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Abstract

Japanese middle-level learners of English recorded
short English sentences. One class practiced using a
metronome-based  multimedia  computer-presented
format where each phrase of a sentence is associated
with a visual image; another class practiced imitating
the native English-speaking teacher, snapping fingers to
indicate the rhythm of the sentences. After training, the
students re- recorded their voices. Acoustic
measurements of FO, intensity and formants were made
for the recorded sentences and then compared with those
of the recordings of the native speaker. In addition,
perceptual judgments by native English speakers were
done for the recordings. The results of these two
methods of training of English pronunciation are
discussed and compared.

1. Introduction

Language rhythm is difficult to teach. Babies learn it as
part of learning their native language, but never is it
learned formally, as are spelling, grammar, composition,
etc.

The essential ingredients of rhythm might be said to
be (a) prominence and (b) groupings of recurring
patterns over time (Kohler, 2009)[1]. Recent ongoing
work with spoken English examines rhythm from an
articulatory point of view [2.3.4.5]. Patterns of jaw
(mouth) displacement form the basic rhythm patterns of
English. Simply speaking, English speakers open their
mouths more for prominent syllables than for non-
prominent syllables (e.g. Westbury and Fujimura, 1989
[7,8,9,1011,12]; Jong, 1995; Erickson, 1998). These
observations, among others, led Fujimura to propose the
CD Model of phonetic implementation (2000)[13], in
which is stated that the amount of jaw opening is
directly related to syllable prominence. One interesting
acoustic correlate of increased jaw opening is congruent
changes in F1. It has been suggested that it is these
patterning in jaw displacement/F1 that constitute the
phonetic correlates of the metrical organization of
spoken English utterances (e.g., 6, Mori et al.)

This paper is a very preliminary essay into how these
rhythmical patterns might be taught to Japanese learners

of English, whose native language has a very different
rhythmical structure than that of English.

2. Methods

Comparison of progress in acquisition of native-like
rhythm was done in the following way. Two classes of
middle-level English learners at a university in the
Kanto area were taught by the same native English
teacher, and both classes practiced with the same set of
14 utterances. For Class 2, the commercially available
English teaching computer program, fiX¥“%, was used
(www.nowgaku.com). This involves (a) multimodal
presentation of the English utterances (b) which are
divided into three chunks (roughly corresponding to
intermediate phrases in the ToBI transcription system),
with (c) each chunk (phrase) associated with an easy-to-
look at image related to the semantic content of the
phrase, while (d) the students listen to the voice of a
native (British female) speaker produce the utterance, at
the same time (e) also listen to a metronome beating the
“rhythm” of the utterance. After the multimodal
presentation of each sentence, the students repeated the
utterance several times, always associating a single
image with a single verbal phrase, and keeping time to
the metronome. Figure 1 below illustrates briefly this
method. Notice that there are two metronome beats to
each phrase-unit—one on the stressed word in the
phrase, and the other at the end of the phrase.

X » X X X X X
(Autumnis ) (the best season) (to go to Kyoto)

Fig. 1. Images are presented synchronously with
metronome and verbal phrases; x’s indicate timing of
metronome beat—one on the stressed syllable of the
phrase and another at the phrase break; the utterance is
written with parentheses indicating the phrases
associated with each image above.



For Class 1, no computer program was used, only the
native (American female) English language speaker. No
images associated with each of the phrases were shown;
however, the same sentence chunking was used, and
instead of a metronome, the teacher kept the rhythm by
snapping her fingers.

For both classes, after training with each utterance,
there was “substitution practice”. That is, for example,
for the utterance “Autumn is/ the best season/ to go to
Kyoto” (where / indicate phrase breaks), students
suggested various substitions for “autumn” (e.g.,
summer, spring, winter) or for “Kyoto” (e.g., Italy,
France, etc) and these were practiced as a group, and
also individually.

Recording of the utterances by students was done
using skype-type headmounted microphone sets and a
windows-based PC, with the free acoustic analysis
software WAVESURFER. Students recorded their
voices before training and after training (two 90-minute
class periods). This paper reports on one of the
sentences, “Autumn is the best season to go to Kyoto”
recorded before and after training.

Acoustic measurements were made of the maximum
intensity and FO and F1 at the time of maximum
intensity within each vowel of each of the syllables of
the utterance. The acoustic software PRAAT was used.
In this paper, the focus is on the F1 measurements.

Perception tests were done with the pre-
training/post-training utterances paired for each student
using a Runtime Revolution software. For each class, 8
students successfully recorded pre- and post-training
utterances. These were randomized 3 times and
presented to three native teachers of English (two
British, one American), who listened to each of the
paired utterances and judged how much better one
utterance was compared to another. They used a slide
bar on the computer screen from -4 to +4, with the
positive numbers indicating improvement. The
presentation of the utterance pairs also randomly varied
in terms of whether the pre- or post-trained utterance
was first. Before the test, there was one practice paired
utterance (from actually the 9th speaker in the 2™ class,
trained with the multimedia metronome computer-based
language teaching method).

3. Results

3.1. Rhythmical analyes of native English speakers (F1
patternings)

Rhythmical analyses of native English speakers in terms of F1
patternings are shown in the figure below.
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Fig. 2. F1 values for each syllable are shown for the
British (dark) and American (light) teacher. The three
phrases are indicated by breaks in the bargraph. The
stressed syllables in each of the phrases is are indicated
by capital letters.

Roughly speaking “strong syllables” have higher F1
(because the jaw is more open). The pattern of F1 for
both speakers shows alternations of strong (S) and weak
(W) syllables. Notice that (1) for the most part there is
considerable similarity in the F1 patterns for the two
native English speakers: the first phrase shows a pattern
of S-W-W, and the last phrase, W-S-W-S-W; (2) the
second phrase, is either W-S-W-W (British speaker) or
W-S-W-S (American speaker); and (3) the stressed
syllable in each phrase always has the highest F1, except
of course, when the stress is on the first syllable of
“seasons”, which contains the high vowel (/i/), and it is
well-known that jaw displacement is less for high
vowels that low vowels. Future work along these lines
will need to incorporate not only stress but also vowel
height (as well as position in the phrase/utterance) in
order to derive a more accurate assessment of
prominence (S-W) patternings. FO is not shown here;
however, previous studies have shown that peaks in FO
tend to indicate where the stress is, rather than the
rhythmical patterning (e.g., Erickson, 2004; Erickson et
al, 2011 (Montreal)

3.2. Results of perception tests with native English teacher
listeners

The results suggest that there is more improvement in
performance with the group of students who practiced
with the multimedia computer-based language teaching
method, compared to those who practiced only with the
native English speaker. The “improvement score” for



the former group was 1.7, and 1.05 for the later group.
The range of improvement for the multimedia
computer-based language teaching method was from 0.3
to 2.2; that of the other class was -1.2 to 2.8. The best
individual improvement was seen, however, with one of
the students in the non- multimedia computer-based
language teaching method.

3.3. Acoustic analyses of students productions

The two bargraphs below show pre- and post-
production patterns for the most-improved speaker in
each class. Data from the Class 1 most improved
speaker (speaker 105) are shown in Figures 3 and 4.
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Fig. 3. F1 patterns of pre and post-training utterances for
most improved student in Class 1.

Comparison of the F1 pattern for Class 1 most-
improved speaker (Figure 3) with that of the native
English speakers (Figure 2) does not show a native-like
rhythmic F1 pattern, either for the pre or post training
sentences; nor does it show an an improvement in F1
patterning.
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Fig.4. FO patterns of pre and post-training utterances for
most improved student in Class 1.

However, if we look at FO for the Class 1 speaker, it
seems maybe there is an improvement in that now the
stressed syllable in each phrase has the highest FO, and

maybe this speaker was focusing on FO changes, rather
than other correlates of rhythm. For the final syllable,
“t0”, there was no measurable FO value for either pre- or
post-training utterances.
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Fig. 5. F1 patterns of pre and post-training utterances for
most improved student in Class 2.

Comparison of the F1 pattern for the most improved
Class 2 speaker (Speaker 203) with that of the native
speakers suggests that this speaker actually did improve
her rhythm after training with the multimedia
metronome computer-based language teaching method
to be more native-like. It is interesting that this most
improved speaker was one of the poorer (more shy, less
confident) speakers in the class.

4. Summary & future work

Previous studies have shown that jaw displacement/F1
patterns may well reflect a hierarchical metrical
(rhythmic) structure of spoken English. However, how
to apply this knowledge to practical applications for
teaching rhythm is quite challenging. This study is an
initial foray into using research-based findings for
applications to teaching English rhythm to Japanese
learners of English. The data presented here are
preliminary. However, the tendencies we see here
suggest that a multimedia metronome computer-based
language teaching method may be a good approach for
accomplishing this goal. In fact, the pilot studies
reported here show that there is more improvement in
students using the multimedia metronome computer-
based language teaching method than being taught by a
native-English speaking teacher. Moreover, there may
be a difference in which acoustic aspects of the speech
signal improve their speaking skills, depending on the
teaching method. Very preliminary results suggest that
the students taught by more traditional methods (a
native-English speaking teacher) may make increase FO
on the stressed syllable, but may not necessarily change
the basic underlying rhythm of the utterance to be more
native-like. Students taught by the multimedia
metronome computer-based language teaching method



may actually improve their rhythmic patterns to be more
native-speaker like.

One possible explanation for this might be related to
the video image the students are looking at. The images
are extremely well-selected, and easily draw the
students’ attention. The process of learning the language
becomes in a way more natural, in that there is a
meaning associated with an image, thus allowing the
students to perhaps revert to a more child-like way of
associating visual and verbal meanings. At the same
time, in the background is the metronome which helps
give rhythmical structure to the learning process of
visual-verbal association.

These statements are mentioned here to encourage
further thinking along these lines. Before anything
conclusive can be said, more substantive research along
these lines is needed
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