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Abstract

The rhythm of speech produced by advanced Chinese learners
can still be problematic. In order to improve their pronunciation,
it is necessary to investigate L2 rhythmic deviance. In this study,
read-aloud materials of 10 German L1 speakers selected from
MULTEXT and parallel recordings of 14 Chinese L2 learners
were analyzed by comparing six widely used rhythmic metrics,
speech rate, and vowel deletion ratio. A correlation analysis was
also conducted between these rhythmic features and the degree
of perceived foreign accent. The results indicated that speech
rate, varcoC, and vowel deletion ratio were significantly
different between L1 and L2 speakers, and that speech rate and
vowel deletion ratio had a strong correlation with perceived
foreign accent within L2 speech. These findings suggest that
complex consonantal intervals and vowel deletion are still
challenging for advanced learners and should be given more
attention in pronunciation training.

Index Terms: non-native speech, rhythm, foreign accent,
vowel deletion, Chinese-German L2 learner

1. Introduction

As a result of negative transfer from the learners’ native
language, non-native rhythm in L2 (second language) speech
often results in foreign accents and can have a negative impact
on intelligibility [ 1-3]. This rhythmic deviance can be remedied
by targeted training. However, rthythm training is usually poorly
implemented or even neglected in German language teaching
due to insufficient knowledge of non-native rhythmic features
[4]. Therefore, research on rhythmic deviance in German as a
foreign language is needed.

In the case of Chinese learners of German, previous studies
have shown that L2 speech produced by low and intermediate
learners was more syllable-oriented than stress-oriented. In
comparison with German L1 (first language) speakers, Chinese
L2 learners had a slower rate of speech, a higher frequency of
vowel epenthesis, and an insufficient reduction of vowels in
their German speech [5-7]. As a result, a higher proportion of
vocalic intervals (%) and a higher standard deviation of
consonantal intervals (4C) [8] were measured in L2 speech [5].
Such rhythmic deviance may be reduced as L2 acquisition
progresses [9, 10]. For example, the occurrence of epenthesis in
L2 speech was found to decrease significantly after the learners
participated in a three-month German course [7].

However, progress in speech rhythm does not necessarily
correlate with progress in overall L2 proficiency or length of L2
exposure. And different features of L2 rhythm (e.g., syllable
structure, vowel reduction, final lengthening) have been shown
to be acquired at different levels [2]. In fact, even with excellent

mastery of vocabulary and grammar, advanced learners of
German usually show uneven fossilization of L2 speech rhythm
[4]. This suggests that the deviation of advanced L2 rhythm
might be heterogeneous in various aspects and might also be
different from that of low and intermediate L2 rhythm.
Therefore, the thythmic deviance of advanced Chinese learners’
German L2 speech needs to be investigated in detail.

The investigation could be carried out by comparing the
rhythmic metrics between L1 and L2 speech. As quantitative
measures of speech rhythm, rhythmic metrics (i.e., % and 4C
[81, PVI[11], varco [12]) were first proposed to classify stress-
timed and syllable-timed language [13, 14]. Recently, these
metrics have been widely used in L2 prosodic research. For
example, previous studies demonstrated that rhythmic metrics
of L2 English could indicate learners’ proficiency and correlate
with the level of their foreign accent [15-17]. Some studies
even attempted to build accent classifiers based on rhythmic
metrics [18-20]. These studies have shown that rhythmic
metrics are able to capture the rhythmic features and deviance
of L2 speech, and can be used as a reference for rhythm training.
Therefore, by comparing rhythmic metrics between L1 and L2
speech and by analyzing the correlation between these metrics
and the degree of foreign accent, a detailed understanding of the
fossilization of advanced L2 rhythm can be obtained, which can
contribute to rthythmic improvement.

In addition, vowel deletion could be included in our
investigation as a factor contributing to non-native rhythm.
Corpus-based studies suggested that German L1 speakers
tended to produce /on/ or /om/ with a preceding consonant in
the form of reduced syllabic consonants /n/ or /my/ [21], while
deletion of schwa /o/ in this context is rare in Chinese L2 speech
[22]. Different frequencies of vowel deletion may result in
different syllable structures. Due to fewer vowel deletions, L2
speech could have a higher %/ and lower 4C, which may result
in foreign accents [5, 23]. However, this claim has not yet been
confirmed by empirical studies. Therefore, a correlation
analysis can be performed between the frequency of vowel
reduction and the degree of foreign accent.

Opverall, this research aimed to 1) explore the differences in
rhythmic features between German speech produced by
advanced Chinese learners and German native speakers; 2)
investigate the correlation between the degree of foreign accent
with appropriate rthythmic metrics.

2. Method

2.1. Participants

Fourteen native Chinese speakers (7 males, 7 females) were
recruited for the current study. They were students at Shanghai
International Studies University with a mean age of 23.7 years,
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ranging from 22 to 29. All speakers are advanced German L2
learners. They majored in German or had gained at least 4x4
scores in the TestDaF exam (the exam consists of four sections:
reading, writing, listening and speaking, each of which has a
maximum score of five), which served as evidence of the
language skills required for university study in Germany.
Before German learning, all speakers had 12 years of English
learning experience from primary and middle school education.

2.2. Materials

In order to obtain speech data for rhythmic measurements and
metrics comparison between L1 and L2 speech with fewer
mispronunciations, repetitions, and hesitations, a reading task
was selected in this research. The reading materials were
selected from MULTEXT [24], a multilingual speech database
specifically designed for prosodic analysis. The materials
consist of 40 different German passages, each containing five
thematically related sentences. L1 speech data were taken from
the German part of MULTEXT, produced by 10 German native
speakers (5 males, 5 females), each reading half of the 40
passages. Fourteen Chinese participants had the task of reading
all 40 passages for the production of L2 speech data. The L2
speech data were recorded in a soundproof room at a sampling
rate of 44.1 kHz (16-bit). The microphone was placed
approximately 15 cm in front of the participant’s mouth. Each
participant got familiarized with the reading materials one day
before the formal recording. Speakers were instructed to read
all 40 sentences aloud. Each sentence was read once.
Repetitions were required when obvious misreadings,
hesitations, or disfluencies occurred. In total, we obtained a
parallel speech corpus that was comparable in terms of reading
material, recording instructions, quality, and so on.

2.3. Annotations

All 40 passages (produced by 10 L1 speakers and 14 L2
speakers) were chosen for vowel deletion analysis, and only
passage nine (produced by 5 L1 speakers and 14 L2 speakers)
was selected for rhythmic analysis. The wave files were first
automatically labeled at both word- and phoneme-level with
pre-trained Montreal Forced Aligner [25]. The materials chosen
for rhythmic analysis were manually corrected and annotated
with reference to previous methods [26]. The first step involved
the modification of segmental labels and boundaries, which was
carried out in Praat [27]. The segmental labels were checked
according to the spectrogram and perceptual impression. Any
labels that were inconsistent with actual speech were corrected.
Meanwhile, all the segmental annotations were adjusted with
reference to changes in waveform, spectrogram, and formants
[28, 29].

The next step involved the transformation from separate
phonemic segments into vocalic intervals (VIs) and consonantal
intervals (CIs), which was conducted by a self-written program.
A VI consisted of vowels and /e/ (vocalized allophone of the
consonant /k/), while a CI consisted of consonants, syllabic
consonants /1, m, n/, and closure period of fricative and plosive
consonants. Temporal successive segments of the same type
were merged into one interval [15], as shown in Figure 1.

For vowel deletion analysis, all rhyme /on/ in C+/an/ or
C+/om/ syllables were temporarily labeled as syllabic
consonant /n/ or /m/ in automatic processing because vowel
deletion could not be identified by the algorithm. Manual
annotations with Praat were conducted. In accordance with the
audio and visual cues, the differentiation between a syllable
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with schwa /o/ (syllable with no vowel deletion) or simple
syllabic consonants (syllable with vowel deletion) was
conducted for each /n/ or /m/ segment. Any segment referring
to /on/ or /om/ syllable was split into a nuclear segment and a
coda segment.
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Figure 1. Segmental and intervocalic annotation of
example from L2 speech clip “...nicht zum Essen

s

kommen ..."”.

2.4. Accentedness assessment

In order to investigate the correlation between acoustic metrics
and degrees of foreign accent, subjective assessments of L2
speech by each Chinese speaker were carried out.

The assessments were made by two high-proficiency
German L2 speakers with abundant experience in teaching
German phonetic introductory courses. The 14 wave files by L2
speakers of passage nine were split into 70 audio clips in
accordance with the five sentences of every passage. The judges
were asked to score each audio clip on a scale from 1 to 5 (from
most foreign-accented to most native-like) in reference to the
given scoring criteria. After separate scoring, the scores of
native-likeness were collected and averaged for each sentence.

2.5. Data analysis

2.5.1. Rhythmic metrics analysis

For rhythmic metrics analysis, the inter-pausal unit (IPU), a
series of speech segments surrounded by two pauses no shorter
than 200 ms [15] was adopted as the basic unit for better data
normalization. The duration values of VIs and Cls within all
materials were measured. According to Table 1, speech rate and
rhythmic metrics were separately calculated for each IPU.
Means and standard deviations (SD) of speech rate and each
rhythmic metric were calculated for each sentence. A series of
t-tests were performed for the metrics between L1 and L2

groups.

Table 1: Description or formula of rhythmic metrics.

Rhythmic metrics Description or formula

speech rate syllables per second

%V proportion of VIs in the [IPU
4C SD of CIs within the IPU

_ P Vpyy — Vg

=100 % Zk=l e = 1)
nPVI-V 2

where n is the number of VIs with the IPU and
v, is the duration of k" VI.




n-1
= le—ad/m-1)
k=1

where n is the number of VIs within the IPU
and ¢, is the duration of & CL

rPVI-C

av
varcoV
where AV is SD of VIs within the IPU and u
is the mean duration of VIs within the IPU.

AC
=100 x —
u
varcoC

where p is the mean duration of CIs within the
IPU.

2.5.2. Vowel deletion analysis

In order to quantify the tendency of vowel deletion, the vowel
deletion ratio (i.e., percentage of vowel deleted syllables within
all C+/on/ and C+/om/), was calculated for each sentence.

2.5.3.  Correlation analysis

Pearson correlation was performed between the scores of
native-likeness and various rhythmic metrics, as well as vowel
deletion ratios for passage nine of the L2 group.

3. Results
3.1. Rhythmic metrics

The rhythmic metrics measured are presented in Table 2.

Table 2: Means and SDs of rhythmic metrics for L1 and
L2 groups and group discrimination (t-test).

Rhyth.mic L1 L2 t-test
metrics (n=5) (n=14)
mean = SD  mean = SD
%V 0.390 = 0.014  0.419 £ 0.040 -
4AC 0.059 + 0.008  0.060 £ 0.005 -
nPVI-V 47.15+ 521 59.09 = 4.48 ok
rPVI-C 70.85 = 11.59  79.40 £ 10.53 -
varcoV 4045+ 284 4434 + 3.15 *
varcoC 48.56 £ 237 4265+ 299 ok
speech rate 1452+ 173 1144 £ 1.09 ok

Note: - = not significant; * = p <.05; ** = p < .01; *** = p <.001.

Average speech rate (syllable/s)
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Figure 2. Average speech rate of L1 and L2 speakers.

The mean %V of the L2 group was slightly higher than that
of L1 group, while the A4C value showed no significant
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difference between the two groups. The nPVI-V showed the
most considerable discrimination (p <.001), with a higher mean
value for L2 group. The mean »rPVI-C was also higher for L2
group, but not significant. The varcoC metrics showed
significant differences between both groups (p < .001), with a
higher value for L1 speakers than for L2 speakers. The speech
rate of L2 speakers was substantially lower than that of native
speakers. As shown in Figure 2, all L1 speakers except for
speaker 15 showed a faster speech rate than L2 learners.

* ¢ L1
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varcoC
*
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Figure 3. Measurements of %V and varcoC for each L1
and L2 speaker.

Figure 3 illustrates the combination of %) and varcoC for
each speaker in both groups, which could roughly differentiate
the L1 and L2 speech. Although the holistic distribution of L2
speech was slightly greater on the %) axis, there was a large
overlap with L1 speech. The traditional %/-4C coordinate
plane could not differentiate the two groups.

3.2. Vowel deletion ratio

80.79%
92.43%
91.89%
62.50%
43.91%
23.27%
15.36%

1.70%

Vowel deletion ratio

L2 L1
Group

Figure 4. Violin plot of vowel deletion ratio of L1 and
L2 groups.

As is shown in Figure 4, L1 speakers of German (N=10)
produced significantly more vowel deletion (81.55% 1 8.46%)
than L2 speakers (N=14, 33.99% +21.15%) within C+/on/ and
C+/on/ syllables (p < .001). And the distribution of vowel
deletion ratios in L1 group was more concentrated than in L2
group.

3.3. Correlation with native-likeness

As is shown in Table 3, the six rhythmic metrics hardly had a
strong correlation with the accentedness scores. Only nPVI-V
showed a moderate negative correlation (p < .05) with



accentedness scores. Speech rate and vowel deletion ratio,
however, both correlated fairly strongly (p < .001) with
accentedness assessment. A clear tendency can be seen in
Figure 5, that the perceived native-likeness increased with the
growth of vowel deletion ratio.

Table 3: Correlation of score of native-likeness with
speech rate, vowel deletion ratio and different rhythmic

metrics.

Rhythmic- Score of native-likeness
acous.tic r-value p-value
metrics

speech rate 0.80 <0.001 ***

%V -0.19 >0.05 -

4C -0.28 >0.05 -

nPVI-V -0.56 <0.05 *

rPVI-C -0.33 >0.05 -

varcoV -0.23 >0.05 -

varcoC 0.45 >0.05 -
vowel deletion ratio 0.82 <0.001 ***

Note: - = not significant; * = p <.05; ** = p <.01; *** =p < .001.
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Figure 5. Values of vowel deletion ratio and scores of
native-likeness of L2 speakers with one-way linear
regression (r=0.82, p < .001).

4. Discussion

The purpose of this study was to investigate the rhythmic
deviance of L2 speech produced by advanced Chinese learners.

Our results indicated that advanced Chinese learners of
German made overall progress in L2 rhythm. Compared to the
low and intermediate speech in previous research [5], advanced
L2 speech showed a declination of %} and 4C, which is much
closer to L1 speech. This indicates that the progress towards
native rhythm may occur with the progress of proficiency level.

The mean %V of the L2 group was only slightly higher than
that of the L1 group, and the individual values of %5/ showed a
large overlap between L1 and L2 speakers. This meant that
advanced learners could produce native-like vowel reduction.

However, a native-like speech rate could hardly be
achieved even by advanced learners. In our measurements, the
speech rates of L2 speakers were generally lower than those of
L1 speakers. And a strong negative correlation between speech
rate and perceived foreign accent was found in the correlation
analysis. This supported the argument that a faster L2 speech
rate with advanced non-native rhythm could reduce the
perception of a foreign accent [16].

The values of varcoC were significantly lower in the L2
group, which is an indication of smaller durational variability
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within consonantal intervals. Since lower varcoC can be
measured in Mandarin Chinese as a result of lower consonant
complexity in syllables compared to German, the lower varcoC
in L2 speech can be explained by negative transfer from their
native language.

In line with Gut’s [22] finding, our research also found a
lower mean frequency of vowel deletion in the L2 group.
However, this value was found to be highly variable among L2
learners (1.7%—-64.9%). Some learners were able to produce
syllabic consonants almost as often as L1 speakers, while a few
learners made hardly any vowel reductions. This variation may
support the view that the acquisition of speech rhythm features
does not necessarily correlate with L2 proficiency and is
variable across learners.

Furthermore, our analysis also found that the frequency of
vowel deletion was significantly correlated with perceived
foreign accents, which could confirm Ding and Gut’s
hypothesis [5, 23]. However, no evidence was found in the
correlation analysis that rarer vowel deletion could increase %5V
and decrease AC. Therefore, the contribution of vowel deletion
to accentedness judgments may involve a complex mechanism
integrated with other prosodic features, which needs to be
further investigated.

Correlation analysis showed that only speech rate and
vowel deletion ratio were strongly correlated with a perceived
foreign accent, but most of the six rhythmic metrics were not.
It might be explained by the unrobustness of these metrics.
Previous studies have found that rhythmic metrics are affected
by various external factors such as inter-speaker variation,
elicitation, syllable composition, material, etc. [30, 31].

In general, even with the overall progress in L2 rhythm, the
speech rate and duration variability in consonantal intervals
were still challenging for advanced Chinese learners of the
German language. We also confirmed the importance of vowel
reduction for the improvement of L2 pronunciation. However,
in the teaching practice of German, vowel reduction has always
been ignored. Therefore, Chinese L2 learners of German need
to pay more attention to it and practice it consciously in their
daily study and communication.

5. Conclusion

In this study, we investigated the rhythmic deviance of German
speech produced by advanced Chinese learners. We examined
the difference in six widely used rhythmic metrics as well as
speech rate and vowel deletion ratio between L1 and L2 speech.
We found that speech rate, varcoC, and vowel deletion ratio
were significantly different between the two groups, and that
speech rate and vowel deletion ratio had a strong correlation
with perceived foreign accent. In order to achieve pronunciation
improvement, advanced learners need to pay more attention to
complex consonantal intervals as well as vowel deletion.
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