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SYLLABIFICATION OF CODA CONSONANT CLUSTERS IN NAJDI AND HIJAZI 
ARABIC 
 
Abdullah A. Alfaifi, Ph.D. 
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Dissertation Director: Dr. Steven H. Weinberger 
 
 
 

The super-heavy syllable structure (CVCC) of Modern Standard Arabic (MSA) 

has been claimed to be the best syllable to study syllabification and syllable structures in 

all Arabic varieties (Kenstowicz, 1986). Tautomorphemic lexical items that have the 

CVCC syllable of MSA do not have underlying vowels in their canonical syllable 

structure and exhibit all possible manifestations within sonority sequencing (Al Tamimi 

& Al Shboul, 2013). Previous research of coda clusters on Arabic dialects has generally 

documented clusters of the CVCC syllable in one of two ways: Either the last two 

consonants in the cluster observe the sonority hierarchy and the clusters do not undergo 

any change, or the sonority hierarchy is violated and anaptyxis of the cluster occurs (e.g., 

Abboud, 1979; Prochazka, 1988; Ingham, 1994; Al-Mozainy, 1981). Najdi Arabic (NA) 

and Hijazi Arabic (HA) have been documented to adhere to this generalization, but there 

are also documented exceptions (e.g., Al Qahtani, 2014; Al-Mohanna, 1998).  



i 

This dissertation reports on three experiments designed to ascertain how coda 

clusters of the CVCC syllable surface in NA and HA. The first experiment is a 

production experiment that is designed to elicit coda clusters with different sonority 

profiles by NA and HA speakers. The results of the production experiment show 

variation of clusters that undergo and forego anaptyxis within sonority rises, but indicate 

sonority falls and plateaus as acceptable clusters by speakers. Results of this experiment 

also find sonority distance to play a predictive role when anaptyxis occurs. The second 

and third experiments are perception experiments that are designed to complement the 

first experiment and minimize methodological issues associated with the production 

experiment. Results of these two experiments show that variation exists mostly within 

sonority rises, and less so within falls and plateaus; hence, the results of the perception 

experiments indicate that categorical use of sonority-based explanations is not sufficient 

to explain the variation within each coda type.  

Similar to the results of the first experiment, results of the perception experiments 

indicate that sonority distance imposes restrictions when anaptyxis occurs or does not 

occur. Results of the perception experiments also indicate that that other non-sonority-

based factors, such as the order of the place of articulation of the coda sequences and 

Obligatory Contour Principle-NASAL can have an effect on when clusters undergo 

anaptyxis. The results of this dissertation suggest that speakers of NA and HA do not 

treat coda clusters in an all-or-nothing binary fashion. 
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CHAPTER 1: INTRODUCTION AND LITERATURE REVIEW 

 

1.1. Introduction 

The study of consonant clusters in languages has increased our knowledge about 

syllable structure and syllabification. Such analyses enhance our understanding about the 

internal structure of syllables and phonological theory. For many decades, many studies 

have been done on Arabic, including both the standard dialect, Modern Standard Arabic 

(MSA), and many dialects of the language (e.g., Broselow, 1979; Kenstowicz, 1986; 

Abboud, 1979; Abu-Mansour, 1987; Prochazka, 1988; Ingham, 1994; Kiparsky, 2003; Al 

Tamimi & Al Shboul, 2013).  

Previous studies have shown that there is variation with respect to how speakers 

segment sequences of consonants and how they surface. Of particular interest is the 

super-heavy syllable structure of MSA, CVCC, that contains a sequence of two 

consecutive consonants at the end of a syllable, known as coda clusters. In fact, CVCC 

has been claimed to be a good way to study syllable structure and syllabification in 

Arabic (Kenstowicz, 1986). CVCC has been documented to exhibit all possible 

manifestations within the sonority sequencing (Al Tamimi & Al Shboul, 2013); 

furthermore, it does not have an underlying vowel in its canonical syllable structure 

(Kenstowicz, 1986). However, lexical items that have CVCC syllable structure might 

surface differently in the dialects. For instance, lexical items that belong to this syllable 
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structure might undergo simplification of the cluster, which occurs through insertion of 

an epenthetic vowel (i.e., anaptyxis) to break up the cluster (CVCvC), where small [v] 

represents the epenthetic vowel (e.g., Al-Mohanna, 1998; Alqahtani, 2014).  

Sonority sequencing refers to a sonority-based principle that is used to account for 

universally unmarked syllable structures (Clements, 1992a).Within the sonority 

sequencing, each syllable contains one sonority peak, which is located in the nucleus of 

the syllable. The segments preceding and/or following the peak contain decreasing 

sonority values from the peak to the margins (see 1.2.2 for further discussion) (Clements, 

1990, 1992; Parker, 2002, 2008, 2012; Selkirk, 1984).  

Previous research on Arabic dialects has examined how CVCC coda clusters 

surface in the dialects (e.g., Abdul-Karim, 1980; Boudlal, 2001; Rakhieh, 2009; Abboud, 

1979; Prochazka, 1988; Ingham, 1994; Al Qahtani, 2014; Al-Mozainy, 1981; Al-

Mohanna, 1998). Some of these studies have shown that certain dialects exhibit complex 

coda clusters such as Najdi Arabic (NA) and Hijazi Arabic (HA). It has been documented 

that when coda clusters surface in the dialects, they generally behave in one of two ways: 

either the last two consonants in the cluster observe the sonority hierarchy and the 

clusters do not undergo any change, or the sonority hierarchy is violated in the cluster and 

simplification of the cluster occurs through anaptyxis. However, some of these studies 

admit that there are exceptions to this dichotomy (e.g., Al-Mohanna, 1998; Alqahtani, 

2014) .  
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1.1.1. Aims of Dissertation  

This dissertation examines whether speakers of two prominent Saudi dialects —

NA and HA—have a tendency to partially allow or disallow some coda consonant 

clusters with different sonority profiles by testing how coda clusters in lexical items that 

have the CVCC syllable structure surface in these dialects. In cases where speakers allow 

ill-formed clusters or disallow well-formed clusters, this dissertation also attempts to 

identify sonority-based and/or other non-sonority-based factors that shape how coda 

clusters surface in NA and HA dialects through a production experiment and two 

perception experiments. This dissertation explores how native NA and HA speakers treat 

the CVCC syllable structure in their everyday spoken dialects. More specifically, it 

examines how tautomorphemic nouns with different sonority patterns in the coda cluster 

surface in NA and HA. 

1.1.2. Coda Clusters in Arabic 

Numerous studies of several modern Arabic dialects, as mentioned above, have 

examined how coda clusters within CVCC surface in Arabic dialects. Some of these 

studies have shown that certain dialects exhibit complex coda clusters such as Lebanese 

(Abdul-Karim, 1980), Moroccan (Boudlal, 2001), Ma’ani (Rakhieh, 2009), Najdi 

(Abboud, 1979; Prochazka, 1988; Ingham, 1994; Al Qahtani, 2014), Hijazi (Al-Mozainy, 

1981; Al-Mohanna, 1998), Rafidah (Prochazka, 1988; Kiparsky, 2003), Cairene 

(Broselow, 1979), and Palestinian (Farwaneh, 2016). Other dialects have been shown to 

disallow complex codas such as Baghdad Christian Arabic (Abu-Haidar, 1991), and some 

Palestinian dialects (Abu-Salim, 1982). The dialects that allow coda clusters in CVCC 
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has documented clusters generally to either remain intact, if the clusters observe the 

sonority hierarchy, or undergo anaptyxis, if the clusters violate the sonority hierarchy.  

However, some of the studies above acknowledge that there are exceptions to this 

dichotomy (e.g., Al-Mohanna, 1998; Alqahtani, 2014) For instance. NA is a dialect that 

includes some exceptions. Alqahtani (2014) lists sonority-violating items in coda clusters 

of NA as acceptable when produced without anaptyxis (e.g., [ɡatˤʕ] ‘cut’ and [rasm] 

‘drawing’ (p. 191)). Another dialect that includes some exceptions is HA. Jarrah (1993) 

also points out that HA includes some sonority-violating items that do not undergo vowel 

anaptyxis (e.g., [madħ] ‘praising’ and [lakm] ‘punching’ (p. 66)). To account for lack of 

vowel anaptyxis in these coda cluster exceptions, studies of NA and HA support Eisele, 

Broselow, Eid, and McCarthy's (1992) explanation and offer “lexical distinctness” as the 

reason for absence of anaptyxis. Lexical distinctness implies that if speakers insert an 

epenthetic vowel, then the lexical category of the word will change; that is, the lexical 

category will change from a noun to a verb. However, it is conceivable to say that lexical 

distinctness cannot account for the absence of anaptyxis since the inserted epenthetic 

vowel in nouns can be different from the inserted lexical vowel in verbs.  

The coda clusters that violate the sonority hierarchy, or ill-formed clusters, are 

unusual among the languages of the world. Nonetheless, such clusters are found not only 

in NA and HA, but also in other Arabic dialects such as Cairene Arabic which allows 

such clusters as in [ʔakl] ‘food’(Broselow, 2017). Another recent study of Northeastern 

Saudi Arabian by Alhuwaykim (2018) documented that [naml] ‘ants’ and [tamr] ‘dates’, 
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which have sonority-rising coda clusters, do not undergo anaptyxis, although 

Alhuwaykim argues that nasals and liquids are equally sonorous in this dialect. 

The studies above show that coda consonant clusters do not pattern in an all-or-

nothing binary fashion within sonority sequencing. In her study of coda clusters in 

Palestinian Arabic, Farwaneh (2016) concludes that the sonority sequencing fails to 

account for some permissible coda clusters and that the sonority sequencing 

overgenerates impermissible clusters in Palestinian Arabic.  

In addition to coda clusters, ill-formed clusters have also been documented in 

onset clusters, sequences of consonants at the beginning of a syllable, of other Arabic 

dialects mainly spoken in North Africa (Kiparsky, 2003). These dialects may have such 

ill-formed clusters most likely due to language contact with Berber, which appears to 

share the same feature. However, ill-formed consonant clusters can also be found in other 

Arabic dialects such as NA. Alkhonaini (2016) found that NA not only permits sonority-

rising onset clusters, but also sonority plateaus and falls. Therefore, this new line of 

thinking, which seems to be contradictory to the mainstream of the studies above with 

respect to both onset and coda clusters, is starting to provide some evidence that some 

dialects permit onset clusters with different sonority patterns; not only sonority-rising 

clusters, but also sonority plateaus and falls.  

Therefore, it appears that other factors other than sonority sequencing can be at 

play with respect to how onset and coda clusters surface in Arabic dialects. Farwaneh’s 

study (2016) found both the Obligatory Contour Principle (OCP) and markedness along 

with sonority sequencing principle are important factors in what coda consonants are 
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permissible and impermissible in Palestinian Arabic. The OCP, proposed by Leben 

(1973) and named by Goldsmith (1976), is a constraint on sequences of adjacent elements 

that contain an identical feature. Originally, the OCP was used as a constraint to explain 

the rarity of adjacent identical tones in tonal languages (Leben, 1973). McCarthy (1988) 

then determined that OCP could also have effects on non-identical segments sharing a 

feature. McCarthy identified that OCP-PLACE can have effects across an intervening 

consonant in Arabic verbal roots. He introduced four articulatory classes, (viz., [labial], 

[coronal], [dorsal] and [pharyngeal]), in which he identified that OCP has restrictions on 

Arabic verbal roots. With respect to manner of articulation, adjacent coda segments, 

which have an identical feature of manner, should be prohibited by OCP-MANNER. 

Farwaneh (2016) found that stop consonants with the feature [- continuant] may cluster in 

Palestinian Arabic, but fricatives with [+ continuant] were subject to anaptyxis. 

 In short, as discussed above, recent studies with respect to the syllabification of 

coda clusters in Arabic reveal inconsistent results and highlight the need for further 

research and a more in-depth examination of coda clusters with different sonority profiles 

and how codas surface in daily spoken Arabic. The discussion above showcases that the 

segmentation of clusters, specifically coda clusters with the CVCC syllable structure, are 

not as straightforward as previous studies have claimed.  

1.1.3. Outline and Research Questions   

In order to investigate how coda clusters behave in the Najdi and Hijazi dialects, 

this dissertation implements two sets of experiments. Experiment 1 is a production 

experiment which examines coda clusters in tautomorphemic CVCC words and 
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investigates the sonority patterns of coda clusters in two widely Saudi spoken dialects, 

NA and HA. The results of Experiment 1 are then compared to the results of the two 

perception experiments (Experiment 2 and 3). These experiments examine the codas in 

NA and HA, respectively, and ask listeners to express a preference for different spoken 

forms of lexical items with the target clusters. By conducting Experiment 2 and 3, 

additional evidence is obtained in order to ascertain which coda clusters undergo or 

forego simplification. Experiment 2 and 3 also address possible methodological 

shortcomings of Experiment 1 and general limitations of production studies on Arabic 

coda clusters. This dissertation addresses the following research questions:  

1. How do native speakers of NA and HA produce the sequences of coda 

consonants using the three sonority patterns (rises, plateaus, and falls) in their 

native dialects? Do the three coda types with different sonority patterns vary 

in the speaker’s production by dialect?  

2. Do sonority sequencing or sonority-based factors provide sufficient 

explanations to account for cases where speakers allow ill-formed clusters or 

disallow well-formed clusters in NA and HA? 

3. Are the results of the perception studies (Experiment 2 and Experiment 3) 

consistent with that of Experiment 1? Moreover, do the results of both 

Experiment 2 and Experiment 3 show the similarities in the coda types with 

different sonority patterns of NA and HA? 
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4. Are the sonority-based factors alone sufficient to account for the listeners’ 

preferences (i.e., judgments) of which coda clusters are allowed or disallowed 

in NA and HA?  

5. If not, should other non-sonority-based factors be considered as a possible 

explanation for which clusters are allowed or disallowed? 

1.1.4. Organization of the Dissertation 

This dissertation consists of five chapters. The current chapter introduces the topic 

of the dissertation along with the research questions. The remainder of Chapter 1 contains 

broad review of the literature on some Arabic dialects with a focus on NA and HA which 

are the targets of this dissertation. Chapter 1 discusses the concept of sonority, including 

the sonority principle and different sonority scales, as well as the epenthetic vowels and 

introduces seminal cross-linguistic research on clusters in non-native speech and nonce 

words. Chapter 2 presents the production experiment, Experiment 1, and introduces its 

methodology, data analysis and the discussion and results. Chapter 2, furthermore, makes 

notes of possible methodological issues with Experiment 1 and explains how a perception 

study will complement Experiment 1. Chapter 3 describes the perception experiment on 

NA, Experiment 2, and introduces its methodology, data analysis and the results of the 

experiment. Chapter 4 describes the perception experiment on HA, Experiment 3, which 

is a replication of Experiment 2 with a different population, and presents the results of the 

experiment. Chapter 5 includes an overview and comparison of the three experiments and 

provides a general discussion. Chapter 5 also suggests further research and provides 

conclusions to the findings of this dissertation.  
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The conclusions of this dissertation will essentially demonstrate that the operation 

of sonority is not binary in consonant coda clusters and that variation of how coda 

clusters surface is exhibited within each coda type category (i.e., sonority falls, plateaus 

and rises). The results of the conducted experiments in this dissertation will show that a 

gradient sonority is a crucial factor in determining when anaptyxis occurs. The results 

will also indicate that sonority is not solely predictive of cluster modification in the 

CVCC syllable structure in both NA and HA by examining other non-sonority-based 

factors including OCP, the order of place of articulation of the first and second 

consonants, and manner of articulation.  

1.2. Literature Review 

In the following subsections, general characteristics as well as places and manners 

of articulation of NA and HA are introduced. In the same subsection, epenthetic vowels 

and vowel harmony in both NA and HA are highlighted. Following the introduction of 

the target population dialects (NA and HA), the concept of sonority, sonority sequencing, 

minimum sonority distance and some sonority scales are described. Then, some cross-

linguistic studies with respect to production and perception of clusters are touched upon.  

1.2.1. Najdi and Hijazi Arabic 

Modern Standard Arabic (MSA) is the lingua franca and the language used for 

formal purposes in subjects such as science and literature and for newscasts and religious 

ceremonies in most Arabic speaking areas. MSA is learned in school starting from the 

first grade but Arabic speakers are exposed to MSA from an early age through a variety 

of media. As a matter of fact, MSA is not the native language of any Arabic speaker per 



 10 

se nor is it the variety used in daily communication within the community. Arabic also 

has many regional dialects which constitute the native grammars of Arabic speakers.  

Among these regional dialects is Saudi Arabic which is the variety of Arabic 

spoken in the Kingdom of Saudi Arabia. A number of dialects are subsumed in Saudi 

Arabic. This dissertation focuses on NA and HA as representative samples of Saudi 

Arabic dialects. NA is predominantly spoken in the north and center (Ingham, 1994) 

whereas HA is predominantly spoken in the west of Saudi Arabia (Bakalla, 1979; Omar, 

1975). Both NA and HA dialects are used at home and for everyday conversations unlike 

MSA which is used in formal settings. NA shares essentially the consonant inventory of 

MSA. Table 1.1 shows the different consonant phonemes of NA and indicates their 

manners and places of articulation.  

 

Table 1.1. Manner and place of articulation of Najdi Arabic consonant phonemes  
 Stop  Affricate  Fricative Trill   Lateral Glide  Nasal 
Bilabial           b                        w            m 
Labiodental   f      
Dental  ts       dz 

 
θ        ð 
          ðˤ 

    

Alveolar t        d  s        z 
sˤ              

      r        l                                   n 

Alveo-
palatal 

          dʒ ʃ                         

Palatal                              j  
Velar k       ɡ               
Uvular q  χ        ʁ     
Pharyngeal   ħ        ʕ     
Glottal           ʔ  h                  
* [ ˤ] represents emphatic consonants   
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HA also shares the consonant inventory of MSA, similar to that of NA, although 

HA substitutes the standard /θ/ and /ð/ with the dental stops /t/ and /d/ (Ingham, 1971). 

Table 1.2 shows the different consonant phonemes of HA and indicates their manners and 

places of articulation. 

 

Table 1.2. Manner and place of articulation of Hijazi Arabic consonant phonemes  
 Stop  Affricate  Fricative Trill  Continuant Nasal 
Bilabial           b                     

w 
          m 

Labiodental   f     
Dental t         d 

tˤ        dˤ 
     

Alveolar   s        z 
sˤ       zˤ         

     r                  l            n 

Palatoalveolar         dʒ ʃ                 
Palatal                      j  
Velar k        ɡ              
Uvular   χ        ʁ    
Pharyngeal   ħ        ʕ    
Glottal           ʔ  h                 
* [ ˤ] represents emphatic consonants 
 

 
It is assumed that deverbal and underived lexical items tested in this dissertation 

have the underlying CVCC syllable structure in NA and HA (and any other Arabic 

dialect). This assumption can be illustrated by comparing two canonical syllable 

structures, namely, CVCC and CVCVC. Lexical items that have CVCC might undergo 

anaptyxis as discussed above. However, when a genitive morpheme is added to lexical 

items with this syllable structure, CVCC, the coda clusters remain adjacent, as shown in 

1, which has three different items with different sonority profile. In contrast, as shown in 
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2, when a genitive morpheme is added to lexical items that have the canonical syllable 

structure CVCVC, the lexical vowel surfaces and is not deleted.  

1) CVCC underlying representation in Arabic coda clusters 

a) kalb-i  

kalbi 
 dog-my 
 ‘my dog’ 

b) waqt-i 

 time-my 
 ‘my time’ 
 

c) ʃakl-i 

shape-my 
‘my shape’ 

 
2) CVCVC coda underlying representation in Arabic  

a) ʕatˤaʃ-i  

 thirst-my 
 ‘my thirst’ 
 

The examples above support the assumption that tautomorphemic nouns tested in this 

dissertation have the same underlying representation, CVCC, in NA and HA.  

Vowel Harmony and Epenthetic Vowels 

 Vowel harmony between the lexical and epenthetic vowels in NA and HA has 

been documented and has been shown to cause more than one epenthetic vowel in the 

dialects. For instance, Alqahtani (2014) shows that epenthetic vowels in NA are 

determined by the lexical vowel and the first consonant in word-final clusters. In short, if 

the lexical stem vowel is either /i/ or /u/, then vowel harmony takes place, as in /ʔiðn/ 
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‘ear’ and /qutˤn/ ‘cotton’ which surface as [ʔiðin] and [ɡutˤun]. The rule for the epenthetic 

vowel in words with the lexical stem vowel /a/ is more complex since the spreading of 

vowel harmony is not as straightforward. In this case, Alqahtani states that when a 

guttural consonant is adjacent to an empty vowel slot, it spreads the [+Pharyngeal] 

feature to the adjacent vowel slot on the skeletal tier. Therefore, vowel harmony occurs in 

some words such as [baħar] 'sea', but is blocked when the first cluster consonant (i.e., C1) 

is a [- Pharyngeal] sound. In this case when C1 is a pharyngeal sound, which epenthetic 

vowel is inserted after C1 depends on C2. If C2 is /l/, then the epenthetic vowel is [i] as in 

/ħabl/ ‘rope’ and /ʕaɡl/ ‘mind’ which surface as [ħabil] and [ʕaɡil]. If, however, C2 is /r/, 

then the epenthetic vowel is [u] as in /tamr/ ‘dates’ and /sˤabr/ ‘patience’ which surface as 

[tamur] and [sˤabur]. The same rules of NA with respect to vowel harmony with /i/, /u/ 

and /a/ apply to HA (Jarrah, 1993).  

In addition, for the most part, studies about Arabic anaptyxis assume that the 

epenthetic vowel and the lexical vowel are identical. However, as discussed above, 

epenthetic vowels in nouns can be different from lexical vowels in verbs; in general, the 

epenthetic vowels’ features can also be different from those in lexical vowels. Hall 

(2013) did a production study to investigate whether that lexical and epenthetic [i] are 

acoustically indistinguishable in Lebanese Arabic. She found variations among the 

speakers. Some speakers produced the vowels identically, whereas other speakers 

produced a schwa-like epenthetic vowel that is categorically distinct from lexical [i]. 

Other Lebanese speakers had a partial overlap in the tokens between the epenthetic and 

lexical vowels. Hall’s finding shows that the epenthetic and lexical vowels can be 
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different in Lebanese Arabic. This finding drives us to also reconsider whether epenthetic 

vowels in NA and HA have the same characteristics as the lexical vowels or whether they 

can vary with respect to their durations and formants. Research on this topic seems to be 

lacking. Further research could shed more light on whether vowel harmony is a result of 

anaptyxis or a cause of gestural mistiming (see 1.2.4).  

1.2.2. Sonority and Sonority Sequencing  

The concept of sonority was first introduced by Sievers (1876/1893, as cited in 

Parker, 2008) to signify the relative loudness of speech sounds. Other researchers have 

proposed a definition of sonority similar to the one introduced by Sievers. For instance, 

Ladefoged and Johnson (2014) defined sonority as the loudness of a sound relative to that 

of other sounds with the same length, stress and pitch. Despite these well-recognized 

precedents, many other researchers have claimed that sonority has never been sufficiently 

defined (Clements, 1990; Kenstowicz, 1994; Parker, 2002, 2008).  

 Parker (2002, 2008) found intensity to have the strongest correlation with the 

sonority hierarchy among the different parameters which he tested instrumentally. 

Therefore, sonority could generally be defined phonetically as the relative intensity of 

sounds to one another. Sonority has also been presumed to govern consonant clusters in 

syllables (Clements, 1990; Kenstowicz, 1994; Parker, 2008; 2012) and due to sonority 

prevalence, Parker (2011) considers sonority to be part of universal grammar.  

 Sonority sequencing is a sonority-based principle which is used to account for 

universally unmarked syllable structures. Within the sonority sequencing, each syllable 

contains one sonority peak, which is located in the nucleus. The preceding and/or 
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following segments of the peak contain decreasing sonority values from the peak to the 

margins (Clements, 1990, 1992b; Parker, 2008, 2012; Parker, 2002; Selkirk, 1984). 

Although clusters with decreasing values from the peak are universally preferred, 

violations of the sonority sequencing are not uncommon and two types of sonority 

sequencing violations have been identified (Clements & Keyser, 1983; Ohala, 1990).  

A number of sonority hierarchy scales have been proposed (see 1.2.3). For instance, 

Butt’s (1992) sonority scale which consists of the following major natural classes of 

sounds and ranks: voiceless obstruents < voiced obstruents < nasals < liquids < glides < 

vowels.  

An example of the first type of sonority-sequencing violation mentioned above 

occurs when two segments in a margin have the same sonority value. This type of 

violation is seen in English as in [sf] in [sfir] ‘sphere’ in the onset cluster and as in [kt] in 

[fækt] ‘fact’ in the coda cluster. Lexical items with this type of violation are called 

sonority plateaus (Clements, 1990). The second type of sonority sequencing violation 

occurs when the more peripheral segment in the onset or the coda has a higher sonority 

value than the segment closer to the nucleus of the syllable. This type of violation can 

also be found in English, specifically in some [s]-clusters as in ‘street’ [strit] in the s-

cluster [str] and ‘ox’ [ɒks] in the [ks] coda cluster. Such violations are known as sonority 

reversals (Parker, 2012). In this dissertation, clusters with sonority reversals are referred 

to as rises since the more peripheral segment in the coda has a higher sonority value than 

the segment closer to the nucleus.  
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The third type of sonority pattern is sonority falls which are the least marked since 

they appear in all languages. Sonority plateaus, on the other hand, are more frequent than 

rises; hence, plateaus are less marked, while rises are the most marked and typologically 

rare type of coda clusters (Carlisle, 2006). Throughout this dissertation, reference will be 

made to three coda types: falls, plateaus and rises.  

 However, for the most part, sonority sequencing-violating syllables, such as [s] 

onset clusters in English, have been considered exceptional, and accordingly some ad hoc 

accounts have been proposed in order to explain sonority-violating syllables. For 

instance, extrasyllabicity or syllable appendices, and degenerate syllables. Whereas the 

former refers that the consonant is not in any syllable (e.g, Vaux and Wolfe, 2009), the 

latter assumes that the consonant is a degenerate syllable of its own (e.g., Selkirk, 1981; 

Goad, 2012). 

 Another sonority-based principle that is used as a supplement to the sonority 

sequencing principle in order to account for possible syllable deviations in a given 

language is Minimum Sonority Distance (MSD) (Steriade, 1982; Selkirk, 1984). MSD 

explains why some tautosyllabic consonant clusters in a given language are permissible, 

whereas others are not, although these clusters all abide by the sonority sequencing. The 

clusters allowed in a given language in the coda are related to the sonority difference 

between adjacent sounds. Languages which have less sonority distance between coda 

sounds allow more coda cluster types. Adjacent coda sounds which have a sonority 

distance of 1 yield a language which has minimal sonority distance of 2, 3 and 4. 

However, languages with greater sonority differences between their adjacent sounds have 
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fewer coda cluster types. For instance, following the scale above after quantifying the 

natural classes of sounds with cardinal numbers where stops are the least sonorous, a 

language which allows a sonority distance of 1 can possibly permit [glide-stop], [lateral-

fricative] and [nasal-fricative] since the sonority value differences are greater than 1 

while a language which allows a sonority difference of 5 can possibly have only 

[fricative-stop] and singletons.  

 In short, sonority and sonority sequencing have been considered part of universal 

grammar by some; yet, sonority does not account for all syllable structures as mentioned 

above. Within sonority sequencing, sonority hierarchy scales are a key component and 

some of these scales are discussed below.  

1.2.3. Sonority scales  

A multitude of sonority hierarchy scales have been proposed. Parker (2002) 

recognizes over 100 scales including (Broselow, 1979; Clements, 1990; Hogg & 

McCully, 1987; Kenstowicz, 1994; Parker, 2002, 2008; Smolensky, 1995; Butt, 1992; 

Selkirk, 1984; Belvins, 1995). A selective sampling of recognized scales is summarized 

in Table 1.3.  
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Table 1.3. Examples of recognized sonority scales 
Source                                   Sonority Scale 

Universal Sonority Scale 
Clements 
(1990) 

obstruents < nasals < liquids < glides < vowels 

Butt (1992) vl obstruents < vd obstruents < nasals < liquids < glides < vowels 
Selkirk (1984) p, t, k <  b, d, ɡ <  f, θ <  v, z, ð <  s <  m, n <  1 <  r 
Belvins (1995) for non-syllabic segments, voiceless plosives < voiced plosives < vl 

fricatives < vd fricatives < nasals < liquids < glides < non-low vowels 
< low vowels 

Parker (2008) vl stops > vl affricates > vl affricates > vd stops > vd stops > vd 
affricates > vd fricatives > nasals > trills > laterals > flaps > rhotic 
approximants (ɹ) > glides > high interior vowels (ɨ) > mid interior 
vowels (ə) > high peripheral vowels (not ɨ ) > mid peripheral vowels 
(not ə) > low vowels 

             Arabic Sonority Scale 
Haddad (1984) vowels > glides > ʕ > h > ħ  > χ > ɣ > I > m > n, r > ʔ > coronal 

fricatives > non-coronal fricatives > plosives 
*vl = voiceless; vd = voiced 
 
  

Different criteria and orders exist within each of the sonority scales proposed. For 

instance, Clements’ (1990) sonority scale consists of five major natural classes of 

sounds and ranks obstruents, nasals, liquids, glides, and vowels in order of increasing 

sonority. Butt (1992) divides voiceless obstruents from voiced obstruents and considers 

voiced obstruents more sonorous than voiceless obstruents. Selkirk (1984) and Blevins 

(1995) make even finer distinctions in their sonority scales than the above-mentioned 

ones. Whereas Clements (1990) and Selkirk (1984) propose that the scales they provided 

are universal, other researchers have proposed language-specific sonority scales. For 

instance, Steriade (1982) asserts that languages have a certain degree of freedom to 

assign sonority values to their sounds, and Davis (1990) also propose that scales should 

be language specific. Haddad (1984) proposed a language-specific sonority scale for 



 19 

Arabic. Haddad’s scale, however, is proposed based on what sequence of sounds are 

possible in Lebanese Arabic. Accordingly, he derived the hierarchy: vowels > glides > ʕ 

> h > ħ > χ > ɣ > I > m > n, r > ʔ > coronal fricatives > non-coronal fricatives > plosives 

in order of increasing sonority. Haddad’s scale opens up the possibility to a wide range of 

possible scales only within Arabic since other sequences of sounds are possible in other 

dialects. Haddad ranks [ʕ] and [ħ] high in the hierarchy unlike other fricatives which are 

ranked as low in terms of their sonority profile. Moreover, Haddad’s hierarchy does not 

provide a complete picture for some underlying coda consonant clusters.  

 Given these many possible sonority scales, there is no widespread agreement on 

which sonority scale should be used or on which criteria should be followed on choosing 

a scale in lieu of another. Naturally, there will be considerable differences in terms of 

which natural classes of sound adhere to or violate the sonority concept according to 

which sonority scale is used. This dissertation adopts Parker’s sonority scale in lieu 

of other scales including the Arabic specific sonority scale proposed by Haddad, for the 

following reasons. Parker (2002) documents at least 98 different correlates of sonority 

that have not been instrumentally tested. Parker measured five physical parameters from 

data from three languages (Spanish, Quechua, and English), namely: intensity, peak f0, 

average F1 frequency, peak Ut (total air flow), and segmental duration. All of these 

parameters, according to Parker, correlate with the universal sonority hierarchy. Intensity 

has the strongest correlation with the sonority hierarchy in all data sets with a value of 

.97. Based on his measurements, Parker proposes the hierarchy: vl stops > vl affricates > 

vl affricates > vd stops > vd stops > vd affricates > vd fricatives > nasals > trills > laterals 
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> flaps > rhotic approximants (ɹ) > glides > high interior vowels (ɨ) > mid interior vowels 

(ə) > high peripheral vowels (not ɨ ) > mid peripheral vowels (not ə) > low vowels in 

order from the less sonorous to the more sonorous sounds.  

 Parker also argues that language-specific sonority scales discourage 

characterizing sonority in a precise and universal manner. He wonders whether the 

sonority hierarchy is universal. If so, Parker anticipates finding identifiable correlates that 

derive from the architecture of the human vocal and/or auditory apparatus. A thorough 

discussion of the concept of sonority or sonority scales is beyond the scope of this 

dissertation. Yet, for this dissertation Parker’s scale is selected in lieu of others since it is 

the most detailed and instrumentally measured one. It is also, to the best of my 

knowledge, the most recently proposed scale, thus drawing upon all earlier research in 

this area. 

1.2.4. Cluster Production and Perception  

Previous research, whether on first language, non-native speech or even nonce 

words, has used the concept of sonority to account for the speakers’ production and 

perceptions of syllable structures. As discussed in 1.1, previous studies with respect to 

Arabic coda clusters require more in-depth examination. The following section highlights 

some findings on cluster production and perception cross-linguistically.  

A number of cross-linguistic production studies have shown that it is more 

difficult to accurately produce ill-formed, unattested consonant clusters in one's native 

language than it is to produce well-formed ones (Broselow & Finer, 1991; Davidson, 

2006; Beckman & Edwards, 1994). Davidson (2006a) conducted a production study in 
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which Davidson points out that most studies (e.g., Anderson, 1987; Benus, Smorodinsky, 

& Gafos, 2004; Broselow & Finer, 1991; Davidson et al., 2004; Eckman & Iverson, 

1993; Hancin-Bhatt & Bhatt, 1998) assume that the inserted vowel between consonants 

of a cluster is a repair for phonotactically illegal sequences in non-native language 

production. However, she indicates that the presence of a vowel, especially a schwa, does 

not necessarily mean that the speakers epenthesize. While her study shows that the 

predominant repair strategy was the insertion of a vowel between consonants (i.e., 

anaptyxis), Davidson’s results also show that the inserted vowel, specifically the schwa, 

can result from gestural mistiming. Gestural mistiming refers to the insertion of a 

transitional vowel between the consonants of a cluster due to the failure of speakers to 

coordinate the consonants with sufficient overlap. Davidson’s study, although conducted 

on non-native speech, appears to question whether sonority is the reason for the difficulty 

of producing these non-native sequences. 

It is worth mentioning that the vowel harmony rule in Arabic, discussed above, 

could also be the result of repairing clusters due to articulatory coordination difficulty as 

Davidson suggested in her study. That is, vowel harmony could be viewed in some 

instances as a transitional vowel related to gestural mistiming rather than an epenthetic 

vowel, especially if the epenthetic vowel is significantly short. In other words, the 

speakers are possibly not inserting an epenthetic vowel between the consonants to repair 

some of these ill-formed clusters to avoid disallowed sequences. However, they are 

possibly producing a transitional vocoid since these consonant sequences are not 
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adequately overlapped during their production (Browman & Goldstein, 1992; Gafos, 

2002; Davidson, 2007). Vowel harmony is, however, subject to further research.  

In addition to production, previous perceptual studies have also examined whether 

ill-formed clusters, especially onset clusters which are more common by far than studies 

on codas, are more likely to cause perceptual illusions (i.e., imaginary vowels). For 

instance, Berent and colleagues investigated the relative markedness of onset clusters in 

different sonority profiles: falling sonority (e.g., [lbif]), rising sonority (e.g., [bnif]), and 

plateauing sonority (e.g., [bdif]) (Berent, Lennertz, Jun, Moreno, & Smolensky, 2008; 

Berent, Lennertz, Smolensky, & Vaknin-Nusbaum, 2009; Berent, Steriade, Lennertz, & 

Vaknin, 2007). They found that listeners have less accurate perception of marked onset 

clusters (i.e., falling or plateauing sonority clusters) than unmarked clusters (i.e., rising 

sonority clusters). Therefore, onset clusters with a plateau (e.g., [dbif]) or a falling 

sonority (e.g., [rdif]) contour were found to induce more perceptual illusions in 

comparison to those clusters with rising sonority (e.g., [dlif]). In another cross-linguistic 

experiment, Dupoux, Kakehi, Hirose, Pallier, and Mehler (1999) found that VCCV (e.g., 

[ebzo]) items produced by French speakers were perceived with an illusory vowel (e.g., 

[ebuzo]) by Japanese speakers. Japanese does not allow complex sequences of 

consonants, whereas French allows such sequences. In this study, Dupoux et al. 

demonstrated that Japanese speakers heard an illusory vowel in sequences which violated 

the phonotactic rules of their native language.  

 Additional perception studies have taken a different approach and investigated 

whether listeners can perceive clusters similar to their first language, whether these 
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clusters are attested in their first language. For instance, Berent and Lennertz (2007) and 

Davidson (2011) found that both attested and unattested consonant sequences can be 

perceived with high accuracy by Russian listeners in contrast to English speakers. This 

high accuracy of perception by Russian speakers could be attributed to the fact that 

Russian is a language that tolerates rare sonority profiles, such as onset sonority falls. 

Berent and Lennertz’s (2007) finding suggests that regardless of whether the consonant 

clusters are attested in the listeners' first language, these types of clusters are, 

nonetheless, perceptible by listeners. That is, both attested and unattested consonant 

clusters can be perceived accurately regardless of whether they exist in the native 

language of the listener. Berent and Lennertz (2007) concluded that ill-formed onsets 

were misperceived more than well-formed ones. They also concluded that perceptual 

illusions are partially due to the speakers’ linguistic experience.  

In general, it seems that the disparity in the findings above demonstrate that the 

concept of sonority is not firmly established and has recently become controversial in the 

phonological literature (Parker, 2012; Lennertz & Berent, 2015). Lennertz and Berent 

(2015) describe this controversy by referring to two groups of authors. The first group 

considers sonority as an abstract phonological property and hence a universal constraint. 

In contrast, the second group favors a phonetic alternative as an explanation for sonority 

sequencing. For instance, in her study of onset cluster production by English and Catalan 

speakers, Davidson (2010) concluded that production of non-native consonant sequences 

is more likely to be affected by phonetic factors, such as articulatory and aerodynamic 

difficulty rather than sonority sequencing.  
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To conclude, the research above, specifically Davidson’s (2006a; 2011) studies 

generally doubt sonority sequencing as a universal constraint and even question the use 

of sonority sequencing as a categorical scale. Whereas sonority sequencing can explain 

many sequences of coda clusters in NA and HA, the aforementioned studies on Arabic, 

including NA and HA, as well as cross-linguistic research call for further investigation of 

sonority patterns and coda clusters in NA and HA. 

1.3. Motivation 

Previous studies on Arabic coda clusters exhibit some limitations as in introduced 

in 1.1.2. First, a large portion of the studies are merely descriptive; hence, they are 

impressionistic and lack acoustic as well as statistical analyses; moreover, the general 

dichotomy that Arabic coda clusters appears to use sonority a categorical manner which 

might not be accurate. This binary approach to explain coda clusters suggests the need for 

a more thorough and empirical study to identify influencing factors. The findings of the 

existing studies on Arabic coda clusters are too general and do not examine coda clusters 

extensively. In addition, although these studies identify exceptions to the two dialects, 

NA and HA, they do not provide in-depth explanations to why some coda clusters forego 

anaptyxis.  

Farwaneh’s (2016) study identifies both sonority-based and non-sonority-based 

factors that shape the behavior of coda clusters in Palestinian Arabic. In addition, cross-

linguistic studies, whether on non-native speech or unattested clusters, pinpoint that 

marked clusters undergo more anaptyxis more than unmarked clusters. Perception studies 

also show that if a language tolerates rare sonority profiles, such as onset falls, listeners 
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perceive clusters with high accuracy. These studies also open up the possibility to 

examine the speakers’ grammar through perception studies to complement production 

studies of coda cluster behavior in Arabic dialects. 

Therefore, this dissertation attempts to identify sonority-based and/or other non-

sonority-based factors that shape how coda clusters surface in NA and HA dialects 

through a production experiment and two perception experiments. This dissertation 

explores how native NA and HA speakers treat the CVCC syllable structure in their 

everyday spoken dialects. More specifically, it examines how tautomorphemic nouns 

with different sonority patterns in the coda cluster surface in NA and HA. 

 This dissertation attempts to fill a gap in the literature by examining coda 

consonant clusters and how clusters with different sonority profiles surface in NA and 

HA. Acoustic measurements of the epenthetic vowel and its formants will be performed, 

as well as statistical analyses, to compare coda clusters that belong to the marked and 

unmarked types of clusters. To further complement the production experiment, this 

dissertation will then conduct two perception experiments in order to create a profile of 

the factors that may influence how coda clusters surface in NA and HA dialects.  
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CHAPTER 2: CODA CLUSTER PRODUCTION IN NAJDI AND HIJAZI 

ARABIC  

 

2.1. Introduction 

As mentioned in Chapter 1, there has been considerable research done on syllable 

structure on Saudi Arabic dialects including NA and HA (e.g., Abu-Salim, 1982; Abu-

Mansour, 1995; Adra, 1999). Yet, this work does not empirically focus on coda clusters 

and only briefly addresses coda clusters as part of studying the whole dialects. This 

chapter attempts to examine the production of the clusters with different sonority profiles 

in the three coda types in NA and HA. It investigates the production of coda clusters with 

different sonority profiles, such as the production of falling-sonority /farm/ ‘cutting’, 

plateauing /nafs/ ‘self’, and rising /xamr/ ‘wine’ and /tˤɪfl/ ‘child’. This chapter also 

attempts to determine whether a small sample of Saudi speakers from designated dialects 

produce the sonority-violating coda types, plateaus and rises, similarly or differently. In 

addition, this chapter investigates whether other non-sonority-based factors could also 

influence the production of these clusters in NA and HA. Lastly, after investigating how 

tautomorphemic nouns with sonority rises, plateaus, and falls are produced in the 

colloquial (Saudi) Arabic, this chapter touches upon possible methodological issues of 

Experiment 1. This chapter starts with question 1 below, a general inquiry about the 

production of coda clusters, followed by questions 2 which is more specific and delve 



 27 

into the sonority-based factors that affect the speakers’ productions. This chapter also 

discusses whether possible methodological issues of eliciting final coda clusters in Arabic 

through a production experiment could exist.  

1. How do native speakers of NA and HA produce the sequences of coda 

consonants using the three sonority patterns (rises, plateaus, and falls) in their 

native dialects? Do the three coda types with different sonority patterns vary 

in the speaker’s production by dialect?  

2. Do sonority sequencing or sonority-based factors provide sufficient 

explanations to account for cases where speakers allow ill-formed clusters or 

disallow well-formed clusters in NA and HA? 

This experiment’s target population was native speakers of NA and HA, as well 

as a small sample of speakers from two other regions in Saudi Arabia, namely, Southern 

Saudi and Eastern Saudi. Based on the findings of previous studies on NA and HA, it is 

expected that sonority sequencing should be sufficient to explain when anaptyxis occurs 

and does not occur (i.e., as their underlying syllable structure CVCC), specifically that 

anaptyxis should occur based on whether the clusters follow the sonority sequencing 

principle. If the occurrence of epenthetic vowel is predicted by the sonority sequencing as 

suggested in the literature, the participants should always produce the coda clusters 

without anaptyxis in well-formed coda clusters (sonority-falling). In ill-formed clusters 

(sonority-rising and plateauing), the participants are expected to insert an epenthetic 

vowel to break up the ill-formed clusters.  
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The results of Experiment 1 in this chapter will demonstrate that the production of 

coda consonant clusters can vary. That is, the results will show that some clusters do not 

undergo anaptyxis although these clusters do not abide by sonority sequencing. The 

results will also show that coda clusters with sonority falls and sonority plateaus are more 

likely to behave similarly as well as pinpoint some methodological issues in the 

production experiment (Experiment 1) which might apply to any production study 

regarding the production of coda consonant clusters in Arabic. In this chapter, I will also 

promote the need for perception studies to arrive at a better understanding of how coda 

consonant clusters behave in Arabic.  

2.2. Experiment 1 

2.2.1. Method  

Participants  

 As noted, this experiment’s target population was native speakers of NA and HA 

and two other dialects, namely, Southern Saudi Arabic and Eastern Saudi Arabic. A total 

of 20 participants were recruited to produce a list of lexical items from each of the three 

coda types. They ranged in age between 19 and 30 with a mean age of 24.55 and standard 

deviation (SD) 3.6 years (Table 2.1). Their dialects were as follows: HA (9 participants, 

all from the Makkah region where HA is the predominate dialect), NA (7 participants, all 

from the Riyadh region where NA is the predominant dialect), Southern Saudi (3 

participants, all from the southern part of Saudi Arabia), and Eastern Saudi (1 participant 

from the eastern part of Saudi Arabia). All participants also reported being able to speak 

English well. Six of the participants were female and 14 were male. All of the 
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participants were graduate and undergraduate students at George Mason University and 

all of them self-reported no known language or hearing problems. 

 

Table 2.1. Demographics of the participants in Experiment 2  
Number Age (mean)  Age (range) Age (SD) Gender  
20 24.55 19 to 30 3.6 years M= 14, F= 6  
     
 
 
Stimuli 

The lexical items tested in this experiment were all deverbal or underived nouns 

which do not have underlying vowels in their codas in their canonical syllable structure in 

Arabic (e.g., Kenstowicz, 1986; Al Tamimi and Al Shboul, 2013). That is, Arabic script 

contains no indication that there is a vowel between the two consonants of the coda in 

these words. In Arabic, short vowels are written as diacritics; however, the use of 

diacritics is optional in formal writing and not used in informal writing. The participants 

were asked and instructed to read the target items as nouns and to produce them in their 

own daily spoken dialects. Lexical items in Arabic consist of the consonantal roots. Tri-

consonantal root is the most common root, /k t b/ for instance. Each CVCC syllable item 

has a triconsonantal roots and can only be written in one way, though it can be produced 

either as a noun or as a verb. A word such as /ʔaχð/ can be produced by any native 

speaker of Arabic as a noun ‘taking’ in which its underlying syllable structure is CVCC. 

The same orthographic word can also be read as a verb, [ʔaχað(a)] ‘he took’, which has 

the canonical syllable structure CVCVC(V). The stimuli consisted of 60 tautomorphemic 

lexical items. Twenty (20) lexical items were from each type of coda, namely, rises, 
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plateaus and falls with different sonority distances between the first and second 

consonants of the coda. 

All of these lexical items had the same four-syllable carrier phrase ([ʔalʔaan 

baɡuul] ‘now I say’) written preceding the target item1. A representative sample of the 

stimuli is shown in Table 2.2 which includes at least one item of the following coda type 

sub-patterns (for the complete list of test items, refer to Appendix A). 

 

Table 2.2. Underlying nouns of target clusters used in Experiment 1 (production) 
 
Coda Cluster 

 
Word 

Sonority distance 
between C1 and C2 

 
Gloss 

trill + stop ʃartˤ +7 ‘condition’ 
nasal + stop sˤamt +6 ‘silence’ 
lateral + stop kalb +5 ‘dog’ 
trill + fricative ħarθ +4 ‘plowing’ 
(vd.) fricative + vl 
fricative 

nazf +3 ‘bleeding’ 

fricative + stop ʔuxt +2 ‘sister’ 
nasal + fricative kanz +1 ‘treasure’ 
stop + stop ʔabd 0 ‘slave’   
fricative + fricative zaħf 0 ‘creeping’ 
fricative + (vd.) stop kasb -1 ‘ceiling’ 
stop + fricative  ʕaks -2 ‘reverse’ 
fricative + lateral ʔaχð -3 ‘taking’ 
fricative + nasal dʒafn -4 ‘eyelid’ 
stop + lateral  ħabl -5 ‘rope’ 
stop + nasal ʃatm -6 ‘cursing’ 
stop + trill  sitr -7 ‘cover’ 
stop + lateral ʃakl -8 ‘shape’ 
 
 

 

                                                
1 In this dissertation, the vowel system in Arabic literature is followed by using /a, i, u/ 
for short vowels and /aa, ii, uu/ for long vowels.  
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In this dissertation, the difference in the sonority distance between the coda 

consonants (C1 and C2) was quantified following Parker’s (2008) scale, which is 

reproduced in Table 2.3. A cardinal number was assigned to each segment from the least 

sonorous to the most sonorous to reflect their sonority hierarchy.  

 
 
Table 2.3. Hierarchy of phonetic segments in Experiment 1 (production) 
Segment Value 
Laterals                                          9                 More sonorous 
Trills 8 
Nasals   7 
Voiced fricatives 6 
Voiced affricates 5 
Voiced stops 4 
Voiceless fricatives 3 
Voiceless affricates 2 
Voiceless stops                                        1                Less sonorous 
* Hierarchy of phonetic segments based on Parker’s scale (2008) 

 

Procedure 
 

Each participant was first asked to go through a training session for 

familiarization. This consisted of six items which did not duplicate any of the target items 

and included both CVCC and other syllable structures. If the participant did not have any 

questions after the training session, they were asked to start the experiment. The training 

session, as well as the main experiment, began with a display of the experiment’s 

instructions. The instructions were written in Arabic orthography in the dialect of the 

speaker (e.g., NA or HA) in order to steer the participants towards their dialectal register. 

The participants saw the following instructions written in Arabic: “in this experiment, 
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you will see the phrase ([ʔalʔaan baɡuul] ‘now I say’) and a word (always a noun) after it. 

Read aloud the phrase in your own dialect (the dialect you speak daily, for instance, with 

the members of your family such as your parents). You can read aloud any word again if 

you think you misread it during the trial.” Figure 2.1 shows a screen capture of the carrier 

phrase and a target item in Arabic and as it appeared to the participants.  

 

 

Figure 2.1. A screen capture of the phrase /ʔalʔaan baɡuul ʃakl/ ‘now I say shape.’ 

 

Every trial in both the training session and the experimental session lasted for four 

seconds before it faded out and the next trial appeared. Both sessions contained a two-

second blank screen between every two trials. If the participants did not have questions 

for the researcher who was seated in the corner of the sound booth, they were instructed 

via a prompt on the computer screen to press the space bar to start the main experiment. 

The experiment contained 60 target items—20 lexical items from each coda type 

category discussed in the stimuli above. These target items were interspersed with 15 
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filler items which contained words with structures other than CVCC such as CVCVVC 

(e.g., [sˤabaaħ] ‘morning’) and CVCVVCV (e.g., [ðawaani] ‘seconds’) (for the complete 

list of fillers, refer to Appendix B). Stimuli and filler items formed a total of 75 items. 

The stimuli were divided into five blocks in PsychoPy software (Peirce, 2008); 

the participants were not aware of the blocks. Each block contained five trials from the 

three conditions (i.e., coda types). That is, each block contained 15 trials in total (15 trials 

per block X 5 blocks = 75). The five trials from each condition were randomly assigned 

to each block in order to control for the order effect. The main experiment had only one 

two-minute mandatory break in which the recording was stopped. The two-minute break 

occurred after the third block. After the break, the participants finished the rest of the 

experiment (i.e., the fourth and fifth blocks). The experiment overall lasted 

approximately 20 to 25 minutes.  

The experiment was done in a sound booth in the acoustics laboratory of the 

Linguistics Program at George Mason University. It was presented on a MacBook Pro 

laptop using PsychoPy software (Peirce, 2008). The participant was recorded using a 

Zoom H2 portable stereo recorder. The recorder was placed in front of the participant on 

a table 8 -12 inches from their mouth. The recorder and the computer were adjacent to 

each other. The participant was seated in front of the table where the computer and the 

recorder were placed. The recorder was in a 90-degree angle from the participant. The 

participant was required to press the ‘space bar’ key in the keyboard of the laptop a total 

of three times during the experiment. The first was to start the training session, the 
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second was to start the main experiment, and the third was to resume the experiment after 

the two minute-break.  

After the experiment, the participant was asked to complete a background 

questionnaire which collected the following information: age, gender, dialect, city of 

birth, province of birth, country of birth, languages spoken, and the age of onset for each 

additional language they speak. 

Measurements  

A total of 1200 tokens were produced by all speakers. A native Arabic speaker 

listened to the recordings to initially determine whether each word was produced in a 

usable form. Words that had pausing or mispronunciation were discarded from the 

sample. Seventy-two (72) tokens were discarded mostly because they were read as verbs 

rather than nouns. The remainder of the tokens (1128) were then analyzed in PRAAT 

(Boersma & Weenink, 2016). The following intervals were labelled: the word, the type of 

the coda cluster (sonority rise, plateau, or fall) and the epenthetic vowel, if inserted. 

Adopting Hall's (2013) methods, who examined epenthetic vowels in her study of the 

acoustic differences between lexical and epenthetic vowels in Lebanese Arabic, the 

following criteria were used in marking epenthetic vowels in the speakers’ productions:  

1. In obstruents, boundaries were marked at the onset or offset of modal voicing.  

2. If the obstruents were voiced, boundaries were marked based on change in 

intensity (Figure 2.2). 
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3. Boundaries with /l/, /m/ and /n/ were marked based on a change in intensity, 

as shown in Figure 2.3 in which a change in intensity between the epenthetic 

vowel [i] and [n] in [sidʒin] ‘prison’ starts to appear.  

After marking the beginning and end of each epenthetic vowel, the values of formants at 

the vowel midpoint and the duration of the vowel (in milliseconds, ms) were then 

extracted using the PRAAT program for further analyses. 

 
 

 

Figure 2.2. Spectrogram for [kiðib] ‘lying’ produced by speaker SA9. 
 

 
2.3. Results  

As noted above, a total of 1128 word outputs were analyzed in PRAAT after 72 

tokens were discarded mostly because they were read as verbs rather than nouns. Table 

2.4 shows the percentages of all speakers’ productions in the three coda types with and 



 36 

without anaptyxis. “No” indicates the absence of anaptyxis which represents when 

clusters were produced intact as their underlying CVCC syllable structure, whereas “Yes” 

indicates the occurrence of anaptyxis. As mentioned above, each coda type had 20 lexical 

items in the stimuli; therefore, each percentage below represents a third of the percentage 

of total number of stimuli. As can be seen in the table, the total percentage of clusters in 

the three coda types which did not undergo anaptyxis is 76.77%, whereas the clusters 

which had anaptyxis is 23.22%. It is apparent that the vast majority of clusters surfaced 

intact without anaptyxis; it can also be seen that anaptyxis almost exclusively occurred in 

sonority rises and rarely occurred in falls and plateaus. With regard to falls and plateaus, 

they were produced without anaptyxis at rates of 34.04% and 30.67%, respectively, in 

contrast to negligible occurrences of anaptyxis. These results indicate a very similar 

behavior between clusters of falls and plateaus. It should also be noted that not all rises 

underwent anaptyxis (12.06%).  

 

Table 2.4. Anaptyxis by coda type by all speakers 
 
Coda Type 

              Anaptyxis 
No 

 
Yes 

Total 

Falls  34.04% 1.15% 35.1% 
Plateaus  30.67% 1.24% 31.9% 
Rises  12.06% 20.83% 33% 
Total  76.77% 23.22% 100% 
 

 

The results in Table 2.4 are similar to what has been documented in previous 

studies, specifically sonority falls and plateaus having few anaptyxis. Sonority rises, on 
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the other hand, had more anaptyxis than sonority falls and plateaus but nonetheless had a 

considerable percentage of clusters which did not undergo anaptyxis (12.06%). As the 

term anaptyxis suggests, cluster modification was done through inserting an epenthetic 

vowel between the cluster. In most cases, when the speakers epenthesized, the epenthetic 

vowel was [i], specifically when the vowel in the canonical CVCC syllable structure was 

either [a] or [i] as in [ʃakil] ‘shape’, [sitir] ‘cover’, and [sidʒin] ‘prison’ (see Figure 2.3 

below). However, participants also exhibited vowel harmony which occurred when the 

produced vowel in the canonical syllable structure was [u]. The speakers inserted [u] as 

the epenthetic vowel as in [ʕuður] ‘excuse’ (see Figure 2.4). The mean duration of the 

epenthetic vowel [i] for each coda type differed slightly. It was 50.42 ms for sonority 

falls, 40.43 ms for plateaus, and 52.90 ms for sonority rises. When anaptyxis occurred in 

the few items that had the lexical vowel [u], the mean duration of [u] was 59.60 ms and it 

occurred only in sonority rises as shown in Table 2.5. The means of the second formant 

(F2) in [i] and [u] were used in order to distinguish between the two vowels. As displayed 

in Table 2.5, along with first and third formants, [i] had a higher F2 (1678 Hz) than [u] 

(1343 Hz). It should also be noted that the duration of epenthetic vowels varied 

noticeably, ranging between 15 ms and 131 ms for [i], and between 21 ms and 133 ms for 

[u] which could be a sign that some of these apparently epenthetic vowels are possibly 

not real epenthetic vowels but rather transitional vowels (See 2.4).  
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Table 2.5. Mean duration and the first three formants of epenthetic vowels [i] and 
[u] by coda type 
Coda Type Epenthetic 

vowels 
Duration 

(ms) 
F1 (Hz) F2 (Hz) F3 (Hz) 

Falls i 50.42  335 1679 2734 
Plateaus i 40.43 523 1701 2800 
Rises i 52.90 410 1678 2804 
Rises u 59.60 405 1343 2700 
 

 

 
Figure 2.3. Spectrogram for [sidʒin] ‘prison’ produced by speaker SA19. 
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Figure 2.4. Spectrogram for [ʕuður] ‘excuse’ produced by speaker SA03. 

   

 

In summary, these results of Experiment 1 suggest that these the speakers of the 

four dialects tend to break up the coda clusters in the sonority-rising cluster more than in 

clusters with sonority-fall and plateaus. Falls and plateaus appear to be similar with 

respect to how they were produced since these clusters barely underwent anaptyxis. As 

for sonority rises, although this type of cluster underwent more anaptyxis, a modest 

percentage (12.15%) did not.  

In order to investigate whether the differences related to anaptyxis among the 

three coda types are statistically significant—especially rises contrasted to falls and 

plateaus, the data was analyzed with mixed-effects logistic regression models 

implemented in R (R Core, 2015) using the lme4 package in the R statistical environment 

(Bates et al., 2015). The logistic mixed-effects model was fit with the presence (vs. 
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absence) of anaptyxis as the dependent variable and the following fixed effects: Coda 

Types which had three levels (Falls, Plateaus, and Rises), and Sonority Distance 

expressed in absolute numeric value. Participants and items were entered as random 

effects. 

 In order to compare the three coda types among each other, Coda Type was 

coded using Helmert contrasts. Helmert coding compares each level of a given factor to 

the mean of the subsequent levels. The first Helmert contrast compared falls and 

plateaus and, as displayed in Table 2.6, and it indicates that there are no significant 

differences between these two coda types, β = -0.21, p> .05. The second Helmert 

contrast compared falls and rises and, as displayed in Table 2.7, this contrast indicates 

that there are significant differences between the two coda types, β = 6.38, p < .05. The 

third Helmert contrast compared plateaus and rises and, as displayed in Table 2.8, this 

contrast indicates that they are also significantly different, β = 6.60, p < .05.  

 

Table 2.6. Results of comparison of falls and plateaus with Helmert coding  
 Estimate Std. Error z value Pr(>|z|) 
(Intercept) -3.7338 0.5675 -6.579 4.73e-11 *** 
Falls vs. plateaus  -0.2123 0.9862 -0.215 0.83 
Falls & plateaus vs. rises 6.4888 0.8530 7.607 2.80e-14 *** 
Significant codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
 
 
Table 2.7. Results of comparison of falls and rises with Helmert coding 
 Estimate Std. Error z value Pr(>|z|) 
(Intercept) -3.7338 0.5675 -6.579 4.73e-11 *** 
Falls vs. rises  6.3827 0.9490 6.726 1.75e-11 *** 
Falls and rises vs. plateaus -3.4036 0.8840 -3.850 0.000118 *** 
Significant codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
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Table 2.8. Results of comparison of plateaus and rises with Helmert coding 
 Estimate Std. Error z value Pr(>|z|) 
(Intercept) -3.7338 0.5675 -6.579 4.73e-11 *** 
Plateaus vs. rises 6.5950 1.0202 6.464 1.02e-10 *** 
Plateaus and rises vs. plateaus -3.0852 0.8224 -3.751 0.000176 *** 
Significant codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

 

Tables 2.6, 2.7, and 2.8 indicate that the sonority-falling clusters produced by the 

speakers are significantly different from the sonority-rising clusters, whereas those that 

contain falls and plateaus are not significantly different. These results suggest that the 

speakers of these dialects mostly accept falls and plateaus, whereas they do not tolerate 

rises in codas. This degree of acceptance of falls and plateaus by the speakers partially 

answers the first research question by shedding some light on how native speakers of NA, 

HA, Southern Saudi and Eastern Saudi dialects produce the three coda types (rises, 

plateaus, and falls) in their native dialects. However, it does not completely explain 

speakers’ tendencies to modify coda clusters, especially with respect to sonority rises.  

With respect to the differences between NA and HA, Figure 2.5 demonstrates 

how the speakers produced the coda clusters in NA and HA. Both NA and HA speakers 

have the same tendency in their productions of the three coda types.  
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Figure 2.5. Percentage of anaptyxis for the three coda types in Najdi and Hijazi 

Arabic. 
 
 

Another Helmert contrast was performed in order to compare NA and HA and to 

find out whether the differences between these two dialects are significant. In order to 

test this, speakers from Southern Saudi and the speaker from the Eastern region were 

excluded. Table 2.9 summarizes the results and indicates that NA and HA are not 

significantly different from each other with respect to their production of coda clusters, β 

= -0.65, p> .05. 
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Table 2.9. Results of Najdi and Hijazi Arabic comparison with Helmert coding 
 Estimate Std. 

Error 
z value Pr(>|z|) 

(Intercept) -5.6622 2.1908 -2.584 0.0097 ** 
HA vs. NA -0.6538 0.6643 -0.984 0.3250 
HA& NA vs. Southern  0.0034 0.7978 0.004 0.9965 
HA, NA & Southern vs. Eastern .2066 1.3511 0.893 0.3718 
Significant codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

 

2.3.1. Sonority Distance 

Sonority distance also accounts for some of this variation in sonority rises in the 

speakers’ production. Table 2.10 indicates that there is a significant interaction between 

sonority distance and sonority rises (β = 1.00, p< .05).  

 

Table 2.10. Results of coda type interaction with sonority distance (in absolute 
value) 
 Estimate Std. Error z value Pr(>|z|) 
(Intercept) -3.1184 1.2635 -2.468 0.0136 * 
Coda type  2.5974 1.4700 1.767 0.0772 . 
Sonority distance -0.7466 0.4025 -1.855 0.0636 . 
Coda type:son. distance 1.0654 0.4514 2.360 0.0183 * 
Significant codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

 
 

Figure 2.6 shows the percentage of cluster anaptyxis by sonority distance in 

sonority rises and falls. The trend indicates that the greater the sonority distance between 

C1 and C2 in sonority rises (which is shown in negative numbers for representation 

purposes), the more likely that speakers prefer to break up the cluster with anaptyxis. It is 

the opposite for sonority falls such that the greater the sonority distance (shown in 

positive numbers), the less likely the speakers epenthesize. Since plateaus always have a 
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value of zero, this type of coda cluster is not represented in Figure 2.6. It appears that 

sonority distance provides further explanation as to when cluster anaptyxis occurs. 

However, sonority distance by itself does not explain why some violating clusters are still 

acceptable. It can be concluded that sonority-based factors, although they have some 

influence about the production of coda clusters in the tested Saudi dialects, are not totally 

sufficient to account for all the variation in the data.  

 

 
Figure 2.6. Model estimate probability of anaptyxis by sonority distance in sonority 

falls and rises. 
 
 
 

For illustrative purposes, Figure 2.7 includes plateaus and represents the three 

coda types (falls, plateaus and rises) as one continuous line. In general, it can be seen that 

the greater the sonority distance between C1 and C2, the less likely anaptyxis occurs. 
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Figure 2.7. Model estimate probability of anaptyxis by sonority distance in sonority 

falls, plateaus, and rises. 
 

 

2.4. Discussion 

This chapter examined the production of coda clusters in a sample of Saudi 

Arabic dialects with a focus on NA and HA. It also compared the results of NA and HA 

to the production of a small sample of speakers of Southern Saudi and Eastern Saudi 

dialects. Experiment 1 first started with the general question which addressed how native 

speakers of the tested dialects produce coda clusters of the three coda types (rises, 

plateaus, and falls) in their native dialects. Then, it examined whether the sonority 

sequencing or sonority-based explanations are sufficient to account for the speakers’ 

production. Finally, taking into account some concerns from previous studies (besides 

observable misproductions of the participants during the data collection of this 

experiment as discussed in section 2.4.2 below), this experiment addressed whether 
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production studies of coda clusters in Arabic are indeed reliable to draw conclusions 

about the behavior of coda cluster sequences.  

2.4.1. Coda Types in NA and HA 

To begin with, although it seems that categorizing clusters by coda types worked 

well for sonority falls and plateaus, it did not account for the variation that sonority-rising 

clusters exhibited. The results of this experiment, which consists of four Saudi dialects, 

are different than the studies mentioned in Chapter 1 except for Farwaneh who found 

sonority-based and non-sonority-based factors at play in the coda cluster behavior of 

Palestinian Arabic. Figure 2.5 above shows that NA and HA have the same tendency in 

the production of the three coda types. The results of NA and HA in Figure 2.5 are 

similar to the pooled results shown in Table 2.4 of the four dialects. The speakers of all 

dialects tend to produce the sonority plateaus and falls with little or no anaptyxis. All 

dialects, on the other hand, exhibited more anaptyxis in sonority rises. 

The statistical analyses, shown in Tables 2.6, 2.7 and 2.8 above, show that 

differences among each coda type as well as two coda types combined and a third one. 

The results show that there is a significant difference between falls and rises (β = 3.23, p< 

.05). Moreover, falls and plateaus are not statistically different (β = -1.5, p> .05), and 

these two coda types, falls and plateaus, had negligible cluster anaptyxis, 1.15% and 

1.24% respectively. Although plateaus and rises are both considered to be sonority 

violating clusters, these two coda types were produced significantly different from each 

other by the speakers, (β = 6.60, p< .05). Al Tamimi and Al Shboul (2013) in their study 

of the Arabic super-heavy syllable structure CVCC in MSA place the two categories 
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(plateaus and rises) under one category which they label as “insurgents” and falls as 

“compliants”. Although their study was a dictionary-based study about MSA, the results 

of this experiment, if compared to their study, show that plateaus are not as illegal as it 

was expected. If plateaus were to be grouped, it would be more appropriate to group them 

in conjunction with sonority falls as “compliants”.  

Therefore, with respect to the first research question regarding how speakers 

produce coda clusters with three sonority patterns, the results of Experiment 1 indicate 

that sonority sequencing which categorizes the clusters into three coda types can almost 

fully account for the speakers’ production in two of the three coda types, namely, falls 

and plateaus. Rises, on the other hand, had variation and cannot clearly be attributed to 

sonority sequencing. Some sonority-rising clusters underwent anaptyxis, whereas others 

did not. Sonority distance was a significant predictor of when anaptyxis occurred. The 

larger the sonority distance between C1 and C2, the more likely the speakers of all tested 

dialects inserted an epenthetic vowel. However, even sonority distance did not account 

for all the variation in the sonority-rising clusters. Therefore, it appears that there are 

other phonological factors that need to be identified. However, it is also possible that this 

variation in the production of sonority rises could be due to some methodological issues 

in Experiment 1. The following section addresses this possibility.  

2.4.2. Methodological Issues  

Based on the discussion above, it could be questioned whether the sonority 

sequencing as a categorical scale fully explains how the speakers produce coda clusters in 

NA and HA. The sonority sequencing explains most sequences of coda clusters; however, 
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the aforementioned variation in sonority-rise production calls for further investigation. 

Similarly, sonority distance accounts for some of the variation; yet, it does not account 

for why some rising-clusters are still acceptable. It should be mentioned that this 

variation in the production of sonority rises specifically could also be partially attributed 

to the manner in which studies are conducted.  

Although Gouskova and Hall (2009) claim that orthography does not give 

speakers any indication to the underlying vowels since short vowels are not written in 

Arabic and that orthography should not have any effect on the production of the clusters, 

they found that some speakers who had epenthesized freely in a casual setting avoided 

epenthesis during recording. Hall (2013) suggests that standard Arabic does not have 

epenthesis in the final CC in CVCC structures which might cause speakers to avoid 

epenthesis in formal settings, including being recorded in a laboratory. In order to 

minimize such methodological problems, Hall (2013) used a combination of audio and 

written stimuli in her production study of epenthetic and lexical vowels in Lebanese 

Arabic. Participants simultaneously saw the target word written and heard an audio 

recording of a female native Lebanese speaker saying a sentence containing the target 

word in colloquial Lebanese Arabic. Hall’s methodology demonstrates that a production 

study has to be conducted very carefully in order to rule out as many trade-offs caused by 

orthography as possible.  

Although the participants of Experiment 1 were told to read the lexical items in 

their own dialects and that the word after the carrier phrase was always a noun, they 

occasionally read them as verbs. Participants had to be reminded from time to time that 
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the items were all nouns. It was also apparent that the participants were intensely focused 

on executing the experiment and had unconsciously started using the standard register 

rather than their colloquial one when reading some of the items out loud. In this case, I 

also had to remind the participants that they should use their own daily dialect when 

reading the prompts. Having the same carrier phrase and a reading task as well as 

decontextualized target items could have pushed the participants to use the standard 

register of Arabic. It may have had some effect on some of the speakers’ production.  

Further study should be conducted in order to minimize the effects of such 

methodological issues. Accordingly, one might ask whether a perception study of coda 

clusters might be more efficient in providing more consistent results than that of the 

production elicitation done in Experiment 1. Often production and perception studies can 

provide complementary results which can provide added dimensions to the research 

question at hand. However, to the extent known, there have not been any perception 

studies done on coda clusters in Arabic. Chapter 3 and Chapter 4 describe Experiments 2 

and 3, the perception studies of coda clusters, which solely focus on NA and HA, 

respectively. Furthermore, the results of Experiments 2 and 3 are compared to the 

production results of Experiment 1to provide a better understanding of the behavior of 

coda clusters in Arabic.   
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CHAPTER 3: PERCEPTION OF CODA CLUSTERS IN NAJDI ARABIC 

 
 

3.1. Introduction 

As mentioned in the overview, this dissertation contains two perception 

experiments. Experiment 2 examines the perception of coda clusters in NA and is the 

subject of this chapter; Experiment 3 which examines coda clusters in HA, is the subject 

of Chapter 4. To begin with, as Experiment 1 was implemented in a controlled laboratory 

experiment with clear instructions, the speakers could have unconsciously started using 

the standard register rather than their colloquial, as was noticed during Experiment 1 

elicitation and pointed out in previous studies (see Chapter 2). This formal setting may 

have led the speakers to adhere to the CVCC underlying syllable structure. The results of 

Experiment 1 have also shown that not all sonority rises underwent anaptyxis which 

shows some variation within this sonority pattern and necessitates the examination of the 

perception of coda clusters to avoid some possible methodological issues that may have 

arisen in Experiment 1.  

This chapter first investigates coda clusters in NA and compares the results to that 

of Experiment 1. It addresses the following questions: 

1. Are the results of the perception study on NA (Experiment 2) on coda clusters 

consistent with that of the production study (Experiment 1)?  
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2. Are the same factors discussed in the production study sufficient to account 

for the listeners’ preferences (i.e., judgments) of which coda clusters are 

acceptable in NA? 

3. If not, are all of the factors sonority-based, or should other non-sonority-based 

factors be considered as a possible explanation for which clusters are allowed 

or disallowed? 

The null hypothesis in this experiment is derived from patterns observed in 

previous descriptive studies on NA. Alternative hypothesis is derived from Experiment 1, 

mainly sonority-rising clusters, and previous non-Arabic production studies. As a result, 

the null hypothesis assumes that sonority sequencing should be sufficient to explain when 

anaptyxis occurs. That is, the listener’s preference for either the underlying or modified 

forms (word-outputs) should be based on whether the clusters follow the sonority 

sequencing principle. Namely, in well-formed coda clusters (sonority-falling), the 

participants should always prefer the coda clusters (i.e., without anaptyxis). In ill-formed 

clusters (sonority-rising and plateauing), the participants should always prefer the clusters 

in which vowel anaptyxis occurs. The results of Experiment 1 showed that sonority 

distance is a significant factor in the speakers’ productions. The results also showed, as 

mentioned above, that there is a variation in sonority rises. Some of these clusters were 

acceptable to the speakers of NA as well as other dialects. The method of elicitation 

could have possibly influenced why some sonority rises did not undergo anaptyxis. Other 

factors could be at play here as the research questions above state, or at least it can be 

said that the null hypothesis is categorical.  
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On the other hand, taking into account the results of Experiment 1 as well as other 

relevant production and perception studies (see section 1.2.4), I hypothesize that the 

preferences of native listeners of NA will vary across the sequences of clusters, 

specifically in ill-formed coda clusters. Indeed, previous research suggests that 

typologically in an onset cluster, a greater sonority fall is preferred to a smaller sonority 

fall, and a small sonority fall is preferred to a sonority plateau. Accordingly, I expect 

similar behavior for coda clusters in NA: coda sonority rises should be the least preferred 

clusters (Prince & Smolensky, 1994; Lennertz & Berent, 2015).  

In this chapter, I will show that sonority distance is a crucial factor in indicating 

when anaptyxis occurs in NA as the results of Experiment 1 demonstrated in Chapter 2. 

However, in this chapter, the results will also show that variation, with respect to which 

clusters undergo and forego anaptyxis, does not only exist within sonority-rising codas as 

Chapter 2 showed but also in codas with sonority falls and plateaus. Due to this variation, 

this chapter will also examine other non-sonority-based explanations such as OCP-Manner, 

and place and manner of articulation to test whether these factors are statistically 

significant in determining when clusters surface as intact in NA. This chapter will also 

indicate that although these non-sonority- based factors are sometimes not statistically 

significant, they could have an influence on the behavior of coda consonant clusters in 

NA. 
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3.2. Experiment 2  

3.2.1. Method  

Participants  

 This experiment’s target population was NA native speakers. A total of 31 

speakers were recruited and participated online. Participants who did not finish the entire 

experiment were excluded. The thirty-one (31) NA participants ranged in age between 19 

and 50 with a mean age of 23.90 and standard deviation (SD) of 6.30 years. One NA 

participant reported that he was a native speaker of NA and grew up in Abha, a city 

located in the southern part of Saudi Arabia; however, NA is not the predominant dialect 

in that region, so this participant’s results were excluded. Thus, the total number of NA 

participants’ results analyzed was 30. See Table 3.1 for the demographics of the 

participants included in the analysis.  

 

Table 3.1. Demographics of the Najdi participants in Experiment 2  
Dialect Number Age (mean)  Age (range) Age (SD) Gender 

Najdi 30 23.90 19 to 50 6.41 years M= 27, F= 3 

     
      

The thirty (30) participants reported that they are native speakers of NA. All 

participants were from the Riyadh region where NA is predominantly spoken. Within the 

Riyadh region, 21 participants were raised in Riyadh City, seven in Zulfi, one reported 

both Zulfi and Riyadh, and one reported Dawadmi. Of the 30 participants, 14 participants 

reported that in addition to Arabic, they speak English and one reported Japanese. The 
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other 15 participants did not report they speak any other languages. With regard to 

frequency of Modern Standard Arabic, (MSA) usage, 20 participants reported that they 

rarely use it, eight reported that they sometimes use it and two reported they often use it.  

Stimuli   

 The stimuli consisted of 42 underlying monosyllabic Arabic nouns (e.g., /ʕitˤr, 

sidʒn, nabdˤ, bandʒ, sˤabʁ, nafs/). There were 12 sonority-plateauing, 14 sonority-falling 

and 16 sonority-rising underlying codas. Table 3.2 shows all the coda clusters used in the 

perception study by coda type following Parker’s (2008) scale as discussed in Chapter 1.  

 

Table 3.2. Coda clusters grouped by coda type in the Najdi perception study  
Coda Type Clusters 
Falls /dħ, ft, ðb, ʕb, ʕs, mt, mʃ, nz, rʕ, rħ, rdˤ, ldʒ, lʕ, lm/ 

 
Plateaus /qt, bd, dq, bdˤ, χsˤ, fs, hs, ħf, ħsˤ, ʕðˤ, mn/ 

 
Rises /ks, bz, bʕ, br, bl, dˤm, tˤr, sb, fn, ħn, χl, fl, zm, mr, ml, bɣ/ 
 

 

All items contained a coda cluster preceded by one of the short Arabic vowels, /a/, 

/e/, or /i/. Table 3.3 shows the stimuli used in the perception study.  
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Table 3.3. Underlying nouns of target clusters used in Najdi perception study 
 
Word 

Sonority 
distance 

 
Natural class: C1 + C2 

 
Gloss 

madħ 4 – 3 = 1 vd. plosive + vl. fricative (guttural-vl phary) ‘praising’ 
zift 3 – 1 = 2   vl. fricative + vl. plosive ‘terrible’ 
kiðb 6 – 4 = 2      vd. fricative + vd. plosive ‘lying’ 
liʕb 6 – 4 = 2      vd. fricative (guttural-vd phary) + vd. plosive ‘playing’ 
daʕs 6 – 3 = 3      vd. fricative (guttural-vd phary) + vl. fricative ‘crush (n.)’ 
sˤamt 7 – 1 = 6         nasal + vl. plosive  ‘silence 
rimʃ 7 – 3 = 4         nasal +  vl. fricative  ‘eyelash’ 
kanz 7 – 6 = 1         nasal + vd. fricative ‘treasure’ 
farʕ  8 – 6 = 2            rhotic +  vd. fricative (guttural-vd phary) ‘branch’ 
tˤarħ 8 – 5 = 2            rhotic + vl. fricative (guttural-vl phary) ‘subtraction’  
qardˤ 8 – 4 = 4            rhotic +  plosive (emphatic) ‘loan’ 
θaldʒ 9 – 5 = 4              lateral + vd. plosive ‘snow’ 
dˤilʕ 9 – 6 = 3              lateral + vd. fricative (guttural-vd phary) ‘rib’ 
ħilm 9 – 7 = 2               lateral + nasal  ‘dream’ 
waqt 3 – 3 = 0 vd. plosive + vl. plosive ‘time’ 
ʕabd 4 – 4 = 0 vd. plosive + vd. plosive  ‘slave’ 
sˤidɡ 4 – 4 = 0 vd. plosive + vd. plosive ‘truth’ 
nabdˤ 4 – 4 = 0 vd. plosive + plosive (emphatic) ‘heart beat’ 
ʃaχsˤ 3 – 3 = 0    vl. fricative + fricative (emphatic) ‘person’ 
nafs 3 – 3 = 0    vl. fricative + vl. fricative ‘self’ 
dahs 3 – 3 = 0    vl. fricative  + vl. fricative ‘crush’ 
zaħf 3 – 3 = 0    vl. fricative (guttural-vl phary)+vl. fricative ‘crawling’ 
faħsˤ 3 – 3 = 0    vl. fricative (guttural-vl phary) + fricative 

(emphatic) 
‘examination’   

waʕðˤ 4 – 4 = 0    vd. fricative (guttural-vd phary) + fricative 
(emphatic) 

‘preaching’  

ʔamn 7 – 7 = 0                  nasal + nasal ‘security’ 
samn 7 – 7 = 0                  nasal + nasal ‘gee’  
ʕaks 1 – 3 = – 2 vl. plosive + vl. fricative  ‘reverse’ 
χubz 4 – 6 = – 2 vd. plosive + vd. fricative ‘bread’ 
tˤabʕ 4 – 6 = – 2 vd. plosive+vd. fricative (guttural-vd phary) ‘disposition’ 
sˤabɣ 4 – 6 = – 2 vd. plosive + vd. fricative (guttural-vd velar) ‘dye (n.)’ 
sˤabr 4 – 8 = – 4 vd. plosive + rhotic  ‘patience’ 
ħabl 4 – 9 = – 5 vd. plosive + lateral ‘rope’ 
hadˤm 6 – 7 = – 1   plosive (emphatic) + nasal ‘digestion’ 
ʕitˤr 1 – 8 = – 7    plosive (emphatic) + rhotic ‘perfume’ 
kasb 3 – 4 = – 1       vl. fricative + vd. plosive  ‘earning’ 
dʒifn 3 – 7 = – 4       vl. fricative + nasal ‘eyelid’ 
ʃaħn 3 – 7 = – 2        vl. fricative (guttural-vl phary) + nasal ‘shipping’ 
naχl 3 – 9 = – 5       vl. fricative (guttural-vl velar) + lateral ‘palm-tree’ 
tˤifl 3 – 9 = – 6       vl. fricative + lateral  ‘child’ 
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ħazm 6 – 7 = – 1       vd. fricative + nasal ‘strictness’  
χamr 7 – 8 = – 1              nasal + rhotic  ‘wine’ 
raml 7 – 9 = – 2              nasal + lateral ‘sand’ 

 

 

The stimuli also represented different natural classes of sounds in Arabic (e.g., 

emphatic, pharyngeal, coronal, and guttural sounds). The study excluded CVCC identical 

nouns (e.g., /χasˤm/ ‘discount’ vs. /χasˤm/ ‘enemy’) where one of the words might 

undergo anaptyxis to be distinguished from the other in the speakers’ dialects. As shown 

in Table 3.2, in addition to the underlying form, there were three other word-output forms 

for each target word (i.e., four forms of one target word). As can be seen in Table 3.4, 

The first word-output form was monosyllabic (i.e., CC), which is essentially the 

underlying form of these Arabic nouns. The second word-output was the disyllabic 

counterparts of the monosyllabic words which had the syllable structure CVC1vC2 (e.g., 

[ʕitˤir, sidʒin, nabidˤ]). Many studies have reported that anaptyxis occurs between 

consonants of illegal sequences (e.g., Benus, Smorodinsky, & Gafos, 2004; Davdison, 

Jusczky, & Smolensky, , 2004; Davidson, 2006a, Al-Mohana, 1998; Alqahtani, 2014; 

Broselow & Finer, 1991). When creating this form, vowel harmony, which sometimes 

occurs in Arabic, was considered (see Chapter 1 for further discussion). The third word-

output had its first consonant (C1) of the coda cluster deleted, that is, C1 deletion. 

Therefore, this form always had CVC1C2 structure. The fourth word-output had its second 

consonant (C2) of the coda cluster deleted. This form always had CVC1C2 structure.  

 

 



 57 

Table 3.4. Selected word-output forms of each stimulus  
Word Definition  Example  
Monosyllabic form 
(CC)  

Target is produced without any changes tˤifl 

Anaptyxis (CvC)  Target is produced with an epenthetic vowel 
between the clusters 

tˤifil 

C1 deletion (C1 Del) Target is produced with the first consonant 
deleted 

tˤil 

C2 deletion (C2 Del) Target is produced with the second consonant 
deleted  

tˤif 

 

 
As discussed in Chapter 1, in order to first steer participants to use their own 

colloquial dialect and avoid the possible Standard Arabic influence, as well as to avoid 

methodological problems that Experiment 1 might have, the instructions, the sentences 

and the target items were presented in colloquial NA sentences. Each stimulus had a 

different sentence to provide a suitable context (as shown in Figure 3.1). The target 

stimulus was always the last word in the sentence. The carrier sentence was presented in 

audio format by a linguist who is a native speaker of NA. The target word was not 

presented in audio format but was represented only orthographically in the sentence, but 

not in the options. The survey was programmed to randomly play the audio 

representation of two out of the possible four word-outputs. For instance, the target item 

/sˤabɣ/ ‘dye (n.)’ appeared in the sentence “your hair needs dye”. Participants were 

exposed to the complete sentence and heard the sentence by the native NA speaker except 

the target item /sˤabɣ/ ‘dye (n.)’. Next, they were exposed to only two audio 

representations of the four word-outputs, [sˤabɣ], [sˤabiɣ], [sˤaɣ], and [sˤab], at a time. 

The subjects were told to pick the “best” of the two presented words. 
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The stimuli were recorded in a sound-attenuated recording booth in the acoustics 

laboratory of the Linguistics Program at George Mason University located in Fairfax, 

Virginia. The auditory stimuli were recorded by the native speaker of NA. The speaker 

was seated in front of a table in the booth with a Sony PCM-M10 portable recorder 

placed at a 90-degree angle approximately eight to 12 inches away from her mouth. 

During recording of the stimuli, the speaker first read sentences written in Arabic missing 

the target word (last word), then the four word-outputs. She repeated each one of the four 

word-outputs three times consecutively.  

The digital sound files of the stimuli were transferred to a MacBook Pro. The 

quality and accuracy of the stimuli were verified in PRAAT (Boersma & Weenink, 

2014). Spectrograms were scrutinized to ensure the absence of epenthetic vowels 

between the consonant clusters in CVC1C2 words. In the recording of disyllabic 

counterparts, the epenthetic vowels were also acoustically measured in order to keep 

them consistent in terms of duration and formants across the trials. Therefore, the stimuli 

were verified to ensure consistency of epenthetic vowels in the CvC word-output form 

and at the same time exclude vowels between C1 and C2 in the CC output form across the 

stimuli. The vast majority of the stimuli were natural and did not need to be modified. 

However, when modification was needed specifically in the CC form, the same criteria in 

measurements in section 2.2.1 of Chapter 2 was used for the starting and the ending point 

of the vowel. The mean duration for epenthetic vowels was 56 (ms). After checking each 

form for clarity and quality, the best production was selected.  
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The total number of the target audio files the participants listened to was 168 (42 

target items x 4 output forms). Each word-output form was tested against the other forms 

CC vs. CvC, CC vs. C1 deletion, CC vs. C2 deletion, CvC vs. C1 deletion, CvC vs. C2 

deletion, C1 deletion vs. C2 deletion. For instance, the target word /sˤabɣ/ was tested as 

follows: [sˤabɣ vs. sˤabiɣ], [sˤabɣ vs. sˤaɣ], [sˤabɣ vs. sˤab], [sˤabiɣ vs. sˤaɣ], [sˤabiɣ vs. 

sˤab], and [sˤabiɣ vs. sˤab].  

The total number of questions was 252 (42 target items x 6 pairings of contrasting 

word-outputs). The target items were interspersed with 120 filler items (20 fillers x 6 

pairings of contrasting outputs) which contained words with structures other than 

CVC1C2 or CVC1vC2 , such as CVCVVC (e.g., [sˤabaaħ] ‘morning’), CVCVVCV (e.g., 

[ðawaani] ‘seconds’), and CVCCVCV [madrasa] ‘school’ (for the complete list of fillers, 

refer to Appendix C). Stimuli and filler items formed a total of 236 tokens and 372 trials, 

with a 500-ms inter-stimulus interval. Both the target and filler items were randomized. 

The paired word-outputs, as mentioned above, were randomized within trials. Moreover, 

the questions within blocks and the blocks within the survey were randomized to reduce 

possible testing-order bias.  

Procedure   

 Experiment 2 was conducted using a link through the Qualtrics electronic survey 

development tool (Qualtrics, 2017). The survey was distributed through sending the link 

to acquaintances and university professors by email with a request to further distribute 

the survey to NA speakers. The experiment started by asking participants whether they 

were native speakers of NA who use it on a daily basis. If the respondent answered “no”, 
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then the survey ended. If the respondent answered “yes”, then they were guided to 

directions of the experiment where they were also given an overview of the experiment. 

Before they started the actual experiment, the participants were asked to go through a 

training session for familiarization which consisted of six items with CVCC and other 

syllable structures (e.g., /tamr/ ‘dates’, and /salaam/ ‘peace’). The items in the training 

session were different from the items used in the actual experiment.  

The training session, as well as the actual experiment, began with a display of the 

experiment’s instructions. The instructions were written in Arabic orthography in NA 

dialect to steer the participants towards their dialectal register. In the script for the 

instructions, the participants were asked “Of the two recordings that you will hear, and 

thinking of your dialect which you use daily, which is your preferred way of saying the 

last word in the sentence?” The participants were also told to wear headphones or earbuds 

during the experiment. As the written carrier sentence appeared on the screen, the audio 

file of the sentence and the word-output forms automatically played once. At this point, 

the participant was expected to select one of the word-outputs; however, they could 

repeat the audio file of the sentence and the word-output, if they desired. If they desired 

to repeat this audio, there was a playback button on the screen next to the stimuli. In 

addition, the survey included a control mechanism of “forced response” such that 

participants were unable to proceed to the next screen until they selected an answer in the 

current screen. Lastly, a progress bar appeared on each screen for the participants. Figure 

3.1 shows a screenshot of the experiment in Arabic and how it appears on a computer and 

on a smart phone.  
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Figure 3.1. Experiment prompt screenshot for computers and phones: 
[ʃuuf ʔiða bitlɡa baaχr aʃʃaariʕ /farʕ/] ‘check if you can find at the end of the street 
another store.’ 
   

 
After completing all stimuli items in the experiment, the participants were asked 

to fill out a background questionnaire which asked about: age, gender, dialect, city of 

birth, province of birth, country of birth, languages spoken and age of onset for each, how 

much they use standard Arabic, type of device they used, and whether they used 

headphones or earbuds. The combined length of the training session and actual 

experiment was approximately one hour per participant.  

3.2.2. Results  

            The results of all listeners who completed all questions in the experiment were 

included in the analysis (see 3.2.1). Table 3.5 shows the number of instances of the 

participants’ preferences for the CC form, C1 deletion (C1 Del) form, C2 deletion (C2 Del) 

form, and the CvC form in each coda type in the NA dialect. The CC form is essentially 

the absence of any type of modification and was the most common chosen form of the 
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target words (35%). The second most common form preferred by NA listeners was the 

insertion of an anaptyctic vowel between the consonants (CvC) (29%). C2 Del was the 

next most common form preferred (22%), and the least preferred form was C1 Del (14%). 

To summarize, the order of preference for four word-output forms was CC, CvC, C2 Del 

and C1 Del. 

 

Table 3.5. The numbers of selected output forms by coda type in Najdi Arabic 
 
Coda Type 

Outputs  CC C1 Del C2 Del CvC % of Total 

Falls  954 385 521 660 33% 
Plateaus  787 322 463 588 29% 
Rises  946 340 659 935 38% 
Total  2687 1047 1643 2183  
% of Total  35% 14% 22% 29% 100% 
 

The results in Table 3.5 do not align with most of the previous documented 

research of NA that claim that coda clusters in NA undergo anaptyxis in cases where the 

cluster abides by sonority sequencing and does not undergo anaptyxis otherwise. The 

results here show that there is a range of preferences within each coda type. The current 

results also resemble those of Experiment 1 (the production experiment) in showing that 

there is variation within and between each coda type. Figure 3.2 displays this variation 

within and across the three coda types and the percentages of listeners’ preferences for 

each of the four word-outputs by the three coda types. The x-axis represents the coda type 

by sonority pattern (falls, plateaus, rises) and the y-axis represents the percentage of 

preferences for each consonant cluster form. CC, shown in blue, is clearly preferred by 

the listeners for all three coda types; likewise, CvC, shown in black, indicates the 
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listeners unsurprisingly had a preference for it over deleting either the first or second 

consonant in the coda cluster. C2 deletion (C2 Del), shown in grey, is preferred over C1 

deletion (C1 Del), which is shown in green.  

 

 

Figure 3.2. Percentage of preference of selected output forms in Najdi Arabic. 

       

Figure 3.2 merely summarizes the listeners’ preferences and represents 

percentages of how many times a form was chosen overall. However, this perception 

experiment was a forced-choice task in which each word-output was contrasted to one 

other form, namely, CC vs. CvC, CC vs. C1 Del, CC vs. C2 Del, C1 vs. CvC, C2 Del vs. 

CvC, and finally C1 Del vs. C2 Del. Since the word-outputs for C1 Del and C2 Del 

generally yield non-Najdi and non-Arabic nouns as in [sˤaɣ], I will mainly focus on the 

CC vs. CvC pair in order to find out when clusters remain intact and when vowel 

anaptyxis takes place in the coda. Nevertheless, it appears in Figure 3.2 that NA listeners 
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had more of a preference for deletion than expected. It also appears that this preference 

was systematic. Figure 3.3 below expands on Figure 3.2 and shows comparisons of each 

of the abovementioned forced-choice pairs to which the listeners were exposed, including 

the deletion forms.  

The results in Figure 3.3 are similar to the holistic results in Figure 3.2. However, 

with closer scrutiny, we can see that NA listeners did not prefer CC across the board in 

contrast to the general results in Figure 3.2. The first bar graph CC vs. CvC in the series 

in Figure 3.3 indicates that CvC is slightly preferred in the sonority-rising clusters in this 

pair. This preference is consistent with the production results, and not surprising, since 

sonority rises in codas are typologically more marked and predicted to undergo more 

modification than other clusters. It also should be pointed out that there is still a 

substantial percentage of preference for unmodified sonority-rising clusters indicating a 

CC cluster preference in this type of clusters with sonority rises. Similarly, although there 

is a general preference to keep the clusters intact rather than to insert an epenthetic vowel 

in the coda types with sonority falls and plateaus as can be seen in the same (first) bar 

graph (CC vs. CvC), this general preference is not absolute or predominant. Therefore, a 

closer look that accounts for this variation in the three coda types is required.  
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Figure 3.3. Comparisons of listeners’ preferences of selected output forms in Najdi 

Arabic. 
 

 
Other comparisons of forced-choice pairs in Figure 3.3 have the same pattern as 

those in Figure 3.2. That is, CC and CvC were always preferred when they were 

contrasted with the deletion forms. Listeners had considerable preference for the CC 

word-output in the second graph (CC vs. C1 Del). C1 Del, however, appears in the three 

coda types (falls, plateaus and rises) contrary to what was expected.  

If we only compare the results of C1 Del in the three coda types in this pair, we 

can see minimal difference among the three coda types, especially if we take into account 

that the stimuli had 12 plateaus, 14 falls and 16 rises. However, when examining the CC 

vs. C2 Del pair, somewhat more of a difference in C2 Del among the three coda types can 

be seen. In this pair, there was more of a preference for C2 deletion in sonority rises than 

both plateaus and falls. It can be concluded that the results of the deletion forms (C1 Del 

and C2 Del) among the three coda types in (CC vs. C1 Del and CC vs. C2 Del) indicate 
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that listeners indeed preferred deleting a segment over keeping some clusters intact, 

especially in some sonority-rising clusters.  

As for CvC vs. deletion forms this pair has the same pattern but more deletions 

than CC vs. deletion forms. In C1 Del vs. CvC, it was the opposite from the CC vs. 

deletion forms. Sonority rises had less occurrences of C1 Del than plateaus which in turn 

had less occurrences of C1 Del than falls. It appears that the behavior of C1 Del in CC vs. 

C1 Del is different than it is in CvC vs. C1 Del. Listeners had more deletions of C1 in 

sonority falls when C1 Del was contrasted with CvC—in C1 Del vs. CvC—than they did 

when C1 Del was contrasted with CC—in CC vs. C1 Del. In CvC vs. C1 Del, C1 deletion 

gradually decreases from sonority falls to plateaus which had less C1 Del than sonority 

falls but more deletions than sonority rises. In this pair, sonority rises had the least C1 

Del. 

The other pair, C2 Del vs. CvC, had more deletions than any other paired forms 

other than C1 Del vs. C2 Del. In this pair, the difference between the three coda types is 

almost insignificant but this pair had more deletion of C2 than C1 had in C1 Del vs. CvC 

in all three coda types. This preference of C2 Del is consistent with the holistic results in 

Figure 3.2. In this pair, we also can see a similar pattern of C1 Del as it has in the CvC vs. 

C1 Del pair; that is, C1 deletion appears more in sonority falls than plateaus and rises.  

In C1 Del vs. C2 Del, C2 Del was always preferred to C1 Del. In this pair, less 

deletion of the first consonant in the coda can be seen in sonority rises than in plateaus 

and falls, whereas sonority falls had the most deletion of C1 Del. In general, it can be seen 

that in C1 Del vs. C2 Del pair, listeners had a clear preference for deleting the second 
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consonant in all coda types. Some previous research has found that there are experimental 

effects on how speakers treat syllable-final clusters. Speakers tend to delete syllable-final 

consonants and/or devoice final voiced obstruents in spontaneous speech; however, if the 

task is a reading from a word list, speakers tend to epenthesize(Eckman, 1981; 

Weinberger, 1987; 1994; Edge, 1991). It appears that when listeners are forced to choose 

between C1 Del and C2 Del, they prefer to delete the syllable-final consonant, even if it is 

more sonorous (see Chapter 5 for further discussion). 

To sum up, with respect to the deletion forms of C1 and C2, deletion of the second 

consonant was always preferred to deletion of the first consonant. It was not the case that 

the more sonorous consonant was always the segment that was preferred to be deleted, 

either in sonority rises or falls. In addition, the results above indicate that although there 

is a general preference by listeners to keep the clusters intact rather than to insert an 

epenthetic vowel in the coda types with sonority falls and plateaus, this general 

preference is not an accurate representation of the discussion above; a closer look at these 

coda types is required. Similarly, in the sonority-rising coda type, the results indicate that 

there is variation within this type. A more specific investigation of sonority-based 

variables, such as sonority distance, may account for this variation. Moreover, a non-

sonority-based analysis that takes into account factors, such as manner and place of 

articulation of C1 and C2, OCP or possibly the sequences of sounds individually, could 

shed more light on the behavior of coda clusters by NA speakers. The following 

subsections describe the listeners’ preferences of each variable and examine statistically 

whether some of these variables have an effect on the listeners’ preferences. In order to 
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examine the results, the data was analyzed with mixed-effects logistic regression models 

implemented in R (R Core, 2015) using the lme4 package in the R statistical environment 

(Bates et al., 2015). 

To begin with, sonority distance and coda type represent the same relationship 

between C1 and C2. Therefore, one of these variables could replace the other in the 

regression models. In the analysis, two models were compared in R. The first (Sonority 

Distance) model, which had numeric distances between C1 and C2, was compared to the 

second (Coda Type) model, which had three levels (sonority falls, plateaus, and rises). 

The two logistic mixed-effects models were fit using Word Choice (which word output-

form was chosen) as the dependent variable. Both models were also fit with the following 

fixed effects: major Places of Articulation (back, and non-back—back segments were 

velars, uvulars and pharyngeal, in addition to emphatic sounds since they are 

pharyngealized, whereas, non-back sounds were all other sounds)—and OCP-MANNER (+/-

continuant, + nasal, and non-violating). +Continuant were fricative-fricative segments, 

whereas -Continuant were stop-stop segments. Participants was entered as a random 

effect with Places of Articulation and OCP-MANNER as the slopes for Participants. Items 

was also included as a random effect in both models. The Sonority Distance model had a 

lower AIC (1587.1) than the Coda Type model (1595.6) which indicates that this model 

performs better than the Coda Type model. This comparison indicates that coda type 

(fall, plateau, rise) is not enough to expose subtle differences among the sequences; 

therefore, the Sonority Distance model was used. In order to give a statistical assessment 

to the effect of the fixed effects, this model was used as the full model. Backwards 
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stepwise comparison was then used to reach the final model, removing each fixed effect 

(except the random effects) one at a time and comparing the simpler model to the full 

model by way of a likelihood ratio test (using the anova () function in R) (Baayen, 

Davidson, & Bates, 2008) throughout this dissertation.  

Before examining influencing factors of the listeners’ preferences, it is worth 

mentioning that the participants who reported they often used the standard variety of 

Arabic did not differ significantly from the other participants who reported they used it 

less frequently.  

Sonority Distance  

 Figure 3.4 below shows the relation between sonority distance and coda types 

(falls and rises). Figure 3.4 indicates that there is a pattern with respect to sonority 

distance and anaptyxis and indicates that the greater the sonority distance between C1 and 

C2 in sonority rises (which is shown in negative numbers for representation purposes), the 

less likely that NA listeners prefer the CvC form (a disyllabic form). Sonority falls follow 

a similar pattern to an extent with lower percentages of anaptyxis. In falls, the greater the 

sonority distance (shown in positive numbers), the less likely NA listeners prefer a 

disyllabic form. A similar pattern of relation for sonority falls and rises was found in the 

production findings in Experiment 1, as well.  
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Figure 3.4. Model estimate probability of anaptyxis by sonority distance in sonority 
falls and rises in Najdi Arabic. 

  

 Since plateaus always have a value of zero, this type of coda cluster is not 

represented in Figure 3.4. For illustrative purposes, Figure 3.5 includes plateaus and 

represents the three coda types (falls, plateaus and rises) as one continuous line. In 

general, it can be seen that the greater the distance between C1 and C2, the less likely 

anaptyxis occurs.  
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Figure 3.5. Model estimate probability of anaptyxis by sonority distance in sonority 
falls, plateaus, and rises in Najdi Arabic. 

 

 In order to investigate whether sonority distance contributed to which word form, 

between CC and CvC, NA listeners preferred, a second logistic mixed-effects regression 

(no distance) model was fit with the same structure as the full model but without Sonority 

Distance. Comparisons of model fit between the full model and a (no distance) model 

indicate that sonority distance is a significant predictor of which word form NA listeners 

preferred, χ2 = 18.81, p<.05. As discussed above and represented in Figure 3.4, this result 

indicates that sonority distance contributed to which word form output listeners preferred 

and when to clusters were kept adjacent or separated with an epenthetic vowel. It should 

be mentioned that the number of instances in the stimuli is skewed since the main goal of 

this dissertation is to investigate the various factors that might cause the presence and 
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absence of anaptyxis in coda clusters, including the different types of clusters, sonority 

distance, and the natural class of C1 and C2 among others. 

Manner of Articulation of C1 and C2 

 Close examination of the nature of sounds in the coda cluster could reveal more 

about the listeners’ preferences and which clusters undergo or forego anaptyxis in NA. 

Table 3.6, hence, shows the manner of articulation of C1 and C2 in each word form, 

whereas Figure 3.6 compares the listeners’ preference for each word form individually.  

 
 
Table 3.6. Manner of articulation of C1 and C2 in the selected output forms in Najdi 
Arabic 
         
 

Outputs  CC C1 Del C2 Del CvC % of Total 

Falls 
       C1-C2 

     
 

Nasal-Plosive  0.95% 0.29% 0.65% 0.49% 2.38% 
Nasal-Fricative  1.79% 0.69% 0.99% 1.30% 4.77% 
Lateral-Plosive  0.99% 0.50% 0.36% 0.53% 2.38% 
Trill-Fricative  2.79% 1.26% 1.52% 1.56% 7.13% 
Lateral-Fricative  0.86% 0.37% 0.54% 0.61% 2.38% 
Lateral-Nasal  0.91% 0.34% 0.48% 0.65% 2.38% 
Plateaus  
        C1-C2 

 
     

Fricative-Fricative  6.34% 2.49% 3.35% 4.51% 16.69% 
Nasal-Nasal  1.69% 0.56% 1.11% 1.40% 4.76% 
Plosive-Plosive  2.37% 1.23% 1.55% 2.00% 7.15% 
Rises 
     C1-C2 

 
     

Plosive-Fricative  5.28% 2.20% 3.00% 4.21% 14.69% 
Plosive-Trill  1.55% 0.60% 1.03% 1.59% 4.77% 
Plosive-Lateral  0.70% 0.29% 0.56% 0.83% 2.38% 
Fricative-Nasal  2.91% 1.03% 2.12% 3.07% 9.13% 
Fricative-Lateral  1.53% 0.45% 1.08% 1.69% 4.75% 
Nasal-Trill  0.70% 0.20% 0.60% 0.89% 2.39% 
Nasal-Lateral  0.70% 0.17% 0.71% 0.79% 2.37% 
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 It is worth mentioning that the scale used (Parker’s scale) in this dissertation from 

most sonorous to less sonorous is as follows: laterals, trills, nasals, voiced fricatives, 

voiced affricates, voiced stops, voiceless fricatives, voiceless affricates, and voiceless 

stops. Table 3.6 shows that the CC form was preferred except in fricative-lateral, 

fricative-nasal, nasal-lateral, nasal-trill, plosive-lateral and plosive-trill where CvC was 

slightly preferred over CC. On the other hand, preference for fricative-fricative and nasal-

nasal clusters remain intact.  
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Figure 3.6. Manner of articulation of C1 and C2 in the selected output forms in Najdi 

Arabic. 
  

 

 The results in Figure 3.6 are generally consistent with Table 3.6. However, trills, 

regardless of their position (C1 or C2) —trill-fricative, nasal-trill and plosive-trill— 

showed a higher deletion preference. It appears that fricative-fricative segments trigger 

less anaptyxis. Little can be said at this point since fricative-fricative can contain either 
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sonority rises or falls in Parker’s scale depending on voicing. However, this preference of 

keeping clusters intact drives us to investigate whether the manner of C1 has an effect on 

the listeners’ preference, specifically when C1 is fricative. Hence, C1 (fricative or non-

fricative) was added as a variable to the full model above. Comparisons of model fit 

between the full model and the no (C1) model indicate that C1, is not a significant 

predictor of which word-output form NA listeners preferred, χ2 = 1.01, p>.05. 

 As for plateaus, Table 3.6 indicates that plosive-plosive, fricative-fricative, and 

nasal-nasal are preferred to remain intact. This preference of keeping clusters intact 

drives us to investigate which form listeners preferred when they had to choose between 

CC vs. CvC forms. Table 3.7 below excludes the deletion forms and demonstrates the 

preferences of listeners in the CC vs. CvC pair.  
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Table 3.7. Manner of articulation of C1 and C2 in the selected output forms in Najdi 
Arabic 
         
 

Outputs  CC CvC % of Total 

Fall: C1-C2        
Nasal-Plosive  1.98% 0.40% 2.38% 
Nasal-Fricative  3.25.% 1.51% 4.76% 
Lateral-Plosive  1.98% 0.40% 2.38% 
Trill-Fricative  5.71% 1.43% 7.14% 
Lateral-Fricative  1.59% 0.79% 2.38% 
Lateral-Nasal  1.43% .95% 2.38% 
Fricative-plosive  6.27% 5.63% 11.90% 
Plateau: C1-C2       
Fricative-Fricative  11.67% 5% 16.67% 
Nasal-Nasal  2.22% 2.54% 4.76% 
Plosive-Plosive  4.84% 4.68% 9.52% 
Rise: C1-C2       
Plosive-Fricative  8.57% 5.71% 14.28% 
Plosive-Trill  2.22% 2.54% 4.76% 
Plosive-Lateral  1.03% 1.35% 2.38% 
Fricative-Nasal  4.68% 4.84% 9.52% 
Fricative-Lateral  1.98% 2.78% 4.76% 
Nasal-Trill  0.71% 1.67% 2.38% 
Nasal-Lateral  1.11% 1.27% 2.38% 
 
 

 The first part of the table, which generally includes sonority falls, shows that CC 

was always preferred. In the second part, plateaus, the listeners preferred CC in fricative-

fricative and slightly in plosive-plosive sequences. However, the listeners slightly 

preferred CvC for nasal-nasal sequences. As for the third part, which includes mainly 

rises, the listeners preferred the CvC form in all sequences except for plosive-fricative 

sequences. To an extent, this result indicates that fricatives pattern differently when they 

cluster with other obstruents. It is worth mentioning that fricative sounds included some 

pharyngeal sounds which have been considered to have the characteristics of glides as 
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discussed below under the subsection “place of articulation”. A discussion of pharyngeals 

and emphatics which are also considered to be pharyngealized sounds due to their 

coarticulatory characteristics could reveal more about the pattern of fricatives. This 

preference of CC form also appeared in plosive-plosive sequences which drives us to, 

also, consider whether OCP is at play. However, before we investigate the role of OCP, 

further examination of clusters within different manners of articulation and sonority 

distances could reveal whether C1-C2 pairs with the same sonority distance pattern 

similarly. Table 3.8 below shows percentages of CC and CvC across the distances 

between C1 and C2 with their manner of articulation.  
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Table 3.8. Manner of articulation of C1 and C2 in CC vs. CvC output forms across 
the sonority distances and manner of articulation in Najdi Arabic 
       C1-C2   Sonority 

distance 
CC CvC 

Plosive-Trill   -7 0.95% 1.43% 
Fricative-Lateral   -6 1.98% 2.78% 
Plosive-Lateral   -5 1.03% 1.35% 
Fricative-Nasal   -4 1.9% 2.86% 
Plosive-Trill   -4 1.27% 1.11% 
Nasal-Lateral   -2 1.11% 1.27% 
Plosive-Fricative   -2 4.84% 4.68% 
Fricative-Nasal   -1 2.78% 1.98% 
Fricative-Plosive   -1 1.83% 0.56% 
Nasal-Trill   -1 0.71% 1.67% 
Fricative-Fricative   0 10.24% 4.05% 
Nasal-Nasal   0 2.22% 2.54% 
Plosive-Plosive   0 4.84% 4.68% 
Nasal-Fricative   1 1.35% 1.03% 
Plosive-Fricative   1 1.43% 0.95% 
Fricative-Plosive   2 4.44% 2.7% 
Lateral-Nasal   2 1.43% 0.95% 
Trill-Fricative   2 1.9% 0.48% 
Fricative-Fricative   3 1.43% 0.95% 
Lateral-Fricative   3 1.59% 0.79% 
Lateral-Plosive   4 1.98% 0.40% 
Nasal-Fricative   4 1.90% 0.48% 
Trill-Fricative   4 1.98% 0.40% 
Trill-Fricative   5 1.83% 0.56% 
Nasal-Plosive   6 1.98% 0.40% 

 
 

 The results in Table 3.8 indicate that fricatives behave differently not only when 

these sounds clusters with obstruents but also when they cluster with nasals. In obstruent-

fricative, fricative-obstruent, nasal-fricative, fricative-nasal, the listeners of NA had 

preference for the CC form. Plosive-plosive sequences were slightly preferred to remain 
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intact as well. The following subsection investigates the effect of OCP on the listeners’ 

preferences.  

Obligatory Contour Principle-MANNER   
 

The stimuli of this experiment did not contain enough clusters violating OCP-

PLACE; therefore, OCP-PLACE was not examined since the main goal of this dissertation was 

not to study OCP per se. With respect to OCP-MANNER was examined with regard to its 

influence on listeners’ preferences. In this dissertation, if the two coda segments share 

one of the following features: [+ or - continuant] and [+ nasal], they are considered to be 

violations of OCP-MANNER. However, if one of these features is absent, the two adjacent 

segments may form a cluster. Table 3.9 displays the percentage of listeners’ preferences 

of OCP-MANNER of C1 and C2 of by each word form. The table specifically examines [+/- 

continuant] sounds and nasal-nasal segments in addition to non-violating clusters. +/- 

Continuants (fricative-fricative and stop-stop) constitute a large percentage of the data in 

the four word-outputs (28.59%). However, in order to examine whether OCP-MANNER—

specifically OCP-CONTINUANT— causes more anaptyxis, we need to exclude C1 Del and C2 

Del forms and examine the CC vs. CvC pair as shown in Figure 3.7 below.  

 

Table 3.9. OCP-MANNER of C1 and C2 consonants in the selected output forms in 
Najdi Arabic 
 
      C1 – C2 

Outputs  CC C1 Del C2 Del CvC % of Total 

Fricative-Fricative  6.34% 2.49% 3.35% 4.50% 16.68% 
Stop-Stop  4.18% 2.01% 2.49% 3.23% 11.91% 
Nasal-Nasal  1.69% 0.56% 1.11% 1.40% 4.76% 
Non-Violating  23.33% 8.80% 14.79% 19.75% 66.67% 
       % of Total  35.54% 13.86% 21.74% 28.88% 100% 
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 The results in Figure 3.7 are a subset from the four word-output forms, 

specifically the CC vs. CvC pair. The figure shows listeners’ preferences when both C1 

and C2 were matching in [+ or -continuant] and [+ nasal]. [+ continuant] is represented in 

fricative-fricative clusters, whereas [- continuant] is represented in stop-stop clusters. + 

nasal segments are referred to as nasal-nasal. Non-violating clusters refer to any other 

cluster and represent the majority of clusters. 

 

 
Figure 3.7. OCP-MANNER of C1 and C2 in CC vs. CvC output forms in Najdi Arabic. 
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 In Figure 3.7, we can also see that nasals slightly triggered more preference of 

CvC forms in contrast to [+/- continuant] clusters which were not only tolerable but also 

preferred, especially [+ continuant] clusters. Listeners preferred to keep the [+/- 

continuant] clusters intact, i.e., CC (18.4%), in contrast to the CvC form (10.2 %). 

Farwaneh (2016) found that stop sequences, [- continuant], may cluster in Palestinian 

Arabic, but fricative sequences, [+ continuant], were subject to anaptyxis. In the figure 

above in which the deletion forms are excluded, we can also see that nasal-nasal 

sequences are preferred to undergo anaptyxis which contradicts the results we saw in 

4.3.2 with the deletion forms.  

 In order to investigate whether OCP-MANNER is significant, I added OCP-MANNER 

(+/- continuant, nasal and non-violating) as a variable to the full model above. 

Comparisons of model fit between the full model and the no (OCP-MANNER) model 

indicate that OCP-MANNER, specifically OCP-CONTINUANT, is a significant predictor of which 

word-output form NA listeners preferred, χ2 = 7.82, p<.05. This finding indicates that, as 

Figure 3.7 shows, OCP-CONTINUANT has an effect on how clusters surface in NA. One 

might ask whether place of articulation of C1 and C2 within continuant clusters plays a 

role in the listeners’ preferences. The following section below examines the place of 

articulation of the different combinations of C1 and C2 and the possible correlation with 

other variables on the listeners’ preferences.  
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Place of Articulation of C1 and C2 

Table 3.10 displays the percentage of listeners’ preferences for the word-output 

forms by the major places of articulation of C1 and C2 by each word form. In Table 3.10, 

coronals were divided into two groups: coronal obstruents and coronal sonorants. 

 
 
Table 3.10. Place of articulation of C1 and C2 in the selected output forms in Najdi 
Arabic 
 
              C1 – C2 

Outputs  CC C1 Del C2 Del CvC % of 
Total 

Coronal obst-Coronal son  0.75% 0.30% 0.49% 0.83% 2.37% 
Coronal obst-Dorsal  0.89% 0.42% 0.49% 0.58% 2.38% 
Coronal obst-Guttural  0.87% 0.30% 0.45% 0.75% 2.37% 
Coronal obst-Labial  2.50% 0.79% 1.69% 2.16% 7.14% 
Coronal son-Coronal obst  1.83% 0.85% 0.91% 1.18% 4.77% 
Coronal son-Guttural  2.74% 1.11% 1.56% 1.73% 7.14% 
Coronal son-Labial  1.83% 0.86% 0.98% 1.10% 4.77% 
Dorsal-Coronal obst  1.73% 0.86% 0.97% 1.20% 4.76% 
Dorsal-Coronal son  3.58% 1.52% 1.84% 2.58% 9.52% 
Guttural-Coronal obst  1.24% 0.45% 1.04% 1.63% 4.36% 
Guttural-Coronal son  2.65% 0.82% 1.57% 2.10% 7.14% 
Guttural-Labial  6.10% 2.37% 3.57% 4.63% 16.67% 
Labial-Coronal obst  5.25% 1.79% 4.10% 5.53% 16.67% 
Labial-Coronal son  1.79% 0.75% 1.06% 1.56% 5.16% 
Labial-Dorsal  1.80% 0.65% 1.01% 1.31% 4.77% 
Labial-Guttural  0.75% 0.30% 0.49% 0.83% 2.37% 
Labial-Labial  0.89% 0.42% 0.49% 0.58% 2.38% 

% of Total  37.19% 14.56% 22.71% 30.28% 100% 
 

  

 NA listeners always preferred C2 Del over C1 Del. This is not surprising 

according to the results in the previous subsections. However, C2 Del had a big margin of 

preference in the labial-coronal obstruent sequences. This preference for C2 Del might 

indicate that listeners perhaps prefer to delete a consonant over the CC or the CvC form 
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in this type of clusters specifically. This sequence (labial-coronal obstruent) was also one 

of the sequences for which listeners had a higher preference for CvC (5.53%) over CC 

(5.25%). The other sequences which had higher preference of CvC were coronal 

obstruent-coronal sonorant, and labial-guttural obstruent. Guttural sounds in Arabic are 

/χ, ʁ, ħ, ʕ and h/, and guttural-coronal obstruent. On the other hand, listeners always had 

preference for the CC form in the opposite order of place of articulation of C1 and C2 of 

these sequences (coronal obstruent-labial, coronal sonorant-coronal obstruent, guttural-

labial, and coronal obstruent-guttural).  

 The order of place of articulation of consonants could have an effect as shown in 

other studies. For instance, Chitoran, Goldstein, and Byrd (2002) found that order of 

place of articulation (labial-coronal, coronal-dorsal and labial dorsal) in word initial stop-

stop sequences in Georgian exhibits more gesture overlap than the opposite order. The 

trend above seems to be in line with this finding, but see below for more details. 

 Figure 3.8 below compares the place of articulation of C1 and C2 within each 

word-output form in contrast to Table 3.10 which compares the listeners’ preferences 

between each word-output form.  
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Figure 3.8. Place of articulation of C1 and C2 in the selected output forms in Najdi 

Arabic. 
 

 

 A difference that can be seen in Figure 3.8 is that listeners preferred the CvC form 

in labial-coronal sonorant (19.1%) clusters over the CC form (14.8%), whereas they 

preferred the CC form in labial-coronal obstruent (17.2%) clusters slightly more than the 

CvC form (16%). Another slight difference regarding place of articulation can be seen in 

coronal sonorant-guttural clusters in which preference for the CC form was 7.7%, 

whereas the CvC form was 6%.  
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 Figure 3.9 below gives us a better picture and helps us to understand which form 

listeners preferred when they are forced to choose between CC vs. CvC. Since this figure 

excludes the deletion forms, more acute differences can be seen, especially in the in 

labial-coronal sonorant, coronal obstruent-coronal sonorant, labial-guttural and guttural 

coronal sonorant clusters which underwent considerably more epenthesis. By contrast, 

NA listeners preferred to have coronal sonorant-guttural, guttural-coronal obstruent, and 

labial-coronal obstruent clusters remain intact.  
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Figure 3.9. Place of articulation of C1 and C2 in CC vs. CvC output forms in Najdi 

Arabic. 
 Elgendy (2001) has shown that pharyngeal fricatives have the phonetic 

characteristics of glides. If such a characterization of pharyngeals is accurate, it would be 

expected to see these sounds pattern differently. Emphatic sounds are also considered 

pharyngealized, so these sounds are added in Table 3.11 in order to see if they pattern in 

a similar manner as pharyngeals.  

 

Table 3.11. Pharyngeal and Emphatic sounds as C1 or C2 in CC vs. CvC word-
output forms in Najdi Arabic 
           C1 – C2 Outputs  CC CvC  
Emphatic-Sonorant  2.54 % 2.22%  
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Obstruent-Emphatic   1.67% 0.71%  
Obstruent-Pharyngeal   1.98% 2.78%  
Pharyngeal-Emphatic   3.41% 1.35%  
Pharyngeal-Obstruent  4.44% 2.70%  
Pharyngeal-Sonorant  1.03% 1.35%  
Sonorant-Emphatic   1.98% .40%  
Sonorant-Pharyngeal   5.32% 1.83%  
Uvular-Emphatic  1.67% .071%  
 

 

When pharyngeals cluster with an obstruent, they appear to promote the listeners’ 

preferences of CC or CvC depending on whether they appear as C1 or C2 in the cluster. 

However, when the sequence has a sonorant, less anaptyxis occurs. Emphatics, however, 

did not have the same pattern as pharyngeals.  

 In order to test whether place of articulation has a significant impact on the 

listeners’ preferences, a logistic mixed-effects regression analysis was performed. 

However, in order to perform this statistical analysis, it was necessary to further expand 

the major classes of place of articulation of C1 and C2 into larger classes, especially since 

there are many combinations of places of articulation; therefore, segments were divided 

into [+/- back]. Comparisons of model fit between (a no place) model and the full model 

indicate that major places of articulation are not significant predictors of listeners’ 

preferences in NA, χ2 = 1.38, p>.05. Figure 3.10 summarizes NA listeners’ preferences 

within the CC vs. CvC pair by place of articulation.  

 Table 3.12 displays the percentage of listeners’ preferences for the [+/- back] 

feature where front segments are essentially the non-back segments. Although, 

statistically speaking, the feature [+/- back] was not significant, it can be seen that back-
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front clusters had more anaptyxis (6.51%) than front-back (5.69%). The preference for 

the CC form was 8.1% in the back-front clusters and 7.25% in the front-back clusters. 

Figure 3.10 below illustrates the order of place of articulation of C1 and C2 in the 

consonant sequences. The CC form is shown in blue, whereas the CvC form is shown in 

black.  

 

Table 3.12. Place of articulation of C1 and C2 in the selected output forms in Najdi 
Arabic 
    C1 – C2 Outputs  CC C1 Del C2 Del CvC % of Total 
Back-Back  2.71% 1.01% 1.57% 1.85% 7.14% 
Back-Front  7.25% 2.82% 4.46% 6.51% 21.04% 
Front-Back  8.1% 3.49% 4.55% 5.69% 21.83% 
Front-Front  17.49% 6.53% 11.15% 14.83% 50% 

% of Total  35.55% 13.85% 21.73% 28.88% 100% 
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Figure 3.10. Order of place of articulation of C1 and C2 in CC vs. CvC output forms 
in Najdi Arabic. 

  

 
 To summarize this chapter, sonority-based explanations tell us why the CC word-

output form is preferred over the CvC form, and vice versa. Sonority distance indicates 

that the greater the distance in sonority falls and rises, the more anaptyxis occurs. OCP-

MANNER can be divided into two types. The first type is OCP-CONTINUANT which appears to 

be treated differently than what was anticipated. It was expected that OCP-CONTINUANT 

would promote anaptyxis; however, it promoted keeping clusters intact without 

anaptyxis. Although this study did not have many nasal-nasal clusters, there appears to be 
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a tendency to break up nasal-nasal clusters which indicates that OCP-NASAL acts 

differently than OCP-CONTINUANT. Finally, throughout the discussion above, we saw that 

when we delve into place and manner of articulation, we find that the regression analysis 

when performed does not yield significant results as in the larger classes of place of 

articulation; however, such factors can have an impact on the listeners preferences of 

which coda clusters are acceptable in NA. Further discussion of the NA results can be 

found in Chapter 5.  
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CHAPTER 4: PERCEPTION OF CODA CLUSTERS IN HIJAZI ARABIC 

 

4.1. Introduction 

This chapter examines the perception of coda clusters on another predominant 

spoken dialect in Saudi Arabia; namely, HA. It attempts to minimize the methodological 

issues in Experiment 1 (see Chapter 2 for further details) and attempts to replicate 

Experiment 2 (NA) by addressing the following questions: 

1. Are the results of the perception study on HA (Experiment 3) consistent with 

that of the production study (Experiment 1)?  

2. Are the results of Experiment 3 consistent with that Experiment 2?  

3. Are the same factors discussed in the production study sufficient to account 

for the listeners’ preferences (i.e., judgments) of which coda clusters are 

acceptable in their dialects? 

4. If not, are all of the factors sonority-based, or should other non-sonority-based 

factors be considered as a possible explanation for which clusters are allowed 

or disallowed? 

The null and alternate hypotheses are identical to that stated for NA in Chapter 3. This 

chapter will also examine the same factors as well as indicate generally similar results to 

that of Chapter 3 with respect to that of NA.  
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4.2. Experiment 3  

Experiment 3 is a replication of Experiment 2 with a different target population, 

namely HA speakers. A native speaker of HA who is a linguist recorded the stimuli. 

Otherwise, the same methodology, procedure and stimuli with slightly different sentences 

(e.g., names that are more common in HA more than in NA) used in Experiment 2 were 

used in Experiment 3.  

4.2.1. Method  

Participants  

 This experiment’s target population was HA native speakers. A total of 30 

participants completed the online survey. The thirty (30) HA participants ranged in age 

between 18 and 51 with a mean age of 30.63 and standard deviation (SD) of 9.23 years 

(see Table 4.1 for the demographics).  

 

Table 4.1. Demographics of the Hijazi participants in Experiment 3  
Dialect Number Age (mean)  Age (range) Age (SD) Gender 

Hijazi 30 30.63 18 to 51 9.23 years M= 9, F= 21 

     
       

All participants reported they were native speakers of HA. All participants were 

from Makkah region where HA is predominantly spoken. Within the Makkah region, 21 

participants were raised in Jeddah City, five in Makkah, two in Madinah, one in Rabigh 

and one reported Taif. Of the 30 participants, 19 participants reported they speak English 

as a second language, one reported English and Indonesian, and one reported Urdu and 
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English as other languages spoken. The other nine participants did not report they speak 

any other languages. With regard to frequency of MSA usage, 16 participants reported 

that they rarely use it, 12 reported that they sometimes use it, and two reported they often 

use it.  

Stimuli   

 The test apparatus and stimuli are the same as reported in Chapter 3 for NA. 

However, the auditory stimuli were recorded by a female linguist who is a native speaker 

of HA. Table 4.2 shows the clusters of the target items.  

 

Table 4.2. Coda clusters used in the Hijazi perception study  
Coda Type Clusters 
Falls /dħ, ft, ðb, ʕb, ʕs, mt, mʃ, nz, rʕ, rħ, rdˤ, ldʒ, lʕ, lm/ 

 
Plateaus /qt, bd, dq, bdˤ, χsˤ, fs, hs, ħf, ħsˤ, ʕðˤ, mn/ 

 
Rises /ks, bz, bʕ, br, bl, dˤm, tˤr, sb, fn, ħn, χl, fl, zm, mr, ml, bɣ/ 
 
 
 
Procedure   

The procedure for the survey and data collection are the same as described in 

Chapter 3.  

4.2.2. Results  

            The thirty (30) HA respondents listened to 372 sentences of both target items and 

fillers (similarly to NA, see section 3.2.1). Table 4.3 shows the number of instances of the 

participants’ preferences for the four output forms. The CC form was the most common 

chosen form of the target words (38.5%). The second most common form was CvC 
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(33%). C2 Del was the next most common form preferred (20%), and the least preferred 

form was C1 Del (8.5%).  

 

Table 4.3. The numbers of selected output forms by coda type in Hijazi Arabic 
 
Coda Type 

Outputs  CC C1 Del C2 Del CvC % of Total 

Falls  1053 177 513 777 33.3% 
Plateaus  858 167 455 680 28.6% 
Rises  1067 133 575 1105 38.1% 
Total  2978 654 1543 2562  
% of Total  38.5% 8.5% 20% 33% 100% 
 

The results in Table 4.3 are consistent with that of NA with respect to which 

word-output form HA speakers preferred. As was the case in NA, there is variation 

within each coda type and between the four word-output forms (see Chapter 5 for more 

comparison between NA and HA). Figure 4.1 displays this variation within and across 

the three coda types and the percentages of listeners’ preferences for each of the four 

word-outputs by the three coda types. The x-axis represents the coda type, whereas the y-

axis represents the percentage of preferences with identical order of preferences as NA.  

 



 95 

 

Figure 4.1. Percentage of preference of selected output form in Hijazi Arabic. 

 

      Figure 4.1 summarizes the listeners’ preferences and represents percentages of 

how many times a form was preferred overall. It can be seen that sonority rises had more 

CvC outputs than CC clusters. Unlike NA where we had to look at the CC form 

contrasted to the CvC form in order to see how speakers performed and whether they 

preferred to keep clusters intact or modify them in each coda type. In HA, it can be seen 

that sonority rises undergo more anaptyxis. Figure 4.2 expands on Figure 4.1 and shows 

comparisons of HA listeners’ preferences of each word-output contrasted to one other 

form, namely, CC vs. CvC, CC vs. C1 Del, CC vs. C2 Del, C1 vs. CvC, C1 Del vs. C2 Del, 

and finally C2 Del vs. CvC.  
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Figure 4.2. Comparisons of listeners’ preferences of selected output forms in Hijazi 

Arabic. 
 

 
Figure 4.2 shows that there are more acute differences in preferences than those of 

Figure 4.1, which compares the listeners’ preference across the four word-outputs and 

across coda types. Both figures above show that there is variation within each coda type 

which was not predictable if we follow what has been documented on HA previously. 

The first bar graph, CC vs. CvC, in the series in Figure 4.2 shows that sonority rises have 

more anaptyxis than plateaus which in turn have more anaptyxis than falls. The trend in 

this pair CC vs. CvC is similar to that in NA.  

The second and third bar graphs from the left, CC vs. C1 Del and CC vs. C2 Del, 

show that CC was predominantly preferred. Preference for deletion in CC vs. C1 Del was 

slightly more in sonority falls than plateaus and rises despite that the stimuli had 12 

plateaus, 14 falls, and 16 rises. Both plateaus and rises had almost the same number of 

occurrences of C1 Del. Sonority rises in CC vs. C2 Del had more occurrences of C2 Del 

than plateaus which in turn had more occurrences of C2 Del than falls. When comparing 
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deletion in the two pairs CC vs. C1 Del and CC vs. C2 Del, preferences for the C2 Del 

form occurred more than with the C1 Del form in the three coda types.  

CvC was also preferred when contrasted with the deletion forms (C1 Del vs. CvC, 

and C2 Del vs. CvC). The results in the C1 Del vs. CvC pair in HA have the same pattern 

as that in NA. HA had more occurrences of C1 Del form in falls than plateaus, which had 

more occurrences of C1 Del than rises. The C2 Del vs. CvC pair behaves differently than 

the C1 Del vs. CvC pair above with respect to the three coda types. This pair also behaves 

differently than the same pair in NA. First, there is less deletion in HA than NA. Second, 

sonority rises have less occurrences than both plateaus and falls due to the preference of 

listeners for anaptyxis.  

In C1 Del vs. C2 Del, C2 Del was always preferred to C1 Del. In this pair, less 

deletion of the first consonant in the coda can be seen more in sonority rises than in 

plateaus and falls. Sonority plateaus contain the most occurrences of deletion of C1 Del. 

In general, it can be seen that in the C1 Del vs. C2 Del pair, listeners had slightly more 

preference for C1 Del in falls even though the stimuli had more rises. C2 Del is 

predominantly preferred to C1 Del. In general, HA had more anaptyxis, whereas NA had 

more deletion. We argued that that the tendency for preference of deletion in NA could 

be explained by the preference of NA listeners to delete a segment rather than to keep 

some clusters intact, especially in some sonority-rising clusters. This preference was not 

apparent in HA, where the number of instances of deletion was minimal. 

Thus, HA is similar to NA in the overall picture with respect to which form the 

listeners preferred. With respect to the deletion forms of C1 and C2, deletion of the second 
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consonant was always preferred to deletion of the first consonant. As in NA, it was not 

the case in HA that the more sonorous consonant was always the segment that was 

preferred to be deleted, either in sonority rises or falls. With respect to the target clusters, 

HA listeners generally preferred to keep the clusters intact rather than to insert an 

epenthetic vowel in the sonority falls and plateaus coda clusters. However, as in NA, 

there is a substantial percentage of clusters which underwent anaptyxis in these two coda 

types. As for sonority-rising clusters, HA listeners had a preference to break up these 

clusters with an epenthetic vowel. This preference was more common in HA than in NA. 

Furthermore, similar to the pattern of falls and plateaus, there is a substantial number of 

clusters that did not undergo anaptyxis. As argued in NA, the variation in the results 

above between and within the three coda types calls for a closer look at these clusters. 

Relevant factors, whether sonority-based, such as sonority distance, or non-sonority-

based, such as manner and place of articulation of C1 and C2, and OCP are discussed 

below.  

Therefore, the following subsections describe the listeners’ preferences for each 

factor and examine statistically whether some of these sonority-based and non-sonority-

based factors have an effect on the listeners’ preferences. In order to examine the results, 

the data was analyzed with mixed-effects logistic regression models implemented in R 

using the lme4 package in the R statistical environment (see section 3.2.2 for an 

overview). Similar to NA, the Sonority Distance model had a lower AIC (1443.6) than 

the Coda Type model (1458.1) which indicates that this model performs better than the 

Coda Type model; therefore, the Sonority Distance model was used.  



 99 

Sonority Distance was used as the full model in the mixed-effects logistic 

regression models instead of Coda (sonority falls, plateaus and rises) throughout this 

experiment as it had a lower AIC (see section 3.2.2). The dependent variable, fixed 

effects, random effects and the slopes of the initial (full) logistic mixed-effects model 

were the same as the ones used in Experiment 3. Backwards stepwise comparison was 

then used to reach the final model. The following subsections include a description and 

discussion of the results and statistical analyses for HA.  

Similar to NA, the two participants of HA who reported they often used the 

standard variety of Arabic did not differ significantly from the other participants who 

reported they used it less frequently.  

Sonority Distance  

 Figure 4.3 shows the relation between sonority distance and coda types (falls and 

rises) in HA. Figure 4.3 indicates a similar pattern for sonority falls and rises was found 

in the production findings in Experiment 1, as well as that of NA. However, it can be 

seen that when the sonority distance between C1 and C2 in sonority falls is 2, anaptyxis 

starts to decrease. This pattern was not seen in NA. Figure 4.4 includes plateaus and 

represents the three coda types as one continuous line.  
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Figure 4.3. Model estimate probability of anaptyxis by sonority distance in sonority 

falls and rises in Hijazi Arabic. 
 
 
 

 
Figure 4.4. Model estimate probability of anaptyxis by sonority distance in sonority 

falls, plateaus, and rises in Hijazi Arabic. 
 

 In order to investigate whether sonority distance contributed to which word form 

CC vs. CvC HA listeners preferred, a (no distance) logistic mixed-effects regression 
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model was fit with the same structure as the full model above, but without Sonority 

Distance. Comparisons of model fit between the full model and a (no distance) model 

indicate that sonority distance is a significant predictor of which word form HA listeners 

preferred, χ2 = 25.70, p<.05. This result indicates that sonority distance contributed to 

which word form output HA listeners preferred and when they prefer to keep the clusters 

adjacent or separate them with an epenthetic vowel. 

Manner of Articulation of C1 and C2 

 Close examination of the nature of sounds in the coda cluster could reveal more 

about the listeners’ preferences and which clusters undergo or forego anaptyxis in HA. 

Table 4.4 thus shows the manner of articulation of C1 and C2 in each word form, whereas 

Figure 4.5 compares the listeners’ preference for each word form individually.  
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Table 4.4. Manner of articulation of C1 and C2 in the selected output forms in Hijazi 
Arabic 
         
 

Outputs  CC C1 Del C2 Del CvC % of Total 

Falls 
       C1-C2 

     
 

Nasal-Plosive  1.04% 0.16% 0.57% 0.61% 2.38% 
Nasal-Fricative  2.09% 0.33% 0.99% 1.35% 4.76% 
Lateral-Plosive  1.06% 0.38% 0.40% 0.54% 2.38% 
Trill-Fricative  3.10% 0.52% 1.42% 2.12% 7.16% 
Lateral-Fricative  1.02% 0.11% 0.50% 0.75% 2.38% 
Lateral-Nasal  0.93% 0.12% 0.44% 0.90% 2.39% 
Plateaus  
        C1-C2 

 
     

Fricative-
Fricative 

 6.77% 1.30% 3.15% 5.45% 
16.67% 

Nasal-Nasal  1.65% 0.17% 1.22% 1.72% 4.76% 
Plosive-Plosive  2.92% 0.50% 1.87% 1.85% 7.14% 
Rises 
     C1-C2 

 
     

Plosive-Fricative  5.73% 1.23% 2.76% 4.56% 14.28% 
Plosive-Trill  1.63% 0.15% 0.91% 2.08% 4.77% 
Plosive-Lateral  0.85% 0.11% 0.46% 0.97% 2.39% 
Fricative-Nasal  3.32% 0.38% 2.00% 3.82% 9.52% 
Fricative-Lateral  1.71% 0.19% 0.93% 1.94% 4.77% 
Nasal-Trill  0.85% 0.09% 0.52% 0.93% 2.39% 
Nasal-Lateral  0.93% 0.05% 0.50% 0.90% 2.38% 
 

  
 Table 4.4 shows that the CC form was slightly preferred over the CvC form, 

except in fricative-lateral, fricative-nasal, nasal-nasal, nasal-trill, plosive-lateral and 

plosive-trill, which all exhibit a converse preference. That is, in these clusters, listeners 

preferred clusters which used CvC forms over CC forms. NA and HA share with each 

other the same exceptions except for nasal-lateral clusters, which listeners slightly 

preferred to remain intact in HA but not in NA. As discussed in NA, fricatives-fricatives 

can be either sonority rises or falls in Parker’s scale.  
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Figure 4.5 below illustrates the results above in Table 4.4 by comparing the 

manner of articulation of C1 and C2 within each word-output form; in contrast to Table 

4.4, this figure compares the listeners’ preferences between each word-output form. 

Although the number of instances for clusters in the stimuli are unbalanced, the figure 

gives us a rough idea about the clusters’ behavior. In Table 4.4, it can also be seen that 

the total percentages of preference for C1 Del across the tested sequences in HA is 6.32%, 

whereas it was 13.86% in NA. The total percentages of preference for CvC is 33.89% 

compared to 28.88% in NA, whereas the preference for CC is 39.41% in HA compared to 

35.54% in NA. This difference in the listeners’ preferences suggests that more deletion 

occurred in NA, whereas more anaptyxis occurred in HA.  
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Figure 4.5. Manner of articulation of C1 and C2 in the selected output forms in 

Hijazi Arabic. 
 
 
 
 The results in Figure 4.5 are generally consistent with those in Table 4.4 above. 

However, for trills, regardless of their sequence in the coda (C1 or C2) —trill-fricative, 

nasal-trill and plosive-trill— listeners showed more preference for deletion. This was 

found in NA as well. Laterals had the same tendency as trills. Listeners preferred to 



 105 

delete them regardless of their sequence in the coda —fricative-lateral, lateral-fricative, 

lateral-nasal, nasal-lateral and plosive-lateral. 

 At first glance, it appears that the more salient segment in the coda cluster was 

preferred to be deleted but that does not apply to plosives. Plosives were preferred to be 

deleted except in clusters which contain laterals and trills. That is, plosives were 

preferred to be deleted in fricative-plosive, plosive-fricative and nasal-plosive clusters, 

but not in lateral-plosive, plosive-lateral and plosive-trill sequences. These tendencies are 

in line with NA; however, one of the differences between HA and NA is that C2 Del form 

was preferred in HA in plosive-plosive, whereas it was the opposite in NA which had 

more occurrences of C1 Del form in this type of cluster.  

 To further examine manner of articulation, Table 4.5 below demonstrates the 

percentages in the CC vs. CvC pair and Table 4.6 demonstrates the different manners of 

articulation and sonority distances of C1 and C2 pairs to investigate whether they pattern 

similarly to each other and NA.  
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Table 4.5. Manner of articulation of C1 and C2 in the selected output forms in Hijazi 
Arabic 
         
 

Outputs  CC CvC % of Total 

Falls       
     C1-C2 

     
 

Nasal-Plosive  1.98% 0.40% 2.38% 
Nasal-Fricative  3.81% 0.95% 4.76% 
Lateral-Plosive  2.14% 0.24% 2.38% 
Trill-Fricative  5.48% 1.67% 7.15% 
Lateral-Fricative  1.83% 0.56% 2.39% 
Lateral-Nasal  1.35% 1.03% 2.38% 
Fricative-Plosive  5.56% 3.97% 9.53% 
Plateaus      
     C1-C2 

 
     

Fricative-Fricative  10.32% 6.35% 16.67% 
Nasal-Nasal  1.75% 3.02% 4.77% 
Plosive-Plosive  5.24% 1.9% 7.14% 
Rises 
     C1-C2 

 
     

Plosive-Fricative  8.57% 5.71% 14.28% 
Plosive-Trill  1.11% 3.65% 4.76% 
Plosive-Lateral  .71% 1.67% 2.38% 
Fricative-Nasal  3.73% 5.79% 9.52% 
Fricative-Lateral  1.35% 3.41% 4.76% 
Nasal-Trill  0.95% 1.43% 2.38% 
Nasal-Lateral  1.11% 1.27% 2.38% 
 

  

 As in NA, CC was always preferred in falls, whereas in plateaus, CvC was only 

preferred for nasal-nasal sequences. As for sonority rises, the listeners preferred the CvC 

form in all sequences except for plosive-fricative sequences. The results in HA are 

similar to those in NA, although the listeners had higher percentages in their preferences 

in some sequences. As in NA, manner of C1 was investigated. C1 (fricative or non-

fricative) was added as a variable to the full model above. Comparisons of model fit 

between the full model and the no (C1) model indicate that C1 is not a significant 
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predictor of which word-output form HA listeners preferred, χ2 = .45, p>.05. Table 4.6 

demonstrates the different manners of articulation and sonority distances to further 

investigate manner of articulation, specifically fricatives, as discussed in Chapter 3.  

 

Table 4.6. Manner of articulation of C1 and C2 in CC vs. CvC output forms across 
the sonority distances and manner of articulation in Hijazi Arabic 
       C1-C2   Sonority 

distance 
CC CvC 

Plosive-Trill   -7 0.48% 1.90% 
Fricative-Lateral   -6 1.35% 3.41% 
Plosive-Lateral   -5 0.71% 1.67% 
Fricative-Nasal   -4 1.90% 2.86% 
Plosive-Trill   -4 0.63% 1.75% 
Nasal-Lateral   -2 1.11% 1.27% 
Plosive-Fricative   -2 5.40% 4.13% 
Fricative-Nasal   -1 1.83% 2.94% 
Fricative-Plosive   -1 1.90% 0.48% 
Nasal-Trill   -1 0.95% 1.43% 
Fricative-Fricative   0 8.73% 5.56% 
Nasal-Nasal   0 1.75% 3.02% 
Plosive-Plosive   0 7.06% 2.46% 
Nasal-Fricative   1 1.75% 0.63% 
Plosive-Fricative   1 1.35% 1.03% 
Fricative-Plosive   2 3.65% 3.49% 
Lateral-Nasal   2 1.35% 1.03% 
Trill-Fricative   2 1.51% 0.87% 
Fricative-Fricative   3 1.59% 0.79% 
Lateral-Fricative   3 1.83% 0.56% 
Lateral-Plosive   4 2.14% 0.24% 
Nasal-Fricative   4 2.06% 0.32% 
Trill-Fricative   4 2.06% 0.32% 
Trill-Fricative   5 1.90% 0.48% 
Nasal-Plosive   6 1.98% 0.40% 
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 The results in Table 4.6 indicate that plosive-fricative sequences had preference 

for the CC form as in NA. However, unlike NA, CvC was preferred in fricative-nasal 

sequences. Fricative-plosive clusters had a slight preference for CC in HA. NA listeners 

had a preference with a higher percentage for the same form, whereas it was the opposite 

in plosive-plosive sequences, which had a higher preference for HA listeners to remain 

intact than that found in NA. Similar to NA, with this behavior of fricatives, the 

following subsection investigates the effect of OCP on the listeners’ preferences.  

Obligatory Contour Principle-MANNER   

 OCP-MANNER was examined to determine its influence on listeners’ preferences. 

Table 4.7 displays the percentage of listeners’ preferences of OCP-MANNER of C1 and C2 

for each word form. The table specifically examines [+/- continuant] sounds and nasal-

nasal segments in addition to non-violating clusters. +/- Continuants (fricative-fricative 

and stop-stop) constitute a large percentage of the data in the four word-outputs 

(26.20%). Deletion forms were excluded in order to examine whether OCP-CONTINUANT 

causes more anaptyxis (see 3.2.2).  

 

Table 4.7. OCP-MANNER of C1 and C2 consonants in the selected output forms in 
Hijazi Arabic 
 
      C1 - C2 

Outputs  CC C1 Del C2 Del CvC % of Total 

Fricative-
Fricative 

 6.77% 1.30% 3.15% 5.45% 
16.67% 

Stop-Stop  3.89% 0.98% 2.28% 2.38% 9.53% 
Nasal-Nasal  1.65% 0.17% 1.22% 1.72% 4.76% 
Non-violating   27.08% 3.86% 13.77% 24.34% 69.05% 
       % of Total  39.39% 6.31% 20.42% 33.89% 100% 
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 The results in Figure 4.6 are a subset from the four word-forms, specifically for 

the CC vs. CvC word forms. The x-axis represents the clusters when both C1 and C2 were 

matching in [+continuant], [- continuant], stops, + nasal and clusters that do not violate 

OCP-MANNER. The y-axis represents the percentage of preferences for each violating or 

non-violating clusters. CC, shown in blue, is clearly preferred by the listeners except for 

clusters that match in [+nasal] which had preference for CvC, as shown in black.  

 

 
Figure 4.6. OCP-MANNER of C1 and C2 in CC vs. CvC output forms in Hijazi Arabic. 
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 As mentioned above, Figure 4.6 shows that nasals triggered more CvC forms in 

contrast to [+/- continuant] clusters, as was the case in NA. It appears that listeners 

preferred stop-stop [- continuant] clusters to remain intact in HA more than in NA whose 

listeners had higher preference of CC for fricative-fricative clusters. In total, HA listeners 

preferred to keep the [+/- continuant] clusters intact, i.e., CC (17.4%) in contrast to the 

CvC form which was only 8.8 %.  

 In order to investigate whether OCP-CONTINUANT is significant, I added OCP-

CONTINUANT (continuant and non-continuant) as a variable to the full model above. 

Comparisons of model fit between the full model and the no (OCP- CONTINUANT) model 

indicate that OCP-CONTINUANT is a significant predictor of which word form HA listeners 

preferred, χ2 = 7.85, p<.05. This finding indicates that, as Figure 4.6 above shows, OCP-

CONTINUANT has an effect on how clusters behave in HA Arabic. Place of articulation of the 

different combinations of C1 and C2 and the possible correlation with other variables on 

the listeners’ preferences are examined below.  

Place of Articulation of C1 and C2 

 Table 4.8 displays the percentage of listeners’ preferences by the major places of 

articulation of C1 and C2 for each word form. In Table 4.8, coronals were divided into 

two groups: coronal obstruents and coronal sonorants. 
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Table 4.8. Place of articulation of C1 and C2 in the selected output forms in Hijazi 
Arabic 
 
              C1 – C2 

Outputs  CC C1 Del C2 Del CvC % of 
Total 

Coronal obst-Coronal son  0.77% 0.09% 0.46% 1.06% 2.38% 
Coronal obst-Dorsal  0.91% 0.15% 0.67% 0.65% 2.38% 
Coronal obst-Guttural  0.97% 0.11% 0.46% 0.85% 2.39% 
Coronal obst-Labial  3.52% 0.45% 1.98% 3.57% 9.52% 
Coronal son-Coronal obst  3.12% 0.78% 1.32% 1.92% 7.14% 
Coronal son-Guttural  3.07% 0.38% 1.51% 2.18% 7.14% 
Coronal son-Labial  0.93% 0.12% 0.44% 0.90% 2.39% 
Dorsal-Coronal obst  3.13% 0.62% 1.36% 2.02% 7.13% 
Dorsal-Coronal son  0.86% 0.11% 0.49% 0.93% 2.39% 
Guttural-Coronal obst  3.76% 0.79% 1.76% 3.21% 9.52% 
Guttural-Coronal son  0.83% 0.11% 0.48% 0.97% 2.39% 
Guttural-Labial  1.81% 0.19% 0.99% 1.77% 4.76% 
Labial-Coronal obst  7.05% 1.44% 3.44% 4.74% 16.67% 
Labial-Coronal son  6.84% 0.65% 4.02% 7.54% 19.05% 
Labial-Dorsal  0.90% 0.17% 0.57% 0.74% 2.38% 
Labial-Guttural  0.93% 0.16% 0.45% 0.85% 2.39% 

% of Total  39.40% 6.32% 20.40% 33.90% 100% 
 

 

         HA listeners always preferred C2 Del over C1 Del. This is in line with the results 

of the previous subsections and NA. NA had a big margin of preference for C2 Del form 

in the labial-coronal obstruent sequences, and HA did as well. HA listeners showed a 

preference for CC (7.05%) over CvC (4.74%) in this sequence (labial-coronal obstruent) 

in contrast to NA listeners who had preference for CvC over CC. The sequences which 

had a higher preference for the CvC form in HA can be seen above: coronal obstruent-

coronal sonorants, coronal obstruent-labials, dorsal-coronal sonorants, guttural-coronal 

sonorants, and labial-coronal sonorants. As found in NA, listeners always had preference 

for the CC in the opposite order of place of articulation of C1 and C2 of these sequences, 
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which all existed in the stimuli of this experiment—coronal sonorant-coronal obstruent, 

labial-coronal obstruents, coronal sonorant-gutturals, coronal sonorant-labials—except 

for coronal sonorant-dorsals. The order of place of articulation of consonants could have 

an effect as shown in other studies (see section 3.2.2) but see below for more details. 

Figure 4.7 compares the place of articulation of C1 and C2 within each word-

output form in contrast to Table 4.8, which compares the listeners’ preferences between 

each word-output form.  

 

 
Figure 4.7. Place of articulation of C1 and C2 in the selected output forms in Hijazi 

Arabic. 
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 A noticeable difference that was found in NA was that listeners preferred the CvC 

form in labial-coronal sonorant (19.1%) clusters over the CC form (14.8%), whereas they 

preferred the CC form in labial-coronal obstruent (17.2%) clusters slightly more than the 

CvC form (16%). Here in HA, listeners preferred the CvC form in labial-coronal sonorant 

(22.2%) sequences over the CC form (17.4%), whereas they preferred the CC form in 

labial-coronal obstruent (17.9%) clusters slightly more than the CvC form (14%). Figure 

4.8 excludes the deletion forms and shows the same results NA had— more anaptyxis in 

labial-coronal sonorant and coronal obstruent-coronal sonorant clusters, but more CC 

forms in coronal sonorant-guttural, dorsal-coronal, and labial-coronal obstruent clusters. 
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Figure 4.8. Place of articulation of C1 and C2 in CC vs. CvC output forms in Hijazi 

Arabic. 
 

 
Similar to NA, pharyngeals and emphatics are investigated. Table 4.9 summarizes 

how these sounds pattern when they cluster with obstruents and when they cluster with 

sonorants. Pharyngeals in HA behaved to an extent similarly to NA although they did not 

promote anaptyxis in obstruent-pharyngeal sequences as they did in NA. However, when 

these sounds behaved similarly to NA in pharyngeal- obstruent and pharyngeal-sonorant 

sequences.  
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Table 4.9. Pharyngeal and emphatic sounds as C1 and C2 in CC vs. CvC output 
forms in Hijazi Arabic 
 
              C1 – C2 

Outputs  CC CvC  

Emphatic-Sonorant  1.43 % 3.33%  
Obstruent-Emphatic   1.83% 0.56%  
Obstruent-Pharyngeal   2.46% 2.30%  
Pharyngeal-Emphatic   2.14% 2.62%  
Pharyngeal-Obstruent  4.13% 3.02%  
Pharyngeal-Sonorant  0.87% 1.51%  
Sonorant-Emphatic   2.06% .32%  
Sonorant-Pharyngeal   5.24% 1.90%  
Uvular-Emphatic  1.67% .071%  
 

 
 In order to test the significance of place of articulation on the listeners’ 

preferences, a logistic mixed-effects regression analysis was performed after expanding 

the major classes into back and non-back sounds (see section 3.2.2). Comparisons of 

model fit between (a no place) model and the full model indicate that place of articulation 

is not a significant predictor of listeners preferences in HA, χ2 = 1.30, p>.05.  

 Table 4.10 displays the percentage of listeners’ preferences by the [+/- back]. 

Similar to NA, this feature [+/- back] was not significant; yet, back-front clusters had 

more anaptyxis (7.45%) than front-back (6.48%). The preference for the CC form was 

8.15% in the back-front clusters and 8.78% in the front-back clusters. Figure 4.9 

illustrates the order of place of articulation of C1 and C2 in the consonant sequences in 

only the CC form and the CvC form. 
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Table 4.10. Place of articulation of C1 and C2 in the selected output forms in Hijazi 
Arabic 
 
              C1 – C2 

Outputs  CC C1 Del C2 Del CvC % of Total 

Back-Back  2.79% 0.56% 1.26% 2.54% 7.15% 
Back-Front  8.15% 1.19% 4.64% 7.45% 21.43% 
Front-Back  8.78% 1.68% 4.48% 6.48% 21.42% 
Front-Front  19.67

% 
2.88% 10.03% 17.42

% 50.00% 
% of Total  39.39

% 6.31% 20.41% 
33.89
% 100.00% 

  

 

 
Figure 4.9. Order of place of articulation of C1 and C2 in the CC vs. CvC output 

forms in Hijazi Arabic. 
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 To summarize this chapter, the results were similar to that of Experiment 2 on NA 

and different than that of Experiment 1, specifically with respect to codas with sonority 

falls and plateaus which had more occurrences of anaptyxis. As in NA, sonority-based 

explanations inform us why the CC word-output form is preferred over the CvC form, 

and vice versa in HA. Sonority distance is a significant predictor and indicates that the 

greater the distance in sonority falls and rises, the more anaptyxis occurs. Similar to NA, 

sequences with [+/-continuant] feature had significantly more intact clusters. OCP-NASAL 

promoted anaptyxis as it was the case in NA; however, OCP-NASAL caused more anaptyxis 

in HA than NA. Place and manner of articulation were not statistically significant but had 

the same tendency on HA listeners as they had on NA listeners and somehow had an 

effect on the listeners’ preferences. Chapter 5 further compares the results of Experiments 

2 and 3 on NA and HA and discusses the findings.  
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CHAPTER 5: GENERAL DISCUSSION AND CONCLUSIONS 

 

5.1. An Overview 

This dissertation examined syllabification of coda clusters in CVCC in a small 

sample of Saudi dialects. Experiment 1 examined 20 speakers’ production of coda 

sequences with different sonority profiles in tautomorphemic CVCC lexical items. 

Although the focus of Experiment 1 was on NA and HA, this experiment included 

participants from two other Saudi dialects for comparison purposes. Experiment 1 

addressed how native speakers of the four dialects produce clusters belonging to one of 

the three coda types (rises, plateaus, and falls) in their native dialects and whether 

sonority-based explanations are sufficient to account for the speakers’ production.  

Results of Experiment 1 indicated that in all dialects an extremely small 

percentage of clusters with sonority falls and plateaus underwent anaptyxis, whereas 

more clusters with sonority rises underwent anaptyxis. For the most part, the production 

results of Experiment 1 are in agreement with the vast majority of previous studies with 

respect to sonority falls. The results of Experiment 1 also show that plateauing clusters 

are acceptable in all tested dialects although such clusters are considered to be sonority-

violating, but are more common than sonority rises cross-linguistically. For the falls and 

plateaus in the clusters, sonority sequencing was sufficient to explain the speakers’ 

productions. Sonority-rising codas in all dialects tested were not as acceptable as the 
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other two types of clusters. Nonetheless, one third of these rising clusters did not undergo 

anaptyxis. This finding of Experiment 1 contradicts the abundant research on Arabic coda 

clusters which assume that most sonority-rising clusters undergo anaptyxis. Previous 

research has suggested that some sonority-rising clusters do not undergo anaptyxis due to 

lexical distinctness.  

Because of lexical distinctness, it is also assumed that the epenthetic vowel is 

identical to the lexical vowel in verbs. However, lexical distinctness does not explain 

why some sonority-rising clusters surface as intact since the epenthetic vowel can be 

different than that of the lexical vowel. The acoustic measurements of epenthetic vowels 

in Experiment 1 indicate that durations of epenthetic vowels can vary in terms of 

durations as well as their formants. For instance, duration of epenthetic vowels ranged 

between 15 ms and 131 ms for [i], and between 21 ms and 133 ms for [u] which indicates 

that some of these epenthetic vowels are different than lexical vowels. This finding also 

aligns with Hall’s (2013) finding that epenthetic vowels can be different than lexical 

vowels in Lebanese Arabic.  

 However, even if we assume that the epenthetic vowel is identical to the lexical 

vowel in some underived nouns, the epenthetic vowel can be different in some others as 

in [ʃakil] ‘shape’. Epenthetic and lexical vowels are not necessarily identical in deverbal 

nouns as in [ʔaχið] ‘taking’ either. The results of Experiment 1 question the use of lexical 

distinctness to justify the existence of sonority-rising clusters as exceptions to anaptyxis 

in codas. 
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As whether sonority-based explanations are sufficient to account for the speakers’ 

production, results of Experiment 1 indicate that sonority distance was a statistically 

significant predictor of when anaptyxis occurred. Namely, the greater the sonority 

distance between C1 and C2 in sonority-rising clusters, the more likely that speakers 

prefer to break up the cluster with an epenthetic vowel. The results of Experiment 1 

indicated that using sonority sequencing in a gradient manner better explained the results 

than using sonority sequencing categorically. It appears that that sonority distance 

imposes restrictions on the production of all coda clusters. 

Chapters 3 and 4 described Experiments 2 and 3 which are perception 

experiments that expanded on Experiment 1. These experiments made every effort to 

steer participants to use their own colloquial dialect so as to avoid the possible Standard 

Arabic influence, as well as to avoid the experimental bias that Experiment 1 might have 

had. The perception experiments had a different sentence to provide a suitable context for 

the lexical item in the target dialects.  

 Experiments 2 and 3 focused solely on NA and HA, respectively. Similar to 

Experiment 1, these experiments examined coda clusters using tautomorphemic lexical 

items with different sonority profiles. In order to complement the findings from 

Experiment 1, Experiments 2 and 3 presented the target lexical items in contextualized 

sentences in colloquial NA and HA rather than a carrier phrase. The sentences were 

presented in audio and orthographical form, whereas the target items were only presented 

orthographically in the sentence, but not in the options. These perception experiments 
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used forced choice four word-output forms: CC, CvC, C1 Del, and C2 Del. Two of the 

four word-outputs were paired up and contrasted for the listeners to select.  

The preferences of NA and HA listeners were similar for the four word-output 

forms for coda clusters. In Experiments 2 and 3, CC, the unaltered word-output form, was 

always the most preferred—35% in NA and 38.5% in HA. The second most common 

form in the listeners’ preferences was CvC—29% in NA and 33% in HA— and C1 Del 

and C2 Del were the least preferred forms. Among the three altered word-output forms, it 

is not surprising that deletion of a consonant is the least preferred output since deletion is 

not an established repair strategy in any Arabic variety because consonants most likely 

carry lexical information in Arabic (Eisele, Broselow, Eid, & McCarthy, 1992; Broselow, 

2018). Anaptyxis, on the other hand, is the repair strategy in many Arabic dialects. When 

the word-output forms, C2 Del and C1 Del, were compared, there was a substantial 

preference for C2 Del over C1 Del. C2 Del was the third in preference of the four word-

output forms— 22% in NA and 20% in HA, whereas C1 Del was the least preferred word 

output—14% in NA and 8.5% in HA. 

 Experiments 2 and 3 were designed to examine three research questions. First, 

they examined whether the results of NA and HA listeners’ preferences were consistent 

with those of Experiment 1. Second, they determined whether the sonority-based 

explanations in Experiment 1 were sufficient to account for the listeners’ preferences of 

which coda clusters are acceptable in NA and HA. Lastly, if sonority-based explanations 

were not sufficient, Experiments 2 and 3 considered other non-sonority-based 

explanations and addressed what other phonological factors, such as manner of 
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articulation of C1 and C2, OCP-MANNER, and major place of articulation of C1 and C2, 

should be considered to account for the listeners’ preferences of which coda clusters are 

acceptable in NA and HA.  

With respect to the first research question of Experiments 2 and 3, the results 

showed that there was a great deal of difference between the results of Experiment 1 and 

that of Experiments 2 and 3, especially with respect to coda clusters with sonority falls 

and plateaus. There was a considerable percentage of falling and plateauing clusters 

which underwent anaptyxis in both NA and HA. In contrast, Experiment 1 had a very 

small percentage of anaptyxis in codas with falls and plateaus, and overall, less anaptyxis 

occurred in Experiment 1. Sonority-rising codas behaved similarly in all experiments. 

Listeners of both NA and HA in Experiments 2 and 3 preferred the CvC word-output 

form to the CC form in this coda type, as was the case in Experiment 1. With respect to 

the differences between preferences of NA and HA listeners in Experiments 2 and 3, as 

the overall percentages suggest, NA and HA listeners exhibited very little differences in 

their preferences for the four word-outputs.  

Experiment 3, which focused on HA, was a replicate of Experiment 2 and in 

addition to comparing its results to Experiment 1, it also compared its results to that of 

Experiment 2 on NA. The results of Experiment 3 were consistent with that of 

Experiment 2; however, HA listeners had a lower preferences for the deletion forms (C1 

Del and C2 Del) than NA listeners. More anaptyxis, specifically in sonority rises, was 

more common in HA than NA. Accordingly, HA listeners had a greater preferences for 
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the CvC form than NA listeners. Deletion of C1 and especially C2 were consistent by both 

NA and HA listeners.  

With respect to the third research question of Experiments 2 and 3, the results 

support the finding of this dissertation that sonority distance contributes significantly to 

anaptyxis as shown in Experiment 1: the greater the distance, the more likely anaptyxis 

occurs in the coda cluster. Finally, the statistical analyses of both Experiments 2 and 3, 

with respect to the fourth research question regarding non-sonority-based factors, showed 

that OCP-CONTINUANT is a significant factor in keeping coda clusters intact rather than 

promoting anaptyxis. OCP-NASAL, on the other hand, although not statistically significant, 

promoted anaptyxis in coda clusters in both NA and HA. Place and manner of 

articulation were not significant factors, as implemented in the current statistical 

modellings, but seemed to influence the listeners’ preferences in both NA and HA as 

discussed in more detail in the general discussion.  

5.2. General Discussion  

The results of the production and perception experiments varied to an extent. In 

the production experiment, speakers of NA and HA permitted an extremely small 

percentage of sonority falls and plateaus to undergo anaptyxis and more clusters with 

sonority rises to undergo anaptyxis. Although the results of the perception experiments 

were similar to that of the production experiment with respect to sonority-rising clusters, 

the participants preferred a considerable percentage of falls and plateaus to undergo 

anaptyxis.  
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The different results of the production and perception studies are not surprising. 

Previous research has shown that there is an effect of different modalities on experiment 

results (Davidson, 2010). The concern about orthography in Arabic has also been 

stressed, for instance, by two previous production studies which presented speakers with 

stimuli in both audio and orthography (Hall, 2013) or a gloss of the tested items in 

another language (Gouskova & Hall, 2009).  

Examination of the results of Experiments 2 and 3 show varying preferences 

among the four word-output forms If we focus only on the pattern of C1 Del and C2 Del 

word outputs when contrasted with the CC form, the unaltered word-output form, (i.e., 

CC vs. C1 Del, CC vs. C2 Del) and also when contrasted with the CvC form (i.e., CvC vs. 

C1 Del and CvC vs. C2 Del), we should disregard how CC and CvC patterned. If we 

exclude CC and CvC, as shown in Figure 5.1, it can be seen that deletion of consonants 

was systematic in NA. HA exhibited a similar but slightly different pattern of deletion of 

consonants that NA exhibited (Figure 5.2). The x-axis represents the coda type by 

sonority pattern (falls, plateaus, rises) and the y-axis represents the percentage of 

preferences for each consonant cluster word-output form. C2 deletion (C2 Del), shown in 

grey, is preferred over C1 deletion (C1 Del), which is shown in green. 
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Figure 5.1. Comparisons of listeners’ preferences of C1 deletion and C2 deletion 

output forms in all contrasting pairs in sonority falls, plateaus, and rises in Najdi 
Arabic.1 

 
 

In Figure 5.1, we can see that in the pair CC vs. C1 Del, rises had the most 

deletion of C1, but that could merely be due to the number of items in the three coda 

types. Rises had (16) lexical items, falls had (14) items, and plateaus had (12) items. 

Next, in the pair CC vs. C2 Del, rises also had more deletion of C2 than falls. This pattern 

of deletion in the CC vs. C2 Del indicates that there could be another factor other than the 

number of the items that caused the listeners to prefer to delete the second consonant. It 

can be seen that there are more occurrences of C2 Del in this word contrast pair than CC 

vs. C1 Del.  

When the deletion word-output forms (C1 Del and C2 Del) were contrasted with 

the CvC form, they behaved somewhat differently than when they were contrasted with 

the CC from. First, in the word contrast pair C1 Del vs. CvC, falls had the most deletion 

                                                
1 CC and CvC word-outputs are intentionally not shown for comparison purposes of C1 Del and 
C2 Del in all contrasting pairs. 
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of the consonant, followed by plateaus, and the least deletion occurred in rises. The word 

contrast pair C2 Del vs. CvC patterned somewhat similarly to when it was contrasted with 

the CC form but differently than when it was contrasted with the CC vs. C2 Del.  

To sum up, deletion of the consonant in the coda occurred more in rises than in 

both falls and plateaus except in the word contrast pair C1 Del vs. CvC. Namely, 

consonant deletion occurs more frequently in sonority falls in this pair. A question arises 

why such a listeners’ preference for consonant deletion appeared when C1 Del was 

contrasted with CvC, but not when it was contrasted with CC. A possible explanation for 

the listeners’ preference of deleting a consonant over inserting an epenthetic vowel in 

some of the falling cluster is that they found anaptyxis in sonority falls to be very 

unacceptable. This explanation of the listeners preference for falls is logical since 

sonority falls are more unmarked typologically and more acceptable. The results of the 

word contrast comparisons of listeners’ preferences of C1 deletion and C2 deletion word-

output forms in sonority falls, plateaus and rises in HA followed to an extent, a similar 

pattern but had less preference for deletion of consonants in rises.  

  Overall, the results of Experiments 2 and 3 indicate that there is a dominant 

preference by listeners in both NA and HA to delete C2 rather than C1, regardless of its 

sonority hierarchy. Although consonant deletion preference of C1 Del or C2 Del was not 

one of the research questions of this dissertation, this pattern of deletion arises as an 

interesting finding in the results. Consonant deletion is not an established repair strategy 

in Arabic, yet, listeners of both NA and HA were consistent in their pattern of preference 

for C2 Del. Therefore, we should contemplate why native speakers prefer to delete the 



 127 

second coda consonant in both dialects. Recoverability can account for why speakers 

preferred to delete C2. Recoverability refers to the ease of accessing the stored mental 

representation of the output form (Mattingly, 1981; McCarthy, 1999; Chitoran et al., 

2002; Weinberger, 1987). Many studies have revealed that speakers of nonconcatenative 

languages, such as Arabic, rely primarily on consonantal roots to access and retrieve 

lexical items (Bentin & Feldman, 1990; Deutsch & Frost, 2003; Holes, 2004; Ravid, 

2003; ; among others) especially at the sentence level (Aldholmi, 2018). Many studies 

have also shown that the initial segment, which is usually a consonant in Arabic, has an 

influence on overall intelligibility (Eberhard, Spivey-Knowlton, Sedivy, & Tanenhaus, 

1995; Miller & Eimas, 1995; Gaskell & Marslen-Wilson, 1999; Miller & Eimas, 1995; 

Aldholmi, 2018). I claim that the position of the consonant in the coda cluster can have 

an impact on the listeners’ preference of which segment they delete, if forced. Speakers 

of nonconcatenative languages will arguably prefer deleting the most peripheral segment 

in the coda, namely, the third consonant in a triconsonantal root, rather than the second 

one.  

If recoverability is an influential factor here, then the initial segments are more 

important articulatory and acoustic cues, especially in a syllable structure that is based on 

a triconsonantal root, such as a CVCC, and that deletion of the second consonant can 

perceptually deteriorate intelligibility compared to the third. Recoverability is more 

important than deleting the more sonorous segment in the coda for Arabic speakers when 

they are forced to delete one of the coda consonants. This finding of preference to delete 

C2 in the coda, however, is subject to further research at word and sentence levels.  
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The main question of this dissertation is to identify when native speakers of NA 

and HA keep coda clusters intact and when they epenthesize. The results of Experiment 1 

and the results of the listeners’ preference to either keep the clusters intact or epenthesize 

(CC vs. CvC) in Experiments 2 and 3 address when anaptyxis occurs in codas. 

It does not appear that using the sonority sequencing by itself to define coda 

clusters by well-formedness and ill-formedness of the cluster answers when speakers 

forego or undergo anaptyxis although sonority distance explains a large portion of when 

anaptyxis occurs. Other factors were also identified as possible contributors.  

 In addition to some previous studies’ use of lexical distinctness to account for 

why sonority-rising coda clusters surface as exceptions, some studies also appear to deny 

the existence of sonority-violating clusters. In a recent study of Northeastern Saudi 

Arabian dialect, Alhuwaykim (2018) argued that [naml] ‘ants’ and [tamr] ‘dates’ do not 

undergo epenthesis since nasals and liquids are equally sonorous. Therefore, in addition 

to the general denial of the existence of sonority rises, there appears to be a circular use 

of the sonority sequencing. Reordering sonority scales for every dialect in such a way 

describes solely the phonotactics of dialects and discourages characterizing sonority as a 

universal constraint, especially with relatively recent studies which have tried to find 

identifiable correlates derived from the human vocal and auditory apparatus (Parker, 

2002; 2008). A more thought-provoking and scientifically accurate method is to first 

arrive at a universal sonority scale, or at least, one scale for all Arabic dialects. Within 

that scale, it would be more accurate to study clusters and syllabification of clusters in 

Arabic dialects within an agreed upon scale. If certain consonant sequences do not follow 
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the pattern of how clusters normally behave, these violating clusters should be 

acknowledged and further examined. 

 The use of the sonority sequencing in a categorical manner to explain when 

modification occur in NA and HA is addressed in the results of these three experiments. 

These results indicate that the use of sonority in a gradient manner better explains how 

the underlying CVCC surfaces in NA and HA. The results of the perception experiments 

also indicate that non-sonority-based factors may attribute to syllabification of coda 

consonant clusters in NA and HA. The results also indicate that OCP-MANNER is an 

important phonological factor that contributes to the occurrence of anaptyxis. For 

Experiments 2 and 3, OCP-MANNER is divided into OCP-CONTINUANT and OCP-NASAL. Within 

OCP-CONTINUANT, fricative-fricative sequences (i.e., + continuant) as well as stop-stop 

sequences (i.e., -continuant) promotes keeping clusters intact. On the other hand, OCP-

NASAL promotes anaptyxis, although this finding is not statistically significant. OCP-

CONTINUANT explains why plateauing clusters patterned very similarly to those with falls 

rather than rises in NA and HA.  

 The results also show that pharyngeal sounds in both NA and HA seem to pattern 

differently when they cluster with obstruents, but not with sonorants. McCarthy (1994), 

Halle (1995) and Elgendy (2001) have shown that pharyngeal fricatives have phonetic 

characteristics of glides. Ragheb and Davis (2014) promoted this characterization of 

pharyngeals. If we follow this characterization of pharyngeals, pharyngeals would have 

been more sonorous than most sounds in the stimuli of this dissertation. It has been noted 

throughout this dissertation that it is premature to decide whether a sound is more 
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sonorous or less sonorous based on whether it appears in a sequence that undergoes or 

foregoes anaptyxis. However, it is tempting to indicate that pharyngeals could be more 

sonorous than other obstruents. Yet, this assertion is subject for further instrumental 

research of pharyngeals. The results of this dissertation’s experiments, however, did not 

indicate any special role of emphatic sounds which are considered to be pharyngealized 

sounds. 

Another non-sonority-based factor examined was the order of place of articulation 

of C1 and C2 in the consonant sequences and the results indicate it was not statistically 

significant, although listeners had more preference for the CvC word output form in the 

back-front (back preceding front) sequences than for the reverse order (front preceding 

back) in both NA and HA. Previous production studies have examined the acoustic 

parameter between C1 and C2 in stop sequences (labial-coronal, coronal-dorsal, and 

labial-dorsal) (Wright, 1996; Chitoran et al., 2002). For instance, Chitoran (1999) studied 

the effects of the consonants’ position in the word and the order of place of articulation 

on the allowed inter-burst interval between C1 and C2 in stop-stop sequences in Georgian. 

The interval was significantly shorter in front-back than in back-front sequences which 

suggested that there is a higher degree of overlap in front-back sequences. Chitoran found 

that there is more gestural overlap word-internally than word-initially. The results of 

Experiments 2 and 3 indicate that NA and HA have a tendency to break up the coda 

clusters in back-front sequences.  

Another consideration is the manner of articulation. Previous research about non-

native speech and nonce words (e.g., Davidson, 2006) have proposed that the 
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combinations of a specific manner of articulation can lead to difficulties in producing 

non-native phonotactics. Although this dissertation’s experiment was conducted in the 

speakers’ first language, the results of Experiment 1 appear to agree with Davidson 

(2006). Experiment 1 examined the mean duration of epenthetic vowels and found 

variation in the length. On occasion, the epenthetic vowel was a full vowel, whereas in 

others it was reduced in the speakers’ production. The epenthetic vowel was mostly [i] 

and if the lexical vowel in the CVCC was [u], the epenthetic vowel matched it. Reduced 

vowels have been argued to result from gestural mistiming, which refers to insertion of a 

transitional vowel between the consonants of a cluster due to the failure of speakers to 

coordinate the consonants with sufficient overlap, rather than from phonological 

epenthesis. An acoustic comparison between transitional vowels and genuine epenthetic 

vowels is beyond the scope of this dissertation; however, the results in this dissertation 

could contribute to the debate between the impact of the sonority sequencing as part of 

universal grammar and the impact of phonetic factors such as articulatory and 

aerodynamic factors. The results of this dissertation indicate that, for both NA and HA 

speakers, some sonority falls can be unacceptable, hence, these clusters can be looked at 

as less well-formed than other falls which do not undergo anaptyxis. Likewise, some 

sonority rises and plateaus are do not undergo anaptyxis, which indicates that such 

clusters are more acceptable than, and, for the speakers, better-formed than others based 

on sonority. That is, well-formedness and ill-formedness of coda clusters surface in a 

gradient manner in both NA and HA.  
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Finally, if we examine the overall role of sonority in this dissertation’s results 

from a perceptual standpoint, following Wright's (2004, 35) definition of sonority 

sequencing as “a perceptually motivated and scalar constraint in which an optimal 

ordering of segments is one that maximizes robustness of encoding of perceptual cues to 

the segmental makeup of the utterance”, one might conclude that the role of sonority in 

the Arabic CVCC syllable could be a perceptually motivated constraint. The experiments 

of this dissertation were conducted on native speakers of Arabic (i.e., on the speakers’ 

L1) and the results support Wright’s definition of sonority. This dissertation’s results are 

also in agreement with previous production and perception studies on non-native speech 

or nonce words. The more marked clusters undergo more anaptyxis than the unmarked 

ones. Furthermore, epenthetic vowels can vary depending on the sequences of the 

consonants; hence, the results here seem to indicate that clusters’ modification of L1 and 

L2 behaves similarly.  

5.3. Future Research 

 This dissertation examined various consonant sequences with different sonority 

patterns which have the underlying CVCC syllable structure. Although every effort was 

made to reduce experimental bias in the perception experiments, these perception 

experiments are among the first to be conducted on Arabic coda clusters. It is 

recommended that these perception studies be replicated for the Arabic dialects of Najdi 

or Hijazi, or any other Arabic dialect with respect to coda clusters. It would be expected 

that a more complete profile of the syllabification of coda clusters in NA and HA would 

emerge and contribute to the nascent body of literature.  
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Production experiments on coda clusters in Arabic, specifically experiments 

which contain stimuli with carrier phrases, could lead to more production of intact 

clusters. Instructing participants to read the lexical items as nouns could lead them to pay 

closer attention to the difference between nouns and verbs; hence, avoid epenthesizing in 

order to produce a noun. It is recommended to either use contextual sentences or perhaps 

images to elicit consistent and reliable responses. With regard to the perception 

experiments, future research should strive for a larger, better-balanced number of stimuli. 

For these initial perception experiments, the stimuli were designed to test different 

sonority-based variables, such as consonant sequences with different sonority distance, 

and natural classes of sounds as the first consonant and second consonant. It is 

recommended that additional research be conducted to examine the different variables 

and augment the literature of this subject. 

5.4. Conclusions  

This dissertation indicates that for the most part sonority can explain when 

modification occurs in coda clusters; however, sonority is not solely predictive of cluster 

syllabification in the CVCC syllable structure in Najdi and Hijazi dialects of Arabic, as 

has been documented in previous research. The results of this dissertation suggest that 

sonority distance is a statistically significant predictor of when anaptyxis occurs and that 

a gradient sonority can explain, to a great extent, when coda consonant clusters undergo 

anaptyxis. Specifically, the greater the sonority distance between the first consonant and 

the second consonant in sonority-rising codas, the more likely that speakers prefer to 

break up the cluster with an epenthetic vowel. The opposite holds true for sonority-falling 
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codas, the greater the sonority distance between the first and second consonants, the less 

likely that speakers epenthesize.  

The results also indicate that sonority plateaus are considerably more acceptable 

in codas in Najdi and Hijazi dialects than sonority rises. In addition to examination of 

sonority-based factors, this dissertation identified non-sonority-based factors such as 

OCP-CONTINUANT which can explain why plateauing codas are more acceptable than rising 

codas. OCP-CONTINUANT promotes keeping clusters intact, whereas, there seems to be a 

tendency that OCP-NASAL acts differently than OCP-CONTINUANT. That is, OCP-NASAL seems 

to promote anaptyxis. Place of articulation is not a significant factor in revealing when 

clusters undergo or forego anaptyxis, although the order of place of articulation of 

consonants could have a possible effect. Manner of articulation is not a significant factor 

either.  

Although not identified as a research question, this dissertation revealed that when 

native speakers of Najdi and Hijazi Arabic are forced to delete a syllable segment in an 

Arabic triconsonantal root, they prefer to delete the more peripheral segment in the coda. 

That is, the position of consonant has an impact on which segment speakers prefer to 

delete. This dissertation attributes this deletion pattern to recoverability.  

The findings of this dissertation encourage research on Arabic to first examine 

clusters in a gradient manner rather than a categorical manner. This finding opens up the 

possibility to acknowledge that some sonority-rising clusters might not undergo 

anaptyxis, and that some sonority-falling and sonority-plateauing might undergo 

anaptyxis. The findings also encourage us to measure epenthetic vowels across the 
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different sequences and conclude that epenthetic vowels might vary in their features and 

rules out lexical distinctness as a possible explanation for sonority rises in Najdi and 

Hijazi Arabic. Such measurements could contribute to the debate about epenthetic vowels 

and gestural mistiming. Finally, this dissertation examined how coda clusters surface in 

spoken dialects through a production experiment which results were complemented by 

perception experiments to arrive at a better understanding of the speakers’ grammar with 

respect to coda clusters and the influencing factors of syllabification in Arabic.   
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APPENDIX A: PRODUCTION EXPERIMENT STIMULI 

 
 

 
 
  

 Reversals Falls Plateaus 
NO.  word Gloss word Gloss word Gloss 
1. tˤifl  child ɡird monkey nabdˤ pulse 
2. ʃakl shape rimʃ eyelash wɑqt wɑqt  waqt         time 
3. ʕuðr excuse kiðb lying fasħ giving away 
4. nabð rejection nazf bleeding nafs self  
5. ʕaks reverse farm  cutting nahʃ eroding 
6. nabdˤ pulse ʕuʃb   grass  waʕðˤ preaching 
7. faxm luxurious  qardˤ loan nazʕ removal 
8. ðuxr asset ʃartˤ condition xasf eclipse 
9. ħabs prison  milħ salt fasx annulment 
10. ʃatm   insulting kalb dog zaħf creeping 
11. ħabl rope ʔuxt sister ʃaxsˤ person 
12. χubz bread sˤidq  truth  ʕabd  slave 
13. sitr sand sˤamt silence dahs run over 
14. dʒafn  eyelid kasb gain faħsˤ test 
15. sidʒn prison kanz treasure suxf absurdity 
16. hadˤm  digestion madħ praising nafθ puffing 
17. χubz χubz zift terrible  laħs licking 
18. lasʕ stinging ħarθ plowing  ʕitq setting free 
19. ʕaks reverse daʕs crush (n.) laħs licking 
20. saqf ceiling  dˤilʕ rib hatk rape 
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APPENDIX B: PRODUCTION EXPERIMENT FILLERS 

 
 

 
 
  

NO.  Word Gloss 
1. dʒiraan  neighbors  
2. sˤabaaħ Morning 
3. rassaam Illustrator 
4. wuruud Roses 
5. madrasa School 
6. tˤabiib doctor  
7. θawaani Seconds 
8. ʕaalim scientist  
9. ʔatˤfaal children  
10. ʔasˤħaab friends  
11. qahwa Coffee 
12. ʔadʒniħa suites  
13. ʔidʒaaza Vacation 
14. mazraʕa Farm 
15. luʕba Game 
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APPENDIX C: PERCEPTION EXPERIMENT FILLERS 

 
 

 
 
 

 
 
 
  

NO.  Word Gloss 
1. dʒiraan  neighbors  
2. kalimaat Words 
3. laqaafa nuisance  
4. sˤabaaħ Morning 
5. rassaam Illustrator 
6. wuruud Roses 
7. madrasa School 
8. ʃaaʕir Poet 
9. tˤabiib doctor  
10. θawaani Seconds 
11. ʕaalim scientist  
12. ʔatˤfaal children  
13. ʔasˤħaab friends  
14. qahwa Coffee 
15. ʔadʒniħa suites  
16. ʔidʒaaza vacation 
17. ʔusbuuʕ week 
18. ʔiʃtiraak subscription  
19. mazraʕa farm 
20. luʕba game 
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