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Abstract. Inclusive education is recognized as a key approach to improving 
global educational systems. This systematic literature review explores the role 
and effectiveness of sign language recognition systems within inclusive education 
frameworks. The study focuses on two main objectives: examining inclusive 
education practices with attention to the specific learning needs of Deaf and Hard-of-
Hearing (DHH) students, and evaluating the integration and impact of sign language 
recognition technologies on their educational experiences. Particular emphasis 
is placed on recent advancements in technology that support accessibility and 
engagement. The review aims to offer a comprehensive understanding of how such 
innovations can enhance learning outcomes for students with diverse needs, while 
also identifying existing gaps and opportunities for future research and development 
in educational settings. The findings indicate that sign language recognition systems 
(SLRS) have significant potential to support inclusive practices by facilitating 
real-time communication and fostering equitable learning environments. These 
technologies can help minimize communication barriers, enhance classroom 
participation, and promote social inclusion for DHH students. Furthermore, recent 
developments in artificial intelligence, machine learning, and computer vision have 
improved the accuracy and responsiveness of SLRS, making them increasingly viable 
for educational use. Nevertheless, the review also highlights persistent challenges. 
These include limited recognition accuracy across different sign languages and 
dialects, lack of standardized datasets, and difficulties in integrating SLRS into 
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existing educational infrastructures. Moreover, there is a scarcity of empirical studies 
that assess the long-term educational impact of SLRS on student outcomes. 
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Аннотация. Инклюзивті білім беру қазіргі таңда әлемдік білім беру 
жүйелерін жетілдірудің басты бағыттарының бірі ретінде қарастырылады. 
Осы зерттеу аясында инклюзивті оқытудың қазіргі жай-күйін саралап, ондағы 
кемшіліктерді анықтау мақсатында әдебиеттерге жүйелі шолу жүргізіледі. 
Зерттеудің негізгі мақсаты – инклюзивті ортада ымдау тілін тану жүйелерінің 
қолданылу аясын және олардың тиімділігін жан-жақты талдау. Бұл мақсатқа 
жету үшін екі міндет алға қойылады: біріншісі – саңырау және нашар еститін 
білім алушылардың ерекше оқу қажеттіліктері мен сипаттарын ескере 
отырып, инклюзивті оқыту тәжірибесін зерттеу; екіншісі – ымдау тілін тану 
технологияларын білім беру үдерісіне ендіру тәжірибесін бағалау және бұл 
технологиялардың есту қабілеті шектеулі оқушылардың оқу жетістіктеріне 
ықпалын анықтау. Сонымен қатар, заманауи технологиялық жетістіктерге 
ерекше назар аударылады, өйткені олар инклюзивті білім беруді жетілдіруге 
жаңа мүмкіндіктер ашады. Зерттеу нәтижелері осы бағыттағы болашақ 
ғылыми ізденістерге негіз бола отырып, білім беру ұйымдарында мұндай 
технологияларды тиімді түрде енгізуге ұсыныстар әзірлеуге мүмкіндік береді, 
бұл инклюзивті оқыту ортасын дамытуға және әртүрлі қажеттіліктері бар 
оқушылардың білім сапасын арттыруға ықпал етеді. Дегенмен, ымдау тілін 
тану жүйелерін (ЫТТЖ) білім беру үдерісіне кеңінен енгізу жолында бірқатар 
кедергілер де анықталды. Атап айтқанда, әртүрлі ымдау тілдері мен өңірлік 
диалектілердің көптүрлілігі, ымдардың орындалу жылдамдығы мен стилінің 
ерекшеліктері бұл жүйелердің дәлдігіне әсер етеді. Сонымен қатар, қазіргі білім 
беру платформаларымен үйлесімділіктің төмендігі мен ауқымды эмпирикалық 
зерттеулердің тапшылығы да осы технологиялардың тиімділігін бағалауды 
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қиындатады. Осыған байланысты зерттеу нәтижелері ЫТТЖ-ны сәтті енгізу 
үшін педагогтер, бағдарламалық жасақтама әзірлеушілер, тіл мамандары 
және білім беру саласындағы саясаткерлер арасында өзара әрекеттестіктің 
маңыздылығын көрсетеді. Мұндай ынтымақтастық технологиялық 
шешімдердің сапасын арттырып қана қоймай, оларды инклюзивті білім беру 
жүйесіне тиімді бейімдеуге мүмкіндік береді.

Түйін сөздер: Есту қабілеті бұзылғандар, қолжетімділік, көмекші техно
логиялар, білім беру технологиялары, инклюзивті білім беру, саңырау, ымдау 
тілі
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Аннотация. Инклюзивное образование рассматривается как одна из 
ключевых стратегий модернизации образовательных систем на глобальном 
уровне. В рамках настоящего исследования был проведён систематический 
обзор научной литературы с целью анализа текущего состояния инклюзивного 
образования и выявления существующих проблемных зон. Основной 
задачей работы является всестороннее изучение применения систем 
распознавания жестового языка в инклюзивной образовательной среде и 
оценка их эффективности. В частности, исследование сосредоточено на 
двух аспектах: во-первых, анализируется практика инклюзивного обучения 
с акцентом на образовательные особенности и потребности глухих и 
слабослышащих студентов; во-вторых, рассматривается опыт внедрения 
технологий распознавания жестов и их влияние на образовательный процесс 
и академические достижения данной категории обучающихся. Особое 
внимание уделяется современным технологическим разработкам, способным 
повысить доступность и качество инклюзивного образования. Полученные 
результаты позволяют сформулировать рекомендации для дальнейших 
научных исследований и практических шагов по интеграции таких решений 
в образовательные учреждения, способствуя созданию более инклюзивной 
среды и улучшению образовательных результатов для студентов с особыми 
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потребностями. При этом выявлены ключевые барьеры, ограничивающие 
широкое применение таких систем: недостаточная точность распознавания 
различных жестовых языков и диалектов, сложности в интерпретации 
индивидуальных особенностей жестов, а также ограниченная совместимость 
с существующими образовательными платформами. Кроме того, в научной 
литературе отмечается дефицит масштабных и долговременных исследований, 
оценивающих влияние данных технологий на академическую успеваемость 
и социальную интеграцию глухих и слабослышащих студентов. Обзор 
подчёркивает необходимость междисциплинарного подхода к разработке и 
внедрению систем распознавания жестов, включая сотрудничество между 
педагогами, лингвистами, инженерами и разработчиками программного 
обеспечения. Такое взаимодействие позволит не только повысить 
эффективность технологий, но и обеспечить их устойчивое включение в 
образовательную практику. 

Ключевые слова: глухие и слабослышащие, доступность, вспомогательные 
технологии, образовательные технологии, инклюзивное образование, глухие, 
язык жестов

Introduction. Inclusive education is recognized as a key strategy for enhancing 
educational systems on a global scale. According to the Law of the Republic of 
Kazakhstan, inclusive education involves ensuring the work of educational, social 
protection, and healthcare institutions that provide special social, medical, and 
educational services to children with disabilities. The goal is to create conditions 
that help overcome or compensate for limitations in life activities and enable these 
children to participate in society equally with others (Republic of Kazakhstan 
normative legal acts information and legal system, 2021: 1).  The United Nations 
Convention on the Rights of Persons with Disabilities (UN, 2006: 2) emphasizes the 
right to inclusive education for all individuals with disabilities. To uphold this right 
and ensure equal opportunities, State Parties are obligated to provide inclusive and 
lifelong learning across all educational levels. 

Inclusive education has become a growing global trend, actively supported by 
many international organizations committed to promoting access to education for 
individuals with disabilities. As defined by Inclusive Education Canada, inclusive 
education is an approach that allows all learners—regardless of physical, social, 
emotional, mental, linguistic, or intellectual characteristics—to study in mainstream 
educational settings. The inclusive education system encompasses institutions 
from preschool to higher education. Its fundamental aim is to create barrier-free 
environments for learning and professional training for persons with disabilities. 
Achieving this goal requires proper technical infrastructure in schools, the 
development of specialized training programs for teachers, and the promotion of 
interaction and cooperation among all students, including those with disabilities. 
Moreover, programs that ease the adaptation process of students with special needs 
into mainstream settings are essential. Ensuring the full development, education, and 
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well-being of children with special needs is a core legal and ethical responsibility. 
It is vital to protect the rights of these children, as they deserve equal opportunities 
and dignity, just like everyone else. Providing them with a quality education must 
be a closely monitored priority, as education is one of the most critical stages in a 
person’s life.

Given this context, the purpose of this systematic literature review is to explore 
the application of sign language recognition systems within inclusive education. 
The review aims to synthesize and analyze existing research to identify key trends, 
benefits, limitations, and recommendations related to the education of Deaf and 
Hard-of-Hearing (DHH) students and the use of modern technologies to support 
their learning.

To guide the analysis, the following research questions were developed:
1.	What are the defining features of inclusive education for individuals with 

hearing impairments?
2.	What are the experiences and challenges associated with using sign language 

recognition systems in their education?
3.	What types of modern technologies are currently available to support 

communication for Deaf and Hard-of-Hearing individuals? 
Materials and methods.
This systematic review was carried out following the guidelines outlined in the 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 
framework.

Inclusion and Exclusion Criteria
To ensure the relevance and quality of the selected literature, specific inclusion 

and exclusion criteria were applied during the review process (see Table 1). 

Table 1. Inclusion and exclusion criteria
Inclusion criteria Exclusion criteria 
Subject area: social Non-social 
Document type: articles Other types of documents: books, conference materials, etc. 
Publication stage: final In progress 
English language Not in English
Source type: Journals Other source types: book series, conference proceedings, 

trade publications
Published between year 2019 to 2023 Published prior to 2019

This systematic review adhered to the guidelines provided by the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) framework.

Eligibility Criteria
At the initial stage of the review, fundamental eligibility criteria were applied to 

select relevant sources. These criteria included:
1. Limiting the publication range to articles published between 2019 and 2023.
6. Selecting only articles written in English, as the majority of available studies 

were published in this language.
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7. Excluding conference proceedings and omitting the keyword “systematic” 
from the search strategy.

Information Sources
A comprehensive literature search was conducted using multiple databases, 

registries, websites, and organizational platforms. The sources included:
Databases:
•	 Scopus (accessed on December 14, 2023)
Registers:
ERIC – www.eric.ed.gov (accessed on December 16, 2023)
Department of School Education & Literacy, India – www.dsel.education.gov.in 

(accessed on December 17, 2023)
Websites:
Adilet – www.adilet.zan.kz (accessed on December 13, 2023)
GO Prince – www.goprince.eu (accessed on December 15, 2023)
People First of Canada – www.peoplefirstofcanada.ca (accessed on December 

10, 2023)
Data Onderwijs Vlaanderen – www.data-onderwijs.vlaanderen.be (accessed on 

December 11, 2023)
Organizations:
United Nations – www.un.org (accessed on December 16, 2023)
European Agency for Special Needs and Inclusive Education – www.european-

agency.org (accessed on December 17, 2023)
Education Profiles – www.education-profiles.org (accessed on December 18, 

2023)
These platforms, along with manual searches of relevant literature in education, 

technology, and social sciences, provided a robust base for the review.
Search Strategy
The search process followed PRISMA recommendations and involved a series of 

structured steps:
1.	 Identifying and retrieving literature focused on the application of sign language 

recognition systems in inclusive education.
2.	 Applying the predefined inclusion and exclusion criteria to assess eligibility.
The Scopus database was searched in December 2023 using a combination of 

keywords such as: “inclusive education”, “deaf”, “sign language”, and “recognition 
system”. Boolean operators and keyword filters were used to refine the search and 
ensure relevance.

TITLE-ABS-KEY (("Inclusive education" OR "deaf") AND ("sign language" 
OR "recognition system")) AND (LIMIT-TO (SUBJAREA, "SOCI")) AND                       
(LIMIT-TO ( DOCTYPE, "ar")) AND (LIMIT-TO ( PUBSTAGE, "final")) AND 
(LIMIT-TO (LANGUAGE, "English")) AND (LIMIT-TO (SRCTYPE, "j")) AND 
(LIMIT-TO (PUBYEAR, 2019) OR LIMIT-TO (PUBYEAR, 2020) OR LIMIT-TO 
(PUBYEAR, 2021) OR LIMIT-TO (PUBYEAR, 2022) OR LIMIT-TO (PUBYEAR, 
2023)
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1) Evaluation of Publication Quality and Relevance to Criteria
An initial search in the Scopus database yielded 602 articles. Given the rapid pace 

of technological advancement, the review was limited to publications from the past 
fi ve years (2019–2023). Additional inclusion and exclusion criteria were applied to 
refi ne the selection. Specifi cally, only peer-reviewed journal articles written in English 
were considered. Alongside Scopus, searches were conducted through platforms 
such as ERIC (www.eric.ed.gov), dsel.education.gov.in, and select relevant websites. 
After applying all criteria and screening the results, 28 articles were identifi ed as 
meeting the study’s requirements. The selection process is summarized in Table 2.

 

only peer-reviewed journal articles written in English were considered. Alongside Scopus, 
searches were conducted through platforms such as ERIC (www.eric.ed.gov), 
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results, 28 articles were identified as meeting the study’s requirements. The selection process is 
summarized in Table 2. 
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Table 2. PRISMA diagram illustrating the stages of article identifi cation and selection

Selection Process
All records were exported into a Microsoft Excel spreadsheet for organization 

and review. Two independent researchers initially screened the titles and abstracts 
of the retrieved materials. Following this, both researchers conducted a thorough 
evaluation of the full-text articles to determine their eligibility. Each article was 
reviewed separately, and any disagreements between the reviewers were resolved 
through discussion and consensus between the co-chairs, in accordance with the 
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method described. In cases where consensus could not be reached, a third reviewer’s 
opinion was sought to make the fi nal decision. Only those review articles were 
included that clearly outlined transparent and reproducible methods for literature 
identifi cation and selection, and that avoided any prior assumptions regarding the 
relevance of the included studies.

Results and Discussion
The advancement of inclusive education has been formally recognized in the 

legislation of many countries, refl ecting its signifi cance as a national priority. 
A historical overview of how inclusive education practices emerged and evolved 
across various nations is presented in Table 3.

Table 3. legislation for Inclusive Education.
Country Year started Legislation Purpose Reference
Belgium 1970 The adoption of the 

law on special and 
inclusive education in 
1970 led to conditions in 
which children had the 
right to attend special 
schools, as well as to 
organize various levels of 
Education.

This law defi nes special 
educational institutions for 
people with special educational 
needs and

home training is recommended.

  (Belgium, 
1970: 1)

China In 1987, 
inclusivity 
was 
formulated,
Started in 
1995

Education Act and 
Disability Protection Act

The law stipulates that 
children with mild to moderate 
disabilities can attend and study 
in regular schools with normally 
developing children. 

(China, 
1995: 4)

Ireland 1998 Section 7 of the 
Education Act 1998

The law emphasizes the 
inclusiveness and equality of 
access, including the provision 
of disabled people or other 
special educational needs, and 
establishes the right of parents 
to send their children to the 
school of their choice. 

(Ireland, 
1998: 3)

Italy 1971 The integration of 
students with disabilities 
began with law 118/1971, 
which gave all children 
the right to study in 
general classes. 

The meaning of this law gives 
the right to education for all 
children, in classes with children 
with disabilities. 

(Italy, 1971: 
1)

Kazakh-
stan

2002
 11 July 
No. 343

The Law "On Social and 
medical-pedagogical
correctional support for 
children with disabilities", 
dated July 11 
2002 No. 343

Chapter 4 of Article 15. The rights 
of children with disabilities.
5) Children with disabilities have 
the right to receive free education 
in special educational 
institutions or state general 
educational
institutions in accordance with 
the conclusion of psychological, 
medical and pedagogical 
consultations. 

(Kazakhstan, 
2002: 2)
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Malaysia 1996 Inclusive education 
was introduced in the 
Education Act in 1996 
as part of a continuum 
of services available to 
children with special 
needs. 

The purpose of this document 
is to discuss the interpretation 
of policy on inclusivity, 
its contradictions and its 
practical implementation in the 
Malaysian context; and to share 
experiences on how the national 
context interprets and limits 
inclusive practice.

(Malaysia, 
1996: 8)

\empathy, and mutual understanding, benefiting both students with and without 
disabilities.

The practices in Sweden, India, Turkey, and Canada demonstrate that inclusive 
education plays a crucial role in promoting social justice, equality, and diversity. 
Globally, the essence of inclusive education is the drive to provide equitable 
learning opportunities for all students, including those with special needs. The 
active involvement of children with disabilities in education benefits not only the 
learners themselves but society as a whole, underscoring the importance of further 
development of inclusive approaches worldwide.

Discussion
Technological advancements should align with and support fundamental human 

values. Currently, artificial intelligence-driven tools are being created to enhance 
inclusivity in education, as highlighted by various researchers. For instance, some 
systems automatically narrate image content through audio descriptions, aiding 
students with visual impairments (Parmanqulova et al., 2024: 16). Other technologies 
translate spoken language into sign language, facilitating communication for 
individuals with hearing or visual challenges. These innovations serve as supportive 
aids for learners with special educational needs. The implementation of digital 
technologies also helps overcome accessibility barriers by adhering to international 
digital standards for online education (Sengerbekova et al., 2024: 8)  . Several 
studies have explored the development of educational resources and modern 
technological solutions tailored to distance learning platforms for students with 
hearing impairments.

One investigation conducted in India employed neural networks to interpret 
sign language, aiming to bridge the communication gap between the hearing-
impaired community and the broader (Molbaeva & Abaeva, 2024: 4). Further 
research highlights the application of diverse platforms designed to support learners 
with hearing loss. Examples include ecosystems fostering innovative educational 
approaches, medical service platforms tailored for the hearing impaired, and sign 
language learning tools focused on improving communication between deaf children 
and their parents. Universal design for learning frameworks were also examined, 
demonstrating their capacity to accommodate student diversity while acknowledging 
certain challenges encountered (Wray, Sharma & Subban, 2022: 7).

Moreover, the integration of virtual and augmented reality technologies into 
inclusive education has emerged as a highly relevant and promising area of study 
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(Dignath et al., 2022: 3).  A broad range of research (refer to Table 4) consistently 
confirms that cutting-edge technological solutions play a pivotal role in advancing 
inclusive educational practices.

Table 4. The results of a systematic review carried out using the PRISMA guidelines
Author Innovative technologies Country Description

Abbas et al. Translation tool Pakistan Translation speech and text to 
bilingual subtitles

Ahmed and 
Hasegawa

Distance learning platform Egypt Delivering educational content 
from a distance

Alawajee Internet resource Saudi Arabia Studying sign language for 
preschool teachers 

Birinci and 
Saricoban 

Visual materials Turkey Teaching vocabulary to deaf 
students

Brescia Zapata Accessibility-oriented player Spain Accessibility-focused player for 
DHH

Bragg et al. Machine learning United States Creating scalable  datasets on sign 
language

U et al. Machine learning Malaysia Translation gestures of deaf people 
into text format 

Rodríguez-
Fuentes et al.

Software Spain An interactive platform for 
learning sign language

Hameed et al. British sign language 
recognition system

United 
Kingdom

Contactless British sign language 
recognition system 

Hassan et al. Finger gesture recognition United States Text entry utilizing a virtual 
keyboard for deaf people 

Herzig and Allen Storybook application for 
tablets

United States A collection of short stories for 
young learners

Hodge and 
Goswell

Online SL translator Australia Creating effective online sign 
language translations

Jeyasheeli and 
Indumathi

Deep learning India Automated sign language 
identification system

Kurtoğlu et al.  Radio frequency sensor United States      Detection of sign language with 
sensors

Mallory et al. Online course United States Improvements to online courses 
for deaf and hard of hearing 

students (DHH)
Mingsiritham and 
Chanyawudhiwan

Online resource Thailand Development media technology 
skills in DHH

Mohammdi and 
Elbourhamy

An intelligent system Egypt Translation Arabic sign language 
into speech

Muljono et al. Education application Indonesia Development lip-reading 
educational application

Orndorf et al. Universal Design for 
Learning

United States Developing a learning 
environment for inclusivity

Parveen et al. A real-time hand gesture 
recognition system

India Accessible interacting with 
computer for deaf user

Parvez et al. Mobile application Pakistan Teaching basic math to deaf 
children

Pece and Marti A smart learning application 
prototype 

Italy Learning Italian sign language
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Ployjiw, U. and 
Michel, P. C.

Augmented Reality(AR) Thailand Productiveness of books with 
augmented reality  for hearing 

impairments
Sánchez et al. A platform for communication 

in sign language 
Mexico Creating an inclusive healthcare 

environment for deaf individuals
Shohieb e-learning system Egypt Utilizing gamification techniques 

in learning for deaf students
Silva et al.  Automatic translation Brazil Automatic translation based on 

avatars
Souza et al.  Multimedia content making Brazil Analyzing videos created by deaf 

people
Tang et al. Speech recognition 

technology
China Creating a learning database for 

deaf students

Conclusions
A significant challenge in educating children with hearing impairments lies in 

creating an environment where they can live and learn alongside their hearing peers, 
with equal respect and opportunities. The population of children experiencing hearing 
loss is rapidly increasing, highlighting the urgent need for inclusive educational 
approaches. Considerable progress has been made in developing inclusive education 
systems in the Republic of Kazakhstan, including recent amendments to legislative 
frameworks that broaden the definition and support for children with hearing 
impairments, particularly those requiring specialized education. Inclusive education 
remains a pressing and relevant issue within both pedagogical theory and practice. 
It is essential to enhance the professional preparation of educators and ensure that 
children with disabilities are fully integrated into society as individuals. Education 
must be accessible to all learners, including those with special educational needs, 
through institutions that offer tailored environments and comprehensive social, 
psychological, and pedagogical support aimed at promoting sustainable academic 
success.

Furthermore, inclusive education not only facilitates participation in learning but 
also provides children with disabilities the opportunity to envision a future where 
they can acquire skills, pursue meaningful careers, and contribute productively to 
society.
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