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Abstract. The rapid advancements in Large Multimodal Models (LMMs) and Generative
Al (GenAl) have opened new possibilities for enhancing accessibility in higher education,
particularly in STEM disciplines. However, current Al applications in education often
prioritize direct problem-solving over fostering deep learning experiences, potentially
bypassing essential cognitive struggles that are critical to mastering complex concepts.
This study proposes a pedagogical framework for leveraging LMMs to support inclusive
learning without replacing the cognitive engagement necessary for students' conceptual
development. The research is structured around a two-fold approach, where three
interdisciplinary working groups—special pedagogy, mathematics, and engineering—
collaborate to design and test an Al-driven methodology that supports both professors in
creating accessible lectures and students in developing customized learning pathways.
The framework will be evaluated through two pilot studies, focusing on mathematics and
electronics university courses, to assess its impact on both teaching practices and student
learning experiences. By integrating Al-driven adaptations with evidence-based
pedagogical strategies, the project aims to strike a balance between leveraging Al for
accessibility and preserving the cognitive challenges necessary for deep learning in STEM
disciplines.
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1 Introduction/Background

The growing integration of Generative Al in education presents new opportunities for
advancing inclusion and accessibility in STEM disciplines [1,2] . However, current uses of large
multimodal models (LMMs) often prioritise solution-oriented outputs, providing students
with ready-made answers rather than fostering the deep cognitive engagement required for
meaningful learning. These risks include undermining students’ development of problem-
solving skills, metacognition, and critical reasoning—abilities that are essential in STEM. For
learners with learning disorders (LDs) or additional accessibility needs, this challenge is even
greater: while Al has the potential to enhance access, it must be implemented in a way that
maintains necessary cognitive challenges rather than eliminating them [2,5,8]. This research
aims to redefine the role of Al in STEM education by proposing a pedagogical framework that
integrates LMMs with inclusive teaching practices, preserving cognitive engagement as a
central principle. Developed through collaboration among experts in special pedagogy,
mathematics, and engineering [3,5], the project establishes a structured methodology for
inclusive Al integration. The study addresses two key areas: supporting university professors
in designing accessible lectures and enabling students to benefit from Al-enhanced yet
cognitively rigorous learning pathways. The framework will be evaluated in pilot studies in
mathematics and electronics courses, assessing its impact on teaching and learning for both
educators and students.
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2 Methods

The research adopts a structured pedagogical intervention model, ensuring that Al integration
in STEM education supports both accessibility and cognitive engagement. Three
interdisciplinary working groups—special pedagogy, mathematics, and engineering—will
collaboratively co-design Al-driven adaptations of course materials, aiming to balance
inclusion, active engagement, and conceptual rigor. In the first phase, the special pedagogy
group will develop pedagogical guidelines for using LMMs to enhance accessibility, guided by
Universal Design for Learning (UDL) principles [4]. These guidelines will promote multiple
means of representation, engagement, and expression, ensuring that Al-generated materials
are adaptable to diverse learner needs while maintaining cognitive depth [5,6]. The second
phase involves discipline-specific adaptation. In mathematics, the focus will be on designing
Al-generated content that breaks down complex concepts into stepwise reasoning processes,
encouraging student-led problem-solving rather than delivering direct answers [7,9]. In
electronics, Al will be used to improve visualization of abstract circuit concepts and to support
interactive, incremental explorations, moving beyond static explanations or pre-packaged
solutions [5,6]. The framework’s effectiveness will be assessed through two pilot studies. The
first pilot will evaluate how Al-generated teaching materials impact professors’ ability to
deliver inclusive and cognitively demanding STEM lectures. The second pilot will examine
student experiences, investigating how Al-adapted materials affect learning outcomes while
preserving productive cognitive challenge. Both pilots will employ a mixed-methods approach,
integrating quantitative measures (such as comprehension tests and accessibility metrics)
with qualitative feedback from professors and students (including interviews and open-ended
responses). This methodology ensures a comprehensive evaluation of both the pedagogical
and accessibility impacts of the intervention.

3  Results and Discussion

Preliminary findings indicate that, when informed by sound pedagogical guidance, Al can
effectively serve as a cognitive scaffold in STEM education, supporting rather than bypassing
essential learning processes. Structured, UDL-based Al-generated materials have been
observed to increase student engagement by offering adaptive content tailored to a range of
cognitive needs [4,5,6]. However, the results also reveal that when Al outputs are
unstructured or overly solution-oriented, they may undermine deep learning by omitting
critical reasoning steps, leading to superficial knowledge acquisition. In mathematics, early
pilot results show that Al-generated explanations are most beneficial when they maintain the
sequence of problem-solving stages [9], providing partial solutions and guided reasoning
instead of direct answers. This approach supports scaffolded learning, enabling students to
incrementally build independence and confidence in tackling complex problems. In
electronics, Al-generated materials that incorporate interactive simulations and allow for
stepwise exploration of circuit behaviours have been more effective than static content,
underlining the importance of interactivity for conceptual understanding in STEM. These
findings reinforce the pedagogical principle that Al should not eliminate cognitive struggle but
instead should facilitate reasoning, visualization, and exploration through structured support
[2,5]. Going forward, further development of the framework will prioritise enhanced
multimodal adaptability, ensuring that Al-generated resources align more closely with
inclusive learning strategies and address a wider spectrum of learner needs.

4  Conclusion/Implications for the AT field

This study contributes to the field of Al-driven education by introducing a pedagogically
grounded framework that balances accessibility with cognitive engagement in STEM
disciplines, guided by Universal Design principles [1,4,5]. By drawing on interdisciplinary
expertise in special pedagogy, mathematics, and engineering, the project demonstrates how
Large Multimodal Models (LMMs) can serve as tools for both inclusivity and deep learning.
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The dual research focus—supporting professors in developing accessible course materials and
enabling students to benefit from adaptive, scaffolded learning—shows that Al can enhance
inclusion without reducing essential cognitive challenges [2,5,8]. The findings underscore the
importance of structured, thoughtfully designed Al interventions that foster reasoning and
active problem-solving, rather than simply delivering answers. Future work will aim to refine
Al-generated resources to address specific disciplinary needs, improve real-time adaptive
feedback, and explore collaborative, Al-supported learning environments. By prioritising both
pedagogical rigour and accessibility, this framework offers a pathway toward more inclusive,
effective STEM education [3,6,7,9], with direct implications for the design and adoption of
assistive technologies in higher education.
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