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ABSTRACT
The aim of this study is to evaluate the role of spectral tilt, alongside the traditionally looked at frequencies of the first two formants, in describing the
acoustic characteristics of pharyngealisation in Jordanian and Moroccan Arabic. Twenty male speakers (10 per dialect) produced vowels in each dialect
preceded by /d dˤ/. Normalised spectral tilt results
show an overall lowered values for voice quality correlates, e.g., *H 1 -*H 2 , *H 1 -*A1 , *H 1 -*A2 , *H 1 *A3 , and [−ATR] correlate *A1 -*A2 , and an overall
raised values for *A1 -*A3 and *A2 -*A3 in the pharyngealised context. Results for the former group
suggest a tense voice caused by the larynx being
raised [24, 26, 28, 35], whereas in the latter suggest
a higher energy component close to the F2-F3 region [16]. High classification rates were obtained
and showed that spectral tilt was able to distinguish
pharyngealised vs non-pharyngealised well, advocating its importance as an acoustic cue for pharyngealisation in Arabic.
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1. INTRODUCTION
Pharyngealisation is a secondary articulation that involves a retraction of the body and root of the tongue
towards the pharyngeal wall [28]. This secondary
articulation is in general located near the tip of the
epiglottis, and is accompanied by a raised larynx;
the net result of these two articulations is that the
entire pharynx is constricted [25]. In Arabic, pharyngealisation is associated with dental/alveolar consonants, though it extends to other places of articulation [19, 29]. Using articulatory data, researchers
have shown that the constriction is located either towards the posterior pharynx wall near the uvula [14,
38] or with the epiglottis forming a constriction with
the pharyngeal wall, which causes the tongue root to
retract and the larynx to raise [2, 27]. This has led
researchers to posit various articulatory correlates
to account for the production of these consonants,

e.g. velarisation, uvularisation, or pharyngealisation
[2, 14, 27, 38, 39]. In Arabic these are referred to as
“emphatics” and they have been described as involving a slight retraction of the tongue dorsum (i.e., velarisation), that is accompanied by pharyngeal constriction (i.e., pharyngealisation), slight lip rounding/protrusion (i.e., labialisation) and/or increased
tension of the entire oral and pharyngeal musculature showing these consonants as more fortis than the
plain segments [29]. This leaves open the question
of the exact articulatory and thus acoustic correlates
of emphasis/pharyngealisation in Arabic.
From an acoustic point of view, nearly all the studies have looked at formant frequencies in the vowels surrounding pharyngealised consonants and the
results suggest a lowered F2 is the main acoustic
correlate [1–4, 7, 14, 21, 23, 27, 32, 33, 38, 39], followed by a raised F1 as a secondary acoustic correlate, [2–4, 7, 14, 21, 23, 27, 33]. The frequency of
F3 was also shown to differ in pharyngealised contexts due to the slight lip-rounding/protrusion and/or
sulcalisation of the tongue body, with high F3 frequencies observed for back vowels e.g., /uː/ and low
F3 for front, e.g., /iː/, although this was reported in
very few studies, e.g., [2, 4, 21]. This has shifted the
attention of researchers from the other acoustic cues
that play a role in distinguishing pharyngealised vs
non-pharyngealised consonants.
Indeed, the various accounts summarised above
suggest that the articulatory correlates of pharyngealisation in Arabic form a complex picture with
retraction of part(s) of the tongue (dorsum and/or
root) and of the epiglottis, narrowing of the pharyngeal wall, raising of the larynx, more tense/fortis
articulation, and lip rounding/protrusion. However,
the various acoustic accounts restrict themselves to
analysing, at best, the surrounding vowels’ first two
formants. To the best of my knowledge, there does
not seem to be any accounts of the acoustic correlates of the tense/fortis articulation, and/or of raised
larynx in describing pharyngealisation (but see [5]).
This can be explained by the fact that many of
the formal accounts of pharyngealisation/emphasis
subscribe to the “Articulator Theory” [17] for which
distinctive features should have their basis in artic-

ulation [34]. [+RTR] (“Retracted Tongue Root”) is
currently the most used distinctive feature to account
for pharyngealisation, and acoustic accounts suggest
that its primary acoustic correlate is the lower F2 frequency [34, 37]. Indeed, [33] suggest that emphasis spread actually consists of backing of the tongue
dorsum with uvularisation as an articulatory correlate and only a lowered F2 as an acoustic, whereas
pharyngealisation entails a retraction of the tongue
root as an articulatory correlate with a lowered F2
as the main acoustic correlate and a raised F1 as a
secondary one and is assigned a [−ATR] feature.
This suggests that, in formal representation, the two
features [−ATR] and [+RTR] are equal in representing effects of pharyngealisation (but see [36]).
If this is the case, then the acoustic correlates of
pharyngealisation are lacking in detail. The literature on [±ATR] vowel harmony shows that [−ATR]
vowels have a raised F1 as the main acoustic correlate followed by a lowered F2 and F3, high energy
above F1 leading to a flatter spectral tilt (through the
A1-A2 metric), and tense/creaky voice as secondary
features [6, 13, 15, 22]. The acoustic correlates of
“Advanced Tongue Root” were initially described
by [16] as an alternative to the feature [±tense] [20]
and [±covered] [11] to account for the distinction
between tense vs lax vowels in English and for vowel
harmony in West African languages. Retracting the
tongue root (as opposed to advancing it) has two
acoustic consequences: i) it raises the frequency of
F1, which increases the energy above F1 and around
F2-F3 and ii) it lowers the frequency of F2 [16].
Due to the mismatch between the articulatory
and the acoustic correlates of pharyngealisation, the
aim of this paper is to evaluate the role of spectral tilt in distinguishing pharyngealised vs nonpharyngealised environments. Tense articulation
and raised larynx leads to a lowered/flatter spectral
tilt [24, 26, 28, 35] and to an increase in the energy
in high frequencies [16]. A complete comparison of
all acoustic cues used in the description of [−ATR]
vowels is presented elsewhere, and include formant
frequencies and bandwidths (F1 to F3) at onset and
mid-point, intensity and f 0 (see [5] for more detail).
2. METHODOLOGY
2.1. Speakers and data recording

Twenty Jordanian and Moroccan male speakers (10
of each dialect), aged 20 to 30, with no history of
speech and/or language disorder were asked to produce a word list in ˈC1 V1 C, ˈC1 V1 CV, ˈC1 V1 CVC
or CVˈC1 V1 C syllable structures, where C1 = /d or
dˤ/ and V1 = /iː ɪ eː ɐ aː oː ʊ uː/ in Jordanian Ara-

bic or /iː ə aː ʊ uː/ in Moroccan Arabic [4]. The
words were randomly presented with five repetitions
in an adapted carrier sentence (using Modern Standard Arabic script without vocalisation). Speakers
were asked to produce each word without the carrier
sentence at normal rate and unmarked style. Recordings were directly made on a PC in a sound attenuated room, with a sampling frequency of 22 kHz, 16
bits quantisation, in mono channel and a Sony MS
907 microphone (distance 30 cm from the speakers’
mouths). The total number of words produced by the
speakers was 700 for Jordanian and 500 for Moroccan Arabic (henceforth JA and MA); the productions
of the vowel /oː/ in /d or dˤ/ in JA were excluded.
2.2. Acoustic analyses

The data were segmented manually and acoustic
measurements were performed using Praat [10].
Formants and f 0 were estimated prior to computing
spectral tilt measures. Formant frequencies (F1, F2
and F3) of the vowels following /d and dˤ/ were automatically obtained using Praat’s default “Burg” algorithm, with a 25 ms Gaussian window, a 5 ms time
step and interpolation; five formants were estimated
with a maximum frequency of 5 kHz. Fundamental frequency was estimated using the autocorrelation method with a 5 ms time step and an effective
Gaussian window length of 30 ms with a pitch ceiling and floor adapted to each speaker (ranging between 100-300 Hz). The sound files were low-pass
filtered with an anti-aliasing filter which had a cutoff frequency of 5 kHz, down-sampled to 10 kHz,
and pre-emphasized by a factor of 0.98. Intervals
40 ms long were defined, right-aligned at the onset of the following vowel, and windowed using a
Kaiser-2 window function. A DFT was computed
from each windowed interval and the logarithmic
power spectral density, with a bin size of 11 Hz, was
computed. The amplitudes of the first and second
harmonics and of the first to third formants were automatically obtained by detecting the highest peaks
for a particular harmonic (see [5] for more detail).
The automatic detections of formant frequencies,
and highest peaks were manually checked to prevent
errors. Following this, normalised *H 1 , *H 2 , *A1 ,
*A2 and *A3 were obtained following [18] to correct
for the boosting effect of formants on these harmonics. Then amplitude differences were obtained for
*H 1 -*H 2 , *H 1 -*A1 , *H 1 -*A2 , *H 1 -*A3 , *A1 -*A2 ,
*A1 -*A3 and *A2 -*A3 to evaluate voice quality and
the high energy components associated with the pharyngealised context.

2.3. Statistical analyses
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For the formants, the results are in accordance
with those reported above, in both dialects, pharyngealised environments showed a raised F1 (for all but
/ɐ aː/ in JA), a lowered F2 and a raised F3 for /uː/ in
the following vowel (see [5] for more details). In the
sections below, we will highlight significant differences in spectral tilt results.
3.1. *H 1 -*H 2

Fig. 1 presents results for the pharyngealised vs
non-pharyngealised contexts. In JA, they show significantly higher values of *H 1 -*H 2 for /eː aː ʊ/
(but low for /iː uː/ in the pharyngealised context,
p<0.01), while in MA, *H 1 -*H 2 values are significantly higher for /ʊ/ and lower for /uː/ (p<0.01). The
overall low values reflect a shallower spectral tilt and
thus tense articulation [24, 26, 28, 35].
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Acoustic measurements were submitted to multiple
two-way Linear Mixed Effects Models (LMM) using SPSS 22, with each acoustic measurement (amplitude differences) as dependent variables; vowel
(seven levels for JA and five for MA) * consonant (two levels) formed the two-way interaction
and speaker was treated as a random factor (intercept) with vowel*consonant as random slopes, following the maximal specification model to account
for individual variations in the realisation of each
vowel and consonant [8, 9]. Following each LMM,
the “Best linear unbiased predictors” (BLUPs) taking the fixed and random factors into account are
used to evaluate how robust spectral tilt results are in
separating pharyngealised from non-pharyngealised
consonants. To do that, Linear Discriminant Function Analysis was applied, with the leave-one-out
method for cross-validation, consonant as a grouping variable and the BLUPs as predictors.

Figure 1: Spectral tilt results for *H 1 -*H 2 , *H 1 *A1 , *H 1 -*A2 , and *H 1 -*A3 , in JA and MA
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3.3. *H 1 -*A2

Results of *H 1 -*A2 (see Fig. 1) follow the same pattern with overall lower values for all JA vowels (but
/eː aː/) and for all MA vowels in the pharyngealised
context (p<0.01). These results seem to confirm
the low spectral tilt that is due to tense articulations
[24, 26, 28, 35].
3.4. *H 1 -*A3

*H 1 -*A3 results presented in Fig. 1 suggest that /aː
ɐ ʊ/ are the only vowels in JA to have higher values
in the pharyngealized context (p<0.01), whereas in
MA, lower values are observed for /ə uː/ (p<0.01).
This again seem to be correlated with the tense articulation, though to variable degrees [24, 26, 28, 35].

3.2. *H 1 -*A1
3.5. *A1 -*A2

*H 1 -*A1 values presented in Fig. 1 were significantly lower in /iː ɪ ɐ uː/ in JA (p<0.01), while
all vowels in MA showed significantly lower *H 1 *A1 in the pharyngealised context (p<0.01). Again,
these low values seem to reflect the lower spectral
tilt associated with tense articulation [24, 26, 28, 35].

*A1 -*A2 results presented in Fig. 2 show an overall
lower values in all JA vowels (but /iː eː aː/) and MA
vowels in the pharyngealised context (p<0.01). This
seems to follow the trends observed by [6,13,15,22]
for [−ATR] vowels to show flatter spectral tilt.

Figure 2: Spectral tilt results for *A1 -*A2 , *A1 *A3 , and *A2 -*A3 , in JA and MA
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3.6. *A1 -*A3

*A1 -*A3 results shown in Fig. 2 suggest that all the
vowels in both JA and MA (but /ə uː/) have significantly high level of energy in the high frequencies in
the pharyngealised context (p<0.01). This is compatible with the predictions from [16] that [−ATR]
vowels will show more energy above F1.
3.7. *A2 -*A3

And finally, results of *A2 -*A3 presented in Fig. 2
show that for both JA and MA, all vowels in the pharyngealized context show significantly high level of
energy in the high frequencies that is predicted for
[−ATR] vowels, (p<0.01), [16].

4. CONCLUSION AND DISCUSSION
The aim of this paper was to evaluate the extent to
which spectral tilt is useful in characterising pharyngealisation in JA and MA. The results suggest an
overall low spectral tilt indicating a flatter spectrum
for *H 1 -*H 2 , *H 1 -*A1 , *H 1 -*A2 , *H 1 -*A3 , *A1 *A2 and high spectral tilt values for *A1 -*A3 and
*A2 -*A3 . These results suggest tense articulation
and a raised larynx position as predicted by the previous literature [24,26,28,35] and an increased level
of energy in the high frequencies [16], both of which
seem to be acoustic correlates of [−ATR] vowels
[6, 13, 15, 22]. These novel results suggest that spectral tilt is an acoustic correlate to pharyngealisation,
and that this secondary articulation in Arabic is not
only signalled acoustically by a lowered F2 and potentially a raised F1, as is the case in the majority
of studies summarised above. Although some of the
literature seem to equate the features [−ATR] and
[+RTR], these two seem to be different as the former involves retraction of the tongue root, while the
latter involves a constriction of the whole pharynx
of which retracting the tongue root is just one component [30, 36]. The acoustic consequences of pharyngealisation reported here (and in [5]) suggest that
the entire pharynx is constricted, leading to a tense
articulation, a raised larynx and a retracted tongue
root that causes lowering of the whole tongue. The
feature [+RTR] thus needs to be redefined to account for these acoustic consequences, and either
be replaced by the traditional [+pharyngeal] feature
[30] (although this requires a raised F1 for all vowels) or by the feature [+cet] (“Constricted Epilaryngeal Tube”) [31] following the “Laryngeal Articulator Model” [12]. [+cet] would represent the entire
set of articulations – larynx raising, retraction of the
tongue, tense articulation, and vowel centralisation –
as a single unit. The results reported here (and in [5])
seem to show the acoustic correlates of [+cet] as being used in describing pharyngealisation in Arabic.
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