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Abstract

The intent of the present study is to investigate the inlormation for place of artic-
ulation provided by locus equations, using Moroccan speakers of Modern Standard
Arabic. Locus equations are straight-line regression function fits to co-ordinates de-
rived by relating onsels of Fy transitions of diflerent vowels to their corresponding
steady states, Ten subjects produced CYVOVOIVOY tokens, the first consonant of cach
was one of the following list: (/8 /07, F85, Js/, Js5, Jdf, Ad¥, . 03, 4T3, !, i), Bach
initial consonant was fellowed by one of the six vowels (A4, !, uf, i, fod, lwd) The
present study attempted o explore 1o what extent locus equutions cun distinguish
between ditfferent consonants varying in place and manner of articulation. The find-
ings are of two Kinds. On the one hand, locus equations do not reflect certain place-of-
arliculation distinctions when many consonants varying both in place and manner of
articulation are taken into consideration, On the other hand, locus equations are suc-
cessful in distinguishing pluce between pharyngealized and non-pharyngealized con-
sonants. Pharyngealized consonants (/6°, d, s', %) emerged as o totally distinet class,
having the flattest locus equation slopes of all consonants,

Review of the Literature

Locus equations have been investigated as “relational invariants’capable of sig-
nalling consonantal pluce of articulation by Sussman [ 1989, 1991, 1994] and Sussman
et al, [1991, 1992, 1993]. Locus equations are steaight-ling regression Tunction Tits to
co-ordinates derived by relating onsets ol Fy transitions of different vowels to their
corresponding steady siates, Locus equations, expressed s Fs onset=kxFx vowel +¢
(where k and ¢ are slope and intercept, respeclively), were originally proposed by
Lindblom [1963]. Lindblom [1963] derived locus equations [rom one Swedish
speaker producing initial /b, d, g/ in the contextof eight ditferent vowels, The slope of
the locus equation lines varied according to place of articulation with /g/ = b/ = fdf.

Meary and Shammass [ 1987] replicated the linearity and distinctiveness of locus
equations using Canadian English speakers and proposed that they can be *partial in-
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variants', Krull [1988, 1989], following up research in locus equations with Swedish
speakers, pointed out that the amount of coarticulation at the consonant-vowel bound-
ary can be indicated by the slope of the locus equation line. Steep slopes indicate max-
imal conrticulation of the consonant with the following vowel {i.e, minimal coarticu-
lalory resistance of the consonant articulation o vowel elfects). Flat slopes, on the
other hand, indicate absence of vowel coarticulatory efTects (e, maximal coarticula-
tory resistance of the consonant arliculation).

Sussman et al. [1991] extended locus equations 1o American English. Sussman et
al, (1991 ] used 1O male and 13 female speakers producing CYC tokens with initial /b,
d. g/ inthe context of 1) vowels, They reported significant differences in the slopes as
a Tunction of place of articulation with labial /b having the sieepest slope (0.89), den-
Lal A/ the Mattest (0423, and velar f2f an intermediale slope (0072), Further, discrimi-
nant analyses showed 93% correct classification for these consonants by place when
using only slopes as predictor variables, and 1006 correct classification with slopes
andd indercepts as prediclor variables,

Locus equations have also been extended o languages such as Thai, Urdu and
Cairene Arabic in Sussman el al. [ 1993], and Spanish in Celdran and Villalba [ 1995].
Apart from the crosslinguistic comparisons, the study of Sussman et al. | 1993] showed
that there was a dilference (though not statistically significant) in locus cquation
slopes Tor retroflex /) and non-retroflex /d/ in Urdw, and for pharyogealized /Y and
non-pharyngealized il in Cairene Arabic,

Recently, there has been a debate concerning the generality of locus equations as
i phonetic deseriptor of consonantal place. Originally, the locus equation metric was
restricted to describing place [or slop consonants only. However, Fowler | 1994] ex-
tended the metric beyond this original scope to compare slope and intercept for differ-
ent places across manner classes. She presented three lines of evidence (from sponiu-
neous errors of speech production, hierarchy of phonological features, and perceplion)
in favour of the orthogonal' character of place features to manner (eatures, leading her
o suggest that “uny invariam for stop place must be an invariant Tor ploce of articula-
tion in general” [Fowler, 1994, p, SU8]. One argument cited by Fowler [ 1994] is based
on the study of Bond and Garnes [ 1989, cited in Fowler, 1994] reporting the oceur-
rence ol mishearings in which both manner and place leatures are misheard, Another
argument relates to error patterns in which ‘place is involved, not place within distinct
manner ¢lasses” (p. 398).

In her eritical study, Fowler [ 1994] investigated six consonants varying in plice
and manner of articulation: /b, v, o, d, 2, 7, g/ in 10 speakers of American English,
Powler | 1994 ] questioned locus equations os o general elassilier ol place of articula-
tion. When manner of articulation varied, locus equations did not aceurately reflect
consomantal place. More specifically, she found that /2 and /df which share place of
articulation, had distinet locus equation slopes (0.42 and 0.47, respectively). In an-
other critical study using acoustic and EPG data [Crowwther, 1994 locus equations had
difficulty distinguishing /b, /d/ and /z/, when coarticulation was an independent vari-
uhle,

Yl eertain phonetic Meogices [eo. Limbin s Ladefoged, 19896] fentures |like “ploce of articolation” are oot
necessarily orhoganal to manner Their proponents’ view concerming place ol wriculution is also diffesent: they do
et think there are discrete places of articulation, The cover featne *place” is of cowrse used in the present study in
a plionobogical sense [or e simple companison and grouping of sounds.
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In o preliminary study, Sussman [199%4] compared locus equation prrameters For
consonants differing in place and manner. Scatterplots of locus equation coefficients
(slope x y intercept) revealed three non-overlapping clusters: o labial group /b, p, m/,
an alveolar group /A, d, n, &/ and a velar group /&, g/, Ina study carried out with a large
speaker population, Sussman and Shore [1996] called into gquestion the criticism of
Fowler [ 1994], Twenty-two speakers produced stimulus words containing five coro-
nals M. d, n, s, #f spanning different manner [calures. Results showed that the three
consonants /d, z, n/ had statstically similar slope (040, 0.38 and 0.48, respectively).
Woiceless A and voiced Adf also bad similar slopes when Fy onset for A/ was taken ut
the first visible resoncance during the aspiration interval. Unlike Fowler [1994], for
Sussman and Shore [1996] emphasis should be put on the sulficient contrast between
abstruent place cutegories captured by locus equations rather han the manner-class-
induced variability.

The intent of this study is w Turther investigate the information for place of ar-
liculation provided by locus equations using Morocean speakers of Standard Madeen
Arabic. Two important questions of interest are the following: First, to determine how
well locus equations can reflect place of articulation in an expanded phonetic inven-
tory, The inventory includes consonamts belonging w different place catezories: Tabial
/Y, interdental /04, alveolars /. d. s/, pharyngealized alveolars /¥, s°, ¥/, postalveolar
£ uvalar S and pharyngeal M. The alveolar cutegory spans differenl manner elusses:
voiced stop /df, voiceless stop /¢ and voiceless fricative /s/, If locus equations hold as
general place deseriptors, then the slopes and ¥ intercepts should not be statistically
dilTerent across the alveolar category. Locus equation coelTicients should also remain
dhstinctive for the different fricative place categories. Second, to explore whether pha-
ryngealized /&%, dF &', (/ consonants can statistically be distinguished from their non-
pharyngealized cognates /0, d, 1, s/ There are three reasons why we are interested in
the last question. First, in a preliminary study, locus equations derived from data of 4
speakers signilicantly distinguished pharyngealized /&%, s [rom noo-pharyngealized
i, &, Second, Sussman et al, [1993] reported that the locus equation for pharyngeal-
ized /Y was slighly different from that of non-pharyngealized /A7, Third, in a percep-
wal study, Fa onset iransition was found o be a critical acoustic coe distinguishing
pharyngealized /<% (rom non-pharyngealized /s [Yeou, 1993],

Method

Subjects

The subjects were 10 male Morocean groduate stodents of linguisties and phonetics {men
ape =20 They are oll native speakers of Arabic, The data for one of the subjects were sibsequently
discarded lor his Tailure w distinguish berween M8 and #7 That left data from 9 subjects.

Meterioly

The material consisted of sord amd nonsense word CYVOVOIYO) sequences. The sl eonso-
namt of each wis ene of the fallowing Tist A7, S0 S0 Sl BT A, I8 m, A0, ST, M, Fed, Bach indtial
comsamant wos [ollowed by one of the six vowels A7 fef, fod, A faed, aed, Al the items ended i
fnd iy maximize the number of real words in e imventory, The subjeets were asked to produce five
repetitions of eich iteny in o careier phrase Tormal, written in Arabie onhography on en sheets of
puper e he mierrieteini: He said the word two dmes’s A total of 360 1okens per subject were
amalysed {12 consonants » 6 vowels %5 repelitions).
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Table 1. Locus equation slope values, ¥ intercepts. and R for the set of 12 consonants actoss 9 speakers
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Prorcdures

The uttermees were recorded i a souml-atienuated room using an Electret microphane and a
Sony FTC 670 DAT tape-recorder. The recorded signal was digitized at 16 kK1 sampling rave via a 16-
bit analog-to-digital converter, UNICE software (version 160, LIMSD was used for all editing, dis-
play, playback and measurement proceduores, Speciral measurements were taken from three sources;
divect read-ouis feom wide-baned specicopraphic displays, loear predicive coding (LPC) mnilyses,
anul fast Fourier transfonns,

Adstic meastrements ol Ty ot voweel onset and al vowel ‘midpuoint’y were taken lrom (e
tokens of cach speaker. Following Sussman et al. [ 1991 ] the midpoint was the vowe| steady state; for
U-shuped or Li-inverted formant patterns, it was the value at the minimum or maximom poins. 17
there was s monatonic change in frequency, the formant value at the temporal midpoing was taken,
Gienerally, vowel onset was idemified as the onset of voicing in the vowel Tollowing the consonant
felense, Chher cucs were also adepied o esiablish vowel-consonan houndurics: (1) changes i the
amplilude of Fy and F (21 visoal identification of the first visible change in the overall amplitude af
e wawelorm, and (33 visunl identifieation of the rication noisefburst olTsel,

Results

One hundred and eight locus equation scatterplots were generated {12 consonants
%9 subjects). Each consonant regression lunction was derived from 30 two-point co-
ordinates spanning 6 vowel contexts and 5 repetitions, Locus equation slopes, v inter-
cepls, and R values (ealeulated for cuch subject and averaged) are shown in able |
for the set of 12 consonanis,

The Three Comsenants A, s, 3/

Before taking into consideration all consonants, consider how locus equation
slopes vary with place of articulation in three [ricative consonants: a labial /17, a dental
fadand o uvalar fgd, This provides a comparable experimental condition on the basis of
which locus equations have been proposed as a descriptor of place of articulation: the
labial /b, the dental /df and the velar /gf [Sussman ecal., 1991]. An uvalar consonant,
fl. is tuken since there is no velar (ricative in Arabic, The mean slopes for M7, /s, and
S were 00L92, 0,560, and 0.90, respectively (see fig, 1 for mean locos equation scatter-
plots for these three consonants). The slope values for labial /7 und dental /s/ compare
wilh the mean slope values for labial b/ and dental fdd of Sussman et al, [1991] and
Fowler [1994]. In Sussman et al. [1991, from fig. 2| the slapes for /b/, /d/, and /gf were
(.91, 0.54, and 0.66, respectively; and in Fowler [1994, from her lig. 1], they were
(.80, 043, and 0.71, respectively, So the general tendency that a labial has a steeper
slope than a dental is replicared. Fowler’s [1994] explanation for this tendency is that
since a labial does not involve the tongue body as a main articulator, the tongue is free
Lo coarticulate with the vowel. For a dental, however, the wngue is the main articula-
tor for both the consonant and the vowel, so the consonant can resist vowel-induced
courticulation. Surprisingly, wvalar 2/ which also involves the fongue in its articula-
tion has a steeper slope than /s/. A possible explanation is that since in Arabic there is
no contrasting velar /7, uvolar A8 can admit of more vowel coarticulation: there
would be no perceptual confusion between a fronted 3/ or o backed f¢/. This explani-
tion is similar to that given by Fowler [1994] for velar /o in English which has a
steeper slope, althougly it is articulated with the ongue.
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Tite Ser af All 12 Consonants

A repeated-measures ANOVA was performed on the slope values os the depen-
dent variable, the elfect of consonant was highly significant [F(11, 881=100,17, p=
LOOOT . In another repeated-measures ANOVA on the intercept values, the effect of
consomanl was also significant [FCUL B8)=62.95, p=0.0001]. In post hoe tests (Fisher
PLSD and Scheffé F test), most slope and intercept differences were significant.
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One of the main purposes of this study was to delermine to what extent locus
equations can distinguish consonants belonging not only to different place categories
bul also to differem manner clusses, Following Fowler | 199:4] and Sussman and Shore
[1996], if slopes and v intereepts for consonants sharing the same place of articulation,
but differing in manner of articulation do not differ significantly, then locus equations
can serve as g general descriptor for consonantal place across manner clusses, How-
ever, locus equation slopes were found to dilfer statistically for consonants helonging
1o the alveolar group in the following cases. The slope for /t/ ((1.66) was significantly
steeper than that Tor &0 (0,56} [W(8)=-3.77, p=0.0055], and than that for /df (0.48)
[L{8) =-%.33, p=0.0001],

An explanation might be given [or the high slope value obtained for the aspirated
A7 (0LE6) in the present study by invoking a measurement limitation rather than o pho-
netic interpretation. ln Sussman and Shore | 1996]. the traditional procedure for mea-
suring Iy onsets at the first glottal pulse of the vowel was not followed lor aspirated 11/,
F> onset was taken at the first visible I; resonance during the aspiration interval sub-
sequent to the burst release. The mean slope value obtained in their study (/tf slope=
(1.23) is quite dilferent from our value. The sume problem seems o be raised by the
high slope value for fricative /s/ oblained in the present study as well as in Sussman
and Shore [1996] (0,56 and 0.537, respectively). In Sussman and Shore [1996], the
slope lor /s was statistically differemt from the other alveolars f1, d, #. They argued
that this should not occur if Fa onset was assessed within the frication interval, which
is nol possible to do in a systematic and consistent way.

Another method for testing the capability of Tocus equation melric as o general
descriptor of consonantal place is 1o extend it to continuant-Lype consonants, One
would expect that labial /17, interdental /0, alveolar fs/, postalveolar (4, uvalar S/ and
pharyngeal /h/ should not overlap with each other in a locus equalion space. If locus
equation coclTicients remain distinctive for these different place categories, then their
scope is not limited to oral stops,

Analysis of lacus equation slopes and y intercepls reveals certain cases where dif-
lerences in place categories are not captured by locus equation parameters. First, the
slope of postalveolar /|7 (0.62) did not differ significantly from that of pharyngeal /by
(.68 [1(B)=1.29, p=0.094]. Then, the slopes for alveodental i/ and interdental /o
(048 and 0.46, respectively) were statistically not distinet [((8)=0.69, p=0.511]. Fi-
nally, the labial /17 and uvalar fz/ had indistinguishable slopes [(8)=0.91, p=0.388,
with values 0.92 and 0.90, respectively]. The intercepts did not distinguish these pairs
ol consonants, either. /7 did not differ from /I [W8)=2.07, p=0.071], /df from /o
[1{8)=—0.98, p=0.357], and /Y from ¢/ [1(8)==2.03, p=0.077].

Figure 2 plots locus equation slope by y intercept values obtained from the 9
speakers producing all the consenantal categorics of the present study. Inspection of
the scatterplot reveals that, in its lower right quadrant of space, there is no clear sepa-
ration of labial /1Y co-ordinates from uvular fy/ co-ordinates, There is not a sufficient
contrast of postalveolar /[f co-ordinates (squares) with respect o those ol the alveolar
group {lozenges).

50 it seems that locus equations do not reflect accurately eertain place-of-articu-
lation distinctions, as the many examples have shown, This lnding might be used
against the applicability of locus equations to continuant-type ohstruents. Since locus
equation coefficients were not distinetive for many continuant place categories, their
scope might be considered to be limited, Specification of lricative place of articulation
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Fig. 2. Locus equation slopes and v intercepts Tor all 12 consomants across all speakers, Pha-
ryngealized consonants include A%, o, 1%, A% and non-pharyngealized consonants include hoth the
copnates M, d, 1 8f and the nen-cognates /6 ¥, B

Fig. 3. Locus equation scatterplots for /0% va, A4 and for A% vs, A0 Trom subjeet 2.

194 Phonseie 199754 TRT-H2 Yoo




A G0D

+ Phanmgealized
# honephanmgoalizod

34,000

Fig. 4. Lovus cqualion
seatterplots for all pharyngeal-
il e e ) ized consonants A, O, 0, s
W) A00 1000 1,600 F000 2,500 3003 A,500 anel their ni l'l'l-[?l|i||'_'r'3|7|g{‘il|'ilr’(.'lI

Fa vl {Hz) cognates /8, d, L s acrass all
— - sprsikers,

depends on sulficient information found in the spectral properties of frication noise
in s/ versus /J/ and o/ versus f3/ [Strevens, 1960 Heinz and Stevens, 1961). Distine-
tion of uvulars f, &/ from pharvngeals /M, % needs the onset value of I, which is
found to be higher for pharyngeals [Alwan, 1989; Yeou and Maeda, 1995], In two per-
ceptual experiments, the onsct [requency of Fy was found to be eritical in distinguish-
ing wvulws from pharyngeals, while that of I: was not [El-Halees, 1985 Alwan
198107,

The foregoing is not to suggest that locus equations are uninteresting. They
demonstrated significant differences involving many slope comparisons for conso-
nants such us /8 and 2 (0.46 and 0,56) versus S0 (0V92), 217 (0.62), S0 (0,900 and M/
(0.68). Locus equation parameters (slope and y intercept) were successiul in dis-
linguishing pharyngealized consonants from non-pharyngealized ones, as is shown
below.

Pherynpealized Consonemts ax & Distiner Class

Table 1 shows that the slopes of pharyngealized consonants /8%, dF, 5%, % are quite
flatter than those ol their non-pharyngealized cognates /0, d, s, i/, A repeated-measures
ANOVA comparing slope values (as the dependent variable) for the two categorics
showed a highly significant main effect for pharyngealization [F(1, 35)=293.78, p=
Q.00 | Post hoe tests (Fisher PLSD and Scheffé F test) showed signilicant differ-
ences between each pair: any pharyngealized consonant vs, any non-phiryngealized
one. Figure 3 illustrates representative locus equation scatterplols for two pharyngeal-
fred A, 1 vs, two non-pharyngealized consonants /8, U (lrom speaker 2).

Figure 4 presemts group mean locus equations obtained across all speskers for the
two categories: pharyngealized consonants /&%, dF, ¥, 8% and their non-pharyngealized
cognates /0, d, 1, 88 10 can be seen that the locus scatterplots Tor these categories are
quite distinct and non-overlapping, Pharyngealized consonants have flatter slopes and
relatively lower intercepts, This finding is consistent with the preliminary resulis of
Sussman cbal, [ 1993], who found that pharyngealized /%, in comparison with /df, has
a flatter locus equation slope and a lower intercept.

Laocus Equativns of Arabic Consonants Plrometica 199754 187207 195



Table Z. Results of Fisher PLSD and Schetfé F ests on comparisons between pharvngealized consonants and non-
phuwrvagenlized ones Tor slope amd v inlereepls

Slope ¥ interee
it 4 T (1 T T} Il i g I FIe R (1 T T} fuf e o i

Sy (1] (1] o] Wl [T HE T e [T, “ ¥ L1

Kdir B3] k- ik dk XS EE &b e T - * = TS %=
I\ L] ¥ i i 1Y o i Hi o " o _ L] _
,I'I:"fln' k2] * Ed e x4 B E3 dk £ B E1] - E ] _

05, =2 p(l01; - = non-signilicant.

Furthermore, inspection of figure 2 which plots locus equalion slope by intercept
For all consonants across all speakers reveals a suflicient separability of pharyngeal-
ized consonants from any non-pharyngealized consonants {(whether they be their cog-
nates or not). Pharyngealized consonants constilute, then, a distinel non-overlapping
class having the fattest slopes of all consonanis, The resulls of post hoe wests (Fisher
PLSD and Scheffé F test) used (o analyse dilferences between the two consonantal
categories for slope and v intercept values are shown in table 2. All slope comparisons
were signilicant (at either p=0.01 or p=0.057 and more than half of the inercept com-
parisons were significant,

The Hasbing<Type Consenianted Locns

Since pharyngealized consonants are characlerized by having the flanest locos
equation slopes of all consonants, they would be expected (o be somehow closer to the
traditional Haskins-*locus” concept | Delattre b al., 1955]. Before dealing with the re-
lanonshap between locus equation slopes and the “invariant locus’, we examine Krull's
[ 1988] lgure which illustrates the information on the degree of CV coarticulation that
locus equation slopes can provide [see also Sussman et al., 1993]. Figure 5 illustrates
two extreme cases ol the degree of coarticulation: In figure 3a steep slopes are indica-
tive ol maximal courticulation ol the consonant with the following vowel (i.e, minimal
coarticulatory resistance of the consonant gesture), while in figure 5b fat slopes indi-
cate absence of vowel coarticulatory ellects (i.e. maximal couriculatory resistance of
the consonamal gesture).

The latter extreme case is indicative of an invariant consonantal locus that is not
dependent on the articulation of the adjacent vowel. This provides a condition that
wolld correspond to the “virtual locus™ concept. Figure 5¢ shows that the coarticula-
tory behaviour of pharyngealized consonants comes closer to the ideal case 10 figure
Sh, by virlue of their flatter slope. So pharyngealized consonants constilue a cluss ol
consomants that resist most to the coarticulatory influence from the neighbouring vow-
cls, und thus reflect a more stable consonantal locus across all vowel contexts. A “vir-
tual locus' concept would possibly be realized for these consonants,

As in Sussman et al, [1991] “locus” values were derived Trom locus cquation plos
by computing the intersection point of the locus equation regression line with the
45-degree dingonal indicating that the Frequencies of Fy onset and Fa vowel are equal,
Computation of the inlerscetion point was done by relating the locus equation as
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Fig. 8. Schemutic representiion of two extreme cases af the degree of coarticulation indicated
by Iocus equaticn slopes. 8 Maximal coarticulation, b Absence of coarticulation. & Coarticnlaitory he-
haviour of phuryngealized cimsoanants,

cxpressed in the function vy =ax +b to the lunction ¥ =x (where x=F: vowel and v=F;
unsell,

Group mean ‘locus” values along with their standard deviations for pharyngeal-
ized and non-pharyngealized consonants are given in table 3 and illustrated in fig-
wre &, Pharyogealized consonants have lower locus’ values than non-pharyngenlized
ones (with range values: 996-1,192 and 1,625-1.844 He, respectively), Tt can clearly
be seen [rom figure & that the consonantal ‘loci’ of pharyngealized consonants are
gquite distinet and do not everlap with those of their non-pharyngealized cognates, A
two-tailed t test indicates that the differcnce between the two “loci” is highly signifi-
cant [1(35)=23.16, p=0.0001]. Morcover, as standard deviation values are guile
respectable, these “loci® con be considered 1o be relinble invarinm-like deseriptors of
place category. The consistency of the derived ‘loci’ for pharyngealized consonants
and their non-pharyngealized cognates could be considered in the spirit of Delattre et
al. [1933]. The mean ‘locus” value for /df was 1,794 Hz, which is very close to the
1.800-Hz value reported in the Delatre et al. [1955] synthesis study. Also, the average
locus for pharyngealized /&% (= 1047 He) closely agrees with the Fs resonance {re-
quency (=992 Hz) calealated from an idealized acoustic maodel for the production of
A Yeou, 1996,
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Table 3. ‘Locus” values for pharvngealized and non-pharyngealized consonants (in Hz)
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S0 L1 11 e 203 133 |57 | 157

The typical lowering of “locus” values for pharyngealized consonants can he
thought ol as reflecting a lxed articulatory place of production or an invariant articu-
lntory pesture, i.e. pharyngealization, Pharyngealization invodves o rearward move-
ment of the back in the tongue towards the pharyngeal wall and a depression of the
lemgue™s palatine dorsum, resulting in a widened oral cavity, This seems w account for
the Tow ‘locus™ values obtained For pharyngealived consonants,

Discussion

The present study attempled (o explore o what extent locus equations can distin-
guish between diflerent consonants varying in place and manner of articulation, Find-
ings conlirm carlier ones in two ways, On the one hand, locus equations do not reflect
certain plice-ol-articulation distinetions when many consonants varying hoth in place
and manner of articulation are taken inte consideration. On the other hand, locus equa-
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ticms are successful in distinguishing place between phuryngealized and non-pharyn-
pealized consonants, Pharyngealived consonams cmerged as o totally distinet elass,
having the flattest locus cquation slopes of all consonants.

Wirar Makes Pharvngealized Congonanes o Distines Class?

Now the question that arises is: why should pharyngealized consonants have the
Mattest slopes of all consonants? In other words, why are they the consonanis that
resist most to coarticulatory influences from the vowels? Before giving an explaining
answer, let us briefly review an interpreting account of coarticulation resistance.
Bladon and Al-Bamerni [ 1976] were the first 1o propose the term “coarticulation resis-
tance” us an articulatory control principle which refers (o the ability of a segment o
resist potentially coarticulatory effects from neighbouring sepments. For example,
dark [1¥] in BEnglish waos highly resistant w vowel comticulation in comparison with
clear [|f]. Extensive investigation of coarticulatory resistance has been carried out by
Recasens [ 1984a, b, 1987, 1991 in a number of stdies, vsing consonants irom Span-
ish and Catalan. DilTerences in coariculitory resistunce were found 1o wary with the
consonant’s differential demand on the articulators involved. Palatals and velarized
L] were foumd to admin of lesser vowel-induced coarticulation thun labials, dentals
and alveolars, because of requirements of a larper degree of constraint on the tongue
body in their production,

The sume explanation can be applied 1o pharyngealized consonants, for they
impose a high requirement on the tongue body in their articulation, The tongue body
constraint is related w the formation of two simultaneons places of articulation: (114
primary articulation al the dentalfalveolar region by means of apical contact, and (2) a
secondary articulation at the pharyngeal region by means of dorsoradical contace [Al]
and Danilofl, 1972; Ghazeli, 1977]. Pharyngealized consonants pattern analogously to
velarized [1¥]. As was said earlicr, [1¥] was one of the consononts hat were highly
resistant to vowel coarticulatory effects in English and in Catalan. This is because pro-
duction of [1*] also involves a high constraint on the wngue body in terms of a double
place of arliculation, one wt the alveolar region and the other at the pharyngovelar
M ZicH.

Furnetani [ 1990] remarked in her review of the Hierure on coarticulation that
segments that are highly resistant to coarticulation are also those that induce strongest
coarticulatory effects on the neighbouring scgments. As a matter of [act, pharyngeal-
tzed consonants are known to exert strong backing coarticulation effects generally on
more than one adjacent segment, be it a vowel or a consonanl. An example is the con-
suderable lowering of F; at the onsct of the front vowels Az, if, reflecting the high resis-
tance of pharyngealized consonanis 1o conflicting gestures, namely tongue [ronting
and raising.

To further investigate the effect of pharyngealized consonants /0%, d°, <%, (7 on the
[ollowing vowels, we have measured the Frequency of the first formant (F) at the
onset of the vowel and at the steady state to complement the Fa measurements. Vowels
inthe context of the nen-pharyngealized correspondents /6, d, s, ¢ were also measured
to provide a comparable condition. Overall, 405 sequences were processed spanning
8 consonants x5 repetitions x 9 speakers. For interpretation purposes consonants of
direct interest were prouped into two ealegories: (a) pharyngealized /08, &%, ', 07 amd
(b non-pharyngealized /8, d, 5, V. Figure 7 gives average F) and F> frequencies at the
onsel ol the vowel, and figure 8 al the vowel steady state.
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Fig. 7. Formant frequencics for Fyand Fs; in Herlz for eight vowels plotted as a function of two
differen eategories of consonants: pharvngealized M, & st 0 vs, non-phacvngealized A6, d, 5, 1.
Dt weere nvernged across repetitions and speakers,

Fig. B. Values of By and Fs i Herz for eight vowels as a function of two different categories of
comsomants: phacyngealized A O, 8505 e nonsplaryngealizsd A, d, s,

It can clearly be seen from figures 7 and 8 that pharyngealized consonants influ-
ence to o larpge degree the articulation of all the vowels, This influence is reflected by
a lowering of Fy and a raising of Fy, relatively both at vowel onset and at steady state.
When examining in detail both figures 7 and 8, several general observations emerge as
1o the extent of coarticulmory effects induced by pharyngealized consonunls, First, the
influence of the pharyngealization gesture is more extensive at the beginning of the
vowel than at the steady-state period. Still races of this gesture oceur significantly
during the vowel, Second, the extent of pharyngealized consonuni-to-vowel elTects
differs from one vowel to another: (a) The low vowels fx, af oppose the other vowels
in showing the influeoce of pharyngealized consonunts similarly both at vowel steady
state and onset, The reason for this is that the articulation of fe, 2 s naturally more
compatible with the pharyngealization gesture than the high vowels /i, i, v, uf,
(b The shorl vowels S, of show the elfects of pharyngealizalion more obviously than
the long vowels fis, w/, The time factor seems to play a role here: duration is known o
affect coarticulation,

The Mndiongs of this study are ot meant o soggest el locus equations invard-
antly and uniquely specily the place-of-articulation distinction hetween pharyngenl-
feed consonants and non-pharyngealized ones. This distinction certainly relies on
other cues, Forinstunce, the contrast between phuryngealized /5% and non-pharyngeal-
ized /5 in the context of the vowel fi:f is based on the integration of hoth the onset F,
transition and the onset Fy transition [Yeou, 1995]. The noise frication provides yet
another source of information for this distinetion, In addition, there are other ingoe-
tant cues that may contribute 10 the contrast between the other pharyngealized and
non-pharyngealized consonants, such as the burst noise foc the A% = /i contrast, and
the spectral consonantal characteristics for the /6% = A6 contrast.

00 Phanetica 19497.54; |87-202 Yo



One interesting aspect of locus equations as a source of place information for the
pharyngealized/non-pharyngealized distinetion is the following: they express the
dynamics of the Fy tramsition which is u eritical acoustic cue for the perception of this
distinetion, and which is basically similar for all pharyngealized consonants, The fact
that these phuryngealized consonunts (voiced and voiceless [ricatives and stops) arc
clustered as a separate and non-overlupping class is an interesting finding.

From the point of view of locus equations, the pharyngealized/mon-pharyngeal-
ired contrast is seen differently, Traditional accounts ol this contrast have focused on
the coarticulatory influence of pharyngealized consonants on the adjacent vowels, The
inverse direction, that is the differential coarticulatory effects of vowels on pharyn-
gealized consonants and non-pharyngealized ones, has been overlooked, The present
study showed two related findings: (1) Since pharyngealized consenants have the flat-
lest locus equation slopes, they are the most resistant o coarliculatory effects from the
odjacent vowels, This seems o be due to their double ariculmion, which reprosenls o
high constraint on the tongue body. (2) Because pharyngealized consonants highly
resist coarticulation from adjacent vowels, they induce a considerable coarticulatory
infuenee on these vowels,
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