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not fully accessible. Students with disabilities face several 
challenges in accessing STEM education, but there are tech-
nologies that can help overcome these barriers. Accessibility 
in STEM education for persons with disability is essential 
for building an inclusive and equitable society [1].

ICT and Artificial Intelligence (AI) are fundamental 
to support students with disabilities in different ways [2]. 
Meeting students’ needs and preferences is the fundamental 
starting point. Applications, systems, learning objects, digi-
tal resources have to be accessible, i.e., perceivable, com-
prehensible, and operable according to the Web Content 
Accessibility Guidelines (WCAG) [3]. Personalized learn-
ing and adaptive systems can significantly improve students’ 
performance, engagement, and motivation [4, 5]. Conversa-
tional agents, AI tutors and chatbots enabling interaction via 
voice (or text) can reduce difficulties faced by people with 
sensorial, cognitive or physical impairment [6, 7].

Delivering accessible materials, systems, and tools is 
essential to ensure equal opportunities to students with dis-
abilities of studying and building a satisfying career as any-
one. This is very challenging when students with disabilities 

1  Introduction

Access to education is a fundamental right for anyone, but 
persons with disabilities (PD) risk missing this precious 
opportunity if educational objects and contents, including 
digital materials, apps, games, platforms and systems are 
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engaging learning experiences conform to the Universal Design for Learning (UDL) principles. However, the full potential 
of AI in inclusive education is still in its infancy and needs to be further discovered. Co-design with educators, stake-
holders, and individuals with disabilities would be essential to accelerate this progress and ensure that future education 
technologies and systems are truly tailored and suitable for all students, regardless of their abilities and preferences. Digital 
tools must meet the needs of diverse populations with different disabilities to guarantee equal access to education, while 
engaging, motivating, and empowering students in science and technology.
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are following an educational STEM path. For blind users for 
instance, complex STEM images such as chemical formu-
las, flow diagrams, math formulas, physics diagrams, and 
so on, need a semantic description, in addition to the visual 
one. Laboratory work in subjects such as chemistry, phys-
ics, and biology can be especially challenging.

Different assistive technologies, applications and tools 
are suitable for different impairments.

Universal Design for Learning (UDL) is a design meth-
odology for assuring a flexible and adaptive environment 
suitable to meet the different learning needs of any students, 
including people with disabilities [8]. It is founded on 3 
principles:

	● Representation: delivering information in different for-
mats (e.g., text, audio, video);

	● Action and Expression: enable students to show their 
knowledge in different ways (e.g., writing, speaking, 
prototyping, and creating);

	● Engagement: offer different options for students to get 
involved and stay motivated (e.g., choice, collaboration, 
personalization).

Reducing barriers UDL favors learning for any students 
regardless of abilities and preferences, increases student 
engagement and motivation, and improves learning out-
comes for all. Being accessible by design, it reduces the 
need for individual accommodations [9].

UDL and accessibility are complementary concepts. 
UDL provides a proactive framework for creating an inclu-
sive learning environment, while accessibility focuses on 
ensuring that all students have the necessary supports to 
fully participate in the learning process. Accessibility is a 
key component of UDL that leads the whole design process 
[10].

AI can help map these principles through tools that ana-
lyze teaching materials and suggest modifications to make 
them more accessible, generate alternative multimedia con-
tent (e.g., videos, audio, concept maps), propose differen-
tiated activities based on student profiles. AI can facilitate 
the practical implementation of UDL personalize learning in 
real time, reduce teacher workload in lesson planning, and 
increase student engagement with interactive and multilin-
gual activities. AI not only supports the application of UDL 
principles but also expands them, enabling truly student-
centered teaching.

Applying a content simplification (text, concepts) is use-
ful to improve comprehension for students with cognitive 
and learning disabilities [11]. Assistive technologies and 
AI tools can support and empower students with disabili-
ties [12]. Currently AI has improved real-time captioning 
systems that are essential for deaf students [13] as well as 

text-to-speech systems which facilitate comprehension and 
reading for persons with learning disabilities [14]. Systems 
for image recognition and description today empowered by 
AI enable blind students to learn the educational meaning 
delivered by the image [15].

Students affected by emotional or cognitive disabilities 
can benefit from AI-based emotional recognition systems 
and tutors useful when dealing with different situations, 
including stress, anxiety, and panic. By detecting emotional 
states, AI tutors can deliver students with learning dis-
abilities or attention disorders an accessible cognitive and 
behaviour support [6, 16]. More AI-based Wearable Devices 
and robots can assist students with physical disability and 
those with autism, in mobility and movements [17].

Unfortunately, despite great advances in ICT technol-
ogy (AI, robotics, virtual and augmented reality, games, 
tangible devices, etc.) in the education field, students with 
disabilities can still experience difficulties and obstacles in 
the STEM education where accessibility problems are still 
present [18].

In this paper, we present a systematic review of the last 5 
years of research in the field, to understand how ICT tech-
nology is currently exploited in education in the STEM 
field. Specifically, this study aims to answer the following 
research questions:

	● RQ1: How ICT is fueling advancements in the field of 
inclusive STEM education?

	● RQ2: What are effective ICT systems, tools or applica-
tions for inclusive education in the STEM field?

The paper is organized into 5 sections. Following this intro-
duction, section  2 describes the method, while section  3 
organizes the selected and analyzed studies in a table sum-
marizing the main features. Section  4 critically discusses 
results highlighting future research challenges. Last, the 
conclusion ends the paper.

2  Method

Considering the focus of our search is on ICT tools and 
STEM accessibility for students with disabilities, an exten-
sive search has been carried out by the authors of this 
paper in the most important databases of scientific publish-
ers: IEEE Xplore, ACM, Elsevier, Springer, MedPub and 
Google Scholar. The following query was applied:

ALL((APP OR SYSTEM OR PLATFORM) AND 
(Students with disabilities) AND ("Blind" OR "visually 
impaired" OR deaf and hard-of-hearing or autism or cog-
nitive or physical) AND STEM AND (science OR physics 
OR chemistry OR biology OR environment OR geography 
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OR geology) AND (technology OR computer science)). We 
also applied the filter for considering papers published since 
2021. This review included papers published until March 
2025.

Figure  1 shows results distributed by years. The total 
number of papers has increased in the last 2 years, confirm-
ing the increased interest in this research field.

According to the PRISMA (Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses) methodology, we 
proceed with the screening analysis phase. The screening 
process started with removing duplicates (N=796), reducing 
the set to N=1891 papers. Then the first iteration consisted 
of reading titles and abstracts to verify the focus on disabili-
ties and the STEM educational field. General studies that do 
not involve persons with disabilities, unrelated to the educa-
tion field, or show low-quality content (i.e. predatory pub-
lishers, not peer-reviewed conferences) have been discarded 
reducing the number of candidate papers to N=157. A 2nd 
iteration consisted of reading the papers and selecting those 
most relevant to our research objectives. After the second 
screening, 42 papers have been eligible for our study.

The main objective of this review was to understand 
the actual implementation of apps, systems, and platforms 
created to include students with disabilities, to favor their 
learning process with accessible content and customized 
user interfaces and output. Thus we performed a more 
focused search on serious games for STEM, collecting 8 
papers included in the review.

2.1  Quality assessment

To verify the quality of the selected papers, we applied 
the formal appraisal framework CASP (Critical Appraisal 
Skills Programme). We selected the CASP methodology for 
its simplicity and since it is suitable to our review, which 
includes different types of studies: implementations, user 
tests, theoretical studies, reports and system descriptions. 
CASP provides a structured yet flexible approach to eval-
uate the relevance and methodological quality of studies, 
especially in heterogeneous and interdisciplinary reviews 
[19]. This is in line with the aim of our study which is to 
provide an overview of the state of the art, rather than a 
quantitative meta-analysis. Table  1 summarizes results of 
the CASP analysis.

To perform a Quality Assessment, the selected studies 
have been analyzed according to CASP evaluation param-
eters. In this way, the results can be evaluated considering 
methodological rigor. Among the candidate papers, we have 
a range of different types of studies:

	● 16 Implementations, which are the most represented cat-
egory, show high methodological quality;

	● 12 Theoretical studies present a high clarity of objec-
tives, but variable methodological accuracy;

	● 7 Review studies have high methodological quality;
	● 7 Not validated studies (Report/Book/Student thesis) 

show more heterogeneous quality, with low to medium 
methodology scores.

Fig. 1  The graph shows the total of 
retrieved papers organized by year 
in ACM, Springer, IEEE, Elsevier, 
PubMed, Google Scholar
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remaining studies with weaker methodology are included to 
provide a more detailed overview. In fact, we have to con-
sider that our study is not a quantitative meta-analysis, but 
a critical overview of the state of the art. In this context, the 
results based on CASP criteria can be considered satisfying. 
We decided to still include studies with low methodological 
rigor to understand if they can deliver new ideas or innova-
tive tools, to strengthen the validity of this study’s overview 
of the state of the art. We decided to discard any weaker 
study, if necessary, after the full reading process.

Overall, concerning objective clarity, most studies are rated 
high (60%) and the remaining medium (40%). Regarding 
Methodology and Relevance, about half of the studies are 
rated Medium/High or High/High, but some studies, espe-
cially among reports and theoretical papers, show a low 
rating (Low/Medium or Low/Low). From this data, we can 
deduce that the majority of selected papers, implementa-
tion and review studies, are robust for supporting analysis 
results, while theoretical studies offer valuable concep-
tual insights but cannot support empirical evidence. The 

Source Type Objective 
clarity

Methodology appro-
priateness /relevance

Kohnke & Zaugg [44] Theoretical High Low/Medium
Bernareggi et al. [62] Implementation High Medium/High
Castaneda et al. [60] Theoretical High Medium/High
Ariza & Hernández [99] Review High High/High
Das & Pal [1] Report Medium Low/Medium
Mitra [32] Theoretical High Low/Medium
Perez-Enriquez et al. [33] Implementation High High/High
Holmlund (2024) Student Project Medium Low/Low
Riddle & Planning (2024) Theoretical Medium Low/Low
Šumak et al. (2024) Theoretical Medium Medium/Medium
Neugnot-Cerioli & Laurenty [26] Report Medium Low/Low
Tekerek et al. [20] Theoretical High Medium/High
Esfandbod et al. [82] Implementation High High/High
Yeganeh et al. [67] Implementation High Medium/High
Gorniak et al. [38] Implementation High Medium/High
Moured et al. [40] Implementation High Medium/High
Shoaib et al. [55] Implementation High High/High
Jing et al. [56] Implementation High Medium/High
Zhang et al. [57] Implementation High Medium/High
Dabi & Golga (2024) Review High High/High
Ulbrich et al. [59] Implementation High Medium/High
Kumar et al. [30] Book Medium Low/Medium
Canessa & Fonda [53] Report High Low/Medium
Almufareh et al. (2023) Theoretical Medium Low/Medium
De Wit et al. [83] Review High High/High
Alam et al. [37] Implementation High High/High
Al Omoush & Mehigan [86] Theoretical Medium Medium/High
Chini & Scanlon [98] Review High Medium/Medium
Herdiska & Zhai [42] Study Medium Medium/High
Kontopoulou et al. [52] Report Medium Low/Medium
Emereole [35] Implementation High High/High
Anderson et al. [81] Theoretical Medium Low/Medium
Rizk & Hillier [54] Theoretical Medium Low/Medium
Boza-Chua & Andrade-Arenas [63] Implementation Medium Medium/High
Da Silva et al. [85] Review High High/High
Mubin et al. [75] Theoretical Medium Low/Medium
Cors [22] Review Medium Medium/Medium
Watters et al. [41] Implementation High High/High
Shidende [66] Implementation Medium Medium/High
Mejia et al. (2021) Review High High/High
Anshori & Novianingsih [74] Implementation Medium Medium/High
Guzman-Orth et al. [100] Theoretical High Low/High

Table 1  CASP-informed 
appraisal of selected studies
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	● Software for cognitive support offers features like 
mind mapping and organizational tools to help students 
with cognitive impairments to manage their tasks and 
information;

	● Captioning and transcription tools provide real-time 
captioning and transcription, useful for deaf or hard-of-
hearing students;

	● Virtual reality and simulation software offer immersive 
learning opportunities for students with disabilities.

Despite the growing interest in STEM, individuals with dis-
abilities often face significant barriers in accessing STEM 
education [23]. This creates a talent gap in society and lim-
its personal potential. Advancements in AT are increasingly 
filling this gap [24]. Several studies suggest the effective-
ness of AT in facilitating STEM learning. These tools can 
help ensure that persons with disabilities have equal access 
to STEM education [1]. However, there are still limitations 
due to the lack of fully accessible materials, especially for 
blind students, in secondary and higher education [18]. A 
recent literature review analyzes how AT can assist students 
with visual impairments (VI) in middle primary and sec-
ondary schools (ages 11–18) in learning Mathematics [25]. 
The findings revealed that effective engagement is achieved 
by providing VI students with equitable access to evolving 
AT, addressing issues related to affordability, testing the 
usability and appropriateness of existing AT, and enhancing 
their accessibility for all. Assistive technologies can greatly 
improve in this direction, thanks to advances of AI, more 
and more incorporated in assistive tools, as discussed in the 
following.

4.2  Generative artificial intelligence

AI has the potential to revolutionize education. A grow-
ing trend in education is personalized learning, where AI 
customizes educational content to the individual’s learning 
style and pace.

In particular, Large Language Models (LLMs), such as 
GPT, are advanced AI systems trained on vast amounts of 
text data to understand and generate human-like language. 
In education, LLMs are transforming how students access 
to knowledge and learn and how teachers design lessons 
and prepare materials, to deliver new effective and inclusive 
learning experiences.

Key applications for students include personalized tutor-
ing since LLMs can adapt explanations and feedback to 
individual learners’ needs, supporting differentiated instruc-
tion, can deliver language support for translating, simplify-
ing, or rephrasing content and can enhance critical thinking 
and writing with brainstorm ideas, refine arguments, or 
receive writing suggestions.

3  The study

The selected papers have been categorized by 1) content 
type (theoretical study, review, implementation, etc.), 2) 
purpose or use of technologies, 3) target disabilities, 4) tech-
nology/method, and 5) user test. In the case of a system or 
application, the last parameter records if the app or system 
has been tested with targeted users. Table 2 organizes the 
analyzed studies according to the selected parameters.

As mentioned before, the selected papers have been 
integrated with serious games retrieved with an additional 
query. Table 3 lists the selected serious game that are all in 
the implementation category.

4  Results

In this section, insights from the selected papers have been 
categorized according to the technology used: Assistive 
Technologies, generative AI, ICTs, Virtual Reality/Aug-
mented Reality/Extended Reality, Robotics and Serious 
Games.

4.1  Assistive technology

Assistive technology (AT) is crucial for supporting persons 
with disabilities in their daily activities. AT can significantly 
enhance educational processes. Given the individual differ-
ences among students, the educational needs of individu-
als with disabilities vary according to their characteristics 
and preferences. AT devices can be customized to meet 
these individual needs and adapt to specific characteristics 
[20]. This customization enables students with disabilities 
to access and interact with educational materials in more 
usable ways, thereby enhancing their learning experience, 
promoting participation, and improving knowledge and 
self-confidence. By providing students with effective tools, 
AT enables them to fully engage with the curriculum and 
demonstrate their knowledge and skills, thus increasing 
social cohesion and academic performance [1, 20].

AT encompasses a wide range of tools and technologies 
to improve communication, mobility, learning, and overall 
to promote individual independence [21, 22]:

	● Text-to-speech and speech-to-text technologies assist 
students with reading and writing difficulties;

	● Screen readers support visually impaired students by 
translating screen content and interface structure into 
audible speech or Braille;

	● Alternative input devices, such as eye-tracking systems 
and adaptive keyboards, enable students with motor im-
pairments to interact with computers;

1 3
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Source Type Purpose Target disability Tech/ Method Test
2025
Kohnke & 
Zaugg [44]

Theoretical study Artificial Intelligence: an opportunity for equity and 
access in STEM education

All disabilities AI

Bernareggi et al. 
[62]

Implement Enhancing accessibility in STEM education through 
formulae transcription in video lectures

All disabilities ICTs

Castaneda et al. 
[60]

Theoretical study 
(design)

Designing inclusive tech playful educative solutions 
in STEM education

Visually impaired ICTs

Ariza & Hernán-
dez Hernández 
[99]

Systematic review Literature review of research-based interventions and 
strategies for students with disabilities in STEM and 
STEAM education

All disabilities

2024
Das & Pal [1] Research report Exploring the challenges and opportunities of making 

STEM more accessible to specially-abled persons 
using Assistive Technology

All disabilities Assistive 
Technology

Mitra [32] Theoretical study Reporting on AI-Powered adaptive education for 
disabled learners

Learning 
disabilities

AI

Perez-Enriquez 
et al. [33]

Implement Framework to enhance learning experiences for 
people with hearing disabilities in online and tradi-
tional classroom settings

Hearing-impaired/
Visually impaired/
Intellectual 
disabilities

ICTs/AI Yes

Holmlund 
(2024)

Bachelor’s degree 
Project

Evaluating ChatGPT’s effectiveness in web accessi-
bility for the visually impaired

Visually impaired AI

Riddle & Plan-
ning (2024)

Theoretical study Empowering individuals with special needs: harness-
ing AI in the legal representation of clients with 
special needs

All disabilities AI

Šumak et al. 
(2024)

Theoretical study Investigating AI-Based education tools for enabling 
inclusive education: challenges and benefits

All disabilities AI

Neugnot-Cerioli 
& Laurenty [26]

Report Investigating on the future of child development in 
the AI era

All disabilities & 
Non-disabilities

AI

Tekerek et al. 
[20]

Theoretical study Reporting on Assistive Technologies in higher educa-
tion for special education

All disabilities Assistive 
Technology

Esfandbod et al. 
[82]

Implement Designing, manufacturing, and acceptance evaluation 
of Apo: a lip-syncing social robot developed for lip-
reading training programs

Hearing-impaired Robotics Yes

Yeganeh et al. 
[67]

Implement Implementing a multi-layered metaverse classroom 
model for immersive and inclusive learning

All disabilities Virtual Reality/AI Yes

Gorniak et al. 
[38]

Implement Enhancing chart accessibility with llm-based conver-
sational interaction

Visually impaired AI Yes

Moured et al. 
[40]

Implement An intelligent interface for chart accessibility 
conversion

Visually impaired AI Yes

Shoaib et al. 
[55]

Implement A mobile e-learning application for enhancement of 
basic mathematical skills

Visually impaired ICTs Yes

Xiaoqing Jing et 
al.[56]

Implement Enhancing spatial scale perception with an interactive 
smartphone assistant

Visually impaired ICTs Yes

Zhuohao Zhang 
et al.[57]

Implement Designing accessible touch experiences of visualiza-
tions with blind smartphone users

Visually impaired ICTs Yes

Dabi & Golga 
(2024)

Literature review The role of assistive technology in supporting the 
engagement of students with visual impairment in 
learning mathematics

Visually impaired Assistive 
Technology

Ulbrich et al. 
[59]

Implement Visualizations and pictures and its connection to 
STEM education

Visually impaired ICTs Yes

2023
Kumar, et al. 
[30]

Book Discussing AI-assisted special education for students 
with exceptional needs

All disabilities AI

Canessa & 
Fonda [53]

Research work Presenting strategies that promote the full inclusion 
of scholars with disabilities in society

All disabilities ICTs

Almufareh et al. 
(2023)

Theoretical study Intellectual disability and technology: an artificial 
intelligence perspective and framework

Intellectual 
disabilities

AI

Table 2  Selected papers ordered by years
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strong potential in supporting children with special needs 
both within and beyond the classroom. Popular applica-
tions use adaptive learning to personalize instructions, by 
increasing engagement through interactive design, pro-
viding individual feedback, and adapting to children with 
special needs in education [28, 29]. Exploiting AI, educa-
tors can improve outcomes for students with special needs. 
AI-assisted tools such as live chatbots, class dictating soft-
ware, verbal command based eBooks, adaptive personal-
ized tutors, image-based learning, and many more have 
enhanced the teaching-learning experience [30]. AI-based 
adaptive learning, assistive intelligent tutoring and early 
intervention data analytics improve inclusive education. AI 

Teachers can use LLMs to content generation, student 
evaluation, create quizzes, summaries, lesson plans, or even 
simulate classroom interactions.

The goal of personalized learning for students with dis-
abilities is to customize educational methods, resources, 
and support to fit their distinct needs, capabilities, and 
learning preferences. The ability of AI to provide immedi-
ate feedback has the power to significantly catalyze cogni-
tive, neurodivergent and motor skill development [26]. The 
interactive nature of AI also has the potential to adopt a 
top-down approach to assessment, by asking questions to 
encourage deep thinking and reflection, enabling students 
to demonstrate their understanding and reasoning skills, 
resulting in increased learning outcomes [27]. AI holds 

Source Type Purpose Target disability Tech/ Method Test
De Wit et al. 
[83]

Systematic review The design and observed effects of robot-performed 
manual gestures

Students with 
ASD

Robotics

Alam et al. [37] Implement Enabling accessible visualizations through interactive 
natural language interface

Visually impaired AI Yes

Al Omoush & 
Mehigan [86]

Theoretical study Leveraging Robotics to enhance accessibility and 
engagement in mathematics education for vision-
impaired students

Visually impaired Robotics

Chini & Scanlon 
[98]

Literature review Teaching physics with disabled learners All disabilities

Herdiska & Zhai 
[42]

Use of SW in science 
classes

AI-based scientific inquiry to K-12 students Learning 
disabilities

AI

2022
Kontopoulou et 
al. [52]

Research work Reporting on the role of digital technologies in spe-
cial education domain

All disabilities ICTs

Emereole [35] Implement Intelligent e-learning system to promote an inclusive 
classroom experience for deaf

Deaf/Hard of 
hearing

AI Yes

Anderson et al. 
[81]

Theoretical study Discussing the challenges in inclusiveness for people 
with disabilities within STEM learning and working 
environments

All disabilities Virtual reality/
Augmented 
reality/Robotics

Rizk & Hillier 
[54]

Theoretical study Investigating on digital technology and increasing 
engagement among students with disabilities

All disabilities ICTs

Boza-Chua & 
Andrade-Arenas 
[63]

Implement Mobile app for students with hearing impairment Deaf/Hard of 
hearing

ICTs Yes

Da Silva et al. 
[85]

Systematic review Application of educational Robotics to children with 
learning disability

Learning 
disabilities

Robotics

Mubin et al. [75] Theoretical study 
(design/prototype)

Designing a framework for supporting deaf and mute 
learning experience

Deaf/Hard of 
hearing

Extended reality

2021
Cors [22] Review Reporting on remote learning support for students 

with disabilities
All disabilities Assistive 

technology
Watters [41] Implement Making hands-on laboratory tasks accessible Visually impaired AI
Shidende [66] Research work Design and implementation of accessible open-source 

augmented reality learning authoring tool
All disabilities Augmented reality

Mejia et al. 
(2021)

Review Survey on mathematical software tools for visually 
impaired persons

Visually impaired ICTs

Anshori & 
Novianingsih 
[74]

Implement Developing mathematics teaching materials integrat-
ing by Augmented Reality software and Android

Deaf/Hard of 
hearing

Augmented reality

Guzman-Orth et 
al. [100]

Theoretical study Equitable STEM instruction and assessment: acces-
sibility for special populations

All disabilities

Table 2  (continued) 

1 3

Page 7 of 17      3 



Universal Access in the Information Society            (2026) 25:3 

based on individual student needs. The integration of Gen-
erative AI (exploiting Large Language Model) with adap-
tive education brings new directions in adaptive learning 
through the dynamic[30] and diverse output capabilities of 
Generative AI [32]. Research focus addressed accessibility 
of lectures. Perez-Enriquez et al. [33] developed a frame-
work for hybrid and online learning environments that sup-
ports students with disabilities. The proposed system offers 
automatic transcription of the teacher’s speech and, if the 
services are available, specific channels for audio descrip-
tion and sign language interpretation to aid students with dis-
abilities to follow the class. The system is tailored to match 
different needs of educators and students. User tests con-
firmed effectiveness and usability in real-world educational 
scenarios. An interesting app for deaf and hard of hearing 
individuals is Ava, that enables them to participate in group 
conversations converting spoken words into text in real time 
[34]. An intelligent e-learning system specific for deaf/hard 
of hearing (D/HH) students has been developed through 
participative design with interaction with stakeholders such 
as D/HH students, teachers, school administrators [35]. This 
led to the development of the system which was built to 
verify whether a speech-to-text transcription service can 
help a D/HH student understand what the lecturer is teach-
ing. A commercial accessible speech recognition AI-based 
technology (Voiceitt) has been developed to assist persons 
with speech impairments in order to recognize and adapt 
to non-standard speech patterns, thus enabling clearer com-
munication. It also offers live captioning to enable real-time 
speech transcription during video calls or live interactions 
[36]. Another key area where AI assists people is vision 
impairment: smart assistants like Amazon’s Alexa and 
Apple’s Siri offering vocal interaction have become funda-
mental support for blind users interacting with the digital 
world and the domotic devices [36]. AI-powered imaging 
tools have the potential to assist visually impaired individu-
als by converting visual data into various kinds of formats 
delivering text and audio-based responses [36]. Concern-
ing accessibility of charts, different solutions have been 
proposed. Alam et al. [37] designed SeeChart, an interac-
tive web-based system that facilitates blind users in under-
standing charts delivering automatically generated natural 
language descriptions and exploring the chart through the 
keyboard. A system validation with 14 blind participants 
revealed that SeeChart improved their ability to understand 
charts through audio and keyboard interaction, which would 
be very difficult with other existing tools. Following a dif-
ferent approach, Gorniak et al. [38] introduced VizAbility to 
augment keyboard navigation of chart content with conver-
sational interaction. They use Olli’s tree view [39] to cre-
ate a text representation of a chart navigable via keyboard. 
To enhance this tree view authors exploited an LLM-based 

algorithms customize learning in adaptive learning systems. 
AI-powered tutoring improve student performance [30].

First of all, the creation of accessible digital content is 
crucial for ensuring that all students can engage with learn-
ing materials and have equal opportunities for learning. 
According to UDL (Universal design for Learning) prin-
ciples, this includes providing content in multiple formats, 
such as audio, video, text, and ensuring that it is compatible 
with assistive technologies [31]. Personalization and adap-
tivity is the main target for inclusive education. Adaptive 
learning technologies personalize educational experiences 

Table 3  Selected serious games
Source Purpose Target 

disability
Tech Test

Manitsa et al. 
[91]

Development of 
an educational 
game for the 
social inclu-
sion at school 
of students 
with vision 
impairment

Visually 
impaired

Seri-
ous 
game

Yes

Olim et al. [89] Augmented 
Reality interac-
tive experiences 
for multi-level 
chemistry 
understanding

Non-disabilities Seri-
ous 
game

Yes

Luong & Le 
[90]

Simulation-
based Serious 
Game for 
teaching agile 
software 
development

Non-disabilities Seri-
ous 
game

Yes

education.mine-
craft.net/

Popular game 
that can be 
used for STEM 
teaching

All disabilities Seri-
ous 
game

codecombat.
com/

Online game 
that teaches 
programming

All disabilities Seri-
ous 
game

sphero.com/ Programmable 
robot that can 
be used to teach 
coding and 
STEM concepts

Motor 
disabilities

Seri-
ous 
game 
(robot-
ics)

Kamarulzaman 
et al. [88]

Mathematical 
educational 
game applica-
tion for primary 
school slow 
learner

Learning 
disabilities

Seri-
ous 
game

Yes

Peters Rit et al. 
[92]

Inclusive Seri-
ous Game for 
int. students’ 
attitudes and 
behaviour on 
diversity and 
inclusion

Non-disabilities Seri-
ous 
game

Yes
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4.3  ICTs

“The term ICTs refers to all kinds of technologies that let 
users have access, use and manipulate information” [51]. 
The large number of studies that connect ICTs and assistive 
technologies shows that the use of them in the life of chil-
dren and adults is essential in special needs education [51]. 
Kontopoulou et al. [52] reported some of the most indicative 
uses of ICTs in the education of people with different learn-
ing needs (autism, visually impaired, deaf/hard of hearing, 
sensory and physical impaired and dyslexic learners).

Canessa & Fonda [53] described the use of open source 
digital technologies available at ICTP Scientific Fabri-
cation Laboratory of Trieste (Italy) to support education 
and scientific know-how for all (students with disabilities 
included). Some examples are given of how low-cost 3D 
printers and other digital technologies can be applied to cre-
ate solutions to mitigate common disabilities such as vision 
or hearing impairment. The development of prototypes for 
an automated voice-controlled system to reproduce the sign 
language and for the reproduction of special mathematical 
structures is illustrated. Digital tools developed at Scientific 
FabLabs can be manufactured with participation, assistance 
and presence by people with a disability. Through this class 
of Fablabs new generations of scientists without any exclu-
sion can be sustained.

Rizk & Hillier [54] conducted research using data from 
six Canada school boards, including 27 classroom observa-
tions and interviews with teachers, to explore the role that 
digital technologies play in facilitating greater engagement 
among students with disabilities. They concluded that digi-
tal technologies can alter classroom routines and rituals that 
can lead to greater engagement. In particular, digital tech-
nologies can play a major role in enhancing engagement 
through support and greater access to classroom content and 
learning processes. Moreover, technology, for students with 
disabilities, can provide new ways of conceiving interaction 
routines. While many aspects of school experiences con-
tinue to be segregated for students with disabilities, tech-
nology offers a chance for new interactions ways centered 
around digital skills and that enables students to play a dif-
ferent role in traditional classroom settings.

Some tools for visually impaired students include:

	● a mobile e-learning application which helps visually 
impaired children to learn mathematical skills easily 
[55]. The application consists of two modules: “Learn 
to Draw Digits” and “Perform Basic Mathematics Op-
eration,” and provides feedback on both modules. The 
proposed application helps visually impaired children to 
learn basic math skills by using an auditory feedback 
mechanism. This application is specifically designed for 

question-and-answer module. These natural language que-
ries allow users to understand the chart without needing to 
navigate and mentally synthesize different parts of the chart 
to derive insights. Moreover, concerning the creation of 
accessible charts, Moured et al. [40] created Chart4Blind, 
a tool that helps sighted people make graphs accessible to 
visual-impaired people. Chart4Blind is an intelligent user 
interface designed to transform bitmap image representa-
tions of line charts into universally accessible formats. These 
formats can be used to emboss a tactile graphic on paper or 
to read it on a 2D haptic Braille display. Chart4Blind has a 
simple user-friendly interface to be utilized also by novice 
users. A very interesting innovation is the MSU Denver Vir-
tual Lab Assistant (AI tool) that enables visually impaired 
students to perform the hands-on laboratory autonomously 
using voice control created by Watters et al. [41]. AI can 
be exploited in learning disabilities. For example, Herd-
liska & Zhai [42] investigated the use of Google Teachable 
Machine, an AI application, to lead science classes. Teach-
able Machine exploits AI and machine learning to develop 
algorithms that could solve complex, concrete problems, 
offering a great support for STEM topics for students with 
learning disabilities. Students with autism spectrum disor-
der (ASD) need a structured learning environment. AI can 
bring benefits to adapt and personalize learning materials 
and tools [43]. Personalized Learning: AI can adapt to the 
unique learning style of each individual, providing a per-
sonalized learning experience. This is particularly beneficial 
for those with ASD, who often require tailored educational 
approaches. AI can adjust the pace, content, and method of 
instruction to optimize learning outcomes. Social Interac-
tion Training: AI-powered robots and virtual characters can 
provide a safe and controlled environment for individuals 
with ASD to practice social interaction. These AI entities 
can simulate various social scenarios, helping those with 
ASD to learn and understand social norms. Enhanced Inde-
pendence: AI can assist individuals with ASD in accom-
plishing daily tasks and routines, promoting independence 
and self-confidence. Current research highlights AI’s trans-
forming potential in education, particularly for special 
education and STEM fields [44]. Artificial intelligence can 
personalize learning, adapt content, and promote inclusion 
for students with disabilities [45, 46]. However, challenges 
persist, including ethical concerns related to privacy, bias, 
and transparency [47, 48]. Experts recommend interdisci-
plinary collaboration, innovative methodologies and long-
term impact evaluations to maximize the potential of AI 
while maintaining ethical standards [49, 50]. They stress 
developing clear ethical guidelines, enhancing teacher 
training and creating frameworks that balance technological 
advancements with human-centered approaches [47, 48] to 
ensure equity and accessibility for all students.
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of scientific content. Video lectures may be inaccessible to 
students with various disabilities, and one solution to make 
these materials accessible is to provide full transcriptions. 
VoiceMath is a tool that can significantly facilitate the task 
of transcription, as it allows for much faster transcription 
compared to traditional methods, such as manual transcrip-
tion. This application generates many advantages for foster-
ing inclusive educational practices, particularly within the 
domain of STEM disciplines at the university level.

Boza-Chua & Andrade-Arenas [63] proposed the devel-
opment of a mobile application aimed at educational inclu-
sion for students, whether or not they are hearing impaired. 
It was concluded that the mobile application will generate 
different adequate and viable benefits for an inclusive edu-
cational environment for students with hearing impairment.

4.4  Virtual reality/augmented reality/extended 
reality

Immersive Virtual Reality (IVR), through Virtual Real-
ity (VR) and Augmented Reality (AR), represents a new 
medium for learning. It can translate students to different 
periods or environments, making complex concepts easier 
to conceptualize. The VR potential in education is a promis-
ing way for presenting complex concepts, particularly visu-
ally intensive content in higher education [64]. It enables 
a multisensory experience, showing a positive impact on 
learning [65].

“AR is a technology that superimposes real-world 
objects with virtual generated information in the same 
space, thus providing a more useful composite view” [66]. 
A metaverse classroom (Metaverse-driven Multi-layered 
Immersive Learning Environment) that integrates cutting-
edge immersive technology with adaptive pedagogy and 
robust security to address the education challenges has been 
proposed by Yeganeh et al. [67]. To accommodate different 
student needs, the metaverse classroom was designed with 
cross-platform accessibility, AI-based personalization, and 
advanced security protocols, providing an inclusive learn-
ing experience regardless of technology or students’ impair-
ments [68]. Recent studies [69, 70] suggest that immersive 
environments enhance visualization for complex subjects, 
such as STEM, and enable students to experiment safely 
in virtual laboratories. Virtual classrooms within the meta-
verse facilitate real-time interaction in a fully immersive 
shared space where students can participate in collaborative 
activities, simulations, and interactive discussions [71].

AR creates immersive hybrid learning environments that 
facilitate the critical thinking, problem-solving and commu-
nication through collaborative exercises [72, 73]. An acces-
sible AR learning authoring tool, based on an open-source 
learning environment, such as Moodle, for empowering 

moderately visually impaired children from grade 6 to 
grade 9. It enables visually impaired students to learn 
and draw digits along with basic mathematics opera-
tions by using auditory feedback;

	● AngleSizer, an innovative assistant for blind/visually 
impaired (BVI) users to acquire and enhance their per-
ception of spatial scales based on size and angle mea-
surement using a smartphone [56]. This tool is tailored 
to assist BVI individuals in learning small and medium 
spatial scales, by facilitating a convenient, efficient, and 
cost-effective learning process;

	● ChartA11y, an app developed to enable accessible 2-D 
visualizations on smartphones for blind users [57]which 
aimed at providing direct chart accessing and compre-
hensive chart understanding.

Studies have shown that 3D representations can increase 
blind students’ motivation to learn STEM subjects [58]. 
Ulbrich et al. [59] used techniques from artists to create tan-
gible visualizations in 3D by creating a tool to help visu-
ally impaired students to experience images or drawings. 
The tool offers possibilities to quickly generate moderately 
sized 3D models which then can be produced with common 
3D printers. Based on the feedback from blind experts, they 
adapted the 3D visualization generator to improve usability 
and accessibility. Specifically, they simplified the user inter-
face, enhanced the resolution of the generated models, and 
increased the processing speed. These changes were made 
to ensure that the models are detailed enough to be useful 
for educational purposes and easily perceivable through 
touch. By self-creating models, students would have a vari-
ety of possibilities to train STEM subjects. Mathematical 
topics from a wide variety such as geometry were possible 
fields of application.

Castaneda et al. [60] aimed to develop design guidelines 
for creating playful educational tools for visually impaired 
students in STEM fields. Through contextual interviews, 
this was achieved by gaining insight into the interaction of 
visually impaired learners when using an audio game and 
3D-printed tangible blocks. The results obtained generated 
a set of design guidelines for developing educational STEM 
solutions with a playful focus for visually impaired children.

Mejia et al. [61] presented a review of the main tools and 
methods currently used towards making mathematical con-
tent accessible to BVI students that might encourage them 
to pursue a STEM career. There are several ways to access 
mathematics involving auditory and touch forms, or a com-
bination of both, with auditory being the most prevalent in 
practical implementations.

For what concerns other disabilities, Bernareggi et al. 
[62] introduced VoiceMath, a web application developed to 
meet the accessibility needs of videos of university lectures 
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out by the robot was evaluated compared to a video of a 
human teacher lip-syncing the same words. The outcome 
of the experiment revealed that no significant differences 
were observed between the recognition of the robot and the 
human tutor’s articulation of multisyllabic words.

De Wit et al. [83] carried out a systematic review on 
social robots that investigates the effects of robot-performed 
gestures on human-robot interactions in many fields. In par-
ticular they are therapeutic devices in the field of autism 
spectrum disorder (ASD) for training social skills or teach-
ing gestures to nonverbal autistic people as an alternative 
means of communication. Robots in fact can provide a safe 
and relaxed environment for practicing social skills, while 
still ensuring a degree of realism in the interaction [84].

Da Silva et al. [85] made a systematic review on the 
works that discuss the contributions of educational robot-
ics for students with learning difficulties. There are still few 
works related to the use of educational robotics as a resource 
for students with learning difficulties. They indicate that the 
pedagogical use of robotics has been taken as a direction to 
follow in order to enhance the learning of basic abilities and 
even the learning of transversal content.

Al Omoush & Mehigan [86] outlined the role of educa-
tional robotics in inclusive education. They examined the 
challenges and benefits of using educational robotics in 
mathematics for vision-impaired students observing vari-
ous benefits including enhanced engagement, multisensory 
learning experiences, and improved collaboration and com-
munication skills, which improve opportunities for inclu-
sive classroom experiences.

4.6  Serious games

Educational serious games are designed for purposes other 
than just entertainment. While serious games often include 
elements of gameplay and entertainment, their main objec-
tive is to educate. They can be used to teach STEM con-
cepts and coding. A systematic review of serious games as 
tools for technical and scientific education highlights the 
effectiveness of popular games like Minecraft, CodeCom-
bat and Sphero SPRK+ in enhancing learning outcomes and 
engagement in STEM education [87].

Serious games offer features that can be adapted for peo-
ple with disabilities. Kamarulzaman et al. [88] developed 
a math educational game for primary school slow learn-
ers. This application supports students in understanding 
the basic concept of mathematics while using technology 
for facilitating the learning process. Colorful images and 
text were exploited for attracting the slow learner student’s 
interest, since they tend to feel bored if the learning contents 
are not interesting or attractive.

non-technical users to develop and using AR applications 
for teaching and learning has been presented by Shidende 
[66]. This tool delivers AR learning in different disciplines 
by users with varying levels of accessibility and in different 
learning settings.

Anshori & Novianingsih [74] developed mathematics 
teaching materials about angles integrated by AR software 
and Android for deaf students to bridge the process of deaf 
students’ abstraction in learning mathematics. Mubin et al. 
[75] proposed a framework for deaf and mute learners to 
enhance their learning experience by utilizing XR technol-
ogy. The exploration of new and emerging technologies in 
XR presents deaf and mute children an alternative method 
to enhance their learning using an intuitive and interactive 
way.

4.5  Robotics

The evolution of robotic technology has led to the devel-
opment of a new educational concept: utilizing robots that 
socially interact with humans as teacher’s assistants. Leyz-
berg et al. [76] examined the influences of the robot’s pres-
ence on individuals’ learning outcomes through a robot 
tutoring task. Results revealed that a physically present 
robot leads to higher learning benefits than on-screen char-
acters and enhances participants’ performance during the 
activity.

The utility of socially assistive robots in the field of edu-
cation has been the subject of several studies performed in 
the field of Human-Robot Interaction [77, 78]. Social robots 
can be used within several training subjects, i.e. Mathemat-
ics, Physics, and Programming, but also teaching cognitive 
skills to persons with special needs, being beneficial and 
enhancing the learners’ educational gains by keeping the 
participants engaged [79, 80].

Robotic systems can have a great impact in regards to 
physically assisting students with disabilities in a laboratory 
space. The systems’ ability to automate physical lab tasks, 
for example loading vials or mixing reagents, could enable 
students with disabilities to manage STEM activities and 
therefore increase their number in the STEM field. Although 
robotic lab assistants improve lab experience for students 
with disabilities, there is an under-utilization in academic 
labs and the industry. It is urgent to take action and invest 
in these systems to have a gradual increase in students with 
disabilities in STEM areas [81].

As an example, Esfandbod et al. [82] proposed a new tab-
let-face robotic platform, designed to enhance lip-reading 
training programs for hearing-impaired individuals. In this 
regard, a lip-syncing system based on the visual articula-
tion of a sign language interpreter was developed and imple-
mented on the robot. The clarity of the utterances carried 
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and facilitate different content rendering and accessibility 
[93]. While traditional assistive technologies offer a static 
support, generative AI introduces a new powerful paradigm 
by enabling real-time, adaptive, and multimodal interaction 
[94]. Compared to traditional tools, AI is an empowered 
assistive technology that offers dynamic cognitive support, 
engagement, and interactivity. As an assistive tool, AI can 
generate accessible, contextualized, and personalized edu-
cational materials in a fast and easy way [93]. As cogni-
tive support, it is able to personalize materials and scaffold 
learning. Concerning engagement, it favors active participa-
tion through easy to use conversational interfaces.

Thanks to Retrieval-Augmented Generation (RAG) and 
multi-agent systems architectures, Generative AI is sig-
nificantly enhancing educational settings. RAG enables 
the model to access external, domain-specific knowledge 
bases, empowering it to generate responses that are not only 
coherent but also contextually accurate and up-to-date. This 
approach can be effectively applied to educational environ-
ments to support inclusive and adaptive learning [95]. In 
agent-based architecture, multiple intelligent agents, each 
with specialized roles (such as content generation, learner 
assessment, or emotional support) collaborate dynamically 
to provide adaptive learning experiences, especially for 
students with special needs. Recent research highlights the 
practical applications of multi-agent systems in complex, 
human-centered domains, including education and training 
[96].

Concerning the second research question, the solutions 
analyzed in this review (systems/apps/tools) showed a 
wide range of technological approaches, from tactile and 
vocal interactions to augmented reality and social robots, 
from smart assistants to serious games and other emerging 
tools showed the potential to support personalized learning 
by improving content accessibility and favoring autonomy 
for students with disabilities. However, despite the increas-
ing interest in the research community and the presence of 
numerous innovative solutions, most of the identified tools 
are prototypes or experimental studies and thus not widely 
adopted. This suggests the need for greater validation in real 
educational settings and for the definition of policies that 
support the transition from lab to classroom.

From the analysis of the selected studies, three trans-
versal dimensions emerge that help to understand the full 
potential of AI and ICT technologies for inclusion in STEM 
education: technology mediation, teacher-student interac-
tion, and self-regulation and autonomy.

Technology mediation refers to the role played by digi-
tal tools as assistive supports such as screen readers, cog-
nitive scaffolds such as adaptive tutors, or interaction 
facilitators including chatbots or conversational agents. 
Teacher-student interaction is redefined through new forms 

Olim et al. [89] developed three serious games to sup-
port and engage 9- to 13-year-old children with abstract sci-
entific concepts related to the periodic table enhancing the 
creative and scientific process with AR technology. Results 
showed significant positive learning outcomes for all the 
games. The increase in positive affects towards chemistry 
and the decrease in negative ones indicate that games can 
improve children’s attitudes and affects towards chemistry 
thus facilitating learning.

Luong & Le [90] developed a simulation-based role-
playing game (Digital Descent) designed to teach and pro-
mote the basics of Agile software Development, observing 
that the games were particularly successful in teaching this 
topic.

Manitsa et al. [91] developed an accessible educational 
game (Vi-Connect) to address the social emotional, com-
munication and self-advocacy needs of adolescents aged 
12–16 years with vision impairment prioritising social rela-
tionships with teachers and classmates in school. This 2D 
educational game is accessible through Windows devices in 
which players with vision impairment can create their own 
gender-neutral Main Character and participate in three dif-
ferent scenarios that take place in various school settings 
interacting with their classmates, teachers and teaching 
assistants. This intervention aims at improving the social 
interactions and relationships that adolescents with vision 
impairment develop with their teachers and classmates in 
schools and promote their social inclusion. Peters Rit et al. 
[92] developed a serious game called Diverse Perspectives 
with the aim to encourage inclusive behaviour among uni-
versity students by stimulating interactions between diverse 
groups. This game with multiple endings captures social 
dilemmas and allows the player to view them from a differ-
ent angle through perspective switches.

5  Discussion

In this study we investigated the features and effectiveness 
of ICT systems, tools, and applications available for pro-
moting inclusive education within STEM fields. To answer 
this study’s first research questions, advancements in Infor-
mation and Communication Technologies greatly impacted 
inclusive STEM education.

First of all, artificial intelligence (AI) showed the poten-
tial to enhance accessibility for people with disabilities and 
improve their overall quality of life in everyday tasks. AI 
has a major impact on the educational field, adapting mate-
rials and learning pace and providing continuous monitor-
ing, making learning easier and more accessible for students 
with disabilities. AI based chatbots improve inclusive les-
son planning, provide real-time feedback and suggestions, 
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models to produce specialized outputs, thus offering tai-
lored, inclusive, engaging, and pedagogically enhanced 
solutions that support equity and personalization in STEM 
education.

Thanks to its unique capabilities, genAI facilitates the 
practical implementation of UDL principles with signifi-
cant advantages: real-time personalized learning, reduced 
teacher workload in lesson planning, and increased student 
engagement through interactive and multilingual activities. 
It not only supports the application of UDL principles but 
also expands them, enabling truly student-centered teach-
ing [8].

AI demonstrates great potential as an inclusive, adap-
tive assistive technology, playing a pedagogical role in 
mediating learning, enhancing interaction, and supporting 
independent study. Generative AI is emerging as a dynamic 
"digital co-teacher" in inclusive STEM education, empow-
ering educators and helping ensure that no student is left 
behind [93].

So far, the full potential of AI in inclusive education has 
yet to be fully explored, and several challenges remain open. 
Our findings highlight priority areas for future development 
of inclusive solutions: to develop more effective open-
source and engaging AI-powered systems and applications 
to enhance teacher-student interaction and foster greater 
student autonomy. Co-designing solutions with teachers, 
stakeholders, and individuals with disabilities will be key 
to accelerating progress and ensuring that emerging tech-
nologies and actual systems truly meet the diverse needs of 
learners.

Finally, ensuring accessibility and inclusion in STEM is 
not only a technological challenge but also a social and ethi-
cal imperative. It is essential to address these dimensions 
to provide equal opportunities for learning, participation, 
and career development for all individuals, regardless of 
disability.

of communication, automated feedback, real-time adapta-
tion, and shared virtual environments. Self-regulation and 
autonomy refer to the ability of tools to support individual 
and independent study, personalized learning paths, and stu-
dent motivation.

These three dimensions provide a student-focused criti-
cal framework that enriches the technology categorization 
performed by this analysis.

More than half of the analyzed studies concerns assis-
tive technology showing the main focus on current research 
is in this direction. Thanks to AI advancements, interac-
tion systems are recently emerging offering a high (such 
as real-time adaptation, virtual interaction, LLM dialogue) 
or moderate (video transcription, tangible interaction, etc.) 
Teacher-Student Interaction, as well as systems for Self-
Regulation & Autonomy.

There are still many misconceptions and challenges for 
students with disabilities to address STEM subjects. STEM 
faculty hold more negative attitudes and beliefs about dis-
ability than do their colleagues in other disciplines, and 
physics faculty lack knowledge about disability diagno-
ses [97, 98]. Several studies expose the exclusion context 
of students with disabilities, researchers and educators are 
addressing methodologies, strategies or interventions that 
alleviate the situation and contribute to the improvement 
of cognitive, communicative and socio-emotional skills of 
students with disabilities [99]. Opportunities for equitable 
access to STEM instruction and assessment decrease with-
out accessibility. The focus on accessibility in STEM teach-
ing and assessment is the fundamental element for fueling 
fair opportunities. Fair access to STEM education depends 
on prioritizing accessibility. This means exploiting the 
potential of technology to create innovative approaches that 
enhance equitable opportunities [100].

6  Conclusion

This study is part of the STEMMA project (Science, Tech-
nology, Engineering, Mathematics, Motivation and Acces-
sibility), which aims to improve accessibility for blind 
students in STEM education. Building on a systematic 
overview of the state of the art, we are currently investigat-
ing how artificial intelligence can enhance access to visual 
content and data for students who are unable to see.

Our research explores multiple directions: leveraging 
data storytelling techniques, improving image captioning 
for educational content, and empowering teachers with 
dynamic AI-based tools aligned with Universal Design for 
Learning (UDL) principles. The technological evolution 
of generative AI (genAI), driven by Retrieval-Augmented 
Generation (RAG) and agent-based architectures, enables 
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