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ABSTRACT Speech processing applications have become integral components across various domains of
modern life. The design and preparation of a reliable recognition system rely heavily on the availability
of suitable speech databases. While numerous speech databases exist for English and other languages, the
availability of comprehensive resources for Arabic language remains limited. In light of this, we conducted
a systematic review aiming to identify, analyse, and classify existing Modern Standard Arabic speech
databases. Through our review, we identified 27 publicly available databases and analysed an additional
80 subjective databases. These databases were thoroughly studied, classified based on their characteristics,
and subjected to a detailed analysis of research trends in the field. This paper provides a comprehensive
discussion on the diverse speech databases developed for various speech processing applications. It sheds
light on the purposes and unique characteristics of Arabic speech databases, enabling researchers to easily
access suitable resources for their specific applications. The findings of this review contribute to bridging
the gap in available Arabic speech databases and serve as a valuable resource for researchers in the field.

. INDEX TERMS Speech corpus, speech database, modern standard Arabic, MSA corpora, speech recogni-

tion, Arabic recognition.

I. INTRODUCTION

The achievement of Automatic Speech Processing (ASP),
machine learning, and Deep learning led to an increase in
the need for large-scale corpora (speech databases). Such
database collection is often a difficult job, however, as it
involves important investment involving time and money
costs [1].

For this reason, speech databases have been collected for
major languages like English, Spanish, German, Japanese,
Chinese, Dutch, French, Indian languages, etc. () [2].

The Arabic language is a Semitic language spoken
throughout the globe by more than 420 million people and
as the language of the Qur'an, is the religious language of
Muslims everywhere [3]. In the linguistic globe of today,
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when someone talks of “Arabic,” they likely refer to Modern
Standard Arabic, not Classical Arabic [4].

On the other extreme, in spite of the fact that Arabic is
the world’s most significant language, Arabic is geograph-
ically one of the most widely used world languages [5].
However, there are few Arabic speech databases and it is not
rich [6], [7]. Therefore, a rich and detailed Arabic-speaking
database that is publicly available is needed. Hence the
databases can improve the quantity and quality of studies
in Arabic language processing considerably [6], [7]. Actu-
ally, the quantity of work in the Speech domain for Arabic
languages has not yet reached a critical level to be used
as a true tool in speech applications, as in other devel-
oped countries’ languages. This is because there are no rich
databases in Arabic, unlike other languages that have a rich
speech database. For example, one well-known and widely
used speech database is TIMIT [8]. It consists of 630 native
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speakers of American English, of whom 70% are male and
30% female. Each speaker reads 10 sentences in one session
which takes approximately 30 seconds [9].

A Speech Corpus is a database of speech audio files and
text transcriptions of these audio files in a format that can be
used to create Acoustical Models () [2].

In this regard, some previous studies have conducted a
review of English corpora and other languages, even lan-
guages less known than Arabic, such as Hindi, Amharic,
and others. The studies have reported challenges related to
corpora information extraction, such as inaccessibility and
disorganization on personal and research group sites [10].

Determining the size of the database and the diversity ofthe
characteristics of the speakers is also important, especially
for Al and NLP projects, where a larger group is useful
due to its diversity and representation of the language being
studied. This necessitates database analysis by researchers
to determine a database’s qualities and usefulness for their
research.

To the best of our knowledge, no reviews have previ-
ously looked at the PRISMA-compliant literature to Avail-
able Arabic Corpora: A Scoping Review. For example,
Ahmed et al. [11] in their review surveyed the grammar of the
Arabic language available for free, whether written or spoken;
however, only three speech databases were discussed: ADI17
with 3033 h of Dialect Arabic, ARAB-ANDALUSIAN with
125 h of Moroccan tradition of Arab-Andalusian music and
Arpod with 8.1 h of Speech data. It is noted that the three
databases discussed in this review are not within the scope
of our review, as they are not standard Arabic language
databases.

The field of speech processing relies heavily on the avail-
ability of appropriate speech corpora, especially for Modern
Standard Arabic (MSA). However, accessing and understand-
ing the specifications of existing MSA speech databases can
be challenging for researchers in the field. Therefore, the
primary objective of this study is to comprehensively explore
accessible MSA speech corpora, conduct an in-depth analy-
sis, classify them based on their characteristics, and provide
detailed descriptions. This effort aims to facilitate researchers
in the field of speech processing in identifying and accessing
the most suitable databases for their research needs.

Additionally, this systematic review encompasses an
examination of previous works that utilized these databases
for speech processing applications. By compiling and analyz-
ing such studies, this review serves as a valuable resource that
enables researchers to easily access not only the MSA speech
databases but also the studies that have described, evaluated,
or applied these databases.

Furthermore, we extend the scope of this review to include
studies within the field of Arabic speech processing that
have developed their own databases for training and testing
purposes. The inclusion of these studies strengthens the com-
prehensiveness of our review and provides researchers with a
broader perspective on the available resources in the field.
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FIGURE 1. Review methodology and procedures.

Motivated by these three objectives, we conducted an
extensive literature survey spanning from 2000 to 2023 to
review and analyze Arabic phonetic databases, as well as
studies that have utilized existing databases or created their
own. The scientific contribution of this review lies in its sys-
tematic approach, comprehensive analysis, and provision of
valuable insights into the landscape of MSA speech corpora.
By addressing the limitations in accessing and understanding
these databases, this paper aims to have a significant impact
on the field of speech processing and contribute to advance-
ments in Arabic speech recognition, synthesis, and related
applications.

This paper is organized as follows: The review process
methodology is presented in Section Il; Section Il presents
the results obtained to answer the pre-determined research
questions; the future research directions are discussed in
Section 1V; and the paper is concluded in Section V.

Il. REVIEW METHODOLOGY

When developing this review, we are inspired by the method-
ology described by [12] and [13] which follows the guidelines
recommended by [14] and [15] in which four phases are to be
executed in the review process: (i) designing, (ii) conducting,
(iii) analyzing, and (iv) documenting. Figure 1depicts all of
the procedures involved as well as the results of each phase.
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A. PLANNING AND DESIGNING THE REVIEW

The goal of this phase is to define and outline a strategy
for creating the review protocol, including research questions
(RQ), search terms, data sources, and selection criteria.

This review is expressed in the following research ques-
tions in order to reach our research goal:

RQ1. What are the trends in published research studies
in the field of construction and applications of spoken mod-
ern standard Arabic (MSA) databases? Objective: to catego-
rize primary studies in assessing distributions of publication
types, years, and venues based on the number of primary
studies.

RQ2. What are the sources and methods of collecting
Arabic data? Objective: To classify MSA speech databases
based collection methods to give a general picture of
data collection methods and the characteristics of each
database.

RQ3. What are the most important applications and pur-
poses for which the databases were collected? Objective: To
determine the trends of the studies for the MSA speech

databases used to summarize the main characteristics of
the Arabic databases based on their purpose, thus making it
easier for the researcher to choose the appropriate database.

RQ4. What are the most important features of MSA speech
corpora in terms of the number of speakers, the size of the
database, corpus prompts, and finally the diversity in the
ages, sex and nationalities of the speakers and the record-
ing environment? Objective: To identify the most important
features of the available speech Modern Standard Arabic
language databases and self-datasets, and to summarize the
main features of the MSA databases based on the diversity of
the number, type, and ages of speakers, which makes it easier
for the researcher to choose the appropriate database based
on their features.

RQ5. What are the future research directions regarding the
collection and construction of Arabic databases? Objective:
To identify research issues and gaps related to MSA language
databases.

This review aims to get useful answers for researchers
who want to contribute more to the field of speech process-
ing, as well as researchers to understand the available MSA
speech databases, characteristics, design purposes, methods
of collection, and how it can be used in speech processing
applications, in addition to knowing the correct methods to
build an Arabic speech standard database.

To define the searchterms, we used a search string based on
a set of important keywords. These include Arabic OR Arabic
OR MSA OR Modern Standard Arabic AND Database OR
Dataset OR Corpus OR Corpora.

Regarding the data sources, we identified several online
digital databases and search engines that can be used to
search and collect manuscripts as the primary studies in
the literature review process. These include IEEE Xplore
Digital Library, ScienceDirect, Scopus, Springer Link, Web
of Science, Google Scholar, ResearchGate, and ACM Dig-
ital Library, in addition, a review of Arabic databases in
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Linguistic Data Consortium (LDC) and Open Speech and
Language Resources (Open SLR).

Inclusion and exclusion criteria have been applied to
manuscripts where manuscripts in the form ofjournal papers,
conference papers, books, book chapters, technical reports,
and theses in the scope of Arabic speech processing are
included.

Manuscripts focused on textual or visual databases were
excluded. Moreover, there were restrictions on the year of
publication, as manuscripts published in 2000 and above were
included.

B. REVIEW PROCEDURE

In this stage, the literature search, selection, collection, and
data extraction are implemented based on several definitions
in the previous stage. It is a straightforward process where
the research activity begins by applying the selected search
words to online digital databases and search engines to obtain
candidate studies.

The inclusion and exclusion selection criteria are applied
to candidate studies to filter and select relevant studies. After
removing the duplication of relevant studies from different
data sources, manuscripts are collected.

Based on the final selection process, we have
successfully collected 229 manuscripts, 27 of which are
documented databases from LDC, Open SLR, universities or
scientific institutions, while the rest are distributed between
manuscripts that used these databases and others that con-
structed their databases.

We sorted the primary studies in ascending order based on
the year of publication and the name of the first author, then
baseline characteristics are extracted from the primary studies
and stored in tabular form. These include the year of pub-
lication, type, author name, manuscript title, problem to be
addressed, database type, characteristics of speakers (number,
sex, and age), database size, collection methods, collection
resources, and database applications (see Appendix I, I1, 111).

C. REVIEW ANALYSIS

This stage is done by analyzing the data extracted from the
previous stage to collect some information so that it can be
used to answer our research questions, which cover Publi-
cation trends regarding the spoken modern standard Arabic
language databases collected by classifying primary studies
and Arabic databases.

A summary of sources and methods collection of Arabic
speech databases to give a general picture of data collection
methods and the characteristics of each database.

Determining the directions of MSA speech databases
based on their purpose makes it easier for researchers to
choose the appropriate database.

Future research directions regarding the MSA speech
database collection and construction. This was done by inves-
tigating the primary studies and categorizing them based on
the year of publication, their types, and their applications.
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D. DOCUMENTING THE REVIEW

In the final stage, the final report was written to present
the results obtained from the analysis stage, and answers to
the research questions mentioned in the planning stage were
provided.

Il. RESULTS
This section presents the results of the review, the details of
which are provided in the following subsections.

A. SEARCH RESULTS

An initial search of bibliographic databases returned a total
of 1264 citations as shown in Figure 2 Among them,
we found 336 duplicate citations which were therefore
removed. Of the remaining 928 manuscripts, 492 were
not related to the speech databases of Modern Standard
Arabic according to the inclusion criteria of this review,
thus 280 manuscripts were excluded because there is no
discussion or application database. 59 manuscripts contained
non-Arabic databases, and 33 manuscripts discussed multiple
languages, the database information was not mentioned in
68 manuscripts and 52 manuscripts are not speech databases.
Moreover, 76 manuscripts that are not related to the language
form included in this review, which is Modern Standard Ara-
bic, were excluded, therefore, 76 studies of classical Arabic
databases and 111 studies of Arabic dialects databases were
excluded. Finally, 219 studies were selected after reading
the full texts. 27 publicly accessible databases were included
from Database Sources.

B. ANALYSIS OF THE PUBLICATION TRENDS

This section presents the analysis of publication trends in
response to the first research question (RQ1), focusing on the
219 primary studies. The trends are examined based on the
classification of publication type and year. Figure 3 illustrates
the number of manuscripts based on different publication
types. It can be observed that conference papers are the major
contributors in the primary studies with 59%, followed by
37% of journal papers and 4% of other types of published
manuscripts.

Figure 4 depicts the publishing trend for a period of
24 years, from 2000 to 2023, with relation to the distribution
of publications about MSA speech databases as well as stud-
ies that described the usage and application of these databases
in various fields of speech processing. As can be seen, there
are 9.125 publications on average per year, with an upward
trend peaking in 2013 when there were 19 publications total.
Later, the trend fluctuated and the number of manuscripts
published increased to 17 in 2017 and 18 in 2021. In light
of this, the result supports the growing demand for speech
databases for the Modern Standard Arabic language and its
applications.

Figure 5 also shows the distribution of the publicly acces-
sible Standard Arabic speech databases and the publication
years. It is noted that the years 2006, 2007 and 2013 reached
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FIGURE 2. Selection of relevant publications process flow chart.

FIGURE 3. Distribution of the publication per type.

the highest publication number of the databases, as the num-
ber of publicly accessible published databases was 3 for each
year. It is also noted that the frequency of publishing publicly
accessible databases after 2017 have decreased, as only one
database was published in 2018 and one in 2020, and no MSA
speech databases were published after that.

C. MSA SPEECH DATABASE COLLECTION METHODS AND
RESOURCES

In order to answer (Q2) and to find out the resources of
Arabic databases and the methods of collecting them, in this
review we have classified the publications into three cat-
egories: 1) publicly accessible databases that were often
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FIGURE 4. Distribution of the publication per year.

Database

<#

Years

FIGURE 5. Distribution of the available MSA speech corpora per year.

collected directly from the participants (speakers) by direct
recording or through other collecting method like Web-based
resourcing, spontaneous telephone conversations, telephone
responses of questionnaires, social media and recording
broadcast, 2) studies that implement the publicly accessible
MSA speech databases, 3) studies that design and construct
their own MSA speech database to be used in training and
testing. They also collect data from participants and are often
small databases, noting that some databases can be consid-
ered Rich and standard.

Accordingly, 27 publicly accessible databases were
selected, 101 manuscripts used publicly accessible databases
in  speech processing applications, and finally,
118 manuscripts built and designed their databases, but they
are not available for researchers.

The first category was referred to as publicly accessible
databases, the second category as applied studies, and the last
category as self-databases.

1) PUBLICLY ACCESSIBLE MODERN STANDARD ARABIC
SPEECH DATABASES

In this study, 27 Modern Standard Arabic speech databases
were investigated. These databases can be accessed for free
or for a charge of between $50 and $2,000, and are accessible
to researchers in academic and research institutions. Table 1
shows these datasets and their publishers.
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The first set of speech corpora have taken advantage of
the limited solution of telephony conversation recording.
Development of the pioneer Arabic Dialects corpus began in
the mid-1990s and it is CALLFRIEND Egyptian [16], [17].
OrienTel is also considered to be one of the first databases
that have collected speech database for the Arabic Stan-
dard (MSA) and Arabic dialects of Palestine, Jordan, Egypt,
Saudi Arabia, the UAE, Tunisia, Morocco, and United Arab
Emirates countries [1], [7], [18], [19] also used the same
telephone response to the questionnaire technique.

2) APPLIED STUDIES OF PUBLICLY ACCESSIBLE MODERN
STANDARD ARABIC SPEECH DATABASES

In this review, we studied 101 manuscripts that used one of
the available databases mentioned in Table 1. Table 2 shows
the sources of the databases used in these manuscripts, and
Figure 6 shows the frequency distribution of the Accessible
Modern Standard Arabic Speech Databases.

3) SELF-DATASETS OF SPEECH MODERN STANDARD
ARABIC

118 manuscripts were accessed during this review. The
researchers of these publications built their databases, and
when studying and analyzing these manuscripts, we found
80 different databases. Some of these databases are rich and
balanced and can be considered standard databases, but to the
best of our knowledge, they are not available to researchers,
as we could not access them during our research.

Figure 7 shows that the researchers collected this data
in several methods: 49 databases were collected by direct
recording, 15 databases by choosing from other Arabic
speech corpora, 9 databases were selected from TV broad-
casting, and 2 databases for remote recording by fixed-line
telephone network or Mobile and one database was collected
from the web, while 5 databases lacked details on the method
of data collection. 118 manuscripts were accessed during this
review. The researchers of these publications built 80 unique
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TABLE 1. Publicly accessible modern standard arabic speech databases *

A. M. A. Algadasi et al.: Modern Standard Arabic Speech Corpora: A Systematic Review

freely available for academic and research purposes, ELRA (European
Language Resources Association), LDC (Linguistic Data Consortium).

Corpus Name publisher
A standard Arabic Single Speaker
Corpus (SASSC) KACST
Arabic Broadcast News Speech LDC
Arabic Learner Corpus LDC
Arabic Speech Corpus (ASC) ELRA
Arabic Speech Corpus for Isolated  University of
Words Stirling
GALE Phase 2 Arabic Broadcast LDC
News & Conversation Speech
GALE Phase 3 Arabic Broadcast LDC
News & Conversation Speech
GALE Phase 4 Arabic Broadcast LDC
News & Conversation Speech
KACST Arabic Phonetic Database
(KAPD) KACST
King Abdulaziz City for Science and
Technology Text to Speech Database KACST
(KTD)
King Saud University Emotions LDC
(KSUEmotions) corpus
UM and
MSA Speech Corpus University of
Jordan
NEMLAR Broadcast News ELRA
NEMLAR Speech Synthesis Corpus ELRA
NetDC Arabic BNSC(Broadcast ELRA and
News Speech Corpus) LDC
OrienTel Egypt MSA ELRA
OrienTel Jordan MSA ELRA
OrienTel Morocco MSA ELRA
OrienTel Tunisia MSA ELRA
Phonemes of Arabic LDC
httD:/fwww.ti
Spoken Arabic Digit Database (SAD) meseriesclass
ification.com
West Point LDC
Hamad Bin
Al Jazeera multi-dialectal Khalifa
University
MDP (Multi Dialect Arabic Speech
Parallel Corpora)
Arabic mobile parallel multi-dialect Qassim
speech University
King Saud University Arabic Speech LDC
Database (KSU)
Arabic
Multi-Genre Broadcast (MGB-3) speech
community

databases, which we named DB 01, DB 02,..., and DB 80 and
listed them in Table 3 along with manuscripts that used them.
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[20]
[21]
[22]
[23]
[24]
[25]
[26]
27]

[28]

[29]

[30]

[31]

[32]
[33]
[34]
[39]
[36]
[37]
[38]
[39]
[40]
[41]

[42]

[43]
[44]

[45]

[46]

Available
database

*

LDC2006S46
LDC2015S10

ELRA-S0384
ASCIW
LDC2013S02
LDC2016T17

LDC2013S02

*

LDC2017S12

MSASC

ELRA-50219
ELRA-50220
ELRA-S0157
ELRA-50222
ELRA-50290
ELRA-S0184
ELRA-50187

LDC2020S13

SAD

LDC2002S02

aliazeeraSpee
chCoirms

LDC2014S02

meb3

TABLE 2. Applied studies list OF PUBLICLY accessible modern standard

arabic speech databases.

Database

SASSC

Al Jazeera multi-
dialectal
Arabic mobile
parallel multi-dialect
speech

ASC

Arabic Speech
Corpus for Isolated
Words

ARADIGIT

audio-visual
phonetically
annotated Arabic
corpus

GALE Phase 3

KAPD

KALAM’DZ

KTD

KSU Database

KSU Emotions
corpus

MDP

Mozilla Common
Voice Corpus 12.0
(MCV) corpus

NetDC Arabic BNSC

SAAVB (Saudi
Accented Arabic
Voice Bank)

select form multi
corpora

SAD

West Point

PUBLICATION CITQEFION
[20], [47], [48], [49] 4
[50], [42], [51] 3
[52] 1
[53], [54], [55], [56], [57], 7
(58], [59]
[60], [61], [62] 3
[63], [64], [65], [66], [67], 6
Teal
[69] 1
[70], [71], [72], [73], [74] 5

[75], [78], [77], [78], [79],
[80], [81], [82], [83], [84], 15
[851, [86], [87], [88], [89]

[90] 1

[91], [92], [93] 3

[6], [94], [7], [95], [96], [97], 7
[98]

[99], [100], [101], [102], o

[103], [104], [105], [106]

[107] 1

[108] 1

[109], [109] 2

[110], [111], [112], [113], [9]. 6
[114]

[115], [116], [117], [118],
[119], [120], [121], [122], 12
[123], [124], [125], [126]

[127], [128] 2

[129], [130], [131], [132],

[133], [134], [135], [136],

[137], [138], [139], [140],
[141]

13

It should be mentioned that some of these databases can
be regarded as rich databases because they contain many
speakers or are large in size, and some of these databases have
been used in numerous papers in various applied fields.
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FIGURE 7. Collecting methods of datasets (self-datasets).

D.ARABIC SPEECH CORPORA ACCORDING TO PURPOSE
OF COLLECTION

This section aims to answer the third question,
Bougrine, et al. [1] claim that the applications using speech
corpora can be classified into four main categories: speech
recognition/verification, speech synthesis, speaker recogni-
tion/verification, and other spoken-language applications.
Nevertheless, researchers have collected databases for a vari-
ety of purposes like general purpose, Speech synthesis/ TTS,
Speech recognition, speaker recognition, emotional speech
recognition, specific domain, educational purposes, medi-
cal applications, language/dialect identification and speaker
sex/age identification.

The developed speech databases are either for general
purpose applications or for a particular application. Most
speech databases that were studied were used for automatic
speech recognition and Text to Speech Synthesis Systems.
An example of this would be the speech Arabic Text-to-
Speech (TTS) databases. The Linguistic Data Consortium
(LCD) has acollection of MSA and dialectical Arabic speech
and text datasets for research and development purposes.

Figure 8 shows the purposes that have been announced
by the developers of the publicly Accessible Modern Stan-
dard Arabic Speech Databases. It turns out that most of the
databases were created and designed for speech recognition,
as 16 databases are available for speech recognition, while
4 databases were established for speech synthesis and 4 gen-
eral purpose databases, and the rest of the rules are distributed
to speaker recognition and those which identify feelings,
educational applications and limited applications (travel and
tourism). Details of the applications of each database are in
Table 4.

The purposes that were declared by the researchers in
their studies in which they used available databases were
among these purposes consistent with the purposes declared
by the developers of the database, including studies that
were carried out for additional purposes. Figure 9 shows
the distribution of these studies based on purposes. The
distribution, in order, were as follows: speech recogni-
tion with 37 manuscripts, Corpus description/evaluation
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TABLE 3. List of self-datasets of speech modern standard arabic.

Database Developed

No
DB 01

DB 02

DB 03

DB 04

DB 05

DB 06

DB 07

DB 08

DB 09

DB 10

DB 11

DB 12

DB 13

DB 14

DB 15

DB 16

DB 17

DB 18

DB 19

DB 20

DB 21

DB 22

DB 23

DB 24

DB 25

DB 26

DB 27

DB 28

DB 29

DB 30

DB 31

DB 32

by
[142]

[144]
[147]
[149]
[150]
[152]
[154]
[156]
[158]
[160]
[164]
[166]
[168]
[170]
[174]
[176]
[178]
[180]
[183]
[185]

[187]

[193]

[203]
[205]
[207]
[209]
[211]
[213]
[216]
[218]
[220]

[222]

Manuscripts

[145]

[148]

[161], [162]

[214]

[216]

[223]

Database Developed

No
DB 41

DB 42

DB 43

DB 44

DB 45

DB 46

DB 47

DB 48

DB 49

DB 50

DB 51

DB 52

DB 53

DB 54

DB 55

DB 56

DB 57

DB 58

DB 59

DB 60

DB 61

DB 62

DB 63

DB 64

DB 65

DB 66

DB 67

DB 68

DB 69

DB 70

DB 71

DB 72

by
[143]

[146]
[43]
[44]

[151]

[153]

[155]

[157]

[159]

[163]

[165]

[167]

[169]

[174]

[175]

[177]

[179]

[181]

[184]

[186]

[188]

[194]

[204]
[206]
[208]
[210]
[212]
[215]
[217]
[219]
[221]

[224]

Manuscripts

[172], [173]

[182]

[189], [190],
[191], [192]

[195], [196],
[197], [198],
[199], [194],
[200], [201],
[202]
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TABLE 3. (Continued.) List of self-datasets of speech modern standard
arabic.

DB 33 [225] DB73  [226]

DB 34 [2271  [228],[229] DB74  [230]  [231], [232]

DB 35 [233] DB75  [234]
DB36  [235] DB76  [236]
[238], [239]
» [240],
DB37 (87 4] @y, DB [
[242]
DB38  [244] DB78  [245]
[247], [248]
DB39  [246] [249],  DB79  [251]
[250]
DB40  [252] DB80  [253]

FIGURE 8. Applications of publicly accessible modern standard arabic
speech databases.

TABLE 4. Lists of publicly accessible modern standard arabic speech
databases based on their applications

Application of

Database Ref. Database

General purpose [21], [22], [42], [45]

Speech Synthesis /

75 [23], [28], [29], [33]

[24], [25], [26], [27], [32], [34], [35], [36], [37],

Speech recognition [38], [39], [20], [40], [41], [44], [46]

Speaker recognition [31]
Emotlonal_ s_peech [30]
recognition
Specific domain [43]
Educational purposes [20]
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FIGURE 9. Applications of applied studies of publicly accessible modern
standard arabic speech databases.

TABLE 5. Lists of applied studies based on their applications.

Application of

Database Ref. Database

[72], [73], [74], [102], [107], [114], [126],
[130], [131], [133]
Speech Synthesis / TTS [55], [98]

[48], [49], [51], [52], [58], [59]. [60], [61],

[62], [68], [70], [76], [77], [85]. [87], [89],

Speech recognition [92], [94], [111], [112], [113], [117], [119],
[120], [121], [122], [123], [124], [125], [127],

[128], [129], [132], [136], [139], [140], [141]

Speaker recognition [63], [64], [65], [66], [67], [95], [97], [110]
Emotional speech

recognition

General purpose

[91], [93], [99], [101], [104], [105], [106]

language/dialect

identification [108]

Speaker sex/age/native

identification [137], [138]

[20], [42], [56], [57], [69], [79], [86], [6]. [7],

Corpus [100], [103], [109], [109], [9], [115], [118],
[134]

description/evaluation

Data Augmentation [47]

Duration modelling [54], [135]
Annotate corpus [501, [90]

Speech segmentation [71], [75], [82], [88]

Speech Classification [78], [80], [81], [83], [84], [96]

manuscripts are distributed among the rest of the purposes.
Details of the applications of each rule are in Table 5.

As for the self-databases, it did not differ significantly
with regard to a more frequent order of purposes than
the databases, where the purpose of 55 manuscripts was
speech recognition and then, respectively, Corpus descrip-

with 17 manuscripts, General purpose with 10 manuscripts, tion/evaluation with 27 manuscripts, Speech synthesis /
Speaker recognition with 8 manuscripts, Emotional speech TTS with 11 manuscripts, Speech Classification with
recognition with 7 manuscripts, while the rest of the 7 manuscripts. Figure 10 shows the frequency distribution
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FIGURE 10. Applications of self-database.
TABLE 6. Lists of Self-DATABASES based on their applications.

Application of

Database No. Database

[164], [166], [170], [176], [185], [187], [207],
[209], [211], [214], [216], [220], [216], [222],
[223], [227], [228], [229], [238], [241], [244],
[248], [252], [249], [143], [153], [155], [157],
[163], [167], [169], [173], [182], [181], [184],
[189], [188], [195], [196], [201], [204], [206],
[190], [191], [192], [217], [219], [221], [231],
[234], [230], [232], [251], [253], [215]
[142], [149], [148], [158], [160], [162], [168],
[174], [183], [205], [213], [218], [235], [31],
[239], [240], [237], [246], [247], [146], [43],
[44], [177], [186], [194], [194], [200]

[144], [147], [145], [152], [154], [156], [161],
[178], [208], [212], [245]

[150], [233], [159], [165], [197], [199], [202]

Speech recognition

Corpus
description/evaluation

Speech Synthesis/ TTS

Speech Classification

Other applications [180], [172], [198], [224]

Speech segmentation [225], [151], [171], [250]

language/dialect

identification [193], [226], [236]

Speaker recognition [242], [179]

Data Augmentation [175]
Emotional speech
recognition [243]
General purpose [210]
Speaker sex/age/native [203]

identification

of autonomous databases based on their applications, and the
details are in Table 6.

IV. DATABASE CHARACTERISTICS AND VARIETY
The fourth question in this review: What are the most sig-
nificant characteristics of MSA speech corpora in terms of
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FIGURE 11. Distribution of the databases per speaker's numbers.

the number of speakers, the size of the database, the corpus
prompts, and finally the diversity in the ages, sex, and nation-
alities of the speakers and the recording environment? This
section addresses the answer to this question.

A. NUMBER OF SPEAKERS

The number of speakers is an important factor in many speech
processing applications such as speaker recognition, as well
as speaker-independent (SI) speech recognition, where the
most important in these applications is the number of speakers
in the database to be used in training and testing to recognize
the speaker or speech.

The available databases, as well as the self-databases,
varied in the number of speakers, as some of them contain
one speaker and some contain a few or many speakers, and
some databases did not announce the number of speakers. See
Figure 11.

We observe that the majority of publicly accessible MSA
databases contain fewer than 100 speakers, followed by
databases that did not reveal the number of speakers. How-
ever, there are four databases with a reasonably high number
of speakers—between 400 and 600—which are OrienTel-
issued databases. Arabic Learner Corpus [22] announced the
largest number of speakers, which is 942 speakers.

Likewise, most self-databases contain less than 100 speak-
ers, followed by databases that did not disclose the number
of speakers. Note that the largest self-database in terms of the
number of speakers did not exceed 400 speakers.

B. SPEAKERS' SEX

Knowing the sex of the speakers is important in many speech
processing applications such as identifying the speaker’s sex
applications. Some applications also require diversity of the
sex of the speakers to know the ability of the model to rec-
ognize speech for both males and females. Some researchers
have stated that the accuracy of speech recognition is affected
by the sex of the speakers in speech recognition and showed
that there is a difference in the accuracy of speech recognition
based on the sex of the speaker [72].
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TABLE 7. Publicly accessible MSA database information on the number
of speakers.

No. of
Speakers Available Database Name Ref
Class
1 SASSC, ASC [20], [23]
2-10 NEMLAR Speech Synthesis Corpus, KTD,  [33], [29],
KAPD [28]
Phonemes of Arabic, KSU Emotions corpus,
) [39], [30],
MSA Speech Corpus, Arabic Speech Corpus [31], [24]
11-100 for Isolated Words, MDP, Arabic mobile [43]' [44]'
parallel multi-dialect speech, SAD, NetDC e
. [40], [34]
Arabic BNSC
101-200 West Point [41]
201-300 NEMLAR Broadcast News, KSU Database [32], [45]
301-400
401-500 OrienTel Egypt MSA [35]
501600 OrienTel Morocco MSA, OrienTel Jordan [37], [36],
MSA, OrienTel Tunisia MSA [38]
601-900
901-1000 Arabic Learner Corpus [22]
No Arabic Broadcast News Speech, GALE Phase  [21], [25],
i i 2, GALE Phase 3, GALE Phase 4, Al Jazeera  [26], [27],
information -
multi-dialectal, MGB-3 [42], [46]

FIGURE 12. Distribution of the databases per speaker’s sex.

It should be noted that male speakers are frequently more
prevalent in databases than female speakers. In publicly
accessible MSA Speech Databases, we discovered that
10 databases did not provide information about the speaker’s
seX, followed by the databases containing both sexes, then the
databases containing only males, with no database for female
speakers only. As for the self-databases, the majority of them
contain both sexes, followed by those databases that did not
mention information about the sex of the speaker, then the
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TABLE 8. MSA self-database information on the number of speakers.

No. of
Self-Dataset Name Ref
Speakers
DB 01, DB 02, DB 03, DB 04,  [142], [144], [147], [149],
1 DB 05, DB 06, DB 07, DB 08,  [150], [152], [154], [156],
DB 78 [245]
DB 09, DB 10,DB 11,DB 12,  [158], [160], [164], [166],
510 DB 13,DB 14,DB 15,DB 16,  [168], [170], [174], [176],
DB 17,DB 18,DB 19,DB20, [178], [180], [183], [185],
DB 21 [187]
DB 22, DB 23, DB 24, DB 64,  [193], [203], [205], [206],
DB 25, DB 26, DB 27,DB 28,  [207], [209], [211], [213],
DB 29, DB 30, DB 31, DB 32,  [216], [218], [220], [222],
DB 33,DB 34,DB 35,DB 36, [225], [227], [233], [235],
11-100 DB 37, DB 38, DB 39, DB 40,  [237], [244], [246], [252],
DB 41, DB 42, DB 43, DB 44, [143], [146], [43], [44],
DB 45, DB 46, DB 47, DB 48,  [151], [153], [155], [157],
DB 49, DB 50, DB 51, DB 52,  [159], [163], [165], [167],
DB 53, DB 54, DB 80 [169], [171], [253]
101-200 DB 55, DB 56, DB 57, DB 58,  [175], [177], [179], [181],
DB 59, DB 68 [184], [215]
201-300 DB 60, DB 61, DB 62 [186], [188], [194]
301-400 DB 63 [204]
DB 65, DB 66, DB 67, DB 69, [208], [210], [212], [217],
No DB 70,DB 71,DB 72,DB 73,  [219], [221], [224], [226],
information DB 74, DB 75, DB 76, DB 77,  [230], [234], [236], [243],
DB 79 [251]

databases that contain only males, and three databases contain
only female speakers. See Figure 12.

Table 9 presents an overview of the characteristics of
publicly available MSA Speech Databases in relation to the
disclosure of speaker’s sex information. It is noteworthy that
the majority of these databases, accounting for 37%, did not
provide any information regarding the speaker’s sex. Addi-
tionally, 33% of the databases disclosed the sex information
of both males and females, while 19% specifically indicated
male speakers, 11% included a combination of males and
some females, and 0% mentioned female speakers.

In Table 10, we classify the self-databases based on the
information about the speaker’s sex. Notably, a significant
portion of the databases, approximately 38%, included both
male and female speakers. Furthermore, 31% ofthe databases
did not disclose any information pertaining to the speaker’s
sex. Among the databases that did disclose this information,
20% exclusively comprised male speakers, while 8% con-
sisted of a combination of males and some females. Finally,
a mere 4% of the databases featured only female speakers.

C. SPEAKERS'AGE
The American Medical Association have categorized age
designations into Neonates or newborns (birth to 1 month),
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TABLE 9. Publicly accessible MSA database information on the sex of
speakers.

Sex of
Speakers Available Database Name Ref
Class
[20], [23],

SASSC, ASC, Arabic Speech Corpus for
Male i [24], [29],
Isolated Words, KTD, Phonemes of Arabic

[39]
Female
MSA Speech Corpus, OrienTel Egypt MSA,  [31], [35],
Male & OrienTel Morocco MSA, OrienTel Jordan [37], [36],
Female MSA, OrienTel Tunisia MSA, West Point, [38], [41],
KSU Emotions corpus, SAD, NEMLAR [30], [40],
Speech Synthesis Corpus, KSU Database [33], [45]
Male and i
Arabic Learner Corpus, MDP [22], [43]
some Female
Female and
some Male
Arabic Broadcast News Speech, GALE
[21], [25],
Phase 2, GALE Phase 3, GALE Phase 4, 261 [27
No KAPD, Al Jazeera multi-dialectal, Arabic {28} {421'
information mobile parallel multi-dialect speech, MGB-3, [44]' [46]'
NEMLAR Broadcast News, NetDC Arabic T
[32], [34]

BNSC

FIGURE 13. Distribution of the databases per speaker's age.

Infants (1 month to 1 year), Children (1 year through
12 years), Adolescents (13 years through 17 years, Adults
(18 years or older) and Older adults (65 and older) [254].

Thus, the age of the speakers was classified based on this
classification. It is noted in Figure 13 that the highest of these
categories are adults, followed by the database that did not
give information about the age of the speakers.

Table 11 shows the categories of databases (available)
based on the ages of the speakers, and it is noted that there are
no databases specifically for the age groups of speakers under
17 years old. Nevertheless, as is the case in the databases
provided by OrienTel, these categories are combined with
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TABLE 10. MSA self-database information on the sex of speakers.

Database
Self-Dataset Name Ref
Class
DB 01, DB 02, DB 03, DB 04, [142], [144], [147], [149],
Male DB 05, DB 07, DB 13, DB 25, [150], [154], [168], [207],
DB 35, DB 40, DB 57, DB 60, [233], [252], [179], [186],
DB 64, DB 65, DB 69, DB 80  [206], [208], [217], [253]
Female DB 08, DB 75, DB 78 [156], [234], [245]

DB 38, DB 62, DB 46, DB 68, [244], [194], [153], [215],

DB 09, DB 27, DB 30, DB 29, [158], [211], [218], [216],

DB 61, DB 34, DB 10, DB 33, [188], [227], [160], [225],
Male & DB 37, DB 42, DB 39, DB 15, [237], [146], [246], [174],
DB 14, DB 47, DB 17, DB 52, [170], [155], [178], [167],
DB 16, DB 18, DB 21, DB 56, [176], [180], [187], [177],
DB 22, DB 23, DB 24, DB 45, [193], [203], [205], [151],
DB 51, DB 55 [165], [175]

Male  and DB 32, DB 26, DB 41, DB 43, [222], [209], [143] [43],
some Female DB 49, DB 50 [159], [163]

Female

Female and
some Male

DB 48, DB 63, DB 06, DB 19, [157], [204], [152], [183],
DB 20, DB 31, DB 36, DB 44, [185], [220], [235] [44],
DB 66, DB 67, DB 11, DB 12, [210], [212], [164], [166],
DB 28, DB 53, DB 54, DB 58, [213], [169], [171], [181],
DB 59, DB 70, DB 71, DB 72, [184], [219], [221], [224],
DB 73, DB 74, DB 76, DB 77, [226], [230], [236], [243],
DB 79 [251]

No
information

other categories in a single database. Moreover, the category
over 65 years old does not exist in these databases.

Table 12 shows the classification of self-databases based
on the ages of the speakers, and we note that the categories
children, adolescents, and Older adults are not found indepen-
dently but are combined with other categories. For example,
DB 46 contains two categories, Children and adolescents,
DB 32, DB 68 combine the categories of Children and adults,
DB 25, DB 43, DB 45, DB 51 combine the two categories
of adolescents and adults, DB 55 includes three categories
less than 65 years old. As for DB 27, it includes all groups,
including the elderly, as the age of speakers at this base ranges
from 4 to 75 years.

D. THE DATABASES'SIZE
Database size is an important factor in speech processing
applications, as the larger the training and test data, the
higher the accuracy. It is noted in Table 13 that the databases
announce the size of the database through the duration in
hours, the number of sentences or the number of words or
the number of phonemes based on the type of database: Sen-
tences, Words, Digits, Alphabet, News and Conversations.

It is noted that the largest database in terms of time
duration is GALE Phase 4 2400 h, followed by Al Jazeera

55781



IEEEArcess'

TABLE 11. Publicly accessible MSA database information on the age of
speakers.

Age class Available Database Name Ref
Children (< 12
years)
Adolescents
(13 -17 years)
. [20],  [22],
SASSC, Arabic Learner Corpus, ASC, 23 ”
Arabic Speech Corpus for Isolated Words, {28}‘ {29}’
Adults (18 -64 KAPD, KTD, KSU Emotions corpus, 30’ '
years) MSA Speech Corpus, NEMLAR Speech [33]’ [2;]‘
Synthesis Corpus, Phonemes of Arabic, (33 39,
[20], [40],
SAD, MDP, KSU Database
[43], [45]
Older adults (>
65)
Children & OrienTel Egypt MSA, OrienTel Jordan a5 36
Adolescents & MSA, OrienTel Morocco MSA, OrienTel {37}’ [36] 6],
Adults Tunisia MSA '
Arabic Broadcast News Speech, GALE L -
Phase 2, GALE Phase 3, GALE Phase 4, 21 (251,
[26], [27],

i . NEMLAR Broadcast News, NetDC
No information . . [32], [34],
Arabic BNSC, West Point, Al Jazeera 2
multi-dialectal, Arabic mobile parallel (41], 421,
[44], [46]

multi-dialect speech, MGB-3

multi-dialectal 2000 h, MGB-3 1200 h. But it is important to
note that this is the size of the audio data, for example, the
base of Al-Jazeera contains only 94 h labelled while MGB-3
contained only 20 hours transcribed.

The size information of self-databases is shown in
Table 14. It should be noted that these are not sizable
databases, DB 43 having the biggest size at 32 hours.

E. SPEAKER'S NATIONALITY
One ofthe characteristics that speech databases are interested
in is the nationalities of the speakers, where diversity in
nationalities is an advantage of the database. Figure 14 shows
the classification of databases based on the nationalities of the
speakers. Table 15 shows the classifications of the publicly
accessible MSA database according to the nationalities of
the speakers. It is noted that all the databases stated the
nationalities of the speakers except for one database [21] that
did not mention this information. It should also be noted
that 13 databases stated that the speakers are Native Arabs
without specifying their nationality. And 6 databases contain
multiple nationalities, West Point [41] database combined
native and non-native Arab, and the rest ofthe databases were
for specific nationalities such as Levantine Arabic, Egyptian,
Jordanian, Moroccan and Tunisian.

Table 16 shows the classification of self-databases based
on the nationalities of the speakers. Unfortunately, 32% of
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TABLE 12. MSA self-database information on the age of speakers.

Age class Self-Dataset Name Ref

Children (<
12 years)

Adolescents
(13 17
years)

DB 01, DB 02, DB 03, DB 04, [142], [144], [147], [149],
DB 05, DB 07., DB 08, DB 09, [150], [154], [156], [158],
DB 10, DB 11, DB 13, DB 14, [160], [164], [168], [170],
DB 16, DB 17, DB 18, DB 21, [176], [178], [180], [187],
Adults (18 - DB 23, DB 24, DB 26, DB 29, [203], [205], [209], [216],

64 years) DB 30, DB 33, DB 37, DB 38, [218], [225], [237], [244],
DB 39, DB 40, DB 42, DB 47, [246], [252], [146], [155],
DB 50, DB 52, DB 53, DB 56, [163], [167], [169], [177],
DB 57, DB 60, DB 62, DB 63, [179], [186], [194], [204],
DB 64, DB 65, DB 78, DB 80  [206], [208], [245], [253]

Older adults

(>65) -

Children &
DB 46 [153]

Adolescents

Children &
DB 32, DB 68 [222], [215]

Adults

Adolescents

DB 25, DB 43, DB 45, DB 51 [207], [43], [151], [165]

& Adults
Children &
Adolescents DB 55 [175]
& Adults
All age
DB 27 [211]

classes

DB 06, DB 12, DB 15DB 19, [152],[166], [174], [183],

DB 20, DB 22, DB 28,DB 31, [185],[193], [213], [220],

DB 34, DB 35, DB 36,DB 41, [227],[233], [235], [143],
No DB 44, DB 48, DB 49,DB 54, [44], [157], [159], [171],
DB 58, DB 59, DB 61,DB 66, [181], [184], [188], [210],
DB 67, DB 69, DB 70,DB 71, [212],[217], [219], [221],
DB 72, DB 73, DB 74,DB 75, [224],[226], [230], [234],
DB 76, DB 77, DB 79 [236], [243], [251]

information

databases did not clarify the information of the speakers'
nationalities, with a similar percentage of the databases stat-
ing that the speakers are Native Arabs without specifying the
nationality, 12% of the databases contain multiple nationali-
ties, and the rest of the databases contain Arab and non-Arab
nationalities, including Egyptian, Malay, Jordanian, Moroc-
can, Tunisian, Algerian and Kuwaiti.

F. RECORDING ENVIRONMENT

The recording environment and the type of noise greatly
affect the accuracy of speech recognition, so the researchers
sought to diversify the recording environments, especially
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TABLE 13. Publicly accessible MSA database information on the

database’s size

Corpus Name

SASSC

Arabic
Broadcast
News Speech
Arabic
Learner
Corpus

ASC

Avrabic Speech
Corpus for
Isolated
Words

GALE Phase 2

GALE Phase 3

GALE Phase 4

KAPD

KTD

KSU
Emotions
corpus

MSA  Speech
Corpus
NEMLAR
Broadcast
News
NEMLAR
Speech
Synthesis
Corpus
NetDC Arabic
BNSC
OrienTel
Egypt MSA
OrienTel
Jordan MSA
OrienTel
Morocco
MSA
OrienTel
Tunisia MSA
Phonemes of
Arabic
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10,000

2,110

62,000
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Unique
sentences/
words

627
syllables

20 words

16
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TABLE 13. (Continued.) Publicly accessible MSA database information on
the database’s size

SAD [40] 8,800 10 digits
. 11. 851
West Point [41]
42 6
Al Jazeera 20
. [42]
multi-dialectal 00
1,29
MDP [431 32 1

Arabic mobile
parallel multi-  [44] 67,132
dialect speech

59
KSU database  [45] 0
MGB-3 46 1
[46] 00
Speakers' Nationality
<

Nationality
mAvalible Database  mSelf-Dataset

FIGURE 14. Distribution of the databases per speaker's nationality.

those applications that rely on speech recognition in public
places. Figure 15 shows the classifications of databases based
on the recording environment.

Table 17 shows the available databases according to the
recording environment. It is noted that most of these rules
are recorded in environments noise-free, in a TV studio or a
soundproof room.

Table 18 shows the classification of self-databases accord-
ing to the recording environment. Unfortunately, 57.5% of
these databases did not give information about the recording
environment.

Then comes the Databases recorded in environments noise-
free, such as a sound proof room or a TV studio, while the
databases with multiple environments constitute only 6%.

V. DISCUSSION AND FUTURE RESEARCH DIRECTIONS

This section answers the fifth research question (RQ5). Sev-
eral research issues, current patterns of research work, and
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TABLE 14. MSA self-database information on the database's size.

Datab
ase

DB 01
DB 02
DB 03
DB 04
DB 05
DB 06
DB 07
DB 08
DB 09
DB 10
DB 11
DB 12
DB 13
DB 14
DB 15
DB 16
DB 17
DB 18
DB 19
DB 20
DB 21
DB 22
DB 23
DB 24
DB 25
DB 26
DB 27
DB 28
DB 29
DB 30
DB 31
DB 32
DB 33
DB 34
DB 35
DB 36
DB 37
DB 38
DB 39
DB 40
DB 41
DB 42
DB 43
DB 44
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Datab
ase
[142]
[144]
[147]
[149]
[150]
[152]
[154]
[156]
[158]
[160]
[164]
[166]
[168]
[170]
[174]
[176]
[178]
[180]
[183]
[185]
[187]
[193]
[203]
[205]
[207]
[209]
[211]
[213]
[216]
[218]
[220]
[222]
[225]
[227]
[233]
[235]
[237]
[244]
[246]
[252]
[143]
[146]
[43]
[44]

hou

rs

4.3

16

4.3

2.5

2.6

22.

12

12
2.7
32

No.
sente

120
1184
202

191

148
434

600

791
367
20

2000

390

254
80
20

28

300

415

415
67,13

No.
wor

654
2639

1254
8100

1,48
1346
308
1000
896
4000
3622
53
500
600

400

1200
6644

480

2000

7386

920

2160

1200

50

2110
160,
6700

No.

Phone

1190

6174

6179

6,787

5348

1826

7445

700

400
27725

832

1680

30986

1400
14500

778,48

Unique
sentences/wor

28 alphabets

20 alphabets

5 words
10 words

10 digits

10 sentences

8 words

28 letters

16 sentences

10 sentences

4 words

40 words

28 letters
29 alphabets
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TABLE 14. (Continued.) MSA self-database information on the database's

size.
DB 45 [151] 2100 7 words
DB 46  [153] 1650 55 words
DB 47  [155] 6600
DB 48 [157] 170 14500 10 digit + 28
DB 49  [159] 720 10 digits
DB 50  [163] 425
DB 51  [165] 2800 7 words
DB 52 [167] 8800 10 digits
DB 53  [169] 9000
DB 54 [171] 10 1340
DB 55 [175] 9542
DB56 [177] 2704
DB57 [179]
DB 58 [181] 4200 28 letters
DB 59  [184] 23 4754
DB 60  [186] 940 700 words
DB 61  [188] 54 4572 392
DB 62 [194] 1080
DB 63  [204] 11200 28 letters
DB 64  [206]
DB 65 [208] 105
DB 66 [210] 120 517,08
DB 67 [212]
DB 68  [215] 1880
DB 69 [217] 100
DB 70 [219] 5.4 1423
DB71 [221] 275 11 words
DB 72 [224] 500
DB 73 [226] 2
DB 74  [230] 5 4000
DB 75 [234] 75 400 3585
DB 76 [236]
DB 77  [243] 100
DB 78  [245] 434
DB 79 [251] 1730
DB 80 [253] 170 4000

future research directions are discussed. It will give some
insights and ideas to the researchers to plan their research and
development in the future.

A. FREELY ACCESS AND LIMITED AVAILABILITY OF
DATABASES

There are speech databases collected by institutes or projects
that are interested in collecting speech databases in several
languages, including Arabic. One of these projects is the
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TABLE 15. Publicly accessible MSA database information on the
speaker's nationality.

Speaker’s

i i Available Database Name Ref
Nationality
) [20], [24],
SASSC, Arabic Speech Corpus for Isolated (251, [26]
Words, GALE Phase 2, GALE Phase 3, [27]' [28]'
o GALE Phase 4, KAPD, KTD, NEMLAR o
Arabic Nitave . [29], [32],
Broadcast News, NetDC Arabic BNSC, (341, [39]
Phonemes of Arabic, SAD, Arabic mobile e
. [40], [44],
parallel multi-dialect speech, MGB-3
[46]
Levantine
] ASC [23]
Arabic
. NEMLAR Speech Synthesis Corpus,
Egyptian ) [33], [35]
OrienTel Egypt MSA
Jordanian OrienTel Jordan MSA [36]
Moroccan OrienTel Morocco MSA [37]
Tunisian OrienTel Tunisia MSA [38]
Native & non- i
i West Point [41]
native Arab
Arabic Learner Corpus, KSU Emotions [22], [30],
Multinational ~ corpus, MSA Speech Corpus, Al Jazeera [31], [42],
multi-dialectal, MDP, KSU Database [43], [45]
No .
. . Arabic Broadcast News Speech [21]
information

FIGURE 15. Distribution of the databases per recording environment.

OrienTel project [18], which has been dedicated to collect-
ing speech corpora for MSA and Arabic dialects of United
Arab Emirates Tunisia, Morocco, Jordan, and Egypt countries
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TABLE 16. MSA self-database information on the speaker's nationality

Speaker’s
Nationality

Self-Dataset Name Ref

DB 01, DB 02, DB 04, DB 05, [142], [144], [149], [150],
DB 08, DB 11, DB 18, DB 24, [156], [164], [180], [205],
DB 25, DB 27, DB 32, DB 33, [207], [211], [222], [225],
Arabic Nitave DB 35, DB 38, DB 40, DB 43, [233], [244], [252], [43],
DB 48, DB 49, DB 54, DB 55, [157], [159], [171], [175],
DB 61, DB 64, DB 65, DB 75, [188], [206], [208], [234],

DB 78, DB 68 [245], [215]
Levantine
Arabic
Egyptian DB 50, DB 73 [163], [226]
Malay DB 14, DB 28, DB 39, DB 63  [170], [213], [246], [204]
Jordanian DB 07, DB 23, DB 69 [154], [203], [217]
Moroccan DB 22 [193]
Tunisian DB 10, DB 13,DB 21 [160], [168], [187]
Algerian DB 03, DB 56, DB 62 [147], [177], [194]
Kuwaiti DB 29 [216]
Native & non-
. DB 45 [151]
native Arab
DB 16, DB 30, DB 34, DB 37, [176], [218], [227], [237],
Multinational DB 41, DB 42, DB 44, DB 46, [143], [146], [44], [153],
DB 60, DB 80 [186], [253]
DB 06, DB 09, DB 12, DB 15, [152], [158], [166], [174],
DB 17, DB 19, DB 20, DB 26, [178], [183], [185], [209],
No DB 31, DB 36, DB 47, DB 51, [220], [235], [155], [165],
. . DB 52, DB 53, DB 57, DB 58, [167], [169], [179], [181],
information

DB 59, DB 66, DB 67, DB 70, [184], [210], [212], [219],
DB 71, DB 72, DB 74, DB 76, [221], [224], [230], [236],
DB 77, DB 79 [243], [251]

Thus, it can be divided into two parts: The first category Mod-
ern Standard Arabic has been collected from several Arabic
countries with the following details: 500 speakers from Egypt
(M: 398 F:352), 757 speakers from Jordan (M: 393 F:364),
772 speakers from Morocco (M: 383, F: 389), 598 speakers
from Tunisia (M: 426 F:366), and 500 speakers from United
Arab Emirates (M: 254 F. 246).

West Point Arabic Speech [255] includes speech data that
the project named Santiago obtained and analyzed. This
corpus was originally intended to train acoustic models for
automated speech recognition that could be used as an aid
in teaching Arabic to West Point cadets, this corpus contains
11 hours of recording sentences spoken by 110 native and
non-native speakers (native 41 males, 34 females and non-
native 25 males, 10 females).

However, there are still few freely accessible speech cor-
pora in the Arabic language, which can impede the advance-
ment of Al-driven research. In particular, given the grow-
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TABLE 17. Publicly accessible MSA database information on the
recording environment.

Environment  Available Database Name Ref
- [20], [23],
Soundproof SASSC, ASC, KAPD, KSU Emotions 28], [30]
room/studio corpus, MSA Speech Corpus, MDP ' '
[31], [43]
Room West Point [41]

Arabic Broadcast News Speech, GALE

Phase 2, GALE Phase 3, GALE Phase 4, 211, [25],

. [26], [27],
Studio TV NEMLAR Broadcast News, NEMLAR 32, [33]
Speech Synthesis Corpus, NetDC Arabic ' '
[34], [46]
BNSC, MGB-3
OrienTel Egypt MSA, OrienTel Jordan
. . . [35], [36],
Multi MSA, OrienTel Morocco MSA, OrienTel 37, [38]
environment  Tunisia MSA, Al Jazeera multi-dialectal, ' '
[42], [45]

KSU Database

Arabic Learner Corpus, Arabic Speech [22], [24],
No information Corpus for Isolated Words, KTD, Phonemes [29], [39],
of Arabic, SAD [40]

ing prevalence of machine learning and speech processing
techniques in many industries, the high cost of corpora—
up to $6000 per license—can be a significant barrier to
accessibility.

B. INFORMATION OF CORPORA

The Speaker attribute is one of the most significant parame-
ters in any speech corpus to make dealing with the corpus eas-
ier and based onthe correct basis. speakers’ number, sex, race,
age, and distribution across the dialect’s geographic region
are very important examples of these characteristics [256].

The database will be significantly important and widely
used whenever it has a large number of speakers and is diverse
in terms of the sex of the speakers, their ages and the other
attributes that the studies aim to explore.

The OrienTel databases are distinguished from other
databases because it has details of all the speakers’ infor-
mation, as well as extensive Prompts which is digits, words,
sentence and spontaneous. The same telephone response to
the questionnaire method is used in these corpora, which are
available via the ELRA cataloguel.

The KSU database [45] was also built and designed to be
arich database characterized by the diversity of speakers and
recording environments. It was recorded in three different
environments and had 300 speakers from more than 11 dif-
ferent countries, and included both sexes.

Nevertheless, many Arabic databases still lack detailed
information for speakers. Thus, additional work could be put
into tagging, transcribing, labelling and describing speak-
ers’ information in the large Arabic databases Al Jazeera
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TABLE 18. MSA self-database information on the recording environment

Environment Self-Dataset Name Ref

DB 02, DB 04, DB 05, DB 21, [144], [149], [150], [187],

Soundproof DB 24, DB 35, DB 37, DB 38, [205], [233], [237], [244],
room/studio DB 39, DB 42, DB 43, DB 54, [246], [146], [43], [171],
DB 59 [184]
Classroom/
DB 11, DB 23, DB 26 [164], [203], [209]
Halls
Room DB 19, DB 33, DB 69 [183], [225], [217]
Speakers’
DB 30 [218]
homes
. DB 29, DB 34, DB 41, DB 61, [216], [227], [143], [188],
Studio TV
DB 74, DB 75, DB 76 [230], [234], [236]
Noisy
. DB 32, DB 53 [222], [169]
environment
Multi DB 28, DB 44, DB 46, DB 49, [213], [44], [153], [159],
environment DB 60 [186]

DB 01, DB 03, DB 06, DB 07, [142], [147], [152], [154],
DB 08, DB 09, DB 10, DB 12, [156], [158], [160], [166],
DB 13, DB 14, DB 15, DB 16, [168], [170], [174], [176],
DB 17, DB 18, DB 20, DB 22, [178], [180], [185], [193],
DB 25, DB 27, DB 31, DB 36, [207], [211], [220], [235],
No DB 40, DB 45, DB 47, DB 48, [252], [151], [155], [157],
DB 50, DB 51, DB 52, DB 55, [163], [165], [167], [175],
DB 56, DB 57, DB 58, DB 62, [177], [179], [181], [194],
DB 63, DB 64, DB 65, DB 66, [204], [206], [208], [210],
DB 67, DB 70, DB 71, DB 72, [212], [219], [221], [224],
DB 73, DB 77, DB 78, DB 79, [226], [243], [245], [251],
DB 80, DB 68 [253], [215]

information

multi-dialectal and GALE by transcript in order to make it
more easily searchable in different fields of speech.

C. MSA DATABASE AND MULTIARABIC FORMS CORPUS
Arabic speech Databases can be classified into Modern Stan-
dard Arabic databases and multi-dialect databases. Several
studies on Arabic Automatic Speech Recognition (ASR)
have concentrated on creating Modem Standard Arabic
(MSA) recognizers, a standardized linguistic standard used
in the Arabic-speaking world and used in the newspa-
pers, broadcasting news, media, seminars, universities, court-
rooms [257].

The databases in this category can be classified into rich
databases for MSA words or sentences, MSA and Arabic
dialect speech parallel corpus, and small databases for a few
words such as numbers or Arabic phonemes that can be used
in some speech processing applications.

The KACST Arabic Phonetic Database (KAPD) was
developed by King Abdulaziz City for Science and Technol-
ogy (KACST) to provide comprehensive information about
Avrabic sounds and their articulatory mechanisms. It consists
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of over 46,000 files recorded from 7 native Arabic speakers,
covering various token positions and featuring 8 repetitions of
Arabic sounds. It can be used for research and development
such as speech recognition, speech synthesis, speech therapy,
speech perception and speech modelling [28].

Some speech databases include the three or two forms of
the Arabic language. One of the most important and famous
of these databases is SAAVB corpus, which is dedicated to
speakers from all towns in Saudi Arabia using the question-
naire method by telephone response [258]. The primary fea-
ture of this corpus is that a preliminary selection of speakers
and environment is conducted before recording. This corpus
includes Modern Standard Arabic and Saudi accent.

There are not many Arabic speech corpora available for
use in Arabic NLP projects such as translation. When talking
about dialect resources, this dearth becomes a significant
barrier for Arabic academics working in the field of NLP.
As aresult, Arabic NLP researchers must create some or most
of their resources. Each researcher starts from nothing and
takes a long time to gather enough resources. Another factor
to take into account when talking about a data shortage is the
problem of standardization in NLP activities.

The first parallel dialect speech corpus that has been built
and collected in Arabic is Multi-Dialect Parallel Corpus
(MDP), which is a free corpus of MSA and three Arabic
dialects, these databases were recorded by direct recording
methods from the Gulf, Egypt and Levantine. The dataset
involved 1291 recordings for MSA and 1069 recordings
for other dialects. In addition, 32 speech hours have been
recorded by 52 participants [43].

However, this database is industry specific i.e., travel,
tourism and MSA routers and contains only 1291 sentences.
Arabic speech databases still need to expand the multi dialects
corpora and include other dialects, to enable Arabic NLP
researchers to contribute further to this important field.

D. MSA CORPORA RICHNESS AND DIVERSITY IN THE
DATABASE

Some Arabic speech databases can be described as a rich
database because of the number of speakers, the diversity of
speakers, and different environments for recording developed
by some researchers or research institutions.

King Saud University developed a KSU Rich Arabic with
the largest size Arabic corpus and included 159.5 Hours,
300 speakers (males and females), from 9 Arab nationalities
and 18 non-Arab nationalities, multi-dialects (MSA, Saudi
dialect, and Qur’an recitation), different types of Prompts
(Sentences, Words, Paragraphs Pronouncing, Question and
answers), and multi-Environment (office, indoor, outdoor,
car) [6], [7]

Due to the difficulty of collecting a large speech database,
some researchers have constructed speech datasets with a
small number of speakers (sometimes a single speaker) often
asked to read atext or conversation. For example, Halabi [56]
recorded a sub-database of currencies, time and numbers to
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use in Arabic speech synthesis. A local professional broad-
caster recorded 12 hours of pure recording time of 3930 sen-
tences. One of these corpora is a standard Arabic Single
Speaker Corpus (SASSC) developed by the Research Insti-
tute King Abdulaziz City, where 7 hours and 20 minutes of
the data are recorded by a professional male speaker in a
studio [20].

On the other hand, some researchers collected a larger
number of speakers, but the recorded text was small (some let-
ters, numbers,...). Itis often the repetition of that vocabulary
to address the lack of speakers. For example [40] collected
data from 44 male and 44 female speakers, where the digits
(0-10) were recorded ten times for each speaker.

Moreover, some researchers sought to collect a larger
database of Arabic speech, and some of them resorted to
collecting data from radio or TV broadcasts. For example,
Ali et al. [259] describe an ASR system for Modern Stan-
dard Arabic (MSA) constructed using a 200-hour broadcast
news database, a combination of 76 hours of the broadcast
report (BR), and 127 hours of conversational broadcast (BC).
Other databases were collected with different approaches. For
example, a total of 50 hours of audio transcription from the
Al-Jazeera news channel [260], [261] to describe a detailed
comparison of several speech recognition technologies. This
type of dataset provides a larger volume of speech data,
however, the process of editing, organizing and removing
noise and irrelevant information is a tedious task, and the
quality of the recording is often not good.

As for Modern Standard Arabic, some rich and varied
databases feature a large number of speakers and a big size
corpus. However, unfortunately, most ofthe Arabic databases
do not provide explicit or implicit reports about speakers’
information in the catalogue, such as age, and completely
ignored this kind of significant speakers’ attribute in their cor-
pus [258]. Moreover, some databases also indicate whether
speakers are Arabic native, or non-native speakers, as there
are some databases for all speakers of Arabic speakers (such
as SAAVB database which all speakers are Arabic native
speakers). On the other hand, some databases contain both
native and non-native speakers such as KSU Rich Ara-
bic, while some Arabic speech databases have not said a
thing about this very significant information that can help
researchers in ASR and NLP field.

The diversity of the speakers’ nations is another facet
of the databases’ richness. Consequently, certain databases
handled it. For instance, KSU Rich Arabic corpus includes
speakers from various ethnic, Arab and non-Arab (Africans
and Asians) groups. They are chosen from nine Arab
countries regarding Arab speakers in this corpus: Saudi,
Yemen, Syria, Egypt, Algeria, Tunisia, Sudan, Palestine, and
Lebanon [6], [7]. KSU includes three forms of Arabic. Qur’an
verses, MSA sentences, and colloquial Arabic sentences were
recorded.

Finally, some studies focused on the diversity of dialects
and their multiplicity in the speech database. For example,
Al Jazeera’s larger-scale multi-dialect speech corpus, based
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on Al Jazeera’s Broadcast News [1], annotation is carried out
by the technology of crowdsourcing, in addition to modern
Standard Arabic. This corpus includes the four main groups
of Arabic dialects.

E. DATA QUALITY

The quality of data in Arabic speech databases can vary
significantly. Factors such as background noise, recording
equipment, and speaker diversity can impact the accuracy and
reduce the audio quality.

Most standard Arabic speech databases, especially large
databases, have poor quality. Assessing the quality of audio
files can be subjective and dependent on various factors.
However, there are general indicators that can help evaluate
whether an audio file is of poor or good quality, such as clarity
and intelligibility, background noise, and frequency range.

When reviewing available speech databases for Modern
Standard Arabic, it is found that most databases are recorded
using various audio devices, such as those collected through
mobile or telephone communications, or those collected in
different environments. For example, the OrienTel project
collected data from different environments such as streets,
homes, offices, and others, leading to poor quality.

In addition to unwanted background noise, such as static,
humming, or environmental noise, the overall sound level and
volume levels should be consistent throughout the recording.
Inconsistency and sudden changes in sound level or uneven
volume levels can result in poor quality or inappropriate
recording techniques. This often occurs in databases that lack
recording device standards or a unified recording environ-
ment, such as a single studio. Despite the importance of this
information, most available databases do not mention these
details in their database descriptions.

Furthermore, the frequency range is an indicator of audio
quality. Therefore, high-quality audio files should exhibit
balanced frequency response across the audible spectrum.
Severe loss of high-frequency content or low-frequency
response can indicate low recording quality. The frequency
range in available databases varies, such as 96 kHz, 24-bit;
96 kHz, 16-bit; 44100 Hz, 16-bit; 16 kHz, 16-bit; 8 kHz,
8-bit. The channels also vary between single-channel and
multi-channel.

Based on the aforementioned indicators, some of the avail-
able databases can be considered high-quality databases due
to meeting the quality standards in sound. One of these
databases is the [45] database, where 590 hours of data were
collected from 269 speakers through direct recording in three
different sessions, which are Office, Cafeteria and one of
these environments being soundproof. The recordings were
made at a frequency range of 48 kHz, 16-bit, and detailed
descriptions of the recording devices and environment were
provided.

Similarly, [20] recorded 7 hours of speech from a profes-
sional speaker in a professional studio at a frequency range of
96 kHz, 16-bit. Also, [23] recorded 3.7 hours in a professional
studio at a frequency range of 48 kHz, 16-bit for speech
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synthesis purposes. Additionally, [28], [29], [30] are consid-
ered high-quality databases.

F. CORPORA APPLICATIONS

Different speech processing applications require different
characteristics in the databases with regard to the number of
speakers, the diversity of sex, the diversity of their national-
ities, the diversity of the recording environment, the type of
prompts, whether phonemes, words, or sentences, in addition
to the size of the database.

For example, isolated word recognition applications do
not require long sentences, but require a large database in
terms of the number and variety of words. Whereas, emo-
tion recognition applications require a database of sentences
that have been recorded in different emotional situations.
The remaining speech processing programmes continue in
the same manner; thus, each application has requirements that
the researcher must provide in the database.

In fact, the majority of publicly available databases are
directed towards speech recognition applications, with less
focus on the rest of the applications such as speech synthesis,
speaker identification/verification, and emotion recognition.

It was observed that the speech databases being developed
are for the Conversion of Text to Speech, for which the
database consists of phonemes or syllables. For speech syn-
thesis applications; Al-Halabi developed an Arabic Speech
Corpus (ASC) [23] containing 1813 utterances for a total of
3.7 hours recorded by a professional speaker. However, the
database needs to be expanded and increased in size to include
all Arabic phoneme characteristics to ensure more accurate
Arabic speech syntax [262].

Due to the variety of speech recognition applications,
speaker recognition databases’ structure and content are also
diverse. These applications need a large number of speakers
to learn about the vocal features of each speaker. It should be
noted that when the number of users increases, it becomes
difficult to find unique features for each user, as failure
to do so may lead to wrong identification, and therefore
it is necessary to train a sufficient number of speakers.
Alfaifi, et al. [22] constructed the Arabic Learner Corpus,
which contains 942 native speakers who recorded 282,732
words.

Muhammad presents KSUEmotions corpus [30], which
contains the emotional discourse of ten male speakers and
thirteen female speakers from Saudi Arabia, Syria and
Yemen. It includes emotions: neutral, happiness, sadness, sur-
prise, and anger. However, emotional speech recognition in
the Arabic language is insufficiently tackled in the literature
compared to other languages.

G. FUTURE RESEARCH AND DIRECTIONS IN MSA SPEECH
DATABASES

In order to advance the field of Arabic speech processing, it is
crucial to explore potential avenues for future research and
development. This section highlights several key directions
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that can contribute to the expansion and enhancement of
Arabic speech databases, as well as the exploration of novel
research areas.

1) Develop more diverse and representative Arabic speech
databases. Efforts to expand the range and diversity of
Arabic speech databases could improve generalizabil-
ity and research power in the areas of Arabic speech
recognition, synthesis, speaker recognition, dialects,
and other applications.

2) There is aneed for more research into the effectiveness
of different speech processing techniques, including
those specifically designed for Arabic speech. This can
help identify the most effective techniques and meth-
ods for different applications. For example, an explo-
ration of the impact of dialectal differences, as Arabic
speech varies greatly due to the many different dialects
spoken across different regions. Therefore, one of the
future research directions could be further investigation
into the impact of dialect variation on speech process-
ing techniques and the development of dialect-specific
databases and tools.

3) Most databases are designed for speech recognition
or speech synthesis, so they still need to build Arabic
speech databases for use in some applications such
as text-based or non-text-based speaker recognition,
asthere are not many Arabic speech databases designed
for speaker recognition. Emotion recognition databases
are still lacking, as well as some applications such as
educational, medical and other applications.

4) Development of techniques for organizing, classifying,
and segmenting MSA speech databases [263], partic-
ularly large ones such as those obtained from televi-
sion broadcasts [50] or sourced from platforms like
YouTube and social media [27].

Overall, there are several limitations to the study of Arabic
speech databases, but there are also many exciting opportuni-
ties for further research in this area. By addressing these lim-
itations and exploring new avenues for investigation, we can
continue to improve our understanding of Arabic speech
and develop more effective tools and techniques for speech
processing.

VI. CONCLUSION

In this review, we have studied the Speech databases of Mod-
ern Standard Arabic. In the beginning, we describe the review
methodology and research questions, then we identified
online digital databases and search engines that can be used
to search and collect the manuscripts including IEEE, Sci-
enceDirect, Scopus, Springer Link, Web of Science, Google
Scholar, ResearchGate, ACM. In addition, we have included
collections from LDC and Open SLR, popular language cor-
pora resources. Finally, we studied the manuscripts and clas-
sified them based on the characteristics of the databases and
studied the challenges and research directions. Our review
provides valuable insights into this area while highlighting
the paucity of speech databases in Arabic compared to other
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languages. Furthermore, this study is the first to review all
publicly available databases as well as those created by the
researchers during their studies (self-databases). Through this
review, we aim to facilitate access to the appropriate database
for researchers, encourage researchers to build new Arabic
datasets in the currently exposed areas, and encourage institu-
tions to make the database freely available and easily accessi-
ble to researchers. This review is expected to provide valuable
information and a quick reference for readers, especially
researchers and practitioners, to understand or explore MSA
databases and their characteristics, which makes it easier for
the researcher to choose the appropriate database through its
characteristics, thus this review will contribute to research in
speech processing applications.
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