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Abstract
This paper examined the intelligibility of English / / and / /
followed by the vowel / / produced by 20 native speakers of 
Japanese (JE / /, JE / /), and the acoustic characteristics of JE 
/ / and / / according to the different levels of intelligibility.  
Five native English speakers evaluated the intelligibility of JE 
/s/ and / / in the word-initial position of “seat” and “sheet.”  
The major energy peak locations were analyzed for / / and / /
produced by Japanese speakers and native English speakers, 
and for the Japanese sibilant / /.

It was found that the overall intelligibility was lower for 
JE / / than for / / and that JE / / and / / with low intelligibility 
were heard as / / and / /, respectively.  When the 
intelligibility was lower, JE / / had energy peaks in the lower 
frequencies, and JE / /, in the higher frequencies, having 
characteristics similar to / /.  L1 transfer occurred in the 
pronunciation of English / / and / / by Japanese speakers.   
Index Terms: intelligibility, voiceless sibilants, cross-lingual, 
English, Japanese learners

1. Introduction
The language sounds produced by L2 learners generally have 
strong or weak accents.  Various linguistic reasons could be 
given for this; one could consider the phonotactic differences 
between L1 and L2, the target language, as one of the reasons. 

The English voiceless alveolar sibilant / / can be followed 
by any kind of vowel.  However, in Japanese, which has five 
vowels, / / co-occurs with only the four following vowels: / /,
/ /, / /, and / /.  When followed by the vowel / /, the 
consonant changes its place of articulation to being 
palatalized, and is pronounced as an alveolo-palatal sibilant, 
symbolized as / / for the IPA.  The Japanese language does 
not have the post-alveolar sibilant / /.  These often cause 
Japanese learners of English some difficulty in discriminating 
between / / and / / when the consonants are followed by / /.
They tend to pronounce both sibilants as the Japanese / /.

The question then arises as to how native speakers of 
English hear the two English sibilants / / and / / followed by 
/ / pronounced by Japanese learners.  This paper examined the 
intelligibility of English / / and / / followed by the vowel / /
that were produced by native speakers of Japanese 
(henceforth, JE / / and / /); in addition, the paper seeks to 
examine the relationship between the different levels of 
intelligibility and the acoustic characteristics of JE / / and / /

to elucidate the acoustic features of JE / / and / / according to 
the different intelligibility levels.  Two experiments were 
conducted to investigate these issues: one involved evaluating 
the intelligibility of JE / / and / /, and the other was 
concerned with an acoustic analysis of the JE sibilants and the 
Japanese / /.

Few researches have been conducted on the intelligibility 
of JE sibilants and its relationship with acoustic factors based 
on the intelligibility levels.  The findings of this study could 
provide some suggestions to improve phonetic education of 
the Japanese learners of English and of the learners whose 
native language has phonotactic phenomena similar to those 
of the Japanese language.

2. Experiment 1 
Native speakers of English evaluated each production of JE 
/ / and / / in order to investigate their intelligibility. 

2.1. Materials
The stimulus corpus for the evaluation comprised 39 different 
monosyllabic English words read by 20 native Japanese 
speakers, including “seat” and “sheet” to be examined for this 
study.  They were recorded in an anechoic chamber, using an 
electret condenser microphone connected to a DAT recorder.  
Each production was sampled at 44.1 kHz, randomly ordered, 
and burned on CDs. 

2.2. Speakers
The speakers were 20 Japanese learners of English—9 males 
and 11 females.  They were all university students in Japan, 
between 18 and 23 years of age.  Eleven were English majors 
and 9 were non-English majors.

They had received standard English education in junior 
and senior high school in Japan; none of them were educated 
at a school where English was the sole medium of instruction.  
Only two of the 20 speakers had resided in another country 
for six months or more.  One had lived in the US for two 
years during the ages of 5 and 6, where she only spoke in 
English.  She then continued learning English after returning 
to Japan.  The other speaker had lived in England for a year 
when she was 22, and spoke English routinely there. 

2.3. Evaluators 
Five native English speakers, between the ages of 23 and 50, 
participated in the evaluation.  They comprised two 
Americans—a male and a female—living in the US and three 
British—two males and one female—living in the UK.  None 
of them had any prior experience of learning Japanese or 
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living in Japan for an extended period; for one male of the 
British persons, the evaluation was conducted during his first 
month-long visit to Japan.  None of the evaluators were 
accustomed to the English spoken by the Japanese.  Two of 
them had received phonetic training at institutions of higher 
education.

2.4. Procedure
Each evaluator was given evaluation sheets and the CDs 
containing the total of 780 (39x20) English words pronounced 
by the native Japanese speakers.  Two sheets—(1) and (2)—
were assigned to each word; one side of sheet (1) was folded 
to ensure that the evaluators could not see the word written on 
it.  Each evaluator performed the evaluation task at his/her 
own pace by following the written instructions. 
      First, they listened to the JE productions on the CDs that 
were inserted in their own computer; then, on sheet (1), they 
spelled out each sound that they heard.  They could listen to 
each sound as many times as they wanted to.  If they were 
completely unable to understand the word, they could mark a 
cross (x) on the sheet.  They could then open the fold on sheet 
(1) to view the actual word that was pronounced by the 
Japanese speaker written on sheet (2), compare it with the 
word they had written down on sheet (1), and rate the 
intelligibility level of the pronunciation of each initial 
consonant (/ / or / /) on a three-point scale: 3 = 
Excellent/Good, 2 = Fair, or 1 = Poor.  They could write 
comments, if they wanted to, on the JE pronunciation in a 
specified section on sheet (2).   

2.5. Results
The scores assigned by the five different evaluators to each 
sound produced by a native Japanese speaker were averaged.  
Table 1 presents the number of speakers assigned to each of 
the three intelligibility levels and the mean scores for each 
initial consonant.  The scores at the three intelligibility levels 
were significantly different from each other in each consonant 
(p<0.001).

Table 1. The mean scores and the number of
Japanese speakers at the three intelligibility 
 levels for / / and / /.

Table 1 indicates that the intelligibility of JE / / was 
lower than / / (mean scores: 2.27 and 2.45, respectively).  The 
mean scores of the Poor and Fair intelligibility levels were 
lower for JE / / than for JE / /.  These demonstrate that JE / /
had a greater possibility of being misheard than / /.

The words spelled out on sheet (1) and the comments on 
sheet (2) revealed that 90 % of the total number of JE / /
productions and 85 % of that of JE / / productions were heard 

as / / and / /, respectively, by native English speakers when 
their intelligibility level was low (1.0–1.9).                  

3. Experiment 2 
The acoustic analyses of the initial consonant of each 
production, JE / / and / /, their English equivalents, and the 
Japanese sibilant / / were conducted to examine the 
relationship between the intelligibility and the acoustic 
characteristics of the JE sibilants, and to compare the JE 
consonants with their English equivalents and / / to 
investigate the presence and degree of L1 transfer.  

3.1. Speech materials 
The JE productions were the same as those used in 
Experiment 1.  The English materials were the same words 
(“seat” and “sheet”) as the JE productions and were produced 
by four native English speakers.  All speakers, two males and 
two females, spoke General American.  They resided in Japan 
for more than four years, and the longest residence was for a 
total of approximately 18 years.  They are all teachers of 
English, and their ages ranged from 29 to 53.

The Japanese materials for analysis comprised a 
disyllabic/trimoraic word “shiito” (/ /) produced by six 
native Japanese speakers (three males and three females) 
chosen from among the speakers of the English materials.  
Four of them spoke the Hiroshima dialect and two of them, 
who were from Yamanashi in the Kanto area, were 
considered to speak standard Japanese.  There are no 
significant differences in these two dialects spoken by the 
younger generation with regard to the pronunciation of the 
sibilants.  

The English and Japanese productions by the native 
speakers of both languages were recorded in the same way as 
the JE productions.  Each production was sampled at 44.1 
kHz and filed in a computer.

3.2. Methods
The duration and frequencies of the first and second major 
energy regions (energy peak locations) of the JE, English, and 
Japanese sibilants (/ /, / /, and / /) were measured.  An FFT 
and LPC spectrum were used for the measurement, with a 
sample rate of 44.1 KHz and a window length of 2048 points.  
This corresponded to duration of 46 ms.  Due to the semi-
random nature of fricative noise (Ladefoged [4]), we 
averaged each of two major peaks in the LPC spectral curves 
at three temporal locations during the 50% center portion of 
the sibilant duration: spectra at the point of 25% temporal 
location plus 23 ms, 50% temporal location (middle of the 
duration), and 75% temporal location minus 23 ms.  Since 
energy peak locations differ between males and females, 
being higher in frequency for females (Kent and Read [3]), 
the values were averaged by sex.  
      In order to investigate the relationship between the 
acoustic data and the intelligibility of the JE sibilants, the 
intelligibility scores were compared with the duration and the 
energy peak locations for JE, English, and Japanese sibilants.  
L1 transfer in the pronunciation of the two English 
consonants was also examined.     

3.3. Results
Tables 2, 3, and 4 indicate that the first and second energy 
peaks for JE, English, and Japanese sibilants were in the 

mean score
1.0-1.9 5 1.36
2.0-2.9 8 2.64

3.0 7 3.00
 (ave.)    2.45

1.0-1.9 7 1.31
2.0-2.9 6 2.53

3.0 7 3.00
 (ave.)    2.27

intelligibility
level

number of
speakers
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higher frequencies for the females than for the males, 
regardless of intelligibility levels, with the exception of the 
lowest level of JE / /: in this last case, the peaks for females 
were in the lower frequencies than those for the males 
probably because only one female was allotted to this level 
with the mean score of 1, which meant that all the evaluators 
assigned the score of 1 to her production of / /.

Table 2. The energy peaks for and durations of  / /
and / / produced by native English speakers and
the Japanese sibilant / /.

As shown in Table 2, / / had the energy peaks in the 
higher frequencies than / / without regard to sex: the mean 
values for peaks 1 and 2 were 7847.9 Hz and 9982.8 Hz for 
/ / and 3373.5 Hz and 5903.8 Hz for / /, respectively.  The 
frequencies for the energy peaks for Japanese / / were 
between those for English / / and for / / (henceforth, NE / /
and / /), but nearer to NE / / than to NE / / for both sexes: the 
mean values for peaks 1 and 2 were 4822.9 Hz and 7230.4 Hz, 
respectively.  With regard to the duration, / / was the longest 
and / / was the shortest of the three sibilants.  Further, there 
appeared to be no clear distinction between males and 
females.

Table 3. The energy peaks and duration for / /
produced by native Japanese speakers at the three 
intelligibility levels. 

Table 3 indicates that the mean values for the energy 
peaks for JE / / were lower than those for NE / / and higher 
than those for NE / / and / / across both sexes: 6890.1 Hz for 
peak 1 and 9367.7 Hz for peak 2.  Overall, JE / / was 
acoustically between NE / / and / /, which was closer to, but 

different from, NE / / in terms of energy peak locations.  The 
duration for JE / / was shorter than NE / / and longer than / /.

 With regard to the relationship with the intelligibility 
levels, the lower the level, the lower was the frequency for 
the energy peaks for both sexes, with the exception of those 
for males at level 3.  The correlation was measured between 
the scores and the formant values for peaks 1 and 2 and also 
the duration for males and females.  There was no correlation 
between the scores and the duration for both males (r=–0.05) 
and females (r=0.19).  However, a stronger positive 
correlation was found between the scores and peak 1 and peak 
2 for females (r=0.65, 0.63) and males (r=0.71, 0.37).  
Therefore, for males, intelligibility was more closely related 
to the energy peak 1.   

At the lowest level (1.0–1.9), JE / / had energy peaks that 
were similar to those for / /: JE / / had peaks 1 and 2 at 
4324.9 Hz and 7487.3 Hz, respectively; and / /, at 4822.9 Hz 
and 7230.4 Hz, respectively.  It is probable that the Japanese 
speakers substituted the Japanese / / for / /.  It is notable JE 
/ / produced by a female, at this lowest level, was 
acoustically very close to female NE / /: she might mix up / /
with / /.
      At the intelligibility level of 2, JE / / had the major region 
of noise energy in the lower frequencies than did NE / / for 
both sexes; however, there was not a considerable difference 
between the two.  JE / / for males was acoustically closer to 
NE / / than that for females, which resulted in the higher 
score for males in the intelligibility evaluation (mean scores: 
2.80 for males and 2.56 for females).  For females, the energy 
peaks for / / at the intelligibility level of 3 were in a region of 
higher frequency than those for NE / /; whereas, the energy 
peaks for / / for males were in a lower region than NE / /.

Table 4. The energy peaks and duration for / / produced 
by native Japanese speakers at the three intelligibility 
levels.

Table 4 shows that the higher in frequency the major 
region of noise energy for JE / /, the lower was the 
intelligibility—with the exception of peak 2 for females at the 
highest intelligibility level 3, which was higher than that at 
the middle level (2.0–2.9) (6973.3Hz).  The measurement of 
the correlation between the scores and the duration and also 
the formant values for peak 1 and 2 showed that there was no 
correlation between intelligibility and the consonant duration 
for both sexes.  However, a stronger negative correlation was 

peak 1 peak 2 duration
         (Hz)          (Hz)          (ms)

male 7246.7 9495.2 222.0
female 8449.2 10470.3 232.7
mean 7847.9 9982.8 227.3
male 2944.7 5680.3 271.4

female 3802.3 6127.3 255.4
mean 3373.5 5903.8 263.4
male 4275.1 6781.1 160.7

female 5370.8 7679.7 168.8
mean 4822.9 7230.4 164.8

peak 1 peak 2 duration
         (Hz)          (Hz)          (ms)

male 1.35 4910.9 7772.4 196.6
female 1.27 6759.4 10004.4 196.4
mean 1.31 5703.1 8729.0 196.5
male 2.20 3854.0 6119.7 142.7

female 2.60 4370.3 6973.3 216.3
mean 2.53 4284.3 6831.1 204.0
male 3.00 3476.0 6220.9 179.7

female 3.00 4275.6 7203.7 177.2
mean 3.00 3818.7 6642.1 178.7
male 2.18 4155.7 6899.2 183.1

female 2.35 4996.1 7862.8 200.2
mean 2.27 4617.9 7429.2 192.5

3.0

total mean

intelligibility
level

mean
score

1.0-1.9

2.0-2.9

peak 1 peak 2 duration
         (Hz)          (Hz)          (ms)

male 1.45 4399.1 7677.3 203.3
female 1.00 4028.3 6727.0 175.3
mean 1.36 4324.9 7487.3 197.7
male 2.80 6860.2 9113.2 187.2

female 2.56 7627.7 9945.9 187.3
mean 2.65 7339.9 9633.6 187.2
male 3.00 6460.3 8399.3 191.3

female 3.00 8907.3 11210.0 197.3
mean 3.00 8208.2 10407.0 195.6
male 2.24 5677.5 8316.4 195.3

female 2.62 7882.2 10227.8 190.7
mean 2.45 6890.1 9367.7 192.8

mean
score

intelligibility
level

1.0-1.9

2.0-2.9

3.0

total mean

2323



seen between the scores and both of the peaks: for females, 
r=–0.75, –0.65 for peak 1 and 2, respectively, and for males, 
r=–0.70, –0.71, respectively.  The total mean values of energy 
peaks for JE / / were higher than those for NE / / and lower 
than those for NE / /.  It can be said that JE / / was between 
NE / / and NE / /, but acoustically closer to / /.

At the lowest level of 1, the energy peaks for JE / / were 
at a higher frequency than NE / / and were closer to the major 
region for / /; however, peak 2 for females was closer to that 
for NE / /.  At level 2, JE / / produced by male speakers was 
acoustically similar to / /: peaks 1 and 2 were 3854.0 Hz and 
6119.7 Hz, respectively.  In the case of female speakers, JE 
/ / was similar to NE / / than / /.  This might result in the 
higher intelligibility for female productions (mean score: 
2.60) than for the male ones (2.20).  JE / / at the highest 
intelligibility level had the major energy regions in higher 
frequency than NE / / and in lower frequency than / /.  It was 
acoustically between NE / / and / / in terms of energy peak 
locations, but was closer to NE / / for both sexes.

4. Discussion
Generally, it is said that / / has the major region of noise 
energy in higher frequencies than does / /.  This was reflected 
in the results of our experiment.  The Japanese sibilant / / was 
acoustically between NE / / and / / in terms of energy peak 
locations.

It was found that there were acoustic differences in 
energy peak locations for JE / / and / / according to their 
intelligibility levels.  JE / / with high intelligibility had peak 
locations in higher frequencies, which is the acoustic feature 
of / /.  However, JE / / with lower intelligibility had energy 
peaks in lower frequencies, which acoustically characterizes 
/ / or / /.  The overall acoustic characteristics of JE / / with 
the lowest intelligibility were similar to those of / /.  It 
indicates that the Japanese speakers mispronounced English 
/ / as the Japanese sound / / when it was followed by the high 
front vowel / /.  It was interesting to note that the native 
English speakers heard JE / / pronounced more like / / as / /.

On the other hand, JE / / with higher intelligibility had 
energy peaks in the lower frequencies, which characterizes / /.
However, JE with lower intelligibility had peaks in the higher 
frequencies, being more like / / or / /.  The energy peaks for 
JE / / with the lowest intelligibility were in the frequency 
regions closer to / / than / /.  It is notable that the native 
speakers of English heard JE / / and / / with lower 
intelligibility as / / and / /, respectively, when they were both 
acoustically similar to / /.  This could be attributed to the 
higher frequencies for the energy peaks for JE / / with low 
intelligibility than for JE / /, which indicates that JE / / had 
more characteristics of / /.  This suggests that on the whole, 
English / / would be more difficult for the native Japanese 
speakers to pronounce than / /.  This reflected the results of 
Experiment 1, in which JE / / was lower in intelligibility.  
Some comments by the native English speakers also 
demonstrated imperfect pronunciation of this consonant 
produced by the Japanese speakers: some comments on JE / /
with the intelligibility level of 2 read, “/ / is not quite right,” 

“it is between / / and / /,” or “it sounded a little stilted,” 
although the sound was spelled out as “sh.” 

Considering further details about acoustic characteristics, 
with the frequencies for energy peak 1 lower than about 4 
kHz and that for peak 2 lower than around 7600 Hz for males 
and approximately 6700 Hz for females, JE / / would be low 
in intelligibility.  The possibilities of low intelligibility for JE 
/ / would be greater when the frequencies for peak 1 are 
higher than about 4900 Hz for males and 6700 Hz for females 
and when those for peak 2 are higher than around 7700 kHz 
for males and about 10 kHz for females.  When the 
frequencies are lower than approximately 3400 Hz for males 
and 4200 Hz for females for peak 1, and lower than 6200 Hz 
for males and 7200 Hz for females for peak 2, JE / / would be 
highly intelligible.  Further, JE / / would have high 
intelligibility when the frequencies for peak 1 are higher than 
about 6400 Hz for males and about 8900 Hz for females, and 
those for peak 2 are higher than around 8300 Hz for males 
and approximately 11k Hz for females.  

  A comparison between the energy peak locations for JE 
/ / and / / and the Japanese / / revealed L1 transfer in that the 
Japanese sound hindered the correct pronunciation of the 
English / / and / / followed by / /.  The Japanese speakers 
tended to substitute / / for / / or / /, or possibly mixed up / /
and / / in pronouncing them in this context.

5. Conclusions
The relationships between the intelligibility and the acoustic 
characteristics were investigated with regard to the English / /
and / / followed by / / produced by native Japanese speakers.  
The productions by native English speakers and the Japanese 
productions of / / were also acoustically analyzed and 
compared with JE / / and / /.

It was found that JE / / and / / with low intelligibility was 
heard as / / and / /, respectively.  The acoustic analysis 
revealed that the higher the frequencies for energy peak 
locations for JE / / and the lower the frequencies for energy 
peak locations for JE / /, the lower was their intelligibility.  
The duration of these consonants were not related with the 
intelligibility. 
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