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Particularly, the geminate and singleton stops of Japanese
are difficult to identify as a length contrast by Koreanspeaking learners [7]. In Korean, consonants are not divided
into voiceless and voiced as in Japanese. Korean is not a
voicing language but an aspirating language.
Specifically, Korean has three types of consonants. For
example, /ita/ (be) versus /itha/ (later) versus /ittha/ (there -is).
Johnson and Oh [8] contend that intervocalic tense consonants
in Korean that are phonologically geminates are more
compressible than singletons. They are called geminate
reduction.
Moreover, the closure of the lenis consonant is shorter
than the closure in the bare tense consonants, which in turn is
shorter than the closure duration in the geminate tense
consonants. Accordingly, it is possible to use perceptual cues
in a different way between Korean-speaking learners and
native Japanese speakers when they perceive the consonant
duration. That is, it might be more difficult for Koreanspeaking learners to identify the geminate and singleton stops
than speakers of other languages like English that have no
phonemic distinction using consonant durations.
The effects of perceptual training in terms of Japanese
length contrasts have been investigated for English-speaking
learners (e.g., [9–12]). However, it has not been thoroughly
investigated, and also we do not know whether or not English
native speakers and Korean native speakers show the same
progress during the perceptual training.
Consequently, the present study addresses the following
questions.
1) Is the perceptual training of the identification of
singleton and geminate stops in Japanese effective to
distinguish the length contrast by Korean-speaking
learners? If it is true, do the results of test coincide
with those observed for English-speaking learners?
2) Is the effectiveness of the perceptual training different
among presentation stimuli? Hirata et al. [12] showed
that training with two rates was more effective than
training with one rate. Namely, Hirata et al. [12] said
that the more variability in the rates of training stimuli,
the more effective for non-native speakers’ perceptual
learning. Hirata et al. [12] and Pisoni and Lively [13]
showed that phonetic variability provided a useful
guide to identify Japanese vowel length. If it is true,
the group trained by multiple speaking rates might
achieve a higher perceptual accuracy than the group
trained by a static speaking rate.
To answer these questions, we carried out perceptual
training to distinguish the geminate and singleton stops in
Japanese by Korean learners.
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Abstract
We aim to build up an effective perceptual training paradigm
toward a computer-assisted language learning (CALL) system
for second language. This study investigated the effectiveness
of the perceptual training on Korean-speaking learners of
Japanese in the distinction between geminate and singleton
stops of Japanese. The training consisted of identification of
geminate and singleton stops with feedback. We investigated
whether training improves the learners’ identification of the
geminate and singleton stops in Japanese. Moreover, we
examined how perceptual training is affected by factors that
influence speaking rate. Results were as follows. Participants
who underwent perceptual training improved overall
performance to a greater extent than untrained control
participants. However, there was no significant difference
between the group that was trained with three speaking rates
and the group that was trained with normal rate only.
Index Terms: singleton/geminate stops, perceptual training,
learners of Japanese

1. Introduction
We have purpose to make clear how to acquire the Japanese
length contrast by second language learners. In addition, we
aim to build up an effective perceptual training paradigm
toward a CALL system for second language.
As a fist step toward the way of perceptual training of
Japanese length contrast, this study tested the effectiveness of
the perceptual training on Korean learners of Japanese in their
identification of singleton and geminate stops in Japanese.
In Japanese, vowel and consonants length can be used
phonemically to signal different words. For example, the
vowel length distinction is phonemic in Japanese; e.g., /hodo:/
(pedestrian) versus /ho:do:/ (broadcasting). Similarly, the
consonant length distinction is phonemic in Japanese; e.g.,
/iso/ (beach) versus /isso/ (rather) and /haken/ (dispatch)
versus /hakken/ (discovery).
The primary acoustic cue of the length contrast in both
vowels and consonants are said to be the duration of the vowel
or consonant (e.g., [1, 2]).
However, the duration of the vowel and consonant are
determined by many factors, including neighboring segments,
speaking rate, and other acoustical factors; phonemic length is
not determined in absolute terms but rather in relative terms
(e.g., [3, 4]). Such a complex characteristic of the length
contrast makes it difficult to acquire by second-language (L2)
learners (e.g., [5–7]).
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test only. The post-test for group KC was carried out seven
days after the pretest.

2. Methods
2.1. Participants
Three listener groups participated. 1) Group KT1 (Korean
Training 1): ten native Korean learners of Japanese who took
five days of training. The training used stimuli spoken at three
speaking rates: slow, normal, and fast. 2) Group KT2 (Korean
Training 2): eleven native Korean learners of Japanese who
took five days of training. This group was trained with stimuli
spoken only at a normal speaking rate. 3) Group KC (Korean
Control): nine Korean Japanese learners who took only pretest
and post-test.

2.2. Stimuli and procedure
Figure 1: The example of the perceptual training. When the
listener takes the test, there is no replay button.

The experiments consisted of three phases: pretest, five days
of training, and post-test. Group KT1 and Group KT2
participated in all tree phases. Group KC participated in
pretest and post-test only.
Before the experiments, all participants were given a brief
description of Japanese length contrasts which was given in
Korean.
In addition, the length contrasts in Japanese were written
as follows. Long vowels were transcribed as “a: i: u: e: o:”
Long consonants were transcribed as “pp tt kk ss zz mm nn jj”
or as “ssh tch”.

2.4. Training procedure
The training stimuli consisted of 60 real word minimal pairs
contrasting in geminate and singleton stops. We also tried to
balance the number of words containing various geminate and
singleton consonants. Groups KT1 and KT2 were presented
with different stimuli. Group KT1 was trained with stimuli
spoken at three speaking rates (120 real words x 3 speaking
rates (fast-normal-slow) x 10 sessions). Group KT2 was
trained with stimuli spoken only at a normal speaking rate
(120 real words x 3 repetitions x 10 sessions).
Each session was broken into six blocks of 30 trials each.
Both training groups (KT1 and KT2) took 2 sessions (720
trials) a day. In each session, the training stimuli were
presented once each in a random order. Training trials were
the same as test trials, except that listeners received feedback
immediately after they chose a response. If a listener
responded incorrectly, the same trial was repeated, until the
listener responded correctly. Moreover, unlike the test,
listeners were able to click the replay button for an unlimited
number of times when they wanted to listen to the stimulus
again.
Groups KT1 and KT2 underwent five days of perceptual
training between pretest and post-test. The training for each
day took approximately 40-60 min, with a mild tendency for
sessions to become shorter as listeners accumulated training.
The training was conducted in the same room environment as
the pretest and post-test.

2.3. Testing procedure
The test stimuli consisted of 30 real word pairs. Among the 30
real word pairs, 15 pairs contrasted in vowel length, and the
other 15 pairs contrasted in consonant length. The word pairs
were selected based on a Japanese lexical database [14]. The
word pairs were also reasonably phonetically balanced.
For test stimuli contrasting in vowel length, the vowel
length contrast appeared in either the word-initial syllable, as
in /koi/ (love) versus /ko:i/ (kindness), or the word-final
syllable, as in /kaze/ (wind) versus /kaze:/ (taxation).
For test stimuli contrasting in consonant length, we tried to
balance the number of words containing various geminate and
singleton consonants. The target consonant was one of the
following voiceless consonants: “t”, “p”, “k”, “s”, “sh”, “ch”.
All stimuli were taken from the same speech database that
was used in [9] (see [9] for details). The talkers were four
professionally trained native speakers of Japanese who had
been trained as voice actors or actresses and spoke standard
Tokyo Japanese comfortably. They produced each test word at
three speaking rates: slow, normal, and fast.
Listeners took the test in a quiet room. The task was a
single-stimulus, two-alternative forced-choice identification
task. On each trial, English transcriptions of two Japanese
words comprising a minimal pair appeared as clickable
buttons in the computer program window (see Fig.1).
Listeners’ task was to select the word they heard by clicking
the appropriate button. In the test, listeners were allowed to
listen to the stimulus only once. The trials were self-paced.
The test consisted of 180 trials (60 words x 3 rates). The
stimuli were presented once each in a random order. We
divided the trials into six blocks of 30 trials each. Listeners
could take short breaks between blocks of trials.
All groups (KT1, KT2 and KC) took the same test twice in
the pretest and post-test. Between pretest and post-test, groups
KT1 and KT2 received identification training for geminate and
singleton stops of Japanese. In contrast, group KC took the

2.5. Analysis
Listeners’ performance is reported as percent-correct
identification accuracies. All statistical tests were conducted
on arsine transformed values of the identification accuracies.
Repeated-measures analyses of variance (ANOVA) were
carried out to verify the effectiveness of the training.
First of all, we analyzed whether the two groups that
underwent perceptual training (KT1 and KT2) improved
identification of geminate and singleton consonants or not
compared with the control group (KC).
Next, if the perceptual training was effective, we analyzed
whether the effectiveness of training was different depending
on presentation context. In the present study, we focused on
speaking rate.
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3. Results
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In the statistical analyses of this subsection, the two trained
groups KT1 and KT2 were merged into a single trained group,
which was referred to as KT. Figure 2 shows boxplots of the
identification accuracies in pretest and post-test for groups
KT1, KT2, and KC. Mean accuracy for the trained groups
(KT1 and KT2) was 80.2% (standard deviation (SD)=6.3) in
pretest, but rose to 84.0% (SD=5.5) in post-test. Meanwhile,
control group mean accuracy was 81.4% (SD=8.2) in pretest
and 81.9% (SD=8.4) in post-test.
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Figure 3: Identification accuracies for group KT1’s
pretest and post-test and group KT2’s pretest and
post-test.
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Figure 2: Identification accuracies as a function of
listener group (KT and KC) and test phase (pretest
and post-test).
The results of listeners’ accuracies were submitted to
repeated measures analyses of variance (ANOVA), with test
(pretest, post-test) as a within-subjects variable and group
(trained, control) as a between-subjects variable. Results
revealed a significant main effect of test [F(1, 28)=10.92,
p<.01]. The main effect of group was not significant [F(1, 28)
=0.05]. A significant interaction was found between test and
group [F(1, 28)=6.82, p<.05].
These results mean that trained listeners significantly
improved the identification of the length contrast of Japanese
from the pretest to the post-test compared with control group.
These results indicate that the perceptual training is
effective in improving identification of length contrasts in
Japanese by Korean learners.

The results of listeners’ accuracies were submitted to
repeated measures analyses of variance (ANOVA) with group
(KT1, KT2) as a between subjects variable and test (pretest
and post-test) as a within-subjects variable. If the perceptual
training that incorporated speech rate variation was more
effectively than training that used only normal-rate stimuli,
results might show a significant interaction between group and
test. Results were revealed a significant main effect of test [F(1,
19)=22.12, p<.001]. The main effect of group was not
significant [F(1, 19)=2.35, n.s.]. No significant interaction was
found between test and group [F(1, 19)=0.64, n.s.].
These results indicate that Korean-speaking learners in
general improved their identification of Japanese length
contrasts while they were not significantly affected by the
difference in variation of trained speaking rate.

4. Discussion and Conclusion
First of all, we investigated the effectiveness of the perceptual
training. The results revealed that the groups which took
training significantly improved the accuracy of the
identification of the geminate consonants. These results
coincide with Tajima et al. [9]. Tajima et al. [9] showed that
English-speaking learners also improved their accuracy by
taking a similar perceptual training. However, Tajima et al. [9]
trained the learners by vowel length contrast, whereas the
present study did by consonant length contrast. Therefore, it
has to be verified whether or not the training by vowel length
is also effective for Korean-speaking learners.
Next, we investigated the effectiveness of variations in the
condition of perceptual training. We introduced the variability
of speaking rate in the training stimuli. We predicted that the
training with multiple rates would improve the perceptual
accuracy more than that with a single (normal) rate. However,
our results were not the case, which do not coincide with the
case in Hirata et al. [12]. Namely, both KT1 and KT2
achieved significantly higher scores in the post-test than in the
pretest.
Moreover, the group KT2, which was trained only normal
rate, tended to have a higher accuracy than the group KT1,
which was trained by three different rates. The reason might
relate to the participants’ proficiency level of Japanese. In this
study, we did not control the participants’ proficiency level.

3.2. Effect of the speaking rate
In this subsection, we took a closer look at the effect of
training by analyzing the two trained groups separately. Figure
3 shows boxplots of the identification accuracies in pretest and
post-test for group KT1 which was trained with stimuli
produced at three speaking rates and group KT2 which was
trained with stimuli spoken only at a normal rate.
For group KT1, mean identification accuracy was 78.5%
(SD=7.2) in pretest, but rose to 82.3% (SD=6.5) in post-test.
For group KT2, mean identification accuracy was 81.7%
(SD=5.2) in pretest, but rose to 86.8% (SD=3.2) in post-test.
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[15] Min, K., “The cause of the occurrence of geminates insertion:
Evidence from Korean learners’ production of the Japanese
voiceless stops as geminates”, J. Phonet. Soc. Jpn., 11:58–70,
2007 (in Japanese).

However, the beginner-level participants tended to have
difficulty in adjusting themselves with the multiple-rate
training in group KT1. Some of the beginner learners in group
KT1 got lower post-test scores than their pretest scores.
Meanwhile, all beginner learners in group KT2 improved their
accuracy after the training. Thus, it needs to further examine
the effect of stimulus variability in terms of learners’
proficiency levels.
In conclusion, Korean-speaking learners who were trained
to identify singleton and geminate stops in Japanese show
overall improvement in performance in comparison with the
control group. In addition, the way of training has to be
considered with not only conditions of the stimuli but also
individual factors of learners. Further research is needed to
refine a condition of the stimuli considering individual factors.
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