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THE CONTROL OF TIMING IN CHILDREN'S SPEECH 

Sarah Hawkins, Dental Research Center, University o f  North 

Carolina, Chapel Hi l l ,  NC 27514,  U . S . A .  

I t  is generally acknowledged that temporal and prosodic 

variables significantly a f fec t  speech intelligibility. For exam- 

ple, adult l isteners derive considerable information about the 

syntax and s t ress pattern o f  sentences'when segmental cues are 

either distorted by spectral rotation or absent because the 

sentence is  hummed. The role o f  prosody in defining syntactic 

boundaries has been demonstrated with s ty l ised synthetic intona- 

tion contours and with prosody pitted against syntax in cross- 

spliced sentences. The duration alone o f  both phonemes and 

larger units can be crucial to speech intelligibility. Addition- 

ally, adults appear to be particularly sensitive to the rhythmic 

onset o f  s t ressed syl lables, both when listening to speech and 

when tapping to the rhythm o f  their own speech. The listener 

appears to anticipate when s t resses wil l  occur and focuses atten— 

tion at these times. (Documentation o f  the above points may be 

found in papers for the other Symposia o f  this Congress and in 

Cohen and Nooteboom (1975 ) . )  This integrative and predictive 

role o f  prosodic cues figures prominently in recent models o f  

speech perception. For example, Pisoni and Sawusch (1975)  sug— 

gest prosodic cues may form an interface between low-level seg- 

mental information and higher levels o f  syntax and meaning. 

Martin (1972) has elaborated the notion o f  the predictive role o f  

rhythm in speech perception, pointing out that efficient percep— 

tual strategies such as attention-cycling between input and out- 

put can be facilitated when the signal need not be mOpitored con- 

tinuously. 

What relevance have these observations about adult speech to 

children's perception and production o f  speech? Although the 

adult listener may be assumed to attend only minimally to much o f  

the acoustic signal, this cannot be.assumed for the child. The 

young child lacks the linguistic and nonlinguistic experience that 

would allow him/her to " f i l l  in“ a large proportion of  the message 

on the basis o f  knowledge shared with the speaker. Our sparse 

knowledge o f  children's perceptual abilities supports this dis- 

tinction between adults' and children's perception o f  speech. For 
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example, although infants o f  less than 16 weeks can discriminate 

between stimuli differing in some durational aspects, such as VOT 

(e .g .  Eimas et a l . ,  1971) and syllable duration (Spring and Dale, 

1 9 7 7 ) ,  children as old as  4—6 years do not necessar i ly  use these 

durational cues in the same way as  adults (Z la t in  and Koenigsknecht, 

1 9 7 5 ;  Simon and Fourcin, 1978 ;  Higgs and Hodson, 1 9 7 8 ) .  We know 

more about chi ldren's speech production than their perception; the 

last 5 or 6 years have provided data on children's timing in 

phrases, words, syllables (Hawkins and Allen, 1 9 7 8 ) ,  segments, and 

subsegmentals such as VOT ( f o r  additional references see below).  

Many o f  these studies have demonstrated that while some aspects o f  

children's speech timing resemble those o f  adult speech from quite 

an early age, (about 2 - 4  y e a r s ) ,  other aspects do not mature until 

much later (up to about 9-11 years ) .  

The question becomes when and why there are di f ferences be— 

tween adults and children. Do timing rules appear in children‘s 

Speech simply as a consequence o f  increasing neuromuscular coor- 

dination, and only gradually come to serve a perceptual function? 

Or does the child learn the perceptual function o f  such cues and 

attempt to produce them in his/her own speech? In the latter 

case the age when adult timing relationships appear would depend 

partly on neuromuscular abilities and partly upon the age when 

their perceptual function is recognised. 

This paper discusses ways in which we might distinguish be— 

tween the above possibilities, using data from children's speech 

production. The aim is to provide a conceptual framework that 

will be useful in thinking about children's timing control, as a î 

first step towards formulating a theory of the development o f  

speech timing. 

I begin from the position that the chi ld 's perception o f  

speech neither is  essentially mature before s/he begins to speak 

( o f .  Smith, 1973) ,  nor develops concurrently with production ( c f .  

Waterson, 1970, 1971a,b) .  Rather, I shall assume that while the 

young speaker perceives some parts o f  the speech signal quite 

maturely, s/he perceives other parts only as unanalysed 'noise ' .  

This View is similar to that o f  Ingram ( 1 9 7 4 ) ,  except that I 

assume that the position of  the 'noise' may not be fixed in the 

signal in a segment-by—segment manner. The approach is polysys- 

temic: the child's systems o f  perception and production both may 
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voiced-voiceless ratios relatively early. Naeser (1970) found 

they were present by 21 months o f  age and in fact preceded control 

o f  the voicing feature that governs the distinction in adult 

speech. 

The development of  VOT control in stops nicely illustrates 

the following points: ( i )  perception and production do not always 

develop hand in hand, and (ii) a phonemic distinction that may be 

legitimately regarded as lying along a single phonological dimen- 

sion should not necessarily be treated as two extremes o f  a uni- 

tary process in a theory o f  speech development. The development 

o f  the voicing contrast in English has been studied longitudinally 

(e.g.  Kewley-Port and Preston, 1974; Macken and Barton, 1978) and 

cross—sectionally (e .g .  Menyuk and Klatt, 1975; Zlatin and 

Koenigsknecht, 1976; Gilbert, 1977) .  I t  has been consistently 

found that children make a distinction between short—lag (voiced) 

and long-lag (voiceless) steps fairly early (around 2 years) ,  but 

at this stage only the short-lag distribution resembles the adult 

form. I t  is not until much later (around 6 years or more) that 

the long-lag VOT distribution resembles that o f  the adults. The 

difference in age o f  mastery of  the two VOT categories is commonly 

accepted as being due to differences in the neuromuscular coordi- 

nation required: short—lag stops allow considerable variability 

in the coordination o f  laryngeal and oral activity, whereas long- 

lag stops require rather precise coordination. 

Temporal regularities that do not function as primary percep: 

tual cues, especially those that appear to provide no perceptual 

information, would be expected to be acquired as the child's 

action plans (articulatory programs) become more sophisticated. 

An example is the reduction of  the duration o f  consonants in 

clusters. Although many o f  the durational differences between 

clustered and unclustered consonants are perceptible, they may not 

serve a perceptual function (Klatt, 1 9 7 6 ) .  The age when children 

produce these durational modifications varies according to the 

type o f  cluster, but the last ones are probably not mastered until 

9-11 years (Gilbert and Purves, 1977; Hawkins, in p ress) .  This 

is later than many o f  the temporal phenomena discussed above. 

Hawkins ( in press,  in preparation) discusses evidence from these 

data suggesting that many clusters undergo considerable reorgani- 

sation as complex units, rather than there being simply durational 
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reduction o f  each segment. Intermediate stages may involve uneven 

rates of  development and durational changes in the opposite direc— 

tion from that finally required. These observations, together 

with the late attainment o f  mature durational relationships, are 

consistent with the development of  increasingly sophisticated 

motor action plans by the integration o f  subroutines. 

This paper has discussed some o f  the considerations that 

should be included in a theory o f  the development o f  speech timing 

within a polysystemic, parallel processing approach. I t  suggests 

that adults and children will d i f f e r  in speech production process— 

es not so much in the nature o f  those processes as in their rela— 

tive importance and their domain o f  influence. The ch i l d ' s  

' system' cannot be regarded as stat ic at any time, but rather as 

reflecting the e f f e c t s  o f  several continually changing systems 

that replace each other during development. Changes in one sub- 

system may a f fect  others, producing either progression or tempo- 

rary regression. Furthermore, a given phenomenon observed in 

deve10pment may have several causes, whose e f f e c t s  may a l l  work 

in the same direction or in conflicting directions. Consistent 

with these points,  the development o f  speech timing may be use— 

fully considered in the contexts o f  maturing neuromuscular coor- 

dination and the perceptual cueing function o f  timing rules. 

Neuromuscular immaturity influences patterns o f  production both 

across-the—board and in specific contexts. It is reasonable to 

expect timing rules that are primary perceptual cues to be imple- 

mented earlier than those that are not ,  assuming both that the 

degree o f  neuromuscular complexity is constant and that the child 

perceives the distinction as l inguistically relevant. 
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