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There Are No Back Vowels:
The Laryngeal Articulator Model

JOHN H. ESLING
University of Victoria

1. BACKGROUND

Vowels are usually described as lingually high or low andhfror back. This

conceptualization implies a model of lingual movement witthe dimensions
of a square space —four-cornered in two-dimensional termsth-the tongue

moving up or down and from front to back. The tongue is usuilresented
in this model as the articulator responsible for changesoinel quality along

the high-low and front-back dimensions. This can be caledH-L-F-B model.

The frameworks of the vowel quadrilateral, or the vowelrtgke, have long rep-
resented auditory events in an articulatory way for grapbpresentational pur-
poses. The image of the tongue moving high in the mouth or attie mouth,

however, does not conform with a growing body of articulatvidence on pha-
ryngeal phonetics. Neither is it as useful an image as itctbalfor understanding
how sound quality is shaped by articulator movement, vaeait tpostures, and
resulting cavity resonances.
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The principal reason why the H-L-F-B model inadequatelyrespnts (and
perhaps even mistakenly portrays) the phonetics of thelvmae is that it as-
sumes oral lingual articulator activity while virtuallyrigring laryngeal articu-
lator activity. Furthermore, to the extent that the H-L-R¥i®del is intended to
account for auditory quality, it has misinformed acoushiedry. The assump-
tion that H-L-F-B movement of the tongue drives vowel quai#t not entirely
adequate because of what has been discovered in recentapearnsthe activity
of the laryngeal articulator, controlling the pharyngesdanator. In fact, the la-
ryngeal articulator can be shown to relate not only to phgeahvolume but also
indirectly to velo-pharyngeal and mandibular settingsddition to lingual move-
ment. The key in the development of a revised paradigm istegrate the role
of the laryngeal articulator between the mechanism of glaitflow and the oral
articulatory mechanism that contains the front vocal teatitulators.

Considering the anatomy and physiology of the oral vocaltaack is not
articulatorily adequate. The premise of backness, at leaste way that it has
been imported into phonology, is a map of tongue movemengrevthe tongue
is either high or low, front or back (Jakobson et al. 1952)e irhplication is that
tongue movement determines vowel quality and that thetiegujualities can be
associated with degrees of tongue height and of tonguedioesss or backness.
This lingually portrayed model, however, is neither andtatly correct nor au-
ditorily specific enough to account for the origins of vowelatjties. It is not
strictly anatomically correct that the tongue moves higloarand front or back
in the mouth independently of other articulators. And itas just that these other
articulators operate in addition to what the tongue is ddingy can be viewed as
interacting integrally with or even predisposing or coiling what the tongue is
doing. This control can be viewed at the most basic artiowydevel as primarily
physiological, but it can also be expressed at the auditrgl lthat these other
articulators shape sound quality to an extent that has am gneater impact on
overall vowel quality than just the resonances resultiogiftongue shape alone.
At the front, the articulator responsible for open qualgyhe jaw; at the back, it
is the laryngeal constrictor.

Back as an articulatory direction is a useful designator off@ment in the
vocal tract, as distinct from front. But as an articulatohopetic label, back
becomes associated with auditory labels to describe vouadityg. In an artic-
ulatorily based view of phonetic theory, auditory desigmad should reflect the
directions of physiological movement of the tongue and bkofarticulators as
accurately as possible. But back can no longer be consideleguate as a rep-
resentation of the way the tongue moves in the rear part ofdbal tract. It is
neither physiologically accurate enough to capture theptexity of movements
that have been shown to characterize the interaction ofrddeaad laryngeal vo-
cal tract, nor phonetically sufficient to carry all of the &ady labels that are now
known to be associated with changes in oral and laryngeall vaact quality.
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Front Central Back

Close-mid

Open-mid

Open
Figure 1: The 1996 IPA Vowel Chart (IPA 1999:iX)

1.1. The lingual oral model

Recognizing that there are auditory, articulatory, andiatio motivations for rep-
resenting vocalic relationships in different ways, it may lielpful to use the
vowel chart of the IPA to consider why the vowels are repriesias they are,
symbolically and spatially (Figure 1). This has been a vemyiseable model
for generations of phoneticians and linguists. It captpaasicularly well the re-
lationship between lip rounding and tongue position. TH88@ version of the
IPA vowel chart is virtually identical to the chart that washtished in 1926 in
Le maitre phonétiquby Paul Passy and Daniel Jones. The number of symbols
is identical, and their locations are approximately theeairhe 1926 represen-
tation of the vowel space was an innovation, using Romanadlgtic characters
instead of the iconic symbols used by Bell (1867) and Swe&T{L It became
the basis for the Cardinal Vowel System developed by Jor#s5(1 The inven-
tory of symbols used in the 1996 vowel chart is essentiakkyshme as the set
used by Abercrombie (1967:151-162) for the Cardinal Vowels

Bloch and Trager (1942) and Trager and Smith (1951) outlthedvowel
space as a three-by-seven grid: front, central, back; bgrskvels of height—
high, lower high, higher mid, mean mid, lower mid, higher Jdaw. The pur-
pose of the seven levels was to allow four to represent temsels (high, higher
mid, lower mid, low) and three to represent lax vowels. Thlaular representa-
tion was devised as a combination of Sapir's (1916) systeanttam IPA system
(which appeared aghe principles of the IPAn 1949). The IPA system and
Trager’s formulation have essentially the same threedwess primary degrees
of difference found along their two axes, and both are ingeind account for
distinctions in auditory space. The difference is in shaykia the notion of struc-
tural contrastiveness. In the descriptive linguistic suwalist tradition, Trager’s

Yn Figures 1, 2, and 5, where symbols appear in pairs, the oieeoright represents
a rounded vowel.
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elaboration of descriptive categories allowed fine auglitistinctions to be map-
ped with reference to a (square) scheme whose cells couldrbmatly distin-
guished from each other by one parameter. In Trager’'s (193&2¢| table, every
cell of the table was filled, with symbols for unrounded andnded counter-
parts, giving a total of 42 sounds/symbols, plus six semelswSuch a scheme
lent itself well to the development of binary distinctiveafares, by virtue of its
structure more than for its articulatory basis, since hirfaatures tended to as-
sociate auditory distinctions with acoustic propertieshe&f sound (Jakobson et
al. 1952).

Trager’s symbols can be further modified by the use of raieseered, ad-
vanced, and retracted diacritics (Trager and Smith 1951A4lin the IPA system,
howeverraisedas a general articulatory label implies that the tongueatpsiin
the same way at the front of the mouth as in the back ratrdctedas a general
articulatory label implies that the tongue moving back ia ¢lase of a close (high)
vowel is the same parametric change as the tongue moving#uok case of an
open (low) vowel. In Trager's H-L-F-B system, the term “lawd” implies that
an open (low) front articulation and an open (low) back attition differ by one
parametric adjustment of the tongue (leaving lip positiside for the moment).

The vowel chart as it stands, however—representing theu®ngpving in
four directions within a box—inadequately accounts for toke of the laryn-
geal articulator in affecting vowel quality, tends to cosdithe role of the jaw at
the front of the vocal tract with the role of the laryngealarkator at the rear of
the vocal tract, and tends to confuse those two very difteseticulators at the
“back” of the vocal tract with each other. The key problemhis issue of how
to link the oral articulator with the laryngeal articulatond to explain their com-
bined influence on vowel quality and voice quality. The tomdsinot the only
articulator that determines vowel quality. This is widelyderstood, but the rela-
tionship between lingual physiology and targets on the Vahart has not been
clearly elucidated. In fact, there are a surprisingly smaliber of articulators
that do account for the parameters that specify the artimyland auditory shape
of voice quality and vowel quality. They comprise the ligse jaw, the tongue,
the velo-pharyngeal port, and the larynx (including thettgloregion, and the
pharynx within the laryngeal constrictor mechanism). Gfsth, the distinction
between the oral articulator—including the tongue (lingaréiculation) and the
lips—and the larynx (laryngeal constriction) is the mospaortant in determin-
ing the quality of a vowel, not to mention of the voice in galerThe position
of the tongue in the oral vocal tract and the state of the igeghconstrictor in
the laryngeal (including the pharyngeal) vocal tract badlkiehto be considered
in specifying vowel quality. The position of the jaw affestswel quality, but
mainly in the case of front vowels, as the jaw is hinged at thekland opens at
the front. Lip shape and the state of the velo-pharyngedlgso contribute to
vowel quality, but these are either naturally associatel particular tongue and
jaw positions (as in the case of spreading with primary vevielthe upper-left
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corner of the vowel chart and of rounding with primary vowielshe upper-right
corner of the vowel chart) or added by coupling a resonatavitg that does not
change shape (as in the case of nasal vowel quality).

1.2. The oral-and-laryngeal model

The research carried out in the Phonetics Laboratory of #agafiment of Lin-
guistics at the University of Victoria over the past decadmdnstrates how the
laryngeal articulator functions in a range of languagesy fis function differs
from what was formerly presumed, and how the interactiorhefdral and the
laryngeal articulators can be remapped in phonetic theldns paper presents a
series of illustrations of various articulations in theylax, taken laryngoscopi-
cally so that all the principal articulating structures wisble from above during
speech. This technique of observation provides imagegitaa clear picture of
articulator movements from the glottis into the pharynx afitiow these laryn-
geal articulations interact with well-known oral actieii (well-known because
they have been more commonly observed in phonetic reseaithmadelled
based on increasingly available data).

The effect of the results of this research is to shift awaynfeomodel where
the vowel space is blocked into a square paradigm, goveimttkory, by tongue
movements in an oral vocal tract that extends from the gladtithe front of the
mouth, to a model where the vocal tract is separated into fifereint resonat-
ing cavities, one primarily laryngeal and the other prityaoral. The laryngeal
component is not primarily lingual. It does, however, inwbne of the three
principal directions of movement of the tongue — retracti®he other two prin-
cipal directions of movement of the tongue are oral—raising fronting. The
retracting, raising, and fronting components interacttte resulting vowel space
is remapped into a distinctive three-way space, with thracéhg component ear-
lier in the speech production chain and responsible foritiesin the lower-right
corner of the vowel chart.

In the lingual articulator model, which corresponds in atms to the source-
filter model, the airstream passes through the glottis, @tié shaped by voicing
or the lack of voicing or by closure, to the oral cavity, gowed largely by the
posture of the tongue, where it is modified by the effect ofidugous cavity vol-
umes resulting from the changing shape of the tongue. Inphiadigm, the
tongue is the active articulator from the pharynx to thehdeind potentially
even the lips in the case of linguolabial articulations). ofrer problem with
the lingual model is that glottal action is ill-defined. Iretlaryngeal articulator
model, the airstream passes through the glottis, whichtleebpen for breath
or adducted for voicing, into the pharynx, which is contedlby the active artic-
ulation of the aryepiglottic constrictor mechanism. Thigegiglottic, laryngeal
constrictor is responsible both for the closing of the glottassage and, in con-
junction with the raising of the larynx itself and the retian of the tongue, for
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the changing volumes of the pharyngeal cavity. In this pgradthe tongue is
not the primary articulator responsible for pharyngeatatation; the primary
mechanism is a laryngeal one. In this model, the active wsior(s) are the
aryepiglottic folds, effecting stricture against the dpitis as the passive articula-
tor. Beyond the laryngeal constrictor, oral articulatians effected by the tongue,
but various combinations of oral and laryngeal shaping efdinstream are con-
tinually possible. In this revised paradigm, the tonguehis active articulator
from the uvula to the teeth (and potentially the lips).

To resolve the issue of integrating the laryngeal articulaito vowel and
voice quality description, for physiologically as well ag fauditorily motivated
reasons, back articulations and qualities can be separtedhised and retracted
articulations and qualities. This distinction is shown igute 2, in which the
front, raised, and retracted sectors of the chart have begarated from each
other. This three-way division leaves a set of central vevirelthe middle of
the space. The main purpose of dividing the chart into threeking areas,
along physiological lines, is to designate primary elera@fitvowel quality from
elements of potential secondary colouring, especialjhtwsthat retraction, mo-
tivated by laryngeal constriction, can be a strong influemtether areas of the
chart. Front, motivated by fronting the tongue, is the samerathe IPA chart in
Figure 1. Most of the maodifications to front vowel quality,aapfrom degree of
frontedness, are a function of jaw position, not of linguettiag. These qualities
range from close to open, so that the major difference beti¢and [a] can
be summarized as a difference in jaw openness. The moverhtirg tongue to
a high back position is better thought of as raised. High isanbad designa-
tion of this movement, because the tongue is indeed puligid &id back in the
mouth, but back can be confused with retraction, which isnation of laryngeal
constriction. It is not strictly parallel to sagtose backn the same way aslose
front because close refers to jaw position, and jaw position is @ malevant pa-
rameter for articulatory quality at the front of the moutlathat the rear of the
mouth. Similarly, the labelsloseto openare retained at the front, while the la-
belretractedis added to the lower-right corner of the chart, where jawnopgis
subordinate to the effect of laryngeal constriction. Aligb raising and retracting
of the tongue both occur at the rear of the mouth, raisingrideessthe positioning
of the tongue when it is high (pulled upward and backward)|eutetracting de-
scribes the lingual component in the response to the sgringtmechanism that
closes the larynx.

2. INTEGRATING LINGUAL AND LARYNGEAL ANATOMY

In the articulatory-auditory-acoustic relationship beém the tongue and the la-
ryngeal system, there are three arguments that stimulathimking of the con-
ceptual vowel space. The tongue is partly oral in its locafattached to the
jaw) and partly laryngeal (attached to the hyoid bone). HEmgrigeal system is



ESLING 19

Front Central Raised

Close i iq tt —we U
)
Close-mid 906 —7YeO
o]
Open-mid 3\8 —A®)
) Retracted

Open —aen

Figure 2: Revised vowel chart, separated into regions:
front, open, central, raised, retracted

responsible for a variety of auditory-acoustic outputs #ra difficult to attribute
to the oral articulator. Infants, in their earliest prodactof speech, begin learn-
ing how to manipulate the laryngeal component first.

2.1. Lingual physiological actions

Anatomically, the three directions of lingual movement attibutable to the
three major extrinsic lingual muscle groups: the geniaglgs the styloglossus,
and the hyoglossus. These three muscle groups, pullingtigeie body forward
(genioglossus), up and back (styloglossus), and towarthtigax (hyoglossus),
are particularly well illustrated in Kahane (1986:108prad with the geniohyoid
muscles, which pull the jaw open. The genioglossus groufvideti into poste-
rior, medial, and anterior muscle fibres. The posterior ggioissus is primarily
responsible for extruding the tongue out of the mouth (thhotine teeth and the
lips), and the anterior genioglossus is primarily respoledor curling the tongue
tip downward in the posture of laminal articulations, sottaacombination of
both is sufficient to bunch the body of the tongue in the fraat ¢palatal) space.
Detailed electromyographi€(G) studies of the interaction of these muscles in
the production of contrasting vowels have assembled dathese three major
directions of movement (Harris et al. 1992; Honda 1996).teStén terms of a
H-L-F-B model, “muscle activity for the vowels conforms semably well to the
idea of trajectories of pull up and front, up and back, andmend back” (Harris
et al. 1992:881). Since the targets in this study were voafedinglish, some in-
terpretation is required to map the results onto the vowaitdh Figure 1, which
is based on the peripheral values of the Cardinal Vowelsttszeharts in Aber-
crombie 1967:151-162). The key difference in interpretivegse results within a
laryngeal model is that front is not required to be up in dimeg that back is a
different phenomenon depending on whether it is raisedtoacted, and that this
difference matters in articulatory and auditory descoipti
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Honda (1996) divides the lingual articulatory area intorfdirections, with
the anterior genioglossus accounting for [ae]. Honda'sltesissociate the pos-
terior genioglossus with [i], the styloglossus with [u],dathe hyoglossus with
[a], including jaw and lips components to account for rounding openness. In
the laryngeal model, the presence of posterior and antgeisioglossus activity
during [i] in Honda’s data can be explained by the requirernefront the tongue
body while anchoring the tip behind the lower teeth whilejive is close. In the
case of [ee], the predominance of anterior genioglossugtgaind relatively low
posterior genioglossus activity can be explained by thejeing open, so that the
tongue tip is still anchored behind the lower teeth, but trgue body does not
need to be as actively fronted as for [i] because the openedyih the tongue
attached, achieves that effect. The association of theglbdsus with [u] and the
hyoglossus withd] in Honda'’s study makes it clear that [u] and pre motivated
by different articulatory mechanisms and that the mecimarie [a] should be
more fully explored. This is because the genioglossus aadtyloglossus are
primarily tongue muscles; they do not exert a great effecthair origins (the
inside of the mandible and the styloid process of the teniborze, respectively),
but rather pull strongly on their insertion (the body of tbague). The hyoglos-
sus can be considered a muscle of the hyoid bone, and likellee suprahyoid
muscles, it can be considered to play a role in raising thgnlarThus, both its
origin (the hyoid bone) and its insertion (the body of thegio®) can be moved
when it contracts. This chain-link relationship is cru¢@lnderstanding how the
mechanism of the larynx controls the movement of the nepasbf the tongue
to which it is attached. It should be pointed out that nonehefBMG studies
intends to examine vowels beyond the relatively contairmehbaries of normal
speech or vowels with strong secondary colouring, so thalteeare neither as
extreme as they would be if the tongue were stuck out of thetimanif laryngeal
constriction were present during [i], [2e], or [u]. To testlaryngeal constrictor
hypothesis, instrumental studies would be expected topréasiary vocalic val-
ues (such as Cardinal Vowel values) against the introducicecondary vowel
colouring having different degrees of auditory prominence

2.2. Laryngeal physiological actions

To examine the chain-link nature of the interaction of thighigeal articulator and
the oral articulator, the musculature of the larynx needsstdescribed. Perhaps
the most important part of the laryngeal musculature is #x#tat aspect which
is left out of most phonetic vocal tract diagrams, not to rnenmost anatomical
descriptions of the speech mechanism. It is this aspecedétiyngeal valve sys-
tem that protects the airway from earliest infancy by mediasitonomic reflexive
control. It is the aryepiglottic laryngeal constrictor rhaaism, defined initially
by the superior margins of the arytenoid cartilages, altwegaryepiglottic folds
and bordering the surface of the epiglottis, and includ&ftek responses in the
tongue and of the larynx itself (Esling 1996, 1999; Gauffi@ 29 indqvist 1969;
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(@) (b) (c)

Figure 3: Three degrees of laryngeal constriction:

(a) the larynx in neutral position; (b) partial constrictjavith partial
aryepiglottic fold sphinctering, moderate larynx raisingd moderate tongue
retraction; and (c) almost complete laryngeal constnigtwith a narrowed
aryepiglottic passage, shortened vocal folds, extrenyajfaraising, and extreme

tongue retractioR.

Williams et al. 1975). One of the best sources for modelllig mechanism is
the experimental work on Khoisan languages by Traill (19886). Its physio-
logical function is pictured in Figure 3, where full engagarof the mechanism
(full closure of the valve) results in an epiglottal stops key characteristics are
the forward and upward narrowing of the epilaryngeal tubsvalihe glottis, the
raising of the larynx, and the retraction of the tongue (tdchlthe epiglottis is at-
tached). Closure occurs as the bent aryepiglottic foldse-atttive articulator —
press up against the surface of the epiglottis —the pasdicelator.

A revised phonetic cross-sectional diagram of the vocat tpactured in
Figure 4 divides the vocal tract into oral and laryngeal congnts, combines
pharyngeal and epiglottal categories at the same placdiotilation, represents
laryngeal constriction as opposite in direction to oraicttres, and separates
glottal activity from the laryngeal sphincter at the arygpitic folds. Two other
parameters essential to the complete phonetic descripfi@peech sounds—
pitch control and larynx height—are also represented irdthgram.

°In Figures 3, 4, and 6, the following abbreviations are used:

A arytenoid cartilage H hyoid bone
AE aryepiglottic folds T tongue
C cricoid cartilage Th  thyroid cartilage
Cu cuneiform cartilages U uvula

in epiglottic folds Ve  ventricular folds
E epiglottis VF  vocal folds
Gl  glottis
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Figure 4: Vocal tract diagram labelled to represent the oral and thyageal
articulators. The nasal tract is not shown.

2.3. Bridging the laryngeal articulator with the tongue

Front vowels are not raised; they do not have to be. Becauteeafownward-
sloping angle of the hard palate, the alveolar ridge, andpiper teeth at the front
of the mouth, tongue fronting accomplishes efficient andtréiing of this space
without the need for the tongue to be lifted or pulled highisdke case with raised
vowels. But it should also be no surprise that articulatogpping in speech
production need not correspond exactly to the auditory/siio mapping of the
speech output that results. The electromyographic datacal tract musculature
reported by Baer et al. (1988) show that the posterior gdogsgs causes tongue
advancement, also forcing the tongue dorsum upward, wbitéraction of the
anterior genioglossus pulls the dorsum forward and downrrigiat al. (1992)
indicate strong activity in the genioglossus (both posteaind anterior) muscles
for /i/ but little activity (less than 20%) in the styloglass muscles. Honda’s
(1996) results show major activity in the posterior (andeant) genioglossus
muscles for /i/ and little if any activity at all in the styltmgsus muscles.
The anomaly of the historical gap at the bottom of the vowelrcis ex-

plained by this modified view of tongue and larynx interactidhe gap is plain
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Figure 5: Revised vowel chart showing the division and overlap of
articulatory regions.

to see in Figure 2, where there is no vowel quality designiatéte space between
[a] and [a]. The quality that comes closest to sharing front (openjuies with
retracted features i2], which is not regarded as fully open. It is a telling com-
mentary on the development of the International PhonetghaAbet that a fully
open vowel has never been placed between front [a] and kédckven though
there often seems at least superficially to be a need for omaity phonological
instances. The logic of a fronting mechanism in articulatmpposition to a re-
tracting mechanism thus seems to have been preserved iPABedpresentation
of the auditory phonetic space. This logic can be statedringef the presence
of a (lingual) fronting articulator, a (mandibular) opegiarticulator, and a (laryn-
geal) retracting articulator, but of the absence of an iedépnt lingual lowering
articulator. Oncdow has been redefined in this way, it is equally logical to sepa-
rate raising from fronting as the articulatory realizatirhigh vocal quality. In
Figure 5, ] is represented at the boundary of fronting and retract®igce no
articulator is present that could lowed] [centrally, any further lowering ofe]
would result in either a quality that sounds more open anatffleecause of jaw
opening) or a quality that sounds more laryngeally retfthecause of laryngeal
constrictor activity). The intersection of the three lirdgiding the three regions
in Figure 5 should perhaps fall exactly on the location ofv&zho represent the
focal point of movement away from neutral toward any of the¢hdirections.
In this diagram, however, it is first necessary to show theeqisbility of [¢] to
becoming either front or retracted depending on the chdiaataulator move-
ment. Figure 5 also shows the relative predominance of fooalt vocal tract
features and the relatively greater distance from themeofatyngeally retracted
component than if the two regions intersected at schwa.
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2.4. Laryngeal logic

Anatomically, it is important to explain that the larynggahlity of a vowel sound
does not necessarily have to be considered a secondargeféatral vowel qual-
ity. Research into the earliest production of speech sobwpdt¥fants in the Infant
Speech Acquisition Project at the University of Victoridiicates that the larynx
and pharynx are the first regions of the vocal tract that isféegin to explore
phonetically (Esling et al. 2004). That is, articulatorydhatities are first discov-
ered with sounds produced at thharyngealepiglottal articulator in Figure 4,
defined by the aryepiglottic folds. This region is predigmbanatomically for
sound production by the infant and represents the begisrmhBhonetic Aware-
ness. Most phonetic production emerging in the earliestthsyim fact in the first
six months of life, is a function of the laryngeal constrictohis includes vocoid
sounds as well as vocalizations with contoid stricture, sughests that the laryn-
geal articulator is explored and employed first before puoehdl sounds can be
attempted. Non-constricted vocalizations emerge onlgiggily over the months,
appearing in systematic integration with pharyngeal ssuhdoughout prebab-
bling and into the babbling stage (Bettany 2004). Theséesartocalizations had
been termed “grunts” (McCune et al. 1996; Vihman 1996; Ma€and Vihman
2001) but have come to be better understood phoneticalhg $ire mechanism of
the laryngeal constrictor has been explored and elucidategperimental pho-
netic research into the ways laryngeal and pharyngealuéations are used in
various strategically selected adult phonologies.

Along with the pervasiveness ad//in phonologies (Maddieson 1984), the
key role of retracted articulations in emergent infant ptanproduction lends
an importance to the pharyngeal vocal tract, which may haenlpreviously
overlooked in infant studies. The typical three-vowel eysts [ia u]; or it may be
described as [i a u]. The peripheral oral vowels [i] and [udlext maximally the
unrounded-rounded labial adjustment as an inherent coemari their quality,
while the open vowels are not as strongly affected by labifistments. Jaw
opening is dominant over labial setting at the front as vevaglen, and laryngeal
constriction is dominant over labial setting at the back asels retract. And
just as in adult phonologies, [a] and] are more circumscribed than [i] and [u].
For example, in some languages of West Africa, vowel harnog@yates on [it]
and [u,uv] (and on [e,e] and [o0,0]) differently from the case of the open vowel,
which can occur together with either the non-constrictetherconstricted series
(Gordon 2006). An infant’s alternation between [a] anfidan be attributed to
slight variation in jaw openness or labial setting or largalconstriction, where
the laryngeal effect plays the dominant role in alteringitoug/acoustic quality.
The intrinsic anatomical and acquisitional predominarfae laryngeal region
can exert a significant qualitative influence on periphgrathl vowels such as
[i] and [u] and even [a]. Research into a wide variety of phansystems in
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different language families has produced a convincingupécbf how extensive
the laryngeal/pharyngeal articulator is in generatingratiogical contrasts.

3. ARTICULATORY PHONETIC STUDY OF THE LARYNX

For many years, research in the Department of LinguistidheatJniversity of

Victoria has focused on indigenous languages of North Ataedspecially Waka-
shan and Salishan languages. West Coast Vancouver IslamadiN-nulth and
Interior BC Salish, in particular, illustrate an impressikange of use of pha-
ryngeal articulations. Using technology developed in ToK$awashima and
Hirose 1968) and phonetic observation procedures develiopEdinburgh (Es-

ling 1984; Williams et al. 1975) and also practised in Pavallancien 1960),

over 15 languages have now been studied laryngoscopidalie dJniversity of

Victoria to determine how various phonetic/phonologicascriptors and artic-
ulatory gestures coincide. Languages in the video databidee larynx and

pharynx thus far include: Nuu-chah-nulth (Wakashan), Blaamuxcin (Sal-

ish), Tigrinya (Semitic), Palestinian Arabic (SemiticlprBali (Cushitic), Amis

(Austronesian), Yi (Tibeto-Burman), Bai (Sino-Tibetait@to-Burman), Tibetan
(Tibeto-Burman), Sui (Kam-Daic), Thai (Daic), Pame (Otahguean), Can-
tonese (Sino-Tibetan), English (whisper studies), Clar(@disper studies), Ko-
rean (Altaic), and Kabiye (Gur).

3.1. Methods and scope

Originally intended to examine what was thought to be pugbbytal behaviour
(states of the glottis and the phonation type component wmevquality), these
visual observation procedures have been extended to bdessticulations in the
pharynx and refined to incorporate new findings with eachuagg studied (Es-
ling 1996, 2006; Esling et al. 1994). Sounds that have a compionade deep in
the throat are not easily observed. Therefore, phonetarek using direct visual
evidence of the larynx and pharynx has been rare in thetiteraOriginal obser-
vations of articulatory production focused on cardinalpétic “benchmark” cat-
egories as outlined in Catford (1964, 1968, 1977) and La\V@8@). Instrumental
phonetic equipment consists of a Kay Elemetrics Rhinorgeal-stroboscope
(RLS 9100) with a constant halogen cold light source, whicthé mode used to
photograph the actions of the larynx in the pharynx. An Olys\ENF-P3 fibre-
optic nasendoscope is attached to the camera (a one-chigdtan KS152 and
more recently a three-chip Panasonic GP-US522) and taghieslource. A 28mm
lens is used for optimal wide-angle framing of laryngeal phdryngeal mech-
anisms during extreme pharyngeal articulations and ohlgegl postures during
the varying pitch conditions of a full tonal paradigm. Eearlrecordings were
made on a Mitsubishi S-VHS BV-2000 analog video-cassetterder running at
30 frames/sec, and later recordings were made directly oong BCRTRV17
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Mini-DV Digital Camcorder. Video images were post-proasbwith Adobe Pre-
miere 6.5 software. The cardinal benchmark parametersamorgcal profiles,
then served as a basis of comparison with the production efighbgical items
by native-speaker subjects.

3.2. Canonical profiles of glottal and pharyngeal categorieof articulation

Initial phonetic findings had a direct bearing on how the naai$m of the larynx
and the states of the glottis and phonation types are umader$Esling 1996). A
number of conclusions emerged:

a. In pharyngeal sounds, the arytenoid cartilages movedi@hand up under
the epiglottis and the tongue. Rather than the epiglottigirsg as a flap
that covers the airway, the arytenoid system acts as the anagulator,
working in reverse, as it were, against the tongue, to blbeKlbw of air.

b. The pharyngeal articulator (i.e., the mechanism thadyces fi] and [f]
and pharyngealized sounds) is essentially aryepigldktie arytenoid car-
tilages, the corniculate cartilages at their apices, tlyemglottic folds
that bend forward at the cuneiform cartilages, and the latte@nits of the
aryepiglottic folds at the margins of the epiglottis cong# the upper bor-
ders of the supraglottic tube that sphincters shut to cotrthac/olume of
the pharynx.

c. Pharyngeal sounds involve retraction of the tongue aisthtpof the lar-
ynx for efficient laryngeal sphinctering. Both conditiorre ainmarked in
laryngeal constriction. Because the muscle groups arediakross the hy-
oid bone, their contraction both pulls the tongue down arek lzend pulls
the larynx up and forward as the aryepiglottic folds comgrekhis chain
of events means that the stricture for pharyngealizatiegjisvalent to the
stricture that produces the voice quality typdmryngealized voicat low
pitch andraised larynx voiceat high pitch (Esling et al. 1994).

d. Full closure of the airway occurs at the aryepiglotti@iien (the laryngeal
constrictor), that is, epiglottal stog][is produced at the pharyngeal place
of articulation. This means that the primary articulatocti@s occurring
in the pharynx and controlling the shape of the pharynx asefzeal.

e. The tongue may retract pharyngeally, but only after thenlgeal constric-
tor has been engaged. In other words, pharyngeals are noictdiu of
independent movement of the tongue in the same way thatnsywialars,
or dentals are. The laryngeal constrictor is a buckling rmacm, and at a
certain point in its engagement, the tongue retracts to tatmthe action
of reverse closure over the airway.

f. Trilling of the aryepiglottic folds enhances pharynget produce sounds
that have been identified as epiglottaly]. Once compression of the con-
strictor mechanism is tight enough, the aryepiglottic $odan trill against
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Table 1: Glottal/pharyngeal consonantal distinctions in the lggal model

Glottals Pharyngeals (epiglottals)

[h] \oiceless glottal fricative 1] Voiceless pharyngeal fricative
[a] Voiceless epiglottal fricative (with
aryepiglottic trilling)
[f] Voiced pharyngeal approximant
[f] Voiced epiglottal fricative (with
aryepiglottic trilling)
[?] Glottal stop ] Epiglottal (pharyngeal) stop

the epiglottal surface. This trilling can be accompaniedglmttal voice-
lessness or voicing. In this case, it is the active articulétat trills —
analogous to the tongue trilling against the alveolar riohgthe oral cav-
ity — although a passive articulator can also trill, as is tlse with the
uvula in a uvular trill. If the place of articulation is thersa for pharyn-
geals and epiglottals, then epiglottals can be regardduddnrterpretation
as “enhanced fricatives”, just as uvular fricatives canrdeamced by trilling
of the uvula. These are all phonetic options that a phonategychoose in
order to represent distinctiveness.

g. Larynx raising may also account for epiglottal {]. In phonologies that
have been reported to contrast pharyngeals and epiglaftaiss/ are not
enhanced fricatives, then they are most likely to exhitdtthmarked raised
larynx of laryngeal constriction, whiléa A/ would have lowered larynx and
the consequent lower-pitched resonances of an expandeghpha

Thus, in the laryngeal model, expanded pharynx is largelynatfon of low-
ering the larynx — opposite to the action of the laryngealstoctor to raise the
larynx and reduce the size of the pharynx in an upward doectSeveral glot-
tal/pharyngeal consonantal distinctions can be reinggeplrin the light of this
redefinition of the pharyngeal articulatory space. TablBuktrates the array of
pharyngeal/epiglottal categories that contrast withtglatategories. These artic-
ulatory interpretations fill out the pharyngeal place oicatation on the 1996 IPA
Consonant Chart (IPA 1999:ix) with the same set of manneesstafulation that
characterize the uvular place of articulation, with theepton of nasal. All of
these articulations may be produced with a raised laryndawared larynx, with
mixed consequences for the resulting auditory quality beeaf certain inherent
entailments of the mechanism.

Figure 6 portrays some cardinally distinct snapshots gfmigeal posture.
All but one are voiceless. Figure 6a is the cardinal stateredtt, which is the
configuration for an [h] or a voiceless fricative. Its key caeristic is that the
supraglottic tube of the lower pharynx— between the aryleftig folds and the
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(b) pharyngeal fricativéa] (c) glottal stop []

LAl

(d) breathy voice phonatiori] (e) whisper (f) epiglottal stop?]

Figure 6: Six articulatory postures of the laryngeal articulator.

epiglottis —is wide open, just as the vocal folds are partédeglottis for voice-
lessness. These same postures characterize breathy[¥idide Figure 6d, which
differs from Figure 6a only in that the arytenoids are slightore adducted (for
voicing) and the vocal folds are vibrating at the anterias efithe glottis.

The laryngeal postures for [h] anfi] have no particular effect on the tongue,
unless the larynx is substantially elevated at the same titoemally, they predis-
pose laryngeal lowering, which coincides unmarkedly wipleiming of the glottis
and of the laryngeal constrictor (Esling 1999). Figure 6bvehwhat happens
when the laryngeal constrictor engages. With the glotilisogten, the arytenoids
are pulled upward and forward so that the cuneiform tubsrafehe aryepiglot-
tic folds approach the surface of the epiglottis. Here, theegiglottic folds
are the active articulator, and the epiglottis is the pa&saiticulator; so the la-
bel epiglottal would be an appropriate designation. With glottal voicitiys
same configuration would yield the pharyngeal (epiglotiproximant{]. Both
voiceless 1] and voiced f] could be enhanced by the addition of aryepiglot-
tic trilling, which creates one possible distinction beéngharyngealt 1] and
epiglottal [a §]. Normally, the constricted posture is accompanied byrigmais-
ing, which coincides unmarkedly with the closing off of thienay.

The voiceless pharyngeal fricative is virtually the samehasposture for
whisper in Figure 6e. The whispered state of the glottis lvag lmeen studied in
detail in Arabic, wherell §/ occur, demonstrating that whisper entails stricture
of the laryngeal constrictor mechanism (Zeroual et al. 2008en this constric-
tive gesture occurs, the tongue is likely to be retracted esrsequence. The

3In Figures 6d and 6e, “A’ refers to the corniculate tuberolithe arytenoid cartilages.
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degree of laryngeal elevation seen in Figure 6e would ceytantail greater
tongue retraction than required far [

The remaining two states are also a function of the laryngeaktrictor
mechanism. Figure 6c¢, glottal stop][requires adduction of the arytenoids and
the vocal folds at the glottis and just enough constrictigmpression to bring
the ventricular folds together over the glottis to arrestaldold vibration or
the possibility of voiceless airflow (Esling and Harris 2D05n Figure 6f, the
aryepiglottic folds are pressed tightly up against theamefof the epiglottis, en-
tailing significant larynx raising and tongue retractionislpossible to perform
an epiglottal stop with lowered larynx, but such a postumeiatively inefficient
physiologically, drawing the laryngeal structures awayrirthe retracted tongue,
but tongue retraction cannot in any case be avoided whemykpiglottic borders
are tightly sphinctered. Tongue retraction is the phygjmally entailed conse-
guence of forceful airway closure and thus presumably thearked condition
in the phonological implementation of the laryngeal caosdr, shutting com-
pletely the supraglottic tube of the lower pharynx and digantly reducing the
remaining volume of the pharynx.

3.3. Glottal and pharyngeal articulations in Pacific Northwest languages

The Pacific Northwest is a region of different language fasilvith outwardly
similar phonological inventories. The goal of phoneticia@sh has been to study
in detail the articulations of sounds in the lower vocal tnasing audio record-
ings and digital laryngoscopic images. The Nuu-chah-n(Ntbotka) dialects
of Wakashan (e.g., Ahousaht) and the Nlaka’pamuxcin, Nw&&n, and Npo-
giniScn/Qalispé varieties of Salish have all been founddeecthe larynx com-
pletely for the speech sound “epiglottal stop” (Carlson &sting 2000, 2003;
Carlson et al. 2001; Czaykowska-Higgins and Kinkade 1998paccount for the
phonetic behaviour observed in these languages, the phiargfassified as part
of the laryngeal articulator (rather than lingual) becathgelaryngeal constrictor
mechanism (controlling changes from the glottis to the piglettic folds) is the
principal articulator whose movements determine the sbéagee pharynx. With
the airway optimally shut, the pharynx is small; the aryégtiee folds are pressed
against the epiglottic tubercle, the tongue is retracted the larynx is raised. In
addition to the glottal fricative and glottal stop, thesegaages also contain ei-
ther a pharyngeal fricative or approximant (at the sameeptdcarticulation as
epiglottal stop but with less stricture) and, in Nlaka'patwim, some uvulars are
also pharyngealized (with less stricture again than theyplyzal approximant).
Pharyngeal resonance in all these cases is dependerilyirdtiahe shortening of
the supraglottic tube and subsequently on the combinectefféongue retraction
and larynx raising reducing the volume immediately aboeesihpraglottic tube.
The inventories of Nuu-chah-nulth and of Nlaka’pamuxcisttown in (1).
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(1) Inventories of Nuu-chah-nulth and Nlaka’pamuxcin

Nuu-chah-nulth (Wakashan) Nlaka'’pamuxcin (Salish)
Bilabial p p m ?m /| Bilabial p p m m’
Denti-alveolar t t' Alveolar t n n?

ts ts' s ts ts s z Z
Apico-alveolar t ' & n ®n SN S B
Postalveolar Jt tf' [ Postalveolar |t i
Palatal i ¥ |Palatal i it
Velar k kK x w *w|Velar k kK x () &)

KY KV xW KY KV x" w o w!
Uvular q 6) Uvular qa q

q" ") R
Pharyngeal h ¢ Pharyngeal T v

TW TW:
Glottal ? h Glottal ? h

The properties of the glottal, pharyngeal, and glottaligednds (in bold
in (1)) of Nuu-chah-nulth are described extensively in f$l(2003a) and Es-
ling et al. (2005), and those of Nlaka'’pamuxcin in Carlsoralet(2004). The
glottals correspond very closely to their canonical prefilé/hile [h] is open at
the level of the supraglottic tube (the laryngeal constrigt[?] shows enough
tension in the aryepiglottic mechanism to purse the spained that the ven-
tricular folds close in on the vocal folds to stop them vibrgt(2). It is not
clear whether much tongue retraction, if any, is requireddbieve this slight
degree of inferior, medial laryngeal constriction. Glb#tad resonants in Nuu-
chah-nulth are preceded bg] [—the same gesture and lasting an identical length
of time as phonemic?/. Glottalized resonants in Nlaka’pamuxcin are followed
by [?]—as in phonemic?/ — with attendant laryngealization (creaky voice) and
typically voiceless release. In both cases, this meanstbajlottalized resonants
are about twice as long as their corresponding non-glaétdlresonants. The in-
teresting articulatory extension in Nuu-chah-nulth tosthglottal, glottalized, or
glottalized-laryngealized phenomena is the pharyngedlih last longer as ar-
ticulatory events and engage the laryngeal constrictotstéuilest degree. The
phoneme represented &si5 in fact an epiglottal sto?], with full closure at the
aryepiglottic sphincter. Its approximant offglidg [s perhaps a natural phonetic
consequence of its length. Voiceleds is a pharyngeal fricative, with a simi-
lar engagement of the sphincter and long offglide, excegitttie glottis remains
parted (as it does for [h]). Both sounds entail radical tiom of the tongue
as the aryepiglottic mechanism rises up and forward toicestre airway. Re-
traction is so great that foh], none of the constrictor mechanism beneath the
retracted tongue and epiglottis can be seen from above o the tongue is
usually more retracted for Nuu-chah-nul#j,[the view in (3) captures a momen-
tary glimpse of full aryepiglotto-epiglottal strictureh&se consonants have been
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shown to have a significant retracting effect on neighbauvimwels (Wilson, to
appear).

(2) Laryngoscopic view of pharynx/larynx: glottal articulati of [h] (no constriction)
and[?] (slight constriction)

Nuu-chah-nulth [h] Nlaka’pamux [h]  Nuu-chah-nult?] [ Nlaka’pamux [’]
/himwits’a/ Imij't/ [mij*ot" [?i:h/ Imij*t/ [mij?ot"
‘story’ ‘spreading disease’ ‘big’ ‘spreading disease’

The plain pharyngeal in Nlaka’pamuxcin is an approxim&htyhich also
induces significant tongue retraction and is difficult tatidiguish visually from
full closure, viewed from above. It is the so-called glaetl pharyngeals that are
in fact epiglottal stops?] and [?"], with full closure at the aryepiglottic sphincter
and the voiceless release typical of these Salish langu&gese uvulars in this
variety have significant pharyngealization, which implilat they are not only
raised (to be uvular) but also retracted (since pharynzg#in is a function of
the laryngeal constrictor). The co-articulatory effecpbfiryngeals in these lan-
guages should be viewed in conjunction with the inheremacttéd potential of
an [a] vowel, although retracting can affect any other vowel.

(3) Aryepiglotto-epiglottal articulation of epiglottal std@] (full constriction)

Nuu-chah-nulth 7] Nlaka’pamux [£]
[Situ/ [25hu] Inpas™’/ [n:'pa2"]
‘to cry after’ ‘ice’

3.4. Register distinctions in Tibeto-Burman languages

In the Pacific Northwest languages, the implementation efléihyngeal articu-
lator is primarily consonantal, and the effect on vowelsdsacticulatory. There
are other languages that do not have pharyngeal consorargs,but which use
the laryngeal constrictor mechanism to alter the shapeegpktarynx to generate
distinctive vowel quality or phonatory quality. A contrixst tonal register sys-
tem exists in Bai, a Tibeto-Burman language (possibly Binih some views) of
Yunnan Province in southwest China (Edmondson and Li 1984982). There
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are five tones in Jianchm Bai with accompanying shifts in phonatory quality and
in constrictor tension, which together with a nasality castyield 15 contrastive
syllable types. The articulatory phonetic challenge waddi@rmine instrumen-
tally how tone (pitch) interacts with laryngeal constricamljustments to produce
differences at the glottis at the same time as differenctreedevel of the supra-
glottic tube. A contrastive vowel quality series exists i) & Tibeto-Burman
language of Sichan Province in southwest China (Chen 1988; Lama 1998). This
variety has a five-pair vowel set, each with a lax and a tensateopart. The
articulatory phonetic challenge was to determine instmtaé/ how the tense
vowels are produced differently from the lax vowels.

3.4.1. Baitonalregisters

The images of two words in Bai (4) illustrate the laryngeabguigm particularly
well. As discussed in section 3.2, opening the glottis amaling the larynx are
physiologically compatible activities and do not entaihgoe retraction, while
closing off the airway is compatible with raising the laryamxd does entail tongue
retraction reciprocally. At the mid-pitch level in the Bahial paradigm, the reg-
ister paradigm produces a contrast between a phonatiorthgpés breathy and
a phonation type that is harsh. As in Yi, these contrastirapptory possibilities
have been namddx andtense The lax token is not only breathy (at the glottis)
but also open in the lower pharynx because (a) the laryngeedtactor is inac-
tive; (b) the tongue is not retracted; (c) the pitch levebis Enough that the glottis
can easily part to produce breath, but not so low that thetdotts would begin
to be actively engaged; and (d) the larynx itself remains [dhe tense token is
harsh (as a function of the phases of vibration), and theypixas shortened as
well as reduced in volume at the level of the supraglotti@tabits base because
(a) the laryngeal constrictor is actively engaged; (b) thregtie is retracted; (c)
the pitch level is systematically elevated so that, comtingh constriction, the
glottis is not relaxed but under both longitudinal and cdoste tension so it can
produce harshness; and (d) the larynx itself is elevated.

(4) Bai breathy lax mid tone versus harsh tense mid tbne

[tei3]  alkaline’ [tei*2]  ‘arrow’

The images shown in (4) are taken from approximately the poidi of the vowel
in each syllable. Several other phenomena that the lary@gteulator model

4Superscript numbers indicate tones.
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accounts for particularly well occur in Bai, including apjglottic trilling at very
low pitch and constriction together with vocal fold stratahat very high pitch,
but these do not of themselves have as clear an influence oel goality as the
parallel series in some other languages. A full discussfadhelaryngeal study
of Bai can be found in Edmondson et al. (2001).

Both tokens are drawn from the nasal series, but that is entignt of the la-
ryngeal paradigm. Lax§i3}] ‘alkaline’ results in a pharyngeal resonator that has
not been shortened and remains large. Tep&¥[tarrow’ results in a pharyngeal
resonator that is shortened, pursed at the bottom, and hmalkesvolume. It is
the acoustic characteristics of the resonating cavitylilbhave a bearing on the
resulting vowel quality. In Bai, however, unlike Yi, the ¢iging qualities of the
vowels from lax to tense are not as noticeable, presumaltlguse the effect of
constriction on the laryngeal sound source (in alteringetand phonation type)
is so much greater. Also, the quality of an oral vowel doesrmaaiessarily have
to sound like another (more retracted) vowel when the laegghgonstrictor is en-
gaged; it could, through articulatory compensation, sdikelthe same vowel,
but its quality will inevitably sound pharyngealized (hagian auditory colouring
that represents a reduced pharyngeal volume). In Bai exd@stes, the effect of
constriction on phonation and pitch is a dramatic auditarg.cThe effect on the
quality of vocalic resonance is more subtle, but it can beenled in the spectral
formant frequencies of contrasting syllables (Esling adchBndson 2002).

3.4.2. Yiregister and vowel shift

In the case of Yi, the effect of constriction on the laryngsaind source (in alter-
ing tone and phonation type) is negligible. Both the laxesand the tense series
are generally produced with modal phonation. The majortandacoustic effect
is in the quality of the vowels as produced with the two castirgy resonating
cavity shapes. There are three (perhaps four) tones, butdlsecommon is the
mid tone @3); and the higher and lower tones variably restrict the aesure of
the two registers. The five vowels in the lax register aredji @ v], two of which
are fricativized. They are all relatively peripheral in itheral location (in the
range between front and raised, in terms of the tongue). Vbecirresponding
vowels in the tense register akeZao v], which are all lowered, in traditional ter-
minology, from the lax vowels (e.g., [i] ta], and [0] to p]). There is, however,
a common thread that typifies the articulatory productioalbthe tense vowels,
represented here by the retracting diacritic under the kol representational
issue is whether the retracting diacritic means that thguens “backed” (as it
would in the H-L-F-B model) or whether another generaligadntticulatory phe-
nomenon characterizes all five vowels uniformly. The probieith the backing
interpretation is that the tense vowels are not uniformigkied or lowered, and
that the direction and dimension of shift in the auditory ebwpace is not the
same for each vowel.
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(5) Yinon-constricted lax register versus constricted temeggster

Ipv3¥  ‘river deer’ /pv¥  ‘to go back’

Laryngoscopic examinations show that the tense vowels m@uped uni-
formly differently from the lax vowels as a function of thegitee of closing in
the laryngeal constrictor, as shown for the Acentrast in (5). In the first image
(of the labiodentalizedfs:] vowel), the epilaryngeal space is open, the tongue is
not retracted, and the larynx is not raised. In the secondéntaf the labioden-
talized and constricted/{:] vowel), the larynx has moved upward, closer to the
endoscope, and the laryngeal/pharyngeal structures {hermrytenoids and the
epiglottis) have become larger and more reflective in thediptically transmitted
light. This is the same mechanism that operates to produtscantal pharyn-
geal articulations in the Pacific Northwest languages. dffibsture for the tense
vowels in Yi were a consonant phonologically, it would be @&ed pharyngeal
approximant. Since the constriction occurs on a vocaliodon Yi, however, its
duration is longer, and its effect is to add secondary cahguto the resonance
that results from both the posture of the laryngeal vocat mad of the oral vocal
tract. Each sound is therefore perceived as a vowel, buhibie economical to
consider all of the tense vowels as constricted laryngeatigt therefore retracted
lingually. The lingual retraction interpretation does @aot for what the tongue
is doing in Yi, but only if taken together with a descriptiohtwow the primary
structures of the larynx are changing the shape of the pRarine two actions
are complementary to each other, not separate. The lax savagl therefore
be considered non-constricted as well as complementaityraetracted. Tense
vowels also induce other effects in the syllable that ardingtial. Phonetically,
the contrast can be transcribed narrowly ags{p? versus [me:33. Beyond the
difference in vowel quality and in the degree of laryngedktsire shaping the
pharynx, there is also a labial enhancement in the tensexiontThe phonetic
system of Yi is discussed in detail in Esling and Edmonds&922.

Although the tense vowels also differ in oral quality fronetlax set in Vi, it
is important phonetically that tongue retraction at thekbas well as jaw open-
ing at the front are compatibly predictable consequencéheotngagement of
the laryngeal constrictor. The laryngeal articulator mazptures this gener-
alization elegantly. Instead of describing vowel qualibfety as an oral phe-
nomenon and attributing tension in the vocal tract to sonmegized tightening
of the musculature, the laryngeal articulator model firssatibes the posture
of the laryngeal/pharyngeal articulator (most simply asstncted versus non-
constricted) and then relates oral phenomenarto it by mddhs tour dimensions
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of oral movement: retracted, raised, front, open. It is ificgnt to note here that
the tense-lax distinction described for the Tibeto-Burrferguages is not the
same as the tense-lax distinction described for Germangukges (Jakobson
and Halle 1964). Whereas Germanic tense-lax differeneeprabably best ex-
plained prosodically (Murray 2000), tense-lax in the Téd8urman context can
best be explained as constricted versus non-constricidutlve consequent lin-
gual effects of those settings. Lingual retracting is a propof the tense series
in Tibeto-Burman languages because the tense series igictats In Germanic
languages, lingual retracting would be ascribed to the éaes and described as
—ATR because those vowels are lower or further back. The adittion here,
which is at least terminological and at worst conceptuag Ih a misinterpreta-
tion of the entailments of the laryngeal constrictor medran Physiologically,
vowels that are more retracted are demonstrating a lingtiaixrof constriction
in the laryngeal mechanism. If Germanic lax vowels are ih $hown to demon-
strate the articulatory characteristics of laryngeal trict®n in conjunction with
their lingual properties, then they should logically bel@dltense to reflect the
tension that is present in the larynx/pharynx. That is, lawels that have con-
striction would no longer be lax. The implication is that $&m in the tense
vowels of Germanic comes from somewhere (or something) afse therefore
syllabic/prosodic characteristics are a more likely défgtiator than the intrinsic
phonetic properties (laryngeal and lingual) of the vowstlit. Taking the laryn-
geal articulator starting point, tense-lax is a phonetjagbtimal definition of the
distinction as it is found in the Tibeto-Burman context.

3.5. Somali

Somali, a Cushitic language, has pharyngeal consonanta agighbouring
Semitic languages such as Arabic and Tigrinya, but it alsodaegister con-
trast involving the laryngeal constrictor, which has areeffon both phonation
type and on pharyngeal resonance. In this respect, the pbase of the laryn-
geal constrictor mechanism in Somali resembles its oparati Bai and Yi. The
two primary registers could be characterized most ecoraliyias lowered larynx
and raised larynx, following Laver’s (1980) terminology fice quality, or as
open versus closed (as descriptors of the laryngeal/pbenjispace — not of the
oral cavity). This corresponds to lax and tense as used inBg. The phona-
tion type correlates of the two sets are generally breatlopation versus harsh
phonation, although the register paradigm interacts vdttetin complex ways
(see Edmondson et al., submitted). The pair of words in (é)vstthe contrast as
it affects the larynx and lower pharynx in identical consmadand tonal contexts.

The two vowel sets in Somali can be called non-constricteticamstricted
phonetically, or lax and tense phonologically. Tensionsthas three inherent
phonetic correlates by virtue of the definition of the largagconstrictor. The
aryepiglottic sphincter mechanism is pursed supraghilyicwhich has an effect
on the type of voicing that the vocal folds will produce as ampdtion type.
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(6) Somali non-constricted lax register versus constrictedeeregister

[dii?t] ‘torefuse’ [dii?t] ‘to faint’

The tongue is at least slightly retracted as a complemelitagyal response to
constriction. And the larynx itself is raised slightly intbe pharyngeal space,
reducing the size of the resonating cavity. All these effegipear in the vowel of
the word [dii?t] ‘to faint’, where the structures are compacted postertsgorly
and are elevated nearer to the camera. Spectral charticseofsthe acoustic for-
mants of the constricted vowels conform to the descriptibretracted— they
all shift toward the lower-right corner of the vowel spackatige to their corre-
sponding non-constricted vowels (Edmondson et al., sued)it There are five
vowels, each of which can be short or long. The length digtncntroduces
some complexity into the system, particularly at the opesh &nt the dominant
difference between vowel types remains their laryngealsifi@ation. The dif-
ferences cannot be explained in terms of high, low, or baskelguality alone
without reference to the laryngeal category that (a) altezpharyngeal space in
parallel to the oral space, and (b) bears a direct markede&d®nship to the
oral character of the vowels.

3.6. Kabiye

A striking example of the effect that altering the settingtloé laryngeal con-
strictor has on vowel quality is the phenomenon of what hanhbealled the
ATR/—ATR contrast (Halle and Stevens 1969). The objective inyshglKabiye
was to determine whether the laryngeal constrictor meshanand not just the
tongue, plays a major role in the contrast between the tweel/series. Unlike Yi
or Somali, Kabiye, a Gur language of northern Togo, has figechewel qualities
that contrast in length, but only four of which contrast pblogically in register;
the /a/ vowel can occur in harmony with either register sédte ajor question
to address is to explain how the two registers differ fromheatber articulatorily,
which can be done using the laryngeal articulator modeliethéother languages
described here. The secondary issue that this state ofsaffieivokes—the ba-
sic question of “what is the /a/ vowel?” — can also be addmegseinvoking the
laryngeal articulator model.

Instrumental (cineradiographic and MRI) studies of Akarnflau 1978;
Tiede 1996) show that the set of vowels labelled\I'R] has a reduced pharyn-
geal space relative to the [+ATR] vowels. The principalarator, as these labels
imply, is assumed to be the tongue acting on the size of theypbaal cavity,
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but the relationship between the tongue root and the obdexareelate of larynx
raising is not explicitly explained, although a differens@bserved between the
behaviour in the height of the tongue and in what makes theypRahange its
shape: “the tongue root in this type of language is indepetafghe mechanism
for controlling tongue height” (Lindau 1978:551). In thentext of the laryngeal
articulator model, this conclusion reinforces the sepamnabetween the oral ar-
ticulator and the laryngeal articulator, where the [¢ ¢, 0 0, U v] contrasts can
be very similar in tongue height (i.e., fronting and/or nadg or not, as the par-
ticular language chooses. The contrast between the vovirsl ipathe state of
the laryngeal articulator, however, is dramatically diffiet in the laryngoscopic
images in (7). All the features associated with the use ofahgigeal constric-
tor in the other languages above are at work in the caseutf firfyepiglottic
sphinctering, tongue retraction, and larynx raising. Tieppsed term “expanded
(pharynx)” to describe [+ATR] vowels (Lindau 1978:552) islsaracterization of
how the pharynx behaves in the non-constricted contextrghialowering. The
term “constricted (pharynx)”, observed by Lindau to be thpasite of expanded
(pharynx), is probably a better label for describing thetrast, since constriction
is the primary active phonetic phenomenon of the larynxaublves not just the
tongue root, larynx raising, and possibly a narrowing éffat the pharyngeal
walls, but also and primarily the narrowing of the airwaytatdentral point—a
central aryepiglotto-epiglottal stricture with concoant effects and consequent
reduction in the size of the pharynx. Most importantly, iegsentially laryngeal,
not originally pharyngeal, and it leads and determines wh®atongue root does.
As inferred from the cineradiographic data, the mechan@mliaryngeal control
is separate from the control of the tongue for oral adjustsjeand this distinc-
tion is fundamental in the separation of the vowel spaceguiei 5. The feature
[+sphincter] was proposed to account economically for theeeabmplex of ar-
ticulatory events (Esling 2003b), but-gonstricted] is a more globally adequate
feature that incorporates all laryngeal constrictor esent

(7) Kabiye non-constricted register versus constricted tegis

[ta] ‘elephant’ [t5] ‘bee’

The [ATR] vowels observed laryngoscopically therefore mirttoe taryn-
geal/pharyngeal contrast found in the Yi articulationse Rabiye [-ATR] vow-
els and the Yi tense vowels both exhibit systematic aryeftiginarrowing of the
laryngeal sphincter, tongue retraction, and larynx ragisimfhe Kabiye [+ATR]
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vowels and the Yi lax vowels do not show these effects but havepen epilaryn-
geal tube. As mentioned above, it can be difficult to know Wwhethe quality of
an open vowel should be attributed to lingual charactessif the oral vocal tract
or whether subtle differences within the pharyngeal resng&avity are impart-
ing characteristics to vowel quality that make it soundetiitly coloured from
another vowel with ostensibly the same oral shape. Botlongtare available,
and West African languages like Kabiye or Akan use both tdirdisish their
vowel sets. In varieties of Akan where open vowels fall imottasting registers,
their phonetic quality is described as [a] versids The latter fits the prediction of
a retracted vowel in the constricted context. For Kabiyegrehresearch is needed
to determine how the single /a/ vowel participates in vovahtony, the hypoth-
esis drawn from the laryngeal articulator model is thatleutdrmonic influences
will make /a/ non-constricted in an [i e o u] context but mooastricted (toward
[4] or [a]) in a constricted ¢ o ©] context. Whether or not vowel quality alters
so that a different oral value is perceived in the vowel, thaliy of resonances
governed by the laryngeal articulator should pervade thedo

4. ANATOMICAL RELATIONSHIPS

There are good indications that the thyroarytenoid, agleiic, thyroepiglot-
tic, hyoglossus, and hyothyroid muscles participate inkthekling manoeuvre
of the laryngeal constrictor. The description of the anatahthe thyroary-
tenoid muscle groups in Zemlin (1998:128-129) gives a gaditation of why
this should be so. It has long been recognized that the thyteyeoid muscles
can both shorten (relax) the vocal folds, decreasing péuob,tighten (tense) the
vocal folds, increasing pitch (Hardcastle 1976:83). Tipipaently paradoxical
situation can be explained by the laryngeal articulator ehotihe thyroarytenoid
is a multipartite muscle. The internal thyrovocalis runshivi the vocal folds
themselves, while the thyromuscularis (or external thgyteaoid) connects the
remaining space between the thyroid and the arytenoids. tiyrearytenoid
courses anteroposteriorly, which means that when it cotstrét pulls the pos-
terior structures anteriorly (toward its origin). It hasdial fibres that course ver-
tically up into the aryepiglottic fold and also to the laterargin of the epiglottis
becoming the thyroepiglottic muscle (Zemlin 1998:129)isT¢omplex configu-
ration of muscle, fanning out posteriorly and upward behhel epiglottis, into
the aryepiglottic folds and the arytenoids, is the mostljil@andidate to be re-
sponsible for the first phases of the laryngeal constrigtiamoeuvre.

The muscle for retracting the tongue, the hyoglossus, in¢ielikely candi-
date to be responsible for engaging the participation ofdhgue in constriction.
It originates in the hyoid bone and inserts into the tongugling the tongue
posteriorly and downward (and pulling the hyoid bone up isihot otherwise
stabilized). The suprahyoid muscles are responsible &raghg the larynx as
the supraglottic cartilages, folds, and tube compressagtie underside of the



ESLING 39

tongue and epiglottis. As the x-rays in Traill (1985, 1986)\s, all the involved
structures, from the tongue to the laryngeal cartilagespress together around
the hyoid bone when the laryngeal constrictor engagesiffunsteric aryepiglot-
tic trilled phonation in the case of 1X68). At the glottisjshaction predisposes
low-pitched vocal fold vibration, including creaky voideecause it shortens the
vocal folds by compressing the distance from back to fromédiately over the
glottis. At the same time, this action introduces the pakisitof tension, rather
than relaxation, because it is the mechanism for full cosgiom of the airway,
increasingly restricting the ease with which air can passuth the glottis and
the supraglottic tube. The auditory correlates of voicexipced in this mode
have been shown to be regarded as tense and even threafishigawara 2003;
Teshigawara and Murano 2004). It should be reiterated izt does not have
to be low when the constrictor is engaged. Although low piglusually the
likely outcome of contracting these muscles, the cricatfdymuscles can also
be contracted at the same time, stretching the vocal folde wie constrictor is
engaged, producing harsh (tight/tense) phonation at hitkgh.pThis possibility
has been described in detail as one category of harsh vokslimg and Harris
(2005). Aside from the direct effect on vocal fold vibratjdfithe thyroarytenoid
within the larynx is viewed as the engine of the pharynx, tiervarious postures
that the laryngeal constrictor mechanism assumes shouwdblbeo be correlated
with their effect on the auditory/acoustic output. The feggal articulator model
thus forms a basis for new hypotheses of acoustic analysis.

To establish articulatory parameters for acoustic maagllit will be useful
to review how the action of the laryngeal constrictor (whilrives pharyngeal-
ization, laryngealization, glottalization, and whispemeaky, and harsh modes of
phonation) differs from simple tongue backing:

a. With the arytenoids together for voicing or abducted fealth at the glot-
tis, the glottis can also be stretched by means of the crycoith muscles
to increase pitch. These are the three glottal componentedaryngeal
mechanism.

b. If the arytenoids are adducted and the parts of the thyreaoid that join
with the lateral cricoarytenoid (adductor) muscles themticret, the glottis
is compressed from above and closes from front to back asahigicular
folds press down on the vocal folds to arrest vibration aogd air flow.

c. The aryepiglottic folds are brought further forward aittcuneiform car-
tilages, pursing the supraglottic sphincter from back emfr

d. This has an effect on the quality of voicing if voicing reses or on the
quality of airflow turbulence if voiceless flow resumes.

e. Asthe aryepiglottic folds at the cuneiform tuberclesragjmate the epiglot-
tis in a forward and upward motion, the tongue retracts.
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f. To assist sphinctering and tongue retraction, the symidhmuscles raise
the larynx (minimally the hyothyroid muscles in chain-linkposition to
the hyoglossus), although it is also possible to voluntdmilver the larynx
when the aryepiglottic and lingual parts of the constriet@ engaged.

g. Increased airflow velocity can produce trilling of the gpiglottic folds,
and the tongue presumably has to be sufficiently retractddtanlarynx
sufficiently raised to produce the narrow approximation micalators to
permit this.

h. Strong contraction of the constrictor complex can canegtlate to lower
(through the link to the palatoglossus muscles) and thegawpén (through
the voluntary co-option of the anterior digastric muscles)

i. The actions in steps (c), (e), and (f) progressively redine size of the
pharynx, while larynx lowering in step (f) would introducenzarkedly
complex combination of sphincteric tightening with an e&sed pharynx
volume. There can also be a drawing in of the walls of the piraaccom-
panying a strong constrictive manoeuvre. This implicategialatopharyn-
geal muscles (and less likely, the pharyngeal constrietamgnd the throat),
but it could just be a reflex of the thyroarytenoid/hyoglsghyothyroid
buckling manoeuvre.

j. If all these muscle groups adopt their maximally congédgicpostures, full
optimal closure of the airway results.

Lingual retraction, therefore, can be seen to accompanya kainge of laryngeal
gestures. It involves far more than just tongue backing. I&Vtiiese complex
laryngeal events are occurring, oral actions of the tongund &ctions of the lips)
modify sound quality at the same time.

5. CONCLUSION

In summary, {] is not just a low back vowel. It is related to the laryngeah€o
strictor mechanism in a complex chain of events that, uliiyalead to the
complete closure of the airway. The retracted vowels carefbee be consid-
ered pharyngeal vowels, once a certain degree of conefritireached, because
the control of the pharynx is also a product of the laryngealstrictor mecha-
nism. Due to the complexity of the mechanism—as a verticaifp@ssor with
back-to-front (aryepiglottic) and front-to-back (linguaomponents—the qual-
ity of [a] is inherently susceptible to increasing degrees of laeahgonstriction,
including constriction of the pharynx, and to varying effeof changing laryn-
geal/pharyngeal resonances and periodic vibrations. dwdimgual component
of [a] is secondarily related to the laryngeal constrictor st #my more extreme
backing or lowering of a vowel in this region is, by definitiofthe laryngeal con-
strictor model, not only a function of lingual movement btibparily a function of
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changes in laryngeal/pharyngeal cavity shape. This isogdy that tongue shape
and oral cavity volume should not continue to be considenedhain determin-
ers of auditory and acoustic vowel quality. What it meansha front vowels
and open (front) vowels are associated primarily with th@oacof the front of
the tongue and of the jaw; raised vowels are associated plymath the action
of the body of the tongue lifting upward and backward (diareling for the mo-
ment the effect of the lips); and retracted vowels are aaseatiprimarily with the
action of the complex laryngeal constrictor mechanismtroding larynx open-
ing, larynx height, and lingual lowering, and affecting comitant lingual-palatal
lowering, and even jaw opening. Retracted vowels are imftlgréhe most sus-
ceptible to the effects of this mechanism, but the oral (fiard raised) vowels
can also be strongly affected by laryngeal constrictiore &ffiects of fronting on
raising, of raising on fronting, or of fronting or raising oetraction are not so
great as the effect that the multiple qualities associatélul itraction can exert
secondarily on the oral qualities of fronting or raising.
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