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Abstract
Correct articulation is the most important factor to im-
prove pronunciation. Thinking about the effect of the
first language’s pronunciation on that of the second lan-
guage, it is clear that habitual tongue positions for vari-
ous articulation could affect the learning of a second lan-
guage’s pronunciation. Using ultrasound imaging, the
articulation of syllable differences between Japanese and
English, especially the pronunciation of consonant-final
words (m-, p-, and t-final words) was compared for na-
tive and non-native pronunciation. Using m-, p-, and t-
final words, a study of English pronunciation improve-
ment and proficiency levels was done. Results show that
the L1 pronunciation motor program most likely affects
L2 articulation and pronunciation proficiency, and that
learners exist who have native-sounding pronunciation
without having native-like articulation.

1 Introduction
This study analyses the progress in English pronuncia-
tion of people who use Japanese as a first language (L1).
Part of the motivation for this research is to determine the
reason that Japanese speakers pronounce “KATAKANA
English” when they are speaking English. The acous-
tic signals are produced from the oral cavity, especially
the vocal cords, tongue movements, jaw, and lips. To im-
prove L2 pronunciation, articulation is the important key,
but there are many tongue movements and these cannot
be observed easily when people are speaking. By im-
proving articulation of the tongue, it should be possible
to improve L2 pronunciation and suggest ways to make
it more native-like.

It is well known that Japanese L1 speakers have prob-
lems learning English pronunciation. Nakata [1] stated
that they cannot produce English sounds and they do
not know English rhythm, accent, and intonation. He
also reported that improvement of English pronunciation
by Japanese L1 speakers is not so good from a native
English speaker’s point of view, and KATAKANA can-
not replace English sounds. Some important factors in
English pronunciation are rhythm and accent [2], into-
nation [3], and articulation [4]. Miyakegawa and Ma-
suyama [5] researched about standard English pronunci-
ation, correct articulation and phonetic theory. When ob-

serving the tongue’s articulation, it is important to com-
pare one’s articulation to the correct articulation.

In order to understand the pronunciation problems of
Japanese learners of English, it is first necessary to ex-
plain the difference between the Japanese and English
languages. A characteristic of Japanese phonology is
that the syllable is usually composed of a consonant and
a vowel,
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�����

is made up
of only a consonant. The Japanese phonetic inventory
consists of 5 vowels and 20 consonants [6]. On the
other hand, the English phonetic inventory consists of
14 vowels (monophthongs and diphthongs) and 24 con-
sonants [7]. From these phonemes, English has many
more syllable possibilities than Japanese. L2 pronuncia-
tion tongue movements can be affected by the differences
in these phonemes and their articulations. It is necessary
to know about the relationship between phonemes and
how they are articulated.

Over one’s lifetime, the use of one’s native language
has a great, unconscious influence on one’s speech mus-
cles. For a Japanese L1 speaker, the tongue muscles get
used to moving to Japanese pronunciation tongue posi-
tions. This involuntary muscle movement is called habit-
ual motor activity. For example, when you walk some-
where, most healthy people probably do not think con-
sciously about the degree they raise their arms, and the
length they move their legs. In pronunciation, the same
state most probably exists. Latash [8] focuses on the hi-
erarchy of motor control in his research, writing about
fundamental information about motor control. Peters [9]
describes the concept of a motor program, a set of com-
mands to move the muscles. This general information
about motor control is useful to develop the thinking
from motor control of human muscles to motor control
specifically of tongue muscles.

The L1 motor program may affect L2 pronunciation.
In daily life, everybody speak his/her own first language
reflexively. However, when speaking an L2, habitual
control has not yet developed, so humans must control
consciously their own tongue movements. In past re-
search, habitual motor activity has been treated mainly
in the fields of medical science, behavioral science, and
human kinetics. However, in phonetics - especially L2
phonetics, not a lot of research on habitual motor activity
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No Gender Age Birth place English schooling Experience abroad (Languages used)

1 male 20 Yamagata 9 years None
2 male 21 Fukushima 9 years China(English and Mandarin)
3 male 21 Fukushima 8.5 years None
4 female 21 Fukushima 10 years Australia(English)
5 male 23 Nagano 11 years U.S.A.(English)
6 male 21 Fukushima 9 years None
7 male 20 Shizuoka 15 years U.S.A.(English) and New Zealand(English)
8 male 22 Shizuoka 10 years U.S.A.(English) and Australia(English)
9 male 22 Hiroshima 11 years None
10 male 22 Shizuoka 10 years U.S.A.(Japanese) and Australia(Japanese)

Table 1: Subjects

has been done. If L1 motor control affects L2 pronuncia-
tion, habitual control of L2 articulation must be mastered
in order to pronounce the L2 correctly.

When one judges an L2 speaker’s pronunciation, it is
possible that the acoustic signal either sounds native-like
or does not sound native-like. If it does not sound native-
like, then the articulation of the sound does not match a
native speaker’s articulation. If the acoustic signal does
sound native-like, then we assume that the articulation
matches that of a native speaker. However, there is also a
third possibility: the acoustic signal could sound native-
like, but the articulation could be different from a na-
tive speaker. Thus, at the lowest proficiency, the pro-
nounced sound is KATAKANA and the articulation is
a Japanese motor program. At the middle level profi-
ciency, the pronounced sound is native-like but the artic-
ulation is a Japanese motor program. Finally, at the high-
est level of proficiency, the pronounced sound is native-
like and the articulation matches a native speaker. In this
research, an experiment was undertaken to test the ex-
istence of the middle level of pronunciation proficiency,
i.e., correct acoustics but incorrect articulation.

To test for the existence of a middle level of pro-
ficiency, we need to inspect the articulation in an ex-
perimental setting. The articulation of Japanese vow-
els, consonants, and syllables has been researched in the
past [10]. Using x-ray imaging, the larynx, hard and soft
palate, and tongue are shown clearly in cross-sectional
images. For each vowel, reasonably accurate tongue po-
sitions can be visualized from these x-ray images. How-
ever x-ray is unhealthy for the subjects and its use for
research is prohibited in most countries now. Because
of this, ultrasound imaging is a much better alternative
method of imaging the vocal tract safely. Fukuyama et
al. [11] researched about using an ultrasound machine to
visualize articulation safely. Ultrasound is expected to
improve the pronunciation of hearing-impaired persons
and pronunciation learners. Wilson and Gick [12] state
that learning of second language pronunciation can be
aided by the use of ultrasound. Using ultrasound is use-

ful to show the tongue’s movements during speech.
In the present experiment, an ultrasound machine was

used to know the subjects’ pronounce articulation is
native-like or not, and obtain clear tongue images dur-
ing speech. For pronunciation learning, an ultrasound
machine can be used more in education as this machine
outputs visual information. Ultrasound is just beginning
to be used in pronunciation studies, and this is one of the
first studies to analyse the KATAKANA pronunciation
of Japanese L1 learners of English. Ultrasound images
were recorded when each subject was reading carrier
sentences. The pronunciation difference between native
pronunciation and English as a Foreign Language (EFL)
pronunciation was compared by measuring the tongue
position for various sounds.

2 Method

2.1 Subjects
In this experiment, ultrasound data were collected from
10 subjects who use Japanese as their L1. One subject’s
data could not be analyzed because this subject’s ultra-
sound image was not clear enough to distinguish the pre-
cise tongue shape. A questionnaire (see Appendix 1) was
prepared to classify the subjects’ gender, birth place, the
length of time they have studied English, etc. Table 1
shows the details about the subjects.

2.2 Apparatus
In the experiment, an ultrasound machine (Toshiba
Famio 8 SSA-530A model) was used to record tongue
ultrasound images. The ultrasound is useful to get infor-
mation about inside the body. The probe, which is the
ultrasound transmitter and receiver, was a Toshiba PVQ-
381A model, an appropriate sized model to place on the
neck. The frequency of this probe was 3.78 MHz. The
ultrasound image can show us a clear, moving image of
the tongue. Ultrasound is sound waves of a frequency
more than 20kHz, unable to be perceived by humans.
The sound waves disperse in the air, so a water-soluble
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jelly was needed to get clearer images, jelly can elimi-
nate the air barrier between the skin and the probe.

A digital video converter (DV converter), Canopus
model ADVC-110, was used to combine and digitize the
video data and the audio data. The DV converter con-
verts analogue data into digital data.

A Shure dynamic microphone, SM10A-CN, was used
to record the sound of the voice. This microphone is suit-
able for speech, presentation, and narration. This micro-
phone does not need a microphone stand - subjects put
the microphone on the head and adjust the microphone’s
arm and head in front of the mouth. An Audio-technica
microphone amplifier, AT-MA2, was used to pass the au-
dio data from the microphone to the DV converter.

Output from ultrasound machine and microphone
were saved in a MacBook Pro computer from the DV
converter via a firewire (IEEE 1394) cable.

2.3 Procedure
2.3.1 Data Collection

The stimuli used in this experiment can be seen in Table
2.

-i:m / -eam
IPA symbol word KATAKANA

bi:m beam �����
kôi:m cream �������
dôi:m dream 	������
stôi:m stream 
��������
ti:m team ����
sti:m steam 
�����

-i:p / -eap
IPA symbol word KATAKANA

tSi:p cheap ����
-i:p / -eep

IPA symbol word KATAKANA
di:p deep �������
ki:p keep �����
sli:p sleep 
������

-i:t / -eat
IPA symbol word KATAKANA

i:t eat �����
bi:t beat �����
mi:t meat �����
si:t seat �����

-i:t / -eet
IPA symbol word KATAKANA

Si:t sheet �����
stôi:t street 
��������
swi:t sweet 
������
mi:t meet �����

Table 2: [m]-, [p]-, and [t]-final stimuli

The stimuli that were chosen had to fulfill some con-
ditions. The first condition was that the stimuli needed

to be spoken in daily conversation, and be well known to
Japanese speakers. The second condition was that the fi-
nal consonant of the stimuli had to be bilabial or alveolar
because neither of these places of articulation involves
the back of the tongue: bilabial sounds are pronounced
with the lips and alveolars are pronounced by touching
the tongue tip to the alveolar ridge of the palate. The final
condition was that the vowel immediately preceding the
final consonant had to be [i]. It is necessary to explain
the reason behind this final condition in more detail. It is
unnatural for Japanese L1 speakers to pronounce word-
final consonants without adding a vowel sound after the
consonant. This is due to the fact that Japanese has just
one syllable which is consonant-final, namely

����
.

So, Japanese speakers of English tend to pronounce the
words by adding a vowel after the consonant. Because
of this, it is possible that the word-final consonants in the
stimuli in Table 1 would be pronounced [mW], [pW], and
[to]. These vowels are back vowels (pronounced with the
tongue body farther back in the mouth), whereas [i] is a
front vowel. Thus, [i] was chosen so that tongue body
movement to [W] or [o] would be very noticeable. If this
movement occurs, it can be concluded that the subject’s
English articulation tends towards Japanese motor pro-
grams (even if the pronunciation sounds acceptable). If
the subjects can pronounce the bilabial and alveolar, then
tongue keep staying the [i] position or back to the rest
position. However, if the tongue moves to [W] or [o] po-
sition, then it can be judged that the subject’s pronuncia-
tion tends to Japanese. The tongue position of [i] sound
is high and forward, the [W] sound position is high and
back, and the [o] sound position is lower than [W] posi-
tion and back. These selected words do not need [W] and
[o] sound after the final consonant, if the tongue moves
[i] sound position to [W] or [o] sound position, then the
pronunciation may be Japanese articulation.

The [m] sound is bilabial nasal. This sound is voiced
by making a lock out the air pass the upper and lower
lips, then the soft palate is down, and the expiration
through the oro-nasal process. The [p] sound is voice-
less bilabial plosive. This sound is occurred by making
a air lock out with the upper and lower lips same as [m]
sound, and then the air is released at stretch. The [t]
sound is voiceless alveolar plosive. This sound is pro-
nounced by tongue tip touching between the upper jaw’s
an alveolar and front tooth. Then the tongue position
is kept in higher position and move to pronounce next
sound.

Before the experiment, the subjects were told to con-
sciously speak English as native-like as possible. Be-
cause this was said to them, it can be assumed that all
subjects were conscious of their tongue movements.
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2.3.2 Data Analysis

For analyzing and editing the ultrasound images, Ap-
ple iMovie HD version 6.0.3, Quick Time Player ver-
sion 7.2.0, and Final Cut Express HD version 3.5.1 were
used. The ultrasound image has vertical markings and
horizontal markings every 1cm.

In the data analysis, to measure the length of ultra-
sound tongue images on the screen, Iconico’s Screen
Calipers Version 3.2 was used, and to measure the angles
of tongues in ultrasound images on the screen, Iconico’s
Screen Protractor Version 3.2 was used.

Figure 1: Tongue position for [W]

In the experiment, the Japanese sounds [W] and [o]
were pronounced in isolation by subjects at first, and
compared to [W] and [o] sound when pronounced in the
experiment stimuli.

The height of the tongue position was measured from
the probe edge to the highest tongue position. Label “A”
the length of the highest tongue position from the top
of the probe of the [W] sound that was pronounced in
isolation. This [W] sound’s tongue position is the base-
line tongue position. Label “B” the length of the highest
tongue position from the top of the probe of the word-
final [W] sound in the stimuli. Label “θ” the angle be-
tween “A” and “B”, where the top of the probe is the
vertex of this angle.

The formula (1) was used to estimate the magnitude
of difference between the speaker’s tongue in the stimuli
case and his tongue in the isolated sound case. This R-
value was also compared to a native speaker’s R-value by
subtracting the two values. If the difference was nearly
0, the subject’s articulation of the word-final consonant
is near the native speaker’s articulation.

R =
B
A

cos θ (1)

In the formula, if the length ratio of B divided by A is

nearly 1, then the A and B tongues are the same distance
away from the ultrasound probe. However, this value
does not have positional information, so the angle is also
needed to compare how close A and B tongues are. This
angle’s cosine can be incorporated into the length ratio
formula. If this cosine value is near 1, the angle between
A and B is close to 0 degrees, and the position of the
two tongues is equivalent. If the cosine value is near 0,
then the angle is wider than any other angle, and the two
tongue shapes are far apart. In this case, the pronuncia-
tion of the word-final consonant occurs without a vowel
following the consonant. In other words, it is closer to
English pronunciation, not natural Japanese pronuncia-
tion. In such a case, the subject’s pronunciation is being
controlled consciously to match natural English pronun-
ciation.

3 Results
The acoustic signals were judged by a native listener and
Table 3 shows each subject’s pronunciation score. For
each stimuli word, the native listener judged the pro-
nunciation of both the whole word and the word-final
consonant. The maximum score was 10 points, mean-

Subj Whole Word Final-[m] Final-[p] Final-[t]

1 6 8 8 8
2 6 5 6 3
3 8 8 9 9
4 6 5 7 8
5 5 7 8 9
6 8 10 10 10
7 9 10 10 10
8 3 7 7 7
9 4 5 8 7

Table 3: Subjects’ pronunciation scores

ing native-like pronunciation. The final-[m], final-[p],
and final-[t] were judged by how much of a vowel was
heard after the consonants. Again, a score of 10 points
indicated native-like pronunciation of [m], [p], and [t]
sounds (i.e., no following vowel detected). The highest
scoring subject was No.7 and the lowest scoring subject
was No.2.

Looking at the results in Table 3, it is clear that some
word-final consonants were pronounced better than oth-
ers. First, the results for the final-[m] sound are lower
than those for the other sounds. In the experiments,
some subjects pronounced the final [m] as [mW], a
KATAKANA syllable. Next, the results for the final-
[p] sound show higher scores than for [m] sound. So,
it can be said that the final-[p] sound was produced more
native-like (i.e., with less following vowel sound) than
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[m]. Finally, investigating the final-[t] sound, it is evi-
dent that, for all but one subject, the final-[t] sound was
equal or better than the final-[p] sound. Thus, final-[t]
had the least amount of following vowel sound, final-[p]
was next, and final-[m] had the greatest amount of fol-
lowing vowel sound.

The results of the calculations using the formula (1)
are as follows. For the final [m] sound, the values of na-
tive R minus non-native R were always negative values.
This was due to the fact that the non-native subjects’ θ
values were so small, thus making cosine θ bigger than
the native speaker value. This in turn made the non-
native R values bigger than the native subject’s R value.
The average angle between the two tongue shapes for the
native speaker was 16.8 degrees, whereas the non-native
subjects’ average angle was less than 10 degrees, exclud-
ing 2 subjects. The non-native subjects’ articulation of
word-final [m] tended towards Japanese articulation.

As for the final [p] sound, the values of native R mi-
nus non-native R were always negative values, just as
with the [m] sound. A characteristic point of the na-
tive speaker’s articulation was that the length of A was
about 1 cm longer than that of B. This length difference
is caused by the way that [p] is pronounced. However,
the non-native subjects’ length of B was almost the same
length as A. Results for the angle were about the same as
the results for [m] - the native speaker’s angle was wider
than the non-native speaker’s angle.

Results of the calculation for [t] show that this is the
only sound where the native speaker’s R value is bigger
than that of the non-native speaker. The native’s length
ratio is over 1.0 because B was bigger than A. There were
six subjects over the ratio of 1.0 in English and Japanese
carrier sentences. The native speaker’s average angle is
over 30 degrees. Only one subject reached 30 degrees,
but a few others were close.

In the experiment, there were a few subjects whose
[i] and [W] positions were close, and it was difficult to
distinguish whether the tongue moved from [i] position
to [W] position.

4 Discussion
In this section, subjects No.7 and No.2 are analyzed
in more detail, as these are the subjects with the most
native-like and least native-like pronunciation, respec-
tively. Table 4 shows these two subjects’ R values and
the difference between their R values and the native
speaker’s R values. Considering the R value, if its value
is near 0, the articulation of the English sounds is not
Japanese L1 articulation, but if the R value is near B over
A, then the English articulation is actually Japanese L1
articulation. A comparison between subjects No.7 and

Subjects Final-[m] Final-[p] Final-[t]

R(N:Native) 0.9478 0.8258 1.0116
R(7:No.7) 1.0526 1.0019 1.1757
|R(N)-R(7)| 0.1048 0.1761 0.1641
R(2:No.2) 1.0333 1.0225 0.9523
|R(N)-R(2)| 0.0855 0.1967 0.0592

Table 4: R values for native (N), best (7), and worst (2)
judged subjects

No.2 is now made.
After final [m] and [t] sounds, subject No.2’s R values

are smaller than No.7’s R values. It is possible that sub-
ject No.2 does not understand the articulation of these
sounds. Compared with other subjects’ R values, No.7’s
R value is not smaller.

Next, about the post final [p] sound R value, subject
No.7’s value is smaller than No.2’s. However, this differ-
ence is small, and other subjects’ R values show similar
results. So, there is no difference between subject No.7’s
and No.2’s articulation of final [p].

From Table 3, it is clear that subject No.7’s acoustic
signal is English native-like, however the data in Table
4 show us that subject No.7’s articulation is not native-
like articulation. This is evidence for the existence of
the second level of pronunciation proficiency that was
described in the Introduction to this thesis.

Now consider other subjects’ R values and the differ-
ence between their R values and the native speaker’s.
In the post final [m] articulation, the native speaker’s
tongue position for [m] is different from isolated [W]
sound tongue position, and the length ratio is near 1 and
the angle is wider than non-natives’ angles. So, the na-
tive speaker’s R value is smaller than that of the non-
native speakers. The [m] sound is difficult for non-native
speakers to pronounce like a native in the chosen context
of the carrier sentence. The word following the stimuli
words was always “mean”. It is possible that the non-
native speakers released the word-final [m] of the stim-
uli before pronouncing the word-initial [m] of “mean”,
whereas the native speaker did not release the word-final
[m]. The subjects pronounced [m] as [mW], and this was
reflected in both the acoustic signal and the resemblance
to Japanese L1 articulation.

In the post final [p] articulation, the R values of
Japanese L1 subjects are bigger than the English L1
speaker. The Japanese L1 subjects’ tongue position for
this sound is Japanese articulation, however, the acoustic
signal score is higher than others.

For the post final [t] articulation, the non-native speak-
ers pronounced the [t] sound, then the tongue posi-
tion was lowered somewhat. However, few subjects’
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tongues moved to [o] configuration. Contrarily, the na-
tive speaker’s tongue position remained in the [i:] sound
position.

5 Conclusions and Future Work
Comparing native pronunciation and non-native pro-
nunciation, the articulation difference is obvious nu-
merically, through ultrasound images, and via the pro-
nounced sound. From these things, it can be concluded
that the L1 motor program affects L2 pronunciation.
In addition, it was shown that a second level of profi-
ciency of English pronunciation exists, namely where
the acoustic signal sounds native-like, but the articula-
tion is different from a native speaker. By consciously
changing the habitual motor control of the tongue, L2
pronunciation proficiency may be improved.

An interesting result would be to compare the pro-
nounced English words that were embedded in Japanese
carrier sentences with those embedded in English carrier
sentences. Subjects may have been more conscious of
the pronunciation of the English words when they were
embedded in the Japanese carrier sentence.

In future work, the pronunciation samples should be
judged by more native speakers. In addition, data from
more than one native speaker should be collected to
get more representative information to compare with
non-native speakers. Other sounds that are difficult for
non-native speakers to pronounce are [l] and [ô], [bi]
and [vi], [si], [Si], and [Ti]. These non-Japanese syl-
lables should be analyzed. When speaking English,
Japanese L1 speakers tend to pronounce English words
in a Japanese way. To improve the English pronunci-
ation of Japanese L1 speakers, some methods for pro-
nouncing these difficult-to-pronounce syllables need to
be suggested.
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Appendix 1
Questionnaire for subjects
1.
�����

(Name)
2. ��� (Gender)
3. 	�
 (Age)
4. �����������

(The country/place where you were born.)
5. ������� (Your first language)
6. �����������

(How long have you studied English?)
7. �� �!�"�#�$

(Have you ever been to another country?)
7.1 � (Country)
7.2 ��� (How long did you stay there?)
7.3 %�&('*)+��� (What language did you use?)


