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Abstract 

This study aims to test the validity of the C-centre hypothesis by investigating the pattern of temporal organisation of the 

articulatory gestures of two lingual stop clusters in Tripolitanian Libyan Arabic. Five speakers of Tripolitanian Libyan Arabic 

produced four singleton stops /t/, /d/, /tˤ/ and /ɡ/, and three back-to-front clusters /ɡt/, /ɡd/ and /ɡtˤ/ in syllable onset and coda 

positions. The C-center lag for these singletons and the two-stop clusters was measured. The results show that word-initial 

two-stop consonants in Tripolitanian Libyan Arabic exhibit more inter-consonantal cohesion and overlap than the same clusters 

in word-final position. While word-initial clusters sometimes allow intrusive vowels, the same clusters in word-final positions 

have epenthetic vowels. This study proposes that Tripolitanian Libyan Arabic has two coordination patterns governing 

articulatory gestures of two-stop consonant clusters. First, there is the onset pattern in which the articulatory gestures of the two 

lingual stops are aligned in close transition, such that the release of the first stop is sometimes masked. In coda position, the 

articulatory gestures of the two lingual stops are loosely aligned. They exhibit a more open transition and no overlap. The pattern 

here is characterised by allowing the separation of the two articulatory gestures, leading to the insertion of an epenthetic vowel. 
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1. Introduction 

The terms gestures, phasing rules and timing are the cor-

nerstones of articulatory phonology. Languages apply dif-

ferent gestural coordination patterns to allow for certain de-

grees of overlap or delays between articulatory gestures. 

Many factors influence these patterns. One of these factors is 

the position of the cluster within the word. It has been 

demonstrated that in onset position, the consonantal gestures 

are in an in-phase relation with the following vowel, and in an 

anti-phase relation with each other [3]. On the other hand, in 

coda position the consonantal gestures are in anti-phase rela-

tion with the preceding vowel [3]. In addition, onset clusters 

exhibit a more stable timing pattern when compared to coda 

clusters [9]. In this respect, the two stop lingual gestures are 

organised globally in relation with the succeeding vowel and 

they exhibit the C-centre organisation [5]. 

The C-center organisation is defined as "the mean of all the 

midpoints of the gestures in [a] sequence” [3], or “the arith-

metic mean of the temporal midpoint of each plateau of peak 
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articulatory displacement for each consonant gesture in [a] 

sequence” [8]. This means that in onset position, whether 

there are two or three consonants, the consonantal gestures are 

organised with the succeeding vowel so that the duration 

between the centre of the consonantal gestures and the offset 

of the vowel remains stable. However, this hypothesis has yet 

to be confirmed in all languages. 

The current study aims to investigate how the gestural or-

ganisation of two lingual stops in Tripolitanian Libyan Arabic 

(TLA) is influenced by syllable position. It also aims to test the 

validity of the C-center hypothesis on TLA. Since the duration 

of singletons in coda position after short vowels is doubled in 

Arabic [42], the hypothesis to be tested is that two lingual stop 

clusters in TLA will exhibit the C-center organisation. 

2. Literature Review 

In his famous book “Language”, Bloomfield [2] distin-

guished between open and close transition. While in the for-

mer, the two consonantal gestures are separated by an acoustic 

release, in the latter, there is an overlap between the two 

consonantal gestures. Open and close transitions have since 

been tested on many languages that allow consonant clusters. 

For example, Byrd [9] investigated the gestural coordination 

patterns of consonantal clusters across word boundaries in 

American English. She noticed that the way articulatory 

gestures are aligned may result in a gestural reduction or 

gestural overlap. While having no acoustic release can be 

taken as evidence of gestural overlap, a shorter hold phase 

duration and a missing release burst are signs of gestural 

reduction, too [43]. 

The coordination of articulatory gestures can be influenced 

by many factors such as the place of articulation of the con-

sonants, whether the cluster in an onset or coda position, 

perceptual recoverability, gender and speech rate. Regarding 

the influence of place of articulation, whether the places of 

articulation front-to-back or back-to-front can determine how 

the two gestures are aligned. This has been proven by 

Kochetov and Goldstein [27] who conducted an experiment to 

investigate how the order of places of articulation affects 

gestural coordination in Russian. Their results confirmed 

previous findings that back-to-front articulation clusters ex-

hibit less gestural overlap. This may be motivated by the need 

to enhance perception in these clusters [11]. 

In addition, the manner of articulation can also affect ges-

tural coordination. Using electropalatogray (EPG) Byrd [7] 

conducted a study to investigate the gestural coordination of 

American English consonant clusters. She examined the 

overlap within clusters consisting of two stops, a stop + /s/, 

and /s/ + a stop. Her results revealed an evidence that clusters 

consisting of two sops exhibit more gestural ovelap that 

clusters consisting of a stop and a fricative. 

Whether the cluster is an onset or coda position is another 

factor that can determine gestural coordination. In this respect, 

there are two main positions: word-initial and word-final. 

Browman and Goldstein [3] state that the phasing rules of 

syllable-initial position clusters differ from those in sylla-

ble-final positions. While the former exhibits the C-centre 

organisation where the two consonantal gestures are aligned 

globally with following the vowel in an in-phase relation [5], 

the consonantal gestures of the latter are organised locally in 

an anti-phase relation with the preceding vowel and they 

exhibit less gestural overlap [7, 32]. Some studies confirmed 

the C-centre organisation for certain clusters such as [23, 8, 33] 

for English, [20] for Italian, and [18] for Georgian, and even 

in clusters across word-boundary [36], and partially for onset 

clusters in Romanian [34]. Experiments on Arabic clusters did 

not confirm such organisation [16]; however, studies on TLA 

have confirmed that onset clusters exhibit more gestural 

overlap compared to coda clusters where the two gestures 

allow for epenthetic vowel [35, 37, 38]. 

Language perception plays a crucial role in determining the 

degree of gestural overlap. Specifically, language perception 

has priority over gestural overlap, especially in less frequent 

words. Chitoran et al. [11] conducted a study to examine the 

relationship between gestural overlap and perceptual recov-

erability in Georgian consonant clusters. Their results have 

shown that less overlap is preferred in syllable-initial position 

to enhance perception. Other studies have reached the same 

conclusion (e.g. [29, 3]. Another factor affecting gestural 

overlap is word frequency. Here more overlap is expected in 

words with high frequency [31]. 

The shape of the vocal tract of the speaker in addition to his 

age and gender can influence the way consonantal gestures 

are coordinated [30]. The acoustic differences between the 

speech of males and females directly result from their physi-

ological differences, such as the size and the dimensions of 

the vocal tract [39]. These differences are manifested in the 

speed of the articulators and the duration of the vowel [40]. In 

a study conducted to investigate the role of gender in shaping 

out linguistic and stylistic conventions, Whiteside [41] found 

evidence that men tend to produce shorter utterances partic-

ularly in sentence-final positions. He attributes this variation 

to the observation that men tend shorten both vowels and 

consonants, whilst women tend to speak slower and to pro-

nounce segments fully. 

Several studies investigated the relationship between the 

dimensions of the vocal tract, the velocity of the articulators 

and the amount of displacement. For example, Kuehn and 

Moll [25] confirmed that larger displacements and greater 

articulator velocity have been observed in subjects with more 

extensive vocal tracts. In addition, Byrd’s [6] results from 

working on the TIMIT database agree with previous results 

that men speak faster than women. Byrd [6] also found that 

more significant variability has been noticed amongst women. 

The articulation rate is another factor which can influence 

gestural coordination. As the articulation rate increases, the 

duration of segments (consonants, vowels or syllables) de-

creases [17, 14, 1]. In addition to the duration of segments, the 

articulation rate can influence the degree of overlap. An in-
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crease in speaking rate increases the amount of gestural 

overlap [4]. In normal production of stop consonants, the 

articulators can form a closure and maintain it. However, at a 

fast articulation rate, and due to their high velocity, the artic-

ulators might fail to execute the same gestures achieved at a 

normal speech rate. As a result, the duration of the contact is 

reduced. It follows then that changes in articulation rate affect 

the achievement of the target place of articulation, segments’ 

duration of, the velocity of articulators [17] (p. 148). These 

factors can determine inter-gestural overlap and reduce the 

degree of constriction and overlap between the gestures [12] 

(p. 82). However, it is essential to note that articulation rate is 

influenced by the nature of articulators involved. For example, 

the velocity of the lower lip and the tongue-tip is not the same 

as the tongue-back and the upper lip with the former being 

faster. Thus, an increase in articulation rate will have different 

effects on the velocity of these articulators [22] (p. 105). 

Although several studies concluded that articulatory ges-

ture show greater overlap in fast articulation rate (e.g. [4, 10], 

and shorter segment duration [17, 14, 1], some studies such as 

[26, 25, 12] claim that the timing of certain gestures remains 

relatively the same regardless the change in articulation rate. 

In addition, the relationship between articulation rate and 

overlap is not always easy to pinpoint because speaking rate is 

not always related to gestural overlap [15, 44]. For example, 

gestural coordination of words sometimes remains the same 

despite changes in articulation rate [19]. 

Other studies claim that the amount of overlap is actually 

determined by the speaker, regardless of the articulation rate 

[12] (p. 95), and [24], and that an increase in articulation rate 

results in a shorter duration of segments but not necessarily a 

more gestural overlap [17]. As stated by some studies above, 

gestural overlap can not only be accounted for by the physi-

ological evidence alone. The fact that speakers choose to 

assimilate or not in all articulation rates [21] can be taken as 

evidence that gestural overlap is not always determined by 

articulation rate. 

In conclusion, how two consonantal gestures are coordi-

nated can be influenced by many factors. The place of artic-

ulation, including sequence of articulation, has been found to 

influence the coordination of articulatory gestures. More 

gestural overlap in has been observed in front-to-back com-

pared to back-to-front articulation. It has also been found that 

the position of the syllable within the word is another key 

factor that can determine the degree of gestural overlap. In 

general, onset clusters exhibit more gestural overlap than coda 

ones. Moreover, onset clusters exhibit the C-center organisa-

tion where the two consonantal gestures are coordinated 

globally with the succeeding vowel. Other factors that are 

crucial in determining the gestural coordination pattern are 

perception, gender of the speaker and articulation rate. 

Speakers can control the degree of overlap in their speech to 

ensure they are perceived correctly. For example, male and 

female speakers have been observed to have distinct dura-

tional and spatial patterns, primarily due to their physiological 

variations. Finally, an increase in articulation rate, which 

increases the velocity of articulators, leads to shorter segment 

duration and the possibility of gestural overlap. 

3. Methodology 

This paper evaluates the C-centre hypothesis by investi-

gating how the articulatory gestures of two lingual stop clus-

ters in TLA are organised. The hypothesis to be tested is that 

the C-center will be found in word-final clusters because the 

duration of singleton stops is doubled in word-final position 

after short vowels. 

3.1. Participants and Speech Material 

Five male TLA speakers participated in this study. All 

speakers were born in Tripoli and still living there at the time 

of the recording. The average age of all speakers is 28 years. 

The speakers reported no speech disorder of any kind. The 

data for this experiment consisted of four monosyllable words 

containing singleton stops in syllable-initial position: /ɡal/, 

/tal/, /dam/ and /tˤaɡ/ and syllable-final position: /daɡ/, /nat/, 

/ħad/, and /batˤ/. The data contained three monosyllable words 

with two lingual stop clusters in onset position: /ɡtal/, /ɡdar/ 

and /ɡtˤaʕ/, and the same clusters in coda position /waɡt/, 

/ʕaɡd/ and /maɡtˤ/. All clusters were in back-to-front articu-

lation. These words were recorded in the frame 

/ɡu:li________halba/ “say_________many times”. All 

speakers produced these words three times in normal con-

versational speech. This means a total of 210 tokens were 

analysed (14 target words x 5 speakers x 3 repetitions). 

3.2. Data Analysis 

The data were analysed using two methods: acoustic anal-

ysis to measure the duration of the C-centre of singleton stops 

and two lingual stop clusters in onset and coda positions and 

statistical analysis to compare these durations and see if there 

were any significant differences between them. Figure 1 

shows how the C-centre for syllable-initial singletons in the 

word /ɡal/ and Figure 2 shows how the duration of the 

C-center was measured in the onset cluster /ɡt/ in / ɡtal/. 

 
Figure 1. Shows the measurement of the C-center of /ɡ/ in /ɡal/. 
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Figure 2. Shows the measurement of the C-center of the cluster /ɡt/ 

in /ɡtal/. 

When singleton stops were in onset position, the C-center 

of word-initial was measured from the mid-point of the hold 

phase (between the onset of closure of the hold phase and the 

release of the stop) to the offset of the following vowel. The 

C-center of word-initial two-stop clusters was measured from 

the mid-point of the two consonantal gestures (between the 

onset of closure of the hold phase of the first stop and the 

release of the second stop) to the offset of the following 

vowel. 

As seen in Figure 3, the C-center of singleton stops in coda 

position was measured from the onset of the vowel to the 

midpoint between the onset of closure of the stop and its 

release. The C-center of two-stop clusters in coda position is 

shown in Figure 4. Here, the C-center was measured from the 

onset of the preceding vowel to the midpoint between the 

onset of closure of the first stop and the release of the second 

[8]. 

 

Figure 3. Shows the measurement of the C-center of /ɡ/ in /daɡ/. 

 
Figure 4. Shows the measurement of the C-center of the cluster /ɡt/ 

in /waɡt/. 

Finally, the statistical analysis consisted of descriptive sta-

tistics, the Shapiro-Wilk test of normality and Repeated 

Measures ANOVA to detect any significant differences. 

4. Results and Discussions 

The duration of the C-center of word-initial singletons and 

two-stop clusters is presented in Figure 5. The C-center of 

/ɡ/,/t/,/d/ and /tˤ/ in syllable-initial is 109ms, 102ms, 109ms 

and 102ms respectively. There are no significant differences 

between these durations. In the same position, the C-center of 

the clusters /ɡt/, /ɡd/ and /ɡtˤ/ is 163ms, 160ms and 164ms. 

There are no significant differences between them too. 

However, when the C-center of singletons was compared to 

that of clusters, the results showed significant differences. 

This means that the C-center hypothesis does not hold for 

syllable-initial clusters in TLA (P <.005). Despite the finding 

that /ɡt/, /ɡd/ and /ɡtˤ/ do not exhibit the C-center organisation, 

the articulatory gestures in these clusters are more cohesive 

that the close transition between the release of the first stop 

and the onset of closure of the second stop allowed only in-

trusive vowels to separate these gestures. 

 
Figure 5. Shows a comparison between the C-center of the single-

tons /ɡ/, /t/, /d/ and /tˤ/, and clusters /ɡt/, /ɡd/ and /ɡtˤ/ in word-initial 

position. 

In coda position, the durations of the C-center of singletons 

and two-stop clusters are presented in Figure 6. The results 

show that the C-center lag for syllable-final /ɡ/,/t/,/d/ and /tˤ/ 

was 126ms, 136ms, 132ms and 132ms respectively. The 

C-centre lag is significantly longer than the same lag for these 

singleton stops in syllable-initial. For the clusters /ɡt/, /ɡd/ and 

/ɡtˤ/, the C-center lag was 143ms and 141msand 139ms re-

spectively. The Repeated Measures ANOVA test results show 

no significant differences between the C-center lag for sylla-

ble-final singleton and two-stop clusters (P > 0.1). This means 

that these clusters exhibit the C-center organisation. However, 

when the duration of the epenthetic vowel was added to the 

overall duration of the clusters, the midpoint of the two ges-

tures shifted, and the results did not show the C-center or-

ganisation in the data. The fact that the clusters in sylla-

ble-final position have an epenthetic vowel suggests that the 

two lingual gestures are in an anti-phase relationship, which 

means that there is less attempt to align them in-phase with the 
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vowel than there is in onsets. 

 
Figure 6. Shows a comparison between the C-center of the single-

tons /ɡ/,/t/,/d/ and /tˤ/, and the clusters /ɡt/,/ɡd/ and /ɡtˤ/ in word-final 

position. 

5. Conclusion 

The main focus of this paper has been testing the validity of 

the C-center hypothesis on two-stop clusters of TLA. Several 

factors that influence articulatory timing have been reviewed. 

These included place and manner of articulation, syllable 

position, perceptual recoverability, physiological differences 

and articulation rate. There is an agreement in the literature 

about the effect of place and manner of articulation, syllable 

position, perceptual recoverability and physiological differ-

ences on the way articulatory gestures are organized. How-

ever, results on the influence of articulation rate are not con-

clusive. As for the C-center, it has been confirmed for some 

languages but not for others. Concerning the hypothesis, the 

results of the C-center analysis of TLA two-stoptwo lingual 

stops clusters show that onset /ɡt/, ɡd/ and /ɡtˤ/ do not exhibit 

the C-center organisation confirmed for English and other 

languages. The same results have been found for coda /ɡt/, ɡd/ 

and /ɡtˤ/. However, when the duration of the epenthetic vowel 

was deducted, coda clusters exhibited the C-center organisa-

tion. These findings suggest that TLA has two different ar-

ticulatory coordination patterns. Onset coordination patterns 

in which the two consonantal gestures are cohesive and coda 

coordination patterns which allow a less cohesive gestural 

coordination. More systematic and large-scale studies that use 

more sophisticated tools, such as EPG and Electromagnetic 

midsagittal articulography (EMA), are needed to support 

these results. A possible start of future research on timing 

relations in TLA consonant clusters might be the study of how 

articulatory gestures of other two-consonant clusters, such as 

stop + fricative, fricative + stop, fricative + fricative, etc., are 

coordinated, 

Abbreviations 

TLA Tripolitanian Libyan Arabic 

EPG Electropalatography 

EMA Electromagnetic Midsagittal Articulography 
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