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Abstract: Previous experimental studies showed that in Japanese, vowels are longer after shorter onset consonants; there is durational compensation within a CV-mora. In order to address whether this compensation
occurs in natural speech, this study re-examines this observation using
the Corpus of Spontaneous Japanese. The results, which are based on
more than 200 000 CV-mora tokens, show that there is a negative correlation between the onset consonant and the following vowel in terms of
their duration. The statistical significance of this negative correlation is
assessed by a traditional correlation analysis as well as a bootstrap
resampling analysis, which both show that it is unlikely that the observed
compensation effect occurred by chance. The compensation is not perfect, however, suggesting that it is a stochastic tendency rather than an
absolute principle. This paper closes with a discussion of potential factors
that may interact with the durational compensation effect.
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1. Introduction
One of the phonetic characteristics of Japanese is a durational compensation effect
within CV-moras, which is sometimes taken to be evidence for mora-timing—a CV unit
functions as a synchronous rhythmic unit in Japanese (see Otake, 2015 for a recent
review). More concretely, previous studies have shown that after longer consonants,
vowels tend to get shorter (Port et al., 1980, 1987). Port et al. (1980) used CVCV stimuli
by varying the medial consonant (/s/, /t/, /d/, /r/) and showed that after a short consonant, the following vowel gets longer. Likewise, Port et al. (1987), again using CVCV
stimuli, systematically varied the second consonant using /k/, /g/, /t/, /d/, /s/, /z/, and
found that different durations of these consonants are compensated for by adjusting the
following vowel duration. Minagawa-Kawai (1999) compared Japanese, Korean, and
Chinese using /r/, /b/, /s/ and showed that degrees of durational compensation are larger
for Japanese than for Korean and Chinese. See also Otake (1988), Otake (1989), and
Sagisaka and Tohkura (1984) for similar results; see Warner and Arai (2001) for a critical review of these studies, in particular, about how the observed compensation effect
may or may not constitute evidence for the mora-timing nature of Japanese. See also
Beckman (1982) for a critical evaluation of the notion of mora-timing in Japanese.
The current study aims to expand the scope of the previous studies in various
aspects. First, the current study addresses the question of whether this durational compensation within a CV mora occurs in natural speech in addition to read-speech in the
lab. While there is no doubt that read-speech obtained in the lab offers critical data sets
for phonetic theorization and modeling, it is important and interesting to confirm a particular pattern using more naturalistic speech (see Xu, 2010 for a relevant discussion). In
particular, the studies by Port et al. (1980, 1987) used only small sets of stimuli, which
are mixtures of real words and nonce words. Addressing the compensation effect with
more realistic Japanese words is warranted. Second, by using a large corpus, this study
tests all types of consonants in Japanese, beyond those that were tested by the studies
reviewed above (see also Sagisaka and Tohkura, 1984 who tested a large set of consonants). Third, Port et al. (1980, 1987) tested only /a/ and /u/, whereas Minagawa-Kawai
(1999) tested only /a/ and /i/. The current study, by using a large corpus, takes into
account all the types of vowels that appear in Japanese. Finally, by testing a
large number of tokens, the current study statistically examines the robustness of this
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compensation effect. Moreover, the current paper deploys a bootstrapping resampling
method to estimate the statistical likelihood of the observed compensation effect.
2. Method
The empirical analysis is based on the Corpus of Spontaneous Japanese (the CSJ:
Maekawa et al., 2000; Maekawa, 2003, 2015). Its core, annotated portion—the CSJRDB (Relational Data Base)—consists of more than 1 000 000 segmental intervals, with
each interval annotated with its duration. More specifically, it contains more than
300 000 vowel tokens, which allows us to perform various types of analyses with a large
number of data points (Kawahara, 2018; Shaw and Kawahara, 2017). Using the entirety
of the CSJ-RDB, this study analyzed natural speech produced by 201 speakers. The CSJ
contains several speech styles, including, but not limited to, Academic Presentation Style
and Spontaneous Presentation Style. The former is from real academic presentations; the
latter is solicited monologue, in which speakers were given a few topics as prompts and
spoke in front of a few listeners. The gender of the speakers in the corpus is more or less
balanced, although there are slightly more male speakers than female speakers. The
CSJ-RDB contains a hand-coded annotation tier, in which duration of each sound is
specified. Further details of the CSJ can be found at http://pj.ninjal.ac.jp/corpus_center/
csj/en/. The details of the segmentation procedure can be found in the document which
is downloadable at http://pj.ninjal.ac.jp/corpus_center/csj/k-report-f/06.pdf (this document
is written in Japanese: Shaw and Kawahara, 2017 offer a translation of the segmentation
procedure between a glide and a vowel).
Given the CSJ-RDB text file, for oral stops, based on the annotation, all of the
intervals that are annotated as “hcli” (for closure), were extracted. The duration of the
following burst interval was added to the duration of hcli in order to estimate the duration of the entire stop. If a hcli interval is preceded by a “Q” interval, it means that the
stop consonant is a long consonant (also known as geminates)—these were systematically
excluded from the current analysis. Based on these procedures,
the duration profiles of /p/
_
, /t/, /k/, /b/, /d/,_/g/ were calculated. /t/ is affricated as /tˆ / before /i/ in native Japanese
words, and as /ts / before /u/ (annotated in the CSJ as “c”) (Vance, 1987, 2008). Stops
and affricates were treated as different categories, however,
because their distributions are
_
not complementary in contemporary Japanese: e.g., /tˆ / can appear before vowels other
than /u/ (Pinter, 2015). The current study also targeted nasals (/m/, /n/) and continuants
(/U/, /s/, /z/, /h/, /r/, /w/, /y/, where /U/ is a bilabial fricative, shown as “f” and /y/ is a palatal glide, not a front rounded vowel—these are conventions used in the CSJ). Their
non-geminate versions were extracted together with the following vowel duration.
Phonologically palatalized consonants were treated as separate categories from
their plain counterparts, because they are contrastive; for example, “b” and “by” were
treated as separate phonemes. On the other hand, phonetic palatalization due to the
following /i/, was abstracted away in the current analysis; for example, “b” and “bj”
(phonetically palatalized /b/) were collapsed into one category, /b/—this was necessary
because, for example, “bj” appears before /i/ and “b” appears elsewhere.
As for the analysis of vowels, all the intervals labeled as “a,” “i,” “u,” “e,”
and “o” following the target consonants were extracted. Phonologically long vowels—
those that are followed by an interval labelled with “H” in the CSJ—were excluded, as
their frequencies are incomparably smaller than those of phonologically short vowels
(less than 10%). Vowels in closed syllables were also excluded, as we know from the
previous work that vowels get longer in closed syllables than in open syllables (Han,
1994; Hirata, 2007; Idemaru and Guion, 2008; Kawahara, 2006, 2018; Port et al.,
1987). This means that any vocalic intervals followed by Q (coda obstruent) or “N”
(coda nasal) were eliminated from the analysis.
After these processes, consonants that occurred less than 100 times were
excluded from the following analysis, as their duration estimates may not be accurate.
Those included phonologically palatalized voiced stops and palatalized nasal consonants. The Ns of the remaining CV-moras were as follows: /pV/ ¼ 426, /tV/ ¼ 26 811,
/cV/ ¼ 3 161, /kV/ ¼ 26 667, /kyV/ ¼ 119, /bV/ ¼ 3 345, /dV/ ¼ 16 248, /gV/ ¼ 11 302, /sV/
¼ 26 422, /syV/ ¼ 1 506, /zV/ ¼ 4 736, /zyV/ ¼ 1 006, /hV/ ¼ 3 123, /fV/ ¼ 596, /mV/
¼ 12 816, /nV/ ¼ 32 392, /rV/ ¼ 20.203, /ryV/ ¼ 177, /wV/ ¼ 8 431, and /yV/ ¼ 2 012.1 The
total N is 201 614.
To normalize the effect of speaking rate that is likely to differ across speakers,
the duration data were normalized for each speaker using the following formula:
normij ¼
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Fig. 1. Duration of CV units with different onset consonants, based on median.

where j represents each speaker and i represents each token. In this normalization
method, the denominator defines “the duration range” that a particular speaker uses,
which reflects his/her speaking rate. The numerator defines the distance between a particular token and its minimum duration. This way of normalization has an advantage
over z-transformation in that we do not need to deal with negative numbers; in fact,
this method has been used by other linguistic work in order to wash away interspeaker variability (e.g., Kawahara and Shinya, 2008; Truckenbrodt, 2004).
3. Results
Figure 1 illustrates the combined duration of each type of consonant and the following
vowel duration in terms of a median value. Median values are arguably more appropriate than mean values to use in the case at hand, because the distributions of these
values are right skewed. The skewed distributions can be seen in Fig. 2, which contains
illustrative histograms showing the distribution of consonantal durations of /g/, /p/,
and /m/ (see also Kawahara, 2018; Shaw and Kawahara, 2017 for vowel duration analyses of the CSJ-RDB, which show the same pattern of skew). With this in mind,
though, both median and mean values were analyzed in the statistical analyses; actual
median values and mean values are provided in Tables 1 and 2 in the Appendix.
First, focusing on the behavior of consonants, voiced obstruents are generally
shorter than their corresponding voiceless obstruents, as has been found in previous studies on Japanese (Homma, 1981; Kawahara, 2006; Shaw and Kawahara, 2017); the same
tendency is known to hold cross-linguistically (e.g., Diehl and Kluender, 1989; Kingston
and Diehl, 1994; Lisker, 1957; Ohala, 1983). In the current data, this tendency holds
both among stops and fricatives. Second, for both voiced stops and nasal stops, labial
consonants are longer than coronal and dorsal consonants (cf. Homma, 1981; Shaw and
Kawahara, 2017 for similar observations). Third, we observe that voiceless fricatives and

Fig. 2. The distribution of consonant duration for /gV/, /pV/, and /mV/.
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affricates—in particular c and “sy”—are longer than other consonants, again a tendency
that holds cross-linguistically, including Japanese (Kawahara, 2015; Lehiste, 1970;
Sagisaka and Tohkura, 1984). Finally, /r/, which is a flap in Japanese (see Arai, 2013 for
detail of its various realization patterns), is short, as expected.
Now moving on to the correlation between vowel duration and consonant duration, we observe that there is a statistically significant negative correlation between them
(r ¼ 0:56; tð18Þ ¼ 2:86; p < 0:05), in such a way that vowels are shorter after longer
consonants, as shown visually by the scatterplot in Fig. 3—this negative correlation holds
in terms of means as well to a statistically significant degree (r ¼ 0:60; tð18Þ ¼ 3:20;
p < 0:01). For example, in Fig. 1, we can observe that “c” is the longest consonant of
all, and the following vowel is the shortest. The second longest consonant “sy” has a following short vowel as well. /g/ is one of the shortest consonants, and the following vowel
is the longest. Furthermore, a comparison between /m/ and /n/ illustrates the compensation effect very clearly—/m/ is longer than /n/, but the following vowel is shorter after /m/
than after /n/, and the result is that /mV/ and /nV/ show comparable duration profiles.
The minimal pair of /k/ and /ky/ also shows a similar pattern: /k/ is longer than /ky/ but
the following vowel is shorter after /k/ than after /ky/, the result of which is comparable
CV-durations. Comparing /b/ and /g/ points to the same observation.
However, the compensation effect is not perfect. For example, /p/ and /t/ show
comparable duration profiles, but the following vowels are longer after /t/ than after
/p/. Similarly, /g/ is longer than /d/, but the vowel is also longer after /g/ than after
/d/—the direction that is the opposite of what is expected from the compensation
effect. Although /r/ is a short consonant, the following vowel does not get as long as it
could get. /y/ behaves similarly: the following vowel could have become longer (e.g., as
long as post-/g/ vowels) so that the entire /yV/ mora becomes more comparable to the
moras with other onset consonants in their duration.
In order to assess the statistical significance of the durational compensation—
beyond a correlation analysis between consonant duration and vowel duration—a bootstrap method was deployed (Efron and Tibshirani, 1993). First, the standard deviation
across the 20 consonantal conditions, calculated in terms of medians, served as the measure of the degree to which the entire CV mora duration is kept constant. The actual standard deviation is 0.025 across the 20 different conditions. In the bootstrap method, first
one consonant interval and one vocalic interval were randomly sampled and their duration was combined. This process was reiterated 20 times without replacement to create 20
random CV combinations, and the standard deviation of these samples was calculated.
This process was reiterated 50 000 times to obtain 95% and 99% confidence intervals. The
whole process was automated by using R (R Development Core Team, 1993).
The obtained confidence intervals, based on the median values, are
0.025–0.047 (95%) and 0.021–0.051 (99%). Since the observed standard deviation coincides with the lower end of the 95% confidence interval, this result indicates that the
probability of the compensation effect occurring by chance is about 5%. The same
analysis was run using the mean values for the 20 CV-moras, whose observed standard
deviation is 0.028. The 95% confidence interval is 0.33–0.53 and the 99% confidence
interval is 0.029–0.056. Therefore, from this analysis based on means, the probability
of getting the observed standard deviations based on the mean values is less than 1%.
Whether we rely on means or medians, it seems safe to conclude that the compensation
effect observed in the current result is unlikely to have arisen by chance.

Fig. 3. The scatterplot showing the negative correlation between consonant duration and vowel duration. The
linear regression line is also shown.
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4. Summary and discussion
This paper has shown with a large-scale corpus of spoken Japanese that in Japanese,
vowel duration varies in response to the duration of the preceding consonant: generally,
the shorter the consonant, the longer the vowel tends to be. The bootstrap resampling
analyses have shown that Japanese adjusts the duration of a CV mora unit in such a way
that its variability is lower than it could have occurred by chance. This finding supports
the previous experimental findings about durational compensation, reviewed in Sec. 1,
with a large number of natural speech tokens. This paper moreover offers the first analysis
that includes all types of consonants and all types of vowels in Japanese as targets.
Although we have observed a statistically significant compensation effect, we
also found that durational compensation is not perfect. Vowel duration can differ
between two consonants whose duration profiles are comparable; vowels sometimes do
not get as long as they could have, so that the resulting mora’s duration is more similar to the duration of other moras. It therefore seems safe to conclude that durational
compensation is a stochastic tendency rather than an absolute principle.
There are actually good reasons to expect that the compensation is not absolute,
because there are many other linguistic factors that affect segments’ duration profiles as
well. The fact that we have found a significant compensation effect, in spite of there being
other linguistic factors affecting segmental durations, actually provides stronger evidence
for the active role of the compensation principle than otherwise. Let us consider a few—
perhaps non-exhaustive—factors that may have blurred the compensation principle in the
current analysis. For example, there is a collocation restriction in such a way that only /a/
can follow /w/ Vance (1987, 2008), but /a/ is the longest of all five vowels in Japanese
(Campbell, 1999; Han, 1962; Kawahara et al., 2017; Kawahara, 2018; Shaw and
Kawahara, 2017; Sagisaka and Tohkura, 1984). Coronal stops are also affricated before
high vowels in native words (Vance, 1987, 2008), so that most of the vowels following /t/
and /d/ are non-high, which are generally longer than high vowels (although loanwords do
allow coronal stops followed by high vowels: Pinter, 2015). This distributional skew may
explain why vowels are longer after /t/ than after /p/, despite the fact that /t/ and /p/ show
comparable consonantal duration profiles; it may also explain why the following vowels
are longer after /g/ than after /d/. In general, since vowels do not distribute evenly after
different consonants (see, in particular, Shaw and Kawahara, 2017), differences in intrinsic
vowel duration would obscure the durational compensation principle.2
It is likely that the non-even distribution of vowels is not the only factor,
because there are many factors that potentially affect segments’ duration profiles, as
we have known since the classic work by Klatt (1976). For example, voiced stops are
sometimes spirantized intervocalically (Vance, 1987), and therefore, their duration estimates may not be always as reliable. Other factors like phrase-initial strengthening
(e.g., Keating et al., 2003) and phrase-final lengthening (e.g., Wightman et al., 1992)
can complicate the picture further. The effect of pitch accent on duration in Japanese
is reported to be very small, but not non-existent (Hoequist, 1983a,b). Those elements
that are informationally new or those elements that receive contrastive focus would be
realized as longer than more semantically neutral elements. Although the current analysis normalized speech rate within each speaker, there is no guarantee that speakers
did not change their speech rate during the recording. In short, there are many other
factors that could have blurred the compensation principle.
It is also likely the case that there are other linguistic principles at work in regulating the duration of Japanese vowels. For example, Shaw and Kawahara (2017)
demonstrate that the average predictability of the vowels given the preceding consonant, quantified in terms of Shannon’s Entropy [HðV jCÞ ¼ +pðvi jCÞ  log2 pðvi jCÞ:
Shannon, 1948], can impact the duration of some vowels in Japanese. Their conclusion
is that the uncertainty associated with which vowel to produce after a particular consonant can potentially lengthen vowels’ duration. Shaw and Kawahara (2017) also show
that transitional probabilities, quantified in terms of Surprisal (log2 pðvjCÞ), can
impact the vowel duration. Shaw and Kawahara (2017) further demonstrate that /o/ is
longer after palatal consonants, because speakers may need extra time to achieve the
low F2 target. Finally, we need to take into consideration the fact that vowel length is
contrastive in Japanese (Hirata, 2004; Hirata and Tsukada, 2009), and therefore,
lengthening a vowel too much would jeopardize this length contrast. This consideration, for example, may explain why vowels do not lengthen as much after /r/.
The point of the discussion here is not to undermine the results of the current
study—the real intent is that we should not expect the durational compensation to be
perfect in natural speech corpora, because there are so many other linguistic factors that
affect vowel and consonant duration. It is worth emphasizing, therefore, that it is all the
J. Acoust. Soc. Am. 142 (1), July 2017
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more impressive that we observed a statistically robust compensation effect, despite there
being other factors that could potentially have obscured it. All in all, exploring the interaction of the durational compensation effect and other principles, like predictability
effects and collocation restrictions, offers an interesting opportunity for future research.
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APPENDIX: MEDIAN AND MEAN VALUES
Table 1. Actual median values.
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Table 2. Actual mean values.
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