
Mutual imitation of fundamental f
vocal interact

Sachiyo Kajikawa and Shig

NTT Communication Science Laborato
E-mail: kajikawa@cslab.kecl.ntt.co.jp, am

ABSTRACT 

This study examined the mutual imitation of the 
fundamental frequency (F0) in mother-infant and 
father-infant vocal interactions. It has been considered that 
infants imitate the mean F0 of adult vocalizations. However, 
some recent studies have shown that infants do not imitate 
the parents' mean F0, although parents imitate the infants' 
mean F0. In the present study, we investigated the 
correlations of the F0 in mother-infant and father-infant 
pairs to clarify whether infants and parents mutually imitate 
each other's F0. The vocalizations of two Japanese infants 
and their parents were recorded in the home, and were 
analyzed every three months from 0 to 24 months of age. 
The results show that correlations of the mean F0 were 
observed at the age of 6-24 months in the mother-infant 
pairs rather than in the father-infant pairs. Because the 
infants did not adjust their absolute F0 to their parents’ F0, 
we concluded that infants imitate changes of their parents’ 
F0 within their own F0 ranges. 

1 INTRODUCTION 

The aim of this study was to examine the mutual imitation 
of the fundamental frequency (F0) in mother-infant and 
father-infant vocal interactions. It has been reported that 
infants imitate the mean F0 of adult vocalizations as 
evidence of adult-infant social behaviour at an early period. 
A 10-month-old boy and a 13-month-old girl vocalized 
with higher mean F0 when they interacted with their 
respective mothers than when they interacted with their 
fathers [1]. It was interpreted from this finding that infants 
imitated their parents’ mean F0, because the mothers’ mean 
F0 were higher than the fathers’ mean F0. Another study 
reported that German infants aged 2-5 months and their 
mothers mutually matched their vocal properties [2]. 
Among six vocal properties, the F0 was the most frequently 
matched property. Infants match their absolute F0 to their 
mother’s F0 as well as the F0 pattern, or contour. 
Lieberman et al. [3] pointed out that the F0 of the mother’s 
infant-directed speech facilitates imitation by the infants, 
because it is higher than the F0 of adult-directed speech. 
According to these studies, vocal imitation, or vocal 
matching, has been considered to play a role in developing 
motor control.  

However, some recent studies have shown that infants do 
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itate their parents' mean F0, but rather that only the 
ts imitate their infants' mean F0 [4,5]. Siegel et al. 
 that the mean F0 of all vocalizations by 
onth-old infants did not match that of all the 
zations by the parents. For adjacent vocalization pairs, 
ean F0 of the infants’ vocalizations did not match that 
 parents’ preceding vocalizations either. Six out of 10 
s had a higher mean F0 in vocal interactions with 

other than with their father, but the difference was 
and not significant. It was shown that the infants’ 
F0 correlated with the parents’ mean F0 only for a 
 pair of 13 infant-parent dyads. Siegel et al. discussed 
ocal imitation by infants diminishes according to the 
s’ development, because infants may learn that an 
te F0 is not linguistically significant, and that 
rsational partners are responsive rather than imitative. 
ver, the analyses in Siegel et al. [4] and McRoberts 
est [5] could not strongly prove the lack of imitation, 
se they were based on a small number of data, 
ially for adjacent vocalization pairs. 

resent study investigated the mutual imitation of F0 in 
s and their parents using the longitudinal data of two 
s and their parents. We focused on the following three 
ons. (1) Do infants and parents imitate their 
unication partner's mean F0 immediately after 
g the vocalizations? To answer this, we examined 
er there was any correlation between adjacent 
zations in mother-infant and father-infant pairs. In 
on, we explored whether the infants’ mean F0 was 
r when they responded to the mother’s vocalization 
 high F0 than to the vocalization with a low F0. (2) 
fants respond with a higher mean F0 to their mother 
o their father? That is, is there any difference between 
fants’ mean F0 vocalizing after the mother and that 
the father? (3) Do the infants match their absolute 
F0 to their mother’s and father’s mean F0? It is 

tant to clarify if the infants control the absolute F0 or 
 just control relative F0 changes. 

2 METHOD 

ARTICIPANTS 

articipants were two Japanese, normally developing 
s and their parents. The infants were a female (SA) 
male (SK). Both were first-borns of Japanese parents 
 near Tokyo. They participated in the recording 
 the ages of 0-60 months [6]. 



2.2  DATA COLLECTION 

Vocalizations of the infants and the parents were 
audio-recorded under natural conversational settings at 
home, using a Digital Audio Tape recorder (Sony, TCD10) 
and an attached microphone. The recordings were 
conducted once a week and the total recording time for each 
month was from one to two hours [6].  

2.3  DATA ANALYSIS 

2.3.1  Transcriptions

Using acoustic waveform editing software, the following 
information was determined by listening to each 
vocalization: speech transcription (e.g., give me), type of 
vocalization (e.g., singing, reading, sneezing), speaker’s 
identification (e.g., infant), recording condition (intelligible 
or noisy), loudness (e.g., low, too loud), and start and end 
time of vocalization. Two people who did not know the aim 
of this study were involved in these transcriptions: One 
person first described the information and, afterwards, the 
other assessed it [6]. 

2.3.2  Definition of a vocalization and a vocalization 
pair

One vocalization was defined as a single speaker’s 
continuous vocalization, as long as its interval did not 
exceed 0.5 s. For further analysis, we excluded singing, 
reading, nonverbal sounds (laugh, cry, sneeze, cough, 
mouth trembling, scream, sound of tongue, yawn, and 
hiccup). Two consecutive vocalizations of two speakers 
were defined as a vocalization pair, when the interval 
between those two vocalizations was shorter than 5.0 s.  

2.3.3  F0 analysis 

The F0 was automatically calculated using the Harmonics 
Dominance and Ripple Power Spectrum methods [7]. 
Trained observers detected errors of the voiced-unvoiced 
segment estimation, and they corrected the estimation 
manually and recalculated the F0.  

The data was analyzed every three months, from 0 to 24 
months of age. The analyzed months were 0, 3, 6, 9, 12, 15, 
18, 21, and 24 months of age (observation points). The total 
recording time was 9 hours for SA, and 38 hours for SK. 
The total number of sequential vocalization pairs was 1970 
for SA “infant  mother” (I M, infant was the first 
speaker and mother was the follower), 1929 for SA “mother 

 infant (M I, mother was the first speaker and infant was 
the follower) ”, 233 for SA “infant  father (I F) ”, 249 for 
SA “father  infant (F I) ”, 356 for SK “infant  mother 
(I M)”, 206 for SK “mother  infant (M I)”, 637 for SK 
“infant  father (I F)”, 662 for SK “father  infant 
(F I)”.   
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0 3 6 9 12 15 18 21 24

NA -.03 .28 .21 .46* .22* .22* .23* .29*

NA .03 .24 .51* .15* .16* .22* .19* .08

NA .67* .18 -.00 -.04 -.02 -.39 .20 NA

NA .38 .23 .27 .35* .25 .16 .21 NA

-.11 NA .67* .56* -.26 .31 .61* .23* .12

-.13 NA .64* .11 .54* .16 .61* .19 -.06

.36 NA -.02 NA .40* .39* .04 .14* .23*

.36 NA .30 NA .19 .05 .05 .06 .25*

 1: Pearson’s correlation coefficients of mean F0 
en infants and their parents. * p < 0.05,  NA = data 
ailable. 

3 RESULTS 

HE CORRELATIONS OF THE MEAN F0 IN 
VOCALIZATION PAIRS 

correlation coefficients of the mean F0 in 
-mother and infant-father vocalization pairs in Table 
 mean F0 of the infants' and mothers' vocalizations 

ated at some observation points. For the infant and 
r pair of SA, among all of the five observation points 
 12-24 months of age, the mother's mean F0 showed 

icant correlation with that of the preceding infant's 
zations. The correlation was a little higher at 12 
s of age than at the other ages. The infant's mean F0 

icantly correlated with the mother's mean F0 at five 
ation points during 9-21 months of age. For the other 
r-infant pair, SK, the mother’s mean F0 significantly 
ated with the preceding infant’s mean F0 at 6, 9, 18, 
1 months of age, and the infant’s mean F0 with the 
r’s mean F0 at 6,12, and 18 months of age.  

 the data of all the observation points were pooled, the 
cients in all pairs except “I F” were significant for 

M: rp = 0.22, p < 0.01; M I: rp = 0.21, p < 0.01; 
rp = 0.12, p < 0.01; F I: rp = 0.20, p < 0.01). For SK, 
efficients were significant (I M: rp = 0.22, p < 0.01; 
rp = 0.30, p < 0.01; I F: rp = 0.22, p < 0.01; F I: rp = 
p < 0.01). The correlation coefficients were a little 
r in the mother-infant pairs than in the father-infant 

trast with the mother-infant pairs, the mean F0 rarely 
ated between the infants and fathers. The correlation 
cients in the father-infant vocalization pairs were 
icant at fewer observation points than in the 



SA 

mother-infant vocalization pairs for both SA and SK. For
SK only, the correlation coefficients in the infant-father
vocalization pairs were significant at more points than in 
the infant-mother pairs. However, the correlation 
coefficients were lower in the infant-father pairs than in the
infant-mother pairs.

Figure 1 shows the infants’ mean F0 when they responded
to their mother’s vocalizations with a higher F0 and a lower 
F0 than the mother’s average at each month of age. SA
vocalized with a higher mean F0 after her mother’s high F0 
than after a low F0 (MM_Low = 336.1, SD = 17.4; MM_High =
357.6, SD = 23.3, t(7) = -2.64, p < 0.05). At seven out of
eight observation points, SA responded with high mean F0
to her mother’s vocalization with a high mean F0 on
average. For SK, the infant’s mean F0 tended to be higher
after the mother’s high F0 vocalizations than after low
mean F0 vocalizations, but the difference was not 
significant totally (MM_Low = 285.4, SD = 85.7; MM_High =
312.2, SD = 46.8, t(7) = -0.78, ns). However, at five out of
eight observation points, the infant’s mean F0 was higher
after the mother’s vocalizations with a high mean F0 than
after those with a low mean F0.
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Figure 1: Mean F0 of each infant after the mother’s
high and low vocalizations. M_Low: mean F0 of
preceding mother’s vocalization was lower than her
average, M_High: mean F0 of preceding mother’s
vocalization was higher than her average. Error bar
shows standard deviation. * p < 0.05. 
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ER’S VOCALIZATIONS

ean F0 of the infants’ vocalizations did not differ
icantly when the infants responded to their mother
when infants responded to their father (Table 2). For
e average of the infant’s mean F0 during 3-21 months
e was 343.6 Hz (SD = 15.3) after the mother’s
zation and 344.6 Hz (SD = 20.6) after the father’s
zation (t(7) = -0.13, ns). For SK, the infant’s mean F0
 little higher after the mother’s vocalization than the
’s vocalization, but the difference was not significant
 the mother: M = 326.2, SD = 21.0; After the father:
28.7, SD = 16.3, t(6) = -0.85, ns).

BSOLUTE MEAN F0 OF INFANTS AND THEIR
NTS

ean F0 of the infants and their parents were compared
o examine whether the infants generally match their
te F0 to their parents’ F0 (Table 2). SA’s mean F0
igher than her mother’s mean F0 at the age of 3-24 
s (Mmother = 279.4, SD = 31.7, Minfant = 343.7, SD = 
t(7) = -7.24, p < 0.001).  SA’s mean F0 was also
r than her father’s F0 at 3-21 months of age (Mfather = 
, SD = 19.6, Minfant =  344.6, SD = 20.6, t(7) = -23.4, p
1).  For SK, the infant’s mean F0 did not differ from
ther’s mean F0 but did from his father’s mean F0 at 
e of 0, 6, and 12-24 months (Mmother = 323.7, SD = 
Minfant = 330.9, SD = 40.3, t(7) = -0.28, ns; Mfather = 
, SD = 48.4, Minfant =  341.4, SD = 25.7, t(6) = -7.74, p
1).

4     DISCUSSION 

icant correlations of the mean F0 were observed in
calization pairs between the infants and their mothers.
orrelation in infant-father pairs was significant for SK
t for SA. Positive correlations existed between the

s’ and mothers’ mean F0 at some ages during 6-24
s old. The coefficients were relatively high during the 

of 6-12 months. In addition, the infants tended to
ze with a higher F0 to the mother’s high vocalizations
to the mother’s low vocalizations. These results
st that there is a mutual imitation of the mean F0 
en infants and mothers.

nificant difference was found in the infants’ mean F0 
en vocalizations after the mother and those after the
. This tendency is the same as the result shown in 
l et al. [4]. However, this does not necessarily mean
ere is an absence of mutual imitation between the

s and their parents. The infants did not match their
te F0 to their parents’ F0, but they imitated the
e change of the F0 of their mother within the range of
wn F0.



Age (months)

0 3 6 9 12 15 18 21 24

SA

M I

Mother NA 305.8 320.4 309.7 295.0 258.0 238.1 258.6 249.2

Infant NA 368.7 359.2 332.6 350.3 332.7 326.7 330.7 348.3

F I

Father NA 202.6 184.6 163.9 177.7 182.6 139.6 172.9 154.0

Infant NA 354.5 353.5 378.1 337.1 352.0 309.2 327.4 345.2

SK

M I

Mother 295.1 NA 373.0 306.3 327.7 410.6 348.2 269.5 259.2

Infant 321.5 NA 389.8 345.8 267.7 314.5 291.9 371.5 344.3

F I

Father 280.7 NA 227.3 NA 234.4 185.5 168.9 164.9 143.6

Infant 347.5 NA 350.0 NA 353.0 342.14 291.0 374.2 332.1

Table 2: Infants’ and their parents’ mean F0 (Hz) in mother-infant and father-infant vocalization pairs. NA = data not
available.
The infants’ mean F0 correlated with the mother’s mean F0 
at more observation points than the father’s mean F0. 
Namely, the infants tended to be more involved in the
mutual F0 imitation with their mothers than with their
fathers. This may be explained by the fact that the mothers'
high F0 attracted the infants' attention more than the
fathers’ F0, as Lieberman et al. indicated [3]. Moreover, the
mothers in the present study usually spent significantly
more time with their infants than the fathers did. Therefore,
the infants probably tended to imitate their mother’s voice.

The previous studies have reported infant F0 imitation at
the age of a few months [2,3]. They discussed that infants
learned that imitation of the mean F0 has no essential
function in vocal communication by the emergence of first
words. However, our result suggests that it is around the age
of 6-24 months when infants control their F0 imitating their
mothers' F0. This indicates the possibility that infants retain
the tendency to match their F0 to that of a communication
partner.

5 CONCLUSIONS 

Mutual imitation of the mean F0 between infants and 
mothers was shown by analyzing the longitudinal data of
two Japanese infants and their parents. Correlations
between the infants and mothers were observed at the ages
of 6-24 months. The infants and their fathers were less
involved in mutual imitation of the mean F0 than the infants
and their mothers. The infants imitated the changes of
mother’s mean F0.
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