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Abstract
The durational patterns between short and long vowels were 

investigated at the segmental and lexical level using four 

different word structures in Japanese, Finnish and Czech. The 

results confirmed that the Japanese segmental ratios between 

short and long vowels were longer than in Finnish and Czech; 

the Czech durational ratios in the second syllable were longer 

than those in the first syllable; the surrounding consonantal 

difference affected more Finnish for the short vowels, but 

more Japanese for the long vowels; the significance was 

observed in word structural differences more than language 

differences, and in the vowels occurring in the first syllable. 

Concerning the lexical durational ratios according to the 

different word structures, Japanese showed more isochronal 

increasing patterns; the temporal control of segments within a 

word were similar between Japanese and Finnish; Finnish and 

Czech vowel quantity might be more controlled by stress 

position within a word and phonotactics. 

1. Introduction 

1.1. Purpose of the research 

Japanese and Finnish have quantity distinction between both 

short and long vowels and consonants, while Czech has these 

distinctions only between short and long vowels. These are 

categorically distinctive in phonetic duration, and 

phonologically and linguistically distinctive. Czech has 

quantity distinction among Slavic languages as well as Slovak. 

Japanese and Czech have five vowels, while Finnish has eight. 

Japanese is a mora-counting and pitch-accented language, 

while Finnish has both trochaic stress-rhythm by syllable, and 

Czech is usually grouped among the syllable-timed language. 

Japanese can have the syllable structure (C)V(C), if the 

syllable concept is adopted. Finnish has eight kinds of 

syllable structures, allowing the structure (C)V(V)(CC) to be 

valid. The Czech syllable structure shows greater variability, 

creating even a complicated structure such as 

(CCCC)V(V)(CCC).

When comparing Japanese and Finnish vowel and 

consonantal quantity, using nonsense words with disyllabic 

syllable structures, CV(V)C(C)V(V), having the 

combinations of C: /m, p, s/ and V: /a/, the results showed 

that Japanese and Finnish have greater similarity rather than 

differences as long as the combinations of short and long 

segmental phonemes and word structures are the same (see 

[1]). 

In this study, we compared Czech with Japanese and 

Finnish in terms of vowel quantity, using the disyllabic word 

structures: CVCV, CVCVV, CVVCV, and CVVCVV. These 

three languages have disyllabic real words with the same 

word structures. Because none of three languages share 

meaningful words in these combinations with exactly the 

same short and long vowels and the same consonants, 

nonsense words with the combinations of C: /m, p, s/ and V: 

/a/ will be used for this study. These four kinds of word 

structures are counted as having two to four morae in the 

Japanese mora-counting concept. 

We shall investigate the following questions: 

1.) Are there differences in the durations and durational 

ratios of short and long vowels, i.e., of vowel quantity at 

segmental and lexical level between Japanese, Finnish 

and Czech? 

2.) Are there differences in vowel quantity between these 

three languages when word structures differ, i.e., when 

occurring in different positions within a word and when 

surrounded by different consonants?  

3.) Do word durational ratios increase according to the 

number of morae, syllable, or different phonemes when 

the number of phonemes increases? 

Before discussing the questions, we compared the vowel 

formants between these three languages. 

1.2. Vowel formants 

Before the experiments of quantity, we observed the 

psychoacoustical position of the vowel /a/, which will be used 

for the test words, together with the other vowels of three 

languages according to the vowel formant chart (cf. [2]). 

Figure 1 illustrates approximate shapes of the respective 

vowel system. For the Finnish short vowels, data F1 and F2 

were quoted from [3] (p. 57). The informants were five 

Finnish males, who uttered the meaningful test words both in 

isolation and in carrier sentences. For the Japanese 

counterparts, we quoted [4], in which three male informants 

uttered the words in three different ways: at the segmental (in 

isolation), lexical (in words), and sentential (in conversation) 

levels. For the Czech vowels, three speakers uttered five 

meaningful words five times for this study, and F1 and F2 

values were measured on Praat (N: 75). In all three languages, 

the mean values of short vowels were calculated and 

translated into Figure 1.  

The positions of short vowels were plotted based on F1 

and F2 (Hz) of each language. In the Figure 1, the grey circles 

indicate Japanese, black Finnish, and white Czech. The pattern 

found between the three languages in /a/ is much closer than 

the other vowels in terms of the distance (Japanese: F1 = 698 
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Hz, F2 = 1269 Hz, Finnish: F1 = 710 Hz, F2 = 1345 Hz, 

Czech: F1 = 683 Hz, F2 = 1260Hz).

Figure 1: Vowel formant chart of short vowels in 

three languages. Grey circles = Japanese, black circles 

= Finnish, white circles = Czech. 

2. Durational comparisons 

From the above, we were able to confirm that in terms of 

quality, the vowel /a/ were similar between the three 

languages. However, it does not directly indicate that the 

vowel intrinsic duration resulted from articulatory movement 

in each language and that they are the same for these 

languages. In this section, we shall investigate the vowel 

quantity using various word structures. 

2.1. Experimental procedures 

Table 1 lists the test words in four word structures for 

Japanese, Finnish and Czech. 

Table 1: Test words in four word structures for 

Japanese, Finnish and Czech. 

Word 

structure 
Test Word Test Word Test Word 

CVCV mama papa sasa 

CVCVV mamaa papaa sasaa 

VVCV maama paapa saasa 

CVVCVV maamaa paapaa saasaa 

These test words were imbedded in a carrier sentence for 

respective language. 

Japanese: “Mooikkai ___ to itte kudasai.” (“Please say 

___ once more.”) 

 Finnish: “Sanokaa___ kahdeksan kertaa.” (“Please say 

___ eight times.”) 

Czech: “Vyslovte ___ prosím pomaleji.” (“Please 

pronounce ___ more slowly.”) 

The Japanese informants were Tokyo dialect speakers, 

the Finnish informants spoke Helsinki dialect and the Czech 

speakers were Bohemian dialect speakers. These language 

speakers had no knowledge or background in the other 

languages. All of them were university students or researchers. 

The nine informants read the test words five times as the 

words were written according to the writing system of their 

respective language. The Japanese test words were written in 

hiragana, the Japanese phonetic writing system, so that the 

informants could fully concentrate on sound. The informants 

of these three languages were given instructions to read 

according to their natural speed. The recordings were made in 

the recording studio of the Department of Phonetic Sciences 

at the University of Helsinki, for Japanese and Finnish and at 

the Graduate School of Information Science and Technology, 

University of Tokyo for Czech. For the recordings a DAT 

tape recorder and microphone Shule and AKG C420 were 

used. The microphone was securely fixed so that the distance 

between the mouth and the microphone remained unchanged. 

The speech was digitised as sound files using the speech 

analysis program Praat. There were 540 word tokens 

altogether and 2,160 segments to analyse. Spectrograms were 

mainly used to measure the segmental durations. It was 

confirmed that there was no pause at the word boundary 

between the preceding vowel and the word-initial /p/ when to 

measure the occlusion of /p/ for the segmental duration of /p/. 

Long segments had no internal segment boundaries and were 

measured as one segment. Word durations were acquired by 

adding these segments within each structure.  

2.2. Results and analysis 

All the data from vowels and consonants were pooled together 

and calculated to acquire the mean values of the segments and 

words. It must be noted that absolute durations are variable 

depending on the speakers’ speech rate; however, it is possible 

to observe a tendency for a specific language. 

2.2.1 Segmental durations 

Table 2 shows the overall mean durations of the short and long 

vowels respectively. ‘a1’ shows /a/ occurring in the fist 

syllable in CVCV and CVCVV. ‘a2’ shows /a/ occurring in 

the second syllable in CVCV and CVVCV. ‘aa1’ shows /aa/ 

occurring in the first syllable in CVVCV and CVVCVV, and 

‘aa2’ /aa/ occurring in the second syllable in CVCVV and 

CVVCVV.

Table 2: Overall mean values of the short and long 

vowels in Japanese, Finnish and Czech.  

Table 3 shows the durational ratios between short and 

long vowels according to each vowel position in the first or 

second syllable. The overall absolute durations of Japanese 

vowels in both /a/ and /aa/ were longer than their Finnish and 

Japanese (ms) Finnish (ms) Czech (ms) 

a 80    79    75    

aa 199    181    180    

a1 75    86    70    

a2 76    76    80    

aa1 203    198    176    

aa2 183    182    182    



Czech counterparts. The ratio was also the longest (1:2.50) 

among the three languages. The durational ratio between ‘a1’ 

and ‘aa1’ was the longest (1:2.70) in Japanese of all. When 

comparing the durational ratio of ‘a2’ with that of ‘aa2’, 

Czech was the shortest (1:2.29). These average ratios in 

Czech were slightly larger than what was observed in the 

counterparts in the previous study (e.g., 1:2.0 in [5]). The 

results found in Finnish were similar to [3]. Yet, the results 

could be much smaller in spontaneous speech, e.g., as seen in 

Japanese (1:1.5 in [6]).

Table 3: Durational ratios between short and long 

vowels.

 Japanese  Finnish  Czech  

a:aa 2.50 2.28 2.40 

a1:aa1 2.70 2.30 2.53 

a2: aa2 2.42 2.39 2.29 

a1:aa2 2.44 2.11 2.60 

a2:aa1 2.68 2.60 2.23 

R 0.29 0.49 0.37 

a1:a2 1.01 0.88 1.14 

aa1: aa2 0.90 0.92 1.03 

When observing the durational ratio according to the 

position within a word, Czech had the longest (1:2.60) in the 

ratio between ‘a1’ and ‘aa2’, but the shortest (1:2.23) between 

‘a2’ and ‘aa1’. Also, Czech vowels occurring in the second 

syllable had larger ratios of 1.14 for short and 1.03 for long 

relative to their counterparts occurring in the first syllable. 

That was reverse in Finnish. One reason for this may be 

because the stress falls on the first syllable in Finnish and on 

the second syllable in Czech, but Japanese is not affected by 

stress or pitch. 

The ranges of comparative ratios between all short (‘a1’, 

‘a2’) and all long vowels (‘aa1’, ‘aa2’), listed in Table 3, are 

the smallest in Japanese (R: 0.29). This may indicate that the 

durational control of vowel quantity between short and long is 

more stable in Japanese than in Finnish and Czech, regardless 

of the environment in which the vowel occurs, i.e., in the first 

syllable or in the second syllable. 

Figures 2 and 3 illustrate the durational variations of 

vowel segments: short (‘a1’, ‘a2’) and long (‘aa1’, ‘aa2’) 

respectively, when positioned in the first syllable or in the 

second syllable, in different word structures, preceded or 

followed by consonants /p, m, s/. The R and SD of the Finnish 

/a/ were the highest of all in all consonants: /m, p, s/. On the 

other hand, the R and SD of the Japanese /aa/ were the highest 

of all in the consonants: /m, s/, whereas those of the Finnish 

counterpart were the highest in /p/. 

As Table 4 shows, when the vowel, short or long, occurs 

in the first syllable (‘a1’, ‘aa1’), the durational variation (R)

and standard deviation (SD) were the largest in Japanese. On 

the other hand, the durational variation and standard deviation 

in Czech were the smallest and rigid of all, except for ‘aa2’ 

(Finnish).

Comparing ANOVA of the segmental durations between 

Japanese, Finnish and Czech, which included the tests 

inquiring into the differences between the languages and word 

structures according to ‘a1’, ‘a2’, ‘aa1’ and ‘aa2’, there was a 

significance between languages in ‘aa2’ (P < 0.05). In word 

structure difference, ‘a1’ and ‘aa1’ showed the significance (p

< 0.01). This indicated that word structure differences 

affected vowel quantity rather than language differences, and 

the vowel quantity was affected by the position: whether it 

occurred in the first or second syllable of different word 

structures. 

Figure 2: Mean durational comparisons of ‘a1’ and 

‘a2’ in Japanese, Finnish and Czech, according to each 

word structure and consonant.

Figure 3: Mean durational comparisons of ‘aa1’ 

and ‘aa2’ in Japanese, Finnish and Czech, according 

to each word structure and consonant. 

Table 4: Range (R) and standard deviation (SD) of the 

vowels in three languages: J = Japanese, F = Finnish, 

C = Czech. 

R (ms) SD (ms)

 J F C J F C 

a1 26.6 12.1 9.2 10.0 4.9 3.8 

a2 18.8 36.0 8.4 6.4 16.1 3.5 

aa1 45.0 16.9 7.0 16.2 7.3 3.0 

aa2 15.5 6.3 45.1 24.7 9.2 18.5 

2.2.2 Lexical durational patterns by word structures 

Figure 5 shows the lexical durational ratio comparisons 

according to each word structure in /ma(a)ma(a)/ (left), 

/sa(a)sa(a)/ (centre) and /pa(a)pa(a)/ (right) in the three 

languages. The overall mean lexical durations were 

determined by adding their constitutional segments and 

calculated into the ratios, using CVCV as the base one. These 

lexical durational ratios were translated into Figure 5. 
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In terms of word durational ratios, each word increased 

consistently in all three patterns. Finnish and Czech showed 

relatively similar patterns according to each word in 

CV(V)CV(V) (and according to the different combinations of 

the vowel and consonant). Japanese showed more isochronal 

increase as the number of morae (2 – 4) increased, under the 

assumption that a mora is isochronical. On the other hand, the 

Finnish and Czech increasing ratios gradually decreased as 

the number of phonemes became bigger, although their 

decreasing ratios were slightly different. 

Figure 4: Lexical durational ratio comparisons 

according to each word structure in CV(V)CV(V).

2.2.3 Durational ratio patterns within a word  

Figure 5 illustrates the durational ratio patterns of segments 

within a word of three languages, i.e., how each segment is 

temporally controlled within a word. The results showed that 

the distributions of segments within each word had a 

tendency for the first syllable being slightly longer than the 

second syllable in Japanese and Finnish; however the 

opposite was rather true in Czech. Japanese and Finnish 

showed similar temporal distributions of segments within 

each word, but Czech had slightly different distributions, 

although they looked as though they had the same patterns 

within the language, regardless of the consonant. 

Figure 5: Lexical durational ratio comparisons in 

/Ca(a)Ca(a)/.

3. Conclusions 
The above results and analysis showed the differences not 

only between languages but also between word structure and 

surrounding vowels or consonants. The findings were: (1) the 

Japanese segmental ratios between short and long vowels were 

in most cases longer than those of Finnish and Czech; (2) 

considering the position of the vowel within a word, in Czech, 

the durational ratios were longer, in both short and long, when 

it occurred in the second syllable. The results were almost 

converse in Finnish and Japanese; (3) in Czech, the range and 

standard deviation were the smallest of all, except for ‘aa2’; 

(4) the short vowel /a/ was affected by the surrounding 

consonants in Finnish most of all, but the long vowel /aa/ was 

more affected in Japanese than in the other two languages by 

the consonants; (5) word structural differences affected vowel 

quantity more than language differences; and the vowel 

quantity occurring in the first syllable showed significance, 

but not in the second syllable; (6) in terms of lexical 

durational ratios according to the different word structures, 

Japanese showed different increasing patterns from Finnish 

and Czech, which were similar in patterns; (7) the temporal 

control within a word looked similar between Japanese and 

Finnish but rather different in Czech. 

It was confirmed that the vowel quantity in these three 

languages was more or less controlled by its position within a 

word, when limited to disyllabic structural words. It may be 

suggested that Finnish and Czech vowel quantity might be 

more controlled by stress position within a word and 

phonotactics. These results might shed light on the theories 

about Finnish (cf. [7]) and may reveal that Finnish and Czech 

might be syllable-timed.  

For future studies, more test words of both nonsense and 

meaningful should be incorporated with other vowels, and 

they should be measured in the same word structures in order 

to expand the investigated results in terms of vowel quantity. 
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