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SPEECH PRODUCTION 

Peter F .  MacNeilage, University o f  Texas at Austin, Austin, 

T e x a s ,  USA 

To borrow and adapt a phrase from the German psychologist 

Ebbinghaus (cited by Boring, 1 9 5 0 ) ,  the study of  speech production 

has a long pas t  but a short h is tory .  Interest  in the speech pro- 

duction process was well developed as early as the time of  Panini 

(Allen, 1 9 5 3 ) .  The well established discipline of Articulatory 

Phonetics has been ostensibly, solely concerned with the production 

of  speech, even though, according to G.O.  Russell (ci ted by Lade- 

foged, 1 9 7 5 ) ,  phoneticians have been "thinking in terms of  acoustic 

fac t  and using physiological fantasy to express the idea. “  But 

i t  has only been in the last  2 0 - 2 5  years that the sc ient i f ic  stpdy 

of  speech production, using sophisticated instrumental techniques, 

and the experimental method, has gained any momentum. Now, in 

1979 ,  we look a t  a flourishing discipline. My task i s  to convey 

the flavor o f  this discipline to a wide range o f  readers. Un— 

fortunately, my own linguistic limitations prevent an adequate 

coverage o f  work not -wr i t ten in the English language. Di f ferent  

limitations dictate a neglect o f  various subtopics, hopefully to 

be corrected by my co—reporters. These subtopics include supra— 

segmentals, tone, timing, phonetic influences on sound patterns 

o f  languages, and many aspects o f  speech pathology. The status 

report fa l ls  into three sect ions: 1. Functional properties o f  the 

speech production apparatus; 2 .  Control principles underlying speech 

production; and 3 .  The biological basis o f  the speech production 

process. 

1. Functional Properties 

a .  Respiratory Function 

. T h e  main function o f  the respiratory system during speech is  

to provide a relatively constant level o f  subglottal pressure which 

serves as the power source for the speech a c t .  In long stretches 

o f  speech following deep inspiration, this is  achieved by active 

muscular forces f i rs t  combating and then complementing passive 

forces towards expiration (relaxation pressure) when lung volume 

is  larger than i t s  resting levels, and then combating passive 

forces towards inspiration when lung volume i s  smaller than i t s  

resting level.  For many years now the work of  Ladefoged and his 
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colleagues has provided the standard view o f  this process ( e . g .  

Ladefoged, 1 9 6 7 ) .  According to  this view the following sequence 

o f  muscular events occurs: f i rs t  inspiration is  accomplished by 

the combined action o f  the diaphragm and the external intercostal 

muscles. In the initial s tage  o f  expiration, the external inter- 

costal  muscles combat the (expiratory) relaxat ion pressure.  At  

the point when relaxation pressure alone becomes insufficient to 

maintain the required subglottal pressure, the internal inter— 

costals begin to exert a gradually increasing expiratory e f f e c t .  

When lung volume becomes less than that at  the end o f  normal ex- 

piration, other muscles including abdominal muscles begin to sup— 

plement the expiratory ef fec ts  o f  the internal intercostals. Nor- 

mal conversational speech involves a much more restricted range of  

lung volumes, and only the internal intercostal muscles are re-  

quired for expiratory control.  

Recent work by Hixon et  a l .  (1976)  appears to require one 

major modification of  this view. These researchers consider the 

abdominal musculature to be continuously active under speech con— 

ditions, not only during expiration ( fo r  which they are anatomical— 

ly suited) but during inspiration in conversational speech as wel l .  

Hixon e t  a l .  consider that the role of  abdominal muscle ac- 

tivity during expiration is  to allow for more eff ic ient alveolar 

pressure generation by the rib cage. This e f f ec t  i s  explained by 

analogy with maneuvers that can be carried out with an elongated 

balloon in which the portion nearest the neck is  analogous to the 

rib cage and the distal  portion is analogous to the abdomen. I f  

one squeezes the half o f  the balloon near the neck manually, to 

simulate rib cage maneuvers, pressure will build up within the 

balloon, and simultaneously cause the distal half o f  the balloon 

to expand outward. Combating this outward expansion by contracting 

the abdominal muscles allows a more ef f ic ient pressure build up 

immediately below the neck o f  the balloon when i t  i s  squeezed in 

that region. 

The role o f  the abdominal muscles in inspiration is  con— 

sidered to be facilitation o f  the role of  the diaphragm. It is 

noted that in comparison with quiet breathing, speech breathing 

consists o f  "extremely abrupt inspirations and considerably pro- 

longed expirations and that short inspiratory periods are desirable 

for communication purposes". As Hixon et  al. put i t :  "Because of 
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inward displacement o f  the abdominal wa l l ,  the diaphragm i s  dis- 

placed axially headward such that i t s  principal muscular fibers 

(costa l )  become substantially elongated and i ts  radius o f  curvature 

The significance o f  this externally imposed adjustment 

is  that the diaphragm is in e f f e c t  "mechanically t uned" - to  a con- 

figuration that tends to optimize i t s  potential for  producing 

rapid and forceful inspiratory e f f o r t s . "  

In addition to providing a relatively constant subglottal 

pressure level for speech, the respiratory system provides tran- 

sient increases in subglottal pressure for  various suprasegmental 

and segmental purposes. The precise scope o f  this second role o f  

the system is  not yet well defined partly because of  considerable 

methodological d i f f icul t ies.  Appropriate EMG data is hard to ob- 

tain. Body plethysmographs are limited in their sensitivity, and 

e f f e c t s  on subglottal pressure produced by changes in glottal re-  

s is tance must be distinguished from e f f e c t s  due to act iv i ty  o f  the 

respiratory system (Ohala, 1 9 7 4 ) .  

b .  Laryngeal Function 

Laryngeal Mechanisms were dealt with quite comprehensively 

a t  the last  International Congress (Pant and Scully, 1977)  and 

there has not been a great deal o f  change in our knowledge about 

them since that time. 

In the past few years there has been an increasing real iza- 

tion of  the versatility of  the vocal folds in producing vocal 

sound " a t  a wide range o f  fundamental frequencies, with great 

var iet ies o f  tonal qual i t ies."  (Hirano, 1 9 7 7 ) .  The Myoelastic 

Aerodynamic Theory o f  van den Berg ( l 9 5 8 )  according to which the 

vocal folds are forced open by increasing subglottal pressure and 

close again as a result of their own elasticity and the Bernouilli 

force,  remains an appropriate View o f  the phonation process. But 

in order to account for the wide range o f  conditions under which 

the vocal folds vibrate i t  has become useful to assume that each 

vocal fold consists not o f  a single mass but o f  a lower and an 

upper mass roughly corresponding to Hirano's dichotomy between the 

muscular "Body" of  the folds and a mainly ligamentous "Cover", re— 

spectively. These two masses move to some extent independently 

during normal chest register phonation, partly because contraction 

o f  the vocalis muscle within each fold suff iciently counteracts 

the longitudinal tension e f f ec t  o f  the cricothyroid to allow the 

cover to be " loose" and free to vibrate (Hirano, 1 9 7 7 ) .  
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We remain relat ively uninformed as to how the vibratory pat- 

terns o f  the more unusual but nevertheless linguistically im- 

portant modes o f  phonation such as  a creaky voice and breathy 

voice are achieved. With respect to pitch control, a very straight- 

forward relation seems to ex is t  between pitch increase and activity 

o f  the cricothyroid muscle ( e . g .  Atkinson, 1 9 7 8 ) .  On the other 

hand, there is  yet  l i t t le  agreement on how pitch is  lowered (Fuj i -  

mura, 1 9 7 7 a ) .  For one thing, the relative role o f  the passive 

e f f e c t s  o f  reduction in contraction o f  muscles associated with 

pitch raising, and the active e f f e c t s  o f  contraction o f  pitch 

lowering muscles situated extr insic to the larynx has not been 

sat isfactor i ly established. 

Lisker and Abramson's (1971) contention that "the universally 

most important mechanism for the voiced—voiceless distinction is  

along the glottal adduction—abduction dimension" (Fant, 1977) is 

widely accepted. As Fant notes:  " the posterior cricoarytenoid 

musc le . . .  which is  the only abductor would accordingly be re- 

sponsible for glottal  opening and thus devoicing in consonants 

irrespective o f  the degree o f  aspiration" (Fant, 1 9 7 7 ) .  

arytenoid muscle plays the main role in adduction. 

The functional role o f  larynx height in the achievement o f  

both the voiced—voiceless distinction, and the control o f  pitch _ 

i s  not yet  understood. Larynx elevation i s  posit ively correlated 

with both devoicing, and pitch increase, but why this is the case 

has yet  to be explained. 

Of the three components o f  the speech production apparatus 

the laryngeal component has benefitted from the most sophisticated 

modelling o f  the interaction o f  aerodynamic and biomechanical in- 

f luences. Prominent examples o f  recent models o f  vocal fold vibra- 

tion are those o f  Flanagan e t  a1. (1975)  and T i tze  ( 1 9 7 6 ) .  

c .  Articulatory Function 

The articulatory system is by far the most complex o f  the 

three components o f  the speech production apparatus. A great deal 

is now known about the way in which vocal tract area functions 

(shapes) serve to modulate the glottal sound source for speech. 

But in recent years our knowledge o f  vocal t ract shapes has been 

pushed beyond the characterizations of  traditional articulatory 

phonetics in two important ways.  F i r s t ,  the postures actually 

adopted by the articulators have become better understood. 

The i n t e r - y  
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Second, using both traditional and new experimental techniques 

we have gained a good deal o f  new information about articulatory 

dynamics (Sawashima and Cooper, 1 9 7 7 ) .  The following is  a brief 

review o f  some examples o f  recent developments, intended to i l lus- 

t rate the diversity o f  motivation and method characterist ic o f  

this area o f  in te res t .  

Some progress is  signified by our greater readiness to accept 

the f a c t  that speech i s  an "output oriented" act iv i ty  (Fant,  1977 ,  

p.  8 ) .  

vey a linguistic message. 

I ts  aim is  to produce an acoustic signal adequate to con- 

Because o f  the non—uniqueness of  the 

relation between vocal t rac t  shapes and acoustic waveforms d i f fe r -  

ent speakers are able to communicate the same message with d i f -  

ferent art iculatory postures.  From the study o f  X—ray movies o f  

5 speakers, Ladefoged e t  a l .  (1972)  showed that the traditional 

characterization o f  vowels in terms o f  the high—low and front—back 

dimensions o f  the tongue is not approPriate, and that there is  

considerable variation in the tongue configurations adopted by 

di f ferent  speakers producing the same vowel. In a similar vein, 

Bell Bert i  (1975)  has described individual di f ferences in articu- 

latory maneuvers assist ing in control of  the voiced-voiceless di— 

stinction, primarily by controlling vocal cavity volume so as to 

influence the pressure drop across the g lot t is .  

The art iculatory system cons is ts  o f  a se t  o f  interdependent 

Part o f  the 

search for functional principles underlying articulation has been 

structures innervated by a large number o f  muscles. 

an attempt to define the number o f  degrees o f  freedom in the Opera- 

tion o f  the system. For example Ladefoged and his colleagues 

(Harshman e t  a l . ,  1977 ;  Ladefoged, 1 9 7 7 )  have used the stat ist ical  

technique o f  Factor Analysis in an attempt to define the number 

o f  degrees o f  freedom in the production o f  tongue shapes for Eng- 

lish vowels. Their analysis revealed two components, one re -  

presenting "an upward and backward movement of  the tongue", and 

the other representing " a  forward movement o f  the tongue together 

with a raising of  the front o f  the tongue" (Ladefoged, 1977 ,  p .  

217) .  

in terms o f  the action o f  the styloglossus muscle and the latter 

Ladefoged notes that the former component can be thought o f  

in terms o f  the action o f  the genioglossus muscle. But he cautions 

that the two components " i f  they have any physiological real i ty  

a t  a l l ,  are best thought o f  as high level cortical control func- 

t ions."  (p .  2 1 8 ) .  
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A number o f  researchers have formulated articulatory models 

in an attempt to characterize various functional aspects o f  the 

articulatory system. Lindblom and Sundberg (1971a) have presented 

a model which is an attempt at an explicit quantitative specif ica- 

tion o f  the contribution o f  the individual articulatory structures 

-- the l ips, jaw,  tongue and larynx (height) -— in the production 

o f  vowels.  They a lso consider that tongue posi t ibns can be speci- 

f ied by 2 components, choosing the anterior-posterior location o f  

the tongue body, and the extent to which the tongue body has been 

deformed from i ts natural shape. They justi fy the introduction of  

the jaw as a parameter in articulatory models on the grounds that 

i t  “makes it possible to explain why Openness occurs as a universal 

phonetic feature o f  vowel production." In their view "the degree 

o f  opening o f  a vowel corresponds to a position o f  the jaw that is  

optimized in the sense that i t  cooperates with the tongue in pro- 

ducing the desired area function" (p. 1166).  

An approach to modelling the physical prOperties o f  the tongue-  

by computer simulation has been reported by Fujimura. The model 

"consists of 44 tetrahedral elements as internally uniform sub- 

units o f  a linear elast ic medium. These subunits are organized 

into 14 prism—shaped functional units representing independently 

controllable substructures." (Fujimura, 1977b,  p .  2 2 6 - 7 ) .  The in- 

put forces,  representing both intrinsic and extrinsic lingual 

muscles, " . . . c a n  be specif ied as a linear combination o f  any number 

of  internally uniformly distributed stresses within specified 

functional units, and forces acting directly (externally) on any 

o f  the nodal points o f  these units" (Fujimura and Kakita,  1 9 7 8 ) .  

The choice o f  forces is  guided by EMG studies o f  the act ivi ty o f  

lingual muscles during various speech gestures. An example o f  the 

outcome of  this work, which is s t i l l  in i t s  earlier stages,  i s  the 

interesting claim that the required vocal tract configuration for 

/ i /  is relatively insensitive to the precise amount o f  contraction 

of  the genioglossus muscle. This claim is  analogous, a t  the phy- 

siological level, to  the Quantal Theory o f  Stevens, based on ob- 

servations o f  the relation between articulatory configurations 

and sound attr ibutes: "For a particular range o f  an articulatory 

parameter, the acoustic output from the vocal tract seems to have 
a distinctive attribute that is  significantly dif ferent from the 

acoustic attributes for some other region o f  the articulatory 
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parameter. Within this range o f  articulation, the acoustic a t -  

tribute is  relatively insensitive to perturbations in the position 

o f  the relevant articulatory structure." (Stevens and Perkell, 

1977, p. 324). ' 

I f  these approaches to articulation have anything in common, 

i t  is  an attempt to def ine the constraints that determine the ob- 

served art iculatory events and the absence o f  other articulatory 

events that seem logically possible. Attempts have also been made 

to specify constraints on articulatory dynamics associated with 

the production o f  s t ress  and with changes in speaking ra te .  In an 

initial spectrographic approach to these questions Lindblom ( 1 9 6 3 ,  

1964 )  concluded that, in Swedish, vowel reduction in unstressed 

syllables and a t  fas ter  speaking ra tes  might simply be a mechanical 

result o f  the decreased time available for  art iculatory movements 

under these conditions. More recent EMG studies ( e . g .  Gay, 1977)  

have shown instead that there are dif ferences in control signals 

to the articulators when s t ress  level or speaking rate is  changed. 

Apparently these stress and rate dependent changes in control can— 

not be accounted for in terms o f  any one simple algorithm. Con- 

sonants and vowels must be considered separately, as  reduction 

e f f e c t s  are  greater in vowels and segment durations reduce more 

in vowels than in consonants. Stress and rate e f f ec t s  are not 

always the same. Whereas vowel reduction is characteristic of  

unstressed syllables, it is only one o f  the 2 choices of  an indi- 

vidual speaker in increasing speaking ra te ,  the other being an 

increased ra te  o f  articulator movement to avoid reduction (Mac— 

Neilage, 1 9 7 8 a ) .  Even reduction, when i t  occurs,  is  not simply 

accomplished by a uniform reduction in force o f  articulation. 

Amount of  undershoot has been observed to d i f fer on dif ferent 

vowels (Gay, 1 9 7 7 ) .  The intuition that stress and rate modifica- 

tions can be achieved by merely changing the values o f  some general 

time—dependent motor control variable has not yet been adequately 

supported. 

2 .  Control Principles 

Parallel with work on the functional properties o f  the speech 

apparatus has been a concern with the general control principles 

underlying speech production. Interest has focussed on easily 

identifiable articulatory gestures associated with individual 

speech segments --  particular tongue and lip configurations, jaw 
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positions and velar posit ions. A most deep-seated conviction is  

that there must be some invariance underlying the achievement o f  

a configuration for a particular vowel or consonant, regardless o f  

i ts segmental context. An early hypothesis was that this in- 

variance might l ie in the motor command sent to the muscles and 

observable by means o f  electromyograms (EMG). However, EMG studies 

showed, on the contrary,  that context dependence in motor commands 

was the rule (MacNeilage, 1 9 7 0 ) .  For other approaches I quote 

extensively from a recent review (MacNeilage, 1 9 7 8 a ) :  

"Another group o f  theorists focussed on the fac t  that the 

results o f  gestures associated with a given phoneme ( i . e .  the posi— 

tions achieved by them) remained relatively invariant in d i f ferent 

contexts and suggested that therefore gestures were controlled in 

terms o f  the speci f icat ion o f  invariant goals or ta rge ts .  A s  to 

the nature o f  these goals or targets ,  I suggested in 1970 that 

they could be points specified within an internalized space co— 

ordinate system o f  the kind Lashley (1951) considered to underlie 

all movement control (MacNeilage, 1 9 7 0 ) .  One indirect argument 

for this view is  that visual—motor coordination is  certainly 

guided by an abstract conception of  space and therefore the audi- 

tory-motor coordination o f  speech may be a lso.  In addition, con- 

trol o f  the speech apparatus in the absence o f  an auditory com- 

ponent, as in the acts of  mastication, and perception o f  oral 

stereognosis, would seem to require an abstract  spatial analysis 

mechanism. 

Informal evidence o f  the controlling role o f  goal or target 

specif ication during speech can be obtained by observing a speaker 

speaking with clenched teeth.  Under this condition, acoustic out- 

put seems minimally impaired, suggesting that goals are success- 

fully approximated, even though extensive compensatory articulation 

i s  probably required. More formal evidence comes from Lindblom 

and his colleagues who have twice performed an experiment in which 

subjects were required to produce vowels with bite blocks up to 

25 mm in size between the teeth (Lindblom and Sundberg, 1971b; 

Lindblom et  a l . ,  1 9 7 8 ) .  They found that immediately af ter  bite 

block insertion, subjects achieved the correct formant frequencies 

in the f i rst  pitch period of  the subsequent vowel. A subsequent 

midsaggital X-ray o f  these subjects during vowel production with 

a bite block inserted showed close approximation to normal vocal 
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t ract  shapes. This result  suggests that even under the bi te block 

condition articulators may be successful ly controlled by invariant 

spatial  goals or t a rge ts .  However, in an experiment in which 

Folkins and Abbs ( 1 9 7 5 )  unpredictably impeded jaw elevation move- 

ments associated with closure for a bilabial stop, the upper lip 

responded with act ive compensatory lowering, resulting in bilabial 

closure at  a d i f fe rent  ( lower)  point in space than normally ob- 

served. Such a finding suggests that the specif ication o f  goals 

or targets may not be in terms o f  absolute space in this case ,  but 

in terms o f  some other end such as  art iculator contact ,  or intra— 

oral pressure buildup. In addition, goals specif ied in terms o f  

pressure would seem to be plausible in the respiratory system, 

where relatively constant subglottal pressure is  preserved during 

speech, using widely varying muscular forces and lung volumes 

(Hixon e t  a l . ,  1 9 7 6 ) . "  

" In recent years a number o f  writers have emphasized the 

possible ro le o f  auditory targets in Speech gesture control ( e . g .  

Nooteboom, 1970 ;  Ladefoged et a l . ,  1 9 7 2 ) .  Informal evidence for 

the necessity o f  auditory targets in some sense o f  the term is 

quite conclusive. The auditory information provided by our lan- 

guage community i s  the only source o f  goals for  our acquisition o f  

speech production. A given auditory goal is  sometimes achieved 

in a single subject by more than one spatial configuration o f  the 

speech apparatus. For example single intervocalic [ p ]  i s  produced 

in English with vocal fold abduction (Lisker e t  a l . ,  1 9 6 9 ) .  But 

cluster-initial intervocalic [ p ]  as in "upbringing" is  produced in 

some subjects by vocal fold adduction (glottal  stop) (Westbury, 

1 9 7 8 ) .  Thus i t  is  the auditory goal that remains invariant in 

this case a t  the expense o f  invariance in spatial configurations. 

Further evidence on the relation between internalized auditory 

standards and movement control comes from an experiment by Riordan 

( 1 9 7 7 ) .  She reported that i f  rounding gestures o f  the lips are 

mechanically prevented, compensatory larynx lowering occurs, to 

achieve the lengthening of  the vocal t ract  necessary to produce 

the formant frequencies o f  rounded vowels. This result  shows that 

the control mechanism is  capable of  going beyond shape constancy 

in achieving auditory constancy. 

The kinds o f  targets discussed so far  are s ta t ic  targets .  

But when I produce the diphthong /au/ there is no evidence that 
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any stat ic auditory or spatial target is  being aimed a t .  In the 

period during which formant frequencies are relat ively unaf fected 

by preceding and following segments, the second formant for /au/ 

i s  in continuous motion. The perceptual importance o f  the dynamic 

properties o f  formant transit ions, even for  vowels,  leads us to _ 

believe that some specification o f  dynamic properties must underlie 

the ta lke r ' s  production o f  them. Of  course, c lose specif ication 

o f  the dynamics o f  speech movements is always made by the talker 

in an utterance whether i t  has any obvious perceptual consequences 

or not .  Thus the issue to be raised here, - - - - ,  is  the relation 

between stat ic and dynamic aspects o f  the operation of  the system." 

(MacNeilage, 1 9 7 8 a ) .  

A good deal of  work has been done on coarticulation, the study 

o f  the temporal scope o f  particular articulatory gestures and how 

this changes with segmental context. 

been o f  interest because o f  the hope that the precise temporal 

Coarticulation e f f e c t s  have 

scope o f  these e f f e c t s  would provide us with an understanding o f  

the role o f  various linguistically defined units ( e . g .  the phoneme, 

the distinctive feature, the syllable, the word) in the movement 

control stages o f  the speech production process.  Coarticulatory 

e f f ec t s  have been observed for up to 7 segments in the anticipatory 

(right to l e f t )  direction (Benguerel and Cowan, 1974 )  and in the 

Although 

they occasionally seem to respect syllable boundaries (Ushijima 

perseveratory ( le f t - to-r ight)  direction (Ghazel l i ,  1 9 7 7 ) .  

and Hirose, 1974)  and word boundaries (Ghazelli, 1 9 7 7 ) ,  more of ten 

their temporal scope seems independent o f  the boundaries o f  lin- 

guistic units. They are sometimes not even blocked by mechanical 

incompatibility between the coarticulatory gesture and gestures 

The only thing that 

seems to reliably block these e f f e c t s  is  the avoidance o f  produc- 

for other segments (Sussman et  a l . ,  1 9 7 3 ) .  

tion of  an "immediate successional impact" ~— a change in the 

acoustic properties o f  a neighboring segment which would change 

i ts message status for the listener (Kent and Minif ie, 1 9 7 7 ) .  

Thus, all in all, the use of coarticulation to determine the basic 

properties o f  the control system has been relatively unsuccessful. 

In conclusion, it must be conceded that we st i l l  know very 

l i t t le about the issue o f  invariance in the control o f  gestures 

or about the principles underlying coarticulation. What we have 

done so far is little more than to point to aspects or consequences 
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o f  gestures that possess invariance and suggest that the goal o f  
the control system must be to achieve this invariance. 

In some sense, what we are seeking is  biological equivalents 
o f  linguistic units. But the precise relation between linguistic 
units defined primarily by means o f  analysis of  the message struc— 

ture o f  language, and control units, compatible with speech signal 
character ist ics,  is  extremely hard to def ine. As  Stevens and 
Perkell (1977)  point out "There is  l i t t le argument among students 
o f  speech and language that speech events at  one level are organ- 
ized in terms o f  segments and features."  (p .  3 2 3 ) .  But the lack 
of  argument may only ex is t  because there has been comparatively 
l i tt le e f f o r t  to reconcile the message and signal levels o f  con- 
ceptualization. The two researchers who have made the greatest 
recent e f f o r t  to characterize speech from the traditional view- 
point o f  art iculatory phonetics, Cat ford (1977)  and Ladefoged 

(1975 ,  1978)  both warn against assuming any simple relation be- 
tween signals and message units. Catford has concluded that the 
attempt to define a f inite universally applicable set o f  distinc- 
tive features is  a t  best procrustean. Ladefoged concludes that 
i t  is erroneous to assume that a phonological feature can be de- 
fined in terms o f  a single physical scale which can be used for 
specifying contrasts between and within languages. He argues that: 
"From an acoustic or physiological point o f  view most phonological 
features are cover features definable only in terms o f  complexes 
o f  phonetic parameters." In the absence o f  a straightforward bio- 
logically defined relation between observable signal properties 
and underlying message units i t  i s  not clear what i t  means to as-  
ser t  that speech events a t  one level are organized-- "in terms o f  
features". 

Speech errors have been an important source o f  the compara- 
tively rare information which bears on what one can cal l  the psy- 
chological real i ty o f  linguistic units (Fromkin, 1 9 7 3 ) .  An 
underlying assumption has been that linguistic units have psycho- 
logical reality to the extent that they show themselves, in speech 
errors, to be independently variable in the time domain. Distinc- 
t ive features do not appear to qualify as psychologically real 
units on these grounds. In approximately two-thirds o f  spoonerisms 
involving segments the target segments ( e . g .  [ l ]  and [ J ]  in “ lea f  
raking" "reaf laking") di f fer by only 1 distinctive feature 
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(MacKay, 1970) and thus it  is not possible to decide whether a 

feature or a segment has been exchanged. But where target segments 

dif fer  by more than one feature ( e . g .  [ p ]  and [ n ]  in "pointed nai l " )  

there is  almost never an exchange o f  a single feature ( e . g .  "tointed 

mail")  even though, in terms o f  a feature model, that would be the 

Shattuck-Hufnagel and Klat t  (1978)  have recent ly 

concluded that "features are not independently movable entities 

a t  the level where most substitution and exchange errors are  made."  

Nor do speech 

simplest e r ror .  

Neither do syllables move around in speech errors. 

error data encourage the choice o f  the phoneme as an underlying 

form a t  the segmental level because segmental permutations are so 

restr icted by phonotactic factors -— prevocalic, vocal ic,  and post- 

vocalic segments exchange with like components -— whereas the pho- 

neme is ideally a context-free ent i ty.  Perhaps the most basic 

unit at the level at  which most temporal sequencing errors can 

occur i s  the phonotactically restr ic ted allophone. 

Speech errors have also been used to try to determine the 

number o f  relatively separate stages or levels in the speech pro- 

duction process and the operations which occur a t  those levels.  

I t  remains possible, though di f f icul t  to demonstrate that units 

such as the feature, phoneme, and syllable have psychological re— 

ality a t  levels where operations do not lend themselves to inde- 

pendent variation o f  those units in speech errors. (For example 

i t  has been suggested (Fry, 1964)  that the syllable is a rhythmic 

ent i ty . )  We are st i l l  a long way from being able to place su f f i -  

cient constraints on multistage schemata for speech production. 

Two i l lustrations o f  the problems for such schemata can be given 

by considering the relation between direct movement control and 

more underlying levels. On the one hand i t  has been observed, as 

mentioned earlier (Westbury, 1978) that the opposite motor control 

gestures o f  vocal fold abduction and adduction can be used to 

achieve examples o f  what is  assumed to be the same underlying 

voiceless consonant. On the other hand similar motor control ges- 

tures can be used to achieve examples o f  opposing underlying forms. 

The timing o f  voice onset and closure release is similar for re- 

presentation o f  underlying /d/ in "duck" and (presumably) under— 

lying / t /  in "s tuck" .  

A number o f  researchers have shown some impatience with e f -  

for ts  to determine the nature o f  speech control a t  levels so far 
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away from direct observation, a t  the present stage o f  our know— 

ledge ( e . g .  Moll e t  a l . ,  1 9 7 7 ) .  The following paraphrase o f  the 

views o f  Netsell (Moll, 1977)  is representative o f  the concerns o f  

these researchers: 

"What existing articulatory data allow us to di f ferentiate 

the nature o f  the input commands a s  phonemes, phones, syllables, 

words, e t c . ?  Given present methodologies and conceptualizations, 

what would be the nature o f  an experiment or experiments that would 

clari fy the character o f  these motor commands? In relation to 

these questions, i t  was noted that inferences from articulatory 

data can result in varying and contradictory conclusions concerning 

the nature o f  the input commands. This results from the fac t  that 

articulatory measurements re f lec t  both the e f f e c t s  o f  the input 

commands, presumably a t  a high neural level,  and the properties 

Thus, i t  wi l l  not be 

possible to make inferences about the input command structure 

o f  the intervening physiological systems- 

until we can separate out the e f fec ts  o f  the system characteristics. 

In addition, i t  was noted that we must be able to formulate our 

hypotheses about command units in unambiguous and physiological 

terms before we can tes t  them effectively by physiological ob- 

servat ion.“  ( p .  4 0 7 ) .  

Netse l l ' s  viewpoint emphasizes the importance o f  understand- 

ing the peripheral neuromechanical properties o f  the speech pro- 

duction system, and from this perspective the relative role of  

feedback or closed loop control becomes a central issue. On this 

(1977)  view that :  "Since 

speech can be considered to be a habituated or stereotyped form 

issue most would agree with Stevens' 

o f  motor behavior (which does not usually encounter external dis- 

turbances), preplanning mechanisms are probably used much more 

heavily than peripheral feedback for the moment—to-moment control 

of vocal-tract movements." (p.  3 4 3 - 3 4 6 ) .  
associates have pointed out that: 

However, Abbs and his 

"regardless o f  the nature of the 

underlying neuromuscular mechanism controlling speech production, 

evaluation o f  the system biomechanics is  necessary" (Muller et a l . ,  

1977) .  They note that: " i f  an open loop mode of control is hypo- 
thesized then we must concede that the system is  either quite 

knowledgeable about the biomechanics and compensates for them 

during the control process o f  organizing the movement, or that the 

biomechanical characteristics are relatively simple and need not 



24 REPORT: PRODUCTION 

Up until the last  few 

years ,  most conceptions o f  the upper articulators assumed a third 

be considered by the central mechanism." 

possibi l i ty. Mechanical properties were considered to limit a 

speake r ' s  ability to produce an invariant output for a phonological 

unit, resulting in undershoot and coarticulatory e f f e c t s  which the 

communication system had to tolerate because of  neural limitations 

(See MacNeilage, 1970 ,  

But as Abbs and Eilenberg (1976)  observed: 

assumed that peripheral mechanical influences are limiting in their 

in production control.  for a review o f  this 

View.)  " i t  cannot be 

influence upon speech movements. The passive properties o f  inertia 

and e last ic i ty  most appropriately are considered energy storage 

mechanisms, and although they may absorb energy generated during 

one interval o f  time, they have the capability to release that 

1 4 2 ) .  

I t  i s  now well known that the control system has developed 

energy for later contributions to the system's output." ( p .  

the ability to take stored elastic energy into account in the re— 

spiratory system. This was evident in the account o f  respiratory 

control given earl ier. But the relat ive role o f  open and closed 

loop control in the ongoing control o f  these and other aspects o f  

speech production is not yet well understood. Part o f  the motiva- 

tion behind the work o f  Abbs and his associates on this topic i s  

the assumption that by systems analysis i t  can be determined 

whether i t  i s  even analytically possible for any articulator-move- 

ment to be under closed loop control given the transfer function 

o f  the particular neuromechanical system under observation, and 

Abbs et a l . ,  

Variables involved in this transfer function include me— 

the observed movement dynamics (Muller et  a l . ,  1977;  

1 9 7 7 ) .  

chanical properties o f  the musculature and i t s  accompanying load, 

sensory receptor properties, and potential neural transmission 

circuits with their loop gains. Mechanical and transmission de— 

lays in any system are detrimental, becauSe they create phase lags 

between the system error and the feedback correction signal. Abbs 

e t  a l .  (1977)  state that " . . .  i t  is possible to determine the band- 

width over which a particular af ferent  loop might contribute; de- 

pending on the total phase lag introduced by i t s  components. That 

i s ,  i f  a feedback loop is  to contribute to the control o f  movement: 

i t  must have a positive gain in the same frequency range as the 

movement i t se l f . "  

In recent years there has been a good deal o f  disillusion- 

ment with the main technique used to investigate closed loop con- 
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trol o f  speech - -  the sensory nerve block technique - -  because of 

the lack o f  specif ic i ty inherent in i t s  application and the pos- 

sibility that i t  involves direct motor e f fec t s  (Borden e t  a l . ,  

1 9 7 3 ) .  

t ion, 

Using the more acceptable technique o f  on-line interven— 

Folkins and Abbs have unequivocally shown the operation of  

closed loop control QÊ jag elevation by demonstrating a compensa- 

tory response to interference with elevation which had a latency 

of  3 0  ms.  

to the question o f  the relative role of closed loop control during 

speech must await a detailed analysis of a l l  the individual system 

But a s  Abbs e t  a l .  have pointed out,  a general answer 

components in the entire speech apparatus. 

Another approach to the understanding o f  peripheral speech 

mechanisms, favored in our laboratory, is  the analysis o f  the final 

form o f  the neural control signals, a t  the level o f  the individual 

motor unit. The motor unit (an individual motoneuron and the 

muscle fibres that i t  innervates) has been described as the quantal 

element o f  movement control.  The entire control signal for speech 

production can be described in terms of  two variables o f  motor unit 

function, the number o f  motor units activated, and the discharge 

rate o f  each. We have concerned ourselves with the understanding 

o f  these two variables in speech musculature. In addition to pro— 

viding parametric information which should aid in modelling o f  the 

neuromuscular stage o f  speech, we have determined that (with minor 

qualifications) the Size Principle (Henneman et a l . ,  1965) is oper- 

ative in speech control as in many other aspects o f  human and 

animal motor control (MacNeilage, 1 9 7 8 b ) .  

a number o f  correlated properties. 

"Size" here refers to 

For example: large motor units 

have larger cel l  bodies and larger axons, and their axons innervate 

more and larger muscle f ibers.  A number o f  functional properties 

are considered to relate to cell body s i ze .  Larger cell bodies 

are considered less excitable than small ones and are thus re-  

cruited into a movement a t  higher input levels ( that i s ,  later) 

than small ones. But once activated, larger cell bodies have 

greater sensitivity to input changes than small ones. 

said to have higher gains. 

They can be 

Larger cel l  bodies also have shorter 

afterhyperpolarization (AHP) durations than small ones. 

purposes AHP duration can be regarded as an index of  a recovery 

For our 

cycle following a motoneurOn discharge ( a  single firing) so that 

short AHP durations allow higher discharge ra tes .  This information 
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can be  regarded as  a contribution towards defining the terms in 

which any control decisions are communicated to the speech appa- 

ra tus .  

As a footnote to this section on control o f  speech production, 

I give notice that an alternative View to conventional theories o f  

speech production has recent ly been advanced. Again I quote ex— 

tensively from a recent review (MacNeilage, 1 9 7 8 a ) :  "The View 

ar ises from what has come to be known as  Action Theory which has 

as i t s  aim a general theory o f  coordinated movement. (Perhaps a 

better term a t  present would be Action Metatheory as i t  consists 

primarily o f  ideas about the form that theory o f  act ion should 

t ake . )  

physiologist Bernstein (1967)  and has been developed in this coun- 

Action Theory owes i t s  origin primarily to the Russian 

try particularly by Greene (1972)  and Turvey ( 1 9 7 7 )  and with re-  

1 9 7 8 ) .  

ca l ls  for a radical reformulation o f  the theory o f  speech produc- 

spect to speech by Fowler ( 1 9 7 7 ,  Fowler e t  a l . ,  The theory 

tion. Current speech production theories, that assume underlying 

units, and elaborate processes governing the surface manifesta- 

tion o f  these units are dubbed "translation theories" (Fowler et  

1 9 7 8 ) .  

the linguistic units a re ,  

a l . ,  These theories are considered to be unnecessary, as 

in some sense,  d irect ly and invariantly 

represented in the output, and do not ex is t  independent o f  that 

representation. Temporal and spatial aspects o f  control are re-  

garded as being integral to each other and therefore not to be 

considered separately. the 

basic segmental specif icat ion, and timing schemes are thus also 

The two components o f  current models, 

considered integral to each other and timing is  described as in* 

trinsic rather than extr insic.  This means that the timing-deter» 

mined properties o f  the output arise naturally from i t s  intrinsic 

organization. 

The central concept o f  action theory i s  that o f  the "coordi- 

native structure". A coordinative structure is  defined as " a  set  

o f  muscles, o f ten  spanning many jo ints,  that i s  constrained to act 

as a unit" (Turvey et  a l . ,  1 9 7 8 ) .  

to be established by biasings of  ref lex circuits referred to as  

" tunings".  

These structures are considered 

Some properties o f  coordinative structures are modul- 

able; "For example rate o f  walking and gait are modulable proper- 

t ies o f  the muscle systems that determine walking" (Fowler, 1977,  

p.  2 0 6 ) .  The constraints arising from the coordinative structures 
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are considered to determine directly what e f f e c t s  the modulable 

properties will have on movement. For example, I assume speaking 

ra te  would be a modulable property o f  the coordinative structures 

governing speech production, and thus i ts  e f f ec t s  would ar ise di- 

rect ly from those structures rather than being imposed on them 

from an external source. 

An act  such as an utterance " i s  believed to be governed by 

functionally embedding (as  opposed to temporally concatenating) 

coordinative structures. Each nesting level delimits a broader 

equivalence c lass o f  movements than the finer grain level nested 

w i th in . . .  The more coarse—grained nesting levels are established 

by altering the relationships among smaller coordinative struc- 

tures,  and at  the same time they ac t  as  constra ints on the lower 

1978, p .  2 8 ) .  

(1977)  analysis the most coarse—grained coordinative structure 

ones . "  (Fowler e t  a l . ,  For example, in Fowler ' s  

embodies an entire utterance and a t  the other extreme 4 coordi— 

native structures are proposed for vowels. 

A good candidate for  one o f  the most coarse-grained coordi- 

native structures could be one that is responsible for maintaining 

a relatively constant level o f  subglottal pressure during a single 

expiratory phase. One coordinative structure for  vowels is con— 

sidered closely analogous to the state underlying the voluntary 

assumption o f  a certa in f ixed joint angle at  the elbow, by a human 

subject,  and the maintenance of  that angle in the face o f  various 

loads (Asatryan and Fel'dman, 1 9 6 5 ) .  

to adopt an arbitrary "zero—sta te"  o f  the joint—muscle system, 

The subject is considered 

thus creating a system with spring-mass properties. The produc- 

t ion of  / € /  i s  considered to be achieved partly by the imposition 

o f  a “zero—state o f  the extrinsic tongue system" (Fowler e t  a l . ,  

1978, p .  71) which will produce tongue elevation following /æ/ ,  

but tongue depression following / i / .  

I t  is obviously not possible to do justice to this new theo— 

The theory i s  

provocative in i t s  attempt to place speech production in a general 

ret ical orientation in the space available here.  

biological perspective, and in i ts implication that speech produc— 

tion is  by no means special. Nevertheless i t  i s  my overall impres- 

sion that the relation between traditional theories o f  speech pro- 

duction and Action Theory has so far  only been loosely defined, 

and that the value o f  the analogies made between speech and other 
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coordinated movement sequences s t i l l  needs to be careful ly scru— 

t inized. The specif ic consequences o f  Action Theory for speech 

production have not yet been well established. For example, are 

changes in vowels with st ress and speaking rate consistent in form 

with some Specif ic coordinative structures with specif ic modulable 

properties? Is what i s  descriptively labelled as "undershoot", 

a result o f  changes in the coordinative structures or in the ef— 

How does the theory handle the 

case mentioned earlier o f  two Opposite movement outcomes (abduc— 

f ec ts  o f  modulable properties? 

tion and adduction) in the achievement o f  voicelessness for /p/? 

Do short term memory constraints influence the operation o f  co— 

ordinative structures? It  is  to be hoped that these and many other 

problems will be fruitfully addressed as the implications o f  Action 

Theory for speech become clearer,  and the interface between Action 

Theory and traditional ideas about speech production control he— 

comes more clearly def ined." 

3 .  Biological Basis 

Naturally occurring language - -  including speech - -  is st i l l  

considered species-speci f ic_to humans despite the inroads being 

But the 

biological basis for this specif ic i ty is  not yet established. The 

considerable linguistic ability displayed by chimpanzees and go- 

ri l las using manual signs, together with the failure to teach them 

language involving speech production, suggests that species-speci— 

f ic i ty  is greater for speech than for language ( in the sense of  

an abstract  message sys tem) .  

made by chimpanzees and gorillas learning sign language. 

Species specif icity in speech per- 

ception ability has not yet been established (though see Warren, 

1 9 7 6 ) .  The one—month-old human has shown a spectacular ability t o .  

discriminate between linguistically distinctive stimuli, most 

marked for the voice onset time (VOT) dimension (Eilers, 1 9 7 8 ) .  
But this ability, though apparently innate, cannot necessarily be 
considered either species specific or speech specif ic,  in the 
light of  the perceptual ability displayed by chinchillas with the 
VOT continuum, and the results o f  perceptual studies o f  nonspeech 
analogs o f  the VOT continuum (MacNeilage, 1977) including a study 
of  infants (Jusczyk e t  a l . ,  1 9 7 7 ) .  

With respect to speech production, Lieberman (1975) has made 
a case that a "crucial" evolutionary deve10pment separating modern 
humans from lower hominids, is the development of the "bent two- 

vant. 
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tube" supralaryngeal vocal t ract  from an earlier single tube con- 

figuration. This structural development increases the possible 

number o f  vocalic items in a speech sound inventory and makes pos- 

sible production o f  the 3 "quantal" vowels / i / ,  /u/ and /a / .  

Lieberman (1972 )  has claimed that:  

hood make use o f  these extreme vowels to ascerta in the s i ze  of  the 

"Modern speakers, in all l ikeli— 

vocal t racts o f  individual speakers. This information i s  essential 

for the speech "decoding" that is the basis o f  the rapid rate o f  

information transfer o f  human speech. Neanderthal man, though he 

could produce part o f  the human phonetic repertoire, would be in- 

capable o f  speaking any human language" (p .  2 7 2 ) .  

(1976)  have concluded that with respect 

"There is l i t t le evidence to support a claim o f  a 

' ( p .  1 9 8 ) .  

the structural development reported by Lieberman has only quanti- 

However, more 

recently, Verbrugge e t  a l .  

to perception, 

special role for the point (quantal) vowels. ‘  Perhaps 

tative significance, making more distinctive sounds possible, 

though it should be noted that sOme human languages have quite 

small segmental inventories ( e . g .  15 in New Zealand Maori (Biggs, 

1961) ) .  

On the topic o f  functional aspects o f  the biological basis 

o f  speech production, i t  is my contention that we have seriously 

underrated the importance o f  the "long and for the most part order- 

ly series o f  stages o f  prelinguistic vocalization that are quite 

stereotyped in nature, and occur in the absence o f  model vocaliza- 

(MacNeilage, 1 9 7 8 a ) .  

innateness and species specif icity o f  many o f  these vocalizations 

tions o f  others" A case can be made for the 

including babbling (chimpanzees are considered to babble only in 

a quite restricted sense (Kortlandt, 1 9 7 3 ) ) ,  and despite the me- 

thodological problems attendant on their study, they would seem to 

be a valuable source o f  information about the biological basis o f  

speech. The neglect o f  prelinguistic vocalizations i s ,  in my view, 

largely the result of  the influence of  Jakobson's theory o f  lan- 

guage acquisition (Jakobson, 1 9 6 8 ) ,  to which babbling was irrele- 

My view that prelinguistic vocalizations are important comes 

(1976)  and others whom they 

c i te ,  which show an extremely close relation between the sounds 

from reCent studies by Oller e t  a l .  

and sound sequences o f  babbling, even the earliest babbling (6 -8  

months) and the sounds and sequences used in the f i rs t  words. 
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As to sounds, aspirated stops, fr icat ives and liquids are rare in 

babbling and in f i r s t  words while unaspirated stops and glides are 

frequent in both. As to sequences (or  phonotactic constra ints) ,  

consonant clusters and final consonants (eSpecially voiced final 

consonants) are rare in babbling and in f i r s t  words, while initial 

Oller e t  a l .  

conclude: "a f te r  examining our data on babbling i t  is possible to 

consonants, especially stops, are common in both. 

predict quite accurately the nature o f  the most commonly reported 

substitutions and deletions which occur in meaningful child speech.“ 

(1976, p .  9 ) .  

predict from the babbling of  an individual child a great deal about 

I would go further and guess that it is possible to 

what his/her f irst words will be like, including initial sounds and 

sequences, relative preference for reduplicated syllables, and 

aspects o f  temporal control such as segment durations and varia- 

bility in those durations. . 

From this viewpoint the ch i ld 's  f i r s t  words can be seen a s ,  

" a t  least partially, a matter o f  choosing from the babbling reper- 

As the babbling 

forms are quite limited, the f i r s t  words represent an enormous 

toire a set  o f  approximations to adult word forms. 

simplification of  adult forms, and subsequent learning can be seen 

primarily as the relaxation o f  constraints on earlier articulated 

forms as ability to produce additional forms increases. This view 

can be contrasted with Jakobson's view o f  f i rs t  word learning as  

a matter o f  the unfolding o f  a f ixed universal sequence o f  sound 

contrasts. (For a review of  evidence against this view, see 

1978.)  The matter o f  choice of  the child's f i rs t  words 

was considered by Jakobson to be the result o f  " a  selection by 

which they become speech sounds only insofar as they are related 

to language in the strict sense o f  the word. 

Ferguson, 

The selection is  

therefore inseparably linked to the sign nature of  language, that 

i s ,  is a purely linguistic matter." In contrasté “The question of 

the prelanguage babbling period proves to be,  on the contrary, one 

of external phonetics, predominantly articulatory in nature . . . "  

(1968,  p .  2 7 ) .  A problem of  Jakobson's viewpoint is  that an appeal 

to the sign function of sounds.gives no explanation of the par- 

ticular order in which sounds do tend to appear in the f i rst  words. 

(The notion of maximal sound contrast has quite limited explanatory 

power in this respect.) But if  one considers speech as an exten- 

sion o f  babbling and it is seen that the f i rs t  sounds of  speech 
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tend to be the f irst sounds of babbling then a good deal of the 

order in sound acquisition becomes at least potentially explicable 

in terms of  the biology o f  the production mechanism. One thus 

loses the need for innate components o f  speech such as a sign func- 

tion. The sign function of  language may evolve in the framework 

o f  the biology o f  the signalling mechanism and not vice versa. 

Two examples may i l lustrate this point. The voiceless unaspirated 

stop consonant is the only universal stop consonant category and 

i t  i s  the f i r s t  stop consonant to be observed in babbling and in 

the chi ld 's f i rs t  words. The Consonant-Vowel syllable is the only 

universal syllable type, and i t  is the f i r s t  to be observed in 

canonical form ( i . e .  with the time—space constraints typical o f  

speech) in the babbling stage and in the chi ld 's  f i r s t  words. 

Babbling can be regarded as the functional skeleton on which child 

speech is built and the functional skeleton on which sound patterns 

of  languages are bui l t .  

There are two important qualifications to be made about the 

View expressed here.  F i rs t ,  the tendency towards a fixed order o f  

acquisition o f  sounds is  just a tendency. 

ceptions have been noted. 

Numerous individual ex- 

These exceptions mean that no theory 

that includes a single fixed order of acquisition of  sounds or 

rules, can be valid. Second, although much emphasis has been placed 

here on prelinguistic vocalizations being carr ied over into speech 

without change in form, the functional significance o f  the babbling 

stage does not inhere in these forms alone. Other non—canonical 

forms such as the popular (universal?) 2 -3  second long “raspberry" 

(Oller, 1978) may serve some purpose. In addition both my children 

(and others) have favored the production of  C—V alternations with 

lateral manual step consonants, produced by placing the back o f  

the hand in a horizontal position over the mouth a t  the proximal 

finger joints, and alternately flexing and extending the fingers. 

These behaviors suggest that the babbling stage provides a func- 

tional skeleton for speech production in a sense that includes, 

but also transcends, motor stereotypies produced with the time- 

space prOperties and the apparatus later used for speech produc- 

tion. 

In summary, I believe a case can be made for the innateness 

and species-specificity o f  many aspec ts -o f  prelinguistic vocaliza- 

tion, which may provide a functional skeleton for the development 
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of  the speech production process, both in terms of  specific moan 

behavior and in terms o f  more general functional prerequisites. 

Another source o f  evidence that has been widely used to chum 

an innate species-specific basis for language and speech is that 

o f  l e f t  hemisphere specialization. However, i t  i s  important to 

note that this evidence cannot be used to support a "speech is 

special" notion. Studies by Kimura and her assoc ia tes  (Kimuraamd 

Archibald, 1 9 7 4 ;  Mateer and Kimura, 1977)  have shown that le f t  

hemisphere damage, whether accompanied by aphasia or not ,  resulhs 

in impairment o f  reproduction of  sequences o f  movements, whereas 

right hemisphere damage does not.  These resul ts have led Kimura 

(1976)  to suggest that underlying l e f t  hemisphere specialization 

for language and speech may be specialization for the control of  

skilled motor sequences. In addition, recent studies show that 

chimpanzees have an anatomical differentiation between le f t  and 

right hemispheres analogous to that found in humans (Galaburdatfi  

al . ,  1978) .  

induce vocally based linguistic communication in chimpanzees,en- 

These findings, taken together with the failure to 

courage us to view l e f t  hemispheric specialization for speech hi 

man within a broad biological perspective. I t  i s  my belief that 

a good deal of  our present knowledge is  consistent with the fol- 

lowing proposition: lef t  hemisphere specialization for language 

and speech is  derivative o f  the special ization o f  the le f t  hemi- 

sphere for the control of  skilled voluntary movement sequences: 

and for the perceptual analysis o f  stimuli related to the movmmmt 

control skills. 
As to the means by which the le f t  hemisphere controls speed) 

production, most speculation, based primarily on aphasia, haslæen 

directed towards the localization gg functions in the cerebral 

Cortex. Very l i t t le information is available about exact ly What 

these functions are ,  and how they are controlled. The most ac- 

ceptable general proposition i s  that whereas damage to anterior 

cortex results in a nonfluent aphasia, most typically classifimfle 

as Broca's Aphasia, damage to posterior cortex results in a fhmmt 

aphasia typically classifiable as Wernicke’s Aphasia. In thevmfll 
known schema o f  Geschwind (1972) the speech production def ic i tsOf 

Wernicke's Aphasia are due to damage to the mechanism resPonSible 
for auditory patterns controlling output, and Broca's  Aphasflidfi’ 

f icits are in production o f  speech movements from the auditory 
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patterns. An additional syndrome o f  Conduction Aphasia, (now 

1 9 7 7 )  was 

considered due to  a disconnection between the auditory and motor 

widely accepted by aphasiologists (Green and Howes, 

centers resulting from a lesion o f  the arcuate fasciculus, in the 

parietal lobe. In the light o f  the probable role o f  somesthetic 

functions, including spatial conceptualization in speech produc- 

tion control, and in light o f  the parietal lesion si te for Con— 

duction Aphasia, I have suggested (MacNeilage, 1978b) that Ge- 

schwind's explanation of  Conduction Aphasia be re-examined and 

perhaps supplemented with another. In this View, Conduction Apha- 

sia could a t  least in part be regarded as a def ic i t  in somesthetic 

conceptualization underlying spatial target assignment for speech 

movement control. There were 4 reasons for this suggestion which 

are discussed in detail elsewhere (MacNeilage, 1 9 7 8 b ) :  "First ,  the 

dominant speech production symptom o f  phonemic paraphasias is  con— 

sistent with this v iew. Second, conduction aphasia is  typically, 

though not always associated with apraxia, and apraxia would be 

expected to  result from a de f i c i t  in spatial target function. 

Third, the lesions associated with the syndrome are in the parietal 

lobe which has traditionally been associated with spatial func- 

t ions. Fourth, there is  no alternative explanation in the litera— 

ture that has a good claim to being preferable to the one I am 

suggest ing." 

Since this view was put forward, apparent counterevidence has 

come from studies o f  cerebral blood f low as an index o f  local iza— 

tion of  cortical activity during speech production (Lassen et  a l . ,  

1978) .  According to this index, posterior inferior parietal cor- 

tex activity was as low as that in several other s i tes,  not ex- 

pected to be involved in speech production ( e . g .  occipital c o r t e x ) .  

A s  expected, high levels o f  act ivity were observed in Wern icke 's  

Area and in primary sensorimotor cortex serving the speech appa— 

ratus (pre- and post—central gyri) and some elevation o f  activity 

was observed in B roca 's  Area. In addition, a surprising finding 

was the high levels of  activity observed in a relatively large 
region o f  Supplementary Motor Cortex during speech as well as 

other motor functions. This region, in superior medial frontal 

cortex was implicated in speech control by the work o f  Penfield 

and his associates (Penfield and Roberts, 1959)  but has received 

l i t t le attention since that time. Lassen and h is  associates con- 



34 REPORT: PRODUCTION 

sider that the Supplementary Motor Cortex " is  involved in the 

planning of  sequential motor tasks" (p .  6 9 ) .  But although the 

findings o f  Penfield and Roberts corroborate the blood flow studhæ 

with respect to the involvement o f  Supplementary Motor Cortex (ami 

Wernicke's and Broca 's  a r e a s ) ,  they did not concur in observing 

a lack o f  involvement o f  posterior inferior parietal cortex.  

Evidence from both electrical stimulation and excision strongly 

implicated the parietal area in speech control. A resolution of 

this dilemma apparently awaits a better understanding o f  the mean- 

ing o f  the evidence from these 3 d i f ferent  sources. 

Another finding of  the work on cerebral blood flow was that 

o f  high levels o f  activity in the right hemisphere analogs of  the 

l e f t  hemisphere regions which showed high activity during speech. 

The rari ty of  aphasia from right hemisphere lesions, the absence 

of  right hemisphere initiation o f  speech in commissurotomy patienU; 

and the very limited scope of  r ight hemisphere initiation of  speed: 

in l e f t  hemispherectomized patients (Searleman, 1977) suggests that 

right hemisphere does not play a necessary role in speech produc- 

tion. Nevertheless the blood flow studies suggest that the right 

hemisphere may normally share in Speech production to a greater 

extent than had been previously supposed. The result also suggeshs 

that patients with le f t  hemisphere lesions may be able to makermme 

use o f  the right hemisphere to control speech than most current 

views o f  aphasia imply. 
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