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Abstract – The aim of the present study is to examine 

acoustic characteristics of Moroccan fricatives in order to 

find invariant cues that classify fricatives into their place of 

articulation. Fricative consonants of Moroccan Arabic dialect 

were elicited from 8 adult speakers (4 male and 4 female) in 3 

vowel contexts (/i, a, u/).  The cues investigated included 

temporal measurement (duration of fricative consonant) and 

formant information at fricative-vowel transition (F1 and F2 

at vowel onset and locus equation). The effects of voicing, 

speaker’s gender and post-fricative vowel on both formants 

onset values and locus equations were investigated. The 

results obtained showed that F1 onset values differentiated 

voiceless from voiced fricatives. F2 onset values distinguished 

fricatives in term of place of articulation. The locus equation 

slope and intercept differentiated voiceless from voiced 

fricative and distinguished clearly palatal fricatives from the 

other places of articulation. 

 

Keywords – About F1 Onset, F2 Onset, Locus Equations, 

Fricatives, Moroccan Dialect. 

 

I. INTRODUCTION 
 

In this work, we studied fricatives of Moroccan Arabic 

dialect of Safi. We aim to investigate the frication nose 

duration, the F1, F2 onset values and locus equation slope 

and intercept with interest of finding cues that classify 

fricatives according to their place of articulation. The 

effects of voicing, speaker‟s gender were also examined 

on F1 and F2 onset and on locus equation. 

The Moroccan Arabic is a dialectal variant which is 

neither codified nor standardized. It is a dialect spoken by 

the vast majority of the Moroccan (Arabic and Berber). 

Morocco presents important regional variability of dialect. 

At least, five dialectal zones can be distinguish [1]: the 

area of the North dialects which are spoken in Tangier, 

Tetouan, Larache,…the area of dialects spoken in Fez, 

Meknes,…the area of the dialects of the center which are 

spoken in Rabat and Casablanca, the zone of the dialects 

of the South, which are spoken in Marrakech and Agadir, 

and finally the area of dialects of the Sahara, as the dialect 

of hassaniya. Modern Standard Arabic has 14 fricatives    

(/ , , , , , , , , , , ,  ,  , / /) which 

articulatory space spans across most of the places of 

articulation in the vocal tract, starting from the lips and 

ending at the glottis (Table 1). Since in Moroccan Arabic 

dialect / / is pronounced as/ /, / / as /d/ and/ / as /t/, 

we excluded / /, / / and / / in this study. 

Several acoustic cues related to spectral, temporal and 

amplitude information found in the speech signal were 

used in different languages to classify fricatives into their 

places of articulation. Such cues, alone and collectively, 

served to distinguish between different places of fricatives 

in English [2, 3, 4, 5, 6]. However, the use of these cues to 

classify Arabic fricatives has not received much attention. 

The very few studies dealing with acoustic characteristics 

of Arabic fricatives have been predominantly concerned 

with a single acoustic feature and not with the way 

multiple cues can be integrated in order to distinguish 

among the fricative place of articulation. Yeou [7] elicited 

both stops and fricatives from nine Moroccan speakers of 

Modern Standard Arabic. He found that y-intercept and 

slope distinguished between most fricative comparisons. 

However, neither slope nor y-intercept distinguished /ʃ/ 

from /ħ/ or /f/ from /χ/. In our study, we attempt to 

examine how each of the temporal and amplitude 

characteristics would serve alone and collectively to 

distinguish between places of articulation of Arabic 

fricatives pronounced in Moroccan dialect. Additionally, 

our study aims to see if the acoustic cues found to be 

effective in fricative classification in other languages will 

be efficient to classify fricatives in Moroccan dialect. 

 

Table 1: Place of articulation of Arabic fricatives 

 Labio-Dental Dental Alveolar Palatal Uvular Pharyngeal Pharyngealized Glottal 

Voicel

ess 
/ / / / / / / / / / / / / / / / 

Voiced  / / / / / / / / / / / / 
 



 

 

 

Copyright © 2014 IJECCE, All right reserved 

1358 

International Journal of Electronics Communication and Computer Engineering 

Volume 5, Issue 6, ISSN (Online): 2249–071X, ISSN (Print): 2278–4209 

 

II. METHODOLOGY 
 

Eight Moroccan adult (4 males and 4 females) speakers 

of Moroccan Arabic dialect were recruited to participate in 

our study from the general student population of 

Undergraduate Technology School of Safi. The mean age 

of participants was 20 years. The participants were invited 

to repeat the words extracted from Moroccan dialect 

starting with the syllable CV (C is a fricative consonant 

and V is one of the vowels /a, u, i/). These words were 

presented in the carrier phrase “gol _____ joujmarrat” 

(say_________ twice). The recording was made using the 

software "Praat" at a distance of 20 cm from the 

microphone (Labtec AM-232; Sensitivity: -35dB; 

Impedance: 2.2 kohm; bandwidth: 20-8500 Hz) in an 

isolated and quiet room.  

The sound is directly scanned on a PC with a sampling 

frequency of 22050. Both a wide-band spectrogram and a 

waveform display were used in the segmentation of the 

recorded material into the monosyllabic words containing 

the test fricatives. 

For each token, three points were identified on the 

waveforms: the beginning of frication, the offset of 

fricative/beginning of the vowel and the end of the vowel. 

F1 and F2 were calculated at vowel onset and at the vowel 

midpoint using the formant tracking algorithm.  

Specifically, F1 and F2 at vowel onset were obtained 

using short-term LPC analysis. Similarly, F1 and F2 at 

vowel nucleus were estimated at the vowel‟s midpoint. 

The statistical analysis was carried out using the “SPSS” 

and “StatView” software packages. 

 

III. RESULTS 
 

A. Fricatives duration 
A three-way ANOVA (place × voice × vowel context) 

with the duration of the frication noise as the dependent 

factor revealed a main effect of place of articulation 

(p<0.001) with mean frication noise duration of 120 ms.  

Mean duration of frication noise as a function of place of 

articulation and voicing are presented in Fig.1. Averaged 

across voicing and vowel context, glottal fricative /h/ had 

the shortest duration with a mean of 100 ms. 

Among voiced fricatives, alveolar fricative /z/ was 

significantly longer than all other voiced fricatives with a 

mean duration of 109 ms. On the other hand, contrasts 

within voiceless fricatives revealed that glottal fricative 

/h/, with a mean duration of 100 ms, was significantly 

shorter than all other voiceless fricatives. Alveolar /s/ and 

it pharyngealized counterpart / / were significantly longer 

than all other voiceless fricatives. No significant 

differences were found among voiceless pharyngeal, velar, 

and palatal fricatives. 

Also, as expected a main effect of Voicing was found 

(p<0.001), with voiceless fricatives (mean 135 ms) being 

significantly longer than voiced fricatives (mean 94 ms). 

Finally, no significant effect of Vowel context was found. 

B. Formant onset values 
For each place of articulation, F1 and F2 onset values 

were averaged across all speakers, voiced, voiceless and 

vowels contexts. Theresults obtained are presented in table 

2. 

 
Fig.1. Frication during has a function of place and voice averaged across all vowel context  
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Table 2: Mean F1 and F2 onset values (Hz) (averaged across voiced and voiceless tokens, and vowels) as a function of 

place of articulation and speaker gender. 

Place of articulation 
F1 onset F2 onset 

Male Female Mean Male Female Mean 

Labiodental 

/f/ 
450 500 475 1468 1528 1498 

Alveolar 

/s/ and /z/ 
424  480 452 1632 1698 1665 

Palatal 

/ʃ/ and /ʒ/ 
350  400 375 1735 1775 1755 

Uvular 

/ɣ/ and /χ/ 
459 509 484 1236 1319 1277 

Pharyngeal 

/ʕ/ and /ħ/ 
548 562 555 1524 1592 1558 

Pharyngealized 

Alveolar  / / 
426 473 447 1244 1312 1278 

Glotal 

/h/ 
492 534 513 1543 1621 1582 

 

B.1. F1 onset 
Separate one-way ANOVAs tests conducted on the 

values of F1 onset and each of the examined factors (place 

of articulation, voicing, vowel associated with the 

consonant and gender of speaker) revealed a main effect 

for place of articulation (p< 0.0001). Bonferroni post hoc 

tests showed that F1 onset values did not differentiate 

alveolar consonants from labiodentals, uvular and 

pharyngealized consonants. ANOVA also indicated a main 

effect of voicing with voiceless fricatives registering 

higher F1 frequencies than voiced fricatives (mean 486 Hz 

and 418 Hz respectively).  There was also a main effect of 

vowel context: F1 onset was 352 Hz in the context of /i/, 

456 Hz before /u/ and 570 Hz before /a/. Post hoc tests 

indicated that F1 onset values significantly increased as a 

function of decreasing vowel height. As expected, there 

was a mean effect of speaker gender; F1 frequencies of 

females were higher (496 Hz) than F1 frequencies of 

males (451 Hz). 

B.2. F2 onset 
Table 2 presents the F2 values at the onset of the vowel 

for each place of articulation averaged across voiced and 

voiceless tokens and vowel context. The results of separate 

one-way ANOVAs tests conducted for each of the 

examined factors (place of articulation, voicing, vowel 

associated with the consonant and gender of speaker) 

revealed a main effect for place of articulation (p<0.0001). 

Post hoc tests indicated that uvular /ɣ/ had a significantly 

lower F2frequency (1185) than all fricatives. There was a 

lack of significant difference between pharyngealized and 

uvular fricatives. Moreover, the F2 frequencies of 

bothpharyngeal (/ʕ/ and /ħ/) and glottal /h/ were 

statistically similar to /f/.There was no main effect of 

voicing. The ANOVA also revealed a main effect of 

Vowel context (p <0.0001).   

As expected, F2 measured at the onset of high front 

vowel /i/ with mean frequency of 1778 Hz were 

significantly higher than all other vowels. Also, the F2 

frequencies of back vowels /u/ with means of 1300 Hz 

were significantly lower than those of all other vowel 

contexts. The mean frequency of F2 at /a/ onset was 1475 

Hz. 

As expected, there was a main effect for gender 

(p<0.0001); F2 onset was significantly higher for females 

(1520 Hz) than for males (1452 Hz). 

B.3. F2 Locus equation 
Locus equation coefficients for every place of 

articulation were obtained for each of the eight speakers in 

our study (8 speakers × 8 places of articulation). 

Specifically, a linear regression fit was applied on 

scatterplots with F2 values averaged across all vowel 

contexts. Each scatterplot had F2 measured at the onset of 

the vowel represented on the y-axes and F2 measured at 

the mid-point of the vowel represented on the x-axes. The 

coefficients of each regression line (the slope „m‟ and the 

y-intercept „c‟) were taken to be the terms of locus 

equations. 

Table 3 presents mean slope and y-intercept values for 

each place of articulation averaged across vowel contexts. 

A one-way ANOVA for slope showed a main effect for 

Place of Articulation (p < 0.001). Pharyngealized 

fricatives had the lowest slope (0.399 for / /) while glottal 

/h/ had the highest (slope of 0.925). Furthermore, the high 

slope of /h/ was significantly different from all other 

fricatives with the exception of uvular fricatives /ɣ/ and 

/χ/. . There was a main effect for voice (p<0.01); slope 

values were significantly higher for voiceless than for 

voiced fricatives. 

For the y-intercept, a main effect was observed for place 

of articulation (p<0.0001).  

Glottal /h/ and uvular fricatives had the lowest y-

intercept values (160 and 332 Hz respectively), while the 

highest y-intercept value was observed for palatal 

fricatives (1325 Hz). 

Although no significant differences between y-intercept 

of /h/ and (/ɣ, χ/) were observed, Bonferroni post hoc tests 

showed that y-intercept for /h/ was significantly lower 

than all other places of articulation.  
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Table 3: Mean slope and y-intercept values for each place of articulation averaged across vowel contexts 

Place of articulation 
Slope y-intercept 

Male Female Mean Male Female Mean 

Labiodental/f/ 0.630  0.590 0.610 485 575 530 

Alveolar/s/ and /z/ 0.543  0.487 0.515 745 931 838 

Palatal/ʃ/ and /ʒ/ 0.400  0.450 0.425 1212 1438 1325 

Uvular/ɣ/ and /χ/ 0.900 0.801 0.850 254 410 332 

Pharyngeal/ʕ/ and /ħ/ 0.594 0.564 0.579 631 699 665 

Pharyngealized 

Alveolar  / / 
0.432 0.366 0.399  687 815 751 

Glottal/h/ 0.937 0.913 0.925 127 193 160 

 

Additionally, the y-intercept values for uvular fricatives 

were significantly lower than all other places of 

articulation with the exception of labiodental and 

pharyngeal fricatives (/f/ and /ʕ, ħ/). No other significant 

differences were obtained. 

 

IV. DISCRIMINANT ANALYSIS 
 

The first goal of DFA (discriminant function analysis) 

implementation in our study was to find the degree to 

which the acoustic cues investigated here would 

successfully classify Moroccan dialect fricatives. The 

number of cases used was 176 (11 consonants  8 

speakers  2 repetitions). Cross-validated classification 

scores for each place of articulation are shown in Table 4. 

DFA revealed that 72% of the original grouped cases were 

successfully classified into their respective places of 

articulation using discriminant functions derived from the 

acoustic measurements investigated in our study. 

 

Table 4: Cross-validated classification results of all fricatives 

Place /f/ /s, z/ /ʃ, ʒ/ /ɣ, χ/ /ʕ, ħ/ / / 
/h/ 

/f/ 68 2 15 9 2 2 2 

/s, z/ 2 72 8 5 2 9 2 

/ʃ, ʒ/ 2 2 84 6 3 1 2 

/ɣ, χ/ 1 3 6 62 17 2 9 

/ʕ, ħ/ 2 2 4 8 71 3 10 

/ / 4 15 1 3 1 73 3 

/h/ 2 1 2 10 17 3 65 

 

V. CONCLUSION 
 

Several cues measurements were investigated in our 

study with the aim of describing the acoustic 

characteristics of fricatives as produced by native speakers 

of Moroccan dialect. The cues investigated in our study 

were temporal frication noise duration and formant 

information at the fricative-vowel transition (F1 and F2 at 

vowel onset and locus equation). Along with reporting 

these cues, an attempt was also made to classify fricatives 

into their respective places of articulation using statistical 

modeling (discriminant function analysis) with an 

optimum combination of the measurements mentioned 

above. 

The effect of place of articulation on the frication noise 

duration was in agreement with previous research. Our 

study found that frication noise duration of voiceless 

fricatives was longer on average than that of voiced 

fricatives. Such effect of voicing was also found in 

previous studies of English [8, 9] and Spanish fricatives 

[10]. The effect of voicing on the reduction of frication 

noise duration can be attributed in part to the decrease in 

air flow due to higher glottal impedance during voicing. 

Contrary to what was reported in previous research [9], 

our study did not find an effect of vowel context. 

Formant transitions at the fricative-vowel boundary 

were investigated in our study using measures of the first 

and second formants at transition and locus equations. F1 

onset values distinguish palatal place of articulation from 

the other places. Although F1 onset failed to distinguish 

all fricative places of articulation, it did however 

differentiate voiced from voiceless fricatives, with 

voiceless fricatives having significantly higher F1 onset 

values than voiced ones. This distinction is also known to 

count for stop consonants and has been investigated 

extensively [6, 11]. For F2 values, the results obtained 

show that from the back articulated fricatives, only the 

uvular fricatives had similar F2 values than sibilants and 

non-sibilants. 

Post-fricative vowel examination revealed that the 

higher the vowel the lower the F1 onset value and the 

more front the vowel the higher the F2 onset value. 

Both the slope and y-intercept of locus equations in our 

study, in general, did not distinguish between all the 

different places of fricative articulation. However, both 

measurements served to distinguish uvular and glottal 



 

 

 

Copyright © 2014 IJECCE, All right reserved 

1361 

International Journal of Electronics Communication and Computer Engineering 

Volume 5, Issue 6, ISSN (Online): 2249–071X, ISSN (Print): 2278–4209 

 

fricatives as a group having a higher slope and a lower y-

intercept than all other fricatives. Finally, Moroccan male 

speakers can be significantly differentiated from female 

speakers by both slope and y-intercept. 
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