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1. Introduction

Statistical learning refers to the ability to track regularities in sensory input 
from the ambient environment. This learning mechanism can exploit a wide 
range of different aspects of statistical structures, such as frequency, variability, 
distribution, co-occurrence probability and correlations (see Lany & Saffran, 
2013 for a review). Given its regularities and hierarchical structures, language is 
essentially a pattern-based system and therefore researchers have argued that 
statistical learning is fundamental to language learning (e.g., Saffran, 2003).
However, despite the arguably essential nature of statistical learning to language 
acquisition, to date, most studies have examined statistical learning using a 
single input language – thus modeling only monolingual acquisition. Although a
handful of recent studies have examined how adults segment two artificial 
languages, these studies have only explored how speaker-specific contextual 
cues facilitate adult word segmentation within two languages (e.g. two voices or 
faces differing in gender; see Weiss, Poepsel & Gerfen, 2015, for a review).
This leads to the question of whether other contextual cues, especially those that 
might be present in naturally occurring bilingual environments, can also
facilitate learners’ segmentation of two languages within the same paradigm. 
Further, previous studies focused on monolingual participants. Bilingual 
participants may differ from monolinguals in a dual input task due to their 
experience with language variation. This paper seeks to address these research 
gaps. We examine whether a single individual’s phonetic cues (i.e., accent) can 
facilitate adult segmentation from dual inputs, and also extend the research to
bilingual populations. 

1.1. Statistical Learning: Word Segmentation from Dual Inputs

Segmenting words from continuous speech is not easy. Unlike the white 
spaces that mark boundaries between words in a written passage, pauses do not 
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reliably and consistently mark word boundaries in continuous speech. One 
source of information that learners can use to solve the word segmentation 
challenge is the transitional probabilities between syllables, or the probability 
that syllables will co-occur (Aslin, Saffran, & Newport, 1998; Saffran, Aslin, & 
Newport, 1996). However, there is an intrinsic challenge in the bilingual 
environment when using transitional probability to segment words from two 
input languages. Syllables across two languages tend to overlap, and such 
phonological overlap can generate conflicting statistics across the two languages. 
For example, suppose a bilingual learner hears the syllable co-occurrence of mo 
and to. In French, moto is a word meaning motorcycle (e.g., Une belle moto). 
These two syllables will co-occur with greater probability since they form a 
word and to proceeded by another syllable would be less probable, thus marking 
the word boundary. However, in English, moto is not a word. Thus, the 
transition from mo to to would not be as probable as in French, indicating a 
word boundary at mo (e.g., Elmo told Ernie). As such, to acquire two different 
languages successfully, learners need to differentiate and form separate 
representations when faced with simultaneous dual input.  

In a series of studies, Weiss and colleagues (2009) examined how adult 
learners segment words from two input languages. Participants were presented 
with two interleaved artificial languages across two conditions: congruent and 
incongruent. In the congruent condition, the transitional probabilities across 
languages were not in conflict with each other. Learners could combine statistics 
across both languages without impacting their word segmentation
performance; the statistics from one language did not interfere with those in the 
other. On the other hand, in the incongruent condition, the transitional 
probabilities across two languages were not compatible with each other because 
of syllable overlap, analogous to our example in the previous paragraph. 
Participants succeeded in segmenting words in each language in the congruent
condition without any contextual cues present. However, adults only learned the 
two conflicting underlying statistical structures in the incongruent condition when
they were supported by strong contextual cues. For example, adults 
demonstrated learning when the two languages were associated with individuals 
of different genders (Weiss, Gerfen & Mitchel, 2009) or two distinct faces 
(Mitchel & Weiss, 2010; 2014). Some other researchers suggest that learning of 
dual inputs with conflicting structures is possible in the absence of contextual 
cues via monitoring the consistency of inputs (Gebhart, Aslin, & Newport, 2009; 
Qian, Jaegar, & Aslin, 2012). However, these studies have shown that successful 
learning may require an extensive exposure to the second language (Gebhart, 
Aslin, & Newport, 2009) or several switches between languages (Zinszer & 
Weiss, 2013). Further, in these studies, learners may only learn the first heard 
language and fail to learn the second input language. Together, these findings 
suggest that contextual cues efficiently facilitate adults’ statistical learning from 
dual inputs with conflicting structures.  
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1.2. Bilingual Advantage in Statistical Learning  

 

Despite the abundant literature on statistical learning, there are relatively 
few studies assessing statistical learning in bilingual individuals, so the effect of 
bilingualism on statistical learning remains unclear. Two recent studies have 
demonstrated bilingual advantages in statistical learning. Wang and Saffran 
(2014) tested monolinguals and bilinguals on their ability to segment words by 
tracking statistics in an artificial tonal language. The transitional probabilities 
across word boundaries were signaled by syllables and tones, with no conflicts 
between the two cues. The authors found that bilinguals, even those had no prior 
exposure to tonal language, succeeded in segmenting the words. Monolinguals, 
on the other hand, failed to do so, even if their native language was a tonal 
language (but see Caldwell-Harris, Lancaster, Ladd, Dediu & Christiansen, 2015 
for evidence that tonal language experience aids performance in a similar task). 
Poepsel and Weiss (2016) compared monolinguals with bilinguals in a cross-
situational statistical learning task. In this task, learners see multiple objects (e.g., 
two to four objects) displayed on computer screen and hear the corresponding 
labels across trials. There is no explicit information about which label goes with 
which object. However, each label always co-occurs with only one target object 
across trials and successful learners aggregate the co-occurrence data across 
trials to infer the most frequent and reliable label-object pairings (see Smith, 
Suanda & Yu, 2014 for a review). Poepsel and Weiss found that bilinguals 
outperformed monolinguals, both in terms of overall proficiency and speed, in a 
more difficult task when they need to acquire two-to-one mappings but not in an 
easier one-to-one mapping. The researchers suggested that the fundamental 
statistical learning mechanism may not be influenced by bilingualism, but 
bilinguals are more likely to learn multiple structures faster because they expect 
greater variability and multiple inputs in their language environment.  

 
1.3. The Current Study 

 

Recall that in several studies examining statistical learning from dual inputs, 
researchers used speaker-specific contextual cues to signal changes in statistical 
structures (i.e., different faces or voices; Weiss et al., 2009; Mitchel & Weiss, 
2010; 2014). However, in naturalistic language environments, two distinct 
languages may not always be spoken by two different speakers. For instance, 
bilinguals often alternate between two languages in a single conversation, a 
phenomenon that is known as code-switching (e.g., Poplack, 1980; see Heredia 
& Altarriba, 2001, for a review). Consequently, it is important to explore 
whether contextual cues in a single individual’s speech can facilitate adult 
segmentation of two artificial languages. In our study, we focus on accented 
speech in order to convey contextual cues within a speaker. Phonetic realizations 
of syllables often vary across two languages in terms of accent. Consider our 
previous example about the word moto, this word has the same phonemes across 
French and English, but the phonetic properties differ across the languages. 
Moto would be produced with tenser vowels and less duration in French than in 
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English. Therefore, the phonetic variations in accented speech could be 
considered distinguishable indexical cues that signal a change of languages 
within a single individual’s speech. 

 We also extend the previous research by investigating how bilingualism 
influences performance. Considering the current evidence for a potential 
bilingual advantage in statistical learning tasks, we expect bilinguals will 
outperform monolinguals in the dual-input statistical learning task. Beyond this 
more general group prediction, a number of studies have demonstrated that the 
age of acquisition of the second language influences bilingual advantages in 
linguistic and cognitive tasks (Coderre et al., 2013; Tao et al., 2011; Sabourin & 
Vinerte, 2015; Sabourin, Brien & Burkholder, 2014; Silverberg & Samuel, 
2004). Thus, we specifically focus on the age of acquisition of bilingual 
participants in order to examine how this factor plays a role in statistical 
learning. Based on the criteria of Sabourin and her colleagues (Sabourin et al., 
2014a; 2014b), we identified two groups of bilinguals: simultaneous bilinguals 
who learned two languages since birth (before age 1) and sequential bilinguals 
who learned their second language after age 1. One year of age was used as the 
cut-off because (i) native phonetic development is mostly complete by this age 
(Kuhl et al., 2006; Werker & Tee, 1984) and (ii) it is a cut-off where previous 
adult studies found differences between simultaneous and sequential bilinguals 
(Sabourin et al., 2014; 2015; Vinerte & Sabourin, 2015). We compared 
monolinguals with these two bilinguals groups to determine whether there were 
any group differences in performance on our dual input statistical learning task. 

 
2. Experiment 

 

In this experiment, our goal was to replicate and extend the findings of 
Weiss, Gerfen, and Mitchel (2009). We presented participants with two 
interleaved artificial languages, using English and French accented speech as 
contextual cues to the transition. If accented speech is an effective contextual 
cue, we would expect learners to parse the artificial languages and learn both 
languages. Further, if bilinguals have an advantage in statistical learning, we 
would predict that bilinguals would outperform monolinguals. Finally, if age of 
acquisition has an effect on said bilingual advantage, we would expect that there 
would be a difference in performance between simultaneous and sequential 
bilinguals.  
 
2.1. Method 

2.1.1. Participants 

 

Twenty-three monolingual-English adults (14 female, 9 male, mean age 
21.35, SD = 4.54) participated in this experiment. Based on answers to the 
Language Background Questionnaire (LBQ), a detailed measure of a person’s 
language exposure and use over their lifetime (Sabourin et al., 2009; in press), 
these participants indicated that they were native speakers of English and self-
rated their English proficiency at an average of 23.11 (SD = 2.59) on a 24-point 
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scale. English and French are the two official languages in Canada; most 
participants would have had some exposure to French during schooling. In 
addition, both languages are official languages in the region in which they live 
and at the university they attend. Despite this, participants rated their second 
language proficiency as low (Mean = 4.15, SD = 3.88). Moreover, all 
participants completed objective measures of English and French proficiency, 
measured by cloze tasks. They scored high in English (Mean = 44.09 out of 50, 
SD = 5.40) and low in French (Mean = 3.78 out of 45, SD = 6.12). Thus, these 
participants can be regarded as functionally monolingual. 

Twenty-three simultaneous French-English bilingual adults (13 female, 10 
male, mean age = 19.13, SD = 2.49) participated in the experiment. Based on the 
LBQ, these participants indicated that they learned both French and English 
before age 1. They rated their proficiency in both languages as high (Mean = 
22.30, SD = 2.91 in English; Mean = 23.24, SD = 1.51 in French). Their self-
rating were consistent with their performance on cloze tasks in English (Mean = 
44.45, SD = 3.49) and in French (Mean = 34.05, SD = 6.31).  

Twenty-three sequential French-English bilingual adults (14 female, 9 male, 
mean age = 20.83, SD = 3.19) participated in the study. Based on the LBQ, these 
participants indicated that they learned their second language, either French or 
English, after age 1. They rated their proficiency in both languages as high 
(Mean = 21.32, SD = 3.90 in English; Mean = 18.95, SD = 7.14 in French). 
Consistent with their self-rating, they scored high on cloze tasks in English 
(Mean = 43.73, SD = 4.43) and French (Mean = 31.78, SD = 6.05). Importantly, 
there is no significant difference in cloze task performance between 
simultaneous bilinguals and sequential bilinguals (ts < 1.3, ps > 0.2).  

 
2.1.2. Stimuli 

 

All auditory stimuli were based on the scripts used in the incongruent 
condition of Experiment 2 in Weiss et al (2009). However, we made some 
changes in the identity of particular consonants and vowels used in the adopted 
scripts to ensure that all phonemes were present in both Canadian English and 
Canadian French. This was necessary to ensure that the speaker could produce 
the stimuli in an English- or French-accent without adding, substituting, or 
deleting phonemes (Table 1). The speech stream was composed of two artificial 
languages, termed Language 1 (L1) and Language 2 (L2), with each language 
consisting of four trisyllabic CV.CV.CV words. The two languages were 
presented in an interleaved order. The transitional probabilities (TP) signaling 
the word boundaries in each language were 1.0 within word and 0.33 across 
word, presuming that participants can separate the two languages and calculate 
the statistical set of each. However, if participants were to combine the two 
languages, the TP would not provide consistent statistical cues and the TP 
within words would vary from 0.5 to 1.0 whereas the TP across word boundaries 
would vary from 0.17 to 0.33 (see Figure 1).  

A balanced French-English bilingual was recruited to produce the audio 
stimuli in Table 1. She was instructed to produce two languages in a Canadian-
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English accent and a Canadian-French accent. Twelve local English-French 
native bilinguals were recruited to rate the stimuli on a scale of 1 to 5 in four 
aspects: (i) naturalness (1 indicating unnatural-sounding and 5 indicating 
natural-sounding); (ii) French-accent rating: whether the language sounds like 
French (1 indicating very French and 5 indicating very non-French); (iii) 
English-accent rating: whether the language sounds like English (1 indicating 
very English and 5 indicating very non-English); (iv) overall sound quality of 
the language (1 indicating bad and 5 indicating excellent). The ratings for each 
language were averaged across all raters. The English-accented languages had 
an average of 3.02 for naturalness, 4.38 for French-accent rating (higher rating 
means the stimuli sounded very non-French), 1.75 for English-accent rating 
(lower rating means the stimuli sounded very English) and 3.38 for overall 
sound quality. The French-accented language had an average of 3.17 for 
naturalness, 1.90 for French-accent rating, 4.04 for English-accent rating, and 
3.59 for overall sound quality. 

 
Table 1. Auditory stimuli in language segmentation task 

 

Stimuli for Language 1  

Original in Weiss et al., (2009) Modified stimuli in current study 

Words 

bə-tɪ-gu bə-tɪ-gu 

sɪ-tʃə-vi sɪ-tʃə-vi 

vʊ-bo-sæ vʊ-bo-sɑ 

to-gʊ-tʃa to-gʊ-tʃa 

Part words 

sæ-to-gʊ sɑ-to-gʊ 

gu-vʊ-bo gu-vʊ-bo 

tʃa-sɪ-tʃə tʃa-sɪ-tʃə 

vi-bə-tɪ vi-bə-tɪ 

Stimuli for Language 2  

Words 

gu-pæ-tə gu-pɑ-tə 

dʒi-ga-pʊ dʒi-ga-pʊ 

sæ-dʒu-bo sɑ-dʒu-bo 

ta-bi-sɪ ta-bi-sɪ 

Part words 

bo-dʒi-ga bo-dʒi-ga 

sɪ-gu-pæ sɪ-gu-pɑ 

pʊ-ta-bi pʊ-ta-bi 

tə-sæ-dʒu tə-sɑ-dʒu 
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Figure 1. Transitional probabilities (TP) of the underlying structures (i.e., 

inconsistent statistical cues) of the two languages when combined.  

 

2.1.3. Procedure 

 

Participants were instructed to listen to a set of syllables and pay attention to 
the recording. They were informed that they would subsequently be tested on 
what they had heard but did not receive any further information regarding the 
experiment.  

There were two phases in the experiment: an exposure phase and a test phase. 
In the exposure phase, participants were presented with the two interleaved 
languages for a total of 24 minutes, divided into three blocks of 8 minutes. 
Within each block, the two languages alternated with each other. Each language 
was presented in a 2-minute strings and was presented twice per block. 
Participants were given a one minute break between blocks. The orders of 
accent (hearing an English-accented language first or second) and language (L1 
presented first or second) was counterbalanced across participants. Thus, half of 
the participants heard L1 in an English accent and L2 in a French accent and the 
other half heard the opposite. 

In the test phase, participants completed 32 two-alternative forced-choice 
trials (i.e., 16 items for each language). Each test trial consisted of two 
trisyllabic words: (i) correct words, syllables with high TP of 1.0 in the language 
and (ii) part-words, syllables with low TP of 0.33 in the language. Participants 
were required to press a key to indicate which of the two heard words sound 
more like a word from the languages they heard during exposure. Test items 
from each language were presented in the same accent as in the exposure phase. 
For example, if Language 1 was presented in an English accent, then test items 
from Language 1 would also be presented in English accent. After finishing the 
statistical learning task, participants completed the LBQ.  

 
3. Results 

  

The main dependent variable was the percentage of correctly selected words 
over part-words, or word segmentation accuracy. Across all language groups, 
the average proportion for Language 1 (L1) was 0.61 (SD = 0.17) and the 
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average proportion for Language 2 (L2) was 0.50 (SD = 0.15). Accuracy in L1 
was significantly above the chance level of 0.5 (t(68) = 5.22, p < 0.001) but 
accuracy in L2 was not (t(68) = 0.10, p = 0.920). To explore factors that 
contribute to the segmentation accuracy in L1 and L2, we entered the data into 
two mixed-factors ANOVA. Moreover, because our monolingual participants 
(Mean = 21.35, SD = 4.54) were slightly older than our simultaneous bilingual 
(Mean = 19.13, SD = 2.49) and sequential bilingual (Mean = 20.83, SD = 3.19) 
[F(2, 66) = 2.51, p = 0.089], we entered age as covariate in the following 
ANOVA analyses. 

To examine what predicts L1 segmentation accuracy, we performed a 2 
(Gender: female vs male) X 2 (Language Presentation Order: L1 presented first 
or not) X 2 (Accent of language: L1 in English and L2 in French vs L1 in 
French and L2 in English) X 3 (Language Group: monolingual vs simultaneous 
bilinguals vs sequential bilinguals) mixed-factors ANOVA, after controlling for 
participants’ age. The main effect of language group was significant [F(2, 46) = 
3.71, p = 0.032]. This confirmed that there were significant differences of L1 
accuracy across language groups. Planned follow up tests, again controlling the 
effect of age, suggested that simultaneous bilinguals significantly outperformed 
monolinguals (p = 0.025) and sequential bilinguals (p = 0.019). However, there 
was no significant difference between monolinguals and sequential bilinguals (p 
= 0.861) (Figure 2). The four way interaction between gender, language 
presentation order, accent of language and language group was significant, F(1, 
46) = 10.99, p = 0.002. Follow-up tests revealed that this effect may be driven 
by the small sample size in the monolingual male group who heard L1 in French 
accent and L2 in English accent.  

 
 

Figure 2. Average proportion of participants’ scores of selecting correct 

words in each language. Error bars indicates standard error of mean.  
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To investigate what predicts L2 segmentation accuracy, we performed the 
same mixed-factors ANOVA as above (2 (Gender) X 2 (Language Presentation 
Order) X 2 (Accent of Language) X 3 (Language Group), again controlling for 
age. The only significant predictor was accent of the languages, F(1, 44) = 12.39, 
p = 0.001). Our results indicated that participants performed significantly better 
when L2 was in an English accent (M = 0.56, SE = 0.02) compared to a French 
accent (M = 0.43, SE = 0.03).  

4. Discussion 

 
We explored whether accent within a single person’s speech can be an 

effective contextual cue for separation and segmentation of dual language input. 
Additionally, we investigated whether bilingualism plays a role in influencing 
the performance of statistical learning in our bilingual-like task.  

We found differences in segmentation accuracy between two languages, 
differences that cannot be explained by a primacy learning effect (i.e., the serial 
order of presenting languages during familiarization). Participants successfully 
segmented L1, but not L2. This suggests that accented speech is perhaps not as 
strong of a contextual cue as the other speaker-specific cues used in previous 
studies (e.g., different faces, voices; Weiss et al., 2009; Mitchel & Weiss, 2010), 
as speakers did not successfully segment both languages. However, accented 
speech still facilitated language separation in the dual-input segmentation task. 
We can make this conclusion because the continued presence of the L2 during 
exposure did not impair the segmentation of L1. Thus, the participants were not 
conflating L2’s TP cues with those in L1.  

We are currently unsure as to why L2 is more difficult. However, the 
finding that L2 performance was particularly affected by French phonetic cues 
perhaps indicates that L2 may be more “English-like” than L1. Ongoing 
research is investigating this possibility. However, if L2 is slightly more difficult 
for reasons not specific to the accent itself (e.g., less common syllable 
combinations in the participants’ native languages), the finding that the French 
accent exacerbated the underlying difficulty could be attributed to the nature of 
our sample. Our bilinguals were on average English-dominant (see self-ratings 
and cloze task results) and the monolinguals were completely English-dominant 
by definition. Thus, our participants were likely exposed to more fluent English-
speakers in natural daily contexts (e.g., home and social life) and less to French 
and French-accented English. This reduced exposure to French could lead to 
slower adaptation to that type of accented speech. Consequently, they may have 
failed to effectively use French-accented speech as a cue to segment the two 
languages. Consistent with this speculation, if L2 was presented in a French 
accent, participants not only were less likely to segment L2, they also tended to 
be less accurate in segmenting L1.  

Another central finding of our study is the influence of bilingualism on 
segmenting languages in our dual-input statistical learning task. Despite the fact 
that both simultaneous bilinguals and sequential bilinguals failed to learn the 
more difficult L2, there were differences between monolinguals and bilinguals 
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in learning the easier L1. We found that simultaneous bilinguals appeared to 
outperform sequential bilinguals and monolinguals in segmenting words 
accurately in L1. In addition, although it was not statistically significant, there is 
a trend for simultaneous bilinguals to be more accurate in segmenting L2, 
compared to the other two language groups. Although this result needs to be 
confirmed with a larger sample, our results suggest a simultaneous bilingual 
advantage in our statistical learning task. This bilingual advantage may be 
driven by their early language experience during infancy. That is, the need to 
differentiate two inputs during infancy may prepare simultaneous bilinguals to 
adapt and learn in an environment with multiple inputs and structures. In 
addition, simultaneous bilinguals may have more well-refined phonetic 
perception of French and English since they were exposed to these two 
languages during the typical period of refinement (i.e., before age 1). Hence, 
simultaneous bilinguals may also be better in accommodating the variety of 
phonetic realizations across French and English to learn the two languages in 
our task. We note, however, there are other possible explanations for this 
bilingual advantage. An alternative explanation is that bilinguals may possess 
better executive function ability (such as inhibitory control and working memory)
than monolinguals (e.g., Bialystok, 1999; Bialystok, Craik, Klein, & 
Viswanathan, 2004; Bialystok, Martin, & Viswanathan, 2005; Costa, Hernandez, 
Sebastian-Galles, 2008; Costa, Hernandez, Costa-Faidella, Sebastian-Galles, 
2009; Morales, Calvo, & Bialystok, 2013; Luo, Craik, Moreno, & Bialystok, 
2013). Arguably, to successfully segment languages in our dual-input statistical 
learning task, learners need to suppress one set of statistical structures when 
learning the second set in the other language (i.e., use inhibitory control). 
Further, learners also need to identify the correct corresponding cue of each 
language and use their memory capacity to extract and represent both statistical 
structures (i.e., recruit working memory). As such, our ongoing work will 
investigate what cognitive ability underlies the bilingual advantage in dual-input 
statistical learning. 

 
5. Conclusion 

 
Using a dual-input statistical learning task, we have demonstrated that 

accent (i.e., phonetic cues) within a single person’s speech can be effective in 
facilitating participants’ separation of two contemporaneous language inputs 
with differing statistical structures. We also found learning differences among 
participants with different language backgrounds, suggesting a simultaneous-
bilingual advantage in segmenting languages. Thus, the current experiment adds 
to the limited literature on dual-input statistical learning, particularly by 
demonstrating that bilingualism can influence the use of statistical learning 
across two language inputs.  
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