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ABSTRACT

This study examines rhythmic patterns in French
sentences read by 10 native French speakers and 21
Chinese learners of French (with different levels of
proficiency). We used 9 metrics, both normalized and
non-normalized, to compare the rhythmic patterns
between natives and learners, and between the 3
groups of learners.

Overall, results from normalized metrics suggest
that the rhythmic patterns of natives and learners are
rather similar. Indeed, while raw metrics, %V, AV,
AC, and rPVI-C, show significant differences both
between natives and learners, and among learners,
normalized metrics, VarcoC, VarcoV, and nPVI-V,
show no such differences. These results suggest that
traditional metrics may not capture changes over
stages of rhythm acquisition, especially when L1 and
L2 belong to the same rhythm typology. In addition,
the CCI (Control/Compensation Index), well-
distinguished among learners, shows that as
acquisition progresses, learners gain a better timing
control ability, and rhythmic pattern becomes more
stable.

Keywords: rhythm metrics, L2 rhythm production,
French, Mandarin Chinese.

1. INTRODUCTION

Speech rhythm of world languages has traditionally
been classified into stress-timed (e.g., English,
Dutch), syllable-timed (e.g., French [1], Chinese [2]),
and mora-timed (e.g., Japanese) [3, 4, 5]. However,
empirical evidence to assess this idealized surface
isochrony in different languages is rather weak [6].
Departing from this traditional view, a series of
metrics has been proposed in different studies for
quantifying rhythmic phenomena based on vocalic
and intervocalic interval durations [1, 5, 7]. Even
though this quantitative approach has also been
criticized [among others &8, 9], it is still a main
approach used in the study of cross-linguistic speech
rhythm and L2 speech rhythm [10]. In this study, 9
metrics, both normalized and non-normalized, are
used to investigate the rhythmic patterns in French
sentences produced by French native speakers and 3
groups of Chinese learners of French with different
levels of proficiency.
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Having a strong command of rhythmic patterns
that are characteristic of a native speaker’s speech is
crucial for improving the intelligibility and reducing
the foreign accent of a second language speaker [11,
12, 13, 14]. The ability to produce and perceive the
rhythms of speech is therefore of great importance for
learning a second language. In recent years, there has
been a growing interest in understanding the temporal
aspects of non-native speech. Factors such as the type
of materials used, the demands of the task, the rate
and style of speech, can all impact the rhythmic
patterns of second language speech [10, 15]. While
previous research has often compared the rhythmic
patterns of native speakers to those of second
language learners, there has been less focus on how
the rhythmic production of a second language
changes as the learner progresses.

There have been relatively few studies on Chinese
learners of French and their rhythmic patterns. In one
study [16], native Chinese speakers learning French
as a second language were compared to native French
speakers using two metrics, %V and VarcoV, and it
was found that the two groups had virtually identical
values. Another study [17] found that only the value
of %V significantly differed between Chinese
learners and native French speakers when examining
six different metrics. These studies suggest that
Chinese learners may be able to achieve native-like
rhythms in French, potentially due to the shared
rhythmic patterns between French and Chinese as
syllable-timed languages.

This new study aims to further explore these
findings by conducting a production experiment with
additional rhythm metrics and involving Chinese
learners at various proficiency levels. The research
aims to answer two questions: 1) How do normalized
and non-normalized rhythm metrics capture
similarities and differences between French speech
produced by learners and natives, and 2) Do Chinese
learners’ performances vary based on their
proficiency levels?

2. METHOD
2.1. Speakers

Ten adult native speakers of French (5 males and 5
females, mean age: 31.3, SD: 8,37) and 21 Chinese
learners participated in the production experiment.
None of the participants reported any hearing
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impairments or language impairments. The 21
learners completed a LEAP questionnaire [18] and
provided information about their personal
backgrounds and language proficiency. Based on
their self-reported proficiency in French, the Chinese
learners were divided into three groups (as shown in
Table 1).

Level of Gender Mean Age  Mean Learning
Proficiency  (M: male, (SD) Time (year)
F: female)
High 3M, 4F 27.00 (2.82) 8.6
Intermediate 2M, 5F 27.14 (2.91) 4
Low 2M, 5F 26.29 (4.15) 1.3

Table 1: Information about the Chinese learners.
2.2. Task and procedure

In this study, participants were asked to read 20
French sentences as part of a speech production task.
These sentences were selected to contain a range of
syllable lengths (from 7 to 27 syllables) and a variety
of pauses and breaks. Each participant was asked to
read each sentence at a normal speech rate and with
neutral emotion, and to repeat any misread or
disfluent sentences before moving on to the next.
Each sentence was repeated twice, resulting in a total
of 1240 sentences (400 produced by native speakers
and 840 produced by Chinese learners). The
production data was collected in a sound-proof room
at the Laboratoire de Phonétique et Phonologie in
Paris, and participants were recorded individually
using the Pro Tools program and an AKG C520L
wireless  head-worn  microphone  (with  the
microphone positioned 3 cm away from the mouth).
The data was recorded at a 44.1kHz sampling rate and
16-bit quantization.

2.3. Segmentation and measurements

The speech samples were automatically segmented
using SPPAS [19] and then manually corrected by the
authors. The data was then annotated in Praat [20] in
two steps: 1) phonetic segmentation of the sentences
into phonemes, and 2) classification of individual
phonemes as vowels or consonants. The annotation
and classification techniques from [15] were used.
Pauses were marked as “#” and excluded from metric
calculations. A total of nine rhythm metrics were used
in this study (as shown in Table 2). In addition to
traditional metrics (such as AV, AC, %V [5]; VarcoV,
VarcoC [7], rPVI, nPVI [1]), values for CCI-V and
CCI-C [21] were also obtained. The CCI index
(Control/Compensation Index), which is a model for
formally representing the rhythmic tendencies of
natural languages, can be used to calculate the level
of compression (lengthening or shortening) in
language production. According to this model,
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“controlling” languages (such as syllable- or mora-
timed languages) should have similar tendencies of
vocalic and intervocalic duration fluctuations; while
“compensating” languages (such as stress-timed
languages) should fluctuate more in vocalic than in
intervocalic intervals [22].

Metrics Description
%V Proportion of vocalic intervals duration to the
duration of the utterance.
A Standard deviation of vocalic (AV) or intervocalic
(AC) intervals duration.
Varco  Coefficient of variation of vocalic (VarcoV) or
intervocalic (VarcoC) intervals, i.e., AV or AC
divided by the mean.

rPVvl Raw pairwise variability index for intervocalic
intervals, i.e., mean of differences between
successive segment intervals.

nPVI  Normalized rPVI for vocalic intervals divided by
their sum and multiplied by 100.

CCI rPVI relativized to the number of segments
composing successive vocalic (CCI-V) or
intervocalic (CCI-C) intervals.

Table 2: The rhythm metrics examined in this study (with
traditional metrics in bold).

A total of 1240 textgrid files of segmented
sentences were proceeded in Correlatore [23]. The
nine metrics were calculated for each sentence and
compared among the four groups.

3. RESULTS

The results for the global raw and normalized metrics
[5, 7] are presented first, followed by the pairwise
metrics [1, 21].

3.1. Global metrics
3.1.1. AC, AV and %

The results for the unnormalized variability metrics
AV and AC are depicted in Fig. 1.
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Figure 1: Means and standard errors of the metrics AC and AV
for the four groups.
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These results indicate that the learner groups
exhibit larger values of AV and AC than the native
group, with proficiency level showing an inverse
relationship with A . One-way ANOVAs were
conducted separately for each metric value, with
group of proficiency as the between-subjects factor
and the metric value as the dependent variable. The
statistical tests revealed significant differences
between learners and native speakers for AV (F-
value =122.7, p<0.001) and AC (F-value=118,
p<0.001). To determine whether the metrics differ
between the high, intermediate, and low proficiency
groups, Tukey post-hoc tests were applied, which
showed significant differences between the groups
(pairwise comparisons for AV and AC between high
vs intermediate, intermediate vs low, and high vs low:
all at p<0.001).

The results for %V are presented in Fig. 2. It can
be observed that the mean value of %V is larger in
low proficiency learners than in intermediate-high
proficiency learners (high: 48.40; intermediate:
48.36; low: 50.74). When compared to native
speakers (mean %V: 46.39), post-hoc pairwise tests
revealed that %V values between learners and natives
are significantly different, with the exception of %V
(p=0.99) in the intermediate vs high proficiency
groups.
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Figure 2: %V values of the four groups and post-hoc tests
results.

3.1.2. VarcoV and VarcoC

The normalized variability metrics are presented in
Figure 3. The results showed that both native and
learner groups had virtually similar values of VarcoV
and VarcoC. The mean values of the metrics before
and after normalization, shown in Table 3, indicate
that the patterns produced by learners were
comparable to those of native speakers after
accounting for speech rate. The raw and normalized
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metrics also demonstrated a significant effect of

speech rate on learner productions.
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Figure 3: Means and standard errors of the metrics VarcoV and
VarcoC for the four groups.

Metric Proficiency
Native High Intermediate Low
AV 39.90 52.01 57.69 70.48
VarcoV | 45.67 47.46 47.36 44.91
AC 46.87 56.83 62.03 74.51
VarcoC | 50.17 52.00 51.41 50.19

Table 3: Mean values of raw and normalized metrics.

Tukey post-hoc comparisons (Table 4) showed that
there was no significant difference in the durational
variability of vocalic/intervocalic intervals between
learners and native speakers.

Metric Significance of contrasts
Native-High Native- Native-Low
Intermediate
VarcoV 0.15 0.19 0.92
VarcoC 0.11 0.35 0.98

B raive
B ntemediate

Table 4: Post-hoc tests for Varco comparison between groups.
3.2. Pairwise metrics
3.2.1. vPVI & nPVI

The pairwise metrics results for nPVI-V and rPVI-C
are shown in Fig. 4.
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Figure 4: PVI values of the four groups and post-hoc tests
results.
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Native speakers displayed less variation in nPVI-
V values compared to learners. There were no
significant differences among the three learner groups
(as shown in Fig. 4 on the left), indicating similar
performances in successive vocalic intervals after
controlling for speech rate. On the other hand, rPVI-
C wvalues indicated that lower proficiency was
associated with greater temporal variability in
successive intervocalic interval productions.

3.2.2.CCI

The average values of CCI-C and CCI-V are depicted
in Fig. 5. Native speakers and learners are separated
by the bisector. The productions of native speakers
and advanced learners are close to the bisecting line,
indicating similar controlling tendencies in vocalic
and intervocalic durational fluctuations.
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Figure 5: Distribution of CCI values for four groups of subjects.

Native speakers displayed the greatest degree of
control, as indicated by the smallest values of CCI-V
and CCI-C. In contrast, values for intermediate and
low proficiency learners were farther from the
bisecting line, indicating a pattern that is more
compensating than controlling during speech
articulation. Low proficiency learners showed much
more fluctuation in both vocalic and intervocalic
intervals compared to the other learners.
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Figure 6: CCI values of the four groups and post-hoc tests
results.
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The statistical analysis reveals significant differences
between natives and learners (Fig. 6): for CCI-V: F-
value=226.3, p<0.01; for CCI-C: F-value=77.11,
p<0.01.

4. DISCUSSION AND CONCLUSION

This study compared the rhythmic patterns of French
read speech between native speakers and three groups
of Chinese learners with low, intermediate, and high
levels of proficiency using nine rhythm metrics.

The results for non-rate-normalized metrics
indicated differences among all groups. However,
these metrics may not be reliable indicators of
differences due to their sensitivity to speech rate [15].
In L2 speech, slower speech rates often result in the
realization of more and longer pauses, and thus the
formation of more shorter prosodic units. Given that
prosodic units are often accompanied by segmental
lengthening at boundaries, the insertion of more
prosodic boundaries leads to more lengthening, which
may contribute to increased variation in duration and
larger raw durational metrics [24, 25]. This tendency
was more evident in the low proficiency group than
in the advanced group. Other L2 rhythm metric
studies (e.g. [24, 26]) have also reported similar
tendencies in raw metrics. Previous research [15, 27]
has demonstrated that %V, VarcoV, and nPVI-V are
more robust to variation in speech rate and are
effective at discriminating cross-linguistic speech
rhythm. In the present study, the VarcoV and VarcoC
values for learners in the three proficiency groups
approximated the target pattern when the metrics
were normalized for speech rate. This may be due to
the shared phonological properties of French and
Chinese, which are classified as syllable-timed
languages: 1) the prevalence of the same CV syllable
structure, and 2) the rarity of instances of vocalic
reduction [28].

While traditional methods of measuring rhythm
have difficulty in accurately assessing the
development of rhythm in Chinese speakers learning
French at different stages of acquisition, the CCI
index does offer some insight into their progress.
However, it is not sufficient for fully understanding
all issues related to rhythm acquisition. One particular
challenge for Chinese learners is their ability to
correctly group rhythms, as non-native speakers often
have less fluency in their speech and tend to divide an
utterance into smaller chunks, resulting in more
variability in duration at the segment level.

This research is part of a larger project that also
investigates final lengthening and FO movement.
Future publications will provide additional findings
on Chinese learners’ progress in acquiring French
speech thythm.






