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Abstract— The paper investigates the dynamic relationship
between technology and inclusive mathematics education for
students with vision impairments. The paper examines the
transformative potential of technology integration in fostering an
inclusive educational environment while acknowledging the
challenges that need to be addressed. The authors highlight the
imperative of teacher training, data privacy, and ethical
considerations in effectively integrating technology into
educational practices. The evolving role of educators in facilitating
meaningful and inclusive learning experiences is emphasized. A
collaborative effort involving governments, educational
institutions, technology developers, and the community is
indispensable in pursuing inclusive education; by collectively
addressing challenges, embracing technological advancements,
and adhering to ethical principles, a transformative educational
landscape can be cultivated.
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I. INTRODUCTION AND BACKGROUND

Ensuring inclusivity and equitable quality education and
promoting lifelong learning opportunities for all is the central
aim of SDG 4, one of the United Nations Sustainable
Development Goals adopted in 2015 [1]. At the core of this goal,
inclusive education seeks to break down barriers to learning,
foster diversity, and create supportive environments that
accommodate students' diverse abilities and backgrounds [1].
By prioritizing inclusive education, societies can empower
individuals, reduce inequalities, and promote social cohesion
[2]. Education becomes a powerful catalyst for sustainable
development, economic growth, and social progress, preparing
individuals for active citizenship and contributing to a skilled
and diverse workforce [2, 3]. Achieving SDG 4 necessitates
collaboration among governments, educational institutions, and
international organizations, focusing on policy development,
adequate funding, teacher training, and infrastructure [4, 5, 6].
By embracing inclusive and equitable education, societies can
create a more just and prosperous future where every learner can
thrive and contribute to a sustainable world.

Sumaia E. Salih
Independent researcher
Dublin, Ireland
sumaiasalih@outlook.com

Tracey Mehigan
Faculty of Engineering and Computing
Dublin City University
Dublin, Ireland
tracey.mehigan@dcu.ie

A. Technology Integration in Inclusive Education and its
Impact on Learning Outcomes

Technology integration in inclusive education offers
advantages for both teachers and students. Using technology,
personalized instruction and differentiated learning pathways
can be provided to adapt to students' needs [7, 8].

To ensure inclusive education for all students, including
those with disabilities, it is crucial to provide them with tools
like assistive technologies (AT). These ATs enable access to
education and facilitate participation and success. When
integrated within the framework of universal learning design
(UDL), both high-tech (e.g., educational robots or screen
readers) and low-tech (e.g., Braille) AT can potentially support
the learning process, making it more inclusive [9, 10, 11, 12].

Technology enhances engagement and motivation, making
learning experiences more effective [13, 14]. Real-time
feedback and assessment tools help identify learning gaps
promptly and provide targeted support to struggling students
[15].

However, challenges related to limited access to technology,
teacher training, and ensuring universal accessibility must be
addressed to realize the potential of technology integration [16,
17]. Research suggests that technology integration positively
influences academic achievement, facilitating comprehension
and knowledge [18]. Additionally, it enables a sense of
belonging and self-esteem among students, leading to increased
confidence in their academic abilities [19]. Technology
integration can provide a more inclusive and equitable
educational landscape through effective implementation and
continuous research.

B. Inclusive Mathematics Education and its Fundamental
Principles

Inclusive mathematics education [20] is an approach that
seeks to provide equitable opportunities and access to quality
mathematical education for all students, regardless of their
diverse backgrounds, abilities, or learning preferences [21, 22].
The core principle of inclusive mathematics learning lies in
recognizing and valuing the individual differences among



students and tailoring instructional strategies to meet their
unique needs.

To achieve inclusivity, teachers must create a supportive and
respectful learning environment [23] that fosters a sense of
belonging and encourages active participation from every
student [24]. By addressing learners' diverse cognitive,
linguistic, cultural, and social characteristics [25] inclusive
mathematics education aims to promote academic success and
the development of critical thinking and problem-solving skills
applicable to real-world situations [20, 26, 27].

Fundamental principles that support inclusive mathematics
learning include differentiation [28, 29], flexible pedagogy [30],
and universal design for learning (UDL) [31]. Differentiation
involves tailoring instructional content, processes, and
assessments to accommodate various learning styles and
proficiency levels [28]. By employing flexible pedagogy,
teachers can adopt various teaching approaches, such as project-
based learning or collaborative group work, to engage students
with educational games (serious games) [32]. UDL emphasizes
the proactive curriculum and instructional materials design to
provide multiple means of representation, engagement, and
expression, ensuring that all students can access and participate
in the mathematical learning process [33]. By adopting these
principles, inclusive mathematics education potentially
empowers students to develop a deep understanding of
mathematical concepts and formulate a positive mindset toward
the subject, promoting lifelong learners' confidence and
proficiency in mathematics and problem-solving skills.

Assistive technologies have the potential to support vision-
impaired students in their educational journey. They empower
students to read and write in Braille, access audio-based learning
materials [34] and collaborate with peers using online platforms.
Additionally, assistive technologies enhance students'
independence, participation, and overall learning experience,
fostering a more inclusive educational environment for those
with vision impairments.

II. VISION-IMPAIRED STUDENTS’ CHALLENGES WITH
MATHEMATICS LEARNING

Vision impaired (VI) students face many challenges in
mathematics education, which necessitate careful consideration
and targeted interventions; these obstacles include information
accessibility, limited teacher preparation, emotional effects, and
other learning barriers. Recognizing and addressing these
challenges is crucial in fostering an inclusive environment that
empowers VI students to excel in mathematical learning,
promoting inclusivity in education.

A. Access to Information and Learning Materials

One of the primary challenges for VI students is obtaining
access to information and learning materials in a format they can
comprehend. Traditional textbooks and printed materials are
often inaccessible to them. VI students have various means to
access information, such as Braille, audio, or enlarged print [34].
Braille offers numerous advantages for blind individuals
compared to other writing systems [35]. Braille materials are an
essential resource, but their availability can be limited and may
only cover some subjects or grade levels [36]. Converting
content into Braille or alternative formats can be time-

consuming and costly [35]. This lack of timely access to
instructional materials can impede their learning progress. Many
students with visual impairments prefer accessing their materials
in electronic formats and rely on "screen readers" as a common
method of access [34].

B. Limited Specialized Teacher Training

Teachers play an important role in catering to the needs of
VI students, for successful inclusion, a positive teacher attitude
is essential. By undergoing effective teacher training, general
education teachers can acquire diverse strategies that enhance
accessibility for students with visual impairment [37]. For
teachers with little to no experience or no previous social contact
with VI individuals, teaching a VI student in a regular classroom
can be perceived as a significant challenge [38]. Inclusive
classrooms require collaborative efforts from both parents and
teachers to develop personalized education plans for students.
When teachers are unable to provide individualized attention to
students with visual impairments in regular classrooms, it can
negatively impact their academic performance [39]. This lack of
expertise can lead to miscommunication and misunderstandings,
hindering the students' overall learning experience [38]. It is
essential for students with VI that their learning requirements are
not disregarded [40].

A research study [41] conducted in Spain indicates that
inclusive classrooms lack appropriate teaching and learning
resources for students with visual impairments. Moreover, there
is a notable absence of parental engagement and collaboration
in their children's education. Additionally, teachers demonstrate
insufficient knowledge in implementing inclusive practices and
effectively teaching students with visual impairments in such
classrooms. Furthermore, another research study carried out by
NORAD (Norwegian Agency for Development Cooperation)
demonstrates a review of selected policy and planning
documents from Nepal, Tanzania, Vietnam, and Zambia,
seeking to provide initial insights into the current inclusive
education policy situation in these countries. The research found
that the level of education among teachers in sign language, the
use of Braille materials, the preparation of hearing aids, and the
creation of tactile diagrams and maps is inadequate to meet the
demands of inclusive teaching effectively [42].

C. Social and Emotional Challenges

In the process of children's development, fostering social
skills holds the same significance as nurturing other abilities
[43]. Vision impairment can result in social and emotional
challenges for students. They face social isolation, reduced self-
esteem, and increased dependency on others [43]. Encouraging
a supportive and inclusive school environment and counselling
services can help address these students' social and emotional
needs; teachers and parental support can serve as protective
factors against socio-emotional challenges such as lack of social
skills [44]. Research shows that students with VI have a smaller
circle of friends than their sighted peers and work hard to form
relationships [40]. Self-esteem plays a vital role in fostering the
confidence and motivation necessary for children to excel both
academically and personally [45, 46]. Encouraging self-
determination in school environments may pose difficulties for
students with visual impairments [40].



D. Inaccessible Learning Environments

Children with visual impairment encounter challenges in
adapting to their surroundings, leading to limitations, preventing
them from interacting with others [43]. Physical learning
environments may only sometimes accommodate vision-
impaired students. Poorly designed classroom layouts, lack of
tactile markers, and inaccessible school infrastructure can hinder
their mobility and independence [47, 48]. The arrangement of
schools, classrooms and the accessibility of facilities are
particularly crucial for VI students. School systems, cultures,
and support structures for visually impaired individuals differ
across various countries. Some visually impaired children attend
schools specifically designed for the blind, while others are
integrated into mainstream educational institutions [46]. Overall
if students with VI are offered a supportive environment,
effective teaching, and learning approaches, they can become
empowered [48, 49].

III. FUTURE CLASSROOMS: ROLE OF TECHNOLOGY IN
ADVANCING MATHEMATICS EDUCATION

STEM (science, technology, engineering, and mathematics)
education is also challenging for visually impaired (VI) students
[50, 51]. However, potential solutions, such as text-to-speech
(TTS) technologies to vocalize mathematical equations, can be
considered [52]. Moreover, tactile images and hands-on
experiences are valuable for enhancing their learning process
and comprehension of scientific concepts [50]. Notably,
research [53] focuses on the Slovakian primary school learning
system, where students use Braille books with tactile images for
learning mathematics, electronic notebooks for note-taking, and
mechanical typewriters for calculations.

Technology offers immense potential in mathematics
education to enhance learning outcomes and promote
inclusivity. The authors explore technology's role in advancing
mathematics education, focusing on promoting equitable access
and inclusivity for all students. Technology in mathematics
education offers promising opportunities for promoting
equitable access, inclusivity, personalized instruction, and
support for students with diverse learning needs through
adaptive, assistive, and Al-driven technologies [ 54, 55, 56].

A. Policy Recommendations to Promote Equitable Access to
Technology in Educational Environments

Equitable access to technology is essential to ensure its
benefits in mathematics education [57, 58]. Policymakers must
prioritize providing adequate funding and resources to schools,
especially those in underserved communities, enhancing digital
coverage. Implementing professional development programs
for teachers to integrate technology effectively into their
classrooms can ensure optimal use [59]. Collaborating with
private-sector partners and using public-private partnerships can
also facilitate the procurement of advanced technologies for
mathematics instruction.

B. Research and Development in Technology for Inclusivity
and Equity in Mathematics Education

Inclusive mathematics education is linked to research and
development efforts that meet diverse learning needs [60].
Researchers should focus on creating technology-driven
solutions to help learners from various cultural, linguistic [61],

and socioeconomic backgrounds [60]. This involves designing
educational software and platforms that provide content in
multiple languages, culturally relevant examples, and real-world
contexts to enhance engagement and comprehension [62, 63].
Studies must be conducted to identify potential biases in
algorithms and content that may affect certain student groups,
and measures should be taken to rectify such biases [64, 65].

C. Adaptive Learning Technologies for Personalized
Mathematics

Adaptive learning technologies have the potential to deliver
education tailored to students' strengths and weaknesses [66].
These technologies utilize Al algorithms to identify areas of
difficulty and dynamically adjust the content and difficulty level
of exercises to optimize learning experiences [67, 68]. Adaptive
learning technologies can help bridge learning gaps and promote
a deeper understanding of mathematical concepts [68].
However, it is essential to address data privacy and security
concerns to ensure the responsible use of student data [69].

D. Digital Resources and Accessibility Tools for Inclusive
Mathematics Learning

In the digital age, many digital resources and accessibility
tools are available to enhance mathematics learning experiences
for diverse students. To ensure accessibility, designers and
developers should adhere to accessibility standards, making
these resources usable for students with disabilities. Providing
multiple formats for content presentation, such as audio, visual,
and textual, can accommodate diverse learning preferences and
enhance comprehension for all learners [70]. Touch screens are
not always accessible and user-friendly for vision-impaired
users, which prevents them from using mobile phones or tablets
to study or even for entertainment. Building the interface using
spatialized, non-speech sound [71] supports the inclusivity of
touch screens leading to enhanced access to mathematics
education online resources.

Al technologies have demonstrated transformative potential
in advancing mathematics education across various
domains. Robots and chatbots equipped with Al can serve as
personalized tutors, offering immediate feedback and guidance
to students as they engage with mathematical problems [72, 73].
Additionally, Al in Education (AIEd) platforms can analyze vast
amounts of educational data to gain insights into student
learning patterns and inform instructional strategies [74].
However, ethical considerations, transparency, and privacy
concerns associated with using Al in mathematics education
must be addressed to build trust among educators, students, and
parents.

IV. ETHICAL CONSIDERATIONS AND PRIVACY CONCERNS

Ethical considerations and privacy concerns are significant
issues that arise with the integration of technology in education.
As technology becomes more integrated in classrooms, it is
imperative to address the potential implications for student data
protection and the overall ethical use of educational
technologies [75].



A. Changing the Educational Landscape: Embracing
Technology and Artificial Intelligence

The exclusive role of the teacher as the source of knowledge
has shifted. To keep up with these advances, educators today
understand that they must commit to learning computer
technology [76]. Artificial intelligence promises to significantly
enhance learning experiences within and beyond traditional
educational settings [77]. While educators can explore ways to
harness these supportive technologies for enhanced learning and
resource optimization, it's important to bear in mind that many
of these tools lack proper field testing and have limited or no
proven effectiveness [78].

B. Privacy and Ethical Considerations for Al in Education
(AIED)

Privacy is a crucial issue, with potential risks for teachers'
and learners' information. For example, agent-based
personalized education could use past performance data for
future predictions. Educational systems primarily gather user
data to anticipate learning behaviors and performance [75]. The
introduction of Al in educational settings sparks significant
questions — for instance, regarding curriculum content and
delivery, the evolving responsibilities of educators, and the
ethical and societal implications of Al [69].

C. Balancing Student Data Ethics and AIEd

One major ethical concern involves the collection and usage
of student data. Educational technology often requires collecting
of personal information, ranging from basic identifiers to more
sensitive data like learning patterns and behavioral
characteristics [75]. For example, chatbots gather substantial
personal data, raising worries about privacy and security. The
data used to train chatbots might carry biases, impacting
accuracy and potentially causing unintended discrimination
[79]. As technology monitors student engagement and
performance, it can inadvertently infringe upon individual
privacy rights.

In addressing these ethical and privacy challenges,
educational policymakers must establish clear guidelines for the
responsible use of technology [75]. Teachers should educate
students not just about using Al, but also about its impact on
society and ethical considerations [80]. However, adopting
AIEd has raised ethical concerns regarding personal data and
learner autonomy [75]. Al-based systems should undergo more
thorough testing before integration into education settings.
Educational institutions should prioritize student and staff
security, uphold privacy, and ensure transparent data collection
and usage [78].

V. CONCLUSION

Inclusive education is a vital approach that strives to provide
equal educational opportunities for all students, including those
with disabilities, ensuring access to quality learning experiences.
Despite its noble intentions, inclusive education still lacks
comprehensive policy-related research on a global scale. To
bridge this gap, promoting teacher training programs dedicated
to inclusive education and adaptive strategies is imperative.
Such initiatives are key in enriching the educational journey of
students with vision impairments. For true inclusivity to emerge,
educators must consistently engage in self-reflection, adapt their

teaching practices, and evaluate their influence on student
engagement, participation, and academic accomplishments.

Integrating technology into inclusive mathematics education
presents immense potential to revolutionizing the learning
process for students with vision impairments. By leveraging
technology, barriers that hinder their learning can be dismantled,
affording all students equal chances to learn and excel.
However, it is essential to acknowledge the existing challenges
that must be tackled to ensure the effective implementation of
technology in this context. A significant aspect of fostering
inclusive mathematics education lies in providing specialized
tools, such as screen readers, Braille displays, and audio
resources. These tools empower vision-impaired students by
facilitating learning and fostering independence, enhancing their
overall educational experience.

A collaborative effort involving governments, educational
institutions, technology developers, and the community at large
is indispensable in pursuing inclusive education; by collectively
addressing challenges, embracing technological advancements,
and adhering to ethical principles, a transformative educational
landscape can be cultivated. A joint initiative involving
governments, educational institutions, technology pioneers, and
the wider community is essential in pursuing inclusive
education. A transformative educational setting can be
cultivated through shared actions to address challenges, embrace
technological advancements, and uphold ethical principles. This
environment pledges equal opportunities for students with visual
impairments, enabling them to excel academically and make
valuable contributions to society, ultimately shaping a future
that embodies true inclusivity and empowerment for all.
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