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ABSTRACT

This study investigates whether learning to use
prosodic cues to word boundaries in second-language
speech segmentation is easier or more difficult if the
native and second languages have similar (though
non-identical) prosodies than if they have markedly
different prosodies. It compares French, Korean, and
English listeners’ use of fundamental-frequency rise
and lengthening as cues to word-final boundaries in
French. Fundamental-frequency rise and lengthening
signal word-final boundaries in French and Korean
but can signal word-initial boundaries in English.
Proficiency-matched Korean-speaking and English-
speaking second-language learners of French and
native French listeners completed a ‘visual-world’
eye-tracking task where fundamental-frequency rise
and/or lengthening signaled the final boundary of
target words. Results show that the French and
English groups used both fundamental-frequency rise
and lengthening to locate word-final boundaries in
French, whereas the Korean group used only
lengthening. We attribute Korean listeners’ non-use
of fundamental-frequency rise in French to first- and
second-language perceptual assimilation.
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1. INTRODUCTION

Segmenting continuous speech into individual words
in the native language (L1) is accomplished in a
seemingly effortless fashion. Conversely, finding
word boundaries in a second language (L2) is much
more difficult. One reason for this difficulty is that the
cues to word boundaries that are efficient to segment
the L1 may be inefficient or misleading to segment
the L2. Non-native listeners have been shown to learn
new segmentation routines derived from phonotactic
information (e.g., [1]), but they have difficulty in
learning to use prosodic cues (e.g., fundamental-
frequency (FO) rise, lengthening) that signal different
word boundaries in the L1 and L2 (e.g., [2]).
Previous research on L2 learners’ use prosodic
cues to word boundaries has focused on L1-L2 pairs
that have different prosodic systems (e.g., Hungarian-

English [2,3]). Unclear, however, is how the degree
of similarity between the L1 and L2 prosodic systems
affects the learning and use of prosodic cues in L2
speech segmentation.

The present study tests two competing hypotheses.
The first hypothesis is that the learning of a new
segmentation cue will be facilitated if the L1 and L2
prosodic systems are similar. The second hypothesis
posits is the learning of a new segmentation cue will
instead be very difficult if the L1 and L2 prosodic
systems are similar. This second hypothesis stems in
part from L2 speech perception theories that attribute
non-native listeners’ difficulty with similar L1-L2
sounds to perceptual assimilation [4,5]. For both
hypotheses, similarity is operationalized as a given
prosodic cue (e.g., FO rise, lengthening) signaling the
same word boundary in both the L1 and the L2; if a
given prosodic cue signals different word boundaries
in the L1 and in the L2, the two prosodic systems are
considered different. We test these two hypotheses by
examining French, Korean, and English listeners’ use
of FO rise and lengthening as cues to word-final
boundaries in French.

In French, prominence is phrasal, with the last
non-reduced syllable of the Accentual Phrase (AP)
receiving a pitch accent [6,7,8]. In non-utterance-final
position, this AP-final syllable has an FO rise and is
lengthened [6,7,8]. Research suggests that native
French listeners use these two prosodic cues to locate
word-final boundaries in speech [9,10].

In Korean, prominence is also phrasal. In the
Seoul dialect, the AP-final syllable has an FO rise
[11,12,13], and if this syllable is at the end of an
Intonational Phrase, it is also lengthened [13]. Korean
is thus similar to French in that word-final boundaries
can be signaled with both FO rise and lengthening.
Importantly, however, the FO rise in Korean differs in
its alignment from that of French: Whereas the FO rise
in French peaks at the end of the AP-final syllable and
falls in the following (word-initial) syllable, in
Korean the FO both peaks and falls within the AP-
final syllable, such that the following (word-initial)
syllable is already low (cf. [7], p. 163 vs. [13], p. 21).
Like French listeners, Korean listeners have been
shown to use both FO rise and lengthening as cues to
word-final boundaries [14,15].



By contrast, in English, prominence is lexical, and
it is aligned with stressed syllables. Stress has a
statistical tendency to be word-initial [16,17], and
(accented) stressed syllables tend to be higher in FO
and longer than unstressed syllables [18,19]. Native
English listeners parse stressed syllables [20,21] and
syllables with higher FO [22] as word-initial.
Although lengthening provides a good cue to stress
(and thus to word-initial boundaries) in English [18],
it can also signal phrase-final lengthening [19]; native
English listeners have indeed been found to use
duration as a cue to word-final boundaries [22].

French and Korean are thus much more similar
(though not identical) in their prosody than French
and English are. If L1-L2 prosodic similarity enhances
the learning and use of L2 prosodic cues, Korean L2
learners of French should outperform proficiency-
matched English L2 learners of French in their use of
FO cues to word-final boundaries in French. By
contrast, if L1-L2 prosodic similarity interferes with
the learning and use of L2 prosodic cues, English L2
learners of French should outperform proficiency-
matched Korean L2 learners of French in the use of
FO cues to word-final boundaries. Since lengthening
can cue both word-initial and word-final boundaries
in English, predictions are unclear for this cue.

We test these predictions using a ‘visual-world’
eye-tracking experiment.

2. METHOD
2.1. Participants

Sixteen native French listeners (mean age: 26.9, SD:
5.1), 16 Korean L2 learners of French (mean age:
23.3, SD: 8.2), and 16 (American) English L2
learners of French (mean age: 23.9, SD: 0.9)
participated in this study. The Korean and English
listeners were selected so that they would be matched
in their French proficiency (assessed with a cloze,
i.e., fill-in-the-blank, test) and French experience.
Table 1 provides the mean proficiency score, age of
first exposure to French, number of years of French
instruction, number of months of immersion in a
French-speaking environment, and percent weekly
use of French reported by the L2 learners (standard
deviations in parentheses).

Table 1: L2 learners’ proficiency and language
background information

Korean English
Proficiency (/45) 21.0 (5.7) 23.3(8.2)
Age first exposure | 18.8 (2.1) 16.8 (4.3)
Years instruction 5.7(2.2) 6.2 (3.2)
Months immersion | 14.3 (15.8) | 14.0 (23.5)
Weekly Fruse (%) | 12.5(10.6) | 13.7 (10.2)

One-way ANOVAs with L1 as a between-group
variable did not reveal a significant difference
between the Korean and English groups on any of the
five measurements (p>.1).

2.2. Materials

The stimuli were the same as those used in [2].
Participants heard sentences that contained a
monosyllabic target noun and a disyllabic adjective
(e.g., chat lépreux c‘leprous cat’), the first two
syllables of which were segmentally ambiguous with
a disyllabic lexical competitor (e.g., chalet ‘cottage”).
All noun-adjective sequences in the experimental
items were in subject position. They were produced
such that an (AP-final) pitch accent occurred either on
the monosyllabic noun (e.g., chat) or on the second
syllable of the disyllabic adjective (e.g., Iépreux). As
a result, the lexical competitor (e.g., chalet) either
crossed an AP boundary (Across-AP condition) or
was located within an AP (Within-AP condition).

In our naturally produced stimuli, the target word
(e.g., chat) had an FO rise and was lengthened in the
Across-AP condition but not in the Within-AP
condition. In order to investigate whether FO rise and
lengthening can independently be used to locate
word-final boundaries, we resynthesized our stimuli
such that the target word would have a flat FO in the
Across-AP condition but an FO rise in the within-AP
condition. We thus had four conditions: (i) Natural
Across-AP condition (FO rise, lengthening); (ii)
Resynthesized Across-AP condition (no FO rise,
lengthening);  (iii)  Resynthesized = Within-AP
condition (FO rise, no lengthening); and (iv) Natural
Within-AP condition (no FO rise, no lengthening).

The stimuli were recorded by a phonetically
trained native French speaker from France. The
recordings were normalized for intensity, and
acoustic analyses were performed in Praat [23]. To
resynthesize the stimuli, the first four syllables of the
experimental items were each divided into 20
segments, and the average FO value of each segment
was extracted. The existing pitch points in each
segment were then dragged vertically using the
PSOLA function of Praat [23] so that they would
approximate the value of the extracted average in the
corresponding segment of the opposite prosodic
condition. A stop Hann-band filter from 500 to 1000
Hertz with a smoothing of 100 Hertz was then applied
to all the stimuli in the experiment. This filter did not
adversely affect the quality of the segmental or
prosodic information, and it was successful in
masking occasional differences in acoustic quality
between the natural and resynthesized conditions.

A total of 32 experimental items were used, each
appearing in all four conditions and counterbalanced



in four lists so that no participant heard a single item
in more than one condition. These experimental items
were intermixed with 69 filler items.

Target, competitor, and distracter words were
presented orthographically in a visual display [24].
Experimental trials always included the target word
(e.g., chat), the competitor word (e.g., chagrin), and
two unrelated distracter words that overlapped in
form (e.g., prince ‘prince’ and principe ‘principle’) to
avoid anticipatory fixations to the target and
competitor words. For the same reason, filler trials
included disyllabic target words.

2.3. Procedures

Participants’ eye-movements were recorded with an
EyeLink eye-tracker (SR Research) at a sampling rate
of either 250 Hz or 1,000 Hz (depending on the
testing location). An ASIO-compatible sound card
was used on the presentation computer to ensure that
the audio timing of stimuli would be synchronized
with the recording of eye movements. For each trial,
participants saw four orthographic words in a (non-
displayed) 2 x 2 design on the screen for 4,000 ms.
The four orthographic words then disappeared and a
fixation cross appeared at the center of the screen for
500 ms. When the fixation cross disappeared, the
words reappeared and the auditory stimulus was
simultaneously heard over headphones. The trial
ended when the participant clicked the word they
heard. The test items were presented over four blocks
to allow for breaks and recalibration.

3. ANALYSES AND RESULTS

Only trials where participants clicked the target or
competitor word were included in the analyses. This
resulted in the loss of 5.8% of the data (French: 1.4%;
Korean: 1.8%; English: 2.6%).

Because it takes approximately 200 ms to launch
an eye-movement [25], proportions of eye fixation
were analyzed starting at 200 ms after the onset of the
target word. They were averaged for a time window
that corresponded to the target noun (e.g., chat) and
first syllable of the following adjective (e.g., 1é-)
(with the corresponding 200-ms delay in the offset of
the time window), as these two syllables were
segmentally ambiguous with the lexical competitor
(e.g., chalet). At that point in time, the signal had not
yet disambiguated (e.qg., -preux, which is not a French
word, had not yet been heard). Hence, this time
window can determine whether listeners use prosodic
cues to word boundaries prior to disambiguation in
the signal. Since the disambiguation point differed
from item to item, this averaging was done separately
for each test item (and each participant).

Linear mixed-effects models were conducted on
the log-odd-transformed proportions of competitor
fixation using the Ime4 package in R [26]. We first
ran a big model on all three groups’ competitor
fixations, with prosodic boundary (Within-AP,
Across-AP), resynthesis (natural, resynthesized), and
L1 as fixed variables. The baseline was French
listeners’ fixations in the natural Across-AP
condition. We also ran subsequent models separately
for each group. For L2 learners, these subsequent
models also had proficiency (centered cloze-test
scores) and its interaction with prosodic boundary and
resynthesis as fixed wvariables. In all models,
participant and items were crossed random variables.

The participants’ proportions of fixation to the
lexical competitor for the segmentally ambiguous
time window are presented in Figure 1.

Figure 1: Proportions of competitor fixation in
segmentally ambiguous time window
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The first model revealed the following significant
effects: prosodic boundary (t(1322)=2.98, p<.01); L1



for the Korean group (t(1322)=-2.45, p<.015) and the
English group (t(1322)=-2.46, p<.015); prosodic
boundary x resynthesis (t(1322)=-2.39, p<.017);
prosodic boundary x L1 for the Korean group
(t(1322)=-2.14, p<.04); and prosodic boundary x
resynthesis x L1 for the Korean group (t(1322)=2.49,
p<.02). The (positive) effect of prosodic boundary
indicates higher proportions of competitor fixation
for items without lengthening (Within-AP) than for
items with lengthening (Across-AP). The (negative)
effect of L1 indicates lower proportions of competitor
fixation for the L2 groups than for the French group
(likely due in part to L2 learners’ slower processing).

A separate model on French listeners’ proportions
of competitor fixation revealed a significant effect of
prosodic boundary (t(467)=3.06, p<.01) and a
significant prosodic boundary X  resynthesis
interaction (t(467)=—2.49, p<.02). The (positive)
effect of prosodic boundary indicates higher
proportions of competitor fixation for items without
lengthening (Within-AP) than for items with
lengthening (Across-AP). The (negative) interaction
between prosodic boundary and resynthesis indicates
that adding an FO rise reduced the proportion of
competitor fixation for items without lengthening
(Within-AP) but flattening FO increased it for items
with lengthening (Across-AP). This suggests that
native French listeners are able to make use of both
FO rise and lengthening to segment speech into words.

A separate model on Korean listeners’ proportions
of competitor fixation revealed only a significant
prosodic boundary x proficiency interaction (t(446)=
2.66, p<.01). This (positive) interaction indicates that
Korean listeners show a greater effect of prosodic
boundary (and thus lengthening) with increasing
French proficiency. The lack of interactions with
resynthesis indicates that Korean listeners did not
make use of FO rise to segment French speech. Thus,
Korean listeners were able to use only lengthening to
locate word-final boundaries in French.

Although none of the effects were modulated by
L1 for English listeners, we ran a subsequent model
on their proportions of competitor fixation to examine
the effect of proficiency in relation to prosodic
boundary and resynthesis. This model revealed a
significant effect of prosodic boundary (t(403)=2.0,
p<.05) and a marginally significant prosodic
boundary x resynthesis x proficiency interaction
(t(403)=—1.74, p<.08). The (positive) effect of
prosodic boundary indicates higher proportions of
competitor fixation for items without lengthening
(Within-AP) than for items with lengthening (Across-
AP). The (negative) three-way interaction indicates
that English listeners show an increasingly strong
interaction  between prosodic boundary and
resynthesis as their proficiency increases. This

suggests that they can eventually use both FO rise and
lengthening to segment French speech.

4. DISCUSSION AND CONCLUSION

The results of our ‘visual-world’ eye-tracking
experiment revealed that native French listeners made
independent use of both FO rise and lengthening to
locate words in the segmentally ambiguous speech
signal. Similarly, English L2 learners of French who
were sufficiently advanced in French were also able
to make independent use of both FO rise and
lengthening to locate word-final boundaries in
French. Conversely, Korean L2 learners of French at
sufficiently advanced proficiency could use only
lengthening. These results are in line with the second
hypothesis we tested, suggesting that greater
similarity between the L1 and the L2 can in fact hurt
the learning (and use) of speech segmentation cues.

We hypothesize that the FO rise in French comes
in too late for Korean listeners to be able to use it
when segmenting French speech. Although FO rise
and lengthening signal AP-final (and thus word-final)
boundaries in both French and Korean, in French the
FO peak aligns with the end of a syllable and the FO
falls on the following (word-initial) syllable, whereas
in Korean the FO peaks and falls within the AP-final
syllable such that it is already low by the time the next
(word-initial) syllable begins. This difference in FO-
rise alignment between French and Korean may result
in Korean listeners not using the FO rise in time to
segment words in French speech.

Critically, Korean L2 learners of French appear to
have greater difficulty than proficiency-matched
English L2 learners of French when adjusting the
timing with which they expect the FO rise to occur in
French words. We hypothesize that this difficulty
stems from perceptual assimilation processes similar
to those proposed by existing L2 speech perception
theories [4,5]. Specifically, Korean listeners may not
hear the alignment of the FO rise and word-final
boundaries in French as different from that of Korean;
consequently, they may fail to restructure their
segmentation routines when learning to segment
French speech. No such interference would occur
with English listeners, because they would learn to
associate the FO rise with a new word boundary in
French. Note, however, that given the non-categorical
nature of prosody, the precise nature of the perceptual
assimilation processes responsible for this difficulty
would likely differ from those proposed in existing
L2 speech perception theories [4,5]. Further research
is needed to determine if Korean listeners indeed
perceive the FO rises in French and Korean as
identical, and if so, how this perceptual assimilation
differs from that with segments.
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