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these languages tonal production can be seen to make optimal use of the 
perceptual contrast between levels and movement by means of critical timing 
of tonal movement. In other languages where the use of movement features is 
less clear, this type of synchronization may not be as important. However, the 
tonal features Low, Falling, and High would seem to fit the data for German 
presented by Kohler 1987 where changes in pitch peak location through the 
stressed vowel result in categorical pitch perception of 'established', 'new' 
and 'emphatic' information respectively. 

This model of optimal tonal feature perception is preliminary and 
somewhat simplified as it contains only four tonal features. A n examination 
of production data from different languages could help expand the model and 
lead to further perception tests. An awareness of perceptual constraints may 
facilitate the analysis of production data and improve our description of the 
contrasts used to distinguish between different tonal features. 
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Abstract 
When seeking the phonetic realization of the mora, it has been a common practice to 
measure the acoustic duration on the assumption that it reflects the concept of quantity. It is 
argued that this duration-only approach is inadequate in certain cases. An alternative 
approach considering the interaction between temporal and Fo events is suggested to explain 
the abstract nature of the mora. It is also pointed out that words contrasting in vowel length 
have a strong tendency to accompany different pitch pattens in those dialects of Japanese 
that have pitch accent contrast. 

LNTRODUCTION 
When seeking the phonetic reality of the mora, most works study only one of 
the acoustic dimensions, duration or fundamental frequency contour 
(henceforth Fo). This paper suggests that in certain cases this one-way 
approach is inadequate and that looking at the interaction between the two 
may explain the abstract nature of the mora better. 

The phonetic research on the mora has been almost exclusively 
concentrated upon Japanese. In most dialects of Japanese, the mora is the 
smallest prosodic unit of tone assignment. The central issue in the description 
of the Japanese mora is its function as a temporal unit, which has long been 
controversial. It has been claimed that Japanese moras are pronounced with 
roughly equal length of time regardless of their internal moraic structure 
(Bloch 1950, Hockett 1955, Han 1962, Ladefoged 1975). Thus in deliberate 
speech (e.g. teaching children or foreigners), the words nippon 'Japan', 
amaoto 'the sound of rain', and kjookai 'church' wi l l be pronounced as 
[ni-p-po-n], [a-ma-o-to], and [kjo-o-ka-i] ('-' equals mora boundary) 
respectively, each mora taking about the same time. This principle of 
pronunciation might have something to do with the moraic writing system in 
which, except for CfV mora, one kana character is assigned to one mora. 

Some have recognized the mora as a relevant unit in regulating the 
Japanese utterances and have incorporated it in their production-oriented 
timing model (Port et. al. 1980,1987) while others have denied that the mora 
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has any phonetic reality at all (Beckman 1982). In those studies, the 
relationship between pitch accent contrast and length contrast are not taken 
into consideration. 

Phonetic realization of the mora as a unit of tone assignment is reported in 
Mase 1973. Mase attempted to substantiate Rischel's 1974 claim that in West 
Greenlandic Eskimo, it is the mora rather than the syllable that is regulating 
the phrase final intonation contour high-low-high. Examples (where ' . ' equals 
syllable boundary): 

a. k i . v a. r a a a. v a a a. t a a. s i q 
'I answered him' 'he fetched it' 'one' 

Mase calculated the mean Fo value for each vowel mora and the figures 
supported Rischel's claim. Mase remarked, though, that it was regrettable that 
the durational factor was neglected in his study. As for long vowels, he made 
an arbitrary decision to divide them into two equal halves. 

Altogether, the ambiguity in segmenting homogeneous long vowels 
reflects the abstract nature of the mora. I think the cases from Japanese and 
from West Greenlandic point to the essential problem in seeking for the 
phonetic reality of the mora either in temporal or tonal dimensions. If we 
consider that in certain cases the mora is created by the interaction between 
the two dimensions, there will be no conflict. 

T H E COORDINATION AND TIMING OF Fo WITH SEGMENTALS 
The importance of studying the interaction between tonal and temporal 
phenomena for understanding certain aspects of prosody, in particular 
accentuation, has been pointed out for some time (cf. Bruce 1983). Below I 
discuss two concepts which have directly influenced the mora analysis 
presented in this paper. 

First is the concept of the Fo turning point in the production-oriented 
model of intonation developed in Lund (e.g. Girding 1983). This concept 
requires marking the Fo maxima and minima in relation to segmentals as a 
necessary specification in generating a predicted prosodic pattern. A wide 
success in applying this notion to languages of different prosodic types implies 
that the point at which the major tonal change coordinates with the segmentals 
gives certain cues in describing prosody in general. 

In a study of Hausa intonation within the framework of the Lund Model of 
Intonation, Lindau 1986 writes "the maxima and minima of the Fo contour do 
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not generally coincide with the middle of the vowel, as one might expect. 
Instead, there is a strong tendency for the turning points in sentences with 
alternating highs and lows to occur at, and around, the syllable [mora in our 
sense, Y N M ] boundaries". This phenomenon seems to be common in mora-
counting languages in Trubetskoy's sense (Trubetskoy 1969). Similar 
observations have been made for Japanese and West Greenlandic (Nagano-
Madsen 1987, 1988), and informally for a number of Nigerian languages 
belonging to the Kwa family such as Yoruba, Yagba, and Ivie. 

As regards the place of the Fo turning point, it has been pointed out that 
despite the number of logical possibilities, it is found typically "(1) on a vowel 
or (2) at and around the mora- and syllable- boundary depending on whether 
it is a mora or a syllable that is the unit of tone assignment" (Nagano-Madsen 
and Eriksson 1989). We would like to alter this statement by deleting 
'syllable' and referring to 'mora boundary' alone. This is because what is 
called syllable in some languages is actually equivalent to mora in other 
languages, and all the examples cited for category (2), including Hausa, can 
fall into the group of mora-counting languages in Trubetskoy's classification. 

Secondly, the tonal-temporal interplay theory presented in Bruce 1981, 
1983 has shed light on how Fo events interact with spectral events in speech to 
give prominence. Brace's work was a consequence of a number of studies on 
Swedish prosody in which one of the issues was a tonal or temporal primacy 
in modelling prosody. Evidence has been reported for a tonal dependence on 
temporal demands as well as for a temporal dependence on tonal demands (cf. 
Bruce 1983 for literature). 

Brace's conclusion was that Fo and spectral events at the successive stress 
group boundaries are critically timed, and between these points the timing is 
not crucial. Seen in this synchronization view, either tonal or temporal 
primacy in Swedish was found to be non-conflicting. It will be shown that, in 
mora languages like Japanese and West Greenlandic, the temporal and Fo 
events seem to work together for the realization of the mora in some cases. 

THE MORA IN PRODUCTION AND IN PERCEPTION 
In Japanese, the point of pitch change usually occurs at and around the mora 
boundary (Fujisaki 1983), and this phenomenon was found to remain constant 
against tempo and context variations. Nagano-Madsen 1987 studied the 
constant and varying features in the acoustic manifestation of highs and lows 
when tempo and tonal context are varied. The result showed that the timing of 
the Fo peak and successive fall in relation to the mora boundary was one of the 
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Figure 1. Wave form and fundamental frequency contour of /ama/ and ama/. 
The arrow indicates the original version. From Nagano-Madsen & Eriksson 
1989. 

most constant features, while factors such as pitch range and the maintenance 
of the Fo at a particular pitch height varied greatly. The Fo valley and rise 
showed a similar tendency to be timed at the mora boundary, but with a lesser 
degree of rigidness. 

The significance of this Fo pattern fixation to the mora boundary was 
tested perceptually in Nagano-Madsen & Eriksson 1989 by using synthesized 
stimuli. The original bi-moraic words such as ama (a-ma), mama (ma-ma) 
and an (a-n) having either H L or L H patterns were manipulated to shift the Fo 
fall and rise at every 25 ms from the original mora boundary by using ILS 
synthesis. There were altogether eight synthesized versions: four moving into 
the preceding vowel and four moving into the following consonant (cf. Figure 
1). 

The synthesized versions together with the original were presented to a 
group of native Japanese listeners to judge if the utterance sounded like the 
original. The results showed that the timing of the Fo fall and rise to the mora 
boundary is important in the sense that when these falls and rises are timed 
with the central part of the vowel, listeners tend to hear it as two vowel moras, 
e.g. *aama (fall stimuli) or *amaa (rise stimuli) instead of ama. This means 
that the vowel [a] of the same duration could be heard either as mono-moraic 
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or bi-moraic depending on the Fo contour it accompanies, e.g. from [ama] to 
[aama] and from [ama] to [amaa]. 

The results have at least two implications. First, since a vowel of the same 
acoustic duration offers the perceptual possibility of hearing either one or two 
moras depending on the Fo patterns it accompanies, it may be inadequate to 
describe the phonetic nature of the mora solely by the acoustic duration. In 
this respect, I would argue against such a view as that expressed by Hockett, 
who defines the Japanese mora "fundamentally in terms of duration and 
nothing else" (Hockett 1955:59). 

Second, in a mora language like Japanese, there may be highly restricted 
timing of Fo fall and rise to a mora boundary so as not to result in contour 
tone on a single vowel mora, as this may be perceived as an additional mora. 
This restriction of timing may be relevant for the phonetic classification of 
prosodic categories such as quantity, stress, intonation etc. It is interesting to 
note that Sugito 1980 found that in Japanese utterances by English speakers, 
the place of pitch peaks tends to be in the vowel rather than at the mora 
boundary, which makes the intended word [ame] 'rain' sound like as [aame]. 

In autosegmental descriptions of English (e.g. Pierrehumbert 1980), a 
stressed vowel can be associated with more than one tone, such as H L and L H . 
In Japanese, a single vowel mora is always associated with only one tone, and 
when there are two tone elements, the vowel is divided into two moras. This 
means that the use of Fo to convey intonational meaning is very much limited 
in a language like Japanese. Stressed syllables in English are usually about 
twice as long as unstressed ones (Lehiste 1970, Klatt 1975), and stressed 
syllables typically have contour Fo shapes. On the other hand, in a non-stress 
language like Japanese, a single vowel mora can not have a contour tone. A 
contour tone always occurs on a vowel consisting of two moras which is 
usually much longer than a single mora vowel. Thus the utilization of the 
duration and Fo seem to work on the same principle both in English and in 
Japanese. 

The present analysis of mora may have some importance for the 
description of prosody in general. In the Prague school, the postulation of the 
mora is closely related to the accent and quantity analysis (Jakobson 1931, 
Trubetskoy 1969). The classical law of the Prague school says that 'free 
stress' and 'free quantity' are incompatible in a given language, a law 
postulated mainly on empirical basis. Recently Anderson 1984 has supported 
this claim by reinterpreting it within the theory of metrical phonology, 
regarding stress and quantity as structurally motivated properties. Since the 
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phonetic evidence of the surface manifestation of stress and quantity as 
exemplified from English and Japanese has given rise to similar principles 
both for stress and quantity, it may be possible to explain this classical claim 
from a phonetic point of view. 

L E N G T H AND PITCH A C C E N T PATTERN 
The result of the perception test calls attention to the phonological patterning 
of length and accent contrast in Japanese. In those dialects of Japanese in 
which an accent contrast is maintained (e.g. Standard Japanese and Osaka 
Japanese), accent contrast is found mainly in short words such as bi-moraic 
and tri-moraic words. In such a dialect, it is not typical to find a minimal pair 
in which only vowel length is in contrast, while it is quite easy to find a 
minimal pair contrasting only in consonant length. See the following 
examples adopted from Young & Nakajima 1981:4,6. Pitch patterns are given 
both for Standard Japanese and for Kochi Japanese (a variety of Osaka 
Japanese), the latter being from my own pronunciation. 

Vowel length contrast: 

A. Standard B. Kochi Gloss 
1 [obásáñ] [obasanj 'aunt' 
2 [obáasan] [obáasan] 'grandmother, old woman 
3 [ojísáñ] [ojisan] 'uncle' 
4 [ojíisan] [ojíisan] 'grandfather, old man' 
5 [sokó] [sokó] 'there' 
6 [sóoko] [sóoko] 'warehouse' 
7 [bíru] [bíru] 'building' 
8 [bíiru] [ bíiru) 'beer' 
9 [béru] [béru] 'bell' 
10 [béeru] [béeru] 'veil' 

Consonant length contrast: 

A. Standard B.Kochi Gloss 
1 [sakága] [sákagaj 'a slope is' 
2 [sakkágá] [sakkágá] 'a writer is' 
3 [íto] [itó] 'thread' 
4 [ítto] [ittó] 'one to (unit of measure)' 
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5 [ke?i] [kéci] 'poppy' 
6 [kewf] [kewí] 'do-or-die spirit' 
7 [itá] [íta] 'was' 
8 [ittá] [ítta] 'went' 
9 [itpíwa] [ítciwa] 'number one is' 
10 [ittciwá] [ittcíwá] 'the agreement is 

In descriptions of Japanese, the length and the pitch pattern are generally 
treated separately (McGovern 1953, Martin 1954, Young & Nakajima 1981, 
Vance 1987). Also, it is commonly stated that the length distinction is far 
more important than the pitch patterns, and foreign learners are 
recommended to neglect the pitch variations. This is partly because the accent 
patterns differ greatly from one dialect to another. The two major dialects 
Standard Japanese and Osaka Japanese often have opposite pitch patterns, as 
exemplified in [haci] (S.) / [haci] (O.) for 'chopsticks', and [haci] (S.) / [haci] 
(O.) for 'bridge'. 

However, when we examine the relationship between length contrast and 
pitch patterns, we note that there are certain regularities. First, as mentioned 
earlier, it is not typical to find a minimal pair that contrasts only in vowel 
duration. Words contrasting in vowel length usually accompany different 
pitch patterns, though there are some exceptions. Second, recent loan words 
from English are converted to Japanese with very regular length and pitch 
pattern distinction. In the above examples, the pair [biru] 'building' and 
[biiruj 'beer' belongs to this category. Further examples of long vowels are 
[keeki] 'cake', [geemu] 'game', [seefu] 'safe', [teepu] 'tape', [deeto], 'date', 
[koodo] 'code', [sooda] 'soda', [koosu] 'course', [soosu] 'sauce', [cooto] 'short' 
(examples from Kawakami 1977). Note that all these long vowels have H L 
pitch pattern, and these words are pronounced exactly the same in both 
dialects. 

In Japanese, there is a set of rules that govern the pitch patterns. They 
include grammatical categories such as noun, adjective etc., sometimes in 
combination with the number of the moras in the word, and sometimes with 
specification of morpheme such as [ko] 'child ' . (Kindaich et al. 1988). 
Considering all such rules as well as the origin of words, I think the 
relationship between length contrast and pitch pattern is far from being 
arbitrary. It looks as if the two prosodic categories are patterned so as to 
reinforce the contrast between the two words. 
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It is interesting to note that Trubetskoy 1969 has a unique concept of 
quantity. In the section on prosodic opposition, he repeatedly states that the 
phonological concept of quantity is not exclusively expressed by length but 
also by pitch change. He writes: 

...in many languages that have a developed "tonalsystem" the prosodic multimember 
constituency of a syllable nucleus is not expressed through length but exclusively 
through change of pitch within the syllable nucleus itself. It may even be that in a 
language of this type both kinds of phonetic realization of "multimember constituency" 
exist side by side (p. 177) 

Three (or even more!) distinctive degrees of quantity for the syllable nuclei are also 
indicated for some other languages, but not rightly so. In most of these cases quantity 
was confused with tone movement, (p. 180) 

Further, we have already noted that length is not the only possible phonetic expression 
of prosodic gemination (presence of two morae) and that in certain languages the 
number of morae in a syllable nucleus is not expressed by length but by change of 
pitch within the nucleus, (p. 184) 

However, this line of reasoning has not been commonly entertained in 
linguistic literature. A typical approach to the concept of quantity is to assume 
that its phonetic reflection is found in the acoustic duration alone. That 
quantity can be expressed by phonetic means other than duration has received 
attention in the studies of Estonian quantity (Fox & Lehiste 1987, 1989). 

An informal test to some native Japanese listeners has indicated that in a 
pair like [obasafi] 'aunt, middle aged woman' vs. [obaasanj 'grandmother, old 
woman', the role played by pitch change may be more crucial than the 
absolute duration of [a]. A further experiment in Japanese is in preparation to 
test which is the crucial cue for such pairs as those listed above. 

CONCLUSION 
This paper has suggested looking at both temporal and tonal dimensions in 
searching for the phonetic reality of the mora. Based on the production and 
perception data in Japanese, it has been pointed out that i) the acoustic 
duration alone is inadequate to capture the phonetic realization of the mora 
since a vowel of the same duration can be heard as either one or two moras 
depending on the Fo movement it accompanies, ii) in the phonological 
dimension, a pair of words contrasting in segment duration, and typically in 
vowel duration, has a strong tendency to be accompanied by different pitch 
patterns as if to reinforce the contrast, and iii) because of this phonological 
relationship between temporal and tonal dimensions, there is restricted timing 
of Fo. It should be timed at a mora boundary, for instance at V - C boundary in 
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a sequence like C V C V so that a single V wil l not be further divided into V V 
by Fo movement. This kind of restriction in timing between Fo and temporal 
dimension may prevent the use of Fo to convey intonational meaning as such. 
Altogether, I think Trubetskoy 1969 was right in describing the concept of 
quantity not only by length but also by pitch change. It should prove fruitful 
for resolving the issue of the mora as well as for related prosodic phenomena 
to look at the interaction between the temporal and tonal events both at 
phonetic and phonological levels. 
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