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Abstract

Japanese speakers perceive an epenthetic vowel between
consonants in words, reflecting an adaptation to Japanese
phonotactics. However, there are some contexts in which CC
(successive consonant) clusters are acceptable in Japanese
speech. This study explored how Japanese speakers perceive
phoneme sequences according to Japanese phonotactics. In
Experiment 1, adults rated goodness of nonsense words with
CV and CC sequences as exemplars of Japanese words. The
adults were sensitive to the legitimacy of vowel devoicing.
They considered phoneme sequences following the Japanese
phonotactics to be better than exceptional but possible
sequences. Experiment 2 investigated 6-, 12-, and 18-month-
old infants’ sensitivity to phoneme changes in words. Infants
of all age groups detected vowel changes (CVCC vs.
CVCVCYV) in vowel-devoicing contexts and only 18-month
infants detected consonant changes (CVC vs. CVCC). The
results indicate that native phonotactic constraints have a large
effect on adult perception but a small effect on infant
perception.

1. Introduction

The speech perception of humans is tuned to their native
language. One of those language-specific perceptions is
Japanese speakers’ auditory illusion of an epenthetic vowel
between the consonants in a CC cluster in words of the form
VCCYV, like ‘ebzo’ [1]. This illusion relates to the fact that CC
clusters are illegitimate in Japanese. That is, most words
including a CC cluster, such as ‘tabemno (correctly tabemono,
food)’, are not acceptable as Japanese words.

On the other hand, CC clusters are accepted in some
contexts of fluent Japanese speech. For example, high vowels
(/i/, /) tend to be devoiced when they appear between
voiceless consonants or between a voiceless consonant and a
pause (e.g., k<i>sha, steam train). As a result, Japanese
speakers do not hear a difference in meaning, for example,
between a word pronounced as ‘wakakusa, fresh grass’ and as
‘wakaksa’.

When speakers of the Tokyo dialect produce words
containing devoicing contexts, vowel devoicing occurs at a
rate of 70-80% [2]. Dialect differences have been observed in
the devoicing rate. Kinki (western area) dialect speakers
devoice at a lower rate than Tokyo dialect speakers do [2].

This study sheds light on how Japanese speakers perceive
phoneme sequences according to Japanese phonotactics. CVC
and CVCC sequences are violations of canonical Japanese
phonotactic rules. However, in some cases, CVC and CVCC
are not only accepted but occur at a high rate in fluent
Japanese speech. In order to investigate this phenomenon, we
first examined Japanese adults’ goodness ratings of nonsense
words as exemplars of Japanese words. We also explored

infants’ perception of phoneme sequences in devoicing
contexts.

2. Experiment 1

In Experiment 1, we investigated whether adult Japanese
speakers are sensitive to the need for vowels in phoneme
sequences. We focused on how Japanese adults perceive a
CVC or CVCC word in devoicing contexts, compared to a
word which is identical except for the inclusion of a vowel
after the C (CVCV or CVCVCV).

One possible hypothesis is that Japanese speakers may
ignore differences between CVC and CVCV, and between
CVCC and CVCVCV. According to Dupoux et al., [1],
Japanese speakers may hear an epenthetic vowel in CVC and
CVCC words, and thus they might not distinguish them from
CVCV and CVCVCYV words.

As a second possibility, it is hypothesized that Japanese
speakers may consider CVC and CVCC words to be more
natural in devoicing contexts than CVCV and CVCVCV. The
frequency of devoicing input (CVC and CVCC) is higher than
voicing input (CVCV and CVCVCYV) in devoicing contexts,
especially in the Tokyo dialect. Given that, Japanese speakers
may discriminate between contexts where vowel devoicing is
likely to occur and those where vowels are likely to be voiced.

The third hypothesis is that Japanese adults may rate CVCV
and CVCVCV words as better exemplars than CVC and
CVCC for any context. In this hypothesis, native phonotactic
constraints are conjectured to have a strong influence on adult
speakers’ perception.

2.1. Methods

2.1.1. Participants

The participants were 20 Japanese native speakers (Age: M =
26 years, range = 21 - 29 years). Half of the participants were
Tokyo dialect speakers (5 females and 5 males) and the other
half were Kinki (Kyoto or Osaka) dialect speakers (5 females
and 5 males). All the participants had normal hearing and had
never lived abroad.

2.1.2. Stimuli

The stimuli were eight nonsense words: ‘keet (/ki:t/)’ and
‘neek (/ni:k/)’ as CVC words, ‘keeto (/ki:to/)’ and ‘neeku
(/ni:ku/)’ as CVCYV, ‘keets (/ki:ts/)’ and ‘neeks (/ni:ks/)’ as
CVCC, and ‘keetsu (/ki:tsu/)’ and ‘neekusu (/ni:kusu/)’ as
CVC(V)CV (Table 1). Canonically speaking, CVC and
CVCC words do not follow Japanese phonotactic rules, but
they are possible words in devoicing contexts in fluent speech.
On the other hand, CVCV and CVC(V)CV are words
following Japanese phonotactic rules. CVCCV of the keet
group (‘keetsu’) includes a CC cluster from the English



Table 1: Stimulus words.

Group CvC CVCVv CVCC CVC(V)cv
keet keet keeto keets keetsu
neek neek neeku neeks neekusu

phonotactic point of view, but this CC is perceived as a single
consonant for Japanese speakers. Among the stimuli, only
‘keeto’ is not in a devoicing context and /o/ in that word
should always be voiced. Therefore, ‘keet’ is not possible as a
Japanese word.

The words were produced by an English-Japanese bilingual
female at the age of 18 years, who had grown up in an
American English-speaking family and had lived in Japan for
13 years, attending Japanese schools throughout that time.
The words were recorded into a PC. Five intonational
variations of each word were selected for similar pitch
contours. Speaking rates were almost the same among the
stimulus words.

2.1.3. Procedure

The participants were tested in groups of three in a sound-
attenuated chamber. The stimulus words were presented
through a laptop PC, an amplifier, and a headphone to each
participant independently.

The participants were instructed as follows: 1) they were
asked to rate the goodness of a presented sound as an
exemplar of a Japanese word, 2) they were told not to
consider accent or intonation in rating, 3) they were asked to
use all rating points on the scale, and 4) they were supposed
to establish standards of evaluations for themselves during
practice sessions.

For each trial, a rating sheet appeared on a PC display. On
the sheet, a word was written in Japanese katakana characters.
The orthographies of the words were identical for the
following pairs: ‘keet’ and ‘keeto’, ‘keets’ and ‘keetsu’,
‘neek’ and ‘neeku’, ‘neeks’ and ‘neekusu’. The paired words
(except for ‘keet’ and ‘keeto’) constituted pairs of devoicing
contexts that did not or did contain voiced vowels. A rating
scale from 1 to 7 was also shown on the display. Point 1 stood
for “a bad example of the Japanese word shown on the
display” and point 7 stood for “a good example”. When the
scale appeared on the display, a sound stimulus was played
once.

There were four sessions for each participant. The first
three sessions were practices. During a practice session, 10
sounds of the stimuli were rated. A total of 30 sounds were
used randomly for the three practice sessions. In the fourth
session, the participants rated 200 sounds (8 words * 5
variations * 5 times), which were analyzed as the results of
this study.

2.2. Results and Discussion

Figure 1 shows the mean ratings of words by the speakers of
the Tokyo dialect and the Kinki dialect. The main effect of
dialect was not significant (ANOVA, F(1, 38) = 2.04, ns).
This may reflect an equalizing trend, that is, the fact that the
speaking style of young Kinki dialect speakers is becoming
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Figure 1: Mean ratings of words by two dialect groups.
Error bars show standard deviations.
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Figure 2: Rating variations within individuals.

similar to that of Tokyo dialect speakers [3]. It might be for
this reason that young Kinki participants rated similarly to
speakers of the Tokyo dialect.

There was a significant effect of words in the ratings (F(7,
266) = 187.85, p<.001). In post-hoc tests, the ratings were
higher for CVCV, and CVC(V)CV words, which had voiced
vowels, than for the CVC and CVCC words without voiced
vowels in both the keet and neek groups.

These results indicate that adults are sensitive to the need
for vowels and that they evaluate word acceptability
accordingly. The CV combination seems more acceptable even
in a context of vowel devoicing. This is the case despite the
fact that nearly 80% of vowels surrounded by voiceless
consonants are devoiced in the Tokyo dialect [2].

On the other hand, this tendency is consistent with the
findings of Dupoux et al. [1], who demonstrated that 92% of
Japanese adult speakers considered ‘sokudo, speed’ to be a
Japanese word, whereas 70% considered ‘sokdo’, without a /u/



vowel, to be a word. That is, fewer speakers considered a CC
context to be a possible Japanese word.

Still, we did find some influence from devoicing contexts
on the ratings. First, in the keet group, the rating of CVCVCV
was lower than that of CVCV (diff = -0.48, p < .001); thus it
seems that a voiced vowel in a devoicing context is less
acceptable than a voiced vowel in non-devoicing context.
Secondly, there was a significant difference in ratings of
CVCC between the keet and the neek groups. CVCC of the
keet group (‘keets’) was rated higher than CVCC of the neek
group (‘neeks’, diff = 0.71, p < .001). This indicates that the
double devoicing in ‘neeks’ (neek_s_: _ stands for a voiceless
vowel here) is less acceptable than the single devoicing in
‘keets’ (keets_). Thirdly, CVCV was rated higher than
CVCVCYV (diff = 0.68, p < .001) in the neek group. Therefore,
double voicing in a devoicing context, CVCVCYV, is less
acceptable than single voicing, CVCV. Thus, the adults did
not rate words based on only the existence of a vowel, but they
took into consideration devoicing acceptability as well.

Next, we looked at the rating variations within individuals
(Figure 2). The ratings of CVCC and CVCCYV in the keet
group, and CVCV and CVCVCYV in the neek group had larger
deviations than others (F(7, 273) = 19.81, p<.001, post-hoc
tests p<.05). It seems that participants were ambivalent about
accepting words containing a devoicing context, especially
where the context contained a voiced vowel, such as CVCCV,
CVCYV, and CVCVCV.

Thus, the ratings of words with voiced vowels in a
devoicing context were variable within individuals. The adults
generally rated words with voiced vowels (CVCV, CVCVCYV)
higher than those without vowels (CVC, CVCC). However, a
word with voiced vowels was not always highly acceptable.
For instance, CVCVCV (‘neekusu’) was rated higher than
‘neeks’ (CVCC), but was rated lower than ‘neeku’ (CVCV).
In addition, the rating of CVCVCV (‘neekusu’) had a large
deviation.

One of the possible factors that may relate to this variability
of acceptance is speaking rate. When words are produced
slowly, the devoicing rate tends to be low [6]. However, the
relation between speaking rate and devoicing rate is still
controversial.

Another factor that could explain the variability of ratings
may be individual differences in production of vowel
devoicing [7]. There might be a relation between production
and perception of vowel devoicing in individuals.

Experiment 1 showed that the influence from canonical
phonotactic constraints is stronger than the influence from
devoicing contexts and auditory illusion. Japanese adult
speakers detected the existence of vowels in words, and they
considered words with a CV to be better exemplars than words
with a CC cluster or a word-final C. Still, the results also
revealed that adults’ evaluations were influenced by the
devoicing contexts.

3. Experiment 2

In Experiment 2, we investigated whether infant perception of
a CVC word and a CVCC word is influenced by Japanese
phonotactic rules. Infants’ performance was explored from two
points of view.

The first was the discrimination between a CVCC word,
‘neeks’, and a CVCVCV word, ‘neekusu’. Because the last
two moras of ‘neekusu’ constitute devoicing contexts in

Japanese, ‘neeks’ is a possible, fluent speech pronunciation of
the word ‘neekusu’. Therefore, ‘neeks’ and ‘neekusu’ could be
perceived as the same words. This hypothesis is supported by
Dupoux’s auditory illusion [1]. However, most of the adult
participants discriminated these two words in Experiment 1.
Therefore, Japanese infants may also detect differences
between these words.

The second point is the discrimination between a CVCC
word, ‘neeks’, and a CVC word, ‘neek’. These two words
should be considered different, because there is no auditory
illusion involving consonants.

3.1. Methods

3.1.1. Participants

Ninety Japanese infants at the ages of 6, 12, or 18 months
participated in the experiment. The infants were born after a
36-week gestational period and had had no illness involving
the eyes or ears. The number of infants who completed the
experiment was 22 for the 6-month-old group (M = 6 months
19 days, range = 6 months 2 days - 7 months 3 days), 22 for
the 12-month-old group (M = 12 months 10 days, range = 12
months 0 days - 12 months 27 days), and 20 for the 18-
month-old group (M = 17 months 28 days, range = 17 months
10 days - 18 months 15 days).

3.1.2. Stimuli

The test stimuli were ‘neek’ (CVC), ‘neeks’ (CVCC) and
‘neekusu’ (CVCVCYV). There were five variations for each
word, whose pitch patterns were almost identical among
stimuli.

3.1.3. Procedure

We used a habituation-switch paradigm in this experiment.
The experiments were conducted in a sound-attenuated booth,
whose inside wall was covered with black cloth. An infant sat
on the parent’s lap and faced a PC display. Behind the center
cloth, a loudspeaker and a video camera were hidden. An
experimenter outside the booth controlled the presentation of
audio and visual stimuli and recorded the infant’s response by
monitoring its eye direction using the Habit 2002 program [4].

In the beginning of each trial, an attention-getter appeared
on the display. When the infant looked at the display, the trial
was started and a red-black matrix appeared. During each 14s
trial, an audio stimulus was presented through a loudspeaker.
During a trial, a stimulus was presented repeatedly for seven
times with approximately 1s intervals.

While the infant stared at the display, the experimenter
pushed a key and recorded looking time on the PC. The total
looking time was summed up as the data for a given trial.

A session consisted of a habituation phase and a test phase.
In the habituation phase, a CVCC word (‘neeks’) was
presented. The habituation phase ended when the mean of the
last three trials was less than 65% of the mean looking time of
the highest block of three trials.

In the subsequent test phase, three stimuli were presented:
CVCC (‘neeks’) as the same stimulus as that of the habituation
phase, CVC (‘neek’) as switch 1, and CVCVCV (‘neekusu’)
as switch 2. The test order was varied among infants. A
recovery of looking to a switch stimulus was interpreted as
showing that the infant could discriminate the difference



W Baseline O CVCC(neeks)
O CVC(neek) O CVCVCV(neekusu
12
@ *kk *k I HAK |
o 10 I T
E gL
=4
s 6F
o
S 4t
S
¢ 2
0
6 months 12 months 18 months
Age group

Figure 3: Mean looking times of each age group. Error bars
show standard errors. * p<.05, ¥*p<.01, ***p<.001.

between the switch stimulus and the habituation stimulus.
Therefore, we calculated the recovery of looking during a test
trial compared to the mean of the last three habituation trials
(baseline).

3.2. Results and Discussion

Figure 3 shows mean recovery of looking time in each age
group. We tested the effect of stimuli using a one-way
ANOVA (four conditions: mean of the last three trials, CVCC,
CVC and CVCVCV). In all age groups, the main effect of
stimuli was significant (6 months: F(3,63) = 7.82, p<.001, 12
months: F(3,63) = 5.16, p<.01, 18 months: F(3,57) = 9.24,
p<.001). Post hoc tests showed that the infants of all age
groups recovered significantly when they were presented with
CVCVCV in a test trial (difference between baseline and mean
looking time of CVCVCV, 6 months: diff = -2.54, p<.001, 12
months: diff = -2.89, p<.01, 18 months: diff = -3.59, p<.001).
On the other hand, when the infants heard CVC in a test trial,
the recovery of looking time was significant only in the 18
month-old group (difference between baseline and that mean
looking time of CVC, 18 months: diff = -2.56, p<.05).

The results indicate that infants as young as 6 months can
discriminate between CVCC (‘neeks’) and CVCVCV
(‘neekusu’). The ability to discriminate between CVCC
(‘neeks’) and CVC (‘neek’) seems to develop between 12 and
18 months of age. The CVCC (‘neeks’) vs. CVCVCV
(‘neekusu’) discrimination is based on the change of two
vowels /u/. This might be easier than the CVCC (‘neeks’) vs.
CVC (‘neek’) discrimination, which is cued by a voiceless,
word-final consonant /s/. It is consistent with the notion that
vowel discrimination is easier than consonant discrimination.
In addition, the number of mora or syllables might be a cue for
the discrimination between CVCC (‘neeks’) and CVCVCV
(‘neekusu’).

In this experiment, the vowel-devoicing context had little
effect on infant speech perception. Japanese mothers may have
a tendency to avoid vowel devoicing in infant-directed speech.
This possible explanation is partly supported by a study
showing that teachers reduced vowel devoicing to hearing-
impaired children [5]. To provide good exemplars to infants
who are learning language, caregivers may avoid vowel
devoicing. If this speculation is true, the lack of devoicing

input from mothers may keep infants from becoming familiar
with vowel devoicing contexts.

Since Japanese-speaking children do not produce devoiced
vowels as frequently as adults do until five years of age [2], it
is reasonable to suggest that the perception of vowel devoicing
may develop later than the age of one and a half years.

4. General Discussion and Conclusion

This study investigated how Japanese speakers perceive
phoneme sequences in particular phonotactic contexts. In adult
perception, native phonotactic constraints have a large effect.
That is, Japanese adult speakers considered CVCV and
CVCVCYV sequences to be better exemplars of Japanese words
than words of CVC and CVCC sequences. In addition, there
were some effects of vowel devoicing in their ratings.

In infant perception, infants as young as 6 months are able
to detect the addition of a vowel, even in a vowel devoicing
context. Devoicing contexts might not influence infant speech
perception until after 18 months of age. On the other hand,
perception of CC clusters may develop at around 18 months of
age. This may be caused by an increased sensitivity to native
phonotactic features. To clarify when infant perceptions adapt
to the phonotactics involving vowel devoicing contexts, it is
necessary to test older children. In addition, cross-linguistic
experiments may give some insight into the universality and
specificity of perceptions in the Japanese devoicing context.
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