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ABSTRACT 

To investigate the acoustic characteristics of spoken 
language development, the utterances of five Japanese 
infants and their parents were recorded from the infants’ 
birth until the age of 60 months. An infant-speech database 
is now being developed from these longitudinal recordings. 
New methods of fundamental frequency (F0) extraction 
and voiced/unvoiced segment detection were proposed in 
order to obtain the F0 of infant speech, which has a wide 
frequency range at a high background noise level. A 
preliminary analysis of the F0 revealed that with infant 
speech there is a slight tendency for the F0 to decrease and 
that Japanese parents use a higher F0 with infants under 20 
months of age. This use of a higher F0 is one of the 
characteristics of infant-directed speech as reported for 
other languages. However, other characteristics of 
infant-directed speech were not observed, such as 
exaggerated intonation contours and a slower speaking rate. 
It is suggested that the higher F0 is a dominant feature of 
Japanese infant-directed speech and that infant-directed 
speech has different characteristics across languages. 

1. INTRODUCTION 

Several approaches can be used to study speech 
development. One such approach involves transcribing an 
infant utterance and analyzing the transcribed text. The 
Child Language Data Exchange System (CHILDES) [1] is 
a large transcription database of children’s utterances 
including Japanese [2]. CHILDES is very useful for 
development research on topics such as vocabulary, syntax 
and meaning. However, CHILDES does not always provide 
the original speech file with the transcriptions. This makes 
it difficult to use CHILDES for research on speech 
development from the viewpoint of acoustic features such 
as fundamental frequency, formant frequency, utterance 
duration, speaking rate, and inter-utterance interval. 
Recently, the TalkBank project [3] started to collect and 
make available audio files (and visual files) with 
transcriptions to enlarge the scope of developmental 
research from the text-based domain to the acoustic (and 
visual) domain. 

However, there are very few audio data for Japanese infants. 
In particular, there are very few speech files for young 
Japanese infants. Therefore, it has been very difficult to 
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take research on the speech development of acoustic 
es for Japanese. 

ver, research on developmental acoustic features 
 provide a lot of new knowledge. For example, we 
 be able to know how an infant mimics adult speech 
ts vocal organs, which are quite different from those 
lts, by exploring correlations between the acoustic 

es of infants and adults. With this background, the 
rs are developing an infant speech database consisting 
gitudinal recordings of Japanese infants [4]. The 
 of recording is probably the longest yet undertaken, 
e database, once it is complete, will be the largest 
ble. This report describes the fundamental frequency 
nd voiced/unvoiced segment (V/UV), which are new 
rties of the infant speech database. Some preliminary 
es of the F0 of infants and their parents are also 
ed. 

2. LONGITUDINAL RECORDING 

apanese infants and their parents participated in the 
ing. Their utterances were recorded with a digital 

 recorder in rooms in their houses. The infants and 
ts were not required to perform any particular task for 
cording, as the aim was to record their utterances in 
l situations in daily life. Utterances were recorded for 
t one hour per month. The recordings were made over 
iod of five years from the infant's birth. Other 
ing conditions are precisely described in our 
us report [4].  

3. DATABASE DEVELOPMENT 

fant speech database is being developed from the 
udinal recordings. The database consists of a speech 
 transcription file, a property tag file, a time record 
nd a search program. The database development 

dure and the properties of the contents of the database 
scribed in our previous report [4].  

ation on the fundamental frequency (F0) and 
/unvoiced segment (V/UV) has been added to the 
se. The F0 and V/UV were calculated by the new 
d proposed in the next section. Although this 
que performs very well for F0 estimation and V/UV 
ion, it may include some errors. To minimize these 
, trained operators checked the F0 and V/UV by 



superimposing their information on a spectrogram. The F0
and V/UV information was incorporated in the infant
speech database in a text format after the errors had been
corrected manually.

4. ROBUST F0 ESTIMATION AND
VOICED/UNVOICED SEGMENT DETECTION

4.1 DIFFICULTY IN INFANT F0 ESTIMATION
Infant utterances have the following characteristics, which
are quite different from adult utterances.

1. F0 has a wide range in value (200 to 2000 Hz), which
often causes so-called double/half pitch errors.

2. F0 is unstable. For example, it discontinuously
changes to double or half its value. This makes robust
F0 estimation based on trajectory smoothing difficult.

3. Voiced segments may have high energy in the higher
frequency regions thus degrading the V/UV decisions
obtained with some existing methods.

4. Infant utterance data is often collected in daily
childcare settings, which lowers the signal-to-noise
ratio (SNR) to about 20 to -5 dB.

These characteristics have a detrimental effect when F0 is 
estimated using conventional F0 estimators (e.g., [5]),
which are commonly used for adult utterances. To
overcome this problem, we developed a robust method with 
which to estimate F0 and V/UV for infant utterances based
on the ripple power spectrum and dominance spectrum,
respectively.

4.2 F0 ESTIMATION BASED ON RIPPLE
POWER SPECTRUM 
With this method [6], we use a modified power spectrum to
enhance the spectral ripple corresponding to the glottal
pulse to obtain a rough estimate of F0. Instantaneous
frequency (IF) is used to improve the accuracy of the F0
estimation. In addition, a mechanism is provided to reduce
the double/half pitch errors by unbiasing the average
spectrum level. The superiority of the method compared
with existing methods has been demonstrated for adult
utterances [6]. This method also works better than existing
methods for infant utterances by simply extending the
search range for F0. 
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Figure 1: Dominance spectrum (solid lines), logarithmic
power spectrum (dotted lines), and fixed points (circles) of
voiced (left) and unvoiced (right) segments of an infant
utterance.
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veloped a new robust V/UV detection method based

e dominance spectrum. The degree of dominance,
, is a measure for evaluating the magnitude of each

nic component relative to other noise. It is defined
ch bin of a Short Time Fourier Transform centered at
ncy , based on the IF, , as follows [6]:c )(
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2)(S is the power spectrum of the input signal. The

ness of the dominance spectrum for V/UV detection
ability to extract the regularity of the harmonic

ure. Figure 1 shows the dominance spectra of voiced
nvoiced segments. The left panel of Figure 1 clearly
 that the dominance spectrum for a voiced segment
harp peaks corresponding to harmonics, and they
de exactly with the positions of the IF fixed points
s where ). Moreover, some spurious peaks

 power spectrum caused by background noise are
letely absent from the dominance spectrum. By 
st, the dominance spectrum has no clear peaks in an
ced segment as shown in the right panel of Figure 1.
eaks do not coincide with the fixed point positions.

c)(
.

/UV is determined based on the level of the sum of
egree of dominance corresponding to individual
nic peaks. This decision measure is called "harmonic
ance". Figure 2 shows histograms of the harmonic
ance values for infant and adult speech. Each
ram clearly contains two peaks: one corresponding to
ced segments, and the other corresponding to voiced
nts. As shown in these two graphs, the trough
en the two peaks in the histogram is always at almost
me position of about 34 dB, even if the utterances
n a different F0 range and various types of
round noise. This property of harmonic dominance is
ially advantageous in terms of achieving robust V/UV
ion.
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e 2: Harmonic dominance histograms for infant
nces recorded with background noise (left) and clean
nces by adults (right, dotted line: male, solid line:
e).



5. F0 ANALYSIS

5.1. OBJECTIVE
It is obvious that the infant F0 is high at birth and gradually
becomes lower because the infant’s speech organ grows
with age. This decrease should be observable in the
longitudinal recording. The first aim of F0 analysis is to try
to confirm this F0 decrease in an infant's utterance.

It is known that, in many languages, infant-directed speech
(motherese) from adults has a higher F0 than adult-directed
speech (see [7]). However, there are some languages that do
not exhibit a higher F0 in motherese. Quiche Mayan spoken
in Guatemala is one such example [8]. The second aim of 
F0 analysis is to see whether Japanese parents use a higher
F0 with their infants, and the clarify period of this higher F0
if it is used.

5.2. DATA
Data on infants B and C and their parents were used for
analysis because the number of hours that they appeared in 
the infant speech database was greater than that of others.
However, since the database is only partly completed, the
data was not available for every month. Months 0, 3, 6, 9,
12, 15, 18, 21, 24, 27, and 34 were selected for analysis
based on data availability. Utterances satisfying the
following conditions were extracted from the data for these
months.

The duration must be less than 10 s, to exclude
unusually long utterances.
The background noise level must be low so that clear 
utterances are obtained.
There should be no overlap with other utterances, to
ensure a clear F0 value.
There must be no particular utterance characteristics
so that normal utterances are obtained.

5.3. PROCEDURE
The F0 of each utterance and V/UV information were
extracted from the infant speech database. For each
utterance the average F0 was calculated for a voiced
segment, which is indicated by the V/UV information.
Then, the mean of the average F0 and its standard deviation
were obtained for each month.

5.4. RESULTS AND DISCUSSION
Figures 3 and 4 show the mean F0 of infants B and C,
respectively. Regression analysis was performed for the 
mean F0 of the infants to examine the tendency for the F0
to decrease month by month. The F0 decrease was not
significant for infant B at the 5% level [y=450.6-2.53*x,
t(9)=-1.88, n.s., two-tailed, r2=.2823]. However, it was
significant for infant C [y=385.2-1.84*x, t(9)=-2.62, p<.05,
two-tailed, r2=.4336]. A clear conclusion could not be
drawn from these results as regards the decrease in an
infant's F0. It can only be said that there is probably a 
tendency for the F0 to decrease in infant speech but that this
tendency is slight under 37 months.
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Figure 3: Mean F0 of infant B.

Infant C

0

00

00

00

00

00

00

00

0 5 10 15 20 25 30 35
Age (month)

Figure 4: Mean F0 of infant C.

Infant B's father

0

0

0

0

0

0

0

0 5 10 15 20 25 30 35

Age (month)

Figure 5: Mean F0 of father of infant B.
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Figure 6: Mean F0 of father of infant C. 



Infant B's mother
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Figure 7: Mean F0 of mother of infant B.
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Figure 8: Mean F0 of mother of infant C.

Infant ID

B C

Father
Before 20 months 179.4 (10.84) 160.7 (9.13)

After 20 months 149.1   (8.70) 147.0 (8.87)

Mother
Before 20 months 326.2 (10.74) 273.8 (19.67)

After 20 months 270.9   (8.53) 246.6   (4.07)
Note. Standard deviation is shown in parentheses.

Table 1: Mean F0 (Hz) before and after 20 months.

Figures 5 and 6 show the mean F0 of the fathers of infants B
and C, respectively. Figures 7 and 8 show the mean F0 of 
the mothers of infants B and C, respectively. The F0 before
20 months seems to be higher than that after 20 months in
these four figures. To confirm the differences between the
F0 values before and after 20 months, an analysis of
variance was conducted for the fathers and mothers of each 
infant. The analysis of variance revealed that the F0 before
20 months was significantly higher than that after 20
months in all cases [For the father of infant B, F(1,8)=21.68,
p<.01; For the father of infant C, F(1,9)=5.88, p<.05; For
the mother of infant B, F(1,9)=76.81, p<.001; For the
mother of infant C, F(1,9)=7.15, p<.05]. The mean F0
values before and after 20 months are shown in Table 1. As
shown in Table 1, the fathers' mean F0 before 20 months
tends to be 15 - 30 Hz higher than that after 20 months, and
the mothers' mean F0 tends to be 25 - 55 Hz higher. These
results indicate that these Japanese parents use a higher F0
with their infants before 20 months of age. This is evidence
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s B and C started to speak two-word sentences at 19
7 months of age, respectively. Interestingly enough,
ages are nearly the same as those marking the end of
r F0 use by parents. Therefore, this suggests that
ts tend to use motherese before an infant begins to use
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ive language.
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aggerated intonation contours and a slower speaking
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ist in Japanese, because an analysis of variance of the
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teristics. For instance, the F0 range and F0 standard
ion, which relate to exaggerated intonation contours,
ot significantly different before and after 20 months.
ition, the speaking rate was not significantly different
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own in the speaking rate. These results indicate that 

l characteristics of motherese are evident in Japanese.
ean F0 might only be characteristic of Japanese
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