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Abstract: The current study investigates vowel durations of Arabic- speaking Broca’s aphasics. Three subjects diagnosed 

with Broca’s aphasia and three normal speakers participated in this study. Vowel durations of the short Arabic vowels (/i/, 

/a/, /u/) preceding voiced and voiceless fricatives were measured and analyzed. The effects of voicing on vowel duration are 

also investigated. The results show that the normal speakers as well as Broca’s aphasics complied with the phonological 

rule, vowels being longer preceding voiced fricatives. It is also demonstrated that vowel durations were significantly 

greater for Broca’s aphasics compared to normal speakers. Finally, this study is brought to bear on several aspects 

concerning timing and prosodic impairments of Broca’s aphasic speech. The finding may also have clinical applications 

concerning speech and language therapy in Palestine.  
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1. Introduction 

Much research has been devoted to investigate the 

durational and articulatory parameters of speech segments. 

It has been found that several aspects of vowel temporal 

parameters, including vowel duration, fundamental 

frequency, and formant frequency, are highly affected by 

speech intelligibility in both normal and disordered speech 

[12, 36, 24]. Vowel duration contributes to the listener’s 

ability to perceive vowels, in addition to providing 

information about vowel production mechanisms [15].  For 

example, it has been found that reduction of vowel duration 

accompanied by lax vowels compared to tense vowels is a 

result of decreased articulatory configurations required for 

the producing lax vowels [15].Accordingly, the 

measurements of vowel duration may demonstrate the 

degree of articulatory movements required to produce a 

particular vowel. 

Acoustic investigations also indicate that vowel duration 

is a perceptual cue for vowel identification and speech 

intelligibility [8,27]. Ferguson and Kewley-Port [8]reported 

from a significant impact of speech intelligibility on vowel 

duration, where vowels were perceived to be longer in 

sentences and phrases produced in a conversational style 

compared to those were addressed to individuals with 

hearing loss [9]. The acoustic literature reported from 

various temporal patterns concerning vowel duration. For 

example, it has been found that high vowels are shorter 

than low vowels, while vowels occur in open syllables are 

longer than vowels accruing in closed syllables [19]. 

Furthermore, vowels preceding voiced consonants were 

found to be longer compared to those preceding voiceless 

sounds, while vowels before fricatives are longer than 

vowels preceding stop consonants [19]. Vowel duration also 

was found to be affected by pitch and rate of speech. It has 

also been found that vowels spoken at slower rate were 

significantly longer compared to those spoken at faster 

rate[23].  

Several studies have been carried out on the temporal 

and articulatory disturbances characterizing speakers with 

Broca’s aphasia and apraxia of speech [17, 5, 3]. In general, 

these investigations have raveled that Broca’s aphasic 

speech is agrammatic, nonfluent and dysprosodic. Broca’s 

aphasic speech is also characterized by a slow speaking rate 

with segment and syllable durations all being longer than 

those for healthy speakers [6, 3]. 

Vowel durations were found to be significantly longer 

among Broca’s aphasics compared to normal speakers. It 

has been proposed that Broca’s aphasics revealed temporal 

impairments, particularly abnormal lengthening of all 

speech segments [33]. In contrast, other studies found that 

Broca’s aphasics and speakers with apraxia of speech were 

able to maintain the intrinsic duration differences between 

tense and lax vowels and the durational patterns are 
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comparable to those from the normal speaker [10]. Vowel 

duration in multisyllabic words and phrases were 

significantly longer for the aphasic speakers compared to 

the non-brain-damaged control group [30]. In contrast, in a 

study on vowel duration for monosyllabic words as 

produced by Broca’s aphasics, it has been found that vowel 

durations were comparable to the control group [31]. This 

inconsistency of the results concerning the durational 

patters of vowels can be interpreted in terms of the 

differences in the methodological research approaches of 

these studies. As it can be seen, temporal parameters, 

including vowel durations are important to understand the 

underlying mechanisms of Broca’s aphasics timing deficits. 

Vowel length in Arabic is phonologically significant. 

That is, Arabic contrast between short and long vowels, 

resulting in meaning differences. For example, the words 

[Qa:l] said and [qal] 'decreased' have different meanings, 

emphasizing  that vowel length in Arabic is phonologically 

distinctive  [13].  Accordingly, characterizations of Broca’s 

aphasic speech, particularly the prosodic and temporal 

parameters are language specific [10] 

2. Methods 

2.1. The Aims of the Study 

The current study aims to (a) investigate vowel durations 

as produced by Palestinian Broca’s aphasics compared to 

normal speakers; (b) to examine whether or not there are 

differences between average duration of vowels produced 

by Broca’s aphasics compared to the normal speakers; and 

(c) to examine the extent to which the duration patterns in 

Palestinian Broca’s aphasics are consistent with results 

reported from other languages. 

It was hypothesized that: 

1-. Broca’saphasics would produce longer vowel 

durations compared to normal speakers 

2-. Voicing would affect vowel quality, by having 

longer vowel durations prior voiced fricatives 

compared to voiceless ones.   

2.2. Subjects 

Three male agrammatic Palestinians residing in the West 

Bank participated in the study. The participants were 

diagnosed as Broca’s aphasics using the Jordanian Arabic 

version of the Bilingual Aphasia Test [29]. Three native 

speakers with no language or speech deficits served as the 

control group. All participants were right-handed and 

presented with left hemisphere lesion at least six months 

prior to testing. They revealed typical symptoms of Broca’s 

aphasia, including non-fluent, effortful and telegraphic 

speech. As shown in Table 1, the ages of the participants 

ranged from 49 to 58 years. The time post-onset ranged 

from one to eight years, and their number of educational 

years ranged from 10 to 15. Visual and auditory systems 

functioned to a sufficient degree to complete the 

experimental tasks of the study.  

Table 1. Persons with aphasia. 

Subject Age Etiology MPO Gender 

A.B 49 CVA-L 13 M 

D.S 55 CVA-L 22 M 

W.D 58 CVA-L 70 M 

Details of the participants. Participant data: (A: person with aphasia; CVA: 

Cerebro-vascular accident; L: left hemisphere; MPO: months post-onset; 

M: male). 

2.3. Stimuli 

The short vowels [a] [u], and [i] were examined and 

investigated. Target vowels were embedded in a (CVC) 

syllable structure, in which vowels are preceded by initial 

voiced and voiceless fricatives [z] and [s]. The list of words 

is given in Table 2. Monosyllabic words in a CVC structure 

were chosen to avoid duration increase as the number of 

syllables increased.  The target vowels were embedded  in 

the carrier sentence “ʔiħki” (“Say”)  since vowels are found 

to be longer when produced in isolation [1].  Participants 

were instructed to speak at normal pitch and loudness as 

they were able. Vowel duration was measured milliseconds 

(ms) and selected from the steady sate of the vowel to the 

offset of the vowel. Each vowel was produced 6 times, 

yielding a total of 216 (6 words x 6 repetitions x 6 subjects) 

productions. The utterances were recorded in a quiet place 

at a sampling rate 44Hz, using PRAAT [4] and Phono-Lab 

[25]. Tokens were phonetically transcribed by the 

researcher and an experienced speech and langue 

pathologist.  

Table 2. Stimuli. 

Target vowels and consonants 

Vowel Consonants 

i sid/zid 

u sud/zud 

a sad/zad 

3. Results and Discussion 

Table 3 demonstrates the mean vowel duration and 

standard deviation for monosyllabic words (CVC). The 

statistical analysis demonstrated that there was a significant 

effect of Voicing on Vowel Duration [F(1, 19) = 12.06, p 

=.004]for both the normal speakers and the Broca’s 

aphasics. Vowels preceding voiced fricatives were 

significantly longer than those preceding voiceless 

fricatives for both the normal speakers and Broca’s 

aphasics(88 ms and 159) respectively.  
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Table 3. Mean vowel durations (ms) and Standard deviations preceding 

voiced and voiceless  fricatives  for the control group (C) and the aphasic 

subjects (AB,DC,WD). 

Subject 

Place of  Articulation 

Alveolar 

/z/ SD 

Voiced  

C 134 12 

AB 194 33 

DC 222 40 

WD 234 34 

Voiceless /S/ 

C 88 9 

AB 133 55 

DC 166 44 

WD 180 55 

In fact, controversial results were found concerning the 

effect of voicing on vowel duration in Arabic. For example, 

in a study on Gulf Arabic vowels preceding voiced 

consonants were not significantly longer than those 

preceding voiceless consonants [16]. This finding is also 

consistent with results reported from Jordanian Arabic and 

Saudi dialect [26, 9]. In contrast, in a study examined the 

effect of voicing on vowel duration on Ghamid Saudi 

dialect it has been found that vowels preceding voiced 

consonants were significantly longer than those before 

voiceless ones[1]. It is worth noting here that the effect of 

voicing on vowel duration in Arabic is still a controversial 

issue, which might be due to research methodological 

approaches, concerning data collection and analysis in 

addition to dialect-specific aspects of Arabic varieties. 

As noted by normal speakers, shorter vowel durations 

were found for the short vowel [u] compared to the high 

front vowel [i], while Broca’s aphasics produce the vowel [i] 

with shorter duration compared to the vowel [u]. The 

control group and Broca’s aphasics have produced the low 

vowel [a] with the longest duration compared to the vowels 

understudy. However, it is must be mentioned that Broca’s 

aphasics have produced the vowel [a] with shorter duration 

compared to the normal speakers, indicating that the degree 

of jaw lowering has a positive impact on vowel 

duration[20]. That is, low vowels are produced with a high 

degree of law lowering, making them longer compared to 

other vowels. The fact that Broca’s aphasics have produced 

low vowels with shorter durations may suggest poor vowel 

targeting due to insufficient jaw excursion to produce low 

vowels precisely [14]. It is clear that vowel duration 

considered an important variable in speech perception and 

the findings of the current study that vowels are longer 

before voiced fricatives are in accordance with results 

reported from other languages [15]. Broca’s aphasic speech 

is characterized by slow and effortful speech, resulting in 

increased vowel durations which suggest motor planning 

and temporal control deficits [2].  

Findings of the current study indicate that long vowel 

duration may be also attributed to slow speech style 

exhibited by Broca’s aphasics and their self-monitoring 

strategy [32]. Investigations and analysis of literature data 

proposed that slowing of rate indicates auditory processing 

impairments and motor timing impairments, including 

abnormally long vowel durations [28]. 

The results of vowel durations also show a wide 

variability among the aphasic subjects and greater vowel 

durations compared to the normal speakers, suggesting that 

mechanisms of temporal abnormalities among Broca’s 

aphasics are primarily phonetic rather than phonological 

planning impairments [22, 35]. In fact, a number of studies 

have suggested that Broca’s aphasic’s impairments are due 

to temporal coordination and timing deficits of articulatory 

movements [21, 34]. Results of these studies have indicated 

that these deficits affect speech production mechanisms, 

characterized by slow rate of speak, and excessive 

segments duration. This suggests that insufficient tactile 

feedback during the production of vowels may contribute to 

long vowel durations, indicating that Broca’s aphasics are 

uncertain about the required articulatory movements for 

vowel production [37]. Kent and Rosenbek[17] suggested 

that the greater vowel durations and prolongation of 

articulatory segments can be partially contributed to 

impairments in accessing and retrieving information 

concerning the articulatory target.   

Nevertheless, other timing and prosodic parameters 

including voice onset time, rhythm, stress and fundamental 

frequency should be examined to determine whether 

Broca’s aphasics’ deficits are arising at the segmental or 

suprasegmental level and whether their prosodic deficits 

are associated with speech perception abilities. It must be 

noted, however, that the current study has investigated only 

vowels embedded in monosyllabic words, thus precluding 

investigation for the impact of word length on vowel 

duration.  

4. Conclusion 

The overall objective of the current study was to 

examine vowel durations for Broca’s aphasics compared to 

normal speakers. The means of the duration of vowels 

produced by Broca’s aphasics were significantly longer 

than those produced by normal speakers. The acoustic 

analysis showed a significant impact of voicing on vowel 

duration as shown by normal speakers and Broca’s aphasics 

as well as, whereby vowels preceded by voiced consonants 

were longer than those preceded by voiceless ones. This 

finding is inconsistent with results reported from studies on 

other Arabic varieties. The excessive vowel durations may 

suggest that mechanisms of temporal abnormalities among 

Broca’s aphasics are primarily phonetic rather than 

phonological planning impairments.  

However, the current study was limited to three male 

aphasics and therefore it can be considered only as a 

preliminary look at the production of vowels by Palestinian 

aphasics. Further research should include more subjects and 

investigate other linguistic factors, including syllable 

structure, vowel length contrast, formants frequencies, 
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stress, and coarticulation. Nevertheless, this study was an 

attempt to provide new insights on vowel production in 

cross neurolinguistic research in various languages, given 

the fact that Palestinian Arabic is less investigated 

compared to other Arabic varieties. 
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