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Abstract 
This paper reports an attempt to detect possible regularities in the patterns of F0-
contours typically occurring in infant-directed speech (IDS). Since 8-months old 
infants can detect syllable-like structures on the basis of their transitional 
probabilities (Saffran, Aslin, & Newport, 1996) and also show a general 
preference for F0 modulations characteristic of infant-directed speech, potentially 
recurrent patterns in the F0-contours may play an important role in the infant’s 
initial structuring of the perceived speech. The study used a limited sample of IDS 
to attempt to disclose possible recurrent patterns of F0 variation regardless of 
their underlying linguistic and phonetic significance. The variation of the original 
F0 contours was quantified in steps representing different ranges of F0 slopes. The 
sequences of quantified slopes were processed as descriptions of the variation 
pattern from which the transitional probabilities from a slope to another were 
extracted. These transitional probabilities were then expressed in terms of an 
automaton which was tested in its ability to generate plausible IDS F0-contours. 

 
 

Introduction 
Deviations from the typical F0-declination in 
utterances as well as increased intensity and 
duration of portions of a speech signal are usual 
prosodic markers introducing relevant 
information in adult-directed speech (Bruce, 
1998; Gårding, 1977). Consistent with this 
pattern of behaviour, adults interacting with 
infants also tend to use this type of prosodic 
markers to underline new or relevant 
information. As a matter of fact, adults typically 
exaggerate their F0 excursions when addressing 
young infants, an effect that might, in principle, 
improve the infant’s possibility of focusing on 
the core of the intended message (Sundberg, 
1998). From an adult perspective, this infant-
directed speech contains, of course, both 
relevant and explicit prosodic cues to mark the 
target information. After all it is the adult’s 
linguistic perspective and competence that 
guides the adult to infant interaction behaviour. 
But what is, from the infant’s perspective, the 
actual linguistic significance of such prosodic 
markers? Lacking linguistic knowledge, the 
infant may not necessarily use the prosodic cues 
in the same way as linguistically competent 
adults do. Indeed, in a study by Lacerda and 
Sundberg (1996), it was observed that although 

young infants clearly attended to changes in the 
F0 contours, the very prosodic variation seemed 
to impair them from perceiving the phonetic 
contrasts between the words carrying prosodic 
focus. Thus, a question that has to be asked 
concerns the possible meaning and impact of 
such prosodic cues, in a context of very limited 
linguistic competence. In other words, in order 
to appreciate the significance of the prosodic 
cues available to the pre-linguistic infant, it 
seems relevant to look at F0, intensity and 
durational cues from a very naïve perspective, 
within which only the surface phonetic patterns 
of variation are taken into account. By using this 
ascetic approach it may be possible to 
investigate the potential relevance of prosodic 
patterns, independently of their subsequently 
assumed linguistic role. 

In this study, only the patterns of F0 
variation in infant-directed speech are 
addressed. As expressed above, the F0 contours 
are looked at in a rather blunt fashion, intended 
simply to disclose possible recurrent patterns of 
variation. The analysis will be used to create an 
automaton that will be tested in its ability to 
generate plausible F0 contours, typical of infant-
directed speech. 
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Materials 
Eighteen sentences produced in infant-directed 
speech style by a native female speaker of 
Portuguese were used. The target words were 
most of the time placed in utterance final 
position. F0 contours were created for each of 
the sentences, using the Swell speech analysis 
software (figure 1). The F0 contours were 
computed in cents, relative to 220 Hz, and 
sampled at 1 kHz. They were stored in data files 
for subsequent analysis. The first step in 
analysing variation in F0 was to calculate the 
F0-derivative, averaged over 100 ms intervals.  
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Figure 1. The F0-curve of the utterance ‘É o 
nosso amigo Beto’.  
 

Since this procedure yields derivative curves 
that are very rich in details they were simplified 
by a crude quantification in 13 steps of 
2000 cent per second (2 semitones/100 ms), 
from extremely falling to extremely rising. To 
get a better idea of the F0 dynamics, the slopes 
were expressed in terms of semitones per 
100 ms, hopefully providing a more intuitive 
perceptual reference in terms of “musical 
change” per “standard syllable” (figure 2). 
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Figure 2. Quantified F0-slopes in semitones per 
100ms. Utterance: ‘É o nosso amigo Beto’.  

 

Analysis 
The patterns of variation of the F0 contours, like 
the one displayed in figure 2, were described in 
terms of Markov-inspired chains. Each 
quantified slope was represented as a state 
associated with its own observed duration. In 
these terms, a given sentence could be replaced 
by a sequence of state-duration pairs 
representing the original F0 contour (table 1).  
 
Table 1. The contour of figure 2 described as 
states (first row) and their associated durations 
(second row). 
 

0 -2 -3 -2 -1 0 -1 0 0 
0.033 0.005 0.068 0.017 0.037 0.004 0.015 0.019 0.012

 
-1 0 -1 0 -1 0 1 0 1

0.005 0.143 0.019 0.006 0.001 0.081 0.012 0.003 0.033
 

2 3 4 3 4 3 4 3 2 
0.012 0.01 0.006 0.006 0.006 0.004 0.019 0.037 0.008

 
1 0 0 0 

0.028 0.053 0.054 0.02
 

The complete set of descriptions for all the 
speech material was then used to calculate the 
transitional probabilities from a given state to 
another, as a function of time.  Part of these 
overall results is displayed in figure 3. The 
graph shows the absolute frequency with which 
a state -2 (slope between –5,9 semitones/100 ms 
and –4 semitones/100 ms) turned into another 
state, as a function of time. These overall 
statistics were then represented in a general 
automaton, as illustrated in figure 4.  

 
Figure 3. The absolute frequency with which a 
state -2 (slope between –5,9 semitones/100 ms 
and –4 semitones/100 ms) turned into another 
state, as a function of time. 
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Figure 4 The overall statistics could be 
represented in a general automaton.  

Testing the model 
The current automaton represents a way of 
capturing possible underlying regularities in the 
variation of the F0 slopes. An analysis of the 
strength of the paths connecting the automaton’s 
states should therefore reflect the regularities in 
the actual speech material. However the visual 
assessment of such regularities is very 
cumbersome because of the exploding number 
of possible paths linking the different stages. To 
circumvent this problem, the model was instead 
tested through simulation of synthetic F0 
contours, which are expected to mimic actual F0 
contours typically observed in Infant-directed 
speech. Figure 5 displays one such synthetic F0 
contour which looks plausible, in spite of the 
gross quantification used to create it 

A direct evaluation of the plausibility of the 
contours generated by the model is planed to be 
carried out using a panel of listeners. In addition 
to judging the infant-direct speech quality of the 
utterances, the listeners will also be requested to 
mark regions of prosodic prominence on the 
utterances, using the procedure reported by 
Lacerda and Molin (2002, this volume). 

Conclusions 
By carrying out a statistical analysis of a set of 
utterances produced in infant-directed speech 
style, it was possible to derive a time-dependent 
automaton that can be used in simulation 
studies. Capturing the transitional probabilities 
embedded in the original F0 contours and 
generating new contours according to the 
derived principles, is probably a meaningful and 
powerful way of testing our ability to represent 
the essential properties of F0 contours in infant-
directed speech. 
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Figure 5. Two seconds generated F0-curve. 
The unit is semitones. 
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