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ARTICULATORY PARAMETERS 

Peter Ladefoged, Phonetics Lab. ,  Linguistics Department, UCLA, 

Los Angeles, CA 9 0 0 2 4 ,  USA 

The main report for  this session gives an excellent summary 

of  recent research on speech production. I would like to t ry to 

summarize this summary by l isting and discussing the articulatory 

parameters that need to be controlled in a model of the speech pro— 

duction process.  Obviously this could be done at various levels 

of generality. For example, one could choose to model the various 

muscular forces acting on the tongue, as suggested by Fujimura 

and Kakita ( 1 9 7 8 ) ,  or one could model the results o f  those forces 

l a s  described by Harshman e t  a l .  ( 1 9 7 7 ) .  Similarly one could speci- 

f y  the gross respiratory movements a s  Ohala (1975)  has done, or 

more simply the variations in subglottal pressure that resul t  

from those movements. 0n another dimension o f  generality, one 

could try to  describe jus t  those articulatory parameters required 

for a particular language, or the larger set that would produce 

al l  possible linguistic d i f ferences,  or even those that would go 

sti l l  further and allow one to distinguish all the personal char- 

acterist ics o f  individual speakers. . 

I have chosen to specify speech production in terms of  the 

minimal set  o f  art iculatory parameters given in Table 1.  They 

will (hopefully) account for all linguistic di f ferences both 

within and between languages, but may not distinguish between 

speakers. There is  a lot o f  guess—work involved in setting up a 

l ist of this kind. Some of the parameters (eg 1, 2 ,  8 ,  9 ,  l l ,  16) 

can be defined fair ly precisely, but others (eg 5 ,  6 ,  7 ,  14) are 

less firmly established. 

The parameters l isted may be thought of as corresponding to 

what is controlled rather than to movements o f  anatomical struc- 

tures such as the jaw or the ribcage. This is a somewhat contro— 

versial point in that Lindblom and Sundberg (1971) have proposed 

that it i s  more approPriate to model tongue movements with respect 

to a moving mandible, rather than simply modeling the vocal t ract 

shapes that result from these tongue movements. But it seems to 

me that i f  one is trying to state the parameters that are used in 

controlling articulatory actions, then Lindblom's own work (Lind— 

blom et a1 . ,  1978)  shows that speakers may rely on a great deal of 
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Table l 

A necessary and sufficient set 

o f  articulatory parameters. 

l .  Front raising 9 .  Lip width 

2 .  Back raising 10.  Lip protrusion 

3 .  Tip raising l l .  Velic opening 

4 .  Tip advancing 12 .  Larynx lowering 

5 .  Pharynx width 13.  Glottal aperture 

6 .  Tongue bunching 14 .  Phonation tension 

7 .  Lateral tongue 15. Glottal length 

contraction 16.  Lung volume 

8 .  Lip height decrement 

Figure 1 

The movements o f  principal portions o f  the tongue 
associated with the first 6 parameters in Table 1. 
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compensation between movements of  the jaw and those o f  the tongue. 

What they control are the vocal tract shapes, i . e .  the relative 

magnitudes o f  the cross-sect ional  areas of  the mouth and pharynx. 

The underlying parameters may therefore be as shown in Table 1. 

The f i r s t  s ix  parameters are concerned with the position of 

the tongue relative t o  the roof o f  the mouth and the back wal l  of 

the pharynx. Most o f  these also involve movements o f  the sof t  

palate and the pharynx, and i t  i s  only a convenient simplif ication 

to regard them a s  merely movements o f  the tongue. They are really 

parameters for the control o f  vocal t ract  shape. 

For each o f  the f i r s t  f ive  parameters there is  one portion 

of  the tongue which makes the largest movement, and this portion 

may be used to name the parameter as a whole. These movements 

are shown in Figure 1. 

I t  should be emphasized that each parameter speci f ies more 

than the movement o f  a single point. Thus the f i r s t  parameter, 

front raising, specif ies the degree o f  raising or lowering of  the 

front o f  the tongue, and also the concomitant advancement or re- 

traction of  the root o f  the tongue. To say that a given sound has 

a certain degree of  front raising means that the tongue a s  a whole 

may be said to be deviating from a neutral reference position to 

that degree. The arrow marked 1 in Figure l shows the potential 

movements of  that par t  of  the tongue that moves most with varia— 

tions in front raising. Other points will move to  a lesser degree. 

The f i r s t  two parameters, front raising and back raising 

(arrows l and 2 ) ,  have been fully described in a series of recent 

publications (Harshman et a l .  1977,  Ladefoged e t  a l .  1978,  Lade- 

foged and Harshman 1 9 7 9 ) .  These parameters enable us to  give ex- 

plicit formal descriptiOns of  the movements o f  the tongue of an 

average speaker, Such that we can character ize,  fair ly accurately, 

a t  least the non-rhotacized vowels o f  English. 

I t  is obviously o f  interest to phoneticians to compare de- 

scriptions in terms o f  front raising and back raising with more 

traditional descriptions in terms of  the highest point o f  the 

tongue, but unfortunately this cannot be done at the moment. 
The problem with these traditional descriptions is that no one 

has as yet shown how to interpret them unambiguously. Given the 

height and degree o f  backness o f  the highest point of  the tongue 

(and given-that all the other parameters such as pharynx width 
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have neutral values) i t  is not yet known how (or  even i f )  the 

position o f  the tongue as a whole may be described. 

The remaining parameters in Figure l have not been investi- 

gated as fully as the f i rs t  two. It seems clear that there must 

be two degrees of  freedom to movements o f  the tip o f  the tongue, 

as suggested by the arrows marked 3 and 4 .  There are many sounds 

which involve advancing or retracting the tip o f  the tongue 

while raising or lowering i t  in varying degrees. But we do not 

real ly know exactly what i t  is that is  controlled, nor how these 

two parameters are related to one another. Furthermore, as  Ohala 

(1974a) has pointed out, these movements may also af fect  the back 

of  the tongue. It is impossible to do more than guess at a full 

mathematical specification of  these parameters. 

The f i f th  parameter, pharynx width, has been discussed ex- 

tensively by Lindau ( 1 9 7 9 ) .  For most languages, the position of  

the body of  the tongue in vowels can probably be described very 

adequately in terms of  the two parameters, front raising and back 

raising. But there are a number of  languages such as Akan and 

Igbo, in which the width of the pharynx is independent o f  the 

height of the body o f  the tongue. 

The three dotted lines in Figure 1 represent an estimate of  

the ef fec t  of  the sixth parameter, tongue bunching. This estimate 

is based on an analysis of only five speakers of  American English 

saying the vowel /aJ /  as in 'heard', and should be regarded as 

very tentative. Line 6a indicates a bunching up of  the front of  

the tongue, Gb a concomitant increase in the opening o f  the vocal 

tract in the upper part o f  the pharynx, and S o  a considerable nar- 

rowing in the lower part of  the pharynx. All these co-occur in 

But it should be noted that 

vowels of this kind are very unusual, and are likely to occur in 

less than 1% of  the languages of  the world (Maddieson, personal 

communication). 

tongue bunching in American English. 

The final parameter associated with adjustments o f  tongue 

shape is lateral tongue contraction. which occurs in the produc- 

tion of  laterals. Because the tongue is an incompressible mass: 

decreasing the lateral dimension must cause an increase in some 

other dimension. But we do not know how the narrowing movement 

I f  speakers are aiming to control vocal tract 

shape, then decreases in tongue width may be complemented by 

i s  controlled. 
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movements of  the tongue within the mandible, absorbing potential 

increases in tongue height. 

In addition to  movements o f  the tongue (and the concomitant 

movements o f  the pharynx) ,  there are a number o f  other parameters 

that a f f e c t  the shape o f  the vocal t rac t .  Foremost among these 

are movements o f  the l ips.  There are probably only three degrees '  

o f  freedom involved: the distance between the upper and lower lip 

( l ip 

In most languages the 

( l ip  he igh t ) ;  the distance between the corners o f  the l ips 

wid th ) ;  and the degree o f  lip protrusion. 

specif ications of  lip position in contrasting sounds do not require 

But systematic phonetic d i f fer— 

Thus 

French and German both have front rounded vowels, but there may be 

this number o f  degrees o f  freedom. 

ences between languages must a lso be taken into account. 

less lip protrusion in French. 

The degree o f  vel ic opening is  a well  known parameter, and 

needs no further comment here. 'S imi lar ly ,  i t  is well established 

that larynx raising and lowering is a controllable gesture that 

may occur in (among other sounds) di f ferent kinds o f  stop conso— 

- n a n t s .  

There i s  more disagreement on the parameters required for 

characterizing glottal s ta tes .  Despite the elaborate description 

of  what is humanly possible that has been given by Catford ( 1 9 7 7 ) ,  

i t  seems to me that languages use controllable differences in only 

three parameters: the distance between the arytenoid cartilages 

(glottal aperture), which is  of  course, the physiological para— 

the 

of  the vocal cords that may vibrate 

metric correlate o f  oppositions such as  voiced-voiceless;  

st i f fness and mass o f  the parts 

(glottal tension), which may be varied to produce dif ferent phona- 

tion types such as creaky voice; and the degree o f  stretching o f  

the vocal cords (glottal length),  which correlates most highly 

with the rate o f  vibration (the pi tch).  

The final parameter is  lung volume decrement, the prime source 

of  energy for nearly all speech sounds. This is  highly correlated 

with the subglottal pressure, but should not be confused with i t .  

It appears from the work o f  Ohala (1974)  that speakers control the 

amount o f  work done by the respiratory system (the rate o f  decrease 

Thus they 

will produce a given amount o f  power for a given kind o f  word, ir- 

of  lung volume), rather than the subglottal pressure. 

respective o f  whether i t  contains a voiceless aspirate (which will 
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cause a fa l l  in the subglottal pressure) or a g lot tal  stop (which 

wil l  cause an i n c r e a s e ) .  

. Most speech sounds have a unique specif ication in terms of  

these 16 parameters. MacNeilage's report may give a slightly 

wrong impression in this respect .  It is not quite correct to say 

that "Ladefoged et a l .  (1972)  showed that . . .  there is  a consider- 

able variation of  tongue configurations adopted by different 

speakers producing the same vowel."  We showed only that different 

speakers used d i f ferent  degrees o f  jaw opening to o f f s e t  dif ferent 

degrees o f  movement of  the tongue relative to the mandible. I f  by 

"tongue configurations" one means vocal tract shapes, then one can 

observe very few di f ferences between speakers. 

There are probably only two major ways in which variations 

in one parameter may lead to no change in the speech sound pro- 

duCed because they are o f f s e t  by variations in another parameter. 

The f i r s t  i s  the use o f  larynx lowering to o f f s e t  decreases in 

lip rounding (A ta l  e t  a l .  1977,  Riordan 1 9 7 7 ) .  The second is  the 

use o f  increased respiratory power (lung volume decrement) to  o f f -  

set decreases in the stretching o f  the vocal cords (glottal length) 

There may also be variations among the three lip parameters that 

But the data o f  Atal 

(1977)  on parameterized tongue shapes, and our own similar 

can be used to compensate for  one another. 

e t  a l .  

data,  indicate that there are no cases in which a given sound can 

be produced with the same lip and larynx posit ion, but with two 

di f ferent  tongue shapes, as  long as the tongue shape is  charac- 

terized by only two parameters. There are well known cases in- 

volving additional parameters, such as American English rhotacized 

vowels that may be produced in two di f ferent ways (Uldall 1 9 5 8 ) .  

There may also be variations in pharynx width that can compensate 

at least in part for variations in front raising and back raising 

to produce similar tongue shapes in vowels. But apart from the 

case o f  rhotacized vowels, I doubt that there are two distinct 

tongue shapes that produce the same sound. 

The 16 parameters l isted are hypothesized to  be a necessary 

and sufficient set for linguistic phonetic specifications. Some 

of  them are far from fully defined, but they are all susceptible 

of  precise numerical specification. They are potentially the 

things that are controlled in speech production. As MacNeilage 

indicates, we do not yet know whether speech production involves 
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specifying a sequence o f  targets or whether some form o f  action 

theory speci f icat ion i s  p re ferab le .  The parametric approach out— 

lined above is  equally applicable in either case .  Very tentat ively, 

Table 1 i s  o f f e red  as a summary o f  what we use in speech production. 
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