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ABSTRACT
The present experiment compares the effects of word- vs.
sentence- training on the ability to perceive difficult L2
contrasts. Subjects were thirty native speakers of English
learning introductory Japanese. Group W (Word-training)
identified the number of morae, from one to six, in each word
spoken in isolation, and received feedback immediately after
responding. For Group S (Sentence-training), the procedure was
the same, but the words were heard in frame sentences. Control
Group only took pre- and post- tests. After training, Group W
outperformed the other two groups on the word test, and Group
S outperformed the other two groups on the sentence test.
However, Group W improved mostly on the word tests, but not
on the sentence tests, whereas Group S improved almost equally
on both tests. These results suggest that training with sentences
might be more beneficial for the ultimate acquisition of difficult
L2 durational contrasts in fluent speech.

1. INTRODUCTION
The present study investigates whether the ability to perceive
difficult phonemic contrasts in L2 fluent speech can be
developed with either word or sentence training. Previous
training methods provided minimal pairs of isolated words, e.g.,
[1, 2], and they did not question whether the ability gained in
word-level training would easily transfer to fluent speech.
However, Greenspan, Nusbaum, and Pisoni (1988) [3] examined
perceptual learning of synthetic speech, and argued that adults’
abilities to identify words spoken in isolation do not guarantee
that those words will also be perceived reliably in connected
speech. I investigate whether the same conclusion can be made
for L2 learners’ perceptual abilities.

A mechanism involved in the perception of fluent speech
that has not been discussed much in the field of L2 acquisition is
rate normalization. In Hirata (1990a) [4], native Japanese
speakers were asked to judge whether the first word in a
sentence was ita ‘stayed’ (2 morae) or itta ‘went’ (3 morae), and
were shown to use the rate of mora beats that follow the word as
a primary cue, contra their perceptual strategy for these words in
isolation. However, this ability to normalize rate was found to be
a skill not naturally possessed by learners of Japanese [5].
Without this ability to use global prosodic cues over a stretch of
an utterance, learners might be able to identify words in
isolation using local acoustic cues, but not be able to identify
those same words in connected speech.

In Hirata (1998) [6], a new training program with
computer-assisted feedback was created to test the following
hypothesis: natural variations in length and rate of utterances
representative of several talkers, provide helpful opportunities
for learners to normalize speech rates and to make

generalizations about durational contrasts (cf. Pisoni and Lively
1995 [7] and Bradlow et al. 1997 [8] for the effects of
variabilities of talkers and phonetic contexts on the acquisition
of L2 contrasts).

In each of ten sessions in Hirata’s (1998) perceptual
training, subjects were asked to identify the number of morae
from one to six in each word they heard, and they received
feedback immediately after responding. In the sentence training
a frame sentence was written on the computer screen for each
block, and subjects listened to various words spoken in the
frame sentence, and then determined the number of morae in the
target word. First, it was found that, among the test items which
are categorized as EASY vs. DIFFICULT words (cf. 2.2.
Training and testing materials), subjects who had participated in
training made significant improvement not on the EASY words
but on the DIFFICULT words, indicating the effect of this
training method. Second, subjects’ perceptual scores on the
sentence tests were consistently lower than those on the word
tests although both tests contained the identical sets of test
items. Third, there was no effect of training type: whether the
group participated in the word training only, or in the word
training (for 4 sessions) & sentence training (for 6 sessions), the
two groups showed a similar amount of improvement for the
word and the sentence tests. It was possible that there was not
enough difference between the treatment of the two groups since
they both went through the same word training up to session 4.

In order to compare more explicitly the effects of word
training vs. sentence training, one group in the present
experiment participated exclusively in the sentence training for
all 10 sessions, and the other group only in the word training for
all 10 sessions.

2. METHODS
2.1. Subjects
Subjects were thirty native speakers of English who were
learning introductory Japanese at the University of Florida, and
were divided into three groups: word-training (Group W, 12
subjects), sentence-training (Group S, 11 subjects), and control
(Group C, 7 subjects).

2.2. Training and testing materials
Training materials included not only minimal pairs, e.g., i vs. ii ,
but also other words with one to six morae presented randomly,
spoken by four native Japanese speakers. They were identical to
those in Hirata (1998), except that new sessions 1–4 were added
for the sentence training. Thus, while in the previous experiment
there was only word-level training up to session 4 which both of
the training groups went through, in the present experiment,
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there were complete sets of word-level and sentence-level
training for all the 10 sessions.

Testing materials were identical to those in the previous
experiment. To reiterate, each of the word tests contains 60 test
items. There were 5 categories for those test items:

V for 16 words which contain only short vowels and single
consonants, e.g., tokubetsu (4 morae) or aoi (3 morae).

N for 12 words which contain the moraic nasal, e.g., sen (2
morae) or henka (3 morae).

VV  for 16 words which contain long vowels, e.g., kookoku
(4 morae) or shokyuu (3 morae).

Q for 10 words which contain geminate consonants, e.g.,
ikkagetsu (5 morae) or shisso (3 morae) and

Com (combination) for 6 words which contain the
combination of N, VV, and Q, e.g., kekkonshiki (6 morae) or
tokkyuu (4 morae).
Based on the results of the pre-test scores in the previous
experiment, which indicated the initial difficulties for learners of
Japanese, V and N were categorized as EASY words (28 words),
and VV, Q, and Com as DIFFICULT words (32 words) [6].

Each sentence test contained items which were identical to
those used in the word test, and the only difference was that
those items were spoken with frame sentences. The pre-test and
the post-test each contained completely different sets of words,
while the structure of the test items stayed the same, i.e.,
containing the same number of words for the categories V, N,
VV, Q, and Com. The test items also did not include the words
which students heard in training sessions. This means that if
subjects improve their scores from the pre-test to the post-test, it
is not due to simply remembering what they have heard before,
but due to the improved listening skill with which they can
segment new words and identify the correct number of morae.

2.3. Procedure
The procedure was mostly the same as those in Hirata (1998).
For both training and testing, a 6-alternative identification task
was employed. Group W identified the number of morae (1 to 6)
in each word spoken in isolation, and immediately after
responding, they received feedback, i.e., the number of morae
and the spelling of the word in roman letters. For Group S, the
procedure was the same, but the words were always heard in
frame sentences. A frame sentence was written on the computer
screen for each block of ten trials, and Group S identified the
number of morae in the target word inserted in an underlined
part of the frame sentence. Ten training sessions took place over
five weeks. The format of the pre-tests and the post-tests was
identical to that in the previous experiment.

The following change was made in the procedure of
training: In the previous method, when subjects made a mistake,
they had the option of listening to the utterance from one to three
additional times. However, in the present experiment, in order to
control the amount of stimuli given to the subjects, they were
forced to listen to the utterance three times whenever they gave a
wrong response.

3. RESULTS
3.1. EASY vs. DIFFICULT words
From the results of the previous experiment, I have hypothesized
that the effect of training is manifested in the subjects’
performance on the DIFFICULT words, but not on the EASY

words. This was shown to be the case in the present experiment.
Figure 1 shows the combined improved scores for both word and
sentence tests from the pre-test to the post-test. For the EASY
words, both training and control groups almost equally improved
in their test scores. However, for the DIFFICULT words, there
was a significant difference between the training groups and the
control group. The total improvement percentage from the pre-
to the post- tests for the DIFFICULT words was 45.3% for
Group W, 47.7% for Group S, and 16.1% for Group C. Planned
comparisons of the individual groups indicated significant
differences in their improved scores between Groups S and C
[F(1, 27) = 4.865, p = .036], and between Groups W and C [F(1,
27) = 4.29, p = .048], but not between Groups W and S [F(1, 27)
= .038, p > .1].

When the word and sentence improvement scores were
examined separately, however, it was shown that the trained
subjects’ overall improvement was mainly from the word test
scores, and not from the sentence scores. Planned comparisons
indicated that, for the DIFFICULT Word tests, there was a
significant difference in the improvement scores between the
trained groups (combined between W and S) and Group C [F(1,
27) = 4.594, p = .041], but not for the DIFFICULT sentence tests
[F(1, 27) = 2.609, p > .1]. It is shown in the next section that
this result is due to Group W’s low improvement on the sentence
test scores.
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Figure 1. Combined improved scores for both word and sentence
tests

3.2. WORD training vs. SENTENCE training
One of the interesting findings in the present experiment
concerns the type of training methods for the acquisition of
Japanese morae in both word and sentence contexts. Figure 2
shows improved scores on the difficult words separately for the
word and the sentence tests. Planned comparisons of the
individual groups indicated that, for the word tests, the average
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improvement for Group W (34.4%) was 22.3 percentage points
higher than for Group C (12.1%) [F(1, 27) = 5.783, p = .023],
but indicated no significant difference between Groups W and S
or between Groups S and C. This can be seen by comparing the
three white bars in Figure 2. For the sentence tests, the
improvement of Group S (21.9%) was 17.9 percentage points
higher than for Group C (4.0%) [F(1, 27) = 4.323, p < .05], but
there was no significant difference between Groups S and W or
between Groups W and C. This can be seen by comparing the
three gray bars in Figure 2. At a first glance these results may
suggest that training fosters training-specific skills, and that
skills necessary for identifying difficult L2 contrasts in fluent
speech are separate from those used for isolated word
identification.
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Figure 2. Improved scores on the DIFFICULT test items for the
word and the sentence tests.

However, examination of the balance of word test
improvement and sentence test improvement within each group
suggests that sentence training might be more beneficial than
word training. Within Group W, there was a significant
difference between the improvements of the word test scores
(mean = 11) and the sentence test scores (mean = 3.5) [F(1, 11)
= 22.297, p = .0006]. In Figure 2, this can be seen in a great gap
between the height of the white and the gray bars for Group W.
In contrast, within Group S, there was no significant difference
between the improvements of the word test scores (mean = 8.27)
and the sentence test scores (mean = 7) [F(1, 10) = .259, p > .1].
In Figure 2, this is seen by comparing the almost equal height of
the white and the gray bars for Group S. In summary, subjects
who had the word-level training (Group W) improved primarily
on the word test scores, but not on the sentence scores. On the
other hand, subjects who had the sentence-level training (Group
S) improved greatly on the sentence scores, and also showed
improvement on the word test. Thus, Group S’s improvement on
the word tests was much greater than Group W’s improvement
on the sentence tests.

These results suggest that, for the acquisition of Japanese
morae, it might be more beneficial to listen to sentences than to
listen to only words in isolation, although sentence listening is
much more difficult especially at the initial stage, as subjects’
pre-test scores indicate [6].

3.3. Word vs. Sentence scores
The results of the previous experiment indicated that at any

stage of testing, subjects had lower scores on the sentence tests
than on the word tests even though the tested items were
identical [6]. In the present experiment, it was also shown that
there was a significant difference between the improved scores
for the word and the sentence tests. The mean improved scores
for the word and sentence tests were 8.33 and 4.27 respectively,
and ANOVA indicated a main effect of test type [F(1, 27) =
7.744, p = .0097]. These results suggest that the ability to
perceive isolated words correctly does not guarantee the ability
to perceive those words spoken in fluent speech, and that the
development of the former does not guarantee that of the latter.

4. CONCLUSIONS AND DISCUSSIONS
The present experiment confirms the earlier finding that subjects
learned EASY words, e.g., short vowels and single consonants,
by simply attending a regular Japanese class for five weeks, but
did not learn to perceive reliably DIFFICULT words, e.g., long
vowels and geminate consonants, without training. The effect of
the training program was observed most clearly on the trained
subjects’ improvement for identifying the DIFFICULT words.
Both of the trained and the control subjects were informed of the
structural difference between Japanese morae and English
syllables at the pre-test stage, i.e., that the durational difference
of a vowel or a consonant makes a phonemic difference in
Japanese, and all subjects had knowledge of what they ought to
pay attention to when listening to Japanese morae. In spite of
that knowledge, and in spite of their learning experience in
classroom, control subjects still did not succeed in identifying
long vowels and geminate consonants at the post-test. When they
hear kooto, they tend to misidentify it as containing two moraic
beats, rather than three, and cannot distinguish the word from
the similar word koto when they are randomly presented.

However, trained subjects improved their perceptual ability
to identify the word-internal moraic structure, especially of the
words containing long vowels and geminate consonants. It is
worth emphasizing that the training stimuli did not consist of
sets of minimal pairs, e.g., i vs. ii , but contained words with
various numbers of morae presented randomly, creating variation
in length of utterances. The ability gained by the trained
subjects, therefore, was not to tell the difference of one stimulus
from the other, but to identify wherever the difficult components
appear, e.g., to detect long vowels that can appear at any
position in a word. The significant improvement of the trained
subjects in the present experiment suggest that natural variation
in length of utterances, as well as variabilities of talkers and
phonetic contexts [7, 8], has a positive effect on the acquisition
of difficult L2 contrasts.

Another major finding unique to this experiment was that
the training method using sentences was effective for the
acquisition of difficult durational contrasts. It has been
traditionally assumed in the field of L2 acquisition that the
ability used for identifying isolated words is automatically used
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for identifying those words in fluent speech. However, the
results of the present experiment suggest that it is not the case,
and support the findings by Greenspan, Nusbaum, and Pisoni
(1988) [3]. Group W, which had only word-level training,
improved significantly on the word test scores, but did not
improve on the sentence tests, and there was a great gap
between the improvement of the word and the sentence test
scores. However, Group S, which had only sentence-level
training, not only improved their sentence test scores, but also
their word test scores.

The skill gained by the sentence-training subjects involves
a process of normalizing speaking rate, which is an important
factor for the acquisition of moraic contrasts. Variation in length
of sentences necessarily creates variation in speaking rate. Some
sentence-training subjects reported spontaneously that one
speaker’s short vowel can be equivalent to another speaker’s
long vowel in length, and that the subjects had to listen carefully
to each speaker, as his or her speaking rate might be slightly
different from those of the other speakers, and paid attention to
the whole utterances, rather than listening to only the target
word within each trial. Some subjects also noted that segmenting
the target word from the rest of the sentence was a challenging
task. The sentence-training subjects’ experience of normalizing
speaking rate and of segmenting fluent speech while attempting
to identify the moraic structure of the words must be a learning
process which word-training subjects did not experience.

Further studies are needed to examine the amount and the
kinds of rate variation that is most effective for the acquisition of
difficult durational contrasts. Questions still remain as to
whether the effectiveness of the sentence training is attributable
to rate variation naturally created by different speakers, or
whether rate variations intentionally created by a single speaker
or several speakers can also be useful.
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