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ABSTRACT 

Remarkably little is known about the acoustic phonetics of 
infant vocalizations that can be specifically regarded as 
precursors to speech.  It is nonetheless clear that, prior to 
babbling, infants use a variety of vocalizations, dubbed 
‘protophones,’ with varying degrees of phonatory control.  
It is also clear that phonatory control involves selection 
among the distinct vibratory regimes known to occur in 
highly non-linear systems like phonation. Furthermore, it 
appears that phonatory control plays a major role in the 
development of primitive capabilities to communicate 
emotional states vocally and to direct vocalizations toward 
caretakers.  The present investigators have embarked upon 
a program of research designed to evaluate the role of 
phonatory control in infant vocal development. This paper 
provides a progress report on that effort.  

1. INTRODUCTION 

It is now well-established that infants, even before the onset 
of canonical babbling at around 6 months of age, use a 
variety of vocalizations that are non-distress and 
non-vegetative, appearing to be precursors to speech [1].  
These vocalizations seem to emerge in a progressive 
fashion evincing developing control over the vocal 
mechanism and patterns of social usage, and as such merit 
the label of “protophone” [2]. 

There is also a tradition of acoustic-phonetic description of 
non-cry infant vocalizations that has identified voice 
quality as an important parameter [3, 4].  This work 
identified many phonatory phenomena that are now best 
understood within the framework of non-linear dynamics 
[5, 6]. 

These developments now seem to be on the verge of an 
important synthesis, with the promise of establishing an 
acoustic phonetic survey of the earliest forms of human 
speech-like behavior, and a characterization of ways that 
the phonatory system plays a key role in emerging vocal 
communication.  It has been argued that the acquisition of 
phonatory control is among the earliest phases of the 
growth of human speech behavior [2].  Such claims have 
yet to account for the many vibratory regimes afforded by 
the non-linearity of phonation in infancy.  In order to 
optimally characterize the complexity of the phonatory 
system, it is important to attempt an identification of the 
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lying control parameters by which these vibratory 
es may be organized.  An important hint may be 
 in the non-human primate vocalization literature, in 
 intensity variation has served as a simple but 
ful organizing principle [7].  While some recent 
ch has begun to incorporate measurements of vocal 
ity for comparing communicative vs. emotional 
ons [8], the possibility that this relatively simple 
tic parameter may link vibratory regimes with 
hone categories remains uninvestigated.  Further, the 
at manipulation of intensity and phonatory control 

lay in the emergence of early communication has also 
tudied only cursorily. 

2. METHODS 

ave conducted a preliminary investigation that 
ates some of the principles we plan to pursue in our 
m of research.  Two normally developing full-term 
ere recruited via their guardians shortly after birth.  

ding sessions began when each infant was 4 months 
; the data reported here were from the third recording 
ns when each infant was 5 months old.  The recording 
as quiet (special sound-insulation will be installed 

and furnished with soft mats and toys.  An equipment 
adjacent to the recording room with one-way glass 
tted recording personnel to view the session and 
l equipment. 

se large and varying mouth-to-microphone distances 
r to have been a major problem in obtaining good 
 recordings in the past, the infants were fitted with a 

-built vest that housed a wireless microphone 
 (Samson Airline UHF AL1 transmitter equipped 

 Countryman Associates low-profile low-friction flat 
ncy response MEMWF0WNC capsule). The vest 
uration (following an original design developed by 
Gammon and Buder with support from NICHD 
HD32065]) maintains the mouth-to-microphone 
ce at approximately 5 cm (the distance varies only to 
tent that the infant rotates her head), and is therefore 
l to studies of sound pressure level. Controlled 
-to-microphone distance allowed us to calibrate and 
re intensities of infants’ vocalizations against a fixed 

nce level. At the beginning of the sessions a 
ation tone was generated by a small speaker placed 
nt to the infant’s mouth.  The speaker was affixed to a 
ng rod attached to a digital sound level meter 
Shack model 33-2205).  The calibration tone 



generated a fixed signal, the dB reading was read off by an 
experimenter, and the resulting tone recording could 
subsequently be used as a reference level for dB SPL 
scaling of the infants’ vocalizations in the same manner as 
has been recommended for adult recordings [9]. 

At least one parent and one experimenter were present at all 
times in the recording area during the 60-90 minute 
sessions, and the parent also wore a vest with a wireless 
microphone.  The sessions were videotaped, and the camera 
and two microphone channels were recorded directly into a 
computer via a Dazzle Hollywood Bridge analog-to-digital 
interface.  The stereo audio signals were recorded at 
44.1 kHz per channel. 

Sessions were typically scheduled for mid to late morning 
hours to optimize infants’ alertness.  No particular efforts 
were made to elicit infant vocalizations beyond normal 
caregiver play and stimulation, but breaks for feeding 
occurred to keep the infant comfortable, and the girls were 
comforted as much as possible to avoid cry or fuss 
vocalizations.  Special efforts were made, however, to 
allow the infant to vocalize both while the adults were and 
were not engaged with the infant, thus eliciting “usage” 
categories in an attempt to understand differences between 
vocalizations that were socially directed v. those that did 
not appear to be directed towards the adults. 

Coding of the vocalization types and their social 
directedness was performed off-line by coders with access 
to both auditory and visual channels, following published 
protocols [10].  As seen in Sec. 3.1 below, “vowel” and 
“squeal” protophones occurred frequently in the samples 
and thus allowed statistical comparisons on acoustic 
parameters.  Other protophone categories that were of note 
included “growl” and “yell” and occasional “fixed signal” 
categories of “laugh” and “cry,” as detailed further in Sec. 
3.2 below. 

Acoustic analyses of selected tokens were conducted in 
TF32 [11] to produce two types of data: (a) Inspection of 
narrowband spectrograms and waveforms guided 
classification into vibratory regimes; and (b) RMS energy 
readings were averaged over the segments defined by those 
regimes.  The RMS means were then converted to dB SPL 
units using the RMS value of the calibration tone as a 
reference value. 

A mutually exclusive and exhaustive set of vibratory 
regimes was defined to include: (a) “pulse,” characterized 
by extremely low-frequency f0 (sometimes 70 Hz or lower), 
sudden high harmonic density, and the appearance of 
glottal pulses that decayed extensively to create a sawtooth 
appearance in the waveform; (b) “subharmonics,” 
characterized by the sudden appearance of additional 
harmonics that intervene at integer divisions of the 
preceding harmonics, (c) “f0 down,” characterized by a 
sudden break to a higher density of harmonics (but not as 
low as to go into pulse, nor to an exact octave or 
subharmonic relationship in which case some harmonics 
would remain continuous); (d) “modal,” characterized by 
smooth and continuous harmonic structure (though note 
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child 
his definition included—in the absence of a clear 
guishing criterion—what sounded or appeared to be 
 register); (e) “f0 up,” characterized by a sudden break 
lower density of harmonics; (f) “biphonation,” 

terized by the appearance of two sets of incongruent 
nics often moving in non-parallel directions; 
haos,” characterized by a random appearing vocal 
orm that does not have the 
tensity/high-frequency appearance of simple 
ence as in a whispery voice; and (h) “stop,” 
terized by an abrupt cessation and reappearance of 
 harmonics.  Rvachew et al. [12] applied a smaller set 
normal phonation codes” to older infants and they  
and intra-judge intra-class correlations in the 

 .80s.  Our group also assessed inter-judge reliability 
 number of regime shifts observed within a set of 60 
zations, and obtained a strong Cohen’s Kappa of 

3. RESULTS 

ENERAL INTENSITY EFFECTS 
nitial inspection for the role of intensity in 

inating infants’ overall levels, frequent vocalization 
(vowel v. squeal), and social situation (directed v. 
cted) was performed on a total of 239 vocalizations 

from infant A and 89 from infant B).  2 × 2 × 2 
A revealed significant main effects for infant, 
1) = 47.23, p < .001, vocalization type F(1,231) = 

, p < .01, and social situation, F(1,231) = 10.73, p 
 with no significant interactions.  Figures 1 and 2 
 these results.  Inspection of the figures suggests that 
tterns produced by infant A were stronger.  This was 
med in post-hoc tests that found strongly significant 
nces between vocalization type and social situation 
ant A but only modest trends for Infant B. 
sults show that there was overall explanatory power 

tensity measures of infant signals and usage patterns 
so suggested that 5-month-old infants vary in the 
tency with which they employ this acoustic 
eter. 
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 1: Box and whisker plots of mean dB levels by 

for vocalization types (‘S’ = Squeal, ‘V’ = Vowel). 



 
 Vibratory Regime 
dB SPL Pulse Subharm. f0 down Modal f0 up Biphon. Chaos Stop 

55-60 1   4     
60-65  1 2 6     
65-70  1  6 1    
70-75  1  9     
75-80 1  1 6 1    
80-85  2  6  1   
85-90    6 1   1 
90-95 1  1 2   1  

95-100    3    1 
Table 1: Classification of vibratory regimes into dB SPL bins (N=67). 
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Figure 2: Box and whisker plots of mean dB levels by 
child for social situations (‘Dir’ = Directed, ‘UnDir’ = 
Undirected). 

3.2 SPECIFIC INTENSITY RELATIONS TO 
VIBRATORY REGIME AND VOCALIZATION 
TYPE. 
To further explore the relationships between vocal intensity, 
vibratory regime and vocalization type, a new segmentation 
of the vocalizations was performed by retaining only those 
segments in which one constant vibratory regime 
(exceeding 100 ms in duration) could be observed.  A 
subset of this pool was created by identifying segments that 
were representative of the range of intensities observed in 
the two infants (these selections were otherwise random in 
“directedness” or coded vocalization type).  We observed 
that by dividing the respective ranges into bins of 5 dB 
widths, spanning 60-100 dB for infant A and 55-90 dB for 
infant B, it was possible to accumulate 4 or 5 segments 
within each bin included in an infant’s range.  This 
selection procedure yielded 9 bins (containing between 4 
and 10 tokens each), encompassing a 45 dB range.  A 
further sub-sampling of those tokens was performed by 
randomly selecting at least 3 tokens from each bin for 
auditory presentation.  By audition only, two listeners 
assigned each of those isolated segments to one of 6 
vocalization types.  In many cases the segments were 
extracted from more extended vocalizations, further 
depriving the judges of helpful cues such as overall 
vocalization quality or “contour.”  This perceptual 
classification task was therefore more difficult than our 
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l project procedures, depriving the judges of all 
 or auditory contextual cues.  These conditions 
d lower levels of reliability (71% agreement, Cohen’s 
 = 0.51).  However, it was observed that all 
eements were based on a tendency of one judge to 
the more neutral vowel category in a number of cases 
 the other judge favored squeal or yell.  The data from 
dge who more often categorized vocalizations as 

ls or yells was therefore retained for further 
tion based on the assumption that these more refined 
ents contained greater useful information. 
1 displays the vibratory regime classifications across 
lected segments arrayed by dB bin.  The columns of 
le are ordered so as to optimize “diagonality,” that is, 
ing with regimes that tended to occur at lower 

ities at the left and with higher intensities to the right. 
2 displays the smaller set of vocalization codes also 
d by dB bin. Here again, the vocalization code 
ns are purposefully ordered so as to reveal any 
l association with increasing dB. 
ables are sparsely populated in this preliminary 
tion, but there are certain overall trends worth noting 
t this early point in the work:  First, modal phonation 
dominant even in these 5-month-old infants.  Only 
of the segments in the sample were non-modal.  
d, we were surprised to find that both modal and 
odal phonation types were utilized across the entire 
of intensities.  Keeping in mind the limited sample 
t may be noted that the regime table 1 yields a χ2(56, 
 = 60.13, p = .32, while the vocalization table 2 yields 

0, N=32) = 55.84, p < .05. The ability of infants to use 
ty of phonation types at so many intensities suggests 
ree of phonatory variability that we had not 
ated. 
final descriptive assessment of the relationships 
en vibratory regime and vocalization code, these two 
les were arrayed for a test of association, yielding a 
 N=32) = 40.27, p < .001.  This final assessment, 
based on a meager set of tokens, provides support for 
pothesis that the variety of regimes produced by 

s across their intensity ranges is associated with the 
t of vocalization type. 
rmore, while the association between regime type 
tensity did not achieve statistical significance in this  



 
 Vocalization Type 
dB SPL Growl Squeal Laugh Vowel Cry Yell 

55-60 1   4   
60-65  1 2 6   
65-70  1  6 1  
70-75  1  9   
75-80 1  1 6 1  
80-85  2  6  1 
85-90    6 1  
90-95 1  1 2   

95-100    3   
Table 2: Classification of vocalization codes across dB SPL bins (N=32). 

 
limited sampling, the array of vibratory regimes seen in 
Table 1 does suggest some support for the concept of 
intensity as an underlying parameter for infants’ phonation 
quality.  The occurrence of less “controlled” vibratory 
regimes appeared to be greater at the lower and higher dB 
levels: In particular, subharmonics tended to occur at lower 
intensities, while the only observations of biphonation, 
chaos, and glottal stopping occurred at the highest vocal 
intensities.  Obviously, more data are needed, and our work 
over the coming months will be augmenting the sample.  

4. CONCLUSIONS 

Our research program on the role of phonatory control in 
infant vocal development is now underway, and we have 
been able to collect high-quality data through use of a 
special microphone vest that allows controlled 
mouth-to-microphone distance as well as calibration for 
intensity.  The preliminary data we have collected are 
encouraging in illustrating possible relationships between 
phonatory regime shifts and the communicative character 
of infant vocalizations.  Further, the work offers a 
preliminary view of how intensity may serve as a 
controlling principle for phonatory regime shift, and 
consequently how such control may affect the way early 
communication is accomplished. 
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