
––––––  Italian Journal of Special Education for Inclusion –––––– 

anno XIII | n. 1 | giugno 2025

Call

The European DEM (Digital Educational Material) project represents a significant step forward in the field of inclusive digital education. Through the 
analysis of existing digital textbooks, a systematic literature review and the development of accessibility guidelines and prototypes, the project aims 
to improve the effectiveness of digital learning materials. This paper discusses how the integration of Artificial Intelligence (AI) into the project extends 
its potential by refining research tools, enabling advanced personalisation, optimising accessibility features and fostering a more interactive learning 
experience. Such an approach has the potential to guarantee greater benefits for all students, promoting equal access to quality education. 
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Il progetto europeo DEM (Digital Educational Material) rappresenta un significativo passo avanti nel campo dell'educazione digitale inclusiva. Attraverso 
l'analisi dei libri di testo digitali esistenti, una revisione sistematica della letteratura e lo sviluppo di linee guida e prototipi sull'accessibilità, il progetto 
mira a migliorare l'efficacia dei materiali didattici digitali. Il presente documento illustra come l'integrazione dell'Intelligenza Artificiale (IA) nel progetto 
ne estenda il potenziale, affinando gli strumenti di ricerca, consentendo una personalizzazione avanzata, ottimizzando le caratteristiche di accessibilità 
e favorendo un'esperienza di apprendimento più interattiva. Questo approccio ha il potenziale per garantire maggiori benefici a tutti gli studenti, pro‐
muovendo un accesso paritario a un'istruzione di qualità. 
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1. Introduction 
 

In the context of global crises, such as pandemics and conflicts, the role of technology has been particu‐
larly crucial. Even in the form of enforced digitalisation, it has played a crucial role in fostering democratic 
participation, widening access to quality learning materials and enabling hybrid and blended learning 
models (Macchia & Torri, 2024a). Digital textbooks have been shown to possess considerable potential 
in terms of enhancing accessibility, inclusivity, and personalisation through the use of interactive and 
multimedia features. Concurrently, they have the capacity to challenge the long‐standing hegemony of 
traditional print‐based educational materials (Macchia & Torri, 2024b). However, existing digital textbooks 
frequently fail to meet accessibility standards, thereby limiting their effectiveness in inclusive classrooms. 

Recent research highlights both the advantages and limitations of digital textbooks. Lee and Shin (2021) 
emphasize their potential for personalized learning, interactivity, and multimedia integration (Lee & Shin, 
2021). Nevertheless, challenges concerning accessibility persist, as evidenced by the non‐adherence of 
numerous digital resources to the Web Content Accessibility Guidelines (WCAG, 2024). This discrepancy 
underscores the necessity for a systematic approach to the design of truly inclusive digital educational 
materials. 

At the European level, there is a scarcity of international comparisons regarding the use of digital edu‐
cational content and its benefits. Despite the emergence of innovative concepts for the creation of digital 
textbooks and their implementation, at the local level, there remains a lack of cohesive and unified guide‐
lines, as well as practical information. On the one hand, this deficiency highlights the practical advantages 
of digital textbooks irrespective of their formats, on the other hand, it underscores the need to explore 
possibilities for their application and development (Macchia & Torri 2024b). 

In the context of a rapidly evolving educational landscape, characterised by significant digital trans‐
formation, ensuring accessibility remains a central priority. In response to this need, the DEM project 
(Digital Educational Material) was initiated, with the objective of developing digital textbooks designed 
for universal access. While the DEM project has already established a robust framework for inclusive 
digital education, the integration of AI represents a forward‐looking hypothesis. This article explores the 
potential of Artificial Intelligence to enhance accessibility, personalization and interactivity in digital text‐
books, setting the stage for future research and development in this evolving field. 

 
 

2. The DEM Project: a European Collaboration for Inclusive Digital Education 
 

In order to address the identified gaps, the project was launched as a European cooperative initiative. 
Funded by the European Union, it is coordinated by the Centre pour le développement de compétences 
relatives à la vue in Luxembourg and carried out in collaboration with experts from leading European uni‐
versities. These include the Graz University of Technology in Austria, the Universities of Hamburg, Vechta, 
and Münster in Germany, and the Free University of Bolzano‐Bozen in Italy—institutions renowned for 
their expertise in their respective fields.   

Italy, with its nearly five‐decade experience in inclusive classrooms, has a strong focus on teacher train‐
ing in digital education and inclusion. Luxembourg prioritises multilingual education, supported by an ad‐
vanced technological infrastructure. Germany fosters close collaboration between federal and state 
authorities, grounded in a strong tradition of research and development in educational technology. Austria 
has adopted a well‐structured e‐education strategy, significantly enhancing digital learning platforms. The 
project’s international and interdisciplinary composition is essential for tackling the complex challenges 
of digital education. This approach fosters a comprehensive perspective, promoting the exchange of 
knowledge across diverse educational systems. 

Officially initiated on December 4, 2023, it is expected to reach its conclusion in early December 2025 
and its primary objective is to assess and expand the transformative potential of digital books in education 



through international and interdisciplinary collaboration. DEM aims to achieve several key objectives, 
foremost among them: 

 
An in‐depth exploration of educational technology integration, evaluating the opportunities, chal‐•
lenges, and potential risks associated with digital textbooks. 
The development of adaptable learning resources, primarily designed for learners with visual impair‐•
ments but flexible enough to meet diverse classroom needs. 
The recognition of digital textbooks as valuable educational tools, emphasizing their strengths—such •
as enhanced accessibility, interactivity, multimedia enrichment, and personalized learning pathways—
without diminishing their value in comparison to traditional books. 
 
The project is structured in several phases, evolving both diachronically (following a logical temporal 

sequence) and synchronically (with parallel activities interconnected through ongoing meetings and aca‐
demic exchanges). The four principal phases encompass: (1) An analysis of the current use of digital text‐
books across the educational systems of participating countries; (2) a systematic review of the existing 
academic literature on digital learning materials; (3) the development of comprehensive guidelines and 
a catalog of criteria for analyzing digital books; and (4) the creation of prototypes that exemplify the ap‐
plication of best practices. 

 
 

3. Integrative framework for AI‐Driven Enhancements in Digital Educational Materials. 
 

To integrate artificial intelligence into the DEM project in a systematic manner, a comprehensive frame‐
work is proposed that aligns AI‐driven solutions with the project’s core objectives and phases. The pro‐
posed framework encompasses three pivotal dimensions, each of which contributes uniquely to the 
enhancement of digital educational materials. 

Firstly, the integration of AI for content analysis and enhancement automates the evaluation of digital 
textbook accessibility through sophisticated machine learning models. These models facilitate the assess‐
ment of readability using Natural Language Processing (NLP) techniques, ensuring that educational con‐
tent is adapted to meet the diverse needs of learners (Arnost et al., 2021). For instance, tools based on 
NLP can support text simplification for learners with reading difficulties, as demonstrated by Saggion 
(2017), who highlights the role of automatic text simplification in increasing readability for diverse 
learners. AI‐powered screen readers can provide more accurate and content‐aware text‐to‐speech con‐
versions, while image recognition systems can generate detailed descriptions of visual content for visually 
impaired students (Lu et al., 2015; Shau & Sharma, 2024). Furthermore, AI‐driven summarization tools 
are employed to condense educational material, thereby promoting efficient knowledge retention among 
students. Such AI applications could significantly improve the accessibility and usability of digital text‐
books, making them more inclusive and effective for a broad spectrum of learners.  

Secondly, AI for Personalization and Adaptive Learning focuses on the development of intelligent tu‐
toring systems that provide real‐time feedback and guidance to students. These systems are designed to 
adjust the difficulty level of learning material based on individual student performance, thereby fostering 
a personalized learning experience. Furthermore, AI‐generated quizzes and exercises are tailored to the 
unique needs and progress of each learner, enhancing engagement and comprehension. Khosravi et al. 
(2022) show that AI can dynamically adapt educational content, leading to improved engagement and 
better learning outcomes. Additionally, as highlighted by Porter & Grippa (2020), AI can offer immediate 
feedback to learners, allowing for timely corrections and improvements. Additionally, Magoulas et al. 
(1999) and Papanikolau et al. (2001; 2003) demonstrate how AI can tailor learning paths to individual 
needs, thereby optimizing the learning process. This capability allows educational content to be adapted 
dynamically to individual student needs, enhancing the learning experience.  

Recently, Zawacki‐Richter et al. (2019) conducted a comprehensive systematic review revealing that 
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AI in education most commonly supports adaptive systems and learner analytics, particularly in digital 
learning environments. These systems tailor instruction in real‐time, as confirmed by Chen, Chen & Lin 
(2020), who emphasize the significance of AI‐based adaptivity in fostering deeper learning. 

A third key application of AI is enhancing accessibility and interaction. AI plays a crucial role in fostering 
more inclusive learning environments by offering real‐time accessibility adjustments, such as text‐to‐
speech conversions and alternative formats. This ensures that educational content is accessible to all 
learners, including those with disabilities (D’Mello & Graesser, 2012), thereby promoting equitable edu‐
cational opportunities.  

AI can also significantly enhance interactivity and engagement through gamified learning experiences, 
making education more enjoyable and motivating for students (Holmes et al., 2019). This approach not 
only captures students’ interest but also fosters a deeper understanding through interactive exploration. 

This framework ensures that AI applications are strategically integrated into the DEM project, thereby 
maximizing the potential of digital textbooks to serve diverse learners effectively.  

The following sections provide a comprehensive summary of the progress achieved in each domain 
of investigation within the project, preceded by a brief introduction to the methods and procedures em‐
ployed, followed by considerations on how AI can intersect with these processes.  AI has the potential to 
intersect with each of these phases, elevating their outcomes by adding new functionalities and optimizing 
the implementation of research findings. 

 
 

3.1 Analysis of Existing Digital Textbooks 
 

The initial phase involved a deep analysis of existing digital textbooks, aiming to establish a systematic 
set of analytical criteria for defining the ideal characteristics of a digital textbook. The research group 
identified mathematics and geography as disciplines particularly amenable to digital transformation strat‐
egies aimed at enhancing visual accessibility. These fields offer a high degree of representational flexibility: 
graphical and iconic elements can be converted into three‐dimensional models or supplemented with 
auditory modulations that convey variations in curvature, elevation, and spatial configuration. Addi‐
tionally, the integration of oral narration serves as a cognitively supportive modality, facilitating the com‐
prehension of spatial constructs in geography and reducing the cognitive load associated with abstract 
mathematical reasoning.  

A sample of 77 textbooks from Luxembourg, Germany, Austria, and South Tyrol (an autonomous prov‐
ince of Italy) was examined, focusing on mathematics and geography for both primary (third/fourth grade) 
and secondary (seventh/eighth grade) education levels. The primary objective was to assess the accessi‐
bility and usability of these educational resources in digital learning environments. 

The findings revealed significant limitations, particularly concerning accessibility. Of the 77 textbooks 
analysed, only 22 contained explicit information about accessibility, yet many did not fully comply with 
accessibility standards, and none adhered to the Web Content Accessibility Guidelines (WCAG, 2024). A 
substantial majority (68 books) were available in e‐book format, with the remainder in PDF or software‐
based formats. Despite their digital availability, smartphone compatibility remained a critical issue due 
to small screen constraints. Only four of the textbooks analysed were classified as digital‐native products; 
the rest were digital conversions of printed materials. Technical support was commonly limited to reading 
platforms, and only four textbooks offered interactive input. Multimedia integration was prevalent but 
often relegated to supplementary resources rather than being seamlessly embedded in the main text. Is‐
sues related to inconsistent navigation, non‐intuitive layouts, and insufficient customization options for 
typography or exercise difficulty were also identified. 

AI can intervene in this phase in the form of an AI‐Enhanced Analysis of Existing Digital Textbooks. AI‐
powered tools can automate the evaluation of digital textbooks by scanning and assessing content ac‐
cessibility based on WCAG standards. Machine learning models can identify patterns in usability, detect 
gaps in interactive features and provide automated recommendations for improving engagement. Natural 
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Language Processing (NLP) can further analyze text complexity to ensure readability and adaptation to 
diverse learners’ needs (Arnost et al., 2021). 

 
 

3.2 Systematic Literature Review 
 

An initial exploration of the bibliographic production on digital textbooks, conducted at the inception of 
the project, highlighted, among other findings, that this form of publication did not present itself as a 
genuine alternative to the printed version. Digital books, even in the most cited articles, are predominantly 
portrayed as products with an attractive appearance and a pre‐packaged format, yet they fail to introduce 
elements of true innovation (Fischer & Scharff, 1998; Macchia & Torri, 2024). 

In light of this, the subsequent systematic literature review was essential to comprehend the current 
state of research and identify existing gaps. The investigation was conducted using two major academic 
databases, Scopus and Web of Science, to ensure comprehensive and accurate coverage of available 
sources. The keywords employed in the searches included combinations of terms such as ‘digital AND 
textbook*’, ‘e‐textbook*’, ‘electronic textbook*’ in conjunction with ‘math*’ or ‘geography’. 

The results of the initial phase of the systematic review were categorized into three main areas: mathe‐
matics, geography, and articles on cross‐cutting topics, i.e., not related to a specific subject.  

Regarding mathematics, 219 specific articles were identified, of which 70 focused directly on digital 
books, 20 on accessibility, and three on visual impairments. The content of these articles encompassed 
the implementation, development, application, and comparison of digital and paper books. 

In the domain of geography, 33 relevant articles were identified, of which only five explicitly addressed 
the topic of digital books. A significant aspect in relation to the project goals is that no article focused on 
accessibility, a crucial topic for our design. Instead, the contents included text design, motivation, the in‐
sufficiency of computer media in disadvantaged areas, principles and procedures for interactive learning, 
and possibilities of use. 

Finally, 255 articles were identified that could not be ascribed to a single discipline, of which 84 were 
about digital books and 18 about accessibility. The reference disciplines included general education, psy‐
chology, electrical engineering, computer science, medicine, and engineering. Contributions from these 
fields are particularly significant for developing a comprehensive approach to digital textbooks, as they 
allow for the integration of multiple perspectives. Specifically, this literature focused on methods for im‐
proving educational resources, teachers’ perceptions, the technological enhancement of printed ma‐
terials, and the role of multimedia learning from a psychological standpoint. 

This initial review revealed the necessity to work on the accessibility and creation of materials in the 
chosen disciplines, underscoring the importance of ensuring that digital educational materials are ac‐
cessible to all students, regardless of their abilities or available resources. 

A more in‐depth analysis is currently categorizing the selected articles into themes such as critical 
analysis, production and development of a book, use cases, and comparison with the paper book.  

In this phase, the best AI approach can consist of an AI‐Driven Systematic Literature Review. AI‐based 
research assistants like Elicit, Paperguide and Julius can streamline the literature review process. Elicit 
automates the categorization of research articles and synthesizes key findings, while Paperguide helps in 
collecting and understanding research papers efficiently. Julius provides personalized assistance in statis‐
tical analysis and literature review, making it easier to structure research findings. Together, these tools 
process vast academic databases more efficiently, extract relevant insights, and identify emerging trends 
in digital education.  
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3.3 Development of a Catalogue of Criteria and Guidelines 
 

The literature review and textbook analysis underscored significant deficiencies, particularly concerning 
accessibility. In response, the project formulated a set of design criteria that exists as a standalone docu‐
ment but whose principles converge into guidelines that are aligned with both the WCAG and PDF/UA 
standards, as well as the Universal Design for Learning (UDL) framework (CAST, 2024).  

The Catalogue of Criteria for the Analysis of Digital Textbooks (Digital Educational Material, 2025a), 
provides a structured framework for assessing the quality and accessibility of digital educational materials. 
It focuses on technical, accessibility and didactic aspects, categorising criteria as either prescriptive (bind‐
ing standards) or descriptive (comparative analysis). Key elements include the evaluation of supplemen‐
tary materials, ensuring accessibility of instructions, and determining whether the textbook is a 
stand‐alone or supplementary textbook. The catalogue uses a coding scheme for both quantitative 
(yes/no) and qualitative assessments, with the aim of standardising the evaluation process and ensuring 
that digital textbooks meet high educational standards.  

Through its guidelines the DEM project’s framework demonstrates a clear convergence with the Uni‐
versal Design for Learning (UDL) model, particularly in its emphasis on accessibility, flexibility, and per‐
sonalization. UDL is grounded in three core principles: providing multiple means of representation (to 
give learners various ways of acquiring information), multiple means of action and expression (to allow 
diverse ways of demonstrating knowledge), and multiple means of engagement (to motivate and sustain 
interest across different learner profiles) (CAST, 2024). 

The drafting of the guidelines began with an exploratory brainstorming phase and was then structured 
around the criteria that define the ideal digital textbook. The guidelines are an evolving document, subject 
to refinement and updating in response to evolving research. As such, they reflect a process‐oriented 
and interdisciplinary approach, where pedagogical, technical, and accessibility aspects are considered in 
parallel and in constant interaction, rather than as separate and sequential components. For this reason, 
a fully standardized and operational structure remains under development and will be consolidated pro‐
gressively through empirical validation and practical implementation scenarios. Their focus is on the de‐
sign and implementation of inclusive and accessible digital textbooks, based on the principles of breaking 
down barriers and developing effective and inclusive teaching. They primarily address teachers and pub‐
lishers and aim to provide a framework for the development of digital educational resources that meet 
the needs of all learners, including those with special educational needs. 

These guidlines underline the importance of designing textbooks as digital‐native tools, where possible, 
or of effectively transforming analogue content into digital formats, while ensuring high pedagogical and 
technical quality. They also stress that digital textbooks should not be seen as self‐learning tools, but 
rather as resources for planning lessons that can be used both in the classroom and at home for home‐
work or revision. 

A crucial aspect of the guidelines concerns the technical conditions necessary to ensure accessibility. 
It is recommended to use recognized standards, such as the WCAG, which provide sound criteria for as‐
sessing the accessibility of digital content. These criteria are based on the principles of operability, com‐
prehensibility, and robustness, and can be verified by automated tools, although these cannot replace a 
manual evaluation. 

The guidelines also encourage the use of web‐based formats for digital textbooks, as they offer a higher 
level of flexibility and adaptability than static formats such as PDF. The use of semantic HTML and ARIA 
structures is essential to ensure accessibility of content through assistive technologies such as screen 
readers.  

The document also recommends that books should be published as Open Educational Resources (OER) 
to ensure their adaptability and accessibility in the long term. From a design perspective, the guidelines 
emphasize the importance of balancing aesthetics and accessibility, pointing out that the choice of colours, 
fonts and layout should ensure readability and usability for all learners, including those with visual or 
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cognitive disabilities. For this reason, appropriate contrasts, clear fonts, and responsive layouts that adapt 
to different screen sizes are recommended.  

The guide also focuses on the importance of providing interactive and personalised feedback to 
learners, as well as incorporating gamification elements to motivate learning. It also reiterates the need 
to provide alternatives for multimedia content and to ensure the accessibility of all functionalities through 
assistive technologies.  

In conclusion, the guidelines aim to provide a comprehensive framework for the creation of digital 
textbooks that are not only technically advanced, but also inclusive and accessible, thus meeting the 
needs of a wide range of learners and promoting equitable and high‐quality education. 

To further enhance this framework, artificial intelligence can play a pivotal role. The AI intervention 
can consist of an AI‐Supported Development of Guidelines, where AI‐driven simulations and predictive 
analytics validate the guidelines by testing their effectiveness in real‐world scenarios before implemen‐
tation. Additionally, AI can generate personalized recommendations for educators and content developers 
based on real‐time accessibility assessments, ensuring that digital textbooks meet diverse learners’ needs. 

The DEM guidelines reflect the cited principles of UDL by promoting multimodal content, customizable 
interfaces, and adaptive pathways. Moreover, the integration of AI strengthens this convergence by en‐
abling dynamic adjustments to content difficulty, modality, and feedback—key mechanisms for addressing 
learner variability and fostering truly inclusive education. 

 
 

3.4 Prototypes 
 

A prototype is defined as a preliminary version of a product or system, utilized for the purpose of evalu‐
ating and substantiating concepts, functionality, and design prior to the initiation of final production. At 
present, the research team is developing prototypes that still require further refinement. The creation of 
a prototype is an iterative process involving several stages, including the establishment of goals, the design 
phase, the realization of the prototype, and the subsequent evaluation. 

The development of digital textbook prototypes follows a design‐based research (DBR) approach, char‐
acterized by an iterative cycle of design, implementation, evaluation, and refinement (Brown, 1992; Barab 
& Squire, 2004).  

As an example, here are two educational prototypes for teaching geography, designed for primary and 
secondary school students. 

 
 
Prototype for primary schools (grades 3 and 4): 
Introduces altimetric representations based on three‐dimensional topographic maps and digital vis‐•
ualisations. 
Includes learning objectives such as understanding altimetric representations and developing map •
reading skills. 
Uses characters with different disabilities to illustrate concepts, with interactive activities and tactile •
tools such as relief maps and 3D models. 
Lessons are designed to be inclusive and adapt to different learning needs and preferences. •
 
Prototype for secondary schools (grade 7 and 8): 
Focuses on the formation of a stratovolcano to deepen understanding of geological processes and car‐•
tographic representation. 
Includes interactive digital visualizations and tools for feedback and collaborative work. •
The lesson structure is similar to the first prototype, with a narrative guiding exploration of the map, •
followed by discussion and reflection. 
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The aim is to meet the needs of students with different learning styles and disabilities, using adaptable •
multimedia tools. 
 
Both prototypes emphasize the use of narrative and discussion to stimulate critical thinking, integrating 

environmental variables for deeper reflection. 
This kind of didactic material constitutes an essential reference for the experimentation and optimiza‐

tion of teaching materials.  
The way to use AI for this phase is an AI‐Augmented Prototyping of Digital Textbooks. AI can enhance 

the development of digital textbook prototypes by enabling: 
 
Personalized learning paths through adaptive algorithms that can modify content difficulty based on •
individual student progress, ensuring that each learner receives a tailored educational experience. In 
this regard, AI‐powered screen readers can provide more accurate and content‐aware text‐to‐speech 
conversions, while image recognition systems can generate detailed descriptions of visual content for 
visually impaired students. 
Real‐time accessibility adjustments with AI‐driven interfaces which allow on‐the‐fly text‐to‐speech •
conversion, real‐time captions, and alternative content formats tailored to learners with disabilities.  
Interactive and gamified learning using AI‐powered chatbots and virtual tutors that provide interactive •
guidance and personalized feedback, transforming digital textbooks into more engaging and partici‐
patory educational tools. 
 
The wide array of possibilities offered by AI for the prototyping of digital textbooks underscores the 

vast potential for its application in practical situations. This diversity of applications highlights AI’s role in 
advancing pedagogical methods and supporting the varied needs of learners in contemporary educational 
settings.  

 
 

4. Discussion  
 

The incorporation of AI into the DEM project marks a substantial advancement in the pursuit of inclusive 
digital education. By leveraging AI technologies, this initiative could provide the opportunity to overcome 
the shortcomings identified in existing digital textbooks, thereby fostering more accessible, personalized, 
and interactive learning materials.  

A fundamental objective of the DEM project is to enhance the accessibility of digital textbooks, en‐
suring that they are fully usable by all students, particularly those with visual impairments. The initial 
analysis of existing digital textbooks exposed considerable accessibility deficits, with a significant propor‐
tion failing to comply with WCAG standards. AI presents viable solutions to these limitations through in‐
novations such as natural language processing and computer vision. AI‐enhanced screen readers can 
generate more precise and context‐sensitive text‐to‐speech outputs, while advanced image recognition 
tools can produce comprehensive descriptions of visual content, (Sahu & Sharma, 2024) aligning with 
the project’s mission to improve accessibility. These technological advancements have the potential to 
transform the digital education landscape by making learning resources more inclusive and effective. 

Furthermore, AI can streamline the evaluation of digital textbooks by employing machine learning al‐
gorithms to assess their readability and usability. This automation accelerates the evaluation process 
while ensuring a higher degree of accuracy and consistency in identifying accessibility issues (Arnost et 
al., 2021). By integrating these AI‐driven tools, the DEM project can systematically bridge accessibility 
gaps in digital educational materials, fostering a more inclusive learning environment. 

Another pivotal focus of the DEM project is the personalization of learning experiences, which can be 
significantly augmented by AI. Adaptive learning systems powered by AI can dynamically adjust the com‐
plexity and content of educational materials in real time, tailoring instruction to the unique needs of each 
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student (Holmes et al., 2019). This capacity for personalized adaptation is particularly valuable for students 
with diverse learning requirements, including those with visual impairments. AI‐driven analytics can pro‐
cess student engagement data to provide immediate feedback and guidance, cultivating a more interactive 
and student‐centered learning environment (D’Mello & Graesser, 2012). For instance, AI‐powered intel‐
ligent tutoring systems can offer real‐time academic support and adapt instructional pathways based on 
individual progress. Such an approach not only enhances student engagement but also promotes deeper 
comprehension, as learners receive tailored feedback that aligns with their specific needs and learning 
styles (Porter & Grippa, 2020). The integration of AI within the DEM project thus holds promise for rede‐
fining how digital educational materials cater to diverse learners.  

Beyond personalization, AI facilitates the incorporation of interactive elements into digital textbooks, 
including gamified learning experiences and intelligent tutoring systems. These features significantly boost 
student motivation and engagement, rendering the learning process more dynamic and effective (Holmes 
et al., 2019). By embedding AI‐powered interactivity, digital textbooks can evolve into more responsive 
and immersive educational tools. AI‐driven chatbots and virtual tutors, for example, can provide inter‐
active guidance and personalized feedback, transforming digital textbooks into interactive platforms that 
foster active learning. This shift enhances student participation and comprehension, offering an enriched 
learning experience through real‐time support and exploration. 

Moreover, AI can analyze students’ interactions with digital textbooks to extract meaningful insights 
into their learning behaviors and preferences. These insights can be utilized to continuously refine edu‐
cational materials, ensuring they remain relevant and effective for a wide range of learners. This data‐
driven approach is in harmony with the DEM project’s commitment to evidence‐based educational 
practice and the ongoing enhancement of digital resources. 

By harnessing AI‐driven analytics, educators and content developers can make informed decisions re‐
garding the design and implementation of digital textbooks, ensuring their alignment with the diverse 
needs of learners. This methodology not only improves the effectiveness of digital educational materials 
but also reinforces a more inclusive learning environment. 

It is important to underline that the integration of AI into the DEM project presented in this article is 
currently a hypothetical framework. The ideas presented here are intended to inspire further exploration 
and innovation, paving the way for more inclusive and effective educational practices. 

 
 

5. Conclusion  
 

The integration of AI into the DEM project constitutes a transformative milestone in the development of 
inclusive and accessible digital textbooks. By capitalizing on AI technologies to enhance accessibility, per‐
sonalize learning experiences, introduce interactivity, and generate data‐driven insights, the project can 
effectively address existing challenges and optimize learning outcomes for all students. With its robust 
framework and unwavering commitment to inclusivity, the DEM project serves as an exemplary platform 
for exploring the intersection of AI and digital education. 

As AI continues to evolve, its transformative potential in digital education will become increasingly 
evident. By adopting AI‐driven methodologies, the DEM project can spearhead the creation of digital 
learning materials that are not only accessible and interactive but also highly adaptable to the individual 
needs of learners. This trajectory holds profound implications for fostering equitable access to quality 
education and ensuring that all students can thrive in an increasingly digital learning environment. 
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6. Outlook 
 

Looking ahead, the integration of AI into the DEM project paves the way for further research and devel‐
opment in digital education. Future efforts should concentrate on refining AI algorithms to better accom‐
modate diverse learner needs, ensuring that AI‐driven innovations remain equitable and inclusive. 
Additionally, sustained collaboration among educators, technologists, and policymakers is imperative to 
fully harness AI’s potential in education and to ensure that its benefits are distributed fairly across diverse 
learning communities. 

As the educational landscape continues to evolve, AI’s role in digital education will be instrumental in 
shaping future learning paradigms. By embracing AI‐driven advancements, the DEM project can set a 
precedent for more inclusive and effective educational practices, ultimately fostering a learning environ‐
ment where equitable access to high‐quality education is a tangible reality for all students. 

 
 

References 
 

Arnost, W., Lull, E. Schueder, J. & Engler, J. (2021). Reading Level identification Using Natural Language Processing 
Techniques. SMU Data Science Review, 5(3). 

Barab, S. & Squire, K. (2004). Design‐Based Research: Putting a Stake in the Ground. The Journal of the Learning 
Sciences, 13(1), 1‐14. 

Brown, A. L. (1992). Design experiments: Theoretical and methodological challenges in creating complex interven‐
tions in classroom settings. The Journal of the Learning Sciences, 2(2), 141‐178. 

CAST (2024). Universal Design for Learning Guidelines version 3.0. https://udlguidelines.cast.org 
Chen, L., Chen, P., & Lin, Z. (2020). Artificial intelligence in education: A review. IEEE Access, 8, 75264–75278. 

https://doi.org/10.1109/ACCESS.2020.2988510 
Digital Education Material (DEM) Projekt (2025a). Kriterienkatalog für die Analyse digitaler Schulbücher: Barrieref‐

reiheit, Didaktik, Technik, Design Version 03/2025   https://doi.org/10.3217/wqgpc‐hf622 
D’Mello, S., & Graesser, A. (2012). Emotions and Learning with Intelligent Tutoring Systems. Springer. 
Elicit. https://elicit.com/ 
Fischer, G., Scharff, E. (1998). Learning technologies in support of self‐directed learning. Journal of Interactive Media 

in Education, 98, (4). 
 Holmes,W., Bialik, M. & Fadel, C. (2019). Artificial Intelligence in Education. Promise and Implications for Teaching 

and Learning. Centre for Curriculum Redesign. 
Julius. https://julius.ai/ 
Khosravi, H., Sadiq, S., Gašević, D., Kitto, K., & Wong, S. (2022). Explainable artificial intelligence in education. Com‐

puters and Education: Artificial Intelligence, 3, 100074. https://doi.org/10.1016/j.caeai.2022.100074 
Lee, O., & Shin, M. (2021). Universal Design for Learning in Adapted National‐level Digital Mathematics Textbooks 

for Elementary School Students with Disabilities. Exceptionality, 31(1), 36‐51. https://doi.org/ 10.1080/ ‐
09362835.2021.1938062 

Lu, J., Wu, D., Mao, M., Wang, W., & Zhang, G. (2015). Recommender system application developments: A survey. 
Decision Support Systems, 74, 12–32. https://doi.org/10.1016/j.dss.2015.03.008 

Macchia, V. & Torri, S. (2024a). Digital Education between Democratic and Inclusive Opportunities in the Years 
around the Covid‐19 Pandemic. Impulses from Selected Articles from Italian Educational Journals. Italian Journal 
of Special Education for Inclusion, XII, 1, 17‐26. https://doi.org/10.7346/sipes‐01‐2024‐01 

Macchia, V. & Torri, S. (2024b). Sviluppo del libro digitale come supporto all’apprendimento: il progetto di ricerca 
Erasmus + DEM (Digital Educational Material), in S. Pinnelli, A. Fiorucci & C. Giaconi (eds). I linguaggi della Peda‐
gogia Speciale. La prospettiva dei valori e dei contesti di vita. Pensa Multimedia: Lecce. 339‐342. 

Magoulas, K. A. Papanikolaou and M. Grigoriadou, (1999). Towards a computationally intelligent lesson adaptation 
for a distance learning course.  Proceedings 11th International Conference on Tools with Artificial Intelli‐
gence1999, pp. 5‐12. https://doi.org/10.1109/TAI.1999.809758 

Papanikolaou, K. A., Grigoriadou, M., Kornilakis, H. & Magoulas, G. (2001). INSPIRE: An INtelligent System for Per‐
sonalized Instruction in a Remote Environment.  

Papanikolaou, K.A., Grigoriadou, M., Kornilakis, H. et al. (2003). Personalizing the Interaction in a Web‐based Edu‐

148

https://udlguidelines.cast.org
https://doi.org/10.1109/ACCESS.2020.2988510
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdoi.org%2F10.3217%2Fwqgpc-hf622&data=05%7C02%7CStefania.Torri%40unibz.it%7C505d14b1a4274169a93b08dd6b6a9240%7C925
https://elicit.com/
https://doi.org/10.1016/j.caeai.2022.100074
https://doi.org/10.1080/09362835.2021.1938062
https://doi.org/10.1080/09362835.2021.1938062
https://doi.org/10.7346/sipes-01-2024-01
https://doi.org/10.1109/TAI.1999.809758


cational Hypermedia System: the case of INSPIRE. User Modeling and User‐Adapted Interaction 13, 213–267 
https://doi.org/10.1023/A:1024746731130 

Paperguide. https://paperguide.ai/ 
Porter & Grippa (2020). A Platform for AI‐Enabled Real‐Time Feedback to Promote Digital 

Collaboration”, Sustainability, MDPI, 12(24). 
Saggion, H. (2017). Automatic Text Simplification. Synthesis Lectures on Human Language Technologies, 10(1), 1‐

137. DOI 10.1007/978‐3‐031‐02166‐4 
Sahu, T., & Sharma, Y. (2024). AI in enhancing the accessibility of digital content for visually impaired users. Inter‐

national Journal of Innovation in Engineering Research & Management, 11(3), 17‐24. 
Web Content Accessibility Guidelines (WCAG). (2024). 2.1. W3C Recommendation  12 December 2024. 

https://www.w3.org/TR/2024/REC‐WCAG21‐20241212/ 
Zawacki‐Richter, O., Marín, V. I., Bond, M., & Gouverneur, F. (2019). Systematic review of research on artificial in‐

telligence applications in higher education – Where are the educators? International Journal of Educational 
Technology in Higher Education, 16, Article 39. https://doi.org/10.1186/s41239‐019‐0171‐0

149

https://doi.org/10.1023/A:1024746731130
https://paperguide.ai/
https://ideas.repec.org/a/gam/jsusta/v12y2020i24p10243-d458622.html
https://ideas.repec.org/a/gam/jsusta/v12y2020i24p10243-d458622.html
https://ideas.repec.org/a/gam/jsusta/v12y2020i24p10243-d458622.html
https://ideas.repec.org/s/gam/jsusta.html
https://www.w3.org/standards/types#REC
https://www.w3.org/TR/2024/REC-WCAG21-20241212/
https://doi.org/10.1186/s41239-019-0171-0

