and Lengeris,
2015; O’Brien et al., 2014; Rasier and Hiligsmann, 2007,
Shen, 1990; Trofimovich and Baker, 2006) and at the word
level (Guion et al., 2004; Trofimovich and Baker, 2006). For
example, Trofimovich and Baker (2006) investigated the
English production of native Korean speakers who had vary-
ing language experiences to determine which factors predict
more native-like English production. Their results showed
that different prosodic variables (stress timing, peak align-
ment, speech rate, pauses) were affected by different factors
relating to an individual’s language experience (cumulative
amount of L2 exposure or age of L2 acquisition). Namely,
stress timing was more native-like among speakers with
more cumulative exposure to English, whereas speech rate
and pauses were more native-like among speakers who
started learning English at a younger age. These results show
that given the right language experience, Korean speakers
were able to adapt their prosody production to their L2 (i.e.,
English).

Interestingly, Kim (2019) found what can be seen as a
consistent pattern of results while investigating the produc-
tion and perception of Spanish lexical stress among heritage
speakers (i.e., speakers who learned Spanish from birth, but
now use it only at home and use English in all other con-
texts). Comparing their production to that of monolingual
Spanish speakers and of English-L1 learners of Spanish,
Kim (2019) found that heritage speakers’ production of
Spanish lexical stress patterns with that of English-L1 learn-
ers of Spanish and not with that of monolingual Spanish
speakers. On the other hand, Spanish heritage speakers’ per-
ception of Spanish lexical stress matched that of monolin-
gual Spanish speakers and not that of English-L1 learners.
These results demonstrate that even though heritage speakers

Gilbert et al.



can maintain native-like stress perception, their production
of the same stress patterns was influenced by their now dom-
inant L2. Thus, linguistic experience factors have a signifi-
cant impact on the development and maintenance of stable
native-like prosodic productions.

Moreover, one might expect that the transition from any
specific L1 to a given L2 may be more or less difficult
depending on the prosodic systems of the two languages in
question. For instance, transitioning from a syllable-timed
language to another syllable-timed language might be easier
because both languages require the production of similar
prosodic cues. On the other hand, transitioning from a
syllable-timed language (like French) to a stress-timed lan-
guage (like English or Dutch), or vice versa, might present a
greater challenge because it would involve learning to pro-
duce different prosodic cues (see Tremblay et al., 2016, for
alternative predictions according to the Prosodic Learning
Interference Hypothesis). For example, Dupoux et al. (1997)
found that native French listeners seem to be “stress deaf,”
in that they do not pay attention to the acoustic correlates
marking lexical stress when determining if two words are
similar or different, even if they are able to process the perti-
nent acoustic details (Dupoux et al., 1997; Dupoux et al.,
2001). Such a pattern of results was later interpreted as a
sign that French listeners do not encode contrastive stress,
probably due to the fact that French does not use such stress
patterns (Dupoux et al., 2008). Therefore, when native
French speakers learn English as an L2, they must not only
learn to use a new prosodic cue, but they must learn to pay
attention to and encode lexical stress to overcome their
“stress deafness” (Dupoux et al., 1997). Furthermore, the
transition between specific language pairs might be more
difficult in one direction than the other. For example, going
from a syllable-timed L1 to a stress-timed L2 (i.e., from
French-L1 to English-L2) might not be equivalent to going
from a stress-timed L1 to a syllable-timed L2 (i.e., from
English-L1 to French-L2), although to our knowledge, no
study has investigated this issue directly.

The general aim of the present study is thus to investi-
gate French-English bilingual speakers’ (FEs) ability to
adapt their prosody production to signal word boundaries in
both of their languages. Taking advantage of the linguistic
diversity of the Montreal area, we recruited FEs with either
French or English as their L1, alongside simultaneous bilin-
guals having learned both languages from birth. Contrary to
previous studies, we investigate prosody production in both
of the languages spoken by our bilingual participants,
namely French and English. Therefore, our dataset includes
occurrences of both languages being produced by native
speakers, which can be used as references to identify native-
like patterns, and by L2 learners with different patterns of
language experience. Given that the bilingual experience
varies a great deal, which can affect overall L1 and L2 profi-
ciency, we chose to compute a relative language dominance
index to investigate possible language dominance effects on
the production of prosodic cues irrespective of speakers’ L1
(Birdsong, 2015). This dataset allows us to observe the con-
tinuous effect of language experience, as reflected in the rel-
ative dominance index, independent of L1 effects.
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Specifically, the present study aims at observing FEs’
use of FO and syllabic duration when producing syllable
strings that can represent either two monosyllabic words
(two cans) or one bisyllabic word (toucans). Participants
produced such sequences in both their L1 and L2, and their
production was analyzed as a function of their L1 and their
relative language dominance. These language experience
variables are used to address both possibilities put forward in
the bilingual word segmentation literature, namely that
either speakers acquire a segmentation strategy during early
language acquisition and apply it everywhere, regardless of
the language to process, or that they can learn L2 appropriate
word segmentation processes given appropriate L2 experi-
ence (based on perception data from Cutler ef al., 1992; and
Tremblay et al., 2017). Nonetheless, given the different
word segmentation strategies used in French and English
(see Tremblay et al., 2017 for a discussion), one might
expect to observe more systematic FO variations in French
trials than in English trials, while syllabic duration might be
used in both languages.

If early L1 experience is the most important factor for
word segmentation strategies, then we would expect that a
speaker’s L1 would predict the use of FO and duration in
both languages, regardless of language dominance.
Therefore, French-L1 speakers would produce French-like
FO0 and duration patterns in both languages whereas English-
L1 speakers would produce English-like prosodic patterns in
both languages. On the other hand, simultaneous bilinguals
might either be expected to produce native-like prosody in
both English and French since they are native speakers of
both languages, or to produce native-like prosody only in
their most dominant language, replicating previous word
segmentation studies (Cutler et al., 1992).

However, if speakers can adapt their word segmentation
strategy based on their language experience, then we would
expect that language dominance would predict the prosodic
cues used in both languages, irrespective of speakers’ LI1.
That is, speakers who are dominant in English (as indexed
here by a verbal fluency task) would use more English-like
FO and duration patterns in both English and French, while
French-dominant speakers would produce more French-like
FO and duration patterns in both languages, irrespective of
their L1 (replicating the perception results reported in
Tremblay et al., 2017, where listeners used the same seg-
mentation strategy in both L1 and L2, strategy that had been
modulated by their L2 experience.) In light of previous stud-
ies highlighting the role of language experience on L2 pro-
sodic production, we expect a mixed pattern of results, with
both L1 and language dominance contributing to the pattern
of FO and duration in L2 production.

Il. METHOD
A. Participants

Sixty-two English-French bilingual speakers from the
greater Montreal area took part in the experiment (18 to
36 years of age, mean =23.7 years, 41 females). Twenty-one
participants reported French as their L1, 22 participants
reported English as their L1, and 19 reported having learned
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both languages from birth. Information regarding language
history and proficiency was collected through a question-
naire adapted from the Language history questionnaire
(LHQ 2.0, Li et al., 2013), and participants did not present
any perceptual, speech, or learning impairments, as estab-
lished during a pre-screening phone interview conducted to
determine participants’ eligibility. Following completion of
the testing session, two participants (one English-L.1 and one
French-L1) had to be removed from the sample due to
missing information in the language history questionnaire.
Table I summarizes proficiency and dominance measures
(see explanation below) for the 60 participants included in
the analyses.

Relative language dominance was estimated using ver-
bal fluency tasks in English and French. During the verbal
fluency task, participants had one minute to name as many
items as possible corresponding to different semantic or
orthographic categories (e.g., “animals” or “words starting
with the letter P”). The task included one semantic category
and three different orthographic categories per language
(“animals” and the letters F, A, and S in English; “fruits”
and the letters P, F, and L in French). Participants performed
the task in their L1 first, followed by their L2. Simultaneous
bilinguals first performed the task in the language in which
they felt most comfortable and then in the other. The relative
language dominance index was calculated by comparing the
total number of English words produced by participants
across all conditions to the total number of French words
produced across all conditions (English total divided by
French total.) A relative language dominance index above
one indicates that participants performed better in English
than in French, while a dominance index below one indicates
that participants performed better in French than in English
(Birdsong, 2015; Treffers-Daller and Korybski, 2015).

Of note, using a relative language dominance index
presents many advantages. Namely, it circumvents task-
related effects (i.e., some participants are better at accessing
and generating words in general) by comparing each individu-
al’s performance across languages, incorporating the two
scores into one continuous numerical value. Using a fixed for-
mula where the English score is divided by the French score
also means that the relative dominance index can be inter-
preted independently from the speaker’s L1 (Birdsong, 2015).

B. Stimuli

Stimuli consisted of sentence pairs designed around
two-syllable strings that could represent either one bisyllabic
word or two monosyllabic words (e.g., in English, [tukenz]
can be interpreted as “foucans” or “two cans”; in French,
[0E103] can be interpreted as “horloge” - Eng. clock - or “or
loge” - Eng. gold is lodged at). These two conditions allow
us to directly compare the same sound sequence produced as
a single word (no word boundary between syllables), or as
two words (with a word boundary between syllables).
Within a pair, sentences were identical until the word(s) rep-
resenting the two syllables of interest, with the continuation
of the sentence providing semantic context to fit the intended
interpretation. (Eng.: “She was looking for toucans in the
jungle” vs “She was looking for two cans of soup to heat up”
Fr.: “Le vendeur d horloges vit a I'hotel” — Eng. The clock
salesman lives at the hotel vs “Le vendeur d or loge a
I hotel” — Eng. The gold salesman is lodged at the hotel). In
total, 80 sentence pairs were created (40 per language,
English and French), for a total of 160 sentences.

Grammatical content was controlled to the extent possi-
ble, with French trials composed of bisyllabic nouns and
monosyllabic noun-verb combinations. The majority of
English trials were composed of bisyllabic nouns (two bisyl-
labic verbs) and monosyllabic combinations involving a
noun and a word from another grammatical category (see
supplementary material, Appendix A, for a complete list of
the stimuli)." Most of the English bisyllabic words selected
bore a trochaic stress pattern (37 out of 40). Given the con-
straints on the possible combinations of monosyllabic words,
the grammatical structure of the sentences was not identical
across items of a pair. The majority of monosyllabic combi-
nations were split into two phrasal constituents while the
majority of bisyllabic words occurred at the end of a phrasal
constituent.

A validation task was performed by 20 monolingual
native speakers (10 of each language, who did not participate
in the production task). They were asked to rate each sen-
tence on a scale from 1 to 4, where 1 corresponds to “the
sentence sounds perfectly natural, it could be heard any-
where (given an appropriate context)” and 4 corresponds to
“the sentence sounds quite strange, there is no context where
this sentence could be appropriate.” The results of the

TABLE I. Age of acquisition and language proficiency measures of participants (self-reported and objective).

English L1 French L1 Simultaneous
M SD Min Max M SD Min Max M SD Min Max

Age of first L2 exposure 5.6 2.8 1 15 6.5 2.9 2 11 0 0 0 0
Self-reported proficiency™: 54 0.9 3.5 7 6.6 0.5 5.5 7 6.1 1 4 7

French

English 6.9 0.2 6.5 7 5.9 1.1 4 7 6.6 0.6 55 7
Verbal fluency (total): 36.3 8.9 21 53 49.4 11.8 25 70 48.6 11.2 26 69

French

English 59.7 9.4 39 74 49.1 12.5 28 69 60.4 16 27 103
Relative language dominance index” 1.7 0.5 1.1 2.7 1.0 0.3 0.6 1.8 1.3 0.4 0.7 2.7
“Out of 7, where 1 =very poor and 7 = native-like.
®Total number of English words produced during verbal fluency task divided by total number of French words produced.
4258  J. Acoust. Soc. Am. 146 (6), December 2019 Gilbert et al.



validation task confirmed that the majority of sentences were
deemed “perfectly” or “somewhat” natural sounding (70 out
of 80 in English, 71 out of 80 in French) by at least six out
of ten raters. Of the remaining sentences, only two French
sentences (from different sentence pairs) and one English
sentence were judged “somewhat” or “quite” strange by a
majority of raters (more than five out of ten raters). Other
sentences received equivocal ratings with no clear positive
or negative bias. Removing the trials with lower ratings or
with an iambic bisyllabic word from the analysis did not
influence the pattern of results observed in either L1 or L2
productions, so all stimuli were included in the final
analysis.

Sentences were grouped into two blocks of stimuli per
language (four blocks in total). Each block contained only
one sentence from each pair and an equal number of senten-
ces of each condition (one bisyllabic word or two monosyl-
labic words). Sentence order within blocks was fixed and
pseudo-randomized to minimize the risk of participants
noticing the existence of the two conditions. Participants
were offered breaks between blocks. Trial presentation was
blocked by language and participants first performed the two
blocks of their L1 (block order balanced across speakers)
and then the two blocks of their L2 (simultaneous bilinguals
were asked to determine in which language they felt most
comfortable and performed the task first in that language and
then in their other native language). Language order was
fixed among sequential bilinguals, taking for granted that
most speakers would be dominant in their L1 in an attempt
to create comparable testing conditions for sequential and
simultaneous bilinguals. Unexpectedly, 9 out of the 20
recruited French-L1 speakers were later found to have per-
formed better on the English version of the verbal fluency
task than on the French version, leading to relative language
dominance indices above one, suggesting English domi-
nance. Thus, these participants had performed the task in
their less dominant language first, instead of their dominant
language. A direct comparison of the two groups of French-
L1 speakers to determine potential task order effects was not
possible given the qualitative difference between groups
(one being dominant in French, the other one in English).
Nonetheless, removing the English dominant French-L1
speakers from the analyses investigating L1 effects did not
affect the overall pattern of results. This suggests that the
English dominant French-L1 speakers who first performed
the task in their less dominant language did not unduly affect
the present results and were therefore kept in the sample.

The stimuli were presented visually on a computer
screen using a timed PowerPoint presentation (inter-stimulus
interval of 8s). Participants were instructed to first read the
sentences aloud as they appeared on screen, with natural
prosody (as if talking to a friend), and then repeat the sen-
tence from memory once the sentence disappeared (after
4 ). Sentence repetition was initially included to compare
prosodic production in read and quasi-spontaneous produc-
tion. Unfortunately, because the repetition task in L2 was
too difficult for many speakers, we analyzed only the read
sentences.

J. Acoust. Soc. Am. 146 (6), December 2019

C. Recording and acoustic analysis

The responses of the majority of participants (39 out
of 60) were digitally recorded in a quiet room using a shot-
gun microphone (Sennheiser ME66) connected to an M-
Audio Delta sound card (model 1010LT) controlled by the
Goldwave software (version 6.10). The other participants
were recorded using comparable devices and set-ups in dif-
ferent laboratory settings (13 participants were recorded
using a Marantz PMD-670 digital recorder and eight partic-
ipants were recorded using an Olympus LS-11 digital
recorder). All recordings were sampled at 44.1 kHz with a
16-bit resolution (since the focus of our analyses was on
duration and fundamental frequency, the dependent varia-
bles should not be significantly affected by minor varia-
tions in recording equipment). We adopted a relatively
conservative approach to trial inclusion. Trials with dis-
fluencies occurring before the syllables of interest or errors
directly affecting the production of the syllables of interest
were removed from the present analysis. We also removed
trials with pauses between the two syllables of interest to
focus on the use of more subtle prosodic cues to signal
word boundaries. Because pauses are reliable word bound-
ary cues in both English and French, they would not be
informative with regard to how bilinguals adapt their pros-
ody to their L2. Finally, removal of any one trial caused
the removal of both sentences from the pair, to ensure
an equal representation of both conditions in the analysis
(see Kim, 2019 for similar trial inclusion criteria in a pro-
duction task).

Audio files were segmented and manually annotated by
trained bilingual coders using Praat (version 5.4.19,
Boersma, 2001). Data were extracted using a custom script
developed on site and included 0 and duration measures for
both syllables of the ambiguous region. The duration of the
first syllable of the two-syllable string was measured from
the onset of the initial consonant (excluding any prior hold
for stop consonants) through the end of the final segment of
the syllable. The duration of the second syllable of the string
was measured from the offset of the first syllable to the offset
of the final segment of the syllable. A mean F0 was extracted
for the entire duration of each syllable using the Pitch func-
tion implemented in Praat (based on an autocorrelation
method). Of note, in the present design, we compare the
effect of conditions (one bisyllabic word vs two monosyl-
labic words) within the same sentence pair, so the impact of
any specific speech sounds or syllable structure on the
extracted data should have minimal impact on the overall
pattern of results.

To get a sense of how participants control these two
parameters across conditions, FO and duration ratios were
computed for each trial by comparing the second syllable
(S2) to the first syllable (S1; S2 divided by S1 for both FO
and duration). Therefore, a duration ratio above one means
that the second syllable of the ambiguous region was longer
than the first syllable. Conversely, a duration ratio below one
means that the second syllable was shorter than the first.
(See Kim, 2019, for a similar use of relative prosodic mea-
sures in a production task.)
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D. Statistical analysis

Results were analysed using a series of linear mixed
effects (LME) models evaluating FO and duration ratios in
English and French separately. The models were designed to
determine the effects of condition (two-level categorical var-
iable: one bisyllabic-word vs two monosyllabic-words) and
how individual differences in bilingual experience modu-
lated any condition effects. The condition factor was devia-
tion coded so that both levels were compared to their grand
mean (instead of comparing one level to the other), which
allowed the testing of main effects in the two-level factor
(UCLA: Statistical Consulting Group, 2011). Two different
variables related to bilingual experience were tested in these
models, namely speakers’ L1 (as a three-level dummy coded
categorical variable; English-L1, French-L1, and simulta-
neous bilingual; reference level set to L1 speakers of the lan-
guage being analyzed, intercept representing the mean of the
reference group), thus comparing the two other speaker
groups to L1 speakers of that language (UCLA: Statistical
Consulting Group, 2011) and relative language dominance
(as a scaled continuous variable based on the relative verbal
fluency scores). Of note, given the potential collinearity
between L1 and language dominance (most speakers being
dominant in their L1), the two variables were tested sepa-
rately (Baayen, 2008; Baayen ef al., 2008; Tabachnick and
Fidell, 2007). Finally, random slope adjustments were
included in the random structure of the models only where it
was “justified by the design” (Barr et al., 2013, p. 22; see
also Bates er al., 2015, for an argument in favor of
“Parsimonious mixed models”). Thus, the random structure
of the models took into account participants (intercept only)
and sentence pairs produced {intercept and slope adjust-
ments for the effect of conditions; i.e., [FO ratio ~ Condition
* scale(Relative language dominance index) + (1 | Participant)
+ (1+ Condition | Sentence Pair)]}. Random slope adjust-
ments for condition were included to compensate for the fact
that we could not completely control sentence structure (pres-
ence/absence of a prosodic boundary, word category, position
of ambiguous syllable string in the sentence). Including such
random slope adjustment allowed the observation of condition
effects above and beyond the specifics of each sentence pair.
On the other hand, the impact of participant level variables
should not vary across speakers, and therefore no slope adjust-
ments were applied to the random effect of participants.

A set of follow-up analyses was also conducted to deter-
mine if participants produced similar FO and duration ratios
in both languages. These models tested the effect of condi-
tion and language of the trial (as a deviation coded two-level
categorical variable: French trial vs English trial) on the FO
and duration ratios produced by the two groups of sequential
bilinguals separately (French-L1 and English-L1 speakers).
The random structure of the models took into account partic-
ipants (intercept and slope adjustments for the language of
the trial) and sentence pairs produced (intercept and slope
adjustments for the effect of conditions; i.e., {[FO ratio
~ Condition * Language of trial + (1 + Language of trial |
Participant) + (1 + Condition | Sentence Pair)]}. Random
slope adjustments for trial language were included to

4260  J. Acoust. Soc. Am. 146 (6), December 2019

compensate for variations in relative language dominance
within L1 speaker groups, which might modulate the effect
of the language of the trial. For example, a native speaker of
French who is now dominant in English is not going to be
affected by the language of the trial in the same way as a
native speaker of French who remained dominant in French.

LME models were implemented in RStudio version
3.2.4 (R Development Core Team, 2010), using the lme4
library, version 1.1-7 (Bates et al., 2014) and estimates of p-
values were obtained using the ImerTest package version
2.0-29 (Kuznetsova et al., 2015). Plots were generated using
ggplot2 (version 2.1.0, Wickham, 2009) and Excel as imple-
mented in Office 365.

lll. RESULTS
A. Production of English trials

Out of the 2400 sentence pairs produced across partici-
pants, 428 sentence pairs were excluded from the analysis
because at least one sentence contained an error or a disflu-
ency occurring before the syllables of interest. Sentence
pairs where at least one sentence was produced with a pause
between the two syllables of interest were also removed
from the analysis (387 pairs). Therefore, a total of 1585 sen-
tence pairs were included in the analyses. Due to the vari-
ability in language proficiency and the complexity of some
sentences, as well as our conservative trial inclusion criteria,
there were, on average, 26.4 usable sentence pairs (out of
40) per participant, in which both sentences were produced
without hesitations, pauses or other errors [standard devia-
tion (§D)=6.2, Min=11, Max =139]. Of note, although the
proportion of removed trials seems high, similar proportions
are found in the literature using similar designs (Kim, 2019).
Sections III A 1-IIT A 3 present the analysis of /0 and dura-
tion ratios separately, and how they are modulated by speak-
ers’ L1 and relative language dominance. Only the main
statistical results are reported in the text, while complete
model outputs are available in the supplementary materials
(see supplementary material Appendix B).! Of note, the
main analyses presented hereafter were also performed on a
subset of sentence pairs that were matched in terms of syn-
tactic boundary location and the exact same pattern of inter-
actions was observed. We therefore report the results of the
original models including all sentence pairs.

1. Use of fundamental frequency (FO0) in English trials

Figure 1 represents the average FO ratios produced dur-
ing English trials as a function of condition and speakers’ L1
(English, French or both). Two main observations can be
made based on Fig. 1. First, FO ratios produced in the two-
word condition (two cans) were in general lower than in the
one-word condition (toucans) for two out of three speaker
groups (French-L1 and simultaneous bilinguals), suggesting
an effect of condition in native speakers of French. Second,
speakers’ L1 seems to have had an impact on the FO ratios
produced, with French-L1 speakers producing the largest
difference between conditions, followed by simultaneous
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FIG. 1. Average FO ratios produced during English trials as a function of
conditions and speakers’ L1, error bars represent standard error of the mean
(SE).

bilinguals, and with English native speakers producing simi-
lar FO ratios in both conditions.

To test the significance of this observed data pattern, we
used an LME model including condition and speakers’ L1 as
predictors of FO ratios. In the present analysis, English-L1
served as the reference category; thus, the model tests the sig-
nificance of the difference between English-L1 and other L1
categories (i.e., difference between English-L1 and French-L1,
difference between English-L.1 and Simultaneous bilinguals).
None of the main effects reached significance (b < —0.007,
SE >0.007, t<0.63, p>0.5), but, as expected from visual
inspection of Fig. 1, the model revealed a significant interaction
between condition and L1 for French-L1 speakers (b = —0.025,
SE=0.008, t=-2.93, p<0.005). This finding indicates
that the effect of condition differed across French-L1 and
English-L1 speakers. The interaction between condition and
L1 for simultaneous bilinguals did not reach significance
(b=-0.011, SE=0.008, t=—1.31, p > 0.1), indicating that
simultaneous bilinguals produced native-like FO ratios in
English (i.e., not significantly different from English-L1
speakers, see Table II).

Condition ® One word (toucan) © Two words (two cans)
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FIG. 2. Average FO ratios produced during English trials as a function of
conditions and speakers’ relative language dominance index. Shaded areas
around linear regressions represent the standard error.

Further investigations focused on the impact of relative
language dominance, rather than speakers’ L1, on the pro-
duction of FO ratios in English. Figure 2 represents the aver-
age FO ratios produced during English trials as a function of
condition and speakers’ relative language dominance index.
As may be seen in Fig. 2, speakers on the French-dominant
end of the spectrum tended to produce larger differences in
FO ratios between the one-word (foucans) and the two-word
(two cans) conditions than speakers on the English-dominant
end of the spectrum. The significance of the observed data
pattern was confirmed using an LME model including the
relative language dominance index and condition as predic-
tors. As expected, the model revealed a significant interac-
tion between the relative language dominance index and
condition in the expected direction (b=0.012, SE =0.004,
t=3.29, p=0.001) (see Table III).

Furthermore, given the similarity of the effects gener-
ated by the L1 and relative language dominance analyses of
FO productions, follow-up LME models were conducted for
the three L1 groups separately, to determine if language
dominance affected FO production beyond L1 effects. These

TABLE II. Effect of condition (one-word vs two-words) and native language (English-L1, simultaneous bilingual, and French-L1) on fundamental frequency

(F0) and duration ratios produced in English trials.

FO ratios Duration ratios

Fixed Effects b SE p b SE t p
Intercept 0.9739 0.0107 90.961 <0.00001 0.9380 0.0769 12.190 <0.00001
Condition —0.0044 0.0070 —0.622 0.5352 —0.1271 0.0480 —2.647 0.0112
L1*

Simultaneous bilinguals —0.0073 0.0118 —0.622 0.5362 0.0097 0.0246 0.396 0.6934

French-L1 0.0039 0.0117 0.331 0.7422 0.0331 0.0246 1.349 0.1831
Condition * L1

Condition * Simultaneous bilinguals —0.0110 0.0084 —1.305 0.1920 —0.0016 0.0249 —0.064 0.9487

Condition * French-L1 —0.0253 0.0086 —2.931 0.0034 0.0342 0.0256 1.336 0.1816

Variance Variance

Random Effects Intercept Slope® Intercept Slope®
Participants 0.0012 — 0.0044 —
Items (sentence pairs) 0.0019 0.0006 0.2248 0.0792
Residual 0.0096 0.0850

“English-L1 used as reference level, thus, the model tests the significance of the difference between English-L1 and other L1 categories (i.e., difference
between English-L1 and French-L1, difference between English-L1 and Simultaneous bilinguals).
®Random Slope adjustments were done on Condition across items (sentence pairs).
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TABLE III. Effect of condition (one-word vs two-words) and relative language dominance on fundamental frequency (F0) and duration ratios produced in

English trials.
FO ratios Duration ratios

Fixed Effects b SE t p b SE t p
Intercept 0.9724 0.0084 115.325 <0.00001 0.9512 0.0757 12.560 <0.00001
Condition —0.0155 0.0053 —2.921 0.0059 —0.1175 0.0461 —2.548 0.0150
Relative language dominance —0.0082 0.0046 —1.774 0.0813 —0.0135 0.0099 —1.361 0.1790
Condition * Relative language dominance 0.0116 0.0035 3.288 0.0010 —0.0089 0.0104 —0.851 0.3950

Variance Variance
Random Effects Intercept Slope® Intercept Slope®
Participants 0.0011 — 0.0043 —
Items (sentence pairs) 0.0019 0.0006 0.2248 0.0793
Residual 0.0096 0.0850

“Random Slope adjustments were done on Condition across items (sentence pairs).

models included condition and the relative language domi-
nance index as predictors and revealed three different pat-
terns of results. First, the model testing production by
English-L1 speakers yielded no main effects and no interac-
tion between factors (b < —0.015, SE >0.007, t < —1.84,
p > 0.082), showing that language dominance did not affect
native productions of English-L1 speakers. Second, the
model testing production by French-L1 speakers yielded
only a main effect of condition (b= —0.031, SE=0.007,
t=—4.70, p<0.0001), indicating that French-L1 speakers
used different FO ratios to differentiate the conditions, but
the model revealed no main effect of language dominance
or interaction between factors (b < —0.010, SE > 0.006,
t<1.44, p>0.1). Finally, the model examining FO produc-
tion by simultaneous bilinguals yielded a significant interac-
tion between factors (b=0.012, SE 0.005, r=2.257,
p =0.024), with speakers at the French dominant end of the
continuum producing different FO ratios than those of speak-
ers at the English dominant end of the continuum, regardless
of their shared L1s.

To determine the role of each condition in the interactions
affecting FO ratio productions, a separate set of LME models
was used to test the impact of L1 and relative language domi-
nance on the two conditions separately. The models revealed
no main effects of L1 in either the one-word or the two-word
condition (b < —0.014, SE > 0.010, t < —1.43, p > 0.16), but
revealed a significant main effect of relative language domi-
nance in the one bisyllabic word condition [toucan (b=0.015,
SE=0.006, t=—-2.40, p=0.020)], although not in the two
monosyllabic words condition [rwo cans (b= —0.001,
SE=0.004, t = —0.35, p=0.727)]. Thus, the interaction in the
L1 analyses is not specifically driven by one condition, while
the interaction between relative language dominance and con-
dition is likely driven by the language dominance effect in the
one-word condition.

2. Use of duration in English trials

Figure 3 represents the average duration ratios produced
during English trials as a function of condition and speakers’
L1 (English, French or both). Again, two main observations
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can be made from the average ratios. First, like the FO ratios
previously reported, the duration ratios produced in the two-
word condition (two cans) were lower than in the one-word
condition (foucans), which suggests an effect of condition.
Second, speakers’ L1 also seems to have an impact on the
duration ratios produced, but here French-L1 speakers seem
to produce the smallest difference between conditions, fol-
lowed by simultaneous bilinguals, and with English native
speakers producing the largest difference between conditions.
To determine if speakers’ L1 (English, French, or both)
significantly modulates the duration ratios produced during
English trials, we used an LME model including condition
and L1 as predictors, with English-L1 as the reference cate-
gory. As expected from the grand averages presented in
Fig. 3, the model revealed a significant main effect of condi-
tion (b= —0.127, SE=0.048, t = —2.65, p =0.011), with all
speaker groups producing different duration ratios in the two
conditions (see Table II). However, contrary to expectations,
the model revealed no main effect of L1 (b<0.033,
SE >0.024, t<1.35, p>0.1) and no interaction between
condition and L1 (b < 0.034, SE > 0.025, t < 1.34, p > 0.1).
To further investigate the influence of individual differ-
ences on prosody production, we investigated the impact of
relative language dominance on duration ratios (see Fig. 4).
An LME model evaluating the impact of relative language
dominance and condition on the use of duration ratios in
English trials revealed a pattern of results similar to the one
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FIG. 3. Average duration ratios produced during English trials as a func-
tion of conditions and speakers’ L1 (error bars represent standard error of

the mean).
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FIG. 4. Average duration ratios produced during English trials as a function
of conditions and speakers’ relative language dominance index. Shaded
areas around linear regressions represent the standard error.

observed for L1, with a main effect of condition (b= —0.118,
SE=0.046, t=—-2.55, p=0.015), but no significant main
effect of relative language dominance (b= 0.013, SE =0.010,
t=-—136, p=0.179) and no interaction between factors
(b=—-0.009, SE =0.010, t = —0.85, p =0.395) (see Table III).
Therefore, bilingual speakers consistently produced different
duration ratios across conditions when producing English trials,
regardless of their L1 or relative language dominance.

3. Summary of results—English trials

In sum, both speakers’ L1 and relative language domi-
nance interacted with condition in predicting the FO ratios
produced during English trials, with French-L1/dominant
speakers producing greater FO ratios differences between
conditions than English-L1/dominant speakers. Although the
interaction between condition and L1 did not seem to be
driven by one specific condition, the interaction between
condition and relative language dominance was found to be
driven by the one-word condition, as only this condition was
found to be affected by speakers’ relative language domi-
nance when analyzing the two conditions separately. The
effect of relative language dominance on the production of
FO ratios was also observed within the simultaneous bilin-
gual group, with speakers at the French dominant end of the
continuum producing more French-like FO ratios than speak-
ers at the English dominant end of the continuum despite the
fact that they are native speakers of both languages. A differ-
ent pattern of results was observed for duration ratios; that
is, neither L1 nor relative language dominance significantly
affected the production of duration ratios in English, with
speakers consistently producing different duration ratios
across conditions.

B. Production of French trials

Out of the 2400 sentence pairs produced across partici-
pants, 460 sentence pairs were excluded from the analysis
because at least one of the sentences contained an error or a
disfluency and 826 were removed because of a pause
between the two syllables of interest. Thus, a total of 1114
sentence pairs were included in the analyses. Due to the
complexity of some sentences and the overall lower French
proficiency of our participants (compared to English), partic-
ipants produced, on average, fewer French sentences
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compared to English sentences. Specifically, an average of
18.6 sentence pairs (out of 40), in which both sentences were
produced without hesitations, pauses or other errors
(8D =6.9, Min=3, Max=230) were produced in French.
Sections III B 1-III B 3 present the analysis of F0 and dura-
tion ratios separately, and how they are modulated by speak-
ers’ L1 and relative language dominance. Only the main
statistical results are reported in the text, while complete
model outputs are available in the supplementary materials
(see supplementary material Appendix C)."

1. Use of fundamental frequency (F0) in French

As with English trials, our first analysis focused on the
potential impact of speakers’ L1 on the FO ratios produced
in the two conditions (see Fig. 5). As may be seen in Fig. 5,
all three speaker groups (French-L1, English-L1, and simul-
taneous bilinguals) produced different FO ratios across con-
ditions, suggesting an effect of condition, with FO ratios
above 1 in the one-word condition (0 higher on the second
syllable of horloge) and below 1, on average, in the two-
word condition (FO lower on the second syllable of or loge).
Speakers’ L1 also seems to have an impact on the magnitude
of the difference between conditions, with French-L1 speak-
ers producing the largest difference between conditions,
English-L1 speakers producing the smallest difference
between conditions, and simultaneous bilinguals presenting
an intermediate pattern.

To test the significance of the observed differences, we
used an LME model including condition and speakers’ L1 as
predictors. In the present analysis, French-L1 served as the
reference category (native speakers), thus the model tests the
significance of the difference between French-L1 and other
L1 categories (i.e., difference between French-L1 and
English-L1, difference between French-L1 and simultaneous
bilinguals). As expected from Fig. 5, the model revealed a
significant interaction between condition and L1 (b > 0.044,
SE <0.009, t>4.94, p <0.0001), indicating that the differ-
ence between conditions was modulated by speakers’ L1,
with simultaneous bilinguals and English-L1 speakers pro-
ducing different FO ratios compared to French-L1 speakers
(see Table IV). The model also yielded a significant main
effect of condition (b=-0.124, SE=0.011, r=—11.70,
p <0.0001), as well as a significant main effect of L1 for
English native speakers [using French-L1 speakers as a
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FIG. 5. Average FO ratios produced during French trials as a function of
conditions and speakers’ L1 (error bars represent standard error of the

mean).
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TABLE IV. Effect of condition (one-word vs two-words) and native language (English-L1, simultaneous bilingual, and French-L1) on fundamental frequency
(F0) and duration ratios produced in French trials.

FO0 ratios Duration ratios

Fixed Effects B SE t P b SE t P
Intercept 1.0160 0.0101 100.760 <0.00001 1.2637 0.0863 14.649 <0.00001
Condition —0.1235 0.0106 —11.697 <0.00001 —0.4876 0.0662 —17.361 <0.00001
L1?*

Simultaneous bilinguals —0.0123 0.0099 —1.247 0.2189 0.0255 0.0351 0.727 0.4709

English-L1 —0.0239 0.0099 —2.421 0.0195 0.1323 0.0353 3.748 0.0005
Condition * L1

Condition * Simultaneous bilinguals 0.0443 0.0090 4.935 <0.00001 —0.1678 0.0392 —4.281 <0.00001

Condition * English-L1 0.0745 0.0092 8.123 <0.00001 —0.1850 0.0400 —4.622 <0.00001

Variance Variance

Random Effects Intercept Slope® Intercept Slope®
Participants 0.0007 — 0.0080 —
Items (sentence pairs) 0.0018 0.0024 0.2313 0.1220
Residual 0.0077 0.1475

“French-L1 used as reference level, thus, the model tests the significance of the difference between French-L1 and other L1 categories (i.e., difference between
French-L1 and English-L1, difference between French-L1 and Simultaneous bilinguals).
PRandom Slope adjustments were done on Condition across items (sentence pairs).

reference (b= -0.024, SE=0.010, r=-2421, p=0.02)];
simultaneous bilinguals did not differ significantly from French-
L1 speakers (b= —0.012, SE=0.010, = —1.25, p > 0.2]).

To determine if simultaneous bilinguals differ signifi-
cantly from English-L1 speakers in their use of FO ratios in
French, we refitted the same LME model using English-L1
speakers as the reference group instead of native French
speakers. This model yielded significant interactions
between condition and L1 for French-L1 speakers (replicat-
ing the previous model using French-L1 as reference) and
for simultaneous bilinguals (b= —-0.030, SE=0.010,
t=-—3.13, p=0.002), indicating that simultaneous bilingual
speakers produce different FO ratios in French trials com-
pared to English-L1 speakers. Thus, although all speaker
groups produced different FO patterns to differentiate the
two production conditions in French, the magnitude of the
FO difference between conditions varied as a function of

speakers’ experience with French, with speakers having the
least experience with French producing the smallest FO dif-
ferences between conditions, and speakers having long term
experience with both languages producing larger FO differ-
ences than English-L1 speakers, but smaller differences than
French-L1 speakers.

Further investigations focussing on the impact of rela-
tive language dominance, rather than L1, on the production
of FO ratios in French trials also revealed a significant inter-
action between condition and relative language dominance
(b=0.030, SE =0.004, t =7.90, p < 0.0001) in keeping with
the L1 effect (see Table V). That is, participants at the
French-dominant end of the relative language dominance
spectrum produced the largest difference between condi-
tions, while participants at the English-dominant end of the
spectrum did not produce significantly different FO patterns
between conditions (see Fig. 6).

TABLE V. Effect of condition (one-word vs two-words) and relative language dominance on fundamental frequency (F0) and duration ratios produced in

French trials.

FO ratios Duration ratios
Fixed Effects b SE t P b SE t P
Intercept 1.0050 0.0085 118.875 <0.00001 1.3103 0.0841 15.572 <0.00001
Condition —0.0875 0.0095 —9.251 <0.00001 —0.5947 0.0630 —9.439 <0.00001
Relative language dominance —0.0081 0.0037 —2.180 0.0339 0.0483 0.0138 3.492 0.0009
Condition * Relative language dominance 0.0299 0.0038 7.896 <0.00001 —0.0742 0.0165 —4.503 <0.00001

Variance Variance

Random Effects Intercept Slope® Intercept Slope®
Participants 0.0007 — 0.0084 —
Items (sentence pairs) 0.0018 0.0024 0.2313 0.1217
Residual 0.0078 0.1480
“Random Slope adjustments were done on Condition across items (sentence pairs).
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FIG. 6. Average FO ratios produced during French trials as a function of
conditions and speakers’ relative language dominance index. Shaded areas
around linear regressions represent the standard error.

Again, given the similarity of the effects generated by
the L1 and relative language dominance analyses, follow-up
LME models were conducted for the three L1 groups sepa-
rately to determine if language dominance affected prosody
production above and beyond L1 effects. The new models
included condition and the relative language dominance
index as predictors and revealed three different patterns of
results. First, the models on FO ratios produced by French-
L1 speakers yielded only a main effect of condition
(b=-0.122, SE=0.012, t=—10.24, p < 0.0001), [no effect
of language dominance (b < —0.001, SE =0.005, t = —0.14,
p=0.888) and no interactions between factors (b = —0.001,
SE=0.005, t+=-0.227, p=0.821)], suggesting that lan-
guage dominance did not affect native productions of
French-L1 speakers. Second, the model on F0 production by
simultaneous bilinguals replicated the model examining
French-L1 speakers with only a main effect of condition
(b=-0.080, SE=0.012, t=—-6.64, p<0.0001). Finally,
the model on FO ratios produced by English-L1 speakers
revealed a significant interaction between condition and rela-
tive language dominance (b=0.033, SE=0.008, r=4.354,
p <0.0001), where more balanced speakers produced more
native-like prosody in French, while speakers at the English
dominant end of the spectrum did not produce different F0
patterns to differentiate the conditions. Of note, this pattern
of FO ratios differs slightly from the one observed in the pre-
vious analysis focusing on speakers’ L1, in that not all par-
ticipants used different FO ratios to differentiate the two
speaking conditions (compare Fig. 5 and Fig. 6). This dis-
crepancy might be due to the fact that some English-L1
speakers are very heavily dominant in English and do not
behave in a similar fashion to English-L1 speakers who are
more balanced bilinguals, a difference that is masked when
averaging them all together as a function of their shared L1.

To determine the role of each condition in the interactions
affecting the production of F0 in French, a separate set of LME
models was used to test the impact of L1 and relative language
dominance on the two conditions separately. This analysis
revealed significant effects of L1 (English) and relative lan-
guage dominance consistent with the interactions observed in
the original analyses in both models on the one-word condition
(b > —0.024, SE < 0.019, t > —3.39, p < 0.0013). Conversely,
the models on the two-word condition did not reach signifi-
cance (b <0.019, SE > 0.004, t < 1.82, p>0.073). Thus, the
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present interactions between language experience factors and
condition seem to be driven by the one-word condition.

2. Use of duration in French

Figure 7 represents the average duration ratios produced
during French trials as a function of condition and speakers’
L1 (English, French, or both). Figure 7 shows that all three
speaker groups produced different duration ratios between
conditions, with duration ratios above 1 in the one-word con-
dition (second syllable longer than first syllable in horloge)
and below 1 in the two-word condition (first syllable longer
than second in or loge). The L1 also affected the magnitude
of the difference between conditions, with English-L1 speak-
ers producing the largest difference between conditions,
French-L1 speakers producing the smallest difference
between conditions, and simultaneous bilinguals presenting
an intermediate pattern.

To test the significance of these observations, we ana-
lysed the French duration ratios using an LME model includ-
ing speakers’ L1 and condition as predictors. As expected
from the grand averages presented in Fig. 7, the model
revealed a significant interaction between condition and L1
(b >0.168, SE < 0.040, t > —4.28, p < 0.001) indicating that
the difference between conditions was modulated by speak-
ers’ L1, with English-L1 and simultaneous bilingual speak-
ers producing significantly larger duration differences
between conditions than French-L1 speakers (see Table IV).
The model also yielded a significant main effect of condition
(b=-0.488, SE=0.066, t =—7.36, p <0.0001), as well as
a significant main effect of L1 for English native speakers
[using French-L1 speakers as a reference (b=0.132,
SE=0.035, +=3.75, p<0.001), while simultaneous bilin-
guals did not differ significantly from French-L1 speakers
(b=0.026, SE=0.035,1r=0.73, p=0.471)].

To determine if simultaneous bilinguals differ from
English-L1 speakers in their use of duration ratios in French,
we refitted the previous LME model using English-L1 speak-
ers as the reference group instead of native French speakers.
The model replicated the significant interactions between
condition and L1 for French-L1 speakers, but yielded no sig-
nificant interaction between condition and L1 for simulta-
neous bilinguals (b =0.017, SE=0.042, t=0.41, p =0.682),
indicating that the difference in simultaneous bilingual
speakers’ use of duration between the two conditions in
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FIG. 7. Average duration ratios produced during French trials as a function
of conditions and speakers’ L1 (error bars represent standard error of the

mean).
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French trials did not differ from that of English-L1 speakers.
Therefore, all participants produced different duration ratios
between conditions in French, regardless of their L1, but
speakers having more experience with English (English-L1
speakers and simultaneous bilinguals) produced greater
duration ratio differences between conditions than French-
L1 speakers.

Furthermore, the investigation of the effect of relative
language dominance on the use of duration ratios in French
again revealed a pattern of results similar to the one
observed for speakers’ L1. Namely, we observed a signifi-
cant interaction between relative language dominance and
condition (b=-0.074, SE=0.016, t=—4.50, p <0.0001)
where speakers at the English-dominant end of the spec-
trum produced a larger difference between conditions than
speakers at the French-dominant end of the spectrum (see
Fig. 8 and Table V).

As above, follow-up LME models were conducted for the
three L1 groups separately. These models revealed patterns of
results consistent with the equivalent analyses performed on FO
ratios during French trials. Namely, the models on French-L1
speakers and simultaneous bilinguals yielded only a main effect
of condition (b > —0.49, SE < 0.073, t > —7.41, p <0.0001),
showing that language dominance did not affect the production
of native speakers of French, while the model on English-L1
speakers revealed a marginally significant interaction between
factors (b= —0.069, SE =0.036, t =—1.92, p =0.056), where
speakers at the English dominant end of the spectrum produced
larger duration differences than speakers from the French domi-
nant end of the spectrum.

To determine the role of each condition in the interac-
tions affecting the production of duration ratios in French,
follow-up LME models were used to test the impact of L1
and relative language dominance on the two conditions sepa-
rately. These models revealed significant effects of L1
(English) and relative language dominance consistent with the
interactions observed in the original duration ratio analyses in
all models on the one-word condition (b > 0.092, SE < 0.062,
t>3.86, p <0.001). On the other hand, none of the models on
the two-word condition reached significance (b < 0.027,
SE>0.014, t<0.79, p > 0.4). Thus, as was observed in the
FO analyses, the interactions between language experience
factors and condition seem to be driven by the one-word con-
dition in French, as observed for the English trials.
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FIG. 8. Average duration ratios produced during French trials as a function
of conditions and speakers’ relative language dominance index. Shaded
areas around linear regressions represent the standard error.
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3. Summary of results—French trials

To summarize, both FO and duration were affected by
interactions between condition and either speakers’ L1 or
relative language dominance in French trials, albeit not in
the same direction. That is, French-L1/dominant speakers
produced larger FO ratio differences between conditions
than English-L1/dominant speakers, who instead produced
larger duration ratio differences. Both interactions were
found to be driven by the one-word condition in subsequent
analyses conducted on the two conditions separately. An
effect of relative language dominance was also observed
within the English-L1 group, with more balanced speakers
producing more native-like prosody (FO and duration
ratios) in French than speakers at the English-dominant end
of the spectrum.

C. Comparing the production of English and French
trials

Having observed L1 and language dominance effects on
the FO and duration ratios produced in both languages, one
might ask whether non-native speakers attempted to adapt
their prosody to their L2, albeit imperfectly, or if they simply
produced the same prosodic cues in both languages. To
determine if speakers produced different O and duration
ratios in their L1 and L2, follow-up LME models were used
to test the effects of condition (one bisyllabic word or two
monosyllabic words) and language of the trial (English or
French) in the two groups of sequential bilinguals separately
(English-L1 and French-L1). All models revealed significant
interactions between condition and language of the trial, with
French trials being produced with greater F0O and duration ratio
differences between conditions than English trials in both
speaker groups [FO: (b > —0.046, SE <0.013, r > —3.61,
p<0.001), duration: (b > —0.409, SE <0.084, r > —5.49,
p <0.0001)]. These results indicate that speakers did adapt
their prosodic production to their L2, even if their production
was not quite native-like.

To determine the role of each condition in these interac-
tions, a separate set of LME models was used to test the
impact of language of the trial on the two conditions sepa-
rately. This analysis revealed that, similar to the interactions
involving the condition factor previously observed, these
interactions seem to be driven by the one-word condition,
which varies the most between languages among both
French-L1 speakers [FO: (b=0.081, SE=0.021, t=3.96,

p <0.001), duration: (b=0.497, SE=0.132, t=3.76,
p <0.001)] and English-L1 speakers [FO: (b=0.037,
SE=0.023, r=1.57, p=0.127), duration: (b=0.785,

SE=0.150, t=5.25, p < 0.001)]. On the other hand, the pro-
sodic patterns associated with the two-word condition
remained quite stable across languages in both the French-
L1 speakers [FO: (b=-0.010, SE=0.014, ¢r=-0.70,
p=0.486), duration: (b=0.091, SE=0.110, t=0.83,
p=0.408)] and the English-L1 speakers [FO: (b=0.0001,
SE=0.015, t=0.003, p=0.997), duration: (b=0.168,
SE=0.101, t=1.67, p=0.099)]. See supplementary mate-
rial Appendix D for complete model outputs.'
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IV. GENERAL DISCUSSION

The goal of the present paper was to analyze the use of
FO and duration ratios as word boundary cues by French-
English bilinguals with different language experiences. As
expected, our results demonstrate that the speakers’ use of
prosodic cues is influenced not only by their L1, but also by
their relative language dominance. The results therefore sup-
port a hybrid model of the production of L2 prosody, incor-
porating both the restricted segmentation strategies
developed during L1 acquisition (Cutler ef al., 1992) and the
adaptive impact of language experience (Tremblay et al.,
2017). That is, even though a speaker’s L1 predisposes them
to using specific prosodic patterns, they remain able to mod-
ulate their prosody production to the specifics of an L2 if
provided with sufficient L2 experience. In addition, our
results show that the two cues—FO0 and duration—are
affected differently by speakers’ L1 and relative language
dominance, suggesting that some aspects of the restricted
segmentation strategy acquired by L1 speakers might be
harder to modulate than others. In Secs. IV A-IV D, we dis-
cuss the overall effects of L1 and relative language domi-
nance separately and demonstrate how they support our
proposal of a hybrid model of L2 prosody production.

A. L1 effects

Analyzing the production of English trials, we found
that speakers’ L1 interacted with condition (one bisyllabic
word or two monosyllabic words) to predict the FO ratios
produced, but that it did not affect speakers’ production of
duration ratios. Specifically, while speakers from all three
language groups used similar duration patterns to differenti-
ate the two conditions, only French-L1 speakers also pro-
duced different FO ratios across conditions (simultaneous
bilinguals did not differ significantly from the English-L1
group used as a reference, indicating that they produced
native-like FO ratios in English). Based on the production of
the syllables of interest in the English-L.1 group, native-like
production of these sentence pairs in English is signalled by
different duration ratios, but not different FO ratios.
Therefore, the prosodic patterns produced by the French-L1
speakers represent an accented or non-native-like use of FO
in English.

Moreover, given that the FO ratios produced by simulta-
neous bilinguals (who learned both French and English from
birth) did not differ from that of English-L1 speakers (who
learned only English from birth, and French later in life),
one could hypothesize three possible explanations as to why
French-L1 speakers failed to produce native-like FO ratios in
English. A first explanation relates to the time period of first
exposure to English, suggesting that speakers need to be
exposed to English from birth (like English-L.1 and simulta-
neous bilinguals) to achieve native-like use of F0 in English,
so that the later the first exposure to English, the less native-
like the FO ratios produced in English. A second explanation
relates to French-L1 speakers’ limited cumulative exposure
to English, given that they learned English only later in life
(mean age of first exposure to English = 6.5 years). A similar
explanation was previously put forward by Trofimovich and
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Baker (2006), who found that native Korean speakers pro-
duced more native-like stress timing in English as their
cumulative exposure to English increased. A third possible
explanation would relate instead to relative language domi-
nance, suggesting that speakers need to reach a certain profi-
ciency level in English to use FO in an English-like manner.

To determine which of the three potential interpretations
is most likely in the present dataset, we used additional LME
models including condition and either age of first exposure
to English, cumulative exposure to English (chronological
age minus age of first exposure to English), or the number of
words produced in the English version of the fluency task (as
an index of proficiency) as predictors of FO ratios produced
by French-L1 speakers (all as scaled continuous variables).
These models revealed different patterns of results. First, we
observed a significant interaction between condition and age
of first exposure to English, where speakers who were
exposed to English at an earlier age produced smaller FO dif-
ferences between conditions (i.e., more native-like use of F0
in English) than speakers whose exposure to English first
occurred at a later age. On the other hand, the interaction
between condition and cumulative exposure to English failed
to reach significance, meaning that the amount of time spent
in English did not explain the use of different FO ratios in
these two conditions. And finally, the interaction between
condition and English proficiency was significant (p =0.04),
with speakers who named more items during the English
verbal fluency task producing smaller FO ratio differences
between conditions (i.e., more native-like use of FO in
English) than speakers who named fewer items in the same
task; see supplementary material Appendix B, Tables 3a,
3 b, and 3c for complete model outputs).' Therefore, it seems
that the age of a speaker’s first exposure to English and their
attained English proficiency level were better predictors of
their use of different FO ratios to differentiate the two condi-
tions (or not). Interestingly, the age of a French-L1 speaker’s
first exposure to English did not correlate with their English
proficiency as indexed by the verbal fluency task, suggesting
that each of these two variables might have a specific impact
on FO ratio production in English.

Unlike with English trials, the analysis of French trials
revealed a significant interaction between speakers’ L1
(English-L1 or simultaneous bilinguals) and condition (one
bisyllabic word or two monosyllabic words) in predicting
the production of both FO and duration ratios, although the
two effects were in opposite directions. Namely, while
French-L1 speakers produce larger FO ratio differences
between conditions than English-L1 speakers, they also pro-
duce smaller duration ratio differences to differentiate the
two conditions compared to English-L1 speakers. Using the
production of the syllables of interest in the French-L1 group
as a native-like reference, the production of these sentence
pairs in French relies on both FO and duration ratios.
Therefore, the prosodic patterns produced by the English-L1
speakers represent an accented or non-native-like use of
prosody in French; English-L1 speakers appear to under-use
FO ratios to differentiate the two speaking conditions, and
instead over-use duration ratios to compensate.

Gilbertetal. 4267



Given that the FO and duration ratios produced by
simultaneous bilinguals (who learned both French and
English from birth) differed from native-like productions in
French, one might conclude that variables pertaining to L2
exposure (age of first exposure and cumulative exposure to
French) had little impact on the prosodic cues produced by
native speakers of English (simultaneous bilinguals and
English-L1 speakers), otherwise simultaneous bilinguals
would be expected to produce native-like prosody during
French trials. Interestingly, although simultaneous bilin-
guals’ production of FO ratios did not pattern with those of
French-L1 speakers, it also did not pattern with those of
English-L1 speakers. Rather, the simultaneous bilinguals
presented an intermediate pattern of results, in which they
produced significantly smaller FO ratio differences between
conditions than French-L1 speakers, but significantly larger
FO ratio differences than English-L1 speakers. Therefore,
having been exposed to English from birth might have influ-
enced their use of F0O, somewhat hindering their ability to
produce native-like FO ratios during French trials. With
regard to duration patterns, simultaneous bilinguals did not
differ from English-L1 speakers, meaning that they, too, pro-
duced exaggerated duration ratios compared to French-L1
speakers. These complex patterns of results suggest that L1
is not a sufficient predictor of the use of FO and duration
ratios in French; it may be, as suggested above, that the
simultaneous acquisition of English influenced their prosody
production, or it may be important to take relative language
dominance into account to help explain the observed results.
Although not perfect, the relative language dominance index
gives us an idea regarding relative language proficiency lev-
els which are independent from a speaker’s L1.

B. Relative language dominance effects

When analyzing the production of English sentences in
relation to speakers’ relative language dominance (irrespec-
tive of L1), we found results largely consistent with those
reported for L1. Namely, all speakers produced different
duration ratios to differentiate the two conditions, but only
speakers at the French dominant end of the continuum also
produced different FO ratios for the different conditions.
Thus, as bilinguals become more English dominant, their
production of FO ratios becomes more English-like (in
English), regardless of their L1. Subsequent analyses further
supported this interpretation, by demonstrating that the pro-
duction of FO ratios by simultaneous bilinguals was modu-
lated by their relative language dominance, regardless of the
fact that they are native speakers of English. Thus, even if,
as a group, simultaneous bilinguals behaved like native
speakers of English, the production of each individual
speaker was nonetheless affected by their long-term experi-
ence with French affecting their relative language domi-
nance. These results cohere with those of Cutler et al.
(1992), who found an effect of language dominance among
simultaneous bilinguals’ use of prosodic cues in word/sylla-
ble spotting tasks. Moreover, these results demonstrate that
the production of native-like FO ratios in English is more
variable than previously expected, and that native exposure
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to English is not sufficient to maintain native-like production
of FO in English if exposed to another language with differ-
ent prosodic patterns (see Kim, 2019 for similar effects on
Spanish lexical stress production.) Nonetheless, F'O produc-
tion of the English-L1 speaker group (who learned English
from birth and French only later in life) was not affected by
their relative language dominance, which might give the
impression that FO production in their L1 was somewhat
immune to influences from their L2. However, this result is
likely due to the limited French proficiency of our English-
L1 speakers who were all English dominant according to our
relative language dominance index (i.e., they all performed
better on the English version of the verbal fluency task than
in the French version of the task, leading to index scores
above 1). Thus, the English-L1 speakers might not have had
enough contact with their L2 for it to have affected their FO
production in L 1.

Of note, given the overall effects observed in the L1 and
relative language dominance analyses, we expected to see an
interaction between condition and relative language domi-
nance in the follow-up analyses performed on the English
productions of French-L1 speakers. The absence of a signifi-
cant effect might be due to the limited range of relative lan-
guage dominance of the French-L1 group (range of 1.2
index points for French-L1 speakers compared to 1.6 index
points for English-L1 speakers and 2 index points for simul-
taneous bilinguals).

Subsequently, when analyzing French trials in terms of
relative language dominance, we also found effects in line
with those found in the L1 analyses. Speakers from the
French dominant end of the spectrum produced different F0O
and duration ratios between conditions (like French-L1
speakers), whereas speakers from the English dominant end
of the scale produced exaggerated duration ratio differences
but no FO ratio differences between conditions. Thus, con-
gruent with the results obtained for the English trials, as
bilinguals become more French dominant, their prosody pro-
duction becomes more French-like (in French), regardless of
their L1. This interpretation was further supported by
follow-up LME models on the different speaker groups sepa-
rately. These models showed that both the production of FO
and duration ratios by English-L1 speakers were modulated
by their relative language dominance. That is, more balanced
speakers (none were French dominant according to our
index) produced more native-like prosody in French, while
speakers at the English dominant end of the spectrum did not
produce different FO to differentiate conditions, but instead
produced larger duration differences between conditions.
This effect demonstrates that even though English-L1 speak-
ers might have acquired a restricted use of FO during infancy
(Cutler et al., 1992), they were still able to learn to modulate
their F0 production to the specifics of their L2, at least to a
certain degree, after acquiring sufficient language experi-
ence. English-L1 speakers whose linguistic experience does
not allow them to modulate their O production in French
instead compensate by modulating syllable duration to signal
word boundaries. These results partly cohere with those of
Tremblay et al. (2017), who demonstrated that language
experience affected listeners’ use of FO in speech
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segmentation. Contrary to our results, they found that the
use of FO by both French and English native listeners was
affected by their L2 proficiency, whereas in our results, this
effect seems to be limited to English-L1 speakers, possibly
due to the limited range of relative language dominance of
the French-L1 group in the present dataset.

Of note, the French productions of French-L1 speakers,
like the English productions by English-L1 speakers, seemed
somewhat immune to influences from exposure to the L2,
even though some French-L1 speakers are in fact English-
dominant according to our relative language dominance
index. Moreover, simultaneous bilinguals patterned with
French-L1 speakers in the follow-up analyses that looked at
speaker groups separately, suggesting that in simultaneous
bilinguals the different use of prosody in French might be
due to their exposure to English from birth and not to their
ongoing experience with either language.

C. On the adaptive and selective nature of prosody
production in L2

Taken together, the present results confirm our hypothe-
sis that both speakers’ L1 and language dominance have a
significant impact on the use of F0O and duration cues in L2.
Also, when comparing the production of English and French
trials within sequential bilinguals (French-L1 and English-
L1), we observed that speakers did, in fact, produce different
FO and duration ratio patterns across languages. Thus, all
speakers indeed attempted to adapt their prosody to their L.2,
albeit imperfectly. Therefore, we can interpret the present
results as demonstrating that, even though speakers’ L1 pre-
disposes them to use certain FO and duration patterns as
word boundary cues (regardless of the language they are
speaking), L2 speakers can nonetheless acquire native-like
production patterns if they have sufficient L2 experience.
Thus, speakers may continue to apply the restricted prosodic
patterns associated with their L1 to their L2 during the early
phases of language learning, but they learn to adapt their
prosody to native-like patterns as their language dominance
shifts towards their L2. These results partly cohere with the
perception results from Tremblay et al. (2017), who sug-
gested that the use of prosodic cues to segment words is
adaptive, in that it is modulated by language experience vari-
ables, but non-selective (cannot be adjusted as a function of
the language to process). As in their study, we found that
language experience (as indexed by relative language domi-
nance) affected how speakers use prosodic cues to segment
words, but contrary to their results, we observed that our par-
ticipants were able to produce FO and duration ratios in a
language-selective way. That is, our speakers did not rely on
a single intermediate pattern of FO and duration ratios in
both languages, but instead used two parallel systems, spe-
cifically tailored to French and English, with language expe-
rience affecting how native-like their production was in both
languages. Thus, language experience appears to have a dif-
ferent impact on the production and the perception of pro-
sodic cues associated with word segmentation (see also Kim,
2019).
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D. On the specific challenges of the transition
between English and French (and vice-versa)

To address the specific challenges of learning English as
a French-L1 speaker, one has to relate the present results to
the specifics of the stimuli used, specifically to the one-word
condition that is driving all the interactions observed in both
FO and duration ratios. First, it is important to remember
that, as a stress-timed language, English words carry
lexically-coded stress that needs to be produced indepen-
dently of sentence-level prosody. For example, most of the
bisyllabic words used in the one-word condition in English
have a trochaic stress pattern (37 sentence pairs out of 40).
Therefore, one would expect the initial syllable of these
words to be produced with higher FO, longer duration, and
greater intensity than the second syllable (Beckman, 1986;
Lieberman, 1960). Also, in the present task, most of these
bisyllabic words were placed at the end of prosodic phrases,
meaning that they also bear phrasal prosody cues, including
final lengthening as well as a potential pitch accent, depend-
ing on the specific construction of the sentence (see Wagner
and Watson, 2010, for a review of prosodic cues associated
with sentence-level boundaries). Previous studies have
shown that, in English, final lengthening not only affects the
final syllable of the phrase (Vaissiere, 1983; Wightman
et al., 1992) but also the preceding stressed syllable (Turk
and Shattuck-Hufnagel, 2007). Therefore, the production of
trochaic bisyllabic words in phrase final position might pre-
sent a particular challenge for non-native French-L1 speak-
ers since they are known to have difficulty encoding lexical
stress (Dupoux et al., 1997) and they signal phrase bound-
aries by lengthening only the final syllable of a phrase
(Fletcher, 1991).

Furthermore, even though French L1 or dominant
speakers are able to vary FO independently from duration in
certain contexts, these two acoustic cues often cooccur as
phrase boundary markers in casual speech (Fletcher, 1991;
Vaissiere, 1983). Therefore, French L1/dominant speakers
might have difficulty modulating these two cues to signal
word-level and sentence-level prosody in a coordinated fash-
ion (i.e., producing a FO rise on the first syllable to indicate
lexical stress, but not on the second syllable to signal phrase
boundary, while lengthening both syllables to indicate
phrase boundary as opposed to lengthening only the second
syllable as in French). Evidence of this difficulty comes
from the observed production of similar 0 and duration val-
ues for both syllables of bisyllabic English words (leading to
ratios of about 1) by French L1/dominant speakers, which
seems to indicate that they used the same acoustic cue com-
bination to signal both the lexical stress and the phrase
boundary. Three different patterns of prosodic cue use could
explain the patterns of FO and duration ratios that emerged.
A first pattern would involve French-L1 speakers failing to
produce lexical stress in the first syllable altogether but man-
aging to refrain from using French prosody to mark the
phrase boundary (leading to two “short” syllables with low
FO values). A second pattern would involve French-L1
speakers managing to produce native-like lexical stress on
the first syllable of the bisyllabic word, but not being able to
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refrain from using French prosody to mark the phrase bound-
ary on the second syllable (leading to two lengthened sylla-
bles with high FO values). A third pattern would present a
middle ground between the previous two explanations, with
French-L1 speakers modulating their prosody to signal lexi-
cal stress, albeit not in a native-like manner, and mitigating
their production of phrase boundary markers.

Additional follow-up LME models investigating the
effect of language of production on French-L1 speakers’ F0
and duration of each syllable of the English bisyllabic word
separately (for example, comparing the raw FO value of the
first syllable of the bisyllabic words in French vs English tri-
als, or comparing the raw duration of the second syllable of
the bisyllabic word across languages) seem to support the
third and more nuanced explanation of the flat FO and dura-
tion ratios proposed earlier (see supplementary material
Appendix E, Table 1a, for complete model outputs).' These
analyses on raw F0 values showed that the FO of the second
syllable was affected by the language of the trial (lower FO
in English than in French), but not the FO of the first syllable.
On the other hand, the duration of both syllables was
affected by the language of the trial, with English trials being
produced with a longer first syllable and a shorter second
syllable. This pattern of results indicates that French-L1
speakers were able to refrain from marking phrase bound-
aries in a French-like manner during English trials but were
not able to use FO as a lexical stress cue, instead relying only
on syllabic duration. Thus, French-L1 speakers show signs
of having modulated their prosody to the specifics of their
L2, albeit imperfectly. The F0 and duration ratios of 1 (indi-
cating that similar 0 and duration were produced for both
syllables) is therefore the result of two simultaneous pro-
sodic modulations affecting word- and sentence-level pros-
ody in English. However, French-L1 speakers did not use F0
variations to signal lexical stress, indicating that they likely
do not associate FO modulations with word-level prosody.
This suggests that it is easier for French-L1 speakers to mod-
ulate syllabic durations to the specifics of English than to
produce FO in an English-like manner. These results are con-
sistent with those of Trofimovich and Baker (2006), who
found that native Korean speakers did not reach native-like
FO peak alignments in English, no matter their language
experiences, even if they were able to produce native-like
lexical stress. Taken together, these results suggest that it
might be difficult for native speakers of languages without
lexical stress to learn to adapt their FO production to the spe-
cifics of a language with lexical stress, like English.
Interestingly, our paradigm also allows for the investigation
of a potential converse effect that could affect English-L1
speakers use of F0 in French.

As a syllable-timed language, French does not encode
word-level prosody, so the equivalent bisyllabic words used
in the French trials need only be marked for the phrasal
boundaries. In French, phrase boundaries are marked by a
syllabic lengthening accompanied by an FO rise, both occur-
ring on the final syllable of the phrase (also marking word
offsets; Fletcher, 1991; Vaissiére, 1983). Therefore, French
trials present a different challenge for English native speak-
ers, who more often associate FO rises with lexical stress
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than with phrase boundaries (Beckman and Ayers Elam,
1997). Native English speakers might then have difficulty
using F0 as a boundary marker in French, especially when
producing a phrase-final bisyllabic word, as indicated by
their use of equivalent F0 values in both syllables of these
words (leading to FO ratios of about 1). On the other hand,
the use of syllabic lengthening to signal word/phrase bound-
aries in French should not be problematic for English L1/
dominant speakers because duration is also used to signal
sentence-level prosody in English to a certain degree
(Vaissiere, 1983; Wightman et al., 1992). This could, in
turn, explain why English L1/dominant speakers produce
exaggerated duration ratio differences between conditions in
French; they appear to rely on the prosodic cue that is shared
across the two languages (duration) to compensate for the
limited ability to modulate 0 in a French-like manner.

Additional follow-up LME models investigating the
effect of language of production on English-L1 speakers’ FO
and duration of each syllable of the bisyllabic French word
separately suggest that, as expected, English-L1 speakers are
able to modulate F0 independently from syllabic duration,
and that they are able to produce FO rises and syllabic
lengthening as phrase boundary markers in French, albeit
not quite in a native-like manner (consistent with Tremblay
et al., 2017; see supplementary material Appendix E, Table
1b, for complete model outputs)." Unlike the analyses on
English trials produced by French-L1 speakers, the present
analyses revealed that the FO of the second syllable was
affected by the language of the trial (higher FO in French
than in English), but not the F0 of the first syllable. Duration
of both syllables was also affected by the language of the
trial, with French trials being produced with a shorter first
syllable and a longer second syllable. This pattern of results
indicates that English-L.1 speakers were able to mark phrase
boundaries in a French-like manner but were not able refrain
completely from producing an English-like stress pattern on
bisyllabic French words, producing the FO rise on the first
syllable typical of the trochaic stress pattern of English.
Thus, English-L1 speakers show signs of having modulated
their sentence-level prosody to signal phrase boundaries in a
native-like manner (longer final syllable with higher F0), but
of only partly adapting their word-level prosody, producing
shorter first syllables in French, but with similar FO patterns
in both languages, regardless of the absence of lexical stress
in French. These results suggest that it is easier for English-
L1 speakers to adapt their sentence-level prosody to the spe-
cifics of French than to refrain from producing word-level
prosody, specifically controlling FO in context where a
lexical-stress would be produced in English. Taken together,
the results from French-L1 and English-L1 speakers’ pro-
sodic modulations support a more general principle accord-
ing to which syllabic duration is easier to adapt to the
specifics of an L2 than FO production (at least among
French-English bilinguals), and sentence-level prosody is
easier to adapt than word level prosody.

Of note, the complex effects observed in the one-word
condition are not mirrored in the two monosyllabic words
condition in either language. In the two monosyllabic words
condition, all sentence-level and word-level (in English)
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prosodic cues fall on the same syllable, avoiding the poten-
tial confusion of where to produce lexical stress (or not) and
where to produce phrase boundary cues. Such contexts are
therefore more likely to be produced in a native-like manner
in either French or English, even by speakers having diffi-
culty modulating their FO and duration ratios.

V. CONCLUSION

In sum, the present results demonstrate that bilingual
speakers are not bound to using the restricted word segmen-
tation procedure of their L1 in the production of their L2.
Specifically, the bilingual speakers included in the present
study show signs of being able to adapt their /0 and duration
production to the specifics of their L2 if they have sufficient
L2 experience, albeit duration seems somewhat easier to
adapt than FO. Furthermore, the fact that our speakers pro-
duced different prosodic cues in English and in French dem-
onstrates that language exposure does not simply modify the
restricted word segmentation procedure learned through con-
tact with the L1, but instead helps to create a parallel set of
word segmentation procedures specifically tailored to the
L2. Thus, even if a speaker has learned to use the English
word segmentation strategy during infancy, they nonetheless
remain able to learn to use the French word segmentation
strategy (given that they reach a certain level of French
experience) and keep using the English strategy when speak-
ing their L1. The present results also demonstrate that adapt-
ing the production of sentence-level prosodic cues (phrase
boundary marking) seems easier than adapting word-level
prosodic cues (lexical stress or lack thereof). Therefore, the
transition between English and French does not seem easier
in one direction than the other, but rather involves direction-
specific challenges, with French-L1 speakers having diffi-
culty producing trochaic FO patterns in English while
English-L1 speakers have difficulty refraining from produc-
ing the same pattern in French. Given the discrepancy
between the results from the present production study and
previous studies on acoustic word segmentation involving
similar language-pairs (Cutler et al., 1992; Tremblay et al.,
2017), a perception task relying on the same sentences is
presently in progress to determine if language experience
has a different impact on the perception and production of
bilingual speakers, as reported by Kim (2019).
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