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Abstract

Maximum short segments of quantity in 120 discrimination
tests at the word level were compared between two- and
three-choice alternatives and with production test results
utilising the same syllable structures. The materials in the
perception test were eight kinds of bisyllabic synthetic
nonsense words with five different prosodic patterns. These
structures were used in the production test. 28 Finnish and
Japanese subjects participated in the two perception tests and
three speakers of each language in the production test.

The results showed that (1) the short vowels/consonants
in the two perception tests were longer than in the production
tests; (2) the word-structural differences had more effect than
the prosodic conditional differences in both Finnish and
Japanese in both tests; (3) the short segmental durations were
shorter in Finnish in the three choices than in the two choices
but the Japanese counterparts were the reverse; (4) there was a
correlation in some cases between perception and production.

1. Introduction

Japanese and Finnish can be compared in terms of the
durational differences of linguistically distinctive short/long
vowels and short/long consonants. Finnish can have bisyllabic
real words comprising eight different kinds of syllable
structure with combinations of phonologically short/long
vowels and short/long consonants — CVCV, CVCVYV,
CVVCV, CVVCVYV, CVCCV, CVCCVV, CVVCCV, and
CVVCCVV. Japanese can have seven of these, the exception
being CVVCCVV.

This study is part of the series of perception tests utilising
these eight kinds of syllable structure (bisyllabic synthetic
nonsense words) with three kinds of FO and dB variance
patterns of quantitative distinctions, short/long, of
vowels/consonants between Japanese and Finnish. The test
conditions were 120. Isei-Jaakkola [1] analysed 1,640 words
(n=7 for Finnish and 7 for Japanese), showing that the
perceptual boundary area was wider in range and larger in
standard deviation for both vowels and consonants in Finnish
than in Japanese given three choices. Isei-Jaakkola [4] then
compared the perceptual boundary area between two and
three choices utilising the same materials (n=14 for Finnish
and 14 for Japanese, 3,280 words), which showed that in two
choices, the range was wider for vowels in Japanese than in
Finnish but not for consonants. In [3], utilising the same
materials, Isei-Jaakkola compared the maximum long
segments between two and three choices. The results showed
that Finnish reached the minimum durational point of long
vowels/consonants in less time than the Japanese, but the
Finns had wider prosodic conditional variations than the
Japanese. These three experimental results showed that the
word-structural differences had more effect than the prosodic

conditional differences in differentiating between short and
long segments in both Finnish and Japanese and that the
testing methodology affected the perceptual boundary area
and long segmental durations.

In this study I attempted to clarify the maximum short
quantity, which is the longest point of the short segment (S in
Fig. 1, cf. L = long segment) judged to lie at the border
between the short segment and the uncertain area (U in Fig. 1)
(see the arrow in Fig. 1) between Finnish and Japanese in two
perception tests: requiring responses to two- and three-choice
alternatives utilising the same materials as in the three
experiments above.
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Figure I: Ilustration of the maximum short segment.

Isei-Jaakkola [2] measured the absolute durations of
Finnish and Japanese short/long vowels/consonants with the
combinations of / , m, p, s/, utilising the same syllable
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structures as in the perception test. Table 1 lists the durations
of the vowels occurring in the first and second syllable and of
the word-medial consonants for comparison purposes in this
study. The terms ‘al’ and ‘a2’ mean / } / occurring in the first

and second syllable respectively and ‘m2’, ‘p2’ and ‘s2’ mean
the word-medial short consonants. Maximum short segments
in perception can be systematically obtained only by the
contrast with their long counterparts, whereas in production
short segmental durations can be obtained without contrasting
long counterparts.

Table I: Durations (ms) of the short vowels and
word-medial short consonants between Finnish and
Japanese in production.

al a2 m?2 p2 s2
Finnish | 88.7 | 69.9 69.1 94.4 82.8
Japanese | 84.8 | 744 | 69.2 96.4 88.5

Hence, this study will consider the following questions
concerning differences between these language speakers in
terms of short quantity of perception (maximum short
segments) and production.

(1) Are there differences between syllable structural (SS)
and prosodic conditional (PC) differences according to the



testing methodology between two or three choices in the
perception tests between Finnish and Japanese?

(2) Is there a correlation between perception and
production between Finnish and Japanese?

2. Experiments

2.1. Experimental conditions

For the perception tests, stimuli were created from bisyllabic
nonsense words with the combinations of / , m, p, s/, using

)

an Infovox speech synthesizer. The number of vowel stimuli
(50-200 ms) was 16 and the number of corresponding
consonants was 12 for word-medial /p-pp/ (90-200 ms), 11 for
/m-mm/ (60-160 ms) and 13 for /s-ss/ (80-200 ms) with a 10
ms incremental increase for all four phonemes. In each word,
only one segment had these incremental increases, the other
segmental durations within each word remaining unchanged.
In addition, the vowel in the first and second syllable had
unchanged FO (100 Hz - Level) and changed FO (120 Hz/95
Hz - HL, 95 Hz/120 Hz - LH), and unchanged intensity (26
dB = Level) and changed intensity (29/26 dB = SW, 26/29
dB = WS). Hence there were five conditions in eight different
syllable structures amounting to 120 test sets for vowel and
consonant distinctions.

2.2. Subjects and responses

Seven Japanese subjects who are Tokyo dialect speakers and
seven Finnish speakers from Helsinki and its surroundings
participated in the two discrimination tests respectively. One
group had to choose one out of two choices (short or long)
and the other one out of three choices (short, long or
uncertain). The number of word responses was thus 3,280
(58,240 word responses). The mean values were used for
results and analysis.

3. Results

3.1. The overall mean duration

Table 2 shows the overall mean maximum short segmental
durations for vowels and consonants in the two and three
choices of the perception tests between Finnish and Japanese.
These values indicate that the maximum short segmental
durations in the perception were longer, except for F3p (86.6
ms), than the short segmental durations in production (cf.
Table 1) in both Finnish and Japanese. The maximum short
segmental durations in two choices were longer than those in
three choices in Finnish but were the reverse in Japanese in all
cases. Comparing two and three choices, they were longer in
Japanese than in Finnish, except for J2m (77.6 ms) and J2p
(97.9 ms).

Table 2: The maximum short segmental durations (ms)
in the perception tests.

F2a 106.5 2a 107.4 F<J
F3a 96.5 I3a 109.8 F<J
F2m 80.5 J2m 77.6 F>)
F3m 78.9 I3m 83.4 F<J
F2p 99.1 I2p 97.9 F>J
F3p 86.6 I3p 100.8 F<J

F2s 93.2 I2s 94.8 F<J
F3s 83.5 J3s 98.2 F<J

Observing the overall mean range (R) and standard
deviation (SD), the R of the vowel was shorter in Finnish (10.5
ms) than in Japanese (18.6ms) in two choices but not in 3
choices (F. 10 ms, J. 8.6ms) in syllable structural differences.
In prosodic conditional differences, the R of the vowel was
longer in Finnish (18.6 ms) than in Japanese (15.7 ms) in two
choices but shorter in Finnish (11.4 ms) than in Japanese
(14.3ms) in three choices. The SD of the vowel was smaller in
Finnish (4.5 ms) than in Japanese (6.7 ms) in two choices but
not in 3 choices (F. = 6.7 ms, J. = 3.5 ms) in syllable structural
differences. In prosodic conditional differences, this was larger
in Finnish (11.1 ms) than in Japanese (7.8 ms) in two choices
but smaller in Finnish (6.7 ms) than in Japanese (8 ms) in three
choices.

The R of the consonants was the same in both Finnish (10
ms) and Japanese (10 ms) in two choices but was shorter in
Finnish (4.3 ms) than in Japanese (12.9ms) in three choices in
syllable structural differences. In prosodic conditional
differences, it was shorter in Finnish (8.6 ms, 12.9 ms) than in
Japanese (15.7 ms, 17.9ms) in both two and three choices. The
SD of the consonants was the same in both Finnish (4 ms) and
Japanese (4 ms) in two choices but was shorter in Finnish (2
ms) than in Japanese (4.2 ms) in three choices in syllable
structural differences. In prosodic conditional differences, it
was shorter in Finnish (3.7 ms, 5.5 ms) than in Japanese (6.6
ms, 8.1 ms) in both two and three choices.

3.2. Structural differences

Figure 5 illustrates the maximum short vowel durational
variations (ms) according to four syllable structures, each
surrounding consonant and two and three choices in Finnish
and Japanese. Figures 2, 3 and 4 illustrate the maximum short
consonantal durational variations (ms) in both the two and
three choices depending on the prosodic variants within each
of four different syllable structures in Finnish and Japanese.
In the figures, F2 implies the two choices in Finnish and J2
the same in Japanese, and F3 the three choices in Finnish and
J3 the same in Japanese. In the vowels, /m, p, s/ imply the
surrounding consonants /m, mm, p, pp, S, s/ and in
consonants, these imply the word-medial consonants in
differentiating short segments from long segments: /mm, pp,
ss/. The numerals 1 ~ 4 in the Figures 2 ~ 4 imply the syllable
structures: 1=CVCV-CVCCV, 2=CVCVV-CVCCVV,
3=CVVCV-CVVCCV, 4=CVVCVV-CVVCCVV. These
apply to Figures 6 ~ 8 as well.

In terms of the vowel, the mean maximum durational
order was CVVCV-CVVCVV (‘a2’) > CVCVV-CVVCVV
(‘al’) > CVCV-CVCVYV (‘a2’) > CVCV-CVVCYV (‘al’) from
the longest to the shortest. The R was shorter in Finnish than
in Japanese in two choices, but was the reverse in three
choices, except the case of C = /m/. The SD showed the same
results for both Finnish and Japanese.
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Figure 2: Mean maximum durations of / /.
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Figure 3: Mean maximum durations of /m/.
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Figure 4: Mean maximum durations of /p/.
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Figure 5: Mean maximum durations of /s/.

In terms of the maximum short consonants, the durations
of /p/ and /s/ in CVCV-CVCCYV were the longest, while /m/ in
CVVCVV-CVVCCVYV was longest of all four in both Finnish
and Japanese. However, the order of each consonantal
duration depending on the remaining syllable structures did
not show regular patterns. The R of /m, p/ was longer in
Finnish than in Japanese but that of /s/ was shorter in Finnish
than in Japanese in two choices. On the other hand, in three
choices that of /p, s/ were longer in Japanese than in Finnish
but that of /m/ was shorter in Japanese than in Finnish. The
SD of /m, p, s/ was smaller in Finnish than in Japanese in two
choices, while in three choices only /m/ was larger in Finnish
than in Japanese.

3.3. Prosodic conditional differences

Figure 5 illustrates the maximum short vowel durational
variations (ms) according to each prosodic variant, each
surrounding consonant and in two and three choices between
Finnish and Japanese. Figures 6, 7, and § illustrate the mean
durational variations (ms) of the Finnish and Japanese
maximum short consonants in four syllable structures within
each prosodic variant between Finnish and Japanese.

In terms of the vowel, the mean maximum duration was
the shortest in SW for both two and three choices in both
Finnish and Japanese, but there were no regular patterns in the
durational order according to the prosodic conditions. The
mean R was shorter in Finnish (F2m 24.3 ms, F2p 17.1 ms,
F2s 30 ms, F3m 27.1 ms, F3p 24.3 ms) than in Japanese (J2m
27.1 ms, J2p 21.4 ms, J2s 31.4 ms, J3m 35.7 ms, J3p 28.6 ms)
in two and three choices, except the case of C = /s/ in three
choices (F3s 26.9 ms > J3s 24.3 ms). The mean SD showed
the similar results for both Finnish (F2m 8.9 ms, F2p 8.2 ms,
F3m 11 ms, F3p 9.5 ms) and Japanese (J2m 13.8 ms, J2p 13.8
ms, J3m 17.1 ms, J3p 11.7 ms), except C = /s/ (F2s 13.6 ms =
J2s 13.6 ms, F3s 9.6 ms > J3s 9.4 ms), in two and three
choices.

In terms of the consonants, only /s/ in three choices
showed the regular pattern SW < WS < Level < HL < LH, but
there were no regular patterns in the durational order of the
consonants. The mean R of /m, p/ was shorter (F2m 7.1 ms,
F2p 14.3 ms) in Finnish than in Japanese (J2m 10 ms, F2p
21.4 ms) but that of /s/ was longer in Finnish (F2s 15.7 ms)
than in Japanese (J2s 12.9 ms) in two choices. On the other
hand, in three choices the mean R of /m, s/ was longer in
Finnish (20 ms, 14.3 ms) than in Japanese (8.6 ms, 8.8 ms)
but that of /p/ was much longer in Japanese (26.4 ms) than in
Finnish (11.4ms). The mean SD of /m, p/ was smaller in
Finnish (2.3 ms, 6.4 ms) than in Japanese (4.2 ms, 10.1 ms)
and that of /s/ larger in Finnish (6 ms) than in Japanese (5.9
ms) in two choices. On the other hand, in three choices the SD
of /m, s/ was larger in Finnish (8.7 ms, 5.8 ms) than in
Japanese (4 ms, 4.8 ms) but that of /p/ was smaller in Finnish
(5.9 ms) than in Japanese (12.1 ms).
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Figure 6: Mean maximum durations of / /.
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Figure 7: Mean maximum durations of /m/.
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Figure 8: Mean maximum durations of /p/.
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Figure 9: Mean maximum durations of /s/.

3.4. A correlation between perception and production

Table 3 shows the correlation between perception and
production. Comparing the (maximum) short segments
between two and three choices, there was a tendency for a
stronger correlation in ‘al’ with C = /m, p/ and the
word-medial consonant /m/ between the perception and
production.

Table 3: The coefficient of correlation between
perception (maximum short) and production (short).

2 2 3 3
Finnish |Japanese| Finnish |Japanese

m 0.77 0.74] 0.83 0.52]

Vowels |al| p -0.73 0.87 -0.79 0.82
S 0.42] 0.74] 0.59 0.63

a2| m 0.145 0.714] -0.026 0.42

p -0.28]  -0.246) -0.464 -0.15

S -0.39] -0.418 -0.391 -0.45

Consonants | m 0.98 0.52 0.99 0.84
p -0.43 -0.65 -0.42 -0.41

S -0.29 -0.69 -0.48 -0.51

4. Conclusions

From the above observations, I can draw the following
conclusions as a general tendency: (1) the maximum short
durations of vowels/consonants in the two perception tests
was longer than in the production test, except for F3p; (2) the
word-structural differences had more effect than the prosodic
conditional differences in both Finnish and Japanese in both
two and three choices; (3) the short segmental durations were
shorter in Finnish in the three choices than in the two choices
but the Japanese counterparts were the reverse; (4) there was a
tendency for a stronger correlation in ‘al’ preceded and
followed by /m, p/ and the word-medial consonant /m/
between perception and production.
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