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Abstract
This research examines the relative influences of native 
language and recent linguistic exposure on listeners’ use of 
prosodic cues in artificial-language speech segmentation. We 
tested listeners’ use of fundamental-frequency (F0) rise as cue 
to word-final boundaries. Participants included French 
listeners who had spent various amounts of time in the US 
since their last stay in France, high-proficiency English 
learners of French who had spent various amounts of time in 
the US since their last French immersion, and English listeners
without functional knowledge of French. The results suggest 
that recent exposure more accurately predicts listeners’ 
segmentation accuracy than native language does.
Index Terms: speech segmentation, prosodic cues, artificial-
language learning

1. Introduction
It is well established that speech segmentation is a language-
specific skill: The cues to word boundaries that listeners use 
are those that are reliable in their native language (L1) and that 
make the native listening process a highly efficient one (for 
discussion, see [1]). Cross-linguistic studies have shown that 
speakers of a given language who perform a segmentation task 
in a language they do not know automatically transfer the use 
of L1 cues [2][3][4][5]. Studies using artificial-language (AL) 
learning paradigms have similarly found that listeners use L1 
cues to locate word boundaries in the AL speech stream, and 
the use of these cues alongside transitional probabilities leads
to higher segmentation accuracy than the use of transitional 
probabilities alone [6][7][8].

What is less clear is whether the linguistic input to which 
listeners have been recently exposed plays a significant role in 
their use of prosodic cues to speech segmentation. On the one 
hand, input in a second/foreign language (L2) could influence 
native listeners’ use of segmentation cues in their L1,
especially if they live in an environment where the L1 is not 
spoken. By the same token, native listeners might become 
increasingly more apt at using prosodic cues that are efficient 
for segmenting the L2 if they have gained substantial 
knowledge of that L2, and they might even transfer the use of 
these L2 cues to unfamiliar languages. Since previous research 
on speech segmentation has tended to conflate native language

and recent linguistic exposure, the conclusions drawn from 
this research may have potentially overestimated the effect of 
L1 and underestimated the flexibility of the speech processing 
system viz. the linguistic input to which it is exposed. 

The present study is an initial attempt at testing this 
hypothesis. It does so by employing an AL learning paradigm 
in which participants are exposed to an unfamiliar speech 
stream for approximately 20 minutes and subsequently tested 
on the words they heard in the speech stream. Such a 
paradigm is useful, because it can be administered to a large 
number of participants irrespective of their native language, 
and the characteristics of the speech stream can be 
manipulated independently. 

Using an AL learning paradigm, [6] investigated Dutch 
and Korean listeners’ use of fundamental-frequency (F0) rise 
(among other prosodic cues) as a cue to word-final 
boundaries. In Dutch, F0 rise can coincide with word-initial 
boundaries, whereas in Korean, F0 rise is a reliable cue to 
word-final boundaries. Their results show that after initial 
exposure to the AL speech stream, Korean listeners, but not 
Dutch listeners, were able to use F0 rise as a cue to word-final 
boundaries; yet, after a second exposure session (three days 
later), the Dutch listeners were also able to use F0 rise as a cue 
to word-final boundaries. One could interpret these findings as 
suggesting that recent linguistic exposure plays a critical role 
in listeners’ ability to extract prosodic cues from the speech 
signal. However, in a similar study, [8] showed that Dutch 
listeners were able to use F0 rise as a cue to word-final 
boundaries after initial exposure to a different AL speech 
stream. In other words, it is unclear whether the Dutch 
listeners tested in both studies learned to locate word-final 
boundaries from minimal exposure to the speech stream, or 
whether this was something they were already able to do 
because of their native language. 

We investigate the relative influences of native language 
and recent linguistic exposure by partially replicating the AL 
learning experiment used in [6] with native French listeners
who have spent various amounts of time in the US since their 
last stay in France, high-proficiency English L2 learners of 
French who have spent various amounts of time in the US 
since their last French immersion, and native English listeners 
without functional knowledge of French (or Korean). By 
examining these participants’ ability to segment an AL speech 
stream as a function of their recent exposure to English and as 
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a function of their knowledge of French, we may decouple the 
effects of native language from linguistic input on listeners’ 
extraction of prosodic cues from the speech signal. The 
prosodic systems of French and English make this pairing of 
languages ideal for investigating the use of F0 rise as a cue to 
word-final boundaries.

Similarly to Korean, accented syllables in French occur at 
the right edge of the Accentual Phrase (AP), and thus are 
word-final; in non-utterance-final positions, these accented 
syllables have higher F0 and longer duration than the 
corresponding unaccented syllables [9][10]. Native French 
listeners use these prosodic cues to parse accented syllables as 
word-final syllables [11][12][13]. It should be mentioned, 
however, that F0 rise (without the concurrent presence of 
increased duration) can also mark the beginning of the AP in 
French [9][10], and native French listeners also use this 
prosodic information to locate word-initial boundaries 
[14][15][16]. Conversely, in English, accented syllables tend 
to be word-initial [17][18], with F0 rise, increased amplitude 
and, to some extent, increased duration signaling this word-
initial prominence, but with increased duration also being a 
reliable cue to word-final boundaries [8][19][20]. Native 
English listeners have been found to use this prosodic 
information to identify word-initial boundaries in continuous 
speech [21][22][23].

Our participants heard the condition of the AL experiment
in [6] where F0 rise marked word-final boundaries. Given the 
distinct prosodic systems of French and English, if the L1 
plays an important role in listeners’ use of prosodic cues in 
speech segmentation, native French listeners should 
outperform both high-proficiency English L2 learners of 
French and native English listeners without functional 
knowledge of French (or Korean), even if the majority of the 
native French listeners were tested in the US and had spent 
various amounts of time in the US since their last stay in 
France. By contrast, if it is knowledge of French that matters, 
then native French listeners and high-proficiency English L2 
learners of French should outperform native English listeners 
without functional knowledge of French (or Korean), and the 
L2 learners’ performance should improve as their proficiency
in French increases. A third possibility is that the listeners’ 
ability to use F0 rise as a cue to word-final boundaries may 
decrease as the amount of time they have spent in the US since 
their last stay in France (for the native French listeners) or 
since their last substantial (i.e., 3+ months) French immersion 
(for the English L2 learners of French) increases.

2. Method

2.1. Participants

Ten native French speakers from France (L1 French group; 
mean age: 26.7, standard deviation (SD): 5.5), 10 native 
speakers of American English at high proficiencies in French 
(L2 French group; mean age: 27.3, SD: 2.3), and 10 native 
speakers of American English without functional knowledge 
of French or Korean (L1 English group; mean age: 24.3, SD: 
4.3) participated in this study. Eight of the 10 native French 
speakers lived in the US at the time of the testing and had not 
returned to France for 31.2 months (SD: 38.4). The English L2 
learners of French had first been exposed to French at the 
mean age of 13 (SD: 5.5); they had lived in a French 
environment for 14.3 months (SD: 10.7); they used French 
21.6% of the time every week (SD: 16.1); and they had been 
in the US for 49 months (SD: 31.4) since their last substantial 

(3+ months) French immersion. The L2 learners’ proficiency
in French was established on the basis of a cloze (i.e., fill-in-
the-blank) test [24]. The L2 learners received a mean cloze 
test score of 33 (SD: 4.3), which is in the range of students 
who pursue graduate studies in French in the US.

2.2. Materials and Procedures

The experiment consisted of two phases: an exposure phase 
and a test phase. 

In the exposure phase, participants were exposed to the AL 
speech stream used in [6] where F0 rise marked word-final 
boundaries. The AL consisted of six trisyllabic words. Four 
consonants (/p, t, k, m/) and four vowels �����������	�
�were used 
to create 16 syllables, which were then combined into six 
trisyllabic words: [tikepu], [petami], [mupaki], [kapime], 
[kutepa], [pimatu]. Ten repetitions of the syllables were 
recorded individually by a female native speaker of Korean,
who recorded the stimuli for [6]. (Since the selected 
consonants and vowels are similar in French and Korean, we 
do not anticipate that this should adversely affect the results.) 
The syllables selected for the AL had their duration, intensity, 
and F0 normalized to the average value of all syllables. All 
syllables were 252 ms long and had a baseline F0 of 190 Hz. 

The syllables were then combined to create the six 
trisyllabic words, and the last syllable of each word had its F0 
raised to 250 Hz. The words were randomly concatenated such 
that each word would be heard a total of 126 times throughout 
the AL. No word occurred twice in a row, and there was no 
pause between any of the words. Syllable-to-syllable 
transitional probability ranged from 0.5 to 1 within words and 
from 0.03 to 0.44 between words. The total duration of the AL
was approximately 10 minutes, and the participants listened to 
it twice (total = 20 mins.). There were 20-ms fade in and fade 
out periods at the beginning and end of the speech stream so 
that listeners could not use the onset of the initial word and the 
offset of the final word to locate word boundaries. 

In the test phase, the participants heard 36 pairs of 
trisyllabic sequences, and for each pair they identified which 
word they thought they heard in the AL. These 36 pairs were 
created by comparing the six AL words to three part-words 
and three non-words. Part-words had an additional syllable 
added to the last two syllables of a legal word (the transitional 
probability between the second and third syllables was 0.39-
0.44). Non-words had syllables in a completely unfamiliar 
order, the transitional probability within them being zero. All 
syllables in the test phase had a baseline F0 of 190 Hz.

The participants were told that they would be listening to 
an AL. They were told that the AL was not French or like 
French, and that they should not be looking for French words 
in the speech stream. However, because many of the 
participants were recruited from French classrooms, and given 
the affiliation of the first author (who administered the 
experiment), the participants knew that French was likely to 
be involved one way or another. 

2.3. Data Analysis

For the purpose of statistical analysis, since we had only 10
participants per group, we replaced missing and outlying data 
as follows. 

Since one native French listener’s number of months spent 
in the US since her last stay in France was higher than two 
SDs away from the mean of all the participants who had 
functional knowledge of French (her time spent in the US: 
120; mean: 37, SD: 35.3), this outlying value was replaced by 
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the value of two SDs above the mean (107.5 months) so that it 
would not drive any effect we may find. 

We defined substantial immersion in a French-speaking 
environment as greater than 3 months. Two L2 learners had 
never had substantial French immersion. Thus, for them, time 
spent in the US would have corresponded to their age 
multiplied by 12 months. These values would have been much 
too high as compared to the others, potentially driving any 
effect that we may find. These two L2 learners were therefore 
assigned a number of months in the US that corresponded to
two SDs above the mean for the group of L2 learners 
(assignment: 90 months; mean; 25.8, SD: 25.8).

Two L2 learners did not complete the cloze test because 
they knew the answers to the test. We therefore assigned them 
the mean score that the other eight participants received on the 
test (i.e., 33). These L2 learners were graduate students in 
French, so we believe this score assignment is a close 
reflection of their proficiency in French. 

First, we performed one-sample t-tests on the participants’ 
mean accuracy to determine if each group had obtained 
accuracy rates that were significantly above chance (50%). 
Then, we ran logit mixed-effects models on the participants’ 
accuracy in selecting the word that they thought had been 
heard in the AL (for discussion, see [25]). All models had 
participant and test item as crossed random variables, but they 
differed in their dependent and fixed variables. The first two 
models were performed on all the responses (1=correct, 
0=incorrect), with either L1 (French, English) or functional 
knowledge of French (yes, no) as fixed variable. L1 and 
functional knowledge of French were not included in the same 
model because they were partially correlated: For native 
French listeners, L1 always coincided with knowledge of 
French, whereas for the native English listeners who had no 
functional knowledge of French, it never did. The third model 
was performed on the responses of the participants who had 
functional knowledge of French, with both L1 and months 
spent in the US since their last stay in France or since their last 
substantial French immersion as fixed variables. One should 
note here that the native French listeners as a group, including 
the two French listeners who were tested in France, had been 
in the US for a smaller number of months than the L2 learners 
(respectively, 23.7 vs. 49 months). Finally, a fourth model was 
performed on the L2 learners’ responses, with proficiency 
(cloze test scores) and months of French immersion as fixed 
variables. The two fixed variables in this model were not 
correlated (r=.05).

3. Results
Figure 1 shows the percentage of correct responses and the 
standard error that each group obtained on the word 
identification task. The percentages and standard errors were 
computed from the participant means.

One-sample t-tests revealed that the L1 French group 
obtained accuracy rates that were significantly above chance, 
t(9)=3.4, p<.008; however, the L2 French group performed 
only marginally significantly above chance, t(9)=1.9, p<.089, 
and the L1 English group’s performance was only at chance, 
t(9)=1.2, p<.217. 

The first logit mixed-effects model (on all listeners’ 
accuracy) revealed a marginally significant effect of L1, 
z(1079)= 1.8, p<.1. The second logit mixed-effects model (on 
all listeners’ accuracy) revealed no significant effect of 
knowledge of French, z(1079)= 1.5, p>.1. 

Figure 1. Percent accuracy rates

The third logit mixed-effects model (on the accuracy of 
only the listeners who had functional knowledge of French) 
revealed a significant effect of months spent in the US after 
last stay in France or last substantial immersion in a French-
speaking environment, z(717) = –3.4, p<.001, but no effect of 
L1 and no interaction between months spent in the US and L1, 
z’s<|1|. Figure 2 illustrates the relationship between the 
participants’ number of months spent in the US and their 
accuracy on the segmentation task. As can be seen from this 
figure, the accuracy means for each participant show a sharper 
decline during the first 20 months of stay in the US than 
thereafter, suggesting that this relationship may not be linear.

Figure 2. Months in the US as predictor of accuracy

Finally, the fourth logit mixed-effects model (on only the 
L2 learners’ accuracy) revealed no significant effect of 
proficiency or months spent in a French speaking 
environment, and no interaction between the two, z’s<|1|. 

These results indicate that time spent away from a French-
speaking environment is the best predictor of the participants’ 
ability to use F0 rise as cue to word-final boundaries in an AL. 
The effect of L1 did have a marginal effect on the analysis of 
all the accuracy, but it was also the case that the group of 
native French listeners had spent less time in the US after their 
last stay in France than the English L2 learners of French after 
their last substantial immersion. In other words, it is unclear 
whether the observed effect of L1 is indeed a mild one or
whether it can be attributed to the native French listeners’ 
more recent exposure to French as compared to that of L2 
learners.
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4. Discussion and Conclusion
This study investigated the relative effects of L1 and recent 
linguistic exposure on listeners’ use of prosodic cues in an AL. 
Our results shed new light on this relative influence: They 
indicate that recent linguistic exposure is a strong predictor of 
listeners’ ability to extract prosodic cues from an unfamiliar 
speech stream, perhaps even more so than L1, and the 
relationship between listeners’ use of prosodic cues and 
linguistic exposure appears stronger near the onset of new 
linguistic input. This suggests that the speech processing 
system is extremely flexible and can readily adapt to new 
incoming linguistic input.

These findings raise important questions for research on 
non-native speech segmentation: If listeners’ processing 
system is so flexible, why is it that L2 learners infrequently 
reach native-like levels in their use of prosodic cues that are 
efficient for segmenting the L2 but not the L1? On the one 
hand, our participants did not reach very high accuracy rates, 
suggesting that their use of prosodic cues to word boundaries 
is not always successful. On the other hand, the present results 
may be in part due to the AL learning paradigm used in this 
and many other studies [6][7][8]. AL speech streams are 
manipulated such that they contain a very limited number of 
specific (e.g., prosodic and transitional) cues to word 
boundaries. No other information is available in the speech 
stream that listeners can use to make inferences about the 
identity of the actual words. Hence, listeners cannot use 
lexical, syntactic, or semantic information to infer where word 
boundaries are located. This makes it easier for them to extract 
the relevant segmentation cues, including prosodic ones. 

Research on L2 speech segmentation shows that L2 
learners are in fact very successful at using segmentation cues 
derived from lexical words (e.g., phonotactic and segmental 
cues) for locating word boundaries [26][27][28][29], and they 
show little transfer of L1 prosodic cues when segmenting an 
L2 that they have learned or are in the process of learning
[26][29]. This seems to suggest that lexical information plays 
a much stronger role than prosodic information in L2 speech 
segmentation, something which has also been suggested for 
native listeners [30]. Hence, research that focuses on the role 
of segmentation cues in the learning of an actual language 
(e.g., [13]) is also crucial to establish how non-native listeners 
use these different types of cues in online speech processing.
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