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 Recent advances in deep learning and neural network technology have 

dramatically improved speech technology [5], but these improvements are not 

uniform and some languages, due to their complexity, unfortunately lag behind. 

Arabic is one such language, and although universally regarded as one of the 

world's major languages, the quality of Arabic speech technology is still 

significantly behind that of the other major languages such as Chinese, 

Spanish, and English. This report analyzes errors in the Arabic TTS systems 

for Google, Apple, and Microsoft, and explains how ArabLEX, CJKI's 

Comprehensive Arabic Full Form Lexicon [1, 2], the most comprehensive 

Arabic computational lexicon available, can serve as training lexicon to 

address these shortcomings and enhance the quality of both text-to-speech 

(TTS) and automatic speech recognition (ASR). 

 

1. TTS accuracy 

The extreme orthographic ambiguity of Arabic (see Appendix 2 for linguistic details) has 

led to very high error rates in TTS systems, even those offered by major companies such 

as Google, Apple, and Microsoft. We tested several of these TTS systems to determine 

the scope of the problem and present some of the results in Appendix 1. We discovered 

that it is not unusual for over 50% of the words in a sentence in these systems to be 

mispronounced, and that there is a trend for cliticized words to be incorrectly pronounced. 

For example, the cliticized word  correctly pronounced                , is 

mispronounced as       ā   áy  .  

 

Another issue is prosody (stress and intonation) and vowel neutralization (e.g.       is 

written as a long vowel in but is shortened in actual pronunciation to na). This means 

that the ي in both يا  and يد are pronounced long and short respectively, as it seems that 

they should be, but in fact the long vowel in the former should be neutralized and both are 



pronounced y    (the    indicates a shortened long vowel). Incorrect prosody means for 

example pronouncing مدرسة ‘schoo ’  s mádr s  u instead of the correct m drás  u. This 

causes the Arabic to sound unnatural, like pronouncing nation with the stress on the last 

syllable. This complex issue is described more fully in my paper on Arabic stress [3].  

 

2. ASR accuracy 

ArabLEX includes features specifically designed to support automatic speech recognition 

(ASR). For speech synthesis (TTS), it is necessary to generate only one accurate 

pronunciation. For example, 'writers' in standard Arabic is pronounced           , but 

for ASR it is also necessary to recognize the less formal variant pronunciation          .  

Similarly, the standard pronunciation of 'I write' is ʾá  u u, but the final vowel is often 

omitted and it is pronounced ʾá  u . 

 

The above alternatives are on a phonemic level. That is, the phoneme /na/ is being 

replaced by the phoneme /n/ as a result of vowel omission. There are also variations on 

the phonetic level; that is, certain phonemes have regional allophones. For example, in 

such words as jamal is pronounced [g  m l] in Egypt, [d ʒ  m  l]  in the Gulf region, 

and [ʒ  m  l] in the Levant. It is important to note that this does not refer to the local dialects 

in those regions, but to a regional varieties of Modern Standard Arabic (MSA) in those 

regions. 

 

Thus, ArabLEX not only represents in the standard IPA [d ʒ]  for TTS, it also lists the 

regional [ʒ] and [g] for ASR training. The goal is to enable the recognition of these 

allophones, but not to generate them. 

 

3. Comprehensive pronunciation dictionary 

One of the key components for training speech technology systems is the pronunciation 

dictionary. A major feature of ArabLEX is that it can serve as an extremely comprehensive 

pronunciation dictionary as well as training lexicon. 

 

ArabLEX not only maps all unvocalized forms to their vocalized counterparts and to their 
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lemmas, but also provides precise phonemic transcriptions (CARS system) [4] and 

phonetic transcriptions (IPA) that includes precise word stress and vowel neutralization. 

For example, in w  lik  ːˈ     um (ˑ),  he s ressed sy     e  s   d c  ed  y (ˈ) (U+0C28),  h  e 

(ˑ) (U+02D1)   d c  es  h    he f       is neutralized vowel of optional half length. This 

helps developers significantly enhance the quality of Arabic TTS, and can be used in 

training ASR systems to achieve higher recognition rates.  

 

4. Conclusion 

To summarize, ArabLEX can bring the following benefits to Arabic speech technology: 

 

 Approximately 600 million entries, including millions of proper nouns. 

 All combinations of proclitics, enclitics, and affixes. 

 Tens of millions of orthographic variants.  

 Exhaustive list of alternative pronunciations of identical unvocalized strings to 

enable orthographical disambiguation (e.g. six alternatives for كاتباتك). 

 Highly accurate phonemic transcriptions for all wordforms (CARS). 

 Phonetic transcriptions (IPA) indicate the correct allophonic variants in context as 

well as regional variants. 

 

Speech synthesis, speech recognition and prosody in current Arabic speech technology 

are, on the whole, inaccurate, unnatural and often unpleasant to the ear. Although Arabic 

is one of the most common languages in the world, Arabic speech technology has lagged  

behind the other major world languages. This does a disservice to Arabic-speaking users, 

not to mention the many millions of people around the world who are learning Arabic and 

rely on speech tools to further their learning and communicative ability. 
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Appendix 1: TTS TEST RESULTS 

 

Below are the results of CJKI's tests comparing the TTS systems of Google, Apple (iOS) 

and Microsoft (Bing). The Unvocalized field is the original Arabic text, the Vocalized field 

indicates the correct pronunciation, and the CJKI field shows the  pronunciation in CARS 

phonemic transcription [4] contained in ArabLEX. The CARS transcriptions in these 

Google, iOS and Bing columns indicate the actual pronunciation by the three TTS engines. 

Mispronunciations are indicated in red, and the error rate is given in the column headers. 

 

Tables 1 and 3 are based on text composed for this survey, while tables 2 and 4 use a 

sentence extracted from the web. (It is noteworthy that the error rate for the composed text 

is actually much lower than for the extracted text.) Tables 1 and 3 compare the results on 

a word-by-word basis, whereas tables 2 and 4 compare them on a sentence-by-sentence  

basis, showing the context.  

 

Table 1: Mispronounced Words in Composed Text 

Unvocalized Vocalized 
Google 

(13%) 

iOS 

(31%) 

Bing 

(25%) 
CJKI 

  ád du  ád d   ád d   ádd d  

   ā    u   ā        ā    u   ā    u 

 m   m   m   m   

  ā     ā     ā     ā    

 ʾí    ʾí    ʾí    ʾí    

 h  ʾu ā ʾ   h  ʾu ā ʾ   h  ʾu ā ʾ   h  ʾu ā ʾ   

 lḥu  ā m  lḥu  ā m  lḥu  ā m  lḥu  ā m  

 yaf       hu yaf       hu yaf       hu yaf       hu 

 f   f   f   f   

   hā r      hā r      hā r      hā r    

 mí h   mí h   mí h   mí h   



  h   mā     h   mā     h   mā     h   mā    

  ʾ     uru  íyy     ʾ     uru  íyy     ʾ     uru  íyy     ʾ     uru  íyy    

 wamuṭārád    wamuṭāríd    wamuṭāríd    wamuṭārád    

 lmu   r ḍ     lmu   r ḍ     lmu   r ḍ     lmu   r ḍ     

       ʾ           ʾ           ʾ           ʾ     

 f   f   f   f   

 l   ā ṣimi l   ā ṣimi l   ā ṣimi l   ā ṣimi 

  gh r íyy     gh r íyy     gh r íyy     gh r íyy    

                       ā   áy         ā   áy                   

 mí   mí   mí   mí   

 ṣṣaḥ f  y     ṣṣaḥ f  y     ṣṣaḥ f  y     ṣṣaḥ f  y   a 

 l ár    l ár    l ár    l ár    

 ṣárr ḥa ṣár ḥa ṣár ḥa ṣárr ḥa 

   ʾá      ʾá      ʾá      ʾá    

    áyh m    áyh m    áyh m    áyh m 

 ʾan ʾan ʾan ʾan 

 y   ú u u y   ú u u y   ú u u y   ú u u 

 m   m   m   m   

  um     h    m   h    m   h   um   h  

  alayhim  alayhim  alayhim  alayhim 

 ḍ māʾíruhum ḍ māʾír h m ḍ māʾír h m ḍ māʾíruhum 

 

 



Table 2: Mispronounced Words in Extracted Text 

Unvocalized Vocalized 
Google 

(80%) 

iOS 

(90%) 

Bing 

(70%) 
CJKI 

 ʾ    h ā  u ʾ  ʾ  h  ā    ʾ  ʾ  h  ā  u ʾ  ʾ  h  ā  u 

  mu        ā  u  mu        ā     mu        ā     mu        ā  u 

               ā       ā     

 rí     rú     rú     ru í    

       ā ʾ u      ā ʾ      ā ʾ    ʾ   ā ʾ  

 f   y   í    f    í    f    í    f  y   ú    

 ʾ smā ʾ hum smā ʾ him smā ʾ h m ʾ smā ʾ hum 

   sá       sá       sá       sá     

     s mm  hu     s mm  h      s mm  h     smíy    

 r   ā ʾ   r  ā ʾ  r  ā ʾ  r  ā ʾ    

 

Table 3: Mispronounced Sentences  in Composed Text 

TTS Sentence Error % 

Unvocalized  

Vocalized  

 CJKI 

 ádd d    ā    u m    ā    ʾí    h  ʾu ā ʾ   ḥu  ā m  

yaf       hu f     hā r    mí h    h   mā     ʾ     uru  íyy    

wamuṭārád     mu   r ḍ           ʾ     f       ā ṣ m   gh r íyy   . 

                mí   ṣṣaḥ f  y       ár    ṣárr ḥ    ʾá    

 



   áyh m ʾ   y   ú u u m    um   h   alayhim ḍ māʾíruhum

Google 

 ád du   ā    u m    ā    ʾí    h  ʾu ā ʾ  lḥu  ā m  yaf       hu 

f     hā r    mí h    h   mā     ʾ     uru  íyy      muṭārádati 

lmu   r ḍ           ʾ     f       ā ṣ m   gh r íyy   .                 

mí   ṣṣaḥ f  y       ár    ṣárr ḥ    ʾá       áyh m ʾ   

y   ú u u m    um     h   alayhim ḍ māʾíruhum

 

iOS 

 ád d    ā      m    ā    ʾí    h  ʾu ā ʾ  lḥu  ā m  yaf       hu 

f     hā r    mí h    h   mā     ʾ     uru  íyy    wamuṭāríd    

lmu   r ḍ           ʾ     f       ā ṣ m   gh r íyy   .       ā   áy   

mí   ṣṣaḥ f  y       ár    ṣár ḥa   ʾá       áyh m ʾ   

y   ú u u m     m   h   alayhim ḍ māʾír h m

 

Bing 

 ád d    ā    u m    ā    ʾí    h  ʾu ā ʾ  lḥu  ā m   

af       hu f     hā r    mí h    h   mā     ʾ     uru  íyy    

wamuṭāríd    lmu   r ḍ           ʾ     f       ā ṣ m   gh r íyy   . 

      ā   áy   mí   ṣṣaḥ f  y       ár    ṣár ḥa   ʾá    

   áyh m ʾ   y   ú u u m   taml  h   alayhim ḍ māʾír h m

 

 

Table 4: Mispronounced Sentences in Extracted Text 

TTS Sentence Error % 

Unvocalized  

Vocalized  

CJKI 
ʾ  ʾ  h  ā  u  mu        ā  u   ā     ru í      ʾ   ā ʾ  

f  y   ú    ʾ smā ʾ hum   sá        smíy    r  ā ʾ  
 

Google 
ʾ    h ā  u  mu        ā  u      rí           ā ʾu  f   y   í    

ʾ smā ʾ hum   sá         s mm  hu r   ā ʾ  
 

iOS 
ʾ  ʾ  h  ā     mu        ā           rú         ā ʾ  f    í    

smā ʾ h m   sá         s mm  h  r  ā ʾ
 

Bing 
ʾ  ʾ  h  ā  u  mu        ā      ā     rú         ā ʾ  f    í    

smā ʾ h m   sá     l   s mm  h  r  ā ʾ
 



Appendix 2: Orthographical ambiguity 

 

One reason that Arabic speech technology lags behind is that the Arabic script is highly 

ambiguous. Words are often written as a string of consonants with no indication of vowels. 

For example,  can represent as many as seven pronunciations:  ā     ,  ā    u , 

 ā      ,  ā     ,  ā     ,  ā      and  ā    u. Many other characteristics of the Arabic script 

contribute to a high level of orthographic ambiguity, as described in Halpern's  paper on 

Arabic named entities [4]. 

 

The morphological complexity of such cliticized forms as            ā íh m  , and 

the absence of vowel diacritics, makes Arabic TTS especially challenging. That is, 

determining the morphological composition of such forms, and the correct vowels for such 

consonants as  in  often requires morphological, semantic and contextual 

analysis which tax the capabilities of state-of-the-art speech technology.  

 

 

 


