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Abstract

even claimed and emphasized the importance of prosodic timing patterns for L2 learners [9]. As a preliminary investigation
into the school children’s L2 English, we also employ the more
stable parameter of duration in the current study.
Different languages have different stress patterns, which
have been classiﬁed as stress-timed and syllable-timed in
rhythm. Since a large number of experiments carried out in
the 1970s and 80s failed to provide direct correlates for the
isochrony [10], other rhythmic indexes were developed. Compared with syllable-timed languages, stress-timed languages
have a higher standard deviation of consonantal intervals (ΔC)
and a relatively lower proportion of the vocalic intervals (%V)
[10], and stress-timed languages also demonstrate a higher variation in vowel durations (e.g. nPVI V, VarcoV) [11, 12]. These
metrics have become the most widely used rhythmic indexes in
classifying languages of different rhythms in many investigations [13, 14, 15, 16, 17, 18]. It is now generally accepted that
languages fall along a continuum where they can be classiﬁed
as being more or less stress-timed or syllable-timed in rhythm.
Since English and Mandarin Chinese occupy opposite ends of
the continuum, acquiring L2 English rhythm by Mandarin ESL
learners can be a challenging task.
Apart from rhythmic metrics, speech rate and pause are also
durational indexes for L2 speech. It has also been found that L2
learners have a slower speech rate due to less coarticulation in
L2 target language [19]. Moreover, pause length and placement
are also related to proﬁciency in L2 oral speech. It has been
found that silent pauses in nonnative speech are both longer and
more irregular than those in the native speakers, which can affect the overall prosodic structure of the discourse [20].
It has been suggested that the rhythm of the target language
can be inﬂuenced by the learner’s native language. Many studies have examined the inﬂuence of L1 on L2 in rhythm with
some of the above rhythmic indexes [5, 12, 21, 22, 23, 24, 25].
However, different ﬁndings have been reported as to which
rhythmic indexes or which combination of indexes can best
distinguish different varieties of language [5, 18]. Since these
rhythmic metrics are largely inﬂuenced by inter-speaker variation, elicitation, and syllable structures of the materials [18], the
results across different studies may not be comparable.
The aim of the current study is to extract the relevant acoustic measures from an L2 English speech database of Mandarin
ESL primary school learners, and to identify which durational
index(es) can best distinguish different prosodic proﬁciency
levels and which are signiﬁcant predictors for the prosodic performance of the Mandarin ESL child learners. Because the results are based on acoustic calculations, possible reasons that
have triggered the rhythmic deviation in L2 English from that
of the native English will be clariﬁed in the discussion.

Prosodic speech characteristics are important in the evaluation
of both intelligibility and naturalness of oral English proﬁciency
levels for learners of English as a Second Language (ESL). Different stress patterns between English and Mandarin Chinese
have been an important research topic for L2 (second language)
English speech learning. However, previous studies seldom employed children as ESL learners on this topic. Since more and
more children start to learn English in the primary school in
China, the current study aims to examine the L2 English rhythm
of these child learners. We carefully selected 273 English utterances from a speech database produced by both native speakers
and Mandarin child learners, and measured the rhythmic correlates. Results suggested that vowel-related metrics (e.g. nPVI)
are better indexes for L2 rhythmic evaluation, which is similar
for ESL adults; pause-related ﬂuency is another indication for
prosodic assessment, especially for child ESL learners. This
investigation could shed some light on the rhythmic difﬁculties
for Mandarin ESL child learners and provide some implications
for ESL prosody teaching for school children.
Index Terms: rhythmic pattern, stress-timed, syllable-timed,
L2 speech, Chinese learners

1. Introduction
Prior studies have shown that suprasegmental (or prosodic) mistakes can lead to degradation in both intelligibility and naturalness in oral proﬁciency of L2. It has been shown that the
suprasegmental measures collectively account for 50% of the
variance in oral proﬁciency ratings [1]. Furthermore, many
investigations have demonstrated that the improvement in L2
speech proﬁciency is more likely to occur with improvement in
prosodic proﬁciency than with a sole focus on phonemic correction [2, 3]. That means an ESL training course with an aim
to improve prosody may be more successful [4]. Thanks to the
maturing of speech technology, Computer-Aided Pronunciation
Tutoring (CAPT) programs can meet the requirements to help
Chinese learners to improve their rhythm of ESL [5]. In order to provide accurate feedback information for CAPT users
to facilitate their acquisition of near-native English rhythm, it is
important for us to capture the characteristic prosodic mistakes
in ESL produced by Chinese children.
The acoustic correlates of prosody mainly include pitch patterns (intonation), stress-related durational patterns (rhythm) as
well as intensity patterns [6, 7, 8]. Compared with analysis
in pitch and intensity, measurements of duration are more reliable with current speech technology. Thus, L2 speech investigations have been mainly focused on durational patterns, including stress, pausing, and speech rate. Some ﬁndings have
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2. Method

were some pauses and hesitations, which could not be identiﬁed as part of a sound, these breath parts were then marked as
silence. Any two consonantal intervals not split by silence were
combined into the same consonantal interval, and the same approach was used for vowel intervals as well. Finally, we measured the relevant durational variables of consecutive vocalic intervals (VI) and those of consecutive consonantal intervals (CI),
the description of which are shown in Table 1:

We selected the materials, calculated durational measures, and
employed ANOVA and logistic regression models for statistics.
2.1. Material
The speech materials were taken from an online L2 English
training course for Mandarin primary school children, where
the children were asked to follow the native American speakers
to produce the same English sentence. About 5,000 sentences
produced by Mandarin L2 children and over 1,000 sentences
by native American speakers were automatically annotated and
manually checked, where the prosodic performances of the L2
sentences were manually scored by the English teaching assistants who had evaluated the Spoken English Test of the national
College English Test in China (CET-SET). In order to facilitate the investigation of prosody, the raters were asked to assess
the prosodic aspect more than the segmental aspect. Since it is
difﬁcult to tease these two aspects apart, we referred to the ofﬁcial criteria of ﬂuency, coherence, and pronunciation used in
IELTS speaking band descriptors (“www.ielts.org”) and CETSET, and made our own criteria to meet our special purpose.
We employed 1-5 scores with 1 indicating very bad prosody,
and 5 indicating near-native prosody. After several rounds of
trials, the raters could reach an agreement and achieved a minimal correlation of 0.7 in their assessments.
To minimize the undesirable biases brought by speakers and
sentence structures, we managed to maximize the coverage of
these factors. We selected 91 different sentences with an average syllable length of 5.8. Each sentence was produced by
one native child speaker (EnNa: English Native) and two L2
child learners with one having a score over 3 (EnHi: English
learners of Higher level) and the other below 3 (EnLo: English
learners of Lower level). Non-integer scores were allowed, especially around the medium score. And it is taken for granted
that all the native speakers obtained the highest score of 5. In
this way, a total number of 273 sentences were selected. Among
which EnHi sentences were produced by only ﬁve native speakers, while EnHi and EnLo sentences were produced by different
Mandarin ESL primary school learners.

Table 1: Description of rhythmic and pause variables
Variable
Description
%V
sum of VI duration divided by total duration of VIs and CIs
ΔV standard deviation (STDEV) of vocalic interval (VI) duration
ΔC
STDEV of consonantal interval (CI) duration
rPVI C
raw Pairwise Variability Index (PVI) for CIs
nPVI V
normalised PVI for VIs
VarcoC
STDEV of CI duration divided by the mean CI duration
VarcoV
STDEV of VI duration divided by the mean VI duration
rateC
rate of CI (number of CI per second)
rateV
rate of VI (number of VI per second)
rateCV
rate of C or V intervals (non-pause)
nS
number of period of silence within a sentence
sumS(s) sum of all period(s) of silence within a sentence in seconds (s)

The rhythmic values were extracted with the help of
praat plugins (Duration Analyzer) provided by Dellwo
(“http://www.pholab.uzh.ch/static/volker/software.html”) and
other variables were calculated with praat scripts written by
the ﬁrst author. ANOVA and logistic regression analysis were
performed in R language [28].

3. Results
3.1. Means of variables in groups
The relevant durational variables of each sentence were averaged across all sentences and speakers within the same speaker
group, which is presented in Table 2:
Table 2: Means of rhythmic metrics and pause variables
Variable

2.2. Analysis
In order to ensure comparability, the annotation technique used
by Ramus [10] was adopted. Annotation was conducted in the
following two steps on Praat [26] (1) phonetic segmentation of
the sentence into phonemes, and (2) classiﬁcation of separate
phonemes into vowel and consonant intervals.
In the ﬁrst step, following the standard of phonetic criteria [27], the trained annotators corrected the automatic annotations manually as accurately as possible by referring to both
visual and audio cues. The changes of spectrogram, waveform
and formants served as the visual cues for setting the boundary of segmentation. In the second step, the phonemes were
then classiﬁed as vowel or consonant intervals with the criteria
used by Ramus [10]: checked (free) vowels, free (long) vowels and unstressed schwa were coded as V (vowel); plosives,
affricates, fricatives, sonorants (nasals and liquids) were coded
as C (consonant); pre- and inter-vocalic glides were treated as
consonants; post-vocalic glides were treated as vowels.
The phonetic segmentation was straightforward. The problem of labeling was the pause, especially that of the Chinese
learners. Short pauses before the burst of stops and nasals were
labeled as closure parts of the corresponding phonemes. If there

%V
ΔC*100
ΔV *100
rPVI C
nPVI V
VarcoC*100
VarcoV*100
rateC
rateV
rateCV
nS
sumS (s)

EnNa
51.00
7.77
9.66
9.19
69.48
48.93
53.35
6.70
5.92
6.18
1.07
0.16

Group
EnHi
51.62
8.72
8.43
9.50
52.73
55.90
44.91
6.99
5.74
6.17
1.46
0.25

EnLo
57.20
8.08
7.48
9.29
33.38
54.92
32.06
7.60
5.02
5.88
1.96
0.48

The twelve variables can be divided into three categories:
• Four (mainly pause-related) increase from EnNa over
EnHi to EnLo: %V, rateC, nS, sumS
• Five (mainly VI-related) decrease from EnNa over EnHi
to EnLo: ΔV , nPVI V, VarcoV*100, rateV, rateCV
• Three (mainly CI-related) increase from EnNa to EnHi,
and decrease to EnLo: ΔC, rPVI C, VarcoC*100
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analysis. In the regression model, all signiﬁcant variables listed
in Table 3 were entered as independent variables and group as
binary dependent variable. Two binominal logistic regressions
were performed, one for comparison between EnHi-EnLo and
another between EnNa-EnHi. The number of powerful predictors were further reduced, and only the signiﬁcant predictors
were presented in Table 4 as results of the logistic regressions.
It is clear that compared with EnHi, EnLo is associated with
higher %V and sumS(s), and lower nPVI V; while compared
with EnNa, EnHi is related to higher VarcoC and lower nPVI V.

We also found epentheses in 38 sentences. Sentences with
2-3 occurrences of epenthesis were all in the lower-level group
(EnLo). Seven sentences with 1 short epenthesis were in the
higher-level group (EnHi) but with scores just above 3.
3.2. One-way ANOVA across groups
One way ANOVA and post-hoc test (Tukey’s HSD tests) were
run for each variable separately across three groups, following
p values were obtained for each variable and between each two
groups, which are shown in Table 3.

Table 4: Results of logistic regression for two comparisons.

Table 3: Signiﬁcance levels for rhythmic metrics and pause
variables, where [-] = not signiﬁcant, [*] = p < 0.05, [**]
= p < 0.01, [***] p < 0.001.
Variable
%V
ΔC*100
ΔV *100
rPVI C
nPVI V
VarcoC*100
VarcoV*100
rateC
rateV
rateCV
nS
sumS (s)

Predictors
%V
nPVI V
sumS (s)

Signiﬁcance level across groups
EnNa-EnHi EnNa-EnLo EnHi-EnLo
***
***
***
***
***
***
*
*
***
***
***
*
***
***
***
*
***
***

Predictors
nPVI V
VarcoC

Among these signiﬁcant predictors, it is easy to understand the
disturbance of speech rhythm by long pauses (sumS). nPVI V
variations can also be observed in the annotation where durational differences of two neighbouring vocalic intervals (VIs)
are larger for higher-level learners and shorter for lower-level
ones. One phrase “I have a ruler” is compared between two
learners with score 5 and 2, respectively. In Figure 2 (a), Vs
in I and ruler, which are represented by AY and UW are longer
than the other three Vs in have, a, and ruler, which are represented by AE, AH and ER; while in Figure 2 (b), all the ﬁve Vs
are comparably long, with the next one slightly shorter than the
previous one, resulting in a smaller nPVI V than that in Figure
2 (a). (Note: the “computer-friendly” ARPABET notation [32]
is used here to facilitate corpus processing.)
Epenthesis can also be shown in the annotations, where
phrase “I’d like (some)” is compared between a native speaker
and a lower-level learner. The native speaker demonstrated a
longer voiced /d/(D) to /l/(L), which could not be perceived
as an audible epenthesis in Figure 3 (a); while in Figure 3 (b)
the lower-level learner inserted a long epenthesis (annotated as
+AH) after both syllable-ﬁnal stops /d/ and /k/, which highly
increased the percentage of vocalic durations (%V).

To further examine the contribution of each variable to the classiﬁcation of speaker group, we employed logistic regression

VarcoV

0.6

Group
Nat
NonHigh
NonLow

0.2

40

nPVI_V

60

p-value
8.59e-11 ***
0.016 *

3.4. Representing examples for rhythmic metrics

3.3. Binominal logistic regression analysis between groups

20

p-value
0.003**
2.76e-07 ***
0.026 *

Though VarcoV could distinguish different groups when
statistics were conducted separately, it did not show a signiﬁcant difference when combined with other variables. While %V
and sumS could distinguish lower- from higher-level L2 learners, but not higher-level L2 from native speakers because only
some lower-level learners used epentheses with increased %V
and made longer pauses with increased sumS. However, it is
easier to decrease the occurrences of epenthesis and pauses with
appropriate phonetic training [29], it is more difﬁcult to train L2
learners to produce stressed-unstressed contrast [30].
When the higher-level L2 learners approached the native
speakers in the rhythmic pattern, they still spoke slower than the
native speakers. Therefore, a higher VarcoC also distinguished
EnHi from EnNa because VarcoC is negatively correlated with
speech rate in stress-timed languages [31, 25].

It is clearly shown that the number of variables that can
have a signiﬁcant difference decreases from EnNa-EnLo over
EnHi-EnLo to EnNa-EnHi. Finally, only two variables, which
are nPVI V and VarcoV*100, can distinguish any two groups
of speakers at a signiﬁcant level. A plot with nPVI V against
VarcoV in Figure 1 can roughly separate these three groups
of speakers. There are some overlaps between EnNa-EnHi
and between EnHi-EnLo, but there is almost no overlap between EnNa-EnLo. Furthermore, the values for EnNa are more
homogenous than those of the two learner groups (EnHi and
EnLo), as the diameters of the ellipse of EnNa group are shorter.

0.4

EnLo (vs. EnHi)
Coefﬁcient Z-value
0.085
2.946
-0.130
-5.139
1.944
2.223
EnHi (vs. EnNa)
Coefﬁcient Z-value
-0.218
-6.490
3.359
2.403

80

Figure 1: Scatterplot of nPVI V against VarcoV of three groups
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(a) One higher-level learner of larger nPVI V value
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(a) One English speaker without epenthesis
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(b) One lower-level learner of smaller nPVI V value

(b) One Chinese speaker with epenthesis

Figure 2: Waveform and annotation of phrase “I have a ruler”

Figure 3: Waveform and annotation of phrase “I’d like (some)”

4. Discussion

acoustic analysis was conducted. In the future research, we
could combine phonetic-acoustic investigations with linguistic
information, which should be able to provide improved predictions. For example, it was found that many speakers with full
scores also made pauses, but their pauses were found between
phrases, which were regarded as appropriate and did not destroy
ﬂuency. Therefore, calculations of pause-related indexes combined with annotations of syllable and phrase boundaries can
improve the accuracy of prediction. And the same approach
can also be applied to vowel-related variables to evaluate where
stress is inappropriate. The contribution of this paper is that we
have built a framework for L2 rhythm prediction, where many
optimizations can be expected.
We have observed that some L2 children could demonstrate
near-native rhythm, and recent ﬁndings have also shown that
bilingual children are able to correctly assign word stress in both
languages [37]. This means that CAPT systems for primary
school children with an emphasis on prosody should be very
promising, and our current work should also be rewarded.

Though we employed child speech and different materials, the
relevant metrics are comparable to those reported in the previous investigations [5, 10, 12, 21, 22, 23, 25, 31, 33, 34], with
slightly higher values of nPVI V and %V for our English native
speakers. The reason might be that the native speakers exaggerated the stress contrast, and prolonged stressed vowels and
made few reductions for the L2 learners to follow, thus increasing pairwise vocalic index and vocalic percentage. Our investigation also conﬁrmed the ﬁndings that vowel-related metrics are
better indicators than consonant-related metrics for distinguishing stress-timed and syllable-timed languages, which supports
the results of some previous research [16, 35].
As we know that in stress-timed languages, inter-stress intervals are far from equal. Furthermore, there is no ﬁxed stress
pattern for a sentence, and we could not know if the stress
or pause made at the appropriate place on the basis of acoustic statistics without semantic analysis. However, the fact that
stressed and unstressed syllables appear alternatively in stresstimed languages enables nPVI V to be a good predictor for
rhythms of stress-timed versus syllable-timed. One prominent feature of Chinese-accented English is that Mandarin ESL
learners do not lengthen the stressed vowels and do not reduce
the unstressed vowels, which can best be captured by the pairwise variability index for vocalic intervals (nPVI V).
A special difﬁculty for school-aged children is that they
may differ in chunks planning due to immature articulatory
timing control [36]. Therefore, unexpected long pauses within
short sentences (sumS) is also a good predictor for non-ﬂuency
for lower-level ESL learners. After they have overcome the difﬁculties with epenthesis and unnecessary pauses and progressed
to a higher level, the rhythmic stress pattern still remains to be
an obstacle for them to achieve native-like prosody, which is
characterized with a lower nPVI V with a higher VarcoC.
There is still much room for future improvements of our
current study. Firstly, the speech data were collected online,
only rough demographic information of the learners could be
obtained. Studies with more control on the ESL speakers could
be followed for more accurate ﬁndings. Secondly, only pure

5. Conclusion
In this study, we employed child speech to investigate durational
variables of L2 English by Mandarin ESL learners and found
that normalised pairwise variability index for vocalic intervals
is a robust signiﬁcant predictor for their stress-timed/syllabletimed rhythm, which can account for their prosodic performances in L2 English. These ﬁndings may provide implications
for automatic prosodic evaluation and CAPT development. In
the future, we will use more speech data to optimize our prediction model and extend our model to incorporate pitch and
intensity patterns to represent speech prosody comprehensively.
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