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Abstract

Neuromuscular models of stuttering consider that making transitions between phones results in 

inappropriate temporal arrangements of articulators in people who stutter (PWS). Using this 

framework, the current study examined the acoustic productions of two fine-grained phonetic 

features: voice onset time (VOT) and second formant (F2). The hypotheses were that PWS should 

differ from fluent persons (FP) in VOT duration and F2 onset frequency as a result of the transition 

deficit for environments with complex phonetic features such as Arabic emphatics. Ten adolescent 

PWS and 10 adolescent FPs participated in the study. They read and memorized four monosyllabic 

plain-emphatic words silently. Data were analyzed by Repeated Measures ANOVAs. The positive 

and negative VOT durations of /t/ vs. /tˁ/ and /d/ vs. /dˁ/ and F2 onset frequency were measured 

acoustically. Results showed that stuttering was significantly affected by emphatic consonants. 

PWS had atypical VOT durations and F2 values. Findings are consistent with the atypicality of 

VOT and F2 reported for English-speaking PWS. This atypicality is realized differently in Arabic 

depending on the articulatory complexity and cognitive load of the sound.

Keywords: VOT, F2, Arabic, Stuttering
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Introduction

Fluent speech requires precisely timed coordination at the neurocognitive and muscular levels. 

Any disruption to coordination can result in stuttering (Ludlow & Loucks, 2003; Walsh & Smith, 

2013). A number of neuro-physiological (De Nil, 1999), neuromuscular (Van Riper, 1990) and 

multifactorial (Howell & Rusbridge, 2011; Smith, 1999) models have been proposed to explain 

why stuttering occurs. These models suggest different anatomical, physiological, 

neuropsychological, linguistic, emotional and cognitive determinants of stuttering events. At the 

linguistic level, early work (Brown, 1937, 1938a, 1938b, 1945; Johnson & Brown, 1935; Brown 

& Moren, 1942) suggested that stuttering events are more likely to occur on words that carry 

certain factors including grammatical type, word length, sentence position and word-initial 

phoneme, due to the linguistic complexity associated with them. 

Later studies have provided empirical evidence for a relationship between speech complexity 

and stuttering. The focus has mainly been on identifying what factors determine stuttering loci. 

Factors include phonetic and phonological aspects of words (e.g. type of initial consonant, 

presence of a consonant cluster and occurrence of early vs. late acquired consonants; Throneburg, 

Yairi, & Paden, 1994), morphological properties (e.g. word length; Marshall, 2005) and prosodic 

features (e.g. stress; Wingate, 2002), etc. Schemes are available for measuring these and other 

features of words (Throneburg et al., 1994; Jakielski, 1998) that provide objective weightings of 

word complexity. The research on these linguistic dimensions shows that stuttering increases as 

speech item complexity increases (Buhr & Zebrowski, 2009; Howell, Au-Yeung, & Sackin , 2000; 

Howell, Au-Yeung, Yaruss, & Eldridge, 2006; MacPherson & Smith, 2013).

Since speech is the acoustic result of a motor action patterned continuously over time (Van 

Riper, 1982), its component segments require precisely controlled laryngeal activities that are 
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coordinated with smooth transitions of the articulators (MacNeilage & Davis, 2000). PWS have 

variously been characterized as having: deficits making articulatory movements between phones 

(Wingate, 1969); inappropriately-timed coarticulation (Van Riper, 1982); unstable timing 

programs (Cooper & Allen, 1977); impaired laryngeal gestures (Conture, Schwartz, & Brewer, 

1985); and temporally-, and spatially-restricted articulatory adjustments (Klich & May, 1982). 

Smith, Goffman, Sasisekaran, & Weber-Fox (2012:345) state that in stuttering events ‘the flow of 

fluent speech is disrupted as the nervous system fails to generate the appropriate command signals 

to drive the muscles involved in speech production.’ This atypical coordination is not restricted to 

their speech events; PWS show atypical coordination of speech motor skills in fluent speech as 

well (Caruso, Abbs, & Gracco, 1988; McClean, Kroll, & Loftus, 1990; McClean, 2004). On the 

other hand, a number of reports have examined acoustic and articulatory transitions between 

phones and found no difference between PWS and FP (Frisch, Maxfield & Belmont, 2016; 

Didirkova & Hirsch, 2019, Smith, Sadagopan, Walsh, & Weber-Fox, 2010; Sussman, Byrd, & 

Guitar, 2011). Findings showing differences in patterns of coarticulation between PWS and FS 

have been interpreted as showing that fluent and disfluent episodes in the speech of PWS are 

positioned along a continuum of speech motor coordination rather than being a dichotomous 

phenomenon (Usler, Smith, & Weber, 2017). PWS also show lower speed rate and longer 

movement durations in nonspeech tasks (Loucks & De Nil, 2006). These findings have been 

substantiated by neuroimaging studies that show that the brain activation levels of PWS differ 

from those of FPs in speech and nonspeech motor tasks (Chang, Horwitz, Ostuni, Reynolds, & 

Ludlow, 2011). Usler, Smith, & Weber (2017) interpret these neuroimaging findings as further 

confirmation that deficits underlying stuttering are sensorimotor. Studies that have examined the 

relation between the level of complexity of speech items and stuttering have usually reported an 
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increase in stuttering as speech item complexity increases. For instance, in their study on the 

influence of length and syntactic complexity on the speech motor stability of PWS, Kleinow & 

Smith (2000) reported a decrease in speech motor stability of PWS when the stimuli were complex. 

Howell et al. (2000) focused on the effect of phonologically complexity using Throneburg et al.’s 

(1994) late-emerging consonants, consonant cluster and word length scheme. The results showed 

that stuttering was higher on the phonologically complex sounds.

The majority of stuttering research is based on English-speaking PWS. Studies on linguistic 

complexity and stuttering in Arabic are particularly rare. Abdalla, Robb, & Al-Shatti, (2010) 

examined the content-function word dichotomy and their frequency of occurrence in stuttered 

speech of Arabic PWS. Results showed no significant differences in the amount of stuttering on 

function or content words but that a significant amount of disfluency occurred on the combined 

content-function words that Arabic grammar is unique for. This type of word has greater linguistic 

and motor requirements compared to content or function words (Abdalla et al., 2010). Hence, 

content-function words have high planning and execution demands. Al-Tamimi, Khamaiseh, & 

Howell (2013) investigated the relationship between stuttering rate and word category. The 

researchers developed an Arabic Index of Phonetic Complexity (AIPC) based on a number of 

complex phonetic features following work by Jakielski (1998) on English. PWS were more likely 

to stutter on words that had high AIPC score. 

The current study examined the acoustic productions of two fine-grained phonetic features, 

voice onset time (VOT) and second formant (F2) onset frequency, of emphatic consonants. The 

approach is based on the neuromuscular model that views stuttering as a result of transition deficit 

and inappropriate temporal arrangements of complex motor skills. The hypothesis tested in the 

present study is that PWS differ from fluent persons (FP) in VOT duration and F2 onset. These 
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differences are considered to result from transition deficits that arise in environments with complex 

phonetic features. Arabic emphatic sounds require high levels of muscular activity in laryngeal, 

pulmonary and articulatory systems. VOT and F2 are phonetic features that need to be precisely 

timed and result from coordinated laryngeal activity with rapid transition movements of the 

articulators. The simultaneous muscular activities accompanied by precisely timed transitions are 

expected to induce more chance of stuttering events and to produce acoustic outputs that differ 

from those of FP. The significance of the present work is that it is the first study which examines 

VOT and F2, as fine-grained phonetic features, in the production of emphatic sounds by PWS in 

Arabic. It adds more evidence to the neuromuscular model that views atypical speech as a deficit 

in coarticulation. This research potentially may contribute to additional explanations of stuttering 

and, in turn, improved therapy practices. In addition, it is the first study that compares results on 

Arabic and English-speaking PWS. 

Acoustic Features and Stuttering

Speech acoustics of PWS has been widely investigated. Many researchers have focused on the 

temporal (VOT, vowel duration, consonant closure time, etc.) and spectral (formant frequencies) 

aspects of stuttered events (Zebrowski, Conture, & Cudahy, 1985; Howell & Williams, 1992; Robb 

& Blomgren, 1997; Howell & Vause, 1986; Yaruss & Conture, 1993; Bauerly & Paxton, 2017; 

Bauerly, 2018; Bauerly, Jones, & Miller, 2019). Acoustic analysis can determine the laryngeal and 

supralaryngeal articulatory behavior of PWS. Voice Onset Time (VOT) and second formant (F2) 

onset in the environment of emphatic consonants are the focus of the current study and the way 

they are realized by PWS is investigated. The current section documents the complexity of VOT, 

F2 and emphatics for PWS. This complexity fits within the restricted motor skills of PWS. 
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Specifically it shows that VOT precise timing, F2 onset and emphatics complex articulation are 

challenging for PWS to maintain.

VOT as a Temporal Parameter

Voice onset time is an acoustic temporal parameter that differentiates between syllable-initial 

voiceless and voiced plosives in languages. It is the interval between closure release and vocal fold 

excitation. It provides ‘an inferential estimate of speech motor control, requiring fine motor 

coordination of the respiratory, phonatory and articulatory structures’ (Robb, Gilbert, & Lerman, 

2005: 125). From a physiological and aerodynamic viewpoint, VOT arises via fine motor 

coordination building on the adduction and abduction of laryngeal muscles and airflow. The 

posterior cricoarytenoid and interarytenoid muscles (Hirose, Yoshioka, & Niimi, 1978) are 

responsible for these laryngeal muscles actions. Languages differ on the VOT contrast they 

manifest. Contrasts include; two-way contrast, voiced vs. voiceless (e.g. English, Arabic); three-

way contrast, voiced, voiceless unaspirated and voiceless aspirated (e.g. Thai) and four-way 

contrast, voiced, voiceless unaspirated, voiceless aspirated and voiced aspirated (e.g. Hindi) 

(Abramson & Whalen, 2017).

In Arabic, voiceless unaspirated plosives have zero or short lag VOT with a 0-30 ms range of 

duration; while, voiced plosives have negative lead VOT reaching up to approximately -120 ms 

(Al-Tamimi, Tarawneh & Howell, submitted). Lead or negative VOT occurs when vocal fold 

vibration precedes the plosive release. Lag or positive VOT occurs when there is a delay in vocal 

fold vibration after the release of the plosive. When compared to lag VOT, lead VOT requires 

additional laryngeal and pharyngeal adjustments (Keweley-Port & Preston, 1974). The acoustic 

information of lead VOT is less salient than lag VOT (Aslin, Pisoni, Henness, & Perey, 1981; 

Deuchar & Clark, 1996) Lead VOT is acquired late (around age five) by children; this indicates 
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its articulatory difficulty (Allen, 1985). Short lag VOT is achieved by opening the glottis at any 

time during oral gestures and is usually mastered before age one (Kong, 2009). At the perception 

level, adults discriminate between sounds that exceed -20 ms and + 20 ms durations.  Rosen & 

Howell (1987) report that humans can perceive the temporal order of two sound events with 

asynchronies greater than about 20 ms. Onsets less than 20 ms are perceived by humans as 

simultaneous and are difficult to judge temporally (Hay, 2005). In Arabic, the lead region for 

voiced sounds exceeds the -80 ms, threshold, while the lag region for voiceless stops is below +20 

ms. threshold (Al-Tamimi et al., submitted).

VOT production involves control and coordination of laryngeal and multiple oral motor 

movements involving the sublaryngeal, laryngeal, and supralaryngeal systems. The basic element 

in this control is the coordination of precise subtle timing of the laryngeal maneuvers and oral 

release. Lack of coordination and imprecise timing might arise for a number of linguistic, 

cognitive, emotional, behavioral, aerodynamic, articulatory and neurophysiological reasons (Cho 

& Ladefoged, 1999). For these reasons, studies have focused on VOT as a possibly complex factor 

inciting stuttering (Healey & Gutkin, 1984; Jäncke, 1994; Max & Gracco, 2005; Arenas, 

Zebrowski, & Moon, 2012). These studies have revealed distinctive voicing patterns, more 

specifically, longer VOTs in the speech of PWS when compared to those of fluent persons (FP) 

(Healey & Gutkin, 1984; Rezaei-Aghbash, Whiteside, & Cudd, 2000; Max & Gracco, 2005; 

Hillman & Gilbert, 1977; Zimmermann, 1980). These longer VOT values might be due to the lack 

of coordination and reciprocity between cricothyroid and cricoarytenoid muscles responsible for 

vocal folds abduction and adduction during stuttering (Shapiro, 1980). In certain cases, studies 

have found longer VOT for voiced rather than voiceless plosives (Healey & Gutkin, 1984) or no 

significant differences in VOT between PWS and FP speech (Zebrowski, Conture, & Cudahy, 
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1985; Borden, Baer, & Kenney, 1985). These studies investigated VOT in the speech of PWS in 

languages following the short lag and long lag contrast. Children acquire this voicing contrast at 

around the age of 2;0. Lag vs. lead VOT contrast is acquired late (after age 5;0) due to the fact it 

involves additional laryngeal and supralaryngeal adjustments.  

All Arabic dialects have the late acquired long lead VOT (Khattab, 2000). Its late acquisition 

is due to the difficulties in realizing the laryngeal control and precise subtle timing. Its acquisition 

coincides with the inception of stuttering. Accordingly, its examination in the speech of PWS fits 

well within the frame of timing and coarticulatory deficits of PWS. Based on the coarticluation 

difficulty they may suffer from, PWS would be expected to produce VOT duration different from 

those of FP. English-speaking PWS studies show that PWS produce longer VOT durations than 

FP. Arabic (short lag vs. long lead) differs from English (short lag vs. long lag) with regard to 

VOT direction and duration. Given these differences, a comparison of Arabic with English-

speaking PWS is desirable.  

Formant Frequency as a Spectral Parameter

Since speech is characterized by spatial and temporal organization of movements within a 

phenomenon known as coarticulation, or more precisely phoneme sequencing (Howell, 1996; 

Howell & Harvey, 1983) different studies have proposed that stuttering is a disorder of speech 

motor discoordination (Wingate, 1969, Howell & Vause, 1986; Klich & May, 1982; Hawkins, 

Walden, Montgomery, & Prosek, 1987; Yaruss & Conture, 1993). Despite the different methods 

and analysis strategies adopted in these studies, researchers, in general, agree ‘that the lingual 

coarticulation accompanying a disfluency differs from the coarticulation that characterizes normal 

fluency’ (Robb & Blomgren, 1997, P. 2). Due to this sound-to-sound transitioning difficulty, the 

transitions at consonant-vowel boundaries are affected. Researchers have examined F2 transition 
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as an acoustic spatial feature representing the anterior and posterior movement of the tongue during 

speech. F2 duration, direction, slope and rate appeared to be irregular, limited or faster in the fluent 

and stuttered events of PWS (Howell & Vause, 1986; Howell, Williams, & Vause, 1987; Klich & 

May, 1982; Robb & Blomgren, 1997; Dehqan, Yadegari, Blomgren, & Scherer, 2016). 

In normative Arabic studies, F2 is lowered in the environment of emphatic sounds due to the 

simultaneous alveodental and oropharyngeal configuration accompanying the production of these 

sounds. This complex articulatory configuration might be difficult for PWS to achieve; 

accordingly, their F2 would be irregular. 

Emphatics in Arabic

Arabic emphatics are the voiceless alveolar plosive /tˁ/, voiced alveolar plosive /dˁ/, voiced 

interdental fricative /ðˁ/ and voiceless alveolar fricative /sˁ/. Their plain, i.e. non-emphatic 

counterparts are: /t/, /d/, /ð/ and /s/, respectively. Emphatics are articulatorily complex sounds; they 

are among the late consonants acquired by children (Amayreh, 2003). They are produced through 

rapid complex articulatory movements (Odisho, 1973) with simultaneous primary and secondary 

constrictions; the primary constriction is in the alveodental region and the secondary constriction 

is achieved through tongue root retraction into the oropharynx. In their videofluoroscopic and 

nasoendoscopic study, Al-Tamimi, Alzoubi, & Tarawneh (2009) reported greater tension on the 

tongue body, retraction of tongue root into the oropharynx and hyoid bone elevation and larynx 

raising in the production of emphatic sounds.

These physiological configurations require simultaneous, successive and rapid motor 

movements. Any disruption in these movements could lead to stuttering (Van Riper, 1982). One 

of the reasons for this disruption might be the intrinsic articulatory complexity of the sound. The 
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late acquisition of these sounds coincides with the age of modal inception of stuttering. They 

therefore have earlier impact on stuttering (Yairi & Ambrose, 2005). 

Normative Arabic studies show that emphatics differ from their plain counterparts temporally 

and spectrally. The emphatic stops /tˤ/ and /dˤ/ have VOT values shorter than their plain 

counterparts /t/ and /d/ in different Arabic dialects (Yeni-Komshian, Caramazza, & Preston, 1977; 

Al-Ani, 1970; Zeroual, Hoole, Fuchs, & Esling, 2007). In addition, emphatic consonants have 

lower F2 in the onset of the following vowel compared to their plain counterparts. In all Arabic 

dialects, F2 lowering of the vowel following the emphatic consonants has mainly been the 

consistent feature of emphasis (Jongman, Herd, & l-Masri, 2007; Watson, 2007; Zawaydeh, 1999; 

Al-Tamimi & Heselwood 2011). 

The main aim of the current study was to examine the role of articulatory complex emphatic 

sounds with fine-grained phonetic features in stuttering events. The articulatory complexity of 

emphatics increases as VOT and F2 require rapid coarticulatory movements to achieve the oral 

configuration and smooth transition of articulators in a timely manner. PWS need to make 

simultaneous primary and secondary oral constrictions in the alveodental and oropharyngeal 

regions with timing coordination between the oral and phonatory systems to produce fine-grained 

phonetic features in the vicinity of emphatic consonants. This complex articulatory environment 

fits within the general opinion that stuttering is the result of atypical coordination of speech motor 

skills needed to produce sounds with high propositional values. The current study hypothesizes 

that PWS will show VOT durations and F2 values different from what normative data reveal. 
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Methodology

 Sample

Ten adolescent male participants ranging in age from 11;0 to 14;0 (mean age 12;3) 

participated in the study. They were independently diagnosed by certified Jordanian speech 

language therapists based on a Jordanian version of Stuttering Severity Instrument for children and 

adults (SSI-3) (Riley, 1994). This version was used in a previous study on stuttering and anxiety 

in Jordanian children (Roud, 2011). None of the participants had received formal stuttering therapy 

at the time of speech sample collection. They or their guardians signed written informed consent 

to participate in the study. Data collection started in December 2017. All participants were native 

Jordanian Arabic speakers with normal hearing; no participant had voice, articulation or 

phonological disorders. They were diagnosed with severe stuttering as they had a minimum of 

20% stuttering events (repetition, prolongation, and blockage) out of the total number of tokens 

each produced. They read silently and memorized four monosyllabic plain-emphatic words, /taab/ 

(repented) vs. /tˁaab/ (recovered); /daar/ (house) vs. /dˁaar/ (harmful), written on a sheet of paper. 

Participants were then asked to retrieve the words and produce each of them three times (e.g. /tab/, 

/tab/, /tab/) using their habitual loudness level and typical speaking rate with short pauses between 

words. The technique used in the current study was similar to the technique used in previous 

studies (Dehqan, Yadegari, Blomgren, & Scherer, 2016; Robb & Blomgren, 1998). Perceptually 

fluent productions of words were required for analysis. A control group (FP) consisting of 10 

adolescent male participants (mean age 13;0) produced each of the target words three times in the 

same way that PWS did. Other researchers used reading procedures to elicit data similar to the 

current study data (Llewellyn, 1994; Viswanath, Nagalapura, Rosenfield, & David, 2000).
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Reliability and Statistical Analysis

In total, 240 tokens (4 plosives*3 repetitions*20 participants) were measured. As an estimate 

of inter-rater reliability, a random sample consisting of 10% of the data was remeasured 

independently by a trained phonetician. A Pearson-Product Moment correlation analysis showed 

a significant correlation coefficient (r= .913, p = .001) indicating a high test-retest reliability. 

Means of VOT durations and F2 values of the three repetitions of every monosyllabic plain-

emphatic word were calculated and included as dependent variables in repeated-measures 

ANOVAs and Bonferroni post hoc test. Bonferroni post hoc test differences in means (MD) were 

used to show whether or not the effect of stuttering on VOT and F2 was significant. To know the 

magnitude of stuttering on VOT and F2, effect sizes (Partial eta squared, ηp2) were also reported. 

In statistics, effect size ranges from trivial (<60%) to large (>80%) (Cook, 2008). 

Acoustic Analysis

The positive and negative VOT durations of /t/ vs. /tˁ/ and /d/ vs. /dˁ/ and F2 frequency were 

measured by a trained phonetician. Lead VOT for /d/ and /dˁ/ was measured from the onset of 

glottal pulse to the plosive burst, while lag VOT for /t/ and /tˁ/ was measured from the onset of the 

plosive burst to the first visible glottal pulse. F2 onset was measured at the onset of the first glottal 

pulse following the plosive. 

Results

Results (Table 1) revealed that PWS VOT (F= 1158.07; df= 1.93; P= 0.00) durations and F2 

onset values (F= 101.26; df= 3.00; P= 0.00) differed significantly from those of FP. PWS produced 

significantly (MD= -19.63*) longer /dˁ/ VOT (299.22 ms) than /d/ VOT (202.78 ms), while FP 

produced significantly (MD= 12.33*) shorter /dˁ/ VOT (61.33 ms) than /d/ VOT (121.89 ms). On 
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the other hand, PWS (MD= 3.18*) and FP (MD= 6.68*) had /t/ short lag VOT significantly longer 

than that of /tˁ/. However, PWS /t/ and /tˁ/ VOT durations were significantly shorter than FP /t/ and 

/tˁ/ VOT durations. There was no significant difference between FP emphatic /tˁ/ VOT and PWS 

plain /t/ VOT In normative data, the emphatic plosive VOT is shorter than its plain counterpart. In 

the current study, PWS emphatic long lead was longer than its plain counterpart. In addition to 

that, PWS plain short lag VOT duration was similar to FP emphatic short lag VOT duration. 

As for F2, results revealed significant differences between PWS and FP with regard to the emphatic 

plosives. FP lowered F2 in the vicinity of the emphatic voiceless and voiced plosives. The 

differences in F2 means between FP /t/ vs. /tˁ/ (MD= 37.38*) and /d/ vs. /dˁ/ (MD= 12.03*) plosives 

were statistically significant. PWS F2 was significantly (MD= 19.72*) lower in the vicinity of the 

emphatic voiceless plosive /tˁ/ only. PWS and FP did not differ significantly (MD= 0.49) with 

regard to /t/ F2; FP had their /tˁ/ F2 significantly (MD= -16.81*) lower than PWS /tˁ/ F2. As for 

the voiced plosives, PWS had /dˁ/ F2 (1266.00 Hz) atypically higher than /d/ F2 (1136.56 Hz). 

Insert Table 1 Here

Results showed that stuttering had a large effect on VOT (ηp2= 0.9954) and F2 onsets (ηp2= 

0.9702) of all sounds. 

Generally speaking, PWS productions are in line with the atypical VOT durations and F2 values 

reported in English-speaking stuttering studies (Robb & Blomgren, 1997; Max & Gracco, 2005). 

In comparison with FP, PWS have atypical VOT durations and F2 values. Their emphatic long 

lead VOT is atypically longer than their plain long lead VOT. Their plain short lag VOT duration 

matches FP emphatic short lag VOT duration. As for F2, PWS atypically have the emphatic voiced 

/dˁ/ F2 onset higher than their plain /d/ F2 onset. Although there are no significant differences 

between PWS and FP /t/ F2, FP have /tˁ/ F2 significantly lower than PWS /tˁ/ F2. 
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Discussion

The main objective of the current study was to investigate the role of phonetically complex 

sounds in stuttering; two acoustic features were examined: VOT duration and F2 onset value. The 

hypothesis tested in the present study was that PWS should differ from FP in VOT duration and 

F2 onset as a result of transition deficit in the environment of complex phonetic features. Results 

revealed that emphatic sounds played a significant role in the atypical speech of PWS. Mean VOT 

durations of /d/ and /dˁ/ were significantly longer in the productions of PWS than in the productions 

of FP. PWS produced longer /dˁ/ VOT than /d/; FP produced shorter /dˁ/ VOT than /d/. On the 

other hand, PWS produced shorter /t/ and /tˁ/ VOT than FP; their /t/ VOT duration was as long as 

FP /tˁ/ VOT duration. As for F2, FP had /tˁ/ and /dˁ/ F2 significantly lower than /t/ and /d/ F2. PWS 

lowered /tˁ/ F2 but kept /dˁ/ F2 even higher than its /d/ F2 counterpart. FP /tˁ/ F2 was lower than 

PWS /tˁ/ F2. This indicates that PWS have less tongue root retraction and less emphasis on the 

target sound. 

Results revealing longer VOT of /dˁ/ than /d/ contradict previous findings in all normative Arabic 

studies (Khattab, Al-Tamimi, & Heselwood, 2006; Komshian et al., 1977). They are in line with 

English-speaking stuttering studies that report longer VOT durations for PWS than for FPs. PWS 

have slower motor movements and, accordingly, longer VOT (Hillman & Gilbert, 1977; 

Zimmermann, 1980). This slower motor movement is indicative of the neuromotor process 

dysfuction PWS have (Ludlow & Loucks, 2003). 

Language acquisition studies report that lead/lag VOT dichotomy that Arabic follows is 

aerodynamically and articulatorily very difficult to acquire and maintain (Kakadelis, 2018). In 

different languages, lead stops are acquired after short lag stops and around the age of 5;0 

(Gandour, Petty, Dardarananda, Dechongkit, & Mukongeon, 1986; Pan, 1994; Davis, 1995; Kong, 
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Beckman, & Edwards, 2012). Cognitive studies focusing on the categorical perception of VOT as 

an acoustic cue that discriminates voiceless from voiced plosives report slower processing speeds 

for PWS during categorical perception and difficulty in accessing phonemic representations in a 

timely manner (Bakhtiar, Zhang, & Ki, 2019). 

In the current study, the lead/lag VOT dichotomy, as a fine-grained acoustic feature, is difficult 

for PWS to produce FP-like. Difficulty increases as speakers move from the plain consonant to the 

emphatic counterpart. Speakers need to coordinate laryngeal vibration timing, oral release timing, 

laryngeal muscles abduction and adduction, and primary and secondary supralaryngeal 

configurations (Ward, 2017). The plosives produced in the current study are the emphatic ones 

that need complex articulatory movements and rapidly shifting configurations (Odisho, 1973) with 

precise coordination between aerodynamic activity, laryngeal muscle control and rapid 

supralaryngeal configuration change. Difficulty in maintaining the complex aerodynamic–

articulatory activities with the high cognitive-linguistic load (Howell, Anderson, & Lucero, 2010) 

required by PWS to internally process and articulatorily maintain plain/emphatic plosives acoustic 

boundaries results in irregular execution of VOT. 

VOT as a subtle fine-grained acoustic cue within a long lead/short lag language like Arabic 

markedly differentiates between PWS and FP and creates disruption to speech fluency. PWS 

slowdown of lead emphatics is due to a number of factors: the cognitive load lead VOT creates, 

the articulatory complexity word-initial emphatic consonants entail (Ward, 2017) and the slower 

processing speeds that PWS have during categorical perception of VOT (Bakhtiar et al., 2019) 

.Accordingly, PWS produce /d/ and /dˁ/ lead VOT with durations longer than those of FP. As the 

cognitive load increases with speakers moving from plain to emphatic plosives, PWS produce 

longer VOT for emphatic than plain plosives. In Arabic studies, and in data produced by FP in the 
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current study, the plain plosives have longer VOT than the emphatic counterparts. With stuttering, 

lead VOT is realized differently. This lengthened lead VOT duration is not witnessed in the short 

lag of /t/ and /tˁ/. 

As reported in developmental studies, children acquire short lag stops early; they are less 

difficult to produce than lead stops (Kewley-Port & Preston, 1974; Bortolini, Zmarich, Fior, & 

Bonifacio, 1995). Short lag production requires minimum precise temporal oral and laryngeal 

occlusion (Kong, Beckman, &Edwards 2012). Compared to long lead VOT, short lag VOT is 

achieved with or without active glottal involvement during the oral configuration (Kong, 

Beckman, & Edwards, 2011). The small amount of aspiration accompanying short lag VOT is not 

enough to perceptually categorize it as being aspirated (Abramson & Whalen, 2018). This small 

amount of plain /t/ vs. emphatic /tˁ/ VOT is perceptually encoded as more similar to each other and 

having simultaneous onsets (Toscano, McMurray, Dennhardt, & Luck, 2010; Jusczyk, Pisoni, 

Walley, & Murray, 1980). Due to these factors, minimum temporal precision, lack of production 

complexity, the perception of the two sounds as having simultaneous onsets with no cognitive load 

associated with the short lag unaspirated plosives, PWS produce /t/ and /tˁ/ VOT with shorter 

values than those of FP.

As for F2 lowering, PWS produce /dˁ/ without tongue root retraction and F2 lowering, 

consequently. Within the context of phonetic transition defect (Wingate, 1969), the lack of F2 

lowering indicates the secondary articulation, tongue root retraction, of the emphatic sound is not 

achieved. Klich & May’s (1982) study on the temporal and spectral features of stuttered tokens 

show that PWS produce vowel with more temporally and spatially restricted articulation 

adjustments. Other Studies (Howell & Vause, 1986; Yaruss & Conture, 1993; Dehqan, et al, 2016) 

report higher initial F2 transition slopes, absent or atypical F2 transitions. Results confirm that the 
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coarticulation process of PWS differs from that of FP due to the phonetic transition deficit of 

articulators moving on from one sound to another in a timely manner. The articulatory deficit with 

the restricted articulation adjustments PWS have result in less emphatic /tˁ/ and deemphasized /dˁ/. 

The reduced emphasis indicates that PWS do not appropriately retract tongue root. This being the 

case, less articulatory gestures and complexity are manifested. 

The overall view of the results showed that, there were significant differences between PWS 

and FP in their production of /dˁ/and /tˁ/ VOT and F2.  Their atypical VOT durations and F2 values 

are in line with what is generally found in English-speaking stuttering studies. They behave 

differently from FP based on whether the sound is articulatorily and cognitively complex and 

loaded or not. 

Conclusion

The current study is the first Arabic study that examines the role of complex emphatic sounds 

on the excitation of stuttering. VOT and F2 were measured in four monosyllabic plain-emphatic 

words. PWS were found to produce lead and lag VOT different from FP typical productions. F2 

onset of the vowel following the emphatic sound and reflecting the amount of emphasis was also 

affected. Findings go on line with the atypicality of PWS VOT and F2 reported in English-speaking 

stuttering studies. This atypicality is realized differently in Arabic depending on the articulatory 

complexity and cognitive load of the sound.
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Tests
of:

Source of
Variance

Sum of
Squares df Mean

Square F Sig. Partial
η2

Within-Subjects Effects [Mauchly's W=0.019, Approx. χ2=58.038*, df=5, Sig.=0.000, ε(Greenhouse-Geisser) = 0.643]

VOT 513985.22 1.93 266615.82 3445.55* 0.00 0.9954
Group×VOT 172753.00 1.93 89610.91 1158.07* 0.00 0.9864
Error (VOT) 2386.78 30.84 77.38

Between-Subjects Effects
Group 111392.00 1 111392.00 1610.33* 0.00 0.9902
Error 1106.78 16 69.17

Group FP PWS
VOT t tˁ d dˁ t tˁ d dˁ

Adj. Mean 5.00 2.67 121.89 61.33 2.33 1.22 202.78 299.22
SE 0.31 0.16 3.16 3.76 0.31 0.16 3.16 3.76

t 5.00 0.31
tˁ 2.67 0.16 6.68*

d 121.89 3.16 -36.80* -37.68*

FP

dˁ 61.33 3.76 -14.92* -15.58* 12.33*

t 2.33 0.31 6.05* 0.95 37.64* 15.63*

tˁ 1.22 0.16 10.82* 6.50* 38.13* 15.97* 3.18*

d 202.78 3.16 -62.27* -63.24* -18.10* -28.79* -63.11* -63.69*

PWS

dˁ 299.22 3.76 -77.95* -78.77* -36.09* -44.72* -78.66* -79.15* -19.63*

Tests
of:

Source of
Variance

Sum of
Squares df Mean

Square F Sig. Partial
η2

Within-Subjects Effects [Mauchly's W=0.56, Approx. χ2=8.535, df=5, Sig.=0.13;
F2 2849376.82 3.00 949792.27 521.61* 0.00 0.9702
Group×F2 553160.38 3.00 184386.79 101.26* 0.00 0.8636
Error (F2) 87402.56 48.00 1820.89

Between-Subjects Effects
Group 317206.13 1 317206.13 375.06* 0.00 0.9591
Error 13532.11 16 845.76

Group FP PWS
F2 t tˁ d dˁ t tˁ d dˁ

Adj. Mean 1449.00 714.78 1206.67 993.11 1439.67 1052.33 1136.56 1266.00
SE 13.58 14.20 6.06 16.68 13.58 14.20 6.06 16.68

t 1449.00 13.58
tˁ 714.78 14.20 37.38*

d 1206.67 6.06 16.30* -31.87*

FP

dˁ 993.11 16.68 21.19* -12.71* 12.03*

t 1439.67 13.58 0.49 -36.90* -15.67* -20.76*  
tˁ 1052.33 14.20 20.19* -16.81* 10.00* -2.70* 19.72*

d 1136.56 6.06 21.02* -27.32* 8.18* -8.08* 20.39* -5.46*

PWS

dˁ 1266.00 16.68 8.51* -25.16* -3.34* -11.57* 8.07* -9.75* -7.29*

Table 1: VOT and F2 produced by FP and PWS
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