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Abstract

To improve pronunciation teaching methods, many
researchers have studied various technological means of
providing feedback to the student. Ultrasound is one
means because ultrasound makes it possible to see the
tongue moving during speech. Although Japanese /t/,
/d/ and /n/ sound very similar to English /t/, /d/ and /n/,
respectively, phonetics references state that in Japanese
these sounds are dental whereas in English these sounds
are alveolar. In this research, ultrasound was used to
compare tongue shapes when speaking in Japanese and
English. It was investigated whether the perceived pro-
nunciation proficiency of subjects in their second lan-
guage was related to the degree that they separated their
tongue shapes across languages. Result indicate no sig-
nificant relationship between these two. This may be
because subjects’ pronunciation levels were not close
enough to native speakers’ levels.

1 Introduction

The general phonetics literature elaborates the
ways certain phonemes are pronounced differently be-
tween Japanese and English. The average monolingual
speaker should move his/her tongue differently for each
language. This is most commonly known in the case of
the coronal consonants /t/, /d/ and /n/. For example, ac-
cording to Ladefoged [1], American English /t/, /d/ and
/n/ are alveolar sounds pronounced with the tongue tip
touching the alveolar ridge. On the other hand, Okada
[2] states that in standard Japanese these sounds are all
dental, i.e., produced with the tongue tip touching the
teeth. For /t/ and /d/, this is confirmed by Vance [3]
and also by Tsujimura [4], the latter also remarking that
Japanese /t/ and /d/ are made by the tongue blade instead
of the tongue tip, which is the relevant articulator in En-
glish. Those parts, the tongue blade and the tongue tip,
are touching the palate when /t/ and /d/ sounds are pro-
nounced in Japanese. Therefore, when speakers who are
perceived to be native speakers of English and Japanese
pronounce the two languages, it is expected that they
would articulate /t/, /d/ and /n/ differently.

However, Someya [5] stated that Japanese /n/
sound is alveolar, the same as English /n/. For a low-
proficiency learner of English, it is probable that /t/, /d/

and /n/would be pronounced with the same tongue shape
in both English and Japanese. However, for a high-
proficiency learner of English, these sounds (at least /t/
and /d/) should be articulated differently across English
and Japanese. Ultrasound is used to see the exact tongue
movements as these sounds are produced in words. The
purpose of this research is to determine whether the
tongue always moves a similar way as predicted, i.e.,
English /t/, /d/ and /n/ are alveolar (i.e., with the tongue-
palate contact point farther back) and Japanese /t/, /d/ and
/n/ are dental (i.e., with the tongue-palate contact point
farther forward) for people who are perceived to be near-
native speakers of English and Japanese.

2 Past Research

In the research field of using ultrasound to exam-
ine the tongue during speech, Stone [6] presented de-
tailed uses of the ultrasound for tongue movement not
only in 2D but also in 3D images. This kind of research
is also effective to improve deaf people’s pronunciation.
Ultrasound analysis could be a useful system helping
them to pronounce properly. For example, Fukuyama
[7] collected ultrasound data to develop a system used
by hearing-impaired children. He used ultrasound to de-
tect the relationship between the tongue movement and
producing the correct sound. Additionally, Lukaszewicz
[8] showed that because the position of the tongue ap-
pears on the screen in real-time, deaf people could use
the ultrasound for speech synthesis control.

There exists only a small amount of previous ul-
trasound research for L2 acquisition. Wilson and Gick
[9] presented ultrasound system uses for acquisition of
a second language. Not only seeing teachers’ jaws and
lips or one’s own in a mirror but also getting visual feed-
back of the tongue movement or the positional relation-
ship between the palate or teeth is more effective for L2
learners. In brief, ultrasound technology for speaking
is helpful for both hearing-impaired people and second
language learners. There is, however, little research on
Japanese learners of English, so the study about differ-
ences of pronunciation between English and Japanese
can fill this void and will support L2 students.
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3 Method

3.1 Subjects
Data from 11 native Japanese subjects out of a

total of 14 subjects were used for the experiment. The
other 3 subjects’ data were not used because 2 of them
were not native Japanese speakers, and another’s data
was not clearly visible enough to measure. The 11 sub-
jects, 8 men and 3 women, had each had more than 7
years experience of studying English.

3.2 Apparatus
The data collection setting can be seen in Figure

1. The ultrasound machine was a Toshiba Famio 8, SSA-
530A model, and the probe was a Toshiba PVQ-381A
model, a perfect size for fitting under the chin.
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Figure 1: Apparatus setup

The ultrasound system is useful to see the exact
articulation; the tongue moving during speech in real-
time. The ultrasound system emits very high frequency
waves which human cannot hear or see. Sound waves
at 3.75 MHz are passed off from the probe, which is
a part of the ultrasound machine, and subjects put the
transducer on the skin of their necks. The ultrasound
cannot go though bone or air; if the ultra-high frequency
sound hits bone or air, it reflects back in many directions.
Once the probe is positioned properly, a midsagittal slice
of the tongue can be seen between jaw and mandible
shadows for visual feedback. Water-soluble gel is nec-
essary to get clear visions. SONO JELLY was used to
avoid air interrupting the path of ultrasound reflection. A
Canopus ADVC-110 analog to digital mixer was needed
to convert images for recording or editing on the com-
puter. This analog to digital mixer was connected to the
PowerBook G4 Mac Computer via a firewire cable. The

subject’s voice was recorded using a Shure SM10A-CN
headset microphone, and the sound signal went though
an Audio-Technica AT-MA2 microphone amplifier to the
computer, synchronized with images obtained from the
Ultrasound system.

The probe was attached on a microphone stand to
minimize movement relative to the head. The ideal posi-
tion is shown in Figure 2.
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Figure 2: Ideal probe position

3.3 Procedure
3.3.1 Data Collection

For the experiment, subjects were native Japanese
speakers who speak English as second language. A per-
ception test was held to determine the levels of their pro-
nunciation. The test was that subjects read aloud 26 sen-
tences, each starting with a word in Table 1, and native
listeners judged their pronunciation.

IPA English Japanese

/ta/ Thai taiko (drum)
/tSi/ cheese chizu (map)

/t/ /tsu/ - -
/te/ temple tenpu (attachment)
/to/ TOEFL tofu (bean curd)

/da/ Diana daian (alternative ideas)
/dZi/ jingle jinkou (population)

/d/ /dzu/ - -
/de/ dense densha (train)
/do/ dough dou (copper)

/na/ knob nabe (pot)
/ni/ knee nii (second)

/n/ /nu/ noodle nuno (cloth)
/ne/ nail neru (sleep)
/no/ no nou (brain)

Table 1: Stimuli separated by consonant, vowel and language
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Sound List 1 List 2���������
	 ���������
	
��������

Thai means the language spoken in Thailand.������� ��������
/t/ ��� ���
� � Cheese means something you put on pizza.

Thai means the language spoken in Thailand.
�������

Cheese means something you put on pizza. Temple means a place you go to pray.
Temple means a place you go to pray. ��� ���
� �
TOEFL means a type of English test. TOEFL means a type of English test. �!#"%$�&�	  �!#"%$�&�	

')(*",+- �
Diana means a woman’s name..�/ ",0 � ')(*",+- �

/d/ 1 �32 � Jingle means the sound of bells.
Diana means a woman’s name.

.�/ ",0 �
Jingle means the sound of bells. Dense means packed closely together.

Dense means packed closely together. 1 �32 �
Dough means uncooked bread or cookies. Dough means uncooked bread or cookies.45����� 45�����

6�7�8:9 �
Knob means something on a door.;��*< � 6�7�8:9 �

= �3>�? 	
Knee means the joint in the middle of your leg.

/n/ @ ��A�B � ;��*< �
Knob means something on a door. Noodle means a type of pasta.

Knee means the joint in the middle of your leg.
= �3>�? 	

Noodle means a type of pasta. Nail means something you hit with a hammer.
Nail means something you hit with a hammer. @ ��A�B �

No means the opposite of yes. No means the opposite of yes.

Table 2: Stimuli List 1 and List 2 in the format viewed by subjects

On the ultrasound display, two shadows can be
seen, jaw and mandible shadows. The probe had to be
angled so that the tongue was maximally visible between
theses shadows. To minimize head movement subjects
leaned their heads against a flat wall. Subjects read out
loud the 13 Japanese and 13 English sentences in Table
2 which include /t/, /d/ and /n/ as the first sounds, as seen
in Table 1. The purpose of reading in the order as seen in
List 1 in Table 2 is that subjects can understand and read
sentences more easily and naturally because they see a
group of Japanese and English sentences. On the other
hand, in List 2, subjects see the Japanese and English
stimuli ordered in pairs. The style in List 2 could help
to get the most accurate data: The two compared tar-
get sounds are pronounced as close as possible because
the relation between probe and head has to be fixed dur-
ing production of the two sounds. During their speak-
ing, ultrasound images with audio were being recorded
continuously by the computer. Apple’s iMovie HD ver-
sion 5.0.2 was used to record the tongue moving images

(http://www.apple.com/ilife/imovie/).

In order to rank the pronunciation proficiency of
the subjects, 4 native listener judges were asked to rate
the subjects on their pronunciation.

For this judgment task, an audio file was made us-
ing Praat version 4.5 [10]. The first word in each sen-
tence, as seen in Table 1, comprised the audio. Sub-
jects’ pronunciation levels were judged for each group
of sound, /t/, /d/ and /n/. The rating scale had 6 levels,
which were shown using numbers. Judges had to rate
each subject’s pronunciation as being on a scale from 1
to 6, with 6 being a native speaker. The 4 judges’ scores
were averaged together to determine each person’s pro-
nunciation level at each sound, /t/, /d/ and /n/. This is
shown in Table 3.

In Table 3, the left-most column has subjects
ranked in ordered of proficiency, closest to native-like
to least proficient.
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Subject /t/ /d/ /n/ Average

A 3.5 4.5 4.3 4.3
B 3.5 3.0 4.0 3.5
C 4.0 3.5 2.8 3.4
D 3.3 3.0 3.8 3.4
E 3.3 2.8 3.0 3.0
F 2.8 3.0 2.8 2.9
G 3.5 3.0 2.3 2.9
H 2.0 3.3 2.5 2.6
I 2.0 3.3 2.5 2.6
J 2.8 2.3 2.8 2.6
K 1.8 2.0 2.0 1.9

Table 3: Ratings given by native listeners (6= native
speaker)

3.3.2 Data Analysis

After the data collection, recorded data in iMovie
was saved as QuickTime files at full quality. These
QuickTime files were opened, and the tongue shapes
were saved using Apple’s Grab application at the time
when the target sounds (the first sound of each sentence-
initial word) were pronounced. Iconico’s Screen
Calipers version 3.2 was used for the measurement. Each
distance was measured in pixels. For the analysis, the
tongue tip was the point to be measured. From the point
P to T in Figure 3, the distance was recorded for the
word-initial sound of the words in Table 1. P is defined
as a fixed point relative to the probe. It is the same in
all ultrasound images used here. T is defined as the most
posterior tongue point that is in contact with the palate.
It is visible as the point where the brightness of the palate
line changes.

Figure 3: Tongue Image on Ultrasound Screen

The average and standard deviation for each sound

of /t/, /d/ and /n/ were calculated using Microsoft Excel.
These can be seen in the results in section 4.

4 Results
As seen in Table 4, the distance from P to T is

longer in Japanese than in English for some subjects, but
the opposite for other subjects. There is no clear pattern.

a) /t/ sound
Subject Mean (S.D.) Longer

Jap Eng

A 343.4 (9.6) 326.1 (9.9) J
B 285.9 (7.5) 295.6 (4.9) E
C 315.5 (9.0) 323.6 (13.6) E
D 296.5 (9.2) 270.6 (5.9) J
E 289.4 (8.7) 280.7 (7.8) J
F 300.7 (9.2) 309.3 (5.6) E
G 297.3 (3.8) 294.5 (5.4) J
H 282.5 (7.8) 288.9 (3.4) E
I 270.6 (5.7) 275.5 (7.8) E
J 279.6 (17.0) 278.5 (9.6) J
K 284.8 (6.0) 289.4 (10.1) E

b) /d/ sound
Subject Mean (S.D.) Longer

Jap Eng

A 306.1 (8.8) 321.4 (7.3) E
B 293.2 (10.4) 299.7 (9.6) E
C 305.1 (18.6) 390.6 (9.0) E
D 282.6 (6.6) 268.2 (4.1) J
E 277.1 (6.7) 270.7 (6.6) J
F 296.3 (4.1) 293.2 (6.8) J
G 299.8 (2.8) 298.9 (6.5) J
H 285.5 (5.7) 287.1 (6.2) E
I 272.9 (7.5) 267.6 (6.1) J
J 292.5 (11.6) 276.6 (8.4) J
K 244.4 (8.3) 277.4 (2.6) E

c) /n/ sound
Subject Mean (S.D.) Longer

Jap Eng

A 330.4 (15.6) 324.2 (8.5) J
B 299.2 (10.8) 301.1 (10.6) E
C 309.7 (10.9) 322.4 (9.1) E
D 294.0 (4.5) 295.0 (7.4) E
E 296.2 (11.6) 287.4 (13.7) J
F 300.7 (9.6) 308.8 (11.4) E
G 295.8 (5.2) 295.3 (7.2) J
H 299.4 (5.4) 307.8 (6.5) E
I 270.2 (4.7) 269.6 (5.3) J
J 277.9 (9.0) 284.5 (9.9) E
K 293.3 (26.2) 277.2 (10.7) J

Table 4: Average distance from P to T in pixels, (stan-
dard deviation) for each sound and which language has
a longer distance.
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This was confirmed by a Wilcoxon Matched-Pair
Signed-Ranks Test [11]. A paired means test was per-
formed to determine whether significant differences ex-
isted between the English and Japanese tongue shapes
for each subject for each sound. For sound /t/, p=0.9658,
for sound /d/, p=0.7646, and for sound /n/, p=0.7002;
therefore, there is no significant difference between the
point of contact of the tongue in English and in Japanese.

5 Discussion
There are at least two reasons why the result of

this research showed no tongue shape differences. First,
subjects’ pronunciation level were not high enough to
compare between good and poor speakers. As seen in
Table 3, the highest score was 4.3 which is not even near
native-like pronunciation level. Second, on the whole,
the standard deviation of tongue position was high. It
suggests that subjects’ ways to pronounce are not always
the same because of insufficient pronunciation skill. This
increases the amount of “noise” in the data and decreases
the chance of finding significant differences. Sometimes,
unclear images on the ultrasound display cause “noise”
in the data. Unclear images may appear because of the
angle of probe, the amount of muscle tissue and fat under
the chin, or, sometimes because of a beard.

6 Conclusions and Future Work
In conclusion, it appears that low-level L2 speak-

ers do not differentiate tongue shape for alveolar sounds
across languages.

Future research could include subjects who are na-
tive English speakers who speak Japanese as a second
language. Following the same process as this research,
native English speakers’ ways to pronounce will help
to analyze differences of English and Japanese articu-
lation. Moreover, bilingual speakers who speak both
English and Japanese as native or near-native speakers
will be ideal subjects to examine tongue movement dur-
ing speech in English and in Japanese as people who are
perceived to be native speakers. Additionally, the probe
stand should be as stable as possible relative to the sub-
ject’s head, and it could connect to a chair in which sub-
jects sit during the experiment.
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