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Abstract 

Languages are said to be stress-timed, syllable-timed or mora-

timed. In a stress-timed language, inter-stress intervals are or 

tend to be constant, hence, isochronous, while in a syllable-

timed or mora-timed language, successive syllables or morae 

are or tent to be equal in duration. Empirical research has failed 

to find evidence of isochrony in any language, yet the 

hypothesis is now sustained by perception accounts or phonetic 

metrics that do not measure isochrony. We have re-examined 

the rhythm class hypothesis by looking for evidence of at least 

a tendency toward isochrony, through a comparison of English, 

an alleged stress-timed language, and Mandarin, an alleged 

syllable-timed language. The results show that in English, 

segments are not compressible to allow equal syllable duration, 

and syllables are incompressible to enable equal inter-stress 

interval duration and phrase duration. In contrast, Mandarin 

shows a small tendency toward both equal syllable duration and 

equal phrase duration. These findings are exactly the opposite 

of what would be predicted by the rhythm class hypothesis. We 

therefore argue that the hypothesis is not just flawed, but simply 

untenable, and the so-called rhythm classes should no longer be 

held as a basic fact of human language.   

 

Index Terms: rhythm class hypothesis, isochrony, 

compressibility, segment duration, syllable duration 

1. Introduction 

It has been widely accepted that languages of the world are 

either stress-timed, syllable-timed or mora-timed [1, 2, 3, 4, 5]. 

In a stress-timed language, inter-stress intervals are constant, 

hence, isochronous, whereas in a syllable-timed or mora-timed 

language, successive syllables or morae are equal in duration 

[1, 3, 4]. Experimental investigations, however, have been 

unable to find evidence of synchrony in either stressed-timed 

[6, 7, 8, 9, 10], syllable-timed [11, 12, 13] or mora-timed 

languages [14].  

To achieve isochrony, the components of the isochronous 

units need to be flexible in duration, as recognized by [3, 4, 8]. 

For syllables to be isochronous, segmental duration needs to be 

flexible to compensate for changes in the number of segments 

in a syllable; and for stress groups to be isochronous, syllable 

duration needs to be flexible to accommodate the number of 

syllables in a stress group.  

The frustration with the lack of evidence for isochrony 

seems to have been brushed away, however, by the proposal of 

the rhythm metrics since the late 1990s, starting from Ramus et 

al. [5]. These metrics are shown to be able to quantify the 

rhythm class of languages using consonantal and vocalic 

variability. The main measurements are %V, ∆V, ∆C [5], 

VarcoC, VarcoV [15, 16], and the pairwise variability indices 

nPVI and rPVI [17]. In recent years, researchers have used these 

rhythm metrics to study a wide range of languages and accents 

[18, 19, 20, 21, 22]. However, criticisms of the rhythm metrics 

quickly followed, including computational issues, their 

instability because of speech rate, speaking style, within-

speaker variation, and measurement uncertainty, and their 

failure to clearly classify languages into alleged rhythm classes 

[18, 23, 24, 25, 26, 27].  

The dissatisfaction with the rhythm metrics and the lack of 

evidence for isochrony has led to the suggestion that rhythm is 

a perceptual phenomenon rather than a fact of speech 

production [28, 29, 30]. Lehiste [31] shows that durational 

differences smaller than 30 ms are never reliably identified and 

concludes that “sentences that are not produced with absolutely 

isochronous intervals between stresses may still be perceived as 

if the interstress intervals were identical.” But durational 

differences between inter-stress intervals can easily exceed 30 

ms [30]. More critical for the rhythm class hypothesis, however, 

is whether listeners can consistently determine whether a 

language is syllable-timed, stress-timed or mora-timed. Not 

only is there no clear evidence that people have this ability, but 

also the classification by naïve listeners deviate from the 

rhythm class hypothesis more than trained phoneticians who are 

biased by the knowledge of the hypothesis [32] Miller. It was 

found that listeners could distinguish languages between and 

within rhythm classes [28, 33]. 

For the rhythm class hypothesis to remain tenable, we must 

go back to its core assumption, namely, isochrony of 

corresponding rhythmical units—stress, syllable or mora. Even 

if strict isochrony is not present, as is already known, there 

could exist a tendency toward isochrony. Such a tendency can 

be revealed by controlling all the other, non-rhythmic, factors 

that also affect timing and duration. These include lexical stress 

[34, 35], boundary marking, and intrinsic duration of segments 

[35].  

Some research is already done in this direction, although 

not as a result of looking for evidence of isochrony. Multiple 

studies show that syllable duration in English increases quasi-

linearly with syllable size, i.e., the number of constituent 

segments [9, 36]. Van Santen and Shih [37] showed that 

syllable duration is highly predictable from segmental duration 

in English, i.e., with every increment in the intrinsic duration of 

segments, syllable duration increases by almost the same 

amount. While this may be evidence of lack of syllable timing 

in English, it also makes it unlikely that syllable duration is 

flexible enough to achieve stress-timing, as discussed earlier. 

Interestingly, however, in the same study, syllable duration is 

not as highly correlated with vowel duration in Mandarin as in 

English, although the overall correlation is high between 

segmental and syllabic duration in Mandarin. Again, while this 
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may be a sign of segmental compression as evidence of syllable 

timing in Mandarin, it also opens up the possibility that the 

flexible syllable duration can be used to achieve some kind of 

equal duration of units larger than syllables. This interpretation 

is not contemplated in [37], however. Also, since only one male 

speaker was examined in each language in that study, the 

generalizability of the findings is not yet clear. 

Findings of other studies indeed suggest that lack of 

flexibility in syllable duration may reduce the chance of 

isochrony of stress intervals. Inter-stress interval duration 

increases linearly with the number of constituent syllables in 

reiterant speech by English speakers [30]. A similar linear 

relationship between the number of intervening unstressed 

syllables and the inter-stress interval for real words in sentence 

context is also found by Lea [38] for English. These findings 

therefore show that in English, syllables are probably not 

compressed to maintain equal inter-stress intervals as the size 

of the inter-stress interval increases.  

Nakatani et al. [30] find that lexical stress and position in 

word and phrase both have clear effects on syllable duration, 

but the effects are parallel to each other. For the positional 

effect, word-medial and word-initial syllables have largely the 

same duration, and the duration of word-final syllable is largely 

the same whether the word is monosyllabic or multi-syllabic. 

Xu and Wang [39], however, have found in Mandarin that 

phrase-medial syllables are shorter than phrase-initial syllables, 

and phrase-final syllables in multi-syllabic phrases are shorter 

than mono-syllabic words. Compared to English, Mandarin 

therefore has two additional means to shorten phrases as their 

sizes increase. This makes it likely that Mandarin has a 

tendency toward isochrony of phrases, contrary to the widely 

held belief that Mandarin is syllable-timed based on auditory 

impression and rhythm metrics analyses [17, 21, 40, 41]. 

With timing and isochrony back in focus, there seems to be 

evidence against the predictions of the rhythm class hypothesis 

in English and Mandarin. However, the findings have not led to 

a fundamental reconsideration of the rhythm class hypothesis, 

probably because the evidence is still rather scattered. To assess 

the generalizability of previous results, it is necessary to 

compare the duration patterns of example languages like 

English and Mandarin. The present study is a comparison of the 

timing patterns in two large non-experimental corpora, one in 

English and one in Mandarin, with the aim to both corroborate 

previous findings from controlled studies and answer further 

question critical for the rhythm class hypothesis by looking at 

the compressibility of segments and syllables in both languages. 

2. Methods 

As described in [42], the Boston University Radio News Corpus 

and [43] Annotated Corpus of Chinese Discourse [44] are used 

in current study. 

2.1. Compressibility of segments 

For syllables to show a tendency toward equal duration, their 

component segments must exhibit compressibility in one of two 

ways, or both. First, a segment would be compressed if its 

intrinsic duration is relatively long, so as to better match the 

intrinsically shorter ones. Our previous study shows that 

English segments are not compressed or stretched to make 

syllables equal in duration, while Mandarin tends to equalize 

syllable duration [42]. Second, all segments would be 

compressed as their numbers increase in a syllable.  

For the relation of syllable duration and syllable size 

(number of component segments), a potential confound is that, 

in English, there is an uneven distribution of syllables of 

different sizes across boundaries of various strengths. Although 

the same trend is not seen in Mandarin, to avoid the bias it may 

bring, in the following analysis, we included only syllables 

before prosodic word boundary in the analysis. Also excluded 

from the analysis are syllables with the neutral tone in 

Mandarin. 

As can be seen from figure 1, as the number of segments 

increases, syllable duration increases almost linearly in English, 

although the rate of increase is reduced slightly in the most 

complex syllables (those consisting of 5 segments). In 

Mandarin, in contrast, the rate is substantially reduced starting 

from 2-segment syllables. 

 

 

Figure 1: Mean syllable duration in English and Mandarin as 

a function of syllable size (number of component segments) in 

stress, unstressed and all syllables. In each plot the dashed 

line is the reference line consisting of points each with the 

same increment as the duration of monosyllabic words 

(leftmost point). 

2.2. Compressibility of syllables 

2.2.1. Inter-stress intervals in English 

As shown in figure 2, inter-stress interval duration is highly 

related to interval size. The correlation between inter-stress 

interval duration and interval size is 0.981 (p < 0.001). Every 

unstressed syllable added increased inter-stress interval 

duration by 155 ms. This is consistent with previous findings 

[6, 10, 45, 46, 47].  
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Figure 2. Average inter-stress interval durations in seconds, s 

indicates a stressed syllable and u indicates an unstressed 

syllable. On the reference line, the leftmost point shows the 

duration of monosyllabic stressed syllable, while the rest of 

the points shows the same increment of the unstressed syllable 

in disyllabic intervals.   

2.2.2. Compressibility of syllable in prosodic phrases 

To control for stress effect in English, the duration difference 

of each segment or consonant cluster is calculated and added to 

every segment and consonant cluster in unstressed syllable 

when computing phrase duration. By so doing, the shorter 

duration of unstressed syllables was not attributed to the 

reduction of phrase duration. Phrases with one or more neutral 

tone syllables in Mandarin were excluded from the analysis. 

As can be seen in figure 3, phrase duration is strongly 

related to phrase size in both language: Pearson correlation 

coefficients are 0.984 (p < 0.001) in Mandarin and 0.987 (p < 

0.001) in English. 

 

Figure 3.  Average duration of phrases in English and 

Mandarin as a function of phrase size in comparison with 

linearly predicted phrase duration. 

Figure 3 shows compression in both languages. But 

syllables in monosyllabic phrases are phrase final, which is 

subject to phrase-final lengthening. Using their mean duration 

as the baseline therefore provides an inflated reference slope, as 

phrase final lengthening does not apply to every syllable. To 

circumvent this problem, we then examined the compressibility 

of syllables in words as the number of syllables in a word 

increases. As shown in figure 4, word duration is strongly 

related to word size in both languages: Pearson correlation 

coefficients are 0.98 (p < 0.001) in Mandarin and 0.989 (p < 

0.001) in English. But it can be also seen that syllables are 

compressed more in Mandarin than in English. 

 

 
Figure 4. Word duration in English and Mandarin as a 

function of predicted linearly increased word duration. 

To find out how syllables are compressed in words, we 

investigated syllable duration in terms of its position in word. 

Figure 5 shows how syllable duration depends on stress and 

position in word in English. Mixed Model ANOVAs were 

performed, with stress and position (word initial, word medial, 

word final) as fixed factors and syllable duration as dependent 

variable. The results showed a main effect of stress: F (1, 5.123) 

= 159.150, p < 0.001, partial η2 = .969, and a main effect of 

position, F (2, 11.621) = 10.005, p = 0.003, partial η2 = .623. 

Bonferroni post-hoc analyses showed that word final syllables 

are significantly longer than word initial and word median 

syllables. Although word initial syllables are slightly longer 

than medial syllables, they are not significantly different from 

each other. This is different from the findings of [30]. 

 

 
Figure 5. English syllable duration as a function of position in 

word, in (A) milliseconds, and (B) percentage of monosyllabic 

word duration. 
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Mixed Model ANOVAs were also performed on Mandarin 

data. The results showed a main effect of position, F (2, 21.101) 

= 160.133, p = 0.000, partial η2 = .938.  Bonferroni post-hoc 

analyses showed significant difference on each pairwise 

comparison between positions. 

 

 

 
Figure 6. Mandarin syllable duration as a function of position 

in word, in (A) milliseconds, and (B) percentage of 

monosyllabic word duration. 

Comparing Figures 5B and 6B, we can see that syllable 

duration is more compressible in Mandarin than in English. 

First, In English, word-final syllables are about equally long as 

monosyllabic words, whereas in Mandarin word-final syllables 

are much shorter than monosyllabic words. Second, in English, 

word-initial syllables are slightly but not significantly longer 

than word-medial syllables. In Mandarin, in contrast, word 

initial syllables are much longer than word medial syllables. 

The combined effects of word medial shortening and word final 

shortening, therefore, make Mandarin words much more 

compressible in duration than English words, for which both 

effects are absent. 

What is also interesting is that word-final syllables in 

Mandarin are not only shorter than monosyllabic words, but 

also shorter than word initial syllables. Compared with mono 

syllabic words, word initial-syllables are 9% shorter, while 

word-final syllables are 21% shorter. This means that there is 

no word-final lengthening in Mandarin.  

3. Discussion 

The present study is a critical examination of the long-standing 

hypothesis that languages of the world are divided into stress-

timed, syllable-timed and possibly mora-timed, each exhibiting 

a pattern of equal duration of the named units (Abercrombie, 

1967; Pike, 1945). We have tried to go back to the most basic 

question about the hypothesis, namely, is there at least a 

tendency toward isochrony. This is done by comparing duration 

patterns of English, one of the few languages based on which 

the hypothesis was formulated in the first place, and Mandarin, 

a language that has been and confirmed as syllable-timed.  

To the question of whether English shows a tendency 

toward isochrony at any level, the answer is no. Once various 

other duration-affecting factors are controlled, inter-stress 

intervals were found to linearly vary their duration with the 

number of constituent syllables (Figure 2). Furthermore, phrase 

duration and word duration also varied linearly with their size 

(Figure 3 and 4). This indicates that, in English, syllables are 

not compressible to show even a tendency toward equal inter-

stress interval or equal phrase duration. This has removed the 

final trace of possibility that English is a stress-timed language 

based on isochrony. The reason for the incompressibility of 

English syllables has also become clear from our analysis. As 

shown in Figures 1, segments in English are also not 

compressible for the sake of equal syllable duration. 

To the question of whether Mandarin shows a tendency 

toward isochrony, the answer is not only yes, but also that it 

happens at both the syllable level and the phrase level. First, 

syllables showed a tendency toward equal duration (figure 1). 

This is consistent with the prediction of syllable timing for 

Mandarin. However, it is also found that syllables are 

compressible for the sake of equal word duration or phrase 

duration in Mandarin (Figure 6). This is not predicted by the 

syllable-timing classification of Mandarin, although it is not 

directly against it either. 

The absence of isochrony tendency in English, in contrast 

to Mandarin, begs an explanation. The direct cause, as already 

established, is likely the incompressibility of segments in the 

language. Previous research shows that it takes time to for 

articulators to move from current position to target position 

when articulating a segment [48]. Shortening syllables and 

hence segments beyond certain threshold would reduce 

intelligibility due to undershoot [49]. So lack of compression 

would help to maintain intelligibility. It is possible that 

functional load plays an important role here. Functional load 

was previously adopted to refer to the importance of certain 

phonetic contrast in languages [50]. Previous research shows 

that functional load of segments in English is larger than 

Mandarin [50], so it is more important to maintain minimal 

segmental duration in English than in Mandarin. 

4. Conclusions 

The results show an absence of any tendency toward isochrony 

of stress groups in English, but a small tendency toward both 

isochrony of syllables, isochrony of words and isochrony of 

phrases in Mandarin. Thus, the rhythm class hypothesis is 

argued to be not just weak, but untenable. 
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