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SUMMARY

Published X-ray tracings of vowel articulations are examined in the

light of criticisms made against the tongue-arching model during the past

70 years. This corroborates the charges made against the model of fa.iling
to prescribe tongue position correctly. The impti.cations of this failure
are discussed. The constancy of vocal tract configurati.ons, compared with

the ambiguity of tongue arch position, points to a more suitable type of

model for vowel articulation in which j"ndivídual- gestures combine to
shape the vocal cavities to the resonator configurations appropriate to
the sound quality.
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INTRODUCTTON

The two-dimensional tongue-arching model has provided the predominant

theoretical vowel articulation framewor* for phonetics and .phonology

during the past 10O years. There was never any real opportunity to te;t
the physiological basis of the model before the introduction of radiology
at the turn of the century provided the first means of lnvestigating
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tongue positions and vocal tract configurations. Since then, a number

of unexpected tongue positions have reguJ-arly been reported for some

vowels, which raj,ses serious doubts as to the predictive capability
of the model. The folLowing report contains an examination of 38 sets
of X-ray profiles (published during the past half century or so), Ln

order .to ascertain hqw widespread and serious the apparently anomalous

tongue arch positions might be. This is foÌlowed by a discussion of the

impl"ications of the results. Such anomali.es need not necessarily be

serious for phonetic theory - it might suffi.ce to revise minor details
of model di:sign. However, current knowledge of vocal tract acoustics and

the neuromotor Level of speech production show respectively that the

expLanatory Þower and Þhysioloqical foundation of the model- are al-so

very weak.'The sum of these weaknesses is that the representation of
vorel articulation provided by the model is not only inaccurate but also
j.rrelevant to the processes of speech production. The model has consti-
tuted an unnecessarily weak link in current linguistic theory.

The main reason for the survival of the tongue-archi.ng model to the
present day has been the absence of a substitute articulatory mode1.

Exanination of the published traci-ngs indicates that the vocal- tract con-
figuration is more constant than the tongue arch position. This matches

the known regularity of spectral character. From this f concLude that
the speaker is striving to create a definite target resonator shape

appropriate to the intended qualj-ty and that it is reasonabLe to expect
similar regularity at the articulatory and neuromotor stages. This
provides a framework for a substitute model in which articulatory
gt=turc., with known neuromotor activity, combine to create speclfi-c
resonator shapes with known resonance properties. Since such u .odeì iu
a more effective i-nstrument of predì.ction and expÌanation, i.t will yield
more realistic phonetic solutions to phonological problems. Phonology

has therefore much to gain from adopting such a model in place of the

tongue-arching model.

There has always been a school of phonetics during this same period

that has expressed scepticism over some or all of the attempts to
describe speech in articulatoiy terms of any sort. Its adherents have

instead emphasized that speech communication ì.s possible because definite
sound qualities are heard and understood by a listener. They have there-
fore insÍsted that speech should be described in acoustic or perceptual
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terms. some, especi-al.]y towards the end of, the 19th century when there

was bj,tter rivaLry between "acoustic" and "organic" schooÌs, wj-shed to

shun articulation altogether. Others have since then continued to dis-

regard articulation on the grounds that a speaker can utter a sound in

a variety of ways, this ineonstancy providing an apparent proof of the

irrelevance of articul-at5.on. However, articul-ation is undeniably a

necessary stage in the speech chain that merits descripti.on not only

for its own sake but also because it j-s an indispensable link in speech

communication between speaker and fistener. Phonetics requires a compre-

hensive account of speech production and not a one-sided description

restricted to any single phase of speech communj-cation.

THE HISTOBICAL BACKGROUND

The tongue-arching modeJ- portrayed vowel articulation in terms of two

dimensions, the vertical and horizontal movement of the top of the tongue

hump, by which vowel-s coul,d be located in a Cartesian coordinate system

(or, -= D. Jones put it ItsoZ: 5 151], "by means of a system similar to

the l-atituiJe and longitude principl-e used in geography"). Each vowel- was

sai-d to have its own tongue position coordinates in the high/Iow and

front/back dimensions, and a complete vowel system appeared as a polygon

whose shaÞe was characteristic for that language. ft seemed perfectl-y

natural lo ol-scuss vowe.L sys[eflls ln gcurrle Ll ledl Lsl rrrs uy ] El c¡ i'rr rg LU

the spatial relationships between points in the polygon. Other articul-a-
tory variables were often disregarded in the simpJ.e two-dimensional

portrayal since they were said to be correlated with tongue arch coordi-

nates for positions in the vowel polygon - for example, rounded front

vowels have been descrlbed as "slightl-y retracted" relative to their
unrounded counterparts, Iax vowels "centralized" relative to the corre-

sponding tense voweLs, and so on..

Prior to the introduction of the tongue-arching model (in fact, ever

since antiquity) vowel production had been understood in terms of three

distinct tongue gestures (aimed at the pharynx, hard palate or velumJt

jaw opening and lip positj.on. These gestures could easily be seen but in
the absence of adequate acoustic theory their spectral consequences coufd

not be properLy understood or even known. 
l The mio-19th century philol-

ogists and Christian missionaries, handicapped by their limited knowledge



58

of vocal tract acoustics and by the impossibility of making quantitatÍve
investigations of internal articul-ation, had found it increasingly
difficult to account for finer distinctions of vowel quallty or to acco-
modate the unfamiliar vowel qualiti.es that were being discovered in the
languages of the world. The new tongue-arching model appeared far more

attractive and superseded the ancient model during the second half of
the 19th century. For some reasonr,it also gained the reputation of being
more scientific than the ancient rnodel. The new model was almost univer-
sally adopted by the new movements that dominated work in phonetics
towards the end of the century - the neogrammarians, the language teach-
ing reformers and the IPA - and while sone controversy between supporters
of the rival schools still lingered on, the ancient model hardly sur¡rived
into the present century apart from newer editions of earlier works.
Helmholtz ( teæ) had referred to the ancient model, and his book reap-
peared in a 6th edition in 1913. The same model was preferred by the
laryngologist Gutzmann for his speech handbook ( 1SOS) ana he still
retained it in the 2nd edition in 1929. Russel ( tgZA) founa that the
ancient model gave a better picture of vowel articulation and the shaping
of the vocal cavities (although above a1l.he preferred to describe
vowels by their acoustic and impressionistic characteristlcs). But among

phoneticians and phonologists, the ancient model was already lost.
There is a fundamental conceptual di.fference between the two types

of model regarding tongue movement between front and back. The ancient
model recogni-zed distinct pharyngeal, palatal and velar gestures. fn
the early years of the 19th century it was common to portray the ancient
model in the form of a tree (n.b. not a triangle) with velar and paratal
series branching off from the basic pharyngeal configuration, in simpli-
fied form thus:

rn practice, the tree was augmented with additional branches for rounded
palatals and plain verars. contrary to widely held belief, the insertion
of these brances between those depicted above never implÍed intermediate

t
tongue positions-. rn contrast, the tongue was alrowed free movement ln
any direction in the tongue-arching model and, in particular, the tongue
hump was said to occupy any position along the front/back axls. The pos-
sibility of intermediate tongue positions between front and back was

a

a

o

u



59

expÌicit. BeIl ( 186?) recounted how, after a sleepless night spent

puzzling over the articulation of the vowel of gilt he came upon the

idea of the tongue not only rising up to the hard and soft palates but

al-so centrally between them. At a stroke of the imaginatlon he created

a whole new series of vacant matrix cells for the "difficult" vowels.

This invention was revol-utionary. The next step - to envisage the

front/back axj-s as a contj-nuum with any number of positions - was easy,

An essential- component of the tongue-arching model was this division of

the horizontal axis into at least three positions. Many phonetici-anst

believingin a concept of continuous advancement or retraction, claimed

that smatl horizontal adjustments of tongue position yiel-ded modj-fied

vowel qualities. They spoke of an "advanced" [i] or a "retracted" [t],
for example. It was thls feature - alien to the ancient model - that
made it so attractive in the 19th century, providing a seeminglY simple

tool for describing finer or unusual- contrasts of vowels.

Al.;Lenrpts were made to relate the tongue arch positions to the vowel

s¡ectrum. ft was formerly beLieved that the top of the tongue arch was

the limit of a buchaL cavity in which a characteristj-c vowel resonance

was formed, and later that the arch constituted a neck between a buchal

cavity and a pharyngeal cavity, each with its own resonance. The role
of varying tongue height and retraction was said to be to vary the

volume, and herìce the resonance, of the buchal cavity. Now that the

acoustics of the vocal tract are better understood and the source--filter
theory generalÌy accepted ICnina and Kajiyama I 1941i Stevens and House,

1955, 'i96'¡; Fant, 1960) we have Ìearnt that this ro1Ë attributed to the

tongue arch was a misconeeption. The location of the top of the tongue

arch below the palate is onty indirectly (and not always predictably)

refated to the confì-guration of the vocal- cavities and the true place

of narnowing .in the vocal- tract (cf . Fant, 1960: $$ 232t 2.33). The true
place of narrowing can theoretically occur at any point along the vocal

tract although in practice it occurs at one of four - aJ-ong the hard

palate, along the soft palatg in the upper pharynx and in the lower
phuryn*3.

The tongue-arching representation of vowel articulation was..never

confirmed - on the contrary, it was discredited in one of the first
genuine opportunities for testing its validity (Meyer, 191O). From the
1860s until the introduction of radiology at the turn of the century
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there had been no means available for observing or measuri-ng the shapes,

positions and sizes of the internal articuLators and cavities, apart from

palatography or the mirror and probe. The arti.culatory hypothesis under-

lying the tongue-archj-ng model was refutabl-e in principle but in reality
the.means for testing it were not available for a further three or four
decades. Grandgent ( tgSO) had devised a novel method of fitting different
sized discs into various parts of the vocal- tract to measure j.ts cross-
section and the overall picture he obtained of the cavities was remark-
ably good. In particular he was one of the first to point out how the
back of the tongue falls away sharpì.y in paJ-atal vowe).s, leaving à far
ì.arger pharyngeal cavity than anyone had hitherto reckoned with. For

comparison, the speech physiol,ogist Brückers (teSA) profiles, based on

anatomical sections, had a distinctly bulging pharyngeal tongue outline
for [ij. But the numerous repetitions of a vowel articulation necessary

for Grandgentr s method meant that his measurements were very coarse

and concealed differences of tongue arch position smaller than a milli-
metre or so. They did not therefore show up the anornalous tongue heights
that were later reported from X-ray ì-nvestigations. Atkinson ( tase) naa

used a similar probing method. Even more ingeni.ous was Meyerts plasto-
palatographic method ( lSlO) i-n which fine strips of metal foil suspended

from a false palate were deformed by the tongue so that they retained
an imprint of its contour. Meyer found that the tongue was lower for
"Iax" ftf than for 'rtense" /é/ (eer^an, Dutch and Swedish informants)
contrary to expectations and contradicting the predictions of the tongue-
arching model. Meyer published these results in the Festschrift honouring
Vietor, wno ( tStA] agreed that they showed earLier notions about tongue

articulation to have been largely erroneous. Vietor announced hj-s inten-
tion of altering his popular textbooks of phonetics but he never did so.

Chlumsky (lStC) received Meyerrs work with caution. fn particular he

was unable to obtain good results with the plastopaJ-atographic method.

The first X-ray i-nspection had been performed just before the turn of
the century as soon as the new invention had become available (Scheier,
1909) and a little later it had become possible to photograpFì the image

and thereby conserve a more faj-thful and accurate reproductj-on (Meyer,

t90?). These authors had investigated tense German vowels, and the omis-
sion of the lax vowels meant they had no opportunity to observe the un-
expected /-" - t/ tongue height 'iinversion" subsequently discovered by
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Meyer. Kruisinger ( lSZs) noted that "high" /1/ ano "nid" féf were

equally "hlgh" on Meyerrs radiograrns. Russel (1SZA) took his first radio-
grams in order to demonstrate to his students the tongue-arching mode1,

but failed to obtain a set of tongue positions that were convincing

enough for the purpose. After taking several thousand radiograms from

over 4O0 subjects, he concluded instead that the model was fallaceous.

In addition to the Ir - "] 
height j.nversi.on, Russel observed tnat [o]

was often lower than [a]. He availed himself of every possible opportu-

nity to attack the model, e.s. (1935). 0n the other hand, Carmodyrs

( 1SSZ) faith in the model was not shaken by the irregular tongue arch

posÍtions he had discovered j-n Holbrook's sets of radiograms (for

exarnple, that "low back vowels depend mostly on lip position for their

distinctive quality and so must be merged into a vague fieid which bounds

thëir variations", and again, that "Englishrl is too variable to locate

without further material since in our two tracings it fal1s once insidg

the quarJrilateral and once direstly behind ott). He found i-t meaningful

to superimpose tongue arch diagrams for dj-fferent speakers and languages

and to describe the differences in terms of advancement-retraction and

raising-Iowering. He dismi-ssed critj.cism of the model as coming ,unfor¡

tunately from teachers acquainted with phonetics only at second handr'.

f wonder'what Russel, whom he had named, said to that. On the other

hand, Busselrs own references to dogmatic acceptance of'Unproved theories

founded on fantasy" and to "philologists and others unacquâinted with

scientific phonetics" doubtless aì"so upset many scholars i.n the 192Os

and 193Os. Nevertheless, Lateral profile radiograms of the vocal tract

did frequently seem to reveal tongue arch positions that were confusing

rather than enlightening wi.th reference to the tongue-arching model.

Many investigators must have experienced misgivings if not direct disap-

pointment over puzzling X-ray results after all the troubler expense

and (not least) dangers involved in their work.

Much of the criticism of the tongue-arching model in the 19th century

was internal and was concerned with the definition of features and the

correct featurF specifications of particular vowels or with the design

of the model. For example, BelI classifled the vowel of English.E! a"

"Iow-front-nanow" while Ellis, Sweet and Storm preferred 'rmid-front-
wLde". There was controvBrsy towards the end of the 19th òentury as to

whethEr "hei.ght" referred to the mandible (the traditional view) or the



62

tongue (the new view, referring to internal resonator configuratíon).
Not until very recently (LinUÞlom and Sundberg, 19?1) have the indi-
viduaf contributions of the Jaw-openlng and tongue elevation been

assessed separately.
At the same time, there was external opposition, especiaily from

thosé who insisted that since speech consisted of sounds it should only
be described in acoustic or auditory terms. Lloyd ( 1890) deplored the
hostile rivalry and mutual disregard between the "organic" and "acoustÍctt
schools. He pleaded "it is evident to e dispassionate observer that
there is here no true place for partisanship, that nelther line of
investigation ought ri.ghtly to exclude or overlook the other, but that
each j.s necessary to the otherrs completeness". The supposed phvsioltgi-
caI foundati-on of the model was undermined by Meyerr s work in the fírst
decade of the present century and finally destroydd by Russelts in the

192Os and 193'0s. In the 1940s there came a new attack from a different
angle. Joos (lsqe: $$2.¡S, 2.36) insisted that those phoneticians who

beLieved they could feel the tongue'positions by some kinesthetic sense

were the victims of self-deception. They were rea1ly judging the vowels'
by auditory impressions. A similar conviction had already been expressed

by Bussel, but Joos had spectral evidence to strengthen this view.

Judgments of height are usually related to the frequency of the fír:st
formant and judgments of advancement-retraction to the frequency of the
second formant. Further confirmation has been provided by the experi-
ments of Ladefoged (t9ti?: cnapt. ZJ.

Although the tongue-arching model has been discredited for more than
half a centuryr'it has never been completely disavowed. ft still occupies
a central position in phonetic theory, both for teaching and research
as well as for phonology, as a glance through the phonetics and linguis-
tics rnanuals and journals will show. But Meyerrs and Russelrs results
were embarrasing and the reactions varied. Meyerrs own solution to the
crisis was a proposal that rrtense" and rrlax" vowels differ in vscal fold
presure and in air flow (tStS). Chlumsky (tStA) was critical and the
idea was hardly taken seriously by other phoneticians. A rare exception
was a philologist and master at the fmperial High School of Zaborze,
M. Leky, who while on war service completed a treatise on phonetics
in which airflow variation is given a central rofe (t9tZ).

Many, Iike Kruisinga,(tsZs) or Russel (rsZe), held that the acoustio
schoolts lmpressionistlc analysis of speech was the better way. It
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seemed that there was a far greater constancy 1n the spectraL character

of speech than Ín articulation. Many held that articulation, seemingly

so variable, was irrelevant in contrast to the spectral constancy. This

coincided with the advances in design of spectro-analysers and other

acoustic instrúments [Joos, 1948; Fant, 1958) and a new and hitherto
largely unexplored field was opened up to deterîine the spectral charac-

ter of speech segments fqr many l-anguages and to discover the acoustio

contrasts and cues preferred by listeners.
0thers, either sceptical and preferríng to wait and seer or wanting

for something better, retained the tongue-arching modeL. Jespersenr in
later editions of his phonetics handbook, faithfully reported the anoma-

lous tongue heights found by Meyer and observed that vowel tireory had

blen shaken. But hesitated to draw the consequences because of the

subjectively felt affinitv ot [i] to. [r] anu [e] to [e] and he therefore

retained the traditio¡al view: rrtlnd wenn ich trotz al1er Annerkennung

von Meyers vorzüglicher Arbeit auch in dieser Ausgabe 1m wesentlichen

die alte Lehre festgehelten habe, geschiet dies, weil m.E. der über-

einstimmenden subjektiven Abschätzung vieJ.er Beobachter auf Grund überaus

zahlreioher Warnehmungen ein grosser ti/ert beizumessen ist'r. He hoped

further investigatii:ns would be made and suggested that the behaviour

of the dorsum of the tongue would turn out to be more important than

the front for vowel articulation. Many phoneticians doubted whether

experimental design and methods had been satisfactory. Chlumsky ( tStS)

failed to reproduce Meyérrs plastopalatographic results. Others feared

that contrast chains and sustained utterances distorted the articulation
of X-ray subjects, despite the assurances of practitioners like.Russel
( tsze) or Gutzmann ( fsso), or public demonstrations by S. .tones ( tszs)
who pronounced the name of the ll/elsh village Llanfairpwllgwvngvllgr
qerychwyrndrobwllllantiqll!Fgosoch with one siiver chain along the

tongue and another thorugh. the nose and down over the velum. Meyerrrs

results were rarely mentioned in other phonetics handbooks.4 The model

continued to enjoy popular acceptance.

Many have continued to rely on the model simpl.y because it has

provided a convenient abstract classificatlon system fulfilling a

forernost requirement of linguisti.cs during thfs perlod however shaky

the model of production on which the classifylng features have been

based. Any other set of features would have served equa1J.y weL1. Classi-
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fication is an example of the l-owest level of measurement, the nominal

scale, where one-to-one transformatj.ons of the classi.fying labeLs are

permissible. An abstract classifying system is consequently not af-
fected by any errors of fact regarding speech production províding

the .categories remain intact. Scholars, whose only requi"rement has been

for a classification system, have been able to contl.nue, deaf to the

theoreticaL crisis surrounding tongue articulation
One reason for the retention of the tongue-arching model has been

the lack of a substitute. Even recently, Ladefoged (t9?t¡ cfrapt. 8),
after recognízing that the terms of the tongue-archi-ng model are often

not in accord with the physiological facts and that "it is difficult
to understand how phoneticians could persíst in considering that the

traditional articulatory categories provide an adequate specification
of vowelstt, has nevertheless once again retained the tongue-arching

model in an elementary text book. He added the reservation that "in de-

scriptions of vowels, although a pseudo-articulatory terminology may

provide an adequate set of labels for auditory descriptions, we have

seen that we do not haver as yet, a set of articulatory parameters which

will specify vowel quality". In the purely acoustic tradition of pho-

netics, Russel had suggested a set of impressionistic features for
describing vowel qualities. Similarly, there are the acoustíc þeatures

of Jakobson et al. (1952) based on the spectral- character of speech

segments. The simplest acoustic alternative has been à one-to-one

substitution of falling F1 for "height'r judgments and falling F, for

"retraction". judgments (Joos, 1948¡ Deì-attre, 1951) or falling Fr-F,
difference for t'ret4action (Ladefoged et al. 19?1a), But for articulation,
the ancient model displaced by the tongue-arching model belonged ire-
trievebly to the unscientj-fic past. Yet it is interesting to note that
three of the acoustically relevant constriction locations i-n the vocal

tract coincide with the three tongue gestures ofthe ancient model

(pharyngeal, pafatal and velar), showing the latter to have been a

sounder view of vowel articulation than its 19th century opponents in
the tongue-arching school were prepared to admit. There has been a

slender tradition among acoustics theorists from Helmholtz through

Paget and Bussel to Chiba, KaJiyama, Stevens, House and Fant on which

an alternative to tñe tongue-arching nodel may be based.
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EXAIúINATION F PUBLISHED X-BAY ÍRACINGS

Methods and ,material

I have examined 38 sets of X-ray tracings oF vowel articulations from

1S different languages (published during the past half century of so)

j_n order to discover how widespread and serious the irregular tongue

arch positions might be. If the anomalies are rare' they may be looked

upon as accidentally deviant arti-cuLations that can be disregarded' If

they- occur more frequently; it will be necessary to consider just how

misleading the tongue-arching model might be and to weigh the implica-

tions for PhonoIogY.

I have Eollected the following setsr whose authors covered a wide

range of interests such as language teaching, linguistics theory, dialec-

tology, acoustics, speech therapy, Iaryngology and so on:

Meyer (190?), German; Scheier (fsos), German¡ Polland and Hála

( fszo), Czeck; Parmenter and Treviño ( ls:z), Spani-sh¡ Carmody

Ifsso), Holbrookrs German; Carmody (fssz), Holbrookrs French (3),

Spanish, Italian, Portuguese, Am. English (Z), S. Br. English,

Russian, Pofish¡ Chlumsky et al. (fssa), French; Sovijärvi (tSee)t

Finnish¡ Ghiba and Kajiyama (fS¿tJ, Japanese, German; Mazlovà

( rsas), Zábfeh dialect of Czeck; ohnesorg and Svarny ( tsss) t

Chinese [3); SkaliÈkova (tsSS), Korean; Koneczna and Zawadowski

(rgss), Russian (4)¡ t<orlén and Malmberg (tsss), strengerrs

German¡ Strenger, Swedish; Há1a (1959), S. Br. English; fant (1SOO),

Russian¡ Wäng1er (rgof), German; Malmberg (tseo1, Strengerrs

Spanish¡ Perkell (fsos), Am. English; Perkell (lszl), Am' English;

Pétursson (lgzc), Icelandic.

Each tracing has been photographed and enlarged to natural size. The

tracings have been reproduced to a scale that provides overall vocal

tract lengths in the'range 15-19 cms (depending on the vowel) for male

speakers and somewhat shorter for female speakers. comparison of such

features as cervicle.segments, incisors and mandj-b1e, maxi-Ila and hyoid

bones ensured that all articulations in one set were reproduced to the

same scale.
some authors warned that it would be impossible to superimpose their

tracings for comparison owing to distortion arislng from different points
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of aim of the X-ray beam. After normalizing the scare of reproduction,
r have hardly found this to be so. Differences between the rerative
sizes of the .hard features on successive exposures are rareÌy larger
than would be expected from simpre random tracing errors. Distortion
errors wourd not seem to be a major component of the total experirnerrtal
error. 0n the other hand, tracings i.n some of the sets certai-nly cannot
be superimposed exactly in the form published because their authors
had used a di-fferent scare of reproduction for each separate picture.

I have used the vocal_ tract area function as a model for cavity
configuration, the vor-ume of a section of the tract being proportional
to the cross-section area oF that secti-on. Distances across the vocaf
tract measured on the tracings have been transformed into cross-secti.'
areas accordi-ng to two functions published by sundberg ( rseg) ror trre
palatal regj-on and for the upper pharyngeal- region. Sundbergrs pharyn_
geal cross-distance/cross-area functions differ from others (Fant, 1g60,
Ladefoged et al. | 19?1). He argues that the side walls of the pharynx
are drawn i-nwards when the cross-distance exceeds about 2s mm wlth the
result that further sagi.ttal widening of the pharynx produces a net
reduction in the cross-area. The same procedure was foll-owed by Lindbrom
and sundberg (1.9ll) except that this effect was not r¡bserved in the
lower pharynx and they therefore used two functions flor the pharyngeal
regionr one for above the epigJ"ottis and one for the remainder. Folrowing
their example, r have also used a third iunction for the lower pharynx
derived from data published by Fant (tsoo). The areas and lengths of the
1ip sections have been estimated with the help of the procedures and
data given by Li-ndblom and Sundberg (lSlt),

Flegardlng the history of speech radiography and techni-car procedures,
there are two comprehensj-ve surveys, l\rlacMil1an and Keleman (1SSZ) anO
simon (196t). stanoard sources of technicar- procedures for phoneticians
i-n recent decades have been subtelny et al. ( 195?) and strenger ( lsael
whire current cineradiographic techni-ques have been described by Moll
(tsoo), Perkell- (rsos) and Kent (tgtz).

Tonque retraction

Fig. 1 contains tongue profir-es ror [i]-:-i-te ana [e]-tike vowels from
a selection of sets. The foll_owing features should be noted:
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(i) ffrere is wide variation.of hard palate shapes between

speakers from sharply domed to relatively flat.

(ii) ff'e tongue of each speaker, irrespective of language, closely

fol-lows the contour of the hard palate for [i], leaving a

very narrow passage (cross-section area about 0.5-1.0 ttz).

(iii) Consequently, the top of the tongue arch may be frlrther

forward or further back for different speakers, depending

on the shape oi the hard Palate.

In addition, the tongue profile for [e] is also dominated by the

contour of the palate, which sti1l determj-nes the focatj-on of the

highest part of the hump. Essentially, as has been pointed out by

Lindblom and Sundberg, the tongue profiles of [i] and [e] for each

speaker are very similar wj-th reference to the mandible. characteris-

tic for le] is the wider channel along the palate (cross-section area

about 3 cm'). I conclude therefore that fail-ure to consj-der the shape

of the hard palate is a possible source of error that spuriously i.ndi-

cates "retractiont, as a major di-fference when tracings for different

subjects are being compared. see also Fig. 2 which contains a further

selection of [:-] profiles, this time related to [v].
The belief in several degrees of retraction has been further encour-

aged by incorrect articulatory interpretation of vowel spectra. It has

been recognized for severaf decades that the traditional- subjective

judgment "retraction" was real1y based on auditory sensation and was

related to the frequency of the secland formant, ljnfortunately, it has

been too easy to assume the converse, that the frequency of the second

formant will therefore reflect horizontaf movement of the tongue (see,

for example, Delattre 1951). The relationship between tongue movernent

and vowel spectrum is more complex. Fant poj-nted out that tongue lowering

can cause F, to fatl. This can be illustrated by an example from the

published sets of X-ray tracings, the "tense-lax" quality difference

between English or Berman /1/ and ftf wh'¿re the F, difference is some

3OO or 4OO Hz. The mandibular and linguel articulatj-ons of'/L, t/ ay

Chiba and Kajiyannrs German subject are given at Flgs. 3 (a, d). These
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show that the tongue was lower relative to the mandi-bl-e for f{ tnan
ror /1/, but that the jaws and lips were very similar.3 Consequently,

the mouth-openi.ng was much the same for both vowels, but the constricted
palatal passage was much wider for /t/ an¿ the pharynx much naruower.

Reference to published nomograms such as those given by Stevens and

House ( 1955) or Fant ( 1960) show that widening the palatal constric-
tion from about o.5 cm2 for [i] to about 2.o rr2 fo" [¡J, ¡rt keeping
the same degree of mouth-operring, yields precisel.y the spectral differ-
ence between these vowels including the F2 difference of about 300 Hz.

The Stevens and House nomograms have been redrawn at Fig. 4 for the
q

palatal vowel,s-, The tracings at Fig, 3 do not indicate any tongue-arch
retraction for /t/, only lowering. Any of the [i'l configurations at
Fì-gs. 1 and 2 can be transformed to an [f ] configuration by doubling the
cros5-section erea of the palatal- constriclion from about 0.S - 1.0 cr2
to about 1.5 - 2.0 cmZ while leaving the mouth-opening [jaw and li-ps)
the same. The speaker does this by lowering the tongue about 3 mm

with reference to the mandible. At the same time, Iowering the tongue

within the mandible causes the root of the tongue to narrow the lower
pharynx. Both of these modificati-ons, varying the degree cf constriction
at the hard paì-ate and the vol-ume of the lower pharynx, are refevant for
the resonances of the vocal" tract for these two vowel,s. Had the tongue
been retracted instead of lowered, the constri-ction would have had to
be withdrawn by as much as 2 cms to make F2 flal-l by :ì00 or 400 Hz, i.e.
almost to the palatoveJ-ar focation of [u]-ti-tce vowels. Stevens (lWZ)
has pointed out that the plain paLataì- vowels are particr.rlarly insensi-
tive to small variations of constrj.ctj.on loeation. It is just not acous-
tical.l-y profitable to make small tongue retractj-ons For the palatal
vowels. 0n the other hand, the nomograms show that very small_ variations
of the degree of constriction yield relatively large spectral differences.
Gunnilstam (nla1 has underlined the role of varyì.ng the degree of con-
striction for producing large spectral differences.

I have also considered the traditional" belief that the tongue arch
is retracted slightly for rounded paLatal vowels. Fig. 2 shows a selec-
tion of [i] anO [y] tongue arches, none of which indicates such retrac-
tion. On the other hand they aII show the tongue to be slightly lower
¡or [y], irrespective of language. This difference can be êntireJ-y attrj.-
buted to the mandible being slightly lower for the [y] renUeri.¡gs, the
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[i] ana Iy] tongue profiles coincidilo completely with reference to the

mandible. Stevensrs argument implies that tongue retraction for Iy]
would not contribute much to the spectral difference between Ii] an¿

Iy], espectaity in comparison with the large spectrat difference al-

ready obtained by rounding and protrudj-ng the lips.,

There.is one case where it is relevant to refer to graduaì- advance-

ment or retraetj.on of the tongue. This is for the difference between

[-r., ,æ]-lite vowels. The graver the low pharyngeal vowel, the

further the tongue root is drawn into the lower pharynx to make the

constriction even nalTower. This is in fact the same parameter as for

[i, ¡], namely the degree of constriction at the narrowest part of the

vocal tract. ¡wing to the 9Oo ben,l in the vocal tract, this parameter

is varied by raj-sing or lowering the tongue for the palatal constrÍctions

but by advancing or retracting the tongue for pharyngeal constrictions..

Carmody found the tongue posltions of Holbookrs two examples of

American English fa/ very variabler'one falling right outside the

tongue arch polygon, "behlnd o". These two cases are illustrated at

Fig. 5 (¡, 
"). 

The r'lowest" vowel of all for subject Z was fof whjJ-e

the "positlon" of f¡f was identical with /æ/. for H, the "position" of

/tr/ was "higher" and "further back" than /c/ (tígnl. behind '/o/ as Garmody

observed). Carmody hoped that this puzzling si-tuation could be resoÌved

by examining more radiographs. However, I shal1 demonstrate that these

cases are only bewildering in relation to the tongue-arching modeI. The

very same pair of X-ray sets can be given a very different interpreta-

tion that finds both examples very similar and typical not only Èor

these vowels but for ["]-fitt vowels generally.

The area functions at Fig. 6 (a, b) show that the resonator configu-

rations in both sets were very similar. A1I three vowels expressing

/ o , ¡ | æ.f had the same low pharyngeal place of constriction at about

5 cms abc¡ve the glottis. The main difference was in the degree of con-

striction, narrowest for /tl and widest for /æ/:
/o/ /¡/ lnl

cröss-sectiotl 2 e 2
area at 0.5 - 1.o cm- 1.5'- 2.0 cm- 2.5 - 3.o cm-

cons triction
This can be compared with the'area functions of French fo ,

ings at Fig. 6 (A), wrrere /o/ nas a constriction of about 0.8

renderu

and

a/
2

cm
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E
I A¡nerican Engl-ish

German

American English

Gerrnan

\I ì

I

I

Fi;g. ?. Four cases of fax [f] with-Iower
tongue height than tense lel.
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/a/ abo,tt 2.0 cm2. Clearly, the graver tne [a]-tife vowel, the narrower
its pharyngeal constriction. The same conclusion for French [a]-f:.fe
vowels was made by Mettas et al. (1.9ll) after deducing the probable
articulations for their observed spectra by referri-ng theni to Fantr s
nomograms. ft has frequently been suggested that English /^/ nas an

IaJ-1ike quality, especially in Southern British Engl_ish. But also
Peterson and Barneyrs ( 1SSZ] ZO American informants (men, women and

children) all produced / a r^, æ/ with the highest first formant
frequencies of all vowels (at J-east 600 Hz) and differentiated between
them with the second forniant frequency in three separate ranges between
1o00 and 2000 Hz. The average F1 and F2 frequencies for the 33 men in
that group were:

/o/ /¡l ln /
F 1 (Hz) ?30', 640 660

F2 (Hz) 1030 11e0 1?2o

These Peterson and Barney fAf spectta are certainly Ia]-fi_fe.6
By comparj,ng the vocal tract configurations oF these voweLs, and

especially, the place and degree of constriction, I have shown that
carmody's supposedly variabre and inconcruú.ve /a/ renderì.ngs were in
fact very similar and had the same resonator characteristics. This
example, together with the comparison with the French [0, _ a]_t_itce
vowels from one ofHolbrookrsFrench sets confj_rms the rel_evance of tongue
body advancement and retractj_on for IO, r ãr @ ]-f*e vowels. But the
relevant factor for shaping the resonating cavities is not the tongue
g[ 0osition but the width of the constricted lower pharynx.

Tonque heioht

Meyerrs and Russelrs.criticisms had mainly concerned tongue height,
especially that the tongue was lower ror [r] than for [e] and lower for
[c] tnan for [a]. In addition my collected material also contained
examples of [o] l-ower than [a] anu confusion of the heights of [rr] and

Io].

[r] - ["]
This case arises i-n languages with quality contrasts li - t, e -e/.

rn the X-ray sets r have corrected, this applies for American English,
and German. southern BritÍsh English dialects have quarity contrasts
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for three of the monophthongs /i - t -e/ but a diphthong monophthong

contrast /e i - e I ls used for g!l-¡9{. Swedish has mainly quantity

contrasts among the plain palatal vowels fi: ' í, e:r t: -e/ (ELert,

1S164) while other pairs of vowels may also have quallty differences

(Hadding-{<och and Abrahamsonr 1966). There j-s general agreemént that'

there id a quantity contrast for Swedish /iz - i/ with little quality

difference, although there may be some variation between dialects.

Four examples from American English and German are lllustrated at

Fíg. ?. All showíng hiçiher tongue arch for /-el tnan ¡or /t/. In all
? possible sets for these languageq /é/ wab "higher" lchan /xl (other

sets from these languages did not contain examples of both vowels). The

higher tongue areh for /ã/ *an for /t/ was also reported for 5 out of

6 subjects by Ladefoged et aI. (lSZZt) in a cineradiographic study of

American Engllsh speech.

An early criticism of this observed "height inversion" was that

tongue articulation was distorted by the use of chains for emphasizíng

the tongue outline or by the unnatur:aL1y sustained or repeated render-

ings of vowels necessitated by long exposure times, but the same result
is still found when presentday cineradiographic teehniques are used.

The outlines of soft tissues are nowadays enhanced by applying a bismuth

or barium compound to the artlculators, and electronic intensífication
of the image makes possible very brief exposure times (5O to 200 frames/

sec with only a few milliseconds radiation per frame).

Strenger's Swedish prufiles show a higher tongue for short /! tnan

for long. /ez/ dut this is to be expected if the subject had the non-

quali-tative /iz - i/ quantity contrast, so that this case is not neÊesi

sarily an exception to the reported anomaly. On the other hand, Meyerrs

plastopalatograms from a Swedish subject (tsto) had shorn /ezf to ae

higher..
The failure of the tongue-arching model to get the heights "f [¡]

and [e] right could of course be looked upon as an easily rectifiable
mj.stake. These vowels need only be put in iheir correct places. But

then the affinity or [:.] with [r] and of [e] wlth [e] woulu be lost
(Jespersen,s objectlon). In eíther case, the model would still fail to

,capture the true articulatory relationship between 'tense"_and "Lax"
palatal vowels. I shaII refer once agaln to the German example at
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Fig. 3 to.demonstrate how it is possible for ',half_close tense,, [e]
to be "higher" thán ,,close lax', [f].3

Fig. 3 (a) shows only very sright mandibular difference between /r/
ana /z/ and virtually the same lip separation, which means that the
mouth-opening and hence the radiation were much the same for both
renderings. The main difference between them is that the tongue is
considerably lower for /x/ tnan for /1/, widening the palatal con_
striction and bulging into the pharyngeal cavity.

Fig. 3 (b) shows that the mandible was lowered much more for /E/
than for /i/ whíre the paratal passage was only slightry widened and
there was consequently. only a little bulging movement back into the
pharynx. In fact, /Í/ anA /.ê/ nave very nearly the same ,,tongue height,,,
similar to what Kruì-singer (fSZS¡ had noted on Meyerrs radiograms.

Fig. 3 (c) shows ùat /î/ an¿ /ê/ had the same tongue shape rera-
tive to the mandible. F1g. 3 (u) shows that /r/ ana /e/ had the,same
tongue shape relative to the mandibre, both decidedly lower than for
/î, ê/.

The 'rtense,, vowels /î, "/ 
were thus differentiated from the.,,Iax,,

vowers /tre/ by the height of the tongue within the mandible, while
the "close" vowel-s /1, t/ were differentiated from the ,,open,, voweLs
/-e, e / by the degree of mandiburar depression. The eomponent gestures
shaping the vocal tract for these vowel_s are thus as follows:

PALATAL VOWELS:

ÏONGUE IN JAIII

HIGHER LI}WER

JAW
r

rn the terms of the tongue-archlng moder, the tongue is ,,more central*
for "lax,, vowels than for 'rtense,, vowels. Jakobson and Ha1le ( IUO+) quote
several examples expressing thls view and conclude 'tense phonemes are
produced with more deviation from the neutrar, centrar positíon than the
correspondÍng rax phonemesr'. For a case sfmilar to that dèscribed above,
the English /i - t/ opposition, 0. Jones ( tgoz: $ 160) wrote that the

{
HIGHER

LOWËR

1

ee



79

tongue was "loweredrr and rrretracted" for /x/ wfth respect to /t/. Fig. 3

confir.ms the lower tongue but it does not support the notion of retrac-

tion. The relevant difference is in the respective-mandibular and

Iingual components as outlined above, whlch in turn determine the degree

of mouth-openlng, the degree of palatal constriction and the size of

the pharyngeal cavitY.
Fig. 3 shows how the mandibular and lingual movements combine in

opposite directions for /x/ and /-e/ (frigh ¡aw and low tongue versus low

jaw and high tongue respecti.vely). fne dlfference is sufficient for /é/
to come out'higher" than ft/, a simple expfanatLon for what has hitherto

appéared to be a perplexing anomaly in the terms of the tongue-arching

model.

When these articulations are referred to the Stevens and House

nomograms (fig. AJ, basing the parameter values on the vocaL tract

area function for each ,ro*"15, the following approximate frequencies

are found for the first two formants:

/1t
/ê/
Itl
/e/

These are not far from what we might expect to find on spectrograms

of adult male speech.

The result of the mandibular change fron /1"/ to /ê/ (doubling the

mouth-opening and widening the constricted palatal passage a littlei
appears mainly to result i.n a rise in F1 while F2 falLs only slightly.
The result.of the lingual change fron /1/ to /z/ (leaving the mouth-

opening unchanged but widening the constricted palatal passage) is a

simultaneous raising of F1 and lowering of F2. In the latter case the

spectrum is "centralj.zed'! towards 5001 15O0r 2580... etc. Hz, but

without corresponding articulatory "centralization".
The separate mandLbular and lingual di'fferences between /1/ ' lêl

an¿ /l/ - /tl respectlvely are thus compatlble with the spectral charac-

ter of these vowels. I realize that nothing has been proved by de-

scriblng one example, although it is typlcal of the whole material¡ I
have demonstrated that a pair of tongue heights that have been puzzlfng

E]
250 - 300 Hz

3O0 - 35O Hz

325 - 3?5 Hz

425 - 475 Hz

2OO0 - 21OO Hz

1950 - 2O5O Hz

1?OO - 1800 Hz

1650 - 1?50 Hz

F2
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in traditional terms can be þiven an interpretation that ì.s inti.mately
related to the physioJ.ogy and acoustics of vowel production, an impos_
sibility within the framêwork of the. tongue-arching model.

Ladefoged et aL. (ezza) are sceptical of the type of solution out-
lined above, on the basis of their factor analysis of forces presumed
to be acting on tongue shape (or, more precisely, the displacement of
specified points along the dorsum of the tongue). They found individua_
lity between six subJects in the way they utilized and coordinated
mandibular and lingual movenent. However, they record that three of the
six had "a very bunched', tense, shape of the tongue in Eg9 and þpgl,
and a flatter, 1ax, shape in !ig, !g$ and had", which is the same as
that iÌlustrated at Fig. 3. I sha1l do no more here than underline
that five of their si.x subjects nao /ê/ higher than /¡/ and that three
of the six agreed with the case described above regarding di-fferent
linguaL gestures for "tense" and "rax" vowels, while the remaining
three subJects disagreed both with that pattern and with each otherT.

[¡] - [o, aJ and [oJ - [o., aj

The sercond si.tuation, conflicting tongue heights for [c] anU Io, a]
is expected to occur where there are two quaritatively different [o]-
like sounds, whether the difference is disti-nctive (as in Engrish)
or allophonic (as in spanish). rt is the,,lower,,vowe1 [c] that has been
reported with tongue arch lower than for [aJ. fig. g shows two examples
or [c] lower than [a] or [.], ¿ examptes or [o] lower than [a, o'] (unex_
pected) and 2 examples with both [o - c] lower than [o,, a], one of them
witn Io] lower than [c] (quite unforeseen and in complete cantradiction
to the tongu+arching model). The relative 'rheights" of these vowels i_n

alr the sets co11eÒted from the literature are compared at Fig. g. of
lhe 22 sets where this comparison was possible, g hao [c] higher than
[o , .], I about the same height and 6 lower. rn only one third of the
possible sets was [c] oerinitery higher than [o., a] in accordance with
the model. fn addition, 6 had [o] lower than [a , "1 and 6 almost the
same as [o , "J. In two thirds oF the posslble sets, [o] was higher than
[o, "] in accordance with the model.

Notwithstanding the random character of the tongue "heights,r of [o]-
rÍke and [a]-r*e vowers, it is interesting to discover that when the
area fùnctions for these vowels are compared, the roundea [o -9j-rike
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vowels always have a place of constrictien a litt1e farther from larynx
than the [o'- a]-tlte vowers. r shal1 irl-ustrate one case, Holbrookrs
French subject C (female). Fig. S (aj shows that the tongue,,heights,,
for her "back" vowels were ranked forcl,9,a] from "higher,'to',Iowern.
Fig. 6 (., d) shows that the /o/ and /c/ renderings constricted the
pharynx at a distance between s and 6 cms above the grottis, whire the
/a/ and faf renderíngs constricted the pharynx between 4 ?and 5 cms above
the grottis. whatever the orders of tongue heights in sets of vowels,
examination of all the sets indicates that this relation of constrietion
rocations for the two types of vowel is a very strong constant of speech3.

Þl - t'l
I also found several i.nstances o¡ [.¡] lower than [oJ. tne only

languages where this might be expected are those with clear quality
contrasts for /i -rr/, tfrat is, English and German in this material.
There were 7 sets containing the [rr - o] pair among the 3g. Of these,
3 had [rr] higher than [o] (1 Gerran, 1 American English, 1 British
EnglishJ, 1 the same (1 German) and 3 with [r-r] lower than [o] (1 German,
'1 American Engrish, 1 British English). This suggests the distribution
for this pair is random rather than J.anguage specific.

THE WEAKNESSES OF THE TI]NGUE-ABCHING [inDEL

The comparison of publ-ished x-ray tracings in the preceding section
confirms the anomarous tongue positions that were.said to contradict
the tongue-arching model. "crose" [r] is more ,,open" than "ha1f-closç,,
[e]. fi'e "heightst,of "half-open', [g] and,,open,,[a] are random. In only
two-thirds of the cases was the tongue "hi.gher" for',ha1f-closet,[o]
than for,'open" [a]. ff'" concept of gradual retraction is without
foundation. Tongue arch position i-n terms of "height,, and ,,retraction'
is ambiguous with regard to resonator shaping and consequently to the
spectrum of the vower generated in the vocal tract. The vocal tract con_
figuration is dependent on a number of other factors, information on
which is not generalry availabre i-n vower descriptions based on the
tongue-arching model sì-nce they are externar to it and customarily dis_
regarded. The adva'ntage of the tongue-arehing model was that it had
seemed to offer 19th century phoneticians better possibilities for
describing finer shades of vowel quarity than courd be generated by the
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ancient model it displaced. Its weaknesses are related to the fact that

it was a product óf ttre imagínation that was neger confi¡ned in serious

tests. It i. @ since it was based on a miscon-

ceived noti.on of tongue articulation for vowels. Consequently Ít fails
to Eryglþg the values of its parameters correctly for many vowels' The

ambiguity of the relationship between the values of its parameters,

physiological activity, resonqtor configuration and spectral output

means that it is powerless to explain central areas of speech produótion.

Physiological weaknésses

There are two serious physiological weaknesses.

Fírstlyrthemodel'neglectsthepharynxcompletely.Theearliest
radiograms had shown the low pharyngeat constriction for [a]-fife vowels,

and its sj-gnificance was underlined by RusseL. Carmody (tSut1) maae a

detailed analysis of the pharyngeal cavity from Holbrook's radiogramst

but he did not try to relate his findings to the tongue-arching modelt

in which he remained a firm believer. More recently, the pharyngeal

cavity has been explored by tomography (Fant, 1960, 1964) and ultrasouàd

[U:_nifi-e et a1. 19?0J. De]attre (lS?t) has studied pharyngeal articula-

tions with cineradiogrephy. Ladefoged et af. (tSZtJ have made casts of

the living pharynx and Lindqvist and Sundberg (1SZt) frave inspected the

pharynx with a fibrescope. Thè shaping and acoustical signíficance of

the pharyngeal cavity are outside the domain of the tongue-arching modBl.

although the tongue root position proposal (Stewart 196?; Ha11e and

Stevens.1969, Perkell 19?1, Lindau et a1. 1W2) ls an attempt to relate

the difference between tense and lax vowels to the volume of the 10¡rer

pharynx. The meaning of such supplementary concepts as "uvularization"
and "pharyngealization'r is not clear. The extrinsic muscles of the

tongue'(which are generally held to be mainly responsible for tongue

shape and position in vowels) alL contract ln the pharyngeal region and

u¡hatever task these muscles may othertlse be performlng they always im-

medíately and directly alter the pharyngeal cavlty. Three pairs of musiles

contract ín the lower or mid pharyngeal region - the hyoglossir the

posterior genioglossi and the glossopharyngei. The fourth pafrr the

styloglossl, contract acrciss the upper pharynx: Nothlng oF thls is
captured by the tongue-archlng modelr despite its supposedty physiolo

gical basis.
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The second maJor phyèiological weakness is that the location of the
tongue arch cannot readlly be reLated to knowledge of the state of the

ì
tongue muscles. The ancients had only been hampered by their insufficient
knowledge. The celebrated Persian physician and phíIospher Ibn Slnã
( 1OOO), better known to mediaevel Europeans as Avj.cenna, had made a

detailed description of the muscular structure of the tongue, but had

to admit failure in his attempt to relate it to tongue movement during
vowels. This was piobably due to the fact that either he, or Galen whom

he may have been quoting, had dissected the tongue of the ape and not
that of man (Singer, tSSi: p. SS)9. Aut since at least the treatise of
Hellwag (nefl 10, th."" has been virtual agreement about the role of
the extrinsic muscles of the tongue for directing lingual gestures to
form constrictions in the vocal tract. The presentday view is given by,
for example, MacNeilage and Sholes (tSOa), Zemlin (1968: p. 281),
Harris (lslt), Baphael (lszla, 1g?1b), Smith (19?1J. The hyoglossi draw

the tongue bodily downwards to narrow the lower pharynx. The posterior
genioglossi puIl the tongue root forward to wi.den the pharynx and assist
in raising the body of the tongue towards the palate. The glossopharyngei
(fibres of the pharyngeal constrictors that insert into the sides of the
tongue) draw the tongue back into the mid-pharynx. The styloglossi draw

the tongue upwards and rearwards towards the soft palate. The effect of
contracting these muscles, alone or in combination, is to narrow differ-
ent regions of the vocal tract, controlling the locatlon of the constric-
tion and the volumes of the cavities. The amount of contraction, together
with the movement of the mandible, controls the degree of constriction.
A type of moder based ón constriction rocation is compatible with observ-
able motor activity. But specific muscular activity is not unambiguously
and exclusively related to the raising or lowering, advancement or
retraction of the tongue-arch, so that the tongue-arching model consti-
tutes a very weak link between neuromotor activity and articulation.
This means it provides a bewi.ldering articulatory framework, not least
for electromyographic investigations of tongue movement.

Predictive caoabilltv

One aspect of the weak predictive capability oF the tongue=arching model

has aLready been described. The tongue positions that can be observed
in speech are not arways the same as those prescribed by the model. The
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analysls of Garmodyrs difficulties with'rlow back" vowels and the English

/nrl profiles showed that while the coordinates definlng "tongue position"

are largely lrrelevant for the articulation of vowels, a type of model

based on the vocal tract configuration did not find these profiles in

any way enigmatic. It would not therefore be sufficient simply to rectify
the location of the errant vowels in the polygon by assigning the

"correct" coordinates. ft would still be impossi-b1e to predict the

resonator configuration satisfactorily, and hence the spectrum, from

the coordinates. It would similarly remain impossible to predict the

underlying motor activity.

Exolanatorv Þower

In view of its unsound physiological foundation and ambiguous relation

to vocal tract shaping and resonance properties, and its consequently

unsatisfactory predictive capability, the tongue-arching model failed

to provide a smooth and direct Ìink between articulation and acoustics.

It could not therefore explain the relationshi.ps between the successive

links of the speech chain, the systematic preferences for the structure

of vowel systems, the phonetic processes involved in sound changes and

so on. It is not surprising that the esteem of articulation felI when

compared with the progress made in speech acoustics. Advances in the

analysis of the acoustic strueture of speech and in psycholingui-stics

have made ít possible to elucidate much of the rol-e played by acoustic

cues in perception. Acoustic contrast has been accorded a firm position

in speech theory11. But the bewildering relationship between the Para-

meter values of the tongue-arching model and the spectral character of

Vowels has prevented the construction of a comprehensive view embracing

and integrating all phases of vowel production.

AN ALTERNATTVE ABTTOIJLATT]RY fulODEL

Spectrographic analysis over the past few decades has demonstrated that

the spectral character of vowels is relatively constant, especially for
the same speaker (for exanple, Joos, 1948¡ Potter and Steinberg¡ 1950;

Peterson and Barney, 1952) confirming the isolated examples of spectral

anelysis published 1n þrevlous years (Malmberg, 1952: pp g9-9?). Differ-
ences of fo¡rnant frequency range between speakers due to differences of



86

vocal tract scale are regular and predictable. spectrar variations
within the same spakerrs speech are regurar and can be. rerated to such
factors as consonant environment, ,degree of stress, style or temporar
constraints (Tiffany, 1959; Stevens and House, 1953; Lindblom, 1!?63).
The relati-ve spectral. contrasts utilized for phonemic distinctÍons are
universal (Jakobson et al. 19s2). contrasting this spectral constancy
with the apparent variabirity and confusion of tongue articulation and
knowing that ther:e is theoretically an infinite number of possibre
resonator shapes for a (¡iven spectrum, it was natural that many phone-
tici-ans preferred to believe that there was no constancy at arl in
articulation and that the speakerr s onJ-y concern was to produce the
correct spectrum. For exampJ-e, Malmberg ( tssz:ss) has written tron peut
changer un [e] en un fy'] en arrondissant les lÈvres. Mais on peut
produire à peu prÞs 1e même effet en retirant un peu 1a 1angue. Les
deux procêdés amènent un abaissement du formant haut de 1a voyelle .. .

crest par cette différence dans r-a structure acoustique, et non pas par
la position des organes, que Ie [É] =u distingue uu le],'.

However, the examples discussed indicate that the speaker is never-
theiess striving to create a constant vocal tract configuration for a
given vowel, thereby cmfirming constancy i-n two adjacent links of the
speech chain - resonator shape as well as spectrum. lrrespective of
language, the [o - c]-ri-ke vowels always have a tongue constriction a
littre higher in the pharynx than the lo. - u]-rite vowels. similarly,
all [o - a - êB ]-rite vowels are produced by constricting the lower
pharynx, the degree of gravity being related to the degree of constric-
tion.3 rf the speaker is, as it seems, arways striving to produce one
constant confi-guration for a vower, then it is arso reasonabre to rook
for constancy in the manner of forming these configurations. rs there,
for example, a simple set of underrying gestures that are combined in
various ways to achieve the desired configurations? The preceding
discussion concerning the "tens*lax" paÌatal vowels Iirf, e, c]
indicated that mandiburar and linguaì. gestures are combined in different
ways for these vowels. Further, the simil,:ritr of the [1,C, y] profiles
compared at Figs. 1 and 2 adds further- strength to the notion that these
speakers.have produced comperable csvitv configurations by using the
same means.

There has been a growing tendency in recent years to look in this
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direction for a substitute articulato"y model. Stevens end Houee ( tS55)

found that "X-ray studies indicate that during the articulation of

vowels the dimensi'ons along the vocal tract are con.trolled primarily

by the position of the tongue constriction and by the degree sf con-

striction¡'. Kaneko (fSSZ) has compared the American English and Japa-

nese vowel systems with reference to the vocal tract configurations.

Lindblom and Sundberg have described the Swedish vowel systøn ( tSeOa)

and the cardinal vowels ( IS6SU) uslng the place and degree of constric-

tion to define the place of articulation. I have myself described the

West Greenlandic vowel system (tslt) using the place of constriction

as a phonological feature that can be used in generative 
"rlt.J.

Pétursson (nZA). häs described the Icelandic vowels with reference to

the constric.tion, location. Li.ndblom and Sundberg (lSll), simulating
physiological factors that determine the vocal tract area functiont
hàve explored and described the spectral consequences of individual
mandible, tongue and Iip movements. Stevens and House ( 1SSS) noted the

controversy regarding arti.culation and vowel diagrams, but did not wish

at that moment to suggest fthat.the present data validate any theory

of static positions for vowel production'r. However, the preceding

discussion concerning palatal and pharyngeal vowels indicated that the
place and degree of constriction describe more relevant and constant

differences between vowel articulatj.ons than did the parameters of the

tongue-arching model. The features of cavity configurationr and their
manner of formation can provide the basis for an alternaiive description
of vowel articulation, as a substitute for the tongue-arching model.

SOME IMFLITATTONS FOR PHONOLMY

The difficulties arising from the'irrelevancj-es of the tongue-arching

model for vocal tract shapi-ng are acute)-y felt today when so many phone-

ti-cians wish to model the vocal tiact and simultaneously discuss the

arti.culation, acoustics and phonological relationships of vowels, or

ponder the suitability and phonetic meaning of phonological features
(for example Ladefoged 1964¡ Lindblom and Sundberg 1!?694, 1!?69b, 197'li

Perkel 1971; Lieberman and Grelin '19?1i Ladefoged et al. 1971at

19?2b; Lindau et aI. 19?2¡ Lindblom 19?2¡ Stevens 19/?2).

Phonetlcians of the acousticaf school, recognlzing the fallacies of
the tonguÞarching model, had aimed instead to use the spectral charac-
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teristics of speech segments as descriptors and features when analysing
phonemic systerns or when dealing with probrems of phonology. The best
known scheme of this kind was that of Jakobson et al. This was repeated
by Halle ( fS64) and Jakobson and Halle ( 1SOO), and was widety used for
nearly two decades. But the acousticarly oriented basis has given way

to articurati-on agai-n, whire the function of features has undergone
revision. rn particular, Mccawrey ( tsez) pointed out certai-n inadequaeies
arising from the dÍfferent roles played by feature systems in prelimi-
naries to Speech Analvsis and in Hallers Sound Pattern of Russian of
1959. Jakobson had amphasized the contrastive function of the features
for denoting phonemic distinctions, whereas Ha11e was using the features
f,or the comprete systematic specificatlon of segments necessary for the
ordered rures of a generati.ve phonology. Mccawley found that Jakobsonrs
desire for the set to be minimal, achieved for example by subsuming the
spectral- characteristi.cs ofl both 1ip-rounding and pharyngearization
under the one feature Ë1!, meant that the set was too small for a
generative phonologi,st and made it impossibre for hi.m to distinguish
the very different processes involved in flor example rabiat and pharyn-
gear assimiLations. The enormous expansi.on of the set of features, the
shift to articulation and the new role of features can be seen in
Chomsky and Halle ( 1968: cnapt. ?) where it is explained that "the
totarity of phonetic features can be said to represent the speech-pro-
ducing capabilities of the human vocal_ apparatus'r,

Forlowing the renewed focus on articulation, there is a grave risk
that the tongue-arching model wirl become even more firmry entrenched.
Chomsky and Haller s three features - !ig!, IS, back - denote six
positions of the tongue body (no longer the tongue archJ and indicate
that the tongue is raised, Iowered or retracted from an arbitrary
origin, the position for [e]12. Thi" sma1I set of features avoids the
erroneous gradual retraction concept of the tongue-arching moder proper.
rt is possible to translate the feature specifications of the smal_l_

primary set of vowels generated by this framework into vocar cavity
configurations, although the procedure is òomplex. This can be done

because the underlying arrangement of.the vowel scheme bears a croser
affinity to the ancient pharynx-verurn-palate-apperture typer of model
(which refrects caviþ configuration) tnan to the tongue-arching mode1.
Phoneticians in the 19th century occasionarry split the pharyngeal
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[a]-ffxe vowels and divided them between the palatal and labiovelar

seriesr thusl
FHARYNGEAL

LABIOVELAB PALATAI-

back

From this follows the fact that the only unique relation between the

parameters of the two amangements is that low vowels have a low

pharyngeal constriction and non-low vowels do not'

The six vowels are as follows (including the redundant labiaÌization

of non-Iow back vowels [u, o]):

Oa;-r.
I

'11

o" a t t u

high
back

1ow

+

+

+

+

+

+

+

(r)

labiaI + +

The discarded information about vocal tract configurations can be

filled in from general phonetic knowJ.edge of the articulation of this

small set of very frequent vowels. One possible arrangement is as

f ollou¡s:
(i) @: [i, e] haVe palatal constrictions' [']
a palatovelar constriction, Io] a pharyngovelar constriction and

[o, t] a 1ow pharyngeal constriction.

(ii) 9gSryf.ry¡gS: [e , t] have wider constrictions,

[i, ,, o, o-] have narrower constrictions'

(Íii) Ugg,!@¿!S: [e , o] have wider mouth-openíngs relative to

lir,r] respectively, and [c, a] have wide openings'

(iv) LleggþS: [u, o] are labial

From thls informatÍonr- a new matrix can be constructed (where the

features .Pgl,g!g!, 1919, pharvnseaL def ine constriction locations):
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paLatal

VEIAr

pharyngeal

narrow

c

+

a 1

+

e u o

+

+

+

+

++

++

+

+

+

+

+

++

( rr)

labial
open

There is no reciprocal one-to-one relation between the features and
values of (f) and those of (ffJ, except that 1ow vowels have their
constriction 1oi¡v in the pharynx. High vowels [i, ,] are non_pharyngeal,
but it does not fotlow that non:high vowels are pharyngeaf ([e] is
pal-atal). Not a1t back vowers 

""r non-p.latal ([u] has a paratoverar
constrictionJ, nor are all non-back vowels pal-atal ([a] nas a pharyngeal
constri-ction).

The fearures and varues of matrix (r) can be transformed to those
of matrix (ff) Oy a conditional statement suctr as (fII):

Þ

f-+oal"atal 'l
I qvelar I

| -pharynseail

l;::::". J

/l-¡oalatar 1

flïl,il'""J

[-"-]

Ip rrign] ---+ -r

-t
-palata1
-ve1ai.

rllcback I

Lr r"* -¡

( rrra)

( rrro)

( rrrc)
ü

+open
0( narrow

chomsky and Halrers three tongue body features (t) can onry provide
2 x 3 positions. If a need is felt for more position categories, extra
features have to be provided _ for example front and mid whlch will
perrnit 3 x 4 tongue positions. An even more formidable statement than
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(III) will be needed to derive vocal tract configurations, if it were

at all possibtre still to do so. Worst of all, the addltion of @!
.,¡quld reintroduce the error of the central tongue position. Furthert

apart from.the confusion and ombiguj.ty of tongue height, there has

never been agreement about the features needed to generate four

degrees of opening for vowel=13. The Ghomsky..*la11e arranganent does

not therefore avoid the weaknesses of the tongue-arching model when

beating vowel systems requiring more tongue positions than the basic

six. They share the si.tuation of the early 19th century users of the

ancient type of model - the number of parameters available is insuffl-

cient to generate the number of vowel categories observed in more

complex systøns. Moreoverr if every available possible feature combi-

nation is utilized to provide pigeon holes for difficult vowelst

disregarding pl,rysiological and acoustic data, unrealistic solutions

will result. in:.s 1s the course resorted to by Chomsky and Halle

when they pair off English la/ and /¡/ wirh /cl ana /o/ respeotively

as non-labial members of low and intêrrnediate tongue height categories.

It was demonstrated above that with regard. to voòa] tract shapingt

English /¡, u/ share the lower pharyngeal constriction location, and

/orc/ the higher pharyngovelar constriction Location.

The translation of (r) i'nto (rr) ov (IIt) seems to be a very clumsy

necessity to have to go thorugh before the phonological component can

yield its output in a form that is rbtated to sound qúallty via

spectral character and resonator configuration. Yet it is the ability
of a model to relate phenomena at the separate links of the speech

chain that sharpèns the predictive capability and increases the expla-

natory power of a theory for phonol'ogy. Matrix (I) wilf generate 6

letters of a phonetic alphabet. If we stop there, the phonology output

will .be a phonetic transcription where each letter stands for a set

of feature specifications. This was Chomsky and Hallers goaI14. Brt

the goal can be constrained even further, to make the phonotrogl'cal

component deliver its output in a form compatible wlth current sPeech

production theory. Fant ( t969) has written:. rrBefore we can accompllsh

the happy marriage between phonology and phonetics we have to work

out the rules for predicting the speech event given the output of the

phonological component of the grammar. To me this ls the central,

though much neglectedr problem of phonetlcs:'.'
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rt is werl known that opinions differ between linguists as to whether
or not generative rules have psvchological_ reality. At least phoneti_
cians can demand that when rures are written in a set of features that
have an artióulatory basis, the standard of physiol-ogical accuracy
should be set high. Critics such as Fant ( tgOS] anO Vennemann and
Ladefoged (lgll) accept the ringuistrs need ior abstract crassificatory
or "cover" features aì-ongside strictly phonetic features. One can
arways imagine a feature interpreting component that wil-r crothe the
features of the phonorogy output with the appropriate phonetic charac-
ter. statement ( rrrJ above woufd be part of such a component. The
probl-em i-s whether a feature interpreting component is always neces-
saryr and if it is then what form it should have and where and how
smoothJ-y it should operate. with respect to the present specific issue,
the movement of the tongue and the shapi-ng of the vocal tract for
vowels, I believe it would be more suj_table to write the phonology
straight away in features simirar to those or (rr) rather than switch
terminology and conceptual framework halfway by translating the
present features (r) into features shaping the vocaÌ tract (rr) with
some heavy interpretive device sucfr as (Itl).

Ladefoged ( tszo) i-n debate with Fromkin (1slo) expressed the vi-ew
that it would be unwise to try to crai.m for any current feature system
"any more than that it is a summary of the data we know we now have
available, and there are severaf limitations on our present data.,,
Chomsky and Halle (p. ZSe) had themselves recognized that the many
gaps iil their knowl-edge made the success of their ambitlon to 'cover
every inherent phonetic feature" somewhat problematical-. The set of
features in which the phonoJ-ogi-car component is written is constantly
under review and r berleve that a revision as suggested above would
be a varuable modification, bringing the phonetic apparatus of phono-
logy more close]-y into line with current speech production theory and
thereby increasing its explanatory power.

CONCLUS.IONS

Cases had been reported of [r] naving a 1ower tongue height than [e],
ano [c] lower than fo], contradictory to the tongue heights prescri.bed
by the tongue-arching model. My examination of arl possibre cases in
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38 sets of X-ray tracings published durÍng the past 7O years confirms

these reports. In every example, [r] was lower than [e]. rne tongue

height rel.ation between [c] anO [q- "] was random. Unexpectedly,

some cases of [o] lower than [c] wert also found and even [o] tower

than [o]. In addition, a ferv cases suggested the relation between

[u] ano [o] was also random. Furtherr the concept of a contj-nuous

scale of tongue retraction was found to be false. The tongue positions

prescribed Ð the model do not agree with those observed in actual

speech. This model therefore gives an j-naccurate representation of

vowel articulation.
The concept of tongue height is ambiguous with regard to vocal

tract shaping. Its effect varies according to the location of the

tongue constriction in the vocal tract. Its two components (mandibu-

Iar and lingual) have different acoustic consequences, the former

altering the radiation characteristics of the mouth-opening while

the latter does not. This ambiguity means that tongue.height is use-

less as an articulatory par:ameter of vocaL tract shaping. Close

comparison of one set of German /ïrt, Ër¿/ profiles and area

functions indicated that the mandibular and llngual components must

be treated separately as independent gestures, the difference between

[], r]-fife and [e, g]-like voweLs being mandibular, and between

"tense'r and 'rlax" vowels 1ingua1.

Vocal cavity configurations are constant for different renderings

of the same vowels, although the X-rayed tongue arch positions may be

as random as those observed for [c]-fite ana [a]-fite vowels. The

same was true for a particularly puzzling pair of English /x/ tongue

arch positions that Carmody was unwilling to accept, but whose area

functions were nevertheless remarkably similar. The variability of

tongue arch position and the constancy of vocal tract configuration

indicates that it would be more fruitful to describe how articulation

strives to achieve the constant cavity configurations.

The.pry@ig, th" @ and the explana-

tory power of the tongue-arching model are all very weak. ft neglects

the pharynx. The coordinates of tongue arch posl-tion (neight and front-
ing) are not related to the observed activity of the extrinsic muscles

oF the tongue. The tonguê arch positions it aims to describe are found

to be very verÍab1e in actual speech and are largely irrelevant to
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the detaiLed shaping of the vocal cavities. fts parameters are, ambiguous

with regard to the.acoustic output of the vocal tract. Consequently,
the tongue-arching model 1s a poor articulatory medium for rélating
neuromotor activity, movements of the articulatorsr. vocal tract con-
figurations and the acoustic character of speech. It obstructs the
building of a comprehensive description bf speech production in which
each of the successive stages (neuromotor, articulation, cavity shaping,
acoustic output) are unambiguouàIy related to each other. It therefore
constitutes an unnecessarily weak link in phonetlc and linguistics
theory.

For several decades, there has seemed to be greater regularity in
the spectral character of vowels than in their articulation in terms
of the tongue-arching model, and many phoneticians have therefore
preferred an acoustic or auditory rather than articulatory description
of speech. However, it i¡vas seen above that thls spectral constancy is
matched by similar constancy in the vocal tract configurations. f
suggest that articulation i-s not in itself inconsteint, but that it
has instead been described in terms of an unsatisfactory model- whose
parameter values have provided a bewildering and variable picture of
actual speech. Given that the spectral character of speech and the
cavity configurations are constant, there is probably similar constan-
cy i-n the coordi.nation of the gestures that create the resonating
cavitiès and in the packages of motor commands necessary for these
gestures.

A more suj-table definition of the place of artculation of vowels
would be in terms of the place and degree of tongue constriction. Now

that the acoustics of the vocal tract are more thoroughly understood,
there is a.growing tendency to look in this direction for an alterna-
tive to the tongue-arching model. The explanatory power of the phono-
logical component of grammar would be greatly enchanced if the fea-
tures of tongue movement were based on this type of model instead of
on the tongue-arching model.
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NOTES

1. Except in general terms. For example the 6th or Sth century BC

authors of the Sanskrit Atharva-Veda erãti6atnyã recitatíon manual

(Whitney, 1862: $ I.j..36) taught thet the short Sanskrit [a] for
/a/ was "obscured'r by narrowing the mouth-opening relatlve to the

long [a:f ror /a+a/. Another example can be found 1n a treatise of

the 2nd century AD Roman grammarian Terentianus Maurus (feil, vol. 6)

who described how the "tragic tone of the mouth cavern" of [o] and

the "graver quality" of [u] are produced by roundíng and protrudÍng

the lips.

2. These additional branches were known as gi4g! because they

combined thd tongue of' one basic series {pa}atal or velar) with
the lips of the other (_plain or round). The same term mixed later
came to denote the "central" vowels of the tongue-arching model,

whence the subsequent confusion in interpreting the oLder trees.

3. There are ssveral references in thj-s paper to conclusions based

on the collection of published sets of X-ray tracings. More detailed

accounts will be given in a forthcoming thesis. The four constriction
locations were found in every publi-shed set examined. The Jaw and

tongue positions described for "tense" and "lax" palatal vowels are

typical for the whole collection of X-ray tracings and for rny own

X-ray film of Southern British speech. The description of the W.

Greenlandic vowel system has been fully revised and fresh cineradio-
graphic materj-a} added. See ålso note 13.

4. Exceptions, where they were given prominence, were Kruisíngars
textbook of English pronunciation, Jespersenrs handbook and Husselrs
polemic treatise on vowel theory. Vietor had agreed with Meyer.

D. Jones (ßAZz $ IZS) mentioned that "the late Dr. E. Meyer of
Stockholm obtained excellent diagrams of the tongue positions of
vowels by means of a row of fine leaden threads attached to an erti-
ficial palate" but did not report that these same excellent diagrams

contradicted part of what he himself was teaching in the book. Malmberg

has frequently pointed out how Meyerrs findings, both in this and

other fields, have been confirmed by later investigators. For example,

in 1952 and in his obítuary tribute to Meyer ( tSSe) where he wrote of
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"...seine prastographische Methode...wodurch er die der ärteren pala-
tographie ersetzte und dank welcher er dann auch die a1-thergebrachte
Vorstellung von einer festen Bezi-ehung zwischen Zungenstellung und

Lautklang als principiell faLsch ablehnen konnte,,, and ',jedenfal1s
hat die moderne Phonetik durch ej-ne Komblnation von Böntgenographie
und akustischer Lautspektrographie die Bichtigkeit der Meyerschen

Ergebnisse j.n erstaunender Weise bestätigt',. It should be noted that
my thesis is that Meyer discredi-ted one particular tongue articuLatlon
model for vowels. I stil1 maintain that there is a firm relationship
between tongue gestures and vowel- quality.

5. The Stevens and House nomograms give the frequencies of the first
two formants generated by a three parameter vocal_ tract model for
different constriction locations, for different mouth-openings (repr+
sented by the values of the lip-opening area/length ratio A/1 sms)

and for different cross-section areas at the constriction. When these
numbers are inserted in thej-r equation, a close approximati.on to a

natural vocal tract area function is obtained. Fig. 4 gives the case
where the constri-ction is located 12 cms from the source, a suitable
vaLue to represent the palatal vowels.

6. This comment applies only to the examples quoted here. There are
differences between dialects. The quality of the
vowel- segment denoted /n/ toaay has changed from an [u]-fite quality
over the past few hundred yearsr the ol-der quality sti1l being preserved
in spellings. There are dialects, especially in northern and central
England, where. this change has only been partial, the corresponding
vowel having an [rr] or [f]-fi.te quality. While handbooks of American

English frequently quote an [a]-f*e quality for /a/, the peterson and

Barney spectra have the typical high F,' of an [a]-like qual_ity.

?. This disagreement prompted Ladefoged and his colleagues to conclude
that each indvidual speaker evolves artì-culatory behaviour that is
peculiar to himself.

8" For the English dialects, [c] represents the vowel of gggg!! in
American English and cot in southern Brj-tish English, while [o] repre-
sents the vowel of g! in Amerj-can English and caught i.n southern
British English.
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9. Galenrs own account of the structure, movements and innervatlon

of the tongue is contalned in books Ð( (cranium, brain and cranial

nerves) and XI [face and Jaws) of his "On the uses of the parts of the

body of man,'(Darembourg, 1854). It is hardly surprising that reference

to apes was not helpful for this point. A necessary element of the

ontogenesis of the speech organs (compared with the oral anatomy of

the non-human primates) is the 90o bend in the vocal tract, resulting

from the erect posture of man, that permits a wide range of variation

of the vocal cavities by means.of tongue movement. This has been

particularly stressed by Lieberman (lslz),

1O. One of the principal anatomical references of Hellwag is to

Albinusrs edition (nqq) of the plates of Eustachius that had remained

unpublished fron 1522,until 1?14. They-are considered to be more

accurate than those of Eustachius's contemporary Vesalius (Singer,

195?, p. 135). For the tongue in particularrHellwagreferred to a

work of Heuermannr De lÍngua humanar 1?49.

11. But the doctrine of maximum auditory contrast will need to be

modified. It is not true that acoustic contrasts are always as large

as possible or that when the number of phonemes in a vowel system is
increased the new contrasts are necessarily the largest available.

consider for example the simple observation that numerous qualitative

distinctfons may be evoÌved among the palatal vowels (asmanyas /irt,
EtO t ytv t þl wtth consequently very sma11 spectral contrasts) whÍle

the whole spectral range of [a]-fite vowels frequently remains phone-

mically undivÍded. One rarely finds as many as three qualitatively

different la]-ffte phonemes (as in English, /ær¡ ro/). f¡ris cannot

be explalned in terms of seeking out maximum contrasts. I shall argue

in a forthcoming paper that there are good articulatory reasons for
vowel systems to develop in this way. I can mention in particular the

excellent tactile feedback afforded by the tongue in contact with the

upper teeth and the opÞortunity for individual exploitation of mandi-

bular and lingual gestures, permltting precise control of palatal

vowcls. for [a]-tffe vowels the mouth-opening must be wide (a close

opening would endanger contrasts witn [Ê], [3] ano [c]) ana labial
contrasts are not practical (tip-rounding might. lead to confusion wlth

[c] and [c]). ffrfs means that the only articulatory variable thât can
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be exploited for useful spectral contrasts among [a]-1ike vowels ís
the degree of tongue constriction in the lower pharynx. Here is the
key to why the predictions of the magnetic repulsion analogy of
Liljencrantz and Lindbl¡rn (1slz) oecame weaker for systøns of seven
vowels or more. rnstead of exploiting more constrasts among the palatal-
vowels, it preferred to arrange vowels equidistantry around the bound-
ary of the spectral space.

12. Ladefoged has pointed out that their belief ln this as a neutral
tongue position is not well founded. They refer to what they call_ a
preparatory positi-on seen at the beginning of X-ray motion films. They
may have been misled by a superficial simirarity between the normal
breathing.con'l'iguration 

_and 
the palatal [e] configuration.

13. Suppose it is necessary to transform the three "heights,'
[], €, , a] [+high -].ow, -high -Iow, -high +Iow) into four for [i, e,
E, -]. The introduction of a feature mid necessitates a redefinition
of bhe other features to enabì.e [C] to become +Iow (+nigh -mid,
thigh +mid, +low +mid, +low -mid). Wangrs suggestion (tSAe) for
thlgh -mid, $ig$i9, -high +mid and -high -mid also necessitates
amendments to the initial set of features prior to the introduction
of the fourth 'rheight'r. I propose instead a set of articulatory
features based on gestures that shape the vocal cavities. This will
generate any relevant number of vowels along the [i _ o,] scale as
follows:

G a æ ir eÉ,
pharyngeal

palatal
Ittenset'

open

+

+

+

+

+

++

+

+

+

+

+

+

+

+

+

(-l

Part of the foundation for this approaeh has already been described
elsewhere in this paper. The complete scheme, with definitions and
phonetic evidence, will be described in a forthcoming thesis3 where
it will be applied to the solution ofl a number of phonologicgl

probl ems.
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14. "The phonological component accepts as lnput a structurally
analysed stri.ng. As output it provides the rphonetlc representationl

of this string. The phonetic representation consists. of a sequence

of rphonetic segmentsr each of which is nothing more than a set of
rphonetic feature specificationsr...l' (p. 16a)
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