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ABSTRACT

The literature on Arabic dialects agrees that short
vowels are deleted word-initially, resulting in surface
consonant clusters. This study supplements the
existing literature by acoustically analysing word
onset vowel deletion in Najdi Arabic (NA), a dialect
spoken in central Saudi Arabia. It aims to examine the
phonetic deletion of the vowel within an obstruent
context. Given the relatively lower frequency of
obstruents cross-linguistically [1], the abundance of
such sounds in the Arabic language presents a
compelling context for investigating vowel deletion
and its conditioning factors.

Forty-five NA native speakers (31 females, 14
males) were recruited to do three production tasks:
diapix, reading and shadowing tasks. The results
showed that 54% of the data were produced with
vowel deletion, the favouring factor being the place
of articulation of the first obstruent, where the
deletion was more likely to occur following a dorsal
obstruent than following coronal, labial and
pharyngeal obstruents. The gender of the speaker also
influenced vowel deletion, where male listeners were
more likely to delete more vowels than female
speakers.

Keywords: vowel deletion; Najdi Arabic; obstruents;
phonetics; consonant clusters

1. INTRODUCTION

The process of variable short vowel deletion word-
initially is attested in several Arabic dialects, such as
Algerian Arabic, Jordanian Arabic and Omani Arabic
[2, 3]. E.g., the word kitab “book’ can be realised with
a deleted vowel as /ktab/, or with a retained vowel as
/kitab/. The same word can be produced with variable
phonetic realisations. Similar processes have been
also observed in other languages, such as the variable
deletion of the French schwa [4] and the American
schwa [5]. This process and its possible causes have
received attention in the linguistic literature.

The conditioning factors of short vowel deletion
are mostly attributed to speech rate and style [5, 6]. In
Arabic dialects, the constraints that account for this
phenomenon are attributed to stress and syllable
structure, where vowel deletion occurs in unstressed
open syllables and does not result in a sequence of

more than two consonants [7, 8]. Sociolinguistic
research on Arabic attributed vowel deletion more to
male speakers than female speakers given that
females tend to adhere more closely to Standard
Arabic since it has higher status [9].

The literature on phonological contexts that
trigger vowel deletion cross-linguistically lists
several factors. For example, in Japanese, vowels are
deleted/devoiced between voiceless consonants [10],
which suggests an effect of the laryngeal feature of
the surrounding consonants. In Kozani Greek, back
vowels tend to be deleted more frequently than front
vowels [11], indicating an effect of the quality of the
target vowel. In Montreal French, vowels are deleted
when preceded by fricatives [12], implying that the
manner of articulation of the surrounding consonants
affect the deletion of the vowel.

The phonetic realisation of vowel deletion and the
factors that might influence the deletion process have
not received much attention in Arabic dialects. We
aim to address this issue in our empirical study, which
has two objectives: 1) to document the phonetic
variability by means of an acoustic study examined
over 21,000 occurrences of words; and 2) to examine
the effect speaker’s gender and phonological contexts
on the deletion process.

2. METHODOLOGY

This study employed different speech styles to
examine vowel deletion thoroughly. Three
production tasks were conducted: a diapix task to
elicit spontaneous speech; a reading task to elicit
controlled speech based on visual (written) stimuli;
and a shadowing task to elicit controlled speech based
on audio stimuli. The reading task is a prerequisite for
the shadowing task, because this allows participants
to access the orthographic forms of stimuli first to
help them perceptually recognise the words.

2.1. Participants

45 native NA speakers (31 females, 14 males) were
recruited. Their ages ranged from 18 to 50 years
(mean= 27, range = 25-34, SD = 7.8). They had all
given informed consent for their data to be used and
did not report any speech or hearing difficulty. A
total of 41 participants completed the diapix task and
39 participants completed the shadowing task.



2.2 Recording Procedure

Participants’ speech was recorded using a Tascam
DRO05X stereo handheld digital audio recorder with
built-in, omni-directional condenser microphone.
Due to the Covid-19 pandamic, an external
microphone was not used in order to ensure the safety
of the participants. The recording was made at a
sampling rate of 44.1 KHz and 16-bits resolution and
were saved in waveform audio file (WAV) formats.
Data collection rook place in quiet locations within
participants’ homes and participants were provided
with instructions on how to optimise the recording
environment. Prior to the recording, participants
recived training on how to operate the recorder.

2.3 Diapix Task

A diapix task is an interactive task that elicits
spontaneous speech in a controlled setting [13]. It
employs two participants, each with a version of the
same picture that is different in some ways, and they
are asked to spot the differences by conversing with
each other without looking at each other’s picture.

2.3.1. Stimuli

Six picture pairs were adapted from Baker and Hazan
[14]. There were 12 differences between the two
versions of each pair. The pictures were printed out in
colour in A5 size.

2.3.2. Procedure

Participants were given a folder that included six
numbered envelopes (1-6), envelope (1) being for
practice. They were instructed to sit at a table facing
each other and place the recorder in the middle
between them (approximately 30 cm from each
participant). Each participant was instructed to take
one version and converse with the other participant to
find the 12 differences.

2.4. Reading Task

A sentence-reading task was utilised to examine
participants’ productions at a systematic and
controlled level.

2.4.1. Stimuli and Design

We extracted 66 disyllabic and trisyllabic high-
frequency NA nouns, in which the first and second
consonants were obstruents, from Arabic Web
Corpus usinf Sketch Engine. The target words
comprised 17 words with a fricative—fricative
sequence (FF), 16 words with a fricative—plosive

sequence (FP), 19 words with a plosive—fricative
sequence (PF) and 14 words with a plosive—plosive
sequence (PP). A list of 40 filler words was also
included to divert participants’ attention.

This task involved two types of stimuli, namely
visual and audio, following the protocol used in Hall
[15]. The visual stimuli consisted of orthographic
forms of the target words, while the audio stimuli
were audio recordings of example sentences for each
word, produced by a NA native speaker. The target
word in each example sentence was excised and
replaced with white noise for a duration of 400 ms.

A self-paced PowerPoint presentation was
created, where each slide displayed one target word
presented within two carrier sentences, accompanied
by the matching audio recording of an example
sentence which played automatically 300 ms after
viewing the slide. Each word was repeated twice in
the presentation, which totalled 344 slides.

2.4.2. Procedure

Participants were emailed a link to the task and were
instructed to place the recorder on the right side of
their computer. They were then instructed to read the
sentences after listening to the audio stimulus and
press the right arrow on their keyboard to advance to
the next slide. Participants were allowed to take as
many breaks as needed.

2.5. Shadowing Task

The aim of this task was to elicit the pronunciation
of target words with a specific variant, namely, the
vowel-absence variant /#CC/.

2.5.1. Stimuli and Design

The target and filler words used in this task were
identical to those used in the reading task, except for
one PP word. A NA speaker was audio-recorded
producing the words with the onset vowel deleted
#CC/. A self-paced PowerPoint presentation was
created, where each slide had an audio recording of
one word played automatically twice with a 400 ms
interstimulus. Each word was repeated twice in the
presentation, resulting in a total of 210 slides.

2.5.2. Procedure

Participants were instructed to wear headphones
(Beats Solo3 wireless on-ear), place the recorder to
the right side of their computer, and sit about 30 cm
from the computer. They were directed to listen to
the audio stimuli and repeat the word after the
second repetition as quickly and clearly as possible.
Then, they were asked to press the right arrow on



their keyboard to advance to the next slide.
2.6. Acoustic Analysis

Recordings were manually segmented and annotated
in Praat [16]. One annotation tier was created to mark
word and segment boundaries, following the
segmentation guidelines created by Skarnitzl and
Machac¢ [17]. Another tier was created to mark the
presence or absence of vowels in experimental items.

Vowel presence was identified by visual
inspection of the spectrogram and waveform, and was
coded as ‘CVC’ when high amplitude peaks of energy
were visible in spectrograms as horizontal dark
bands. For example, the onset of the vowel following
a fricative was marked at the point where periodicity
began. The offset of the vowel preceeding a fricative
was marked at the point of onset of turbulent noise, as
shown in Figure 1.
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Figure 1: An example of word onset vowel presence
for the FF sequence /fasa:d/.

Acoustic evidence for word onset vowel absence
was marked when there was a complete absence of
voicing and formant structure, and was coded as
‘CC’. For example, in an FF sequence, both
waveforms and spectrograms showed two distinct
aperiodic frequencies for each fricative, with no
evidence of formant structure or voicing, as
illustrated in Figure 2.
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Figure 2: An example of word onset vowel absence
for the FF sequence /hsab/.

2.7. Statistical Analysis

The data were analysed by means of mixed-effects
logistic regression model in R [18] with the the
glmer() function using ‘glmmTMB’ package [19].
The dependent variable was was dichotomous (0 =
vowel was deleted, 1= vowel was retained, 0 was the
success level in the analysis). The fixed part of the
model consisted of the following independent
variables:

e Gender: male vs female speakers. Since past
literature shows that gender differences affect
deletion rates, this was the only sociolinguistic
variable addressed in this study.

e The manner of articulation of the flanking
obstruents with four levels: FF, FP, PF, PP.

o The place of articulation of the first obstruent, with
four levels: labial—initial, coronal-initial, dorsal—
initial and pharyngeal-initial.

e The laryngeal feature of the flanking obstruents
(matching laryngeal: both voiced /zb/ or both
voiceless /kt/ or different laryngeal features e.g.
voiced-voiceless /bs/).

e The order of the place of the articulation of the
sequence: front-to-back, e.g. /sk/, and back-to-
front e.g. /kt/.

e The front or backness of the target vowel.

¢ The height of the target vowel.

The random effects considered in this study were
participants and items. The significance of each
varable was tested against the null hypothesis. If the
p-value for a variable was > 0.05, we concluded that
there was no effect on the outcome, and that the result
was due to chance and therefore not statistically
significant. Alternatively, if the p-value was < 0.05,
we could reject the null hypothesis and infer that the
variable had an effect on the outcome.

For reasons of space, in the next paragraphs we
report only the most interesting results in relation to
our research aims.

3. RESULTS

The results of the three production tasks were
combined, yielding a dataset of 21,205 tokens, with
58% of them exhibiting with vowel deletion. Vowel
deletion was attested in all four obstruent sequences:
FF, FP, PF, and PP. Word onset vowels were deleted
across participants (M = 58%, SD = 4) and across
items (M = 54%, SD = 30). Two factors were shown
to be significant predictors of vowel deletion, namely
gender and place of articulation of the initial
obstruents (PoA). The result for each variable is
discussed in detail below.



3.1 Gender
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Figure 3: Vowel deletion (CC) and vowel retention
(CVC) by gender.

Male speakers (M = 65, SD = 11) tended to delete
more vowels than female speakers (M =52, SD = 15).
Overall, the rate of word onset vowel deletion among
male speakers (66%) was higher than among female
speakers (54%). The result of the mixed-effect
logistic regression model showed a significant rise in
vowel deletion among male speakers (p < 0.01), with
a positive coefficient estimate of b = 0.99, indicating
a significant rise in vowel deletion in males compared
to females. The likelihood of vowel deletion by male
speakers is 2.7 times higher than by female speakers.
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Figure 4: Vowel deletion (CC) and vowel retention
(CVC) by PoA.

Participants produced pharyngeal-initial and dorsal
initial sequences with the highest percentage of vowel
deletion (71% and 69%, respectively), while coronal-
initial sequences which were produced with the
lowest percentage of vowel deletion (43%).

The findings of the mixed-effects logistic
regression model showed a statistically significant

effect of POA for dorsal-initial sequences (p = 0.03),
with a positive coefficient estimate of b = 1.28,
indicating that dorsal-initial sequences were more
likely to undergo vowel deletion compared to the the
baseline reference (coronal-initial sequences).

The probability of vowel deletion in dorsal-
initial sequences is 3.63 times higher than in coronal-
initial sequences. For the labial-initial sequences, the
likelihood of vowel deletion is 2.6 times higher than
in coronal-initial sequences. Pharyngeal-initial
sequences had the highest likelihood of wvowel
deletion, being 89% higher than coronal-initial
sequences. Overall, coronal-initial  sequences
exhibited the least percentage of vowel deletion.

4. DISCUSSION AND CONCLUSIONS

In this paper, we have offered an acoustic analysis of
vowel deletion in the dialect of NA. We show that
vowel deletion is not solely a phenomenon of fast or
casual speech, as it occurs at slow rates and with
careful pronunciations, which is consistent with
findings from previous research on NA [20, 21]. The
data also shows that vowel deletion was observed in
all four obstruent sequences: FF, FP, PF, and PP

In the present study, we also investigated the
factors that contribute to vowel deletion. The findings
indicated that two factors affect the rate of the vowel
deletion. The first factor is the gender of the speaker,
with male speakers tended to delete vowels more
frequently than their female counterparts. Vowel-
deleted variants are associated with the dialectal
form, whereas vowel-present variants are linked with
Standard Arabic. This suggests that female speakers
tend to adhere to the prestigious variant of the
language, as observed in other Arabic dialects [9].

The findings also revealed a statistically
significant effect of the place of articulation of the
first obstruents, particularly for dorsal-initial
sequences. This finding is noteworthy for two
reasons: firstly, it is the first time that POA has been
identified to play a role in vowel deletion in NA.
Secondly, it contradicts with the findings from other
languages, such as Japanese [22], where vowels are
more likely to be deleted following coronals than
labials or dorsals.

The data, while still preliminary, are enlightening
as to the degree of vowel deletion in NA. This study
highlights two additional factors that influence vowel
deletion, beyond the conventional factors of stress
and syllable structure that are widely acknowledged
by Arabic linguists.
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