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Abstract
In this paper, we present preliminary results of an articulatory
study of pharyngealized phonemes in Arabic using an electro-
magnetic articulograph (AG500). We compared the articula-
tions of pharyngealized phonemes to non-pharyngealized ones.
The articulation of the tongue was tracked by four sensors glued
onto the tongue. A corpus of several CVCVCVs was recorded
using the AG500, labeled, and analyzed. The main finding of
this work is that while the main articulation of the tongue is
actually moving towards a dental position, the secondary artic-
ulation of backing of the tongue can be observed.
Index Terms: articulatory, pharyngealized phonemes, Arabic.

1. Pharyngealized phonemes
Pharyngealized phonemes are commonly described as hav-
ing the same place of articulation (dental) as their non-
pharyngealized counterparts, but differ by the presence of a sec-
ondary articulation involving mainly the back of the tongue [1,
2]. Arabic has four pharyngealized or emphatic phonemes: /tQ/,
/dQ/, /sQ/, and /DQ/, which are pharyngealized versions of the oral
dental consonants /t/, /d/, /s/, and /D/. The pharyngealization
of these consonants is observed in nearly all Arabic dialects.
Nevertheless, in many regions of Tunisia, the phoneme /dQ/ is
absent [2]. Previous studies of pharyngealized phonemes were
based on a very limited number of x-ray images, but this tech-
nique is no longer practiced due to its danger to health. Our
aim here is to revisit pharanygealization by using articulogra-
phy which allows the acquisition of larger sets of articulatory
data. More importantly, however, the advantage of articulogra-
phy is that it allows the study of the movement of the tongue,
even the back of the tongue, with very good temporal resolution
(200 Hz).

2. Articulatory data
To study pharyngealized phonemes in Arabic from an articu-
latory point of view, an articulograph (AG500, Carstens Medi-
zinelektronik) was used to record the movement of the tongue.
Four critical sensors were glued onto the tongue. These sen-
sors were located at the midsagittal plane, approximately 1.6,
3.6, 5.2 and 7cm, respectively from the tongue tip. Thus, the
tip of the tongue cannot be directly recovered, but can only be
inferred based on the position of the first sensor on the tongue.
A spline was used to infer the shape of the tongue from the po-
sition of the sensors, which is a reasonable assumption. The
shape of the palate was ”drawn” by one sensor approximately
at the midsagittal plane. This covers the complete hard and soft
palate up to the velum. This technique was used to estimate the
position of the tongue relative to the palate.

A list of Arabic words that covered a variety of phonemes
in several contexts were recorded as uttered by a male Tunisian
native Arabic speaker. Here, we only focus on pharyngealized
phonemes and their non-pharyngealized counterparts. The re-
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Figure 1: Place of articulation of pharyngealized and non-
pharyngealized phonemes (/t/,/tQ) on the left, and (/D/, /DQ/) on
the right, in three different vowel contexts /a/,/i/ and /u/ (circles
for non-pharyngealized phonemes and squares for pharyngeal-
ized phonemes). The palate is represented by a solid line.

trieval of the tongue shape for the phonemes in the corpus was
based on acoustic information, and verified visually based on
articulation, to obtain the best shape representing the place of
the articulation for each phoneme.

3. Results
Figure 1 presents examples of pharyngealized and non-
pharyngealized phonemes (/t/,/tQ) and (/D/, /DQ/) in the three
different vowel contexts /a/,/i/, and /u/. In the /a/-context, /t/
and /tQ/ both have a similar frontal place of articulation (den-
tal), but the pharyngealized phoneme is strongly backed which
explains the difference in shape of the tongue from curved to
linear. In the /i/-context, /tQ/ and /DQ/ differ distinctively from
their non-pharyngealized counterparts in their secondary artic-
ulation. However, in the /u/-context, only a small tendency
for pharyngealized phonemes to be backed compared to non-
pharyngealized ones is noticeable. In the complete study, the
influence of phoneme context on backing of the tongue during
the articulation of pharyngealized phonemes is investigated. In
addition, the pharyngealization of the surrounding vowels is ex-
amined. The study includes also pharyngeals, for which the
main place of articulation is the pharynx, and the influence of
these pharyngeals on their neighboring phonemes.
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