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1. Introduction
This study investigates the acquisition of Japanese prosody, which is often
considered to be mora-timed (Ladefoged 1993:251).  Japanese has rhythmic
characteristics, such as quantity contrasts in vowels and consonants, which
are different from languages like English.

Studies utilizing a language game called shiritori suggest that the
rhythm of young Japanese-speaking children may be based on a different
timing unit compared to that of Japanese-speaking adults (Kubozono 1993,
Ota 1993).  It was found that 4- and 5-year-olds without solid knowledge of
kana (Japanese mora-based orthography) sometimes used the syllable as the
basic unit, unlike adults who use the mora as the unit for playing this
game1 (Ota 1993).  Based on the observation of a 4-year-old’s shiritori,
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Kubozono proposes the following developmental stages in the acquisition
of Japanese prosody (Kubozono 1993:135, translation mine):

(1) Stage 1: Acquire consonants and vowels as segments
Stage 2: Acquire long vowels and coda consonants as segments
Stage 3: Acquire the sequence of CV as one (rhythmic) unit, the

mora
Stage 4: Acquire the adult-like moraic status of coda consonants

and long vowels

I observed three children, a 2-year-old (2;9), a 3-year-old (3;5), and a 6-
year-old (6;4), and found that it was difficult for children around age three
to distinguish contrasts between single and geminate nasals in Japanese
(Aoyama 1999).  Two pictures identified with the names nene and nenne
were used to elicit a minimal pair, two words which differ only in the
quantity of the nasal.  The 3-year-old boy demonstrated considerable
difficulty in distinguishing the minimal pair names both in perception and
production.  He claimed that the two names sounded the same, and his
production of both nene and nenne indeed sounded like nenne to the adults.
Similarly, the 2-year-old’s utterances sounded like nenne to adult ears
regardless of her intention.  She seemed to avoid saying nene in her
production.

My prediction was that the CVC.CV word (nenne) would be more
difficult than CV.CV word (nene) for young children because of the coda
consonant in the first syllable.  The target word with geminates, however,
seemed to be easier than the one with a singleton.  The children had
difficulty saying the CV.CV word (nene).  It has been found that Japanese
children’s first words often include words like nenne ‘do sleeping’, or
pappa ‘do carrying a person on the back’ (Yamashita 1995:55), which have
CVCCV structure.

It seems that geminate consonants themselves are quite easy for young
children to produce, but the difficulty seems to be due to the contrastive
moraic status between single and geminate consonants.  There is a
possibility that children acquire the segments and syllables first and acquire
the rhythmic characteristics of the segments later, as suggested in Kubozono
1993.  If young children have acquired CVCCV structure, but not the adult-
like rhythmic status of the coda consonant, this supports Kubozono’s
proposal of developmental stages in the acquisition of Japanese prosody.

The purpose of the experiment was to examine the acquisition of
prosodic characteristics in Japanese by looking at the acquisition of the



nasal quantity contrast.  Children’s production and perception of single and
geminate nasals ([n] and [nn]) were investigated at different ages.  A total of
96 subjects from 6 groups (3-, 4-, 5-, 6-, 7-year-olds and adults)
participated.  The subjects were all speakers of Japanese with limited
influence from other languages.  Three tasks, imitation, production and
perception were employed to examine both production and perception of the
nasal quantity contrast.

2. Research Questions and Hypotheses

This experiment is motivated by the following questions:
(a) Can children perceive and produce minimal pair words that contrast

only in the quantity of the nasal consonant ([n] vs [nn])?
(b) If there is any difference between adults and children, by what age do

children’s perception and production become adult-like?
In order to investigate these questions, a 2-syllable, 2-mora word

(CVCV; hana) and a 2-syllable, 3-mora word (CVCCV; hanna) were
elicited from adults and children at different ages.  Perception of these two
words was also examined.  My prediction was that there would be
differences between adults and children of different ages both in their
perception and production.  In perception, younger children may have more
difficulty in distinguishing the minimally contrasting words.  In
production, the durational ratio of a 2-syllable, 2-mora word (CVCV) to
that of a 2-syllable, 3-mora word (CVCCV) may be more adult-like among
the older group of children, while younger children may produce both 2-
syllable 2-mora word and 2-syllable 3-mora words in a similar way.

More specifically, some children may be able to produce and imitate
words with different rhythmic structures, but the distinction between the
two may not be very clear for younger children.  In other words, the mora
may not have the same phonemic/rhythmic status in children’s speech as in
adults’ speech.

It is also hypothesized that Japanese orthography could be an influence
in reinforcing the moraic status of the coda nasal.  Children who have
learned Japanese orthography (kana) may have more adult-like durational
ratio between 2-syllable 2-mora and 2-syllable 3-mora words in their
production.  Children start learning the Japanese orthography system in
elementary school or shortly before that.  Thus, there may be a difference
between pre-schoolers and children in elementary school.

If the differences were found among children at different ages, it would
provide a piece of evidence that Japanese-speaking children start with a



different rhythmic structure from Japanese-speaking adults and that children
gradually acquire the rhythmic characteristics of Japanese.  The
characteristics of a mora-timed language may develop later, and the
phonemic importance of the moraic status of the coda nasal may not be
clear for young children although they seem to be able to produce the
quantity contrast.

3. Method

3.1. Subjects

Data collection was conducted in Osaka, Japan in summer 1998.2  The data
were collected from five groups of children: 3-, 4-, 5-, 6- and 7-year-olds.3

They are all Japanese acquiring children.  Data were also collected from
adult native speakers of Japanese using the same procedure.

Age group 3 4 5 6 7 Adults

Participated 16 17 26 13 10 14

Completed imitation
task

16 17 26 13 10 14

Analyzed (7) (7) (7) (7) (7) (7)

Completed production
task

6 11 22 13 10 14

Analyzed — (7) (7) (7) (7) (7)

Completed perception
task

15 17 26 13 10 14

Analyzed (15) (16) (26) (13) (10) (12)

TABLE 1. Number of subjects who participated.

A total of 96 subjects participated; the number of subjects in each
group varied depending on age and kind of tasks.  The number of subjects
included in each group was determined by accessibility to the subjects and
recording conditions.  In addition, some subjects, especially the younger
ones, did not complete all the tasks.  Table 1 summarizes the overview of
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subjects’ information.  Details will be described when the results are
reported.

3.2. Procedure

The target words are two names that are minimally contrasting with the
quantity of the medial nasal: ha.na (2-syllable, 2-mora) and han.na (2-
syllable, 3-mora).  Hana (or hanako) can be a real name for girls in
Japanese, and Hanna is a relatively familiar foreign name for girls.  Pictures
of two girls were prepared accordingly; one girl with dark brown straight
hair was identified as hana, and the other with yellow curly hair as hanna.
Only one pair of names was used because having more than two names
would be burdensome for younger children considering the time allocated
for each subject.

Each experiment session started with two non-target questions that
were intended to be practice for the following target tasks.  The subjects
were shown two pictures, apples and oranges, and asked to identify them.
Then the first target task, an imitation task, was administered.  The two
names were introduced to the subjects, and they were asked to repeat the
names after the investigator.  Three imitative utterances each of hana and
hanna were elicited from each subject.  Next, pictures of hana and hanna
were shown to the subjects, and they were asked to answer questions like
‘What is her name?’.  This task was to elicit non-imitative productions.
Three non-imitative utterances each of hana and hanna were elicited from
each subject.  The last task was a perception task.  Subjects were asked to
point to the appropriate picture when asked ‘Which one is hana/hanna?’.
Different types of questions were asked randomly to prevent subjects from
answering based on the order and patterns of the questions.  Four questions
were asked for each subject in the perception task.

Data from the production and perception tasks are less valid if children
are not yet certain about the two target names.  The production task was
given prior to the perception task, because the picture-pointing task
(perception task) would be easier than actually saying the names (production
task) even when subjects are uncertain.  Whenever it was evident that the
two names were confused, the imitation task was repeated.  If a subject
seemed confused even after repeating the imitation task many times, the
data were excluded from analysis.



Two puppets, a pig and a monkey, were used in order to capture the
children’s attention and elicit more utterances.  Each session was audio-
recorded.

4. Analysis

For the imitation and production tasks, durational measurements in
milliseconds were carried out by using Signalyze.4  Since it was difficult to
determine the onset of /h/, the duration between the onset of the first vowel
and the end of the second vowel ([ana] and [anna]) were measured instead of
[hana] and [hanna].  The durations of the nasal portion of each word were
also measured.  The two names were uttered with a common ending for
names ‘-chan’ almost all the time.  Data from only seven of the 7-year-olds
were measurable; therefore, data from seven subjects from each age group
were measured.5  Since very few 3-year-olds (6 out of 16, 37.5%)
completed the production task, only the data from the imitation task were
analyzed for the 3-year-olds.  A total of 231 tokens of (h)ana and 231
tokens of (h)anna were measured (imitation and production tasks combined)
from 42 subjects (7 subjects each from 6 groups).  The perception task was
analyzed in terms of the number of correct responses.

5. Results

5.1. Production (Imitation and Production Task)

The data from both the imitation task and the production task will be
reported as production data as opposed to perception data.  Measurements
were conducted on data from seven subjects from each age group.  Only
imitative utterances were measured for the 3-year-olds because many of
them were not able to complete the production task.  Thus, when a
statistical analysis is reported on the production data, it is entirely based on
the data from the imitation task.  Data from the 3- and 4-year-olds were
considered together as one group and that from 5- and 6-year-olds were
grouped together as well for the statistical analysis.  This is because the 3-
year-olds’ production data were available only from the imitation task and I
regard seven subjects from each group too small a sample to conduct a
separate statistical analysis.

                                                
4 Signalyze is a product of the InfoSignal company.  It is a speech analysis program for
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The absolute durations of the target words across the subject groups are
summarized in Tables 2 and 3.  Adults’ productions had shorter absolute
durations in general, which is probably due to their faster rate of speech.  In
the imitation task, the 3- and 4-year-olds had longer absolute durations
compared to adults and older children for the single nasal ([n]), and for the
word containing the singleton [(h)ana] (see Table 2).

Imitation task

Whole word Nasal portionGroup Number
of

subjects

Mean age
(h)ana (h)anna [n] [nn]

3 7 3;6 355 414 101 137
4 7 4;4 390 447 100 144
5 7 5;6 301 391 82 146
6 7 6;5 322 415 83 146
7 7 7;5 301 410 82 136

Adults 7 36;6 267 353 65 134

TABLE 2. The mean duration of each whole word and the nasal portion of
the target words (ms.).

Production task

Whole word Nasal portionGroup Number
of

subjects

Mean age
(h)ana (h)anna [n] [nn]

3 7 3;6 -- -- -- --
4 7 4;4 344 450 93 154
5 7 5;6 286 370 91 130
6 7 6;5 258 366 75 136
7 7 7;5 285 390 79 126

Adults 7 36;6 255 364 65 135

TABLE 3. The mean duration of each whole word and the nasal portion of
the target words (ms.).

In order to examine whether the durations of (h)ana and (h)anna were
significantly different, mean absolute durations of (h)ana and (h)anna from
each of the 3- and 4-year-old’s data (n = 14) were grouped together and
paired t-test was conducted.  The durations of (h)anna were significantly



longer than the durations of (h)ana in the 3- and 4-year-olds’ productions (t
= 4.581, p < 0.001).  The duration of the geminate nasal is also
significantly longer than the single nasal even among 3- and 4-year olds (t
= 5.449, p < 0.000).  This means that 3- and 4-year-old children are
making distinctions of the quantity contrast in their productions, although
the distinctions are not quite as clear as the adults’ and older children’s are.

Next, because there are variations in speech rate and it affects absolute
durations, the data were analyzed in terms of durational ratios.  Table 4
shows the durational ratios between (h)ana and (h)anna and between the
single nasal and the geminate nasal.  The 3- and 4-year-olds’ ratios between
(h)ana and (h)anna in the imitation task were small, 1:1.17 and 1:1.15
respectively.  The 5-year-olds’ ratio was similar to the older groups in
imitation (1:1.30), although it was smaller compared to older groups in
production (1:1.29).  The ratios between (h)ana and (h)anna were similar
among the 6- and 7-year-olds and adults, both in the imitation task (1:1.29
to 1:1.36) and the production task (1:1.37 to 1:1.43).  When the data from
the 3- and 4- year-olds, 5- and 6- year-olds, and 7-years-olds and adults
were grouped together and statistically analyzed; the ratios between (h)ana
and (h)anna are significantly different among the groups (F = 9.042, p <
0.001).  The difference was significant between age 3-4 and 5-6 (F =
17.151, p < 0.001), but not between 5-6 and 7 and adults (F = 1.338, p >
0.05).

Imitation task Production task
Age (h)ana :

(h)anna
[n] : [nn] (h)ana :

(h)anna
[n] : [nn]

3 1 : 1.17 1 : 1.35 -- --
4 1: 1.15 1: 1.44 1 : 1.31 1 : 1.66
5 1 : 1.30 1 : 1.77 1 : 1.29 1 : 1.43
6 1 : 1.29 1 : 1.76 1 : 1.41 1 : 1.82
7 1 : 1.36 1 : 1.65 1 : 1.37 1 : 1.60

Adults 1 : 1.32 1 : 2.06 1 : 1.43 1 : 2.08

TABLE 4. The ratios between (h)ana and (h)anna, [n] and [nn].

The ratios of the single nasal to the geminates ([n] to [nn]) were also
examined (Table 4).  The data from the imitation task produced the ratios
that are similar between 3- and 4-year-olds (1:1.35 and 1:1.44 respectively),
and among 5-, 6- and 7-year-olds.  The adults’ ratio was the largest: 1:2.06



in the imitation task and 1:2.08 in the production task.  Again, when the
ratios were statistically examined, the difference was significant among
groups (F = 5.303, p < 0.01).  The difference between 3-, 4-years and 5-, 6-
years are significant (F = 7.889, p < 0.01), but the difference between 5-, 6-
years and 7-years and adults was not (F = 1.252, p > 0.05).

Imitation task Production task
Age [n] in (h)ana [nn] in (h)anna [n] in (h)ana [nn] in

(h)anna

3 28.6% 33.0% -- --
4 25.6% 32.2% 27.0% 34.3%
5 27.5% 37.4% 32.0% 35.3%
6 26.0% 35.3% 29.0% 37.3%
7 27.4% 33.2% 27.7% 32.5%

Adults 24.4% 38.1% 25.4% 37.1%

TABLE 5. The nasal portion in the whole word.

The percentage of the nasal portion in the whole word: 
Imitation task

0% 20% 40% 60% 80% 100%

3: n/hana

4: n/hanna

5: n/hana

6: n/hanna

7: n/hana

A: n/hanna

FIGURE 1. The percentages of nasal proportion in the whole word.

The proportion of the whole word taken up by the nasal was also
examined in each target word.  Adults made the clearest distinction between
(h)ana and (h)anna; the nasal portion consisted of about 25% of (h)ana, and
about 38% of (h)anna (Table 5, Figure 1).  In general, the proportion of the
nasal was larger in (h)ana and smaller in (h)anna when adult productions
were compared to that of children.  This means that children’s productions



of words that contain single and geminate nasals were similar to each other.
It is interesting that this difference was found between adults and all groups
of children.

5.2. Perception

The results of the perception task are reported by the percentages of the
responses to the designated pictures.  The analysis was conducted on the
data from subjects who completed the task (all except one 3-year-old).  A 4-
year-old’s data were excluded since she looked uncertain even after repeating
the imitation task for several times.  The number of the subjects varied in
each group from 10 (7-year-olds) to 26 (5-year-olds).  One thing to note
here is that the number of subjects was very different in the analysis of the
perception task from the analysis of the production task.  Thus, we cannot
compare the results of these tasks directly.

Perception task

Group Number of
subjects

Mean age Target:
Hana

Target:
Hanna

Overall

3 15 3;6 66.7% 53.3% 60.0%
4 16 4;5 65.5% 71.4% 68.8%
5 26 5;4 84.3% 81.1% 82.7%
6 13 6;5 91.7% 95.8% 93.8%
7 10 7;5 100% 100% 100%

Adults 12 35;5 100% 100% 100%

TABLE 6. The percentages of correct response in the perception task.6

All of the 7-year-olds and adults correctly matched the picture with the
names.  The percentage of correct responses was the lowest among the 3-
year-olds, and they gradually improve in accuracy according to their age
group (Table 6, Figure 2).  In fact, the 3-year-olds’ responses were at
chance-level (t = 1.099, p = 0.29).  The 4-year-olds’ responses proved better
than chance (t = 2.304, p < 0.05), and therefore, all groups except the 3-
year-olds performed better than chance.  Neither target name seemed to be
particularly more difficult than the other.  The 3-year-olds did better on
hana: the 4-year-olds did better on hanna.

                                                
6 The data were reexamined and the percentages may differ from ones on the abstract.
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FIGURE 2. The percentages of correct response in the perception task.

6. Summary and Discussion

6.1. Summary of the Findings

The differences among the age groups were found both in production and
perception of words contrasting by the moraic status of the coda nasal.  The
durational ratios in the 3- and 4-year-olds’ productions were smaller
compared to those of older groups, and the percentage of correct responses
in the perception task was at chance level among the 3-year-olds.

It seems that 6- and 7-year-olds are closest to adults both in production
and perception, and 5-year-olds are in between the younger groups and the
older groups.  Their productions were not so different from the adults’
productions in comparison to the difference between the 3- and 4-year-olds
and adults; however, the similarity between the 5-year-olds and adults’
productions was not as consistent when compared to the similarity between
the 6- and 7-year-olds and adults.

There are also differences between adults and every group of children;
the adults made the clearest distinction between [n] and [nn].  Although
statistically geminate nasals are significantly longer than the single nasal
even among the youngest group, children’s productions of single and
geminate nasals were more similar to each other.

6.2. Stages of Prosodic Word Development

Overall results from this experiment are consistent with the developmental
sequence for Japanese rhythm proposed by Kubozono (1993): the moraic
status of the coda nasal is acquired at a late stage in the acquisition of



phonology.  Differences between children’s and adults’ productions of the
nasal quantity contrast suggest that the phonemic/rhythmic status of the
coda nasal in young children’s language may differ from that in adult
Japanese.  It also suggests that children may indeed start out with a
different type of timing than adults.

Observed ratios:

English (stress-timed) 1 : 0.99 ~ 1 : 1.19
Korean (syllable-timed) 1 : 1.06 ~ 1 : 1.12
Japanese (mora-timed) 1 : 1.34 ~ 1 : 1.39

TABLE 7. Durational ratios of words containing a single nasal to words
containing a geminate nasal in English, Korean and Japanese

(Sato 1998:80).

According to Sato, durational ratios of similar pairs containing
single/geminate nasal in Korean and English (classified as syllable-timed
and stress-timed languages respectively) are smaller compared to those in
Japanese.  For instance, the whole word ratios ranged 1:1.06 to 1:1.12 in
Korean, and 1:1.13 to 1:1.19 in English (Sato 1998:80).  It is worth
pointing out that the 3- and 4-year-olds’ whole-word ratios in the imitation
task in my study (1:1.17 and 1:1:15, respectively) were similar to the
whole word ratios Sato found in Korean and English, which are not mora-
timed languages.  The similarity between these young children’s ratios and
those for Korean and English suggests that the rhythm of the young
children’s speech may not yet have characteristics of a mora-timed language.
But their ratios are not as close to 1:1 as are in some of the ratios in the
English and Korean data from Sato’s study; thus it is possible that young
Japanese children are developing the characteristics of mora-timing.

6.3. Influence of Orthography

It is important to note that the 6- and 7-year-olds’ productions were similar
to adults’, and the 5-year-olds’ productions were similar only for the
imitation task but not for the production task.  Children start learning kana
systematically in elementary school, although they may have access to kana
before they get into elementary school.  In this experiment, all of the 7-
year-olds were in elementary school, and all the 5-year-olds were in
kindergarten.  Some 6-year-old subjects were in the last year of
kindergarten, while others were in the first year of elementary school.  The
results from the shiritori studies (Kubozono 1993, Ota 1993) also indicated



the influence of mora-based orthography; 4- and 5-year-olds without a solid
knowledge of kana treated the syllable as units in playing shiritori.   The
intermediate results among 5-year-olds’ productions suggest that they were
in transition from one stage to another, and that moraic status of the coda
nasal was reinforced by learning the mora-based orthography.

6.4. Further Research Directions

It is reported that children’s rhythmic structure may differ from that of
adults in the target language (Allen and Hawkins 1978, Kubozono 1993,
Ota 1993, Aoyama 1999).  Examples in (2) also show difficulty in
distinguishing the quantity contrasts found in a 2-year-old’s data from
naturalistic recordings.

(2)    Japanese    M (2;1)
Mother: sore nani? ‘What is it?’
Child: kon. ‘Corn (with a short vowel)’
Mother: koon? ‘Corn?’
Child: kon. ‘Corn.’
Mother: koon? ‘Corn?’
Child: kon. ‘Corn.’

Children around 3 years and younger may have difficulty in
distinguishing a 3-mora word (nenne, hanna) from a 2-mora word (nene,
hana).  It is also possible that children are indeed making the distinctions
but it is not as clear as adults’ distinction; therefore, adults hear children’s
production as ambiguous.

Since only 3-year-olds and older were included in this study, we do not
yet know how younger children perceive and produce the single and
geminate contrasts.  In order to capture the overall picture of the acquisition
of prosody in Japanese, it is necessary to look at younger children’s data
using both longitudinal and experimental methods.
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