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Abstract
This paper discusses two well-known phonetic-phonological 
phenomena of Japanese, vowel devoicing and mora-timed 
rhythm. Regarding vowel devoicing as a process of vowels 
getting consonantal, it may change the mora-templated 
syllable structures of Japanese, resulting in the deviation from 
mora-timed rhythm. To investigate spontaneous Japanese with 
comparison to other languages, the label data of OGI_TS was 
analyzed. First, it seemed that vowel devoicing occurs more 
frequently in spontaneous Japanese than in controlled speech. 
In spontaneous speech, vowel devoicing frequently occurs 
even in the environments non-typical of vowel devoicing. 
Next, rhythm analysis showed that it is close to syllable-timed 
rhythm. These results suggest that vowel devoicing caused 
spontaneous Japanese deviates from mora-timed rhythm 
moving to syllable-timed. 

1. Introduction
This paper discusses two well-known phonetic-phonological 
phenomena of Japanese, vowel devoicing and mora-timed 
rhythm, which are seemingly unrelated. Although these two 
aspects of Japanese phonetics have been treated as 
independent topics, we find the following point of contact. 
First, vowel devoicing may be regarded as a process of vowels 
becoming consonantal because it loses its important vowel 
feature, voicing. Second, recent research views syllable 
structure and vowel reduction as contributing to rhythm types. 
Measurements using the durations of vowel intervals and 
consonant intervals have been proposed as indices of rhythm 
[1, 2]. Combining these two perspectives suggests the 
possibility that vowel devoicing, by creating more consonantal 
intervals, affects the rhythm of Japanese, moving it away from 
mora-timed rhythm. 

These two phenomena are investigated by analyzing the 
phonetic label data contained in the OGI Multi-Language 
Telephone Speech Corpus (OGI_TS) (Release Version 1.2). 
The merit of this corpus is its inclusion of spontaneous speech 
data. At present, there is insufficient analysis of either of 
vowel devoicing or rhythm of spontaneous Japanese in the 
literature. The multilingualism of the corpus is also important 
for cross-linguistic comparison. The label data of OGI_TS is 
inspected from linguistic viewpoints in this paper. 

The corpus includes time-aligned phonetic transcriptions 
of approximately 50-sec spontaneous speech recordings 
(monologues) in six languages. In each language, the number 
of speakers labeled is: English 208, German 101, Hindi 68, 
Japanese 64, Mandarin 70, and Spanish 108. 

The present paper illuminates vowel devoicing and 
rhythm in spontaneous Japanese, and their interrelation, 
through the examination of the phonetic labels of OGI_TS. 

The paper consists of two analyses: vowel devoicing 
(Sections 2-3) and rhythm (Section 4). At the end of the paper, 
the interrelation between the two is shortly discussed (Section 
5).

2. Devoicing (Manual inspection) 
2.1. Background 

Vowel devoicing in Japanese has been fairly well 
documented [e.g. 3, 4]. High vowels /i/ and /u/ are devoiced 
most typically between voiceless consonants even in careful 
speech (e.g., shika “deer/elk” [Underscore indicates devoicing, 
henceforth]). Devoicing also occurs, though at lower 
frequencies, with non-high vowels /e, o, a/ and in non-
voiceless environments often with following nasals, liquids 
and approximants. The frequency of devoicing varies by 
factors other than adjacent segments such as the accent (H/L 
pitch) and the style of speech as well. English also shows a 
phonetically similar phenomenon known as schwa-deletion in 
a vowel weakening process. A pre-tonic schwa / / is 
occasionally deleted between voiceless consonants and other 
non-voiceless environments similar to those for Japanese, 
especially in casual speech [5, 6]. 

Much of the previous literature on vowel devoicing 
reported on laboratory-controlled, read speech. Maekawa and 
Kikuchi [7], on the other hand, elucidated the phenomenon in 
the connected speech of spontaneous monologues in the 
Corpus of Spontaneous Japanese. Arai et al. [8] also studied 
part of the spontaneous speech corpus OGI_TS and included 
counts of devoiced vowels. As the significance of corpus-
based analyses of spontaneous speech is suggested, we 
investigated the multilingual corpus OGI_TS in prospect of 
further cross-linguistic studies. 

2.2. Material and procedure 

Ten files of an approximately 50-sec monologue by 10 
Japanese speakers as well as 10 files of an approximately 50-
sec monologue by 10 English speakers were randomly 
selected from the files in OGI_TS. Their published labels 
were inspected with the aid of auditory playback of the 
recordings and sample examination of spectrograms. 

2.3. Results and discussion 

Table 1 shows the number of vowels labeled as devoiced and 
deleted. We had a total of 11 vowels labeled as devoiced, 3 
complete (shmas, soko, des) and 8 partial ones (eh (4), mas,
mashita, mattaku, Bafinto). This number of devoiced vowels 
is radically fewer than the 479 in the 30 files of Arai et al. [8], 
and the vowels are all non-high, less typical of devoicing. 
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Table 1: Devoiced and deleted vowels (manual inspection). 

Labeled devoiced: 11 
Complete Partial Transcribed as deleted: 242 

e o a e o a i u e o a 
1 1 1 4 0 4 119 

(49.2) 
102

(42.1) 
4

(1.7) 
12

(5.0)
5

(2.1)
(%)

On the other hand, we counted 242 illegal consonant 
clusters. 91.3% of the 242 deleted vowels were high vowels, 
and a large part of the clusters resulted from vowel deletion in 
environments typical of vowel devoicing such as between 
voiceless consonants as in ashita “tomorrow” and sukoshi “a 
little.” Most or a great many Japanese phoneticians would 
actually transcribe these cases as CVC with a devoiced vowel 
by means of auditory or instrumental observations. The rest 
of this section focuses on these deleted vowels, referring to 
them as devoiced vowels. 

Concurring with high vowels, 8.7% of the devoiced 
vowels are non-high (e, o, a) as in maaketingu “marketing,” 
hoka “other” and kakatte “being infected.” Spontaneous 
speech seems to include more of these less typical kinds of 
devoicing, namely non-high vowels, than speech in laboratory 
settings. (If we include vowels both labeled as devoiced and 
deleted, 12.6% are non-high vowels.) 

Table 2: Voicing combinations of C1C2. 

  C2 Others  
voice +voice Pause, V  

voice 125 79 27 231C1 +voice 6 4 1 11

C2 +voice: 83 
Obstruent: 27 (32.5%) Sonorant: 56 (67.5%) 
Stop Affricate Fricative Nasal Liquid Glide
25 2 0 41 8 7 

Table 2 shows combinations of C1 and C2, in function of 
the voicing feature, between which the vowel was devoiced. 
As expected there are higher frequencies of devoicing 
between voiceless consonants. At the same time, there are 
quite many cases with voiceless C1 and voiced C2, and the 
break down shows most (67.5%) of the voiced C2s are 
sonorant (nasal, liquid and glide) as seen in shima “island,” 
sore “that” and watashiwa “I - NOM suffix.” There were 
voiced obstruent C2s as in Kagoshima “City of Kagosima” 
and sugoi “impressive.” Voiced C1 and C2 were also 
observed such as yooninaru “become like” and roomajide “in 
Roman Alphabet.” Most of the voice/pause combinations 
were [s] followed by a pause in masu and desu (auxiliary 
verbs for politeness) or their inflected forms mostly at the end 
of a sentence. These observations are all consistent with 
previous studies, but again the high frequencies of devoicing 
in non-voiceless environments are to be noted. 

Furthermore, Table 3 shows the frequencies of consonant 
class combinations of C1C2 between which the vowel was 
devoiced, with rates in parentheses of devoicing in the total 
number of each combination C(V)C where V can be present, 
devoiced or deleted. Devoicing rates are high when C1 is a 
fricative, affricate or stop in this order with 52.2% in 
fricative/stop combination as the highest, excluding the 
sentence-ending masu and desu, which occurs extremely 

often and is usually with /u/ being devoiced. This seemingly 
accords with Maekawa and Kikuchi’s results [7] with 
fricatives being the most inductive of devoicing. However, 
affricates in Japanese are phonologically palatalized stops, so 
they precede only vowels /i/ and /u/ whereas other manner 
categories precede all five vowels. This may have resulted in 
the higher devoicing rates of affricates and needs to be 
investigated further. 

Table 3: Consonant class combinations of C1C2. 

C2
C1 Stop Affr Fric Nas Liq Glide V Pau

Stop 28
(11.1)

3
(8.1)

17
(13.5)

6
(2.9) 

0
(0) 

0
(0) 

3
(–)

1
(1)

Affr 23
(46.9)

0
(0)

1
(6.7)

7
(14.6) 

1
(50) 

3
(42.9) 

1
(–)

0
(0)

Fric 72
(52.2)

4
(26.7)

6
(23.1)

26
(23.6) 

7
(25.9) 

4
(22.2) 

0
(–)

22
(91.7)

Nas 2
(0.9)

1
(3)

0
(0)

2
(2) 

0
(0) 

0
(0) 

0
(–)

1
(1.8)

Liq 0
(0)

0
(0)

0
(0)

0
(0) 

0
(0) 

0
(0) 

0
(–)

0
(0)

Glide 1
(1.5)

0
(0)

0
(0)

0
(0) 

0
(0) 

0
(0) 

0
(–)

0
(0)

Affr = affricate, Fric = fricative, Nas = nasal, Liq = liquid, V = vowel, 
Pau= pause. ( ) indicates the percentage of devoicing. 

It should also be noted that other less typical cases of 
devoicing were observed along with those mentioned above, 
such as consecutive devoicing and devoicing before vowels: 
futatabi “again” and kyampuo “camp - ACC suffix.” All of 
these seem to conform to the preceding studies. 

3. Devoicing (Automatic extraction) 
3.1. Material and procedure 

In order to estimate the frequencies of vowel devoicing in all 
label files in the corpus, all C(V)C sequences were 
automatically extracted. The automatic algorithm extracted 
three types of sequences: CVC, where V is not devoiced (V 
may be a vowel or a vowel sequence such as a hiatus); CVC,
where V is fully or partially devoiced; and CC, which is a 
consonant cluster. Because Japanese phonotactics only allows 
limited types of CC clusters, most CCs must result from 
vowel devoicing of a CVC. C-pause sequences were also 
extracted (included in the CC type) because sentence-final 
desu and masu are typical devoicing environments. Thus, of 
these three types (CVC, CVC, CC), CVC and most CC can be 
regarded as vowel devoicing. Vowel devoicing rates can be 
estimated by dividing the frequencies of CVC and CC by the 
frequencies of all three types. 

The automatic extracting algorithm, however, is thought 
to overestimate the frequencies of devoicing. Besides 
phonotactically allowed CC clusters, it extracts sequences 
including stuttering, extra glottal stops, etc., which are 
common in spontaneous speech; but there is no simple means 
to discriminate these CC sequences from those resulting from 
vowel devoicing. Thus, the count of automatic extraction is 
compared with that of manual inspection to estimate how 
large was the over-count of the automatic extraction before 
discussing the results of automatic extraction. 



3.2. Results and discussion 

In order to better interpret the automatically extracted data, 
the first 10 files were compared to the results obtained 
manually in Section 2. The number of devoiced vowels found 
manually and automatically were the same 11. 

Table 4: Consonant class combinations of C1 and C2 of CC 
clusters. Manual inspection/automatic extraction. 

C2
C1 Stop Affr Fric Nas Liq Glide Other Pau

Stop 28/27 3/3 17/16 6/7 0/1   0/27 3/0 1/3 
Affr 23/21 0/1 1/2 7/8 1/1 3/3 1/0 0/0 
Fric 72/73 4/3 6/6 26/26 7/7 4/6 0/2 22/22
Nas   2/76 1/5   0/19   2/24 0/0 0/7 0/1   1/10
Liq 0/0 0/0 0/0 0/0 0/0 0/6 0/0 0/0 
Glide 1/2 0/0 0/0 0/0 0/0 0/1 0/0 0/0 
Other 0/5 0/0 0/1 0/5 0/0 0/2 0/0   0/11
Pau 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 

As seen in Table 4, however, the number of consonant 
clusters differed considerably: 242 by manual and 440 by 
automatic extraction, in total. One reason for this discrepancy 
is that the automatic procedure extracts non-segmental labels 
such as glottal stops and pauses as well as incomplete 
articulation or repetition of segments, which are all 
characteristics of spontaneous speech. More importantly, the 
algorithm counts in the two types of legal consonant clusters; 
Japanese phonotactics admits syllable structures (C)(j)V(N), 
allowing consonant clusters Cj (palatalized consonant) and 
N.C (“.” indicates a syllable boundary; C includes a pause). 
These clusters do not involve devoicing and should be 
discarded.

Table 5: Consonant class combinations of C1(V)C2 
where V is devoiced or deleted. 

Stop Affr Fric C2
C1  +  +  + Nas Liq GlideOther Pau

 127 14 8 2 69 0 51 21 131 4 36

St
op

+ 7 4 1 1 8 0 1 2 14 0 16
 52 27 3 7 7 0 44 11 17 1 4

A
ff

r

+ 10 8 1 0 4 0 7 0 17 0 2
 464 46 18 7 22 1 114 34 39 17 141

Fr
ic

+ 0 0 0 0 0 0 0 0 0 0 0
Nas 220 264 24 43 104 0 148 8 43 10 84
Liq 5 2 2 3 1 0 2 0 29 1 3
Glide 6 0 1 0 1 0 3 0 8 0 3
Other 14 9 1 2 10 0 24 2 14 2 57
Pau 7 1 0 0 1 0 15 2 1 0 12

 = voiceless, + = voiced 

For all the 64 files, there were 14,167 C(V)C 
combinations, out of which 2,834 (20.0%) were devoiced or 
consonant clusters, 134 and 2,700 respectively (see Table 5 
for the summation of these two types). However, these 
include Cj (243) and N.C (931), which may be legal clusters. 
According to the comparison in numbers between the manual 
and the automatic extraction for the 10 files, 94.7% of the Cj 
clusters and 95.8% of the N.C clusters automatically 
extracted were actually legal, i.e. irrelevant to devoicing. 
These rates applied, our approximation of devoiced vowels is 
1,712, i.e. 12.1% of the 14,167 C(V)C. (2834 − 243 × 94.7% 
− 931 × 95.8% = 1712) Since the total number includes all the 

five vowels and voiced consonants, many of which are not 
devoicing factors, 12.1% is a significant figure to be noted. 
Given this general rate for the whole speech data, it is 
reasonably expected that devoicing rates greatly increase in 
voiceless and voiceless-nasal/liquid/glide environments. 
Rather than the voiceless environments which have always 
been the symbol of devoicing, the high frequency of 
devoicing in “voiceless-nasal/liquid/glide” environments 
seems to make spontaneous speech different from laboratory 
speech. 

English naturally had far more consonant clusters (18,578 
CC out of the whole 52,919 C(V)C) than Japanese (2,700 out 
of 14,167). However, there were much fewer vowels labeled 
as devoiced (59 out of 52,919) than in Japanese (134 out of 
14,167). When the 10 English files were manually checked, 
there were illegal consonant clusters mostly resulting from 
schwa-deletion. Some of the environments where schwa-
deletion occurs are phonetically similar to those for Japanese: 
unaccented position; after a voiceless consonant; before a 
voiceless or nasal/liquid/glide consonant (e.g., photography,
university, up in, communication, consolidate, consulting,
among, arising, especially). English schwa-deletion, however, 
mostly involves re-syllabification with nasals and liquids (e.g., 
mountain, optimization, internal, manual, simul, family,
interest) while Japanese does not, probably due to severer 
restrictions on syllable structure. This seems to be a reason 
why the phonetically similar phenomenon, vowel 
deletion/devoicing in a vowel weakening process, is treated 
differently between the two languages. 

4. Rhythm analysis 
4.1. Material and procedure 

Recent research [1, 2] proposes measurements of rhythm 
using the durations of vowel intervals and consonant intervals. 
Their arguments are based on a comparatively small number 
of samples of controlled speech (text reading). This section 
tests their proposals against the larger quantity of spontaneous 
speech, all the label files in OGI_TS. 

First, we segmented the speech label sequences into 
utterances broken up by any non-phonemic intervals (pause, 
breath, noise, etc.). Because speakers may change their 
speech rate during spontaneous speech, it is not appropriate to 
calculate the rhythm indices from the whole stretch of speech. 
Calculating them for each utterance should produce more a 
precise reflection of rhythm. 

Second, utterances of 1 sec or longer length were selected 
out of all utterances. Utterances of 1 sec in our data usually 
contained more than 10 phonemes. It is meaningless to 
analyze the rhythm in stretches of speech too short for 
phonemes to occur repeatedly enough to create rhythm. 

Utterances thus extracted were used in the analysis in this 
section. Extracted utterances cover 80.5% of the total length 
of all utterances. The total length of extracted utterances is: 
approximately, English 107 min, German 43 min, Hindi 25 
min, Japanese 27 min, Mandarin 22 min, Spanish 47 min. 

4.2. Indices by Ramus, Nespor, & Mehler 

Ramus, Nespor, & Mehler [1] argues that the average 
proportion of vocalic intervals (%V) and the average standard 
deviations of consonantal intervals ( C) represent the rhythm 
type, related to the syllable structure. The more syllable types 



a language has, the greater the variability in their overall 
duration in the syllable, resulting in higher C and lower %V.

Figure 1 shows %V and C calculated for OGI_TS labels. 
The result is interpretable in comparison with Ramus et al. 
Ramus et al. located stress-timed languages at the top left; 
syllable-timed languages, middle; and mora-timed Japanese, 
bottom right. Here in Figure 1, stress-timed German and 
English are at the top left, and syllable-timed Spanish is 
centered. Although Mandarin is unclassified in terms of 
rhythm types [2], it is plausible that Mandarin is grouped with 
the syllable-timed language considering its syllable structure. 
(We do not discuss Hindi due to lack of knowledge.) Of 
particular importance is that Japanese is grouped with 
syllable-timed Spanish. 

4.3. Indices by Grabe and Low 

Grabe and Low [2] propose to use the Intervocalic rPVI (raw 
Pairwise Variability Index) and the Vocalic nPVI (normalized 
PVI), defined as follows: 
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where m is the number of intervals, intervocalic or vocalic, 
and d is the duration of kth interval. 

The calculation for OGI_TS labels is shown in Figure 2. 
As in Figure 1, English and German are separated from the 
group of Mandarin, Japanese, and Spanish. However, the 
positional relationship of stress-timed and syllable-timed 
language groups and the calculated values for OGI_TS labels 
are different from those in Grabe and Low’s data. It is not 
clear whether these indices show differences of speaking style 
(spontaneous or text reading) or whether they are not robust 
enough for spontaneous speech. 

The correlation of Grabe and Low’s indices with those of 
Ramus et al.’s found in [9] is also found for OGI_TS labels. 
Pearson’s r of Intervocalic rPVI with C is .844, and that of 
vocalic rPVI with V is .856 (the latter indices are not 
presented in this paper due to space limitation). 

5. Discussion
First, this study confirms that vowel devoicing frequently 
occurs in spontaneous Japanese. Although the labeling criteria 
differ from researcher to researcher, regarding vowel 
devoicing as the deletion of vowel creates many consonant 
clusters. Because vowel devoicing seems to occur more 
frequently in spontaneous Japanese speech than in controlled 
speech, spontaneous speech has more consonant clusters. (In 
other languages, vowel devoicing is not as common as in 
Japanese.) According to the recent view of rhythm, this 
predicts that spontaneous Japanese is approaching syllable-
timed rhythm reflecting the change of syllable structure 
caused by vowel devoicing. Second, spontaneous Japanese is 
grouped with syllable-timed languages in the rhythm spaces. 
These two observations suggest that vowel devoicing has 
caused spontaneous Japanese to deviate from mora-timed 
rhythm and to approach syllable-timed rhythm. Vowel
devoicing beating out mora-timed rhythm. 
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