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ABSTRACT 

This study investigated acoustic-phonetic characteristics of 
infant-directed speech to examine the hypothesis that 
infant-directed speech provides exceptionally clear, 
exaggerated cues to language. Vowels and lexical tones in 
Mandarin Chinese were examined. Sixteen mothers were 
audio-recorded while speaking to their 6-8 month-old 
infants and to another adult. The results showed that the 
spectral features of /a/, /i/, and /u/ were altered to stretch the 
acoustic distances between them and resulted in a greater 
acoustic area encompassing the articulation space. For 
lexical tones, the results demonstrated that when talking 
with infants, Mandarin mothers raised the pitch level, 
exaggerated pitch contours, and produced a more complete 
contour at syllable level. Moreover, the critical temporal 
feature that perceptually distinguishes lexical tones, the 
relative timing of F0 turning point, was held constant across 
both speech conditions. Together, the results support the 
claim that infant-directed speech provides exceptionally 
well-specified acoustic-phonetic information, which could 
promote language learning. 

1. INTRODUCTION 

It has been well demonstrated that infant-directed speech 
has a unique acoustic signature, one characterized by a 
higher pitch, exaggerated intonation contours, and a slower 
tempo [1,2]. In addition, it is also suggested that adults 
modify their speech in such a way as to amplify important 
phonetic characteristics when addressing their infants 
compared with talking to adults [3,4]. However, unlike the 
prosodic modifications demonstrated near-universally 
across various languages, phonetic segmental modification 
has been only demonstrated in a limited number of 
languages (e.g., English, Russian, Swedish, and Australian 
English). The present study extended existing studies of 
acoustic- phonetic modifications in ID speech: 1) to a tonal 
language (i.e., Mandarin Chinese) that is phonetically 
different from non-tonal languages, such as English; and 2) 
to additional aspects of acoustic-phonetic characteristics at 
both segmental and suprasegmental levels, including 
vowels and lexical tones to investigate whether 
Mandarin-speaking mothers modified these important 
phonetic units and provide exceptionally clear and 
exaggerated cues when addressing infants compared with  
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g to another adult.  

amine segmental modifications of ID speech, the 
er” vowels, /i/, /a/, and /u/, were selected because 
vowels are the most common in human languages and 
re perceptually and acoustically exceptional [5]. For 
owels, vowel duration, formant frequencies, vowel 

 area, and within-category vowel formant dispersion 
measured instrumentally to indicate the acoustic- 
tic modifications made in ID speech compared to AD 
. For ID speech, lengthened vowel duration [6], less 
pping formant locations of vowels [7] and the 
ded vowel articulation space [3] has been reported 
compared to AD speech across several non-tonal 

ages. In addition to the expanded vowel space area 
ting greater acoustic distance between vowel 
ries in ID speech, the dispersion of within-category 
 formant locations is also of interest. Greater 
-category vowel formant dispersions in ID speech 
een observed, but no quantitative data were reported 

evious studies [3,8]. The hypothesis is that the 
tical exaggerations of vowels, e.g., longer vowel 
on and expanded vowel space, revealed in previous 
nal language studies, would generalize to Mandarin 
se. Furthermore, the quantitative measure of 
-category variations would provide more detailed 
ation of the vowel modifications made in ID speech.   

rasegmental dimension in ID speech, lexical tone, the 
fluctuation patterns of which convey meanings in 
arin Chinese, was also examined. As well defined, in 
arin Chinese, four different types of pitch contours 
est four lexical tones, and these tones serve to 
ntiate the meanings of words. Pitch height and pitch 

ur excursion at syllable level are the crucial acoustic 
onents for perceiving the lexical tones [9,10].  

te, it has been noted that Mandarin-speaking mothers 
it the prosodic modification at sentence and phrase 
 as demonstrated in other nontonal languages [6], but 
are no available studies showing whether or how 
arin-speaking mothers modify the crucial acoustic 
teristics of lexical tones in ID speech to convey 
ng. To further understand how adults modify the 
tant suprasegmental characteristics in speech directed 
ants in a tonal language, the microanalyses of pitch 
urs on a syllable-by-syllable basis in Mandarin 
se is essential.  



The hypothesis was that Mandarin mothers might modify 
elements of pitch contours, such as raising their average 
pitch level and exaggerating the range of pitch contours, to 
enhance the lexical tone distinctiveness in speech directed 
to infants. However, in order to convey the correct lexical 
meaning, mothers would have to preserve the appropriate 
and similar pitch contour of each lexical tone, such as the 
appropriate timing of “turning point”, in both speech styles. 
The results of this study filled a gap in the literature by 
documenting and providing a more comprehensive picture 
of how mothers in a tonal language modify important 
phonetic elements in speech directed to infants. 

2.    METHODS 

A. Participants    Sixteen mother-infant dyads with infants 
aged 6-8 months (mean = 7.3 m; 8 boys, 8 girls) 
participated in this study. Infants were recruited from the 
infant list of the House Registry Office of a metropolitan 
area in Taiwan. Inclusion criteria for mothers participating 
in the speech recording were: 1) Mandarin-Chinese was the 
mothers’ only or the dominant language, 2) the mother was 
the primary caregiver for the infant, and 3) the mother did 
not have any known physical, sensory, or mental handicap. 

B. Stimuli     The target words selected for speech recording 
were 21 Mandarin Chinese bisyllablic words (3 vowels × 7 
tokens) containing the target vowels, /i/, /a/, and /u/, and 
target tones (Chinese tone 1,2,3,4) in the first syllable. All 
target words were constructed as (C)VCV(V) and the tone 
numeral was attached to the end of each syllable, such as 
pa1ße4 (bus) and tÇhi4phau4 (bubble). The vowel and tone 
in the first syllable were the targets for acoustic analysis.  

C. Recording Procedure     Each of 16 mother was audio- 
recorded when she spoke to a native-Mandarin-speaking 
adult and to her infant in a sound-attenuated booth. To help 
mothers use the target words, they were provided with toys 
or pictures that corresponded to target words in a 
naturalistic face-to-face conversational situation.  

D. Acoustic Analysis     Tokens of target words, with the 
exception of those that overlapped with conversation from 
the experimenter, infant vocalization, or toy noise, were 
acoustically analyzed. Acoustic analysis was conducted 
using KAY Elemetrics’ Computerized Speech Laboratory 
(CSL) 4300 software. Target words were sampled at 20 
kHz, 16-bit resolution rate, and low-pass filtered at 10 kHz. 
Each vowel’s duration was measured from onset to offset of 
the segment. The first three formant frequencies (i.e., F1, 
F2, and F3) were measured at the onset, middle, and offset 
of each vowel segment. Narrow-band spectrograms, FFT 
spectra, and autocorrelation LPC spectra, were used to 
judge the locations of formants. The F1 and F2 of vowels 
were viewed as Descartes’ coordinates on the x-y plane and 
the area of vowel space compassing /i/, /a/, and /u/ was 
equal to the triangular area constructed from the three (F1, 
F2) pairs of each corner vowel in the x-y plane.  

Vowel space area = ABS {[F1i*(F2a - F2u) + F1a*(F2u - 
F2i) + F1u*(F2i - F2a)]/2}                                             
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 “ABS” is absolute value, “F1i” is the F1 value of 
 /i/,  “F2a” is the F2 value of vowel /a/,…, and so on.  

antitative measure of the within-category vowel 
nt dispersion is of interest to indicate possible vowel 
lation differences between ID speech and AD speech. 
ncipal Component Analysis (PCA) was used to 
ate the area of the oval surface that represents the 
imensional spectral variations of multiple tokens of a 
. The area of this oval surface for each vowel 
ry can be seen as an index of the within-category 
ility or dispersion. A greater surface area cor- 
ded to greater variability of vowel formants. 

fore, the average surface areas of three corner vowels 
used to compare the within-vowel articulation 
nce between AD and ID speech conditions. 

ch tone contour, the F0 values in the initial, middle, 
inal syllable positions, along with the highest and 
t (valley) points of the contour, were measured to 
the overall pitch height and contour. A number of 
l attributes, such as F0 average, F0 range, and the 
g point of pitch excursion, were used to characterize 
coustic features of Mandarin lexical tones and 
are the difference between speech styles. In addition, 
lative timing of the turning point where the slope of 
ntour changed from falling to rising was equal to the 
e temporal position between the onset and the valley 
 pitch contour to the whole vowel-segment. This 
re was used to examine whether appropriate pitch 

ur patterns for individual tones were preserved in both 
d AD speech. The inter-rater reliability of overall 
tic measures was high (Cronbach α = .90).  

3.   RESULTS AND DISCUSSION 

wel characteristics in ID vs. AD speech  

owel duration of ID speech (M = 238.44 ms, SE = 
) is significantly longer than that of AD speech (M = 
5 ms, SE = 12.09), F(1, 15) = 18.54, p < .001. This 
 is consistent with the previous findings that mothers 
o slow speaking rate when addressing infants  [6,11]. 
 the slower speaking rate is arguably an important cue 
ar speech [12], the vowel lengthening observed in ID 

h suggests that ID speech would be clearer and more 
gible.  

 1 displays the average vowel space area encom- 
g the corner vowels /i/, /a/, and /u/ for 16 speakers in 
 and ID speech conditions. The results clearly show 

D speech exhibits significantly larger vowel space 
hen compared to AD speech, F(1, 15) = 65.22, p 
. The ratio of ID vowel triangular area to AD vowel 

ular area is about 1.37, which is significantly greater 
ne, t(15) = 6.24, p < .001. These results clearly reveal 

andarin-speaking mothers produced acoustically 
extreme vowels when addressing infants compared to 
ssing with adults, resulting in an expanded vowel 
 area. 



Figure 1. Vowel space area compassing the corner vowels,  
/i/, /a/, and /u/, in AD (open circles) and ID (solid circles) 
speech. 

The results also show that the within-vowel dispersion of 
ID speech (M = 7228.91 Hz2) is significantly larger than for 
AD speech (M = 4814.79 Hz2), as shown in a one sample 
t-test, t(15) = 5.51, p < .001. The pattern of greater 
dispersion in ID speech has been shown for all subjects (p 
< .001, Binomial test). Figure 2 illustrates an example of 
the greater within-category vowel dispersion of multiple 
tokens of vowels /i/, /a/, and /u/ from one speaker's AD and 
ID speech conditions. This suggests that mothers produce a 
greater range of formant values and variety of vowel 
instances when addressing their infants. 
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Figure 2. An example of the within-category vowel 
dispersion of multiple tokens of vowel /i/, /a/, and /u/ of one 
speaker's AD (solid oval) and ID (dashed oval) speech. 

B. Lexical tone characteristics in ID vs. AD speech 

The results show that Mandarin-speaking mothers raised 
their overall pitch level for each lexical tone in 
infant-directed speech compared to AD speech F(1, 15) = 
56.41, p < .001. The mean F0s among 4 Mandarin lexical 
tones are distinctive with the order: Tone 1 ≈ Tone 4 > Tone 
2 > Tone 3 for both AD and ID speech.   

The results also show that Mandarin-speaking mothers use 
greater pitch fluctuation in terms of greater F0 range when 
addressing their infants than when addressing adults, F(1, 
15) = 39.02, p < .001. This suggests that Mandarin- 
speaking mothers tend to use exaggerated pitch excursions 
that emphasize the tone distinctions in speech directed to 
infants. In addition, the F0-range order among 4 tones is 
consistent with previous reports on Mandarin tones, 
showing the greatest F0 range in the high-falling tone (Tone 
4) and the smallest F0 range in the high-level tone (Tone 1) 

[13]. 
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 3 exemplifies the F0 contours of 4 lexical tone 
ns in AD and ID speech. As shown in Figures 3, the 
 of the F0 contour of each of the four Mandarin lexical 
is strikingly similar in ID and AD speech conditions, 
 speech exhibits more distinct lexical tone patterns 
D speech. The lexical tone patterns revealed in this 

are basically consistent with previous reports on the 
arin tones: a high-level pitch contour for Tone 1, a 
ising contour for Tone 2, a low-dipping contour (or 
alling-rising) for Tone 3, and a high-falling contour 
ne 4 [9,14]. In brief, the results of similar F0 contours 
h speech styles suggest well-preserved tone patterns 
 both AD and ID speech.  

Initial Middle Final
Measurement Locations

Tone 1
Tone 2
Tone 3
Tone 4

e 3. Schematic pitch contours of 4 Mandarin tones in 
 (dashed line) and ID (solid line) speech.  

ntitative measure, the timing of F0 turning point of 
lexical tone contour was used to examine the 
vation of appropriated pitch contour patterns in both 
d AD speech. The results show that there is no 
icant difference of F0 turning point between two 
h conditions, F(1, 15) = 4.47, p > .05 (see Figure 4). 
suggests that Mandarin-speaking mothers tend to 
ve the critical temporal feature of lexical tones when 
ssing both infants and adults, while the spectral 
es of lexical tone (i.e., mean F0 and F0 range) are 
erated in ID speech. Moreover, the result is consistent 
he previous findings that the tuning point was critical 
erentiating Tones 2 and 3, with the pitch excursion of 
2 changing direction earlier than Tone 3 [15].  
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Taken together of the tone analysis, the results support the 
hypothesis that critical temporal cue for distinguishing 
lexical tones, such as the appropriate shape and timing of 
the pitch contour, is well preserved in both ID and AD 
speech conditions while mothers tend to raise the overall 
pitch and exaggerate the pitch contour at syllable level 
when talking with infants 

4. CONCLUSIONS 

The results of acoustic analysis of corner vowels clearly 
demonstrate that Mandarin-speaking mothers produce 
acoustically more extreme vowels when addressing their 
infants. Compared to vowel characteristics in AD speech, 
vowel segments in ID speech are characterized by longer 
duration, expanded vowel space area, greater inter-vowel 
distance, and larger within-vowel formant variations. Data 
from the present study support the claim that the 
acoustic-phonetic characteristics of important phonetic 
units (i.e., vowels) are adjusted to increase the distinction 
between phonetic categories in speech addressed to infants. 
These modifications may contribute to the perceptual 
salience of phonetic units when infants perceive speech 
sounds.  

The results of various acoustic analyses of lexical tones 
clearly show that Mandarin-speaking mothers exaggerate 
the spectral characteristics of lexical tones but preserve the 
contour shape and the critical temporal feature to convey 
the correct lexical meaning when talking with their infants. 
These findings extend the previous results to further 
indicate that the prosodic modifications (e.g., higher pitch 
and exaggerated pitch contours) in Mandarin Chinese ID 
speech are found not only in sentences and phrases but also 
in syllables, and that these modifications serve to better 
specify appropriate lexical tone. These findings show that 
the acoustic exaggeration of prosodic patterns in ID speech 
can be generalized to lexical tone in a tonal language. Since 
lexical tone is a language-specific characteristic of tonal 
languages, the results of this study support for the 
hypothesis that mothers selectively enhance speech 
features that are important to the language. The 
well-preserved lexical tones in Mandarin ID speech 
suggests that ID speech may provide exceptionally specific 
information at a variety of levels to infants, and that this 
may assist learning. 
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