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INTRODUCTION 

The current stage of inclusive education development is 

linked to the transition to digital inclusion, which involves 

expanding educational opportunities through the use of 

information technology, virtual environments, adaptive 

platforms, and assistive digital solutions. With the rapid 

development of digital infrastructure, the globalization of 

knowledge, the spread of distance learning, and the 

transition to personalized learning paths, digital inclusion 

is becoming a key mechanism for ensuring equal access to 

education. 

Digital inclusion relies on the use of digital platforms 

(LMS, electronic educational resources), VR/AR 

technologies, alternative communication applications, 

online repositories of educational materials, and automated 

monitoring systems for pedagogical results. The principles 

of universal design for learning are being extended to the 

digital realm: learning is organized in such a way that 

students can receive information in different formats, 

choose the type of learning activity, and demonstrate their 

results in a way that suits their abilities. 

This stage reflects the transition from physical accessibility 

to technological accessibility, where the key resource for 

development is not only the educational environment of the 

school, but also the digital infrastructure of society. 

However, digital inclusion faces challenges such as digital 

inequality, limited technical equipment, a lack of skills 

among teachers and students, and the risk of shifting the 

focus from educational content to technological tools [4]. 

METHODS 

Despite these difficulties, digital inclusion is becoming a 

key area of modernization for education systems, as it 

provides opportunities for flexible learning, overcomes 

physical and territorial barriers, expands access to 

international resources, and makes the educational 

environment more accessible to people with a wide range 

of needs. Thus, digital transformation not only expands the 

technical capabilities of inclusive education, but also acts 
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as a catalyst for changing the methodological foundations 

of educational policy. While previous stages of inclusion 

development sought primarily to compensate for the 

limitations of individual learners or provide them with 

access to resources through assistive technology, the 

current stage involves a more profound reorientation of 

education systems—from local corrective measures to 

systemic changes in the principles of educational 

environment design. In the context of digitalization, it is 

becoming clear that sustainable inclusive progress is 

impossible without revising basic ideas about the nature of 

educational barriers, support mechanisms, and the role of 

educational organizations in ensuring equal participation. 

It is this shift that is paving the way for the transition to a 

modern paradigm of inclusive education, which focuses 

not on the individual characteristics of learners, but on the 

need to transform the educational environment itself. 

The transformation of modern higher education is 

characterized by the simultaneous development of two 

global trends: digitalization and inclusiveness. Expanding 

access to knowledge through the use of ICT, automated 

learning platforms, artificial intelligence, and virtual 

laboratories coincides with the strategic goal of creating 

equal educational opportunities for students with special 

educational needs. 

In engineering education, this task is particularly relevant 

for the following reasons: 

- the high complexity of the subject matter requires 

practice-oriented and visualised forms of teaching; 

- traditional laboratory classes are often inaccessible 

to students with disabilities; 

- the labor market places new demands on the digital 

skills of graduates. 

Numerous studies [1; 2; 3] indicate that the combination of 

digital technologies and the principles of inclusive 

pedagogy not only removes barriers to access but also 

improves the effectiveness of learning for all categories of 

students by ensuring personalized trajectories, adaptive 

content, and varied forms of communication. 

Despite the existence of individual initiatives, a systematic, 

methodologically sound model that integrates digital tools 

and inclusive approaches into engineering education has 

not been sufficiently developed. This article aims to 

provide a theoretical basis and structure for such a model 

[5; 6]. 

RESULTS 

The model of an inclusive digital technical environment is 

a systematically organized set of pedagogical, 

technological, organizational, and infrastructural solutions 

aimed at ensuring equal access to engineering education 

for students with disabilities. It is based on the idea that 

digital technologies are not only a tool for compensating 

for limitations, but also the foundation for transforming the 

educational process, allowing forms of interaction, 

presentation of educational material, laboratory activities, 

and assessment procedures to be adapted to individual 

educational trajectories. 

This model is based on several key principles. First, it is a 

universal learning design that involves designing 

educational content and digital platforms with user 

diversity in mind at the development stage, rather than as a 

subsequent adaptation stage. Second, the model focuses on 

multi-channel interaction with educational material, which 

means the ability to choose the form of information 

presentation: text, visual, audio-descriptive, tactile, or 

simulation-virtual [7; 8]. Third, the digital architecture of 

the environment, which includes learning platforms, 

communication tools, automated performance monitoring 

systems, analytics modules, and assistive services that 

support both learning and project-based formats, is 

becoming increasingly important. 
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Figure 3.1. Model of an inclusive digital technical environment 

The structure of an inclusive digital technical environment 

involves several interconnected components. The central 

element is a digital learning platform that integrates e-

courses, adaptive interfaces, a system for identifying 

student needs, and personalized learning paths [9; 10]. The 

platform is complemented by specialized virtual and 

remote laboratories that allow measurements, data 

analysis, and engineering design without physical access to 

equipment. The third component includes support services: 

tutoring rooms, speech synthesis and recognition modules, 

automatic code editors, format converters, subtitling and 

process visualization systems. They perform a 

compensatory and navigational function, providing access 

to complex technical tasks for students with sensory, 

cognitive, and motor limitations. 
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Table 1 

Components of an inclusive digital environment 

Component Contents Detailed description 

Pedagogical 

Methods, 

programs 

 

It includes a system of adapted educational 

programs, teaching methods for engineering 

disciplines, variable forms of presenting 

educational material, multimodal assessment, 

implementation of UDL principles, project-

based and research-based learning formats, 

and integration of digital tools into 

educational processes. 

Technological Infrastructure 

It covers digital platforms, virtual and remote 

laboratories, assistive technologies, software 

and hardware support tools, learning 

management systems (LMS), data 

visualization services, simulators, automation 

tools, and access interfaces for various 

categories of learners. 

Social 

 
Student support 

Develops mechanisms for social participation 

of students with disabilities: online 

communities, student clubs, mentoring, peer 

learning, counseling centers, integration into 

project teams, development of a culture of 

academic solidarity, partnerships with NGOs 

and employers. 

Psychological Support 

Includes a psychological support system, 

anxiety and burnout prevention, motivation 

development, academic confidence building, 

counseling, tutoring, support for adaptation to 

the university environment, and work with 

emotional barriers in the study of engineering 

disciplines. 

The components presented form a comprehensive model of 

an inclusive digital technical educational environment in 

which pedagogical, technological, social, and 

psychological aspects function not in isolation but in 

interconnection. The pedagogical component determines 

the content of training and the methods of organizing the 

educational process, providing a methodological basis for 

adapting engineering disciplines to the diverse educational 

needs of students. Its implementation is impossible without 

the technological component, which acts as the 

materialized infrastructure for inclusion: from digital 

platforms and remote laboratories to assistive services and 

automated design tools [11-13]. 
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The organizational aspect of the model involves the 

creation of specialized workflows that allow students to 

participate in research, laboratory, and project activities in 

a flexible manner. This includes the distribution of roles in 

teams, taking into account the abilities and interests of 

students, the use of digital task trackers, flexible schedules, 

online participation, and asynchronous forms of 

interaction. Organizational elements also include a 

mentoring and support system, where tutors, technical 

specialists, and psychologists provide support in adapting 

the learning process, rather than replacing the student's 

independent activity. 

The organizational aspect of the model involves creating 

specialized workflows that allow students to participate in 

research, laboratory, and project activities in a flexible 

manner. This includes assigning roles in teams based on 

students' abilities and interests, using digital task trackers, 

flexible schedules, online participation, and asynchronous 

forms of interaction. Organizational elements also include 

a mentoring and support system, where tutors, technical 

specialists, and psychologists provide support in adapting 

the learning process, rather than replacing the student's 

independent activity. 

The monitoring and pedagogical analytics mechanism in 

an inclusive digital technical educational environment is a 

set of tools, procedures, and data processing algorithms 

aimed at tracking learning dynamics, identifying 

individual difficulties, predicting educational outcomes, 

and making management decisions at the course, 

department, and educational program levels. Its key task is 

to move from static recording of final grades to the 

continuous collection and interpretation of data reflecting 

the procedural aspects of learning: student activity, 

methods of interaction with learning materials, time spent 

on assignments, error patterns, participation in team and 

laboratory work, requests for help, and levels of cognitive 

engagement. 

The mechanism is based on the concept of data-driven 

education, which involves using data as a tool for 

engineering the learning process, rather than just as a form 

of reporting. Educational analytics operates on several 

levels. At the student level, it allows identifying gaps in 

understanding the material, selecting adaptive tasks, and 

recommending appropriate support formats—from 

consultations to automated simulators. At the teacher level, 

analytics provides feedback on the effectiveness of 

teaching methods, the complexity of materials, and the 

effectiveness of digital services used, and identifies 

patterns of errors within the learning group. At the 

educational program level, it performs a systematic 

analysis function, forming an understanding of the quality 

of training, the distribution of workloads, performance 

trajectories, and the sustainability of professional 

competencies. 

The monitoring mechanism relies on digital infrastructure: 

learning management systems (LMS), databases, activity 

tracking modules, intelligent data processing algorithms, 

and visualization tools. In engineering disciplines, 

specialized blocks are added to this: analysis of laboratory 

work performance parameters, simulation logs, software 

code versions, experimental setup parameters, and project 

activity dynamics. Such data allows not only to record the 

result, but also to reconstruct the process of solving the 

problem, which creates the basis for accurate diagnosis of 

errors, including systemic, conceptual, and algorithmic 

ones. 

CONCLUSION 

The presented inclusive digital model of engineering 

education demonstrates the potential for creating equal 

learning conditions while improving the quality of 

professional training. It considers inclusiveness not as an 

adaptation for individual groups, but as a systemic 

principle of educational space design. 

The results of the study show that the integration of digital 

tools—adaptive LMS platforms, VR laboratories, 

intelligent assistants, and remote engineering workshops—

provides: 

1. Accessibility of practice-oriented learning for students 

with disabilities; 

2. Personalization of educational trajectories; 

3. Increased motivation and engagement through 

interactive forms of work; 

4. Scalability and flexibility of the learning process. 

Implementation of the model requires regulatory support, 

improvement of teachers' digital and inclusive 

competence, and modernization of the ICT infrastructure 

of universities. Further research involves empirical testing 

of the model's effectiveness at technical universities and 
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the development of methods for evaluating results. 
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