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Abstract

The aim of this study is to demonstrate that rhythm variation 
across Arabic dialects is to a great extent correlated with the 
different types of syllabic structure observed in these dialects, 
especially with regard to the relative complexity of onsets and 
codas. The main focus is on the relationship between syllabic 
structures on the one hand, and rhythm classes based on 
segmental duration on the other. Rhythmic variations in 
Arabic dialects based on proportions of vocalic and 
consonantal intervals were described in [1] following 
experimental procedures put forth by [2]. The present 
investigation consists in computing the frequency of 
occurrence of the different types of syllables in Moroccan, 
Tunisian and Lebanese Arabic representing different areas 
along the dialect continuum. The experimental data is based 
on the production of 10 minutes of spontaneous speech by 
Moroccan, Tunisian and Lebanese subjects. The results show 
that the syllabic patterns observed could be useful in 
characterizing the different Arabic dialects and may also 
constitute a basis for discriminating between them. The 
occurrence of the various types of syllables is significantly 
different from one dialect to another; the percentage of simple 
syllables and long vowels (CV, CVC, CVV, CVVC…) is 
higher in Lebanese Arabic. Moroccan Arabic, on the other 
hand, shows a tendency towards a high percentage of 
complex syllables (CCVC, CCVCC,..etc) and short vowels.  

1. Introduction

This study is part of our attempts to identify prosodic cues 
that may play a determining role in discriminating between 
Arabic dialects. We believe that in addition to the observed 
phonetic, phonological, morphological and lexical 
differences, prosodic elements such as intonation, rhythm and 
syllable structure may constitute reliable cues in 
distinguishing between the various Arabic dialects. 
In previous studies [1] [3], we have highlighted rhythmic 
variations across these dialects using a phonological approach 
to rhythmic interpretation proposed by [4] [5]. This approach, 
which was further elaborated by [2] and later by [6], is based 
on the quantification of relevant phonological properties. The 
implementation of this model, which considers rhythm as the 
sum of these properties, relies on the measurements of syllable 
complexity and vowel reduction. In applying this modal of 
rhythmic analysis to Arabic, it became apparent that rhythm 
varies from one dialect to another and that it does so in a 
gradual way, thus suggesting the presence of a rhythmic 
continuum rather than discrete absolute categories [1]. One of 
the results was that the standard deviation of consonantal 
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als ( C) is higher in the North African dialects than in 
of the Middle East, which suggests the presence of a 

complex syllabic structure in the Western dialects. 
hese values of C are also found to be higher compared 
er stress-timed languages such as English [7]. 
s paper, we will provide additional data from a detailed 
igation of the frequencies of different types of syllables 
ee Arabic dialects in an attempt to establish a direct 
nship between syllable structure type and rhythm 
cy. 
rthermore, most studies on Arabic dialectology have 
ed differences in syllable structure, especially between 
estern and the Eastern dialect, among the feature that 

guish between these dialects. However, no detailed 
igation, to our knowledge, has compared yet these 
ent structures or assessed their role as possible 
fication cues. 

2. Rhythm and syllable 

idely accepted that the syllable plays a major role in the 
ic organization of speech. Cyclic movements of the 

ible corresponding to syllables have been described as 
nting for the acquisition of language by infants as well 
 the evolution of human language (Frame then content 
) [8] [9]. In current phonological theory, syllables and 

d constituents (feet and moras) are basic units in 
nting for rhythmic structure in languages. 
r both phonetic and phonological theories, two types of 
ant syllables emerge: CV and CVC, with CV being the 
frequent and the most universal type [9]; perhaps the 
om which all other syllables are derived [10]. These two 
syllable forms seem to yield more frequent occurrences 
en syllables (CCV, CCCV…) if CV is the dominant 
le in a particular language, and more occurrences of 
 syllables (CCVC, CVCC, CCVCC…) when CVC is 

ost typical one [11]. 
exical databases where words have been segmented into 
les have been used to shed light on the internal structure 
lables as well as on the way syllables combine to form 
. Using data from ULSID (UCLA Lexical and Syllabic 
tory Database), [11] set up a typology taking into 
eration: the number of syllables in a lexical unit, 
red syllable types, general trends in syllabic patterns 
elationships between the different constituents of a 
le. In this paper, we will attempt to follow a similar 
dology hoping to contribute to a better understanding of 
ay syllable structures vary across Arabic dialects, and 
egree to which such variations are correlated with 
ent rhythmic patterns. 



3. Syllable structure in Modern Standard 
Arabic (MSA) 

In MSA, consonant clusters are not permitted in syllable 
initial position. Thus, in a word such as [ ] "behind" the 
intervocalic consonants must belong to two different syllables 
CVC$CV. There are three underlying syllables in MSA: CV, 
CVC and CVV and two syllables CVVC and CVCC that 
appear only in surface phonetic forms such as at pause or 
following other phonological processes. On a basis of data of 
100 000 syllables, the frequency of occurrence of CV, CVC 
and CVV are 49.7%, 23.9% and 17% respectively. If we 
consider conjunctive hamzas as full-fledged consonants then 
CVVC and CVCC syllables together barely account for 1% of 
the occurrences of all the syllables [12].  

As will be shown below, North African dialects have 
undergone, in addition to vowel reduction, a process of short 
vowel deletion in open syllables. This process has resulted in 
various consonant clusters in both onset and coda positions. 

4. Syllabic Structure in the dialects 

4.1. Methodology 

In this section we will examine the occurrences of different 
syllabic structures in three Arabic dialects: Moroccan Arabic 
representing the Western variety, Lebanese Arabic for the 
Eastern variety and Tunisian Arabic representing the 
intermediate region. Grouping the dialects into these three 
sub-classes was motivated, among other things, by our 
findings pertaining to rhythm classes. The subjects who 
produced the data are from the cities of Casablanca for 
Morocco, Tunis for Tunisia and Beirut for Lebanon. 

The results are obtained from speech samples 
representing about 8 to 10 minutes of spontaneous speech at 
normal speaking rate from each dialect. The speech data 
comes from the Araber corpus [13]. Segmentation was carried 
out manually following the way spoken utterances were 
realized and not according to the underlying representations 
of the separate lexical items. As [14] stated, ‘in spontaneous 
speech, the phonetic realization often differs markedly from 
the canonical, phonological representation. Entire phone 
elements are frequently dropped or transformed into other 
phonetic segments. These patter of deletions and substitutions 
appear rather complex and somewhat arbitrary when 
analysed at the level of the phonetic or phonological segment. 
However, this variation becomes systematic when placed 
within the framework of the syllable’. Furthermore, we used 
the same type of phonetic segmentation in our investigation 
of rhythmic patterns, which will allow for a reasonable 
comparison between the results from the two investigations. 
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ble Type Moroccan Tunisian Lebanese 
32,82 35,40 43,23 
22,74 30,57 33,61 
4,52 4,65 5,23 

 1,94 8,03 5,32 
3,75 4,29 3,55 
0,90 1,64 0,28 

 2,45 0 0 
c 1,55 0,20 0 
cc 0,26 0 0 
v 0,52 0 0 

10,98 4,01 2,99 
 10,85 4,38 3,73 
c 1,03 0,64 0 
 0,90 1,73 0,28 
c 1,68 2,65 0,84 
 3,10 1,82 0,93 

able 1 : Frequency of occurrences of syllable types 
in the three Arabic dialects (expressed in %). 

 1 shows that, according to this sample, the three 
ts differ with respect to type of syllables they permit as 
s to their relative frequencies. While Moroccan Arabic 

its 16 types of syllables, Tunisian Arabic has 13 and 
ese only 11. In terms of syllable complexity (table 2), 
syllables in the Moroccan dialect may include up to 3 
nants in onset position and 2 in the coda. Table 2 also 
 that closed syllable types outnumber open ones (9 and 
ectively). 

pty 
set

Simplex 
onset

Complex onset 

cvcc ccv cccv 
cv ccvc cccvc 
cvc ccvcc cccvcc 
cvv ccvv cccvv 
cvvc ccvvc   

able 2 : Types of the syllable structures classified in 
term of complexity. 

ote also that CV and CVC are the two dominant types, 
together they account for 55% of all the syllables in 

ccan, 65% in Tunisian and 76% in Lebanese. Within 
roup, CV is the most frequent syllable in all three 
ts as it is the case in the majority of languages. 
ver, CV syllables are much more frequent in the 
ese dialect than in the North African varieties (figure 
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Figure 1 : Distribution of the syllable types in the 3 
dialects.

The frequency of occurrence of these types of syllables 
confirms what was suggested by [15] on the basis of samples 
from 24 languages. According to [15], the presence in a 
language of a complex syllable whether closed or open, 
entails the presence of the less complex one in that language, 
with complexity being estimated in terms of the number of 
segments in the onset or the coda. This implicational 
tendency is confirmed by [11] who suggests that if a language 
has syllables with complex onsets comprising n consonants 
then that language also has syllables with onsets containing n-
i consonants (i=1 for n-1) as illustrated below 

CCCV  CCV  CV
CCCVC  CCVC  CVC

or
CVCCCC  CVCCC   CVCC   CVC

VCCC   VCC   VC   V  

However, results from our sample do not support to the 
observation that a language will have more occurrences of 
closed or open syllables depending on whether the dominant 
syllable is CVC or CV. In our data, although there is a 
preference for other closed syllables in Tunisian Arabic, there 
is not much difference in terms of frequency between closed 
and open syllables in the two other dialects (figure 2). 
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Figure 2: Frequency of occurrence of open and closed 
syllables in relation to the dominant CV and CVC 

syllables.

4.3. Syllabic complexity: 

The general observation that one can make in the light of this 
investigation is that consonant clusters are more frequent in 

the N
The 
conso
freque
(figur
which
more 
result
princi
in syl
fact t
onset 
of th
constr

onse

onse

cvcc

F

A
the pr
comp
«This
conso
It is b
of und

0

10

20

30

40

50

60

cv cv

cvc c

v vc

In
somew
Leban
the ce
Easter
Tunis
invest
this d
orth African dialects, especially in Moroccan Arabic. 
latter exhibits syllables that comprise clusters of 3 
nants in syllable-initial position and have the highest 
ncy of occurrence of all types of complex syllables 

e 3). These clusters are mainly present in onset position, 
 confirms earlier findings stating that clusters occur 
frequently at onset than coda positions [16] [17]. The 
s also go along the lines of "the maximal onset 
ple" in phonological theory. The prevalence of clusters 
lable-initial position may in part be explained by the 
hat a substantial number of consonants can appear in 
position (from 87 to 100 %) but can not occur at the end 
e syllable (from 21 to 82 %), as there are more 
aints on coda positions [11]. 
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igure 3 : Proportions of different types of complex 
syllables in the three dialects.

s mentioned above, Moroccan Arabic is well known for 
ocess of vowel deletion in open syllable resulting in 

lex onsets and codas. Regarding this dialect, [18] notes: 
 structure of Moroccan Arabic is famous for his 
nant overload, similar in that with the Berber structure. 
ecause of this aspect that Eastern Arabic finds difficulty 
erstanding Moroccan Arabic».
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Figure 4 : Proportions of different types of simple 
syllables in the three dialects.

 Tunisian Arabic however, syllable complexity is 
hat intermediate between the Moroccan and the 

ese dialects. This dialect represents the Western edge of 
ntral sub-group which includes Egyptian Arabic on its 
n end. Short vowels in open syllables also drop in most 
ian dialects including the variety used in this 
igation. Vowel reduction, however, is less important in 
ialect than in the Moroccan variety which explains the 



more frequent occurrences of syllables containing long 
vowels (CVVC, CVV, CCVV and CCVVC). Note also that 
syllables beginning with CC cluster are more frequent in the 
Tunisian than the Lebanese variety which supports the 
intermediate status of Tunisian Arabic (figures 3 and 4). 

4.4. Syllable structure and the acoustic correlates of 
rhythm 

In this section we will compare our observations regarding 
the structure of syllables in these three dialects to the acoustic 
correlates of rhythm discussed in previous investigations. 
Figure 5 illustrates the correlation between C and the 
proportion of vocalic intervals (%V) in 7 Arabic dialects. 
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Figure 5 : Distribution of languages & dialects along  
the %V (x axis) and C dimensions (y axis) 

C and %V were shown to be directly associated with 
vowel reduction and syllabic complexity [2]. Since complex 
syllables include more consonants than simple ones, the more 
complex syllables a language has the higher the average 
proportion of consonants and the lower the %V. At the same 
time, languages with complex syllables also have simple 
syllables thus; the large variety of syllable types also 
increases C.

The distribution of syllable types in the three dialects 
corresponds to the values of C and %V illustrated in figure 
5. Note the negative correlation (r=-0.75) between these two 
values indicating that Moroccan Arabic which has the largest 
number of syllable types (16) and the highest number of 
complex syllables (33% against 15% and 9% for Tunisian and 
Lebanese Arabic respectively) also shows the highest C
values and the opposite is true for %V. Note also the 
intermediate values both in terms of C and %V and in 
number of syllable types and their complexity in Tunisian 
Arabic. These values give more support to our earlier remarks 
about the division of Arabic dialects in sub-classes [1]. 

5. Conclusion

In conclusion, our results show that syllable structures can be 
used as a cue to distinguish between the Eastern and Western 
varieties of Arabic. These structures are also found to 
correspond to rhythmic sub-classes established on the basis of 
measurements from the acoustic signals of C and %V 
parameters. The fact that geographically intermediate dialects 
such as Tunisian Arabic also exhibit intermediate values for 
the parameters investigated provides further support for the 
suggestion that Arabic dialects form a continuum at least with 
regard to sound patterns. 
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