




































































































































































































































































































































VOT is illustrated in Figure 1 ,  along with the within-category variability .  This result is  

in accordance with a number of earlier investigations on ADS showing that voiced stops 

have a short lag, zero or negative3 VOT values (Lisker and Abramson, 1 964, 1 966; 

Fant, 1 973) .  
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Figure 2a. Variability of VOT values from stops in unstressed syllables, i. e. the syllables do 

not carry lexical stress, nor do they belong to words judged as being prominent. 

The realization of voicing seems to differ depending on condition, as reflected by the 

significant interaction between these factors (p<O.0005 , F( l ,  1 725)=37 .9) .  Whereas in 

ADS , the voiced and voiceless stops are separated into distinct categories, in IDS , there 

seems to be a more gradual prolongation of VOT, from voiced to voiceless (see Figure 

1 ) .  Incidentally, it can be noted that the Swedish dental voiceless stop It! shows shorter 

average VOT values than the American English alveolar cognate, as suggested in an 

3 Negative VOT values may be the result of glottal pulsing during the stop closure 
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investigation by Stoel-Gammon, Williams and Buder ( 1 994).  

Stress 

Stressed stops have significantly longer VOT durations than unstressed stops ,  

(p<O.0005 , F( 1 ,  1 725)= 1 58 .9) ,  a result that is in accordance with earlier investigations 

(e.g . ,  Krull , 1 99 1 ;  Fant, 1 973 ;  Lisker and Abramson, 1 966) . As can be seen in Figures 

2a and b, stressed stops show greater overall variability than do unstressed stops,  
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Figure 2b. Variability of VOT values from stops in stressed syllables, i. e. ,  the syllables 

carry lexical stress and belong to words judged as being prominent. 

especially in ADS . Stress seems to increase the separation between the voiced and 

voiceless categories, as reflected in the highly significant interaction between stress and 

voicing (p<O.OOO5 , F( 1 , 1 725)=50) . The increase in VOT as a result of stress is 

before the supraglottal release in a voiced context. 
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especially evident in the voiceless stops (see figures2a and 2b) . 

The statistical analysis of the data coded for lexical stress alone exhibits by and large 

the same levels of significance as when stress is judged impressionistically (see Tables 

2 and 3 for a comparison) . The only exception is that the significance level for the 

interaction between condition and lexical stress is somewhat lower. The similarity of 

significance levels between the different classifications of stress suggests a close 

conformity between the manifestation of one phonetic aspect (VOT) in words 

impressionistically judged as being prominent and VOT values in syllables classified 

only according to lexical stress .  

Place 

VOT values differ highly significantly as a function of place of articulation 

(p<O.0005 , F(2, 1 725)=22.9) .  VOT values increase systematically from bilabials to 

dentals and velars , in agreement with earlier investigations of ADS (e.g . ,  Lisker and 

Abramson, 1 964) ,  as well as in Swedish and American English infants ' early 

vocalizations (Engstrand and Williams, 1 996). There is considerable overlap, however, 

as is illustrated in Figure 1 .  The overlap is evident in the voiced stops in ADS , and 

somewhat less obvious in the voiceless stops. In IDS, on the other hand, there is a 

gradual increase in VOT within the voiced and voiceless categories. 

The interaction between place of articulation and condition (p=O.009, F(2, 1 725)=4.8)  

reflects the variability in the pattern of successive increase in duration of VOT (labials < 

dentals < velars) for both IDS and ADS . Figure 1 shows the stepwise prolongation of 

VOT in IDS , from voiced bilabials to voiceless velars . In ADS, the stop consonants 

seem to cluster only in terms of the voicing distinction. 

Voiceless stops only 

While VOT is a major feature distinguishing voiced from voiceless stops, it is also an 

important cue for discrimination and identification of place of articulation, both for 

infants (Eimas, 1 974; Jusczyk, 1 977) and adults (Kewly-Port, 1 983) .  Thus,  in order to 

explore the data further, a second analysis of variance was performed with VOT values 

from voiceless stops only (see Table 2) .  Very significant differences were found for the 

three factors , stress , condition and place of articulation, following the pattern of the 

previous analysis .  The overall variability and the overlap between conditions and the 
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different places of articulation are illustrated in Figure 1 .  Not surprisingly, the 

significance levels of interaction between the factors are now somewhat different. The 

only significant interaction now found is between condition and stress (figure 3) ,  

indicating that the mothers increased their VOT mean values in  stressed positions 

significantly more in their ADS than in their IDS . 
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Figure 3. VOT confidence intervals (95%) for unstressed and stressed syllables in IDS and 

ADS. 

Summary of results 

The results show clearly separated VOT values for voiced and voiceless stops in both 

the IDS and ADS conditions .  The VOT values from voiced stops in ADS form a 

separate cluster in relation to the voiceless ones, while in IDS, the range of absolute 

values is smaller and exhibits less variability than in ADS . Accordingly, there is a 
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poorer differentiation of the voicing categories by means of VOT in IDS as compared to 

ADS . This suggests reduced phonological information to the infant. 

The stress conditions play a major role, causing an overall increase of VOT in both 

conditions ,  particularly in ADS . It is noteworthy that the statistical outcome is similar, 

whether the VOT values are taken from syllables judged to be part of prominent words 

or from syllables selected using the more strict lexical classification. The voiceless stops 

are more sensitive to stress than their voiced counterparts, resulting in a substantial 

increase of VOT. This result is consistent with earlier studies both in Swedish -

involving laboratory speech (Fant, 1 973 ; Lofqvist, 1 976), citation forms (Engstrand, 

1983 ;  Krull, 1 99 1 )  or spontaneous speech (Krull, 1 99 1 )  - and in English (Lisker and 

Abramson, 1 966) . For instance, Krull ' s  ( 1 99 1 )  VOT measurements in spontaneous 

Swedish revealed that stressed CV -sequences had VOT values that were 30 - 1 00% 

longer than in corresponding unstressed CV -sequences. 

Apparently, mothers employ different strategies depending on the speaking condition. 

The stressed stops in their IDS show a gradual step-like pattern of VOT increase.  On the 

other hand, the stressed stops in ADS exhibit a discontinuity in VOT values that clearly 

separates voiced from voiceless stops. Further, the ADS condition exhibits a substantial 

overall variability, illustrated for instance by the VOT values for Ipl that totally overlap 

those of It!. 

Discussion 

In the present study, the shorter VOT values in IDS as compared to ADS stand in 

contrast to Malsheen' s ( 1 980) findings . As mentioned above, Malsheen found no 

significant differences between the VOT values in the speech directed to infants and 

adults, except for the voiceless stops in speech directed to children who were close to 

their first -word-point. 

The present findings are compatible with those of Baran et al . ( 1 977) who found 

reliably shorter VOT values in the IDS condition than in the ADS . The infants in Baran 

et aI . '  s ( 1 977) study were about 1 2  months old, i .e . ,  slightly younger than those in 

Malsheen' s  ( 1 980) study and, more importantly,  at an earlier linguistic stage. Thus, in 

contrast to results from studies on the prosody of IDS, the present findings on VOT 

show a decrease of phonetic specification, in this case between voiced and voiceless 

stops in IDS to three-month-olds. Studies of prosodic aspects of IDS consistently show 
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exaggerations in the speech directed to infants in this age range (e.g . ,  Fernald and 

Simon, 1 984; Papousek, et aI . ,  1 987; Kuhl et aI . ,  1 997 ; Fernald et aI . ,  1 989) . And the 

question is why are the prosodic and vocalic features of IDS manifested In an 

exaggerated manner and the consonantal feature of VOT in a reduced manner? 

One potential answer is that phonetic specifications of prosodic and vocalic properties, 

on the one hand, and consonantal properties , on the other, are weighted differently 

(along a continuum of hyper-Ihypoarticulation) as a function of the addressee ' s  
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Figure 4. Schematic display of differentially weighted phonetic specifications in IDS as 

a function of infant age. 

The rationale behind this attempt to explain phonetic properties in IDS is inspired by a 

functionalist approach to language acquisition. Language emerges from the interaction 

between physiological constraints and the ambient language, under the driving forces of 

both parts ' communicative intentions as well as attentional and affectional factors 

(Vihman, 1 996) . These factors may pose different needs for phonetic specifications 

since they may be related to different language functions over the infant' s  first year of 

life. The hypothesized developmental paths of phonetic specifications in IDS are 
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displayed in a HyperlHypo (H&H) diagram adopted from the Hyper & Hypo Theory4 

proposed by Lindblom ( 1 990, 1 992) . The route for prosodic aspects starts at the upper 

part of the hyper dimension, showing over-specified properties in Fo and temporal 

patterns, in speech directed to the very young infant. As the infant grows older, prosodic 

properties become gradually less extreme and eventually show ADS-like characteristics . 

A similar developmental curve is suggested for sonorantlvocalic aspects, since these 

speech sounds are efficient vehicles for prosodic information . Apparently ,  adults 

explore the power of the sonorant and vocalic sounds to meet the infant' s  perceptual 

and emotional requirements . 

A quite different developmental path appears in the case of obstruent !consonantal 

aspects, i .e . ,  stops and fricatives.  The phonetic specification for this category of speech 

sounds seems to follow an inverse V-shaped curve. This is suggested by the combined 

findings of Malsheen ( 1 980) , Baran et al . ( 1 977) and the present study . In IDS to three 

month-olds, the consonantal property of VOT shows underspecification, in accordance 

with the present results , while there is over-specification in, for instance, F[ and F2 

values (Kuhl et al . 1 997) .  

In the established (adult) linguistic code, obstruent aspects may, to  a larger extent than 

the prosodic, be associated with signaling phonemic contrasts . Variations in Fo and 

speech tempo add mainly stylistic information to the speech signal ,  whereas the 

obstruent aspects carry primarily contrastive value, at the segmental level . But 

segmental specification is only useful to the extent that the addressee can handle it. In 

IDS the infant is not expected to understand the detailed linguistic content of the 

message and thus obstruent aspects may serve another function. They may, for instance, 

serve as an acoustic contrast to the melodic quality of the continuous ,  smooth, and often 

stereotypical intonation contours . This results in a "patterned" speech signal ,  expressed 

by a dramatic alternation of sound intensity that renders the speech signal into a 

compelling auditory stimulation for the young infant (Fernald, 1 984, 1 992) . 

The shorter VOT values found in the present study may be perceived by the infant as 

more salient, since short VOT result in more abrupt onsets of the following vowel 

4 In the HyperlHypo Theory, the variability of speech is accounted for by the 
complementary relationship between signal-dependent and signal-independent 
properties . H&H is a model of language comprehension and thus not directly applicable 
to IDS until the infant shows some capacity for language comprehension (around the 
age of 1 2  months, as mentioned above) . 
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segment as discussed by Stevens,  Keyser and Kawasaki ( 1 986) .  They write : "Forming a 

complete closure in the vocal tract and then releasing that closure gives rise to an abrupt 

increase in amplitude of the sound over a range of frequencies, and that the auditory 

system seems to respond in a distinctive way to this kind of abrupt amplitude change, in 

contrast to a more gradual change." (p.427) .  Evidence, from the relationship between 

VOT and closure duration further strengthens this notion. Data from Lofqvist ( 1 976) 

and Krull ( 1 99 1 )  indicates an inverse relationship between duration of the complete 

supraglottal closure and VOT implying that the duration of the silent portion preceding 

the onset of voicing should be longer in IDS (to young infants) than in ADS . 

Why might there be differentially weighted phonetic specifications in IDS over the 

infant' s  first year of life? One explanation is that speech and its phonetic components 

serve different purposes depending upon the age and development of the addressed 

infant. The arguments for the developmental IDS paths for prosodic and vowel aspects 

are based on evidence from three areas . First, the acoustic salience of these parameters 

for the infant are well documented (for reviews, see Jusczyk, 1 997 ; Fernald, 1 984, 

1 992; Vihman,  1 996) . There is also evidence from speech perception experiments with 

children that suprasegmental properties may be internally represented in more specific 

terms than segmental properties (Echols ,  1 993) and that coherent intonation contours 

may be easier to process (Fernald, 1 984; Papousek, Papousek, and Bomstein,  1 985) .  

Second, infants have been shown to be more responsive to typical IDS exaggerations in 

prosodic aspects both in terms of attention (Pegg, et aI . ,  1 992; Werker and McLeod, 

1 989) and affection (Werker and McLeod, 1 989) . Third, evidence from investigations 

of prosodic properties of IDS suggests adaptations to synchronic contextual needs, i .e . ,  

specific intonation contours correlate with communicative intentions (Fernald, 1 989;  

Stem et al . ,  1 983 ;  Papousek, Papousek and Symmes, 1 99 1 ) . Finally , from a 

developmental perspective, there is evidence that prosodic aspects are adapted to the 

infant' s/child' s  development over time (Stem et aI . ,  1 983 ;  Papousek, Papousek and 

Bomstein, 1 985) .  

Concl usions 
The speech style used intuitively by mothers in the interaction with their infants differs 

qualitatively from the speech style used among adults , in terms of various phonetic 

properties .  The hallmark of the typical IDS style is extensive prosodic modifications . 

Consonantal features of IDS are also different from ADS ,  at least in terms of VOT in 

1 6  



the speech directed to the young infants . The Swedish mothers in the present 

investigation consistently produced shorter VOT values in their IDS as compared to 

ADS , at the same time that they over-specify vowel properties (Kuhl et aI . ,  1 997) .  Such 

different phonetic paths probably reflect the adaptive nature of speech and the adult' s 

teleological perspective in the typical adult-infant interaction situation . 
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The q uantity contrast 

i n  speech d i rected to Swed ish i nfa nts 

Ulla S undbe rg , Department of Ling u istics 

Stockholm University (S ubm itted) 

Abstract 
This paper reports on an investigation of how the phonological rule of complementary 

relationship between vowel and consonant durations is manifested in Swedish infant­

directed speech (IDS),  as compared to adult-directed speech (ADS). The results show 

that the V /e ratios are maintained in IDS and thus, that important l inguistic 

information is preserved in speech directed to young infants .  Moreover, the vowel 

durations, in contrast to the consonant durations, increase significantly in IDS, 

confirming prior studies of vowel lengthening in IDS .  The results are discussed in a 

framework of differentially weighted phonetic specifications in IDS as a function of 

the infant' s  age/development during the first year of life .  

I ntrod uction 
In  the phonological system of central Swedish, quantity distinctions play an important 

role. Minimal word pairs l ike 'kappa' and 'kapa' or ' Hitt' and ' Hit ' are contrasted by 

different vowel lengths (quantity) . Often, the quantity contrast is enhanced by 

correlated phonetic markers, l ike vowel quality and diphthongization (Elert, 1 995) ,  as 

in the first pair above. In the case of HittlHit, however, the distinction appears to be 

conveyed primarily by vowel length differences. A more detailed analysis reveals that 

both the vowel and the following consonant (or group of consonants, i . e . ,  the rhyme) 

constitute the relevant domain for quantity contrasts .  Furthermore, as in other 

Germanic languages, the quantity distinction is limited to lexically stressed syllables 

(Bruce, 1 998 ;  see also Engstrand and Krull, 1 994) . In Swedish, this quantity 

distinction is complementary - in a lexically stressed syllable, a long vowel is 



followed by a short consonant, N:C/, and a short vowel is followed by a long 

consonant or consonant group, NC: (C)/. The quantity distinction is not found in 

lexically unstressed syllables . 

However, descriptions of quantity in Swedish are typically based on speech directed 

to adults . Thus,  considering the systematic differences found between adult-directed 

speech (ADS) and infant-directed speech (IDS) (e.g . ,  Fernald, Taeschner, Dunn, 

Papousek, de Boysson-Bardies, Fukui, 1 989) , it is important to know if and how this 

important distinction in Swedish is preserved in IDS . 

In general , observations from ADS do not appear to be directly applicable to IDS . 

There seem to be different processes involved in the "ADS to IDS transformation",  

and the characteristics of IDS are likely to be dependent upon the infant' s  age or 

developmental stage. For instance, while some studies show extensive prosodic 

modulations (e.g . ,  Fernald et aI . ,  1 989) and increased vowel durations in IDS 

(Bernstein Ratner, 1 986;  Swanson, Leonard & Gandour, 1 992), a recent investigation 

reveals a decrease in the separation of voice onset time (VOT) contrasts in IDS 

(Sundberg and Lacerda, study Ill) . In the case of the quantity distinctions, a 

degradation of the contrast in IDS would be expected if Swedish speakers transformed 

ADS into IDS by systematically increasing the vowel durations while decreasing 

consonant durations . In fact, if all vowel durations were increased in relation to 

consonant durations, the VIC ratios for both V:C and VC: sequences would increase 

for both long and short vowels ,  and the distinction would eventually be lost. Thus, the 

question addressed here is :  Do Swedish mothers preserve the phonological quantity 

contrast in VC sequences when speaking to their young infants? 

Method 

To elucidate this question, CV syllables in speech samples from both IDS and ADS 

were analyzed. IDS samples were obtained from six mothers, native speakers of 

central standard Swedish, who were recorded while interacting with their 3-month-old 

infants - three girls and three boys.  ADS samples were recorded immediately after the 

IDS session. 
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Procedure 
The recordings were made in a sound-treated studio. The mothers were requested to 

interact spontaneously with their infants while using a selection of toys .  The toys were 

chosen in order to elicit certain target words during the mother-infant interaction. The 

investigator, who had monitored the entire mother-infant session, entered the studio 

after the IDS recording and talked informally with the mother, attempting to direct the 

conversation to the topics of the preceding mother-infant session. 

The audio signal was picked up by a Sennheiser Red Dot Mic microphone mounted 

on a light headset. This  ensured a constant microphone to mouth distance, while 

allowing the mothers to move freely. The sessions were recorded on a Panasonic, SV-

3700, DAT tape recorder and also video taped. The total duration of the sessions was 

20-40 minutes, and the first 7-8 minutes were analyzed. 

Speech material 
To obtain comparable word lengths while avoiding potential prosodic junctures due to 

morphological structure or compression effects in consonant clusters , content words 

meeting the following criteria were selected for analysis 1 :  

• Disyllabic words carrying primary stress on the first syllable, i .e . ,  trochaic form 
(both accent 1 and accent 2). By this criterion, 90 words (48 from the IDS sample 
and 42 from the ADS)  were discarded because they had iambic stress patterns .  

• Only simple forms (no compounds) .  
• Words with consonant clusters of maximally two adjacent consonants in word 

medial position. 

Analysis 
The speech signals were digitized at 1 6  kHz and acoustically analyzed using 

ESPSIW AVES , version 5.0.  With this program, a waveform display ,  a spectrogram 

and a labeling window are simultaneously available on the screen . 

1 The criteria for syllable boundary division between lexically stressed and unstressed 

syl lables are the following (Bruce, 1 998): 
a) In words with one intervocalic consonant, the onset-principle was followed, which means 

that a syllable, if possible, should have an onset, e .g. ,  Imo:rotl (Engl . carrot) is divided into 

Imo: -rotl. 

b) The lexically stressed syllable with a short vowel, must end with a consonant, e .g . ,  !katen! 

(Engl. the cat) is divided into !kat: -en!. A syllable is  not supposed to have a long initial 

consonant. 
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The vowel and consonant lengths (in ms) were measured in the selected syllables, and 

the ratio between the vowel and consonant durations (V Ie) was calculated. In 

addition, word length (in ms) was measured. 

Resu lts 

The distribution of the number of ve sequences as a function of speech condition and 

target vowel length is displayed in table 1 .  

TARGET VOWEL LENGTII 
CONDmON LONG SHORT TOTAL 
ADS 280 5 1 1  79 1 

IDS 328 445 773 

TOTAL 608 956 1 564 

Table 1 .  Distribution oi Ve sequences per speech condition and target vowel 
length. 

An analysis of variance showed no main speaking condition effect (i .e . ,  IDS vs. ADS) 

for the vowel/consonant ratio (VIe), (p<O. l 1 , F( l ,  1 560)=2.52), indicating that the 

relationship between the vowel and consonant durations was not dramatically altered 

in the transformation from ADS to IDS . However, a separate analysis of the vowel 

and consonant durations indicated a significant main effect of speaking condition for 

vowels (p<O.OOO, F( 1 , 1 560)=2 1 8 .26), but not for consonants (p<0.54 , F 1 , 1 560)=0.37) 

(see figure 1a and 1b respectively) . An analysis of the contrasts between short and 

long segments (vowels and consonants combined) by speaking condition revealed a 

significant interaction between segment length and condition (p<O.OOO, 

F( 1 , 1 560)=40.34) . 

4 



. 1 5  

. 1 4  

I 
....... 
CJ) 

.s 
. 1 3  

c: 
0 :;::: 
C1l 

. 1 2  ..... 

I 
::l "0 

� . 1 1 

0 
> 
..... 

. 1 0  0 - I () 
� .09 . V: c  0 

f I!) 
f 0> 

.08 I 

.07 II VC: 
N =  280 5 1 1  32B 445 

ADS I DS 

Cond ition 

Figure la. Confidence intervals (95%)for vowel duration in ADS and 
IDS . 

. 1 5  

....... 
CJ) . 1 4  E -
c: 
0 . 1 3  :;::: 
C1l ..... ::l "0 . 1 2  

-
c: 
C1l 
c: . 1 1 
0 
CJ) 
c: 
0 

. 1 0  0 
..... 
0 -

() .09 

� 0 I!) .08 0> 

.07 

f I 

t e v: c  
+ [ 

+ !Ill VC: 
N =  280 51 1 32B 445 

ADS I DS 

Cond ition 

Figure lb. Confidence interval (95%) for consonant duration in ADS and IDS. 

5 



Word length tended to be somewhat longer in IDS, but the difference did not reach 

significance. A significant interaction was found between the total duration of VC 
sequences and speaking condition {p<O.004, F( l , 1 560)=8 .45) (see figure 2) . 
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Figure 2. Confidence interval (95%) for the total duration of both the vowel and the 
following consonant. 

Discussion 

The results indicate that Swedish mothers maintained the phonological quantity rule 

in lexically stressed syllables in the speech addressed to their 3-month-old infants .  

This suggests that important linguistic information is  preserved at the phonological 

level even in IDS to young infants .  

In accordance with other investigations (Bernstein Ratner & Luberoff, 1 984; 

Bernstein Ratner, 1 986 ;  Swanson et aI, 1 992) , the present results also indicate that 
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Swedish mothers increase vowel durations while addressing their infants. But this is 

an overall increase. A more detailed analysis shows that short vowels are shortened 

and long vowels are lengthened in the transformation from ADS to IDS . However, 

because reduction in vowel length is bounded whereas increases are, in principle, 

unbounded, the total effect appears as a general increase. Much the same happens with 

the consonants : short consonants are shortened and long consonants are lengthened. In 

this case, the duration difference between short and long is less dramatic than for the 

vowels, which accounts for the significant interaction observed between speaking 

condition and the combined vowel and consonant duration. The interaction is mainly 

explained by the overwhelming vowel length increase observed in IDS .  

The finding of a significant quantity difference for vowels but not for consonants is 

also in agreement with earlier studies of complementary length relations in Swedish , 

such as Garding ' s  ( 1 974) finding that short vowels are about 60% the length of long 

vowels, whereas for consonants the relation is 75%.  

The difference between V:C and VC: syllables in  both IDS and ADS is ,  thus, mainly 

realized by a greater manipulation of vowel length. 

The evolution of general phonetic characteristics in IDS during the early stages of 

language acquisition is sketched out in Sundberg and Lacerda' s  (under review, see 

also MIPhI) model of differential phonetic weighting. The model hypothesis is that 

adults emphasize different phonetic aspects in their IDS depending on the infant' s  

developmental stage. At a very early stage, for instance, adults enhance prosodic 

aspects that match the infant' s  perceptual ,  production and communicative constraints . 

Initially, IDS is characterized by ample prosodic modulations (Fernald et aI . ,  1 989) 

and extensive modifications of the sonorant aspects of the speech signal ,  such as 

expansions of the acoustic vowel space (Kuhl et aI . ,  1 997) .  This adult strategy is quite 

compatible with the notion of "patterning" the speech signal that is directed to the 

infant (Fernald, 1 984; 1 992) . Patterning can be seen as a way to make the speech a 

compelling auditory stimulus for the infant. As a byproduct the infant is presented 

with the core linguistic properties of the ambient language. And a conspicuous aspect 

of the speech signal is just the alternation of sonorant and non-sonorant elements . At 

the same time, patterning also offers a vehicle for conveying relevant phonetic 
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information to which the infants are sensitive. There is perceptual evidence to suggest 

that even young infants are particularly sensitive to the patterns of their ambient 

language (e.g . ,  Jusczyk, 1 997 ; Saffran et aI . ,  1 996), and this can be understood from 

the perspective of emergent phonology (Lacerda & Lindblom, 1 997) .  Indeed, 

according to the notions of emergent phonology, the infant' s  cumulative experience 

with consonant vowel alternations should result in the establishment of a suitable 

linguistic frame, the contents of which will be subsequently refined (MacNeilage and 

Davis, 1 990; 1 993) .  

This scenario is fully compatible with the notion that quantity contrasts are well 

specified and "trained" at an early stage while consonantal aspects , like VOT 

(Sundberg and Lacerda, under review) ,  remain underspecified until a later 

developmental stage. 
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