
Vol. 4 Page 124 Session 72. 2 ICPhS 95 Stockholm

Cross Language Study of Perception of Dental Fricatives
in Japanese and Russian

Seiya Funatsu

Hiroshoma women '5 University, Hiroshima, Japan

ABSTRACT

The characteristics of Japanese

fricatives and Russian fricatives were

compared in two ways: (I) by spec-

trographic analysis and (2) through

perception tests of Japanese frica-

tives by Russian subjects and of

Russian fricatives by Japanese sub-

jects. In the case of Japanese, lsj/ is

characterized by a higher F20 and

lower NF than /s/. In Russian, /s’/

has nearly the same NF as /s/ and is

characterized by a higher F20 than

/s/. On the other hand, / i / has

nearly the same F20 as /s/ and a
lower NF than /s/. In Russian sub—
jects, there was a tendency for some
of the /sj/ sounds to be identified as
/s/. Japanese subjects showed a large
confusion between /s’/ and / j /.

These results can be explained by the
boundaries of native language.

INTRODUCTION
Japanese has two dental fricatives

/s/ and /sj/ (which is, phonetically,
generally transcribed as [I ] ) and
Russian has three dental fricatives /s/,
/s'/ and /l /. When Japanese study
Russian and when Russians study
Japanese, Japanese fricatives /s/ and
/Sj/ and Russian fricatives /s/, /s’/
and /l/ interfere with each other.
This paper describes the results of
acoustic analyses of Japanese and
Russtan fricatives and the results of
perception tests.

ACOUSTIC ANALYSIS
Experimental procedure
Japanese speech samples

The speech samples were com-

posed of the following 48 bi syllabic

words including nonsense words.

The target syllables were word initial

syllables.

«t;}{:}{§}ti}
In the above list, the words contain-

ing the syllables /si/ or /ti/ were ex-

cluded because these syllables are

phonetically realized as [ji] or [tii].

These bi syllabic words were uttered

by three male speakers. These 48

speech samples were analyzed.

Russian speech samples

The Russian speech samples for

the acoustic analysis were 45 words

which have the syllables /sa/, /su/,

/so/, /s'a/, /s'u/, /s'o/, llal, /_lu/,

/Io’ in the word-initial position.

These words were produced by three

male speakers ofthe Moscow dialect.

Method of analysis

Two acoustic parameters were
measured using a spectrograph

analysis program on a personal com-

puter. One parameter was the fre-
quency of the peak power in the

fricative noise spectrum (NF). The

other parameter was the onset fre-

quency of the second formant transi-

tion of the following vowel (F20).

For measuring the formant, the

speech samples were sampled at
IOkHz with an accuracy of 12 bits
per sample, and FFT analyses were

performed. F20 were measured by

Visual inspection of the spectrogram.
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As for noise frequency, the speech

samples were sampled at 20kHz and

the central parts of the noise periods

were extracted using a 51.2-ms

Hamming window. NF were deter-

mined by visual inspection of the

spectrum.

Results

The results of the acoustic analy-

sis are shown in Fig. 1. In the case of

Japanese, ls is characterized by a

higher NF and lower F20 than /s/. In

Russian, /s'/ has nearly the same NF

as /s/ and is characterized by a higher

F20 than /s/. On the other hand, / I/

has nearly the same F20 as /s/ and a

lower NF than /s/.

In this figure, it is clear that Japa-

nese /s/ and /sj/ and Russian /s/, /s’/

and / I / all exhibit the coarticulatory

effect. Both Japanese and Russian

words, when followed by vowel /o/,

NF and F20 are lower than vowel /a/.

However, in vowel /u/, in Japanese

NF and F20 are nearly the same as

vowel /a/, while in Russian, NF and

F20 are close to vowel /o/. As men-

tioned above, in vowel /a/, Japanese

/sj/ is located between Russian /s’/

and / I / on the NF—FZO plane, but in

vowel /o/ and /u/, Japanese /sj/ is lo-

cated near Russian /s‘/.

PERCEPTION TESTS

Perception test of Japanese sounds

by Russian subjects

Speech samples

The Japanese speech samples for

the perception test were the words

which were used in acoustic analysis.

These words were sampled at 20kllz

and stored in a computer. They were

presented to the subjects in random

order at intervals of 25.

Subjects

The subjects were 27 Russian

students who had studied Japanese

for 1 month in Russia. They were in-
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structed to identify the initial conso-

nant in each word as either /s/ or lsj/.

Results

Table I shows the confusion rates

between /s/ and /sj/. The over-all er-

ror rate is not so large, but there was

a tendency that some of the /sj/

sounds to be identified as /s/. But the

reason for this type of error is not

clear at present and further acoustic

analysis of these sounds and percep-

tion tests of synthesized sounds are

necessary.

Perception test of Russian sounds

by Japanese subjects

Speech samples

The Russian speech samples for

the perception test were the words

which were used in the acoustic

analysis. These words were sampled

at 20kHz and presented to the sub-

jects in random order at intervals of

25.

Subjects

The subjects were 38 Japanese

students who had studied Russian for

2 months in Japan. The subjects were

instructed to identify the initial con‘

sonant in each word as either /s/, /s'/

or / l /.

Results

The results are shown in Table 2.

It can be seen in the Table 2 that the

Japanese subjects showed a large

confusion between /s'/ and IS /, but

the confusion between /s/ and /l /

and the confusion between /s/ and /s'/

were very small. Data in Fig. 1 sug-

gests that on the NF-F2O plane the

Japanese phonetic boundary forms an

oblique line. The upper left region is

/s/, and the lower right region is /sj/.

Both of the Russian fricatives, /s'/

and /l/, are located in the region of

Japanese /sj/. The above results can

be considered as a natural conse—

quence ofthis acoustic pattern.

Another point to be noted in
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Table 2 is that Japanese subjects

identify some instances of Russian

/s'/ as /s/. The reason for this type of

error is not clear at present and fur-

ther acoustic analysis of these sounds

is necessary.

SUMMARY

As the results of the acoustic

analyses show, Japanese /s/ and /sj/

were distinguished mainly by both

NF and F20, while Russian Isl and

II /, /s/ and /s’/ were distinguished

mainly by NF only and F20 only re-

spectively.

In the perception test by Russian

subjects, some of /sj/ were identified

as /s/, while, by Japanese subjects,

they confused some of /s'/ with / l /.

These results may explain the effects

of native boundaries. But they are

not conclusive at present and further

experiments are necessary.

Table l. Confusion matrix ofJapanese

fricatives by Russian subjects.

following vowel la/

answer 5 sj

stimuli

s 98 2

sj 6 94

following vowel lo/

answer 5 sj

stimuli

s 09 l

sj 24 76

following vowel /u/

answer 5 sj

stimuli

s 96 4

sj 3 97
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Table 2. Confusion matrix of Russian

fricatives by Japanese subjects.

following vowel /a/

answer 5 s’ .l

stimuli

s 99 l O

s’ 12 69 19

i 1 26 73

following vowel /o/

answer 5 s’ l

stimuli

s 96 4

s‘ 19 51 30

i 2 24 74

following vowel /u/

answer 5 s’ .f

stimuli

s 92 6 2

s‘ 28 29 43

l 3 22 75


