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Voicing Contrast of Stops in the Palestinian Arabic Dialect
Abstract

This study investigates the voicing contrast of stops in the Palestinian Arabic dialect by
measuring Voice Onset Time (VOT) in both production and perception experiments using the
program Praat. The results of the production experiment show that the Palestinian Arabic dialect
has negative VOT for voiced stops and short positive VOT for voiceless stops. The VOT pattern
for voiceless stops that was observed in eleven languages (Lisker & Abramson, 1964) regarding
the relationship between VOT values and the place of articulation of the stop is retained in the
Palestinian dialect. As the place of articulation moves back in the vocal tract, VOT for voiceless
stops increases. In addition, stops preceding the high front vowel /i:/ are found to have longer
VOT durations than those preceding the vowel /a:/. Results also show that VOT is shorter in
intervocalic position than in initial position. The Palestinian Arabic dialect has regressive
voicing assimilation in medial consonant clusters. In the perception experiment, it is found that
VOT is the major acoustic cue in the identification of the homorganic stops /t/, /d/ and, /t*/, /d®/.
Furthermore, the following vowel contains cues of the previous stop consonant where higher

FO occurred after voiceless stops and lower FO occurred after voiced stops.
Key Words

Stop consonants, Voice Onset Time(VOT), Palestinian Arabic.

1. Introduction

Palestinian Arabic is a dialect spoken by people of Palestine, and it is part of the South
Levantine Arabic dialect. The Palestinian dialect is a colloquial variety of Arabic which shares
common features of Modern Standard Arabic, but also diverges from it. Table 1 provides an
overview of the consonantal system of Modern Standard Arabic. There are differences between
standard Arabic and different Arabic dialects which also differ from each other as Al-Ani
(1970) indicated “The differences in the phonology, morphology, and syntax of theses dialects
are often so great that verbal communication between an illiterate Egyptian and an illiterate

Iraqi, whether they be townsmen or peasants, is difficult if not impossible” (p. 18).



Table 1. Consonantal system of Modern Standard Arabic (Embarki, M., 2013, p. 27):
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Unfortunately, few studies investigated voicing contrast of stop consonants in Arabic. Many of
these studies were unsystematic, and show different and often contradictory results. Alghamdi
(1990) attributed this difference to three factors: the language, the informants, and the material.
First, Arabic is spoken in many countries with different dialects. These dialects vary in
phonology, morphology, and syntax (Al-Ani, 1970). Alghamdi (1990) criticized Port, et al.’s
study (1980) because five informants were chosen with different dialects, and they were asked
to speak Standard Arabic although there are differences between Standard Arabic and spoken
dialects. Alghamdi indicated that it is inevitable that there would be a difference in VOT
between Arabic dialects. Second, a few number of informants were recruited in studies on
Arabic. For example, Hussain (1985) had two informants, one of the informants was the
experimenter who was a phonetician and aware of what was measured. Al-Ani (1970) was the
primary informant for his experiments. As for the third factor namely the material, Alghamdi

also criticized the materials which were used by Hussain (1985), and Al-Ani (1970) because

! Transcriptions are adapted to IPA symbols. | changed the place of articulation of the stops /t/, /d/, /t'/, and /d*/
from dental to dento-alveolar in the chart.



they used isolated words which might influence the duration since isolated words are longer

than words in context.

In this study, | investigated voicing contrast of stops in the Palestinian Arabic dialect both
in production and in perception using Voice Onset Time(VOT). Modern Standard Arabic has
eight stop consonants: /b/, /t/, /d/, It'/, Idl, Ik/, Iqg/, I?/. However, there are some phonemic
differences between Modern Standard Arabic and the Palestinian Arabic dialect. For example,
the glottal stop phoneme in many words in Modern Standard Arabic has disappeared in
Palestinian Arabic as in o</ /ra?s/ *head” which is pronounced as /ra:s/ in the Palestinian dialect.
Moreover, distinctive phonological features distinguish different sub-dialects of the Palestinian
Arabic such as urban, rural, Bedouin, and Druze dialects. One of the prominent features that
characterizes different sub-dialects is the pronunciation of the Modern Standard Arabic /g/
phoneme (corresponding to the letter (). It is pronounced as [?] in urban dialect, [K] in rural
dialect, and [g] in Bedouin dialect whereas it remains [q] in Druze dialect (Jarrar, Habash,
Alrimawi, Akra, & Zalmout, 2016). In the present study, | investigated the urban dialect spoken
in Nablus city, where /g/ phoneme is pronounced as [?]. Section 2 introduces a background
about previous studies on voicing of stop consonants in different Arabic dialects. Three
experiments were conducted: one production experiment (section 3), and two perception

experiments (section 4). The conclusions are presented in section 5.
2. Theoretical background

Voice Onset Time (VOT) is the time when the voicing starts in relation to the release of the
closure for stop consonants. Voiced stops have negative VOT because the vocal folds vibrate
during the closure interval before the release of the closure (voicing lead) whereas voiceless
stops have positive VOT as the vibration of the vocal folds is delayed after the release of the
stop closure (voicing lag). If the vibration of the vocal folds takes place at the time of the closure
release, VOT is zero which results in an unaspirated voiceless stop (Alghamdi, 1990). Lisker
and Abramson (1964) studied VOT in eleven languages. They divided languages with a two-
way contrast in VOT in to two groups: languages which have long positive VOT for voiceless
stops and short positive or zero VOT for voiced stops such as English; and languages which
have short positive VOT for voiceless stops and negative VOT for voiced stops such as Dutch.
They also differentiated between three categories of stops according to voice onset time:
Negative VOT between -125 and -75 ms for voiced stops, positive VOT between 0 and 25 ms
for voiceless unaspirated stops, and positive VOT between 60 and 100 ms for voiceless

aspirated stops. In addition, they found that as the place of articulation moves back from the
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lips to the velum, the VOT for voiceless stops increases. In Arabic, voiced stops are produced
with voicing lead (nearly fully voiced); however, there are significant differences between
different Arabic dialects in the duration of voicing lag of voiceless stops (Alghamdi, 1990).

There are very few studies on VOT in different Arabic dialects; however, there are no
studies on the Palestinian Arabic dialect except for one study about the production of stops by
agrammatic Palestinians with Broca’s Aphasia (Adam, 2012). Adam investigated VOT of the
alveolar stops /d/ and /t/ in initial position followed by the vowel /a/. He analyzed spontaneous
speech samples for five Palestinian Broca’s aphasics, and compared their VOT measurements
with five normal Palestinian Arabic speakers. For the normal speakers, /t/ was produced with a
voicing lag (VOT of 20 ms), and /d/ was produced with a voicing lead (VOT of -10 ms). He
found no overlap between VOT values for /t/ and /d/. He concluded that VOT is a reliable

acoustic cue for the distinction between these two stops.

As for other Arabic dialects, Al-Ani (1970) did the first experimental work in Arabic
phonetics. He studied the phonology of standard Arabic as used in Irag. Al-Ani was the primary
informant for his experiments. Stops were investigated in isolated words. He found a VOT of
60-80 ms for/k/, and a range between -60 and -110 ms for /b/. In final position, /b/ found to be
voiced or voiceless, released or unreleased. /?/ had a VOT of 15-20 ms. Al-Ani also studied
VOT in pharyngealized stop consonants. His results showed that the VOT of plain dental stops
is longer than that of their pharyngealized counterparts. He found a VOT of 40-60 ms for /t/;
whereas a shorter VOT of 20-30 ms for /t'/, and a VOT value range between -80 and -100 ms
for both /d/, and /d°/.

Yeni-Komshian, Caramaza, & Preston (1977) investigated voicing in Lebanese Arabic.
They investigated the production and perception of stop consonants. In the production
experiment, participants were asked to read a text containing stop consonants in initial position.
In their comparison between /t/ vs /d/, and their pharyngealized counterparts /t* / vs /d° /, they
found an overlap in VOT values of 0 to 30 ms. They suggested that VOT is not the only acoustic
cue used in distinguishing between homorganic stops due to the overlap in the production of
these homorganic stops observed in their study. They also investigated initial stops in three
different vowel environments where stop consonants were followed by /a/, /u/, and /i/. They
found that VOT is longer for voiceless stops preceding front vowels than those preceding back
vowels. They also reported that there was a slight sign for the tendency that the VOT for

voiceless stops increases as the place of articulation moves back in the vocal tract.


https://www.aphasia.org/aphasia-resources/brocas-aphasia/

In the perception experiment, Yeni-Komshian, et al. used an imitation response task
where participants repeated manipulated synthetic stimuli, and the imitation were transcribed
by two listeners. They found that not all stimuli were recognized by the participants as stops,
some of them were repeated as /ha/, /za/, /6a/, / 1/, or /a/. VOT durations were measured for the
stimuli that were repeated as stops. They found that participants responded to the difference in
VOT values, and there was consistency between the results of the production and the perception

experiments.

Flege (1979) studied voicing contrast in the Saudi Arabian Najdi dialect as well as the
voicing contrast of English stops produced by Saudi Arabians in his study of the interference
in second language acquisition. In the Arabic experiment, he investigated stop consonants in
initial and final positions. Six native Saudi Arabian speakers read the test words included in
carrier sentences. The test words were of the form CV(V)C where the stop consonants were
preceded or followed by the short vowel /a/ or the long vowel /a:/. He found a VOT of 36.8 ms
for /t/, and 52.4 ms for /k/. In word- initial position /b/ and /d/ were produced with 100% voicing
during the closure interval which had a VOT of -85ms and -82ms respectively. In their
investigation of the closure duration, they found that voiceless stops were 10 ms longer than

voiced stops.

Alghamdi (1990) investigated voicing distinction of Arabic stops in the Ghamidi dialect
spoken in Saudi Arabia by conducting production and perception experiments. He used a
reliable methodology; he relied on a large number of informants (22) who were homogeneous
in terms of their dialect, age, education, and foreign language experience. In addition, test words
were given in sentences, and stops were investigated in initial, intervocalic, and final positions.
He found that for voiced stops, the vocal folds vibrate during almost the whole closure interval
with a voicing percentage of 98% in word-initial and intervocalic positions, and 92% in word-
final position. On the other hand, in voiceless stops the voicing was delayed after the release of
the closure, and voiceless stops were aspirated in all positions. Alghamdi found that as the place
of articulation moves back in the vocal tract, the voicing duration for voiced stops becomes
shorter, and the VOT for voiceless stops becomes longer. He also found that before high vowels,
stops show longer VOT duration. Finally, VOT was significantly shorter in intervocalic position

than in word-initial and word-final positions.

In the perception experiment, Alghamdi (1990) used both natural and synthesized stimuli.
Some acoustic cues were manipulated among them was VOT. Subjects listened to the stimuli

and were asked to choose between two words: one with a voiced stop, and the other with a
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voiceless stop. He found that sounds were categorized as voiceless when VOT values were 10
ms or more; whereas, the number of voiced responses increased as VOT decreased. He
suggested that other acoustic cues such as F1 transition play a role in the perception of voicing

in Arabic stops.

Mitleb (2001) investigated VOT in Jordanian Arabic alveolar and velar stops. Four native
speakers of the Jordanian dialect were asked to read isolated words where sop consonants were
word initially followed by /a/ or /a:/. He found that VOT is shorter before short vowels which
he attributed to the fact that vowel length is phonemic in Arabic. In addition, his results
regarding the effect of place of articulation on VOT values differ from the tendency noticed in
other languages. Lisker and Abramson (1964) noticed that VOT duration increases as the place
of articulation moves back from the lips to the velum for voiceless stop consonants. However,
Mitleb (2001) found no significant difference between VOT values of alveolar and velar stops
in both vowel environments. Before short vowels, he found a VOT of 37 ms for /t/, and 39 ms
for /k/; whereas before long vowels, the VOT for /t/ was 64 ms and 60 ms for /k/. A similar
tendency was found for the difference between /d/, and /g/ where the VOT of /d/ was -10 ms,
and for /g/ it was -15 ms before short vowels, and before long vowels there was a VOT of -23
ms for /d/, and -20 ms for /g/. He explained this difference as being due to language-specific

tendency.

In a study on Cairene Arabic, Kabrah (2008) found that in this dialect there is regressive
voicing assimilation. First, she found that there is regressive devoicing in intervocalic and word-
final obstruent clusters. When an underlyingly voiced obstruent precedes a voiceless obstruent,
the former is devoiced. For example, the word /fabka/ ‘jewelry’ becomes [fapka], and the word
/kabt/ ‘oppression’ becomes [kapt]. Second, there is regressive voicing assimilation in
intervocalic and word-final obstruent clusters where an underlyingly voiceless obstruent
precedes a voiced obstruent, the former becomes voiced. For instance, the word /yisbah/ ‘he
swims’ becomes [yizbah], and the word /nas‘b/ ‘cheating’ becomes [naz‘b]. Voicing
assimilation was also observed by Mabrouk (1981) in his study of the Kuwaiti Arabic dialect.
He argued that fully voiced stops become partially devoiced before voiceless stops as in
[?1btalaf] ‘he got involved’. In addition, in a previous study | conducted on the Palestinian
Arabic dialect to find whether it has an allophone [p] in native Arabic words where /b/ precedes
a voiceless consonant, | found that [p] is not an allophone of the Arabic phoneme /b/. | found
that like the Kuwaiti Arabic dialect, /b/ in the Palestinian Arabic dialect is partially devoiced



[b] before voiceless consonants (Tamim, 2017). The present study investigated the voicing

assimilation in detail for all the stops in the Palestinian Arabic dialect.
3.The production experiment

The research questions, hypotheses, and predictions are discussed in section 3.1. Section 3. 2
is dedicated to the methodology. The results of the production experiment are given in section
3.3

3. 1. Research questions, hypotheses, and predictions

In this study, | addressed three research questions in the production experiment. First, |
investigated whether the observed pattern of VOT values for voiceless stops in relation to the
place of articulation of the stop is retained in the Palestinian dialect. Based on studies on eleven
languages (Lisker & Abramson, 1964), | expected that VOT values would increase as the place
of articulation moves back in the vocal tract. Second, | examined the effect of the following
vowel on VOT in the Palestinian Arabic dialect. | expected longer VOT values before the high
front vowel /i/ in the Palestinian Arabic dialect as has been observed in both the Lebanese, and
the Saudi Arabic dialects. Third, voicing assimilation in consonant clusters was investigated to
see whether the Palestinian Arabic dialect has voicing assimilation as observed in both the

Egyptian and the Kuwaiti Arabic dialects.
3. 2. Methodology
3. 2. 1. Participants

Eight native Palestinian Arabic speakers participated in the study (four males of 22, 27, 29, 31
years, and four females of 23, 24, 28, 29 years). All the subjects speak English as a second
language, and they are holders of bachelor degrees in different specializations. All the
participants reported having normal speech and hearing. To insure dialect homogeneity, all
informants were from Nablus city. Two informants (one female and one male) were excluded
and replaced by other participants because one was stuttering, and the other showed a very fast

tempo in his speech.
3. 2. 2. Material

The voiced stops /b/, /d/, /d%/, and voiceless stops: /t/, /k/, /t'/were investigated in word-initial
position followed by /a:/, /u:/, and /i:/ respectively as illustrated in appendix 1. In addition, these
stops were investigated in intervocalic position preceded by /u/, and followed by /a:/ as shown

in appendix 2. Stops in final position were not investigated in this study because | found in a



previous study on the Palestinian dialect that stops in final position are not always released
which makes it difficult to measure VOT (Tamim, 2017).

At first, the glottal stop /?/ was included in the investigation; however, it was excluded
after analyzing the first repetition of the eight speakers. It was found that /?/ word initially was
not always pronounced by the participants as illustrated in figure 1. In the instances where the
[?/ was uttered word initially, it was found that it had a short VOT between 10-15 ms which is
similar to that observed by Al-Ani (1970). In his investigation of the Iraqi dialect, Al-Ani
measured a VOT of 15-20 ms for /?/.

Figure 1. The deletion of /?/ word initially.

?ul

0.0470734243
0.7805 .

-0.834

0 0.09415
Time (s)

To investigate voicing assimilation, test words with medial consonant clusters were used.
Voiced stops were followed by voiceless obstruents, and voiceless stops were followed by
voiced obstruents as illustrated in appendix 3. (The meanings and the average VOT

measurements of the test words are in Appendices 1, 2 and 3 respectively).
3. 2. 3 Procedure

To avoid the problem associated with eliciting dialectical data where the written form is usually
associated with Standard Arabic, the procedure adopted by Flege (1979) was used in the present
study. It was made clear to the participants that the aim of the study is investigating the
Palestinian Arabic dialect rather than Standard Arabic. Participants were asked to read each test

word three times inserted in the carrier sentence which is a dialectal expression: /3i:t ?aqra?



w ?Pruh/ “T came to read _ and go”. The test words were written in Arabic scripts. The data
were collected in Nablus city, Palestine. One of the participants acted as the experimenter. She
introduced the test to the participants, and gave instructions in the Palestinian Arabic dialect to
read the sentences at a normal tempo in the Palestinian dialect. The sentences were recorded in

a quiet room by a laptop with an in-built microphone using the program Praat.
3. 2. 4. Segmentation

720 words were segmented (30 test words * 8 speakers *3 repetitions). In spectrograms, voicing
appears as vertical striations which represent the vibrations of the vocal folds. The vocal folds
vibrate during the whole closure interval for voiced stops /b/, /d/, /d*/. For voiced stops in
intervocalic position, the start of voicing in relation to the release of the stop closure was not
taken as a reference point in measuring VOT since the vocal folds were already vibrating during
the preceding vowel. Therefore, the start of the stop closure was taken as a reference point for
the voicing lead of voiced stop in intervocalic position as illustrated in figure 2. The partial
devoicing due to voicing assimilation was measured from the beginning of the closure interval
where the vocal folds start vibrating to the end of the vibrations within the closure interval.

Percentage of voicing duration to the closure duration was calculated.

Figure 2. The negative VOT of the voiced stop /d*/ in intervocalic position.
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3. 2. 5. Analysis

A Praat script that calculates the durations of the VOT of stops in word-initial and intervocalic
positions was used, this script is given in appendix 4. In addition, another Praat script was used
to calculate the voicing percentage of stops in medial consonant clusters to investigate the
voicing assimilation in the Palestinian Arabic dialect, this scripts can be found in appendix 5.
For statistical analysis, a t-test was used where a probability that is lower than 0.05 was

considered significant.
3. 3. Results and discussion

The results of the production experiment show that the Palestinian Arabic dialect has negative
VOT for voiced stops and short positive VOT for voiceless stops. One VOT measurement was
excluded from the average VOT durations for /b/ in /bu:r/ because the speaker pronounced /b/
as [p] as illustrated in figure 3; however, the same speaker pronounced the /b/ with prevoicing
in the other two repetitions of the same word. /p/ is not a phoneme of Arabic, and since /b/ was
pronounces as [p] once out of the 24 repetitions of the word by eight speakers who repeated
this word three times, the chance that [p] is an allophone of the Arabic phoneme /b/ is very low.
This conclusion is supported by the results of a previous study I conducted on the pronunciation
of the English phoneme /p/ in loanwords used by Palestinian Arabic speakers (Tamim, 2017).

It was found that the English phoneme /p/ was pronounced as the nearest Arabic phoneme /b/.

Figure 3. The pronunciation of the test word /bu:r/ as [pu:r] by one of the participants.
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The results of average VOT durations in ms for voiceless stops in word-initial position are
shown in table 5 and in intervocalic position are given in table 6. The average VOT for /t/, /k/,

It/ before long vowels are 25 ms, 41 ms, 22 ms respectively.

Table 5. Average durations (in ms) of VOT for voiceless stops in the word-initial position

with different following vowels.

Following Vowel t K tt
a 16 31 18
u: 23 48 24
K 35 43 24

Table 6. Average durati

ons (in ms) of VOT for voiceless stops in the intervocalic position.

Stop

t

k

tﬂ'

Duration

17

28

18

VOT measurements of the voiceless stops /t/ and /k/ in word-initial position in the present study
resemble the results of previous studies on other Arabic dialects except for the studies on the
Iragi dialect (Al-Ani, 1970) and the Jordanian dialect (Mitleb, 2001) which show much longer
VOT durations, see figure 4 for VOT durations of the voiceless stops /t/ and /k/ in different
Arabic dialects. Al-Ani and Mitleb used isolated words in their study whereas studies on other
Arabic dialects used test words in sentences (Alghamdi, 1990; Flege, 1979), a text with test
words (Yeni-Komshian et al., 1977), or spontaneous speech (Adam, 2012) which makes it
difficult to compare these studies because it has been found that VOT is shorter in sentences
than in isolated words (Lisker & Abramson, 1967). In the Jordanian and in the Lebanese
dialects, no difference between the VOT of /t/ and /k/ was found; however, the VOT of the
voiceless velar stop /k/ is significantly longer than the VOT of the voiceless alveolar stop /t/ in
the present study which is similar to the observed pattern in eleven languages (Lisker &
Abramson, 1964).

The average VOT for the voiceless pharyngealized stop /t*/ in the present study (22 ms) is
similar to that in the Iraqgi dialect (Al-Ani, 1970), and the Lebanese dialect (Yeni-Komshian et
al., 1977) which had a VOT of 25 ms and 23 ms respectively.
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Figure 4. VOT (in ms) for voiceless stops in different Arabic dialect. Figures are adapted from
Al-Ani (1970), Yeni-Komshian et al. (1977), Flege (1979), Alghamdi (1990), Mitleb (2001),

and Adam (2012).
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The results of average VOT durations in ms for voiced stops in word-initial position are shown

in table 7 and in intervocalic position are given in table 8. The average VOT for /b/, /d/, /d*/

before long vowels are -91 ms, -93 ms, -94 ms respectively.

Table 7. Average durations (in ms) of the negative VOT for voiced stops in the word-initial

position with different following vowels.

Following Vowel B d d*
a: -93 -76 -93
u -83 -99 -94
i -98 -103 -94

Table 8. Average durations (in ms) of the negative VOT for voiced stops in the intervocalic

position.

Stop

b

d

d‘.‘

Duration

-64

-55

-57

The results show that the prevoicing for the voiced stops /b/ and /d/ is longer in the Palestinian

Arabic dialect than that for other Arabic dialects, as shown in figure 5. However, the difference

is striking between the results of this study and the results of the study on the Jordanian dialect
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(Mitleb, 2001), and the previous study on the Palestinian dialect (Adam, 2012). The negative
VOT of /d/ -10 ms for the five participants (the control group in Adam’s investigation of the
VOT characteristics of the Palestinian Broca’s aphasics) are questionable. It is not only much
shorter than the negative VOT of /d/ in this study (-92 ms), but it is also much shorter than the
negative VOT of /d/ in other Arabic dialects.

The average negative VOT for the voiced pharyngealized stop /d‘/ in this study (-94 ms)
resembles that of the Iraqi dialect (Al-Ani, 1970) with a negative VOT of -90 ms, and it is
longer than that of the Lebanese dialect (Yeni-Komshian et al., 1977) with a negative VOT of
-60 ms.

Figure 5. The average negative VOT (in ms) for voiced stops in different Arabic dialects.
Figures are adapted from Al-Ani (1970), Yeni-Komshian et al. (1977), Flege (1979), Alghamdi
(1990), Mitleb (2001), and Adam (2012).
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As for voicing assimilation, it was found that the Palestinian Arabic dialect has regressive
voicing assimilation. Minimal regressive devoicing in intervocalic position was found where
the three voiced tops /b/, /d/, /d*/ were minimally devoiced with a voicing percentage of 94%,
92%, 94% respectively. Figure 6 demonstrates the minimal devoicing of /d/ in the test word
/madxaneh/. The Palestinian dialect is like the Kuwaiti Arabic dialect in that fully voiced stops
become partially devoiced before voiceless consonants (Mabrouk, 1981). In the Egyptian
Arabic dialect, the preceding voiced consonant becomes fully devoiced as in /fabka/ ‘jewelry’
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becomes [fapka] (Kabrah, 2008) which is not the case in the Palestinian Arabic dialect, where

the same word is pronounced as [fabkeh] with minimal devoicing of the /b/.

Figure 6. Minimal devoicing during the closure of /d/ in the test word /madxaneh/. The blue

striations represent the vibrations of the vocal folds.

madxaneh

/d/closure

0 0.5808
Time (s)
The results show regressive voicing assimilation in intervocalic position. The voiceless stops
/K, It/, It'] become voiced to a high percentage namely 84%, 97%, 88% respectively. Figure 7
shows the voicing during the closure of the underlyingly voiceless stop /t‘/ in the test word
/mat*Sam/. like the Egyptian Arabic dialect (Kabrah, 2008), the Palestinian Arabic dialect has
regressive voicing assimilation. In the Egyptian Arabic dialect, voiceless fricatives become
fully voiced before voiced obstruents /yisbah/ ‘he swims’ becomes [yizbah]. In the Palestinian
Arabic dialect, the voiceless stops become voiced to a high percentage but not fully voiced.
Further research is recommended on the Palestinian Arabic dialect for regressive voicing

assimilation on fricatives and other sounds before reaching final conclusions.
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Figure 7. Voicing during the closure of the underlyingly voiceless stop /t‘/ in the test word

/mat‘¢am/. The blue striations represent the vibrations of the vocal folds.

iy ‘\Hl"l\|l“' “ ‘ 1IH Un\l
matfTam
/18 /closure
0 0.4252
Time (s)

There are three factors that affect VOT in the present study: First, the place of articulation. For
voiceless stops, alveolar stops show shorter VOT durations than velar stops. Second, the
following vowel affects VOT. VOT is significantly longer before the high vowel /i:/ than before
the vowel /a:/. Third, the stop position in the word influences VOT. Shorter VOT is found in

intervocalic position than in word-initial position.

First, the place of articulation of the stop affects VOT. Lisker and Abramson (1964) in
their study of VOT in eleven languages found that as the place of articulation moves back from
the lips to the velum, the VOT for voiceless stops increases. The same pattern was observed in
different Arabic dialects (Figure 4). This pattern is found in the present study as well. The VOT
for the voiceless velar stop /k/ is significantly longer than the VOT for the voiceless alveolar
stop /t/ (p< 0.001) in word-initial and intervocalic positions as shown in figure 8.
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Figure 8. The average VOT (ms) of voiceless stops in word-initial and intervocalic positions.
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Cho & Ladefoged (1999) cited different explanations from the literature for the increase of the
VOT for voiceless stops as the place of articulation moves back in the vocal tract. Some of the
explanations were based on general laws of aerodynamics. For instance, the size of the
supralaryngeal cavity behind the velar constriction is smaller than that behind the alveolar
constriction which causes higher pressure. This high pressure takes a longer time to fall and
produce an adequate transglottal pressure difference necessary for the beginning of the vibration

of the vocal folds.

For voiced stops, the average negative VOT of /b/ (-91 ms) is slightly shorter than the
average negative VOT of /d/ (-93 ms) in word-initial position; however, the pattern is reversed
in intervocalic position. The average negative VOT of /b/ in intervocalic position (-64 ms) is
longer than that of /d/ (-55 ms) as illustrated in figure 9. Nevertheless, statistics show that the
negative VOT for /b/ is not significantly longer than that for /d/ (p> 0.05) in intervocalic
position. Alghamdi (1990) in his study on the Saudi (Ghamidi) dialect found a tendency towards
having longer negative VOT for the bilabial voiced stop /b/ than for the alveolar voiced stop
/d/. The reason is that the size of the supraglottal cavity behind the bilabial constriction is larger
than that behind the alveolar constriction that keeps the difference between the sub-glottal and

supraglottal air pressure large which is favorable for voicing (Alghamdi, 1990).
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Figure 9. The average negative VOT (ms) of voiced stops in word-initial and intervocalic

positions.
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The second factor that affects VOT is the following vowel. It was observed in the Saudi-
Ghamidi dialect (Alghamdi, 1990) that the high front vowel /i:/is preceded by longer VOT
durations for both voiced and voiceless stops. However, in the Lebanese dialect, Yeni-
Komshian et al., (1977) found a tendency for longer VOT for voiceless stops and shorter
negative VOT for voiced stops before the high front vowel /i:/. The results of the present study
are in agreement with the previous study on the Saudi-Ghamidi dialect in that the stops
preceding the high front vowel /i:/ have longer VOT durations for both voiceless and voiced
stops than those preceding vowel /a:/ (p<0.05) as illustrated in figure 10 and figure 11. Whereas
the VOT before the high front vowel /i:/ is not significantly longer than that preceding the high
back vowel /u:/ for voiceless and voiced stops (p>0.05).

17



Figure 10. The average VOT durations (ms) of voiceless stops followed by /a:/, /i:/, and /u:/

respectively.
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Figure 11. The average negative VOT durations (ms) of voiced stops followed by /a:/, /i:/,

and /u:/ respectively.
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Finally, the stop position is found to influence VOT. It was noted that in the Saudi dialect, the

VOT in intervocalic position is significantly shorter than the VOT in word-initial position

(Alghamdi, 1990). A similar effect of the stop position on VOT is observed in this study on the

Palestinian dialect. VOT is significantly shorter for voiced and voiceless stops in intervocalic

position than in initial position (p< 0.001) as illustrated in figure 12 and figure 13.
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Figure 12. Average VOT (ms) of voiceless stops in initial and intervocalic positions.
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Figure 13. Average negative VOT (ms) of voiced stops in initial and intervocalic positions.
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4. The perception experiments

Two perception experiments were conducted in the present study. The research questions,
hypotheses, and predictions are discussed in section 4.1. Section 4.2 is dedicated to the
methodology. The results of the first perception experiment are given in section 4.3.1. The
results of the second perception experiment are shown in section 4.3.2.
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4. 1. Research questions, hypotheses, and predictions

| examined weather Palestinian Arabic speakers respond to differences in VOT as observed in
other Arabic dialects. | expected that in the phonetic categorization of the VOT continuum, it
would be easier for listeners to identify stimuli that belong to the unambiguous area of the
continuum (end points of the continuum) than the stimuli that belong to the narrow boundary
region containing phonetically ambiguous stimuli. 1 also explored whether VOT is a sufficient
acoustic cue for distinguishing between homorganic stops /t*/, /d*/, and, /t/, /d/. | anticipated
that the participants would be able to identify homorganic stops when the duration of VOT is
manipulated if VOT is the major acoustic cue for the distinction between these homorganic
stops. Therefore, VOT was examined before the same vowel taken from the same word (the
vowel was taken from a word where it follows a voiceless stop), and from different words (the
vowel was taken from a word where it follows a voiceless stop, and from a word where it
follows a voiced stop). | also investigated the VOT boundary between /t/and /d/ besides

examining the VOT boundary between their pharyngealized counterparts /t*/ and /d‘/.

4. 2. Methodology
Phonetic categorization task was used in this study. Participants listened to different stimuli
ranging from one end of the VOT continuum to the other end. Participants were asked to choose

between two given options.
4. 2. 1. Participants

The same eight participants (four males and four females) who took part in the production

experiment were recruited in the perception experiment.
4.2.2. Materials

The dental stops /t/, /d/, and their pharyngealized counterparts /t'/, / d*/were investigated in

minimal pairs shown in Table 9.

Table 9. Answer categories presented in the perception experiment.

Choices
First Choice Second Choice
Arabic Script IPA Meaning Arabic Script IPA Meaning
b ta:b repented <l da:b dissolved
i t'a:f circled il d'a:f added
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| used naturally produced tokens and then manipulated them. Four productions of each of these
four words were recorded in the speech lab of the University of Amsterdam by the author who
IS a native Palestinian Arabic speaker. The VOT of the stops were measured, and the stop that
has the closest VOT to the average was considered the best representative of the four repetitions,
and the VOT of that stop was used for the manipulation of the stimuli. Table 10 shows the VOT
values for the four stops used in the perception experiment which | will call the reference VOT
in the following.

Table 10. The reference VOT values for /d/, /t/, Id*/, It*].

Stop Id/ It Id*/ It/
VOT -67 22 -84 13

The burst duration and the burst amplitude were averaged to get an ambiguous burst for /d/, /t/,
and for /d*/, /t'/. The remaining part /a:b/ for the /da:b/-/ta:b/ pair was taken from /ta:b/. The
/a:f/ for /d*a:f/ -/t*a:f/ pair was taken from /t'a:f/.

When | played back the separate /a:b/ and /a:f/, I noticed a trace of the previous /t/ in
/a:b/, and of /t'/ in /a:f/. Therefore, I designed another perception experiment with the same
ambiguous bursts, but the /a:b/ was taken from /ta:b/ for the stimuli with positive VOT, and
from /da:b/ for the stimuli with negative VOT. The same procedure was followed for the /t*a:f/-
/d*a:f/ pair to investigate the effect of the following vowel on the VOT boundary. I hypothesized
that if the vowel contains cues of the previous stop consonant, then the first experiment where
the vowel was taken form the same word (the /a:/ was taken from /ta:b/ for both stimuli with
negative VOT and for stimuli with positive VOT), would influence the VOT boundary where
more /ta:b/ responses were predicted. Similarly, by taking the vowel from /t*a:f/ for both stimuli

with negative VOT and for stimuli with positive VOT, more /t‘a:f/ responses were expected.

The prevoicing of -67ms (the reference VOT for /d/) was added before the ambiguous
burst, then the /a:b/ was inserted after the burst to create the first stimulus /da:b/. The noise of
22 ms (the reference VOT for /t/) was added after the ambiguous burst, then the /a:b/ was
inserted after the noise to create /ta:b/. The two stimuli were ready to be used in the creation of
the VOT continuum for /d/-/t/. The stimuli varied in steps of 10 ms, so 10 ms was cut off from
the beginning of the prevoicing which results in creating 7 stimuli with VOT of -67, -57, -47,
-37, -27, -17, -7. For the positive VOT stimuli, the 10 ms was cut from the noise to create the
stimuli of 22ms and 12ms. One of the stimuli contained the ambiguous burst followed by the

/a:b/ which was called stimulus 0. The negative and the positive parts of the continuum were
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not divided into equal steps since the reference VOT values of stop sounds were not multiples
of ten, so the 10 ms step was not always possible. In addition, the steps which were intended to
correspond to 10 ms were not exactly 10 ms since the cutting was at the zero crossing. (see
figure 14). Table 11 shows the VOT continuum.

Tablell. VOT continuum for /d/-/t/ with the calculated steps and the actual steps after cutting

at zero crossing.

Stimuli | -67 -57 -47 -37 -27 -17 -7 0 12 22
Actual | -64.7 | -53.7 | -446 | -349 | -25.1 | -153 | -5.2 121 | 22.1
Steps 11 9.1 9.7 9.8 9.8 10.1 10

Figure 14. The stimuli /da:b/-/ta:b/. A.B: Ambiguous Burst.
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The /d*a:f/ and /t*a:f/ stumuli were created in the same way by adding the prevoicing of -84 ms
for /d*a:f/, and the noise of 13 ms for /t*a:f/. The cutting of 10 ms steps produced 8 stimuli on
the negative side of the VOT continuum. The reference VOT of /t*/ is 13 ms almost corresponds
to one step, which would result in only one stimulus on the positive side of the VOT continuum.
To avoid the risk that the participants could start choosing /t*a:f/ responses haphazardly since

they were presented with most of the stimuli with prevoicing, the 13 ms noise was cut into steps
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of 4 ms which led to two more stimuli on the positive side of the continuum namely stimuli

with a VOT of 9ms and 5 ms respectively. The stimulus that contained the ambiguous burst

followed by the /a:f/ was called stimulus 0. The continuum is not divided at equal steps for the

reason mentioned above. The cutting was also at zero crossing, so the steps were not exactly as

calculated (see figure 15). Table 12 illustrates the VOT continuum for /d*/- /t°/.

Table 12. VOT continuum for /d*/- /t*/

Stimuli | -84 -74 -64 | -54 -44 -34 -24 -14 5|9 13
Actual | -835 | -729 |-61.7 | -51.9 | -42.1 | -32.3 | -225 | -12.4 56]95] 13.2
Steps 106 | 11.2 | 9.8 9.8 9.8 9.8 10.1 39|37

Figure 15. The stimuli /d°a:f/ -/t*a:f/. A.B: Ambiguous Burst.
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4. 2. 3. Procedure

The perception experiments were designed with Praat Experiment MFC (see appendix 6 for the
script). Each stimulus in the continuum was played three times which resulted in 30 stimuli in
the /da:b/-/ta:b/ experiment, and 36 stimuli in /d*a:f/, /t'a:f/ experiment. The stimuli were played
in a randomized order. The participants were offered an optional break in the middle of each
experiment, and there was a “repeat” button that can replay the stimulus up to five times.
Instruction were given in Arabic, and they appeared on the introductory screen. It was made
clear in the instructions that the answers were not equally divided to avoid random answers.
Appendix 7 shows the experiment screen for the /d*a:f/, /t*a:f/ experiment. In a quiet room using
a headphone, the participants listened to the stimuli and chose from the options illustrated in
table 9.

4. 3. Results and discussion

The results show that speakers responded to the difference in VOT which means that VOT is a
major acoustic cue in the identification of the homorganic stops /t/, /d/ and, /t*/, /d*/; however,
it was found that other acoustic cue played a role in the categorization experiment. | suggest

that the following vowel contains some cues of the preceding stop consonant.

Section 4.3.1 contains a comparison of the results of /da:b/ - /ta:b/ continuum in the first
perception experiment, where the sounds following the stop under investigation were taken
from the same words i.e. /a:b/ was taken from /ta:b/ for the /da:b/ - /ta:b/ continuum, besides
the results of the second perception experiment, where the sounds following the stop
under investigation were taken from different words i.e. /a:b/ was taken from /ta:b/
for the positive part of the VOT continuum, and from /da:b/ for the negative part
of the VOT continuum.

Section 4.3.2 shows a comparison of the results of /d*a:f/- /t*a:f/ continuum in the first
perception experiment, where the rest of the test word after the stop was taken from the same
words i.e. /a:f/ was taken from /t*a:f/ for the /d®a:f/- /ta:f/ continuum, in addition to the results
of the second perception experiment, where the rest of the test word that follows the
stop consonant was taken from different words i.e. /a:f/ was taken from /t'a:f/ for
the positive part of the VOT continuum, and from /d*a:f/for the negative part of the

VOT continuum.
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4.3.1. Results and discussion of the /da:b/ - /ta:b/ continuum:

In the first perception experiment where /a:b/ was taken from /ta:b/, the results showed that the
boundary between /d/ and /t/ was almost at a VOT of -18 ms as illustrated in figure 16. As
expected, the stimuli with prevoicing of the initial stop and the /a:b/ taken from /ta:b/ were not
always identified as /da:b/. Two participants identified the stimuli with a VOT of -67, -37, -27
ms as /ta:b/ once out of the three repetitions of these stimuli. On the other hand, from the VOT
of -7 ms till +22ms, the stimuli were identified as /ta:b/ between 83% - 100% of the times.
These findings suggest that there is another acoustic cue that played a role in the identification
experiment besides VOT. It was found that FO of the following vowel differs after voiced and
voiceless consonants where FO starts high then falls after voiceless consonants and begins low
then shifts upward after voiced consonants (Abramson & Lisker, 1985; Lehiste & Peterson,
1961; Whalen, Abramson, Lisker, & Mody, 1993). Therefore, FO of the vowel in /da:b/ and FO
of the vowel in /ta:b/ was measured. Measurements show that FO of /a:/ in /ta:b/ was higher
than that in /da:b/ of 41 Hz.

Figure 16. The results of the first perception experiment for the /da:b/-/ta:b/ continuum.
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On the other hand, in the second perception experiment where /a:b/was taken from different
words i.e. from /da:b/ for the negative VOT stimuli, and from /ta:b/ for the positive VOT
stimuli, the boundary was between 0 and -7 ms as shown in figure 17. The boundary was shifted
to the right where more /dab/ responses were obtained. The stimulus with a VOT of -7 ms was
identified as /da:b/ 79% of the times by the participants, and the shift was almost at -4 ms were

/da:b/ and /ta:b/ responses were equally obtained.
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A comparison of figures 16 and figure 17 shows that the stimuli on the low negative
part of the continuum in the second perception experiment were more clearly identified as /da:b/
than those in the first experiment. | suggest that in addition to the VOT, another acoustic cue
contributed to the identification of the voiced stop /d/ which is the low FO of the following
vowel /a:/. This finding supports the hypothesis that the following vowel influences the
perception of the previous stop consonant, and that the VOT despite being the major acoustic
cue in the distinction between voiced and voiceless homorganic stops /d/and /t/, FO plays a

minor role in the perception.

Figure 17. The results of the second perception experiment for the /da:b/-/ta:b/ continuum.
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4. 3. 2. Results and discussion of /dfa:f/- /t*a:f/ continuum:

In the first perception experiment where /a:f/ was taken from /t‘a:f/ for all stimuli, the
identification percentage of the stimuli on the low negative part of the continuum was not 100%
/d*a:f/; whereas, the identification percentage of the stimuli with the VOT of -14 ms and more
was 100% /t*a:f/ except for the stimulus with a VOT of 5 ms which was identified as /t*a:f/ 96%
of the times. The VOT boundary between /d*/ and /t*/ was at the VOT of -34 ms as illustrated
in figure 18.

On the other hand, in the second perception experiment, where /a:f/ was taken from
/t*a:f/ for the positive VOT stimuli and from /d*a:f/ for the negative VOT stimuli, the boundary
was shifted to the right (-14 ms to 0 ms). More /d*a:f/ responses where obtained; in addition, all
the negative VOT stimuli lower than the VOT of -14 ms were always identified as /d®a:f/ except

for the stimulus with a VOT of -34 ms which was identified once by one participant as /t'a:f/
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which shows that participants clearly identified the voiced stop /d*/. The zero stimulus which
has the ambiguous burst without prevoicing, and the positive VOT stimuli were always

identified as /t*a:f/ as shown in figure 19.

A Comparison of the results of the two perception experiments for the /d*a:f/ -/t'a:f/
continuum indicates that there is another acoustic cue played a role in the identification of /d‘/
besides the prevoicing (negative VOT). The following vowel was found to have an influence
on the VOT boundary which suggests that the vowel contains some perceptual cues of the
preceding stop consonant. | suggest that the lower FO of the /a:/ in /d*a:f/ was used as a cue by
the participants in the second perception experiment. Measurements show a difference in FO of
the vowel in /d°a:f/, and the FO of the vowel in /t‘a:f/ of 42 Hz. The results of /d*a:f/- /t'a:f/
continuum show a similar trend as the results of the /da:b/-/ta:b/ continuum regarding the effect

of the following vowel on the VOT boundary.

Figure 18. The results of the first perception experiment for the /d*a:f/- /t*a:f/ continuum.
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Figure 19. The results of the second perception experiment for the /d*a:f/- /ta:f/ continuum.
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5. Conclusions

The observed pattern of VOT values for voiceless stops in relation to the place of articulation
of the stop is found in the Palestinian dialect. The VOT of the voiceless velar stop /k/ is
significantly longer than the VOT of the voiceless alveolar stop /t/. In addition, the following
vowel affects VOT: stops preceding the high front vowel /i:/ have longer VOT durations than
those preceding the vowel /a:/. Furthermore, the stop position in the word influences VOT
duration where shorter VOT is found in intervocalic position than in initial position. The
Palestinian Arabic dialect has regressive voicing assimilation: the underlyingly voiceless stops
become voiced to a large extent before voiced consonants, and voiced stops become minimally
devoiced before voiceless consonants. VOT is the major acoustic cue in the identification of
the homorganic stops /t/, /d/ and, /t*/, /d*/ as shown in the two categorization experiments.
Nevertheless, another cue is found to influence the perception of these stops: Higher FO occurs
after voiceless consonants and lower FO occurs after voiced stops. FO has a minor effect
compared to VOT in the perception of the homorganic stops /t/, /d/ and, /t*/, /d°/.
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7. Appendices

Appendix 1
Stop in Word-Initial Position
Test word Arabic script Meaning VOT (ms)

ba:b <L door -93
bur o wild/heath -83
bi:r o well -98
ta:3 zl crown 16
tu:t < blueberry 23
ti:n O figs 35
da:x gh daze -76
ducr s turn around -99
di:n O religion -103
ka:z B kerosene 31
ku:b @S cup 48
Ki:s ossS bag 43
tarr S flew 18
t'u:b Csh bricks 24
t'in (b mud 24
d'a:§ gla lost -93
d'u:? s ga light -94
dii:f i add -94

31



Appendix 2

Stop in intervocalic Position

Stop Test word Arabic script Meaning VOT (ms)
b muba:h Tl allowed -64
t futa:t i crumbs 17
d huda: s A girl name -55
k zuka:m as) cold 28
tt hut'a:m albaa wreckage 18
d* s‘ud‘a:§ ¢lia headache -57
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Appendix 3

Stop in a Medial Consonant Cluster

Stop Test word Arabic script Meaning
b mabfarah 3 pie grater
t matzar e store
d madxaneh ESENN chimney
k makbu:t SIS repressed
t mat‘Cam azke restaurant
df mod‘hek ENY funny
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Appendix 4

The script used to calculate VOT durations of stops in word-initial and intervocalic positions:

speaker$ [1] = "M-Speakerl"
speaker$ [2] = "M-Speaker2"
speaker$ [3] = "M-Speaker3"
speaker$ [4] = "M-Speaker4"
speaker$ [5] = "F-Speaker5"
speaker$ [6] = "F-Speaker6"
speaker$ [7] = "F-Speaker7"
speaker$ [8] = "F-Speaker8"

numberOfSpeakers=8
numberOfRepetitions=3
numberOfFiles=3

V\éritelnfoLine: "speaker", tab$, "gender", tab$, "repitition”, tab$, "word", tab$, "vot", tab$,
"duration"

for file to numberOfFiles
for repetition to numberOfRepetitions
for speaker to numberOfSpeakers
speakerName$ = speaker$ [speaker]
gender$ = left$ (speaker$ [speaker], 1)
@dofile: file, repetition, speakerName$, gender$
endfor
endfor
endfor

procedure dofile: fileNumber, repitition, speakerName$, gender$

fileName$ = "repetition™ + string$(repitition) + "\" + speakerName$ + string$(fileNumber)
textgrid = Read from file: fileName$ + ". TextGrid"
numberOfintervals = Get number of intervals: 1

for interval to numberOfintervals
word$ = Get label of interval: 1, interval

if word$ <>""
vot$ = Get label of interval: 2, interval
start = Get starting point: 2, interval
end = Get end point: 2, interval
duration = end - start
duration = duration * 1000

if left$(vot$,1) == "-"
duration = duration * -1
endif
appendinfoLine: speakerName$, tab$, gender$, tab$, repitition, tab$, word$, tab$, vot$,
tab$, fixed$ (duration, 2)
endif
endfor

removeObject: textgrid
endproc
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Appendix 5

The script used to calculate the voicing percentage of stops in medial consonant clusters:

speaker$ [1] = "M-Speakerl"
speaker$ [2] = "M-Speaker2"
speaker$ [3] = "M-Speaker3"
speaker$ [4] = "M-Speaker4"
speaker$ [5] = "F-Speaker5"
speaker$ [6] = "F-Speaker6"
speaker$ [7] = "F-Speaker7"
speaker$ [8] = "F-Speaker8"

numberOfSpeakers=8
numberOfRepetitions=3

writeInfoLine: "speaker”, tab$, "gender", tab$, "repitition”, tab$, "word", tab$,
.."stop", tab$, "Stop duration", tab$, "voicing duration"

for repetition to numberOfRepetitions
for speaker to numberOfSpeakers
speakerName$ = speaker$ [speaker]
gender$ = left$ (speaker$ [speaker], 1)
@dofile: 4, repetition, speakerName$, gender$
@dofile: 5, repetition, speakerName$, gender$
endfor
endfor

procedure dofile: fileNumber, repitition, speakerName$, gender$

fileName$ = "repetition” + string$(repitition) + "\" + speakerName$ + string$(fileNumber)
textgrid = Read from file: fileName$ + ". TextGrid"
numberOflintervals = Get number of intervals: 1

for interval to numberOfintervals
word$ = Get label of interval: 1, interval
if word$ <> "
stop$ = Get label of interval: 2, interval
stopStart = Get starting point: 2, interval
stopEnd = Get end point: 2, interval
stopDuration = stopEnd - stopStart
stopDuration = stopDuration * 1000
voicing$ = Get label of interval: 3, interval
voicingStart = Get starting point: 3, interval
voicingEnd = Get end point: 3, interval
voicingDuration = voicingEnd - voicingStart
voicingDuration = voicingDuration * 1000
appendInfoLine: speakerName$, tab$, gender$, tab$, repitition, tab$, word$, tab$,
.d._sftop$, tab$, fixed$ (stopDuration, 2), tab$, fixed$ (voicingDuration, 2)
endi
endfor

removeObject: textgrid
endproc
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Appendix 6

The experiment MFC using Praat for the /d°a:f/, /t'a:f/ experiment*.

"ooTextFile"
"ExperimentMFC 5"
stimuliAreSounds? <yes>
stimulusFileNameHead =
stimulusFileNameTail = ".wav"
stimulusCarrierBefore = "
stimulusCarrierAfter ="
stimuluslInitialSilenceDuration = 1 seconds
stimulusMedialSilenceDuration = 0.8 seconds
nugnberOfDifferentStimuIi =12

ll+ moan

ll+9ll mnn

ll+13Il mnn

IIOII mnm

II_14II mmn

II_24II mmn

II_34II mmn

II_44II mmn

II_54II mmn

II_64II mmn

II_74II mmn

n 84" mmn

numberOfReplicationsPerStimulus = 3

break AfterEvery = 18

randomize = <PermuteBalancedNoDoublets>
startText = "ba s oS5 @ XYY 4-’}-\5\

ib;)u MPY\MW&L;}MQ‘_‘W\@JAMW
ol JM Jual

BENE R Jumwmmsn Ladla

1SS

A el

runText = "l » 4l Al flgiaa

pauseText = nEay o) AL aal yial o) g_uJ\"
endText = "l 44);_\}\ RS SIS Ll
maximumNumberOfReplays = 5
replayButton = 0.4 0.6 0.01 0.20 "sale )" "
okButton=0000""""

oopsButton=0000 """
responsesaAreSounds? <no> """ """ 0 0
numberOfleferentResponses =2
0.10.40.30.8 "\Flplc/tag pg" 50 " "t

0.6 0.9 0.3 0.8 "\FIpic/daf.jpg" 50 " "d*"
numberOfGoodnessCategories = 0

* Praat does not accept writing from right to left, so this problem was handled by writing the
Arabic sentences that would appear on the introductory screen in a reversed order in the script
so that when the experiment was run, the sentences would appear in the right order.
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Appendix 7

The experiment screen for the /d®a:f/, /t'a:f/ experiment.

Ua
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