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Abstract
This paper examined the intelligibility of the English mid-low 
central vowel /�/ produced by 20 native Japanese speakers 
(JE /�/), and the acoustic characteristics of JE /�/ according to 
the different levels of intelligibility.  Five native English 
speakers evaluated the intelligibility of JE /�/ in the word 
“but.”  F1 and F2 frequencies and the duration of JE /�/ were 
measured and compared with those of /�/ spoken by native 
English speakers and the Japanese vowel /a/.

It was found that JE /�/ with lower intelligibility was 
more often misheard for the low front vowel /�/ by the 
American listeners and tended to have a longer duration and 
higher F1 and F2 frequencies.  L1 transfer occurred in the 
pronunciation of /�/ by the Japanese speakers, which resulted 
in the differences in the perception of JE /�/ by the native 
English speakers. 
Index Terms: vowel production, English mid-low central 
vowel, Japanese speakers, intelligibility, cross-lingual 

1. Introduction
A number of studies have appeared concerning the 
characteristics of English sounds, both segmentals and 
suprasegmentals, produced by native speakers of Japanese.  
Very few attempts, however, have been made to give the 
explanations of acoustic characteristics of Japanese speakers’ 
English productions in consideration for their intelligibility.  
English as an international language nowadays has been more 
often used among non-native speakers, and under the present 
linguistic circumstances where varieties of English have been 
accepted, intelligibility is an important factor in successful 
English communication.

English has more than four times as many vowels as 
Japanese with only five basic vowels, and thus, in their 
productions, Japanese speakers tend to substitute a Japanese 
vowel for one or more English ones and have difficulties in 
discrimination.  The English mid-low central vowel /�/ is 
considered as the one that Japanese speakers have difficulties 
in pronouncing because it does not exist in Japanese.  It is 
said that they are apt to pronounce the Japanese low central 
vowel /a/ instead of /�/.  Then, how intelligible are the 
productions of the English /�/ sound produced by Japanese 
speakers? 

This paper examined the intelligibility of the English 
vowel /�/ produced by native speakers of Japanese 
(henceforth, JE), and sought to examine the relationship 
between the different levels of intelligibility and the acoustic 
characteristics of JE /�/ to elucidate the acoustic differences 
between the intelligible and unintelligible JE productions.  
Two experiments were conducted to investigate these issues: 

one involved evaluating the intelligibility of JE /�/, and the 
other was concerned with the acoustic analysis of JE 
productions, native English speakers’ productions (henceforth, 
NE), and the Japanese vowel /a/. 

From the viewpoint of English phonetic education, it is 
more difficult to teach how to pronounce the right vowel 
sounds than teaching consonants because different vowels are 
basically articulated with the different shapes of the tongue 
and lips.  This study could provide some suggestions for non-
native English speakers to improve their pronunciation of the 
English vowel /�/.

2. Experiment 1 
Native speakers of English evaluated the productions of JE /�/
in order to investigate their intelligibility. 

2.1. Materials

2.1.1. Stimulus sounds 

The stimulus corpus for the evaluation consisted of 28 
different monosyllabic English words with different vowels 
read by 20 native speakers of Japanese.  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.  Among these words, the word “but” which contains the 
vowel /�/ was analyzed for this study. 

2.1.2. Speakers

Twenty Japanese learners of English, 9 males and 11 females, 
participated in reading the English words.  They were all 
university students in Japan, between 18 and 23 years of age.  
Eleven were English majors and nine were non-English 
majors.   

They had received standard English education in junior 
and senior high schools 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. 

2.2. Evaluators 
Five native English speakers participated in the sound 
evaluation.  They were all native speakers of American 
English (GA), three females and two males between the ages 
of 21 and 64.  Three of them were university students in 
Hiroshima Prefecture who lived in Japan less than a year.  
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They had learned the Japanese language, and had little chance 
of speaking English with Japanese people.  The other two 
Americans lived in Indiana in the US.  They had no 
opportunities of communicating Japanese through spoken 
English.  Therefore, it is considered that none of the native 
English speakers were accustomed to the English spoken by 
Japanese people.  None of the five evaluators had received 
phonetic training. 

2.3. Procedure
Each evaluator was given evaluation sheets and the CDs 
containing a total of 560 (28x20) 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 vowel 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).

2.4. Results
The scores assigned by the five different evaluators to the 
vowel /�/ in “but” 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 of intelligibility for each level.  Table 2 shows 
the number of cases for the vowels and spellings which native 
English speakers evaluated.  The number of cases for each 
spelling is shown in the parentheses.

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

1.0-1.9 2.0-2.9 3.0

mean  score of
intelligibility 1.60 2.60 3.00 2.22

total

20number of
speakers

intelligibility levels

8 11 1

Table 2: The number of cases for the vowels and spellings 
at the three levels of intelligibility for /�/.

� 16 bat (14), bad (2)
�� 12 bought (12)
� 1 bot (1)
� 11 bat (11)
�� 1 bought (1)
� 8 but (8)

3 � 51 but (51) 51

1

2

intelligibility
levels

total

29

20

vowel no. of
cases

spelling

Table 1 indicates that the vowel /�/ was quite difficult for 
Japanese speakers because only one speaker was rated at the 
high level of intelligibility (3) and because 40% of the 
speakers were rated at the low level (1.0-1.9).  As shown in 
Table 2, the vowel rated at the low or mid level was 
mistakenly heard by the native English speakers as the low 
front vowel /�/ which accounted for 55.1 % of the low and 
mid level cases.  The vowel the evaluators second most 
frequently misheard /�/ for was the low back vowel /��/
(26.5 %), which is not distinguished from /�/ in American 
English (Midwest and California) (Ladefoged [1]).  It is 
probable that the Japanese speakers pronounced the Japanese 
vowel /a/, which is closer to /�/, as a substitute for /�/, and 
thus, the American evaluators misheard the word “but” for 
“bought” for some JE productions.  Therefore, /�/ tended to 
be heard as /�/ or /��/ (/�/) by American English speakers 
when its intelligibility was lower.   

3. Experiment 2 
The acoustic analyses of the vowel /�/ of each production, JE 
/�/, their English equivalent, and the Japanese vowel /a/ were 
conducted to examine the acoustic characteristics of JE /�/
according to the different levels of intelligibility, and to 
compare the JE vowel with their English equivalent and /a/ 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 word 
(“but”) as the JE materials which were produced by four 
native English speakers.  All speakers, two males and two 
females, spoke General American.  They were different 
speakers from the evaluators.  They resided in Japan for more 
than four years.  They are all teachers of English, and their 
ages ranged from 29 to 53 at the time of recording. 

The Japanese materials for analysis comprised a 
disyllabic/trimoraic word “batto” (/batto/) 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 the Kanto area, were the speakers of standard 
Japanese.  There are no significant differences in these two 
dialects spoken by the younger generation with regard to the 
pronunciation of the vowel.

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 11 kHz 
and filed in a computer.

3.2. Methods
The English and Japanese vowels were acoustically 

analyzed by computer, using speech analysis software.  In 
order to examine the temporal changes of formant frequencies, 
F1 and F2 frequencies were measured at the temporal 
locations 25%, 50% and 75% throughout the vowel portion of 
the word on the display of LPC formant tracks with a 25 ms 
hamming window employed.  The ratios of the F2 frequency 
to the F1 frequency (henceforth, formant ratios) at each 
temporal location were calculated on the basis of the 
measurements of formant values.  The vowel duration was 
also measured.   
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3.3. Results
Table 3 indicates F1 and F2 frequencies and the formant 
ratios at three temporal locations and the duration of NE and 
JE /�/ and the Japanese vowel /a/.  As shown in Table 3, on 
the average, there was not a big difference in vowel durations 
between NE and JE, but /a/ had much shorter duration than 
NE or JE.   

F1 and F2 frequencies and formant ratios for male JE 
were not very different from those for male NE, and both JE 
and NE had higher F1 and F2 and bigger formant ratios than 
/a/.  As for females, JE had higher F1, lower F2 and smaller 
formant ratios than NE.  F2 frequencies for female JE were 
closer to those for the Japanese vowel /a/.  F1 was higher for 
female JE than for /a/.  Both F1 and F2 rose throughout the 
vowel in NE and JE, but F1 and F2 changed more greatly in 
NE than JE or /a/ in both sexes. 

Table 3: Formant frequencies of F1 and F2 in Hz and the 
formant ratios at three temporal locations, and the duration 
of NE and JE /�/ and the Japanese vowel /a/.

male female mean
duration (ms) 151.3 149.5 150.4
25% F1 618.5 841.0 729.8
25% F2 1233.5 1604.0 1418.8
50% F1 675.0 895.5 785.3
50% F2 1251.5 1683.5 1467.5
75% F1 688.5 885.0 786.8
75% F2 1325.5 1755.0 1540.3
25% F2/F1 1.99 1.91 1.94
50% F2/F1 1.85 1.88 1.87
75% F2/F1 1.93 1.98 1.96
duration (ms) 143.3 155.7 150.1
25% F1 652.6 913.3 782.9
25% F2 1293.1 1494.8 1406.6
50% F1 698.9 925.4 818.1
50% F2 1246.9 1518.1 1396.1
75% F1 662.2 925.1 806.8
75% F2 1294.5 1605.7 1474.7
25% F2/F1 1.98 1.64 1.80
50% F2/F1 1.78 1.64 1.71
75% F2/F1 1.95 1.74 1.83
intel. score 2.16 2.27 2.22
duration (ms) 97.7 115.8 106.8
25% F1 607.7 804.7 706.2
25% F2 1130.3 1474.7 1302.5
50% F1 633.7 886.5 734.8
50% F2 1136.3 1547.0 1341.7
75% F1 655.3 781.0 718.2
75% F2 1163.3 1568.0 1325.2
25% F2/F1 1.86 1.83 1.84
50% F2/F1 1.79 1.75 1.83
75% F2/F1 1.78 2.01 1.85

NE

JE

/a/

Table 4 presents the acoustic measurements of JE /�/ at 
the three intelligibility levels.  It showed that the vowel 
duration was the longest for low intelligibility (178.9 ms for 
males, 179.5 ms for females) and that it was shorter for mid 
intelligibility (114.9 ms for males, 147.6 ms for females) or 
for high intelligibility (108.4 ms for females).  F1 and F2 
frequencies were higher when the vowel intelligibility was 
lower except the female F1 at the 50% and 75% temporal 
locations at the high level of intelligibility (3.0) which had a 
higher F1 than at the mid level. 

Table 4: Formant frequencies of F1 and F2 in Hz and the 
formant ratios at three temporal locations, and the duration 
of JE /�/ according to the intelligibility levels.

level male female mean
duration (ms) 178.9 179.5 179.2
25% F1 663.0 974.5 818.8
25% F2 1342.8 1591.7 1449.4
50% F1 716.5 1017.8 867.1
50% F2 1348.3 1581.8 1465.0
75% F1 704.8 1009.8 857.3
75% F2 1348.0 1637.3 1492.6
25% F2/F1 2.03 1.63 1.77
50% F2/F1 1.88 1.55 1.69
75% F2/F1 1.91 1.62 1.74
intel. score 1.55 1.65 1.60
duration (ms) 114.9 147.6 132.7
25% F1 644.2 900.0 757.9
25% F2 1227.0 1448.8 1365.6
50% F1 684.8 860.8 772.8
50% F2 1165.8 1487.8 1341.5
75% F1 628.2 865.7 757.7
75% F2 1241.0 1606.7 1460.4
25% F2/F1 1.90 1.61 1.80
50% F2/F1 1.70 1.73 1.74
75% F2/F1 1.98 1.86 1.93
intel. score 2.64 2.57 2.60
duration (ms) 108.4 108.4
25% F1 722.0 722.0
25% F2 1434.0 1434.0
50% F1 879.0 879.0
50% F2 1445.0 1445.0
75% F1 943.0 943.0
75% F2 1474.0 1474.0
25% F2/F1 1.99 1.99
50% F2/F1 1.64 1.64
75% F2/F1 1.56 1.56
intel. score 3.0 3.0

1.0-1.9

2.0-2.9

3.0

For the vowel with low intelligibility, F1 and F2 were 
higher than NE /�/ or /a/ except the female F2, which was 
higher than and closer to /a/, but lower than NE.  This 
indicates that on the whole, the tongue was lowered and more 
advanced than /�/ or /a/ when the vowel intelligibility was 
low.  It means that the vowel /�/ with low intelligibility was 
closer to the low front vowel /�/ in terms of articulation and 
acoustic characteristics.  To this could be attributed the larger 
number of cases where the evaluators misheard /�/ for /�/.

At the mid-intelligibility level, F1 and F2 were lower than 
NE /�/ except the male F1 which was higher than NE.  The 
difference of F1 and F2 frequencies between /a/ and JE with a 
midlevel intelligibility was smaller than between /a/ and JE 
with low or high intelligibility.  Therefore, JE /�/ with mid-
intelligibility was acoustically closest to /a/ among the three 
levels of intelligibility.    

F1 and F2 were lower at the high level of intelligibility 
than NE and /a/.  The F1 frequency at the 50 % temporal 
location was very close to that of NE /�/.  It should be noted 
that F1 rose by as much as 220 Hz throughout the vowel 
portion, which was the greatest change among the three levels 
of JE. 
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4. Discussion
In order to examine the relationship between the intelligibility 
of JE /�/ and its acoustic characteristics, the correlation was 
measured between the intelligibility scores and the vowel 
duration, F1, F2 and the formant ratios at the three temporal 
locations, and the difference in F1 and F2 between the 25% 
and the 50% location, between the 50% and the 75% location, 
and throughout the vowel (between the 25% and the 75% 
point).  Overall, the stronger negative correlation was seen 
between the intelligibility and the duration (r=-0.67).  
Therefore, JE /�/ with lower intelligibility tended to have 
longer duration.  Since a low vowel is longer in duration than 
a mid or high vowel (Lehiste [2]), longer JE could be more 
often misheard for a vowel with lower tongue height such as 
/�/ or /��/ (/�/) as in Table 2. 

For males, a higher F1 at the 75 % location, a higher F2 at 
the 25% and the 50% temporal locations correlated with 
lower intelligibility of JE /�/: r=-0.59, -0.45, -0.43, 
respectively.  Thus, JE with lower intelligibility had a higher 
F1 during the latter half of the vowel portion and a higher F2 
in the first half of the vowel.  There was not a correlation 
between the intelligibility and the F1 at the 25% and the 50% 
location (r=0.12 and -0.05, respectively), and the F2 at the 
75% location (r=-0.21).  Higher F2 in the former part of the 
vowel caused bigger formant ratios and the larger difference 
between F1 and F2.  Consequently the formant ratios in the 
former part of the vowel were correlated with lower 
intelligibility: r=-0.65 and -0.57, respectively, between the 
intelligibility and the formant ratios at the 25% and the 50 % 
temporal location.  A negative correlation was also found 
between the intelligibility and the F2-F1 difference at the 
25% (r=-0.57) and the 50% location (-0.52).  There was no 
correlation of the intelligibility with the formant ratio at the 
75% location (r=0.18), or with the F2-F1 difference at the 
75% location (r=-0.02). 

A negative correlation was also seen between the 
intelligibility and the increase of F1 throughout the vowel 
portion: r=-0.36 (50%�25%), -0.48 (75%�50%), and -0.50 
(75% � 25%), respectively.  There existed a positive 
correlation between the intelligibility and F2 changes, both 
increase and decrease, throughout the vowel: r=0.29 (50%�
25%), 0.38 (75%�50%), and 0.42 (75%�25%).  Therefore, 
the male JE /�/ tended to be lower in intelligibility with a 
greater increase in F1 throughout the vowel, especially in the 
latter part, and/or with smaller changes in F2 throughout the 
vowel.

For female JE productions, the higher F1 frequencies 
throughout the vowel, especially the former part, were 
correlated with the lower intelligibility: r=-0.61, -0.56, and -
0.35, respectively, between the intelligibility scores and the 
F1 frequencies of the vowel at the 25%, the 50%, and the 
75 % temporal location.  A stronger negative correlation was 
seen between the intelligibility and the F2 frequencies of the 
vowel: r=-0.65, -0.64, and -0.53, respectively, at the 25%, the 
50%, and the 75% temporal location.  There was a very weak 
correlation between the intelligibility scores and the formant 
ratios at all the temporal locations: r=0.30 (25%), 0.23 (50%), 
and 0.06 (50%).  Therefore the female JE /�/ with lower 
intelligibility was apt to have a higher F1, especially the first 
half of the vowel, and a higher F2 throughout the vowel. 

As for the F1 and F2 changes, a stronger positive 
correlation was found between the intelligibility and F1 
changes, but no correlation with F2 changes: for F1, r=0.28 

(50%�25%), 0.64 (75%�50%), and 0.48 (75%�25%), and 
for F2, r=0.24 (50%�25%), 0.03 (75%�50%), and 0.14 
(75%�25%).  Thus, the changes of the F1 frequencies tended 
to be smaller throughout the female JE /�/, especially the 
latter part of the vowel, when the intelligibility was lower. 

The American English vowel /�/ has a higher F1 and a 
much higher F2 frequency than /�/, which results in the 
greater F2-F1 difference for /�/ (Peterson and Barney [3]).  It 
could be considered that the higher F1 and F2 of JE /�/ and 
the greater F2-F1 difference for the male JE /�/ with lower 
intelligibility accounted for the larger number of cases the 
American listeners misheard JE /�/ for /�/ because of the 
acoustic characteristics of poorer JE pronunciation of the 
vowel.

The native Japanese speakers have difficulties in 
distinguishing the three English vowels, /�/, /�/, and /�/, in 
their production and perception because these sounds do not 
exist in the Japanese vowel system.  They tended to hear 
these vowels as the Japanese vowel /a/ and often 
mispronounce each of these English vowels as /a/.  The 
Japanese /a/ would cover a wide range of F1 and F2 areas 
including part of each three English vowels.  The JE 
productions, which were somewhat similar to the acoustic 
aspects of /a/, would sometimes be acoustically near /�/,
sometimes near /�/, and sometimes near /�/: this reflected the 
results of Experiment 1, the evaluation of the JE productions 
by the American listeners, as shown in Table 2. 

It could be suggested for the teaching of English sounds 
that Japanese speakers should pronounce the English vowel 
/�/ without prolonging it, but with their tongue raised a little 
more than /a/ to place it in the mid-low position. 

5. Conclusions
The intelligibility of the English mid-low central vowel /�/
spoken by native Japanese speakers was investigated and its 
relationships with the acoustic characteristics were analyzed 
according to the different three levels of intelligibility.   

The vowel produced by only one Japanese speaker out of 
twenty was rated at high intelligibility.  It means that /�/ is a 
difficult vowel for Japanese speakers to pronounce.  The 
acoustical analyses indicated that the different acoustic 
characteristics of JE productions resulted in the differences in 
the intelligibility and the perception of JE /�/ by the native 
English speakers.   
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