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This paper conducts an integrative review to synthesize current research on the 

intersection of Artificial Intelligence (AI), adaptive learning systems, and 

Vygotsky's Zone of Proximal Development (ZPD). It aims to clarify how AI 

functions as a "digital scaffold" and evaluate the extent to which current 

technologies align with the core principles of ZPD. A systematic search of 

academic databases was conducted for peer-reviewed literature published 

between 2020 and 2025. The review analyzes and synthesizes findings from 

these sources to identify key themes, practical applications, and research gaps. 
The analysis reveals that AI-powered systems operationalize ZPD primarily 

through three mechanisms: (1) personalized learning paths that adapt content 

difficulty in real-time; (2) immediate, targeted feedback that corrects 

misconceptions; and (3) the facilitation of self-regulated learning. Recent 

literature indicates a shift towards using generative AI to also support 

collaborative and social learning, moving beyond purely individualized 

instruction. The paper highlights a gap between the theoretical potential of AI 

in education and its practical implementation, particularly concerning equity, 
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teacher preparedness, and ethical data use. It concludes by proposing a 

framework for designing and evaluating AI tools based on Vygotskian 

principles and calls for more empirical research on the effectiveness of AI as a 

digital scaffold in real-world classroom settings. 

Keywords: 

Zone of Proximal Development, Artificial Intelligence, Adaptive Learning 

Systems  

 

 

Introduction 

The educational landscape is undergoing rapid transformation, with digital technologies 

playing an increasingly central role in shaping how learning takes place. Among the most 

impactful developments is the integration of Artificial Intelligence (AI) and adaptive learning 

systems, which facilitate personalised learning experiences tailored to students’ individual 

needs and levels of readiness. Central to effective learning is Vygotsky’s concept of the Zone 

of Proximal Development (ZPD), a key element of his Sociocultural Theory (McLeod, 2024). 

The ZPD refers to the space between what a learner can accomplish independently and what 

they can achieve with appropriate guidance. This guided support, commonly referred to as 

"scaffolding," has traditionally been provided by teachers or peers and, in contemporary digital 

contexts, by intelligent technologies. While ZPD has historically been implemented in face-to-

face learning environments where educators offer real-time, individualised support, the 

emergence of AI and adaptive technologies has expanded the possibilities for scalable, 

personalised scaffolding that promotes cognitive development in digital settings (Vorobyeva 

et al., 2025). This paper examines the potential of AI and adaptive learning systems to 

effectively support the ZPD in digital education. Through the integration of these technologies, 

educators can now offer more precise, continuous support, ensuring learners consistently 

operate within their ZPD for optimal growth. AI-powered platforms not only provide 

immediate feedback and customised content delivery but also enable real-time adjustments 

based on learners’ ongoing performance and progress. Viewed through this lens, AI and 

adaptive systems play a vital role in creating responsive learning environments that scaffold 

and nurture learners’ cognitive advancement (Akavova et al., 2023). 

 

In light of this, the objective of this paper is to conduct an integrative review of current research 

addressing three central questions: (1) How do modern AI and adaptive learning systems 

function as “digital scaffolds” to support learners within their ZPD? (2) What are the primary 

benefits and challenges of using AI to operationalise ZPD in digital education? (3) What key 

gaps remain in the literature, and what are the most pressing directions for future inquiry? This 

paper will begin by outlining the methodology used for the integrative review, followed by a 

thematic analysis of the findings. It will then present a critical discussion of implications for 

educators and developers, concluding with targeted recommendations for future research. 

 

Literature Review 

 

Vygotsky’s ZPD in the Context of Modern Education 

Lev Vygotsky’s concept of the Zone of Proximal Development (ZPD) describes the gap 

between what a learner can accomplish independently and what they can achieve with 

appropriate guidance. Vygotsky asserted that learners can attain deeper understanding and 

more complex skills with the assistance of more knowledgeable others—such as teachers, 

https://creativecommons.org/licenses/by/4.0/?ref=chooser-v1
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peers, or even technological tools (Sætra, 2025; Strielkowski , 2025; Ali & Azamri, 2023). This 

guided assistance, known as scaffolding, enables learners to perform tasks they would 

otherwise be unable to complete on their own. As learners develop, this support is gradually 

withdrawn, encouraging autonomy and continuous growth. In conventional classroom settings, 

teachers scaffold learning by assessing each student's current level of understanding and 

providing just enough support to extend their capabilities (Grájeda et al., 2024; Ali & Azamri, 

2023). This method ensures learners are consistently working just beyond their independent 

competence. As education shifts toward more student-centered models, tailoring instruction 

within the ZPD has become essential for enhancing learning outcomes. With the growing 

adoption of digital education, the application of ZPD has expanded into virtual and hybrid 

learning environments through AI and adaptive learning systems (Maulidiya et al., 2024). 

These technologies can personalise instruction by adjusting task difficulty, delivering real-time 

feedback, and anticipating learners’ future needs based on their progress—aligning closely 

with the foundational principles of the ZPD. 

 

Introduction to AI and Adaptive Learning Systems 

Artificial Intelligence (AI) in education involves the use of intelligent systems that replicate 

aspects of human cognition, enabling machines to perform tasks that traditionally require 

human involvement (Sadiku et al., 2021). Technologies such as natural language processing, 

machine learning, and deep learning empower AI to automate and personalise learning 

experiences. AI-driven tools can monitor student progress, detect learning gaps, and deliver 

immediate feedback, thereby ensuring that instruction is continuously adapted to meet learners' 

changing needs (Kaledio et al., 2024; Madhu et al., 2024). Adaptive learning systems, a key 

application of AI in education, are designed to customise content, assessments, and 

instructional approaches based on individual learner profiles (Gupta et al., 2024; Capuano & 

Caballé, 2020). These systems utilise algorithms and data analytics to track student 

performance in real time, dynamically modifying the learning experience to suit each student’s 

abilities. By offering personalised learning pathways, adaptive systems ensure that learners 

remain appropriately challenged, aligning with the principles of the Zone of Proximal 

Development (ZPD) (Er-Radi et al., 2023). For instance, when a student encounters difficulty, 

the system may present simpler tasks to build foundational understanding; conversely, when 

mastery is demonstrated, it may introduce more complex tasks—thereby fostering an optimal 

environment for cognitive growth. 

 

Intersection of ZPD, AI, and Adaptive Learning 

The convergence of the Zone of Proximal Development (ZPD), Artificial Intelligence (AI), 

and adaptive learning systems presents a powerful conceptual framework for advancing digital 

education. AI and adaptive technologies operationalise the principles of ZPD in digital 

environments by offering personalised scaffolding that continually aligns with learners’ 

evolving capabilities. Similar to traditional ZPD-based scaffolding, where teachers evaluate 

students’ readiness for new challenges (Priyo & Teguh, 2021), AI and adaptive systems assess 

learner performance in real time and dynamically adjust instructional content to maintain 

learners within their optimal learning zone (Gupta et al., 2024; Akavova et al., 2023). 

• AI-powered tools offer consistent support and appropriately scaled challenges through 

features such as: 

• Personalised learning paths: AI algorithms evaluate student progress and modify the 

difficulty level of tasks to ensure content is suitably challenging—neither too easy nor 

overwhelming (Gupta et al., 2024; Joshi, 2023). 
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• Real-time feedback: In contrast to traditional settings, where feedback may be delayed, 

AI tools deliver instant feedback, allowing students to promptly recognise and address 

their mistakes (Jegede, 2024). 

• Continuous monitoring and data analytics: AI systems track learning trajectories, 

identify areas requiring additional support, and make timely adjustments to ensure 

learners remain within their ZPD (Warden & Chen, 2020). 

 

The Role of AI in Supporting ZPD  

One of the most significant advantages of Artificial Intelligence (AI) in education is its capacity 

to personalise the learning experience for each student. Personalisation involves tailoring 

content, pacing, and instructional strategies to suit individual learners' needs (Ayeni et al., 

2024). In conventional classroom settings, this level of individualisation is often constrained 

by time and the challenge of adapting instruction to each student’s Zone of Proximal 

Development (ZPD). AI-powered systems, however, can dynamically adjust to learners’ 

progress, offering tailored educational experiences that keep students engaged and 

appropriately challenged within their ZPD. These systems analyse various data points—such 

as learner performance, preferences, and learning styles—to customise learning paths 

(Yamijala et al., 2023). By examining student interactions with learning materials, AI can 

determine when a learner is ready to advance or when additional support is required. This 

ensures that learners consistently operate within their ZPD, engaging in tasks that are neither 

too simple nor too difficult, thereby maximising their learning potential. For instance, an AI-

powered tutoring system may offer additional practice on concepts a student finds challenging, 

while presenting more advanced materials once mastery is demonstrated. 

 

AI also plays a pivotal role in mediating scaffolding within digital education. Scaffolding, a 

central principle of the ZPD, involves providing structured support that enables learners to 

complete tasks they cannot manage independently. AI technologies facilitate this process by 

delivering timely feedback, hints, and prompts that help learners progress without experiencing 

cognitive overload (Umutlu & Gursoy, 2022). These systems monitor learner performance in 

real time, providing just-in-time support to guide students through learning tasks. When a 

student struggles with a concept, the AI may supply supplementary explanations or step-by-

step prompts to aid comprehension. As the learner’s competence grows, the level of support is 

gradually reduced, promoting independence. This mirrors the concept of dynamic scaffolding, 

which requires continuous adjustment of assistance based on a learner’s evolving capabilities 

(Janson, Söllner, & Leimeister, 2020). Moreover, Looi and Jia (2025) emphasise that AI tutors 

can simulate real-time interactions and serve as "more knowledgeable others" within digital 

environments. These intelligent agents model cognitive strategies, explain complex ideas, and 

offer learners opportunities to practice in safe, low-stakes settings. This form of AI support 

bridges the gap between what learners can do independently and what they can achieve with 

guidance, aligning directly with Vygotsky’s conception of the ZPD. 

 

A defining feature of the ZPD is the gradual transfer of responsibility from the teacher—or 

more knowledgeable other—to the learner. The overarching goal is to cultivate learner 

autonomy, enabling students to independently apply skills developed through scaffolding. AI 

systems are uniquely positioned to promote this autonomy by offering continuous, personalised 

feedback and fostering self-directed learning (Mohebbi, 2024). These tools empower students 

to take ownership of their educational journeys by enabling them to monitor their progress, set 

learning goals, and engage with content at their own pace (Huang, Lu, & Yang, 2023). Adaptive 
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learning platforms, for example, give learners the flexibility to choose learning materials while 

still receiving support within their ZPD. This fosters a sense of control and agency, encouraging 

students to take an active role in their cognitive development. Additionally, Mohebbi (2024) 

notes that AI can support the development of metacognitive skills, which are essential for self-

regulation. Through sustained interaction with AI-powered tools, learners can acquire 

strategies for managing their learning—such as goal-setting, progress reflection, and task 

adaptation. This aligns with the ultimate objective of ZPD: to promote independence while 

maintaining appropriate levels of support and challenge. 

 

Several real-world applications illustrate how AI supports learners’ ZPD through personalised 

scaffolding and autonomy development: 

i. Intelligent Tutoring Systems (ITS): Platforms like Carnegie Learning and DreamBox use AI 

to deliver personalised mathematics instruction. These systems continuously track student 

progress, adjust task difficulty, and intervene when learners encounter difficulties. By 

modulating the pace and complexity of instruction, these systems ensure learners remain within 

their ZPD, receiving tailored support at each stage (Rajput, 2025). 

ii. AI-Powered Writing Assistants: Tools such as Grammarly and Quillbot provide real-time 

feedback on grammar, structure, and clarity, helping students refine their writing skills. Radin, 

Mustapha, and Adam (2024) highlight how these platforms offer scaffolded support by 

suggesting improvements and explanations. As learners gain proficiency, the systems shift 

toward offering more advanced feedback, encouraging continued development within their 

ZPD. 

iii. Language Learning Platforms: AI-driven tools like Duolingo use adaptive algorithms to 

personalise language instruction based on user proficiency. These platforms adjust exercise 

difficulty, review vocabulary, and offer instant pronunciation feedback, ensuring learners are 

continually challenged within their ZPD. The AI analyses learner performance and customises 

lessons to target specific weaknesses. 

 

These examples demonstrate the diverse applications of AI in digital education. Each one 

underscores how AI facilitates personalised support and promotes autonomy, ensuring learners 

consistently operate within their ZPD—ultimately enhancing engagement, understanding, and 

long-term growth. 

 

Adaptive Learning Systems and ZPD  

Adaptive learning systems are specifically designed to adjust instructional content in real time 

to meet individual learner needs, ensuring alignment with the Zone of Proximal Development 

(ZPD) (Ferguson et al., 2022). These systems monitor student performance and modify the 

difficulty, pacing, and presentation of learning materials based on ongoing learner interactions 

(Gupta et al., 2024). By leveraging algorithms and real-time data, adaptive platforms assess 

learners’ understanding, advancing those who demonstrate mastery while offering targeted 

support to those encountering difficulties (Sayed et al., 2024). This continuous adjustment 

fosters an optimal balance between challenge and support, in line with Vygotsky’s principles 

of scaffolding (Akavova et al., 2023). 

 

In supporting meaningful learning within the ZPD, adaptive systems provide personalised 

instructional experiences that reflect each learner’s unique profile (Xiao & Hew, 2024). Key 

features include personalised learning pathways that align content with student proficiency 

levels (Hicham Er-Radi et al., 2023), formative assessments that guide instructional decisions 
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(Wilkinson, 2024), and adaptive content delivery tailored to diverse learning styles (Jdidou, 

Aammou & Er-Radi, 2023). These mechanisms ensure that learners remain appropriately 

supported and challenged throughout their educational journey. 

 

Furthermore, modern adaptive learning systems increasingly incorporate collaborative 

components that align with Vygotsky’s emphasis on social interaction and collective problem-

solving within the ZPD (Gao et al., 2024; Sharma, 2024). Through features such as peer-to-

peer communication, group-based challenges, and real-time interaction tools, learners engage 

in co-constructed knowledge building and scaffold one another’s understanding. These 

collaborative affordances not only enhance ZPD-driven learning but also cultivate essential 

skills for real-world teamwork and problem-solving (Cai et al., 2024). 

 

Examples of Adaptive Learning Systems in Practice (Dutta et al., 2024): 

 

Carnegie Learning 

Carnegie Learning provides a blended mathematics learning platform that integrates AI-driven 

tutoring with classroom instruction. The system delivers real-time feedback, adjusts task 

difficulty based on student progress, and fosters problem-solving skills through personalised 

guidance (Sharma, 2024). The AI engine continuously analyses student responses to identify 

areas of difficulty and provides targeted interventions. By adjusting the complexity of tasks 

and offering scaffolded support, the platform ensures learners remain within their ZPD, 

gradually shifting from assisted learning to independent problem-solving. 

 

DreamBox Learning 

DreamBox is an adaptive math program for students from kindergarten through eighth grade. 

It uses real-time data analytics to personalise both the pace and difficulty of lessons according 

to individual learner needs. By tracking learning behaviours, DreamBox identifies knowledge 

gaps and delivers immediate, focused practice. The platform supports ZPD-based instruction 

by presenting tasks that are suitably challenging and offering instant feedback and timely 

interventions to sustain learner engagement. 

 

Smart Sparrow 

Targeted primarily at higher education, Smart Sparrow enables instructors to create interactive, 

adaptive learning experiences—especially in subjects such as science and engineering. Its 

adaptive engine adjusts course content in response to learner performance, ensuring students 

are consistently challenged without being overwhelmed. By analysing student inputs and 

applying predictive analytics, the platform recommends optimal next steps and provides 

instructors with detailed insights into learner engagement. This data-driven scaffolding 

supports learners within their ZPD while promoting deeper, more autonomous learning. 

 

Knewton 

Knewton is an adaptive learning platform that customises digital course content across various 

disciplines, including mathematics, science, and language arts (Wiley, 2025). Its AI engine 

analyses student interactions to deliver lessons, assessments, and learning materials tailored to 

individual proficiency and pacing. By dynamically adjusting content to match each learner’s 

capabilities, Knewton ensures that students are consistently working within their ZPD. The 

platform offers both targeted support and appropriately challenging tasks, supporting skill 

mastery and fostering learner independence. 
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Methodology 

This study employs an integrative review methodology to synthesize theoretical and empirical 

literature on the intersection of AI, adaptive learning, and ZPD. This approach allows for the 

combination of diverse sources to create a comprehensive understanding of the topic. A 

systematic search was conducted in the Google Scholar databases for literature published 

between January 2020 and July 2025. The search strategy used combinations of the following 

keywords: "Artificial Intelligence", "adaptive learning", "Zone of Proximal Development", 

"digital scaffolding", "Vygotsky", and "educational technology". Inclusion criteria for selected 

articles were: (1) peer-reviewed status, (2) direct relevance to both AI in education and ZPD, 

and (3) written in English. The initial search yielded over 150 articles, which were then 

screened for relevance, resulting in a final corpus of 45 papers that form the basis of this review. 

The findings were analyzed thematically to identify recurring concepts, benefits, and 

challenges. 

 

Discussion 

This integrative review confirms the transformative potential of AI to function as a dynamic, 

responsive scaffold in digital education. The findings indicate that AI systems are moving 

beyond simple content delivery to provide nuanced, real-time support that aligns with the core 

tenets of ZPD. However, the synthesis of recent literature also highlights critical challenges 

that temper this optimism. A key implication is the changing role of the educator. As AI takes 

on more of the direct scaffolding role, teachers must become facilitators of learning and critical 

evaluators of AI tools. This requires significant professional development, which is currently 

lacking in many educational systems. Furthermore, while personalization is a clear benefit, 

there is a risk of creating overly individualized learning "bubbles" that neglect the social aspect 

of learning, which was central to Vygotsky's original theory. The emergence of generative AI 

for collaborative tasks may offer a solution, but this area remains under-researched.  

 

Future Directions and Practical Implications 

As education continues to evolve, technology—particularly in the form of digital scaffolding—

has become instrumental in reshaping instructional practices. Adaptive instructional design 

plays a critical role in online learning environments by enhancing the ways in which technology 

can effectively support learners (Yang, Jiang, & Su, 2022). Moreover, emerging innovations 

such as artificial intelligence and virtual reality present significant opportunities to further 

personalise education, allowing for customised learning experiences that cater to individual 

learner needs (Ahmad, Umirzakova, Mujtaba, Amin, & Whangbo, 2023). 

 

Challenges and Limitations 

While the adoption of AI and adaptive learning systems offers significant benefits, it also 

presents several critical challenges. Equity remains a pressing concern, as students in under-

resourced communities often lack reliable infrastructure and access to digital devices, thereby 

limiting their ability to benefit from personalised learning and exacerbating existing 

educational inequalities (Lata, 2024; Pawar & Khose, 2024; Joshi, Khatiwada & Pokhrel, 

2024). Teacher readiness is another major issue—many educators feel unprepared to integrate 

AI tools into their practice or to effectively interpret data for ZPD-aligned instruction (Bowman 

et al., 2022; Dogan, Dogan & Celik, 2021; Arnado & Aviles, 2023; Stringer et al., 2022; 

Redmond et al., 2021; Cohn et al., 2025; Salas-Pilco, Xiao & Hu, 2022; Tammets & Ley, 

2023). In addition, ethical concerns arise surrounding student data privacy, algorithmic bias, 

and the potential misuse of information collected through AI systems (Akavova, Temirkhanova 
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& Lorsanova, 2023; Weber, 2020; Aquino, 2023). Finally, without careful design and 

implementation, adaptive learning systems risk causing cognitive overload—presenting tasks 

that are too difficult too quickly, failing to account for learners’ emotional responses, and 

ultimately increasing frustration and disengagement (Akavova, Temirkhanova & Lorsanova, 

2023; Ferguson et al., 2022; Wan Ismail, Awang & Mohd Pauzi, 2021; Lazarides & Chevalère, 

2021). 

 

Conclusion 

This integrative review has synthesized the current state of research on the role of AI and 

adaptive learning systems in advancing Vygotsky's Zone of Proximal Development. The 

analysis confirms that these technologies can function as powerful digital scaffolds, 

personalizing instruction and providing timely feedback. However, the review also highlights 

a critical need for a more pedagogically-grounded approach to the design and implementation 

of these tools. The challenges of equity, teacher readiness, and ethical AI use must be addressed 

to ensure that the benefits of AI-enhanced learning are accessible to all. Future research should 

move beyond conceptual discussions and focus on empirical studies that compare the 

effectiveness of different AI scaffolding models in diverse classroom settings. Longitudinal 

studies are needed to understand the long-term effects on learner autonomy and metacognition. 

Finally, more work is required to explore how AI can support not just individual learning, but 

also the collaborative and social dimensions of ZPD, thereby creating a truly holistic and 

human-centered digital learning environment. 

 

Acknowledgement 

The authors would like to extend their sincere thanks to Open University Malaysia (OUM) and 

Universiti Selangor (UNISEL) for their valuable support in the preparation of this article. The 

authors are also grateful to colleagues and reviewers for their insightful feedback and 

suggestions, which have contributed to strengthening this work. 

 

References 

Akavova, A., Temirkhanova, Z., & Lorsanova, Z. (2023). Adaptive learning and artificial 

intelligence in the educational space. E3S Web of Conferences, 451, 06011. 

https://doi.org/10.1051/e3sconf/202345106011 

Ali, F. D. A. & Azamri, N.M. (2023).The Students’ Perception of the Implementation of Online 

Collaborative Learning in ESL Writing Class, Asian Journal of Research in Education 

and Social Sciences, 5(3). e-ISSN: 2682-8502 

Aquino, Y. S. J. (2023). Making decisions: Bias in artificial intelligence and data-driven 

diagnostic tools. Australian Journal of General Practice, 52(7), 439–442. 

https://doi.org/10.31128/AJGP-02-23-6725 

Arnado, A., & Aviles, M. (2023). ICT Integration in IPEd Schools: Challenges and Skills of 

Intermediate Teachers and Learners. International Journal of Membrane Science and 

Technology, 10(2), 482-510. 

Ayeni, O. O., Al Hamad, N. M., Chisom, O. N., Osawaru, B., & Adewusi, O. E. (2024). AI in 

education: A review of personalized learning and educational technology. GSC 

Advanced Research and Reviews, 18(2), 261-271.  

Bowman, M. A., Vongkulluksn, V. W., Jiang, Z., & Xie, K. (2022). Teachers’ exposure to 

professional development and the quality of their instructional technology use: The 

mediating role of teachers’ value and ability beliefs. Journal of Research on Technology 

in Education, 54(2), 188-204. 

https://doi.org/10.1051/e3sconf/202345106011
https://doi.org/10.31128/AJGP-02-23-6725


 

 

 
Volume 7 Issue 26 (September 2025) PP. 579-589 

  DOI: 10.35631/IJMOE.726038 

587 

 

Capuano, N., & Caballé, S. (2020). Adaptive Learning Technologies. AI Mag., 41, 96-98. 

Cai, L., Msafiri, M. M., & Kangwa, D. (2025). Exploring the impact of integrating AI tools in 

higher education using the Zone of Proximal Development. Education and Information 

Technologies, 30(6), 7191-7264. 

Cohn, C., Snyder, C., Fonteles, J. H., TS, A., Montenegro, J., & Biswas, G. (2025). A 

multimodal approach to support teacher, researcher and AI collaboration in STEM+ C 

learning environments. British Journal of Educational Technology, 56(2), 595-620. 

Dogan, S., Dogan, N. A., & Celik, I. (2021). Teachers’ skills to integrate technology in 

education: Two path models explaining instructional and application software use. 

Education and Information Technologies, 26, 1311-1332. 

Dutta, S., Ranjan, S., Mishra, S., Sharma, V., Hewage, P., & Iwendi, C. (2024). Enhancing 

educational adaptability: A review and analysis of AI-driven adaptive learning 

platforms. In 2024 4th International Conference on Innovative Practices in Technology 

and Management (ICIPTM) (pp. 1-5). IEEE. 

Er-Radi, H., Aammou, S., & Jdidou, A. (2023). Personalized learning through adaptive content 

modification: Exploring the impact of content difficulty adjustment on learner 

performance. Conhecimento & Diversidade, 15(39), 263-275. 

Ferguson, C., van den Broek, E. L., & van Oostendorp, H. (2022). AI-induced guidance: 

Preserving the optimal zone of proximal development. Computers and Education: 

Artificial Intelligence, 3, 100089. 

Gao, L., Fischer, F., Stadler, M., & Chernikova, O. (2024). Adaptive instructional support in 

computer-supported collaborative learning: A meta-analysis. In J. Clarke-Midura, I. 

Kollar, X.  

Gu, & C. D'Angelo (Eds.), Proceedings of the 17th International Conference on Computer-

Supported Collaborative Learning – CSCL 2024 (pp. 245–248). International Society 

of the Learning Sciences. 

Grájeda, A., Burgos, J., Córdova, P., & Sanjinés, A. (2024). Assessing student-perceived 

impact of using artificial intelligence tools: Construction of a synthetic index of 

application in higher education. Cogent Education, 11(1), 2287917. 

Gupta, T., Kumar, A., Roy, B. K., & Saini, S. (2024). Adaptive learning systems: Harnessing 

AI to personalize educational outcomes. International Journal for Research in Applied 

Science and Engineering Technology, 12(11), 458-464. 

Gupta, T., Kumar, A., Roy, B. K., & Saini, S. (2024). Adaptive learning systems: Harnessing 

AI to personalize educational outcomes. International Journal for Research in Applied 

Science and Engineering Technology, 12(11), 458-464. 

Huang, A. Y. Q., Lu, O. H. T., & Yang, S. J. H. (2023). Effects of artificial intelligence–enabled 

personalized recommendations on learners' learning engagement, motivation, and 

outcomes in a flipped classroom. Computers & Education, 194, 104684. 

https://doi.org/10.1016/j.compedu.2022.104684 

Janson, A., Söllner, M., & Leimeister, J. M. (2020). Ladders for learning: Is scaffolding the 

key to teaching problem-solving in technology-mediated learning contexts? Academy 

of Management Learning & Education, 19(4), 439–468. 

https://doi.org/10.5465/amle.2018.0078 

Jegede, O. O. (2024). Artificial Intelligence and English language learning: Exploring the roles 

of ai-driven tools in personalizing learning and providing instant feedback. Universal 

Library of Languages and Literatures, 01(02), 06–19. 

https://doi.org/10.70315/uloap.ullli.2024.0102002  

 

https://doi.org/10.1016/j.compedu.2022.104684
https://doi.org/10.5465/amle.2018.0078
https://doi.org/10.70315/uloap.ullli.2024.0102002


 

 

 
Volume 7 Issue 26 (September 2025) PP. 579-589 

  DOI: 10.35631/IJMOE.726038 

588 

 

Jdidou, A., Aammou, S., & Er-Radi, H. (2023). Enhancing problem-solving and programming 

abilities in children through project-based learning. Conhecimento & Diversidade, 

15(39), 11-21. 

Joshi, M. A. (2024). Adaptive learning through artificial intelligence. International Journal on 

Integrated Education, 7(2), 41-43. 

Joshi, B. M., Khatiwada, S. P., & Pokhrel, R. K. (2024). Influence of socioeconomic factors 

on access to digital resources for education. Rupantaran: A Multidisciplinary Journal, 

8(01), 17-33. 

Lata, P. (2024). Beyond Algorithms: Humanizing Artificial Intelligence for Personalized and 

Adaptive Learning. International Journal of Innovative Research in Engineering and 

Management, 11(5), 10-55524. 

Lazarides, R., & Chevalère, J. (2021). Artificial intelligence and education: Addressing the 

variability in learners’ emotion and motivation with adaptive teaching assistants. 

Bildung und Erziehung, 74(3), 264-279. 

Looi, C.  K., & Jia, F.  (2025).  Personalization capabilities of current technology chatbots in a 

learning environment:  An analysis of student-tutor bot interactions. Education and 

Information Technologies, 1-31. https://doi.org/10.1007/s10639-025-13369-z 

Madhu, N. Y., Latha, P. H., Saitha, N. (2024). Revolutionizing education: Harnessing AI for 

personalized learning pathways and student success. International Journal for 

Multidisciplinary Research, 6(5). https://doi.org/10.36948/ijfmr.2024.v06i05.28371 

McLeod, S. (2024). Vygotsky’s Zone of Proximal Development. Simply Psychology. 

https://www. simplypsychology. org/zone-of-proximal-development. html. 

Matthew N. O. Sadiku, Tolulope J. Ashaolu, Abayomi Ajayi-Majebi and Sarhan M. Musa 

(2021). Artificial Intelligence in Education. International Journal of Scientific 

Advances (IJSCIA),2(1), 5-11. 

Maulidiya, D., Nugroho, B., Santoso, H. B., & Hasibuan, Z. A. (2024). Thematic evolution of 

smart learning environments, insights and directions from 20-year research milestones: 

A bibliometric analysis. Heliyon. 

Mohebbi, A. (2024). Enabling learner independence and self-regulation in language education 

using AI tools: A systematic review. Cogent Education, 12(1), 2433814. 

https://doi.org/10.1080/2331186X.2024.2433814 

Pawar, G., & Khose, J. (2024). Exploring the role of artificial intelligence in enhancing equity 

and inclusion in education. International Journal of Innovative Science and Research 

Technology (IJISRT), 9(4), 2180-2185. 

Priyo, U. D., & Teguh, S. (2021). Zone of proximal development and scaffolding required by 

junior high school students in solving mathematical problems. Образование и наука, 

23(9), 186-202. 

Radin, N. N. M., Mustapha, A., & Adam, A. F. M. (2024). Evaluating automated grammar 

corrective feedback tools: A comparative study of Grammarly and QuillBot in ESL 

expository essays. Akademika, 94(2), 474–491. https://doi.org/10.17576/akad-2024-

9402-27 

Redmond, P., Smart, V., Powell, A., & Albion, P. (2021). Primary teachers’ self-assessment of 

their confidence in implementing digital technologies curriculum. Educational 

Technology Research and Development, 69(5), 2895-2915. 

Rajput, R. (2025). Use of artificial intelligence to solve problems in the classroom. In New 

technological applications in the flipped learning model, 32-45. 

 

https://doi.org/10.1007/s10639-025-13369-z
https://doi.org/10.36948/ijfmr.2024.v06i05.28371
https://doi.org/10.1080/2331186X.2024.2433814
https://doi.org/10.17576/akad-2024-9402-27
https://doi.org/10.17576/akad-2024-9402-27


 

 

 
Volume 7 Issue 26 (September 2025) PP. 579-589 

  DOI: 10.35631/IJMOE.726038 

589 

 

Robert, A., Potter, K., & Frank, L. (2024). The impact of artificial intelligence on students' 

learning experience. Wiley Interdisciplinary Reviews: Computational Statistics, 2(01). 

Salas-Pilco, S. Z., Xiao, K., & Hu, X. (2022). Artificial intelligence and learning analytics in 

teacher education: A systematic review. Education Sciences, 12(8), 569. 

Sætra, H. S. (2025). Scaffolding human champions: AI as a more competent other. Human 

Arenas, 8(1), 56-78. 

Sayed, A. R., Khafagy, M. H., Ali, M., & Mohamed, M. H. (2024). Predict student learning 

styles and suitable assessment methods using click stream. Egyptian Informatics 

Journal, 26, 100469. 

Sharma, S. (2024). Self-regulation and shared regulation in collaborative learning in adaptive 

digital learning environments: A systematic review of empirical studies. British Journal 

of Educational Technology, 55(1), 123–145. https://doi.org/10.1111/bjet.13459 

Strielkowski, W., Grebennikova, V., Lisovskiy, A., Rakhimova, G., & Vasileva, T. (2025). AI-

driven adaptive learning for sustainable educational transformation. Sustainable 

Development, 33(2), 1921–1947. https://doi.org/10.1002/sd.3221 

Stringer, L. R., Lee, K. M., Sturm, S., & Giacaman, N. (2022). A systematic review of primary 

school teachers’ experiences with digital technologies curricula. Education and 

Information Technologies, 27(9), 12585-12607. 

Tammets, K., & Ley, T. (2023). Integrating AI tools in teacher professional learning: a 

conceptual model and illustrative case. Frontiers in artificial intelligence, 6, 1255089. 

Umutlu, D. & M.E. Gursoy (2022). Leveraging artificial intelligence techniques for effective 

scaffolding of personalized learning in workplaces. Artificial Intelligence Education in 

the Context of Work, 59-76. 

Vorobyeva, K. I., Belous, S., Savchenko, N. V., Smirnova, L. M., Nikitina, S. A., & Zhdanov, 

S. P. (2025). Personalized learning through AI: Pedagogical approaches and critical 

insights. Contemporary Educational Technology, 17(2), 574. 

Warden, C. A., & Chen, J. F. (2020). Effects of ai scaffolding on ZPD in MOOC instructional 

RPGs. Lecture Notes in Computer Science, 453–464. https://doi.org/10.1007/978-3-

030-63885-6_50 

Wan Ismail, W. S. A., Awang, N. A., & Mohd Pauzi, N. (2024). An overview of the use of 

artificial intelligence (AI) tools in higher education, International Journal of e-

Learning and Higher Education (IJELHE), 19(3), 27-39. 

Weber, A. (2020). Ethics concerns in artificial intelligence use in education. In INTED2020 

Proceedings (pp. 4539-4544). IATED. 

Wiley. (2025). Knewton Alta. Retrieved from https://www.wiley.com/en-us/education/alta 

Wilkinson, D. (2024). Formative Assessment Activities That Engage Students and Support 

Success. Journal of Higher Education Theory & Practice, 24(1). 

Xiao, Y., & Hew, K. F. (2024). Personalized gamification versus one-size-fits-all gamification 

in fully online learning: Effects on student motivational, behavioral and cognitive 

outcomes. Learning and Individual Differences, 113, 102470. 

Yamijala, S. M. S., Chodisetty, R. M., Chakravorty, C., & Sai, K. P. (2025). AI-Powered 

Learning Revolutionizing Smart Education with Personalized Learning Styles. In 

Internet of Behavior-Based Computational Intelligence for Smart Education Systems 

(pp. 191-212). IGI Global. 

 

 

https://doi.org/10.1111/bjet.13459
https://doi.org/10.1002/sd.3221
https://doi.org/10.1007/978-3-030-63885-6_50
https://doi.org/10.1007/978-3-030-63885-6_50
https://www.wiley.com/en-us/education/alta

