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ABSTRACT 

This study deals with the co-variation of speech 

clarity and coarticulatory patterns. Two experiments 

were conducted to investigate the influence of two 

parameters on coarticulation, the speech style (formal 

vs. non formal) and the prosodic position (stressed vs. 

unstressed syllable). The speech material was 

composed of four word lists varying CV syllable 

contexts with pharyngealized /   / vs. non- 

pharyngealized consonants /   / in Modern 

standard Arabic and dialectal Arabic. Acoustic and 

EMA materials were analyzed. The results revealed 

evident relationship between speech clarity and 

coarticulation: more coarticulation in formal speech 

(MSA) and under stressed syllable. 

Keywords: Arabic, coarticulation, speech clarity, 
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1. COARTICULATORY PATTERNS 

Literature on speech production reveals systematic 

differences in the spatiotemporal characteristics of 

coarticulation (Coa) [22]. These differences are 

related to the phonological inventory [14, 19, 20, 23], 

more particularly to the language-specific contrasts 

[27, 29]. Comparison of VCV sequences in three 

languages showed differences in the patterns of Coa 

that were attributed to language-specific 

requirements on the tongue body [27]. Literature [28, 

29] reported similar differences in coarticulatory 

patterns (CoaP) between clear vs. velarized /l/ in 3 

languages, these patterns were found to be the result 

of specific lingual constraints imposed by each kind 

of lateral. Coa was shown to be more reduced in high 

density vowel systems [24]. However, other studies 

showed conflicting data with free vowel variation in 

small inventory-size systems [4, 5], another aspect, 

i.e. prosodic properties, was described as responsible 

of the magnitude of Coa [4]. CoaP were found in a 

large scale to be language-specific influenced by the 

prosodic features, like stress [10, 11]. This provides 

evidence that stressed syllables, produced with 

minimal gestural overlap, are characterized by 

stronger coarticualtory effects (CoaE) on the 

neighboring syllables [21], while unstressed ones, 

produced with greater gestural overlap [6], offer less 

resistance to CoaE [11]. 

Little is known about variation in speech clarity 

related to CoaP. Nevertheless, the literature showed 

that the decrease of speech clarity, by a higher speech 

rate, results in more overlap between successive 

articulatory gestures [16]. However, lesser CoaE 

were found with clear speech [25]. In this style of 

speech, the overlap is yet minimal between 

successive articulatory gestures. 

2. COARTICULATION IN ARABIC 

Modern Standard Arabic (MSA) and Dialectal Arabic 

(DA) with a contrast of Pharyngealization (Pha) and 

a low density vowel system can offer an interesting 

case-study for Coa. In MSA, there are three cardinal-

like vowels (short /   / and long /  /), some of 

regional DA has mid-closed vowels [7]. Pha, as a 

secondary articulation, exists in all varieties of 

Arabic with two sets of consonants (with some 

regional variation): pharyngealized consonants (Ph) 

/   / and non-pharyngealized cognates (n.Ph) 

/   /. Pha has been associated with a set of 

articulatory adjustments [1, 2, 3, 13] and acoustic 

cues [8, 13, 15]. The most articulatory features are 

tongue retraction and concavity, its back raising, lip 

rounding and spreading [2, 9]. The most salient 

acoustic cues are F1 raising and F2 lowering [2, 8, 

13, 15]. 

The low density vowel space and the 

requirements imposed on the tongue body for the Ph 

articulation will produce specific patterns of Coa in 

Arabic. These patterns will be investigated in Arabic 

(MSA and DA) in relation with speech clarity. Two 

main hypotheses relating to speech clarity are 

checked: 1) the alternation MSA (described as formal 

speech) vs. DA (described as non formal speech) will 

produce specific CoaP for each style; 2) different 

prosodic positions (stressed vs. unstressed syllable) 

will be conveyed by different patterns of 

coarticulation. Each hypothesis will be investigated 

by a separate experiment. 
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3. MATERIALS AND MEASUREMENTS 

Two types of data were collected, acoustic and 

Electromagnetic articulography (EMA) data. For the 

acoustic data, locus equations (LE) were performed. 

LE, suggested by [18; cf. 31 for a review], are linear 

regression functions derived by plotting onsets of F2 

transitions (F2onset) [y=axis] of different vowels to 

their F2 steady states (F2mid) – F2onset 
=k*F2mid+c (where k and c are slope and intercept, 

respectively). A relatively flat slope indicates 

minimal vowel CoaE, in which case F2onset is not 

sensitive to the nature of the following vowel (i.e. 

maximal coarticulatory resistance of the consonant 

articulation to vowel effects). On the other hand, a 

relatively steep slope indicates maximal Coa of the 

consonant with the vowel as F2onset and F2mid tend 

to have the same frequency (minimal coarticulatory 

resistance of the consonant articulation). 

EMA is a current technique to record articulatory 

data. A sampling rate of 200Hz gives very good 

temporal resolution. This allows the capturing of very 

fine speech movements. The 3D articulograph 

(AG500, Carstens Medizinelektronik) was used to 

track the movement of tongue, jaw, lips and head. 

For this study, we used four sensors to cover the 

tongue deformation glued on the midsagittal plane. 

As our main goal is to study Pha, covering the 

back of the tongue is important. For this reason, we 

placed one sensor as far as possible to the back of the 

tongue.  

4. EXPERIMENT 1 

Two word lists of 24 words per speech style (MSA 

and DA) were produced by 16 male speakers from 

Jordan, Kuwait, Morocco and Yemen (4 speakers per 

country). The words were C1V1C2V2C3V3 syllable-

typed where C2 was either /   / or /   / and 

V2 was either /i a u/. A total of 1152 tokens per 

speech style were labelled with PRAAT. Manual 

measurement of the frequency of F2 was taken at the 

vowel onset (onset) and midpoint (mid). A total of 

4608 formant measurements were carried out. 

Table 1: mean values of y intercepts (int-y), slopes 

and regression coefficients (R2) in MSA for 16 

speakers. 

MSA NON-PHARYNGEALISED PHARYNGEALISED 

        
Int-y 423 515 335 385 473 434 262 420 

slope 0.77 0.71 0.81 0.77 0.54 0.57 0.77 0.56 

R2 0.91 0.82 0.90 0.92 0.76 0.77 0.85 0.79 

LE were accurate to indicate CV Coa [12, 17, 26, 

31]. Stylistic variation (MSA vs. DA) was reflected 

by specific LE parameters (Table n° 1 & 2). Speech 

style was accurate in producing different CV Coa. 

Slope values of the same consonant are different in 

MSA and DA. A two-way ANOVA (Pha x speech 

style) showed significant effects [F(3, 63) = 2.17, p < 

.001]). 

In MSA, Ph consonants showed flatter slopes 

compared to their n.Ph cognates. This result is in 

accord with other studies [8, 32, 33]. A one-way 

ANOVA showed significant effects of the Ph 

consonant nature on slope values [F(3, 63)=4.86, p < 

.01]; whereas the effects of the n.Ph consonant were 

not significant [F(3, 63)=1.23, p=304]. A one-way 

ANOVA indicated significant effects across Pha for 

3 pairs of consonants (/-/ [F(1, 15)=0.25, p=.006], 

/-/ [F(1, 15)=0.27, p=.008], /-/ [F(1, 15) = 0.27, 

p= .008], /-/ [F(1, 15)=0.86, p=.392]). 

Table 2: mean values of y intercepts (int-y), slopes 

and regression coefficients (R2) in DA for 16 speakers. 

DA NON-PHARYNGEALISED PHARYNGEALISED 

        
Int-y 598 636 385 436 350 437 518 510 

slope 0.67 0.65 0.79 0.66 0.67 0.60 0.69 0.537 

R2 0.83 0.85 0.70 0.74 0.80 0.86 0.72 0.70 

Consonant alternation, plain vs. Ph, showed 

regular influence on LE patterns in DA. The 

consonant nature did not show any significant effect 

on slope values, neither for the Ph [F(3, 63)=1.45, 

p=.237], nor for the plain cognates [F(3, 63)=2.73, 

p=.051]. Except /d/ and /t/ which have steeper 

values, Ph consonants show flatter slopes compared 

to those of their plain cognates. A one-way ANOVA 

did not indicate significant effects for Pha across 3 

pairs of consonants (/-/ [F(1, 15)=0.53, p=.120], /-
/ [F(1, 15)=0.42, p=.055], /-/ [F(1, 15)=1.49, 

p=.223], /-/ [F(1, 15)=0.36, p=.029]. Dialectal 

origin showed some differences on the extent of 

CoaE. A Wilks test three-way ANOVA (Pha x 

speech style x geographical origin) showed higher 

significant effects [F(5, 15)=2.63, p=.003]. 

5. EXPERIMENT 2 

5.1. Libyan Arabic 

A word list of 18 words in Libyan Arabic (LA) was 

produced by 10 speakers, 5 males and 5 females. The 

words were C1V1C2V2C3V3 syllable-typed where C 

was either Ph /  / or n.Ph /  / and V was 

either /i a u/. For the stressed syllable (C1V1), 1080 

tokens, and for the unstressed syllables (C2V2-C3V3), 

2160 tokens were collected. All the data was 

measured in the same conditions than the experiment 

1 (cf. supra), but no statistical design was applied. 
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LE parameters were flatter for Ph consonants, 

except for //, and steeper for n.Ph cognates under 

stress. The model shaped by the focal position (S1) 

shifts slightly in S2, and clearly in S3. So, the tongue 

rearward, necessary for the Pha articulation, and its 

expansion over the flanking vowel clearly weaken 

from S1 to S3 (table 3, 4, 5). The tongue’s rearward 

in Ph articulation triggered weaker effects on 

F2onset when the Ph consonant is in S2 and S3. 

Table 3: mean values of y intercepts (int-y), slopes 

and regression coefficients (R2) in stressed syllable for 

10 speakers in LA. 

S1 NON-PHARYNGEALIZED PHARYNGEALIZED 

       
Int-y 684 1089 965 436 762 731 
slope 0.64 0.46 0.50 0.61 0.43 0.50 
R2 0.69 0.53 0.54 0.65 0.36 0.44 

Table 4: mean values of y intercepts (int-y), slopes 

and regression coefficients (R2) in unstressed syllable 

for 10 speakers in LA. 

S2 NON-PHARYNGEALIZED PHARYNGEALIZED 

       
Int-y 1142 1135 918 153 821 638 
slope 0.44 0.43 0.53 0.86 0.39 0.58 
R2 0.44 0.49 0.59 0.63 0.44 0.58 

Table 5: mean values of y intercepts (int-y), slopes 

and regression coefficients (R2) in unstressed syllable 

for 10 speakers in LA. 

S3 NON-PHARYNGEALIZED PHARYNGEALIZED 

       
Int-y 1204 1352 1207 111 798 322 
slope 0.43 0.32 0.40 0.90 0.35 0.79 
R2 0.58 0.27 0.49 0.59 0.41 0.80 

5.2. EMA data 

We recorded 3 male speakers from Jordan, Sudan 

and Tunisia. The words in MSA were C1V1C2V2C3V3 

syllable-typed where C was either Ph or n.Ph and V 

was either /i a u/. We examined the initial stressed 

syllable (C1V1) and the medial syllable (C2V2). The 

results presented in this section should be considered 

as observations, as currently we did not perform a 

quantitative study but rather an examination of 

several sequences. The purpose is to show the 

potential of using EMA data even in Ph context. A 

typical observation across the 3 speakers showed 

some consistency regarding the influence of the Pha 

on the neighbouring syllables, as can be illustrated in 

Figure 1. The two top figures present the case of Ph 

vs. n.Ph consonants under the stressed syllable 

(C1V1). The two bottom figures present the same 

consonants in the unstressed medial syllable (C2V2). 

The y-axis represents the horizontal displacement of 

the tongue from the back toward the lips. For sake of 

clarity, we show only the sensor farthest to back of 

the tongue. Thus, when the values of a given 

trajectory decrease, that means the tongue is moving 

to the back of the vocal tract. When Ph vs. n.Ph 

contrast is in the stressed syllable (S1), the rearward 

of the tongue is not marked, and the Coa does not 

seem to exceed the flanking vowel. When the 

contrast is in the medial syllable, the Ph consonant is 

retracted to the back, compared to n.Ph cognate. In 

addition, Pha affects the surrounding syllables (C1V1 

and C3V3), with an important anticipatory rearward 

of the tongue on S1. The clarity effects imposed on 

S1 does not seem to resist the rearward requirement 

of the tongue imposed by the Ph consonant. This was 

observed for the three speakers. 

Figure 1: Articulatory trajectories of one sensor glued 

on the back of the tongue of a Sudanese speaker. In 

the two top trajectories Ph is Cph and n.Ph is C1. The 

two bottom trajectories show the case where the Ph is 

in the middle syllable (Ph is Cph and n.Ph is C2). The 

x-axis is time and the y-axis is the horizontal 

displacement of the tongue. In this example, the Ph is 

/t/ and the n.Ph is /t/. 

 25

 30

 35

 40

 45
 11030  11128  11227  11336  11406

C1 V1 C2 V2 C3 V3

 25

 30

 35

 40

 45
 15736  15823  15916  16019  16077

Cph V1 C2 V2 C3 V3

 25

 30

 35

 40

 45
 40952  41044  41120  41216  41283

C1 V1 C2 V2 C3 V3

 25

 30

 35

 40

 45
 46198  46283  46366  46456  46528

C1 V1 Cph V2 C3 V3

 

6. CONCLUSION 

This paper showed the co-variation of speech clarity 

and the patterns of Coa between C & V. First, the 

variation in two speech styles, formal MSA vs. non 

formal DA, was clearly conveyed by different LE 

parameters between Ph vs n.Ph. The slope values 

were flatter for Ph consonants and steeper for n.Ph 

ones in MSA compared to their counterparts in DA. 

Second, the prosodic variation was reflected by 

different CoaP. On the one hand, LE parameters were 

found to be relevant for stress distinction in LA, with 

a shaped coarticulatory model of C & V under stress 

and progressively modified in unstressed syllables. 

On the second hand, articulatory observations 

showed relative backing of the tongue under stress, 

and clear backing outside stress. When C2 was Ph., 

the rearward of the tongue went on during V2, which 
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was responsible of F2 lowering. However, the 

tongue’s rearward anticipatory effects of the medial 

syllable are stronger than the clarity constraint 

imposed by S1. 

The study showed the effects of a higher speech 

clarity (formal MSA and stressed syllable) on the 

articulation of Ph consonants, produced with a clear 

velo-pharyngeal constriction expanding over the 

flanking vowel, which is in accord with the literature 

[21], whereas in weaker speech clarity (non formal 

DA and unstressed syllable) the constriction was 

lighter. Thus, variation in speech style and prosodic 

position was accurate in producing different CV 

CoaP. Speakers seem to coarticulate more in higher 

speech clarity than in weaker speech clarity. These 

findings are not in accord neither with [25] and [5] 

who did not find any significant effect according to 

speech clarity, nor with those of [17] and [30] who 

found higher LE parameters in spontaneous speech, 

compared to a more formal one. 
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