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Abstract
The present study aims to increase our knowledge of Mandarin
lexical tones in fluent speech, more specifically their occurrence
frequency distributions and their duration patterns. First, the
occurrence frequency of each lexical tone was computed in a
large speech corpus (∼ 220 hours). Then the duration of each
lexical tone, as well as the impact of word length, syllable po-
sition and the prosodic position were investigated. Overall, re-
sults show that Tone 3 tends to have the longest duration among
all lexical tones. Nonetheless, the factors word length, syllable
position and prosodic position are found to impact tone dura-
tion. Monosyllabic words exhibit tone durations closer to those
of word-final syllables (especially for disyllabic words) than to
other syllable positions. Moreover, tone duration tends to be
the longest at word’s right boundary in Mandarin, regardless
of word length. An effect of prosodic position is also found:
the duration of Mandarin lexical tones tends to increase with
higher prosodic level. Tone durations are the longest in phrase-
final position, followed by word-final position and word-medial
position, regardless of the tone nature.
Index Terms: Mandarin, tone duration, word length, prosodic
categories, large corpora, continuous speech.

1. Introduction
Mandarin Chinese (Standard Chinese) is a tonal language with
four lexical tones: high (Tone 1), rising (Tone 2), low-dipping
(Tone 3) and falling (Tone 4). Word meaning can depend on
tone, for example, “ma" (/ma/) could mean “mother" in Tone 1,
“linen" in Tone 2, “horse" in Tone 3 and “scold" in Tone 4.
Whereas most words in Mandarin carry a lexical tone, there is
also a “neutral tone" in Mandarin (Tone 0) which occurs in some
words in unstressed syllables.

According to an early publication on isolated spoken
words [1], Tone 3 has the longest and Tone 4 the shortest du-
ration among the four lexical tones. More recent studies report
some diverging results on tone duration in continuous speech.
In line with [1], Tseng [2] found Tone 3 to be the longest among
the four lexical tones in continuous Mandarin. Chang [3] how-
ever, reported Tone 2 to be the longest and Tone 3 the shortest in
sentence-final position. Yang et al. [4] found that the four lexi-
cal tones tend to have a similar duration in continuous speech.

This study attempts to clarify the question of Mandarin lex-
ical tone duration. Unlike many previous studies on tone du-
ration, which either focused on monosyllabic words in an iso-
lated setting or investigated tone duration in read sentences, this
study makes use of a large corpus of continuous speech of spo-
ken Mandarin. Moreover, this paper aims to provide a better
understanding of tone duration and its variation as a function of

different factors, namely, word length (here, number of sylla-
bles in word), syllable position and prosodic position.

One question we ask is whether or not the most frequent
tone correlates with the shortest duration, and if the least fre-
quent tone generally has a longer duration in continuous speech.
According to [5] word length can have an impact on tone dura-
tion. The position of the syllable in the word was found to influ-
ence vowel duration in French [6]. We investigate whether tone
durations tend to vary according to their syllable positions in
words in Mandarin. Prosodic structure classifies segments into
prosodic levels with hierarchically layered categories [7, 8, 9].
It is found to correlate with different acoustical [10] or articu-
latory changes [11, 12]. With regard to segment duration, the
influence of prosodic position is found in English [13]. In this
study, we look at the influence of prosodic position on the du-
ration of Mandarin lexical tones. We expect to find longer tone
duration at higher prosodic levels, as often observed in other
languages (see [14] for English and [15] for French).

2. Method
2.1. Corpus and alignment

A large collection of manually transcribed journalistic Man-
darin speech (∼ 220 hours of LDC data [16, 17]) containing
journalistic Mandarin was used ([18, 19], to cite a few). The
speech data was automatically segmented at the word and phone
levels using the LIMSI speech transcription system [20, 21, 22]
in forced alignment mode. A Mandarin pronunciation lexicon
provides phone-level representations for each word including
tones. The orthographic transcriptions guide the forced align-
ment which selects the best matching pronunciation among the
alternatives provided in the lexicon. The pronunciation lexi-
con includes a limited number of pronunciation variants with
an average of 1.05 pronunciations per word. The variants may
include changes in the phone (e.g. /b,p/) or in the lexical tone
(e.g. all 4 tones are allowed for the character “啊", particle
showing affirmation). For words with pronunciations variants
differing in tone (less than 4% of the entries), the lexical tones
are those selected during the forced alignment process. Neutral
tone was not integrated in the lexicon and is hence not used by
the forced alignment system. Pauses (including hesitations and
breath) are also automatically detected. The minimum phone
segment duration is 30 ms due to the acoustic modelling techni-
cal constraints arising from a 3-state acoustic model and a 10 ms
(frame) step [23, 24].

2.2. Phonetic analyses

In the following, tone duration is considered as the duration of
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the segment starting from the vowel onset through the end of
the syllable offset [25]. Prior to looking into tone duration and
its variation, we will take advantage of the corpus to quantify
the relative frequency of n-syllabic words in speech, Mandarin
being known as a language with many monosyllabic and short
words. The occurrence frequency distribution and the duration
of Mandarin lexical tones are first analysed globally and then
according to word length (i.e. number of syllables in word) and
syllable position.

We are interested in the influence of different factors on
the four Mandarin lexical tones. In fluent speech, the median
segment duration is around 70 ms and a very long duration may
indicate an alignment error. Acoustic segments of length above
200 ms typically correspond to pauses or hesitations. In the
following analyses, only tone segments with a duration no more
than 400 ms are considered1.

The tone segments were normalized to z-scores for the du-
ration analyses. Analyses of the influence of prosodic position
on tone duration concern only polysyllabic words since “word
medial" and “word final" are not meaningful for monosyllabic
words.

Tone segments in three prosodic positions were selected:
word-medial, word-final and phrase-final positions, as shown in
the lower part of Table 1. Phrase-final tone segments concern
the last syllable of polysyllabic words immediately preceding a
pause (≥ 100 ms) 2. Word-final tone segments refer to tones in
the last syllable of words (phrase-final tone segments excluded).
Word-medial tones concern tones that are not in word-boundary
syllables.

2.3. Statistical analyses

Linear mixed models (LMM) using the lme4 packages [26] in
R [27] were carried out for the statistical analyses of tone du-
ration as a function of different variation factors: tone nature,
word length, position of the syllable in the word, and prosodic
position. Two LMMs were used in this study. The first LMM
was used to test the effect of tone nature, word length and syl-
lable position on tone duration. The fixed effects considered
were: tone nature (Tone 1, Tone 2, Tone 3 and Tone 4, refer-
ence: Tone 1), word length (1 to 4 syllables in word, reference:
1-syllable words), and syllable position (Sn to Sn−3, reference:
syllable Sn−3,). As random effects, intercepts were included for
subject and word-form. The second model was used to inves-
tigate the effect of prosodic position. In this case, the data set
is much smaller than the first one, since only specific prosodic
positions were selected. Here prosodic position (word-medial,
word-final and phrase-final; reference: word-medial) was in-
cluded as the fixed effect. Tone nature and word length were
included as control variables. Intercepts for subject and word-
form were considered as random effects. Post-hoc tests based
on each model were performed to obtain information on each
level of the fixed effects. Table 1 provides details of the investi-
gated variation factors.

3. Analyses and results
In this section, we first present the occurrence frequencies of
words (grouped by word length) and of lexical tones in our 220
hour Mandarin speech corpus. Then, we present the effect of

1Fewer than 1% of the tone segments are excluded with this filter.
2This value was empirically determined after tests with pause dura-

tions of 50ms, 100ms and 200ms gave similar results on the influence
of prosodic position.

Table 1: Examined factors for tone duration. # stands for word
boundary; ## for phrase boundary. Syllables bearing the rel-
evant tones are circled in the rows of “prosodic position".

Factors Levels Examples

Tone
nature

Tone 1 妈 (/ma1/, mother)
Tone 2 麻 (/ma2/, linen)
Tone 3 马 (/ma3/, horse)
Tone 4 骂 (/ma4/, scold)

Word
length

1 syllable 九 (nine)
2 syllables 国家 (country)
3 syllables 消费者 (consumer)
4 syllables 画蛇添足 (gild the lily)

Syllable
position
in word

Last syllable (Sn) 画蛇添足足足 消费者者者 国家家家 九九九
Last syl.−1 (Sn−1) 画蛇添添添足 消费费费者 国国国家
Last syl.−2 (Sn−2) 画蛇蛇蛇添足 消消消费者
Last syl.−3 (Sn−3) 画画画蛇添足

Prosodic
position

Word-medial 消 费 者 (consumer)

Word-final 消费 者 #

Phrase-final 消费 者 ##

tone nature, word length, syllable position and prosodic position
on tone duration.

3.1. Word and lexical tone occurrence frequencies

Figure 1: Distribution of word length in Mandarin (220h cor-
pus).

Figure 1 shows the proportion of n-syllable words as found
in our data. Words presenting more than four syllables are
pooled together in the category “Others". These counts clearly
confirm that the most frequently used Mandarin words are short,
with a just under 40% being monosyllabic (38.6%, 753794
word-tokens) and slightly more than half disyllabic (52.8%,
1029489 word-tokens). That is to say, less than 10% of the
word-tokens in corpus have more than 2 syllables with about 6%
and 2% respectively for 3-syllable (5.9%, 115082 tokens) and
4-syllable words (2.1%, 41411 tokens). Words longer than 4
syllables represent less than 1% of all occurrences. Long words
such as “印度尼西亚" (Indonesia) may exist in Mandarin Chi-
nese. However, they are observed to be rather marginal.

We now turn to occurrence frequencies of the different lex-
ical tones in Mandarin speech. Figure 2 illustrates the propor-
tion of each lexical tone in spoken Mandarin. Interestingly, it
turns out that the falling Tone 4 is the most frequently used
tone (34.9%, 1172916 tone segments), followed by the sta-
ble high Tone 1 (24.8%, 833257 tone segments) and rising
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Tone 2 (23.9%, 803218 tone segments). The more complex
low-dipping Tone 3 is the least frequent tone appearing in our
continuous speech corpus (16.4%, 551751 tone segments).

Figure 2: Overall relative occurrence frequencies of Mandarin
lexical tones.

Figure 3: Occurrence frequency of Mandarin lexical tones as a
function of word length and syllable position. The 3 graphs
display the tone distribution for each syllable in words with
n=1,2,and 3 syllables.

Figure 3 displays the proportion of Mandarin lexical tones
as a function of word length and syllable position. For the
sake of space, 4-syllable words were not included in this fig-
ure since there are only very few such word-tokens in the cor-
pus (2.1%). Unsurprisingly, Tone 4 is the most frequently ob-
served tone, and this is true for almost all syllable positions and
words with different numbers of syllables. Tone 3 is always the
least frequently observed tone regardless of its syllabic position
in the word. With respect to polysyllabic words, it is interest-
ing to note, that Tone 1 (high tone) occurs more frequently in
word-initial position than subsequent positions and that Tone 4
(falling tone) is always most frequent in word-final position.
This global word level pattern of more high tones at the start
and more falling tones at the end of words may evoke a local
“declination line" pattern which is often observed in speech pro-
ductions [28].

3.2. Duration of Mandarin lexical tones

The durations of Mandarin lexical tones are analysed in this
section. We first present average durations for the four lexical
tones before going into more detail.

Table 2 shows the means and standard deviations of Man-
darin lexical tone durations (in milliseconds). Tone 1, Tone 2
and Tone 4 have very similar mean tone durations. The low-
dipping Tone 3 has the longest mean duration. This suggests
that the least frequent tone has longer segment durations than

Table 2: Mean and standard deviation (sd) of the duration (in
milliseconds) of Mandarin lexical tones.

Tone Mean sd
Tone 1 110.22 57.57
Tone 2 109.71 64.07
Tone 3 120.06 56.02
Tone 4 111.60 59.18

Figure 4: Duration of Mandarin lexical tones (normalized to
z-score), grouped by word length.

the other tones (Tones 1, 2 and 4), but the most frequent Tone 4
is not necessarily shorter than all other lexical tones. These re-
sults highlight that frequency alone is certainly not a sufficient
indicator of segment duration and that more sophisticated anal-
yses may help provide additional insight.

Figure 4 shows the normalized durations of Mandarin lexi-
cal tones as a function of the word length in terms of number of
syllables. Tone 3 is seen to have the longest duration for poly-
syllabic words. For monosyllabic words, Tone 3 and Tone 4
have the longest duration, followed by Tone 2 and then Tone 1.
For trisyllabic words, Tone 2 has the shortest duration and Tones
1 and 4 have similar durations. Interestingly, Tones 1, 2 and 4
appear to have similar durations in disyllabic and tetrasyllabic
words. LMM results confirm the influence of tone nature on
duration, while also considering the effect of word length and
syllable position on tone duration. The duration for Tone 3
is significantly longer than that of Tone 1 [β = 0.126830; t =
55.013; SE = 0.002305]. The normalized durations of Tone 2
[β = -0.069645; t = -35.994; SE = 0.001935] and Tone 4 [β
= -0.050923; t = -26.597 ; SE = 0.001915] are shown to de-
crease, compared to that observed in Tone 1 (considering also
word length and syllable position). Post-hoc results based on
the LMM model show that all pairwise-comparisons of the four
tones are significant (p < 0.001).

3.3. Effect of word length and syllable position on tone duration

Here, we look at how tone duration depends on word length and
how it varies according to syllable position.

Figure 5 shows a comparative view of the normalized tone
duration for words of different lengths and at different sylla-
ble positions within a word. In this analysis, all tones are
pooled. First, it can be seen that the monosyllabic words ex-
hibit tone durations closer to those of word-final syllables (es-
pecially for disyllabic words) than to other positions. Overall,
the tone duration of the word-final syllables appear to be the
longest among all positions. The LMM results suggest that
word length and syllable position affect tone duration (see de-
tails in 2.3). Normalized tone duration is shorter in disyllabic
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Figure 5: Normalized tone segment durations (all tones pooled)
as a function of word length and syllable position.

words [β = -0.071847; t = -7.253; SE = 0.009906], trisyllabic
words [β = -0.165999; t = -14.103; SE = 0.011770] and tetra-
syllabic words [β = -0.135576; t = -10.475; SE = 0.012943],
compared to that observed in monosyllabic words (considering
also tone nature and syllable position). Post-hoc tests with the
concerned LMM model show that words of different length are
significantly different from each other as far as tone duration is
concerned (trisyllabic vs. tetrasyllabic: p < 0.05; all other pair-
wise comparisons: p < 0.001). The effect of syllable position
is found. Tone duration is significantly shorter in Sn−2 than in
Sn−3 [β = -0.123477; t = -22.633; SE = 0.005456]. However,
tones have significantly longer duration in Sn−1 [β = 0.075804;
t = 14.365; SE = 0.005277] and Sn [β = 0.386141; t = 73.065;
SE = 0.005285] than in Sn−3. Post-hoc tests show that all pair-
wise comparisons among the four positions of syllable in word
are significant (p < 0.001).

3.4. Effect of prosodic position on tone duration

Figure 6: Tone duration as a function of prosodic position:
word-medial, word-final vs. phrase-final tone segments.

The influence of prosodic position on tone duration is
shown in Figure 6. The phrase-final level features the longest
durations among the three prosodic levels, and this is true for
all four tones. Word-medial positions are seen to consistently
be the shortest. The figure clearly illustrates that the duration of
tone segments increases with higher prosodic levels. LMM re-
sults confirm that the duration of tones in word-final position is
significantly longer than that observed in word-medial position
[β = 0.778868; t = 231.643; SE = 0.003362]. The duration in
phrase-final position is also significantly longer than in word-
final position [β = 1.140279; t = 241.688; SE = 0.004718].
There is indeed an effect of prosodic position on tone duration

(p < 0.001), with longer tone segments as the level increases
(word-medial vs. word-final : p < 0.001; word-medial vs.
word-final: p < 0.001; word-final vs. phrase-final: p < 0.001).

4. Discussion and Conclusions

This study focuses on tone duration in Mandarin, defined here
as the duration of the segment starting from the vowel onset
through the end of the syllable offset. A large journalistic
speech corpus of ∼ 220 hours of fluent Mandarin speech was
exploited to explore tone durations as a function of tone nature,
word length, syllable position and prosodic position. A first
step quantified length distribution of words and the occurrence
frequency of lexical tones in the speech collection. More than
90% of the word-tokens in spoken Mandarin are either mono-
(38.6%) or di-syllabic (52.8%). With regard to lexical tone, the
falling Tone 4 is the most frequent (34.9%), followed by the
stable high Tone 1 (24.8%) and rising Tone 2 (23.9%). The
low-dipping Tone 3 is least frequent tone in our corpus (16.4%).
Concerning the proportion of lexical tones as a function of word
length and syllable position, we found that Tone 1 (high tone) is
more frequent in word-initial position than in subsequent posi-
tions and that Tone 4 (falling tone) is always the most frequent
tone in word-final position.

Tone duration varies as a function of tone nature for words
of different lengths (i.e. number of syllables in word). Tone 3
is found to be longer than the other three lexical tones in di-
syllabic, trisyllabic and tetrasyllabic words. In monosyllabic
words, Tone 3 and Tone 4 are the longest lexical tones. Inter-
estingly, Tone 1, Tone 2 and Tone 4 tend to have similar du-
ration in disyllabic and tetrasyllabic words. Although tone oc-
currence frequency appears to impact duration for Tone 3, we
did not find any convincing evidence of a simple link between
the occurrence frequency and tone duration. Indeed, the most
frequent tone, Tone 4, was not necessarily shorter than other
lexical tones. Our results on Mandarin tone duration are differ-
ent from those reported in [4] where the authors found similar
durations for all four lexical tones in read speech (< 1 hour) and
for conversational speech (∼ 1 - 2 hours). The differences may
be due to the use of different corpora (size, types of speech) in
the two studies and, perhaps most importantly, that tone dura-
tions were grouped by both tone nature and word length in our
analysis.

Tone duration co-varies with syllable position and word
length (1 to 4 syllables). Overall, and independently of word
length, tone duration of the word final syllable appears to be the
longest. Duration is thus the highest at the word’s right bound-
ary. Interestingly, this finding is in line with vowel duration pat-
terns as a function of syllable position observed in French [6].
Similar results of word-final lengthening have been reported for
Mandarin [5].

Finally, the influence of three prosodic levels was investi-
gated in this study: word-medial, word-final and phrase-final
positions. The results clearly confirmed increasing segment du-
rations with higher prosodic levels, in line with other findings
of the influence of prosodic position (see [10, 11, 13]).
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