4 The Phonetic Foundations of Phonology

We have a number of goalsin this chapter. First, wewill return to a more complete
description of the vocal apparatus and itsrolein the production of speech. Second,
we will sketch a particular conception of the organization of the features based
on the Articulator Model. We will then look at the acoustics of speech in a non-
technical way. Finally, we will survey some of the issues that arise in speech
perception, concentrating on evidence that speech is perceived by a special mod-
ule. ~

4.1 Introduction

A range of opinion has arisen on the role of phonological versus phonetic con-
siderations in the development of a feature system to represent the articulation
of the Saussurean sign (*'phonological form™ in generative parlance). One ex-
treme, represented by Hjelmslev’s glossematics (see Anderson 1985), claimsthat
phonological behavior involves patterns and categories that are unconstrained by
phonetics (the physical realization of languageas speech). On the other side, much
work in phonetics concerns itself with discovering and quantifying systematic
articulatory and acoustic differences in the realization of members of the same
phonological category. Most generative theorists have taken the position that both
phonologica and phonetic considerations are important. On the one hand, the
gestures of speech reflect abstract linguistic categories and can be expected to
differ from possibly identical physical movements that do not realize linguistic
categories. On the other hand, the phonological categories we do find empirically
attested are constrained by the vocal tract and the human auditory system -
anatomical apparatus not specifically evolved for the articulation and perception
of language. Phonol ogical distinctions and categorizations display gaps that appear
arbitrary from a purely abstract, classificatory point of view but seem to reflect
contingencies of the articulatory and acoustic systems that realize language in
speech. Finding the proper bal ance between these phonol ogical and phonetic con-
siderations in an explicit representational scheme for the sounds of language con-
tinues to be a central question of linguistic theory.

We may distinguish two general approaches to phonological features: those that
see features as realizing a certain action or movement and those that see features
as static targets or regions of the vocal tract. The latter represents a more tra-
ditional point of view that is embodied in the International Phonetic Alphabet
(IPA). For example, on the basis of their own extensive language sample as well
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as a survey of the phonetics literature, Ladefoged and Maddieson (1988) isolate
some seventeen distinct consonantal constrictions that would be categorized as
""places of articulation™ in traditional phonetic terms.

(1) 1. bilabial
2. labiodental
3. linguolabid
4. interdental
5. apica dental
6. (lamina) dentialveolar
7. apica aveolar
8. laminal alveolar
9. apica retroflex

10. (lamina) palatoalveolar
11 sublaminal (retroflex)

12. paatd

13. velar

14. uvular

15. pharynged
16. epiglottal
17. glotta

Although minimal pairs are not available in al cases because of therarity of certain
types (e.g., epiglottals), we assume that these categories are capable of distin-
guishing one sound from another on a systematic basis. But if we accept the thesis
that phonetics representsthe physical realization of abstract linguistic categories,
the important question is how these various sound types behave phonologically.
As we will see, there is good reason to believe that a much simpler system un-
derlies the notion " place of articulation.” By concentrating on articulatory ac-
curacy, we are in danger of losing sight of the phonological forest among the
phonetic trees.

For example, we observed in section 1.6that although the labiodental [v] shares
properties with both the bilabia [B] and interdental [8] and thus might be said to
stand between them (and is so listed in the IPA), [v] consistently patterns pho-
nologically with the bilabials rather than with the dentals in sound changes and
constraints: for example, [p] — [fl, [f] = [p], not [f] — [t]. A related point is that
the various places of articulation in (1) are not phonologically equidistant. For
example, only a few languages contrast consonants from the first and second
categories (e.g., Ewe bilabia [®] vs. |abiodental {f]), while many more contrast
consonantsfrom the second and third categories (e.g., English, Arabic {f] vs. [6]).
Finally, complex segments simultaneously combine certain points of articulation
in one sound: for example, the labiovelar stop [kp] found in many West African
languages is articulated with closure at the lips and dorsum and thus combines
bilabial and velar. But thereare no soundsthat can be described as simultaneously
combining bilabia and labiodental (though they may be sequenced, as in the
affricate [pf]). Thisdifference makes senseif such multiply articulated consonants
are generated according to the articulator active in the production of the two
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sounds:. the tongue dorsum for [k] and the lower lipfor [p]. Since [p] and [f] have
the same articulator (labial), they could not combineto form a multiply articul ated
segment.

The IPA system describes vowels with a system of articulatory targets that
differsradically from the one employed for consonants: the highest point of the
tongue arch. There are major problems with this system; we will look at two.
First, it issmply not accurate as adescription of the actual location of the tongue.
For example, in a critique of this model, Wood (1982) finds that the highest point
of the tongue arch for the lax high front vowel [1] is actually lower than for the
mid vowel [e]. If we were solely interested in achieving phonetic accuracy, we
could simply rearrange the relative positions of these two vowels. However, be-
cause sounds represent phonological categories, this moveis not open to us. We
must be able to group [i] and [1] together as a natural class to the exclusion of
[e]. For example, Canadian French affricates [t] before [i] and [1] but not before
fe]. The proper conclusion to draw is that the articulatory definition of vowelsin
terms of the highest tongue arch is incorrect. Some other articulatory correlate
must be found. Another major flaw of the traditional IPA systemisitsfailure to
provide a uniformset of categories to describe both consonants and vowels. After
al, speakers do not have two mouths (one for consonants and the other for
vowels), and it is clear that many phonological processes (e.g., palatalization) cut
across the consonant-vowel division.

These problems prompted Halle (1983) to devel op an alternative model in which
features are viewed as heural commands to activate certain articulators with spe-
cific muscular gestures.

The process of speech production consists in moving an articulator from one
position to another, where by an articulator is meant a recognized anatomical
entity such as the lower lip, the body of the tongue, or the vocal cords, but
not an entity defined purely ad hoc such as the highest point of the tongue
arch which varies constantly in the course of an utterance. (p. 97)

For -Halle, features are abstract neural categories with specific articulatory and
acoustic correlates. To justify this more abstract conception of the features, he
points to a number of cases showing the lack of a one-to-one relation between a
given feature's acoustic and articulatory correlates. For example, place of artic-
ulation in a stop such as [K] is associated with two acoustic cues: the frequency
pattern of the spectral burst produced by release of the stop closure and the
formant transitions to and from the adjacent vowels. The latter cue is missing in
interconsonantal contexts; only the former differentiates strings such as asks and
asps. An inverse case in which a given acoustic state has different articulatory
correlates is represented by voicel essness, which can be achieved either by stiff-
ening the vocal folds or by spreading the vocal folds. The important point is that
phonological rules never distinguish a sound depending on its associated phonetic
correlate. They always equate the two and hence must operate at a more abstract
level. The specific connections between the articulation and the acoustics are
mediated by the features. These connections are not learned. Rather, they are
"wired-in'* as part of the genetic endowment the child brings to language acqui-
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sition, alowing the system to get off to arunning start. Without these connections,
acquisition would be stymied by another lack of invariance in the speech signal.
More generally, this state of affairs recalls the point made by Sapir (1925) in his
celebrated discussion comparing the sounds made in blowing out a candle with
the [wh] in words such as when and whether. From a purely physical point of
view, the two sounds have essentially identical muscular movements and spectral
properties. But they have atotally different psychological or cognitive status. The
[wh] of when is part of a system of phonological categories that cross-classifies
al speech sounds; candle blowingis a singleisolated act that, sofar as is known,
is unconnected with otherslike sighing, whistling, and clucking. The general point
is that the same physical hardware can be operated by distinct neural (software)
systems in producing and interpreting the sounds involved in sighing, whistling,
and so forth, on the one hand, and the sounds of natural language on the other.
Linguists are interested in the neural systems that activate the voca apparatus
to produce speech. As Halle puts it, **On this view the distinctive features cor-
respond to controlsin the central nervous system which are connected in specific
ways to the human motor and articulatory systems' (1983:95).

In Halle 1983 and much subsequent work, generative phonologists have de-
veloped a model for the representation of speech sounds that is premised on a
close relation between phonetics and phonology in which thearticulatorsinvolved
in the production of speech play a central role. This Articulator Model postulates
a set of six articulators with special formal properties. Certain features reflect
general properties of the strictures made by the various articul ators; other features
are bound to particular articulators, implying a certain hierarchical organization.
Finally, agiven sound may bethe product of several different articulatorsworking
in concert. In order to better appreciate the Articulator Model, let usfirst review
the anatomy of the vocal apparatus, identifying the various pieces of articulatory
hardware and the features they implement.

4.2 The Articulators

Whileit is possible to speak for a brief duration on inhalation, speechis normally
realized under exhalation. The lungsare a pair of elastic cavities that expand and
contract to take in and expel air during breathing. They are connected to the
trachea through the bronchi (figure4.1). Since breathing and feeding share some
of the same anatomical passageways, evolution has designed several valves to
ensure that food and other solid matter do not enter the lungs. One occurs at the
top of the trachea; it is known as the larynx, a complex structure composed of
several cartilages and ligaments (figure 4.2). At the top front of the larynx is a
large flange-shaped protective cartilage (the thyroid cartilage), which protrudes
sharply in the throat of adult males — the so-called Adam's apple. Behind this
cartilage at the top of the trachealies the crycoid cartilage, which forms the base
supporting the entire laryngeal assembly. For our purposes, the most important
part of the assembly is the arytenoid cartilages, which connect to the thyroid by
two pairs of ligaments — the upper one known as the ""false' vocal folds and the
lower the ""true" vocal folds. They seal off the trachea, preventing the intrusion
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Figure4.1 Lungs, bronchia tubes, and trachea: genera arrangement. (From Clark and
Yallop 1990:23; adapted by Clark and Yallop from Minifie, Hixon, and Williams 1973:78.)
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Figure4.2 The larynx: anterior and posterior views. (From Clark and Yallop 1990:30.)
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Figure4.3 Vocal fold structure. (a) Anterior view. (b) Coronal section. (From Clark and
Yallop 1990:32; adapted by Clark and Yalop from (a) Zemlin 1968:131 and (b) Minifie,
Hixon, and Williams 1973:137.)

of foreign matter that could cause suffocation. They also permit air to-be trapped
in the lungs to form a fulcrum for lifting with the arms. The arytenoid cartilages
and vocal foldsjointly form the long dlit-like valve known as the glottis (figure
4.3). For speech only the lower, **true™ vocal folds are relevant. They are con-
trolled by the arytenoid cartilage and some 23 accompanying muscles. One manner
of control determines the amount of opening between thefolds. This glottal open-
ing ranges from a relatively wide position for normal breathing, to a narrowing
of thefoldsfound inthe sound [h], toatight closurefor theglottal stop[?]. Opening
the vocal folds is known as abduction, closing the folds as adduction. Halle and
Stevens (1971) postulate that these muscles realize the features [ + spread gl] and
[=constr gl]. (Recall that [+ spread gl] characterizes aspirated consonants and
[+constr gl] gective - "glottalized - consonants.) The arytenoids may also
rock back and forth, thereby chang;ng the tension of the folds. This gesture re-
alizes the features [+ «iff vf] and [~ slack vf] (figure 4.4).

Figure4.4 Posterior cricoarytenoid muscle: superior view showing action. (From Clark
and Yallop 1990:33; adapted by Clark and Yallop from Schneiderman 1984:70.)
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According to Halle and Stevens (1991), these features provide another example
of the absence of a simple one-to-one relation between the articulatory and acous-
tic correlates of a feature. Recall that periodic vibration in the acoustic signal -
vibration of the vocal folds - isafunction of (i) apressure drop across the glottis
required to generate the airflow necessary to set thefolds in vibration as well as
(ii) the stiffness of thefolds themselves. Halle and Stevens observe that in sounds
with relatively minimal supralaryngeal constriction such as vowels, an increase
in glottal stiffness increases the rate of vibration and thus serves to implement
the phonol ogical category of tone. But in sounds with greater supralaryngeal con-
striction (obstruents), increased stiffness shuts off vibration and thus implements
a voiceless consonant. Hence, the same articulatory gesture [+stiff vf] can lead
to fundamentally different acoustic effects, depending on the nature of the su-
pralaryngeal constriction. Thefact that the upper register tones of Tianjin (section
7.8) are associated with voiceless obstruents and the lower register tones with
voiced obstruents now finds a natural interpretation: the glottal stiffness of the
preceding onset consonant has a direct effect on the vocal fold stiffness of the
accompanying vowel's tone.

The supralaryngeal articulations involve three cavities. pharyngeal, oral, and
nasal (figure 4.5). The tongue constitutes the lower margin of the first two and
the palate (roof of the mouth) the lower margin of the third. It is these lower
elementsthat are movable; the upper onesare essentially fixed. Halle’s hypothesis
is that speech is articulated through the action of the lower articulators - the
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Figure45 Supralaryngeal cavities. (Adapted from Clark and Yallop 1990:43.)































































































































































