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Voicing Contrast of Stops in the Palestinian Arabic Dialect
Abstract

This studyinvestigatesthe voicing contrast of stops in the Palestinian Arabic dialgct
measuring/oice Onset Time (VOT) in both production and perception experimesmg the

program PraafT he results of the production experiment show thaP#iestinian Aralu dialect

has negative VOT for voiced stops and spoditive VOT for voicelesstops. The/OT pattern

for voiceless stophat wabserved ireleven languages (Lisker & Abramson, 19&Harding

the relationship between VO/&luesandthe place of articulation of the stop is retained in the
Palestinian dialeciAs the place of articulation moves back in the vocal tract, VOT for voiceless
stops increases. I n addition, stops precedin
VOT durations than those preceditiggv o w e | [ a: [ . Results also sh
intervocalic position than in initial positiolhe Palestinian Arabic dialect has regressive

voicing assimilationn medial consonant clusteta the perception exg@iment, it is found that

VOT is the major acoustic cue tine identification of the homorganic stops /t/, /d/ arif],/tf/.
Furthermore, he following vowel contains cues the previous stop consonant wherghler

FO occured after voicelesstopsandlower FO occuedafter voicedstops
Key Words

Stop consonants, Voice Ongeme(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 frdrable 1 provides an
overview of the consonantal system of Modern Standard Aréhére are differences between
standard Arabic and different Arabic dialects which also differ from each other-Asi Al
(1970 indicatad* The di f f er e n c ensrphblogy, tind syntax lofdhesed dalgcys,
are often so great that verbal communication between an illiterate Egyptian and an illiterate

l ragi, whether they be townsmeirp.l8r peasant s,



Table 1.Consonantal system Modern Standard Arabic (Embarki, M., 2013, p.127)

s 3 —
= ) S
S 512 | = g
S |12 |8 |¢e3|3 |8 |- |58 |5 |B
< 5 c c O « o = IS B
= o] O O >| O © (@) S = =
s} - Q O ©|a a8 > - o O]
Plosive b t d K q 9
Nasal m n
Trill r
Fricative f 0d S 7 [3 X f h
Approximant j W
Lateral I
approximant
Pharyngealize( i€ o
plosive
. d(,‘ o
Pharyngealize( S
fricative

Unfortunately, few studies investigated voicing contodistop consonania 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 countrigsth different dialects. These dialects vary in
phonology, morphology, and syntax {Ahi, 1970). Alghamdi (1990) criticized Po#t al! s

study (1980pecause five informants were chosen with different dialects, and they were asked
to speak Standard Arabalthough 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 informamise of the informants was the
experimenter who was a phonetician and aware of what was mea&iufad.(1970) was the
primary informant for his experimentas for the third factor namely the material, Alghamdi

also criticized the materials which were used by Hussain (1985), aAdiAlL970) because

! Transcriptions are adapted to IPA symbols. | changegltiee of articulation of thetops/t/, /d/, /t"/, and/d"/
from dental to dentalveolar in the chart



they used isolated words which might influence the duration since isolated weridsger

than words in comixt.

In thisstudy, | investigatel voicing contrast of stops in the Palestinian Arabic diddeth
in production and in perceptiarsing Voice Onset Time(VOT). Modern Standard Ardias
eight gop consonants/b/, /t/, /d/, £/, Id°/, Ik/, g/, PI. 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 i Y/g@?s/‘headwhich i s pr o n o uthePalestinmdialett.r a @ s /
Moreover distinctive phonological features distinguish different-sliddects of the Palestinian
Arabic such asirban, rural, Bedouin, and Druze dialects. One of the prominent features that
characteries different sulalialects is the pronunciation of the Modern Standard Arabic /qg/
phoneme (corresponding to the let®r It is pronounced a<] in urban dialect, [K] in rural
dialect, and [g] in Bedouin dialect whereagemains[q] in Druze dialect (JarraHabash,
Alrimawi, Akra, & Zalmout, 2016)In the presenstudy, | investigatgtheurban dialecspoken
in Nablus city,where /q/ phoneme is pronounced 3s $ection 2 introduces a background
about previous studies on voicing of stop consonants in different Arabic dialécte
experiments were conductedne production experiment (section 3), atdo perception

experimert (section 4) The conclusiogarepresented in section 5.
2. Theoretical background

Voice Onset Time (VOT]Js the time when the voicing starts in relation to the release of the
closure for stop consonants. Voiced stops have negéatvebecause the vocal folds vibrate
during the closure interval before the release of the closure (voicing lead) whereas voiceless
stops have positiv€OT as the vibration of the vocal folds is delayed after the release of the
stop closure (voicing laglf. the vibration of the vocal foldakesplace at the time of the closure
releaseVOT is zero which resudtin an unaspirated voiceless stop (Alghamdi, 1990). Lisker
and Abramsor{1964) studied/OT in eleven languaged heydivided languagesvith a two

way contrast in VOT in to two groups: languages which have long posiMefor voiceless
stops ad short positive or zero VOIibr voiced stops such as English; and languages which
have short positive VOT for voiceless stops and negative VOWoioed stops such as Dutch.
They alsodifferentiated between three categorgdsstopsaccording tovoice onset time:
NegativeVOT between125and-75 msfor voiced stopspositiveVOT between 0 and 2%s

for voicelessunaspiratedstops, andpositive VOT between60 and 10 ms for voiceless

aspiratedstops.In addition, heyfoundthat as the place of articulation moves back ftom
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lips to the velumthe VOTfor voiceless stapincreasesln Arabic, voiced stops are produced
with voicing lead (nearly fully voiced); however, there are significant differences between

differentArabic dialects inthe 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 PalestiniangithBr o ¢ a’ s (Adam2@l2).i Adamnvestigate VOT of the
alveolar stops /dind /t/ in initial position followed yothe vowel /a/. He analyzed spontaneous
speech samplesféri ve Pal esti ni an Br oca’ s meapuremenisc s ,
with five normalPalestiniarArabic speakersFor the normal speakers, /t/ was produced with a
voicing lag(VOT of 20 mg, and /d/ vasproduced witha voicing lead(VOT of -10 ms). He
found no ovedap between VOT values for /éhd /d/.He concluded that VOT is a reliable

acoustic cue for the distinction between these two stops

As for other Arabic dialectdAl-Ani (1970) did the first experimental work in Arabic
phoneticsHe studied the phonology of standard Arabic as used in Ira§jniAlvas the primary
informantfor his experimentsStops were investigated in isolated words.found a VOT of
60-80 ms for/k/, and a range betwe®&@ and-110 ms for / In final position /b/ found tobe
voiced or voiceless, released or unreleas¥chad a VOT of 1520 ms.Al-Ani alsostudied
VOT in pharyngealizedtopconsonantdHis results showethat the VOT of plain dental stops
is longer than that of their pharyngealizzmlinterpartsHe found a VOT of 4660 ms for /t/
whereasa shorter VOT of 20 ms for/t*/, and aVOT value range betwee80 and-100 ms
for both/d/, and H°/.

Yeni-Komshian, Caramaz&, Preston(1977) investigated voicing in Lebanese Arabic.
They investigated the production and perception of stop consorantie production
experiment, participants were asked to read a text containing stop consonants in initial position.
In their comparison liereen /t/ vs /d/, antheir pharyngealized counterpaft’s/ vs 4° /, they
found an overlap in VOT values of 0 to 30 mkey suggested th&OT is not the only acoustic
cueusedin distinguishing between homorganic stops due to the overlap prdkection of
thesehomorganic stops observed in their study. They also investigated initial stops in three
different vowel environments where stopnsonard were followed by /a/, /u/, and /i/. They
found thatvOT is longerfor voiceless stopgrecedingront vowels tharthose precedingack
vowels. They also reported that there was a sligian for the tendency that the VOfbr

voiceless stopsicreases as the place of articulation moves batlike vocal tract


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

In the perception experimenteni-Komshian, et al. used an imitation response task
where participants repestmanipulated 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 themwvere repeated as /hal/, /zaglld /, ér/a/. VOT duratios 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 pyo@unctithe perception

experiments

Flege (1979ktudied voicing contrast ithe 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 #hebic experiment, & investigated stop consonants in
initial and final positions. i native Saudi Arabian speakers read the test words included in
carrier sentence The test words were of the form CV(V)C where the stop consonants were
precededorfollo#ed by the short vowel [/ a¥YOTwff36.8nse | 0 n ¢
for /t/, and52.4 ms for /k/In word- initial position /b/ and /d/ were produced with 100% voicing
during the closure interval whichad a VOT of-85ms and-82ms respectivelyln 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 Arabidy conducting production andepeption experimentHe used a
reliable methodology; he relied on a large number of informants (22) who were hweoage
in terms of their dialectaige, education, and foreign language experience. In addition, test words
were given in sentencesndstops were investigated in initial, intervocalic, and final positions.
He found thaftor voiced stops, the vocal folds vibrate during almost the whole closure interval
with a voicing percentage of 98% in weirdtial and intervoalic positions, and 92% word-
final position. On the other hand, in voiceless stops the voicasglelayed after the release of
the closure, and voiceless stopsreaspirated in all positionglghamdifound that athe place
of articulation move back in the vocal tract, the voicing duration for voiced stogpsomes
shorter, and the VOT for voiceless sttyesomesonger. He also found thatdfore high vowels,
stops show longer VOT duration. Final¥OQT wassignificantly shorter in intervocaliagsition

than in wordinitial and wordfinal positions

In the perception experimeritighamdi (1990) used both natural and synthesized stimuli.
Some acoustic cues were manipulated among twaeVOT. Subjects listened to the stimuli

and were asked tohoose between two wordsne with a voiced stop, and the other wath
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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
suggestedhiat other acoustic cues such as F1 transition play a role in the perception of voicing

in Arabic stops.

Mitleb (2001) investigate®OT in Jordanian Arabic alveolar and velar stops. Four native
speakers athe Jordanian dialect were asked to read isolatedis/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 oftiaulation on VOT values diffefirom the tendency noticed in
other languageds.isker and Abramson (1964) noticed that VOT duration increases as the place
of articulation moves back frothelips to the velum for voiceless stop consonaHtswvever,

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 /89amd
for /k/; whereas beforlbong vowes, the VOT for /t/ was 64 smand 60 ms for /k/A similar
tendencywas foundfor the difference between /d/, and /g/ where the VOT of /d/-ddsns,
and for /g/ it was15 ms before short vowsland before long vowels there was a VOF28
ms for /d/, and20 ms for /g/. Heexplained this diffeence as being due to languaspeecific

tendency.

In a study on Cairene Arabic, Kabrah (2008) found that in this dialect there is regressive
voicing assimilation. Firsghe foundhat there isegressivelevoicing in intervocalic ahword-
final obstruent clusters. When an underlyingly voiced obstruent precedes a voiceless obstruent,
the former is devoiced. For examptee word falkka/‘jewelry becomes|fpka], and the word
/kabt/ ‘oppressioh becomes [kapt].Second,there isregressive voicing assimilation in
intervocalic and wordinal obstruent clustersvhere an underlyingly voiceless obstruent
precedes a voiced obstruent, the former becomes vdioednstancet he wor d /[ yi sba
swi ms’ becomes [yimamh] | chaat itnhgdh]. Wbiemgd me s
assimilationwasalsoobserved by Mabrouk (1981) in his studytieé Kuwaiti Arabic dialect.
He argued that fully voiced stops become partially devoiced before voicelessastap
[? talg] ‘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 tfgitis not an allophone of the Arabic phoneme Itidund
thatlike the Kuwaiti Arabic dialegt/b/ in the Palestinian Arabic dialeistpartially devoiced



[b] before voiceless consonar{ftamim, 2017) The presenstudy investigated the voicing

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

The research questions, hypottesand predictions are discussed in secdidn SectiorB. 2
is dedicated to the methodology. The results optiogluctionexperiment are given in section
3.3.

3. 1. Research questions, hypotheses, and predictions

In this study, laddresed three research questioms the production experiment.First, |
investigatel whether the observed pattern of VOT values for voiceless stops in relation to the
place of articulatiomf the stop is retained in the Palestinian dialBased on studies @even
languagegLisker & Abramson1964) | expectedhat VOT values wuldincrease as the place

of articulation moves back in the vocal tra8econd,| examina the effectof the following

vowel onVOT in the Palestinian Arabic dialedtexpecedlonger VOT values beferthe high
frontvowel/i/ in the Palestinian Arabic dialect as has been observed irtiztebanese, and

the SaudiArabic dialects.Third, voicing assimilation in consonant clusters was investigated to
see whether the Palestinian Arabic dialect has voicing assimilation as observed tineboth

Egyptian andhe Kuwaiti Arabic dialects.
3. 2. Methodology
3. 2. 1. Participants

Eightnative Palestinian Arabic speak@articipated in the stud§our malesof 22, 27, 29, 31
years, andour femalesof 23, 24, 28, 29 yearsAll the subjects speak English as a second
language, and they are holders of bachelor degrees in different specializafiornise
participants reported havingormal speech and hearinfo insure dialect homogeneity, all
informants were from Nablus citfwo informants (one female and one male) were excluded
and replaced by other participants because one was stuttering, and the other sleowiedta

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

The wicedstops/b/, /d/,/d*/, and voiceless stops: /t/, /kf/were investigated in worthitial
position followed byd : / , [/ u: / , asilustratedi@ppendx lrpadditioni thesel vy
stops were investigated in intervoasshowt posi

in appendix2. Stops infinal position werenot investigatedn this studybecause | found in a



previous studyn the Palestinian dialetihat stops in final position are not always released
which makes it difficult to measukéOT (Tamim, 2017)

At first, the glottal stog?/ wasincluded in thanvestigaiton; howevert was excluded
after analyzing the first repetition of the eight speakers. It was foun®thadrd initially was
notalways pronounced by the participants as illustrated in figurethelmstances where the
[?/ was uttered word initially, it was found thah&da short VOT between 105 mswhich is
similar to that observed by Ani (1970). In his investigation of the Iragi dialect,-Ahi
measured a VOT of 180 ms for 7/.

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 voicelessstruents, and voiceless stops were followed by
voiced obstruentsas illustrated inappendix 3. (The meaning and the averageVOT

measurementd ¢the test words are in Appendices2 and3 respectively)
3. 2. 3 Procedure

To avoid the problem associated with eliciting dialectical data vtheweritten form is usually
associated witltandard Arabicthe procedure adopted by Flege (19%8% usedh the present
study. It was made clear to the participants thie aim of the study is investigating the
Palestinian Arabic dialect rather than Standardsdarticipants were askedread eaclest

word three times inserted in the carrier senteviteh is adialectal expressionz ?agre?



w?rr @/ “1 reedmendgo”. The test words wkedatawr i tt

were collected in Nablus city, Palesti@neof the participants acted as teeperimenter. She
introduced the test to the participants, gagleinstructions in the Palestinian Arabic dialéxt
read the sentences at a normal temgbe Palestinian dialecthe sentences were recorded in

a quiet roonby a laptopwith anin-built microphoneausingthe programPraat.
3. 2. 4. Segmentation

720 words were segmented (30 test words * 8 speakers *3 repetitosys@ctrograms, voicing
appears as vertical striations which represent the vibrations of the vocal folds. The vocal folds
vibrate during the whole closure interval feviced stops /b/, /d/dil. For voiced stops in
intervocalic position, the start of Ming in relation to the release of the stop closwes 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 leadof voiced stopin intervocalic positin as illustrated in figure 2The 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 voicingudation to the closure duratiavascalculated.

Figure 2.The regativeVOT of the voiced stopdf/ in intervocalicposition
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3. 2. 5. Analysis

A Praatscriptthatcalculats the durations ofhe VOT of stops in worednitial andintervocalic
positionswas usedthis script is givein appendix 4. In addition, anothraatscript was used
to calculate the voicing percentage of stopsniedial consonant clusters to investigate the
voicing assimilation in the Palestinian Arabic dialebts scriptscanbe found inappendix 5.
For statistical analysis, atest was used where a probabilthat is lower than0.05 was
considered significant.

3. 3. Results and discussion

The results of the production experiment show thaPgdestinian Arabic dialettas negative

VOT for voiced stops and short positive VOT for voiceless stOps. VOT measurement was

excluded from the average VOT durations/fwrin/ bu: r/ because the spea
as[p] as illustrated in figur&®; 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, anthsimas

pronounces afp] once out of the 24 repetitions of the word by eight speakers who repeated
thisword three times, the chance that [p] is an allophone of the Arabic phonemefy/Isw.

This conclusion is supported by the results of a previous study | conducted on the pronunciation

of the English phoneme /p/ in loanwords used by Palestinian Asaleiaker¢Tamim, 2017)

It wasfound that the English phoneme Ypds pronounced as the nearest Arabic phoneme /b/.

Figure3. The pronunci ati on [p @]byoheeofthepaticipamt r d / bu: r

pu:r

/p/

4.274 4.549
Time (8)
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The results ofaverageVOT durations in ms for voicelesgops inword-initial position are
shown in tablé and in intervocalic positioare givenn table 6 The average VOT for /t/, /k/,
It/ before long vowels are 28s,41 ms, 22 ms respectively.

Table 5.Average durations (in ms) of VOT for voicelesspstin the worenitial position

with different following vowels.

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

Table 6.Average durations (in ms) of VOT for voiceless stops in the intervocalic position.

Stop

t

k

tq

Duration

17

28

18

VOT measurements of the voiceless stops /t/ anid Ikdrd-initial positionin the present study
resemble the results of previous studies on other Arabic dialects except for the studies on the
Iraqi dialect (AtAni, 1970) and the Jordanian dial€btitleb, 2001)which snow much longer

VOT durationssee figure4 for VOT durationsof the voiceless stops /t/ and /k/ different

Arabic dialectsAl-Ani andMitleb 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 (YeniKomshian et al.1977), or spontaneous speech (Adam, 2012) which sriake
difficult to compare these studies because it has been found that VOT is shorter in sentences
than in isolated words (Lisker & Abramson, 196If).the Jordanian and in thesbanese
dialects, no difference betwedme VOT of/t/ and /k/ was found; however, the VOT of the
voicelessvelarstop /k/ is significantly longer than the VOT of the voiceless alvesitg/t/ in

the present studyhich is similar to the observed pattern in eleven languagskef &
Abramson 1964)

The average VOT for the voiceless pharyngealized $toim the present study (22 ms) is
similar to that in the Iraqi diale¢Al-Ani, 1970), and the Lebanese didl€¢eni-Komshian et
al., 1977whichhad a VOT of 25 ms and 23 ms respectively

11



Figure 4 VOT (in ms)for voiceless stops in different Arabic dialect. Figures are adapted from
Al-Ani (1970, Yeni-Komshian et al. {977, Flege 979, Alghamdi (1990, Mitleb (2001,

andAdam @012).
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64
60

Palestinian
(Adam, 2012)

20

The results of average VOT durations in ms for voiced stops in-inii@ positionare shown

in table7 and in intervocalic position are given in tableT®e average VOT for /b/, /d/g'l

before long vowels ar®1ms,-93 ms,-94 ms respectively.

Table 7.Average durations (in ms) dfie negative/OT for voiced stops in the wotiditial

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) ttie negativé/OT 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 /bidarsdionger in thdPalestinian

Arabic dialect than that for other Arabic dialects, as shown in figurd®wever, the difference

is striking between the results of this study and the results of the study on the Jordanian dialect

12



(Mitleb, 2001), and the previous study on Baestinian dialect (Adam, 2012)he negative
VOTof/d/-10 ms for the five participants (the ¢
VOT characteristics of the Palestinian Broca
shorterthan thenegative VOT of /d/ in this study-2 ms), but it isalsomuchshorterthan the
negativeVOT of /d/ in other Arabic dialects.

The average negatixOT for the voiced pharyngealized stajy/in this study {94 ms)
resembles that of the Iraqi dialect {Ahi, 1970) with anegativeVOT of -90 ms, andt is
longer than that of the Lebanese dial&@r{i-Komshian et al., 197 Avith anegativeVOT of

-60 ms.

Figure 5. The average negatiw¢OT (in ms) for voiced stops in different Arabic dialects
Figures ae adapted froml-Ani (1970) Yeni-Komshian et al(1977), Flege 1979, Alghamdi
(1990, Mitleb (2001), andAdam Q012).

Negative VOT for Voiced Stops in Different Arabic Dialects

100
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80
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Negative VOT (ms)
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b 58 65 85 73
d 90 57 82 73 23 10
Arabic dialects

As for voicing assimilation, it was found thdhe Palestinian Arabic dialect has regressive
voicing assimilationMinimal regressive devoicing in intervocalic position was found where

the three voiced tops /b/, /dd'/ wereminimally devoicedwith a voicing percentage of 94%,

92%, 94% respectivelyrigure 6 demonstratethe minimal devoicing 6/d/ in the test word
/madxaneh/The Palestinian dialect e the Kuwaiti Arabic dialect in that fully voiced stops
become partially devoiced before voicelesssonantyMabrouk, 1981) In the Egyptian

Arabic dialect, the preceding voiced consonant becomes fully devoicedakka// | e we | r y’
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becomes[ppka] (Kabrah, 2008) which is not the case in the Palestinian Arabic dialesre

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

Figure 6. Minimal devoicingduring the closure ofd/ in the test wordmadxaneh/The blue

striations represent the vibratmof the vocal folds.

madxaneh

/d/closure

0 0.5808
Time (s)

The results show regressive voicing assimilation in intervogalsition. The voiceless stops

Ik/, It/, k'] becomevoiced toa highpercentag@amely84%, 97%, 88% respectivellfigure 7

shows the voicing during the closure of the underlyingly voiceless $tdp the test word

/ma‘Cam. like the Egyptian Arabic dialect (Kabrah, 2008), the Palestinian Arabic dialect has
regressive voicing@ssimilation. In the Egyptian Arabic dialect, voiceless fricatives become
fully voiced before voiced obstintheRaksinahyi sba
Arabic dialect, the voiceless stops become voiced to a high percentage but notifat; vo

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 thenderlyingly voicelesstop/t/ in the test word

/Ima‘Cam. The blue striations represent the vibrasiohthe vocal folds.

Y ‘\”1""|' “'3 3 ‘ 1

matfTam

/18 /closure

0 0.4252
Time (s)

There arehree factorshataffect VOTin the presenstudy First, the place of articulatiofor

voicelessstops, alveolar stops shoshorter VOTdurationsthan velar stops. Second, the

following vowelaffects VOT. VOT is significantlylongerbeforethehigh vowel /i/ than before

the vowel /d. Third, the stop position in the woldfluencesVOT. Shorter VOTis foundin

intervocalic positiorthan inword-initial position

First, theplace of articulatiorof the stop affects VOTLisker and Abramson (1964) in
their study ofVOT 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 dialectsKigure4). This pattern is found in éhpresenstudy as wel The VOT
for thevoicelessvelar stop /k/ is significantly longer than the VOT the voicelesslveolar
stop /t/ (p< 0.001) in wokthitial and intervocalic positions as shown in fig8re
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Figure 8. The average VOTms)of voiceless stops iword-initial and intervocalic positions.
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Cho & Ladefoged (1999)ited different explanatiafrom the literature for the increase of the
VOT for voiceless stops as the place of articulation moves back in the vocaboraef the
explanationswere based on general laws of aerodynanmias. instancethe size of the
supralaryngeal cavithehindthe velar constriction is smaller than that behind @heolar
constriction whichcauseshigher pressure. This high pressure takémger time to falland
produceanadequatéransglottal pressuifference necessafgr the beginning of the vibration

of the vocal folds.

For voiced stops, the averagegativeVOT of /b/ (91 ms) is slightly shorter than the
averagenegativeVOT of /d/ (93 ms) in wordinitial position; however, the pattern is reversed
in intervocalic position. The averagegativeVOT of /b/ in intervocalic position-64 ms) is
longerthan that ofd/ (-55 ms) as illustrated in figui® Nevertheless, statistics show tha
negativeVOT for /b/ is not significantly longerthanthat for/d/ (p> 0.05)in intervocalic
position Alghamdi (1990) in his stydon the Saudi (Ghamidi) dialefciund a tendency towards
having longemegativeVOT for the bilabial voiced stop /b/ thafor the alveolarvoiced stop
/d/. The reason is that the size of the supraglottal cavity behind the bilabial constriction is larger
than that behind thalveolarconstriction that keeps the difference between thegtatbal and
supraglottal air pressure large which is favorable for voicing (Alghamdi,)1990
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Figure 9. The averagenegativeVOT (ms) of voiced stops in worthitial and intervocalic

positions.
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Stop position

The second factor that affects VOTtiwe following vowel.lt was observed irthe Saudi
Ghamididialect (Alghamdi, 1990) thahte highfront vowel/ i preceded by longer VOT
durationsfor 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 s tThepesultbotthmesenstudyhe hi g
are in agreement witthe previousstudy on the SaudiGhamidi dialectin that the stops
preceding t he IhavgidngefVOTodurationsfar Wwothl voickless dnd voiced
stopsthan thos@receding vowel a(p<0.05)as illustrated irfigure10and figurell. Whereas

the VOT before the high front vowel [1i:/ is
back vowel ufor ¥oiceless andoiced stopgp>0.05).
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Figure 10. The average VOT duratiofsms)of v oi cel ess stops foll ow
respectively.

The Average VOT of Voiceless Stops
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Figure 11. The averageegativeVOT durationdms)of v oi ced stops foll ow

and /u:/ respectively.

The Average Negative VOT of Voiced Stops

du:r d¢a: <.‘d(.‘|:

105
9
7
6
4

o o1 O

Negative VOT (ms)
gl

3

o

1

o o

ETotal 93 98 83 76 103 99 93 94 94
Voiced stops

Finally, the stop positiofis found to influence VOTIt wasnoted that in the Saudi dialect, the
VOT in intervocalic position is significantly shorter théme 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 positiofp< 0.M1) as illustrated in figur&2 and figurel3.
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Figure 12. Average VOT(ms)of voicelessstops in initial and intervocalic positions.
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Figure 13. AveragenegativeVOT (ms)of voiced stops in initial and intervocalic positions.
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4. The perception experiments

Two perceptionexperiments wereonducted in the present studyhelresearch questions,
hypothess, and predictions ardiscussedn section 4.1.Section 4.2 is dedicated thet
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 Palestinianabic speakers respond to differences in VOT as observed in
other Arabic dialectd. expecedthat in the phonetic categorization of the VOT continuum, it
would beeasier 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 stimudlso explored wheth&rOT is a sufficient
acoustic cudor distinguishing between homorganic stops /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 foe thistinction between these homorganic
stops Therefore, VOT wagxamired before the same vowel taken from the same vthrel

vowel was taken from a word wherefdllows a voiceless stopand from different word@he

vowel was taken from a word wherefalows a voiceless stomnd from a word where it
follows a voiced stop)!l also investigatedthe VOT boundary between /t/and /d/ besides

examining the VOT boundary between their pharyngealized counteftpaats! /d°/.

4. 2. Methodology

Phonetic categorization task was used in this study. Participants listened to different stimuli
ranging from one end ¢fieVOT continuum to the other enarticipants were asked toabse
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 counterpdstsd'/were investigated in

minimal pairs shown in Table

Table9. Answer categories presentedthe perception experiment.

Choices
First Choice Second Choice
Arabic Script IPA Meaning Arabic Script IPA Meaning
UF b t a: bl repented UFDp d a: b dissolved
PF A t‘a: f circled PF Y da: f| added
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| used naturally produced tokens and then manipulated #aum productions of each of these
four words were recorded in the speech lab of the University of Amsterdam éytboewho

is a native Palestinian Arabic speaker. The VOT of the stopsmemeuredand thestopthat

has the closest VOT to the averagesconsidered the best representative of the four repetitions,
andtheVOT of that stopvasused for the manipulation tiestimuli. Tablel0shows the VOT
values for the four stops used in the perception experiment whidhdall the reference VOT

in the following

Table10. The reference VOT values for /d/, /d/] K°/.

Stop /d/ 1t/ Id°/ It
VOT -67 22 -84 13

The burst duration and the burst amplitude veeteragedo get an ambiguous burst fa¥,///,
and for %, £/. The r emai ni nthe/ pla/rtba ://: bgaifrorwas t aken
/[ a: fdfa :#ftdr f/ pair wWesf/t.aken from /

Whenl playedbackt he separate [/ a:b/ and [a:f/l, I

[ a: b/ ,t/and dfa: Ff /. T h e r @drceptianexperimerd with thgg samed a n o
ambi guous burst s, but the /[/a: b/ was taken f
from /da: b/ f or t heThesamemacddiravasfolowed foetretéat-ifve VO
Ida: f/ pair to i thefdlevingvgveetortheVOEboendafyd leypothesized

that if the vowekontains cuesf the previous stop consonant, then the first experiment where

the vowelwast aken form the same word (the /[/a:/ wa:
negative VA and for stimuli with positive VOT), would influence the VOT boundary where

more /ta:b/ responses were prethi:dt/ed.orSibmitlha

with negative VOT and for stimuli with positive VOT, mot&/: f /| r e s expestesde s we r €

The prevoicing of67ms (the reference VOT for /d/) was added before the ambiguous
burst, then t he [/ arsthdcreatattse firststisneldsd @ db /af t Ehe t he
22 ms (the reference VOT for /t/) was added after the ambiguo bur st , t hen th
inserted after tThetworstimulswere teady to ve @eised irethe/creation lof/ .
the VOT continum for /d4/t/. The stimuli variedn steps of 10 ms, so 10 ms was affitfrom
the beginning of the prevoicinghich results ircreatng 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 12m®©ne of the stimuli contained the ambiguous burst followed by the

| a which was called stimulus. 0he negativeand thepositive par$ of the continuumwere
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not dividedinto equal steps sindbe referenc&OT values of stop sounds were not multiples
of ten, so the 10 ms step was not always possible. In addition, thevkiepsvere intended to
correspond to 10 ms were not exactly 10 ms since the cutting was at the zero .c(essing
figure 14). Tablel1 shows the VOTontinuum.

Table1l1.VOT continuum for /dfit/ with the calculated steps and the actual steps @aiténg

at zero crossing.

Stimuli | -67 -57 -47 -37 -27 -17 -7 0 12 22
Actual | -64.7 | -53.7 | -446 | -34.9| -25.1 | -15.3| -5.2 121 | 221
Steps 11 9.1 9.7 9.8 9.8 | 10.1 10

Figure 14. The stimuli/ d a/: tbaA.Bo Ambiguous Burst.

WM._ AN A b b

A.B|

-VOT

0 0.4148
Time (s)
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0.4297
Time (s)

The b'a : and t'a : stumuli were created in the same way by adding the prevoici8g ofis
for/da: f/, and t hetanofi/s.e Tohfe 1c3u tmsi nfgorof/ 10 ms
the negative side of the VOT continuum. The reference VOIf/a§ 1.3 ms almost cagsponds

to one step, which would result in only one stimwaosghe positivesideof theVOT continuum.

To avoid the risk that the participants could start chookiag/ résponsesiaphazardiysince

they were presented withostof the stimuli with prevoicing, the 13 ms noise was cut into steps

22



of 4 ms which led to two more stimuli on the positive side of the continn@amely stimuli
with a VOT of 9ms and 5 ms respectiveljhe stimulus that contasal the ambiguous burst
foll owed by t he [/ arhdcbHbntinmanss notdivideccatlequaltstepn ol thes 0 .
reason mentioned above. The cutting was also at zero crossing, so the steps were nasexactly
calculatedsee figurel5). Tablel2 llustrates the VOT continuum fod%- /t°/.

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

Stimuli| -84 -4 | -64 | -54 | -44 -34 -24 -14 | 0| 5| 9| 13
Actual | -83.5| -72.9 | -61.7| -51.9| -42.1| -32.3 | -22.5 | -12.4 5.6/9.5] 13.2
Steps 106 | 11.2| 9.8 | 9.8 9.8 9.8 10.1 3.9| 3.7

Figure 15. The stimuli/d‘a : -fi‘d : A.B: Ambiguous Burst.

MMWMWMMW\MR\\RMMKWM“ ATSATANURATAAANAARANNNNN AR N AR AR N

=-VOT At
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Time (s)

S AR R bbbt
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Time (s)
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4. 2. 3. Procedure

The perception experimesweredesigned with P&t Experiment MFC (see appendiXor the

script). Each stimulus in the continuum was played three times which resu88dstimuli in

the/ d a/: tbaxpériment, and 36 stimulifd'a : t'd : ekpériment. The stimuli were played

in a randomized order. The participants were offered an optional break indtile wf each
experiment, and her e was a “repeat” button that can
Instruction were given in Arabic, and they appeavadhe introductory screen. It was made

clear in the instructions that the answers were not equally divided to avoid randomsanswe
Appendix7 shows the experiment screen for thia/: 'd : ekpérimentin a quiet room using

a headphone, the participants listened to the stimuli and chose from the options illustrated in
table9.

4. 3. Results and discussion

The results show that speakers responded to the difference in VOT which me&i@Tilima
major acoustic cue in the identification of themorganic stops /t/, /d/ and// /d'/; however,
it was found that other acoustaeplayed a role in theategoization experiment. | suggest

that the following vowel contains some cues offihecedingstop consonant.

Section 4.3.Icontainsa comparisonotte r esul-t $ aofb // oh#efissi nuum
perception experiment, where the sounds followingstiop under investigation were taken
from the same words i .e. the-/liihavwd s ctoank @ m ufumx
the resultsof the second perception experimentiere the sounds following the stop
under investigation were taken froani f f er ent wor ds i .e. [ a: b/
for the positive part of thevOT continuum and f r onhe hedyativebpart f or
of theVOT continuum.

Section 4.32 showsa comparison ote results ofd‘a - fta4 : f / ¢ imthefirsh u u m
perceptiorexperiment wherethe rest of the test wordfter the stopvastaken from the same
wo r ds f/ivastaken frorat'a : f the/d*a:fft'a : f / ¢ gdmatlditiondouthe results
of the second perceptia@xperimentwhere the rst of the test wordthat follows the
stop consonanvas taken from different MWa:rfedls i . e
the positive part of the/OT continuum and from/d‘a :fdr 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 experimewhere/ a wdst/ a k e n  f ,ithe mesulfs shaedthat the

boundary between /d/ and Wasalmost ata VOT of-18 ms as illustrated in figuré6. As

expected, the stimwith prevoicing of the initial stopantdh e [/ a: b/ twerkmtn f r om
alwaysidentifieda s /. Gwa pabtitipants identified the stimwith a VOT of-67, -37,-27

msas/ t ancé dubf the three repetitions of thesemuli. On the other hand, frothe VOT

of-7 ms till +22ms, the sti m8¥i-1l00caofthetimdent i f i
These findings suggestatthere is another acoustic dhatplayed a role in the identification
experimenbesides VOT It wasfoundthatFO of the following voweldiffers after voiced and
voicelessconsonantsvhereF0 starts high theffalls after voiceless consonants dedins low

then shifts upwaréfter voiced conson&(Abramson &Lisker, 1985; Lehiste & Peterson,

1961 Whden, Abramsonl.isker, & Mody, 1993. Therefore, FO of the vowal / d aandFO

of the vowel infta : Wds measur ed. Me as ur éimian tashigherow t h e
than that i d aof 41 Hz.

Figure 16.The results of the first perception experimfamtthe /dab/-/tab/ continuum.
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On the other hand, in the second perception experimieate/ awabtaken fromdifferent
wordsi.e. from /da : for/ the negative VOT stimuli, and frorta : for/ the positiveVOT
stimuli, the boundaryvasbetween 0 anel msas shown in figur&7. The boundary was shifted
to the right where more /dab/ responses were obtained. Thewsgimithl a VOT of-7 ms was

i dent i f i 70 of taetimeshyy thephtticipants, and the shift wadmostat-4 ms were
/ da: b/ and /ta: lybbtamemsponses were equal
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A comparison of figured6 and figurel7 shows that the stimubn thelow negative
part of the continuurm the second perception experiment wae clearly identified asla : b /
than those in the first experimemtsuggest that in addition to the VOanother acoustic cue
contributel to the identification of the voiced stop /dhich is the low FO of the following
v 0 we |. This dindihg supports the hypothesis that the following vowel influences the
perception of th@reviousstop consonant, and that the VOT despite b#iegnajor acoustic
cue in the distinction between voiced and voiceless homorganic sifapsl £/, FO playsa

minor role inthe perception.

Figure 17.The results of theecondperception experimerior the /dab/-/tab/ continuum.
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4. 3. 2. Results and discussion of /dfa:f/- /t*a:f/ continuum:

In the first perception experiment whefea : f / wa s t'a :afik/alh stinfuli, then  /
identification percentage of the stimuli on ther negative part of the continuum was not 100%
/d%a :; Whiereas, the identifitian percentage of the stimwliith the VOT of -14 ms and more
was 100%ft‘a 1 eixcept for the stimulus with a VOT of 5 ms which was identifielfas’ 9%6%

of the times The VOT boundary betweéd'/ and '/ wasatthe VOT of -34 ms as illustrated

in figure 18.

On the other hand, in the second perception experiment, wherdds taken from
/t'a : fér the positive VOT stimuliand fromd’a : f / f or the negative VOT
was shifted to the right14 ms to 0 ms). Mor&l‘a f/ responses where obtained; in additialh,
thenegative VOT stimuliower than the VOT of-14 mswerealwaysidentified agd‘a : efcept

for the stimulus with a VOT 0f34 ms which was identified once by one participant‘as: f /
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which shows thaparticipantsclearly identified the voiced stop/. The zero stimuls which
has the ambiguous burst without prevoicing, and the positive VOT stimuli were always

identifiedadt'a: f/ as sH®»wn in figure

A Comparison of the results of the two perception experiments fodtae -ft'a : f /
continuum indicatethat theres another acoustic cygayed a role in the identification &'/
besides the prevoicing (negative VOT). The following vowel was found to have an influence
on the VOT boundary which suggests that the vowel contains pemseptualcues of the
preceding stoponsonantl suggest thathe lower FO of the/a : //d‘ai: Wa$ used as a cue by
the participantin the second percepti@xperimentMeasurements show a difference in FO of
the vowelin/d'a: f /, and t him/t'%& 0f 42 Ho Tthdiresulteob/dvee + ft'4 © f /
continuum shova similar trend ashe result®f the /dab/-/tab/ continuum regarding the effect

of the following vowel on the VOT boundary.

Figure 18.The results of thérst perception experimefior the/d'a :-ft'd : f / conti nuum
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Figure 19.The results of theecondperception experimerior the/d'a :-ft'd : f / conti nuu
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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 isfound in the Palestinian dialeche VOT of the voiceless velar stop /k/ is
significantly longer than the VOT of the voiceless alveolar stofn/#ddition, the following
vowelaffects VOTst ops preceding the high front vowel
those precedinghev o w e | Furtharmadre.the stop position in the wordfluencesvVOT
duration where shorter VOT is found in intervocalic position than in initial positioriThe
Palestinian Arabic dialect has regressive voicing assimitatieunderlyinglyvoicelessstops
become voiced to a large extent before voiced consonants, and voiced stopsrbecoraky
devoied before voiceless consonant©T is the major acoustic cue the identification of

the homorganic stops /t/, /d/ antf/,//d"/ as shown in the tw@ategorizationexperiments
Neverthelessandher cuds found to influencehe perceptiorof these stopdHigher FOoccurs

after voiceless consonan@nd lower FO occurs after voiced stogs0 has a minor effect
compared to VOT in the perceptiontbe homorganic stops /t/, /d/ antd/, //d*/.
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7. Appendices

Appendix 1
Stop in Wordinitial Position
Test word Arabic script Meaning VOT (ms)
ba: b UF 3 door -93
bu:r pPH?D wild/heath -83
bi: r ORYAC well -98
ta3 OF b crown 16
tu t dH b blueberry 23
ti; n ey b figs 35
dax OFp daze -76
du r pMp turn around -99
dii n eTph religion -103
ka z CFDb kerosene 31
ku b UHD cup 48
ki: s Ey b bag 43
ta r PF A flew 18
t‘u b UHA bricks 24
ti: n ey A mud 24
d'a¢ Nr Yy lost -93
d'u:? _HY light -94
di: f CyVy add -94
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Appendix 2

Stop in intervocalic Position
Stop Test word Arabic script Meaning VOT (ms)
b muba h UF 3B allowed -64
t futa t dr 9T crumbs 17
d huda: o Ck A girl name -55
k Zuka m afF bC cold 28
t hut'a m afFrlc wreckage 18
d sud‘aC NF CH headache -57
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Appendix 3

Stop inaMedial Consonant Cluster

Stop Test word Arabic script Meaning
b malfarah Wol 3. grater
t mafzar Ot 9B store
d madkaneh w3 3Cs chimney
k makbu t 94 H 3 blB repressed
t ma‘Cam 6Nl B restaurant
d mod'h e k uj s funny
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Appendix 4

The script used to calculate VQITrations of stops in worthitial and intervocaligositions:

speaker$ [1] =M-Speakerl"
speaker$ [2] = "MSpeaker2"
speaker$ [3] = "MSpeaker3"
speaker$ [4] = "MSpeaker4"
speaker$ [5] = "FSpeaker5"
speaker$ [6] = "FSpeaker6"
speaker$ [7] = "FSpeaker7"
speaker$ [8] = "FSpeaker8"

numberOfSpeakers=8
numberOfRepetitions=3
numbeOfFiles=3

writelnfoLine: "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$ [

gender$ = left$ (speaker$ [speaker], 1

dCf@doflle: 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 labl 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$, tab$itimpitab$, word$, tab$, vot$,
t%bf$, fixed$ (duration, 2)
endi

endfor

removeObject: textgrid

endproc
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Appendix 5

Thescript used to calculate the voicing percentage of stopedialconsonant clusters

speaker$ [1] = "MSpeakerl"
speaker$ [2] = "MSpeaker2"
speaker$ [3] = "MSpeaker3"
speaker$ [4] = "MSpeaker4"
speaker$ [5] = "FSpeaker5"
speaker$ [6] = "FSpeaker6"
speaker$ [7] = "FSpeaker7"
speaker$ [8] = "FSpeaker8"

numberOfSpeakers=8
numberOfRepetitions=3

writelnfoLine: "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$(repitition) 4"+ speakerName$ + string$(fileNumber)
textgrid = Read from fé: fileName$ + ".TextGrid"
numberOfintervals = 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 = stopEndstopStart
stopDuration = stopDuration * 1000
voicing$ = Get label of interval: 3, interval
voicingStart = Get stértg point: 3, interval
voicingEnd = Get end point: 3, interval
voicingDuration = voicingEnd voicingStart
voicingDuration = voicingDuration * 1000
appendinfoLine: speakerName$, tab$, gender$, tab$, repitition, talid, wain$,
..O.ls%top$, 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 fea : t'd :,efxpériment*.

"ooTextFile"
"ExperimentMFC 5"
stimuliAreSounds? <yes>
stimulusFileNameHead =
stimulusFileNameTail = ".wav"
stimulusCarrierBefore = "™
stimulusCarrierAfter ="
stimuluslInitialSilenceDuration = 1 seconds
stimulusMedialSilenceDuration = 0.8 seconds
nu5mberOfDifferentSmuIi =12

ll+ man

ll+9ll nn

::+I]I-'3"III mnm

ll_14ll mnmn

ll_24ll mnmn

ll_34ll mnmn

ll_44ll mnmn

ll_54ll mnmn

ll_64ll mnmn

ll_74ll mnmn

ll_84ll mnmn

numberOfReplicationsPerStimulus = 3
breakAfterEvery = 18

randomize = <PermuteBalancedNoDoublets>

startText=f 3¢ OB 6bl9 ¢cT wmumk w30t 9 IOF

PHD I/Irsrl;% n Ok HJKHI’TB eB 4Y9frr1r AblOF . OQUXF ndAK wr
W3 C bIB : WI2HT U F FryrO wrirys ndK pmplaglOF M dfFr1 AE
nmAK 3y 3b bfyr HOF

Wwsblrt aoF pFpabPb EYX wr AblIlOF O K 9FOB ndK CcFHZ3
I\F“Cgblrsc Wwsblrt aoF pfF3abPb EYX wr AbllOF fFr CFp

QUXF ~ CH4AIHO

runText=F B ck Wwr AbllOF c3OF _ FnsNr b

pauseText=l3 bir T agF M3 'Ybh wcFO3BHBF aoF YppY

P o
endText="U ng xF w201t %KOF. FObll 6bl3 bpfrl
maximumNumberOfReplays = 5
replayButton = 0.4 0.6 0.01 0.2Wp"f"K @
okButton=0000""""
oopsButton=0000""""
responsesaAreSounds? <no>""""""""00
numberOfDifferentResponses = 2
0.1 0.4 0.3 0.8\Flpic/taf.jpg" 50 " 't
0.6 0.9 0.3 0.8\FIpic/daf.jpg" 50 " 't*"
numberOfGoodnessCategories = 0

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

The experiment screen for thaéd : t'd : efxpériment

Ua

37



