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Abstract

This study examines the acoustic characteristics of Modern Standard Arabic vowels produced
by 11 Najdi Arabic speakers. In particular, the study explores the difference between short
vowels (/i, a, u/) and their long counterparts (/i:, a:, u:/) in terms of duration and quality in two
contexts. In the first context, short and long vowels were preceded by plain consonants /t/ and
/s/. In the second context, short and long vowels were preceded by emphatic consonants /t*/ and
/s%/. Each vowel was used in a plain frame and in its emphatic counterpart that differed in only
the presence of the emphatic feature of the initial consonant (e.g., /t_b/ vs. /t*_b/). Each target
word or nonword was embedded in a carrier sentence. Vowel duration and F1 and F2 of short
and long vowels were measured. The results showed that long vowels (212 ms) were 2.4 times
longer than short vowels (88 ms) in the plain context. In the emphatic context, long vowels (219
ms) were also 2.4 times longer than short vowels (92 ms). There was no interaction between
vowel length and vowel context, suggesting that the difference in duration of short and long
vowels was the same in the two contexts. In terms of quality in plain and emphatic contexts,
the vowel /i/ had a higher F1 and a lower F2 than /i:/. The vowel /u/ had a higher F1 and F2
than /u:/. The vowel /a/ had a lower F1 and a higher F2 than /a:/.

Keywords: Najdi Arabic, short and long vowels, emphasis, vowel duration, vowel quality.

1. Introduction

The vowel system of Modern Standard Arabic (MSA) consists of three vowels (/i/, /a/, /u/) and
their long versions (/i:/, /a:/, /u:/) (e.g., Al-Ani, 1970; Alghamdi, 1998; Alotaibi & Husain,
2010). Vowel length in MSA is phonemic (e.g., Alghamdi, 1998; Mitleb, 1984). Example (1)
shows a minimal pair of MSA words that differ in the length of the vowel /u/. Emphasis in
MSA is also phonemic (e.g., Abudalbuh, 2010; Al-Masri & Jongman, 2004). Example (2)
shows a minimal pair of MSA words that differ in the presence of the emphatic feature of the
initial consonant. Emphasis refers to consonants that are produced with a primary constriction
in the dental or alveolar region and a secondary constriction in the back of the vocal tract (e.g.,
Aldamen & Al-Deaibes, 2023; Davis, 1995; Kahn, 1975; McCarthy, 1994; Zemanek, 2006).
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(1) /sud/ /su:d/
“you block” “black (pl.)”
(2) /sa:d/ /sfa:d/
“it prevailed” “he hunted”

Previous research investigated the acoustic characteristics of MSA vowels in various dialects
(e.g., Abou Haidar, 1994; Ahmed, 2008; Almbark & Hellmuth, 2015; Alotaibi & Hussain,
2009; Belkaid, 1984; Ghazeli, 1979; Kalaldeh, 2018; Nasr, 1960; Newman & Verhoeven,
2002). In an early acoustic study, Al-Ani (1970) examined MSA vowels produced by eight
Iraqis and two Jordanians in terms of duration and quality. In terms of duration, Al-Ani found
the durations of the long vowels were almost twice those of their short counterparts. In terms
of quality, there was no difference in F1 and F2 between the vowels (/i/, /u/) and their long
counterparts (/i:/, /u:/). However, the short vowel /a/ had a lower F1 and a higher F2 than its
long counterpart /a:/. These results suggest that short and long vowels produced by the Iraqi
and Jordanian speakers differ substantially in duration. In terms of quality, the difference was
only between the vowel /a/ and its long counterpart /a:/. It should be noted that this study
examined MSA vowels only in a plain context in which vowels were preceded by non-emphatic
consonants.

Another study that examined the acoustic characteristics of MSA vowels is Alghamdi (1998).
Like Al-Ani (1970), this study investigated MSA vowels only in a plain context. The study
tested whether short and long vowels in MSA were the same phonetically when produced by
speakers of different dialects. The study tested Saudi, Sudanese, and Egyptian speakers. Similar
to the vowel duration results of Al-Ani (1970), the results showed that in each dialect the
durations of long vowels were two times longer than their short counterparts. In terms of
quality, the results showed that in each dialect the vowel /i/ had a higher F1 and a lower F2
than its long counterpart and the vowel /u/ had a higher F1 and a higher F2 than its long
counterpart. The vowel /a/ in the Saudi dialect had a lower F1 and a comparable F2 compared
to its long counterpart. In the Egyptian dialect, the vowel /a/ had a comparable F1 and a lower
F2 compared to its long counterpart. In the Sudanese dialect, it had a lower F1 and a higher F2
than its long counterpart. These results suggest that short and long vowels produced by the
Saudi, Sudanese, and Egyptian speakers differ in terms of duration and quality.

Saadah (2011) examined the acoustic characteristics of MSA vowels produced by Palestinian
speakers. Like Al-Ani (1970) and Alghamdi (1998), Saadah’s (2011) study explored the
difference between short and long vowels only in a plain context in which the vowels were
preceded by non-emphatic consonants. Similar to the results of Al-Ani (1970) and Alghamdi
(1998), Saadah’s (2011) results showed that the durations of long vowels were two times longer
than their short counterparts. In terms of vowel quality, the results were similar to the vowel
quality results of Saudi speakers in Alghamdi (1998). Specifically, the vowel /i/ had a higher
F1 and a lower F2 than its long counterpart and the vowel /u/ had a higher F1 and F2 than its
long counterpart. The vowel /a/ had a lower F1 and a comparable F2 as compared to its long
counterpart. These results suggest that short and long vowels produced by Palestinian speakers
differ in terms of duration and quality.

Although Saadah (2011) did not compare short vowels to their long counterparts when
preceded by emphatic consonants (e.g., /s‘ib/ vs. /s‘i:b/), she compared each vowel when
preceded by a plain vs. emphatic consonant (e.g., /sib/ vs. /s‘ib/) in terms of quality. In general,
vowels preceded by emphatic consonants had a comparable F1 and a lower F2 compared to
their counterparts preceded by plain consonants.
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Like Saadah (2011), Jongman et al. (2011) did not compare short vowels to their long
counterparts when preceded by emphatic consonants. However, Jongman et al. (2011)
compared each vowel when preceded by a plain vs. emphatic consonant in terms of quality.
Jongman et al., who tested Jordanian speakers, found that vowels preceded by emphatic
consonants had a higher F1 and a lower F2 than their vowel counterparts preceded by plain
consonants.

Also, similar to Saadah (2011) and Jongman et al. (2011), Abudalbuh (2010) did not examine
duration and quality differences between short vowels and their long counterparts when
preceded by emphatic consonants. Instead, Abudalbuh (2010) compared each of the long
vowels (/i:, a:, u:/) when preceded by a plain vs. emphatic consonant in terms of duration and
quality. Abudalbuh, who examined Jordanian speakers, showed that emphatic long vowels
(224 ms) had a longer duration than their plain counterparts (216 ms). In terms of quality,
emphatic vowels had a raised F1 and a lowered F2 compared to their plain counterparts.

2. The Present Study

Al-Ani (1970), Alghamdi (1998), and Saadah (2011) examined duration and quality differences
between short and long vowels in various dialects of MSA. However, these studies examined
the differences between short and long vowels in a plain context in which the vowels were
preceded by non-emphatic consonants (e.g., /t/ and /s/) and did not explore the differences
between short and long vowels in an emphatic context in which the vowels were preceded by
emphatic consonants (e.g., /t"/ and /s*/). Although some studies have investigated the effects of
emphasis on vowels in various dialects of MSA (e.g., Abudalbuh, 2010; Jongman et al., 2011;
Saadah, 2011), these studies did not compare each short vowel to its long counterpart when
preceded by emphatic consonants (e.g., /s‘ib/ vs. /sfi:b/). Instead, these studies compared each
vowel when preceded by a plain vs. emphatic consonant (e.g., /sib/ vs. /s‘ib/) in terms of
duration (e.g., Jongman et al., 2011; Saadah, 2011) and quality (e.g., Abudalbuh, 2010).

The goal of the present study is to investigate the acoustic characteristics of MSA vowels
produced by Najdi Arabic speakers. Specifically, this study examines the differences between
short vowels (/1, a, u/) and their long counterparts (/i:, a:, u:/) in terms of duration and quality
in two contexts. In the first context, the short vowels and their long counterparts are preceded
by non-emphatic consonants. In the second context, the short vowels and their long
counterparts are preceded by emphatic consonants.

2.1 Method
2.1.1 Stimulus Materials

The target vowels consisted of the vowels (/i/, /a/, /u/) and their long counterparts (/i:/, /a:/, /u:/)
in MSA. Each vowel was used in a plain frame (e.g., /t_b/) and its emphatic counterpart (e.g.,
/t°_b/), which differed only in the emphatic feature of the initial consonant. The four plain
frames and their emphatic counterparts that were used were: (/t b/ vs. /t* b/), (/t_d/ vs. /t*_d/),
(/s_b/ vs. /s* b/) and (/s_d/ vs. /s* d/). To control for the context of the examined vowels, the
vowels were preceded by either a voiceless alveolar stop /t/ or a voiceless alveolar fricative /s/
and followed by either a voiced bilabial stop /b/ or a voiced alveolar stop /d/. Using a plain
frame and its emphatic counterpart allowed to compare each vowel with its long counterpart in
terms of duration and quality in both a plain context and an emphatic context. It would also
allow to compare each vowel in a plain vs. emphatic context in terms of both duration and
quality.

The stimuli consisted of monosyllabic words and nonwords as shown in the Appendix. Each
target word or nonword was embedded in the carrier phrase [?na: agu:l _ bisuhu:lah], which
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means in English “I say easily.” The stimuli were printed in MSA script supplemented with
diacritic markings. Speakers were asked to read the randomized stimuli at a normal speaking
rate. Each stimulus was repeated three times by subjects. The total number of stimuli per
speaker was 144, including 72 plain stimuli and 72 emphatic stimuli (8 syllable frames x 6
vowels x 3 repetitions).

2.1.2 Participants

Eleven adult male speakers voluntarily participated in the study and were recorded. All
participants in the study were native speakers of Najdi Arabic dialect with no known history of
either speech or hearing impairment. All participants were students at the University of Kansas,
United States, at the time of the study.

2.1.3 Recordings

Speakers were recorded in an anechoic chamber, using a cardioid microphone (Electro-Voice,
model 767) and a solid-state digital recorder (Marantz PMD671) at a sampling rate of 22050
Hz.

2.1.4 Measurements

All measurements were taken using Praat speech-analysis software (Boersma & Weenink,
2007). Vowel onset was taken as the clear emergence of F1 on the spectrogram. Vowel offset
was taken as the point at which F2 substantially weakened on the spectrogram. F1 and F2
measures were taken at the middle of the vowel.

3. Results
3.1 Duration

A three-way repeated measures analysis of variance (ANOVA), with vowel length, vowel
context, and vowel quality as independent variables, was conducted for vowel duration. As
expected, vowel duration exhibited a main effect for vowel length, with long vowels (215 ms)
having significantly longer duration than short vowels (90 ms) [F(1,10) = 62.922, p =.000].
There was also a main effect of vowel context, with a significantly longer duration for vowels
in the emphatic context (156 ms) than for vowels in the plain context (150 ms) [F(1,10) =
9.876, p =.010]. Moreover, there was a main effect of vowel quality [F(2,10) =5.856, p =.010].
Bonferroni post hoc analysis showed that duration for /a/ (158 ms) was significantly longer
than duration for /i/ (148 ms) but not for /u/ (153 ms). For vowel duration, there was a
significant interaction between vowel context and vowel quality [F(1,10) = 4.550, p =.029],
indicating that the effect of emphasis on vowel duration was more pronounced for /i/ and /u/
than for /a/. However, there was no significant interaction between vowel length and vowel
context [F(1,10) = 1.196, p =.300], indicating that the difference between the duration of short
and long vowels is the same in the plain and emphatic contexts, as shown in Figure 1.

503



Acoustic Analysis of Arabic Short vs. Long Vowels Following Emphatic and Non-Emphatic
Consonants by Speakers of Najdi Dialect

250
'S

200 ¢

150
Duration
(ms) 100
1
— =" Long
—l—Short
50
0
Plain Emphatic
Context

Figure 1. Short and Long Vowels in Plain vs. Emphatic Context
3.1.1 Plain Context

A two-way repeated measures ANOVA, with vowel length and vowel quality as independent
variables, was conducted for vowel duration. Vowel duration had a main effect for vowel
length, with long vowels (212 ms) having significantly longer duration than short vowels (88
ms) [F(1,10) = 65.380, p =.000]. There was also a main effect of vowel quality [F(2,10) =
10.757, p =.001]. Bonferroni post hoc analysis showed that duration for /a/ (158 ms) was
significantly longer than duration for /i/ (142 ms) but not for /u/ (150 ms). For vowel duration,
there was no significant interaction between vowel length and vowel quality [F(1,10) = .275,
p =.661]. Overall, long vowels (212 ms) were about 2.4 times longer than short vowels (88 ms)
when preceded by plain consonants /t/ and /s/ as shown in Table 1.

Table 1. Duration of Long vs. Short Vowels Preceded by Plain Consonants

Long vs. short Vowels Duration (ms) Long to short vowel duration
ratio
1:vs. i (203) vs. (81) 25:1
a:vs.a (220) vs. (95) 23:1
u:vs.u (212) vs. (88) 24:1

3.1.2 Emphatic Context

A two-way repeated measures ANOVA, with vowel length and vowel quality as independent
variables, was conducted for vowel duration. As expected, vowel duration exhibited a main
effect for vowel length, with long vowels (219 ms) having significantly longer duration than
short vowels (92 ms) [F(1,10) = 59.661, p =.000]. There was no main effect of vowel quality
[F(2,10) =.669, p =.523]. There was also no significant interaction between vowel length and
vowel quality [F(2,10) = .327, p =.640]. Overall, long vowels (219 ms) were about 2.4 times
longer than short vowels (92 ms) when preceded by emphatic consonants /t*/ and /s*/ as shown
in Table 2.
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Table 2. Duration of Long vs. Short Vowels Preceded by Emphatic Consonants

Long vs. short Vowels Duration (ms) Long to short vowel duration
ratio
1:vs. 1 (216) vs. (90) 24:1
a:vs.a (220) vs. (94) 23:1
u: vs. u (221) vs. (91) 24:1

3.1.3 Plain vs. Emphatic Context

Long vowels (219 ms) in emphatic context were significantly longer than long vowels (212
ms) in plain context [#(10) = -2.329, p =.042]. Short vowels (92 ms) in emphatic context were
also significantly longer than short vowels (88 ms) in plain context [#(10) = 2.878, p = .016].
Emphatic /i:/ (216 ms) was significantly longer than plain /i:/ (203 ms) [#(10) = -3.101, p =
.011]. Emphatic /i/ (90 ms) was significantly longer than plain /i/ (81 ms) [#(10) = -4.655, p =
.001]. Emphatic /a:/ (220 ms) had the same duration as plain /a:/ (220 ms). Emphatic /a/ (94
ms) was slightly shorter than plain /a/ (95 ms). Emphatic /u:/ (221 ms) was longer than plain
/u:/ (212 ms), with a difference close to significance [#(10) =2.204, p = .052]. Emphatic /u/ (91
ms) was significantly longer than plain /u/ (88 ms) [#(1,10) =-2.991, p = .014].

3.2 Vowel Quality

A three-way repeated measures ANOVA, with vowel length, vowel context, and vowel quality
as independent variables, was conducted for F1 and F2. Both F1 and F2 exhibited a main effect
for vowel length. Short vowels had a significantly higher F1 (536 Hz) [F(1,10) = 16.830, p
=.002] and a significantly lower F2 (1454 Hz) [F(1,10) = 7.508, p =.021] than long vowels F1
(491 Hz) and F2 (1495 Hz). Both F1 and F2 also exhibited a main effect for vowel context. F1
(526 Hz) was significantly higher following an emphatic consonant than a plain consonant F1
(501 Hz) [F(1,10) = 150.417, p =.000]. F2 (1378 Hz) was significantly lower following an
emphatic consonant than a plain consonant F2 (1571 Hz) [F(1,10) = 213.793, p =.000].
Significant interactions between vowel length and vowel context for F1 and F2, [F(1,10) =
13.586, p =.004] and [F(1,10) = 40.567, p =.000], indicated that the effect of emphasis was
more pronounced in short vowels than in long vowels. This is illustrated in Figures 2 and 3.
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Figure 2. Short Vowels in Plain vs. Emphatic Context
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Figure 3. Long Vowels in Plain vs. Emphatic Context

For F1, there was a main effect of vowel quality [F(2,10) =150.417, p =.000]. Bonferroni post
hoc analysis showed that F1 was significantly higher for /a/ (725 Hz) than for /u/ (429 Hz),
which was in turn significantly higher than /i/ (387 Hz). For F2, there was a main effect of
vowel quality [F(2,10) = 605.470, p =.000]. Bonferroni post hoc analysis showed that F2 was
significantly higher for /i/ (2087 Hz) than for /a/ (1382 Hz), which was in turn significantly
higher than /u/ (955 Hz). For F2, a significant interaction between vowel quality and vowel
context indicated that emphasis had a stronger effect for the vowels /a/ and /u/ than for /i/
[F(1,10) = 84.988, p =.000].

3.2.1 Plain Context

A two-way repeated measures ANOVA, with vowel length and vowel quality as independent
variables, was conducted for F1 and F2. F1 exhibited a main effect for vowel length [F(1,10)
=8.558, p=.015], with short vowels having a significantly higher F1 (519 Hz) than long vowels
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F1 (483 Hz). F2 did not show a main effect for vowel length [F(1,10) = 1.048, p =.330]. F1
also exhibited a main effect for vowel quality [F(2,10) = 402.574, p =.000]. Bonferroni post
hoc analysis showed that F1 was significantly higher for /a/ (711 Hz) than for /u/ (417 Hz),
which was in turn significantly higher than /i/ (374 Hz). F2 also exhibited a main effect for
vowel quality [F(2,10) = 512.402, p =.000]. Bonferroni post hoc analysis showed that F2 was
significantly higher for /i/ (2143 Hz) than for /a/ (1554 Hz), which was in turn significantly
higher than /u/ (1014 Hz). There was a significant interaction between vowel length and vowel
quality for F1 [F(1,10) = 108.819, p =.000], indicating that the effect of vowel length on F1
was more pronounced in /i/ and /u/ than in /a/. There was also a significant interaction between
vowel length and vowel quality for F2, [F(1,10) =216.073, p =.000], indicating that the effect
of vowel length on F2 was also more pronounced in /i/ and /u/ than in /a/.

Figure 4 shows the acoustic space of short vs. long Arabic vowels when preceded by plain
consonants /t/ and /s/. In terms of vowel quality, the results showed that F1 for short vowel /i/
(438 Hz) was significantly higher than F1 for long /i:/ (309 Hz) [#10) = 7.161, p =.000],
whereas F2 for short vowel /i/ (1939 Hz) was significantly lower than F2 for long /i:/ (2347
Hz) [#(10) = -14.143, p =.000]. F1 for short vowel /u/ (467 Hz) was significantly higher than
F1 for long /u:/ (369 Hz) [#10) = 6.314, p =.000], and F2 for short vowel /u/ (1194 Hz) was
significantly higher than F2 for long /u:/ (833 Hz) [#(10) = 13.079, p =.000].
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Figure 4. Short vs. Long Vowels in Plain Context

F1 for short vowel /a/ (651 Hz) was significantly lower than F1 for long /a:/ (771 Hz) [#(10) =
-7.981, p =.000], whereas F2 for short vowel /a/ (1603 Hz) was significantly higher than F2 for
long /a:/ (1506 Hz) [#(10) = 4.030, p =.000]. As shown in Figure 4, long vowels were more
peripheral than their short counterparts in F1 and F2 acoustic space. These results in general
indicate that short vs. long Arabic vowels were different in terms of quality when preceded by
plain consonants.

3.2.2 Emphatic Context

A two-way repeated measures ANOVA, with vowel length and vowel quality as independent
variables, was conducted for F1 and F2. F1 exhibited a main effect for vowel length [F(1,10)
= 29.197, p =.000], with short vowels having a significantly higher F1 (553 Hz) than long
vowels F1 (499 Hz). F2 also showed a main effect for vowel length [F/(1,10) =27.028, p =.000],
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with short vowels having a significantly lower F2 (1329 Hz) than long vowels F2 (1428 Hz).
F1 also exhibited a main effect for vowel quality [F(2,10) =368.895, p =.000]. Bonferroni post
hoc analysis showed that F1 was significantly higher for /a/ (738 Hz) than for /u/ (439 Hz),
which was in turn significantly higher than /i/ (401 Hz). F2 also exhibited a main effect for
vowel quality [F(2,10) = 613.437, p =.000]. Bonferroni post hoc analysis showed that F2 was
significantly higher for /i/ (2030 Hz) than for /a/ (1210 Hz), which was in turn significantly
higher than /u/ (896 Hz). There was a significant interaction between vowel length and vowel
quality for F1 [F(1,10) = 86.054, p =.000], indicating that the effect of vowel length on F1 was
more pronounced in /i/ and /u/ than in /a/. There was also a significant interaction between
vowel length and vowel quality for F2, [F(1,10) = 232.687, p =.000], indicating that the effect
of vowel length on F2 was also more pronounced in /i/ and /u/ than in /a/.

Figure 5 shows the acoustic space of short vs. long Arabic vowels when preceded by emphatic
consonants /t‘/ and /s*/. In terms of vowel quality, the results showed that F1 for short vowel /i/
(473 Hz) was significantly higher than F1 for long /i:/ (328 Hz) [#10) = 8.464, p =.000],
whereas F2 for short vowel /i/ (1738 Hz) was significantly lower than F2 for long /i:/ (2321
Hz) [#10) = -14.543, p =.000]. F1 for short vowel /u/ (487 Hz) was significantly higher than
F1 for long /u:/ (391 Hz) [#10) = 5.973, p =.000], and F2 for short vowel /u/ (1013 Hz) was
significantly higher than F2 for long /u:/ (778 Hz) [#(10) = 9.118, p =.000].
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Figure 5. Short vs. Long Vowels in Emphatic Context
F1 for short vowel /a/ (699 Hz) was significantly lower than F1 for long /a:/ (778 Hz) [#(10) =
-9.484, p =.000], whereas F2 for short vowel /a/ (1235 Hz) was significantly higher than F2 for
long /a:/ (1183 Hz) [#(10) = 2.608, p =.026]. As shown in Figure 5, long vowels were again
more peripheral than their short counterparts in F1 and F2 acoustic space. These results in
general show that short vs. long Arabic vowels were different in terms of quality when preceded
by emphatic consonants.

3.2.3 Plain vs. Emphatic Context

Figure 6 shows the acoustic space of short and long Arabic vowels when preceded by plain
consonants /t/ and /s/ vs. emphatic consonants /t‘/ and /s/. The emphatic short vowel /i/ had a
significantly higher F1 (473 Hz) [#(10) = 6.720, p =.000] and a significantly lower F2 (1738
Hz) [t(10) =-9.256, p =.000] compared to F1 (438 Hz) and F2 (1939 Hz) of plain short vowel
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/i/. The emphatic long vowel /i:/ had a significantly higher F1 (328 Hz) [#(10) = 5.453, p =.000]
and a lower F2 (2321 Hz) [#(10) =-1.975, p =.077] compared to F1 (309 Hz) and F2 (2347 Hz)
of plain long vowel /i:/. The emphatic short vowel /u/ had a significantly higher F1 (487 Hz)
[#(10) = 4.676, p =.001] and a significantly lower F2 (1013 Hz) [#10) = -8.913, p =.000]
compared to F1 (467 Hz) and F2 (1194 Hz) of plain short vowel /u/. The emphatic long vowel
/u:/ had a significantly higher F1 (391 Hz) [#(10) = 3.101, p =.011] and a significantly lower
F2 (778 Hz) [t(10) = -4.988, p =.001] compared to F1 (369 Hz) and F2 (833 Hz) of plain long
vowel /u:/.
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Figure 6. Short and Long Vowels in Plain vs. Emphatic Context

The emphatic short vowel /a/ had a significantly higher F1 (699 Hz) [#(10) = 4.710, p =.001]
and a significantly lower F2 (1235 Hz) [#(10) =-12.904, p =.000] compared to F1 (651 Hz) and
F2 (1603 Hz) of plain short vowel /a/. The emphatic long vowel /a:/ had a higher F1 (778 Hz)
[#(10) =705, p =.497] and a significantly lower F2 (1183 Hz) [#(10) = -13.637, p =.000]
compared to F1 (771 Hz) and F2 (1506) of plain long vowel /a:/. As shown in Figure 6, F1 and
F2 for the long vowels /i:/ and /u:/ were less affected by emphasis than other vowels. These
results indicate that emphatic short and long Arabic vowels in general tended to have a backer
and higher position in F1 and F2 acoustic space compared to their plain counterparts.

The F1 difference for /i/ vs. /i:/ in plain context (129 Hz) was significantly smaller than the F1
difference in emphatic context (145 Hz) [#(10) =-2.318, p =.043]. The F2 difference for /i/ vs.
/i:/ in plain context (408 Hz) was significantly smaller than the F2 difference in emphatic
context (583 Hz) [#10) = -6.801, p =.000]. The F1 difference for /u/ vs. /u:/ in plain context
(98 Hz) was not significantly larger than the F1 difference in emphatic context (96 Hz) [#(10)
= 431, p =.675]. The F2 difference for /u/ vs. /u:/ in plain context (361 Hz) was significantly
larger than the F2 difference in emphatic context (235 Hz) [#10) = 6.831, p =.000]. The F1
difference for /a/ vs. /a:/ in plain context (120 Hz) was significantly larger than the FI
difference in emphatic context (79 Hz) [#(10) = 3.967, p =.003]. The F2 difference for /a/ vs.
/a:/ in plain context (97 Hz) was significantly larger than the F2 difference in emphatic context
(52 Hz) [#10) = 6.831, p =.000].
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4. Discussion

The goal of this study was to explore the difference between short and long vowels in MSA by
Najdi Arabic speakers in terms of duration and quality in both plain and emphatic contexts. In
terms of duration of short vs. long vowels in the plain context, long vowels produced by Najdi
Arabic speakers in this study were 2.4 times longer than short vowels. This finding is consistent
with the results of earlier studies (e.g., Al-Ani, 1970; Alghamdi, 1998; Saadah, 2011) that
found long vowels in various dialects of MSA were about two times longer than short vowels.
As shown in Table 3, short and long vowels produced by Saudi speakers in Alghamdi (1998)
were longer in duration than short and long vowels produced by Najdi Arabic speakers in this
study. This could be because Alghamdi (1998) tested MSA vowels in words produced in
isolation and not in a carrier phrase as was the case in this study and Saadah (2011). Of note is
that the vowel /a:/ had the longest duration, whereas /i/ had the shortest duration for Saudi and
Egyptian speakers in Alghamdi (1998) and Palestinian speakers in Saadah (2011), as well as
Najdi Arabic speakers in this study.

Table 3. Vowel Duration (ms) of Various Dialects in Modern Standard Arabic

Study Dialect Vowels
1 i a a: u u:
Al-Ani (1970) Iraqi 300 600 300 600 300 600
Alghamdi (1998)  Saudi 111 248 133 311 114 137
Sudanese 117 275 128 295 116 304
Egyptian 98 255 122 316 110 253
Saadah (2011) Palestinian 84 219 97 247 90 226
Present study Najdi Arabic 81 203 95 220 88 212

In terms of duration of short vs. long vowels in the emphatic context that was not examined in
previous studies (e.g., Abudalbuh, 2010; Al-Ani, 1970; Alghamdi, 1998; Jongman et al., 2011;
Saadah, 2011), long vowels produced by Najdi Arabic speakers in this study were 2.4 times
longer than short vowels. The vowel /u:/ had the longest duration, whereas /i/ had the shortest
duration. The difference in duration between short and long vowels was the same in the plain
and emphatic contexts, as reflected in the noninteraction between vowel length and vowel
context. However, short and long vowels were longer in the emphatic context than in the plain
context except for the low central vowels /a/ and /a:/. This finding is consistent with the results
of Abudalbuh (2010), which showed long vowels produced by Jordanian Arabic speakers were
in general longer in the emphatic context than in the plain context.

In terms of quality of short vs. long vowels in the plain context, short vowels produced by Najdi
Arabic speakers in this study differed from their long counterparts in F1 and F2. Like the Saudi,
Sudanese and Egyptian speakers in Alghamdi (1998) and the Palestinian speakers in Saadah
(2011), Najdi Arabic speakers in this study produced the short vowel /i/ with a higher F1 and
a lower F2 than its long counterpart and produced the short vowel /u/ with a higher F1 and F2
than its long counterpart as shown in Table 4. However, unlike Saudi speakers in Alghamdi
(1998) and Palestinian speakers in Saadah (2011), who produced the short vowel /a/ with a
lower F1 and a comparable F2 compared to its long counterpart, Najdi Arabic speakers in this
study, like Sudanese speakers in Alghamdi (1998), produced the short vowel /a/ with a lower
F1 and a higher F2 than its long counterpart. This difference in F2 could be caused by different
dialects of subjects tested in these studies.
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Table 4. First and Second Formant Frequencies (Hz) of Vowels in Dialects of MSA.

Study Dialect  Vowels

1 1 a a: u u:
F1 F2 F1 F2 FlI F2 Fl1 F2 Fl1 F2 Fl F2
Al-Ani  Iraqi 29 220 28 220 60 150 67 120 29 800 28 77
(1970) 0 0 5 0 0 0 5 0 0 5 5
Algham  Saudi 40 184 29 228 57 153 65 158 45 130 35 95
di 2 1 2 6 3 7 5 7 1 2 0 8

(1998)
Sudanese 33 206 27 225 52 156 63 149 35 130 31 98
1 6 2 5 5 4 5 2 4 8 9 4
Egyptian 35 174 25 217 46 150 46 167 37 128 31 94
7 9 6 5 8 5 17 0 5 9 2
Saadah  Palestini 46 188 29 243 65 146 72 147 46 108 32 78
(2011)  an 7 1 9 7 7 8 2 9 7 8 5 8
Present  Najdi 43 193 30 234 65 160 77 150 46 119 36 &3
study Arabic 8 9 9 7 1 3 1 6 7 4 9 3

In terms of quality of short vs. long vowels in the emphatic context that was not examined in
previous studies (e.g., Abudalbuh, 2010; Al-Ani, 1970; Alghamdi, 1998; Jongman et al., 2011;
Saadah, 2011), the short vowel /i/ was produced with a higher F1 and a lower F2, the short
vowel /u/ with a higher F1 and a higher F2 and the short vowel /a/ with a lower F1 and a higher
F2 than their long counterparts.

In terms of vowel quality in the plain vs. emphatic context, Najdi Arabic speakers in general
produced each vowel with a higher F1 and a lower F2 when preceded by an emphatic consonant
compared to when preceded by a plain consonant. This finding is in line with the results of
Jordanian speakers in Abudalbuh (2010) and Jongman et al. (2011) who produced vowels
preceded by emphatic consonants with a higher F1 and a lower F2 than their vowel counterparts
preceded by plain consonants. The emphatic long vowels /i:/ and /u:/ were less influenced by
emphasis in terms of F1 and F2 compared to their short counterparts as shown in Figure 6. This
is because F1 and F2 measures were taken at the middle of the vowel. The midpoint in emphatic
long vowels was on average after 110 ms from the onset of the vowel while the midpoint in
emphatic short vowels was after 46 ms from the onset of the vowel. Therefore, the midpoint in
short vowels was closer to the effect of the initial emphatic consonants than the midpoint in
their long counterparts.

5. Conclusion

This study contributes to the literature on vowels in MSA dialects. Specifically, this study sheds
light into the acoustic characteristics of MSA vowels produced by Najdi Arabic speakers. Like
many studies, this study phonetically examined the difference between short and long vowels
following non-emphatic consonants and found that short vowels differed from their long
versions in terms of duration and quality. Unlike many studies (e.g., Abudalbuh, 2010; Al-Ani,
1970; Alghamdi, 1998; Jongman et al., 2011; Saadah, 2011), however, this study not only
explored the difference between short and long vowels following non-emphatic consonants but
also explored the difference between short and long vowels following emphatic consonants. It
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was found that short vowels differed from their long counterparts in terms of duration and
quality as was the case when they were following non-emphatic consonants.

6. Acknowledgments
Thank you to the subjects who voluntarily participated in the study.

References

Abou Haidar, L. (1994). Norme linguistique et variabilité dialectale: analyse formantique du
systéme vocalique de arabe standard [Linguistic norm and dialectal variability:
formant analysis of the vowel system of Standard Arabic]. Revue de Phonétique
Appliquée, 110, 1-22. https://hal.science/hal-03195153

Abudalbuh, M. (2010). Effects of gender on the production of emphasis in Jordanian Arabic:
A sociophonetic study. [Master’s thesis, University of Kansas]. KU Scholar Works.
https://kuscholarworks.ku.edu/bitstream/handle/1808/6727/Abudalbuh_ku 0099M 1
1051 DATA_ 1.pdf

Ahmed, A. A. M. (2008). Production and perception of Libyan Arabic vowels [Doctoral
dissertation, Newcastle University]. Newcastle University eTheses.
http://theses.ncl.ac.uk/jspui/handle/10443/846

Al-Ani, S. (1970). Arabic phonology, Janua Linguarum Series Practica, 61, The Mouton.

Aldamen, H., & Al-Deaibes, M. (2023). Arabic emphatic consonants as produced by English
speakers: An acoustic study.
Heliyon, 9(1). https://doi.org/10.1016/j.heliyon.2023.e13401

Alghamdi, M. (1998). A spectrographic analysis of Arabic vowels: A cross-dialect study.
Journal King Saud University, 10(1), 3-24.
https://chss.ksu.edu.sa/sites/arts.ksu.edu.sa/files/imce_images/v10m190r1962.pdf

Al-Masri, M., & Jongman, A. (2004). Acoustic correlates of emphasis in Jordanian Arabic:
Preliminary results. In A. Agwuele, W. Warren, and S.-H. Park (Eds.), Proceedings of
the 2003 Texas Linguistics Society Conference. Cascadilla Proceedings Project, 96—
106. https://www.academia.edu/download/41641411/paper1071.pdf

Almbark, R., & Hellmuth, S. (2015). Acoustic analysis of the Syrian Arabic vowel system. In
18th International Congress of Phonetic Sciences. University of Glasgow.
https://pure.york.ac.uk/portal/en/publications/acoustic-analysis-of-the-syrian-arabic-

vowel-system

Alotaibi, Y., & Hussain, A. (2009). Formant based analysis of spoken Arabic vowels. Lecture
Notes Computer Science 5707, 162—-169.

Alotaibi, Y., & Husain, A. (2010). Comparative analysis of Arabic vowels using formants
and an automatic speech recognition. International Journal of Signal Processing,
Image Processing and Pattern Recognition, 3(2), 11-12.
http://dspace.stir.ac.uk/handle/1893/16538

Belkaid, Y. (1984). Arabic vowels, modern literature, spectrographic analysis. Phonetic
Works Strasbourg Institution, 16, 217-240.

Boersma, P., & Weenink, D. (2007). Praat: Doing phonetics by computer (Version 4.6.09)
[Computer program]. http://www.praat.org/S

512


https://hal.science/hal-03195153
https://kuscholarworks.ku.edu/bitstream/handle/1808/6727/Abudalbuh_ku_0099M_11051_DATA_1.pdf
https://kuscholarworks.ku.edu/bitstream/handle/1808/6727/Abudalbuh_ku_0099M_11051_DATA_1.pdf
http://theses.ncl.ac.uk/jspui/handle/10443/846
https://doi.org/10.1016/j.heliyon.2023.e13401
https://chss.ksu.edu.sa/sites/arts.ksu.edu.sa/files/imce_images/v10m190r1962.pdf
https://www.academia.edu/download/41641411/paper1071.pdf
https://pure.york.ac.uk/portal/en/publications/acoustic-analysis-of-the-syrian-arabic-vowel-system
https://pure.york.ac.uk/portal/en/publications/acoustic-analysis-of-the-syrian-arabic-vowel-system
http://dspace.stir.ac.uk/handle/1893/16538
http://www.praat.org/S

Saad Aldosari

Davis, S. (1995). Emphasis spread in Arabic and grounded phonology. Linguistic Inquiry,
26(3). 465-498. https://www.jstor.org/stable/4178907

Ghagzeli, S. (1979). Du statut des voyelles en arabe [On the status of vowels in Arabic].
Analyses-Théories, Etudes Arabes, 2-3, 199-219.

Jongman, A., Herd, W., Al-Masri, M., Sereno, J. A., & Combest, S. (2011). Acoustics and
perception emphasis in Urban Jordanian Arabic. Journal of Phonetics, 39(1), 85-95.
https://doi.org/10.1016/;.wocn.2010.11.007

Kahn, M. (1975). Arabic emphasis: The evidence for cultural determinants of phonetic sex-
typing. Phonetica, 31(1), 38-50. https://doi.org/10.1159/000259648

Kalaldeh, R. (2018). Acoustic analysis of Modern Standard Arabic vowels by Jordanian
speakers. International Journal of Arabic-English Studies, 18(1), 23—48.
https://www.researchgate.net/profile/RayaKalaldeh/publication/328030886_Acoustic

analysis_of Modern_Standard Arabic_vowels_by Jordanian_speakers/links/5d00cd
£c92851¢c874c5fd305/Acoustic-Analysis-of-Modern-Standard-Arabic-Vowels-by-
Jordanian-Speakers.pdf

McCarthy, J. (1994). The phonetics and phonology of Semitic pharyngeals. In P. Keating
(Ed.), Phonological structure and phonetic form: Papers in laboratory phonology IlI,
191-234. Cambridge University Press.

Mitleb, F. (1984). Vowel length contrast in Arabic and English: a spectrographic test. Journal
of Phonetics, 12(3), 229-235. https://doi.org/10.1016/S0095-4470(19)30879-4

Nasr, R. T. (1960). Phonemic length in Lebanese Arabic. Phonetica, 5(3-4), 209-211.
https://doi.org/10.1159/000258058

Newman, D., & Verhoeven, J. (2002). Frequency analysis of Arabic vowels in connected
speech. Antwerp Papers in Linguistics, 100, 77-86.
https://durhamrepository.worktribe.com/output/1572676

Saadah, E. (2011). The production of Arabic vowels by English L2 learners and heritage
speakers of Arabic [Doctoral dissertation, University of Illinois]. ProQuest
Dissertations and Theses Global.
https://www.ideals.illinois.edu/items/25059/bitstreams/86414/data.pdf

Zemanek, P. (2006). Root. In K. Versteegh, M. Eid, A. Elgibali, M. Woidich, & A. Zaborski
(Eds.), Encyclopedia of Arabic language and linguistics, vol. 1, pp. 204-206. Brill.

513


https://www.jstor.org/stable/4178907
https://doi.org/10.1016/j.wocn.2010.11.007
https://doi.org/10.1159/000259648
https://www.researchgate.net/profile/RayaKalaldeh/publication/328030886_Acoustic_analysis_of_Modern_Standard_Arabic_vowels_by_Jordanian_speakers/links/5d00cdfc92851c874c5fd305/Acoustic-Analysis-of-Modern-Standard-Arabic-Vowels-by-Jordanian-Speakers.pdf
https://www.researchgate.net/profile/RayaKalaldeh/publication/328030886_Acoustic_analysis_of_Modern_Standard_Arabic_vowels_by_Jordanian_speakers/links/5d00cdfc92851c874c5fd305/Acoustic-Analysis-of-Modern-Standard-Arabic-Vowels-by-Jordanian-Speakers.pdf
https://www.researchgate.net/profile/RayaKalaldeh/publication/328030886_Acoustic_analysis_of_Modern_Standard_Arabic_vowels_by_Jordanian_speakers/links/5d00cdfc92851c874c5fd305/Acoustic-Analysis-of-Modern-Standard-Arabic-Vowels-by-Jordanian-Speakers.pdf
https://www.researchgate.net/profile/RayaKalaldeh/publication/328030886_Acoustic_analysis_of_Modern_Standard_Arabic_vowels_by_Jordanian_speakers/links/5d00cdfc92851c874c5fd305/Acoustic-Analysis-of-Modern-Standard-Arabic-Vowels-by-Jordanian-Speakers.pdf
https://doi.org/10.1016/S0095-4470(19)30879-4
https://doi.org/10.1159/000258058
https://durhamrepository.worktribe.com/output/1572676
https://www.ideals.illinois.edu/items/25059/bitstreams/86414/data.pdf
https://referenceworks.brill.com/search?f_0=author&q_0=Petr+Zem%C3%A1nek

Acoustic Analysis of Arabic Short vs. Long Vowels Following Emphatic and Non-Emphatic
Consonants by Speakers of Najdi Dialect

Appendix

Table Al
Monosyllabic Words and Nonwords in the Frame /t_b/ and the Frame /t* b/

Plain context Emphatic context

Word  Gloss Word  Gloss Word  Gloss Word  Gloss
/tib/ you repent /ti:b/ nonword /tib/ medicine  /tfi:b/ perfume
/tab/ nonword /ta:b/ herepented /t'ab/ jumpedin /ta:b/  he recovered
/tub/ you repent /tuzb/ you repent /ttub/  jump in /tu:b/  brick

Table A2

Monosyllabic Words and Nonwords in the Frame /t_d/ vs. the Frame /t*_d/

Plain context Emphatic context

Word  Gloss Word  Gloss Word Gloss Word Gloss

/tid/ nonword /ti:d/ nonword /t51d/ nonword  /t'i:d/ nonword

/tad/ nonword /ta:d/ nonword /t'ad/  nonword /ta:d/ nonword

/tud/ nonword /tu:d/ nonword /ttud/ nonword  /tu:d/ nonword
Table A3

Monosyllabic Words and Nonwords in the Frame /s_b/ vs. the Frame /s* b/

Plain context Emphatic context

Word  Gloss Word  Gloss Word Gloss Word  Gloss

/sib/ you cursed  /si:b/ you leave /sfib/  youscore /s‘i.b/  nonword

/sab/ he cursed /sa:b/ he left /s‘ab/ he poured /s‘a:b/  he scored

/sub/ nonword /su:b/ nonword /sfub/ youpour  /s‘u:b/ nonword
Table A4

Monosyllabic Words and Nonwords in the Frame /s_d/ vs. the Frame /s* d/

Plain context

Emphatic context

Word  Gloss Word  Gloss Word  Gloss Word  Gloss
/sid/ you block /si:d/  nonword /sfid/ youhunt  /s‘i:d/  you hunt
/sad/ he blocked  /sa:d/  itprevailed /s‘ad/ he went /sfa:d/  he hunted
/sud/  nonword /suzd/  black (pl.) /s'ud/  youhunt /s‘u:d/ nonword
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