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 The articulation of Arabic phonemes is essential for the Malay community 

since Arabic language is mandatory to perform worship. Hence, in this paper, 

an acoustical analysis of Arabic phonemes for vowels /u/ and /u:/ is 

discussed based on tokens pronounced by Malay speakers. The experimental 

results showed that the Malay speakers are inclined to utter these Arabic 

phonemes similar to the native speakers and it was also found from the 

analysis that the vowel /u/ and /u: was articulated as high-back vowels. 

Conversely, the vowel /u/ was located lower than /u:/ as in the vowel-space. 

Alternatively results also showed that /u/ and /u:/  is higher than the other 

vowels specifically /a/ and /a:/. In addition, the statistical analysis showed 

that the formant frequencies of both short and long dummah for formant 

frequency F1, F2 and F3 have more variation in terms of /u/ as compare to 

/u:/. In contrast formant frequency F4 and F5 are more diversity in terms of 

/u:/. 
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1. INTRODUCTION 

Modern Standard Arabic (MSA) has 36 phonemes, of which are separated into three classes 

specifically six phonemes are vowels, two phonemes are diphthongs and 28 phonemes are consonants. 

Besides the two diphthongs phonemes, there are three short vowels namely   /a, i, u/ and one more additional 

three long vowels specifically /a:,i:, u:/ [1]. However, some researchers did consider the two diphthongs 

phonemes as vowels that makes the total number of vowels as eight [2]. If it is to compare Arabic with 

English language, the number of vowels is still less. As mentioned earlier, the Semitic languages and Arabic 

comprise of two categories; that are pharyngeal and emphatic sounds [2]&[3]. Based on numerous studies, 

the phonetic difference between the emphatic phonemes and the non-emphatic is during articulation. In 

addition, as reported by Laufer & Baer, their research findings have proven that the emphatic and pharyngeal 

consonants shared similar articulation in the pharynx [4].  

Alternatively, Arabic dialects have additional numbers of vowels for instance the Levantine dialect 

has two additional diphthongs which are /aj, aw/ along with the Egyptian dialect with several vowels as well 

[5]. As we know, across the Arab world, there are diverse spoken dialects amongst them. These dialects have 

a wide range of variances between each other, which makes communication challenging even among them 

that speak different dialects and it is more common among illiterate speakers. Research on vowels in various 

Arabic dialects investigated by [6] proven that Arabic vowels pronounced by speakers of different Arabic 

dialects including Saudi, Sudanese and Egyptian dialects has a different formant for each vowel. Conversely, 

a recognition system is developed by [7] to recognise Arabic vowels using wavelet average framing linear 

prediction coding, which is a modified version of the linear prediction coding and the probabilistic neural 
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network. Another Arabic vowel recognition system is suggested by [8] based on facial electromyograph 

signals (EMG) in order to use it for computer interface and subjects with speech weakness. The features and 

the possibility of using Arabic vowels in clinical application in communication disorders was investigated by 

[9] to help evaluate the language, speech and voice disorders in young and adult subjects. More recent 

research on Arabic language are conducted to address the vowel systems of Colloquial Arabic language as a 

quantity language with other Arabic dialects such as Syrian and Lebanese along with other quantity 

languages such as Spanish was reported in [10]. 

Research and studies of the acoustic characteristics of the Palestinian Arabic vowels was done by 

[11]. Here, six native Palestinian Arabic utterers have articulated 1368 tokens. Experimental analysis and 

results exhibited that F1 for short /i/ and short /u/ has higher frequency than its counterpart vowel and this 

refers to the high long vowels that are produced during higher tongue position. However, the short low vowel 

/a/ has lower F1 frequency as compared to its long counterpart vowel. Meanwhile, for F2 frequencies, the 

speakers were likely to articulate the short /i/ with lower value than the long /i/ in contrast with the short /u/. 

As reported in [13], study showed that the Palestinian vowels have lower F1 and F2 values as compared to 

Iraqi [12] and Tunisians vowels [13]. Additional research on the Palestinian Arabic vowels as discussed in 

[14] mentioned that the variation in the vowel durations in two cases: normal speakers and speakers with 

Broca’s aphasia and reported that speakers with Broca’s aphasia have longer vowel durations as compared to 

normal speakers. Furthermore, researchers have also focused to study the vowels in other Arabic dialects. For 

example, Saudi, Sudanese and Egyptian Arabic vowels as addressed by [15] is to investigate whether vowels 

in MSA is realized in the same way when spoken by individuals related to different dialects. The study 

showed that the short vowels were likely to be centralized more than the long vowels. Another research on 

vowels of eight Arabic dialects is conducted by [16] that include Lebanese, Syrian, Qatari, Tunisian, Emirati, 

Jordanian, Saudi and Sudanese dialects. In this study, monosyllabic words were used in the experiments. This 

study has shown that there is a significant difference in the formant values among all eight dialects. On the 

other hand, another study of vowels in the Libyan Arabic is addressed by [17] to investigate acoustic and 

auditory descriptions about vowels in the Libyan Arabic as comparison with vowel’s attributes by other 

Arabic dialects. The use of monosyllabic words was recorded among 20 native Libyan Arabic native 

speakers. Results showed that the long and short vowels were significantly varied in both quantity and 

quality whilst short vowels are more centralized as compared to other results reported by other researches. 

Another research is on formant based analysis of spoken Arabic vowels as studied by [18]. The first two 

formants were considered in addition to the differences and similarities between vowels. All the carrier words 

were formed using Consonant-Vowel-Consonant style (CVC). 

 

 

2. METHODOLOGY 

 A corpus consists of spoken Arabic phonemes is used in this study. As stated earlier all speakers in 

this corpus are Malays. The total number of subjects are eight with six males and two females. The speakers 

age are between 18 to 38 years old. Each speaker is required to articulate 28 vowel syllables and these 

syllables represent the main six vowels in the Arabic language. The total number of articulated tokens are 

224 and each speaker is given one session to utter all the syllables. All speakers are given time to pronounce 

the syllables prior to the recording process. The recording process is done via SAMSON C03U USB multi-

pattern condenser microphone. This microphone has the ability to record high-quality voice even in a noisy 

environment due to its built-in switchable high-pass filter and 10 dB pad. The chosen sampling rate for all the 

recording phonemes is 16000 Hz, 32 bits as sample format and mono channel. Audacity 2.0.3 software is 

used as a platform for recording. The approximate location for Arabic vowels is illustrated in Figure 1 by 

[10]. As depicted in Figure 1, the long vowels by /a, u, i/ and their short counterpart are represented by /ӕ, Ʊ, 

I/ respectively.  

 

 

3. EXPERIMENTAL ANALYSIS AND DISCUSSION 

This section will discussed in detail the acoustical analysis of short and long dummah. Firstly, the 

location of the vowel in the vowel-space for each vowel is analysed. Next, the measurement of formant 

frequencies namely F1, F2, F3, F4 and F5 of each vowel is discussed in accordance to every phoneme. 

Statistical analysis is indeed vital for evaluation and validation of the result attained as reported in [19], [20] 

& [21]. Hence in study, statistical measurements are performed to determine the variations between the 

vowels.  
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Figure 1. Approximate Location of MSA Vowels 

 

 

3.1. Short Dummah /u/ 

 Figure 2 depicted the distribution of all short dummah of 28 Arabic alphabets namely 

categorised as high-back vowel. As shown in Figure 2, Malays speakers tend to pronounce this vowel as a 

high-back vowel too as most of the vowels are located near to the minimum values of formant frequencies of 

F1 and F2 as highlighted in the circle. In addition, there is more variability along F2 in contrast with F1 but 

this vowel showed less variation as compared to the short fatha. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Distribution of Short Dummah /u/ for all 28 Arabic alphabets  

 

 

Further, Table 1 showed the formant frequencies of F1, F2, F3, F4 and F5 for short dummah vowels 

/u/. From Table 1, it is observed that the vowel frequencies of F3 are more disparity as compared to other 

frequencies since most of the phonemes exceed the 2000Hz. The phonemes /ðˤ u/ has the highest value of F2, 

F3 and F4 frequencies specifically 2443.1, 3454.1 and 4137.4, respectively whilst for F5, the token /du/ has 

the highest frequency that is 5093.7. Further, as shown in Figure 3, all the frequencies are clearly distinct 

from one another since there is no overlapping between them. As for F1, most of the vowels are within 1000 

Hz except for /su/ and /ʃu/ vowels. 
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Table 1: F1, F2 F3, F4 and F5 Frequencies for the 28 Short Dummah Vowels 
Vowels F1 F2 F3 F4 F5 

au 522.3 1494.6 3148.7 4039.6 4995.9 
bu 341.7 1050.6 2847.9 3675.4 5042.1 

tu 414.9 1314.7 2982.8 3735.6 4905.9 

θu 393.1 1035 2592.8 3476.7 4922.4 
dʒu 381 1353.3 2885.4 3747.8 4922.3 

ħu 484.3 1267.7 2554.9 3517.2 4761.4 

xu 590.5 1642.6 3314.4 3955.6 4906.6 
du 414.8 1280.4 2859.5 3710.3 5093.7 

ðu 513.2 1475.3 2661.9 3512.7 4270.6 

ru 518.8 1362.8 2955.3 3687.4 4995 
zu 747.9 2030 3348.9 3898.5 4817 

su 1080.7 2148.7 3312.4 3974.6 5060.4 

ʃu 1089.5 1900.4 3071.5 3776.5 4947.7 
sˤu 793.3 1973.7 3214 3753 4965.1 

dˤu 330.6 1253 2862 3657.7 4376.4 

tˤu 393.7 987.6 3154 3732.7 4787 
ðˤ u 651.3 2443.1 3454.1 4137.4 4812.1 

ʢu 537 1727.2 2833.1 3568.1 4828.1 

ʁu 487.7 1655.6 3107.8 3907.6 4729.5 
fu 465 922 2306.7 3289.6 4187.5 

qu 389.2 1003.7 3046.8 3744.8 4725.2 

ku 455.4 1424.2 3222.6 3949.2 4872 
lu 427.5 1807.7 3016.5 3680.6 4131.8 

mu 522.4 2204.7 2881.5 3698.7 4215 

nu 370.5 1903 2698.7 3551.1 4698 
hu 544.7 1663.7 2955.1 3869.4 4609 

wu 394.6 1504.9 3200.9 4051.4 4671.7 

ju 303.1 1700.2 2884.5 3624.6 4062.4 

 

 

 
 

Figure 3: F1, F2, F3, F4 and F5 Frequencies Display 

 

 

Moreover, the statistical results as tabulated in Table 2 showed that F2 has the largest range that 

resembled that the short dummah vowels are stretch along the F2 axis whilst F1 has the smallest range that 

indicated that these vowels have less distribution over F1 axis. As for the mean value, F1 has the smallest 

value that indicated that the short dummah vowels are position at the back in the vowel space and this is 

confirmed as shown earlier in Figure 2. 

By comparing short dummah vowels /u/ to their counterpart the short fatha vowels /a/, it can be 

noticed that the mean value of F1 for short dummah vowels is smaller than the mean value of F1 for short 

fatha vowels which indicated that short dummah vowels are lower than  short fatha vowels in the vowel 

space. The mean values of F1 are 520 Hz and 736 Hz for short dummah and short fatha respectively. Further, 

Figure 4 showed the difference between short dummah vowels and short fatha vowels. Short dummah vowels 

are indicated by the dotted rectangle and short fatha vowels are indicated by the dotted circle. 
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Table 2. Statistical Analysis of the 28 Short Dummah Vowels 
 F1 F2 F3 F4 F5 

Min 303.1 922 2306.7 3289.6 4062.4 

Max 1089.5 2443.1 3454.1 4137.4 5093.7 

Mean 520 1554.7 2977.7 3747.3 4725.4 

Range 786.4 1521 1147.4 847.8 1031.2 

SD 197.2 399.7 264.9 195.4 303.3 

 

 

 
 

Figure 4. Comparison of Short Fatha Vowels and Short Dummah Vowels 

 

 

3.2. Long Dummah /u:/ 

The long Dummah vowel is considered a high back as shown earlier in Figure 1. Long dummah has 

less difference as compared to the short dummah vowels /u/ with regards to its distribution in the vowel space 

as depicted in Figure 5 and earlier in Figure 2, apart from the fact that short dummah vowels /u/ tend to have 

higher F1 and F2. Note that F1 and F2 range for short dummah vowels /u/ are 786.4 Hz and 1521 Hz 

respectively whilst F1 and F2 range for long dummah vowels /u:/ are 555.9 Hz and 1147.8 Hz respectively.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Long Dummah /u/ Distribution of the 28 Arabic Alphabets 

 

 

These values suggested that long dummah vowels are more front and lower in the vowel space. 

Next, Figure 6 illustrated the dissimilar between short and long dummah vowels. This is because long 
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dummah vowels tend to have a wide variation along F2 and similar for short dummah vowels with the same 

variation. Further, Figure 7 showed comparison between long dummah vowels and long fatha vowels. As 

observed in Figure 7, a major difference between these two vowels with long dummah vowels have the 

tendency to hold high back position while long fatha vowels tend to centralise in the vowel space. 

 

 

 

Figure 6. Comparison of Short Dummah Vowels /u/ and Long Dummah Vowels /u:/ 

 

 

 

Figure 7. Comparison of Long Fatha vowels /a:/ and long dummah vowels /u:/ 

 

 

Refer to Table 3 that showed the F1, F2, F3, F4 and F5 frequencies for long dummah vowels /u:/. 

From Table 3, frequency F5 is the most stable among the formants with all tokens have frequencies less than 

5000 Hz. This justified that the range of F5 is smaller than the range of F5 in case of vowel /u/ as presented 

in Table 4. In contrast, F3 has more token that exceeded 2000 Hz. Further, Figure 8 depicted the frequencies 

that showed all frequencies are distinguished except for a slight overlap between F3 and F4. 

 

  

F2 (Hz)

F
1
 (

H
z
)

3000 0
1500

0

F2 (Hz)

F
1
 (

H
z
)

3000 0
1500

0

F2 (Hz)

F
1
 (

H
z
)

3000 0
1500

0

***
***

***
**********************

**

F2 (Hz)

F
1
 (

H
z
)

3000 0
1500

0

********** ****************
*

F2 (Hz)

F
1
 (

H
z
)

3000 0
1500

0

**
******

**** **** * *******
*** *** *** * ***** *

F2 (Hz)

F
1
 (

H
z
)

3000 0
1500

0

1500

1200

900

600

300

0

3000 2400 1800 1200 600 0

*** ****
**************************

F2 (Hz)

F
1
 (

H
z
)

3000 0
1500

0

********** ****************
*

F2 (Hz)

F
1
 (

H
z
)

3000 0
1500

0

** ********** **** * *******
*** *** *** * ***** *

F2 (Hz)

F
1
 (

H
z
)

3000 0
1500

0

$ $$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$
$$$$$

$$

F2 (Hz)

F
1
 (

H
z
)

3000 0
1500

0

$$ $$$$$$$$$$

$

$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ $$$

F2 (Hz)

F
1
 (

H
z
)

3000 0
1500

0

$$
$$$ $$

$ $$$ $ $ $$$$
$$$$$

$
$$$$$ $$$ $$$$ $$ $$$$

F2 (Hz)

F
1
 (

H
z
)

3000 0
1500

0

1500

1200

900

600

300

0

3000 2400 1800 1200 600 0

* /u/ 
 

$ /u:/ 

1500 

1200 

900 

600 

300 

0 

F1(Hz) 

0 600 1200 1800 2400 3000 

F2(Hz) 

F2 (Hz)

F
1
 (

H
z
)

3000 0
1500

0

F2 (Hz)

F
1
 (

H
z
)

3000 0
1500

0

F2 (Hz)

F
1
 (

H
z
)

3000 0
1500

0

***
***

***
**********************

**

F2 (Hz)

F
1
 (

H
z
)

3000 0
1500

0

********** ****************
*

F2 (Hz)

F
1
 (

H
z
)

3000 0
1500

0

**
******

**** **** * *******
*** *** *** * ***** *

F2 (Hz)

F
1
 (

H
z
)

3000 0
1500

0

1500

1200

900

600

300

0

3000 2400 1800 1200 600 0

*** ****
**************************

F2 (Hz)

F
1
 (

H
z
)

3000 0
1500

0

********** ****************
*

F2 (Hz)

F
1
 (

H
z
)

3000 0
1500

0

** ********** **** * *******
*** *** *** * ***** *

F2 (Hz)

F
1
 (

H
z
)

3000 0
1500

0

$ $$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$
$$$$$

$$

F2 (Hz)

F
1
 (

H
z
)

3000 0
1500

0

$$ $$$$$$$$$$

$

$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ $$$

F2 (Hz)

F
1
 (

H
z
)

3000 0
1500

0

$$
$$$ $$

$ $$$ $ $ $$$$
$$$$$

$
$$$$$ $$$ $$$$ $$ $$$$

F2 (Hz)

F
1
 (

H
z
)

3000 0
1500

0

1500

1200

900

600

300

0

3000 2400 1800 1200 600 0

$ $$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$
$$$$$

$$

F2 (Hz)

F
1
 (

H
z
)

3000 0
1500

0

$$ $$$$$$$$$$

$

$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ $$$

F2 (Hz)

F
1
 (

H
z
)

3000 0
1500

0

$$ $$
$ $$$ $ $ $$$$

$$$$$
$

$$$$$ $$$ $$$$ $$ $$$$

F2 (Hz)

F
1
 (

H
z
)

3000 0
1500

0

F2 (Hz)

F
1
 (

H
z
)

3000 0
1500

0

&&&&&&&
&&&&&&& &&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&

&

F2 (Hz)

F
1
 (

H
z
)

3000 0
1500

0

&&& &&&&&&&&&&&&&&&&
&&&&&&&&&&&&&
&
&

F2 (Hz)

F
1
 (

H
z
)

3000 0
1500

0

&&
&

&&

F2 (Hz)

F
1
 (

H
z
)

3000 0
1500

0

1500

1200

900

600

300

0

3000 2400 1800 1200 600 0

& /a:/ 
 

$ /u:/ 

1500 

1200 

900 

600 

300 

0 

F1(Hz) 

0 600 1200 1800 2400 3000 

F2(Hz) 



Indonesian J Elec Eng & Comp Sci  ISSN: 2502-4752  

 

Acoustical Comparison between /u/ and /u:/ Arabic Vowels for Non-Native Speakers (Ali Abd Almisreb) 

7 

Table 3. F1, F2 F3, F4 and F5 Frequencies for the 28 Long Dummah Vowels 
Vowels F1 F2 F3 F4 F5 

auu: 344.9 1049.5 2901.9 3747.8 4762.3 

buu: 365 1122.9 2850 3836.6 4921.5 

tuu: 400.2 1166.4 2953.3 3709.5 4752.6 
θuu: 394.7 1149.8 2930.1 3725.4 4724.4 

dʒuu: 311.2 1033.8 2622.9 3622.9 4587.6 

ħuu: 343.5 1026.5 2821.7 3639.6 4618.1 
xuu: 553.4 1409.2 3266.6 3740 4647.7 

duu: 445.9 1314.8 2987.1 3863.7 4695.8 

ðuu: 444.1 1394.6 3016 3762.3 4231.3 
ruu: 483.5 1556.9 3226.5 3805.9 4464.4 

zuu: 867.1 2174.3 3417.9 4024.6 4638.4 

suu: 563 1366.6 3032.7 3799.4 4864.6 
ʃuu: 791.9 1646.2 3154.4 3831.8 4662.7 

sˤuu: 671.1 1879.8 3287.5 3956.2 4441.5 

dˤuu: 442.4 1564.2 3176 3786 4311.3 
tˤuu: 431.3 1277.4 3145.4 3871.7 4515.8 

ðˤ uu: 489.8 1670 3156.1 3880.3 4336.3 

ʢuu: 544.8 1922.8 2909.7 3574.6 4601.2 

ʁuu: 467.5 1285.1 3308 3852.2 4224.8 

fuu: 583.5 1456.3 3203.4 3864.8 4419.3 

quu: 457.1 1516.8 3390.6 4013.9 4159.4 
kuu: 407 1176.9 3120.9 3831.5 4710.9 

luu: 501.6 1720 3117.6 3807.1 4239.3 

muu: 432.8 1942.9 2935.8 3855.9 4831.1 
nuu: 427.3 1945.1 2794.6 3610.7 4539 

huu: 375.2 1094.6 3036.5 3678.5 4330.2 

wuu: 532.2 1886.7 3363.4 4117 4599.4 
juu: 415 1525 3077.4 3691 4186.4 

 

 

Further, Table 4 showed the statistical analysis for the 28 long dummah vowels. As compared to 

results tabulated in Table 2, it was observed that there are differences between the acoustic realizations of /u/ 

and /u:/. The comparison showed that short dummah vowels have  bigger range for F1 and F2 which means 

that short dummah vowels are distributed in the vowel space more than the long vowels. The mean values of 

F1 and F2 for the long dummah vowels are less than their counterparts in the short dummah vowels and this 

indicated that the long dummah vowels are more high back vowels.  

 

 

 
 

Figure 8. F1, F2, F3, F4 and F5 Frequencies Display 
 
 

Table 4. Statistical Results of the 28 Long Dummah Vowels 

 F1 F2 F3 F4 F5 

Min 311.2 1026.5 2622.9 2622.9 4159.4 

Max 867.1 2174.3 3417.9 4117.0 4921.5 

Mean 481.7 1474.1 3078.7 3767.9 4536.3 

Range 555.9 1147.8 794.9 1494.1 762 

SD 127.4 325.9 195.5 255.8 218.8 
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4. CONCLUSION 

In conclusion, this study discussed the acoustical attributes of both short and long dummah vowels 

in Arabic language with all tokens articulated by Malay speakers with the purpose is to investigate the 

articulation by Malay speakers as compared to Arabic native speakers. Results attained showed that the 

speakers have a tendency to articulate the short dummah /u/ as a high-back vowel and it is higher as 

compared to short fatha /a/. In contrast, the phonemes based on vowels /u/ and /u:/ have shown similarity in 

terms of the location in the vowel space. However, the long dummah for vowel /u:/ are still higher than the 

vowel /u/ in the vowel space. 
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