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Objective: The digital transformation of educational systems has positioned
Artificial Intelligence (Al) as a cornerstone of innovation. Despite its
considerable potential in personalizing learning, optimizing assessment
processes, and empowering teachers, the practical implementation of Al faces
complex technical barriers. These barriers vary in nature and intensity across
face-to-face and virtual learning environments. This study aims to identify and
critically analyze the technical challenges of integrating Al tools in both
contexts and to propose evidence-based strategies to overcome them.

Method: The research employs a Systematic Literature Review (SLR).
Reputable databases, including IEEE Xplore, ScienceDirect, and Springer,
were searched using specialized keywords and Boolean operators. Studies
published between 2020 and 2025 that specifically addressed technical barriers
to Al adoption in education were screened according to inclusion and exclusion
criteria. The selection process was documented using the PRISMA flow
diagram.

Results: The analysis revealed six main categories of technical challenges: (1)
data-related issues, including privacy, security, quality, and bias; (2)
infrastructural challenges, such as high computational power and stable
bandwidth requirements; (3) algorithmic and modeling issues, including the
opacity of models (black-box problem) and reliability concerns; (4) integration
and interoperability challenges with existing Learning Management Systems
(LMS); (5) user experience (UX) and user interface (Ul) issues for non-
technical stakeholders; and (6) challenges of long-term maintenance,
scalability, and technical sustainability. Results further indicated that, in virtual
settings, network latency and data security are more critical, whereas in face-
to-face settings, integration with classroom hardware poses greater challenges.
Conclusions: Successful implementation of Al in education requires a
comprehensive and multidimensional approach that extends beyond tool
selection. Key strategies include investing in robust infrastructures, establishing
data standards, developing explainable Al (XAI) models, designing modular
platforms with high interoperability, and providing technical training for
teachers. By offering an analytical framework of technical barriers, this study
supports IT managers, educational policymakers, and software developers in
designing more efficient and realistic Al implementation strategies.
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Introduction

The rapid advancement of digital technologies in the 21st century has profoundly transformed
education systems worldwide, positioning artificial intelligence (Al) as a key driver of
innovation. Al has moved beyond theoretical frameworks to become a practical tool for
rethinking teaching and learning processes. Its potential for personalized learning, real-time
feedback, automation of administrative tasks, and enhanced educational equity has attracted
increasing attention from scholars and practitioners alike. By tailoring learning pathways to
individual students’ needs, Al has the capacity to shift education away from a “one-size-fits-
all” model toward more flexible and student-centered approaches. However, the
implementation of Al in education is fraught with technical complexities that extend beyond
pedagogical and organizational considerations. Challenges such as data privacy, algorithmic
transparency, infrastructure limitations, system interoperability, and user experience design
present significant barriers to sustainable adoption. These issues manifest differently in physical
and virtual learning environments, where factors like classroom hardware integration or
network stability play a critical role. Addressing these technical barriers is crucial, as the failure
to manage them effectively could render even the most advanced Al tools ineffective in
practice. This study therefore aims to systematically examine the technical challenges of Al
deployment in both in-person and online education, providing evidence-based insights to guide
policymakers, educators, and developers toward more resilient and effective implementation
strategies.

Results

The systematic literature review revealed six major categories of technical challenges in
implementing artificial intelligence (Al) tools in education: (1) data-related issues such as
privacy, security, quality, and bias; (2) infrastructural limitations, including high computational
demands and network stability; (3) algorithmic and modeling concerns, particularly the “black
box” nature and reliability of Al models; (4) integration and interoperability difficulties with
existing learning management systems (LMS); (5) user interface and user experience challenges
for non-technical stakeholders; and (6) long-term issues of maintenance, scalability, and
sustainability. The findings also highlighted that virtual learning environments face greater
problems with data security and network latency, whereas face-to-face classrooms encounter
more hardware integration challenges. Overall, the study emphasized that successful Al
adoption in education requires robust infrastructure, explainable Al models, interoperable
systems, and technical training for educators to ensure sustainable and effective
implementation.

Conclusions

This study concludes that while artificial intelligence holds significant potential to transform
education through personalization, efficiency, and enhanced assessment, its implementation faces
substantial technical barriers. These barriers-ranging from data privacy and security to
infrastructure, algorithmic transparency, system integration, user experience, and sustainability-
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are deeply interconnected and cannot be addressed in isolation. The review demonstrates that
successful Al adoption is not merely about selecting the right tools but about ensuring a
comprehensive readiness of the educational ecosystem. Furthermore, the findings underscore the
importance of investing in scalable infrastructure, establishing robust data governance policies,
developing explainable Al models, and designing interoperable platforms. Equally vital is the
empowerment of educators through technical training, enabling them to interpret and utilize Al
outputs effectively. By treating these challenges as a roadmap rather than obstacles,
policymakers, IT managers, and software developers can foster a responsible and sustainable
integration of Al in education -one that strengthens human- machine collaboration rather than
replacing it.
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