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ABSTRACT

Since even before Mona Lindau’s Story of /r/,
the search for a single phonetic (acoustic or
articulatory) characteristic which defines rhotass
a class has met with little success [15]. With saich
phonetic characteristic being elusive, the model
which emerged for the study of rhotics was one of
‘family resemblances’ [15, 16] wherein rhotic
speech sounds were linked - but not unified - by a
patchwork of phonetic parameters. The study of

such parameters/resemblances, and of rhotics in

general, was additionally grounded in a single-
tube-single-source conception of the vocal tract. |
light of a new way of conceiving of the vocal tract
as a two-part system [8, 9], however, it is
necessary to re-think our model for studying
rhotics to accommodate the contribution of the
laryngeal/pharyngeal vocal tract (LPVT) to the
system of family resemblances described by
Lindau. This paper proposes a model (Fig. 2) of
rhotic association parameters which builds on
Lindau's 1985 model by incorporating three
components of the LPVT:aryepiglottic fold
trilling, pharyngeal modificationand vocal fold
vibration.

Keywords: rhotics, pharyngeal constriction, story
of /r/, laryngeal/pharyngeal vocal tract, liquids.

1. INTRODUCTION

The aim of this paper is to revise the family
resemblances model for the study of rhotic liquids
by accounting for the contribution of the LPVT [8,

9] to their production. It bears mention that this
aim is a preliminary theoretical step toward
grounding future empirical work: the goal here is

rhotics are related to one another in a chain of
overlapping parameters of association [15, see Fig.
1]. That is, trills and flaps are related by the
parameter closure duration while trills and
approximants are related by theresence of
formant frequenciesFlaps and approximants, in
turn, are indirectly related to one another based o
their common connection with trills.

Figure 1. Lindau’s 1985 model of rhotic parameter
relations [15:167]

Pulse pattern (trill)
Closure duration

Presence of formants (sonorant)
Presence of noise
Spectral energy distribution (place)
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Missing from the family portrait in Fig. 1,
though, is any mention of a laryngeal/pharyngeal
component — even voicing — that could potentially
add to the linkages among the family of rhotics.

1.2. Thedual vocal tract model

The vocal tract has traditionally been viewed as a
single long tube that moulds glottal pulses into

not to present direct evidence or measurement of speech: the glottis is th@ingle) source, and the

the LPVT’s contribution to rhotics as such, but
rather to suggest directions for subsequent relsearc
whereby such evidence might be obtained.

1.1. Thefamily resemblances mode

At the heart of the family resemblances model is
the notion that, instead of their being unifiedaas
class of sounds by some single phonetic trait,

vocal tract is the filter [e.g. 2, 5]. In contrastthis

single-tube-single-source model, Edmondson &
Esling [8] propose a two-tract model wherein the
oral vocal tract (OVT) and the LPVT are separate.
The LPVT is in turn viewed as a series of six
valves (Table 1) whose functioning not only
affects the resonant qualities of the rest of the
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entire vocal tract but alsgroduces sound in for illustration]. Different acoustic observations
concert with the vocal folds (V1). may be made depending on where modification
Aryepiglottic (AE) fold trilling is an additional occurs in the pharynx: constriction at the bottdm o
sound source brought about through compression the pharynx yields the lowering of F3 typical of [
of the arytenoids over the glottis (V3). Auditorily  at the same time as F2 is raised [6, 7, 15, 16. Th
the effect of this is the growl-like voice quality opposite pattern can be seen at the top of the
associated with some singing and expressive pharynx: F3 raises as a result of the shorter oral
speech styles [19, 20]. In the model of rhotic cavity, while F2 lowers reflecting a larger
association parameters proposed here, the workingpharyngeal cavity [6, 7]. Hence the acoustic
of any combination of Valves 3, 4, and 6 to either thumbprint of pharyngeal modification is variable:
expand or contract the pharynx is referred to as the 2° and ¥ formants may be either close

pharyngeal modificationdiscussed further in §2. together as for Englishi][ or far apart as for
Table 1: Valves of the LPVT, adapted from [8]. Southern Swedishg] [15].
. Placein the oral vocal tract is analogized in Fig.
Valve Function 2 by branches, with labials to the left and uvulars
V1  Glottal vocal fold ad/abduction to the right. Manner, or rather degree of
V2 Incursion of ventricular folds onto V1 articulatory stricture, is generalized along the

vertical axis with the proviso that while taps and
trills do not necessarily differ in terms of degrde
stricture, they do differ in terms of sustainailif

V5 Laryngeal raising & lowering their articulation. Thus, Lindaujsulse patterrand

V6  Pharyngeal narrowing closure durationparameters [15] are reinterpreted
by making the distinction betweemomentary

It should be noted that although engagement of closure (= taps, trills) andsustainable articulation
V4 and V6 entails the action of V3, or laryngeal (= &ll buttaps). _
constriction in the general sense, the AE folds are 1€ placement of the two representative
not necessarily engaged to the extent of producing rhoticized vowels at the bottom of Fig. 2 reflects

V3 Laryngeal constriction, AE compression
V4 Epiglotto-pharyngeal constriction

a trill [8]. the idea of vowelretraction (as opposed to
backness) proposed as the vocalic extension of the
2. AN UPDATED FAMILY PORTRAIT dual vocal tract model [9]. In this view, openness

of the jaw is compatible with the engagement of
the LPVT valves, making the addition of a
laryngeal/pharyngeal  component in  their
articulation more likely [9]. The parameters
presence of formantand presence of noisare
preserved from Lindau’s model but | propose that
these (and all the other) parameters can overlap.
That is, just as devoiced taps and trills may have
some degree of frication noise [12], some voiced
fricatives and lenited flaps may well retain forrhan
tterns from neighbouring vowels.

It also bears mention that there is no attempt
here to assert that any parameter in the model is
not essentially gradient. That is, instead of akjin
on-off setting for pharyngeal modification or AE
trilling for a given rhotic, it is more reasonalite

talk about rhotics, and indeed laterals, as haging
greater or lesseropensityto involve either LPVT
component depending on where and how they are
articulated.

The model presented in Fig. 2 differs from
Lindau's arrangement of association parameters
(Fig. 1) chiefly in its division of the vocal traictto
oral and laryngeal/pharyngeal components. Insofar
as all of the rhotics shown in Fig. 2 primarily
involve some configuration of the tongue in the
oral cavity, they are listed in the OVT. The LPVT
is home to three additional paramete&E: trilling,
pharyngeal modificationandvocal fold vibration
The first and last of these are sound sources which
L : e pa
may or may not coincide with one another; indeed
AE trilling can be considered as an optional voice
quality applicable to any of the rhotics in Fig. 2.
Pharyngeal modification refers to dynamic
adjustments made to the shape of the pharyngeal
resonating cavity through the workings of one or
more of the valves listed in Table 1. One of the
principle valves involved in this is V4, or
epiglotto-pharyngeal constrictiof8], whereby the
epiglottis and back of the tongue retract into the
mid- to lower pharyngeal cavity [see also 6, 9, 17
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MOMENTARY CLOSURE
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Fi 2: Interrelati hotic liquids and I . . -
tr:g:Jrfonnegti%rr:ev;ﬂIno?hse?_rggr}g some fhole Tauids an confirming other work which has identified a
_ o pharyngeal constriction in the production of both
2.1. Drawing the pharyngeal modification line ‘bunched’ and ‘tip-up’ ] [1, 22]. As for the uvular

Claiming that all of the rhotics' association rhotic approximant ], it is attested as an
parameters are gradient brings about the problem intervocalic allophone of Germas//[13, 21], and

of deciding which of the rhotics to associate by th also shown by Delattre’s x-ray tracings [7] as
solid bold line indicating pharyngeal modification. involving the tongue-back intruding into the
Whereas in stop production we have voice onset pharyngeal cavity.  Although pharyngeal
time to integrate the OVT and the LPVT, no modification can be motivated as a parameter of
established analogue exists for the description of association among rhotic vowels and the
the extent to which the shape of the pharynx is approximantsi, j, k], the question is open as to
altered: nothing to pin a negative or positive whether the same line can be drawn to the
integer on. Because of the need to include rhotics phonologically rhotic labial variants §{ [}]

in the integration of the oral and laryngeal vocal attested in British English [10].

tracts, | tentatively propose drawing the line  Among the fricative rhotics, Delattre’s [6]
between rhotics for which visual articulatory cineradiographic observations of a circular motion
evidence (ultrasound, MRI, et cetera) is available. into the mid-pharynx by the back of the tongue for
X-ray tracings of ‘back’ vowels [17] and schwar [4] are also characteristic of the fricative]. And,
[15] show incursion by the tongue back/epiglottis - \yhjle more research is needed to confirm the
into the pharyngeal cavity. More recent speech gdegree of pharyngeal constriction involved, the
therapy work involving visual feedback via gjceless allophone x| in Parisian French
ultrasound also suggests that patients general'zepresumably involves an analogous pharyngeal
the tongue root position for prolonged 1[9 that of component. Beijing Mandarin /r/ (=) is more

[31 [3, 4]. MRI research [16] on the Tamil retroflex . hlesome: while Gick et al.’s ultrasound study

rhotic [] similarly shows the tongue back as [11] showed a ‘tongue-backing’ gesture, it only
modifying the shape of the pharyngeal tyavi occurred post-vocalically.
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Lindau’s spectrograms of the Southern Swedish
uvular [R] and apical [r] trills show a clear formant

pattern between contacts, with F2 and F3 very far

from each other. While this arguably motivates
pharyngeal modification on acoustic grounds [6], |
exclude these in the present model barring
articulatory evidence of the pharyngeal cavity
being altered. Similarly, whether and to what
degree pharyngeal modification is involved in the
production of the other trills and taps in Fig.=2 i

left as a topic for future empirical articulatory

research. The pharyngeal components in rhotics (g
discussed here differ from pure pharyngeals in that

they involve a concomitant (primary) oral

configuration. In the case of pure pharyngeals, the

pharyngeal is the primary articulation.

3. FUTURE RESEARCH DIRECTIONS

Although there has been much kinematic work
done on the oral component of rhotics [12, 16, 22]
further articulatory research that focuses expicit

on the behaviour of the pharyngeal cavity during
the production of all rhotic liquids is needed in

order to better understand how rhotics — and for
that matter lateral liquids — are related by
parameters which originate beyond the oral cavity.

The model proposed here provides a framework

for that research by explaining how the laryngeal
articulator is poised to add pharyngeal colourimg t
rhotics (and rhoticized vowels) in addition to thei
inherent oral properties.
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