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Abstract: 

: Artificial Intelligence (AI) is rapidly transforming higher 

education by enabling learning environments that can 

respond to the individual needs, abilities, preferences and 

learning progress of students. Personalized learning, 

traditionally associated with differentiated instruction and 

adaptive educational technologies, has acquired new 

possibilities through machine learning, natural language 

processing, intelligent tutoring systems, learning analytics 

and generative AI. This paper critically examines the 

emerging role of AI in developing student-centred 

personalized learning environments in higher education. It 

analyses how AI can support adaptive content delivery, 

individualized feedback, intelligent assessment, learning-

path recommendations, student engagement and self-

regulated learning. Recent international research indicates 

that AI-enabled personalized learning can enhance 

engagement, motivation and learning performance, although 

the evidence also highlights significant concerns related to 

data privacy, algorithmic bias, digital inequality, academic 

integrity, teacher readiness and excessive dependence on 

automated systems. A human-centred approach is therefore 

essential in which AI complements rather than replaces 

teachers. The paper argues that the future of personalized 

higher education depends not merely on technological 

sophistication but on pedagogically meaningful, ethical, 

inclusive and evidence-based implementation. The study 

concludes by proposing a human-AI collaborative 

framework for student-centred higher education. 
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Introduction 

The rapid development of Artificial Intelligence has introduced a major transformation in the 

educational landscape. Earlier educational technologies primarily digitized existing teaching 

materials and communication processes; contemporary AI systems can analyse learner data, identify 

patterns of performance, recommend resources, generate explanations, provide feedback and modify 

learning pathways. Consequently, education is moving from a predominantly standardized model 

toward increasingly adaptive and learner-centred environments. 

Personalized learning refers broadly to educational processes in which learning content, pace, 

activities, assessment and support are adapted to the characteristics and needs of individual 

learners. The integration of AI has considerably expanded the technical possibilities of 

personalization. A recent systematic review covering 125 studies published between 2015 and 2025 

identified AI-based personalized learning as an increasingly important area across K–12, higher 

education and online learning. 

The significance of this development is particularly visible in higher education. University classrooms 

contain students with different prior knowledge, cognitive abilities, learning preferences, language 

backgrounds, technological competencies and academic goals. A single instructional strategy cannot 

always address such diversity effectively. AI-supported personalized learning can potentially provide 

differentiated learning experiences while allowing teachers to monitor progress at scale. 

The OECD's Digital Education Outlook 2026 emphasizes that generative AI can function as a tutor, 

partner and assistant when it is used according to sound pedagogical principles. However, simply 

using AI to complete academic tasks does not automatically produce learning; pedagogically guided 

use is essential. 

Therefore, the central question is no longer whether AI can personalize learning, but how AI can be 

integrated into higher education in ways that strengthen genuine learning, student autonomy, 

teacher agency, inclusion and educational quality. 

 Concept of Artificial Intelligence in Education 

Artificial Intelligence refers to computational systems capable of performing tasks that traditionally 

require aspects of human intelligence, including learning, reasoning, prediction, language 

processing, recognition and decision-making. 

Within education, AI encompasses several technologies: 

1. Machine Learning 

2. Deep Learning 

3. Natural Language Processing 

4. Generative AI 

5. Intelligent Tutoring Systems 

6. Recommendation Systems 

7. Learning Analytics 

8. Computer Vision 

9. Speech and Conversational AI 
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10. Multimodal AI 

These technologies can collectively support the creation of intelligent educational environments. 

Personalized Learning and Student-Centred Education 

Student-centred education shifts the focus of instruction from the teacher's delivery of information 

toward students' active participation in constructing knowledge. 

A personalized learning environment attempts to answer five fundamental questions: 

• What does the learner already know? 

• What does the learner need to learn? 

• How does the learner learn most effectively? 

• What difficulties is the learner experiencing? 

• What should the learner study next? 

AI can potentially answer these questions by analysing multiple forms of educational data. 

For example, an AI-supported learning system may identify that a student has mastered basic 

concepts but struggles with application-based questions. Instead of providing the same material to 

the entire class, the system can recommend additional examples, simulations, practice questions or 

explanatory videos. 

4. AI Mechanisms for Personalized Learning 

 Adaptive Learning 

AI-based adaptive systems dynamically modify learning content according to student performance. 

Machine-learning and other AI approaches can help adjust difficulty, sequence and instructional 

resources. 

Recent systematic research describes AI-powered adaptive learning as increasingly capable of 

integrating learner profiles and multimodal data to provide individualized learning experiences. 

4.2 Intelligent Tutoring Systems 

Intelligent Tutoring Systems provide students with individualized guidance without requiring 

constant direct intervention from a human tutor. 

Modern generative-AI tutors can engage students in dialogue, ask probing questions, provide hints 

and change instructional strategies. The OECD identifies these dialogue-based pedagogical agents 

as an important development in educational AI. 

4.3 AI-Based Feedback 

Traditional feedback may be delayed because teachers must evaluate large numbers of assignments. 

AI can provide immediate formative feedback on writing, problem-solving and practice activities. 

However, AI feedback should remain subject to teacher oversight because automated systems can 

produce inaccurate or misleading responses. 

4.4 Personalized Learning Paths 

AI can recommend an individualized sequence of learning resources according to students' previous 

performance and learning objectives. 

Research on AI-mediated personalized learning paths indicates that adaptive technologies remain 

dominant while interest in generative language models is increasing. 
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4.5 AI-Based Assessment 

AI can support: 

• diagnostic assessment; 

• adaptive testing; 

• automated formative feedback; 

• question generation; 

• identification of learning gaps; 

• performance prediction; and 

• personalized remediation. 

The objective should not simply be automated grading but better understanding of student 

learning. 

5. Impact on Student-Centred Learning 

5.1 Increased Student Engagement 

Personalized content can make learning more relevant to individual learners. Students may receive 

activities that correspond more closely with their current level and interests. 

5.2 Improved Learning Pace 

Students differ significantly in the time required to understand concepts. AI-enabled environments 

can allow students to revisit difficult concepts while progressing more rapidly through already-

mastered material. 

5.3 Immediate Feedback 

Instant feedback can help students identify misconceptions before they become deeply established. 

5.4 Development of Self-Regulated Learning 

When appropriately designed, AI systems can help students monitor their progress, establish 

learning goals and identify areas requiring improvement. 

5.5 Support for Diverse Learners 

AI can provide alternative explanations, translation, speech interaction, accessibility features and 

differentiated resources, potentially supporting more inclusive learning environments. 

6. AI and Academic Achievement 

One of the most important questions in educational research concerns whether personalization 

actually improves learning outcomes. 

Recent systematic reviews report promising relationships between AI-supported personalized 

learning and student engagement, motivation and performance, but also emphasize that long-term 

effects and equity implications remain insufficiently established. 

Therefore, future research should move beyond measuring student satisfaction and examine: 

• academic achievement; 

• conceptual understanding; 

• critical thinking; 

• problem-solving; 

• creativity; 
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• self-regulated learning; 

• retention; 

• motivation; and 

• transfer of knowledge. 

This distinction is important because completing an AI-assisted task successfully does not 

necessarily mean that meaningful learning has occurred. The OECD specifically warns that GenAI 

can improve task performance without necessarily producing corresponding learning gains when 

students outsource cognitive effort to AI. 

7. AI as a Teacher–Student–Technology Partnership 

The future of education should not be conceptualized simply as: 

Teacher → replaced by AI 

Instead, a more appropriate model is: 

Teacher + Student + AI 

The teacher remains responsible for: 

• pedagogical decision-making; 

• emotional and social support; 

• ethical guidance; 

• contextual interpretation; 

• motivation; 

• classroom relationships; and 

• evaluation of AI-generated information. 

AI can provide: 

• personalization; 

• data analysis; 

• immediate feedback; 

• content recommendations; 

• learning analytics; and 

• scalable tutoring. 

Thus, AI should function as a pedagogical partner rather than an autonomous replacement for 

the teacher. OECD evidence similarly emphasizes preserving teacher agency and using AI to 

augment human teaching. 

8. Challenges and Ethical Issues 

8.1 Data Privacy 

Personalized learning requires learner data. Educational institutions must therefore protect personal 

and academic information. 

UNESCO's guidance emphasizes data privacy and a human-centred approach to generative AI in 

education. 
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8.2 Algorithmic Bias 

AI systems trained on incomplete or biased data may produce unequal recommendations for different 

groups of students. 

8.3 Digital Divide 

Students without reliable internet, devices or digital literacy may not benefit equally from AI-based 

education. 

Therefore, AI could either reduce educational inequality or reproduce it, depending on 

implementation. 

8.4 Teacher Readiness 

Teachers require AI literacy, pedagogical knowledge and professional development to use AI 

effectively. 

8.5 Academic Integrity 

Generative AI can create new challenges involving plagiarism, authorship and assessment validity. 

OECD reports that a substantial proportion of teachers are concerned about students presenting AI-

generated work as their own. 

8.6 Overdependence on AI 

Excessive dependence can weaken independent thinking, creativity and problem-solving if students 

routinely outsource cognitive tasks. 

9. Proposed Human-Centred AI Personalized Learning Framework 

A sustainable model of AI-personalized higher education can be represented as: 

Student Profile 

↓ 

Learning Data & Diagnostic Assessment 

↓ 

AI Analysis 

↓ 

Personalized Learning Pathway 

↓ 

Adaptive Content + AI Tutoring + Feedback 

↓ 

Student Learning Activity 

↓ 

Formative Assessment 

↓ 

Teacher Monitoring & Intervention 

↓ 

Learning Outcome Evaluation 

↓ 

Updated Student Profile 

This creates a continuous cycle of: 

Diagnose → Personalize → Learn → Assess → Feedback → Improve 

The critical feature is teacher oversight, ensuring that personalization remains educationally 

meaningful rather than merely technologically automated. 
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10. Implications for Higher Education 

Universities should consider AI personalization at three levels. 

Institutional Level 

Universities should establish: 

• AI governance policies; 

• data protection mechanisms; 

• AI literacy programmes; 

• ethical guidelines; and 

• infrastructure for responsible AI adoption. 

Teacher Level 

Faculty members should be trained in: 

• prompt literacy; 

• AI-assisted lesson planning; 

• AI-based assessment; 

• AI ethics; 

• verification of AI outputs; and 

• human-AI pedagogical collaboration. 

Student Level 

Students should develop: 

• AI literacy; 

• critical evaluation skills; 

• information literacy; 

• ethical AI use; 

• digital citizenship; and 

• independent learning capabilities. 

11. Future Research Directions 

Future research should investigate: 

1. Long-term effects of AI-personalized learning on academic achievement. 

2. AI's influence on critical thinking and creativity. 

3. Differences between AI-assisted and traditional personalized learning. 

4. AI personalization among rural and disadvantaged learners. 

5. Teacher readiness for AI-based personalized instruction. 

6. Algorithmic bias in educational recommendation systems. 

7. Privacy-preserving educational AI. 

8. Multilingual AI learning systems. 

9. AI personalization for students with disabilities. 

10. Human-AI collaboration in higher education. 

11. Generative AI-based intelligent tutoring systems. 

12. Effects of AI personalization on student autonomy and self-regulated learning. 
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 Conclusion 

Artificial Intelligence has created unprecedented possibilities for personalized and student-centred 

education. Through adaptive learning, intelligent tutoring, learning analytics, personalized feedback 

and generative AI, educational environments can increasingly respond to individual learner 

characteristics and needs. 

However, technological capability should not be confused with educational effectiveness. The central 

purpose of personalization must remain the development of knowledgeable, independent, creative 

and critically thinking learners. Current international evidence suggests that AI can strengthen 

learning when embedded within sound pedagogical design, while unguided use may increase task 

performance without producing genuine learning gains. 

The future therefore lies not in replacing teachers with artificial intelligence but in developing 

human-centred teacher–AI partnerships. Universities that combine AI capability with teacher 

expertise, ethical governance, inclusion and evidence-based pedagogy can create more flexible and 

responsive learning environments. 

Ultimately, the goal of AI in education should not be to create “AI-centred education”, but to create more 

human, personalized, inclusive and intellectually meaningful education through responsible 

use of AI. 
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