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“foreign” accent. It gave him a certain charm that made him unique.
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Our paper is a modest contribution to one of many questions concerning “foreign accent”: do
children, bilinguals from birth, speak without an accent just like monolinguals?



Abstract

In a previous study, Dodane and Bijeljac-Babic (2017) found that French/American  English
children aged 3;6 to 6;0, bilingual from birth, produced disyllabic words which had acoustic
properties for lexical stress (f0, syllable duration and intensity) that differed from those of
monolingual peers, showing cross-linguistic influences. In order to check whether these
acoustic differences between the productions of bilingual children and those of their
monolingual French- or American English-speaking peers were perceptible by native
monolingual adults, we investigated the perception of these words by French and American
English native speakers. Using an Elo rating task, participants were asked to indicate in each
trial which word out of two competitors was produced by a bilingual child. Words were
produced by French- or American English-speaking monolingual children and by two groups
of bilinguals, one dominant in French and the other in American-English . The results clearly
show that both French and American English monolingual adults were successful in
distinguishing the bilingual children from their monolingual peers, but only if they were not
dominant in the language of the raters. The relationship between the acoustic correlates of
word stress produced by children and the perception of some “accent” by native adult

speakers seems more intricate than expected and is further discussed.
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1. Introduction

In studies of accent and dialect processing and representation (Floccia et al., 2009;
Cristia et al., 2012), these authors propose different definitions of what we call “accent” and
more specifically what the terms regional and/or nonnative accents cover. From a listener’s
perspective, if a talker is a native speaker of a variety of a language that does not match
his/her own variety, the talker’s speech would be considered to have a regional accent.
Moreover, if a talker is a native speaker of a different language and he speaks in a language
acquired later in life, his speech would be considered to have a non native accent. In both
cases, accented speech differs from the “standard” variety along phonetic, phonotactic,
phonological, lexical and suprasegmental levels, though evidence suggests that the cues to
accentedness differ for the two types of accents. Yet, when a listener is faced with speech that
differs from his/her standard, he/she can perceive the difference in accent. However, the
perception of unfamiliar regional and nonnative accents is fundamentally different (Adank et
al., 2009; Clarke & Garrett, 2004; Goslin, Duffy & Floccia, 2012). It was also found that
adults process unfamiliar accent-related variations relatively quickly. For instance, listeners
are able to distinguish native from nonnative speakers with input as short as a stop burst
(Flege, 1984) or detect a nonnative accent in speech samples played backwards, which
removes the availability of segmental, grammatical, and lexical cues (Munro et al., 2010). The
ability to identify a talker as nonnative has also been observed in nonnative listeners (Munro
et al., 2006) and even in listeners who are completely unfamiliar with the target language
(Major, 2007). Similar results were found with 7-year-old English-speaking children
(Floccia et al. 2009) and 5-year-old French-speaking children (Girard, Floccia, & Goslin,
2008), both groups being significantly better at detecting a foreign accent in adult speech

samples than a regional accent in adult speech samples.

All the above-mentioned studies concern the perception of accented speech produced
by adults, either bilingual adults with a nonnative accent or adults speaking in their native
language with a different regional accent. What about the way children’s productions are
perceived by adults, when the children are producing speech in a different regional accent, or
have more than one language? At present, there are no studies exploring this issue. The main
aim of the present study is to investigate whether monolingual French and American English
adult speakers perceive differences between monolingual French children, American English

children and bilingual children speaking these two languages from birth. To start addressing



this issue, the present study focuses on the word level, thus presenting the afults with
productions of disyllabic words produced by these children. Therefore, this study will, first,
address the issue of whether bilingual children separate their two languages very early on,
speaking both languages as monolinguals, or whether the interaction between their two
linguistic systems makes their productions in each language different from the productions of

monolinguals.

Second, it will also investigate whether bilinguals’ mastery of each of their two
languages is modulated by their relative experience with each language, contrasting children
raised in France, in which French is the predominant language, with those in the US, in which
American English is the predominant language. Previous studies have suggested that
dominance (which can be defined in different ways, and is a multidimensional construct, see
Birdsong, 2014; Bedore at al., 2012) influences relative mastery of bilinguals’ languages, both
in adulthood (Cutler, Mehler, Norris & Segui, 1989, 1992; Dupoux, Peperkamp & Sebastian-
Gallés, 2010; Sebastian-Gallés, Echeverria & Bosch, 2005; but see Boll-Avetisyan et al.,
2020, for lack of an effect), and in infancy/childhood (Bijeljac-Babic et al., 2012; Paradis et
al., 2003; Pearson, Fernandez, Lewedeg & Oller, 1993; Hoff, Core, Place, Rumiche, Sefior &
Parra, 2012; Marchman, Fernald & Hurtado, 2010; Sebastian-Gallés & Bosch, 2002; but see
Abboub et al., 2015; Bijeljac-Babic et al., 2016; Polka, Orena, Sundara & Worrall, 2017, for

lack of an effect).

Third, the present study will contribute to the issue of the link between perception and
production, as perception of speech sounds is not exclusively based on acoustics. At the
phonetic/phonological level, it has been shown that it is difficult for adults to discriminate and
acquire vowel and consonant contrasts that do not exist in their native language (Best, Halle,
Bohn, & Faber, 2003; Best & Tyler, 2007; Flege & MacKay, 2004; Kuhl, 1993). Similarly, at
the suprasegmental level, the perception of lexical stress appears modulated by the prosodic
system of the native language. For example, Spanish adults, who use stress when recognizing
Spanish words, outperform French adults in their sensitivity to stress information, a property
that is not lexically contrastive in French, in particular at the phonological level (Dupoux,
Pallier, Sebastian-Gallés & Mehler, 1997; Dupoux, Peperkamp & Sebastian-Gallés, 2001).
Similar effects were found when comparing the perception of lexical tones by adult speakers
of Mandarin, a tonal language, and speakers of French, a non tonal language (Hall¢, Chang &
Best, 2004). Regarding accent perception, several studies have shown that certain acoustic

measurements of non-native speech correlate with listeners’ ratings of accentedness, fluency,



comprehensibility, and intelligibility (Derwing, Rossiter, Munro, & Thomson, 2004; Pinget,
Bosker, Quene, & de Jong; 2014). However, Munro & Derwing (2015) underline that without
listeners’ data, acoustic measures themselves cannot predict whether listeners will notice the
accent change. This question is well illustrated in Birdsong’s (2007) study of Anglophone
speakers’ production of French voice onset times (VOT). While some speakers’ VOTs were
clearly more nativelike than others, the study failed to show a statistical relationship between
the values of this dimension and the accent judgments from a group of native French listeners.
In the present study of the perception of bilingual children’s productions, we relied on
the existence of a corpus of production of disyllabic words by French/American English
bilinguals for which the prosodic correlates have been measured (Dodane & Bijeljac-Babic,
2017). This will allow us to explore the extent to which perception of a foreign, bilingual
accent in these productions is related to how lexical stress is marked. This corpus was
constructed with the goal of investigating how bilingual children acquire the prosodic lexical
properties of their two languages. French and English differ on many dimensions (Ladefoged,
1995) but the main motivation for choosing these two languages was that at the word level,
they have clearly contrastive prosodic, lexical stress properties. French does not have stress at
the word level, but at the phrase level (Féry, Hornig & Pahaut, 2011). Primary stress in
French has a fixed position on the final full syllable of the last lexical item of a stress group
(Di Cristo, 1998) and is thus completely predictable (Delattre, 1965). In contrast, English
words receive lexical stress, and the position of lexical stress is variable but tends to fall on
the first syllable of lexical words (trochaic stress; Cutler & Carter, 1987). Concerning the
acoustic correlates of stress, primary stress in French is created mainly through temporal cues,
final syllables being approximately twice as long as unstressed syllables, with no increase in
fO or intensity (Rossi, 1980; Vaissiere, 1991). In contrast, in English, lexical stress is made
salient by the use of higher f0, greater intensity and longer duration on stressed syllables,

which makes it more salient than in French.

In terms of the acquisition of the production of these properties, Vihman, DePaolis and
Davis (1998) showed that English and French monolingual children, between 13 and 20
months, produce disyllabic words that have the acoustic realization of stress (f0, intensity and
duration) characteristic of their respective languages. For bilinguals, it is well known that
while French-English bilingual adults can speak both of their languages fluently, mastering
word level stress appears problematic for a long time during childhood (Flege, 1984). Indeed,

LaBelle (2000) argued for a trochaic bias in the English and French productions of a young



English-French bilingual learner (aged 1;6-2;4). Yet, on the basis of data from another
English-French bilingual child (aged 2;0-4;02), Rose and Champdoizeau (2008) argued that
this child had mastered both basic metrical properties and the main acoustic correlates of
stress for each of the target languages. These conflicting results point to the fact that studies

on these issues should go beyond the analysis of single cases.

Dodane & Bijeljac-Babic (2017) thus investigated the acoustic correlates of the lexical
stress of disyllabic words (mean duration ratio S2/S1, mean f0 interval S1-S2, and relative S1-
S2 intensity) produced by groups of French monolinguals (Mono-FR), American-English
monolinguals (Mono-US), and French/American-English bilinguals living in France (Bil-FR).
Each group consisted of 8 children (mean age: 4,6, range: 3;3-6;0). To complete the
experimental design and to compare bilinguals’ production in both languages as a function of
the ambient language, a group of 8 American-English/French bilingual children living in
Baltimore, US (Bil-US), was later recorded under the same conditions as the other 3 groups

(see Appendix for methodological details used in that study).

Table 1. Acoustic properties of lexical stress realization (from Dodane & Bijeljac-Babic,
2017) in the production of disyllabic words produced by monolingual and bilingual children
in French (left panels) and in English (right panels): means (and standard deviations) for
duration ratio Syllable 2/ Syllable 1 (S2/S1), mean fO (in Hz) on S1-mean fO on S2 (in semi
tones) and relative intensity.

MONOFR | BIL-US- BIL FR- MONO-US | BIL-US- BIL-FR
FRENCH FRENCH ENGLISH ENGLISH
S2/S1 Duration Ratio | 1.73 (0.02) | 1.71(0.03) | 2.29(0.03) | 0.78(0.06) | 0.97 (0.03) | 1.31(0.03)
f0 S1-S2 1/2 tons 022 (052) | 051(0.54) | 1.33(0.63) | 0.98(0.82) | 0.21(0.53) | 0.41(0.40)
Relative intensity 002 (0.01) | 0.01(0.03) | 004(0.01) |0.05(0.02) |0.01(0.03) | 0.05(0.02)
51-S2

The most important results can be summarized as follows : First, although the age

range of the participants was large (3;6 to 6;0), there was no effect of age in the multivariate

(ANCOVA) analysis of variance for each acoustic parameter tested (mean S2/S1 duration

ratio, mean fO interval, and mean S1-S2 RMS) in each language (French and English).

Second, for the French productions, the final syllable lengthening characteristic of

French disyllabic words in monolinguals was found in the productions of the two groups of

bilingual children: the S2/S1 ratio was higher for the Bil-FR compared to both the Mono-FR




and the Bil-US, with no difference between the latter groups. The analyses of fO differences in
semitones and intensity differences between S1 and S2 were not significant. These results
show that the second syllable lengthening expected for French is observed in both groups of
bilinguals. Moreover, there were some differences between the two groups of bilinguals, as
only the bilingual children living in France lengthened the second syllable more than the
French monolinguals.

Third, for the English productions, results on duration revealed that S1 was
significantly longer than S2 in Mono-US, S1 and S2 were equivalent in Bil-US, and S2 was
significantly longer than S1 in Bil-FR. For pitch, fO tended to be higher for S1 compared to S2
in all groups, but none of these differences reached significance. For intensity, the intensity of
S1 was higher than that of S2 and the group factor was close to significance, with Mono-US
being significantly different from Bil-US and Bil-FR, while the two groups of bilinguals did
not differ from each other. These findings establish that the acoustic parameters that mark
lexical stress in English, i.e. the longer duration and higher intensity of the initial syllable, are
acquired by the monolingual children in our group. This lexical stress mastery is less clear for
the bilinguals. Moreover, for duration, once again a difference is found between Bil-FR and
Bil-US.

2. The present study

To obtain perceptual ratings, we used the Elo rating system, a method that rates
chess and other competitive game players. In this task, each player starts with a rating of a
1000. This rating increases if she/he wins and goes down if she/he loses. Over time a player's
rating becomes a true reflection of his/her ability - relative to the entire player population. In
our study, each group of monolingual adults participated in a “game” in which they heard the
same word produced by two “players” and had to assess which of the two was bilingual. The
Elo ranking for each child reflected his/her probability of being considered bilingual by any

new judge in comparison to any other child (see Procedure for more details).

3. Hypotheses

We first predicted that adult monolingual speakers can make differences between
monolingual and bilingual children speaking French and American English from birth on the
basis of the production of disyllabic words. Bilingual children should thus have higher mean
Elo scores and be in the upper part of the Elo rankings, compared to monolingual children
whose Elo scores should be lower and in the bottom part of the Elo rankings. Second, we



suppose if adult listeners can differentiate bilingual from monolingual children, they are
presumably influenced by the bilingual child’s ambient language in their assessment. If S0,
they would rate the productions of bilingual children living in their own country as closer to
those of monolinguals than to those of bilinguals living in the other country. Accordingly, Bil-
US children speaking French should be perceived by French-speaking participants as more
bilingual (higher Elo scores) than Bil-FR children; conversely, Bil-FR children speaking
English should be perceived by American English-speaking participants as more bilingual
(higher Elo scores) than Bil-US children. Third, we surmise that if the acoustic differences in
stress pattern realizations presented above contribute to the monolingual/bilingual ratings,

then the Elo scores should correlate with some of the acoustic parameters measured.

4. Methods

4.1 . Participants
Twenty-four French-speaking adults (17 women, age: 19-40 years, M = 27.71, SD = 6.8)
participated in Experiment 1, conducted in Paris; 23 American English-speaking adults (15
women, age: 28-60 years, M = 38.9, SD = 13.56) participated in Experiment 2 conducted in
Baltimore, U.S. None of the participants had oral or written language impairment or
neurological or psychiatric problems and all adults stated they did not have any hearing
problems. All participants had a high level of education. Their language level was evaluated
through a Linguistic Background Questionnaire. (Marian, Blumenfeld & Kaushanskaya,
2007). French-speaking participants started to learn foreign languages in school at the age of
10-11 years (in the 6™ grade). Two of them had spoken French and another language in early
childhood, but all of them only used French in their daily life at the time of testing. All
American English-speaking participants, except two, had learned another language in school,
but all used English in their daily life at the time of testing.

Participants gave written informed consent and were paid around 10 euros for their
participation.

4. 2. Materials

Disyllabic words produced by 4 groups of 8 children (mean age 4;6, range: 3;3-6;0) were
recorded during a word elicitation task while looking at a picture book in the presence of one
experimenter and one parent (for details see Dodane & Bijeljac-Babic, 2017). Two groups
were recorded in France: French-speaking monolinguals (Mono-FR) and French/American

English bilinguals (Bil-FR) and two (groups were recorded) under similar conditions in



Baltimore : American English-speaking monolinguals (Mono-US) and American
English/French bilinguals (Bil-US). As described in Dodane & Bijeljac-Babic (2017), only
well produced disyllabic words, produced spontaneously looking at the picture book (thus
excluding repetitions after parent’s production) were segmented. Among the disyllabic words
analyzed in this study for Elo ranking, we only selected words produced by most children,
which reduced the number of words to 11 in French and 15 in English (see Appendix for the

list of words).

4.3. Procedure

Participants sat in front of a computer in a quiet room and listened to the audio recordings
through headphones. Each trial presented a pair of identical words (e.g., carrot in English)
pronounced by two different children from the 3 groups producing words in the same
language (for French: Mono-FR, Bil-FR and Bil-US; For English: Mono-US, Bil-FR and Bil-
US). The participants had to determine for each pair which child was bilingual by
responding to the question “Who is bilingual?” The instructions given to the French and
American listeners were similar. The answers were given on a keyboard by pressing the left
arrow to select the first child and the right arrow to select the second one. The trials were set
up in such a way that over the entire experiment, every child was compared to every
other child: each was compared to another child for one of the words they had in common.
Thus, the bilingual children were compared to the monolingual children, but also to the other
bilinguals. Similarly, the monolinguals were compared to the bilinguals but also to the other
monolinguals of the same language.

The available words were used to create 248 trials in English and 271 trials in
French. Six additional trials were used for training, to familiarize the participants with the
procedure. The list of trials can be considered a “bilingualism competition” in which each
trial represents a “match” between two children. The outcome of these matches is determined
by the participants (referred to as “judges”).

To avoid biased judgment, participants were not informed that the trials could
present two bilingual or two monolingual children. For the same reason, the second language
spoken by the children was not specified.

The task consisted of a forced choice after each listening of a pair: the next trial
could not be launched until the participant had given an answer. However, a break could be

taken after a trial, at any time during the test.



All participants were tested with a different list of trials: the pairs of children not
being introduced in the same order and the words for which they were compared not always
being the same. At the end of the test for each judge, a program (coded in R — using the
package Player Ratings- Stephenson & Sonas, 2016) assigned an Elo score to each child,
following the procedure developed by the authors.

In our experiment, the Elo score was calculated based on the number of wins and
losses during the competition: a win meant that the child was considered a bilingual after a
“match.” The Elo rating for each child reflects the probability it will be considered bilingual
by a different judge when compared with any other child of the list. Every child started the
competition with an Elo score of a 1000 (this score was chosen arbitrarily). When a child
“won a match,” he/she gained the same number of points as that withdrawn from the score of
the losing child. The number of points gained/lost varied depending on the Elo score of the
adversary at the time of the competition: the greater the difference of the Elo ratings, the

higher the number of points at stake.

Eny1= Ex + K(W - p(D))

p(D) = expected outcome based on both children’s current Elo
W = actual outcome

K = multiplier coefficient.

5. Results

A mean value of the Elo scores attributed to each of the 24 evaluations was computed
for each of the 24 judges in Experiment 1; the same was done for the 23 evaluations in
Experiment 2. Then a ranking of the children was established from the one most often judged
as bilingual (with the highest mean Elo scores) to the one least often judged as bilingual (with
the lowest mean Elo scores). There is a direct link between the difference in the Elo ratings

and the probability of success:

1

—-Diff
1+ 10 ~400

p(Success) =

For example, a difference of 50 points between two adversaries indicates that the

one with the higher score has a probability of 57% to win a new match.



After each competition, the Elo scores of the winner and the loser are adjusted according to a
factor called “K-factor” fixed at 10 in our study. However, Elo scores presented as bilingual
evaluations are the results of all competitions (all assessments of the same judge) played over
and over until the scores for all children converge. The value of the K-factor does not change
the value of the final scores, only the speed of convergence.

Example of Elo points exchanged from loser to winner:

Child#1 Opponent If Child#1 wins If Opponent wins
Elo rating Elo rating

REF REF+10 5.1 4.9

REF REF+200 7.6 2.4

If REF was equal to 1000, then that child winning against an opponent with an Elo of 1200
would gain 7.6 points (and his/her opponent would lose 7.6 points accordingly). A win
against an opponent with an Elo of 1010 would only reward 5.1 points. The more unlikely the

outcome, the more points exchanged.

Perception of French productions

The Elo rankings are presented in Figure 1, showing that 7 of the 8 Bil-US children
occupy the first place in the ranking which means that in most competitions these children
were considered bilinguals. The mean Elo scores for the three groups were: Bil-US = 1063
(SD = 39), Bil-FR =966 (SD = 78), and Mono-FR =971 (SD = 47). The participants’
responses were consistent through all 3 groups according to Cronbach’s alpha coefficients:
Bil-US = 0.73; Bil-FR = 0.89; and Mono-FR = 0.77.
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Figure 1. Plots representing the median Elo scores (and SDs) by the French judges for the
three groups of children: Mono-FR (monolinguals French), Bil-FR (bilinguals
French/American English) and Bil-US (bilinguals American English/French). Dots represent
Elo scores of individual children

An analysis of covariance (ANCOVA) with Group (Mono-FR vs. Bil-FR vs.BIL-
US) as main factor and Age as covariate revealed a significant effect of Group (F (2,18) =
11.53; p <.001; n? = .38), which means differences in Elo scores between the 3 groups.
Contrast comparisons revealed a significant difference between the Bil-US group and the
other two groups (Mono-FR and Bil-FR; t(18) = 4.78, p =.0001), while the comparison
between the Mono-FR and Bil-FR groups failed to reach significance (t(18) = .52, p = .61).
French-speaking adults clearly differentiated bilingual children growing up in a dominant
American-English background (Bil-US) from the other 2 groups of children growing up in a
dominant French background (whether Bil-FR bilinguals or Mono-FR monolinguals). Yet,

they did not discriminate between the Bil-FR bilinguals and the Mono-FR monolinguals.



There was also a significant effect of Age (F (1,18) =8.81; p =.008; n? = .15), older
children having lower Elo scores. Moreover, the Group*Age interaction was significant (F
(2,18) =5.06; p=.018; n>=.17). This is due to the fact that the effect of Age was significant
for the Mono-FR (t(6) = -2.5; p = .04) and the Bil-FR (t(6) = -2.8; p =.03) groups, but not for
the Bil-US group (t(6) = 0.8; p = .48).

Perception of English productions

The Elo rankings are presented in Figure 2. Four of the 6 bilingual children dominant in
French occupy the first positions in the ranking. Mean Elo scores for the three groups: Bil-FR
= 1066 (SD =117), Bil-US =978 (SD = 83) and Mono-US = 965 (SD = 55). The participants’
responses were consistent across all 3 groups according to Cronbach’s alpha coefficient: Bil-

FR = 0.96; Bil-US = 0.92 and Mono-US = 0.84.
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Figure 2. Plots representing the median Elo scores (and SDs) by the American English
judges for the three groups of children Bil-US (bilinguals American English/French), Bil-FR
(bilinguals French/American English) and Mono-US (monolinguals American/English). Dots
represent individual children.

An analysis of covariance (ANCOVA) with Group (Mono-US vs. Bil-Us vs. Bil-
FR) as main factor and Age as covariate was conducted. None of the effects or interactions
reached significance (Group: F (2,14) =2.43; p=.12; n? = .24; Age: F (1,14) = 1.79; p = .20;
n?=.09; Group*Age interaction: F (2,14) <.01; p =.99; n?> = .00).

Although there was no Group effect, we performed contrast comparisons between
the groups, as done for the analyses on French productions. The contrast between the Bil-FR
group and the two other groups (Mono-US and Bil-US) was significant (t(14) = 2.15; p = .05),
while the difference between Mono-US and Bil-US failed to reach significance (t(14) = 0.51,
p = .62). American-English adults differentiated the bilingual children with dominant French
background (Bil-FR) from the other group dominant in American-English (whether Bil-US
bilinguals or Mono-US monolinguals). Nonetheless, they did not discriminate between Bil-

US bilinguals and Mono-US monolinguals.

Impact of language dominance

In order to explore the impact of dominant language background in both experiments, we
conducted repeated ANOVA measures with bilingual Group (Bil-FR vs. Bil-US) and
language of production (French vs. English) as factors. Although the effects of Group,
(F(1,11) = 0.157, p = .69, and language of production, F(1,11) = 0.103, p = .75) failed to
reach significance, the interaction was significant, F(1, 11) = 12.8, p = .004. This interaction
reflects the fact that when speaking French, Bil-FR are considered less bilingual then Bil-US
by French judges (M = 966 vs. M = 1063), and conversely that when speaking English, Bil-
US are considered less bilingual then Bil-FR by English-speaking judges (M = 978 vs. M =
1066).

Perception-Production links

In order to compare the data from the acoustic analyses of stress pattern realization (ratio
duration, difference fO S1-S2 and relative amplitude) and the Elo scores in both languages for
the 4 groups, Pearson correlations were conducted. Only the correlation between the Elo score

in French and the duration ratio approached significance (r = 0.39, p = .065).



6. General discussion

The present study examined how monolingual French and American English adults perceive
productions of disyllabic words by monolingual French (Mono-FR), monolingual American-
English (mono-US) and bilingual French/American-English children, aged 3;6-6;0. The
bilinguals were growing up in bilingual French/American-English families, either in France or
in the US, so that the predominant ambient language was French for half of them (Bil-FR),
and American English for the other half (Bil-US). The productions had been recorded and
acoustically analyzed for lexical stress production by Dodane & Bijeljac-Babic (2017), the
group of French/American-English bilinguals living in the US being later recorded and
analyzed for the purpose of the current study. There were 8 children in each group.

To assess perception, we used an Elo competition task in which monolingual adult
speakers were asked to assess which of two words presented in their native language were
pronounced by a bilingual child. Overall, results first demonstrated that in both languages, the
bilingual children reached higher Elo scores and were in the upper part of the Elo rankings,
compared to monolingual children whose Elo scores were lower and in the bottom part of the
Elo rankings. These results thus clearly established that both the French and American-
English monolingual adults succeeded in distinguishing the bilingual children from their
monolingual peers. Our findings are in line with previous results suggesting that the
simultaneous acquisition of two languages by children creates a competition between two
different phonological systems. Our perception results further show that when bilingual
children start to speak, the cross-linguistic influences that are apparent in their word
productions in each language, found before 2 years (Vihman, 2016) but also later, up until at
least 6 years of age (Dodane & Bijeljac-Babic, 2017), are salient enough to be perceived and
used to determine the monolingual/bilingual status of a child. Since our children were
bilingual from birth, our results somehow challenge the idea that the earlier in life a language
is acquired the less accented it will be (Piske, MacKay, & Flege, 2001), at least for the early
years of acquisition and for the word level evaluated here. Note that for the French
productions, we find an effect of age for the French monolinguals and the bilinguals living in
France, with lower bilingual ratings with age, suggesting that mastery of the French
productions improves with age in these two groups, while it does not in the bilinguals living
in the US.



Second, by presenting the raters in our study with stimuli produced by two groups of
bilingual French/English children, one living in France and the other living in the US, our
study allowed us to investigate whether the predominant ambient language of the society in
which the children are being raised (French in Paris, American English in Baltimore) plays a
role in how their productions are assessed in each of their languages. We hypothesized that
the Bil-US children should be perceived as more bilingual by the French participants rating
their French productions, and the Bil-FR should be perceived as more bilingual by the
American English participants rating their English productions. This hypothesis was
confirmed by our results. Indeed, Bil-US children speaking French were perceived by French-
speaking participants as more bilingual (higher Elo scores) than Bil-FR children; conversely,
Bil-FR children speaking English were perceived by American English-speaking participants
as more bilingual (higher Elo scores) than Bil-US children. In addition, monolingual adults
did not differentiate monolingual from bilingual children growing up in their country. In
French, the Elo scores for Bil-FR (966) were similar to those for Mono-FR (971), and in
English, the Elo scores for Bil-US (978) were similar to those of Mono-US (965). Therefore,
our results establish that the bilinguals were better differentiated from the monolinguals in the
language that was not the predominant language in the country in which they grew up. These
findings are compatible with studies showing that bilingual acquisition is modulated by
environmental factors that affect language balance and relative proficiency or dominance (see
Hohle, Bijeljac-Babic & Nazzi, 2020, for a discussion of these issues for early development;
Mueller Gathercole & Thomas, 2009, for later development). The factors that define
dominance are under debate in the literature and may differ depending on the language
domain/ability considered. For example, studies of individual variability in simultaneous
bilingual adults revealed that speech segmentation is modulated by the bilinguals’ preferred
language (the one they would like to keep if they were to lose one; Cutler et al., 1989, 1992),
phonotactic acquisition by the mother’s language (Sebastian-Gallés et al., 2005), lexical stress
perception by some measure of early input (Dupoux et al., 2010), whereas rhythmic grouping
appeared unmodulated across bilinguals (Boll-Avetisyan et al., 2020). Here, it appears that the
language of the country of residence of the bilingual children played an important role in how
their productions were evaluated.

Several explanations could be offered for the fact that acoustic differences between
bilinguals’ and monolinguals’ productions were not perceived by the monolingual adults
when the bilinguals were dominant in their language. It could be that the adult listeners’

perceptual system could accept some degree of deviation from native-accented speech, and/or



could adapt very quickly to the accented speech, as observed for example by Clark & Garrett
(2004). Another explanation might concern more general adaptation processes related to
higher cognitive and/or social processes, linked to characteristics of the listeners’ group.
Perception of “foreign” accent in children’s productions depended on the extent to which the
variations in perceived speech matched the judge’s accentual representations. It remains
difficult to distinguish between these two possibilities because it is impossible to isolate the
effect of linguistic (segmental and suprasegmental) deviations from social and cognitive
effects related to the listener’s origin.

Finally, to start exploring how variability in the assessment of the two groups of
bilinguals relates to specific acoustic properties of their productions, we performed correlation
analyses between the Elo scores and the acoustic measures that were available to us, measures
that evaluated how the prosodic properties of the words were realized by the children in the 4
groups. No correlation reached significance, failing to reveal links between the perceptual
scores by the adults and prosodic correlates of the productions, even though the acoustic
analyses had revealed both differences between the productions of the monolingual and
bilingual children, and between the productions of the two groups of bilinguals. Additional
analyses or new studies will be needed to evaluate the potential contribution of other factors,

in particular factors related to the production of the phonemes making up the words.

In conclusion, previous results of the acoustic analyses of word productions by
monolingual and bilingual children had suggested that French-English bilingual children
produced words that had different lexical stress patterns in each language, but that were also
acoustically different from the same words produced by monolinguals (Dodane & Bijeljac-
Babic, 2017). The present accent perception study shows that the bilingual children’s word
productions were perceived differently from those of the monolingual children by both groups
of judges, both for their productions in French and those in English. Moreover, the assessment
of the children’s linguistic status (bilingual vs. monolingual) appeared to be influenced by the
predominant ambient language in the society in which they grow up. Given that this is the
first study on the perception of bilingual children’s accent by adult speakers, further studies
will be needed to explore the link between the acoustic characteristics of the productions, at
all relevant linguistic levels (phonetic, prosodic, ...), and accent perception, and to go beyond
the lexical level tested here. Additional studies will be also needed to investigate these
phenomena in children acquiring other pairs of languages, that differ on different linguistic

dimensions, and who are more or less linguistically related (see Havy, Bouchon & Nazzi,



2016, and Hohle et al. 2020, for a discussion on linguistic distance). Lastly, it would also be
important to carry out the same perception study with bilingual adult speakers, dominant in
one or the other language, to determine how accent is perceived by bilinguals themselves.
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Appendix

1. Participants

Eight French-English bilingual children (Bil-FR) born and living in Paris or the
surrounding region (4 girls and 4 boys, mean age: 4;8, range: 3;5-6;0). These children have
been regularly exposed to both languages, their mothers being native American English
speakers and their fathers, native French speakers; 8 French-English bilingual children (Bil-
US) born and living in Baltimore, US or the surrounding region (4 girls and 4 boys, mean age:
48, range: 3;5-6;0). These children have been regularly exposed to both languages, their
mothers being native French speakers and their fathers, native American-English speakers; 8
monolingual French children born and living in Poitiers, France (Mono-FR), all with
monolingual parents (4 girls and 4 boys, mean age: 4;5, months, range: 3;3-6;0); 8
monolingual English children born and living in Baltimore, US (Mono-US), all with
monolingual parents (5 girls and 3 boys, mean age: 4;6 months, range: 3;7-5;5).

To assess the vocabulary of the bilingual children, we asked parents (or teachers for
the French monolingual group) to complete the CDI (Communicative Development
Inventory) for English (Fenson, Dale, Reznick, Bates, Thal, Pethik & Reilly, 1993) and a
version of the same questionnaire adapted to the vocabulary of French children (Bassano,
Labrell, Champaud, Lemétayer & Bonnet, 2005) in order to be certain that the children know
the words that we included in the picture book.

A child’s language exposure was measured by an adapted version of the Language
Exposure Questionnaire (Bosch & Sebastian-Gallés, 2001) to obtain specific estimates of the
child’s exposure to each language from all possible language partners (e.g., parents,
grandparents). Average French exposure for the American- English/French bilingual group
from Baltimore was 42%, average American-English, exposure for the French-American-
English bilinguals was 52%.

2. Stimuli and recording procedure
The words illustrated in the picture book are presented in Table 1. The words in BOLD are

the words which are used for the current Elo experiment.



Bébé-baby Lion-lion Carotte-carrot Roche-rock Robe-dress Bouche-mouth Maison-house

Table-table Singe-monkey Orange-orange | Trou-hole Voiture-car Cheveux-hair Garage-garage

Fourchette-fork | Tigre-tiger Tomate-tomato Parachute- Docteur-doctor | Brosse-hairbrush Guitare-guitar
parachute

Verre-glass

Zebre-zebra

Pomme-apple

Camion-truck

Bleu-blue

Nez-nose

Sandale-sandal

Biscuit-cookie

Serpent-snake

Vert-green

Coquillage-shell

Chemise-shirt

Pyjama-pyjamas

Porte-door

Fromage-cheese | Renard-fox Poulet-chicken Panier-basket Chaussette-sock | Lavabo-washbowl | Douche-shower
Biberon-baby Crocodile- Patate-potato Livre-book Pantalon- Robinet-tap Parapluie-umbrella
bottle crocodile trousers

Fleurs-flowers Girafe-giraffe Chien-dog Poupée-doll Montre-watch Peigne-comb Tracteur-tractor

The recording of the children’s production occurred during the word elicitation task
in which the children had to produce 40/32 disyllabic words in French/English while looking
at a picture book. Out of the 40 disyllabic words in French and 32 in English, bilingual
French-American/English (Bil-FR) children produced 16 to 23 words (mean: 19.2) in French
and 13 to 27 words (mean: 18.9) in English. The French monolinguals (Mono-FR) produced
24 to 39 words (mean: 29.2). The American-English-French (Bil-US) produced 6-15 words
(mean: 12. 4) in French and 6-25 (mean: 18.8) in English. The American-English
monolinguals (Mono-US) produced 12 to 22 words (mean: 14.3). Overall, 510 tokens of

disyllabic words were analyzed.

3. Segmentation and acoustic measurements.
Each disyllabic word was manually segmented from 25-30 minutes of continuous recording
with the Praat software (Boersma & Weenink, 2009), using the simultaneous display of the
sound waveform and a wideband spectrogram (frequency range: 0-8000 Hz, analysis
bandwidth: 260 Hz, pre-emphasis: 6dB/octave, dynamic range: 50 dB). One annotation sheet

was created, which corresponded to syllabic segmentation (see Figure 1 for an example).
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Figure 1. Waveforms (upper panels) and spectrograms (lower panels) of disyllabic words:

(a) “carotte” produced by a bilingual child in French and (b) “carrot” produced by a bilingual
child in English with fO contour (in Hz, scale 100-800 Hz) indicated in the blue line and
intensity contour (in dB) indicated in the yellow line.

The acoustic analyses were based upon the segmented syllables and included
measures of duration (in ms), fundamental frequency (fO in Hertz) and intensity (in dB) for a
total of 510 words. The duration was extracted for all syllables. Then, we calculated the
syllabic duration ratio to determine the presence of final lengthening on S2 or on the contrary,
a lengthening on S1. The mean fO was extracted for each syllable and subsequently, we
computed the mean interval between S1 and S2 in semitones, using the following equation to
calculate for each syllable (Semitone = 39.86 logio (fO S1 or S2/100). A negative value
indicated higher fO on the second syllable, but the most important fact was the value of the
interval: the higher the value, the greater the perceptual distance between syllables. The
intensity values were extracted for each syllable (in dB), and the relative intensity was
determined by computing the ratio of the Root-Mean Square energy (RMS in dB) of the
selected syllable (S1 or S2) to the RMS energy of the loudest point in the selected word.

Measures of reliability were carried out to evaluate the segmentation made by the
two authors for 10 % of the words chosen randomly (50 words in French and 50 words in
English). The percentage of exact agreement between the authors was 89,5 %.

The means for the three acoustic parameters, broken down by language of
production and child group, are given in Table 1 of the paper, and the main results and

statistical analyses are presented in the introduction of the paper.



