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Introduction

In most languages, consonant production involves partial or complete
obstruction of the vocal tract at some place between the glottis and the
lips. In Semitic languages certain classes of consonants are produced
with constriction of the pharyngeal cavity, in particular, between the
velum and the glottis. Klatt and Stevens (1969) have shown that such
tonsonants with a constriction well back in the vocal tract have the
distinctive property that Formant 1 is high and relatively close to
Formant 2. This makes it possible to distinguish between pharyngeal
®nsonants and consonants with a more anterior constriction, the
latter of which are characterized by a low-frequency first formant.
Speech sounds produced by using constrictions between the velum
and tongue, or tongue and pharyngeal walls are traditionally known by
Dhoneticians as emphatic sounds; Blanc (1953), Ferguson (1957, 1963),
Lehn (1963), Harrell (1960), Yushmanov (1961), Jakobson (1962).
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"I‘he term ‘emphatic’ is a modified translation of the Arabic word
pufaxxama’ which is related to the features ‘tense’ and ‘pharynges
hze‘d’ combined together. As a matter of fact the word ‘tafxiim’ (nim;
of ‘mufaxxama’) is related to several distinctive features when used
by Arab grammarians, such as ‘tense,’ ‘long,’ ‘flat’ or ‘back.’

.J akobson quotes Gairdner’s (1925) simple and naive instructions to
his students to master producing the voiceless pharyngeal fricative
fh], by pronc?uncing an ordinary glottal [h] and, “try to tighten the
pharynx during its production” (p. 518). Jakobson states that still
X-rays reveal the projection of the tongue root toward the posterior
pharyngeal wall with a resulting reduction of the pharyngeal aperture
of '1 cm for [t] as vs. [t] and 1.5 cm for [d] vs. [d]. Other than Jakobson’s
b?lef des.cription above, there is no definitive study concerning the
dlffef'entla,l articulation patterns involved in the pro&uction of em-
phatic vs. non emphatic cognate consonants. Speculations about how

sounds lik i i
sonne sst-l e [t] and [t] are differently articulated must be put to empiri-

Statement of the problem

Studies of articulatory movements during speech production have
shown that the single most important articulator is the tongue. How-
ever, the basic details of the tongue functioning are still obscure. parti-
cularly when the question touches the emphatic sounds especia,lly the
role o.f the tongue root and its relation with the pha,ryn;(.

rJ‘.‘h1s stu'dy is an attempt to demonstrate and to quantify the physio-
logical activities of the tongue root, the velum, the posterior pharyngeal
wall, a,n'd the hyoid bone during the articulation of contrasting Arabic
emphatic and nonemphatic consonants.

The specific purposes of this study are as follows:

1. What precisely are the differences and similarities in the shape and
movement patterns of the tongue root for various emphatic and
nonemphatic Arabic consonants?

2. What behavior(s) does the velum adopt for each of the consonants
\ xflh respect to velar height and timing of movement?
. at move‘ment patterns characterize the pharyngeal walls during
the emphatic and nonemphatic consonants?

Are there timing differences for any other major articulator move-
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ments which could differentiate emphatic from nonemphatic
consonants?

5, How does R-L (right-to-left) and L-R (left-to-right) coarticulation
of ‘emphaticness’ over adjacent vowels vary as a function of
emphatic or nonemphatic consonants in both meaningful and
meaningless words?

6. Can a general mechanism be proposed to account for a single articu-
latory distinctive feature, emphatic vs. nonemphatic?

Procedures

The general procedure of this study consisted of obtaining cinefluoro-
graphic films of three subjects producing selected nonsense syllables
and words at conversational effort level and rate. The analysis of the
films was made from measurements obtained from tracings of indivi-
dual film frames. Comparisons between emphatic and nonemphatic
consonants and their accompanying vowels were made from measures
of the tongue dorsum position, velum positions, and the pharyngeal
wall movements.

Equipment

The cinefluorographic equipment used was manufactured by the
North American Philips Company. The array consisted of a Rotalix
0-75/125 KVP X-ray tube with 0.6 mm? focal spot and high speed
rotary anode, a 300 ma generator with a smoothing capacitor, and a
nine-inch image intensifier tube having an intensification factor of
approximately 3000X. A Mitchell 600 camera (16 mm.), capable of
film speeds up to 600 frames per second was used with Eastman Plus-X
Reversal (type 7276) film. Each subject was seated upright in an
adjustable Philips dental chair, and the central X-ray was made to
impinge upon the center of the intensifier tube receiving screen. The
subject’s head was held firmly in a head positioner consisting of ear
rods and forehead bumper.

The speech sample recording was made by using an Electro-Voice
644 dynamic, unidirectional microphone, whose output was led to one
channe] of a Magnacord, model 728 two channel tape recorder. Two
native speakers of Arabic who were also students of linguistics were
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called upon to provide phonetic transcriptions of each subject’s speech
recorded during the filming of the sequences.

Subjects

Three male adults were used as subjects. All were native speakers of
Traqi Arabic, Baghdad dialect. The three subjects displayed “normal”
misarticulation-free speech. None showed any apparent oral-facial
organic pathologies or excess dental fillings.

Speech Samples

The speech samples consisted of CV and VC sequences where C =
emphatic or nonemphatic consonant, and V = [i, a, u] and [I, =, U],
that is, long and short vowels. The C was the emphatic bilabial voiced
stop [b] and its nonemphatic counterpart [b]; the alveolar emphatic
fricative [s] and nonemphatic cognate [s]; the alveolar emphatic
voiceless stop [t] and nonemphatic [t]; and the (post)velar emphatic
(k] and nonemphatic [k]. Tables 1 and 2 show the combinations of
these consonants with the above vowels in meaningless disyllables and
meaningful words respectively. For the nonsense sequences, the first
syllable of CVCV received the primary stress. Normal Baghdad Arabic
stress pattern was used for the meaningful words; that is, in CVCVCVC
and CVCVC, where the last syllable is a closed one, the primary stress
falls on the final syllable, otherwise it is received by the first syllable.
The six consonants were also produced in an [A—A] environment in

Table 1. Nonsense sequences used to assess the
articulary behavior of the tongue dorsum, velum,
and posterior pharyngeal wall. The same sequence
was repeated using the consonants [b] [b], [t] [t1,

and [k] [k].
Emphatic Nonemphatic

with long [sisi) [sisi]

vowels [sasa) [sasa]
[susu] [susu}

with short [sIsI) [sIsI]

vowels [sees2e] [seesa]
[sUsU] [sUsU]
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Table 2. Meaningful sequences (words)
uwsed for the study of the coarticulation
of the feature ‘emphaitic.’

Emphatic Nonemphatic
[tebasir] [teebasir]
[keelb] [kzlb]

fkeesIr] (keeslr]

(kees] [kees]

arder to establish consonant “reference-target” frames at the point of
consonantal closure or occlusion steady state.

Bxperimental Procedures

At the time of training, each subject read the list of the experimental
®quences as many times as needed for familiarity in the presence of the
experimenter. Sufficient time intervals between the successive syllable
productions were allowed to eliminate the possibility of overlap of
sequences. . .

Each subject was seated in the dental chair and the mlcrophf)ne
Paced about six inches directly in front of his mouth. Then tht? subject
was asked to speak all the experimental sequences at a satisfactory
norma] conversational rate and effort level. The midline of the to.ngue
from tip to the pharyngeal dorsum, and the lips were coa,.ted with a
barium sulfate solution immediately prior to the filming, in order to
schieve maximum contrast of the articulators. The X-ray ensemble
ind camera were turned on and filming was done at 100 frames per
tecond,

dnalysis Procedure

The activity of the tongue root, velum, the hyoid bone, and poste.rior
phaal‘yngea,l wall was assessed by measurement along reference lines
D, E, E,, E,, E,, etc. (see Figure 1) upon which template was super-
tmposed tracings of tongue, velum and posterior pharyngeal wa,}l
tntours as traced at pre-designated time points during the experi-
Bental VC and CV sequences. The nonsense syllables were used to
fcilitate the comparison of emphatic vs. nonemphatic cognates so that
the significant physiological differences could be easily observed. On
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Fig. 1. Tracing grid for measurement of tongue,

velum, hyoid bone, and posterior pharyngeal
wall positions.

the assum'ption that meaningful words are articulated differently from
nonsense items, a number of meaningful word pairs with the emphatic-
nonemphatic contrast, Table 2, were prepared so that possible differ-
ences between the emphatic and the nonemphatic pairs as a function
of a natural, meaningful context could also be observed.

Use of the emphatic vs. nonemphatic consonants, that is [b] [b)
[s] [s], [t] [t], and [k] [k] provided opportunity to study differen.ces in
pha,ry'ngeal constriction, palatal height, back pharyngeal wall position
and timing of their movements, in many different positions along the
vcfca'l tract. The six vowels were chosen to reflect a range of positions
Wlth.m the vocal tract as well as a tense/lax difference. Frame-by-framé
trgcmgs were made for all of the experimental sequences uttered by
ea.c'h subject beginning with each sound on either side of the sequence
of u-lterest. Each individual frame selected for analysis was pro;iected
to life size for tracing by a Kodak Analyst 16 mm. movie projector:
A handmade tracing frame which allowed image projection directl
onto the tracing paper was used.
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Heasurements

(ertain of the measurements derived from the tracings are based on
rference lines for each subject. Such reference lines were derived by
nodifying the reference system used by Kent and Moll (1969) in their
sudy of the vocal tract characteristics of the stop cognates, and the
neasurement systems of MacNeilage and DeClerk (1968), Amerman
(1970), and Perkell (1969).

An outline of each subject’s maxilla, upper central incisors, tubercle
of the Atlas, and the posterior pharyngeal wall was made from lateral
X-ray motion pictures of these oral structures at rest for use as a trac-
ing template on which reference lines were placed. The first such refer-
ence line was drawn tangent to the posterior pharyngeal wall and is
considered to be vertical. Then, another line was drawn vertically
through the highest point, D, of the inferior surface of the outline of
the hard palate, parallel to the line tangent to the posterior pharyngeal
wall. Point C was located on the vertical line through D, so that the
distance DC was the same as the perpendicular distance between the
two vertical lines. Point C is the center of a circle tangent to part of
the posterior pharyngeal wall and the inferior surface of the palate at D.
From C radii of the circle were drawn, spaced at equal angles. Per-
pendicular to the vertical lines beginning at point C were a series of
parallel, equally spaced reference lines F;—H,, F,—H, F;—H,,
F—~H,, and F,—H; (see figure 1).

Measurements of the tongue and posterior pharyngeal wall move-
ments were made along lines D through F,. This was done by placing
the cineradiograph tracing upon the tracing template, and aligning the
two at the upper incisor and the tubercle of the Atlas. Then, using
aruled millimeter measure, the distance from point C or points F,—F,
to the tongue surface andfor posterior pharyngeal wall surface was
Measured. This was done for one frame from the center of each em-
Phatic-nonemphatic consonant pair, and one from the center of each
Yowel accompanying the emphatic-nonemphatic consonant pair.
Difference scores between the emphatic and nonemphatic members of
% pair along each reference line were calculated and constituted much
o the data used for further analysis.

Velar movement was measured along a line A—K established for
tach subject. A—K represents the line connecting the velar eminence
O.fthe superior surface of the velum during contraction for [s] produc-
tion, and that for the velum at nonphonatory rest.
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Hyoid bone movement was measured by following point XY, whig
represents the vertical and horizontal displacements of the frontmog
point of the hyoid from line CD and line F,.

Further Observations

Observations of certain other articulatory phenomena such as segment
duration, differences in articulatory movements, contact durations,
and timings of articulation movements, were made from the films.

Reliability Analysis

To assess the reliability of the tongue movement measure, 70 cine
frames were randomly selected for retracing and remeasuring. The
mean differences along the reference lines D, E,, E o Fq, F, between
the test measurement and the experimental measurement were found

to be 0.64 mm, 0.21 mm, 0.12 mm, 0.65 mm, and 0.36 mm respectively.
These data indicate satisfactory reliability.

Results

Examination of Figure 2 shows evidence of the active role of the pale-
tine dorsum and the pharyngeal dorsum of the tongue in differentisl
emphatic-nonemphatic sound production. In general the palatine
dorsum is depressed and the pharyngeal dorsum moved rearward for
the emphatic sound relative to the nonemphatic cognate. Each differ-
ence score represents the position (p) of the tongue along the various
reference lines for emphatic or nonemphatic consonants and their
accompanying vowels. Difference = P (emphatic)—P (nonemphatic).
Figure 3 shows the difference scores for tongue position along t'he
various reference lines for the emphatic-nonemphatic consonant pairs
and their accompanying vowels in nonsense syllables. The emphatit
consonants generally display a depressed-low position for the anteriof
portion of the tongue (palatine portion of the tongue dorsum) as meas”
ured along reference lines D, E, and E,. The pharyngeal portion of
tongue dorsum, reference lines E;—E;, is generally moved rearwsr
for the emphatic consonant in contrast to its nonemphatic partl?er'
The vowels accompanying the emphatic consonants display a simila!
tongue movement rearwards, towards the posterior pharyngeal wol
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Fig. 2. A sample cine fra-
me showing differences (in
mm.) in tongue position
for contrasting emphatic-
nonemphatic consonant
cognate pair.
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Fig. 3. Mean differences in tongue position (in mm.) l.Jetween emphatic-]rjloil-
*mphagtic cognate consonants and their associated vowelsin nonsense words. Da 3&
"epregent, mean values over all consonants and all vowels for Subjects 1 and 3.
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Fig. 4. Median change in pharyngeal cavity width fi

(in mm.) between emphatic and nonemphatic
consonants and their associated vowels in non-
sense words. Data represent median values over
all consonants and all vowels for Subjects 1 and 2.

except that the vowels display only about one-half as much backing
movement. Subjects 3 shows about twice the over-all movement that
Subject 1 does. For emphatic consonants and their accompanying
vowels in nonsense syllables, the movement backwards (up to 4.5 mu
for Subject 1, and 8.8 mm for Subject 3) is greatest at the level of the
resting palate, reference line E,, decreasing steadily towards referenct
lines F; and F, (immediately supraglottal) where there is essentislly
no differential tongue movement for the emphatic and nonemphsti®
consonants.

Figure 4 shows changes in pharyngeal cavity width which at refe’
ence line E; in the case of consonants are as great as 3.5 mm f
Subject 1, and 7.0 mm for Subject 2 for consonants. Changes f’f
pharyngeal cavity width at line E; for the accompanying vowels I?
CVCV nonsense words of up to 2.0 mm for Subject 1 and 4.1 mm for
Subject 2 were also observed. These large changes in pharyngeal cavity
produce marked shifts in C and V acoustic spectra, which undoubf’ed]y

90

Fig. 5. Differences in tongue position (in mm.) between emphatic and non-
emphatic [t] articulated in three environments: & natural word, nonsense

disyllable, and [atA] environments for Subjects 1 and 3.

wntribute to differential perception of emphatic-nonemphatic conson-
ants and their accompanying vowels.! Both C and V probably parti-

tpate behaviorally and acoustically in emphatic pl:oduction. 'I.‘he
trucial change in pharyngeal cavity width is almost entirely a funct':lon
of tongue movement and not of pharyngeal wall movement over .hnes
E, through E; with the exception of [k]. In all [k] sequences exa:mmed,
the velum approached and nearly approximated contact with flhe
tongue during [k] production. In other words, only fo? k] prodjuct:,lon
#more than tongue movement alone involved in cavity constriction.

Bifect of Context on Tongue Movement

Ygure 5 shows that the greatest tongue movements for Subject 1 for
) vs, [t] in [teebadir] vs. [teebadir], occurs at reference line F,. For the

l PI‘elimin&ry results of a tape splicing study indicate that native Arabic listenfers
"0 detect the presence or absence of emphatic consonants as contrasted with
emphatic cognates when they are spliced away from words.
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nonsense syllable, maximum movement is at reference line Eg, and fq
the [ACA] utterance, it is at reference line E;. Tongue movement i
greatest for the nonsense syllable, 6.5 mm at E, lesser for the sustained
[4Ca] 5.4 mm at Ej, and least for the natural sequence, 5.0 mm at line
F,. For Subject 3 tongue movement is greatest at reference line E s for
both sustained and natural production of the sounds, 9.0 mm, and only
6.0 mm at F, for the nonsense syllable. These two graphs show thst
for different subjects, different contexts show differential amounts
and locations of tongue movements for each context. This is clear
evidence that studies utilizing contrived nonsense utterances or
sustained utterances, do not elicit the same articulatory responses
which occur during production of natural speech.

Tongue Movement and Consonant Type

The over-all mean differences in tongue position for emphatic-nor-
emphatic consonant pairs are presented for Subjects 1 and 3 in Tables3
and 4. In general, the tongue displacement patterns look alike. Subject
3 shows a more coherent, consistent, and less spread a pattern than
does Subject 1. The maximum and minimum displacements for both
subjects are located in in the same general places, except that there s
generally much more displacement for Subject 3 at some points.

Tables 5 and 6 list the mean differences in tongue position for sl
vowels accompanying nonemphatic consonants. Differences are idio-
syncratic within and between the subjects. There are obvious differ-
ences between the subjects in tongue position for vowels, particularly
at reference line D where the mean difference is highest for the vowels
accompanied by [s] for Subject 1 and [k] for Subject 3. The over-all
tongue positions for the vowels in each context show much similarity
between the two subjects, except for [b] context which shows smallest
movement for Subject 1, but not for Subject 3. In all cases, the Vo
tract is constricted during the consonant, during the CV transitio®
and during the vowel. Thus all three are articulatorily and acoustically
involved in the emphatic backing movement.

For each emphatic-nonemphatic consonant pair the difference s00Tes
for each reference measurement line were averaged to give & gro®
estimate of over-all tract perturbation. The mean perturbation scores
for consonants vary significantly within the subjects as well as betWefn
the subjects. For Subject 1, these scores are 5.08 mm, 2.89 mm, 2.1
mm, and 1.70 mm for k], [s], [t], and [b] respectively. According!f’
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Table 3. Mean (over-all vowels) tongue displacements along various reference
lines for emphatic-nonemphatic consonant pairs interpreted in terms of vocal
tract perturbation (Subject 1).

Con- Reference Measurements Over-all
sonants Mean
D E, E, E; E, E, F, F, F; F, Difference

1.20 0.90 2.50 3.30 3.00 2.50 1.10 1.20 1.60 1.40 1.70
2.92 2.08 1.25 3.17 4.33 4.75 3.92 2.00 0.92 1.58 2.89
2.92 2.42 1.08 4.08 5.25 4.92 3.75 1.67 1.08 0.50 2.76
9.00 6.50 2.33 8.00 7.83 6.33 5.50 3.50 0.67 1.17 5.08

P o ® o

Differences in mm.

Table 4. Mean (over-all vowels) tongue displacements along various reference
lnes for emphatic-nonemphatic consonant pairs interpreted in terms of vocal
tract perturbation (Subject 3).

Con- Reference Measurements Over-all
wnants Mean
Wnants D E, E, E, E, E; ¥, F, F,; F, Difference

4.33 1.75 8.50 6.83 7.50 6.58 4.00 3.41 0.82 1.41 4.01
3.33 3.08 0.75 5.33 7.83 8.00 5.91 3.75 1.00 0.50 3.95
475 3.91 1.33 3.91 5.66 7.00 6.66 4.50 0.50 0.33 3.86
8.58 3.67 3.5010.08 8.91 6.75 6.58 7.58 1.58 0.58 5.78

b o o o

Differences in mm.

Table 5. Mean tongue displacements for vowels accompanying emphatic-
l“”“’lllpha,t)ic consonants as a function of various reference lines interpreted as
Yocal tract perturbation for vowels (Subject 1).

%nant Reoference Measurements Over-all
QWiron. Mean
s p B E, E, E, E, F, F, F, F, Difference

1.00 0.70 1.30 1.10 0.90 0.90 1.10 1.20 0.70 0.60 0.95
2.92 3.50 2.58 2.67 3.25 3.25 2.58 1.50 0.91 1.00 2.17
2.58 1.73 1.58 1.67 2.67 3.08 2.75 1.67 0.83 1.25 1.98
2.17 4.00 3.17 0.83 1.83 2.33 2.33 3.33 3.00 0.17 2.32

e @ o

i ;
ffe"ences in mm.

<
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Table 6. Mean tongue displacements for vowels accompanying emphatic-non.
emphatic consonants as a function of various reference lines interpreted as voeg)
tract perturbation for vowels (Subject 3).

Consonant Reference Measurements Over-all
Environ- Mean
ments D E, E; E; E, E; F, F, F, F, Differenc
b 3.33 2.58 3.83 3.17 3.41 4.25 4.75 4.58 1.00 0.75 3.17
s 2.568 1.91 1.17 3.58 4.08 4.66 3.25 1.08 2.17 0.50 2.50
t 291 1.50 1.83 2.35 3.66 3.08 3.08 2.50 1.17 0.41 2.25
k 4.25 4.33 3.75 1.00 2.83 3.50 4.08 3.25 2.33 0.41 2.97

Difference in mm.

mean perturbation of vocal tract width is greatest for [k], nearly 5
times that observed for [b] for Subject 1. Table 4 shows a smal
difference in the above order for Subject 3, wherein [b] follows [k] in
size of perturbation. The backing gesture for [b] can be very active,
but [k] demonstrates the most active tract constricting gesture of
all.

For all vowels, [k] consonant environment elicited most vocal tract
perturbation. Table 5 shows the mean difference scores over all vowels
for Subject 1. The over-all mean differences show almost the same
hierarchical ordering of values as for consonants. Vowels in the [k]
environment for Subject 1 displayed most perturbation, 2.32 mm, and
least for [b], namely 0.95 mm. For Subject 3, Tables 4 and 6, mean
tract perturbations for consonants and vowels do not follow in exact
order. In other words, the order of the over-all mean differences for
Subject 1 for both consonants and vowels is [k] > [s] > [t] > [b}
for Subject 2 it is [k] > [b] > [s] > [t] for consonants and [b] > [k] >
> [s] > [t] for vowels, although the [b] and [k] scores are not much
different. Such results indicate that the vowels follow consonants it
the amount of backing with the exception of [b] for Subject 3. Hence
an unusual amount of coarticulation of emphaticness for [b] has beet
observed. The covariance of the amount of vowel perturbation wit!
consonant perturbation means that the “emphatic” feature is tied
(in amount of backing) to specific consonants in such a way, that

accompanying vowels show a like specificity of (coarticulated) pert?™
bation.
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Fig. 6. Tongue position as measured along reference
line E, (in mm.) during articulation of the words
(kzlb] vs. [kelb] for subject 2.

Tongue Movement in Natural Sequences
The words [keelb] vs. [keelb], and [tzbadir] vs. [tzbasir]

One can easily observe the large difference in tongue position. between
emphatic [k] and nonemphatic (k] in Figure 6. This difference in tqngue
Position slowly decreased in size throughout the vowel [#] until the
difference disappears during [1] and [b]. .
Similar results were obtained for the word [tebair] where C,; is
marked [+ emphatic] and the word [tebadir] where C, is marked
[~ emphatic]. Figure 7 shows clearly that the backing gesture spreads,
i a slowly decreasing fashion, over almost 3 1/2 segments of the word
[tebagir], ending midway through the vowel [a]. The spread of the
feature [+ emphatic] over these segments must be deliberate I.JR
toarticulation of backing across CVCV type syllables in contrast with
tfailure to spread completely across a CVCC# type (where # is final
Wword boundary) as illustrated by the word [kzlb], Figure 6. The spreiad
of the backing gesture in the words shown in Figures 6 and 7 provide
0 evidence of a backing gesture spreading over an entire word, as was
‘aimed by Firth 1964, and Mitchell 1956. The results for the word
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Fig. 7. Tongue position as measured along reference line E, during
articulation of words [txbaSir] vs. [tebasir] for Subjects 1 and 2.

[teebagir] show clearly that the backing gesture can spread across two

syllables and even an adjacent, nonemphatic consonant, [b], under
certain conditions.

The words [kaes] vs. [kas]

Figures 8 and 9 present data for the contrasting word [kees] vs. [kes}
In this case, the initial [k]’s are noncontrasting, but the final [s] vs. [s]
are. In [kas], there must be some RL, coarticulatory influence of [s]
upon [] because the backing on [#] in [kes] for line E,, in particula®
is greater than in [kas]. The difference in amount of backing durit$
the [] vowel appears at the starting point (first frame after consonss?
[k] release) of this vowel, and increases steadily to a substantial valué
during [3] for Subject 2. For Subject 1, this difference remains almost
constant during articulation of [s].

Since there is little difference between the initial [k]’s of [kaes] and
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Fig. 8. Tongue position along various reference mea-

sure lines (in mm.) during production of the words
fkes) vs. [kees] for Subject 1.

[1.(338], a fact related to the “sameness” of the two sounds as being
tmphatic, the final [s] must have little influence upon the initial [k].
These data suggest that there are constraints on the lingual contour
for both consonant and vowel productions when the feature [+ em-
bhatic] is considered. Examination of Figures 8 and 9 along lines D,
E, E , and F, indicates that the effect of emphaticness shows most
tearly at certain positions along the tongue contour, in particular,
Yeference line E, for Subject 1 and Subject 2; reference lines E, and ¥,
*how little difference, particularly E,, for both subjects. Figure 9 shows
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f:i S(): Tongl;edposition along various reference measure
S (In mm.) during articulation of the ds
[kes] for Subject 2. . e

;hat the difference increases to a large value for the measure E, and
}fcrealt,ses to a small .va,lue along line F, for Subject 2. Other measures
S1oW lesser or nonexistent significant difference between emphatic and
g:;::ggatulz effc;,fzts. DSubject 1 shows a coarticulation of tongue
n along line D which nicely fit i i
backing slong e y fits the coarticulation of tongue
. Flgluxie '10 shows the effect of medial emphatic [g] on the following
owel [I]in [keeslr] vs. [kasIr] where the evidence of spread of backing
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Fig. 10. Tongue position as measured along various
reference measure lines (in mm.) for one frame from
the center of the vowel [I] in two different words,
fkeesIr], vs. [keesIr] for Subject 1.

gesture to V, is very obvious, particularly at the reference lines E,, Ej,
snd F,. In this case there is a strong support of left to right (LR)
cwarticulatory spread of backing from [s] to V.

Other Measures of Emphatic-Nonemphatic Differences

An examination of syllable durations indicated that there is only a
slight difference between emphatic and nonemphatic sounds in natural
words. In Figure 6 the word with emphatic [k] is 50 msec longer in
duration than the word with nonemphatic [k]. Similarly, in Figures 8
and 9 there are differences of 10 msec depending on the subject and the
number of segments in the words. Note that in Figure 7 the over-all
difference is small, 10 msec, possibly because the initial emphatic [t],
is only one of seven segments in the word [tebasir].

Discussion

General Findings
The data, of this study indicate that the tongue dorsum and/or tongue
Yoot (that portion of tongue between lines E, and F, in Figure 1) is
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the primary articulator for emphatic sound production. Vie
sagglf;a,lly, the lingual profile exhibits simultaneous depressi‘on ofv:leld
pa,la.mtlne dorsum and reaward movement of the pharyngeal dor: :
during a,rticulz?,tion .of emphatic sounds; all emphatic consonssﬁ
Z;)g‘r::lt;e: fx;]}?med in tlTis sffudy displayed this differential tongue
is 1;{ . The neF physiological result of this differential movement
& mar ed,.loca,hzed pharyngeal constriction and a simultaneon
slight expansion of the oral cavity in front of this constriction. Thsé
zi,g;lment c?f the tongue dorsun.l which moves furthest, and most actively
- consistently for all subjects is located at about the position of
ve;I‘hese results lnc?.mate 'tha,t the posterior pharyngeal wall and the
um are not actively involved in the differential articulation of
;emphatlc vs. nox}emphatic sounds, except for [k] where the velum
owers., approaching and even contacting the palatine dorsum. The
posterior pharyngeal wall contributes little or nothing to em 'hatic
consona,l?t production in terms of observable movement. The cli'ucial
Zhanges in pharyngeal cavity width result almost entirely from tongue
.orsum-lzoot movements in an anterior-posterior line. No other
dljfferentlal cha,r.lge.s in articulator velocity, duration of r.[;ovement or
:o(:;::’ 01{1 of t.lmmg were observed between emphatic cognate con-
R s;c' lor did the hyoid bone and associated structures display
erential movement between the cognate sounds. Tt is obvious that
the traditionally used terms, namely velarization pharyngealization
and lfa,ryngea.liza,tion for Arabic emphatic sounds ;,re ina,ppgro riate tO’
descrlbe' the events occurring during emphatic-nonemph t'P d
production. R
) The CV and VC Sequences examined in this study were not restricted
bo nor.lsen.se syllabic structures, but efforts were made to have the
Investigation include natural sequences (actual words). The data for
::L W(:,rdi show that there are significant differences in the location,
non;:iseosé and spread of. the backing gesture between natural and
i quences (see Figure 5). Thus, although it is convenient to
€ nonsense syllables/words so that phonetic construction can be
ea,s11y' and systematically varied, the resulting articulations differ,
i;x}:letlmes markedly, from like articulations seen in meaningful words-
SOdaﬁzﬁr the cause of the differences—semantics, familiarity, pro-
sody—they are real, and force a limit on generalization from nonsense
item articulation behavior to contextual speech.
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Coarticulation of the Emphatic Gesture

This study confirms that emphatic consonants spread, or induce a
packing,” constricting gesture of the tongue in surrounding vowels and
consonants. Studies of articulator behavior, Kozhevnikov and Christo-
vich (1966), Daniloff and Moll (1968), McNeilage and DeClerk (1969)
snd Ohman (1966), have shown that phonetic context dictates the
variability of articulatory gestures as well as the spread of such
gestures across neighboring segments. In addition to phonetic context,
coarticulation (and concomitant allophonic variation) is a function
of the anatomical construction and neuro-mechanical time behavior
of the articulators involved.

The source of the coarticulation observed in this study can not be
attributed solely to mechano-inertial factors or to phonetic context.
The subjects spoke slowly enough to permit the tongue to return to
an “unbacked” position for following segments using CV and, the
backing gesture was easily fast enough to begin at the start of the
emphatic consonant and not on the preceding vowel in VC. Yet, overlap
of backing to vowels in LR and RL directions, and even over adjacent
syllables was encountered. This leads to the conclusion that the neural
command(s) responsible for the backing gesture of emphatic sounds
are centrally programmed at a very high level, with an integrity and str-
ength of occurrence as strong as those for voicing or nasal emission, ete.

It was observed that the ‘backing-constriction’ tongue movement
cwarticulates rather freely from consonants to vowels. The muscle
systems involved in this maintain their activity throughout both
vowels and emphatic consonants. Hence, this gesture is not contradic-
tory to vowel production in much the same way that a velum lowering
gesture appropriate for [n] is not contradictory to vowel production in
English words like “freon,” Moll and Daniloff (1971). The backing
gesture probably results from the simultaneous activity of the genio-
glossus, the styloglossus, and the hyoglossus muscles. The genioglossus
B attached to the interior margins of the mandible and functions to
Bush the tongue body forward and/or depress the tongue tip. The
%yloglossus pulls the tongue upwards and backwards with the agonistic
id of the palatoglossus. The hyoglossus muscle is capable of pulling
the tongue mass backwards and downwards, and is probably the major
igent in decreasing the cross-sectional area of the pharyngeal cavity

(ee Lindblom and Sundberg 1969, pp. 17—18, and Cunningham,

Vol. 3, 1961, pp. 316—317).
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Direction and Extent of Coarticulation

The data show that coarticulations of the backing gesture occurs freel
in RL and LR directions over the vowel in GV and VC e

' C C syllabic con-
structions.

Previous investigators, Perkell (1969), and Carney and Moll (1969)
observed RL effects for tongue dorsum movements in CV syllablesi
Amerman (1970) extended these results to show RL effects for tongue
dors.u¥n in C,C,V, for tongue tip in VC,C,. Thus, the tongue can easily,
‘anticipate’, in an RL fashion, articulatory shapes and positions two
segments in advance of when they are actually assumed. And, these
tongue dorsum positions can be retained, carried over in a LR fashion
from vowel to consonant in VCC units. Amerman’s results for English
speakers show that both backing (for back vowels) and fronting (for
front vowels) can occur widely in CCV, though in these cases, it is the
vowel which dictates the movements. For emphatic sound production,
the consonant induces backing, VC or CV, of the tongue dorsum. The
LR spread of backing in emphatic production is very large (larger than
RL spread) and greater in extent, up to three segments in [teebasir],
than RL effects. Evidently the speaker deliberately wills (pfograms)
the LR spread of backing, probably because the emphatic-nonemphatic
contrast is much stronger and more distinct, when LR spread carries
the feature to many segments. This is in contrast to MacNeilage and
DeClerk (1969) and Amerman (1970) who found only small LR
effects for tongue movement.

Spe.zcific detail of RL and LR effects for the tongue dorsum can be
seen in Figures 6, 7, 8, and 9. For [kes] vs. [kes], figures 8 and %
both [k]’s are marked [+ emphatic]; and differences in the [z]’s of the
two Wc.>rds must be related to the dissimilar [s] vs. [s], that is, to the
word final C, of [kes]. In other words, the differences in the backing
gesture observed for [@] in Figures 8 and 9, are clear evidence of RL
coa,r.ticulation of emphaticness from consonant, (C,) to the vowel [#]:

Flgure B provides a clear example of LR carry over of the emphstic
backing gesture from C, to V in a C,VC,C, type syllable. This failure
to show spread of backing over the entire monosyllabic word msy
rt?sult from the word final position of the consonants (in no real word
d'.ld backing spread entirely across the word). It might also be the
liquid [1] production is ‘contradictory’ to the backing gesture—perhap®
frontal X-rays would show a constrictory movement of the laters!
pharyngeal walls for [1]. Data for the words [kalb] vs. [kelb] in Figure6
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ndicate that coarticulation of emphaticness affects only the neigh-
poring vowels in CVC type mono-syllabic words. In the CVCV nonsense
di-syllables, the backing spread over the final vowel; if CVCV can be
considered a nonsense-word, then in a crude sense, an entire word can
be emphaticized if it consists solely of open syllables. These emphatic
consonant effects contradict Ohman’s notion that vowel gestures are
most influential factor in coarticulation. Such a contradiction may
sccur only for emphatic backing gestures in Arabic. Further research
in other languages such as Russian may serve to confirm this.
Syllabic spread of backing gestures. Coarticulation in the tri-syllabic
words, [tebaSir]—[teebalir], was particularly interesting because
backing spread from C, across V,C,V,, a distance of two syllables in
LR direction for both subjects (see Figure 7). In this case the LR
hacking gesture moved across the open syllable boundary. Once again,
however, the entire word was not emphaticized.

Tt would seem that the emphatic backing gesture only spreads over
s certain number of (open) syllables in multi-syllabic words, but fails
to spread fully over a mono-syllabic word of CVCC type; however, it
does spread entirely over a nonsense CVCV di-syllable constructed of
open syllables. These results lead one to conclude that coarticulation
of the backing gesture is not a function of C or V alone, butis a syllable-
tied process. This is confirmed by the sequence C,V,C,V,CyV,Cy,
tzbadir], where C, is specified [+ emphatic], the emphatic backing
gesture was observed on C,V,C,V,, but not on any segments of the
fina] syllable.

Concluding Remarks and Consideration of Future Research

To conclude, despite individual differences, and less than ideal measur-
ing systems of reference lines, the major physiological-articulatory
ad acoustic cue in every emphatic-nonemphatic pair is the vocal
ttact constriction gesture. Two lingual articulators were observed to
Rarticipate in the emphatic backing gesture; namely the palatine dor-
Wm and the pharyngeal dorsum. Their movements provide direct
®vidence of the existence of VC and CV, coarticulatory syllabic types
i terms of LR and RL spread of emphaticness. Indeed, the spread of
Wnstriction to the vowel in GV or VC type units is direct evidence of
zarticulation of emphatic backing articulatory gesture from consonant
vowel.
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Summary

I'fll;e ts}ur.u of this s.tudy was tp investigate differential articulatory mov.
nts involved in emphatic-nonemphatic cognate consonant produc.

tion in Arabic. The consonant sounds, [b, s, t, k] and their emphatic (

zﬁu.nterpa,rts (b, s, t, k] were combined with the vowels [1, u, a] and
eir short counterparts [I, U, %] in natura] and nonsense se ,uen
The natural sequences were actual words of CVC, cvCe CVC%C :es&
CVCVCY types; the nonsense words were of CVCV type: High s, l:i
laters?l mgefluorographic films were made for three speakel.'s of%Sa Il)lfiead,
Aré,b?c. dialect at a rate of 100 frames per second. Measurements if th
activities of the dorsum and the root of tongue, the velum, the h oi;
bone, and t:he posterior pharyngeal wall were made from tile tra.c}i7n
:II.::tg ;fserles o}f1 reference lines. These measurements were then cof
ed for emphatic-n i i

e o acf:ompan ;iegm‘fz)}z::;:. cognate pairs of consonants as well

It was found that the main active articulator involved in the differ-
:nces obser.ved betwefan emphatic-nonemphatic cognates was the
tongue. During emphatic sound production the palatine dorsum moved
n;;fenorly and the pharyngeal dorsum moved toward the posterior
f aryngeal wall. No other emphatic-nonemphatic differential articuls-

Ory gesture was observed except for velum lowering for [k]

The results confirmed that RL and LR coarticulation of.t}.le backing
gestu.re for ‘emphatic’ sounds occurred in real and nonsense words;
backing spread from the emphatic consonant to surrounding vowels
and even syllables, but never over a whole word. ¢
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