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English rhythm is related to contrast between the stressed and the
unstressed in duration structure. In native English speech, in general, an
intra-speaker average duration of stressed syllable is longer than that of
syllable as a whole. On the contrary, that of unstressed syllable is shorter
than that of syllable as a whole. In the previous paper by the present
author, it was reported that stressed syllable durations of speech of
learners tend not to be lengthened enough, and an unstressed ones tend
not to be shortened enough as compared with that of native speakers
(Nakamura, 2010). For these reason, learner speech does not have such a
high ratio of intra-speaker average durations of stressed to unstressed
syllables as native speech. Since this lower ratio affected subjective
evaluation, a correlation coefficient between the ratios and subjective
evaluation scores given by English language teachers was observed to be
0.48. In this paper, an indicator, which demonstrates more adequately a
duration contrast between the stressed and the unstressed, was
investigated, for the purpose of increasing the correlation with subjective
evaluation. A rhythm unit was defined here as a stressed syllable
connected to the preceding and succeeding unstressed syllables. Then, a
value based on a ratio of stressed to unstressed syllable durations in the
rhythm unit was treated as an indicator to represent learner characteristics.
As a result, a correlation coefficient of the indicators with subjective
evaluation scores was increased to 0.65. A substantial part of mechanism
in subjective evaluation of rhythm in English speech was revealed and
became possible to simulate reasonably by objective evaluation.
Key Words: rhythm in English speech, duration characteristics, the
stressed and the unstressed, subjective evaluation, Japanese learners.
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1 Introduction
As internationalization has advanced, the demand to acquire the
ability to speak English has increased. When we consider ways of evaluating
English speech of learners, it is desirable to develop the strategy of using
subjective evaluation by English language teachers to a more precise and
reliable stage. To this end, it is necessary to analyze multi-dimensionally the
strategy of subjective evaluation by teachers and to find how they utilize the
acoustical characteristics of learner speech in their hearing capacity. The
analyzed strategy of subjective evaluation can be replaced by a more
effective objective evaluation system by using a computer (Yamashita, 2005;
Ito, 2006; Nakano, 2008). The present author has studied the strategy of this
kind of evaluation (Nakamura, 2007 & 2009). In this process, intrinsic and
significant knowledge about the relationship between the acoustical features
of learner speech and subjective evaluation was obtained. These results are
reported in this paper.
Stress characterizes rhythm in English speech. The physical quantities
of acoustical features that relate to stress are duration, fundamental frequency,
and intensity (Lehiste, 1970). They correspond to the psychological
quantities of phone length, pitch, and loudness, respectively. Among the
acoustical features related to the subjective evaluation of rhythm in English,
durations, which are the basis of the duration structure, are focused on in this
paper for the following reasons: 1) Duration can be thought to include most
of the information of fundamental frequency and intensity, and 2) The
information of duration, which is based at the start and end points of each
phoneme unit, can be measured with relatively high reliability.
Learners aim to control rhythm in English as native speakers do.
Therefore, characteristics of learner speech are analyzed by comparison with
those of native speakers for the same texts. The obtained characteristics are
indicators of proficiency levels of rhythm in English and can be used for
simulating subjective evaluation. In this paper, this indicator to simulate
subjective evaluation with higher precision is investigated.
2 Analysis Data
In this chapter, speech data and subjective evaluation scores used for analyses
are presented.
2.1 Speech data
Speech data used for analyses were selected from the “English speech
database read by Japanese students (hereafter “ERJ database”) (Minematsu,
2003)” which includes texts satisfying all requirements mentioned in the
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following part of this section. This database consists of the English speech,
which was uttered by learners of a wide range of English proficiency levels
and recorded in a standardized recording environment.
Texts were selected as shown in Table 1. They satisfy all requirements
of texts for evaluation of rhythm in English as set in the following part of this
section. These requirements are explained by quoting examples from this table.
2.1.1 Texts
The target of evaluation in this study is a proficiency level of not a
phonological aspect of a specific word but a prosodic one in a whole sentence,
especially rhythm in English. For this reason, it is desirable that there is no
difference between learners in their knowledge of the words included in the
texts. Therefore, texts mainly consist of the simple words required in English
classes in Japanese junior high schools and contain no proper noun are selected.
Stress characterizes rhythm in English speech. The reason that a
stressed syllable is recognized as a syllable with a stress is the following: it is
heard to stand out more prominently than its immediate unstressed syllables
by longer duration, greater intensity, and higher pitch (Roach, 2009).
Repetition of these stressed syllables alternating with unstressed syllables
makes hearers perceive rhythm (Lehiste, 1970). In this study, focusing on the
property of salient stressed syllables in the repetition, the number of stressed
syllables included in a text is treated as an element of a requirement of texts.
In the case of a text including two stressed syllables, one interval
Table 1. Texts Used for Analyses with Symbols Indicating the Location and
Degree of Stress.
Text
A I’m a・mused
@
B Why
-

won’t you
-

C I was
D The
-

by
-

E Thank you
-

and
-

wait un・til
@ -

ter・ri・bly
- -

boys have
@
-

the man
@

an・noyed
@
sold
@

ver・y
- -

some
-

much
@

for
-

ver・y fun・ny jokes.
@

Fri・day when he’s back?
@
@

with
of
-

his
-

the man
@
the
-

for
-

beat・ing
- -

the dog.
@

flow・ers.
@ -

eve・ry・thing
@
-

that you did
@

for
-

us.
-

Note. The symbol “.” stands for a syllable boundary. Stressed (@) and
unstressed (-) syllables are based on the definitions described in 2.1.1.
between these stressed syllables is formed and its absolute duration is
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perceived. On the other hand, in the case of a text including at least three
stressed syllables, at least two intervals between adjacent these stressed
syllables are formed and its periodic repetition is also perceived. For these
reasons, a text including at least three stressed syllables is set as a
requirement of texts for evaluation of rhythm in English.
The location and degree of stress can be changed in some cases
according to a general English rule to avoid having stresses too close, but to
maintain regular intervals (Ladefoged, 1975). There phenomena are not
necessarily done by all native speakers in common (Roach, 2009).
Furthermore, the degree of stress is not paid attention to even by native
hearers in an ordinary situation of hearing a speech (Jones, 1960).
Considering these facts, just a syllable with a primary stress, which stands
out prominently in contrast to an unstressed syllable, is treated as a stressed
syllable in this study. This can be useful for weakening an effect of a difference in
the way evaluators recognize stress and having a clearer result. Hereafter, just a
syllable with a primary stress is called a stressed syllable, and the other syllable is
called an unstressed syllable. The expressions of stressed and unstressed syllables
in tables and figures in this paper are also based on the definition.
Considering a limitation of accurate evaluation by human evaluators, a
simple sentence or complex one which consists of two pairs of a subject and
a predicate is selected as texts. It is desirable that the number of these words
is up to about 7 in a simple sentence and 14 in a complex one in view of the
structure of a normal sentence. The number of words in each text used in this
study introduced in the next section is from 8 to 11 and within this limit. The
number of syllables is from 9 to 15.
Texts were selected to meet the all above requirements. As shown in
the second line of each text in Table 1, every selected text includes three
stressed syllables indicated by the symbol “@.”
2.1.2 Speakers and the number of samples
One hundred and six samples were selected for speech samples of learners.
Speakers were 106 university students whose native language was Japanese. The
number of samples per text was approximately 21. In the process of constructing
the ERJ database, speech samples uttered by native speakers were not presented
as references during practices and recordings. Additionally, learners were given
prosodic symbols indicating location and degree of stress in the texts and required
to practice speaking them prior to the recordings. The location and degree of
stress shown in Table 1 are based on the one given to the speakers.
The ERJ database also includes speech samples of native speakers for
the same texts as those of learners. Fifty eight samples uttered by 20 native
speakers, which were corresponding to those by learners mentioned above,
were selected. The number of samples per text was approximately 11.
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2.2 Subjective evaluation score
English language teachers were asked to give subjective evaluation scores to
every selected speech samples of learners. The evaluators were five English
language teachers who had knowledge of English phonetics and careers in
teaching English to Japanese learners. Evaluators did not include the native
speakers who uttered the selected speech described in the last section.
An evaluation measure of a 7-point scale (-3: Awful - +3: Excellent)
representing the proficiency level of rhythm in English was used in subjective
evaluation. Subjective evaluation scores were given to each sentence.
Evaluators were allowed to listen to each speech sample multiple times.
One subjective evaluation score was given to each speech sample of
whole sentence by one evaluator as mentioned above. As a result, five scores
in total were given to each sample. Based on these row subjective evaluation
scores, a representative subjective evaluation score was calculated for each
speech sample. The method of calculating a representative score followed the
previous paper by the present author (Nakamura, 2010). A representative
subjective evaluation score calculated in this way is called just a subjective
evaluation score hereafter.
3. Duration Characteristics of Learner Speech
In this chapter, characteristics of stressed and unstressed syllables of learners
obtained by the present author are summarized. A syllable with a secondary
stress was treated as not an unstressed syllable but a stressed syllable in the
previous study.
3.1 Stressed and unstressed syllables
Learners tend to speak English slower than native speakers, that is, sentence
durations of learner speech is longer than those of native speech because of
their inexperience of English speech. For this reason, it is natural that an
inter-speaker average syllable duration of learners is longer than that of native
speakers. In the previous paper by the present author, it was reported that an
intra-speaker average duration of stressed syllable uttered by learners tends not
to be lengthened enough, and that of unstressed syllable tends not to be
shortened enough as compared with that of native speakers (Nakamura, 2010).
As a result of correlation analyses of these durations of learners and
subjective evaluation scores, correlation coefficients of -0.13 and -0.43 were
obtained for stressed and unstressed syllables, respectively. It was revealed
that durations of unstressed syllables rather than those of stressed syllables
have a stronger correlation with subjective evaluation.
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3.2 Contrast between stressed and unstressed syllables
Learner speech does not have such a high ratio of intra-speaker average
durations of stressed to unstressed syllables as native speech. The
relationship between this ratio of learners and subjective evaluation for the
example of Text A is shown in Figure 1. Subjective evaluation scores are
shown on the horizontal axis, and the ratios on the vertical axis. A correlation
coefficient between ratios and subjective evaluation scores showing 0.48 was
obtained for all five texts. Though this ratio affects subjective evaluation, the
correlation was not strong enough. An effect of a weak correlation of stressed
syllable durations with subjective evaluation scores mentioned in the last
section is expected to be the reason that this correlation is not improved so
much compared to a correlation of unstressed syllable durations with
subjective evaluation scores also mentioned in the last chapter.
4 Ratio of Stressed to Unstressed Syllable Durations
In the previous study (Nakamura, 2010), relationship between stressed and
unstressed syllable durations of learners and subjective evaluation was revealed.
Both of them showed weaker correlation coefficients than -0.5. In the last
chapter, relationship between ratios of intra-speaker average durations of stressed
to unstressed syllables of learners and subjective evaluation scores was analyzed.
However, a weaker correlation coefficient than 0.5 was also obtained.

ＲＡＴＩＯ ＯＦ ＩＮＴＲＡ－ＳＰＥＡＫＥＲ ＡＶＥＲＡＧＥ ＤＵＲＡＴＩＯＮＳ
ＯＦ ＳＴＲＥＳＳＥＤ ＴＯ ＵＮＳＴＲＥＳＳＥＤ ＳＹＬＬＡＢＬＥＳ

Figure 1. Relationship between ratios of intra-speaker average durations of stressed
to unstressed syllables and subjective evaluation scores for the example of Text A.
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In this chapter, an indicator, which adequately shows a duration
contrast between the stressed and the unstressed, was analyzed on the basis of
a correlation with subjective evaluation to obtain a stronger correlation. The
target correlation coefficient was stronger than 0.5.
4.1 Repetition of a set formed by stressed and unstressed syllables
As mentioned in 2.1.1, the repetition of the set of a stressed syllable and the
preceding and succeeding unstressed syllables is greatly concerned with rhythm
in English. Repetition of this set can make rhythm in English be perceived.
Figure 2 shows a change in each inter-speaker average syllable duration
of native speakers and learners alongside time. To express contrast between the
stressed to the unstressed methodically, in the case of a series of stressed
syllables (hereafter “a stressed part”) or that of unstressed syllables (hereafter
“an unstressed part”), these durations were normalized by the number of
syllables consisting of the corresponding stressed or unstressed parts. Syllable
durations shown on the vertical axis were plotted alongside time on the
horizontal axis. Sentence durations of each speaker were normalized by an
inter-speaker average of native speakers in order to analyze them after
Figure 2. Comparison of changes in inter-speaker average syllable durations
of native speakers (solid line) and learners (dotted line) plotted alongside
time for Text A “I’m amused by the man and his very funny jokes.”
NORMALIZED SYLLABLE DURATION (ms)

CHANGE IN SYLLABLE DURATIONS
750

AVERAGE
OF NATIVE SPEAKERS
NATIVE
SPEAKER
AVERAGE AVERAGE
OF LEARNERS
LEARNER
NATIVE SEGMENT
SEGMENT
NATIVE

500

250

NOT

LENGTHENED
SHORTENED

ENOUGH BY LEARNER

0
0

500

1000

1500

2000

2500

3000

NORMALIZED TIME (ms)
-250

I'm a

@
mused

@
by the man

and his ver y fun ny

@
jokes

Note. The sentence durations are normalized by the average of native speakers. Stressed
and unstressed syllables are shown with the symbols “@” and “-” respectively.
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eliminating a difference of sentence durations by speaker. It is clear that a set of
a long stressed syllable and a short unstressed syllable is repeated in this way.
4 2 Learner characteristics
Learner characteristics of this repetition are different from those of native
speakers. First, the characteristics of stressed syllable durations are focused
on. As shown in Figure 2, three of stressed syllables, which are “mused,”
“man” and “jokes,” exist in the example of Text A. They are relatively long
and correspond to three of the peaks. The difference indicated by the gray
area shows that stressed syllable durations of learner speech tend not to be
lengthened enough as compared with those of native speech.
Next, the characteristics of unstressed syllable durations are focused
on. To express the difference with stressed syllable durations clearly,
unstressed syllable durations are shown at the point of each group of them.
These values are averages. For example, at the point of “by the,” the average
of “by” and “the” is shown there. As shown in Figure 2, three of groups of
unstressed syllables, which are “I’m,” “by the” and “and his ver y fun ny,”
exist in the example of Text A. They are relatively short and correspond to
three of the troughs. The difference indicated by the area with vertical stripes
shows that unstressed syllable durations of learner speech tend not to be
shortened as native speech. In the following sections, an indicator to show
more adequately these characteristics is investigated.
4.3 Calculating ratio in rhythm unit
Learner characteristics revealed in the last chapter can be concealed by
calculating a ratio after averaging durations of stressed and unstressed
syllables separately. To make the most of these characteristics, it can be
helpful to set a rhythm unit and use a ratio of stressed to unstressed parts in
each rhythm unit. However, the problem is that where the start and end points
of each rhythm unit should be fixed to calculate ratio of stressed to unstressed
parts in the repetition of the set formed by stressed and unstressed parts.
A stressed part is saliently perceived. One of the reasons is that an
intensity of a stressed part is bigger than that of an unstressed part. Considering
the fact, in this paper, a stressed part was assumed to be the center of each rhythm
unit. Rhythm unit was formed by a stressed part connecting to the preceding and
succeeding unstressed parts. At this point, each unstressed part was divided into
two, and the former one connects to the preceding stressed part and the latter one
connects to the succeeding stressed part. A rhythm unit was defined as follows:
Rhythm unit = a half of preceding unstressed part + a stressed part
+ a half of succeeding unstressed part
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An intra-speaker average ratio of stressed to unstressed parts in this
unstressed + stressed + unstressed (USU) rhythm unit shown in Figure 3 was
defined as a basis of an indicator. In the example of this figure, the ratio of a
native speaker and a learner are 0.74 and 0.59, respectively.
Figure 3. Speech waveform. Comparison of ratios of stressed to unstressed
parts in a type USU rhythm unit of a native speaker (top figure) and a learner
(bottom figure)
/ Why won't you wait un・til Fri・day when he's back? /
NATIVE SPEAKER
@
wait

un

@
Fri

til

330

day

@
back

when he's

320
STRESSED
PART

540

(165)

(270)
(+)
435
UNSTRESSED PART
RHYTHM UNIT
RATIO 0.74

LEARNER

390
STRESSED
PART

350
(175)

970
(485)

(+)
660
UNSTRESSED PART
RHYTHM UNIT
RATIO 0.59

Note. The waveform is drawn alongside time for “wait until Friday when his back”
which is the end portion of Text B “Why won’t you wait until Friday when he’s
back?” Prosodic symbols are as follows: @: stressed syllable, -: unstressed syllable,
and ・: syllable boundary.
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4.4 Relationship between learner characteristics and subjective evaluation
To examine relationship between the basis of an indicator which shows
learner characteristics mentioned in the last section and subjective evaluation,
the correlation of them was analyzed.
The following arrangements were given to the basis of an indicator to
show learner characteristics more adequately. First, to reflect the difference
with native speech and the relationship with the other learner speech, the
bases of the indicators of each learner were compared to the average of
learners after normalizing by the average of native speakers. Next, to obtain
the best correlation with subjective evaluation scores, the obtained difference
keeping its negative or positive polarity was weighted by a power. An
experimental result of the best power was 0.5. Calculated values in this way
were defined as indicators to show learner characteristics.
A relationship between the indicators and subjective evaluation scores are
shown in Figure 4 for the example of Text A. A correlation coefficient for all five
texts was 0.65 as shown in Table 2. In figure 4, subjective evaluation scores are
shown on the horizontal axis, and the indicators on the vertical axis. This result
was 0.17 stronger than that of the previous study by the present author using the
ratio of intra-speaker average durations of stressed to unstressed syllables
mentioned in 3.2. There was a significant difference of the results at the 0.01 level

INDICATORS BASED ON INTRA-SPEAKER AVERAGE RATIOS OF
STRESSED TO UNSTRESSED PARTS IN EACH TYPE USU RHYTHM UNIT

Figure 4. Relationship between the indicators and subjective evaluation
scores for the example of Text A.
0.6

0.3

0.0

-0.3
R = 0.75
-0.6
-0.6
-3
AWFUL

-2

-1

0

1

2

3

EXCELLENT
SUBJECTIVE EVALUATION SCORE

Note. The indicators are the values based on intra-speaker average ratios of stressed to
unstressed parts calculated in each type USU rhythm unit.
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Table 2. Correlation Coefficients between Three Kinds of the Indicators
Showing Learner Characteristics and Subjective Evaluation Scores.

Indicator
Ratios of intra-speaker average
durations of stressed to unstressed
syllables
Values based on intra-speaker average
ratios of stressed to unstressed parts
in type USU rhythm unit

Classification of a
syllable with a
secondary stress

Correlation
coefficient

0.48
Stressed syllable
0.57
Unstressed syllable

0.65

of significance.
Furthermore, the effect of treating a syllable with a secondary stress as not
a stressed but an unstressed syllable was confirmed. By treating a syllable with a
secondary stress as an unstressed syllable, a correlation coefficient of 0.65 was
obtained shown in Table 2. This result was 0.08 stronger than the result by
treating a syllable with a secondary stress as not an unstressed but a stressed
syllable. There was a significant difference of the results at the 0.01 level of
significance.
5 Conclusions
An indicator, which demonstrates more adequately learner characteristics of a
duration contrast between the stressed and the unstressed, was investigated
on the basis of a correlation with subjective evaluation. A type USU rhythm
unit was defined as a stressed part connecting to a half of the preceding and
succeeding unstressed parts. An indicator was defined as value based on an
intra-speaker average ratio of stressed to unstressed parts in this rhythm unit.
In addition, a syllable with a secondary stress was treated as not a stressed
syllable but an unstressed syllable.
As a result, a correlation coefficient showing 0.65 of the indicators
with subjective evaluation scores was obtained. This correlation coefficient
was significantly improved compared to the correlation coefficient when
treating a ratio of intra-speaker average durations of stressed to unstressed
syllables as an indicator. Obtained results can be used for standardizing an
evaluation measure and applying to CALL (Computer-assisted Language
Learning) system of evaluating rhythm in English.
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