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Abstract
The aim of this paper is to study the VOT characteristics of Palestinian Broca’s aphasics and
to compare them with those of normal speakers. The acoustic analysis has revealed
aberrations in the VOTs of plosive sounds in speech of Broca’s aphasics, by exhibiting an
overlap between the places of articulation of the stops under examination /t/ and /d/. In
contrast, the normal speakers demonstrate full normal VOT distributions for voiced and
voiceless stops. Broca’s aphasics were unable to maintain the normal voicing distinction for
Arabic stop consonants. In addition, they revealed different patterns of VOT distribution with
the tendency towards greater prevoicing for voiced stops.
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1. Introduction
Numerous studies have studied voicing contrasts in stop sounds using voice onset time (VOT)
because of its critical attribution to the voiced-voiceless phonetic distinction (Keating, 1984).
Voice onset time (VOT) can be defined as the duration between stop release and the
beginning of the vowel (Weismer, 1979). In this context, it manifests the temporal relation
between the release of the stop sound and the onset of voicing as can be shown in the below
figure.

Figure 1. An Illustration of the Voice Onset Time
Voice Onset Time values have three ranges: VOT before the release are stated as negative
and called “voicing lead,” while VOT values after the release are considered as positive and
called “voicing lag.” However, if release and voicing occur simultaneously, the VOT is zero.
In their investigations, Kent and Read (2002) and Lisker and Abramson (1964) showed, for
example, that the voiced stops /b/, /d/, and /g/ show relatively short VOTs (-20 ms to +20 ms),
while the voiceless stops /p/, /t/, and /k/ have relatively long VOTs.
Many studies have shown that VOTs vary with place of articulation. For example, It has been
found that bilabial stops have the shortest VOT, alveolar stops have intermediate VOT mean
values; and velar stops, on the other hand, are produced with the longest VOT (John et al.,
2010) . Many factors can affect VOT patterns and values, including physiological factors like
age, lung volume, and pathological conditions, such as hearing impairments (Catherine et al.,
2010). Moreover, different linguistic variables, such as speech rate, phoneme environment,
syllable structure, and vowel height, influence VOT patterns and distributions.
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2. VOT in Arabic
In fact, numerous studies have investigated VOTs in many other languages compared to
Arabic. For example, in their comprehensive study, Keating et al. (1983) report on VOT in 51
languages, and more recently Cho and Ladefoged (1999) investigated VOT in 18 languages
(Cho & Ladefoged, 1999). In general, most existing studies concentrate on English. However,
VOT patterns in Arabic have been less documented, which is not the case in English. It is
nevertheless undeniable that differences between the distribution of VOT values in Arabic
and English are predictable. In this regard, based on Figure 2, a comparison of the VOT
distributions of speakers in the two languages demonstrates that the VOT range of the Arabic
voiceless stops is within the range of the English voiced stops, whereas the voiced Arabic
stops and voiceless English stops occupy the end of the continuum.
English Stops
-

[b d g]

[ p t k]

___________________________|____________________________+
Lead voicing

0 short lag

long lag

Arabic Stops
[-b d g]

[t k]
+

____________________________|____________________________________
Lead voicing

0 short lag

long lag

Figure 2. VOT distributions
3. Neurolinguistic VOT Studies on Aphasia
Wide range of studies on agrammatism found that Broca’s aphasic speech is characterized by
the omission or substitution of function words (see Goodglass, 1993; Mortenet al., 2010 for
reviews). They also demonstrate a reduction in sentence length and syntactic complexity in
language production. Moreover, their speech demonstrates expressive deficits, but with
relatively good comprehension abilities. Speech is slow, labored, and monotonous. Broca’s
aphasics generally find it more difficult to produce consonants than vowels.
Several studies have revealed the crucial role of VOT in both speech production and
perception, since it conveys information about the coordination between laryngeal and
supralaryngeal mechanisms. In general, as an acoustic cue, VOT serves as “an inferential
estimate of speech motor control, requiring fine motor coordination of the respiratory,
phonatory and articulatory structures” (Robb et al., 2005:125).
In fact, VOT patterns and values have been widely investigated in aphasia (Blumstein,
Cooper, Goodglass, Statlender, & Gottlieb, 1980; Blumstein, Cooper, Zurif, & Caramazza,
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1977). Studies of language and speech disorders have shown that neuropathological changes
in patients, particularly those with strokes, would affect their ability to establish voicing
discriminations. In this regard, research examining VOT in individuals with aphasia has
produced mixed results. Some research has established longer VOTs, while other research
has established shorter VOTs. Blumstein and Cooper (1980) indicate that the performance of
Broca’s aphasics on voicing discrimination tasks was quite good; however, they also
exhibited overlapping patterns between voiced and voiceless stops. In contrast, Wernicke’s
aphasia is distinguished by a phonemic deficit. General speaking, studies on aphasia have
demonstrated that Broca’s aphasic patients exhibit phonetic errors, while Wernicke’s
aphasics reveal phoneme mistargeting (Sidiropoulos et al., 2010).
In accordance with the patterns found across Broca’s aphasics, studies conducted on apraxic
patients demonstrated overlapping patterns between voiced and voiceless stops and showed
that their VOT values were longer than those of normal speakers (Pazzaglia, et al. 2008).
Similar results were obtained by Gandour and Dardarananda (1984), who found voiced and
voiceless overlapping in the production of stop sounds by apraxic subjects and their voicing
lag was longer than that of normal speakers. In particular, a number of investigations have
demonstrated that anterior aphasics show impaired VOT production and overlapping between
the stop sounds. For example, Gandour and Dardaranada drew the conclusion that the deficit
lies in coordinating between the “abductory and adductory forces at the larynx with upper
articulatory events” ( Gandour & Dardarananda, 1984:202). It would be expected, on this
basis, that those patients would display timing deficits. In contrast to the previous findings,
Shewan et al. (1984) indicate that Broca’s subjects produce short VOT lead and lag.
In the light of previous results, the aim of this paper is to study the VOT characteristics of
Palestinian Arabic aphasics and compare them with those of normal speakers. The Alveolar
sounds [d] and [t] were chosen for this study since the voicing cue distinguishes these stops in
Arabic. The paper tries to get a picture of Palestinian aphasic patterns by highlighting the
similarities and differences that might appear in comparison with normal speakers and
non-Arabic aphasics. In general, aphasics’ VOT values would be expected to be significantly
different to those of normal speakers and VOT duration would be expected to be a crucial cue
in voiced/voiceless distinction.
4. Method
4.1 Participants
Five male patients aged 45-70 participated in this study. All spoke Palestinian Arabic as their
mother tongue and were from the same region. They were all right- handed and had no
significant history of educational problems. Each patient underwent a standardized aphasia
assessment and all were diagnosed with mild to moderate Broca’s aphasia. In all cases there
was no reported neurological surgery, neurological disorders, and no reported previous
speech, language, or hearing disorders unrelated to their manifestations.
Five normal speakers served as a control group, roughly matched for age (within 15 months)
and gender with the Broca’s aphasics, participated in the current study. None of the control
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subjects had a history of speech, language, or hearing disorders or had undergone
neurological diagnoses or neurological surgery.
4.2 Measurement and Procedure
Spontaneous speech samples of both the aphasic patients and the control group were analyzed.
The VOT stimuli and recording measurements were the same for both groups. “Phonolab”
software was used to measure VOT values. The VOT for voiceless stops was measured from
the onset of the release burst to the highest point of the first periodic cycle. The VOT values
were given positive values in terms of voicing lag. For pre-voiced stops, the measurement of
VOT was taken from the onset of the first periodic cycle in the closure period to the
beginning of the release burst and it was reported as a negative value, as it took place before
the stop release that is defined as voicing lead. The initial voiced stop /d/ and the initial
voiceless stop /t/ in a non-emphatic context followed by the vowel /a/ were investigated.
5. Results and Discussion
As illustrated in table 1, the normal speakers exhibited no overlap between all the places of
articulation for the stop consonants. This is evidence of the fact that normal speakers show
full voicing lead for the voiced stops and voicing lag for the voiceless stops, indicating a
control of time programming for production of the targeted phonemes.
Subjects

[t]

[d]

Normal speakers

20

10

Table 1. VOT Average Duration (ms) for Normal Speakers

Figure 3. VOT distribution of the stops [t] and [d] for the control group.
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However, as figure 4 illustrates, in contrast to the results of normal speakers as shown in
figure 3, the aphasic subjects displayed overlapping between [t] and [d]. In figure 4, for
example, it is clear that the VOT values for [t] and [d] overlapped. Therefore, [t] is
sometimes produced in the voicing lead and [d] in the voicing lag, which is inconsistent with
normal patterns. Furthermore, the findings show that the aphasic subjects exaggerated with
aspiration of the voiceless stop [t] and produced it with higher VOT values.
Significantly, these aphasic patients reversed the pattern found in other studies (Baum, et al.,
1990), where the VOT of Broca’s aphasics for voiceless aspirated stops is shorter than for
normal speakers, producing long VOT for these consonants in the current study (Blumstein &
Cooper, 1980).

Figure 4. VOT distribution of the Stops [t] and [d] for Broca’s Aphasics.
In this regard, it is important to point out that these overlapping errors shed light on the nature
of production deficits in Broca’s aphasia. In this regard, this finding would seem to suggest
that the deficit of Broca’s aphasic patients is phonetic rather than phonological, also
reflecting patterns of timing difficulties. This also emphasizes the fact that Broca’s aphasics
exhibit temporal deficits in the control mechanism of the articulation process, in particular,
how to integrate the articulatory movements (Daprati et al., 2010). Consequently, this overlap
implies that those patients have problems in integrating the multiple articulatory aspects of
the speech process, an implication that has also been noted in other studies (Blumstein, 1991).
The acoustic analysis in the current study indicates that VOT is a reliable acoustic cue for
voicing contrast, reflecting the timing complexity of the supralaryngeal–laryngeal
coordination mechanism. This means that Broca’s aphasics have difficulty maintaining a
timing control between the laryngeal and supralaryngeal articultory sequences. Thus, there is
a notable overlap between the voiced and voiceless stop, indicating impaired temporal
coordination of laryngeal and supralaryngeal movements.
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The present findings are in line with those found in other studies, indicating that Broca’s
aphasics are characterized by an overlap between voiced and voiceless stops (Baum et al.,
1990). However, the results of other investigations involving other languages are inconsistent
with the results of the current study. For example, Itoth et al. (1982) reported that Thai
aphasics produce shorter voicing leads for fully voiced stops than normal speakers, while our
aphasics exhibit longer voicing leads. Furthermore, Blumstein et al. (1977) indicates that the
aphasics’ performance on the voiceless aspirated English stops shows no definite trends,
some producing shorter voicing lags with others producing longer voicing lags. In contrast,
interestingly, the aphasics who participated in this study produced longer voicing lags for [t]
compared to normal speakers.
6. Conclusion
On the whole, the Broca’s aphasic subjects who participated in this study exhibited
remarkable deficits in VOT production compared to normal speakers. Their VOTs are in
general higher than those of normal speakers. Overlapping between the voicing lags and
voicing leads was notable. Some results of this study have confirmed previous studies.
However, in spite of some consistencies with other studies, Arabic aphasics display particular
patterns that are not found in other languages, like exhibiting longer voicing leads. The
results also emphasized the effectiveness of VOT as a tool to help researchers and clinicians
distinguish stop consonants according to voicing and place of articulation.
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